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As a result of the unique surface structure of nanospheres, Asp and His residues supported on a 12 nm maghemite nanoparticle worked
collaboratively as a biomimetic nanocatalyst for hydrolyzing paraoxon (phosphoester) and 4-nitrophenyl acetate (carboxylic ester) in Milli-Q
water (pH 7.0) at 37 °C, without employing extremes of pH or heavy metals. Our nanocatalyst could be facilely recovered via magnetic
concentration. The isolated catalyst exhibited long-term stability, showing no significant loss of its catalytic activity for repeated uses after

3 months.

Fission of the phosphoester and carboxylic ester bonds is Numerous strategies have been examined for cleaving
involved in numerous chemical and biochemical reactions. phosphoester and carboxylic ester bonds, and strong acids/
Novel catalysts that hydrolyze phosphoesters and carboxylicbases or heavy metals are usually the reagents of choice for
esters under mild conditions could have very broad applica- hydrolysis reactions. However, extreme pHs could be
tions across many fields such as organic synthesis, industrialproblematic to sensitive functional groups in organic syn-
process, environmental treatment, and national defense. Irthesis. Metal complexes are potentially complicated by
particular, agents that promote the hydrolysis of phospho- toxicity for therapeutic antisense treatments. An alternative
esters could be utilized for decontamination of environmental strategy is to use hydrolytic enzymes for cleaving ester,
organophosphate pollutants such as paradxearaoxon is amide, and phosphoester bonds. Enzymatic hydrolysis reac-
a biocide that has been widely used for crop protection. The tions can be carried out at 37TC in a neutral aqueous
number of worldwide human intoxications with organophos- medium. A common feature of these biocatalytic reaction
phate pesticides and insecticides is estimated at 3,000,000/
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mechanisms involves the cooperative catalysis by an acid|jj| N NN

and base pair on the side chains of two adjacent amino acidsy e 1. Cleavage of Paraoxon by 12 nm Maghemite
with the proper folding of the protein polymers. For example, Nanoparticle-Supported Amino Acitis

the His-Asp catalytic dyad contributes to the activities in 0

many RNase A proteinsHowever, lack of availability of o NH'AC'M1
the hydrolytic enzymes in sufficient quantities, low enzyme QJH

stability, and substrate selectivity have limited the potential Fe,0,

of using hydrolases for broad applications. As a consequence, »,N Ac-AA,
novel catalysts that can cleave phosphoester and carboxylic @J

ester bonds under mild conditions are still urgently needed.

In this paper, we report a novel biomimetic nanocatalyst,
Fe,0s-Asp-His, for the hydrolysis of paraoxon and 4-nitro-  entry ~ AA;, AA;  conv (%) entry AA;, AA;  conv (%)
phenyl acetate with high catalytic efficacies in Milli-Q water

A ; 1 nanoparticle <1 11  Asp, Ser 28
(pH 7.0) at 37°C, —without employing extremes of pH or 9 Asp 5 12 Glu, His 51
heavy metals (Scheme Fe,0s-Asp-His is a lead selected 3 Cys 15 13 Glu, Lys 50
4 Glu <1 14  Glu, Cys 44
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Scheme 1. Repeated Uses d¢fe,03-Asp-His for the 7 Ser 4 17 His, Ser 40
Hydrolysis of Paraoxon and 4-Nitrophenyl Acetate 8 Asp, His 77/92d 18 Lys, Ser 17
Q COH 9 Asp, Lys 27 19 Lys, Cys 39
o@\/\” NH 10  Asp, Cys 25 20  Asp + His® <1
/'& — ‘ aConditions: paraoxon (0.5 mM) and a magnetic nanocomplex (amino
Fex0s acid concentration 0.06 mM) in 2 mL of Milli-Q water, 37C, 48 h.
m/ . b Average of at least two runs; HPLC analyse&2 nm maghemite
@j Fe,0;-Asp-His nanoparticles coated with oleate (no amino acids attached) (éR@action
Y time: 96 h.® Unsupported Asp (0.14 mM) and His (0.14 mM) and paraoxon
e} @ (0.5 mM) in 2 mL of Milli-Q water at 37°C for 48 h.
0 ® o _
S OONOZ co b OH +HO_©_NOZ The magnetic F©; cores allow our nanocatalysts to be
OEt Mill-Q vater Okt facilely concentrated and recovered for repeated uses via
"Hm ¥ @ applying a permanent magnet externally.
0 . The nanocomplexes in Table 1 were fabricated via surface-
\)LO’Q—NO \)LOH + HOO NO, . . . .
G O exchanging presynthesized 12 nm maghemite nanopatticles
pH 7.0, 37 5¢ with either a single amino acid analogue or a mixture of

two amino acid dopamine derivatives (molar ratio 1:1)
(Supporting Information). TEM measurements were em-
from a small library of nanocomposites (Table®1ftach ployed for examining the iron oxide cores of the nanopar-
nanocomplex in the library comprised a 12 nm maghemite ticle—amino acid complexes, and elemental analyses were
(F&0s) nanocore wrapped with a shell of either a monad utilized for evaluating the amount and composition of amino
(AA; = AA),) or a dyad of amino acids (Adand AA; molar acid coatings on the surface of magnetic nanoparticles.
ratio 1:1). Only those amino acids with a carboxylate, a basic Entries 2-7 in Table 1 are nanoparticles functionalized with
or a nucleophilic group on the side chain such as Asp, Glu, a monad of an amino acid analogue, whereas nanocomplexes
His, and Lys were employed for constructing the library. coated with a dyad of amino acid residues are shown in
Immobilization of these amino acid analogues on the surfaceentries 8-19. The catalytic activities of these nanocomplexes
of a nanoparticle allows their acidic and basic side chains to were investigated by utilizing the nanoparticles to catalyze
be positioned in close proximity to each other, potentially the hydrolysis reaction of paraoxon. A typical experiment
leading to cooperative catalysis from two neighboring amino employed for our assay involved the introduction of a
acids. Dopamine was utilized as a linker for supporting amino nanocomplex (amino acid concentration 0.06 mM) to a
acid residues since ethenediols such as dopamine have &olution of paraoxon (0.5 mM) in 2 mL of Milli-Q water at
strong affinity for undercoordinated surface sites of metal 37 °C. After 48 h, the nanocomplex was magnetically
oxide! Theo-amino groups of the surface amino acids were concentrated and removed from the solution. The remaining
acylated to mimic the amide bonds of the enzyme backbones solution was then subjected to HPLC analyses using an
internal standard for estimating the conversion yield of
(5)_(8) l\cﬂlhanC,C- G.; Eriloix, E.; Evans,hH. R, Zigglgvski, %-:ONoéggle paraoxon. To minimize experimental errors, we repeated
Senais LW e Do e, ‘i;?%g’;‘,;seﬂ?@m';‘;ég{ 0-ab) - every experiment at least two times. The averages of our

(6) A similar combinatorial approach using a polymer matrix was repeated assays for all nanocomplexes are listed in Table 1.
previously reported: Menger, F. M.; Eliseev, A. V.; Migulin, V. A.Org.
Chem.1995, 60, 6666. (8) (a) Park, J.; An, K.; Hwang, Y.; Park, J.-G.; Noh, H.-J.; Kim, J.-Y.;

(7) (@) Rajh, T.; Chen, L. X.; Lukas, K.; Liu, T.; Thurnauer, M. C.; Tiede, Park, J.-H.; Hwang, N.-M.; Hyeon, Nat. Mater.2004,3, 891. (b) Lu, J.;
D. M. J. Phys. Chem. B002,106, 10543. (b) Kohler, N.; Fryxell, G. E.; Fan, J.; Xu, R.; Roy, S.; Ali, N.; Gao, Y. Colloid Interface Sci2003,
Zhang, M.J. Am. Chem. So2004,126, 7206. 258, 427.
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Nanoparticles coated witN-Ac-Asp andN-Ac-His ana- kinetic studies might provide more insights on such car-
logues Fe,Os-Asp-His) (Entry 8, Table 1) exhibited the boxylate-imidazole cooperativity.
highest catalytic activity. For example, after 48 h, 77% of = The long-term stability and recyclability dfe,0s-Asp-
paraoxon was hydrolyzed usifge,O3s-Asp-His; after 96 h, His were also investigated. The isolatee,O3-Asp-His was
a conversion yield of 92% was achieved. In contrast, a sequentially washed with methanol {250 mL) and CH-
mixture of N-Ac-Asp and\-Ac-His without a nanoparticular ~ Clz (2 x 50 mL) and air-dried. The nanocatalyst was then
support (Entry 20) led to a conversion yield less than 1%. subjected to a new round of paraoxon hydrolysis reaction.
Within the margin of experimental error, the unsupported Table 2 listed the conversion yields of using recovered
amino acid pair showed no catalytic activity in the hydrolysis
of paraoxon. On the other hand, the nanoparticle support_
itself does not appear to be a catalyst, as entry 1 showedTable 2. Repeated Uses of Iron Oxide-Asp-His for
that after 48 h less than 1% of paraoxon was hydrolyzed by Hydrolyzing Paraoxoh
maghemite nanoparticles without a shell of amino acid reaction round
coatings. Interestingly, nanoparticles protected with other 1 9 3 4
dyad pairs oiN-acetyl amino acids (Entries-4.9, Table 1)
are less active catalysts th&e,Os-Asp-His. For example,
the nanocomplex with Glu and His led to a conversion yield Co;‘ é%?i{ﬂgﬂsa ggr;?\jl(f?n (g-?1 TZP ﬁﬁﬁ-goxa?éird%_%s%giﬁ &agiﬁ;]gsacid
of 51% after 48 h (Entry 12), which is lower than that of @ ' 1ip| ¢ analyses. TR
dyad of Asp and His despite the fact that the structures of
Asp and Glu are similar to each other. Kinetic studies
suggested that the hydrolysis of paraoxonHsOs-Asp-

conversion (%)® 77 74 74 72

Fe,Os-Asp-His for repeated uses. The fourth cycle of the

His fits into the Michaelis-Menten model (Supporting hydrolysis reaction in Table 2 was c_:arried ogt gpout three

Information). Analysis of the LineweaveBurk plot gave mc_)nths gﬁer the first round of reactlon_; no significant loss

Ku = 1.1 mM andke = 4.3 x 10551 in a pH 7.4 buffer of its activity was obser\{edi.eZO;Asp—Hls was also found

at 40°C for Fe,05-Asp-His. to promote the hydrolysis of 4-nitrophenyl acetate (Scheme

i i . 1). After 48 h, over 67% of 4-nitrophenyl acetate (0.5 mM)

Althqu_gh the detailed mechanl_sms are not clea_r at 'Fh_'s was hydrolyzed bye,0s-Asp-His (amino acid concentration

stage, itis reaso_nable to hypothesize that the catalytic activity 5 o6 mM) in Milli-Q water (2 mL) at 37°C.

of Fe0s-Asp-His was probably due to the carboxylate- 1, symmary, we reported a novel biomimetic nanocatalyst

imidazole cooperativity induced by the surface of the ¢ cleaves phosphoester and carboxylic ester bonds under
nanoparticle. Asp and His have a carboxylate and an mjjq conditions (e.g., neutral Milli-Q water at 37C).

imidazole group on their side chains, respectively. Anchorage psraoxon and 4-nirtophenyl acetate were utilized as two
of the carboxylate/imidazole pair on the surface of a model compounds for our test reactioRg,03-Asp-His was

nanoparticle will limit the mobility of two functional groups facilely recovered and reused for repeated reactions. We
and position them in close proximity to each other, potentially pelieve that such magnetic biomimetic nanocatalysts could
leading to the collaboration between two amino acids. Such have very broad application potentialities across many fields.
general acid/base pairs are frequently observed in manyongoing research work in our laboratory is to examine the
RNase A protein8.The carboxylate anion could act as a yse of biomimetic nanocatalysts as nucleic acid cleavage

general base activating a water molecule, and the protonatechgents; our progress in these areas will be reported in due
imidazole acts as a general acid transferring a proton to thecourse.

developing intermediate. Alternatively, the Asp analogue
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findings in Table 1. For example, nanoparticles coated with
a monad of either Asp (Entry 2) or His (Entry 5) led to much
lower conversion yields than that 8&,03-Asp-His (Entry

8), which is probably due to the lack of a collaborative acid/
base pair on the nanopatrticle surface. Additional detailed
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