
  



 

 

 

 

A phylogenetic analysis of Indonesian SARS-CoV-2 isolates from March to 

December 2020: Compared with Delta and Mu variant 
Arif Nur Muhammad Ansori, Yulanda Antonius 
 DOI : https://doi.org/10.29238/teknolabjournal.v11i1.297 
 Pages: 1-10 
 

Prophylactic effects of Kaempferia Galanga against Plasmodium berghei: in vivo 

study  
Novyan Lusiyana 
 DOI : https://doi.org/10.29238/teknolabjournal.v10i2.283 
 Pages: 11-17 
 

A brief history of RT-PCR and our laboratory experience with SARS-CoV-2 

analyses using RT-PCR 
Naci Omer Alayunt 
 DOI : https://doi.org/10.29238/teknolabjournal.v11i1.337 
 Pages: 18-24 
 

Optimization of DCR1 and DCR2 epigenetic annealing temperatures for breast 

cancer biomarker using in-silico and in-vitro study  
Aprilia Indra Kartika 
 DOI : https://doi.org/10.29238/teknolabjournal.v11i1.327 
 Pages: 25-32 
 

Inhibitory potentials of ivermectin, nafamostat, and camostat on spike protein and 

some nonstructural proteins of SARS-CoV-2: Virtual screening approach  
Haruna Isiyaku Umar, Ijeoma Akunna Duru, Uchechi Emmanuela Enenebeaku, Lynda Chioma 
Ngozi Olehi, Christian Ebere Enyoh, Chidi Edbert Duru 
 DOI : https://doi.org/10.29238/teknolabjournal.v11i1.344 
 Pages: 33-42 
 

Antibacterial activities of bacteria associated with marine sponges of Axinella sp. 

on Carbapenem-Resistant Acinetobacter Baumannii (CRAB) 
Muhammad Evy Prastiyanto, Wiwit Setyowati, Dian Retnowati 
 DOI : https://doi.org/10.29238/teknolabjournal.v11i1.325 
 Pages: 43-51 
 
 
 

 

CONTENT 

JURNAL TEKNOLOGI LABORATORIUM 

Vol. 11 No. 1 (2022) 

https://www.teknolabjournal.com/index.php/Jtl/article/view/297
https://www.teknolabjournal.com/index.php/Jtl/article/view/297
https://doi.org/10.29238/teknolabjournal.v11i1.297
https://www.teknolabjournal.com/index.php/Jtl/article/view/283
https://www.teknolabjournal.com/index.php/Jtl/article/view/283
https://doi.org/10.29238/teknolabjournal.v10i2.283
https://www.teknolabjournal.com/index.php/Jtl/article/view/337
https://www.teknolabjournal.com/index.php/Jtl/article/view/337
https://doi.org/10.29238/teknolabjournal.v11i1.337
https://www.teknolabjournal.com/index.php/Jtl/article/view/327
https://www.teknolabjournal.com/index.php/Jtl/article/view/327
https://doi.org/10.29238/teknolabjournal.v11i1.327
https://www.teknolabjournal.com/index.php/Jtl/article/view/344
https://www.teknolabjournal.com/index.php/Jtl/article/view/344
https://doi.org/10.29238/teknolabjournal.v11i1.344
https://www.teknolabjournal.com/index.php/Jtl/article/view/325
https://www.teknolabjournal.com/index.php/Jtl/article/view/325
https://doi.org/10.29238/teknolabjournal.v11i1.325


__________________ 
Corresponding author. 
E-mail address: yulandaantonius@staff.ubaya.ac.id (Yulanda A) 
 
DOI: 10.29238/teknolabjournal.v11i1.297 
Received 17 October 2021; Received in revised form 25 January 2022; Accepted 05 February 2022  
© 2021 The Authors. Published by Poltekkes Kemenkes Yogyakarta, Indonesia. 
This is an open access article under the CC BY-SA license 

JTL 11 (1) February 2022 
Page: 01-10 

 

Contents list available at Jurnal Teknologi Laboratorium 

 
JURNAL TEKNOLOGI LABORATORIUM 

 
Journal Homepage: www.teknolabjournal.com  

ISSN 2580-0191(Online) I ISSN 2338 – 5634(Print)  

 

 

 
Original Research 

 
A phylogenetic analysis of Indonesian SARS-CoV-2 isolates 
from March to December 2020: Compared with Delta and Mu 
variant 
 
Arif Nur Muhammad Ansori 1, Yulanda Antonius 2*  
1 Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia 
2 Faculty of Biotechnology, University of Surabaya, Surabaya, Indonesia 

 
                         

Abstract: Indonesia’s economy and global health are endangered due to the SARS-

CoV-2 outbreak. Our present study aims to examine the phylogenetic analysis of SARS-
CoV-2 isolates in Indonesia and compare these isolates to other Southeast Asian 
countries. In the present study, we retrieved 105 isolates from GISAID EpiCoV and other 
isolates from GenBank, NCBI. Then, we extracted the full genome and focused on the 
spike (S) protein gene (3882 bp). We employed Molecular Evolutionary Genetics 
Analysis (MEGA) X software to construct a phylogenetic analysis using the maximum 
likelihood approach. Here, we demonstrated and revealed the relationship between 
Indonesian and other Southeast Asian SARS-CoV-2 isolates. In summary, our work 
presents the phylogenetic analysis of 105 isolates in Indonesia. Our study assists in 
monitoring the deployment of the disease spreading. Furthermore, we suggest that the 
genomics and epidemiological surveillance investigations on COVID-19 should be 
enhanced, especially in Indonesia. 

 
Keywords: COVID-19, coronaviruses, SARS-CoV-2, phylogenetic analysis, spike protein 

 

INTRODUCTION 
The first case of SARS-CoV-2 emerged in Wuhan, China and it 

sporadically transmitted worldwide.1 The WHO declared that the infection was 
considered as a pandemic in March 2020. The outbreak of SARS-CoV-2 
endangered the economy and global health. The problem calls for large-scale 
scientific research to reveal more information related to SARS-CoV-2, for 
instance, various aspects of the genome.2,3 In late December 2020, the virus had 
infected about 85 million people across the globe with more than 1.5 million 
global deaths. The data are supported by the CSSE, Johns Hopkins University, 
USA.4 The symptoms of COVID-19 are not much different from the symptoms of 
infection caused by other types of Coronaviruses (CoVs). Several regular/mild 
symptoms are cough and fever. Infection in the respiratory system that develops 
into pneumonia and exacerbates to ARD is the most severe case and results in 
death.2,3 

The coronaviruses (CoVs) are critical pathogenic agents that cause 
respiratory, neurological, gastrointestinal, and systemic diseases in humans and 
animals. The name “coronavirus” is derived from “corona” which reflects the 
appearance of the spiky outer protein cover of the virus.5 The coronavirus family 
consists of various genera, namely Gamma-, Delta-, Beta-, and 
Alphacoronavirus. The novel virus belongs to Betacoronavirus, a genus that has 
formerly caused epidemics, SARS-CoV-1 and MERS-CoV.6 It has a genome of 
29,890 bp (GenBank NC_045512.2), similar to another class of CoVs. The CoVs 
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genome is a single-stranded RNA. E, M, N, and S, are the various types of 
structural proteins encoded by this viral genome.7,8,9 The S protein has recently 
emerged as a prime prospective antigen within vaccine formulation to fight 
SARS-CoV-2. Its main objective is to interact with host cells through the ACE2 
receptor and immediately be recognized by the host immune system.10 

Indonesia is one of the Association of Southeast Asian Nations (ASEAN) 
that have reported the entire strain of SARS-CoV-2 genomes in their respective 
regions along with Brunei, Myanmar, Vietnam, Singapore, Malaysia, the 
Philippines, Thailand, Cambodia, and Laos.11 Presently, Laos is the ASEAN 
nation with the fewest whole-genome sequences of the virus published to 
databases, such as GenBank or GISAID. The data is essential to support the 
epidemiology investigation which is the notable instrument in the observation of 
emerging and re-emerging viruses. New concepts and insights must be applied 
and adopted carefully as information emerges every day at a rapid pace. 
Furthermore, GISAD EpiCoV recently defined the various clades for isolates 
originated from Indonesia, such as G, GH, GR, and so on. Therefore, due to the 
recent data, we unlocked the phylogenetic analysis of SARS-CoV-2 isolates in 
Indonesia and compared these isolates to other Southeast Asian countries. 
 

MATERIAL AND METHOD 
a. SARS-CoV-2 Isolates 

All SARS-CoV-2 isolates from Indonesia were regained from the database 
(GenBank and GISAID EpiCoV) until December 2020. All 105 virus isolates were 
collected from GISAID EpiCoV. Moreover, we used the isolate of Wuhan-Hu-1 
(extracted from GenBank, NCBI) as a reference, according to Ansori et al. 
(2020).11 

b. Nucleotide Sequence Preparation 

We extracted S protein gene from all isolates. MSA of the sequences 
were completed using MUSCLE in MEGA X software (Pennsylvania State 
University, USA).11 
c. Phylogenetic Tree Analysis 

In the present study, we constructed the molecular phylogenetic design 
and visualization by employing MEGA X software on the S protein gene of all 
isolates with a maximum likelihood approach. In addition, the molecular 
phylogenetic construction was tested according to our previous study.12,13 

 
RESULTS AND DISCUSSION 

The Alphacoronavirus and Betacoronavirus infect animals and humans, 
whereas Deltacoronavirus and Gammacoronavirus only infect animals.10,14,15,16 
There were six CoVs that caused problems for humans by the end of 2019.17,18 
The SARS-CoV-2, the seventh CoVs, is the most recent identified CoV strain 
which was detected in Wuhan, China in December 2019. It was postulated to be 
transmitted to humans through animals in the live animal markets in Wuhan, 
China. Up until today, based on the CSSE, Johns Hopkins University, USA, more 
than 100 million people worldwide have been infected by this novel virus.4 

The S protein mediates the access of SARS-CoV-2 through the 
membrane fusion of human cells and has become the main purpose for few 
researches of vaccines and antiviral drugs. Both S1 and S2 domains of the S 
protein are part of the novel virus that are essential for infection. In brief, the S1 
domain is the most essential domain for binding into cellular receptors of the 
host. The efficacy of various remedies, including fusion blockers, disrupting 
protease inhibitors, neutralizing antibodies, S protein inhibitors, small RNAs, and 
ACE2 blockers show that in vitro researches are unacceptable. Various tools 
have been performed to generate vaccines by employing the S protein 
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(antigen).12,19,20 Therefore, in this study we focus on the S protein of the novel 
virus isolates in Indonesia. 

As new data on the novel virus is issued rapidly, updated theories and 
arrangements should be persistently adopted. Recently, the database 
established various clades of SARS-CoV-2, such as S, G, V, and so on.2,3 In 
general, viruses have a much higher mutation rate than prokaryotes and 
eukaryotes. Viruses with a genome in the form of RNA have a high mutation rate, 
about one million times higher compared to their host, thus increasing their 
virulence. The mutation rate for CoVs is estimated at 4×10-4 nucleotide 
substitutions/site/year.21,22 Therefore, it can be said that the novel virus has high 
mutation rate. Nonetheless, its mutation rate increases the potency of zoonotic 
viral pathogenicity for human-to-human transmission and it might be more 
virulent.23 

Phylogenetic analysis is an analysis which is commonly used for targeting 
both the fundamental and applied issues of virology, including evolution, 
taxonomy, diagnostics, phylogeography, origin, and epidemiology. It might supply 
an overview of the virus evolution, which can be investigated to know the cluster 
of viruses.24,25,26,27,28 In this study, we demonstrated the relation of 105 
Indonesian SARS-CoV-2 isolates to another Southeast Asian SARS-CoV-2 
isolates from humans, bats, mink, and pangolin (Figure 1). Interestingly, we 
found that based on the viral S protein gene isolated from Indonesia and various 
other countries, there was not much difference in them. Previously, an 
investigation of molecular phylogenetic analysis of Indonesian isolates was 
established by Ansori et al. (2020). However, it still has limitation regarding to the 
number of isolates.12 

Our study demonstrated that the other CoVs isolated from humans, such 
as CoV-229E, -NL63, and -HKU1 are reflected as a pathogen lead to upper 
respiratory infection and conscientious for more than 15% of the common cold. 
The HCoV-229E replicates within the upper respiratory tract epithelial cells. 
Unlike SARS-CoV that spreads from the upper airway and causes a severe lower 
respiratory infection.29,30,31 Moreover, we also used another CoVs sample 
originated from bats, namely CoV-HKU4-1, -ZC45, -YN2018D, -ZXC21, and so 
on. In addition, the results of a five-year study in twenty countries in three 
continents found that bats harbor a high number of probably zoonotic CoVs.32,33,34 
Since the emergence of SARS-CoV, it is known that various animal-borne CoVs 
have mutated and made the leap to humans, causing severe infections. All of 
SARS-CoV-2, HCoV-229E, HCoV-NL63, MERS-CoV, and SARS-CoV are 
believed to originate from bats, whereas HCoV-OC43 and HCoV-HKU1 are 
believed to derive from rodents. Additionally, all seven CoVs that cause human 
diseases have crossed the species barrier, as the progenitor viruses are found in 
different host animals.35,36,37,38 

In recent findings, it is known that CoVs exists in several wild animals in 
Asia, especially mammals.39 Thus, research related to this matter is very 
important in order to investigate the possible host roles of this new virus. 
Pangolin CoV derived from Malayan pangolin or Manis javanica, is 91.02% 
identic to the novel virus in the whole-genome level.40 Hitherto, another study 
mentioned that the novel virus shares 96% of the whole genome with a BatCoV 
RaTG13 isolated from China.41 Snakes are also considered as feasible virus 
reservoir to human infection.42 Minks and bats are also prospective hosts of 
SARS-CoV-2.43 Additionally, there is a possibility that domesticated animals 
could serve as an intermediate host and enable the transmission of the virus from 
their natural reservoirs to humans. Moreover, there are various intermediate 
hosts involved in virus transmission, such as camelids for human CoV-229E, 
dromedary camels for MERS-CoV, and civets for SARS-CoV.44 Therefore, we 
suggest that supporting surveillance researches should be conducted on minks, 
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pangolins, bats, and other mammals in wild habitats, remarkably in East Asia, in 
order to understand the risk of forthcoming zoonotic diseases. 

 

 
Figure 1. Phylogenetic tree showing the close relation of SARS-CoV-2 isolates in 

Indonesia to the Southeast Asian SARS-CoV-2 isolates and other CoVs (bat, 
human, mink, and pangolin). 

 
Outbreak of the novel virus has led to economic and medical emergency 

worldwide.45,46,47 Thus, unlocking the features of the novel virus genome and 
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establishing the procedures to observe the novel virus during the pandemic is a 
crucial move for monitoring the COVID-19 pandemic.48,49 Genomic data should 
be used to monitor and track the spread of the novel virus. This is also related to 
the recognition of genotypes related to temporal infectious clusters and specific 
geographics.10  

Furthermore, recent finding showed that another variant of SARS-CoV-2 
had spread in Indonesia. The new variant which termed as B.1.617.2 variant or 
Delta variant has become the dominant variant to cause 78.8% cases. It was 
detected on April 2021 in Indonesia and transmitted widely in countrywide.50 In 
brief, the lineage of Delta variant was consisted of various mutation in N-terminal 
domain (NTD). Therefore, those mutation positions were stated as B.1.617.1, 
B.1.617.2, and B.1.617.3. Result demonstrated that Delta mutation had ability to 
be resistant for neutralization by antibodies, including anti-NTD. It was caused by 
inability of antibody to bind into spike protein of SARS-CoV-2.51 Based on the 
phylogenetic analysis in general, Delta variant or B.1617 variant was showed as 
derived from D614G lineage.52 

Moreover, the SARS-CoV-2 virus seems keep evolving and the new 
variant is detected as MU variant. It is termed as B.1.621 based on the official 
Phylogenetic Assignment of Named Global Outbreak lineage designation. In 
detail, this variant is characterized by several substitution in spike protein, such 
as T95I, Y144T, Y145S, 146N, R346K, E484K, and N501Y. It known for having 
an ability for virus to escape from immune effect.53 In Indonesia, this variant is 
estimated carefully in order to minimize the effect of infection. However, the 
specific number of infections remains unknown. 

Hence, the quick finding of variation in genomic level within the 
investigation of the novel virus in Indonesia is urgently needed for a streamlined 
retort to the COVID-19 pandemic.11,12,13 Furthermore, recognizing unique variants 
of the novel virus and linking them to employ a molecular epidemiology approach 
might enable scientists to establish the ancestry of a unique variant and observe 
the virus spreading. This data might be a crucial instrument in controlling the 
COVID-19 pandemic. 

 
CONCLUSION 

In summary, our work presents the phylogenetic analysis of 105 isolates 
in Indonesia. Our study assists in monitoring the deployment of the disease 
spreading. Furthermore, we suggest the genomics and epidemiological 
surveillance investigation to be enhanced on COVID-19, especially in Indonesia. 
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Abstract: Recently, medicinal plants have been the main source in treating malaria. 
Kaempferia galanga was investigated as an antioxidant, and anti-inflammation. In vivo 
study of K. galanga had been verified as antimalarial for severe malaria. The objective of 
this study is to investigate the chemoprophylactic effect, body composition, and blood 
parameters of K. galanga against Plasmodium berghei. The prophylactic effects were 
determined by employing K. galanga (50; 100 and 200 mg/kg) in mice infected with P. 
berghei. Mice were subdivided into 4 groups (control negative and 3 treatment groups). 
The treatment groups received K. galanga daily for 3 days before the inoculation of P. 
berghei. Each mice were inoculated with the infected blood containing 106 of P. berghei. 
Parasitaemia and body weight were calculated every day until 5 days post-inoculation, and 
the blood parameters was monitored in day 5. The parasitaemia on the fifth days after 
inoculation revealed a significant suppresses effect compared to control (p<0.05). The 
suppressed effect by doses 50 mg/kg; 100 mg/kg; 200 mg/kg and negative control were 
0.83%; 1.96%; 2.82%, and 17.8% respectively. The body weight on treatment groups was 
normal, but the control group decreased (p<0.05). The blood parameters on treatment 
groups were normal compared to control group. The K. galanga possess the prophylactic 
effect, normal weight and blood parameters against Plasmodium berghei.   
 
Keywords: Kaempferia galanga; Malaria; In vivo; Prophylactic. 

 
INTRODUCTION 

 Malaria is an essential parasitic disease with high morbidity and mortality 
in the world. The absence of an effective vaccine against malaria and the 
resistance of the antimalarial agent require a new agent to protect the human from 
this pathogen. In fact that malaria is a deadly disease, however, these diseases 
can be prevented.1 Malaria causes organ dysfunction such as liver, lung, and 
brain.2 One of the dangerous sign of malaria is anaemia, hypoglycaemia detected 
from the blood test.3,4 These conditions impact cognitive impairment in children and 
productivity in adults.5 People who are most at risk are those who live in the 
malaria-endemic area. This condition creates people in the endemic area to have 
a habit to consume herbs.6 One of the wide herbs employed is from Zingiberaceae 
family.7    

Kaempferia galanga is a family of Zingiberaceae widely distributed in 
tropical regions.8 These plants are also identified as kencur, sand ginger, aromatic 
ginger, and resurrection lily. Kaempferia galanga is used not only as medicinal 
plants but also for cooking.9,10,11 In Indonesia, these plants are employed as 
prophylactic from many diseases because these plants are believed has a 
prophylactic effect.12 Several studies have revealed the active compounds of K. 
galanga containing alkaloids, saponin, tannin, flavonoids, terpenoids, phytosterols, 
phenols, and essential oils. 7,10 Based on the previous study, those compounds 
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own beneficial effects as an antioxidant.13 The antioxidant effect of kencur tubers 
is primarily obtained from flavonoid and phenolic compounds.14,15 The phenolic 
compound of K. galanga possessed moderate antioxidant activity and less 
toxicity.13 Kaempferia galanga tubers also own anti-inflammatory effects.16 The 
anti-inflammatory effects of kencur tubers are by suppressing the progression of 
acute and chronic inflammation by inhibiting neutrophil cell infiltration.17 
Kaempferia galanga was acknowledged as an antimalarial activity, but there was 
no report of prophylactic effect. Based on the above background, the objective of 
this study is to investigate the prophylactic effect of K. galanga for malaria 
prevention. 
 
MATERIAL AND METHOD 
Plant collection and extract preparation 

The K. galanga tubers were obtained from Gunung Kidul Yogyakarta. The 
tubers were air-dried at room temperature and powdered. One hundred grams of 
K. galanga was macerated in 1000 ml of 80% ethanol for 72 hours and then filtered. 
The filtrate was concentrated with a rotary evaporator to dryness. The residue was 
stored in a desiccator until it was used. 
Ethical consideration 

The protocol and experimental procedures employed in this study were 
confirmed with the Ethical Commission, Faculty of Medicine, Universitas Islam 
Indonesia with number 35/Ka.Kom.Et/70/KE/V/2018. 
The parasite and treatment 

Plasmodium berghei in this study was procured from the Faculty of 
Medicine, Universitas Islam Indonesia. Male Swiss mice weighing 20-30 g 
administered in this study were acclimatize for a week before treatment. The 
animal was kept in a standard laboratory with temperature 4±7oC; humidity 70±5% 
with 12 hour light/dark cycles. Foods for mice were provided daily and water 
supplied ad libitum. Treatment mice were infected with 106 parasitized erythrocytes 
intra peritoneal. The day of infection was defined as days D1, D2, D3, D4, and D5.  
Experimental design 

Experimental groups were divided in accordance with wether they were 
control or treatment groups. Mice were divided into five groups of 4 mice for each 
group. The groups were as follows: 

Group 1 (negative control): received solution solvent only  
Groups 2 (treatment): ethanol extract of K. galanga 50 mg kg-1 
Groups 3(treatment): ethanol extract of K. galanga 100 mg kg-1 
Groups 4 (treatment): ethanol extract of K. galanga 200 mg kg-1 
Four animals per group were housed together in a cage with food, and 

water ad libitum. Food, water, and weight gain were monitored every day at 09.00 
am. Treatment mice were treated orally by oral cannular to intra gastric (i.g). A ball-
tipped, 18-gauge gavage needle was attached to a 1 cc syringe. Prophylactic 
treatment was performed once a day for 3 days. Four mice in each group were 
provided with an oral dose of 50, 100, and 200 mg kg-1 of K. galanga and observed 
for the mortality for 5 days. After the prophylactic treatment, mice were injected by 
106 of P. berghei intra peritoneal.  

Each mice was inoculated with 0.2 µl intra peritoneal which contain 106 P. 
berghei from donor mice which possess 30% parasitemia. Parasitemia was 
calculated by Giemsa stained thin blood smears from the mice’s tail until day 5 
(D5). The percentage of parasitemia was determined by calculating the number of 
parasitized red blood cells out of 1000 erythrocyte in random microscopic fields.    

Full blood count was applied to identify the influence of treatment on 
malaria and its co-morbidities. The blood count was obtained from a cardiac 
puncture on day 6 after the re-passage of P. berghei. The blood count analysis 
found hemoglobin, hematocrit, and white cell count (WBC).   
Statistical analysis 
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Data were presented as mean plus standard deviation of the mean. The 
analysis was performed by statistical analysis administering Kruskal’s Wallis, 
followed by Mann Whitney. The p < 0.05 was considered as statistically significant. 

 
RESULTS AND DISCUSSION  
The prophylactic effect of Kaempferia galanga 

Most of the people believe that traditional herbs could prevent infectious 
diseases. The result of this study revealed that local traditional herbs can indeed 
prevent people from the Plasmodium sp. infection. This study supports other 
research which local herbs own a potential effect as a prophylactic against 
Plasmodium infection.18 The lack of local herbs consumption evidence in the 
community is the absence of standard dose. The herbal preparation is based on 
experience and drunk ad libitum. This practice induces adverse effect due to 
overdose or accumulation of herbal ingredient in several organs such as kidney.18 

This study revealed that pretreatment of mice with K. galanga for 3 days, 
delayed the establishment of parasitemia compared to control (Figure 1). On day 
3 after P. berghei injection, average parasitemia of mice pretreated with K. galanga 
doses 50 mg kg-1 was 0.03%, while the group 100 mg kg-1, and 200 mg kg-1 were 
0.06% and 0.65%, and the control group was 10.15%. The lowest decrease of 
parasitemia was discovered in 50 mg kg-1 group among groups and control groups. 
The similar result has been discovered until the fifth day after induction  

 
Figure 1. The prophylactic effect of K. galanga among groups and control 

 
Based on Table 1 and Figure 1, five days after the Plasmodium injection, 

the average of parasitemia in the treatment groups 50 mg kg-1, 100 mg kg-1, and 
200 mg kg-1 was 0.83%, 1.96%, and 2.82% respectively. The prophylactic effect 
was good in the treatment group with a dose of 50 mg kg-1 compared to other 
treatment doses. The parasitemia rate of treatments groups was lower and 
significantly different compared to the control groups (p=0.47). The prophylactic 
effect evidence is able to reduce parasitemia about 15% of the negative control 
group.  

This study presents that K. galanga may delay the parasitemia growth until 
5 days after the injection of P. berghei compared to control, indicating the 
chemoprophylactic effects. Based on the resulting study displayed, it is implied that 
ethanol extract of K. galanga had a good potential prophylactic effect. The result 
of this study is also supported by other studies which discovered that traditional 
plants have an effect as prophylactic against Plasmodium.19,18 Several in vitro and 
in vivo studies had also investigated the antiplasmodial activity of the K. galanga’s 
family.20  

The best prophylactic effect was discovered in low concentration, whereas 
at the high dose, the parasitemia was not lower than low and middle concentration. 
Another study exhibited that the best prophylactic effect was identified at the 
highest concentration.18 However, other studies had presented that the best 
prophylactic effect was noticed at low doses.19 This study consisted of other studies 
that K. galanga had a chemo-prophylactic effect on human cells.10  
 
 
Kaempferia galanga effect to hematological profile 
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The hematological parameter of hemoglobin in all treatment groups was 
normal compared to the control group. Table 1 presents that at all dosage of K. 
galanga extract, the hemoglobin, white blood cells were normal compared to the 
control group. All treatment groups show a normal value of those parameters than 
control groups. The 100 mg kg-1 group displays the highest value on the 
parameters of hemoglobin (13.1 g/dl), hematocrit  (45.23 %), and the lowest white 
blood cell count (5.33 mmk), implying that this dose has better result than other 
doses (50 mg kg-1 and 200 mg kg-1). The lowest dosage and highest dosage 
possess an almost similar parameter in blood count hemoglobin, hematocrit, and 
white blood cell. This result demonstrates that both in the low and high dosage 
groups, there was no different effect in a blood test. 
 

Table 1. Parasitemia and hematological profile of K. galanga on infected mice 
Information Groups (mg kg-1) 

Control 50 100 200 
Parasitemia (%) 17.8±4.38 0.83±0.61 1.96±0.61 2.82±2.94 
Hemoglobin (g/dl) 9.6±3.25 11.97±1.00 13.1±0.78 11.97±1.55 
Hematocrit (%) 32.05±7.0 40.1±4.54 45.23±2.46 40.1±6.03 
WBC (mmk) 18.205±3.57 13.09±7.04 5.33±2.19* 13.092±5.39 

 
Kaempferia galanga contains ethyl-methoxycinnamate which is a 

derivative of cinnamic acid. Cinnamic acid is considered to have many benefits, 
such as an antimalarial. The antimalarial mechanism of cinnamic acid inhibits the 
ATP production in the parasite.21 That information might explain the normal 
hemoglobin in the treatment group, compared to the control group. When the 
production of ATP Plasmodium decreased, it also reduced the Plasmodium ability 
to degrade the hemoglobin. Thus, the result of our study discovered that the 
ethanol extract of K. galanga revealed the ability to prevent anemia. In treatment 
groups, the Hb concentrations were normal than the control groups. In the control 
group, it was shown the Hb levels < 10 mg/dl indicating that anemia occurred. 
Kaempferia galanga contains phenolic compounds and flavonoids, understood as 
their antioxidant properties.22,14,23 The phenolic compound of K. galanga possesses 
moderate and high antioxidant activity.24,14 Typically, as antioxidants, flavonoids 
may reduce oxidative stress or increase the antioxidant capacity,23, and radical 
scavenging.24 Although the total phenolic level and radical scavenging activity were 
not as high as other Zingiberaceae family.23 Phenolic compounds have also been 
widely acknowledged as an antimalarial.25 Antimalarial activity of phenol 
compounds is accurately inhibiting heme polymerization.26   

Our study revealed that the WBC parameter was normal in treatment 
groups compared to the control group. This result confirmed the previous study 
that K. galanga did not change the blood parameters.27 The anti-inflammatory 
effects of K. galanga tubers were performed by suppressing the progression of 
acute and chronic inflammation which is by inhibiting neutrophil cell infiltration.28 
The anti-inflammatory effect of K. galanga caused by ethyl-methoxycinnamate was 
conducted by inhibiting the pro-inflammatory cytokines TNFα, IL-1, and also by 
inhibiting cyclooxygenase.22,29,30 Research by 31 discovered that K. galanga tubers 
have anti-inflammatory benefits.  
 
Kaempferia galanga effect to body weight 

Bodyweight in all treatment groups increased every day (Figure 2). Control 
mice group owned significant decreased water and food intake as well as body 
weight until day 5 post-Plasmodium inoculation compared to treatment groups 
(p<0.05). Plasmodium sp. infection may cause weight loss both in human or animal 
models.19,4 This study presented that weight loss appeared at 2 days after 
Plasmodium injection, but in the following day, the weight of treatment groups 
increased within the normal range. Bodyweight in the control group proved a 
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continuous decline until the end of the observation. The infected mice which are 
not treated indicated low food and water intake as well as negative weight gain.  
 

 
Figure 2. Bodyweight among groups 

 
The result of this study is similar to the other study19 and weight gain is 

better than other studies.32 Plasmodium infection is contributing to the clinical 
manifestation of weight loss by producing IL 1 from the neutrophil.30 This result 
occurred in the following control group but did not occur in the treatment group. 
Kaempferia galanga containing ethyl-methoxycinnamate suppresses the 
production of IL 1. This result also indicates that K. galanga is good received orally 
and possesses high tolerated dose.33   
 
CONCLUSION 

Kaempferia galanga demonstrates a positive effect on Plasmodium 
infection by suppressing the parasitaemia progression, maintaining body 
composition and normal blood parameters. It is indicated that K. galanga 
are save and good as a prophylactic candidate agent for malaria. 
 
ACKNOWLEDGEMENT 
The acknowledgement was given to Parasitology laboratory, Fakultas Kedokteran 
Universitas Islam Indonesia.  
 
FUNDING INFORMATION 
This study was funded by Unit Penelitian dan Pengabdian Masyarakat Fakultas 
Kedokteran Universitas Islam Indonesia. 
 
DATA AVAILABILITY STATEMENT 
The utilized data to contribute to this investigation are available from the 
corresponding author on reasonable request.  
 
DISCLOSURE STATEMENT 
The views and opinions expressed in this article are those of the authors and do 
not necessarily reflect the official policy or position of any affiliated agency of the 
authors. The data is the result of the author's research and has never been 
published in other journals. 
 
REFERENCE 
1. Tizifa TA, Kabaghe AN, Mccann RS, Berg H Van Den, Vugt M Van, Phiri 

KS. Prevention Efforts for Malaria. Curr Trop Med Reports. 2018;5:41-50. 
doi:https://doi.org/10.1007/s40475-018-0133-y 

2. Akil SNH. The clinical and histopathological aspect of liver, lung, and kidney 
in malaria. Qanun Med. 2019;3:123–135. 

3. White NJ. Anaemia and malaria. Malar J. 2018;17(371):1-17. 

0

10

20

30

40

D-3 D-2 D-1 D0 D1 D2 D3 D4 D5

Control

50 mg/kgbb

100 mg/kgbb

200 mg/kgbb



Novyan Lusiyana                                                                                  Jurnal Teknologi Laboratorium 1 (2022) 11-17 

 
16 

doi:10.1186/s12936-018-2509-9 
4. Sakwe N, Bigoga J, Ngondi J, et al. Relationship between malaria, anaemia, 

nutritional and socio-economic status amongst under-ten children, in the 
North Region of Cameroon : A cross-sectional assessment. PLoS One. 
2019;14(6):1-17. doi:https://doi.org/10.1371/journal.pone.0218442 

5. Tapajós R, Castro D, Melo G, et al. Malaria impact on cognitive function of 
children in a peri-urban community in the Brazilian Amazon. Malar J. 
2019;18(173):1-12. doi:10.1186/s12936-019-2802-2 

6. Suswardany DL, Sibbritt DW, Supardi S, Pardosi JF, Chang S, Adams J. A 
cross-sectional analysis of traditional medicine use for malaria alongside 
free antimalarial drugs treatment amongst adults in high-risk malaria 
endemic provinces of Indonesia. PLoS One. 2017;12(3):1-15. 
doi:HTTPS://DOI.ORG/10.1371/journal.pone.0173522 

7. Shetu HJ, Trisha KT, Sikta SA, et al. Pharmacological importance of 
Kaempferia galanga ( Zingiberaceae ): A mini review. Int. J. Res. Pharm. 
Pharm. Sci. 2018;3:32–39. 

8. Subaryanti, Sulistyaningsih YC, Iswantini D, Triadiati T. The Growth and 
Production of Galanga (Kaempferia galanga L.) in Different Altitudes. J. Ilmu 
Pertan. Indones. 2020;25:167–177. 

9. Jalil M. Pemanfaatan Curcuma longa dan Kaempferia galanga Sebagai 
Bahan Pembuatan Jamu “ Beras Kencur ” Bagi Ibu Pasca Persalinan. 
Semin. Nas. Pendidik. Biol. dan Saintek. 2019;167–173. 

10. Srivastava N, Singh S, Chand A, Shanker K. Aromatic ginger (Kaempferia 
galanga L .) extracts with ameliorative and protective potential as a 
functional food , beyond its fl avor and nutritional bene fi ts. Toxicol Reports. 
2019;6(May):521-528. doi:10.1016/j.toxrep.2019.05.014 

11. Hermawan S, Aman IGM, Nyoman N, Dewi A. Comparison between Oral 
Administration of Kaempferia galanga Rhizome Extract and Simvastatin in 
Improving Lipid Profile of Dyslipidemic Male Wistar Rats. Int. J. Sci. Res. 
2021;10:545–549. 

12. Syahruddin AN, Dahlan CK, Taslim NA. The Effects of Kaempferia Galanga 
L . Extract on Pain , Stiffness and Functional Physic in Patient with Knee 
Osteoarthritis : Double Blind Randomized Clinical Trial. Int. J. Sci. Healthc. 
Res. 2017;2:37–43. 

13. Rahman I, Kabir T, Islam N, et al. Investigation of antioxidant and cytotoxic 
activities of kaempferia galanga L. Res. J. Pharm. Technol. 12, 2189–2194 
(2019). 

14. Ali, H., Yesmin, R., Satter, M. A., Habib, R. & Yeasmin, T. Journal of King 
Saud University – Science Antioxidant and antineoplastic activities of 
methanolic extract of Kaempferia galanga Linn . Rhizome against Ehrlich 
ascites carcinoma cells. J. King Saud Univ. - Sci. 2018;30:386–392. 

15. Huyut Z, Beydemir F, Gülçin E. Antioxidant and Antiradical Properties of 
Selected Flavonoids and Phenolic Compounds. Biochem Res Int. 
2017;2017:1-10. doi:10.1155/2017/7616791 

16. Samodra G, Febrina D. Anti-Inflammatory Effects of Kaempferia galanga L. 
Rhizome Extract in Carrageenan-Induced Female Rats. Adv. Heal. Sci. 
Res. 2020;20:13–17. 

17. Jagadish PC, Latha KP, Mudgal J, Nampurath GK. Extraction, 
characterization and evaluation of Kaempferia galanga L . ( Zingiberaceae 
) rhizome extracts against acute and chronic in fl ammation in rats. J 
Ethnopharmacol. 2016;194(March):434-439. doi:10.1016/j.jep.2016.10.010 

18. Olanlokun JO, David OM, Afolayan AJ. In vitro antiplasmodial activity and 
prophylactic potentials of extract and fractions of Trema orientalis (Linn.) 
stem bark. BMC Complement Altern Med. 2017;17(407):1-11. 
doi:10.1186/s12906-017-1914-x 

19. Otegbade OO, Ojo JA, Adefokun DI, Abiodun OO, Thomas BN, Ojurongbe 



Novyan Lusiyana                                                                                  Jurnal Teknologi Laboratorium 1 (2022) 11-17 

 
17 

O. Ethanol Extract of Blighia sapida Stem Bark Show Remarkable 
Prophylactic Activity in Experimental Plasmodium berghei–Infected Mice. 
Drug Target Insight. 2017;11:1-8. doi:10.1177/1177392817728725 

20. Titanji VPK, Zofou D, Moses N. Ngemenya. The antimalarial potential of 
medicinal plants used for the treatment of malaria in Cameroonian folk 
medicine. African J. Tradit. Complement. Altern. Med. 2008;5:302–321. 

21. Kanaani J, Ginsburg H. Effects of Cinnamic Acid Derivatives on In Vitro 
Growth of Plasmodium falciparum and on the Permeability of the Membrane 
of Malaria-Infected Erythrocytes. Antimicrob. Agents Chemother. 
1992;36:1102–1108. 

22. Sumazian Y, Syahida A, Hakiman M, Maziah M. Antioxidant activities, 
flavonoids, ascorbic acid and phenolic contents of Malaysian vegetables. J 
Med Plants Res. 2010;4(10):881-890. doi:10.5897/JMPR10.011 

23. Da’i M, Setiawan D, Rosita Melannisa. Potency of Radical Scavenging 
Activity and Determination of Total Phenolic Content of Five Ethanolic 
Extract of Rhizome Zingiberaceae Family. Indones J Cancer 
Chemoprevention. 2013;4(1):457-462. 

24. Yao F, Zhu X, Wang Y, He X. Phenolics from the Rhizomes of Kaempferia 
galanga L . and Their Antioxidant Activity. J Complement Altern Med Res. 
2018;5(1):1-6. doi:10.9734/JOCAMR/2018/40630 

25. Bekono BD, Kang FN, Onguéné PA, et al. The potential of anti - malarial 
compounds derived from African medicinal plants : a review of 
pharmacological evaluations from 2013 to 2019. Malar J. 2020:1-35. 
doi:10.1186/s12936-020-03231-7 

26. Fitriastuti D, Julianto TS, Wahyu A, Iman N. Identification and Heme 
Polymerization Inhibition Activity ( HPIA ) Assay of Ethanolic Extract and 
Fraction of Temu Mangga ( Curcuma mangga Val). Rhizome. Eksakta. 
2020;1(1):64-72. doi:10.20885/EKSAKTA.vol1.iss1.art 

27. Kanjanapothi D, Pathong A, Lertprasertsuke N, et al. Toxicity of crude 
rhizome extract of Kaempferia galanga L. (Proh Hom). J Ethnopharmacol. 
2004;90(2-3):359-365. doi:10.1016/j.jep.2003.10.020 

28. Jagadish PC, Latha KP, Mudgal J, Nampurath GK. Extraction, 
characterization and evaluation of Kaempferia galanga L. (Zingiberaceae) 
rhizome extracts against acute and chronic inflammation in rats. J 
Ethnopharmacol. 2016;December 2:434-439. 
doi:https:doi.org/10.1016/j.jep.2016.10.010 

29. Umar MI, Asmawi MZ, Sadikun A, et al. Bioactivity-Guided Isolation of Ethyl-
p-methoxycinnamate, an Anti-inflammatory Constituent, from Kaempferia 
galanga L. Extracts. Molecules. 2012;17:8720-8734. 
doi:10.3390/molecules17078720 

30. Menezes MN De, Machado É, Vieira F, et al. IL-1 α promotes liver 
inflammation and necrosis during blood-stage Plasmodium chabaudi 
malaria. Nature. 2019;9(7575):1-12. doi:10.1038/s41598-019-44125-2 

31. Ali H, Yesmin R, Satter MA, Habib R, Yeasmin T. Science Antioxidant and 
antineoplastic activities of methanolic extract of Kaempferia galanga Linn. 
Rhizome against Ehrlich ascites carcinoma cells. J King Saud Univ Sci. 
2018;30(3):386-392. doi:10.1016/j.jksus.2017.05.009 

32. Chaniad P, Techarang T, Phuwajaroanpong A, Punsawad C. Antimalarial 
Activity and Toxicological Assessment of Betula alnoides Extract against 
Plasmodium berghei Infections in Mice. Evidence-Based Complement 
Altern Med. 2019;November:1-8. 

33. Amuamuta A, Plengsuriyakarn T, Na-bangchang K. 
Anticholangiocarcinoma activity and toxicity of the Kaempferia galanga Linn 
. Rhizome ethanolic extract. BMC Complement Altern Med. 2017;17(213):1-
11. doi:10.1186/s12906-017-1713-4 

 



__________________ 
Corresponding author. 
E-mail address: nacialayunt@hotmail.com (Naci Omer Alayunt) 
DOI: 10.29238/teknolabjournal.v11i1.337   
Received 22 March 2022; Received in revised form 01 April 2022; Accepted 28 May 2022  
© 2021 The Authors. Published by Poltekkes Kemenkes Yogyakarta, Indonesia. 
This is an open-access article under the CC BY-SA license. 

JTL 11 (1) JUNE 2022 
Page: 18-24 

 

Contents list available at Jurnal Teknologi Laboratorium 
 

JURNAL TEKNOLOGI LABORATORIUM 
 

Journal Homepage: www.teknolabjournal.com  
ISSN 2580-0191(Online) I ISSN 2338 – 5634(Print)  

 

 

 
Short Communication 
 
D18S51 A brief history of RT-PCR and our laboratory 
experience with SARS-CoV-2 analyses using RT-PCR 
 

Naci Omer Alayunt  
Department of Medical Biochemistry, Faculty of Medicine, Siirt University, Siirt, Turkey 
                         
Abstract: Polymerase Chain Reaction (PCR) is in vitro replication that allows 
accelerated amplification of certain sequences in small DNA fragments. A sensitive 
technique, only traces of DNA are needed for PCR to produce enough copies to be 
analyzed. In molecular diagnostic laboratories, rRT-PCR technique is applied to find 
target RNAs for the diagnosis of specific pathogens. Although the rRT-PCR method, 
which has high specificity and moderate sensitivity, is accepted by WHO as the gold 
standard test for the confirmation of COVID-19, there are many negative comments about 
this method that should be considered. While diagnosing SARS-CoV-2, it is possible to 
say that real-time PCR (RT-PCR) analysis is still valid but not sufficient to quickly 
distinguish similar infections. For this reason, there is a need for new analysis methods 
and new RT-PCR studies to be performed with newly developed unique rapid tests. 
 
Keywords: Analytical error; COVID-19 virus; General protocol; Test kit; rRT-PCR. 
 
INTRODUCTION 

While studies on Deoxyribo Nucleic Acid (DNA) continue, PCR was 
first discovered by Kary Mullis in 1985. This technique, with its high 
sensitivity and specificity, has led to the evolution of diagnostic and 
research possibilities and has been awarded the Nobel Prize.1 PCR is in 
vitro replication that allows accelerated amplification of specific sequences 
in small DNA fragments .2 PCR; It has been applied in various fields such 
as biotechnology, cell biology, genetic engineering, forensic science, 
medical science, drug research. Methods for the efficient performance of 
PCR have been precisely optimized and have improved considerably over 
the past three decades.3 High sensitivity and specificity of PCR; It allows 
the detection of rare microorganisms in diagnostic clinical applications, 
especially in body fluid infections. It is also a method that detects 
organisms in a sample faster, cheaper and more accurately compared to 
culturing. In recent years, it has been observed that multiple (multiplex) 
PCR technique, which identifies and distinguishes more bacteria than 
traditional urine culture, and enables direct urine analysis, has been 
applied in patients with urinary tract infection symptoms.4 A sensitive 
technique, PCR only needs traces of DNA or RNA to produce enough 
copies to be analyzed. PCR can be performed after obtaining DNA from 
various tissues and organisms, including peripheral blood, skin, hair, 
saliva, and microbes.5 
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PCR Steps 
 In PCR; template DNA, four deoxyribonucleotides (dNTPs: dATP, 
dTTP, dGTP and dCTP), two primers or oligonucleotides, DNA 
polymerase enzyme, buffer solution and magnesium (Mg +2) incorporated 
into nucleotides to be recognized by the polymerase enzyme, responsible 
for making the new strand from the template DNA; The template is 
subjected to a series of thermal cycles to reproduce millions of copies of 
DNA.6 This cycle is basically the process that includes three steps: 1. 
Denaturation of the double-stranded DNA template, 2. Binding of target-
specific primers, 3. Extension of bound primers by DNA polymerase.4 The 
method is performed at a temperature between 94°C-96°C for 1 minute to 
10 minutes, depending on the template DNA and polymerase type. This is 
followed by the denaturation step, typically carried out at a temperature 
between 93°C-98°C. Hydrogen bonds in double-stranded DNA (dsDNA) 
are broken, resulting in two single-stranded DNA (ssDNA) molecules from 
each dsDNA (denaturation step). In the binding step, the temperature is 
then lowered to the primer-specific binding temperature in the range of 
55°C to 65°C, so that the primers bind to complementary sequences of 
single-stranded DNA molecules. The PCR mix is then heated to a 
temperature between 72°C-80°C, depending on the polymerase used. 
During the elongation step, the incomplete DNA sequence is extended by 
polymerase in the presence of free dNTPs that synthesize new double-
stranded DNA, which is a copy of the original DNA template.3 
PCR Optimization 
 Problems such as the presence of inhibitory substances in the 
samples, the risk of environmental contamination, incorrect use of the 
amount of components used, and the inability to adjust the temperature 
parameters are always the problems that can be encountered during PCR. 
In addition, the design of oligonucleotide primers is only possible with 
known strains of microorganisms and known sequences of these strains. 
Another factor that can cause problems in the functions of PCR is 
unexpected mutations in microbial genomes. One of the most important 
problems that may be encountered in routine PCR applications in 
diagnostic laboratories is false positives due to contaminations. This 
problem shows that the laboratories where PCR will be performed must be 
strictly controlled. Apart from the problems that we may encounter during 
the routine control and evaluation of PCR, there are standards and rules 
that should be known for the optimization of the reagents and materials to 
be used. Briefly, the procedures to be followed are the standards and 
parameters used in optimizing the amount of reagents used and the 
quality of the materials; DNA Extraction, Mg +2 Concentration, primers, 
dNTPs, temperature parameters used in the PCR reaction, PCR machines 
and tubes in which the PCR reaction is carried out. 
Real-Time PCR 
 Real-time PCR is a highly preferred method today.7 RT-PCR allows 
the target to be quantified relative to a calibrator and therefore the method 
is quantitative (qPCR).8 qPCR represents an enhanced version of 
standard PCR. With this technique, products are continuously monitored 
throughout their reaction cycle using fluorescent dyes. starting amount of 
DNA sequence; It can be generated by comparing the fluorescence output 
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curve of the qPCR with the standard curve produced with known different 
starting numbers of DNA copies. The threshold cycle (Ct) is defined as the 
number of cycles required for the fluorescent signal to cross the threshold 
and be detected. Ct levels are inversely proportional to the amount of 
target nucleic acid in the sample.6 The sample output of real-time PCR is 
fast, and it is more sensitive and specific than conventional methods.7 
qPCR is widely applied in clinical settings and remains the gold standard 
for nucleic acid measurement.8 Today, due to its high sensitivity level, 
qPCR technique is frequently used to detect malignant cells in different 
types of hematological malignancies.6 
RT-PCR and SARS-CoV-2 
 PCR is accepted as a highly sensitive laboratory technique that can 
provide qualitative and quantitative results, and its reliability has been 
proven in the fields of medicine and biology (Figure 1). In molecular 
diagnostic laboratories, rRT-PCR technique is applied to find target RNAs 
in the diagnosis of specific pathogens.9 To diagnose SARS-CoV-2, 
although CT scan and other biochemical findings seem helpful in the 
diagnosis of COVID-19, as revealed in previous studies, they may have 
similarities with some infections with similar symptoms.10,11 The gold 
standard method that can distinguish SARS-CoV-2 from other beta-
coronaviruses such as SARS and MERS for molecular diagnosis using 
specific primers and probes is the rRT-PCR method.12 
 

 
Figure 1. Working procedure of RT-PCR 

 
Even though the rRT-PCR method, which has high specificity but 

moderate sensitivity, is accepted as the gold standard test for the 
confirmation of COVID-19 by WHO, there are many negative comments 
that should be considered on this method (Figure 1).13 Considering the 
pre-analytical errors; Test results may be affected in the steps until the 
samples are taken and finalized in the laboratory.14,15 Factors during 
analytical testing such as nucleic acid extraction, cDNA synthesis and 
PCR processing, and finally analytical errors such as interpretation and 
analysis of results and assay have also been reported.13,15,16 In general, 
rRT-PCR troubleshooting pre-analysis, pre-analysis, and post-analysis 
phases, and by following the guidelines, it is possible to effectively 
increase the accuracy and precision of the results obtained. 
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RESULTS AND DISCUSSION  

Based on the detection of SARS-CoV-2 virus RNA isolated from 
upper respiratory secretions, RNA copies per throat swab sample, virus 
RNA concentrations were readily isolated from throat or lung-derived 
samples.17 Consistent diagnosis of COVID-19 is supported by viral tropism 
and high active replication rate in the pharyngeal region, but RNA isolation 
from blood, urine and stool samples is not preferred.17 Diagnosis of SARS-
CoV-2 infection is currently based on real-time reverse transcriptase-
polymerase chain reaction (RT-PCR) performed on nasopharyngeal 
swabs (NPS) or oropharyngeal swabs (OPS).18 Even though the 
diagnostic rates are not optimal with sample collection from the upper 
respiratory tract, it still represents the primary diagnostic method of 
COVID-19 patients with its NPS/OPS ratio.13 Some studies mention that 
RT-PCR results for COVID-19 infection are false-negative and will be a 
non-negligible error, especially for symptomatic individuals suspected of 
being infected with COVID-19.19,20 The use of CT to diagnose COVID-19 
is known to be of great value in evaluating the course of the disease and 
treatment protocols. China uses CT instead of other research tools in the 
diagnosis of COVID-19, and the ability of CT to diagnose patients at an 
early stage may also be due to concerns about the specificity of other 
tests and the lack of virus test kits.21 However, due to the low specificity of 
CT in distinguishing COVID-19 from other similar diseases, the American 
College of Radiology (ACR) opposes the use of CT for the diagnosis of 
COVID-19 disease in the first place.22 In addition, the Royal College of 
Radiologists (RCR) state that CT has a very important role in the 
evaluation of patients with worsening clinical picture and severe 
respiratory distress, but that CT should not be used in the evaluation of 
coronavirus infection.23 Ventilation, airflow and cleaning of scanner rooms, 
and other hygiene-related challenges in radiology areas are another 
reason not to view CT as the sole diagnostic tool for COVID-19 patients. 
Despite all this, it is noteworthy that RT-PCR has a low sensitivity (60-
71%) compared to CT in the diagnosis of COVID-19 infection.20,24,25 
Studies supporting the high sensitivity of CT images (98%) compared to 
RT-PCR tests (71%) are frequently encountered.25 

It has been reported that 3% of the patients from 167 people from 
whom nasopharyngeal and/or throat swabs were taken initially showed 
negative RT-PCR, but they were positively compatible with COVID-19 in 
simultaneous chest CT scans.20 Multiple peripheral ground-glass opacities 
(GGO) can be observed in lingual segments known to be negative for RT-
PCR laboratory test with a chest CT scan.19 Such false negative results 
can be explained by the low viral load and/or laboratory errors in the 
samples.20,25 The inadequacy of test kits may lead to the victimization of 
the patient and failure to detect similar errors again.24 Therefore, more 
work falls on radiologists to diagnose COVID-19 (22). Wu et al. (2020) 
mentioned the role of chest CT scans in assessing the severity of COVID-
19 infection, citing the fact that most patients had mild symptoms and a 
high fever, but the severity of lung findings on chest CT scans.26 

The studies may suggest that RT-PCR testing alone is not sufficient 
to prove the diagnosis of COVID-19. Therefore, early chest CT scans may 
still be necessary, along with other research tools such as RT-PCR 
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testing. Considering the psychological status of COVID-19 patients and 
healthcare workers during diagnosis and treatment, it is clear that large-
scale new studies are needed on the reliability of RT-PCR results.27 
 
CONCLUSION 

Although PCR-based methods, which are renewed with 
continuously developed tools, materials and ready-made kits, were initially 
developed for diagnostic purposes, they are currently used in many 
disciplines and fields. PCR-based methods, which require specialized 
molecular workers to be optimized, cause difficulties in laboratories until 
the optimization stages and can cause time and material loss. Even with 
repeated studies using information from optimized literature, the brand of 
materials and tools, their conditions of use, their misuse, and repeated 
reactions with inexperienced personnel may not yield the same results. 

Even with the same instruments and brands, different results are 
obtained between different laboratories with experienced personnel. Even 
with all this in mind, the PCR technique continues to be an increasingly 
important and practical technique in diagnostic microbiology and other 
fields, despite its disadvantages and difficulties. This technique will 
continue to develop with increasing momentum in the coming years, with 
the PCR methods being renewed every day. In the current literature on 
COVID-19, although chest CT scans show high sensitivity in diagnosing 
COVID-19 compared to RT-PCR tests, chest CT scans alone are not 
sufficient to detect COVID-19. 

The sensitivities of the RT-PCR tests in use are not sufficient to 
diagnose and guide the treatment of COVID-19. Judging from these 
research results, it is clear evidence that RT-PCR analysis is still not 
sufficient for the diagnosis of COVID-19 and that imaging methods and 
serum antibody tests should also be used. Considering the time, place and 
financial appropriations for the diagnosis of COVID-19; There is a need for 
RT-PCR studies to be conducted with newly developed unique tests. 
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Optimization of DCR1 and DCR2 epigenetic annealing 
temperatures for breast cancer biomarker using in-silico 
and in-vitro study  
  
 

Aprilia Indra Kartika  

Department of Medical Laboratory Technology Universitas Muhammadiyah  Semarang, 
Indonesia 
                         
Abstract: The epigenetics of methylated and unmethylated DCR1 and DCR2 (decoy 
receptors 1 and 2) are genes encoding membrane receptors that can bind to TRAIL causing 
TRAIL inhibition in the apoptotic pathway. Epigenetic detection of DCR1 and DCR2 was 
developed as a biomarker of breast cancer. One of the detection methods is using PCR. 
The most important step in the PCR process is the determination of the annealing 
temperature. This research performs Tm analysis using the insilico program from Neb, 
insilico, Thermofisher, and Promega and in vitro optimization. Methylated DCR1 can be 
amplified at annealing temperatures of 51.4°C, 52.4°C, 53.6°C, 54.7°C measuring about 
600bp according to Tm analysis of insilico and promega. DCR1 could also be amplified at 
annealing temperatures of 50,1, 49, and 48.8 but the primers were also amplified at non-
specific sites. Methylated DCR2 could be amplified at annealing temperatures of 48.8°C, 
49°C and 50.1°C and a specific size of about 500 bp according to the Tm analysis of 
promega. Unmethylated DCR1 and DCR2 genes could not be amplified at the annealing 
temperature which were analyzed using Neb, insilico, promega, and thermofisher. 
 

Keywords: Melting temperature; Annealing temperature; PCR. 
 
INTRODUCTION 

 Breast cancer is the leading cause of woman death in America about 13%. 
The incidence of breast cancer in Indonesia ranks first, and the second highest 
cause of death after lung cancer 1. Breast cancer develops from an early stage in 
the form of benign cancer that can divide continuously (hyperplasia and low grade 
dysplasia), pre-cancer (high grade dysplasia and carcinoma in situ), and cancer 
(invasive, and metastatic carcinoma). The incidence of breast cancer can be 
influenced by genetic and epigenetic factors. Epigenetic factors that can cause 
tumor development are DNA methylation and histone acetylation. DNA methylation 
aberrations are responsible for the silencing of tumor suppressor genes, leading 
to tumor development and cancer progression. 

Research that has been carried out regarding DNA methylation 
modification in cancer cells occurs in the cytosine residue region at the CpG 
dinucleotide location on the gene promoter or the first exon where CpG islands are 
formed 2. Changes in DNA methylation in the promoter gene cause the formation 
of suppressed chromatin structures so that it inhibits transcription factors from 
being able to bind to the active site, thereby causing uncontrolled DNA functions 
involved in tumor development, such as tumor suppressors and DNA repair, cell 
cycle regulators, and transcription factors 3. One of the genes that control the 
process of apoptosis is DCR1 and DCR2. DNA methylation on the promoter site 
of DCR 1 and 2 genes causes inhibition of cell cytotoxic processes. DCR1 and 2 
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are tumor necrosis factor receptor superfamily member 10C. DCR1 and DCR2 are 
receptors for TRAIL ligands that play a role in cytotoxic processes. DCR1 is able 
to prevent apoptosis by binding to TRAIL4–6. 

One of the detections is to determine the presence of DCR1 and DCR2 
gene methylation by the PCR method. PCR is a method to amplify or duplicate 
specific genes in a short time 7,8. The PCR process produces specific data when 
using the right steps. One of the PCR steps that plays an important role in 
determining gene specificity is annealing 9–12. Annealing is the stage of attaching 
the primers to the target gene. Annealing requires the right temperature by 
calculating the melting temperature (Tm). Melting temperature is highly dependent 
on the composition of adenine, guanine, cytosine, and thymine. The more guanine 
and cytosine content in the primers will determine the higher temperature, so the 
annealing temperature of each primer will be different 13. Before carrying out the 
PCR process, the steps carried out were optimizing the annealing temperature 
11,12. The annealing temperature was determined manually or using the insilico 
program. The annealing temperature optimization process is an important step 
before PCR because the conditions of the samples, reagents, and tools to be used 
are different for each researcher 14. 

Insilico analysis simplifies trial and error annealing steps without clear 
references. Insilico analysis is the calculation of Tm using bioinformatics. There 
are several factors used to consider the annealing temperature calculation, namely 
the type of DNA polymerase, G and C content, and primers concentration. Insilico 
temperature melting analysis has many options including Neb, Thermofisher, 
Promega. Choosing the right insilico program is very important, especially if 
researchers don't have a thermocycler engine with a temperature gradient. This 
study aims to confirm the results of insilico annealing temperature analysis of 
several programs with in vitro PCR of methylated and unmethylated DCR1 and 
DCR2. 
 
MATERIAL AND METHOD 

The experimental study design used serum samples from breast cancer 
patients. The variables studied were the primers annealing temperature of 
methylated and unmethylated DCR1 and DCR2. Annealing temperature search 
analysis using the Insilico program. Promega Wizard®SV Genomic DNA 
Purification System kit, GoTaq® Green Master Mix 2x M7128(Promega), Primers 
methylated and unmethylated DCR1 and DCR2, DNA template, Nuclease free 
water, Agarose (GeneDireX), Nucleic Acid Gel Stain (Smobio NS 1000 
FlouroVueTM), 5x DNA Loading Dye Smobio DL4000 Excel DyeTM, marker 1 kb 
vivantis. 

Nanodrop MaestroGen, PCRmax 10570-1 version 2.41 thermocycler 
machine, UV transilluminator (MS Major Science), Mupid electrophoresis machine. 
DNA isolation using the promega Wizard®SV Genomic DNA Purification System 
kit. The isolated DNA was then calculated for concentration and purity using the 
MaestroGen nanodrop machine. 

Insilico analysis of primary annealing temperature using 
https://tmcalculator.neb.com/, http://insilico.ehu.es/tm, 
https://worldwide.promega.com, https://www.thermofisher.com. The type of 
material used for the gene amplification process is a consideration for the 
annealing temperature data to be obtained. DNA polymerase using GoTaq® Green 
Master Mix 2x, M7128 Promega. Primers concentration was 100 pmol and 
template DNA was 3 ng/µl. 

Specific gene amplification using the PCRmax 10570-1 version 2.41 
thermocycler machine. 3 µl of 1 ng/µl template DNA was pipetted and put into a 
PCR microtube. Primers DCR 1 unmethylated F5'-
GAATTTTTTTATGTGTATGAATTTAGTTAAT-3' and R5'-
CCATCAAACAACCAAAACA-3' were added 2µl each reaction. GoTaq® Green 
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Master Mix 2x M7128 (Promega) added 12.5µl. Nuclease free water was added as 
much as 5.5µl. The reaction was homogenized using a vortex and spindown. The 
total volume of the reaction was 25µl. The PCR steps include predenaturation at 
95°C for 15 minutes, denaturation at 95°C for 30 seconds, annealing at 48.8°C, 
49°C, 50.1°C, 51.4°C, 52.4°C, 53.6°C, 54.7°C, 55.9°C, 57°C, 58.2°C, 59.1°C, 
59.3°C for 1 minute, elongation temperature 72°C for 1 minute, extra extension at 
72°C for 10 minutes, and cooling down at 4°C for 10 minutes. The same steps and 
PCR components were used to amplify the DCR1 methylated F5'-
TTACGCGTACGAATTTAGTTAAC-3' and R5'-ATCAACGACCGACCGAAACG-3' 
genes, unmethylated DCR2 genes F5'-TTGGGGATAAAGTGTTTTGATT-3' and 
R5'-AAACCAACAACAAAACCA-3', and methylated DCR2 genes F5'-
GGGATAAAGCGTTTCGATC-3' and R5'-CGACAACAAAACCGCG-3' (Tserga, 
2011). Two (2)g of agarose (GeneDireX) was weighed, then the agarose was 
dissolved with 100 ml of TAE 1X. The solution is heated in a microwave until all 
the agarose powder is dissolved and the liquid is clear. Nucleic Acid Gel Stain 
(Smobio NS 1000 FlouroVueTM) as much as 4 µl was added to the agarose 
solution. The warm agarose solution is poured into the mold and the comb is 
installed. The hardened agarose gel is used for the electrophoresis process. 2 µl 
of loading dye (5x DNA Loading Dye Smobio DL4000 Excel DyeTM) was mixed 
with 8 µl of PCR product, then resuspended and put into agarose wells. 1 kb marker 
was used to determine the size of the PCR product. The sample running process 
was carried out using a voltage of 50V for 1 hour. The visualization process uses 
a UV transilluminator (MS Major Science). 

The gene bands of DCR1 methylated at about 600 bp and DCR2 
methylated at about 550 bp appeared at certain annealing temperatures and 
matched the suggested insilico data 

 
RESULTS AND DISCUSSION  

Insilico analysis using the programs https://tmcalculator.neb.com/, 
http://insilico.ehu.es/tm,https://worldwide.promega.com,https://www.thermofisher.
com produces annealing temperatures that different (Table 1.). The Neb program 
produces one annealing temperature for a pair of primers. The information 
obtained from the NEB program is the annealing temperature, the number of 
nucleotides from a pair of primers, and the G+C content. The data entered in the 
Neb program are the type of polymerase kit, forward and reverse primers 
nucleotide sequences and the concentration of primers. 

The insilico program from http://insilico.ehu.es/tm produces different 
annealing temperatures between the forward and reverse primers, so the 
annealing temperature of both primers must be confirmed simultaneously (Table 
1). The information obtained was primers nucleotide length, G+C content, 
molecular weight, and annealing temperature. The data that is processed in the 
http://insilico.ehu.es/tm program is the primers nucleotide sequence, and the 
determination uses basic Tm or base-stacking Tm. In the base-stacking Tm data 
can be entered primary concentration, salt concentration, and concentration of 
Mg2+. 

The insilico program from https://worldwide.promega.com resulted in 
different Tm calculations between the forward and reverse primers (Table 1). The 
data needed in the Promega program are the primers nucleotide sequence, the 
concentration of the primers, and the type of buffer and polymerase used. 

The insilico program from https://www.thermofisher.com generated Tm 
calculations for both primers (Table 1). In addition, the information provided is the 
annealing temperature of each primers, molecular weight, extinction coefficient, 
and annealing temperature. 
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Table 1. Annealing temperature based on insilico and in vitro analysis 
Gen Neb Insilico Promega Thermo Invitro 

DCR1 
unmet 31 °C F-49.8 °C F-53 °C 51,7 °C  

R-41.2 °C R-47 °C 

 
DCR1 met 39 °C 

F-49.9 °C F-52 °C 

55,7 °C 

52.4 °C 
53.6 °C 
54.7 °C 
51.4 °C 
50.1 °C 

R-53.8 °C R-57 °C 
49 °C 

48.8 °C 

DCR2 
unmet 38 °C F-47.4 °C F-51 °C 53,7 °C  R-45.6 °C R-50 °C 

DCR2 met 37 °C 
F-48.9 °C F-50 °C 

53,8 °C 
48.8 °C 

R-45.9 °C R-49 °C 49 °C 
50.1 °C 

Based on the annealing temperature of several insilico programs, in vitro 
tests have been carried out using the PCR method. The annealing temperature 
range used is 50°C to 60°C with 12 different temperature gradients. The genes 
that were successfully amplified were methylated DCR1 and DCR2 (Table 1). 
3.2 Invitro test optimization annealing temperature insilico program 

The methylated DCR1 PCR product of about 600 bp was successfully 
amplified at an annealing temperature of 52.4°C (Figure 1). Thin amplified DNA 
bands indicate low amplicon. Low amplicon can be affected due to the low 
concentration of template DNA. The thick DNA band indicates a high concentration 
of template DNA 13,15. The annealing temperature of DCR 1 methylated in vitro is 
almost the same as the insilico program from http://insilico.ehu.es/tm. 
 

 
Figure 1. Optimization of the annealing temperature of the methylated DCR 2 gene (1) 
50.1°C; (2) 49°C; (3) 48.8°C, LRP1 gene (5) 59.1°C ; (6) 58.2°C ; (7) 57°C ; (8) 55.9°C , 
unmethylated DCR2 gene (9) 57°C ; (10) 55.9°C , methylated DCR1 gene (11) 54.7°C ; 
(12) 53.6°C ; (13) 52.4°C, (M) marker 
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Figure 2. Optimization of annealing temperature of unmethylated DCR 2 gene (1) 53.6°C; 
(2) 52.4°C; (3) 51.4°C ; (5) 50.1°C ; (6) 49°C ; (7) 48.8°C ; methylated DCR 1 gene (8) 
59.3°C ; (9) 59.1 °C ; (10) 58.2°C ; (11) 57 °C ; (12) 55.9°C ; (13) 54.7°C ; (14) 53.6°C ; 
(15) 52.4 °C , methylated DCR2 gene (16) 51.4 °C, (M) marker 

 
Methylated DCR1 was also successfully amplified at annealing 

temperatures of 54.7°C, 53.6°C, 52.4°C (Figure 2). The methylated DCR1 gene 
produced the most amplicons at 52.4°C (Figure 2). The difference in the intensity 
and thickness of the thin or faint bands was due to the total DNA concentration 
being too small. However, if the DNA concentration is too high, dilution is also 
required 7. The methylated DCR1 gene has almost the same annealing 
temperature as the insilico program http://insilico.ehu.es/tm. 

 

 
Figure 3. Optimization of the annealing temperature of the methylated DCR 2 gene 

(1) 53.6 °C; (2) 52.4 °C, methylated DCR 1 gene (3) 51.4 °C; (4) 50.1°C; (5) 49°C; (6) 
48.8°C, unmethylated DCR 2 gene (7) 59.1°C; (8) 58.2°C ; (9) 57°C ; (10) 55.9°C ; (11) 
54.7°C ; (12) 53.6°C ; (13) 52.4°C , (M) marker 

 
The methylated DCR1 gene was amplified at 51.4°C, 50.1°C, 49°C, 

48.8°C. The amplification temperature is too low, causing the PCR product to be 
non-specific. This is indicated by the appearance of two bands around 600 bp and 
200 bp (Figure 3). The basis of the success of the PCR process lies in the suitability 
of the primers and the efficiency and optimization of the PCR process. The 
annealing stage requires a very specific and optimum temperature. Annealing 
temperature that is not specific can cause misspriming, namely primers amplify 
areas that are not the target or even do not amplify the target DNA 12. Tm that is 
too high causes the release of the primer that has been attached to the DNA 
template so that the PCR product will not be formed, on the contrary if the tm is too 
low, the primer will stick to the non-specific side14,16,17. 
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Figure 4. Optimization of annealing temperature of methylated DCR 2 gene (1) 48.8 °C ;(2) 
59.3 °C ;(3)59.1 °C ; (4) 58.2 °C ;(5) 57 °C ;(6)55.9 °C ;(7) 54.7 °C, (M) marker 
 

The methylated DCR2 gene was amplified at 48.8°C, 49°C, 50.1°C 
(Figures 4 and 5). The DNA band is about 500 bp in size and is single indicating a 
specific PCR product. The DNA band of the DCR2 gene is thin showing the slightly 
formed amplicons. The annealing temperature of the DCR2 gene in vitro is almost 
the same as the insilico annealing temperature of https://worldwide.promega.com. 
 

 
Figure 5. Optimization of the annealing temperature of the methylated DCR 2 gene (1) 50.1 
°C ;(2) 49 °C (M) marker 
 

The unmethylated DCR1 and DCR2 genes were not amplified in the 
annealing temperature range of 50-60 °C according to Tm analysis of various 
insilico programs. The basis of the success of the PCR process based on in the 
suitability of the temperature and time at each stage of the PCR, especially 
annealing. the annealing stage requires a very specific and optimum 
temperature18. The non-specific annealing temperature can cause the target DNA 
not to be amplified19,20. 
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CONCLUSION 
The methylated DCR1 gene had an annealing temperature of 51.4°C, 

52.4°C, 53.6°C, 54.7°C almost the same as the Tm analysis from 
http://insilico.ehu.es/tm. The methylated DCR2 gene had an annealing 
temperature of 48.8°C, 49°C and 50.1°C almost the same as the Tm analysis 
program https://worldwide.promega.com. The unmethylated DCR1 and DCR2 
genes could not be amplified at Tm as suggested by the insilico program.  
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Abstract: The search for potential oral drugs either through synthetic routes or by drug 
repurposing for combating the dreaded covid-19 virus is still ongoing. The coronavirus 
spike glycoprotein and several other non-structural proteins play crucial roles in the 
replication and transmission of this virus. Recent research have identified ivermectin, 
nafamostat, and camostat as promising drug inhibitors of SARS-CoV-2 target proteins. The 
broad-spectrum inhibitory action of ivermectin, nafamostat, and camostat on the spike 
glycoprotein and some non-structural proteins of this virus was studied in silico. The spike 
glycoprotein, nsp3, nsp5, nsp9, nsp10, nsp13, and nsp16 were selected for this study and 
were downloaded from the protein data bank. Flexible docking procedure implemented in 
Auto Dock Vina module was deployed for the docking procedure of the drugs with the 
protein receptors. Although ivermectin had the best inhibitory action on the viral spike 
protein and nsp10, nafamostat was identified as the compound with the best broad-
spectrum activity on this virus, having the highest binding affinity values of – 9.4kcal/mol, 
– 7.9 Kcal/mol, – 6.1 Kcal/mol, – 8.0 Kcal/mol, and – 8.7 Kcal/mol for nsp3, nsp5, nsp9, 
nsp13, and nsp16 respectively. This drug, in combination with ivermectin could therefore 
be explored further as potential compounds that could be modified to curb the menace of 
the covid-19 pandemic.  
 
Keywords: Camostat; Ivermectin; Nafamostat; Nonstructural protein; Spike protein; Virtual 
screening. 
 
INTRODUCTION 

 Nearly a century after the Spanish flu, the coronavirus disease 2019 
(COVID-19) is a pandemic currently being faced by the global community1. The 
current pandemic is because of a novel beta Covid, SARS-CoV-2, systematically 
having a place with the coronaviridae family, known to cause respiratory diseases 
in people2. SARS-CoV-2 is a wrapped, single-stranded positive-sense RNA 
infection. The viral RNA genome contains 29,903 nucleotide bases and has ten 
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open reading frames (ORF). The ORF1ab encodes for the enormous replicase 
polyprotein PP1ab, which is separated by papain-like protease (PLpro) and 3-
chymotrypsin-like protease (3CLpro) to generate nonstructural proteins (nsps) 1–
16, required for the replication of the virus. The primary proteins S, N, E, M, and 
supplementary proteins are encoded by ORF2-10 2. The S protein, anchored on 
the virus envelope, serves to attach coronavirus receptors and internalization3. 
This protein plays a crucial role in receptor recognition as well as the cell 
membrane fusion process. As soon as the virus interacts with the host cell, an 
extensive structural reorganization of the S protein occurs. This activity allows the 
virus to fuse with the host cell membrane. Polysaccharide molecules coat the 
spikes to camouflage them, thereby dodging surveillance of the host immune 
system during entrance 4. 

Several non-structural proteins contribute to the replication and 
transcription of coronaviruses. Nsp3 is a multi-domain protein produced by 
coronaviruses. It is the largest of the non-structural proteins. It plays many roles in 
the viral life cycle, acting as a framework of protein that interacts with itself and 
binds to other viral nsps or host proteins 5 .Generally, nsp3 is crucial in 
coronaviruses for the formation of replication transcription complexes (RTC) 
assembly on the host cell membrane, where replication and transcription of the 
viral genome take occur 6. Nsp5, often referred to as 3C-like protease, plays a 
crucial role in synthesizing viral proteins and generates many nonstructural viral 
proteins through its protease activity. Nsp5 plays a vital role in the coronavirus life 
cycle, making it a desirable target for producing antiviral drugs 7,8.  Nsp9 is an 
essential non-structural protein that links coronavirus replication to RNA. Several 
ways of nsp9 dimerization improve their binding affinity to nucleic acid9. Nsp10 is 
also a significant replication regulator with 148 amino acids and two zinc finger 
domains for enzymatic interactions. It could interact with nsp14 and nsp16 10,11. 
Nsp13 is one of the most conserved ancestral proteins in nido-viruses, making it 
an essential drug discovery target 12. This protein can unwind double-stranded 
DNA and RNA through hydrolysis of deoxyribonucleotide triphosphates (dNTPs) 
and ribonucleotide triphosphates. This activity can be facilitated by nsp12 13. All 
the non-structural proteins, nsp16 is crucial in the viral replication cycle because it 
is important for coronavirus immune evasion 14. Nsp16 being a 2'-O-
methyltransferase, forms part of the replication transcription complex 15. This 
protein particularly promotes the transfer of a methyl group from its S-
adenosylmethionine cofactor to the 2-hydroxyl of ribose sugar of viral Mrna 16. This 
activity improves translation efficiency and camouflages the mRNA so that 
intracellular pathogen recognition receptors do not recognize it. Essentially, the 
inhibition or knocking out of 2'-O-mTase activity severely reduces viral replication 
and infectivity of coronaviruses 17. Therefore, developing inhibitors of nsp16 is a 
potential therapeutic approach. 

Numerous studies related to identifying effective therapeutics for SARS-
CoV-2 have been reported 18-20. In our previous study 21, using in silico techniques, 
we evaluated the efficiency of eleven drugs, including chloroquine, 
hydroxychloroquine, lopinavir, ritonavir, nafamostat, camostat, famotidine, 
umifenovir, nitazoxanide, ivermectin, and fluvoxamine, in blocking the interactions 
between human ACE2 and coronavirus spike glycoprotein. Lopinavir, ritonavir, and 
nafamostat showed good binding affinity on ACE2, while ivermectin, nafamostat, 
and camostat had the best binding affinity on the coronavirus spike glycoprotein. 
In this study, the binding affinities of ivermectin, nafamostat, and camostaton the 
spike and some non-structural proteins of theSARS-CoV-2 were investigated in 
silico to identify the compound with the largest broad-spectrum inhibitory activity 
on this virus.  
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MATERIAL AND METHOD 
Protein selection and preparation 

Three dimensional (3D) X-ray crystallographic structure of SARS-CoV-2 
spike protein, non-structural proteins 3, 5, 9, 10, 13, and 16 weresourced from the 
protein data bank (PDB) through protein-plus webserver of Hamburg University, 
Germany. These selected proteins were then prepared for in silico docking and 
minimization implemented via the appropriate tools in Cresset Flare© software, 
version 4.0 (https://www.cresset-group.com/flare/). The minimization was 
implemented by choosing the General Amber Force Field (GAFF) option, with a 
gradient cutoff of 0.200 Kcal/mol/A, and iteration was set to 2000 iterations 22.  
Selection and preparations of drugs 

Three dimensional (3D) structures of camostat, nafamostat, and ivermectin 
were recovered from an online chemical curation server called PubChem in simple 
document format (SDF). Open babel in Python Prescription (version 0.8) was 
deployed for the optimization of our selected ligands. This process converts ligands 
into the most stable structures energetically by choosing Universal Force Field 
(UFF) option.  
Computational docking procedure 

Flexible docking procedure implemented in the Auto Dock Vina module in 
Python Prescription suite 23 was deployed for the docking procedure of the drugs 
with the protein receptors. Target site specific to each protein receptor was 
adjusted through the grid box with parameters provided in Table 1, containing the 
dimensions and the binding regions of each protein. The binding affinity with the 
protein-drug complex was retrieved at the end of the docking run. 
 
RESULTS AND DISCUSSION  
The binding affinity of ivermectin, nafamostat, and camostat on the spike 
glycoprotein and some other non-structural proteins of SARS-CoV-2 are shown in 
Table 2 and the interactions of the drugs with the amino acids at the binding site 
of the proteins are given in Table 3.  

 
Table 2. Binding affinity of the selected drugs on some SARS-CoV-2 proteins 

Drugs ΔG (Kcal/mol) 
Spike Nsp3 Nsp5 Nsp9 Nsp10 Nsp13 Nsp16 

Ivermectin -8.4 -6.4 -6.9 -3.7 -8.0 -4.1 -5.7 
Nafamostat -7.8 -9.4 -7.9 -6.1 -7.7 -8.0 -8.7 
Camostat -7.2 -8.3 -6.7 -5.4 -7.0 -7.3 -7.6 

 
The antiviral agent camostat is a serine protease inhibitor that attacks 

SARS-CoV and SARS-CoV-2. Clinically, it is used to treat pancreatitis and reflux 
oesophagitis.  It fights and reduces viral infection by blocking virus-membrane 
fusion. Studies show thatSARS-CoV-2 utilizes the human transmembrane 
protease serine 2, TMPRSS2, to enter the human cell, cleave and activate the 
spike protein 31,32. This shows that the drug attacks and prevents virus-cell 
membrane fusion, thereby inhibiting viral replication.   

Nafamostat approved for the treatment of acute pancreatitis is being 
studied as a drug that can block the viral entry of the new coronavirus, SARS-CoV-
2.  According to recent studies on SARS-CoV-2 cell entry on ACE2 and TMPRSS2, 
nafamostat can very well inhibit the membrane fusion of the virus’s envelope with 
host cell surface membranes 32. Results show that it efficiently blocked SARS-CoV-
2 infection of human lungs. It has also been reported to block the Middle East 
Respiratory Syndrome Coronavirus (MERS-CoV) infection in vitro 33  

Ivermectin is widely used as a broad-spectrum antiparasitic drug with 
known efficacy of antiviral properties. It is commonly used to treat several tropical 
diseases that include onchocerciasis, helminthiases, and scabies. It is also used 
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to control malaria transmission as it is appreciably tolerated and used. Reports 
from studies suggest that ivermectin inhibits key intracellular transport proteins 
hijacked by viruses that infect by attacking the host’s antiviral response.  A study 
by Chaccour 34 reported that patients treated with a single 400 mcg/kg dose of 
ivermectin for mild COVID-19 showed a tendency to lower viral load and cough 
within 72h. They suggested that there could be a down-regulation of the ACE-2 
receptor and viral entry into the cells of the respiratory epithelium and olfactory 
bulb. It could also result from inhibition of the activation of pro-inflammatory 
pathways in the olfactory epithelium. It has also been shown to inhibit the 
replication of SARS-CoV-2 in cell cultures 35. 

The binding affinity of nafamostat was significantly greater than those of 
camostat and ivermectin on all the non-structural proteins apart from nsp10 that 
showed the best binding with ivermectin. This observation indicated that 
nafamostat would give the broadest spectrum of inhibitory action on these SARS-
CoV-2 non-structural proteins but may however not be as efficient as ivermectin in 
preventing the replication of the virus. Ivermectin had the best inhibitory action on 
the spike glycoprotein and nsp10, which showed that it could prevent the 
penetration of the viral spike protein into the host and prevent the virus’s 
replication.  
 A greater number of hydrogen bond interactions were found in the binding 
of nafamostat and camostat with the amino acid residues at the active sites of the 
proteins than what was observed with their interaction with ivermectin. This 
indicated that the drug-protein complexes formed by these two drugs would be 
more stable than those formed by ivermectin 36. All the drugs interacted with 
Arg403 in the spike glycoprotein, showing that this amino acid is essential in 
inhibiting the action of this protein. Also, nafamostat and camostat interacted with 
Tyr495 and Thr500 in the spike glycoprotein, suggesting that their mechanism of 
action are similar.  

All the drugs studied interacted with Pro248 and Tyr268 at the active site 
of nsp3. Nafamostat and camostat showed very similar mode of action at this site 
by their interaction with Gly163, Asp164, Arg166, Pro248, Tyr268, Gln269, and 
Glu167. Different amino acids interacted with the drugs at nsp5, indicating that 
their mechanisms of action at this protein site were not related.At nsp9 and nsp16, 
the mode of action of ivermectin was different from the other two drugs. Nafamostat 
and camostatinteracted withAla8, Leu9, Gln11, and Met101 at nsp9, and also with 
the amino acids Asp130, Gly71, Leu100, and Phe149 at nsp16,suggesting a 
similar mode of action by these two drugs at these sites. All the drugs interacted 
with ILE55 and VAL116 at nsp10, with nafamostat and camostat having a closer 
relationship in their mode of action by having additional interactions with Asp91 
and Thr111. At nsp13, similarity in the interaction of all the drugs was observed at 
Lys288 and Asp374. The remaining interactions by all the drugs occurred at 
different amino acids in the protein.  
 
CONCLUSION 

The potentials of camostat, nafamostat, and ivermectin to inhibit the spike 
glycoprotein, nsp3, nsp5, nsp9, nsp10, nsp13, and nsp16 of SARS-CoV-2 were 
studied in silico. Nafamostat showed good binding affinity on all target proteins. 
However, ivermectin was better at binding with the spike glycoprotein and nsp10 
than this drug. The mechanism of action of nafamostat and camostat on the studied 
proteins were very similar but varied markedly with ivermectin. The good binding 
affinity demonstrated by nafamostat at nsp3, nsp5, nsp9, nsp13, and nsp16 
showed that it could influence multi-target interactions of the five proteins of the 
virus and hence curtail the infection. The potentials of nafamostat and ivermectin 
in SARS-CoV-2 prevention could therefore be explored for the possible production 
of a single compound that can inhibit spike glycoprotein and human ACE2 binding, 
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and interfere with the replication and transcription of coronaviruses in Homo 
sapiens when the infection has already occurred.  
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Table 1: Grid box parameters and amino acids in the binding site of our selected 
protein receptors 
S/N Target 

Proteins 
Center grid 

box (XYZ), Å 
Dimension 
(XYZ), Å 

Active site amino acid 
residues 

1. Nsp3 (PDB 
ID: 7CMD) 

-22.808 × -
16.359 × -
19.925 

33.668 × 29.582 
× 31.718 

Gly286, Trp106, Gly271, 
His73, Cys111, His272, 
Asp286,Arg140 and Asn109 
(Gao et al, 2020) 

2. Nsp5 (PDB 
ID: 6LU7)  

-14.85 × 
14.923 × 
69.59  

25.02 × 27.98 × 
30.87 

Thr25, Cys44, Thr26, His41, 
Met49, Tyr54, Phe140, 
Leu141, Gly143, Cys145, 
Asn142, His163, His164, 
Met165, Ser144, Glu166, 
Pro168, His172, Val186, 
Asp187, Arg188, Gln189, 
Phe185, Thr190 and Gln192 
(Jin et al., 2020). 

3. Nsp9 (PDB 
ID: 6M71) 

38.221 × -
15.213 × 
14.62 

16.848 × 25.00 
× 19.496 

Leu9, Ser105, Val7, Pro6, 
Tyr31, Leu106, Ala8, Met101, 
Leu103 and Ala107 (Littler et 
al., 2020) 

4. Nsp10 
(PDB ID: 
6YZ1) 

67.062 × -
19.238 × 
9.243 

28.835 × 37.509 
× 35.771 

Val42, Leu45, Lys93, Thr106, 
Ala107, asn40, Thr49, 
Cys120, Cys128, Cys130, 
Cys117, Cys74, Cys77, 
Cys90 and His83 (Rosas-
Lemus et al.,2020b). 

5. Nsp13 
(PDB ID: 
6XEZ) 

-13.877 × 
14.581 × -
74.112 

20.448 × 20.567 
× 25.581 

Lys288, Ser289, Asp374, 
Glu375, Gln404 and Arg567 
(Chen et al., 2020). 

6. Nsp 16 
(PDB ID: 
6YZ1) 

83.813 × 
16.651 × 
25.451 

20.977 × 26.335 
× 20.158 

Tyr47, Asn43, His69, Asp99, 
Asn101, Asp114, Asp130 and 
Lys170(Krafcikova et al., 
2020) 

7. Spike 
protein 
(PDB ID: 
6LZG) 

-37.386 × 
31.021 × 
12.733 

22.603 × 43.431 
× 41.774 

Trp353, Arg355, Lys417, 
Gly446, Tyr449, Tyr453, 
Ala475, Gln484, Phe486, 
Thr478, Tyr489, Gly496, 
Gln498, Thr500 and Gly502 
(Wang et al., 2020) 
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Table 3. Drug interactions with amino acids at the active sites of the SARS-CoV-
2 proteins 
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Abstract: Carbapenem-resistant Acinetobacter baumannii (CRAB) is a gram-negative 
bacilli that commonly causes nosocomial infection found in Indonesia. CRAB infection 
caused by Acinetobacter baumannii that is resistant to Carbapenem. Resistance occurred 
because bacteria that cause infections easily treated with antibiotics become difficult to 
treat due to the uncontrolled use of antibiotics. A. baumannii has been resistant against the 
carbapenem class of antibiotics; and therefore, antibiotics are required to be obtained from 
natural ingredients with optimal working power, such as from the marine sponges of 
Axinella sp. The purpose of this study was to determine the antibacterial activities of 
bacteria associated with marine sponges of Axinella sp. against CRAB. Methods: bacteria 
associated with Axinella sp. were isolated by differential dilution and cultures on Zobell 
2216E media. Antibacterial activity test was performed using the overlay method. The 
antibacterial activity test was carried out to determine the presence of inhibition zones. The 
test results showed the bacteria associated with a marine sponge of Axinella sp strain 3 
KD had antibacterial activity against CRAB growth with the formation of an inhibition zone 
of 16 mm. The results of the catalase test and oxidase test depicted that the isolates belong 
to the family of Staphylococcaceae. Conclusion: isolates bacteria associated with a marine 
sponge of Axinella sp. were potential antibacterial agents against CRAB growth. 
Keywords: CRAB; Antibacterial activity; Axinella sp. isolate; overlay method; 
Staphylococcaceae 
 
INTRODUCTION 

 Nosocomial infections are defined as infections found in hospitals that 
attack patients and appear within 48-72 hours after treatments1. Microorganisms 
can live and reproduce in the hospital environment, on either the floor or medical 
and non-medical equipment2. In Indonesia, nosocomial infections caused by A. 
Baumannii reach 25.8%, one of the causes of nosocomial infection worldwide and 
the highest mortality rate worldwide can reach 52%3. 

Manifestations of nosocomial infections attributed to A. baumannii include 
pneumonia, secondary meningitis, bloodstream site infection (BSI), and urinary 
tract infection (UTI)4. Some strains of A. baumannii are highly resistant to 
antibiotics5. Inappropriate use of antibiotics can cause antibiotic resistance 
because infectious bacteria become difficult to treat6. Antibacterial therapy 
regimens currently considered to be potent in treating A. baumannii-related 
infection are carbapenem, sulbactam (with a beta-lactamase-inhibitor), and 
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colistin7. A. baumannii is resistant to carbapenemase antibiotics (Carbapenem-
resistant Acinetobacter baumannii (CRAB)). Carbapenem is the main antibiotic 
used for treating patients with A. baumannii-related infection, causing resistance 
to many carbapenem antibiotics8. Antibacterial agents derived from biological 
sources include lactic acid bacteria9, mushrooms10,11, latex , fruits12,13, and seeds14. 
Bioactive compounds from marine sources have been widely studied in previous 
studies. Currently, there are many studies examining bioactive compounds from 
marine resources. 

Indonesia is one of the countries with a lot of potential marine resources; 
therefore, it is necessary to develop research on marine life to look for bioactive 
compounds with the ability as an effective antibacterial and few side effects15. 
Many researchers were interested in conducting studies on antibacterial from 
marine sponges16. 

Several studies have been reported on the antibacterial activity of microbes 
associated with marine sponge Axinella sp. Fungi associated with the marine 
sponge Axinella sp have potential as an antibacterial against Staphylococcus 
aureus and Escherichia coli17. Another study reported that bacteria associated with 
the fungus Axinella sp from the Mediterranean Sea had antibacterial activity 
against several non-resistant pathogenic bacteria18. There have been no reports 
of bacteria associated with sponge Axinella sp to CRAB. To minimize the research 
gap, the aim of this study was to evaluate the anti-CRAB potential of bacteria 
associated with Axinella sp. 
 
MATERIAL AND METHOD 
Tools and Materials 
The tools used in the research to test the antibacterial activity were autoclave 
(HMC Hirayama HICLAVE HVE-50), incubator (WTC Binder), laminar airflow 
cabinet (Labcono Purifier Class II Biosafety Cabinet), refrigerator (Sharp), petri 
dish, inoculation loop and needle, alcohol lamp, test tubes, and test tube racks. 
The materials used in this study were Zobell 2216E media, MHB (Mueller Hinton 
Broth) antibacterial activity test media, MC media (Mac Conkey), BHI (Brain Heart 
Infusion), Standard Mc Farland, and physiological NaCl. 
Tested microorganisms  
CRAB was isolated from wound sample collected from patients suffering from 
diabetes in RS.  Dr.  Kariadi Semarang, Central   Java,   Indonesia. Isolates were 
identified using MacConkey Agar (MCA) media, as well as biochemical tests with  
Vitek®MS  and bacterial sensitivity tests using the   Clinical   Laboratory   Standard   
Institute M100-S25 for minimum inhibitory concentration(MIC) interpretation 
(CLSI2019). 
Isolation of bacteria from Axinella sp. 
Axinella sp. sponges were obtained from the waters of Tanjung Gelam Beach, 
Karimunjawa Islands, Jepara, Central Java, with a sampling technique at a depth 
of 0.5-1m. Axinella sp has been isolated from marine and fishery laboratory 
Universitas Diponegoro, Semarang. Then, isolation was performed by weighing ± 
1 gram cleaned with sterile seawater, mashed, carried out a differential dilution of 
10 to 10 4 then spread on Zobell 2216E media, incubated at a temperature of 35 
± 2 ° C for 48 hours, and then observed the incubation results. The Gram staining, 
catalase, and oxidase tests were used to know the bacterial family. 
Antibacterial Activity Test 
The marine sponge-associated isolates were screened, using agar overlay 
assays19 for antibacterial activity against CRAB. Pure isolates bacteria associated 
with sponge Axinella sp were grown on Zobell 2216E media by spotting them on 
the media and forming small spheres with a diameter of ± 2 mm. The isolates were 
incubated at 35 ± 2°C for 48 hours and results were observed. After that, a 
suspension of the test bacteria was made. 1 ml physiological NaCl was taken and 
put into soft agar media at the temperature of ± 40°C. It was homogenized using a 
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vortex and once homogeneous, it was poured into Zobell media containing pure 
isolates of bacteria from Axinella sp sponges in the form of spheres with a diameter 
of ± 2 mm. Then, it was incubated at 35 ± 2°C for 48 hours and the formation of an 
inhibition zone was observed. 

 
RESULTS AND DISCUSSION  
CRAB isolates from wound infections 
CRAB was isolated from wound samples. The result of the sensitivity test of 
bacteria to antibiotics showed that A. baumanii from wound patients was a CRAB 
stain because it was resistant to Carbapenem (Meropenem) besides resistant to 
Ampicillin, Sulbactam, Tazobactam, Cefazolin, Ceftazidime, Ceftriaxone, 
Cefepime, Aztreonam, Amikacin Gentamicin, Ciprofloxacine, Tigecycline, 
Nitrofurantoin, Sulfamethoxazole showed that A. baumanii not only included in the 
CRAB strain but also in the Multidrug-Resistant Bacteria (MDR). 
 
Isolation of Axinella sp. Associated Bacteria 

The isolation of bacteria from Axinella sp produced eight bacterial isolates, 
coded with 1 KA, 1 KB, 2 KA, 3 KA, 3 KB, 3 KC, 3 KD, and 4 KA. 

 
Figure 1. The results of pure bacterial isolation from Axinella sp 

 
Table 1. Macroscopic Characteristics of Bacteria Isolates from Axinella sp. 

No. Code of Bacterial 
Isolate 

Characteristic of Colony 
Shape Edge Surface Color 

1. 1 KA  Round Entire Flat Yellow 
2. 1 KB  Round Entire Convex White 
3. 2 KA Round Entire Pulvinate White 
4. 3 KA  Round Entire Convex Yellow 
5. 3 KB  Round Entire Raised White 
6. 3 KC  Round Entire Raised White 
7. 3 KD  Round Entire Convex Orange 
8. 4 KA  Round Entire Raised Yellow 

The isolation of symbiont bacteria from Axinella sp. produced eight 
bacterial isolates with various characteristics. According to Dwijoseputro20, 
macroscopic observations of colony morphology are: from above, the shape of the 
colony is dominantly round; from the side, the most dominant types of colony 
surface are flat, convex, pulvinate, and raised; from above, the colony edge is 
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entire; and the most dominant colors are yellow, white, and orange. Gram staining 
was performed on the pure isolates and microscopic observation was carried out 
to identify the cell shapes. Gram-positive bacteria were purple while gram-negative 
bacteria were pink. 

 
Table 2. Macroscopic Characteristics of Bacteria Isolates from Axinella sp. with 
Gram Staining  
No. Code of Bacterial Isolate Gram Cell Shape 
1. 1 K A  - Bacillus 
2. 1 K B  - Bacillus 
3. 2 K A + Bacillus 
4. 3 K A  - Coccus 
5. 3 K B  - Bacillus 
6. 3 K C  - Coccus 
7. 3 K D  + Coccus 
8. 4 K A  - Bacillus 

 
Table 2 presents that the bacteria in the eight isolates were grouped into two, 
including two gram-positive bacterial isolates (2 K A) and six gram-negative 
bacterial isolates (1 K A, 1 K B, 3 K A, 3 K B, 3 K C and 4 K A). The microscopic 
observation identified coccus bacteria in two isolates and bacillus bacteria in six 
isolates.  
 
The Results of Inhibitory Test 

The inhibitory test showed the formation of an inhibition zone, producing a 
clear zone around the colony. The activities on the inhibition zone are presented 
in Table 3. 
 
Table 3. The Results of Antibacterial Activity Test of Bacterial Isolates from Axinella 
sp on CRAB 

No. Codes of Bacterial Isolates Inhibition zone 
(mm) 

1. 1 K A 0 
2. 1 K B 0 
3. 2 K A  0 
4. 3 K A 0 
5. 3 K B 0 
6. 3 K C 0 
7. 3 K D 16 
8. 4 K A 0 

Table 3 details that the isolates of symbiont bacteria from Axinella sp coded 3 K D 
could form a clear zone around the colony with an average diameter of 16 mm. 
 

Table 4. The Results of Antibiotic Control Test on CRAB 
Antibiotic Control Inhibitor Zone Diameter (mm) 

Gentamicin 23 
Ampicillin 25 

Meropenem 0 
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The results of the inhibitory test on isolates from Axinella sp (code: 3 K D) 

on CRAB, as presented in Table 4 and Figure 2, showed a clear zone around the 
colony with a diameter of 16 mm. The catalase test was carried out on the 3 K D 
isolate to determine its ability to produce catalase enzyme and its tolerance to 
oxygen. The catalase test was used to identify groups of catalase-producing 
bacteria. This test was performed to distinguish catalase-positive members of the 
Micrococcaceae or Staphylococcaceae from catalase-negative 
Streptococccaceae21. Meanwhile, the oxidase test was conducted to identify 
bacteria containing cytochrome c oxidase enzyme that could oxidize the reducing 
agents in the form of tetramethyl p-phenylenediamine (Kovac's reagent) or 
dimethyl p-phenylenediamine (Gordon and McLeod's reagent)21. The catalase test 
showed a positive result, indicated by the presence of foam or bubbles. Meanwhile, 
the oxidase test yielded a negative result with no blue-purple color change in the 
oxidase paper. 

In this study, yellow marine sponges of Axinella sp. obtained from the 
waters of  Tanjung Gelam Beach, Karimunjawa Islands, Jepara, Central Java. 
CRAB pathogenic bacteria causing nosocomial infections that were resistant to 
carbapenem antibiotics were also utilized. This study showed that one of eight 
isolates of Axinella sp. associated bacteria (code: 3 K D) have an antibacterial 
activity to inhibit CRAB bacteria by forming a clear zone around the colony. The 
previous studies explained that the Axinella sp contained bioactive compounds, 
including alkaloids and steroids22. Although identifications of compounds in 
Axinella sp. and the antibacterial activity of alkaloids and steroids were not 
performed in this study, another studies concluded that alkaloids could interfere 
with the peptidoglycan constituent components of bacterial cells so that the cell 
wall layer was not naturally formed, destroying the cytoplasmic membrane and 
bacterial cell wall23. The cell membrane turned into a fragile and lysed cell24. 
Bacterial cell walls were damaged, causing the disruption of bacterial cell 
metabolism and resulting in death25. Osmotic pressure happened and the cell walls 
became lysis, causing bacteria to die26. The results of the study showed that the 
Axinella sp. isolate (code: 3 K D) produced an inhibition zone of 16 mm. 

The association process of marine sponges with their symbiotic bacteria 
began with the presence of bacteria in the waters of the surrounding environment27. 
The sponge will absorb specific bacteria through the sponge during filter-feeding 
and by vertical transmission of symbionts through the gametes of the sponge by 
the inclusion of the bacteria in the oocytes or larvae28,29. Sponges of the Axinella 
genus are known as producers of achemically diverse metabolites with excellent 
bioactive activity30. The metabolite compounds contained in the Axinella sp. 
sponge could kill or inhibit the growth of pathogenic bacteria31. According to 
Gunathilaka research, the bioactive compound from marine associated bacteria 

A 

 
 

B 

 
 

Figure 2. Inhibitory zone of (A) Isolates from Axinella sp Code P3-K9, (B) Antibiotics: 
1. Gentamicin., 2. Ampicilin., 3. Meropenem 

 

3 K D 3 K C 

2 K A 4 K A 

1 2 

3 
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has the potential to provide future drugs against sicknesses such as cancer, 
malaria, and inflammation32. Thus, bacteria with metabolites and bioactive 
compounds can perform as antibacterial agents. 

The metabolites contained in the marine sponges of Axinella sp. are closely 
related to the metabolite compounds synthesized by the symbiotic 
microorganisms33. One of the isolates of the symbiotic bacteria of Axinella sp. is 
the potential to produce antibacterial compounds34. According to Konig research, 
several studies have reported that many bioactive compounds from marine biota 
are similar to the bioactive compounds from microorganism associated with these 
marine biotas35. They are true producers of bioactive compounds.  Study by 
Gultom explained that isolates of bacteria associated with marine sponge Axinella 
sp contained alkaloid against Staphylococcus aureus and Escherichia coli36. 
According to Januar research that has found that the three compounds were 
hymeniadisine, 3-bromohymenialdiside, and dibromophakelin37. Zhang has been 
identified by detailed spectroscopic analysis reported 14-0-sulfate massadine has 
enhanced chemical stability that potential as antibacterial properties38. According 
to the research by Rastina, the ability of an antimicrobial to inhibit microbes 
depends on the concentration of antimicrobial material and the type of antimicrobial 
material produced39. The greater the concentration of an antimicrobial, the higher 
the concentration of bioactive substances, and thus, the inhibition will be higher, 
as indicated by an increase in the formed clear zone. 

The antibacterial levels are divided into four categories: weak (<5 mm), 
moderate (5-10 mm), strong (10-20 mm), and very strong (>20 mm). The 
identification of marine microbial isolates associated with Axinella sp. included 
morphological observations, gram staining, catalase test, and oxidase test40. 
According to Henstsel, various types of microorganisms have been found in 
sponges, such as symbiotic bacteria, which are members of Bacillus sp., 
Staphylococcus sp., and Vibrio sp41. The most common Axinella sp. symbiotic 
bacteria found were Pseudomonas sp., Bacillus sp., Vibrio sp., and 
Staphylococcus sp. groups33. 

The antibacterial activity test confirmed the formation of a 16 mm inhibitory 
zone, signifying that symbiont bacterial isolates have a strong inhibitory power. 
Further catalase test to identify the isolates of Axinella sp. symbiotic bacteria 
showed a positive result, while oxidase test yielded a negative result, indicating 
that the Axinella sp. 3 K D symbiotic bacterial isolates belonged to the catalase-
positive members of Staphylococcaceae. 
 
CONCLUSION 

This research concluded that 3 K D bacterial isolates associated with 
Axinella sp. Are potential to be developed as antibacterial agents against the 
growth of CRAB, indicated by the formation of a clear inhibition zone around the 
colony with an average diameter of 16 mm. The bacteria are members of 
Staphylococcaceae. Further studies are recommended to be performed by 
incorporating different strains of pathogenic bacteria using Axinella sp. bacteria 
isolates and the overlay antibacterial test method. During the present research 
process, some obstacles occurred, such as uneven distribution of pathogenic test 
bacteria on the media. Therefore, proper homogenization with a vortex is required 
in further study. Moreover, media contamination also happened; and thus, it is 
recommended to use a biosafety cabinet to reduce the risk of contamination to 
obtain accurate and optimal results. 
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