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‘reactions that occur in the microbial cell,

= |t may be constructive ( Anabolic ) or
destructive processes -




1. Anabolism? Synthesis of more
e
complex compounds and use of

energy

2. Catabolism: Break down a substrate
and capture enerqgy.
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( Larger Metabolism + E r1er93":.__j;.




Microbial metabolism can be
cliviclec into four general

= ]- pathway for the interconversion of
focal metabolites .

= 2- Assimilatory pathways for.the
formation of focal metabolites.
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3?|osymhés1§sequences S for the

.‘:—‘-‘
conversion of focal metabolites to end

products.

= 4- Pathways for metabolic energy yield
for growth and maintenance.
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= A macromolecule s determined in one of
.

the two ways
= |n nucleic acids and proteins , Its

template directed :
= DNA serves as the template for its own

Athesistand for the syﬁihesis,g.)j,[j;)._e‘f!‘i

IFRINAS -
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" In carbohydrates and lipids, the =
e

arrangement of building blocks is
determined entirely by enzyme
specificities. -




" = Microbial growth requires the
e — . - - - . . .
polymerization of biochemical building
nlocks Into proteins , nucleic acids ,

polysaccharides . lipids etc.
= These building blocks must be supplied

Insthe culture medium or.synthesized bx =
ﬁgrow [— =
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= Metabolic ways require other factors in.
= additionto building blocks like vitamins
and enzymes .

= Building blocks and coenzymes can be
traced to relatively few precursors called
Focal metabolites.

¥ Such foEaI EEetabolites sﬁ ould be-—-g"‘
SEnt ncitation of

jochemical reactions .
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"= focal metabolites give rise to —
~  Intermediates and finally to end products

= the most important Focal metabolites -
are:

* 1. Glucose 6 phosphate( G6P). -

mthe Ji¥e] wa‘\t‘im

ctalyst.
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" = This compound has:

many intermediated
e —— ]
compounds like Hexose —,
= Pentose —p, triose —p and pyrovate . Iits

end products are either proteins', fatty
acids or nucleic acids .
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Focal metabolite intermediates Enc products

Hexose phosphates -~ Polysaccharides

.Nucleic acids

Pentose phosphates Histidine

Tryptophan

Glucose 6-phosphate Tetyose phosphate ——— Chorismate Phenylalanine

Tyrosine

Triose phosphates Lipids

Glycine

3-Phosphoglycerate ———— Serine Cysteine

Tryptophan

H N + el ~lzTal \ e = v 3 - ~t m rato o -t c ari
Figure 6-1. Biosynthetic ena products formed from glucose 6-phosphate. Carbohydraie phosphate esters of varying
chain length serve as intermediates in the biesynthetic pathways
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= —2ﬁB‘sp thE§rovte also
e

resempbles an important focal metabolite
In microbes .
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2 ForrrTatlon aﬁdﬁjhﬁzatlon of phosphoen o)

ﬂ.

pyrovate.

Formation of phosphoenolpyrovate from =
pyrovate requires amount of metabaolic
energy and two ATP bonds as shown
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~ = ]-some mICrobes carry out the reaction
In‘a single step in which the
phosphorylation of pyrovate is
enzymatically coupled to the hydrolysis

of phosphate bond .
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__® other organisms'invest pyrophosphate

bonds in each of two consecutive
metabolic steps:

= A-the ATP dependent carboxylation of
pyrophosphate to oxaloacetate.

=The G- dependenildecar@owm

hosphoenolpyrovate
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clopof-
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Phosphoenolpyruvate

GTP

|
o,

Oxaloacetate

ATP



= B'iO“syntheﬂE:eTi‘a; prod ucts formed from
— ——

Phosphoenol pyrovate.

= Phosphoenolpyrovate intermediate
compounds are triose phosphate while

ﬁnd products are sw”ar to,m@[.gj‘



Foca!l metabolite Intermediates End products

Triose phosphates Glycine

3-Phospioglycerate — Serine Cysteine
Tryptophan

Chorismate < Phenylalanine
Tyrosine

Phosphoenoipyruvate - Polysaccharides

Alanine

Pyruvate < Valine
Isoleucine

Acetyl-CoA - Lipids

Figure 6-2. Biosynthetic end prooucts formed from phosphoenolpyruvate.
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= itis formed by the carboxylation of

pyrovate
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— Blosynthetm’e’rrd products formed from

_=.——'-—
oxaloacetate:

= the Intermediate compound is Aspartate
and the end products are -

Amino acids, enzymes and nucleic acids.
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Asparagine

OxaloacetateJ Aspariate + Threonine — lsoleucine

Methionine
Coenzymes

Byrimiginges




— o — e ——

T_“ " It 'S one of th"‘?mbs«:ycle lntermedlates CONVErSion
. ofipyroevate-to4-Alph-ketoglutarate requires two
metabolic pathways :

= |n one way oxaloacetate Is formed by carboxylation of
pyrovate or Phosphoenolpyrovate and in the other , -
pyrovate is oxidized to Acetyl Co A. The synthesis of
oxaloacetate Is balanced with Acetyl Co A production .
Condensation of Oxaloacetate with"Acetyl Co A




NaD® HSCoA €O,

NADH+H"

Acetyl-CoA
required
for activity

o)

Il
CH,CSCoA
Acetyl-CoA

H,0 HSCoA H,0
CH,C0, CHCO,~
1

HOCCO,” —L cco,”
|

i Aconitat
CH,CO,~ Citrate conitate

Oxaloacetate

/ H,O

o=cco, ©0: o=cco, NAPHH" NDhochco,”
: ,

| |
CH2 QA—— CIHCOZ- *_L_A CIHCO2'

|
CH,CO,™ CH,CO, CHCO,

a-Ketoglutarate Oxalosuccinate Isocitrate

Figure 6-11. Conversion of pyruvate 10 a-ketoglutarate. Pyruvate is converted to a-ketoglutarate by a branched biosyn-
thetic pathway. In.one branch, pyruvate is oxidized to acetyl-CoA; in the other, pyruvate Is carboxylated to oxaloacetate.
As noted in Figure 6-9, the latter can proceed through either of two mechanisms.




56 / CHAPTER 6

Focal metabolite Intermediates End products

> Lysine

—> Glutamate —— Glutamine

Glutamic semialdehyde == Arginine
\ B

S |

B-Kexommame

Figure 64, Biosynthetic end products tormed from a-ketoglutarate,
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r Calvm cyc1€C02 and Rlbulose -
diphepsphate combine to form
molecules of 3- phosphoglycerate which
can enters assimilation pathways:to

carbohydrate ( pentose phosphate

F ose.6.phosphate ) and this pentose =
My;@mw —
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Focal metabolite intermediates Enc products

Hexose phosphates -~ Polysaccharides

.Nucleic acids

Pentose phosphates Histidine

Tryptophan

Glucose 6-phosphate Tetyose phosphate ——— Chorismate Phenylalanine

Tyrosine

Triose phosphates Lipids

Glycine

3-Phosphoglycerate ———— Serine Cysteine

Tryptophan

H N + el ~lzTal \ e = v 3 - ~t m rato o -t c ari
Figure 6-1. Biosynthetic ena products formed from glucose 6-phosphate. Carbohydraie phosphate esters of varying
chain length serve as intermediates in the biesynthetic pathways
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Growtr Witrn acetace:

= Acetate is metabolized via acetyl Co A,
‘and 'many organisms possess the ability
to form acetyl Co A from different
metabolites as shown In his figure:

e




NAD*
c=0 NADH+H"*
l
CH,

Pyruvate

HSCoA PP, &

I
>—< CH,CSCoA
Acetyl-CoA

B-OXIDATION

o)
HSCoA PP, I

H3(CH,CH,) ,CSCoA
CH3(CHZCH2)n002_ _—% Fatty aCY"COA
Fatty acids ATP  AMP

Figure 6-12. Biochemical sources of acetyl-CoA.




@rowth witr) COZ

= The Calvin cycle

Like plants and algae some microbial -
types can use COZ2 as a sole'source of
Carbon. In most of theses microbes
primary route of car “
mil e Calvin

cycle.
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biosynthesis

e - “ —— —— ———
~ = Acetyl'Co A'IS Used In the

‘of‘Alpha- Ketoglutarate

= And In most organisms respiration , the
Acetyl fragment in Co A Is oxidized to
CO2 through Krebs cycle.

‘

A




(o)

I
CH,CSCoA
Acetyl-CoA (,:Hzcoz "0

e \'<A CHCO,™
CH,CO, AT
0=cco,” HSCoA s

H.0 Citrate ! .
CHZCOZ- 2 CH2002
Aconitate
NADH+H* Oxaloacetate

\ HOCHCO,"
NAD _ fooy -

CHCO,~
L2 |
HO'CHCO2 CH,CO,”
CH,CO,” Isocitrate
L-Malate +
= Net reaction ‘ D

Acetyl-CoA + 3NAD" + Enz(FAD) + GDP + P,—
HSCoA + 2002 + 3NADH + Enz(FADHz) + GTP NADH+H*

O0=cco,”
|
CHCO,~
|
CH,CO,~
Fumarate :
Oxalosuccinate
Enz(FADH,) O= ?COZ‘
CH,CO,” CH,
CH,CO,” HSCoA  CH,CO,”
Succinate 0 o,

Enz(FAD) Co,

a-Ketoglutarate
Il

CH,CSCoA

|

GTP CH,CO," o
GDP : NADH
Succinyl-CoA :1’

Figure 6-13. The tricarboxylic acid cycle. There are four
10 a reduced flavoprotein, Enz(FADH?)

oxidative steps, three giving rise to NADH and one giving rise
. The cycie can ¢
NADH and reduced flavoprotein, . =

ontinue only if electron acceptors are available to oxidize the
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e

Gram positive bacterial cell wall
structure Is well defined In this diagram




(N-Acetyl-
glucosamine)
8CH,OH
L .

/H

NI—‘ COCH;

L B-1.4 linkage

cleaved by lysozyme

(N-Acetylmuramic
acid peptide)

CH OH

H s
(c-NH)

|
L-Alanine
1
D-Isoglutamine
|

L-Lysine
|

D-Alanine (¢-COOH)

T

{ GlcNAC

/

(G

/

I

(N-Acetyl-
glucosamine)
CH,OH

COCH,

\‘.

/ .’\
( GlcNAc
\ */

\

I o
NH—COCH, |

(N-Acetylmuramic
acid peptide)
CH,OH

(a=NH)
L-Aiénine
D-lsogl&tamine
L-L)/;sine

D-Alanine (a-COOH)

NH—COCH,

7

N
MurNAc )
\ /

e/

L-Ala

D-I-Glu-N

\

Nt B/

L-lys ———~

\GlcNAcs




= Cell waII pept1doglycan beglns W|th
= stepwise synthesis in cytoplasm of UDP
— N-Acetyl muramic acid pentapeptide.

= N-Acetyl glucose amine is first attached =
to UDP then converted to UDP — N-
Acetyl muramic acid. by condensation

ﬂ'ﬁ'ph@ﬁhoenol pyrovﬁieI andm_‘




olnding to peritapsotds

h’eammo a‘C'I»dS=0'f-the pentapeptlde are =
gﬁ-&l
sequentially added to N -
acetylmuramicacid, ( L Alanine, D
Glutamine, L. Lysine. D. Alanlne D,

Alanine) .

i




plricirig 1o trig cell rnerrorarns

P —

———— s

= The UDP N—A’CE’tyImuramlc acid —

_=.——'-—
pentapeptide I1s bound to the cell
membrane ( through bactophenol , a lipid
of bacterial cell membrane ) andireceive

a molecule of N-Acetyl glucose amine




Transpepiidatiorn

— -

e -
p— ————————

.

= Final cross-inking is accomplished by a
Transpeptidation reaction in which the
free amino group of a pentaglycine
residue displaces the terminal D-Alanine

residue of a neighboring pentapeptide .

S — —
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~ = Transpeptidation is catalyzed by one

ofia set of enzymes called penicillin

binding proteins ( PBPs ) these PBPs
bind penicillin and other betalactam =
antibiotics covalently due to structural
similarity. between these betalactams
ﬂ'& pEen e.prec S “’"’*

g




D =20 € OclClLe . Ce N el

Jngjrl!rleSL) »
= S0 we can conclude the steps “of cell waII o

e

‘=_h-._

peptidoglycan biosynthesis into the
following steps:

= 1- synthesis of water soluble complex -
= 2-attachment to the cell membrane

= 3-formation of linear polymer out side =
age of polymers;. |

= 5- Transpeptidation.




UDP-MurNAc-Pentapeptide

_-===> BP-P

9114

~=== GlcNAc-1-P BP-P-P-MurNAc-Pentapeptide

UDP-GicNAc

UDP-GicNAc

-=== Phosphosanolpyruvate

Phosphonomycin BP-P-P-MurNAc-GIcNAc
I
Pentapeptide

| UDP-GlcNAc-pyruvate enol ether

-=== Glycyl-tRNA

UDP-GicNAc-lactic acid ether
(UDP-MurNAc) BP-P-P-MurNAc-GicNAc
!

Penta\?epﬁde
Pentaglycine

UDP-MurNAc-L-Ala Peptidoglycan

(growing end of

o Pecln ::,__. BP.P-P polymer in cell wall)

Vancomycin, ristoce
UDP-MurNAc-L-Ala-D-Gin
Peptidoglycan-MurNAc-GicNAc
Pentapeptide
Pentagltycine

| UDP-MurNAC-L:Ala-0-Gin-L-Lys
1

’ : = Penicillin
~=== D-Ala-D-Ala =—+— D-Ala =—— L-Ala

. D-Alanine
Cycloserine Cycloserine

Peptidoglycan-MurNAc-GIcNA¢

Pen'.ap‘eplide
| Cross-linked
Pentagiycine




cellawallSikIGSYNINESISISTERS
and selec uvu/ of sorne

= The blosyrfth*esﬁof the bacterlal cell waII

o ——
IS of-a particular Iimportance in medicine
as It provides a basis for selective
antibacterial action of several
chemotherapeutic agents. Any

pound tqat |nh|b|ts any step in the

yint W

acterial cell to heweakened
and the cell lyses .




on the steps of cell wall synthesis are
sown In the following figure:




DAP —

Y

D-ala-D-alg —o |

NAG |—UDP

Activated NAM
and NAG

peptidoglycan
precursors.

—

Synthesis of linking
| pentapeptide (PEP); 1
L blocked by cycloserine. ¢

Recyling of
BPP blocked

by bacitracin.

-~

[NAG = J

NAM-PEP complex is
transferred from UDP to
membrane-bound BPP.
Peptidoglycan repeat
unit is completed by
addition of NAG.

CYTOPLASM

N>~ upp

INNER

-

SURFACE

BP = r—————e HPP

¢

The repeat unit is carried by BBP to the outer
surface of the membrane, where it attaches to i
a free end of the existing peptidoglycan.
This process is blocked by vancomycin.

MEMBRANE

i i i
NAG —— NAM — NAG ——{ NAM ——-1&’—:—

Newly added fii
peptidoglycan §
repeat unit. i

OUTER
SURFACE

The PEP side chains are
cross-linked with the release

of the terminal alanine. This
process is blocked by penicillin, |

{ NAM —{ NAG —{ NAM — NAG —

{ NAM =  N-acetylmuramic acid

| NAG =  N-acetylglucosamine
BPP = Bactoprenol phosphate
PEP = Cross-linking peptide |
DAP =

Diaminopimelic acid '









