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Abstract 

Prokineticin 2 has been recently discovered to be up regulated in the mice having the 

Parkinson’s disease. The homologue protein of prokineticin 2 in the crayfish, named 

astakine 1, has been reported to be highly expressed in crayfish blood cells and have 

very similar functions with the prokineticin 2. However, the role of astakine 1 in the 

Parkinson’s disease has never been researched. Therefore, in this study 6OHDA 

which is a compound widely used to induce Parkinson’s disease model organism such 

as mice and rats was injected into crayfish. After injection, levels of astakine 1 in 

crayfish brain and blood cells were examined by the western blot. In addition, number 

of blood cells was determined and movement of crayfish was observed.  

 

Introduction 

 

The Bv8/prokineticin is a family of protein with size about 8kDa, having five 

disulfide bridges and a conserved N-terminal AVITG motif which are essential for its 

biological activity (Morales, et al., 2010). The Bv8 is the first protein in this family 

that was identified.  It was isolated from the skin secretion of a frog Bombina 

variegata and it induced hyperalgesia (Mollay et al., 1999). Later, the prokineticin 

(PK) has been intensely researched. Two years later the two cDNA’s sequence are 

similar to the Bv8 were identified (Li et al., 2001). They were PK1 and PK2. Soon, 

two of the prokineticin receptors (PKRs) were discovered (Lin et al., 2002). The 

PKR2 are highly expressed in the neurons but the PKR1 in astrocytes and microglia 

cells (Koyama et al., 2006). The PKR2 are still highly expressed one day after the 

birth of the mice, indicating that PK2 plays an important role during the development 

of the mice brain (Negri et al., 2006). Then, Ng and colleagues found that PK2 is an 

important chemoattractant involving in the neurogenesis of the olfactory bulb (Ng, et 

al., 2005). Prokineticin 2 can also regulate several important physiological processes, 

such as circadian rhythm, pain sensation, neurogenesis (Negri L et al., 2007; Cheng, 

et al., 2002; Hu, et al., 2006). Crayfish, Pacifastacus leniusculus, also has protein with 

the prokineticin domain. It was firstly found by Söderhäll and colleagues in 2005 and 

this protein was astakine 1. Astakine 1 has a very similar effect with the prokineticin 2, 

which involve in several biological processes like hematopoiesis, production of blood 

cells, (Söderhäll, et al., 2005, Lin, et al., 2010).   

 

Recently there is a report about a role of prokineticin 2 in Parkinson disease which 

caused by degeneration of dopaminergic neurons. The expression of the prokineticin 2 

was high during MPTP (1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine)-induced 

dopaminergic neuron degeneration. They also found that the prokineticin 2 activated 

the ERK and Akt pathway, which is important during the biogenesis of the 

mitochondria. In addition, overexpression or treatment of prokineticin 2 could reduce 

cell death caused by MPTP treatment (Gordon, et al., 2016).   



 

MPTP treatment is not the only model of inducing Parkinson disease. Another 

compound which is widely used for this purpose is 6OHDA (6-hydroxydopamine), 

which can induce dopaminergic neuron degeneration, resembling almost the same 

result with the animal with the Parkinson disease induced by MPTP. MPTP are not 

toxic and could be converted into MPP+ which is an active and toxic form of MPTP. 

Both the MPP+ and the 6OHDA have highly affinity to the dopamine reuptake 

transporter expressed on dopaminergic neuron membrane. Therefore, they are 

relatively selective to the dopaminergic neurons. After transported into the neuron, 

they will accumulate in the mitochondrial and inhibit the activity of complex I, which 

will increase the reactive oxygen species level and then induce the death of 

dopaminergic neuron (Schober, 2004). 

 

As the dopaminergic neurons are also distributed in the crayfish’s central neuron and 

central pattern generator (Tierney, et al., 2003), the malfunction of the dopaminergic 

neuron may affect the expression of the astakine 1. Therefore, in this study, I 

examined the potential role of astakine 1 in the 6-OHDA-induced dopaminergic 

neurodegeneration in the crayfish. I performed behavior test to examine the effect of 

the 6OHDA in the crayfish and performed western blot to analyzed the effect of the 

6OHDA on astakine 1 level both in crayfish brain and hemocyte (blood cells). 

 

 

Materials & Methods 

1. Hemocyte and brain sampling and 6OHDA injection 

 

Hemolymph (blood) was withdrawn from crayfish (Pacifastacus leniusculus) 

abdomen using 0.6mm needle. Fifty microliter of hemolymph was mixed with 50 µl 

of 20% formalin in crayfish phosphate buffer saline (CPBS, 10mM sodium phosphite, 

10mM potassium dihydrogen phosphate, 150mM NaCl, 10μM CaCl2, 10μM MnCl2, 

pH 6.8) to fix the hemocytes (blood cells). The fixed hemocytes were later used for 

hemocyte counting. The other 300 ul of hemolymph was mixed with 300 ul of 

anticoagulant (140mM NaCl, 100mM glucose, 30mM trisodium citrate, 26mM citric 

acid, 10mM Na2EDTA, pH 4.6). Then, centrifuge at 3,200 rpm(1,000g) for 5 minutes 

at 4℃. After that, the supernanat was discarded and the hemocyte pellets were stored 

at -20℃ for further use forprotein extraction. Hemolymph was collected before 

injection (served as baseline samples or Day 0). Then the crayfish were allowed to 

rest for 3 days before injection. The injection was performed by injecting the crayfish 

at the base of the forth walking leg with 100 μl of CPBS (control group) or 100 μl of 

10 mg/ml 6-OHDA (Santa Cruz biotechnology). Next, the hemolymph was collected 

again at 3 days and 8 days after injection.  

 

The brain was dissected out and washed with CPBS and then stored at -20℃ for 

further use for protein extraction. The brain was collected at 1, 3 and 8 days after 



injection. All the steps were performed on the ice. 

 

 

2. Hemocyte Counting 

 

The fixed hemocytes were further diluted 1:1 with 10% formalin in CPBS. Then 10 ul 

of the diluted hemocytes was put onto the hemocytometer and counted under 

microscope. The hemocyte number was reported as hemocyte index. The hemocyte 

index was calculated by dividing the number of hemocytes after injection with the 

number of hemocytes from the same crayfish before injection.  

 

3. Protein extraction from the hemocytes and the brains 

 

Thirty microliter of lysis buffer (PBS containing 2% triton-x 100 and protease 

inhibitor (Complete, Mini, EDTA-free, Roche)) was added to the brain tissue and the 

hemocyte pellet and then the tissues were homogenized. Afterwards, the homogenized 

tissue were centrifuged at 13,000 rpm for 15 minutes at 4 ℃. After the centrifugation, 

the supernatant was collected and stored in -20℃. 

 

4. SDS-page and Western blot 

 

Table 1: Composition of separating gel and stacking gel for SDS-PAGE. 

 40% 

Acrylamide 

2M 

Tris 

0.5M 

Tris 

H2O 10%SDS AMP TEMED 

Separating 

gel 

1.56ml 1ml - 2.35ml  

50μl 

 

40μl 

 

5μl 

Stacking 

gel 

0.625ml - 1ml 3.28ml 

 

To detect the astakine 1 in the tissue lysates, SDS-PAGE and western blot were 

performed. After following the Table 1 to prepare the running gel and the stacking gel, 

we would then prepare the protein sample. Protein concentrations of the lysates were 

determined and 15 µg protein from the hemocyte lysate or 30 µg protein from the 

brain lysate were mixed with sample loading buffer (60mM Tris, 2% SDS, 10% 

glycerol, 0.01% bromothymol blue, 0.1M DDT, pH6.8). Then, samples were loaded 

onto polyacrylamide gel (5% stacking gel and 12.5% separating gel were prepared 

according to table 1). After the proteins were separated by SDS-PAGE, they were 

electrotransfered from the gel to polyvinylidene fluoride membrane (Amersham). 

Then, the membrane was blocked with the 10% skim milk in the PBST (0.5% tween 

20, 140 mM NaCl, 2.7 mM KCl, 10 mM sodium phosphite, 1.8 mM potassium 

dihydrogen phosphate) for 1 h at room temperature. Next, the membrane was 

incubated at 4℃ overnight with rabbit anti-crayfish astakine1 antibody (Söderhäll, et 

al., 2005) and goat anti-actin antibody (Santa Cruz biotechnology) which used as a 

protein loading control. The antibodies were diluted in the blocking solution.  



 

Next day, the membrane was washed with PBST for 4 times, 15 min each and 

incubated with the anti-rabbit antibody conjugated with horseradish peroxidase (HRP) 

(GE healthcare) in the blocking solution at room temperature for 1 h. Then, the 

membrane was washed once in the PBST and incubated with the anti-goat antibody 

conjugated with HRP (SIGMA) in the blocking solution for 1h at room temperature. 

 

Afterwards, the membrane was washed with PBST 4 times for 15 min each. To detect 

the protein, the membrane was incubated for 5 min at room temperature with HRP 

chemiluminescent substrate (Clarity™ Western ECL Substrates, Bio-Rad) and the 

astakine 1 and actin bands were visualized under the luminescent image analyzer 

las-1000 (FUJIFLIM).  

 

5. Behavior test 

 

The crayfish was put in a rectangular box with 42 cm long and 27 cm wide (Figure 2). 

They were allowed to walk freely for 3 min and their walking was filmed. Then, the 

movies were analyzed and moving speeds were measured. The behavior tests were 

performed before and after injection. The moving speeds before and after injection 

could be compared individually 

 

 

 

Figure 1: The rectangular box used to test crayfish walking. Crayfish were allowed to walk freely 

around small boxes located in the center of the big box. Videos of the crayfish walking was recorded 

before and after injection. The distance of the walking was determined and walking speed (velocity) 

was calculated and reported as centimeter per second (cm/s). 

 

 



Results 

 

1. Basal level of astakine 1 protein in hemocyte and brain 

 

In crayfish, astakine 1 transcript has been shown to be highly expressed in hemocytes, 

hematopoietic tissue and nerve (Lin et al., 2010). In addition, the astakine 1 transcript 

can also be detected in crayfish brain (Noonin et al., 2013). However, protein level of 

astakine 1 in the brain has not been reported. Therefore, in this study we firstly 

determined astakine 1 level both in hemocytes and brain of non-injected crayfish. As 

shown in the figure 2, the size of actin is a little bit more than 37kDa (44kDa) and the 

astakine is 15 kDa (Söderhäll, et al., 2005). This result shows that astakine 1 protein 

can be detected in the brain but the level is lower than the level of astakine 1 in the 

hemocyte. Therefore, more protein should be used for SDS-PAGE when analyzing the 

level of astakine in the brain. 

 

Figure 2: The astakine 1 protein level in brain and hemocyte (HC) of non-injected crayfish detected by 

western blot. 

 

2. Effect of 6OHDA treatment on astakine 1 level in hemocyte and brain. 

 

To analysis the influence of 6OHDA on the expression of astakine 1, we prepared 

protein samples from hemocytes and brains collected from control or 

6OHDA-injected crayfish. The protein samples were analyzed by the SDS-PAGE and 

Western blot. 

 

Figure 3a and 3b show astakine 1 level in the brain from 2 different sets of 

experiments. In figure 3a, the astakine 1 decreased after the injection of the 6OHDA 

for 8 days. At 1 day after injection, the lower level of astakine 1 in 6OHDA injected 

crayfish might be a result of lower level of actin which indicates lower amount of 

protein loading (Figure 3a). At 1 day after injection, we could not detect astakine 1 in 

both control and treatment group (Figure 3a). In the other set of experiment (Figure 

3b), the astakine 1 increased after the injection of the 6OHDA for 3 days and for 8 

days in one of the 6OHDA injected crayfish. This contradictory effect might suggest 

that the initial amount of the astakine 1 in the crayfish’s brain is different between 

different animals. Unfortunately, we cannot determine astakine 1 level in the brain 

before injection to serve as a baseline level. Therefore, more crayfish are needed to 

test the effect of the 6OHDA on astakine 1 level in the brain before any conclusion 

can be made. 



Figure 3c and 3d show astakine 1 level in the hemocytes from one experiment at 3 

different times points, 0 day (before injection, 3 days and 8 days). In the hemocyte, 

the protein level of the astakine increased after both the injection of the 6OHDA or 

CPBS at 3 days when compared the level before injection of the same crayfish (C1 

and T1 at day 0, Figure 3c). This suggests that the higher level of astakine 1 in 

hemocyte at this time point might be an effection of injection rather than the effect of 

6OHDA. At 8 days after injection, there no change in astakine 1 level in control group 

when compared to day 0 (C2 in Figure 3c and 3d)). For 6OHDA injected crayfish at 8 

days after injection, astakine 1 level decreased in one crayfish (T2 in Figure 3d) but 

increased in the other crayfish (T3 in Figure 3d) when compared to the same animals 

at day 0 (T2 and T3 in Figure 3c). The opposite results in the effect of 6OHDA on 

astakine 1 level in hemocyte between 2 crayfish (T2 and T3) suggests that there is a 

variation between individual crayfish in responses to 6OHDA. Again, more crayfish 

are needed to test the effect of the 6OHDA on astakine 1 level before any conclusion 

can be made. 

Figure 3: Effect of 6OHDA treatment on the astakine 1 in the crayfish brain (a: experiment 1 and b: 

experiment 2) and hemocyte (c and d). C: control group. T: 6OHDA group. Different numbers after C 

and T indicate different crayfish. 

 

3. Effect of 6OHDA treatment on hemocyte number. 

 

Previous studies show that astakine 1 highly expresses in hemocytes and participates 

in hemocyte production (Söderhäll et al., 2005, Lin et al., 2010). Therefore, we 

thought that if 6OHDA has an impact on astakine 1 level, the number of hemocyte in 



might also change after 6OHDA injection. To test this hypothesis, we then counted 

hemocyte number in the hemolymph (blood) before and after injection and the fold 

change after injection in relative to before injection (hemocyte index) is shown in 

Figure 4. We performed 3 sets of experiments for hemocyte count and used in total 3 

crayfishes for control and 3 crayfishes for 6OHDA group. The results shown in Figure 

4 are mean of all crayfish for each group and each time points. The result shows that 

at day 3 after injection, hemocyte number in the 6OHDA treated group (T) was 

slightly increased but the number decreased in the control group. At 8 days after 

injection, hemocyte numbers in both the control and treatment groups decreased.  

 

Figure 4: The hemocyte index (the number of hemocyte after the injection / the number of the 

hemocyte before the injection) for control group (C) and 6OHDA group (T). Each bar represents mean 

hemocyte index of 3 crayfish. Error bars indicate SD. 

 

 

4. Effect of 6OHDA treatment on crayfish movement. 

 

There are various behavioral tests to study the effect of the drugs used to induce 

Parkinson disease in model organisms such as mouse and rat. One widely used test is 

measuring animal moving speed (Asakawa et al.,2016). Therefore, we measured the 

walking speed of crayfish before and after CPBS or 6OHDA-injections.  

 



 

Figure 5: The walking speed of the crayfish before and after the injection of CPBS (C) or 6OHDA (T). 

The walking speeds before and after injection were compared individually. The number after C and T 

indicates crayfish number 1, 2 and 3, etc. Figure a and Figure b show results from 2 different sets of 

experiments. 

 

Results in Figure 5 show that in the second experiment and third experiment. After 3 

days of injection, the walking speed of control group increased by 28% and decreased 

by 10% for C1 (Figure 6a) and C3 (Figure 6b), respectively. For the 6OHDA group, 

after 3 days the walking speed decreased by 39% for T1 (Figure 6a) and 37% for T3 

(Figure 6b). After 8 days, the moving speed of the control group increased by 65% for 

C2 (Figure 6a) and decreased by 30% for C4 (Figure 6b). For the 6OHDA group, the 

speed decreased by 40% for T3 (Figure 6a), 26% for T4 and 11% for T5 (Figure 6b). 

For the control group, the moving speed of some crayfish increased and some 

decreased. The inconsistent results for the control might be a result of individual 

variation. In the case of 6OHDA injection, the moving speed of all crayfish in the 

6OHDA group decreased, this suggests this slower walking of crayfish after injection 

was possibly induced by 6OHDA. This occurrence in the 6OHDA group.is similar to 



one of symptoms reported in animal model of Parkinson’s disease (Asakawa et al., 

2016).  

 

 

Discussion 

 

The scientist think that the Parkinson’s disease is caused by the degeneration of the 

dopaminergic neuron in the substantia nigra. In spite of the fact that the symptoms of 

the Parkinson’s disease have been studied thoroughly, we still have limited knowledge 

regarding the molecular mechanisms behind it (Dauer& Przedborski, 2013). In 

mammals, several models from the symptoms to the way inducing the Parkinson’s 

disease has been settled. The patient with the Parkinson’s disease always have some 

motor abnormality such as tremor, rigidity, bradykinesia (slowness), instable posture, 

and even cognitive impairment (Jankovic,2008). People also have already developed 

several ways to measure the motor and non-motor behaviors not only in the rodent 

and non-human primate, but in the Drosophila and fish as well (Langston, et al., 1983, 

Liebetanz et al., 2007, Asakawa et al., 2016).  Although we still do not know the 

entire molecule pathway resulting in the Parkinson symptoms, all the existing 

evidence suggest that the abnormity of the complex Ⅰ is the main reason behind the 

Parkinson’s disease (Dawson& Dawson, 2003). 

 

In this report, we firstly investigated the possibility of inducing the Parkinson’s 

diseasein the crayfish. 6OHDA was injected into circulating system to induce the 

Parkinson symptom in the crayfish. Although 6OHDA cannot cross the blood-brain 

barrier and must be directly injected into the brain in the mammals (Schober, 2004), 

in the zebrafish it can be injected intraperitoneally to induce the disease (Reimer et al., 

2013). In the 6OHDA injected crayfish, we find that the moving speed decreased 

comparing to the control group. This indicates that it may be possible to induce this 

disease in crayfish. However, more animals are needed to confirm this result and more 

experiments have to been done. 

 

Recently, Gordon and colleagues have found that the prokineticin 2 is upregulated 

during MPTP-induced Parkinson’s disease (Gordon et al., 2016). Crayfish astakine 1 

is a homologue protein of vertebrate Prokineticin 2. There is no previous study about 

the expression of the astakine 1 in the 6OHDA-induced Parkinson symptom. 

Therefore, we examined if astakine 1 level would increase after 6OHDA injection. In 

our immunoblotting data, we found opposite results of the level of astakine 1 in 2 

different crayfish injected with 6OHDA.  

Since the astakine 1 is highly expressed in hemocyte and also an important factor for 

hematopoiesis (blood cell production) (Söderhäll et al., 2005, Lin et al., 2010) and the 

hemocyte might also involve in the neurogenesis in crayfish (Benton, et al., 2014), the 

number of the hemocyte is a good indication of the level of the astakine 1 after the 

injection of the 6OHDA. And we found that there was no obvious change in hemocyte 

number after 6OHDA injection comparing to control.  



 

In addition to astakine 1 level and hemocyte number, we also determined the effect of 

6OHDA on crayfish movement. We found that 6OHDA tended to decrease walking 

speed of crayfish. This result suggests the possibility that 6OHDA could probably 

induce Parkinson symptom in crayfish. However, we cannot draw any conclusion at 

this state. More experiments are needed to be done in order to be able to draw a 

conclusive conclusion. 
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