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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 

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, 2007 FEMS Yeast Res.



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.



Polyhydroxyalkanoates (PHA)

A family of polyesters accumulated by bacteria.



PHA production integrated to a sugar 

and etanol mill.



P3HB production from sugarcane carbohydrates



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



Use of sugarcane bagasse hydrolysate do produce PHA

High PHB content

Low productivity

Detoxification of hydrolysate needed



Isolate F24 (Burkholderia sp) can use toxic compounds from 
sugarcane hydrolysate

Growth experiment with F24 in mineral 
media with xylose (10 g l-1) and individual 
compounds: (■) 2.5 g l-1 of acetic acid, (▲) 
1.25 g l-1 of formic acid, (♦) control 
experiment only with xylose, (●) 0.5 g l-1 of 
HMF, and (x) 0.5 g l-1 of furfural. 

Effect of the inoculum size (g l-1) on utilization of hydrolysates (g l-1), 
cell growth (g l-1) and PHA biosynthesis (% of PHA of the cell dry 
weight) in hydrolysate medium after 48 hours



Elementary mode analysis
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Elementary mode analysis

extra 

NADPH

YPHB = 0.25 YPHB = 0.40



Metabolic engineering: 
talA overexpression

 Effect of talA overexpression on %PHB and YPHB in experiments 
with minimal mineral media supplemented with xylose (Xyl):

Average from at least two independent experiments for each test, with 

standard deviation lower than 0.01 for YPHB and lower than 1.5 for %PHB 
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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. 



Nlim

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0

Co/No (gC/gN)

D
 (

h
-1

)

MCLc10

MCLc11

MCLc 8

Limitação em N e 

não limitação em C

Limitação 

em C e 

não 

limitação 

em N

Plim

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

0 40 80 120 160 200

Co/Po (gC/gP)

D
 (

h
-1

)

MCLc 6 e 6b

MCLc 12

MCLc 7

MCLc 21

Limitação em P e 

não limitação em C
Limitação 

em C e 

não 

limitação 

em  P

Nlim

0

20

40

60

80

0,00 0,10 0,20 0,30 0,40 0,50

D (h-1)

P
H

A
 (

%
)

 

Plim

0

20

40

60

80

0,00 0,10 0,20 0,30 0,40 0,50

D (h-1)

P
H

A
 (

%
)

 

N e Plim

0

20

40

60

80

0,00 0,10 0,20 0,30 0,40 0,50

D (h-1)

P
H

A
 (

%
)

 



Metabolic fluxes analysis 

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



Theoretical and experimental isotopomers distribution on 3HA in PHAMCL 

 Theoretical values Experimental values 

 EMP, ED or PP+EMP PP+ED N limited P limited 

M 0.64 0.59 0.58±0.02 0.60±0.02 
M+1 0.16 0.25 0.22±0.01 0.22±0.01 
M+2 0.16 0.13 0.15±0.01 0.14±0.01 
M+3 0.04 0.03 0.04±0.01 0.04±0.01 

 

Metabolic fluxes analysis

ED, EMP or           PP+ED (PP+??)

PP+EMP                                   .



Elementary Mode analysis 

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



PHA - properties



Recombinant Pseudomonas sp.

Table 4. Composition of PHA produced by Pseudomonas sp. LFM461 harboring the 
plasmid pBBR1MCS-2::phaC and purified.  
 

PHA (mol%) Samples 

3HB 3HHx 3HO 3HD 3HDd 

1 92,38 4,33 3,29 0,00 0,00 

2 93,25 3,60 2,88 0,27 0,00 

3 92,83 4,35 2,82 0,00 0,00 

Average 92,82 4,09 3,00 0,09 0,00 

+ Standard Deviation +0,44 +0,43 +0,26 +0,16 +0,00 
3HB – 3-hydroxybutyric acid; 3HHx – 3-hydroxyhexanoic acid; 3HO – 3-hydroxyoctanoic acid;  

3HD – 3-hydroxydecanoic acid; 3HDd – 3-hydroxydodecanoic acid. 
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