- Proteinas nutrientes de reserva:
Proteinas de transporte: - Proteinas de semillas (trigo, maiz,
- Hemoglobina arroz)
- Lipoproteinas - Ovoalbldmina
-Transportadores de membranas - Caseina
bioldgicas - Ferritina (Fe)
Enzimas: reacciones bioquimicas ﬁ
r Otras:
. - Monelina (vegetal: edulcorante)
P.r'0|’:|e-dades - Anticongelantes (sangre de
Proteinas reguladoras: Biologicas de peces Antdrticos)
- Hormonas y proteinas G las Proteinas
- Regulacidn génica J

, - tubulina: dineinas y kinesinas
Proteinas estructurales: ia- dinefnds y Hinesind

c g Proteinas contrdctiles o motiles:
- actina y miosinas

- Colageno (tendones, cartilagos, piel)

- Elastina (ligamentos) Proteinas de defensa:

- Queratinas (pelos, ufias, plumas) - Inmunoglobulinas (anticuerpos)

- Fibroina (fibras de seda de de telarafias) - Fribrinégeno y trombina (coagulacidn)

- Resilina (unién de alas en insectos) - Venenos de serpientes, toxinas bacterianas,
toxinas vegetales (ricina)
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Proteinas: moléculas grandes

Molecular Data on Some Proteins

Number of
Molecular Number of polypeptide
weight residues chains

Cytochrome ¢ (human) 13,000 104 @
Ribonuclease A (bovine pancreas) 13,700 124 1
Lysozyme (egg white) 13,930 129 1
Myoglobin (equine heart) 16,890 153 1
Chymotrypsin (bovine pancreas) 21,600 241 ®
Chymotrypsinogen (bovine) 22,000 245 1
Hemoglobin (human) 64,500 574 @
Serum albumin (human) 68,500 609 1
Hexokinase (yeast) 102,000 972
RNA polymerase (E. coli) 450,000 4,158 %
Apolipoprotein B (human) 513,000 4,536 1
Glutamine synthetase (E. coli) 619,000 5,628 @
Titin (human) 2,993,000 26,926 1

Mayoria de polipéptidos naturales < 2000 Aa



. X4 o
Estimacion del Nde Aa Composiciéon de Aa de dos proteinas

en una proteina

Number of residues
per molecule of protein
Amino Bovine Bovine
acid cytochrome ¢ chymotrypsinogen
Masa molecular relativa (M,.) s " 29
media de los 20 Aa es # 138
Arg 2 4
Asn 5 15
Segln proporciones de Aa en la 35” : 13
p . VS
proteinas, M, media es de 128 - = 0
Glu 9 B
Formacion del enlace peptidico EE 1; 2;
Perdida de H20 (M, 18): i p 10
o < - Lys 18 14
N° # de Aa = M. prot. / 110 Met 2 2
Phe 4 6
Fro 4 9
Ser 1 28
Thr B 23
"Note thal standard procedures for the acid hydrolysis of Trp 1 8
proteins convert Asn and Glin to Asp and Glu, respectively. Tyr 4 4
In addition, Trp is destroyed. Special procedures must be Val 3 23
employed Lo determine the amounts of these amino acids.
Total 104 245
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Proteinas compuestas por grupos quimicos diferentes

P

Sencillas: Aa

Proteinas

L

Conjugadas: Aa + grupo prostético

a Aa

Conjugated Proteins

Class Prosthetic group(s}) Example

Lipoproteins Lipids B,-Lipoprotein of blood
Glycoproteins Carbohydrates Immunoglobulin G
Phasphoproteins Phosphate groups Casein of milk

Hemoproteins
Flavoproteins
Metalloproteins

Heme (iron porphyrin)
Flavin nucleotides
Iron

Zinc

Calcium

Molybdenum

Copper

Hernoglobin

Succinate dehydrogenase
Ferritin

Alcohol dehydrogenase
Calmodulin
Dinitrogenase
Plastocyanin




Contenido de la clase

Proteinas

- Determinacion de pesos moleculares
- Proteinas Simples y Conjugadas

- Métodos de estudio

- Purificacion

- Secuenciacion

- Homologia



Métodos de estudio de las proteinas

Fuentes: tejidos o células.
Homogeneizacién: extracto crudo.
Centrifugacion: fraccionamiento subcelular.
Separacion y purificacion:
- Precipitacion selectiva: dcido, (NH4),SO,, temperaturas elevadas.

- Cromatografia:
- Intercambio idnico (carga),
- Filtracidn en gel (tamatio),
- Afinidad (ligandos).
- SDS-PAGE y Isolectroenfoque (2DG), Western blot, ELISA (Métodos analiticos).

- Tecnologia del DNA recombinante: Proteinas recombinantes

"Cuantificacion” de la proteina (estimacion)
- Enzima: determinacion de la actividad enzimdtica.
- Proteina de transporte: ensayos de union de la molécula que transporta.
- Hormonas y toxinas: determinacion de efectos bioldgicos.
- Proteinas estructurales: generalmente representan gran parte de la masa
tisular por lo que no es necesario un ensayo especifico.



Purificacion de una proteina con actividad enzimatica

Fraction Total

Procedure volume protein Activity Specific activity
or step (ml) (mg) (units) (units/mg)
1. Crude cellular

extract 1,400 10,000 100,000 10
2. Precipitation with

ammonium sulfate 280 3,000 96,000 32
3. lon-exchange

chromatography 90 400 80,000 200
4. Size-exclusion

chromatography 80 100 60,000 600
5. Affinity chromatog-

raphy 6 3 45,000 15,000
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Se-cuen-cia- de un pép-ti-do (estructura primaria)

- HPLC or ion-exchange N Determine types and amounta
- gy HCl  Free amino ehrein Amino acid . A c
(a) Fg & — T sda alography P of amino acids in polypeptide,
Polypeptide Sanger's  NO, NO,

no, Method
(;L“’ NO,

NH
N j':: el Free Identily amine-terminal
(b) : = 1 regidue of polypeptide.
2 4-Dinitro- HN 2. 4-Dinitrophenyl -FDNB (coloreado)
phenyl derivative -Cl- de dabsilo (coloreado)
derivative —CH of amino-terminal -Cl- de dansilo (fluorescente amarillo)
of polypeptide —0 residue

I -D_ G—S = ] 5
|. (=8 _E . | Identify amino-terminal
E = H —1!'“ R4 regidue; purify and recycle
(© \;_, R _FaccooH. R . HE= remaining peptide fragment
JEd OH o Ml E;t:nr:ﬂin- ! through Edman process.
! antoin A
g . Pevonas H derivativeof  © _‘f“
| amino acid C=0
: R"Hiﬂ residue
A -0 Péptido de hasta 50 Aa

- derivado
I é feniltiocarbamilo-péptido Y



NH, O~~~ V)~E~E)-CcooH

Degradacién de Edman: ovcet] | couping (ncspirc)
. 4 P4 . H H
secuenciacion de un péptido Al e maaa
1 Acid cleavage
PTH Lysine 1
—_N - {I_‘i NH, 5 ~L~V)~E)<E)~COOH
A/H H Coupling
/ \ Cycle 2

H CH, = CH, = CH, - CH, - NH,

HSH
I N
- N-C-N SHU-VHE)E)-COoO0H
Phenylthio-
hydazitum PTH Serine l Cleavage
derivative of
aming acid S
residue Il
~N-C "H-(D-@-@)-@-cmri
- L
5 c/ Cycle 3
H/ '\ en 1
v |
Cycle 1 Cycle 2 Cycle 3
K s L
2 & 2
Time Time Time

Analysis



Secuenciacion de un polipéptido de mas de 50 aA

precision 1/a. longitud del polipéptido

Pasos para la secuenciacion
1- Rotura de puentes -5-S-
2- Rotura de cadena polipeptidica
3- Secuenciacion del péptido
4- Ordenamiento de los fragmentos peptidicos

B5- Localizacién de puentes -S-5S-



Rotura de puentes -S-S-

Disulfide bond
_1-] (cystine) JJ
NH 0=C
| | No es alterado por:
HC—-CH,—8-8-CH,—CH —S—S— - la Rn de degradacién de Edman
'l.l.: o HI'I'E - la rotura enzimdtica o quimica

Ny X

fragmentos unidos

cHsH
?HGH
CHOH
(I:H-‘SH
Dithiothreitol (DTT)

=

NH 0 O=C NH O=C

HC—CH,—S—0 ﬂ—'.Sl—EI{z—JJH HC—CH,|SH Hs~~ch—éH
C=0 0!3 (!l I-I!'!-I C=0 Reaccionar? H-I 0
Cysteie acid _}j (‘r . ‘_\j I (l“l i
residues &l acet:.al;hm “CH, O
iodoacetate
NH D_EJJ

H(L.—EHE—E—EHE—{!U{I 00C—CH;—8—CH;—CH

Lo
A lated
Ny cecylate i

residues



Rotura de la cadena polipeptidica

The Specificity of Some Common Methods
for Fragmenting Polypeptide Chains

Treatment™ Cleavage pointst
Trypsin Lys, Arg (C)
Submaxillarus protease Arg (C)
Chymotrypsin Phe, Trp, Tyr (C)
Staphylococcus aureus

V8 protease Asp, Glu (C)
Asp-N-protease Asp, Glu (N)
Pepsin Phe, Trp, Tyr (N)
Endoproteinase Lys C Lys (C)
Cyanogen bromide Met I[C}|

*All except cyanogen bromide are proteases. All are available
from commercial sources.

TResidues furnishing the primary recognition point for the
protease or reagent; peptide bond cleavage occurs on either

the carbonyl (C) or the amino (N) side of the indicated amino
acid residues.




Corte del polipéptido

con fripsina

Treatment* Cleavage pointst
Trypsin Lys, Arg (C)
+ ot
I}IH3 Lys i\lle
CHz  (or Arg) CH2
(IZHz flin
CH, CH;

| H2O0

|
CH, O R O
| 1l + |!

2 T W
I L
s —NH—CH—+C—NH4CH—C— - ¢ =NH—CH—C—0" + H3zN—CH—C— -

v ? trypsin
Any amino acid
residve but Pro

Unnumbered figure pg 113 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons



Corte del polipéptido con bromuro de cianégeno

(Ha Treatment* Cleavage pointst
S: C=N
/cle CILr Cyanogen bromide Met (C)

CH; Cyanogen

— _cl bromide l
(I:H_c_... CH3
R |

Il
(o)

S—C=N
t’Br +
CH
Cy N
CH3 O
I ves—NH—C—/
FS—C=N HoC
g N—CH—C—
~N12 | Il
%\
— NH—CH H,0
\c/o 2 i
|
CNH— CH—C—
I . /‘:Q2
R O Pepildyl. sz 0
homoserine ... —nH—c_ ./
lactone [
0
+
+
HgN—CH—C—
R O

Figure 5-16 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons



Treatment* Cleavage pointsi
Trypsin Lys, Arg (C)

Cyanogen bromide Met (C)

Abbreviated
Amine acid namas
Glyzine Gly G
Alaning Ala A
Yaline Yal ¥
Leucine Leu L
[zpleucine e |
Methioni
Phenylalanine Phe F
Turosine Tor ¥
Tryptophan Trp W
Serine Ser S
Prolini Pm P
Threonine Thr T
Cysteine Cys C
Asparaging Asn N
Glutamine Gin 0
Lysine lys K
Histiding His H
Argining Ap R
Asparlale Asp DO
Llutamate  Glu £

g5 Procedure Result Conclusion
T
4 hydrolyze; separate A S H 2 R 1 Polypeptide has 55
— amino acids . ce 1 3 FTT amine acid residues, Tryp-
] -,-' L) D 4 E & T 1 sin will eleave three bimes
» Ez T2 V1 fat one R {Arg) and two
. ™1 M 2 Y 2 K (Livg)) to grve four fTagr-
Folypeptide G 3 F B ments, Cyanogen bromide
w1 ave at two
B (Mot 1o give thees
Trapments.
react with b“!)NB;!;}ldmlﬂe;
. Eeparate aming 21k 3 2 A-Dinitrophenylglitamata E (Glytis aming-
r?dme detected terminal residua.
dizulfide
4 honda (if presant)
5H
HE
-0
»
clbave with trypsin @ GASMALIK placed at aming
separate ragments, sequence terminus becanse it
.. by Edman degradation @ ECAAVTIDFEPTDER begins with E {Glu).
@ DOVHSD ula.::&d at carboxyl
torminus because it
YLIACGPMTK does not end with
R (drged or K (Lys).
cleave with cyanogen
bromide; separate fragments; @ EGAAYHDFEPIDPRGASM @w&rlam with
,_Fequence b Edman degradation
5 @ TI';DE?HSD (Ts-pﬂnd@, E]lﬂWinE
them to be ordersd,
@ ALTRYLIACGTEM
ostablish
|, Sequence
* Amine g 4O EEPIDPRGASMALIKYLIACGPMTRDGVHSD  Carbonyl
terminng Il | terminnz

€ €9

€3



5—5 Procedure Resulc Coneclusion

hydralyze, separate A S H 2 R1 Polypeptide has 38
— —- amino acids , C o2 I 3 & 2 amino acid residues, Trop-
B ' D 4 K 2 T 1 gin will eleave three times
» E 2 L 2 ¥V tat one R {Arg) and two
: ' 1 M 2 ¥ 2 K (Lys)h to gave four frage-
Polvpeptida G 3 P 3 ments, Cyanogen bromide
will cleave at two
M (Mot 1o give thires
frapmenis,
Amine | n | | Carboxyl
P——— IEGMYEﬁFEPIDPF{EASMIIﬁL]K‘ELIA GPMTFJ\D 1"HSDI i

€ 3 €9



Localizacion de los puentes -S-S-

Tratamiento

Tripsina
DTT
@ GASMALIK
(19) EGAAYHDFEPIDPR T2
(1) DOVESD
YLIACGPMTK o
T1
T3

Aming
terminns

| H ! | Carboxyl
EGMYHHFEPIDP&‘EASI&%IETLIMEGPMTI%]EFHED

| terminus

€

B @

+ +
+ =
| 1540 |
880 880
| 660 |
SDS-PAGE

T3+T4
T2

T1



mg“mﬁm.mu—-mu/;\umm m
St e

— / Secuencia Secuencia de
Replicacion P
’g\ del Gen la Proteina

Proteina {/

Amino acid
sequence (protein) GIln-Tyr—Pro—Thr-Ile-Trp

| | || 1 1l 1l |

DNA sequence (gene) CAGTATCCTACGATTTGG




Secuencia de Aa <

.
- Estructura tridimensional

- Funcion

- Localizacion celular

s Evolucion

> Base de datos
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Proteinas homédlogas entre especies

- Relacionadas evolutivamente.
- Similar funcion (Hb).

- Longitud idéntica Residuos invariables: = Aa en = posicion

.. Residuos variables: variacion de Aa en = posicion
- Muchas posiciones con = Aa: 1

- sustituciones conservadoras (# Aa)
- sustituciones NO conservadoras (2Aaq)

Abbraviated posicion hipervariable
Amino acid namas
Glyeing Gy &
Alanine Ald A
Waline val ¥ ., ) . .
Leucing Law L Comparacion de la secuencias de Aa en el citocromo de # especies
el IR (A e |
Methioning Met M
Phervlalanine~ Phe F | 10 15 a0 i ] in 40 46
sk w v GDVEKGKKIFIMEKCSQCHTVEKGGEKHKTGPNLHGLFGRETGQAPGYSYT
JIosine y . NIDA ATV VR AL GIDNNLGG @ A M IYs HS8 B3VV FT =
Tryplophan Tp W SAAN ENL TT EE CGA AP I 8 FI Q TTA A
PKS T K E G T v W E
BRI a8F 5 STT T D
Proline Pro P Q
Th nnl Trlr T K] hh i [iH] Tl Th B . B M ah 1{WH
Feoning L AANKENKEGIIWGEDT LMEYLENPEEYIPGTEMIFVGIKKEEKEEERADLIAYLEKKA
Cysteine s € D ISRAVL ADENMSD T V A LS TDD GNIVTFMLDK
. E MN ¥ NHNHN FI L A G X AT W ET
Asparaging st Ny E A T Q@QFP Y A F PN T Q =
Glutamine Gn Q@ 7 R N D K R T E 8 Q 5
Lysine lys K & % E L E I: b
Histidine Hs H G
Arginine Ag R K
Aspartate Asp D
Glutamate Gl E

T -
mxFmE
memm



Homo sapieis,

Monkeyw

Arbol filogenético (evolutivo)

Monse chimp 4
de citocromo ¢ 2 Birde and
. . & Kangaroo Ostrich repliles
de diferentes especies 5 | Bors -1 Ghickan, farkay
R"h'"; 3 Figeon 11 ] Penguin
Horae, pig, sheep, oo 5 1 Duck 2 8 Thartle
2z
['lJ_ [0 JNL S 'E 'E
Bo
o Lo ot
! 4 o Cartilaginous
I Amphibians I & 4 fishaa
Bullfrog 2 2 B Lamprey
7
Annelids !El:hinnﬂwmu I
Earthworm e h
Moth,
8 hawkmoth Honev bee

®

N° Aa diferentes
cada 100 residuos

Yeast
Fungi Ancestro
comun
Candicla 14
Neurasporg VCD
41
Hum 12

16

a4

Flw
9
18
B
Locust
1 T
13 Wheat

Splnoech



Dominios

Union a membrana Union proteina-proteina
* Dominios PH: unién a PIP (membrana) * Dominios SH2: union fosfo-Tyr
» Dominios C2: unién a PS (membrana) * Dominios PTB: unién fosfo-Tyr

* Dominios SH3: union poli-Pro
* Dominios Death (DD): union homotrépica

GTP binding pl20/

thelr requlators

Protein kinases Akt S/TKINASE ————

Phosphollpase C _, . . /A0 o ‘ |

isoforms PLEY HP| SH2 || SH2 | SH3 |;'> e
Union a DNA Cataliticos (union al sustrato)
- Dominios en dedos de Zn * Dominios quinasa (S/T, Y)
* Dominios cremalleras de Leucina * Dominios GTPasa

- Homeodominios - XeVY



Dominio SH2: Dominio PH:
Union a fosfo-Tyr Unién a PIP

Dominios "Death”

PIP
§ péptido pY
Homeodominios Dominio Cremallera Dominio Dedo de Zinc
Unién a DNA de Leu. Unidn a DNA Unidn a DNA

Zn une la
estructura

Hélice de reconocimiento
de DNA
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