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SEPARACION DE PROTEINAS
CENTRIFUGACION DIFERENCIAL
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Figure 4.1. Differential Centrifugation. Cells are disrupted in a homogenizer and the resulting mixture, called the
homogenate, is centrifuged in a step-by-step fashion of increasing centrifugal force. The denser material will form a
pellet at lower centrifiugal force than will the less-dense material. The isclated fractions can be used for further
purification. [Phetographs courtesy of S. Fleischer and B. Fleischer ]

SEPARACION DE PROTEINAS
DIALISIS

Dialysis bag ~_|

Concentrated —
solution

Buifer —

At start of diabysis At equilibrium

Figure 4.2. Dialysis. Protein molecules (red) are retained within the dialysis bag. whereas small molecules (blue) diffuse
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SEPARACION DE PROTEINAS

CROMATOGRAFIA DE FILTRACION
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Figure 4.3, Gel Filtration Chromatography. A mixture of proteins in a small volume is applied to a column filled with
porous beads. Because large proteins cannot enter the internal velume of the beads, they emerge sooner than do small

ones.

SEPARACION DE PROTEINAS

CROMATOGRAFIA CON CARGA
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Figure 4.4. Jon-Exchange Chromatography. This technique separates proteins mainly according to their net charge.

24-03-2010



24-03-2010

SEPARACION DE PROTEINAS
CROMATOGRAFIA DE AFINIDAD
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Figure 4.5. Affinity Chromatography. Affinity chromatography of concanavalin A (shovwn m yellow) on a solid
suppert containing covalently attached glucose residues (G).

SEPARACION DE PROTEINAS
CROMATOGRAFIA LIQUIDA DE ALTA PRESION-HPLC
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Figure 4.6. High-Pressure Liquid Chromatography (HPLC). Gel filtration by HPLC clearly defines the individual
proteins because of its greater resolving power: (1) thyroglobulin (669 kd). (2) catalase (232 kd), (3) bovine serum
albumin (67 kd), (4) ovalbumin (43 kd), and (3) nbonuclease (13 4 kd). [After . J. Wilson and T. D. Schlabach. In
Current Protocols in Molecular Bislogy, vol. 1L.F usbel, . Brent, R. E. Kingston, D. D. Moore, J. G.

Seidman, J. A. Smith, and K Struhl, Eds. (Wiley, 1]
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SEPARACION DE PROTEINAS
ELECTROFORESIS
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Figure 4.7. Polvacrylamide Gel Electrophoresis. (A) Gel electrophoresis apparatus. Typically. several samples
undergo electrophoresis on one flat polyacrylamide zel. A nucroliter pipette is used to place solutions of proteins in the
wells of the clab. A cover is then placed over the gel chamber and voltage is applied. The negatively charged SDS
(sodium dodecyl sulfate)-protein complexes migrate in the direction of the anode, at the bottom of the gel. (B) The

gieving action of a porous polyacrylamide gel separates proteins according to size, with the smallest moving maost
rapidly.

SEPARACION DE PROTEINAS

ELECTROENFOQUE
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Figure 4.11. The Principle of Isoelectric Foeusing. A pH gradient is established in a gel before loading the sample. (A)
The sample is loaded and voltage is applied. The proteins will migrate to their 1soelectric pH, the location at which they
have no net charge. (B) The protens form bands that can be excised and used for firther expenmentation.
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SEPARACION DE PROTEINAS
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Figure 4.12. Two-Dimensional Gel Electrophoresis. (A) A protein sample is initially fractionated in one dimension by
isoelectric focusing as described in Fizure 411 The isoelectic facusing gel is then attached to an SDS-polyacrylamide
gel. and electrophoresis is performed in the second dimension, perpendicular to the original separation. Proteins with the
same pl are now: separated on the basis of mass. (B) Proteins from E. coli were separated by two-dimensional gel
electrophoresis. resolving more than a thousand different proteins. The protemms were first separated according to ther
isoelectric pH in the horizontal direction and then by their apparent mass in the vertical direction. [(B) Courtesy of Dr.
Pamick H OFarrell]

DETECCION DE PROTEINAS
USO DE ANTICUERPOS
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Figure 4.30. Antibody Structure. (4) IzG antibodies consist of four chains, two heavy chains (blue) and two light
[ [g; chams (red), linked by disulfide bonds. The heavy and light chams come together to form Fab domains, which
<" have the antizen-binding sites at the ends. The two heavy chains form the Fe domain. The Fab domains are linked

to the Fe domain by flexible linkers. (B) A more schematic representation of an IzG molecule.
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DETECCION DE PROTEINAS
INTERACCIONES ANTIGENO-ANTICUERPO

Figure 4.31. Antigen-Antibody Interactions. A protein antigen, in this case lysozyme, binds to the end of an Fab
“{a domam from an antibody. The end of the antibody and the antigen have complementary shapes, allowing a large
<" amount of surface to be buried on binding.

DETECCION DE PROTEINAS

Pelydonal Antibodies
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Fizure 4.32. Polvelonal and Monoclonal Antibodies. Most antizens have several epitones. Polvelonal antibodies are
heterogensous muxtures of antibodies, each specific for ene of the vanous epitopes on an antigen. Moneclonal antibedies

are all identical, produced by clones of a single antibody-producing cell. They recogmze one specific epitope. [After R.
A. Goldsby, T. J. Kindt, B. A. Osbome, Kuby Impnmology, 4th ed. (W. H. Freeman and Company. 20000, p. 134.]
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DETECCION DE PROTEINAS
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Figure 4.33. Preparation of Monoclonal Antibodies. Hybridoma cells are formed by fusion of antibody-producing
cells and myeloma cells. The hybnd cells are allowed to proliferate by growing them i selective medium. They are then

screened to determine which ones produce antibody of the desired specificity. [After C. Milstein. Monoclonal antibodies.

Copyright © 1980 by Scientific American, Inc. All rights reserved.]
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Figure 4.36. Western Blotting, Proteins on an SDS-polyacrylamide gel are transferred to a pelymer sheet and stained

with radioactive antibody. A band corresponding to the protemn to which the antibody binds appears in the
autoradiogram.
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Figure 4.35. Nuclear Localization of a Steroid Receptor. (A) The receptor, made visible by attachment of the green
ocated predominantly in the cyteplasm of the culured cell. (B) Subsequent to the addition of
corticoid steroid), the receptor moves into the nuclens. [Courtesy of Professor William B. Pratt/
Michigan.]
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Figure 4.52. Section of the Electron-Density Map of Myoglobin. This section of the electron-density map shows the
heme group. The peak of the center of this section corresponds to the position of the iron atom. [From J. C. Kendrew.
The three-dimensional stmucture of a protein molecule. Copynight © 1961 by Selentific Ameriean, Inc. All nights
reserved.]
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Fosforilacion de proteinas
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SEPARACION DE PROTEINAS
| ELECTROFORESIS-WESTERN BLOT

.
-

-

— e —— —

o |
-
—

Figure 4.9. Staining of Proteins After Electrophoresis. Proteins subjected to electrophoresis on an SD5-
polvacrylamide gel can be visualized by staining with Coomassie blue. [Courtesy of Kodak Scientific Imaging Svstems.]
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Figure 4.10. Electrophoresis Can Determine Mass. The electrophoretic mobility of many proteins in SDS-
polyacrylamide gels is inversely proportional to the logarithm of their mass. [After K. Weber and M. Osbom, The
Froteins, vol. 1, 3d ed. (Academic Press, 1975), p. 179.]
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Figure 4.35. Indirect ELISA and Sandwich ELISA (A) In indirect ELISA, the production of color indicates the
amownt of an antibady to 2 specific antigen. (B) In sandwich ELISA, the production of color indicates the quantity of
antigen. [After B A Goldsby, T. J. Kindt, B. A Osbome, Euby Immunology, 4th ed. (W. H. Freeman and Company,

2000), p. 162
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Analisis de DNA
ENZiidAR: DERESIRICCION

A restriction enzyme (or restriction endonuclease) is an enzyme that cuts double-stranded DNA. The enzyme

makes two incisions, one through each of the sugar-phosphate backbones (i.e., each strand) of the double helix

without damaging the nitrogenous bases. The term restriction comes from the fact that these enzymes were
discovered in E. coli strains that appeared to be restricting the infection by certain bacteriophages. Restriction
enzymes therefore are believed to be a mechanism evolved by bacteria to resist viral attack and to help in the
removal of viral sequences. They are part of what is called the restriction modification system.

CCCIGGG
GGGICCC

8|AATTC

The 1978 Nobel Prize in Medicine was awarded to Daniel Nathans, Werner Arber and Hamilton Smith for the
discovery of restriction endonucleases, leading to the development of recombinant DNA technology. The first
practical use of their work was the manipulation of E. coli bacteria to produce human insulin for diabetics.
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Identificacion y caracterizacion

de DNA / RNA
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{b) Dideoxy Chain Terminaticn Reaction with ddATP

DNA insert to be sequenced  Known M13 sequence
5 ACTGGCCETCGTITTAC | 3 Template strand

3] TGACCGGCAGCAAAATG )5 Standard primer

{a) Structure of dNTP and ddNTP

ICIJ F.' g BasaN N=A T, GorC M13 sequence
OH-P-0-P-0-P-0-CH, g ATGACCGATTTGE ¥ primer-template
I, [N I, Pt Ceaxynucleoside triphasphate D—
[+] 0 [+] H {dMTP) [note hydroxyl group on 3 - L
3 H carbon of deaxynibososs). Primer
OH H Polymerasa |,
dATP, dTTP,
dGTP and dCTP
o o o0 Base N plus ddATP
ot 'T'c'? o ?_0_ CH?/O\K Dideaxynucleasida triphosphate
o o o Y (ddNTP}. Dideoxy analog lacks the 5.m—- -—J ar
hydroxy| group an the 3 carbon

Primer

—Enzymatic synthesis ends with incorporation
of the dideoxy analog ddA.

Incorporation of ddATP rather than dATP is random so all possible strands
ending at ddATP are synthesized in the reaction.

(c) Steps in Sanger Sequencing
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Amplificacion de DNA

« Reaccion de polimerizacion en cadena
(PCR)

Transcriptasa Reversay Reaccion en
Cadena de la Polimerasa (RT-PCR)

[ RNA extraction ]
|
[ Reverse Transcription ]\

'_‘[CDNA to PCR rx]

[ PCR reaction ]

[ Electrophoresis/ ]
Dot Blots/imaging
|

[ Image analysis ]
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Reaccion en
Cadena de |la Polimerasa (PCR)

PCR es basicamente una técnica in vitro
para amplificar una secuencia
especifica de DNA.

Método consiste en tres etapas basicas:
1. Desnaturacion (~95°C)
2. Alineamiento (~55- 60°C, varia)
3. Extension (~72°C)
Las tres etapas se repiten Ciclicamente

Desnaturacion: altas temperaturas separan
las dos hebras

TEMPERATURE: 95°C

IR A '"

Mucleotide Bases

STEP 1: The DMA strand is heated to 95%C, breaking apart the two
strands of the DN& double helix,

24-03-2010
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Alineamiento: Partidor comdnmente son
usados ~20 nucleotidos.

TEMPERATURE: 55°C

Oligonucleatide Primers

>, and Oliganucleatide
esignate the

Extensién: La polimerasa agrega dNTPs uno a la vez

TEMPERATURE: ARODUND 752C

Palymerase

ase functions
trand, The
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Repeticion de ciclos

Desnaturacion
Alineacioén
Extensiodn
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Figure 4. Determining Linear Range

A PCR master mix was prepared including 10 pl [a-32P]dCTP
in addition to the normal reaction components. The master
mix was split into 10 aliquots which were then subjected to
PCR. Aliquots were removed from the thermocycler at the Linear Range
indicated cycle numbers and resolved by electrophoresis on a

5% polyacrylamide/urea gel. The products were quantitated

with a Bio-Rad Molecular Imager. Cycle number is plotted 10000
against the log of the signal and a straight line is obtained for :
samples in linear range of amplification.

cpm

Cycle Number
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Transcriptasa Reversay Reaccidon en
Cadena de Polimerasa (RT-PCR)

Convencional Real-time
[ RNA extraction ] [R NA extraction]
|
[ Reverse Transcription ]\ [Reverse Transcription]\

r[cDNA to PCR 1 — cDNAto PCR rx

[ PCR reaction ]

[ Electrophoresis/ ]
Dot Blots/imaging
!

[ Real-time PCR ]

[ Image analysis ]
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PCR en tiempo real

Perfil de Amplificacion de cDNA

||| | Comins of plamid DNA
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PCR en tiempo real

Los productos de amplificacion se observan a medida que
transcurren los ciclos del PCR

Esta basado en:

v La deteccidn y cuantificaciéon de un reportero fluorescente, cuya

sefial aumenta en proporcion directa a la cantidad de producto
de PCR en lareaccion.

v El empleo de un termociclador que tiene acoplado un sistema
de deteccion que es capaz de adquirir y cuantificar la sefial
emitida por el reportero al final de cada ciclo para cada muestra.
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