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CD unfolding and refolding curves

CD unfolding and refolding curves of the wt (Figui8é), ABC-mutant (Figure S2) and G14A-C25U-
mutant (Figure S3) were analyzed to investigateréversibility of the global unfolding process. All
three RNAs show unfolding and refolding curves tn& very similar indicating that the unfolded RNA
is able to refold to its native fold under the givieuffer conditions (15 mM }d,PO,, pH 6.5, 25 mM
KCI). However, unfolding and refolding curves al@lgly shifted. This shift is due to incomplete
equilibration of the RNA at the given temperatures the shift is dependent on the temperatureeslop
used in the temperature scan. For the analysih@fntelting point | and the extraction of the
thermodynamic parameters of the global unfoldirapgition AGyn;, AHune and ASyns unfolding and

refolding curves were averaged.
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Figure S1: CD unfolding (red line) and refoldindgu@ line) curves of the 4U-hp2-wt RNA recorded at a
wavelength of 258 nm with a temperature slope @/dfin and -1°C/min for unfolding and refolding,

respectively.



CD unfolding and refolding curves of the ABC-mutant
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Figure S2: CD unfolding (red line) and refoldindug line) curves of the 4U-hp2-A8C-mutant RNA
recorded at a wavelength of 258 nm with a tempegaglope of 1°C/min and -1°C/min for unfolding

and refolding, respectively.



CD unfolding and refolding curves of the G14A-C25U-mutant
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Figure S3: CD unfolding (red line) and refoldindu@ line) curves of the 4U-hp2-G14A-C25U-mutant
RNA recorded at a wavelength of 258 nm with a teeapee slope of 1°C/min and -1°C/min for

unfolding and refolding, respectively.



Monophasic CSP fitting results of the imino resonances of the 4U-hp2-wt RNA

Mg?®* titrations of the 4U-hp2-wt RNA were performed ahd resulting CSP curves of the imino group
resonances were fitted as described (main articierials and methods, Kfigtitration experiments).
Table S1 illustrates the values for the respectiegimum CSP and dissociation constagtdfor each

analyzed imino signal obtained from the monophfsaccording to equation (2) (main article).

Table S1: CSPs of the imino groups of the nucleobases ofithdap2-wt RNA caused by the addition
of MgCl,. CSRyax and Kgissvalues were derived by fitting of the CSP curvgselquation (2) (main
article). CSR.ax CSP at infinite M§'-concentration; Kss dissociation constant.

CSPrmax [ppm] K giss [MM]

U4 0.057 + 0.003 0.85 +0.18
U5 0.119 + 0.004 2.51+0.19
G6 0.045 + 0.002 212 +0.21
u33 JE 1S

u32 /2 /2

G30 12 /2

u10 JP 1P

U1l JP JP
G27/G28 JE s

u12 JE 1S

u13 0.250 + 0.008 2.38+0.16
Gl14 0.030 £ 0.001 1.17 +0.12
u24 0.045 + 0.003 3.77 £ 0.42
u23 0.085 + 0.005 3.34 +0.36
a: imino signal too weak or not detectable b: n®®CS ¢: no valid fit



Cooper ativity of thetwo Mg®* binding sites

According to the CSP curves, the 4U-hp2-wt RNA tves distinct Md* binding sites. Binding of the
Mg** ions shows positive cooperative effects. Theseceffcan be quantified by the Hill coefficient. To
quantify the extent of cooperativity the fractiohoscupied M§* binding sites as a function of the fig
concentration was simulated according to the detetnmacroscopic dissociation constan{sakd K
(Table 3, main article). Subsequently, &8{fMg?*]) curve was fitted according to a four parametét H
equation (equation S1).

a*[ Mg*1®

247y —
é([(Mg~’]) = W+W

(S1)

In equation (S1P([Mg?*]) is the fraction of occupied Mg binding sites, y0 is the ordinate intercept, a
is the amplitude, ¢ the concentration at which 58%he Md¢" binding sites are occupied and b is the

Hill coefficient.

The simulatedd([Mg?®]) curve and the sigmoidal fit are illustrated ifglite S4. Apparently, the
simulated curve can be fitted by equation (S1). €keacted Hill coefficient is equal to b=1.47. For
RNA molecules with two M binding sites the Hill coefficient has to be iretlange between 1-2. A
factor b=1 indicates uncooperative binding whil& badicates maximum cooperativity. Factors of b<1
indicate negative cooperativity. Apparently, thesetved b factor is directly in between uncoopeeativ
binding and maximum cooperativity. Thus, the two?Mginding sites of the 4U-hp2-wt RNA exhibit

intermediate cooperativity.



Mg?* binding curve
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Figure S4: Plot of the fraction of occupied Mdinding sites in the 4U-hp2-wt RNA versus the g
concentration. Parameters used for the simulatecedblue line): K = 3.58 mM, Kk =2.06 mM. The

simulated curve was fitted according to a four peeter Hill equation (red line).



Mg®* binding model for one binding site but different confor mations of the [RNA*M g?*] complex

A Mg?* binding model assuming an [RNA*Mg-complex with only one Mg binding site but three

different Md* bound states is given in Figure S5.
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Figure S5: M§" binding model assuming one single ¥ginding site but three different conformations
of the [RNA*Mg?*] complex. In this model, the free form in indicdt@s | (green) and the three different

[RNA*Mg2+] complexes are indicated as Il (blue),(fellow) and IV (red).

In this model (Figure S5), the free form of the RWAIn equilibrium with the three different Mg
bound forms (Il, Ill, IV). The M§*-bound forms [lI, Ill and IV] are either directlyonnected to each
other or via the free form of the RNA so that tleenplexes I, Ill, and IV are in equilibrium to each

other, too. The equilibria can be described byfdHewing equations:
Ky =1/ 1] (S2)
Ky v =V (S3)

Kyv =0V (S4)



Note that the equilibria in the equations S2, S& 84 are not dependent on the{igoncentration. In
contrast, the equilibria of the state | with thates II, Ill and IV (equations (S5), (S6) and (S&)¢

dependent on the M{concentration.

_[1[Mg*]
T (S5)

_[11/[Mg*]
T (S6)

_[1[Mg*]
W (S7)

Insertion of the equations (S2) and (S3) into tigagions (S6) and (S7) leads to equation (S8)

_[1[Mg*]

Kin =Ko Ky =Ky w* Ky = (1 (S8)

From equation (S8) a monophasic hyperbolic bindimye can be deduced. Thus, the binding model in
Figure S5 leads to monophasic and hyperbolic C®®eswith the same apparent binding constant for

all curves.

Significantly varying K;ss values for different imino signals (Figure 8, mauticle; Table S1) and the
biphasic CSP curve of nucleotide U12 (Figure 8 maaticle) cannot be explained by a model assuming

only one M@* binding site but different conformations for tiRNA*Mg?'] complex (Figure S5).



Evidence for defined Mg®* binding
The Md¢* dependence of the melting point & described in the main manuscript (Figure 5,18 &).
In Figure 5, the T, values are plotted against the #goncentration and the free energy values fof'Mg

binding are derived from the hyperbolic fit accaglto equation (14).

The same data can also be plotted differently. Ating to (1,2) a plot of (1/f) against InN[M§']
should be sigmoidal in case of diffuse binding Slubuld reveal a linear dependency in case of specif

Mg?* binding. The corresponding plot is given in FigG&
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Figure S6 (1/F) on In[M¢**] dependence of the 4U-hp2-wt RNA as derived frob iBelting curves.
The curve can be fitted linearly according to tlgpaion f = yO + mx. Fitting results are y0 =

2.8612*10° + 8.62*10% m = 3.3126*1C + 0.1304*10° and ¢ = 0.9893.

Apparently, the plot in Figure S6 reveals a linéapendency. Therefore, the observed Mtgpendence
of Tm is caused by specific Mgbinding. Consequently, the CSP curves of the imégion (Figure 8,
main article) are caused by specific ¥Mdinding. The plot of 1/Tm vs. In[Md] would exhibit a

superposition of a sigmoidal curve for diffuse bimgdand a linear curve for defined binding, if dgg
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binding effects would cause significant, Variations. According to Figure S6 the plot is glyrlinear
and does not show any sigmoidal curvature in theeotration range investigated. Thus, the effetts o
specific Md* binding clearly dominate over diffuse binding effg at least in the concentration range

(0-7mM) observed here.

Qualitative explanation of the observed CSP curvesusing atwo binding site model

The different monophasic CSP curves can be desthip@ model with two Mg binding sites (Figure

1, main article) as follows. While some imino grewgense the binding of a Kfgon to the first binding
site, other imino groups experience a CSP uponitignof a Md* ion to the second binding site. A few
imino signals might sense only the formation of bireary or only the formation of the ternary comgle
others might experience different CSPs for theed#fiit Md" binding sites. Due to the observed
cooperativity, the model predicts two dissociatmmstants for a particular Mgbinding site which
lead to two superimposing curves. However, theegetbge dissociation constantsAK; Ki ) are very
different so that only the small dissociation canstk; 4 is observable. The same is true for the second
Mg®* binding site (dissociation constants 4§ K13 where only K 4 is observable. The signals U23 and
U24 exhibit a dissociation constant of approxima&b6 mM, which is within the margin of error of
the macroscopic dissociation constant Khus, a scenario, in which U23 and U24 experiethee
transition between free RNA and binary complexnmatter which binding site is occupied, but do not
exhibit a CSP upon transition between binary amdaty complex might explain the observed CSP
curves. Monophasic CSP curves that show dissoniabostants between 2.12 mM and 2.51 mM (G6,
U13, U5) might result from overlapping biphasic C&Rves with equal signs for the CSPs of both
transitions. Such curves might appear as monoplsies with dissociation constants between K

(3.58 mM) and K (2.06 mM), which is the case for G6 (2.12 mM), U288 mM) and U5 (2.51 mM).
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