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S1. Scatter plots, equilibrium conformations, and anisotropies
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Figure S1. Scatter plots and energy contours for the globatdinates. The organism and the
force field used are indicated (“bscO” stands foe fparmbscO force field). Meaning of

symbols and colour coding is the same as in Fig:h&. green ellipse is the energy contour
corresponding to the energy kfT .



Table S1. Conformations and anisotropies of the studied syste

@ (deg) @ (deg) anisotropy

E.c. starting (2AWR) -7 16 -
E.c. equilibrium, parm99 -9 13 1.1
E.c. equilibrium, bscO -4 12 1.1
E.c. 212V 7,0 13,0 -

E.c. 311N -16,-4 4,2 -

E.c. 3I11P 51 25,-9 -
H.m. starting (1S72) -9 26 -
H.m. equilibrium, parm99 -3 20 1.1
H.m. equilibrium, bscO -2 23 1.1
T.t. starting (1VSP) 14 16 -
T.t. equilibrium, parm99 4 23 1.1
T.t. equilibrium, bscO 5 32 1.0
D.r. starting (1ZJR) 3 31 -
D.r. equilibrium, parm99 11 27 1.1
D.r. equilibrium, bscO 17 23 1.2
bulgel, equilibrium 9 7 1.5
bulgeR, equilibrium 9 25 1.3

" Values in italics are from Fu et al. (ref. 18).



S2. Anisotropic model of global structure and stiffness

We interpret the fluctuations aff,@ using a model in which the elastic energy is aegan
quadratic function ofg,@,:

E(®) :%(&—é)EHZ(o'S—éS) (S1)

where ® =(@,¢) is the coordinate vectort?) = (@,ézz) is a vector of equilibrium shape

parameters an is a symmetric, positive definite stiffness matissuming the canonical
probability distribution of the coordinates and #nfluctuations, we deduce the relations
between the model parameters and the moments obthrdinates (see refs 73-77):

(@) =w, C=k,TK (S2)

where <cT)> is the mean and the covariance matrix of the coordinate veatwy T is the

absolute temperature akg the Boltzmann constant. The model paramean'ﬁ'reré(~ in general
depend on the location of the segment within Hfiét s, on the contour length

We now describe the more detailed model in whichoanogeneous, straight elastic rod
representing the helix H76 is attached to a flexilspherical hinge representing the junction
core. The model allows for the hinge and the rodacanisotropically flexible. Consider a
helical segment of H76 at a distaricérom the junction along the H76 contour. To ddseri
the configuration of the model, we express the b@ndoordinatesy, ¢, introduced above as

a sum of two terms,

A=0t A
PR TP (S3)

where ¢,,, @,,are contributions tag, @ from the junction core ang,,,¢,,are contributions
to ¢, @ from the helix H76 (see Fig. 4). The elastic egesgassumed to have the form

E=E, +E, (S4)

where E; is a general quadratic function @f,,¢,, and E,, is a general quadratic function of

@1, 9, - Thus, the elastic energy is a sum of the contiobufrom the junction core and the

contribution from the helix. For a given bendindgatenation, the elastic energy of a straight
elastic rod is inversely proportional to its contéength (see e.g. ref. 97). From this and from
egn (S4) we deduce that our elastic en&rggkes the form

E(w)=3(0 -0) K(o - o) (S5)



where ® = (@,,,9,,, 81, @, IS the coordinate vectowp = (&l,&gz,@l,épz) is a vector of
equilibrium shape parameters and

K, 0
( 0 @LK Hj

is a symmetric, positive definite, block-diagonaffsess matrix, whose diagonal blocks,

and (I/L)K , are stiffness matrices associated with the junctiore and with the helix,
respectively. The assumption of the helix beingight implies that

&41:(&4220 (S7)

Assuming the canonical probability distribution tbe coordinates and small fluctuations, we
find the moment-parameter relations

(@)=d,  C=kTK™ (S8)

where <(o> is the expected value ar@ the covariance matrix of the coordinate vector
From this and from the block-diagonal form of thiérsess matrix we obtain the relation

-1
C= kBT[KOJ ug-lj (S9)
H

Thus, the covariance matrix @ is block diagonal. Its diagonal blocks are thear@nce
matrices ofg,,, ¢, and@,,,q,, respectively and are given by

C, =k, TK ', Cy, =kgTLK}} (S10)
The coordinatesp,,,®,, and ¢,,,¢,,are not directly accessible to measurement, since o

helix segments are of finite length and thus wenocamakelL arbitrarily small. Rather, we
measure only the values@fg . From eqn (S8), (S7) and (S3) we get

@ =0, (@)=0, (S11)

This shows that the mean values@fg, are independent df and equal to the equilibrium
coordinates of the junction core.

From the block-diagonal form & and from egn (S3) we deduce that the covariandexna
C for @, @ has the form

C=C,+C (S12)
J H

Substituting from eqgn (S10) to the right-hand sifleqn (S12), we obtain



C=k,T(K;+LK D) (S13)

Hence, the matrix elements & are linear functions of the contour lendthThe absolute
term is the covariance matrix of the junction coo®rdinatesg,,,¢,, and is related to the

stiffness of the junction core through eqn (S10&k linear term is the covariance matrix of
the helix coordinate®,,,q,, and is related to the stiffness of the helix tigtoeqgn (S10b).

The model simplifies further if the junction coradathe helix are assumed isotropically
flexible. In that case the stiffness matrices hitneeform

K,=a)l, K,=al (S14)

where a,, >0,a, > Oare the stiffness constants dni the identity matrix. From eqn (S14)

and (S13) we obtain that the covariance maiof the isotropic model takes the form

C= kBT[i +LJ| (S15)
a, a,

that is, Cisa diagonal, isotropic matrix whose entries larear functions of the contour
lengthL.

Egn (S15) can be given a simple interpretation.d&fne the total square angular deviation
(ag)* as

s =lg-af +lp-af (516)

and the square angular deviations associated hetjuhction core and with the helix as
Be) =@ -0)"+@. -1 (0a) =@, -3.)"+ @, -a.)*  (S17)
Taking the trace of both sides of eqn (S12) andgusgn (S2a) and (S8), we find

(o) =(a))+{(a,)) (S18)

We then substitute eqn (S14) to egn (S10) and cterthe trace of both sides, which gives
((ag )} = 2,T /3, ((ag, )= 2k5L /3, (S19)

From egn (S18) and (S19) we finally obtain that

(A7) = 2kBT(i +Lj (S20)

a, a,



Thus, in the isotropic model, the bending anglaatan <A¢2> is a linear function of the

contour lengthL. The absolute term is the angular variati<cmqu)2> associated with the
junction core, related to the junction core stifseonstant, by eqn (S19a). The linear term
is the angular variatior((A%)2> associated with the helix, related to the helikfraetss
constanta,, by eqn (S19b).

Fitting of the model

We extracted the time series of the coordingieg, from the MD trajectories as described in
the main text. We then estimated the mean and o of ¢,¢ over the canonical
ensemble by their mean and covariance over the iMB s$eries. As shown above, the model
predicts the covariance matr& to be a linear function of the contour lengthTo verify this

prediction, we computed the matrix element<ofor various values df. This was done for
theE.c., H.m. andT.t. simulations and each time for the two force figlaices, that is, for six
systems in total. ThB.r. simulations were excluded due to instabilitiethatbottom of H76.
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Figure S2. Matrix elements ofC, the covariance matrix of the coordinatgsg,, as a

function of the contour length. These data are for tAet./parmbscO simulation, all the other
cases are similar.

All the plots show a similar pattern (Fig. S2): ttiagonal entries o are very close to
linear inL, the off-diagonal entries are not linear but tleg small, 5-10 times smaller than
the diagonal entries. Thus, the covariance madrotase to diagonal. We therefore set the off-
diagonal entries of to zero and computed the stiffness parameters fhenlinear fit to the
diagonal entries using eqn (S13). We found thajuhetion core stiffness matriK ; and the

helix stiffness matrixK , (or equivalently, the covariance matric€s and C ) are nearly

isotropic. Just as in the main text, we define @nopy of a covariance matrix as the square
root of its eigenvalues (sinc€, and C,, are diagonal, their eigenvalues are equal to their
diagonal entries). Anisotropies of the junctione@s well as of the helix, for all the six

systems, do not exceed 1.2. This indicates thatithe are well described by the isotropic
model expressed by eqgn (S19), (S20).
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Figure S3. Bending angle variation as a function of the cantength. Meaning of symbols
is the same as in Fig. 4.

S3. Structure stability and interatomic contacts

Structure stability

In the simulations ofE.c., T.t. and H.m., we observed frequent fluctuations and opening
events for canonical and wobble base pairs forrthieghelicesin both parm99 and parmbscO
simulations oD.r., we observed large fluctuations in the two woljdés at the base of H76
(G2077/U2178 and G2078/U2176) — for most of theusatmon time, the pairs were stabilized
just by a single H-bond. Another perturbation waersin the adjacent canonical base pair
(A2079-U2175), which often adopted a non-planarngeiny. These three pairs are not
perfectly structured in the initial x-ray structurehich probably affected their behavior
during simulations. The central tH/S A/G and tH/WUApairs (Fig. 2) forming the
UNA/GAN motif and simultaneously the hook-turn wetable in both parm99 and parmbscO
simulations. The third non-canonical single hydrogended tH/H pair either fluctuated or it
was disrupted.

We observed a substantial increase in the intepitais distances over major groove in our
simulated structures compared to the corresporxliray structures (Fig. S5). The increase
was typically 7 A for parm99 and 6 A for parmbsé®usations. Further investigation of the
phenomena and its relationship to the local con&tion of the helices is a subject of an
ongoing study. The x-ray.t. 3wj conformation is affected by its interactionthwihe E-site
tRNA, which causes a compression of major groovdeénupper part of H76 (19). During the
first nanoseconds oF.t. simulations the compressed major groove openedremdined in
this new geometry for the whole simulation.

Bulge dynamics

BulgeL: In the time period of 0-60 ns, the bulge base staiyethe starting stacked-in
conformation and temporarily paired with oppositadil from the adjacent lower A-U base
pair. In the time period of 60-100 ns, the bulgeebtormed a triplet with the adjacent upper
G=C base pair.



BulgeR: After equilibration, the bulge base formed al&ipwith the adjacent lower A-U base
pair. This conformation was stable until 58 ns, whtee A-U pair was disrupted and the uracil
flipped out of the stem. The bulge base was themifaqy a non-canonical A/A pair with the
remaining adenine for 10 ns. After that the A/Ardaioke and the bulge base flipped out of
the stem, which did not change until the end ofsineulation.

Contactsin the central part of the 3wj

The x-ray structures of most of the studied systeamdain two sugar-phosphate contacts in
the central part (the first one between 2’-OH & thiacil from the tH/H pair and a phosphate
of the adjacent nucleotide from H75, the second lmtereen a phosphate of the uracil from
the tH/H and 2’-OH of the adenine from the tH/Srf&ig. S4 and Table S1Jhese contacts
were maintained in the majority of the simulatiotigir stability is indicated in Table Sih
addition, theH.m. 3wj exhibits a base-base contact between the hygsine 2259 and the
adenine from the tH/S pair, C2259(N4)-A2244(N1)g(F83 and S4). The corresponding
contacts are not seen Hc., T.t. and D.r. x-ray structures (probably due to their lower
resolution); nevertheless, they were formed dutivegsimulations (Table S1).

Further, theH.m. structure also shows a base-phosphate contassif@a as 7BPh, between
the cytosine of the first pair of H79 and the adjacadenine from the tH/S pair, C2245(N4)-
A2244(02P), and a base-sugar contact between theirgu of the tH/S pair and the bulge
cytosine from the junction core, C2243(02)-G225ZNThe first contact broke at the
beginning of both parm99 and parmbscO simulatiom$ the second contact was replaced
with the C2243(02")-G2257(N1) contact in both pafvehd parmbscO simulationbt. 3wj
also shows a base-sugar contact between the guahihe tH/S pair and the uracil of the
tH/W pair, U2197(02')-G2224(N1). This contact wdaalde in both parm99 and parmbscO
simulations. In bottD.r. simulations, we detected a new (not seen in x-aayg) stable base-
phosphate interaction (class 4BPh) between theebadtgnine A2181 and the guanine from
the tH/S pair, A2181(02P)-2204G(N1/N2). A new stabbntact was also seen in béila.
simulations, namely between the guanine from thé& tphir and the uracil from the tH/W
pair, G2224(N1)-U2197(02’).

In summary, the central region in all the four stddstructures is interconnected by four
stable contacts: three of them are indicated in &igand Table Sihe fourth one is different
in each system, but it always involves the guafiom the tH/S base pair.

Contactsof H75 and H79 to therest of theribosome

In the x-ray structures, H75 and H79 create a nunabecontacts with the surrounding
structure. In particular, H75 and H79 Bt. 3wj exhibit contacts with ribosomal proteins L2
and L28P. The first two base pairs f. H76 (2093G=C2196 and 2097G=2195C) and the
central part ofT.t. junction also have several contacts with ribosopratein L9 (Fig. S6A,
B). In addition, H75 makes contacts with H68 and H21d &79 makes contacts with H66
and H58.

The E.c. structure shows similar contacts with L2 and L8teins as thd.t. structure, but
specific direct contacts between L9 and first tvesdo pairs of H76 are not seen. The L28P is
replaced in theE.c. structure by L31 and makes contacts to both H7b ldA9 (data not



shown). The RNA-RNA contacts are also similar, bot identical, to thd.t. structure: H75
makes contacts to H68 and H21, H79 makes contaiths 66, H58 and also with H52,
which is not seen in th&t. structure.

In theD.r. structure there are contacts of H75 and H79 orilly 122 and L28 proteins, the L9
protein is missing. The RNA-RNA contacts in the. structure are similar t&.c. andT.t.
structures: H75 makes contacts to H68, H21 and ld68,H79 makes contacts to H52 and
H58.

In theH.m. structure, both H75 and H79 make contacts with, M#ch corresponds to L2 in
the eubacterial structures. In addition, the cémaat of the junction and H75 make contacts
to L15E instead of to L28, the L9 protein is migsimThe RNA-RNA contacts are less
extensive compared to eubacterial structures (th& tHakes contacts to H68 and H21, and
H79 makes contacts only to H66).

Figure $4. Left: the x-ray structure dfi.m. 3wj. H76 is green, H75 is blue and H79 is red, the
tH/S and tH/W pairs, including the bulge base betwthem, are in yellow. Right: a stereo
view showing details of the central region with thegar-phosphate contacts 2132C(02P)-
2133U(02’) and 2133U(01P)-2244A(02) (1 and 2, &d rcircles) and a base-base contact
(2244A(N1)-2259C(N4) (3, in a red circle). The tlwends of the sugar phosphate backbone
at the H76/H79-H75 interface are in black (H75 @®Hand in grey (H75 to H76).



Figure Sb. Stereo views of the x-raf.c. 3wj (A) and the MD structure from parm99
simulation averaged over the last 10 ns (B). Irntegphate distances are highlighted. Notice
the considerable increase of the distances in thesivlicture compared to the x-ray structure.

Figure S6. Interactions ofT.t. 3wj with ribosomal proteins (A: front view, B: ®dsiew) and
with the surrounding RNA helices (C: stereo view).
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Table S2. Occurrence of the two main base-phosphate a*nd:)aae-sugar contatat the
H76/H79-H75 interface in the x-ray structures ameirtstability in the simulations.

Organism Contact T Contact 2 Contact 3

(pdb code)

D.r. (2ZJR) 2074U(02P)-2075U(02") X 2075U(02P)-2182A(02")  2182A(N1)-2205C(N4)
parm99: 80% parm99:100% parm99:100%
parmbscO: 100% parmbscO: 95% parmbscO: 100%

E.c. 2AW4) % 2091C(02P)-2092U(02")  * 2092U(O1P)-2199A(02")  2199A(N1)-2226C(N4)
parm99: 100% parm99: 98% parm99:65%
parmbscO_parmOl: 100% parmbscO_parmOl: 75% parmbscO_parmOl: 90%

H.m (1S72) *2132C(02P)-2133U(02")  * 2133U(O1P)-2244A(02))  * 2244A(N1)-2259C(N4)
parm99: 100% parm99: 100% parm99: 100%
parmbscO: 100% parmbscO: 65% parmbsc0: 65%

T.t. (LVSP) X 2091U(02P)-2092U(02)  * 2092U(01P)-2199A(02))  2199A(N1)-2226C(N4)

parm99: 98%
parmbsc0: 100%

parm99: 100%
parmbsc0: 95%

parm99: 40%
parmbsc0: 100%

#Positions of these contacts are shown in Fig. S4.
Stability of contacts in parm99 and parmbscO satioihs is indicated in percentage. For Ehe system we

used parmbscO force field together with the p@hacorrection (see Methods).
X Contact seen in the initial x-ray structure.
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