HYPOXIA-RESPONSIVE CDNAS OF THE CITED COTRANSACTIVATOR PROTEINS FROM GRASS CARP
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The CITED (CBP/p300-interacting transactivator with glutamic acid [E] and aspartic acid [D]-rich C-terminal domain) proteins are members of a new family of transcriptional co-activators that are not only involved in the modulation of a variety of cellular and developmental processes (Dunwoodie et al., 1998; Yahata et al., 2001) but also in responses to various stimuli, such as hypoxia (Bhattacharya et al., 1999). In humans, similar to a number of hypoxia responsive genes, CITED2 (hCITED2) is transcriptionally activated by hypoxia inducible factor-1 (HIF-1). Conversely, CITED2 negatively regulates HIF-1 by competitive binding to the CH1 domain of the CBP/p300 coactivator (Bhattacharya et al., 1999). Recently, our group reported the isolation of a hypoxia responsive CITED3 cDNA (gcCITED3) from the grass carp, and Northern blot analysis showed that gcCITED3 was most highly expressed and responsive to hypoxia in the fish kidney, although hypoxic induction was also observed in gill, heart and liver albeit at a lower level (Ng et al., 2003).

Since CITED2 has been shown to negatively regulate HIF-1 activity in mammals, it is believed that HIF-1 activity in fish may also be negatively regulated by CITED proteins. We have demonstrated that the tissue expression pattern and hypoxia responsiveness of gcCITED3 is very similar to the CITED2 gene in mammals; and therefore it is hypothesized that gcCITED3 may modulate HIF-1 activity in a manner similar to hCITED2. In an attempt to better understand the role(s) of CITED proteins in the hypoxia signaling pathway in fish, comparative studies of the different CITED isoforms of grass carp were carried out.

To estimate the number of CITED isoforms that are encoded in various fish genomes, a bioinformatic search against the Fugu genome and zebrafish EST databases was performed. Based on the putative CITED gene sequences obtained, primers were designed for degenerate RT-PCR cloning of the corresponding CITED cDNAs. The full-length cDNAs of two additional CITED proteins ( 1.9 kb and 3.1 kb in lengths ( were obtained by 5’- and 3’-RACE. Computer analysis indicated that the ORF of the 1.9-kb cDNA encodes for a 143 amino acid protein which shares high sequence identity (60%) to the hCITED1 protein, and hence the cDNA clone was named gcCITED1. On the other hand, the ORF of the 3.1-kb cDNA encodes for a 240 amino acid protein that showed high identity (>74%) with the CITED3 proteins from different vertebrate species including gcCITED3 of grass carp, and hence was named gcCITED3b.

To study the tissue expression pattern and hypoxia responsiveness of gcCITED1 and gcCITED3b, grass carps were exposed to hypoxia (0.5 mg/L DO; n = 3) or normoxia (7.0 mg/L; n = 3) for 4 hours and total RNA from 6 different tissues of each fish was isolated for Northern hybridization analysis (Figure 1). Under normoxia, expression of gcCITED1 was detected in heart and brain, while expression of gcCITED3a and gcCITED3b was detected in most tissues examined except muscle. In addition, significant hypoxic induction of gcCITED1 was observed in heart, while strong hypoxic induction of gcCITED3a was detected in kidney. Interestingly, induction of gcCITED3b was detected in a broader spectrum of tissues, although the most prominent induction by hypoxia was observed in kidney and liver. Similar to gcCITED3a, gcCITED3b expression was undetectable in muscle under both normoxic and hypoxic conditions.

In conclusion, besides gcCITED3a, we have isolated two additional CITED cDNAs from the grass carp using a degenerate RT-PCR and RACE PCR approach. Computer analysis indicated that they encode for the CITED1 and a CITED3-like protein. The tissue expression patterns of gcCITED3a and gcCITED3b are very similar, but are distinct from that of gcCITED1. All three CITED genes from grass carp are differentially responsive to hypoxia in various fish tissues. Whether the different CITED isoforms play a similar role in the different tissues would require further studies.
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Figure 1. Northern hybridization analysis of gcCITED1, gcCITED3a and gcCITED3b in six tissues of grass carp exposed to normoxia and hypoxia for 4 hours. 28S RNA was used for normalization of RNA amounts. N = normoxia and H = hypoxia.








