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ABSTRACT 
 
Endophytic bacterial symbiont algae are an environmentally potential source of various bioactive compounds that can be used as raw material for drugs. 
A new anti-bacterial L-asparaginase (L-ASNase) has been purified from the endophytic bacterial symbiont algae Sargassum sp. by using ammonium 
sulphate fractionation, followed by dialysis, column chromatography and reversed-phase HPLC, and behaves as a single-band on SDS-PAGE with 
molecular weight of 39 kDa. Based on amino acids partial sequence, we cloned and sequenced cDNA encoding L-ASNase.The cDNA of L-ASNase 
gene consists of  843 nucleotides encoding 280 amino acid residues including a putative initiation Met. To obtain it in large amounts, the coding 
sequence of L-ASNase was cloned into pGEX-2TK vector to yield recombinant plasmid pGEX-2TK-L-ASNase cDNA and expressed as an L-ASNase 
fusion protein in Escherichia coli BL21 strain. The soluble fusion protein collected from the supernatant of the cell lysate after lysis by ultrasonication 
was purified by a single-step chromatography on glutathione agarose beads. The purified native L-ASNase protein and recombinant L-ASNase fusion 
protein was determinated for a novel anti-bacterial activity. Recombinant L-ASNase fusion protein exhibited a similar anti-bacterial activity to the 
native L-ASNase. The recombinant L-ASNase had stronger anti-bacterial activity toward Staphylococus aureus (G+) with the diameters of inhibition 
zone 2.5 times more than that from Vibrio cholerae (G-) with the same protein product. This research might provide a significant supporting for the 
following research on the anti-bacterial action and mechanism in cellular and molecular level of L-ASNase protein from endophytic bacterial symbiont 
algae Sargassum sp. 
 
Keywords: Sargassum sp, bacterial symbiont, L-ASNase, Recombinant protein, Anti-bacterial activity 
 
 
INTRODUCTION 
 
Indonesia has been widely known as an archipelagic country, 
most of its area is ocean and has the longest coastline in the world 
which is ± 80,791.42 Km. In the ocean there are various living 
things in the form of water plants and aquatic animals. The great 
potential for marine biota inspires scientists and producers of the 
world's antibiotic compounds begin to look at the sea as a source 
of potential antibiotics and anticancer substances. This may be 
because most of the natural resources in the sea have not been 
maximally exploited. In  addition  the needs  for  new  types  of 
antibiotics in the current world is are  increasingly urgent, because 
many pathogenic bacteria are starting to be resistant to  the 
antibiotics, rendering first generation standard antibioticsless 
effective. The high number of cases of infection and infectious 
diseases, both endemic and epidemic, as well as the continuous 
use of drugs without the supervision of a doctor is suspected to be 
the cause of resistance. Infection is a big problem and very serious 
because it is among the ten highest causes of death in the world. 
Therefore, the search for new, effective and affordable anti-
bacterial drugs is needed to overcome infectious diseases. In the 

last two decades it is estimated that 2500 secondary metabolite 
compounds from marine biota and symbionts have been isolated 
and identified, and as many as 353 of them are thought to have 
potential as new anti-bacterial ingredients. Extracts of secondary 
metabolites from marine algae contain bioactive compounds 
which are known to have pharmacological properties such as: 
antibacterial1 antimalarials and anti-tuberculosis2,3,4,5. So far there 
has been very little or no research data that explores groups of 
protein compounds from marine algae and symbiotic bacteria as 
raw material for anti-bacterial drugs, although there have been 
many reported antimicrobial agents of protein and peptide 
compounds from other organisms6,7,8. 
 
Some marine biota such as sponges and algae have been 
researched for their non-protein compounds, explored and 
developed for use as a source of medicine raw materials in the 
pharmaceutical industry. Exploration and research on marine 
biota for pharmaceutical purposes has grown rapidly in the last 
30-40 years. This is accelerated by the increasing awareness of 
domestic and foreign drug and drug industry players to prioritize 
the use of drugs from natural ingredients because they have 
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relatively no side effects, which is known as "back to nature"9,10.  
Preliminary studies of non-polar compounds from several macro 
algae species are reported to have antibiotic, antibacterial and 
antitumor potential 11. For example, the research on Thalassia 
hemprichii macroalgae species which later became known to 
produce antibacterial compounds. After purification, the 
extracted macroalgae is dripped on sterile filter paper and the 
process of testing the minimum resistance level is carried out. At 
this stage it is known that the purification components have 
inhibitory activity against bacterial growth of clinical isolates, 
although the type of bioactive compounds is unknown11. The 
ability of crude extracts of several species of marine algae to exert 
antibacterial activity against S. aureus has been investigated12. 
This study specifically found that Caulerpa taylori macro algae 
species, Halimeda discoidea, Ulva rugida C. Agard,  Dictyota, 
sp, and Osmundea hybrida were effective in inhibiting the growth 
of S. aureus bacteria with an inhibitory diameter of approximately 
14 mm. Some of the recent studies indicated antimicrobial 
activities of whole extract of red algae, brown algae and green 
algae sampled from Iran waters, Turkey and England 13,14,15. 
 
So far there has not been much research data exploring groups of 
marine algae bioactive compounds from the waters of South 
Sulawesi as raw materials for drugs in infectious and cancerous 
diseases. Preliminary studies that have been carried out on the 
Laurencia cartilaginea Yamada protein fraction of the Barang 
Lompo island showed anti-bacterial activity, especially against S. 
aureus and E. coli16. In addition to the island waters of Barang 
Lompo, in South Sulawesi there is the island of Cikoang in 
Takalar district and Kapoposan island in Pangkep regency which 
have waters with algae populations that are quite abundant with 
various species. Previous research shows that red algae Gelidium 
amansii and green algae Turbinaria decurrens from Cikoang 
waters, Takalar Regency has been proven to contain antibacterial 
compounds, although the extract type of compounds is unknown, 
which is able to inhibit the growth of pathogenic bacteria against 
S. aureus and S. thypi. The use of bioactive compounds will be 
better if it can be obtained from abundant sources of algae, and 
the types of algae that are abundant in Indonesian waters, 
especially in South Sulawesi are brown algae. On the basis of the 
above thinking, further research will be conducted on the 
isolation, purification and identification of bioactive compounds 
that have the potential as anti-bacteria from endophytic bacteria 
which are symbiotic with brown algae Sargassum sp. and 
continued with cloning and expression of genes that encode 
potential bioactive proteins as antimicrobial agents. The use of 
bacteria is better because the growth is easily controlled, can be 
purified and cultured on a laboratory scale. One of the enzymes 
that is used in the medical world is L-ASNase. L-ASNase 
provides great benefits in cancer therapy, especially in acute 
lymphoblastic leukemia17. L-ASNase is produced in large 
numbers by several microbes including E.coli, Erwinia cartova, 
Enterobacter aerogenes, Corynebacterium glutamicum, C. utilis 
18 and 19 published that Bacillus sp bacteria can be used to produce 
L-ASNase. E.agglomerans and S. aureus bacteria have been 
isolated from Sargassum sp. from the island of Lae-Lae, 
Spermonde islands, Makassar.  From the results of this study it 
better knowledge and understanding of the components of 
bioactive compounds of red algae and brown algae that can be 
used as new medicinal raw materials, which are highly effective  
and highly sensitivity  to  local  germs, are expected to emerge. 
Consequently, these compounds can then be developed and 
utilized by the domestic drug industry to manufacture 
environmentally anti-bacterial drug products that   will   
encourage national independence in drugs production based on 
local raw materials derived  from  marine algae symbionts in the 
waters of the Spermonde (Cikoang) Islands in South Sulawesi. 
 
 
 
 

MATERIALS AND METHODS 
 
Isolation of Bioactive Proteins from Marine Algae Symbiont 
Bacteria 
 
Extraction and isolation of bioactive proteins from brown algae 
symbiont bacteria using previously reported method20 which 
modified21 as follows. Pure isolates with the highest activity 
from the results of previous study (Ahmad, et al, in submitted) 
were inoculated on the production media and incubated at 37 oC 
on a shaker incubator for 7 days. Bacterial growth is 
characterized by the formation of small or large granules, as 
well as changes in the color and thickness of the media. Next, 
the culture was centrifuged at 5000 rpm and 4oC for 30 minutes. 
The cell pellet was added 300 mL buffers A then the cell 
suspended obtained were frozen/diluted 2-3 times then 
centrifuged at 12,000 rpm, temperature 4oC for 30 minutes. 
Furthermore, the supernatant is stored in the refrigerator before 
the anti-bacterial tests and subsequent purification process with 
the ammonium sulphate fractionation method at saturation 
levels of 0-20%, 20-40%, 40-60% and 60-80% and followed by 
dialysis then preparations for protein fractions were stored at 
4oC before further analysis.  The levels of bioactive protein in 
buffer A (Tris-HCl 0.1 M pH 8.3, NaCl 2 M, CaCl2 0.01 M, b-
mercaptoethanol 1%, Triton X-100 0.5%) was determined based 
on the Lowry method using bovine serum albumine (BSA) as a 
standard protein solution. 
 
Purification and characterization of bioactive protein from 
marine algae symbiont bacteria 
 
Protein fraction from fractionation at saturation levels 0-20%, 20-
40%, 40-60% and 60-80%, then purified by CM-cellulose and 
Sephadex G-75 column chromatography and reverse phase HPLC 
chromatography in column mono S which was balanced with 
0.1% triflouro acetate acid (TFA) in water. After the column was 
washed for 5 minutes, protein samples were eluted linearly with 
acetonitrile (0-80%, v / v) in 0.1% TFA at a drop rate of 1 ml / 
minute. After the protein fraction is collected, it is dried with a 
freeze dryer then resuspended in a buffer of 10 mM Tris-HCl (pH 
8.5). 
 
Analysis of bioactive protein purity 
 
Bioactive protein obtained in 0.1 M pH 8.3 Tris-HCl buffer 
extract and purification resulting from ammonium sulphate 
fractionation, CM-cellulose, Sephadex G-75, and reverse-phase 
HPLC chromatography (RP-HPLC) were tested for purity with 
gel electrophoresis 14% SDS-PAGE. 
 
Purification of bioactive protein and determination of its 
amino acids sequence 
 
Bioactive protein purification is done by cutting protein bands 
from gel electrophoresis, then the protein is eluted from the gel 
using an elution kit (biorad) protein tool. The eluted protein is 
then dialyzed using C buffer and followed by distilled water for 
24 hours each. Protein samples were reduced using 50 mM DDT 
for 3 hours in a buffer solution of 100 mM Tris-HCl (pH 8.5), 1 
mM EDTA, and 6 M guanidine-HCl, then pyridylethylation with 
1 �L 4-vynilpyridine for 2 hours. The pyridylethylated protein is 
then digested with trypsin or peptidase C enzyme, then the 
peptides obtained are separated by Smart System HPLC 
(Amersham Pharmacia Biotech), then the amino acid sequence 
mof each peptide fragment is determined using Automated 
Edman Degradation with protein sequencer (model 473A; 
Applied Biosystem). 
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Cloning and Expression of Recombinant Bioactive Protein in 
E. coli cells 
 
Total RNA isolation from marine algae symbiotic bacteria from 
the species with the highest bioactivity was carried out using the 
guanidium thiocyanate method22. The total RNA obtained was 
dissolved in sterile distilled water and extracted with phenol, 
precipitated with ethanol, and finally dissolved with sterile 
distilled water. mRNA isolation (poly A+ RNA) was performed 
using oligo dT chromatography column (Takara). To obtain 
cDNA encoding bioactive protein, amplification was done by RT-
PCR method using a pair of primers designed from amino acid 
sequences from previous experiments. cDNA samples obtained 
from RT-PCR were then cloned into the pGEX-2TK expression 
vector (Pharmacia), then the pGEX-2TK expression vector 
containing genes encoding bioactive proteins (recombinant 
vectors) was transformed in comptent of E. coli bacteria (which 
is easy infected with recombinant vectors), then the recombinant 
bioactive protein is produced in E. coli BL-21 bacteria23. To 
compare the recombinant bioactive protein obtained with natural 

bioactive protein (native protein) it will be tested for its 
bioactivity as anti-microbial as in the following test method. 
 
Determination of in vitro antibacterial activities 
 
Bacterial culture (S. aureus and V. cholerae) used as bioindicators 
were rejuvenated on TSA media in a tilted tube for 2 x 24 hours 
at 37° C. Deep-grown colonies to be slanted were taken one 
ounce, homogenized with 9 mL saline solution, and incubated on 
10 cm petri dishes containing Mueller Hinton Agar (MHA) 
medium. Anti-bacterial test was carried out by agar diffusion 
method[21] using a sterile 6 mm Whatman No.1 paper placed on 
the surface of the MHA medium. Furthermore, as many as 250 
�L of protein compounds from recombinant and native L-
ASNase protein were dripped, then incubated for 2 x 24 hours at 
37oC. The activity test of bioactive compounds is carried out by 
measuring the zone of inhibition on the culture of the test bacteria 
using a slide rule stated in mm.  
 

 
Table 1: Extracellular and intracellular protein level of each fractions 

 
No Protein Type Protein 

Fraction 
Fraction Volume 

(mL) 
Protein Concentration 

(mg/mL) 
Total protein 

(mg) 
1 Extracellular 

protein 
0-20 % 9.0 1.002 9.018 

 20-40 % 9.0 0.387 3.483 
 40-60 % 8.5 0.437 3.715 
 60-80 % 8.5 0. 693 5.891 

2 Intracellular 
protein 

0-20 % 10.5 2.705 28.424 
 20-40 % 9.0 1.083 9.747 
 40-60 % 9.0 5.365 48.285 
 60-80 % 8.5 6.530 55.505 

 

 
 
Figure 1: Antibacterial protein purification from Microsimbiont E. aerogenes strain SB 5 (1). using a series of chromatography tools. A. CM-

selulose column chromatography, B. Sephadex G-75 column chromatography, C. RP-HPLC in mono S, D. Protein purity test at each stage 
with SDS-PAGE electrophoresis (14%) 

 

 
 

Figure 2: Cloning and sequencing of synthesis L-ASNase protein using RT-PCR. A) electrophoresis of agarose DNA fragments from RT-
PCR synthesis using primers designed from bioactive protein amino acid sequences, and B) DNA insertion of RT-PCR results on 

pGEX-2TK plasmid produced pGEX-2TK L-ASNase recombinant plasmid. 
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Figure 3: The sequence of nucleotides and the prediction of amino acids from the L-ASNase cDNA-protein. The position of nucleotides 

is numbered starting from the first nucleotide of the L-ASNase cDNA-protein which encodes as many as 280 amino acids in its open 
reading frame (ORF) 
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Figure 4: Homology level of the L-ASNase amino acid sequence from several microbes compared with amino acid sequences in L-
ASNase protein from A. terreus L-ASNase, from A. perfigatu L-ASNase and C. graminic L-ASNase. 
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Figure 5: The pattern of the results of SDS-PAGE electrophoresis 
analysis (14%) of the natural L-ASNase and recombinant L-ASNase 

protein. Column 1, Protein marker; Column 2, total crude extract 
protein from E. coli cells containing pGEX-2TK L-ASNase cDNA; 

Column 3, GST alone;  Column 4, recombinant GST-L-ASNase 
fusion protein; and Column 5, natural L-ASNase protein. 

 
 

Figure 6: Growth inhibition zone diameter of recombinant L-
ASNase protein fraction (4 μg), natural L-ASNase protein (4 μg), 
GST alone as negative control (4 μg) and 30 ppm Ampicilline as 
positive control against S. aureus and V. cholerae test bacteria 

 
RESULTS AND DISCUSSION 
 
Extraction and Isolation of Bioactive Protein 
 
Extraction and isolation of this protein is carried out at low 
temperatures (0-4 oC) with the help of buffer A. This is because 
protein is a group of very heterogeneous biomacromolecules. 
When outside the cell, protein is very unstable and can be 
denatured at high temperatures. In addition protein is also 
sensitive to high concentrtion of acids or bases, so that bacterial 
purification is carried out at low temperatures in certain buffers 
and pH24. Crude extracellular and intracellular protein extracts 
were fractionated with ammonium sulphate at saturation rates of 
0-20% (F1), 20-40% (F2), 40-60% (F3), and 60-80% (F4). 
Fractionation aims to separate proteins based on differences in 
solubility in water. Addition of ammonium sulphate salt at low 
concentrations to high concentrations at each fractionation level, 
resulted in different types of proteins settling in each fraction. 
Protein deposits from each fraction F1, F2, F3, and F4 were 
dissolved with buffers B	with the same volume of each fraction, 
then put into a cellophane bag. Cellophane bag which has been 
filled with protein fraction is put into a beaker which contains 
buffer C solution and then stirred with stirrer magnetic stirrer to 
accelerate the process of protein purification. The dialysis process 
aims to remove small compounds and excess ammonium sulphate 
salts which also precipitate along with protein. The protein 
content of each fraction of both extracellular and intracellular 
proteins can be seen in Table 1. The table shows that the protein 
levels in each fraction are different. This occurs because of 
differences in the solubility of proteins in water so that the 
proteins that settle are also different. Proteins with less solubility 
in water precipitate compared to proteins with higher solubility in 
water. The highest level of extracellular protein was found in the 
0-20% fraction of 1.002 mg/mL.Whereas intracellular protein 
was found in 60-80% fraction of 6.530 mg/mL. From these data 
it can be expected that extracellular protein is a type of protein 
that has low solubility in water while intracellular proteins have 
high solubility in water.	
 
Antimicrobial test for each Protein Fraction of E. aerogenes 
SB (51) 
 
Testing of bioactive protein inhibitory power on bacterial test 
growth was carried out using agar diffusion method. This method 
is a relatively easy method, low cost and very suitable for bacteria 
with fast growth. The bacteria used consisted of gram-negative 
bacteria namely E. coli and gram-positive bacteria, S. aureus. 
Before testing the inhibitory power, bacteria are first inoculated 

on oblique NA media in a test tube for 1 x 24 hours. Inoculation 
aims to rejuvenate pure bacterial culture so that growth in the test 
media is optimal. Rejuvenated bacteria were suspended in sterile 
0.9% NaCl to maintain the physiological conditions of the test 
bacteria. Then the turbidity was measured by using a digital 20 
electronic so that 25% transmittance was obtained. This is so that 
the number of cells from bacteria in the suspension are the same 
so that the growth in the test media is evenly distributed. In testing 
the inhibitory power, positive control and negative control are 
used. The positive control used is ampicillin, which serves as a 
comparison of the antimicrobial activity of the sample. While the 
negative control used is BSA, which is a pure protein that is 
known to have no antimicrobial activity so that it can be used to 
determine whether the inhibitory response actually  originated  
from  the  sample  and  is  not caused  by technical factors of 
treatment. Ampicillin was used as a positive control because it is 
a broad-spectrum antimicrobial compound that can be used for 
gram-positive bacteria and gram-negative bacteria. Ampicillin 
works by inhibiting bacterial protein synthesis, particularly by 
inhibiting the enzyme which acts as a catalyst to form peptide 
bonds in the process of protein synthesis in bacteria11. The protein 
fraction that has been dialyzed is then tested for antimicrobial 
activity. The antimicrobial activity of each protein fraction is 
indicated by the presence of a clear zone around the paper disc. 
 
Purification of Bioactive Protein from Microsymbiont of E. 
aerogenes Strain SB5(1) and Determination of Partial Amino 
Acid Sequence 
 
A total of 100 mg of protein fraction from microsymbiont E. 
aerogenes SB 5 (1) strain which has a maximum activity at 40-
60% ammonium sulphate saturation level was further purified by 
CM-cellulose column chromatography with a column size of 3 X 
20 cm. The protein bound to the CM resin was eluted in a gradient 
with Tris-HCl buffer pH 8.3 at a concentration range of 0.1 to 0.5 
M at a drop velocity of 1 mL / minute for 600 minutes. Each 
fraction obtained was tested for protein at a wavelength of 280 
nm, showing a protein separation pattern as shown in Figure 1A. 
After antibacterial activity measurements of all fractions were 
obtained, the fractions 24 to 28   had the highest antibacterial 
activity (Figure 1A). Furthermore, fraction 24 until fraction 28 
was put together and filtered and then purified with G-75 
sephadex column chromatography with a column size of 1.0 X 30 
cm. After protein is eluted with the same buffer, detection at 
wavelength of 280 nm shows a pattern of protein separation with 
2 peaks, but only the second peak has antibacterial activity 
(Figure 1B). For the purposes of reading the partial amino acid 
sequence, the protein fraction which had the last antibacterial 
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activity was purified by RP-HPLC in column mono S using 
acetonitrile as the elution solution, so that a protein peak was 
obtained as shown in Figure 1C. All the protein fractions obtained 
at each stage of purification were checked for purity by SDS-
PAGE electrophoresis (14%), indicating the level of protein 
purity as shown in Figure 1D. In crude extracts and ammonium 
sulphate fractions there are still many impurity proteins found 
(columns 2 and 3 in Figure 1D), while  the  impurity began to 
decrease with CM-cellulose   and Sephadex G-75 column 
chromatography, and the last purification  with RP-HPLC 
obtained one  band  of pure  protein  with  a molecular weight of 
about 39 kDa. A total of 150 µg of the protein purified from 
microsymbiont E. aerogenes SB 5 (1) strain was analysed with  
SDS-PAGE electrophoresis, then the gel was painted with CBB. 
Purification of bioactive protein by cutting the protein spot from 
SDS-PAGE gel, followed by removed from the gel can be used 
to determine the sequence  of  amino  acids. The determination of 
amino acid sequences using methods such as those mentioned in 
the Materials and Methods section, showed that the partial amino 
acid sequences of bioactive proteins are as follows: fragment 1:   
Ala-Ser-Pro-Leu-Tyr-Ser-Arg-Ala-Asp-Ala and fragment 2: Pro-
Val-Gln-Pro-AThr-Gly-His-Glu-Phe. To get the cDNA encoding 
the microsymbiont E. aerogenes SB 5 (1) strain bioactive 
protein, RT-PCR was carried out using primers designed from 
partial amino acid sequences of bioactive protein and mRNA 
isolated from the highest bioactivity type in the crude extract, 
namely E. aerogenes microsymbiont type. The amino acid 
sequence used for the primary design is Ala-Ser-Pro-Leu-Tyr-
Ser-Arg-Ala-Asp-Ala and Pro-Val-Gln-Pro-Thr-Gly-His-Glu-
Phe from each fragment 1 and 2 to yield primer pairs 5’- 
GCCTCCCCGCTCTATTCCCGGGCC-3’ and P2 and 5’-
ACTGATGCCCCGACGGCTGCACCGG-3’. The results of the 
analysis using BLASTP and Bioedit 7.9 methods show that the 
sequence is an amino acid sequence of L-ASNase protein which 
is a class of hydrolase enzymes. This is supported by the high 
homology between the amino  acid  sequences  of  L-ASNase  
protein   in  some  marine invertebrates (see Figure 2).  
 
RNA Isolation, RT-PCR, and cloning of gen encoding 
inactive protein 
 
RNA isolation from the type of microsymbiont E. aerogenes of 
SB 5 strain (1) was carried out using the guanidium thiocyanate 
method with Trizol reagent Kit as previously mentioned12. The 
RNA solution obtained is dissolved in sterile water and 
extracted with phenol, precipitated (precipitation) with absolute 
ethanol, and finally dissolved in sterile water. mRNA isolation 
(poly A+ RNA) was carried out using an oligodT (Takara) 
column according to the method provided. To obtain cDNA as 
a gene probe that encodes the bioactive protein, RT-PCR 
analysis was carried out using primers designed from partial 
amino acid sequences from purification of bioactive protein E. 
aerogenes strain SB 5 (1). The result of the reaction, cDNA, 
was then cloned on the pGEX-2TK plasmid (Figure 2) and the 
sequence of the genetic code (sequencing) was determined. To 
obtain cDNA encoding microsymbiont algae bioactive protein, 
RT-PCR was carried out using primers designed from partial 
amino acid sequences of microsymbiont bioactive protein E. 
aerogenes SB 5 (1) and mRNA strains isolated from algae 
Sargassum sp. The amino acid sequence used for the primary 
design is Ala-Ser-Pro-Leu-Tyr-Ser-Arg-Ala-Asp-Ala and Pro-
Val-Gln-Pro-Thr-Gly-His-Glu-Phe from each fragment 1 and 2 
to yield primer pairs 5’- 
GCCTCCCCGCTCTATTCCCGGGCC-3’ and P2 and 5’-
ACTGATGCCCCGACGGCTGCACCGG-3’. 
 
From both amino acid sequences, primer pairs can be derived 5’- 
GCCTCCCCGCTCTATTCCCGGGCC-3’and P2 and 5’-
ACTGATGCCCCGACGGCTGCACCGG-3’. RT-PCR results 
showed a DNA band of 853 bps (Figure 2A column 3) which was 
smaller than the predicted size because it was probably not a 

complete L-ASNase gene. DNA fragments that encode bioactive 
proteins from microsymbiont E. aerogenes strain SB 5 (1), were, 
labeled with ATP containing P-32 radioactive substances. The 
DNA fragments that have been labeled are used to detect cDNA 
(gene library in ZAP II cDNA library) which encodes a full-size 
L-ASNase gene, then is subcloned on pGEX-2TK (Pharmacia 
Biotech Inc.) plasmid as an expression vector in E. coli BL21 
bacterial cells. Results Sequence of the genetic code of the 
bioactive protein cDNA-protein L-ASNase fragment from 
Microsimbiont E. aerogenes strain SB 5 (1) was performed using 
a DNA sequencer (Applied Biosystems ABI 310 Model). Figure 
3 shows the sequence of full / complete Microsimbiont E. 
aerogenes strain SB 5 (1) bioactive proteins that have codon 
initiation and stop codons. The size of the bioactive cDNA-
protein is 843 bps (Figures 3 and 4), starting from the amino 
acid methionine (M). The box above the nucleotide sequence 
shows the primary place that is constructed (design) of the 
partial amino acid sequence. The result of sequence analysis of 
the L-ASNase cDNA-protein genetic code shows that the cDNA 
has a high (homology) similarity to the L-ASNase gene from L-
ASNase protein from A. terreus L-ASNase which is around  
95%,  while  the similarity with the L-ASNase  gene from 
A.fumigatu L-ASNase and C. graminic L-ASNase were about 
25% and 29%, respectively (Figure 4). 
 
Expression of Recombinant Bioactive Protein L-ASNase in 
E.coli Cells 
 
The L-ASNase gene sequence cloned into the pGEX-2TK 
plasmid produced recombinant pGEX-2TK L-ASNase cDNA 
plasmid (Figure 2B), expressed into E. coli BL21 bacterial 
cells as a combined protein (GST-L-ASNase fusion protein) 
induced by 60 �M IPTG.  The []purification of recombinant 
L-ASNase protein from impregnated protein in E. coli cells 
using gluthation agarose beads, obtained a protein band with a 
molecular weight of about 65 kDa as a combined GST-L-
ASNase protein (Figure 5). 
 
Antibacterial bioactivity of recombinant L-ASNase protein 
 
Antibacterial bioactivity from L-ASNase recombinant protein 
products against two pathogenic bacteria was tested by agar 
diffusion method (Figure 6), indicating that the recombinant 
protein had bioactivity on two test bacteria in both gram positive 
and gram negative bacteria. The highest antibacterial bioactivity 
was found in S. aureus bacteria, where the bioactivity was 30 mm. 
respectively. Whereas in V. cholerae the bioactivity is 12 mm. 
From the results of this study it can be concluded that the 
antibacterial bioactive protein that was successfully purified 
and cloned from Microsimbiont E. aerogenes SB 5 (1) strain 
was a type of L-ASNase protein classified as glycoprotein, 
which has high antibacterial bioactivity against gram-positive 
bacteria. especially against S. aureus bacteria. 
 
CONCLUSION 
 
Intracellular protein fraction of brown algae microsymbionts E. 
aerogenes SB 5 (1) shows higher activity than extracellular 
protein fractions. The highest antimicrobial activity against 
S.aureus was observed in the fraction of 40-60% with inhibitory 
power of 17.40 mm. Protein purification using three successive 
column chromatography phases, namely CM-cellulose, Sephadex 
G-75, and RP-HPLC in mono S column produce one band pure 
protein which is known as L-ASNase protein with a molecular 
weight of about 39 kDa. Based on the partial amino acid 
sequences of L-ASNase namely Pro-Leu-Gln-Gly-Arg-Ser-Gln-
Lys-Thr-Glu and Pro-Ser-His-Ser-Asp-Trp-Al-Gly-Gly-Gln, 
gene that encodes the L-ASNase protein in microsymbiont E. 
aerogenes strain SB 5 (1) was successfully cloned and expressed 
in E. coli cells as a recombinant L-ASNase protein which has 



Abdul	Karim	et	al.	Int.	Res.	J.	Pharm.	2019,	10	(1)	

 

81	

antibacterial activity that is relatively similar to the natural L-
ASNase protein (native L-ASNase) 
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