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Abstract: With the rapid development of nuclear energy industry, the bio-toxicities of
actinides have drawn more and more attention with respect to their potential harmful effects
on ecological environment and bio-organisms. Studying the interaction mechanisms of
actinide cations with biomolecules, especially peptides or proteins, can provide useful
information in molecular level for understanding the transportation, absorption and
deposition pathways of actinides in vivo. Uranium, as a central actinide in nuclear fuel cycle,
deserves more research endeavors. In this work, recent progresses about the interaction
mechanisms between uranyl (UO}" ) and amino acids, peptides and proteins are reviewed.

The coordination modes, molecular structures and thermodynamic data of UQO}" -peptide
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complexes are selectively highlighted. The possible roles of the plasma proteins play in UQO3"

transportation, absorption and deposition are discussed. In addition, the basic principles for

designing UO3" specific binding peptides and proteins are presented.
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Table 1 Summarized stability constants of uranyl-amino acid complexes
HHER 1/ . i 2% 3k
(Amino acids) (mol « L™1) e (Mediums) g le prz: le fo le fizg (References)
[ & (Glycine) 0.1 22 NaClO, 10. 84 21.19 [12]
0.1 30 KCl1 7.53 14. 68 [13-14]
o A IR (a-alanine) 0.1 25 KNOs 7.33 14. 97 [15-17]
0.5 26 NaClO, 2. 04 2.08 [17-18]
L-Z5 % ik (L-leucine) 0.1 35 KNO; 2.03~2.05 [19]
0.1 25 KNO; 7.13 14. 36 [15-17]
L5 5% &2 (L-isoleucine) 0.1 25 KNO; 7.02 14. 66 [15-16]
0.1 25 KNOs 1.87~2.04 [20]
4 & iR (Valine) 0.1 25 KNO; 7.10 14. 72 [15-17]
0.1 30 KNO; 1. 98~2. 04 [20]
DL-B- N % & (DL-B-phenyl alanine) 0.1 35 KNO; 1.74~1.76 [19]
0.1 25 KNO; 6. 77 13.91 [16]
B-ZK N & R (B-alanine) 1.0 25 NaClO, 1.93 3.44 [17, 21]
0.1 30 KCl 7.78 15.31 [13.17]
KA ik (Aspartate) 1.0 25 NaClO, 2.41 4.14 [22]
0.1  30~50 NaClO, 8. 34~10. 4 8.8 [23]
A MR (Glutamate) 0.1 25 KNO; 8.23 14. 87 [24-25]
1.0 25 NaClO, 13. 41 25. 05 [26]
L-# % ik (L-threonine) 0.1 35 KNO; 1.96~2.01 [19]
0.1 25 KNO; 6. 65 12.08 [16,27]
L-K 4 ik Jfiz (1-asparagine) 0.1 35 KNO; 1.83~1.78 [19]
1.0 25 NaClO, 8. 84 15. 61 [26]
2H % % (Histidine) 0.1 35 8. 70 14. 05 [28]
2 5 (Serine) 0.1~1 25 NaClO, 1.22~0.34 2.36~2.25 [29]
0.1 25 KNO; 8. 66 14. 66 [15, 27]
#i % R (Lysine) 1.0 25 NaClO, 18. 85 [26]
0.1 20~40  NaClOy 7.90~7.81 14.90~13.71 [30-31]
DL-{4 % ik (DL-tryptophan) 0.1 30 NaClO, 1. 83 [32]
2k ik R (Cysteine) 0.5 22 NaClOy 15. 28 19. 28
0.1 25 KNO; 5. 84 11. 85 [15-16, 27]
D-H % %4 (D-methionine) 0.1 25 KNO; 6. 41 13. 38 [15-16, 27]
L-48 5 Bk W (L-glutamine) 0.1 35 KNO; 7.05~7.00 13.90~13.73 [33]

L-fifi & B2 (L-proline) 10. 45 [34]
H(Note):lg pRRBRBEHFEGH AW MEN"MLHE R KR, M B &8 F. L WEAE, H A E F ;Lo = c(ML,H)/
(e (M) ¢? (L) e (H)) (Ig B represents a cumulative association constant, and species are indicated in an “MLH” format. M is metal, L is

ligand, and H is hydrion. fuc=c(M,L,Ho)/(c* (M) " (L) (H)))
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Fig.1 Tir-mediated intracellular iron uptake-*™
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proposed model of uranyl-N lobe (B and B)!
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(a) 76 N7 AETE M 554 T . NikR 5 )5 2l DNA 25 & T4l
R W N2 PR A SR s (b) NikR N2 25 4507 8 DA K
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the downstream Ni?™

hard ligands in the equatorial plane to favor binding of UO3" )
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Fig. 3 Nickel( ]I )-responsive transcriptional
regulator (NikR) %]
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ZERY (4 %) HE (The high-resolution crystal structure of the uranyl-protein complex reveals the metal binding site that is close to the com-

putational prediction. The uranyl ion is in a negatively charged pocket with a pentagonal bipyramidal binding configuration. (a) Overview of the

crystal structure of the SUP-uranyl complex. (b) Uranyl-binding pocket detail of SUP. (c¢) SUP surface electrostatics (blue colour for the

positive regions and red colour for the negative regions). (d) Comparison of SUP design model (magenta) to SUP crystal structure (blue))
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Fig.4 Uranyl-SUP crystal structure®’
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