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ONCE SYNTHESIZED, THE OF MRNA ARE REMOVED THROUGH , WHICH RESULTS IN THE FORMATION
OF A CRUCIAL STEP IN GENE EXPRESSION REGULATION THAT ENSURES THE PROPER MATURATION OF MESSENGER RNA (MRNA)
MOLECULES. THIS PROCESS IS VITAL FOR THE ACCURATE TRANSLATION OF GENETIC INFORMATION INTO FUNCTIONAL PROTEINS,
INFLUENCING CELLULAR FUNCTION, DEVELOPMENT, AND RESPONSE TO ENVIRONMENTAL STIMULI. UUNDERSTANDING HOW THE
REMOVAL OF SPECIFIC MRNA SEGMENTS SHAPES THE FINAL MRNA TRANSCRIPT IS FUNDAMENTAL IN MOLECULAR BIOLOGY, AS IT
HIGHLIGHTS THE SOPHISTICATED MECHANISMS CELLS EMPLOY TO CONTROL GENE EXPRESSION PRECISELY.

UNDERSTANDING MRNA SYNTHESIS AND PROCESSING

BEFORE DELVING INTO THE REMOV AL PROCESSES, IT’S ESSENTIAL TO GRASP THE BROADER CONTEXT OF MRNA SYNTHESIS AND
ITS SUBSEQUENT PROCESSING STEPS. IN EUKARYOTIC CELLS, GENE EXPRESSION BEGINS WHEN DNA IS TRANSCRIBED INTO PRE-
MRNA BY RNA POLYMERASE Il. THIS PRE-MRNA IS NOT YET READY FOR TRANSLATION; IT CONTAINS VARIOUS NON-CODING
REGIONS THAT NEED TO BE PROCESSED FOR THE MRNA TO BECOME FUNCTIONAL.

THE STRUCTURE OF PRE-MRNA

PRe-MRNA TYPICALLY COMPRISES:

* Exons: CODING SEQUENCES THAT WILL BE EXPRESSED IN THE FINAL PROTEIN.
® |NTRONS: NON-CODING SEQUENCES THAT NEED TO BE REMOVED.

o UNTRANSLATED REGIONS (UTRS): SEQUENCES AT BOTH ENDS THAT REGULATE STABILITY AND TRANSLATION.

THe TRANSITION FROM PRE-MRNA To MATURE MRNA INVOLVES CRITICAL PROCESSING STEPS, NOTABLY CAPPING, SPLICING, AND
POLYADENYLATION.

THe RoLE oF SPLICING INMRNA MATURATION

\WHAT Is SPLICING?

SPLICING IS THE PROCESS BY WHICH INTRONS ARE EXCISED FROM PRE‘MRNA, AND EXONS ARE JOINED TOGETHER TO PRODUCE A
CONTIGUOUS CODING SEQUENCE. THIS PROCESS OCCURS WITHIN THE NUCLEUS VIA A COMPLEX CALLED THE SPLICEOSOME.



THE SPLICEOSOME AND |TS COMPONENTS

THE SPLICEOSOME IS A DYNAMIC ASSEMBLY OF SMALL NUCLEAR RNAS (SNRNAS) AND ASSOCIATED PROTEINS THAT RECOGNIZE
SPECIFIC SEQUENCES AT THE INTRON-EXON BOUNDARIES TO EXECUTE PRECISE REMOVAL.

THEe SPLICING PROCESS

THE STEPS INVOLVED IN SPLICING INCLUDE:

1. RECOGNITION OF THE 5’ SPLICE SITE AND THE BRANCH POINT WITHIN THE INTRON.
2. FORMATION OF A LARIAT STRUCTURE DURING INTRON REMOVAL.
3. JOINING OF EXONS TO GENERATE A CONTINUOUS CODING SEQUENCE.

4. RELEASE OF THE INTRON LARIAT FOR DEGRADATION.

THIS PROCESS RESULTS IN MATURE MRNA THAT IS READY FOR EXPORT TO THE CYTOPLASM AND TRANSLATION.

TyPes oF MRNA SeEGMENTS REMOVED AND THEIR SIGNIFICANCE

IN THE CONTEXT OF THE ORIGINAL PROMPT, THE BLANK SPACES CAN BE FILLED WITH SPECIFIC TERMS RELATED TO MRNA
PROCESSING.

ONCE SYNTHEeSIZED, THE INTRONS OF MRNA ARE REMOVED THROUGH SPLICING,
WHICH ReESULTS IN THE FORMATION OF MATURE MRNA.

THIS STATEMENT ENCAPSULATES A FUNDAMENTAL STEP IN GENE EXPRESSION REGULATION.

ADDITIONAL PROCESSING STEPS INFLUENCING MRNA MATURATION

W/HILE SPLICING IS THE PRIMARY PROCESS FOR REMOVING INTRONS, OTHER MODIFICATIONS INCLUDE:
o CAPPING: ADDITION OF A 5> METHYLGUANOSINE CAP FOR STABILITY AND TRANSLATION INITIATION.

® POLYADENYLATION: ADDITION OF A POLY(A) TAIL AT THE 3’ END TO ENHANCE STABILITY AND TRANSLATION
EFFICIENCY.

MECHANISMS OF INTRON REMOVAL: SPLICING DETAILS



CONSTITUTIVE VS. ALTERNATIVE SPLICING

- CONSTITUTIVE SPLICING: ALL INTRONS ARE REMOVED IN EVERY TRANSCRIPT.
- ALTERNATIVE SPLICING: DIFFERENT COMBINATIONS OF EXONS ARE JOINED, ALLOWING FOR DIVERSE PROTEIN ISOFORMS FROM A
SINGLE GENE.

REGULATION OF SPLICING

THE SPLICING PROCESS IS TIGHTLY REGULATED BY:

® SPLICING ENHANCERS AND SILENCERS WITHIN THE PRE-MRNA.

o ACCESSORY PROTEINS LIKE SERINE/ ARGININE-RICH (SR) PROTEINS AND HETEROGENEOUS NUCLEAR RIBONUCLEOPROTEINS
(HNRNPS).

THIS REGULATION ENSURES CELL TYPE-SPECIFIC AND DEVELOPMENTAL STAGE-SPECIFIC EXPRESSION PATTERNS.

THe IMPACT oF MRNA PRrOCESSING ON GENE EXPRESSION AND DISEASE

FUNCTIONAL SIGNIFICANCE

PROPER REMOVAL OF INTRONS AND OTHER PROCESSING EVENTS ARE ESSENTIAL FOR:

® PRODUCING FUNCTIONAL PROTEINS.
o CONTROLLING GENE EXPRESSION LEVELS.

o (GGENERATING PROTEIN DIVERSITY THROUGH ALTERNATIVE SPLICING.

SPLICING ERRORS AND DISEASES

MUTATIONS AFFECTING SPLICING SIGNALS OR REGULATORY ELEMENTS CAN LEAD TO:

® [NCLUSION OF INTRONS IN MATURE MRNA.
® EXCLUSION OF ESSENTIAL EXONS.

e PRODUCTION OF DYSFUNCTIONAL PROTEINS.

SUCH ERRORS ARE ASSOCIATED WITH VARIOUS DISEASES, INCLUDING CANCER, NEURODEGENERATIVE DISORDERS, AND GENETIC
SYNDROMES.



TECHNOLOGICAL APPLICATIONS AND THERAPEUTIC STRATEGIES

SPLICING AS A TARGET FOR THERAPY

(UNDERSTANDING AND MANIPULATING SPLICING MECHANISMS OFFER AVENUES FOR TREATMENT:

e USE OF ANTISENSE OLIGONUCLEOTIDES TO MODIFY SPLICING PATTERNS.
® DEVELOPMENT OF SMALL MOLECULES THAT INFLUENCE SPLICEOSOME ACTIVITY.

o (GENE EDITING TECHNIQUES TO CORRECT SPLICING MUTATIONS.

BioTecHNoLoGICAL TooLs To STuby MRNA PROCESSING

ADVANCES INCLUDE:

o RNA seQUENCING (RNA-SEQ) FOR TRANSCRIPTOME ANALYSIS.
® SPLICE REPORTER ASSAYS TO MONITOR SPLICING EFFICIENCY.

o CRISPR-BASED APPROACHES TO INVESTIGATE SPLICING REGULATION.

CoNcLUSION

IN SUMMARY, THE REMOVAL OF INTRONS FROM PRE-MRNA THROUGH THE SPLICING PROCESS IS A CRITICAL STEP THAT RESULTS
IN THE FORMATION OF MATURE MRNA CAPABLE OF DIRECTING ACCURATE PROTEIN SYNTHESIS. THIS INTRICATE PROCESS IS
PRECISELY REGULATED AND VITAL FOR CELLULAR FUNCTION, ORGANISM DEVELOPMENT, AND ADAPTATION. DISRUPTIONS IN
SPLICING CAN LEAD TO DISEASE, BUT THEY ALSO PRESENT OPPORTUNITIES FOR INNOVATIVE THERAPEUTIC INTERVENTIONS. As
RESEARCH PROGRESSES, OUR UNDERSTANDING OF MRNA PROCESSING CONTINUES TO DEEPEN, OPENING NEW HORIZONS IN
MOLECULAR MEDICINE AND BIOTECHNOLOGY.

FINAL STATEMENT:
ONCE SYNTHESIZED, THE INTRONS OF MRNA ARE REMOVED THROUGH SPLICING, WHICH RESULTS IN THE FORMATION OF MATURE
MRNA.

FREQUENTLY ASKeED QUESTIONS

ONCE SYNTHESIZED , THE EXONS OF MRNA ARE REMOVED THROUGH SPLICING , WHICH
RESULTS IN THE FORMATION OF?

A MATURE AND FUNCTIONAL MRNA READY FOR TRANSLATION.



ONCE SYNTHESIZED , THE INTRONS OF MRNA ARE REMOVED THROUGH SPLICING , WHICH
RESULTS IN THE FORMATION OF?

A CONTINUOUS CODING SEQUENCE SUITABLE FOR PROTEIN SYNTHESIS.

ONCE SYNTHESIZED , THE PRE-MRNA UNDERGOES REMOVAL OF THE INTRONS THROUGH
SPLICING, WHICH RESULTS IN THE FORMATION OF?

A MATURE MRNA MOLECULE CAPABLE OF TRANSLATION.

ONCE SYNTHESIZED , THE NON-CODING REGIONS OF MRNA ARE REMOVED THROUGH
SPLICING, WHICH RESULTS IN THE FORMATION OF?

A STREAMLINED MRNA TRANSCRIPT READY TO BE TRANSLATED INTO PROTEIN.

ONCE SYNTHESIZED , THE JUNK SEGMENTS OF MRNA ARE REMOVED THROUGH SPLICING ,
WHICH RESULTS IN THE FORMATION OF?

A FUNCTIONAL MRNA MOLECULE THAT ENCODES THE DESIRED PROTEIN.

ONCE SYNTHESIZED , THE INTERVENING SEQUENCES OF MRNA ARE REMOVED THROUGH
SPLICING, WHICH RESULTS IN THE FORMATION OF?

A PRECISE MRNA SEQUENCE FOR ACCURATE PROTEIN PRODUCTION.

ONCE SYNTHESIZED , THE NON~-CODING INTRONS OF MRNA ARE REMOVED THROUGH
SPLICING, WHICH RESULTS IN THE FORMATION OF?

A TRANSLATABLE MRNA READY FOR PROTEIN SYNTHESIS.

ONCE SYNTHESIZED , THE PRE-MRNA HAS ITS INTRONS REMOVED THROUGH SPLICING ,
WHICH RESULTS IN THE FORMATION OF?

A MATURE MRNA MOLECULE THAT CAN BE EXPORTED FROM THE NUCLEUS FOR TRANSLATION.

ADDITIONAL RESOURCES

ONCE SYNTHESIZED, THE ofF MRNA ARE REMOVED THROUGH , WHICH RESULTS IN THE FORMATION
OF A MATURE AND FUNCTIONAL MESSENGER RNA (MRNA) MOLECULE CAPABLE OF GUIDING PROTEIN SYNTHESIS WITHIN THE CELL.
THIS CRITICAL PROCESS ENSURES THAT ONLY THE CORRECT CODING SEQUENCES ARE TRANSLATED INTO PROTEINS, MAINTAINING
CELLULAR HEALTH AND FUNCTIONALITY. UNDERSTANDING THIS STEP IN MRNA MATURATION PROVIDES INSIGHT INTO THE
INTRICATE MECHANISMS OF GENE EXPRESSION REGULATION AND THE IMPORTANCE OF RNA PROCESSING IN BIOLOGY.

INTRODUCTION TO MRNA PROCESSING

MesseNGER RNA (MRNA) SERVES AS THE VITAL INTERMEDIARY BETWEEN GENETIC INFORMATION STORED IN DNA AND THE
SYNTHESIS OF PROTEINS. THE JOURNEY FROM GENE TO PROTEIN INVOLVES SEVERAL TIGHTLY REGULATED STEPS, WITH MRNA
PROCESSING BEING A CRUCIAL PHASE. ONCE TRANSCRIBED FROM DNA IN THE NUCLEUS, THE PRIMARY RNA TRANSCRIPT—OFTEN
CALLED THE PRE-FMRNA—MUST UNDERGO MODIFICATIONS TO BECOME A MATURE MRNA MOLECULE READY FOR TRANSLATION IN



THE CYTOPLASM.
ONE OF THE KEY FEATURES OF MRNA PROCESSING IS THE REMOVAL OF NON-CODING REGIONS CALLED INTRONS. THE PROCESS
RESPONSIBLE FOR EXCISING THESE INTRONS AND SPLICING TOGETHER THE REMAINING CODING SEQUENCES, KNOWN AS EXONS, IS

CALLED RNA SPLICING. THIS STEP IS ESSENTIAL BECAUSE IT NOT ONLY ENSURES THE CORRECT SEQUENCE OF AMINO ACIDS IN THE
RESULTING PROTEIN BUT ALSO INFLUENCES GENE REGULATION AND DIVERSITY.

THe Key CoMPONENTS oF MRNA SPLICING
INTRONS AND EXONS

- INTRONS: NON-CODING SEQUENCES INTERSPERSED WITHIN CODING REGIONS. THEY ARE REMOVED DURING SPLICING.
- Exons: Cobing SEQUENCES THAT ARE JOINED TOGETHER TO FORM THE MATURE MRNA.

SPLICE SITES

SPECIFIC NUCLEOTIDE SEQUENCES AT THE BOUNDARIES BETWEEN INTRONS AND EXONS, RECOGNIZED BY THE SPLICING MACHINERY
TO GUIDE PRECISE REMOVAL.

SPLICEOSOME

A LARGE, DYNAMIC COMPLEX COMPOSED OF SMALL NUCLEAR RIBONUCLEOPROTEINS (SNRNPS) AND ASSOCIATED PROTEINS. THE
SPLICEOSOME ORCHESTRATES THE SPLICING PROCESS, ENSURING ACCURATE REMOVAL OF INTRONS.

THE PROCESS OF REMOVING INTRONS: FROM PRE-MRNA To MATURE MRNA

STEP 1: RECOGNITION OF SPLICE SITES

THE PROCESS BEGINS WITH THE IDENTIFICATION OF THE 5’ SPLICE SITE AT THE BEGINNING OF AN INTRON AND THE 3’ SPLICE SITE
AT THE END. THESE SITES ARE CHARACTERIZED BY CONSERVED SEQUENCES THAT ARE RECOGNIZED BY COMPONENTS OF THE
SPLICEOSOME.

STeEP 2: ASSEMBLY OF THE SPLICEOSOME

THe sSNRNPs (U1, U2, U4, U5, U6) AND OTHER PROTEINS ASSEMBLE ONTO THE PRE-MRNA TO FORM THE SPLICEOSOME
COMPLEX. THIS ASSEMBLY OCCURS SEQUENTIALLY:

- U7 snRNP BINDS To THE 5’ SPLICE SITE.

- U2 sNRNP BINDS TO THE BRANCH POINT SEQUENCE WITHIN THE INTRON.

- AbDITIONAL SNRNPS JOIN TO FORM THE ACTIVE SPLICEOSOME.

STep 3: CATALYSIS OF SPLICING

THE SPLICEOSOME CATALYZES TWO TRANSESTERIFICATION REACTIONS:

1. THe 2'-OH GROUP OF THE BRANCH POINT ADENOSINE ATTACKS THE 5’ SPLICE SITE, CREATING A LARIAT-SHAPED
INTERMEDIATE.

2. THe FRee 3'-OH OF THE EXON ATTACHES TO THE 5’ END OF THE DOWNSTREAM EXON, EXCISING THE INTRON AS A LARIAT
STRUCTURE.

STEP 4: LARIAT FORMATION AND RELEASE

THE INTRON IS RELEASED AS A LARIAT-SHAPED MOLECULE, WHICH IS SUBSEQUENTLY DEGRADED, WHILE THE EXONS ARE JOINED
TOGETHER TO FORM THE CONTINUOUS CODING SEQUENCE OF THE MATURE MRNA.



THE SIGNIFICANCE OF INTRONS AND THEIR REMOVAL
\WHY REMOVE INTRONS?

- To PRODUCE A CONTIGUOUS CODING SEQUENCE THAT CAN BE TRANSLATED INTO A FUNCTIONAL PROTEIN.
- TO REGULATE GENE EXPRESSION VIA ALTERNATIVE SPLICING.
- TO FACILITATE THE EXPORT OF MATURE MRNA FROM THE NUCLEUS.

ALTERNATIVE SPLICING

IN MANY GENES, DIFFERENT COMBINATIONS OF EXONS CAN BE SPLICED TOGETHER, PRODUCING MULTIPLE PROTEIN ISOFORMS FROM
A SINGLE GENE. THIS PROCESS INCREASES PROTEOME DIVERSITY AND ALLOWS CELLS TO ADAPT TO VARIOUS FUNCTIONAL NEEDS.

THe RoLE ofF SMAaLL NucLEAR RNAs (sNRNAS) AND SPLICEOSOMAL PROTEINS

- SNRNAs: SMALL NUCLEAR RNAS (U1, U2, U4, U5, U6) ARE ESSENTIAL COMPONENTS OF THE SPLICEOSOME, PROVIDING
CATALYTIC ACTIVITY AND SPECIFICITY.

- SPLICEOSOMAL PROTEINS: THESE PROTEINS ASSIST IN THE ASSEMBLY AND FUNCTION OF THE SPLICEOSOME, ENSURING
PRECISION AND EFFICIENCY.

CONSEQUENCES OF IMPROPER SPLICING

- MUTATIONS AT SPLICE SITES CAN LEAD TO EXON SKIPPING, INTRON RETENTION, OR USE OF CRYPTIC SPLICE SITES.

- ABERRANT SPLICING IS ASSOCIATED WITH NUMEROUS DISEASES, INCLUDING CERTAIN CANCERS, NEURODEGENERATIVE DISORDERS
AND GENETIC SYNDROMES.

- THERAPEUTIC APPROACHES OFTEN TARGET SPLICING MECHANISMS TO CORRECT OR MODULATE GENE EXPRESSION.

/

FINAL MRNA MATURATION AND EXPORT
AFTER INTRON REMOVAL AND EXON LIGATION, THE MATURE MRNA UNDERGOES ADDITIONAL MODIFICATIONS:

- 5' CAPPING: ADDITION OF A METHYLATED GUANINE CAP FOR STABILITY AND TRANSLATION INITIATION.
- 3’ POLYADENYLATION: ADDITION OF A POLY(A) TAIL TO ENHANCE STABILITY AND FACILITATE EXPORT.
- RNA epITING: OCCASIONALLY, NUCLEOTIDES ARE ALTERED POST-TRANSCRIPTIONALLY.

THE MATURE MRNA IS THEN EXPORTED FROM THE NUCLEUS TO THE CYTOPLASM, WHERE IT ASSOCIATES WITH RIBOSOMES FOR
TRANSLATION INTO PROTEINS.

SUMMARY

IN CONCLUSION, ONCE SYNTHESIZED, THE INTRONS OF MRNA ARE REMOVED THROUGH SPLICING, WHICH RESULTS IN THE
FORMATION OF A MATURE, TRANSLATABLE MRNA MOLECULE. THIS PROCESS IS ORCHESTRATED BY THE SPLICEOSOME, A
COMPLEX MACHINERY THAT RECOGNIZES SPECIFIC SEQUENCES AT INTRON-EXON BOUNDARIES AND CATALYZES THE EXCISION OF
INTRONS. THE REMOVAL OF INTRONS NOT ONLY ALLOWS FOR THE CORRECT TRANSLATION OF GENES INTO FUNCTIONAL PROTEINS
BUT ALSO PROVIDES A PLATFORM FOR REGULATORY MECHANISMS SUCH AS ALTERNATIVE SPLICING.

(UNDERST ANDING THE DETAILED STEPS OF INTRON REMOVAL UNDERSCORES THE COMPLEXITY OF GENE EXPRESSION REGULATION
AND HIGHLIGHTS THE IMPORTANCE OF PRECISE RNA PROCESSING IN HEALTH AND DISEASE. ADVANCES IN MOLECULAR BIOLOGY
CONTINUE TO UNCOVER THE NUANCES OF THIS PROCESS, PAVING THE WAY FOR NOVEL THERAPEUTIC STRATEGIES TARGETING



SPLICING DEFECTS.
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