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摘 要

硬骨魚類（teleosts）之繁殖內分泌作用與哺乳類相似，皆由 下丘腦-腦垂體-性腺軸（hypothalamus-pituitary-gonadal axis）

所調 控。下丘腦釋放出促性腺激素釋放素（ gonadotropin-releasing hormone, GnRH）誘導腦垂體分泌促性腺激素

（gonadotropins, GTHs）並經由循環系統運送至性腺中，除促進性腺發育、配子生 成（ gametogenesis ） 與成熟及第二性

徵（ secondary sex characteristics ） 之表現外， 亦促進固醇類荷爾蒙之生成（ steroidogenesis）。吳郭魚（tilapia,

Oreochromis mossambicus）為 台灣養殖漁業中之重要經濟魚種，然目前對其繁殖過程之內分泌 蛋白質調控機制研究仍偏

少。本試驗將以蛋白質體學（proteomics ）方式分析經體外培養吳郭魚性腺受促性腺激素誘導處理後其蛋 白質之表現並探

討其與繁殖之相關性。性成熟之雌雄吳郭魚性腺 經8小時預培養（Pre-Culture）後添加人類絨毛膜性腺激素（ human

chorionic gonadotropin, hCG）、孕馬血清促性腺激素（ pregnant mare serum gonadotropin, PMSG）及兩者共同添加（

hCG+PMSG）等處理2小時，並以未添加者（新鮮組織 [Fresh]、 Pre-Culture及Control）為對照組，續以二維電泳分析比

較其蛋白質 之表現。結果顯示精巢經hCG＋PMSG處理後其蛋白質之表現數顯 著高於Pre-Culture組者（444 ?b 8 vs. 309 ?b

44, P＜0.05），但於其他 處理組則否（444 ?b 8 vs. 420 ?b 14, 377 ?b 67, 389 ?b 68, and 374 ?b 62, P＞0.05），濾泡蛋白

之Control組則顯著低於其他處理組（101 ?b 4 vs. 150 ?b 15, 139 ?b 20, 139 ?b 2, and 151 ?b 35, P＜0.05），但與hCG -iv- 組相

較則否（101 ?b 4 vs. 112 ?b 14, P＞0.05）。而經去卵黃（ deyolk）處理後之濾泡其蛋白質表現量均顯著高於未去卵黃者（

undeyolk）（101~151 vs. 260~467, P＜0.05），且其PMSG處理組 表現量顯著高於其他組（467 ?b 10 vs. 297 ?b 5, 362 ?b 4,

260 ?b 4, 307 ?b 29, and 367 ?b 15, P＜0.05）。將具差異之蛋白質點經MALDITOF 進行鑑定分析後，於精巢成功鑑定出13

個蛋白質，於濾泡6個 ，而於去卵黃後之濾泡僅3個，且多與細胞骨架及結構之形成（ keratin, type II cytoskeletal 1、keratin

type II cytoskeletal 2 epidermal 、keratin-1、actin A3、actin cytoplasmic 1、67 kDa cytokeratin、 actin、fibrinogen beta B 1-118

、fibrinopeptide B、myosin regulatory light chain 2、myosin regulatory light polypeptide 9及Profilin-1）、 脂質結合運輸（fatty

acid binding protein 7及annexin A5）、氧化還 原（quinone reductase）、代謝（metallothionein B及alpha-enolase ）及卵黃蛋

白前質（vitellogenins）相關，另有多個功能未明者（ conserved hypothetical protein、hypothetical protein CBG 10348及

hypothetical protein Bamb_3203）。目前結果證實吳郭魚性腺蛋白 質於體外確實可受促性腺激素而影響其表現，此研究結

果將有助 於釐清魚類繁殖過程之內分泌蛋白質調控機制，並對繁殖相關研 究及漁業之發展極具助益。

關鍵詞 : 促性腺激素、吳郭魚、性腺、蛋白質體學、二維電泳

目錄

封面內頁 簽名頁 中文摘要 iii 英文摘要 v 致謝 vii 目錄 viii 圖目錄 xiii 表目錄 xvi 1. 前言 1 2. 文獻回顧 3 2.1 脊椎動物之繁殖

內分泌調控 3 2.2 促性腺激素 3 2.3 人類絨毛膜促性腺素（hCG）及孕馬血清促性腺素（PMSG）5 2.4 吳郭魚之簡介 6 2.5 

蛋白質體學（proteomics）之簡介及應用 7 2.6 研究目的 10 3. 材料與方法 12 3.1 試驗材料 12 3.2 試驗方法 12 3.2.1 性腺組織

蛋白質之製備（sample preparation）12 3.2.1.1性腺組織之體外預培養（pre-culture）12 3.2.1.2 體外培養性腺之荷爾蒙添加

（hormone treatment）13 3.2.1.3 濾泡組織大量表現卵黃蛋白前質之移除（deyolking process）13 3.2.1.4 蛋白質萃取（protein

extraction）14 3.2.1.5 蛋白質純化及濃縮 14 3.3 蛋白質濃度測定 15 3.4 二維電泳分析（two-dimensional gel electrophoresis

analysis）16 3.4.1 等電點聚焦電泳（isoelectric focusing, IEF）16 3.4.2 SDS-PAGE（sodium dodecyl sulfate polyacrylamide gel

electrophoresis）17 3.4.2.1 SDS-PAGE 膠體配製 17 3.4.3 等電點電泳膠之平衡反應（equilibration）17 3.4.4 SDS-PAGE 電泳

18 3.5 蛋白質偵測 18 3.5.1 硝酸銀染色法（silver stain）18 3.5.2 Coomassie Brillant B1ue R-250染色法 19 3.6 膠片影像掃瞄 20

3.7 蛋白質點之軟體分析 20 3.8 半定量（semi-quantitation）統計分析 20 3.9 蛋白質鑑定 21 3.9.1 蛋白質點之挖取 21 3.9.2 膠

體內消化法（in-gel digestion）22 3.9.3 基質輔助雷射脫附離子化飛行時間式質譜儀（matrix assisted laser desorption

ionization-time of flight mass spectrum）23 3.9.4 蛋白質資料庫之鑑定 23 4. 結果 25 4.1 吳郭魚性腺經促性腺激素誘導後之蛋

白質表現分析 25 4.1.1 精巢蛋白質表現之分析 25 4.1.1.1 精巢蛋白質之pH 3~10範圍表現及蛋白質點數量分析 25 4.1.1.2 精

巢蛋白質之pH 4~7範圍表現及蛋白質點數量分析 26 4.2 卵巢濾泡蛋白質表現之分析 27 4.2.1 卵巢濾泡蛋白質之pH 3~10範

圍表現及蛋白質點表現分析 27 4.2.2 卵巢濾泡蛋白質之pH 4~7範圍表現及蛋白質點表現分析 28 4.3 卵巢濾泡經去卵黃後之

蛋白質表現及蛋白質數量分析 29 4.4 性腺蛋白質點之MALDI-TOF鑑定結果29 4.4.1 精巢之內標性蛋白質鑑定結果 30 4.4.2 

精巢之差異性表現蛋白質鑑定結果 30 4.4.3 卵巢濾泡之內標性蛋白質鑑定結果 31 4.4.4 卵巢濾泡之差異性表現蛋白質鑑定



結果 31 4.4.5 卵巢濾泡去卵黃之內標性蛋白質鑑定結果 32 4.4.6 卵巢濾泡去卵黃之差異性表現蛋白質鑑定結果 32 4.5 性腺

蛋白質之差異性點表現量分析 32 4.5.1 精巢之差異性蛋白質點表現量分析 32 4.5.2 卵巢濾泡之差異性蛋白質點表現量分析 5

4.5.3 去卵黃後卵巢濾泡之差異性蛋白質點表現量分析36 5. 討論 38 5.1 鈣調蛋白（calmodulin）40 5.2 肌動蛋白（actin）41

5.3 未命名蛋白產物（unnamed protein product）42 5.4 假定蛋白（hypothetical protein）43 5.5 角蛋白（keratin）44 5.6 金屬

硫蛋白（metallothionein, MT）44 5.7 纖維蛋白原（fibrinogen）45 5.8肌球蛋白（myosin）47 5.9 烯醇化?（enolase）48 5.10 

脂肪酸結合蛋白（fatty acid binding protein, FABP）49 5.11 卵黃蛋白前質（vitellogenin, vtg）50 5.12 ?還原?（quinone

reductase） 51 5.13 膜聯蛋白A5（annexin A5）51 5.14 Profilin 52 6. 結論 55 參考文獻 113

參考文獻

1. 吳柏叡。2010。以二維電泳分析固醇類荷爾蒙對體外培養吳郭魚性腺組織蛋白質表現之影響。大葉大學分子生物科技學系碩士論文。

2. 邵廣昭。1996。台灣常見魚貝類圖說（下）。台灣省漁業局。pp. 125-146。 3. 莫閔翔。2011。性腺素於體外培養吳郭魚性腺之固醇類

荷爾蒙與腦垂體腺?酸環化?激活?及其受體基因表現之調控分析。大葉大學分子生物科技學系碩士論文。 4. Agulleiro, M.J., Scott, A.P.,

Duncan, N., Mylonas, C.C. and Cerda, J. (2007) Treatment of GnRHa-implanted Senegalese sole (Solea senegalensis) with

11-ketoandrostenedione stimulates spermatogenesis and increases sperm motility. Comp Biochem Physiol A Mol Integr Physiol 147, 885-92. 5.

Andrews, G.K., Huet, Y.M., Lehman, L.D. and Dey, S.K. (1987) Metallothionein gene regulation in the preimplantation rabbit blastocyst.

Development 100, 463-9. 6. Arukwe, A. and Goksoyr, A. (2003) Eggshell and egg yolk proteins in fish: hepatic proteins for the next generation:

oogenetic, population, and evolutionary implications of endocrine disruption. Comp Hepatol 2, 4. 7. Asturiano, J.F., Marco-Jimenez, F., Perez, L.,

Balasch, S., Garzon, D.L., Penaranda, D.S., Vicente, J.S., Viudes-de-Castro, M.P. and Jover, M. (2006) Effects of hCG as spermiation inducer on

European eel semen quality. Theriogenology 66, 1012-20. 8. Avigdor, S., Zakheim, D. and Barnea, E.R. (1992) Quinone reductase activity in the

first trimester placenta: effect of cigarette smoking and polycyclic aromatic hydrocarbons. Reprod Toxicol 6, 363-6. 9. Bae, S.M., Lee, C.H., Cho,

Y.L., Nam, K.H., Kim, Y.W., Kim, C.K., Han, B.D., Lee, Y.J., Chun, H.J. and Ahn, W.S. (2005) Two-dimensional gel analysis of protein

expression profile in squamous cervical cancer patients. Gynecol Oncol 99, 26-35. 10. Barnea, E.R., Shklyar, B., Moskowitz, A., Barnea, J.D.,

Sheth, K. and Rose, F.V. (1995) Expression of quinone reductase activity in embryonal and adult porcine tissues. Biol Reprod 52, 433-7. 11.

Bottcher, R.T., Wiesner, S., Braun, A., Wimmer, R., Berna, A., Elad, N., Medalia, O., Pfeifer, A., Aszodi, A., Costell, M. and Fassler, R. (2009)

Profilin 1 is required for abscission during late cytokinesis of chondrocytes. Embo J 28, 1157-69. 12. Bourinbaiar, A.S. and Lee-Huang, S. (1995)

Anti-HIV effect of beta subunit of human chorionic gonadotropin (beta hCG) in vitro. Immunol Lett 44, 13-8. 13. Boyd, J.H., Chau, E.H.,

Tokunanga, C., Bateman, R.M., Haljan, G., Davani, E.Y., Wang, Y. and Walley, K.R. (2008) Fibrinogen decreases cardiomyocyte contractility

through an ICAM-1-dependent mechanism. Crit Care 12, R2. 14. Braun, A., Aszodi, A., Hellebrand, H., Berna, A., Fassler, R. and Brandau, O.

(2002) Genomic organization of profilin-III and evidence for a transcript expressed exclusively in testis. Gene 283, 219-25. 15. Burghardt, T.P., Hu,

J.Y. and Ajtai, K. (2007) Myosin dynamics on the millisecond time scale. Biophys Chem 131, 15-28. 16. Cao, Z., Han, Z., Shao, Y., Geng, H.,

Kong, X. and Liu, S. (2011) Proteomic analysis of chicken embryonic trachea and kidney tissues after infection in ovo by avian infectious bronchitis

coronavirus. Proteome Sci 9, 11. 17. Chang, X., Jian, X. and Yan, X. (2009) Expression and citrullination of keratin in synovial tissue of

rheumatoid arthritis. Rheumatol Int 29, 1337-42. 18. Chauvigne, F., Tingaud-Sequeira, A., Agulleiro, M.J., Calusinska, M., Gomez, A., Finn,

R.N. and Cerda, J. (2010) Functional and evolutionary analysis of flatfish gonadotropin receptors reveals cladal- and lineage-level divergence of the

teleost glycoprotein receptor family. Biol Reprod 82, 1088-102. 19. Chen, J.H., Ni, R.Z., Xiao, M.B., Guo, J.G. and Zhou, J.W. (2009)

Comparative proteomic analysis of differentially expressed proteins in human pancreatic cancer tissue. Hepatobiliary Pancreat Dis Int 8, 193-200.

20. Cheung, A.P., Lam, T.H. and Chan, K.M. (2004) Regulation of Tilapia metallothionein gene expression by heavy metal ions. Mar Environ

Res 58, 389-94. 21. Chu, P.G. and Weiss, L.M. (2002) Keratin expression in human tissues and neoplasms. Histopathology 40, 403-39. 22. Cole,

L.A., Khanlian, S.A., Sutton, J.M., Davies, S. and Stephens, N.D. (2003) Hyperglycosylated hCG (invasive trophoblast antigen, ITA) a key antigen

for early pregnancy detection. Clin Biochem 36, 647-55. 23. Davis, L.K., Fox, B.K., Lim, C., Hiramatsu, N., Sullivan, C.V., Hirano, T. and Grau,

E.G. (2009) Induction of vitellogenin production in male tilapia (Oreochromis mossambicus) by commercial fish diets. Comp Biochem Physiol A

Mol Integr Physiol 154, 249-54. 24. Davis, L.K., Hiramatsu, N., Hiramatsu, K., Reading, B.J., Matsubara, T., Hara, A., Sullivan, C.V., Pierce,

A.L., Hirano, T. and Grau, E.G. (2007) Induction of three vitellogenins by 17beta-estradiol with concurrent inhibition of the growth

hormone-insulin-like growth factor 1 axis in a euryhaline teleost, the tilapia (Oreochromis mossambicus). Biol Reprod 77, 614-25. 25. De Rensis,

F., Valentini, R., Gorrieri, F., Bottarelli, E. and Lopez-Gatius, F. (2008) Inducing ovulation with hCG improves the fertility of dairy cows during

the warm season. Theriogenology 69, 1077-82. 26. Dominguez, R. and Holmes, K.C. (2011) Actin structure and function. Annu Rev Biophys 40,

169-86. 27. Dumpala, P.R., Gulsoy, N., Lawrence, M.L. and Karsi, A. (2010) Proteomic analysis of the fish pathogen Flavobacterium columnare.

Proteome Sci 8, 26. 28. Ellederova, Z., Halada, P., Man, P., Kubelka, M., Motlik, J. and Kovarova, H. (2004) Protein patterns of pig oocytes

during in vitro maturation. Biol Reprod 71, 1533-9. 29. Engelbregt, M.J., van Weissenbruch, M.M., Popp-Snijders, C. and Delemarre-van de

Waal, H.A. (2002) Delayed first cycle in intrauterine growth-retarded and postnatally undernourished female rats: follicular growth and ovulation

after stimulation with pregnant mare serum gonadotropin at first cycle. J Endocrinol 173, 297-304. 30. Fabra, M., Raldua, D., Power, D.M., Deen,

P.M. and Cerda, J. (2005) Marine fish egg hydration is aquaporin-mediated. Science 307, 545. 31. Fernando, L.P., Wei, D.Y. and Andrews, G.K.



(1989) Structure and expression of chicken metallothionein. J Nutr 119, 309-18. 32. Flik, G., van Rijs, J.H. and Wendelaar Bonga, S.E. (1984)

Evidence for the presence of calmodulin in fish mucus. Eur J Biochem 138, 651-4. 33. Forne, I., Agulleiro, M.J., Asensio, E., Abian, J. and Cerda, J.

(2009) 2-D DIGE analysis of Senegalese sole (Solea senegalensis) testis proteome in wild-caught and hormone-treated F1 fish. Proteomics 9,

2171-81. 34. Foth, B.J., Goedecke, M.C. and Soldati, D. (2006) New insights into myosin evolution and classification. Proc Natl Acad Sci U S A

103, 3681-6. 35. Fujimura, K. and Okada, N. (2007) Development of the embryo, larva and early juvenile of Nile tilapia Oreochromis niloticus

(Pisces: Cichlidae). Developmental staging system. Dev Growth Differ 49, 301-24. 36. Gardiner, E.E. and D'Souza, S.E. (1997) A mitogenic action

for fibrinogen mediated through intercellular adhesion molecule-1. J Biol Chem 272, 15474-80. 37. Gu, L.H. and Coulombe, P.A. (2007) Keratin

function in skin epithelia: a broadening palette with surprising shades. Curr Opin Cell Biol 19, 13-23. 38. Guzman, J.M., Bayarri, M.J., Ramos, J.,

Zohar, Y., Sarasquete, C. and Mananos, E.L. (2009) Follicle stimulating hormone (FSH) and luteinizing hormone (LH) gene expression during

larval development in Senegalese sole (Solea senegalensis). Comp Biochem Physiol A Mol Integr Physiol 154, 37-43. 39. Haunerland, N.H. and

Spener, F. (2004) Fatty acid-binding proteins--insights from genetic manipulations. Prog Lipid Res 43, 328-49. 40. Heckert, L.L. and Griswold,

M.D. (2002) The expression of the follicle-stimulating hormone receptor in spermatogenesis. Recent Prog Horm Res 57, 129-48. 41. Heppell, S.A.,

Denslow, N.D., Folmar, L.C. and Sullivan, C.V. (1995) Universal assay of vitellogenin as a biomarker for environmental estrogens. Environ Health

Perspect 103 Suppl 7, 9-15. 42. Hirabayashi, M., Ito, K., Sekimoto, A., Hochi, S. and Ueda, M. (2001) Production of transgenic rats using young

Sprague-Dawley females treated with PMSG and hCG. Exp Anim 50, 365-9. 43. Horiguchi, R., Yoshikuni, M., Tokumoto, M., Nagahama, Y. and

Tokumoto, T. (2005) Identification of a protein kinase which phosphorylates a subunit of the 26S proteasome and changes in its activity during

meiotic cell cycle in goldfish oocytes. Cell Signal 17, 205-15. 44. Huang, W.T., Li, C.J., Wu, P.J., Chang, Y.S., Lee, T.L. and Weng, C.F. (2009)

Expression and in vitro regulation of pituitary adenylate cyclase-activating polypeptide (pacap38) and its type I receptor (pac1-r) in the gonads of

tilapia (Oreochromis mossambicus). Reproduction 137, 449-67. 45. Hudelist, G., Singer, C.F., Pischinger, K.I., Kaserer, K., Manavi, M., Kubista,

E. and Czerwenka, K.F. (2006) Proteomic analysis in human breast cancer: identification of a characteristic protein expression profile of malignant

breast epithelium. Proteomics 6, 1989-2002. 46. Huo, L. and Wong, A.O. (2009) Genomic structure and transcriptional regulation of grass carp

calmodulin gene. Biochem Biophys Res Commun 390, 827-33. 47. Kabaeva, Z.T., Perrot, A., Wolter, B., Dietz, R., Cardim, N., Correia, J.M.,

Schulte, H.D., Aldashev, A.A., Mirrakhimov, M.M. and Osterziel, K.J. (2002) Systematic analysis of the regulatory and essential myosin light chain

genes: genetic variants and mutations in hypertrophic cardiomyopathy. Eur J Hum Genet 10, 741-8. 48. Kang, J.H., Kim, H.T., Choi, M.S., Lee,

W.H., Huh, T.L., Park, Y.B., Moon, B.J. and Kwon, O.S. (2006) Proteome analysis of human monocytic THP-1 cells primed with oxidized

low-density lipoproteins. Proteomics 6, 1261-73. 49. Kawaminami, M., Okazaki, K., Uchida, S., Marumoto, N., Takehara, K., Kurusu, S.,

Hashimoto, I. and Walker, A.M. (1996) Intrapituitary distribution and effects of annexin 5 on prolactin release. Endocrine 5, 9-14. 50.

Kawaminami, M., Senda, A., Etoh, S., Miyaoka, H., Kurusu, S. and Hashimoto, I. (2004) Annexin 5 inhibits thyrotropin releasing hormone

(TRH) stimulated prolactin release in the primary culture of rat anterior pituitary cells. Endocr J 51, 349-54. 51. Kenis, H., Hofstra, L. and

Reutelingsperger, C.P. (2007) Annexin A5: shifting from a diagnostic towards a therapeutic realm. Cell Mol Life Sci 64, 2859-62. 52.

Keyvanshokooh, S., Kalbassi, M.R., Hosseinkhani, S. and Vaziri, B. (2009) Comparative proteomics analysis of male and female Persian sturgeon

(Acipenser persicus) gonads. Anim Reprod Sci 111, 361-8. 53. Kim, J., Hayton, W.L. and Schultz, I.R. (2006) Modeling the brain-pituitary-gonad

axis in salmon. Mar Environ Res 62 Suppl, S426-32. 54. Kim, Y.S., Kim, M.S., Lee, S.H., Choi, B.C., Lim, J.M., Cha, K.Y. and Baek, K.H.

(2006) Proteomic analysis of recurrent spontaneous abortion: Identification of an inadequately expressed set of proteins in human follicular fluid.

Proteomics 6, 3445-54. 55. Kitahashi, T., Alok, D., Ando, H., Kaeriyama, M., Zohar, Y., Ueda, H. and Urano, A (1998) GnRH Analog Stimulates

Gonadotropin II Gene Expression in Maturing Sockeye Salmon. Zool sci 15, 761-765. 56. Kocher, T.D., Lee, W.J., Sobolewska, H., Penman, D.

and McAndrew, B. (1998) A genetic linkage map of a cichlid fish, the tilapia (Oreochromis niloticus). Genetics 148, 1225-32. 57. Kon, H., Tohei,

A., Hokao, R. and Shinoda, M. (2005) Estrous cycle stage-independent treatment of PMSG and hCG can induce superovulation in adult

Wistar-Imamichi rats. Exp Anim 54, 185-7. 58. Kuramitsu, Y. and Nakamura, K. (2006) Proteomic analysis of cancer tissues: shedding light on

carcinogenesis and possible biomarkers. Proteomics 6, 5650-61. 59. Languino, L.R., Duperray, A., Joganic, K.J., Fornaro, M., Thornton, G.B. and

Altieri, D.C. (1995) Regulation of leukocyte-endothelium interaction and leukocyte transendothelial migration by intercellular adhesion molecule

1-fibrinogen recognition. Proc Natl Acad Sci U S A 92, 1505-9. 60. Latham, K.E., Bautista, F.D., Hirao, Y., O'Brien, M.J. and Eppig, J.J. (1999)

Comparison of protein synthesis patterns in mouse cumulus cells and mural granulosa cells: effects of follicle-stimulating hormone and insulin on

granulosa cell differentiation in vitro. Biol Reprod 61, 482-92. 61. Lecompte, F., Harbeby, E., Cahoreau, C., Klett, D. and Combarnous, Y. (2010)

Use of the immature rat uterotrophic assay for specific measurements of chorionic gonadotropins and follicle-stimulating hormones in vivo

bioactivities. Theriogenology 74, 756-64. 62. Lee, B.Y., Lee, W.J., Streelman, J.T., Carleton, K.L., Howe, A.E., Hulata, G., Slettan, A., Stern, J.E.,

Terai, Y. and Kocher, T.D. (2005) A second-generation genetic linkage map of tilapia (Oreochromis spp.). Genetics 170, 237-44. 63. Lee, S.K.,

Kim, Y., Kim, S.S., Lee, J.H., Cho, K., Lee, S.S., Lee, Z.W., Kwon, K.H., Kim, Y.H., Suh-Kim, H., Yoo, J.S. and Park, Y.M. (2009) Differential

expression of cell surface proteins in human bone marrow mesenchymal stem cells cultured with or without basic fibroblast growth factor

containing medium. Proteomics 9, 4389-405. 64. Levi, L., Pekarski, I., Gutman, E., Fortina, P., Hyslop, T., Biran, J., Levavi-Sivan, B. and

Lubzens, E. (2009) Revealing genes associated with vitellogenesis in the liver of the zebrafish (Danio rerio) by transcriptome profiling. BMC

Genomics 10, 141. 65. Li, Y., Wu, G., Tang, Q., Huang, C., Jiang, H., Shi, L., Tu, X., Huang, J., Zhu, X. and Wang, H. (2011) Slow cardiac

myosin regulatory light chain 2 (MYL2) was down-expressed in chronic heart failure patients. Clin Cardiol 34, 30-4. 66. Libbus, B.L. and Schuetz,



A.W. (1980) Gonadotrophin-induced reinitiation of meiosis in testes of oestradiol-treated prepubertal rats. J Reprod Fertil 60, 1-6. 67. Lin, Y.,

Chen, Y., Yang, X., Xu, D. and Liang, S. (2009) Proteome analysis of a single zebrafish embryo using three different digestion strategies coupled

with liquid chromatography-tandem mass spectrometry. Anal Biochem 394, 177-85. 68. Link, V., Shevchenko, A. and Heisenberg, C.P. (2006)

Proteomics of early zebrafish embryos. BMC Dev Biol 6, 1. 69. Liu, R.Z., Denovan-Wright, E.M. and Wright, J.M. (2003) Structure, mRNA

expression and linkage mapping of the brain-type fatty acid-binding protein gene (FABP7) from zebrafish (Danio rerio). Eur J Biochem 270,

715-25. 70. Lucitt, M.B., Price, T.S., Pizarro, A., Wu, W., Yocum, A.K., Seiler, C., Pack, M.A., Blair, I.A., Fitzgerald, G.A. and Grosser, T. (2008)

Analysis of the zebrafish proteome during embryonic development. Mol Cell Proteomics 7, 981-94. 71. Maclean, N., Rahman, M.A., Sohm, F.,

Hwang, G., Iyengar, A., Ayad, H., Smith, A. and Farahmand, H. (2002) Transgenic tilapia and the tilapia genome. Gene 295, 265-77. 72.

Maniwa, J., Izumi, S., Isobe, N. and Terada, T. (2005) Studies on substantially increased proteins in follicular fluid of bovine ovarian follicular cysts

using 2-D PAGE and MALDI-TOF MS. Reprod Biol Endocrinol 3, 23. 73. Maruyama, K., Kojima, A., Yasuda, T., Suetomi, K., Kubota, Y.,

Takahashi, S., Ishikawa, Y. and Fujimori, A. (2008) Expression of brain-type fatty acid-binding protein (fabp7) in medaka during development. J

Exp Zool B Mol Dev Evol 310, 577-87. 74. Mateos, J., Mananos, E., Carrillo, M. and Zanuy, S. (2002) Regulation of follicle-stimulating hormone

(FSH) and luteinizing hormone (LH) gene expression by gonadotropin-releasing hormone (GnRH) and sexual steroids in the Mediterranean Sea

bass. Comp Biochem Physiol B Biochem Mol Biol 132, 75-86. 75. Matsuda, Y., Ito, Y., Hashimoto, H., Yokoi, H. and Suzuki, T. (2011) Detection

of vitellogenin incorporation into zebrafish oocytes by FITC fluorescence. Reprod Biol Endocrinol 9, 45. 76. McGuigan, K., Phillips, P.C. and

Postlethwait, J.H. (2004) Evolution of sarcomeric myosin heavy chain genes: evidence from fish. Mol Biol Evol 21, 1042-56. 77. McQuade, P.,

Belanger, M.J., Meng, X., Guenther, I., Krause, S., Gonzalez Trotter, D., Reutelingsperger, C., Hostetler, E., Klimas, M., Mehmet, H. and Cook,

J. (2011) Comparison of the in vivo distribution of four different annexin a5 adducts in rhesus monkeys. Int J Mol Imaging 2011, 405840. 78.

Meehan, K.L., Holland, J.W. and Dawkins, H.J. (2002) Proteomic analysis of normal and malignant prostate tissue to identify novel proteins lost in

cancer. Prostate 50, 54-63. 79. Melamed, P., Rosenfeld, H., Elizur, A. and Yaron, Z. (1998) Endocrine regulation of gonadotropin and growth

hormone gene transcription in fish. Comp Biochem Physiol C Pharmacol Toxicol Endocrinol 119, 325-38. 80. Milla, S., Wang, N., Mandiki, S.N.

and Kestemont, P. (2009) Corticosteroids: Friends or foes of teleost fish reproduction? Comp Biochem Physiol A Mol Integr Physiol 153, 242-51.

81. Murphy, B.D. and Martinuk, S.D. (1991) Equine chorionic gonadotropin. Endocr Rev 12, 27-44. 82. Obermann, H., Raabe, I., Balvers, M.,

Brunswig, B., Schulze, W. and Kirchhoff, C. (2005) Novel testis-expressed profilin IV associated with acrosome biogenesis and spermatid

elongation. Mol Hum Reprod 11, 53-64. 83. Pandolfi, M., Lo Nostro, F.L., Shimizu, A., Pozzi, A.G., Meijide, F.J., Vazquez, G.R. and Maggese,

M.C. (2006) Identification of immunoreactive FSH and LH cells in the cichlid fish Cichlasoma dimerus during the ontogeny and sexual

differentiation. Anat Embryol (Berl) 211, 355-65. 84. Peddinti, D., Nanduri, B., Kaya, A., Feugang, J.M., Burgess, S.C. and Memili, E. (2008)

Comprehensive proteomic analysis of bovine spermatozoa of varying fertility rates and identification of biomarkers associated with fertility. BMC

Syst Biol 2, 19. 85. Perrin, B.J. and Ervasti, J.M. (2010) The actin gene family: function follows isoform. Cytoskeleton (Hoboken) 67, 630-4. 86.

Piast, M., Kustrzeba-Wojcicka, I., Matusiewicz, M. and Banas, T. (2005) Molecular evolution of enolase. Acta Biochim Pol 52, 507-13. 87. Piletz,

J.E., Andersen, R.D., Birren, B.W. and Herschman, H.R. (1983) Metallothionein synthesis in foetal, neonatal and maternal rat liver. Eur J

Biochem 131, 489-95. 88. Pilo Boyl, P., Di Nardo, A., Mulle, C., Sassoe-Pognetto, M., Panzanelli, P., Mele, A., Kneussel, M., Costantini, V.,

Perlas, E., Massimi, M., Vara, H., Giustetto, M. and Witke, W. (2007) Profilin2 contributes to synaptic vesicle exocytosis, neuronal excitability, and

novelty-seeking behavior. Embo J 26, 2991-3002. 89. Planas, J.V. and Swanson, P. (1995) Maturation-associated changes in the response of the

salmon testis to the steroidogenic actions of gonadotropins (GTH I and GTH II) in vitro. Biol Reprod 52, 697-704. 90. Pluskota, E. and D'Souza,

S.E. (2000) Fibrinogen interactions with ICAM-1 (CD54) regulate endothelial cell survival. Eur J Biochem 267, 4693-704. 91. Popova, E.,

Krivokharchenko, A., Ganten, D. and Bader, M. (2002) Comparison between PMSG- and FSH-induced superovulation for the generation of

transgenic rats. Mol Reprod Dev 63, 177-82. 92. Prat, F., Sumpter, J.P. and Tyler, C.R. (1996) Validation of radioimmunoassays for two salmon

gonadotropins (GTH I and GTH II) and their plasma concentrations throughout the reproductivecycle in male and female rainbow trout

(Oncorhynchus mykiss). Biol Reprod 54, 1375-82. 93. Prochaska, H.J. and Santamaria, A.B. (1988) Direct measurement of NAD (P) H: quinone

reductase from cells cultured in microtiter wells: a screening assay for anticarcinogenic enzyme inducers. Anal Biochem 169, 328-36. 94. Querat,

B., Sellouk, A. and Salmon, C. (2000) Phylogenetic analysis of the vertebrate glycoprotein hormone family including new sequences of sturgeon

(Acipenser baeri) beta subunits of the two gonadotropins and the thyroid-stimulating hormone. Biol Reprod 63, 222-8. 95. Richards, J.S., Russell,

D.L., Ochsner, S., Hsieh, M., Doyle, K.H., Falender, A.E., Lo, Y.K. and Sharma, S.C. (2002) Novel signaling pathways that control ovarian

follicular development, ovulation, and luteinization. Recent Prog Horm Res 57, 195-220. 96. Ryden, L. and Deutsch, H.F. (1978) Preparation and

properties of the major copper-binding component in human fetal liver. Its identification as metallothionein. J Biol Chem 253, 519-24. 97. Satoh,

M., Tokoro, M., Ikegami, H., Nagai, K., Sono, Y., Shin, S.W., Nishikawa, S., Saeki, K., Hosoi, Y., Iritani, A., Fukuda, A., Morimoto, Y. and

Matsumoto, K. (2009) Proteomic analysis of the mouse ovary in response to two gonadotropins, follicle-stimulating hormone and luteinizing

hormone. J Reprod Dev 55, 316-26. 98. Schmalzigaug, R., Ye, Q. and Berchtold, M.W. (2001) Calmodulin protects cells from death under normal

growth conditions and mitogenic starvation but plays a mediating role in cell death upon B-cell receptor stimulation. Immunology 103, 332-42. 99.

Schulz, R.W. and Goos, H.J.T. (1999) Puberty in male fish: concepts and recent developments with special reference to the African catfish (Clarias

gariepinus). Aquaculture 177, 5-12. 100. Schulz, R.W., de Franca, L.R., Lareyre, J.J., Le Gac, F., Chiarini-Garcia, H., Nobrega, R.H. and Miura,

T. (2010) Spermatogenesis in fish. Gen Comp Endocrinol 165, 390-411. 101. Schulz, R.W., Vischer, H.F., Cavaco, J.E., Santos, E.M., Tyler, C.R.,



Goos, H.J. and Bogerd, J. (2001) Gonadotropins, their receptors, and the regulation of testicular functions in fish. Comp Biochem Physiol B

Biochem Mol Biol 129, 407-17. 102. Seale, A.P., Riley, L.G., Leedom, T.A., Kajimura, S., Dores, R.M., Hirano, T. and Grau, E.G. (2002) Effects

of environmental osmolality on release of prolactin, growth hormone and ACTH from the tilapia pituitary. Gen Comp Endocrinol 128, 91-101.

103. Sen, U., Tyagi, N., Patibandla, P.K., Dean, W.L., Tyagi, S.C., Roberts, A.M. and Lominadze, D. (2009) Fibrinogen-induced endothelin-1

production from endothelial cells. Am J Physiol Cell Physiol 296, C840-7. 104. Silva, T.S., Cordeiro, O., Richard, N., Conceicao, L.E. and

Rodrigues, P.M. (2011) Changes in the soluble bone proteome of reared white seabream (Diplodus sargus) with skeletal deformities. Comp

Biochem Physiol Part D Genomics Proteomics 6, 82-91. 105. Singh, S.K., Sundaram, C.S., Shanbhag, S. and Idris, M.M. (2010) Proteomic profile

of zebrafish brain based on two-dimensional gel electrophoresis matrix-assisted laser desorption/ionization MS/MS analysis. Zebrafish 7, 169-77.

106. Slipicevic, A., Jorgensen, K., Skrede, M., Rosnes, A.K., Troen, G., Davidson, B. and Florenes, V.A. (2008) The fatty acid binding protein 7

(FABP7) is involved in proliferation and invasion of melanoma cells. BMC Cancer 8, 276. 107. Soria, J.M., Almasy, L., Souto, J.C., Buil, A.,

Lathrop, M., Blangero, J. and Fontcuberta, J. (2005) A genome search for genetic determinants that influence plasma fibrinogen levels. Arterioscler

Thromb Vasc Biol 25, 1287-92. 108. The European Recombinant Human Chorionic Gonadotrophin Study Group. (2000) Induction of final

follicular maturation and early luteinization in women undergoing ovulation induction for assisted reproduction treatment--recombinant HCG

versus urinary HCG. The European Recombinant Human Chorionic Gonadotrophin Study Group. Hum Reprod 15, 1446-51. 109. Tanaka, S.,

Sakai, A., Kimura, K., Yoshida, H., Fushitani, H., Ogata, A., Miyamoto, A., Fukushima, M., Wada, A. and Tanigawa, N. (2008) Proteomic

analysis of the basic proteins in 5-fluorouracil resistance of human colon cancer cell line using the radical-free and highly reducing method of

two-dimensional polyacrylamide gel electrophoresis. Int J Oncol 33, 361-70. 110. Tay, T.L., Lin, Q., Seow, T.K., Tan, K.H., Hew, C.L. and

Gong, Z. (2006) Proteomic analysis of protein profiles during early development of the zebrafish, Danio rerio. Proteomics 6, 3176-88. 111.

Thompson, R.F. and Langford, G.M. (2002) Myosin superfamily evolutionary history. Anat Rec 268, 276-89. 112. Urbatzka, R., Lorenz, C., Lutz,

I. and Kloas, W. (2010) Expression profiles of LH beta, FSHbeta and their gonadal receptor mRNAs during sexual differentiation of Xenopus

laevis tadpoles. Gen Comp Endocrinol 168, 239-44. 113. Vieira, M.L., Pimenta, D.C., de Morais, Z.M., Vasconcellos, S.A. and Nascimento, A.L.

(2009) Proteome Analysis of Leptospira interrogans Virulent Strain. Open Microbiol J 3, 69-74. 114. Viswanathan, P., Wood, M.A. and Walker,

W.H. (2009) Follicle-stimulating hormone (FSH) transiently blocks FSH receptor transcription by increasing inhibitor of deoxyribonucleic acid

binding/differentiation-2 and decreasing upstream stimulatory factor expression in rat Sertoli cells. Endocrinology 150, 3783-91. 115. Walker,

W.H. and Cheng, J. (2005) FSH and testosterone signaling in Sertoli cells. Reproduction 130, 15-28. 116. Wang, H., Tan, J.T., Emelyanov, A.,

Korzh, V. and Gong, Z. (2005a) Hepatic and extrahepatic expression of vitellogenin genes in the zebrafish, Danio rerio. Gene 356, 91-100. 117.

Wang, L., Liu, H.L., Li, Y. and Yuan, P. (2011a) Proteomic analysis of pancreatic intraepithelial neoplasia and pancreatic carcinoma in rat models.

World J Gastroenterol 17, 1434-41. 118. Wang, L., Zhu, Y.F., Guo, X.J., Huo, R., Ma, X., Lin, M., Zhou, Z.M. and Sha, J.H. (2005b) A

two-dimensional electrophoresis reference map of human ovary. J Mol Med (Berl) 83, 812-21. 119. Wang, M., Wang, Y., Wang, J., Lin, L., Hong,

H. and Wang, D. (2011b) Proteome profiles in medaka (Oryzias melastigma) liver and brain experimentally exposed to acute inorganic mercury.

Aquat Toxicol 103, 129-39. 120. Wang, Z., Li, S., Shi, Q., Yan, R., Liu, G. and Dai, K. (2010) Calmodulin antagonists induce platelet apoptosis.

Thromb Res 125, 340-50. 121. Weltzien, F.A., Andersson, E., Andersen, O., Shalchian-Tabrizi, K. and Norberg, B. (2004) The

brain-pituitary-gonad axis in male teleosts, with special emphasis on flatfish (Pleuronectiformes). Comp Biochem Physiol A Mol Integr Physiol 137,

447-77. 122. Weltzien, F.A., Norberg, B. and Swanson, P. (2003) Isolation and characterization of FSH and LH from pituitary glands of Atlantic

halibut (Hippoglossus hippoglossus L.). Gen Comp Endocrinol 131, 97-105. 123. Wu, C., Luo, Z., Chen, X., Wu, C., Yao, D., Zhao, P., Liu, L.,

Shi, B. and Zhu, L. (2009) Two-dimensional differential in-gel electrophoresis for identification of gastric cancer-specific protein markers. Oncol

Rep 21, 1429-37. 124. Ye, Q. and Berchtold, M.W. (1997) Structure and expression of the chicken calmodulin I gene. Gene 194, 63-8. 125. Yu,

H.R., Kuo, H.C., Sheen, J.M., Wang, L., Lin, I.C., Wang, C.L. and Yang, K.D. (2009) A unique plasma proteomic profiling with imbalanced

fibrinogen cascade in patients with Kawasaki disease. Pediatr Allergy Immunol 20, 699-707. 126. Zafarullah, M., Bonham, K. and Gedamu, L.

(1988) Structure of the rainbow trout metallothionein B gene and characterization of its metal-responsive region. Mol Cell Biol 8, 4469-76. 127.

Zhang, S., Wang, S., Li, H. and Li, L. (2011) Vitellogenin, a multivalent sensor and an antimicrobial effector. Int J Biochem Cell Biol 43, 303-5.

128. Ziv, T., Gattegno, T., Chapovetsky, V., Wolf, H., Barnea, E., Lubzens, E. and Admon, A. (2008) Comparative proteomics of the developing

fish (zebrafish and gilthead seabream) oocytes. Comp Biochem Physiol Part D Genomics Proteomics 3, 12-35. 129. Zou, L., Jaramillo, M., Whaley,

D., Wells, A., Panchapakesa, V., Das, T. and Roy, P. (2007) Profilin-1 is a negative regulator of mammary carcinoma aggressiveness. Br J Cancer

97, 1361-71.


