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INTRODUCTION 

 

The shrimp farming industry, particularly Litopenaeus vannamei, has experienced 

rapid annual growth in Indonesia (Anwar et al., 2024; Pramudia et al., 2024). The 

obstacle experienced is the problem of disease that often cannot be avoided even though 

shrimp fry has been well selected. The primary disease affecting white shrimp is acute 

hepatopancreatic necrosis disease (AHPND) (Lozano-Olvera et al., 2024). The results of 
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Hemocyanin is a crucial non-specific innate immune defense molecule, 

exhibiting phenoloxidase, antiviral, antibacterial, hemolytic, and antitumor 

activities. In this study, the expression profile of hemocyanin (HMC) from 

the shrimp L. vannamei was isolated and characterized to better understand 

the mechanisms of functional diversity, particularly in recognizing various 

pathogens and enhancing immune responses. The study focused on 

identifying HMC gene characteristics from L. vannamei to serve as a source 

of resistance genes in shrimp. The research involved sampling L. vannamei 

from Gresik Regency and Situbondo Regency in East Java, Indonesia. RNA 

isolation from the hepatopancreatic organs was achieved, followed by reverse 

transcription to obtain cDNA. This was followed by cDNA amplification 

through PCR and subsequent electrophoresis. The results indicated strong 

HMC expression in healthy shrimp compared to those infected with AHPND. 

These data confirm that the HMC gene plays a significant role in the 

resistance of L. vannamei. 
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monitoring the genetic character of the white shrimp mothers imported from Hawaii and 

Florida showed low gene diversity (homozygous). This is understandable because this 

white shrimp mother is also the result of selective breeding from its country of origin, 

which is already the eighth derivative (F-8). At the same time, it is assumed to be F-0 in 

Indonesia. The results of monitoring the derived fry vary significantly in terms of growth, 

disease resistance, and resilience to environmental infections. This variability is attributed 

to selective breeding practices, which can lead to the loss of other important trait-control 

genes in the process. Consequently, problems arise in the offspring produced, including 

growth delays, increased susceptibility to viral infections, and vulnerability to 

environmental stressors. 

When extreme ecological changes occur that are unsuitable for the organism's 

regular life needs, physiological processes will adjust in response to gene control 

mechanisms. Continuous exposure to unsuitable environmental conditions can lead to 

genetic changes as the organisms attempt to adapt. 

Among the resistance-coding genes in shrimp is hemocyanin. Hemocyanin is a 

multifunctional protein primarily found in the hemolymph of arthropods and molluscs, 

which has recently been reported to play an essential role in oxygen transport, moulting 

regulation, and non-specific immune defence of antigens (Coates & Nairn, 2014). Based 

on research, it was deduced that hemocyanin from shrimp L. vannamei has antigenic, 

agglutinative, hemolytic, and immunity-enhancing activities. However, so far, information 

regarding the molecular basis underlying the multifunction of hemocyanin has not been 

available (Lu et al., 2015). It has been reported that HMC can functionally be converted 

into various forms, including antimicrobial peptides (Yan et al., 2011), antiviral agents 

(Wyles et al., 2011), antifungal compounds (Liu et al., 2018), agglutinin and other proteins 

(Zhan et al., 2019; Bao et al., 2020; Monteiro et al., 2020; Aweya et al., 2021; Yang et 

al., 2021). 

In addition, other studies have shown that HMC from the shrimp L. vannamei can 

act as a protein that increases immunity (Qiao et al., 2011; Cao et al., 2014). These results 

suggest that HMC is vital in many immune and innate immune system activities in 

invertebrates. But so far, little is known about the molecular mechanisms of HMC 

functional diversity in L. vannamei. 

For this reason, research is needed on identifying and characterizing hemocyanin 

from L. vannamei to track the source of resistance genes in shrimp. In this study, we 

explored hemocyanin (HMC) to be isolated and represented through a proteomic approach 

to HMC diversity in L. vannamei at the gene level. In future studies, the relationship 

between HMC diversity at the protein level and resistance to pathogens will be analyzed, 

as well as the characterization of the mechanism. These findings will help to understand 

the multifunctional molecular basis of HMC and establish new strategies for disease control 

of L. vannamei. 
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MATERIALS AND METHODS  

 

Sampling 

The white shrimp (L. vannamei) specimens were collected from two locations: 

Gresik Regency and Situbondo Regency in East Java, Indonesia. The shrimp selected were 

40 days old post-fry stocking (DOC age of 40). A total of 90 white shrimps were taken for 

the study. Samples were then stored at -80°C to preserve the hepatopancreas in stable 

condition (Niemcharoen et al., 2022). 

 Molecular identification of shrimp is suspected to be AHPND 

Molecular detection of acute hepatopancreatic necrosis disease (AHPND) was 

performed using the PCR method for diagnosing nterocytozoon hepatopenaei (EHP) (Ma 

et al., 2021). Microsporidia isolates were extracted from the white shrimp exhibiting signs 

of hepatopancreatic microsporidia disease. Hepatopancreas samples from the shrimp were 

processed using lysis buffer kits (Lozano-Olvera et al., 2024). 

The amplification process included an initial denaturation cycle at 94°C for 3 

minutes, followed by 35 cycles of denaturation at 94°C for 30 seconds, annealing at 60°C 

for 30 seconds, and extension at 72°C for 30 seconds. A final extension was performed at 

72°C for 5 minutes. The results of the PCR reaction were subjected to electrophoresis for 

30 minutes at a voltage of 70 volts and were subsequently visualized using a UV 

transilluminator. 

Identification and profile characters of hemocyanin gene (HMC) 

RNA isolation 

Isolation of RNA was performed using Qiagen's QIAzol® Lysis Reagent kit (de 

Souza Valente et al., 2020). The procedure adapts to the RNA isolation procedure 

handbook with the QIAzol® Lysis Reagent kit. A hepatopancreas sample was taken and 

weighed to 0.1-0.2 grams. The hepatopancreas sample was then inserted into a 2ml tube 

and labelled based on each sample name. 500μl of qiazole was added and chopped using 

scissors and a micro pestle until the hepatopancreas was destroyed and dissolved, and then 

another 500μl of qiazole was used. The sample was then incubated at room temperature for 

5 minutes. Then 200μl chloroform was added and homogenized with vortex until it foamed 

cloudy. The sample was then incubated at room temperature for 3 minutes and then 

centrifuged at a rate of 12,000 x g for 15 minutes at 4ºC. The function of centrifugation is 

to separate the particulate components of a sample to obtain a supernatant (Ghanaati et 

al., 2019). 
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After completion of the centrifugation process, interphase samples were taken and 

then transferred to a new tube measuring 1.5ml. The selection was added with 500μl of 

isopropanol for RNA precipitation (Carapito et al., 2023) and then turned slowly. Next, 

the sample was incubated at room temperature for 10 minutes, and then centrifuged at 

12,000 x g for 10 minutes at 4ºC. After the second centrifugation, the pellets were collected 

from the sample tube, and 1,000 μl of 75% ethanol (EtOH) was added for preservation 

(Johnson et al., 2023). The mixture was then centrifuged at 7,500 x g for 5 minutes at 4ºC. 

Following this, the pellets were dried in a laminar air flow (LAF) hood with the light 

on and the blower turned off, for approximately 1.5 hours. The pellets were then dissolved 

in 50μl of nuclease-free water (NFW), and an aliquot of 10μl was transferred to a thin-

walled tube. The RNA isolation results were stored in a freezer at -20°C. 

To assess the quality of the RNA isolation, a 1% agarose gel electrophoresis was 

conducted using ethidium bromide (EtBr) for staining (Motohashi, 2019). Electrophoresis 

was performed at 50 volts for 55 minutes. The quantity of RNA was measured using a 

nanodrop spectrophotometer at A260 and A280nm wavelengths (Li et al., 2020). The 

absorbance ratio at A260/A280 indicates the purity of the RNA sample. RNA concentration 

was calculated by multiplying the absorbance at 260nm by a constant and the dilution factor 

(A260 x 50 x 1). Good RNA purity ranges from 1.7 to 2.0 (Groven et al., 2023), allowing 

for subsequent reverse transcription to obtain cDNA. 

 

Reverse transcription 

Reverse transcription is the process of converting RNA into complementary DNA 

(cDNA) (Sessegolo et al., 2019). This process is essential for characterizing gene 

expression. The reverse transcription was conducted using the ReverTra Ace™ qPCR RT 

Master Mix with gDNA remover from Toyobo. 

The first step involved preparing a reagent by mixing 29.4μl of 4x DNA-MM with 

0.6μl of gDNA remover. RNA samples were then incubated at 65°C and placed on ice. 

Next, a new reagent was prepared, consisting of 2μl of the first reagent, 5μl of nuclease-

free water, and 1 μl of RNA template. The sample was incubated again at 37°C. 

Following this, 5x RT Master Mix II was added, and the incubation proceeded at the 

following temperatures: 27°C for 15 minutes, 50°C for 5 minutes, and 98°C for 5 minutes. 

After this process, the quantity of cDNA was tested using the same method as for RNA. 

Good DNA purity ranges from 1.7 to 2.0 (Sophian, 2021). 

Amplification of cDNA 

The amplification of cDNA aims to double the amount of cDNA. The amplification 

process includes several key steps: hot start, denaturation, annealing, extension, and post-

extension (Obande & Banga Singh, 2020). 
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The hot start prepares the thermal cycler for amplification, performed at 95°C for 2 

minutes. During denaturation, the double-stranded DNA is separated into single strands, 

carried out at 95°C for 30 seconds. The next step, annealing, involves the attachment of 

primers to the cDNA template created during denaturation; this occurs at 59°C for 45 

seconds. 

The extension phase lengthens the DNA strands at 72°C for 30 seconds, followed 

by a post-extension step at the same temperature for 5 minutes. The total number of cycles 

used in this process is 32. 

The first step in the cDNA amplification is to prepare a PCR mix, the composition 

of which is detailed in Table (1). A diluted cDNA sample is then added to achieve a final 

concentration of 50ng/ μl, with 1μl of template included. The sample is placed into the 

thermal cycler, and the program is set for amplification. The composition of the PCR mix 

is shown in Table (2). 

For this research, the primers used are hemocyanin_1673R21 as the reverse primer 

(5’-GGG ATC ATG GGT GGC AGT TTC-3') and hemocyanin_115F24 as the forward 

primer (5’-CAT ATG GAA TTC CCM TTC TGG TGG-3'). These are specific primers that 

bind to the nucleotide sequences coding for the hemocyanin gene. 

Unlike universal primers, specific primers attach to particular nucleotide sequences needed 

for profiling and gene expression. The forward primer contains an M base and a 

substitution base. Base substitutions in primers involve changes in the nucleotide sequence 

that occur as a non-complementary break, replacing the original sequence (Oka et al., 

1994). 

 Electrophoresis  

The electrophoresis process functions to separate cellular molecules based on their 

size, using an electric field that is flowed in a medium containing samples to be separated 

(Xin et al., 2019). Electrophoresis was performed with a 1.5% agarose medium. The 

electrophoresis process was carried out by running 50 volts for 55 minutes. The results of 

electrophoresis were seen on the UV transilluminator. 

RESULTS  

 

1. Molecular analysis 

The testing results using this PCR method showed that the white shrimp cultivated 

were detected by disease. Pools 1, 2, and 3 showed positive PCR results infected with EHP 

(Fig. 1) 
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Fig. 1. Molecular analysis of white shrimp infected by AHPND 

PCR results from P1 have marker number 14, P2 has marker number 16, and P3 has 

marker number 20, indicating positive PCR results for EHP. A positive EHP result can be 

seen in a DNA marker line parallel to the positive control and have thick and firm band. 

The sample was found to have a line parallel to the positive control, most likely a positive 

sample of EHP. The sample found does not have a line parallel to the positive control, thus 

the sample is expected to be harmful to AHPND. 

2. RNA Isolation 

The results of RNA quality and quantity tests provide insights into the RNA isolation 

process. The RNA quantity test results, obtained using a nanodrop spectrophotometer, are 

presented in Table (4). These results indicate both the concentration and purity of the RNA. 

RNA samples with a purity value between 1.7 and 2.0 are suitable for the subsequent 

reverse transcription process. The RNA quality test results are illustrated in Fig. (2). 
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Fig. 2. RNA quality and quantity tests of sample 

3. Reverse transcription result 

The results of the cDNA quantity test are shown in Table (1). There is cDNA with a 

value below 1.7 as much as 1 sample, while ten other samples have cDNA purity with a 

range of 1.7-2.0. 

Table 1. cDNA of health shrimp (H) and AHPND infected shrimp (S) during the research 

No Sample 
cDNA of health shrimp (H) and AHPND infected shrimp (S) 

Concentration (ng/ul) Purity (A260/280) 

1 H2 2014.6 1.739 

2 H3 2813.8 1.336 

3 H5 2232.4 1.723 

4 H6 2168.5 1.703 

5 H9 1834.3 1.73 

6 H17 1780.2 1.731 

7 H27 1717.6 1.741 

8 H33 1839.1 1.745 

9 H39 1632.9 1.743 

10 H41 1734.6 1.739 

11 H42 1751.4 1.74 

12 SA6 2321.6 1.7 

13 SA7 2010.3 1.728 

14 SA12 1444.7 1.765 

15 SA15 1705.4 1.752 

16 SA16 2069.4 1.714 

17 SB2 28.91 1.71 

18 SB7 12.04 1.7 

19 SC2 1588.8 1.764 

20 SC5 1860.9 1.734 

21 SC14 1393.6 1.765 
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4. PCR result 

The results of the PCR process are visualized with the GelDoc UV transilluminator, 

as shown in Figs. (3, 4). Based on PCR results in healthy shrimp and shrimp infected with 

AHPND, the results showed that bands in healthy shrimp appear thick and firm. Whereas 

in shrimp infected with AHPND, bands do not appear. 

 

Fig. 3. AHPND shrimp PCR result 

 

Fig. 4. Health shrimp PCR result (H) 

 

DISCUSSION 

 

The study of the hemocyanin gene (HMC) in L. vannamei infected with acute 

hepatopancreatic necrosis disease (AHPND) is crucial for understanding the molecular 

mechanisms underlying shrimp immunity and disease resistance. Hemocyanin, a 

multifunctional protein, is primarily recognized for its role in oxygen transport in 

arthropods and mollusks including shrimp. Recent studies have expanded its functional 

repertoire, highlighting its involvement in immune responses and moulting regulation, 
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which are vital for shrimp's resilience against pathogens (Aguilera-Rivera et al., 2018; 

Aweya et al., 2022). 

The characterization of the hemocyanin gene expression profile is essential for 

elucidating its functional diversity and potential role in disease resistance, particularly 

against AHPND, which poses significant threats to shrimp aquaculture (Hùng et al., 2021; 

Zhang et al., 2021). The research aimed to isolate and characterize the expression profile 

of the hemocyanin gene, hypothesizing that it could serve as a genetic marker for resistance 

to AHPND. This gene was chosen due to its established significance in innate immune 

defense mechanisms, suggesting that enhanced understanding and manipulation of 

hemocyanin could lead to improved disease resistance in shrimp populations (Aguilera-

Rivera et al., 2018; Zhang et al., 2021). The study's findings indicated that healthy shrimp 

exhibited strong hemocyanin expression, while infected individuals showed diminished or 

absent expression, reinforcing the potential of hemocyanin as a marker for shrimp health 

and a target for selective breeding programs aimed at enhancing disease resistance (Hùng 

et al., 2021; Zhang et al., 2021). 

In conducting this research, samples were meticulously collected from shrimp farms 

in Gresik and Situbondo Regencies in Indonesia. The shrimp samples were at a 

developmental stage of 40 days post-fry stocking, a critical period for assessing health and 

disease susceptibility (Hùng et al., 2021; Zhang et al., 2021). The samples were preserved 

at -80°C to maintain the integrity of the hepatopancreas, which was subsequently analyzed 

for signs of AHPND. Molecular identification techniques, including RNA isolation, 

reverse transcription to cDNA, and polymerase chain reaction (PCR), were employed to 

detect the presence of the Enterocytozoon hepatopenaei (EHP) pathogen, frequently 

associated with AHPND (Hùng et al., 2021; Zhang et al., 2021; Aweya et al., 2022). 

The PCR results, visualized through electrophoresis, demonstrated a clear correlation 

between hemocyanin expression levels and shrimp health status, with healthy shrimp 

showing robust bands indicative of successful gene expression (Hùng et al., 2021; Zhang 

et al., 2021). The meticulous RNA isolation procedure involved homogenizing 

hepatopancreas samples with Qiazole lysis reagent, followed by chloroform separation and 

isopropanol precipitation to ensure high-quality RNA for downstream applications. The 

purity of RNA samples was critical for accurate results, with only those meeting the purity 

ratio criteria proceeding to reverse transcription (Hùng et al., 2021; Zhang et al., 2021; 

Aweya et al., 2022). 

The subsequent PCR amplification utilized specific primers for the hemocyanin 

gene, allowing for precise assessment of gene expression in both healthy and infected 

shrimp. The results underscored the potential of hemocyanin as a genetic marker for disease 

resistance, as its expression was significantly higher in healthy shrimp compared to those 

affected by AHPND (Hùng et al., 2021; Zhang et al., 2021). In conclusion, the study 

successfully characterized the hemocyanin gene in L. vannamei, elucidating its role in 

disease resistance and laying the groundwork for future research aimed at improving 
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shrimp health through genetic interventions. The findings suggest that manipulating 

hemocyanin expression could lead to the development of superior shrimp broodstock with 

enhanced resistance to AHPND, thereby contributing to the sustainability of the shrimp 

farming industry (Hùng et al., 2021; Zhang et al., 2021). 

 

CONCLUSION 

 

The hypothesis that the HMC gene codes for body resistance in shrimp is supported 

by the research results. The findings indicated that healthy shrimp displayed a thick and 

well-defined band, suggesting successful binding of the primer to the hemocyanin gene. In 

contrast, shrimp infected with AHPND showed no bands, indicating that the primer did not 

successfully bind to the hemocyanin gene. This absence of bands is likely due to the 

inactivity of the hemocyanin gene in AHPND-infected shrimp, resulting in reduced or 

absent expression. 

The results suggest that the HMC gene in healthy shrimp is robust, indicating that 

the resistance gene is functional. Conversely, in shrimp infected with AHPND, the HMC 

gene, which represents the resistance gene, is not active. 

Looking ahead, it is hoped that the HMC gene can be utilized as a source of resistance 

genes, potentially serving as an insertion agent to produce superior, disease-resistant 

shrimp broodstock. 
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