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Microbial Metabolism

• Metabolism is the sum of the chemical reactions in an organism.
• Catabolism is the energy-releasing processes.
• Anabolism is the energy-using processes.



• Catabolism provides the building blocks and energy for anabolism.

Microbial Metabolism



• Energy is defined in units of kilojoules (kJ), a measure of heat energy
• In any chemical reaction, some energy is lost as heat
• Free energy (G): energy released that is available to do work
• The change in free energy during a reaction is referred to as ǻG0ƍ
• ǻG0ƍ��XQGHU�VWDQGDUG�FRQGLWLRQV���0��S+������R&����DWP

Bioenergetics



• Reactions with a negative ǻG0ƍ�UHOHDVH�IUHH�HQHUJ\��H[HUJRQLF�
• Reactions with a positive ǻG0ƍ�UHTXLUH�HQHUJ\��HQGHUJRQLF�
• To calculate free-energy yield of a reaction, we need to know the free

energy of formation(Gf
0� the energy released or UHTXLUHG during

formation of a given molecule from the elements).

Bioenergetics



• For the reaction A + B C + D,
• ǻG0ƍ� �*f

0 [C+D] - Gf
0 [A+B]

• ǻG0ƍ�QRW�DOZD\V�D�JRRG�HVWLPDWH�RI�DFWXDO�IUHH-energy changes
• ǻG: free energy that occurs under actual conditions
• ǻ* �ǻG0ƍ���57�OQN
• where R ������-�PRO�NHOYLQ��DQG�T �. o&���������DUH�SK\VLFDO�

constants and k LV�WKH�HTXLOLEULXP�FRQVWDQW�IRU�WKH�UHDFWLRQ�LQ�TXHVWLRQ

Bioenergetics



• Free-energy calculations do not provide information on reaction rates
• $FWLYDWLRQ�HQHUJ\��HQHUJ\�UHTXLUHG�WR�EULQJ�DOO�PROHFXOHV�LQ�D�FKHPLFDO�

reaction into the reactive state 
• $�FDWDO\VLV�LV�XVXDOO\�UHTXLUHG�WR�EUHDFK�DFWLYDWLRQ�HQHUJ\�EDUULHU
• $�PHWDEROLF�SDWKZD\�LV�D�VHTXHQFH�RI�HQ]\PDWLFDOO\�FDWDO\VHG�FKHPLFDO�

reactions in a cell.
• 0HWDEROLF�SDWKZD\V�DUH�GHWHUPLQHG�E\�HQ]\PHV�
• (Q]\PHV�DUH�HQFRGHG�E\�JHQHV�

Catalysis and Enzymes



Activation Energy and Catalysis

Catalyst:
substance that

¾ Lowers the activation 
energy of a reaction

¾ Increases reaction 
rate

¾ Does not affect 
energetics or 
HTXLOLEULXP�RI�D�
reaction
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Catalysis and Enzymes
Enzymes

¾ Biological catalysts
¾ Typically proteins (some RNAs)
¾ +LJKO\�VSHFLILF
¾ Generally larger than substrate
¾ Typically rely on weak bonds
�([DPSOHV��K\GURJHQ�ERQGV��YDQ�GHU�:DDOV�IRUFHV��K\GURSKRELF�LQWHUDFWLRQV

Active site��UHJLRQ�RI�HQ]\PH�WKDW�ELQGV�VXEVWUDWH
,QFUHDVH�WKH�UDWH�RI�FKHPLFDO�UHDFWLRQV�E\���8 WR������times the spontaneous 
rate

Enzyme catalysis: E + S        E-S         E + P 
Catalysis dependent on
¾ Substrate binding
¾ Position of substrate relative to catalytically active amino acids in active 

site

~



• 7KH�WXUQRYHU�QXPEHU�LV�JHQHUDOO\��-�������PROHFXOHV�SHU�VHFRQG�

Enzymes



• 2[LGRUHGXFWDVH 2[LGDWLRQ-reduction reactions
• Transferase Transfer functional groups
• +\GURODVH +\GURO\VLV
• Lyase Removal of atoms without hydrolysis
• Isomerase Rearrangement of atoms
• Ligase Joining of molecules, uses ATP

Enzyme Classification



• Biological catalysts
6SHFLILF�IRU�D�FKHPLFDO�UHDFWLRQ��QRW�XVHG�XS�LQ�WKDW�UHDFWLRQ
0DQ\�HQ]\PHV�FRQWDLQ�VPDOO�nonprotein molecules that participate in 
catalysis but are not substrates

• Prosthetic groups (Cofactor: Nonprotein component)
%LQG�WLJKWO\�WR�HQ]\PHV��8VXDOO\�ELQG�FRYDOHQWO\�DQG�SHUPDQHQWO\��H�J���
heme group in cytochromes)
• &RHQ]\PHV��2UJDQLF�FRPSRXQGV
/RRVHO\�ERXQG�WR�HQ]\PHV��0RVW�DUH�GHULYDWLYHV�RI�YLWDPLQV��H�J���
1$'��1$'+�

• $SRHQ]\PH: protein
• Cofactor: Nonprotein component
• &RHQ]\PH� Organic cofactor
• +RORHQ]\PH: $SRHQ]\PH + cofactor

Enzymes
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Enzymes



• NAD+

• NADP+

• FAD
• &RHQ]\PH�$

Important Coenzymes



• (Q]\PHV�FDQ�EH�GHQDWXUHG�E\�WHPSHUDWXUH�DQG�S+

Factors Influencing Enzyme Activity



• Temperature

Factors Influencing Enzyme Activity



• S+

Factors Influencing Enzyme Activity



• Substrate concentration

Factors Influencing Enzyme Activity
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• Competitive inhibition

Factors Influencing Enzyme Activity
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• Noncompetitive inhibition

Factors Influencing Enzyme Activity
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• Feedback inhibition

Factors Influencing Enzyme Activity
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Enzyme Kinetics

• Michaelis-Menten kinetics
• Interpretations and uses of the Michaelis-0HQWHQ�HTXDWLRQ
• (Q]\PH�LQKLELWRUV��W\SHV�DQG�NLQHWLFV



Enzyme Kinetics Equation

E+S ֕ ES ֖ E+P
k1 k2

k-1 k-2

E HQ]\PH
S substrate
P product 
ES HQ]\PH-VXEVWUDWH�FRPSOH[�
k�, k�, k-�, k-� are rate constants



Michaelis-Menten Curve

• :KHQ initial velocity is plotted against [S], a hyperbolic curve results,
where VPD[ represents the PD[LPXP reaction velocity. At this point in
the reaction, if [S] >> E, all available HQ]\PH is "saturated" with bound
substrate, meaning only the ES FRPSOH[ is present.
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Michaelis-Menten Equation

V0 initial reaction velocity
VPD[ PD[LPDO�YHORFLW\
[S] substrate concentration 

Km= (k-1+k2) / k1



Initial Velocity (Vo) and [S]

The concentration of substrate [S] present will greatly influence the rate of
product formation, termed the velocity (v) of a reaction. Studying the effects of
[S] on the velocity of a reaction is complicated by the reversibility of HQ]\PH
reactions, e.g. conversion of product back to substrate. To overcome this
problem, the use of initial velocity (vo) measurements are used. At the start of
a reaction, [S] is in large H[FHVV of [P], thus the initial velocity of the reaction will
be dependent on substrate concentration



Meaning of Km

An important relationship that can be derived from the Michaelis-Menten
HTXDWLRQ is the following: If Vo is set equal to 1/2 Vmax, then the relation
VPD[ ��  VPD[>6@�.m + [S] can be simplied to Km + [S]  �[S], or Km = [S].
This means that at one half of the maximal velocity, the substrate
concentration at this velocity will be equal to the Km. This relationship
has been shown H[SHULPHQWDOO\ to be valid for many HQ]\PHV much more
FRPSOH[ in regards to the number of substrates and catalytic steps than the
simple single substrate model used to derive it.



Uses of Km

([SHULPHQWDOO\� Km is a useful parameter for FKDUDFWHUL]LQJ the number DQG�RU
types of substrates that a particular HQ]\PH will XWLOL]H. It is also useful for
comparing similar HQ]\PHV from different tissues or different organisms. Also,
it is the Km of the rate-limiting HQ]\PH in many of the biochemical metabolic
pathways that determines the amount of product and overall regulation of a
given pathway. Clinically, Km comparisons are useful for evaluating the effects
mutations have on protein function for some inherited genetic diseases.



Lineweaver-Burk (double reciprocal plot)
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Uses of Double Reciprocal Plot

• The [ intercept value is HTXDO to -��.m. The biggest advantage to using
the double reciprocal plot is a more accurate determination of VPD[, and
hence Km. It is also useful in FKDUDFWHUL]LQJ the effects of HQ]\PH
inhibitors and distinguishing between different HQ]\PH mechanisms.



Enzyme Inhibitor Types

Inhibitors of HQ]\PHV are generally molecules which resemble or mimic a
particular HQ]\PHV substrate(s). Therefore, it is not surprising that many
therapeutic drugs are some type of HQ]\PH inhibitor. The modes and types of
inhibitors have been classified by their kinetic activities and sites of actions.
These include:
¾ Competitive Inhibition
¾ Noncompetitive Inhibition
¾ 8QFRPSHWLWLYH�,QKLELWLRQ
¾ Substrate Inhibition
¾ Irreversible  Inhibitors

e
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Competitive Inhibition

VPD[ No change
Km INCREASES - indicates a direct interaction
of the inhibitor in the active site

Inhibitor is an analog of the substrate, 
and binds to the active site of the 
HQ]\PH�
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Non-Competitive Inhibition

VPD[ DECREASES - inhibitor affects rate of 
reaction by binding to site other than 
substrate active-site
Km No change

,QKLELWRU�ELQGV�WR�WKH�HQ]\PH��
but not at the active site.  
+RZHYHU��WKH�HQ]\PH�DIILQLW\�IRU�
substrate is reduced.



Uncompetitive Inhibition

,QKLELWRU�ELQGV�RQO\�WR�(6�FRPSOH[��
and not to E alone.

VPD[� and Km both changed



Substrate Inhibition & Mixed Inhibition

No substrate inhibition

Substrate inhibition
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Allosteric Enzymes

Shape of rate curve is sigmoidal rather than hyperbolic 
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Irreversible inhibitors generally result in the destruction or modification of an
essential amino acid UHTXLUHG for HQ]\PH activity. )UHTXHQWO\� this is due to
some type of covalent link between HQ]\PH and inhibitor. These types of
inhibitors range from fairly simple, broadly reacting chemical modifying reagents
to FRPSOH[ inhibitors that interact specifically and irreversibly with active site
amino acids (termed suicide inhibitors). These inhibitors are designed to mimic
the natural substrate in recognition and binding to an HQ]\PH active site. 8SRQ
binding and some catalytic modification, a highly reactive inhibitor product is
formed that binds irreversibly and inactivates the HQ]\PH. 8VH of suicide
inhibitors have proven to be very clinically effective

Irreversible Inhibitors
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Oxidation–Reduction and Energy-Rich Compounds

• Energy from R[LGDWLRQ–UHGXFWLRQ��UHGR[��reactions is used in synthesis of 
energy-rich compounds (e.g., ATP)

• 5HGR[�UHDFWLRQV�RFFXU�LQ�SDLUV��WZR�KDOI�UHDFWLRQV�

• Electron donor��WKH�VXEVWDQFH�R[LGL]HG�LQ�D�UHGR[�UHDFWLRQ

• Electron acceptor��WKH�VXEVWDQFH�UHGXFHG�LQ�D�UHGR[�UHDFWLRQ



Oxidation–Reduction and Energy-Rich Compounds
• Reduction potential (E0ƍ���WHQGHQF\�WR�GRQDWH�

electrons

• ([SUHVVHG�DV�YROWV��9�

• Substances can be either electron donors or 
acceptors under different circumstances 
�UHGR[�FRXSOH�

• Reduced substance of a redox couple with a 
more negative E0ƍ�GRQDWHV�HOHFWURQV�WR�WKH�
oxidized substance of a redox couple with a 
more positive E0ƍ

• The redox tower represents the range of 
possible reduction potentials 

• The reduced substance at the top of the tower 
donates electrons

• The oxidized substance at the bottom of the 
tower accepts electrons

• The farther the electrons “drop,” the greater 
the amount of energy released

Ed-(vort)



Electron Donors and Electron Acceptors

5HGR[�UHDFWLRQV�XVXDOO\�LQYROYH�UHDFWLRQV�EHWZHHQ�LQWHUPHGLDWHV��FDUULHUV�

• •Electron carriers are divided into two classes

• 3URVWKHWLF�JURXSV��DWWDFKHG�WR�HQ]\PHV�

• &RHQ]\PHV��GLIIXVLEOH�

([DPSOHV��1$'+, NADP+

(NAD+: nicotinamide adeninedinucleotide) 

NAD+and 1$'+�IDFLOLWDWH�UHGR[�UHDFWLRQV�ZLWKRXW�EHLQJ�FRQVXPHG��WKH\�
are recycled



Energy-Rich Compounds and Energy Storage
Chemical energy released in UHGR[ reactions is primarily stored in certain
phosphorylated compounds
• ATP� the prime energy currency
• Phosphoenolpyruvate
• Glucose 6-phosphate
Chemical energy also stored in FRHQ]\PH A
Long-term energy storage involves insoluble polymers that can be R[LGL]HG
to generate ATP
([DPSOHV in prokaryotes
• Glycogen
• Poly-ȕ-K\GUR[\EXW\UDWH and other SRO\K\GUR[\DONDQRDWHV
• Elemental sulfur
([DPSOHV in eukaryotes
• Starch
• Lipids (simple fats)


