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Biophysical characterisation of neuroglobin of the icefish, 

a natural knockout for hemoglobin and myoglobin. 

Comparison with human neuroglobin 
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Cloning and sequencing of Ngb cDNA 
To obtain notothenioid-specific primers for Ngb cDNA, a partial Ngb gene was PCR-amplified from genomic DNA of several Antarctic notothenioid species with a pair of primers, namely Ngb F1 (5’ATGGAGAAGCTGTCRGGRAAAGACAAGG3’) and NgbR1 (5’GCCCASCCTCGGCTCATGG3’) designed to conserved regions in teleost Ngb sequences available in the database. Sequencing of the PCR product from each species confirmed that we were dealing with Ngb genomic sequences. From these partial notothenioid (noto) Ngb sequences, which are highly conserved, a reverse primer noto_Ngb5’RACE1 (5’ CTGCAGCATGTAGAGAAGGG 3’) in the Ngb coding region was designed to obtain the 5’ portion of Ngb cDNA from brain or retina RNA using the 5’RACE System for Rapid Amplification of cDNA End (Invitrogen, USA). Briefly, total RNA was extracted using Ultraspec RNA isolation reagent (Biotecx, USA). Total RNA (4 μg) was primed with a lock-dock oligodT30 primer, and reverse-transcribed to produce first strand cDNA using Superscript II (Invitrogen, USA). The first strand cDNA was then dC-tailed at the 3’end using terminal deoxynucleotidyl transferase (Invitrogen) and 0.2 mM dCTP. The 5’ portion of Ngb cDNA was then amplified from the dC-tailed first strand cDNA using the primer pair noto_Ngb5’RACE1 and AAP (abridged anchor primer; Invitrogen). 5’RACE was successful in generating a product from C. aceratus brain RNA, which was cloned into the plasmid vector pGemTeasy  (Promega, WI), sequenced and confirmed to be partial Ngb cDNA. The C. aceratus partial Ngb cDNA has a 5’UTR (5’ untranslated region) of 141 bp, which was used to design two forward primers, noto_Ngb5’UTR1 (5’GTGTGCATCTCTAGCCGAGGAATCC3’) and noto_Ngb5’UTR2 (5’GGAATCCTGTCTCCAACAGTTGTGTCCC3’) to pair up with a reverse primer Ngb3’UTR1 (5’GACCYCAYTCAMAGAGCAAATGTACAGCG3’) designed to conserved 3’UTR sequences in Gasterosteus aculeatus and Tetraodon nigroviridis Ngb transcripts from the database to amplify full-length Ngb cDNA from notothenioids. The primer pair noto_Ngb5’UTR1/Ngb3’UTR1, and noto_Ngb5’UTR2/Ngb3’UTR1 successfully amplified the full-length Ngb cDNA from D. mawsoni retina (GenBank accession number JQ684712) and C. aceratus brain (GenBank accession number JQ684711) first strand cDNA respectively, which was verified by cloning into pGemTeasy  (Promega, USA) and sequencing. All sequencing reactions were carried out using BigDye® Terminator v3.1 chemistry (ABI) and electrophoresed on ABI 3730XL capillary sequencer at the W.M. Keck Center for Comparative and Functional Genomics at the University of Illinois, Urbana-Champaign.


The Ngb cDNA of C. aceratus and D. mawsoni was subcloned in the expression vector pET3a as follows. A PCR was performed on the plasmid using the 5’ primer (GCGCATATGGAGAAGCTGTCAGAGAAAG), containing an NdeI restriction site that covers the initiating Met codon of the globin gene, and the 3’ primer (GCGGGATCCTCAGTCGGCCTTGTCCTCCC), containing a BamHI restriction site. The amplified product was cleaned and cut with NdeI and BamHI and subsequently ligated into the equivalently cleaved expression vector pET3a.
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