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Abstract 

Since the emergence of deadly pathogens and multidrug-resistant bacteria at an alarmingly increased rate, 

bacteriophages have been developed as a controlling bioagent to prevent the spread of pathogenic bacteria. One of 

these pathogens, disease-causing Vibrio parahaemolyticus (VPAHPND) which induces acute hepatopancreatic necrosis, 

is considered one of the deadliest shrimp pathogens, and has recently become resistant to various classes of antibiotics. 

Here, we discovered a novel vibriophage that specifically targets the vibrio host, VPAHPND. The vibriophage, designated 

Seahorse, was classified in the family Siphoviridae because of its icosahedral capsid surrounded by head fibers and a 

non-contractile long tail. Phage Seahorse was able to infect the host in a broad range of pH and temperatures, and it 

had a relatively short latent period (nearly 30 minutes) in which it produced progeny at 72 particles per cell at the end 

of its lytic cycle. Upon phage infection, the host nucleoid condensed and became toroidal, similar to the bacterial DNA 

morphology seen during tetracycline treatment, suggesting that phage Seahorse hijacked host biosynthesis pathways 

through protein translation. As phage Seahorse genome encodes 48 open reading frames with many hypothetical 

proteins, this genome could be a potential untapped resource for the discovery of phage-derived therapeutic proteins.  

 

บทคดัย่อ 

เนืQองดว้ยการเพิQมขึน̀อยา่งรวดเรว็ของแบคทเีรยีก่อโรคทีQดือ̀ยาปฏชิวีนะ แบคเทอรโิอเฟจจงึเป็นหนึQงทางเลอืกทีQไดร้บั

ความสนใจในการใช้ควบคุมการกระจายของเชื`อดงักล่าว หนึQงในเชื`อดื`อยาปฏิชีวนะและก่อโรครุนแรงในกุ้ง คือ Vibrio 

parahaemolyticus AHPND (VPAHPND) เป็นตน้เหตุของกลุ่มอาการตบัและตบัอ่อนตายเฉียบพลนั งานวจิยัน̀ีจงึไดท้าํการคดัแยก

เฟจทีQมคีวามจาํเพาะต่อ VPAHPND โดยเฟจชนิดน̀ีถูกจดัอยูใ่นวงศ ์Siphoviridae และมชีืQอวา่ “มา้น̀ํา” เนืQองจากลกัษณะโครงสรา้ง

ทีQปรากฏเสน้ขนรอบๆหวั และมหีางทีQคอ่นขา้งยาว เฟจชนิดน̀ีมคีวามคงทนต่อชว่ง pH และอุณหภมูทิีQกวา้ง นอกจากน̀ีเฟจจะใช้

เวลาในการเพิQมจาํนวนภายในแบคทเีรยีทีQคอ่นขา้งสัน̀ (30 นาท)ี และสรา้งเฟจได ้72 ตวัต่อเซลล ์ในการศกึษาระดบัเซลลพ์บวา่

ภายหลงัการ infect ของเฟจ สารพนัธุกรรมของแบคทเีรยีจะค่อยๆ ปรากฏเป็นลกัษณะกลมอยู่กลางเซลล ์และค่อยเปลีQยนเป็น

ลกัษณะ toroid ซึQงลกัษณะดงักล่าวเหมอืนกบัการทีQแบคทเีรยีไดร้บัยาปฏชิวีนะชนิด tetracycline จงึมคีวามเป็นไปไดว้่าเฟจ

มา้น̀ํามกีลไกเช่นเดยีวกบัยา tetracycline ทีQสามารถรบกวนการถอดรหสัโปรตนีของแบคทเีรยีระหว่างการเพิQมจาํนวนได ้จโีนม

ของเฟจมสีามารถถอดรหสั ÖÜ ORF และมโีปรตนีทีQไม่ทราบหน้าทีQอกีมาก จงึแสดงใหเ้หน็ถงึความเป็นไปไดใ้นการใชส้ารทีQได้

จากการสรา้งของเฟจในการยบัยัง̀การสรา้งโปรตนีของแบคทเีรยีเพืQอยบัยัง̀เชือ̀ก่อโรค  

 

Keywords: bacteriophages, Vibrio phage, phage genome, phage infection, Vibrio parahaemolyticus 
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Objectives  

To isolate and characterize phage targeting pathogenic Vibrios 

Material and Methods 

Phage isolation, purification, and preparation. Overnight cultures of VPAHPND were prepared by inoculating the 

bacteria, previously grown on Tryptic Soy Agar supplemented with 1.5% Sodium chloride (TSA-1.5%NaCl), into 5 ml of 

Tryptic Soy Broth supplemented with 1.5% Sodium chloride (TSB-1.5%NaCl) and allowed to incubate at 30 °C, 200 

rpm for at least 16 hours. One milliliter of seawater was added to 25 ml of TSB- 1.5%NaCl, 250 μl of 100 mM CaCl2, 

and 2.5 ml of VPAHPND overnight culture. Phage was enriched by growing at 30 °C, 200 rpm for 48 hours. Phage was 

next harvested by centrifugation at 9,000 rpm for 10 minutes followed by collecting and filtering the supernatant using 

a 0.45 μm filter. Next, phage purification was performed using double-layer agar method. Briefly, 10-fold serial dilutions 

of phage were prepared using SM buffer. Ten microliters of each diluent were added to 100μl of overnight culture of 

VPAHPND, mixed and allowed to stand for 10 minutes. To this, 5 ml of melted 0.35% top agar of TSA-1.5%NaCl was 

added, mixed and poured onto a TSA-1.5%NaCl plate. The plates were incubated overnight at 30 °C. Putative 

translucent plaques were identified and picked and resuspended in 100 μl of SM buffer. This purification step was 

repeated 3 times. A high-titer phage lysate was prepared described by Chaikeeratisak et al.1. Briefly, 5 ml SM buffer 

was added to a near-confluent plate and incubated at 30 °C for at least 5 hours. The solution was aspirated into a tube 

and centrifuge at 9,000 rpm for 5 minutes. Finally, the supernatant was filtered using a 0.45 μm filter and stored at 4 

°C.  

This work has been reviewed and approved by Chulalongkorn University-Institutional Biosafety Committee (CU-IBC) in 

accordance with the levels of risk in pathogens and animal toxins listed in the Risk Group of Pathogen and Animal 

Toxin (2017) published by Department of Medical Sciences (Ministry of Public Health), the Pathogen and Animal Toxin 

Act (2015) and Biosafety Guidelines for Modern Biotechnology BIOTEC (2016) with approval number: SC CU-IBC-

006/2018.  

Transmission electron microscopy and cryo-electron tomography. 3 μl of phage titer was deposited on 

QUANTIFOIL 200 mesh holey carbon R 2/1 gold grids, glow-discharged using PELCO easiGlow (Ted Pella). The grids 

were blotted using Whatman No. one filter paper and plunge-frozen into a liquid ethane/propane mixture cooled by 

liquid nitrogen using a custom-built device (Max Planck Institute for Biochemistry, Munich). Tilt series were collected on 

grids clipped onto autogrids (Thermo Scientific) in a 300 keV Titan Krios (Thermo Scientific) fitted with a K2 Summit 4k 

x 4k pixel direct electron detector and a GIF Quantum post-column energy filter (Gatan) using a nominal magnification 

of 42 kx or a pixel size of 3.4 A ̊ and −5 μm defocus. Tilt series were acquired using SerialEM in low dose mode, 

typically from −40o to +40o every 2–3 degrees with a total dose of 50–70 e/A ̊2. The tilt series were aligned and dose-
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weighted according to the cumulative dose using MotionCor2 and reconstructed in IMOD software using weighted back-

projection.  

Conventional phage study. To evaluate phage adsorption, VPAHPND culture (OD600 ~ 0.4) was infected with phage 

particles at MOI 0.01 (The OD600 of 1 = 1 × 109 CFU/ml2) and incubated at 30 °C. At each time point of 0, 1, 2, 5, 7.5, 

10, 15, 20, 25, and 30 minutes, 100 μl of the samples were collected and diluted 10-fold in SM buffer. After 

centrifugation at 15,000 × g for 2 minutes at 4 °C, the supernatant was harvested and the number of free phages was 

determined by double-layer agar method. For the one-step growth curve analysis, VPAHPND was infected at MOI 0.01 at 

30 °C for 15 minutes, then the cell suspension was centrifuged at 12,000 × g for 5 minutes. The pellet was resuspended 

in 10 ml of TSB-1.5% NaCl. The mixture was then incubated with vigorous shaking at 200 rpm, 30 °C for 2 hours. 

Throughout the period of shaking, the samples of the untreated group and the chloroform-treated group were taken 

every 10 minutes to evaluate total virions by double-layer agar method.  

For pH stability, 100 μl of phage lysate was mixed with 900 μl of SM buffer in a pH range 2 to 10 and incubated at 

30 °C for 1 hour. For temperature stability, 50 μl of phage lysate was incubated for 1 hour at different temperatures; 

4, 20, 25, 30, 37, 40, 50, 60, and 70 °C. For both tests, phage infectivity was determined by performing a spot test. 

These experiments were performed in triplicate.  

To determine host spectrum of the phage, a spot test was performed to test the infectivity of the isolated phage against 

different 26 bacterial strains that we obtained and were kindly offered from different sources as indicated in Table 1. 

Briefly, overnight cultures were prepared as described above. 500 μl of each culture was mixed with 5 ml of 0.35% 

molten top agar (TSA-1.5% NaCl) and immediately poured on an agar plate (TSA-1.5% NaCl). After the cell lawn was 

solidified, 5 μl of each diluent of 10-fold serially diluted phage was spotted on the surface of the top agar. The plates 

were allowed to dry and next incubated overnight at 30 °C. The clearing zones were then evaluated for the infection 

ability of the phage toward the bacterial host.  

Phylogenetic tree construction. DNA sequences of the terminase large subunit of various phages were obtained 

through GenBank. These sequences included accession number and phage names as follows: Vibriophage KVP40: 

NC_005083, Vibriophage CP-T1: NC_019457.1, Vibriophage pVp-1: NC_019529.1, Vibriophage vB_VpaS_MAR10: 

NC_019713.1, Vibriophage VH7D: NC_023568.1, Enterobacteria phage 9 g: NC_024146.1, Salmonella phage Stitch: 

NC_027297.1, Vibriophage phi 3: NC_028895.1, Enterobacteria phage JenK1: NC_029021.1, Vibrio vulnificus phage 

SSP002: NC_041910, Enterobacteria phage EPS7: NC_010583.1 and phage Seahorse. The sequences were aligned 

using ClustalW and the phylogenetic tree was constructed using Molecular Evolutionary Genetics Analysis (MEGA) 

version 10.0 as described by Kumar et al.3. Using the Maximum Likelihood method, a bootstrap consensus phylogenetic 

tree from 100 bootstrap replications for tree construction was selected. The selected numbers of bootstrap were shown 

on the selected branches.  

Lysogeny experiment. To isolate phage-resistant strains, bacterial colonies that appeared in a double layer-agar plate 

at high titer of phage were picked and further isolated. The isolated strains and original VPAHPND were tested for phage 

resistance by cross streaking each isolate with a drop of high titer phage lysate atop the bacterial stripes. The plate 

was incubated overnight at 30 °C and the result was recorded. To test whether the phage-resistant isolates were 

lysogen, a bacterial cell lawn of VPAHPND strain was prepared as described above. Single colony of each phage-resistant 

isolate was picked by a sterile toothpick and stabbed into the top agar. The plate was then incubated at 30 °C overnight 

and the presence of a clear zone surrounding the stab isolate was recorded the day after.  
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Bacterial cell lysis profile assay. VPAHPND culture at mid-log phase (OD600 ~ 0.4) was inoculated with phage lysate at 

MOI 0 as a control and MOI 0.01 and MOI 5 as experimental groups. The cultures were then incubated shaking at 200 

RPM at 30 °C. OD600 of all cultures were monitored every 30 minutes until 10 hours of incubation. The experiment was 

carried out in triplicate.  

Phage genome DNA extraction. The phage lysate was first dialyzed in sterile distilled water. Next, phage was 

precipitated by adding 2.5 ml of phage precipitant solution (30% w/v PEG-8,000, 3.3 M NaCl and sterile distilled water) 

to 10 ml of phage lysate (~10
9 pfu/ml) and stored overnight at 4°C. The solution was then centrifuged at 10,000 rpm 

for 30 minutes followed by resuspending the pellet in 500 μl of 1xDNase I buffer. To degrade bacterial genomic DNA 

and RNA, 5U DNaseI and 25 μg RNaseA were added and incubated at 37 °C for 2 hours. Next, 25 mM EDTA was 

added to inhibit nuclease activity, followed by 0.5% SDS and 25 μg proteinase K, and incubated at 60 °C for 2 hours. 

Phenol-chloroform extraction was then performed to extract phage genomic DNA.  

Phage genome sequencing and analysis. Phage genomic DNA was sequenced by Illumina MiSeq plat- form. All raw 

reads were qualified and the low qualities were eliminated. The adaptors in the filtered reads were then trimmed and 

assembled into contigs. To remove potential host DNA contamination, reads were mapped to the host strain sequence 

of V. parahaemolyticus strain ATCC17802 (GenBank accessions CP014046, CP014047) using the Geneious mapper 

in Geneious Prime 2019 (https://www.geneious.com). The unmapped reads were used for assembly in Geneious Prime 

2019 with the Geneious assembler using high sensitivity and default parameters. A list of ORFs was generated from 

this contig using the ORF finder in Geneious; filtering out any ORFs less than 200 base pairs. The protein sequences 

of each ORFs were predicted by EMBOSS Transeq and they were annotated manually by BLASTp and PSI-BLAST 

(cut-off e-value < 10−4) against various databases: NCBI’s non-redundant (nr) protein sequences, InterPro 75.0, NCBI 

conserved domain and ACLAME. In addition, to confirm the pre- dicted function, RAST sever, Prodigal and PHASTER 

were used as well. To determined antimicrobial resistance coding genes and putative toxins, RESFINDER and 

VirulenceFinder were used, respectively. Aragon and tRNAS- canSE were used to identify tRNAs. The map of genome 

was drawn by Artemis and DNA plotter.  

Single cell-infection assay. VPAHPND culture (OD600 ~ 0.4) was infected with phage at MOI 5 and the infected cells 

were incubated at 30 °C. At each time point; 0, 10, 20 and 30 minutes, the samples were harvested by centrifugation 

at 9,000 rpm for 2 minutes and the supernatant discarded. As described by Chaikeeratisak et al.1, phage-infected cells 

were fixed at a final concentration of 4% paraformaldehyde and incubated at room tempera- ture for 15 minutes. The 

fixed cells were centrifuged and the pellets were washed with 500 μl of 1x PBS three times. The cells were resuspended 

in 1x PBS before loading 3 μl onto an agarose pad (1.2% agarose in 20% TSB-1.5% NaCl) that contained fluorescent 

dyes (2 μg/ml FM 4–64 and 2 μg/ml DAPI). The samples were visualized under DeltaVision Ultra High-Resolution 

Microscope. For live cells, the cells were harvested at desired time points, and inoculated on an agarose pad as 

described above. The nucleoid was stained with either 0.5 μM SYTOX-green or 0.5 μM SYTO 16, prior to fluorescence 

microscopy.  

Minimal inhibitory concentration. Minimal inhibitory concentrations (MIC) were determined for the following antibiotics: 

Ciprofloxacin, Rifampicin, and Tetracycline, which were all used in the fluorescence microscopy experiment shown in 

Table S1. The antibiotics were respectively serially diluted in a 96 well plate using a microdilution method4. Overnight 

cultures of VPAHPND were diluted 100-fold in TSB-1.5% NaCl and allowed to grow on a roller at 30 °C until exponential 

growth (OD600 of 0.2) was observed. The culture was further diluted 100-fold in TSB-1.5% NaCl into wells of the same 

96-well plate that contained different concentrations of the respective antibiotic. The culture was further incubated at 30 
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°C for 24 hours. MICs for each antibiotic were determined as the lowest concentration dilution of that antibiotic capable 

of inhibiting growth of the bacteria.  

Fluorescence microscopy. Overnight cultures of VPAHPND were diluted 100-fold in TSB-1.5% NaCl and incubated at 

30 °C on a roller until exponential phase of growth was obtained. Antibiotics were added to the culture at concentrations 

of 5 times the MIC. For live cell imaging, cultures were incubated at 30 °C on a roller for 60 minutes followed by staining 

with fluorescent dyes; FM 4–64 (2 μg/ml), DAPI (2 μg/ml) and SYTOX-green (0.5 μM). Cultures were then harvested 

by centrifugation at 6,000 g for 30 seconds and resuspended in 30 μl of supernatant. 3 μl of sample was loaded onto 

agarose pad (1.2% agarose containing 20% TSB-1.5% NaCl) on concave glass slides and fluorescence microscopy 

was performed, following consistent imaging parameters throughout all of the experiments. For fixed cell imaging, 

cultures were incubated on a roller at 30 °C for 30 and 60 minutes for treatment with ciprofloxacin and rifampicin, while 

10, 20, 30 and 60 minutes for treatment with tetracycline. After the completion of each treatment, cultures were fixed 

as described above. Cultures were then harvested by centrifugation at 9,000 rpm for 2 minutes followed by washing 

the pellet with 1x PBS for 3 times. After centrifugation, the pellet was resuspended in 30 μl of 1x PBS and added to 

an agarose pad as described above. Fluorescence microscopy was performed using consistent imaging parameters for 

all experiments.  

Results 

Morphological and biological properties of phage Seahorse 

Bacteriophages that target VPAHPND were enriched and isolated from seawater collected from a local shrimp farming 

area in Thailand. A phage selected for this study actively lysed VPAHPND and produced a 2–3 mm plaque with a 0.5 mm 

clear spot at the center surrounding by the halo-turbid area (Fig. 1a). As observed in negative staining by transmission 

electron microscopy (TEM), the phage belongs to the order Caudovirales and the family Siphoviridae as it has an 

icosahedral capsid with a long non-contractile tail with short tail fibers (Fig. 1b). In order to visualize the phage at a 

higher resolution and at a near-native state, we imaged the phage using cryo-electron tomography (cryo-ET). Our cryo-

ET images indicated that the phage had a capsid of ~65 nm in diameter and a tail of ~125 nm in length (Fig. 1c–e; n 

= 3). The phage capsid seemed to be decorated with other proteins which may likely constitute the head fiber similar 

to those found in Bacillus subtilis phage Phi29 and adenoviruses5–7. Our cryo-ET images of the phage also revealed 

the presence of capsid fibers (the shaft with a knob) of ~10 nm in length at the vertices of the capsid (Purple arrows; 

Fig. 1c). We also see densities on the capsid facets (~3 nm) which may correspond to minor capsid proteins similar to 

those found in adenoviruses (Orange arrows; Fig. 1c)5,8. These are believed to enhance capsid stability by forming 

strong protein-protein interactions. Further biochemical and structural studies are needed to characterize and resolve 

these protein densities unambiguously. Based on the 3-dimensional phage structure under Cryo-ET, we designated this 

vibriophage as “Seahorse”.  

To gain more information on the biological properties of phage Seahorse, we tested its host range and conducted a 

one-step growth curve, a phage tolerance test and measured phage adsorption rate. Out of 26 different bacterial strains 

tested, phage Seahorse exhibited a narrow host spectrum and specifically infected V. parahaemolyticus strain TM that 

causes AHPND or VPAHPND (Table 1). A phage adsorption assay revealed that more than 95% of the phage were rapidly 

adsorbed onto the host cell within 15minutes (Fig. 1f). The one-step growth curve showed that the phage propagated 

in the cell during the latent period for at least 30 minutes and resulted in a burst size of 72 virions per cell (Figs. 1g, 

S1, and Table S2). Additionally, the phage was highly tolerant to a wide range of pH and temperatures (Fig. 1h,i). 

Figure 1h revealed that the phage was able to infect the host with the highest infectivity at pH 6–7 and the infectivity 

was found to be completely lost at pH 1–3 (Fig. 1h). A thermal stability study showed that the phage was still active at 



 

 6 

temperatures between 4 °C–50 °C while the phage pre-treated with high temperatures above 60 °C significantly lost 

their infectivity (Fig. 1i).  

 

 

Figure 1. Morphological and biological properties of phage Seahorse. (a) Plaque morphology of phage Seahorse. An 

individual plaque is shown in the right panels. Scale bar equals to 2 mm. Morphology of phage Seahorse as determined 

by Negative staining and TEM (b) and Cryo-ET (c,d). Different slices (c,d) through the same Cryo-ET showing the 

structure of phage Seahorse. Arrows indicate capsid, capsid fiber, minor capsid protein, tail and tail fibers. Scale bar 

equals to 50 nm. (e) Schematic of phage Seahorse as visualized by Cryo-ET with the capsid size and the tail length 

indicated. (f–i) Biological studies of phage Seahorse; Adsorption assay (f), One-step growth curve (g), phage viability 

in different pH (h) and different temperature (i). The experiments (f–i) were conducted in at least 3 independent 

biological replicates and the data are represented as the mean ± standard deviation.  
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Table 1. Host range determination of phage Seahorse. Different bacterial species and strains were used as the host to 

determine the host spectrum of the phage using a spot test. *Identified by 16 s sequencing. DMST: Department of 

Medical Sciences, Ministry of Public Health, Thailand.  

Genome features and annotation of phage Seahorse  

The complete genome of Seahorse was 45,171 bp long with a GC content of 42.59% encoding 48 putative open reading 

frames (ORFs) and 3 tRNA genes (Fig. 2 and Table 2). These predicted ORFs were scattered throughout the phage 

Seahorse genome with different gene arrangements; 35 ORFs in the forward direction and 13 ORFs in the reverse 

direction (Fig. 2). Out of the total predicted ORFs, 22 ORFs were assigned a putative function according to the significant 

hits in the indicated databases with E-values less than 10
−4 

while the rest were identified as hypothetical proteins 

(Table 2). Among them, more than 80% of start codons in the ORFs were ATG followed by TTG (14.58%) and CTG 

(2.08%). We classified the 22 ORFs into 7 main groups according to function; (1) replication, transcription and 

translation, (2) DNA metabolism and modification, (3) virion structure and assembly, (4) phage regulation, (5) Nin 

regions, (6) lysis protein, and (7) other phage-related proteins (Fig. 2). In addition, we did not observe any antimicrobial 

resistance-coding genes or putative toxins from the phage genome.  

As shown in Table 2, we found that the majority of predicted ORFs were virion structural proteins including head 

morphogenesis protein, tail tape measurement protein, and tail tubular protein as well as ATPase and both small and 

large subunits of the terminase enzyme, which is involved in DNA encapsidation. A phylogenetic tree of large subunits 

of terminase of phage Seahorse revealed the close relationship to the temperate vibriophage MAR10 (Fig. S2). Phage 

Seahorse encoded a set of crucial enzymes that are involved in DNA replication and transcription (e.g. DNA helicase, 

ribonuclease, and transcriptional regulator), and DNA metabolism and modification (e.g. nucleoside triphosphate 

pyrophosphohydrolase and adenine methylase). Some ORFs were predicted as a transposase which is involved in 

phage DNA integration into the host genome while others were categorized as High frequency lysogenization C and 

Bacterial species Strain Source Plaque formation
AHPND (TM) +
Non-AHPND -
ATCC 17802 American type culture collection -
DMST 5665 DMST laboratory collection -
Isolate 639 -
Isolate 102 -
Isolate 2207 -
Isolate 1526 -
Isolate gn -
Isolate 35 -

Vibrio alginolyticus DMST 14800 -
Vibrio cholerae DMST 2873 -
Vibrio fluvialis DMST 21248 -
Vibrio vulnificus DMST 21245 -
Vibrio mimicus DMST 21244 -
Vibrio natrigens ATCC 14048 American type culture collection -

VC1060 -
VC1061 -
VC1062 -
VC1063 -

Pseudomonas aeruginosa PA01 Klockgether et al. -
Pseudomonas chlororaphis 200-B Serwer et al. -
Escherichia coli ATCC 25922 -
Burkholderia thailandensis ATCC 700388 -

ATCC 17978 -
ATCC 196096 -

*Identified by 16s sequencing
DMST: Department of Medical Sciences, Ministry of Public Health, Thailand

Department of Microbiology, Faculty of 
Science, Chulalongkorn University

DMST laboratory collection 

Isolated from healthy shrimp
(This study)

Junprung et al. 

American type culture collection

Vibrio parahaemolyticus 

Vibrio harveyi 

Vibrio spp.*

Acinetobacter baumannii
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Rha family proteins, which also serve a role in the regulation of lysogenic life cycle of phages, all of which suggest that 

phage Seahorse is indeed a temperate phage9–11. This annotation was further validated by a lysogeny experiment and 

a host cell lysis profile, both confirming that phage Seahorse has an ability to lysogenize the host (Fig. S3). Moreover, 

we also identify N-acetylmuramoyl-L-alanine amidase, an enzyme that degrades the peptidoglycan layer in bacterial 

cell walls12.  

 

Figure 2. Genome map of phage Seahorse. The genome size is 45,171 base pairs long and the positions in term of 

base pairs are indicated by the number on the outermost circle. The grey scale on the innermost circle indicates GC 

content. The open reading frames (ORFs) are annotated and color-coded by their putative function; blue: DNA 

replication and transcription, and translation, pink: DNA metabolism and modification, purple: phage regulation, yellow: 

virion structural and assembly, green: Nin region, red: lysis protein, black: others, and grey: hypothetical proteins. The 

direction of arrows indicates gene arrangement in the genome.  
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ORF Predicted function Direction Start Stop Size (n) Sequence similarity Accession no. Source E-value
ORF1 Hypothetical protein + 1293 1496 204 Hypothetical protein NVP1103O_85 

[Vibrio phage 
1.103.O._10N.261.52.F2]

AUR87742.1 NCBI 6.00E-27

ORF2 Hypothetical protein + 1514 1819 306 Hypothetical protein NVP1291O_36 
[Vibrio phage 
1.291.O._10N.286.55.F6]

AUS01750.1 NCBI 2.00E-46

ORF3 Hypothetical protein + 2007 2786 780 Hypothetical protein NVP1263A_15 
[Vibrio phage 
1.263.A._10N.286.51.B1]

AUR99175.1 NCBI 3.00E-12

ORF4 Hypothetical protein + 2787 3071 285 Hypothetical protein 168987 ACLAME 2.00E-07

ORF5 Hypothetical protein + 3799 4032 234 Hypothetical protein [Vibrio phage 
LP.1]

AZU97916.1 NCBI 3.00E-14 

ORF6 Hypothetical protein + 4400 4681 282 Hypothetical protein ValSw33_31 
[Vibrio phage ValSw3-3]

AVR75855.1 NCBI 3.00E-42

ORF7 Terminase small subunit + 4761 5204 443 Phage(gi712916139); 
PHAGE_Shewan_3/49_NC_025466: 
terminase small subunit

PP_00071 PHASTER 7.35E-37

ORF8 Terminase large subunit + 5194 6678 1484 phage(gi712915541); 
PHAGE_Shewan_1/41_NC_025458: 
terminase large subunit

PP_00070 PHASTER 0

ORF9 Hypothetical protein + 6898 8274 1377 Hypothetical protein 184967 ACLAME 1.00E-71

ORF10 Phage head 
morphogenesis protein

+ 8261 9190 929 MULTISPECIES: phage head 
morphogenesis protein [Vibrio]

WP_086959696.1 NCBI 1.00E-149

ORF11 Hypothetical protein + 9312 10490 1179 Hypothetical protein 184946 ACLAME 2.00E-35

ORF12 Hypothetical protein + 10936 12006 1071 Hypothetical protein 184931 ACLAME 3.00E-19

ORF13 High frequency of 
lysogenization C (HflC) 
family

+ 12006 12332 327 High frequency of lysogenization C 
(HflC) family

YP_009275512.1 NCBI 1.33e-06 

ORF14 Hypothetical protein + 12339 12776 438 Hypothetical protein 184935 ACLAME 4.00E-13

ORF15 Hypothetical protein + 12736 13089 354 Hypothetical protein 184932 ACLAME 2.00E-05

ORF16 Hypothetical protein + 13355 14212 858 Hypothetical protein VPKG_00027 
[Vibrio phage pYD21-A]

YP_007673989.1 NCBI 3.00E-71

ORF17 Hypothetical protein + 14209 14652 444 Hypothetical protein ValSw33_31 
[Vibrio phage ValSw3-3]

AVR75855.1 NCBI 3.00E-42

ORF18 Ig domain-containing 
protein

+ 15028 15750 722 Uncharacterized conserved protein 
YjdB, contains Ig-like domain 

COG5437  NCBI 
Conserved 

Domain 
Search

2.02E-05

ORF19 Hypothetical protein + 16335 16598 264 Hypothetical protein NVP1116O_41 
[Vibrio phage 
1.116.O._10N.222.52.C10]

AUR88658.1 NCBI 2.00E-05 

ORF20 NinX  protein + 16974 17261 287 NinX [Salmonella phage S102] AXC39656.1 NCBI 7.00E-15

ORF21 Hypothetical protein + 17466 17777 312 Hypothetical protein NVP1239O_45 
[Vibrio phage 
1.239.O._10N.261.52.F6]

AUR97481.1 NCBI 3.00E-08 

ORF22 Hypothetical protein + 17805 18461 657 Hypothetical protein 184973 ACLAME 3.00E-20

ORF23 Phage tail tape measure 
protein

+ 18471 20900 2430 Lambda family phage tail tape 
measure protein

181776 ACLAME 5.00E-06

ORF24 Hypothetical protein + 20900 21397 498 Hypothetical protein [Vibrio phage 
LP.2]

AZU97857.1 NCBI 3.00E-17

ORF25 Hypothetical protein + 21903 22250 348 Hypothetical protein NVP1189B_19 
[Vibrio phage 
1.189.B._10N.286.51.B5]

AUR93845.1 NCBI 8.00E-23

ORF26 TMhelix containing 
protein

+ 22238 25039 2801 TMhelix containing protein [Vibrio 
phage 1.110.O._10N.261.52.C1]

AUR88148.1 NCBI 3.00E-147

ORF27 Tail tubular protein + 25039 27384 2345  tail tubular protein [Vibrio phage 
Athena1]

AUG84865.1 NCBI 2.00E-19

ORF28 Ribonuclease - 27438 27878 441 Ribonuclease [Vibrio phage VaK] ARH11752.1 NCBI 6.00E-46 
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Table 2. List of annotated proteins from ORFs in the genome of phage Seahorse. ORFs with the predicted functions 

were determined by their significant hit (E-value < 10−4) against genome databases.  

Phage Seahorse infection triggers the condensation of host nucleoid 

To investigate how phage Seahorse hijacks and kills the host VPAPHND, a single cell-leveled assay was used to 

visualize the bacterial cells upon the phage infection. We first focused on a 30-minute post infection (mpi) window 

because the one-step growth curve suggests that the phage replicates inside the host for only approximately 30 minutes 

before cell lysis (Fig. 1g). Fluorescence microscopy of Seahorse infected VPAPHND revealed a nonuniformly distributed 

nucleoid at time zero (0 mpi, lower panel; Fig. 3a), identical to the uninfected VPAPHND control (0 mpi, upper panel; 

Fig. 3a). Over intervals of 10 mpi, this distributed nucleoid became more condensed as infection progressed until 30 

mpi in which it appeared as a single sphere (30 mpi, lower panel; Fig. 3a). During late infection (after 30 mpi), some 
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unlysed infected cells contained multiple nucleoids exhibiting an archetypal toroid shape (upper panel; Fig. 3b). Similar 

to a previous study in Pseudomonas chlororaphis phage 201Phi2-1, the bacterial host cells lysed at a late time point 

resulting in the release of phage particles appearing as puncta (blue) surrounding cell debris (red) suggesting the 

complete lytic cycle of the phage (lower panel; Fig. 3b)13. We observed no evidence of condensed DNA (“blob”) or 

toroid formation in the control cells (Figs. 3a and S4; n = 1,782).  

To rule out the possibility that the observed nucleoid condensation is caused by host cell membrane leakage, previously 

seen in pore-forming molecules such as nisin and calcimycin4, we investigated the membrane integrity of infected cells 

by testing cell permeability to the DNA staining dye, SYTOX-green. Our result showed that the DNA blob in the infected 

cells was not stained by SYTOX-green, indicating that the cell membrane remained intact throughout infection, further 

supporting that phage Seahorse is the cause of the blob DNA formation, not the cell membrane leakage (Fig. 3c).  

To confirm that the condensed nucleoid seen in the phage-infected cell is host bacterial DNA, we performed time-lapse 

fluorescence microscopy over a 30-minute infection period using live cell permeant SYTO 16 DNA dye. At the beginning 

of infection, the host nucleoid (green) appeared diffuse, similar to the uninfected cell control (Fig. 3d). Over the first 10 

minutes, the nucleoid decondensed, seen by the diffusion and reduction of signal within the cell. Beginning at 15 mpi, 

the DNA nucleoid condensed and eventually appeared in a sphere at the midcell by 30 mpi, identical to the structure 

seen the infected cell shown in Fig. 3a. This time-lapse observation mirrors the morphological change in the DNA of 

fixed infected cells conducted over the same time course as shown in Fig. 3a. Altogether, these results suggest that 

phage Seahorse possibly interferes with the host cellular machineries in which it triggers the morphology change of 

host DNA.  

 

Figure 3. Single cell-leveled assay revealing the formation of blob and toroid of host DNA inside the phage- infected 

cells. Bacterial cells were grown in liquid culture to log phase and infected by phage Seahorse at MOI 5. At desired 

time points, the bacterial cells were harvested and fixed. For live cell imaging, the cells were inoculated on an agar pad 

after the phage infection. Prior to fluorescence microscopy, cell membrane (red) and nucleoid (blue/grey) were stained 

by FM4–64 and DAPI, respectively. (a) Fluorescence images of fixed bacterial cells in the presence of mock lysate 

(upper panel) and phage lysate (lower panel) at various time points. (b) Still images of phage-infected cells during late 
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infection; 45 mpi (upper panel) and 60 mpi (lower panel). (c) Live cell images of phage-infected cells. SYTOX-green as 

impermeable DNA staining dye was used as an indicator of live cells. (d) Time-lapse imaging of phage-infected cells 

over the course of 30 minutes. Nucleoid (green) as stained by SYTO 16 condensed and became blob shaped as early 

as 25 minutes. Dashed lines indicate cell borders. Scale bars equal to 1 micron.  

Inhibition of protein translation resulted in blob and toroid structure formation of the bacterial chromosome 

As previously reported by Nonejuie et al.4, fluorescence microscopy-based method, bacterial cytological profiling (BCP), 

can be used to identify biosynthetic pathways of bacteria that are inhibited based on characteristic cell morphological 

changes. We therefore applied the principle of BCP to investigate which metabolic pathway of VPAHPND is targeted 

during the phage Seahorse infection by fluorescence microscopy. Since phages are believed to hijack host DNA 

replication, RNA transcription, and protein translation pathways during the lytic cycle14, we focused on antibiotics that 

also inhibit these major pathways. Ciprofloxacin, rifampicin, and tetracycline were used as inhibitors to replication, 

transcription, and translation respectively. Fluorescence microscopy results of VPAHPND treated with antibiotics showed 

that each antibiotic treatment led to a unique morphological change in VPAHPND, similar to what previously observed in 

gram-negative Escherichia coli and Acinetobactor baumannii treatments4,15. Upon ciprofloxacin treatment, inhibition of 

DNA replication resulted in cell elongation and DNA pooling at the midcell while treatment with rifampicin resulted in 

DNA decondensation (Fig. 4a). Tetracycline-treated cells exhibited the signature condensed and toroidal-shaped DNA 

at 30 minutes but more prominently at 60 minutes post treatment with an intact cell membrane (Figs. 4a and S5). This 

morphology upon tetracycline treatment is notably similar to the condensed DNA morphology of the bacterial cells 

infected by phage Seahorse (lower panel; Fig. 3a).  

The production of “condensed” DNA upon infection instead of perfect “toroidal” shaped DNA urged us to ask if the 

condensed DNA morphology is truly the result of protein translation inhibition (lower panel, 10–30 mpi; Fig. 3a). The 

archetypal DNA shape of protein translation inhibition in many studies is a “toroid”4,15,16 but DNA shape alteration during 

very early translation inhibition by an antibiotic (less than one hour) has never been reported. Thus, time-course analysis 

of toroidal DNA formation in VPAHPND during tetracycline treatment was performed. This resulted in a more “condensed” 

DNA morphology that changed over time with the eventual appearance of the signature “toroid” DNA at 30 minutes 

post treatment and it became increasingly prominent at 60 minutes (Fig. 4b). Due to the fact that the phage Seahorse 

had a short latent period and completed its lytic cycle by 30 mpi, it is then reasonable to assume that the toroid DNA 

morphology was merely undetectable in infected cells because the host cell lysed before toroids were formed. Simply 

put, if it was able to progress beyond 30 mpi, the nucleoid would have resembled a toroid shape seen in Fig. 4b (45 

mpi; Fig. 3b). Altogether, these results suggest that DNA condensation morphology observed in phage Seahorse-

infected VPAHPND is likely due to the protein translation inhibition caused by the phage hijacking mechanism.  
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Figure 4. Fluorescence microscopy showed unique morphology of bacterial cells during the antibiotic treatment targeting 

different cellular pathways. Bacterial cells during the log phase were treated with antibiotics (ciprofloxacin, rifampicin, 

and tetracycline) at 5X MIC for indicated period of time. At desired time points, the cells were fixed and stained with 

FM4–64 (red) and DAPI (blue) prior to fluorescence microscopy. (a) Fluorescence images of fixed bacterial cells after 

the treatment with different antibiotics at 30 minutes (upper panel) and 60 minutes (lower panel). (b) Time-course still 

images of tetracycline-treated bacterial cells. Scale bars equal to 1 micron.  

 

Supplemental Figure 1: One-step growth curve of phage 

Seahorse in comparison between untreated (black line) 

and chloroform-treated samples (red line). The 

experiment was performed in at least 3 independent 

biological replicates and the data are represented as the 

mean ± standard deviation. 
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Supplemental Figure 2: Phylogenetic tree showing the relationship between terminase large subunits of different 

phages as indicated in the tree. Selected bootstrap values are shown at major branches. The viral classification: 

Ssp2virus, Myoviridae, Nonagvirus, and T5virus, is shown at each clustered group. A closed circle indicates the branch 

of terminase large subunit of phage Seahorse.  
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Supplemental Figure 3: Lysogeny experiment of phage Seahorse. (a) A spot test exhibiting a signature clear zone of 

temperate phages - “Bull’s eye”. (b) A cross-streak experiment of phage resistant isolates (L1 – L6) and the bacterial 

control (VP). Arrow indicates where high titer phage lysate was spotted atop the streaks. (c) Production of phage 

progeny from isolated lysogens. Arrowheads indicate clear zones as a result of host cell lysis. (d,e) The bacterial cell 

lysis profile of VPAHPND in the presence of phage at MOI 0 (Control, black line), MOI 0.01 (blue line), and MOI 5 (red 

line). 

 

 

Supplemental Figure 4: A graph showing the increase 

of number of VPAHPND cell containing blob-shaped DNA 

during the phage Seahorse infection.  

 

 

 

 

 

 

Supplemental Figure 5: Fluorescence images of live 

cells of VPAHPND treated with tetracycline. Bacteria cells 

were treated with tetracycline for 60 minutes. SYTOX-

green was used to stain DNA as an indicator for the cells 

with permeabilized membrane. Upper panels show FM4-

64 (red) and DAPI (blue) staining while lower panels show 

FM4-64 (red) and SYTOX-green (green) stains. Scale bar 

equals to 1 micron. 
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Table S1: Antibiotics used in this study showing antibiotic class, MIC and drug target. 

 

Table S2: A summary table of latent period, burst size, and tolerance of selected vibriophages 

 

Conclusion and Discussion  

A new strain of V. parahaemolyticus, called VPAPHND, emerged in 2009 as a devastating pathogen to shrimp, 

causing acute hepatopancreatic necrosis disease (AHPND) or early mortality syndrome (EMS). The infection resulted 

in mass production losses in southern China and within several years, the incidence of VPAPHND infection had expanded 

to other neighboring countries such as Vietnam, Malaysia and Thailand17. The disease contributes to 100% mortality of 

shrimp within one week and the infected animals present an atrophied and discolored hepatopancreas due to the 

Photorhabdus insect-related (Pir) binary toxins (PirA
vp
/PirB

vp
), which are encoded on the virulent plasmid of the 

pathogen. The toxins degenerate the tubule epithelial cells of the hepatopancreas leaving the diseased animals 

susceptible to additional bacterial infections18,19.  

Due to the emergence of VPAHPND and its multidrug resistant isolates, effective tools to control and combat 

these pathogens are urgently needed. Most recently, Angulo et al. revealed a number of studies and research reports 

on using phages as a biocontrol for the wide spread of VPAHPND
20. Until now, even though many phages have been 

reported to target V. parahaemolyticus, only phage pVp-1 has been found to effectively kill VPAHPND. Phage pVp-1 is 

highly potent and lyses more than 90% out of the VPAHPND strains that were isolated from Vietnam, Mexico, Costa Rica, 

Honduras, and Central America Countries21. However, the bacterial strain isolated from Thailand is not targeted by the 

pVp-1 phage. In this study, we successfully isolated a novel phage (named “Seahorse”) that specifically infects the 
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VPAHPND strain isolated in Thailand. This study also elucidates that the phage is able to hijack protein translation 

machinery of the host bacteria. In comparison to other phages that infect vibrios (Table S2)22–28, phage Seahorse has 

relatively big burst size with a shorter latency period than phages VP-1, VP-2, VP-3, VpKK5, and VhKM4 that replicate 

in V. parahaemolyticus21,29–33. It is also tolerant to the wide range of pHs and temperatures compared to other 

vibriophages suggesting unique survivability in harsh natural environments. These infectious characteristics not only 

add phage Seahorse to the library of phage targeting VPAHPND but also make it a potential candidate for a biocontrol 

agent.  

Bacteriophage requires a bacterial host cell to replicate, manipulating the native biosynthesis machinery of 

the host to assemble its own progeny. During its reproduction process, various phage-encoding proteins are produced 

to redirect or inhibit the host metabolism at the molecular level to benefit its fitness. These phage-derived proteins not 

only target the major metabolic pathways but are also capable of lysing the host cell membrane. Due to nature of these 

effects, these proteins can be considered antimicrobial agents similar to that of antibiotics with possible therapeutic 

applications12. Phage Seahorse was classified in the family Siphoviridae due to characteristics of the flexible, 

noncontractile tail with a non-enveloped icosahedral capsid. In addition, at high resolution near a native-state by Cryo-

ET, unique spikes and fibers (a shaft with a sphere at the tip) on the phage capsid were observed. This is not the first 

time that this structure has been reported5–8. These are most likely structurally diverse glycoproteins encoded by the 

phage and thought to promote tethering of the viral capsid to receptors present on the host cell surface. For instance, 

in the case of human adenoviruses, the fibers have a long shaft with a knob at the distal end of the capsid whereas, 

in phage Phi29 and some bovine adenoviruses, they consist of only a protruding stem without a terminal sphere5,6,8,34,35. 

Moreover, phage Sf6 that infects Shigella flexneri has an identical shaft-knob structure at the tail terminus called the 

“tail needle knob”36. Due to the narrow host spectrum of phage Seahorse, the capsid spikes and fibers located on the 

surface of the phage capsid serve a potential role in host specificity and recognition.  

Unfortunately, in a therapeutic context, phage Seahorse is not appropriate for application due to the ability to 

enter lysogenic cycle which renders the phage unsafe for treatment. Phage Seahorse appeared phylogenetically related 

to the temperate phage MAR10 that belongs to the genus Ssp2virus and targets V. parahaemolyticus (Fig. S2)37,38. This 

reassures our conclusion that phage Seahorse is temperate and also suggests the possible viral family it belongs to. 

Moreover, due to the lack of bioinformatics in phage related databases, the majority of the ORFs annotated in the 

phage Seahorse genome were predicted as unknown. As they might produce unwanted products or other unknown 

virulence factors, the therapeutic application is not warranted unless the fundamental knowledge in phage biology is 

better established or the phage is engineered to strictly enter only the lytic cycle39.  

However, despite the therapeutic shortcomings of phage Seahorse itself, phage genomes generally are 

considered an untapped resource for antimicrobials due to the metabolic hijacking ability and lytic capacity of the 

proteins they encode40,41. For example, from our genome analysis, albeit its relatively small genome, we were able to 

identify a lysis-related enzyme, N-acetylmuramoyl-L-alanine amidase, from ORF45. This lysis enzyme is involved in the 

cleavage of a very common bond present in most bacterial cell membranes, thus serving a crucial role in cell lysis12. 

In fact, it has been reported that the application of recombinant phage lysis enzymes from vibriophages can target a 

wider spectrum of bacterial hosts as compared to the parental phages42,43. Therefore, there is a strong possibility of 

finding other antibacterial protein candidate from this small phage in the future. Determining whether or not other 

hypothetical proteins found in the phage Seahorse genome and other newly discovered phage exhibit antibacterial 

activity needs further investigation.  

With the lysis-related enzyme in mind, we set out to investigate whether the phage Seahorse genome encoded 

other proteins that targeted major host metabolic pathways during its lytic cycle. Bacterial morphological changes have 

been used as indicators for various physiological states of bacteria elicited by genetic alteration or stress response4,44,45. 
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BCP exploits these cell morphological change patterns under different stresses to identify the specific mechanism being 

targeted by an antibiotic that causes bacterial growth inhibition. This study, for the first time, applied the principle of 

BCP technique to identify the underlying effected pathway and found that phage Seahorse likely inhibits protein 

translation of VPAHPND at the early stage of infection. This finding is concomitant with other reported hijacking 

mechanisms that use phage-host protein-protein interactions to inhibit host machineries (i.e. replication, transcription 

and translation) with the effect of disarming host defenses and producing its own proteins for reproduction46. Thus, the 

hijacking model of host protein machinery in favor of phage protein production right after infection is plausible. For 

example, Pseudomonas aeruginosa phage PaP3 strongly suppresses host protein synthesis through the reduction of 

ribosome to preserve energy47. Our finding does not directly indicate that native host replication and transcription are 

not also inhibited during the infection. To date, BCP has never been applied to study replication, transcription and 

translation inhibition simultaneously or chronologically. Thus, it is possible that host replication and transcription 

machineries were inhibited but only the profound protein translation inhibition phenotype was detected. Whether or not 

a temporal hijacking mechanism is presented during different stages of infection requires further investigation.  

Our study revealed the formation of host toroidal nucleoids that are likely the result of encoded phage proteins 

that hijack host translation machinery before cell lysis, as we called it: “Mechanism of pre-killing (MOK)”. This study 

suggests that the phage Seahorse genome contained at least one product that was involved in the inhibition towards a 

protein biosynthesis pathway. Further investigation into which of the phage-derived proteins target important pathways 

of the bacterial host will be needed in order to identify these antimicrobial proteins for development as therapeutics 

against pathogens. Localization profiling of phage proteins inside the host, as we previously reported1,48, could also be 

utilized to study Seahorse-infected cells to gain a better understanding of how individual phage-encoded proteins 

temporally and spatially function within the host. These investigations could help overcome Seahorse’s therapeutic 

shortcomings while identifying novel antimicrobial agents at the molecular level.  
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Output จากโครงการวิจยัที3ได้รบัทุนจาก สกว. 
1. ผลงานตพีมิพ์ในวารสารวชิาการนานาชาต ิ(ระบุชื;อผูแ้ต่ง ชื;อเรื;อง ชื;อวารสาร ปี เล่มที; เลขที; และหน้า) หรอื

ผลงานตามที;คาดไวใ้นสญัญาโครงการ 

 

ตพีมิพเ์ผยแพรผ่ลงานวจิยัระดบันานาชาตจิาํนวน 3 เรื;อง 

1. (งานวจิยัหลกั) ในวารสาร Scientific Reports ซึ;งเป็นวารสารที;อยู่ใน Quartile in Category Q1 และม ี

Impact Factor 4.122 

Thammatinna, K., Egan, M.K.E., Htoo, H.H., Khanna, K., Sugie, J., Nideffer, J.F., Villa, E., 

Tassanakajon, A., Pogliano, J., Nonejuie, P., Chaikeeratisak, V. (2020) A novel vibriophage 

exhibits inhibitory activity against host protein synthesis machinery. Scientific Reports 10 (1), 

2347. 

 

2. (งานวจิยัเสรมิ) ในวารสาร Cell ซึ;งเป็นวารสารที;อยู่ใน Quartile in Category Q1 และม ีImpact Factor 

36.216 

Chaikeeratisak, V., Khanna, K., Nguyen, K.T., Sugie, J., Egan, M.E., Erb, M.L., Vavilina, A., 

Nonejuie, P., Nieweglowska, E., Pogliano, K., et al. (2019). Viral Capsid Trafficking along 

Treadmilling Tubulin Filaments in Bacteria. Cell 177, 1771-1780.e12. 

 

3. (งานวจิยัเสรมิ) ในวารสาร Antimicrobial Agents and Chemotherapy (AAC) ซึ;งเป็นวารสารที;อยู่ใน 

Quartile in Category Q1 และม ีImpact Factor 4.256  

Htoo, H.H., Brumage, L., Chaikeeratisak, V., Tsunemoto, H., Sugie, J., Tribuddharat, C., Pogliano, 

J., and Nonejuie, P. (2019). Bacterial Cytological Profiling as a Tool To Study Mechanisms of 

Action of Antibiotics That Are Active against Acinetobacter baumannii. Antimicrobial agents and 

chemotherapy 63 (4), e02310-18 

 

2. การนําผลงานวจิยัไปใชป้ระโยชน์ 

- เชงิพาณชิย ์(มกีารนําไปผลติ/ขาย/ก่อใหเ้กดิรายได ้หรอืมกีารนําไปประยกุตใ์ชโ้ดยภาคธรุกจิ/บุคคลทั ;วไป) 

 ไมม่ ี

- เชงินโยบาย (มกีารกําหนดนโยบายองิงานวจิยั/เกดิมาตรการใหม่/เปลี;ยนแปลงระเบยีบขอ้บงัคบัหรอืวธิี

ทาํงาน) 

 ไมม่ ี

- เชงิสาธารณะ (มเีครอืขา่ยความรว่มมอื/สรา้งกระแสความสนใจในวงกวา้ง) 

ความรว่มมอืระหวา่งการทาํวจิยั  

- ไดร้ว่มมอืกบั Professor Joe Pogliano จาก University of California, San Diego ในการศกึษาการ

เพิ;มจาํนวนของเฟจในเซลลแ์บคทเีรยีในรปูแบบเซลลเ์ดยีว 

- ได้ร่วมมือกับ Professor Elizabeth Villa จาก University of California, San Diego ในการศึกษา

โครงสรา้งของแบคเทรโิอเฟจดว้ยกลอ้งจลุทรรศน์ความละเอยีดสงู 
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- ไดร้่วมมอืกบั อ.ดร.ภูชติ โนนจุย้ จากสถาบนัชวีวทิยาศาสตรโ์มเลกุล มหาวทิยาลยัมหดิล ศาลายา 

ในการศกึษารปูรา่งของเซลลแ์บคทเีรยีในสภาวะที;มยีาปฏชิวีนะ 

เครอืขา่ยความรว่มมอืที;สรา้งขึìนใหม ่ภายหลงัจากการตพีมิพง์านวจิยัในวารสาร Scientific Reports ไดม้กีาร

สรา้งความรว่มมอืใหม ่เพื;อศกึษาแบคเทอรโิอเฟจในเชงิลกึ ดงันีì 

- ได้สร้างความร่วมมือกับ Professor Gino Cingolani ณ ศูนย์ Sidney Kimmel Cancer Center 

มหาวทิยาลยั Thomas Jefferson University เพื;อศกึษาโครงสร้างเฉพาะส่วนของแบคเทรโิอเฟจ

ดว้ยกลอ้งจลุทรรศน์ความละเอยีดสงู 

- ไดส้รา้งความรว่มมอืกบัภาคเอกชน บรษิทั SCG Chemicals จาํกดั  

- เชงิวชิาการ (มกีารพฒันาการเรยีนการสอน/สรา้งนกัวจิยัใหม)่ 

- นํางานวจิยัมาใชใ้นการเรยีนการสอนระดบัปรญิญาบณัฑติ วชิา แบคเทอรโิอเฟจ คณะวทิยาศาสตร ์

สถาบนัเทคโนโลยพีระจอมเกลา้เจา้คณุทหารลาดกระบงั 

- นํางานวจิยัมาใชใ้นการเรยีนการสอนระดบับณัฑติศกึษา วชิา ชวีเคมขีองเซลล์ คณะวทิยาศาสตร ์

จฬุาลงกรณ์มหาวทิยาลยั 

- พฒันาและถ่ายทอดความรู้ให้แก่นักศึกษาระดบัปริญญาโท นางสาวครองขวญั ธรรมทินนะ ณ 

ภาควชิาชวีเคม ีคณะวทิยาศาสตร ์จฬุาลงกรณ์มหาวทิยาลยั 

- สรา้งผูช้ว่ยนกัวจิยั Mr. MacKennon E. Egan ใหม ่

 

3. อื;นๆ (เช่น ผลงานตพีมิพ์ในวารสารวชิาการในประเทศ การเสนอผลงานในที;ประชุมวชิาการ หนังสอื การจด

สทิธบิตัร) 

- นางสาวครองขวญั ธรรมทนินะ ไดเ้สนอผลงานในรปูแบบ Oral presentation ในงานประชุมวชิาการ

นานาชาต ิThe 24th Biological Science Graduate Congress 2019 (BSGC2019) ที;จดัขึìนระหวา่ง

วนัที; 19 – 21 ธนัวาคม พ.ศ. 2562 
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ภาคผนวก 

Accepted manuscript ฉบบัที; 1 (งานวิจยัหลกั) 
 

วารสาร Scientific Reports ซึ;งเป็นวารสารที;อยูใ่น Quartile in Category Q1 และม ีImpact Factor 4.122 
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Pogliano, J., Nonejuie, P., Chaikeeratisak, V. (2020) A novel vibriophage exhibits inhibitory activity against 

host protein synthesis machinery. Scientific Reports 10 (1), 2347. 
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Accepted manuscript ฉบบัที; 2 (งานวิจยัเสริม) 
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Chaikeeratisak, V., Khanna, K., Nguyen, K.T., Sugie, J., Egan, M.E., Erb, M.L., Vavilina, A., Nonejuie, P., 

Nieweglowska, E., Pogliano, K., et al. (2019). Viral Capsid Trafficking along Treadmilling Tubulin Filaments in 

Bacteria. Cell 177, 1771-1780.e12. 
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Accepted manuscript ฉบบัที; 3 (งานวิจยัเสริม) 
 

วารสาร Antimicrobial Agents and Chemotherapy (AAC) ซึ;งเป็นวารสารที;อยู่ใน Quartile in Category Q1 และมี 

Impact Factor 4.256  

Htoo, H.H., Brumage, L., Chaikeeratisak, V., Tsunemoto, H., Sugie, J., Tribuddharat, C., Pogliano, J., and 

Nonejuie, P. (2019). Bacterial Cytological Profiling as a Tool To Study Mechanisms of Action of Antibiotics That 

Are Active against Acinetobacter baumannii. Antimicrobial agents and chemotherapy 63 (4), e02310-18 
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การเสนอผลงานในที;ประชมุวิชาการ 
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รายงานสรปุการนําผลงานวิจยัไปใช้ประโยชน์ 
 

สญัญาเลขที> MRG6180027  

ชื>อโครงการ การบาํบดัรักษาโรคติดเชื0อวบิริโอดว้ยเฟจ: การคดัแยกและระบุตวัตนเฟจขนาดใหญ่ชนิดใหม่ทีมีความจาํเพาะต่อกลุ่มแบคทีเรีย
วบิริโอ (Phage therapy for Vibrio infections: Isolation and identification of novel giant bacteriophages with broad host spectrum 

against vibrios) 

หวัหน้าโครงการ วรพนธ์ ชยักีรติศกัดิH      หน่วยงาน ภาควชิาชีวเคมี คณะวทิยาศาสตร์ จุฬาลงกรณ์มหาวทิยาลยั  
โทรศพัท ์02-218-5430    โทรสาร – อีเมล ์Vorrapon.c@chula.ac.th 

สถานะผลงาน     □  ปกปิด     R  ไม่ปกปิด 
 

ความสาํคญั / ความเป็นมา  

แบคทีเรียในสกลุ Vibrio ซึP งเป็นแบคทีเรียแกรมลบ (Gram Negative Bacteria) พบมากในนํ0าทะเล เป็นสาเหตุหลกัทีPก่อใหเ้กิดโรคในสตัวน์ํ0 า
เศรษฐกิจมากมายหลายชนิด โดยส่งผลกระทบต่ออุตสาหกรรมสตัวน์ํ0 าและการส่งออกผลิตภณัฑจ์ากสตัวน์ํ0 าในประเทศไทยอยา่งมาก โดยการ
ป้องกนัการระบาดของแบคทีเรียวบิริโอนั0น สามารถทาํไดท้ั0งหมด 2 วธีิ ไดแ้ก่ การใชย้าปฏิชีวนะ (Antibiotics) และการบาํบดัดว้ยแบคเทอริ
โอเฟจ (Bacteriophage therapy) แต่เนืPองจากการใชย้าปฏิชีวนะทาํใหเ้กิดการดื0อยาของแบคทีเรีย ดงันั0นการใชย้าปฏิชีวนะจึงไม่ใช่วธีิทีP
เหมาะสมสาํหรับการการป้องกนัการระบาดของเชื0อแบคทีเรีย รวมทั0งยาปฏิชีวนะยงัเป็นสารตกคา้งได ้จึงอาจถูกส่งผา่นมายงัมนุษยผ์า่นการ
บริโภคสตัวน์ํ0 า ดงันั0นการบาํบดัดว้ยแบคเทอริโอเฟจ จึงเป็นทางเลือกใหม่ทีPสามารถนาํมาใชท้ดแทนการใชย้าปฏิชีวนะ เพืPอบาํบดัรักษาโรคติด
เชื0อวบิริโอ รวมทั0งป้องกนัการระบาดของโรคจากเชื0อแบคทีเรียวบิริโอได ้

 

วตัถปุระสงคข์องโครงการ 

1. คดัเลือก และทาํบริสุทธิH เฟจทีPมีฤทธิH ฆ่าเชื0อแบคทีเรียในสกลุ Vibrio จากแหล่งนํ0าทะเลธรรมชาติ 
2. ศกึษาความเป็นไปไดใ้นการนําเฟจมาใชใ้นการบาํบดัรักษาโรคติดเชื0อวบิริโอ 

 

ผลการวิจยั (สั )น ๆ ที /บง่ชี)ประเดน็ขอ้คน้พบ กระบวนการ ผลผลติ และการเรยีนรู)้  

จากการคดัแยกเฟจจากธรรมชาติทีPมีฤทธิH ในการฆ่าเชื0อ Vibrio จากธรรมชาติ ทีมวจิยัไดค้น้พบเฟจชนิดใหม่ ทีPมีฤทธิH ฆ่าเชื0อ V. parahemolyticus 

ชนิดทีPก่อโรคตบัและตบัอ่อนวายฉบัพลนั (Acute Hepatopancreatic Necrosis Disease, APHND) ซึP งมีลกัษณะคลา้ยโรคตายด่วนในสตัวน์ํ0 า
เศรษฐกิจ โดยเฟจดงักล่าวมีความจาํเพาะสูงและไม่ฆ่าเชื0อแบคทีเรียวบิริโอชนิดอืPนๆ ระหวา่งกระบวนการฆ่าเชื0อแบคทีเรีย เฟจดงักล่าวมีกลไกทีP
คลา้ยคลึงกบัการฆ่าเชื0อดว้ยยาปฏิชีวนะ Tetracycline คือ มีกลไกในการยบัย ั0งกระบวนการสงัเคราะห์โปรตีนภายในเซลลแ์บคทีเรีย เมืPอศึกษา
จีโนมของเฟจในเชิงลึกและลาํดบัทางพนัธุกรรมดว้ยเทคนิค Whole genome sequencing และเทคนิคเทคนิคชีวสารสนเทศ (Bioinformatics) 

พบวา่ เฟจชนิดนี0  มีขนาดของจีโนมประมาณ 45,171 คู่เบส และมีจาํนวนของ Open reading frame (ORFs) ทั0งหมด 48 ORFs โดยจีโนมของ
เฟจนี0  สามารถสร้างโปรตีนไดห้ลากหลายชนิด ทีPมีส่วนเกีPยวขอ้งกบัเมตาบอลิซึมขั0นพื0นฐานของสิPงมีชีวติ องคป์ระกอบทางโครงสร้างของเฟจ 
โปรตีนทีPเกีPยวขอ้งกบัการฆ่าเซลลแ์บคทีเรียและโปรตีนทีPไม่ทราบหนา้ทีPอีกจาํนวนมาก  นอกจากนี0ผลการศึกษาระดบัจีโนม ไม่พบยนีทีPเกีPยวขอ้ง
กบัการดื0อยาปฏิชีวนะ และการสร้างสารพิษในเฟจชนิดนี0  จึงมีความเป็นไปไดสู้งในการนาํเฟจดงักล่าวมาประยกุตใ์ช ้เพืPอบาํบดัรักษาโรคติดเชื0อ
วบิริโอ รวมทั0งป้องกนัการระบาดของโรคจากเชื0อแบคทีเรียวบิริโอ V. parahemolyticus ชนิดทีPก่อโรคตบัและตบัอ่อนวายฉบัพลนัได ้

 

คาํสืบค้น (Keywords) 
 Vibrio, Phage therapy, Phage biocontrol, Mechanism of pre-killing (MOK) 
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การนําผลงานวิจยัไปใช้ประโยชน์ (ดคูาํจาํกดัความ และตวัอยา่งดา้นหลงัแบบฟอรม์) 

□  ด้านนโยบาย               โดยใคร (กรณุาใหข้อ้มลูเจาะจง).................................................................................................................. 
มีการนําไปใช้อย่างไร  

............................................................................................................................................................................................................. 

□  ด้านสาธารณะ          โดยใคร (กรณุาใหข้อ้มลูเจาะจง) ................................................................................................................. 

 มีการนําไปใช้อย่างไร  

............................................................................................................................................................................................................. 

□  ด้านชมุชนและพืZนที>   โดยใคร (กรณุาใหข้อ้มลูเจาะจง) ................................................................................................................. 
มีการนําไปใช้อย่างไร  

............................................................................................................................................................................................................. 

□  ด้านพาณิชย ์            โดยใคร (กรณุาใหข้อ้มลูเจาะจง) ................................................................................................................. 
มีการนําไปใช้อย่างไร  

............................................................................................................................................................................................................. 

R  ด้านวิชาการ              

โดยใคร (กรุณาใหข้อ้มลูเจาะจง) อาจารย ์นกัวจิยั นกัศกึษา นวตักร ทีwสนใจนําเฟจไปใชเ้พืPอบาํบดัรักษาโรคหรือป้องกนัการระบาดของโรค
จากแบคทีเรียก่อโรค 
มีการนําไปใช้อย่างไร (กรณุาใหข้อ้มลูเจาะจง) 

ตีพิมพเ์ผยแพร่ผลงานวจิยัระดบันานาชาติจาํนวน 3 เรืPอง 
1. (งานวจิยัหลกั) ในวารสาร Scientific Reports ซึP งเป็นวารสารทีPอยูใ่น Quartile in Category Q1 และมี Impact Factor 4.122 

Thammatinna, K., Egan, M.K.E., Htoo, H.H., Khanna, K., Sugie, J., Nideffer, J.F., Villa, E., Tassanakajon, A., Pogliano, J., Nonejuie, 

P., Chaikeeratisak, V. (2 0 2 0 )  A novel vibriophage exhibits inhibitory activity against host protein synthesis machinery. Scientific 

Reports 10 (1), 2347. 
2. (งานวจิยัเสริม) ในวารสาร Cell ซึP งเป็นวารสารทีPอยูใ่น Quartile in Category Q1 และมี Impact Factor 36.216 

Chaikeeratisak, V., Khanna, K., Nguyen, K.T., Sugie, J., Egan, M.E., Erb, M.L., Vavilina, A., Nonejuie, P., Nieweglowska, E., 

Pogliano, K., et al. (2019). Viral Capsid Trafficking along Treadmilling Tubulin Filaments in Bacteria. Cell 177, 1771-1780.e12. 
3. (งานวิจยัเสริม) ในวารสาร Antimicrobial Agents and Chemotherapy (AAC) ซึP งเป็นวารสารทีPอยูใ่น Quartile in Category Q1 และ
มี Impact Factor 4.256  
Htoo, H.H., Brumage, L., Chaikeeratisak, V., Tsunemoto, H., Sugie, J., Tribuddharat, C., Pogliano, J., and Nonejuie, P. (2 0 1 9 ) . 
Bacterial Cytological Profiling as a Tool To Study Mechanisms of Action of Antibiotics That Are Active against Acinetobacter 

baumannii. Antimicrobial agents and chemotherapy 63 (4), e02310-18 

 

□  ยงัไม่มีการนําไปใช้ (โปรดกรอกในกรอบถดัไป) 

 
 

(กรณีที 'ยงัไม่มีการใช้ประโยชน์) ผลงานวิจยัมีศกัยภาพในการนําไปใช้ประโยชน์  

□  ด้านนโยบาย  □  ด้านสาธารณะ  □  ด้านชมุชนและพืZนที>  □  ด้านพาณิชย ์ □ ด้านวิชาการ  

ข้อเสนอแนะเพื>อให้ผลงานถกูนําไปใช้ประโยชน์ 

............................................................................................................................................................................................................. 

............................................................................................................................................................................................................. 
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การเผยแพร่/ประชาสมัพนัธ ์(กรณุาใหร้ายละเอยีด พรอ้มแนบหลกัฐาน) 

1. สิwงพมิพ ์หรอืสืwอทั wวไป  

□  หนังสือพิมพ ์ □   วารสาร □  โทรทศัน์  R  วิทย ุ □  เวบ็ไซต ์ □  คู่มือ/แผน่พบั  □  จดัประชมุ/อบรม  R  อื>น ๆ  

- รายการวทิย ุ“ทนัโลกวทิยาศาสตร”์ ถ่ายทอดผา่นวทิย ุFM 101.5 MHz วนัทีw 9 กุมภาพนัธ ์พ.ศ. 2562 เวลา 10.00 น. - 

10.30 น. 

- นางสาวครองขวญั ธรรมทนินะ ได้เสนอผลงานในรูปแบบ Oral presentation ในงานประชุมวชิาการนานาชาต ิThe 24th 

Biological Science Graduate Congress 2019 (BSGC2019) ทีwจดัขึïนระหวา่งวนัทีw 19 – 21 ธนัวาคม พ.ศ. 2562 
2. สิwงพมิพท์างวชิาการ (วารสาร, การประชมุ ใหร้ะบุรายละเอยีดแบบการเขยีนเอกสารอา้งองิ เพื /อการคน้หาซึ /งควรประกอบดว้ย   

ชื /อผูแ้ต่ง ชื /อเรื /อง แหลง่พมิพ ์ปี พ.ศ. (ค.ศ.)  ฉบบัที /   หน้า  ) 

ตีพิมพเ์ผยแพร่ผลงานวจิยัระดบันานาชาติจาํนวน 3 เรืPอง 
1. (งานวจิยัหลกั) ในวารสาร Scientific Reports ซึP งเป็นวารสารทีPอยูใ่น Quartile in Category Q1 และมี Impact Factor 4.122 

Thammatinna, K., Egan, M.K.E., Htoo, H.H., Khanna, K., Sugie, J., Nideffer, J.F., Villa, E., Tassanakajon, A., Pogliano, J., Nonejuie, 

P., Chaikeeratisak, V. (2 0 2 0 )  A novel vibriophage exhibits inhibitory activity against host protein synthesis machinery. Scientific 

Reports 10 (1), 2347. 
2. (งานวจิยัเสริม) ในวารสาร Cell ซึP งเป็นวารสารทีPอยูใ่น Quartile in Category Q1 และมี Impact Factor 36.216 

Chaikeeratisak, V., Khanna, K., Nguyen, K.T., Sugie, J., Egan, M.E., Erb, M.L., Vavilina, A., Nonejuie, P., Nieweglowska, E., 

Pogliano, K., et al. (2019). Viral Capsid Trafficking along Treadmilling Tubulin Filaments in Bacteria. Cell 177, 1771-1780.e12. 
3. (งานวจิยัเสริม) ในวารสาร Antimicrobial Agents and Chemotherapy (AAC) ซึP งเป็นวารสารทีPอยูใ่น Quartile in Category Q1 และมี 
Impact Factor 4.256  
Htoo, H.H., Brumage, L., Chaikeeratisak, V., Tsunemoto, H., Sugie, J., Tribuddharat, C., Pogliano, J., and Nonejuie, P. (2 0 1 9 ) . 
Bacterial Cytological Profiling as a Tool To Study Mechanisms of Action of Antibiotics That Are Active against Acinetobacter 

baumannii. Antimicrobial agents and chemotherapy 63 (4), e02310-18 

 
 

 

คาํอธิบายและตวัอย่างการนําไปใช้ประโยชน์ในแต่ละด้าน   
1. การใช้ประโยชน์ด้านนโยบาย 

คาํจาํกดัความ : การนําความรูจ้ากงานวจิยัไปใชใ้นกระบวนการกาํหนดนโยบาย ซึwงนโยบายหมายถงึ หลกัการ แนวทาง 
กลยทุธ ์ในการดาํเนินงานเพืwอใหบ้รรลุวตัถุประสงค ์อาจเป็นนโยบายระดบัประเทศ ระดบัภมูภิาค ระดบั
จงัหวดั ระดบัทอ้งถิwน หรอืระดบัหน่วยงาน นโยบายทีwดจีะตอ้งประกอบดว้ยวตัถุประสงค ์แนวทาง และ
กลไกในการดาํเนินงานทีwชดัเจน สอดคลอ้งกบัปัญหาและความตอ้งการการใชป้ระโยชน์ดา้นนโยบายจะ
รวมทั ïงการนําองคค์วามรูไ้ปสงัเคราะหเ์ป็นนโยบายหรอืทางเลอืกเชงินโยบาย (policy options) แลว้นํา
นโยบายนั ïนไปสูผู่ใ้ชป้ระโยชน์ 

2. การใช้ประโยชน์ด้านสาธารณะ 

คาํจาํกดัความ : การดาํเนินงานเพืwอนําผลงานวจิยัและนวตักรรม ไปใชใ้นวงกวา้งเพืwอประโยชน์ของสงัคม และประชาชน
ทั wวไป ใหม้คีวามรูค้วามเขา้ใจ เกดิความตระหนกั รูเ้ทา่ทนัการเปลีwยนแปลง ซึwงนําไปสูก่ารเปลีwยนวธิคีดิ 
พฤตกิรรม เพืwอเพิwมคณุภาพชวีติของประชาชน สรา้งสงัคมคณุภาพ และสง่เสรมิคณุภาพสิwงแวดลอ้ม 

3. การใช้ประโยชน์ด้านพาณิชย ์

คาํจาํกดัความ : การนํานวตักรรม เทคโนโลย ีผลติภณัฑใ์หม ่พนัธุพ์ชื พนัธุส์ตัว ์ไปสูก่ารผลติในเชงิพาณิชย ์การสรา้ง
มูลค่าเพิwมของผลติภณัฑ ์การแปรรูป การสรา้งตราสนิคา้ การเพิwมประสทิธภิาพในกระบวนการผลติ 
และการลดตน้ทนุการผลติ การสรา้งอาชพี และทางเลอืกใหก้บัผูป้ระกอบการ เกษตรกรหรอืผูป้ระกอบ
อาชพีอืwน ๆ 



 68 

4. การใช้ประโยชน์ด้านชมุชนและพืZนที> 

คาํจาํกดัความ : การนํากระบวนการ วธิกีาร องคค์วามรู ้การเปลีwยนแปลง การเสรมิพลงั อนัเป็นผลกระทบทีwเกดิจาก
การวจิยัและพฒันาชุมชน ทอ้งถิwน พืïนทีw ไปใชใ้หเ้กดิประโยชน์การขยายผลต่อชุมชน ทอ้งถิwนและ
สงัคมอืwน 

5. การใช้ประโยชน์ด้านวิชาการ 

คาํจาํกดัความ : การนําองค์ความรู้จากผลงานวจิยัทีwตีพมิพ์ในรูปแบบต่าง ๆ เช่น ผลงานตีพมิพ์ในวารสารระดบั
นานาชาต ิระดบัชาต ิหนงัสอื ตาํรา บทเรยีน ไปเป็นประโยชน์ดา้นวชิาการ การเรยีนรู ้การเรยีนการ
สอน ในวงนักวชิาการและผู้สนใจด้านวชิาการ รวมถงึการนําผลงานวจิยัไปวจิยัต่อยอด หรอืการ
นําไปสู ่product และ process ไปใชใ้นการเสรมิสรา้งนวตักรรม และเทคโนโลย ี 

 


