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Metabolic engineering is the improvement of cellular activities by 
manipulation of enzymatic, transport, and regulatory functions of 
the cell with the use of recombinant DNA technology. The 
opportunity to introduce heterologous genes and regulatory 
elements distinguishes metabolic engineering from traditional 
genetic approaches to improve strains.  

... An interactive cycle of a genetic change, an analysis of the 
consequences, and the design of a further change... 

Toward a Science of Metabolic Engineering. 
James E. Bailey Science, 252: 1668-1675. 



Metabolic Engineering  

The knockout or 
overexpression of genes, 
usually used in Genetic 
Engineering, frequently 
does not result in product 
yield improvements due a 
resistance in the 
metabolism. Therefore, a 
better knowledge of the 
metabolism is needed to 
promote metabolism 
engineering as a whole to 
improve biotechnological 
processes. 

Vallino & Stephanopoulos, 
1992 

Metabolic engineering is an enabling science, and distinguishes itself from 
applied genetic engineering by the use of advanced analytical tools for 
identification of appropriate targets for genetic modifications and possibly 
even the use of mathematical models to perform in silico design of optimized 
cell factories.                   Nielsen & Jewett, 2008 FEMS Yeast Res. 





analysis of cellular metabolism   

  

Tools for analysis of cellular metabolism can be grouped into three 
categories, all of them developed from the same mathematical model:  
(1) Metabolic flux analysis,  
(2) Flux balance analysis and  
(3) Metabolic pathway analysis (Elementary mode analysis). 

.C (negligible) 

dC/dt = 0 (steady state)  

S.r = 0 (Eq 2) 
 

ri > 0 (Eq 3) 



  





Metabolic Engineering  

  



Redes metabólicas em escala genômica. 



Metabolic Engineering  

  



Keasling, 2010 



Fluxos metabólicos 



Polyhydroxyalkanoates (PHA) 

 A family of polyesters accumulated by bacteria. 



PHA production integrated to a sugar 

and etanol mill. 



Polihidroxialcanoatos (PHA) 

Termoplásticos 





P3HB - Produção 

Carboidratos residuais P3HB 
Linhagens Carboidrato 
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P3HB production from sugarcane carbohydrates 



Análise de fluxos - Balanços 

metabólicos  



Análise de fluxos - Balanços 

metabólicos  



P3HB-co-3HV production from 
carbohydrates and propionic acid 

Maximum theoretical yield = 1.35 g/g 



Silva et al., 2000 

Rocha et al., 2008 

P3HB-co-3HV production from 
carbohydrates and propionic acid 
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Alta densidade celular 

Requirida para aumentar produtividades 
volumétricas. 

 

Em processo em batelada alimentada. 

 

Em processo contínuo. 



Alta densidade celular 
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Integrated PHB, Sugar and Ethanol Mill 

Copersucar Technology Center 
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Produtos de Base biológica  



PHA are biobased 
polymers for 
biorefineries. 



PHA production integrated to a sugar 

and etanol mill. 



Table 1. Production of PHAMCL from carbohydrates by some sugarcane soil isolates. 

PHA composition (mol%) Bacterial 

strain 

CDW 

(g/L) 3HHx 3HO 3HD 3HDd 

PHA 

(%CDW) 

Y
G

PHA/G 

(g/g) 

%YMAX 

KT2440 3.96 3.25 12.48 79.88 4.39 48.52 0.127 60.0 

LFM046 3.72 5.01 21.85 71.83 1.31 60.51 0.161 62.9 

LFM047 2.21 1.72 22.88 61.81 13.58 13.99 0.023 34.3 

LFM050 2.50 0.92 15.98 67.75 15.35 18.55 0.037 41.9 

LFM065 4.06 0.00 8.88 87.81 3.30 30.52 0.084 60.6 
CDW – Cell dry weight  3HHx - 3-hydroxyhexanoic acid 3HO - 3-hydroxyoctanoic acid 

3HD - 3-hydroxydecanoic acid 3HDd - 3-hydroxydodecanoic acid YG
PHA/G – global PHA yield from glucose 

%YMAX - percentual of the maximum theoretical yield. 



Cultivo contínuo 

V 
F 

D=F/V Sendo que 

F 

Temos 

Como Xo = 0 (meio estéril) 

No estado estacionário dX/dt = 0 

OU 



Metabolic fluxes analysis  

Fluxes distribution for PHA production by Pseudomonas sp. from glucose. 



Elementary Mode analysis  

Optimal fluxes distribution for PHA production by Pseudomonas sp. from glucose. 





Análise de fluxos – Experimentos com traçadores   
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Genomic scale metabolic networks 





 

Figure 5. Specific enzymatic activities registered into cellular extracts from Pseudomonas sp. LFM046 and 

controls P. putida KT2440 and E. coli MG1655. The strains used NAD or NADP (as cofactor) and the 

respective co-substrate to each enzyme: glucose 6 phosphate (G6P) to G6PDH enzyme; 6 phosphogluconate 

(6PG) to 6PGDH enzyme; and isocitrate to IDH enzyme. 



Different enzymes specificity: NADH versus NADPH 

Front. Endocrinol., 09 June 2020 
https://doi.org/10.3389/fendo.2020.00365 

https://doi.org/10.3389/fendo.2020.00365


Different metabolic roles: NADH versus NADPH 

Front. Endocrinol., 09 June 2020 
https://doi.org/10.3389/fendo.2020.00365 

https://doi.org/10.3389/fendo.2020.00365
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13C-MFA 
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Figura 13. Simulação de processo de produção de P3HB para se atingir uma produtividade de aproximadamente 

1 g/L.h, considerando max =0,09 h-1 e qP3HB = 32,3 mg/g.h. 
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Poly-3-hydroxybutyrate in 
Recombinante Escherichia coli 





Figure 1. Production of P(3HB) by recombinant E. coli strains TUD15 and 
MG1655 (parental) harboring plasmid pBBR1MCS2:phaCAB. RCDW: residual cell 

dry biomass produced, CDW: total cell dry biomass produced. 

 





strains aNAD-GAP activity (mU/mg) bNADP-GANP activity (mU/mg) 

WT no IPTG 1325  159 0 

WT with IPTG 1346  147 0 

USP62 no IPTG 219  21 0 

USP62 with IPTG 727  21 36  8 

 

Table 2. Specific NAD-GAP and NADP-GANP activities measured in cellular extracts 
from the strains wild type (WT) and USP62. IPTG was added to the media at a final 

concentration of 1 mM. The cells were collected during the exponential growth phase. 
The values are average from three independent evaluations  standard deviations. 

a 50 mM sodium phosphate (pH 7.0), 20 mM sodium arsenate, 4 mM glyceraldehyde-3-phosphate 
and 2 mM NAD.  

b 50 mM Tris (pH 8.5), 5 mM -mercaptoethanol, 0.5 mM NADP, 1 mM glyceraldehyde-3-phosphate. 

 



Figure 2. Production of P(3HB) by recombinant E. coli strains USP62 and USP20 
(parental) harboring plasmid pBBR1MCS2:phaCAB with (*) and without the addition 

of IPTG. RCDW: residual cell dry biomass produced, CDW: total cell dry biomass 

produced. 
 



1,3- propanediol production in 
Recombinante Escherichia coli 



1,3-propanediol 
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Enzymatic activity of ICDH variants 

NADP

NAD

Figure 1:1 Enzymatic activity of ICDH variants. A = E. coli MG1655 Δicd 
(pTrc99A::icdNAD) + 20µM de IPTG; B = E. coli MG1655; C = E. coli 

MG1655 icdNAD. (■) = with NADP; (■) = with NAD. 



 Prouction of 1,3-PDO by Recombinant 
E. coli  
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Global Transcription Machinery Engineering – 

Gtm Engineering 



Global Transcription Machinery Engineering – 

gTME 



MAGE 
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