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Many proteins assemble with partner proteins in cells, forming — NKHIIVACEGNDYVPVEPDASY RNaseA
>

multimers in which intermolecular noncovalent interactions are e e

I -
established between the protein interfaces. Analogous to the protein e P
assembly, a complement between a protein surface and a small “°KHIIVA§ggg§§$$ggg§§¥: fﬁf
ligand is widely used to develop protein-binding compounds. acYVPVHFDASVor B
Although combinatorial chemistry is one of the successful strategies »KHIIVACEGNPYws, Bh
for drug discovery, enormous efforts are still necessary for the “°ZZ§§§§§X§§§§§§§§;§ Zv(agﬁ
identification of lead compounds as well as for the design and 2EGNPWVPVAFDAS Vo h(W)B(A)

synthesis of the compound libraries. The three-dimensional (3D) 2 WVPVHFDASVo: WB

domain swapping is another type of intermolecular noncovalent Figure 1. RNase A sequence at the carboxyl terminal domains (top), and
interaction among identical proteidglthough bovine pancreatic the oligopeptide sequences and their abbreviations used in this study (below).
ribonuclease A, RNase A (124 amino acids), is a monomeric A
enzyme that hydrolyzes RNA&st also forms dimers and oligomers
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0
inhibited by lyophilization in 50% acetic acid in the presence of ket 72 76 80 84 88
the S peptide (residues—20 in the N-terminab.-helical domain RNass A Fltion volume (mb)
of RNase A)*® Here, we show that oligopeptides containing the 0 2 4 6 8 10 12 14
sequence of the C-termingtsheet and the following hinge loop Eton volume (mt)

of RNase A bind to RNase A without lyophilization and are a potent Figure 2. (A) Elution profiles of 4.6 nmol of RNase A with and without
inhibitor for the domain-swapped RNase A dimers. 46 nmol of peptide by 50 mM NAPQ, (pH 7.0)/300 mM NaCl. Each
Th tal struct f th or di f RN A . pepthg was added to a solution containing the RNase A dimers. No
€ Crystal structure of the major dimer of RNase A, swapping  |yophilization was performed after the peptide was added. The peak at 7.9
its C-terminal S-sheet, exhibits a dimeric form stabilized by mL is assigned to the RNase A dimers, that at 8.8 mL to the RNase A
interactions between the hinge loops without substantial contact atmonomer and RNaseApeptide complex, and that between 10 and 12 mL
the interfacé. We thus designed four oligopeptideghg, hg, g, to an oligopeptide. (B) The dose dependenchff0, 3, 6, 30, 46, and 60

andph, that have the C-terminal sequence of RNase A as is shown nmol, from top to bottom) on the dimer peak.

in Figure 1. Size-exclusion chromatographyas carried out 0 gimers, This is consistent with the crystal structure of the major
separate the domain-swapped RNase A dimers from the monomersgase A dimer that exchanges its C-termiiaiheet accompanied

As was previously reportetwe confirmed an~20% yield of with the hinge loop-hinge loop interaction%In addition, the minor
dimers after lyophilization of RNase A in 50% acetic acid without  gimer that exchanges its N-terminal donfaitiso appeared to be
oligomers larger than the dimet&lution profiles of the RNase A jiminated by these peptides, perhaps due to a coupling motion
after lyophilization in 50% acetic acid in the presence of these panveen the C-terming-sheet and the N-terminal-helix.1°
peptides revealed that the amount of the RNase A dimer was  op, the basis of these results, we also synthesized four fluores-
S|gn|f|ca_ntly reduceo_l wntﬁh_ﬁ or hB, but not withf or ,Bh_(_see_ cently labeled oligopeptidesVhg, h(W)g8, h(\W)B(A), and WS
Supportlng Inforr_nanon). It is noteworthy t_hat the Iyophlllzgtlon_ (Figure 1). Because RNase A contains no tryptophan (W), these
making the protein and peptide concentrations extremely high did q)igopeptides are useful for spectrophotometrically monitoring the
not affect the amount of dimers in the casgfaindfh, indicating binding to RNase A. The emission at 380 nm from tryptophan was
the reduction of the dimers by the peptides in a sequence-dependenfyeasred, where the emission originating from RNase A which
fashion. Importantly, we also found that the peak at 7.9 mL j,qjdes six tyrosine residues was much smaller than that from the
disappeared with the addition A or hf without lyophilization fluorescent peptides. To eliminate any nonspecific electrostatic
and the elimination of the peak was dependent on the amount Ofbinding 300 mM NaCl/50 mM phosphate buffer was used. The
the peptide (Figure 2). This suggests that the oligopeptides thatijyation of RNase A monomer with the fluorescently labeled
have amino acids of the C-terminfadsheet and the hinge loop can gjigopeptides without lyophilization revealed a significant decrease
bind to RNase A and eliminate the domain-swapped RNase A, the emission intensity oh(W)g and WhB (a maximum
guenching of 22% and 14%, respectively), while thos& and

oo

4
after lyophilization in 46-50% acetic acid.Liu et al. reported the 3[ £ os
crystal structures of two types of 3D-domain-swapped RNase A E g;;[ gg
dimers: the minor dimer exchanges its N-terminahelix,* and ag ¢ e
. . . . ‘:s. 0.4 §; 0.2
the major (or predominant) dimer exchanges its C-ternfirgtiee® 2L 0-3[ 5%
It is also reported that the formation of the RNase A dimer was ‘gi g.;[ i
< '0
.4
il

T High Technology Research Center, Konan University. ; :
*Department of Chemistry, Faculty of Science and Engineering, Konan h(W)B(A) were smaII_(F!gur_e 3A). The pro_fl_les fd¥(W)f and
University. Whp were the same, indicating that the position of the tryptophan
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Figure 3. (A) RNase A titration profiles of the emission at 380 nm (an
excitation at 280 nm) oh(W)g (®), Whg (O), h(W)B(A) (¢), andWg
(2). The peptide concentration was 228. The binding reaction was
performed in 50 mM NgHPOy (pH 7.0)/300 mM NacCl for> 15 min at 22
°C. The fitting curve giveXq (dissociation constant) values of 13040
uM for h(W)g and 84+ 38 uM for Whg. (B) The plot ofh(W)g binding

lyophilization. This may be because lyophilization enhances the
chance of encountering two or more partially unfolded RNase A
molecules, while the formation of the peptidtRNase A complex
requires only a single partially unfolded RNase A. The design of
the protein-binding peptide shown here is much simpler than other
methods such as the combinatorial method. The 3D-domain
swapping in proteins has not been quantified extensively because
extreme conditions such as lyophilization in 50% acetic acid are
required for the formation of the domain-swapped molecules. The
present strategy using an oligopeptide may be of general application
to the investigations of the 3D-domain swapping in proteins as well
as for the development of an oligopeptide that specifically binds
to a target protein.
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concentration was constant at 2201. (C) CD spectra of RNase A (gray
line), h(W)g (thick dots), and an equimolar mixture bfW)f and RNase

A after lyophilization in water (thick line). All spectra were measured using
20 uM samples in 50 MM Na1PO, (pH 7.0)/300 mM NacCl at 28C. The
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and inhibit the formation of the domain-swapped RNase A dimers.
The binding and inhibition were observed only for the peptides

having the hinge loop amino acids and a correct sequence in the
[-sheet region. These observations are consistent with the interaction

found in the major domain-swapped RNase A dimer, so that the
peptide binding may be promoted through the swapping reaction
with the C-terminaj3-sheet of RNase A. In contrast to the RNase
A dimer formation that requires lyophilization in 50% acetic acid,
binding of the peptide to RNase A proceeded in a buffer without

the acid catalyst in the protein.
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out under the same conditions except for the lyophilization process.
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(14) The restoration bg to some extent is consistent with the slight inhibition
of the protein dimer by} in Figure 2.
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