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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  

  



Metabolic Engineering  

  



Fluxos metabólicos 



Pseudomonas sp. abrigando genes 

de R. eutropha 







Pseudomonas sp. LFM046  
pJN105::sulA 



Ramnolipídeos 



Ramnolipídeos 



Ramnolipídeos - Bioprocesso 
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Ramnolipídeos 



Ramnolipídios composição. 

Figure 2. Relationship between linoleic acid fraction in plant 
oils supplied and 3-hydroxy-6-dodecenoic acid (3HDdD6) 

detected in rhamnolipids (A) or polyhydroxyalkanoates (B) 
produced by bacterial strain RMP1315. 

 



Ramnolipídios composição. 



A P.aeruginosa LFM634 100%

B P.aeruginosa ATCC14886 100% 100%

C P.aeruginosa LESB58 100% 100% 100%

D P.aeruginosa M18 100% 100% 100% 100%

E P.aeruginosa DK2 99% 99% 99% 99% 100%

F P.aeruginosa PAO1 99% 99% 99% 99% 99% 100%

G P.aeruginosa PA7 96% 96% 96% 96% 95% 95% 100%

H P.fluorescens SBW25 65% 65% 65% 65% 65% 65% 65% 100%

I P.poae RE1_1_14 62% 62% 62% 62% 62% 62% 64% 90% 100%

J P.chlororaphis AGH13750 63% 63% 63% 63% 63% 63% 63% 60% 59% 100%

K B.mallei ATCC23344 48% 48% 48% 48% 48% 48% 49% 43% 45% 45% 100%

L B.pseudomallei 1710b 48% 48% 48% 48% 48% 48% 48% 43% 45% 45% 99% 100%

M B.thailandensis E264 48% 48% 48% 48% 48% 48% 48% 42% 44% 45% 97% 97% 100%

N B.oklahomensis C6786 46% 46% 46% 46% 46% 46% 47% 42% 42% 44% 93% 93% 92% 100%

O B.glumae PG2 45% 45% 45% 45% 45% 45% 46% 42% 42% 43% 79% 79% 80% 78% 100%

P B.gladioli BSR3 44% 44% 44% 44% 44% 44% 45% 42% 41% 43% 79% 79% 79% 80% 88% 100%

Q B.cenocepacia J2315 44% 44% 44% 44% 44% 44% 45% 42% 42% 42% 76% 76% 77% 75% 75% 76% 100%

B C D E
  linhagens

L M N O P QF G H I J K
                           linhagens   

A

rhlA 



rhlA 
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Produção de 1,3-propanodiol 

Processo biotecnológico: 

• Produção de propanodiol a partir 

do glicerol, por exemplo 

 

• Bactérias produtoras como: 

Klebsiella pneumoniae, Citrobacter 

freundii e Clostridium butyricum 

Vantagens: 
Fonte renovável, limpa e de baixo custo 



Produção de 1,3-PDO por bactérias 

 Klebsiella pneumoniae 

B12 + 
Enzimas 

DhaGF 

DhaBCE 



Balanço NAD/NADH 
Respiração/Fermentação 

O2 



 E. coli transformada capaz de produzir 
1,3-PDO 

 

 

 

Trabalhos anteriores 



Trabalhos anteriores 

NAD 

N
AD
H 

NADP 

NADPH 

icdNAD  

∆yqhD 

E. coli MG1655 icdNAD ∆yqhD + pBBR1::dha 

• O gene yqhD de E. coli é homólogo ao 

dhaT 

• No entanto, YqhD é NADPH dependente. 

YqhD 





Referências 
 

1. Nielsen, J. 2003. It is all about metabolic fluxes. Journal 
of Bacteriology, 185: 7031-7035. 

2. Nielsen, J. & Jewett, M.C. 2008. Impact of system 
biology on metabolic engineering of Saccharomyces 
cerevisiae. FEMS Yeast Research, XX: XXXX-XXXX. 

3. Tyo, K.E.; Alper, H.S. & Stephanopoulos, G.N. 2007. 
Expanding the metabolic engineering toolbox: more 
options to engineer cells. Trends in Biotechnology, 25: 
132-137. 

4. Keasling, J. 2010. Manufacturing molecules through 
metabolic engineering. Science, 330: 1355-1358. 

5. Bailey, J.E. 1991. Toward a science of metabolic 
engineering. Science, 252: 1668-1674. 

6. Stephanopoulos, G. & Vallino, J.J. 1991. Network rigidity 
and metabolic engineering in metabolite overproduction. 
Science, 252: 1675-1681. 

7. Gomez, J.G.C. 2016. Engenharia metabólica, Biologia de 
Sistemas e o desenvolvimento de processos 
biotecnológicos microbianos. Revista Brasileira de 
Engenharia Química, 32 (1): 6-13. 


