Intrinsic Reaction Kinetics of the Taq polymerase 

Supplementary Materials
Taq Reaction Rates (Km, Vmax, and kcat): Michaelis Menten Kinetics. 

 
The single standed 80-mer template (47.5% GC) was primed by using 7 molar excess of its 17-mer forward primer (88% GC) in 1x Taq buffer (20 mM Tris-HCl, 50 mM KCl) containing 2mM MgCl2, following the same procedure used for making the M13mp18 DNA/(-40) M13 Universal primer as described above.  Studies of the Michaelis Menten reaction kinetics for taq was done on this primed 80-mer DNA and its at six temperatures – 37 oC, 45 oC, 55 oC, 65 oC, 70 oC and 75 oC. 

Reactions at each temperature were done using eight different concentrations of the 80-mer template – 0.5, 1.0, 1.5, 3.0, 5.0, 10, 15, 20nM  -- and keeping the other components except for the primer fixed at dNTPs 200μM and 0.2U of taq in 20μl tubes. Activity measurements, namely measurement of dNTP incorporated  in each experiment were done following the same procedures described above. As a first step activities were measured as pmols of dNTP added by 0.2U enzyme in 0.25, 0.5, 0.75, 1, 1.5, 2, 5, and 10 minutes at each template concentration at each temperature. The pmols of dNTP incorporated at each temperature and for each concentration were then plotted against time and the initial rate of the reactions at each temperature and each concentration were determined from the linear portion of the curve during the initial periods. The initial rates of each individual reaction were plotted against primed template concentration and fitted to the following equation using the prismtm software. 

V = Vmax [S]/(Km = [S])  = kcat[E] [S]/(Km + [S])

Where V is the initial rate, [S] is the concentration of the substrate; Vmax is the maximum reaction rate achieved by the system at maximum (saturating) concentration of the substrate; [E] is the enzyme concentration; Km is the Michaelis-Menten constant, namely, the concentration of the substrate at which the reaction rate V is half of Vmax; and kcat is the turnover number, namely, the number of substrate molecules converted to product per enzyme molecule per second. In the present case kcat was expressed as the number of nucleotides (nts) incorporated per enzyme molecule per second

Figure S1 shows the Michaelis-Menten plots of the activity of the taq polymerse at different temperatures under excess dNTP conditions.. The template used was the 80-mer synthetic ssDNA containing an average of 47.5% GC yet with a 17-mer segment with 88% GC at the 3’end. The primer was a 17-mer oligonucleotide with 88%GC and 80 oC Tm. Both the template and the primer were tested to be free of secondary structures (see Discussion). The individual points in the curves were obtained from time course experiments at each template concentration at each temperature (results not shown). The RFU values from Figure S1 were converted into nmols of dNTP incorporated from the calibration curve (Fig 2) and are shown on the right side of the graph. The kinetic parameters calculated from Figure S1 are tabulated in Table S1.  
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Fig S1. Intrinsic Michaelis-Menten plots of taq polymerase activity under excess dNTP conditions using. The template was a 80-mer synthetic DNA (47.5% GC) and the primer, a 17-mer oligonucleotide with 88%GC (tm 80 oC). The primer was used in 7 fold molar excess relative to the template. Both the template and the primers were designed and tested to be free of secondary structures.  

Table S1. Intrinsic Michaelis-Menten Kinetic Parameters of the taq polymerase .  
	Parameter
	Units
	37 oC
	45 oC
	55 oC
	65 oC
	70 oC
	75 oC

	Vmax
	nmols dNTP incorptd/sec. 
	3x10-5
	18x10-5
	29x10-5
	70x10-5
	99x10-5
	81x10-5

	Km
	nM
	1.3
	10.5
	5.3
	8.9
	11.6
	10.2

	Vmax/Km
	Extension efficiency
	2.3 x 10-5
	1.7x 10-5
	5.5x 10-5
	7.9x 10-5
	8.5x 10-5
	7.9x 10-5

	kcat
(turnover number)
	ntps/sec.
	4
	25
	40
	96
	137
	111

	kcat as % of kcat at 70 oC
	Percentage
	3%
	18%
	29%
	70%
	100%
	81%


 Our results also indicate that the intrinsic Km of taq changes with temperature, varying between 1.3 nM to 11.6 nM, the lowest value being exhibited at 37 oC and the highest at 70 oC (Table 2 and Fig 5) as against the reported value of 1.4 nM at 72 oC (see above).  Since Km indicates affinity of the enzyme for a substrate, the lower the value higher being the affinity, our values indicate that taq has the highest affinity for the substrate at lowest temperature in the temperature range (37 oC – 75 oC) we studied. This counter-intuitive result suggests that activity and substrate affinity are not totally coupled to one another. This contention is supported by a 2003 study by Datta and LiCata, who showed that taq binds with high affinity down to 5 oC but their data showed the binding affinity maximizing at 40-50 oC (Datta and LiCata 2003) and not at 37 oC or lower. The differences between our observation and the Datta and LiCata’s, as to the temperature of maximum affinity, might lie in composition of our medium, our data being generated in the presence of large excess of dNTPs, while the Datta and LiCata’s data were generated in the absence of dNTPs, which are co-substrates for the extension reactions. 

The divergence between temperature of maximum DNA affinity (37 oC or 40-50 oC) and maximum activity (70 oC) in taq also begs a theoretical explanation. In two purely theoretical papers on enzyme-design and enzyme-designability, we showed, using over a dozed common enzymes (that are active at ambient temperatures), that their activities matched the ground state binding configuration of their substrates to the active site sequences (Chakrabarti, Klibanov and Friesner 2005a and 2005b). We concluded from this study that normal enzymes bind maximally to ground state configurations of their substrates but their structures also have enough flexibility to stabilize the corresponding transition states. In case of thermostable and thermoactive enzymes we propose that binding to the ground states of the substrates remains high at low temperatures but unless the temperature is increased the enzyme does not develop adequate flexibility to accommodate the substrates’ transition states, which alone can determine the ultimate reaction rates. Thus it is the balance between the enzyme’s affinity for its substrate and its flexibility that ultimately determines its activity at any particular temperature. The temperature at which the enzyme shows maximum turnover number (kcat) and maximum efficiency (Vmax/Km), is the same (70 oC) in our case (i.e. with taq) but the exact parallelism does not seem to exist at lower temperatures. This means that the enzyme’s affinity for the DNA substrate and its flexibility are not symmetrically counter-balanced at all temperatures. 

