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Figure S1. Equilibrium fluorescence in arbitrary fluorescence units (AFU) of C. parvum
IMPDH versus varying IMP (A) or NAD" (B). The fluorescence has been corrected for inner
filter effects and nonspecific quenching as described in Materials and Methods. Binding
reactions with IMP or NAD" were done with 0.12 uM enzyme, 50 mM Tris-Cl, pH 8.0, 100 mM

KCl, and 1 mM DTT at 25 °C.
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Figure S2. Pre-steady-state reaction of CpIMPDH monitored by absorbance. (A) Progress
curve for the reaction of E<IMP with NAD" monitored by absorbance. Final concentrations after
mixing are: 2.7 uM CpIMPDH, 500 uM IMP, 5 mM NAD", 50 mM Tris-Cl, pH 8.0, 100 mM
KCl, and 1 mM DTT . The data were fit by eq 6 (red curve). (B) The dependence of the value

of k,ps versus NAD' concentration. These data were fit by eq 8 (red curve).
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Figure S3. Pre-steady-state reaction of CpIMPDH monitored by fluorescence. (A) Progress
curve for the reaction of EsIMP with NAD" monitored by fluorescence. Conditions as in Fig.
S2A except 1 uM CpIMPDH. (B) The dependence of the value of ks versus NAD"

concentration. These data were fit by eq 8 (red curve).
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Calculation of kuomn for the CpIMPDH reaction
A solvent isotope effect on k., steady-state accumulation of the E-XMP* intermediate,

and pre-steady-state bursts of NADH production and release all implicate hydrolysis as rate-
limiting in CpIMPDH. The rate of NADH release (ky) is only 6-fold faster than k., signifying
that it is partially rate-limiting. As in the case of 7/IMPDH, NADH release and hydrolysis are
irreversible allowing k.. to be simplified to

kear = (kokrion=)/(ko + krom) )
where kpop+ is the observed rate of hydrolysis (/). Hydrolysis of E-XMP* requires the closed
conformation of the flap, governed by K., allowing the intrinsic rate of hydrolysis (kuom) to be
calculated from kgop+ using eq 10.

kron = kron/(K/(1 + K.)) (10)

From eq 9 and 10, kyor = 3.9 s, indistinguishable from the rate for the T. foetus enzyme.
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Scheme S1. Kinetic scheme used for global fits of the CpIMPDH reaction.

Global Fit Analysis of the CpIMPDH reaction
The progress curves for the reaction of CpIMPDH monitored by fluorescence and

absorbance stopped-flow spectroscopy were globally fit using the program DynaFit (2). Signal



response factors for the fluorescence data were calculated by normalizing the linear steady-state
regions of the fluorescence and absorbance data. Factors were calculated for each concentration
of NAD' to adjust for inner filter effects.

The experiment monitored the reaction of the pre-formed E<IMP complex with NAD" at
saturating IMP concentrations where the association of IMP is fast. Therefore, there are no
experimental data to constrain the rate constants for the binding of IMP. The data were fit using
the mechanism of Scheme S1. The value of kyoy was fixed to 3.9 s as calculated above and k;;
was set to 200 s based on the XMP binding kinetics described in the text. Values of ko5 and
kopen were made arbitrarily fast such that the equilibrium constant K. = 4, as determined by
multiple inhibitor experiments (3). The fits are shown in Figure 3 and the values are listed in
Table S1. These data do not contain adequate constraints on the rates of NAD" binding to E-
XMP*. Therefore, these values are not well-determined and only estimates are provided.
However, the value of k;./k;; was consistently determined to be 200-400 uM.

Two features arise from the fit results for NAD" binding to E<IMP. First, binding is
essentially irreversible. The best fit value of ks is ~0 s and values of ks greater than 0.1 s™
result in poor fits to the data. Therefore, ks < 0.1 s". Second, the value of ks is comparable to
kea/Kys for NAD'. Together, these observations indicate that NAD" is a sticky substrate,
whereby the EsIMP*NAD" complex reacts before it dissociates. Therefore, the value of K; <2.3
uM for NAD" binding to the EsIMP binary complex, which is at least 6x higher than the affinity
of NAD" for free enzyme.

Based on Scheme S1, expressions for k.. (eq 11) and Kyxup' (eq 12) were derived using
the King-Altman method (4).

Keat = (k7k9kclosekHOHk13)/ A (1 1)



Kanap ' = [(ketoseknonkis)(keks+kekotkoko)]/(ksA) (12)
A = (kskeioscknonk i3t kokeioscknonkis+ kikeioseknonki3+ k7kokopenk 13+ kykoknonkist+  (13)
krkokeosek13tkrkokeloseknor)
Using the values from Table S1 for CpIMPDH, key= 1.8 5™ and Kynap' = 40 uM were

calculated from eq 11 and 12 respectively.



Table S1. Values of the rate constants from Scheme S1 and S2 for CpIMPDH and

hIMPDH?2 respectively.”

rate constant CpIMPDH hIMPDH?2

ks M's™) (44+0.1)x 10 1x10°°

ke (s™) <0.1° 80 £ 1

kr (s 44 +3 12+0.4

ks (s 87+ 6 7.4+0.6

ko (s) 14+1 12+0.37

ki (M's™) ~4x 10°¢ 1x 10%/

ki (s ~800° 5907

ki2/k1i (uM) 200-400° 590/

Ketose (s) 4007 nd®

kopen (S-l) 100 T l’ldg

keons (s na’ 1.0 +0.1

krror (™) 3.9/ 1/

ki (s7) 2007 nd ¢

“ Values from the global fits of the absorbance and fluorescence stopped-flow data using
the program DynaFit. ” The slowest value which fits the data. Faster values also work
well. © Estimated upper limit due to the high commitment to catalysis as described in the
text. ¢ kpurse from the local fit analysis. © Approximate values. The individual rates are
not well determined; however, the ratio k;»/k;; was consistently 200-400 uM. /Fixed
value used for fitting as described in the text. £ not determined. " not applicable.




Figure S4. Pre-steady-state reaction for hIMPDH2. Enzyme and saturating IMP were
combined with NAD" at time 0 in 50 mM Tris-Cl, pH 8.0, 100 mM KCI, and 1 mM DTT at 25
°C. (A) Final concentrations after mixing are 4 uM enzyme, 2 mM IMP, and 200 uM NAD".
The fluorescence time course displays two exponential phases followed by a linear steady-state.
These data were fit by eq 7 (red curve). (B) Final concentrations after mixing are 3.5 uM
enzyme, 2 mM IMP, and 400 uM NAD". The absorbance time course displays a single

exponential phase followed by a linear steady-state. These data were fit by eq 6 (red curve).
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Table S2. The pre-steady state reaction of hIMPDH2 monitored by absorbance.

Enzyme (uM) NAD' pM kops (s™)
1.0 400 14+ 1
1.8 400 13+ 1
3.5 400 12+1
3.5 1000 15+1

Global Fit Analysis of the hIMPDH? reaction
The pre-steady-state reaction of EsIMP with NAD" for hIMPDH2 was also examined by

DynaFit. The mechanism of Scheme S2 was used for fitting. The concentration of IMP used in



these experiments is 2 mM, so IMP binding was modeled as saturated. In the absence of
information about the flap equilibrium, we have modeled this step as irreversible for simplicity.
Due to its low affinity binding to enzyme, XMP release was modeled as simultaneous with
hydrolysis. To account for NAD" substrate inhibition, the values of k;; and k;, were set
arbitrarily fast such that k;./k;; = Ki; = 590 uM (5). The global fits supported the assignment of
Kpurs: to NADH release, so ko was fixed to 12 s™ from the local fit analysis. The value of ks was
fixed to 1 x 10° M's™". Slower values resulted in poor fits while faster rates worked equally well.
Fixing these values served to further constrain the remaining parameters. The values of the rate
constants are listed in Table S2 and the resulting fits are shown in Figure 4.
The value of knon was calculated from the values of k., and the solvent isotope effect as
follows. The fractional contribution of kxom to keat (f) is given by
[ = kear - DI hron -1) (14)
where ??%k,,, is the solvent isotope effect on k., and D20y on is the intrinsic isotope effect on
hydrolysis, allowing krnog to be calculated from eq 15.
kron = kealf (15)
Assuming the intrinsic isotope effect is 3, as observed in the reaction of CpIMPDH as well as in
the reaction of serine proteases (6), then = 0.4, kyoy =1 s and k= 0.7 s' for the other rate-
limiting step (7). From this analysis, the value of kxom was fixed to 1 s for global fitting
resulting in a fitted value for ks 0f 1 5. Thus, both the solvent isotope effect and stopped-
flow experiments support an additional rate-limiting step.
Consistent with the local fit analysis, the hydride transfer step is similar in rate to NADH
release. The calculated value of Ky for this step is 1.6. From these fits, NAD" binding to the

E<IMP complex has a K;= 80 uM. Substantial isotope effects have been observed on V/K



(NAD") indicating that NAD" is not a sticky substrate for the hIMPDH2 (5, 8). This predicts

that the value of ks > k; =12 s™'. This prediction is fulfilled by the fits.
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Scheme S2. Kinetic scheme used for global fits of the hIMPDH2 reaction by DynaFit.
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