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3= Tertiory structure of Proteins . . . jwwa ey,
CAAEILT 5 725 L i) e CSem achmdu W o otg/,wé_ﬁz%ﬂé(_\, #fﬂ’m/y_l
The tertiary. structure of aproteinis its three—dimensional structure,
os defined by the atomic coordinates—. (- ioscbefello
30 Qaaeu S
The tertiory structure is the GJ:inaL specific geometric shape that a
A D \
protein csounes, L iy |
Sude MUN I —= gsS 1. SesCondend )\ =1
This final shope is determined by o variety of bonding interactiohs
between the "side chains" on the amino acids. berfucny b Samdury ) £ SAa1 £
D It 5 s ) frre & miknle AZyle \ )] Sile Hi S b1 SI
These bonding interactions may be stronger thon the hydrogen
bonds between omide groups holding the helical structure.

As a result, bonding interactions between "side chains" may couse o
number of folds, bends, and Loops in the protein chain.

There!are! four types: of bonding interactions between “side chains'

IIMAC Dan n

including: hydrogen: bondiing,  salt: bridges; disulF {ae\” bohds;and:non—
polor” hydrophobic interactions, -~
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Disulfide Bonds

Disulfide bonhdsare formed by
oxidation of the sulfhydryl groups
oh cysteihe,

Different protein Loops within a
single chain are held together by
the strong couvalent disulfide bonds,

A

Disulfide Bridge Reaction
HO LHO HO
[ 1] [ - [l -
H3N-?-C-O +  H;N ?C'O + (0) ——»  HgN ?C'O
CH =H CH, -H CH,
ox icda o [
Disulfide
e cys Bridge I
CH,
. |9
H3N-(%-C-O'
’? H
(s
0“"1’
C. Ophardt, c. 20044/

Tertiary Structure -
Disulfide Bonds

%CHZ—S—S—CHz

£

cysteine CysS

&

%

Loop in single
chain

C. Ophardt, c. 2003

Join two chains



Hydrogen Bonding

Hydrogen bonding between “side chains® occurs in a variety of
circumstonces, The most usual cases are between two alcohols, an
alcohol and an acid, two acids, or an alcohol ond on amide,

. . . e
In the prion protein, tyr 128 is Tertiary Structure -
hydrogen bonded to asp 178, which Hydrogen Bonding
cause ohe port of the chain to be
bonding with a part some: distance P i \\eHo_@_CHz
O §§;CHzc-o- .

asp

Examples of amino ocid side chains that
may hydrogen bond to each other:

Two alcohols: ser thr, and tyh

Alcohol and' an acid: asp and tyr

Two ocids: osp and glu

Alcohol and amine: ser and Lys

Alcohol and amide: ser and osh

C. Ophardt, ¢. 2003
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Salt bridgesresult from the neutralization of on acid withran

as & base

amihe! oh! side’ chains, The final interaction is iohic betweenh the

positive ammohium group ahd the negative ocid group. s A
Salt Formati eaction
. . il ']'9 + I-|”|:|J 1n + 0
An example from the prion protein  [hie@es i RiE s e RSt
. . . H 3 H 3
with the salt bridge of glutamic oy - ot
acid 200 and Lysine 204. In this
case a very small loop is made e wgﬂwa&/éd&uHo g
HgN-C-C-0° + Hsﬁééo — > He-Cdor <
because there are only three other 1.8, Lo, dhiacrme it - oAy,
amiho OCIdS between them. [ Side chain salt formation
asp Iys
C. Ophardt, ¢. 2003 m

Tertiary Structure -
Salt Bridges

1] —+
%—'CHZCHz—C—O— HoN-CHo-CH_oCH_-CH 2

glutamic acid Ivsine %

C. Ophardt, <. Z0032



Non—Polar Hydrophobic Interactions

The hydrophoblc interactions of: non=polar side chains are believed. to
contribute 519n1flcontLy to the stabilizing of the tertiory structures in

proteins, This:interaction: is' really: just: onrapplication of the
solubility rule that "Likes dissolue Likes' hyeteo PP e % W vaﬂ

The non—polar groups mutually repel
water ond. other polar groups and
results ih a het attraction of the Ch 5 2&
— ali-Uhz; LUy
non—polar groups for each othen | - CrCHCH gCH % §
Hydrocarbon alkyl groups on ala, vol, % \ oglcfj@
leu, ond ile interoct in this way. In o Pher\g/glamne Phe
addition, benzene (aromatic) rings on
phe and tyr can “stack” togethen

Tertiary Structure - Hydrophobic Interactions

In many coses this results in the
non—polar side chains of amino acuis
being on the inside of a globular
protein, while the outside of the
proteins contains mainly polar groups.

s »’j

C. Ophardt, ¢. 2003
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Domains

The tertiory structure of maony proteins is built from several domams

A domain is a sectioh of protein structure sufflaent to perform Q
particular chemical or physical tosk such as binding of o substrate or

other Ligand. S Gyt eekS OV TR
o . . o “ )3 ’&—"‘-}’J <= “’J—-’—“
Small proteins may consist of a single domain Oowating e

45)]\"995)“5 JJJ, e
Q)\])\M Lol S 4| ONne 0(0%1 ain

Each domain is structurally
independent of the other
domains in the polypeptide

chain ODMM

Protein domains may. be  *°
considered as elementory
units of protein structure,

i ¢ I s
S . ’)/(;dl’ dm
In this representation of Pyruvate kinase, it is

possible to distinguish three domains:



Domain Functions:

Each domain has o. separate function to perform for the protein,
such os:

— Con bind a small Ligand

-
— Spanning the plosma membrane (transmembrone proteins)
— It might contain the catalytic site (enzymes)

— DNA-binding (in transcription factors)

~Providing a. surface to bind specifically to another protein
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4— Protein Quaternary StrUCTURE sy @ acks = ===
IR = 177 a4 Qumf"“ﬂ '

Is the assembly of several polypeptides to moke a. unique functional
protein, stabilized through several non—covalent interactions between
the R side chain of amino acids from different peptide chains.

Monomeric proteins consist of o single polypeptide chain

Quaternary. proteins consist of two or more polypeptide chains that may
be structurally identical or totally unrelated.

If there are two subunits, the protein is called “dimeric", if three
subunits trimeric, and, if several subunits, multimeric,

The non' couvalent interactions that maintain the quaterhary. sthucture:
Hydrogen bonds, Ionic! interactions, hydrophobic interactions..

Not oll proteins show a quaternary. Level of organization, For having a

quoterhary. structure: %,
o) The protein should be formed by more than one peptide chain. s CET R
b) These chains can hot be attached by covalent bonds among them./z
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Some examples to clarify the concept:

Myoglobin' is: formed: by a: singler peptider chainr and: o heme: group.
Sincer Myoglobin:is: formed: by: yust:one: peptide: chain; it: does: hot
show quaterhary. structure,

Insulin, for example, is formed by two peptide chains, but since
these two chains are Llinked by disulfide Linkage, insulin does not
qualify as a protein with a quaterhory structure,

sl eSSy g oA O g
Hemoglobin is formed by four pepude chains Cond four Heme groups)
that are forming o unique functional protein. These peptide chains
are associated through hon covalent bonds between their Lateral
chains: Hemoglobin is the typical example of a protein with

quaterhary. structure,

Sy AN yp2o LA Sl 2 S5k S

Subunits moy. € either’ function independently of each other or may
workcooperatively;r asin: hemoglobin; in  which: the: binding: of ‘oxygen
to one subunit; of the tetromer increases the offinity of the other

subunits' for oxygen



Protein folding

It is the physical process by which apolypeptide folds into its . ..
 characteristic and. functional three—dimensional structure froma rondom
~coil,

‘f;. ‘ -
’/\Wa¥v‘/‘—"-)é5ﬂ‘rv‘ & GL g5

—Most proteins fold spontaneously. i
their native conformation, even 1n

el 2

,l p
)

Lo e ¢
s ,Eﬁifﬁsf/tu‘bf@ Sa uty 0 2 , — Oy
—Amino ocids sequence of a () A7
gt / o Pl
polypeptide chain' contains oLl the Wi >
information required to fold the M}( o
chain' into its hative, three— 1
dimensional structure, . <o unfolded folded
?ﬁ)‘mmcmzé‘ ces Chgin 0d mine acicl

Each protein exists as an unfolded polypeptide or random coil when
translated. from o. sequence of mRNA to a Llinear chain of amino acids.

L DS el 2 Sk ¢ —pemine) )y dddinjao e |- frefmimad v-ff’/,\)f_,:b Js)

—As a peptide Folds, its amino acid side chains are attracted ond.
repulsed according to their chemical properties.



The process of folding often begins co—translationally, so that
the N—terminus of the protein begins to fold while the C—
terminal portion of the protein is still being synthesized by
the ribosome,

&ﬁ«/ éro\d/\ﬁ, Sus 6 xS L=
Specialized proteins called/chaperones ossist in the folding of other

proteins TP T

AN g0 v it pur V2 LIS
The folding process depends on the'soluent,salt! concentration;
the temperature;: and: the: presence: of molecular chaperones.

Fa%lﬁe to fold into native structure produces ihactive proteins that
are usually toxic,
et
Several neurodegeneratzue ond. other diseases are believed to result
from the accumulation of amyloid fibrils formed by misfolded proteins.
e o o

. f \ure \fom g dAdivg NS
g é vl 32 o <



Role of choperones in protein folding

One' major function of chaperones. is to: prevent both newly
synthesized polypeptide chains and. assembled. subunits from
aggregating into non—functional structures.

chaperones are also used to prevent misfolding and oggregation that
Mmay OCCur GS Q. consequence of exposure to heat or other changes in
the cellulor environment.

In the cellular environment, newly synthesized proteins are at great
risk of aberrant folding and aggregation, potentiolly forming toxic
species,

To awoid these dangers, cells invest in a complex network of
molecular choperones, which use ingenious mechanisms to prevent
aggregation and promote efficient folding.



For mony. proteins, completion of folding requires the subsequent
interaction with one of the large oligomeric ring—shaped proteins
of the choperon family.

These proteins bind portiolly folded polypeptide in their central
cavity ond promote folding by ATP-dependent cycles of release
] ] ' \ neé 5 Cf‘g
ordlfrebinding Snn Gl s B AP L
s Dsyahios DV 27270
= w\'\maé\!)'dqu."g%”y
Loldiy) 122 et &

In  these reactions, moleculor chaoperones' interoct. predominantly’ with
the hydrophobic: surfaces exposed’ by’ non—native polypeptides,
thereby preventing: incorrect’ folding and: aggregation.
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Protein Denaturation

by esnie scomele) b o= : : : o
Denaturation is a Loss of three—dimensional structure that is sufficient

to cause loss of function.

Denaturation involues the breaking of the non—couvalent bonds which
determine the structure of a proteih.

If proteins in a Lliving cell are denatured, this results in disruption of
cell activity. and possibly cell death.

Denatured proteins can exhibit a wide range of characteristics, from
Loss of solubility tocommunal aggregation.

PGPS z@g
Communal aggregation is the phenomenon of aggregation of the
hydrophobic proteins to come: closer and form the bonding between
them; so’ os to reduce the total areo. exposed’ to water



How denaturation occurs at levels of protein structure
eiv /SM s primom) JC. s eSc% dree”
= terhary structure denaturation, protein sub—units are dissocioted
ond/or the spatial arrangement of protein subunits is disrupted.

— Tertiory structure denaturation involuves the disruption of:
—Coualent interactions between amino ocid side—chains (such
as disulfide bridges between cysteine groups)

o s=> —Noncovalent interoctions between polar amino’ acid' side-
.- +1%> chains (and the' surrounding solvent)

—\/on der Waals interactions between nonhpolar amino acid.
side—chaihs.

v
(}‘M\mo\"\mf Spas ev 22, pdN o) o) (.—Q,u

—n secondgz structure denaturation, proteins Lose all regular
peatmg patterhs such as alpho—helices and beta—pleated sheets, and
adopt arandom coil configuration. () W ~— pekin ge Wit Eo
MM% eSS
= Prunory structure, such os the sequence of amino acids held

together by coualent peptide bonds, is not disrupted by denaturation.



A protein can be denatured, by denaturing agents:
AC'Ld.S/——a e 14 aeiol —> éﬁv@g Lecas JWML\V\A‘EA))\”

Ll LT
Acetic omd Trichloroacetic acid 12% in water ¢~ =
gt st <2
Solvents

Ethanol, MethonoL

W"’L_D

Cross—Linking reagents ..
Formaldehyde, Glutaraldehyde =~

Chaotropic agents
Urea6 — 8 M, Guanidinium chloride 6 M

isulfide bond reducers il
—Mercoptoethanol, Dithiothreitol (DT T).

=
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Protein Renaturation

Joarorabion S o A\ ZNELD Dodcledl W undoloied 6o 2o/ L

The process of returning o. denatured protein structure to its original

structure and hormal level of biological octivity

In a renatured protein, the primary structure of the biopolymer
remains the same, but the protein which hod been denatured gets
restored back to its former hative structure and is able to function
as effectively as before, because a renatured protein merely
undergoes the process of reversal of a denatured protein.

Experimental results prove that the amino acids sequence of a
polypeptide chain contains all the information required to fold
the chain into its nhative, three—dimensional structure.

=
.

Thus dismiss any. remaining doubt that enzymes folds spontaneously.
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Refolding of the solubilised proteins

Refolding of the solubilised proteins is init(i/afgd by the remouval of
the denaturont.

To slow down the aggregation process, refolding is usuolly carried out
at Low protein concentrations, in the range of 10—100 mg/ml. Importont
variables are:

buffer composition (pH, ionic strength)

Temperature

Different methods for the refolding of proteins

At start of

du_/—i;;b. (a) o (b) At equilibrium
1= Dialysis: The most used method is
the remouval of the solubilising agent

. o al',ss 4
by dialysis. ble g Seeicntiin O3 )//: A
(A 55 an glge) L) D2 ‘U&/'%Vg“ ST
During deysw the concentration of . g Solyert SR ML
;Z/V—éh L bv#a/ '.-.. . ® e
the solubilizing agent decreases ~ “w~" . .t; R

slowly which allows the protein to ™ j? \ Concentrated / ¢ : _.-
. SO
refold optimally. Qi L e 55 Bt
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2— Slow dleaon The concentration of the solubilizing agent is
decreased by dilution allowing the protein to refold. Usually the
dilution is carried out slowly by step—wise addition of buffer or by

continuous: addition using a PUTP. | 2p oy st

MJS\,J e S350 Aenalunion ﬁ)

c..r,( L
venalurakim~—~ Q)U\J’;f'/

5 Zs S8 res
3—- Chromatography:
The solubilising agent is removed
using a chromatographic step.
> (é")-’J‘JCJ)] Q&g)JfJQQ Y
B siseexciusion chromatogrophy. (e.g.
gel filtration)
55;9/0 A Sh e
ion’ exchange' chromatogrophy.

affinity chromtographyfb
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Load Sample Step Step Step

("Black”) . Elute 1 Elute 2 Elute 3

. Note: Blue can
be eluted with
IPA/water
o) b

One cartridge can separate all three dyes
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