Building blocks and
primary structure




Why Is the structure
SO important?

Interpretation of the mechanism of function of individual
proteins

Approaches to the “protein folding problem”
Patterns of molecular evolution

Predictions of the structures of closely related proteins -
homology modelling
Protein engineering:

1. Modifications to probe mechanisms of function

2. Attempts to enhance thermostability

3. Clinical applications

0. Drug design

o kDD =~



Sequence = specific folding

A Sequence of Is Translated to a Sequence of Which Folds Spontaneously
Bases in DNA... Amino Acids in a Protein... to a Precise

Three-Dimensional Structure
Three Bases

Triplets of bases read from one strand

One Amino Acid

Genetic Code
“Translation Table’




Range and sizes in biochemistry
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Limite di risoluzione
con microscopia ottica
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Proteins are polymers of
aminoacids

Primary Secondary Tertiary Quaternary
3
E B B8
5
B 88 8
B
-8B 08
s
P B e
L
o 8 88
Regions of sequence
with regular structure Polypeptide chains associated in
AA sequence Packing of elements functional assemblies

of ll-ary structure into
one or more compact units
called domains



" AA are chiral

L-form

R
(CORN)

D-form
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(@) side chain
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amino group carboxyl group

(b)  peptide bond

n n+l
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Stereochemistry
of a-amino acids

C
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(b) Compact representation

(a) L-Alanine p-Alanine
NH; MH
i i
C C
£\ AN
0" ="0 O ="0
{b) L-Alanine p-Alanine



Aminoacids: classification and properties.

(@) side chain
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H 8

amino group  carboxyl group ]_,-rorm D-for m
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Different side-chains =
different properties

" 1 |etter and 3 letters codes

Gly 3 Pro & Phe "3 His "% Gly % Pro & Phe ¥ His ;"
Ala % Val ¢ Tyr o%} Asp 5. Ala 3o Val ¢ Tyr o%} Asp 3.,
Ser g, Leu %o Trp % Glu oq ¢ Ser oq Leu %o Trp % Glu o< .
Thr of Ile «f° Asn °%,, Lys =" Thr ¢ Ile «¢° Asn % Lys e
Cys o< Met "y Glnoq,  Arg M”Q«f Cys o<, Met 4y Gln e  Arg 344

Gly,c, Proc; Phe((; Hxs(e
m@ v M(ts Aqu,




| = L

Glycine (Gly) G Alanine {Ala) A Valine {Val) V Leucine (Leu) L Iseleucine {lie) |
AMIND ACIDS WITH HYDROXYL- OR SULFUR-CONTAINING SIDE CHAN! CYCLIC AMING ACID

Serine (Ser) S Cysteine (Cys) C Threanine (Thr) T Methionine {hWet) i Proline (Pro) P
AROMATIC AMINO ACIDS BASIC AMINO ACIDS !
Phenylalanine (Phe) F Tyrosine (Tyr} ¥ Tryptophan {Trp) W Histidine (His) H Lysine {Lys) K Arginine (Arg) R

ACIDIC AMIND ACIDS AND THEIR AMIDES

LLEL

Aspartic acid {Asp) D Glutamic acid (Glu) E  Asparagine (Asn) N Glutamine {GIn) Q



Properties of aa side-chains

" Aliphatic aa:

HATIC AMIN CH. CH CH;
N |
CH. CH. CH L‘~1_
ANV | |
H CH, CH CH, CH,=—CH
4 | ’ I - I I » I
H N == = HoN==C = C( HN=C — H N==C = COI HN=C —
S S o | |
} = H } ™
| '--l—._l = |
" Flexible and hydrophobic, the most lle; I AT
" Found in the hyodrophobic core of proteins
" Pro: exception, rigid ring as side chain, often a Pk
structure breaker ek
H.N=C =—CQOC
T



Hydroxyl-, sulfur- side chains

" Weakly polar side chains

AMINO ACIDS WITH HYDROXYL- OR SULFUR-CONTAINING SDE CHAINS CH
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Aromatic side-chains

AROMATIC AMINO ACIDS
O Q @
H3N—C —C00"  HN— —d—coo HN —d—coo
; ; ;
Phenylalanine (Phe) F Tyrasine (Tyr} Y  Tryptophan (Trp)
H
0 0
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& | S
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Detection of proteins
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Basic side-chains

ASIC AMINO ACIDS

T ¥
H,

Histidne (His) H

Hs
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~n
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? 2
HN—G—C00 HN—C—CO0-
H

H

Lysine (Lys) K

Arginine (Arg) R

pH

(a)

14
12
10

o N &2 OO @

Moles OH™ added per mole histidine

Typical pK,
Group Type Range”
a-Carboxyl 3.5-4.0
Side chain carboxyls 4.0-4.8

of aspartic and
glutamic acids
Imidazole (histidine} 6.5-7.4

Cysteine { —SH} 8.5-9.0

Phenolic {tyrosine) 9.5-10.5

@-Amino 8.0-9.0

Side chain amino 9.8-10.4
{lysine)

Guanidinyl {arginine} ~12

“Values outside these ranges are observed. For ex-
ample, side chain carboxyls have been reported with
pK, values as high as 7.3,



Acidic side-chains

and amides

ACIDIC AMINO ACIDS AND THEIR AMIDES

y )
N/
| O, NH
\ / | 7/ -
\.__ CH, \C
| ! 1
?Hz I,H2 'i.H2
+ * *
HN==C = CD0O" HN==C== COO" H3N—C—COO‘
T T |
H H H
Aspanic acid (Asp) 0 Glutamic acid (Glu) E Asparagne (Asn) N

CH,
s
H,N=—C—C00"
l
H

Sutamine (Gin) Q

pH

(b)

14
12
10

Typical pK,

Group Type Range”
a-Carboxyl 3.5-4.0
Side chain carboxyls 4.0-4.8

of aspartic and

glutamic acids
Imidazole (histidine) 6.5-7.4
Cysteine { —SH} 8.5-9.0
Phenolic {tyrosine) 9.5-10.5
a-Amino 8.0-9.0
Side chain amino 9.8-10.4

{lysine)
Guanidinyl {arginine} ~12

“Values outside these ranges are observed. For ex-
ample, side chain carboxyls have been reported with

pK, values as high as 7.3,

?HQ- on
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CH,— COO-

|
H:N—CH — COO"

Aspartic acid

Motes OH™ added per mole aspartic acid



pH

Proteins are polyampholites

" pl: isoelectric point

D :
+ H
N oot : -
: N
2 i ;
N Ce : : Tetrapeptide:
2 i+1 Glu
N C
— . Gly
Lys
1 i |
0 1 2 3 4

Moles OH" added per mcie tetrapeptide

COOH
|
CH. /
A Ve
CH; H @) CH, H
| | 1 1
CH H COOH
ZA TS A LTIN /C\ 7% N /N\ / :
H N C o N C
! i Il : [
Glu : Gly : Ala : Lys

NH-



Occurrence®
pK, of pK, of pK, of lonizing Residue” Mass in Proteins

Name Abbreviations e-COOH Group e-NH{ Group Side Chain® (daltons) {mol %)
Alanine A, Ala 2.3 9.7 — 71.08 9.0
Arginine X R Arg 2.2 9.0 125 XK 156.20 47
Asparagine N, Asn 2.0 88 — 114.11 4.4
Asparticacid X D, Asp 2.1 9.8 3.9 XK 115.09 5.5
Cysteine * C, Cys 1.8 10,8 8.3 103.14 2.8 x
Glutamine Q, Gln 2.2 9.1 — 128.14 39
Glutamic acid E, Glu 2.2 9.7 4.2 129.12 6.2
Glycine G, Gly 2.3 9.6 — 57.06 7.5
Histidine >  H, His 1.8 9.2 6.0 137.15 21 X%
Isoleucine I, lle 2.4 9.7 — 113.17 4.6
Leucine L, Leu 2.4 9.6 — 113.17 7.5
Lysine K, Lys L7 9.0 10.0 128.18 70
Methionine M, Met 2.3 9.2 — 131.21 1.7
Phenylalanine F, Phe 1.8 9.1 — 147.18 35
Proline P, Pro 2.0 10.6 — 97.12 4.6
Serine S, Ser 2.2 9.2 — 87.08 7.1
Threonine T, Thr 2.6 10.4 - 101.11 6.0
Tryptophan Y W, Trp 24 9.4 — 186.21 L1 X
Tyrosine Y, Tyr 2.2 | 10.1 163.18 3.5
Valine V, Val 2.3 9.6 — 99.14 6.9

“Approximate values found for side chains on the free amino acids.

*To obtain the mass of the amino acid itself, add the mass of 2 mole of water, 18.02 g, The values
given are for neutral side chains; slightly different values will apply at pH values where protons have
been gained or lost from the side chains.

[I [ A R O e B B [ A (O Y N | B



2 (-CH,-SH) + 1/2 0, < -CH,-S-S-CH,- + H,0

cysteine cysteine

H
SH S <
¢H2 CH2
. pK, = 8.3 ' |
HN—C—CO0" === H,;N—(—C00" +H oxidation reduction
H H

cysline

S)

A\

disulfide bond /g
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Analysis of proteins’ primary

structure:




Sequenza proteica da determinare

Campbell - Farrell

- Biochimica
IVNINE E4iSES

Fase 2 Fase 3 Fase 4

Campione 1 Campione 2 Campione 3 Campione 4
NW@C NMC NWC ch
Idrolisi Reagenti Rottura della proteina Rottura della proteina
negli amminoacidi costituenti specifici in siti specifici in siti specifici diversi

da quelli del campione 3

029000 o ~a ¥
02000000‘:000 m\‘ " — %bog
N C N C N Qoo C
0 090%9 00 /j”sg « %0'\
@0 09,0
Separazione ed identificazione Identificazione degli amminoacidi  Determinazione della sequenza Determinazione della sequenza
dei singoli amminoacidi N-terminale e C-terminale dei peptidi pit corti dei peptidi pit corti

A Le informazioni derivanti !

dalla sovrapposizione delle sequenze dei peptidi
consentono di risalire alla sequenza intera

B FIGURA 5.14 Lastrategia per determinare la struttura primaria di una data proteina.
La sequenza di amminoacidi puo essere determinata con quattro analisi differenti, eseguite su
quattro campioni separati della stessa proteina.



Chemical degradation

100

1. HCI:
Complete
degradation,
6M HCI at
100-110 °C A
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(=

enza relativa
=
g
[,
=3
=5
W
s
=
_‘u'
-
St
o
=
=

Fluoresc

% solvente B

for 12-36 h L e
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B FIGURA 5.15 Cromatogramma HPLC relativo alla separazione di una miscela di

amminoacidi.

| L | Campbell - Farrell
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Chemical degradation

Methionine
residue
————
R, O 0 R, O
l |
~N—~CH—C—N-~-CH—C=N—CH—C—
|
2.C bromid H |
X
HO |
N=C —Br —_/|
!".‘I.
Cyanogen ' NG — S —CH
bromide \‘ - -
— i Methyl
l thiocyanate
R, ) ~ R O
[ - 1
—~N—CH—C—N-—CH—C + H3N—CH—C
|
H { i, (
CH
Homoserine

lactone



(I'.Hg }|315“ (I]Hs Metil tiocianato
5+ = HsC—S— C=N
T ?"‘ i ? G=N 8 + (peptide C-terminale)
CH, N Br /CH‘Z ) H3N — Peptide
| Zt | > Eh /C 2 Z CH,
CH,; O CH, O CH, O CH, O
- o A A © |
s0o—N—(=—(C=—N—¢e0 seo—N— ((—(C—N—-¢e" see—N —( —( =r\—-oco eee—N —( —-(\
| | || | | | | o
H H H H H H H H H H H
REAZIONE COMPLESSIVA:
CHy Campbell - Farrell
| : Biochimica
S EdiSES W3S
I
CH, ~
| L
rCl
CH, O BrN CHy O

A 0% | ..._N—(I;—(lz

see—N—( —(—N—¢eee >
HCOOH S
o N | 0
o & HEN — Peptid .
Polipeptide 3 CPHOC Peptide con omoserina

(peptide C-terminale) 20 o O terminale

Protein hydrolysis by cyanogen bromide takes place where methionine residues are



3. [3-mercaptoethanol

4. Performic acid

%)
—NH—?H =z
¢H
S
S‘ + 2(15 —CH,CH,OH) —»
CIH 5 O B-Mercaptoethanol
[io= 1]
—NH—CH-—-C—
? <
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o
SH 5 —CH;CH,0OH
‘
&“TH S —CH,CH,OH
i)
—NH—CH—C—
O o)
| I
—N—CH—C— —N—CH—C—
- | Bl
CH': / CH
2l % 2
| H—C |
S \() /} 5 Oi
S Pertormic acid SO;
| |
CH, O - CH, O
I I | I
—N—CH—C— —N—CH—C—
H H
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Enzymatic degradation:
Proteases:

R, O R, O
o °
N-termingls++ —N—C —C —N—C —C—--- C-terminal
|| Al |
H H H H
Enzyme Preferred Site® Source
Trypsin Ry = Lys, Arg From digestive systems of
animals, many other sources
Chymotrypsin R, = Tyr, Trp, Phe, Leu  Same as trypsin
Thrombin R) = Arg From blood; involved
in coagulation
V-8 protease R, = Asp, Glu From Staphylococcus aureus
Prolyl endopeptidase R, =Pro Lamb kidney, other tissues
Subtilisin Very little specificity From various bacilli
Carboxypeptidase A R; = C-terminal From digestive systems
amino acid of animals
Thermolysin R, = Leu, Val, lle, Met From Bacillus thermoproteolyticus

“The residues indicated are those next to which cleavage is most likely. Note that in some cases pref-
erence is determined by the residue on the N-terminal side of the cleaved bond (R, ) and sometimes
by the residue to the C-terminal side (R, ). Generally, proteases do not cleave where proline is on the
other side of the bond. Even prolyl endopeptidase will not cleave if R, = Pro,



., | Campbell - Farrell
, Biochimica
EdIiSES

Peptide digestion with trypsin. A)
Trypsin is a proteolytic enzyme, or
protease, that cuts specifically only
peptide bonds where arginine or lysine
provide the carbonyl group. B) The
reaction products are a mixture of
peptide fragments with Arg and Lys as
C-term amino acids and a single
peptide deriving from the C-terminal
of the polypeptide chain.

Asp—Ala—Gly—Arg

N—Asp—Ala—Gly—Arg—His—Cys—Lys—Trp—Lys—Ser—Glu—Asn—Leu—Ile—Arg—Thr—Tyr—C

His—Cys—Lys

Trp—Lys

(e N
o NH,
|
C = NH, ITJHg+
|
HN CH,
| |
CH, (IlH._,
|
(I:Hg (l)H CH, COO™
| |
CHy; O CHy, O CH, O CH, O CH, O
| ol == . |
soe—N—CH—C—N—CH—C—N—CH—C—N—CH—C—N—CH—C ¢
| Ala | Arg | Ser | Lys | Asp
H H H H H
Tripsina Tripsina
- J
/‘3 N

Tripsina

Ser—Glu—Asn—Leu—Ile—Arg

Thr—Tyr

A




Chimotrypsin digestion of a protein. Chimoptrypsin hydrolyses proteins where aromatic amino

acids are

Proteina originaria

II:;.\"— Met—T) r%l,vu —'l"rp%(Lln— l’lw%Svr — COO~

N-terminale C-terminale
Digestione
con chimotripsina

H4N—Met— Tyr—COO"

N-terminale C-terminale

della proteina

originaria HsN—Leu—Trp—COO~

N-terminale C-terminale
]
HsN—GIn —Phe —COO~
N-terminale C-terminale
HsN—Ser — COO~
N-terminale C-terminale

della proteina
originaria

Campbell - Farrell
Biochimica
EdiSES RS ES



The overlap of the sequences
of fragments allows to
determine the protein
seguence

Chimotripsina H31¢I ==Tetu—Am—7"Np—Phe

Bromuro di cianogeno HinI —=Leu~+Asn—Asp—FPhe-His~=Met

Chimotripsina His==Met=Thr=Mect"—AI— 1p

Bromuro di cianogeno Thr—Met

Bromuro di cianogeno Ala~—Trp~Val=<Lys—+=CO0"

Chimotripsina Val —Lys—COO

Sequenza complessiva I'I:;\ —=LAN~—ASn— Asp—PFhe—Hiss—~Met=—=1 Iy == Met—8I— 11p~Val =Ly —CO0)"



Protease active sites

),

Gly 216 Gly 216 g}
(+)
Gly 226 Gly 226 Thr 22
Ser 189 Asp 189
Chymotrypsin Trypsin Elastase

@ 1950 GARLAND PUBLISHING INC,
A member of Ure Taglr & Francs Group
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Mechanism of protease
activity




Mechanism of protease activity

(a)
Enzyme-Ser Subslrale Tetrahedral transilion slale Acyl-enzyme intermediale
R .
ﬂ %RA \,RA - peptide Ry
E_'CHﬂ%o Rp—IN=¥ E—CH.—O % E_CH=O" = Rp— I?E.H released
o S H I H
Y |
Base Base Base
(His) (His) [His)
(b)
Acyl-enzyme Tetrahedral transition state Enzyme Product

intermediate
RA  peptide Rp

§ ;NA _/ released
E—CHxr o-H E—CH.— -H E~CH=O O,

H
i - Ho— o,
Base Base Bas
(His) (His) { His‘;
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5. Edman degradation

QN=C—S

Phenylisothiocyanate

—+
) o
- i} Il
HoMN CH C NH—CH—C —
‘ |
R F{2
N-terminus of chain
Step 1
|
/ \ N — CI: s O O
i N { i C NH—CH— C —
! |
= R

Phenylthiocarbamyl derivative
of peptide chain
2H"

‘\{ Step 2

H O
’ ; I
s e R e
o |
H N L= Rx

Peptide chain
= shortened by

one unit
M .ﬂStep 3
</ \>—— N=—CEC—35
S2h (,{', 3 ‘\J H

S5 CH

R
Phenylthiohydantoin
derivative of R,

FIGURE 5C.1



Fenilisotiocianato Derivato
tiazolinico

Ambiente
acquoso

: N—H N—H moderatamente O N S
” | | acido \(;/ \(;/
(G C=S8 C | |
Vi
I l \\ N a S e H— C——N
S H—N \ a | Ny
+ | ] H—C—C R
Ambiente R—cH |/ |\ i
1\|” Iy moderatamente | v R O ervato-
alcalino C=0 TFA
R — CH _ |
| am H— N &) v
C=0 H4N
| -}
H—N R (|‘H R— (le
| S
C=0 v
R'—CH | ‘|' =0
l H— N
(I =0 | 2 \IJ
R"— CH )
H— »l\ | R (l.H
C=—0 ST
R"—(iH GESO
C=0 : :
I Catena peptidica
I}‘ accorciata
b di un residuo

Catena peptidica

i’ L. | Campbell - Farrell
Edman degradation. 1) In moderate alkaline conditions, phenylthioisocianate combines with ———_ Biochimica
the N-terminal of the peptide to form a phenyl thiocarbamoyl (PTC) derivative. 2) After m EdiSES

treatment with trifluoracetic acid (TFA), a cyclic compound is formed and the first N-term amino
acid is released as a thiazoline derivative, whereas the other peptide binds are not hydrolized. 3)
After organic extraction and treatment with with an aqueous and acidic solution, a
phenylthiohydantoin derivative (PTH) of the N-term amino acid is formed. The process is
repeated several times to determine the amino acid at each step until the sequence of the peptide
is complete.
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Identification of theN-termPTH-aa N-terminale
through chromatography

Separation of the 20 PTH-aa
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Peptide analysers

" The two major direct methods of protein
sequencing are the Edman degradation
reaction and mass spectrometry.

" Proteomics




