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บทคดัย่อ 

 

โดยทัว่ไปแล้วในสิง่มชีวีติทุกชนิด Ribosomal proteins ท าหน้าที่ช่วยในการ
สงัเคราะหโ์ปรตนี ต่อมาไดม้รีายงานเกี่ยวกบัการท าหน้าทีอ่ย่างอื่นของ Ribosomal proteins 
เป็นจ านวนมาก ได้แก่การซ่อมแซม DNA กระบวนการตายของเซลล์ การควบคุมการแปล
รหสัโปรตนี และการควบคุมการพฒันาของเมด็เลอืดแดง หนึ่งในโปรตนีดงักล่าวคอื ribosomal 

protein L10a หรือ Rpl10a protein ซึ่งแปลรหัสจากยีน rpl10a ก่อนหน้านี้ได้มีรายงาน
เกี่ยวกบัหน้าที่อื่นได้แก่ ช่วยการการเจรญิเตบิโตของเอมบรโิอ การพฒันาอวยั วะ และการ
พฒันารงัไข่ เป็นต้น ในงานวจิยันี้ได้ท าการศึกษาหน้าที่ของโปรตีน Rpl10a ต่อการพฒันา
อวยัวะสบืพนัธุ์ และพบว่าโปรตนีลูกผสม His-Rpl10a ช่วยในการกระตุ้นการพฒันารงัไข่ใน
ระยะแรก ปรมิาณทีใ่หผ้ลดทีีสุ่ดในการกระตุ้นคอื 180 ไมโครกรมัต่อตวักุ้ง ซึง่สามารถกระตุ้น
การพฒันารงัไขภ่ายใน 7 วนัเขา้สู่ระยะที ่1 และ 2 หลงัจากฉีดโปรตนี His-Rpl10a นอกจากนี้
โปรตนีลูกผสม His-Rpl10a ช่วยในการกระตุ้นการพฒันาเซลลส์บืพนัธุเ์พศผูไ้ด้ในกุ้งกุลาด า
และหนูถบีจกัร ไดท้ าการยนืยนัผลดว้ยวธิทีางเนื้อเยื่อวทิยาและการแสดงออกของยนีทีเ่ป็นตวั
บ่งชี้ที่มกีารแสดงออกในระยะแรกและระยะหลงัของการพฒันา ได้แก่ ยนี Dmrt1 และ Rhau 
ซึ่งแสดงออกสูงในระยะแรกและมกีารแสดงออกที่ลดลงเมื่อมกีารบ่มกบัโปรตีนลูกผสม His-

Rpl10a ในขณะทีย่นี Prm2 ซึง่แสดงออกสงูในระยะทีม่กีารพฒันาเพิม่ขึน้ในหนู และไดท้ าการ
ยนืยนัการพฒันาโดยการตรวจสอบการเพิม่การสงัเคราะหด์เีอน็เอเพื่อเป็นการยนืยนัผลอกีดว้ย 

นอกจากนี้ไดท้ าการศกึษาหน้าทีข่องยนี rpl10a ในการเกดิภาวะโลหติจางโดย
ใชป้ลามา้ลายที่มกีารกลายพนัธุ์ของยนี rpl10a ในการศกึษา และพบว่าเอมบรโิอของปลาม้า
ลายทีม่ยีนี rpl10a บกพร่องมกีารพฒันาผดิปกต ิในเวลา 25 ชัว่โมงหลงัจากการผสมพนัธุ ์ตวั
อ่อนมคีวามยาวของไข่แดงลดลง ตาเลก็ ล าตวัสัน้และมหีางงอ นอกจากนี้ลกัษณะดงักล่าวชดั
ขึน้เมือ่ 50 ชัว่โมงหลงัจากการผสมพนัธุ ์พบว่ามถุีงไขแ่ดงใหญ่ขึน้ เกดิภาวะบวมน ้าทีห่วัใจ ตา
เลก็ลง เมด็สจีางลงและหางโคง้งอชดัเจน และพบว่าลกัษณะทีผ่ิดปกตดิงักล่าวนัน้สามารถทีจ่ะ
ท าให้คืนสู่สภาวะเดิมได้โดยการช่วยเหลือด้วย mRNA ของ rpl10a จากผลการทดลอง
ดงักล่าวแสดงใหเ้หน็ว่าโปรตนี Rpl10a มคีวามจ าเป็นต่อการพฒันาระยะแรกของเอมบรโิอ ท า
ให้เกดิการชะลอการการเจรญิเติบโตและเกิดการตายภายใน 3-7 วนั นอกจากนัน้เกิดภาวะ
โลหติจางและจ านวนของเมด็เลอืดแดงลดลง เมื่อยนี rpl10a เกดิความผดิปกต ิผลการทดลอง
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ดงักล่าวไดท้ าการยนืยนัทางชวีวทิยาโมเลกุลโดยการศกึษาการแสดงออกของยนีทีเ่ป็นตวับ่งชี้
ในการสงัเคราะหฮ์โีมโกลบนิ ไดแ้ก่ gata1, hbae3 และ hbbe1 ซึง่ยนีดงักล่าวมกีารแสดงออก
ลดลง ในขณะที่ยีน tp53 ซึ่งเป็นยีนที่เกิดการตายของเซลล์มีการแสดงออกสูงขึ้น จาก
การศกึษาดงักล่าวสนับสนุนว่าโปรตนี Rpl10a ท าหน้าที่ในการควบคุมการเกดิสภาวะโลหติ
จาง และยงัพบว่าเมื่อเกดิการบกพร่องของยนี rpl10a ส่งผลต่อการแสดงออกที่ลดลงของยนี 
nanos1 และ vasa ทีเ่ป็นตวับ่งชี ้primordial germ cell (PGC) ซึง่เป็นเซลลท์ีท่ าหน้าทีใ่นการ
สรา้งเซลลส์บืพนัธุอ์ยา่งมนียัส าคญั จากผลการศกึษาทัง้หมดน้ีเป็นทีน่่าสนใจว่าโปรตนี Rpl10a 
ท าหน้าที่ในการกระตุ้นการพัฒนาอวัยวะสืบพันธุ์ การพฒันาการสร้างเซลล์สืบพันธุ์ การ
เจรญิเตบิโตของเอมบรโิอ และการสรา้งฮโีมโกลบนิอกีดว้ย 
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ABSTRACT 
 

 

Ribosomal protein was known to play a function in protein synthesis. 

Recently, many studies reported the extraribosomal activity including DNA repair, 

apoptosis, regulation of translation, controlling of development and red blood cell 

development. Ribosomal protein L10a (Rpl10a) encoded by the rpl10a gene has been 

reported the secondary function during embryogenesis, organogenesis and ovarian 

development.  In this study, the activity of Rpl10a protein on reproductive organs 

development was investigated.  The recombinant His- Rpl10a protein ( rRpl10a)  was 

injected into shrimps to promote the ovarian development in shrimps.  The 

concentration at 180 µg of His-rRpl10a per shrimp was the effective dose to stimulate 

ovaries to reach to stages I and II of ovarian maturation within 7 days post injection. 

In addition, the spermatogenesis in shrimp and mouse were stimulated by His-rRpl10a 

protein in vitro. The early stage marker gene expressions (Dmrt1 in shrimp or Rhau in 

mouse) were decreased, while Prm2, late-stage marker gene was upregulated. The cell 

proliferation was also confirmed in rRpl10a treated testis. 

Furthermore, the other functions of rpl10a on anemia using rpl10a 

mutant zebrafish (Danio rerio)  as a model were also studied.  The rpl10a- deficient 

embryos displayed the abnormality phenotypes including thinner yolk extension, 

smaller eyes, shorter body length and bent tail at 25 hpf ( hour- post fertilization) . 

Besides, rpl10a gene deficiency showed the phenotypes as a bigger yolk sac, edema, 

smaller eyes, melanophore pigment reduction, and a curved tail at 50 hpf. These 

morphological abnormalities were recovered by rpl10a full-length mRNA. This result 

indicated that rpl10a gene is essential for early embryogenic development. Moreover, 

loss activity of rpl10a affected growth retardation and embryonic lethality within 3-7 

dpf. Anemic phenotype and hemoglobin activity were observed both knockdown and 
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knockout model.  The hemoglobin marker genes including gata1, hbae3, and hbbe1 

have declined expression, whereas tp53 transcript was increased.  These findings 

supported that Rpl10a protein might play an extra-function in anemia.  Knockdown of 

rpl10a gene also affected the low expression of primordial germ cell (PGC) marker 

genes ( nanos1 and vasa)  significantly.  Interestingly, these findings suggested that 

Rpl10a protein is necessary on the early stage of reproductive organs development, 

primordial germ cells development, embryogenesis, and hemoglobin synthesis. 
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CHAPTER 1 

INTRODUCTION 

 

Ribosomal protein was known to play a role in protein synthesis. Many 

studies reported the secondary function including DNA repair, apoptosis, translation 

control, development regulation and red blood cell development (Wool, 1996). Extra-

ribosomal functions in the organism development regulation were widely studied. 

Ribosomal protein S2 (RPS2) in mosquito controlled diapause of adult female by 

knocking down the rps2 gene, then ovarian maturation was interrupted (Kim and 

Denlinger, 2010). Similarly, the rpl24 gene mutantion, the protein synthesis and 

proliferation were disturbed (Oliver et al., 2004). Also, RPL24 protein in ovary of 

marine shrimp was highly expressed and it played a role in oogenesis maturation 

(Zhang et al., 2007). Moreover, several ribosomal protein mutations relate to 

Diamond-Blackfan anemia (DBA) patients especially RPS19 (25%) (Draptchinskaia 

et al., 1999). The other ribosomal proteins have also been identified including RPL5, 

RPS10, RPS7, RPL11, RPS17, RPS26, RPS24, RPL26 and RPL35A (Gadav et al., 

2006; Cmejla et al., 2007; Farrar et al., 2008; Gadav et al., 2008; Doherty et al., 2010).  

Rpl10a is a component of the 60s subunit and encoded by the rpl10a gene. 

In the previous study, there are few studies of other ribosomal functions of Rpl10a. 

The previous study, Rpl10a protein plays a function during organogenesis and 

embryogenesis (Fisicaro et al., 1995). The recombinant Rpl10a protein was also 

known to involve in shrimp ovarian maturation in vitro (Wonglapsuwan et al., 2010).  

It was also found that the expression pattern of the transcripts was the highest at early 

ovarian developmental stages in the fruit fly or Drosophila melanogaster 

(Wonglapsuwan et al., 2011). Furthermore, the study function of Rpl10a in fruit fly 

revealed that the appropriate expression level of Rpl10a is required for controlling 

oogenesis. Therefore, several roles of the Rpl10a were checked out as follows: 

The function of rRpl10a protein on ovarian maturation of banana shrimp   

(F. merguiensis) was investigated by in vivo to pave the way for industrial aquaculture 

in the future. 
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 In addition, there is no report of the Rpl10a function associated with 

spermatogenesis in shrimp and mammalian, so the function of Rpl10a was 

investigated in the testicular development of shrimp and mouse. 

 Moreover, other functions of rpl10a on anemia using zebrafish (Danio 

rerio) as a model were also studied. Zebrafish is one of the most common animal 

models because of its many advantages including small size, easy to maintain and 

produce the progeny, high resolution genetic and conserved sequences with mice and 

human. One of them, the transparent embryo is useful to study the organogenesis and 

red blood cell development (Amatruda et al., 2002). The Morpholinos are very useful 

for function analysis or loss-of-function of responsive genes. Moreover, clustered 

regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated protein 

9 (Cas9) is a tool for genome modification that has highly efficient and specific to 

target. Therefore, in this research, we investigated the activity of the secondary 

function of rpl10a gene using knockdown and knockout zebrafish model by 

Morpholinos and CRISPR-Cas9 technique, respectively. Furthermore, the rpl10a 

gene-deficient embryo was rescued to determine the recovery of the embryo 

development and anemia.  Also, we observed the effect of rpl10a deficiency on 

primordial germ cells (PGCs) marker gene expression. Our findings will indicate the 

effect of the loss function of Rpl10a on secondary function especially embryo 

development and anemia.  

Overall these studies will enrich the understanding the secondary function 

of the rpl10a that play an essential role in embryogenesis development, reproduction 

and anemia. 
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CHAPTER 2 

LITERATURE REVIEWS 

 

 

1. Reproductive organs of shrimp 

   

 

1.1 Male reproductive system 

 

 

The male reproductive system consists of paired testes, paired vasa 

deferents, and a petasma ( Figure.  1) . The testis is an unpigmented and translucent 

organ.  The position of testes is in the body.   Each testis includes cavity anterior and 

five lateral lobes located under the carapace.  The lobes are connected to the vas 

deferens.  The vas deferens occurs from the posterior edges of the main axis of the 

testes and opens to the exterior through genital pores located on the coxae of the 5th 

pereiopods ( Motoh, 1981) .  Each vas deferens comprises of four regions including a 

short and narrow ( proximal vas deferens) ; a thickened middle section ( medial vas 

deferens) ; a long narrow tube which tapers to form ( distal vas deferens) ; a muscular 

region or terminal ampoule. The terminal ampoule is a distal region that is formed the 

spermatophore.  The spermatophore is the structure in which the sperm cells are 

transported from male to female (King, 1948).  

 

Figure 1.  The figure showed male reproductive system of marine shrimp ( T, testis; 

PVD, proximal vas deferens; MVD, medial vas deferens; DVD, distal vas deferens; 

TA, terminal ampoule (Motoh, 1981). 
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      1.2 Female reproductive system 

 

Shrimp female reproductive system composes of oviducts and paired 

ovaries (Figure 2) and a thelycum (Figure 3). The ovaries are fused in the body cavity 

covering the region from the stomach to the telson (Motoh, 1981). The mature ovaries 

extend from the oesophageal region to the sixth abdominal somite and the mature 

ovaries consist of two posterior lobes and anterior lobes (6- 8 short lateral lobes). The 

oviducts lead from the sixth lateral lobe to the genital openings ( Dall, 1990) .  The 

thelycum which is an organ for spermatophore attachment during mating is located 

between a pair of the 5th pleopods (King, 1948). 

 

 

 

Figure 2. Ovary of female marine shrimp (Motoh, 1981) 

 

 

 

           Figure 3. Thelycum of female shrimp (Motoh, 1981) 
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2. Gonadal development in male and female shrimp 

 

2.1 Ovarian development in female shrimp 

 

The stage of ovarian development in shrimp could be distinguished based 

on the observation of external physiology of ovaries ( Figure 4)  and the histology of 

ovarian tissues (Figure 5). 

Undeveloped ovary is a translucent ovary, therefore, it is difficult to divide 

it through the carapace.  At this point, the ovary is comprised of a connective tissue 

capsule call oogonia, and follicle or nurse cells.  Previtellogenic oocytes developed 

from oogonia were observed. 

Stage I ( developing)  filling some of the abdominal cavity, the ovary is 

better developed when compared to stage I.  The thin band of ovary can be observed 

through the carapace.  The developing eggs are increasing in size; they are yolkless 

oocytes. Also, the ovarian follicle cells were observed surrounding the oocyte. 

Stage II ( Nearly ripe ovary)  is yellow ovary and thicker in diameter than 

the adjacent gut. The most of yolky oocytes or vitellogenic oocytes were observed. 

Stage III ( Fully ripe or mature ovary)  represented by the thick band, dark 

green which filling most of the abdominal cavity. The ovary covers part of the stomach 

in the cephalothorax region.  The ovary is easy seen by naked eyes.  The cortical rods 

in the mature oocyte were presented (Ikhwanuddin et al., 2012). 
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Figure 4.  Physical observation of shrimp ovary during ovarian maturation ( Brown. 

and Daniel, 1974). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Histological picture revealed oocyte of shrimp at a different stage of ovarian 

development (Wonglapsuwan et al., 2010). 

 

 

 

 

 

Undeveloped ovaries Stage I 

Stage II Stage III 

Undeveloped ovary Stage I Stage II Stage III 
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2.2 Testicular development in male shrimp 

 

Stage I spermatogonia cells located in seminiferous tubule’s periphery, 

contact with the basal membrane.  Most spermatogonia cells divide into primary 

spermatocytes. 

Stage II presented spermatogonia cells are formed more division clearly 

than stage I. Many of spermatocytes I also in the division was observed. 

Stage III presented by the appearance of the spermatids and spermatozoa. 

In this stage, cut of seminiferous tubule which are stratified spermatogonia and 

spermatocytes were found (Mota and Tome, 1956) (Figure 6). 

 

 

 

Figure 6.  Histological picture presented stage of testicular development in Panulirus 

argus (Latr.). A: spermatogonia, B: spermatocyte I, C: spermatocyte II, D: spermatid 

(Mota and Tome, 1965). 

 

 

A B 

C D 
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3. Spermatogenesis in mouse 

 

Spermatogenesis is the process of spermatozoa in which the mature 

gametes are produced. This process is divided into three phases which included 

mitosis, meiosis and spermiogenesis. Mitosis is a process when spermatogonia type A 

is proliferated and differentiated to type B. Then type B spermatogonia cells are 

meiotically divided into primary spermatocytes. In meiosis, the secondary 

spermatocytes are produced from primary spermatocytes which are then divided again 

to form round spermatid. Spermiogenesis is the transformation process of the round 

spermatid forming into spermatozoa (Gartner and Hiatt, 2012). Spermatogenesis 

efficiency relies on the activity of spermatogonia cell proliferation and the extinction 

of sperm production (Johnson et al., 1992). Regulating of spermatogenesis occurs via 

controlling hormones in the hypothalamus. The hypothalamus secretes gonadotropins 

including luteinizing hormone (LH) and follicle-stimulating hormone (FSH). LH 

stimulates the Leydig cells which support production of sperm by stimulating the 

testosterone hormone production. The FSH is necessary for the spermatogonia 

proliferation and development of spermatogenesis by stimulating the Sertoli cells 

(Sharma and Agarwal, 2011). O’Shaughnessary et al. (2010) reported that FSH 

enriches the number of spermatogonia and spermatocytes cells in the hypogonadal 

mice.  

 

 

4. Detection of spermatozoa using lectin 

 

Lectins are useful for spermatozoa detection because of their complex form 

and cross-link with carbohydrate and glycoconjugate on the surface of the membrane. 

Then the sperm membrane can change morphology and induce acrosome forming. In 

Babirusa, (Babyrousa babyrussa), WGA stained acrosome with low intensity, and the 

binding in acrosome that has an affinity for N-acetyl-d-glucosamine sugar was 

observed in the acrosome of Goli complex and cap phase spermatid. WGA was also 
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observed in the cytoplasm of spermatid. Moreover, spermatocytes, spermatogonia, 

and Sertoli cells were stained with WGA (Agungpriyono et al., 2007). 

Similarly, WGA was stained both in the acrosome and cytoplasm of 

spermatid in the lesser mouse deer because of the represented of N-acetyl-d-

glucosamine and sialic acid sugar residues. WGA staining was observed in acrosomal 

spermatid and spermatocytes; while WGA was detected only spermatid acrosome 

(Agungpriyono et al., 2009). Moreover, the binding of WGA to testis was detected a 

weak signal in early spermatids, whereas the acrosomal staining of late spermatids 

showed high intensity. WGA receptor is synthesized during spermiogenesis 

(Söderström et al., 1984).  

 

 

5. Ribosomal protein L10a (Rpl10a)  

 

Rpl10a is a component of the 60s subunit and encoded by the rpl10a gene. 

The rpl10a gene expression in the thymus is decreased by cyclosporin-A (CsA) which 

is an immunosuppressive drug.  In mouse study, the decreasing of rpl10a gene 

expression is regulated in neural precursor cells during development.  Previously, 

rpl10a gene was also referred to NEDD6 ( neural precursor cell expressed, 

developmentally downregulated 6) .  Moreover, Rpl10a might has a function in 

organogenesis and embryogenesis (Fisicaro et al., 1995). Also, an interaction between 

Rpl10a and trichosanthin ( TCS)  was indicated that the specific cytotoxicity of TCS 

seemed to be relevant to the distribution of Rpl10a (Xia et al., 2005). Rpl10a protein 

comprised of 669 bp and formed to polypeptide that contained 217 amino acids.  The 

calculated molecular mass and pI of shrimp Rpl10a protein were 25. 7 and 10. 06, 

respectively.  The localization of the Rpl10a protein was confirmed with anti- Rpl10a 

antibody by an immunohistochemical technique. This protein was in the cytoplasm 

and nucleus of developing oocytes and follicle cells.  The intranuclear localization 

signal was demonstrated by translocation of synthesized Rpl10a protein from the 

cytoplasm into the nucleus (Wonglapsuwan et al., 2010). Wonglapsuwan et al. (2009) 

reported differentially genes that expressed in the ovaries of banana shrimp (F. 

merguiensis) during ovarian maturation.  They reported that the rpl10a mRNA 
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expression level was highly expressed in an early stage of vitellogenesis ( stage I) . 

Also, the rpl10a transcript expression in lymphoid of shrimp was highly expressed 

during vitellogenesis when compared with undeveloped ovary while its level in heart 

and hepatopancreas was a low and down- regulated expression in brain and intestine. 

The effects of His- Rpl10a protein on shrimp ovarian development by incubating 

undeveloped ovary with rRpl10a protein showed that His- Rpl10a protein could 

stimulate early vitellogenesis. Wonglapsuwan et al. (2010) indicated that after rRpl10a 

protein and ovary incubation, the levels of early vitellogenesis gene such as TCTP, 

SOP, and HSP70 gene was observed maximum level at 4 h. Moreover, they confirmed 

the specificity of His-Rpl10a as ovarian stimulator by treated muscle tissue with His-

Rpl10a. The result showed that there was very little change in those genes.  

In D. melanogaster, Wonglapsuwan et al. (2011) found that shrimp Rpl10a 

over-expression in wild-type flies caused cell death in germline, follicle cell and eyes 

of Drosophila. Over-expression of Rpl10a in eyes showed increase roughness and loss 

of color due to pigment cell death. This result suggested that the excess of Rpl10a may 

toxic to cells, so the optimal level of Rpl10a is important. Furthermore, Rpl10Ab gene 

in D. melanogaster may be involved in the insulin signaling pathway.  

In addition, a recent study in rainbow trout ( Oncorhynchus mykiss) , 

Makkapan et al. (2014) characterized the expression profile of Rpl10a during gonadal 

development.  The result showed that Rpl10a transcript and protein expressed in 

spermatogonia type A and the Sertoli cells surrounding spermatogonia of the 

immature testis and expressed both spermatogonia type A and B of mature testis but 

rarely detected in spermatocytes and not detected in spermatids and spermatozoa. 

They also reported that Rpl10a mRNA expression levels were significantly reduced in 

ovarian tissue after treated with 17β- estradiol when compared with control, whereas 

Rpl10a transcripts within testicular tissue were up- regulated considerably after 

incubation with 11-ketotestosterone at 100 and 1,000 ng/mL.  
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6.  Early stage related gene in shrimp spermatogenesis ( Doublesex and Mab- 3-

related transcription factor 1 or Dmrt1) 

 

Dmrt1 gene contains Doublesex/Mab-3 DNA-binding motif (DM domain) 

which is transcription factor for regulating the alteration of early stage Sertoli cell in 

testis.  This gene has conserved region from invertebrate to human.  Many reports 

studied the expression of this gene. Marchand et al. (2000) reported that the expression 

of Dmrt1 was changed only in the testis in rainbow trout (Oncorhynchus mykiss). The 

expression was found thought of the spermatogenesis.  In contrast, the expression of 

Dmrt1 gene in the mouse was found only in the Sertoli cell and germ cell, and was not 

found in spermatid and spermatozoa ( Raymond et al. ,1999) .  Thus, the Dmrt1 gene 

was a high expression in Sertoli cell and decreased in the late stage of spermatogenesis. 

Yamaguchi et al. (2006) studied the function of Dmrt in Takifugu rubripes in the early 

stage of gonadal development using RT-PCR. Dmrt1 was upregulated in testis, but no 

expression was observed in ovary. 

Moreover, they found that Dmrt3 and Dmrt1 gene expression involved the 

gonad development. From the in situ hybridization indicated that Dmrt1 was 

transcription factor to control the Sertoli cell differentiation.  Dmrt1 was upregulated 

in Sertoli cell and spermatogonia, but not expressed in the spermatocyte and 

spermatid.  Herpin et al. (2011) investigated the expression of Dmrt1gene in various 

fish; the result showed that it was expressed in a Sertoli cell, spermatogonia and 

spermatocytes except for Danio rerio.  In addition, a Dmrt1 gene in crab ( Eriocheir 

sinensis)  was expressed in immature testis higher than mature testis. Therefore, 

Dmrt1gene is necessary for early stage of spermatogenesis (Zhang and Qiu, 2010). 
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7. Early and late stage marker gene of spermatogenesis in mouse 

 

7.1 RNA helicase associated with AU-rich element (Rhau) gene 

 

RNA helicase associated with AU-rich element (Rhau) gene was reported 

that required for spermatogonia differentiation.  The previous study indicated that the 

maleless gene ( mle)  which is belonging of DEAD/ H box proteins in Drosophila is 

involved in spermatogenesis ( Rastelli et al. , 1998) .  The characterization of human 

DDX36 and mouse Ddx36 genes, which belong to the DEAD/H box was studied and 

showed highly homologous to mle gene in Drosophila.  Therefore, the DDX36 and 

Ddx36 genes might be associated with spermatogenesis and male reproduction (Fu et 

al., 2002).  Gao et al. (2015) reported that Rhau gene was upregulated in mouse testis 

higher than in other tissues. They also found that Rhau was expressed at high levels in 

spermatogonia stem cells and primary spermatocytes, but expressed at low levels in 

spermatid cells.  In mice Rhau knockout testes, the percentage of primary 

spermatocytes was decreased, resulting in abnormal cell proliferation during 

spermatogonia differentiation.  Therefore, Rhau plays an important role in 

spermatogonia differentiation. 

 

 

7.2 Protamine 2 (Prm2) 

 

Protamines are the major proteins in the nucleus of sperm that are involved 

with late chromatin condensation.  There are 2 types of protamine in mice which is 

protamine 1 (PMR1) and protamine 2 (PRM2). Both protamine transcripts are detected 

in round spermatid stage and then they are translated during elongating spermatid 

stage (Bower et al. 1987). The change in expression of PRM1:PRM2 ratio within the 

spermatozoa cause infertility in human ( Torregrosa et al. , 2006) .  Deficiency of 

protamine affected the decrease in number, motility and spermatozoa morphology. 

Moreover, Prm2 caused male infertility and a reduction of the number of child 

production ( Akmal et al. , 2016) .  In mice, found that knockout mice for only and of 

the Prm1 or Prm2 alleles lead to infertility.  The Prm2- deficient sperm is immotile 
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because of chromatin deterioration ( Cho et al. , 2001) .  From these reports indicated 

that Prm2 gene is an essential gene in the late stage of spermatogenesis.  

 

 

8. Morpholino Oligonucleotides (MOs) 

 

Morpholinos are one of gene knockdown tools that widely used in the 

zebrafish. They are very useful for function analysis or loss-of-function of interested 

genes.  There are 2 types of MO including translation blocking and transcript defect.  

To target protein translation inhibition, the 25 bases are bind with the 5’ untranslated 

region ( 5’ UTR)  near the start site.  The expression of target protein degradation is 

detected by the disappearance of western blot or immunohistochemistry.  While 

splicing MO is designed to modify pre- mRNA splicing.  This activity is easily 

identified using RT-PCR. The quantity of interested gene expression and PCR product 

band is changed (Bill et al., 2009). To understand these MOs function, the illustration 

was shown in Figure 7. 
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Figure 7. A schematic representation of two types of morpholinos including (A) start 

site MO and ( B)  splice site MO which target to translation blocking and mRNA 

deficiency, respectively. For wild-type, the pre-mRNA is transcribed from DNA and 

splicing is altered to be mature RNA. Then mature mRNA is exported to the cytoplasm 

for translation.  To inhibit protein translation, a start site MO is bind to complement 

nucleotides near the start codon ( AUG) .  Splice site MO is designed to alter splicing 

by binding to intron- exon junctions and degrade transcript ( Timme- Laragy et al. , 

2012). 
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9. CRISPR-Cas9 system 

 

The clustered regularly interspaced short palindromic repeats ( CRISPR) -

CRISPR-associated protein 9 (Cas9) system is a useful tool for genome editing. It is 

an essential bacterial immunity that responds to pathogens. CRISPR systems have 

been identified according to CRISPR-Cas loci and Cas protein for crRNA binding into 

6 types ( Jiang and Doudna, 2017) .  Type II CRISPR mechanism is the most used for 

study.  This system requires endonuclease Cas9 protein for double- stranded DNA 

substrate recognition and cleavage. A short protospacer adjacent motif (PAM) preseis 

required to recognize the target sequences for editing.  The trans- activating crRNA 

( tracrRNA)  is a small non- coding RNA.  The combination between 2 components 

including crRNA and tracrRNA are called guide RNA or gRNA for guiding target 

sequence specifically.   The cleavage dsDNA at specific site results in the double-

strand break (DBS) and genome modification. This technique is useful to study loss-

of- function of interested genes by establishing frameshift mutations via induction 

insertion/deletions (indels) (Figure 8). 

 

 

Figure 8.  Schematic representation of type II CRISPR- cas9 system in bacterial 

immunity system. CrRNA and tracrRNA are combined into guide RNA. The crRNA 

contains 20 nucleotides complementary DNA target sequences. The PAM sequence is 

strictly recognized, and the target sequence is edited by Cas9 protein (Doudna and 

Charpentier, 2014).  
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10. Heteroduplex mobility assay (HMA) 

 

Ota et al.  ( 2013)  recently found the simple and multipurpose method for 

detection of insertion or deletion mutation after genomic modification is heteroduplex 

mobility assay or HMA assay.  The genomic DNA that contains a wild- type allele is 

found in homoduplexes pattern. While, a mutant allele is found heteroduplexes. These 

patterns are formed when PCR amplification are performed using specific primers. 

During polyacrylamide gel electrophoresis, heteroduplexes migrate more slowly than 

homoduplexes because of their mismatched structure. 

HMA assay is useful for the knockout generating processes including the 

assessment activity of CRISPR/Cas9 editing in F0 embryos, the potential F0 founders 

with mutant alleles producing, and the genotyping of the mutant F1 generation. 

 

 

  

Figure 9.     A schematic represented the heteroduplex mobility assay ( HMA) .  The 

PCR is performed using genomic DNA as a template. The sequences that contained a 

mutant allele and a wild- type allele are amplified, the PCR product presents both 

homoduplexes and heteroduplexes.  Migration of heteroduplexes under 

polyacrylamide gel electrophoresis is slower than homoduplexes due to the 

configuration at the mutation site (Ota and Kawahara, 2016). 
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11. Stages of zebrafish embryogenic development   

 

The embryogenesis stage of zebrafish (Danio rerio) was clarified into 7 

periods of development including zygote, cleavage, blastula, gastrula, segmentation, 

pharyngula, and hatching periods. The morphology and major events that occurred in 

that period was briefly explained during the first 3-day post fertilization (dpf) in below 

(Kimmel et al., 1995). 

1. The zygote period one-cell stage (0 h). They are newly fertilized eggs 

that easily appearance within 10 minutes.  The egg is a 500 to the 600 pm sphere and 

the chorion swells and lifts away from the zygote’s membrane ( Kane, 1994) .  This 

stage appears blastodisc forming. During early cell division stages, this segregation is 

continued. 

2. The cleavage period (2-cell to 64-cell: 2 h). After the first cell division 

of zygote. Cells in this stage called blastomeres, the cell cleavage occurs every 15-

minute interval. The cytoplasmic division in early cleavage is incomplete.  

3. Blastula period (2.25 h to 5.25 h). This period defines that the blastodisc 

stats from ball-like shape at the 128-cell stage until the gastrulation period is occurred. 

This processes, the yolk syncytial layer ( YSL) , the midblastula transition ( MBT) 

forms, and epiboly is formed. 

4. Gastrula period (5.5 h to 10 h). This period starts with the 50%-epiboly 

and begins to form germ layers.  

5. Segmentation period (10 h to 24 h). The various morphogenetic 

differentiations occur including somite development, primary organs rudiments, tail 

bud, and the embryo elongation.  

6.  Pharyngula period (24 h to 48 h). The primordia of the liver make their 

present along the gut tract. Some organs begin development and differentiation such 

as head, notocod, fins, pigment cells, circulatory system 

7.  Hatching period ( 48 h to 72 h) .  At 48 hpf, yolk ball depletes, and the 

head grows.  The bilateral of ventral melanophore rows join in the middle line of the 

developing swim bladder over the yolk ball.  Xanthophore differentiation shows the 
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very pale yellow head cast but still distinct.  The beat of the heart easily shows in the 

stage. The segmental vessels are along the trunk and tail show strong circulation. The 

hatched larva contains completed morphogenesis and it grow rapidly within 3 dpf. At 

72 hpf, the melanin accumulation is placed on the swim bladder rudiment and it caused 

this region is very dark.   

 

 

Figure 10.   Picture presented the zebrafish embryogenic stages. Scale bar = 250 pm. 

(Kimmel et al., 1995). 
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12. Zebrafish erythropoiesis in embryos 

 

Hematopoietic cells in zebrafish arise within the region which named 

intermediate cell mass (ICM) of embryo. This region is in the middle of the notochord 

and endoderm of the tail.  Hemoglobin of zebrafish is generated in very early stage. 

Red blood cells or erythrocytes are initially produced about 15 hours post fertilization 

( hpf) .  Then, the hemoglobin is displayed in blood circulation during 24–48 hpf 

(Brownlie et al., 2003). Hemoglobin is synthesized from erythrocytes. It contains two 

β- globin subunits and two - globin subunits to form the hemoglobin tetramer 

( Goodman et al. , 1975) .  Zebrafish α-  and β- globin genes are located on the same 

chromosome.  The embryonic genes included hemoglobin beta embryonic- 1. 1 

( hbbe1. 1)  and hemoglobin alpha embryonic- 1 ( hbae1).  The expression of globin 

genes in zebrafish embryo was analyzed by mass spectrometric analysis and found 

that hbae1, hbae3 and hbbe1 at 50- 60 hpf.  In addition, RNA in situ hybridization 

analysis at 48 hpf indicated that hbae1/  hbae2, hbae3 and hbbe1 globin gene was 

higher upregulated than hbbe2 and hbbe3 ( Brownlie et al. , 2003) .  GATA- binding 

factor 1 or GATA1 is also named Erythroid transcription factor.  The gata1 transcript 

was high expressed in early erythroid cells.  The expression level of gata1 associated 

with severely anemic and also affected to the pigmentation (Ransom et al., 1996). 
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13. Primordium germ cells (PGCs) marker genes 

 

13.1 vasa or a DEAD-box RNA helicase 

 

The vasa is a gene which was identified as a marker for PGCs in zebrafish. 

The localization of vasa transcripts is in the cytoplasm, moreover, the position and 

number of vasa expressing cells were observed during somitogenesis and PGCs. 

( Yoon et al. , 1997) .  The Vasa- positive PGCs migrate to the position of the future 

gonad and form two bilateral rows of cells during gastrulation and somitogenesis 

stages (Weidinger et al. 1999). Loss function of vasa gene caused reduction of germ 

cells in almost all organism such as, Drosophila species ( Lasko et al. , 1990) ; 

Caenorhabditis elegans (Gruidl et al., 1996); Polyandrocarpa misakiensis (Sunanaga 

et al., 2007); Neobenedenia girellae (Ohashi et al., 2007). In zebrafish, knockdown of 

Vasa protein using a vasa morpholino showed the normal PGC number and normal 

fertility because the maternal Vasa protein is not affected by antisense MO. This result 

revealed that the vasa transcript is essential for the zebrafish germline maintenance 

(Braat et al., 2001).  

 

13.2 nanos1 

 

Nanos was discovered and studied in Drosophila melanogaster ( Irish et 

al. , 1989) .  Nanos- encoding genes in zebrafish contain nanos1, nanos2, and nanos3 

(Köprunner et al., 2001). The knockdown of zebrafish nanos1 by morpholino injection 

showed a reduced number of PGCs and migration defects.  Nanos1 is required for 

migration and maintenance of PGCs.  This demonstrated that nanos1 plays an 

important role in germ cell development (Kӧprunner et al., 2001). In zebrafish, nanos1 

is expressed in germ cell during embryogenesis and adult ovaries.  This gene is also 

required for maintaining the oocyte production, but it is not necessary for oocyte 

development (Draper et al., 2007). 
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OBJECTIVES 

 

This research focused on the secondary function of ribosomal protein L10a 

(Rpl10a) on ovarian development and spermatogenesis in shrimp. The mammal model 

was also used for investigating the activity of Rpl10a in testicular development. Also, 

the deficiency of rpl10a gene was studied using zebrafish as a model.  The objectives 

of this study are as follows: 

1. To study the effect of His- rRpl10a protein on ovarian maturation in banana 

shrimp (Fenneropenaeus merguiensis) using in vivo assay. 

2. To investigate the stimulation of recombinant Rpl10a protein on 

spermatogenesis in black tiger shrimp (Penaeus monodon) comparative with 

the mouse (Mus musculus) in vitro. 

3. To study the effect of rpl10a gene knockdown on the early stage of 

embryogenic development, primordial germ cells (PGCs) marker genes, and 

anemia using Morpholinos antisense technique in zebrafish (Danio rerio).  

4.  To investigate the function of rpl10a gene on abnormal development and 

anemia after genomic modification by CRISPR-Cas9 using zebrafish as a 

model.  
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CHAPTER 3 

MATERIALS AND METHODS 

 

 

I. Materials 

 

 

1. Plasmid vector 

 

pGEM®-T Easy was purchased from Promega (WI, USA). 

pCS2+ vector was provided by Dr. Kunio Inoue, Kobe university, Japan. 

 

 

2. Bacterial strains 

 

Escherichia coli DH5α strain was provided from Prof. Dr. Naoya Kenmochi, 

University of Miyazaki, Miyazaki, Japan.Escherichia coli Top10 strain and BL21 (DE3) 

was provided from Chotigeat’s lab. 

 

 

3. Chemicals 

 

All of chemicals and solvents (analytical grade)  were purchased from Life 

Technologies, USA; Fluka, Switzerland; Sigma, USA; PIERCE, USA; Amersham, 

Biosicences; Roche, Germany; Clontech, USA and BIO-RAD, USA; TOYOBO, Japan. 
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4. Primers 

 

The nucleotide primers for real- time PCR in shrimp and mice tissue were 

purchased from Invitrogen, Life Technologies (CA, USA) as shown in Table 1. 

The nucleotide primers for PCR, RT-PCR and real-time PCR in zebrafish were purchased 

from Hokkaido System Science Co., Ltd. (Tokyo, Japan) as shown in Table 1. 

 

 

Table 1. Primer sequences were used in experiments  

 

Primer name Primer sequences (5’ 3’) 

 

Forward RT znanos1  

 

GAGCAGCATGGCTTTTTCTC  

Reward RT znanos1 ACACAACACCAGTGCACACA  

Forward RT zvasa CACTGGGAGAAGAGGCTTTG  

Reward RT zvasa CAGGTCCCGTATGCAAACTT  

Forward RT zpiwi AAGCACCGGTATGACAGGAC  

Reward RT zpiwi GGGATGTTGAATGGGTCATC 

Forward zrpl10a (full) CGGGATCCGCCAAAATGAGCAAGGTCTC 

Reward zrpl10a (full) GGAATTCTTGTAGAAAACTGAGGAACAGAGTC  

Forward zfli1 (ISH) AATATTGTCGGGCTCCACTG 

Reward zfli1 (ISH) CCATCTTCGAGTGCAGTTCA 

Forward znanos1 (qPCR) TGCGAGTTTGCATGCATGTG 

Reward znanos1 (qPCR) AACACAACACCAGTGCACAC 

Forward zvasa (qPCR) AAGGGCTGCAATGTTCTGTG  

Reward zvasa (qPCR) TGCGCATTTCTGGCTCAAAG  
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Table 1. Primer sequences were used in experiments (continued) 

 

Primer name Primer sequences (5’ 3’) 

 

Forward zgata1 (qPCR) 

Reward zgata1 (qPCR) 

Forward ztp53 (qPCR) 

Reward ztp53 (qPCR) 

Forward zrpl38 

 

ATTATTCCACCAGCGTCCAG 

TGGGGTTGTAGGGAGAGTTTAG 

CCCATCCTCACAATCATCAC 

TTGCTCTCCTCAGTTTTCCTG 

ATGCCACGTAAAATCGAAGAA  

Reward zrpl38 ATCTACTTCAGCTCCTTCACAGC  

Forward zrpl10a_ex5 ATGTGCTCAGTGCTGTAGCT  

Reward zrpl10a_ex5 

Forward zrpl10a_full 

Reward zrpl10a_full 

Forward zrpl10a_HMA 

Reward zrpl10a_HMA 

Forward zhbae3 

Reward zhbae3 

Forward zhbbe1 

Reward zhbbe1 

GTGGATTTCACCTCATCCACCT 

CGGGATCCGCCAAAATGAGCAAGGTCTC  

GGAATTCTTGTAGAAAACTGAGGAACAGAGTC  

ATGTGCTCAGTGCTGTAGCT 

GTGGATTTCACCTCATCCACCT  

GCAAAGGACAAAGCGAACGT  

AGGAGAGTTGGGGCTTAGGT 

GCTCTGGCAAGGTGTCTCAT  

TTCTTCACTGCCAGCTCCAG  

Forward RHAU (mice) ATGGATGAACGTCGAGAAGAGC  

Reverse RHAU (mice) ATACCCATGATCCTCAGGAGC  

Forward PRM2 (mice) TACCGAATGAGGAGCCCCA  

Reverse PRM2 (mice) TGCGGATGCCGCCTCCTGT  

Forward β-actin (mice) GCTACAGCTTCACCACCACCG  

Reverse β-actin (mice) GATGTCCTCGTCRCACTTCAT 
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Table 1. Primer sequences were used in experiments (continued) 

 

Primer name Primer sequences (5’ 3’) 

 

Forward EF1 (shrimp)               

 

GAACTGCTGACCAAGATCGACAGG 

Reverse EF1 (shrimp) GAGCATACTGTTGGAAGGTCTCCA 

Forward Dmrt1 (shrimp) CACCTGGGCCGCCATGACT 

Reverse Dmrt1 (shrimp) CCCAAGTGCTCCCGCTGC 

  

  

  

II. Methods 

 

 

Phylogenetic tree analysis of mouse, zebrafish and shrimp rpl10a gene 

 

The nucleotide sequences were obtained from NCBI database and analyzed 

alignment using ClustalW program Phylogenetic tree was constructed using neighbor-

joining method by MEGA7 and testes confidence of data by bootstrap value. The out 

group of this study was soil-living ameba (Dictyostelium discoideum). The amino acid 

alignment was also performed using ClustalX2 program. 
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Part I: The effect of rRpl10a protein on shrimp ovarian maturation 

 

 

1. Expression and purification of rRpl10a protein 

 

To produce the recombinant His-Rpl10a protein, BL21 (DE3) Escherichia 

coli cell with the recombinant pET- 28a( + ) plasmid containing rpl10a gene was 

cultured (Wonglapsuwan et al. , 2010).  The protein expression was induced using 1 

mM IPTG. Then, His-Rpl10a protein purification was performed using a His-Trap FF 

column following to the AktaPrime manufacturer’s instruction (Amersham, Thailand). 

 

 

2. Western blot analysis of purified rRpl10a protein 

 

 

Purified His- Rpl10a protein from the recombinant lysate was confirmed 

using anti-Rpl10a antibody by western blot analysis. Briefly, the recombinant protein was 

checked by 12%  SDS- PAGE electrophoresis and was transferred on to nitrocellulose 

membrane by the electro blotter with current (2 mA per cm2 of gel) for 2 h. The transferred 

membrane was removed from the gel and blocked with 5%  skim milk in phosphate 

buffered saline, pH 7.4 ( PBS; 137 mM NaCl, 27 mM KCl, 43 mM Na2HPO4, 14 mM 

KH2PO4)  for 1 h.  The membrane was washed three times for 10 min with PBST ( PBS 

plus 0. 05% Tween) .  Then, the membrane was incubated with the primary anti- Rpl10a 

antibody (at 1: 3,000 dilution) ( Abcam®, Cambridge, UK)  at room temperature for 1 h. 

After three times of PBST washing for 10 min, the membrane was incubated with 

antimouse-alkaline phosphatase (at 1: 5,000 dilution)  (Thermo Fisher Scientific Inc. , 

Rockford, IL, USA) at room temperature for 1 h. Following washed with PBST again, the 

bound antibodies membrane was detected with a substrate solution comprising 0.37 mM 

nitroblue tetrazolium (NBT; USB Corporation, OH, USA), 0.23 mM 5-bromo-4-chloro-

3-indolyl phosphate (BCIP; USB Corporation, OH, USA) in alkaline phosphatase buffer, 

pH 9.5 (100 mM NaCl, 50 mM MgCl2, 100 mM Tris-HCl). The membrane was incubated  
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in the dark until the protein on the membrane appeared.  Then, the reaction was stopped 

with 1% acetic acid.   

 

 

3. Shrimp broodstock culture 

 

 

Body weight of adult female and male shrimp were 40- 60 g and 20-30 g, 

respectively. Those banana shrimp were obtained from the Gulf of Thailand, 

Nakornsrithammarat province, Thailand and maintained at Satun coastal fisheries 

research and development center, Satun province, Thailand.  Non- vitellogenic shrimps 

were used in this experiment. Shrimps were cultured in tanks containing 30 ppt seawater, 

pH 7-8, at 25-28 ºC and fed with blood cockle at 3.5% of their body weights twice a day. 

 

 

4. Stimulation ovarian development using rRpl10a protein by in vivo assay  

 

 

To study the effect of the rRpl10a on shrimp ovarian maturation, the adult 

female shrimp which exhibited undeveloped ovaries were randomly seperated into 2 

groups        (7 shrimps for each experimental group). The buffer was used as a control 

(dialysis buffer for protein; 300 mM NaCl, 50 mM NaH2PO4, pH 8.0) .  Another group, 

180 µg per shrimp of His- rRpl10a was injected.  Each group was reared in concrete tank 

with the ratio of 7 female shrimps to 2 male shrimp, and they were fed with the cockle 

throughout the experiment.  All of ovarian tissues were dissected on the 7th and 15th day 

after the first injection to determine the ovarian maturation stages by histological 

technique. After that, the vitellogenic stages were counted and calculated into percentages 

under H&E staining observation and also observed under fluorescent microscopy. 
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5. Shrimp ovarian development histology 

 

 

5.1 Histology perform 

 

 

5.1.1 Tissue preparation 

 

 

Ovarian tissue samples after injection were dissected into small pieces and 

fixed in fixative buffer (10% formalin, 33 mM NaH2PO4, 45 mM Na2HPO4). The samples 

were placed in formalin solution for 72 h at room temperature.  Subsequently, the fixed 

tissues were dehydrated by immersing in 50% ethanol for 2 h, 70% ethanol for 2 h, 95% 

ethanol for 2 h twice, 100% ethanol for 2 h three times, respectively.  Then, the samples 

were immersed in xylene for 2 h three times and paraffin for 2 h twice. The paraffin blocks 

were made by filling the tissues with parafin into the mold, and then cooled. The paraffin 

blocks were cut with 5 µm of thickness using rotary microtome. The tissues were put into 

a clean slide before observation. 

 

 

5.1.2 Hematoxylin and Eosin staining 

 

 

Dried tissue slides were deparaffinized in xylene for 5 min, twice.  Then the 

slides were hydrated in 100% ethanol for 5 min, twice, 95% ethanol for 5 min, twice and 

tap water for 5 min. The slides were immersed in Mayer’s hematoxylin for 5 min, washed 

in tap water for 10 min and stained in Eosin working solution for 5 min.  After that the 

dehydration step was performed by dipping in 95% ethanol, three times and immersing in 

100% ethanol for 5 min, three times. The slides were then immersed in xylene for 5 min, 

twice.  Finally, the slides were mounted with permount and covered by cover glass.  The 

sections were observed under a microscope. The histological result was presented as a 

percentage of vitellogenic stages.  
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For fluorescent detection, the tissue slides were deparaffinized in xylene 

for 5 min twice, followed by mounting with permount and covered by cover glass. The 

sections were observed under fluorescence microscopy 

 

 

6. Shrimp ovarian development assessment 

 

 

Based on H&E staining, the stages of ovarian development were divided into 

four stages.  Undeveloped stage showed oogonia cells in the center of the tissue sections 

and the previtellogenic oocytes were <65 μm in diameter.  In stage I, many early 

developing oocytes with follicle cells surrounding were observed.  They had a size 

between 75 and 125 μm.  Stage II, the oocytes are developing, they had 100–200 μm in 

diameter.  The nlarged nucleus and network were observed in this stage.  Stage III, the 

mature oocytes, they contained eosinophilic cortical rods.  The cells had a diameter size 

>125 μm. 

 

 

7. Determination level of Rpl10a protein in a different stage of shrimp ovary after 

Rpl10a injection using ELISA technique 

 

 

The ovarian of the Rpl10a injected shrimp were collected in PBS buffer and 

kept at -80 oC until determination. Then standard curve was done using the purified Rpl10a 

protein.  The protein ( 0- 16 µg/ ml)  was fixed to each well by incubation with 100 μL of 

coating buffer (0.1 M Na2CO3, 0.1M NaHCO3 pH 9.6)  at room temperature for 2 h.  The 

coated plate was washed three times with 200 μL PBST (1x PBS, pH 7.4 containing 0.05% 

Tween 20; PBST) .  The remaining protein-binding sites were blocked by adding 200 μL 

blocking buffer ( 5%  non- fat dry milk in PBST)  per well and incubated at room 

temperature for 2 h.  The coated plate was washed and incubated with 100 μL of anti-

Rpl10a antibody (diluted 1:3,000 in blocking buffer) each well for overnight at 4°C. Then 

the plate was washed and incubated with 100 μL of anti-mouse-AP antibody (diluted at  
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1: 5000 in blocking buffer)  for 2 h at room temperature.  After washing again, 100 μL of 

the substrate solution (pNPP:  p- Nitrophenyl- phosphate)  was added to each well.  After 

color was developed, then100 μL of stop solution (1N NaOH) was added. The absorbance 

was read using an ELISA microplate reader at 405 nm. 

Rpl10a protein was extracted from hemolymph, hepatopancreas, and ovary by 

dissecting explants and homogenized in 100 μL PBS (1x phosphate buffer, pH 7.4). The 

extracted solution was centrifuged at 10,000 rpm, 10 min and removed into a new tube. 

Rpl10a protein concentrations in the hemolymph, hepatopancreas or ovary extract were 

calculated from a standard curve of the Rpl10a.  

 

 

8. Determination level of methyl farnesoate detected by HPLC analysis 

 

 

The MF concentration in the shrimp hemolymph was detected by HPLC 

technique.  Three hundred μL of hemolymph of each sample was collected from Rpl10a 

protein injected shrimp at 7 day- post injection and added into the mixture of 200 μL of 

4% NaCl and 300 μL of acetonitrile.  Then, the sample was extracted with 600 μL of 

hexane and centrifuged at 10,000 rpm for 10 min. The extracted solution was analyzed by 

HPLC technique with an Apollo Silica column (150×4.6 mm ID length; a 1200 Series 

HPLC auto sampler, Agilent Technology, CA, USA) .  The mobile phase that used as the 

mobile phase was 1.0% diethyl ether in hexane, and the detection of MF was performed 

at 218 nm.  After that, the MF levels in each sample was determined by calculating from 

the peak area and compared with MF standard (Echelon Biosciences Inc. , UT, USA) 

(Makkapan et al., 2011).   

 

 

 

 

 

 

 

 



 
 

 

31 

 

 
 

Part II: The effect of recombinant Rpl10a protein on spermatogenesis 

 

 

1. Effect of Rpl10a protein on spermatogenesis in black tiger shrimp ( Penaeus 

monodon) 

 

 

1.1 Male shrimp 

 

 

Immature male black tiger shrimp were obtained from the Satun Coastal 

Fisheries Research and Development Center, Satun province, Thailand.  The shrimp 

that contained 60-80 g body weight (B.W.) was used for this experiment. 

 

 

1.2 Incubation of shrimp testis explants with rRpl10a protein 

 

 

Immature male shrimps (P. monodon) was knocked in iced bucket. The testes 

were carefully separated from the abdomen and the base of the fifth walking leg.  That 

testes were pulled out with a pair of sterile forceps, cut into small pieces of approximately 

0.3- 0.5 cm in length and cultured in the culture medium.  The pieces of testis explants 

were placed in a 48-well plate that containing 1 ml of 2x Leibovitz's L-15 culture medium 

(pH 7.4)  dissolved in dialysis buffer (300 mM NaCl, 50 mM Na2HPO4, pH 7.4)  with or 

without 0. 5, 1. 0, 1. 5 or 2 µM of purified rRpl10a protein under sterile condition.  To 

prevent bacterial growth, two percent penicillin G–streptomycin was also added.  The 

explants tissues were incubated at 28°C and harvested at 4 h after incubation. Then, those 

tissues were fixed into fixative buffer. The tissue paraffin blocks were prepared followed 

by the protocol in 2.5.1-2.5.2 histology perform of part I. 
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1.3 Shrimp testis histology evaluation 

 

 

To evaluate the stage of spermatogenesis, the sections are classified into three 

stages. Stage I, almost cells are spermatogonial cells. They have a round vascular nucleus 

with diffused chromatin.  Nurse cells are found dispersed in between and close to 

spermatogonial cells.  The size of the cells is > 6. 25 µm in diameter. Stage II, 

spermatocytes have basophilic nucleus and cytoplasm with a thin eosinophilic edge. 

Spermatocytes are dividing cells.  This stage composes with spermatocyte I and II.  The 

cells are 3- 6.25 µm in diameter. Stage III, there are two types of cells, including spermatid 

and spermatozoa.  Spermatids had condensed chromatin.  They are smaller than 

spermatocytes.  Spermatozoa develop from spermatids.  They have a circular shape and 

basophilic condensed chromatin material. The cells are < 3 µm in diameter. 

 

 

1.4 Determination levels of Dmrt1 gene expression in shrimp treated testis 

 

 

To confirm the early stage of spermatogenesis cell, the expression of Dmrt1, 

early stage marker gene was determined.  Isolation of total RNA from rRpl10a treated 

testes were performed using Trizol reagent (Invitrogen, California, USA) according to the 

manufacturer’s protocol.  One microgram of total RNA was reverse transcribed to cDNA 

using AMV reverse transcriptase (Promega, USA).  

The fold change expression levels of Dmrt1 transcript was determined by 

qRT-PCR. 25 μL of the reaction of real-time PCR were composed of 12.5 μL of FastStart 

Universal SYBR Green Master (Rox) (Roche, Germany), 20 pM of each primer, and 300 

ng of cDNA.  Thermal cycling and fluorescence detection were performed using the 

Mx3000P™ (Stratagene, CA, USA) .  The initial of PCR program was started with a 

denaturing step at 94 oC for 5 min, followed by 40 cycles of 94 oC for 30 sec, 57 oC for 30 

sec and 72 oC for 30 sec. The relative copy number of gene expression was normalized to 

that of the EF1 gene in each sample. The testis sample which treated with buffer was  
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used as a control group.  Data was expressed as mean±SD.  The primers of these genes 

were shown in Table 1. 

 

 

1.5 Statistical analysis 

 

 

The data was presented as a mean of percentage in each stage and 

statistically analyzed using the R program.  One-Way Analysis of Variance followed 

by Tukey's multiple comparison tests was used to analyze with a significance level of 

p < 0. 05.  Two sample t- tests were performed for comparing two control groups and 

qRT-PCR experiment result (p-value < 0.05). 

 

 

2. Effect of rRpl10a protein on spermatogenesis in mouse (Mus musculus) 

 

 

2.1 Mouse sample 

 

 

Adult ICR male mice ( Mus musculus)  at 5- 7 weeks of age and weighing 20-

30 g were obtained from Southern Laboratory Animal Facility (Thailand). All procedures 

were followed by the Institute of Animals for Scientific Purpose Development, National 

Research Council of Thailand guidelines. 

 

 

 

 

 

 

 

 

 



 
 

 

34 

 

 
 

2.2 Stimulation spermatogenesis in mouse testis by rRpl10a protein (in 

vitro) 

 

 

Male ICR mouse was anesthetized by intraperitoneal injection with 40 

mg/kg of thiopental sodium B.P., the testes were removed under sterilized condition. 

The testis explants were washed twice with cell culture medium before cutting into 

small pieces 3 mm. The testes were then placed in a 48-well plate containing 1 ml of 

Dulbecco’s modified Eagle’s medium ( DMEM; GIBCO, New York, USA)  pH 7. 4 

containing 10 %  FBS with different dosage of rRpl10a protein at 0, 0. 5, 1, 1. 5 and 2 

µM.  The treated seminiferous tubules were incubated at 37 oC under 5 %  CO2. The 

tubules were collected for histological observation, after 4 h incubation.  Then the 

different cell types in mouse seminiferous tubules were counted and calculated into a 

percentage of each cell type in spermatogenesis under H&E staining, compared to the 

testes without rRpl10a treatment. 

 

  

2.3 Evaluation of differential cell types in mouse spermatogenesis by 

histological observation 

 

 

The rRpl10a treated testis explants was fixed in 10% neutral formalin solution 

(10%  formalin, 33 mM NaH2PO4, 45 mM Na2HPO4)  (Wonglapsuwan et al. , 2010) . 

Subsequently, the fixed tissues were performed in the tissue processor. Tissues were then 

embedded to make paraffin blocks. Finally, the samples were sliced into 5 µm of thickness 

using rotary microtome ( Leica Biosystems, Germany) .  The sections were stained with 

Hematoxylin and Eosin staining (Bio-Optica, Italy). 

To evaluate the testis stage in mouse, three semeniferous tubules of section in 

different areas nearly in diameters of tubules were determined. Spermatogenic cells in the 

tubules were evaluate into four types according to cell morphology containing 

spermatogonia, spermatocytes, spermatids, and spermatozoa cells. Spermatogonia are the 

cells which located in the basal compartment. They are the early stage of spermatogenesis 
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 which include type A and type B spermatogonia. Nucleolus of spermatogonia type A and 

B is located in the peripheral and center of nuclear, respectively.  However, we counted 

both spermatogonia into spermatogonia cells.  The spermatocytes consist of two types that 

are primary and secondary spermatocytes.  The primary spermatocyte is larger and less 

chromatin condensation than the secondary spermatogonia. The secondary spermatocytes 

replicate immediately and have short life, so they are rarely detected. The spermatid cells 

have little cytoplasm and form the acrosome.  They have two shapes which are round 

spermatid and elongated spermatid.  The elongated spermatid is built into spermatozoa 

which is located in the lumen of the tubule.  Then, the mature spermatozoa leave into the 

epididymis ( Gartner & Hiatt, 2012; Treuting & Dintzis, 2011) .  The cells in the different 

pattern were counted and calculated in percentages of spermatogenesis as follows: 

( Average of number of cell in same type /  Total of cell in the seminiferous tubules)  × 

100% 

Then, the average of percentages of spermatogenesis was calculated from 4 samples in 

each experiment and performed in triplicate. 

 

 

2.4 WGA lectin histochemistry for spermatid cells evaluation 

 

 

As the sugar (N-acetylglucosamine) on spermatid cell has the property specific 

binding with wheat germ agglutinin (WGA) so the spermatid cells of the experiment tissue 

were confirmed by WGA histology.  The testes sections were dewaxed, rehydrated and 

immersed in HBSS buffer.  Then, tissue sections were incubated with 1 mg/ mL of Alexa 

Fluor 594 WGA solution and 1 mM Hoechst 33342 stain ( Image- iT™ LIVE Plasma 

Membrane and Nuclear Labeling Kit, Invitrogen, UK)  in HBSS buffer 10 min at room 

temperature.  Tissue slides were washed with HBSS buffer for 5 min 3 times before 

dehydration and mounting.  The reaction was detected under fluorescence microscope 

observation (Olympus DP73, Olympus Corporation, Japan). The number of spermatid cell 

was counted and calculated in percentages of spermatid cells as follows:  
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(Average of number of the cell which WGA stained /  Total number of the cell which 

Hoechst stained) × 100% 

 

 

2.5 Expression of Rhau and Prm2 gene 

 

 

To confirm the stage of spermatogenesis cell, the expression of the gene 

marker of early stage and late stage were determined.  The Rhau gene which highly 

expressed in spermatogonia stem cells, and primary spermatocytes was used as a marker 

for early stage of spermatogenesis. For late stage of spermatogenesis, sperm protamine 2 

(Prm2) gene which expressed in spermatid was detected.  Total RNA was isolated from 

rRpl10a treated testes using Trizol reagent (Invitrogen, California, USA) according to the 

manufacturer’s protocol.  Then, cDNA was reverse transcribed form 1 µg of total RNA 

using AMV reverse transcriptase (Promega, USA) .  The levels of Rhau and Prm2 gene 

expression were determined by qRT- PCR.  Twenty-five μL of the reaction of real- time 

PCR were composed of 12.5 μL of FastStart Universal SYBR Green Master (Rox) (Roche, 

Germany) , 20 pM of each primer, and 300 ng of cDNA.  Fluorescence detection and 

thermal cycling were performed using the Mx3000P™ machine ( Stratagene, CA, USA) . 

The initial of PCR program was a denaturing step at 94 oC for 5 min, followed by 40 

cycles of 94 oC for 30 sec, 57 oC for 30 sec and 72 oC for 30 sec.  The gene expression 

were shown in the relative copy number which normalized to that of the β- actin gene in 

each sample.  Data was expressed as mean±SD.  The primers of these genes were shown 

in Table 1. 
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2.6 Determination the proliferation of cell using EdU assay 

 

To detect DNA synthesis in proliferating cells, the EdU label was detected in 

the testis tissue. The testes were incubated with different concentration of rRpl10a protein 

for 1 h, and EdU ( Thermo Fisher Science, Oregon, USA)  was added. The testes were 

collected after 4 h incubation.  The treated tissue was fixed in neutral formaldehyde 

fixative buffer, embedded in paraffin and sectioned.  The paraffin in 5 µm thickness of 

tissue sections was removed by 2 times of soaking in xylene. The sample slides were then 

rehydrated by ethanol and removed to TBS buffer before staining.  The staining protocol 

was performed as described by Salic and Mitchison (2008) .  Briefly, the sections were 

stained by incubating with 10 µM Alexa Fluor® 488 azide (Thermo Fisher Science, 

Oregon, USA)  in 100 mM Tris, pH 8.5 containing 1 mM CuSO4 and 100 mM ascorbic 

acid for 20 min.  The slides were washed three times with TBS with 0.1% Triton X-100. 

Thereafter, the sections were mounted with DAPI staining medium (Vector Laboratories, 

California, USA) and observed under fluorescence microscopy (Olympus DP73, Japan). 

 

 

2.7 Statistical analysis 

 

 

The data in each stage was reported as a mean of percentage and statistically 

analyzed using the R program.  One-Way Analysis of Variance followed by Tukey's 

multiple comparison tests was used to analyze with a significance level of p < 0.05. Two 

sample t- tests were performed for comparing two control groups and qRT- PCR 

experiment result (p-value < 0.05). 
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Part III: The effects of rpl10a gene knockdown and knockout using zebrafish D. rerio 

as a model 

 

 

1. The effects of rpl10a gene knockdown using morpholino antisense oligonucleotide 

 

   

1.1 Experimental animals 

 

  

The wild- type of AB line zebrafish were maintained in the Bio-resource 

Division at the Frontier Science Research Center, University of Miyazaki, Japan.  The 

embryos were grown in E3 embryos medium at 28.5 oC under lighting conditions (14 h 

light and10 hr dark). 

 

 

1.2 The effect of rpl10a morpholinos on zebrafish embryos morphology 

 

 

1.2.1 Morpholino Antisense Oligonucleotides (MO) injections 

 

 

Two types of MOs to knock down rpl10a gene were designed from Gene 

Tools, LLC (USA). The AUG MO (MOaug 5’-GACCTTGCTCATTTTGGCGTGATAT-

3’)  contained 13 bp of 5’ UTR, translation start site, 2 bp of exon1 and 7 bp of exon2 to 

block Rpl10a protein translation.  The splice MOs were designed to target pre- mRNA 

splicing at exon 4/intron4 (MOspE4I4 5’- ATTTCGGTTTTTAAACTC ACCCAGC-3’) and 

exon5/ intron5 (MOspE5I55’-  ATCACAAATATAGACATACCTTCTT- 3’) .  The rps19 

MOaug sequences that were used as a control for thi s experiment was 5’-

CACTGTTACACCACCTGGCATCTTG- 3’ (Uechi et al. , 2006) .  MOs at different 

concentrations (MOaug at 0.5 and 5 µg/μL; MOspE4I4 at 20 and 40 µg/μL; MOspE5I5 at 5 and  
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10 µg/ μL)  were injected into one or two- cell- stage embryos using an IM- 30 Electric 

Micro-injector (Narishige, Japan). The morphology was observed at 25 and 50 hpf. 

 

 

1.3 RT-PCR amplification after MOs injection 

 

 

1.3.1 Total RNA extraction  

 

 

The embryos at 24 hpf were collected in the Trizol reagent for total RNA 

extraction and isolated from 15- 20 embryos using Trizol reagent ( Invitrogen, USA) 

according to the manufacturer’s protocol. 

 

 

1.3.2   cDNA synthesis 

 

 

The cDNA was synthesized by using High-Capacity cDNA Reverse 

Transcription Kit (ABI) following the reaction in Table 2. Then, the mixure was incubated 

at 25oC for 10 min, 37 oC for 120 min followed by incubated at 85oC for 5 min. 
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Table 2.  Reagents for cDNA synthesis 

 

Reagent Volume per reaction (μL) 

RNase-free water 3.2 

10x  RT buffer 2.0 

10X RT Random Primers 2.0 

25X dNTP Mix (100 mM) 0.8 

MultiScribe™ Reverse Transcriptase 1.0 

RNase inhibitor 1.0 

Total RNA (500 ng) 10.0 

Final volume 20.0 

 

 

 

1.3.3 PCR amplification 

 

 

After cDNA synthesis, the expression of rpl10a mRNA was detected using 

PCR amplification using Expand™ High Fidelity PCR System Kit ( Roche, Mannheim, 

Germany). The reaction and condition for PCR was shown in table 3 and 4. 
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Table 3.  PCR reaction reagents 

 

Reagent Volume per reaction (μL) 

Sterile H2O 14.7 

10X  buffer 2.0 

10 mM dNTP mix  1.0 

forward and reverse primer mix (20µM each) 1.0 

High Fidelity Taq DNA polymerase 0.3 

cDNA template 1.0 

Final volume 20.0 

 

 

 

Table 4. Thermal cycling for PCR analysis 

 

Temperature Time             Cycles 

94°C 2 min 1 

94°C 30 s  

35 58°C 30 s 

72°C 30 s 

72°C 7 min 1 
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1.3.4   The sequencing performing 

 

 

Sequencing samples were amplified using BigDye™ Terminator v3.1 Cycle 

Sequencing Kit ( ABI)  following the reaction composition and PCR contition in Table 5 

and 6.  The sequencing reaction was purified with ethanol/ EDTA precipitation.  The 

reaction was transferred into a new tube and added sterile water to make 20 μL total 

volume. Subsequently, 2 μL of 125 mM EDTA pH 8.0, 2 μL of 3 M NaOAc pH 5.2 and 

100% ethanol were added in the reaction mixture. The mixture was centrifuged at 14,000 

rpm, 4oC for 25 min after 15 min incubation at room temperature.  The supernatant was 

removed followed by washing with 70 μL of 70% ethanol. Then, the pellet was dissolved 

in 18 μL of HiDi formamide and denatured at 96 oC for 3 min.  The sequences were 

analyzed by the sequencer. 

 

 

Table 5.  Sequencing PCR reaction composition 

 

Reagent Volume per reaction (μL) 

Sterile H2O 4.9 

5x  BigDye buffer 2.0 

1 µM of T7 or SP6 specific primer 1.6 

BigDye enzyme 0.5 

DNA template (50 ng) 1.0 

Final volume 10.0 
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Table 6. Thermal cycling for sequencing sample PCR analysis 

 

Temperature Time        Cycles 

96°C 1 min 1 

96°C 15 s  

25 50°C 10 s 

60°C 2min 

25°C 5 min 1 

 

 

 

1.4 In vitro mRNA synthesis for rescue experiments 

 

 

1.4.1 Full-length rpl10a-pCS2+ construction 

 

 

The rpl10a gene was amplified from the zebrafish full- length rpl10a cDNA 

sequence (GenBank accession number NM_199636. 1) .  The PCR product and pCS2+ 

vector were digested with BamHI and EcoRI restriction enzyme ( NEB Inc. , US)  by 

incubation at 37 oC for 30 min. The digested fragments were purified using MagExtractor 

PCR clean-up kit (Toyobo, Japan)  and checked by 1% agarose gel electrophoresis.  The 

purified rpl10a gene and pCS2+  vector were then ligated and transformed into E.  coli 

DH5α competent cells (Takara, Japan). One microliter of ligation mix was transferred into 

50 μL of competent cells and placed on ice for 30 min. The reaction was heated shock for 

45 sec at 42 oC before putting on ice for 2 min immediately. The 950 μL of SOC medium 

was added into the transformed bacteria and cultured at 37 oC for 1. 5 h by shaking ( 180 

rpm) .  The cultured bacteria were spread onto LB agar plate containing 100 µg/ ml and 

IPTG/ X- Gal and incubated overnight at 37 oC.  The positive colony was purified using 

MagExtractor Plasmid kit ( Toyobo, Japan)  and confirmed by sequencing following 

protocol 1.3.4 in part III.   
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1.4.2 In vitro transcription 

 

 

The recombinant rpl10a- pCS2+  plasmid was linearized using NotI 

restriction enzyme. The digestion reaction consisted of 2.5 µg of plasmid DNA, 10 μL of 

10x NE buffer, 2 μL of NotI and adding sterilized water to 100 μL.  After incubation for 

30 min at 37 oC, the digested plasmid was purified using PCI (phenol/chloroform/isoamyl 

alcohol)  solution.  Briefly, 400 μL of PCI solution pH 7.4 was added into the digestion 

mixture, mixed and centrifuged at 14,000 rpm for 5 min.  The aqueous phase was 

transferred to a new eppendorf, and then 400 μL of ether was added and centrifuged at 

14,000 rpm for 5 min.  The DNA precipitation was performed by adding 40 μL of 30 M 

NaOAc pH 5.2 and 1 mL of 100% ethanol beforer incubating at - 80 oC for 15 min.  The 

mixture was centrifuged and washed the pellet using 70% ethanol before dissolving in 

RNase- free water. After that, mRNA was transcribed using mMESSAGE mMACHINE 

SP6 Transcription kit ( Ambion, CA, USA)  ( Table 7)  and purified by ProbeQuant G- 50 

Micro Column ( GE Healthcare) .  The rpl10a mRNA concentration was determined by  

260 nm absorbance measurement, and the quality was checked by 1.5% MOPS agarose 

gel.  
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Table 7. The reagents for rpl10a mRNA synthesis 

 

 

     

     

 

 

 

 

1.4.3 The rescue experiments 

 

 

To study the recovery rpl10a morphological defects, co-injection of 

rpl10amRNA with rpl10a MOaug (0.5 µg/μL) or MOspE5I5 (5 µg/μL) were performed. The 

concentration of rpl10a mRNA was varied at 100, 200 and 400 ng/μL.  The mixture was 

injected into 1-or 2-cell-stage embryos and observed the morphology at 25 and 50 hpf.  

 

 

 

 

 

 

 

 

 

 

 

 

Reagent Volume per reaction (μL) 

RNase-free water 7.0 

10x  reaction buffer 2.0 

2x NTP/CAP 25.0 

Enzyme mix 3.0 

Linear DNA template (300 ng) 1.0 

Final volume 20.0 

incubate for  

2 h at 37 oC 
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1.5 mRNA expression detected by in situ hybridization 

 

 

1.5.1 DIG RNA probe preparation 

 

 

The RNA probes were used including vasa, nanos1, fli- 1, and myoD.  Each 

PCR product was amplified from wild- type zebrafish cDNA using a specific primer as 

shown in Table 1.  The PCR reagents ( Expand High Fidelity PCR kit, Roche, Germany) 

and thermo cycling program were present in Table 3 and 4.  The PCR fragments were 

purified using MagExtractor PCR & Gel clean up kit (Toyobo, Japan) before ligation into 

pGEM®- T Easy vector ( Promega) .  Then, the ligation reaction was transformed into E. 

coli DH5α competent cells.  For the myoD gene, the DNA fragment was cloned into 

pBlueScript II vector.  The positive colony was purified and confirmed the sequences by 

sequencing.  

 

 

1.5.2   In vitro transcription 

 

 

The recombinant DNA plasmids were digested to linear plasmid using 

specific restriction enzyme ( SacII, NcoI, SacII and EcoRI for vasa, nanos1, fli- 1 and 

myoD, respectively) .  In vitro transcription was performed following the T7 or SP6 

RNA polymerase kit ( Roche, Germany)  using linearized plasmid as a template.  The 

components of the reaction were shown in the Table 8.  The reaction mixture was 

incubated at 37oC for 2 h before RNase- free DNase I treatment at 37oC for 30 min.  

To purify the DIG-RNA labeled probe, the ProbeQuant G-50 Micro Column protocol 

was performed. Then, the concentration of RNA probe was measured using NanoDrop 

and the quality was detected by MOPS gel. 
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Table 8. Reaction component for DIG RNA probe synthesis 

 

Reagent Volume per reaction (μL) 

RNase-free water 11.0 

10x  transcription buffer 2.0 

0.1 M DTT  2.0 

10x DIG-RNA labeling mix 2.0 

RNase inhibitor 1.0 

T7 or SP6 RNA polymerase 1.0 

DNA template (150-300 ng) 1.0 

Final volume 20.0 

 

 

 

1. 5. 3   Detection of PGC gene expression using whole mount in situ 

hybridization (WISH) 

 

 

The zebrafish embryos were collected after injection for 24 hpf and gently 

removed the chorions by forceps.  The dechorionated embryos were fixed in 4% ( w/ v) 

paraformaldehyde ( PFA)  in 1x PBS overnight at 4oC.  The next day, the embryos were 

dehydrated with 50% methanol in PBS and 100% methanol for 5 min each step at room 

temperature. The eggs were put in 100% methanol and placed at -20oC at least 4 h before 

use. Subsequently, the embryos were rehydrated in 75, 50, 25% (v/v) of methanol in PBS 

and washed with PBST (1x PBS pH 7.4+0.1% Tween20) for 5 min each. After that, the 

samples were permeabilized by incubating with 10 µg/ mL of proteinase K for 10 min at 

room temperature.  The digestion embryos were inhibited by 4% PFA incubation for 20 

min;  the residual PFA was washed with PBST for 5 min 3 times.  The embryos were 

soaked in hybridization buffer for 2 h at 56 oC for prehybridization, and the antisense   

DIG- labeled RNA probe ( 30- 50 ng)  was then replaced for 18 h.  The second day,                

the solution was removed and then the embryos were rinsed with 2xSSCT in 50%                    
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formaldehyde for 1 h at 56oC. To remove the endogenous RNA, RNase treatment (RNase 

A and RNase T1)  step was carried out for 10 min.  The solution was removed and  

incubated with 2xSSCT in 50% formaldehyde for 1 h at 56oC followed by adding with 

2xSSCT, 0.2xSSCT and PBS. The nonspecific binding sites were saturated by soaking in 

blocking buffer at 4 oC for 2 h. Afterward, the embryos were incubated with the anti-DIG 

antibody (1:3,000) in blocking buffer overnight at 4oC with gentle shaking. Last day, the 

samples were washed with PBST and alkaline reaction buffer.  To detect the alkaline 

phosphatase reaction, the NBT/ BCIP staining was added until the color was developed 

and the reaction was stopped by rinsing with PBST, and then the embryos were kept in 

4% PFA. 

 

 

1.6 mRNA expression levels determined by quantitative RT-PCR 

 

 

Quantitative PCR was conducted in 20 μL reaction containing 10 μL of 2x 

SYBR® Green PCR Master Mix (ABI, CA, USA) , 300 nM of each primer and 5 ng of 

cDNA. Final volume of 20 μL was adjusted by adding deionized water. The primers used 

to amplify genes are shown in Table 1.  The rpl38 gene was used as an internal control 

gene.  Fluorescence detection and thermal cycling and were conducted using the 

StepOneTM Real-Time PCR machine (ABI, CA, USA). The samples were run in triplicate. 

The thermal cycling was started with denaturation step of 10 min at 95 C, followed by 

40 cycles of 95 C for 15 sec, annealing at 60 C for 1 min and final cycle 95 C for 15 

sec,  60 C for 1 min, and 95 C for 15 sec.  The sample was the 20-25 embryos pool  

cDNA after MO injection.  The data was analyzed and calculated into fold change 

compared to control group using comparative CT method.  The wild- type group was 

used as calibrator data for the control group.   
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1.7   Hemoglobin staining 

 

 

The embryos at 48 hpf were stained by the o-dianisidine staining to detect the 

active hemoglobin (Detrich et al., 1995). The dechorionated embryos were incubated with 

the staining buffer containing 0.6 mg/mL of o-dianisidine, 0.01 M sodium acetate pH 4.5, 

0.65% H2O2 and 40% ethanol in the dark for 7 min.   

 

 

2. The effects of rpl10a gene knockout using CRISPR-Cas9 genomic editing 

 

 

2.1 crRNA design 

 

 

The crRNA was designed using http: / /crispr. dbcls. jp website.  Briefly, the 

accession number or genome location or nucleotide sequences were put for design. PAM 

sequence was selected in NGG, or NRG sequence depended on the bacterial strain which 

the Cas protein derived.  Then, the design button was pressed. After getting results from 

the above website, the crRNA that located at exon 5 of zebrafish rpl10a was selected. The 

selected crRNA that targeted at interested sequences was produced from IDT (Integrated 

DNA Technology, IA, US).  

 

 

2.2 crRNA preparation 

 

 

After getting crRNA from the company, the crRNA was delivered by 

liophilized form and dissolved with RNase free water was added for dissolving. Then, the 

annealing step was performed.  The 3 μL of 250 ng/ μL rpl10a_ex5 crRNA and 3 μL of 

1,000 ng/μL tracrRNA was heated at 95 oC for 5 min and kept at -80 oC until use. 
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2.3 crRNA-tracrRNA-Cas9 complex injection  

 

 

The crRNA-tracrRNA-Cas9 complex solution contained 25 pg of rpl10a_ex5 

crRNA, 100 pg of tracrRNA and 40 pg of Cas 9 protein in final concentration mixed in 

2x fish injection buffer.  The injection buffer composition was shown in table 9 and kept 

at -80 oC until use.  The 1 nl of injection solution was injected into the 1- cell- stage of 

embryos and cultures in the E3 medium.  

 

 

Table 9. Reaction component for CRISPR-Cas9 injection buffer 

 

Reagent Volume per reaction (μL) 

RNase-free water 1.8 

Annealing crRNA and tracrRNA 1.0 

10 µg/μL of Cas 9 protein  0.2 

2x fish injection buffer 2.0 

Final volume 5.0 

 

 

 

2.4 Checking genome editing using heteroduplex mobility assay  

 

 

After injection with crRNA- tracrRNA- Cas9 complex, five dechorionated 

embryos were collected into 1.5 ml tube at 24 hpf and the medium was removed on ice. 

Then, 108 μL of 50 mM NaOH was added and incubated at 98 oC for 10 min for genomic 

extraction. The sample was mixed by pipetting before adding 12 μL of 1 M Tris-HCl pH 

8.0. This solution contained a genomic DNA was used as template for PCR amplification 

with specific primer using Prime Taq kit (Table 10 and 11). The PCR result was checked 

using15% acrylamide gel electrophoresis. 
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Table 10.  PCR reaction reagents for HMA assay 

 

Reagent Volume per reaction (μL) 

Sterile H2O 14.5 

10X  buffer 2.0 

10 mM dNTP mix  1.6 

forward and reverse primer mix (20µM each) 0.8 

Prime Taq DNA polymerase 0.1 

Template 1.0 

Final volume 20.0 

 

 

Table 11. Thermal cycling for PCR analysis for HMA assay 

 

Temperature   Time              Cycles 

94°C   2 min 1 

94°C 30 s  

35 58°C 30 s 

72°C 30 s 

72°C 7 min 1 
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2.5 Direct PCR sequencing 

 

 

The PCR product from 2.4 was purified by treated with ExoSAP-IT PCR clean 

up (USB, OH, US) before sequencing. The mixture contained 0.15 μL of 10x PCR buffer, 

1. 7 μL of sterile water and 0.15 μL of ExoSAP- IT was added into 2 μL of PCR product. 

The reaction was incubated at 37 oC for 15 min and inactivated ExoSAP-IT by heating at 

80 oC for 15 min. 

 

  

2.6 crRNA efficiency 

 

 

To evaluate the crRNA efficiency, 16 embryos of F0 mutant generation were 

extracted genomic DNA and sequenced for mutation prediction. The efficiency of crRNA 

was calculated from the below equation; (number of mutant/ number of total) x 100. 

 

 

2.7 F1 and F2 founder generation 

 

 

After getting F0 fish carried the interested mutation pattern, F0 mutant fish 

was grown to be adult about 3 month-post injection (mpi). Adult fish was mated with the 

opposite sex of wild- type fish for generating F1 heterozygous generation.  The F1 

heterozygous embryos were extracted genomic DNA and detected using HMA assay and 

sequenced to calculate germline transmission rate; germline transmission rate (indel 

mutations) = (number of mutant/number of total) x 100. The F1 heterozygous fish were 

grown up until 3 mpf. Subsequently, fin clip was performed and sequenced to confirm the 

mutation.  Then, F1 heterozygous mutation in same pattern was fertilized for F2 

generating.  F2 generation was included wild- type ( WT: + / + ) , heterozygous mutation      

(+/-) and homozygous mutation (-/-). In our study, we focused on 5 bp deletion mutation. 

The mutant fish from an F2 generation were used for further activity study. 
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2.8 Activity of rpl10a gene on embryonic development 

 

 

To test the activity of rpl10a gene on embryonic development, the knockout 

zebrafish was used as a model.  The F2 embryos were observed the morphology after 25 

and 50 hpf. Moreover, the 3-dpf embryos were kept in 4% PFA in PBS to fix sample for 

24 h, and the histological process was performed.  Hematoxylin and Eosin were stained 

and the embryos were observed under light microscopy.    

 

 

2.9 Function of rpl10a gene on anemia 

 

 

To study the effect of rpl10a gene knockout on anemia, the active hemoglobin 

was stained with o-dianisidine staining (Detrich et al., 1995) followed by protocol 1.7 in 

part III. 
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CHAPTER 4 

RESULTS 

 

Determination of evolutionary relationships mouse, zebrafish and shrimp 

rpl10a gene using phylogenetic tree analysis 

 

The result from phylogenetic tree showed that rpl10a gene of mouse (Mus 

musculus) and zebrafish (Danio rerio) were more closely to each other. The shrimp 

rpl10a gene (Fenneropenaeus merguiensis) had a closer distance with fruit fly 

(Drosophila melanogaster). The phylogenetic tree was presented in figure 11.  

 

Figure 11. Phylogenetic tree of full-length rpl10a sequences in mouse (Mus 

musculus), zebrafish (Danio rerio), shrimp (Fenneropenaeus merguiensis), and fruit 

fly (Drosophila melanogaster), compared to soil-living ameba (Dictyostelium 

discoideum) that was used as an out group by phylogenetic tree analysis.  
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Amino acid sequence alignment in mouse, zebrafish and shrimp 

 

The Rpl10a protein alignment of mouse, zebrafish, fruit fly and shrimp are 

presented in Figure 12. The zebrafish and mouse protein sequences had 96% identity, 

whereas the predicted amino acid sequences are 86% and 84% identical to fruit fly 

and shrimp, respectively. While mouse and shrimp sequences are showed 86% 

identity. 

 

 

 

Figure 12. Multiple alignment of mouse (Mus musculus), zebrafish (Danio rerio), 

shrimp (Fenneropenaeus merguiensis), and fruit fly (Drosophila melanogaster) 

Rpl10a protein sequences. 
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Part I: The effect of rRpl10a protein on shrimp ovarian maturation 

 

1. Recombinant protein purification and confirmed by western blotting 

 

After His- Rpl10a protein production and purification, the protein 

expression was checked by 12. 5% SDS- acrylamide gel ( Figure 13A) .  The 

recombinant Rpl10a protein was expressed in soluble protein after induction with 

IPTG. The purified protein was detected purple band by western blotting (Figure 13B). 

The figure presented the recombinant protein size was 30 kDa.  

 

 

 

Figure 13. (A) Expression and purification of recombinant protein His-Rpl10a; lane1: 

non- induce insoluble protein, lane 2:  non- induce soluble protein, lane 3:  induce 

insoluble protein, lane 4:  induce soluble protein, lane 5:  purified His- Rpl10a.  ( B) 

Western blotting recombinant protein using a monoclonal anti- mouse Rpl10a 

antibody. The purple band was showed 30 kDa. The black arrow indicated the position 

of His-Rpl10a protein. 
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2. Shrimp ovarian development histology  

 

Shrimp vitellogenic stages were evaluated after rRpl10a protein injection 

at 7 and 15 days.  The histology of the ovary was performed and evaluated based on 

H&E staining and fluorescence signal.  The stages of ovarian development were 

divided into four stages follow as Wonglapsuwan et al. (2010). The undeveloped stage, 

the previtellogenic oocytes, and oogonia were found. The size of the cells was <65 μm 

in diameter.  In stage I, the early developing oocytes 75- 125 μm. in diameter which 

surrounded by follicle cells were observed.  Stage II, the developing oocytes that had 

size 100–200 μm were found.  In this stage, the nucleus was enlarged.   The mature 

oocytes with eosinophilic cortical rods and the size were >125 μm diameter.  In this 

case, we also used the fluorescence signal to divide vitellogenic stages.  This method 

was safe consuming time.  The mature ovaries showed a strong fluorescence signal 

when compared to the early previtellogenic stage (Figure 14). In our results found that 

rRpl10a protein induced vitellogenic stage into stage II. 
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Figure 14. Histological section observation of different shrimp ovarian development 

stage under light and fluorescence microscope.  The left panel showed hematoxylin, 

and eosin staining and right panel showed fluorescence view. FC:  follicle cells, CR: 

cortical rods, N: nucleus. Original magnification x400, scale bar = 20 μm. (Palasin et 

al., 2014)  
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3. Effect of rRpl10a protein on ovarian maturation in shrimp   

 

The ovarian development stages of shrimp were evaluated after the 

rRpl10a protein stimulation.  The vitellogenic stages were evaluated and calculated 

into percentages of different stages.  In this experiment, we found that 180 µg of 

rRpl10a protein induced ovarian development into stage II within 7 days (28.57%) . 

Whereas, the undeveloped stage and stage I were evaluated as 42. 86 and 28. 57%, 

respectively. At day 15th, 28.57% of stage I and 71.43% of undeveloped ovaries were 

found. While both of dialysis buffer group after injection for 7 and 15 days were found 

100% of the undeveloped  (Table 12 and Figure 15).    

  

Table 12. Percentages of vitellogenic stages of shrimp ovarian development after 180 

µg rRpl10a protein injection at 7 and 15 days 

 

 

Group 

% of vitellogenic stage 

undeveloped 

stage 
stage I stage II 

dialysis buffer_7 days 100.00 0.00 0.00 

180 μg rRpl10a_7 days 42.86 28.57 28.57 

dialysis buffer_15 days 100.00 0.00 0.00 

180 μg rRpl10a_15 days 71.43 28.57 0.00 
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Figure 15. Graph percentages of vitellogenic stages of shrimp ovarian development 

after 180 µg rRpl10a protein injection at 7 and 15 days. 

 

 

4. Determination level of Rpl10a protein in a different stage of shrimp ovary after 

180 µg rRpl10a protein injection using ELISA technique 

 

The level of Rpl10a protein was determined after 180 µg rRpl10a protein 

injection at 7 days.  The result showed that the Rpl10a protein level was increased in 

stage1 of ovarian development. The amount of Rpl10a protein detection at stage I was   

4. 45±0. 01 µg/ g tissue in the ovary, 17. 52±0. 09 µg/ g tissue in hepatopancreas and 

17.90±0.29 µg/ml in hemolymph. The levels of Rpl10a protein were reduced in stage 

II (Table 13).  
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Table 13. Rpl10a protein levels in a different stage of shrimp ovarian development 

after 180 µg rRpl10a protein injection at 7 days 

 

Organs of shrimp 

Rpl10a protein level in vitellogenic stages 

Undeveloped  

stage 
Stage I Stage II 

hepatopancreas (µg/g tissue) 15.84±0.76 17.52±0.09 5.35±2.54 

ovary (µg/g tissue) 4.17±1.02 4.45±0.01 3.65±0.02 

hemolymph (µg/ml) 17.76±0.86 17.90±0.29 15.17±0.11 

 

 

 

5. MF level in hemolymph after rRpl10a injection 

  

The MF concentrations in the shrimp hemolymph after first injection of 

rRpl10a protein for 7 days was determined by HPLC technique.  MF levels was 0. 18 

± 0.04 ng/ml at undeveloped stage and slightly increased to 0.27 ± 0.00 ng/ml at stage 

I. The MF levels was increased to 1.64 ± 0.63 ng/ml at stage II of ovarian development 

(Figure 16). 
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Figure 16. MF level in the hemolymph at different stages of shrimp ovarian 

development post 180 µg rRpl10a protein injection for 7 days (each stage n=2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

63 

 

 
 

Part II: The effect of recombinant Rpl10a protein on spermatogenesis 

 

1.  Effect of Rpl10a protein on testicular development in black tiger shrimp 

(Penaeus monodon) 

 

1.1 Shrimp testis histology 

 

In this study, shrimp spermatogenesis was divided into three stages based 

on cell diameter using histological observation under the microscope, accordingly 

stage I (spermatogonia cells, diameter ≥ 6. 25 µm) , stage II ( spermatocyte I and II, 

diameter = 3.00-6.25 µm) and stage III (spermatid and spermatozoa, diameter ≤ 3.00 

µm) .  The cell characterization in different stages of spermatogenesis was observed 

under a microscope after H&E staining. Many spermatogonia cells were presented in 

stage I which located in seminiferous tubule’s periphery of the basal membrane.  The 

spermatogonia were a large oval shape and nucleus contained euchromatin (Figure 

17A) . Stage II presented spermatogonia form with more division clearly than stage I. 

The spermatocytes were divided into 2 types.  These cells were unable to identify 

between spermatocyte I and II (Figure 17B). Stage III presented by the appearance of 

the spermatids and spermatozoa.  The cells had a small round shape, and the nucleus 

had condensed chromatin. Mature sperm cells were strongly stained with hematoxylin 

staining (Figure 17C). 
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    A.    B.    C. 

 

 

 

Figure 17. Histological picture showed stage of spermatogenesis of shrimp testis. 

Stage I: spermatogonia (A), Stage II: spermatocytes (B) and Stage III: spermatids and 

spermatozoa (C). Original magnification x1000, scale bars = 10 μm. 

 

 

1.2 Effect of rRpl10a protein on shrimp spermatogenesis 

 

The effect of rRpl10a protein on spermatogenesis was studied using black 

tiger shrimp as a model.  All concentrations of rRpl10a protein (0.5, 1.0, 1.5 and 2.0 

µM) induced development into stage III and the mature stage of sperm was calculated 

into 18.18%, 55.56%, 52.94 and 50.00%, respectively (Figure 18). The rRpl10a at 1.0 

µM still contained stage I, although, this dose induced the highest percentage of stage 

III. While percentages of spermatogenesis stimulation of 1. 5 µM rRpl10a was 52. 94 

% mature stage, 47.09 % stage II, and no observation of spermatogenesis in stage I. 

In contrast, mature stage was not detected in the control samples.  This results 

suggested that after 4 h incubation, the effective concentration for shrimp 

spermatogenesis was 1.0 or 1. 5 µM of rRpl10a.  The overall of the shrimp testicular 

sections with H&E staining was individually shown in Figure 19. 
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Figure 18. The percentages of spermatogenesis in shrimp testis explants after 

treatment with 0.5 µM, 1.0 µM, 1.5 µM and 2.0 µM of rRpl10a protein, compared to 

untreated testis at 4 hours in the 2x L- 15 medium.  ( n= 3, the data performed in the 

triplicate experiments) 
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Figure 19. The picture presented shrimp testes sections with hematoxylin and eosin 

staining in different dosages of rRpl10a protein (0.5, 1.0, 1.5 and 2.0 μM), compared 

to normal testes after 4h incubation in the 2x L- 15 medium.  Original magnification 

x1000, scale bar = 10 μm.  

 

To confirm the rRpl10a protein can promote cells in the early stage 

development into late stage, the Dmrt1 gene expression in treated testis was 

performed. The Dmrt1 gene was significantly decreased expression in the testes 

treated with 1 and 2 μM of rRpl10a protein, compared to buffer (Figure 20).  
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Figure 20. The fold change of Dmrt1/EF1 in treated testis in shrimp at 1.0 and  2.0 

μM rRpl10a protein after incubating in 2 x L- 15 medium for 4h.  The value of fold 

change was calculated using comparative CT method. The EF1 gene was used as an 

internal control and buffer group was used for normalize ( number of shrimp =  3, 

replication = 3) 

 

 

 

2. Effect of rRpl10a protein on spermatogenesis in mouse (Mus musculus) 

 

2.1 Mouse testis histology 

 

The result from mouse testis histology was shown in Figure 21.  The cells 

in the seminiferous tubules with different kind was classified into 4 types including 

the spermatogonia, spermatocyte, and spermatid (round spermatid and elongated 

spermatid). All cell types in each seminiferous tubule were presented. We divided the 

cell type based on the cell shape. Spermatid cells had the small cytoplasm and located 

near the seminiferous tubule’s membrane.  These cells appeared round nucleus and 

differentiated into spermatocytes. During meiosis division, the spermatocyte cell was 
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divided.  This cell had large and round nucleus and it was observed away from the 

membrane.  Spermatid cells were located near the lumen, the cell shape changed 

following cell differentiation. Two types of spermatid cells included round spermatid 

and elongated spermatid cells.  The cells in early of spermatid cells called round 

spermatids, these cells contained eosinophilic cytoplasm and round nucleus. Whereas, 

long rod spermatid cells called the elongated spermatid cells.  

 

 

 

 

 

Figure 21. Cross section of mouse testis showed cell types in spermatogenesis. 

Different cells in the seminiferous tubules were included spermatogonia cells ( Spn) , 

spermatocytes (Spc), round spermatid (rSpt) and elongated spermatid (eSpt). Original 

magnification ×400, scale bars = 20 µm.      

 

 

2.2 Effect of rRpl10a protein on mouse spermatogenesis (in vitro) 

 

To inveatigate the function of rRpl10a protein on spermatogenesis in the 

mammal, mouse testes were incubated with rRpl10a protein at different concentration 

( 0, 0. 5, 1. 0, 1. 5 and 2. 0 µM of rRpl10a protein) for 4 h. Then, cells of testicular 

development were observed as shown in Figure 22.  The rRpl10a protein treatment 

triggered mice spermatogenesis into spermatid cells, compared to control group.  The 
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concentration of rRpl10a at 0. 5, 1. 0, 1. 5 and 2. 0 µM promoted development into 

40.78%, 49.65%, 45.03% and 45.33% of spermatid cell, respectively. The number of 

spermatid cells in the control group was 2 1 . 7 2 % . The testes treated with rRpl10a 

protein at 1 µM were induced differentiation of spermatid cells into elongated 

spermatid cells better than others.  The percentages of spermatogonia cells and 

spermatocytes cells in all of rRpl10a treatment were less than the control testis.  This 

result found that a cell in seminiferous tubules developed from spermatogonia cells 

into a mature stage after rRpl10a protein stimulation for 4 h. The overall of the shrimp 

testicular sections with H&E staining were shown in individual samples (Figure 23). 

 

 

 

Figure 22. The graph showed the percentages of testicular development in mouse testis 

after His- rRpl10a protein at the various concentrations (0. 5, 1. 0, 1. 5 and 2. 0 µM of 

rRpl10a) treated for 4 h in DMEM medium (n=4, the data performed in the triplicate 

experiments). 
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Figure 23. The picture presented mice testes sections with hematoxylin and eosin 

staining in different dosage of rRpl10a protein (0.5, 1.0, 1.5 and 2.0 μM), compared 

to dialysis buffer and normal testes after 4 h incubation in DMEM medium ( n= 4). 

Original magnification x400, scale bars = 20 μm.  
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Figure 23 (continued). The picture presented mice testes sections with hematoxylin 

and eosin staining in different dosage of rRpl10a protein ( 0. 5, 1. 0, 1. 5 and 2. 0 μM) , 

compared to dialysis buffer and normal testes after 4 h incubation in DMEM medium 

(n=4). Original magnification x400, scale bars = 20 μm. 
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2.3 Confirmation of the spermatid cells using WGA lectin 

histochemistry 

 

The WGA staining was performed to confirm the spermatid cells.  The 

Alexa Fluoro 594 WGA staining was detected for acrosome of spermatids ( red 

fluorescent)  and Hoechst 33342 staining stained chromatin in the nucleus (blue) 

(Figure 24A). The percentage of spermatid cells under WGA staining detection in 0.5, 

1.0, 1.5 and 2.0 μM of rRpl10a protein treated group were 11.36%, 36.24%, 20.02% 

and 16.64%, respectively. The testes treated with 1 μM of rRpl10a protein showed the 

highest percentage of spermatid cell as compared with the other doses and the buffer 

group ( Figure 24B) .  Although the percentage of spermatid evaluated by WGA 

detection was not equal to H&E assessment, the result showed the percentage of 

spermatid cell counted by WGA staining had a similar to counting under histology 

method. 

 

      

 

Figure 24. WGA lectin histochemistry confirmed the spermatid cells in seminiferous 

tubules.  (A) The testis explants were stained with Alexa Fluor 594 WGA (Red) and 

Hoechst 33342 ( blue) .  The acrosomal spermatids were detected ( pointed by white 

arrows) , original magnification ×400, scale bars =  20 µm.  ( B)  The percentage of 

spermatid cells under WGA histochemistry observation was presented. The significant 

differences were compared by one-way ANOVA test (mean±SD, n=4 and p<0.05). 

 

(A) (B) 
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2. 4 Determination of early and late stage gene of spermatogenesis in 

mice testis  

 

To confirm the percentage of spermatogenesis in mouse testis after 

incubation with rRpl10a protein, the expression of the gene in early stage and late 

stage of spermatogenesis were determined.  Rhau mRNA that highly expressed in 

spermatogonial stem cell and primary spermatocytes was selected to use as a marker 

for the early stage gene of spermatogenesis.  Another gene, Prm2 was also used to 

confirmed mature stage of spermatogenesis (Figure 25). Since the best concentration 

for spermatogenesis stimulation was 1 µM, the early and late stage marker genes were 

evaluated. The expression levels of Rhau gene were significantly decreased in mouse 

testis treated with 1 µM rRpl10a when compared with buffer group ( p- value <0. 05) . 

In contrast, the increasing of Prm2 gene expression was detected in 1 µM of rRpl10a 

protein treated testes, compared to buffer group.  This result showed that rRpl10a 

protein treated group induced the cells to be spermatid cells better than the buffer 

group while, the cells in the early stage were reduced. This agreement result supported 

the evaluation stage of spermatogenesis using histological technique. 
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Figure 25. The levels of Rhau and Prm2 mRNA expression in mice’s testis explants 

after 1 µM rRpl10a stimulation.  The relative mRNA expression levels were 

normalized with β-actin (mean±SD, n=2 and p < 0.05). The significant differences in 

the expression of the gene were compared by t-test. 

 

 

2.5 rRpl10a protein enhanced proliferation of spermatogonia cells 

 

EdU assay was used to monitor proliferating cells in mouse testis after 

rRpl10a protein incubation. 5-ethynyl-2’-deoxyuridine (EdU) was used to label DNA 

in cells (Salic and Mitchison, 2008). The results was showed in Figure 24. We found 

that EdU was firmly incorporated into the DNA of the proliferating cell in mouse testis 

which treated with 1 μM of rRpl10a protein.  The dose of 1. 5 and 2. 0 μM rRpl10a 

treated testes showed some intensity of DNA labeling, whereas 0. 5 μM and buffer 

group presented weak signal of EdU staining. The result revealed that rRpl10a protein 

promoted spermatogonia proliferation (Figure 26). 
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Figure 26. Effect of rRpl10a protein on cell proliferation.  The testis explants were 

incubated with EdU and sta-ined with Alexa Fluoro 488 ( green)  and DAPI ( blue) 

staining. The mouse testes tissue incubated with different dose of rRpl10a protein; A. 

buffer as control, B. 0.5 µM, C. 1.0 µM, D. 1.5 µM, E. 2.0 µM. In figure A-E, original 

magnification ×200, scale bars =  50 µm.  In the magnified inserts, original 

magnification ×400, scale bars = 20 µm. 
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Part III: The effects of rpl10a gene knockdown and knockout on abnormality 

development, reduction of hemoglobin and PGCs marker genes reduction 

 

1.  The effects of rpl10a gene knockdown using Morpholino antisense 

oligonucleotide 

 

1.1 Zebrafish rpl10a gene structure of rpl10a MO-injected embryos 

 

Zebrafish rpl10a gene contains six exons including 648 bp cDNA 

sequences and locates on chromosome 8.  The rpl10a encodes up to 216 amino acids 

protein. To investigate the effect of rpl10a deficiency, we knocked down rpl10a gene 

using MOs injection to inhibit protein translation. The MOs target site is in the diagram 

(Figure 27A).    Injection of the MOsp that had specificity to exon 5 altered the splicing 

and resulted in the exclusion part of exon 5 from mature mRNA.  Moreover, the 

expression of rpl10a gene was decreased which detected by RT- PCR.  The DNA 

sequencing was confirmed in the splicing site of exon 5 after the MOsp injection. We 

found that only 33 bp of exon 5 was deleted (Figure 27B). 
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Figure 27. (A) Schematic presents zebrafish rpl10a gene structure. The white boxes 

represent the untranslated region. The translated region is shown with black boxes, 

and the arrows were marked at the start and stop codon, respectively.  (B) RT-PCR 

analysis of rpl10a in MO-injected (MO
aug

, MO
sp

), rescued (MO
sp

+mRNA) and wild-

type embryos, rpl38 was amplified as a control. The smaller PCR product size (551 

bp) and decreased mRNA (584 bp) expression were observed in MO
sp

 injected 

embryos after 33 bp of exon 5 skipping. MOsp: MOspE5I5 

 

 

1.2 The effect of rpl10a MOaug on zebrafish embryos morphology 

 

rpl10a MOaug is antisense oligonucleotide which inhibits Rpl10a protein 

translation. The embryos were affected by rpl10a MOaug showed different morphology 

from wild-type fish at various concentrations (0.5, 2.5 and 5 µg/µl). The morphology 

of 25-hpf rpl10a gene knockdown embryos was thinner yolk extension, smaller eyes, 

shorter body length and bent tail (Figure 28, left panel). At 50 hpf, the MOaug injected 

embryos were bigger yolk sac, smaller eyes, reduced melanophore pigment, and a 

curved tail. Moreover, they had a severe phenotype and died after 3 dpf.  
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Figure 28. Morphology of zebrafish embryos after rpl10a MOaug injection at 0.5, 2.5, 

5 µg/µl after 25 and 50 hours post fertilization (hpf). 

 

 

1.3 The effect of rpl10a MOsp on zebrafish embryo morphology 

 

The rpl10a MOsp is antisense oligonucleotide which was designed to 

modify and the splicing events.  In this study, both MOsp for exon 4 and 5 skipping 

were designed.   Also, rpl10a MOspE4I4 was designed for exon 4 and intron 4 skipping, 

but there were no different phenotypes with uninjected embryos. For exon 5 splicing 

embryos, their phenotypes were little smaller than wild-type. When the concentration 

was increased, the tail bending increased ( Figure 29) .  Even though rpl10a MOspE5I5 

morphants had similar phenotype with Rpl10a protein inhibiting embryos, they had 

more significant decreasing of yolk extension, pigmentation, smaller eyes and edema 

at 50 hpf. Therefore, we chose the concentration of rpl10a MOaug and MOspE5I5 at 0.5 

and 5µg/µl for rescue experiment, respectively. 
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Figure 29. Morphology of zebrafish embryos after rpl10a MOspE5I5 injection at 2.5, 5, 

10 µg/µl after 25 and 50 hours post fertilization (hpf). 

 

 

1. 4 Detection rpl10a gene splicing after rpl10a MOsp injections using         

RT-PCR 

 

To check the activity of Morpholinos, the PCR product from injected 

embryos were checked splice- modification after MOsp injection by RT- PCR.  The 

result showed double bands of PCR product with 584 and 684 bp in 40 µg/µl MOspE4I4 

morphants ( Figure 30B) , but there was no shifted band at 20 µg/ µl MOspE4I4 ( Figure 

30A). The size was increased 100 bp because of the intron 4 insertion. The maximum 

concentration of rpl10a MOspE4I4 affected to the PCR product size.  For both 

concentrations of rpl10a MOspE5I5 (5 and 10 µg/µl), the PCR product size was shifted 

(Figure 30C). Moreover, the sequencing results were confirmed that the rpl10a gene 

sequences were deleted 33 bp (part of exon 5 and MO target region) (Figure 31). This 
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sequencing reduction caused 11 predicted amino acids reduction. (Figure 32). As the 

result was not successful using rpl10a MOspE4I4, so the rpl10a MOspE5I5 was used to 

studied in next experiments. After this part, MOsp was referred to MOspE5I5. 

 

Figure 30. PCR product of morphants after MOspE4I4 injection at 20 µg/ µl ( A) , 40 

µg/µl (B) and MOspE5I5 at 5 and 10 µg/µl (C).  

 

 

 

Figure 31. presented the sequence of rpl10a gene which was deleted after exon 5 

splice-modification embryos. 

 

 

 

 

 

 

    

A.     B.    C. 
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Figure 32. Predicted amino acids after Rpl10a protein deficiency using rpl10a 

MOspE5I5 injection was 205 amino acids, in black box showed 11 amino acids were 

deleted.  

 

 

1.5 Rescue experiment with full-length rpl10a mRNA  

 

The result showed that there was no difference after rescue rpl10aMOaug 

morphants with rpl10a mRNA at 24 and 48 hpf (Figure 33). It is possible that MOaug 

sequences can bind with mRNA and block translation. The possible reason is that the 

target sequences of rpl10a MOaug including 17 bp of rpl10a mRNA sequences.  In 

contrast, after rpl10aspE5I5 morphants were rescued using rpl10a mRNA, the 

morphology of morphants was similar to wild- type embryos at 25 and 50 hpf.  At 25 

hpf, they showed the yolk extension became thicker than knockdown embryos (Figure 

34) .  The result indicated that rpl10aspE5I5 morphants can rescue using full length of 

rpl10a mRNA. 
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Figure 33. The morphology of rescued rpl10aMOaug morphants with the synthetic full 

length of rpl10a mRNA at 24 and 48 hpf.  

 

 

Figure 34. The zebrafish embryo morphology of morphants which rescued with the 

synthetic full length of rpl10a mRNA at 25 and 50 hpf. The black line showed smaller 

yolk sac extension. The edema of heart was pointed by the black arrow. The bent tails 

of morphants were indicated with curve line. Scale bar = 50 μm. 
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1.6 Hemoglobin staining 

 

The hemoglobin staining was also performed.  At 50 hpf, the reduction of 

hemoglobin staining and pigmentation were observed in knockdown samples, similar 

to rps19 MO-injected embryos. The pigments were recovered after rpl10a mRNA co-

injection, as well as the red blood cell, increasing. This result indicated that zebrafish 

rpl10a gene might have a secondary function in anemia (Figure 35).    

  

 

Figure 35. Hemoglobin staining after rpl10a MOspE5I5 recovery with rpl10a mRNA at 

50 hpf.  The figure showed the hemoglobin stained- embryos including WT, MOaug, 

MOsp, MOsp+rpl10a mRNA and rps19 MO as a positive control. 

 

 

1.7 rpl10a-deficient embryos affect to number of PGCs marker genes 

reduction 

 

1. 7. 1 Relative expression of PGCs marker genes in rpl10a gene 

knockdown embryos   

 

The fold change expression of PGCs marker genes after rpl10a gene 

knockdown was presented, compared with WT and rps19 gene knockdown at 25 hpf. 

The results showed the gene expression of nanos1 and vasa were significantly 

decreased after inhibiting Rpl10a protein translation, compared to WT and rps19 gene 

knockdown. The expression of nanos1 and vasa transcripts were significantly reduced 

0. 42 and 0. 37 fold from WT in rpl10a- deficient embryos, respectively.  The relative 
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expression of nanos1 and vasa transcript were also significantly declined, compared 

to rps19 deficiency.  However, the expression of nanos1 in rps19- defecient embryos 

were little different with WT (Figure 36). 

 

 

Figure 36. Fold change expression of nanos1 and vasa gene in rpl10a knockdown 

embryos compared to WT and rpls19- deficient embryos as a control.  The pooled 

embryos were used 20 embryos each group (replication = 4). The data was analyzed 

statistical significance by one-way ANOVA, compared to WT. (*: p-value ≥ 0.05, ** 

p-value ≥ 0.001) 

 

 

1. 7. 2 Relative expression of PGCs marker genes after rpl10a mRNA 

rescue   

 

In addition, the effect of the PGCs marker genes expression after mRNA 

rescue was performed.  The 25 hpf embryo samples included 5 µg/ µl of rpl10a 

MOspE5I5, 5 µg/µl of rpl10a MOspE5I5 with various mRNA concentration (100, 200 and 

400 ng/ µl) .  The results showed that after rpl10a MOspE5I5 affected to low expression 

of nanos1. The rpl10a mRNA rescue showed increasing of nanos1 mRNA expression 

depend on increasing rpl10a mRNA dose.  The vasa gene slightly decreased 

expression in splicing rpl10a morphants. However, the expression of vasa in MOsp 
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embryos were not significant decreased. The 200 ng/µl of rpl10a mRNA rescue 

showed high expression of nanos1 and vasa (Figure 37). 

 

 

 

 

Figure 37. Fold change expression level of PGCs marker genes after rpl10a MOsp 

(exon 5) injection and rescue experiment with rpl10a mRNA co-injection. (pool RNA 

from 15 embryos, replication = 4) 

 

 

1.8 Effect of rpl10a gene knockdown on hemoglobin related transcripts 

 

1.8.1 Expression of gata1 and tp53 after rpl10a gene knockdown 

 

The fold change expression of gata1 gene which is involved in blood cell 

maturation was decreased in MO- injected embryos at 24 hpf ( Figure 38) .  Whereas, 

the high expression of the tp53 gene was detected in rpl10a- deficient embryos 

compared to wild-type. These results had a similar trend of the expression with rps19 

MO injection.  This qPCR result suggested that the erythroid involved gene had low 

expression in rpl10a-deficient embryos and implied that it might play a role in anemia. 
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Also, the tp53 gene expression was increased similar to others ribosomal protein 

knockdown. This indicated that decreasing of tp53 caused from the rpl10a defects. 

 

 

Figure 38 qRT-PCR results presented fold change expression of gata1 and tp53 gene 

in rpl10a knockdown embryos compared to wild- type and rpls19 knockdown as a 

control. The pooled embryos were used 20 embryos each group (replication = 4). The 

data was analyzed statistical significance by one-way ANOVA, compared to WT (** 

p-value ≥ 0.001). 

 

 

1.8.2 Expression of hbae3 and hbbe1 in rpl10a-deficient embryos 

 

To check expression of other erythroid marker cells, the globin gene in 

embryonic stage ( hbae3 and hbbe1)  in Rpl10a- deficiency zebrafish presented 

decreasing of transcript levels significantly compared to wild- type at 48 hpf.  The 

results showed that zhbae3 and zhbbe1 gene were downregulated 0.74 and 0.78 folds, 

respectively (Figure 39).  
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Figure 39. Fold change expression of hbae3 and hbbe1 mRNA in Rpl10a- deficient 

embryos at 48 hpf. Wild-type embryos were used as control. The pooled embryos used 

20 embryos in each group ( replication =  4) .  The data was analyzed statistical 

significance by one-way ANOVA, compared to WT (** p-value ≥ 0.001). 

 

 

1. 9 Effect of rpl10a gene knockdown on germline detected using the 

whole mount in situ hybridization (WISH) 

 

To study the effect of rpl10a gene knockdown on germline, the PGCs 

marker genes in zebrafish embryos were detected using whole- mount in situ 

hybridization.  We selected the vasa and nanos1 gene for PGCs marker observation 

after rpl10a gene knocking down at 24 hpf.  Also, myoD, a skeletal muscle- specific 

marker was used as a control. The rps19 gene knockdown morphants was as a control. 

From this result found that vasa and nanos1 gene which localized in PGCs were 

reduced after rpl10a gene knockdown. Although most of rpl10a morphants had 

reduced PGCs marker genes expression, some of them showed the mRNA expression 

pattern seemed as wild- type.  In rps19 morphants seemed no difference of the 

expression levels with wild- type.  MyoD gene had not different expression in both 

morpholino- injected embryos and WT (Figure 40). In addition, the expression of fli1 

(markers specific to the endothelium) was used as a control gene. The fli1 expression 

showed no differences (Figure 41). From qPCR results revealed that the PGCs marker 

genes were reduced when the rpl10a gene was knocked down both MOaug and MOsp. 
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Whereas, the expression of vasa and nanos1 was recovered using co-injection with 

200 ng/µl of rpl10a mRNA. The gene expression quantification related to the nanos1 

gene expression result by in situ hybridization. 

 

 

 

 

 

Figure 40. The expression of vasa, nanos1, myoD and gene in zebrafish using WISH 

assay after MO injection at 24 hpf.  
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Figure 41. Whole-mount in situ hybridization presented the expression of PGCs 

marker genes including nanos1 and vasa after morpholinos injection at 25 hpf. fli-1 

gene expression was used as a control. 

 

 

In addition, the expression signal of nanos1 and vasa gene were divided 

into 3 groups for estimation the effect of knocking down. The level of estimation was 

divided into low, medium and high expression level (Figure 42 right panel). We graded 

and counted in percentage.  The result showed that nanos1 had low expression in 

rpl10a MOaug and MOspE5I5 injected embryos, compared to other groups. The rescued 

embryos using rpl10a mRNA showed higher nanos1 expression, and expression 
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pattern was similar with the wild- type group.  Whereas, there was no much different 

of vasa gene expression in 5µg/µl of rpl10a MOspE5I5and rescue experiment or control 

groups. However, 0.5µg/µl of rpl10a MOaug was slightly lower expression than other 

groups.  From these results indicated that rpl10a gene knockdown affected to the 

reduction of PGCs marker gene expression especially nanos1. Moreover, there was no 

effect of PGCs maker genes declination in rps19 AUG MO morphants (Figure 42 left 

panel). This whole-mount in situ hybridization result also showed the same expression 

trend with qPCR results. 

 

 

Figure 42. The percentage of expression intensity of PGCs marker genes (nanos1 and 

vasa) after whole-mount in situ hybridization performing. The percentage was 

calculated by graded the intensity expression level as 3 groups as right panel. 
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2. rpl10a gene knockout using the CRISPR-Cas9 system 

 

2.1 Heteroduplex mobility assay (HMA)   

 

The guide RNA (rpl10a exon5 crRNA and tracrRNA)  and Cas9 protein 

complex was injected into 1- cell stage embryos and collected 24 hpf embryos for 

HMA assay. At 24 hpf, the morphology of injected embryos was similar to uninjected 

embryos ( Figure 43A) , however, the HMA showed heteroduplex pattern because of 

mobility after CRISPR- cas9 injection ( Figure 43B) .  The result indicated that these 

embryos were edited genome by CRISPR-Cas9.  

   

(A)        (B)

       

Figure 43 The morphology of zebrafish embryos after CRISPR rpl10a exon5 injection 

(A) and HMA assay showing heteroduplex pattern under 15% acrylamide gel analysis 

in mutant embryos (B). 

 

 

2.2 The efficiency of crRNA and mutation pattern in F0 embryos 

 

To evaluate the efficiency of crRNA and check mutation pattern, the 

sequencing was performed in embryos after rpl10a exon5 CRISPR injection.  The 

figure showed the pattern of insertion/ deletion mutation.  We found that 20 from 29 

colonies were mutated and calculated crRNA efficiency was 69% .  From these 

colonies, the 14 patterns of mutation occurred, and a number of each pattern was 

shown in figure 44.  
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Figure 44. presented insertion/deletion mutation patterns after rpl10a exon5 CRISPR 

injection (F0 embryos).  

 

2.3 Mutation pattern in F1 heterozygous embryos 

 

After F0 fish were grown and mated with wild- type fish for getting F1 

embryos. The HMA pattern in F1 embryos was showed different patterns of mutation 

including 3 bp deletion, 4 bp deletion, 5 bp deletion, 11 bp deletion and 7 bp insertion. 

We observed that the germline transmission rate (indel mutation)  was low in F1 

embryos which had the frameshift mutation ( Figure 45) .  Moreover, the predicted 

amino acids after mutation were shown in the figure. We found 5 patterns of mutation 

and 4 frameshift mutations were occurred (Figure 46). 
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Figure 45. The picture presented HMA patterns of each F1 embryo mutation.  There 

were many mutation patterns that found in heterozygous F1 embryos for example 3, 

4, 5 or 11 bp deletion, and 7 bp insertion.  
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Figure 46. The picture presented mutation patterns and amino acid changing in F1 

embryos.  The PAM sequence ( CCT)  was highlighted as underline.  The target 

sequence was labelled with black bond letters.  The nucleotide which was deleted in 

target sequence was marked by hyphen. The predicted amino acids that were changed 

and stop codon were marked by gray letters and star, respectively.  

 

 

2.4 Mutation pattern in F2 heterozygous embryos 

 

After F0 fish were grown and mated with same mutant fish for breeding 

F2 embryos.  The HMA pattern in F0, F1 and F2 embryos were showed 5 deletion 

pattern ( Figure 47A- B) .  The result of direct sequencing was confirmed by the 

changing of nucleotides that found in F1 ( Figure 47C). Furthermore, the predicted 

amino acids after mutation were shown in the Figure 47D.  We found that after 3, 5, 

11, 15, 17 bp deletion were occurred, they caused amino acids reduce to 215, 134, 136, 

211, 133 amino acids, respectively.  While, the 7 bp insertion showed the predicted 

amino acids reduced to 141 bp.  
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Figure 47 ( A)  Heteroduplex pattern was observed after crRNA- trancrRNA- Cas9 

complex (CRISPR- Cas9)  injection.  (B)  HMA patterns displayed different 

heteroduplex pattern in 5 bp deletion mutation compared to WT.  (C) The patterns of 

mutation which obtained from genome editing are presented.  The crRNA target site 

and PAM sequences are presented in gray highlighted and red letters, respectively. 

The deleted nucleotide was shown in hyphen whereas the inserted nucleotides are 

presented in blue letters.  ( D)  Predicted amino acid sequences after rpl10a gene 

knockout by CRISPR- Cas9 are started from amino acid position at 190.  Deleted 

sequence and stop codon are marked by hyphen and star, respectively. 
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2.5 The effects rpl10a knockout embryos on phenotype and 

morphology 

 

The mutant embryos at 3 dpf were observed abnormal phenotypes 

including smaller eyes, severe edema, big yolk sac, smaller yolk extension, reduced 

pigmentation and bent tail.  Whereas, heterozygous and wild- type embryos were 

shown no signification difference.  Morphology of mutant embryos was also stained 

with H&E staining. The muscle of mutant fish was observed low staining. This result 

may cause to bent tail phenotype.  The mutant embryos were no swimming and had 

low metabolism; therefore, the mutant fish died within 3- 5 days.  However, the 

heterozygous and wild-type fish can grow to be adulthood (Figure 48).    

 

 

 

Figure 48. Abnormality phenotype and morphology of homozygous 5-bp deletion 

mutation (-/-) embryos. Wild-type (+/+) embryos and heterozygous (+/-) at 3 dpf were 

presented in H&E staining. 
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2. 6 The rpl10a knockout embryos caused by hemoglobin staining 

reduction 

 

The hemoglobin staining was performed after rpl10a gene knockout using 

CRISPR- Cas9 at 48 hpf.  The 5 bp deletion homozygous and heterozygous mutant 

embryos were clearly observed hemoglobin reduction, compared to wild-type (Figure 

49).      

 

 

 

Figure 49. Hemoglobin staining of 5 bp deletion homozygous mutation ( - / - ) .  Wild-

type (+/+) embryos and heterozygous (+/-) at 50 hpf were presented. The reduction of 

hemoglobin was observed signification in mutant embryos. 
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CHAPTER 5 

DISCUSSION 

 

Part I: The effect of rRpl10a protein on shrimp ovarian maturation 

 

From many pieces of evidence indicated that rpl10a gene might play a role 

as extra- ribosomal function.  In the previous study, rpl10a gene in cancer cells reacts 

with radiation ( Balcer- Kubiczek et al. , 1997; Lee et al. , 2006) .  The production of 

Rpl10a also related to lymphoid cells maturation and embryogenesis (Fisicaro et al. , 

1995) .  The report in banana shrimp indicated that rpl10a gene was expressed 

differentially during ovarian maturation especially the early stage of vitellogenesis 

(Wonglapsuwan et al. , 2009).  Rpl10a protein plays a function during the ovarian 

development process in the Drosophila (Wonglapsuwan et al., 2011). In rainbow trout, 

the Rpl10a expression was associated with the regulation of gonadal development 

(Makkapan et al. , 2014). As above reports can assume that the Rpl10a protein had a 

secondary function to control the ovarian development. 

To study the ovarian development, the rRpl10a protein was used for 

stimulation.  Tiu and Chan (2007) studied the recombinant molt- inhibiting hormone 

(MeMIH) was produced and used for reproductive stimulation in the shrimp M. ensis.  

The result indicated that MeMIH affected to a gonad stimulatory and play function as 

a gonad-stimulating hormone. In addition, the exogenous GnRH was handled in black 

tiger shrimp to study the effect on ovarian development. That report revealed that the 

ovarian maturation was occurred significantly shorten (Ngernsoungnern et al., 2008). 

Our results suggested that the 180 μg per shrimp was optimal dosage to stimulate the 

early stages of shrimp ovarian development after 7 days induction.  However, no 

observation in the mature stage of vitellogenesis after rRpl10a stimulation.  Also, we 

found that longer received the rRpl10a (at 15 days after induction) could not reach the 

mature stage, it was possible that the ovaries were turned back to the immature stage. 

The suitable amount of rRpl10a was required for normal development. Previous result 

showed the excess rpl10a in Drosophila led to the death of cells in germline and the 

eyes (Wonglapsuwan et al., 2011). Therefore, it is possible to use rRpl10a at the initial 
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for early ovarian development stimulation.  This method will be more proper than 

stimulation by eyestalk ablation, and it may be applied for vitellogenesis stimulation 

in shrimp aquaculture in the future. 

 

 

Part II: The effect of rRpl10a protein on shrimp spermatogenesis comparative to 

mouse 

 

In this study, the rRpl10a protein was examined as a stimulator for 

spermatogenesis in shrimp and mice. The observation found that rRpl10a was able to 

induce the spermatogenesis from spermatogonia cells into spermatid cells within 4 h, 

in vitro.  Therefore, the rRpl10a might involve spermatogonia proliferation which 

occurred in the early stage of spermatogenesis.  The optimal dosage of rRpl10a for 

spermatogenesis in shrimp and mouse was 1. 0 μM.  Our result agreed with the result 

of treatment of the shrimp's ovarian explants at 1.0 µM rRpl10a protein for 4 h. After 

Rpl10a incubation, the genes which related to early vitellogenesis including, sop, tctp, 

and hsp70 gene were upregulated in ovarian tissue at a maximum level at 4 h 

(Wonglapsuwan et al., 2010). 

From our study, we also confirmed the H&E evaluation using WGA lectin 

histochemistry. Lectins are bound with spermatogenic cell because in the modification 

process, the intracellular glycoprotein during germ cell differentiation is changed 

(Koehler, 1981).  Therefore, lectins are useful for spermatozoa detection.   Lee and 

Damjanov (1984) reported that WGA reacted with all mouse spermatogenic cells, but 

the intensity was increased in the late stage of spermatogenesis.  Increasing of WGA 

receptor appeared on the cell surface of late spermatids.   However, during 

spermiogenesis, WGA lectin staining was detected in the boundary of spermatid cells. 

WGA was also positive in acrosomal granules of Golgi- phase spermatid (Arya and 

Vanha-Perttula, 1986).  Similarly, Söderström et al.  (1984) indicated that WGA was 

stained in the acrosome of late spermatids after formalin fixation.  The acrosome of 

spermatids was bound specifically with WGA lectin because of the presence of N-

acetyl-D-glucosamine sugar residues. Also, increasing the intensity of WGA binding 

in spermatid development indicated that the WGA receptors were continuously 
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formed during spermatogenesis. The result observed that H&E assessment and WGA 

result had the similar trend that rRpl10a can induce the mouse spermatogenesis.  

Moreover, the EdU assay was confirmed the cell proliferation.  The result found that 

the rRpl10a protein affects to the replication of spermatogonia cells. 

Besides, we confirmed the result by determining the expression level of the 

marker gene in the early stage of spermatogenesis.  Dmrt1 gene in crustacean 

(Eriocheir sinensis) was more expressed in immature testis than mature stage 

(spermatozoa) due to Dmrt1 is an essential gene for the early stage of spermatogenesis 

(Zhang and Qiu, 2001).  Our result indicated that rRpl10a- incubated shrimp testis 

showed decreasing of Dmrt1 expression level.  In the parallel result, RNA helicase 

associated with AU- rich element (Rhau)  gene expression that required for 

spermatogonia differentiation was also determined in rRpl10a treated mice testis. Gao 

et al.  (2015) reported that Rhau gene was upregulated in mouse testis higher than in 

other tissues. They also found that Rhau was expressed at high levels in spermatogonia 

stem cells and primary spermatocytes, but expressed at low levels in spermatid cells. 

In mice Rhau knockout testes, the percentage of primary spermatocytes was 

decreased, resulting in abnormal cell proliferation during spermatogonia 

differentiation.  Therefore, Rhau plays an important role in spermatogonia 

differentiation. 

 In addition, both protamine (Prm1and Prm2) mRNAs are detected in round 

spermatid stage and translated during elongating spermatid stage (Bower et. al., 1987). 

When the mouse Prm1 or Prm2 gene was interrupted, leading to the reduction of 

specific protein quantity. Furthermore, Prm2 defective sperm caused the blastocyst 

development of mouse eggs were less. The results indicated that Prm2 plays a function 

in sperm chromatin maintenance ( Cho et al. , 2003) .  The infertility in man was 

interrupted by alteration of Prm1 and Prm2 gene expression and mutation of 

protamine gene (Oliva, 2006). Moreover, protamine deficiency caused the decrease of 

number, motility and spermatozoa morphology (Akmal et.  al. ,2016).  From these 

reports indicated that Prm2 gene is an essential gene in the late stage of 

spermatogenesis. Our results revealed that after incubating with rRpl10a protein for 4 
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h, the expression of Prm2 gene was upregulated, while the Rhau gene expression was 

downregulated. 

From these finding, we can assume that rRpl10a protein increases the 

efficiency of spermatogenesis via stimulation activity of spermatogonia replication. 

Beyond the function in the ribosome, many ribosomal proteins played secondary 

functions ( Wool, 1996) .  Therefore, it is possible that Rpl10a protein might be extra 

play function in spermatogenesis in shrimp and mouse. 

 

Part III.  The effects of rpl10a gene knockdown and knockout on abnormality 

development, reduction of hemoglobin and PGCs marker genes reduction 

 

Ribosomopathies or ribosomal protein diseases such as DBA anemia have 

been studied.  Deficiency of ribosomal protein S19 leads to anemia inpatient 

(Draptchinskaia et al. , 1999).  The other ribosomal proteins have also been identified 

including RPL11, RPL5, RPL35A RPS24, RPS7, RPS17, RPS10, RPS26, and RPL26 

(Gadav et al., 2006, Gadav et al., 2008; Cmejla et al., 2007; Farrar et al., 2008; Doherty 

et al., 2010).  

RPs genes mutations whether small or large subunit ribosome was affected 

by alteration of rRNA and erythroid precursor defects ( Costa et al. , 2010) . 

Insufficiency of RPs caused the translation efficiency decline.  The failure of the 40s 

or 60s subunit led to the reduction of protein translation; therefore, downstream of the 

protein related with the erythroid defect was specifically expressed in erythroid 

progenitor cell ( Farrar et al. , 2008; Yadav et al. , 2014) .  Rpl10a is also known as 

cyclosporin-A 19 (CsA-19); an immunosuppressive drug. CsA-19 expression in mice 

liver which acts as a source of hematopoietic progenitors was observed to be regulated 

(Fisicaro et al., 1995). Our result indicated that rpl10a-deficient zebrafish resulted in 

hemoglobin reduction.  

 The expression of tp53, apoptotic gene, was increased due to loss of rpl10a 

similar to rps19 deficiency.  Although, the morphological abnormalities were 

dependent on tp53 activation, in the rps19 deficient- embryos, the tp53 independent 

pathway is more important to the anemic phenotype (Torihara et al., 2011). However, 
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the exact role of tp53 in rpl10a- deficient zebrafish that caused to anemia still 

unknown. Moreover, ribosomal protein deficiency might be a proapoptotic defect due 

to ribosome assembly defect; furthermore, it causes the tp53 level increasing and 

proapoptotic phenotype stimulation (Farrar et al., 2008). Also, dysfunction of rpl10a 

gene affected the morphological abnormalities and growth retardation. The lethal day 

of rpl10a-deficient zebrafish was between 3-7 dpf. Ribosomal proteins deficiency led 

to abnormal morphology and development in zebrafish (Uechi et al., 2006). Moreover, 

the expression of gata1, hbae3 and hbbe1 mRNA which are erythroid marker genes 

had significant fold change reduction in rpl10a-deficient embryos.  

Furthermore, the primordial germ cell marker gene expression including 

nanos1 and vasa were determined.  Primordial germ cells or PGCs during early 

embryogenesis are the precursors to spermatozoa and oocytes which are reproductive 

gametes. The vasa gene was identified as a marker for PGCs in zebrafish (Yoon et al., 

1997).  Also the nanos1, a germplasm gene was essential for the PGC migration and 

viability (Köprunner et al., 2001). Our result found that the expression of nanos1 and 

vasa gene were declined in rpl10a-deficient embryos. Therefore, this result suggested 

that Rpl10a might be involved with PGCs migration to germ cell and viability.   

Overall results suggested that rpl10a insufficient may lead to delay in 

embryogenic development, caused to anemia and might be interrupted primordial 

germ cell development.  
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CHAPTER 6 

CONCLUSIONS 

 

1. Stimulation on ovarian development in F. merguiensis with rRpl10a protein 

 

The rRpl10a protein promoted the early ovarian development stages of 

shrimps. At 180 µg of Rpl10a/shrimp was the effective dose to stimulate ovaries to reach 

to stages I and II of vitellogenesis (28.57% and 28.57%, respectively) within 7-days post 

injection. 

 

 

2. Induction of spermatogenesis in P. monodon and M. musculus with rRpl10a 

protein 

 

This report revealed that rRpl10a protein play an important function in 

spermatogenesis in both shrimp and mouse.  The effective dose for shrimp testicular 

development was 1. 5 μM ( 52. 94%  of the mature stage)  to stimulated the 

spermatogonia cell into spermatid cells.  While the dose of rRpl10a at 1 μM showed 

the effective stimulation of spermatogenesis in mouse at 4 h both H&E staining and 

WGA lectin histochemistry evaluation.  Moreover, the expression of Dmrt1 gene 

which was detected in the early stage of spermatogenesis in shrimp was low.  The 

expression of early stage marker gene (Rhau) was decreased, the level of the late stage 

marker gene ( Prm2)  was upregulated.  The cell proliferation was also confirmed by 

the presence of a strong signal of fluorescence in 1 μM of rRpl10a using EdU 

detection.  The results of these study may be used to develop sperm maturation of 

animal as well as a human in vitro in the future. 
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3. Loss activity of rpl10a gene on abnormality development in zebrafish 

 

The phenotype of zebrafish which loss the activity of rpl10a gene showed 

thinner yolk extension, smaller eyes, shorter body length and bent tail at 25 hpf. At 50 

hpf, rpl10a gene defect embryos were bigger yolk sac, edema, smaller eyes, 

melanophore pigment reduction, and a curved tail. After rescued with rpl10a mRNA, 

the abnormal phenotype was recovered to be the same as wild- type.  This result 

revealed that rpl10a gene is essential for early embryogenic development. Histological 

morphology at 3 dpf also indicated severe abnormal development and low staining of 

muscle. The rpl10a-defect embryos presented a slow growth and embryonic lethality 

within 5- 7 dpf.  The knockdown and knockout rpL10a gene showed the same 

abnormality development. 

 

 

4. Dysfunction of rpl10a gene on anemia in zebrafish 

 

Five base pair deletion homozygous mutant embryos also showed the 

reduced red blood cell and hemoglobin.  Furthermore, gata1 mRNA expression 

declined and tp53 gene expression increased in rpl10a gene knockdown.  Moreover, 

the embryonic globin gene expression including hbae3 and hbbe1 were significantly 

decreased in 48-hpf-embryos. These results supported that Rpl10a protein might play 

a secondary role in anemia. 

  

 

5. Defective of rpl10a gene on PGCs marker genes 

  

The rpl10a deficiency ( knockdown)  in zebrafish affected on primordial 

germ cell development and showed low expression of PGCs marker genes especially 

nanos1.  
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Future works 

 

1. Test activity of His-Rpl10a protein to stimulate the spermatogenesis in vivo. 

2.  Study mechanism of rpl10a gene knockout on anemia and used mutant fish as a 

model for disease study.   
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APPENDIX A 

 

 

1. Agarose gel electrophoresis 

 

 For the gel, a 1.2% (w/v) of agarose gel in 0.5x TAE buffer (20 mM Tris-acetate, 

0.5 mM EDTA) was melted and poured on a plastic tray, a comb was placed in the gel. 

After the agarose gel was completely set, the comb was carefully removed and the gel  

was installed on the platform in the electrophoresis tank containing 0.5x TAE buffer. The 

RNA samples were mixed with 30% (v/v) gel-loading buffer (25% (v/v) glycerol, 60 mM 

EDTA, 0.25% (w/v) bromophenol blue) and slowly loaded into the slots of the submerged 

gel using an automatic micropipette. The electrophoresis was carried out at a constant 120 

V for 1 h. Next, the gel was stained with 2.5 µg/ml of ethidium bromide solution for 5 min 

and destained with water for 15 min. After that the RNA patterns was observed under    

UV light box (Quanlity One Gel Doc model) (BIO-RAD, USA).  

 

 

2. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 

 

 SDS-PAGE was performed as described by Laemmli, 1970. The gel solution 

is shown in the Table 11. Electrophoresis was carried out in the descending direction with 

Tris-glycine buffer (25 mM Tris-HCl, pH 6.8, 192 mM glycine and 0.1% (w/v) SDS) 

using a constant 100 V for 150 min or until the tracking dye reached the edge of the gel. 

The protein patterns were visualized by Coomassie blue staining. 
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Table 14 Composition of 12% SDS-polyacrylamide gel 

 

Solution Separating Gel (5 ml) Stacking Gel (3 ml) 

Water 

30% Acrylamide mixa 

1.5 M Tris (pH 8.8) 

1.0 M Tris (pH 6.8) 

10% SDSb 

10% APSc 

TEMEDd 

1.7 

2.0 

1.3 

_ 

0.05 

0.05 

0.002 

2.1 

0.5 

_ 

0.38 

0.03 

0.03 

0.003 

 

aA = 30% Acrylamide (acrylamide: N,N’-methylenebisacrylamide, 29:1) 

bSDS = sodium dodecyl sulfate 

cAPS = ammonium persulfate 

dTEMED = N,N,N’,N’ – tetramethylethyleneddiamine 

 

 

3. Protein measurement, Lowry’s method (Lowry et al., 1951) 
 

Bovine serum albumin (BSA) was used as a protein standard. Working standard 

of BSA (20, 40, 60, 80, 100 µg/ml) was diluted from BSA stock (1 mg/ml) for 1 ml. 

Protein samples were diluted (1: 100). The BSA standard and protein sample were mixed 

with 1 ml of reagent A and allow standing for 10 min at room temperature. Then, 0.5 ml 

of reagent B was added very rapidly and mixed using vortex. After place at room 

temperature for 30 min, the sample was measured by a spectrophotometer at OD750. 

Concentration of protein sample was determined by calculating from BSA standard curve.  
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APPENDIX B 

 

 

1. Chemical stock solution and buffer 

 

1 M Tris-HCl pH 6.8 

Tris-HCl             121.1 g 

 Dissolve 121.1 g of Tris base in 800 ml of distilled water. Adjust the pH 

to the desired value by adding concentrated HCl. Adjust the volume of the solution 

to 1000 ml with distilled water and sterilize by autoclaving. 

 

1.5 M Tris-HCl pH 8.8 

Tris-HCl             181.7 g 

 Dissolve 181.7 g of Tris base in 800 ml of distilled water. Adjust the pH 

to the desired value by adding concentrated HCl. Adjust the volume of the solution 

to 1000 ml with distilled water and sterilize by autoclaving. 

 

0.5 M EDTA (pH 8.0) 

EDTA            186.12 g 

 Dissolve 186.12 g of EDTA in 800 ml of distilled water. Adjust the pH to 

8.0 by adding concentrated HCl. Adjust the volume of the solution to 1000 ml 

with distilled water and sterilize by autoclaving. 

 

1 N NaOH 

NaOH                   40 g 

 Prepare this solution with extreme care in plastic beakers. Dissolve in 800 

ml of distilled water and adjust the volume to 1000 ml with distilled water. Store 

the solution in a plastic container at room temperature. 
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 0.2 M NaH2PO4 

 NaH2PO4               13.8 g 

Dissolve 13.8 g in 400 ml of distilled water. Adjust the volume of the 

solution to 500 ml with distilled water and sterilize by autoclaving. 

 

0.2 M Na2HPO4 

 Na2HPO4               14.2 g 

Dissolve 14.2 g in 400 ml of distilled water. Adjust the volume of the 

solution to 500 ml with distilled water and sterilize by autoclaving. 

 

1 M DTT 

DTT              15.43 g 

 Dissolve in 100 ml with distilled water and sterilize by filtration. 

 

1 M IPTG 

IPTG                2.38 g 

 Dissolve in 10 ml with distilled water and sterilize by filtration. 

 

10% SDS (w/v) 

SDS                 100 g 

Dissolve in 900 ml of distilled water. Heat to 68 C and stir with a 

magnetic stirrer to assist dissolution. Adjust the volume to 1000 ml with distilled 

water and store at room temperature. Sterilization is not necessary.  

 

 

Ammonium persulffate (10% w/v) 

Ammonium persulfate                 10 g 

Dissolve 10 g ammonium persulfate in 100 ml of distilled water and store 

at -20 C. 
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Ethidium bromide (10 mg/ml) 

Ethidium bromide                  1  g 

Distilled water               100 ml 

Stir on a magnetic stirrer for several hours to ensure that the dye has 

dissolved. Wrap the container in aluminum foil or transfer the solution to a dark 

bottle and store at room temperature. 

 

Phosphate-buffered saline (PBS, pH 7.4) 

NaCl                    8  g 

KCl                  0.2 g 

Na2HPO4                           1.44 g 

KH2PO4               0.24 g 

Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 7.4 

with HCl. Add disilled water to 1000 ml. Sterilize the buffer by autoclavimg and 

store at room temperature 

 

RNase A (10 mg/ml) 

RNase A               10 mg 

Dissolve and bring up to 1 ml with sterile distilled water. Boil in water for 

5 min and store at -20 C 

 

2. Chemical and solutions for histological 

 

Buffered neutral formalin solution 

0.2 M NaH2PO4             165 ml 

0.2 M Na2HPO4             225 ml 

100% formalin (formaldehyde 37-39%)          100 ml 

Distilled water              510 ml 

Mix the solutions well and store at room temperature.  
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4% Paraformaldehyde (PFA) 

Paraformaldehyde                   4 g 

 Dissolve with warm distilled water (60oC) and drop 1 N NaOH carefully 

until solution is clear. Adjust pH to 7.4 by adding 1 N HCl and add PBS buffer 

volume to 100 ml 

 

Working eosin solution 

Stock 1% eosin                         100 ml 

95% ethyl alcohol             120 ml 

Glacial acetic acid                 1 ml 

Distilled water                30 ml 

Mix the solutions and store at room temperature 

 

 

3. Chemicals and solutions for western blot 

 

Transfer buffer (Nitrocellulose membrane) 

Tris base               3.03 g  

Glycine             14.42 g 

Dissolve the ingredients in 700 ml of distilled water. Adjust the volume to 800 ml 

with distilled water. Add 200 ml of 100% methanol before use. 

 

Detection buffer (pH 9.5) 

Tris-HCl               1.21 g 

NaCl                0.58 g 

MgCl2                1.02 g 

Dissolve Tris-HCl and NaCl in 80 ml of distilled water. Adjust the pH to 

9.5 by adding concentrated HCl. Adjust the volume of the solution to 100 ml with 

distilled water and sterilize by autoclaving. Add MgCl2 before use. 
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Colour substrate solution 

 

NBT 

NBT                30 mg 

Dissolve NBT in 700 µl of dimethyl formamide (DMF) and 300 µl of 

distilled water. Sterilization is not necessary. 

 

BCIP 

BCIP                15 mg 

Dissolve BCIP in 1000 ml of distilled water. Sterilization is not necessary. 

 

 

4. Solutions for electrophoresis 

 

30% Acrylamide solution 

Acrylamide                  29 g 

N, N’ methylene bisacrylamide                 1 g 

Dissolve acrylamide in 80 ml of distilled water and N,N’ methylene 

bisacrylamide. Adjust volume with distilled water to 100 ml. 

 

 

2X SDS Gel loading buffer 

10% SDS                  4 ml 

Glycerol                  2 ml 

1 M Tris-HCl (pH 6.8)                                                1.2  ml 

1 M DTT                  2 ml 

0.01% (w/v) bromophenol blue 

Adjust the volume of the solution to 10 ml with distilled water and store 

at 4 C. 
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4X SDS Gel loading buffer 

40% SDS                 2 ml 

Glycerol                 4 ml 

2 M Tris-HCl (pH 6.8)                                                  1.2 ml 

2 M DTT                 2 ml 

0.01% (w/v) bromophenol blue 

Adjust the volume of the solution to 10 ml with distilled water and store 

at 4 C 

 

50X TAE, Electrophoresis buffer 

Tris-base              242   g 

Glacial acetic acid            57.1 ml 

0.5 M EDTA, pH 8.0             100 ml 

Dissolve the ingredients in distilled water and bring up to volume 1000 

ml. Working solution for gel preparation and the buffer is 0.5X. 

 

 

10X Formaldehyde gel running buffer (pH 7.0) 

MOPS                 44   g 

Sodium acetate                       10.88   g 

0.5 M EDTA                20 ml 

Dissolve the ingredients in RNase-without water. Adjust the pH to 7.0 

with NaOH. Adjust the volume of the solution to 1000 ml. Sterilize the solution 

by autoclaving, and store at room temperature protected from light. 

 

Tris-glycine buffer (pH 8.3) 

Tris base               3.03 g 

Glycine             14.42 g 

SDS              1 g 

Dissolve the ingredients in 800 ml of distilled water. Adjust the volume to 

1000 ml with distilled water. 
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5. SDS-PAGE gel staining  

 

Brilliant Coomassie Blue 

Brilliant Coomassie Blue R               1   g 

Methanol         212.5   ml 

 Acetic acid           37.5   ml 

 Distilled water                                                                                             250   ml 

Mix the ingredients together and store at room temperature protected from 

light. 

 

 

Destaining  

Methanol              500 ml 

 Acetic acid                75 ml 

 Distilled water                                                                                               425 ml 

Mix the ingredients together and store at room temperature. 

 

Destaining II 

Methanol                50 ml 

 Acetic acid                75 ml 

 Distilled water                                                                                               875 ml 

 

 

6. Media and antibiotics for bacterial 

 

Ampicillin (50 mg/ml) 

Ampicillin               50 mg 

Dissolve in 1 ml of sterile distilled water. Store at -20 C. 
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Kanamycin (20 mg/ml) 

Kanamycin               20 mg 

Dissolve in 1 ml of sterile distilled water. Store at -20 C. 

 

 

LB (Luria-Bertani) broth (supplement with 100 µg/ml ampicilin) 

Tryptone                  10 g 

Yeast extract                    5 g 

NaCl          5 g 

Adjust the volume of the solution to 1000 ml with distilled water and 

sterilize by autoclaving for 20 min at 15 psi. Add 2 ml of ampicillin (50 mg/ml) 

into warm medium (50 C). 

 

LB agar (supplement with 100 µg/ml ampicilin) 

Tryptone                  10 g 

Yeast extract                    5 g 

NaCl                     5 g 

Agar                   15 g 

Adjust the volume of the solution to 1000 ml with distilled water and 

sterilize by autoclaving for 20 min at 15 psi. Add 2 ml of ampicillin (50 mg/ml) 

into warm medium (50 C). The medium was poured into glass plate. 

 

LB (Luria-Bertani) broth (supplement with 30 µg/ml kanamycin) 

Tryptone                  10 g 

Yeast extract                    5 g 

NaCl                     5 g 

Adjust the volume of the solution to 1000 ml with distilled water and 

sterilize by autoclaving for 20 min at 15 psi. Add 1.5 ml of kanamycin (20 mg/ml) 

into warm medium (50 C). 
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LB agar (supplement with 30 µg/ml kanamycin) 

Tryptone                 10 g 

Yeast extract                   5 g 

NaCl                               5 g 

Agar                  15 g 

Adjust the volume of the solution to 1000 ml with distilled water and 

sterilize by autoclaving for 20 min at 15 psi. Add 1.5 ml of kanamycin (20 mg/ml) 

into warm medium (50 C). The medium was poured into glass plate. 

 

  

7. Solution for protein purification 

 

Lysis buffer 

NaH2PO4.2H2O              7.8 g 

NaCl            17.54 g 

Imidazole             0.68 g 

Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 8.0 

by adding 1 M NaOH. Adjust the volume of the solution to 1000 ml with distilled 

water and sterilize by autoclaving. 

 

Washing buffer 

NaH2PO4.2H2O               7.8 g 

NaCl             17.54 g 

Imidazole              1.36 g 

Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 8.0 

by adding 1 M NaOH. Adjust the volume of the solution to 1000 ml with distilled 

water and sterilize by autoclaving. 
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Elution buffer 

NaH2PO4.2H2O                           7.8 g 

NaCl             17.54 g 

Imidazole                  34 g 

Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 8.0 

by adding 1 M NaOH. Adjust the volume of the solution to 1000 ml with distilled 

water and sterilize by autoclaving. 

 

Dialysis buffer 

NaH2PO4.2H2O                           7.8 g 

NaCl             17.54 g 

Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 7.4 

by adding 1 M NaOH. Adjust the volume of solution to 1000 ml and store at room 

temperature. 

 

 

8. Solutions for protein measurement (Lowry’s Method) 

 

Copper tartrate carbonate solution (CTC solution) 

NaCO3                 10 g 

CuSO4.5H2O              0.5 g 

Na-tatrate                 2 g 

Dissolve the ingredients in 400 ml of distilled water. Adjust the volume of 

the solution to 500 ml with distilled water. Sterilization is not necessary. 

 

Reagent A (CTC solution: 10% SDS: 1 N NaOH = 1: 2: 1) 

CTC solution              15 ml 

10% SDS              15 ml 

1 N NaOH                          12 ml 

Mix the solutions and adjust the volume of the solution to 60 ml with 

distilled water and stroe at 4 C. Sterilization is not necessary. 
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Reagent B (2 N Folin-Ciocalteu phenol: H2O = 1:5) 

2 N Folin-Ciocalteu phenol             10 ml 

H2O                    50 ml 

Mix the solutions and store at 4 C. Sterilization is not necessary.  

 

 

9. Solution for explants culture 

 

2X Leibovitz's L-15 Medium 

Leibovitz's L-15 powder      27.4  g 

D-glucose    10  g 

Fetal calf serum             100 ml 

100x antibiotic-antimycotic    10 ml 

Dissolve Leibovitz's L-15 powder and D-glucose in 800 ml of sterilized 

distilled water and adjust the pH to 7.4 with 1 M HCl. Then, fetal calf serum and 

antibiotic-antimycotic were added to the solution.  Sterilization by filtration and 

then store at 4 C.  

 

Dulbecco's Modified Eagle's Medium (DMEM) 

Dulbecco's Modified Eagle's Medium powder for 1 L                

Sodium Bicarbonate                                                                                                                      3.7  g 

Fetal calf serum 100 ml 

100x antibiotic-antimycotic 10 ml 

Dissolve Dulbecco's Modified Eagle's Medium powder and Sodium 

Bicarbonate in 800 ml of sterilized distilled water and adjust the pH to 7.4 with 1 

M HCl. Then, fetal calf serum and antibiotic-antimycotic were added to the 

solution.  Sterilization by filtration and then store at 4 C.  
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10. Zebrafish water preparation  

Zebrafish Embryos (E3 Medium) 

NaCl  172 g 

KCl   7.6 g  

CaCl2.2H2O   29 g  

MgSO4.7H2O    49 g  

Dissolve these component together and prepare into 60x stock solution, 

Store stock in a fridge. 

 

Working E3 Medium 

60x stock solution            160 ml  

0.01% Methylene Blue                                                                                   30 ml 

Dissolve in distilled water to make up 10 L of E3, and add 30 ml of 0.01% 

Methylene Blue as a fungicide. Control the temperature at 28.5 oC. 

 

Zebrafish water 

Marine salt    8  g 

Tetra AquaSafe    8 ml  

KCl               25 ml 

Dissolve in distilled water to make up 30 L, and control the temperature 

at 28.5 oC. 
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