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Protein function

Reversible binding ligand — binding site
Changes 1n conformation

Interaction might be regulated by other ligands or proteins




THE CHEMISTRY OF THE DIFFERENT COLOURS OF BLOOD
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HUMANS AND THE MAJORITY OF SPIDERS, CRUSTACEANS, SOME SOME SEGMENTED WORMS, SOME
OTHER VERTEBRATES MOLLUSCS, OCTOPUSES & S[]UID LEECHES, & SOME MARINE WORMS

HAEMOGLOBIN
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. (oxygenated form) . (oxygenated form;: R = histidine residues) . . (oxygenated form)
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* Haemoglobin is a protein found in blood, builtup = Unlike haemoglobin, which is bound to red . ’ Chemically similar to haemoglobin; the biood
: from subunits containing ‘haems’. These haems : " blood celis, haemocyanin floats free in the blood. | . of some species contains both haemoglobin &
e containiron, and their structure gives bloodits  » Haemocyanin contains copper instead of iron. + chlorocruorin. Light green when deoxygenated, it »
. red colour when oxygenated. Deoxygenated : * When deoxygenated, the blood is colourless, but  * * is green when oxygenated, although when more
. biood is a deep red colour - not blue! . when oxygenated it gives a blue colouration. . . concentrated it appears light red.
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Violet
MARINE WORMS INCLUDING PEANUT
WORMS, PENIS WORMS & BRACHIOPODS

HAEMERYTHRIN

Haemerythrin is only 1/4 as efficient at oxygen
transport when compared to haemoglobin.
In the deoxygenated state, haemerythtin is

colourless, but itimparts a violet-pink colour
when oxygenated.
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Reversible binding
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Macrophage

phagocytosis

Figure 5-24
Lehninger Principl

2007 W. H., Freeman and Company



Paramecium Parlor @AmoebaSisters

HEY. GUYS! CHECK
OUT MY NEW HAT/ /)

Picture from Lumen

An, thus, Ned larned the dangers of

accessorizing with antibodies.


https://courses.lumenlearning.com/microbiology/chapter/detecting-antigen-antibody-complexes/

Myosin head

Two supercoiled ~Amino
a helices t€rminus | jght

M
gl

1 PP HiC’i-HSlt. February 2014, Fig. 6b,
~Madson,

e ol Bche

Actin filament

Courtesy of ban Rapmert, Unfweryty of Wiconsla

Encyree lestitate and Degay

Figare 5-27a

{ehamger Prvcmies of thoc

2057 W H. Freeman and Company

Figure 5-28a

Lehovnges Prinopdes of Slochemvstry Sovoneh Edition

0ITWHF




Enzymes

Enzymes are catalysts.

Increase reaction rates without
being used up

Paramecium Parlor

Most enzymes are globular
proteins.

However, some RNA
(ribozymes and ribosomal You are the suvsteate to my enzyme :

RNA) also catalyze reactions and nothtng could eveg- denature us.

The study of enzymatic processes
1s the oldest field of biochemistry,
dating back to late 1700s.



Enzymes

You age the suustrate to my enzyme :
and nothing could eveg denature us.

Enzymes activity is connected to its composition and
structure.

Some enzymes require a:
Cofactor — one or more 1norganic 10ns
Coenzyme — a complex organic or metalloorganic molecule

cofactor or coenzyme substrate

activation

§ ;) Aponenzyme becomes :./2 \ Holoenzyme is formed

 active by binding of ~ when associated cofactor
coenzyme or cofactor or coenzyme binds to the
to enzyme. enzyme's active site.

Picture from Libretext


https://bio.libretexts.org/Bookshelves/Microbiology/Book%3A_Microbiology_(OpenStax)/08%3A_Microbial_Metabolism/8.01%3A_Energy_Matter_and_Enzymes
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Enzymes - names

You age the suustrate to my enzyme :
and nothing could evee denatuge us.

TABLE 6-3 | International Classification of Enzymes
Class no. Class name Type of reaction catalyzed

Oxidoreductases Transfer of electrons (hydride ions or H atoms)
Transferases Group transfer reactions
Hydrolases Hydrolysis reactions (transfer of functional groups to water)

Lyases Cleavage of C—C, C—0, C—N, or other bonds by elimination, leaving
double bonds or rings, or addition of groups to double bonds

Isomerases Transfer of groups within molecules to yield isomeric forms

Ligases Formation of C—C, C—S, C—0, and C—N bonds by condensation
reactions coupled to cleavage of ATP or similar cofactor

Table 6-3
Lehninger Principles of Biochemistry, Seventh Edition
2 2017 W. H, Freeman and Company

ATP + D-glucose — ADP + D-glucose 6-phosphate
ATP:D-hexose 6-phosphotransferase (2.7.1.1)




Enzymes — How they work

You age the suostrate to my enzyme :
and nothing could ever denature us.

Induced Fit

@AmoebaSisters

Enzymes provide a
specific environment more
favourable to the reaction
that takes place within the
active site thanks to the R Substrate
groups present. i

It's the ultimate enzyme-substrate hug
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Enzymes — How they work

You age the suustrate to my enzyme :
and nothing could evee denatuge us.

Transition state (¥)
Enzymes decrease

the activation
energy though the
creation of covalent
and noncovalent
bonds between the
substrate and the
binding site
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You age the suustrate to my enzyme :
and nothing could ever denature us. |

Enzymes — How they work

Much of the energy required to lower the activation energy is
derived from noncovalent bonds ( ).

When substrate binds, the side chain

of the residue adjacent to the peptide

bond to be cleaved nestlesin a Enzyme-
Chymotrypsin (free enzyme) hydrophobic pocket on the enzyme, substrate

positioning the peptide bond for attack. complex

1

Active site 7

::'yeamon Substrate (a polypeptide)

H
(o] H H H H
\ b _ C—N—C—C—AA:
/ ; o R' O

H N se' 1w

{
Hydrophobic H
pocket a’:.,\,
Figure 6-23 part 1

Lehninger Principles of Biochemistry, Seventh Edition
12017 W. H. Freeman and Company
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Enzymes — How they work

You age the suustrate to my enzyme :
and nothing could evee denatuge us.

Weak interactions are optimised in the transition state.

Enzyme complementary to transition state

o
” \\

4
3

Reaction coordinate

Figure 6-5¢
Lehninger Principles of Biochemistry, Seventh Edition
© 2017 W. H. Freeman and Company




Paramecium Parlor
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You age the suustrate to my enzyme :
and nothing could evee denatue us.

I\ — substrate enzyme changes shape
., v . . slightly as substrate binds
( active site

/

Enzymes — How they work

products

y [

Substrate @ Enzyme/substrate @ Substrate is @ Products leave
enters active complex forms. converted to the active site
site of enzyme. products. of the enzyme.

Picture from Libretext



https://bio.libretexts.org/Bookshelves/Microbiology/Book%3A_Microbiology_(OpenStax)/08%3A_Microbial_Metabolism/8.01%3A_Energy_Matter_and_Enzymes

You age the suusteate to my enzyme :
and nothing could ever denatuge us.
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Enzymes — How they work

You age the suostrate to my enzyme :
and nothing could eveg denature us.

Induced Fit

@AmoebaSisters

Substrate

It's the ultfimate enzyme-substrate hug



Catalytic mechanisms

You age the suostrate to my enzyme :
and nothing could eveg denature us.

Enzymes may use one or a combination of the following:

acid-base catalysis: give and take protons
covalent catalysis: change reaction paths

metal 1on catalysis: use redox cofactors, pK, shifters



Enzymes regulation

You age the suustrate to my enzyme :
and nothing could eveg denature us.

Metabolic pathways are regulated by that
increase/decrease 1n response to signals.
: reversible, noncovalent binding of
allosteric modulators/effectors
Covalent modifications

Paramecium Parlor @AmoebaSisters

HEY! That's
MY enzymel

Two other mechanisms:
Binding with regulatory
proteins
Proteolitic cleavage of

Segments (irreverSible!) Whatever. Don't see
your name on it.

Competitive Inhibitors: If it fits, it sits.




Enzymes regulation - Inhibitors

You age the suustrate to my enzyme :
and nothing could eveg denature us.

Inhibitors are compounds that decrease an enzyme’s
activity.

Irreversible inhibitors (1nactivators) react with the enzyme.
One inhibitor molecule can permanently shut off one enzyme
molecule.

They are often powerful toxins but also may be used as drugs.

Reversible inhibitors bind to and can dissociate from the

enzyme.
They are often structural analogs of substrates or products.
They are often used as drugs to slow down a specific enzyme.

Reversible inhibitor can bind to:
the free enzyme and prevent the binding of the substrate.
the enzyme-substrate complex and prevent the reaction.



@"@ Enzymes regulation —
S Allosteric enzymes

c\{hg td (Ld w.esg

w
. . . Substrate
Allosteric regulation 1s >

connected to conformation Less-active enzyme

changes induced by a

. It can be
inhibitory or stimulatory. If 5>
the modulator 1s the More-active enzyme
substrate the enzyme 1s “
called if

different, 1t’s called 55 @ Active
. enzyme-substrate

complex

Figure 6-33
chrunger




Paramecium Parlor
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You age the suustrate to my enzyme :
and nothing could evee denatue us.
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Enzymes regulation —
e ] Prote OlytiC cleava gc

Specific cleavage causes
conformational changes
that expose the enzyme
active site.

The process is
irreversible, we need Active Enzyme

lnhlbltors S Polypeptide segment

Removed from zymogen

Zymogen Activation by Proteolytic Cleavage
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You age the suustrate to my enzyme :
and nothing could ever denature us. |

These are mechanisms
that allow an extremely
sensitive response to a
molecular signal.

They regulate a number
of biological processes.

Regulatory cascade

Intrinsic pathway Extrinsic pathway
Thrombin 7\ vascular injury
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Figure 6-41

Letininger Principles of Biochemistry, Seventh Edition

2017 W_H. Freeman and Company

’polymer " fibrin polymer



