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NADH (Nicotinamide adenine dinucleotide-reduced form): ubiquinone oxidoreductase (complex 
I) is the largest, but least understood enzyme complex in the respiratory chain. It is very 
important to know the structure and function of the complex I, because it has important function 
in respiration and is of great medical importance. Complex I produce reactive oxygen species 
(ROS), it causes the damage of mitochondrial DNA, subsequently leading to ageing and many 
neurodegenerative diseases like Parkinson’s disease. The major problem in the complex I study 
is, it has been no color due to absence visual redox pigments. 
 
Cytochrome-tagging of single complex I subunits 
 
To solve this problem, C- terminal end of the Escherichia coli complex subunits, in this work 
NuoL and NuoM was fused to a cytochrome c550 domain, like previously with NuoN and NuoH 
complex I subunits in our laboratory. This cytochrome c550 from Bacillus subtilis contain heme 
group, it is covalently bound to the polypeptide, and it helps to see the fusion proteins with naked 
eye. The fusion proteins were expressed from the constructed plasmid in a wild type E. coli. 
 
Proteins useful for the cytochrome c maturation and heme insertion were also express along with 
fusion proteins using pEC86 plasmid, to improve the expression of cytochrome c550 under 
aerobic conditions. The E.coli doesn’t produce any c type cytochrome under aerobic conditions, 
it is helpful to differentiate tagged cytochrome c from other c type cytochromes. The Isopropyl-
beta-d-thiogalactopyranoside (IPTG) was used to induce the fusion protein expression. Different 
growth conditions were tested, to get the optimal protein production. The amount of the fusion 
protein production was measured with optical spectroscopy. The redox properties of the 
cytochrome c are useful for measure the quantity and know the sidedness of the polypeptide in 
many other experiments. The amount of the polypeptide was also estimated from western blot 
and heme staining (sodium dodecyl sulfate polyacrylamide gel electrophoresis) SDS-PAGE gels, 
using anti-cytc550 antibodies and peroxidase activity respectively. 
 
Cytochrome-tagging of whole complex I 
 
Then, to produce a homogenous sample of cytochrome-tagged complex I, the cytochrome tagged 
fusion gene, NuoN-cytc, was introduced into the E. coli chromosomal enzyme complex by 
homologous recombination technique. The temperature sensitive gene replacement vector, 
pK0V, was used for the introduction of cytochrome c into the chromosome. The potential 
positive colonies were selected with using key elements of the pK0V vector. To avoid the 
interference of expression of downstream genes, cytochrome c was fused with nuoN gene, 
because it is last gene in complex I encoding nuo operon in E.coli. 
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NADH:quinone oxidoreductase (complex I) is the least understood enzyme complex in the 
respiratory chain, in spite of the great medical importance of complex I - produced reactive 
oxygen species causing mtDNA mutations and premature apoptosis of the affected cells. One of 
the major obstacles in complex I research has been the absence of visual redox pigments in the 
enzyme complex.  
 
In this work we have constructed fusion proteins, where the C-terminal end of the complex I 
protein subunits NuoL and NuoM from Escherichia coli were genetically fused to a cytochrome 
c domain, as was previously done with the NuoH and NuoN subunits in our laboratory. The 
heme in cytochrome c is covalently bound to the polypeptide, and makes the proteins visible to 
the naked eye. Optical spectroscopy can then be used to monitor, quantify and orient the 
polypeptides in many future experiments. The fusion proteins were expressed from plasmids in a 
wild type E. coli strain.  
 
To enhance the expression of holo-cytochrome under aerobic conditions the ccm operon, 
encoding the proteins responsible for heme insertion and cytochrome c maturation, was co-
expressed from plasmid pEC86. Different growth conditions for optimal fusion protein 
production were tested. The amount of polypeptide produced was determined spectroscopically 
using the extinction coefficient for cytochrome c550, or was estimated from western blots and 
heme-stained SDS-PAGE gels.  
 
Then, the NuoNcyt fusion protein was reintroduced into the enzyme complex, by a genetic 
homologous recombination with the E. coli chromosome, using a plasmid vector, pKOV, with a 
temperature sensitive origin of replication. The NuoNcyt was chosen since nuoN is the last gene 
in the complex I encoding nuo-operon in E. coli, to avoid the risk of tampering with the 
expression of downstream genes.  
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