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Notes about titration and ionization of Tyrosine

A 3 .
Cooll - _ O
‘ Co:> CC\>O Cos—

N - C—W . - < -4 _ \

\-} . . U N X S \r\z“ — C \r\ S \,\z).l— C - W
M, — C\\?_ — QQ | \
Q 2 Q\kz

O
\ O
“ o ) S
o
o\ .
/\)elclawﬂe
0 =\

+\



In region A pH is very small and net charge +1
(All groups are protonated COOH, R, NH3+)

In region B net charge =0
(Amino group and R group are protonated but carboxyl
group is not protonated

In region C net charge = -1
(R group is protonated but Carboxyl group and amino
group are not protonated)

In region D pH is very large net charge =-2
(All groups are not protonated)

Zwitterionic form will be in region B and
when we take the average of pKal and pKaz2,
we will find that it equalto 5.5 not 9.5 as it

found in Amino acid File, slide 46




Protein structure

Amino acid-> polypeptide - protein



The difference between polypeptide and protein

Protein—> protein has a definite structure
(3D structure)

* every time a cell produces protein, each
type that will be produced has the same
structure.

e.g. : every time a cell produces hemoglobin
it has same structure, but when it produces
another protein it will have completely
different structures

(Simply : comparing different types of
proteins , we have different structures)

Polypeptide—> string of Amion acid that
are connected by peptide bond with no
specific structure.

* Every time a cell produces a polypeptide,
its structure is random ( it does not have
to be string it can wrap around itself with
non specific structures

What about protein structure ? @

A protein consists of a large number of amino acids, so it is believed that there can be a very large number of expected
structures for the resulting protein as a result of the amino acids taking a different order each time, but on the contrary
when a protein is formed each sequence of Amino acid depends on Many factors, such as chemical and physical
factors...etc. to formin certain way that gives the protein a specific shape, so the resulting protein has the most

energetically stable structure . E.g hemogloglobin takes up its structure because this is the most energetically stable
structure of it

(Native conformation)




OverVIeW Of prOteI ns All proteins have totally different structures

(elongated , spherical, triangular, Y-shape)

Protein Structure Portfolio

@ Proteins have different structures, it b
and some have repeating inner N o
structures, other do not.

@ A protein may have gazillion sinite number | - SEP—

possibilities of structures, but a few AL | WV | (g

would be active.

@ These active structures are known
as native conformations (the 3-
dimensioanl structure of a properly
folded and functional protein).

Gelsolin domain 2

Folding protein is important for its stability and function
The function of the protein depends on its structure. If
there is a defect in its structure, the function of the
protein will also be disrupted.




This is study that conducted in 2021. since 1960, In 2021, two programs used artificial intelligence to

scientists were very interested in prediction the predict proteins structures based on the sequence of
protein structure. amino acids. Based on this, the structure of a million
Tunyasuvunakool, K., Adler, J., Wu, Z. et al. Highly accurate protein proteins was discovered. The number seems huge,
structure prediction for the human proteome. Nature (2021). but it is very small compared to the total number of
https://doi.org/10.1038/541586-021-03828-1 proteins in nature . .... Within months, these

programs predicted 500 million proteins to a high

Highly accurate protein structure prediction for the
level of accuracy

human proteome It is not accurate to a satisfactorylevel , but it is
getting better

Kathryn Tunyasuvunakool &, Jonas Adler, [..]JDemis Hassabis RAVAAAS Become a Member

Nature (2021) | Cite this article
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New public database of Al-predicted protein structures
could transform biology

By Robert F. Service | Jul. 22,2021, 11:00 AM

Why did scientists care about knowing the protein structure?

If | know the structure, | will know the:

Function

Localization

Interactions between proteins

| can create drugs that target certain protein

| know if one amino acid changed , how the structure and
the interactions between proteins would change

DeepMind’s AlphaFold2 Predicts Pz I;Sm Struc-
tures with Atomic-Level Accuracy

ONWN=



Levels of protein structure rour teveis of complexity

@ Primary structure: the sequence of amino acid residues

@ Secondary structure: the localized organization of parts of a polypeptide
chain Local region  Has a certain pattern

@ Tertiary structure: the three-dimensional structure and/or arrangement of
all the amino acids residues of a polypeptide chain 3o structure of a polypeptide (in space)

@ Some proteins are made of multiple polypeptides crosslinked (connected)
with each other. These are known as multimeric proteins.

&I

@ Quaternary structure describes the number and relative positions of the

subunits in a multimeric protel N How polypeptides are together and how they are organized in space
and how they make interactions with each others to create the protein



Imagine you are in a helicopter flying above some tall buildings (For example five buildings near each
other) (polypeptide chains-quaternary)

You get off the helicopter in front of one of these buildings and you see its three dimensional structure (its
length , width , its doors and windows...) (The proteins 3D structure-tertiary structure)

You entered the building and you see that it has many doors with the same pattern & it has groups of
windows with the same shape and colour (secondary structure)

You get closer and you see the blocks that made up the building (primary structure)

« . Click here



https://images.app.goo.gl/m2NA8Mbk7cioQYoj9
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Primary structure



Wh at IS p rI Mad ry StrUCtu re ?The primary structure determines the structures of all levels

@ The order in which the amino acids are covalently linked together.
@ Example: Leu—Gly—Thr—Val—Arg—Asp—His  Starting from N-terminus and ending with C-terminus
@ The primary structure of a protein determines the other levels of structure.

@ Proteins that differ somewhat in primary structure and properties from tissue to tissue, but that
retain essentially the same function, are called tissue-specific isoforms or isozymes.

We have similarities in the primary structure in different

hemoglobin molecules
1 5 U 15

dSotmec;lne asked theld KrgEgobS e OB T R a6 T e s T Artlf.laal mtel-llg ence prog |-’ams toolf all
GCIOr NOW We ol the information from million proteins
know if the Al gives g chain hemoglobin val-his-leu-thr-pro-glu-glu-lys-ser-ala-val-thr-ala-leu-trp-gly-lys-val- (that we have already discovered) and
accurate information N
the doctor said that  a-chain hemoglobin val-----lau-ser-pro-ala-asp-lys-thr-asn-val-lys-ala-ala-trp-gly-lys-val- the Al made predictions about the
we test the Al with structures of new proteins based on thei
information we {-chain hemoglobin met-ser-leu-thr-lys-thr-glu-arg-thr-ile-ile-val-ser-met-trp-ala-lys-ile- sequence

already knew
y-chain hemoglobin  met-gly-his-phe-thr-glu-glu-asp-lys-ala-thr-ile-thr-ser-leu-trp-gly-lys-val-

We have similarities in certain enzyme (protein) in different organisms

Zinc Finger Domain 1

Human GATA2 ECVNCGATATPLWRRDGTGHYLCNACGLYHKMNGONRPLTKPKRRLSAARRAGTCCANCY 353
Mouse GATAZ2 ECVNCGATATPLWRRDGTGHYLCNACGLYHKMNGONRPLTIKPKRRLSAARRAGTCCANCQ 353
Zebrafish Gata2a ECVNCGATSTPLWRRDGTGHYLCNACGLYHKMNGONRPLIKPKRRLSAARRAGTCCANCO 329
Zebrafish Gata2b ECVNCGATSTPLWRRDGTGHYLCNACGLYHKMNGONRPLTRPKRRLSASRRAGTCCANCQ 323

It is very important enzyme that did not change during millions of years and we can use the mouse sequence to understand human diseases ( about
similar gene sequence differ in 5 gens only )



Why is it the primary structure important?
Sickle hemoglobin (HbS) as an example

. Normal Hemoglobin
4 polypeptides:;
) teatcp 2 are
similar

o A single amino acid substitution can give rise to a
malfunctioning protein, as is the case with sickle-cell anemia.

¢ Itis caused by a change of amino acids in the 6th position of 3
globin (Glu to Val).

The mutation results in: 1) arrays of aggregates of hemoglobin
molecules, 2) deformation of the red blood cell, and 3)
clotting in blood vessels and tissues.

|

iﬁ‘" iy, %#
® g :ﬂ' " Sickle coll anem
. - 4 ' Sickle cell anemiais a |
t‘%ﬂ Jg’ ?,; Qg i disease that occurs in the i
SR R, '.Qg;@ . hemoglobin which is the i
® Y [ = ' protein that carries oxygen
NORMAL CLUMPED . in our bodies. i

HEMOGLOBIN HEMOGLOBIN




What happens in sickle cell anemia?

A change occurs in only one amino acid (due to a change in one letter in the DNA) in the hemoglobin
protein (the protein that carries 02 in our body) which leads to a change in the hemoglobin structure
creating clusters (aggregates) causing a change in the shape (morphology) of a normal RBC to a sickle
shape. As a result, instead of having concave rounded smooth RBC’s , they will accumulate on top of
each other taking the shape of sickle and clotting blood vessels. We take from this, that one amino acid
can affect the secondary, tertiary and quaternary structure of proteins.

In the sickle cell disease, glutamic acid (negatively charged amino acid) is replaced with valine
(non-polar branched aliphatic amino acid), so we replaced a charged amino acid to a non-
polar one. However, if we replaced glutamic acid with aspartate (also negatively charged) or
lysine it is highly probable that it won’t greatly affect the hemoglobin structure.

\‘ And these are the individual differences between us in certain proteins. For
example, in a certain enzyme or protein | have valine and you have leucine or
isoleucine, the function of the enzyme changes slightly but still you are normal and |
am normal (individual variations we will talk about in molecular biology).




Secondary Structure



What is a secondary structure? How is it formed?

- - - - - — -y

@ Two bonds within each amino acid residue can freely rotate. | But the peptide
@ the bond between the a-carbon and the amino nitrogen
@ the bond between the a-carbon and the carboxyl carbon

@ A secondary structure is hydrogen-bonded, locally arranged

 bond cannot.

_______________________

structures of the backbone of a polypeptide chain. °r9anized (havea certain pattern)

Hydrogen bonds between near amino acid in space

@ Examples:
@ Alpha helix Regular
secondar
@ Beta-pleated sheet | "=
@ Turns 7
Nonregular

9 Loops secondary
@ Bends structures

Coil Overall, the secondary structures are stabilized by hydrogen bonds
o OIS between the components of the peptide bond (carbonyl and amine,

hydrogen bond accepter and hydrogen bond donor).




The (X he|IX The hydrogen bond doesn’t occur between two

Peptides have a backbone and side
chains.

Backbone: nitrogen, alpha carbon,
carbon of the carbonyl.

Side chains: R groups (that extend
. from the alpha carbon).

amino acids that are next to each other, rather

Alpha helix is a pattern seen in different proteins between two amino acids on top of each other.
It looks like a helical rod. 5'1 Q |
1'? Peptides around
The helix has an average of 3.6 amino acids per turn. Between the peptide | ( H;. alpha carbon are
bonds of th |
It is very stable because of the linear hydrogen bonds, 2o/ °f e amine 5 Q 9 ;,@
L e e o : ) C ‘
The side chains of the amino acids project outward from }’\‘“NM,. oyt — é Hydrogen bond
the helix in order to avoid molecular congestion (known as @J{[\é »;: ? accepier
. . . . . k. L /4 @ . Hydrogen bond
steric hindrance) with the polypeptide backbone and with (N - donor

CiN

= ~E‘:~ . ‘;‘4
Ve i

J

&' 3.6 residues/turn
H.
A

each other.

Alls"

(98

Notice how the R groups are not directly above é
each other to avoid repulsion.



Amino acids NOT found in a-helix

) G|yCine: too smallJust an H, so it destabilizes alpha helixes

@ Proline

@ No rotation around N-C bond
@ No hydrogen bonding of a-amino group

Missing

hydrogenbond

@ Close proximity of a pair of charged amino

Although R groups are not near each
acids with similar charges " . e we g i sae

To avoid repulsion

@ Amino acids with branches at the B-carbon

atom (valine, threonine, and isoleucine)
H To avoid steric

g & c// H3N+—J:—(<o_ H3N+—c|—c/<o_ hindrance and
H3N = Ay H3C—(IIH o Ly o~ repulsion ' R-groups also give some stabilization !
ch/ e Hy HO” “CH3 for the alpha helix (through van der

£H3 waal interactions) which is not found
Valine (V) Isoleucine () Threonine (T) m glycine.

Val lle ERER 3000 e e e



Proline is usually found at the end of the alpha helix because it breaks the smooth pattern of it,
for two reasons:

1. Itisrigid, the bond between the alpha carbon and nitrogen cannot rotate due to it’s cyclic

structure.
2. Nitrogen when it makes a peptide bond it is tertiary N, doesn’t have hydrogen so itis not a

hydrogen bond donor. (We know alpha helix is stabilized by hydrogen bonds between the
components of the peptide bond).



Pleated = folded Beta strand

No proline in Alone it does not form
B-pleated ShGEt (B Sheet) beta strands any function
10& R 0\\ ‘? ‘} R 0“ "\\ vy R ?‘ \"\ \}
@ They are com posgd of two or ﬁ ~C %b,%,oqe:,?\ﬂ,cﬁu\%\ﬂ,&?%
more straight chains (B strands) W ¥ Sp¥ UL
that are hydrogen bonded side by

side.

Stabilization & formation of beta pleated sheet which consists of more than one beta strand

@ Optimal hydrogen bonding occurs when the sheet is bent or folded
(pleated) to form B pleated sheets.

Peptlde bond
A o

A beta-pleated sheet is

e~ — "\, Betastrand A pleated

h Y

composed of multiple o skirt
beta strands on tOp of Hydnogen bond between C=0 (acceptor)
) & N (donor)
or beside each other /\\mmg‘_’,
with hydrogen bonds \\O )\ . Betastrand
between the i

components of the
peptide bond.



More on B'SheEtS Might be parallel , anti parallel or mixed

@ [ sheets can form between many strands, typically 4 or 5 but as many as 10 or more.
@ Such B sheets can be purely antiparallel, purely parallel, or mixed.

@ Proline tends to disrupt B strands. Why? Becauseitisrigid Anti-parallel
Strands goes to the same direction (nOt flex1ble)
(from N-terminus to C-terminus
- N Sequence of amino acids
(;_N {B] =
Parallel
/ ,_'>Betastrand
Alpha Helix f—para[le[
Antiparallel beta sheet
Non regular pattern (mixed parallel with anti
parallel within the same sheet
Antiparallel Based on hydrogen bonding pattern,
which do you think is more stable:
* Carbon parallel or anti-parallel sheets?
Nitrogen _
Oxygen Anti-parallel sheets because the

hydrogen bonds are perpendicular

Opposite direction



How are they iIIustrated/drawn?

-terminus
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B-turns

@ Turns are compact, U-shaped secondary structures.

@ They are also known as B turns or hairpin bend.
@ What are they used for? How are they stabilized?
@ Glycine and proline are commonly present in turns. Why?

' Beta-turns are composed of 4
' amino acid residues linked by
' peptide bond.

In beta-turns usually proline
. amino acid number 2 because it :
 is rigid so it breaks the |
 smoothness, glycine amino
acid number 3 because it is
 small, it doesn’t cause

' repulsion and the peptide can

. continue its turn.




For any feedback, scan the code or click on it.

Corrections from previous versions:

Versions Slide # and Place of Error Before Correction After Correction
co¥  Carboxyl group cos R group is
| “#-C~H  andRgroup are - € - protonated but
V1S V2 Slide 2,3 ety protonated but R %y Carboxyl group and
@ group is not @ amino group are not

o\ protonated ou protonated )

V2 2> V3

V3> V4



https://forms.gle/1aenUoAoZwLD2Du97
https://forms.gle/1aenUoAoZwLD2Du97
https://forms.gle/1aenUoAoZwLD2Du97
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1. Campbell Textbook: sec 4.1+4.2+4.3 pposad (B a2y ol el Jls
. . . adll e 2 Y Al il agale J ) Al

2. You Tube : video explain protein el iy e 035 el mad
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https://youtu.be/Q7dxi4ob2O4?si=GvZqW1E4uaDvohFR
https://youtu.be/Q7dxi4ob2O4?si=GvZqW1E4uaDvohFR
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