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Identification of Prawn Pathogen Bacteria Vibrio spp.
Using Biochemical Test and 16S rRNA Gene Sequence Analysis

Siti Rokhaiya bt. Hj. Biollah

Aquatic Resource Science and Management Programme
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Universiti Malaysia Sarawak

ABSTRACT

Pathogenic bacteria Vibrio spp. is among the common problem in aquaculture causing infection to human and
commercially important species of crustaceans, bivalve and fish. It also causes large economic losses to
aquaculture. In Sarawak, most of aquaculture activity involves shrimp aquaculture industry. Up to date there
is no proper documentation on pathogen infected shrimp Litopenaeus vannamei cultured in Sarawak. This
study is designed to isolate and determine pathogenic bacteria that infected L. vannamei shrimp cultured in
Sarawak using biochemical test and 16S rRNA gene sequence analysis. A total of 6 samples of fresh L.
vannamei had been collected from Kuching, Sibu and Mukah wet markets and farms subjected to
biochemistry, sensitivity to antibiotics and sequencing of the 16S rRNA gene. The samples collected from
Kuching were free from pathogenic bacteria, Vibrio spp. However, there was only one sample collected from
Mukah namely DM3(Y) had been determined as Vibrio alginolyticus based on biochemical test and antibiotic
sensitivity test. The 1500bp and 1000bp 16S rRNA sequence data (accession number JF700503.1 and
EF542800.1) supported this result as data match V. alginolyticus.

Keyword: Vibrio alginolyticus, Litopenaeus vannamei, 16rRNA sequence

ABSTRAK

Patogen bakteria Vibrio spp. adalah salah satu diantara masalah yang biasa dalam akuakultur yang
menyebabkan jangkitan kepada manusia dan spesis komersil penting seperti kerang, ketam, dan ikan. Ia juga
menyebabkan kerugian ekonomi yang besar kepada akuakultur. Di Sarawak, kebanyakan aktivti akuakultur
melibatkan industri akuakultur ternakan udang. Sehingga kini tidak ada dokumentasi yang jelas mengenai
udang Litopenaeus vannamei dijangkiti patogen yang diternak di Sarawak. Kajian ini bertujuan untuk
menentukan bakteria patogenik dijangkiti oleh udang L. vannamei yang diternak di Sarawak menggunakan
ujian biokimia dan analisis 16S rRNA jujukan gen. 6 sampel segar L. vannamei telah dikutip dari pasaran
Kuching, Sibu dan Mukah dan juga ladang tertakluk kepada biokimia, sensitiviti antibiotik dan penjujukan
gen rRNA 16S. Sampel yang dikutip dari Kuching didapati bebas daripada bakteria patogenik, Vibrio spp.
Walau bagaimanapun, terdapat hanya satu sampel yang dikutip dari Mukah DM3(Y) telah dikenalpastikan
sebagai Vibrio alginolyticus berdasarkan kepada ujian biokimia. Jujukan data 1500bp dan 1000bp 16S
rRNA (nombor kesertaan JF700503.1 dan EF542800.1) menyokong keputusan ini sebagai data V.
alginolyticus yang seiras.

Kata kunci: Vibrio alginolyticus, Litopenaeus vannamei, jujukan 16rRNA
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CHAPTER 1:

INTRODUCTION

1.0 INTRODUCTION

Pacific White Shrimp (Litopenaeus vannamei) is one of the major cultured shrimp

species in the world. Since the year 2000, L. vannamei production is growing rapidly. One

of the countries that involve in its culture industry is Sarawak. was The introduction of L.

vannamei was requested by the private sectors since the mid 1990s due to problems that

they faced with culture of tiger shrimp. Culture of L.vannamei was allowed in the country

only in mid-2005. Most of the shrimp farming activities are carried out in the earthen

ponds, using intensive culture system, located in the coastal lands, which have traditionally

been mangrove forest. An increasing demand for L. vannamei had forced intensive culture

of this species, which brought many problems for example the increasing diseases

outbreaks caused by microorganism that lead to mass mortality (Рangastuti et al. 2010). In

some countries, for example Thailand, the Philippines etc L. vannamei cultures have been

promoted by some private sectors supplies as being tolerant or resistant to shrimp

diseaseses.
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Microbiota that lived in association with aquatic animal may enhance host growth

and survival by producing some digestive enzymes (Sugita et al, 1995, Seeto et al. 1996;

Izvekova 2006), out-competing pathogenic bacteria, and sullying essential compound

important for host metabolism. A number of emerging reports indicated that microbial

community plays a major role in aquaculture.

Current records from the Department of Fisheries, Sarawak noted that there are 109

licensed farms, out of 714 farms in operation recorded in 2010 belonging to 63 operators. It

is estimated that in 2010, shrimp productions were increased to 180,000 metric tonnes

especially with the increased popularity of the L. vannamei where about 80 percent of the

Malaysian shrimp culture productions is for export, mostly to Singapore, Japan, the United

States, and Europe.

Up to date, there is no documentation on type of pathogenic bacteria that infected L.

vannamei cultured in Sarawak therefore this study aims to identify the pathogenic bacteria

up to species level. In addition, there is no molecular data of L. vannamei pathogenic

bacteria from Sarawak deposited in National Centre for Biotechnology Information

(www.ncbi.nlm.nih.gov).

http://www.ncbi.nlm.nih.gov/
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The objectives of this study are;

(i) To document the pathogenic bacteria that infected L. vannamei sampled from

sequences Mukah, Sibu and Kuching based on Biochemical test; and

(ii) To sequence 16S rRNA gene from L. vannamei pathogen.
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CHAPTER 2:

LITERATURE REVIEW

2.0 LITERATURE REVIEW

This chapter is divided into six topics namely L. vannamei morphology,

aquaculture, common microbial diseases on L. vannamei, molecular work on pathogenic

bacteria, diseases in L. vannamei and economic losses in aquaculture.

2.1 L. Vannamei morphology

Freshly caught white shrimp often have widely spaced body chromatophores;

consequently they are lighter colored than pink or brown shrimp (Perez-Farfante, 1969).

The white shrimp is sometimes called ‘Siar’ or “Tohey” by Sarawakian. In the white

shrimp, body is divided into to 2 parts which is head and body section. The head fused with

the chest called the cephalothorax. Body and the abdomen consists of 6 segments, each

segment has a pair of swimming feet are also segmented. The details of morphology and

characteristic of L. vannamei as in Figure 2.1
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Fig 2.1 Morphology of white shrimp
(Source from: http://shrimp-culture.blogspot.com/2010/09/morphology-anatomy-and-physiology-

of.html)

The head protected by a shell called a carapace. The front of the carapace tapered

and curved shape of the letter "S" so-called rostrum. At the top of the rostrum there are

serrations which totaled 7-9, while the bottom three serrations. Another section contained

in the head including a pair of compound eyes, mouth with jaws (mandibles) are strong, a

pair of large antennae, a pair of fins head (scophocerit), a pair of jaws auxiliaries

(maxilliped), and 5 pairs of feet road (pereopod). Abdomen enclosed by a 6 segments of

one another is connected by a thin membrane. There are five pairs of swimming legs and

they are attached to the first segment to fifth segment, while on the sixth segment the

swimming legs changing its form into a tail fan (urophoda).
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Above urophoda there is tail that tapered at the edges and this is called the telson.

Internal organs that can be observed are the gut (intestine), which leads to the anus located

at the end of the sixth segment.

2.2 Aquaculture

Asia contributes more than 90% to the world’s aquaculture production. Like other

farming systems, aquaculture is plagued with disease problems resulting from its

intensification and commercialization. During the last few years, white spot disease (WSD)

has spread worldwide and caused large scale mortalities and severe damage to shrimp

culture, particularly in Asia leading to massive economic losses (Lightner, 1996 and

Flegel, 1997).

Due to continous outbreak of White Spot Syndrome Virus (WSSV) in of

P.monodon culture leads to shattering of shrimp cultures in India were shattered

consequently, so the farmers are seriously looking for alternative species for culture. The

shrimp has been introduced and farmed in Asia since the mid 1990s, with production in

Mainland China being particularly significant. However, beginning in 1996, L. vannamei

was introduced into Asia on a commercial scale.
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It is now evident that L. vannamei is farmed and established in several countries in

East, Southeast and South Asia and is playing a major significant role in shrimp

aquaculture production (Balakrishnan et al., 2011).

2.3 Common Microbial Diseases on L. Vannamei

The effect of diseases and parasites on white shrimp mortality is not well known

(Barrett and Gi1lespie, 1973). A 99% 1oss of egg production was attributed to a

microsporidian parasite infection of white shrimp gonads (Gunter, 1956) yet the next year's

production was as high as that of the preceding year. Vibrio infection of male white shrimp

prevented egg fertilization under laboratory conditions (Middleditch et al., 1980).

Literature reviews of diseases and parasites of penaeid shrimp show that viruses,

bacteria, fungi, protozoa, helminths, and nematodes often infect shrimps (Lindner and

Cook, 1970; Couch, 1978; Overstreet, 1978). Diseases and parasites ranked after predation

and periodic physical catastrophes as limiting factors in nature and after nutrition and

reproduction requirements in mariculture (Couch 1978).
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A number of parasites, particularly protozoa, may affect shrimp at different

developmental stages. Ciliates such as Paranophrys sp. and Parauronema sp. may cause

mortalities in larvae and juveniles. Ciliates may enter shrimp body through wounds and

invade hemolymph and gills. This may lead to mass mortalities, particularly in conjunction

with other parasitic flagellates such as Leptomonas sp. Gregarians are endoparasitic

protozoa infecting shrimp. These parasites generally have two hosts and usually a mollusk

or an annelid worm and crustaceans.

The parasites may cause reduced absorption of food from the gut and occasionally

intestinal blockage, but these diseases seem to have little impact on aquaculture.

Microsporidia such as Agmasoma sp., Microsporidium sp. may invade the muscle, heart,

gonads, gills or hepatopancreas. The common microspiridian disease is cotton shrimp

disease. The infection leads to opacity of the affected tissue and shrimp may appear

crooked. Though infection may not be lethal, the appearance affects marketability. The

diagnosis can be established by demonstrating microscropidian spores in the affected

muscle tissue (Iddya et al. 2004).

Bacterial diseases may cause a range of problems ranging from mass mortalities to

growth retardation and sporadic mortalities. Vibrio sp. is the most important bacterial

pathogens of shrimp.
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Vibrio sp. is also aquatic bacteria that are widely distributed in fresh water,

estuarine and marine environments. Over 20 species are recognized, some of these are

human pathogens (eg. V. cholerae, V. parahaemolyticus and V.vulnificus ) while some

species are pathogens of aquatic animals including shrimp (eg. V. harveyi , V.spendidus, V.

penaecida, V. anguillarum, V. parahaemolyticus, V.vulnificus). Vibrio sp. is commonly

observed in shrimp hatcheries, grow-out ponds and sediments (Otta and Karunasagar,

1999). However, they can cause serious mass mortalities in shrimp hatcheries in Asia

(Sunaryanto and Mariam 1986, Tansutapanit and Ruangpan 1987, Lavilla-Pitogo et al.

1998, Karunasagar et al. 1994).

2.4 Molecular Work on Pathogenic Bacteria

16S rRNA is section of prokaryotic RNA that codes for a gene found within all

bacteria. Bacteria are prokaryotic, which means they do not contain a cell nucleus or

organelles, so DNA floats freely within these single-celled organisms. The 16S rRNA gene

codes for a strand of RNA that makes up part of the ribosome.

This strand of RNA is termed ribosomal RNA, or rRNA. The r in the 16S rRNA is

a gene that encodes part of a ribosome within the bacterial cell. Ribosomes are made up of

two subunits, the small subunit and the large subunit.

http://www.wisegeek.com/what-is-dna.htm
http://www.wisegeek.com/what-are-organelles.htm
http://www.wisegeek.com/what-is-rna.htm
http://www.wisegeek.com/what-is-a-ribosome.htm
http://www.wisegeek.com/what-is-ribosomal-rna.htm
http://www.wisegeek.com/what-is-a-ribosome.htm
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When the two subunits join together, messenger RNA (mRNA) is fed through and

translated to form proteins. Within bacterial cells the rRNA transcribed from the 16S rRNA

gene forms the small subunit of the ribosome. The 23S rRNA and 5S rRNA genes encode

the rRNA that makes up the large subunit of the ribosome.

There are several reasons the 16S rRNA gene is considered useful. The first is that

most scientists now use RNA to characterize organisms instead of using physical

properties. Secondly, this gene is only found within bacterial cells, which means that is

useful for identifying whether a cell is bacterial or from a plant, animal or fungus. Finally,

it is quite short in comparison to other genes found within bacteria, which makes it a lot

easier, and cheaper, to sequence.

16S ribosomal RNA is a component of the 30S subunit of prokaryotic ribosomes. It

is approximately 1.5kb (or 1500 nucleotides) in length. Multiple sequences of 16S rRNA

can exist within a single bacterium. It has several functions like the large (23S) ribosomal

RNA, it has a structural role, acting as a scaffold defining the positions of the ribosomal

protein.

The 3' end contains the anti-Shine-Dalgarno sequence, which binds upstream to the

AUG start codon on the mRNA. The 3'-end of 16S RNA binds to the proteins S1 and S21

known to be involved in initiation of protein synthesis; RNA-protein cross-linking

(Czernilofsky, et al., 1975).

http://www.wisegeek.com/what-is-messenger-rna.htm
http://en.wikipedia.org/wiki/30S
http://en.wikipedia.org/wiki/Prokaryotic
http://en.wikipedia.org/wiki/Ribosome
http://en.wikipedia.org/wiki/Nucleotide
http://en.wikipedia.org/wiki/Bacterium
http://en.wikipedia.org/wiki/23S_ribosomal_RNA
http://en.wikipedia.org/wiki/23S_ribosomal_RNA
http://en.wikipedia.org/wiki/Ribosomal_protein
http://en.wikipedia.org/wiki/Ribosomal_protein
http://en.wikipedia.org/wiki/Shine-Dalgarno_sequence
http://en.wikipedia.org/wiki/Codon
http://en.wikipedia.org/wiki/MRNA
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Interacts with 23S, aiding in the binding of the two ribosomal subunits (50S+30S).

Stabilizes correct codon-anticodon pairing in the A site, via a hydrogen bond formation

between the N1 atom of Adenine residues 1492 and 1493 and the 2'OH group of the

mRNA backbone.

The genus Vibrio, belonging to the Gamma - proteobacteria on the basis of 16S

rRNA gene sequence analysis (Bergey et al., 1984), contains a large number of closely

related bacterial species differing in nucleotide sequence from less than 1% up to 6%

(Doesch et al., 1992; Ruimy et al., 1994). Several novel Vibrio species, isolated mainly

from the aquatic environment and from marine organisms, have been described in the last

few years (Thompson et al., 2005) and, in spite of the rapid advancement in the molecular

taxonomy of Vibrio genus, the level of resolution between closely related species and

between individual strains is still limited.

The use of 16S rRNA gene sequences to study bacterial phylogeny and taxonomy

has been by far the most common housekeeping genetic marker used for a number of

reasons. These reasons include: (i) its presence in almost all bacteria, often existing as a

multigene family, or operons; (ii) the function of the 16S rRNA gene over time has not

changed, suggesting that random sequence changes are a more accurate measure of time

(evolution); and (iii) the 16S rRNA gene (1,500 bp) is large enough for informatics

purposes. V. alginolyticus is one of the most important pathogens in aquaculture, causing

serious damage in shellfish and crustaceans (Hormansdorfer et al., 2000).

http://en.wikipedia.org/wiki/50S
http://en.wikipedia.org/wiki/30S
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2.5 Diseases in L. vannamei

At present, no treatments are available to control the diseases L. vannamei and

mortality. Only with good aquaculture practices in accordance with proper farm

management can overcome diseases problem. Therefore, the Department of Fisheries

monitors farm management in accordance with proper standards. Diseases are causing

considerable economic losses and limit the growth of the industry.

In Asia, the viral, bacterial and parasitic infections were found to be important

causes of significant pond production losses. However, there is little or no documentation

on the status of parasites of L. vannamei in Malaysia, especially in Sarawak region.

The industry has suffered serious economic losses due to infectious diseases due to

bacteria such as Vibrio harveyi (Liu et al. 1996a,b), and Vibrio alginolyticus (Lee et al.

1996a,b). Diseases outbreaks are associated with increases in the proportion of potentially

pathogenic species in the Vibrio population of culture pond water (Lavilla-Рitogo et al.

1998).
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2.6 Economic Losses in Aquaculture

Bacteria of the genus Vibrio are indigenous for the aquaculture and temporarily in

abundance in the farm, causing infections to humans and commercially important species.

These bacteria can therefore cause several complications for human health and

considerable economic losses to aquaculture. Vibrio spp occur naturally in aquatic

environments and are one of the most commonly-occurring bacteria during shrimp farming

(Vandenberghe et al. 2003).

The number of reported Vibrio species has increased rapidly in the last decade and

according to Thompson et al. (2005) has been reported, 63 environmental species

comprising the genus Vibrio. According to Goarant et al. (1999), some of the pathogenic

Vibrio species have also been reported as the causal agents of shrimp infections. In

contrast, other species such as Vibrio alginolyticus have been reported as probiotics for

shrimp aquaculture (Vandenberghe et al. 2003).

Shrimp ponds are stressful environments compared to estuaries or other enclosed

water bodies (Direkbusararam et al. 1998). This is mainly due to high organic matter and

dissolved oxygen fluctuations which affect the composition of natural bacterial

communities. Under normal conditions, temperature increment will also bring about a

greater diversity of Vibrio species.
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