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Enzymes and its regulation involved in L-leucine biosynthesis 

In E. coli and C. glutamicum, L-leucine is synthesized from two molecules of pyruvate in a 

pathway comprising seven reactions, acetohydroxyacid synthetase (AHAS), acetohydroxyacid 

isomeroreductase (AHAIR), dihydroxyacid dehydratase (DHAD), branched-chain amino acid 

transaminase (TA), α-isopropylmalate synthase (IPMS), α-isopropylmalate dehydratase (IPMD), and β-

isopropylmalate dehydrogenase (IPMDH), respectively.  

Acetohydroxyacid synthetase (AHAS, EC 2.2.1.6), as the first common enzyme of the pathways 

for the synthesis of BCAAs, catalyzes the condensation of either two molecules of pyruvate to form α- 

acetolactate in L-leucine and L-valine biosynthetic pathway. Also, the enzyme catalyzes the 

condensation of one molecule of pyruvate to one molecule of α-ketobutyrate to form α-aceto-α-

hydroxybutyrate in L-isoleucine biosynthetic pathway [1]. Only one AHAS was found in C. 

glutamicum [2], which is predominantly similar to E. coli AHAS III (encoded by ilvIH) in sequence. 

AHAS consists of two large and two small subunits, which are encoded by ilvB and ilvN, respectively. 

The AHAS is responsible for feedback inhibition by all three BCAAs, but only to a maximum of 50% 

in the presence of 10 mmol of each BCAA. In addition, it is also competitively inhibited by α-

ketoisovalerate [2-4]. In contrast with C. glutamicum, E. coli has three AHAS isoenzymes: AHAS I 

(encoded by ilvBN), AHAS II (encoded by ilvGM), and AHAS III [5]. Interestingly, these AHAS 

isoenzymes have different biochemical properties and regulatory mechanisms [6]. For example, AHAS 

II is not affected by L-valine, whereas the activity of AHAS I and III is strongly inhibited by L-valine. 

In addition, AHAS II in the E. coli K-12 is not expressed because the large subunit of AHAS II 

encoded by ilvG gene contains frameshift mutation [7]. Although these AHAS isoenzymes are capable 

of performing the same reactions, great diversity is manifested in the substrate specificities. AHAS I 
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prefers to use pyruvate as substrate for L-valine biosynthesis, whereas the AHAS II and III act almost 

specifically on α-ketobutyrate and thus lead to biosynthesize of L-isoleucine.  

Acetohydroxyacid isomeroreductase (AHAIR, EC 1.1.1.86), encoded by ilvC, catalyzes the 

reductive isomerisation of α-acetolactate to form α, β-dihydroxyisovalerate in the L-valine and L-

leucine biosynthesis, or the conversion of α-aceto-α-hydroxybutyrate to form α, β-dihydroxy-β-

methylvalerate in the L-isoleucine biosynthesis [8]. This reaction consumes one mol of NADPH as a 

cofactor. The coding gene ilvC combines with ilvBN to form the ilvBNC operon, and its expression is 

negatively controlled by transcriptional attenuation. Noted that this transcriptional attenuation is 

mediated by all three BCAAs [9]. In addition, the expression of the ilvBNC operon is positively 

controlled by α-ketobutyrate [2]. However, as there is a positive transcriptional activator IlvY, the 

expression of E. coli ilvC is induced by acetolactate [10]. 

Dihydroxyacid dehydratase (DHAD, EC 4.2.1.9), encoded by ilvD, catalyzes the next biosynthetic 

step in which α-ketoisovalerate and α-keto-β-methylvalerate are formed from α, β-dihydroxyisovalerate 

and α, β-dihydroxy-β-methylvalerate, respectively. The α-ketoisovalerate, as the direct precursor of L-

valine, is a branch point compound and it is also the common substrate for the biosynthesis of L-

leucine and D-pantothenate [11]. DHAD is inhibited by either L-valine or L-leucine, whereas it is not 

subject to cooperative feedback inhibition by all three BCAAs. In E. coli, the coding gene ilvD 

combines with the ilvGMEA genes to form an operon (ilvA encodes L-threonine dehydratase, which 

converts L-threonine to form α-ketobutyrate), and its expression is controlled by transcriptional 

attenuation mediated by all three BCAAs. 

Isopropylmalate synthase (IPMS, EC 4.1.3.12), encoded by leuA, is the real-limited enzyme of the 

specific pathway in the L-leucine biosynthesis. It catalyzes the formation of α-isopropylmalate from α-
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ketoisovalerate and acetyl-CoA [12]. This enzyme is subjected to strong feedback inhibition by L-

leucine (Ki=0.4 mM) [13]. In addition, Patek et al [13] pointed out that the addition of L-leucine to the 

growth medium leads to a decrease of the specific activity of enzymes in the IPM pathway [13], which 

indicates a negative control of the respective genes at the transcriptional level. IPMS possesses tenfold 

higher affinity for α-ketoisovalerate than for branched-chain amino acid transaminase (TA). Thus, it is 

more beneficial for L-leucine biosynthesis than for L-valine biosynthesis. 

Isopropylmalate dehydratase (IPMI, EC 4.2.1.33), isomerizes the α-isopropylmalate to form β-

isopropylmalate. IPMI consists of large and small subunits, which are encoded by leuC and leuD, 

respectively. IPMI from E. coli consists of a heterodimer of 50 kDa and 23 kDa subunits, whereas the 

proteins encoded by the homologous genes in C. glutamicum are 52 kDa and 22 kDa, respectively. 

Isopropylmalate dehydrogenase (IPMDH, EC 1.1.1.85), encoded by leuB, converts β-

isopropylmalate to form α-ketoisocaproate. IPMDH is strongly repressed by L-leucine in C. 

glutamicum. In addition, the gene leuB together with the genes leuCD is repressed by the leucine and 

tryptophan biosynthesis regulator (LtbR) [14]. The coding gene leuB combines with leuACD genes to 

form an operon in E. coli and its expression is controlled by the transcriptional attenuation mediated by 

L-leucine. 

Branched-chain amino acid transaminase (TA, EC 2.6.1.6), which is also called transaminase B, is 

encoded by the ilvE gene in both E. coli and C. glutamicum. This enzyme transfers the amine moiety of 

L-glutamate to α-ketoisocaproate and thus form L-leucine by using pyridoxal 5’-phosphate (PLP) as a 

coenzyme [15]. In addition, this reaction is catalyzed by tyrosine-repressible transaminase (TrTA, EC 

2.6.1.57), which is encoded by tyrB in E. coli [11, 16, 17]. In E. coli, the tyrB is also involved in the 

synthesis of the aromatic amino acids [15, 18]. As the last common enzyme of the BCAAs 
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biosynthesis, TA can remove the amine moiety of L-glutamate to form L-valine, L-isoleucine. Although 

the reaction catalyzed by TA is reversible, the balance of the reaction greatly favors the direction to 

BCAAs synthesis. 

The main abbreviations in the manuscript 

Abbreviations in Fig. 1: Glucose-6-P, Glucose-6-phosphate; Glyceraldehyde-3P, Glyceraldehyde-

3-phosphate; AHAS, acetohydroxyacid synthetase; AHAIR, acetohydroxyacid isomeroreductase; 

DHAD, dihydroxyacid dehydratase; TA, branched-chain amino acid transaminase; IPMS, 

isopropylmalate synthase; IPMD, isopropylmalate dehydratase; IPMDH, isopropylmalate 

dehydrogenase; PTS, phosphotransferase system;  OAA, oxaloacetate; GDH, glutamate dehydratase; 

TCA, tricarboxylic acid cycle; PP pathway, Pentose phosphate pathway; Lrp, Leucine response protein. 
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