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Northern Blot

Primary Disciplinary Field(s): Molecular Biology, Genetics, Biochemistry

1. Core Definition and Purpose

The Northern Blot is a foundational laboratory technique utilized in molecular biology research to

identify and quantify specific sequences of ribonucleic acid (RNA) within a complex biological

sample, typically extracted from a tissue or cell culture. Its primary purpose is the study of gene

expression, providing crucial information regarding whether a particular gene is being actively

transcribed under specific physiological conditions, developmental stages, or disease states. By

determining the presence, size, and relative abundance of target mRNA molecules, researchers

can deduce the complex regulatory mechanisms controlling cellular processes and protein

synthesis.

This methodology is a sophisticated extension of the original technique known as the Southern

Blot, which analyzes DNA. The Northern Blot fundamentally relies on a rigorous three-step

process: first, separating RNA fragments based on their size using electrophoresis; second,

transferring, or blotting, the separated RNA onto a durable solid support membrane; and third,

employing a complementary nucleic acid probe to locate the target sequence via highly specific

hybridization. The specificity and visualization inherent in this procedure make it an indispensable

tool for confirming transcript presence when investigating gene function and regulation pathways,

often serving as a definitive validation step in many molecular studies.

2. Etymology and Historical Context

The nomenclature of the Northern Blot is a famous example of scientific naming convention

based on a playful pun. It was developed in 1977 by James Alwine, David Kemp, and George

Stark at Stanford University. This development occurred shortly after Edwin Southern had

published his seminal work on DNA detection (the Southern Blot) in 1975. Because the new

technique analyzed RNA, a molecule structurally and functionally distinct from DNA but analyzed

using a similar mechanism, the researchers jokingly referred to it as the "Northern Blot," playing on

the directionality of the central dogma of molecular biology. The name was quickly adopted and

became universally accepted as the standard term for this RNA detection method.

Historically, the introduction of the Northern Blot was critical for advancing the nascent field of gene

expression analysis. Prior to its widespread adoption, measuring gene transcription levels was

often indirect, laborious, and imprecise. The Northern Blot provided the first robust and reliable

method for directly visualizing and measuring specific mRNA transcripts. This capability allowed

scientists to accurately compare expression levels across different cell types, developmental time
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points, or in response to varying experimental stimuli. Its introduction dramatically accelerated

research across disciplines, including developmental biology, oncology, and virology, establishing

a standard methodology that subsequent, faster technologies (such as quantitative PCR) would

later use for comparative validation.

3. Detailed Mechanism: Step 1 - RNA Extraction and Electrophoresis

The methodology commences with the precise and careful extraction of total RNA from the

biological sample. Due to the inherent instability of RNA and the pervasive presence of RNases

(enzymes that rapidly degrade RNA), this initial stage requires meticulous technique, sterile

conditions, and the use of strong enzymatic inhibitors. Once extracted, the heterogeneous RNA

population must be accurately separated based on size. This separation is achieved through gel

electrophoresis, typically utilizing agarose gels containing highly denaturing agents, such as

formaldehyde.

These denaturing agents are absolutely essential because they prevent the formation of complex

secondary structures within the RNA molecules. By maintaining the RNA in a linearized, single-

stranded conformation, the electrophoretic mobility becomes strictly dependent on molecular size.

During electrophoresis, the negatively charged RNA molecules migrate through the gel matrix

towards the positive electrode. Shorter fragments move efficiently, while longer fragments are

retarded by the gel pores. A successful separation typically yields distinct, heavy bands

corresponding to ribosomal RNA (rRNA), which are used as visual indicators of sample loading

and RNA integrity, alongside a diffuse smear representing the messenger RNA (mRNA)

population.

4. Detailed Mechanism: Step 2 - Blotting and Fixation

Following electrophoretic separation, the fragile RNA molecules must be transferred from the soft

gel matrix onto a durable, solid support membrane to facilitate access for probing and to ensure

molecular stabilization. This transfer, or "blotting," step is commonly performed using capillary

action, vacuum pressure, or electrotransfer. The chosen method systematically pulls the RNA

molecules out of the gel and immobilizes them onto the membrane surface, which is usually

composed of nitrocellulose or, more resiliently, nylon. Crucially, the RNA maintains the exact

spatial distribution that was achieved during the separation in the gel.

Once the transfer is complete, the RNA must be permanently fixed to the membrane to ensure its

stability and prevent it from being washed away during the rigorous hybridization and subsequent

washing steps. For nylon membranes, this fixation is typically accomplished through cross-linking

the RNA to the membrane material using ultraviolet (UV) radiation. This chemical tethering is

paramount for preserving the integrity of the spatial pattern of the separated RNA transcripts,
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thereby guaranteeing accuracy in the final detection and quantification of the target sequence.

5. Detailed Mechanism: Step 3 - Probe Hybridization and Detection

The definitive specificity of the Northern Blot is established during the nucleic acid hybridization

process. The fixed membrane is incubated in a solution containing a specific molecular probe--a

sequence of DNA or RNA that is perfectly complementary to the target RNA sequence of interest.

This probe is tagged with a detectable marker. Historically, radioactive isotopes were used;

however, modern techniques primarily utilize safer and equally sensitive markers, such as

fluorescent tags or enzymes that catalyze a chemiluminescent reaction upon substrate addition.

Under carefully optimized conditions (specifically controlled temperature and salt concentrations),

the probe will anneal only to its fully complementary target RNA sequence fixed on the membrane,

following the rules of Watson-Crick base pairing. After the incubation period, a rigorous washing

regimen is performed to remove any probes that have non-specifically bound to the membrane or

to non-target RNA. Finally, the membrane is subjected to detection based on the probe label. If a

chemiluminescent system is employed, the light emitted is captured by specialized imaging

equipment or X-ray film. The resultant dark bands or spots on the image correspond precisely to

the location and size of the target RNA transcripts, allowing researchers to accurately gauge the

relative expression level of the gene in the original sample, as the intensity of the signal directly

correlates with the amount of target RNA present.

6. Applications in Research and Diagnostics

The reliability and ability of the Northern Blot to provide both size and quantity information have

cemented its importance across a vast array of biological and medical disciplines. In fundamental

research, the technique is frequently employed to monitor temporal and dose-dependent changes

in gene expression, such as observing how cells respond to external stimuli, including infectious

agents, growth factors, or experimental drugs. It is also an invaluable tool for identifying and

characterizing alternative splicing events, where a single gene produces multiple different sized

mRNA transcripts, which in turn correlates with the functional diversity of the resulting protein

products.

Within clinical and diagnostic realms, the Northern Blot aids significantly in characterizing various

disease states. For instance, comparing the expression levels of specific transcripts between

healthy and diseased tissues, such as normal tissue versus a tumor biopsy, can reveal critical

upregulated or downregulated transcripts associated with disease progression. This comparative

analysis can help identify potential oncogenic pathways, determine the clinical efficacy of a

therapeutic approach, or validate the function of novel genetic markers. In the realm of

pharmaceutical development, the Northern Blot serves as a robust and definitive confirmatory
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assay to validate preliminary results obtained from high-throughput screening methods, especially

concerning gene transcriptional regulation.

7. Advantages, Limitations, and Alternatives

A significant advantage of the Northern Blot, particularly when compared to quantitative

techniques like Reverse Transcription Polymerase Chain Reaction (qRT-PCR), is its capability to

provide concrete information on both the abundance and the exact molecular size of the RNA

transcript. This size verification is critical for confirming the biological identity of the transcript,

distinguishing between different transcripts from the same gene, and detecting potential structural

anomalies or cleavage products. Furthermore, the technique provides a visual confirmation of the

initial RNA sample integrity, as degraded RNA will not yield the sharp ribosomal RNA bands

necessary for a high-quality blot.

However, the Northern Blot is subject to notable limitations. It is typically labor-intensive, time-

consuming, and often requires a relatively large starting quantity of purified RNA material

compared to amplification-based methods. Additionally, while quantitative, its dynamic range and

sensitivity are generally lower, and the quantification is considered semi-quantitative when

benchmarked against the logarithmic scale precision offered by qRT-PCR. Consequently, while the

Northern Blot remains a critical technique for definitive verification and size confirmation in many

laboratories, faster, higher-throughput methods like qRT-PCR are often preferred for routine

quantification. Newer technologies, such as RNA sequencing (RNA-Seq), offer comprehensive

transcriptome analysis but the Northern Blot retains its niche value as a direct, visible, and gold-

standard confirmation assay.

Further Reading

Northern Blot (Wikipedia)

Ribonucleic acid (RNA)

Gel Electrophoresis
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