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Simple Summary: Research on environmental bioremediation is currently experiencing a positive
trend. The components of PAHs are toxic and carcinogenic pollutants. Researchers widely practice
the use of microorganisms in handling polluted environments. The main objective of this research
was to compare the biodegradation strength between bacteria isolated from polluted seawater and
microsymbionts of marine sponges. The method of bacterial biodegradation of pyrene begins with
selecting bacteria that have previously been characterized by phenotype and genotype. Experi-
ments were carried out by integrating the bacterial suspension with pyrene. The interaction period
is 30 days in a 200 rpm shaker incubator. The biodegradation parameter was determined based on
the optical density at 3-day intervals, and the determination of the level of degradation was based
on the abundance of pyrene using GC-MS. Analysis of functional groups of biodegradation prod-
ucts using FTIR. The results showed that the biodegradation level of Sb and Bl bacteria towards
pyrene was relatively the same in the range of 38.00% - 39.50% achieved within 30 days of interac-
tion. This data can be used to protect the environment from the threat of PAHs pollutants so that
the environment continues to provide optimal carrying capacity for marine ecosystems.

Abstract: PAHs contaminants have toxic, carcinogenic, and even mutagenic properties. Screening
bacteria from different sources capable of carrying out the biodegradation of PAHs is important for
mapping and mobilization purposes and applying them to polluted hydrocarbon environments.
The study aimed to compare the biodegradation power of two types of bacteria isolated from dif-
ferent sources against PAHs. The method applied is the interaction between bacterial suspension
and pyrene contaminated waste for 30 days. Biodegradation products in organic compounds were
analyzed using GC-MS and FTIR. The analysis results found several indications of the performance
of bacterial biodegradation, namely: the aggressiveness of biodegradation of Bl bacteria against
pyrene was relatively more dominant than Sb bacteria. Percentage of total bacterial biodegradation
product type Sb (39.00 %), while the product of bacterial degradation type Bl (38.29 %); the bio-
degradation products of the test bacteria (Bl and Sb) were relatively similar to pyrene, in the form
of alcohol and carboxylic acid organic compounds. It was concluded that there was no significant
difference in biodegradation performance between Bl and Sb bacteria on pyrene. Both types of
bacterial isolates from different sources can carry out the function of biodegradation of Pyrene.
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1. Introduction

Polycyclic Aromatic hydrocarbons (PAHs) are non-polar molecules. The structure is
composed of carbon and hydrogen atoms, has no charge, a typical characteristic because
the ring structure is capable of delocalizing electrons in the aromatic ring [1-6] PAH
components in nature are naturally available, generally found in coal, petroleum, and
organic materials that have undergone thermal decomposition [7-9]. Population, dy-
namics, and efforts to meet the needs of human life, resulting in exploration and exploi-
tation of fossil deposits, coal, and decomposed organic biomass, being carried out more
massively, resulting in the potential for disposal of PAH components in nature tends to
increase from year to year [4,10-12]. Aromatic hydrocarbon chemicals consist of several
types [13,14]. The simplest with two aromatic rings such as naphthalene, three rings
(anthracene and phenanthrene), pyrene with four aromatic rings forming a stable struc-
ture and other PAHs with more rings [1,15]. PAHs generally have toxic, even carcino-
genic and mutagenic properties [16-19]. The toxic level of PAH tends to increase as the
structure of the aromatic ring member increases. Pyrene is one of the PAHs with a rela-
tively high level of toxicity [2,20,21]. Tests on animals showed that pyrenes cause dis-
turbances in several vital organs, especially the kidneys, liver, digestive organs, and can
enter the metabolic system, while in marine ecosystems, exposure to pyrenes interferes
with the growth of various types of fish, algae, seagrass, mollusk [7,22-26].

The effects caused by exposure to pyrenes and similar PAHs on marine ecosystems
need to be watched out for because the sea is a giant container that provides space for
almost all waste materials on earth, including several types of dangerous and toxic con-
taminants [9,27-30]. If this happens, then a chain effect can occur and is certain to cause
problems and impact living things to target human health [8,31]. However, marine life
has found materials that can reduce, degrade and deactivate the toxic properties of PAH
components, especially microorganisms, such as bacteria, and fungi [5,32-34]. Deactiva-
tion of toxic aromatic elements using natural materials, such as microorganisms as bio-
materials with the function of degrading aromatic components through the mechanism
of destruction of the PAH aromatic ring structure by enzymatic-behaving substances
produced by microorganisms, especially bacteria in response to habitats that are not
conducive to life [12,35-38]

Bacteria can be found in almost all water, soil and air environments, including the
sea. Bacteria in the marine can form independent communities, generally having specific
characteristics and characteristics depending on their habitat [1,39-41]. Bacterial com-
munities living in marine areas are exposed to wastes such as heavy metals, PAHs, pes-
ticides, and biphenyl polychloride [2,42,43]. Those generally have the character and abil-
ity to adapt to these contaminants. These bacteria are predicted to have strains that can
carry out the function of biodegradation and bioreduction of present contaminants. Sim-
ilar to contaminants in their habitat, these bacteria can survive [6,44-46]. Several types of
bacteria are part of marine biota life that can degrade hydrocarbon pollutants [19,47]. The
mutualistic symbiosis of bacteria with sponges is a commonly found model of both lives.
Sponges are marine biotas that have life dynamics as a filter feeder, often becoming ob-
jects and materials for research studies, as biomonitoring and bioindicators of pollution
components of heavy metals and PAHs [21,48-50]. This situation indicates that sponges
can adapt or survive in an environment exposed to PAHs and heavy metals [7,51-52].
Analysis of the life aspects of sponges, generally, sponges are always in symbiosis with
microorganisms, especially bacteria, so it is interesting to conduct an in-depth study of
whether there is a relationship between sponges, bacterial symbiosis and PAH contami-
nants [17,53-55].

Many research reports show that several types of bacteria can degrade hydrocarbon
components, where bacteria can absorb carbon and convert it into energy [56,57]. Bacillus
and pseudomonas bacteria are known to be able to carry out the function of biodegrada-
tion of hydrocarbon components [4,58,59]. Gram-positive bacteria, found in the form of
bacilli, generally having obligate aerobic properties, and some can become anaerobic
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when oxygen is not available [3,60,61]. Bacillus group bacteria that live in contaminated
environments can produce endospores as a form of camouflage and can survive for a
long time. Bacteria of the Bacillus group often symbiosis with marine sponges [62].
Sphingobacterium group of bacteria is a genus that belongs to the Sphingobacteriaceae
family, containing high concentrations of sphingophospholipids [11,63]. Sphingobacte-
rium is a group of bacteria isolated from several habitat sources, one of which can be
obtained from seawater [64]. Both groups of bacteria can biodegrade aromatic hydro-
carbon components. The main objective of this research is the availability of quantitative
data related to the biodegradation strength of a type of bacteria obtained from different
sources [65,66].

Bioremediation of PAHs using microorganisms has been widely developed. Several
types of bacteria capable of carrying out the function of biodegradation of PAHs that
have been isolated from seawater are suspected to be contaminated with hydrocarbons,
including Bacillus [67], Gammaproteobacteria, Pseudomonadales [4,68]. Isolates from hydro-
carbon contaminated soil, Micrococcus luteus [34], Lasiodiplodia theobromae [36],
Pseudomonas aeruginosa [69]. Several bacteria were isolated from marine biota, especially
marine sponge microsymbionts, for example, Bacillus Sp strain AB353f, B. pumilus strains
GLB197, B. cohnii strains of DSM 6307 and Acinetobacter Calcoaceticus strain PHCDB14
[9,21,70]. Microorganisms associated with mangroves have also been identified to carry
out the biodegradation function of PAHs [40,70,71]. Other research on the biodegrada-
tion of hydrocarbon components using Ganoderma lucidum, Penicillium sp, filamentous
diisolasi dari fungi [3,7,32,60,72]. Types of PAHs that have been successfully degraded by
anumber of microorganisms including bacteria and fungi), such as naphthalene [8,21,38],
anthracene [4,10,73], phenanthrene [7,50], pyrene [2,7,40,74], Benzo[a]pyrene [36,37].

Comparative analysis of the strength of bacterial biodegradation of PAH compo-
nents is important to map the type, source and effectiveness of the biodegradation of
these bacteria against PAHs [75,76]. The data from this research can also be used as a
reference for developing and applying environmental bioremediation against other types
of pollutants, such as heavy metals, microplastics, and pesticide residues. The potential
for future bioremediation using bacteria is very likely to occur in treating medical waste,
radioactive and other hazardous chemicals [6,77-79]. The use of bacteria that have reme-
diation capabilities is also potentially applied to liquid waste, solid waste environments,
and even air. The development of knowledge on screening the type and source of bacte-
ria is interesting, especially for microorganisms such as fungi [44,57,61].

Research on the biodegradation of pollutants in the environment using microor-
ganisms such as bacteria and fungi is still very wide open. It is an interesting research
area, including its benefits in the future, to produce new findings in the context of envi-
ronmental management [80,81]. This research is one of the series and developments of
several previous studies carried out on carcinogenic PAHs in the theme of screening for
hydrocarbon-degrading bacteria [12,82]. The novelty presented in this research is the
source of bacteria isolated from marine sponges for the application of biodegradation of
PAHs [83]. The biodegradation method of hydrocarbon components was previously car-
ried out generally using microorganisms, both bacteria and fungi, mostly isolated from
liquid waste, solid waste, and polluted industrial waste [84,85].

In the future, it is our dream to develop a formulation containing a crystalline col-
lection of bacteria that has high ability and performance in degrading various pollutants,
especially PAHs [86]. We call this group of crystalline bacteria the hydrocarbonoclastic
bacteria. Hydrocarbonoclastic crystalline bacterial formulas are arranged to be quickly
mobilized and applied to locations or areas contaminated with hydrocarbon components
[3,87]. We have carried out a series of intensive research to reach the peak of research,
which is the long-term goal of this program.
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2. Materials and Methods
2.1. Materials

The main ingredients used in this study were bacterial isolates of Bacillus licheni-
formis strain ATCC 9789 (Bl), bacteria isolated from the marine sponge Auletta sp., and
bacterial isolates of Sphingobacterium sp. strain 21 (Sb), bacteria isolated from seawater
suspected to be contaminated hydrocarbon components [11,85,88]. The basis for selecting
these two types of bacteria was following the results of phenotypic characterization using
the 16-parameter biochemical test method and isolate genotypic analysis using PCR with
the universal primer sequence pair of the 165 rRNA for E. coli gene: FPU1
(5'-CCA....ACG-3") at 518 nucleotides. -537, and RP-U2 at (5'ATCGG
(C/T)TAC.....TTC-3") corresponding to nucleotides 1513-1491, DNA template, Taq DNA
polymerase [85,89,90]. Other materials are pyrene (sigma), N-hexane (brand) for GC,
anhydrous Na:50s, PA, alcohol, peptone, glucose, nutrient agar, physiological NaCl
0.9%, yeast extract, aquabides, spiritus and nitrogen gas.

2.2 Sampling
The location and sampling point of the bacterial source is as shown in Figure 1.

Figure 1. Sampling locations of sea sponges and seawater sources of bacterial isolates. The distance
between the two sampling points is + 3.45 Nm, (A) Map of Kodingareng Keke Island, part of the
Spermonde Archipelago Cluster, Makassar City Administration. The sampling location of the ma-
rine sponge Auletta sp., the source of Bl. Sponge sampling point (red circle) at coordinates S
5°06'38.12'76"; E 119°17'7.76'44"; (B) Sampling location of seawater source of bacteria type Sb (red
triangle), obtained around Soekarno-Hatta Seaport, Makassar. The seawater sampling point is at
coordinates S 5°06'25.23'14"; E 119°25'3,21.25".

2.3 Sample Preparation

The candidates for biodegradation bacteria were selected, namely Bacillus licheni-
formis strain ATCC 9789 (Bl) and Sphingobacterium sp. strain 21 (Sb). In the first stage,
bacterial isolate cells were propagated by the culture method. The culture was carried out
in a test tube, and then the bacterial cells were suspended using aquabides. Incubated for
1 x 24 hours and carried out a Gram staining test to confirm the gram groups of the two
types of bacteria tested. Prepare a row of sterilized labelled degradation vials. Each vial
was filled with 10 mL of bacterial suspension, then adapted to the new environment for 1
x 24 hours in an incubator. In the second stage, 200 mL of pyrene 1000 mg/L was made
[6,9,21]. In each degradation vial that already contains a bacterial suspension, 5 mL of
pyrene solution is added so that the interaction between the bacterial suspension and the
pyrene solution occurs. Each degradation vial was placed in a shaker incubator and agi-
tated at 200 rpm. The contact between the bacterial suspension and pyrene (substrate)
lasted for 30 days. Every 3 days, biodegradation parameters (optical density) were ob-
served and measured. Measurement of the level of biodegradation was carried out after
the interaction of 10, 20 and 30 days using GC-MS [19,23,29]. All samples in the vial that
had reached an interaction period of 10 days and their multiples were extracted using
N-hexane to extract the pyrene component that was not degraded. The types of biodeg-
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radation products in simple organic compounds were analyzed based on the functional
groups shown on the FTIR chromatogram [14,68,91]. The percentage of biodegradation
rate and the concentration of non-degradable pyrene was determined using equations 1
and 2 [4,15,33]

(initial conc.of comp.X)—(final conc.of conp.X)

Conc. Of degr.comp. X (%) = x 100 %, 1)

(Total conc.of comp.)

Total comp.of biodegr.products

Cerc. Of comp. biodegr. Products (%) = x 100 %, (2)

Tatal conc.of comp.

3. Results
3.1. Microscopic and morphological analysis

The culturing process of two isolates used as PAH degradators were selected from
different sources. Bacillus licheniformis strain ATCC 9789 (Bl) was a bacterium isolated
from the marine sponge Auletta sp., while Sphingobacterium sp. strain 21 (Sb) was isolated
from seawater suspected of being exposed to PAHs. The two test bacteria were selected
based on the biodegradation potential of their PAHs by previous studies [3,5,92]. The
process of culturing, morphology and microscopy of the two types of isolates used to
degrade PAHs, especially pyrene, respectively, is as shown in Figures 2, 3 and 4.

Figure 2. PAHs-degrading isolate culture process; (A) Isolate Bl and Sb on nutrient agar slant; (B)
Preparation of bacterial suspension.

Figure 3. Results of microscopic analysis of 2 types of bacteria by Gram staining; (A) Bacterial iso-
late Bacillus licheniformis strain ATCC 9789 (Bl) is a group of Gram-positive bacteria; (B) isolates of
Sphingobacterium sp. is a group of Gram-negative bacteria (Sb).

Figure 4. Comparison of the morphology of PAH biodegradator bacterial isolates (pyrene) after 1 x
24 hours incubation; (A) Growth of Bl type bacterial isolates; (B) growth of Sb type bacterial iso-
lates.
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According to the criteria for phenotypic and genotypic characteristics, isolates Bl
and Sb were selected (Fig. 2A). Both isolates were cultured, and the culture results were
converted into suspension (Fig. 2B). The microscopic analysis results show that isolate Bl
(Fig. 3A), isolated from marine sponge type Auletta Sp., where the sponge was obtained
around Kodingareng Keke Island (Fig. 1A), is a group of Gram-positive bacteria. In con-
trast, isolate Sb (Fig. 3B) is isolated from seawater, which is strongly suspected of con-
tamination with hydrocarbon components. Seawater source of Sb isolates was obtained
around the Soekarno Hatta Port area, Makassar City (Fig. 1B). Sb bacteria are a group of
Gram-negative bacteria [30,50,93].

The morphology of bacterial isolate Bl (Fig. 4A) can be illustrated as follows: ridged
rod shape, cream colour, spread in clusters, have endospores, but less clear, while bacte-
rial isolate Sb (Fig. 4B), ridged rod shape, brown colour, different distribution, lack an
endospore [41,50]. These two types of bacteria have striking differences, not only on the
source of isolates but also on different types, strains or characters, Gram groups, includ-
ing different morphological and microscopic isolates. Thus it is suspected that there are
differences in the degradation ability of PAH components, especially pyrene [39]. Com-
parison of growth rates between Bl and Sb bacteria on selective media with an incubation
period of up to 30 days can be seen based on the optical density of the growth of the two
types of bacteria measured at Amaks 600 nm [3,9], according to Figure 5.

0.3 —#— Bl type bacteria

et Sb type bacteria

Optical density

0 5 10 15 20 25 30

Incubation time (days)

Figure 5. Bl and Sb bacterial cell growth curves on selective media without the addition of pyrene
contaminants

Based on the optical density (Fig. 5), it was shown that Bl bacteria had a higher op-
tical density than Sb bacteria. This situation indicates that the population and cell size of
Bl bacteria is large, growth is more aggressive than Sb bacteria. Changes in optical den-
sity according to the incubation period, it can also be assumed that the growth rate of Bl
bacteria is higher than that of Sb bacteria. So it can be predicted that the level and
strength of degradation of Bl bacteria are dominant compared to Sb bacteria. In the in-
cubation period for the first ten days, both bacteria appear in the adaptation phase. The
next ten days or an incubation period of 20 days shows the bacteria in the cell division or
multiplication phase. The incubation period for 30 days shows that bacterial cells have
decreased activity. The optical density value of Bl bacteria was higher than that of Sb
bacteria (Fig. 5), indicating that Bl bacteria had higher growth activity than Sb bacteria.
This condition can be used as a measure to predict that these two types of bacteria have
different biodegradation strengths against PAH components, especially pyrene
[1,7,14,37]

Comparison of the optical density (OD) values of the two types of bacteria during
the interaction with pyrene can be assumed to embody the biodegradation power of Bl
and Sb bacteria against pyrene (Fig. 6). It appears that the OD of Bl bacteria is higher than
that of Sb bacteria. The difference in OD values begins to be seen at the 6-day interaction
period, where the OD shown in the interaction of bacteria (Bl + pyrene) is higher than the
OD value of the interaction of bacteria (Sb + pyrene). This situation continues until the
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interaction reaches 30 days; even the difference in OD values tends to get wider with in-
creasing interaction time. This indicator shows that the biodegradation activity of Bl
bacteria against pyrene is more potent than that of Sb bacteria. In general, it can be said
that both types of test bacteria have degradation activity against pyrene [30,73]

0.6 =Bl type bacteria + Pyrene
=== Sb type bacteria + Pyrene
—t— Pyrene without bacterial isolate

o
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Optical density
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0 5 10 15 20 25 30
Contact time (days)

Figure 6. Bacterial cell growth curves Bl and Sb on selective media with pyrene contaminants.

Another indicator that shows that pyrene is degraded by Bl and Sb test bacteria by
looking at several degradation parameters. Including (1) increasing the temperature at
the interval of 28 °C - 30 °C, during the interaction period (10 - 24) days, and decreasing to
29 °C, during the interaction period (26 — 30) days; (2) there is a change in the pH of the
interaction medium at pH 6.64 which gradually decreases to pH 5.34, (the interaction
medium is slightly more acidic). This condition occurs during the 8 to 30 day interaction
period [24,33]; (3) it was observed that gas bubbles in the interaction medium were seen
on the 8th day of contact, and the population tended to increase with increasing interac-
tion time; and (4) the smell of fermentation from the interaction medium, observed on the
10th day of interaction until the 30th day of the measurement period. However, it is said
that these four points of biodegradation parameters cannot distinguish the strength of the
biodegradation activity between Bl and Sb bacteria on pyrene biodegradation [2,27,35].
The biodegradation parameters are qualitative data. The difference in the strength of
biodegradation between Bl and Sb bacteria against pyrene can be predicted through the
OD value (Fig. 6), A higher OD value indicates that the growth and development process
of Bl bacteria is more dominant than Sb bacteria in the interaction between bacteria and
pyrene [8,37,74].

3.2. Comparison of the biodegradation performance of test bacteria

Analysis of the difference in the strength of the biodegradation of the two bacteria
tested against pyrene, based on aspects of the abundance of components and the number
of peaks formed (Fig. 7 — 9), types and differences in organic compounds of degradation
products (Table 1-2).
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Figure 7. Comparison of peak abundances of biodegradation chromatograms, interaction time of
10 days; (A) Chromatogram of degradation between bacterial isolate Bl and pyrene; (B) Chroma-
togram of degradation between bacterial isolates of Sb and pyrene
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The difference percentage of pyrene that did not undergo biodegradation and the
components organic compounds of biodegradation products (Fig. 10-11). It includes
functional groups of organic compounds of biodegradation products (Fig. 12 — 13). These
three indicators provide qualitative and quantitative data on the strength of the biodeg-
radation of the two types of bacteria against pyrene [40,48,61]
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Figure 8. Comparison of peak abundances of biodegradation chromatograms, interaction time 20
days; (A) Chromatogram of degradation between bacterial isolate Bl and pyrene (B) Chromato-
gram of degradation between bacterial isolate Sb and pyrene.
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Figure 9. Comparison of peak abundances of biodegradation chromatograms, interaction time 30
days; (A) chromatogram of degradation between bacterial isolate Bl and pyrene (B) Chromatogram
of degradation between bacterial isolate Sb and pyrene.

Based on a comparison of GC-MS chromatograms at 10-day contact of biodegrada-
tion of pyrene components, there were three peaks (Fig. 7A) resulting from the interac-
tion of Bl bacteria with pyrene, there were two peaks (Fig. 7B) interactions between Sb
bacteria and pyrene, indicating that B1 bacteria had the reducing aggressiveness of py-
rene was more potent than that of Sb bacteria. The GC-MS chromatogram at the 20-day
interaction period between Bl and Sb bacteria against pyrene (Fig. 8A, 8B), showed a rel-
atively similar appearance to the 10-day interaction, especially the number of peaks.
However, the peak height indicating the pyrene component decreased more sharply than
in During the first ten days of interaction, on the other hand, the components suspected
of being biodegradation products experienced a slight increase in peak height, indicating
an increase in the components of degradation products [38]. Chromatograms for the
30-day interaction between Bl and Sb bacteria on pyrene (Fig. 9A, 9B), experienced sig-
nificant changes, especially in the number of new peaks formed, indicating the biodeg-
radation product component the peak height of the pyrene component experienced a
sharp decrease. The chromatogram of the interaction of Bl bacteria with pyrene identified
ten peaks (Fig. 9A), indicating that there were nine components of the bacterial biodeg-
radation product type Bl.

In contrast, in the interaction of bacteria Sb with pyrene (Fig. 9B), only six peaks
were seen, indicating five peaks identified with the component the product of bacterial
biodegradation of Sb. Numbers and arrows in red (Fig. 7-9) indicate the pyrene compo-
nent as a substrate that undergoes degradation [7,40,74]. These results showed that
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Bl-type bacteria isolated from the marine sponge Auletta sp. had more aggressive bio-
degradation activity and dynamics against pyrene than Sb type bacteria isolated from
PAH-contaminated seawater [36,41]. The biodegradation dynamics of the two types of
bacteria tested against pyrene are shown in Tables 1 and 2.

Table 1. Data on readings of GC-MC biodegradation between biodegradator bacteria Bacillus li-
cheniformis strain ATCC 9789 (Bl) against pyrene

Retention

Peak Time  Height peak Area (%) Total Conc. Quality Compounds name
number (%) (%)
(Seconds)
Contact time 10 days
1 10.261 156964 8,99 8,99 94 Naphthalene
17.467 4366 3,90 3,90 45 Meso-4,5-Dicyclohexyl-2
3 21.771 4282463 87,11 87,11 95 Pyrene
Contact time 20 days
1 10.267 730588 13,26 13,26 94 Naphthalene
17.467 427236 3,88 3,88 50 3-dimethyl-methanephosphonate
3 21.796 3809710 82,87 82,87 96 Pyrene
Contact time 30 days
1 10.273 454990 4,29 4,29 94 Naphthalene
Phenol,
2 15.165 551463 3,95 3,95 98 2,6-bis(1,1-dimethylethyl)
3 16.697 420591 3,77 3,77 97 Benzenemethanol
4 17.467 282380 2,49 2,49 50 Oxalic acid
5 18.530 247395 2,95 2,95 95 Phenanthrene
6 21.808 1199647 61,71 61,71 96 pyrene
7 22.271 277763 2,68 2,68 95 1-Nonadecene
8 23.885 208195 2,65 2,65 93 Eicosane
9 23.947 222869 3,60 3,60 95 Tetrapentacontane
10 26.812 1507974 11,90 11,90 87 Terephthalic acid

Note: Peak number according to GC-MS chromatogram (Fig. 7 - 9) section A.

Table 2. Data on readings of GC-MC biodegradation results between biodegradator bacteria
Sphingobacterium sp. strain 21 (Sb) against pyrene

Peak Re;;t;on Height Area (%) Total Conc. Quality Compounds name
number peak (%) (%)
(Seconds)
Contact time 10 days
1 17.467 127964 4,95 4,95 52 1,3-dimethylbutyl phosphonate
21.777 4010224 95,05 95,05 96 Pyrene
Contact time 20 days
1 17.467 407716 16,16 16,16 52 2H-Tetrazole
2 21.789 3481296 83,84 83,84 95 Pyrene
Contact time 30 days
1 10.273 2826324 23,21 23,21 94 Azulene
2 16.698 261361 2,46 2,46 97 Benzenemethanol
3 17.467 263235 1,72 1,72 52 2H-Tetrazole
4 21.796 2788232 61,00 61,00 96 Pyrene
5 23.883 229305 1,59 1,59 58 Tricosane
6 26.812 1144755 10,03 10,03 87 Terephthalic acid

Note: Peak number according to GC-MS chromatogram (Fig. 7 - 9) section B.

The results of the biodegradation of B1 bacteria against pyrene were by the results of
the GC-MS readings (Table 1). Several benchmarks indicate that there has been biodeg-
radation of pyrene as a substrate by type Bl biodegradator bacteria, including: first, the
decrease in the peak height of the pyrene component, which is analogous to the decrease
in pyrene concentration due to changes in structure, decomposition, degradation or re-
duction of components, as a result of bacterial activity type Bl. Second, the decrease in the
percentage area of the pyrene component is a sign that the concentration of pyrene is
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getting smaller as the interaction time between Bl bacteria and pyrene increases. Third,
the percentage of the total composition of the biodegradation product increased with in-
creasing contact time between Bl bacteria and pyrene. Furthermore fourth, the number of
components formed tends to increase following the increase in interaction time. How-
ever, the number of these components is not entirely seen as the end product of degra-
dation. This product can be seen from the percentage value of quality; if it does not reach
90% and above (Table 1), then it cannot be categorized as the final product of bacterial
biodegradation because perhaps the component is a transition product [19,62,66]

The analysis of the biodegradation process for Bl bacteria against pyrene, according
to the GC-MS reading data (Table 1), was relatively identical to the biodegradation data
for Sb bacteria against pyrene (Table 2). Comparative analysis of the biodegradation
strength between Bacillus licheniformis strain ATCC 9789 (Bl) and pyrene based on in-
teraction time showed that the symbiont bacteria of the marine sponge Auletta sp. The
biodegradation power is relatively balanced compared to Sphingobacterium sp. strain 21
(Sb) isolated from seawater contaminated with PAHs. However, it does not necessarily
mean that marine sponge symbiont bacteria have weaker biodegradability against PAH
components than bacteria isolated from seawater contaminated with hydrocarbon com-
ponent pollutants [15,18]. General conclusions regarding the biodegradation strength of
marine sponge symbiont bacteria compared to bacterial isolates from seawater contam-
inated with PAHs require a comprehensive bacterial investigation and analysis [48,71]

3.3. Tingkat biodegradasi

Comparative analysis of the biodegradation strength between Bl and Sb bacteria
against pyrenes based on interaction time (Fig. 10), in general, it can be seen in the total
pyrene that was not degraded by the test bacteria.

150 M Bl type bacteria M Sb type bacteria

100 8711 95.05

82.87 83.84
I I I I |
0 ' .
10 20 30

Contact time (days)

a1
(=]

Total pyrene not degraded
(%)

Figure 10. Comparison of the percentage of pyrene components as a substrate not degraded by Bl
and Sb bacteria based on interaction time.

The results of the analysis of the biodegradation activity of the tested bacteria on the
pyrene component showed no significant difference in the strength of the biodegrada-
tion. However, there were differences in the total degraded pyrene component at several
times of observation and measurement. The dominance of the biodegradation power of
B1 bacteria against pyrene was seen in the contact phase for the first ten days. In the
second 10-day contact phase, it appears that the biodegradation strength of the two types
of bacteria tested is relatively balanced.
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Figure 11. Comparison of the percentage of the total components of bacterial biodegradation
products of Bl and Sb types to pyrene based on interaction time

Even in the third 10-day contact phase, the biodegradation strength of Sb bacteria
appears to outperform Bl type bacteria (Fig. 10). These results have implications for the
total biodegradation products predicted to follow a relatively undifferentiated pattern.

Aspects of the percentage analysis of the total components of the biodegradation
product as a result of the work of the two types of bacteria tested against pyrene (Fig. 11),
showed a similarity in the path of biodegradation strength. The percentage of total bio-
degradation products of Bl test bacteria in the first ten days of contact phase was greater
than that of Sb's total biodegradation products. However, in the second 10 days of con-
tact, the per cent of total biodegradation products between the two test bacteria showed
almost similar results. Even at the third phase of contact, the 30th day of the interaction
period, the percentage of total biodegradation products of Sb type bacteria was more
significant than Bl type bacteria [5,11,94].

—~— *-é—'\.ir-"**w
| E

4000 3&00 30'00 25'00 2000 1*50 15'00 12‘60 10‘00 750 B&O

Figure 12. FTIR spectrum showing functional groups of organic components in the biodegradation
performance of Bacillus licheniformis strain ATCC 9789 (Bl) against pyrene after 30 days of inter-
action

An overview of the energy aspects of most molecular vibrations relates to the in-
frared region. Molecular vibrations can be detected and measured in the infrared spec-
trum. The results of the FTIR spectra analysis showed that after the interaction between
the pyrene component and the suspension of the test bacteria, the pyrene component
decomposed into simple organic compounds, it could be analyzed based on the wave-
numbers of the functional groups according to the FTIR chromatogram shown by the Bl
and Sb test bacteria [6,12,68,95].

The results of FTIR analysis (Fig. 12), showed that one of the degradation products
of simple organic compounds, in the form of phenol, alcohol monomer, hydro-
gen-bonded alcohol, carboxylic acid group, carboxylic acid hydrogen bond, and aromatic
carbon-hydrogen bond. Absorption in the range 3200-3600 cm, range 3444,87 cm’, in-
dicates the presence of the -OH functional group. Absorption 2958.80 cm™ and 2929,87
cm! howed a peak with a characteristic shape of the absorption region of C-H Alkanes.
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The absorption area of 1610-1680 cm, precisely at the peak of 1639,49 cm?, shows a typ-
ical shape representing C=C alkenes. The absorption area is1500-1600 cm-1, menunjuk-
kan bentuk khas ikatan C=C aromatik. showing the typical shape of the aromatic C=C
bond. The peak of the absorption indicates the presence of aromatic cyclic bonds. The
absorption area is 1050-1300 cm! indicating the presence of the C-O functional group,
precisely at the peak of 1093,64 cm™'; 1192,01 cm?; and 1261,45 cm?, estimated that there is
the absorption of compounds that have a -OH (hydroxyl) functional group, each indi-
cating a compound of alcohol, ether, carboxylic acid, and ester groups. Aromatic rings
with C-H bonds appear at absorption in the range of 690-900 cm!, while at peaks of 40,67
cm? and 794,67 cm’, they indicate the presence of aromatic cyclic bonds [4,21,68,95].
These results indicate the suitability of the components of simple organic compounds
biodegradation products by type B1 bacteria against pyrene (Table 1).

Figure 13. Spectrum showing functional groups of organic components in the biodegradation
performance of Sphingobacterium sp. strain 21 (Sb) against pyrene after 30 days of interaction

FTIR Spectra Analysis (Fig. 13), is absorption that shows the components of simple
organic compounds, the result of pyrene biodegradation which is the performance of Sb
bacteria. In general, it can be said that these simple organic components are the result of
the decomposition of pyrene components in the form of alcohol group organic com-
pounds. In the form of phenol, alcohol monomer, hydrogen-bonded alcohol, phenol
carboxylic acid monomer, and carboxylic acid hydrogen bonds will be absorbed in about
3200-3600 cm!, and the range 3446,79 cm, indicating the presence of the O-H functional
group. Absorption 2924,09 cm™ and 2852,72 cm, showed a typical peak shape identical
to the C-H absorption region of alkanes. The absorption area of 2000 cm™ to 1500 cm,
precisely at 1737.86 cm™!, shows a peak with a distinctive shape, presumably the absorp-
tion area of C=0O, namely aldehydes, ketones, carboxylic acids and esters. The absorption
area is 1610-1680 cm™, precisely at the peak of 1639,49 cm™, the typical shape represents
C=C alkenes. The absorption area of 1500 cm to 1600 cm™, precisely at the peak of
1514,12 cm, shows a distinctive shape identical to the aromatic C=C bond, indicating the
presence of aromatic cyclic bonds. Absorption areas of 1456,26 cm™ and 1402,25 cm!
showed peaks with a typical shape according to the alkane CH absorption area, peaks of
1261,45 cm™ and 1192,01 cm, or in the absorption area of 1050 cm™* - 1300 cm, indicating
the methylene C-H functional group [38,68,96].

Determining and selecting the type of test bacteria that has dominant biodegrada-
tion power over other types of bacteria, which is the purpose of this research, is done by
comparing all the variables that have been analyzed. Based on these variables, it is
known that the bacterial isolate of Bacillus licheniformis strain ATCC 9789 (Bl), isolated
from the marine sponge Auletta sp., has a relatively balanced biodegradation power
against pyrene compared to bacteria of the Sphingobacterium sp. strain 21 (Sb) was iso-
lated from seawater contaminated with PAHs [97]. Suppose the contamination of the
hydrocarbon component increases, and it is predicted that it will have an impact on de-
creasing the quality of ground and surface water so that the availability of clean water
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will decrease [98] both in water areas (sea), land and air. In that case, it is feared that the
data will contribute to increasing global warming and, in the long term, can cause climate
change.

4. Discussion

The study of qualitative and quantitative aspects of the biodegradation performance
of the two isolates (Bl and Sb) showed contradictory results. The qualitative analysis of
the biodegradation performance of Bl bacteria against pyrene showed a stronger aggres-
siveness than Sb bacteria. It is based on the GC-MS chromatogram and the number of
biodegradable components after 30 interactions which reached 10 components (Fig. 9A)
and (Table 1). These results are confirmed by the FTIR spectrum, which appears to be
more complex, including visible functional groups, as a manifestation of the biodegra-
dation products in the form of simple organic compounds (Fig. 12). Qualitative analysis
of the biodegradation performance of Sb, according to the GC-MS chromatogram, iden-
tified only 6 components (Fig. 9B) and (Table 2).

Similarly, the FTIR spectrum appears simpler (Fig. 13). The results of the quantita-
tive analysis found that the biodegradation performance of the two types of bacteria
against pyrene, it appears that Sb bacteria are relatively stronger than Bl bacteria. The
percentage of pyrene components that were not degraded by Bl bacteria (61.71%) was
relatively higher than that of Sb bacteria (60.00%) (Fig. 10). It gives an interpretation that
the biodegradation performance of Sb bacteria is relatively higher than that of Bl bacteria.
This data is corroborated by the percentage of bacterial biodegradation performance of
Sb (39.00%), slightly higher than the performance of bacteria Bl (38.29%) (Fig. 11) on py-
rene components [3,5,11,23]. This result is influenced by the adaptability and biodegra-
dation mechanism that these two types of bacteria can take to the pyrene component.

The mechanism and pathway of pyrene biodegradation by bacteria based on the
findings of this research according to the combination of optical data density media, bi-
odegradation parameters, GC-MS and FTIR chromatograms, is estimated to follow the
mechanism of an oxidation reaction that begins with the formation of a "cis" transition
product in the form of pyrene dihydroxy nadiol, then turns into catechol. The breakup of
one benzene molecule marks the pyrene structure changes into a carboxylic acid product.
One H20 molecule comes out, and the pyrene structure changes to a penantroic carbox-
ylic acid product. This process continues following the oxidation reaction process and the
breakdown of the second and third rings until the final product is reached, namely a
benzene carboxylic acid molecule in the form of cinnamate and a pinacol product
[27,31,39,88].

The illustration in Fig. 4, shows a symbiont of the marine sponge Auletta sp., a
group of Bacillus bacteria, Bacillus licheniformis strain ATCC 9789 (Bl), relatively similar
pathways for metabolism or pyrene biodegradation using Sb bacteria isolated from
seawater contaminated with PAHs. In general, it can be said that the biodegradation
mechanism of PAHs is thought to be similar to the biodegradation process of other types
of PAHs, such as anthracene and phenanthrene. The rate of metabolism of PAHs by mi-
croorganisms depends on the number of aromatic rings. This biodegradation mechanism
also has similar metabolic pathways to pyrene using Mycobacterium sp. PYR-1 [45,56,88],
is through the oxidation pathway of breaking one benzene molecule so that a new mol-
ecule is formed in the form of a carboxylic compound and frees H20 molecules. Ac-
cording to the illustration (Fig.14), it is seen that there is a limiting factor that inhibits the
biodegradation process of microorganisms against PAHs components so that the bio-
degradation is not complete or leaves the aromatic benzene molecule. The influence of
these limiting factors is thought to occur at the formation stage of carboxylic compounds,
where these compounds can increase the acidity of the interactive media, which results in
the potential for stopping bacterial cell division or bacterial cells experiencing mass
death. Thus the biodegradation process converts carbon elements into energy through
metabolic pathways, and the oxidation reaction proceeds slowly and even stops com-


https://doi.org/10.20944/preprints202202.0129.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 February 2022 d0i:10.20944/preprints202202.0129.v1

14 of 20

pletely [19,23,66].The reaction mechanism of pyrene biodegradation by bacteria type Bl
is generally illustrated in the reaction scheme according to Figure 14.

Figure 14. Illustration of pyrene biodegradation pathway by Bl bacteria symbiont of the marine
sponge Auletta sp., the breakdown of one benzene ring forms a carboxylate after liberating an H20
molecule through the metabolic pathway of oxidation.

The results of this study are expected to be developed to screen for other types of
bacteria from various sources that can biodegrade hydrocarbon components, especially
PAHs [94,95]. The achievements of this research also open up opportunities for using
these bacteria in the bioremediation of other types of pollutants, such as pesticide resi-
dues, heavy metals and microplastics, so that the dream of formulating crystalline car-
bonoclastic bacteria can be realized [12,21,64]. This hope is a form of environmental pro-
tection against the threat of contamination by toxic components.

5. Conclusions

Some of the findings obtained from this study are summarized in several conclusions:
The two types of test bacteria (Bl and Sb) can degrade pyrene components. A qualitative
study based on the number of components and FTIR spectrum showed that Bacillus li-
cheniformis strain ATCC 9789 (Bl) had relatively stronger aggressiveness in biodegrada-
tion of pyrene than Sphingobacterium sp. strain 21 (Sb). Quantitative analysis showed that
the biodegradation performance of Sb bacteria on pyrene components was relatively
stronger than Bl bacteria. The total percentage of bacterial biodegradation products of Sb
type (39.00%) was slightly higher than that of Bl type biodegradation products (38.29%),
achieved during the interaction period of 30 days. The biodegradation products of the
two test bacteria (Bl and Sb) against pyrene were simple organic compounds with alcohol
and carboxylic acid groups. The bio-degradation performance of the two types of bacteria
tested against pyrene followed the same path, namely the carbon metabolism as an en-
ergy source through oxidation reactions.

Supplementary Materials: The following are available online at: https://www.mdpi.com/xxx/s1,
Figure 1: Sampling locations of sea sponges and seawater sources of bacterial isolates; Figure 2:
Isolate culture process; Figure 3: Microscopic analysis of 2 types of bacteria by Gram staining; Fig-
ure 4: The morphology of the test isolate samples; Figure 5: Bacterial cell growth curve without the
addition of pyrene; Figure 6: Bacterial cell growth curve with the addition of pyrene; Figure 7-9:
Peak abundance of pyrene biodegradation by bacterial isolates with interaction time of 10, 20 and
30 days, respectively; Figure 10: Percentage of pyrene that is not degraded (Using equat. 1); Figure
11: Percentage of pyrene degraded (Using equat. 2); Figure 12 and 13: FTIR spectrum of functional
groups of organic components as the biodegradation performance of (Fig. 11. by Bacillus licheni-
formis strain ATCC 9789 and Fig. 12. by Sphingobacterium sp. strain 21; and Figure 14: Illustration of
pyrene biodegradation pathway by bacteria; Table 1: Characteristics of pyrene biodegradation
products by Bacillus licheniformis strain ATCC 9789; Table 2: Characteristics of pyrene biodegrada-
tion products by Sphingobacterium sp. strain 21.
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