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HIGHLIGHTS

o L-Aspartate family amino acids (AFAAs) are important in human and animal diet.

« Five-word strain breeding strategy “enter, flow, moderate, block, exit” are proposed.
« Genetic modifications in central metabolic pathways for AFAAs production.

« Metabolic pathways of AFAAs and derivatives and regulations involved.

« Metabolic engineering in AFAAs metabolic pathways based on different strategies.
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humans and most farm animals, and thus possess wide applications in food, animal feed, pharmaceutical
and cosmetics industries. To date, a number of amino acids, including AFAAs have been industrially pro-
duced by microbial fermentation. However, the overall metabolic and regulatory mechanisms of the syn-
thesis of AFAAs and the recent progress on strain construction have rarely been reviewed. Aiming to

Keywords: promote the establishment of strains of Corynebacterium glutamicum and Escherichia coli, the two indus-
AFAA . . . . . . . . -
Derivative trial amino acids producing bacteria, that are capable of producing high titers of AFAAs and derivatives,
E coli this paper systematically summarizes the current progress on metabolic engineering manipulations in
C. glutamicum both central metabolic pathways and AFAA synthesis pathways based on the category of the five-word
Metabolic engineering strain breeding strategies: enter, flow, moderate, block and exit.
© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction Glucose
Amino acids have been utilized for the production of food, feed, /\
cosmetics and pharmaceuticals. Alternatively, amino acids and e 1 | N
derivatives can be used for chemicals production to reduce fossil 4 “Enter” )
fuel consumption. Among the 20 proteinogenic amino acids, L-
lysine, L-methionine, L-threonine and L-isoleucine are synthesized Glucose-6-phosphate
from L-aspartate, and these 5 amino acids are therefore called L- '
aspartate family amino acids (AFAAs). Except for L-aspartate, i “Moderate”
AFAAs are essential amino.acids thgt cannot be sypthesized I?y Byproduct | <g=Xe= . ——
humans and most farm animals. This makes them important in 8 Current: gene deletion/attenuation
the human and animal diet, and the global productions of the so- p ” *
called feed amino acids L-lysine, p.-methionine, and L-threonine Flow Precusor = = <€ < Byproduct 2
constitute the largest share (more than 50%) of the total amino acid Traditional: analogue resistant strain :
market (Leuchtenberger et al., 2005). To date, a number of amino ('“"\_';:‘,‘,‘l;_':]';‘I‘::‘L_‘""l‘i';":";ll’l'l‘l‘:'t‘i‘('::‘i"‘l‘"""" ' “Block”
acids have been fermentatively produced and the annual produc- " fgene overexpression ] HESGOnSIaIER0 S8 non=cORsECE
. . . . . . Current: gene deletion/attenuation
tion of amino acids has dramatically increased worldwide.
L-aspartate is at present industrially produced by enzymatic Byproduct 3 4-)(- Product --X-b Degradant
conversion of fumarate and ammonia using immobilized 1-
aspartase (E.C.4.3.1.1) or r-aspartase-containing microbial cells.

L~
~T

Nevertheless, in 1980s, the main production method of L- \K x //
aspartate was microbial fermentation, which is currently less com-

petitive compared to the enzymatic method. pi.-methionine, the S
presently added form in animal feed, is mainly produced by chem- Exit
ical synthesis from methyl mercaptan, acrolein, and hydrogen cya- Product

nide (Willke, 2014). With respect to the background of decreasing
fossil resources and the stronger environmental constraints, alter-
native processes that are based on natural resources and more sus-
tainable are gaining more and more interest. For example, 2015) or acetyl homoserine (Hong et al., 2016) to produce L-
CheilJedang (CJ) reported the enzymatic conversion of the  methionine. Furthermore, microbial fermentation for -
fermentation-derived precursor succinyl homoserine (Kim et al., methionine production has achieved great progress. This review

Fig. 1. Five-word strain breeding strategies: enter, flow, moderate, block, exit, and
the traditional and molecular approaches involved.
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