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Characterization of Alanine Scanning Mutants of a Peptide Specifically Binding to TiO, Nanoparticles.
Seo, Min Hee, Hee Kwon Chae', and Heejoon Myung*. Departments of Bioscience and Biotechnology and
"Chemistry, Hankuk University of Foreign Studies, Yong-In 449-791, Korea — We have previously reported the
isolation and characterization of peptides binding to TiO, nanoparticles from phage display peptide libraries.
One of the peptides (PEP9) was selected and mutant peptide-displaying phages were produced by alanine
scanning mutagenesis. The mutant phages were subjected to binding analysis to TiO; nanoparticles. When the
proline at residue 4 was substituted by alanine, the binding activity was reduced to 10% of that of wild type
PEP9. Substitution of valine at residue 2, serine at residue 3, and isoleucine at residue 5 also decreased the
binding to 40%. Based on these observations, we concluded that the three dimensional structure generated by
residues 2-5 was the critical factor for the binding between PEP9 and the nanoparticle.
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of 1 AAE Baght 9lel7]. 159 3kl PEPYL S-
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Alanine scanning mutagenesisZ %8} oligomer:= Table
1ol vebdst. 7 oligomerE  95°Cel| A 15E7H
denaturation &+ ¥ AJAE] Ak 2 W& annealing 3153w}
Vectorql pCANTABSE(Amersham, USA)E Sfi 13} Not |
L 2 digestion 3+ ¥ primer annealing2 >33t PEP-9/
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PEP-9-1/PEP-9-2/PEP-9-3/PEP-9-4/PEP-9-5/PEP-9-6/PEP-

9-7 7t insert®} ligation2 433+ F(Fig. 1) Ecoli TGI
(NEB, USAP] CaCLZ °]-43}od transformation 31ie}. 2+
8%-F2] recombinant phagemidZ- overnight culturedt -
5ml®] 2XYTe ¥ log phage 7}A 7% c}h. Helper
phage M;3KO; 2x101° pfu A 7}8be] 37°Cell A g Al 2
o 718 F 1500xgE WAl F2l3oh sebek celldd] 50
mg/ml2] ampicillin®} 25 pg/ml °] E&% 2XYT Sml&
@31 resuspension & F 144 7t 37°Coll A shaking
incubation T} 1.5ml tubeoll HIL AbLol| M A4 B 3
F (10770 x g, 5%) A=Yl PEG/NaCl (20% polyethylene
glycol-8000, 2.5M NaCl)2- total volume®] 1/5% g o]F3L
Aol A 158 BEAgE F- 4°Col A 1587 AA1HE-2] (13680
xg) S}, supernatant = pipette = ARS3led €3] A A
o} F& pelletd TBS buffer (50 mM Tris-Cl(pH 7.5),
150 mM NaClyll o] 4°ColAl Rk},

Target particle®] 5=7} £7}84%- binding 3= phage
oFo] Z7)13Re Z1sl7) $8le] dose-dependency AES 4
ateich 1.5 ml tubedl] wild type =+ 7} mutant phage
200 pl (1.0 x 10* pfwml)S S, target particle 15nm TiO,
2 7 ¥5%(0.05 mgml, 1.25 mg/ml, 2.5 mg/ml, 7.5
mg/ml) 2 Y1 2 42 F AhelA 1417} 3027 binding
A2}, Phage elutions $18te] 5E7F 4A418-2](14240 x g)
8lod phage’} binding® TiO,E 7}eFk3] 1 supernatant &
unbound phageX> M5t} Wash buffer (TBST: 0.05% Tween
20 in 1 x TBS (1 x TBS : 50 mM Tris-Cl, pH7.5, 150 mM
NaCI)E. 3¥ washing®t -, elution buffer (0.2 M Glycine-
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Table 1. Oligonucleotides used for alanine scanning mutagenesis

Oligoname
PEP-9-f

Sequences

5'CGG CCT CTG TTT CGC CGATTT CTC ATGC 3
5" GGC CGC ATG AGA AAT CGG CGA AAC AGA
GGCCGGCT 3"
5'CGGCCTCTGTTTCGC CGATTITCTGCTGC3
PEP-9-1-r 5' GGC CGC AGC AGA AAT CGG CGA AAC AGA
GGCCGGCT 3
5'CGGCCTCTG TTT CGC CGATTG CTC ATGC 3'

PEP-9-r
PEP-9-1-f

PEP-9-2-f

PEP-9-2-1 ~ Goecoa Ty

5 CGG CCT CTG TTT CGC CGG CTT CTC ATG C 3'

pEp.0.3, 5 GOC CGC ATG AGA AGC CGG CGA AAC AGA
GGC CGG CT 3'

5 CGG CCT CTG TTT CGG CTA TTT CTC ATG C 3'

pEp.o4y S GGC CGC ATG AGA AAT AGC CGA AAC AGA
GGC CGG CT 3'

5'CGG CCT CTG TTG CTC CGA TTT CTC ATG C 3'

pEp.9.s, 5 GGC CGC ATG AGA AAT CGG ACG AAC AGA
GGC CGG CT 3'

5'CGG CCT CTG CTT CGC CGA TTT CTC ATG C 3'

pEp.o.ss 5 GOC CGC ATG AGA AAT CGG CGA AGC AGA
GGC CGG CT 3

5 CGG CCG CTG TTT CGC CGA TTT CTC ATG C 3'

pEp.o.7 5 GOC CGC ATG AGA AAT CGG CGA AAC AGC
GGC CGG CT 3'

PEP-9-3-f

PEP-9-4-f

PEP-9-5-f

PEP-9-6-f

PEP-9-7-f

HCI, pH 2.2) 100 ptg g5, 1058 94 o 2 &5
o]F & 587 1A)8a] 3}03(14,240 x g) particleZ}t binding
3t phageE £8]3 v} 4] IM Tris-HCH buffer (pH 9.1)
15 iz Aol 53 Yot old titrations $13ted phage 1 pl
Z #74 E3). Overnight culturedt host strain ER2738%5

5" GGC CGC ATG AGC AAT CGG CGA AAC AGA

Sfil ‘ PEPS or mutant peps Notl

E-tag

ColE1 ori fd gene3

M13 ori

Fig. 1. Construction of pCANTABSE vector for production of
phages displaying PEP9 or mutant peptides. The oligomers
encoding PEP9 or alanine-scanning mutant peptides were inserted
between Sfi I and Not 1 sites to generate fusions to minor capsid
protein gllip.
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Fig. 2. Binding activity of alanine scanning mutant phages. The wild type PEP9 and 7 mutant phages are indicated in x axis. The bind-
ing was observed at increasing target TiO, concentrations; 0.05, 1.25, 2.5, and 7.5 mg/ml. The binding phages were eluted and titrated.
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A2 mutant®] 7% wild type PEP9e]] W[3}e] oF 10%Z
Z4% bindings VeI =38 23 valine, 33 serine,
54 isoleucine®] |31 peptide= bindinge] 40%2. 73A3}e]
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alanine® 2. X 8¢ Fol = binding activityol] & W3S
Eb A FSke}. Serine®] 7 uncharged polarg} amino
aciddl, 312 1, 6dellA] e EAE el 7loE 1|
Fof polarity= & &S vlA]A] ¢ 702 wigiwid =
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