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Supplemental Information

Supplementary Tables and Figures
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Figure S1: Free energy landscape of Lyn KD along the structural coordinate
AQ aioopn and the progress variable AV at 200K (A), 210K (B) and 220K (C).
The intermediate state at AQ aj00pn ~ 0 and AV ~ —50 kcal/mol becomes more fa-
vorable as temperature increases, suggesting that this state is associated with greater
entropy compared to the other states.



Table S1: List of residue pairs used to define the collective variables for Lyn and
CDK2. Each row of the table lists the pairs used to define one collective variable as
indicated by the first column. Distances that increase from the active to the inactive
state and thus contribute positively to the collective variable are listed directly.
Distances that decrease from active to inactive and thus contribute negatively to
the collective variable are listed in parenthesis.

Lyn CDK2

(A286-E290) (A286-A291) (F287-E290) R50-L55 E51-L55 E51-K56
(F287-A291)

(5283-V391) (S283-E393) (A286-V391) (A48-F152) R50-R150 ES1-F146 (E51-A151)
LN re VB (F287-V391) E290-D385 E290-F386 (E290- | (152-1148) (I52-A151) (I52-F152) L54-A149 L54-
V391) L293-F386 L293-A389 1293-V391 | R150 L54-A151 L55-F146 (L55-L148)
(M294-1388)

K275-F287 K275-E290 L277-V284 1277- | Y15-T47 Y15-E51 K33-E51 35-A48 A48-L76
F287 (V284-E312) (F287-V308) F287-1317 | E51-L78 E51-F80 152-L66 152-L78 (S53-V69)
L288-1315 E290-1317 A291-L305 A291-1317 | L55-163 (K56-V69) L58-163

1293-Q298 M294-V303 M294-1305 M294-

T319
aC-Clobe (E290-Y363) (L293-Y363) (M294-Y363) L54-V123 E57-R122
(D385-L388) F386-A389 (G387-R390) (D145-1148) F146-A149 (G147-A151) (G147-
PN WAL N (L388-V391) (L388-1392) F152) (L148-A151) (L148-F152) (L148-G153)
(A149-F152) (A149-G153)
(F258-1392) (K275-D385) (T281-E393) (Y15-L148) (Y15-A149) (Y15-F152) (K33-L148)
AloopN-Nlobe | (M282-V391) (M282-1392) (1317-L388) (135-F152) (163-F146) (L76-F152) (L78-L148)
(F80-D145)

K361-1392 N362-V391 N362-1392 N362- | (L115-F146) (C118-F146) H121-F152 R122-
E393 (Y363-F386) Y363-R390 Y363-V391 | A151 R122-F152 R122-G153 (V123-F146)
Y363-1392 1364-A389 1364-R390 1364-V391 | V123-A149 V123-R150 V123-F152 L124-A149
1364-1392 (H365-F386) (H365-G387) H365- | L124-R150 L124-A151 L124-F152 (H125-F146)
R390 R366-L388 (R366-R390) D367-1388 | H125-R150 R126-L148 D127-L148 (L143-F146)
(D367-A389) (1383-F386) (A144-1148) (F146-D185) F152-T182
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Figure S2: The evolution of the aC-Aloop path of Lyn KD during the MFTP opti-
mization. The profiles of the collective variable (top) and the free energy (bottom)
are shown for the path at different stages of optimization. Each column displays
the collective variables and the free energy averaged over a 100-iteration period.

The blue double-headed arrows show where the aC helix moves and where the free
energy peaks along the path.




Supplementary Methods

The single-basin Go model

We used the Go potential developed by Karanicolas and Brooks [15,16] as the single-
basin model. The model represents each residue of the protein with a single particle
at the Ca position and the potential function consists of both bonded and non-
bonded terms describing interactions between the particles:

4
V= k(b —b:)°+ D ke(6i—0:)>+ > > kpi(1—cosn(di — )+ > Vi,
bonds angles dihedrals n=1 nbond
(1)
where b;, 0;, ¢; are the individual bond length, bond angle and dihedral angle,
b, 0;, Q_SZ" are the corresponding reference values and ky, kg and kg’s are the force
constants. The reference values for the dihedral angles in this specific Go model
are defined solely based on the protein sequence and hence have no dependence on
the reference structure. Reference values for all other terms are derived from the
reference structure. The model defines native contacts between a pair of residues
if their side-chain heavy atoms are within 4.5 A or if they are directly hydrogen-
bonded. For those pairs that are in contact, a 12-10-6-order energy term with an
attractive well and a dissociation penalty is used:

Vie—10-6(€,0,7) =€ {13 <%) " —18 <%)10 +4 (E)G] 7 (2)

T

where 7 is the distance between the two particles and € and o are parameters de-
termining the strength and characteristic distance of the contact, respectively. For
all the other pairs, the non-bonded interaction is described by a simple 12-order

repulsive term:
o

Vis(e,o,1r) =€ <;) . , (3)

where € is the force constant and ¢ is the repulsive diameter.

Consolidation of two single-basin models

As described in Methods, an exponential averaging procedure is used to merge two
single-basin Go potentials into one double-basin potential. For the exponential av-
eraging scheme to work properly, it is necessary to make modifications to the two
single-basin G6 models to eliminate factors that may cause an artificially large AV
These factors involve all three structure-derived terms. We made modifications to
each of them to make the two single-basin models compatible with each other.
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Figure S3: Consolidated angle potential for angles with reference values differing by
different degrees in the two single-basin models.

Bonds

The bond terms were consolidated by taking the average of the reference values in
the two single-basin models for each bond. This modification does not affect either
model significantly because the length of a C,-C, pseudo-bond varies little as the
configuration changes.

Angles

Different from the bond terms, an angle term may have very different reference
values in the two single-basin models. Taking the average does not work very well
for the angle terms because it would distort the two reference structures. Instead of
averaging, we changed the form of the angle term from a single-basin harmonic well
to the following double-basin potential:

Verdt(9) = 1 In(exp(—B2(k(6 — 60)*)) + exp(—B2(k(8 — 6))*))). (4)

where 0y and 6}, are reference values in the two models, k = 75.6 kcal /mol/rad? is the
/6 2
max(|90—€(’)|,7r/6))
The definition of 35 ensures that any angle with |6y — 6| > 7/6 has a constant bar-
rier of 1 kcal/mol between its two minima, whereas for angles with |6y — 6(| < 7/6

the barrier height shrinks as the difference between the two minima decreases.

original harmonic force constant, 51 = 0.155 kcal/mol, and S = f1(



Non-bonded terms

Both types of terms characterize the excluded volume effect as a steep repulsive
wall. Because the original single-basin models use structure derived non-bonded
parameters, the same pair of residues may experience the repulsive wall at different
distances in the two single-basin models, which would result in a huge energy gap
between the two models. In the consolidated models, we modified the non-bonded
terms so that the same pair of residues always experience the same repulsive wall.
The specific forms of the consolidated non-bonded terms are summarized below.
In the summary ¢ is a flag the value of which is true if the pair is in contact and
false otherwise. g;;, €;; and o;; denote corresponding attributes of pair {ij} in the
present (active/inactive) model before consolidation, whereas ¢;;, €;; and o}, denote
the same attributes in the other (inactive/active) single-basin model. ¢y = 0.18
kcal/mol and oy = 4.0 A.

o if qij-
— if q;; and o35 > o
. ’ / /
vomd mln[‘/1271076(6ij70'ij7 Tij)7 maX(%zflo,G(eimam Tij)70)] fOf Tij < Uij
1bon .
‘/;7] ne = mln(Vlzflofe(Eij,O'ij,Tij),O) for 7 < rij < Oij
Viz—10-6(€ij,0i5,Ti5) for ri; > 0i;

. nbond __
— else: V] = Viz—10-6(€ij, 0ij, Tij)
e else:

! ’ ’
_if gl mbond _ max(Viz—10-6(€;;, 045, 7i5),0) for 75 < oy
I q;5: =

& 0 for ri; > o},

. nbond __
— else: Vj} = Vi2(eo, 00, 7ij)



