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Introducing nonnative metal ions or metal-containing prosthetic
groups into a protein is a branch of metalloprotein design with
considerable impact, as it can dramatically expand the repertoire
of protein functionalities and thus their range of applicatibris.
Since protein scaffolds have not evolved to tightly bind artificial
metal complexes in a single conformation, one of the most
challenging aspects of this field is control of chemo- and/or
enantioselectivity. 1! To meet the challenges, two approaches,
noncovalert®14and single-point covalent attachmebidave been
successfully demonstrated, either by altering the metal complex and

protein to promote binding in the noncovalent ¢&s¥15 or by ' /1
. . B —N N
carefully selecting a protein host for covalent attachment of SNt
nonnative metal complexé&Here we report a novel site-selective ol
two-point covalent attachment strategy tq introduce an achiral Hc_ﬁ_s_/— —\_s_ﬁ .
manganese salen complex (Mn(salen)), into apo sperm whale | 1 o

myoglobin (Mb) (Figure 1) and to demonstrate the effectiveness Figure 1. (A) Computer model of Mb(L72C/Y103C) witli covalently
of the dual anchoring approach to markedly improve the enantio- itached overlayed with heme. (B) Complix

selectivity of a semi-synthetic enzyme with minimal structural

modification to either the metal complex or the protein. Table 1. Enantioselective Sulfoxidation of Thioanisole

In an attempt to expand the functionality of heme proteind2#e entry catalyst® ratebe ee, %° attach?

and Watanabe and co-work&#%° have reported the replacement 1 1 2.4(0.1) 1(05),S -

of heme with noncovalently attached achiral Mn(salen) and 2 apo-WTMb 4.6(0.3) 1(1.5),S -

Cr(salen) complexes in the chiral pocket of cytochraperoxidase 3 apo-Mb(Y103C) 57(08) 3(2),R -

: - 4 apo-Mb(L72C/Y103C) 15(5) 32, -

(CcP) or Mb, respectively. Metallesalens are known for their high 5 apo-WTMb+ 1 103) 0(05).5 N

catalytic _activity a_nd ver§atilit§/Z apd their planar nature make§ 6  Cr2-apo(H64D/ATIG)MB 78 138 n
them an ideal choice for introduction into heme proteins. Despite 7 Mn-1-apo-Mb(Y103C) 51(14) 12(1), S s
8  Mn-l-apo-Mb (L72C/Y103C) 390(30) 51 (1), S d

their similarity, replacement of heme with metalisalens has

proven chall_en_ging. Noncovale_nt placement of a C_r(_salen) inside 21n 50 MM NHiOAC pH 5.1 at 4°C, 130M catalyst, thioanisole (5
_the heme blnd_lng_ pockc_at.requm_as the use_of modlflgd salens to mM), H,0, (6.5 mM) (for details see S’uppcﬁtmg Inform’atioﬁ)'l'he unit
increase the binding affinity, which results in a low yield of the of the rate is 10% turnover mirn, std dev reported in parentheseReaction
Cr(salen) protein complex (0-3L5%) and low ee (0:313% ee)t4 rates and ee were determined by GC analysis using an ASTEC G-TA
Further, the method that successfully incorporated Cr(salen) into Eﬁ'&%ﬁﬁgfﬁl‘émga"ﬂ&g ﬁgﬁtcooﬁlrggr?t’?;W;i;‘f%d:ajoi”b:gi rgﬂ;@“dard'
Mb is reported to be difficult to apply to Mn(salef)** Cr-5,5-tBup-salophen (from ref 14).

Covalent linkage is an alternative approach for site-specific
attachment of an artificial metallo complex to a protein with high multiple orientations of the metallo complex may be possible. From
yield (~100%) and with minimal structural information. Distefano  these results we hypothesized that an improved catalyst could be
and co-workers have demonstrated that covalent attachment of a€ngineered using a dual anchoring strategy, which allows for precise
Cu(ll)/1,10-phenanthroline complex to a single cysteine in an control of the placement of the artificial metallo complex with
adipocyte lipid binding protein results in a catalyst that promotes SPecific orientation and limited rotational freedom.
highly enantioselective hydrolysi¢éWe employed such a strategy Apo-Mb was chosen as a chiral scaffold because it has been
to incorporate Mn(salen) into apo-Mb(Y103C) by methane thio- determined to be essentially a folded globular préteamnd has
sulfonate groups (Figure 1B) with high selectivity and reactivity Peen used as a template for engineering numerous artificial
toward cysteine& This catalyst shows sulfoxidation activity (Table ~ Proteins®’-142122To covalently attach Mn(salen) to Mb, we again
1, entry 7); however, the ee remains low (12%) (Table“1). utilized methane thiosulfonate groups (Figure'®lBy modeling
Similarly low ee (<10%) is reported by Reetz and co-workers for the N,N'-bis(4-(2-methanesulfonylthioethoxy)salicylidene)-1,2-
a Mn(salen) complex attached to papain via a single maleimide €thanediamino-manganese(li) bromidg (holecule (Figure 1B)

linker® The low ee of the single attachment again suggests that into Mb using the Insightll (Accelrys) program and searching for
its best fit in the heme pocket, we identified two mutations (L72C

T Department of Chemistry, University of lllinois Urbana-Champaign. and Y103C) that would selectively anchor the compound (Figure
* Coordination Chemistry Institute, Nanjing University. 1A).
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A 104, apoMb(LTZCN103C) B | strategy limits the number of conformational states available to the
084 w T Mer-apo MbL72CY103C) I 3po Mb(.T2C/V103C) metallo complex inside the protein and by so doing improves both

P T [\ rate of reaction and ee.

2061 | N In conclusion, we have demonstrated for the first time the

5 | \ —— T——— effectiveness of a site-selective dual anchoring strategy for attach-

204 VN Mn-1-apo-Mb{L72C/Y103C) || e :

2 , \ 17731.68 £ 2.92 I\ ment of artificial metal complexes to proteins. Dual covalent
02 \“m___ N ( anchoring of the metal complex to the protein affects catalytic
004 I Y [ sulfoxidation of thioanisole with much higher ee and rate than either

00 400 500 600 700 1?600 17;00 13500 noncovalent or single-point c_ovalent atta_lchment strr_altegies. S_i_nce
Wavelength / nm Mass / Da these results were obtained without mutation or selectively modified

Figure 2. (A) UV —vis spectra of apo-Mb(L72C/Y103C) (red dashed line) S@l€n groups, the dual anchoring method provides an excellent
and Mn1-apo-Mb(L72C/Y103C) (blue solid line) in 50 mM ammonium  platform from which to obtain even higher rate and ee. The method

acetate buffer pH 5.1. (B) ESI-MS of apo-Mb(L72C/Y103C) and-Mn can be generally applied to protein incorporation of other metal
apo-Mb(L72C/Y103C). complexes with minimal structural information and is a promising

Construction, expression, and purification of Mb mutant proteins approach for generating new artificial enzymes.

were performed as described previougt§3 Addition of 1 to this Acknowledgment. We thank Ms. Brook DeMoisy and Mr. Evan
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at 284 and 292 nm, suggesting the formation of a pretsalen financial supports.

adduct (Figure 2A). Further confirmation of the adduct formation . ) ) ) )

comes from electrospray mass spectroscopy (ESI-MS), which shows Suppor_tmg Information A\./a”able.: Expgrmjental_ detalls for

a single peak corresponding to the apo enzyme plosnus two sulfoxidation and the SyntheS|§ f This material is available free of
methyl thiosulfonate groups displaced by covalent attachment charge via the Intemet at http://pubs.acs.org.
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