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Investigation of new zinc finger protein function as a redox sensor for reactive
oxygen in the cells
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In this study, we tried to investigate the oxidation reactivity, stability
of the folding structure, DNA-binding property using Spl zinc finger protein.
As a result of an oxidation reaction with H202, reactivity became the following order, F1>>F2>F3,
indicating that each three finger has a non-equivalence reactivity for the oxidation reaction. In
DNA-binding assay using the gel shift method, oxidized Spl zinc finger protein lost the DNA-binding
ability due to zn(1l) 1on release following S-S bond formation.
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Sp1-F1: QHI C|HIQG GKVYGKTSHLRA LRW TGE

c
Sp1-F2: RPFM | C | TWSYC | GKRFTRSDELQR KRT TGE
c

Sp1-F3: KKFA | C|PE™ |C |PKRFMRSDHLSK QNKKY

() Sp1-F2(AAHH): RPFM|A [TWS TGKRFTRSDELQR KRT TGE
Sp1-F3(AAHH): KKFA | A |PE* *|A [PKRFMRSDHLSK IKT QNKKY
Sp1-F2(M4A): RPFA | C|TWSY|C |GKRFTRSDELQR KRT TGE
Sp1-F3(M13A): KKFA | C|PE* *|C [PKRFARSDHLSK IKT QNKKY

Figure 1. Sp1 zinc finger protein (Sp1-F123) with 3 zinc finger domains. Each domain has a
typicall Cys,His,-type zinc finger motif as a DNA-binding domain. (A) Primary sequence of
each Sp1 finger domain (Sp1-F1 (red). Sp1-F2 (green), and Spl-F3 (blue)). (B) Primary
sequence of mutant peptides of Sp1-F2 and F3 (Sp1-F2(AAHH), F3(AAHH), F2(M4A), and
F3(M13A)). Mutated amino acid residue is heighted by red color. Cys and His residues
participating the Zn(Il) coordination are yellow
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Figure 2. HPLC chromatograms monitoring of the oxidation reaction of Sp1-F1, F2
and F3. Oxidation reaction was conducted for 1 hours using 5 mM H,0,. The fully
reduced, disulfide (S-S) and oxygen adduct forms are labelledas @, ® and @,
respectively.

Table 1. Measured molecular weight of Sp1 zinc finger domains (Sp1-F1, F2, and
F3) before and after the oxidation and re-reduction by TCEP. by MALDI-TOF MS;
reductant peptides, oxidation products after oxidation reaction, and reduction
products after reduction of oxidation productby TCEP.

Disulfide(S-S) Oxygen adduct  Reduction

Peptide  Reductant

Sp1-F1 3480.250 3478.270 3480.547
Sp1-F2 3712.980 3711.518 3727.251 3729.121
Sp1-F3 3685.069 3683.107 3699.075 3701.028
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Figure 3. HPLC chromatograms monitoring of the oxidation reaction of Sp1 F2
M4A and F3 M13A. Oxidation reaction was conducted for 1 hour using 5 mmM
H,0,. The fully reduced and disulfide (S-S) are labelledas @ and @,
respectively.

Table 2. Measured molecular weight of mutated zinc finger domains (Sp1-
F2(M4A), and F3(M13A)) by MALDI-TOF MS; reductant peptides, oxidation
products after oxidation reaction, and reduction products after reduction of
oxidation productby TCEP.

. Oxidation Reduction

Peptide  Reductant product product
Spl-F2M4A  3653.216 3651.256 3653.253
Spl-F3MI13A  3625.339 3623.398 3625.076
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Figure 4. HPLC chromatograms monitoring of the oxidation reaction of Sp1-F2
AAHH and F3 AAHH. Oxidation reaction was conducted for 1 hours using 5 mM
H,0,. The fully reduced and oxygen adduct forms are labelledas @ and @,
respectively.
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Table 3. Measured molecular weight of mutated zinc finger domains (Sp1-
F2 (AAHH) and F3(AAHH) by MALDI-TOF MS; reductant peptides,
oxidation products after oxidation reaction, and reduction products after
reduction of oxidation productby TCEP.

. Oxidation Reduction

Peptide Reductant product product
Spl-F2(AAHH)  3650.252 3665.136 3664.995
Spl-F3(AAHH) 3621.454 3637.513 3637.260
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Figure 5. CD spectra of 20 mM oxidized Sp1-F1, F2 and F3 peptidesin the absence
and presence of 1.3 e.q. Zn(11) in 10 mM Tris-HCI buffer, 50 mM NaCl and 100 mM
TCEPat 20°C.
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Figure 6. CD spectra of 20 mM rereduced Sp1-F1, F2 and F3 peptidesin the absence
and presence of 1.3 e.q. Zn(Il) in 10 mM Tris-HCI buffer, 50 mM NaCl and 100 mM
TCEPat20°C.
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Table 4. Rate constant k for the initial step in the oxidation reaction (5 mM
H,0,) of Spl zinc finger peptides measured at 298 K and pH 7.5.

Peptide ki [s1] ko [s1]
Spl-F1 0.053506

Spl-F2 0.01683 0.0037559
Sp1-F3 0.019655 0.0049581
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Figure 7. (A) HPLC chromatograms monitoring of the products obtained by
oxidation reaction of Sp1-F123. Oxidation reaction was conducted for 1 hours using
5mM H,0,. (B)HPLC chromatograms monitoring of Sp1-F123.

Table 5. Measured molecular weight of mutated zinc finger
domains (Spl) by MALDI-TOF MS; reductant peptides, oxidation
products after oxidation reaction, and reduction products after
reduction of oxidation productby TCEP.

Fraction number RT (min) Detected mass
1 28.792 11338/11353
2 29.292 11337/11353/11369
3 29.917 11352
4-1 31.608 11339/11354
4-2 31.608 11340
5 32.021 11339
6 34.042 n.d.

n.d.;not detectable
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Figure 8 . Electrophoretic mobility shift assay of oxidation and
re-reduction products of Sp1-F123incubated with a 5> FAM
labeled DNA. Sp1-DNA complexes were resolved by
electrophoresis on 8 % poly-acrylamide gels. The numbers are
correspondto fractions from HPLC analysis in Fig. 7.
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