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Abstract. To maintain the viability of bacteria during the development and uti-
lization process, it is necessary to rejuvenate the bacteria through a subculture
process. It is interesting to know whether the activity of the antibiotic compounds
and the genetic stability of Andalas endophytic bacteria will remain the same
when the bacteria are subcultured repeatedly on the growth medium. The purpose
of this study was to determine the stability of production of antibiotic active com-
pounds and genetic stability by Andalas endophytic bacteria at several subculture
frequencies. The subculture of Andalas endophytic bacteria in this study was car-
ried out on B.J.T.A.2.1 isolates, starting from the 3rd passage (P.3) to the 25th
passage (P.25). Subcultures were performed on triple NA slanted agar medium.
Stability of production of active antibiotic compounds was carried out using the
diffusion method with the point inoculation technique. The genetic stability test of
Andalas endophytic bacteria was carried out by comparing the isolate’s 16S rRNA
sequence (P.3) with (P.25). The results showed that the stability of the production
of antibiotic active compounds decreased after repeated subcultures in the 7th
passage. The results of genetic stability research by Andalas endophytic bacteria
isolate B.J.T.A.2.1 at several subculture frequencies found 3 nucleotide variations
of the 16S rRNA gene between the two Andalas endophytic bacteria isolates.
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1 Introduction

Infectious diseases have caused the death of approximately 13million people in theworld
every year, especially in developing countries such as Indonesia. The use of antibiotics
is an effort to control infectious diseases. In recent years there has been an increase in the
rate of resistance to antibiotics [1]. Based on data from the World Health Organization
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(WHO) [2], it was found that Staphylococcus sp. Resistance to the antibiotic methicillin
was around 63% in 2009. This percentage increased to 80% in 2013.

According to Kuntari [3], the discovery and development of new antibiotic com-
pounds will affect the treatment of infectious diseases and improve the quality of human
life. Therefore, exploration is needed to find new sources of antibiotics. One of them is
by utilizing endophytic bacteria.

Endophytic bacteria are bacteria that live in the tissues of the host plant without
causing disease symptoms. These bacteria do not harm their host, even in a mutualistic
symbiosis to obtain nutrients from plant metabolism [4]. One of the medicinal plants
that can be used as a source of endophytic bacteria producing antibiotic compounds
is the Andalas plant (Morus macroura Miq.). Andalas plants contain several phenolic
compounds such asmorasin B,morasin P, mulberoside C,mulberofuran, stilbene deriva-
tives, coumarin, umbeliferone, 2-arylbenzofuran,moracinMand β-resolsiladehid. These
compounds are active ingredients that have antibiotic activity [5].

Research conducted by Afifah [6] succeeded in isolating 11 isolates of endophytic
bacteria from Andalas plant stems, of which 10 isolates had the ability to produce
antimicrobial compounds. Furthermore, research conducted by Putri [7] succeeded in
isolating endophytic bacteria from the leaves of the Andalas plant. A total of 4 isolates
of endophytic bacteria from Andalas leaves have the potential to produce antimicrobial
compounds for gram-positive bacteria (S. aureus) and fungi (C. albicans).

The development of active antibiotic compounds from bacteria requires a long pro-
cess in order to be produced on an industrial scale. Optimum production conditions
require extensive optimization processes and take a long time. To maintain the viability
of bacteria during the development and utilization process, it is necessary to rejuve-
nate the bacteria through a subculture process. Subculture is the process of transferring
microbes from one growthmedium to a newmedium to allowmicrobes to grow properly.
The frequency of subcultures performed is often referred to as serial passage [8].

Bacteria can experience changes in their ability to produce antibiotic compounds due
to processingor storage, including the subculture process carriedout.According toTorres
[9], the frequency of M. tuberculosis subcultures observed every week for 6 months in
liquid media can cause bacteria to be resistant to fingerprint-modified drugs. The effect
of this subculture frequency will produce mutations that affect genetic characteristics
and virulence. The effect of subculture frequency can also be observed physiologically.
Research conducted by Leeds [10] showed that the frequency of subcultures (10 times)
could change the genetics of C. difficile clones, which in turn affected the expression of
these clones. This genetic change occurs due to the accumulation of mutations in each
subculture process carried out.

It is interesting to know whether the activity of the antibiotic compounds and the
genetic stability of Andalas endophytic bacteria will remain the same when the bacteria
are subcultured repeatedly on the growth medium. The activity of antibiotic compounds
can be measured by the disc diffusion method. The principle of this method is based
on the ability of the tested active compounds to diffuse in the agar medium and inhibit
the growth of the test microbes [11]. Furthermore, the genetic stability of endophytic
bacteria can be observed from the 16S rRNAgene. The 16S rRNAgene is one of the genes
that has been well characterized so that it is often used as the basis for identification
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of microorganisms. The 16S rRNA gene has a nucleotide of 1500 bp consisting of
conservative and varied regions. A varied base sequence can be used to track diversity
and determine the formation of new strains within a species [12].

2 Methods

2.1 Andalas Endophytic Bacteria Isolate B.J.T.A.2.1

Endophytic bacteriaAndalas B.J.T.A 2.1 is a research laboratory stock in theDepartment
of Biology, Faculty of Mathematics and Natural Sciences, UNP. This bacterium was
isolated by Afifah [6] from Andalas stems. Bacterial stock is rejuvenated by growing
bacteria on a nutrient agar growth medium. Bacterial cultures were incubated in an
incubator at 37ºC for 24 h.

2.2 Microbial Strains

Following standard bacterial strains were used in this study belonging to Gram posi-
tive and Gram negative species: Staphylococcus aureus (ATCC.25923) and Escherichia
coli (ATCC.EC 25922). They were obtained from mikrobiology laboratotium, Medical
Faculty, University of North Sumatra.

2.3 Stability Test of Subcultured Antibiotic Active Compound Production

Antibiotic activity test was carried out at each passage frequency (starting from (P.3)).
Previously, the test microbe whose turbidity had been equalized to the McFarland’s 0.5
scale was applied evenly to the NA medium using a sterilized cotton swab (Whitman,
2004). The isolate of B.J.T.A.2.1 (P.3) to be tested, was taken one ose of oblique culture
culture and placed using a sterile toothpick on the medium that had been inoculated
with the test microbe. Furthermore, the petri dish was incubated at room temperature
with the condition of the petri dish inverted. The diameter of the clear zone around the
inoculation point was measured after being incubated for ± 24 h.

2.4 16S rRNA Gene Sequencing

In this study, the genetic stability of the isolate B.J.T.A.2.1 was also observed, by com-
paring the 16S rRNA sequence of the isolate (P.3) with (P.25). The DNA isolation, PCR
and sequencing processes for these two isolates were carried out separately.

2.4.1 Genomic DNA Isolation

Isolation of the bacterial genome was carried out by the boilling method (Dashti, 2009).
A total of 2–3 oses of bacterial colonies were put into a 1.5ml Eppendorf tube containing
200 l of 1/10 TE buffer pH 8. The suspension was vortexed until homogeneous. The
boiling process was carried out in a water bath at a temperature of 95-100oC, for 30
min. The suspension was then centrifuged at 12,000 rpm for 15 min to separate the
supernatant and pellet. The supernatant was transferred to a new Eppendorf tube, and
stored at -20ºC until use.
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2.4.2 PCR and Electrophoresis of 16S rRNA Gene of Andalas Plant Endophytic
Bacteria

The bacterial 16S rRNA gene was amplified from the bacterial genome, which had been
previously isolated, using universal primers 27F (forward) and 1492R (reverse). PCR
reactions were carried out in a 25 l reaction, consisting of 6.5 l ddH2O, 12.5 l Kit Dream
Taq master mix PCR (Thermo Scientific), 2 l each of the forward and reverse primers,
and 2 l of template DNA. The temperature used was initial denaturation of 95ºC for 3
min, followed by 35 cycles consisting of denaturation of 95ºC for 45 s, annealing at 55ºC
for 30 s, and elongation at 72ºC for 2 min. The reaction was closed by final elongation at
72ºC for 7 min. Analysis of PCR products was carried out by electrophoresis technique
using 1% agarose gel. The results of the electrophoresis were then checked with an
electrophoresis doc gel.

2.4.3 Effect of Particle Size

The PCR results were sequenced to determine the nucleotide sequence. Sequencing
was carried out at Macrogen Singapore with an automated DNA sequencer (ABI Prism
3100 Genetic Analyzer, Applied Biosystem, USA). Each fragment of the PCR results
was sequenced twice each, using internal forward and reverse primers. The results of the
sequencing were analyzed using BioEdit software and then assembled into one complete
nucleotide sequence of the 16S rRNA gene. Alignment was carried out by comparing the
results of the sequencing with the standard sequence (ie the same bacterial 16S rRNA
gene obtained from NCBI). Genetic stability was determined by performing pairwise
alignment analysis with Bioedit software. Alignment results were used to determine the
percentage of homology between the two isolates.

3 Result and Discussion

3.1 Stability Test for Production of Antibiotic Active Compounds at Several
Subculture Frequency

The results of the stability test of the production of antibiotic active compounds at several
subculture frequencies showed that in general there was a decrease in antibiotic activity
by endophytic bacteria at several subculture frequencies during the observation time. It
can be seen in Fig. 1 that until the 7th passage there was a significant decrease in the
production of antibiotic active compounds by Andalas endophytic bacteria. After the
7th to the 25th passage, the productivity of antibiotic compounds tends to be constant.

The process of subculture of Andalas endophytic bacteria repeatedly will result in a
decrease in the production of antibiotic compound activity. According to Marsono [13],
the decrease in the inhibitory power of bacteria is due to the decrease in the content of
the active substance or active compounds contained during the storage and processing
process. Furthermore, according to Yun [14], the stability of the synthesis of bacterial
metabolic products is influenced by several factors such as the stability of the active
ingredient, the interaction between the active ingredient and the test bacteria, the envi-
ronmental conditions experienced during the storage and use process, and environmental
factors.
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Fig. 1. Stability of Antibiotic Active Compounds of Andalas Endophytic Bacteria in Passage-3
to Passage-25 Subcultures

In terms of antibiotic activity produced by endophytic bacteria, the decrease in the
production of antibiotic active compounds by endophytic bacteria may be due to the
adaptation process of bacteria to the new growth medium. As stated by Strobel [15],
endophytic bacteria are bacteria that live and associate with plant tissue without causing
any disease symptoms in the plant. The presence of endophytic bacteria in plant tissue
plays a role in increasing the plant’s defense system against disease because it has the
ability to produce antibiotic compounds, enzymes, salicylic acid, ethylene and other
secondary compounds that play a role in inducing plant resistance.

The interaction between endophytic bacteria and their host in producing antibiotic
compounds was proven by Das [16]. Where the production of antibiotic active com-
pounds by endophytic bacteria can be influenced by the addition of plant extracts of
origin into the fermentation medium. The results showed that there was an increase in
the activity of producing active compounds in themedium addedwith plant extracts com-
pared to bacteria whichwere only grown onNutrient Broth (NB) synthetic medium. This
study shows that there are certain components in the original plant extracts that induce
the ability of endophytic bacteria to produce antibiotic active compounds.

3.2 Genetic Stability Test at Multiple Subculture Frequency

Genetic stability test was carried out by comparing the 16S rRNA gene sequences of
Andalas endophytic bacteria passage 3 with passage 25. For sequencing, DNA templates
are needed which are synthesized through PCR reactions. From the electrophoresis
results of the PCR product in Fig. 2. Successfully amplified the 16S rRNA gene from
Andalas endophytic bacteria isolateB.J.T.A.2.1. TheDNAbandwas between theHindIII
marker band, measuring 564 bp and 2027 bp. Based on the position of the forward and
reverse primers, the magnitude of the PCR product was about ± 1500 bp.

PCR products are used as templates in the sequencing process. The length of the 16S
rRNA gene sequence that can be analyzed properly is about 1436 bp. The results of 16S
rRNA gene sequencing of Andalas endophytic bacteria in this study found nucleotide
variations in passage 3 and passage 25. Based on the pairwise alignment analysis of
the sequences obtained, the homology value is 99.7%. According to Yang and Bruce
[17], pairwise alignment is a method that can be used to align two sequences, so that
similarities (homology between the sequences) can be seen.
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Fig. 2. Electrophoresis Results of PCR Products for Andalas 16S rRNA Endophytic Bacteria: (1)
HindIII marker. (2) Isolate B.J.T.A.2.1 3rd Passage. (3) Isolate B.J.T.A.2.1 Passage

Table 1. Nucleotide Variation of the 16S rRNA Gene of Andalas Endophytic Bacteria between
B.J.T.A.2.1 Isolate 3rd Passage and 25th Passage

Position (bp) Nucleotide Variation

BJTA.21 (pass-3) BJTA.21 (pass-25)

843 G C

1403 G C

1442 G C

The nucleotide variations found in this study were quite convincing because based
on observations on the chromatograms of the sequencing results, only one peak was
found in the varying regions. According to Bangol et al. [18], good sequencing results
are shown by chromatograms with high peaks and are separated from each other. Poor
sequencing results are indicated by sloping peaks and overlapping or there are double
peaks on the chromatogram.

Based on the results of the pairwise alignment, it was also known that there was a
variation in the nucleotide of the 16S rRNA gene between the two isolates of Andalas
endophytic bacteria. The types of nucleotide variations and chromatogram descriptions
resulting from the sequencing process can be seen in Table 1.

Based on the data in Table 1, it can be seen that there were 3 nucleotide variations
of the 16S rRNA gene between the two Andalas endophytic bacteria isolates. Variations
occurred at the positions of 843 bp, 1403 bp and 1441 bp. According to Clarridge [12],
the 16S rRNA gene consists of conservative and varied regions. Variable base sequences
can be used to track diversity and determine the formation of new strainswithin a species.
The analysis carried out by Chakravorty et al., [19] mapped the varied regions of the 16S
rRNAgene, the results found 9 regions that had high variation, namely: at gene sequences
69–99, 137–242, 433–497, 576- 682, 822–879, 986–1043, 1117–1173, 1243–1294 and
1401–1465. Based on the results of the study, it can be seen that all variations occur in
areas that do have a tendency to vary (areas to 433–497 and 1401–1465).
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The nucleotide changes that occur are the same, namely guanine (G) turns into
cytosine (C). This change can also be referred to as a mutation process. Mutation is a
change in the nucleotide sequence of the DNA sequence of an organism that results in
genetic diversity. Mutations occur randomly, and spontaneously. Mutations occur when
there is an error in the DNA replication process that the DNA repair system escapes to
repair. In this study, the mutations that occur are substitution mutations.

Changes in the nature and genetics of bacteria due to subculture processes (especially
in the use of biotechnology) need attention, because they can affect the expected results.
Based on the information obtained from the ATCC® bacteria culture guide, it is known
that ideally the maximum number of subcultures that can be performed on the reference
bacteria is no more than 5–10 times. The number of subcultures depends on the type
of bacteria and the medium used. To increase the number of subcultures of endophytic
bacteria, it is necessary to optimize the growthmedium that ismade similar to the original
host of the bacteria.

In this study, subcultures of Andalas endophytic bacteria up to passage 25 were still
able to produce antibiotic compounds. For long-term use, it is necessary to observe a
larger number of subcultures. Thus, the activity profile of the production of antibiotic
compounds by Andalas endophytic bacteria can be well understood.

4 Conclusion

The production stability of the active compounds of Andalas endophytic bacteria
decreased during the subculture process until the 7th passage, and the subsequent subcul-
ture process until the 25th passage. From the results of gene sequencing, three nucleotide
variations were found in the 16S rRNA gene of Andalas endophytic bacteria, passage 3
and passage 25.

Acknowledgment. This study was supported by Hibah Penelitian Dasar Perguruan Tinggi
(PDPT) PTNBH Universitas Negeri Padang (No : 872/UN35.13/LT /2021).

References

1. D. Handayani, R. Putra, and F. Ismed, “Isolasi dan Karakterisasi Senyawa Antibakteri dari
Fraksi Etil Asetat Bakteri Bacillus sp.3 (A1) yang Bersimbiosis dengan Spon Laut Haliclona
fascigera,” J. Sains Farm. Klin., vol. 4, no. 1, p. 24, 2017

2. WHO, “Comprehensive Guidelines for Prevention and Control of Infection Revised and
expanded,” 2014

3. Z. Kuntari, S. Sumpono, and N. Nurhamidah, “Aktivitas antioksidan metabolit sekunder
bakteri endofit akar tanaman Moringa oleifera L (Kelor),” Alotrop, vol. 1, no. 2, 2017

4. S. J. Bhore and G. Sathisha, “Screening of Endophytic Colonizing Bacteria for Cytokinin-
Like Compounds: Crude Cell-Free Broth of Endophytic Colonizing Bacteria Is Unsuitable
in Cucumber Cotyledon Bioassay,”World J. Agric. Sci., vol. 6, no. 4, pp. 345–352, 2010.



Stability of Production of Active Antibiotic Compounds 519

5. D. H. Putri, R. Rahayu, D. Sahara, N. Nurhelmi, and V. Violita, “Antimicrobial Activities of
Extract of Andalas Endophytic Bacterial Fermentation Products in Overcoming Oral Cavity
Infection,” EKSAKTA Berk. Ilm. Bid. MIPA, vol. 20, no. 2, pp. 1–5, 2019.

6. N. Afifah, D. H. Putri, and I. Irdawati, “Isolation and Identification of Endophytic Bacteria
from the Andalas Plant Stem (Morus macroura Miq.),” Bioscience, vol. 2, no. 1, p. 72, 2018

7. D. H. Putri, M. Fifendy, andM. F. Putri, “Diversity Of Bacterial Endophytes In In Young And
Old Leaves Of Andaleh Plant (Morus MacrouraMiq.),” EKSAKTA Berk. Ilm. Bid. MIPA, vol.
19, no. 1, pp. 125–130, 2018.

8. I. J. Aragón, H. Ceballos, D. Dufour, andM. G. Ferruzzi, “Pro-vitamin A carotenoids stability
and bioaccessibility from elite selection of biofortified cassava roots (Manihot esculenta,
Crantz) processed to traditional flours and porridges,” Food Funct., vol. 9, no. 9, pp. 4822–
4835, 2018.

9. C.A.Molina-Torres, J. Castro-Garza, J. Ocampo-Candiani,M.Monot, S. T. Cole, andL.Vera-
Cabrera, “Effect of serial subculturing on the genetic composition and cytotoxic activity of
Mycobacterium tuberculosis,” J. Med. Microbiol., vol. 59, no. 4, pp. 384–391, 2010.

10. J. A. Leeds, M. Sachdeva, S. Mullin, S. Whitney Barnes, and A. Ruzin, “In vitro selection,
via serial passage, of clostridium difficile mutants with reduced susceptibility to fidaxomicin
or vancomycin,” J. Antimicrob. Chemother., vol. 69, no. 1, pp. 41–44, 2014

11. P. Cos, A. J. Vlietinck, D. Vanden Berghe, and L. Maes, “Anti-infective potential of
natural products: How to develop a stronger in vitro ‘proof-of-concept,’” Journal of
Ethnopharmacology, vol. 106, no. 3. pp. 290–302, 2006

12. J. E. Clarridge, “Impact of 16S rRNA gene sequence analysis for identification of bacteria on
clinical microbiology and infectious diseases,” Clinical Microbiology Reviews, vol. 17, no.
4. pp. 840–862, 2004.

13. O. Marsono, T. Susilorini, and P. Surjowardojo, “Pengaruh Lama Penyimpanan Dekok Daun
SirihHijau (PiperBetle L.) TerhadapAktivitasDayaHambatBakteri Streptococcus agalactiae
PENYEBAB MASTITIS PADA SAPI PERAH,” J. Ilmu Teknol. Dan Has. Ternak, vol. 12,
no. 1, pp. 47–56, 2017

14. T. Y. Yun, R. J. Feng, D. B. Zhou, Y. Y. Pan, Y. F. Chen, F. Wang, L. Y. Yin, Y. D. Zhang, and
J. H. Xie, “Optimization of fermentation conditions through response surface methodology
for enhanced antibacterial metabolite production by Streptomyces sp. 1–14 from cassava
rhizosphere,” PLoS One, vol. 13, no. 11, 2018

15. G. A. Strobel, “Endophytes as sources of bioactive products,”Microbes and Infection, vol. 5,
no. 6. pp. 535–544, 2003.

16. I. Das,M.K. Panda, C. C. Rath, andK. Tayung, “Bioactivities of bacterial endophytes isolated
from leaf tissues of Hyptis suaveolens against some clinically significant pathogens,” J. Appl.
Pharm. Sci., vol. 7, no. 8, pp. 131–136, 2017.

17. Z. Yang and B. Rannala, “Molecular phylogenetics: Principles and practice,” Nature Reviews
Genetics, vol. 13, no. 5. pp. 303–314, 2012.

18. I. Bangol, L. I. Momuat, and M. Kumaunang, “Barcode DNA Tumbuhan Pangi (Pangium
edule R.) Berdasarkan Gen matK,” J. MIPA, vol. 3, no. 2, p. 113, 2014

19. S. Chakravorty, D. Helb, M. Burday, N. Connell, and D. Alland, “A detailed analysis of
16S ribosomal RNA gene segments for the diagnosis of pathogenic bacteria,” J. Microbiol.
Methods, vol. 69, no. 2, pp. 330–339, 2007.



520 D. H. Putri et al.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	Stability of Production of Active Antibiotic Compounds by Andalas Endophite Bacteria (Morus Macroura Miq.) at Several Subculture Frequency
	1 Introduction
	2 Methods
	2.1 Andalas Endophytic Bacteria Isolate B.J.T.A.2.1
	2.2 Microbial Strains
	2.3 Stability Test of Subcultured Antibiotic Active Compound Production
	2.4 16S rRNA Gene Sequencing

	3 Result and Discussion
	3.1 Stability Test for Production of Antibiotic Active Compounds at Several Subculture Frequency
	3.2 Genetic Stability Test at Multiple Subculture Frequency

	4 Conclusion
	References




