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Supplemental Figure S1, related to Figure 1. Heteronuclear NOE for the ZnF5-7
fragment, plotted as a function of sequence. Apart from a small number of residues at each
end of the construct (the N-terminal GPLGS cloning artefact and residues 481-483), the
backbone rigidity as evidenced by the heteronuclear NOE data was essentially uniform along
the entire ZnF5-7 fragment, with no additional flexibility evident in the inter-finger linker

regions.



- g
PR HE 100
HEHHEHNDT
. -7
180 . 9 _ 180
. v g |HoSHDINER
L]
g 200 F200
&
=)
‘ HIE-HET-NEZ H4a0-HDS-HEX
HISE-HOD-NER
FHE-HET-NER

24%% 7.5 7.0 8.0

o - TH (ppm)
Supplementary Figure S2, related to Figure 2. ®N-HMQC data. For each finger, the

pattern of cross-peaks indicates that zinc-coordination by histidine is through N&.
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Supplementary Figure S3, related to Figure 7: Poly(A) RNA localization is not altered
in cells expressing any of the Nab2 zinc finger variants. Bulk poly(A) RNA localization
was analyzed by fluorescence in situ hybridization as described in the methods. In addition
to visualization of poly(A) RNA, samples were also stained with DAPI to visualize the
position of the nucleus and imaged by DIC imaging to show the position of the cells. Cells
expressing the indicated variants of Nab2 as the sole copy of Nab2 were analyzed. Nuclear
accumulation of poly(A) RNA was not observed in wild-type control (NAB2) or any zinc
finger mutant analyzed (K416A, F417E, C437S, R438A, E439F, F450A, R459A, F460E,
F417E+F460E) although, as control, nuclear accumulation of poly(A) RNA was clearly

observed in the Nab2-AN variant.



Supplementary Movie Legend

Supplementary Movie 1, related to Figure 1: Structure of Nab2 Zn-fingers 5-7. Finger 5

is cyan, finger 6 is green, finger 7 is red, and peripheral residues at the N- and C-termini are

grey. The side chains of the cysteine and histidine residues that chelate the Zn (gold sphere)

in each finger are also shown. The three fingers form a single coherent structure in which

they are arranged in an approximately helical configuration.

Supplementary Table

Table S1: S. cerevisiae strains and plasmids used in this study

Strain/Plasmid Description Source
ACY427 ANAB2::HIS3 (pAC636) MATa leu2 ura3 Green et al. 2002
ACY 1669 ANAB2::HIS3 rat8-2 (dbp5) MATa leu2 ura3 trpl Tran et al. 2007
FSY2327 ANAB2::HIS3 AYRA1::HIS3 MATa leu2 ura3 trpl | Iglesias et al. 2010

(ACY1497)

pRS315 (pAC3) CEN, LEU2 Sikorskiand Hieter,
1989

pAC636 NAB2, CEN, URA3 Green et al. 2002
pAC717 NAB2, CEN, LEU2 Green et al. 2002
pFS2581 GFP-yral-8, CEN, TRP1 Zenklusen et al.

(pAC2266) 2002 and this study
pFS2347 GFP-YRAL cDNA, CEN, TRP1 Iglesias et al. 2010
pAC2307 Nab2-C437S, CEN, LEU2 Kelly et al. 2007
pAC2620 Nab2-K416A, CEN, LEU2 This study
pAC2877 Nab2-F417E, CEN, LEU2 This study
pAC2618 Nab2-R438A, CEN, LEU2 This study
pAC2703 Nab2-E439F, CEN, LEU2 This study
pAC2503 Nab2-F450A, CEN, LEU2 Kelly et al. 2010
pAC2647 Nab2-R459A, CEN, LEU2 This study
pAC2878 Nab2-F460E, CEN, LEU2 This study
pAC2924 Nab2-F417E F460E, CEN, LEU2 This study




Supplemental Materials and Methods:
NMR spectroscopy and structure calculations

An essentially complete set of resonance assignments was made using a standard suite
of triple resonance NMR experiments, and structural constraints were derived from NOESY
and RDC data. For experiments used to derive structural constraints, samples contained
1.2 mM "N, "*C-labelled solutions of Nab2 409-483. The following spectra were acquired:
2D: [°N-'H] HSQC, long-range-optimised ['"N-"H] HMQC to correlate His ring 'H and °N
signals,2 [C-"H] HSQC covering the full Be spectral width, constant-time [*C-"H] HSQC
covering only the aliphatic "*C region, constant-time [°C-"H] HSQC covering only the
aromatic °C region; 3D data sets: CBCANH (Grzesiek 1992), CBCACONH (Grzesiek
1992), HBHACONH (Grzesiek 1993), ['H-"*C-"H] HCCH-TOCSY (Kay 1993), [*C-"C-'H]
HCCH-TOCSY (Kay 1993), "N NOESY-HSQC (1= 120 ms and t,,= 50 ms) (Sklenar
1993), *C NOESY-HSQC (1, = 150 ms; separate datasets acquired for '*C aliphatic and
aromatic spectral regions) (Davis 1992). Residual dipolar couplings were measured using a
0.6 mM "N, *C-labelled solution of Nab2 409-483, to which Tobacco Mosaic Virus was

added to a final concentration of 25 mg/ml; splittings were measured in F, cross-sections of

['"N-"H] HSQC IPAP spectra (Ottiger 1998). Spectra were processed using the program
TOPSPIN (Bruker GmbH, Karlsruhe) and analysed using the program CCPN analysis

(Vranken 2005).

Initial structures for the free proteins were calculated using the semi-automatic
program CYANA (Herrmann 2002), for which the input comprised the protein sequence, the
full resonance assignment and the following 3D NOESY datasets: '°’N NOESY-HSQC (=
120 ms), *C aliphatic region NOESY-HSQC (1, = 150 ms) and 13C aromatic region

NOESY-HSQC (ty, = 150 ms). During the CYANA calculations no metal was represented



explicitly, but the effect of metal binding was approximated by including inter-ligand

distance constraints as follows: SY to S, 3.7-4.0A; SY to His-N, 3.4-3.8A; His-N to His-N,

3.1-3.5A. The pattern of zinc connectivities to the His residues was established using long-
range 15N-HMQC experiments as described by Legge et al. (2004), which showed

unambiguously that the N&2 atom binds the zinc in all three cases (see Supplementary Figure

S2).

To refine these structures, and to allow explicit Zn bonding and geometry terms to be
employed in the force-field, we next calculated structures using XPLOR-NIH (Schwieters et
al. 2003). The set of NOE restraints generated by CYANA were re-imported into CCPNMR
Analysis and curated manually during many iterative cycles of structure calculation, carefully
analyzing violations and assigning ambiguous NOE cross-peaks on the basis of distances in
the current structural round (avoiding bias towards known structures). Since the XPLOR-
NIH calculations employed r® summation for equivalent and non-stereospecifically assigned
groups, and since no stereoassignments were made (and the stereoassignment-swapping
protocol within XPLOR-NIH was not applied), the constraints for all such groups were
converted to group constraints (i.e. such groups were specified using wildcards such as HB*).
All lower bounds were set to zero (Hommel et al. 1992). Structures were calculated from
polypeptide chains with randomized ¢ and  torsion angles using a two-stage simulated
annealing protocol within XPLOR-NIH, essentially as described elsewhere (Muto et al.
2004), but employing larger numbers of cycles as follows: first-stage calculations comprised
Powell energy minimization (500 steps), dynamics at 1000K (25000 steps), increase of the
van der Waals force constant and tilting of the NOE potential function asymptote (4000
steps), switching to a square-well NOE function then cooling to 300K in 2000 step cycles,

and final Powell minimization (1000 steps). Second-stage calculations used Powell



minimization (500 steps), annealing with a strong van der Waals force constant and square-
well NOE potential function, cooling to 300K in 1000 step cycles, followed by 2000 steps of
Powell minimisation.

The structures calculated in XPLOR-NIH were finally subjected to a further stage of
refinement using a full force field and an implicit water-solvent model as implemented in the
program AMBER 9 (Case 2009). Calculations comprised initial minimization (200 steps
steepest descent then 1800 steps conjugate gradient), then two rounds of 20ps of simulated
annealing (each comprising 5000x 1fs-steps heating from 0 - 500K; 13000x1fs-steps cooling
to 100K; 2000x 1 fs-steps cooling to 0K) and final minimization (200 steps steepest descent
then 1800 steps conjugate gradient). The experimental distance and amide NH RDC-derived
restraints were applied throughout, and force constants for the distance restraints were
increased linearly during the simulated annealing to a final value of 20 kcal mol™ A, The
weighting of the RDC terms (dwt) was set to 0.02 until the final minimization, when it was
increased to 0.05; Saupe order matrix terms from the final step of each stage were transferred
to the input of the succeeding stage using scripts. Implicit solvent representation using the
generalized Born method (Xia 2002) was employed throughout (igb=1), and Langvin
temperature control was used (ntt=3; gamma_In=5). The program CLUSTERPOSE was used
to calculate the mean rmsd of ensembles to their mean structure (Diamond 1995) and

structures were visualized using the program PYMOL (Schroedinger, LLC ).
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