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Abstract. Protease inhibitors are enzymes that function to inactivate target proteases secreted by
pathogenic bacteria to humans such as emphysema, pancreatic disease, arthritis, thrombosis, high blood
pressure, cancer, and AIDS. The sponge is a good natural source for producing bioactive components
including enzyme inhibitors. Jaspis sp is a genus from a sponge that has potential compounds as a
protease inhibitor to combat Pseudomonas aeruginosa, Staphylococcus aureus, and EPEC K11. The
interaction of sponges with bacteria occurs in the form of commensalism symbiosis that produces
bioactive compounds that are important for human life.
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1. Introduction

Sponges referred to as "chemical factories™ because many bioactive compounds are
found therein [1]. The bioactive compounds are derived from the association of sponges with
bacteria that live in them [2]. Sponges are simple multicellular invertebrates attached to
benthic habitats of solid substrates. Sponges are filter feeder organisms that have pores on the
surface of the body so that water can enter and circulate through channels or channels where
microorganisms and other organic particles can be filtered and eaten [3].

The sponge is a source of natural product sources in the form of bioactive
compounds, namely enzyme inhibitors, cell division inhibitors, antiviral, antifungal,
antimicrobial, anti-inflammatory, antitumor, and cytotoxic [4]. One example of a sponge that
produces bioactive compounds is Achantella sp., As a producer of kalibinol-A that functions
as an antibiotic, Jaspis jhonstoni is known to be able to produce cytotoxic jasplakinolide
compounds [2]. In addition, Jaspis sp. which produces protease enzymes [5], has the ability
antimicrobial compound [6] and has the ability to produce protease inhibitors [7], [8].

Microorganisms perform symbiosis with a sponge with the aim of being a protective
place from predators and also as a food source. The results of the symbiosis of
microorganisms with a sponge are compounds that are beneficial to health. Groups of
microorganisms that are symbiotic with sponges are from archaea, heterotrophic bacteria,
cyanobacteria, green algae, red algae, and diatoms [6].

Protease inhibitor compounds from Jaspis sp. the result of bacterial symbiosis with a
sponge has benefits for antibiotics that can inhibit bacterial pathogens in humans. In this
article, we will review protease inhibitor compounds obtained from bacteria associated with
Jaspis sp. based on our research results.

2. Jaspis sp.
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Jaspis Sp is a genus of sponges. Sponges from the Jaspis genus are reported to
contain many biologically active molecules, including macrolides [9], cyclic peptides [10],
and amino acid derivatives [11]. Association of two sponges Jaspis sp. and Poecillastra sp.
known to contain bisimidazole.

Coarse MeOH extracts from the association of two Jaspis sp. and Poecillastra sp.
were subjected to fractionation guided activity using solvent partitioning and reverse-phase
flash column chromatography followed by repeated phase reverse HPLC to produce
compounds 1-5, namely new lysophosphatidylglycerol (1 and 2) together with
lysophosphatidylgliserol (3) and glycolipid (4 and 5). The structure of these metabolites was
concluded using NMR (1H, 13C, COZY, HSQC, and HMBC) and MS analysis, optical
rotation data, and by direct comparison with those reported [12].

Natural sources of bioactive from Jaspis sp have functioned as antibacterial to S.
aureus, Escherichia coli, and Salmonella typhi and antifungal towards Candida albicans [13].
Ethyl acetate extract (JDE) of the Mauritian sponge Jaspis sp. can lead accumulation of cells
in the G2/M phase after 24 h by added JDE 100 ng/ml, causing a significant increase of cells
in sub-G1 phase suggesting that JDE can induce cell cycle arrest in G2/M phase [14].

3. Protease Inhibitor

Enzyme inhibitors have been isolated from various organisms both in terrestrial and
in the ocean. Enzyme inhibitors are considered as compounds that are especially useful for the
potential of biotechnology in pharmacology [15] and agriculture. In particular, enzyme
inhibitors, namely protease inhibitors, are important examples of enzyme inhibitors capable of
deactivating target proteases in human diseases (such as high blood pressure, arthritis,
muscular dystrophy, pancreatitis, thrombosis, different cancers, and AIDS [16]).

Protease inhibitors are compounds that can block the active site of protease to prevent
the substrate from binding to the active site of the enzyme [17]. The protease inhibitor works
by preventing viral replication by preventing HIV-1 protease activity, which is an enzyme
used by viruses to split proteins become a collection of virions [18].

Protease inhibitors can be proteins, peptides, or small molecules. Protease inhibitors
that occur naturally are usually proteins or peptides. Protease inhibitors used in experimental
research or drug development often take the form of small molecules or synthetic peptides.
Many various protease inhibitors are commercially available for experimental use both in in
vitro and in vivo testing and during protein purification.

Protease inhibitors are produced by marine microorganisms associated with sponges.
The search for protease inhibitors from marine bacteria begins with the process:

a. Bacterial isolation from Jaspis sp. The sponge is rinsed with sterile synthetic seawater
so that contaminant bacteria that are not associated with the sponge are not isolated so
that only bacteria with a strong combining force will be isolated. Bacterial isolation on
the surface of the sponge is done by wiping the surface of the sponge at three different
places using a 1 cm sterile swab, then dipping it into 3 pieces Erlenmeyer containing
sterile PBS media. From each of these tubes, a series of dilutions are carried out from
102105, The last three dilutions were spread in SWC (seawater complete) media and
incubated at room temperature for 24 hours. Growing colonies were purified by the
quadrant method and preserved in sloping agar [7].

b. Screening of protease inhibitor-producing bacteria associated with sponge Jaspis sp



Screening is done using the plate method for two-layer skim milk [19]. The lower
layer consists of SWC media, and the upper lip consists of agar nutrient (NA) which is
given a skim of 1.5%. The marine bacterial isolates to be filtered were inserted into
the lower layer then incubated 24 hours and 48 hours at 30°C. The growing isolates
were discarded, then given the top layer. The test bacteria in this study were
pathogenic bacteria namely P. aeruginosa, S. aureus, and EPEC K11. Inserted at the
top then incubated for 24 hours at 37°C. Isolates that produce protease inhibitors are
indicated by the absence or reduction of the protease zone around the pathogenic
bacterial colony [7].

The percentage of protease inhibition was calculated using the formula:

Percentage treatment zone

Percentage of inhibition = (1 - )x 100%

control protease zone

The percentage of inhibition was categorized into three categories: strong (> 80%),

moderate (> 60%), and weak (<50%).

Bacteria that have the potential to produce protease inhibitors are what cause
pathogenic bacteria to be unable to degrade skim proteins. This is indicated by the formation
of protease zones or decreasing the diameter of protease zones around pathogenic bacteria.

Some types of protease inhibitors are a serine protease, cysteine protease, and
metalloprotease. These three types of proteases are widespread in many pathogenic bacteria,
which play a critical function related to colonization and avoidance of the host immune
defense, acquisition of nutrients for growth and proliferation, facilitation of spread, or tissue
damage during infection [20].

4. Mechanisms of Protease Inhibitor

Protease inhibitors can work in various ways to inhibit the action of proteases. These
inhibitors can be classified based on the type of proteases they inhibit and the mechanisms that
inhibit these enzymes. Reversible inhibitors usually bind to the protease with multiple non-
covalent interactions, without any change to the inhibitor itself. Reversible inhibitors include
competitive inhibitors, uncompetitive inhibitors, and non-competitive inhibitors.

A competitive inhibitor binds to the active site of the protease, competing with
substrates for access to the active site residues [21]. Uncompetitive inhibitors bind to the
protease only when it is already attached to a substrate [22]. Non-competitive inhibitors bind
to the protease with similar affinities, regardless of the presence of a bound substrate [23].

Several of protease inhibitors are competitive and bind to the active protease site, but
also have a secondary binding site outside the active site, which is very important for
inhibition. Exotic bonds provide two main benefits; it increases the surface area of protein-
protein interactions, which leads to greater affinity, and can have a significant effect on the
specificity of the inhibitor.

Escherichia coli serine protease inhibitor ecotin uses its exocytes to provide binding
energy and actually expand the free association of inhibitors and protect bacteria from host
proteases. Ecotin is a dimeric protein that inhibits folding protease serine protease regardless
of their primary specificity. It functions as a dimer, and inhibits protease serase through
standard mechanisms at the primary binding site, but also has a secondary binding site that can
contribute up to 5 kcal/mol of binding energy to a very strict enzyme inhibiting complex.
Surprisingly, the individual binding energy of the two binding sites is not additive; the effect
of the secondary binding site on affinity was found to be inversely proportional to the binding



strength at the primary site. The secondary binding site seems to provide a compensating
effect that can overcome sub-optimal binding at the primary binding site; if the bond at the
primary site is not optimal, secondary bond interactions tend to be stronger. In this way, the
exocytes actually make inhibitors less specific, or better able to inhibit various proteases and
allow one bacterial inhibitor to protect against a number of host proteases [24].

5. Bacteria that produce protease inhibitors

Bacteria that were successfully isolated from the surface of the sponge Jaspis sp have
the ability to produce protease inhibitor compounds, from the screening test results with a
two-layer method to be compared against pathogenic protease-producing bacteria in humans.
After undergoing bacterial DNA isolation testing and analysis of DNA base sequences with
DNA sequencers and their kinship analysis with phylogenetic trees obtained three potential
bacteria producing protease inhibitors, namely Paracoccus sp., Jx9 with 86% similarity
identity, Bacillus pumilus strain 210-50 with 100% similarity identity and Bacillus subtilis
strain DURCK11 with 98% similarity identity [7].

One of the first marine bacterial isolates that were successfully isolated as a source of
producing enzyme inhibitors is Alteromonas sp., from which the serine inhibitors and cysteine
proteases have been isolated [25]. Examples of serine protease inhibitors are represented by
marinostatins C-1 and C-2, which are used as drugs [26]. Bacteria associated with Providencia
sp. showed inhibitory activity against protease subtilisin. Pyrostatins A and B are protease
inhibitors of strains of Streptomyces SA-3501 isolated from the sea, have inhibitory activity
against N-acetyl-b-D-glucosaminidase (GIuNAc-ase) which is used as a drug for diabetes
[27], leukemia [28], and cancer [29].

6. Optimum conditions for the production of protease inhibitors Activity

Production Protease inhibitor activity is influenced by pH, temperature, substrate, and
incubation time. It is proven that the isolate of bacteria associated with sponge Jaspis sp. has
an optimum pH under acidic pH conditions (pH 4), and other types of bacteria have an
optimum pH of 7 and 8. While the optimum temperature for the production of protease
inhibitors is obtained at 30°C. Based on the conditions of the substrate used is the average of
protease inhibitors against subtilisin is very low compared to the proteinase K substrate,
whereas in crude extracts the inhibitory activity of protease inhibitors produced is very high.
In proteinase K substrate bacteria from sponge Jaspis sp have protease inhibitor activity both
after an incubation time of 12 hours and 20 hours, on the rough extract substrate at 24 hours
incubation time. Subtilisin substrate obtained high protease inhibitor activity at 20 hours [7].

Conclusion

Bacteria associated with Jaspis sp Sponge can produce protease inhibitor compounds
that function to block the active sites of protease enzymes produced by human pathogenic
bacteria are P. aeruginosa, S. aureus, and EPEC K11 as a form of pathogenicity of these
bacteria in infecting humans, and the activity of protease inhibitors influenced by pH,
substrate, temperature, and incubation time.
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