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Biossintese

Composicdo em macromoléculas de E. coli

Percentage of total
Macromolecule dry weight Different kinds of molecules

Protein 55.0
RNA 205

rRNA 16.7

tRNA 3.0

mRNA 0.8
DNA 3.1
Lipid 9.1
Lipopolysaccharide 3.4
Peptidoglycan 2.5
Glycogen 2.5
Soluble pool 3.9

“ The data are taken from Ingraham et al. (1983).

70 da célula = H,0O . Demais componentes = Massa celular seca



Biossintese

Reacodes biossintéticas

* Produzem
0s blocos construtores usados na polimerizacdo
Coenzimas

* Sdo reacoes sequenciais (vias)
controladas em bloco

Enzimas oriundas de um mRNA franscrito partir de
um operon

* Iniciaom-se a partir de um dos 13 metabadlitos
precursores ou ramificacdo de via correlata



Heterotrophy

Organic nutrient
= T PO S04~ NHs

» Fueling ~—— Building ——— » Macromolecules ——— Structures
products| Biosynthesis blocks Polymerization Assembly

Autotrophy L
CO, + inorganic
energy source Fueling

Inclusions

CO, + light —— Energy Fatty acids — Lipid —

ATP, PMF (~8)
Precursor metabolites

Glucose-6-phosphate
Fructose-6-phosphate
Pentose-5-phosphate
Sedoheptulose-
7-phosphate
Erythrose-4-phosphate

Triose phosphate
3-Phosphoglycerate
Phosphoenolpyruvate
Acetyl coenzyme A
2-Oxoglutarate
Succinyl coenzyme A
Oxaloacetate
Pyruvate

Reducing power
NAD(P)H

+ Lipopoly- —
r saccharide

Amino acids

(~21)

Nucleotides

(~8)

L Murein

r RNA

Glycogen

Protein

a
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rEnveIope
¢
rFIageIIa
 Pili
Cytosol

Ribosomes
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Biossintese

Blocos construtores

> Coenzimas

+ 13 precursores /



From: Glucose

Pentose phosphate 1
pathway 4 steps oH O
_ Glucose-6-phospate (G6P) Dy A A O
Glycolysis phosp ﬁ \/\O‘:\/%ROOHH
. Citric acid cycle (CAC) Ribose 5-phosphate (R5P)
o y 4 steps 4
HC:_BP\O on v, Histidine (His, H)
" HO” \\/ 1

Eryth 4- .
;Kosrp%s:te S—— 3-Phosphoglycerate (3PG) — Serine (Ser, S)

{E4P)
HO \\

Phosphoenolpyruvate (PEP)

0 1 Alanine (Ala, A)

Phenylalanine {Phe, F)
Ty)rfosine (Tyr, Y) \“)LOH Pyruvate mmp Valine (Val, V)
Tryptophan (Tyr, W) 0 Isoleucine (lle, 1)
' l Leucine {Leu, L)

Citrate

Citric acid cycle
(CAC)

Aspartate (Asp, D) Glutamate {Glu, E)

! !

Aspa.rag'ine {Asn, N) Glutamine (Gln, Q)
Methlon!ne (Met, M) Proline {(Pro, P)
Threonine (Thr, T) Arginine (Arg, R)

Lysine (Lys, K)




Biossintese de aminodacidos
& RN
. ¢

Breakdown product Amino acids

Pyruvate Alanine (1), serine (1), cysteine (3), and glycine (2)

Acetyl-CoA Threonine (1), lysine (10), leucine (8), tyrosine (7), phenylalanine (8),
and tryptophan (12)

a-Ketoglutarate Glutamate (1), glutamine (2), proline (3), arginine (4) and histidine (5)

Succinyl-CoA Methionine (9), isoleucine (9), and valine (8)

Oxaloacetate Aspartate (1) and asparagine (2)

* The figure in the parenthesis is the number of steps in the breakdown pathway in the higher
eukaryotes. For most of the amino acids where this number is one the breakdown product is
directly formed by deamination according to eq. (2.16).

a-ketoglutarate + NH, + NADH + H + - glutamate - NAD " - H,0




Biossintese de aminodcidos

Aminodcidos :

* Precursores de
proteinas

Aminodcidos :

% Precursores de
metabodlitos
secundadrios

eXx. Penicilina



Estrutura dos aminodacid

Apolares (Hidrofobicos)
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Biossintese de aminodacidos

Etapa inicial: Fixacdo de uma
molécula de amonia

Assimilacdo de

nifrogénio
Incorporacdo a uma
molécula orgdnica

Isto ocorre pela biossintese de L-glutamato a partir de a-cetoglutarato (ou 2oxoglutarato)




Biossintese de L-glutamato a
partir de a-cetoglutarato

VIA GDH Glutamato desidrogenase

VIA GS-GOGAT glutamina amida-2-oxoglutarato
aminotransferase ( ou glutamato sintase)

12



Biossintese de L-glutamato a partir
de a-cefoglutarato

OH l;l O|H

VIA GDH

c.
(l:l)
L-glutamate + NADP* + H,O - a-ketoglutarate W=laVAlsa- =18\ o] \4[s -}

-NH,- NADPH - H*= 0 GDH
' Glutamato desidrogenase ligada a NADP

13



Biossintese de L-glutamato a partir
de a-cefoglutarato

VIA GS-GOGAT
2 etapas:
1) L-glutamina atua como um amino doador para o a—cetoglutarato

Sao formados 2 moléculas de L- glutamato

i -glutamate + NADP™ - a-ketoglutarate - L-glutamine

-NADFH-H"= 0

GOGAT = glutamina amida-2-oxoglutarato aminotransferase

( ou glutamato sintase)
14



Biossintese de L-glutamina a partir
de a-cefoglutarato

VIA GS-GOGAT

2 etapas:

2) Regeneracgao da glutamina

GS = Glutamina sintase




Biossintese de L-glutamato a partir
de a-cefoglutarato
Soma das equacdes em cada caso

VIA GDH

L-glutamate + NADP* + H,O - a-ketoglutarate

-NH;- NADPH - H* = 0

VIA GS-GOGAT

2i-glutamate + NADP™ - a-ketoglutarate - L-glutamine

-NADPH-H"= 0

L-glutamine + ADP + ~ P - L-glutamate - NH, - ATP = 0

Sintese de glutamato a partir de a-cetoglutarato

Com GS-GOGAT ha gasto de ATP e



Biossintese de L-glutamato a partir
de a-cefoglutarato

GS-GOGAT * GOGAT (glutamato
T sintfase) é reprimida por

afinidade para TS
assimilacdo de amonia
* Ativo em baixas
concentracoes de
amonia
* GS (glutamina sintase) é
E coli € capaz de expressar ambas as reprimida por 9|UTOmihC1

vias GDH ou GS-GOGAT, dependendo P i
das condicoes de cultivo * |nIbIC}F]O 2ol qUOlquer e
relacionada a L

—
GITP

L-glicina

L-histidina 17



L-glutamina

* Doador de nitrogénio
(ambnia) para varios
cCompostos
nifrogenados

* Importante ponto de
ramificacdo para o
metabolismo celular




Biossintese de L-glutamato a partir
de a-cefoglutarato

H& organismos que utilizam NO; ou NO, como
unica fonte de N

NO,; e NO, sdo convertidos a NH,

hiponitrato hidroxilamina
v NADP
Assimilatory nitrite reduction serves in the production of ammonia which is incorporated into cell material thus allowing growth with 19

nitrate or nitrite as a nitrogen source. This process occurs in bacteria as well as in plants and fungi



Enzymology and bioenergetics of respiratory nitrite ammonification

Assimilatory: Nas
Respiratory nitrification

Respiratory: Nar / Nap

Dissimilatory: Nap

Respiratory denitriﬂcaV -
Respiratory nitrification
NO

Respiratory denitrification /

Assimilatory: Nir

Respiratory: Nrf

Fermentative (dissimilatory): Nir / Nrf
Respiratory denitriﬁcation\

Respiratory nitrification

e — ﬁ)h‘ INH

W1

The biological nitrogen cycle. Nitrate reduction and nitrite ammonification are categorized as assimilatory, respiratory or dissimilatory processes
and the abbreviations of the corresponding enzymes are given. The reactions marked by the red arrows are the subject of this article. The
designated assimilatory processes are carried out under both aerobic and anaerobic conditions, while the respiratory and dissimilatory processes
of nitrate reduction, nitrite ammonification and denitrification are typical anaerobic processes. Nitrogen fixation and nitrification require the
presence of oxygen. The ‘anammox’ process in which ammonia is oxidized anaerobically at the expense of nitrite to yield N2 and 2 H20O is left out
for clarity. Nas, assimilatory nitrate reductase; Nar, respiratory nitrate reductase; Nap, periplasmic nitrate reductase; Nir, NADH-dependent nitrite
reductase; Nrf, cytochrome c nitrite reductase

FEMS Microbiology Reviews, Volume: 26, Issue: 3, Pages: 285-309, First published: 09 January 2006, DOI: (10.1111/j.1574-6976.2002.tb00616.x)

Simon, 2006.




«a-cetoglutarato

Ciclo do acido citrico

s QX @lacetato

I e wp Piruvato msmssmsmsmssssms

Glicdlise

i’““ =eep 3-Fosfoglicerato sy

Fosfo-
enolpiruvato

.r:\'.-.-,-.~;_~ =p Corismato msmmmssems: PN

Eritrose-4-P

Familia glutamato
Prolina
Glutamina
Arginina

Familia aspartato
Asparagina
Lisina
Metionina
Treonina
Isoleucina

Familia alanina
Valina
Leucina

Familia serina
Glicina
Cisteina

Familia dos

aromaticos
Fenilalanina
Tirosina
Triptofano

Figura 5.25 Familias de aminodcidos. A maioria dos aminoa-
cidos é derivada do ciclo do 4cido citrico ou da glicolise. A sintese
dos varios aminoacidos de uma familia frequentemente requer mui-

tas etapas distintas, enzimaticamente catalisadas, iniciadas a partir
do aminoé4cido parental (apresentado em negrito).

dcido
corismico



et

Aspartate family (5)

Aromatie family (3)

Fyruvate family (3)

Serine family (3)

Histidine (1) Ribose-5-phosphate — -~ His

FIGURE 2.12 Owverview of amino acid biosynthesis in cukaryotes. The amino acids are
classified into five [amilies according to the specific precursor metabolite or amino acid that
serves as the starting point for their synthesis. L-Histidine, which has a complex biosynthetic
pathway. does not group with any of the other amino acids. The numbers indicate the reaction
steps in the pathway. Excep: for v-lysine, these numbers are the same for bacteria. In bacteria
1-lysine is synthesized from aspartate via diaminopimelic 2cid (an important butlding block for
hacteria cell wall) in a sequence of nine reactions.

22



Estrutura dos aminodacid
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As reacoes de transaminase transferem um grupo amino para um
Acido orgdnico

NH;

Glutamato + Oxalacetato ====» @-cetoglutarato + Aspartato
Transaminase

Aspartato
(Asp)

glutamate--pyruvate
+, aminotransferase: alaC
glutamate--pyruvate
aminotransferase: alaA
2612
pyruvate« _— p-L-alanine

L-glutamate 2-oxo;uta rate




a-ketoacid
amuno acid J
\ /

~

amunotransferase

Val

1/’
Pyruvate family (3) wami» a-moo.mu\
Ny, Leu




Amino acid

L-Alanine
L-Arginine
L-Asparagine
L-Aspartate
1.-Cysteine’
L-Glutamate
t-Glutamine
1-Glycine
L-Histidine
t-Isoleucine
i-Leucine
L-Lysine (fungi)
L-Lysine
L-Methionine
t-Phenylalanine
L-Proline
L-Serine
L-Threonine
L-Tryptophan

L-Tyrosine
L-Valine

Precursor
metabolites”

1 pyr
1 akg
1 caa
1 oaa
1 pea
1 akg
1 akg
1 pga
1 penP
1 oaa, 1 pyr
2pyr, 1 acCoA
1 akg, 1 acCoA
1 pyr, 1 oaa
1 oaa
2 pep, 1 eryP
1 akg
1 pga
1 oaa
1 pep, 1 eryP,
1 penP
2 pep, I eryP
2 pyr

ATPP

-7
-3
0
-4
0
-1
0
6
-2
0
-2
-3
-7
-1
-1
0

-2

-

-5

-]
0

NADH

N OO O O0CON—OWROO—O0 00O

NADFPH

-1
-4
-1
1
-5
-1
-1
1
-1
-5
2
-4
-4
8
2
-3
-1
3
3

-2
-2

-1

Custos metabodlicos para produzir
aa em bactérias e fungos

0

CH,

“acCoA, acetyl-CoA; eryP, erythrose-4-phosphate; fruP, fructose-6-phosphate; gluP, glucose-6-
phosphate; akg, a-ketoglutarate; glyP, glyceraldehyde-3-phosphate; oaa, oxaloacetate; penP,
ribose-5-phosphate; pep, phosphoenolpyruvate; pga, 3-phosphoglycerate; pyr, pyruvate.

¥ For those reactions where ATP is hydrolyzed to AMP, it is assumed that two ATPs are used.

©5,10-Methylene tetrahydrofolate is used as one-carbon donor which is converted to tetrahydro-
folate. Other forms of tetrahydrofolate used in the biosynthesis of 1-methionine and L-histidine
are converted to this basis. 26

? Sulfate is used as S-source, which is reduced to H,S before assimilation.

¢ Direct sulfhydrylation of 1-serine is assumed.

Metionina
(Met)




Tetrahydrofolate (THF)

5-methyl-THF

5-formyl-THF

10-formyl-THF

5,10-methenyl-THF

5,10-methylene-THF

Structure of tetrahydrofolate (THF). THFs are composed of pterin, PABA, and glutamate. The pterin moiety is substituted at N5 (R1) and/or N10o (R2)

nitrogen atoms with either a methyl (-CH3), formyl (-CH=0) methylene (=CH2), or methenyl (-CH4) group. THFs also vary in the length of their glutamate
“tail,” which varies depending on function




Biossintese de dcidos nucleicos,

Acidos graxos € outros blocos
construtores

Nucleotidios -
precursores de RNA e
DNA na forma de
ribonucleotidios e
desoxiribonucleotidios

Sdo constituintes de
diversos cofatores:

*

* X X X

NADH
NADPH
FAD
CoA

ATP tem diferentes
funcoes no
metabolismo

28



Adenina

Adenosina

Fig. 4.1 Estrutura da adenosina, adenosina monofosfato (AMP), adenosina difosfato (ADP) e adenosina trifosfato (ATP). Nos trés

nucleotidios (AMP, ADP e ATP), o grupo fosfato esta unido a ribose da adenosina por ligacao éster fosforico (AG®" de hidrélise =

—15k]J - mol~'); no ADP e no ATP, a ligagdao com o(s) outro(s) grupo(s) fosfato é do tipo anidrido fosférico (AG®’ de hidrélise = —31
kJ - mol™1).
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adenosina

Nicotinamida

OH OH

Ribose

FAD a FADH:

Flavina O
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NH,

N N

*r A GO ¢ 1 )

HS—CHE—CHE—N—ﬁ—CPL—C}L,—N—C—C—C—CH;O—T—O—FT—O—CH, N NZ
- : - G

i &l | o
O O H CH, 0

A coenzima A se une a grupos acila por ligacoes tioéster com a sulfidrila terminal
(verde) do grupo fosfopanteteina (vermelho).

A fosfopanteteina esta ligada ao grupo fosfato da 3’ fosfoadenosina (azul) que
compde a Coenzima A.



Biossintese de acidos nucleicos,
Acidos graxos € outros blocos

construtores
Precursores dos Ribose 5Pe 3
nucleofidios: fosfoglicerato

* Purinas (A, G)

Ribose 5P e
oxaloacetato

32



Estrutura dos nucleoftidios

Base nitfrogenada purinas
heterociclica (purina ou iy ]
pirimidinaq)

Um acucar: ribose (no
RNA) ou 2-desoxirribose
(no DNA)

Um grupo fosforil

DNA

]
0—P—0—CH
TE

| .
s 4'l|3 !
Phosphate | | Deoxyribose
H H

E|:~ 2 {sugar)

OH H )
Nucleotides

Deoxyribose

Sugars - DNA

33



Estrutura dos nucleoftidios

Bases nitrogenadas

dTMP resulta da metilacado de dUMP

AMP

TMP (U no RNA)
CMP

GMP geram
dAMP

dTMP

dCMP

dGMP

* ¥ ¥ %

34



Estrutura dos nucleoftidios

Fosfato — 70—

"H somente
no DNA

Nucleotideos. Os nimeros na molécula de aclcar
sdo seguidos de um apéstrofo (), porque a estrutura em anel da
base nitrogenada é também numerada (Figura 3.9).

OH na posicao 2’ é susbsituida por H as
custas de NADPH (ribose ou desoxirribose)

35



Grupo amino
do aspar‘tato Glicina

formil N (do acido
(do acido félico)
folico)

Nitrogé&nio amida da glutamina

Acido félico (vitamina B9, pteroil-L-glutamato)

H
Ribose-5-P /

(b) Acido inosinico

OH

2-amino-4-0x0-6-methylpteridine

glutamate
—_—
8
C—N—CH—C—C—CO00-
H ¢ y

) )

Acido aspartico

p-aminobenzoate

(c) Acido orético

Fic Biossintese de purinas e pirimidinas. (a) Os pre-
cursores do esqueleto da purina. (b) Acido inosinico, o precursor
de todos os nucleotideos purinicos. (c) O precursor do esqueleto
de pirimidina, 4cido orético. (d) Uridilato, o precursor de todos os
nucleotideos pirimidinicos. O uridilato é formado a partir do oroato,
apés uma descarboxilacio e a adigao de ribose-5-fosfatgy

d) Uridilato




Custos metabdlicos para o
biossintese de nucleotidios

MNucleotide

AMP
GMP
UMP
CMP
dAMP
dGMP
dTMP*
dOMP

“%Ser Table 2.4 for nomenclamre.

Precursor
metabolite®

I pga. 1 penF
1 pga, 1 penP
1 oaa, | penP
1 oaa 1 penP
1 pga. 1 penP
1 pga, | penP
1 paa, 1 penP
1 oaa, 1 penP

ATP

11
5
-7

Y

NADH NADPH

—— e

1

=1
3
-2

* The costs for dTMP biosynthesis are the same as for synthesis from dUMP. dTMP may also be
synthesized from dCMP with higher costs, Le., nine ATPs. For E coli, Ingraham et al. (1983)
state that 75% of the dTMP is synthesized from dCMF and 25% from dUMP.
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Biossintese de acidos graxos

Acidos graxos comuns:

C4g Ssaturado (palmitico)

C1g monoinsaturado (palmitoleico)

Os acidos graxos diferem quanto ao comprimento, a posi¢cdo e ao nimero de ligagdes duplas.



0 I
Il
H,C—C—ACP HOOC—CH,—C—ACP
Acetil-ACP § Malonil-AC
2, PRCTNCIACIAY

CO,

O Acetoacetil-CoA

v
HaC—C—CH,—C—ACP

2 NADPH

2 NADP*

O
Il
HsC_CHz_CH2_C—ACP

A biossintese de acidos graxos. E apresentadal

a biossintese do acido graxo C,,, palmitato (<= Figura 3.7). ACP,
proteina carreadora de acil. A condensacéo de acetil-ACP e malonil=
ACP forma acetoacetil-CoA. Cada adi¢do sucessiva de uma unidade
acetil é oriunda do malonil-ACP. |

Cadeia polipeptidica

Acyl carrier protein
(ACP) é o carreador de acil

Malonil resulta da carboxilacdo de acetil

C,Hyp-107, — ACP + C303H; — ACP + ATP
+2 NAD(P)H + 2H*

— Cy42H2p430; — ACP + HCO;™ + ADP + P;
+2 NAD (P)*




HS—ACP
+CO,

SR L J\/L
S—ACP

S—ACP NADPH + H*
(d)

NADP"
““'NADPH + H' H2° OH O

/\)kS_ACPNADP'(f) /\)J\S_ACP (e) /k/u\ S—ACP

thioesterase
ACP—16:0 CoA—16:0

Em E. coli as reacdes ocorrem via
Fatty acid synthase Il — FAS Il

40



Biossintese de acidos graxos

) ) N ) fi= 2 mn /]
CH,(CH,), ,CO-CoA + —— CoA + = H,0 +

e S

~ P + . NADP™ -

n-2
acetyl-CoA - . ATPE - l:n - :-l_:| MNADPH - |' i - E} H*= Q) |:.'-l ll.]




jossintese de acidos graxos

A model of the interrelationship between fatty acid transport and
fatty acid-dependent transcriptional

regulation.

(A). In the absence of exogenous fatty acids, envelope lipid

Periplasm

synthesis is dependent on the de novo pathway
(FAS). FadR is active in DNA binding and the fad genes

C16:0-ACP including fadD and fadL are synthesized at low levels

e C16:1-ACP o COy while several fab genes and icIR are synthesized at high levels.
C18:1 s ¥ acetyl CoA Fatty acyl-CoA synthetase (FACS) is hypothesized to
< B-OH-CI4:0-ACP V. ouyl Coh )
Biosynthesis of Phospholipids and malon)‘l-ACP
Other Lipid-Derived Macromolecules (B). When long chain fatty acids are supplied exogenously,
they enter the cell via FadL and are
FadR activated to long-chain fatty acyl-CoA (LC Acyl-CoA) by FACS
FACS ﬂ in an ATP-dependent reaction. The LC Acyl-CoA
. binds to FadR and changes the conformation of the protein so

fad and uspA Genes Repressed; that it no longer binds DNA. This results in

fabA, fabB, fabl, IciR Acuvated .
derepression of the fad genes and uspA and reduced

expression of select fab genes and icIR. The increased free
fatty acid (presumably dissolved in the inner membrane) and
ATP facilitate the membrane association of the FACS. The

Ii role of Tsp is to potentiate fatty acid transport but the
mechanism is undefined. Fig 8 Di Russo et al, 1999
FACS
—ATP + CoA FadR-LCAcyl CoA

rrrrnny R o

AMP + PPi LC Acyl CoA

fad and uspA Genes Activated;
fabA, fabB, fabl, IcIR Reduced

Acetyl CoA

p-oxidation

42




Biossintese de acidos graxos

Outros precursores importantes para a sinfese de
lipidios:
>k Glice@(esquele’ro de fosflipidios e triacil glicerdis)
* Molécula alcodlica dos fosfolipidios

colina em fungos

Fosfatidiletanolaminas, fosfatidilglicerdis e cardioliphas em
bactérias

* _Esterdis (fungos e leveduras)

|
HgC—IiTLCHz—CHg—OH
CHsy

— EMP

Choline
2003 & M. Helmenstine

Lipideos simples (triglicerideos):

Acidos graxos ligados ao glicerol por ligagdes éster Glicerol

HO\/\NH2

etanolamina

-H

Acidos graxos Ligagdo
éster




Montagem final de lipidios

Trés carbonos do glicerol sdo esterificados com
é Cld (ON g raxos Lipideos simples (triglicerideos):

Acidos graxos ligados ao glicerol por ligacées éster

Acidos graxos Ligacao
éster




Montagem final de lipidios

Em lipideos complexos o C do glicerol se liga a

* fosfato, m _
Lipideo complexo: 2

* etanolamina , Fosfatidiletanolamina (um fosfolipideo)

* um acgucar e

* ou outra substaGncia polar e

Acidos graxos
Fosfato

Etanolamina —
Lipideo complexo:
Diglicerideo monogalactosil (um glicolipideo)

Galactose

Acidos graxos

H3C/\/\/\I/\\/\/\/\/

3 45




Biossintese de carboidratos

Os polissacarideos sao sintetizados a
A ek M partir de formas ativadas de glicose
como UDPG

N-acetilglicosamina, acido N-acetil muramico ( no peptidioglicano)

LPS (membrana externa de Gram negativos)
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Biossintese de carboidratos

ADPG + Glicogénio —> ADP + Glicogénio-Glicose

O Glicogénio é sintetizado a partir de ADPG (adenosina-difosfoglicose) pela adicao sequencial de glicose
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Biossintese de carboidratos

Compostos C,, Cg, Cy4, Cs
Ciclo do acido citrico

Oxalafcetato

Fosfoenolpiruvato + CO,

| Inversdo da gliclise

GIicoée-G-P

Gliconeogénese — quando ha necessidade de glicose, sua sintese ocorre a
partir de outros compostos



Biossintese de carboidratos

Glicose-6-P

Ribulose-5-P + CO,

Ribose-5-P

r
v 4

Ribonucleotideos Ribonucleotideos
i NADPH Ribonucleotideo redutase

RNA Desoxirribonucleotideos —> DNA

As pentoses sao oriundas das hexoses, que sao descarboxiladas.



Biossintese de carboidratos

Biossintese do peptidioglicano requer 5 mondmeros:
UDP-N-acetilglicosamina (UDP-NAG),

facido UDP-N-acetilmuramico UDP-NAM),

alaninaD e L,

diaminopimelato e

glutamato.

UDP-NAG + r-glutamate + CoA + ~ PP - fructose-6-phosphate

- acetyl-CoA - L-glutamine - UTP = 0



TABLE 2.7 Metabolic Costs for Biosynthesis of Lipids and Carbohydrate
Building Blocks

Precursor

Building block metabolite” ATP NADH NADPH 1-C

Glycerol-3-phosphate 1 glyP 1] -1 o o
Palmitoyl-CoA B acCoA -7 =14 o
Palmitoleoyl-CoA” & acCoA -7 -14 ]
Stearoyl-CoA 9 acCoA -8 -16 o
Oleoyl-Cod 9 acCod -8 ]
Linoleoyl-CoA 9 acCoA -8
Linolenoyl-CoA 9 acCoA -8
Ethanolamine® 1 pga
Chaoline 1 pga
Inositol 1 gluP
Ergosteral 18 acCod
UDP-Glucose 1 gluP 0
UDP-Galactose 1 gluP 0
UDP-NAG 1 fruP, 1 acCoA 0
UDP-NAM 1 fruP, 1 pep, ) -1
1 acCoA
Diaminopimelate 1 paa, 1 pyr ) ( -3

o O

=16
-1
-1
0

S LB TR S

“ See Table 2.4 for nomenclature.

® The costs are for the biosynthesis of palmitoleoyl-CoA via the anaerobic pathway.

“ Because the pathway from squalene to ergosterol is not known in detail, the metabolic cost for
the biosynthesis of ergosterol is taken to be the same as that for sgualene.




Produtos biotecnoldgicos

\ Hexose Sugars
A Pentose Sugars Glucose Uronic Acids
Xviose Mannose Galacturonate
Arakinose Galactose Glucuronate
Fructose

e —_

- P ~
( — - e & A8 ! . e Tt
( —A]dnme/;ﬂ ——— fiv o 4% T Bl — H\Euccmal;)

- -~

o T
| Butyrate \,‘
<

Acctone 4 ’hﬁé

~. - ~ - o -
i ™~
( Lactate }
~

o

By N\
)

rd .
( Butanoi

e

Pyruvate (pdc) alcohol (adh)
Pyruvate ————— Acetaldehyde —————p Ethanol
decarboxylase + dehydrogenase

Carbon Dioxide m

NADH NAD®
Figure 4. Microbial fermentations. (A) Microbial products of
sugar fermentation. Pyruvic acid serves as a key central
intermediate. (B) The homo-ethanol pathway found in yeasts
and the bacterium Z. mobilis.
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Produtos biotecnoldgicos
A

Embden-Meyerhof-Parnas  Entner-Doudoroff  Hexese Monophosphate

PDH (04 mM) g G
TCA Cycle IS ; —
(Zymomonas mobilis)

}/
(7 mM)

Lactate PEL (2 mM) Pyruvate Decarboxylase
(0.4mM)

Acetyl-CoA  +  Formate Acetaldehyde +CO2

\ an Alcohol

Dehydrogenase 11

Acetate Ethanol CcO2 H2
Ethanol

Figure 5. Fermentation pathways in recombinant E. coli that
contain Z. mobilis genes for the conversion of pyruvate to
ethanol, the PET operon (Ingram et al., 1987 and 1991). The
PET operon containing pyruvate decarboxylase (pdc) and alcohol
dehydrogenase (adhB) has been used to engineer a similar
ethanol pathway in many Gram negative bacteria. Succinate
is also produced as a minor fermentation product, branching
trom phosphoenolpyruvate: (A) native E. coli pathways and (B)
recombinant Z. mobilis homo-ethanol pathway. K, values are
shown in parenthesis.




Produtos biotecnoldgicos

“Polihidroxialcanoatos”
PHA

54



PHA sao acumulados por bactérias




PHA sdao acumulados por bactérias

CondigOes para acamulo mais expressivo

Meio de cultivo desbalanceado:

e excesso de fonte de C e

*caréncia de um nutriente essencial (N, P, O...)

Funcdo dos granulos de PHA para a
célula:

e Fonte de Carbono,
*Fonte de Energia e

*equivalentes redutores




PHA sao materiais termopléasticos
Biodegradaveis e

biocompativeis Aplicacoes

—

Bucci, 200

57

Madison & Huisman, 1999



Estrutura quimica dos PHA

hydrogen
methyl
ethyl
propy!

pentyl
nonyl
hydrogen
hydrogen

100 - 30000

poly (-3-hydroxypropionate)
poly (-3-hydroxybutyrate)

poly (-3-hydroxyvalerate)

poly (-3-hydroxyhexanoate)
poly (-3-hydroxyoctanoate)
poly (-3-hydroxydodecanoate)
poly (-4-hydroxybutyrate)

poly (-5-hydroxyvalerate)




Aplicacoes x propriedades x composi¢cao dos PHA

Bucci, 2003
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AplicacOes x propriedades x composicao dos PHA

Bucci, 2003
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AplicacOes x propriedades x composicao dos PHA

(www.tepha.com)

Bucci, 2003



Propriedades dos PHA e ppolipropileno

Parametro

P(3HB) PGHB-3HV) P(3HB-4HB) P(3HO-3HH) PP
T (°C) 177 145 150 61 176
T, (°O) 2 —1 —7 —36 —10
Cristalinidade (%) 70 56 45 30 60
](E(;:’;enséo até ruptura 5 50 144 300 400

*P(3HB) poly(3-hydroxybutyrate),

*P(3HB-3HV) poly(3-hydroxybutyrate-co-3-hydroxyvalerate) containing 20% 3HYV,
*P(3HB-4HB) poly(3-hydroxybutyrate-co-4-hydroxybutyrate) containing 16% 4HB,
*P(3HO-3HH) poly(3-hydroxyoctanoate-co-3-hydroxyhexanoate) containing 11% 3HH,
* PP polypropylene.

*Tm melting temperature.

*Tg glass transition temperature. Madison e Huisman 1999



Como as bactérias sintetizam PHA?

Acucar de cana Bagaco de cana
Acidos orgdnicos  Oleos veqgetais

Matéria-prima

Sacarose Glicose  Arabinose
Lactose Gluconato Acetato etc,

PHAS Cl Egzﬁj.n;?ntase
C4-Cs

SCL - short chain length

PHAmcl
Ce6-Ci6

MCL - medium chain length

Biodiversidade como fater

chave



(1) 3-hidroxialcanoatos

HO\CQCH?: N e
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D 3-hidroxialcenoatos

(111) 3-hidroxialcanoatos com grupos metila

0
HO\ p CH N
C N
| OH
CHs
Acido 3-hidroxi-2-butendico

HO CH o)
NN
CH N
| OH

Erido Acido
3-hidroxi-5-cis-dodecendico 3-hidroxi-5,8-cis-cis-tetradecendico

SN\
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HO
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(v) 3-hidroxialcanoatos com diferente grupos funcionais

CHy_ 0
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@v) 4, 5 e 6-hidroxialcanoatos

//0
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Via de sinfese de PHA

0 0
V. Vi
cH-¢? + ch-c”
NSCoA “5CoA

Acetil-CoA Acetil-CoA

coASHJl\* Kotk 3-cetotiolase
0

(o]

II Y
CH—-C— CH2— [
NSCoA
Acetoacetil-CoA

NADPH 3-cetoacil-CoA redutase
dependente de NADPH
OH

3

Promoter

NADP

fi-ketothiolase Acetoacetyl CoA Reductase PHB Polymerase

| /o
—CH- —c?
CHy CH=CH,

N
S5CoA

o etyl CoA ———» Acetoacetyl ———fp» Poly 3-OH butyryl ———» Poly 3-OH butyrat

{R}-3-hydroxibutiril-CoA e : Co:\ ’ > CoA N i

PHA sintase




Especificidade da enzima PHA sintase

Subunits

&

=073 kD

@B

=063 kD

~4 kDa ~40 kD

~4H) kDa ~22 kDa

Species

Cupricvidis necotor

Premdomonas aerug s

Allochromatium vinosum

Boeilluy megaterium

Subsirate

THA g CoA (~C3

THA N e1-CoA (~2C

:-l| 41 I."l_la_'l_-cﬂ."l. 3l I."'L_lu'l_-{::ﬂ AL 3M ."II._J.“_'L'(.—.‘i.! A

THAyer-CoA (3HA yyep -CoA [~C6-CSL. 4HA-CoA. SHA-CoA

THA g CoA

Rehm, 2003



Fatores interferentes na composicao do PHA

Acucar de cana Bagaco de cana
Acidos organicos  Oleos vegetais @)

Sacarose Glicose  Arabinose
Lactose Gluconato Acetato etc,

~ PHAmcl
Ce6-Cis6
PHAscl

Ca-Cs

Biodiversidade como fatof
chave



Thicesterase | — —— ¥ Fatty acid

[3-Ketothiolase

Acyl-CoA
Acetoacetyl-CoA >

Acetyl-CoA Acrylic acid

Malonyl Coa

&ket-:'cicyl-CoA

I
Malc 'nyl -ACP :

-ACP
|
Triclosan ACP +CO 1 (S'-S-hydl‘oxyﬁcyl-CC?/
3-Ketoacyl-ACP ” _
o .| reductase (R)-specific
Enoyl-CoA

Acetoacetyl-CoA
reductase

(R)-3-hydroxybutyryl-CoA Enoyl- e n°V° 3-ketoacyl-ACP |

I hydratase
|
v oy

(B)-3-hydroxyacyl-CoA  f—

|p°|VeSte|’ synthase (- &hydn xyacyl-ACP
I Polyester synthase |

TransacyIaSe

Fig. 1. Metabolic routes towards biopolyester synthesis. Dashed lines represent engineered biosynthesis routes. Triangles depict tar-
gets for inhibitors enabling biopolyester synthesis. Enzymes indicated on shaded boxes on solid lines are biopolyester biosynthesis
enzymes.

Rehm, 2006




Perspectivas para a producao de PHA no Brasil

Propriedades
1 4+ HAmc
» Area a ser explorada
400
32
m
L
HB-co-HV
L)
B
b
40 150 1 70>

TM°C

/2



Produtos biotecnoldgicos

mn=41lo8

Mono-rhamnolipids

mn=41o8

Di-rhamnclipids

mn=41o8
3-(3-hydroxyalkanoyloxyJalkanoic acids (HAAS)

Fig. 1 Chemical structure of tharmnolipids and HAAS

Surfactantes:

1 ou 2 moléculas de
rhamnose ligadas a
3HAAs

Aplicacao

MEOR - microbial
enhanced oil recovery
Eliminacado de
fitopatégenos

tratamento de ferimentos
Cosméticos ( hidratantes,
shampoos, etc

Fonte de rhamnose, etc



Rhamnolipids Biosynthetic Pathway

glucose-6-phosphate

l AlgC
glucose-1-phosphate
RmIA Fatty acid de novo synthesis
dTDP-D-glucose
TS ps ‘
l RmiB J-Ketoacyl-ACP
ATDP-6-deoxy-D-4-hexul ose l RhIG
e HAQ
RmIC 3-hydroxyacyl-AC P\
PHA
dTDP-6-deoxy-L-lyxo-4-hexul ose l RhIA
leo\‘

dTDP-L-rhamnose + 3-(3-hydroxyalkanoyloxy)alkanoates

/ l RhIB l

LPS PHA

mono-rhamnolipids

l RhIC

di-rhamnolipids




(-Ketoacyl-ACP) MACF' FabB  acviacP

[Hz'l:}ﬂ
CHa
FabG FASII Fabl
(f-Hydroxyacyl-ACP) ?H:'
HaCls H
" M Enoyl-ACP
HO ACF FabA
PhaG RhlA
o o
p-Hydroxyacyl-CoA ':Hﬂwzw (HAA)
HO o] OH
PhaC RhIE
PHA RL1
RhIC
RL2

FIG. 7. Proposed rhamnolipid biosynthetic pathway. RhlA is re-
sponsible for diverting the p-hydroxydecanoyl-ACP intermediate from
the FASII cycle and directly competes with FabA and Fabl for this
intermediate. RhlA is the only protein required to convert two mole-
cules of B-hvdroxvacvl-ACP to HAA. Thus, the amount of HAA
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