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ABSTRACT 

Acute Lymphoblastic Leukemia (ALL) is a blood cancer that occurs due to abnormal prolifera-

tion of lymphoid progenitor cells. L-asparaginase II is an enzyme used to treat this disease by 

inducing apoptosis in cancer cells encoded by the AnsB gene. Previous studies have shown 

complications and toxicity in commercial L-asparaginase, necessitating exploration of L-aspar-

aginase sources. Serratia plymuthica UBCF_13 is one of the microorganisms that encodes the 

AnsB gene. This study consisted of inoculation of native E. coli DH10B and E. coli DH10B 

pET28a(+)_AnsB, molecular validation, enzyme activity testing using direct nesslerisation 

method, and analysis of extracellular and intracellular protein profiles using SDS-PAGE. En-

zyme activity and protein profiles were compared with S. plymuthica UBCF_13, and Isopropyl 

β-D-1-thiogalactopyranoside (IPTG) induction was performed on each bacteria as a compari-

son. The results showed the highest L-asparaginase II enzyme activity in E. coli DH10B 

pET28a(+)_AnsB induced with IPTG with an average enzyme activity of 0.392 ± 0.017 U/mL. 

Protein profile analysis using SDS-PAGE supported this finding, showing a thicker 36.5 kDa 

protein band compared to other bacteria. Statistical testing using One Way ANOVA showed a 

significant difference in L-asparaginase II enzyme activity in native E. coli DH10B and E. coli 

DH10B pET28a(+)_AnsB. It can be concluded that there was an increase in activity in recom-

binant E. coli DH10B compared to its native. 
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ABSTRAK  

Acute Lymphoblastic Leukemia (ALL) is a blood cancer that occurs due to abnormal prolifera-

tion of lymphoid progenitor cells. L-asparaginase II is an enzyme used to treat this disease by 

inducing apoptosis in cancer cells encoded by the AnsB gene. Previous studies have shown 

complications and toxicity in commercial L-asparaginase, necessitating exploration of L-aspar-

aginase sources. Serratia plymuthica UBCF_13 is one of the microorganisms that encodes the 

AnsB gene. This study consisted of inoculation of native E. coli DH10B and E. coli DH10B 

pET28a(+)_AnsB, molecular validation, enzyme activity testing using direct nesslerisation 

method, and analysis of extracellular and intracellular protein profiles using SDS-PAGE. En-

zyme activity and protein profiles were compared with S. plymuthica UBCF_13, and Isopropyl 
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β-D-1-thiogalactopyranoside (IPTG) induction was performed on each bacteria as a compari-

son. The results showed the highest L-asparaginase II enzyme activity in E. coli DH10B 

pET28a(+)_AnsB induced with IPTG with an average enzyme activity of 0.392 ± 0.017 U/mL. 

Protein profile analysis using SDS-PAGE supported this finding, showing a thicker 36.5 kDa 

protein band compared to other bacteria. Statistical testing using One Way ANOVA showed a 

significant difference in L-asparaginase II enzyme activity in native E. coli DH10B and E. coli 

DH10B pET28a(+)_AnsB. It can be concluded that there was an increase in activity in recom-

binant E. coli DH10B compared to its native. 

 

Kata kunci: L-asparaginase II, Escherichia coli DH10B, Enzyme activity, SDS-PAGE 

 

INTRODUCTION 

 

Leukemia is a form of hematological 
malignancy characterized by uncontrolled 

proliferation of immature leukocytes. This 

disease derived from somatic mutations in 

hematopoietic stem cells (Romero-Morelos 

et al., 2024). This proliferation occurs in the 
bone marrow, leading to an increase in the 

number of cells from the affected hemato-

poietic pathway (Bispo et al., 2020). This 

can cause damage to red blood cells, bone 
marrow, and the body's immune system 

(Ghaderzadeh et al., 2021). There were 

474,519 new cases of leukemia and 

311,594 deaths from leukemia reported 

globally in 2020 (Huang et al., 2022). The 
prevalence of new leukemia cases in Indo-

nesia in 2022 ranks 9th, with the mortality 

rate ranking 7th (Globocan, 2024). Acute 

lymphoblastic leukemia (ALL) is one of the 

most common types of acute leukemia, ac-
counting for 75-80% of all childhood leuke-

mia cases globally, and is also the leading 

cause of death in children (Mohammadian-

Hafshejani et al., 2024).  

L-asparaginase is an enzyme that hy-
drolyses asparagine into aspartic acid and 

ammonia (Shafqat et al., 2023). The L-as-

paraginase enzyme is used as enzyme-

based therapy for acute lymphoblastic leu-

kemia (ALL) and lymphosarcoma (Jia et al., 
2021). Asparagine is a non-essential amino 

acid required by cells. ALL cells lack, or 

have very low, asparagine synthetase en-

zyme, so ALL cells require asparagine from 

external sources. The L-asparaginase en-
zyme can induce apoptosis in ALL cells by 

reducing asparagine levels (Nemkov et al., 

2019). L-asparaginase approved by FDA is 

derived from E. coli and Erwinia chrysan-

themi (Shishparenok et al., 2023), but there 

are complications and toxicities associated 

with L-asparaginase enzyme therapy, such 

as clinical hypersensitivity, severe hypopro-
teinaemia, allergic reactions, hepatotoxicity, 

hyperglycaemia, diabetes, pancreatitis, 

thrombosis, encephalopathy, and hypertri-

glyceridemia (Schmidt et al., 2021). This 

supports the need to explore L-asparagi-
nase from other microbial sources to mini-

mize risks and toxicity, such as Serratia 

plymuthica UBCF_13. 

Serratia plymuthica UBCF_13 has the 
ability to produce the L-asparaginase II en-

zyme. Analysis of the whole genome se-

quencing of S. plymuthica UBCF_13 (Fatiah 

et al., 2021) shows the presence of the AnsB 

gene that codes L-asparaginase II enzyme. 
The idea of developing other therapeutic 

proteins that can be produced more quickly 

and affordably through E. coli has grown 

since the successful expression of recombi-

nant insulin in E. coli K-12 bacteria in 1982 
(İncir and Kaplan, 2024). In this regard, re-

combinant DNA technology with E. coli host 

cells was used to increase the production 

and expression of L-asparaginase II from S. 

plymuthica UBCF_13. One of the strains is 
DH10B. This strain is designed for large-

scale propagation of target genes and is of-

ten used for DNA cloning because it has 

high DNA transformation efficiency and can 

stably maintain large plasmids (Durfee et al., 
2008a). The DH10B strain was selected for 

this study because it is a substrain of E. coli 

K-12 that has previously been successful in 

expressing recombinant insulin (Durfee et 

al., 2008b).  
This study focused on analyzing the 

activity of the L-asparaginase II enzyme 

from S. plymuthica UBCF_13 produced by 

E. coli DH10B. To observe the increase in 

enzyme activity, the activity test was  
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compared with native E. coli DH10B and S. 

plymuthica UBCF_13 itself, as well as with 

the addition of IPTG to each bacteria. It is 

assumed that there will be an increase in L-

asparaginase II activity in recombinant E. 
coli DH10B. Protein profile analysis with 

SDS-PAGE was performed to observe the 

increase in enzyme production between 

bacteria and between IPTG and non-IPTG. 

 
MATERIALS AND METHODS 

 

2.1 Rejuvenation of native E. coli 

DH10B, E. coli DH10B 

pET28a(+)_AnsB, and S. plymuthica 
UBCF_13 

Bacterial rejuvenation was performed 

by growing each bacterial glycerol stock on 

Luria Bertani (LB) medium as a starter cul-

ture for 16-18 hours with 200 rpm agitation. 
E. coli was grown at 37°C and S. plymuthica 

UBCF_13 was grown at room temperature. 

Kanamycin was added to LB medium for the 

starter culture of E. coli DH10B 
pET28a(+)_AnsB. The starter cultures of 

each bacteria were inoculated onto LB agar 

using the 4-quadrant streak method. Kana-

mycin was added to LB agar for E. coli 

DH10B pET28a(+)_AnsB. Single colonies 
that grew were selected at random and sub-

sequently used for molecular validation, ac-

tivity testing, and protein extraction. 

 

2.2 Single colony culture of native E. 
coli DH10B, E. coli DH10B 

pET28a(+)_AnsB and S. plymuthica 

UBCF_13 

2.2.1 Without IPTG induction 

Single colonies of native E. coli 
DH10B and S. plymuthica UBCF_13 were 

grown in LB agar without antibiotics, while 

single colonies of E. coli DH10B 

pET28a(+)_AnsB were grown in LB agar 

containing kanamycin. The cultures were 
grown with agitation at 200 rpm for 16-18 

hours. E. coli DH10B was cultured at 37°C, 

while S. plymuthica UBCF_13 was cultured 

at room temperature. 

 
2.2.2 With IPTG induction 

The IPTG induction procedure in this 

study was based on the IPTG induction  

 

 

method used in the previous research by 

Zulfa (2024). Single colonies of each bacte-

ria were first grown for 3-5 hours at 200 rpm 

agitation. The optimal density of the culture 

was measured with a spectrophotometer at 
a wavelength of 600 nm. IPTG induction 

was performed after the absorbance 

reached 0.8-1 by adding 0.2 mM IPTG to the 

culture, and incubation was continued with 

180 rpm agitation for 24 hours. E. coli 
DH10B was cultured at 37°C, while S. plym-

uthica UBCF_13 was cultured at room tem-

perature. 

 

2.3 Molecular validation 
2.3.1 Native E. coli DH10B  

Native E. coli DH10B culture was 

isolated using a manual protocol from the 

GeneJET Genomic DNA Purification Kit 

(Thermo Scientific™). Molecular validation 
was performed by PCR using 16S rRNA-

27F and 16S rRNA-1525R primers, electro-

phoresis on 1% agarose (0.5X TBE, 100V, 

40 minutes), and followed by Sanger se-
quencing. 

 

2.3.2 E. coli DH10B pET28a(+)_AnsB 

E. coli DH10B pET28a(+)_AnsB 

plasmid was isolated using the protocol from 
the PrestoTM Mini Plasmid Kit (Geneaid). 

Molecular validation was performed by PCR 

using full-length AnsB primers and electro-

phoresis on 1% agarose (0.5X TBE, 100V, 

40 minutes). 
 

2.4 Harvest of cultures 

The bacterial culture was harvested by 

centrifuging the culture at 8,000 rpm at 4°C 

for 10 minutes. The supernatant was then 
used for the L-asparaginase enzyme activity 

assay. 

 

2.5 Ammonia standard curve 

The standard ammonia curve was pre-
pared by diluting ammonium sulfate solution 

with distilled water to a final concentration of 

0.1 mM – 0.5 mM. Nessler's reagent was 

added to the diluted solution and incubated 

for 15 minutes. Absorbance was measured 
using a spectrophotometer at a wavelength 

of 425 nm. 
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2.6 L-asparaginase enzyme activity as-

say 

L-asparaginase enzyme activity assay 

was performed using the direct Nessleriza-

tion method based on the procedure by 
Wriston (1985). A 100 µL supernatant was 

reacted with 50 µL of 50 mM Tris-HCl buffer 

pH 8.6 and 50 µL of 80 mM L-Asparagine 

substrate in a microtube. The sample was 

incubated at 37°C for 30 minutes in a water 
bath. The reaction was stopped by adding 

30 µL of 20% TCA. The sample was diluted 

by adding 770 µL of distilled water. 100 µL 

of Nessler's reagent was added and the 

sample was homogenized by performing up-
down movements using a micropipette. The 

sample was incubated for 15 minutes at 

room temperature. The absorbance of the 

sample was immediately measured using a 

UV-Vis spectrophotometer at a wavelength 
of 425 nm. 

 

2.7 L-asparaginase enzyme activity cal-

culation 
Enzyme activity is calculated from the 

ammonia level produced by the sample. 

Based on calculations by Karim et al. 

(2020), the ammonia level of the sam-

ple can be determined by substituting 
the absorbance of the sample into the 

ammonia standard curve equation from 

the regression equation y= ax+b. Thus: 

𝑥 = 
(𝑦−𝑏)

𝑎
  

Where:  

y = absorbance  

x = ammonia concentration (μmol/L)  

a = slope  

b = intercept  
The L-asparaginase enzyme activity 

value is obtained using the following 

equation:  

Enzyme activity (U/mL) = 
𝑦−𝑏

𝑎
×

𝑉.𝑇𝑜𝑡𝑎𝑙

𝑉.𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠
×

1

𝑉.𝐸𝑛𝑧𝑦𝑚𝑒
×

1

𝑡.𝐼𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛
×

𝐷𝑖𝑙𝑢𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 

Notes:  

V. Total = Volume of enzyme + sub-

strate + buffer + TCA + distilled water (1 
mL) 

V. Analysis = Total volume analyzed (1 

mL) 

V. Enzyme = Volume of enzyme re-

acted and incubated (0.1 mL) 

Incubation time = Incubation time (30 

minutes) 

Dilution factor = 5x  
 

2.8 Extracellular dan intracellular pro-

tein extraction 

2.8.1 Extracellular 

Extracellular and intracellular protein 
extraction was performed based on the pro-

cedure described in the study by Rohinda 

(2019). The supernatant from the culture 

harvest was used to obtain extracellular pro-

tein. The supernatant was filtered using a 
0.2 µm syringe filter and transferred to a new 

falcon tube. The procedure continued with 

protein precipitation by adding a 20% TCA-

acetone solution equal to 1 times of the su-

pernatant volume. The sample was stored in 
a refrigerator at -15°C overnight for protein 

precipitation. The incubated extracellular 

protein was then centrifuged at 13,000 rpm 

at 4°C for 30 minutes. The supernatant is 
discarded, and the pellet, which is the pro-

tein, is washed with cold 80% acetone solu-

tion and then centrifuged at 13,000 rpm at 

4°C for 10 minutes. This is done three times, 

replacing the cold 80% acetone solution af-
ter each wash. The liquid from the last wash 

is discarded, the tube cap is opened, and the 

tube is placed on ice to evaporate the ace-

tone. The pellet is then resuspended with 

500 µL of 50 mM Tris HCl pH 6.8 after the 
acetone has evaporated. The sample can 

be analyzed immediately by SDS-PAGE or 

stored at -20°C. 

 

2.8.2 Intracellular 
The pellets obtained from the culture 

were resuspended using 750 µL of lysis 

buffer (1 mM EDTA pH 8, 50 mM HEPES pH 

7.4, and 150 mM KCl). The pellet was then 

lysed using the freeze-thaw method by incu-
bating the sample at -80°C for 5 minutes, fol-

lowed by incubation at 95°C for 5 minutes 

three times in a row. Next, the sample was 

centrifuged with agitation at 13,000 rpm at 

4°C for 15 minutes. The supernatant was 
transferred to a 1.5 mL microtube (500 µL) 

and ammonium acetate-methanol solution 

(100 mM) was added at a 1:1 sample ratio. 

The mixture was incubated at -15°C over-

night. The incubated intracellular proteins 
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were centrifuged at 13,000 rpm at 4°C for 20 

minutes. The supernatant is discarded, and 

the pellet is washed using cold 80% acetone 

solution, then centrifuged at 13,000 rpm at 

4°C for 20 minutes three times, replacing the 
cold 80% acetone solution after each wash. 

The final wash solution was discarded, the 

microtube cap was opened, and the micro-

tube was placed on ice to evaporate the ac-

etone. The pellet was then resuspended 
with 250 µL of 50 mM Tris HCl pH 6.8 after 

the acetone had evaporated. 

  

2.9 SDS-PAGE 

SDS-PAGE was used to analyze pro-
tein expression from the intracellular and ex-

tracellular fractions of each bacterium. SDS-

PAGE was performed using a 12% poly-

acrylamide gel and stained with Commassie 

Brilliant Blue G-250. The molecular weight 
of L-asparaginase was calculated using Bi-

oinformatics.org software. The protein code 

(protein ID) of the AnsB gene expressed by 

S. plymuthica UBCF_13 is QUY49937.1, 
while the protein code of the AnsB gene ex-

pressed by E. coli DH10B is 

WP_000394140.1. The protein codes of 

each bacterium were obtained from the 

NCBI database. Based on the results of the 

protein molecular weight calculation, the 

predicted molecular weight of the L-aspara-

ginase II enzyme from S. plymuthica 
UBCF_13 is approximately 36.5 kDa, and 

the predicted molecular weight of the L-as-

paraginase II enzyme from native E. coli 

DH10B is approximately 36.86 kDa. 

 
RESULTS 

  

3.1 Rejuvenation of native E. coli 

DH10B, E. coli DH10B 

pET28a(+)_AnsB, and S. plymuthica 
UBCF_13 

The growth results of each bacterial col-

ony on agar media can be seen in Figure 1. 

The morphology of the E. coli DH10B colony 

observed is round, yellowish-white in color, 
opaque with a prominent surface, distinct 

edges, and a distinctive odor. The morphol-

ogy of S. plymuthica UBCF_13 was round, 

whiter in color, opaque, and had a mucoid 
surface with a softer texture compared to E. 

coli colonies.

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

3.2 Molecular validation 

3.2.1 Native E. coli DH10B  
 Native E. coli DH0B (Thermo Scientific) 

DNA successfully isolated using GeneJET 

Genomic DNA Purification Kit (Thermo Sci-

entific) concentration and purity were meas-

ured using Biodrop. Measurement at ab-
sorbance ratio of 260/280 showed DNA con-

centration of 67.00 ng/µL with a purity value 

of 1.811. The results of native E. coli DH0B 

DNA isolation were electrophoresed on 1% 

agarose and visualized using GelDocThe 

isolated DNA was then analyzed by PCR us-

ing a pair of 16S rRNA 27F and 16S rRNA 
1525R primers. 

Gel electrophoresis showed a target 

band at a size of approximately 1498 bp, in-

dicating that the isolated gene is a bacterial 

gene. The PCR results from the 16S rRNA 
primer could not confirm the species being 

analyzed, so molecular validation was con-

tinued with sequencing. The PCR product 

was sequenced using the services of 

1st_Base in Singapore with the Sanger  

Figure 1 Single colonies of native E. coli DH10B, E. coli DH10B pET28a(+)_AnsB, and S. plymuthica 

UBCF_13 on agar medium (K1-K3 = single colony codes randomly selected for activity testing) 
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sequencing technique with bi-directional 

reading, namely sequencing with forward 

and reverse reading directions. Sequencing 

data was contigged using the SeqMan appli-

cation. Contig was performed with the aim of 
combining the sequencing data and  

correcting overlapping fragments. When 

performing contig, the 16S rRNA gene data 

in NCBI with the code OLR78_RS21115 

was added as a reference. The sequence 
was successfully contigged. The contigged 

sequences were then analyzed using 

BLAST to validate the DNA sequences from 

the isolation results by comparing the spe-

cies similarity between the obtained DNA 

sequences and those in the NCBI database. 

Based on BLAST results, native E. coli 
DH0B DNA has similarities with E. coli 

DH10B species with 100% value of query 

cover and percent identity. BLAST aligned 

sequence result further analyze using 

MEGA 11 software to obtain pairwise dis-
tance and neighbor-joining phylogenetic 

tree.

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

(B) 

(A) 

(D) 

(C) 

(E) 

Figure 2 (A) Quantification result of isolated native E. coli DH10B DNA using BioDrop. (B) Electrophoresis 
results of native E. coli DH10B DNA (M = Lambda DNA, S = Native E. coli DH10B DNA.) (C) Visual-
ization of PCR results from native E. coli DH10B DNA with 16S rRNA primers (M = 1kb marker, 1 = 

16S rRNA sequence amplicon) (D) Contig sequences result (E) phylogenetic tree analysis displaying 
neighboring relations between native E. coli DH10B with the closest 16S rRNA aligned sequence 

from NCBI. Bootstrapping value was generated from 1000 replicates. 
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Table 1. BLAST result 

 

Organism Max 

score 

Total 

Score 

Query 

Cover 

E 

value 

Percent 

identity 

Acc. 

Length 

Accession 

E. coli MC1061 2717 18779 100% 0.0 100.00% 4567335 CP195014.1 

E. coli EPI300 2717 18779 100% 0.0 100.00% 4691561 CP189566.1 

E. coli HE 100-10 2717 18779 100% 0.0 100.00% 4688237 CP110014.1 

E. coli HE 50 2717 18779 100% 0.0 100.00% 4688252 CP110017.1 

E. coli HE 100 2717 18779 100% 0.0 100.00% 4688244 CP110016.1 

E. coli NEB10-beta 2717 18779 100% 0.0 100.00% 4667764 CP053604.1 

E. coli CM56 2717 18779 100% 0.0 100.00% 4578061 CP114895.1 

E. coli CM19 2717 18779 100% 0.0 100.00% 4591259 CP114894.1 

E. coli K12 substr 

DH10B 

2717 18779 100% 0.0 100.00% 4686137 CP000948.1 

E. coli DH10B 2717 18779 100% 0.0 100.00% 4687487 CP110018.1 

 
BLAST result shows that native E. coli 

DH10B sample has 100% query cover and 

percent identity. This means native E. coli 

DH10B 16S rRNA has exact similarities with 

E. coli MC1061, E. coli EPI300, E. coli 

CM56, E. coli CM19, E. coli DH10B, E. coli 

HE 50, E. coli HE 100, E. coli HE 100-10, E. 

coli NEB10-beta, and E. coli K12 substr 

DH10B. 

 

Table 2 Pairwise comparison and genetic distance  

 

 

Sample E. coli 

MC1061 

E. coli 

EPI300 

E. coli 

CM56 

E. coli 

CM19 

E. coli 

DH10B 

E. coli 

HE 50 

E. coli 

HE 

100 

E. coli 

HE 

100-10 

E. coli 

NEB10-

beta 

E. coli 

K12 

substr 

DH10B 

Sample            

E. coli 

MC1061 

0.0000           

E. coli 

EPI300 

0.0000 0.0000          

E. coli 

CM56 

0.0000 0.0000 0.0000         

E. coli 

CM19 

0.0000 0.0000 0.0000 0.0000        

E. coli 

DH10B 

0.0000 0.0000 0.0000 0.0000 0.0000       

E. coli 

HE 50 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000      

E. coli 

HE 100 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000     

E. coli 

HE 100-

10 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000    

E. coli 

NEB10-

beta 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000   

E. coli 

K12 

substr 

DH10B 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  
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Pairwise comparison and genetic dis-

tance of native E. coli DH10B sample shows 

0.000 genetic distance value compared with 

E. coli MC1061, E. coli EPI300, E. coli 

CM56, E. coli CM19, E. coli DH10B, E. coli 
HE 50, E. coli HE 100, E. coli HE 100-10, E. 

coli NEB10-beta, and E. coli K12 substr 

DH10B. This value shows exact similarity 

between bacteria compared. 

 
3.2.2 E. coli DH10B pET28a(+)_AnsB 

E. coli DH10B pET28a(+)_AnsB plas-

mid DNA was measured for concentration 

and purity using Biodrop. Measurements 

with 260/280 absorbance ratio showed DNA 

concentration of 110 ng/µL with a purity of 

2.000. E. coli DH10B pET28a(+)_AnsB DNA 

then electrophoresed on 1% agarose and 
visualized using GelDoc. DNA isolation then 

analyzed by PCR using full-length AnsB for-

ward and reverse primers. Electrophoresis 

result show a target band in 1047 bp. This 

indicates that the plasmid DNA successfully 
isolated from the E. coli DH10B 

pET28a(+)_AnsB sample encodes the AnsB 

gene from S. plymuthica UBCF_13.

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

3.3 Ammonia standard curve 

 Absorbance of the ammonia solution 

for ammonia standard curve was processed 

using Microsoft Excel. A standard curve 

equation was obtained with y = 2.6767x and 

R2 value of 0.9757, as shown in the figure 

4.

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

(B) 

(A) 

(C) 

Figure 3 (A) Quantification results of isolated E. coli DH10B pET28a(+)_AnsB plasmid DNA using Bio-
Drop. (B) Electrophoresis results of isolated E. coli DH10B pET28a(+)_AnsB DNA (M = 

Lambda DNA, S = E. coli DH10B pET28a(+)_AnsB DNA) (C) Electrophoresis results of E. coli 
DH10B pET28a(+)_AnsB plasmid DNA isolate using full length AnsB primer. (M= 1kb Marker, 

1= E. coli DH10B pET28a(+)_AnsB plasmid DNA) 

Figure 4. Ammonia standard curve. 
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3.4 L-asparaginase enzyme activity  

assay 

L-asparaginase II activity assay with di-

rect nesslerization method result in colour 

change from clear to yellow in incubated so-

lution after Nessler reagent addition. The 

colour formed from the reaction can be seen 

in figure 5. 

 

 
Figure 5 A-C: Sample before added Nessler reagent, D: native E. coli DH10B, E: E. coli DH10B 

pET28a(+)_AnsB F: S. plymuthica UBCF_13, G: native E. coli DH10B + IPTG, H: E. coli 

DH10B pET28a(+)_AnsB + IPTG, I: S. plymuthica UBCF_13 + IPTG. 

 

Sample absorbance measured using a 
UV-Vis spectrophotometer at a wavelength 

of 425 nm. Based on L-asparaginase activity 

assay in sample without IPTG induction, E. 

coli DH10B pET28a(+)_AnsB has highest 

enzyme activity with mean value of 0.297 ± 
0.011 U/mL, and followed with S. plymuthica 

UBCF_13 and native E. coli DH10B with L-

asparaginase activity from each bacteria are 

0.296 ± 0.001 U/mL and 0.193 ± 0.009 

U/mL.  

In sample with IPTG induction, E. coli 
DH10B pET28a(+)_AnsB also has the high-

est activity with mean value of 0.392 ± 0.017 

U/mL and followed with native E. coli DH10B 

and S. plymuthica UBCF_13 with L-aspara-

ginase activity from each bacteria are 0.356 
± 0.008 U/mL and 0.298 ± 0.012 U/mL. 

Mean value of L-asparaginase II activity 

from each bacteria in bar graph can be seen 

in figure 6.
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Statistical test was conducted to exam-

ine the differences between groups in L-as-

paraginase II enzyme activity data using the 

One-Way ANOVA statistical test. Result can 

be seen in table 3.

Table 3 One-Way ANOVA test of L-asparaginase II enzyme activity  

 

Sample Mean ± SD Sig. Note 

E. coli DH10B native 0.193 ± 0.009 

0.000 Significant difference 

E. coli DH10B native + IPTG 0.356 ± 0.008 

E. coli DH10B pET28a(+)_AnsB 0.297 ± 0.011 

E. coli DH10B pET28a(+)_AnsB + IPTG 0.392 ± 0.017 

S. plymuthica UBCF_13 0.296 ± 0.001 

S. plymuthica UBCF_13 + IPTG 0.298 ± 0.012 

Based on the results of the One-Way 

ANOVA test in Table 3, there are at least two 

or more groups that have significant differ-

ences in L-asparaginase II enzyme activity 

between groups (p < 0.05). The statistical 

test was continued with the Post Hoc 

Games Howell test to determine the signifi-

cant differences between each group. The 

results of the Post Hoc Games Howell test 

can be seen in Table 4. 
 

Table 4 Post Hoc Games Howell test of L-asparaginase II enzyme activity 

 

Sample 

Native 

E. coli 

DH10B  

Native E. 

coli DH10B 

+ IPTG 

E. coli DH10B 

pET28a(+)_AnsB 

E. coli DH10B 

pET28a(+)_An

sB + IPTG 

S. plym-

uthica 

UBCF_13 

S. plymuthica 

UBCF_13 + 

IPTG 

Native E. coli 

DH10B  
- 0.000* 0.002* 0.002* 0.009* 0.002* 

Native E. coli 

DH10B + IPTG 
0.000* - 0.013* 0.206 0.017* 0.019* 

E. coli DH10B 

pET28a(+)_AnsB 
0.002* 0.013* - 0.013* 1.000 1.000 

E. coli DH10B 

pET28a(+)_AnsB 

+ IPTG 

0.002* 0.206 0.013* - 0.036* 0.013* 

S. plymuthica 

UBCF_13 
0.009* 0.017* 1.000 0.036* - 0.998 

Figure 6  Bar graph of L-asparaginase II enzyme activity mean. 
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Sample 

Native 

E. coli 

DH10B  

Native E. 

coli DH10B 

+ IPTG 

E. coli DH10B 

pET28a(+)_AnsB 

E. coli DH10B 

pET28a(+)_An

sB + IPTG 

S. plym-

uthica 

UBCF_13 

S. plymuthica 

UBCF_13 + 

IPTG 

S. plymuthica 

UBCF_13 + IPTG 
0.002* 0.019* 1.000 0.013* 0.998 - 

Description= *: significant difference (p < 0.05) 

 

Based on table 4, there was a significant dif-

ference in some between groups. Data 

shows significant difference in L-asparagi-

nase II enzyme activity of native E. coli 
DH10B with native E. coli DH10B + IPTG, E. 

coli DH10B pET28a(+)_AnsB, E. coli DH10B 

pET28a(+)_AnsB + IPTG, S. plymuthica 

UBCF_13, and S. plymuthica UBCF_13 + 

IPTG. There are also significant difference 
between native E. coli DH10B + IPTG with 

E. coli DH10B pET28a(+)_AnsB, S. plymu-

thica UBCF_13, and S. plymuthica 

UBCF_13 + IPTG, between E. coli DH10B 

pET28a(+)_AnsB with E. coli DH10B 

pET28a(+)_AnsB + IPTG, and lastly be-

tween E. coli DH10B pET28a(+)_AnsB 
+IPTG with  S. plymuthica UBCF_13, and S. 

plymuthica UBCF_13 + IPTG. 

 

3.5 SDS-PAGE 

 Visualization of extracellular and intra-
cellular proteins using SDS-PAGE can be 

seen in the figure 7.

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
Figure 7 SDS-PAGE results (A= Native E. coli DH10B, B= Native E. coli DH10B + IPTG, C= E. coli 

DH10B pET_AnsB, D= E. coli DH10B pET_AnsB + IPTG, E= S. plymuthica UBCF_13, F=S. 

plymuthica UBCF_13 + IPTG) 



Analysis of L-Asparaginase II Enzyme Activity from… Febiona et al. 

 

 

51  

SDS-PAGE result shows bands of tar-

get proteins corresponding to the estimated 

molecular weight of the L-asparaginase II 

enzyme, namely 36.5 kDa for E. coli DH10B 

pET28a(+)_AnsB and S. plymuthica 
UBCF_13, and 36.86 kDa in native E. coli 

DH10.  

 

Discussion 

 
This study successfully analyzed the 

activity of the L-asparaginase II enzyme 

from native E. coli DH10B, E. coli DH10B 

pET28a(+)_AnsB, and S. plymuthica 

UBCF_13. Molecular validation by sequenc-
ing the 16S rRNA gene showed that native 

E. coli DH10B was also identical to the E. 

coli DH10B species in the NCBI database, 

as indicated by 100% percent identity and 

query coverage. Further analysis using clus-
terW sequence alignment, pairwise compar-

ison and genetic distance, and phylogenetic 

tree also support this finding. Validation by 

PCR using full-length AnsB primers showed 
that E. coli DH10B pET28a(+)_AnsB en-

coded L-asparaginase from S. plymuthica 

UBCF_13.  

Enzyme activity testing using direct 

Nesslerization method showed that highest 
enzyme activity in bacteria induced with 

IPTG was found in E. coli DH10B 

pET28a(+)_AnsB, with an average enzyme 

activity of 0.392 ± 0.017 U/mL. There was a 

significant increase in enzyme activity ob-
served in native E. coli DH10B and E. coli 

DH10B pET28a(+)_AnsB, but not in S. 

plymuthica UBCF after induction with IPTG. 

This is may occur due to the mechanism of 

IPTG that binding to the lacI repressor 
(Daber et al., 2007). Native E. coli DH10B 

has lacI repressor in the lac operon, the 

pET28a(+)_AnsB plasmid is designed with a 

lacI repressor, but S. plymuthica UBCF_13 

does not have a lacI repressor, as supported 
by further analysis of the S. plymuthica 

UBCF_13 sequence in the NCBI database. 

Highest L-asparaginase enzyme ac-

tivity in bacteria that not induced by IPTG 

also found in E. coli DH10B 
pET28a(+)_AnsB, followed by S. plymuthica 

UBCF_13 and then native E. coli DH10B. E. 

coli DH10B pET28a(+)_AnsB had the high-

est activity because it expressed L-aspara-

ginase from two sources, naturally and 

through the pET28a(+)_AnsB plasmid that 

transformed into this bacteria. The results of 

the Post Hoc statistical test with Games 

Howell in Table 4 show that there is a signif-

icant difference between the L-asparagi-
nase II enzyme activity of E. coli DH10B 

pET28a(+)_AnsB and native E. coli DH10B, 

between native E. coli DH10B and S. plym-

uthica UBCF_13. There was no significant 

difference between E. coli DH10B 
pET28a(+)_AnsB and S. plymuthica 

UBCF_13. This may be because production 

conditions such as media selection, pH, 

temperature, purification stages, host bacte-

rial strain selection, and optimization of the 
concentration of the inducer used in this 

study have not been optimized. These fac-

tors can be used as a reference to further 

increase the production of recombinant L-

asparaginase II enzyme from S. plymuthica 
UBCF_13 expressed in E. coli.   

Based on previous study by Wahab et 

al. (2023) that characterized the extracellu-

lar L-asparaginase enzyme from Bacillus ni-
acini spp. found L-asparaginase activity of 

3.78 U/mL. The enzyme was produced un-

der optimal conditions using starch as a car-

bon source, potassium nitrate as a nitrogen 

source, and the bacteria were incubated at 
35°C using M9 medium at pH 8. Enzyme ac-

tivity was tested using the Nessler method 

with 1.5 mL of 0.04 M L-asparagine sub-

strate and 0.05 M Tris-HCl buffer at pH 8.6, 

along with 0.5 mL of the sample. Research 
by Lashgarian et al. (2020) characterized 

the L-asparaginase enzyme from endo-

phytic bacteria isolated from the roots of 

Glycyrrhiza glabra, showing enzyme activity 

of 0.051 IU/mL in the crude extract, which 
was the supernatant; furthermore, there was 

an increase in enzyme activity to 0.44 IU/mL 

after the crude extract was purified using the 

ammonium sulfate precipitation method. 

The bacteria were grown on M9 medium at 
37 °C with agitation at 100 rpm for 48 hours. 

Enzyme activity was tested using the Ness-

ler method with 1 mL of supernatant, 2 mL 

of 0.1 M sodium borate buffer (pH 8.5), and 

1 mL of 0.05 M L-asparagine substrate. 
A study by Hien-Trang et al. (2020) ex-

pressed the recombinant L-asparaginase 

enzyme from Erwinia chrysantermi in E. coli 

BL21 (DE3) using the pET26b and pET28a 

plasmids, demonstrating the highest  
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enzyme activity of 123.74 U/mL using an op-

timized IPTG concentration of 1.03 mM. In 

this study, bacterial inoculum was grown us-

ing Luria Bertani medium with 0.5% dipotas-

sium phosphate at 37°C with agitation at 
220 rpm. 1.03 mM IPTG was added after the 

optimal density reached 0.4–0.6. IPTG in-

duction was performed for 6 hours at 28°C 

with agitation at 220 rpm. Enzyme activity 

was tested using the Nessler method. Re-
search by Nadeem et al. (2022) expressed 

recombinant L-asparaginase from Pyrococ-

cus abyssi in E. coli BL21 (DE3) using the 

pET28a(+) plasmid, demonstrating in-

creased enzyme activity following purifica-
tion via selective heat denaturation and ion 

exchange chromatography (IEC). Enzyme 

activity in the crude extract was 145 U/mL, 

and after the crude extract was purified, en-

zyme activity increased to 940 U/mL. In this 
study, bacterial inoculum was grown in LB 

medium at 37°C with agitation at 200 rpm. 

0.5 mM IPTG was added after the optimal 

density reached 0.5–0.6, and the culture 
was continued for 3 hours. Enzyme activity 

was tested using the Nessler method. This 

previous research shows the importance of 

optimum condition of pH, temperature, IPTG 

induction and enzyme purification to pro-
duce highest enzyme activity.  

pET28a is one of the plasmids for re-

combinant protein expression that is often 

used in E. coli host bacteria. This plasmid 

has a T7 promoter, lac operator, lac re-
pressor, poly-histidine purification tag, and 

thrombin protease recognition site (Shilling 

et al., 2020). The T7 promoter can express 

target genes when recognized by T7 RNA 

polymerase, an enzyme that can transcribe 
five times faster than RNA polymerase from 

E. coli (Miao and Kompala, 1992). Research 

by Einsfeldt et al. (2016) states that there is 

an increase in the production of L-asparagi-

nase enzyme expressed by E. coli BL21 
(DE3) on the pET26b and pET28a plasmids 

when compared to its natural expression 

from the Zymomonas mobilis bacteria.  

Based on SDS-PAGE visualization re-

sults, thickest extracellular protein band with 
a molecular weight of 36.5 kDa was found in 

the IPTG-induced E. coli DH10B 

pET28a(+)_AnsB. This indicates that the 

highest L-asparaginase production was 

found in these bacteria with IPTG induction. 

This is consistent with the activity test re-

sults, where IPTG-induced E. coli DH10B 

pET28a(+)_AnsB bacteria had the highest 

enzyme activity. The protein band appears 

thinner when compared to E. coli DH10B 
pET28a(+)_AnsB that was not induced with 

IPTG, but the protein band from these bac-

teria appears slightly thicker when com-

pared to native E. coli DH10B at a molecular 

weight of 36.86 kDa and S. plymuthica 
UBCF_13 at a molecular weight of 36.5 kDa. 

But S. plymuthica UBCF_13 protein band in 

the extracellular fraction of is not visible at 

36.5 kDa.  

Intracellular protein fraction shows 
slightly thinner protein bands at the target 

molecular weight of native E. coli DH10B 

and E. coli DH10B pET28a(+)_AnsB when 

compared to its extracellular fraction. S. 

plymuthica UBCF_13 have the thickest pro-
tein band in the intracellular fraction with a 

size of 36.5 kDa.  

Differences in secretion mechanisms 

may be one of the factors that make proteins 
in the intracellular fraction appear thicker 

when compared to the extracellular fraction 

in S. plymuthica UBCF_13. According to 

Kim et al. (2015), the SecB-dependent se-

cretion pathway allows proteins to pass 
through the inner membrane and secretion 

is continued by the terminal branch of the 

general secretion pathway, which enables 

extracellular secretion in gram-negative 

bacteria. AnsB is secreted into the 
periplasm through the SecB-dependent 

pathway, which is one of the type II secretion 

systems in E. coli. Research by Suh et al. 

(1996) showed different secretion in S. mar-

cescens, where proteins are first accumu-
lated in the periplasm before being secreted 

into the medium. This is different from the 

mechanism found in other Gram-negative 

bacteria, where there is no prior accumula-

tion in the periplasm. 
Extracellular protein secretion is influ-

enced by several factors, including the pres-

ence of a signal peptide in the target gene, 

bacterial growth conditions, and the secre-

tion system of each bacteria (Jamali et al., 
2025; Green and Mecsas, 2016). This limi-

tation might be resolved by utilizing signal 

peptide engineering, enhancing secretion 

efficiency, and in silico screening using Sig-

nalP, TargetP and TMHMM. Research by 
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Kumar et al. (2025) utilizing secretory ex-

pression using pelB signal sequence of 

pET-26b, aspartate tags and Tween 80 in 

medium to enhances the extracellular ex-

pression of L-asparaginase II from Pseudo-
monas sp. PCH199 in E. coli BL21(DE3). 

Protein secretion increased from 0.33 to 

0.77 mg/ml. 

This study used IPTG with fixed con-

centration at 0.2 mM following method from 
Zulfa (2024). But optimal IPTG concentra-

tion for native E. coli DH10B, E. coli DH10B 

pET28a(+)_AnsB and S. plymuthica 

UBCF_13 is not yet been determined and its 

need to be optimized. Using optimum IPTG 
concentration for enzyme production is re-

ally important because while IPTG is widely 

used to induce protein expression since 

more than six decades (Simas et al., 2023). 

Increased IPTG concentration can also in-
crease L-asparaginase expression, but fur-

ther increased concentration of IPTG can 

lead to decrease in expression because of 

increased protein in insoluble fraction (inclu-
sion bodies) (Abdelrazek et al., 2025)  

This study still has its limitations, how-

ever additional characterization can be done 

in the next research by determine optimum 

pH and temperature, thermostability, pH sta-
bility and kinetic parameters measurement 

such as Km and Vmax to obtained the optimal 

alternative l-asparaginase source for treat-

ment. Enzyme purification also needs to be 

performed before determine enzyme activity 
assay to obtain specific activity of this en-

zyme. 

 

CONCLUSIONS 

 
This study analyzed L-asparaginase 

enzyme activity of native E. coli DH10B, E. 

coli DH10B pET28a(+)_AnsB, and S. plym-

uthica UBCF_13, and performed extracellu-

lar and intracellular protein profile analyses 
on each bacteria with and without IPTG 

treatment. There was a significant increase 

in activity between native E. coli DH10B and 

E. coli DH10B pET28a(+)_AnsB, with the 

activity of each bacteria being 0.193 ± 0.009 
U/mL and 0.297 ± 0.011 U/mL, respectively. 

The production and activity of the L-aspara-

ginase enzyme can still be further improved 

by optimizing the medium, temperature, pH, 

and inducer concentration during culture.  
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