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Abstract:

The extraction of Rhizostoma pulmo discarded off the Goa coast, Indiaresulted in obtaining
remarkably higher yield of 47% (based on lyophilized weight) type | collagen. The amino acid
composition showed presence of glycine, hydroyproline and proline and other amino acids in
consistent with mammalian collagens. Interestingly, it also possessed essential amino acid
tryptophan that makes this collagen superior than other commercially available collagen products.
The dose and time response anti-oxidant activity (DPPH assay) of jellyfish collagen showed increase
in the percentage activity with its efficiency better than marine fish collagen. In the dose response,
ICs0 was found to be 11.0 mg/ml. The percentage DPPH activity gradually increased from 47.58 %
to 81.11 % with time 1 to 8 hrs, respectively at concentration of 7mg/ml of jellyfish collagen. It was
noteworthy to observe that the anti-oxidant activity remained 80% even after 24hrs of analysis. The
EDX analysis showed presence of minerals like Cl, Na, Mg, K, Cu, Fe, Znetc. essential for healthy
bones. The mass assisted laser desorption ionization-time of flight mass spectrometric (MALDI-TOF
MS) data showed several precursor peaks of different peptides which has been presented here for the
first time. The finding showed higher production of tryptophan containing anti-oxidant collagen that
will certainly enhance its benefit in neurotransmission and cognitive function.
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Introduction

Collagen is the most abundant protein found in the animal kingdom and the demand for collagen
based products has kept on increasing globally. It is estimated that the collagen market size will grow
to USD 5.3 billion by 2026 (https://www.globenewswire.com).The growing number of scientific

publications and patents shows exciting evidences of its applications in various areas of
healthcare,neutraceuticals, cosmetics,wound healing, medical devicesetc.(Addadet al. 2011; Leoneet
al. 2015).Currently, the needed demand is fulfilled from the bones, hides, and hooves of cattle and
pigs(Mokrejs et al. 2009). However, due to religious and cultural constraints they have been
forbidden by many communities. Recently, marine organisms have been considered as a promising
source of collagen.It is abundantly found in fish and in particular jellyfish have high content of
protein of which 80-90% is collagen (Simat et al. 2020). Owing to its excellent bioactivity, good
biocompatibility, good penetrability and non-irritation of the body, collagen and hydrolyzed collage
peptides have become the most important components and reliable alternative for neutraceuticals
(Leone et al. 2015)and in other healthcare applications such as wound care, regeneration medicine,
cell culture etc. (Sumiyoshi et al. 2021; Nudelman et al. 2019; Pustlauk et al. 2015; Xu et al. 2021).
Jellyfish Rhopilema esculentum have become a popular food in several Asian countries due to its
high nutritional value and pharmacological activity (Eun et al. 2006).1t is also known that, jellyfish

collagen carries less risk of prion and viral contamination than the usual sources.

Rhizostoma pulmo(Scyphomedusae, Barrel Jellyfish)has been edible jellyfish in most of the Asian
countries. Aggregation of this jellyfish in Indian coastal waters was evident from many electronic
media reports as well as scientific publications (Baliarsingh et al. 2020). In the recent times, with the
increase in the ocean warming conditions, occurrence of the blooms of R. pulmo and Chryosoara
caliparea along the Goa coast (West coast of India) have become continuous process. There are no
significant scientific reports on R. pulmo from Indian waters. Thus, our study aimed at investigating
R. pulmo found along Goa coast for value added product collagen. Interestingly, our study revealed
thatcollagen from this species contains essential amino acid tryptophan, a neurotransmitter which is
limiting in currently marketed collagen derived from bovine and porcine collagen. Further, anti-
oxidant activity (DPPH assay) in the dose and time responsesuggested its efficiency better than
commercially available marine fish collagenin India. Additionally, EDX and mass spectrometric
studies of the collagen has been presented here for the first time.The analysis of commercial marine
collagen has also been highlighted for comparison. Theamino acid composition of collagen extracted
from Indian species R. pulmo makes it very potent which will be suitable to develop neuroprotective

anti-oxidant.
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Materials and methods
Collection of jellyfish Rhizostoma pulmo

Jellyfishes Rhizostoma pulmo were collected from Caranzalem beach, Dona Paula, Goa during post-
monsoon (November and December 2021). The local fisherman community helped in the collection
of jellyfishes caught during fish catch. Thereafter, the jellyfishes were transported to laboratory and
washed thoroughly with tap water followed by distilled water to remove sand and any debris. The

jellyfishes were stored at -20°C until further process.
Extraction of collagen

Jellyfish tissue (~5 kg, wet weight) was washed with 0.1M NaOH (2.5 L) and stirred for 6 hours.
This step was repeated thrice. The pre-treated tissue was then stirred with 0.5 M acetic acid(5 L) at
lower temperature (4°C)as used by Miura and Kimura (1985) with modifications. The process was
done for 3 hour under the influence of ultra-sonication. This process resulted into the acid-
solubilized collagen.Further, acid-soluble collagen was incubated with 1% pepsin at 4°C in 0.5 M
acetic acidfor 3 hagain assisted with ultra-sonication. The viscous solution was centrifuged at 15000g
x 1h and dialyzed against 0.02M Na2HPOs in order to inactivate the pepsin. The dialysis step was
repeated several timesusing cellulose membrane dialysis tubing (molecular weight cut off 14,000
Da) and the resultant precipitate was re-dissolved in 0.5M acetic acid. The pepsin-solubilized
collagen was then precipitated by addition of NaCl to a final concentration of 1.0 M NaCl, the
majority of the collagen was precipitated at 0.9 M NaCl.The precipitated collagen was collected and
again dissolved in 0.5 M acetic acid. It was dialyzed against 0.1 M acetic acid, 0.05 M acetic acid
and 0.025 M acetic acid sequentially. After dialysis, the pepsin hydrolyzed collagen was collected,
lyophilized and stored at 2°C.

Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS- PAGE)

SDS- PAGE analysis was performed on the pepsin-solubilized collagen (JFC)as previously described
by Weber & Osborn with some modifications (Weber and Osborn, 1969). The dried collagen powder
was dissolved in phosphate buffer solution (pH 7.4). The mixture was centrifuged at 10000 g for 5
minutes at room temperature to remove undissolved matter. Equal parts of the supernatant and
sample buffer was mixed and heated at 90° C for 5 minutes. This was loaded on the gel (10%
resolving, 4% stacking) and the run was maintained at 85 V for the initial 30 minutes after which the
voltage was increased to and maintained at 95V till the end of the run. The gel was stained overnight
using 0.1% Coomassie Blue R-250. The desstaining of the gel was carried out using solution of
acetic acid, methanol and distilled water and the bands were viewed using syngen Gbox gel



documentation system. Molecular weight estimation was carried out by comparing the bands with

Novex E-Page See-Blue prestained standard protein marker.
UV-VIS and FT-IR Spectroscopy

Wavelength Amax Of collagen was recorded using UV-Visible spectrophotometer (Shimadzu UV-
2401PC, Japan). Collagen sample was dissolved in 0.5 M acetic acid at a ratio of 1:1 (w/v). The
Fourier transform-Infrared spectrophotometer (FT-IR) spectra of the jellyfish collagens were
performed on IR Affinity-1 (Shimadzu, Japan) using DRS interface. Collagen samples were finely
powdered with KBr. The FTIR spectra were recorded in the range 700-4000 Cm™ wavenumber.

Amino Acid Analysis

Amino acid composition of the jelly fish collagen (JFC) and commercial marine collagen (MC) were
studied by adopting high performance liquid chromatography (HPLC) technique using Agilent 1260
infinity. The detector used was diode array detector with detection at 338 nm and 262 nm. The
column used for amino acid separation was Advance bio AAA column, Agilent Technologies
(particle size: 2.7um, Inner diameter: 3mm, length 200mm) maintained at a temperature of 40 °C.
Mobile phase A was 10 mM NaHPO; and 10 mM Na:BsO7, pH 8.2 and mobile phase B was
acetonitrile:methanol:water (45:45:10, v:v:v). The flow rate was 1.5 ml min*t. Norvaline purchased
from fluka chemie was used as internal standard. It consists of 18 amino acids, I-aspartic acid (Asp),
I-serine (Ser), I-glutamic acid (Glu), I-glutamine (GIn), glycine (Gly), I-histidine (His), I-asparagine
(Asn), l-arginine (Arg), I-threonine (Thr), l-alanine (Ala), I-tyrosine (Tyr), l-valine (Val), I-
methionine (Met), I-isoleucine (lle), I-tryptophan (Trp), I-leucine (Leu), I-phenylalanine (Phe) and I-
lysine (Lys) with >98% purity.Collagen samples were digested using 6N HCI for 24 hours at 110° C.
After 24 hours of hydrolysis, the mixture was neutralized using 6 N NaOH followed by
centrifugation at 5000 rpm for 10 minutes. Further, the supernatant was collected and evaporated to
dryness using a rotary evaporator. After drying, the sample was reconstituted in 2 ml of milliQ water

and subjected to HPLC system for amino acid analysis.
Proline and Hydroxyproline analysis by colorimetric

Proline assay was carried out according to Bates et al.with some modifications (Bates et al. 1973).
Protein sample was treated with equal amounts of manually and freshly prepared ninhydrin reagent
and glacial acetic acid. The mixture was incubated in a boiling water bath for an hour until a bright
red colour was formed. Double the amount of toluene was then added to this red solution and
vortexed. After this the toluene layer was carefully pipetted out and the absorbance measured at 520

nm. The proline concentration was calculated using the formula:
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conc.ofproline (Mg/ml) X volumeoftoluene

Proli tent =
rotneconten weightofsample (g) X dilutionfactor

Hydroxyproline determination was done using a technique previously reported by Edwards &
O'Brien Jr. with slight modifications (Edwards & O'Brien 1980). Sample was treated with 5N HCI
and autoclaved at 120° C and 15 psi for 15 minutes. After this hydrolysis the sample was neutralized
by adding 5N NaOH. The neutralized mixture was centrifuged and the suspension carefully
transferred to a clean vial. To this, 625 pL of chloramine-T solution was added and left to incubate at
room temperature for 20 minutes.This was followed by the addition of 625 uL of Ehrlich’s solution
and incubated in the water bath for 20 minutes. Immediately after the incubation the tubes containing
samples were immersed in an ice bath to cease the reaction. This was followed by checking the
absorbance at 560 nm using UV spectrophotometer. Then hydroxyproline concentration was then
calculated using the formula

conc. by standard curve
0.125

Hydroxyprolinecontent (g/ 100 g) =

Energy Dispersive X-Ray (EDX)

Elemental content of JFC and MC were analyzed by using energy dispersive instrument. The sample
was gold coated prior to elemental analysis using SPI Module spu.Quantitative estimates of

elemental composition (weight%) were determined using Oxford Instruments AZtec software.
Antioxidant Activity

Antioxidant activity was studied by conducting 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay to
check, if collagen can inhibit the free radical activity of DPPH by following the method described by
Wau et al. with slight modifications(Wu et al. 2003). Collagen was dissolved in 0.5M acetic acid to
get 5 mg/ml solution which was mixed with 0.3 mM solution of 2,2-diphenyl-1-picryl-hydrazyl-
hydrate (DPPH, SIGMA Life Science) in methanol. Collagen free radical mixture was incubated and
allowed to react for 30 minutes. Thereafter, optical density (OD) was recorded on UV-Vis
spectrophotometer at 517 nm. The OD was also recorded for the blank without collagen sample. All
the readings were recorded in triplicates. Similar procedure was followed to check anti-oxidant
activities of standards kojic acid (Sigma Life Sciences) and ascorbic acid at different concentrations.
The standard curve was plotted to calculate 1Cso. Percentage free radical scavenging activity of
collagen was derived using the formula:

Ab — AsX 100
Ab

%Activity =



Where Ab is the absorbance of blank and As is the absorbance of the sample at 517 nm
Statistical analysis

All the anti-oxidant measurements were made in triplicate. The results were subject to variance
analysis using single factor analysis of variance (ANOVA). Percentage anti-oxidant activity was

expressed as mean + SD (standard deviations).
Chemical & Reagents

Glacial acetic acid (99-100%) was purchased from Merck KGaA (Darmstadt, Germany). Ethylene
diamine tetra acetic acid (EDTA), sodium chloride, sodium dihydrogen phosphate and disodium
hydrogen phosphate (Na;HPOs)were purchased from HIMEDIA (Maharashtra, India).s-
Mercaptoethanol, 2,2-Diphenyl-1-picrylhydrazyl (DPPH), Ehrlich’s solution and a-glucosidase
activity assay kit were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Coomassie Billiant
Blue was purchased from Thermo Fisher Scientific (Waltham, Massachusetts, United States). E-
PAGE SeeBlue Prestained protein marker was purchased from (Waltham, Massachusetts, United
States). Acarbose (95% pure) was purchased from Sisco Research Laboratories Pvt Ltd Mumbai,
Maharashtra. L-Ascorbic acid AR, ACS was purchased from SDFCL Sd Fine Chem Limited
(Chennai, Tamil Nadu, India). Chloramine-T and L-proline standard was purchased from Thomas
Baker (Chemicals) Pvt. Ltd. (TBCPL), Mumbai, India. Hydroxyproline standard was purchased from
Loba Chemie Pvt Ltd, Mumbai, India. To carry out comparative anti-oxidant studies a commercially
available fish collagen i.e. Marine collagen (MC) was purchased from Amar Aquatic (Amar Polyfills
Pvt. Ltd., Gujarat, India).

Mass spectrometry analysis

Collagenwas added to the MS grade trypsin (Promega) such that the ratio is trypsin:collagen 1:20
(w/w). The digestion mixture was incubated at 37°C overnight. 5 pL of solution (50% acetonitrile,
0.1% TFA) was added to the tube and gently agitated on a vortex at lowest setting. 0.5 pL of the
digested collagen sample was spotted on MALDI plate followed by 0.5 uL of alpha-cyano-4-
hydroxycinnamic acid matrix (10 mg/mL in 50% acetonitrile, 0.1% TFA). The spot was allowed to
dry completely and plate was loaded into Voyager of mass spectrometer. The spectra was recorded
on matrix-assisted laser desorption ionization/time of flight mass spectroscopy (MALDI-TOF) of
Bruker Daltoncs model Ultraflex Il Spectrometer, Germany, equipped with a pulsed Neodymium
yttrium-aluminium garnet (Nd-YAG) smart beam solid state laser (337 nm), in reflectron positive-
ion mode, using a 19-kV acceleration voltage). The instrument was calibrated using internal tryptic
peaks of 842.5 and 2211.1 Da.
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Result & discussion:
Production of collagen from R. pulmo

The extraction of collagen from jellyfish (whole tissue, jellyfish size ~10-16 cm) was done by using
0.5M acetic acid and1% pepsin under the influence of ultra-sonication at lower temperature (10°C),
to get pepsin-hydrolyzedcollagen whichresulted incollagen production upto 47% (lyophilized dry
weight). The ultra-sonication process not only reduces the extraction timing but also increased the
yield. So far, there is only one report of thecollagen yield from R.pulmo (Tunisian Mediterranean
coast) reporting pepsin (2-15 mg pepsin/mg of wet tissue)solubilized collagen obtained to be 0.83 to
3.15 and 2.61 to 10.3 (mg/g wet tissue) for umbrella and oral arms, respectively (Addad et al. 2011).
The vyields of collagen reported from mesoglea of Rhopilema esculentum with acid and 1% pepsin
were 0.12% and 0.28% respectively (on a wet weight basis) (Cheng et al. 2017). From the same
jellyfish, Falician and coworker reported 4.31% collagen yield (on a wet weight basis) using 1%
pepsin (Falician et al. 2019). The production of acid solubilized collagen reported from C.mosaicus
were found to be 14.61 £ 0.57 and 22.47 £ 1.25 mg/g dry weight (1.46% and 2.24% lyophilized dry
weight) from umbrella and oral arm tissues, respectively (Rastian et al. 2018). The yield of
collagenfrom Cyanea nozakii (Yellow sea) was found to be 13.0% (dry weight) (Zhang et al. 2014).
So far, among the edible scyphomedusa, Nagai etal. reported 46.4% and 35.2% collagen (dry
lyophilized weight) from exumbrella Stomolophus meleagrisand Rhopilema asamushi, respectively
(Nagai et al. 2000). From our investigation, it is revealed that R. pulmo is another scyphomedusa that
produceshighest collageni.e.47% (dry lyophilized weight).

Molecular weight of the collagen

SDS-PAGE was used to determine the molecular weight of the pepsin-solubilized jellyfish collagen
(JFC). The gel showed two bands for a1 and a2 chain at~92 and ~125 kDa,respectively and one band
for S chain above 150 kDasuggestive of type-1 collagen(Figurela). Thea chains are the major bands
of the jellyfish collagens. The similar patterns were demonstrated fromR. pulmo collagen (Addadet
al.2011;Widdowson et al. 2018).Widdowsonet al.reported collagen with distinct a1 and a2 chains at
~105 and ~92 kDa and assessed biocompatibility of jellyfish collagen sponge over bovine collagen
sponge. Their results revealed that, jellyfish collagen showed significant reduction in histopathology
scores thereby increasing their biocompatibility with wound healing applications. Among other
edible jellyfishes, R. esculentum and Catostylus mosaicus showed presence of type | collagen with
identical band pattern (Rastian et al. 2018). In the case of commercial available marine collagen
(MC) SDS-Page(Figure 1b)showedbroad bandranging between ~30-45kDa for lower molecular



weight collagen. This indicated that the MC to be collagen hydroxylate from fish as reported from
other species (Chi et al. 2014; Nurilmala et al. 2020).

UV-Vis and FTIR spectroscopy

The UV absorption of proteins are mostly in the range of 180-230nm due to = — #* transitions in the
peptide bonds. However, the UV-Vis spectrum of the jellyfish collagen showed characteristic Amax at
275nm which suggested that there would be presence of aromatic amino acids like tryptophan,
tyrosine, and phenylalanine residues. The spectrum showed bands at 3278 and 2964 cm™ observed
for amide A and amide B, respectively. The amide I, 11 and Ill bands were found to occur at 1654,
1533 and 1240 cm™, respectively as a result of N-H and C-H stretching. The spectrum showed the
intact triple helical structure of collagens with the appearance of typical amide Il band of collagen at
1533-1537 cm. Frequency at 1444 cm® corresponds to stretching vibration of cyclic proline’s C—N
group. The CH> groups in proline’s side chain contributing to wagging vibrations correspond to band
position at 1334 cm™™.

Amino acid composition

The amino acid composition of 18 primary amino acidswere analyzed using HPLC, while, proline
and hydroxyproline were estimated using colorimetric standard curve. In HPLC analysis, JFC
showed presence of 12 amino acids containing both essential and non-essential amino acids (Table
1). It showed highest percentage of glycine (29.34%) followed by glutamic acid (13.46%), aspartic
acid (10.91%), alanine (10.38%), asparagine (6.80%) and tyrosine (1.77%) non-essential amino
acids. The presence of hydroxyproline and proline were 4.82g/100g and 2.97g/100g, respectively.
Among the essential amino acid, collagen contains arginine (5.63%), leucine (6.35%), lysine
(4.62%), threonine (3.18%), valine (2.80%) and most importantly tryptophan (4.72%). For
comparison, the amino acid analysis of marine collagen (MC) was also carried out. The HPLC
analysis of MC showed presence of 16 amino acids with glycine (35.79%), glutamic acid (11.12%),
aspartic acid (10.29%), alanine (9.57 %), serine (3.22 %), asparagine (1.94%), tyrosine (1.49%) and
glutamine (0.17%) non-essential amino acids. The study revealed that the concentration of glycine in
MC was higher while percentage of asparagine was lesser in MC with additional presence of
glutamine and serine as compared in JFC. The essential amino acids in MC constituted arginine
(8.17%), leucine (4.04%), lysine (4.38%), threonine (2.47%), valine (2.18%) and tyrosine (1.49%).
Other amino acids like isoleucine, phenylalanine and methionine were detected < 2% with the
absence of tryptophan as compared to JFC. It is reported that tryptophan is one such amino acid that

help produce serotonin for neurotransmission and presence of which makes this jellyfish collagen



very potent. The earlier research has shown that tryptophan is limiting amino acid in collagen
produced by other sources such as collagen derived from fish skin of African -catfish
(Clariasgariepinus), Salmon (Salmo salar) and Baltic cod (Gadusmorhua), waste freshwater carp
fish (Cyprinuscarpio) scales, Nile tilapia, jellyfish Rhopilemaesculentumand calf-skin collagen
(Tylingo et al. 2016; Zhuang et al. 2009). Even the widely consumed sources bovine and porcine
collagen lacks tryptophan (Carvalhoet al. 2018) and therefore considered as incomplete protein
source according to the new current protein quality evaluation method protein digestibility-corrected
amino acid score (PDCAAS) (Paul et al. 2019). The depletion of tryptophan in the diet decreases
serotonin level in the brain thereby giving rise to several neurological disorders like decreased sleep
time, lowered mood, depression, cognitive behavior, Alzheimer’s etc. (Jenkins et al. 2016). The
research have indicated that strategy of administration of tryptophan-rich dietary proteins can
enhance tryptophan availability to the brain and thus potentially enhanced serotonin synthesis that
can lead to various improvements in health (Paul et al. 2019).Jellyfish collagen was also found to be
enriched in non-essential amino acids i.e. glutamic acid and aspartic acid that serve as an important
neurotransmitter at the synapses (Yamaguchiet al. 2016). Yamaguchi et al. had reported that
combination of aspartic acid and glutamic acid exhibited synergistic effect on anti-proliferative
activity against tumor cells. From the data, it was revealed that jellyfish collagen under this study has
balanced essential and non-essential amino acids and thus, may be incorporated as protein mixture in
the diet.

Elemental analysis

The inorganic mineral content was measured in dry jellyfish collagen powder (JFC) using EDX
which constituted to 40-41% with higher concentration of chloride (CI, 24.1%) followed by sodium
(Na, 6.86%) and magnesium (Mg, 5.31%) (Figure 2). The other minerals found were aluminum (Al,
0.16 %), sulfur (S, 1.19%), potassium (K, 1.3 %), calcium (Ca, 0.37%), copper (Cu, 0.77%), iron
(Fe, 0.23%), zinc (Zn, 0.81) and silicon (Si, 0.03%). While, marine collagen (MC) showed only very
few inorganic minerals, Zn (1.76%), Cu (0.5%), S (0.14%) and Pb (0.03%). Magnesium, calcium,
Zinc and copper minerals are found to be very critical for maintaining healthy bones, detoxification,
temperature and transmission of nerve impulses (Julian and Moran 2013). They are also involved in
the interactions of more than 300 enzymes reactions. It is reported these minerals accumulation in
jellyfish collagen may be have beneficial effect in osteoporosis (Marjan et al. 2015). The presence of
elements such as Mg, Ca, Zn and Cu in R. pulmomakes this jellyfish very remarkable source of
minerals binding collagen that may be beneficial in osteroporosis and bone regenerations. Khong et

al. has reported elemental analysis of jellyfishes, A. hardenbergi, R. hispidum and R. esculentum
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(Khong et al. 2016). All these species have also shown to contain major elements Cl, Na, K, Mg
along with other minor elements Ca, S, Si, Z and phosphorus (P).These elemental analysis data was

found similar to that of JFC except for the absence of phosphorus.
Anti-oxidantactivity (DPPH assay)

The antioxidant activity was evaluated based on DPPH scavenging radical assay as dose and time
response. In the dose response, 1.0-11.0 mg/ml concentration of jellyfish collagen (JFC) and for
comparison, a neutraceutical product marine fish collagen (MC) was assessed. The dose response
spectrophotometer reading was checked after 30 min and the percentage activity was calculated as
given in Table 2. The study demonstrated that as the concentration of JFC increases, the activity
increases and the 50% activity was observed at concentration of 11.0 mg/ml. In comparison,
commercial product (MC) gave very less activity i.e 11.29% at 11.0 mg/ml as depicted in the graph
of percentage activity v/s concentration (mg/ml) (Figure3). JFC and MC at concentration 7mg/ml
were chosen to check changes in the percentage activity with time response (1-8hrs). From the data
(Table 2, Figure3a), it is observed that, with time there was increase in the activity of JFC from
47.58 % to 81.11%. While, MC increased from 17.33% to 47.0% during 1 to 7hrs, but there was
drop in the activity i.e. 40.0% at 8 hrs (Figure3b). Interestingly, when the activity was checked at
24 hrs, the percentage activity of JFC remains 80%.

De Domenico et al. reported anti-oxidant property of R. pulmo from Marina di Ginosa (Taranto,
Italy) using ABTS assay (De Domenico et al. 2019). They extracted soluble and insoluble proteins
which were sequentially hydrolysed using pepsin and collagenase and characterized different types
protein based on their molecular weights. The anti-oxidant activity (AA) suggested that AA was
found to be significantly higher for sub-fractions containing collagenase-hydrolysed jellyfish
peptides with MW <3 KDa followed by MW 3-10 KDa, as compared to proteins before collagenase
digestion. The antioxidant activity of protein and phenolic contents of Mediterranean jellyfish R.
pulmo was evaluated after thermal treatment at 100°C (Leone et al. 2019).The study found that

jellyfish R. pulmo showed the better performance after thermal treatment.
Mass spectrometry analysis

The molecular weight of the trypsin digested collagen peptide of JFC and MC were analyzed by
MALDI-TOF MS(Bruker Daltonics, Germany) (Figure 4a and 4b). The peptides for JFC were
found in the molecular weight ranging below 4000Da. The different MW distribution may be due to
the result of different peptide sequences.Maximum numbers of cluster of peptides were observed in
the mass range of 1-2 kDa and 3-4 kDa. Relatively lesser peptides were seen in the region below 1



kDa and 2-3 kDa. These peptides could be marker peptides that would contain 7 to 20 amino acid
residues. The number of collagen peptide peaks also reflects remarkably good content of arginine and
lysine residues in the jellyfish collagen.The finding of mass spectrometry was compared with the
known data available. Further, MS/MS study of these precursor ions will be carried out in the future
that will help in generating collagen sequence of jellyfish. In the case of MC, the mass spectrometric
analysis(Figure 4b)resulted invery few fragment ions for smaller peptides with peaks in the mass
range m/z 200-500 basically for dipeptides to hexapapetides. The intense peaks observed were m/z
226 and m/z 307.

Conclusion

Jellyfish R. pulmo found along the coast of Goa, India was investigated for collagen. The extraction
of jellyfish yielded 47% (% Yield dry weight) tryptophan-rich collagen in 0.5 M acetic acid and 1%
pepsin assisted with ultra-sonication process at low temperature. The characterization of collagen
using SDS-PAGE, FT-IR and amino acid analysis revealed that collagen is of type-l having both
essential as well as non-essential amino acids. Interestingly, in the dose and time response anti-
oxidant DPPH assays, jellyfish collagen showed steady increase in the percentage antioxidant
activity with the increase in the concentration and time, respectively. The study also revealed that
anti-oxidant activity was found to be better than the commercially available marine collagen. Infact,
MC had presence of more amino acids like serine, glutamine, phenylalanine and isoleucine as
compared to JFC. But, interestingly the presence of tryptophan in JFC makes it to be more effective
anti-oxidant. The presence of important minerals along with tryptophan amino acid makes this
jellyfish collagen as a superior special nutritional supplement that would have wider benefits in
neuroprotection and cognitive. As compared to MC with very few small peptides (<500 Da), the
MALDI-TOF data of JFC showed 54 peptide precursor ions (1-3kDa) that have been reported here
for the first time. By applying an appropriate strategy for exploitation, jellyfish biomass could be
used as sustainable resource for collagen extraction to meet its current demand in the global market.

This will in turn create circular economy in the era of zero waste.
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Figure 1: SDS page of (a) Jellyfish collagen (JFC); (b) Marine collagen (MC)
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Figure 2: EDX data of jellyfish collagen (JFC)
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Figure 3: DPPH radical scavenging assays of jellyfish collagen (JFC) and Marine fish collagen
(MC); a) Dose response b) Time response(P <0.05).
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Figure 4: MALDI-TOF mass spectra of a) Jellyfish collagen (JFC) and b) Marine collagen

(MC).



Table 1: Amino acid composition of Jellyfish collagen (JFC) and marine collagen (MC)

Amino Acids JFC (%) | MC (%)
Aspartic acid 10.91 10.29
Glutamic acid 13.46 11.12
Asparagine 6.80 1.94
Serine 0.00 3.22
Glutamine 0.00 0.17
Histidine 0.00 0.00
Glycine 29.34 35.79
Threonine 3.18 2.47
Arginine 5.63 8.17
Alanine 10.38 9.57
Leucine 6.35 4.04
Lysine 4.66 4.38
Tyrosine 1.77 1.49
Valine 2.80 2.18
Methionine 0.00 1.37
Tryptophan 4.72 0.00
Phenylalanine 0.00 1.93
Isoleucine 0.00 1.85

Table 2: Dose and time response DPPH radical Scavenging Assays of jelly fish collagen (JFC)
and Marine fish collagen (MC)

Dose response DPPH radical Scavenging | Time response DPPH radical Scavenging
assays assays
Conc. % Activity® | % Activity@ | Time (hrs) % Activity % Activity
(mg/mL) JFC MC JFC* MC*
1 8.90 +0.15* 0 1 47,58 +0.18 17.33£0.32
3 21.05+0.10 0 2 55.36 + 0.20 30.90 £ 0.40
5 38.05+0.14 1.0+0.16 3 62.61+0.16 35.51+0.34
7 43.50+ 0.15 5.0+0.22 4 63.31£0.19 38.69 £ 0.60
9 48.58 + 0.24 9.27+0.21 5 65.95+0.21 39.36+0.41
11 50.00+0.26 | 11.29+0.17 6 69.35+0.35 44.62 £0.13
@-activity measured after 30 mins 7 75.25 +£0.25 46.39 £ 0.15
8 81.11 +0.26 40.00 £ 0.23
* Sample concentration used was 7mg/ml

#Values are mean + standard deviation of three readings (P <0.05)




