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Cells

Erythrocytes

Leukocytes
Platelets

Inorganic components (10%)
NaCl, bicarbonate, phosphate,
CaCl,, MgCl,, KCl, Na,SO,4

Organic metabolites and waste

products (20%
glucose} amino acids,{lactate, pyruvate,

ketone bodies,citrate, urea, uric acid

Plasma proteins (70%

)
Major plasma proteins: erum albumin, very-low-density lipoproteins
(VLDL), low-density lipoproteins (LDL), high-density lipoproteins (HDL),
immunoglobulins (hundreds of kinds), fibrinogen, prothrombin,
many specialized transport proteins such as transferrin

Blood plasma
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Funcdes + Aplicacdes de aminoacidos = Pesquisa, Terapéutica,
Alimentacao, Nutricdo, Industria
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- Fontes de energia metabdlica

- Blocos construtivos das proteinas e peptideos:
20 a-aminoacidos usuais/ “essenciais’aos humanos (9): F H, I, L, K, M, T, W, V
aminoacidos nao usuais

- Intermediarios biossintéticos: sintese de aminoacidos, nucleotideos,
compostos nitrogenados

- Acoes bioldgicas: algumas ja citadas

- Marcador de envelhecimento

- Suplementos alimentares

- Compostos neuroativos

- Reagentes para sinteses organicas (heterociclos e p-lactamas)
- Sintese quimica de aminoacil-resinas, peptideos e proteinas

- Preparacéo de colunas quirais p/ cromatografia

-  Cosmética MTM
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Aminoacidos: blocos construtivos de proteinas - Metabolismo de proteinas
endodgenas e da dieta

metabolismo de aminoacidos (degradacéo e biossintese)

Amino acid

NH3 A:} Carbon skeleton 1. desaminacgéo
/ﬂ m 2. Outras reacoes

CO, Phosphoenolpyruvate Alanine  Glycine Threonine
22 A Cysteine Serine
H20 Pyruvate ,
N' ¢ Isoleucine
Glucose Acetyl-CoA == <= Acetoacetate :jgi‘;i’e‘e
Urea /L\i \ Phenylalanine
i —> Oxaloacetate Citrate Tyrosine
Excrecao Asparagine Tryptophan
S mamiferos psiorite” |/ Tagara \
Malate | Glucogenic Isocitrate Arginine Proline
Ketogenic Histidine Glutamine
Both glucogenic
and ketogenic Y
Fumarate a-Ketoglutarate <—{Glutamate |
Tyrosine Isoleucine Valine

Phenylalanine| Succinate Succinyl-CoA <—{Methionine Threonine
MTM b



: ~ ~ : : MTM
Desaminacgao > reacoes catalisadas por transaminases

+
1" I
R—CH—COO0™ |+ ~00C—CH,—CH,—C—COO"~

Amino acid a-Ketoglutarate
Il i
NH3 (o)

O |
I
I “00C—CH;—CH,—CH—CO0~ | + ~00C—CH;—C—CO00~

R—C—COO™ +
Glutamate Oxaloacetate

a-Keto acid

Unnumbered figure pg 688a Fundamentals of Biochemi
© 2006 John Wiley & Sons

+
(o) TH3
“00C—CH;—CH,—C—CO00~ + | T00C—CH;—CH—CO0O0~

a-Ketoglutarate Aspartate

Unnumbered figure pg 688b Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons

Desaminacéao = reacao catalisada por glutamato desidrogenase (GDH)

NAD(P)* NAD(P)H + H* H,0 NHz*
NH3*
| NH g I
~00C—CH;—CH; —C—C00~ T——— 2 ——=—> -00C—CH;—CH;—C—CO00"
. ~00C— CHy,— CHy—C— €00~
Glutamate a-Iminoglutarate a-Ketoglutarate

Unnumbered figure pg 692 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons



Aminoacidos:
blocos construtivos de outros compostos nitrogenados bioativos

(vasodilatador; estimula secrecao
de acido no estdmago)

~00C _CHz BIHZ 43_CH2 HO 4@7(:“2

H3N yCHz H3N CH2 H3N— CH2
v-Aminobutyric acid (GABA) Histamine Dopamine
(inibe eplepsia e hipertenséo) (estimula 0s

neuroreceptores D1-D5;
altera pressao arterial)
C|-|2
+
H3N— CH —CO00"~

(hormonio tireoideano/ Thyroxme
tetraiodotironina = T4)
‘ P Glutathione
O { i} (atividade redutora)

“ooC H

cysteine
glutamate

MTM



Aminoacidos: blocos construtivos de fatores liberadores de hormodnios/
hormonios peptidicos em prol do controle de funcdes vitais

Sensory input from environment

Central nervous system

Neuroendocrine
origins of

signals Hypothalamus___

Hypothalamic hormones
(releasing factors)

/1 \N\

\
First targets Anterior pituitary \ Posterlor pituitary
Corticotropin [Thyrotropin ] Follicle- | yteinizing Somatotropin Prolactm Oxytocin | Vasopressin | Blood
(ACTH) M, 28,000 {Jtimulating phormone (growth hormone) M, 22,000 M, 1,007 | (antidiuretic |glucose
—- hormone 4 >0 500 M, 21,500 hormone) level
M, 24,000 M, 1,040
A 4 v 1 A 4 A 4
Adrenal . . Islet cells of Adrenal
Second targets cortex Thyroid Ovaries/testes pancreas  medulla
A 4 A 4 1 v A 4
cortcigc:ts'tsec::;ne (;';y::’i:(::ii Frogesterons; g::::ggln inephri
, (Tg)s 3 : , Epinephrine
aldosterone thyronine (T3) satradiol “Testonterone somatostati He
1 1 1 1 A 4 A 4 S A 4 h A 4
. Many Muscles . Liver Mammary moot Arterioles, Liver, Liver,
Ultimate targets tissues liver ~ Reproductive organs bone glands muscle, kidney  muscles mll:scles,
mammary eart
glands

MTM



Aminoacidos: blocos construtivos dos horménios peptidicos
envolvidos no controle da glicemia = metabolismo de mamiferos

High blood
glucose

Pancreas
Low blood
glucose
i
I
1
A
Iy
A
AN
J'r %
{f." 'h.‘

Glycogen - Glycogen
Vo] ¥ V1
Glucose i Glucose
Vot i | b
Pyruvate h‘-""— Glucoze Pyruvate

¥
CO.
Muscle: Liver:
timulates | Glucagon !V.tinmlat:-‘.-s
Aoese uplake and T synthesis

consumption and export MTM



Aminoacidos: blocos construtivos de

Figure 1. A novel ACE2 inhibitor identified by
molecular docking. A, The active site residues of
ACE2 are displayed. ACE2-strands are colored
blue and -helices are colored gold. Yellow spheres
indicate the position of a known ACE2 inhibitor
used as a guide for targeting small molecules.
Magenta spheres mark the boundary of the scoring
grid used to calculate energy scores for molecularly
docked small molecules. B, The top scoring
compound, N-(2-aminoethyl)-1 aziridine-
ethanamine (NAAE),is shown in the ACE2 active
site. ACE2

inibidores sintéticos de proteases-> ciéncia

terapéutica

Angiotensin-converting enzyme (ACE) inhibitors:
are widely used for cardiovascular diseases, including high
blood pressure, heart failure, heart attack and kidney failure,

and have combined annual sales in excess of US $6 billion.

Para desenvolver um inibidor é preciso saber:

Protease: especificidade/modo de acdo/estrutura
Protedlise e estruturas de proteinas

Geracao de fragmentos/peptideos

Identificacao e estruturas
Sintese/purificacao/caracterizacdo de peptideos
Inibicdo da funcéo catalitica

Busca de analogos nao peptidicos

Acdao inibitoria especifica

}

Quimica, estrutura, propriedades
de aminoacidos MTM
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http://www.haircareresources.com/amino-acid.html

- Aminoacidos:
Mﬁ componentes de produtos da cosmética
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..... Certain amino acids have been determined to contribute to the thinning and
thickening of hair.

...Some of the amino acids that the body needs to produce healthier hair are
methionine, cysteine, cystine, and tyrosine.

Methionine

Methionine, an essential amino acid, is a powerful antioxidant. This amino acid is a
good source of sulfur which helps in the prevention of hair disorders as well as skin
and nail disorders..... Methionine prevents the premature loss of hair......

Cysteine

The non essential amino acid cysteine is important for the proper growth of hair.
Cysteine has been found to increase the growth of hair by 100%.

Cysteine also acts as a powerful antioxidant and protects the body from damage
brought about by radiation.
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Gutiérrez-Preciado et al, (2010) Nature Education 3(9):29
An Evolutionary Perspective on Amino Acids

Between 4 000 and 3 500 million years (Hadean Eon)
Earliest life appears

Amino acids by chemical synthesis

!

~3 500 million years (Archean Eon)
Last universal common ancestor

Metabolic pathways for amino acid biosynthesis

l

1 800 million years to date (Proterozoic and Phanerozoic Eons)
Presence of the three domains: Archea, Bacteria and Eukarya

Some pathways are lost in some lineages
Specialization of pathway regulation
Enzyme fusion

Figure 1: Major events in the evolution of amino acid synthesis

The way amino acids are synthesized has changed during the history of Earth. The Hadean Eon represents the
time from which Earth first formed. The subsequent Archean Eon (approximately 3,500 million years ago) is
known as the age of bacteria and archaea. The Proterozoic Eon was the gathering up of oxygen in Earth's
atmosphere, and the Phanerozoic Eon coincides with the major diversification of animals, plants, and fungi.




P.J. White & C.B. Newgard, Science 2019, 363 (6427), 582-583

MTM

Branched-Chain Amino Acids in disease: Leu, lle, Val

BCAAs: biomarkers and causal agents of cardiometabolic disease

Diet, obesity, the gut microbiota, and genetics can

increase circulating BCAAs.

BCAAs are proposed to promote increased

hepatic lipid storage, cardiac hypertrophy, and muscle lipid accumulation contributing to insulin resistance.

TEEAA diet
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High glucose

}

Cardiac
hypertrophy
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cycle intermediates

j AR l
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Fatty acid uptake #Acylglycine efflux
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Skeletal muscle lipid accumulation



Kaiji Y'et al. Invest Ophthalmol Vis Sci. 2007, 48(9),3923-7 MTM
Localization of D-beta-aspartic acid-containing proteins in human eyes

Biologically uncommon D-beta-aspartic acid (D-beta-Asp) has been detected in proteins from various
human tissues in elderly donors. Previous studies have identified D-beta-Asp residues at four different
specific sites in alpha-crystallin from aged human lenses and an increased amount of D-beta-Asp
residues with age. D-beta-Asp is formed as a result of racemization and accumulates with age; therefore, it
is thought to be a potential marker of aging. To reveal the role of the D-beta-Asp formation in the aging
process of eyes, immunohistochemical localization of D-beta-Asp was investigated in ocular samples of
various ages.

@) (@)
HO HO
O NH O HN
: “NCH,
D-Aspartic Acid N-Methyl-D-Asparate (NMDA)

Melville GW et al., PLoS ONE 12(8): 0182630 (2017)
The effects of d-aspartic acid supplementation in resistance-trained men over a three
months training period: A randomised controlled trial.

D-aspartic acid (D-AA) is an amino acid regulator of testosterone synthesis and may act on a
stimulatory receptor (NMDA). D-AA shows promise in aiding male fertility. Healthy men supplementing
D-AA experience only temporary increases in testosterone, which limits its use.

D-AA works in the central brain region to cause a release of hormones, such as luteinizing hormone,
follicle-stimulating hormone, and growth hormone.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaji%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=17724168
http://www.ncbi.nlm.nih.gov/pubmed/17724168

Aminoacidos modificados e nao usuais

Codigo genetico: 20 a-aminoacidos usuais
a-Aminoacidos modificados (n&o usuais) em peptideos/proteinas?
modificacdo pds-traducéo

Excecdo: Sec ou SeCys R

+ _
H;N—C—COO
CH,-Se-H
21°. Aminoacido proteico

D-Phe: peptideo antibiotico H +,E—ZH
gramicidina A ﬁ AN riw,/l\)

MTM



O0—PO3~ CH X
| | 5 3
T o N—CH
| | /0 2\
—NH—CH —CO —NH—CH —CO— ,CO0™
O-Phosphoserine v-Carboxyglutamate  4-Hydroxyproline colageno
Proteinas fosforiladas conotoxinas o
I
CH
3 CH,
5 _N
// 3 CH, _ . :
N1 4 5 Proteinas Ribossomais
57 CH, Cromossomais
cIH2 CH;
—NH—CH —CO —NH—aCH —CO0—
3-Methylhistidine e-N-Acetyllysine

Figure 4-15 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Estrutura geral dos a- aminoacidos
Side
H R chain

-Carb v/
a-Laroon C

W coon
Amino  Carboxyl Ball-and-stick
group group model
H O H O
|l |l
—NH—(I:a—C— —NH—CI—C—
H2Cp H2Cp
H2Cy H2Gy
Hz(lia Co0~
HZCE . - -
II\|H+ Amino acids are
Lys : 6l tetrahedral structures

» 700 diferentes aminoacidos na natureza (plantas, bactérias e fungos)



A maioria é a-aminoacidos, mas existem outros. H

L-ce-alanine
em MICROCISTINA
(toxina de alga Microcystis aeruginosa)

|
H
CH, ;
0 COOHT‘)j\

COOH

HN™ N

kb‘ﬂh]
H” §CH,
Hom.,
e, 0O

H"’afﬁr
O

F-alanine

em CARNOSINA
(dipeptideo de glia e neurdnios)

COOH

CH, — CH — NH

-

HN' N

MTM



Propriedades fisico-quimicas dos a-aminoacidos

« Capacidade de formar ligacoes de H MTM
« Capacidade de se envolver em ligacdes S-S
« Reatividade quimica

« Acidez X Basicidade

« Polaridade

« Aromaticidade

* Volume

« Capacidade de absorver/emitir luz

« Capacidade de desviar luz plano polarizada
* Quiralidade

« Flexibilidade conformacional

Solubility

Amino acids are generally soluble in water and insoluble in non-polar organic
solvents such as hydrocarbons.

Melting points

The amino acids are crystalline solids with surprisingly high melting points. It
is difficult to pin the melting points down exactly because the amino acids tend
to decompose before they melt. Decomposition and melting tend to be in the
200 - 300°C range.



Propriedades acido-base

+ _
H.N—C—COO

Carater anfotérico
Carater eletrolito

Zwitterion (zwitter = hibrido)
lon dipolar

PF =~300 °C
(compostos ibnicos tipicos)

Soluveis em solventes polares

R

H

MTM



Por 1SS0,

lT R
|
N C"‘ -oOH *H.N- Cz—COOH
i X \ ®

MTM



R %B %A %B %A

| pH -COO- -COOH -NH2  -NH3+
— 1 1.0 99.0 0.0 100.0
H3N cl £00 2 9.1 90.9 0.0 100.0
3 50.0 50.0 0.0 100.0
S H 4 90.9 9.1 0.0 100.0
5 99.0 1.0 0.0 100.0
- COOH 6 99.9 0.1 0.1 99.9
pK, = 7 100.0 0.0 1.0 99.0
8 100.0 0.0 9.1 90.9
- NH* 9 100.0 0.0 50.0 50.0
> 10 100.0 0.0 90.9 9.1
PKa = 11 100.0 0.0 99.0 1.0
12 100.0 0.0 99.9 0.1
13 100.0 0.0 100.0 0.0
14 100.0 0.0 100.0 0.0

100.0 y O et e e s e 0000 10009 OO0O0ODO0ODO LR R 2

O 2 O L
80.0 - 80.0 -
60.0 A coo 60.0 - NH2
X X ®
40.0 - COOH 40.0 - NH3+
20.0 - 20.0 -
2 O L 2 a
0.0 +—4—T—1——H A 0.0 +—+—+———— 44—t 770
01 2 3 45 6 7 8 9 101112 13 14 012 3 456 7 8 91011121314
pH pH

pH = pKa + log [A]/[HA]; gdo [A-] = [HA]: pH = pKa

SRM/MTN



1.0 = 0 = 1.0

Equivalents of H* Equivalents of OH™
I | |
0 1.0 2.0
Equivalents of OH™ added —»
l I |
2.0 1.0 0
<t— Equivalents of H* added

MTM



Lys Lys* Lys" Ly~

COOH COo™ Coo™ CO0-
| I | I
HN*=C—~H HN*-C-H HN-C—-H HN-C-—H
| I |
e

|

0 i

cHy cH, CH, CH,
|

Célculo de pl
Capacidade tamponante

MTM



pK, Values of Polyfunctional Amino Acids

Amino Acid | &2 | @NHs | Side Chain || - |
PH31 Pl{az p'{ﬂs P
Arginine 2.1 9.0 12.5 10.8
Aspartic Acid || 2.1 9.8 3.9 3.0
Cysieine 1.7 10.4 8.3 5.0
Glutamic Acid || 2.2 9.7 4.3 3.2
Histidine 1.8 9.2 6.0 7.6
Lysine 2.2 9.0 10.5 9.8
Tyrosine 2.2 9.1 10.1 5.7

MTM



Estrutura, polaridade, volume, aromaticidade

Ala

Usuais apolares (9): G,A,V,L,I,M, P, F,W

.

Figure 4-4 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Table 4-1 Key to Structure. Covalent Structures and Abbreviations of the “Standard” Amino Acids of Proteins, Their Occurrence, and the pK
Values of Their lonizable Groups

Name, Residue Average
Three-letter Symbol, Structural Mass Occurrence pK; pK> pKRr
and One-letter Symbol Formula“ (D)? in Proteins (%)° a-COOH? a-NH34 Side Chain

Amino acids with nonpolar side chains

Glycine COO™ 57.0 72 2.35 9.78
gw H—%—H

NH3
Alanine COO~ 71.1 7.8 2:35 9.87
ila H— c: —CH;,

NHF
xa}ine (|:OO _/CH3 99.1 6.6 2.29 9.74

a

v H— c| - C{iq

NHE ©H3

“The ionic forms shown are those predominating at pH 7.0 (except for that of histidine’) although residue mass is given for the neutral compound.
The C, atoms, as well as those atoms marked with an asterisk, are chiral centers with configurations as indicated according to Fischer projection
formulas (Section 4-2). The standard organic numbering system is provided for heterocycles.

’The residue masses are given for the neutral residues. For the molecular masses of the parent amino acids, add 18.0 D, the molecular mass of H,O,
to the residue masses. For side chain masses, subtract 56.0 D, the formula mass of a peptide group. from the residue masses.

“Calculated from a database of nonredundant proteins containing 300,688 residues as compiled by Doolittle, R.F. in Fasman, G.D. (Ed.), Predictions of
Protein Structure and the Principles of Protein Conformation, Plenum Press (1989).

Data from Dawson, R.M.C., Elliott, D.C., Elliott, W.H., and Jones, K.M., Data for Biochemical Research (3rd ed.), pp. 1-31, Oxford Science
Publications (1986).

Table 4-1 part 1 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Table 4-1 Key to Structure. Covalent Structures and Abbreviations of the “Standard” Amino Acids of Proteins, Their Occurrence, and the pK
Values of Their lonizable Groups

Name, Residue Average
Three-letter Symbol, Structural Mass Occurrence pK; pK, pKgr
and One-letter Symbol Formula“® (D)? in Proteins (%) a-COOH? a-NH%4 Side Chain?
Amino acids with nonpolar side chains
Leucine COO~ CH. 1152 9.1 2.33 9.74
3

Leu = L

NH CH;
Isoleucine COD" CHy 1132 5.3 2.32 9.76
I | =
Ie H_?—C—CHZ_CHZ’

NI H
Methionine cCO0 1312 27 2,13 9.28
Met | L
M H_ (|:_ CH:)__ CHz_b_(_,H:;

NHF

“The ionic forms shown are those predominating at pH 7.0 (except for that of histidine’) although residue mass is given for the neutral compound.
The C, atoms, as well as those atoms marked with an asterisk, are chiral centers with configurations as indicated according to Fischer projection
formulas (Section 4-2). The standard organic numbering system is provided for heterocycles.

’The residue masses are given for the neutral residues. For the molecular masses of the parent amino acids, add 18.0 D, the molecular mass of H,O,
to the residue masses. For side chain masses, subtract 56.0 D, the formula mass of a peptide group, from the residue masses.

‘Calculated from a database of nonredundant proteins containing 300,688 residues as compiled by Doolittle, R.F. in Fasman, G.D. (Ed.), Predictions of
Protein Structure and the Principles of Protein Conformation, Plenum Press (1989).

9Data from Dawson, RM.C., Elliott, D.C., Elliott, W.H., and Jones, K.M., Data for Biochemical Research (3rd ed.), pp- 1-31, Oxford Science
Publications (1986).

Table 4-1 part 2 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Table 4-1 Key to Structure. Covalent Structures and Abbreviations of the “Standard” Amino Acids of Proteins, Their Occurrence, and the pK

Values of Their lonizable Groups

Name,
Three-letter Symbol, Structural
and One-letter Symbol Formula“®

Residue Average
Mass Occurrence pK; pK,
(D)? in Proteins (%)° a-COOH? a-NH%4

pKr
Side Chain?

Amino acids with nonpolar side chains

Proline H;
Pro CO0~ S~cp,
P ~H 4
7 NECH,
H
H,
Phenylalanine COOT
Phe -
= |
NHF
Tryptophan CO0~
Trp |
W H— (1: —CHy15
2
NH{ N
H

97.1 32 1.95 10.64
147.2 3.9 2.20 D31
186.2 1.4 2.46 9.41

“The ionic forms shown are those predominating at pH 7.0 (except for that of histidine”) although residue mass is given for the neutral compound.
The C, atoms, as well as those atoms marked with an asterisk, are chiral centers with configurations as indicated according to Fischer projection
formulas (Section 4-2). The standard organic numbering system is provided for heterocycles.

’The residue masses are given for the neutral residues. For the molecular masses of the parent amino acids, add 18.0 D, the molecular mass of H,O,
to the residue masses. For side chain masses, subtract 56.0 D, the formula mass of a peptide group, from the residue masses.

‘Calculated from a database of nonredundant proteins containing 300,688 residues as compiled by Doolittle, R.F. in Fasman, G.D. (Ed.), Predictions of
Protein Structure and the Principles of Protein Conformation, Plenum Press (1989).
4Data from Dawson, RM.C., Elliott, D.C., Elliott, W.H., and Jones, K.M., Data for Biochemical Research (3rd ed.), pp. 1-31, Oxford Science

Publications (1986).

Table 4-1 part 3 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Estrutura, polaridade, volume, aromaticidade

Usuais polares nao carregados (6): S,T, N, Q, Y, C

Figure 4-5 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Table 4-1 (continued)

Name, Residue Average
Three-letter Symbol, Structural Mass Occurrence pK; pK> pKr
and One-letter Symbol Formula“ (D)? in Proteins (%)° a-COOH* a-NH%4 Side Chain?
Amino acids with uncharged polar side chains
Serine COO~ 87.1 6.8 219 9.21
Ser | .
S H—?—{H[—OH
NH3
Threonine coo=x H 101.1 a9 2.09 9.10
Thr | |
T H—?———?—Gﬁ
NH{ OH
Asparagine® 85 R 0 114.1 43 2.14 8.72
Asn | /
NH$ NH,

“The three- and one-letter symbols for asparagine or aspartic acid are Asx and B, whereas for glutamine or glutamic acid they are Glx and Z. The
one-letter symbol for an undetermined or “nonstandard” amino acid is X.

"Both neutral and protonated forms of histidine are present at pH 7.0, since its pKy is close to 7.0.

Table 4-1 part 4 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Table 4-1 (continued)

Name, Residue Average
Three-letter Symbol, Structural Mass Occurrence pK; pK> pKRr

and One-letter Symbol Formula® (D)” in Proteins (%)° a-COOH* a-NH3 ¢ Side Chain?
Amino acids with uncharged polar side chains
Glutamine® COO~, 128.1 4.3 2.17 9.13
Gln |
Q =

NHj
Tyrosine (|ZOO_ 163.2 3.2 220 921 10.46 (phenol)
Tyr . o

He o O ‘ OH

Y | NS

NHE
Cysteine COO~ 103.1 1.9 1.92 10.70 8.37 (sulfhydryl)
Cys |
C -

NH3

“The three- and one-letter symbols for asparagine or aspartic acid are Asx and B, whereas for glutamine or glutamic acid they are Glx and Z. The
one-letter symbol for an undetermined or “nonstandard” amino acid is X.

’Both neutral and protonated forms of histidine are present at pH 7.0, since its pKp is close to 7.0.

Table 4-1 part 5 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons

Natureza dos R dos a-aminoacidos:

determinantes para a estrutura tridimensional das proteinas

MTM



Estrutura, polaridade, volume, aromaticidade

Usuais polares carregados (5): K, R,H, D, E

MTM



Table 4-1 (continued)

Name, Residue Average
Three-letter Symbol, Structural Mass Occurrence pK;y pK> pPKRr
and One-letter Symbol Formula“ (D)? in Proteins (%)° a-COOH? a-NHF ¢ Side Chain?
Amino acids with charged polar side chains
Lysine L 00T 128.2 5.9 2.16 9.06 10.54 (e-NH3)
Lys |
K i
NH%
Arginine COO™ NH, 156.2 5.1 1.82 8.99 12.48 (guanidino)
Ar | /
R - H—(E—CHZ—CHZ—CHZ—NH—C\
NH NH}
Histidine” (IIOO‘ 137.1 2.3 1.80 9.33 6.04 (imidazole)
His -
N

NH$ 3
Aspartic acid® COQ 105 53 1.99 9.90 3.90 (B-COOH)
Asp |
D 5

NH{
Glutamic acid® co0 o) 129.1 6.3 2.10 9.47 4.07 (y-COOH)
Glu | /

N
NHY O~

“The three- and one-letter symbols for asparagine or aspartic acid are Asx and B, whereas for glutamine or glutamic acid they are Glx and Z. The
one-letter symbol for an undetermined or “nonstandard” amino acid is X.

Both neutral and protonated forms of histidine are present at pH 7.0, since its pKy is close to 7.0.

Table 4-1 part 6 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Absorcao de luz
Todos: absorvem em 200-220 nm; alguns absorvem em 250-280 nm

Importancia: deteccédo e dosagem
(deles e dos biopolimeros formados por eles)

40,000 B
20,000
10,000

Spectral Scan of Aromatic Amino Acids

—Trp
T yr
=—Phe
T

€
=1
=
=
=

L

2,000
1,000
500

Ahsorhance

200
100

Molar absorptivity,

200 224 240 274 300 325 3a0
Wavelength (nm)

an
=

20

10 I I R [ [ ]

200 220 240 260 280 300 320
Wavelength (nm)

MTM



Fluorescéncia de aminodcidos

1 L ] | 1] | 1
Phe, 282nm Tyrl304nm Teo I355nm -
v 257nm 274nm 278nm
g | I
o I I
v .
s | I
o
2 | | I
(I8
3 | | I
| | I
R | 1 ! A 1
2701 300 330 300 350 300 358 400 450
Emission wavelength (nm)
Absorbance Fluorescence Sensitivity
Amax Emax Amax ‘PFb Emax X (PFb
Amino acid (nm) (M~ 'em™) (nm) (M~ 'em™)
Tryptophan 280 5600 355 0.13 730
Tyrosine 275 1400 304 0.14 200
Phenylalanine , 258 200 282 0.02 4




Quiralidade = Atividade optica MTM

Aminoacidos sao substancias opticamente ativas pq desviam
a luz plano-polarizada

dextrorrotatorias: d (dexter = direita) = + ( sentido horario)

levorrotatorias: | (laeves = esquerda) = - (sentido anti-horario)

Porque isso ocorre? Possuem assimetria/quiralidade
caracteristica tipica de substancias que contém | centro(s) assimétrico(s)/quiralico(s)
carbono(s) assimétrico(s) / C*

impossibilita a sobreposicdo a sua imagem especular.
no. de possiveis estereoisbmeros = 2"
(2 possiveis configuracdes; n = no. de C*):



Analyzer

(can be rotated) "\

Degree scale
(fixed)

Polarimeter

Plane of polarization

Fixed
polarizer of the emerging light
Light is not the same as
source i . that of the entering
Optically active polarized light
x4z substance in solution
~ rd .
- in the tube causes
Y g\ the plane of the polarized

light to rotate

[a]?°= % rotacdo observada (°)
caminho optico (dm) X concentracao (g/ml)
D =linha D do espectro do Na: A= 598,3nm

MTM

L- Pro -86,2° D- Pro + 86,2 °

L- Leu -10,4 ° D- Leu +10,4 °

L- Arg +12,5° D- Arg -12,5°




Nomenclatura para especificar configuracdo absoluta:
(disposicéo espacial dos grupos ao redor do C*)

sistema D, L; Emil Fischer, 1891: configuracdo de um composto de referéncia

Geometric formulas
CHO CHO
HO——Ci«-H * H—»(j:«-OH
CHaOH CH20H

Fischer projection

CHO 5 CHO

I " I
HO—C—H : H—C—OH

I ; I

CH20H CH20H

Mirror plane 000 de o |
L-Glyceraldehyde D-Glyceraldehyde ‘>0 ¢ "2nce deemo)

Figure 4-12 Fundamentals of Biochemistry, 2/e

© 2006 John Wiley & Sons M T M



Configuracao absoluta dos am

inoacidos segundo sistema D,L:

(:IHO
HO --C —H
éHZOH
L-Glyceraldehyde

COO0™
+
HsN— C —H
R

l-a-Amino acid

Unnumbered figure pg 87 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons

(forma-oul)
1949: configuracao absoluta
confirmada por cristalografia
de raios X

(configuracao dos grupos ao redor do C*
esta relacionada com aquela dos grupos

do L-gliceraldeido:

reacdes quimicas convertem os diferentes
grupos com o0s quais sado comparados em

relacao a configurqgéo)

!

Todos os aminoacidos proteicos: L

MTM




Nomenclatura para especificar configuracao absoluta:

sistema R (rectus), S (sinistre); Cahn-Ingold-Prelog, 1956:

ordem de prioridade dos atomos: nos. atdbmicos dos grupos ligados a um C*
SH > OH > NH, > COOH > CHO > CH,0OH > C;H, > CH;>°H > 1H

mais adequada para moléculas com mais de um C*,

CHO C\HO(X)\

HO—C —H OH

(p/ fundo)

CH,OH
L-Glyceraldehyde (S)-Glyceraldehyde

CH,OH

MTM



Sistemas L,D e S, R aplicados aos aminoacidos

CHO
HOPQ*H

CH,OH
L-Glyceraldehyde

CHO
H — C— OH

CH,OH
p-Glyceraldehyde

COOH
+ =
H;N — C— H

CH,

L-Alanine

Com excecao de Cys, todos os 20 L-aminoacidos de pept/prot séo S!

OH

!

£
/
[l

> JIlH) (p/ fundo)

\h.

OHC' 7 CH,OH

(5)-Glyceraldehyde

b

OH
-’/,-— -.\\ )
~ :l Hs ] Vo

HOH,C'™  “CHO

(R)-Glyceraldehyde

+
NH;

!

Cs

T

.. ___H\
}" ~ | "‘H’I __-'

e

~00C 7 CH;

(S)-Alanine



COO COO 2n=22=4isbmeros

|
I
|
+ 5 : +
H.N—C=H | H—C—NH,
|
3 |
H - C-0OH : HO-C-H Enantidmeros: imagens especulares
I nao sobreponiveis;
CH; : CH; fisica- e quimicamente indistinguiveis.
L-Thr D-Thr
(2S, 3R)-Thr |
I
COO | COO
; : - Diastereisdomeros:
H3N C—H : H—C NH3 Imagens especulares entre si, mas
| nao de L- ou D-Thr
HO-C-H ' H-C-0OH fisica- e quimicamente distinguiveis
. (PF, espectros, reatividade quimica
CH, ! CH, diferentes).

L-allo-Thr D-allo-Thr MTM



COO COO COO

| + | | =5

?00—
+
HSN—(|3—H H3N—(|J—H . H—(|3—NH3 H—(IJ—NH;f

Mirror: plane

L-Cystine p-Cystine

L-Cystine:
Optical
rotation:

-218° to -224°
(c=2,1NHCI,
20°C) EMD
Millipore

D-Cystine: Optical
rotation: [a]20/D +212°
(c=1, 1M HCI, 20°C)
Merck

-215 to -230
deg

(C=1, 1mol/L
HCI) [a]20/D
Chemical
Industry Co.,
Ltd. Tokyo

meso-Cystine

Isbmero meso ou allo ou
internamente compensado:

Oticamente inativo

2 centros assimétricos quimicamente
idénticos

uma parte da molécula nao se
sobrepde a outra parte - as partes

sd0 imagens especulares uma da
outra

A molécula é sobreponivel a sua
imagem especular



Como separar/analisar/qguantificar aminoacidos? mT™m

1) Separacao por diferenca de polaridade:
Cromatografia em papel (fase estacionaria = celulose)

Cromatografia em camada delgada (CCD; TLC): silica, celulose, alumina
Revelagdo: reagao quimica que gera produtos coloridos ou fluorescentes
comparacao com aminoacidos de concentracao conhecida e entre Rfs

Cromatoqgrafia em coluna (preenchida com material ndo iénico polar ou apolar)

(eluente = fase movel)

(Coluna = [

fase estacionaria)

comparacado da amostra
com mistura-padrao de
— concentracdo conhecida,
seus tr (tempos de retencéo)
e areas dos seus picos




Neste caso: Derivatizacdo ou revelacao dos aminoéacidos

pré-coluna: antes da cromatografia
poés-coluna: depois da cromatografia
Que reagentes?

cloreto de dansila o-ftaldeido (OPA)
produto fluorescente HC O CH, produto fluorescente

2,4 dinitrofluorobenzeno 00
(DTNB; reagente de Sanger) F@ )

produto colorido

produto que absorve em 254 nm

fenilisotiocianato (PITC) Q/NQC

MTM



2) Separacao por diferenca de carga liguida em dado pH:

propriedades acido-base dos aminoacidos
- cromatografia dos aminoacidos em coluna (preenchida com material i6nico)

- uso de NaCl ou KClI para eluir os aminoacidos retidos na coluna
- comparagao com aminoacidos-padrao de concentragéo conhecida e entre volume do eluente e areas dos picos

(Coluna)

Flhy

+ +

Na'| H,N
COOH

P

lon-exchahge Resin

coo pH4.5

0 0.5 1 1.5 2 ‘
OH~ (equivalents)

MTM



cromatografia de troca ionica catibnica: sem pré-derivatizacdo da mistura de

i ACI - -l b -
aminoacidos: - m
0,23 Ma citrate 2N Ma citraie
0.30 I Valine [ Methionine
Isolewcine
.95 Threonine | o0
| =
gl:l i}
_i, 2 Aspartic Clutamic Glycine " |
s acid \ " !i
= 015 Phenyl-
: I Tyrosine 1900
Eoao I
0.05 Cystime
L———“ﬁu s s e T — —

0 2% B0 TR LD 125 150 175 204 225 250 275 300 325 350 ATH 4000 425 450 475
Volume of eluant

- :
pH 5,28
0,35 Ma citrate
(.50
I Phenylalanine
Comparacao com 3““5| Trosne
padroes de 2020 [
~ k- yEIne
concentracao £ 0 —t—
conhecidal E o0 NH,*
Arginine
005 J

¢ 25 S0 F5 100 125

Yolume of eluamt

MTM
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