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1. Peptide Synthesis and Purification

Abbreviations: AgO, acetic anhydride; DMF,N,N-dimethylformamide; DIEA, N,N-
diisopropylethylamine;  DTT, dithiothreitol; ED, diethyl ether; Fmoc, 9-
fluorenylmethyloxycarbonyl; PyBOP, (benzotriazolgddxy)tris(pyrrolidino)phosphonium
hexafluorophosphate; TFA, trifluoroacetic acid; TI®iisopropylsilane; TNBS, 2,4,6-

trinitrobenzenesulfonic acid.

P! was assembled manually by solid-phase peptidensgist on Rink Amide MBHA resin
(substitution 0.59 mmol g 153 mg) using Fmoc chemistry. The synthesis weases by an
initial deprotection of the commercially resin-bauBmoc with DMF/piperidine (v/v = 4/1).
Couplings were performed withodNFmoc-protected amino acids (2 eq), PyBOP (2 eng, a
DIEA (6 eq) in DMF for 30 minutes. In the case ah#c-Ada(‘Bu)-OH the coupling
reaction was monitored by a TNBS tégtor incomplete reaction, a second coupling with
Fmoc-Ada('Bu),-OH (0.5 eq) PyBOP (1 eq), and DIEA (4 eq) was qrened. After each
coupling, the resin was treated with DMF/pyridine/@ (v/iviv = 7/2/1) to acetylate
unreacted amino groups (2x2 minutes). Fmoc degdrotecwas achieved with
DMPF/piperidine (v/v = 4/1) (3x3 minutes). The yiadl each peptide coupling was monitored
by UV-vis spectroscopye§os=7800 L moi* cmi* for the piperidine adduct dibenzofulvene).
After the final Fmoc deprotection, the peptide mastylated as described above. The peptide
was cleaved from the resin and the side-chain gtiotes were removed by treatment with a
cleavage cocktail consisting of 200 mg DTT dissdlve 20 mL TFA/TIS/HO (viviv =
92/4/4). After 2.5 h of stirring, the solution wasaporated to yield a yellow oil, which was
triturated several times in £ to yield a white powder. This solid was analys&tHPLC
[Merck Purospher® STAR endcapped, 4.6x250 mm, 518 @articles, solvent A=D/TFA
(v/Iv=99.925/0.075), solvent B=GBN/H,O/TFA (v/v/iv=90/10/0.1), elution gradient: from
10% A 90% B to 40% A 60% B in 15 minutes, flow ratenL min™, UV monitoring at 280
nm]. HPLC analysis indicated that the solid caississsentially of one product eluting at
tr=10.8 minutes, which was identified by ES-MSRIsA minor product (<5%) eluting at
14.2 minutes was identified as a tBu adductPdf The solid residue was dissolved in
water/acetonitrile (v/v = 9/1) and easily purifibgl reversed-phase high-performance liquid
chromatography [RP-HPLC, Merck Purospher®, 250x40, i0 um C18 particles, solvent
A=H,O/TFA (v/v=99.925/0.075), solvent B=GBN/H,O/TFA (v/v/v=90/10/0.1), elution
gradient: from 10% A 90% B to 40% A 60% B in 15 uries, flow rate 75 mL mit] to yield
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the desired peptide as a white powder. Ac-WAdaPGAdaG-NH,, Yield of the on-resin
synthesis (UV): 76% Isolated mass: 44.5 mg (isdlageeld assuming that the solid is
PL.2TFA: 45%). (+)ES-MS: 861.2 (M+H) (-)ES-MS: 859.2 (M-H) RP-HPLC: =10.8
min, >95% purity (NMR).

2. Experimental details of physico-chemical experients

Preparation of aqueous solutions:5 mM metal solutions, used as stock solutions for
luminescence, CD and ES-MS experiments were prdpaoen the corresponding chloride
salts (LaCl.7H,O, EuCk.6H,O, TbhCk.6H,0O) in pure HO. Their precise concentration was
obtained by titration with a 5 mM volumetric ethytgdiaminetetraacetic acid (Fisher
Chemicals) in the presence of a colorimetric inicaFor NMR in deuterated water, a
solution of anhydrous Lu(OT{)in pure BO was prepared and titrated similarly. Peptide
solutions were prepared freshly before use and pitexise peptide concentration was
determined by recording a UV spectrugag=5690 L mol* cnm™) owing to the presence of a
Trp residue. Hepes buffer was prepared by dissglvsolid 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid in® (or D;O) and by adjusting the pH (or pD) to 7.0 with
KOH (or NaOD).

Circular Dichroism: CD spectra were recorded at 25 °C on a Appliedtdinysics
Chirascan Spectrometer in a 1 cm path cell. Thevpbl adjusted to 7 with KOH. The spectra
were obtained from 320 to 190 nm with a 1 nm daterval, a time constant of 2 s and a band

width of 1 nm, with 3 scans. CD spectra are repbirtiesllipticity pera-amino acid residue.

Luminescence: spectra were recorded on a LS50B spectrofluorimetennected to a
computer equipped with FLWILAB 2.0. The measurermenere performed at 298 K. Trp
fluorescence titrations were performed with 280 ertitation (excitation slit: 3.0 nm).
Emission slit was adjusted to avoid signal sataraturing the titration. Tb phosphorescence
spectra were recorded upon Trp excitation (280 after a 0.05 ms delay and with a 1.0 ms
gate time. Excitation slit was 10.0 nm and emissghh was adjusted to avoid signal

saturation. A 430 nm cut-off filter was used.
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Longer delays and gate times were used for the etitigm experiment betwed?' andP? (3
and 5 ms, respectively). Conditional stability damss were extracted from the spectral data
using SPECFIT.

Lifetime measurements were performed on peptidepkscontaining 0.5 equiv. Th{lo
ensure exclusive contribution from the monometati@nplex. Emission intensities at the
most intense TH emission band were recorded after excitation @tr28 with a first delay of
0.05 ms, a delay increment of 0.05 ms and a nurmbaereasurements adjusted to have the

final delay > 4.

Mass spectrometry of EuP : Europium was chosen as a representative lanthanie
because of its characteristic isotopic signatdPéE@ 47.8%,"Eu 52.2%). A 50 uMP*
solution was prepared in a 20 mM pH=7 ammoniumadediuffer. EuGl was added to this
solution. Mass spectra were recorded on a LXQ Td&RMO SCIENTIFIC spectrometer
equipped with a electrospray ionization (ESI) sewand a linear trap detector. Solutions were
injected in the spectrometer at a 5 pL Thiflow rate. lonization voltage and capillary
temperature were about 2 kV and 250 °C, respegtivel

Peptide NMR: NMR experiments for apopeptide and complex charastion were
recorded on a 500 MHz Bruker Avance spectrometeippgd with a BBI probe with a triple-
axis gradient field'H NMR spectra were recorded with 12 ppm windows 88dK data
points in the time domaifH NMR spectra were recorded in,®/D,O (v/v = 9/1) using
Watergate or presaturation solvent suppression. SYO€xperiments were performed using a
MLEV-17 spin-lock sequence with a mixing time of #®. Spectra were acquired in phase-
sensitive mode with TPPI for quadrature detectiothe indirect dimension, using 2048x512
matrices over a 6000 Hz spectral width. The 2D NOBSMR spectrum for structure
determination was recorded on a Varian Vnmrs 800zMigectrometer equipped with a
YH/2H/N/MC cryogenic probe. A mixing time of 150 ms was used
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3. CD titration supplementary figure

20000 - . i
e/ /*em?dmol’ —— 0 equiv.
— --1.0 equiv.
15000 .4 ~ - 1.5 equiv
— 2.0 equiv
4.0 equiv
10000 + —6.0 equiv
5000 -
D -
-5000 -
Alnm
'1 0000 T T T T T T T T 1

190 200 210 220 230 240 250 260 270 280
Fig S1 CD titration ofP* with TbCk after one Tb equiv.

4. Tb Phosphorescence lifetimes

The luminescence lifetimes of $hin TbP* in H,O and RO solutions were measured in
order to obtain the hydration numbe, of these complexed ion by Parletral® To avoid
underestimation of luminescence lifetimes isgODbecause peptides are accompanied 16y H
hydration molecules in the solid statg;o was determined as the extrapolated limit of the
luminescent decay rates in solutions of increaBig@ molar fractions tending to an,@-free
solution (fig S2).
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Fig S2. Plot of 1t vs. % H,0 for the Tb®" complex of P. Conditions: HEPES buffer, pH=7, peptide
concentration 17.32 pM, 0.5 TB equiv.
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5. Tb luminescence: competition with Pand P*
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Fig S3.Tb-centred emission spectra of the two complexs#® and TH? (10 uM) in HEPES
buffer (10 mM, pH 7). Delay and gate times are @ &ams, respectively.
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Fig S4.Build-up of the Th-centred emission at 545, 490 887 nm during the titration of an
equimolar mixture o' andP? (10 uM) with ThC} in HEPES buffer (10 mM, pH 7). The

lines represent calculated data withp8g” = 9.1 and 10.3 for TR and TtP" respectively.

-SI6 -



Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2010

6. Supplementary NMR figures and tables
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Figure S5 500 MHz 'H NMR spectrum of LB' in D,O at 298K the presence of two
conformers may be most easily visualised by thitisyg of the acetyl peak arourde:2 ppm.
Residual HOD signal was attenuated by presaturation

/
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Figure S& 800 MHzWATERGATE *H NMR spectrum of L' in H,O/D,O/glycerol-G (v/iviv
9:1:2) at 273 K.
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Table S1*H NMR (500 MHz) chemical shiftsd{/ ppm) forP* in HO/D,0 v/v 9/1 at 298K,
0.99 mM, pH 2.0. Signals assigned by COSY, TOCSY ROESY 2D experiments.

Residue HN Ha HB Others

Trpl 8.29 4.62 3.25,3.21 Heq: 10.18, H3: 7.60, H: 7.49, B 7.27,
Hno: 7.24, H3: 7.15
Ac: 2.00

Ada;2 8.40 4.75 3.43, 2.97

Pro3 4.14 Hp: 2.09, 1.89 W 1.89, 1.79, 18: 3.34, 2.89

Gly4 8.47 3.99, 3.93

Ada;5 8.62 4.85 3.76, 3.50

Gly6 853  3.89(2H) CONH,: 7.46, 7.07

CH,COOH: 3.94 (m, 4H), 3.84 (s, 4H)

Table S2*H NMR (800 MHz) chemical shiftsX / ppm) for LiP* in H,O/D,O/glycerol-g
9/1/2 viviv at 273K, 3.71mM, pH 7.0. Signals assijiby COSY, TOCSY and NOESY 2D
experiments

ResidueNH Ha HB Others
Trpl 8.63 4.91 3.30(prBy, Heq: 10.21, H3: 7.63, Ho: 7.46, Ho: 7.24,
3.10(pros)  H;: 7.17, Hz: 7.08
Ac: 2.01
Ada2 9.75 4.99 2.87(pr®; CH,COOLu: [(3.29, 3.00) pr&® CHy];
2.70(proS); [(3.80, 3.07) prds CHy]
Pro3 4.04 2.33(pr&®), Hy: 1.93 (2H), Hb: 3.66(pros), 3.05(proR)
1.93(proR)
Gly4 8.93 4.70(prdd),
3.57(proR)
Ada5 9.22 352 3.99(pr®); CH,COOLu: [(3.46, 3.29) pr&® CHy;
2.64(pro9 [(3.55, 3.40) prds CHy]
Gly6 10.15 3.90(pro9); CONH,: 7.24, 7.14
3.69(proR)
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7. NMR structure calculation

NMR solution structures were obtained with CNSsblversion 1.1 following standard
refinement protocols and using “protein-allhdg” defield for natural amino acids. For
unnatural amino acid side-chains and for the lutetcoordination sphere custom topology
and parameter files were generated. The parametgeschosen as following. Parameters for
Ca, CB, and bound hydrogens were set identical as toafd G of L-lysine. Parameters for
bond lengths of M Cds and €s were adapted from glycine parameters. Paranfetetsi—N
and Lu-O distances, as well aB-Bly—Cd, Ce—0O(1-Lu, and N—Cd—-Ce angles, and &-Ce—
OC—Lu and N~Cd —Ce—Q( torsion angles were obtained from high resolufieray data
referenced in the Cambridge Structural Databas®J®$ Lu** complexes containing tHé-
alkyl aminodiacetate moiety. The structure search\asualisation were performed with CSD
ConQuest 1.16.3 relevant structures were found in the databasktlae average structural
parameters were extracted with CSD Vista 2.1. C8ferences: ICAGOJ ; LARLEW ;
LIRPUY. These structures are the only publishedmg®as of octadentate Lu complexes
containing the fragment of interest in a nonbrigggeometry. Average parameters (standard
deviation) (units: A, °): Lu-N 2.547 (0.063); Lu-®251 (0.03), C-N-C 109.504 (0.99); C-O-
Lu 123.73 (4.92); N-C-C 113.03 (1.383). C-C-O-Lyimmper was found to be close to 0° and
set to the latter value in calculatior&milarly, for Cc=O(1 and G—-0O(2 (distances between
metal bound and metal unbound oxygen atoms in; Ailde chain, respectively) average
parameters deriving from the same set of structwea® used: €01 1.285 (0.026); €
02 1.235 (0.018). As for the other ions already enpénted in CNSsolve, Etinonbonded
radius was adapted from crystallographic data cemisig a coordination number of &or
calculations performed with constrained CO-Lu distss, a distance of 2.3 A was taken as
for the CO-Tb bond observed in the structure of Bfik.’

Upper and lower limits for the 118 distance consteawere set to +15% of the H-H
distances obtained by integration of 2D-NOESY sge(300 ms)r~° averaging was chosen
for the NOE restraints. Several unoverlapped gelNi@E cross-peaks (taken as 1.8 A) as
well as Pro H/HB1 (2.3 A) were used as references for distancésratibn. Pseudo-atom
corrections were applied to methyl and overlapporg non-stereospecifically assigned
methylene$. Dynamics were performed with a hot phase at 2006t 5000 0.003 ps steps
followed by a slow cooling phase with 5000 0.005sfeps with 5 K cooling per step. Final
minimizations were performed with the Powell algfom (200 steps, 100 cycles). An

ensemble of 25 structures was generated for eauatlitam (unconstrained and constrained
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binding of carbonyl groups). For the unconstraimadculation as well as for that with a
constrained Ad2 CO-Lu bond, structural convergence was obtairmedl18/25 and 11/25
structures, respectively. None of the latter stiregt displayed NOE violations greater than
0.4 A. For the lowest energy structure, NOE RMSB @wa.01 A. Some of the C-O-Lu angles
and N-Lu bonds showed *“violations&10° and <0.1 A. These *“violations” are chemically
insignificant and reflect merely the scarcity ofustural data for similar Lu complexes used
to determine structural parameters. The 10 lowestgy structures were visualized and
aligned (backbone atoms) using PyMol v. 0.99 (DeLSnientific LLC.)®
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Table S3 Correlations obtained from 800 MHz 2D N@&SY data (150 ms mixing time)
The lower and upper distance limits, used for CNM&soalculations were taken as + 15%.
Atoms labelled as in CNSSolve. TrpBH proS, Trpl H32: proR; Ada2/5 H31: proS,
Ada2/5 H32: proR; Pro3 H31: pro-S Pro3 H32: proR; Pro3 Hl: proR, Pro3 H2: proS§
Gly4/6 Hal: proS Gly4/6 Hx2: proR;, Ada2 Hd1#: the two H of the pr& methylene,
Ada;2 HO2#: proR methylene; Adé Hd1 proR methylene, Adgéb Hd2#: proS methylene.

H1 H2 d(H1,H2)
Intraresidue NOEs

Trpl HB2 Trpl Ha 2.69
Trpl Hol Trpl Ha 3.75
Trpl H31 Trpl HB1 3.04
Trpl Hol Trpl HB2 2.8
Trpl Hel Trpl HB1 5.09
Trpl Hel Trpl HB2 491
Trpl He3 Trpl HB2 2.84
Trpl He3 Trpl Ha 2.62
Trpl NH Trpl He3 4.09
Trpl NH Trpl Ha 2.73
Trpl NH Trpl HB2 2.47
Trpl NH Trpl Hol 3.58
Trpl H{3 Trpl Ha 4.08
Trpl H{3 Trpl HB2 4.5
Ada2 HP2 Ada2 H2# 2.59
Ada2 HOl# Ada2 Hp1 2.95
Ada2 HOl1# Ada2 Hp2 2.5
Ada2 NH Ada2 HO2# 4.5
Ada2 NH Ada2 HB1 4.01
Ada2 NH Ada2 Hp2 3.46
Ada2 NH Ady2 HOl# 2.49
Gly4 NH Gly4 Hal 2.93
Gly4 NH Gly4 Ho2 2.53
Ada5 Ha Ada5 NH 2.2
Ada5 HOl1# Ada5 Hp1 2.54
Ada5 HOl1# Ada5 Hp2 2.74
Ada5 HO2# Ada5 Hfp1 2.6
Ada5 HO2# Ada5 Hp2 2.46
Ada5 HO2# Ada5 Hol# 2.23
Ada5 NH Ada5 Hp1 2.84
Ada5 NH Ada5 Ha 2.13
Ada5 NH Ada5 Hp2 3.2
Ada5 NH Ada5 Hol# 4.21
Ada5 NH Ada5 HOl# 3.2
Gly6 NH Gly6 Hal 2.59
Gly6 NH Ada5 Hp2 4
Gly6 NH Gly6 Ha2 2.37
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H1 H2 d(H1,H2)
Sequential NOEs

Trpl HB1 Ac Ho# 5.11
Trpl HB2 Ac Ho# 5.05
Trpl He3 Ac Ho# 6.3
Trpl NH Ac Ho# 2.88
Ada2 Ha Pro3 Hol 2.93
Ada2 Ha Pro3 Ho2 2.34
Ada;2 HOl# Trpl Ha 3.41
Ada;2 NH Trpl HB1 3.65
Ada;2 NH Trpl NH 3.32
Ada;2 NH Pro3 Ha 5.05
Ada;2 NH Trpl Hé1 4.5
Ada;2 NH Trpl He3 3.92
Ada;2 NH Pro3 Ho2 4.08
Ada;2 NH Pro3 Ha 5.36
Pro3 H&2 Ada?2 Hp1 3.65
Pro3 Hd2 Ada2 Hp2 3.48
Pro3 Hy# Gly4 NH 4.21
Gly4 Ha2 Pro3 Hp2 3.92
Gly4 NH Pro3 H&2 5.5
Gly4 NH Pro3 Ha 2.32
Gly4 NH Ada5 HpA1 4.25
Gly4 NH Pro3 H[31 3.34
Gly4 NH Pro3 H[(32 2.96
Ada;5 HO1# Gly4 NH 4.3
Ada;5 NH Gly4 Ha2 2.95
Ada;5 NH Gly4 Hal 3.4
Ada;5 NH Gly4 NH 2.63
Ada;5 NH Gly6 Ha2 4.54
Ada;5 NH Gly6 Hal 4.54
Gly6 NH Ada5 NH 2.9
Gly6 NH Ada5 HfA1 4.24
Gly6 NH Ada5 Ha 3.53
Gly6 NH CONH, H1 2.93
Gly6 NH CONH, H2 3.89
CONH, H1 Gly6 Hal 3.12
CONH, H1 Gly6 Ha2 3.23
CONH, H2 Gly6 Hal 3.53
CONH, H2 Gly6 Ha2 3.66
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H1 H2 d(H1,H2)
Medium range /long range NOEs

Trpl Hol Pro3 Ha 4.43
Trpl Hol Pro3 HB1 4.31
Trpl Hol Pro3 Hyl 3.59
Trpl Hol Pro3 Hol1 3.16
Trpl Hol Pro3 Ho2 3.92
Trpl Hol Pro3 HB1 4.31
Trpl Hel Pro3 Ho2 454
Trpl Hel Pro3 Ha 3.8
Trpl Hel Pro3 HB1 3.18
Trpl Hel Pro3 Hp32 4.04
Trpl Hel Pro3 Hol1 3.73
Trpl Hel Pro3 Hyl 3.44
Trpl He3 Pro3 Hol1 3.95
Trpl He3 Ada5 HOol# 3.92
Trpl HN2 Pro3 Hp32 5.5
Trpl Hn2 Pro3 HB1 5.24
Trpl Hn2 Pro3 Ha 4.5
Trpl HN2 Ada5 Hp1 4.78
Trpl HN2 Ada5 Hf(2 4.31
Trpl Hn2 Ada5 HOl1# 3.29
Trpl H(2 Pro3 Hol 4.36
Trpl H(2 Pro3 Hyl 5.14
Trpl H(2 Pro3 H32 4.5
Trpl H(2 Pro3 HB1 3.37
Trpl H(2 Pro3 Ha 3.5
Trpl H{3 Pro3 Hyl 6.6
Trpl H(3 Ada5 Hp1 4.78
Trpl H{3 Pro3 Ha 4.58
Trpl H{3 Adab5 Hf2 4.5
Trpl H(3 Ada5 HOol# 3.3
Adg2 NH Ac Ho# 5
Pro3 Hol Trpl NH 5.05
Aday5 HO1# Trpl H(2 4.9
Ada5 NH Pro3 Ha 3.23
Ada5 NH Pro3 Hp2 491
Ada5 Ha CONH; H1 3.86
Ada5 NH CONH, H1 4.41
Ada5 NH Pro3 HB1 4.64
Gly6 NH Gly4 Hal 3.68
Gly6 NH Gly4 NH 4.95
CONH; H1 Ada5 Hp1 4.18
CONH; H1 Ada5 Hf2 3.68
CONH, H1 Gly4 Hal 4.04
CONH, H2 Gly4 Hal 4.37
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Fig S7. Superimposition of the lowest energy structuretaioked with a Adg& CO-Lu
distance constrained to 2.3 A (red) and unconsich{green).
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