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IMPACT OF CLIMATE CHANGE ON THE BIODIVERSITY OF BIOLUMINESCENT
BACTERIA

Abstract

Bioluminescent bacterial species that produce bioluminescence, which is a visual feast in nature, are grouped
in Vibrio, Photobacterium, Aliivibrio and Shewanella genera, mostly dominant in marine regions. As new
bioluminescent species are isolated and identified every day, the mechanism and evolution of bioluminescence,
which is still not fully understood, is beginning to be better understood. Because it is believed that the
bioluminescence phenomenon may have evolved at least 40 times since its beginning, and therefore the
isolation of bioluminescent species from different countries and sources will allow us to understand this
evolution process. In this context, it is important because no study has been done on Izmir Bay before. In
addition to determining evolutionary relationships, it is very important to identify bioluminescent bacteria,
which have many application areas, and to preserve their biodiversity. Because, like all living organisms, the
biodiversity of microorganisms and bioluminescent bacteria is “nature's insurance” policy against disasters.
Therefore, all biodiversity is in danger as a result of the climate change we are facing as a result of
environmental degradation. Therefore, it should be instilled in all generations that the earth can exist without

us.

Keywords: Bioluminescent Bacteria, lzmir Bay, Climate Change, Biodiversity.

KITUMATTBIH O3I'OPYILIYHYH
BUO/IIOMHHECHEHTTHK BAKTEPUAJIAP/IbIH
AP TYPAYYJIYTYHO THHTH3TEH TAACHPH

AHHOTAIHUA

Tabusrra BU3YaJJIBIK Maiipam 0oJIroH
OHMOTFOMUHECIICHIIUSHBI naima KbUITaH
OMOJIFOMUHECIICHT ~ OaKkTepHsuIbiKk  Typiepy  Vibrio,
Photobacterium, Aliivibrio JKaHa Shewanella
TYKyMJapblHa TONTOINTYPYJITaH, ajlap HerH3MHEH JCHU3
afiMakTapbIH/ia 6acCBIMIYyITyK KBLIAT.

BuomoMyuHEeCIEHITMSIHBIH  KaHbl TYPJIOPY KYH CalbIH
000YONIOHYT, HICHTH()UKANUSIIAHBI JKATKAHABIKTAH,
OHMOTFOMUHECTICHIMSTHBIH MEXaHU3MH JKaHa YBOIIOIUACHI
Jarsl  JieNe  TOJNYK TYIIYHYJe 9JeK, IKaKIIbpaak
TymyHyle Oamranpl. Cebebu  OHOTIOMUHECIICHIIUS
(dhenomenu Oamranrangan 6epu 5H a3 neredne 40 xomy
IBOJIIOIMSJIAHTAaH OOJyIly MYMKYH JeH HIICHUIIET,
JIeMeK, ap KaiiChl OJIKeNepJIeH jkaHa OyiakrapaaH
OMOTIOMUHECIIEHTTHK Typlepay Oemym amyy Oyn
SBOJIIOIUS TPOIIECCHH TYIIYHYYT® MYMKYHIYK Oeper.
Byn xoHTekcTre Oyn MaaHWIyy, aHTKeHH 3mup
OynyHyHAZa MypHa 34 KaHIAll H3WINee XYPry3yJreH
aMec. AHTKEHH, OapAbIK THPYY OpPTaHU3MICP CBIIKTYY
3J1e, MUKPOOPTaHU3MICPIUH jKaHa OUOTFOMHHECIICHTTHK
OakTepusuiapplH  OWMONOTHSUIBIK  ap  TYPAYYIYTY
KBIPCBIKTApJaH <«OKAPATBUIBINITBIH KaMCBI3AAHABIPYYCY»
O6omyn camanar. JleMeK, SKOJOTHSHBIH Oy3yIyIIyHYH
HaTBIKACKIHAA OU3 Iyymiap OOyl )KaTKaH KIMMATTHIH
©3rOPYIIYHYH HATHIIKAChIHAA Oap/IbIK OUOJOTHSIIBIK ap
TYPAYYIYK KOpKyHy4Ta. Jlemek, skep Ou3cu3 kamai anat
Jien OapABIK MyyHIapra CHHUPYY Kepek.

Aukovly  c0300p: bBUONIOMUHECHEHTTUK OakTepusiiap,
Wzmup Oynyny, KitumarTein e3repyy, buonorusuisik ap

TYPAYYIYK.

BJIHAHHUE H3MEHEHUS K/THMATA HA
BHOPA3HOOBPA3ZHE FHOJTIOMHHECI[EHTHBIX
BAKTEPHH

AHHOTaUMA

BuoTIOMUHECIICHTHBIC BUIBI OAKTECPUIA, TIPOU3BOISIITHEC
OHMOJIIOMHUHECIICHITNIO, KOTOpas SBISAETCA BU3YaJIbHBIM
MHMPIIECTBOM B MPUPO/Ie, CTPYNIHPOBaHbI B poasl Vibrio,

Photobacterium, Aliivibrio u Shewanella,
HpeI/IMYH.IGCTBeHHO J:[OMI/IHI/IpyIOH.[I/Ie B MOpCKI/IX pGFI/IOHaX.
HOCKOJ‘ILKy HOBBIC BHU/bI 6I/IOJ‘IIOMI/IH€CL[€HLII/II/I

BBIICIAIOTCA W HACHTHOUIUPYIOTCS KaXABIA  JICHb,
MEXaHU3M H BOJIONUS OUOIIOMUHECIICHIINN, KOTOpast 10
CHX TIOp HE JO0 KOHIAa TIIOHATa, HAYMHAST JIydlle
noHUMaTbcsa. [loToMy dYTO cuHMTaeTcsi, YTO sIBICHUE
OMOTIOMUHECIIEHIIMM MOTJIO  OBOJIIOIIMOHUPOBATH  Kak
muaumMyMm 40 pa3 ¢ MOMEHTa €ro BO3HHUKHOBEHHS, H
MO3TOMY HM3OJISIUS  OMOTIOMUHECUEHTHBIX BUJOB W3
Pa3HBIX CTPaH U UCTOYHUKOB MO3BOJUT HAM MOHATH ITOT
MpoIlecC 3BOJIONHMH. B 3TOM KOHTEKCTE 3TO BaXKHO,
MOCKOJIEKY paHee HUKAKHX HCCICAOBAaHUHA B M3MHpCKOM
3aJMBe He npoBoawiock. I[lomMumo  ompezaeneHus
SBOJIIOIIMOHHBIX CBSI3¢i OYCHb Ba)KHO HICHTU(MHUIIMPOBATH
OHMOJIFOMHUHECIICHTHBIE OaKTEepHH, MMEIONINE MHOKECTBO

o0xacreit MIPUMCHCHUS, u COXpaHHUTh 170
ounopasHooOpasue. I[loToMy 4YTO, Kak W BCE IKUBBIC
opraHu3Mbl, Ouopa3HOOOpa3ue MHUKPOOPTaHU3MOB U

OHMOIFOMUHECTIEHTHBIX OaKTepHil SBISAETCS «CTPaXOBKOH
MIPUPOJABI) OT CTUXHMHBIX OefcTBUil. Takum oOpa3om, Bce
OmopasHOoOOpa3ue  HAxXOOWUTCS MOJ  yrpo3od  m3-3a
N3MECHCHUA KJIMMaTa, C KOTOPBIM MbI CTaJIKUBA€MCA B
pesynbTaTe yXYIIEHUs] COCTOSHUS OKPYXKAIOWEH cpensl.
ITosTOoMy cnenyeT BHyIIaTh BCEM MOKOJIEHUSM, YTO 3€MIIS
MOXET CYyIIIECTBOBATh U Oe3 Hac.

Knrouegvie cnosa: bBUONIOMHHECHEHTHBIE —OaKTEpUH,
Wsmupckuii 3aJIuB, N3meHeHue KJIuMara,
bropasnoobOpasue..
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Introduction

Bioluminescence, which is the production and emission of light by living organisms as a result
of a chemical reaction (Figure 1), is observed in many organisms, including fish, insects, medusa,
dinoflagellates, fungi, squids and bacteria (Peat and Adams, 2008). While higher creatures such as
insects and medusa only produce light in the form of intermittent flashes or flashes, the light produced
continuously at a wavelength of 490 nm in bioluminescent bacteria demonstrates the uniqueness of
the light produced by bacteria (Haygood, 1993).

Bioluminescent bacteria are common in marine environments and are rarely found in freshwater,
brackish water and soil environments (Hastings and Nealson, 1981). Bioluminescent bacteria are
found in a wide range of ecological niches (fish light organs, mammalian intestines and nematode
intestines) and habitats (marine, freshwater, symbiotic relationship with terrestrial and host).

They have widespread distribution and are quite abundant (Meighen, 1994). If we look at the
sources of bioluminescent bacteria in marine environments, sea water and sediments come first
(Ramesh et al., 1990). Of course, in marine regions, they are found not only in shallow coastal areas
but also in deep pelagic areas (Kita-Tsukamoto et al., 2006).

They can live freely in marine habitats, as well as with various living and non-living marine
organisms, and can colonize marine animals as saprophytes, commensals and parasites (Dunlap and
Kita-Tsukamoto, 2002). When they live freely in seawater, their numbers are quite low (0.01-40
cells/mL). When they colonize the specialized organs of some living things, their numbers reach quite
high figures (10°-10° cfu/g) (Kita-Tsukamoto et al., 2006). In particular, certain bioluminescent
species enter into species-specific symbiotic relationships with various marine fish and squids and
inhabit highly specialized light organs (Nealson and Hastings, 1992). Due to this bacterial
bioluminescence, many marine fish species acquire bioluminescent properties (Peat and Adams,
2008).

The sea is a habitat that preserves its mystery and about which very little is known. In addition,
considering that it is the habitat where many living creatures live, it increases its mystery even more.
Such reasons direct researchers to this habitat. As a result of research conducted in various seas,
marine bioluminescent bacteria have been isolated and identified (Ersoy, 2005).

Bioluminescent bacteria use approximately 20% of their cellular energy to carry out this
process. When we start from this point, it becomes clear that bioluminescence cannot only be a visual
phenomenon. Researchers who think this way have begun to investigate the biological role of
bioluminescence in recent years. However, how this phenomenon can be implemented has begun to
be examined. When we consider it from an evolutionary perspective, since these organisms have
acquired this quality and this phenomenon exists in nature, there are certainly areas where this process
can be reflected (Ersoy, 2005).

In addition to being a visual feast that exists in nature, bioluminescence has the potential to be
used in industrial and biotechnological fields. Research conducted in this direction has shown that
this process can be used in many areas such as medicine and the food industry. Cancer, once
considered one of the worst diseases, can now be destroyed by bioluminescence without side effects.
Again, through this process, it is possible to determine the microbial load in various areas and to get
rid of various environmentally harmful toxic wastes. Although it has various application areas, this
process can also explain the origin of microorganisms, a subject that all researchers are curious about.
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Because the ability of bioluminescent bacteria to detoxify toxic O, derivatives has enabled these
creatures to survive in an anaerobic environment while their living conditions are aerobic. In this
context, bioluminescent bacteria appear to be representative prokaryotes (Ersoy, 2005).

The Importance of Marine Ecosystem and Microbial Diversity

When we look at the earth from space, it becomes clear why our planet should be called an
ocean instead of a land. Because more than 70% of the world's surface is covered with interconnected
aquatic habitats. Life in the oceans began approximately 3.5 billion years ago, and for two-thirds of
our planet's existence, only microorganisms existed as life forms. Accordingly, we can say that the
development and continuity of all other marine life forms depend on the past and present activities of
microorganisms (Munn, 2019). Tiny microorganisms reach huge numbers in such habitats. When we
look at the studies on the densities of microorganisms; it is observed that the number of bacterial and
archaeal cells in marine environments is in the range of 10?¢ - 10%°, including the first 10 cm of the
sediment. It is thought that the number of viruses in the oceans is approximately 10%°. These numbers
are unimaginably high. If we include subsurface sediments, this number will be 10 times higher. If
we were to place all the marine virus particles end to end, we could say that they could be up to 10
million light years apart. This size is 100 times the distance in our own galaxy (Munn, 2019).

Bright Dark Bright Dark

C ‘ D SR D
Fig. 1. Images of bioluminescent bacteria in bright and dark fields (Ersoy Omeroglu, 2011).

We now know that marine microorganisms play a very important role in the continuity of our
planet. Indeed, problems such as human population growth, fishing, ocean acidification and marine
pollution affect the survival of our planet as they have an impact on microorganisms. Microbial
processes shape the living world. Microbial life and the earth have evolved together, and the activities
of microorganisms affect the physical and geochemical characteristics of our planet. Really
microorganisms; It is the driving force responsible for fundamental planetary processes such as
changes in the composition of the atmosphere, oceans, soil and rocks.

Despite such great importance, microbial species are disappearing as a result of human activities.
Every hour, six of the world's species disappear forever as a result of human activities. Direct or
indirect human activities endanger the biodiversity of our planet in the forms of genes, populations,
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species and ecosystems. The main causes of variability and loss of marine biodiversity are
anthropogenic factors in addition to natural factors. (Pawar, 2016; Imtiyaz et al., 2011).

The main global threats to biodiversity in both coastal and marine ecosystems can be classified
under the following headings (Sechrest and Brooks, 2002).

e Diseases

e Overexploitation

e Overfishing

e Extinction

e Genetic or behavioural of taxa
e Global climate change

e Habitat destruction or loss

e Habitat degradation and fragmentation
e Introduced species

e Coastal and marine pollution
e Altered salinity

e Altered sedimentation

Climate change forces species to change their distribution areas and disrupts ecological
communities (Lemoine and Béhning-Gaese, 2003). Climate change is caused by changes in ocean
temperatures, acidity and water movement patterns as a result of increasing atmospheric carbon
dioxide levels and damage to the ozone layer (Relini, 2012).

Climate change manifests itself through changes in atmospheric, hydrological and
biogeochemical cycles. Human activities that affect global climate change include air pollution as a
result of burning fossil fuels and destruction of forest areas (Sechrest and Brooks, 2002). Climate
change can significantly affect marine biodiversity in various ways. The main impacts of climate
change on marine biodiversity arise from: increase in ocean temperatures, patterns of ocean currents,
sea-level rise, increasing atmospheric CO2 levels and ocean acidification, excessive nutrient
enrichment, oozone depletion and increased UV radiation fluxes and regime shifts (Craig, 2012).

Why should the biodiversity of bioluminescent bacteria be protected?

Recently, four naturally luminescent bacterial genera have been known: Vibrio,
Photobacterium, Shewanella and Photorhabdus. All identified bioluminescent bacteria belong to the
Gammaproteobacteria class, and 15 bioluminescent marine bacteria are known so far. 9 of them are
Vibrio (V. cholerae, V. fischeri, V. harveyi, V. logei, V. mediterranei, V. orientalis, V. splendidus
(biotype 1), V. vulnificus and V. salmonicida) species and 4 of them are Photobacterium (P. angustum,
P. leiognathi, P. phosphoreum and P. mandapamensis) and these species belong to the Vibrionaceae
family. The remaining 2 bioluminescent species belong to Shewanella (S. hanedai and S. woodyi)
species, which belong to the Alteromonadaceae family. All of these species are Gram-negative, rod-
shaped chemoorganotrophic bacteria. They do not form spores and can move with the polar flagella
they have. All species of the Vibrionaceae family are facultative anaerobic, but 2 Shewanella species
are strictly aerobic bacteria (Kita-Tsukamoto et al., 2006).
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With the studies carried out in 2007 and 2009, 5 new species were added to the 15
bioluminescent marine bacterial species. In the study conducted by Ast et al. in 2007, bioluminescent
bacteria that were in a symbiotic relationship with deep-sea fish were isolated, and as a result of
phylogenetic, genomic and taxonomic analyses, it was determined that these isolates belonged to
Photobacterium but were a new species and were named P. kishitanii (Ast et al., 2007). A new
Photobacterium species was isolated and identified from the water of Sagami Bay in Japan by another
study group and was named P. aquimaris (Yoshiazawa et al., 2009). There are newly added species
and examples of bioluminescent bacteria that have been re-identified and classified under different
genera and species.

The question of the evolutionary origins of bioluminescent bacteria has recently gained a new
focus. Because V. fischeri members have been reclassified under a new genus (Aliivibrio). It is
frequently reviewed to better define the taxonomy, evolutionary relationships, and origins of
luminescent bacteria. The distribution of bioluminescent species among bacteria is still not fully
clarified. All species of the terrestrial genus Photorhabdus are bioluminescent, but the marine genera
that include bioluminescent species (Aliivibrio, Photobacterium, Shewanella and Vibrio) also include
many non-bioluminescent and closely related species (Widder, 2010).

In order to fully understand the functions, mechanisms and evolutionary origins of
bioluminescence, bioluminescent bacteria must be isolated from the habitats where they live and their
phenotypic, biochemical and genetic properties must be determined. After these stages, it is necessary
to elucidate what benefits the bioluminescent feature provides to the organism in the evolutionary
process and the mechanism by which it achieves this phenomenon. The bioluminescence
phenomenon has evolved many times since its initial formation and has acquired different
mechanisms and properties as a result. It has been determined that some species, which were
previously recorded as not being bioluminescent, can now display bioluminescent properties in recent
years, and these examples will continue to increase. In addition, revisions have begun to be made in
the classifications of some species since 2007, and while they were classified in different genera when
they were first identified, they began to be classified in a different and new genus as a result of
molecular biological studies. Similarly, new bioluminescent species from different countries and
isolation sources have begun to be increasingly isolated, identified and named since the 2000s.
Thanks to these new species, revised classifications, and old species found to have bioluminescent
properties, the understanding of the bioluminescence phenomenon, its mechanism, and evolution has
accelerated (Ersoy Omeroglu, 2011).

The fact that seas and oceans are mysterious habitats and the habitat of many different creatures
causes their mysteries to increase gradually. Because many creatures that are estimated to live in these
habitats have not yet been identified. In this context, many new species, both bioluminescent and non-
bioluminescent, are being identified every day from sediment, seawater and marine life samples
obtained from various depths of these habitats. Especially the fact that these obtained species have
high activities in terms of various microbial activities increases the industrial availability of new
organism sources (Ersoy Omeroglu, 2011). In addition to all these, marine microorganisms constitute
the basic components of plankton, provide marine snow formation, play a key role in sediment
formation, form biofilms, form an important part of the food chain in the polar region within sea ice,
and microbial activity in hydrothermal vents provides a settlement for life in the deep seas. Therefore,
the biodiversity of all microorganisms, including bioluminescent bacteria, must be protected. Because
bioluminescent bacteria have many application areas. Bioluminescent bacteria have been used
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frequently in biotechnological applications in recent years due to the advantages of their luminescence
being easy, fast and quantitatively measurable. Their use as detectors to search for carcinogenic
compounds or to monitor general toxic activities is a suitable example for these features (Ersoy
Omeroglu, 2011; Karaboz and Sukatar, 2003). Depending on the developments in genetic engineering
and molecular biology, the genes encoding the luciferase enzyme have been cloned in bacteria, and
with the development of these cloned lux systems, they have been enabled to serve as "reporters™ for
special promoters in measuring the activity of other genes (Ersoy Omeroglu, 2011; Karaboz and
Sukatar, 2003). Bioluminescence has many applications in medicine and the food industry. In
medicine, lipopolysaccharide assay has areas of use such as determination of albumin binding
capacity, imaging of psychopharmacological substances, diagnosis of dental diseases, cancer
diagnosis and treatment, effectiveness of drugs and as a biosensor. Bioluminescence also has many
applications in the food industry. It is used to determine microbial load, quality control in products,
raw materials and water, determination of contamination, hygienic monitoring, sanitation control,
shelf life determination and compliance with HACCP standards (Ersoy Omeroglu, 2011; Karaboz,
2002). In the light of this information, a new methodology has developed in the last decade. This
method, called bioluminescence imaging, enabled the imaging of small laboratory animals (Sadikot
and Blackwell, 2005). The most common areas of bioluminescent imaging are in vivo studies of
infection, cancer progression, and regeneration kinetics. With this method, it has also been possible
to determine protein-protein interactions, monitor cells in vivo, and image transcriptional and post-
transcriptional regulations of genes (Welsh and Kay, 2005). It is possible to increase the examples in
terms of application area. Because bioluminescence and its applications have the feature of
developing very rapidly and being an alternative to many methods.

As a negative consequence of the exponentially increasing population, pollution sources and
their severity are increasing. As a result, the change in climate threatens all life forms, as well as
microorganisms that ensure the origin and sustainability of life. In this context, the loss of
bioluminescent bacterial species may prevent their use in the above-mentioned application areas and
will also cause disruptions in elucidating evolutionary relationships.

In this context, the bioluminescent diversity in Izmir Bay in Turkey can be given as an example. It
has been determined that there is a high degree of diversity among the bioluminescent species
obtained as a result of seasonal sampling from Izmir Bay (Figure 2, Figure 3 and Figure 4). It has
been observed that bioluminescent bacteria belonging to the same species, isolated from regions with
different physicochemical properties, have a high genetic diversity (Ersoy Omeroglu, 2011).
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Fig. 2. Location of sampling points of Izmir Bay sea water, sediment and marine organisms (Ersoy Omeroglu,
2011).
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Fig. 3. Fish and squid samples from which bioluminescent isolates were obtained. 1: Zeus faber, 2: Diplodus
vulgaris, 3: Alloteuthis subulata, 4: Diplodus annularis, 5: Citharus linguatula and 6: Lepidotrigla cavillone
(Ersoy Omeroglu, 2011). Growth of bioluminescent bacteria on Sea Water Complete agar medium, A: in the

light, B: in the dark (Ersoy Omeroglu and Karaboz, 2010).
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Fig. 4. Pulsed-Field Gel Electrophoresis dendrogram of bioluminescent strains identified as Shewanella
woodyi (1) and Vibrio gigantis (2) from Izmir Bay by the PFGE technique, which is the gold standard in
determining clonal relationships (Ersoy Omeroglu, 2011).

Conclusion

All generations must understand that biodiversity is nature's "insurance policy" against disasters.
The microbial diversity we have is a global treasure. If we consume this reservoir, we will have to
switch from a sustainable way of life to an unsustainable way of life. Therefore, we need a global
change. Global change begins with understanding that we cannot be without the world, but the Earth
can easily be without us.
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