Amino acids, proteins



Biological macromolecules

Proteins
Carbohydrates
Lipids

Nucleic acids



A protomn caled aphakeratin

forms your hair and fingetnails
and also 15 the magor component
of feathers, wool, daws, scales,

hotrs, and hooves,

—

Muscle pretoins called actn
and myyosin enable all muscular
movement — trom blinking 1o

The hemoglobin protein carries
oxygen in your blood 1o every
part of your body

lon channel proteins contecd bram
signaling by allowing small mole-
culos into and cut of nerve cells,

beoathing to rollerblading

Receptor peoteins stud the out-
sike of your colls and transmit
signals 10 pariner peotoins on
the nside of the cells,

Antibodies aro proteins that help
delend your body against forenn
invackers, such as bactera and
VEUSOS,

Enzymes in your saliva, stomach,
and small intestine are proteins
that help you digest food.

Huge clusters of proteins form
molecular machines that do your
colls’ heavy work. such as copy-

ing genes dunng cell division and
making neow proteins




Building blocks of proteins: amino acids
(20 types)

Conventional depiction
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Monomers of proteins: amino acids (20
types)

carboxyl group (-COOH)

amino group
H
N /o

central (a) carbon

side chain (residue)
(20 types)



(1) normal (unionized) and (2) zwitterionic forms.

R
H

f,,l

O

H,N

OH

R

/,,’

N>
H.,N

k1)

|
i T o R

(8 4




Charged: basic and acidic amino

A.Amino acids with electrically charged side

chains: Positive

Arginine (Arg)
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A.Amino acids with electrically charged side
chains: Negative

Lysine (Lys)

oo Aspartic acid (Asp) Glutamic acid (Glu)
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Uncharged polar amino acids

B.Amino acids with polar but uncharged
side chains

Serine (Ser) Threonine Asparagine Glutamine (Gin)
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Nonpolar and special amino

- I A
AN , — e ’
D.Amino acids with hydrophobic side chains [ D.Amino acids with hydrophobic side chains

(continued)
Alanine Isoleucine (lle) Leucine (Leu) Methionine Pphenylalanine Tryptophan Tyrosine (Tyr) Valine
(Ala) coo- oo
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C.Special cases

Cysteine (Cys) Glycine (Gly) Proline (Pro)
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Peptide-bond formation
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Peptide-bond formation

Peptide Bond
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_ Amino acids
Sequence of proteins

‘ Proteins:
Polypeptides
‘ N-terminus: free amino group

Conformation of proteins ) C-terminus: free carboxyl group




http://webschoolsolutions.com/biotech/amino-second.gif

In the 1950’s:
Frederick Sanger:
Amino acid sequence of insulin

Linus Pauling:
X-ray crystallography:
Structure of haemoglobin

Primary protein structure
i saquence of a chain of amino acids

Pleated sheet Alpha helix

ocours whan the saguance of amino acids
ara linked by hydrogan boncs

k- A
‘ Secondary protein structure
k3

Fleated sheeal
Tertiary protein structure
ocours whan cartain attractions ars pressnt
betwasn alpha helicas and pleatad shaste

Guaternary protein structure
ie B protein consisting of mors than ona
aming ecid chain



http://upload.wikimedia.org/wikipedia/commons/a/a6/Protein-structure.png

Structure of haemoglobin

(a)} Prmary structure
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(d) Quarternary structure



http://metallo.scripps.edu/promise/haemclcr_x.gif

Primary struclure
amno acd sequence

Tertiary structure
three-dimensional struclure

Quatemary structure
compdax of proteen molacules



Domain: tertiary structure element

Domain: a part of a protein, with a special function

and structure.
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Examples for proteins according to function:

Structural proteins (keratin in hair, nall,
collagen fibers in extracellular space,
actin-myosin in muscle cells)

Enzymes (amylase, pepsin in digestive
system)

Proteins with defense function
(antibodies)

Transporters (hemoglobin transports O2,
lon chanels in cell membrane)
Reqgulatory proteins (Hormones eg.
iInsulin)

Receptors (hormone receptors)



Jittle” change in structure —
great problem in function




Symptoms of sickle cell anaemia

breathlessness, ! @ £5-

. ty P
rapid heart rate, Normal cells move treely
delayed growth and puberty,

e . . ,‘. f O <@ -
susceptibility to infections -| < bl
ulcers on the lower legs (in adolescents and adults) Al =
. . Sickled cells get stuck
jaundice,
attacks of abdominal pain,
weakness,
joint pain,
fever,
vomiting,

bloody (hematuria) urination,
excessive thirst,
excessive penis pain, priapism, chest pain and decreased fertility



little” change In structure —
great problem In function

Fiber

Tropocollagen
helix

Source: Campbell, NA. Biology 1995. Editions du Renouveau Pédagogigue Inc. St Laurent.



SCURVY

Loss of
feeth

Symptoms of scurvy

Pale skin

» weakening,

» pale skin,

 sunken eyes,

* tender gums,

* muscle pain,

* loss of teeth,

* internal bleeding,

* the opening of wounds




Jittle” change in structure —
great problem in function

Skeletal muscle accounts for more than a third of an awverage healthy 30-year-old's body mass,
but its cells are unlike most human tissues. Muscle cells are actually long eyindrical fibers,
some reaching 30 centimeters, containing multiple nuclei. Bundles of smaller fibers within each
muscle cell contract to provide the steady support needed for sitting upright at the mowvies or the
explosive power required to burst off starting blocks and run a four-minute mile.

To meet these constant and constantly changing SARCOMERE

demands, muscle contains different fiber types
suited to long-lasting effort or quick bursts of strength, contracted
as well as cellular structures that protect the fibers — M
from damage by the force of their own contractions. N
BUNDLES OF MUSCLE FIBERS P N
are themselves bundled together, amid
connective tissue and fat (left). Of two major MYOSIN
fiber types, darker "slow" fibers burn energy -
more slowly, making them fatigue-resistant N‘ relaxed
but less responsive when power is needed *\‘
rapidly, Pale "fast" fibers are quicker
and stronger, but certain subtypes tire
easily. Fibers can adapt to changing : x\
demands for strength or endurance
Bundle of Fibers ‘ I by switching type.
AT | MYOFIBRILS fill each |
1 muscle cell. Every 1
Fast Fiber Muscle fiber (cell) : myofibrilis lznade of :
. stacks ofunits called |
, sarcomeres (below).
| Each sarcomereisa |
! |aftice of the proteins :
: actin & myosin (above).
, These protein filaments |
1 slide across one [
! another to contract the !
| sarcomere. Collectively,
, their contractions make,
Extracellular Matrix 1 the entire muscle '
! fiber contract. :
: :
4 SARCOMERE
i
|/

Nucleus

FORCE GENERATED by the sarcomeres’
contractions is conducted out of the fiber by
proteins that span the cell membrane, connecting
to extracellular matrix tissue. Among these,
Adctinfila dyslropﬁin also serves as a shock absorber,
protecting the cell membrane from damage.

Myofibril



Age 5:
Age 5:
Age 5:
Age 9:

Age 10:
Age 15:
Age 16:
Age 20:
Age 22:
Age 23:
Age 27

Age 27

Diagnosis of Duchenne Muscular Dystrophy.

Used a bicycle with stabilizers.

Attained 10 metre swimming badge.

Used the wheelchair occasionally at school.

Wheelchair bound.

Back operation.

Painting on stones, slates and on paper.

No longer physically able to paint.

Ventilator used for the first time on average 9hrs in 24hrs.

Resumed an earlier, less physically demanding, interest for pen and ink drawings.
No longer able, physically, to manipulate and coordinate the pen for ink drawing

A portable ventilator came on the market and was purchased. It was a great

liberator in that | could leave home for day trips or weekends away.

Age 29:
Age 29:

A full liquid diet, supplemented with small amounts of cheese, chocolate,
Time off ventilator: maximum 5hrs in 24hrs. My time off the ventilator varies

according to the atmospheric conditions such as temperature, humidity, wet weather and
of course whether or not | have a cold.

Age 34: Review of my diet/calorie intake, resulting in a substantial increase of calorie
intake and, of course, energy.

Age 35:

Time off ventilator: maximum just over 3 hrs in 24hrs.



