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Fig. S1 Correlation between calculated and experimental Dy
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Fig. S1. Correlation between calculated and experimental mRDCs (DCH“‘lC and D¢cy™) after different optimizations
of the global 4H structure. A) Model helices used and optimization with three parameters (y, map and ®gc),
corresponding to fit M(3) rl in Table Sla. Filled blue: C1’-H1’ of A- and D -helix; filled red/green: C1’-H1’ of B-
and C-helix; red plus: C3’-H3’ of A and D-helix; blue plus: C4’-H4’ of A- and D-helix; red x: C3’-H3’ of B- and
C-helix; blue x: C4’-H4’ of B- and C-helix. Note the offset of the H3’-C3’ couplings of the A- and D-helix (red
plus) from the diagonal (dotted line is through H3’-C3’ of helix AD and indicates the correlation between
experimental and calculated couplings). Similar correlated offsets can be seen for the H3’-C3’ of the B-and C-
helices and for the H4’-C4’ of the B- and C-helices. Table S1b gives the required additional group-wise m-rotation
to obtain optimal correlation for these vectors. B) As in A except additional group-wise optimization of H3’-C3’
and H4’-C4’ vectors (fit M(10) 12 of Table Sla). C) Experimental helix used with three-parameter optimization
(color coding as in A; fit E2(3) bl in Table S1a). D) Experimental helices are used and with additional group-wise
optimization of H3’-C3” vectors (fit E2(11)_b2 in Table S1a; color coding as in A).



Table S1a Fitting results

Fita Rdeb RC QC \V(O) ®ap (o)d Opc (o)d Yax Rxe a (o)f B(o)f y (o)f
(Hz) Helix- (Hz)®
angle*
M@3) rl 151 073 099  -92(6) -157(10)  -175(7) 34 076 5 2 7
M(10) 12" 069 0.89 021  -96(3) -171(8) -183(4) 35 -070 -4 7 2
M(12)™ 064 089 0.18 -94 -165/-175"  -183/-171' 35  -0.70 2 8 5
Mbs(3) 150 073 097  -93 -155 -174 35 064 -4 2 -4
Mbs(10) 13 0.72  0.88 023  -96 -171 -183 36 -062 -3 5 -3
Mbmin(10)  0.72  0.89 022  -96 -171 -183 40 -070 -4 7 2
Mbplus(10)  0.75  0.89 025 -98 -171 -183 29  -067 -3 9 -1
E1(3) zl 127 064 071  -88(4) -173(12)  -151(8) 3.0 -069 8 -1 15
EL(5)" 1.07 070 050  -88(4)  -155(10)  -151(6) 30 -079 8 2 15
E2(3) bl 172 029 129  -90(6) -163(15)  -233(10) 22 -0.72 -37 2 59
1.568
E2(11) b2™ 078 086 027 -92 -134/-169 237 26 094 15 4 20

“First column contains the fit identifier (see below). The number of adjustable parameters is given between
parentheses; when this number is 3, the adjustable parameters are the three angles that define the conformation of
the 4H (v, wap and ocp, see text). When the number is between 3 and 11, in addition the H3’-C3’ dipolar vectors
can adjust as a group in each of the helices A, B, C and D, and similarly for the groups of H4’-C4’ dipolar vectors
(the final numbers are found in Table S1b). A number between 3 and 11 indicates that only a few of these extra
parameters were used. When the number is between 11 and 15, in addition the angles wg and ®p and 6 and 0p
were allowed to adjust. M(3) rl: AB and CD helices with B-DNA geometry were used and the CTTG loop as
derived by Ippel et al. (reference 14). The molecular y-tensor was calculated as the tensor sum of the base -
tensors using an average y,, of -13 10™* m® (Table 1a); the fit results are shown in Figure 2 and coded as rl.
M(10) r2: as in M(3) rl except for the extra fitting parameters, r2 is code for fit in Figure 2; M(12): as in M(3) rl
but with 12 fitting parameters, see above. Mbs(3): as in M3 rl except the fit was performed with base-specific
values to calculate molecular y-tensor (see Tablel); this was done to test the effect of base-specific values.
Mbs(10) r3: as in M(10) r2 but with base specific values to calculate molecular y-tensor (see Table 1), 13 is code
of fit in Figure 2. Mbmin(10): as in M(10) except x,, was increased to —10.5 10** m’ (minus one standard
deviation); this was done to test the effect of the uncertainty in y,, on the fit results. Mbplus(10): as in M(10)
except that y,, was set to —15.5 10** m® (plus one standard deviation). E1(3) z1: fit with AD and BC helices taken
as in an experimental structure which was based on classical constraints, such as NOEs and J-couplings (reference
3), z1 code of fit in Figure 2. The structure used was close to the average of the 20 lowest energy structures. E1(5):
as in E1(3) but with extra adjustment of H3’-C3’ groups of dipolar vectors. E2(3) bl: fit with AD and BC helices
taken from experimental structure based on NOE and J-coupling data, bl is the code for the fit in Figure 2. The
structure chosen was closest to the average and had an inter-helix angle of ca. -70°. E2(11)_b2: as in E2(3) bl but
additional adjustable parameters (see above), b2 code for the fit in Figure 2; the main improvement stems from the
removal of small kink between the D-helix and A-helix (AOp =-8° and A0, = 2°).

® Rmsd: root-mean-square deviation of the fit.

¢ R: linear correlation coefficient of the fit; Q: the Q-value of the fit,

2 2 .
0= Z(DCH,i,calc = Dey jexp) /Z(DCH,i,exp) (see reference 51)
i i

d Y, ®ap, and opc optimal values (see text for definition). The number between parentheses is the rmsd of the
distribution obtained via Monte Carlo simulation. For the Monte Carlo simulation a normal error distribution was
used with a standard deviation of 0.5 Hz on the experimental D¢y values; 100 samples were taken and for each the
fit was carried out. The molecular reference axes frame is defined in the main text. To relate wap and wgc to the
molecular structure within this frame a reference vector in each helix needs to be defined. For this, the vector vagcp
is defined. It points from <C1’>,p to <C1’>pc, the average C1’ positions of the four junction residues in the AD
and BC helix. Within the AD-helix, this vector is called vap and within the BC-helix vgc. The orientation of vapcp



in the X,y plane is defined by the angle the vector makes with the x-axis of the reference. This angle is called ®wapcp
and similarly, the angles wap and wpc for vap and vgc. The search for the optimal fit between experimental and
calculated RDC always starts from the parallel orientation of the helices. In this situation, the ® angles are called
OreraBcD, and similarly for vap and vge, Orefap (= Oreraep) and Oeme (FOapcp). Subsequently, the o-rotations of
the AD and BC helices are carried out, giving Awap and Amgc, respectively (the w-rotations of the AD and BC
helices are around a point centered on the <C1’>,p and <C1’>pc positions, respectively). These Awap and Awpc
rotations affect the x,y-plane orientation of vap and vgc. In the final optimal orientation, wap and wpc are then
given as A®ap + Orefap (= A®ap + ®rerapep) aNd A®pe + Orepe (= A®pe + Orefapcp), respectively. Hence, map and
pc are the angles off the x-axis of the molecular reference axes frame of the projection of vap and vgc on the x,y-
plane in the final optimal orientation. For the 4H with model B-DNA helices ®.fapcp = -170°. For the mRDC-
optimized 4H with helices from experimental NOE-based 4H structures: ®erapcp = -161° (E1); Oefapcp = -140°
(E2).

¢ ya and R of the optimized 4H. R is defined in the main text and y,,” equals Dcy™ and is expressed in Hz.

" The Euler angles defining the orientation of the molecular y-tensor in the final optimal conformation and with
respect to the defined reference axes system (see main text).

¢ The average Rmsd obtained from the Monte Carlo simulation; generally the Monte Carlo Rmsd’s tend to spread
in such a way that they are somewhat lower on average also for the other fits.

"The additional w-rotation of the group H3’-C3’ vectors and the group of H4’-C4’ vectors are given in Table S1b.
iThe fit has in addition separate w-rotation of D- and C-helices. The numbers given are w, and g for the A- and
B-helices, respectively, the corresponding op and @c are behind slash.

JThe fit has in addition separate m-rotation of helix D (wp behind slash).



Table S1b Optimized A®-rotations® of the H3’-C3’ and H4’-C4’ vectors

Fit/o A 4A 3D 4D 3B 4B 3C 4C
b

M(10) 12 40 30 -16 0 56 36 30 -50

M(12) 4 30 -16 0 56 36 30  -50

E1(5) 0 60 -36 0 0 0 0 0

E2(11) b2 30 -50  -56 8 80 40 100 -40

*Aw, the additional rotation of the vector compared to the starting structure;
°3° A stand for the group of H3’-C3’ vectors in helix A etc.



Table S1c Polar angles of the junction C1°’-C1’ vectors in the mRDC-optimized 4H.

8-35% 25-34 25-17 9-16

b 0 o 0 o 0 b 0

Model® 155 -4 154 -40 220 02 57 -1

M(3) _rl 155 - 154 -52 -6 -2 5100 -1
16

M(10) 12 155 -3 151 -38 8 2 43 -1

M(12) 155 -8 150 -34 20 -2 43 -1

Mbs(3) 154 - 154 -54 17 2 520 -]
18

Mbs(10) r3 155 -3 151 -38 8 2 43 -]

Mbmin(10) 155 -3 151 -38 8 2 43 -1

Mbplus(10) 155 -3 150 -38 8 -2 43 -1

E1(3) zl 155 10 158 -29 579 94 12

E1(5) 156 -8 153 -46 579 94 12

E2(3) bl 154 29 155 -8 280 -7 0

E2(11)_b2 158 4 156 -57 320 3 0

E1(0) 166 -2 155  -40 47 9 84 12

E2(0) 157 10 152 -28 64 0 -99 0

?8-35 indicate the vector going C1’° of residue 8 to C1° of residue 35 etc. ;
"Model indicates the C1’ vectors orientations in the starting model with B-DNA helices,
while E1(0) and E2(0) indicate the experimental NOE-based structures.



Table S2 Jcy at four different magnetic fields®.

Bo” (MHz) 15.9616 25.012 36.0144 64.02
J (Hz) Rmsd® J (Hz) Rmsd J(Hz) Rmsd J (Hz) Rmsd Jo (Hz)° Slope°® ,. Don (Hz)d Rmsdd
(Hz/MHz") (Hz)
T20.H1' 170.8 1.0 1708 0.3 171.8 22 1723 0.1 170.3 0.033 1.6 0.6
T29.H1' 170.9 04 170.9 0.5 170.6 0.2 170.3 1.1 171.2 -0.015 -0.7 0.2
T40.H1' 168.4 0.3 168.3 0.3 167.9 0.3 169.4 0.5 168.2 0.012 0.6 0.6
T21.H1' 170.8 1.5 1718 0.4 171.7 1.0 171.8 0.5 171.0 0.021 1.0 0.7
T13.H1' 170.3 0.9 170.6 0.1 170.3 1.4 171.0 0.5 170.1 0.011 0.5 0.2
T12.H1' 172.4 1.1 1707 0.1 170.3 0.8 171.9 1.1 171.7 -0.011 -0.5 1.4
T32.H1' 175.2 04 1758 0.7 176.5 1.1 1781 0.1 174.2 0.064 3.0 0.1
T9.H1' 169.2 1.1 1687 0.4 168.0 0.5 169.6 0.6 168.2 0.011 0.5 1.0
T35.H1' 168.1 1.0 1685 0.3 167.9 1.1 1684 04 168.1 0.010 0.6 0.4
T5.H1' 169.9 0.3 1685 0.2 168.0 0.6 167.9 0.9 169.8 -0.036 -1.7 0.9
T29.H4' 152.7 0.2 1534 0.5 153.6 0.1 154.9 0.5 152.2 0.044 2.1 0.2
T21/T13.H4' 151.9 1.1 15238 0.2 152.7 0.1 154.5 0.5 151.2 0.049 2.3 04
T12/T20.H4' 153.0 0.5 153.1 0.1 153.1 0.0 154.9 0.5 152.1 0.039 1.8 0.5
T35.H4' 149.2 23 150.0 0.2 149.4 0.9 150.1 0.5 149.2 0.015 0.1 0.5
T5.H4' 151.3 0.5 150.1 0.8 150.3 04 151.0 0.4 150.5 0.001 0.0 1.0
T32.H4' 149.8 0.5 1495 0.3 148.5 0.4 1493 0.9 149.6 -0.011 -0.6 0.6
T9.H4' 152.8 24 1520 0.4 152.9 0.5 155.5 1.4 151.0 0.064 3.1 1.3
T40.H4' 149.7 0.3 1498 0.2 150.3 0.5 151.0 0.5 149.2 0.030 1.4 0.2
T20.H3' 158.0 1.1 156.1 0.8 156.9 0.5 156.3 1.7 157.6 -0.023 -1.1 1.2
T21.H3' 155.9 2.0 1555 0.8 156.0 1.7 157.6 0.5 154.8 0.034 1.7 0.7
T12.H3' 157.3 1.6 156.8 1.2 155.0 0.5 157.3 0.9 156.5 0.004 0.2 1.3
T13.H3' 157.3 25 1575 0.3 157.1 0.9 158.4 0.5 156.8 0.023 1.1 04
T29.H3' 156.3 0.3 156.1 0.3 156.1 0.7 157.3 0.5 155.7 0.016 0.7 0.5
T5.H3' 157.9 0.6 1585 0.2 157.6 0.5 159.4 0.7 157.4 0.026 1.2 0.6
T9.H3' 154.2 0.7 153.6 1.9 154.1 0.5 154.3 -0.014 -0.7 0.5
T32.H3' 156.2 0.6 156.7 0.3 155.0 0.5 156.2 0.2 156.3 -0.006 -0.3 0.8
T35.H3' 157.5 1.2 156.5 0.3 156.9 0.5 156.9 1.1 157.3 -0.007 -0.2 0.6
T40.H3' 157.5 0.4 157.3 0.6 157.4 0.002 0.1 0.5

"The Joy were measured at four different fields as described via the method of reference 8. "Rmsd of each measured J-coupling. © Jo: the J-coupling at Bo is zero
as derived from the least-squares fit Jo; = slope Bo® + Jo. “Dcy; = slope * (64.02-15.9616) and Rmsd is standard deviation in Dcy.
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