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Proteomics of ovarian proteins in domesticated and wild broodstock of the giant tiger shrimp Penaeus monodon
were studied using GeLC-MS/MS. In total, 1638 proteins were identified and 1253 (76.50%) proteins matched known proteins. Of
these, 514 proteins were differential expressed between groups of samples. To characterized proteins involved in GVBD, nuclear
membrane and nuclear proteins were identified. In total, 724 proteins were identified and matched known proteins. Localization of
these proteins were searched and 89 and 99 proteins were classified as those integrated to membrane and nuclear proteins. In this
thesis, proteins involved in signal transduction pathways and cytoskeletal reorganization during GVBD were characterized. The full-
length cDNA of Valosin-containing protein (PmVCP1, 2724 bp with an ORF of 2481 deducing to 826 amino acids), Thymosin beta
(PmTmsb; 1084 bp, an ORF = 387 bp, 128 aa), Protein kinase C (PmPKC; 3404 bp, an ORF = 2235 bp, 744 aa), cyclic AMP-regulated
protein like protein (PmcAMP-RLP; 1272 bp, an ORF = 435 bp, 144 aa), Nuclear pore complex protein NUP133 (PmNup133; 4130 bp,
an ORF = 3228 bp, 1085 aa) were successfully characterized by RACE-PCR. In addition, the complete ORF of Rac GTPase activating
protein 1 (PmRacgapl; 1881 bp, 626 aa) was also successfully isolated.

The expression levels of PmVCP were not significant different throughout ovarian development of intact broodstock
(P > 0.05). However, PmVCP was up-regulated during vitellogenesis and final maturation of eyestalk-ablated broodstock (P < 0.05)
and its expression in stage IV ovaries was greater than that of the same stage in intact broodstock (P < 0.05). The expression level of
PmTmsb was not differential expressed in ovaries of wild intact broodstock but it was up-regulated in stages Il and IV ovaries in
eyestalk-ablated broodstock (P < 0.05). Eyestalk ablation resulted in the reduction of this transcript in stage Ill ovaries (P < 0.05).
The expression of PmcAMP-RPL was not different during ovarian development of intact and eyestalk-ablated broodstock. Similarly,
the expression of PmPKC was not significantly expressed during ovarian development of intact and eyestalk-ablated brooodstock.
Nevertheless, eyestalk ablation resulted in the reduction of this transcript in stages I-IV ovaries. The expression level of PmRacgap1
was not differentially expressed during ovarian development of intact and eyestalk ablated broodstock (P > 0.05). In addition,
effects of progesterone and serotonin (5-HT) administration in domesticated P. monodon were evaluated Results indicated that
progesterone did not induce the expression of PmVCP. In contrast, the expression level of PmVCP, PmRacgapl, PmcAMP-RPL and
PmPKC but not PmTmsb was stimulated by serotonin administration.

The expression profiles of ovarian PmVCP, PmTmsb and PmRacgapl proteins were examined. PmVCP were observed
in juvenile ovaries and at all stages of ovarian development in both intact and eyestalk-ablated broodstock of wild P. monodon. It
seemed to be expressed at comparable levels for all stages of ovarian development in shrimp broodstock. Two immunoreactive
bands (34 and 100 kDa) of PmRacgapl was observed in ovarian membrane proteins. The expression level of PmRacgapl reflected
from a 34 kDa band seemed to be decreased in late stages of ovarian development (stages Ill and IV ovaries) in both intact and
eyestalk-ablated broodstock. Anti-rPmTmsb PAb gave positive the immunoreactive signals of 22 and 28 kDa, respectively. The
expression level of PmTmsb reflected from a positive 28 kDa band (thymosin—B—repeated protein 2) seemed to be decreased in
mature (IV) ovaries in intact broodstock. In eyestalk-ablated broodstock, it was not expressed in late vitellogenic (Ill) and mature
ovaries. Localization of PmVCP protein was observed in the ooplasm of previtellogenic oocytes and it was translocated into the
nucleus of vitellogenic oocytes. Interestingly, it was found in nucleo-cytoplasmic compartments, the cytoskeletal architecture and
the plasma membrane in mature oocytes of both intact and eyestalk-ablated broodstock. PmRacgap1 was observed in oogonia and
ooplasm of all developmental stages of oocytes in both intact and eyestalk-ablated broodstock. During vitellogenesis, it was also
observed in the nucleus of vitellogenic oocytes and subsequently, in nucleo-cytoplasmic compartments, the cytoskeletal
architecture and in cortical rods of more mature oocytes of both intact and eyestalk-ablated broodstock.

Field of Study: Biotechnology Student's Signature

Academic Year: 2013 Advisor's Signature

Co-Advisor's Signature



Vi

ACKNOWLEDGEMENTS

| would like to express my deepest sense of gratitude to my advisor
Professor Dr. Piamsak Menasveta and my co-advisor, Dr Bavornlak Khamnamtong, Dr.
Sirawut Klinbunga and Dr. Sittiruk Roytrakul for their great helps, guidance,

encouragement, valuable suggestion and supports throughout my study.

My gratitude is also extended to Associate Professor Dr. Thaithaworn
Lirdwitayaprasit, Dr. Kittinan Komolpis and Assistant Professor Dr. Sanit

Piyapattanakorn who serve as the committee of my thesis.

| would particularly like to thank the Center of Excellence for Marine
Biotechnology, National Center for Genetic Engineering and Biotechnology (BIOTEQ),
Faculty of Science, Chulalongkorn University, National Science and Technology
Development Agency (NSTDA) for providing facilities and a student grant was
supported by the Thailand Graduate Institute of Science and Technology (TGIST),
NSTDA award.

| would like to extend my special thank to all of every one in AAMG
laboratory and the Proteomic laboratory, Genome Institute for valuable suggestions.
In addition, many thanks are also expressed to all of every one in our laboratory for

best friendship, their help and friendly assistance.

Finally, I would like to express my deepest gratitude to my parents and
members of my family for their love, understanding and encouragement extended

throughout my study.



CONTENTS

THAD ABSTRACT .ttt iv
ENGLISH ABSTRACT ..ttt ee v
ACKNOWLEDGEMENTS ..ottt vi
CONTENTS <ttt s ettt e e ssennns vii
LIST OF TABLES .t Xi
LIST OF FIGURES ...ttt Xii
LIST OF ABBREVIATIONS ...ttt ettt XViii
CHAPTER | INTRODUCTION ...ttt senes 1
1.1 Background infOrmMation .......coiiiiieieieicieieieeeee e 1
1.2 Objective oOf this theSIS .....ciiiiiceeeceieee e 5
1.3 GENEral INTrOAUCTION ..o 5
1.3.1 Taxonomy Of P. MONOGON ........ccoeuiieieieieieiieeeieieieeseeeeee e 5
1.3.2 Oogenesis and formation of cortical rods in ShrimMp ... 6

1.3.3 Ovarian development of Penaeus monodon and hormonal control in
reproductive maturation in ShrimMP ..o 8
1.3.4 Hormonal studies in ShIrMP c.ovoeeciice e 13
1.4 Control of cortical rods formation and germinal vesicle breakdown................... 22
1.5 Proteomic studies in shrimp reproduction ..., 24
CHAPTER Il MATERIALS AND METHODS ....ouiiiitiiieieieieieieiesssieee et 29
2.1 EXperimental SAMIPLES .....c.oiicee e 29
2.2 Protein @XIraCtioN ...ttt 31
2.2.1 Total protein @xXtraCtion ... s 31
2.2.2 Nuclear membrane and nuclear proteins extraction.........ccooeeevirccninnnee 31
2.2.3 Membrane proteins extraCtion ... 31
2.3 NUCLEIC aCid @XEraCiON ..eeiieieieieieee e 32
2.3.17 RNA @XTraCHION ..ttt 32

2.3.2 Preparation of DNase |-free total RNA ........ccoiiiiiic e 33



viii

Page

2.4 Estimation of extracted total protein, total RNA and DNA concentration... 34

2.5 One dimensional gel eleCtrophoresis. ... 35
2.5.1 SDS-polyacrylamide gel electrophoresis (SDS-PAGE) ......ccccvvievieinieninnns 35
2.5.2 SIVET STINING ..ttt es 36

2.6 Mass SPeCtromMELTY @NALYSIS ....o i 36
2.6.1 In-gel digestion for protein identification..........ccccovvieevniiinicicee 36
2.6.2 NANOLCMS/MS L.ttt 37
2.6.3 Database SEArChES .....c.cc e 37

2.7 First strand CDNA SYNTNESIS ... 38

2.8 Reverse transcription (RT)-PCR of gene homologues in P. monodon................... 38
2.8.1 Primner desi@n .. ... .o . omrartee B siosiossessoitaee Mg eoseseessseseserenesssseseseressssssssesaseses 38
2.8.2 RT-PCR..ccvcgllen e e LA i e B ettt neanaen 39
2.8.3 Agarose gel eleCtrophOreSiS. ... ..o 39

2.9 Tissue distribution analysis of interesting genes or differential expression pattern

................................................................................................................................................... 40
2.9.1 Total RNA extraction and the first strand cDNA synthesis ..........cccccovvene.. 40
2.9.2 Tissue expressSion @NalYSIS. ..ot es 40

2.10 Isolation and characterization of the full-length cDNA of functionally

important gene homologues of P. monodon using Rapid Amplification of cDNA

Ends-Polymerase Chain Reaction (RACE-PCR) .......cccoiieiriiiieieieeieee e a2
2.10.1 Preparation of the 5" and 3' RACE template......cccccoeieeeeeeeceeeee, a2
2.10.2 Primer designed for RACE-PCR and primer walking .........ccccoeeeeieieininine. a2
2.10.3 RACE-PCR ..ttt a3
2.10.4 Elution DNA fragments from agarose 8els ........ccoourrririeeireirereeeeenn, a7

2.11 Cloning of the PCR ProduCt........ccceiiciiiiieeiicee s ar
2.11.1 Ligation of the PCR product to the pGE!\/\®—T Easy vector....ccoecevnnnne ar
2.11.2 Transformation of the ligation product to E.coli host cells ...........c.c........ a8

2.11.2.1 Preparation of competent Cell.......oiiiiicecee a8



2.11.2.2 Transformation ..o e a8
2.12 Colony PCR and digestion of the amplified inserts by restriction
ENAONUCLEASES ...ttt a9
2.13 Extraction of recombinant plasmid DNA ........ccoiriienereceeeeeeee 50
2.14. Examination of expression levels of interesting genes in ovaries of P.
monodon by quantitative real-time PCR ........cccoiiii s 51
2.14.1 Experimental @nimals ..o 51
2.14.2 Primers and construction of the standard curve ..o, 52
2.14.3 Quantitative real-time PCR ... 52
2.15 In situ hybridization (ISH).......c.oeiiieieieieieeece e 53
2.15.1 Sample Preparation ..o s 53
2.15.2 Preparation of CRNA PIrODES ......c.coviiiiiiiiieeeeeeee e 53
2.15.3 Synthesis of the CRNA Probes........ooiiiiicee 54
2.15.0 DOt BlOT @NaLYSiS..oiieeeeiiiiieieietee et 55
2.15.5 Hybridization and detection........ccocooveiieiieiiicieieeceee 55
2.16 In vitro expression of recombinant proteins using the bacterial expression
SYSTEM et R e e T T T vttt ettt nse s et et nen 56
2.16.1 PrimMEr dESIGN c..eviiiiieieieieieieieeet ettt ettt ee 56

................................................................................................................................. 56
2.16.3 Expression of recombinant proteins..........ccooveeeeeeeeeeeeeeeee e, 57
2.16.4 Purification of recombinant proteins..........cooeeiennnieenceeeeeeees 59
2.16.5 Peptide sequencing of recombinant proteins..........ccccceeevievnniennnnes 60

2.16.6 Polyclonal antibody production and polyclonal antibody purification.. 60

2.16.7 Western bBlot @nalysSis ..o e 60
2.17 Localization of reproduction-related proteins ........ccoeeeviviisnicsseceee 61
2.17.1 ImmMUNONIStOCREMISTIY ... 61

2172 INMNMNUNOTLUOTESCENCE ..ottt et e e e 62



2.18 PULL AOWN @SSQY ettt 62
CHAPTER T RESULTS - 64
CHAPTER IV DISCUSSION ..ttt 161
CHAPTER V CONCLUSION ..ottt 176
REFERENCES ..ottt 178
APPENDIX ...ttt nenens 191

APPENAIX A.evvrerrnenrreerere vallismentioseessessaeseosos Gamoragasishferessesssssssesessasssssesessssasssssssessssasssssess 192
APPENTIX B o it s ek o atialtin e e nenenenentat st st atatasesesasasasasasas 244



LIST OF TABLES

Page
Table 2.1 Gene homolosue, primer sequences and expected sizes of the PCR
product designed from EST Of P. MONOGON .......ccooiuiuiirniiiiieee e a1
Table 2.2 Primer sequence for the first strand cDNA synthesis and RACE-PCR ............ 43

Table 2.3 Gene-specific primers (GSPs) and nested GSP used for isolation of the full-
length cDNA of functionally important genes in P. monodon............cccccveeoeeniecninnnee. a4
Table 2.4 Compositions for amplification of the 5 end of gene homologues using 5°
RACE-PCR....curteeieee ettt oo a oo vt e euultlin 2 w0t et nbatasntabasas st abasas st asasacs a5
Table 2.5 Compositions for amplification of the 3" end of gene homologues using 3’
RACE-PCR...oeeerevcreereetllee e o o Mt B e neanaes a5
Table 2.6 The amplification conditions for RACE-PCR of various gene homologues of
P. monodon .......eacsiifleeifer o o TR .. 0 Mt a6
Table 2.7 Nucleotide sequences and Tm of primers for synthesis of the cRNA probes
OF PIVICP....oeeeieeeeee el SN RN S et et ne st 54
Table 2.8 Gene specific overhang primers, their sequences and melting temperature
™ of PmVCP, PmRacgapl, PmTmsb, PmNUP133 and Pmsema........ccccccceevesnnnenenn. 57

Table 3.9 Expression of reproduction-related genes in different tissues of P. monodon

Table 3.10 Titers of polyclonal antibodies after rabbits were administrated by rCdc48-
VCP, rNUP133, PmSema, PmRacgapl and PMTMSD ..o 138
Table 3.11 Proteins identified from a pull down assay of rPmCdc48-VCP with total
ovarian protein of P. monodon analyzed by nanoESI-LC-MS/MS .........ccoooiiivrcnnn. 160
Table 3.12 Proteins identified from a pull down assay of rPmTmsb with total ovarian

protein of P. monodon analyzed by NanoESI-LC-MS/MS.......ccoviiiiiiiicceccees 160



LIST OF FIGURES

Page
Figsure 1.1 External morphology of P. monodon (A). Sexes of juveniles and broodstok

of penaeid shrimp can be externally differentiated by petasma of male (B) and

thelycum of fEMALE (). .o 6
Figure 1.2 TEM micrograph and ultrastructure of oocyte of P. monodon stage I-IV...... 9
Figure 1.3 Different ovarian development stages of P. monodon.. .......cccccccecvviecnene. 12
Figure 1.4 Reproductive cycles of the close-thelycum penaeid shrimp.......cccccoceene. 14

Figure 1.5 Diagram illustrating the hormonal controls of physiological processes of
PENACIA SHIIMP ot b i e ettt sttt st 14
Figure 1.6 A schematic diagram illustrating the major endocrine organs in shrimp and
electron microscopy section (8500X) of the sinus gland demonstrating hormone filled
VESICLES .o s e A B L SN R e 16
Figure 1.7 Localization of hormones that control several physiological systems from
the sinus gland/X-organ complex of P. MONOAON. .......cccccceueeercisseeeeeee 16
Figure 1.8 Schematic diagram of the endocrine control of vitellogenesis in shrimp... 20
Figure 3.9 Ovarian protein profiles of P. monodon analyzed by 12% SDS-PAGE. ........ 65
Figure 3.10 Venn diagram representing proteins in each group of P. monodon
identified DY GELC-MS/IMS. ..ottt 67
Figure 3.11 A pie chart showing the functional categories of characterized ovarian
proteins of P. monodon matched those in the databases. ..........ccoccevviicvniicnnieee 69
Figure 3.12 Histogram showing numbers of characterized proteins in each functional
category. ... B prii il AAA EANE~RE N ARSIV M RO AR B ol Y e 70
Figure 3.13 Protein profiles of the nuclear proteins and nuclear membrane extracted
from stage | and Il ovaries of P. monodon analyzed by 12% SDS-PAGE. ...................... 71
Figure 3.14 Pie chart showing functional categories of nuclear membrane proteins in
ovaries of P. monodon analyzed by GELC-MS/MS. ..o 75
Figure 3.15 Pie chart showing functional categories of nuclear proteins in ovaries of P.

monodon analyzed by GELC-MS/MS. ... 75



Xiii

Page
Figure 3.16 Pie chart showing functional categories of protein with unknown cellular
components found from proteomic analysis of nuclear and nuclear protein fractions
extracted from ovaries of P. MONOGON............ccccoiiiereeeeeeee e 76

Figure 3.17 Agarose gel eletrophoresis illustrating the nested 3'RACE-PCR product of

Figure 3.18 Nucleotide sequences of EST and 3' RACE-PCR products of PmVCP. ..... 78
Figure 3.19 The full-length cDNA anddeduced amino sequences of valosin-
containing protein of P. monodon (PMVCP)..........c.cccuieeiieeeieeeeeee e, 80
Figure 3.20 Agarose gel electrophoresis showing results from 5' and 3' RACE-PCR of
PITIMSD...coeeeeeeenee ol o o i N e e ettt st st seeea e 81
Figure 3.21 Nucleotide sequence of 5' RACE-PCR, the original EST and 3' RACE-PCR of
PmTmsb. Sequences of primers are underlined..........coooiiiiieeicieeeeeeseeeee 82
Figure 3.22 The full-length cDNA and deduced protein sequences of PmTmsb. ........ 83
Figure 3.23 Agarose gel electrophoresis showing the amplified ORF of ovarian
PINMRACGAPL ...ttt ettt ettt 84

Figure 3.24 The open reading frame and deduced protein sequences of PmRacgap!

Figure 3.25 Pairwise nucleotide sequences alignment of PmRacgap! found in ovaries
= gle [N =1y (=L JNUUIRIOTOTOTOTOTRY = \ Wive S eSO oot /> NV YTTE U UEUETTTTOTUUROTOOON 87

Figure 3.26 Agarose gel electrophoresis showing results from 5' RACE-PCR, nested 5'

RACE-PCR, nested 5' RACE-PCR and 3 'RACE-PCR products of PmPKC.........ccccoveeuvune. 88
Figure 3.27 Nucleotide sequences of 5' RACE, the original EST and 3' RACE-PCR of

PINIPKC . ekttt 90
Figure 3.28 The full-length cDNA and deduced protein sequences of PmPKC. .......... 93

Figure 3.29 The primary 3' RACE-PCR product of cyclic AMP-regulated protein like
POFOTOIN. .ttt ettt ettt ettt ettt es 93
Figure 3.30 Nucleotide sequences of an original EST and 3' RACE-PCR. ......cccccoevrne. 94
Figure 3.31 The full-length cDNA and deduced protein sequences of cyclic AMP-

regulated protein like protein of P. MONOAON ........ccccoovviiiiiieieceeeeeeee e, 95



XiV

Page
Figure 3.32 Agarose gel electrophoresis showing results from nested 5'RACE-PCR
product and primary 3 RACE-PCR product of PMNPCI33. ..., 96
Figure 3.33 Nucleotide sequence of 5' RACE-PCR, the original EST and 3 RACE of
PININPCIB3. .ttt 98
Figure 3.34 The full-length cDNA and deduced protein sequences of PmNPC133 of P.
monodon and diagram illustrating the full-length cDNA of PmMNPCI133.........c.cococ..... 101
Figure 3.35 Agarose gel electrophoresis showing results from the primary 3’and 5
RACE-PCR Of PMmISEMIQ. ..ecuiiiiiieeeeeee et 102
Figure 3.36 The partial nucleotide and deduced amino sequences of PmSema. ..... 103
Figure 3.37 1.0% ethidium bromide-stained agarose gel showing the quality of total

RNA and corresponding first strand cDNA from female broodstock of P. monodon..

Figure 3.39 1.6% ethidium bromide-stained agrarose gels showing results from RT-
PCR of ovaries and various tissues of P. monodon broodstock and EF-1A .............. 109
Figure 3.40 The standard amplification curve of various genes examined by real-time
PCR @NALYSIS.. ctititiiieieietee ettt ettt bbbttt s e ee 112
Figure 3.41 Histograms showing relative expression levels of PmVCP during ovarian
development of intact broodstock and unilateral eyestalk-ablated of P. monodon
IOOASTOCK. 1.ttt ettt ee 112
Figure 3.42 Histograms showing relative expression levels of PmTmsb during ovarian
development of intact broodstock and unilateral eyestalk-ablated of P. monodon
OIOOASTOCK. . c.viiieieteieee ettt ee 113
Figure 3.43 Histograms showing relative expression levels of PmcAMP-RPL during
ovarian development of intact broodstock and unilateral eyestalk-ablated of P.
MONOAON DIOOUSTOCK. ...ttt 113
Figure 3.44 Histograms showing relative expression levels of PmPKC during ovarian
development of intact broodstock and unilateral eyestalk-ablated of P. monodon

DT OOTSTOCK. . ettt ettt e e e et e et e e et e et e et e et e et e et e et e e e nnenanan 114



XV

Page
Figure 3.45 Histograms showing relative expression levels of PmRacgap! during
ovarian development of intact broodstock and unilateral eyestalk-ablated of P.
MONOAON DrOOUSTOCK. . ..ttt 115
Figure 3.46 Time-course relative expression levels of PmVCP in ovaries of
domesticated 14-month-old shrimp after progesterone injection. .......cccoccevviiecnne. 116

Figure 3.47 Time-course relative expression levels of PmVCP in ovaries of 18-month-
old shrimp after serotonin INJECHION. .....v i 117
Figure 3.48 Time-course relative expression levels of PmPKC in ovaries of 18-month-
old after Serotonin INJECTION. ......ioi e 118
Figure 3. 49 Time-course relative expression levels of PmcAMP-RPL in ovaries of 18-
month-old shrimp after serotonin INJECTION. ......coviiiiiii s 119
Figure 3.50 Time-course relative expression levels of PmRacgap! in ovaries of 18-
month-old shrimp after serotonin INJECTION. ......ccoeiierre s 119
Figure 3.51 Time-course relative expression levels of PmTmsb in ovaries of 18-month-
old after serotonin INJECTION. ....cciviveecceeee e 120
Figure 3.52 The digested plasmid was used as the template for synthesis of the cRNA
probe of PmVCP , the antisense and sense were synthesized from the gel-eluted
digested plasmid tEMPLALE. ..o 121
Figure 3.53 Localization of PmVCP transcript during ovarian development of intact P.
MONOAON DrOOUSTOCK. ...ttt 122
Figure 3.54 Localization of PmVCP transcript during ovarian development of eyestalk-
ablated broodstock of P. MONOAON .........coeuiuiiiiiiieeeeeee e 123
Figure 3.55 Alisnments of deduced amino acid sequences of Racgap! from testesand
ovaries (ORF-OV) Of P. MONOON. ..ottt 125
Figure 3.56 SDS-PAGE and Western blot analysisillustrating in vitro expression of two
recombinant clones of PmCdcd8-VCP after IPTG induction..........cccceviceniiicnnnee 127
Figure 3.57 SDS-PAGE and western blot analysis showing expression of a

recombinant clone of PmCdc48-VCP after the culture was induced by IPTG............ 128



XVi

Page
Figure 3.58 SDS-PAGEand western blot analysis of a recombinant clone of PmNPC-
NUP133 after induction by 1 MM IPTG ..o 128
Figure 3.59 SDS-PAGE and western blot analysis showing expression of a
recombinant clone of PmNPC-NUP133 after IPTG induction .........cccccevierniiiccnnnne 129
Figure 3.60 SDS-PAGE and western blot analysis of a recombinant clone of PmSema
after INduction DY 1T MM IPTG. ..o 130
Figure 3.61 SDS-PAGE and western blot analysis showing expression of a recombinant
clone of Pmsema after induction by 1 MM IPTG ..o 130
Figure 3.62 SDS-PAGE and western blot analysis of a recombinant clone of
PmRacgapl after induction by 1 MM IPTG.....oooiiiiiiecieieeeeeeeee e 131
Figure 3.63 SDS-PAGE and western blot analysis showing expression of PmRacgap1
after a recombinant cloned was induced Y IPTG ... 131
Figure 3.64 SDS-PAGE and western blot analysis of a recombinant clone of PmTmsb
after iNduction BY 1T MM IPTG .o.oiieeiieece e 132
Figure 3.65 SDS-PAGE and western blot analysis showing expression of rPmTmsb after

a recombinant PmTmsb was induced by 1 MM IPTG......cccoooviiiivieiicieeeee 132
Figure 3.66 Purification of rPmMCACA8-VCP. ... 133
Figure 3.67 Purification of rPMNUPL33. ... 134
Figure 3.68 Purification of rPMSEMa. ......cooiiiiiieeeee s 134
Figure 3.69 Purification of rPMRACEAPT ..vvviiiiieee e 135
Figure 3.70 Purification of rPMTMSD ... 135

Figure 3.71 SDS-PAGE and western blot analysis showing electro-eluted rPmCdc48-
VCP, rPmNUP133, rPmSema, RacGAP 1 and rPmTmsb of P. monodon ..................... 139
Figure 3.72 Sensitivity of anti-rPmCdc48-VCP PAb against varying amounts of
rPmCdc48-VCP protein, specificity of anti-rPmCdcd8-VCP PAb tested against various
recombinant proteins (0.2 ug) of P. monodon and western blot analysis using anti-
rPmCdcd8-VCP PAb against rPmMcdcl8-VCP.......ccoiiiieecieeceee e 140
Figure 3.73 Competitive binding assays with rPmcdcd8-VCP PAD. ..o 141
Figure 3.74 Sensitivity of anti-rPmRacgapl PAb against varying amounts of
rPmRacgapl proteins and competitive binding assays with anti-rPmRacgap1 PAb....142



XVii

Page

Figure 3.75 Sensitivity of anti-rPmTmsb PAb against varying amounts of rPmtmsb
protein and competitive binding assays of anti-rPmTmsb PAD. ... 145

Figure 3.76 Western blot analysis showing tissue expression analysis of the PmVCP

protein and western blot analysis of PMVCP ... 147
Figure 3.77 Western blot analysis of PMRACEaPTL ..o 148
Figure 3.78 Western blot analysis of PMRACaPT ...ccveevviieiriiceicccceeee 149
Figure 3.79 Western blot analysis of PMTMSD iN...ccocoiiiiiieeeeeee 150
Figure 3.80 Western blot analysis of PmMNPC-NUP133 and PmSema .......ccccceeveuennee. 151

Figure 3.81 Localization of PmVCP protein revealed by immunohistochemistry using
anti-rPmCdcd8-VCP PAb against conventional tissue sections from intact wild
P.mMONOAON SPECIMENS ...ttt ettt ettt ettt sttt esese st e s esesenensaseseeas 153
Figure 3.82 Localization of PmVCP protein revealed by immunohistochemistry using
anti-rPmCdcd8-VCP PAb against conventional tissue sections from intact wild
P.mMONOAON SPECIMENS ...ttt ettt sttt ettt ettt ettt et esese st e s eseseneasaseseeas 154
Figure 3.83 Localization of PmVCP protein revealed by immunofluorescence of anti-
PmCdcd8-VCP PAb against conventional ovarian tissue sections from intact wild P.
MONOAON SPECIMENS. ..ottt ettt ettt ettt et et sesesese e et eseseseseaeaseseseneasasesesas 155
Figure 3.84 Localization of PmRacgapl protein revealed by immunohistochemistry
using anti-rPmRacgapl PAb against conventional tissue sections from wild intact
P.MONOGON ..ottt 156
Figure 3.85 Localization of PmRacgapl protein revealed by immunohistochemistry
using anti-rPmRacgapl PAb against conventional tissue sections from eyestalk-
ablated wild P.monodon SPECIMENS........c.ceiiieeeeee e 157
Figure 3.86 15% SDS-PAGE and western blot analysis showing protein profiles from

the pull down assay of soluble rPmCdc48-VCP with ovarian proteins of P. monodon..

Figure 3.87 15% SDS-PAGE and western blot analysis showing protein profiles from

the pull down assay of soluble rPmTmsb with ovarian proteins of P. monodon. .... 159



DEPC

DTT

dATP

dCTpP

dGTP

dTTP

DNA

HCl

PTG

Kb

kDa

MgCLZ

ms

LIST OF ABBREVIATIONS

base pair

degree celcius

diethylpyrocarbonate

dithiothreitol

deoxyadenosine triphosphate

deoxycytosine triphosphate

deoxyguanosine triphosphate

deoxythymidine triphosphate

deoxyribonucleic acid

hydrochloric acid

isopropyl-thiogalactoside

kilobase

kilo daltan

molar

magnesium chloride

mlligram

XVili



ml

mM

ns

OD

PCR

RNA

RNase A

mm

RT

SDS

Tris

HS

ul

UM

uv

mllilitre

mllimolar

Nanogram

optical density

polymerase chain reaction

isoelectric point

ribonucleic acid

ribonuclease A

revolution per minute

reverse transcription

sodium dodecyl sulfate

tris (hydroxyl methyl) aminomethane

microgram

microlitre

micromolar

ultraviolet

XiX



CHAPTER |
INTRODUCTION

1.1 Background information

The giant tiger shrimp, P. monodon has dominated production of farmed
shrimp along with the Pacific white shrimp (Litopenaeus vannamei) and is one of the
most economically important penaeid species in South East Asia (Sambrook and
Russell, 2001). Reduced reproductive maturation of captive P. monodon females is
found (Kenway et al. (2006)); (Preechaphol et al., 2007). Accordingly, breeding of
pond-reared P. monodon is extremely difficult and rarely produced enough quality
of larvae required by the industry. In Thailand, farming of P. monodon in Thailand
relies almost entirely on wild-caught broodstock for supply of juveniles (Sambrook
and Russell, 2001). The lack of high quality wild and domesticated broodstock has
probably caused the reduction of aquacultural production of P. monodon since the

last several years.

The domestication and selective breeding programs of penaeid shrimp would
provide a more reliable supply of seed stock and the improvement of their
production efficiency. The use of selectively bred stocks having improved culture
performance on commercially desired traits rather than the reliance on wild-caught
stocks is a major mean of sustainability of the shrimp industry (Clifford and Preston,

2006) ; (Coman et al., 2006).

Several neurohormones are known to stimulate or inhibit ovarian maturation
in crustaceans. These include the gonad inhibiting hormone (GIH) secreted by the X-

organ sinus gland complex (XO-SG), the gonad stimulating hormone (GSH) secreted



from brain and thoracic ganglion as well as other steroids and terpenoids (Huberman,
2000). The removal of the sources of gonad inhibiting hormone by unilateral eyestalk
ablation has commonly been used to induce maturation of the female of closed
thelycum shrimp species, like P. monodon. However, the technique leads to an
eventual loss in egg quality and death of the spawner (Benzie, 1998). Therefore,
predictable maturation and spawning of captive penaeid shrimp without the use of

eyestalk ablation is an ultimate goal for the industry (Quackenbush, 2001).

Several biotechnological areas including investigation of genetic variation
(identification of stocks) and genome structure, controls of reproduction and growth,
domestication of strains exhibiting required economically important traits (e.g.
specific pathogen resistant, SPR and/or fast growing strains) are thought to have
significant impact in the industry of this species. Moreover, identification and
characterization of genes involving with reproductive maturation and mechanisms of
sex differentiation and their expression patterns can be directly applied for selection

of high quality pond-reared P. monodon.

Nevertheless, genetic improvement of P. monodon is slow owing to the lack
of the basic information related with ovarian development and maturation in
penaeid shrimp. An initial step toward understanding molecular mechanisms of
ovarian and oocyte development in P. monodon is the identification and
characterization of genes/proteins differentially expressed in different stages of

ovaries in this economically important species (Preechaphol et al., 2007).

In penaeid shrimp, the mature oocyte arrests at the first meiotic prophase
and oocytes reach complete metaphase | after ovulation (Yano, 1995). It remains

unknown whether crustaceans possess a gonadotropin homologue that can trigger



the meiotic resumption during final oocyte maturation as those in most vertebrate
animals such as mammals, fishes and amphibians. Additionally, there have been no
reports associated with the characterization of a maturation promoting factor (MPF)
and its regulatory mechanisms for final oocyte maturation, which is an important
aspect towards artificial control of maturation of the commercially important species
and will contribute to a sustainable production of the shrimp industry (Qiu and

Yamano, 2005).

The development of oocytes consists of a series of complex cellular events,
in which different genes express to ensure the proper development of oocytes and
to store transcripts and proteins as maternal factors for early embryogenesis (Qiu and
Yamano, 2005). Different biotechnological approaches, for example; injection of
vertebrate steroid hormones, neurotransmitters and ecdysteroids (Benzie, 1998);
(Okumura, 2004) and the use of specially formulated feed (Harrison, 1990) have been
applied to induce the ovarian maturation of female shrimp but results are
inconsistent owing to limited knowledge on genetic and hormonal control of penaeid
species (Meusy and Payen, 1988) ; (Okumura, 2004). An understanding of gene
expression involving ovarian maturation between normal and eyestalk ablated P.
monodon are useful for genetic improvement of this economically important

species.

Discovery of genes expressed in ovaries of P. monodon has been reported
based on EST (single-pass sequencing of randomly selected clones from cDNA
libraries, (Preechaphol et al., 2007) and suppression subtractive hybridization (SSH)
(Leelatanawit et al., 2004) ; (Preechaphol et al.,, 2010) analyses. Several reproduction-

related genes (e.e. anaphase promoting complex subunit 11, selenoprotein M



precursor, chromobox protein, ovarian lipoprotein receptor, progestin membrane
receptor component 1 and ubiquitin-specific proteinase 9, X chromosome) were
isolated. Nevertheless, cellular proteomic profiles of proteins expressed during

ovarian development of P. monodon have not been reported.

Yamano et al. (2004a) illustrated that in most cases ovaries of the kuruma
prawn (Marsupenaeus japonicus) start to develop in the reproductive season but fail
to reach full grown requisite for the formation of cortical rods (CRs). Ovaries
degenerate without spawning. This is also the major constraint in P. monodon.
Reduced spawning potential and low degree of maturation of P. monodon in
captivity crucially prohibits the efficiency of the genetic improvement through

domestication and selective breeding programs in this species.

Understanding mechanisms and functions of genes and proteins involved in
oogenesis would provide a tool applicable for understanding of their important
biological and molecular processes and finally, for improving cognitive processes in
oogenesis of P. monodon. Nevertheless, identification of proteins in ovaries during
ovarian development of penaeid shrimp have not been performed and reported in

any species.

Proteomic technique is a powerful and wildly used method for analysis of
protein mapping and expression of interesting expressed proteins in various cells and
tissues of organisms. Proteomic techniques provide the basic information on protein
expression profiles and post-translational modification of interesting proteins.

Molecular mechanisms and expression patterns of proteins controlling each step of



oocyte maturation and formation of CRs could be further carried out for better

understanding the reproductive maturation of P. monodon in captivity.

In this study, proteins differentially expressed in ovaries of P. monodon were
identified and characterized by proteomic approaches (1D-gel electrophoresis,
molecular imager and nanoESI-LC-MS/MS). The full-length cDNA of the identified
proteins (e.g. protein kinase C, Rac GTPase-activating protein 1) were isolated.
Recombinant proteins and their polyclonal antibodies were produced. Expression
profiles of interesting genes and proteins during ovarian development of P. monodon
were examined by quantitative real-time PCR and western blot analysis and ELISA,
respectively. Localizations of their mRNA and proteins are examined by in situ
hybridization and immunofluorescence, respectively.

1.2 Objective of this thesis

The objectives of this thesis were determination of protein profiles in
domesticated and wild female P. monodon broodstock by Gel.-LC-MS/MS (SDS-PAGE
followed by nanoESI-LC-MS/MS. In addition, the full-length cDNA, expression and
localization of interesting genes and proteins involved in ocogenesis were examined.
1.3 General introduction

1.3.1 Taxonomy of P. monodon

The giant tiger shrimp is taxonomically classified as a member of Phylum
Arthropoda; Subphylum Crustacea; Class Malacostraca; Subclass Eumalacostraca;
Order Decapoda; Suborder Natantia; Infraorder Penaeidea; Superfamily Penaeoidea;
Family Penaeidae, Rafinesque, 1985; Genus Penaeus, Fabricius, 1798 and Subgenus

Penaeus. The scientific name of shrimp is Penaeus monodon (Fabricius, 1798) where



the English common name is giant tiger shrimp or black tiger prawn (Bailey-Brock and

Moss, 1992).

The external morphology of P. monodon and sex characteristics of male

(petasma) and female (thelycum) are illustrated in Figure 1.1.

Figure 1.1 External morphology of P. monodon (A). Sexes of juveniles and broodstok
of penaeid shrimp can be externally differentiated by petasma of male (B) and
thelycum of female (Q).
1.3.2 Oogenesis and formation of cortical rods in shrimp

In penaeid shrimp, ovarian development is characterized by the accumulation
of a major yolk protein and cortical rods formation in the oocytes (Okumura et al.,
2006). The oocytes of shrimp develop from mitotically dividing oogonia. As the
daughter oogonia develop, they increase in size and enter the first stage of meiotic
division and migrate away from the zone of proliferation toward the periphery of the

ovarian follicles.



During this time, the follicular cell surrounding the growing oocytes produced
the vitellogenin protein which constitutes the yolk. The yolk vitellogenin is also
produced at extraovarian sites, especially the hepatopancreas. The process of
synthesis and accumulation of vitellogenin in the oocytes is called vitellogenesis
(Kruevaisayawan et al., 2010). The knowledge about ovarian development stage and
morphological characteristic of the oocytes have reported in Marsupenaeus

Jjarponicus and Metapenaeus ensis.

Recently, oogenesis and formation of cortical rods in the black tiger shrimp
Penaeus monodon have studied the ultrastructure of the developing oocytes by
transmission electron microscopy (Kruevaisayawan et al, 2010). The unique
characteristics of the stage 1 oocyte (Oc;) were the presence of several prominent
nucleoli and abundant ribosomes. These characteristics indicated that there is a
highly rate nucleoli into the cytoplasm via the numerous nuclear pores (Figure 1.2A).
The above characteristics are similar to those of other shrimps, including P. aztecus,
P. setiferus. The stage 2 oocyte (Oc,) was characterized by an increase in the number
of rough endoplasmic reticulum (RER) which started expansion. Thus, Oc, represent
the initial stage of active protein synthesis, possibly involved with yolk production
which later becomes a major component in developing oocytes (Figure 1.2B).
Synthesis of other major proteins, particularly CRs, would also be initiated. In the
stage 3 oocyte (Ocs), the RER was well-developed and appeared highly dilated, and
distributed throughout the cytoplasm, indicating that this stage of the oocyte is
highly active in the protein synthetic activity. Moreover, the same event is also to
appear on vitellogenic oocytes of many crusteceans, including lobters and other

shrimps. Additionally, an increasing number of nuclear pores in this stage signify an



increased tramsport between the nucleus and cytoplasm. Furthermore, the
cytoplasm of Ocs started to be filled with yolk granules reflecting the high rate of
vitellogenasis another unique ultrastructeral feature of  Ocs; is the presence of

numerous of lipid droplets in the cytoplasm.

It is not known how lipid droplets are formed. In P. kerathurus, it was
suggested that lipid droplets in oocytes are formed from complex vesicular bodies
derived from the nuclear envelope, ER and Golgi complexs. In mature oocyte (Ocy),
the appearance of rod-like structures which marks the main feature of this stage in
many penaeid shrimp but lacking of in other crusteceans. In contrast to Ocs, the
dilated RER is not as noticeable in the Ocd suggesting a reduction of synthetic activity
during the final stage of maturation. The synthesis of CR is initiated in Oc, and
increases significantly in the well-developed RER of Oc4 as shown by the deposition
of numerous gold particles in dilated RER of Oc4. Some CR granules appear to fuse
with the Oc,4 plasma membrane that bordered the CR crypt. Thus, this material may
be released by exocytosis of CR granules at the periphery of an oocyte into the
crypts where it is assembled into CR structure during oocyte maturation (Figure 1.2C-
D).

1.3.3 Ovarian development of Penaeus monodon and hormonal control
in reproductive maturation in shrimp

In penaeid shrimp, the major part of ovaries is found within the
cephalothorax area. Ovaries are paired, but partially fused in the cephalothoracic
region, and consist of a number of lateral lobes. The intensity of the ovarian shadow
is due to the different density of the ovaries and the pigmentation of the egg mass.

The ovarian development of penaeid shrimp are generally classified to four different



stages; underdeveloped stage (Stage 1), developing or early vitellogenic stage (Stage
Il), nearly ripe or late vitellogenic stage (Stage Ill) and ripe or mature stage (Stage IV,

Figure 1.3).

Figure 1.2 TEM micrograph and ultrastructure of oocyte of P. monodon stage I-IV. (A) Each
nucleolous (No) becomesenlarged and forms a dense peripheral ring surrounding a central dense
mass in the late OC1. (B) OC2 showing numerous rough endoplasmic reticulums (RER) that are
well-developed throughout the cytoplasm and some of which begin to be dilated (RER-d). (C)
The cytoplasm is filled with the electron dense yolk granules (Yg), (RER), ribosome and aggregates
lipid droplets (Li). RER are well-developed highly dilated (RER-d) and filling the entire cytoplasm.
OC4 showing the cortical rod (CR) at the cells periphery and the cytoplasm is filled with yolk
granules (Yg), mitochondria (Mi), RER, and cortical rod granules (CRg). The sites where cortical rod
granules join the oolemma at the crypts containing cortical rod are indicated by arrows

(Kruevaisayawan et al., 2010).
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In an undeveloped stage, the ovaries either do not cast any shadow or a thin
opaque line is seen along the length of the tail. At this point the ovaries are
composed of a connective tissue capsule surrounding a soft vascular area containing
oogonia, and accessory cells (called follicle or nurse cells, Figure 1.3A). The internal
wall of the ovary capsule is lined with epithelial cells (called the germinal
epithelium). Once the female is sexually mature, the germinal epithelium will

produce oogonia by mitosis division throughout the reproductive life of the females.

The eggs develop from oogonia in an area known as the zone of proliferation.
As the oogonia develop they increase in size and enter the first stage of meiotic
division and henceforth are irreversibly destined to become haploid, with only one
set of maternal chromosomes. At this point, although the developing eggs are
increasing in size (Figure 1.3B) they are not as yet producing yolk, and are known as
previtellogenic oocytes. At this stage the ovaries can be visualized with a light beam

as a large centrally located opaque rope-like structure, and classified as the stage 2.

As the oocytes develop, they migrate towards the margins of the ovarian
lobes in preparation for ovulation. During this migration, follicle cells are attached to
the periphery of each oocyte. It is believed that the follicle cells produce the yolk
that is internal in the oocytes in a process called vitellogenesis. As vitellogenesis
proceeds, oocytes mature synchronously as yolk accumulates and develop a
characteristic dark green colour as a result of deposition of carotenoid pigments. It is
the carotenoid pigmentation that mainly causes the dark ovarian shadow during
illumination of the female by the torchlight. The female is now in the stage 3 (Figure

1.30).
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By the end of vitellogenesis, the eggs develop cortical granules filled with a
jelly-like substance destined to form part of the egg shell membrane after ovulation.
At this time the shadow cast by the ovaries is large, resulting in a very distinct dark
thick region extending the length of the abdomen, with an enlarged bulbous region
directly behind the carapace, called the saddle. The saddle may not be as apparent
in some broodstock. The female is now in a pre-spawning state and is regarded as in

the stage 4.

Penaeid shrimp are divided into two groups: open-thelycum and closed-
thelycum species. In the life history of penaeid shrimps, final maturation, spawning
and mating behaviour presage successful reproduction. The final phase of
maturation, spawning, mating and their interrelationships differ significantly between
the groups. The giant tiger shrimp is one of the closed-thelycum species. Typically,
mature males insert their spermatophore into the soft thelycum of newly moulted
immature females. Final maturation with germinal vesicle breakdown (GVBD)
immediately precedes spawning in a closed thelycum species (Yano, 1988). Two
phases are involved: the appearance of ripe ovary and germinal vesicle breakdown

(GVBD) in preparation for fertilization after spawning (Figure 1.4).

Ovulation occurs when nuclei, shrunken during the late prematuration phase,
have migrated to the peripheral cytoplasm of the oocytes. In the late phase of the
maturation cycle, meiotic metaphase is arrested and remains visible just beneath the
cytoplasmic membrane of the oocyte, indicating that GVBD is completed after

ovulation.
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Figure 1.3 Different ovarian development stages of P. monodon. Panel A,
theunderdeveloped ovaries (Stage 1), B., the developing stage (Stage Il), C., the nearly
ripe  stage  (Stage )  and D., the ripe stage (Stage V)

(www.aims.gov.au/.../mdef/images/fig01-4a.gif).
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Immediately after release from the female gonopore, the mature eggs, still in
metaphase (for example in Marsupenaeus. japonicus), are fertilized by sperm
released into the seawater from the spermatophore held in the thelycum. Once
begun, spawning is continuous, females releasing batches of eggs from the ripe
ovaries and sperm from the spermatophore into the seawater, where fertilization
takes place. Therefore, female shrimp have to repeat the process of molting, mating,

and sexual maturation in order to achieve several spawning during their life.

Prematuration accumulation of egg-yolk protein (vitellin) in developing
oocytes at the yolk-granule stage, occurs approximately 1 month after spawning
without mating in spent shrimps (for example in M. japonicus). Female shrimp
(closed thelycum), do not mature for several months, even after mating with
spermatophore transfer in the season from late autumn to early spring (Yano, 1995).
These observations indicate that mating dose not directly accelerate vitellogenesis in

closed-thelycum species.

1.3.4 Hormonal studies in shrimp

Biological and physiological processes (growth, reproduction, body color, and
metabolism etc.) are hormonal controlled (Figure 1.5). Knowledge from shrimp
endocrinology is necessary to develop the hormonal manipulation techniques in

shrimp

Eyestalk hormones play the important role for regulating several physiological
mechanisms and unilateral eyestalk ablation is practically used for induction of
ovarian development and oviposition. The technique gives predictable peaks of

maturation and spawning but many associated problems, which leads to an eventual
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loss in egg quality and causes high mortality and death (Benzie, 1998). Predictable
maturation and spawning in captive shrimp without the use of eyestalk ablation is a

long—term goal for the industry (Quackenbush, 1991).

Crustacean hyperglycemic hormone (CHH) is a member of a structurally
related peptide family, which also includes molt-inhibiting hormone (MIH), gonad-
inhibiting hormone (GIH) and mandibular organ-inhibiting hormone (MOIH). It is the

most abundant peptide in the eyestalk of crustaceans (Chang et al., 1990).

Vitellogenersis
I Mating I—b I Spermatophore transfer I (several weeks)
T 1-8 months.
T several hours

Fertilization +— I Final maturation |

Figure 1.4 Reproductive cycles of the close-thelycum penaeid shrimp (Yano, 1995).

Color changes
Sex determination I

Reproduction
Gonadal activity I
Continuous I
Discontinuous I
Metabolism I
Osmolarity I

Figure 1.5 Diagram illustrating the hormonal controls of physiological processes of

penaeid shrimp (Yano, 1995).
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This hormone not only plays its major role in controlling the glucose level in
the hemolymph, but is also significantly contributed to other processes such as
ecdysteroid synthesis and ovarian maturation. Multiple forms of CHH have been
reported. CHH has been isolated from several crustaceans such as crabs, (Kegel et
al,, 1989) ; (Chung et al., 1998), lobster (Tensen et al,, 1991), crayfishes (Kegel et al,,
1991) ; (Huberman et al.,, 1993), shrimp (Sithigorngul et al., 1999) as well as isopod

(Martin et al., 1984).

The growth in crustaceans is not continuous because of the rigid exoskeleton.
It is often shed to allow periodic growth. Molting is controlled by a complex interplay
of hormones (Figure 1.6), in particular, the negative regulation of molt-inhibiting
hormones (MIH) from the X-organ/sinus gland (XO/SG) complex which suppresses the
synthesis or secretion of molting hormones (ecdysteroids) from the Y-organ (Figure

1.7).

MIH is classified as a member of the crustacean hyperglycemic hormone
(CHH) family and has been shown to inhibit the synthesis of the molting hormone,
ecdysone, which release from the Y-organ of decapod crustaceans keeps the animal
in the intermolt stage that dominates its molting cycle. MIH is thus one of the major

keys in mediating growth and reproduction.

Udomkit et al. (2004) cloned and characterized P. monodon CHH transcripts
and produced recombinant Pem-CHH2 and Pem-CHH3 peptides, a member of a
structurally related CHH/MIH/GIM/MO-IH peptide family. Both cDNAs contained 381-

bp open reading frame encoding 127 amino acids.
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Figure 1.6 (a) A schematic diagram illustrating the major endocrine organs in shrimp. The sinus
gland is composed of the terminals from neurons which have their cell bodies in the X-organ and
brain. (b) Electron microscopy section (8500X) of the sinus gland demonstrating hormone filled
vesicles (dark circles) which are fused and released their contents into the blood.

(www.aims.gov.au/.../mdef/images/fic01-4a.gif)

CHROMATIC ADAPTATION
Red pigment-concentrating
hormone (RPCH) and
Pigment-dispersing
hormone (PDH)

METABOLISM
Crustacean
hyperglycemic
hormone (CHH)

REPRODUCTION
Vitellogenesis-
inhibiting hormone
(VIH)

Molt-inhibiting
hormone (MIH)
Mandibular organ
inhibiting hormone
(MOIH)

Mandibular organ
inhibiting hormone
MOIH)

Figure 1.7 Localization of hormones that control several physiological systems from the sinus

gland/X-organ complex of P. monodon (Okumura, 2004).

Amino acid sequence analysis revealed that Pem-CHH2 and Pem-CHH3

shared 95% identity in their amino acid sequence to that of Pem-CHH1 (Udomkit et
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al., 2000). Both recombinant Pem-CHH2 and Pem-CHH3 expressed as secreted
proteins in Pichia pastoris exhibited the hyperglycemic activity at the comparable
level to that of Pem-CHH1. The Pem-CHH transcript in several tissues of P. monodon
was examined by RT-PCR. Expression of Pem-CHH1, Pem-CHH2, Pem-CHH3 was not
restricted only to the eyestalk but also detectable in heart. In addition, the transcript
of Pem-CHH1 was also present in gills. CHHs form various origins may play different

physiological roles.

Yodmuang et al. (2004) isolated cDNA encoding two types of MIH, Pem-MIH1
and Pem-MIH2 of P. monodon by direct PCR amplification and PCR-based genome
walking strategies. Pem-MIH1 cDNA contained a 318 bp ORF encoded for a translated
product containing 28 amino acids of the signal peptide and a putative mature Pem-
MIH of 77 amino acids. Pem-MIH1 and Pem-MIH2 ¢enes have the same structures.
The interruption of the three exons by the two introns occurs at the same positions
in both genes. RT-PCR was used to detect the expression of Pem-MIH1 and Pem-
MIHZ in several tissues of P. monodon and found that Pem-MIH1 was abundantly
detected in eyestalk and thoracic ganslia, whereas no transcript was present in heart.
A lower expression level was detected in gill and muscle, Pem-MIHZ was detected
only in eyestalk but not in other tissues. The recombinant Pem-MIH1 was expressed
in Pichia pastoris as a secreted protein. Pem-MIH1 exhibited the ability to extend
molting duration of P. monodon from 11.8 days to 16.3 days suggesting that Pem-

MIH1 played the molt-inhibiting function in this shrimp.

In crustacean females, the late phase of gonadal maturation to form mature

oocytes is named vitellogenesis. This process comprises the synthesis or deposition,
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or both, of yolk or vitellus. The major component of this nutritive material is the
lipoprotein vitellin, derived from a precursor called vitellogenin that can be

synthesized in extraovarian tissues or in the ovaries.

Penhouse (1943 and 1944 cited in (Huberman, 2000)) described that unilateral
eyestalk ablation has been used to accelerate ovarian maturation and spawning in
different shrimp species used as broodstock in aquaculture. The effect has been
attributed to the presence of gonad inhibiting hormone, GIH (or vitellogenin inhibiting

hormone, VIH) in the X- organ-sinus gland complex.

Gonad inhibiting hormone (GIH or vitellogenin inhibiting hormone, VIH) is a
member of the CHH/MIH/GIH family. It plays an important role on inhibition of
ovarian development. The removal of GIH by unilateral eyestalk ablation is
practically used for stimulation of ovarian development in shrimp but identification
of GIH was only reported in lobsters. Two isoforms of the GIH were isolated and
sequenced by Soyez et al. (1991) from the sinus gland of the lobster H. americanus.

Both consisted of 77 residues and MWs of 9.135 Kda.

Treerattrakool et al. (2008) characterized a cDNA encoding a GIH (Pem-GIH)
from the eyestalk of Penaeus monodon. Pem-GIH cDNA is 861 bp in size with an ORF
of 288 bp. The deduced Pem-GIH consists of a 17-residue signal peptide and a
mature peptide region of 79 amino acids with features typical of type Il peptide
hormones from the CHH family. Pem-GIH transcript was detected in eyestalk, brain,
thoracic and abdominal nerve cords of P. monodon adults. The gonad-inhibiting
activity of Pem-GIH was investigated using the RNA interference technique. Double-

stranded RNA, corresponding to the mature Pem-GIH sequence, triggered a decrease
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in Pem-GIH transcript levels both in vitro (eyestalk ganglia and abdominal nerve cord
culture) and in vivo (female P. monodon broodstock). The conspicuous increase in Vg
transcript level in the ovary of GIH-knockdown shrimp suggests a negative influence
for Pem-GIH on Vg gene expression, and thus implies its role as the gonad-inhibiting

hormone.

Recombinant peptides related to vitellogenesis-inhibiting hormone (VIH) of
the American lobster (Homarus americanus) were expressed in bacterial cells, and
then purified after being allowed to refold. Biological activities of the recombinant
VIHs having an amidated C-terminus (rHoa-VIH-amide) and a free carboxyl-terminus
(rHoa-VIH-OH) were examined using an ovarian fragment incubation system derived
from the kuruma prawn, Marsupenaeus japonicus. The rHoa-VIH-amide significantly
reduced vitellogenin MRNA levels, while rHoa-VIH-OH had no effect on vitellogenin

mMRNA levels in ovaries (Ohira et al., 2006).

Gonad stimulating hormones, GSH (or vitellogenin stimulating hormone, VSH),
believed to be secreted by the supraesophageal and thoracic ganglia has been
proposed to have the opposite effects of GIH (stimulates the gonadal maturation) of
shrimp. However, this hormone has not been identified and characterized in any
shrimps. Ecdysteroids are known as the molting hormones in crustacean and insects.
In crustacean, the inactive forms are secreted and converted to 20-hydroxyecdysone
by the Y-organ. Ecdysteriods stimulate vitellogenesis in some insects. However, the
levels of ecdysteriods in hemolymph of the giant freshwater shrimp (Macrobrachium

rosenbergii) were not related to vitellogenesis and showed no distinct relation to the
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molt cycle suggesting that ecdysteroids are not involved in vitellogenesis in M.

rosenbergii (Okumura and Aida, 2000).

Central nervous X-organ-sinus
grand
i
y 4 MOIH
GSH ((i,IIIiI_I)/ / Mandibular
(VSH)? organ

VSOH?
Vg synthetic site {
(ovary and/or Vg
hepatopancrease)
A Oocyte
Steroid-

Figure 1.8 Schematic diagram of the endocrine control of vitellogenesis in shrimp
(Okumura, 2004) GIH: gonad inhibiting hormone, GSH: gonad stimulating hormone,
MF: methyl farnesoate, MOIH: mandibular organ inhibiting hormone, Vg: vitellogenin,

VIH: vitellogenesis-inhibiting hormone, VSH: vitellogenesis stimulating hormone.

MF is structurally related to the juvenile hormone and synthesized by
mandibular organ (MO). MF has been implicated in the regulation of crustacean
development and reproduction in conjunction with eyestalk molt inhibiting hormone
and ecdysteroids. The presence of MF in the medium for culturing of ovarian tissue

in vitro of L. vannamei resulted in a significant increase in sizes of oocytes. In
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contrast, MF inhibits ovarian development in the tadpole shrimp, Troops
longicaudatus (Tsukimura et al., 2006).

Farnesoic acid O-methyltransferase (FAMeT) catalyzes the methylation of
farnesoic acid (FA) in the terminal step of MF synthesis. A schematic diagram of

regulatory mechanism of vitellogenersis in shrimp is shown in (Figure 1.8).

Laufer et al. (1998) reported stimulating effects of MF on ovarian maturation
in the red swamp crayfish Procambarus clarkii in three different trials of MF
administration. After 30 days of treatment, ovaries of pre-reproductive females were
2- to 10-fold larger and were in the later stages of vitellogenesis than those of the
controls. Similar and statistically significant results were observed in a second 30-day
trial, which was begun during the middle of the vitellogenic cycle. The control
ovaries were white or yellowish colored but ovaries from the MF-fed groups were
larger and showed a dose response for which the 1-ug MF group had tan colored
ovaries. A group receiving the higher dose of 2 pg MF had dark brown to black

colored ovaries.

Hui et al. (2008) studies functions of L. vannamei FAmeT (LvFAMeT) in
molting using the RNA interference (RNAIi) technique. Injection of double stranded
RNA (dsRNA) of LvFAMeT successfully knocked down the expression of LvFAMeT in
juvenile shrimp for at least 3 days and shrimp did not proceed to the final stage of
molt cycle. Furthermore, the expression of molt-related genes encoding cathepsin-L
and hemocyanin gene was disturbed. Subsequently, 100% mortality of shrimp was
observed in LvFAMeT dsRNA-injected shrimp. In contrast, control shrimp completed

their molt and proceeded to the next molt cycle. Therefore, RNAI injection knocked
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down the expression of LvFAMeT which could potentially result in a decrease in the
production of MF and subsequently, could affect the molting process of P. monodon

were also analyzed.

1.4 Control of cortical rods formation and germinal vesicle breakdown

As the eggs of penaeid shrimp reached maturation, cortical rods start forming
around the oocytes. Its function during the egg activation process includes
establishment of protective jelly layer (Clark et al., 1990), and contribution to the

induction of the sperm acrosome reaction (Kruevaisayawan et al., 2007).

Medina et al. (1996) reported the inability of pond-reared shrimp Penaeus
kerathurus to synthesie cortical rods leading to the lack of fully mature oocyes (stage
IV). It was suspected that hormones play a more significant role since the sizes of
oocytes are not different between then wild and pond-raised shrimp. Eyestalk

ablated shrimp was not used in Medina et al experiment.

Palacios et al. (2003) reported no significant differences in eyestalk-ablated
wild or pond-reared L. vannamei oocyte’s ability of form cortical rods while Peixoto
et al (2008) reported significantly higher frequency of oocytes with cortical rods in

domesticated shrimp than that of the wild shrimp.

There are several potentials biomarkers for cortical rods formation.
Thrombospondin (TSP) major protein component of cortical rods were cloned and
characterized in kuruma prawn M. japonicus (Yamano et al., 2004b) and Chinese
shrimp F. chinensis (Sun et al,, 2006) High expression of cathepsin C gene in the
ovaries of kuruma prawn coincides with the onset of cortical rod formation suggesting

that the gene might play a role during CR synthesis and final oocyte maturation (Qiu
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et al,, 2005). The level of cortical rod protein (CRP) and MjTSP expression in the
ovary of kuruma prawn did not change after eyestalk ablation, but the protein levels
in the ovary did increase (Okumura et al, 2006). The results suggested that the

regulatory mechanism of the CRP and MjTSP control is occurred during translation.

Kim et al. (2005) reported high CRP expression during the previtellogenic and
early vitellogenic stage. They suggested that CRP and VG synthesis are regulated by
closely-related mechanisms. Cortical rod protein has been cloned and characterized
in a species whose oocytes does not form a cortical rod structure such as giant

freshwater prawn Macrobrachium rosenbergii (Kim et al., 2007).

One important step toward oocyte maturation that has yet to be extensively
studied in crustacean is that of germ-vesicle breakdown (GVBD), the breakdown of
the nuclear membrane surrounding the chromosome prior to meiosis resumption of

the oocyte.

In vertebrate, GVBD and oocyte maturation are triggered by gonadotropins,
luteinizing hormone (LH) and follicle stimulating hormone (FSH). In fish and
amphibians, a steroid hormone intermediate, maturation inducing hormone, is also
involved in oocyte maturation (Jalabert, 2005; Patio et al, 2001). Examples of
maturation inducing hormone in fish include 17,20B—dihydroxy—ﬁlpregnen—?)one
(Jalabert, 2005) and 17B—2—hydroxy—estradiot (Mishra and Joy, 2006a, b, c, d,

Senthilkumaran and Joy, 2001).

Yano (1995) hypothesized that final maturation in penaeid shrimp can be
induced by prostaglandin whose concentration is related to fatty acid precursors

(such as arachidonic acid and eicosapentaenoic acid) in the diet of shrimp. Other
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stimulating factor can include mating (for some species), UV-irradiated water,

temperature shock or filtration of seawater.

Biogenic amines (e.g., serotonin or 5-HT, epinephrine, and dopamine) and
peptide neuroregulators are known to modulate the release of neuropeptide
hormones from the sinus gland (Fingerman, 1997) ; (Sarojini et al., 1995) ; (Okumura,
2004). Serotonin (5-HT) in oocyte maturation, particularly GVBD, has been observed in
several animal phyla. Simultaneous injections of 5-HT (25 ug/g body weight) and the
dopamine antagonist spiperone (1.5 or 5 pg/g body weight) induced ovarian
maturation and spawning in wild L. stylirostris and pond-reared L. vannamei (Alfaro

et al., 2004).

Wongprasert et al. (2006) reported the effect on serotonin induction of
ovarian maturation and spawning in P. monodon. They noted that spawning
occurred while the ovaries were in Stage Il and the quality of spawns (numbers of
eggs, hatching rate, and numbers of nauplii) was better in serotonin-induced group.
The stage of ovarian maturation was determined by visual observation in their study,
but the correlation to oocyte development was not made. The study provides the

promising evidence for serotonin beneficial role on crustacean reproduction.

1.5 Proteomic studies in shrimp reproduction

Changes in protein expression profiles in hemocytes of P. monodon upon
white spot syndrome virus (WSSV), yellow head virus (YHV) and Vibrio harveyi
infection using proteomic studies have been reported (Rattanarojpong et al., 2007) ;

(Bourchookarn et al., 2008) ; (Somboonwiwat et al., 2010).
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Spermatogenesis and oogenesis are complex cell differentiation processes
which require a coordinated series of both mitosis and meiosis cycle events.
Accordingly, identification and characterization of genes and/or proteins functionally
involved in gonad development are the initial step toward understanding molecular
mechanisms of testicular development and sperm quality in P. monodon

(Leelatanawit et al., 2004) ; (Leelatanawit et al., 2008).

Cellular proteomic analysis was carried out to identify reproduction-related
proteins in testes of wild and domesticated broodstock of Penaeus monodon. In
total, 642 protein spots were characterized and 287 spots (44.70%) significantly
matched protein sequences in the databases (P < 0.05). To examine a role of the
proteasome system in testicular development of P. monodon, the expression
profiles of proteasome alpha 3 subunit (PmPsma3) and proteasome beta 6
(PmPsmbé6) mRNA in different groups of domesticated shrimp and in wild broodstock
were examined. The expression levels of these transcripts in testes of 18-month-old
domesticated shrimp were significantly lower than those of wild broodstock (P <
0.05). Interestingly, the expression levels of testicular PmPsma3 and PmPsmbé in 18-
month-old shrimp were significantly increased at 24 hr following serotonin injection
(50 pg/g body weight). Results suggested that reduced degrees of maturation in
captive P. monodon males may be partially resolved by exogenous 5-HT

administration.

Recently, cellular protein profiles in different ovarian stages of P. monodon
have not been reported. Proteomic analysis was carried out for identification of
proteins functionally involved in ovarian development of the giant tiger shrimp

(Penaeus monodon). A total of 335 protein spots including 183 spots from
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vitellogenic (stage II) and 152 spots from mature (stage IV) ovaries of intact P.
monodon broodstock were examined. Of these, 75 (40.98%) and 59 (38.82%) spots
significantly matched known proteins in the databases, respectively. In addition, 270
protein spots including 167 and 103 spots from respective ovarian stages of eyestalk-
ablated broodstock were also characterized. A total of 95 (56.89%) and 62 (60.19%)
spots matched known proteins, respectively. Among differentially expressed
reproduction-related proteins, the full-length cDNA of protein disulfide isomerase A6
(PmPDIA6) was further characterized by RACE-PCR. PmPDIA6 was 1946 bp in length
containing an open reading frame (ORF) of 1293 bp corresponding to a polypeptide
of 430 amino acids. PmPDIA6 was up-regulated at stage Ill ovaries in intact shrimp (P
< 0.05). Interestingly, eyestalk ablation resulted in a lower expression level of
PmPDIA6 in each stage of ovarian development compared to that of intact
broodstock (P < 0.05). Results in this study clearly indicated the potential of cellular
proteomic studies and gene expression analysis for identification of proteins/genes
differentially expressed during ovarian development of P. monodon (Talakhun et al.,

2012).

In addition, 2-DE patterns of total proteins from previtellogenic (stage IIl) and
vitellogenic (stage IV) ovaries of the crayfish (Procambarus clarkii) were compared for
the first time. A total of 52 significantly differentially expressed protein spots
(up/down-regulated > 2 fold) were excised for further analysis using matrix-assisted
laser desorption/ionization-tandem time of flight mass spectrometry. There were 29
spots successfully identified, including 22 unique proteins. Compared with stage Il
ovaries, 13 proteins in the stage IV ovaries were down-regulated (e.g., tropomysin, 70

kD heat shock protein, protein disulfide-isomerase A6, slutathione S transferase D1,
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arginine kinase, and Na+/K+-ATPase) and 9 were up-regulated (e.g., peritrophin, cyclin
B, elongation factor 2, transketolase, checkpoint kinase 1, and I-connectin). The
results indicated the potential of cellular proteomic studies for the identification of
proteins functionally involved in the ovarian development of P. clarkia (Shui et al,,

2012).

Conventional proteomic analysis (2-DE and mass spectrometry were used to
identify proteins that are differentially expressed during ovarian maturation in
Metapenaeus ensis. 87 spots with consistently significant quantitative differences
(1.5-fold for vol%) among stage |, Il and V ovaries were chosen for MS/MS analysis.
45 spots were significantly matched to known proteins in the database (Mascot score
> 40). Half of them were down-regulated, in contrast to 9 out of 45 proteins that
were up-regulated as ovarian maturation proceeded. Functionally, these identified
proteins could be classified into five major groups, including cytoskeleton (11 %),
metabolism (18 %), signal transduction (32 %), gene expression (14 %) and immune
response (7 %). Among the differentially expressed reproduction-related proteins, the
MRNA expression level of cellular retinoic acid/retinol binding protein in M. ensis
(MeCRABP) during ovarian maturation was further characterized by quantitative real-
time PCR. It was down-regulated during ovarianmaturation. /n situ hybridization
further revealed that MeCRABP transcript was localized in ooplasm of previtellogenic

oocytes but not in vitellogenic oocytes (Cui et al., 2014).

Although 2-DE is the traditional method for proteomic analysis, proteins with
extremely low or high p/ and/or molecular mass cannot be fractionated efficiently. In
addition, Talakhun et al. (2012) characterized ovarian proteins having p/ 4 to 7.

Accordingly, the basic proteins playing the important role in ovarian development of
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this species have not been reported. In this thesis, proteins in ovaries of
domesticated and intact wild broodstock of P. monodon were size-fractionated by
one dimensional gel electrophoresis (SDS-PAGE) and further identified by nanoESI-LC-
MS/MS (collectively called GelLC-MS/MS). Several different protein families were
characterized. Moreover, the full-length cDNAs of several reproduction-related
proteins were further characterized. The expression profile of reproduction-related
transcripts and proteins during ovarian development and maturation of P. monodon

were examined.



CHAPTER |
MATERIALS AND METHODS

2.1 Experimental samples
For cellular proteomics analysis, domesticated 10-month-old (Group A,
average body weight = 44.04 + 4.38 ¢ and GSI = 0.40 + 0.07%; N = 3) and 14-month-
old females were collected from Broodstock management Center (BMC), Burapha
University, Chanthaburi Campus. The latter was further divided to 2 groups according
to the gonadosomatic index (GSI, ovarian weight/body weight x 100; Group B, average
body weight = 81.94 + 2.85 ¢ and GSI = 0.36 + 0.04% and Group C, average body
weight = 71.68 + 7.08 g and GSI = 1.11 + 0.07%; N = 3 for each group). In addition, 2
groups of wild broodstock were live-caught from the Andaman Sea (west of
peninsular Thailand; Group D, average body weight = 209.81 + 4.45 ¢ and GSI = 2.32
+ 0.13% and Group E, average body weight = 213.93 + 31.92 ¢ and GSI = 9.70 +

1.22%; N = 3 for each group).

For identification and characterization of nuclear proteins and nuclear
membrane proteins, wild broodstock were live-caught from the Andaman Sea. Wild
shrimp possessing ovaries stage | (body weight = 212.98 ¢, GSI = 1.45%) and Il (body

weight = 217.62 ¢, GSI = 4.29%).

For real-time analysis, juvenile shrimp (4-month-old, average body weight
approximately 20 g; N = 6). Female broodstock were collected (average body weight
of 142.98 + 28.37 ¢) and acclimated under the farm conditions for 2-3 days. The
post-spawning group was immediately collected after shrimp were ovulated (N = 6).

Ovaries were dissected out from each shrimp and weighed. For the eyestalk ablation
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group, wild broodstock were acclimated for 7 days prior to unilateral eyestalk
ablation. Ovaries of eyestalk-ablated shrimp were collected at 2-7 days after
ablation. The ovarian developmental stages of wild shrimp were classified according
to the GSI values: <1.5, >2-4, >4-6 and >6% for stages | (N = 4 and 4 for intact and
eyestalk-ablated broodstock, respectively), Il (N = 10 and 4), lll (N = 10 and 5) and IV
(N = 5 and 9) ovaries, respectively. The ovarian developmental stages of wild shrimp
were confirmed by conventional histology. For RT and tissue distribution analysis,
various tissues of female and testes of male of juveniles and broodstock (N = 6 for
each group) were collected, immediately placed in liquid N, and kept at -80°C until

needed.

Five groups of domesticated 14 month-old are single injected intramuscularly
with progesterone (0.1 ug/g of body weight) into the first abdominal segment of each
shrimp. Ovaries of progesterone treated were collected for vehicle control (N = 5) (at
0 and 12 hour after ethanol injection), negative control (intact shrimp) (N = 5), at 12,
24, 48 and 72 hour after PG injected (N = 4). For female of domesticated 18 month-
old were injected intramuscularly into the first abdominal segment with 5-HT (50
ug/g body weight, N=5 for each group). In addition, ovaries of serotonin treated were
collected for vehicle control (N = 4) (normal saline injection), at 0, 1, 3, 6, 12, 24, 48
and 72 hour after 5HT injection (N = 4). Ovarian developmental stages were classified
by conventional histology (Qiu and Yamano, 2005) and divided to previtellogenic (I, N
= 10 and 4 for normal and eyestalk-ablated broodstock, respectively), vitellogenic (Il
N = 7 and 7), early cortical rod (ll, N = 7 and 10) and mature (IV, N = 10 and 11)
stages, respectively. The average body weight of P. monodon broodstock was 142.98

+ 2837 q.
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2.2 Protein extraction

2.2.1 Total protein extraction

Approximately 0.5 gram of frozen ovaries of P. monodon were ground in the
extraction buffer: 10% TCA in acetone (V/V), 0.1% DTT (W/V) and protease inhibitor
cocktail. After centrifugation at 10000 g for 10 minutes at 4°C, the supernatant were
collected. The extraction buffer is added and left at -20°C 2 hours. The mixtures
were centrifuged at 10000 ¢ for 30 minutes at 4°C. The supernatant is discarded. The
pellet is air-dried and dissolved in 0.5% SDS (for proteomic) or lysis buffer (for
western blot). The amount of extracted proteins was measured by a dye binding

assay (Bradford, 1976).

2.2.2 Nuclear membrane and nuclear proteins extraction

Twenty micrograms of frozen ovarian tissues was washed with 1 ml of ice-
cold PBS buffer (50 mM NaH,PO,4 150 mM NaCl, pH7.2). Different components of
proteins from cytoplasm, nuclear membranes, nucleus and cytoskeleton of ovarian
cells were extracted using a Qproteome Cell Compartment kit (QIAGEN) following the
protocol recommended by the manufacturer. The fractions containing nuclear
membrane proteins and nuclear proteins were collected and desalted using Bio-

Spin®6 (BioRad). The concentration of extracted were measured (Lowry et al., 1951).

2.2.3 Membrane proteins extraction

Membrane proteins from ovaries of wild broodstocks P. monodon undergoing
various developmental stages (stages | to IV ovaries) of ovarian maturation were
prepared by homogenization of the ovarian tissue in buffer M (100 mM NaCl, 20 mM
Tris—=HCL, 2 mM MgCl2, 1 mM EDTA and 1 mM PMSF, pH 7.4). The tissue debris was

removed by centrifugation at 600xg for 10 min and then at 6000xg for 10 min. After
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centrifugation at 20,000xg for 30 min at 4 °C, the membrane pellet was dissolved in
0.2% Triton X-100 in buffer M (Ongvarrasopone et al., 2006). Protein concentration

was determined by using Bradford assay (Bradford, 1976).

2.3 Nucleic acid extraction

2.3.1 RNA extraction

Total RNA was extracted from ovaries and testes of each the shrimp using
TRI-PURE (Roach). A piece of tissue was immediately placed in mortar containing
liquid nitrogen and ground to the fine powder. The tissue powder was transferred to
a microcentrifuge tube containing 500 pl of TRI REAGENT (1 ml/50-100 mg tissue) and
homogenized. Additional 500 pl of TRI REAGENT were added. The homogenate was
left at room temperature for 5 minutes before 0.2 ml of chloroform was added. The
homogenate was vortexed for at least 15 seconds, left at room temperature for 2 -
15 minutes and centrifuged at 12000 ¢ for 15 minutes at 4°C. The mixture was
separated into the lower phenol-chloroform phase (red), the interphase, and the

upper aqueous phase (colorless).

The aqueous phase (inclusively containing RNA) was carefully transferred to a
new 1.5 ml microcentrifuge tube. RNA was precipitated by an addition of 0.5 ml of
isopropanol and mixed thoroughly. The mixture were left at room temperature for
10 - 15 minutes and centrifuged at 12000 ¢ for 10 minutes at 4 °C. The supernatant
was removed. The RNA pellet was washed with 1 ml of 75% ethanol and centrifuged
at 7500g for 10 minutes at 4°C. The ethanol was removed. The RNA pellet was air-
dried for 5-10 minutes. RNA was dissolved in DEPC-treated H,O for immediately used.
Alternatively, the RNA pellet was kept under absolute ethanol in a -80 °C freezer for

long storage.
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Total RNA was also extracted from other tissues including eyestalks, gills,
heart, hemocytes, hepatopancreases, lymphoid organs, intestine, stomach, pleopods
and throracic ganglion of P. monodon using the same extraction procedure. The
quality of extracted total RNA was examined by electrophoresed through 1.0%

agarose gels.

2.3.2 Preparation of DNase I-free total RNA

Fifteen micrograms of total RNA were treated with DNase | (0.5 U/1 pg of RNA,
Promega) at 37°C for 30 minutes. After the incubation, the sample was gently mixed
with a sample volume of phenol : chloroform : isoamylalcohol (25:24:1) for 10
minutes. The mixture was centrifuged at 12,000 ¢ for 10 minutes at 4°C, and the
upper aqueous phase was collected. The extraction process was then repeated once
with chloroform : isoamylalcohol (24:1) and one with chloroform. The final aqueous
phase was mixed with one-tenth final sample volume of 3 M sodium acetate (pH
5.2). After that, RNA was precipitated by adding two point five volume of -20°C-cold
absolute ethanol. The mixture was incubated at -80°C for 30 minutes, and the
precipitated RNA was recovered by centrifugation at 12,000 g for 10 minutes at room
temperature. The RNA pellet was then washed twice with 1 ml of -20°C cold 75%
ethanol. Alternatively, the RNA pellet was kept in absolute ethanol at -80°C until

required.
2.3.3 Genomic DNA extraction

Genomic DNA was extracted from the pleopod of P. monodon using a
phenol-chloroform-proteinase K method. The pleopod was placed in a centrifuge
tube containing 2 ml of the extraction buffer (100 mM Tris-HC(, 100 mM EDTA, 250

mM NaCl; pH 8.0) and briefly homogenized with a micropestle and aliquoted into
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microcentrifuge tubes (500 pl). SDS (10%) and RNase A (10 mg/ml) solution were
added to a final concentration of 0.1% (w/v) and 100 pg/ml, respectively. The
resulting mixture was then incubated at 37 °C for 1 hour. At the end of the
incubation period, a proteinase K solution (10 mg/ml) was added to the final
concentration of 200 pg/ml and further incubated at 55 °C for 3 hours. An equal
volume of buffer-equilibrated phenol was added and gently mixed for 15 minutes.
The upper aqueous phase was transferred to a new sterile microcentrifuge tube. This
extraction process was then repeated once with phenol and twice with chloroform :
isoamylalcohol (24:1). The aqueous phase was transferred into a sterile
microcentrifuge. One-tenth volume of 3 M sodium citrate, pH 5.2 was added. DNA
was precipitated by an addition of two volume of pre-chilled absolute ethanol and
mixed thoroughly. The mixture was incubated at -80 °C for 30 minutes and
centrifuged at 12000 g for 10 minutes at 4 °C. The precipitated DNA was washed
twice with 1 ml of 70% ethanol (10 and 5 minutes, respectively). After centrifugation,
the supernatant was removed. The DNA pellet was air-dried and resuspended in 30-
50 pl of TE buffer (10 mM Tris-HCl and 0.1 mM EDTA, pH 8.0). The DNA solution was
incubated at 37 °C for 1-2 hours for compete solubilization and kept at 4 °C until

further used.

2.4 Estimation of extracted total protein, total RNA and DNA concentration

The concentration of extracted protein sample is estimated by a dye binding
assay. The binding of the dye to protein causes a shift in the absorption maximum of
the dye from 465 to 595 nm. This assay is rapid, reproducible and virtually complete
in approximately 2 minutes with the color stability for 1 hour. The concentration of

extracted protein sample is estimated corresponding to the BSA standard.
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The concentration of extracted RNA and DNA samples is estimated by
measuring the optical density at 260 nm (OD,4). An OD,4o of 1.0 corresponds to a
concentration of 40 ug/ml single stranded RNA, 50 pg/ml double stranded DNA and
33 pg/ml single stranded DNA (Sambrook and Russell, 2001). Therefore, the
concentration of RNA and DNA sample was estimated in pg/ml by using the following

equation;

[RNA of DNA] = OD,, x dilution factor x (40, 50 or 33 for RNA, double strand DNA and

single stranded DNA)

The ratio between OD,s/OD,g provides an estimate on the purity of
extracted DNA/RNA. For the extracted DNA, a pure preparation of DNA has
OD,40/OD,g ratio of 1.8-2.0. The ratio of approximately 2.0 indicates the good quality
of the extracted RNA. The ratios that much lower than those values indicate

contamination of residual proteins or phenol in extracted DNA or RNA (Kirby, 1992).

2.5 One dimensional gel electrophoresis

2.5.1 SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

Ovarian proteins (30 pg) extracted from different stages of ovaries of captive
and intact wild broodstocks and nuclear and nuclear membrane proteins (15 pg) of
stages | and Il ovaries were size-fractionated in 12% SDS-PAGE (Laemmli, 1970). A low
molecular weight protein standard marker (BioRad) was used to estimate sizes of
electrophoresed proteins. At the end of each run, the protein gels were silver-
stained. The protein bands were excised according to marker proteins range ( > 225
kDa, 176-225 kDa, 150-176 kDa, 102-150 kDa, 76-102 kDa, 52-76 kDa, 38-52 kDa and
<38 kDa), then 4-5 pieces of approximately 1 square millimeter of gel pieces for

trypsination.
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2.5.2 Silver staining

At the end of each run, the gel protein was fixed in the fixing solution (50%
methanol, 12% acetic acid and 50 pl of 37% formaldehyde to 100 ml fixing solution)
for 2 h. The gel was removed in the washing solution (35% ethanol) 3 times for 5 min
each and sensitizing in 0.02% sodium thiosulfate for 2 min. After washing in water 3
times for 5 min each, the gel was stained with silver nitrate (2%) for 20 min. The gel
was shaken in the developing solution (60% NaCO; w/v, 0.04% Na,S,05 v/v. 37%
formaldehyde CH,O) until regarded protein spots were visualized and stopped
quickly in the stopping solution (14.6% w/v sodium EDTA CyoH;,N,NagOg) for 20 min

and the gel was kept in 0.1% acetic acid at 4°C.

2.6 Mass spectrometry analysis

2.6.1 In-gel digestion for protein identification

Pieces of electrophoresed proteins were excised manually from silver-stained
1DE gels. Gel pieces were placed in a 96 well plate and subjected to in-gel trypsin
digestion. Acetonitrile (ACN) were added to the proteins for 5 min following by
additional reduction and alkylation step using 10 mM DTT at room temperature for 1
h and 100 mM iodoacetamide in the dark at room temperature for 1 h. The gel
pieces were hydrated with acetonitrile for 5 min. The dried gels were rehydrated by
addition of appropriate volume of the digestion buffer 20 pl (10 ng/ul of trypsin in
50% acetonitrile and 10 mM ammonium bicarbonate) and incubated for 20 min at RT
and 50 pl of 30% acetonitrile was added to cover the gel pieces. Digestion was
performed overnight at RT. Tryptic peptide were extracted by an addition of 30 pl of
30% ACN and shaken for 10 min and transferred to a new 96 well plate followed by

the addition of 50 ul of 50% ACN/0.1% FA then shaken for 10 min, and 50 ul of 70%
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ACN/0.1% FA and shaken for 10 min, respectively. The digested proteins were dried

at 40°C for 3-4 hours and stored in -80°C.

2.6.2 nanoLC-MS/MS

Nano-electrospay  liquid  chromatography ionization tandem  mass
spectrometry (nanoLC-MS/MS) was performed as followed. Selected protein spots
were submitted to an integrated the HCTultra ETD II system™ operated under
HyStar™ (Bruker Daltonics). This system was controlled by the Chromeleon
Chromatography ~ Management  system  and  comprised a  two-pump
Micromass/Loading lontrap system with an autosampler. Injected samples were first
trapped and desalted on an Acclaim PepMap C18 p Precolumn Cartridge (5 pm,
300-um inside diameter by 5 mm) for 3 min with 0.1% formic acid delivered by a
loading pump at 20 ul/min, after which the peptides were eluted from the pre-
column and separated on a nano column, AccLaim PepMap 100 C18 (15 cm x 3 um)
connected inline to the mass spectrometer, at 300 nl/min using a 30 min fast

gradient of 4 to 96% solvent B (80% acetronitrile in 0.1% formic acid).

2.6.3 Database searches

After data acquisition, MS/MS ion from nanoLC-MS/MS were analyzed using
DeCyder MS Differential Analysis software (DeCyderMS, GE Healthcare) for
quantitative protein analysis (Johansson et al., 2006) ; (Thorsell et al., 2007). Acquired
LC-MS/MS raw data were converted and the PepDetect module was used for
automated peptide detection, charge state assignments, and quantitation based on
the peptide ions signal intensities in MS mode. The analyzed MS/MS data from
DeCyderMS were submitted to database search using the Mascot software (Matrix

Science, London, UK, (Cottrell and London, 1999). The data searched against of the
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local shrimp database. In addition, data from nanoLC-MS/MS were searched against
data of the National Central for Biotechnology Information (NCBI, nr) and SWISSPROT.
For MS/MS ion search, the peptide charge was 1+, 2+ and 3+, MS/MS ion mass
tolerance was +1.2 Da, fragment mass tolerance + 0.6 Da, and allowance for 1 miss
cleavage. Variable modification was methionine oxidation and cysteine

carbamidomethylation. Proteins with having scores were selected.

2.7 First strand cDNA synthesis

One and half micrograms of total RNA from various tissues of P. monodon
were reverse transcribed to the first strand cDNA using an ImProm-I"" Reverse
Transcription System Kit (Promega). Total RNA was combined with 0.5 pg of oligo
dTi,.1 and appropriate amount of DEPC-treated H,O in a final volume of 5 pl. The
reaction was incubated at 70 °C for 5 minutes and immediately placed on ice for 5
minutes. The 5x reaction buffer, MgCl,, dNTP mix, RNasin were added to final
concentration of 1x, 2.25 mM, 0.5 mM and 20 units, respectively. Finally, 1 pl of
ImProm-Il"" Reverse transcriptase was added and gently mixed by pipetting. The
reaction mixture was incubated at 25 °C for 15 minutes and 42 °C for 90 minutes.
The reaction was terminated by incubated at 70 °C for 15 minutes to terminate
reverse transcriptase activity. Concentration and rough quality of newly synthesized
first strand <DNA was spectrophotometrically examined (OD,40/OD,gy) and

electrophoretically analyzed by 1% agarose gel.

2.8 Reverse transcription (RT)-PCR of gene homologues in P. monodon
2.8.1 Primer design
Eight primer pairs were designed from EST sequences of gene homologues

from hemocyte, ovary and testis cDNA libraries of P. monodon (Table 2.1).
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2.8.2 RT-PCR

The first strand cDNA (100 ng) of ovaries of female P. monodon broodstock
were used as the template in a 25 pl RT-PCR reaction composing of 10 mM Tris-HCl,
pH 8.8, 50 mM KCl, 0.1% Triton X-100, 0.1 mM of each dNTP, 2 mM MgCl,, 0.2 uM of
each primer and 1 unit of Dynazyme ™ DNA polymerase (FINNZYMES). RT-PCR was
carried out with the temperature profile of predenaturation at 94 °C for 3 minutes
followed by 25 cycles of denaturation at 94 °C for 30 seconds, annealing at 53 °C for
45 second and extension at 72 °C for 30 seconds. The final extension was carried out

at the same temperature for 7 minutes.

Fives microliters of the amplification products are electrophoresed though
1.2- 2.0% agarose gel dependent on size of the amplification products. The
electrophoresed band was visualized under a UV transilluminator after ethidium

bromide staining (sambrook and Russell, 2001).

2.8.3 Agarose gel electrophoresis

An appropriate amount of agarose was weighed out and mixed with the
desired volume of 1X TBE buffer (89 mM Tris-HCl, 89 mM boric acid and 2 mM EDTA,
pH 8.3). The gel slurry was boiled in a microwave oven to complete solubilization
and allowed to lower than 60 °C before poured into the gel mold. A comb was
inserted. The agarose gel was left to solidify. When needed, enough amount of 1x
TBE buffer covering the gel for approximately 0.5 cm. The comb was removed. The
PCR product was mixed with the one-fourth volume of the 10x loading dye (0.25%
bromophenol blue and 25% ficoll in water) and loaded into the well. A 100 bp DNA
ladder was used as the standard DNA marker. Electrophoresis was carried out at 5-6

volt/cm until bromophenol blue moved to approximately one-haft of gel. The
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electrophoresed gel was stained with an ethidium bromide solution (25 pug/ml) for 5
minutes and destained in running tap water to remove unbound ethidium bromide
from the gel. DNA fragments were visualized under a UV transluminator and
photographed through a Gel Doc using a Quality One software (BioRad).
2.9 Tissue distribution analysis of interesting genes or differential expression
pattern

2.9.1 Total RNA extraction and the first strand cDNA synthesis

Total RNA was extracted from eyestalk, sills, heart, hemocytes,
hepatopancrease, lymphoid organ, intestine, ovaries, pleopods, stomach, thoracic
ganglion, antennal gland and subcuticular epithelium of wild females and testes of

male P. monodon. The first strand cDNA was synthesized as described previously.

2.9.2 Tissue expression analysis

For the target genes, 150 ng of the first strand cDNA from various tissues was
used as the template in 25 pl reaction volume containing 10 mM Tris-HCL, pH 8.8, 50
mM KCl and 0.1% Triton X-100, 2 mM MgCl,, 100 uM each of dATP, dGTP, dTTP and
dCTP, 0.2 pM of each primer and 1 unit of Dynazyme ™ DNA polymerase
(FINNZYMES). Elongation factor-1A (F: 5-ATGGTTGTCAACTTTGCCCC-3" and R: 5-
TTGACCTCCTTGATCACACC-3) were also amplified from the same template and
considered as the positive control. The reactions were predenaturation at 94 °C for 3
min followed by 30 cycles composing of a 94 °C denaturation step for 30 s, a 53 °C
annealing step for 45 s and 72 °C extension step for 30 s. The final extension was
carried out at 72 °C for 7 min. Fives microliters of the amplification product was

electrophoretrically analyzed though a 1.5-1.7% agarose gel base on size of product.



41

Table 2.1 Gene homologue, primer sequences and expected sizes of the PCR

product designed from EST of P. monodon

Gene Primer sequence size

Beta Thymosin (PmTmsb) F: 5AGGTTTGCCAGGAACACATCE 176

R: 5’ATCGCC TTGCTATTGGTGAGS’

Valosin containing protein F: 5'GCAGTTGAACGAGGTGGGCTAC3' 276
(PmVCP) R: 5TTGCGAAGGTTGCTCTCGCATT3!
Rac GTPase-activating protein 1 F: 5’'CATGTGGCAAAAGAATTAAGTT3' 172
(PmRacgap1) R: 5'GGGCATACGAGATGTGTAGTCA3'
Protein kinase C F: 5’ACCACCATT TACACCTAAGATAZ 139
(PmPKC) R: 5'/AAGAAAATCCTCTAAACTCGTC3
Cyclic AMP regulated protein F: 5TGTTCAAGTATGAGGGCAGCCAGGT? 169

like protein (PmcAMP-RPL)
R: 5'GTGCCCACCCAAGTTAGCATCAGGAZ
F: 5'AAGCGAAAATGTCCACCGATAAG3'! 234
R: 5’ AAGAGAACACAGAGCCAGATTGA3!
Nuclear pore complex protein F: 5TGCTCCTCTCACAACGCTTCCTT 3 139
NUP133 (PmNUP133)
R: 5’ACTATCCCCTGCTCCAGAGAACT?
Semaphorin-2a (PmSema) F: 5'GCTTGGTGGTGATGAATGTAAAT3! 242

R: 5'CTGGCTGATGTTATTCCTATTGG3'!
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2.10 Isolation and characterization of the full-length cDNA of functionally
important gene homologues of P. monodon using Rapid Amplification of cDNA
Ends-Polymerase Chain Reaction (RACE-PCR)

2.10.1 Preparation of the 5' and 3' RACE template

Total RNA was extracted from ovaries of P. monodon using TRl Reagent. The
quality of extracted of total RNA was determined by agarose gel electrophoresis.
Messenger (m) RNA was purified using a QuickPrep micro mRNA Purification Kit
(Amercham Phamacia Biotech) according to the protocol recommended from the
manufacturer. RACE cDNA template was prepared by combining 1 pg of ovarian
MRNA with 1 pl of 5'-CDS primer and 1 pl of 10 uM SMART Il oligonucleotide for 5'
RACE-PCR or 1 pg of ovarian mRNA with 1 pl of 3' CDS primer A for 3' RACE-PCR
(Table 2.2). The component were mixed and centrifuged briefly. The reaction was
incubated at 70°C for 2 min and snap-cooled on ice for 2 minutes. The reaction tube
was centrifuged briefly. After that, 2 pl of 5x First-Strand buffer, 1 ul of 20 mM DTT, 1
ul of dNTP Mix (10 mM each) and 1 pl of PowerScript Reverse Transcriptase were
added. The reaction were mixed by gently pipetting and centrifuged briefly to collect
the contents at the bottom of the tube. The reaction tube was incubated at 42 °C
for 1.5 h in a thermocycler. The first strand reaction products were diluted with 125
ul of TE buffer and heated at 72 °C for 7 min. The first strand cDNA templates were

kept at -20 °C until needed.

2.10.2 Primer designed for RACE-PCR and primer walking
Gene-specific primers (GSPs) were designed from ovary and hemocyte cDNA
libraries. The antisense primer (and nested primer) for 5" and/or 3" RACE-PCR of each

gene was designed (Table 2.3).
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For sequencing of genes that showed the full-length from the 5’ direction, the
product from colony PCR was considered. If the insert of a particular gene was larger
than that of its homologues, the 3" direction was further sequenced. Internal primers

were designed for primer walking of the inserted cDNA.

2.10.3 RACE-PCR

The master mix sufficient for 5" and/or 3" RACE-PCR and the control reactions
was prepared (Tables 2.4 and 2.5). For each 25 pl amplification reaction, 14.0 pl
sterile deionized H,0, 2.5 ul of 10x Advantage® 2 PCR buffer, 0.5 ul of 10 uM dNTP

mix and 0.5 pl of 50x Advantage® 2 polymerase mix were combined.

The primary 5 and 3" RACE-PCR product were electrophoretically analyzed
through 1.2-1.5% agarose gels. If the discrete expected bands were not obtained
from the primary amplification, nested PCR was performed using the recipes
illustrated in Tables 2.4 and 2.5. The primary PCR product was 50-fold diluted. The
secondary PCR was performed using 1 - 5 pl of the diluted first PCR product as a
template using the conditions described in Table 2.6.

Table 2.2 Primer sequence for the first strand cDNA synthesis and RACE-PCR

Primers Sequence
SMART II' A Oligonucleotide 5-AAGCAG TGG TATCAACGCAGAGTACGC GGG-3
3" RACE CDS Primer A 5'-AAGCAGTGGTATCAACGCAGAGTAC(T)40 Ny N-3" ( N=A,

C,GorT; Ny=AGor Q)
5 RACE CDS Primer 5-(T)ys Ny N-3 (N=A, C, G orT; Ny,=AGor Q)

10X Universal PrimerA Mix (UPM) Long : 5—CTAATACGACTCACTATAGGGCAA
GCAGTGGTATCAACGCAG AGT-3

Short : 5-CTAATACGACTCACTATAGGG C - 3

Nested Universal Primer A (NUP) 5 — AAG CAG TGG TAT CAA CGC AGA GT -3
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Table 2.3 Gene-specific primers (GSPs) and nested GSP used for isolation of the

full-length cDNA of functionally important genes in P. monodon

Gene specific primer Sequence Tm
@)
Thymos/n—,B
5" RACE R: 5GGCAGGTGAATCTTCTCCTCCGTC? 65.38
3" RACE F: 5’AGGTTTGCCAGGAACACATC3
3'Nested F: 5 CAATAGCAAGGCGATGGCAAGAAGTG3 63.57

Valosin containing protein
3’ RACE F: 5 TGCCACAAACCGCCCCAACTCCATCG3 68.03

Protein kinase C

5 RACE- R: 5GTTTCCTGGGGAGACTTT AGCACTTT 3 61.99
5 RACE-I R: 5CACCAATCAACACTG GCACCATAA TC3 61.99
5" RACE-I R: 5 TCCCTAGACCCCATATGAATTCTCGAC3 63.53
3" RACE F: 5 TGTTCGTGCTATCAACCAAGAC3

Cyclic AMP-regulated protein like protein
3" RACE F: 5 CGTCTCGTCTCGGCTTCGTTCGGATA 3 66.72

Nuclear pore complex protein NUP133

5 RACE R: 5'ACTATCCCCTGCTCCAGAGAACT? 60.4
3’ RACE F: 5 TGCTCCTCTCACAACGCTTCCTT 3 65.2
5 Nested R: 5'CAGTATCCATTGTGGCAAGGGCGTA 3' 69.1

Semaphorin-2a
5" RACE R: 5'CTGGCTGATGTTATTCCTATTGG3' 58.6

3" RACE F: 5'GCTTGGTGGTGATGAATGTAAAT3! 58.6
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Table 2.4 Compositions for amplification of the 5 end of gene homologues

using 5 RACE-PCR

Component 5" RACE-PCR UPM only GSP1 only
(Control) (Control)

5’ RACE-Ready cDNA template 1.5 ul 1.5 ul 1.5 pl
UPM (10x) 5.0 pl 5.0 pl -
GSP1 (10 uM) 1.0 pl - 1.0 pl
GSP2 (10 uM) - - -
H,O - 1.0 pl 5.0 ul
Master Mix 17.5 pul 17.5 pl 17.5 ul
Final volume 25 pl 25u 25 ul

Table 2.5 Compositions for amplification of the 3" end of gene homologues

using 3° RACE-PCR

Component 3" RACE-PCR UPM only GSP1 only
(Control) (Control)

5’ RACE-Ready cDNA template 1.5 pul 1.5 pl 1.5 ul
UPM (10x) 5.0 pl 5.0 pl -
GSP1 (10 uM) 1.0 pl - 1.0 pl
GSP2 (10 uM) = 2 -
H,O - 1.0 pl 5.0 pl
Master Mix 17.5 pl 17.5 ul 17.5 pl
Final volume 25 ul 25 ul 25 ul
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Table 2.6 The amplification conditions for RACE-PCR of various gene

homologues of P. monodon

Gene homologue

Amplification condition

PmTmsb
5" RACE-PCR

3" RACE-PCR

3" Nested RACE-PCR

PmVCP
3" RACE-PCR

PmPKC
5" RACE-PCR

3" RACE-PCR

PmcAMP-RPL
3" RACE-PCR

PmNUP133
5 RACE-PCR

3" RACE-PCR

5" Nested RACE-PCR

PmSema
5" RACE-PCR

3" RACE-PCR

20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 2 min and the
final extension at 72 °C for 7 min
20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 2 min and the
final extension at 72 °C for 7 min
20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 2 min and the
final extension at 72 °C for 7 min

20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 2 min and the
final extension at 72 °C for 7 min

20 cycles of 94 °C for 30 s, 65 °C for 45 s, 72 °C for 2 mi
final extension at 72 °C for 7 min
20 cycles of 94 °C for 30 s, 65 °C for 45 s, 72 °C for 2 mi

final extension at 72 °C for 7 min

and the

35

and the

35

20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 2 mi
final extension at 72 °C for 7 min

and the

35

5 cycles of 94 °C for 30 s and 70 °C for 2 min

5 cycles of 94 °C for 30 s, 68°C for 30 s and 72 °C for 2 min

20 cycles of 94 °C for 30 s, 66 °C for 30 s and 72 °C for 2 min and the
final extension at 72 °C for 7 min

5 cycles of 94 °C for 30 s and 70 °C for 2 min

5 cycles of 94 °C for 30 s, 68°C for 30 s and 72 °C for 2 min

20 cycles of 94 °C for 30 s, 66 °C for 30 s and 72 °C for 2 min and the
final extension at 72 °C for 7 min

20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 2 min and the

final extension at 72 °C for 7 min

20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 2 min and the
final extension at 72 °C for 7 min
20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 2 min and the

final extension at 72 °C for 7 min
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2.10.4 Elution DNA fragments from agarose gels

After electrophoresis, the desired DNA fragment was excised from the agarose
gel using a sterile scalpel and placed in a pre-weighed microcentrifuge tube. DNA was
eluted out from the gel using a illustra GFX PCR DNA and Gel Band Purification Kit
(GE). Three hundred microlitters of the capture buffer type 3 was added to the
sample and mixed by vortexing. The mixture was incubated at 60 °C for 10 - 15 min
until the gel slice was completely dissolved. During the incubation period, the tube
was inverted every 2-3 min. A column was placed in a collection tube and 600 pl of
the sample mixture was applied into the column and centrifuged at 6,000 ¢ (8,000
rom) for 1 min. The flow-through was discarded. The column was placed back in the
collection tube. The column was washed by the addition of 500 ul of the ethanol-
added wash buffer type 1 and centrifuged at 6,000 ¢ for 1 min. After discarding the
flow-through, the column was centrifuged for 2 min at the full speed (14,000 rpm) to
dry the column matrix. The dried column was placed in a new microcentrifuge tube
and 15 ul of the elution buffer type 4 was added to the center of the column matrix.
The column was left at room temperature for 2 min before centrifuged for 2 minutes

at the full speed to recover the gel-eluted DNA.

2.11 Cloning of the PCR product

2.11.1 Ligation of the PCR product to the pGEM®—T Easy vector

DNA fragments was ligated to the pGEM®—T Easy vector in a 10 pl reaction
volume containing 5 pl of 2x Rapid Ligation Buffer (60 mM Tris-HCl, pH 7.8, 20 mM
MgCl, 20 mM DDT, 2 mM ATP and 10% PEG8000), 3 unit of T4 DNA ligase, 25 ng of

the pGEI\/\®—T Easy vector and approximately 50 ng of the DNA insert. The reaction
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mixture was incubated overnight at 4 - 8 °C before transformed to E.coli JM 109 (or

DH5Q).

2.11.2 Transformation of the ligation product to E.coli host cells
2.11.2.1 Preparation of competent cell

A single colony of E. coli JM109 (or DH5Q) was inoculated in 10 ml of LB
broth (1% Bacto tryptone, 0.5% Bacto yeast extract and 0.5% NaCl, pH 7.0) with
vigorous shaking at 37 °C overnight. The starting culture was then inoculated into 50
ml of LB broth and continued culture at 37 °C with vigorous shaking to ODgy of 0.5
to 0.8. The cells was briefly chilled on ice for 10 minutes and recovered by
centrifugation at 2700 ¢ for 10 minutes at 4 °C. The pellets were resuspended in 30
ml of ice-cold MgCl,/CaCl, solution (80 mM MgCl, and 20 mM CaCl,) and centrifuged
as above. The cell pellet was resuspended with 2 ml of ice-cold 0.1 M CaCl, and the
cell suspension was divided into 100 or 200 ul aliquots. These competent cells was
used immediately or stored at -80°C for subsequently used.

2.11.2.2 Transformation

The competent cells were thawed on ice for 5 min. Fives microlitres of the
ligation mixture were added and gently mixed by pipetting. The mixture was left on
ice for 30 min. During the incubation period, the ice box was gently moved forward
and backward a few times every 5 min. The transformation reaction was heat-
shocked in a 42 °C water bath (without shaking) for exactly 45 seconds. The reaction
tube was immediately placed on ice for 5 min. The mixture were removed from the
tubes and added to a new tube containing 1 ml of pre-warmed SOC (2% Bacto
tryptone, 0.5 % Bacto yeast extract, 10 mM NaCl, 2.5 mM KCl, 10 mM MgCl,, 10 mM

MgSO4 and 20 mM glucose). The cell suspension was incubated with shaking at 37 °C
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for 90 min. The mixture were centrifuged for 1 minutes at room temperature, and
resuspended in 100 pl of the SOC medium and spread onto a selective LB agar
plates (containing 50 pyg/ ml of amplicillin and spread with 20 pl of 25 pg/ml of X-gal
and 25 pl of 25 pg/ml of IPTG for approximately 1 hr before using) and further
incubated at 37 °C overnight. The recombinant clones containing inserted DNA are
white whereas those without inserted DNA are blue (Sambrook and Russell, 2001).

2.12 Colony PCR and digestion of the amplified inserts by restriction

endonucleases

Colony PCR was performed in a 25 pl reaction mixture containing 10 mM Tris-
HCL, pH 8.8, 50 mM KCl and 0.1% Triton X-100, 0.1 mM of each dNTP, 4 mM MgCl,,
0.1 pM each of pUCL (5-CCGGCTCGTATGTTGTGTGGA-3) and pUC2 (5-
GTGGTGCAAGGCGATTAAGTTGG-3), 0.5 unit of Tag DNA polymerase (FINZYME). A
colony was picked by a pipette tip, placed in the culture tube and served as the
template in the reaction. PCR was carried out in a thermocycler consisting of
predenaturation at 94°C for 3 min followed by 35 cycles of denaturation at 94°C for
30s, annealing at 50°C for 1 min and extension at 72°C for 1.5 min. The final
extension was carried out at the same temperature for 7 min. The colony PCR
products were electrophoresed through a 1.5 % agarose gel and visualized after

ethidium bromide staining.

The colony PCR products containing the insert were separately digested with
EcoR | (Promega) in a 12 pl reaction volume containing 1x buffer (6 mM Tris-HCl, 6
mM MgCl,, 50 mM NaCl and 1 mM DDT, pH 7.5 for EcoR | 0.1 mg/ml BSA, 2 units of
enzyme and 5 pl of the colony PCR product. The reaction mixture was incubated at

37°C overnight. The reaction was analyzed by 1.5% agarose gel electrophoresis.
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2.13 Extraction of recombinant plasmid DNA

Plasmid DNA was isolated using a illustraTM plasmidPrep Mini Spin Kit (GE). A
discrete white colony was inoculated into a sterile culture tube containing 3 ml of LB
broth supplemented with 50 pg/ml of amplicillin and incubated with shaking (250
rom) at 37 °C overnight. The culture was transferred into a sterile 1.5 ml
microcentrifuge tube and centrifuged at 14,000 rpm for 1 min. The supernatant was
discarded. The bacterial pellet was resuspended in 175 ul of the lysis buffer type 9
containing RNase A and thoroughly mixed by vortexed. The resuspended cells were
lysed by the addition of 175 pl of the lysis buffer type 7 and mixed gently by
inverting the tube for 6 times. The mixture was left for 2 minutes at room
temperature. After that, 350 pl of the lysis buffer type 8 was added to neutralize the
alkaline lysis step and mixed immediately by inverting the tube for 6 times. The
mixture was then centrifuged at 14,000 rpm for 15 min. A mini spin column was
placed in a collection tube and the clear lysate was applied into the mini spin
column and centrifuged at 12,000 rpm for 30s. The flow-through was discarded. The
mini spin column was placed back in the collection tube. The column was washed
by the addition of 400 pl of the lysis buffer type 8 and centrifuged at 12,000 rpm for
30s. After discarding the flow-through, 500 pl of the ethanol-added Wash buffer type
1 was added and centrifuged as above. The mini spin column was further centrifuged
for 2 min at the full speed (14,000 rpm) to dry the column matrix. The dried column
was placed in a new microcentrifuge tube and 30 pl of the elution buffer type 4 was
added at the center of the column matrix. The column was left at room

temperature for 2 min before centrifuged for 2 min at the full speed to recover the
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purified plasmid DNA. The concentration of extracted plasmid DNA was
spectrophotometrically measured.
2.14. Examination of expression levels of interesting genes in ovaries of P.
monodon by quantitative real-time PCR

Expression levels of several transcripts including valosin containing protein
(PmVCP), thymosin—,B (PmTmsb), rac GTPase-activating protein 1 (PmRacgapl),
protein kinase C (PmPKC) and cyclic AMP-regulated protein-like protein (PmcAMP-

RPL) were examined using quantitative real-time PCR analysis.

2.14.1 Experimental animals

Intact and eyestalk-ablated wild broodstock of P. monodon (ABW = 142.98 +
28.37) possessing different stages of ovarian development (GSI values: <2, >2-4, >4-6
and >6% for stages | (N = 4 and 4 for intact and eyestalk-ablated broodstock,
respectively), I ( N = 10 and 4), Il (N = 10 and 5) and IV (N = 5 and 9) ovaries,

respectively.

For progesterone administration, 14 month-old of domesticated shrimp were
single injected with progesterone (0.1 ug/g of body weight and average body weight
= 100.79-+-17.59 ¢). Ovaries of progesterone treated were collected for vehicle
control (N = 5) (at 0 and 12 hour after ethanol injection), negative control (intact

shrimp) (N = 5), at 12, 24, 48 and 72 hour after PG injected (N = 4).

For 5-hydroxytryptamine (5-HT) administration, 18-month-old of domesticated
shrimp were injected with 5-HT (50 peg/g body weight, average body weight =
107+16.24g). Ovaries of serotonin treated were collected for vehicle control (N = 4)
(normal saline injection), at 0, 1, 3, 6, 12, 24, 48 and 72 hour after 5HT injection (N =

a).



52

2.14.2 Primers and construction of the standard curve

Primers for RT-PCR of PmVCP, PmTmsb, PmPKC and PmcAMP-RPL (Table 2.1)
were applied for real-time PCR analysis. For construction of the standard curve of
each gene, the PCR product of the target gene and EF-IA was amplified,
electrophoresed through agarose gel and eluted out from the gel. The gel-eluted
product was cloned into pGEM-Teasy vector and transformed into E. coli JM109.
Plasmid DNA were extracted and used as the template for construction of the
standard curve. Templates of each gene homologues and EF-1Q were ten-fold
diluted covering 10° - 10° copy numbers. Real-time RT-PCR was carried out (see

below) and each standard point was run in duplicate.

2.14.3 Quantitative real-time PCR

The first strand cDNA was reverse-transcribed. The target transcript (PmVCP,
PmTmsb, PmPKC and PmcAMP-RPL) and internal control (EF-1A) of each shrimp
were amplified in reaction volume 10 pl containing 5 pl of 2x SYBR Green Master Mix
(Roche). The specific primer pairs were used at a final concentration of 0.1, 0.15, 0.2
and 0.3 pM, respectively. The thermal profile for quantitative real-time RT-PCR was
95°C for 10 min followed by 40 cycles of denaturation at 95 °C for 15 s, annealing at
53 °C, 55 °C or 56 °C for 30 s and extension at 72 °C for 20 s. Continually, cycles for
the melting curve analysis was carried out at 95 °C for 15 s, 65 °C for 1 min and at
98°C for continue and cooling 40 °C for 30 s. Real-time RT-PCR assay was carried out
in 96 well plate and each sample was run in duplicate Relative expression levels of
different group of samples were statistically test by one way ANOVA followed by
Duncan’s new multiple rang test (P < 0.05). While serotonin and progesterone

administration were statistically test by multiple pairwise kruskal wallis test (P < 0.05).
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2.15 In situ hybridization (ISH)

2.15.1 Sample preparation

Ovaries of intact and eyestalk-ablated P. monodon broodstock were fixed in
4% paraformaldehyde prepared in 0.1% phosphate-buffered saline (PBS, pH 7.2)
overnight at 4°C. The fixed ovarian tissue was washed four times with PBS at room
temperature and stored in 70% ethanol at -20°C until used. Tissue was histogically
prepared, embedded in paraffin and Conventional paraffin sections (5 um) were

carried out onto poly-L-lysine-coated slides.

2.15.2 Preparation of cRNA probes

For PmVCP the template used for synthesis of the cRNA probes were PCR-
amplified.  The  T7  (TAATACGACTCACTATAGGG) and  SP6  sequence
(ATTTAGGTGACACTATAGAA) (Table 2.7) promoter sequences were added to the 5 of
forward and reverse primers, respectively. PCR was carried out in a 25 pl reaction
volume containing 10 ng of recombinant plasmid partial cDNA of PmVCP of the
target transcripts were used as the template. The PCR condition was initially
performed by predenaturation at 94°C for 3 minutes followed by 30 cycles of
denaturation at 94°C for 30 seconds, annealing at 65°C for 30 seconds and at 72°C
for 1 minute. The PCR product was purified using a illustra GFX PCR DNA and Gel
Band Purification Kit (GE). The concentration of purified PCR product was estimated
by comparing with the DNA marker after electrophoresis and also spectrometrically

estimated.
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Table 2.7 Nucleotide sequences and Tm of primers for synthesis of the cRNA

probes of PmVCP

Gene Sequence Tm
PmVCP-T7F  F: TAATACGACTCACTATAGGGAGGGTGACCTGTTCCTGGTGCGA 66
PmVCP-SP6R  R: ATTTAGGTGACACTATAGAACGATGGAGTTGGGGCGGTTTGTG 60

For PmVCP, the sense and anti-sense cRNA probes were synthesized from a
recombinant plasmid containing partial cDNA of PmVCP using primers (PmVCP-T7F
(5-TAATACGACTCACTATAGGGAGGGTGACCTGTTCCTGGTGCGA-3)  and  PmVCP-SP6R
(5’ ATTTAGGTGACACTATAGAACGATGGAGTTGGGGCGGTTTGTG-3). Briefly, 100 ng of
recombinant plasmid PmVCP was reacted with the condition containing 1X
transcription buffer, 0.2 mM dNTP, 0.75 unit of pfu Taq polymerase (Promega). The
PCR condition was initially performed by predenaturation at 95°C for 3 minutes
followed by 30 cycles of denaturation at 95°C for 30 seconds, annealing at 65°C for
30 seconds and at 72°C for 1 minute. The PCR product was purified using a illustra
GFX PCR DNA and Gel Band Purification Kit (GE). The concentration of purified PCR
product were estimated by comparing with the DNA marker after electrophoresis and

also spectrophotometrically estimated.

2.15.3 Synthesis of the cRNA probes

For synthesis of the cRNA probe, 1 pg of the gel-eluted PCR product was used
as the template using the protocol recommended by the manufacturer (Roche). The
mixture was incubated at 40°C for 2 hours for the antisense probe and 37°C for 2
hours for the sense probe. The template DNA was eliminated by treating with DNase

| at 37°C for 20 minutes. The reaction was terminated by adding 2 ul of 0.2 M EDTA
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(pH 8.0). The synthesized probe (1 ul) was determined by electrophoresis and the
remaining reaction mixture was purified using an RNeasy® MinElute® Cleanup kit
(Qiagen). The cRNA probe concentration was spectrophotometrically measured and

stored at -80°C until needed.

2.15.4 Dot blot analysis

The quality of cRNA probes was determined before used for in situ
hybridization using dot blot analysis. Serial dilutions of the pre-diluted probe and
control cRNA were made. The diluted probe (1 pl) was spotted on a piece of the
Hybond N'membrane. The spotted probe was fixed to the membrane by cross-
linking with UV-light for 1 minute. The membrane was washed with the washing
buffer for 1 minute and incubated in the blocking solution for 1 minute. After that,
the membrane was incubated in Anti-DiG-alkaline phosphatase (1:5,000 in the
blocking solution) for 3 minute, washed with the washing buffer for 1 minute and
incubates in the detection buffer. The positive hybridization signals was developed
using NBT/BCIP solution. The intensities of the control and the dilution of probe were

compared to estimate the concentration of the cRNA probe.

2.15.5 Hybridization and detection

Tissue sections were dewaxed with xylene and dehydrated in absolute
ethanol. The sections were prehybridized with 2x SSC containing 50% deionized
formamide, 1 pg/pl yeast tRNA, 1 pg/pl salmon sperm DNA, 1 pg/ul BSA and 10%
(w/v) dextran sulfate at 50°C for 30 min and hybridized with either the sense or
antisense probe in the prehybridization solution overnight at 50°C. After
hybridization, the tissue sections were washed twice with 4x SSC for 5 min each and

once with 2x SSC containing 50% (v/v) formamide for 20 min at 50°C. The sections
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were immersed in prewarmed RNase A buffer (0.5 M NaCl, 10 mM Tris—HCL, pH 8.0, 1
mM EDTA) at 37 °C for 30 min and treated with RNase A (10 pg/ml) at 37 °C for 30
min. Tissue sections were washed four times with the RNase A buffer (37°C, 10 min
each) and 2x SSC (50°C, 15 min each). Then tissue sections was wash twice with 2x
SSC for 15 min at 50°C. And high stringent washing was carried out twice in 0.2x SSC
at 50°C for 20 min each. Detection of the positive hybridization signals was carried
out with a DIG Wash and Block Buffer kit (Roche) (Qiu and Yamano, 2005).
2.16 In vitro expression of recombinant proteins using the bacterial expression
system

2.16.1 Primer design

A pair of primer was designed to amplify the complete ORF or functional
domain sequence of each gene. The forward and reverse primers contained a
restriction enzyme site and six His encoded nucleotides, respectively were designed
(Table 2.8).

2.16.2 Construction of recombinant plasmid in cloning and expression
vectors

The recombinant plasmid of each genes were amplified by PCR, ligated to
pPGEM®-T Easy vector and transformed in to E. coli JM109. Plasmid was extracted
from a positive clone and used as the template for PCR amplification using 0.2 uM of

each primer, 0.75 unit Pfu DNA polymerase (Promega) and 0.2 mM of each dNTP.

The thermal profiles were predenaturation at 95°C for 3 minutes followed by
30 cycles of denaturation at 95°C for 30 seconds, annealing at 58°C for 30/45
seconds and at 72°C for 2 minutes and the final extension at 72°C for 7 minutes. The

amplification product and expression vector were digested with restriction enzymes
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and analyzed by agarose gel electrophoresis. The gel-eluted product was ligated into
vector digested and transformed into £. coli JM109. The recombinant plasmid was

subsequently transformed into E. coli BL21-CodonPlus (DE3)-RIPL.

Table 2.8 Gene specific overhang primers, their sequences and melting

temperature ™ of PmVCP, PmRacgap1, PmTmsb, PmNUP133 and Pmsema

Gene Sequence Tm
PmCdcd8-VCP-F/ Bam  F: 5-TTT CATATG GCCGAACAGGACGACTTAGC-3' 59
Hl
PmCdcd8-VCP-R/ Eco R: 5-GCC GAATTC TCA ATG ATG ATG ATG A TG ATG 57
RI TCGCTTAACTGGCTCTCCTT-3'

PmRacgap1-ORF-F/ F: 5-GCC CATATG GAGTCCCTTTCAGCA-3' 62
Nde |

PmRacgap1-ORF-R/ R: 5-GCC GGATCC TCA ATG ATG ATG ATG ATG ATG CTTCCGGAAGACATA -3' 65
Bam H |

PmTmsb-ORF-F / Nde | F: 5-GCC CATATG AGCGCTGAAACT CCCCTCAAG-3' 63
PmTmsb-ORF-R/ Bam R: 5'-GCC GGATCC TCA ATG ATG ATG ATG ATG ATG GGCCTTCTTCTCTTCCTC 57
Hl AAT-3'

PmNPC-NUP133- F: 5-GCC CATATG GAAGGCAGTGGC CAG-3'! 64
Nucleoporin_N-F/ Nde

I

PMNPC-NUP133- R: 5-GCC GAATTC CTA ATG ATG ATG ATG ATG ATG CACCCGATCCCCACT 58
Nucleoporin_N-R/ Eco GTC-3'

Rl

PmSema-F/ Nde | F: 5-GCC CATATG CTT CCAGACAACGTG CTG -3' 52
PmSema-R/ Bam H | R: 5'-GCC GGATCC TCA ATGATGATG ATGATGATG GAC GAA GGG ATT GCT 54

CCT -3

*Restriction site (underlined) and reverse stop codon (italicized) and six His encoded nucleotides (boldfaced)

2.16.3 Expression of recombinant proteins

A bacterial colony carrying recombinant plasmid of each gene was inoculated
into 3 ml of LB medium containing 50 pg/ml ampicillin or 30 pg/ml kanamycin and
50 pg/ml chloramphenicol at 37°C and 250 upl of the overnight culture was
transferred to 50 ml of LB medium containing ampicillin or kanamycin and

chloramphenicol and further incubated until an ODgy was obtained at 0.4-0.6, one
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ODggo Was taken at 0 hour after induced by 1mM IPTG. After IPTG induction, one
ODggo Was time-interval taken at 1, 2, 3, 6, 12 and 24 hr. The cultures were
centrifuged at 12000 ¢ for 1 min, resuspended with 2X loading buffer and 1XPBS (pH
7.4) and analyzed by SDS-PAGE (Laemmli, 1970). In addition, for soluble or inclusion
bodies protein was investigated subsequently by cultured 20 ml of the IPTG induced-
culture (3 /6 hr). The cultured was centrifuged and resuspended in lysis buffer ( 0.05
M Tris-HCL; pH 7.5, 0.05 M NaCl; containing 1 mg/ml lysozyme) and sonicated at 15%
amplitude, pulsed on for 30 seconds and pulsed off for 45 seconds in a period 3
minutes until the solution is cleared. The protein concentration of both soluble and
insoluble fractions was measured (Bradford, 1976). Overexpression of recombinant
protein was analyzed by SDS-PAGE. For western blot analysis, the electrophoresed

proteins were transferred to a PVDF membrane (Towbin et al., 1979).

Recombinant protein was size-fractionated using SDS-PAGE. For western blpt
analysis, the electrophoresed proteins was transferred onto a PVDF membrane
(Hybond P; GE Healthcare) (Towbin et al., 1979) in 25 mM Tris, 192 mM glycine (pH
8.3) buffer containing 10% methanol at 100 V for 90 min. The membrane was treated
in 5% BSA blocking solution for overnight, then the membrane was incubated with
the Anti-His antibody lgG2a (GE Healthcare; 1:7500 in the blocking solution) for 1 h at
room temperature. The membrane was washed 3 times with 1x Tris Buffer Saline-
Tween20 (TBST; 50 mM Tris—HCL, 0.15 M NaCl, pH 7.5, 0.1% Tween20) and incubated
with goat anti mouse 1gG (H+L) conjugated with alkaline phosphatase (Bio-Rad
Laboratories) at 1:7500 for 1 h and washed 3 times with 1x TBST. Immunoreactive

signals were visualized using NBT/BCIP (Roche) as the substrate.
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2.16.4 Purification of recombinant proteins

Recombinant protein was purified using a His GraviTrap kit (GE Healthcare).
Initially, 1 liter of IPTG-induced cultured 3-6 hr at 37°C was harvested by
centrifugation at 7000 rpm for 15 min. The pellet was resuspended in the binding
buffer (20 mM sodium phosphate, 500 mM NaCl, pH 7.4), sonicated and centrifuged
at 12000 rpm for 45 min. The insoluble fraction was purified by using a His GraviTrap
kit (GE Healthcare) under denaturing .The insoluble fraction was loaded into the
column after binding with binding buffer (20 mM sodium phosphate, 500 mM NaCl,
pH 7.4) and washed with 10 ml of the binding buffer containing 20 mM imidazole (20
mM sodium phosphate, 500 mM NaCl, pH 7.4 and 8M urea), 10 ml of the binding
buffer containing 40 mM imidazole (20 mM sodium phosphate, 500 mM NaCl, 40 mM
imidazole, pH 7.4 and 8M urea) and 5 ml of the binding buffer containing 80 mM
imidazole (20 mM sodium phosphate, 500 mM NaCl, 80 mM imidazole, pH 7.4 and
8M urea), respectively. The recombinant protein was eluted with 6 ml of the elution
buffer (20 mM sodium phosphate, 500 mM NaCl, 500 mM imidazole, pH 7.4 and 8M
urea). For soluble fraction, the soluble protein was loaded into column after binding
column with binding buffer (20 mM sodium phosphate, 500 mM NaCl, pH 7.4
containing 40 mM imidazole). The recombinant protein was obtained subsequently
by washing the column with binding buffer containing 40 mM imidazole, 80 M
imidazole, 150 mM imidazole (20 mM sodium phosphate, 500 mM NaCl, pH 7.4)
respectively. The recombinant protein was eluted by binding buffer containing 500
mM imidazole (20 mM sodium phosphate, 500 mM NaCl, pH 7.4 and 500 mM

imidazole). Fractions from the washing and eluting steps were analyzed by SDS-PAGE
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and western blotting. The purified protein was stored at 4°C or -20°C for long term

storage.

2.16.5 Peptide sequencing of recombinant proteins

Peptide sequencing was applied to confirm that the expressed proteins were
rPmCdcd48-VCP, rPmTmsb, rPmRacgapl, rPmMNPC-NUP13 and rPmsemaphorin-2a_sema
by using NanoLC-MS/MS.

2.16.6 Polyclonal antibody production and polyclonal antibody
purification

Polyclonal antibody against rPmVCP, rPmTmsb, rPmRacgapl, rPmNPC-NUP133
and rPmSema was immunologically produced in rabbit by Faculty of Associated
Medical Sciences, Chiangmai University. Western blot analysis was carried out to

examine specificity and sensitivity of the antibody.

For polyclonal antibody purification: purification of polyclonal antibody using
protein A (Thermo Scientific), three milliliter of polyclonal antibody was centrifuged
prior to loading into the column after binding with binding buffer that followed by
manufacturer protocol and some modified. For purification of polyclonal antibody
using Hitrap NHS-activated HP (GE), recombinant protein was incubated by injection
into the column for 15-30 minutes at room temperature or 4 hour at 4°C then

followed by recommended the manufacturer protocol.

2.16.7 Western blot analysis

For western blot analysis, ovarian tissues of P. monodon were ground in the
extraction buffer: 10% TCA in acetone (V/V), 0.1% DTT (W/V) and protease inhibitor
cocktail. After centrifugation at 10000 ¢ for 10 minutes at 4°C, the supernatant were

collected. Acetone is added and left at -20°C 2 hours. The mixtures were centrifuged
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at 10000 ¢ for 30 minutes at 4°C. The supernatant is discarded. The pellet is air-dried
and dissolved in lysis buffer. The amount of extracted proteins were measured by a
dye binding assay (Bradford, 1976). Twenty micrograms of ovarian proteins were
heated at 100°C for 5 min, immediately cooled on ice and size-fractionated by SDS-
PAGE (Laemmli, 1970). The percentage of SDS-PAGE was depended on size of the
protein. Electrophoretically separated proteins were transferred onto a PVDF
membrane (Hybond P; GE Healthcare) (Towbin et al,, 1979) in the 25 mM Tris, 192
mM glycine (pH 8.3) buffer containing 10% methanol at a constant current of 100 V
for 90 minutes. The membrane was treated with the 5% BSA blocking solution for
overnight and incubated with the primary antibody in the blocking solution for 1 hr
at room temperature. The membrane was washed 3 times with 1x Tris Buffer Saline-
Tween-20 (TBST, 50 mM Tris=HCl, 0.15 M NaCl, pH 7.5, 0.1% Tween-20) and
incubated with goat anti-rabbit 1gG (H+L) conjugated with alkaline phosphatase (Bio-
Rad Laboratories) at 1:3000 for 1 h and washed 3 times with 1x TBST. Immunological

signals were visualized using NBT/BCIP (Roche) as the substrate.

2.17 Localization of reproduction-related proteins

2.17.1 Immunohistochemistry

The paraffin sections were prepared from pieces of ovaries fixed with 4%
paraformaldehyde. Deparafinized sections were autoclaved in 0.01 sodium citrate (pH
6.0) containing 0.1% Tween-20 at 120°C for 5 minutes. Then incubated in the
blocking solution | (3% H,O, in methanol) for 15 minutes. After treatment in the
blocking solution Il (Roche) for 4 hours, section were incubated with purified anti-
VCP-cdcd8, anti-RacGapl, anti-NPC133 N, anti-semaphorin-2a_sema, preimmunise

and blocking solution (control) for 1 hour in the humid chamber. The sections were
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rinsed three times for 5 minutes with 1XPBS (pH 7.2) and incubate with goat anti-
rabbit IsG conjugated with horse radish peroxidase for 1 hour. The sections were
again rinse three times for 5 minutes with 1XPBS (pH 7.2). Localization of antigen was
visualized using diaminobenzidine (Wako) as the substrate. Tissue section were

dehydrated and mounted for long term storage.

2.17.2 Immunofluorescence

Ovaries were dissected out from P. monodon broodstock and fixed in
Davidson’s fixative overnight at 4°C. Standard paraffin sections (6 um) were carried
out. The sections are deparaffinized and rehydrated through a grade ethanol series
for 5 minutes each then immerse in TBST containing 10% glycine for 10 min. After
treatment in a blocking solution (10% normal goat serum) for 2 hours, the sections
are incubated with the first antibody (1:20) overnight at room temperature, and
rinsed with 1x TBST three times for 20 min each. The tissue sections are incubated
with goat anti-rabbit IsG conjugated with Alexa 635 or Alexa 488 (1:200 in blocking
solution) for 2 hours and rinsed with 1x TBST. The sections are mounted in
Mounting Medium (Thermo scientific). The slides are viewed and image-captured by
a confocal laser scaning microscope. Tissue sections were also incubated pre-

immune rabbit sera and the blocking solution as the negative controls.

2.18 Pull down assay

Pull-down assay were carried out by a Sulfo-NHS-LC-Biotin kit (Pierce)
according to the manufacturer protocol. The biotin-labeled recombinant protein was
immobilized with the affinity ligand (Streptavidin) and incubated at 4°C for 30
minutes with gentle rotation and centrifuge at 1250 ¢ for 30-60 seconds. Available

streptavidin sites are blocked with free biotin by gently inverted before centrifuged at
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1250 g for 30-60 sec. The ovarian lysate was added into immobilized column and
incubated at 4°C for 1 hour. The column were washed by the addition of 250 ul of
the wash buffer and incubated for 1 minute at room temperature. The reaction is
centrifuged and the neutralization buffer (Tris-HCl ; pH 9) was added. The eluted
complexes protein elution was obtained by adding 250 pl of the elution buffer and
the tube is mixed by gently inverting the column and the column is further
incubated for 3-5 minutes at room temperature. After centrifugation, the complex
proteins were resolved by SDS-PAGE. Bound proteins are further identification protein

using nanokSI-LC/MS/MS (Proteomics Laboratory, BIOTEQC).



CHAPTER IlI
RESULTS

3.1 Cellular proteomic profiles of P. monodon ovaries examined by 1-DE and

nanoESI-LC-MS/MS

The new approach for proteomic analysis was carried out using the GelC-
MS/MS method. One-dimensional gel electrophoresis (1-DE) was performed to
examine protein profiles of both domesticated shrimp and wild intact (non-ablated)
P. monodon broodstock. Specimens were classified to five groups; 10 month-old (GSI

= 0.40 + 0.07%; A), 14 month-old (GSI = 0.36 + 0.04%; B and 1.11 + 0.07%; C) and

+

wild broodstock possessing stages Il (GSI = 2.32 + 0.13; D) and IV (GSI = 9.70 + 1.22; E)
ovaries (N = 3 for each group). Total soluble proteins were extracted from ovaries of
each shrimp and 30 pg of the extracted proteins was size-fractionated in 12.0% SDS-

PAGE (Figure. 3.9).

The protein bands were excised according to marker proteins range ( > 225
kDa, 176-225 kDa, 150-176 kDa, 102-150 kDa, 76-102 kDa, 52-76 kDa, 38-52 kDa and
<38 kDa) and 4-5 pieces of approximately 1 square millimeter of gel pieces each
were subjected to in-gel digestion. Peptide sequencing was carried out using nanoESI-

LC-MS/MS.
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Figure 3.9 Ovarian protein profiles of P. monodon analyzed by 12% SDS-PAGE. Lanes
1-3 = 10-month-old (GSI < 0.6%), Lanes 4-6 = 14-month-old (GSI < 0.5%), lanes 7-9;
14-month-old (GSI < 1.5%), lane 10-12 = wild intact broodstock (GSI = 2.0-2.5%) and
lanes 13-15 = wild intact broodstock (GSI > 6.0%), respectively.

In total, 1638 proteins matched those previously deposited in the databases
and 1253 (76.50%) of which matched known proteins while the remaining 385
proteins (23.50%) significantly matched hypothetical proteins, unnamed proteins or
unknown proteins (Appendix A, Table Al). Characterized proteins in this study could
be divided to proteins that matched the local shrimp database (800 proteins which

matched deduced peptide sequences P. monodon ESTs;

https://pmonodon.biotec.or.th), those matched the non-redundant database (672

proteins; http://ncbi.nim.nih.gov) and those matched the SWISS-PROT (166 proteins;

http://expasy.org/) respectively.

Among proteins identified in this study, 1451 proteins (e.g. thioredoxin
domain-containing protein 3, Importin-7, serine/threonine protein phosphatase, C

subunit of V-ATPase, karyopherin alpha 2, RAG cohort 1, importin alpha 1,


https://pmonodon.biotec.or.th/
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DEAD/DEAH box helicase, histone acetylase complex subunit, ovarian peritrophin 1
precursor, dual specificity protein kinase CLK2, F-box/ankyrin repeat protein SKIP35,
bystin isoform 1, thymosin beta isoform 2, M-phase inducer phosphatase Cdc25-like
protein, Heat shock protein 67B2, cyclophilin A, 14-3-3-like protein, WAP four-
disulfide core domain 5 precursor, p47 protein isoform a, peritrophin-like protein 2,
vesicle transport protein GOT1B, hormone receptor 3C, saposin, ras-related protein
Rab-10, vitellogenin, dual 3',5'-cyclic-AMP and -GMP phosphodiesterase 11, Rho and
Rac GTPase) were expressed in ovaries of both domesticated and wild broodstock

(Figure 3.10).

No protein was specifically found in ovaries of domesticated 10-month-old
shrimp (group A) and both groups of wild broodstock (groups D and E). However, two
proteins (L-seryl-tRNA selenium transferase and 60S acidic ribosomal protein P0) were
found only in ovaries of domesticated 14-month-old shrimp (groups B and C).
Twenty-four proteins (e.g. cytochrome P450 49al, Vacuolar ATP synthase subunit D,
long N-terminal adhesion GPCR, TGF beta-activated kinase, Cdcl6-prov protein and
regulatory protein, TetR) were found only in domesticated shrimp (groups A, B and
Q). In addition, 76 proteins (e.g. six transmembrane prostate protein 2 variant 2,
adenylate kinase-2 CG3140-PA, E3 ubiquitin-protein ligase Brel, ras suppressor-1
CG9031-PA, periplasmic sensor hybrid histidine kinase, heterogeneous nuclear
ribonucleoprotein Al, A2/B1 homolog, Ser/Arg-related nuclear matrix protein, ovarian
peritrophin 2 precursor, magnesium transport protein corA, transmembrane transport
protein, cyclic AMP-responsive element-binding protein 3, G2/mitotic-specific cyclin B,

ankyrin  repeat and SOCS box protein 4, calcium-binding protein p22 and
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glyceraldehyde-3-phosphate dehydrogenase) were not foud in mature ovaries of wild

broodstock (Group E) (Figure 3.10).

27

16
1451

76 30

22 .
1 wild (GS1>6.0%)

10 month

14 month
wild (GSI=2.0-2.5%)

Figure 3.10 Venn diagram representing proteins in each group of P. monodon
identified by GelLC-MS/MS.

Proteomic spectra of a particular protein in different ovarian stages of
domesticated and wild shrimp were compared in order to preliminary identify
candidate proteins that play an important role on ovarian development of P.

monodon.

In total, 514 proteins (354 known proteins, 73 hypothetical proteins and 87
unknown proteins; Appendix A, Table Al) were differentially expressed in different
stages of ovarian development. These included, for example, DEAD/DEAH box
helicase, ATP-dependent protease ATPase subunit HslU, cytochrome P450, integral

membrane sensor signal transduction histidine kinase, membrane protein M1, nuclear
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cap-binding protein subunit 1, Cyclic AMP-responsive element-binding protein 3, 2-
Cys thioredoxin peroxidase, calmodulin, isoform A, Dual 3'5'-cyclic-cAMP and -GMP
phosphodiesterase 11, NF-kappa-B inhibitor-interacting Ras-like protein, nuclear pore
protein, O-methyltransferase, ubiquitin protein ligase E3A isoform 2, ankyrin repeat
domain-containing protein, asparaginyl-tRNA synthetase CG10687-PA, aspartate
aminotransferase, ATP-dependent RNA helicase Dbp7, calponin, calreticulin,
cytochrome b, GTP-binding nuclear protein RAN1, nuclear transport factor 2, Histone

H1, ubiquitin carboxyl-terminal hydrolase 5 and Y-box binding protein isoform 2.

Several reproduction-related proteins exhinbiting differential expression
profiles, for example, G2/mitotic-specific cyclin B, receptor for activated protein C
kinase (RACK), 14-3-3 like protein, protein disulfide isomerase A6, M-phase inducer
phosphatase  (Cdc25-like  protein),  carbonyl  reductase  1-like (ZOB—
hydroxysteroiddehydrogenabse) and  ubiquitin-activating  enzyme  El-domain
containing protein, receptor for egg jelly 6, 5-hydroxytryptamine receptor 6 and
alpha-2A adrenergic receptor, were identified. In addition, B—thymosin which is
abundantly expressed as previously reported by 2-DE analysis (Talakhun et al., 2012)
and Rac-GTPase activating protein 1 (PmRacgapl) which was not found in 2-DE
analysis were also found. These proteins showed a trend of differential expression

level in different groups of samples and were further characterized.

Among identified proteins, those matched unknown function (407 protein,
25.0%). were the most abundant group followed by those functionally categorized
into biosynthetic process (118 proteins, 7.20%), transport (89 proteins, 5.43%),
metabolic process (69 proteins, 4.21%), translation (42 proteins, 2.56%), regulation

(41 proteins, 2.50%), catabolic process (37 proteins, 2.26%) and proteolysis (28
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proteins, 1.71%). Proteins in other functional categories (e.g. cell cycle, cell adhesion
and protein folding) were found in less than 1% of the characterized proteins (Figure

3.11).

hypathetical proteins, 211, unname proteins , 40, 2.44%

12.88%

unknown function, 407, unknown proteins, 134,
24.85% 8.18%

catabolicprocess , 37, 2.26%

metabolic process, 69, 4.21%

biosynthetic process, 118,
7.20%

others, 284, 17.34% signaling, 24, 1.47%
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Figure 3.11 A pie chart showing the functional categories of characterized ovarian
proteins of P. monodon matched those in the databases.

The numbers of characterized proteins in each functional category of
different ages of domesticated shrimp and wild intact broodstock possing stage Il and
IV ovaries were considered. Results indicated no obvious difference of the identified

proteins were found among different groups of samples (Figure. 3.12).
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Figure 3.12 Histogram showing numbers of characterized proteins in each functional
category that were found in ovaries of different ages of domesticated shrimp and in
wild broodstock exhibiting stage Il and IV ovaries.

3.2 Characterization of nuclear membrane proteins and nuclear proteins in

ovaries of P. monodon by GeLC-MS/MS

During oogenesis, oocyte is developed and maturation of oocytes are
physically indicated by the germinal vesicle breakdown (GVBD). Therefore,
identification of proteins located in the nuclear membrane is the initial step for

isolation of biomarkers functional related with oocyte maturation in P. monodon.

Different components of proteins from cytoplasm, nuclear membranes,
nucleus and cytoskeleton of ovarian cells were extracted from stage | and Il ovaries
of wild intact P. monodon broodstock. The extracted proteins were size-fractionated
through 12.0% SDS-PAGE and gels containing different size-range of electrophoresed

proteins were excised. Peptide sequencing was carried out using nanoESI-LC-MS/MS.
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Figure 3.13 Protein profiles of the nuclear proteins and nuclear membrane extracted
from stage | and Il ovaries of P. monodon analyzed by 12% SDS-PAGE. Size-
fractionated proteins were excised from the gel by reference to the molecular
marker and further analyzed. Lanes 1-2 are nuclear proteins of stage | and lll. Lanes
3-4 are nuclear membrane proteins of stage | and lll ovaries respectively.

To simplify the proteomic analysis, both nuclear membrane and nuclear
protein fractions of stages | and Il were pooled and analyzed simultaneously.
Bioinformatic analysis was subsequently carried out and divided the discovered
proteins to those found in the nuclear membrane (called nuclear membrane

proteins), those found in nuclear components (called nuclear proteins) and those

with unknown cellular components.

In total, 724 proteins which matched known protein were identified. Analysis
of cellular components indicated that 89 proteins were localized at integral to
membrane or nuclear membrane (Table A2). Example of these proteins are
Lysophospholipid acyltransferase 5-like, Ankyrin repeat-containing protein, ATP lipid-

binding protein like protein, Calcium-activated chloride channel family member 1,
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Glucose-6-phosphate translocase, Leucine-rich receptor-like protein kinase-like,
ribophorin I, Semaphorin 1a, transmembrane protein 102, voltage-dependent anion-
selective channel isoform 1, vacuolar proton ATPase, gap junction Cx32.2 protein,
golgi phosphoprotein 3 (coat-protein GPP34), nucleoporin 50kDa, ran gtpase-activating
protein, cytochrome c oxidase subunit I, cytochrome P450 and binding-protein-
dependent transport systems inner membrane component, aspartyl/asparaginyl
beta-hydroxylase, capK capsular polysaccharide biosynthesis protein, Poly [ADP-
ribose] polymerase 1, deltal2 fatty acid desaturase, cytochrome c oxidase assembly

protein COX15 and lysosomal-associated transmembrane protein.

Likewise, 99 proteins were recognized as nuclear proteins as cellular
component search revealed that they are localized in nucleus, nucleolus,
nucleoplasm or pronucleus (Table A3). Examples of proteins in this group were
nuclear autoantigenic sperm protein, DEAD (Asp-Glu-Ala-Asp) box polypeptide 18,
DEAD/DEAH box helicase domain-containing protein, vasa, myosin light chain, zinc
finger protein, guanine-specific ribonuclease N1 and T1, histone acetyltransferase
MYST2, E3 ubiquitin ligase, putative, formamidopyrimidine-DNA glycosylase, TATA
box-binding protein, cell division control protein Cdcé, cell division cycle 2 protein,
26S proteasome non-ATPase regulatory subunit 2, cyclin dependent kinase 2, Y-box
binding protein isoform 2, importin subunit alpha-2, apoptosis regulator BAX,
integrase family protein, mariner transposase, PHP domain-containing protein, DNA
topoisomerase |, RNA polymerase factor sigma-54, ATP-dependent RNA helicase, dual
specificity tyrosine-phosphorylation-regulated kinase 2 and nuclear transcription

factor Y, alpha.
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The cellular components of the remaining 536 proteins could not be
assigcned. Therefore, these characterized proteins were not regarded as
nuclear/nuclear memebrane proteins. Examples of proteins in this group were
ubiquitin-conjugating enzyme E2 variant 2-like, AMP-binding domain protein, N-acyl-L-
amino acid amidohydrolase, ATP-dependent DNA helicase HFM1-like, fast myosin
heavy chain, methyltransferase type 11, nickel-dependent hydrogenase large subunit,
cytosine deaminase or related metal-dependent hydrolase, O-methyltransferase, PH
domain containing protein, calponin homology (CH) domain-containing, chdc/lrch,
helix-turn-helix domain-containing protein, regulator of de-novo NAD biosynthesis
NadR, malonyl CoA-acyl carrier protein transacylase, ubiquinone binding protein, FAD
linked oxidase domain-containing protein, xanthine dehydrogenase, vacuolar protein
sorting 8 homolog, ATP-binding ABC transporter protein, methyl coenzyme M
reductase alpha subunit, alpha-2-macroglobulin-like, ADP-ribosylation factor GTPase-
activating protein, dehydrogenase E1 and transketolase domain-containing protein 1,
ubiquitin  carboxyl-terminal hydrolase, coatomer subunit delta-like, 14.5 kDa

translational inhibitor protein, p14.5 and GTP-binding protein 5.

Notably, several proteins matched those of microorganism (e.g. bacteria and
viruses). This suggested that shrimp under study may be infected by infectious

agents. Accordingly, results in Tables A2-Ad should be interpreted with cautions

Functional categories of identified nuclear membrane proteins were classified
based on biological functions of matched homologues. Disregarding proteins with
unknown functions (22 proteins accounting for 22.72%), the most abundant group of
nuclear membrane proteins in this study was those in transport (19 protein, 19.10%)

followed by biosynthetic process (6 protein, 6.74%), signal transduction (4 protein,
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4.49%), ATP catabolic (4 protein, 4.49%), regulation (3 protein, 3.37%), homeostasis (3
protein, 3.37%), regulation (3 protein, 3.37%), apoptotic (2 protein, 2.25%) and cell
differentiation (2 protein, 2.25%). Proteins with other functions were collectively

accounted for 23.60% (Figure 3.14).

Similarly, functional categories of nuclear proteins identified in ovaries of P.
monodon were classified. Disregarding proteins with unknown functions (20 protein
accounting for 20.20%), the most abundant group of nuclear membrane proteins in
this study was those in regulation (18 protein, 18.8%) followed by transcription (5
protein, 5.05%), catabolic process (4 protein, 4.04%), DNA topological change (5
protein, 5.05%), DNA integration (3 protein, 3.03%), DNA repair (3 protein, 3.03%),
nucleosome assembly (3 protein, 3.03%), cell division (3 protein, 3.03%), cell
differentiation (2 protein, 2.02%), signal transduction (2 protein, 2.02%). Proteins with

other functions (21 proteins) were collectively accounted for 27.27% (Figure 3.15).

Functional categories of protein with unknown cellular components found
from proteomic analysis of nuclear and nuclear protein fractions extracted from
ovaries of P. monodon were also classified. Disregarding proteins with unknown
functions (368 proteins accounting for 68.66%), the most abundant group of nuclear
membrane proteins in this study was those in biosynthetic process (28 proteins,
5.22%) followed by metabolic process and catabolic process (15 proteins each,
2.80%), transcription (10 proteins, 1.87%), signal transduction (8, 1.49%), transport
and regulation (7 proteins each, 1.31%), DNA integration (4 proteins, 0.75%), DNA
repair, Transposition, Tricaboxylic acid cycle (3 proteins each, 0.56%). Proteins with

other functions (62 proteins) were collectively accounted for 27.27% (Figure 3.16).
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Figure 3.14 Pie chart showing functional categories of nuclear membrane proteins in

ovaries of P. monodon analyzed by GelLC-MS/MS.
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DNA duplex
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Protein import into 3,3.03%
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Figure 3.15 Pie chart showing functional categories of nuclear proteins in ovaries of

P. monodon analyzed by GeLC-MS/MS.
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Figure 3.16 Pie chart showing functional categories of protein with unknown cellular
components found from proteomic analysis of nuclear and nuclear protein fractions

extracted from ovaries of P. monodon.

3.3 Isolation and characterization of the full-length cDNA of reproduction-

related genes of P. monodon
3.3.1. Valosin containing protein 1

Two discrete bands were obtained from nested 3'RACE-PCR of P. monodon

valosin-containing protein (PmVCP). A 1604 bp fragment was cloned and sequenced

(Figure 3.7). Nucleotide sequences of this fragment and the original EST (Figure 3.18)

were assembled.
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Figure 3.17 Agarose gel eletrophoresis illustrating the nested 3'RACE-PCR product of
PmVCP. Arrowheads indicate the RACE-PCR product that was cloned and sequenced.
Lane M is a 100 bp DNA ladder.

The full-length cDNA of PmVCP was 2725 bp in length containing an ORF of
2481 bp deducing to a polypeptide of 826 amino acids and 5' and 3' UTRs of 101 and
113 bp (excluding the poly A tail), respectively (Figure 3.19A). The closest sequence
according to the best hit approach of this characterized sequence is valosin

containing protein 1 of Eisenia fetida (E-value = 0.00).
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A
GAGTGTCGAGGAGCCGTCAGAGAGGAAGGAACGCTCGEGEGATTTCTTCGTCTTTTTATTAARA AN DA AT
ACAATAATCCTTCGTTTARATTTATCGAAGCCATGGCCGRAACAGGACGACTTAGCTACTGCCATTCTTAR
ACAGAAGARAGALGCCCCAACAGACTCATTGCTCCGACCGATCCTGTCAACGACCACARATTCCGTCCTGGCACT
CAGCCAGGCCRARAGATGGATGAGCTGCAGCTCTTCCGCGGCGACACAGTCCTGCTCRAGGGCRARGARGCG
CAAACAGACTGTGTGCATTGTGCTCTCAGACGACACCATGCAGGATGACARGATTCGCATGAACCGETET
GGTCAGARRACAACCTTCCGCATCCGCTTGCCACGACATCGTCTCCATCCAGCCCTGTCCACACCGTCARAGTA
TGGCARACGTATCCATGTCCTGCCGATTGATGACACTGTTGAAGGTCTCACGGGAAACATCTTTGAGGET
ATATTTGAAGCCCTACTTTCTGGAGGCATACAGGCCCATCCACARGGGTGACCTGTTCCTGGTGCGAGS
TGCTATCAGGCCTCTCGCGACTTCAAGCTCGCTGCAGACGCGATCCTCGCGCCTTATTGCATCCTCTCCCAGGA
CRACTGTTATCTACTGTGARAGGAGAGCCAGTTAAGCGAGAGGAGGAGGRAGAGCAGTTGAACGAGGTGGSE
CTACGATGACATCGGETGGCTGCCGCARACAGTTGGCACAGAT CAAGGAGATGETGGAGCTGCCTCTCCG
CCACCCTTCACTCTTCAAGGCCATTGGTGTCARGCCCCCARGAGGTATCCTTCTCTATGGETCCTCCTGS
TACTGGTAAGACCCTCATTGCCCGTGCAGTGGCCARCGAGACCGGAGCATTCTTCTTCCTCATCARCGS
GCCTGAGATCATGTCAAAGTTAGCTGGTGAAT CCGAGAGCAACCTTCGCAAGGCCTTCGAAGAGGCTGA
GRAAGAATGCCCCTGCCATCATCTTCATTGATGAGATTGATGCCATTGCACCCAAGCGTGARARAGACACE
TGETGAGGTGGARAAGACGTATAGTGTCACAGCTGCTAACTCTTATGGATGGCCTCAAGCAACGAGCCCA
Valo-F1

TGTTATTGTTATGCGCTGCCACARACCCCCCCARACTCCATCCGACCCGGCACTCAGGCGATTTGGACGCTT
TGACAGGGAGGTTGACATCAGTATCCCAGACACTACAGGTCGTCTGGAGATTTTGCGCATCCACACTAR
GRACATGAAGCTGTCAGATGATGTGGACCTGGARACAGATTGCAGCAGRARACCCATGGCCATGTTGGETGC
TGAC

B

Valo-F1
TGCCACAAACCGCCCCAACTCCATCGACCCGGCACT CAGGCGATTTGGACGCTTTGACAGGGAGGTTGA
CATCAGTATCCCAGCACACTACAGCGTCCTCTGGACGATTTTCGCGCATCCACACARACANCATGARGCTCTC
AGATGATGTGGACCTGGAACAGATTGCAGCAGAAACCCATGGCCATGTTGGTGCTGACTTGGCAGCCCT
GTGTTCAGAGGCTGCACTCCAGCAAATCAGAGARANGATGGACCTCATAGATCTAGATGATGACCAGAT
TGATGCTGAGGTATTGAATTCCCTGGCTGTCTCTATGGACAACTTTAGGTTTGCTATGGETARGAG
3" RACE-Valosin

CACACCATCAGCTCTGCGTGAGACAGTGGTGGAAGTGCCCAACACCACTTGGAACGATATTGGTGGTCT
CGAAAATGTCAAGAGAGAATTGCAGGAACTTGTGCAGTACCCTGTAGAGCATCCGGGTAAATTCCTCAR
GTTCGGCATGACCCCCAGCAAGGGTGTGCTCTTCTATGGGCCTCCTGGETTGTGGTAAGACCCTCCTGGC
CRAAGGCTATTCCCAATGACTGCCAGCGCCARCTTCATTTCCATCARAGCGCCCCTGARCTCCTTACTATCTG
GTTTGGTGAATCTGAAGCCAATGTCAGGGATGTGTTTGACAAGGCACGTTCAGCAGCACCTTGTGTTCT
ATTCTTTGATGAATTAGACAGTATTGCCAAGGCACGAGGTGGCTCTGCTGETGAT GCTGETGGAGCAGT
TGACCGAGTTATCARCCAGGTTCTGACTGAGATGGACGGCATGEGAGCGARGAAGGACGTGTTCATCAT
TGGTGCCACCAACCGACCTGACATCATTGACCCAGCCATTCTTCGTCCTGGCCGTCTAGATCAGCTCAT
CTACATCCCTCTGCCGGACGAGAAGT CACGCGTACAGATCCTGAAGGCTTGCATGAGGAAGTCTCCAGT
GGCAAAGAGTGTTGACCTGGATTACCTTGCCAAGGTCACTCATGGTTTCTCAGGTGCAGATTTGACTGA
AATTTGCCAGCGTGCATGCAAACTTGCCATCAGACAAGCCATTGAGGCTGATATTCGCCGAGAGAGGGA
ARAGAGCAGCAGGAGATACTATGGATATGGAGGARAGAGGATCCCGTTCCCGAAATCACCCGTGACCACTT
TGAGGAGGCCATGAAGTTTGCCCGTCG

3" Nested- Valosin
GTCAGTGTCAGACAATGACATCAGARAATACGAGATGTTCTCACAGACGCTACAGCAGAGCCGAGGCCT
GGATCCAATTTCAGATTCCCTGACCAGCAAGGCCAGGGCGGCAGTGGCCAGGGAGGAAACTTTGGETGCC
GATGGAGAGGATGACGACCTCTATTCCTARAGTGTGTCCCATCCCTTACCCCATCCTGCTCCTCTCCAA
GGGGTTGGCTTGTGGGAAGGGTTTTGACATAGGGCATAAAATACTAGAATCATTCEE&GTGGAATGCTT
GGACTATTCCTTAATATAGTGGGGGAGAACCTTTGAGTCTTGAATTTCAGGAACACATTGTAACTTTTG
TTTGTCCGGAACRATARAARMAGGGGACATACAGTAAAAAAR AR AN AN AN I

Figure 3.18 Nucleotide sequences of EST (A) and 3' RACE-PCR products (B) of PmVCP.
A Varo-F1, 3 RACE-Valosin and 3 Nested-Valosin primers used for the primary and
secondary 3'RACE-PCR are underlined.
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The calculated p/ and MW of PmVCP was 5.48 and 91.67 kDa, respectively.
The signal peptide was not found in this putative nonsecretory protein. The N-linked-
glycosylation domain was found at positions 468- 470 of the deduced PmVCP
protein. Two Cdc48 and AAA domains were found at positions 20-103, 120-186 (E-
value = 3.03e-28 and 1.3de-11) and 232-368, 505-644 (E-value = 3.67e-24 and 3.73e-
25; Figure 3.19B) of this deduced protein.

A

GRGTGTCGAGGAAGCCGTCAGAGAGGAAGGAACGCTCGGGGGATTTCTTCGTCTTTTTAT 60
TAAAAARAACACAATAATCCTTCGTTTAATTTATCGAAGCCATGGCCGARCAGGACGACT 120
M A E @ D D 6
TAGCTACTGCCATTCTTARAGAGAAGAAGAAGCCCAACAGACTCATTGTCGAGGATGCTG 180
L AT aATILZXKTETZ KT KT KT PNIZ RTILTIVETD A 26
TCAACGACGACAATTCCGTGGT GGCACTCAGCCAGGCCARGATGGATGAGCTGCAGCTCT 240

VvV N D DN s V Vv A L 8 @ A KM D E L @ L 46
TCCGCGGCGACACAGTCCTGCTCAAGGGCAAGAAGCGCAAACAGACTGTGTGCATTGTGC 300
F R GG DT VL L K G K KUZRIE K QT V CcC I V 66
TCTCAGACGACACCATGCAGGATGGCAAGATTCGCATGAACCGTGTGGTCAGARACAACC 360
L s D bpbT M QD G K I RMNUZ RV V R NN 86
TTCGCATCCGCTTGGGAGACATCGTGTCCATCCAGCCGTGTCCAGACGT CAAGTATGGCA 420
L R I R L G D I V 8 I @ P C P D V K Y G 106
AACGTATCCATGTCCTGCCGATTGATGACACTGTTGAAGGTCTCACGGGAAACATCTTTG 480
K R I H Vv L P I DDTV E G L T G N I F 126
AGGTATATTTGAAGCCCTACTTTCTGGAGGCATACAGGCCCATCCACRAAGGGTGACCTGT 540
E VvV Y L K P ¥ F L E A Y R P I HEK G D L 146
TCCTGGTGCGAGGTGGTATGAGGGCT GTGGAGTT CAAGGTGGTGGAGACGGATCCTGCGC 600
F L V R G GM R AV E F KV V E T D P A 166
CTTATTGCATCGTCTCCCAGGACACTGTTGTCTACTGTGAAGGAGAGCCAGTTAAGCGAG 660
P Y ¢C I v 5 @ DT V Vv Y C E G E P V K R 186

AGGAGGAGGAAGAGCAGTTGAACGAGGTGGGCTACGATGACATCGGTGGCTGCCGCAAAC 720
E E E E E Q L. N E V 66 Y D DI GG G C R K 206
AGTTGGCACAGATCAAGGAGATGGTGGAGCTGCCTCTCCGCCACCCTTCACTCTTCAAGG 780
¢ L A Q I K EMV EL P L R HUP S L F K 226
CCATTGGTGTCAAGCCCCCAAGAGGTATCCTTCTCTATGGTCCTCCTGGTACTGGTAAGA 840
A I 6V K P P R G I L L ¥ G P P G T G K 246
CCCTCATTGCCCGTGCAGTGGCCAACGAGACCGGAGCATTCTTCTTCCTCATCAACGGGC 900

T L. I A R A V A N ET G A F F F L I N G 266
CTGAGATCATGTCAAAGT TAGCTGGT GAAT CCGAGAGCANCCTTCGCAAGGCCTTCGAAG 960
P E I M s KL A G E S E S NL R KA AF E 286
AGGCTGAGAAGAATGCCCCTGCCATCATCTTCATTGATGAGATTGATGCCATTGCACCCA 1020
E A E KN A P ATI I F I DETIDOATIA AP 3086
AGCGTGAAAAGACACATGGT GAGGTGGAAAGACGTATAGTGTCACAGCTGCTAACTCTTA 1080
K R E KT H G E V ERRI V 5 Q L L T L 326
TGGATGGCCTCAAGCAACGAGCCCATGTTATTGT TATGGCTGCCACAAACCGCCCCAACT 1140
M D G L K Q R A H V I VM A A TNIR P N 346
CCATCGACCCGGCACTCAGGCGATTTGGACGCTT TGACAGGGAGGTTGACATCAGTATCC 1200
& I D P A L RURU FGIRVFDIREV DI s I 366
CAGACACTACAGGTCGTCTGGAGATTTTGCGCATCCACACTAAGAACATGARGCTGTCAG 1260
P D TTOGRULETI LRI HTIE KWDNMMMEKUL S 386
ATGATGTGGACCTGGAACAGATTGCAGCAGAAACCCATGGCCATGTTGGTGCTGACTTGG 1320
D DV DL E Q I A A ETUHGH V G A D L 4086
CAGCCCTGTGTTCAGAGGCTGCACTCCAGCAAAT CAGAGAMNNGATGGACCTCATAGATC 1380
A A L C s E A AL Q@ @ I R EEKMDTLTITD 426
TAGATGATGACCAGATTGATGCTGAGGTAT TGAATTCCCTGGCTGTCTCTATGGACAACT 1440
L DD D@ I DAEV L NSLLAV S MUDN 446
TTAGGTTTGCTATGGGTAAGAGCACACCATCAGCTCTGCGTGAGACAGT GGTGGAAGTGC 1500
F R F A M G K s T P s A L RE T V V E V 466

CCAACACCACTTGGAACGATATTGGTGGTCTCGAAAATGTCAAGAGAGAATTGCAGGAAC 1560
P N T T W ND I G G L E NV KURETUL Q E 486
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TTGTGCAGTACCCTGTAGAGCATCCGGGTAARTTCCTCAAGTTCGGCATGACCCCCAGCA 1620

L V. Q ¥ P V E HP G K F L KF GMT P S 506
AGGGTGTGCTCTTCTATGGGCCTCCTGGTTGTGGTAAGACCCTCCTGGCCAAGGCTATTG 1680
K 6 v L F ¥ 6 P P G C G K TULL AI KMSATI 526

CCAATGAGTGCCAGGCCAACTTCATTTCCATCARGGGCCCTGAACTCCTTACTATGTGGT 1740
A N E C Q A N F I 58 I K G P E L L T M W 546
TTGGTGAATCTGAAGCCAATGTCAGGGATGTGTT TGACAAGGCACGT TCAGCAGCACCTT 1800
F ¢ E s E A NV R D V F D K AR S A A P 566
GTGTTCTATTCTTTGATGAATTAGACAGTATTGCCAAGGCACGAGGTGGCTCTGCTGGT G 1860
c v L F F D E LD s I A KO AUZRGG 8 A G 586
ATGCTGGTGGAGCAGCTGACCGAGTTAT CAACCAGGTTCTGACTGAGATGGACGGCATGG 1920
D A G GGA A DRV I NQ VL TEMT D G M 606
GAGCGAAGAAGGACGTGTTCATCATTGGTGCCACCAACCGACCTGACATCATTGACCCAG 1980
G A K KDV F I I 6 A TNZRUPDTITID P 626
CCATTCTTCGTCCTGGCCGTCTAGATCAGCTCAT CTACATCCCT CTGCCGGACGAGAAGT 2040
A I L. R P G R LD Q L I Y I P L P D E K 646
CACGCGTACAGATCCTGAAGGCTTGCATGAGGAAGT CTCCAGTGGCAAAGAGTGTTGACC 2100

S RV @ I L K A CMU®RI K S P V A K S V D 666
TGGATTACCTTGCCAAGGTCACTCATGGTTTCTCAGGTGCAGATTTGACTGAAATTTGCC 2160
L D ¥ L A KV T™HGGUF s G A DILTE I C 686
AGCGTGCATGCAAACTTGCCAT CAGACAMAGCCATTGAGGCTGATATTCGCCGAGAGAGGSG 2220
Q R A C K L A I R Q A I E A DI R R E R 706
AMGAGCAGCAGGAGATACTATGGATAT GGAGGAAGAGGATCCCGTTCCCGAAATCACCC 2280
ERAAGD T MDMEEEUDUP V P E I T 726
GTGACCACTTTGAGGAGGCCATGAAGTTTGCCCGTCGGTCAGTGTCAGACAATGACATCA 2340
R D H F E EAMIEKVPFAIRU RS V 5 D NIDI 746
GAAAATACGAGATGTTCTCACAGACGCTACAGCAGAGCCGAGGCCTGGATCCAATTTCAG 2400
R K Y EMVF 8 Q T L Q @ 8 R G L D P I s 766
ATTCCCTGACCAGCAAGGCCAGGGCGGCAGTGGCCAGGGAGGARAACTTTGGTGCCGATGG 2460
D § L T &8 K A R A A V A R E E T L V P M 786
AGAGGATGACGACCTCTATTCCTAAAGTGTGTCCCATCCCTTACCCCATCCTGCTCCTCT 2520
E R M T T &8 I P K Vv C P I P Y P I L L L 806
CCAAGGGETTGECTTCTGEEAAGGCETTTTCGACATAGGGCATARAATACTAGAATCATTCT 2580
s K 6 L A C G K GG F D I G H K I L E S F 826

GAGTGGAATGCTTGGACTATTCCTTAATATAGTGGGGECGAGAACCTTTGAGTCTTGAATTT 2640
*

CAGGAACACATTGTAACTTTTGTTTGTCCGGAACAATAARAAGGGGACATACAGTAARAR 2700

ARRARARAARRAAARARARAAARRA 2725
B
102
Nucleotide posiion 1 141 410 461 650 797 1208 1616 2033 2579 175
| cacss x Jeacs 2|} Ad4 | | asa —
Amio acid posiion 120 103 10 135 232 38 s a1t 326

Figure 3.19 (A) The full-length cDNA anddeduced amino sequences of valosin-
containing protein of P. monodon (PmVCP). Start and stop codons are illustrated in
boldfaced and underlined. A putative N-linked-glycosylation site is highlichted and
underlined. (B) Diagram illustrating VCP cDNA of P. monodon. The CDC48 and AAA
domains were found in the deduced protein of this transcript. The scale bar is 50

amino acids in length.

33.2 Thymosin-ﬁ
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The primary 5' and 3' RACE-PCR generated several amplification products. PCR
was carried out by amplification of the primary RACE-PCR product with the same
gene-specific primer and nested universal adaptor primer (nUPM). After
electrophoresis, discrete bands approximately 250 bp and 450 bp fragments were
obtained from 5' and 3' RACE-PCR of P. monodn thymosin—,B (PmTmsb) (Figure 3.20).
These fragments were cloned and sequenced. Their nucleotide sequences (Figure

3.21) were assembled with the original EST sequence.

Figure 3.20 Agarose gel electrophoresis showing results from 5' (lane 1, A) and 3'
(lane 1, B) RACE-PCR of PmTmsb. Arrowheads indicate RACE-PCR products that were
cloned and sequenced. Lanes M are a 100 bp DNA ladder.

The full length cDNA of PmTmsb was 1084 bp in length containing an ORF of
387 bp corresponding to a polypeptide of 128 amino acids. The 5" and 3' UTRs of
thymosin—B5 were 69 and 602 bp (excluding the poly A tail), respectively. The poly A
additional signal (AATAAA) was located between 1043-1048 of this transcript (Figure
3.22A). Its closest similarity according to the best hit approach was thymosin—ﬁ5 of

Pacifastacus leniusculus (E-value = de-44).


http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_478432608
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A
GGGGAGTTGAGCATTGGACTTCAACGAGTTAGCCTTCGAACCAGAATCACCACCACCCACCACCACCAT
CATGAGCGCTGAAACTCCCCTCAAGGACTTGCCCAAGGTTGACCCCACCCTTAAGGGACAGCTCGAGGS
5'RACE
ATTCTCCGCCGTAAACCTTAAGAAGACCGAGACGGAGGAGAAGATTCACCTGCC

B
GAGCGCTGAAACTCCCCTCAAGGACTTGCCCAAGGTTGACCCCACCCTTAAGGGACAGCTCGAGGGATT
5'RACE
CTCCGCCGTAAACCTTAAGAAGACCGAGACGGAGGAGAAGATTCACCTGCCARACAGGGAGGACGTGGA
AGCAGAGAAGARAAGTACAGGCCCATCTGCAGGCCGTCGAAGGCTTCAATACTGCACAACTCARAGCATGC
CAATACCCAAGRAARAMAATTGTTTTACCTGCTCAGGAAGATATTGAGACTGAGAAGGGTCAGCAGGCACT
CCGCCAGGGTATTGAGGGCTTTGACCATGCTGCTTTGAAGARAAGCTCAGACGACAGAGAAGAATACCCT
3'RACE
TCCAACTAAGGAAATGATTGAGGAAGAGAAGAAGGCCTAACAAGGTTTGCCAGGAACACATCTATGTTC
ACTGTGCATCCCAGTGATATCCTCCCTGCTCTCCCTAGAACTTCTAATAGTTCTGCAAGCCARAATGTT
TTGTACTGTACTTTGATAATCTAAGTGTATAGGTARACCAACTGATTTTGTAACCGGATATCATATGCT
Nested3 RACE

ATTCTTTGAGTCATTATTATTTGCTTTAGTGATAAGATCAAGGTGCTCACCAATAGCAAGGCGATGGCA
AGRAAGTGCARAAGGGACATTTAGARAACTGCATGATAATTTTCATTGCTTTTGTGCACCCTCCTAGTAAT
TTATCAGCAATGCTAGTGGACCARAAATTTCACCTTGCTTC

C

3'RACE
AGGTTTGCCAGGAACACATCTATGTTCACTGTGCATCCCAGTGATATCCTCCCTGCTCTCCCTAGAACT
TCTAATAGTTCTGCAAGCCARARAATGTTTTGTACTGTACTTTGATAATCTAAGTGTATAGGTARACCARLC
TGATTTTGTAACCGGATATCATATGCTATTCTTTGAGTCATTATTATTTGCTTTAGTGATAAGATCALG
Nested3 RACE
GTGCAATAGCAAGGCGATGGCAAGAAGTGCARAAGGGACATTTAGAAACTGCATGATAATTTTCATTGC
TTTTGTGCACCCTCCTAGTAATTTATCAGCAATGCTAGTGGACCARAATTTCACCTTGCTTCCGCCTTG
TTCAATAGAAGGTAARAGGTCTCCCATGCAGGTAATGGAARACTGCCAAMRAGGTACAATGAATTTGTAAT
TTGCCAGGATTGTAATGTGTGAGTCTCAATTTTTACCCCATTTAATTTGCATTTAATTGTTAGCATTTA
CATGAATTTTTAAGTGTTTATAAAGAATTTATCATTGCCTTGTTTCAAARATTAATTTGCTTTTTGGGEGC
ATCCAAGTAAATGTGATTTTGGGAGCCAATAAAGTGCTTTTGCAARAADNANAADAADNAANAADND DDA

Figure 3.21 Nucleotide sequence of 5' RACE-PCR (A), the original EST (B) and 3' RACE-

PCR (C) of PmTmsb. Sequences of primers are underlined.

The calculated p/ and MW of PmTmsb was 5.45 and 14.30 kDa, respectively.
The predicted signal peptide was not found in the deduced PmTmsb protein. Like
thymosin-BS, THY domains were found at positions 18-54 (E-value = 9.48e-06), 56-92
(E-value = 5.48e-01), 94-128 (E-value = 3.68e-03) of the deduced protein, respectively

(Figure 3.22B).



A
GGGAGTTGAGCATTGGACTTCAACGAGTTAGCCTTCGAACCAGAATCACCACCACCCACC
ACCACCATCATGAGCGCTGAAACTCCCCTCAAGGACTTGCCCAAGGTTGACCCCACCCTT

M S A E T P L KDL P KV D P T L
AAGGGACAGCTCCGAGGGATTCTCCGCCGTAAACCTTAAGAAGACCGAGACGGAGGAGAAG
K 6 Q L. EG F S AV NLEKJI KTTETEE K
ATTCACCTGCCAAACAGGGAGGACGT GGAAGCAGAGAAGARAGTACAGGCCCATCTGCAG
I H L P NREUDV EAZETZ KT KTUTYV QA HTUL Q
GCCGTCGAAGGCTTCAATACTGCACAACTCAAGCATGCCAATACCCARGAARAAATTGTT
A V E G F N T A QUL KHA ANTGQETZRKTI V
TTACCTGCTCAGGAAGATATTGAGACTGAGAAGGGTCAGCAGGCACTCCGCCAGGGTATT
L P A Q EDTIZETTEUTZ KTG GG QO QA ATLT RGQG I
GAGGGCTTTGACCATGCTGCTT TGAAGARAGCTCAGACGACAGAGAAGAATACCCTTCCA
E G F D HA ALI KTZE K AU GQTTETZ KNTTL P
ACTAAGGAAATGATTGAGGAAGAGAAGAAGGCCTAACAAGGTTTGCCAGGAACACATCTA
T K EM I E E E K K A *
TGTTCACTGTGCATCCCAGTGATATCCTCCCTGCTCTCCCTAGAACTTCTAATAGTTCTG
CAAGCCAARAATGTTTTGTACTGTACTTTGATAATCTAAGT GTATAGGTAAACCAACTGAT
TTTGTAACCGGATATCATATGCTATTCTTTGAGTCATTATTATTTGCTTTAGTGATAAGA
TCAAGGTGCTCACCAATAGCAAGGCGATGGCARGAAGT GCAAAAGGGACATTTAGAAACT
GCATGATAATTTTCATTGCTTTTGTGCACCCTCCTAGTAATTTATCAGCAATGCTAGTGE
ACCAAAATTTCACCTTGCTTCCGCCTTGTTCAATAGAAGGTARAGGTCTCCCATGCAGGT
AATGGARAACTGCCAAAAGGTACAAT GAATTTGTAATTTGCCAGGATTGTAATGTGTGAG
TCTCAATTTTTACCCCATTTAATT TGCATTTAATTGTTAGCATTTACATGAATTTTTARG
TGTTTATAAAGAATTTATCATTGCCTTGTTTCAARATTAATTTGCTTTTTGGGGCATCCA
AGTARAATGTGATTTTGGGAGCCAATARAAGTGCTTTTGCAARAAAAAAAAAAARAAAAAAR
AARA

B
Nucleotide position 1 69 119 230233 344 347 452 1084

. —

Aminoacid position 1 18 54 56 9294 128

50 aa
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Figure 3.22 (A) The full-length cDNA and deduced protein sequences of PmTmsb.

Start and stop codon are illustrated in boldfaced and underlined. The poly A
additional signal (AATAA) is boldfaced and the THY domain are highlighted. (B)

Diagram illustrating PmTmsb. Three THY domains were found in the deduced

PmTmsb protein. The scale bar is 50 amino acids in length.

3.3.3 Rac1 GTPase-activating protein

A fragment of 1881 bp in length was obtained from amplification of cDNA in

ovaries using primers designed from ORF of the testes form of P. monodon Rac

GTPase-activating protein 1 (PmRacgapl) (Leelatanawit, 2008) (Figure 3.23). The PCR



84

product was cloned and sequenced. The ORF of PmRacgap! was 1881 bp in length
corresponding to a polypeptide of 626 amino acids. The closest similarity of this
characterized transcript was Rac GTPase-activating protein 1 of Capitella teleta (E-

value = 2e-120).

Figure 3.23 Agarose gel electrophoresis showing the amplified ORF of ovarian
PmRacgap!l using primers designed from that previously identified in testes of P.

monodon.

The calculated p/ and MW of the deduced PmRacgapl protein was 8.68 and
71.47 kDa. Two domains (C1 and RhoGAP) were found at the amino acid positions
317-364 (E-value = 5.32e-06) and 365-540 (E-value = 2.26-47) of the deduced
PmRacgapl protein (Figure 3.24). The putative N-linked-glycosylation sites were found

at positions 109-111,150-152 and 571-573, respectively.
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A

ATGGAGTCCCTTTCAGCACAGTTTGATGACCTGATGCGCCAGATGCAGGTTCTGGCAGAT 60
M E S L §$ A Q FDDTZILMTERIGQMGQ@V L A D 20
CCAGCAGAGTACAAATTCCTCGAATTTTTAGACCATGAAGAGAARAATCGGGTTCAGCTA 120
P AE Y K FLETF LDHETETZ KTNT RV Q L 40
AGAGAACTTGAAGCAGAAGTGAGTCGTCTTAATGAGCAAGCAGCAAGATACCARAAGGAA 180
R E L EATZETV S RULNTETG QA AHA AT RTYQ KE 60
ATTAAAAGCCTGGAGATGARATTARAAAATGCARAGCACATGCTAGATGTAGARAAAGGCC 240
I XK S L EMEKTLIXKDNA ATZEKTEHMTLTD V E K A 80
BARGAGAATCACAACAGAAARAGAGAARRATGATT TGGCAGGACAGATTGGTCTGGTCATG 300
K R I T TE X KTETZKUNTDTULAGT® QTIGTIL V M 100
GAGTTGTTGGGAAGAGGTCAGGTCAATGAGACARGAGARAGACTGCARCAGTTACAGCAC 360
E L L GRGQV NETRET RTLGQAQTZLQ H 120
TCGTTTACCTTTAGTGGAACAGCAACAAATCAGCGGCGAAGTACAAGAGACTTGTCACCA 420
S F T F S G TATNG QR RT RS TURIDTL 8 P 140
GGACCTCTTTCTACTATCACAGAAGACAATGACACAATGGGTTCCATCCTTAGTGTATCA 480
G P L ST I TETDHNDBEMOGS I LSV s 160
GACATTGATATTACTGAGGATGATTTAGAAGAATCACGTCTCCGATCAGGACGATCATTC 540
D IDITESDTDTELTETET SR RTILTERTSGR S F 180
BAACGCAGATCTTCACCAGAACGCCAGGATTCTTCTAAGGGARARAGGCGCTCAGGCAGG 600
K R R § S PERQD S S KGXRZRS G R 200
AGAAGTGAGGACATGCAGACCCATGAGGTGAAGACTCAAGTCACATACTATACACAAGGT 660
R S EDMQTHEV VKT QV T Y Y T Q G 220
GATGAAATTAAGAARATCCATACAGAGACGAAAGTCAAGCCATCAGCACCTCCACTTTCC 720
DE I KXKTIUHTETIE KTV VI KT EPSATPZPL s 24
ACAGATGAAGAGACTGAGGTTAGTCACCTTAAGAAACCTACCCACGGCCATACTCTCAAT 780
T DEETETV S HLZXKTIKTPTHGT HTL N 260
ACACCCTCAACTCCACATATTCCTCAGACTGCATACTCACCACACTTTCCARACCCAATA 8§40
T P § TP H I P Q TA Y S PHFPNDP I 280
ACACCTCAGGGCACAGGTCAGATGTACTACACTCCTACACACAATCTTIGTCACACCAGTA 900
T P Q 6T G QMY Y TOPTHNTILUYVT P V 300
TTGCGCACCCATTCCTCAGTTACARAGATARACCARAGACCTCATGCCTTCTACACCAAG 960
LR TH S 8V TXTIDNGT RTEPHATEZTY TR 320
ACTATATACAAGACTGAACATTGTCAGCCATGTGGCARARGARTTAAGT TTGGTARGATT 1020
T I Y K T EHC Q P C G KR I KF G K I 340
GCCCTTAAGTGT CGAGACTGTCGCGCTACCTGTCATCTGAGTGTCGTGARTCTGTGCCGC 1080
A L K CRDGC C®RATTGCHTL SV V NTLCTR 360
TTCCTTGTGTTCCTACAGCTAACACTCCAACTACAAAGGGGCAATTGGGAACCATTGCTG 1140
F LV FL @@L TL gL @R 6N WE P L L 38
ACTACACATCTCGTATGCCCCCAATGETTCCAGCCTTTGGTGGTCCATTGCACCAATGAG 1200
T T H L V C P Q W F Q P L V V HCTNE 400
GTAGARAACCGTGGTTTGAGTGAAGT TGGAAT TTAT CGAGTACCAGGAGCAGAAAAGGAT 1260
vV ENRGL S E V G I YRV P G AZE K D 420
GTGAAGGAACTARAGGATCAGT TTCTGCGAGGTARAGGCATGCCTARCCTGTCCCAGCTT 1320
¥V K E L X D @ F L R G XK G MPNTL S g L 440
GATATCCATGTTGTTTGTGGTGCACT TAAGGACT TCATGCGGTCACTCARGGARCCACTT 1380
D I HV V CGATLTZRKTDTFMT®BRSTLZETE P L 460
GTCACCCACCTCCTCTGGCGAGACTT TACARGTGCTGCAGAARAGTCGGAGGCCCARGAT 1440
vV T H L L WRUDTPF T S A AZET K SEA ASQD 480
TACCTTGCGGCT CTCTACCAGGCARTCTCAGARTTACCACAGCCCARCAGGGATACTTTG 1500
¥ L A AL Y Q A I SETLPG QEPNZRTDT L 500
GCTTGGATCATGACTCATCT TCARAGAGTAGCTGAATGTCCTGARTGCARAATGCCGGCT 1560
A W I M T HL QR V A ETCTZPETCTZE KMTP A 520
BAGCAACCTAGCCAAGETGTTTGGGCCAACACT TGTAGGATACTCAGTACCAGAACCTGAT 1620
S N L A KV F GP T LV G Y S V P E P D 540
CCAGCCACTATGCTGACTGARACTCGACAACAGCAAATGGTCATGGAARAGCTGCTTGAA 1680
P ATMTLTTETU RGO O QM V MERKTILLE 560
ATCTCCACAGACTACTGGAACACTTTCATTAACGTTACTGATGAGAATGTGCACCAGGGA 1740
I §$ T DY WNTT F I NIWIF DETNTVHOQG 58
GTTCAGCAGGTTCCTACTCTAGAAGGTGGCACTCTCCT TGGAGGTTTCCCATCCTCCAAC 1800
V Qg Q@ VvV PTLETGS GG GTTLTZLGTGTFP S S N 600
ACGCGTCGACGCTCTATACTTACTCGCACTCCACTAACCCCCAGGGARACTCCAAAGAAC 1860
T R R R § I L T R T P L T P RE T P K N 620

CGCTATGTCTTCCGGAAGTGA 1881
R Y V F R K * 626
B
Nucleotide position 1 95110921093 1620 1878

C1 "RhoG:
Amino acid position 1 317 364365

626

50 aa

Figure 3.24 The open reading frame and deduced protein sequences of PmRacgap!.
Start and stop codon are illustrated in boldfaced and underlined. The predicted N-
link glycosylation sites are highlighted and underline. The C1 and RhoGAP domain are
highlighted with light-grey and dark grey, respectively. (B) Diagram illustrating
PmRacgapl. The C1 and RhoGAP domains were found in the deduced PmRacgapl

protein. The scale bar is 50 amino acids in length.
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Alignment nucleotide sequences of PmRacgapl in ovaries (this thesis) and
testes (Leelatanawit, 2008) of P. monodon indicated that differences between these
isoforms were resulted from small indels (C and AAACAG; position 1064 and 852 -
857) found in the testes form and a large indel (TAACACTCCAACTACAAAGGGGCAA
TTGGGAACCATTGCTGACTACACATCTCGTATGCCCCCAATGGTTCCAGCC; positions 1107-
1183) found in the ovary form. In addition, a single substitution from T to C was
observed at position 118, 383 and 1375, A to T was observed at position 663 (Figure

3.25).

Ovary ATGGAGTCCCTTTCAGCACAGTTTGATGACCTGATGCGCCAGATGCAGGTTCTGGCAGAT

Testis ATGGAGTCCCTTTCAGCACAGTTTGATGACCTGATGCGCCAGATGCAGGTTCTGGCAGAT
e R R T

Ovary CCRAGCRGAGTACRRATTCCTCGRATTTTTRAGACCATGAAGAGRARRRTCGGGTTCAGCTA

Testis CCAGCAGAGTACRAATTCCTCGRATTTTTAGACCATGAAGAGRAAARATCGGGTTCAGTTA
e S R A A i R R R e R R R R R R R R R T L T T

Ovary LGAGAACTTGAAGCAGAAGTGAGICGTCTTARTGAGCAAGCAGCAAGATACCARARGGAL

Testis AGRGRACTTGAAGCAGRAGTGAGTCGTCTTAATGAGCAAGCAGCAAGATACCARBAGGAR
e e sk e ek sk R S R e o Rk S R R R K R R R R R e kR e R ek e R ek

Ovary ATTARRAGCCTGGAGATGARATTRAARRALATGCARAGCACATGCTAGATGTAGRARAGGCC
Testis ATTARAAGCCTGGAGATGARATTAAARARATGCARAGCACATGCTAGATGTAGRRRAGGCC
B R s

ovary AAGRGRATCACRACLAGRARLAGAGREAAARTGATTTGGCAGERCAGATTGGTCTGGTCATG

Testis RARGAGRATCRCRACRGRRRRAGRAGRARRRTGATTTGGCAGGRACAGATTGGTCTGGTCATG
R T T

Ovary GAGTTGTTGGGARAGAGGTCAGGTCAATGAGACAAGAGARAGACTGCAACAGTTACAGCAC
Testis GAGTTGTTGGGRRGAGGTCAGGTCAATGRGACARGAGRARRGACTGCRACAGTTACAGCAC
R e R

Ovary TCGTTTACCTTTAGTGGAACAGCARCARRTCAGCGGCGARAGTACRAGRGRACTTGTCACCAE

Testis TCGTTTACCTTTAGTGGAACAGTIAACAARTCAGCGGCGAAGTACARGAGACTTGTCACCA
R T ]

Ovary GGACCTCTTTCTACTATCACAGRAAGACARATGACRCAATGGEGETTCCATCCTTAGTGTATCE

Testis GGACCTCTTTCTACTATCACAGAAGACARATGACRCAATGGGETTCCATCCTTAGTGTATCA
R e SR R R R R R R e R R R R R EE T T T 2 R R e

Ovary GACATTGATATTACTGAGGATGATTTAGRRAGARATCACGTCTCCGRTCAGGRCGATCATTC
Testis GACATTGATATTACTGAGGATGATTTAGRAAGAATCACGTCTCCGATCAGGACGATCATTC
R R R R R R R R AR R R R R R R R R R R RS RETE

Oovary AARACGCAGATCTTCACCAGARCGCCAGGATTCTTCTAAGGGRARRAGGCGCTCAGGCAGG
Testis AARACGCAGATCTTCACCAGRAACGCCAGGATTCTTCTARAGGGRARRAGGCGCTCAGGCAGG
B R e e

Oovary AGRAGTGAGGRCATGCAGACCCATGAGGTGRAGACTCAAGTCACATACTATACACRAGET
Testis LAGRAGTGAGGRCATGCAGACCCATGAGGT GRAGRCTCARGTCACATACTATRACRECRRAGET
R T e

Ovary GATGRRATTAAGRARATCCATACAGAGACGAAAGTCARGCCATCAGCACCTCCACTTTCC
Testis GRRGRRATTRAGRRRATCCATACRGAGACGRRAGTCRARAGCCATCRGCACCTCCACTTTCC
B e e R

Ovary ACRCATGAAGRGACTGAGGTTAGTCACCTTRARGRRACCTACCCACGGCCATRCTCTCRAT

Testis ACRGATGAAGRGACTGAGGTTAGTCACCTTAAGRAACCTACCCACGGCCATACTCTCAAT
B R T e

Ovary ACACCCTCARRCTCCACATATTCCTCAGRCTGCATACTCACCACACTTTCCARACCCEATE
Testis ACACCCTCARCTCCACATATTCCTCAGRCTGCATACTCACCACACTTTCCARACCCRATA
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R R R

RCRCCTCRAG-—————— GGCACRGGTCRAGATGTACTACRCTCCTACACRCRAATCTTGTCACE
ACACCTCAGRRACAGGGCACAGGTCAGATGTACTACACTCCTACACACAATCTTGTCACA
Rk kKRR B R

CCAGTATTGCGCACCCATTCCTCAGTTACARAGATARACCARAGACCTCATGCCTTCTAC
CCRGTATTGCGCACCCATTCCTCAGTTACRRAGATARACCRARRGEACCTCATGCCTTCTAC
B R

ACCRAGACTATATACRAGACTGRACATTGTCAGCCATGTGGCARRRAGRATTARGTTTGGT

ACCRAAGACTATATACAAGACTGARCATTGTCAGCCATGTGECARMRAGRATTARGTTTGGT
e

ARGATTGCCCTTRAGTGTCGAGACTGTCGCGCTACCTGTCATC-TGAGTGTCGTGAATCT
ARGATTGCCCTTRAGTGTCGAGRCTGTCGCGCTACCTGTCATCCTGAGTGTCGTGAATCT
Rk kKA h kR kR kkk kR Ak k kR kk khhkkk Rk kkhhhhdh Kk k Rk kk kR i dhkkk

GTGCCGCTTCCTTGTGTTCCTACAGCTARCACTCCARCTACARAGGGGCARTTGGGRACC

GTGCCGCTTCCTTGTGTTCCTACAGT
R

ATTGCTGACTACACATCTCGTATGCCCCCRATGGTTCCAGCCTTTGGTGGTCCATTGCAC
TTGGTGGTCCATTGCAC
ok kKRR kR KRR E R

CRATGAGGTAGRRRACCGTGGTTTGAGTGRAGTTGGRATTTAT CGAGTACCAGGAGCAGA

CRATGAGGTAGRARRACCGTGGTTTGAGTGRAGTTGGRATTTATCGAGTACCAGGAGCAGA
B R R R

ARAGGATGTGAAGGARCTARAGGATCAGTTTCTGCGAGGTAAAGGCATGCCTAACCTGTC

ARRGGATGTGAAGGAACTAAAGGATCAGTTTCTGCGAGGTAAAGGCATGCCTAACCTGTC
R R

CCAGCTTGATATCCATGTIGTTTGTGGTGCACTTARGGACTTCATGCGGTCACTCARGGR

CCAGCTTGATATCCATGTTGTTTGTGGTGCACT TAAGGACTTCATGCGGTCACTTARGGR
R L

ACCACTTGTCACCCRACCTCCTCTGGCGAGACTTTACARGT GCTGCAGRARAGTCGGAGGC

ACCACTTGTCACCCACCTCCTCTGGCGAGACTTTACRAGT GCTGCAGRARAGTCGGAGGC
B e e s s

CCRAGATTACCTTGCGGCTCTCTACCAGGCRATCTCAGRATTACCACRGCCCRRCAGGGR

CCRAGATTACCTTGCGGCTCTCTACCAGGCRAATCTCRAGAATTACCACAGCCCAACAGGGA
B

TRACTTTGGCTTGGATCATGACTCATCTTCRARAGAGTAGCTGRATGTCCTGRATGCARAAT

TACTTTGGCTTGGATCATGACTCATCTTCARAGAGTAGCTGARTGTCCTGAATGCARAAT
B R

GCCGGCTAGCARACCTAGCCRAGGTGTTTGGGCCARACACTTGTAGGATACTCAGTACCAGA

GCCGECTAGCAACCTAGCCAAGGTGTTTGGGCCARCACTTGTAGGATACTCAGTACCAGR
e e

ACCTGATCCAGCCACTATGCTGACTGARACTCGACRACAGCAARTGGTCATGGARRAGCT

ACCTGATCCAGCCACTATGCTGACTGRARACTCGACRAACAGCARATGGTCATGGARARAGCT
R L

GCTTGARATCTCCACAGACTACTGGAACACTTTCATTARCGTTACTGATGAGRATGT GCA

GCTTGRARTCTCCACRAGACTACTGGRAACACTTTCATTARCGTTACTGRATGAGRRTGTGCR
L

CCAGGGAGTTCAGCAGGTTCCTACTCTAGRAGGTGGCACTCTCCTTGGAGGTTTCCCATC
CCAGGGAGTTCAGCAGGTTCCTACTCTAGRRGGTGGCACTCTCCTTGGAGGTTTCCCATC
R L

CTCCARCACGCGTCGACGCTCTATACTTACTCGCACTCCACTRACCCCCAGGGRRACTCC

CTCCARACACGCGTCGACGCTCTATACTTACTCGCACTCCACTRACCCCCAGGGRARACTCC
B R R T

ARAGRACCGCTATGTCTTCCGGARGTGRA

ARRGRACCGCTATGTCTTCCGGARGTGA
R
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Figure 3.25 Pairwise nucleotide sequences alignment of PmRacgap! found in ovaries

and testes.
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3.3.4. Protein kinase C

The full-length cDNA of protein kinase C (PKC) was identified by RACE-PCR.
Primers were designed from EST clone no. OV-N-S01-1421-W which significantly
matched of protein kinase C 98E-like protein of Tribolium castaneum; E-value = 5e-
26). The amplified fragments of approximately 850 bp, 800 bp, 1250 bp and 800 bp
were obtained from the 5 RACE-PCR, nested 5 RACE-PCR and nested-nested 5' RACE-
PCR and primary 3 RACE of PmPKC respectively (Figure 3.26). These fragments were
cloned and sequenced (Figure 3.27). Nucleotide sequences of the original EST, 5'

RACE-PCR and 3~ RACE were assembled.

A bp M 1

1500
1000

500

Figure 3.26 Agarose gel electrophoresis showing results from 5' RACE-PCR (A), nested
5" RACE-PCR (B), nested-nested 5' RACE-PCR (C) and 3 'RACE-PCR (D) products of
PmPKC. Arrowhead indicate the RACE-PCR fragments that were cloned and
sequenced. Lanes M are a 100 bp DNA ladder.

The full length cDNA of PmPKC was 3404 bp in length containing the ORF of
2235 bp deducing to a polypeptide of 744 amino acids and the 5" and 3' UTRs of 143

and 997 bp (excluding the poly A tail), respectively (Figure 3.28A). The closest match

to this transcript was Protein kinase C of Ciona intestinalis (E-value = 1e-110).



89

A

I

GGGAGTTTTATCGAATGGTGTTGAAT GGGETGACAGTACGGETCGGCCTTACAGTCACTTTCGCCCCATTT
CCCTATGCACTACTGGGACCTATTGGTGAGGT GAGACGGEEGCTTGTGAGCACCTGAGCAGAGAGAACAC
GGGCGATGTTCACGGGCAGCCTTAAAGTGAAAATATGCGAAGCTACCGATCTCCGCCTTACCGACTGTA
TGACCCGCTATGTCGGAGTAGCAGGGGETAGGARAAGGTCCTCAAGACCARAACCCTGGATCCTTACGTGA
CGCTGGAGGT GGACGAGGTACACTGGACCAAGACGCAGGCCCGACAGAAGACCTTTACGCCCATATGGA
ACGAGAGCTTTGAGCAAGACGTGATGGGCGCCGTCCAGCTCGGCCTCAAGATCTTCCATGACTCCGLGG
TCGGCAACGATGACTTCGTGGCCGACGCTTCCTTGCTCTTCGAGGAAATATGT GCCGAGAACCAGACCC
ATGCCGACATCTGGGETGGACTTAGAACCTCAGGGGAAGCTACATGTGGETGATTGAACTAAAAT GGGCAC
CACCAGAAGATGGAGGCGTCCGCCCACGAGAATT CAGGGAACGGCAGGGCTTCAACCGGCGACGAGETG
CCATGAGGAGGCGGEGTTCATCAGGTCAATGGTCACAAATTCATGGCTACGTTCCTGCGGCAACCTACAT

5 RACE-PKC-III

TCTGCTCGCATTGTCGAGAATTCATATGGGGTCTAGGGA

I1
ACGGCGGGTTCATCAGGTCAATGGTCACAAATTCATGGTTACGTTCCTACGGCARCCTACATTCTGCTC
5'RACE-PKC-IIT
GCATTGTCGAGAATTCATATGGGGETCTAGGGAAACAAGGATATCAATGTCAAGTATGTACTTGCGTAGT
CCACAAACGCTGTCACCAGTCGGTTGTCACACGACGTCCAGGAAGCAAGAGTGAGACCATCAATGAGGA
ACCTTCAGTCCAGGGAAGTTGTCAACCGCGATTCAACGTCAATGTGCCACATCGGTTTTCTGTTCACTC
CTACAAACGGTTCACATTCTGTGACCATTGTGGCTCATTACTTTATGGCCTTATTCGTCAGGGTCTCCA
ATGTGAAGTATGCAACATGAATGTTCACAAGGGATGCCAAANGAATGTAGCCARCANTTGTGGGATAGA
CGTAAAACAGTTATCAGAAATTCTAGCCACCATGGGTATACGGCCTCAAGATGAAGCAGCCARACGCAR
GAAGAAGTCTGTTAGTGAGACTAAGT TATCATCGGCCACCGCCCCTGTTAGTGTCCCAGGAATCATCGG
AGAAGTGGAAGTCCCAGGTGAAAT GAAT GAGGAAGAGCTAAGACTAAGGATTGAAGCTCAGCGTATCAT
GGACAAGAAGATGAAGGAACGCTGTGCAGAAGAAGGACTAGATGCCAAGTCGAAGCCACATGATACTTC
TTTAGATGTTATGCTTGGTGGGAAGAAGGTAGACCTGGATGACTTCTCATTCATTARAGTACTTGGCAR
AGGAAGTTTTGGAAAAGTAATGCTAGCTGAACTTAAAGGGACAGATGAAGT CTACGCCATCAAGGTGCT
TAAGAAAGACGTGATCCTACAAGATGATGATGTAGAAT GTACAATGACT GAGCGGCGGATCTTAGCGAT
GGCTGCACACCACCCCTTCCTCACTGCCCTCCACTCTAGCTTTCARACCAAGGATCGATTATTCTTTGT
TATGGAGTATGTTAATGGTGGTGACCTAATGTTCCAAATTCAGAAGGCTCGCAAGTTCACAGAGTCACG
TGCAAGATTTTATGCAGCTGAGGTCACGTTGGCCTTACAGTTCCTCCATAAAMATGGTGTTATTTACAG
AGATTTGARAATTAGATAATATTCTACTAGACAGTGAAGGACATTGTARAATAGCTGATTTTGGTATGTG
TAAGGAAGGCATCAGGGATAATATTACAACAACCACCTTCTGTGGAACACCCGATTACATTGCACCAGA
5 RACE-PKC-IT

GATTCTTAAAGAGTTGGATTATGGTGCCAGTGTTGATTGETG

111

AMGCAGTGGTATCAACGCAGAGTACGCGGGCAAGATTTTATGCAGCTGAGGTCACCTTGGCCTTACAGT
TCCTCCATAARARAATGGTGTTATTTACAGAGATTTGAAATTAGATAATATTCTACTAGACAGTGAAGGAC
ATTGTAAAATAGCTGATTTTGGTATGTGTAAGGAAGGCAT CAGGGATAATATTACAACAACCACCTTCC
5’ RACE-PKC-IT
GTGGAACACCCGATTACATTGCACCAGAGATTCTTAAAGAGTTGGATTATGGTGCCAGTGTTGATTGGET
GGGCACTAGGAGTTCTCATGTATGARATGATGGCAGGACAGCCACCATTTGAGGCTGATAATGAAGATG
ATCTCTTTGAGTCCATCCTGCATGAAGAAGTTTTGTAT CCAGTGTGGCTTTCARAGGAAGCAGTTTCTA
TACTGAAAGGGTTTATGACAAAGGAACCATCCAAGCGGTTGGGCTGCGTTGCAGAGCGAGGAGGAGAAT
TGGCAATTCGTAACCACAAATTCTTCCAAGAGATAGACTGGGAGGCCCTTGAGCAGCGCAAAGTTARAC
CACCATTTACACCTAAGATAANAGGACGTAAGGATACAGTCAACTTTGATGCAGAATTTACCAAGGARAG
AGCCAACTCTCACCTTTATTAATGAAGAAGTTGTTCGTGCTATCAACCAAGACGAGTTTAGAGGATTTT
CTTTCGTTAATCGTGAATTTAAGT CCATGGCGGCTGCACCATGTCAAACCTAAGTGCARATGCAGCACA
5'RACE-PKC-I
GTACAAAGTGCTAAAGTCTCCCCAGGAAAC
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B
GTAACCACAAATTCTTCCGAGAGATAGACTGGGAGGCCCTTGAGCAGCGCAAAGT TAAACCACCATTTA
CACCTAAGATAAAAGGACGTAAGGATACAGTCAACTTTGATGCAGAATTTACCAAGGAAGAGCCAACTC
PKC-F1
TCACCTTTATTAATGAAGAAGTTGTTCGTGCTATCAACCAAGACGAGTTTAGAGGATTTTCTTTCGTTA
ATCGTGAATTTAAGTCCATGGCGGCTGCACCATGTCAAACCTAAGTGCAANTGCAGCACAGTACARAAGT
5'RACE-PKC-T

GCTAAAGTCTCCCCAGGAAACTTGATGTGCAGACTATATGAGAGGATTCTTTAGGGAAGAAGGCAGATG
AMGGAAGGAAAMAAATAATGAGTAATAGTAGGAAAGATTTCAATTTTGACT GCACAAAGAGTTGAATGT
CTCAACAAGCACAACTGAGAATGGCTGTATTGTGATTAACATTGTATATCTAATAATACTCTTTATGAT
GGATTTTTTCATTATTATTATAGTTTTTTTTTGCAAAAGATTCTAATGTGGAAGATCTCTGAATTTATA
AGTTACAATATTTTTAAATATAGATATATTTCATGATGGAAAGATAT TACATGGGAGAGTTGTAGAGAG
ATTTTTTTTAAATTGAAGATAGTATTTATATAGTGTTGTTCTGTAAATGCATGATGCATTTGGAATATG
ATAGGAAGATACAAAAGTTCGTAAAGAATTTTACAAAGAR

C.
PKC-F1
TGTTCGTGCTATCAACCAAGACGAGT TTAGAGGATTTTCTTTCGTTAATCGTGAATTTAAGTCCATGGC
5'RACE-PKC-T
GGCTGCACCATGTCAAACCTAAGTGCAAATGCAGCACAGTACAARGTGCTARAGTCTCCCCAGGARACT
TGATGTGCAGACTATATGAGAGGATTCTTTAGGGAAGAAGGCAGATGAAGGAAGGARANAAATANTGAG
TAATAGTAGGAAAGATTTCAATTTTGACTGCACAAAGAGTTGAATGTCTCAACAAGCACAACTGAGAAT
GGCTGTATTGTGATTAACATTGTATATCTAATAATACTCTTTATGATGGATTTTTTCATTATTATTATA
GTTTTTTTTTGCAAAAGATTCTAATGTGGAAGATCTCTGAATTTATAAGTTACAATATTTTTAAATATA
GATATATTTCATGATGGAAAGATATTACATGGGAGAGT TGTAGAGAGATTTTTTTTAAATTGAAGATAG
TATTTATATAGTGTTGTTCTGTAAATGCATGATGCATT TGGAATATGATAGGAAGATACAARAAGTTCGET
ARAGAATTTTACAAAGAATGATTCTAATGTTTATTTATTTTTTACTGACTTCTTTCAATGTATTGTTAG
GGAAAATTGCCAACTTTTGAACTTCCAGTTCTGGAGGTTTARAGGATATATATTGCATTTTAATGCAGT
AAGCACTTACTATAGATAATCAACCTATGAGGCTCATGATTTAGCACATTTAAAGARAGAGARMAGGAR
GTGAAATTGARAAGTTATAACCTTTGACTAAAATTGCTTGTCCAGTTATGGTACCAGATGATTCCARAGS
CTAGTAAGAAGTGCACARAGATAACTAGCATCAGATATATTTAATGT CT GGCAGCGGARAGARACTT GG
ATGCAGGTATGGGGGEAGACCAGATGTAGGACCATACAACTCATATTARCTTTTGGCCCTCTTTTGTATT
GTTTTTAGATCACTCAGTCACATAAACATACACTCATGTACACTCACATGCTATAACACACTCACAATC
AMMCAAGCGCATAARAAATATTTTATATTCGTGAAGT GGTGGAAGCCCTCCTCGTATACTTATGGTGCAA
TATGACAAAAAADADADNADADND AN AN DN

Figure 3.27 Nucleotide sequences of 5' RACE (Al-Alll), the original EST (B) and 3' RACE-
PCR (C) of PmPKC. A forward primer for RT-PCR (PKC-F1 underlined) was used for 3'
RACE-PCR.

The calculated p/ and MW of the deduced PKC protein was 6.35 and 84.47
kDa, respectively. The C2 domain was found at the amino acid position 5-116 (1.59e-
9). The C1 domains were found at the amino acid positions 171 - 218 (7.57e-11), 248
- 297(2.65e-15) and S_TKc domain 407-667(1.84e-104) and S TKx 668-731 (3.15e-25)

of the deduced protein, respectively (Figure 3.28B).



A

GGGAGTTTTATCGAATGGTGTTGAAT GGGTGACAGTACGGTCGGCCTTACAGTCACTTTC
GCCCCATTTCCCTATGCACTACTGGGACCTATTGGT GAGGTGAGACGGGGCTTGTGAGCA
CCTGAGCAGAGAGRACACGGGCGATGTTCACGGGCAGCCTTARAGTGAARATATGCGAAG
M F T ¢ 8 L K VvV K I C E
CTACCGATCTCCGCCTTACCGACTGTATGACCCGCTATGTCGGAGTAGCAGGGGTAGGAR
A T Db L R L T b ¢ M T R Y V G V A G V G
AAGGTCCTCAAGACCAAACCCTGGATCCTTACGT GACGCTGGAGGTGGACGAGGTACACT
K 6 P Q D Q@ T L D P Y Vv T L E V D E V H
GGACCAAGACGCAGGCCCGACAGAAGACCTTTACGCCCATATGGARCGAGAGCTTTGAGC
W T K T @ A R Q K T F T P I W N E S F E
AAGACGTGATGGGCGCCGTCCAGCTCGGCCTCAAGATCTTCCATGACTCCGCGGETCGGCA
Q b vV M 6 A V Q L & L K I F H D S8 A V G
ACGATGACTTCGTGGCCGACGCTTCCTTGCTCTTCGAGGAAATATGT GCCGAGAACCAGA
N D D F v A D A § L L F E E I C A E N Q
CCCATGCCGACATCTGGGETGGACTTAGAACCT CAGGGGAAGCTACATGTGGTGATTGAAC
T H A D I WV D L E P Q G K L H V Vv I E
TAAAATGGGCACCACCAGAAGATGGAGGCGETCCGCCCACGAGAATTCAGGGAACGGCAGG
L K W A P P ED GG GV R P R E F R E R Q
GCTTCAACCGGCGACGAGGT GCCATGAGGAGGCGGGETTCATCAGGTCAATGGETCACARAAT
G F N R R R G A MR RU RV H Q V N G H K
TCATGGCTACGTTCCTGCGGCAACCTACATTCTGCTCGCATT GTCGAGAATTCATAT GGG
F M A T F L R Q P T F C 8 H C R E F I W
GTCTAGGGAAACAAGGATATCAATGTCAAGTATGTACTTGCGTAGTCCACAAACGCTGTC
G L G K Q & ¥ 9@ € Q@ v € T C€C v VvV H K R C
ACCAGTCGGTTGTCACACGACGTCCAGGAAGCANGAGTGAGACCATCAATGAGGAACCTT
H Q §s v v T R R P G 8 K 8 E T I N E E P
CAGTCCAGGGAAGTTGTCAACCGCGATTCAACGTCAATGTGCCACATCGGTTTTCTGTTC
S v Q@ 6 8 ¢ Q P R F NV NV P HR F § V
ACTCCTACARACGGTTCACATTCTGTGACCATTGTGGCTCATTACTTTATGGCCTTATTC
H S ¥ K R F T F € D H C ¢ § L L Y G L I
GTCAGGGTCTCCAATGTGAAGTATGCAACATGAATGTTCACAAGGGATGCCAAANGAATG
R Q &6 L Q C E V CNMNUVIEHI KGT CQIEK N
TAGCCAACAATTGTGGGATAGACGTAAAACAGTTATCAGAAATTCTAGCCACCATGGGTA
vV A NN C GG I DV KQ@Q L &8 E I L A T M G
TACGGCCTCAAGATGAAGCAGCCAAACGCAAGAAGAAGTCTGTTAGTGAGACTAAGTTAT
I R P Q D E A A KU RI KI KU K SV s E T K L
CATCGGCCACCGCCCCTGTTAGTGTCCCAGGAATCATCGGAGAAGTGGAAGTCCCAGGTG
s § A T A P V 8 V P G I I & E V E V P G
AMATGAATGAGGAAGAGCTAAGACTAAGGATTGAAGCTCAGCGTATCATGGACAAGANAGA
E M N E E E L R L R I E 2 Q R I M D K K
TGAAGGAACGCTGTGCAGAAGAAGGACTAGAT GCCAAGTCGAAGCCACATGATACTTCTT
M K E R C A E E G L D A K S K P HD T s
TAGATGTTATGCTTGGTGGGAAGAAGGTAGACCTGGATGACTTCTCATTCATTAAAGTAC
L bDp VvV M L & 6 K KV DL DUDE s F I K ¥V
TTGGCAAAGGAAGTTTTGGAAAAGTAATGCTAGCTGAACT TAAAGGGACAGATGAAGTCT
L 6 K & §s F 6 K v M L A E L K GG T D E V¥V
ACGCCATCAAGGTGCTTAAGAAAGACGTGATCCTACAAGATGATGATGTAGAATGTACARA
Y A I K VvV L K K D v I L Q9 D D D WV E C T
TGACTGAGCGGCGGATCTTAGCGATGGCTGCACACCACCCCTTCCTCACTGCCCTCCACT
M T E R R I L 2 M A A HE H P F L T A L H
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CTAGCTTTCAAACCAAGGATCGATTATTCTTTGT TATGGAGTATGTTAATGGTGGTGACC 1600
£ § F Q T K D R L F F v M E ¥ V N G G D 492
TAATGTTCCAAATTCAGAAGGCTCGCAAGTTCACAGAGTCACGTGCAAGATTTTATGCAG 1660
L M F 9 I 9 K A R K F T E § R A R F ¥ A 512
CTGAGGTCACGTTGGCCTTACAGTTCCTCCATAARAATGGTGTTATTTACAGAGATTTGA 1720
A E Vv T L A L Q ¥FF L H K N 66 V I ¥ R D L 532
AATTAGATAATATTCTACTAGACAGTGAAGGACATTGTARAATAGCTGATTTTGGTATGT 1780
K L D N I L L D 8 E G H € K I A D F G M 552
GTAAGGAAGGCATCAGGGATAATATTACAACAACCACCTTCTGTGGAACACCCGATTACA 1840
Cc K E 6 I R D N I T T T T F C G T P D ¥ 572
TTGCACCAGAGATTCTTAAAGAGTTGGATTATGGTGCCAGTGTTGATTGGTGGGCACTAG 1900
I A P E I L K E L D ¥ G A 8 V D W W A L 592
GAGTTCTCATGTATGAAATGAT GGCAGGACAGCCACCATTTGAGGCTGATAATGAAGATG 1960
G v L. M ¥ E M M A G P P F E A D N E D 612
ATCTCTTTGAGTCCATCCTGCATGAAGAAGTTTTGTATCCAGTGTGGCTTTCARAGGAAG 2020
D L F E 8§ I L H E E V L ¥ P V W L S8 K E 632
CAGTTTCTATACTGARAGGGTTTATGACAAAGGARCCATCCAAGCGGTTGGGCTGCGTTG 2080
A v 858 I L K ¢ F M T K E P 8§ K R L G C V¥V 652
CAGAGCGAGGAGGAGAATTGGCAATTCGTAACCACARATTCTTCCGAGAGATAGACTGGG 2140
A E R ¢ ¢ E L A I R N H K F F R E I D W 672
AGGCCCTTGAGCAGCGCARAGTTAAACCACCATTTACACCTAAGATARARAGGACGTAAGG 2200
E A L E Q@ R KV K P P F T P K I K G R K 692
ATACAGTCAACTTTGATGCAGAATTTACCAAGGAAGAGCCAACTCTCACCTTTATTAATG 2260
D T v N F D A E F T K E E P T L T F I N 712
AAGAAGTTGTTCGTGCTATCAACCAAGACGAGTTTAGAGGATTTTCTTTCGTTAATCGTG 2320
E E v VvV R A I N Q D E F R 6 F 8 F V N R 732
AATTTAAGTCCATGGCGGCTGCACCATGTCARACCTAAGTGCAAATGCAGCACAGTACAA 2380
E F K § M A A A P C Q T * 744
AGTGCTARAAGTCTCCCCAGGAAACTTGATGTGCAGACTATATGAGAGGATTCTTTAGGGA 2440
AGAAGGCAGATGAAGGAAGGAAAAAAATAATGAGTAATAGTAGGARAGATTTCAATTTTG 2500
ACTGCACARAGAGTTGAATGTCTCAACAAGCACAACTGAGAATGGCTGTATTGTGATTAA 2560
CATTGTATATCTAATAATACTCTTTATGATGGATTTTTTCATTATTATTATAGTTTTTTT 2620
TTGCAAAAGATTCTAATGTGGAAGATCTCTGAATTTATAAGTTACAATATTTTTAAATAT 2680
AGATATATTTCATGATGGAAAGATATTACATGGGAGAGTTGTAGAGAGATTTTTTTTAAA 2740
TTGAAGATAGTATTTATATAGTGTTGTTCTGTAAATGCATGATGCATTTGGAATATGATA 2800
GGAAGATACAAAAGTTCGTAAAGAATTTTACARAGAATGATTCTAATGTTTATTTATTTT 2860
TTACTGACTTCTTTCAATGTATTGTTAGGGAARATTGCCAACTTTTGAACTTCCAGTTCT 2920
GGAGGTTTAAAGGATATATATTGCATTTTAATGCAGTAAGCACTTACTATAGATAATCAA 2980
CCTATGAGGCTCATGATTTAGCACATTTAAAGAARGAGAAAAGGAAGTGARATTGARAAGT 3040
TATAACCTTTGACTAARAATTGCTTGTCCAGTTATGGTACCAGATGATTCCAAAGGCTAGT 3100
AAGAAGTGCACARAGATARCTAGCATCAGATATATTTAATGTCTGGCAGCGGARAGARAC 3160
TTGGATGCAGGTATGGGGGAGACCAGATGTAGGACCATACAACTCATATTAACTTTTGGC 3220
CCTCTTTTGTATTGTTTTTAGATCACTCAGTCACATAAACATACACTCATGTACACTCAC 3280
ATGCTATAACACACTCACAATCAAACAAGCGCATAAAAATATTTTATATTCGTGAAGTGG 3340
TGGAAGCCCTCCTCGTATACTTATGGTGCAATATGACAAAAAAAAARARARAARARAARAR 3400
ARAR 3404
B
Nucleotide position
v 2147
1 158 491 656797 8871034 1364 2144 2336 2375 3404

‘ c2 ci| [a S TKc S_TK:I

Amino acids position 1 5 116 171 218 248 297 407 667 668731 744
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Figure 3.28 (A) The full-length cDNA and deduced protein sequences of PmPKC. Start
and stop codons are illustrated in boldfaced and underlined. The N-linked-
glycosylation sites and domain proteins are highlighted and underlined. The poly A
additional signal (AATTAA) is boldfaced. (B) Diagram illustrating the full length cDNA
of protein kinase C of P. monodon. The C1, C2, S TKc domain and S TKx domain

were found in this transcript. The scale bar is 50 amino acids in length.

3.3.5. Cyclic AMP-regulated protein like protein

A primer was designed from an EST clone no. HPa-N-N01-0641-LF which
significantly matched cyclic AMP regulated protein-like protein of Marsupenaeus
japonicus (E-value = le-54). RACE-PCR was carried out. An amplified fragment of
approximately 1100 bp was obtained from the primary 3 RACE-PCR (Figure 3.29). This
fragment was cloned and sequenced. Nucleotide sequences of the original EST and

3' RACE-PCR were assembled (Figure 3.30).

bp M

1500
1000

500

Figure 3.29 The primary 3' RACE-PCR product of cyclic AMP-regulated protein like
protein. An arrowhead indicates a RACE-PCR product that was cloned and

sequenced. Lanes M is a 100 bp DNA ladder.
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A

CCTCTCTCGCTCGCTCTCCCTCTCTCGCTCGCTCTCCCTCTCTCGCTCTCCCTCTCTCTCTGTGCCTCT
COETTGGCTCGAAGCTCTCCCTCGGTCTCTCCTCGCTGATCCGTCTCGTCTCGGCTTCGT TCGGATAANA
TCACGGTGATGGCTAGTACCCAGATCGACCGGGAAGGCCTACACAGCGCTTATAGTGAT GTCAGGGACG
3'RACE

CAAANGCGACCGTCAATTGGGCCGTGTTCAAGTATGAGGGCAGCCAGGTGACTGTGGCGGACAAGGGAC
AGACCTTTGATGACTTCAAGGCGCAGTTTGGGGATGATGAGCGTGCGTTCGCTTACCTGCGCATCCAGA
CTGGGGAT GAGATGAGCAAGAGGT CGAAGTTCCTGATGCTAACT TGGGTGGGCACCGAAGTCTCGACCA
TCAAGACAGCGAARATGTACACC

B
3'RACE

TGTTCAAGTATGAGGGCAGCCAGGTGACTGTGGCGGCCAAGGGACAGACCTTTGATGACTTCAAGGTGC
AGTTTGGGGATGATGAGCGTGCGTTCGCTTACCTGCGCATCCAGACT GGGGATGAGATGAGCAAGAGAT
CGAAGTTCCTGATGCTRAACTTGGGTGGGCACCGAGGTCTCGCCCATCAAGAAAGCGARANTGTCCACCG
ATAAGGCCCTCGTCAAAGAGGTTCTTGCAAACTTTGCAGTGGAGTTGACAATAGAAAGCGCTCACGAAC
TGGACCACGAAGCCTTTTTACAAGAGCTCGTGARAGCTGGTGGAGCCAACTATGGCACAGGATTCCGCG
ATTAGGCTTGTGGGETGCTCGCGTTTGGCAT TTAGATATGATAGGACACTGAARTGTAATCAATCTGGCT
CTGTGTTCTCTTCAAARAATTGCTAATGT CAGGGAATGGAACAGAATCGTTTTAATARATGAARTACARAT
CAARATTATATRAAAGTGCTTTGTGGGTCCATGATCAAAATATTGCAGGTACTTTTGTTAATATTCCCATA
TTTTTATTTATTTTTTGATTATTATCTTTTGGGCAGGAGAGAATTATCATTATTTGGAACTACACTGAR
TTTTCATAGCATTTATGATGAGTTTCATTATGCATGCAACATTTTTCATTGAGGAGTTTAACAGACAGGE
CATTTTTATATATACATAGCTTTCAAAAGTTGACTTGAAATACATTCATTAAARAARCATTACTGTARAR
CTAGTATTAACCTAGAATTAAGCAGTGCCATCAGTTATTCAATTTTTTTCTGTAAATCCTCTATTTTTA
GCATTACAATTGATAGACTGGTCATATTTAATTCTACAAARANTACANTATATAATCAGATATAGATTT
TAAATAGAAGTATCATTCTTTTCTGGTTTTAAARATTTTTGTATTGTTTTTAGGCCATACACARTCTTGG
GGCTGGTTCTGTATTGTCATATGTAATAAAAATATANNT AANTAGTAAAAAANDNNNAADNA DD AN AN
ARDDDD

Figure 3.30 Nucleotide sequences of an original EST (A) and 3' RACE-PCR (B). Start
and stop codons are illustrated in boldfaced and underlined. 3' RACE-PCR primer for
isolation of the full-length cDNA of this gene is underlined.

The full-length cDNA of P. monodon cyclic AMP-regulated protein-like protein
(PmcAMP-RPL) was 1272 bp in length consisting an ORF of 435 bp corresponding to a
polypeptide of 144 amino acids and 5' and 3' UTRs of 146 and 663 bp (excluding the
poly A tail) (Figure 3.31A). The closest similarity of this transcript was cyclic AMP-

regulated protein like protein of Marsupenaeus japonicus (E-value = 3e-95).

The calculated p/ and MW of the deduced cyclic AMP regulated protein like
protein was 5.39 and 16.02 kDa, respectively. The ADF domain was found at the

amino acid position 9-131 (1.63e-15) of the deduced protein (Figure 3.31B).



A
CCTCTCTCGCTCGCTCTCCCTCTCTCGCTCGCTCTCCCTCTCTCGCTCTCCCTCTCTCTC
TGTGCCTCTCGTTGGCTCGAAGCTCTCCCTCGGETCTCTCCTCGCTGATCCGTCTCGTCTC
GGCTTCGTTCGGATAAAATCACGGTGATGGCTAGTACCCAGATCGACCGGGAAGGCCTAC

M A 8 T Q@ I D R E G L
ACAGCGCTTATAGTGATGTCAGGGACGCAARAGCGACCGTCAATTGGGCCETGTTCAAGT
H s A ¥ s D VvV R DD K S D V N W A V F K
ATGAGGGCAGCCAGGTGACTGTGGCGGCCAAGGGACAGACCTTTGATGACTTCAAGGTGC
Yy E 6 8 Q v T v A A K G Q T F D D F K A
AGTTTGGGGATGATGAGCGTGCGTTCGCTTACCT GCGCAT CCAGACT GGGGATGAGATGA
Q F & D D E R A F A Y L R I Q T G D E M
GCAAGAGATCGAAGTTCCTGATGCTAACTTGGGET GGGCACCGAGGTCTCGCCCATCAAGA
S K R $s K F LM L T WV ¢ T E V 8 P I K
AAGCGAAAMATGTCCACCGATAAGGCCCTCGTCAAAGAGGTTCTTGCARACTTTGCAGTGG
K A KM s T D K ALV KEV L A NVF A V
AGTTGACAATAGAAAGCGCTCACGAACTGGACCACGAAGCCTTTTTACAAGAGCTCGTGA
E L T I E § A H E L D H E A F L Q E L V
ARGCTGGTGGAGCCARCTATGGCACAGGATTCCGCGATTAGGCTTGTGGGTGCTCGCGTT
K A G G AN Y G T G F R D *
TGGCATTTAGATATGATAGGACACTGAAATGTAATCAATCTGGCTCTGTGTTCTCTTCAA
AMATTGCTAATGTCAGGGAATGGAACAGAATCGTTTTAATAAATGAAATACAATCARATT
ATATAAAGTGCTTTGTGGGTCCATGATCAARAATATTGCAGGTACTTTTGTTAATATTCCC
ATATTTTTATTTATTTTTTGATTATTATCTTT TGGGCAGGAGAGAATTATCATTATTTGG
ARCTACACTGAATTTTCATAGCATTTATGATGAGTTTCATTATGCATGCAACATTTTTCA
TTGAGGAGTTTAACAGACAGGCATTTTTATATATACATAGCTTTCAAAAGTTGACTTGAA
ATACATTCATTAAARAAANCATTACTGTAAACTAGTATTAACCTAGAATTAAGCAGTGCCA
TCAGTTATTCAATTTTTTTCTGTAAATCCTCTATTTTTAGCATTACAATTGATAGACTGG
TCATATTTAATTCTACAAAAAATACAATATATAATCAGATATAGATTTTARATAGAAGTA
TCATTCTTTTCTGGTTTTAAAATTTTTGTATTGTTTTTAGGCCATACACAATCTTGGGEEC
TGGTTCTGTATTGTCATATGTAATAAAAATATARAATAAATAGTAAANAAADNDNANDRN NN
ARAADDDADRD DD

B
Nucleotide position 1 26 53 419458 1272
- o | —
Amino acids position 19 131144 —
S0 aa

Figure 3.31 (A) The full-length cDNA and deduced protein sequences of cyclic AMP-
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regulated protein like protein of P. monodon. Start and stop codon are illustrated in

boldfaced and underlined. The poly A additional signal (AATAAA) is boldfaced. (B)

Diagram illustrating the full-length cDNA of cyclic AMP-regulated protein like protein

of P. monodon. The ADF domain was found in this deduced protein. The scale bar is

50 amino acids in length.
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3.3.6. Nuclear pore complex protein NUP133

Primers were designed from an EST clone no. HC-N-S01-0025-LF significantly
matched nuclear pore complex protein nupl33 (Pediculus humanus corporis; E-
value = 8e-34). The amplified fragments of approximately 900 bp and 2.3 kb were
obtained from nested 5  and primary 3 RACE-PCR (Figure 3.32). The amplification
fragments were cloned and sequenced. Nucleotide sequences of the original EST, 5

and 3' RACE-PCR were assembled (Figure 3.33).

The full-length cDNA of PmNUP133 was 4130 bp in length consisting an ORF
of 3228 bp corresponding to a polypeptide of 1085 amino acids and 5' and 3' UTRs
of 438 and 464 bp (excluding the poly A tail) (Fig. 3.34A). The closest similarity of this
newly characterized transcript was nuclear pore complex protein nupl33 of

Pediculus humanus corporis (E-value = 0.00).

Figure 3.32 Agarose gel electrophoresis showing results from nested 5'RACE-PCR
product (A) and primary 3 RACE-PCR product of PmNPC133. An arrowhead indicates a
RACE-PCR product that was cloned and sequenced. Lanes M is a 100 bp DNA ladder.
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A
I

GGTGCCACTTTAAAGGGTTTTTTTATTGTGTGGARAAGAGATGCCAGTTACTTAATGCACAGTAAGGACA
GGTAATTGAGGTGCCACATAGATTGTTTGTGAAGAAA AGATAACTTTGTAATGARAATTGTGATCATGG
CCGACATATTTATTGAATTTARAGTCACTGATTTGAGTTGAAGACATCGGCGGGAATACGACGTACGCT
TATATCCGGTGGATTTTTACTTTGCTCTGTCATTTGATATCTACAGCCCCATTTGCAAGATGTACACTC
CAGTCTCAGACCGAGGGGGAGGAGGGGCAGCCAATACTTCCTTCACATCTGCGAGTGCAAGAGCAGCAG
CAGCAGCTGCTGCACGCAGACGCAGTGCAGTTGGCTTCAATACCAGTGCAAGACGATCACCATTTACARD
CACCAGGTCGCTCCACACCTCTCAACCGATCTCTGCAAGCATCACAGCTCATGGARGGCAGTGGCCAGT
ATACCCTTGAGAGCTATGGGGCCTCCCTGCCAGCCTTGGTAATGGAAGCACTGACGTTTGCTGACCGAA
ATGTGGAGATGTCAGCAGTTTTATCACAGTGTGGCTGGGECGTGGCTTGTGTGTGGCCGACGTCTCTTAG
TGTGGAGGTATAAAGTAGATGACTCACGACGCCTTGTCAACCACCAGTTCCGGGAACTTACTTTACCTC
CATCAGACTTGGCACACAGAGCCCAGCTGGETGGTTGTATATGCCGCARATGAAGGCCAGGTACCAGCGT
GTGTAGCAGCATCACCCGAGGGGETTCGTCAGATTCTGGCCCAGTATTGCGCATGAAGGCTCATATTTTG
Nested 5'RACE
ALAGTCAGCACTGAACTACAGGGCCARAGAGTGTGACAGCCTGETGTTCCTGGGGETCATCCTTAGGGTGTC
TGCTGGCCACAACCACATCCACCACCCTGCTCATCCAACCAGGCCAGGGCTCTGGTGGGAACCAGACCA
TTAATGTGAGGCAGTTGAAGGTTCCTGCTGGACTCTTAGGGGGTATATCACGCAGAGTTTCCTCACTAG
TGTTTGGATCCACGCCCACGCAAGCCCCAGAAGCGCGCTTGGTCCGTGCAGTAGCAGTTCCTGGETGCAG
AGTCAGATGAACGTTCAGTGCTGGTGCTGTCTGCCAACTCCTTGCAGAAGTGGTACTTGATCCCTAATG
ALNCCTGACAAGCTTGTTTATGAGTGTAATGT TGAARAATACATCAGAGAAGGTTTTGTTGATCATGTTT
GGGGCCGETGAGAGAGCAGGAGCGACACAGTTGAGGGTGTGGTTGGTTGATATGCAGCCGACCTCAGGGG
TGTCATCAGTCATGGTCCTGACAGCAGCAGTTAACCCTCAGGTCTCACAGCAGTTGGTTTACGCCCTTG
CCACAATGGATACTGGTGGCTCAGCTCCACCCCTTGCAGTTGGCAATTTCTCGGTATTARAGCATTCCG
NPC133-F1
AATATTATCAAGACTCTGCGGAGAATGTGCTCCTCTCACAACGCTTCCTTCTTTGTGCARACACAGCTT
ATATTTACAACAAGAACACAGTCCTTTGTGTCTCAGCTGTGGGCGAAGGGGACAGTGGGGATCGGGETGG
NPC133-R1
AGTTCTCTGGAGCAGGGGATAGT

B

CAGAGTCAGATGAACGTTCAGTGCTGGTGCTGTCTGCCAACTCCTTGCAGAAGTGGTACTTGATCCCTA
ATGAACCTGACAAGCTTGTTTATGAGTGTAATGTTGAAAAATACATCAGAGAAGGATTTGTTGATCATG
TTTGGGGCCGTGAGAGAGCAGGAGCGACACAGTTGAGGGETGTGGTTGGT TGACATGCAGCCGACCTCAG
GGGTGTCATCAGTCATGGTCCTGACAGCAGCAGTTAACCCTCAGGTCTCACAGCAGTTGGTTTACGCCC
TTGCCACAATGGATACTGGTGGCTCAGCTCCACCCCTTGCAGTTGGCAATTTCTCGGTATTAAAGCATT
NPC133-F1
CCGAATATTATCAAGACTCTGCGGAGAATGTGCTCCTCTCACAACGCTTCCTTCTTTGTGCARACACAG
CTTATATTTACAACAAGAACACAGTCCTTTGTGT CTCAGCTGTGGECGAAGGGGACAGT GGGGATCGGG
NPC133-R1

TGGAGTTCTCTGGAGCAGGGGATAGTAT CCTGGETGTT GGCAGATCGCAGGCTTGCCCCTTTCTTCTCT
GCAAACCATGGCATTGTGTCTATCACGCCCAGTCAGCACCTGAACCAGTCAAGCATGTTGTTGAATGAG
AGTGTGGCTGAAGATACGTCTCGGCTTTGTGAGGCTCTCAACAT CAGCAAG




C

NPC133-F1
TGCTCCTCTCACAACGCTTCCTTCTTTGTGCAAACACAGCTTATATTTACARACAAGAACACAGTCCTTT
NPC133-R1

GTGTCTCAGCTGTGGGCGAAGGGGACAGTGGGGATCGGETGGAGTTCTCTGGAGCAGGGGATAGTATCC
TGGGETGTTGGCAGATCGCAGGCTTGCCCCTTTCTTCTCTGCAAACCATGGCATTGTGTCTATCACGCCC
AGTCAGCACCTGAACCAGTCAAGCATGTTGTTGAATGAGAGTGTGGCTGAAGATACGTCTCGGCTTTGT
GAGGCTCTCAACATCAGCAAGATCCTGGGTGTTGGCAGAT CGCAGGGCTTGCCCCTCTTCTTCTCTGCA
AACCATGGCATTGTGTCTAT CACGCCCAGTCAGCACCTGAACCAGTCAAGCATGTTGTTGAATGAGAGT
GTGGCTGAAGATACGTCTCGGCTTTGTGAGGCTCTCAACATCAGCAGTGTGGGCCTGGAAGCTATCACA
TCCAGCCAAGACCATACGGCCCGACTCCAGGCAGCCTTCCTGCATTTCAATAAGAACAACATTCCACAG
GCTCAGGCTCTTCTGGATGAGCTCTTCCCAGGGGCAGACAACTCCACTCTAGATGCTACTGTCATCAGT
CTTTCAACCAATCTGCTGGATGACTCTCCAGCAACAGATCCTCGCTGGGCTGAGAGCAATGAGGCAGGT
GGTACAGGTGCTCCGATGTCCCTCATTTTACAGAATCAGCTGAGAGACAAGACAACAGCTCATCAGTAC
TACATTAACTTTTTGCACCAGACT GGACTATGGCAGCGCTTGAGTGT TGGTCAGGTAGANGANNCCCGC
GTCCTGACTCGAGTATTGCTTGCAGANCATGCAGANCAGTTAGCATTTGCANCATCTCTACGCACANGA
CATAATGACCATCAGCATCTCATTGATGCTGCCATTAGGCATGTGCTAANTGARACGAGGAGAGACTCCA
ARAAGGGAAACTGACCCATGCAGACCTCTTCTATCGCCGTGTTAGCCAGATTGAAGGCATCATCTGGGGA
TTGTTACGTGCACAGAGGAGGTCTTGGCTGCTGATGTCGCACCTCGCGATGCTCCGGGCCACTATTCAC
TCGGTAAACAGCCTTGTCTTAGCACTGT TACAAAGTGCCAGGGTAGGCAGTGCATCCATTTCTGGGATC
ACAGGGACTGTTAACGATCCTCCTCTTGAACACATACCTTGGACTGCCACACAGGGGTCCCGTGGAGTG
CGAACCCTTCTGCTGGAGCAGCATAACACCACAGTGGAGGTTGGCCTAGCAAGAGCTGAGGATGGAGCA
ACCCGAGCTAAACTCTACACACAGATGGTTGACCTTGCTGATTGCATTCTGACTGGATACCAGCCACAG
CTTCGTTCTCTTGTATCTGTTAGCCACGACTTGCACCAGTCCCTTCTGCGCTCATATGAGAGGGACCGT
TACAATTTGATTCAACCTCTTGTACAAGGCGAGCAGTACGATCAAGCAGTTGGACTTGCTGAGAAGTAC
TGTGACTTCCGCACGCTGGTAGAAGT CTGCGATCGTACCGACAACCAAGAAAGACTGAGCCAGTACATG
ACACAGTTTGGCTCTGAGGGTTTCTCGGACTTTGTGTTCCGTTGGTACT TGGAGACAGGTAAACGAGGT
CGCTTGCTGAGCCATGGTGACCAAGGGGGCCTTTCTCGCTTCTTGCAAGACTACACTTCCCTCGCTTGG
TTGCACCAAATCCAAACCAGAGATTTTTCATCAGCCTCTACCACTTTACGTCAGCTTGGCTTGGATGAG
ATGACTTACCTTAGCAGAAAAANGACATTGTTAAGCCTTAGTAAATTATGCAACCTGGCTGCTAGTGTG
CCAGGCAGCGCAGATACAAGTGTGATGGAGGATGACACTATGACCTTAGAAGAGGACTTATTCTGTACC
AGGAGCAGTTGCCTGAACCGGTCTCATGCGCACT CCCTTGAGCTGATACCATGAAGTCTTTCACTACTG
AGCTGTCATCTCTAATACTGGAGATGAANCACTATGCATGATCGACT TCAGGCGCTAGATTGCTGCTTG
TTACCCTGGAGAGAAGTTCTTGGAGT GAGAANGACTTCTGGGTGCGTGCTGTGGCTTCACTCTGCATCA
TGGAACTGCAATTCCATTGAAGCCAGTATGGACACGTGCCCTCCGGAGCCTCTCGGTTCGGGCAGAGAG
ATTACACTCCCTTGGTGGTGGACCCATCAACCAGGATTTCATTACGCCTTAACCATTACGTCAGCTTGG
CTGGGATGAGATGACTAACTAGCAGAAAAAGACATTGT TAGGCTAGTAATTATGCAACCTGCTGCTAGT
GTGCAGCAGCGCAGAATACAAGTGTGAT GGAGGATGACACTATGACTAGAGAGACTTATTCTGTACCAG
AGCAGTTGCTGAACCGGTCCTCAATGCGCACTCCTTGAGGCTGATACCATGAAGGTCCTTTCACTACTG
AGCTTGTTCATCTCTATACTGGAGATGAAAACACCTATGCCCAATGAATTCGACTTCAAGAAGGCTTTA
GATTTGCTTGCCTTTGTACCTGGAGAAGAAGT TCCTGAGT TGAAGAAAAGACATCTGGETGCGTGCTGT
GCTTCGCAACTCCTGGCATCACATGGACACAGACAATCCACTAGAAGCAATTAGTGACACGTTGCTTTT
CAAGACTATAGAGCTGGCATTCACACAAGGGACTGACATAAAGGAACTGCTACTTCCCGCTGAAGAATT
GCTGGAGT GTGAAGAACTAGGGGACCTCAAGGAAGATGCCACATTCAAGTTCCTGGTGAAT GCTGGCTA
TGAGRAGATCACTCAGCTGGTTGGGTAGATTTAT TTGCARGAARRGGGARACARCAGGAAGGAACCTCARA
GTAATTGAAGTGGT CATGAACTTTGGAACTGTGATAAGTT TAGTAAAGGATAAGTGATAGAGCTTGTTT
TAGTGGCATTTTTTTTCTTGTGTCGGCCTGGT TAGAGAGAACATGTTTACCTAGTGTTATTTAAGATGT
GATTGTTGGCTTTATATACARAGAAMAGATTARAGTCAGTGTTCAAGAATTATGTGAGTTCAGGTACTA
GAMNGCATTTTGARGTTTGTGCATGAANTATANAGGTACTCCCTTTTTTATAGTTTTATGTACTGTTAGCT
TGTTTTATTTAAGATACATGGAAGTACTGATGCATTTTATGGTTTGCTGTACCTGAGATTTGAAATATT
ACTGCCACATGTAGTGTATTATTTTTTTTTACAATAATAATTTTTAAAATGTARAAADNARANRAGARR
AMAADNDDDNADNARNDDA NN
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Figure 3.33 Nucleotide sequence of 5" RACE-PCR (A), the original EST (B) and 3 RACE
(Q) of PmNPC133. Forward and reverse RT-PCR primer (NPC133-F1 and NPC133-R1,

underlined) was used for 5'and 3~ RACE-PCR of this gene.
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The calculated p/ and MW of the deduced PmNUP133 protein was 5.18 and
118.78 kDa, respectively. The nucleoporin N and nucleoporin_ C domains were
found at the amino acid position 5-374 (E value = 1.1e-16), 518-1033 (£ value = 5.7e-

59) of the deduced PmNUP133 protein (Figure 3.34B).

A

GGTGCCACTTTARAGGGTTTTTTTAT TGTGTGGARAGAGATGCCAGTTACTTAATGCACA 60
GTAAGGACAGGTAATTGAGGTGCCACATAGATTGTTTGTGAAGARAAGATAACTTTGTAA 120
TGAARATTGTGATCATGGCCGACATATTTATTGAAT TTAAAGTCACTGATTTGAGTTGAA 180
GACATCGGCGGGAATACGACGTACGCTTATATCCGGTGGATTTTTACTTTGCTCTGTCAT 240
TTGATATCTACAGCCCCATTTGCAAGATGTACACTCCAGTCTCAGACCGAGGGGGAGGAG 300
GGGCAGCCAATACTTCCTTCACATCTGCGAGTGCAAGAGCAGCAGCAGCAGCTGCTGCAC 360
GCAGACGCAGTGCAGTTGGCTTCAATACCAGTGCAAGACGATCACCATTTACAACACCAG 420
GTCGCTCCACACCTCTCARCCGATCTCTGCAAGCATCACAGCTCATGGAAGGCAGTGGCC 480
"M E G S @ 5
AGTATACCCTTGAGAGCTATGGGGCCTCCCTGCCAGCCTTGGTAATGGAAGCACTGACGT 540
Q Y T LE S Y GA SL PAULVMETH ATL T 25
TTGCTGACCGARATGTGGAGATGTCAGCAGTTTTATCACAGTGTGGCTGGGCGTGGCTTG 600
F A DRNVEMS S ATYVTL S QC G WA ATWTL 45
TGTGTGGCCGACGT CTCT TAGT GTGGAGGTATARAGTAGATGACTCACGACGCCTTGTCA 660
V ¢ e RRLULVYVWURY KUYV DUD S R RTUL V 65
ACCACCAGTTCCGGGAACTTACTTTACCTCCATCAGACTTGGCACACAGAGCCCAGCTGG 720
N H Q FRETLTTLUPZP S D LAUHBT RIA ATGQTL 85
TGGTTGTATATGCCGCARATGAAGGC CAGGTACCAGCGTGTGTAGCAGCATCACCCGAGG 780
V VV YA ANETG G QVZ®PATC CV VAR AS P E 105
GGTTCGTCAGATTCTGGCCCAGTATTGCACATGAAGGCTCATATTTTGAAGTCAGCACTG 840
G F V RF WP S I AHTETGSZYT FTETVTV S T 125
AACTACAGGGCCAAGAGTGTGACAGCCTGGTGTTCCTGGGGTCATCCTTAGGGTGTCTGC 900
E L Q G Q ECD S LV FULUGS S S LG C L 145



TGGCCACAACCACATCCACCACCCTGCTCATCCAACCAGGCCAGGGCTCTGGTGGGAACC
L A T T T s T T UL L I Q P G Q G 858 G G N
AGACCATTAATGTGAGGCAGTTGAAGGTTCCTGCTGGACTCTTAGGGGGTATATCACGCA
Q T I N V R Q L K VvV P A 66 L L G G I S8 R
GAGTTTCCTCACTAGTGTTTGGATCCACGCCCACGCAAGCCCCAGAAGCGCGCTTGGTCC
R v 8§ 8§ L vV F & 8§ T P T Q@Q A P E A R L V
GTGCAGTAGCAGTTCCTGGTGCAGAGTCAGATGAACGTTCAGTGCTGGTGCTGTCTGCCA
R A v A VvV P G A E S D E R S V L V L s A
ACTCCTTGCAGAAGTGGTACTTGATCCCTAATGAACCTGACAAGCTTGTTTATGAGTGTA
N s L Q@ K W ¥ L I P N E P D K L V ¥ E C
ATGTTGAARARATACATCAGAGAAGGTTTTGTTGATCATGTTTGGGGCCGTGAGAGAGCAG
N v E K ¥ I R E G F v D H V W 6 R E R A
GAGCGACACAGTTGAGGGTGTGGTTGGTTGATATGCAGCCGACCTCAGGGGTGTCATCAG
¢G A T Q L R V WL VvV D M Q P T S G V S5 S
TCATGGTCCTGACAGCAGCAGTTAACCCTCAGGTCTCACAGCAGTTGGTTTACGCCCTTG
v v V L T 2 A V N P Q V 5 Q Q L V ¥ A L
CCACRATGGATACTGGTGGCTCAGCTCCACCCCTTGCAGTTGGCAATTTCTCGGTATTAA
A TM D T G G 8 A P P L A V G N F S V L
AGCATTCCGAATATTATCAAGACTCTGCGGAGAATGTGCTCCTCTCACAACGCTTCCTTC
K H s E ¥ ¥ @ D s A E N VvV L L S Q R F L
TTTGTGCARAACACAGCTTATATTTACAACAAGARCACAGTCCTTTGTGTCTCAGCTGTGG
L ¢C A N T A Y I ¥ N KNTV L CV S AV
GCGAAGGGGACAGTGGGGAT CGGGTGGAGTTCTCTGGAGCAGGGGATAGTATCCTGGGTG
G E 6 b s 6 D RV E F 5 G A 6D S I L G
TTGGCAGATCGCAGGGCTTGCCCCTCTTCTTCTCTGCARAACCATGGCATTGTGTCTATCA
v ¢ R 8 Q ¢& L P L F F 8 A N H 6 I VvV 8 I
CGCCCAGTCAGCACCTGAACCAGTCAAGCATGTTGTTGAATGAGAGTGTGGCTGAAGATA
T P S Q@ H L. N Q@ 8 s M L L N E S VvV & E D
CGTCTCGGCTTTGTGAGGCTCTCAACATCAGCAGTGTGGGCCTGGAAGCTATCACATCCA
T §s R L. ¢ E A L. N I §8 58 V G L E A I T s
GCCAAGACCATACGGCCCGACTCCAGGCAGCCTTCCTGCATTTCAATAAGAACAACATTC
S Q D H T A R L Q A A F L H F N K NN I
CACAGGCTCAGGCTCTTCTGGATGAGCTCTTCCCAGGGGCAGACAACTCCACTCTAGATG
P Q A Q@ A L L D E L F P G 2 DN S T L D
CTACTGTCATCAGCCTTTCAACCAATCTGCTGGATGACTCTCCAGCAACAGATCCTCGCT
A T v I 8§ L 8 T N L L D D S P A T D P R
GGGCTGAGAGCAATGAGGCAGGTGGTACAGGTGCTCCGATGTCCCTCATTTTACAGAATC
W A E § N E A GG & T 6 A P M s L I L Q N
AGCTGAGAGACAAGACAACAGCTCATCAGTACTACATTAACTTTTTGCACCAGACTGGAC
Q L R D K T T 2 H @ ¥ ¥ I N F L H Q@ T G
TATGGCAGCGCTTGAGTGTTGGTCAGGTAGAAGAAACCCGCGTCCTGACTCGAGTATTGC
L W Q R L S VvV 6 Q v EE TRV L TR V L
TTGCAGAACATGCAGAACAGTTAGCATTTGCAACATCTCTACGCACAAGACATAATGACC
L A E H A E Q L A F A T s L R T R H N D
ATCAGCATCTCATTGATGCTGCCATTAGGCATGTGCTARATGAACGAGGAGAGACTCCAR
H Q H L I D A A I R H V L NEURGE T P
AMGGGAAACTGACCCATGCAGACCTCTTCTATCGCCGTGTTAGCCAGATTGAAGGCATCA
K 6 K L T H A DL F Y R R V 8 Q I E G I
TCTGGGGATTGTTACGTGCACAGAGGAGGTCTTGGCTGCTGATGTCGCACCTCGCGATGC
I W 66 L L R A Q R R &8 W L L M §8 H L A M
TCCGGEGCCACTATTCACTCGGTAAACAGCCTTGTCTTAGCACTGTTACAAAGTGCCAGGG
Yy T ¢ M v D L A D C I L T G ¥ Q P @ L R
TAGGCAGTGCATCCATTTCTGGGATCACAGGGACTGTTAACGATCCTCCTCTTGAACACA
L R A TTI H S V N S L V L A L L Q@ S A R
TACCTTGGACTGCCACACAGGGGTCCCGTGGAGT GCGAACCCTTCTGCTGGAGCAGCATA
v ¢ 8 A 8 I 8 & I T ¢& T v N D P P L E H
ACACCACAGTGGAGGTTGGCCTAGCAAGAGCTGAGGAT GGAGCAACCCGAGCTAAACTCT
I P W T A T Q@ G 58 R G VvV R T L L L E Q H
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ACACACAGATGGTTGACCTTGCTGATTGCATTCTGACT GGATACCAGCCACAGCTTCGTT 2660
N T T VEVGLU AaAzTZRIA BATETDGA ATTRATIEK L 745
CTCTTGTATCTGTTAGCCACGACT TGCACCAGTCCCTTCTGCGC TCATATGAGAGGGACC 2720
S L V S V s H D L H Q 8 L L R S Y E R D 1765
GCTACAATTTGATTCRACCTCTTGTACRAGGCGAGCAGTACGATCAAGCAGTTGGACTTG 2780
R ¥ N L. I Q P LV @ GE Q YD Q AV 6 L 1785
CTGAGAAGTACTGTGACTTCCGCACGCTGGTAGRAGTC TECGATCOTACCGACAACCAAG 2840
A E K Y CDFRTTLJVYVETVOCDTRTTD N Q 805
ARAGACTGAGCCAGTACATGACACAGTTTGGCTCTGAGGGTTTCTCGGACTTTGTGTTCC 2900
E R L S Q YMT QT FG S EGTF S DF V F 825
GTTGGTACTTGGAGACAGGTAARCGAGGTCGCTTGCTGAGCCATGETGACCARGGGGGCE 2960
R W ¥ L ET G KRG RULTUL S HGD Q G G 845
TTTCTCGCTTCTTGCAAGACTACACTTCCCTCGCTTGGTTGCACCARATCCARACCAGAG 3020
L S R F L @ D Y T S L A WILH G I @ T R 865
ATTTTTCATCAGCCTCTACCACTTTACGTCAGCTTGGC TTGGATGAGATGACTTACCTTA 3060
D F S S A S T T L R Q L & L. D EMT Y L 885
GCAGRAAAARAGACATTGTTARGCCTTAGTARATTATGCAACCTGGCTGCTAGTGTGCCAG 3140
S R K KT L L 8 L § KL C NTIL A AS V P 905
GCAGCGCAGATACAAGTGTGAT GGAGGATGACACTATGACCTTAGAAGAGGAACTTATTC 3200
G S A DT SV METDTUDTMTTULTETETE L I 925
TGTACCAGGAGCAGTTGCCTGARCCGGTCCTCAATGCGCACTCCCTTGAGGCTGATACCA 3260
L Y Q E Q L P EPV LNA AU HTSTLEU ATD T 945
TGAAGGTCCTTTCACCTACTGAGCTTGTTCATCTCTATACTGGAGATGAARACACCTATG 3320
M K V L § P T EULV HL Y T GDTENT Y 965
CCAATGAATTCGACTTCAAGAAGGCCTTAGATTTGCTTGCCTTTGTACCTGGAGARGAAG 3380
A N E FD F K KA LDILTLA ATF V P G E E 985
TTCCTGAGTTGAAGARAGACATCTGGGTGCGTGCTGTGCTTCGCAACTCCTGGCATCACE 3440
vV P E L K KD I WV RATVTUILTIRINS W H H 1005
TGGACACAGACAATCCACTAGARGCARTTAGTGACACGTTGCTT TTCAAGACTATAGAGC 3500
M D T DNPTLEA ATIS STDTTUILTELTFI RKTTI E 1025
TGGCATTCACACAAGGGACTGACATAAAGGAACTGCTACTTCCCGCTGRAGAATTGCTGE 3560
L A F T Q G TD I KETLTLTLTPATETE L L 1045
AGTGTGARGAACTAGGGGACCTCAAGGAAGATGCCACATTCARGTTCCTGGTGRATGCTG 3620
E CEETULGD LI KTETD ATT FZ XKTEFULV N A 1065
GCTATGAGAAGATCACTCAGCTGGTTGGGTAGATTTATTTGCAAGAAAAGGGAACRACAG 3680
G Y E K I T Q L V G* 1075
GAAGGAACCTCAAGTAATTGAAGT GGTCATGAACTTTGGAACTGTGATAAGTTTAGTAAR 3740
GGATAAGTGATAGAGCTTGTTT TAGT GGCATTTTTTTTCT TG TG TCGGCCTGGTTAGAGE 3800
GAACATGTTTACCTAGTGTTAT TTAAGATGTGATTGTTGGCTTTATATACAARGARRAGE 3860
TTAAAGTCAGTGTTCAAGAATTATGTGAGT TCAGGTACTAGAAGCATTTTGAAGTTTGTG 3920
CATGAAATATAAGGTACTCCCTTTTTTATAGTTTTATGTACTGT TAGCTTGTTTTATTTE 3980
AGATACATGGAAGTACTGATGCATTTTATGGTTTGCTGTACCTGAGATTTGARATATTAC 4040
TGCCACATGTAGTGTATTATTT TT TT TTACAATAATAATTTTTARAATGTARARARARAAR 4100
4130

B

Nucleotide position

1 464 497 1586 2018 3563 3689 4130

-

15 374 518 1033 1075

Amino acids position —
50aa

Nucleoporin_N [ Nucleoporin_C

Figure 3.34 (A) The full-length cDNA and deduced protein sequences of PmNPC133
of P. monodon. Start and stop codon are illustrated in boldfaced and underlined.
The poly A additional signal (AATAA) is boldfaced. A putative N-linked-glycosylation
site is highlighted and underlined. (B) Diagram illustrating the full-length cDNA of
PmNPC133. The nucleoporin N and nucleoporin C domains were found in the

deduced PmNPC133 protein. The scale bar is 50 amino acids in length.
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3.3.7 Semaphorin-2a

An amplified fragment of approximately 1500 and 1050 bp were obtained
from the primary 3" and 5' RACE-PCR of semaphorin-2a (Figure 3.27). This fragment
was cloned and sequenced. Nucleotide sequences of the original EST (OV-N-SO1-

0003-W) and 5' and 3 RACE-PCR (Figure 3.35) were assembled.

bp _M__1

Figure 3.35 Agarose gel electrophoresis showing results from the primary 3" (lane 1)
and 5' (lane 2) RACE-PCR of PmSema. An arrowhead indicates a RACE-PCR product
that was cloned and sequenced. Lanes M is a 100 bp DNA ladder.

The partial nucleotide sequence covering the 3 UTR and C-terminus portion
of P. monodon semaphorin-2a (PmSema) were obtained. This transcript was
significantly similar to semaphorin-2a of Tribolium castaneum (E-value = T7e-158).
The Sema domain which is found in secreted and transmembrane proteins, was

found in the deduced protein of this partial transcript (Figure 3.36).



CTTCCAGACAACGTGCTGACATTCCTCCAGTCGCATCCCCTGATGGACGAAGCAGTGGCT
L P DNV LTUVFUL QS H P L M D E A V A
CATGAACACAACAAGCCAGTGTTCTTCAAGCGGGATCTTATCTTCACACACCTGGTGGTA
H E H N K P V F F K R DL I F T H L V V
GATAAGGTTACTGGAGGCACTTATGGTCAAGAGAACACTTATACCGTTTATTATGCTGGT
D K v T G GG T Y G Q ENT Y T V Y Y A G
TCATTGGAAGGCCGTGTCTATAAGGTGGTTGAGTGGTTGGATTCAGATGGAGTTTCTCAT
S L E G RV Y KV V EWULD S D G V S H
TCTGAACTTCTTGACGTGTATGAAGTTACAACTCCAGAACCCATTAGAGCTATTCAAATC
S E L L DV Y E V T T P E P I R A I QI
TCCAAGAAGCACAAGTCACTGTATGTCTCATCGGATACACGAGTGCGCCAAGTGGATCTC
S K K H K S L ¥ vs s DTURV R Q V D L
TACATGTGTAAGGGGAGATATGACAACTGCCTTCGCTGCTCACATGACCCATACTGTGGA
Yy M C K G R Y DNCTULURTU CSUHDUP Y C G
TGGGACAAGGATGCTAATACCTGCAAACCTTATGAGCCAGGACTTCTGCAAGATGTCATG
W D K D A NTCIK P Y E P G L L Q DV M
GGAACAACCCCTGGTCTCTGTGACGCGTGCATTGCGAAGAAGAAAATGGTAGTGACCTGG
G T T P G L C D A CTI A KI KI KMV YV TW
GGGCAGAGTATCCATTTAGGCTGTGCAGTGAAACTTCCCCGTCCGATTTCCCTCAAGGAT
G Q S I H L G C AV KL P R P I S L KD
ATTACTTGGCATCACTATTCTAAGGATAAGGGCAAATACCAGATTAGATACAGGCCAGAC
I T w H H Y S K D K G K Y Q I R Y R P D
AAATATATTGAGACTTCAGAACATGGCTTGGTGGTGATGAATGTAAATGAAGCTGATGCT
K ¥ I E T s E H G L VvV VvV M NV N E A D A
GGTCGTTATGACTGCAAGATGGGAGGAGATATTGTCTGCTCATACAACATTACTGTTGAT
G R Y D CI KMGSGD I V C S Y NTI T VD
GCACACCGCTGCTCTGCACCTGCTCGCACTAATGATTTCCAGAAGGTGTATAGCGACTGG
A H R C S A P AURTNDU F QK V Y S D W
TGCCATGAATTTGAGAAATACAAGCTAGCCATGAAGACGTGGGAAAGGAAGCAAGCGCAA
C H EF E K Y KL A M KTWE R K Q A Q
TGTGCCAATAGGAATAACATCAGCCAGCAGAACAGCCATCCCAATGACATTTATCAGAGG
C A NRNDNTI S Q Q N S H P NDTI Y Q R
AGCAATCCCTTCGTCTGATTACACCAAGAAAGTATAACTATTGTCAAGGAGTAGAAGGGT
S N P F V *
CAGGAATTCTCCTTCCTCGAGATGGTCTAGAATTTGCCTGGTATTTTTAGTTCAGCTACT
TAAATTATTACTACACACTGGAAACATGTATAGTGTTGACAATCACCATCTTCAGTGACA
AGTGACTTACTTTACAACAAGTGAATTCATTAGCTCTGTCACAGAGAATACTGCCAAAAA
CAGGCATGTAATAGTATTGATTTTTTTTTTTTTTTTACCAATTGTTTGTTTCCACATTAA
GATCATATGAAATTTTAATGTAATCAATCATGGTGCCACCAAAAAAATGGGTGCTAGCAA
GGACTGGTGCCATGTGCACAGAAAATGATCTCTTACAGTATATCTTATGCTAAAGTTCTG
ACAGGCAACTTGACCCAAACTCCAGTAACAATCAGGGTACCATAAGCTATTGACTAATTC
ATTTTAATTTACCAATCTTGGTAAAATCTTTTAACTGTGAAGGAGTTCATTAGGATCTAG
TTCTTGCTCCTGGACAATCGCCTGTGGGCATTATTGCTTCTGCATTCAAAGAGCTTCAGT
GAGCAGTGGATCTTAGAACTCC
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Figure 3.36The partial nucleotide and deduced amino sequences of PmSema. The

stop codon is illustrated in boldfaced and underlined.

3.4 RT-PCR and tissue distribution analysis of reproduction-related genes

Total RNA extracted from ovaries revealed predominated discrete bands

along with smeared high molecular weight RNA (Figure 3.37A). The ratios of purified
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RNA were 1.7-2.0 implying that the quality of extracted DNA was acceptable for
further applications. The first cDNA synthesized from these total RNA covered the

large product sizes (Figure 3.37B).

A
Kb

B
23.1_
2.0~

Figure 3.37 1.0% ethidium bromide-stained agarose gel showing the quality of total
RNA (A) and corresponding first strand cDNA (B) from female broodstock of P.
monodon. Lane M (A and B) = A-Hind IIl. Lanes 1-4 (A) = total RNA from ovaries of
each P. monodon broodstock. (B). Lanes 1-4 (B) = the first strand cDNA from ovaries

of each P. monodon broodstock.

Seven primer pairs were designed from nucleotide sequences of EST libraries
previously established from ovaries (2 primers pairs), hemocyte (4 primers pairs) and
hepatopancrease (1 primer pairs) of P. monodon. RT-PCR was carried out using an

identical amplification conditions across all primers.

Initially, the first strand cDNA synthesized from ovaries and testes were
subjected to RT-PCR and eletrophoretically analyzed. PmVCP was more abundantly

expressed than in ovaries than testes in both juveniles and broodstock. Similarly the



105

expression of PmPKC and PmSema in ovaries was greater than that in testes of P.
monodon. In contrast, PmTmsb, PmcAMP-RPL and PmRacgapl seemed to be non-

differentiallyexpressed between ovaries and testes of P. monodon (Figure 3.38).

IN-TT BS-TT JN-OV BS-OV

6 7 8 9510 1112

A
Pml"CP;-‘
B
PmTp;+
9 10 11 12
C
9 PmcAMP-RPL ;4
9 10 11 12
D
E
@ PmRacl;
F
@ Pm-semaphornin-2a 34
G

Figure 3.38 1.6% ethidium bromide-stained agrarose gels showing results from RT-
PCR of PmVCP (A) PmTmsb (B) cyclic AMP-regulated protein like protein (PmcAMP-
RPL) (C) PmPKC (D) PmRacgapl (E) PmSema (F), PmNUP13 (G) and EF-1Q (H) using
first strand cDNA of testes and ovaries of juveniles and broodstocks. Lanes 1-3 =
juvenile testes, lanes 4-6 = broodstock testes, lanes 7-9 = juveniles ovaries and

Lanes 10-12 = broodstock ovaries. Lanes M are a 100 bp DNA ladder marker.
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Tissue distribution analysis of these transcripts was carried out and it
indicated that PmVCP was abundantly expressed in ovaries, the heart and lymphoid
organ but less so in testes, the subcuticular epithelium and hepatopancreas. Based
on RT-PCR, PmVCP mRNA was not found in eyestalks, gills, pleopods, the thoracic
ganglion, the stomach, hemocytes or the intestine of wild female P. monodon (Figure

3.39A).

PmTmsb was constitutively expressed in all examined tissues of wild females
(ovaries, intestine, heart, lymphoid organs, eyestalk, hepatopancrease, gill, stomach,

pleopods, thoracic ganglion and hemocyte) and testes of wild males (Figure 3.39B).

PmcAMP-RPL was abundantly expressed in pleopods, thoracic gansglion,
hemocyte, eyestalk and hepatopancrease. A lower expression was observed in
testes, intestine, gills, heart and lymphoid organs. Limited expression of this transcript

was observed in ovaries and stomach (Figure. 3.39C).

PmPKC was abundantly expressed in ovaries and lower expression was found
in thoracic ganglion, heart and testis. Extremely low expression of this transcript was
observed in eyestalk, intestine, stomach, gills, hemocytes, lymphoid organs,
subcuticular epithelium, pleopods and antennal gland. Based on RT-PCR, it was not

expressed in hepatopancrease (Figure 3.39D).

PmRacgapl was highly expressed in ovaries, antennal gland, eyestalk and
hemocytes. A lower expression was observed in testes, gill, heart and lymphoid
organs. Based on RT-PCR, this transcript was limitedly expressed in subcuticular
epithelium, hepatopancreas, intestine pleopods, stomach and thoracic ganglion

(Figure. 3.39E).
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PmSema was abundantly expressed in ovaries followed by stomach, sill and
lymphoid organs. This transcript was expressed with very low levels extremely in
eyestalk, intestine, subcuticular epithelium, hepatopancrease, heart, hemocytes,
pleopods and antennal gland. Based on RT-PCR analysis, PmSema was not expressed

in testes of male broodstock (Figure. 3.39F).

PmNUP133 was abundantly expressed in ovaries followed by tetes. A lower
expression was observed in gills, heart and eyestalk and it was not expressed in
subcuticular epithelium, intestine, hemocyte, thoracic ganglion, lymphoid organs,

hepatopancrease, pleopods and antennal gland (Figure. 3.39H).
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Figure 3.39 1.6% ethidium bromide-stained agrarose gels showing results from RT-
PCR of PmVCP (A) PmTmsb (B) PmcAMP-RPL (C) PmPKC (D) PmRacgap! (E) PmSema
(F), PmMNUP13 (G) using first strand cDNA of ovaries and various tissues of P. monodon
broodstock and EF-1A was successfully amplified romthe same template. Lanes M
are a 100 bp DNA ladder marker. AN= antennal gland, ES = eyestalk, IN = intestine,
ST = stomach, GL = gill, HC = hemocytes, TG = thoracic ganglion, LO = lymphoid
organ, EP = subcuticular epithelium, HP = hepatopancrease, HE = heart, TT = testes,

PL = pleopod and OV = ovaries.

A summary on expression of these genes in various tissues was illustrated in Table
3.9.

Table 3.9 Expression of reproduction-related genes in different tissues of P.

monodon
Gene homologues Expected Tissue
size (bp)

1. PmVCP 276 OV, HE, LO, TT, EP, HP

2. PmTmsb 176 ES, IN, ST, GL, HC, TG, HE, HP,
LO, TT, PL, QV, EP

3. PmcAMP-RPL 169 PL, TG, HC, ES, HP, TT, IN, GL,
HE, LO, QV, ST

4. PmPKC 139 OV, TG. HE, TT, ES, IN, ST, GL,
HC, LO, EP, PL, AN

5. PmRaclgapl 172 OV, AN, ES, HC, TT, GL, HE, LO,
EP, HP, IN, PL, ST, TG

6. PmSema 242 QV, GL, LO, ST, AN, EP, ES, HC,
IN, PL, HE

7. PmNUP133 139 oV, TT, ES, GL
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3.5 Quantitative analysis of PmVCP, PmTmsb, PmRacgapl, PmPKC and

PmcAMP-RPL during ovarian devlopment of P. monodon

The standard curves for real-time PCR analysis of PmVCP, PmTmsb,
PmRacgap1, PmPKC and PmcAMP-RPL and EF-1Q was constructed (Figure. 3.40). High

amplification efficiency but low errors of each transcript were found.
3.5.1 PmVCP

Quantitative real-time PCR analysis revealed that the level of PmVCP
expression in ovaries of juvenileswas significantly lower than in ovaries of broodstock
(P < 0.05) (Figure 3.3d). PmVCP mRNA was significantly higher in stages Il and IV
(mature) ovaries in wild intact broodstock of P. monodon (P < 0.05). By contrast,
there was no statistically significant difference in PmVCP mRNA expression during
ovarian development of eyestalk-ablated broodstock. The expression level of PmVCP
MRNA in each ovarian stage (I-IV) of eyestalk-ablated broodstock seemed to be
greater than that in intact broodstock but results were not significant owing to large

standard errors among groups of samples (Figure 3.41).
3.5.2 PmTmsb

The expression level of PmTmsb in ovaries of juveniles was significantly lower
than that in stages lll, IV and post-spawning (V) ovaries of wild intact broodstock (P <
0.05). In intact broodstock, PmTmsb was not differentially expressed in different
ovarian stages of P. monodon (P > 0.05). In unilateral eyestalk-ablated broodstock, its
expression was significantly increased in vitellogenic (Il) and mature (IV) ovaries (P <

0.05). Eyestalk ablation resulted in a significantly lower expression of PmTmsb in
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previtelogenic () and late vitellogenic (lll) ovaries compared to the same stages in

intact broodstock (P < 0.05, Figure 3.42).
3.5.3 PmcAMP-RPL

Quantitative real-time PCR analysis shown that the mRNA levels of PmcAMP-
RPL in stage IV (mature) ovaries was greater than that in premature ovaries of
juveniles (P < 0.05). Nevertheless, this transcript was not differentially expressed
during ovarian development in both intact and eyestalk-ablated broodstock (P >

0.05; Figure 3.43).
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Figure 3.40 The standard amplification curve of various genes examined by real-time
PCR analysis. The standard curve of PmVCP (A, r2 for standard curve = 0.9930,
efficiency for the amplification = 1.986), PmTmsb (B; r2 for standard curve = 0.9820,

efficiency for the amplification = 1.964), PmcAMP-RPL (C; r2 for standard curve
1.0035, efficiency for the amplification = 2.007), PmPKC (D; r2 for standard curve =
0.9780, efficiency for the amplification = 1.956), PmRacgap! (E; r2 for standard curve
= 0.9790, efficiency for the amplification = 1.958) and EF-1Q (F; ¢ for standard curve
= 0.9805, efficiency for the amplification = 1.961). The abscissa reveals log copy

number concentrations of each gene (1O3 to 10° copy, respectively).
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Figure 3.41 Histograms showing relative expression levels of PmVCP during ovarian
development of intact broodstock and unilateral eyestalk-ablated of P. monodon
broodstock. The same letters indicate non-significant differences between relative

expression levels of different groups of samples.
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Figure 3.42 Histograms showing relative expression levels of PmTmsb during ovarian
development of intact broodstock and unilateral eyestalk-ablated of P. monodon broodstock.
The same letters indicate non-significant differences between relative expression levels of

different groups of samples.
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Figure 3.43 Histograms showing relative expression levels of PmcAMP-RPL during ovarian
development of intact broodstock and unilateral eyestalk-ablated of P. monodon broodstock.
The same letters indicate non-significant differences between relative expression levels of

different groups of samples.
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3.5.4 Protein kinase C

Result from quantitative real-time PCR indicated that the expression level of
PmPKC in intact broodstock was significantly greater than that of juveniles (P < 0.05).
Its expression level in different developmental stages in wild intact broodstock was
comparable (P > 0.05). In eyestalk-ablated broodstock, the expression level of
PmPKC was also not differentially expressed (P > 0.05). Eyestalk ablation resulted in

significant reduction of PmPKC in stages I-IV ovaries (P < 0.05) (Figure 3.44).
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Figure 3.44 Histograms showing relative expression levels of PmPKC during ovarian
development of intact broodstock and unilateral eyestalk-ablated of P. monodon broodstock.
The same letters indicate non-significant differences between relative expression levels of

different groups of samples.

3.5.5 PmRacgap1

The expression level of PmRacgap!l in intact broodstock was significantly
greater than that of juveniles (P < 0.05). Its expression was not significantly altered
during ovarian development in intact broodstock (P > 0.05). The expression level of

PmRacgap! | in eyestalk-ablated shrimp seemed to be lower than that in intact
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broodstock but results were not statistically significant due to large standard

deviations between groups of samples (P > 0.05, Figure 3.45).
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Figure 3.45 Histograms showing relative expression levels of PmRacgapl during ovarian
development of intact broodstock and unilateral eyestalk-ablated of P. monodon broodstock.
The same letters indicate non-significant differences between relative expression levels of

different groups of samples.

3.6 Effects of progesterone and 5-HT administration on transcription of

reproduction-related genes in ovaries of P. monodon

PmMVCP, PmcAMP-RPL, PmPKC, PmTsb and PmRacgapl are involved in ovarian
development and/or signal transduction pathway in ovaries of shrimp. To verify the
regulatory effects of neurotransmitters and steroid hormones on expression of these
genes, various groups of domesticated shrimp samples were treated with

progreterone and 5-HT. The gene expression analysis was carried out

3.6.1 Effect of progrsterone administration on transcription of PmVCP in

ovaries of domesticated 14-month-old broodstock
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The effect of progesterone on expression of PmVCP in ovaries of 14-month-
old of P. monodon was examined. The expression level of PmVCP in ovaries of 14-
month-old shrimp was not significantly altered following progesterone injection (P >

0.05) (Figure 3.46).
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Figure 3.46 Time-course relative expression levels of PmVCP in ovaries of domesticated 14-
month-old shrimp after progesterone injection (1 pg/s body weight) at 12, 24, 48 and 72 hours
post injection (hpt; N = 4 for each stage). Shrimp injected with absolute ethanol at 0 hpi were

included as the vehicle control.

3.6.2 Effects of 5-HT administration on transcription of PmVCP, PmcAMP-

RPL and PmPKC in ovaries of domesticated 18-month-old broodstock

The effects of 5-HT on expression of PmVCP, PmcAMP-RPL and PmPKC in
ovaries of 18-month-old P. monodon were examined. Exogenous 5-HT injection
resulted in a rapid increase of ovarian PmVCP mRNA of 18-month-old shrimp at 6
and 24 h post-injection (hpi) (P < 0.05). Its expression level returned to non-

significance level relative to the vehicle control at 48 and 72 hpi (Figure 3.47).
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Figure 3.47 Time-course relative expression levels of PmVCP in ovaries of 18-month-old shrimp
after serotonin injection (50 pg/g body weight) at 1, 2, 3, 6, 12, 24, 48 and 72 hours post injection
(hpt; N = 4 for each stage). Shrimp injected with 0.85% saline solution at 0 hpi were included as

the vehicle control.

In contrast, 5-HT administration resulted in significant increasing of ovarian
PmPKC expression for approximately 50-fold at 6 hpi (P < 0.05). Subsequently, its
expression level was reduced but still significantly greater than that of the vehicle

control at 12-48 hpi (P < 0.05) (Figure 3.48).

In addition, the expression level of PmcAMP-RPL was significantly increased at
6 h following the injection of 5-HT (P < 0.05). Its expression level peaked at 12 hpi (P
< 0.05) and the expression level was reduced but still significantly greater than that

of the vehicle control at 24-48 hpi (P < 0.05) (Figure 3.49).

In addition, exogenous 5-HT administration resulted in significant increasing of

ovarian PmRacgapl expression for approximately 250-fold at 6 hpi (P < 0.05). Its
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expression level was reduced but still significantly greater than that of the vehicle
control for 50 fold at 12-48 hpi (P < 0.05) (Figure 3.50).

Unlike other transcripts, exogenous 5-HT injection resulted in a lower
expression level of PmTmsb relative to the vehicle control at 6-72 hpi (P < 0.05)

(Figure 3.51)
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Figure 3.48 Time-course relative expression levels of PmPKC in ovaries of 18-month-
old after serotonin injection (50 pg/g body weight) at 1, 2, 3, 6, 12, 24, 48 and 72
hours post injection (hpt; N = 4 for each stage). Shrimp injected with 0.85% saline

solution at 0 hpi were included as the vehicle control.
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Figure 3. 49 Time-course relative expression levels of PmcAMP-RPL in ovaries of 18-month-old
shrimp after serotonin injection (50 pg/g body weight) at 1, 2, 3, 6, 12, 24, 48 and 72 hours post
injection (hpt; N = 4 for each stage). Shrimp injected with 0.85% saline solution at 0 hpi were

included as the vehicle control.
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Figure 3.50 Time-course relative expression levels of PmRacgapl in ovaries of 18-
month-old shrimp after serotonin injection (50 pg/g body weight) at 1, 2, 3, 6, 12, 24,
48 and 72 hours post injection (hpt; N = 3 for each stage). Shrimp injected with

0.85% saline solution at 0 hpi were included as the vehicle control.
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Figure 3.51 Time-course relative expression levels of PmTmsb in ovaries of 18-
month-old after serotonin injection (50 pg/¢ body weight) at 1, 2, 3, 6, 12, 24, 48 and
72 hours post injection (hpt; N = 4 for each stage). Shrimp injected with 0.85% saline

solution at 0 hpi were included as the vehicle control.

3.7 Localization of VCP genes in ovaries of P. monodon broodstock

3.7.1. Quantification of the cRNA probe

The sense and antisense cRNA probes were synthesized from an insert (600
bp) of the recombinant plasmid of PmVCP (Figure. 3.52A). The antisense and sense
probes gave the positive signal at approximately 1 ng/pl. However, the amount of
both cRNA probes of PmVCP was higher than 1 ng/ul (Figure 3.52B). An appropriate
amount of the cRNA probe of each transcript was applied for examination of

transcriptional localization using in situ hybridization.
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Figure 3.52 (A) The digested plasmid was used as the template for synthesis of the
cRNA probe of PmVCP (lanes 1-3). (B) The antisense (lane 1) and sense (lane 2) were
synthesized from the gel-eluted digested plasmid template. A 100 bp ladder (lanes
M, A and B) was used as the DNA marker.

3.7.2 In situ hybridization (ISH)

Cellular localization of PmVCP transcripts in ovaries of P. monodon
broodstock was determined by in situ hybridization. No signal was observed with the
sense (control) probe (Figures 3.53A and 3.54A). The positive signal was observed
when the tissue sections were hybridized with the antisense probe of PmVCP. The
positive signals were observed in oogonia and ooplasm of previtellogenic and
vitellogenic oocytes in different stages of ovaries of both intact and eyestalk-ablated

broodstock (Figures. 3.53-3.54; B-E).
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Figure 3.53 Localization of PmVCP transcript during ovarian development of intact P.
monodon broodstock visualized by in situ hybridization using the antisense (B-E),
sense (A) cRNA probes. No signal was observed from the sense cRNA probe. The
conventional hematoxylin/eosin staining was carried out for identification of oocyte
stages (F). EP = early previtellogenic oocytes; Oog = oogonia; LCR=late cortical rod

oocytes; Vg = vitellogenic oocyte.
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Figure 3.54 Localization of PmVCP transcript during ovarian development of
eyestalk-ablated broodstock of P. monodon visualized by in situ hybridization using
the antisense (B-E) and sense (A) cRNA probes. No signal was observed from the
sense cRNA probe The conventional hematoxylin/eosin staining was carried out for
identification of oocyte stages (F). EP = early previtellogenic oocytes; Oog = oogonia;

LCR=late cortical rod oocytes; Vg = vitellogenic oocyte.
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3.8 In vitro expression of reproduction-related proteins using the bacterial

expression system

3.8.1 Construction of recombinant plasmids for cloning and expression

of recombinant proteins

Two recombinant plasmids carrying the complete ORF of PmRacgap! and
PmTmsb and three plasmids carrying the partial ORF of PmVCP, PmNUP133 and
PmSema covering Cdcd8, nucleoporin N and Sema domains, respectively, were

constructed.

PmRacgapl was initially identified from testis cDNA library and the full-length
cDNA of this transcript in testes was characterized by RACE-PCR. The full-length cDNA
of testis Racgapl was 2838 bp in length containing an ORF of 1812 bp deducing to
603 amino acids. This transcript significantly matched Rac GTPase-activating protein 1
of Crassostrea gigas (E-value = 2e-127) (Leelatanawit, 2008). The ORF of the ovarian
form was successfully amplified using primers designed from the testis form. It was
1881 bp inlength corresponding to 626 amino acids and significantly matched Rac
GTPase-activating protein 1 of Crassostrea gigas : E-value = 6e-117). The deduced

amino acids of both isoform of PmRacgap1 were aligned (Figures 3.55).
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CRF-TT MESLSAQFDDLMROMOVILADPAEYKFLEFLDHEEKNRVQLRELEAEVSRLNEQRARRYQKE
CRE-0OV MESLSAQFDDLMROMOVILADPAEYKFLEFLDHEEKNRVQLRELEAEVSRLNEQRARRYQKE
R R R
CRF-TT IKSLEMELENAKHMLDVEKAKRITTEKEKNDLAGQIGLVMELLGRGQVNETRERLQQLOH
CRE-0OV IKSLEMELENAKHMLDVEKAKRITTEKEKNDLAGQIGLVMELLGRGQVNETRERLQQLOH
R R R
CRF-TT SFTFSGTMTNQRRSTRDLSPGPLSTITEDNDTMGSILSVSDIDITEDDLEESRLRSGRSE
CRE-0OV SFTEFSGTATNQRRSTRDLSPGPLSTITEDNDTMGSILSVSDIDITEDDLEESRLRSGRSE
s s
CRF-TT KRRSSPERQDSSKGKRRSGRRSEDMQTHEVKTQVTYYTQGEEIKKIHTETKVEPSAFFLS
CRE-0OV KRRSSPERQDSSKGKRRSGRRSEDMOTHEVKTQVTYYTQGEBEIKKIHTETKVEPSAFFLS
R R s
CRF-TT TDEETEVSHLEKKPTHGHTLNTPSTPHIPQTAYSPHFFNPITPQKQGTGOMYYTPTHNLVT
CRE-0OV TDEETEVSHLEKKPTHGHTLNTPSTPHIPQTAYSPHFFNPITP--QGTGOMYYTPTHNLVT
R R R R
CRF-TT PVLRTHSSVITKINQRPHAFYTKTIYKTEHCQPCGKRIKFGKIALKCRDCRATCHP-——-E
ORF-0OV FVLRTHSSVTKINQRFHAFYTET IYKTEHCQPCGERIKFGEIALKCRDCRATCHLSVVNL
R R R R R
CRF-TT CRESVELPCWVE TALVVHCTNEVENRGLSEVGIYRVEGAE
CRE-0OV CRELVELQLTLOLQRGNWEPLLTTHLVCPQWERBLVVHCTNEVENRGLSEVGIYRVEGAE
Kk ok ko KKK AR KA KK AR KA KR AR AR R AR Rk
CRF-TT KDVEKELKDQFLRGKGMPNLSQLDIHVVCGALEDFMRSLEEFLVTHLLWRDEFTSAREKSEA
CRE-0OV KDVEELKDQFLRGKGMPNLSQLDIHVVCGALEDFMRSLEEFLVTHLLWRDFTSAAEKSEA
R R R R
CRF-TT QDYLAALYQATISELPQPNRDTLAWIMTHLQRVAECPECKMPASNLARKVEFGPTLVGYSVPE
CRE-0OV QDYLAALYQAISELPQPNRDTLAWIMTHLQRVAECPECKMPASNLARKVEFGPTLVGYSVPE
R R R
CRF-TT PDPATMLTETRQQOMVMEKLLEISTDYWNTFINVTDENVHQGVQQVPTLEGGTLLGGEES
CRE-0OV PDPATMLTETRQQOMVMEKLLEISTDYWNTFINVTDENVHQGVQQVPTLEGGTLLGGEES
R R R R
CRF-TT SNTRRRSILTRTPLTPRETPENRYVEFRK
CRE-0OV SNTRRRSILTRTPLTPRETPENRYVERK

RS S S S E S S S S SRSt R RS RS TS

Figure 3.55 Alignments of deduced amino acid sequences of Racgap!l from testes
(ORF-TT; Leelatanawit et al., 2008) and ovaries (ORF-OV) of P. monodon.

Primers overhang with appropriate restriction enzymes were designed to
amplified the complete ORF of was designed to amplify cDNA of PmRacgap! and
PmTmsb and Cdc48 of PmVCP, nucleoporin N of PmNUP133 and Sema domains of
Pmsema, PmVCP (called PmCdcd8-VCP plasmid), PmNUP133 (called PmNPC-NUP133)
and PmSema (PmSema plasmid). The amplified fragment was ligated, cloned into
pPGEM-T easy vector and transformed into E. coli JM109. Plasmid DNA of the positive
clone was re-sequenced to confirm the orientation and nucleotide sequence of a
particular recombinant clone. Recombinant plasmid in the cloning vector was used

as the template for amplification of the corresponding fragment of each transcript.
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The amplification product of PmRacgapl, PmTmsb and PmSema were
digested with Nde | and BamH| and ligated into pET17b while PmCdc48-VCP was
digested with EcoR | and BamH | and ligated to pET2%9a. The PmNPC-NUP133
fragment was digested with Nde | and EcoR | licated to pET15b. All recombinant

plasmids were transformed into E. coli BL21C+(DE3)RIPL.
3.8.2 In vitro expression of recombinant proteins

In vitro expression of five recombinants of PmRacgapl (72 kDa), rPmTmsb
(15.3 kDa), rPmCdcd8-VCP (24 kDa), rPmNPC-NUP133 (41.37 kDa) and rPmSema (38.3
kDa) were carried out. After IPTG induction, the recombinant proteins were examined
by SDS-PAGE and western blot analysis. In addition, soluble and insoluble protein

fractions were also determined.

The rPmcdcd8-VCP (containing cdcd48 N and cdc48 2 domains) was expressed
after induction by IPTG for 3 hr. The expected protein band of rPmCdc48-VCP (24
kDa) was observed when total proteins were incubated with Anti-6XHis tag. The
expression level of rPmCdc48-VCP after indication for 6 hr was greater than that after
IPTG induction for 3 hr (Figure 3.56). The rPmCdcd8-VCP was expressed in both
soluble and insoluble form when the recombinant clone was cultured at 15°C for
overnight. However, the expression in the inclusion bodies was greater than that in

the soluble fraction (Figure. 3.57).

A recombinant clone of PmNPC-NUP133 was induced by IPTG for 0, 1, 2, 3, 6,
12 and 24 hr. The expected protein bands at 41.37 kDa of rPmNPC-NUP133 were
observed at 1-3 hr post induction. The expression of this recombinant protein was

reduced at 6 hr post induction and the positive band was not observed at 12 and 24
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hr post induction (Fig 3.58). The rPmNPC-NUP133 was solely expressed in the

inclusion bodies (Figure 3.59).

The rPmSema was stably expressed during 1-24 hr post induction with IPTG
(Figure 3.60). It was entirely expressed as the insoluble protein when the

recombinant clone was cultured at 37°C (Fig. 3.61).
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Figure 3.56 SDS-PAGE (A) and Western blot analysis (B) illustrating in vitro expression
of two recombinant clones of PmCdcd8-VCP after IPTG induction (1 mM) for 3 hr
(lanes 4 and 6) and 6 hr (lanes 5 and 7). E. coli BL21C+(DE3)RIPL cells (lane 1),
pET29a vector in E. coli BL21C+(DE3)RIPL cell (lane 2) and a recombinant clone at 0

hr after induction by 1 mM IPTG (lane 3) was included as the control.
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Figure 3.57 SDS-PAGE (A) and western blot analysis (B) showing expression of a
recombinant clone of PmCdc48-VCP after the culture was induced by IPTG for 3 hr at
15°C. Lane 1= whole cells of E. coli BL21C+(DE3)RIPL, Lane 2 = an insoluble protein
fraction (30 pg protein), and Lane 3 = a soluble protein fraction (30 pg protein).

A B
kbaM 1 2 3 4 5 6 7 8 9 kbaM 1 2 3 45 6 7 8 9
250 = 250—
ir 28:
50— Y= <
37 —.-
25—
25 —
20 = = = o ; =
15—
15— '; . ;
0= n ' 0|

Figure 3.58 SDS-PAGE (A) and western blot analysis (B) of a recombinant clone of
PmMNPC-NUP133 after induction by 1 mM IPTG for 0, 1, 2, 3, 6, 12 and 24 hr (lanes 3-
9). E. coli BL21CH(DE3)RIPL cells (lane 1) and pET15b in E. coli BL21C+(DE3)RIPL (lane

2) were included as the negative controls.
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Figure 3.59 SDS-PAGE (A) and western blot analysis (B) showing expression of a
recombinant clone of PmMNPC-NUP133 after IPTG induction (1 mM) for 3 hr at 37°C.
Lane 1 = E. coli BL21C+(DE3)RIPL. Lane 2 = pET15b in E. coli BL21C+ (DE3)RIPL. Lane
3 = whole cells after IPTG induction for 0 hr, lane 4 = soluble fraction (30 ug

proteins) and lane 5 = inclusion bodies (30 pg proteins).

The expected protein band of 72 kDa was observed at 1-12 hr post induction
with IPTG. However, the expression of rPmRacgapl was quite low and it was not
expressed after IPTG induction overnight (Figure 3.62). A protein band with a lower
molecular weight of approximately 22 kDa was observed at 12 and 24 hr post
induction. This suggested that rPmRacgapl was not stable in the long culture period.
Western blot analysis indicated that rPmRacgapl was expressed in the insoluble form

(Figure 3.63).

Like PmRacgapl, PmTmsb (15.3 kDa) was expressed at 1-12 hr post induction
with IPTG. However, it was not expressed after induction with IPTG overnight (Figure
3.64). Western blot analysis indicated that rPmTmsb was expressed in the insoluble

form (Figure 3.65).
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Figure 3.60 SDS-PAGE (A) and western blot analysis (B) of a recombinant clone of
PmSema after induction by 1 mM IPTG for 0, 1, 2, 3, 6, 12 and 24 hr (lanes 3-9). E.
coli BL21C+(DE3)RIPL (lane 1) and pET17b in E. coli BL21C+(DE3)RIPL (lane 2) were

included as the negative controls.
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Figure 3.61 SDS-PAGE (A) and western blot analysis (B) showing expression of a
recombinant clone of Pmsema after induction by 1 mM IPTG for 3 hr at 37°C. Lane 1
= E. coli BL21C+(DE3)RIPL. Lane 2 = pET17b in E. coli BL21C+(DE3)RIPL. Lane 3 =
whole cell at 0 hr after induction with IPTG, lane 4 = soluble fraction (30 pg protein)

and lane 5 = inclusion bodies (30 ug protein).
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Figure 3.62 SDS-PAGE (A) and western blot analysis (B) of a recombinant clone of
PmRacgap! after induction by 1 mM IPTG for 0, 1, 2, 3, 6, 12 and 24 hr (lanes 3-8). E.
coli BL21C+(DE3)RIPL (lane 1) was included the negative controls.
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Figure 3.63 SDS-PAGE (A) and western blot analysis (B) showing expression of
PmRacgap! after a recombinant cloned was induced y IPTG (1 mM) for 3 hr at 37°C.
Lane 1= E. coli BL21C+(DE3)RIPL. lane 2 = soluble fraction (30 pg protein) and lane 3

= inclusion bodies (30 pg protein).
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Figure 3.64 SDS-PAGE (A) and western blot analysis (B) of a recombinant clone of
PmTmsb after induction by 1 mM IPTG for 0, 1, 2, 3, 6, and 12 (lanes 3-8). E. coli
BL21C+(DE3)RIPL (lane 1) and pET17b in E. coli BL21C+(DE3)RIPL cell (lane 2) were

included as the negative controls.
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Figure 3.65 SDS-PAGE (A) and western blot analysis (B) showing expression of
rPmTmsb after a recombinant PmTmsb was induced by 1 mM IPTG for 3 hr at 37°C.
Lane 1 = soluble fraction (30 pg protein) and lane 3 = inclusion bodies (30 pg

protein).



133

3.8.3 Purification of rPmTmsb, rPmCdc48-VCP, rPmRacgapl, rPmNPC-

NUP133 and rPmSema

Recombinant proteins produced were further purified before used as the
immunogens for the production of polyclonal antibodies. The soluble fractions of
rPmTmsb, rPmCdcd8-VCP proteins were purified under the non-denaturing conditions
whereas rPmRacgapl, rPmNPC-NUP133 and rPmSema which were expressed as
insoluble proteins were purified under the denaturing conditions. Washed and eluted
fractions were analyzed by SDS-PAGE and western blot (Fig 3.66-3.70). After

purification, eluted proteins were keeping at -20°C.
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Figure 3.66 Purification of rPmCdc48-VCP (cultured at 15°C, overnight). Recombinant
protein was examined by using SDS-PAGE (A-B). (A) lane 1 = the soluble protein
fraction before pass through the column, lane 2 = the soluble protein fraction after
pass through the column, lanes 3-4 = the first wash (40 mM imidazole) fractions 9
and 10, lanes 5-6 = the second wash (80 mM imidazole) fractions 9 and 10 and lanes
7-8 = the third wash (150 mM imidazole) fractions 3 and 5 respectively. (B): lanes 1-5

= eluted protein fractions 1-5, respectively.
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Figure 3.67 Purification of rPmNUP133 (cultured at 37°C, 3 hr). Recombinant protein
was examined using SDS-PAGE (A-B). (A) lane 1 = the insoluble fraction before pass
through the column, lane 2 = the insoluble fraction after pass through the column,
lanes 3-6 = the first wash (20 mM imidazole) fractions 7, 8, 9 and 10, lanes 7-9 = the
second wash (40 mM imidazole) fractions 8, 9 and 10 respectively. (B): lanes 1-3 =
the third wash (80 mM imidazole) fractions 1, 3 and 5, lanes 4-6 = the last wash (150

mM imidazole) fractions 1, 3 and 5, lanes 7-9 = eluted protein fractions 1-3,

respectively.
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Figure 3.68 Purification of rPmSema (cultured at 37°C, 3 hr). Recombinant protein
was examined using SDS-PAGE (A-B). (A) lane 1 = the insoluble fraction before pass
through the column, lane 2 = the insoluble fraction after pass through the column,
lanes 3-5 = the first wash (20 mM imidazole) fractions 8, 9 and 10, lanes 6-8 = the
second wash (40 mM imidazole) fractions 8, 9 and 10. (A) lane 9 and (B) lanes 1-2 =
the third wash (80 mM imidazole) fractions 1, 3 and 5, lanes 3-5 = the last wash (150
mM imidazole) fraction 1, 3 and 5, lanes 6-9 = eluted protein fractions 1-4,

respectively.
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Figure 3.69 Purification of rPmRacgapl (cultured at 37°C, 3 hr). Recombinant protein was
examined using SDS-PAGE (A-B). (A) Lane 1 = the insoluble fraction before pass through the
column, lane 2 = the soluble fraction after pass through the column, lanes 3-6 = the first wash
(20 mM imidazole) fractions 7, 8, 9 and 10, lanes 7-9 = the second wash (40 mM imidazole)
fractions 8, 9 and 10. (B) Lanes 1-3 = the third wash (80 mM imidazole) fractions 1, 3 and 5, lanes
4-6 = the last wash (150 mM imidazole) fraction 1, 3 and 5; lanes 7-9 = eluted protein fractions 1-

3, respectively.
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Figure 3.70 Purification of rPmTmsb (cultured at 37°C, 3 hr). Recombinant protein was
examined using SDS-PAGE (A-B). (A) Lane 1 = the soluble fraction before pass through the
column, lane 2 = the soluble fraction after pass through the column, lanes 3-5 = the first wash
(40 mM imidazole) fractions 8, 9 and 10, lanes 6-7 = the second wash (80 mM imidazole)
fractions 9 and 10 and lanes 8-9 = the third wash (150 mM imidazole) fractions 3 and 5,

respectively. (B): lanes 1-5 = eluted protein fractions 1-5, respectively.
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The eluted fractions of rPmCdcd8-VCP, rPmNPC-NUP133, rPmSema,
PmRacgapl and PmTmsb proteins were poled and concentrated (in vacuo and
ultrafiltration) (Figure 3.71) and subjected to the polyclonal production by Faculty of

Medical Technology, Chiang Mai University.

Anti-rPmCdcd8-VCP, anti-NPC-NUP133, PmSema, PmRacgapl and PmTmsb
polyclonal antibodies were successfully produced with a relatively high titer
(1:32,000 with OD450 = 0.192, 0.653, 1.015, 0.163 and 0.294 against 1 ug of purified

respective recombinant proteins) (Table 3.10).
3.9 Sensitivity and specificity of anti-rPmCdc48-VCP, PmrRacgapl and rPmTmsb

The detection sensitivity for the produced antibody was tested. The positive
reactions were observed with 0.1, 0.2 and 0.5 pg of rPmCdc48-VCP (Figure. 3.72A). In
subsequent specificity tests with anti-rPmCdc48-VCP PAb, 0.2 pg of rPmCdca8-VCP
was used. Anti-rPmCdcd8-VCP PAb gave positive immunoreactive signals with the
target but did not cross-react with non-target proteins including rPmCdc2 which
contained an S TKc domain, rPmRuvBL2 which contained an AAA domain,
rPmRacGAP1 which contained a C1 domain, rPmCdc25 which contained a rhodanase
domain, rPmDRK which contained the Src homolog domains SH2 and SH3, and

rPmTHY-[3 which contained THY domains (Figure. 3.72B).

In addition, both 24 and 97 kDa bands were found when 0.2 ug of rPmCdc48-
VCP was mixed with varying concentrations of total ovarian proteins (2.5, 5, 10 and

20 pg) and probed with purified anti-rPmCdc48-VCP PAb (Figure 3.72C).

Antigen-antibody competition assay was carried out to examine the specificity

of the raised antibody and to determine whether positively reactive bands generated
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from each antibody are the target protein. Importantly, a 97 kDa band reacted
specifically with the purified antibody when different concentrations of rPmCdc48-
VCP were used to compete with the antibody before probing total ovarian proteins.
The positive immmunoreactive band was observed from 2.5, 5, 10 and 20 pg total
ovarian proteins whether or not the purified antibody was used in competition with 1
pe rPmCdca8-VCP. Increasing competition from rPmCdcd8-VCP to 2.5 ug resulted in
the disappearance of the positive band in 2.5 ug total ovarian proteins. Only a faint
positive band was observed with 10 and 20 pg ovarian proteins when the purified

antibody was used in competition with 5 pg of rPmCdc48-VCP (Figure 3.73).



Table 3.10 Titers of polyclonal antibodies after rabbits were administrated by

rCdc48-VCP, rNUP133, PmSema, PmRacgapl and PmTmsb
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Figure 3.71 SDS-PAGE (A) and western blot analysis (B) showing electro-eluted
rPmCdcd8-VCP (1), rPmNUP133 (Il), rPmSema (II), RacGAP 1 (IV) and rPmTmsb (V) of P.
monodon (Figure 3.65C).
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Figure 3.72 Sensitivity of anti-rPmCdcd8-VCP PAb against varying amounts of
rPmCdcd8-VCP protein (0, 0.001, 0.005, 0.01, 0.05, 0.1, 0.2 and 0.5 pg, lanes 1-8,
respectively) (A) (B) Specificity of anti-rPmCdc48-VCP PAb tested against various
recombinant proteins (0.2 pg) of P. monodon including rPmCdc48-VCP, rPmRacgapl,
rPmRuvBL2, rPmCdc2, rPmCdc25, rPmDRK, and rPmTmsb (lanes 1-7, respectively),
and showing binding only with rPmCdc48-VCP (lane 1). (C) Western blot analysis using
anti-rPmCdc48-VCP PAb against rPmcdc48-VCP (lane 1) and varying concentrations of
total ovarian proteins (2.5 pg, lanes 2 and 6; 5 pg, lanes 3 and 7; 10 pg, lanes 4 and 8
and 20 pg, lanes 5 and 9) pre-mixed with 0.2 pg of rPmCdc48-VCP.
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Figure 3.73 Competitive binding assays with rPmcdcd8-VCP PAb. Western blot
analysis of the purified anti-PmCdc48-VCP PAb (1:300) pre-mixed with 0, 1, 2.5 and 5
pg of rPmCdcd48-VCP was carried out and used against 2.5, 5, 10 and 20 pg total
ovarian proteins (lanes 1-4, respectively) of a female shrimp with vitellogenic ovaries

(stage II) and showing complete competitive blocking at 5 g rPmCdc48-VCP.

The detection sensitivity of the produced anti-rPmRacgapl PAb was tested
and positive reaction was observed with 0.5 and 1 pg of rPmRacgapl (Figure. 3.74A).
In the competitive binding assay, the positive immmunoreactive band of 34 kDa was
observed from 2.5-20 pg ovarian membrane proteins while that of 100 kDa was
observed from 5-20 pg ovarian membrane proteins when no competition of the
purified antibody was carried out. In competition with 1 and 2.5 pg rPmRacGAP1, the
34 kDa band was still observed from 2.5-20 pg ovarian membrane proteins. However,
the 100 kDa band was found from 5-20 pg and 10-20 pg, respectively. Increasing
competition of rPmRacgapl to 5 pg resulted in the disappearance of both positive
bands in 2.5 and 5 pg ovarian membrane proteins. Only faint positive bands were
observed from 20 pg ovarian membrane proteins when the purified antibody was
used in competition with 10 pg rPmRacgapl (Figure. 3.74B). This confirmed that both

35 and 100 kDa bands are specifically recognized by anti-rPmRacgapl PAb.
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Figure 3.74 (A) Sensitivity of anti-rPmRacgapl PAb against varying amounts of
rPmRacgap1 proteins (0.001, 0.002, 0.005, 0.05, 0.1, 0.2, 0.5 and 1 pg corresponding to
lanes 1-8, respectively). (B) Competitive binding assays with anti-rPmRacgapl PAb.
Western blot analysis of the purified anti-rPmRacgapl PAb (1:100) pre-mixed with 0,
1, 2.5, 5 and 10 pg of rPmRacGAP 1 were carried out and used against 2.5, 5, 10 and
20 pg membran ovarian proteins (lanes 1-4, respectively) of a female shrimp with
vitellogenic ovaries (stage Il) and showing complete competitive blocking at 10 g

rPmRacgapl.
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The positive signals of anti-rPmTmsb PAb were observed against 0.05, 0.1, 0.2,
05 and 1 pg of rPmTmsb (Figure 3.75A). For anti-PmTmsb, the positive
immunoreactive bands of 22 and 28 kDa were observed from 5-20 pg and 10-20 ug
total ovarian proteins whether or not the purified antibody was used in competition
with 1 pg rPmTmsb. Nevertheless, these bands were disaapeared in the Ag-Ab
competition test when anti-PmTmsb PAb competed with 2.5 or 5 pg rPmTmsb.
Results from nanoESI-LC-MS/MS further indicated that these bands were closest
similar to thymosin isoform 2 (EST clone HC-N-S01-0235-LF) and thymosin—B—

repeated protein 2 (EST clone HC-H-S01-0682-LF) of P.  monodon

(http://pmonodon.biotec.or.th), respectively. Notably, a constant level of a 76 kDa
band which significantly matches vitellogenin of Fenneropenaeus chinensis
(gi|86129739) was observed in all examined samples (Figure 3.75B). Nevertheless, the
vitellogenic band was not observed in subsequent Western blotting for expression

analysis of ovarian PmTmsb during ovarian development of P. monodon.

3.9 Mass spectrometry analysis of immunoreactive bands and

recombinant proteins

A discrete immunoreactive band of 97 KDa was observed when anti-
PmCdcd8-VCP PAb testes against total ovarian proteins of juveniles and wild intact
and eyestalk-ablated broodstock. The positive protein band on a Western blotted
PVDF membrane was trypsinized and further analyzed by nano ESI-LC-MS/MS.
Internal peptide sequences of the immunoreactive protein were K.G-D-L-F-L-V-R.G,
K.G-V-L-F-Y-G-P-P-G-C-G-K.T and K.V-T-H-G-F-S-G-A-D-L-T-E-I-C-Q-R.A which significantly
matched valosin containing protein 1 of Eisenia fetida (score = 81; P < 0.05) and

perfectly matched the deduced amino acid sequence obtained from P. monodon


http://pmonodon.biotec.or.th/
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EST (¢i|000034674). The internal peptide of rPmTmsb were K.G-Q-L-E-G-F-S-A-V-N-L-K-
K, R.Q-G-I-E-G-F-D-H-A-A-L-K-.K; K.G-Q-L-E-G-F-5-A-V-N-L-K-K.T, K.G-Q-L-E-G-F-5-A-V-N-L-
K-KT, KI-V-L-P-A-Q-E-D-I-E-T-E-K.T, K.I-H-L-P-N-R-E-D-V-E-A-E-KK, K.\V-Q-A-H-L-Q-A-V-E-
G-F-N-T-A-Q-L-KH and KK-V-Q-A-H-L-Q-A-V-E-G-F-N- T-A-Q-L-K.H which significantly

matched Tmsb of Scylla paramamosain (score 309; P < 0.05).

Results from nanoESI-LC-MS/MS further indicated that the positive molecular
size 28 and 22 kDa generated from anti-PmTmsb PAb against total ovarian proteins of
P. monodon were closest similar to thymosin—B—repeated protein 2 (EST clone HC-H-
S01-0682-LF) and  thymosin  isoform 2 (EST clone  HC-N-S01-0235-LF;

http://pmonodon.biotec.or.th) of P. monodon, respectively.

3.10 Expression of PmVCP, PmRacgapl and PmTmsb proteins during ovarian

development of P. monodon

Western blot analysis revealed that PmVCP protein (97 kDa) was abundantly
expressed in gonads (ovaries and testes). Limited expression of PmVCP was observed
in the heart and lymphoid organ. PmVCP protein was not detected in the

subcuticular epithelium and hepatopancreas (Figure 3.76A).

The molecular size of ovarian PmVCP (approximately 97 kDa) was greater than
that predicted from the PmVCP cDNA suggesting that it was post-translationally
modified by glycosylation. Female shrimp with the immunological signals of ovarian
PmVCP were observed in juvenile ovaries and at all stages of ovarian development in

both intact and eyestalk-ablated broodstock of wild P. monodon (Figure 3.76B).
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Figure 3.75 (A) Sensitivity of anti-rPmTmsb PAb against varying amounts of rPmtmsb
protein (0.001, 0.002, 0.005, 0.05, 0.1, 0.2, 0.5 and 1 pg; lanes 1-8 respectively). (B)
Competitive binding assays of anti-rPmTmsb PAb. Western blot analysis of the
purified anti-rPmTmsb PAb (1:200) pre-mixed with 0, 1, 2.5, and 5 pg of rPmTmsb was
carried out and used against 2.5, 5, 10 and 20 g total ovarian proteins (lanes 1-4,

respectively) of a late vitellogenic ovaries (stage Il) and showing complete

competitive blocking at 5 pg rPmTmsb.
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It seemed to be expressed at comparable levels for all stages of ovarian

development in both intact wild broodstock and eyestalk-ablated broodstock.

A discrete band of 34 kDa and a faint band of approximately 100 kDa (in
stages | and Il ovaries) were observed from western blot analysis of total soluble
proteins against purified anti-rPmRacgapl PAb. The expression level of PmRacgapl
reflected from a 34 kDa band seemed to be decreased in late stages of ovarian
development (stages Il and IV ovaries) in both intact and eyestalk-ablated
broodstock (Figure 3.77). However, both intense 34 and 100 kDa bands were

observed when membrane proteins of ovaries were analyzed.

The expression level of these bands was comparable during ovarian
development in intact broodstock but it was decreased in mature ovaries in eyestalk-

ablated broodstock (Figure 3.78).

Anti-rPmTmsb PAb gave positive immunoreactive signals of 22 and 28 kDa,
respectively. The expression level of PmTmsb reflected from a positive 28 kDa band
(thymosin—B—repeated protein 2) seemed to be decreased in mature (IV) ovaries in
intact broodstock. In eyestalk-ablated broodstock, it was not expressed in late
vitellogenic (ll) and mature ovaries of wild P. monodon broodstock. A similar
expression profile of a 22 kDa band (thymosin isoform 2) was found with the
exception that the positive immunoreactive signal was not observed in mature

ovaries (Figure 3.79).



147

A

kDa M HE EP HP LO OV TT
250

100 , < 97kDa

25 -
20 =

Intact EA

kba M J I 1L LIV I 1 10l IV
fo0:
002 <« 97kDa

25 =
20=

Intact EA

kba M J I I H0ovoroonmnv
250 =

100 = - — — < 97kDa
75=

25m=
20=

Intact EA

kba M J I Il H v 1 1nuowv

250 =

100 = - Peo T < 97kDa
75=

25=
20=

Figure 3.76 (A) Western blot analysis showing tissue expression analysis of the
PmVCP protein in pooled hemocytes (HE), subcuticular epithelium (EP), the
hepatopancreas (HP), lymphoid organ (LO),ovaries (OV) andtestes (TT) from 3 shrimp
broodstock. (B) Western blot analysis of PmVCP in 20 pg total ovarian proteins from 3
sample sets consisting of juvenile shrimp (J, N = 3), intact broodstock (N = 3 each of
stages |-IV) and eyestalk-ablated broodstock (EA, N = 3 each of stages I-IV). Lanes M

= a protein standard marker.
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Figure 3.77 Western blot analysis of PmRacgapl in 20 ug total ovarian proteins from
3 sample sets consisting of juvenile shrimp (J, N = 3), intact broodstock (N = 3 each
of stages I-1IV) and eyestalk-ablated broodstock (EA, N = 3 each of stages I-IV). Lanes

M = a protein standard marker.
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Figure 3.78 Western blot analysis of PmRacgapl in 20 pg ovarian membrane proteins
from 3 sample sets consisting of intact broodstock (N = 3 each of stages I-IV) and

eyestalk-ablated broodstock (EA, N = 3 each of stages I-IV). Lanes M = a protein

standard marker.
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Figure 3.79 Western blot analysis of PmTmsb in 20 pg total ovarian proteins from 3
sample sets consisting of juvenile shrimp (J, N = 3), intact broodstock (N = 3 each of
stages I-IV) and eyestalk-ablated broodstock (EA, N = 3 each of stages I-IV). Lanes M

= a protein standard marker.
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Anti-rPmNPC-NUP133 PAb generated a single discrete band against rPmNPC-
NUP133 but non-specific signal were observed against ovarian membrane proteins
(Figure 3.80A). Anti-rPmSema PAb also gave a single discrete band against rPmSema.
Nevertheless, no positive signal was observed when tested against ovarian

membrane proteins (Fig. 3.80B).
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Figure 3.80 Western blot analysis of PmNPC-NUP133 (A) and PmSema (B) in 40 pg
ovarian membrane proteins of intact broodstock (stages -V, lanes 2-5) and eyestalk-
ablated broodstock (EA, stages I-IV, lanes 6-9). Lane 1 = rPmNPC-NUP133, A and

rPmSema, B. Lanes M = a protein standard marker.

3.11 Localization of VCP protein in ovaries of P. monodon during ovarian

development

Localization of PmVCP protein in oocytes at different developmental stages
was examined by both immunohistochemistry  (Figure 3.81-3.82) and
immunofluorescence (Figure 3.83). Results from both methods were comparable but

the latter provided clearer results. PmVCP protein was observed in the ooplasm of
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previtellogenic oocytes and was translocated into the nucleus of vitellogenic
oocytes. Interestingly, it was found in nucleo-cytoplasmic compartments, the
cytoskeletal architecture and the plasma membrane in mature oocytes of both

intact and eyestalk-ablated broodstock.

The immunoreactive signals of PmRacgapl protein in ovaries of P. monodon
were examined by immunohistochemistry (Fig 3.84-3.85). PmRacgapl was observed in
ooplasm of oogonia and all developmetal stages of oocytes (previtellognic,
vitellogenic, early cortical rod and mature oocytes) in both intact and eyestalk-
ablated broodstock. During vitellogenesis, it was also observed in the nucleus of
vitellogenic oocytes. it was found in nucleo-cytoplasmic compartments, the
cytoskeletal architecture and in cortical rods in more mature oocytes of both intact

and eyestalk-ablated broodstock.
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Figure 3.81 Localization of PmVCP protein revealed by immunohistochemistry using
anti-rPmCdc48-VCP  PAb against conventional tissue sections from intact wild
P.monodon specimens (D-F). Hematoxylin and eosin staining (A) of tissue sections
was carried out for classification of oocyte stages. Blocking solution (B) and the
preimmune serum (C) was used as the negative control. EP = early previtellogenic
oocytes; VG = vitellogenic oocytes; LCR = late cortical rod (mature) oocytes and Cr =

cortical rods. Arrowheads indicate the immunolosgically positive signals.
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Figure 3.82 Localization of PmVCP protein revealed by immunohistochemistry using
anti-rPmCdcd8-VCP PAb against conventional tissue sections from intact wild
P.monodon specimens (D-F). Hematoxylin and eosin staining (A) of tissue sections
was carried out for classification of oocyte stages. Blocking solution (B) and the
preimmune serum (C) was used as the negative control. EP = early previtellogenic
oocytes; VG = vitellogenic oocytes; LCR = late cortical rod (mature) oocytes and Cr =

cortical rods. Arrowheads indicate the immunologically positive signals.
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Figure 3.83 Localization of PmVCP protein revealed by immunofluorescence of anti-
PmCdcd8-VCP PAb against conventional ovarian tissue sections from intact wild P.
monodon specimens (C-D) and eyestalk-ablated broodstock (E-F). Light microscopy
of ovarian tissue section incubated with preimmune serum (A). Goat anti-rabbit IgG
labeled with Alexa 635 was used as the second antibody. Ovarian tissue sections

incubated with the preimmune serum were used as the negative control (B).
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Figure 3.84 Localization of PmRacgapl protein revealed by immunohistochemistry
using anti-rPmRacgapl PAb against conventional tissue sections from wild intact
P.monodon (D-F). Hematoxylin and eosin staining (A) of tissue sections was carried
out for classification of oocyte stages. Blocking solution (B) and the preimmune
serum (C) was used as the negative controls. EP = early previtellogenic oocytes; VG =
vitellogenic oocytes; LCR = late cortical rod (mature) oocytes and Cr = cortical rods.

Arrowheads indicate the immunologically positive signals.
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Figure 3.85 Localization of PmRacgapl protein revealed by immunohistochemistry
using anti-rPmRacgapl PAb against conventional tissue sections from eyestalk-
ablated wild P.monodon specimens (D-F). Hematoxylin and eosin staining (A) of
tissue sections was carried out for classification of oocyte stages. Blocking solution (B)
and the preimmune serum (C) was used as the negative controls. EP = early
previtellogenic oocytes; VG = vitellogenic oocytes; LCR = late cortical rod (mature)
oocytes and Cr = cortical rods. Arrowheads indicate the immunologically positive

signals.
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3.13 Interaction between rPmCdc48-VCP and rPmTmsb analyzed by a pull down
assay

To identify the partner proteins that interact with recombinant proteins in this
study, protein-protein interaction was examined using Sulfo-NHS-LC-Biotin kit (Pierce).
The pull down assay of rPmCdcd8-VCP and rPmTmsb was carried out. Initially, these
soluble recombinant proteins were separately conjugated with biotin before
immobilized with strevtavidin ligand column. In the control reaction, TBS buffer was
incubated in the streptavidin ligand column before prey proteins was loaded into the
column. After washed and eluted protein-protein interaction profiles was determined
by SDS-PAGE and western blot analysis (Figure 3.86-3.87).

Partners of rPmVCP and PmTmsb were analyzed from the eluted fractions
using NnanoESI-LC-MS/MS.
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Figure 3.86 15% SDS-PAGE (A) and western blot analysis (B) showing protein profiles
from the pull down assay of soluble rPmCdcd8-VCP with ovarian proteins of P.
monodon. Lane 1 is rPmCdcd8-VCP and lanes 5-8 are rCdcd8-VCP conjugated with
biotin, prey protein flow through column, eluted fraction 1 and eluted fraction 2 of
protein-protein interaction, respectively. Lanes 2-4 are immobilized ligand column
with TBS buffer (prey protein flow through column and eluted fraction, respectively),

as the control fraction.
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Figure 3.87 15% SDS-PAGE (A) and western blot analysis (B) showing protein profiles
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from the pull down assay of soluble rPmTmsb with ovarian proteins of P. monodon.
Lane 1 is rTmsb of P. monodon and lanes 2-4 are rTmsb conjugated with biotin, prey

protein flow through column, eluted 1 of protein-protein interaction, respectively.

The identified proteins from a pull down assay of rPmCdc48-VCP were those
seinificantly matched Cadherin of Ligia exotica, Cysteine-rich receptor-like protein
kinase 23-like of Cicer arietinum, NADPH oxidase 1 isoform X1 Heterocephalus glaber,
acyl-CoA Delta(11) desaturase-like, partial Apis florae and Double WAP domain-
containing protein and Receptor-type tyrosine-protein phosphatase T of P. monodon

(Table 3.11).

In addition, a pull down assay of rPmTmsb was also carried out and results
indicated that its candidate interacting partners were those significantly matched F-
box and leucine-rich repeat protein 16 of Clonorchis sinensis, Acetylserotonin O-
methyltransferase of Felis catus and 26S proteasome non-ATPase regulatory subunit
6, MFS transporter, Aldehyde dehydrogenase, and two unknown protein (clones no.

HC-N-N01-0618-LF and OV-N-S01-0835-W) of P. monodon (Table 3.12).
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Table 3.11 Proteins identified from a pull down assay of rPmCdc48-VCP with total

ovarian protein of P. monodon analyzed by nanoESI-LC-MS/MS

Protein name Accession Clone no. Score Peptide
no.
Cadherin Ligia exotica £il61162138 - 40 RTMAIHYGILLLLCVISCR.S +
Oxidation (M)
Cysteine-rich receptor-like protein kinase 23-like, 2i[502100240 - 36 K.CRSSLEGIIWYSHCLLR.Y
Cicer arietinum
NADPH oxidase 1 isoform X1, Heterocephalus £il512901969 - 35 K.SDEYFYTREILGTALAMAR.A
glaber
acyl-CoA Delta(11) desaturase-like, partial, Apis £i|380020875 - 29 - MPFVFELTVSGTCSAK.I
Sflorae
Double WAP domain-containing protein £i/0026991 HC-N-NO1-7369-LF  7.23 ATKSFA
Receptor-type tyrosine-protein phosphatase T £i/0023772 HPa-N-N04-1092-LF 5.21 AVMRVDSCR

Table 3.12 Proteins identified from a pull down assay of rPmTmsb with total

ovarian protein of P. monodon analyzed by nanoESI-LC-MS/MS

Protein name Accession Clone no. Score Peptide
no.

F-box and leucine-rich repeat protein 16, £i[358341784 - 33 RIVLAHAQEEAMQK.S +
Clonorchis sinensis Oxidation (M)
Acetylserotonin O-methyltransferase, partial, Felis ~ Gi/410988030 5 K.DPLPEAELYVLARV
catus
268 proteasome non-ATPase regulatory subunit6  Gil0030169 OV-N-S01-1436-W 1147 TGSTK
Unknown Gi|0020350 HC-N-NO1-0618-LF 4.86 TPNTQK
Unknown Gi|0006847 OV-N-S01-0835-W 433 QMEVYHK
MEFS transporter Gi/0028539 OV-N-N01-0169-W 428 GSGTI
Aldehyde dehydrogenase Gil0022675 HPa-N-N04-1004-LF 1.43 AEDLVLHDLA




CHAPTER IV
DISCUSSION

4.1 Cellular proteomics of ovarian proteins in domesticated and wild P.

monodon adults

An important step toward understanding molecular mechanisms of
development and maturation of ovaries and oocytes in P. monodon is the
identification and characterization of reproduction-related proteins expressed in
ovaries of this economically important species. In this study, proteomic analysis
based on SDS-PAGE and nanoESI-LC-MS/MS was further applied. The GeLC-MS/MS
used in this study is more convenient and cost-effective than the typical approach
based on 2-DE/mass spectrometry analysis. Differentially expressed proteins during
ovarian development of P. monodon were inferred from the protein spectra. This
readily resolves problems from non-quantitative examination of the protein intensity

based on silver staining in our laboratory.

Functionally important proteins for meiotic maturation of oocytes including
cyclin B, Cdc2, Cdc25 and 14-3-3 were identified. Of these, only cyclin B showed a
differential expression profile among different groups of samples. Cyclin B forms a
complex with Cdc2 (called the maturation-promoting factor, MPF) which control the
meiotic maturation of animal oocytes (Okano-Uchida et al., 1998). Signal transduction
pathways that activate Cyclin/Cdc2 complex and subsequent processes are the key
pathways in meiotic maturation of eukaryotes oocytes. Cdc25 removes inhibitory
phosphates (Thrl4 and Tyrl5) from cdc2 to activate the MPF allowing the

progression to the M-phase (Nigg, 2001) ; (Voronina and Wessel, 2004).
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Phosphorylated of Cdc25 by protein kinase A (PKA) results in binding of 14-3-3 and
thereby, inhibits its phosphatase activity or interaction with positive regulators or with

substrate (Oe et al., 2001) ; (Kishimoto, 2003).

Recently, the full-length cDNA of P. monodon cyclin B (PmCyB, three
transcripts with an identical ORF of 1206 bp corresponding to 401 amino acids but
three different 3" UTR lengths of 416, 543 and 1117 bp, respectively; (Visudtiphole et
al.,, 2009) and Cdc2 (an ORF of 900 bp in length corresponding to a polypeptide of
299 amino acids; (Phinyo et al,, 2013). Gene expression analysis suggested their

functionally important roles in ovarian development of P. monodon.

Molecular mechanisms on promotion of development and maturation of
oocytes/ovaries have received high attention and may lead to the possible ways to
control reproductive maturation in shrimp. Although results in this study clearly
illustrated the induction effects of 5-HT on transcription of reproduction-related
genes in several pathways, for example, P. monodon broad-complex (PmBr-c; an
early ecdysteroid responsive gene) and adipose differentiation-related protein
(PmADRP; neutral lipid accumulation), small androgen receptor-interacting protein
(PmSARIP1; sex steroid pathway) and cell division cycle 2 (PmCdc2; meiotic signal
transduction pathway) in domesticated shrimp, receptors for neurotransmitters have
not been discovered based on EST (Leelatanawit et al,, 2004) ; (Preechaphol et al,,
2007) ; (Hiransuchalert et al,, 2013) ; (Buaklin et al,, 2013) and proteomic 2-DE
(Talakhun et al,, 2012) analyses of genes and proteins expressed in ovaries of P.
monodon. Using a simple GeLC-MS/MS approach, both 5-HT receptor 6 and Alpha-2A

adrenergic receptor (0,-AR) were identified.
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The full-length cDNA of 5-hydroxytryptamine (5-HT) receptor was isolated and
characteized from Metapenaeus ensis (1675 bp containing an ORF of 1230 bp
deducing to a protein of 409 amino acids; (Tiu et al., 2005) and P. monodon (2291 bp
containing an ORF of 1776 bp encoding a deduced protein of 591 amino acids;
(Ongvarrasopone et al., 2006). The deduced proteins contained seven hydrophobic
transmembrane domains and shared high amino acid sequence homology to G
protein-coupled receptors (GPCRs). ARs are also a member of GPCRs. They mediate
the physiological effects of the biogenic amine hormones/neurotransmitters and
control intracellular second messenger systems by activating guanine nucleotide-
binding regulatory proteins (G-proteins) (Ruuskanen et al., 2004). However, a gene
encoding ,-AR and its expression profile have not been characterized and reported

in P. monodon.

The ubiquitin-proteasome pathway involved in several control mechanisms of
gametogenesis and sexual reproduction (Sutovsky et al,, 1999) ; (Sutovsky et al,,
2001) ; (Sakai et al,, 2004). Ubiquitin-activating enzyme El-domain containing 1
(UBE1), two UBE2 (ubiquitin-conjugating enzyme E2 variant 2 and ubiquitin-
conjugating enzyme E2) and 2 UBE3 (ubiquitin protein ligase E3A isoform 2 and E3
ubiquitin-protein ligase Brel) which play an important role in steroid receptor activity
for growth and reproduction (Koshiyama et al., 2006) were identified. In starfish, a
proteasome-associating complex plays the important role oocyte maturation (Sakai
et al,, 2004). The non-traditional extracellular functions of ubiquitin-proteasome
system also participate in the elimination of paternal mitochondria in fertilized eggs

(Sutovsky et al., 1999) ; (Sutovsky et al., 2001).
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In this study, several types of proteasomes (26S proteasome regulatory
complex ATPase RPT4, 26S proteasome non-ATPase regulatory subunit 4, 26S
proteasome non-ATPase regulatory subunit 6, proteasome 26S subunit, non-ATPase
13, proteasome subunit alpha type 6, proteasome accessory factor PafA, proteasome
subunit p58 and proteasome subunit beta type) were identified in ovaries of P.
monodon. Functionally analysis of proteins in the ubiquitin-proteasome system
should be further carried out for better understanding of their roles in ovarian

development of female P. monodon.

The oocyte maturation process is accompanied by several organelle (e.g.
cytoskeleton, yolk granules and cortical granules) transformations. Microfilaments
form the scaffold for organelle movement during oocyte maturation. In starfish and
sea urchin oocytes, actin polymerization takes place at the onset of maturation (Heil-

Chapdelaine and Otto, 1996) ; (Wessel et al., 2002), and (Voronina and Wessel, 2004).

The intracellular calcium levels are second messengers linking to the
activation of MPF (cyclinB/Cdc2 complex). An increase in the intracellular calcium
level is required for the induction of oocyte maturation, or GVBD (Masui and Clarke,
1979) ; (Pesty et al., 1998) ; (Voronina and Wessel, 2004). In this study, main proteins
involved in signaling and homeostasis of G’ including calmodulin, calreticulin and
calnexin were identified. The full-lemgth cDNA of P. monodon calriticulin (PmCRT,
1682 bp in length, containing an ORF of 1221 bp corresponding to a deduced protein
of 406 amino acids) were identified. The expression level of PmCRT in ovaries of
intact broodstock was significantly reduced at stage Ill ovaries (P < 0.05). Eyestalk
ablation resulted in a significant greater level than that in stages I-Il ovaries in intact

broodstock (P < 0.05) (S. Klinbunga, unpublished data).
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Previously, several reproduction-related proteins during ovarian development
of wild intact and eyestalk-ablated adults of P. monodon were identified based on
the conventional 2-DE followed by mass spectrometry (Talakhun et al., 2012). The
most abundantly expressed protein in ovaries of P. monodon was the protein
disulfide isomerase family (PDI, PDIA6 and PDIA3; 17 spots) that are functionally
involved in chaperone activity and cell redox homeostasis. Cellular structure proteins
such as B—actin (14 spots) and Tmsb (7 spots) were also abundantly expressed
(Talakhun et al., 2012). Tmsb functions as the G-actin sequestering factors preventing
actin polymerization to filaments and is functionally related to intracellular signaling
through kinase activation (Zhang et al., 2011). Accordingly, PmTmsb gene and protein

were further characterized in subsequent experiments.

4.2 Proteomic analysis of ovarian nuclear membrane proteins and nuclear

proteins of wild P. monodon adults

Nuclear membrane proteins and nuclear proteins from ovaries of P. monodon
were also studied for isolation the potential molecular markers functionally involved
in GVBD of oocytes. In this study, proteins that are localized at nuclear membrane of
the oocytes were found for example, DEAD/DEAH box helicase domain-containing
protein, importin subunit alpha-2, inner-membrane translocator, nucleoporin 50 kDa,
ran GTPase-activating protein, leucine-rich receptor-like protein kinase-like and
cytochrome P450, nuclear pore complex protein NUP133 and semaphorin). The
nuclear envelope forms the boundary of the nuclear compartment in eukaryotes. Its
primary functions involve selective transport of macromolecules between the
nucleus and the cytoplasm and organization of higher level nuclear architecture

(Senior and Gerace, 1988).
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DEAD box proteins are putative ATP-dependent RNA unwinding proteins
whose primary biochemical function is the alteration of RNA secondary structure.
They have been implicated in translation initiation, ribosome assembly, RNA splicing,
and RNA stability (Goldbout et al., 2002). DEAD-box RNA helicases required for germ
cell functions. The conserved motif, (V/1)-L-D-E-AD- X-(M/L)-L-X-X-G-F, observed in all

members of the DEAD box protein family (Linder, 1989) ; (Tanner and Linder, 2001).

Previously, Talakhun (2008) isolated the full-length cDNA of DEAD box ATP-
dependent RNA helicase (ORF of 1209 bp corresponding to a polypeptide of 402
amino acis), The deduced DEAD box ATP-dependent RNA helicase of P. monodon
contained the conserved motif, (V/I)-L-D-E-AD- X-(M/L)-L-X-X-G-F, observed in all
members of the DEAD box protein family was found. In addition, the predicted
DEXDc and HELICc domains were found in the deduced DEAD box ATP-dependent

RNA helicase protein of P. monodon

In the present study, genes encoding nuclearpore complex protein NUP133

(PmNUP133) and semaphorin (PmSema) of P. monodon were further characterized.

4.3 Isolation of full-length cDNA of PmVCP, PmPKC, PmTmsb and the complete

ORF of PmRacgap1

In this study, the full length cDNA of PmVCP (2724 bp with an ORF 2481
deducing to 826 amino acids), PmTmsb (1084 bp, ORF of 387 bp, 128 amino acids)
PKC (3404 bp, ORF of 2235 bp, 744 amino acids), PmcAMP-RLP (1272 bp, ORF of 435
bp, 144 amino acids), PmNUP133 (4130 bp, ORF 3228 bp, 1085 amino acids) were

successfully characterized by RACE-PCR.  In addition, the complete ORF of
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PmRacgapl (1881 bp, 626 amino acids) was successfully characterized by

ampilification from the ORF of PmRacgapl previously isolated in testes.

Valosin-containing protein (VCP) belongs to the ATPase-associated with
diverse cellular activity (AAA) family of ATPase (Bug and Meyer, 2012). VCP is a highly
conserved protein in eukaryotes. In humans, p97/VCP/Cdcd8 has been reported to
be required for the mitotic M-phase (Wojcik et al., 2004). In Caenorhabditis elegans,
two VCP homologs were characterized and shown to be essential for embryogenesis
(Yamanaka et al., 2004). Characterization of VCP-depleted embryos and oocytes
revealed that this protein was required not only for progression of meiotic
metaphase | but also for chromosome condensation at the diakinesis phase in

meiotic prophase | (Sasagawa et al., 2007)

PKC is reported to be involved in oocyte maturation following the resumption
of meiosis, and regulates spindle organization in meiosis-I and -Il until fertilization and
embryogenesis (Kalive et al,, 2010). The existence of a conserved phosphorylation
site for PKC suggested that this enzyme may be involved in the cAMP-mediated

MAPK activity regulation (Fan and Sun, 2004) by phosphorylation.

Rac, a member of Rho family GTPase, regulates specific morphologic changes
in  the actin  microfilament-based cytoskeleton. Reorganization of cellular
cytoskeleton facilitates the dynamic changes necessary for cellular adhesion, growth,
and motility (Moorman et al,, 1999). The catalytic activity of small GTPases can be
enhanced by GTPase-activating proteins (GAPs). However, relative little information
concerning the functional roles of Racgapl in ovary/oocyte development is known.
Accordingly, PmVCP, PmPKC, PmTmsb and PmRacgapl genes and proteins were

further examined.
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4.4 Expression analysis of PmVCP, PmPKC, PmTmsb, PmRacgapl and PmSema

during ovarian development and under the induction with 5-HT

Gene expression and tissue distribution analysis are important and provide
the basic information to set up the priority for further analysis of functional genes.
Based on the fact that a particular genes may express in several tissues and

possesses a different function in different tissues.

Tissue distribution analysis revealed constitutive expression of PmTmsb and
PmcAMP-RPL in all examined tissues suggesting they conserved function in different
tissues. The PmVCP transcript was more abundantly expressed in ovaries than other
tissues suggesting that it may crucial role in ovary/oocyte development. VCP is
present in all types of cellular components from human to yeast, suggest that VCP
an important role in cellular activities (Song et al., 2003). PmRacgapl was more
abundantly in gonads than other tissues. This suggested that PmRacgapl may play
its important role in reproduction of P. monodon. Moreover, PmPKC, Pmsema and
PmNUP133 were highly expressed in ovaries than other tissues, the results indicated
that these transcripts are functional involved in ovarian development of P.

monodon.

Transcripts  preferentially expressed at different stages of ovarian
development can be used as indicators for reproductive maturation in P. monodon.
Quantitative real-time PCR analysis further confirmed that the expression level of
PmTmsb and PmRacgapl in juveniles was lower than that during ovarian
development in either intact or eyestalk-ablated broodstock. Likewise, PmVCP was
lower expressed in juveniles than that both of intact and eyestalk-ablated

broodstock of P. monodon. At the transcriptional level, a single form of PmTmsb
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transcript was identified and PmTmsb mRNA was not differentially expressed.
Unilateral eyestalk ablation resulted in a significant reduction of this transcript in
stages | and Il ovaries. This suggested that the accumulated PmTmsb mRNA in
oocytes at the early ovarian development stage was not sufficient for rapid
translation of its protein during the later stages of ovarian development in intact
shrimp. Similarly, non-differential expression of PmRacgapl was observed in intact
broodstock of P. monodon. Its transcription level seemed to be decreased following
eyestalk ablation. Nevertheless, results were not statistically different due to large

standard variation of each group of samples.

PmVCP expression was significantly increased during vitellogenesis and final
ovarian maturation in intact broodstock. Eyestalk ablation seemed to slightly increase
ovarian PmVCP transcripts. On the other hand, PmPKC transcripts exhibited
significantly lower expression levels in ovaries of eyestalk-ablated broodstock of P.
monodon, relative to intact broodstock. This result suggested that, higher levels of
PmVCP but lower levels of PmPKC affected ovarian development of P. monodon. In
addition, the expression level of PmcAMP-RPL was not differently expressed in

ovaries of both intact and eyestalk-ablated broodstock.

Ovarian maturation of penaeid shrimp results from rapid synthesis and
accumulation of the major yolk protein, vitellin (Meusy and Payen, 1988). The
differential expression of these reproduction-related genes during ovarian
development in intact wild broodstock suggests that it has a functional role in P.

monodon reproduction.

Estrogen-like compounds in invertebrates were first described in the ovaries

of an echinoderm (Donahue and Jennings, 1937). Progesterone, P4, and its derivatives
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(progestins) are sex steroid hormones that play important roles in gametogenesis
(Miura et al,, 2006). Progesterone stimulated ovarian maturation and yolk protein
synthesis of penaeid shrimp (Kulkari et al,, 1996) ; (Yano, 1985) ; (Quackenbush,

2001). It also promoted spawning of Metapenaeus ensis (Yano, 1985).

Recently, progesterone and 170-hydroxyprogesterone were extracted from
the polychaetes. Their activity in comparison with the synthetic hormones (0.4, 0.7
and 1.0 ng/ml for P4 and 1.0, 2.0 and 3.0 ng/ml for 17Q-OHP4) were in vitro tested
against previtellogenic ovaries of P. monodon for 24 h. P4 was more effective in
enhancing the final maturation of oocytes while 170-OHP4 had more effects on
vitellogenic oocytes. Interestingly, synthetic steroid hormones at equal hormone
concentrations produced similar results to steroid hormones extracted from natural

polychaetes (Meunpol et al., 2007).

In P. monodon, progesterone administration has been reported to promote
expression of progestin membrane receptor component 1 (PmPgmrcl) at 72 hpi (S.
Klinbunga, unpublished data) and broad-complex (PmBr-c) at 48-72 hpi (Buaklin et
al,, 2013) in 14-month-old shrimp. Similarly, administration of progesterone also had
a significant effects on the expression of fenesoate O-methyltransferase (PmFAMeT)
in ovaries of P. monodon. The results further indicated that progesterone stimulates
ovarian development in P. monodon through several pathways including the signal
transduction, ecdysteroid biosynthesis and MF biosynthesis. The information implied
that progesterone is functionally involved in ovarian development in P. monodon.
The information from previous studies indicated that progesterone may directly
enhance maturation through vitellogenesis stimulation or act as a precursor of the

vitellogenin-stimulating ovarian hormone (VSOH) in shrimp (Fingerman et al., 1993) ;
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(Yano and Hoshino, 2006). Overexpression of PmPgmrcl and PmBr-c also indicated
that appropriate form(s) of progesterone can potentially induce oocyte/ovarian

development and maturation of P. monodon.

In this study, exogenous injection of progesterone did not affect PmVCP
expression, suggesting that progesterone may affect such things in the steroid

receptor and ecdysteroid biosynthetic pathways but not the VCP pathway.

Effects of exogenous 5-HT on the reproductive performance of shrimp were
reported (Vaca and Alfaro, 2000). Simultaneous injections of 5-HT (25 pg/g body
weight) and dopamine antagonist, spiperone (1.5 or 5 pg/g body weight) induced
ovarian maturation and spawning in wild L. stylirostris and pond-reared L. vannamei
(Alfaro et al., 2004). 5-HT induced ovarian development of P. monodon (Wongprasert

et al., 2006) and M. rosenbergii (Meeratana et al., 2006) dose dependently.

Exogenous 5-HT administration clearly promoted expression of P. monodon
Ovarian-Specific Transcript (Pm-OST1) in ovaries of subadults (5-month-old). Pm-OST1
was up-regulated at 12-78 hpi (P < 0.05), with the highest expression level observed
at 48 hpi (P < 0.05) (Klinbunga et al., 2009). In addition, its effects on promoting the
expression of P. monodon adipose differentiation related protein (PmADRP) in

ovaries of this shrimp group was also reported (Sittikankaew et al., 2010).

The GSI values of domesticated broodstock vary between 0.4-1.5% where
most shrimp possess less than 1.0% GSI. Therefore, their ovaries are regarded as
stage | compared with wild broodstock. The effects of 5-HT on expression of

PmFAMeT in ovaries of 18-month-old P. monodon were examined. The injection of
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5-HT resulted in increasing of PmFAMeT expression for approximately 50-fold at 1

hpt.

In this study, the expression levels of PmVCP, PmPKC, PmcAMP-RLP and
PmRacgap! was significantly induced by serotonin injection. The molecular effects of
5-HT on expression of various reproduction-related genes (Pm-OSTI, PmADRP,
PmFAMeT, PmVCP, PmPKC, PmcAMP-RLP and PmRacgapl) in stage | ovaries of
domesticated shrimp suggested that high expression levels of this gene should
stimulate the early stage of ovary/oocyte development in P. monodon. More
importantly, serotonin administration showed similar effects on promoting expression

of various genes in ovaries of P. monodon.

Serotonin administration reduced PmTmsb transcripts in ovaries of P.
monodon. In the previous publication, two Tmsb transcripts (HaTHY1 and HaTHYZ2)
encoding 19.0 and 14.5 kDa polypeptides was isolated in Helicoverpa armigera.
HaTHY1 was mainly transcribed in the integument and midgut, while HaTHYZ was
principally presented in the fat body and haemocytes. These transcripts were up-
regulated following the ecdysteroid, 20-hydroxyecdysone (Zhang et al,, 2011). In
crustaceans, ecdysteroids recognized is the molting hormones as in other arthropods
(Huberman, 2000) ; (Okumura and Sakiyama, 2004). Crustacean ecdysteroids are also
synthesized in ovaries and testes of crustaceans under the negative and positive
regulation of molt-inhibiting hormone (MIH) and methyl farnesoate (MF), respectively
(Styrishave et al,, 2008) ; (Brown et al,, 2009). Accordingly, it is speculated that
PmTmsb should play the important role in reproductive development and

maturation in P. monodon.

4.5 Expression and localization of reproduction-related proteins
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A partial PmVCP covering two Cdc48 domains (PmrCdc48-VCP approximately
24 kDa) was successfully expressed in vitro and an anti-rPmCdc48-VCP PAb was
successfully produced in a rabbit. Antigen-antibody competition experiments
revealed that the anti-rPmCdc48-VCP PAb was specific for a 97 kDa protein identified
as valosin-containing protein by nanoESI-LC-MS/MS. The level of PmVCP protein was
comparable during ovarian development of naturally maturing broodstock. By
contrast, the PmVCP mRNA in intact shrimp was up-regulated in stages Il and IV
ovaries. This suggested that the accumulated PmVCP mRNA in oocytes at the early
ovarian development stage was not sufficient for rapid translation of the PmVCP
protein during the later stages of ovarian development in non-ablated P. monodon.
In eyestalk-ablated broodstock, relatively stable levels of the PmVCP transcript and
protein were found, suggesting that a steady state amount of this mRNA was

sufficient to maintain all stages of ovarian development.

Immunoreactive signals for PmVCP protein were observed in the ooplasm of
previtellogenic oocytes in P. monodon. There was a subsequent translocation of
PmVCP to the germinal vesicle during vitellogenesis. After GVBD, the protein was
observed in the nucleo-cytoplasmic compartment, the cytoskeletal architecture and

the plasma membrane of oocytes.

Similarly, p97/VCP in Ciona was reported to be localized first in the
endoplasmic reticulum (ER) region and cortical region of oocytes, later in the
germinal vesicle (GV) and finally in the cortical ER region after GVBD (Kondoh et al.,
2008). The p97/VCP/Cdc48 protein is involved in several biological functions. These
include membrane fusion, protein folding and activation of membrane-bound

transcription factors in association with various cofactors (Meyer et al.,, 2000). In
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addition, p97/VCP/Cdcd8 plays an important role in degradation of misfolded
secretory proteins via the ER-associated degradation pathway (Madsen et al., 2011).
The temporal changes in PmVCP location suggested that it also facilitates protein

degradation during oogenesis in P. monodon.

Likewise, rPmRacgapl and rPmTmsb and their polyclonal antibodies were
successfully produced. At the protein level, a slightly lower level of PmRacgapl (34
kDa) was found in late stages of ovarian development when total soluble proteins of
ovaries were analyzed. The reduction of membrane PmRacgapl (both 34 and 100
kDa bands) protein in stage IV ovaries in both intact and eyestalk-ablated broodstock
further suggested its roles on prevention of cytoskeleton formation during the late

stages of oocyte development.

Immunoreactive signal of PmRacgapl was observed in ooplasm of oogonia
and all developmetal stages of oocytes (previtellognic, vitellogenic, early cortical rod
and mature oocytes) in both intact and eyestalk-ablated broodstock. During
vitellogenesis, it was also observed in the nucleus of vitellogenic oocytes. its was
found in nucleo-cytoplasmic compartments, the cytoskeletal architecture and in
cortical rods in more mature oocytes of both intact and eyestalk-ablated broodstock.
This result indicated that PmRacgapl may be involved in translocation of cortical

granules during meiotic maturation of P. monodon.

The expression level of PmTmsb protein was concordant to mRNA level. The
reduction of expression level of PmTmsb (both 22 and 28 kDa) protein during late
stage of ovarian development and also suggested that a decreased level of PmTmsb
protein is required for cytoskeleton proliferation during ovarian maturation in P.

monodon.
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In this study, a laree number of soluble proteins nuclear membrane and
nuclear proteins expressed in ovaries of P. monodon ovaries were identified by 1-DE
(SDS-PAGE) followed by mass spectrometry. The expression levels of PmVCP,
PmTmsb, PmRacgapl, PmcAMP-RLP and PmPKC mRNAs during ovarian development
in intact and eyestalk-ablated shrimp were examined. Additionally, the expression
levels of PmVCP, PmTmsb and PmRacgapl protein were examined and indicated the
functionally important role of PmTmsb, PmRacgapl and PmPKC as the negative
effectors while PmVCP seemed to be the positive effectors on the maturation of
ovary/oocyte development in P. monodon. For further applications of the basic
knowledge found in this thesis, RNA interference (RNAi) of PmTmsb, PmRacgapl and
PmPKC should be carried out to determine whether the inhibition of these genes
(separately or simultaneously) affects ovarian development of P. monodon. At the
protein level, anti-rPmTmsb and anti-rPmRacgapl PAb may also be used for
determination of their in vivo effects in ovarian development of P. monodon. In
addition, rPmCdc48-VCP was expressed in both soluble and insoluble forms.
Accordingly, the purified rPmCdc48-VCP could be used to determine its stimulation

effects on ovarian development of P. monodon in vivo.



CHAPTER V
CONCLUSION

1. A total of 1638 proteins were identified from cellular proteomics of ovarian
proteins of domesticates and wild broodstock of P. monodon. Of these 514 proteins
(354 known proteins, 73 hypothetical proteins and 87 unknown proteins) were

differentially expressed in between examined samples.

2 A total of 724 proteins were identified from proteomic analysis of nuclear
membrane proteins and nuclear proteins of ovaries of wild P. monodon broodstock.
Of these, 89 proteins were localized at integral to membrane or nuclear membrane

and 99 proteins were recognized as nuclear proteins.

3. The full-length cDNAs of a PmVCP, PmTmsb, PmPKC, PmcAMP-RPL and PmNup133

and the complete ORF of PmRacgap! were characterized.

4. The expression level of PmTmsb and PmcAMP-RPL was not differential expressed
in ovaries of intact and eyestalk-ablated broodstock of P. monodon. However, the
expression level of PmVCP, PmPKC and PmRacgapl were affected by eyestalk

ablation.

5. Progesterone did not induce the expression of PmVCP. 5-HT injection did not
affect the expression of PmTmsb but promoted the expression of PmVCP,

PmRacgapl, PmcAMP-RPL and PmPKC in ovaries of 18-month-old shrimp.
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6. Localization of PmVCP mRNA was examined and the positive signals were found in
oogonia and ooplasm of previtellogenic and vitellogenic oocytes in different stages

of ovaries in both intact and eyestalk-ablated broodstock.

7. Expression profiles of PmVCP, PmRacgapl PmRacgapl proteins suggested their

functionally important roles during ovarian development of P. monodon.

8. PmVCP and PmRacgapl proteins were localized in the ooplasm of previtellogenic
oocytes. These proteins were translocated into the nucleus of vitellogenic oocytes
and were found in nucleo-cytoplasmic compartments and the cytoskeletal
architecture of mature ooytes. The former was also localized at the plasma
membrane while the latter was also found in cortical rods in mature oocytes of both

intact and eyestalk-ablated broodstock.
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Appendix A

Table A1 Ovarian proteins showing significantly different expression profiles in

different groups of P. monodon
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Table A3 Nuclear proteins in ovaries of P. monodon identified by 1-DE (Cont.)
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Table A4 Proteins from ovaries with unknown cellular component identified by

GeLC-MS/MS
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Table A4 Proteins from ovaries with unknown cellular component identified by

GelL.C-MS/MS (Cont.)
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Table A4 Proteins from ovaries with unknown cellular component identified by

GelL.C-MS/MS (Cont.)
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Table A4 Proteins from ovaries with unknown cellular component identified by

GelL.C-MS/MS (Cont.)
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Table A4 Proteins from ovaries with unknown cellular component identified by

GelL.C-MS/MS (Cont.)
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Table A4 Proteins from ovaries with unknown cellular component identified by

GelLC-MS/MS (Cont.)

(Allanoe
aseuaSAxoouowr-¢ el ejAusydAxorpAy-1)

TIZIT VS Sisuadosriu sn32020113Qq
junqns aseuaSAxo

€Ot wnowy 10N ssadoxd oo qeled AedejAuayd c8trecozed ‘aseuaBAxoouowr-¢ 3Rl ejAuaydAxorp Ay-+

8+'81 unowy I0N (Surpurq 135> My Mms-uoxn) 6887100018 wmxopausy St-a4f
(Ayanoe aseSyyo)-a1erewmo-t)

61°LT wnouy 10N ssado1d aroqelaw prouedordjAuayd Z+1+0000/8 asES Y0 ajeIEUMOd-§

[ £L XS SUDPIXO0I3ID WNN DU 0 OfINSa(q

wua uMowy J0N = 99+ 1¢8STIE 3sEPNPaI OV-[AdBOXO-¢

aurea 1S Suvf121U3p SN2200DDF

IS31 waouwy I0N woy ssad01d dnauisorq euaojued €006+88¢€€/E  aseraysuen[AtpawAxoIp Ay 218 OUBINGOX0-7-[AYaW-§
(Ayanoe aseuaSoIpAyap

2rereurjddoxdost-¢ ) uonearels QEET THYN vovaiiia viodsijodovysovg

9¢'81 waowy 10N poE ourure 03 asuodsax renjjR2 CEL660TETIE aseuadorpAyap rereunAdordost-¢
(Luande

ISBYUAS Yo )-[ArenBAypauAxoIp Ay) 1a4ffasnuorsopusq

8t9 wnowy 10N ssadoxd onaypudsorq prouazdost CO6IT96/B  aselpuds v 2uwAzZu200 [AreInBiAyiaw- ¢-AX0IpAY-¢

9/ JXSQ siiuario snuasolodsofinsaq

79°¢1 waowy 10N (fuanoe aseporpAy)  §10T1TLSEE ase[Ax04fS ‘ase[oIpAyjuspuadap-uz

snsonois sndaw201g

1€€T wnouwy 10N (Bupwq d1V)  1L180.86718 wa301d Sururejuod-wewop Supuiq uzZ

dnoin vorodoy vanws vzl

Lyl waowy 10N S 0LPL6TSSIB ayq-ura301d SuTureIuod AppPnUy duz

€L waowy 10N (Bupuiquotowz)  £/0L6LSHEE  stpynupfondnystup) w08 wRioid fuy dwz

DIDPUNIOL |1y DS

cEIT waouwy 10N (Burpurq uot dutz) 1,901000/8 Soowoy ¢6¢ way01d rEuy duwrz

e waouy 10N - £££089.67T8 12 03uog aY-¢/ 7 uioxd 1auy durz

juduoduiod
100§ IE[N[R)D uonduNn J ON "NV JWIEU WId)OIJ




244

Appendix B

Restriction mapping of pGEM® T-easy Vector

Xmn | 2009
Nae |
Scal 1890 2707 71
\ 1 start

f1 ori Apal 14
Aatll 20
i Sphl 26
BstZ | 31
Amp' Ncoll 37
pGEM?*-T Easy jacl ﬁ:;rrzl | jg
’ veetor Ny Sacll | 49
1500} EcoRl | 52
Spel €4
EcoR| 70
Not | 77
BstZ | 77
Pstl 88
Sall 90
Nde | 97
Sacl 109
BstX1 |118
Nsil 127
141

T spe

T7 Transcription Start
— -

5 TGTAA TACGA CTCAC TATAG GGCGA ATTGG GCCCG ACGTC GCATG CTCCC GGCCG CCATG
T ACATT ATGCT GAGTG ATATC CCGCT TAACC CGGGC TGCAG CGTAC GAGGG CCGGC GGTAL
. . | ; P

T7 Promoter !___ ]l o !._ S| — = | —
Al Aarll Sphl Bt | Neo |

GOGGE COCGG GAATT CGATT Y 1) ATCAC TAGTG AATTC GCGGC CGCCT GCAGG TCGAC
CGCCG GCGUC CTTAAGCTA ITTAGTG ATCAC TTAAG CGCCG GCGGACGTCC AGCIG

| I

I — LN { B A _]L—J'—g'-—ma;;—d] b e =
- ——Sac L fooRl Spe | fFooR1 Pt Sl
fatd | Bt7 o

(L:Ioned WS

SPE Transcrnption Start

CAIAT GOGA GAGCT CCCAA CGCGT TGGAT GCATA GCTTG AGTAT TC.TAT AGTGT CACUT AAAT Bf
GIATA CCCT CTCGA GGGTT GCGOA ACCTA CGTAT CGAAC TCAIA AGATA TCACA GTGGATTTA . 5

L J | $£6 Promoter

et Sac | TUBaxl T
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Restriction mapping of pET15b expression Vector

PET-15b sequence landmarks
T7 promoter 453469
T7 transcription start 452
His*Tag coding sequence  362-380
Multiple cloning sites
(Ndel - Bamii 1) 319335
T7 terminator 213259
lacl coding sequence (866-1945)
pBR322 origin 3882
bla coding sequence 4643-5500
T7 promoter primer SEG348-3
u X0 pmmates o ecpemter et s
AGATCTCOATCCCOCGAMAT TATACGAL TCAC TATAGOGGAAT TG TGAGCEEAT AACAAT TCCCC TCTAGRAATARTTTTGTTTAAC TTTAAGARGGAGE
Neol HisTag Neel o Banti|

T ACCATORRTAGC AT CATCATCATCATCATCATAGIASCOGRICTRGTOCCSGUGSCAGICATATOC TCSAGRATCCORL TRCT AR AAGLTLCA
Mot Sl ydmrdoriiamiahisMialiakisdordertiyle 'ﬂrq: gleriisfetieliviwfroliatiofsniyshioirg
Bpuni21 thrombin T7 terminator

AAGCAAGCTSAGTTEOLTACTOCCACCEL TOAGCAATAACTAGCATAACCCLTTROOOCC TCTAAALGOETCTTGAGESQTTITT TG
LysSivhiebiviectiotiotioTiviioll WBinne

T7 Serminator primer 8003373

PET-15b cloning/expression region




Restriction mapping of pET17b expression Vector

PET-17b sequence landmark
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T7 promoter 333349
T7 transcription start 332
T7+Tag coding sequence  237-269
Multiple cloning sites
(Hind 111 - Xho ) 141.228
T7 terminator 2874
pBR322 origin 1480
bla coding sequence 2241-3098
Hinc li2822)
Sca 7o)

Pwu l2e81)

Bl k243)

BsiF I2301)

P1108 I(2329)

Eam110S ia11)

BspLU11 1a18)
Afl llirarey
T7 promoter premer S85348-3
_Bon_ L _al s
AGATETCRATCCCaC AT TAATACOAL TCAL TATASSSAGACCACAMEET TICCCTICTAGAMATAATITIGT T TAAC TTTAAGAAGGAGA
Ndel Nhel = TiTag Hndll Kpnl Saci Bamti| Spel Bstx) EaR|  EcRYV  8sox)

Sputio2| T7 terminator
CASATCCOE TOL TAACAMAGLILOAMECAAGL TEAST TOOC TECTOCCACLOLTOAR AAT AL TAR AT ALCCLTTERAGLCTCTARALGRATL T T RARRERT T T ITTE
GinlieArgoulouTnriysProfivirglysiouder Troleclecfrofroleuderdsnianing

T7 terminator primer #86337-3

PET-17b cloning/expression region

TATACATATGOC TASCATEAC TEE TORAC AGCAAATORGTCOOBATTCAASL TTEGTACCCAGCTCORATCCAC TAGTAACGOLCOLCAGTRTOL TRGAATTC TECAGATATCCATCACAC TR CACISC TCRAS
MetiladerMet ThrliyQiyQ i nlinNetliyArghsplerdorieolFroderderiplrasuvol ThrdladioderVolloulivimelysirglyrfroderiisTrpirgfrolel v




Restriction mapping of pET29a expression Vector

PET-29a(+) sequence landmarks

T7 promoter 368-384
T7 transcription start 367
S+Tag coding sequence 249-293
Multiple cloning sites

(New1 - Xho') 158-217
His*Tag coding sequence 140157
T7 terminator 2672
lacl coding sequence 7751854
pBR322 origin 3288

Kan coding sequence 3997-4809
1 origin 1905.5360

The maps for pET-29b(+) and pET-29¢(+)
are the same as pET-29a(+) (shown) with
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the following exceptions: pET-29b(+) is a
5370bp plasmid: subtract 1bp from each site pET.zga(Q-) BstE 11(1200)
beyond BamH | at 198, pET-29¢(+) isa (5371bp) Apa I(1338)
5372bp plasmid; add 1bp to each site
beyond Bamii | at 198. BesH IK1836)
Hpa l1e31)
sl TR e
Bst1107 I2997) PepS W2212)
Tthi11i20m)
T7 promoter prmers SOG348-3
-
- i L 7 promoter _tac operater s

Xl ——
AGATCBATCTCSATCLCOtBARATTAATACGACTCACTATAGSOSAAT TG TEAGLEBATAACAATTCCCCTC TAGAAATAATITTIGT TTAAL TTTAASAAGGASA
Noe | > y N 1M
Auuu'un:ul::st.ﬁ( GCTAAATTCEAM GCCAGCACATEGAL AGCLCAGATCTREST A!'('E:YEKI{ME"{(

LysB et lohia ysPrel i hrglinkisMetAsplerProdmwleuliiyTariLeosval 'ruvﬁlvk'

Eag! theombn
Mool EccRV Bamtd!Eool| Sac| _Swl bl Mot ol W

ATOSCTOATATCOUATCLBAATTCRAGCTCCOTCCACAAGE TTOIERICOCAC TCOAGTAC CACCACCAZCACCAL TRASATLL OGS TRE TAM ARABLLE o120l
Metdiotsp! el yderSi uPnell vlecirgirglind i elysBiyArglarirgdieProfrofrofrofroleutegiorliylyskng

GLGATATCGRAY ’(EHY'IMEKVt(&’(ﬂl'uﬁtY‘E(BE“E!KY(Glﬁ(l“l(!ﬂtl{(&((“'EAHI(!GG( GCTAACAAAGKCE 1201

AlaliednrAsgProdanserderinr Vo Asply sl ot i ohioh ol eul il sl sl ishi sk siiskn

SUYA'('GVGH’HGAIHKGAK lKNlEMAAGK'YS(EK(KH'(GA“L((A((A((IK(“(A(VHGI'{(G-UE('M(AMS!(( olT-2% (")

rimslrpl lodrgl inir roder InrierioJirghron sderSerinrine TnrinrineInrBiuliohrgiociodhriysfro
1021 7 terminator
GAAAGSAASCTRAGTTOECTOC TECCACCOC TRASCAATAACTASCATAACCCL TTGRESCC TCTAAACSRRTCTTGARSERTITTTTITE
A premer #03337-3

PET-29a-c(+) cloning/expression region
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