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Abstract

Enzymes from secondary metabolic pathways possess broad potential for the selective synthesis
of complex bioactive molecules. However, the practical application of these enzymes for organic
synthesis is dependent on the development of efficient, economical, operationally-simple and
well-characterized systems for preparative scale reactions. We sought to bridge this knowledge
gap for the selective biocatalytic synthesis of p-hydroxy-a-amino acids, which are important
synthetic building blocks. To achieve this goal, we demonstrated the ability of ObiH, an
L-threonine transaldolase, to achieve selective milligram-scale synthesis of a diverse array of
nonstandard amino acids (nsAAs) using a scalable whole cell platform. We show how the initial
selectivity of the catalyst is high and how the diastereomeric ratio of products decreases at high
conversion due to product re-entry into the catalytic cycle. ObiH-catalyzed reactions with a variety
of aromatic, aliphatic and heterocyclic aldehydes selectively generated a panel of B-hydroxy-a.-
amino acids possessing broad functional-group diversity. Furthermore, we demonstrated that
ObiH-generated p-hydroxy-a-amino acids could be modified through additional transformations
to access important motifs, such as B-chloro-a.-amino acids and substituted a-keto acids.
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Introduction

Nature has evolved powerful and effective approaches to selectively generate complex
natural products from simple metabolites.[!] Biosynthetic enzymes often catalyze
transformations that are challenging to achieve using small molecule methods and can
enable efficient access to valuable molecules.[?] In comparison to traditional synthetic
transformations, the three-dimensional architecture of enzyme active sites enables exquisite
control over the positioning of reactants, often leading to improved chemo-, site- and
stereoselectivity profiles. As a result, a wide variety of new biocatalytic methods have

been developed in recent years which seek to resolve selectivity challenges in complex
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molecule synthesis.[3] Functional group interconversions are the principle class of organic
transformations for which high quality biocatalytic routes have been successfully developed.
[3] In contrast, the production of novel biocatalytic methods for stereocontrolled C—C bond
formation remains a promising, but underexplored area, with many exciting new advances
underway.[45] Such biocatalytic methods possess unique potential for streamlining the
construction of complex molecular building blocks, natural products, and pharmaceuticals.
[4.6] We envisioned that one such important class of molecules, B-hydroxy-a.-amino acids,
could be selectively generated in an efficient and highly scalable fashion by designing and
employing a biocatalytic reaction platform.

B-Hydroxy-a.-amino acids are a class of molecules commonly found in polypeptide natural
products and pharmaceuticals (Figure 1A).[1] In particular, these molecules are prominent
intermediates in the biosynthesis of cyclic peptide and small molecule antibiotics, such as
the compounds hypeptin (1), katanosin B (2), and chloramphenicol (4), as well as other
bioactive molecules.[7-%] A variety of organocatalytic methods have been developed to install
the B-hydroxyl group, often via the aldol addition of a glycyl Ca-nucleophile into various
aldehydes.[19-15] These methods are effective at generating -hydroxy-a-amino acids, but
often require orthogonal, multi-step protecting group strategies to produce the desired
product which can increase costs and reduce overall yields. Consequently, researchers have
sought to develop efficient biocatalytic approaches to p-hydroxy-a-amino acid synthesis.

In Nature, the p-hydroxy functional group is often installed on a pre-assembled amino

acid through site-selective oxidation by cytochromes P450 or a-ketoglutarate dependent
non-heme iron enzymes.[16-18] However, the ability to assemble the side chain while
simultaneously setting the stereochemistry of the B-hydroxy group offers a more versatile,
complementary approach for the preparative scale synthesis of structurally diverse nsAAs.
Researchers have therefore been drawn to the pyridoxal phosphate (PLP)-dependent
threonine aldolases (TAs) and serine hydroxymethyl transferases (SHMTS) for synthesis

of B-hydroxy-a-amino acids.[201These enzymes natively catalyze the retro-aldol cleavage
of L-threonine (Thr) and L-serine (Ser), respectively, generating glycine for use in primary
metabolism.[21] By running these transformations in reverse with very high concentrations
of glycine, TAs and SHMTSs have been leveraged for the synthesis of B-hydroxy-a-amino
acids.[22-27] However, most native TAs catalyze aldol reactions with low stereoselectivity at
CB, leading to poor diastereoselectivity profiles.[25:28.29] These challenges can be overcome
in exceptional cases, either through intensive directed evolution or through the use of
diastereoselective crystallization, but these routes are limited to one or a handful of
substrates.[28:30]

An alternative and appealing enzymatic strategy for the synthesis of p-hydroxy-a-amino
acid draws directly from Nature’s own approach. Rather than contend with the endergonic
challenge of reversing the TA reaction, there are a set of mechanistically-related L-
threonine transaldolase (LTTA) enzymes that catalyze removal of the Thr sidechain

as acetaldehyde and its replacement with a new aldehyde (5) to generate a new p-
hydroxy-a-amino acid (Figure 1B, Figure S2). This reaction does not release Gly as an
intermediate and is approximately net-thermoneutral. High yields are enabled by coupling
to downstream metabolism.[31:32] Notable among LTTA enzymes is ObiH, which catalyzes
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the diastereoselective synthesis of B-hydroxy-a-amino acid 7 in the biosynthesis of the
aminoacyl tRNA synthetase inhibitor obafluorin (Figure 1B, 9).131-33] Previous efforts to
utilize LTTAs for synthetic purposes focused on optimization of analytical scale reactions
with electron-deficient aromatic aldehydes (Figure 1C).[33:34] Protein engineering has

also been deployed to increase reactivity with p-methylsulfonylbenzaldehyde en route

to the antibiotic thiamphenicol.[3%] Mirroring Nature’s approach, preparative scale LTTA
transformations with this substrate were driven to high yield by coupling to a downstream
enzymatic reduction of acetaldehyde.[34] These promising results prompted deeper study

to understand the difference in reactivity between TA and LTTA enzymes, which we
recently addressed through a detailed structural and mechanistic study of ObiH.[361 Qur
results showed that the nucleophilic intermediate, a PLP bound glycyl quinonoid, E(QSY)
15, is formed by retro-aldol cleavage of Thr. Further spectroscopic analysis showed this
intermediate is kinetically shielded from protonation. Monitoring persistence of the E(QC!)
in the presence of small aliphatic aldehydes indicated that ObiH has reactivity toward

these electrophiles, which we confirmed via synthesis of g-hydroxyl-L-leucine using purified
ObiH.[36] Translating these exciting advances in enzymology to a practical biocatalytic route
remains, however, a separate challenge.

For facile adoption by the synthetic community, an LTTA route to p-hydroxy-a-amino
acid must be deployed in the most operationally-simple fashion and the limitations of

the aldehyde scope established. It has been previously observed that the diastereomeric
ratio (dr) of the products of LTTA reactions decrease through an unconfirmed mechanism,
confounding the reproducibility of stereochemical outcomes.[37] Furthermore, biocatalytic
methods often yield unprotected, hydrophilic products and demonstration of standardized
methods for their isolation and downstream manipulation further increase the attractiveness
of an enzymatic route. Here, we tackle these challenges and demonstrate how ObiH be
utilized as an effective catalyst for the synthesis of structurally diverse p-hydroxy-a-amino
acid from inexpensive and readily available starting materials (Figure 1D).

Results and Discussion

We sought to develop a scalable and operationally-simple method for the selective
synthesis of a variety of B-hydroxy-a-amino acids. We reasoned that using a well-studied
LTTA as the biocatalyst would provide an ideal starting point for method development.
ObiH is a structurally and mechanistically characterized enzyme that has been shown to
possess high transaldolase activity with several electron-poor aldehydes.[31:32.36] \\e first
attempted reactions using wet, whole £. coli cells that contained heterologously-expressed
N-His-ObiH. Biocatalytic transformations using whole cells have been demonstrated as

an economical and efficient route to access valuable molecules without the need for time
and resourceintensive enzyme purification procedures.[38-491 Initial optimization reactions
with 4-chlorobenzaldehyde (17) revealed that ObiH was catalytically active in the whole
cell format (Table 1, entry 1), providing product 18 with 88% conversion, as measured by
UPLC-MS. We screened alternative cosolvent compositions at a whole cell concentration
of 5 mg/mL (0.5 wt %). In general, there was only a modest impact on reactivity. MeOH
and toluene (4% v/v) each had no significant effect on activity when compared to reactions
lacking cosolvent (Table 1, entries 1-3), whereas MeCN was detrimental to enzyme activity.
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Further optimization of wet whole cell loading was performed using MeOH as a cosolvent
(Table 1, entries 5-7). Increasing whole cell loadings as high as 4% (20 mg/mL) did not
result in appreciable increase in conversions. Anticipating that alternative electrophiles may
not react as efficiently with ObiH, we elected to use 1-2% wet whole cells and 4% (v/v)
MeOH (Table 1, entry 6) for preparative scale reactions. Cell loadings of this magnitude are
sufficiently low for process scale reactions and we attribute this excellent reactivity of ObiH
to its high soluble expression in E. coli, boasting >150 mg protein per L culture.

With these conditions in hand, we were motivated to explore the limits of ObiH-catalyzed
reactions by probing the native substrate promiscuity of the catalyst. Previous efforts with
an ObiH homolog focused on the analytical scale synthesis of phenylserine derivatives, with
a single example of product isolation.[34] To gain a more comprehensive view of ObiH
reactivity, we chose to perform analytical and preparative scale reactions and compare the
relative yields and observed selectivities. Unprotected p-hydroxy-a-amino acid with halogen
functionalities were swiftly generated in high yields on analytical scale, but with low to
moderate diastereoselectivity after functionalization with Marfey’s reagent (Figure 2). In
comparison, preparative scale reactions with the same substrates delivered products with
enhanced diastereoselectivity, albeit with reduced yields. These data suggest that ObiH

is subject to a selectivity phenomenon observed with other LTTAs where a precipitous

drop in the diastereomeric ratio of the products occurs when reactions are run to high
conversions, due to erosion of the stereopurity at the B-position.[37:41 While there is a

clear tradeoff between conversion and diastereoselectivity for LTTA-catalyzed reactions, we
have demonstrated that a balance can be struck to deliver stereo-enriched products with

a moderate sacrifice in isolated yields. Notably, the enantioselectivity of ObiH-catalyzed
reactions is high (>99% ee for all products). Phenylserine analogs generated under these
conditions include p-chloro-phenylserine (18), p-bromo-phenylserine (19) and /m-bromo-
phenylserine (20). To unambiguously assign the absolute configuration of ObiH-generated
product 18, the compound was recrystallized and characterized by small-molecule X-ray
diffraction. This experiment confirmed that the major product of ObiH-catalyzed aldol
addition was the (25, 3R), ‘threo’ isomer, which matched the observed stereochemistry of
the native product 9 in obafluorin biosynthesis.[32:42]

Reactions with p-nitrobenzaldehyde on analytical and preparative scale indicated good
yields, but low diastereoselectivity, delivering p-nitro-phenylserine (21). This molecule is
an intermediate in the synthesis of the antibiotic chloramphenicol (4), as well as a precursor
to other nonstandard amino acids, such as p-amino-phenylserine.

We considered a reaction with 4-fluoro-3-nitrobenzaldehyde, (see Figure S1) which would
yield an intermediate in the recent total synthesis of vancomycin, a peptide antibiotic.[43]
However, the highly electrophilic aldehyde starting material condensed with Thr, precluding
effective entry into the active site. A recent directed evolution campaign generated TAS

that can catalyze a selective aldol reaction with electron deficient benzaldehydes, and we
were therefore less compelled to study this reaction further.[2] Instead, to further probe

the limits of the ObiH active site, we sought to challenge the enzyme with sterically bulky
aromatic aldehydes to generate p-napth-1-ylserine (22) and biphenylserine (23) (Figure 2).
Preparative scale yields for these products were reduced relative to reactions with less
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bulky benzaldehydes and may be limited by their poor solubility in aqueous conditions.
Nevertheless, these reactions show that bulky g-hydroxy amino acids can be isolated with
high diastereselectivity, delivering these challenging products in a scalable manner.

In addition to the variety of phenylserine analogs that were produced using this method,
we sought to generate p-hydroxy-a-amino acids which could be used directly in the
synthesis of natural products and pharmaceuticals. For example, p-hydroxytyrosine is an
nsAA found in several cyclic peptide natural products, including the antibiotic hypeptin
(Figure 1, 1).l7] We initially attempted to directly generate B-hydroxytyrosine via an ObiH-
catalyzed aldol reaction with 4-hydroxybenzaldehyde, but observed no product formation.
This lack of reactivity has been mirrored in other TA systems, but no strategy to access
these products has been put forth.[291 We reasoned that, because the pKa of the phenol

is low relative to the pH of the reaction, the predominant form in solution is the highly
electron rich phenolate. Consequently, this molecule is an intrinsically inert substrate for
biocatalytic aldol reactions. We anticipated that protection of the phenolic group on this
substrate with an electron-withdrawing substituent would prevent ionization and increase
the electrophilicity of the benzaldehyde, enabling a productive catalytic reaction. This
hypothesis was confirmed in reactions with pivaloyl-protected 4-hydroxybenzaldehyde,
generating the protected p-hydroxytyrosine 24 in 25% yield. This protection strategy was
also successful with a trifluoromethylsulfonyl protected aldehyde, delivering the triflated p-
hydroxytyrosine 25 in 22% yield. Through this simple substrate modification procedure, we
generated a pair of aldehydes that could undergo productive catalysis with ObiH, enabling
efficient and selective access to protected p-hydroxytyrosine. Furthermore, the protection
as a triflate provides a useful functional handle compatible for downstream diversification
through cross-coupling reactions.[44]

Heterocyclic amino acids possess broad potential to be used as synthetic building blocks in
the production of pharmaceuticals.[4>] Notably, access to heterocyclic p-hydroxy-a.-amino
acid has also been a challenge for TA catalysis and we therefore tested ObiH for reactivity
with heterocyclic aldehydes.[46] These transformations proceeded smoothly, delivering
pyridine-2-yl-serine (27) in good yield (59%) and with moderate diastereoselectivity (10:1
dr), as well as 3-thienylserine (26) in diminished yield (23%). We further envisioned that
ObiH could be used to generate p-hydroxy-tryptophan through reactions with indole-3-
carboxaldehyde (Figure S1). However, no amino acid product was observed in these
reactions, potentially due to the electron-rich nature of the aldehyde. Reactions with
imidazole-4-carboxyaldehyde gave rise to a prominent peak in the UPLC-MS indicative

of B-hydroxy-histidine (28). However, the highly polar nature of this amino acid hindered its
isolation. Nevertheless, Marfey’s analysis indicates that ObiH can generate 28 in 27% yield
based on UPLC analysis with 9:1 diastereoselectivity (Figure 2).

Following successful preparative-scale synthesis of diverse aromatic and heterocyclic amino
acids using ObiH, we were inspired to explore the abilities of the enzyme to catalyze
reactions with aliphatic aldehydes. Preparative scale reactions with branched-chain aliphatic
aldehydes proceeded smoothly, with excellent diastereomeric ratios (>20:1). As with all
ObiH reactions performed in this study, we again observed reduced diastereoselectivity in
higher yielding analytical scale reactions. Nevertheless, we isolated p-hydroxy-cyclopentyl
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product 29 in 46% yield. Productive catalysis was also observed with isobutyraldehyde,
delivering p-hydroxyleucine (31, 42% yield) and we obtained B-hydroxyhomoleucine

(32) in 55% vyield. The straight-chain hexanyl product 30 was also generated with high
diastereoselectivity (>20:1), albeit with a reduced yield of 22%, indicating that ObiH

can undergo productive catalysis with sterically bulky, unstrained aldehydes. However,
conversion was not observed in reactions with larger straight-chain aldehyde dodecanal,
suggesting that there are practical limitations in substrate size for ObiH-catalyzed reactions.
The success of ObiH in generating a variety of aliphatic p-hydroxy-a-amino acid is a
significant advance, as biocatalytic access to these motifs has generally been limited to

a few examples of threonine aldolases with low to moderate diastereoselectivities.[47:48]
While biosynthetic strategies which involve late stage selective hydroxylation have found
success in generating aliphatic B-hydroxy-a-amino acid, this approach is highly substrate
specific and precludes a generalized route to simultaneously install a diverse variety of side
chains and the B-hydroxyl group. [18:19] ObiH-catalyzed aldol reactions therefore offer a
streamlined enzymatic route to access diverse f-hydroxy-a-amino acid.

We last sought to challenge ObiH with a large, fluorescent aldehyde derived from the
valuable probe molecule BODIPY.[4] An initial whole cell ObiH reaction was performed
on milligram scale to generate BODIPY-containing p-hydroxy-a.-amino acid (Figure 3).
Aldehyde 33 underwent productive catalysis with ObiH, generating product 34 in poor yield
(~1%). We improved the yields by using purified ObiH as catalyst and by the addition of
10% DMSO as co-solvent to increase the solubility of 33. These changes improved the yield
to 7% with high diastereoselectivity (>20:1). While protein engineering would be needed to
further increase the reactivity of ObiH with this aldehyde, such efforts are straightforward
once initial activity is demonstrated, which we provide here. Fluorescence spectra showed
that product 34 exhibits characteristic fluorescence after excitation at 501 nm and emission
at 517 nm (Figure 3). We anticipate that this amino acid could be a valuable tool in
chemical biology applications. This reaction further demonstrates the potential of ObiH to
react with a range of aldehydes to generate functional amino acid products. Despite some
limitations in its native reactivity, we used ObiH to generate numerous benzylic, heterocyclic
and aliphatic p-hydroxy amino acids on preparative scale. These efforts demonstrate the
native promiscuity of ObiH toward a variety of inexpensive aldehydes, selectively producing
important synthetic precursors in one step. Additionally, this biocatalytic approach enables
the use of Thr as an inexpensive substrate without any pre-functionalization, which is a
considerable advantage over previous synthetic approaches. However, observation of an
inverse correlation between yield and diastereoselectivities in these transformations spurred
further mechanistic questions about this common phenomenon in LTTAS.

To characterize catalyst behavior throughout the reaction, we measured a time course of

the ObiH reaction with 4-chlorobenzaldehyde. This reaction yielded two well-resolved
diastereomers, enabling direct comparison (via UPLC-MS) of the observed yield of product
18 and diastereomeric ratios for each timepoint. At early timepoints, the diastereomeric
excess was high, indicating that ObiH exhibits superb diastereoselectivity. Analysis of later
time points showed a notable reduction in the diasteromeric excess of product 18 as yield
increased beyond 50% (Figure 4A). Based on our previous studies of the mechanism of
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ObiH,[3¢] we hypothesized that this drop in the diastereomeric excess is caused by the
reversibility of the transaldolase reaction and product reentry into the catalytic cycle.

To demonstrate that product can reenter the catalytic cycle and generate glycyl-quinonoid
intermediate 15, we performed a UV-vis experiment (Figure 4B) in which ObiH was mixed
with p-chloro-phenylserine (18). Following the addition of 5 mM 18, we observed a shift
from the internal aldimine:PLP signal (405 nm) to a new peak at 494 nm, corresponding to
stabilized glycyl-quinonoid intermediate 15.[36] This same intermediate was also observed
upon titration of ObiH with native transaldolase substrate Thr, suggesting that the 4-chloro-
phenylserine product can indeed reenter the catalytic cycle through retro-aldol cleavage.[3]
For direct evidence of product reentry leading to diastereomeric erosion, we monitored

an ObiH reaction with p-chloro-phenylserine under turnover conditions in the presence of
4-chlorobenzaldehyde (17) and observed a slow decrease in diastereomeric excess over time,
beginning with a de value of 82% and ending with a de of 64% after 18 h (Figure 4C). These
experiments confirm that ObiH product 18 can indeed reenter the catalytic cycle to produce
an on-cycle quinonoid intermediate and that this behavior leads directly to reduced d.e. for
ObiH products. These data are consistent with the observation that ObiH reactions which
exhibit high conversion also exhibit reduced d.e. for all substrates tested.

Based on these observations, we rationalized that product reentry leads to scrambling at

the B-position through iterative cycles of retro-aldol product cleavage, followed by the
forward aldol reaction with 4-chlorobenzaldehyde. Because the major isomer is at a higher
concentration at later time points, it will preferentially re-enter the active site and be broken
down, only to be re-formed as a mixture of #hreoand erythroisomers. In this way, the
kinetically disfavored erythro isomer slowly accumulates over the course of the reaction and
the diastereomeric ratio shifts towards an equilibrium ratio. Notably, the stereochemistry at
Ca is maintained within the limits of detection during all the experiments described here.

To probe the structural basis for the diastereoselectivity of ObiH, we turned to the recently
described structure at 1.66 A (PDB 1D: 7K34).13¢] This structure is of the internal aldimine
state of the enzyme and, despite extensive efforts, we were unable to determine a substrate-
bound structure under these conditions. We previously turned to molecular dynamics,
which provided a plausible structure of ObiH with Thr bound as the external aldimine.[36]
Here, we considered how a B-arene would fit into the active site and found that it was a
highly constricted environment. Only a single staggered rotamer could be formed without

a significant steric clash with protein backbone (Figure 4D). While it is possible that

some extensive conformational rearrangement occurs upon substrate binding, these areas of
contact were stable under the conditions of our previous molecular dynamics simulations.
We therefore hypothesize that the bulky substrates described here bind in a single, common
orientation extending towards Trp68, which is found on a highly flexible loop. In this model
the preferred, on-pathway, mode of binding delivers the s/face of the electrophile to the
E(QCY) nucleophile and aldol addition gives rise to the #reo product.

We also sought to further showcase the synthetic utility of ObiH-generated products through
downstream functionalization reactions to access important chemical building blocks. For
example, B-chloroleucine is a nsAA found in the aerugenosins (Figure 5B, see 39 and
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40), a class of peptide natural products which act as protease inhibitors.[>% Following ObiH-
catalyzed generation of threo-p-hydroxyleucine (36), we subjected the purified material

to conditions for B-chlorination. Amino acid 36 was dissolved in neat thionyl chloride

(10 equiv) and heated to 60 °C overnight. Following a quench to hydrolyze the resulting
acid chloride material, erythro-p-chloroleucine (37) was isolated in a 42% yield and high
diastereoselectivity. This synthesis leverages the selectivity of ObiH in asymmetric C-C
bond formation, enabling diastereoselective access to halogenated amino acids.

Finally, we aimed to demonstrate the utility of ObiH derived p-hydroxy-a-amino acids

as precursors to aliphatic a-ketoacids (Figure 5A). The phenylserine dehydratase from
Ralstonia pickettiiwas previously characterized as a soluble and functional enzyme

under heterologous expression conditions in £, co/i®1] Here, we demonstrate the scope

of dehydratase activity can be extended beyond aromatic amino acids by developing a
one-pot, telescoped sequence for generating a-keto acid 38 directly from Thr (6) and
isobuyraldehyde (36).[1] a-keto acid 38 was formed in 37% yield through this sequence.
Such a-keto acid products are highly desirable and have found use as intermediates in
biocatalytic cascade reactions, acylating agents in organic synthesis and as precursors for the
synthesis of biofuels and pharmaceuticals.l52-57] Through these functionalization reactions,
we have demonstrated the diverse products which can be accessed through ObiH-catalyzed
transformations.

Conclusions

Here we have demonstrated the synthetic utility of ObiH for the diastereoselective
production of diverse and valuable B-hydroxy-a-amino acids from commercially available
starting materials. These molecules represent an important starting point for the synthesis of
natural products and pharmaceuticals and can be probes for biological systems. Recognizing
the value of a transformation that directly produces p-hydroxy-a.-amino acids, we sought

to efficiently generate a variety of these materials through preparative-scale reactions

using whole E. coli cells. We have characterized the native reactivity of ObiH toward

a panel of aldehydes, probing the abilities and limitations of ObiH-catalyzed aldolase
reactions. This substrate scope analysis was supported by detailed characterization of

ObiH diastereoselectivity and underpinning mechanistic implications of observed selectivity
trends. Through these efforts, we have developed an efficient route to accessing important
organic building blocks, including downstream functionalization reactions to directly
synthesize p-halogenated amino acids and a.-keto acids. Based on the simplicity and
versatility of this reaction platform, we advance ObiH as a useful biocatalyst for selective
C—C bond formation and we anticipate that this enzyme will serve as a new and effective
implement in the organic chemist’s toolbox.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A. Bioactive natural products and pharmaceuticals derived from p-hydroxy non-canonical amino acids
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Figurel.

A. Bioactive natural products and pharmaceuticals containing p-hydroxy-a.-amino moieties.
B. ObiH native reaction in the context of obafluorin biosynthesis. C. Previous substrate
scope studies using L-threonine transaldolases (LTTASs). D. This work: highly scalable and
efficient generation of diverse p-hydroxy-a-amino acids.
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ObiH-catalyzed synthesis of structurally-diverse p-hydroxy-a-amino acids
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Figure2.

Analytical and preparative-scale synthesis of p-hydroxy-a-amino acids by ObiH. Reactions
were performed using 20 mM aldehyde, 100 mM .-Thr, 50 mM Tris pH 8.5 and 1-2%

ObiH wet whole cells, with 4% (v/v) MeOH as co-solvent. Preparative scale reactions were
incubated at 37 °C for 18 h before quenching with 1 volume equivalent of MeCN, followed
by freeze-thaw and centrifugation to remove cell debris. Purification was achieved using

a Biotage purification system via reverse-phase chromatography. Yields are reported as
isolated product mass after lyophilization. 1TH NMR hydration analysis was used to correct
yield values for excess water. Analytical scale product yields determined by UPLC-PDA-MS
following derivatization with Marfey’s reagent.
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ObiH-catalyzed synthesis of fluorescent amino acid

ObiH (40 uM)
50 mM Tris pH 8.5

37°C,20h
B
2 - r 1.2
—— Absorbance ; >
1.6 1 Emission I @
§ - 08 2
£ 1.2 4 A=
2 - 0.6 B
208 A g
- - 04
0.4 T L OZ 6
2
0 T T T T r O
200 300 400 500 600 700
Wavelength (nm)
Figure 3.

DMSO (10% viv) -

Page 13

7% yield
(>20:1 dr)

A. ObiH-catalyzed synthesis of BODIPY-containing p-hydroxy-a-amino acid 34. Reactions
were performed using 20 mM aldehyde, 125 mM L-Thr, 50 mM Tris pH 8.5 and 40 uyM
purified ObiH with 10% (v/v) DMSO as co-solvent. Reactions were incubated at 37 °C for
20 h before quenching with 1 volume equivalent of MeCN and centrifugation to remove
protein debris. Purification was achieved using a Biotage purification system via reverse-
phase chromatography. Yields are reported as isolated product mass after lyophilization. 1H
NMR hydration analysis was used to correct yield values for excess water. B. Absorbance
and emission spectra of 20 pM amino acid 34 dissolved in MeOH. C. 20 uM of amino acid

34 in MeOH under UV light.
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A. Diaster lectivity of ObiH ion over time B. UV-visible spectrum demonstrating product reentry to form glycyl quinonoid 15
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C. ObiH-catalyzed racemization of 4-chloro-phenylserine (18) D. ObiH active site model with 4-chloro-phenylserine (18) bound
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Figure 4.
A. Plot of diastereoselectivity of ObiH-catalyzed reaction with 4-chlorobenzaldehyde versus

yield at varying timepoints. B. UV-visible spectrum following titration of ObiH with 4-
chloro-phenylserine (18) demonstrating glycyl quinonoid (15) formation (Amax = 494 nm).
C. ObiH-catalyzed racemization of diastereomerically-enriched 4-chloro-phenylserine (18).
D. ObiH active site model with 4-chloro-phenylserine bound to PLP as the external aldimine
(EAex). The active site is at the dimer interface and individual monomers are colored in light
and dark grey. Active site residues are shown as sticks. The erythroisomer is colored salmon
and the threoisomer is colored cyan. Hydrogen bonds are shown as black dashes.
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A. Chemical and enzymatic modification of ObiH-generated p-hydroxyleucine (36)
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B. Representative natural products possessing the B-chloroleucine motif
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Figureb.
Downstream chemical modifications of ObiH-generated p-hydroxyleucine.
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Table 1.

Page 16

Analytical scale optimization of ObiH-catalyzed aldol reactions with 4-chlorobenzaldehyde (17) Conditions:
10 mM aldehyde, 100 mM L-Thr, 50 mM Tris pH 8.5 and 0.5-4% ObiH wet whole cells, with 4% (v/v)
co-solvent.. Conversion values are reported as the average of duplicate experiments.

OH 0 ObiH whole cells OH
COOH 50 mM Tris p:]H 8.5, COOH
Me + H cosolvent (4% v/v)
.
e NH2
NH, . 37°C, 16 h cl
6 17 18

entry whole cell concentration (%) cosolvent percent conversion

1 0.5% (5 mg/mL) MeOH 88%

2 0.5% (5 mg/mL) no cosolvent 86%

3 0.5% (5 mg/mL) toluene 82%

4 0.5% (5 mg/mL) MeCN 69%

5 1.0% (10 mg/mL) MeOH 90%

6 2.0% (20 mg/mL) MeOH 91%

7 4.0% (40 mg/mL) MeOH 88%
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