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Abstract The authors have reported the use of

nanopolymers for the inhibition of shrimp pathogenic

bacteria for aquaculture use. The antimicrobial activity of

polyethylene glycols based amphiphilic polymers have

different linker molecules such as suberic acid, adipic acid,

glutaric acid and dimethyl-5-hydroxyisophthalate on Vibrio

harveyi. It was examined by drawing growth curves using

optical density measurements. Concentration dependent

antimicrobial effects of nanopolymers were tested against

V. harveyi which were further confirmed by agar well

diffusion for determining minimum inhibitory concentra-

tions. The increased concentrations of nanopolymer ef-

fectively reduced the bacterial growth and increased the

diameter of inhibition zone. This study has important im-

plications for disease management in coastal aquaculture.
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Introduction

Aquaculture is one of the most important economy in many

countries. Emerging major constraints in aquaculture produc-

tion are the diseases caused by bacterial strains. Vibriosis has

been identified as a common problem in shrimp aquaculture, all

over the world predominantly in India creating economic loss

[1]. Mass mortalities in hatcheries and grow-out ponds of

shrimp attributed to outbreaks of vibriosis have been recorded

from many regions [2–12]. The severity of infection depends on

the species and strain of Vibrio involved, the stage of devel-

opment, age of shrimp, and the ambient environmental condi-

tions. Over a dozen species of Vibrio have been identified as

having implication in the disease process [3–5]. Six species of

Vibrio i.e. V. harveyi, V. parahaemolyticus, V. alginolyticus, V.

anguillarum, V. vulnificus, and V. splendidus are associated

with the diseased shrimp. V. harveyi has been implicated as the

main bacterial pathogen of shrimps, which is a luminous gram

negative bacteria causing mortalities among Penaeus monodon

larvae, post larvae and cultured shrimp [13, 14]. Vibriosis is also

having its impact in grow-out ponds and is frequently respon-

sible for the morbidity and mortalities of shrimp [15–17].

Vibriosis is also rampant in the Indian region where brackish-

water shrimp farming is the main aquaculture activity. The

disease problem is particularly severe in hatcheries, and in the

past few years many units were shut down due to the invasion

by luminous Vibrio [18–20]. Because luminous Vibrios effect

serious mortalities in shrimp larval rearing systems [21], it is

imperative that measures for their control be developed. Che-

mical treatment of luminous vibriosis among shrimp larvae is

quite limited because of the ineffectiveness of existing and
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readily available drugs, possible development of resistance in

bacteria, human health hazard, high toxicity and prohibitive

cost of the drugs. The treatment of ponds with lime and chlo-

rination also could not wipe out the V. harveyi [22]. Shrimp

pathogenic bacteria Vibrio spp. are very difficult to be con-

trolled in aquaculture and related aquatic environment when

the stocking density is very high. There is always a need of

augmentation method and developing novel bactericidal

material to control the disease causing microbes. Nanomate-

rials have increasingly been used in water treatment because

of economical and environmental viability and wider avail-

ability [23, 24]. Nanosilver and PEG conjugates are viable

antibacterial agents [25, 26]. Krishnani et al. [27] have suc-

cessfully demonstrated bactericidal activity of elastine like

polypeptide biopolymer with polyhistidine domain and silver.

However, reports on using PEG based nanopolymers with

linker molecules for bactericidal activity against Vibrio har-

veyi for aquaculture are not available. In the present study, the

authors report the use of PEG based nanostructured polymers

with different linker molecules for the inhibition of pathogenic

bacteria V. harveyi prevalent shrimp aquaculture.

Material and Methods

Synthesis of Nanopolymers

Amphiphilic co-polymers were synthesized and characterized

according to the method reported in literature (Scheme 1) [28].

In a typical reaction, linker molecule such as suberic acid,

glutaric acid, adipic acid and dimethyl 5-hydroxyisophthalate

(1.0 mmol, 0.21 g) and PEG (1.0 mmol, MWt 600 (0.6 g))

were placed in a round-bottom flask (25 ml capacity). To this

mixture was added the catalyst (10 % by weight w.r.t. mono-

mers) and reaction flask was then placed in a constant tem-

perature oil bath maintained at 90 �C under vacuum in solvent

free conditions. The reaction was allowed to proceed for 48 h,

after this time it was quenched by adding chloroform and fil-

tering off the enzyme under vacuum. The organic solvent was

then evaporated under vacuum and the residue was dialyzed

using membrane (MWCO 10,000). After the completion of

dialysis, the product polymers were freeze-dried. It was ob-

tained as a viscous oil after freeze-drying in 90 % yield.

Characterization and Particle Size Analysis

of Nanopolymers

Sample Preparation

The solutions of amphiphilic co-polymer were prepared by

dispersing them in distilled water with gentle stirring for

30 min, followed by sonication for 15 min. The concentrations

of the samples were varied from 0.1 mg/ml to 100 mg/ml, the

sample solutions were purified by passing through a Millipore

0.2 lm filter.

Characterization by Laser Light Scattering Photometer

Static light scattering data was collected on a laser light

scattering photometer (Wyatt Technology DAWN Model F)

Scheme 1 General method of

polymerization—

Poly[poly(oxyethylene-600)-

oxy-5-hydroxyisophthaloyl]
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equipped with a 632 nm He–NE laser as the light

source.

Characterization of Nanopolymers by NMR

The synthesised amphiphilic polymers were characterised by
1H and 13C NMR. The amphiphilic co-polymers, when dis-

solved in water, aggregated to form nano-micelles. The size of

nano-micelles, formed by the self assembly of co-polymers,

varied with hydrophilic segments and was determined as re-

ported earlier [29]. The structures of the polymers were

characterized using NMR spectroscopy (Bruker 250 MHz).

Test Bacteria

The antibacterial activity of biopolymers was assessed against

pathogenic bacterial strain V. harveyi B5 (GenBank accession

no 16S rRNA: JF264473) strain isolated from P. monodon

hatchery in the locality of Chennai in the state of Tamil Nadu.

The virulent nature of this train has been confirmed by the

presence of vhh gene (GenBank accession no vhh gene:

KJ000877). Following primer set was used for amplification

of vhh gene 50-CTTCACGCTTGATGGCTACTG-30 and 50-
GTCACCCAATGCTACGACCT-30. The polymerase chain

reaction was performed on the samples along with negative

control (water) with a 20 ll reaction mixture using Eppendorf

thermal cycler (Master cycler gradient). The following com-

position was used for a single reaction: IX 20 ll: Water

13.6 ll; buffer (9 10 Tris with 15 mM MgCl2) 2 ll, 10 mM

dNTP (2.5 mM) 1 ll, forward primer (30 pM) 1 ll, reverse

primer (30 pM) 1 ll, Taq (3 U/ll) 0.2 ll, BSA (20 mg/ml)

0.2 ll, DNA template 1 ll. The amplification programs were

as follows: one cycle consisting of 94 �C for 2 min, followed

by 34 cycles consisting of denaturation (94 �C for 45 s), an-

nealing (57 �C for 45 s), elongation (72 �C for 45 s) and a

final extension step consisting of 72 �C for 6 min. Aliquots

(10 ll) of the PCR products were electrophoresed and visu-

alized in 1 % agarose gel by using standard electrophoresis

procedures. Voltage and run time of the electrophoresis were

100 V for 20 min initially and then 150 V for 40 min.

The isolates were maintained in trypticase soy broth (TSB)

at—20 �C; 300 lL of each stock-culture was added to 1.7 ml

of TSB. Overnight cultures were kept for 24 h at 36 ± 1 �C

and the purity of cultures was checked after 8 h of incubation.

After 24 h of incubation, bacterial suspension (inoculum) was

diluted with sterile physiological solution, for the diffusion to

108 CFU/ml.

Test of Inhibitory Effect of Nanopolymers on Growth

and Viability of Bacterial Cells

The antibacterial activity of nanopolymers at different

concentrations (0–2.84 lg) has been performed by agar

well diffusion method against V. harveyi. The bacterial

inoculum was uniformly spread using sterile cotton swab

on a triptic soya agar. Varying concentration of

nanopolymers were added to each of the wells (4 mm di-

ameter). The plates were stored for 30 min to allow for pre-

diffusion of the sample into the agar medium. Subse-

quently, the plates were incubated at 37 �C and zone of

inhibition was read after 24 h. Inhibition of the bacterial

growth was measured in mm. For statistical studies, trip-

licates were used for each concentration. PEG 600

(0.058–2.84 lg) and sterile water were used in the control

well.

Culture Growth Suppression Spectrophotometric Method

For bacteriological tests of nanopolymers at different

concentrations, the bacterial strain was grown in broth for

18 h and then grown on solid medium. 100 ll of the proper

dilution was transferred directly using special V. harveyi

medium [30]. From agar plates, fresh colonies were

inoculated into 5 ml of broth medium. Growth was mon-

itored under UV–visible spectrophotometer, till the optical

density reached 0.2 at 600 nm. Subsequently, 0.1 ml from

the above was further added to freshly prepared broth

medium supplemented with varying concentrations of

nanopolymers. Broth solution without nanopolymers was

served as control. All the tubes were incubated in a rotary

shaker at 200 rpm at 37 �C. The growth was monitored at

an interval of 12 h for 48 h by measuring absorbance at

600 nm, for which 0.1 ml of culture from the control and

treated sample were taken out and diluted in 10fold in-

crements. Each concentration was tested in triplicate. The

lowest concentration of antibacterial solution needed to

prevent visible growth of test microorganism was defined

as the minimal inhibitory concentrations against the

microorganism.

Statistical Analysis

There were three replica in all the experiments. Duncan’s

multiple range test was applied to identify significant dif-

ferences among treatments. The SPSS 16.0 statistical

software was used to perform statistical analysis.

Results and Discussion

Chemical Composition and Characterization

of Polymers

The nanopolymers used were adipic acid (AA), suberic

acid (SA), glutaric acid(GA), dimethyl-5-hydroxyisoph-

thalate (DMHP) with PEG-600. Nanopolymers were
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obtained by heating linker molecule (1 mmol) with PEG

600 (1 mmol, 0.6 g) in the presence of catalyst at 90 �C in

solvent free conditions for 48 h under vacuum. It was ob-

tained as a viscous oil after freeze-drying in 90 % yield.

The molecules used for the synthesis of polymers are used

for drug delivery and are FDA approved. Figure 1 shows

the transmission electron microscopy images of suberic

acid. Figure 2 represents the 1H-NMR spectrum for syn-

thesized polymer with glutaric acid. The spectral data of

one representative example of polymer is reproduced

below.

1H-NMR Data (CDCl3): d 3.64–3.68 (brs, methylene

PEG protons on C-9 and C-10 carbons of the repeating

units and on C-a and C-b), 3.82 (t, 2H, C-8H), 3.93 (s, 3H,

-COOCH3), 4.48 (t, 2H, C-7H), 7.71 (m, 2H, C-4H and

C-6H) and 8.21 (s, 1H, C-2H).

13C-NMR Data (CDCl3): d 52.74 (-OCH3 end group),

62.07 (C-a), 64.74 (C-b), 69.44 (C-8), 70.93 (repeating

PEG units’ carbons), 72.90 (C-7), 121.43 (C-4 and C-6),

122.53 (C-2), 131.18 (C-1 and C-3), 157.57 (C-5) and

166.11 (–COOMe).

Particle Size Determination

The particle size of the aggregated polymers was deter-

mined as reported earlier [29]. The amphiphilic co-poly-

mers when dissolved in water above their critical micelle

concentration (CMC) aggregate to form nano-micelles. The

CMC values were determined by static light scattering and

found independent on the size of hydrophilic segment PEG

as no significant change in CMC values were observed in

going from PEG 300 to PEG 1000. However, the size of

nano-micelles formed by the self assembly of co-polymers

varied with hydrophilic segments. The radius of gyration

(Rg) increased with the increase in the size of hydrophilic

segment, (PEG size) and was found to be in the range of

29.21–67 [31]. Sizes of nanopolymers are as follows:

glutaric acid polymer = 354 nm, adipic acid poly-

mer = 145.7 nm, suberic acid polymer = 134.3 nm,

DMHP polymer = 17.85 nm.

PCR Amplification of vhh Gene in Test Organism V.

harveyi

235 bp fragment of hemolysin vhh gene (Fig. 3) was PCR

amplified from V. harveyi strains B5 (GenBank accession

no. JF264473) to confirm the pathogenicity nature.

Fig. 1 TEM images of suberic acid nanopolymer

Fig. 2 1H-NMR spectrum for synthesized polymer with glutaric acid

as linker
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Inhibitory Effect of Polymers on Growth and Viability

of Bacterial Cells

Agar Well Diffusion Method

The diameter of the inhibition zones of test bacteria using

nanopolymers is given in Fig. 4. The diameter of the in-

hibition zones increased from 1 to 18 mm with increased

concentration of the nanopolymers. A strong inhibition

zone (18 mm) was obtained by AA polymer due to its

higher concentration and nanosize. In spite of less con-

centrations used in the assay, the DMHP and SA showed

15 and 10 mm inhibition zones respecively due to their

nanosizes. GA was not much active as it showed less zone

of inhibition due to its higher particle size. PEG 600 at the

selected concentration range of 0.058–2.84 lg and sterile

water didn’t show any inhibition.

Culture Growth Suppression Spectrophotometric Method

The growth curves obtained from the bacteriological tests

to assess the inhibitory effect of nanopolymers are shown

in Fig. 5, which revealed that nanopolymers caused sub-

stantial decrease in the cell growth and viability of V.

harveyi. The antibacterial activity of the nanopolymers

determined by growth curve method showed no effect on

the bacterial growth of blank and control samples. Data are

shown with mean values and standard errors of bacterial

counts. All the experimental data were statistically anal-

ysed and the difference was considered statistically sig-

nificant when P B 0.05. Nanopolymer of DMHP were

active inhibitors of V. harveyi, as compared to other

nanopolymers used in the present study. DMHP almost

completely inhibited the growth of pathogenic bacteria at

minimum concentration (0.294 lg/ml). There is no bacte-

rial growth at 0.4 lg/ml level for SA polymer. AA polymer

inhibited bacterial growth at 0.625 lg/ml. However, there

is no complete reduction for GA polymer even at higher

concentration. The results showed that minimum inhibitory

concentrations of polymers of DMHP, SA and AA are

0.294, 0.4 and 0.625 lg/ml respectively. The present result

revealed that the particle size plays a major role on the

inhibition of bacterial growth. Lower size nanoploymer

(DMHP-17.85 nm) reduced the growth at lower concen-

tration (0.294 lg/ml). This is due to the fact that the nano

size of molecules can easily enter in the bacterial cells and

damage their viability.

Current study depicted the synthesis and function of

PEG derived nano polymers in the inhibition of bacterial

shrimp pathogen, V. harveyi. PEG variety like PEG-400 is

a neutral odourless, water soluble molecule having roles in

cell adhesion, clumping and pharmaceutical applications.

As mentioned by earlier researchers [32], concentrated

PEG 400 can induce the lowering of water activity, ag-

gregation and morphological variability of bacterial cells.

Nanopolymer synthesized from different PEG types can

have higher inhibitory role as nano- size enhances profi-

ciency. This phenomenon has also been reflected in current

experiments where nanopolymer exhibited efficacious in-

hibition in bacterial growth and colony formation. The

results suggest the role of PEG nanopolymer as a potential

100bp 

500bp 

1000bp 

235 bp 

Fig. 3 PCR amplification of Vhh gene in V. harveyi

Fig. 4 Inhibition zones of samples as a function of different

concentrations of nanopolymers against V. harveyi. Each point

represents an average of triplicate measurements (5, 10, 15, 20 and

25 ll dilutions contain 0.2, 0.4, 0.625, 0.833 and 1 lg of AA

nanopolymer, 0.1, 0.2, 0.3, 0.4 and 0.5 lg of SA nanopolymer, 0.058,

0.117, 0.176, 0.235 and 0.294 lg of DMHP nanopolymer and 0.568,

1.136, 1.704, 2.272 and 2.84 lg of GA nanopolymer respectively)
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therapeutic to control tropical bacterial infection like that

of V. harveyi. But dose of application is also an important

parameter as PEG in higher dose can be lethal to normal

cellular behavior in shrimp. Nanopolymer can be more

suitable as it can bring more output at lower administered

dose. Moreover, antibacterial efficacy of nanopolymer will

also vary with size, shape and attached molecular deriva-

tives. In this experiment, dimethyl-5-hydroxyisophthalate

attachment with nanopolymer exhibited higher bactericidal

effect due to its nanosize. Impact of nanopolymer also

depends on the nature of medium, mode of delivery and

conjugation approach.

Conclusion

Vibrosis is a fatal disease inhibiting the mass production of

shrimp. There are many routes like application of antibi-

otics, probiotics and prebiotics etc. to control these infec-

tions. Among all, antibiotics are widely applied,

commercial method. But, with the invoke of global re-

strictions on antibiotic application in food commodity in-

cluding shrimp industry, nanotechnology based therapeutic

tools have appeared as a novel candidate and are getting

popularity where nanopolymer can be a suitable alterna-

tive. Nanopolymer application can inhibit the infectivity in

Fig. 5 Bacterial growth curve with increasing concentration of nanopolymers. Each point represents an average of triplicate measurements
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a mechanism avoiding all conventional, well described

routes. Antibacterial activity of nanopolymers was inves-

tigated, which has shown to have promising bactericidal

activity against V. harveyi for aquaculture use. Current

research on the synthesis of PEG based nanopolymers with

linker molecules to enhance the antibacterial efficacy is a

meaningful value addition in this direction. But, challenge

trials of nanopolymer delivery at infected shrimp will be

conducted to conclude upon its field application dose and

biosafety issues. Successful further studies on the use of

nanopolymers could be beneficial for disease management

in aquaculture systems. However, they are required to

undergo toxicity test prior to their use in coastal

aquaculture.
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