Supporting Text

Variation of the Structural Perturbation Method ( dw-based method)

To assess that our major conclusion, namely functionally relepantréquency modes in biological
nanomachines are robust to sequence variations, does not depend ooiseenprthodology, we have
used another complementary approach that probes the responsweari engde to a residue-specific
perturbation. In a previous article (1) we used this procedure mifidéhe network of dynamically
linked residues, which relay allosteric signals in a numberMA @nd RNA polymerases. Here we
modify the scheme to take into account sequence variations thus iegpiblutionary signals.
Following the contact-based method, we define residue-similaotg gor a substitutionR,, - R;)
at positioni using

S(R4:Rp)

_ log PRe = Ry lcon() (S1)

P(R, « Rp)

which is essentially the log-probability of the stitution R, ~ R, occurring if positioni is
conserved (“conserved” means positiomaintains its interactions with its neighbors). isthe
contact-based method we use the PAM250 score toageaesidue similarity. The corresponding local
energy variation at positiandue toR, -~ R substitution is set to béw times the probability of the

positioni not being conserved if the substituti®) - R is allowed:
& (R, Rp)
=[-P(con(i)IR, « Rp)lldw (S2)
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Following the same procedure described infEge get

O, (RyR,) =[1= (1= Papy) &7 | (B, (S3)
whereP;ang = 0.5. The variation of the local energy at positiis
E, ~(&E (RsRp)), o (S4)

where the average is over all possildR, (R ;) for the given positionin the MSA.
The robustness parametéfg':g is computed usingk = ZdEi ,E O Z&a, , Wheredw is

computed using EG3

Identification of Network of Residues (“Wiring Diagram”) That Transmit
Allosteric Signals

A byproduct of the SPM method is that it can be usemllentify the network of distantly connected
residues that cooperatively orchestrate the lacgeesdomain movements. By assessing the degree of
response to site-specific perturbations the impodaof a given residue in facilitating allosteric
transitions can be gauged. Using the SPM, whichbeaimplemented by the contact-based analysis or
the dw-based method we have identified the mechanicalby™residues for the three nanomachines.



Thermus aquaticus DNA polymerase t For the TAQDNA polymerase | we have identified the
network of residues that trigger the open/closaddition using the SPM. Several residues that $pan t
fingers/palm domains are involved in the three nsottet are required in the domain movements.
Among the hot-spot residuet614 (2)and F667 (3were shown to be critical for fidelity of DNA
replication. Suzuket al. (4) screened 67 mutants in the O-helix (659-671) farad fidelity of DNA
synthesis. Among those, 13 mutations of residueB0RB661, A662, T664, N666, V669, L670 were
found to cause decreased fidelity. In addition, ]R6B663, F667, and Y671 were shown to be
immutable or absolutely conserved. Kermekche\al. (5) reported four cold-sensitive mutations
(E626K, W706R, 1707L, E708D) and one deleteriougation (Q690R). They are clustered on the
outside surface of the enzyme’s finger domain, Wwihgcfar from the active site, but at the hingenpoi
of the fingers domainRemarkably, the SPM method identifies accurately ynainthe functionally
relevant residued.he network of allostery transmitting residuesexplicitly shown in Fig. 2.

Dictyostelium myosin Il: Many of the residues identified by SPM have been shimwbe functionally
relevant in myosin Il. The amino acid sequence laimty betweerDictyostelium myosin Il and human
beta-cardiac myosin have facilitated the studyhaf structural consequences of those hypertrophic
cardiomyopathy (HCM) mutations in human beta-cardmgosin heavy chain (6). Five HCM
mutations are mapped to residues E492, F506, RG&H), and F745 ilictyostelium myosin Il. The
mutant A699R (7) exhibits the lowest level of fonweh their preserved actin-activated MgATPase
activity. The E706K mutation causes a human mygpdath human skeletal myosin lla. The
homologous mutation, E683K, in th#ctyostelium myosin motor domain was also studied (8). The
motor functions of the mutants 1499A and F692A laighly compromised (9). Similarly, the rate of
ATP cleavage is reduced 4-fold in the G691A mutdimie nucleotide-binding rate is 20- to 30-fold
slower in G680A (10). The mutants Y494K, W501L, G4produce a cold-sensitive phenotype in
vivo (11). The mutant G680V myosin exhibits a sahsally enhanced affinity for several nucleotides,
decreased ATPase activity, and over-occupancyeation of a novel strongly actin-binding state (12)
The G691C mutant exhibits an elevated basal ATRabeative of premature phosphate release (12).
The mutants F481C/N483K and H484Q are functionalfective (13). Dictyostelium cells
transformed with F487A or F506G (14) myosin weranfd to be unable to undergo processes that
require myosin Il function. The mutant W501Y’s afty for actin was shown (15) to be about 6-fold
decreased, which confirmed that W501 is the prindgri?-sensitive tryptophanyl residue. Our method
predicts that the above residues are critical & ftinctional dynamics of myosin Il (Table 3). The
residues, which have been found to be relevannfarsin allostery, form a sparse network (Fig. 4).

E. cali GroEL Chaperonin: Our analysis correctly identifies, Y360 and D36@%,being functionally
relevant. Mutant Y360E has reduced ATPase activiylevD361K lacks the ability to bind to the
cochaperonin GroES (16). More recently, using genetiperiments, Klein and coworkef47)
identified two mutants (GroEL44 mutant: E191G) 4@doEL673 mutant: G173D and G337D). They
found intragenic suppressor mutations at 13 residGa. 73S, V174F, V1741, T176N, V189E, V190I,
V190L, Q194P, Q194H, Q194H, R322G, T331S, T33131R3 T331N, D359Y, D359N, D359G,
Q366R, K371N, G375C, V378G, and V378A) that restgrewth at elevated temperatures to the
mutantE. coli GroEL44 bacteria (17). Surprisingly, all 13 amemmds are positioned in such a way as
to allow for largeen bloc allosteric movement in GroEL so that it can caifgemteract with GroEL.
Twelve of these 13 residues are also identifiedgisur method as being allosterically relevant. &lur
et al. cross-linked the equatorial and apical domaimsuijh a disulfide in the D83C/K327C double
mutant (with additional mutations C138S, C458S, @3 9S) (18). This mutant can still bind ATP,
which remains bound without hydrolysis. Howeverfails to process further reaction steps such as
ATP hydrolysis, binding of GroES, dissociation afbstrate protein from GroEL, and facilitating
protein folding. Xuetal. (19) observed that the G375 residue plays an importdeirr the rotation of



the apical domain, as does G192. Furthermore, Gh82G375 are absolutely conserved. The wiring
diagram for allostery is explicitly shown in Fig. 6
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