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Interactions of cis-[Pd(en)(H2O)2]2+ (en, ethylenediamine) and cis-[Pt(NH3)2(H2O)2]2+ with microperoxidase-11
(MP-11) in a molar ratio of 1:1 or 2:1 at pH 1.4 were investigated via electrospray mass spectrometry and MS/MS
analysis at room temperature and at 40 °C with an incubation time of 2 or 3 days. The composition of the Pd(II)-
and Pt(II)-anchored MP-11 was confirmed on the basis of the precise molecular mass and the simulated isotope
distribution pattern. MS/MS analysis revealed that the Pd(II) center anchored to the side chain of Cys7 as Pd(II)
and MP-11 were mixed in an equimolar ratio and to side chains of Cys7 and Cys4 as Pd(II) and MP-11 mixed in
a 2:1 molar ratio. When Pt(II) and MP-11 were mixed in a 2:1 molar ratio, Pt(II) first anchored to the side chain
of Cys7, and then to the side chain of Cys4 with time. The initial coordination of Pd(II) and Pt(II) to the side chain
of Cys7 is the essential step for the Pd(II)- and Pt(II)-promoted cleavage of the His8−Thr9 bond in MP-11. These
results support the hypothesis that the Pd(II)-mediated cleavage of the His18−Thr19 bond in cytochorome c is due
to the identical binding mode.

Introduction

In recent years, a variety of metal complexes have been
used as “inorganic proteases” to cleave the peptide bonds in
peptides and proteins.1-4 These metal complexes included
are Co(II, III) complexes,5,6 Fe-EDTA derivative,7-9 CuCl210-12

and its macrocyclic complex,13 Ce(IV) complex,14,15ZnCl2,16

Pd(II),17-35 and Pt(II) complexes.36-38 These complexes can
cleave short peptides and proteins hydrolytically and selec-
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(17) Zhu, L.; Kostić, N. M. Inorg. Chem. 1992, 31, 3994.
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tively and mimic aminopeptidases and endopeptidases. Al-
though great progress has been made, little is known about
the mechanisms which govern the site of cleavage. These
are very important for understanding the nature of peptide
bond cleavage with metal complexes and for designing new
cleaved reagents. Previous studies showed that horse heart
cytochromec (Cyt c) and its apocytochromec were specif-
ically cleaved at the His18-Thr19 bond in the presence of
an equimolar amount or a small excess of the Pd(II) com-
plexes at 40°C.32,34 The site of cleavage was confirmed by
the N-terminal amino acid sequencing and electrospray mass
spectrometry (ESIMS) for a bigger cleaved fragment. Besides
the site of cleavage, the additional sites of cleavage were
recently identified under a more forcing condition, using a
10-fold molar excess of the Pd(II) complex for incubation
at 60°C.28 Different from the His18-Thr19 bond cleavage
that is downstream from His18, the other sites of cleavage
are second peptide bond upstream from Met65, Met80,
His26, and His33. Although the difference in cleaving sites
was explained in some detail in ref 28, the evidence was
absent. Therefore, the question of where the Pd(II) initially
anchors is still open for further investigation.

As is known for the cytochromec sequence, there are two
S-alkylated cysteines, Cys14 and Cys17. The thioether groups
of these residues provide potential binding sites for Pd(II)
complexes, especially, theS-alkylated Cys17 precedes the
His18. Although the cleaving site of the His18-Thr19 bond
is clear now, we are not yet certain as to which residue
(Cys17 or His18 or both) the Pd(II) ion initially an-
chors.1,28,31,32There are two binding sites proposed which
are associated with different mechanisms for the bond
cleavage. One proposal is that the Pd(II) anchors to His18,
then cleaves the His18-Thr19 bond1,28 (ref 1, page 180 in
Chapter 5). The other proposal is that the Pd(II) initially
anchors to Cys17 and then cleaves the His18-Thr19
bond.31,32 To clarify the question, in this work, a microper-
oxidase-11 (MP-11), which is a heme-containing fragment
11-21 of cytochromec, was used for further investigating
the initial interaction of the MP-11 with Pd(II) and Pt(II)
complexes using ESIMS and MS/MS analysis. The results
showed that MS/MS analysis is capable of determining the
anchoring sites of Pd(II) and Pt(II) ions to MP-11.

Experimental Section

Double-distilled water was used for the preparation of solution.
cis-[Pd(en)Cl2] (en, ethylenediamine) andcis-[Pt(NH3)2Cl2] were
prepared using a published procedure.39,40The corresponding diaqua
complexes, shown in Chart 1, were obtained by treating them with
2.0 equiv of anhydrous AgBF4 in H2O and stirring at 35°C for 4
h for cis-[Pd(en)Cl2] and overnight forcis-[Pt(NH3)2Cl2]. The white

solid AgCl was removed by centrifugation in the dark. Thecis-
[Pd(en)(H2O)2]2+ andcis-[Pt(NH3)2(H2O)2]2+ were freshly prepared
prior to use. MP-11 in Chart 1 was obtained from Sigma and used
without further treatment. Two peaks at 931 and 621 were observed
in ESIMS that were assigned to two and three positively charged
ions of MP-11. The MP-11 also contains some impurities, such as
free heme (617). A mixed solution contained 40.0µL of MP-11
(1.0 mg), 10.74µL of cis-[Pd(en)(H2O)2]2+ or cis-[Pt(NH3)2-
(H2O)2]2+ (0.100 M) in a two molar excess over MP-11, 3.0µL of
2.0 M HBF4 for adjusting pH to ca. 1.4, and water to make the
total volume up to 60.0µL. The mixed solution was separated into
two portions. One portion of 10µL was kept at room temperature
for 30 min for [Pd(en)(H2O)2]2+ or for 1 h for cis-[Pt(NH3)2-
(H2O)2]2+, and then used in ESIMS measurements. The rest of the
solution was incubated at 40°C for 2 or 3 days, respectively, and
then used in ESIMS measurements.

ESIMS and MS/MS Analysis.Electrospray mass spectra were
recorded on a model LCQ ion trap mass spectrometer (Finnigan)
equipped with a HPLC and a Finnigan MAT electrospray ion
source. 1.0µL aliquots of mixed solution were directly injected to
the MS detector for ESIMS analysis. The molecular masses were
determined by transformation of ESIMS raw data into a true
molecular mass scale using the software of Bioexplore.

For MS/MS analysis, the most intense ion in the spectra was
selected as precursor ion, and a collision-induced dissociation scan
with an isolation width of 3m/z was performed with the relative
collision energy 30 to optimize the fragmentation of the peptide.
The employed voltage at the electrospray needles was 4.5 kV, and
the heated capillary temperature was 200°C.

Results and Discussion

ESIMS Measurement for the Mixed Solution of cis-
[Pd(en)(H2O)2]2+ with MP-11. A solution of MP-11 and
cis-[Pd(en)(H2O)2]2+ mixed in a molar ratio of 1:1 at pH
1.4 was kept at room temperature for 30 min and then
measured by ESIMS. As shown in Figure 1, two new
abundant peaks at 676.2 and 1012.9 were observed in
addition to the peaks at 617.4 and 930.9 that are respectively
attributed to free heme and MP-11. In Figure 1, the isotopic
peaks of 676.2 separated by 0.3m/z unit (A) fit very well to
the isotope distribution pattern (B) calculated with the IsoPro
3.0 program for [C86H123FeN22O21S2Pd+H+]3+. As shown
in Figure 1C,D, the isotopic peaks of 1012.9 separated by
0.5m/zunit, combined with the simulated isotope distribution
pattern, are attributed to a double charged cationic complex
of [C86H123FeN22O21S2Pd]2+. Therefore, the peaks at 676.2
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and 1012.9 exactly represent an identical species in which
one Pd(en)2+ anchors to the MP-11.

ESIMS was measured 30 min after mixing MP-11 with
cis-[Pd(en)(H2O)2]2+ in a molar ratio of 1:2 at room tem-

perature and pH 1.4. In comparison with Figure 1, two new
abundant peaks at 731.3 and 1095.3 appeared in Figure 2.
The isotopic peaks of 731.3 separated by 0.3m/z unit cor-
respond to a complex of [C88H130FeN24O21S2Pd2]3+ in which

Figure 1. ESIMS spectrum measured 30 min after mixing of MP-11 withcis-[Pd(en)(H2O)2]2+ in a molar ratio of 1:1 at room temperature and pH 1.44.
(A) Measuredm/z values separated by 0.3m/z unit. (B) Isotope distribution pattern for [C86H123FeN22O21S2Pd+H+]3+ calculated by IsoPro 3.0 program. (C)
Measuredm/z values separated by 0.5m/z unit. (D) Isotope distribution pattern for [C86H123FeN22O21S2Pd]2+ calculated by IsoPro 3.0 program.

Figure 2. ESIMS spectrum measured 30 min after mixing of MP-11 withcis-[Pd(en)(H2O)2]2+ in a molar ratio of 1:2 at room temperature and pH 1.44.
(A) Measuredm/z values separated by 0.3m/z unit. (B) Isotope distribution pattern for [C88H130FeN24O21S2Pd2]3+ calculated by IsoPro 3.0 program. (C)
Measuredm/z values separated by 0.5m/z unit. (D) Isotope distribution pattern for [C88H130FeN24O21S2Pd2-H+]2+ calculated by IsoPro 3.0 program.
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two Pd(en)2+ coordinate to the MP-11 with calculated mass
value of 2192.9. The isotopic peaks of 1095.3 are attributed
to a double charged complex of [C88H129FeN24O21S2Pd2]2+,
where two Pd(en)2+ anchor to the polypeptide, too. Again,
the peaks at 731.3 and 1095.3 are related to the same species
with different charges. The molecular mass, combined with
isotopic peaks and simulation of MS spectra, successfully
determined the composition of the species present in solution.

ESIMS Measurement for the Mixed Solution of cis-
[Pt(NH3)2(H2O)2]2+ with MP-11. cis-[Pt(NH3)2(H2O)2]2+

was mixed with MP-11 in a molar ratio of 2: 1 at pH 1.4.
The mixed solution was kept at room temperature for 1 h
and then used in ESIMS measurements. As shown in Figure
3, the new peaks at 703.1 and 709.0 appeared in addition to
peaks of 617.3 and 931.2. The isotopic peaks of 703.1
separated by 0.3m/z unit (A) are in good agreement with
[C84H124FeN22O22S2Pt]3+(B), in which one [Pt(NH3)2(H2O)]2+

coordinates to the MP-11. The isotopic peaks of 709.0 (C),
combined with simulated distribution pattern (D), confirmed
that species [C84H126FeN22O23S2Pt]3+ is only different from
the [C84H124FeN22O22S2Pt]3+ by one H2O molecule which
coordinates to heme as an axial aqua ligand. The coordination
of two [Pt(NH3)2(H2O)]2+ to the MP-11 was also observed
after 5 h of themixed solution kept at room temperature.
The peaks of 790.7 and 796.7, both separated by 0.3m/z
unit, are assigned as [C84H132FeN24O24S2Pt2]3+ and [C84H132-
FeN24O24S2Pt2+H2O]3+. It is evident that the ESIMS mea-
surements are useful to determine the composition of the
Pd(II)- and Pt(II)-bound MP-11. However, it is not known

at the current stage which is favorable anchoring site for
Pd(II) and Pt(II) ions among the potential residues such as
Val1, Lys3, Cys4, Cys7, and His8. The ability of MS/MS
to sequence peptides encouraged us to apply this method to
characterize the binding sites of Pd(II) and Pt(II) ions to the
MP-11.

MS/MS Analysis.Thus far, the reported MS/MS method
is mainly used for sequencing peptides or proteins, instead
of N-terminal amino acid sequencing by Edman dega-
ration.11,41-46 and has not yet been applied for the determi-
nation of metal binding site in peptides. This appears to be
the first attempt to apply the MS/MS method to determine
the binding site of Pd(II) and Pt(II) ions to MP-11. We
choose the peak of 676.23+ present in Figure 1 as a precursor
ion. The relative collision energy was increased from 10%
to 30%. The nomenclature used for the fragmentation pattern
was based on conventional notation.47,48 The fragment ions
are assigned an, bn, cn when the charges are retained byN-ter-
minal fragments, and assigned xn, yn, zn when the charges
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Figure 3. ESIMS spectrum measured 1 h after mixing of MP-11 withcis-[Pt(NH3)2(H2O)2]2+ in a molar ratio of 1: 2 at room temperature and pH 1.4. (A)
Measuredm/z values separated by 0.3m/z values. (B) The isotope distribution pattern for [C84H124FeN22O22S2Pt]3+ calculated by IsoPro 3.0 program. (C)
Measuredm/z values separated by 0.3m/z values. (D) The isotope distribution pattern for [C84H126FeN22O23S2Pt]3+ calculated by IsoPro 3.0 program.
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are retained byC-terminal fragments. The binding sites are
determined by interpreting the MS/MS spectra. Only bn and
yn were characterized because they are the most common
fragments that have greater stability toward further dissocia-
tion.49 Tables 1-3 show only the successive fragment ions
bn and yn. A superscript refers to the charge of the ion. In

the MS/MS spectra of free MP-11 for the 9312+ ion, the
successiveN-terminal fragment ions b4-b10 andC-terminal
fragment ions y4-y9 exactly match the backbone sequence
of MP-11 without heme involved and are also listed in Table
1 for comparison. This means that the heme is broken down
from MP-11 in the MS/MS fragmentation process and the
backbone sequence of the MP-11 provides a convenience
for determining binding sites of Pd(II) and Pt(II) to the
MP-11. Compared to the conventional MS/MS analysis of
peptide backbones, it should be mentioned in this study that
the MS/MS spectra for the free MP-11 as well as Pd(II)-
and Pt(II)-bound MP-11 are rather poor. There are several
factors affecting the spectral quality. In the MS/MS frag-
mentation of free MP-11, besides free heme ion (617) and
the fragment ions from the MP-11 backbone observed, the
fragment ions with heme also appeared. It makes the
MS/MS spectra complicated. In the MS/MS fragmenta-
tion for Pd(II)- and Pt(II)-bound MP-11, more complication
arose from decreasing sensitivity of MS/MS spectra and
increasing varieties of fragment ions. Therefore, we carried
out MS/MS fragmentation several times for a given precursor
ion. The data listed in Tables 1-3 are the average values.
Some representatives of Pd(II)- and Pt(II)-involved fragment
ions assigned in the tables are exhibited in Chart 2. These
fragment ions seem to be generated by cleavage of thio-
ether linkages and peptide bonds of the MP-11 backbone.
Table 1 shows that theN-terminal fragment ions from b7 to
b10 contain one Pd(en)2+ ion anchored to the backbone of
MP-11. Again, theC-terminal fragment ions from y5 to y10

contain one Pd(en)2+ ion attached, too. As seen from Chart
1, the fragment ions b7 and y5 are respectively obtained by
cleavage of peptide bond atC- andN-terminals of Cys7 in
the MS/MS fragmentation process. Therefore, the results(49) Tang, X. J.; Thibault, P.; Boyd, K.Anal. Chem. 1993, 65, 2824.

Table 1. MS/MS Analysis for [C86H124FeN22O21S2Pd]3+ (m/z 676.2)a

m/z value

assignment calculated observed

b2
+ 228.1 228.1

b3
+ 356.2 355.3

b4
+ 459.2 459.1 (459.1)

b5
+ 530.3 530.5 (530.3)

b6
+ 658.3 658.5 (658.4)

b7
2+(Pd) (b7

+) 463.4 (761.3) 463.1 (760.9)
b7

2+(Pd+H2O) 472.4 472.8
b8

2+(Pd) (b8
+) 532.0 (898.4) 531.3 (898.3)

b8
2+(Pd+ H2O) 541.0 540.5

b9
2+(Pd) (b9

+) 582.5 (999.5) 582.3 (999.1)
b9

2+(Pd+H2O) 591.5 591.5
b10

2+(Pd) (b10
+) 632.0 (1098.5) 631.8 (1098.3)

b10
2+(Pd+H2O) 641.0 640.3

y2
+ 247.1 246.8

y3
+ 348.2 348.1

y4
+ 485.2 485.2 (485.2)

y5
+(Pd) (y5

+) 752.7 (588.2) 752.7 (588.1)
y6

2+(Pd) (y6
+) 440.9 (716.3) 441.0 (716.7)

y6
2+(Pd+H2O) 449.9 449.3

y7
2+(Pd) (y7

+) 476.4 (787.3) 476.5 (787.3)
y7

2+(Pd+H2O) 485.4 485.2
y8

2+(Pd) (y8
++H2O) 527.9 (908.3) 528.0 (908.3)

y8
2+(Pd+H2O) 536.9 537.0

y9
2+(Pd) (y9

+) 592.0 (1018.4) 592.0 (1017.9)
y9

2+(Pd+H2O) 601.0 601.3
y10

2+(Pd) 656.0 656.0
y10

2+(Pd+H2O) 665.0 665.2

a Pd represents the Pd(en)2+ moiety. The assignments andm/z values
for the fragment ions generated from free MP-11are listed in paren-
theses.

Table 2. MS/MS Analysis for [C88H130FeN24O21S2Pd2]3+ (m/z 731.3)a

m/z value

assignment calculated observed

b2
+ 228.1 227.9

b3
+ 356.2 356.3

b4
+(Pd) 623.7 623.8

b5
2+(Pd) 347.9 348.1

b5
2+(Pd+H2O) 356.9 356.3

b6
+(Pd) 822.8 822.2

b7
2+(2Pd+OH) 554.7 554.7

b7
2+(2Pd+OH+H2O) 563.7 563.8

b8
2+(2Pd+OH) 623.2 623.8

b8
2+(2Pd+OH+H2O) 632.2 632.3

b9
2+(2Pd+OH) 673.7 673.5

b9
2+(2Pd+OH+H2O) 682.7 682.3

b10
2+(2Pd+OH) 723.3 723.0

b10
2+(2Pd+OH+H2O) 732.3 731.6

y3
+ 348.2 348.1

y4
+ 485.2 485.1

y5
+(Pd) 752.7 752.5

y6
+(Pd) 880.8 880.7

y7
+(Pd) 951.8 951.3

y8
2+(2Pd+H2O) 619.2 619.4

y9
3+(2Pd) 449.8 450.3

y9
3+(2Pd+2H2O) 461.8 461.1

y10
2+(2Pd+2H2O) 756.2 756.3

a Pd represents the Pd(en)2+ moiety.

Table 3. MS/MS Analysis for [C84H124FeN22O22S2Pt]3+ (m/z 703.1)a

m/z value

assignment calculated observed

b2
+ 228.1 228.1

b3
+-H2O 338.2 338.2

b4
+ 459.2 459.0

b4
++H2O 477.2 476.6

b5
+ 530.3 530.0

b5
++H2O 548.3 548.3

b6
+ 658.3 658.2

b7
3+(Pt) 330.1 330.1

b8
2+(Pt) 563.2 562.6

b8
2+(Pt+H2O) 572.2 572.2

b9
3+(Pt) 409.5 410.0

b9
2+(Pt) 613.8 613.9

b9
2+(Pt+H2O) 622.8 622.7

b10
3+(Pt) 442.5 441.9

b10
2+(Pt) 663.3 664.0

b10
2+(Pt+H2O) 672.3 672.5

y3
+ 348.2 348.0

y4
+ 485.2 485.3

y5
+(Pt) 816.3 816.6

y5
+(Pt+H2O) 834.3 833.9

y6
+(Pt+H2O) 961.4 961.9

y7
3+(Pt) 338.8 338.2

y7
2+(Pt) 507.7 508.5

y8
3+(Pt) 373.1 373.2

y9
2+(Pt+H2O) 632.3 632.6

y10
2+(Pd) 687.3 687.0

a Pt represents the Pt(NH3)2
2+ moiety.
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obtained by MS/MS analysis from bothN- andC-terminals
for Pd(II)-anchored MP-11 reveal that the Pd(II) ion,
occurring as Pd(en)2+, anchors to the side chain of Cys7, as
described in Chart 3. On the basis of the composition and
charge of [C86H123FeN22O21S2Pd]2+, the fourth coordination
site of Pd(II) is occupied by the deprotonated amide nitro-
gen of His8.31,32 The Pd(II)-induced deprotonation of the
amide nitrogen is especially favorable when the Pd(II) is
already anchored to the side chain.50,51 It is concluded that
the Pd(II) ion prefers initially binding to the side chain of

Cys7. The MS/MS spectrum was also recorded for [C88H130-
FeN24O21S2Pd2]3+ (m/z 731.1) in Figure 2. Table 2 shows
the N-terminal fragment ions b2-b10 and theC-terminal
fragment ions y3-y10. The fragment ions from b2 to b3

have no Pd(II) ion involved. One Pd(en)2+ ion is contained
from b4 to b6. The fragment ions from b7 to b10 contain two
Pd(en)2+ ions. Again, the fragment ions from y5 to y7 with
one Pd(en)2+ and from y8 to y10 with two Pd(en)2+ ions were
observed. The fragment ions b4 and y8 are created by the
cleavage ofC- andN-terminals of Cys4, and the fragment
ions b7 and y5 formed by scission ofC- andN- terminals of
Cys7 during the MS/MS fragmentation process. It is evi-
dent that Cys4 is the second binding site of Pd(II) ion to the
MP-11 in addition to Cys7, as exhibited in Chart 3. There-
fore, when Pd(en)(H2O)22+ is mixed with MP-11 in equi-
molar or double-molar ratio, Cys7 is the preferred anchoring
residue and Cys4 is the next choice for binding.

(50) Sigel, H.; Martin, R. B.Chem. ReV. 1982, 385.
(51) Sovago, I.; Martin, R. B.J. Inorg. Nucl. Chem. 1981, 43, 425.

Chart 2. The MS/MS Induced Fragmental Ions Generated from Pd(II)- and Pt(II)-Bound MP-11

Chart 3. Anchor of cis-[Pd(en)(H2O)2]2+ andcis-[Pt(NH3)2(H2O)2]2+

to MP-11

Interaction of Pd(II) and Pt(II) Complexes with MP-11
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The MS/MS spectrum was also recorded for the [C84H124-
FeN22O22S2Pt]3+ (m/z 703.1) in Figure 3. The successive
N-terminal fragment ions b2-b10 and C-terminal fragment
ions y3-y10 were detected. TheN-terminal fragment ions
from b7 to b10 contain one Pt(NH3)2

2+ ion attached to the
backbone of MP-11. TheC-terminal fragment ions from y5
to y10 also contain one Pt(NH3)2

2+. Again, both N- and
C-terminal MS/MS analyses for the Pt(NH3)2

2+-anchored
MP-11 prove that the Pt(II) ion binds to the side chain of
Cys7. According to the composition and charge of [C84H124-
FeN22O22S2Pt]3+ and [C84H126FeN22O23S2Pt]3+, it seems that
the Pt(II), as [Pt(NH3)2(H2O)]2+, anchors to the side chain
of MP-11, as shown in Chart 3. One extra H2O in the
[C84H126FeN22O23S2Pt]3+, as an axial ligand, coordinates to
Fe(III). The results obtained from Pd(II) and Pt(II) complexes
are consistent. Therefore, the regioselectivity for anchoring
of the Pd(II) and Pt(II) to the MP-11 is probably governed
by the local environment around Cys7 and Cys4. In previous
studies,31,32 it was shown that the hydrogen bonding was
formed between protonated imidazole nitrogen of His8 and
carbonyl oxygen of amino acid residue downstream of His8.
Therefore, the regioselectivity seems to be relative to the
side chain of His8. The hydrogen bonding makes the side
chain of His8 apart from Cys7. As a result, Cys7 is more
exposed and more favorable for the anchoring by Pd(II) and
Pt(II) complexes.

Pd(II)- and Pt(II)-Mediated Cleavage of the His8-Thr9
Bond in MP-11. cis-[Pd(en)(H2O)2]2+ or cis-[Pt(NH3)2-
(H2O)2]2+ was in two molar excess mixed with MP-11 at
pH 1.44, and the mixed solution was incubated at 40°C for
2 or 3 days. Because the precipitation occurred during the
incubation, we measured the ESIMS occasionally only after
centrifugation of the digestion solution. A peak at 348
appeared and increased with time. This peak is attributed to
a cleaved tripeptide of Thr-Val-Glu that is further confirmed
by MS/MS analysis, with observed fragment ions: b1

+ 102.1,
y1

+ 148.0, a2+ 173.0, b2+ 201.1, y2+ 247.1. These results
indicated that cis-[Pd(en)(H2O)2]2+ and cis-[Pt(NH3)2-
(H2O)2]2+ have the same cleaved site of His8-Thr9 bond
in this new finding. This pattern of cleavage is the same as
that observed in cytochromec.28,32Although it was recently
reported thatcis-[Pt(en)(H2O)2]2+ and [Pd(H2O)4]2+ have
different behavior in cleavage of methionine and histidine-
containing peptides and myoglobin,38 in fact, similarity in
cleavage of peptide bond by the chemically similar Pd(II)
and Pt(II) ions was also reported. In a previous study done
by Kostić and Zhu,17 cis-[Pd(en)(H2O)2]2+, [Pd(H2O)4]2+,
PtCl42-, andcis-[Pt(en)(H2O)2]2+ have the same cleaved site
for cleavage of dipeptides, though the hydrolytic rates are
different. Similar to cleavage of peptide bond bycis-[Pd-
(en)(H2O)2]2+, the second peptide bond upstream from
methionine anchored bycis-[Pt(NH3)2(H2O)2]2+ was also
cleaved.37 Therefore, the similarity and difference in hydro-

lytic selectivity for the chemically similar Pd(II) and Pt(II)
ions are still open for gaining an insight into investigation.
The similarity in cis-[Pd(en)(H2O)2]2+ and cis-[Pt(NH3)2-
(H2O)2]2+-mediated cleavage of MP-11 may be associated
with the special sequence of Cys7-His8 in MP-11. Recently,
it was reported that simple ZnCl2 cleaved the peptide bond
preceding Ser and Thr in dipeptides.16 Similar to Co(II)
complexes,5 the ZnCl2 mimics aminopeptidase. From previ-
ous study of Pd(II)-mediated cleavage of myglobin done by
Kostićand Zhu33 and our recent study of myoglobin cleavage
with CuCl2, it was shown that the peptide bond preceding
Thr95, which is second peptide bond downstream from His93
anchored by the Pd(II) and Cu(II) ions, was also cleaved in
addition to major Gln91-Ser92 bond cleavage. These results
indicated that the OH group in Thr95 may assist cleavage
of the peptide bond and the anchoring of metal ions to amino
acid residue preceding the Thr95 is not required for the
cleavage. As far as thecis-[Pd(en)(H2O)2]2+ and cis-[Pt-
(NH3)2(H2O)2]2+-mediated cleavage of the His8-Thr9 bond
in MP-11 is concerned, in previous and our recent investiga-
tion for tripeptide of CH3CO-CysMe-His-Gly(or Ala), that
was taken as a mimic for cyctochromec cleavage with Pd-
(II) complexes, the second peptide bond downstream from
s-methylcysteine was cleaved.31,32The site of cleavage is the
same as that in MP-11 and cyctochromec. This means that
the cleavage reaction in MP-11 and cytochromec is not
governed by the threonine and is sequence-specific. The Cys-
His sequence is required for the cleavage.31,32The threonine
may be expected to assist the cleavage reaction. What role
the threonine plays in Cytc cleavage needs further investiga-
tion after understanding the binding site of Pd(II) and Pt(II)
to MP-11 and Cytc. In short, this MS/MS study provides a
direct evidence for the initial binding site ofcis-[Pd(en)-
(H2O)2]2+ andcis-[Pt(NH3)2(H2O)2]2+ toward MP-11.

Conclusion

This work represents the first MS/MS study for the metal
binding sites in peptides. Thecis-[Pd(en)(H2O)2]2+ andcis-
[Pt(NH3)2(H2O)2]2+ prefer initially to anchor to the side chain
of Cys7 in MP-11. The two complexes cleaved the same
His8-Thr9 bond of the MP-11. These results add additional
support that the Pd(II)-mediated cleavage of the His18-
Thr19 bond in cytochromec is associated with the initial
anchoring of Pd(II) to the side chain of Cys17, rather than
to the side chain of His18. This study proves that ESIMS
and MS/MS analysis are powerful techniques for determining
the composition and the binding sites for metal-bound
peptides.
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