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|. General data

ESI-MS and HRMS spectral data were recorded on a Finnigan LCQP® and a Bruker Daltonics
Bio TOF mass spectrometer, respectively. The precise metal concentrations were measured by
Agilent 725 ICP-AES. Fluorescence emission spectra were obtained using LS55 Fluorescence
Spectrometer (Perkin Elmer) at 298 K. UV-Vis spectra were obtained using Hitachi U1900
spectrophotometer at 298 K. The metal standard solutions were obtained from Adrich or Acros.
Unless otherwise noted, materials were obtained from commercial suppliers and were used
without further purification. All the solvents were dried according to the standard methods prior to
use. All of the solvents were either HPLC or spectroscopic grade in the optical spectroscopic

studies.

I1. Experimental procedures and characterizations

Peptide synthesis and characterization

Cyclic peptides A and B were synthesized previously using Fmoc solid-phase peptide synthesis
(SPPS).' The linear precursor with protected side-chains was assembled by SPPS on
2-Chlorotrityl Chloride. Fmoc-amino acids were coupled with the DMF solution containing
HBTU (3.6 equiv.), HOBt (4.0 equiv.), DIEA (8.0 equiv.), and Fmoc-amino acid (4.0 equiv.). The
Fmoc group was removed by dual treatment (5 and 10 min) with a solution of piperidine in DMF
(20%, viv). After the assembly of the target linear peptide, the resin was washed with DMF and
DCM, and dried at room temperature. The peptide was cleaved from the resin by treatment with
CH,CIL/TFA(v/v=99/1). The crude peptide was obtained by cold ether precipitation and
centrifugation. The linear peptide was then reacted in CH,Cl, solution containing PyBOP (3 equiv.)
and DIEA (4 equiv.). The reaction was completed after 3 hours. The solvent was then evaporated.
The residue was precipitated with CH,CI,/Et,O to obtain the cyclic peptide as a powder. The
side-chain protections were removed by treatment with the TFA/TIS/H,O(v/viv=95/2.5/2.5)
solution. After stirring for 2 hours, the solution was concentrated by a N, blowing, then
precipitated several times with cold ether. The crude peptides were dissolved in water, identified
by ESI-MS and purified by semi-preparative HPLC. Finally, the dried peptides were obtained by

lyophilization aswhite powders.
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Cyclic peptide A, Analytical HPLC Purity: 97%, Rt=17.4 min. ES-MS:

C56H64N16014: [M+H]+: 11862, found: ['\/H‘H]+

Date/Time: 2014-11-7,9:41:37 Analyst: YW

Data File: E:\2014\GD-10(C)-F(416615) 141107. ndy

Sample Description:

=1186.0, [M+2H]**=593.6.

Date/Time: 2014-11-7,9:41:43
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Cyclic peptide B, Analytical HPLC Purity: 97%, Rt=12.8min. ES-MS: calculated for

CsHesN12025P5, [M+H]* = 1274.1 , found: [M+H]* = 1273.8, [M+Na]*=1296.0, [M+K]*=1311.6.
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Preparation of aqueous solutions

Asstock uranyl solution (ca. 0.42 mM) was prepared from uranium standard solution(1000mg U
per mL in 1 % HNOs3). The precise uranyl concentration was measured by ICP-AES. Other metal
solutions also prepared from standard solution. Peptide solutions (21 u M)were prepared freshly
before use. MES buffer was prepared by dissolving solid 2-(N-morpholino)ethanesulfonic acid in
H,0 and added NaOH solution (0.1M) to adjust the pH to 6.0.

Fluorescence titrations

The measurements were performed at 298 K after 2 minutes’ stirring. Trp fluorescence titrations
were performed with 285 nm excitation (excitation slit: 15 nm, emission slit: 10 nm). The volt was
adjusted (650~800) to avoid signal saturation. Experiments were repeated to ensure

reproducibility.

I11. Supplementary Fluorescence and UV Spectra

Figure S1. Fluorescence responses of cyclic peptide A (21uM in 20 mM MES buffer

solution, pH = 6.0) toward UO,%" (0 to 20 equiv, Aexc = 285 nm, slits: 15 nm/10 nm).
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Figure S2. Job’s plot of cyclic peptide B with UO,%* in in 20 mM MES buffer solution( pH =

6.0) representing stoichiometry 1:1.2
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Figure S3a.The comparison of fluorescence responses of cyclic peptide A and B (211 M in 20

mM MES buffer solution, pH = 6.0) toward UO,%".
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Figure S3b.The linear Benesi-Hilderand expression of cyclic peptide A and B 21 1M in 20

mM MES buffer solution, pH = 6.0) toward UO,*".
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We calculated the binding constant of cyclic peptides with U0, by using the linear

Benesi-Hilderand expression®:

lo b 1
I-lo a-b K[M]
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1/K, = 85.09*10°/0.9937, 1/Kg = 4.74*10°/1.12

The binding constants of cyclic peptide A and B with UO,*" are 1.210*, 2.4x10° at pH 6.0,
respectively.

Figure S4. Fluorescence responses of cyclic peptide B (21uM in 20 mM MES buffer

solution, pH = 4.0) toward UO,** (0 to 4 equiv, Aexc = 285 nm, slits: 15 nm/10 nm).
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The binding constant of cyclic peptide B with UO,?* is 1.3x10°at pH 4.0, respectively.

Figure S5. Fluorescence intensity at 285nm of cyclic peptide B upon addition of UO,* (0-7 u

M)
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The detection limit was calculated with the equation: detection limit = 3op/m, where oy, is the
standard deviation of blank measurements, m is the slope between intensity versus sample

concentration.” The detection limit was measured to be 0.36 1 M at S/N = 3 (signal-to-noise ratio

of 3:1).

Figure S6. UV spectra of cyclic peptide B (0.1 mM in 50 mM MES buffer solution, pH = 6.0)

toward UO,?* (0 to 10 equiv).
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Figure S7. The optimization of reaction time of cyclic peptide B (211 M in 20 mM MES

buffer solution, pH = 6.0) toward UO,** (0.5 equiv, Aexc = 285 nm, slits: 15 nm/10 nm).
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IV. Supplementary Calculating Data

Computation Details

All calculations were conducted with Gaussian 09 program.> Geometry
optimization was performed with LC-BLYP method,® because this method has been
found to be excellent in reproducing the U-X(X=0O, N, CI etc) bond distances of
uranyl complexes.” The pseudo potential of SDD is used for U, and 6-311G(d,p) basis
set was used for all the other atoms.

Cartesian coordinate of the DFT predicted UO?*-cyclic peptide B structure

N -0.59383400  1.78638400 -1.75849500
C -1.83228400  1.86966100 -2.47310100
C -3.04213100  1.59406200 -1.60598800
0] -2.99363500  0.76558800 -0.69865500
C -1.83821900  0.88084400 -3.62004900
N -4.17279300  2.16752400 -1.97918100
C -5.40097400  1.77596900 -1.32541400
C -5.56145100  0.28494600 -1.43259700
0] -5.14096600 -0.30312700 -2.43869100
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3.43086500 -3.88770400  2.46499600
4.05935700 -3.29366900  1.99247200
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0.15371500 -4.20752100  3.27379800
1.55789100 -3.96848800  0.71875400
-1.06985600 -2.86529500 -3.00974500
-0.08502000 -3.66509300 -0.90140400
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