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Objective 1: Understand kinetic plasticity of the formate dehydrogenase. 
 

Work has focused on obtaining a better understanding of the native state 
of the Arabidopsis FDH.  The purified FDH characterized by Li et al. [1] had Km 
values for formate and NAD+ of 1.4 mM and 34 µM, respectively.  Our studies on 
the FDH partially purified from Arabidopsis leaf extracts reveal the enzyme has 
Km values for formate and NAD+ approximately seven- and two-fold higher than 
reported for the purified enzyme [2].   These differences suggest that some 
change occurs during the purification that produces a non-native state with 
different properties than the native form of the enzyme.  Understanding the 
physiological role of FDH and its regulation within the context of cellular 
metabolism requires knowledge of the native properties of the enzyme.  We have 
found that heating at 60°C activates the native form of the Arabidopsis FDH.  
This activation is stable and apparently irreversible.  The activated form of the 
enzyme was found to have lower Km values (Figure 2) for formate and NAD+ (3 
mM and 35 µM, respectively), approximating the values reported for the purified 
enzyme.  
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Figure 1.  Decrease in FDH Km for formate and NAD+ upon thermal activation. 
 

Such activation by heating has also been reported for the FDH from the 
methylotrophic bacterium Paracoccus sp. [3]. Whether this transformation is a 
chemical modification or conformational change is not clear.  Since FDH has 
been reported to exist in a larger supramolecular complex [4], it is also possible 
that heating disrupts the association of the native enzyme with other proteins. 
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We have established that NADH is an inhibitor of the FDH [1] and 
proposed that this may be important in physiological regulation.  Recently, we 
have also discovered that the FDH is inhibited by NADPH with a Ki of 
approximately 240 µM.  Kinetic analyses suggest that this inhibition is 
competitive, but we have not been able to demonstrate that NADP+ serves as a 
substrate for the enzyme or inhibits the oxidation of formate with NAD+. To our 
knowledge, this is the first report of a plant NAD-dependent FDH being inhibited 
by NADPH.  Inhibition by NADPH may prove to be a common phenomenon in 
those plant species in which the FDH is targeted to the chloroplast as well as to 
the mitochondrion and could help to explain why dissimilation of formate to CO2 
appears to be inhibited in plants incubated in the light [5].    
 
Objective 2: Produce transgenic plants in which FDH activity has been increased 
or decreased 
 

As already described under Objective 1, we have been successful in 
transforming both Arabidopsis and tobacco with the Arabidopsis FDH coding 
sequence and producing plants with elevated levels of FDH.  There were no 
obvious phenotypic changes in morphology or growth habit observed in the 
transgenic lines that overexpressed FDH. The Arabidopsis FDH promoter has 
been fused to two reporter genes (GFP and GUS) so that we can begin to study 
how the FDH gene is regulated both developmentally and in response to various 
environmental stresses and one-carbon molecules.  We decided to fuse two 
reporter genes to the FDH promoter so that we can conduct both microscopic 
(GFP, GUS) and quantitative (GUS) analyses of FDH promoter expression.  
Figure 3 shows a map of our FDH promoter constructs.  We have inserted these 
promoter constructs into the binary vectors pZP211 or pBIN19 and transformed 
them into Arabidopsis and tobacco.  We have screened the GFP constructs in 
Arabidopsis and tobacco in order to select stable transformants that exhibit 
strong GFP expression.   

 

Figure 2.  FDH promoter constructs with the GFP and GUS reporter genes. 
 

We are currently in the process of growing up the Arabidopsis and tobacco 
transformants containing the GUS constructs and will soon begin to analyze 
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them for GUS expression.   
 
Objective 3: Express Arabidopsis formate dehydrogenase in E. coli to facilitate 
biochemical analyses of plasticity.   

 
We have been successful in getting expression of FDH in E. coli using the 

pET28 system.  The key element is incubation of the cells with IPTG for 48 h at 
15°C.  Under these conditions, we have achieved specific activities of over 2000 
mU/mg protein.  This is equivalent to the specific activity reported for the purified 
enzyme and it appears that the FDH protein accounts for over 30% of the protein 
in these cells.  We have been successful in subcloning the FDH cDNA into the 
pBLUE1 system and getting expression.  This will facilitate future studies 
attempting to carry out directed evolution of the FDH to produce a variant able to 
oxidize formate with NADPH.  
 
Publications from this project: 
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behavior of the Arabidopsis thaliana leaf formate dehydrogenase is thermally 
sensitive.  J. Plant Physiol., 160: 445-450. 
 
 
References: 
1. Li, R., Ziola, B. & King, J. (2000) Purification and characterization of formate 
dehydrogenase from Arabidopsis thaliana, J. Plant Physiol. 157, 161-167. 
2. R.D. Baack,  J. Markwell, P.L. Herman and J.C. Osterman (2003)  Kinetic 
behavior of the Arabidopsis thaliana leaf formate dehydrogenase is thermally 
sensitive.  J. Plant Physiol., 160: 445-450. 
3.  Shinoda, T., Satoh, T., Mineki, S., Iida, M. & Taguchi, H. (2002) Cloning, 
nucleotide sequencing, and expression in Escherichia coli of the gene for formate 
dehydrogenase of Paracoccus sp 12- A, a formate-assimilating bacterium, Biosci 
Biotechnol Biochem. 66, 271-276. 
4.  Jansch, L., Kruft, V., Schmitz, U. K. & Braun, H. P. (1996) New insights into 
the composition, molecular mass and stoichiometry of the protein complexes of 
plant mitochondria., Plant J. 9, 357-368. 
5.  Krall, A. R. & Tolbert, N. E. (1957) A comparison of the light dependent 
metabolism of carbon monoxide by barley leaves with that of formaldehyde, 
formate and carbon dioxide, Plant Physiol. 32, 321-326. 

 3


