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Figure S1: Separation PMF from REMD-US simulations as a function of time. The PMF is shown after 53 (blue), 106
(red), 159 (green), and 212 ns (black).
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Figure S2: Orientational auto-correlation function for barstar alone in an aqueous environment based on a 150-ns
simulation.
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Figure S3: Instantaneous Lennard-Jones interaction energy as a function of separation during REMD-US simulations
averaged over time. The interaction energy was calculated for barstar with barnase (green), barstar with solvent (blue),
barnase with solvent (red), and then summed (black). The light lines represent original data and the heavy lines a running

average.
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Explicit derivation of the binding free energy from PMFs (372 ns)

Contributions from adding restraints in the bound state

All of the calculations in this section were run with the ABF approach using an extended coordinate.
The temperature is 7 = 300 K. Specific atoms restrained are given, as is the time required for con-
vergence. A uniform force constant of k = 10 kcal/mol-A2 was used for all conformational restraints,
while k = 0.1 kcal/mol-degree? for all orientational and positional restraints. The order in which the

various restraints are listed also corresponds to the sequence in which they were applied.

RMSD restraint on barstar, applied to carbonyl carbons only (6 ns).

2 U JdXe PV 0.128221
" fuedl [dXe PUtusse]  0.004628

=27.707 — Gys, = 1.980kcal /mol (1)

RMSD restraint on barnase applied to carbonyl carbons only (12 ns).

B Jiedl [dXe PUtunse 0.197105

Bnc — — — site —
[t [aXe PO = 0001033 ~ 19077~ € 3.130kcal/mol  (2)

Bn,c

RMSD restraint on barstar residues 29 31 33 35 38 39 42 76, applied to all heavy atoms (12 ns).

B Jiedl [dXe PUFu0.140798

Bs,res — — — site
ot TaXe T ~ 0.006106 23.059 = G 1.871keal/mol  (3)

e Bs,res —

RMSD restraint on barnase residues 27 59 60 83 85 87 102, applied to all heavy atoms (24 ns).

BGis Jiedl [ dXe PUFuctumses 0722859

nres — — — site —
B fsitedlfdXe*B[U“C*”B”CS*“B“‘“} 0.000202 328.259 — G 3.454kcal/mol (4)

Bn,res

Orientational (20 ns) and positional (8 ns) restraints. The definition of each angle is given in
parentheses (see Fig. 1A in the main text), with the reference points taken as the centers of the carbonyl

carbons of the following groups of residues: all residues of barnase (P1), residues 70 to 73 and 89 to
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92 of barnase (P2), 85 to 88 and 97 to 100 of barnase (P3), all residues of barstar (P1’), residues 13
to 24 of barstar (P2’), and finally residues 66 to 79 of barstar (P3’). Minima used for the restraining

potentials are also given.

Orientational restraint on ® (P1-P1°-P2’); ug ¢ = 93° (8 ns).

Boge _ _Jaed JdXe PlUtucal 354799

J— site
fsitedlfdxe_ﬁ[U+”c,all+u®] = 306692 1.1569 — Gg*° = 0.087 kcal /mol (%)

Orientational restraint on ® (P1-P1°-P2’-P3’); ug o = 40° (4 ns).

B _ _Jiedl [dXe BlUFucantuel — §10199

— site
i1 ] dXe PUicartiatis] = 451961 = 1.7926 — G® = 0.348kcal/mol  (6)

Orientational restraint on ¥ (P2-P1-P1’-P2’); uy o = —124° (8 ns).

Bae _ Jiedl[dXe PlUtuartuotuol 611885
e = =

_ site
i ] dXe P icariaiain] ~ 312575 = 1.4831 — G4 = 0.235kcal/mol  (7)

Positional restraint on 6 (P1°-P1-P2); ug o = 91° (4 ns).

Baye __iedl JdXe PlUtucartuol 235634

— site
™ dlfdxe—ﬁ[UJruc,aququrue] = 191079 =1.23318 = G © = 0.125kcal/mol  (8)

Positional restraint on ¢ (P1’-P1-P2-P3); uy o = 73° (4 ns).

B _Jedl JdXe PlUAtcartuotue] 2 56531
 Juedl [ dXe PlUFucartuotugtuo] — 2.35208

= 1.090656 — GSlte 0.052kcal/mol  (9)

Separation PMF from REMD-US (212 ns)

(W= [ dre B0 /dre W(41.5) /dre )-3993) _ 7,865 x 10 A (10)

site

S5



/ dre P W(39.5)) / dre BW(r)=40.07) _ 9 969 % 10?8 A

/dre W(375)) /dre )=4012) _ 1 080 x 102 A

T 27
(1)S* = ()2 / sin(6)d6 / dgeBu©9)
0 0

_ (r*)z/” Sin(8)d0eB+(0570.1+(180/7)%)+(6-91+7/150)°
0

X 2ﬂdqwe #(0.5%0.1x(180/7)*) (¢ ~73%m/180)*

0
= (41.5A)2 % (0.1067) x (0.106814) = 19.629 A>

(2)8* = (39.5A)% x (0.1067) x (0.106814) = 17.782 A°

(3)8* = (37.5A)2 x (0.1067) x (0.106814) = 16.027 A

(1)S*I*(r* = 41.5) = 1.544 x 104"
(2)8*I*(r* = 39.5) = 1.773 x 10%°A°

(3)S*I*(r* = 37.5) = 1.730 x 103°A°
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Contributions from removing restraints in the unbound state

Orientational and positional restraints.

—BGPfflk fbulkd15(r1 - rT) dee BU+uc an+ue+ue-+uy]
e =
fbulkdlé (1'1 - rT) dee BIU+ucantuo+tus]

_potur _ Jou @18 (ry —17) [ dXe PlUHucartuotua)
e =
fbulk d15(r1 — I'T) dee_ﬁ[U'i'uc,all"‘M@}

e*ﬁGl@)‘ﬂk _ Jour 16 (r1 —r7) dee_ﬁ[U+Mc,a11+u@]
Jourd16(ry —r7) dee’B[Uﬂlc,au]

T 21 2n

e BGM Lz/ sin(@)d@/ dd AW e Puo(0.2.%)
81> Jo 0 0
= % /7t sin(@)d@e—ﬁ*(O-S*O-1*(180/7r)2)*(®—93*7r/180)2
81~ Jo
X zndCDe_ﬁ*(O'S*O'1*(180/75)2)*(@—40*11/180)2
0

% o d\Pe—ﬁ*(O,S*O.1*(180/77:)2)*(\11_236*n/180)2

0

1
= gz X (0.1067) x (0.106814) x (0.106814) = 1.5418 x 1072

— GYIK = 6.605kcal /mol

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

RMSD restraint on barnase residues 27 59 60 83 85 87 102, applied to all heavy atoms (21 ns).

B St @18 (x1 —15) [ dXe PIUFUA B res U e 0.76632

Bnres — %

=737299.88 (31)

— Gk = 8.054kcal/mol  (32)

Bn,res —
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RMSD restraint on barstar residues 29 31 33 35 38 39 42 76, applied to all heavy atoms (15 ns).

-G, o @18 (r1 — ) JdXe PlUHutue] 0725745

Bs;res — = = 56217466
Joud18(ry —x3) [dXe P [U+uc] 0.000129096
— GpuX . = 5.147kcal /mol
RMSD restraint on barnase, applied to carbonyl carbons only (18 ns).
L-Ba _ Jound18(r1 —17) JdXe PUtusetumel 0.394126 1048 4668

o d18(r1 — 1) [dXe PUFmd— — 0.000375907
— GYK — 4 146 kcal /mol

Bn,c

RMSD restraint on barstar, applied to carbonyl carbons only (24 ns).

-G _ | Jound18(r1 —xj) [dXe PUTmd 0359751
T o d18(r —1}) [dXe U 0.00121979

— Gpu¥ = 3.390kcal /mol

=294.9286

Final calculation of the binding constant and free energy

Keq = S*I* e 7[3 [(G%liné - thse,c ) + (G%L;lué - G%if,c ) + ( Ggil,llfes - G%itse,res ) + (Glélill,lies - Gggc,res ) + (Ggmk - Gf?ite ) - Gzite}

_ G 5 o~ Bl(3:390—1.980)+(4.146-3.130)+(5.147—1.871)+(8.054—3.454)

+(6.605—(0.235+0.125+0.052))—(0.087+0.348)]

— S T* x ¢ 100608 _ ¢+ o 1 9922 % 10712
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(34)

(35)

(36)

(37)

(38)

(39)
(40)
(41)

(42)



(1)Keq = 1.544 x 1047 % 1.9922 x 10712 = 3.0759 x 10'8 &> (* = 41.5) 43)

(2)1.773 x 1047 % 1.9922 x 10712 = 3.5321 x 10" A°(+* = 39.5) (44)
(3)1.730 x 103047 % 1.9922 x 10712 = 3.4465 x 10'8 A°(+* = 37.5) 45)
. 1
Gbind = —kT log(KeqC®) = —kT log(Kcq —)= (46)
1661 A

(1) 20.96kcal/mol  (r* =41.5) (47)

(2) 21.04kcal/mol  (r* =39.5) (48)

(3) 21.02kcal/mol ~ (r* =37.5) (49)
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