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Averaging the Kappandkyg data for correct and incorrect dNTPBhe wt exhibits only small
differences irKg appand in the maximum incorporation rakg.f) for correct dNTPs (Table 1 of the main
text). When thé<y oppvalues were averaged for all four correct dNTPs, the resulting value waé 57
with a standard deviatiow) of about 20% from the mean. The averkgevalue was 216" (o of
20%). The average incorporation efficienkyy/Kq app Was 4.15'uM™ (c of 40%).

All four mutant RB69 pols had similar kinetic parameters for correct incatiparas wt (Table
1). They had an avera$@ app0f 46 uM (c of 30%) and an averadg, of 210s* (o of 30%) (assuming
300 ' for eachk,q involving the triple mutant). These values are comparable to those of the wt (Table 1
of the main text), suggesting that there is likely to be a common mechanisnmiéin kinetic
parameters for the incorporation of all four correct nucleotides by wt RB&hddalll of its NBP
mutants. This was supported by the stopped-flow fluorescence data mentioneshamthext of the
paper.

The kinetic parameters for incorporation of incorrect nucleotides by therieti ever a wide
range. For example, th& appvalues for incorporation of incorrect dANMPs varied from @80for the
dGTP/dT pair to > 2,000M for several dNTP/dN mispairs. Tlkg, values among the 12 mispairs,
those that could be calculated, varied by 40 fold, ranging from 808 dGTP/dA to 0.13" for
dATP/dA. The wt catalytic efficiencies, calculated from kig/Kgq appratios, varied from 8107 s'uM™
for dCTP/dC to 1.710* s*uM™ for dCTP/dA. This 1,000-fold range in misincorporation efficiency
strongly suggests that the wt has distinct features that restrict inetiopoof certain mispairs. To
circumvent these constraints, incorrect ANMPs are likely to be incorporatectleotidyl transfer
pathways that differ in subtle ways from those of correct ANMPs as proposed forA gdDjnerase.

When differences in the kinetic parameters for incorporation of incalhdPs were examined

using the single, double, and triple mutants, the greatest variation was Eggewalues which



increased progressively from the single to the triple mutant. For examptE TRédG mispair had a
kool Value of 0.05™ with the L561A single mutant, a value of & 7with the L561A/Y567A double
mutant, and &y of 8.7s* with the L561A/S565G/Y567A triple mutant (Table 1). Comparison of the
Koo Values for other mispairs with the single, double, and triple mutants showed theesain(@ able

1). However, the variations in th& appvalues for incorrect dNTPs with the different mutants were
much less pronounced, having a range of only 6 fold, falling between 200 andM208e dTTP/dG
mispair is the notable exception where an avekagg,of 45uM was obtained, a value close to that of
the correct dCTP/dG pair when using wt (70).

In contrast to the averaged base discrimination exhibited by the NBP mutabiss¢he
selectivity varies considerably among the different sets
of mispairs. In the main text of the paper this was
shown in a bar graph that encompassed all of the data.
A simpler representation of a subset of these results is
shown here in Fig. S1.

Correlation between increased NBP volume,
AV, and the change in free energyiG, for nucleotidyl
transfer We investigated whether there was a
correlation between the change in NBP volume among
NBP mutants and the change in free energy for
incorporating a correct versus an incorrect dANMP. With
respect to wt RB69 pol, the change in NBP voluxie

Figure S1 Relating incorporation Efficienciesk{y/K g o) for is 52, 156, 171, 327, and 379 flor the S565G, L561A,

Correct and Incorrect Bases by Wild Type RB69 pol and Four
Mutants as Estimated from Pre-Steady-State Chemical-€puddote

the different scales on the Y axes. Y567A, L561A/Y567A, and L561A/85656/Y567A



mutants, respectively, using the surface residue assungpt®)n From our kinetic data (Table 1), plots
of log (Kpol) Or 109 Kpol/Kdapp for all 12 possible mispairs versa¥ revealed a steady increase in value
asAV increased. The graph of lofdap) versusAV however showed only a small increase (data not
shown), consistent with the fact th&,pp values did not change substantially as the number of

substitutions increased (with few exceptions).

These data were used to calculate the effects of the increased NBFR woltine overaKgapp
and transition state free energy barriers for nucleotidyl transfer. aEbrezzyme, the two components
were calculated by averaging the free energy changes obtained #idmglthe kinetic parameters
KdappOr Kool (the latter to relate transition states) for incorporation of each of thedoctly paired
dNTPs by each of the three incorrect dNTP pairs for a total of twelve valudsesniitting these values
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plotted againsAV, going from the wt to the triple

. - - = - - . mutant, the relationships were linear (Fig. S2). The
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slopes oAAG andAAGk versusAV were similar, —

Figure S2 Plots of free energy change (calculated as . .
average of all base pairing combinations, see text forId&taiaG-oj-l and -0.009 kcal/mole/Awith least squares line-

versus increased NBP volum®A Gy represents change in the

transition-state free energy required to form produgitting correlation coefficients of 0.99 and 0.98,
(calculated fromk, values) AAGy represents change in free

energy upon binding of a dNTP to form an active ternary . )
complex (calculated froriq sppvalues), and\AG is the total respectively, whereas the slopeAdfGr was relatively
free energy change (calculated frégy/K g 4o, values).

shallow (—0.0016 kcal/moleffwith a poor line-fit correlation coefficient of 0.69 (Fig. S2). The

correlation for the\AGr plot was relatively poor because binding of a dNTP includes a complex set of



interactions primarily involving shape recognition, altered hydrogen bonding@betwispaired bases,
and nascent base stacking of the incoming dNTP with its 5’ neighbor in the priamel. st

Overall, the graphs show that substitution of Y567, S565, and/or L561 in the wt enzyme
removed features that increased catalytic energy barriers $oramiporation. Substitution of Y567 or
L561 with Ala lowered energy barriers for incorporation of incorrect ANMPslavarage of 1.7
kcal/mole, an additional 1.8 kcal/mole reduction after converting single madathis double mutant
(L561A/Y567A), and a further reduction of 0.7 kcal/mole after conversion of the double tipkae t
mutant (Fig. S2).

The triple mutant is unique in exhibiting two phases during a single turnover progress Aarve.
mentioned in the main text, product formation catalyzed by the triple mutant fibkeesibuble
exponential when the assays were carried out under single turnover conditio@sofftige main text).
This was the case for all the correct ANTPs as well as for some other dNTfolNrs. The deviation
from a single exponential for incorporation of other incorrect dNMPs with slyyefalues (< 59)
was less pronounced.

When 20-fold excess unlabeled primer-template (P/T) was included with the mgcdNiT P
prior to mixing with the enzym&P-labeled P/T in the rapid chemical quench instrument, the resulting
progress curves fit a single exponential for all the assays involving the tap@niFig. 3B,C of the
main text). Neither the wt, nor the single or double mutants required double expsreriitehe
experimental data points even when unlabeled primer-template was omitted.ionedizat the results
with the triple mutant as follows. When the triple mutant encounters the P/T, wimndhmging
concentrations, the enzyme binds a percentage of the P/T in a productive fashion so that, upon
introduction of an incoming correct dNTP, product formation ensues. However, a portion oirtée pri

template (close to 50%) binds to the enzyme to give a “dead end” binary complexazyime das to



dissociate from the DNA to allow another enzyme molecule to bind the DNA productiviedyraie of
the second phase of the exponential is aboit @/sich is comparable to the rate of dissociation of the
enzyme from the P/T and is rate limiting. This rate is comparable to that absetivd 4 pol where

the P/T:enzyme dissociation rate was measured dirégtlWw{e do not know why this happens only
with the triple mutant but not with any of the other NBP mutants. We can only inféihéhaxttra space
in the NBP of the triple mutant allows the primer-template to bind in a way thenhdbéad to product
formation even if an incoming dNTP is present. Another possibility is that &fsacéibn of the
primer-template binds to the triple mutant in the exo rather than in the pol mode awitittahg from
the exo to the pol mode occurs at the rate of %, he rate found for exo to pol switching with T4 pol
(4). Arguing against this is the excess DNA trap experiment where the incluggoess unlabeled

P/T trapped all free enzyme before it could rebind*tRdabeled P/T. If transfer of the primer-template
from the exo to the pol mode occurred without dissociation of the enZRxiabeled primer-template
complex, then the inclusion of unlabeled P/T would not have affected the progress curaddot pr

formation.
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