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Advances in enzymatic production of L-homophenylalanine
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Abstract: L-homophenylalanine (L-HPA) is an important non-natural amino acid that has been
used as a key intermediate for the synthesis of Puli drugs for the treatment of hypertension. At
present, L-HPA is synthesized using chemical methods, which has the disadvantages of expensive
raw materials, tedious steps and serious pollution. Therefore, researchers have conducted in-depth
research on the enzymatic production of L-HPA. This review summarizes the research progress on
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the enzymatic synthesis of L-HPA, including the dehydrogenase process, the transaminase
process, the hydantoinase process, and the decarboxylase process, with the hope to facilitate the

industrial production of L-HPA.

Keywords: L-homophenylalanine; biocatalysis; multienzyme cascade; Puli drugs
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Chiral drugs that can be synthesized by L-HPA as an important building block.
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Figure 2 Structure and mechanism of transaminase and schematic diagram of L-HPA synthesis route by
transaminase process. A: Synthesis of L-HPA by transaminase. B: Crystal structure of aspartate
aminotransferase. C: Catalytic mechanism of transaminase!”'*. D: Synthesis of L-homophenylalanine by
fermentation'"). E: Synthesis of L-HPA catalyzed by three enzyme cascades'®). TA: Transaminase; PLP:
Pyridoxal phosphate; E4P: Erythrose 4-phosphate; PEP: Phosphoenolpyruvate; DAHP: 3-deoxy-arabino-

heptulonate 7-phosphate; CHA: Chorismic acid; 4HPP: 4-hydroxyphenylpyruvate; PPY: Phenylpyruvate;
L-Phe: L-phenylalanine; PheDH: Phenylalanine dehydrogenase; BSADH: Alcohol dehydrogenase.
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Figure 3 Schematic diagram of L-HPA synthesis
route by hydantoinase process and structure of
L-carbamoylase. A: Synthesis of L-HPA by
hydantoinase process. B: Crystal structure of
L-carbamoylase.
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Figure 4 Schematic diagram of L-HPA synthesis
by decarboxylase process and structure of
decarboxylase. A: Synthesis of L-homophenylalanine

by decarboxylase. B: Crystal structure of L-aspartate
B-decarboxylase.
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Figure 5 Schematic diagram of L-HPA synthesis by dehydrogenase process and structure of dehydrogenase.
A: Synthesis of L-homophenylalanine by dehydrogenase. PheDH: Phenylalanine dehydrogenase; FDH:
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GDH: Glucose dehydrogenase.

B: Crystal structure of phenylalanine
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Figure 6 Synthesis of L-HPA by biological reverse synthesis analysis”>>*. A: L-HPA was separated into
cheap synthetic blocks by disconnection approach and functional group interconversions. B: Biosynthesis
route of L-HPA with phenylacetaldehyde and glycine as starting materials. C: Biosynthesis route of L-HPA

with benzaldehyde and pyruvate as starting materials. PaTA: Threonine aldolase; CgTD: Threonine
deaminase; ER: Ene reductase.
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Table 1

Comparison of enzymatic production of L-homophenylalanine

Enzymatic Entry Substrate Yield ee Conversion Advantages Disadvantages References
process (g/L) (%) (%)
Transaminase 1 OPBA, 141.20 99 94.0 1 High catalytic efficiency 1 High price of OPBA [19]
process L-aspartic 2 High yield 2 Reversible reaction
acid 3 No cofactor required 3 Excessive ammonia
donor required
2 OPBA, 1.80 99 100.0 1 Low price of ammonia 1 High price of OPBA  [16]
L-alanine, donor and no need for 2 Low yield
Isopropanol excess
3 Glucose 141 99 - 1 Low price of glucose 1 Low yield [15]
2 Long fermentation
cycle and high
fermentation cost
Hydantoinase 4 Phenylethyl 1790 99 100.0 1 No substrate inhibition 1 Substrate dependent [29]
process hydantoin 2 No cofactor required on chemical synthesis
2 Low yield
Decarboxylase 5 3(R)-benzyl- 1.31 99 73.0 1 Low substrate price 1 Substrate dependent  [35]
process L-aspartate on chemical synthesis
2 Low yield
Dehydrogenase 6 OPBA 174.00 99 90.2 1 High catalytic efficiency 1 High price of OPBA  [37]
process 2 High yield 2 NAD' cofactor required
3 No reversible reaction 3 Substrate inhibition
7 Benzaldehyde, 100.90 99 94.0 1 Low substrate price 1 NAD" cofactor [55]
pyruvate 2 High yield required

HOR A B RARH L- R ARIE NI, i@
b T2EA R, (b2 TR, WELH
IyFRAS, AT Tk feA =

I B fre i 7 N 174.00 g/L, BEAEEN
90.2%"", {ELE SUBEA [FIFE TR IS OPBA A%
e IR, Sk, SR IR AL A A
BrAS BN GIRE L,  LLRRA 0 2R H 8 R PN T 7R oy
JRELG . OPBA, SHIH OPBA Ml Ahi Ak ™
T2, RUSEARER T 17.4 ff%, L-HPA
IkFE] 100.9 g/L, FALER 94%, TEORFHLE
7 i 14 [ A R T JEC A B I ),

6 ZHhEEZE

L- 1 R N @R AE T2 e = b oA o)
FEMNANAE, HATHEE S LR N AR

&: 010-64807509
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SR AR VE RS A ) B g s il e A
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PR JEURE 57 RS A, by st RE A
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