IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS

Isolation protocol of jumbo phage from winter grass soil

To cite this article: A Wafa et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 759 012071

View the article online for updates and enhancements.

@ The Electrochemical Society
Advancing solid state & electrochemical science & technology

The ECS is seeking candidates to serve as the

Founding Editor-in-Chief (EIC) of ECS Sensors Plus,

a journal in the process of being launched in 2021

The goal of ECS Sensors Plus, as a one-stop shop journal for sensors, is to advance
the fundamental science and understanding of sensors and detection technologies for

efficient monitoring and control of industrial processes and the environment, and
improving quality of life and human health.

Nomination submission begins: May 18, 2021

This content was downloaded from IP address 182.1.77.228 on 13/06/2021 at 15:45


https://doi.org/10.1088/1755-1315/759/1/012071
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvuT7ZcD8npwTBp6mZzD9i_DHu_puZbU_ploPyKtyNZ29k5jDrKVwvvuoblfRiItWnIjY8UFaUWxr42EL8bTBjrQNoR85MCqZ9jJSthx5nAezVHm0trVHJMXUYNXppdlfC2X02IC0opP9xH8IR3RrtvfobBNCXgx7O2NPguRLEmbLkW8fI-Ia3JIa4Ux3adjcG3CRUtmRzI71iuFuwYd31zjAjVsNBGSo3v3ZSSvUq8C4wxF0eGrijD8uZhm_U3O-U8ljp-pnzpdoDvhTbsDw&sig=Cg0ArKJSzAC3-G2GNw_E&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/ecs-blog/call-for-nominations-editor-in-chief/%3Futm_source%3DIOPConferenceServicesEIC%26utm_medium%3DIOPConferenceServices%26utm_campaign%3DSENSEIC
http://repository.unej.ac.id/
http://repository.unej.ac.id/

ICALS 2020 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 759 (2021) 012071  doi:10.1088/1755-1315/759/1/012071

Isolation protocol of jumbo phage from winter grass soil

A Wafa'; A Mohamed-Saad?, H S Addy', T Kawasaki3

'Department of Plant Protection-University of Jember. Jember, East Java, Indonesia

2 Department of Zoonoses, Faculty of Veterinary Medicine- Zagazig University, Zagazig-
Egypt

3 Department of Integrated Sciences for life- Hiroshima University, JapanHiroshima
University, Higashihiroshima, Japan

*Email: ali.wafa@unej.ac.id

Abstract. Jumbo phage can isolated by two different methods and protocols. It depends on
size, phage species, substrate sources, environment, media and tools. Each method has positive
and negative results within each factors. The research aimed to determine the suitable protocol
to isolate the jumbo phages from winter grass soil during winter conditions, utilizing two main
protocols, the enrichment protocol and non-enrichment protocol. In Sequent, research was
conducted with several steps, including bacterial isolation, jumbo phage isolation, plaque test
in Escherichia coli colony, bacterial genus identification, phage test in soil bacteria, protocol
evaluation, DNA extraction and electrophoresis. Based on the plaque size and plaque total,
each protocol did not significantly differ on plaque total among the E. coli or each isolated soil
bacteria. On the E. coli test, the plaque total average was 65 plaque, nor 45 plaque emerge on
each isolated soil bacteria. The significant difference on each protocol was on the clarity of
plaque. Based on visual observation, the plaques with enrichment protocol were clearer. It was
obvious that the isolation of jumbo phage from the winter grass during winter conditions can
be done without enrichment protocol. It can be isolated with standard isolation protocol.

1. Introduction

Bacteriophage or phage is a virus that infect bacteria [1]. It can effectively kill bacteria, high specific,
abundant in nature, and with minimal risk of host toxicity [2]. Phage can utilize on broad area, from
human health to food technology. For human, phage can be utilized as an alternative to tackle
antibiotic resistance, a critical therapeutic problem [3]. Most antibiotics are non-specific, not only
targeting specific pathogen, but also against other bacteria naturally present in the environment or
plant and animal microflora [4]. In agriculture, phages offer a non-antibiotic method to improve food
production and safety. Moreover, bacteriophage are increasingly being recognized as a potential
solution to the bacterial pathogen detection, start/stop agents in fermentation of, and biocontrol agents
of various undesirable bacteria or infectious diseases in animal food and crops [5].

Phages have many families, types, sizes, and mode of actions. More than 90% of bacteriophages have
large or jumbo, double-stranded DNA genomes, with tails of varying lengths. They belong to there
major morphological groups of bacteriophages. These are Myoviridae (with long, rigid, contractile
tails), Siphoviridae (with long, flexible, noncontractile tails) and Podoviridae (with short,
noncontractile tails) [6]. Phages exhibit extensive variation in genome size, ranging from ~10 kbp to
>500 kbp [7]. Large phages with 200- to 500-kbp genomes have been defined as “jumbo phage”[8].
Many phage has lytic pathway to infected bacterial host depending on toxin production [9].
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Each phage has different requirement for isolation protocol. Some of them would be perfectly isolated
on one protocol rather than other. Location, isolation source, phage type and size are independent
factors on protocol purposing [10]. Two main protocols, mainstream protocol and enrichment protocol
reported can be used for isolate jumbo phage [11,12]. However, most articles not yet been focused or
discuss about which method is suitable to isolate soil phage during winter condition. Due that why, our
research aimed to determine the suitable protocol for isolation of jumbo phage from soil in winter
condition.

2. Material and Methods

2.1. Material

The research material were soil from two different location and altitude around Higashiroshima,
Hiroshima, Japan under the healthy grasses in winter condition. The TOP Agar, The LB Medium,
Chloroform, Agarose H, Steradisk Cellulose Filter Paper 0,45um and the SM buffer (50 mM TriseHCl
[pH 7.5], 100 mM NacCl, 10 mM MgSO4, and 0.01% gelatin). The tools were use in this research are
Hitachi Himax Centrifuge, the Gel electrophoresis tools set and several microbiology laboratories
equipment.

2.2. Methods

The main methods of the research were conducted with following the Saad ef a/ [12] and comparison
with the enrichment protocol by Carvalho et a/ [11]. Soil/Rhizospheres bacteria and soil phages were
isolated from two different sites (Table 1), with different soil temperatures and altitudes, under
common grasses in Higashishiroshima location, Japan.

Tabel 1. Bacterial and Phage Isolate Sources Information

Category Loc. A Loc. B

Common Name Location JICA Chugoku International Hiroshima University Campus,
Center, Higashihiroshima, Japan Higashihiroshima, Japan

Coordinate 34°24'03.0"N 132°44'01.3"E 34°24'05.5"N 132°43'01.1"E

Soil Type Sandy-Clay Sandy-Clay

Elevation (a.s.l) 350+ 5m 200+ 5m

Soil Temperature (when taken) 2+2°C 3+2°C

2.3 Bacterial and Phage Isolation.

Each genus of soil bacteria were cultivated in LB medium at different temperatures[13]. Isolation of
Jumbo Phage was follow saad ef al. [12]. A 400 ml of each sample was centrifuged at 5000g for 10
min at room temperature to remove most particulates, unwanted debris and microbial cells and
followed by re-centrifugation of the supernatant at 15,000g for 1 h at 4 °C, all the pellets were
suspended by vortexing in 5 ml of SM buffer (50 mM Tris HCI [pH 7.5], 100 mM NaCl, 10 mM
MgS04, and 0.01% gelatin). To remove small phages, this centrifugation cycle was repeated three
times. Accordingly, an equal volume of chloroform was added to the final suspension to kill any
residual contaminating bacteria. The detection of jumbo phages was used by standard plaque assays
were modified as follows: Bacterial cultures (Escherichia coli strain BL-21 and isolated bacterial)
were prepared in 4.5 ml LB broth and adjusted to OD 600 % 0.25. A 100ml phage sample was mixed
with 250 ml bacterial culture and shake for 30 min at room temperature. With 4.5 ml of molten LB top
agar (0.35%), the mixture was poured onto an LB agar plate (1.5% agar). The plates were incubated
for 24 h at 23 °C. Small plaques that appeared on the plates were selectively picked for further
purification and enrichment. Single small plaque purification was repeated three times to confirm the
plaque was derived from only one kind of phage


http://repository.unej.ac.id/
http://repository.unej.ac.id/

ICALS 2020 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 759 (2021) 012071  doi:10.1088/1755-1315/759/1/012071

2.4 Host range test

The host range of Jumbo phages was done according to Kutter [14], by spot tests and plaque-forming
assays. The overnight cultures of bacterial strains prepared in LB medium were sub cultured in 500ml
LB broth and adjusted to OD 600 % 1. 100ml of each bacterial subculture was mixed with 3 ml of
molten LB top agar (0.35%), poured onto the surface of an LB agar plate (1.5% agar) and left to dry
for 10 min. Then, 1ml of each phage preparation (with titer ~10® plaque forming units/ml) was spotted
onto the bacterial overlay, left for 15 min to dry, and then incubated at 30 °C for 24 h. When a lysis
zone appeared, efficiency of plating was determined for each strain as the host.

2.5 Genome Size Analysis

The phage genome size was determined by Pulsed Filed gel electrophoresis followed by Higashiyama
and Yamada [15] after purification of phage particles by sucrose gradient (20-40%) centrifugation at
40,000 x g for 1 h, they were embedded in 1.7% low-melting-point agarose (Agarose H). Phage-
containing plugs were treated by proteinase K (1 mg/ml; Merck Ltd., Tokyo, Japan) and 1% sarkosyl.

3. Results and Discussion

Phage or bacteriophage are the most abundant viruses in the world. Living together with their host,
Bacteria. Mostly for jumbo type of phage live in aquatic and soil. According to Holtapless et al/ [16] in
the future phages can be integrated with smart farming system especially for biocontrol of bacterial
phytopathogen. Duhaime et al/ [17], Viruses influence the ecology and evolutionary trajectory of
microbial communities.

Phage populations in the environment are mostly following their bacterial host populations, as
affect the phage living mechanism, Lytic obligate. According to Sasani et al [18], lytic obligates mean
the obligate parasites which replicate within a particular bacterial host and cause rapid lysis and cell
death within a short period. Based on that, the isolation of phage became the first important activity to
develop the phage as biocontrol agents for pathogenic bacteria. Hypothetically, the abiotic factor-like
climate, temperature, elevation, and relative humidity became independent factor to choose
appropriate isolation protocol. The different abiotic factor may allow the different isolation protocol.

Phage isolation should be followed by the isolation of their host bacteria, to ensure the availability
of the bacteriophage host. The absence of the bacteria host form same environment causes the
disruption of the bacteriophage isolation process. According to the test result, several bacterial genera
were isolated (Table 2). Bacillus became the most isolated bacterial genus on both locations based on
morphological identification and colony counting. According to the Nair et al [19], that genus become
most abundance bacterial genera in the soil, and that population will be changed according to the soil
microenvironment under the influence of different climatic conditions

Table 2. The isolated bacterial genus and their number of colonies

Bacterial Genus Loc. A Loc. B
Bacillus 350+15 x 107 320+12 x 10?
Escherichia 20+6 x 10? 35+6 x 10?
Clostridium 16+3 x 10? 1345 x 10?
Agrobacterium 80+£17 x 10? 76+18 x 10?
Unknown genus 120426 x 10° 80+16 x 10?

The main differences of normal systematic protocol and enrichment protocol on isolation of
bacteriophage are in the culturable bacteria. In the enrichment protocol, before phage isolation by
following the Saad et a/ [12], the soil sample was cultured overnight and grown in TSB [20]. The
culturable sample in the enrichment protocol aimed to increase the number of bacterial host and
expected to increase the number of isolated bacteriophages and make it easier to take the next step on
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phage development. However, that aim, and purposes influenced by independent factors like abiotic
factors and phage type.

Based on this research, the enrichment protocol did not have significant difference among the
normal systematic protocols, especially on the plaques number and the plaque sensitivity. This result
appeared to be the same at both locations. Conformable with that, the different elevation, soil
temperature and bacteriophage type did not become dependent factor to the bacteriophage isolation
process. The jumbo phage in both locations can isolated properly although without enrichment
protocol.

Table 3. The Number of appeared plaque on each bacterial genus

Bacterial Genus Loc A Loc B
Enrichment Non-Enrichment Enrichment Non Enrichment

E coli BL21 65+0.8 a 60+0.9 a 58+0.5a 49+0.6 a
Bacillus 40+0.3 a 39+0.2 a 30+0.2 a 27+0.4 a
Escherichia 26+0.2 a 24+0.3 a 29+0.4 a 23+0.4 a
Clostridium 0+0 0+0 0+0 0+0
Agrobacterium 11£0.3 a 12+0.3 a 13£0.0 a 12+0.1 a
Unknown genus 20+0.6 a 18+0.3 a 1940.1 a 18+0.4 a

Note: the different annotation was significantly different on the DMRT test (5%)

The sensitivity of bacterial host against the isolated jumbo phage was quite different among both
protocols. To determine phage host range or host sensitivity used a spot titration protocol and
determine the host range and relative phage killing (EOP) [21,22]. The different result showed if the
sensitivity of the Bacillus become more sensitive to collected jumbo phage among other protocol. It’s
indicated two fact. 1. The selected phage had earlier contact with their bacterial host. The earlier
contact makes the bacteriophage able to be replicated faster than other. The fastest replication of
jumbo phage will allow more bacterial host became lysed. The lysed bacteria make more bacterial
colony became more sensitive 2. The selected phage can’t reach the bacterial host species on non-
enrichment protocol, the bacterial host have produced the resistance metabolite before the selected
jumbo phage colonizing the bacterial cell.

Moreover, all collected jumbo phage have more than 400 kbp by electrophoresis analysis. Its
indicated that all collected phages are jumbo phage type. Furthermore, the utilization of jumbo phage
considered as potential future treatments against antibiotic-bactericide-resistant bacterial infection on
broad range area.

Table 4. The sensitivity of host range (genus)

Bacterial Genus Enrichment Non-Enrichment

El E2 E3 E4 E5 E6 E1l E2 E3 E4 E5 E6
E coli E22 + + + + + + + + A + - +
Bacillus + + + s + + - - o + - +
Escherichia + + + + + + + + - + - +
Clostridium - - = + = - = - - + R .
Agrobacterium - - - - - - - - - - - -
Unknown genus + - - - + - + - - - + -

sensitivity: + sensitive (EOP>102 PUF/plate); - resistant (EOP<10° PFU/plate).

4. Conclusion

Based on the plaque size and plaque total, each protocol did not significantly differ on plaque total
among the E. coli BL 21 or each isolated soil bacteria. On the plaque test, the plaque total average was
65 plaques, nor 45 plaques emerged on each isolated soil bacteria. The significant difference on each
protocol was on the clarity of plaque. Based on visual observation, the plaques with enrichment
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protocol are clearer with indicated on sensitivity of bacterial host. It was showed that the isolation of
jumbo phages from the winter grass during winter conditions can isolated without the enrichment
protocol. It can isolate with standard isolation protocol.
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