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The meiotic maturation of oocytes is regulated by maturation promoting factor (MPF), a complex of cdc2
(Cdk1) and cyclin B and other Cdk/cyclin complexes. To better understand molecular aspects governing
reproductive maturation of the giant tiger shrimp (Penaeus monodon), the full length cDNAs and genomic
organization of cyclins A and B (PMCyA and PMCyB) were characterized. A single form of PMCyA contained an
open reading frame (ORF) of 1326 bp corresponding to a deduced protein of 441 amino acids. Its genomic
sequence contained 5 exons, 4 introns and untranslated regions (UTRs) spanning 2586 bp in length. In

Keywords:
Cyjc/linA contrast, PMCyB possessed three isoforms with an identical ORF of 1206 bp (401 amino acids) but three
Cyclin B different 3’ UTR lengths of 416, 543 and 1117 bp, respectively. Their respective genomic sequences were

composed of 8 exons, 7 introns and UTRs covering 4181, 4307 and 4940 bp. Expression levels of both PMCyA
and PMCyB in ovaries of broodstock were much greater than those of juveniles (P<0.05). During ovarian
development and after spawning of normal shrimp broodstock, PMCyA was not differentially expressed
(P>0.05) whereas the level of PMCyB in stage IV was greater than that of stage I ovaries (P<0.05). Unilateral
eyestalk ablation, a technique commonly used to induce spawning in P. monodon female brooders, had no
effects on transcription of PMCyB (P>0.05) but resulted in a lower expression of PMCyA at stage IV of ovarian
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development of this economically important species (P<0.05).

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

During oogenesis, immature oocytes resume meiosis and fertiliza-
tion occurs at a particular stage of oocyte maturation depending on
species (Kobayashi et al., 1991; Okano-Uchida et al., 1998). Progression
through the cell cycle is regulated by association between cyclin-
dependent kinases (Cdks) and their cyclin partners (e.g. cyclin A and
cyclin B) governing at different points in the cell divisions (Westendorf
et al., 1989; Knoblich and Lehner, 1993).

Cyclins play important roles in the reproductive development of
eukaryotes. In all animals, oocyte maturation is regulated by the complex
of cdc2 (Cdk1) and cyclin B (called maturation promoting factor, MPF). In
various species, MPF has been elucidated to be involved on molecular
resumption of arrested oocytes (Kobayashi et al.,, 1991; Kishimoto, 1999,
2003).

Both cyclins A and B bind to Cdk1 and synergistically allow cells to
proceed through the G2-M checkpoint (Minshull et al,, 1990; Lees and
Harlow, 1993; Li et al., 2004). Nevertheless, they essentially confer different
intrinsic roles during the M phase (Knoblich and Lehner, 1993). For
instance, cyclin A2 regulates breakdown of the nuclear envelope and the
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accumulation of cyclin B1 (Jackman et al., 2003) but cyclin B1 implicates
centrosome separation during the cell separation event in both mitosis
and meiosis (Gong et al., 2007; Voronina et al., 2003). In addition, cyclin A
also forms a complex with Cdk2 to promote the G1-S phase transition for
the chromosome replication at the end of meiosis (Pagano et al,, 1992) and
to potentiate the transcriptional activity of genes encoding estrogen and
progesterone receptors (Rogatsky et al,, 1999; Narayanan et al., 2005).

Reduced reproductive maturation of female giant tiger shrimp
(Penaeus monodon) in captivity prevents effective domestication and
selective breeding programs for genetic improvement in this species
(Preechaphol et al., 2007). In the present study, the full length cDNAs
and genomic organization of P. monodon cyclin A and cyclin B (PMCyA
and PMCyB) were isolated and characterized. The former was reported
for the first time in crustaceans. Expression patterns of PMCyA and
PMCyB during ovarian development of normal and eyestalk-ablated
P. monodon were examined by quantitative real-time PCR.

2. Materials and methods
2.1. Experimental animals

Juvenile shrimp (P. monodon; 4 month-old) were purchased from a
commercial farm in Chachoengsao (eastern Thailand, N=5). Female
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ACGCGGGCGGGAACTATCCTCATGTGECGTCAATAGTGTGCGEET TCTCGETCTTCGTTGE 60 GGGAGTGTCGAGT CGGCGTCGCTTGAGAGAGGACCTGTTT TGAAGGAGATTT CGCAGTGA 60 aaaactaaaaaaaaaactatctggtgaggattttggactatttetttaaattatectatee 3240
GCCTCGGAAAAGGATCT TAACAGAAGEGGCAACGGCGCGACGGAARACCCTCTCGGCGARAA 120 ARARAGCCACACATTCTCGAATATCCGGTTGATTTTTATCCATCATGTCTTTGAGAACCA 120 attaaaattcctecccacacctteagtaattttitatattttoct tttagGTTGTTGGAT 3300
M M 8§ L R T T L D
TGGCTTCCACGCACATATTCAAGGACCAGGAGAAC CGAGT CCCGECEGCCCAGCGGAGAG 180 CCACGCATCTCAACAGTgtaagttecaagacggggaagacggcagaaagggegagaaagg 180 GGCAATAACTGGAGT GATACATTGACT TTCTATTCTCGCTACACTGAACAACAGCTCATE 3360
A s T H I F KD QENURVPAURBAUOQTR RTR RG T H L N 8 G N N WS DTTULTF Y 8 R Y T E L M
GCAAGAGAGAGGACCCGAGGGCGAGCAGTG TG CTT GT TAACAGACGGCCAGTGCTCGGTG 240 cggaaattgtaacgt tgtcggegecacgaggcttgggttegegeoggecgtttaaatgoe 240  CCAGTCATGTGCARAATGGCATCAGTTGTAGTAARGAGCAGT AGTGCCAAGCAACAGgta 3420
K R E D P R A S8 8 V LV NRI|R PV L G & ccggaatt taaatctttgtctccat tggeggecteggtoocat ttcattttttttttttca 300 P V M C K M A S V V V K S S S A K Q ¢Q
CTATCAACCCCAATTTGCGEAAACAACCAGCT AGAGCAGC CARAC AGGGTGTCAGTTATG 300 ttctatttcctctagcactatatcgocatcggtat ttagaacctectecagtgeteggett 360 agagtaattttagctttgttcttatatataaaggaaaatttattttgataagtagggeac 3480
P N L R K Q P A RAAI K GQG GV S Y E cccgtagegggat cgggaatatttattattaggaatatttgaattggagaattetgtgge 420 atttaaaatatgaatttagactgtttttacttggttcaaatgtgtacatttigaacttca 3540
AAACGGGTATTCCACAGCAAGCTCATGARAAT GOC TG CCCTACAC AGAAA TCTTTCTCGA 360 ggttatttatttgtttgttitegtatgttttttttactttetatgtetgttatactteca 480  tcatgcttatacagtttgettacatcttgeaatggagatgeaaagettgecacttgetea 3600
T 6 I P Q QADTETNA ATCT PTG QTE KT ESTFTS ST tegtttttaatggtt tgatgtectgtaattgacgecttcaaccttttacgtgaagaatatt 540  ttttcatctocecctgtattaggtctgatecctagttttatgeatgttttgtgtaaagaag 3660
CAAGTCAACCCTOTTTTACT AT TCATGARGAT GCATG CTTAT CCATEGEARCCACCAGTA 420 ccaattgctttgtaatttgaatatttaaaatgacttgggatatgeattgttgataggect 600 tcttgttaattagtatt ttact tgecagGCTGTARGACAGAAGTACAAAGCCAGCAAGTTG 3720
s opP S F TIHTETDA ATCTILTSEMGTTS N act tggtt tgaatctcoctgtgaatacggaatgatggttggggtctatttaaaggtgtgat 660 A V R @Q K ¥ K A 8 K L
ACAGCCAGAGTCCATCTAGC AATTCCACAGGA CCT AR COCAT TAAGT GAAAGGTTARGTA 480 tgcatcccctaagtt ttattaagtggtagggaaacctgttttttecttettttettgeet 720 ATGAAAAT TAGTGAGATTCCCCAGCTCARATCGAAGCTCATCAACTCGCTCGCAGAGRAG 3780
s 0 S A S S NS TGTPUNTPTLSTETRTELS K gggaattagttttctaggttttaaattatcaaaactttttttteecctctagtaaccetgg 780 M K I 8 E I P Q L K 8 K L I N 8 L A E K
ARCCATTACAAAGTGAAGAAGAATCTATTGAAGAT ATTGA CCCAT CTGTAACAGAATTGC 540 aattgaagtccattttttaaattgtttaattacactggttttgtteccaaatgeatgtgaa 840 AGTGCGTCTTATGCATGAGGTGGTTGCCAT TTATARAGTAAATATTGTACATGTTGAATG 3840
P L QS EEETSTIETDTITDTPSUVTTETELRQ gcttatctagtctgtgatagaaageggcgtcaagecagtetctgggaccteggattttgac 900 8 A 8 Y A+
AGAGGTCT CTATCCATCGAA CATTCAGGAT CT TCAGATGTAA TAGACATGAGTGTATCTC 600 agtagattcagtcaaaagttatgacttgattcttocttgtaataaattgctagggaggta 960  AATGGACTGGTTTTTGTACATATTGCT TTAAGATGCCAGTTT TTCTT TITCATARGCTTT 3900
R S L S I E H S 6 S S DV MEMT SV C E tataagctcgtgatgagttgttcoccttcaccagtgtagaggetacgtgtatgacagggtt 1020 CAGATTTATAAAATACTGACTACCAGTATT TAATTTTTTATT TTACAAGACTAGTTCTCT 3960
AAGATCAC CTTATCG TGETAGAAAC CACTCCCCGTCAACGA TG TEC TTCATAG TAGARATE 660 agagaaatgggtgttttgtatttctgaaatcatcagacactttgagtatttggtticaca 1080 GGGTTAGCATGTACAACCCAGAGTGACTCGTTTIGGCATCTATCCATTTATCATGGTCTT 4020
D DLMVVETTT PRTETSDUVTLTHTSESETRTUNTD agecctaaaagtaaaccctcetttectettttaatatateecactgtetttettttttecag 1140 CATTGTATTAATATAAT TTTAGACACGACAAARATGGCTATT TGATCARAGGAACTTCCA 4080
ACGACATATTTGATGTCCCAGAATATGCAGCAGACATTTACCAGTACCTGAGAGAAGCAG 720 AACCTCGCGCACGACCTGARCAATC CCCCCARACTAGAGGCCARAATGATCCAGGGECCA 1200 AAGAAGTATATACTATAATGTCTTGTAATGTATATATGAT CTGTGATARACT TTTAGTTA 4140
D I FDVGPETYA AATDTITYO QTYTLTRTEA AE N L @ HD L NNUPURTEKTVEHA BATEKUMTITQ QTGP TGT TCTGTATGTATACCTATATAATAAACCAGTTT TATCCAAGATCTGTATT CCACTATT 4200
AGGTGTEC CACARGCCC CETECARA CTACA TG TCA AAGCAGACAGACATCACAGCARGTA 780 GTCACCCGTCGTGCG TTTGTGGATG TTGGCARCCGTGCCATTCCTGTGCARGGGCCCARA 1260 TTTTATGCCTTTAGT TATACATTGCAACCATAAGT GTGGATT GACAGTRAAATAAGTTGAT 4260
vV ¢c H K P RANCYMSTE KT QTTDTITA ASTSHM v TRRATFTVDV GNURATILITPRPVYVQGFP K TTATAGAT TATTGTTCATAACCATTCCTITCCTATAGTTTTCAGCATCACCABAGARAAT 4320
TGAGGTEGAT TCT TG TCGAC TEGCT TG T TG AR GTA GO AGAGG AAT ACAGT CTACATACAG 840 CCTCCCCTCAAGCCTGGCGAGATCT CCCGARATGAGT CCGTGARGCTGCAGAAGCCCARA 1320 AdA A A BACAGGCTT 5 4380
R W I LV DWIULVE VYV AETETYSLHTE P PLEKPGETISU RNESTYVIEKTLGQEKTPK ACATTTTATTCTTTATTTTAGAACTCOATGTTCGATTTTATCTGCAGCGATGCATATTCCTT 4440
AAACTTTATATTTGGCTGTT TCATATATTGACCGGTT TTTATCGCACATGTCTGTTARAR 900 GCCGECCTCTCTGGELTECTCGCCAGg tgggactt trttottettatgggggtaagggta 1380 4500
T L YL A V 8 Y I DRVPFTILSEHEMSTYVIE KR A G L 8 G L L A R SARAT T O LA T AT AT T T TR TA T GO TR AT G CACTT TG OO BA T DAL OATTARTE 2560
GGGATARACTTCAGCTGGTTGGGACCACAGCTATG TTTAT TGCTGCgtaagt cttcaact 960 ggt tacatatatataaagggatttcttggagactggtaattcattetggoegggocataa 1440 ABCCAGEEARTCCTOTTTTICCATARTT TITGTIGTACCTTITICGATCAGCAGTTGCTITG 4620
D K L Q L VvV G T T A MV F I A A gtgaaaggcccgggegaagccagaact tegecaaat ct caagecaagecactggtaat tctaa 1500 4680
gtttattgtggtgttgotatttatggaatattctaaatgtttatatttaataccggtgte 1020 gtaagggt atgcgaggagtgtgatt ccgaaatggtat tecgtgatgeagotgaatgtett 1560 4740
tgtgctaattacaatct ttccacagGAAATATGAGGAGAT CTACCCT CCTGACGTAGGAC 1080 tttttgattgtgattgetcaggaaatggttcgatattategtatcggattattaattttt 1620 CT 4800
K Y EEI Y P PDV G Q ttgtatttgt cagATCCCECAARGAGAATG TGAAGCCCCT GAAGGAAGTGGTAGAGCATG 1680 4860
AGTTTGCT TATATAACCGACAATACCTACACAGTT GGGCAGATCT TGAGAATGGAGCATC 1140 § ¢ K ENV K P L KEV YV EHY 4920
F A Y I T DNTJVYRUVY GQ ILRMTETHTL TGGAGCAGATGGATGTGGAGGAGGAAGCCAAGGTGGAAGAGC TGGCTATTGCTTTCTCTA 1740 4940
TTATT TTGAAAGTGT TAAGT TTTGACATGGCAGTACCAAC TACACATTTGTT TGTCAATA 1200 E QM DV EEEA AT KTYVEETLATIATFST
I L K VL 8 F DMAVWYVU PTTU HTULT FVNK CCCAGAGACTAGATGTTGAAGATAT TGATGCCCAAGACAGTGATAATCCTCAGCTTGTAT 1800
AGTTTGCCAGATTGTGCARATGTTCAGRAGARACCTTGCATTTAGCCTTGgt aggtatta 1260 Q R L DV ETDTITDRA D S DN P QUL V S
F A RL C EC 8 E ETULUHTL 2 L CTGARATATGTGAATGATATCTACAAGTACCTGCGAGAGCTGGAGgtacagacctgttgat 1860
attagaattattgagaagttgtaaaattcataaaacatgaatttttttttcattaaacaa 1320 E Y V N D I ¥ K Y L R E L E
tgactataacacctaaactttcatt tcagT TCTTGGCAGAGGTTACTATGCTAGAATGTG 1380 cttggttggaatactgtgtatgaaaatcettgttetgtaaagaaagtttagtgattatgta 1920
F L A E V T M L E C D ttttatgeccacggcaagctaatcatgt tggcaacactgaagt cggttgtcaaccagettg 1980
ATCCTTTCCTGAGATTCCTGCCTTCTCTGATT GCACCATCAGCTGTTTCATTAGCAAATC 1440 cgtggaaatattaaatattcagacttcagggecggttgtcactaagagtgteatattggt 2040
P F L RF L P 8 V I A A S AV S L A NH agtataagtctagaaacaaaccaatccatatgtattttagatgcttaaatattgtgetgt 2100
ATACACAGgt tagttttatataattccttacagtatgaactttaaacttcagaggtcaac 1500 gtggtgcaatcttgcaccgeccagtggatggtaaaccccagecgttecttgeactegtggg 2160
T gtagtttggaagtacaataaacacagccagttttttcoctctctaacagGATGCCAACAR 2220
taatagtaagccttgtataattaatctggacagatagttgaccttgactatacatacctt 1560 D A N K
ggcttgttagettatttaatatttett ttacagGGTCACACTGCCTGGCCATCACACATG 1620 AGTCAAGCCCAGATACCTAGRAAGGCCAAGTAATTACAGGAAAGATGAGAGCAATTTTGAT 2280
¢ HT A WGP S H M vV K P RYLEG GG QTYVTITTGEZXMZPRA ATITILTI
GTAGAATCCACAGGATACAGTTTAGAACACCTGAGAGAATGCTATGTARACCTACATCGT 1680 TGACTGGCTTGTCCAAGTACACCTCCGCTTCACTCTGCTT CAAGARACACTGTATCTGAC 2340
V ES TG ¥ S L EHLRETCYV NTLHR D WL VQVHLRTFTILILQETTILJYTZLT
GTTTTCTCCAGAGTTCATGAACCTCAGCAA CACGCTATTAGAGATAAATATAGAGGCACA 1740 TGTTGCTATCATTGACAGATTTCTCCAGgt aactagatgttattacttatctttatttaa 2400
V F S RV HE P HAIRTUDIEKTYTRGT V A I I DRTFLQ
AAgtaagttctcataatctaaatattccaagttttgaagattatatgatggtatatattg 1800 tttttatttatttctgtttttgtaataacttttttcotttttacattaatttttaaatgg 2460
tttettaccactt ccagACTCAGAGGAATATACCACGTAACAAGCTACAGTTAGTTGGTG 2520
aagaccatacaaagcatggacaatttgaaatccacattttaatccaatgcetttagattat 1860 T Q R N I P RN KUL QUL V G V
acaaggtctgact tggt ttctaatatt tgeagATGGCACGGAGTGTCCCGCTTAACTCCA 1920 TGACTGCCATGTTCATTGCTAGCAAATATGAAGAAATGTATT GCCCAGAAAT CGGGGACT 2580
W HG YV S RULT P T A M F I A S K Y E EMJYCPETIGTDF
AGAAGCCACTTCCCCTGGTGATGAAACARAAG TGTAATTAGGCTATG CTGATAAT TGTGT 1980 TCGCATACATCACAGACARAGCCTACT CAAAGGCAGAGAT TCGTAARATGGAGGTGACCA 2640
R 8 H F P W * A ¥ I T D K A Y 8 K A E I R K M EV T M
GTGAAGATETTTATG TAAAT TTCTETCATTOT TTT TC COCARAGAC TGARTGEARTGTTAG 2040 TGCTGAATGAGCT GGGCTTCAATGTAT CCTATCCCCT TCCCT TACACTTCCTGCGAAGRA 2700
CACTTTTTATACAGATAAGACAACT CGGTGAT CATGAGTGATATACTCGGCTTTTTCCAR 2100 L NEL G F NV S Y PLPLHFTILRTR RN
GTTCATTGGT TCARAGC TTGGTGCACG TTCTCAGT GAAGCGT TGGAACAGTTGCATGCAG 2160 ACAGCAARGCTGGCTCTgtgagtactgagtgattatggtatgatgatgcaatattactee 2760
GCCTCTGE TAGAGTARGGRAGT TTTATCCT TCACAGGATG TCTTATCAGT TGACAGGTGT 2220 S K A 6 S
AATTTTTTTTTTAATAACCT TTTATATTTTAT TAATAGTGCARGAAATCACCAGCTTTAR 2280 tataatataaaatactgatatgcttctgattigtagtaaaactagtaattctgtgtcaac 2820
AAGGCCTETGTAG CAGATCTCT TTAGCGTT TGAAC TG TCATCAGC TTACCAGTCACTGCA 2340 agGTTGATGCTTCTCAACACACCTTGGCAAAGTACTTGATGGAACTTTGCTTGCCAGAGT 2880
TGATATTAGGAGGTTGT CCATAGCATGATT TT CAGTATTT TTGTATGTAAAGGAATTGCC 2400 vV DA SQ HTTLAZE KYTLMETLTCTLTPEY
TCETGETAACCTTTGCT GCAGCCAAMACAT AT CAAGTGTT CAGAARGACATGTACAARATG 2460 ACAGCATGTGCCATTACAAGTCGTCAATGATTGCTGCATCTGCTCTCTGCCTTTCACTTA 2940
GCTGTATATATGTAAACTAGAATCCTTGAAGGATGAAGGATTTTATCCTTCGATTTTTTA 2520 8 M ¢ H ¥ K 8 8 M I A A 8 AL CL 8 L K
CCAGAARGACCTATTCCARAATACATTTCT TCAGATCTCAAAAAAAAARAAAAAAPARAR 2580 Agtatgagatttaagattttaactaggattacttcaagtgacattaaattttactcgett 3000
ABAARA 2586 cctagattgecagttaatattgtgectttaataattgetacttatgttttaatccagteocte 3060
atggttttattgttagtgctittcttaagttgaaatggatgttgctaatatttgtecate 3120
attgatgttcagt caaggataccatccctttttgecattagaaaagaaagaaaaaaaaaa 3180
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Fig. 1. Nucleotide sequences illustrating organization of PMCyA (A) and PMCyB (B) genes. Coding nucleotides and deduced amino acids of each exon are capitalized. Introns are italicized and illustrated with lower letters. Start and stop codons
(asterisks) are illustrated in boldface. The N-terminal cyclin destruction box (RXALGXIXN) and the C-terminal cyclin domains are boxed and highlighted, respectively. The length of 3’ UTRs of PMCyB-m and PMCyB-I extended from that of
PMCyB-s and PMCyB-m is single and double underlined, respectively. Cytoplasmic polyadenylation elements (CPU, U/AUUUUAU/A) are illustrated in boldface and underlined. Polyadenylation signals (AATAAA) are boldfaced and italicized.
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