Effects of Dietary Nucleotides on Growth Rate and Disease
Resistance of Crustaceans Using Axenic Artemia Culture Tests
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Abstract

Effects of dietary nucleotides on growth and disease resistance of crustaceans were evaluated using axenic
Artemia culture tests. Higher Artemia growth in xenic culture (15.6 £ 2.9 mm) than in axenic culture (9.2 +
1.9 mm) reaffirmed the need to eliminate microbial populations known to influence growth and disease
resistance. The study further demonstrated that dietary nucleotides supplementation at 0.005% significantly
improved growth as demonstrated by higher body length (11.3 £+ 3.4 mm) compared to the control (9.5 1.3
mmy). The nucleotides also led to improved disease resistance as demonstrated by significantly higher survival

(38.3 £ 4.4%) compared to the control (16.7 £ 1.7%) after a challenge with Vibrio proteolyticus.
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Introduction

Nucleotides are low molecular weight biological
compounds, which are building blocks of DNA
and RNA and play vital roles in various physiological
and biochemical functions of the body. They are
composed of a phosphate group, a five-carbon sugar
and a weak basic nitrogenous compound. The body
derives nucleotides from three potential sources
namely, synthesis de novo; salvage, i.e. recycling of
pre—formed bases and diet (Boza, 1998). Nucleotides
are often regarded as conditionally essential nutrients
particularly during periods of rapid growth and
physiological stress (Uauy et al., 1994). Dietary
nucleotides are more preferential because de novo
synthesis and salvage of nucleotides are
metabolically costly processes which account for 5-
10% of the energy used in synthesis of tissue protein
(Carver, 1994; Grimble, 1994).

Dietary nucleotides in aquaculture have shown a
number of beneficial effects. Feed intake
enhancement was observed in largemouth bass
(Kubitza et al., 1997). Improvement in growth was
observed in Tilapia (Ramadan and Atef 1991) and
salmonids (Adamek et al., 1996; Burrells et al.,
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2001a). Increased resistance towards pathogens has
been observed in salmonids (Burrells et al,. 2001a;
Leonardi et al., 2003) and hybrid striped bass (Li et
al., 2004). Dietary nucleotides have also been
reported to increase resistance towards stress in
salmonids (Burrells et al., 2001a; Leonardi et al.,
2003). There is however little information on the
effects of supplementation of nucleotides in
crustacean diets.

Artemia has been used as a model for studying
nutrition and disease aspects of crustaceans (Overton
and Bland 1981; Criado-Fornelio et al.,1989;
Verschuere et al., 1999). Their resting stage in the
form of a cyst makes them easily available,
convenient and cheaper compared to the use of
animals that require long period of culturing.
Moreover, Artemia have physiological capabilities to
withstand extreme culture conditions like low
oxygen concentrations (De Wachter ef a/.,1992) and
high salinity (Sorgeloos ef al., 1986). Artemia can
also be easily cultured in small containers under
axenic conditions in order to eliminate
microorganisms to which are known to influence
both growth (Verschuere ef al., 1999) and disease
resistance (Verschuere et al., 2000a). This study was
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aimed at using axenic Artemia culture tests to
evaluate beneficial effects of feeding nucleotides on
growth and disease resistance in crustaceans.

Materials and methods

Sterile Artemia nauplii for axenic culture

The sterile Artemia nauplii for the axenic culture
were obtained through a modification of a technique
by Sorgeloos et al, (1986). Ten grams of Artemia
cysts (EG grade, INVE Aquaculture NV,
Dendermonde, Belgium) were hydrated for 1 h in 89
ml of well-aerated tap water after which 3.3 ml
sodium hydroxide (32%) was added to maintain pH
above 10. Decapsulation was initiated by addition of
50 ml of sodium hypochlorite and monitored under a
stereomicroscope until 80% done and then 50 ml of
sterile sodium thiosulphate was added to stop the
process. All reagents used were placed in a
refrigerator overnight to cool in order to avoid poor
hatching due to excessive heat released during the
process. The decapsulated cysts were rinsed with
autoclaved artificial seawater of 33g/1 (Instant Ocean,
Aquarium Systems, Sarrebourg, France) and then put
into sterile 50 ml Falcon tubes (Becton Dickinson
Labware, Lincoln Park, NJ, USA) containing 30 ml
of sterile seawater. The tubes were placed on a rotor
and incubated for 24 hrs with sufficient light. All
processes were carried out in a laminar flow chamber
to ensure sterility.

Rationale for axenic condition

The rationale for axenic conditions was determined
by comparing Artemia growth under axenic and
xenic culture conditions in triplicates for 6 days at a
stocking density of 0.6 artemia/ml. The Artemia
were fed with a commercial diet PROLON® (Inve
Technologies NV, Dendermonde, Belgium) rate of
0.25 mg/day/nauplii on day 0 and 1 and 0.28
mg/day/nauplii from day 2 onwards.

For axenic culture, 20 sterile Artemia nauplii were
stocked in a sterile falcon tube containing 30ml of
sterile seawater (33ppt). The culture tubes were kept
at 25°C on a rotor. The feed was sterilized by an
overnight gamma irradiation at 10 kGray from a
particle accelerator and suspended daily in
autoclaved seawater before being administered. All
routine procedures were done in a laminar flow to
avoid bacterial contamination. Sterility of the culture

was assessed every other day by plating 100ul of the
culture solution from each falcon tube on two petri
dishes containing marine agar 2216 (MA) (Difco
laboratories, Detroit, Mich.).

For xenic 480 non-sterile Artemia nauplii were
cultured in 800 ml conical cylinders with sufficient
aeration as described by Sorgeloos et al., (1986). The
cylinders were put in a water bath so as to maintain
the temperature at 250C. The Artemia nauplii were
fed with a non-sterile feed at rate was similar to that
used for the axenic culture.

At the end of the culture period Artemia from both
cultures were immobilized with Lugol solution and
individual body length was measured using a
stereomicroscope fitted with a camera lucida (SM-
1). The measured lengths were then digitized using a
Graphtec Digitizer (KD 3320, Japan) and converted
to actual lengths in centimetres.

Feeding trial

Feeding trial was conducted using axenic culture to
determine effects of nucleotides on growth. The
commercial diet PROLON® was supplemented with
ASCOGEN® at 0.002% and 0.005% as a source of
nucleotides. ASCOGEN® is a natural biogenic
performance enhancer comprised of purified RNA,
purified nucleotides and their precursors, specific
organic acids and inactivated yeast. The commercial
diet without nucleotide supplement served as control.
After 6 days Artemia were immobilized and
individual body length was measured.

Challenge test

A virulent Artemia pathogen, Vibrio proteolyticus
was used for the challenge test. Artemia were
axenically cultured for 4 days during which they
were fed the commercial diet supplemented with
nucleotides at 0.005%; while unsupplemented diet
served as control. A bacterial suspension with density
of approximately 1 x 103 cells/ml was added into the
cultures on day five. The bacterial density was
determined spectrophotometrically at 550 nm
according to MacFarland standard (BioMerieux,
Marcy 1'Etoile, France). Percentage of surviving
Artemia was determined after 24 and 48 hours.
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Statistical analysis

One-way ANOVA and t-test was used to test
differences in body length and survival respectively
of Artemia fed diets containing different inclusion
levels of ASCOGEN®. The differences were deemed
significant at p < 0.05. Duncan's multiple range test
was used for post-hoc analysis where significant
differences existed in one-way ANOVA. Data
presented as means =+ standard error.

Results and discussion

Rationale for Axenic Conditions

Artemia growth in axenic conditions (9.2 £ 1.9 mm)
was significantly lower (p<0.005) compared to that
in xenic conditions (15.6 2.9 mm) (Figure 1). These
results are similar to those reported by D’Agostino
(1980) in which Artemia cultured in xenic conditions
had higher biomass production than in axenic
conditions. Xenic conditions harbour microbial
populations, which may have several positive effects
to Artemia. It is hypothesized that dissolved nutrients
normally unavailable to Artemia are converted into
bacterial biomass, which consequently becomes
available to Artemia (Verschuere et al., 1999).

Mean body length (mm)

Axenic culture

Axenic culture

Culture condition
Figure 1: Mean body length of Artemia cultured
in xenic and axenic conditions. Error bars
indicate standard deviation. Different
letters above each bar denotes significant
differences in length (p<0.05)

Furthermore, the bacteria may prevent proliferation
of opportunistic pathogens through release of
chemical substances that have bactericidal or
bacteriostatic effects (Verschuere et al., 2000b). All
these demonstrate the positive influence of microbial
populations on Artemia and hence the rationale for

axenic culture when evaluating effects of feed
additives on growth and disease resistance.

Effects of nucleotides on growth

Effects of different inclusion levels are given in fig.2.
The treatment with ASCOGEN® supplementation at
0.005% resulted into significantly higher body length
(11.3 £2.4 mm) (p<0.05), almost 18% better than the
control (9.5 = 1.3 mm). Similar results were also
observed by Hernandorena (1990) where Artemia
nauplii reared in a medium rich in RNA grew faster
than those reared in a medium devoid of RNA.

»
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Figure 2: Mean body length of axenically
cultured Artemia after 6 days of culture.
Error bars indicate standard deviation
(n=20). Different letters above each bar
denotes significant differences in length
(p<0.05).

Nucleotides appear to influence growth in several
ways. They tend to enhance feed intake as many
external sensory organs in aquatic organisms contain
receptors  for nucleotides. Mackie (1973)
hypothesized that nucleotide (AMP) and nucleoside
(inosine) components were the main chemo —
attractants for crustaceans like lobsters. Improved
feed intake due to nucleotide inclusion has been
observed in puffer fish (Kiyohara et al., 1975), jack
mackerel (Ikeda et al., 1991), rainbow trout (Rumsey
et al., 1992) and largemouth bass (Kubitza et al.,
1997). They also play a role in development of
tgastrointestinal tract leading to increased surface
area for nutrient absorption as observed in mice
(Uauy et al., 1990), Atlantic salmon (Burrells et al.,
2001b) and sea bream (Borda et al., 2003).
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Effects of nucleotides on disease resistance
Artemia in both treatments were observed to have
swimming difficulties within 24 hrs after a challenge
with V. Proteolyticus but without any significant
difference in survival. High mortalities were
observed after 48 hrs but survival in the treatment
with  0.005% ASCOGEN® supplement was
significantly higher (38.3 = 7.6%) than in the control
(16. 7 +2.9%) (Fig. 3).

40

Mean survival (%)

After 24 hrs After 48 hrs

Duration
®0.000% Ascogen £00.005% Ascogen

Figure 3: Survival of axenically cultured Artemia
after 24 hrs and 48 hrs challenge with
Vibrio proteolyticus (n=20). Error bars
indicate standard deviation. Different
letters above each bar denotes significant
differences in length (p<0.05).

Improved disease resistance due to dietary
nucleotides has been observed in salmonids (Burrells
et al., 2001b; Leonardi ef al., 2003) common carp
(Sakai et al., 2001) and hybrid striped bass (Li et al.,
2004). The nucleotide supplement may have
contributed in several ways towards the observed
higher survival of Artemia. Immune response
requires cell growth and multiplication and creating
demand for nucleotides. At the same time, juveniles
have a high rate of growth, which again demands an
ample supply of nucleotides for DNA replication.
The presence of dietary nucleotides enhances
immune response by availing adequate amounts of
nucleotides required. Dietary nucleotides are
reported to support optimal functioning of
metabolically active cells during stressful conditions
like infection or gut injury, which requires rapid
repair (Rudolph ez al., 1990). This has been observed
in humans supplemented with Uracyl, which resulted
in optimal functioning of rapidly proliferating
lymphocytes (Carver and Walker, 1995). Dietary

nucleotides are also reported to promote intestinal
microflora, which impedes proliferation and/or
growth of pathogenic bacteria (Carver and Walker
1995; Burrels ef al., 2001b). Dietary nucleotides are
believed to be vital for immunity in shrimps hence
lessening harmful effects of V. proteolyticus, which is
known to penetrate through the gut epithelium
causing damage to the underlying tissue and
eventually death (Devresse, 2000; Verschuere et al.,
2000a).

Conclusion

This study has shown that exogenous nucleotides can
significantly improve growth and disease resistance
in Artemia. It is recommended that further studies be
conducted to understand the exact mode of action,
the dose — response relationship and the duration of
the effects after intake of nucleotides.

Acknowledgment

The first author wishes to thank the Flemish
Interuniversity Council (VL.I.LR) for providing a
scholarship which made this study possible.

References

Adamek, Z.; Hamackova, J.; Kouril J.; Vachta, R.
and Stibranyiova, I. (1996) Effect of Ascogen®
probiotics supplementation on farming success
in rainbow trout (Oncorhynchus mykiss) and
Wels (Silurus glanis) under conditions of
intensive culture. Krmiva (Zagreb) 38, 11-20.

Borda, E.; Martinez—Puig, D. and Cordoba, X.
(2003). A balanced nucleotide supply makes
sense. Feed Mix 11, 24 —26.

Boza, J., (1998). Nucleotides in infant nutrition.
Monatsschrift kinderheilkunde 146, 39-48.

Burrells, C.; Williams, P.D.; Southgate, P.J. and
Wadsworth,  S.L., (2001a).  Dietary
nucleotides: a novel supplement in fish feeds.
(2) Effects on vaccination, salt water transfer,
growth rates and physiology of Atlantic
salmon (Salmo salar). Aquaculture 199, 171-
184.

Burrells, C.; Williams, P.D. and Forno, P.F. , (2001b)
Dietary nucleotides: a novel supplement in

An International Journal of Basic and Applied Research



Effects of dietary nucleotides 41

fish feeds. (1) Effects on resistance to disease
in salmonids. Aquaculture 199, 159-169.

Carver, J.D., (1994). Diectary nucleotides—cellular
immune, intestinal and hepatic system effects.
The Journal of Nutrition 124,144-148

Carver, J.D. and Walker, W.A., (1995). The role of
nucleotides in human nutrition. Nutritional
Biochemistry 6, 58-72.

Criado-Fornelio, A., Mialhe, E., Constantin E., and
Grizel, H. (1989). Experimental infection of
Artemia sp by Fusarium solani. Bulletin of the
European Association of Fish Pathology 9, 35-
37.

D'Agostino, A., (1980). The vital requirements of
physiology and nutrition. In: The Brine
Shrimp Artemia-Ecology, Culture, Use in
Aquaculture. Edited by Persoone, G.,
Sorgeloos, P., Rodo, O. and Jasper, O. Vol. 2,
pp 55-82. Universa press, Wetteren, Belgium.

De Wachter, B., Blust, R. and Dedeir, W. (1992).
Oxygen bioavailability and haemoglobin in
the brine shrimp Artemia franciscana. Marine
Biology 113, 193-200.

Devresse, B., (2000). A forgotten but key nutrient for
the immune system: Nucleotides. A review
and current advances. V Congreso Ecuatoriano
de Acuicultura, enfocando los retos del 2000.
28-30 October 1999, Guayaquil, Ecuador.

Grimble, G.K., (1994). Dietary nucleotides and gut
mucosal defence. Gut 35, 46-51.

Hernandorena, A., (1990). Comparative study of
nutritional requirements in two axenically
reared Artemia strains. Comparative
Biochemistry and Physiology 97, 153-158.

Ikeda, I.; Hosokawa, H.; Shimeno, S. and Takeda, M.
(1991). Feeding stimulant activity of
nucleotides, tryptophan, and their related
compounds of jack mackerel. Nippon Suisan
Gakkaishi 57, 1539 1542.

Kiyohara, S.; Hidaka, I. and Tamura, T. (1975).
Gustatory response in the puffer-1I. Single
fiber analysis. Bulletin of the Japanese Society
of Scientific Fisheries 41, 383 — 391.

Kubitza, F.; Lovshin, L.L. and Lovell, R.T. (1997).
Identification of feed enhancers for juvenile
largemouth bass, Micropterus salmoides.
Aquaculture 148, 191-200

Leonardi, M.; Sandino, A.M. and Klempau, A.,
(2003). Effect of a nucleotide-enriched diet on
the immune system, plasma cortisol levels and
resistance to infectious pancreatic necrosis
(IPN) in  juvenile rainbow  trout
(Oncorhynchus mykiss). Bulletin of the
European Association of Fish Pathologists 23,
52-59.

Li, P;; Lewis, D.H. and Gatlin III, D.M., (2004).
Dietary oligonucleotide from yeast RNA
influences immune responses and resistance of
hybrid striped bass (Morone chrysops X M.
saxatilis) to Streptococcus iniae infection. Fish
and Shellfish Immunology 16, 561— 569.

Mackie, A.M., (1973). The chemical basis of food
detection in the lobster Homarus gammarus.
Marine Biology 21, 103-108.

Overton, S.V. and Bland, C.E., (1981). Infection of
Artemia salina by Haliphtoras milifordensis a
scanning and  transmission  electron
microscope study. Journal of Invertebrate
Pathology 118, 289-293.

Quan, R., (1992). Dietary nucleotides: potential for
immune enhancement. In: Foods, Nutrition
and Immunity vol. 1, Dynamic Nutritional
Research, (ed. by M. Paubert-Braquet, C.
Dupond, R. Poaoletti, Basel, Karger, pp 13-21.

Ramadan, A. and Atef, M., (1991). Effect of the
biogenic performance enhancer (Ascogen ‘S”)
on growth rate of tilapia fish. Acta Veterinaria
Scandinavica 87, S304-S306.

Rumsey, G.L.; Winfree, R.A. and Hughes, S.G.,
(1992). Nutritional value of dietary nucleic

Tanzania Journal of Agricultural Sciences (2013) Vol. 12 No. 1, 37-42



42 N. Madalla et al.,

acids and purine bases to rainbow trout
(Oncorhynchus mykiss). Aquaculture 108, 97—
110.

Rudolph, F.B.; Kulkarni, A.D.; Fanslow, W.C.;
Pizzini, R.P.; Kumar, S. and. Vanburen, C.T.,
(1990). Role of RNA as a dietary source of
pyrimidines and purines in immune function.
Nutrition 6, 45-52.

Sakai, M., (1999). Current research status of fish
immunostimulants. Aquaculture 172, 63-92.

Sakai, M.; K. Taniguchi; K. Mamoto; H. Ogawa, and
M. Tabata, (2001). Immunostimulant effects
of nucleotide isolated from yeast RNA on carp,
Cyprinus carpio L. Journal of Fish Diseases
24, 433—438.

Sorgeloos, P.; Lavens, P.; Leger P.; Tackaert, W. and
Versichele, D., (1986). Manual for the use of
Brine Shrimp Artemia in Aquaculture. Artemia
Reference Center, University of Ghent,
Belgium, 319 pp.

Uauy, R.; Stringel, G.; Thomas, R. and Quan, R.
(1990). Effect of dietary nucleotides on growth
and maturation of the developing gut in the rat.
Journal of Pediatric Gastroenterology and
Nutrition 10, 497-503.

Uauy, R.; Quan, R. and Gil, A., (1994). Role of
nucleotides in intestinal development and
repair implications for infant nutrition. The
Journal of Nutrition 124, S1436-S1441.

Verschuere, L.; Rombaut, G.; Huys, G.; Dhont, J.;
Sorgeloos, P. and Verstracte, W., (1999).
Microbial control of the culture of Artemia
juveniles through pre - emptive colonization
by selected bacterial strains. Applied and
Environmental Microbiology 65, 2527-2533.

Verschuere, L.; Hanglamong, G. H.; Criel, G.;
Sorgeloos, P. and Verstracte, W., (2000a).
Selected Bacterial strains protect Artemia spp
from the pathogenic effects of Vibrio
proteolyticus ~ CWS8T2.  Applied and
Environmental Microbiology 66, 1139-1146.

Verschuere, L.; Rombaut, G.; Sorgeloos, P. and
Verstraete, W. (2000b). Probiotic bacteria as
biological control agents in aquaculture.
Molecular and Microbial Biological Reviews,
64, 651-671.

An International Journal of Basic and Applied Research



