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Genome mining and char acterization of a new mandelate
racemase
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Abstract: Racemases have been applied for the synthesis of enantiomerically pure compounds through the deracemization
methods. Mandelate racemase from Pseudomonas putida was the only enzyme that catalyzes the interconversion of mandelate
enantiomers. Using genome mining approaches, we identified 9 mandelate racemases (MRs). A novel racemase named ArMR
with higher activity and better soluble protein expression, was isolated from Agrobacterium radiobacter. ArMR displayed the
optimum catalytic activity at 50 'C, pH 7.8 in Tris-HCI buffer. The half-life of ArMR at 50, 40 and 30 C was 0.17, 27.2 and
70.7 h, respectively. Ky parameter of ArMR towards (R)- and (S)-mandelic acid was 1.44 and 0.81 mmol/L, respectively; the
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corresponding k. value was 410 s and 218 s, In addition, Ky, of ArMR towards (R)- and (S)-2-chloro mandelic acid was
6.48 and 6.37 mmol/L, and the corresponding ke value 0.22 s and 0.23 s, respectively. Meanwhile, Mg*" and Mn*" could
activate the enzyme whereas Zn?* inactivated the enzyme completely. Discovery of more novel MRs provides supports further

research and development of these racemases.

Keywords: mandelate racemase, mandelate, 2-chloromandelate, discovery, catalytic performance, kinetic constants
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Tablel Cloning and expression of mandelate racemase

Target proteins Accession No. Organism Mass (kDa) Identity to PpMR (%)
Bj2 AOA038GMM5 Burkholderia jiangsuensis 39.1 57
Ar B9JQ28 Agrobacterium radiobacter 38.7 57
Eb2 D8MW22 Erwinia billingiae 48.0 27
Tf2 R9F6C1 Thermobifida fusca 38.7 33
Ar2 BOJAW7 Agrobacterium radiobacter 40.4 31
Ebl D8MLKO Erwinia billingiae 41.3 28
3 Q96X F6 Sulfolobus tokodaii 422 23
Bj7 AOA038GY43 Burkholderia jiangsuensis 44.3 27
Cl D8GJQ9 Clostridium ljungdanhlii 46.5 20
At W8FLW8 Agrobacterium tumefaciens 435 30
Phl G4RFL4 Pelagibacterium halotolerans 415 31
Pc C6DAGO Pectobacterium carotovorum 43.8 30
S1 Q972M4 Sulfolobus tokodaii 42.2 29
Ph2 G4RFN1 Pelagibacterium halotolerans 415 30
Pd FACW58 Pseudonocardia dioxanivorans 38.7 43
Tfl Q47P67 Ther mobifida fusca 38.7 32
Lf cowz23 Lactobacillus fermentum 46.0 20
Ev LOFZ31 Echinicola vietnamensis 50.4 23
S2 Q96X E5 Sulfol obus tokodaii 44.7 25
S4 Q96Y 01 Sulfolobus tokodaii 39.4 26
Bj1 AOA038GLD1 Burkholderia jiangsuensis 40.3 30
Bj3 AO0A038GS62 Burkholderia jiangsuensis 48.2 24
Bj4 AOA038GTM5 Burkholderia jiangsuensis 435 30
Bj5 AO0A038GUGO Burkholderia jiangsuensis 40.1 28
Bj6 AOAO038GWG4 Burkholderia jiangsuensis 41.7 31
Bj8 AOAO038HON7 Burkholderia jiangsuensis 44.8 25
Bj9 AOAO038H5T4 Burkholderia jiangsuensis 47.0 23
Bj10 AOA038H410 Burkholderia jiangsuensis 44.8 32

The Proteins highlighted in bold type have showed the racemic activity.

#*2 ArMR 5 PpMR B LB S MM B H AR (L RO M BEEL 3R
Table2 Comparison between ArMR and PpMR cell-free extracts for racemization of (S)-2-chloromandelate

901

Enzyme'® Time (h) Conversion (%)
2 1.8
ArMR
12 12.5
2 <1t
PPMR
12 3.3

Reaction mixture (1 mL): CFE 100 pL, substrate 5 mmol/L, 30 °C, shaken at 1 000 r/min. ¥ Cell-free extract (CFE) was
produced by sonic disruption of cell suspension (50 g/L, wet weight) in Tris-HCI buffer (pH 7.5, 100 mmol/L). ' Undetectable
using the assay procedure.
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Fig. 1 SDS-PAGE analysis of purified ArMR. lane M:
low molecular weight protein marker; lanes 1 & 3: cell
lysate supernatant of recombinant ArMR; lanes 2 & 4: 233 EDTA ArMR
cell lysate precipitate of recombinant ArMR; lane 5: the 1
purified ArMR.
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Table 3 Effects of metal ions and EDTA on ArMR
activity

#Fz 4 PpMR 5 ArMR AR ERHMIBIHEXT5E S
Table 4 Relative activities of ArMR and PpMR
toward different substrates

Additive (1 mmol/L) Relative activity (%)

None 100.0
EDTA 86.9+0.2
Na* 96.2+0.1
K* 96.9+0.3
Mg?* 121.3+0.6
cu? 91.3+0.1
ca’* 97.5+0.0
Ba? 95.6+0.2
Fe?* 83.8+0.3
Co** 97.5+0.1
Mn?* 114.0+1.0
zn?* 0.0
234 ArMR
ArMR
PpMR
4
PpMR
[20]
ArMR
[21]
57%
2.35 ArMR
4
(R)- (S)- (R)- (S-
3.3 mmol/L ArMR

& 010-64807509

Relative activity (%)

Substrates
ArMR PpMR
OH
©/'\COOH 100 100
OH
kacom <0.1 <01
Cl
OH
Cl\©/'\COOH 287 61
OH
/©/'\COOH 158 326
Cl
Tris-HCI (100 mmol/L  pH 7.8)
30°C 1000 r/min
Origin
Km  Vmax
(Keat ) 5
5 ArMR 4
ArMR Km 1 mmol/L
R ket 410 st S Keat
218s™ RIS
582 310 pmol/(min-mg)
Km 6 mmol/L R
Keat 02s* S Keat
0.23s™ RIS
0.31 0.33 umol/(min'mg) Kea/Kn
0.034 L/(mmol-s)  0.036 L/(mmol-s)
PpMR Kt/ K
0.060 L/(mmol-s)  0.056 L/(mmol-s) PpMR

ArMR?#
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Table5 Kinetic constants of ArMR towards different substrates

Substrate Direction Km (mmol/L) Vmax (umol/(min-mg)) Keat (575 Keat/ K (L/(mmol -s))
R—S 1.44+0.19 582.00+27.00 410.00 285.000
MA
S—R 0.81+0.07 310.00+8.00 218.00 270.000
R—S 6.48+0.88 0.31+0.02 0.22 0.034
2-Cl MA
S—R 6.37£0.79 0.33+0.02 0.23 0.036
3 Wi L-
REFERENCES
[1] Rachwalski M, Vermue N, Rutjes FPJT. Recent

(Genome mining)

NCBI

Pseudomonas putida ATCC 12633
PpMR

ArMR

http://journals.im.ac.cn/cjbcn

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

advances in enzymatic and chemical deracemisation of
racemic compounds. Chem Soc Rev, 2013, 42(24):
9268-9282.

Lin GQ, You QD, Cheng JF. Chiral Drugs: Chemistry
and Biological Action. New York: John Wiley & Sons,
2011: 3-28.

Turner NJ. Deracemisation methods. Curr Opin Chem
Biol, 2010, 14(2): 115-121.

Caddick S, Jenkins K. Dynamic
asymmetric synthesis. Chem Soc Rev, 1996, 25(6):
447-456.

Strauss UT, Felfer U, Faber K. Biocatalytic
transformation of racemates into chira building blocks

resolutions in

in 100% chemical yield and 100% enantiomeric excess.
Tetrahedron Asymmetry, 1999, 10(1): 107-117.

Schnell B, Faber K, Kroutil W. Enzymatic racemisation
and its application to synthetic biotransformations. Adv
Synth Catal, 2003, 345(6/7): 653—666.

Pamies O, Béckvall JE. Chemoenzymatic dynamic
kinetic resolution. Trends Biotechnol, 2004, 22(3):
130-135.

St. Maurice M, Bearne SL. Hydrophobic nature of the
active site of mandelate racemase. Biochemistry, 2004,
43(9): 2524-2532.

Siddiqgi F, Bourque JR, Jiang HY, et a. Perturbing the
hydrophobic pocket of mandelate racemase to probe
phenyl motion during catalysis. Biochemistry, 2005,



FARE SEERREIEIEEE EIZEM L RE R

[10]

(11]

(12]

[13]

(14]

[19]

(16]

44(25): 9013-9021.
Goriup M, Strauss UT, Felfer U, et al. Substrate
spectrum of mandelate racemase: Part 1: variation of the
a-hydroxy acid moiety. J Mol Catal B Enzym, 2001,
15(4/6): 207-211.

Narmandakh A, Bearne SL. Purification of recombinant
mandel ate racemase: improved catalytic activity. Protein
Expr Purif, 2010, 69(1): 39-46.

Resch V, Fabian WMF, Kroutil W. Deracemisation of
mandelic opticaly  pure

acid to non-natural

L-phenylglycine via a redox-neutral biocatalytic cascade.

Adv Synth Catal, 2010, 352(6): 993-997.

Fan CW, Xu GC, Ma BD, et a. A novel D-mandelate
dehydrogenase used in three-enzyme cascade reaction
for highly efficient synthesis of non-natural chiral amino
acids. J Biotechnol, 2015, 195: 67—-71.

Nagar M, Bearne SL. An additional role for the brgnsted
acid-base catalysts of mandelate racemase in transition
state  stabilization. 2015, 54(44):
6743-6752.

Lietzan AD, Nagar M, Pellmann EA, et al. Structure of
mandelate racemase with bound intermediate analogues

Biochemistry,

benzohydroxamate and cupferron. Biochemistry, 2012,
51(6): 1160-1170.
Burley RKM, Bearne SL. Inhibition of mandelate

& 010-64807509

[17]

[18]

[19]

[20]

[21]

[22]

racemase by the substrate-intermediate-product
analogue  1,1-diphenyl-1-hydroxymethylphosphonate.
Bioorg Med Chem Lett, 2005, 15(19): 4342—-4344.
Bourque JR, Bearne SL. Mutational analysis of the
active site flap (20s loop) of mandelate racemase.
Biochemistry, 2008, 47(2): 566-578.

Bearne SL, St. Maurice M, Vaughan MD. An assay for
mandelate racemase using high-performance liquid
chromatography. Anal Biochem, 1999, 269(2): 332—336.
Li CX, Jiang XC, Qiu YJ, et a. Identification of a new
thermostable and alkali-tolerant a-carbonic anhydrase
from Lactobacillus delbrueckii as a biocatalyst for CO,
biomineralization. Bioresour Bioprocess, 2015, 2: 44.
Felfer U, Goriup M, Koegl MF, et a. The substrate
spectrum of mandelate racemase: minimum structural
requirements for substrates and substrate model. Adv
Synth Catal, 2005, 347(7/8): 951-961.

Chen J, Luo XJ, Chen Q, et a. Marked enhancement of
Acinetobacter sp. organophosphorus hydrolase activity
by a single residue substitution lle211Ala. Bioresour
Bioprocess, 2015, 2: 39.

Yang CC, Ye LD, Gu J, et al. Directed evolution of
mandelate racemase by a novel high-throughput
screening method. Appl Microbiol Biotechnol, 2017,
101(3): 1063-1072.

(B339 BRET)

< cjb@im.ac.cn

905




