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CHAPTER 12

Anabolism: The Use of Energy
in Biosynthesis




OUTLINE

* Calvin cycle-CO, fixation
---building blocks-sugar
* Peptidoglycan synthesis
---polysaccharides
* Nitrogen fixed
---building blocks-Amino acid etc




Anabolism

Level of organization Examples

the synthesis of complex organic Call Bactera

Algae

molecules from simpler ones ] Fungi

Protozoa

requires energy (and reduction Organclles Nucle

Mitochondria

power) from fueling reactions l Ribosomes
FOI’ gl’OWth Ol' turnover Supramolecular systems Menbranes

Enzyme comlexes
Turnoverss: continual degradation
and resynthesisE#4m of cellular constituents Macromolecules Nuclel acids

by nongrowing cells3k4 & f4np l Poyscnarces
metab Olism iS C areflllly Monomers or building blocks E;?Leoogg%sé
resulated I e

Pyruvate

 for rate of turnover to be balanced by Precursor metabolites  Acetyl-CoA

a-Ketoglutarate

rate of biosynthesis Glucose 6-

phosphate

* in response to organism’s environment Inorganic molecules
Carbon CO,, NH;,H,0,PO,%

Biosynthesis in Escherichia coli source
Number of Molecules Synthesized ‘Molecules of ATP Required
Cell Constituent Molecules per Cell® per Second per Second for Synthesis
i 0.00083 60,000
15,000 12.5 75,000
39,000 325 65,000
15,000,000 12,500.0 87,000

1,700,000 1,400.0 ,120,000 a2
" g — — WA RS B A R
ehninger. - =] N aj
of 2.25 ym”, a total weight of 1% 1072 g, a dry weight of 2.5 10 g, an division cycle.
i tain multiple copies of their genomic DNA.

a 20-minute cell




Principals governing biosynthesis

 Large molecules are made from small molecules.

\Lhe use of a few
monomers linked
together by a single
type of covalent bond
makes the synthesis\of
macromolecules
highly efficient.

Carbon
source

Level of organization
Cells

Organelles

Supramolecular systems

Macromolecules

Monomers or building blocks

|

Precursor metabolites

Inorganic molecules

Examples

Bacteria
Algae
Fungi
Protozoa

Nuclei
Mitochondria
Ribosomes
Flagella

Menbranes
Enzyme comlexes

Nuclei acids
Proteins
Polysaccharides
Lipids

Nucleotides
Amino acids
Sugars
Fatty acids

Pyruvate
Acetyl-CoA
a-Ketoglutarate
Glucose 6-
phosphate

CO,, NH;,H,0,PO,3

IR — — VS RSB E R EABR



Many enzymes do double duty, but some enzymes
function in only one direction(control)

*Embden Meyerh Pathway - an e Gicolytc

reactions
amphibolic pathway. N | sucrconc

Glucose G-phosphate reactions
Freely reversible
reactions

*Many reactions are catalyzed N ——
by enzymes that function in Phospho- J F i 1 Singbcnpiate

fructokinass

glycolysis and gluconeogenesis. Fructose 1,6-bisphosphate

*Some glycolytic reactions are
catalyzed by enzymes unique
to glycolysis.

*Therefore, although they mil“ﬁ";‘iﬁ;m

kinase

share several enzymes, the two ot s
pathways are distinct. Pynwate




Operate irreversibly in the direction

by connecting some biosynthetic reactions to the
breakdown of ATP

Endergonic reaction alone

— N
A+Bx C+D

Endergonic reaction coupled to ATP breakdown

ATP ADP + P

o o

—

A+B C+D




Catabolism and anabolism can be physically
separated and often use different cofactors

secretion

* Compartmentation makes it Endoplasrmic
easier for catabolic and anabolic
pathways to operate
simultaneously yet
independently.

Usually catabolic oxidations rox'som

produce NADH, NADPH often ' |
serves as the donor during

biosynthesis.




Other ucose Nucleosides
carbohydrates

~ g ” B4R
\Glucose—sa =i Ribose-5-(P) ——&— Erythrose- -a4-(P

Lipids Fl"uctos“e_e_®
b= el KR " o
B Hh

Phenylalanine Tyrosine Tryptophan
e Serine

\-‘.
2. . l Glycine HER
N \ =
Cysteine ﬁyrtl_rg;s
NP istidine
Phosphoenolpyruvate #Hﬁﬁﬁ

Alanine ﬁﬁ@ %“@

Lysine ﬁﬁﬁ
Pyruvate

Isoleucine REAM

Valine

Leucine ﬁi‘ﬁ@

=
Acetyl -CoA RER

Pyrimidines

\

Aspartate ——-—— Oxaloac etate

Chemotrophys
meparZn AR
Srenne & \ are well done

Isocitrate

Succunyl CoA

F’Or‘phyrlr‘ls ot Ketoglutarat/ Aum"ophS?
Al Bk

Glutamate @ﬁ@
{

Glutamine
Proline
Arginine



The fixation of CO, by Autotrophs-
pathways

* The calvin cycle R/RXEH
* The reductive TCA cycle & JFE B TCATEER

* The hydroxypropionate cycle &HEEEH
The acetyl-CoA pathwayzBt#Eig &

The 3-hydroxypropionate/4-
hydroxybutyrate pathway 3 smmys-5Trg%




Calvin cycle
* used by most autotrophs to fix CO,

* also called the reductive pentose phosphate
cycless s mmmmss = 3

* in eukaryotes, occurs in stroma |

of chloroplasts

* In cyanobacteria, some nitrifying bacteria,
and thiobacilli, may occur in
carboxysomes (& 4)

* inclusion bodies that may be the site of CO,
fixation




Calvin cycle

Hcl;oH Ribulose 1,5-
| bisphosphate
HCOH

* consists of 3 phases | i

3 F!ibul\:_vse co,
1 1,5-bisphosphate H,0
| carboxylase/ B

| oxygenase
|

COOH

* the carboxylation phase#ft = | &€ 2 e
o] |

GCOOH CH,0(®)
ey i 5 REDUCTION

° the reduction phasezE = | 0

CH,O0(P)

f Phosphoglycerate ATP
1 kinase

1,3-bisphosphoglycerate ,
1

! NADPH + H*
| Glyceraldehyde
! 3-phosphate NADP™

Ho O

* the regeneration phases4 g | === =

] Glyceraldehyde == |
HCOH 3-phosphate 1

DHAP

* 3 ATPs and 2 NADPHSs are |
used during the incorporation | "™ s =

Fructose 6-phosphate

1 Erythrose 4-phosphate
i Ribose 5-phosphate
2 e and other intermediates




The carboxylation phase

catalyzed by the enzyme ribulose 1.5-
bisphosphate carboxylase s —gmummnitns

cHo (®
H—{II —OH
COOH

?DOH )
H—?—OH
cHo (P)

- Ribulose 1,5- 3-phosphoglycerate
~ bisphosphate (PGA)

. (RuBP) pmags-1,5-— s 3R H




The reduction and regeneration phases
OFADP REDUCTION o . -
o "EE 3-phospho
gy e glycerate reduced

NADPH + H*

Glyceraldehyde

L to glyceraldehyde
| i, emsene=— oox | 3-phosphate

3-phosphate c—o

-
J CHO(B)

\ Fructose 1,6-bisphosphate
Fructose 6-phosphate

She o  carbohydrates (e.g.,
fructose and
glucose) are
produced




Summary

6CO, + 18ATP + 12NADPH + 12H* + 12H,0
\
glucose + 18ADP + 18P, + 12NADP*

Calvin Cycle

= F,f’ff 1, 3-biphosphoglyceanc acid

Er

and 5C
imtermedistes 1\

i
P px,a— MADPH = 2
(H
MAD

Ghyceraldetyde-3-
phosphate

—— Slucoss

CARBOXYLATION
PHASE

CH,0(P)

¢=0
HéOH
HCOH

I
CH,0(P)

co,

Ribulose 1,5-
bisphosphate

Ribulose
1,5-bisphosphate
carboxylase/
oxygenase

cH,0(P)

COOH

I I
HCOH

HOCH + 3-phosphoglycerate

Phosphoglycera
kinase

EDUCTION
PHASE
|
H?OH 1,3-bisphosphoglycerate
CH,0(P)
NADPH + H
Glyceraldehyde
3-phosphate INADP™ |
dehydrogenase p
H Ho c? (0]
: ] Glyceraldehyde === ! CH,OH
1 H H - |
: ?0 3-phosphate =0
] CH,0(®) CH,0(P)
: DHAP
Hllft‘l):;osi'z\t&e' REGENERATION Biosynthetic
? A PHASE products

\ Fructose 1,6-bisphosphate

Fructose 6-phosphate
Erythrose 4-phosphate
Ribose 5-phosphate
and other intermediates




Other CO,-fixation pathways
* the reductive TCA cyclezgmrcas@sh

* used by some chemolithoautotrophs

* runs in reverse direction of the oxidative TCA

Biosynthesis

Oxaloacetate ’ }
2[H] y

Malate
H,O
Fumarate
2[H]
Succinate

ATP
CoASH

AR Citrate

Succinyl-CoA

2[H] CoASH
CcO, : Isocitrate

a-Ketoglutarate
2[H] CO. |



Other CO,-fixation pathways

the hydroxypropionate cyclezmmiEsx: used by some
archaeal genera and the green nonsulfur bacteria (also

anoxygenic ; Acetyl-CoA Malyl-CoA OA
phototrophs
O[H] wl\/lalonyl -CoA COOH i
H]\‘ o//C\H .M CoA

Glyoxylate
3-hydroxypropionate VL Succinyl-CoA

A'I;\ Biosynthesis

Methylmalonyl-CoA

Propionyl-M

AP +C0




The 3-hydroxypropionate/4-hydroxybutyrate pathway
3-ZABMA-R TR & Used in biosynthesis

* first described in ﬁ
2007 in an arChae Acetyl-CoA

2[HI

° uses 3-
. ATP *@ Acetyl-CoA %
hydroxypropiona CoA

te cycle Malonyl-CoA ‘X

2[H]

° uses unique e ®. .

3 3-hydroxypropionate
reaction to YEroXyprop 4-hydroxybutyrate

ATP
produce 4- cm@% &am
2[H]

hydroxybutryate 2 M% Succinyl-CoA

Propionyl-CoA
Methylmalonyl-CoA

ATP




Other CO,-fixation pathways***

* the acetyl-CoA pathway (Methanobacterium
ZBRIR R

thermoautotrophicum)

* methanogens use portions of the acetyl-CoA
pathway for carbon fixation

* involves the activity of a number of unusual

enzvmes and coenzvmes (see 20.3)
6[H] Corrin-E;

CO,—»—»—»—»CH;—X L, CH,—Corrin-E,

MFR
H4M PT CoASH

CHy— C E; L’ CHS'—C —SCoA LF-—"Bio synthesi

CO dehydrogenase (E;)

2H]
co, = CO—E,

|

ola)




Discussion

* Can Heterotrophs carry out the
fixation of CO,? If yes, why and
how do they fix CO,?




The fixation of CO, by Heterotrophs

Anaplerotic Reactions¥ #h M

 phosphoenolpyruvate (PEP) carboxylase

* phosphoenolpyruvate + CO, —>
(EBL 8 ) oxaloacetate + P,
* pyruvate carboxylase##{t. B

* pyruvate + CO, + ATP + H,0 >
oxaloacetate + ADP + P,

- reaction requires the cofactor biotin =4 &




Glyoxalate cycle Z.EEER1E3F

other anaplerotic reactions are part of the
glyoxalate cycle, a modified TCA cycle

Glucose
Glycolysis

Phosphoenolpyruvate

!

Pyruvate
CO,
ATP

> ADP + Pi

N

Oxaloacetate

!

TCA cycle reactions

'1

Ll
H—CFI—C—S—COA

H
Acetyl-CoA

0\ ﬁ Citrate synthase
s
57 Ls C—C H

H
Oxaloacetate

Oxaloacetate

Malate
dehydrogenase

Glyoxylate Cycle
CoASH

-
Malate —C—C—S—
Malale - - c G—S—CoA

Acetyl -CoA

HCC—O

TR

3B w0
Q ‘ H—C—H
0-C—G—H i e 2 |
H \ H—C—C—0O" 0-C—¢
Succinate H—G—H 5{ o
N Ketoglutarate
%ﬂa@ (|I|:—S_C°A COZ e 9
o
Succinyl-CoA

Overall equation:

2 Acetyl-CoA + FAD + 2NAD*+ 3H,0 —= Oxaloacetate + 2CoA + FADH, + 2NADH + 2



Synthesis of sugars and
polysaccharides

Gluconeogenesis
Monosaccharides
Polysaccharides

Peptidoglycan s




Peptidoglycan structure

* Meshlike(# $) polymer of
identical subunits forming long ¢
strands

* two alternating sugars

* N-acetylglucosamine (NAG) |- ol
N-Z B % W B -

* N- acetylmuramic acid(NAM «
N-ZBi &R L

* alternating D- and L- amino
acids




Peptidoglycan synthesis
- Carrier:

* UDPR# —mimt
 Bactroprenol4m s az o
. CH:.,OHO J\ |
* Location: ... ]
- cytoplasm; —_ |\/,_,\/ \
* membrane; _—

- and periplasmic space

* Reaction:
CH, CHa CH, 0 0

I | | [ [
CHy— C= CH—CH,— (CH,—C= CH—CH,)q— CH,—C= CH—CH,~0— P—0— |I>-— 0—{NAM I
|
o} on



Discussion

* Describe the patterns of
peptidoglycan synthesis seen in
gram-positive cocci and in rod-
shaped bacteria such as E. coli.

What is unusual about the synthesis

of peptides that takes place during

peptidoglycan construction?




(1) UDP derivatives of N-

acetylmuramic acid and
Nacetylglucosamine are
synthesized in the
cytoplasm

(2) Amino acids are
sequentially added to UDP-
NAM to form the

pentapeptide chain

Fructose 6-phosphate

!
!

Glucosamine 1-phosphate

Acetyl-CoA
CoA

N-acetylglucosamine 1-phosphate
(NAG)

B,
t P
UDP-NAG

UDP-NAG

PEP
X Pi
NADPH
I NADPY

UDP-NAM

= Amino acids are added
one at a time, except
v for the terminal

1 p-Ala-p-Ala, which are
'R added in the same
reaction.

A 4

UDP-NAM-pentapeptide



Bactoprenol is attached to N-acetylmuramic acid (NAM)

© uDP transters NAG to th
NAM- tada 2 . e bactoprenol-NAM-
oto ba c‘too‘:; fffc;‘:;vdoes ght;?ns-;_,e_'rered rgz’fraglg'ge- If atggﬂtaglycine interbridge is
- e. y | ' created using special glycyl-tR
:‘;’e;éomed by a pyrophosphate fmomolecm lg:iglcl(tj :’so't ”};Osomes, lnterbgigg:; A
Lipid|  UDP—NAG Lipid Il
Pentapeptide Pentapeptide

Cytoplasm UDP—NAM—pentapeptide
P UMP
p 0
N Y Bactoprencl RS Bt KRNIt vena | N X
B L L T
e's's eeeeesseeseeesesssnees )r)
(,,‘-"‘!“ )" ’
7

Bacitracin T ’

|
PP NaM OUDP PP NAM—NAG

J
{



(5) The completed NAM-NAG
peptidoglycan repeat unit is transported
across the membrane

Lipid 11
FPentapeptide




(6) The peptidoglycan unit is attached to
the growing end of a peptidoglycan chain to
lengthen it by one repeat unit.

- .

o “ i

Membrane S

B Mu SM U 3

Bactoprenol |

Peptidoglycan — NAM—NAG Peptidoglycan (%)@ m— NﬂiM —NAG

S

Pentapeptide Vancomycin Pentapeptide



(7) The bactoprenol carrier returns to
the inside of the membrane. A phosphate is
released during this process to give
bactoprenol phosphate, which can now
accept another NAM-pentapeptide.

Bactoprenol |
\5 T N7 N
| L)

IR B

[Bactoprenol

Periplasm (]ﬁﬁ




Finally, peptide cross-links between the peptidoglycan
chains are formed by transpeptidation (¥Ak{EH)

E. coli transpeptidation

e S — WA e

|
L-Ala

|
D-Glu

I
Dﬁi\P

C D-Ala
|
D-Ala

S. aureus transpeptidation Penicillins 8%

coe IAS — NAM --- cee NAG — - ---
|
L- Ala D - Ala L—Ala D-Ala

D-GIuNH, D- Ala D- GluNHz D-Ala
|

I
_ L- Lys — E L

L-Lys L~ Lys
I /  ___(Gly)s '
D-Ala D= GIuNH2 D-Ala D-GIuNH,
( i (Gly)s | |
D-Ala L - /?Ia L-Ala

I

'..- — ‘{NAM ®== ooo-— NAM eee




Lipidl  UDP—NAG Lipid Il
Cytoplasm UDP—NAM— pentapepide Pentapleptide Pentapleptide
P) 0 UMP P)P)r— NAM 0 UDP" (B)(P)— NAM—NAG
oo---eee Bactoprena -5 lgaciopenl] ) )
)! ll(.)(')‘("“ )() ‘y(] ‘)() ‘)() ‘)r’ ‘H, ‘)ta [H' ‘)(l ‘H’ ,”} ‘)(’ fl() ‘ar} ‘H' ‘)l i)(} )( })r')(’ '”1 ‘u' ‘u} )

)',
B::%&};lﬂ f\f\f’ HI'HHHHH'!.H:f\f\HHHH'\!\f\!\f v:.H!\!\r\_
AN N K DN I N N NG K D N DI M K % KK N N

d 1 N | :
.‘4....0....‘...’._,..‘...

.0
Periplasm ®®  Peptidoglycan — NAM—NAG Peptidoghycan OB — NﬁiM—NAG
vancomycin 5 2 2 Pentapeptide

Pentapeptide




Discussion

Intermediary carriers are in a limited supply—
when they cannot be recycled because of a
metabolic block, serious consequences ensue.

Think of some examples of these consequences.




Control of cell wall formation
* Autolysins 5 &
- carry out limited digestion of peptidoglycan

- activity allows new material to be added to
wall and division to occur

» inhibition of peptidoglycan synthesis can
weaken cell wall and lead to lysis

- many commonly used antibiotics inhibit cell
wall formation.




The synthesis of

° many precursor
metabolites are u
as starting substr
for synthesis of
amino acids

 carbon skeleton i
remodeled

* amino group and
sometimes sulfur
added

Other

Glucose Nucleosides

carbohydrates e e
- TREERE-4-BER
Glucose-6-(P) === Ribose-5-(P) == Erythrose-4-(F)
Lipids Fructose-ﬁ-@

Glycerol-(P) <#== Triose-(P)

B e Yoy

[icd - EEelR A5 M
Phenylalanine Tyrosine Tryptophan

72y

3-phosphoglycerate Serine
AR GlycitE& i’
Cysteine E!in%e_s
N istidine
Phosphoenolpyruvate PR T
. . 7N .
e AR
Pyruvate ——» Isoleucin J%fﬁﬁm
Valine 'ﬁ:b%
{ Leucine *ik@f
Acetyl-CoA SRR
Pyrimidines Lipids
\ .
Aspa&?em Oxaloacetate Citrate
Asparagine J A i fii
Threonine T
Isoleucine =
Methionine igggﬁ
Lysine i Isocitrate
AR
Succinyl-CoA
¥ o TR
Porphyrins a-Ketoglutarate

Glutamate BEM

Glutamine 4% Bii%

Proline A
Arginine g ws




Nitrogen Assimilation &Rk

* Nitrogen# is a major component of
proteins, nucleic acids, coenzymes,
and many other cell constituents.

* Few microorganisms can reduce

nitrogen gasz < and use it as a
nitrogen source.

* Most must incorporater4 either
ammoniaz or nitratemsmsis.




Ammonia incorporation into carbon skeletons
ZHBA

 ammonia N can be directly assimilated by

* glutamate dehydrogenase(GDH)# g m s

NADPH- or NADH-dependent

| —high NH;,

o-ketoglutarate + NH,” + NADPH (NADH) + H*
— glutamate + NADP" (NAD") + H,O

NH,* a-Ketoglutarate Amino acid

N—y BRI o-amino group can be transferred
to other carbon skeletons by
mid "R enzymes called

| transaminases.

In many bacteria and fungi.




* glutamine synthetaseass:ix 4 mss-
glutamate -synthasesgm4msystems

— low NHE

Glutamine synthetase reaction

CI)OOH
CH,

I
CH,  + + ATP

CH—NH,
COOH
BER

Glutamic acid

An amino donor

Both ATP and a source of electrons,
NADPH or reduced ferredoxin,
are required.

in Escherichia coli, Bacillus
megaterium, and other bacteria.

Glutamine

Glutamate synthase reaction

(IDOOH COOH COOH (|300H

I |
g=0 CH—NH, CI)H CH—NH,

CH - : NADPH + H* —-cI:Hz + <|:H2 +  NADP'
or

GH. Fsni000 GH. il

COOH COOH COOH

2

a-Ketoglutaric Glutamine Two glutamic acids
acid




transaminase #g# activity

* once incorporated, nitrogen can be
transferred to other carbon skeletons by
transaminases

* Microorganisms have a number of
transaminases Where is NH; come from?

* ammonia may be used to synthesize all
common amino acids when suitable
transaminases are present.

— 0
: o

Glutamate Glutamate
o-Keto aci

NADP*
) : Fd(ex) Sltiamate Transaminases
nthetase synthase

NADPH A

Fd(red) v

o-Ketoglutarate

Glutamine



Assimilatory Nitrate Reductionmm it Rt

e used by bacteria to
reduce nitrate to
ammonia and then
incorporate it into an
organic form

e nitrate reduction to
nitrite catalyzed by
nitrate reductase

 reduction of nitrite to
ammonia catalyzed by
nitrite reductase

2H"

H,O

2

3H"

H,0

2H"

2H"

H,0

2

NO

3

2e
4._.

NO,

5V

2

2e

[NOH]

NH,OH Hydroxylamine

N

b P SRrA

2e

2e

= =

Nitrate reductase

THIR 030 5 g

2e
Mo’ <«— FAD |<—— NADPH

Nitroxyl

2L

T AS PR £h ik R B
> Nitrite reductase




Is it similar to dissimilatory nitate
reduction in anaerobic respiration?

I
:
L]
]
i C S
"
2N0 NZO - » N,O
Periplasm
-/ v, / Cyt ¢ ~ 4 7
1 S\ Y \ |/ |/ |/ VA, - J {/ ‘

N

dissimilatory nitrate reduction




Nitrogen fixation- from N, to NH;

The reduction of atmospheric gaseous
nitrogen to ammonia

only a few prokaryotes can carry out
nitrogen fixation

catalyzed by the enzyme nitrogenasef&E &%




Nitrogen fixation- from N, to NH;

A few prokaryotic microbe engaged in
N, fixation

* Free living chemotrophic bacteria and
archaea(Azotobacter, clostridium, and

Methanococcus) & £ E 8

Fe A R
* Symbiotic associated with plant (Rhizobium)

* Cyanobacteria(Nostocszias, Anabaenatjzis
e, and Trichodesmiumsx%mE)




Plant root

gl adoman

Akinetes Heterocyst

|
. 8ymbiotic bacteria

(bacteroid)

AN AN
oty NHs ~opy o

CH,

\\_,_/ \_jﬂ\elut:mine/—\w v

Vegetative Heterocyst Vegetative

cells cells

o © . R
Rhizobium Anabaena, with heterocysts



Catalyzed by nitrogenase (Mo-Fe-P+Fe-P)

*Nitrogenase consisting of two
major protein components

HKER
MokFe protein (MW 220,000)

Fe proteins (MW 64,000)

*Nitrogenase is quite
sensitive to O,




Mechanism of Nitrogenase Activity

Enzyme

The reduction of QK N=N

molecular nitrogen to

ammonia Enzyme eN=N
. 2e", 2H*
requires large ATP

expenditure Tvme sHN=

once reduced, NH; can 2e", 2H*
be incorporated into
organic compounds

Enzyme eH,N—NH,
2e-, 2H"

2H—N—H
I

Enzyme H



*The reduction of N, Ferredoxingiized
to NH; occurs in
three steps, each of
which requires an
electron pair.

“Ferridoxin is used as “MoAT
the electron donor.

Fe protein

Fe protein,, *4MgATP

*This process is
repeated three times
in order to reduce N,
to two molecules of
ammonia.

*reduction of protons
to H,

Ferredoxin,ggyced

Fe protein,,

4MgADP

Fe protein,, «4MgATP




Summary of Nitrogen fixation

N, + 8H" + 8¢~ + 16ATP
2NH; + H, + 16ADP + 16P,

Nitrogen reduction is expensive and requires a large
ATP expenditure. Consume almost 20% of the
ATP produced by the host plant.




Discussion

Nitrogenase is quite sensitive to O, and must be
protected from O, inactivation within the cell.
But Why the most of N fixation bacteria are
aerobic?




Discussion

Amino acid skeletons are derived from
acetyl-CoA and from intermediates of the
TCA cycle, glycolysis, and the pentose
phosphate pathway.

How To maximize efficiency and economy
in amino acid biosynthesis?




Amino acid biosynthesis —
branching pathways

* used in the synthesis of multiple amino
acids

* a single precursor metabolite can give
rise to several amino acids

* biosynthetic pathways for aromatic
amino acids also share intermediates

FE [ ¥ 52 P )4




o o

N Il

/C— CH,—C—CO00~
-0

Oxaloacetate

{1 reaction)

NH*
|
-:3 CH,—CH— COO-

Aspanate &Sﬂn[aldehyde

{1 reaction) "B.;of
Py N

CH,—CH,— &4 — oo lGth

OH ; CH.
Homaoserine |

@ CH—NH*
@,ﬁ’o | (2 reactions) (IJDD‘
MNHy* Lysine
CHy—S— CHy— CH2~E|3H —CO0—
Methionine CH;— CH—CH —CO0~

NH*

(6 reactions)
0
Pyruvate
CHg
|
CH, NH;*
| |
CH,— CH— CH—COO~
Isoleucine




Oxaloacetate it 7w

\

&
Aspartate Pl

Y
Aspartate [}-semialdehyde

|

FRI2 & Homoserine

Methionine

FHER

L2208 |soleucine

Phosphoenolpyruvate
+

Erythrose-4- @

Y
Shikimate FFEE

Y
Chorismate 4»7 &

/ \\éﬂ’ﬁﬁi‘ﬁﬁ@

iﬁz!:mi:’mpmanate Anthranilate

Phenylalanine Tyrosi han

et 24, =0

2 N2 MR

BER SR >87E




Use of sulfate as a sulfur source

* sulfate = inorganic sulfur HpSi+Senne. L8R

source ﬂ

o« o Cysteine + H,O
- assimilatory sulfate -

. . (a) Pathway used by fungi
reduction#mgih FWwiEE

Serine

* sulfate reduced to H,S KACQMCOA

and then used to -
SyntheSize cysteine®pg O-acetylserine

. J;lgHgs
* cysteine can then be Acetate
used to form sulfur Cysteine
containing organic

(b) Pathway used by
many bacteria




SUMMARY

- Building blocks * Macromolecular

synthesis synthesis
» Sugar-carbon

fixation * Peptidoglycan

* amino acids
—nitrogen fixation

Thanks!




Discussion

1. Can Heterotrophs carry out the fixation of CO,? If yes, why and how
do they fix CO,?

2. Describe the patterns of peptidoglycan synthesis seen in gram-
positive cocci and in rod-shaped bacteria such as E. coli. What is
unusual about the synthesis of peptides that takes place during
peptidoglycan construction?

3. Intermediary carriers are in a limited supply—when they cannot be
recycled because of a metabolic block, serious consequences ensue.
Think of some examples of these consequences.

4. Nitrogenase is quite sensitive to O, and must be protected from O,
inactivation within the cell. But Why the most of N fixation bacteria
are aerobic?

5. Amino acid skeletons are derived from acetyl-CoA and from
intermediates of the TCA cycle, glycolysis, and the pentose phosphate
pathway.

How To maximize efficiency and economy in amino acid biosynthesis?




