Requirement for transient metal ions revealed through computational analysis for a DNA

polymerase going in reverse

Lalith Perera®!, Bret D. Freudenthal®, William A. Beard?, David D. Shock? Lee G. Pedersen®”, and

Samuel H. Wilson®
®Genome Integrity and Structural Biology Laboratory, National Institute of Environmental Health

Sciences, National Institutes of Health, Research Triangle Park, NC 27709-2233 and "Department of

Chemistry, CB 3290, University of North Carolina at Chapel Hill, NC 27599

To whom correspondence should be address. Email: pereral2@niehs.nih.gov.



Supplemental Appendix

Supplemental Materials and Methods

Unconstrained Optimization of the Na;MgnMg, Configuration at P,— Og= 1.7 A. Unconstrained
optimization of the original Na:Mgn,Mg, system was carried out to check whether the removal of
constraints brings the system back to its starting configuration. The optimized system, after the removal
of constraints, landed in a configuration near the reactant state of the system as indicated in Figure S1

(open triangle).

CM5 Charges for Quantum System. As described in the main text, the QM atom charges are
calculated using the CM5 charge model (35) for each system at each selected geometry along the
reaction path. The charges are given in Table S1A-D and the atom identities are given in Table S1E.

The charge variations during the reaction profiles are illustrated in Figure S2.



Table S1. Initial CM5 charges (in electron units) on QM atoms and their variations along the
| (Ces—Cis)*1072 along the reaction coordinate ------>|

reaction path.
(Cs-Cjs) is the difference between the charges of the current systems (cs) and the initial system (is).

(A) CM charges for the Na:Mg,Mg, system. Index is the atom identification; Cjs is the initial charge;

Index Cis
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(B) CM charges for the Mg:Mg,Mg, system.

| (Ces—Cis)*1072 along the reaction coordinate —-----———->|

Index Cis
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(C) CM charges for the Mg.Mgj,, system.

| (Ces—Cis)*1072 along the reaction coordinate —-----——-——->|

Index Cis
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(D) CM charges for the Mg:Mg,Na, system.

Cis | (Ces-Cis)*1072 along the reaction coordinate —-—--————--3>|
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00000000000000

21331101420422
00000000000000

11321101410011
00000000000000

11211001210201
00000000000000

11211000011101
00000000000000

00110100200101
OOOOOOOOOOOOOO

00312001101201
OOOOOOOOOOOOOO

01303001301201
OOOOOOOOOOOOOO

10021211301401
OOOOOOOOOOOOOO

7
3
6
5
9
2
5
8
9
5
2
1
7
7

OCOONOOITLNLO
733633633

100 0.31

101 0.32

102 -0.60
-0.
-0.

103 0.3
104 0.3
105

106 O.
107 O.
108 -0.
109 O.
110 O.
111

112 0.
113 0.

(E) Atom identities of QM atoms (Fig. S2) for Na:;MgnMg,. Amber atom names, residue names, and

residue numbers (crystallographic numbering is used) are given. Me, = 93, Me; = 94, and Mg, = 95.

Note that atom 94 is Mg for the Mg:MgnMg, and Mg.Mg, systems. For the Mg:Mg, system, the first

water index begins at 95.
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Index Name

OCoO~NOAA~AWNE

CD
NE
HE
(674
NH1
HH11
HH12
NH2
HH21
HH22
CA
CB
HB2
HB3
CG
OD1
0D2
CA
CB
HB2
HB3
CG
OD1
0oD2
CD
NE
HE
Cz
NH1
HH11
HH12
NH2
HH21
HH22
CA
CB
HB2
HB3

ReslID

ARG-183
ARG-183
ARG-183
ARG-183
ARG-183
ARG-183
ARG-183
ARG-183
ARG-183
ARG-183
ASP-190
ASP-190
ASP-190
ASP-190
ASP-190
ASP-190
ASP-190
ASP-192
ASP-192
ASP-192
ASP-192
ASP-192
ASP-192
ASP-192
ARG-254
ARG-254
ARG-254
ARG-254
ARG-254
ARG-254
ARG-254
ARG-254
ARG-254
ARG-254
ASP-256
ASP-256
ASP-256
ASP-256

Index Name ReslID

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

CcG
oD1
0D2
c3"
03"
P
oP1
oP2
05"
c5"
H5 "
H5 "
c4r
H4 "
04~
c1-
H1*"
N1
c3"
H3"
c2-
H2*
H2*
03"
P
oP1
oP2
05"
c5"
H5 "
H5 "
car
H4
04"
c1-
H1"
N1
c3-

ASP-256
ASP-256
ASP-256

DG
DG
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC

-360
-360
-361
-361
-361
-361
-361
-361
-361
-361
-361
-361
-361
-361
-361
-361
-361
-361
-361
-361
-361

DC3-362
DC3-362
DC3-362
DC3-362
DC3-362
DC3-362
DC3-362
DC3-362
DC3-362
DC3-362
DC3-362
DC3-362
DC3-362
DC3-362

Index Name ReslID

77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

H3*
cz-
H2*
H2*" "
03-
HO3*
021
H21
P1
011
031
OPP
P2
022
032
012
Mg
Na
Mg
0
H1
H2
0
H1
H2
0
H1
H2
0
H1
H2
0
H1
H2
0
H1
H2

DC3-362
DC3-362
DC3-362
DC3-362
DC3-362
DC3-362
PPV-369
PPV-369
PPV-369
PPV-369
PPV-369
PPV-369
PPV-369
PPV-369
PPV-369
PPV-369
Mg -370
Na -371
Mg -372
WAT-WO1
WAT-WO1
WAT-WO1
WAT-W02
WAT-W02
WAT-W02
WAT-WO3
WAT-WO3
WAT-WO3
WAT-WO04
WAT-WO04
WAT-WO04
WAT-WO5
WAT-WO5
WAT-WO5
WAT-WO06
WAT-WO06
WAT-WO6
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Figure S1: Optimization of the unconstrained Na;Mg,Mg, system at P,-Op = 1.7 A vyielded a
configuration similar to the one used in the start of the calculations (open triangle).
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Figure S2: Charge variations (the difference between the charge at current state and the charge at
initial state) of the QM atoms as a function of the reaction coordinate for the systems studied. The
reaction coordinate of the P,-Og distance (A) is given outside the y-axis. Tick marks for the charge
variation (given on the inside of the y-axis) are spaced at 0.25e where “e” is the electron charge. The
atom identities (given as atom numbers on the x-axis) are tabulated in Table S1E and the charges
calculated using the CM5 charge method (35).
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