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1.2 RNA cDNA
1.1 )
, Trizol RNA,
¢ 3 ) (74.97+ RNA 1.0%
7.54) mm, (5.34+1.67)g, 200L PVC
, 30 1 RNA  SMART™ RACE Amplification Kit
25°C, 24, pH8.4, , 1/3, 3'RACE 5'RACE cDNA
Trizol Reagent Invitrogen ; SMART™ 1.3 MKK3 cDNA
RACE Amplification Kit Clontech ; DEPC cDNA
LA Taq PMDI8-T Top 10 MKK3 EST ,
SYBR® Premix Ex Taq™ TaKaRa ; Primer Premier 5.0 3'RACE 5'RACE
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Tab.1 The sequences of primers used in this study

primer (5'-3") sequence (5'-3")
MKK3-F1 CTATGAATGGGCAGGATGTCG
MKK3-F2 ACTGGGTCGTGGAGCCTACGGTGT
MKK3-F3 ACCGTGATGTGAAACCATCC
MKK3-R1 CAAAGTCGCACATCTTCACC
MKK3-R2 TACTCGTGGATAAAACTTGTC
MKK3-R3 CGATATGCCAAGTGACCACA
UPM (short) CTAATACGACTCACTATAGGGC
UPM (long) CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
NUP AAGCAGTGGTATCAACGCAGAGT
f-actin-F AGTAGCCGCCCTGGTTGTAGA
p-actin-R TTCTCCATGTCGTCCCAGT
M13-F CGCCAGGGTTTTCCCAGTCACGAC
M13-R AGCGGATAACAATTTCACACAGGA
3'RACE: SMART™ RACE Amplification ~ 72°C 1.5 min, 35 ;70°C 10 min
Kit 3'RACE cDNA , 5'RACE: SMART™ RACE Amplification
MKK3-F1 UPM , 3’ Kit 5'RACE cDNA ,
- 94°C 5 min; 94°C MKK3-R1 UPM, 5'RACE
30 s, 59.0°C 30's, 72°C 1.5 min, 35 ; MKK3-R2
; 70°C 10 min MKK3-F2 NUP,  5'RACE
NUP ,  3'RACE 5'RACE ,
3'RACE 3'RACE (5'RACE 56.0°C 30s;
94°C 5 min; 94°C 30s,65.5C 30s, S5'RACE 52.0°C 30 s)
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Fig. 1  Analysis of total RNA from Fenneropenaeus chinensis ) ’ ( )
by 2.0% agarose gel electrophoresis TopPred FcMKK3
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H F Y 6 A L F R D ¢ D V¥V W I ¢ X E Vv ¥ E T § L D K F Y P R V¥
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637 CIG GTA GAC TCA GTG GCC AAA ACA GTA CAA GCT GGA TGT AAA CCC TAT ATG GCT CCA GAG CGA ATA GAT CCA CAA GGA GTT CCC TCG GGG 726
L v p s v A K T Vv @ & ¢ €C K P Y N A P E R I D P @ G ¥V P S G
727 TAT GAC ATC CGA TCT GAT GTG TGG TCA CTT GGC ATA TCG ATG GTG GAG ATA GCT ACG GGT AAA TTT CCC TAC AAG TCC TGG GGA ACT CCA 816
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817 TIT GAC CAG CTG AAG CAA GTT GTG ATG GAT GCT CCT CCA CGG CTG CCA GCT GGA ACC TTC TCC CCA GAC TTT GAT AAT TTC ATA GAA CAA 906
F D @ L K @ ¥ Vv ¥ b &4 P P R L P A G T F § P D F D N F I E @
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T F 4 p F I N S N L P P L P Q =

1101  TTTTTTTGATTTTTTTTTTTTTTTTAATTACATGTTACTAATGTATTATTAGATATATTAATGAGAATTTTTTATTAAATAAAGATTTTAATGAATAGACATGTTTGAAAGAGAATCCTC 1220
1221 TTATGTITTGTGTACTGTTTCAGTGTACAAATATCCTCCCAGGTTACTAGAGTTTATTGTAACATGTTTTAGGTATTAGACCCTTGTGGTACAGAATCCTAGATGATGCCACCATTTTGG 1340

1341  GTGAGTTGTTGAAGTTGTGCTGTCCTTGTGTAAATAGTTTTTAGAGTAATAR ASAGCAGCTTTTTAAAAAAAAAAARARAAAAAAAAAMARAA 1434
2 FeMKK3
ATG , AATAA , RACE ; TGA * ; S-TKs
s EST

Fig. 2 The nucleotide sequence and the deduced amino acid sequence of Fenneropenaeus chinensis FcMKK3 gene
Start codon (ATG), plus tail signal and the primers used for RACE are marked with filament boxes. Asterisk indicates stop codon
(TGA). The S-TKs domain is underlined by solid line and the EST sequence is underlined by dotted line.
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Fig. 3 NJ phylogenetic tree based on MKK3 amino acid sequences by MEGA 4.1
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Abstract: We cloned the full-length mitogen activated protein kinase kinase 3 (MKK3) cDNA sequence using the
rapid amplification of cDNA ends method to understand the physicochemical and functional characteristics of
MKK3 in Fenneropenaeus chinensis. F. chinensis MKK3 was analyzed using a bioinformatics method to explore
the sequence homology of MKK3 genes from different species. MKK3 gene expression levels were determined in
different tissues by quantitative real-time polymerase chain reaction analysis before and after exposure to ammo-
nia-N stress. The full-length cDNA sequence of the F. chinensis MKK3 gene (FcMKK3) was 1434 bp long and
contained a 33 bp 5'-untranslated region (UTR), a 390-bp 3’-UTR, and a 1011-bp open reading frame that encoded
336 amino acid residues, with an isoelectric point (PI) of 6.08 and molecular mass of 37.89 kD. The homology
analysis revealed that the FEMKK3 amino acid sequence had highly similarity with MKK3 of other species, such
as 69% identity with Nasonia vitripennis MKK3 and 68% identity with Ceratitis capitata MKK3. The phyloge-
netic analysis showed that FeMKK3 was in the same class with other arthropod MKK3 genes. The FcMKK3 gene
was expressed in intestine, gill, stomach, heart, lymph, hepatopancreas, muscle, and hemocytes, with significant
differences in tissue expression levels. Relative expression of FcMKK3 in muscle was the highest, followed by the
gill. FeMKK3 expression in hemocytes was the lowest. FcMKK3 expression after exposure to ammonia-N stress
was initially upregulated in intestine, gill, stomach, and muscle and then downregulated, followed by upregulation.
FcMKK3 expression reached the first peak at 6 h, 6 h, 6 h, and 3 h in intestine, gill, stomach, and muscle, respec-
tively, which was 2.33-fold (P<0.01), 1.56-fold (P<0.01), 2.99-fold (P<0.01), and 1.56-fold (P<0.01) of the four
tissues in control animals, respectively. The second peak was reached at 96 h, 72 h, 72 h, and 48 h, which was
2.49-fold (P<0.01), 2.34-fold (P<0.01), 2.36-fold (P<0.01), and 5.58-fold (P<0.01) more than those in the control
group, respectively. Relative FeMKK3 expression levels in the experimental group were higher than those in the
control group at all testing points. In contrast, relative FcMKK3 expression in heart, hepatopancreas, and hemo-
cytes was downregulated initially and then upregulated. FeMKK3 expression was the lowest at 3 h, 3 h, and 6 h,
which was 0.56-fold (P<0.01), 0.26-fold (P<0.01), and 0.72-fold (P<0.01) of the values in the three tissues from
animals in the control group, respectively. Then, FcMKK3 expression was upregulated and reached peaks at 48 h,
6 h, and 24 h, which were 2.16-fold (P<0.01), 2.53-fold (P<0.01), and 1.19-fold (P<0.05) of the control group
values, respectively. In conclusion, relative FcMKK3 expression was upregulated significantly in intestine, gill,
stomach, heart, hepatopancreas, muscle, and hemocytes compared with those in the control group after exposure to
ammonia-N stress and showed different expression profiles. These results suggest that FcMKK3 might play im-
portant roles in the F. chinensis stress response.
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