
Aplicaciones de la Biología Molecular 
Parte II. RNA y proteínas



Propiedades y Extracción de RNA 
• Usualmente de cadena sencilla
• Ribosa (2’-OH) altamente reactivo
• Lábil y suceptible de degradación
• Cargado negativamente
• Precipitación en isopropanol

DEPC

Agua destilada tratada con 
dietil pirocarbonato (DEPC)

Columna de 
purificación

sRNA



Northern Blot 
(detección de secuencias específicas en muestras de RNA)

Al estudiar el mRNA evaluamos la EXPRESIÓN de genes

1. Aislamiento de RNA

2. Desnaturalizar el RNA

3. Separar por electroforesis 
desnaturalizante

4. Transferir a membrana de 
nitrocelulosa o nylon

5. Hibridar con sonda específica

6. Revelar con placa de Rayos X 
ó pantalla de fosforimager Expresión del gen TTC4 en 

diferentes tejidos

Resultado:



Gen de expresión control (actina)

RT-PCR: Reverso transcripción seguida de PCR (EXPRESIÓN)
(amplificación de secuencias específicas a partir de muestras de RNA)

1. Aislamiento de RNA

2. Transcripción reversa con OligodT y 
RT (obtención de cDNA)

3. Amplificación por PCR exones

AAAAAAAAAA
TTTTTTTTTT

cDNA: DNA complementario

PCR de punto final (p.ej. 35 ciclos)
Método semi-cuantitativo

Cebador OligodT
5’3’
3’5’Cap

Cebador forward Cebador reverse

RT-qPCR (método cuantitativo)



Análisis GLOBAL de RNA (Transcriptoma)
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Affymetrix oligonucleotide arrays

Affymetrix oligonucleotide arrays
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Agilent DNA microarray platform

Single long oligonucleotide probes
(25-60 bases)

High density
(244,000 features per chip)

In situ synthesis printing process
(highly consistent SurePrint technology)

Supports 1 or 2 samples hybridization

Great design flexibility
(rapid design of custom arrays using eArray)

Possibility of multiplexing
(as many as 8 arrays in one slide)

Comparison of microarray platforms

higher ($500)lower (<$100)Cost
model (sequenced)anyOrganisms

a posterioria prioriComparison design
highmoderateSpecificity

higherlowerReplicability
lowerhigherVariability

~absoluterelativeQuantification
single colortwo colorHybridization

highmoderateRepresentation
10,000-40,0005,000-10,000Gene density

25-60 mer oligoscDNAs/BACsProbes

Oligonucleotide
arrays

Custom
microarrays

Microarreglos

Contienen secuencias de DNA 
de cada GEN del genoma
(25,000)

• Sólo hay señal para los 
genes expresados

• La intensidad de la señal 
representa la abundancia 
del cDNA correspondiente

1. Aislamiento de RNA

2. Transcripción reversa con OligodT y RT 
(obtención de cDNA)

3. Hibridación con el microarreglo de DNA



Secuenciación Masiva
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454 sequencing method

http://www.solexa.com/

Solexa Genome Analyzer

Chemistry based on 
reversible terminators

Sample amplified by solid-
phase amplification

Read length 30-75 bp

>100 million reads per run

~10 Gb of sequence

4-8 days run

Solexa Genome Analyzer (Illumina)

1. Aislamiento de RNA

2. Transcripción reversa con OligodT 
y RT (obtención de cDNA)

3. Ligar adaptadores 
específicos/muestra

4. PCR

5. Secuenciar DNA

6. Análisis bioinformático

Análisis GLOBAL de RNA (Transcriptoma)
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Análisis de Proteínas

Proteínas Celulares

Proteínas 
Recombinantes

inducción

• Extracción
• Purificación
• Separación
• Identificación

Mezcla compleja

Proteína Pura

IDENTIFICACIÓN



Identificación de proteínas específicas 

Western blot (detección de proteína en 
membrana mediante anticuerpos)

ElectroforesisTransferencia

Reacción con Ac Detección

ELISA Inmunolocalización

would display an increased cell size. To test this idea, stable
cells were serum deprived for 24 h to induce G1 phase accu-
mulation and then stimulated with serum containing medium
(DMEM-FBS) for 24 h to promote cell cycle progression in the
absence or presence of rapamycin. The percentage of cells in
G1 phase was then determined on a flow cytometer by mea-
suring DNA content after propidium iodide staining. As ex-
pected, WT-mTOR-expressing cells stimulated with serum in
the presence of rapamycin displayed increased G1-phase con-
tent relative to cells stimulated in the absence of rapamycin,
and expression of RR-mTOR completely rescued this G1-

phase delay (Fig. 6D). Expression of RR/AA-mTOR, however,
led to impaired rescue, while expression of RR/DE-mTOR
conferred rescue (Fig. 6D). Thus, RR/AA-mTOR-expressing
cells progress through G1 phase more slowly, thus having more
time to grow, while RR/DE-mTOR-expressing cells progress
through G1 phase normally with an augmented rate of cell
growth; in the end, both situations lead to increased cell size.

To confirm the idea that cells expressing RR/AA-mTOR
display a larger cell size due to delayed cell cycle progression,
we repeated our cell size analysis with cells experiencing a cell
cycle block. First, we treated WT-mTOR-expressing cells in

FIG. 6. mTOR S2159/T2164 phosphorylation promotes mTORC1-mediated cell growth and G1-phase cell cycle progression. (A) Biochemical
analysis of stable HEK293 Flp-In cell lines. mTOR S2159/T2164 phosphorylation promotes S6K1 and 4EBP1 phosphorylation in response to
insulin. Cells expressing various AU1-mTOR alleles were serum deprived (20 h), pretreated without or with rapamycin (20 ng/ml) for 30 min,
incubated in the absence or presence of insulin (100 nM) for 30 min, and lysed. WCL was immunoblotted directly. (B) mTOR S2159/T2164
phosphorylation promotes cell growth to increased cell size. Cells stably expressing various AU1-mTOR alleles were cultured for 96 h in the
absence or presence of rapamycin. The relative size of subconfluent cells was determined using a flow cytometer via the parameter mean FSC-H.
The graph shows mean FSC-H (! standard deviation [SD]) of G1-phase cells from three experiments, two performed in quadruplicate and one
in triplicate (n " 11). The size of cells expressing RR-mTOR and cultured in the presence of rapamycin was set to 100%. All other samples were
normalized to this value. Statistical significance was determined using one-way analysis of variance (ANOVA) followed by Tukey’s post hoc tests.
The letters (a to e) indicate significance at a P value of #0.05. (C) Expression of the various AU1-mTOR alleles and phosphorylation of rpS6 from
one representative cell size experiment. (D) mTOR S2159/T2164 phosphorylation promotes G1-phase cell cycle progression. Flp-In HEK293 cells
stably expressing various AU1-mTOR alleles were serum deprived for 24 h and then stimulated with serum-containing medium (DMEM-FBS) in
the absence or presence of rapamycin (20 ng/ml) for an additional 24 h. DNA content was determined on a flow cytometer after propidium iodide
staining. The graph shows the percentage of cells in G1 phase following serum stimulation in the absence or presence of rapamycin. Mean values
(! SD) from one representative experiment performed in quadruplicate are shown (n " 4). Statistical significance was determined using one-way
analysis of variance (ANOVA) followed by Tukey’s post hoc tests. The letters (a to c) indicate that the G1-phase percentage means are significantly
different at a P value of #0.05.
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Anticuerpo-proteína

Anticuerpo-P-Ser 
(fosforilación)

Conocer:
1. Niveles de expresión
2. Isoformas
3. Modificaciones 

postraduccionales
4. Tiempo de vida media y 

degradación
5. Localización subcelular (si 

realizo fraccionamiento celular)



Las proteínas se digieren con Proteasa
Ionización de la muestra (suave)
Tiempo de vuelo

Masa exacta de péptidos Cobertura: Define qué 
porción de la proteína 
se identificó

Score: Toma en cuenta varios 
parámetros para indicar qué tan 
confiable es la identificación

Análisis de PROTEOMAS (Espectrometría de masas nano-LC-MS)

Análisis bioinformático en Bases de Datos



Importancia de la metilación de DNA en la herencia epigenética
Equipo 7



Aplicaciones RNA interferente
Equipo 2


