Biology from an EE perspective
Lecture 5

ook at Proteins
Structure

Function
(Essentially via cartoons to see the structure-function links)

Rakesh K Lal



Organisms synthesize building blocks that can self-
assemble or can be catalyzed to self assemble

Something like “legos” at the molecular level!

Small molecule Macromolecule
subunits



The weaker interactions very important
for biomolecules and processes

o O & O lonic bond . E\ A
L i © - :

! ol ol = .. " y > \_
o O C=0 +--HN_‘ Hydrogen bond DA IREINE © ¢

i oo, \ .'a : ‘“‘.‘ > P \‘h e
.ﬁ. . 'L. :\\—. ‘—CHB H3C—' Hvdrophobic \\‘. ,% :l :&\— - L -H‘t;'-“—. .

s | N = i - "-..L. - .‘.j. i_"ﬁ-\'. :‘-.\
\'_\’““:','E\-~-"_CH3 H5C — and van der N CCF kk-.'\ik.-‘»-ﬂ"'
P N - Waals Ao (-0 b o al K
b L - = \\‘ AS e 8 (.G \“:

.. .—CHjz H;C—= interactions Yo B

: St -1 . < .
CANS

5 ¢

S : _
(44 -C=0---HO Cisf c=o0 H3C‘—{
& L o &
Protein A Protein B Protein A Protein C

Stable complex Less stable complex



Why weak interactions important?
Consider proteins: Weak interactions give proteins
the shapes needed for their function

(a) MOLECULAR STRUCTURE
Primary (sequence)

Secondary (local folding)
Dominantly due to

Tertiary (long-range folding) weak interactions

Quaternary (multimeric organization)

Supramolecular (large-scale assemblies)



I What do these molecules &
I supramolecular assemblies of proteins
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I Peptides and proteins -1

Proteins built of monomers called amino acids that have
amine and carboxyl functional groups plus a side chain “R”
and have a general formula: NH,CHRCOOH

N «x-carbon
«-carbon is the carbon atom to which the amine and
carboxyl groups are attached
The side chain R could just be H in glycine or could be a
heterocyclic group in tryptophan
Amino acids used to synthesize proteins or other molecules
or used as an energy source



I Peptides and proteins -2

monomers); longer chains are called proteins
Non-protein amino acids & peptides serve as signaling
molecules or are used in the synthesis of other

molecules such as

Proteins serve as structural molecules, enzymes (catalyst)
and antibodies

I Oligomers and short chains are called peptites (<50



I Peptides & proteins -3

The sequence of amino acids in a protein is coded in the
genome and when the protein has to be synthesized an
MRNA template is used for the synthesis (see gist of
processes for genetic expression of proteins in the next
slide)

Twenty amino acids have codes in the genetic code, but
some times other amino acids (a few hundred are known in
nature) are necessary for protein function & these are
iInserted by post translational modifications

After a protein is synthesized, various classes of molecules
(proteins again) help them fold to the right conformation



Gene expression
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I Protein folding — aided by a class of

I proteins called chaperones
(a)
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More on protein folding

Proteins that are damaged ordo " i} L
not fold correctly are: ;L, {0 5 gmo I
- tagged with ubiquitins, « " j" O
- bound to proteosomes FURS
- degraded to polypeptides by S a2
proteolysis A
- polypepitites further hydrolyzed n
to amino acids for new protein )l“
synthesis g
w e

Ub

Peptides



Ball & stick model

Cartoon

(too much info)

(b) Ball and stick




I Cartoon: C_ backbone trace
I Gives 3D structure to identify regions of interest

I (a) C, backbone trace




Cartoon: Ribbons
More information on properties of different regions

(c) Ribbons

Residue code
Red — acidic

Blue — basic
Green — polar
White — non-polar




I Cartoon: Solvent accessible surfaces
Additional info on hydrophilic-hydrophobic
I interactions, etc

I (d) Solvent-accessible surface

Residue code
Red — acidic

Blue — basic
Green — polar
White — non-polar



I Peptide bond & primary structure
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Protein folding: secondary structure
Local folding stabilized by hydrogen bonds

“ o-helix a tightly packed . @

rltght handed helical
ructure with the N-H . !
R > 4 3.6 residues per
R - helical turn

roup of an ammo acid
ormmg an hydrogen bond
with the C Q group four
residue earlier
" Coiled coil and other motifs
with «-helices

“ «-helix part of many
proteins that control gene
expression since they bind
to DNA — the diameter of
the x-helix same as the
width of the major grove

“ o-helix also parts of
structural proteins and
homones




Some common motifs of a-helix

(c) Coiled coil motif

N N
(a) Helix-loop-helix motif (b) Zinc-finger motif f < j
Leu (4)

7 Val (1)
Leu (4)

J Asn (1)

Consensus sequence:
C F’'Y-C--C----F/Y-------- H---H-

Consensus sequence:

D/N - D/N - D/N/S - [backb O]----E/D Heptad repeat:
[backbone O] [V/IN/M] --L---



I Protein folding: secondary structure
I B-strand & sheets




I B-strand & sheets -2

F-strand:alocall planar arrangement formed b
ateral hydrogen bonding often Torming a twiste
pleated shee

B-strand can form sheets when more strands
hydrogen bond laterally
B-sheets can be open or closed

Can have opposite faces hydrophobic or
hydrophilic based on radical properties
Various combinations of x-helices and B-sheets



I Protein folding: tertiary structure
Stabilized by disulfide, hydrogen, ionic bonds and
I hydrophilic/hydrophobic interactions

(b) _~Sialic acid

PGlobular
domain

Fibrous
- n
domain

Viral
membrane



Protein structure: quarterary structure
A conglomeration of several molecules

I General transcrlptlon factors
I RNA polymerase O 0

Mediator
complex

L

Transcription
preinitiation
complex



I Classification of proteins

Globular proteins (also called spheroproteins)
I Almost all are soluble and many are enzymes

Fibrous proteins (also called scleroproteins)
Rod or wire-like and are non-soluble & inert and act as
structural material in connective tissues, tendons, bone
matrix & muscle

Membrane proteins
Attach to membranes and serve as signaling molecules
or as channels



Some examples of proteins

A quick look of the immense variability of structure and function of
proteins.

Also if a function is common, conservation of the core block
across species.



I Enzyme catalyzed reactions -1

Catalysis, reduces the
activation energy for a
reaction as shown in
the adjacent figure

This might be
accomplished in many
ways

Free energy, G

Transition state

(uncatalyzed)
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(catalyzed)

Reactants

Products

Progress of reaction —»



Enzyme catalyzed reactions -2
The reaction can be catalyzed in many ways

(a) Reactants
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I Enzyme catalyzed reactions -3

—

I ® Measuring reaction
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I Structure of an enzyme
What does it do?

|\
I Small domain

Glycine lid
Target
peptide

Nucleotide- &

binding ——— =
-

pocket

Large domain



Enzyme examples:
Multi-enzyme process

HSCoA

O
4
CH5C
\

SCoA
Acetyl CoA

NAD" NADH + H*

Net reaction:
Pyruvate + NAD" + CoA —> CO, + NADH + acetyl CoA



Oxygen binding protein evolution

Vertebrate
HEMOGLOEBIN

MYOGLOBIN
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Antibodies

Light chain

Interchain
disulfide

Region variable &
specifically binds
to different
Carbohydrate ([ > = antigenic sites by

weak interactions



I Antigen-antibody binding

I (b)

ntigen

Antibody



Molecular motors -1
Fueled by ATP

Dynein: molecular motor responsible for organelle transport along cyo-
skeleton

Myosin: molecular motor responsible for muscle contraction

(a)

Thick filament or B tubule

ATP Myosin
or
dynein
PO ) S ) S S S S S ——— —— e >

Actin filament or A tubule




I Molecular motors -2

Interesting new finding
that has been recently
confirmed with
microscopy that
molecules often
transported within cell
with molecular motors!

Cargo binding

ATP hydrolysis
Fiber binding

( Cytoskeletal fiber




Molecular motors -3
I Myosin well studied

(b) Head domain

Nucleotide-

Uiy, binding site
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Molecular motors -4
Myosin — action sequence -1

Thick filament
o Head dissociates
ATP-binding from filament
< site

Hydrolysis El

Myosin head

Actin thin filament

Nucleotide |} 4\

binding ATP

| Head pivots and
Head dissociates ADPeP.  binds a new
from filament actin subunit

TEEEES




Molecular motors -5
Myosin — action sequence -2

Head pivots and ADP Head pivots and
ADPeP.  binds a new ~ moves filament
actin subunit (power stroke)
—
P. release ADP release |
| Bl\> ~p “~ADP

Head pivots and
moves filament
(power stroke)

s

ADP



Molecular motor -6
lonic gradient driven

Motor of flagellum
I anchored in cell .

membrane Flagellum
lonic gradients of either  Stator ~
/<

protons or sodium ions
drive the rotor with
respect to the stator
Would be interesting to Rotor
check out how the

torque is generated!




Transport across membranes
Classes of membrane proteins associated with
transport

ATP-powered pumps lon channels

(109-103 ions/s) (107-108 ions/s)
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Example: ATP powered pump

} (a) E1 state (b) E2 state
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Example: lon channel

Potassium channel (note in this case unsolvated ion
diffuses through)

(b) K*ions in the pore of a K* channel (side view)
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I Example: Symporter

Transports sodium and potassium in opposite
directions

Exterior E1 Nat and E1 Phosphorylation  E1
Nat ATP binding !
K+ @\\ O\
Cytosol | '
3Na* ATP ADP
Na+ release
K+ binding n
%
Dephosphorylation ®
K+ roleass and conformational
change




I Summary

A great deal of cell function are carried out by
polypeptides and proteins

They are synthesized from amino acids as and
when needed & degraded after use

A great variety of molecule shape and function is
possible to four levels of structural conformation
We'll select some of these proteins for studying
them in greater detail in their functional contexts



