CAMPBELL BIOLOGY PROTEIN SYNTHESIS CHAPTER 27

CAMPBELL BIOLOGY PROTEIN SYNTHESIS CHAPTER 27 DELVES INTO THE FUNDAMENTAL MOLECULAR MECHANISMS THAT GOVERN
LIFE, FOCUSING ON THE INTRICATE PROCESS BY WHICH GENETIC INFORMATION IS TRANSLATED INTO FUNCTIONAL PROTEINS. THis
CHAPTER IS A CORNERSTONE OF UNDERSTANDING CELLULAR FUNCTION, GENE EXPRESSION, AND THE IMPACT OF GENETIC
MUTATIONS ON BIOLOGICAL SYSTEMS. WE WILL EXPLORE THE JOURNEY FROM DNA’S CODED INSTRUCTIONS TO THE ASSEMBLY
OF AMINO ACID CHAINS, HIGHLIGHTING THE KEY PLAYERS AND STAGES INVOLVED IN PROTEIN SYNTHESIS. THIS DETAILED
EXPLORATION WILL COVER TRANSCRIPTION, TRANSLATION, AND THE CRUCIAL ROLES OF RNA MOLECULES IN THIS VITAL
CELLULAR ENDEAVOR.
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THE CeNTRAL DOGMA OF MOLECULAR BloLoGY

THE CENTRAL DOGMA OF MOLECULAR BIOLOGY, A FOUNDATIONAL CONCEPT IN GENETICS AND MOLECULAR BIOLOGY, DESCRIBES
THE FLOW OF GENETIC INFORMATION WITHIN A BIOLOGICAL SYSTEM. THIS ELEGANT PRINCIPLE, FIRST PROPOSED BY FRANCIS
CRICK, POSITS THAT GENETIC INFORMATION FLOWS IN ONE DIRECTION: FROM DNA To RNA, AND THEN FROM RNA TO PROTEIN.
THIS UNIDIRECTIONAL FLOW IS CRUCIAL FOR MAINTAINING THE INTEGRITY OF GENETIC MATERIAL AND ENSURING THE ACCURATE
PRODUCTION OF PROTEINS, THE WORKHORSES OF THE CELL. LNDERSTANDING THIS DOGMA IS PARAMOUNT TO GRASPING THE
ENTIRETY OF PROTEIN SYNTHESIS, AS OUTLINED IN CAMPBELL BloLoGY's CHAPTER 27.

DNA, RESIDING WITHIN THE NUCLEUS OF EUKARYOTIC CELLS OR THE NUCLEOID REGION OF PROKARYOTES, ACTS AS THE
PERMANENT REPOSITORY OF GENETIC INSTRUCTIONS. THESE INSTRUCTIONS ARE ENCODED IN THE SEQUENCE OF NUCLEOTIDE BASES.
RNA/ A MOLECULE STRUCTURALLY SIMILAR TO DNA BUT TYPICALLY SINGLE-STRANDED AND CONTAINING URACIL INSTEAD OF
THYMINE, SERVES AS AN INTERMEDIARY. PROTEINS, COMPLEX MACROMOLECULES COMPOSED OF AMINO ACIDS, CARRY OUT A
VAST ARRAY OF FUNCTIONS ESSENTIAL FOR CELL STRUCTURE, METABOLISM, SIGNALING, AND DEFENSE. THE PROCESS OF
CONVERTING THE DNA CODE INTO A FUNCTIONAL PROTEIN IS A MULTI-STEP MARVEL OF CELLULAR MACHINERY.

TrANSCRIPTION: DNA To RNA

TRANSCRIPTION IS THE FIRST MAJOR STEP IN PROTEIN SYNTHESIS, WHERE A SEGMENT OF DNA IS COPIED INTO A COMPLEMENTARY
STRAND OF MESSENGER RNA (MRNA). THIS PROCESS OCCURS IN THE NUCLEUS OF EUKARYOTIC CELLS AND THE CYTOPLASM OF
PROKARYOTIC CELLS. THE ENZYME RNA POLYMERASE IS THE KEY PLAYER, CATALYZING THE FORMATION OF PHOSPHODIESTER
BONDS BETWEEN RIBONUCLEOTIDES, ASSEMBLING AN MRNA MOLECULE THAT MIRRORS THE GENETIC CODE OF A GENE ON THE DNA
TEMPLATE STRAND.

INITIATION OF TRANSCRIPTION

TRANSCRIPTION BEGINS WITH THE BINDING OF RNA POLYMERASE TO A SPECIFIC REGION ON THE DNA MOLECULE CALLED THE
PROMOTER. THE PROMOTER REGION CONTAINS SPECIFIC NUCLEOTIDE SEQUENCES THAT SIGNAL THE START SITE FOR
TRANSCRIPTION AND THE DIRECTION IN WHICH THE ENZYME SHOULD MOVE. IN EUKARYOTES, THIS BINDING OFTEN INVOLVES A
COMPLEX ASSEMBLY OF PROTEINS KNOWN AS TRANSCRIPTION FACTORS, WHICH HELP TO RECRUIT AND POSITION RNA
POLYMERASE CORRECTLY. ONCE BOUND, THE DNA DOUBLE HELIX UNWINDS LOCALLY, EXPOSING THE TEMPLATE STRAND.



ELONGATION OF THE RNA TRANSCRIPT

FOLLOWING INITIATION, RNA POLYMERASE MOVES ALONG THE DNA TEMPLATE STRAND, READING THE NUCLEOTIDE SEQUENCE
AND ADDING COMPLEMENTARY RIBONUCLEOTIDES TO THE GROWING MRNA CHAIN. THE BASE PAIRING RULES ARE FOLLOWED:
ADENINE (A) INDNA paIrs wiTH URACIL (U) INRNA, THYMINE (T) IN DNA pAIRS wWiTH ADENINE (A) IN RNA, GUANINE (G) IN
DNA paIRs WiITH cYTosINE (C) INRNA, anD cYTosINe (C) INDNA pPAIRS WITH GUANINE (G) INRNA. THIS ELONGATION
PHASE CONTINUES UNTIL THE POLYMERASE REACHES A TERMINATOR SEQUENCE ON THE DNA  SIGNALING THE END OF THE GENE.

TERMINATION OF TRANSCRIPTION

TERMINATION OF TRANSCRIPTION INVOLVES SPECIFIC DNA SEQUENCES THAT SIGNAL THE RNA POLYMERASE TO DETACH FROM
THE DNA TEMPLATE AND RELEASE THE NEWLY SYNTHESIZED MRNA MOLECULE. IN PROKARYOTES, TERMINATION CAN OCCUR
THROUGH A RHO-INDEPENDENT MECHANISM, WHERE A SPECIFIC RNA SEQUENCE FORMS A HAIRPIN LOOP, OR THROUGH A RHO-
DEPENDENT MECHANISM, INVOLVING A PROTEIN CALLED RHO. IN EUKARYOTES, TERMINATION IS MORE COMPLEX AND OFTEN
COUPLED WITH RNA PROCESSING EVENTS.

RNA PROCESSING IN EUKARYOTES

IN EUKARYOTIC CELLS, THE INITIAL RNA TRANSCRIPT, CALLED PRE-MRNA | UNDERGOES SEVERAL MODIFICATIONS BEFORE IT CAN
BE TRANSLATED INTO PROTEIN. THESE MODIFICATIONS ARE CRUCIAL FOR STABILIZING THE MRNA, FACILITATING ITS EXPORT
FROM THE NUCLEUS, AND ENSURING PROPER TRANSLATION. KEY PROCESSING STEPS INCLUDE THE ADDITION OF A 5’ CAP, A
MODIFIED GUANINE NUCLEOTIDE ADDED TO THE 5’ END OF THE MRNA, AND A POLY-A TAIL, A STRING OF ADENINE NUCLEOTIDES
ADDED TO THE 3’ END. FURTHERMORE, INTRONS, NON-CODING REGIONS WITHIN THE GENE, ARE REMOVED, AND EXONS, THE CODING
REGIONS, ARE SPLICED TOGETHER TO FORM MATURE MRNA.

TRANSLATION: RNA To PROTEIN

TRANSLATION IS THE SECOND MAJOR STAGE OF PROTEIN SYNTHESIS, WHERE THE GENETIC INFORMATION ENCODED IN THE MRNA
MOLECULE IS DECODED INTO A SPECIFIC SEQUENCE OF AMINO ACIDS, FORMING A POLYPEPTIDE CHAIN. THIS PROCESS TAKES PLACE
IN THE CYTOPLASM ON RIBOSOMES, THE CELLULAR MACHINERY RESPONSIBLE FOR PROTEIN SYNTHESIS. TRANSFER RNA (TRNA)
MOLECULES PLAY A VITAL ROLE BY BRINGING SPECIFIC AMINO ACIDS TO THE RIBOSOME, MATCHING THEM TO THE CODONS ON THE
MRNA.

THe GeneTic CoDE

THE GENETIC CODE IS A SET OF RULES BY WHICH INFORMATION ENCODED IN GENETIC MATERIAL (DNA OR RNA SEQUENCES) IS
TRANSLATED INTO PROTEINS (AMINO ACID SEQUENCES) BY LIVING CELLS. THE CODE IS READ IN TRIPLETS OF NUCLEOTIDES
CALLED CODONS, WITH EACH CODON SPECIFYING A PARTICULAR AMINO ACID OR A STOP SIGNAL. THeERE ARE 64 POSSIBLE
CODONS, BUT ONLY 20 STANDARD AMINO ACIDS AND A FEW STOP SIGNALS, MAKING THE CODE DEGENERATE, MEANING THAT
MOST AMINO ACIDS ARE SPECIFIED BY MORE THAN ONE CODON. THE CODON AUG SERVES AS THE START CODON, INITIATING
TRANSLATION AND ALSO CODING FOR THE AMINO ACID METHIONINE.

RiBosoMes: THE PROTEIN SYNTHESIS FACTORIES

RIBOSOMES ARE COMPLEX MOLECULAR MACHINES COMPOSED OF RIBOSOMAL RNA (RRNA) AND PROTEINS. THEY CONSIST OF



TWO SUBUNITS, A LARGE SUBUNIT AND A SMALL SUBUNIT, WHICH COME TOGETHER DURING TRANSLATION. RIBOSOMES HAVE
BINDING SITES FOR MRNA AND TRNAS, AND THEY FACILITATE THE FORMATION OF PEPTIDE BONDS BETWEEN AMINO ACIDS. THE
RIBOSOME MOVES ALONG THE MRNA MOLECULE, READING CODONS SEQUENTIALLY AND CATALYZING THE ADDITION OF THE
CORRECT AMINO ACID TO THE GROWING POLYPEPTIDE CHAIN.

THe RoLE oF TRANSFER RNA (TRNA)

TrANSFER RNA (TRNA) MOLECULES ARE CRUCIAL ADAPTORS IN TRANSLATION. EACH TRNA MOLECULE HAS AN ANTICODON
LOOP THAT IS COMPLEMENTARY TO A SPECIFIC MRNA CODON AND AN AMINO ACID ATTACHMENT SITE WHERE THE
CORRESPONDING AMINO ACID IS COVALENTLY LINKED. THE PROCESS OF CHARGING A TRNA WITH ITS SPECIFIC AMINO ACID IS
CARRIED OUT BY AMINOACYL-TRNA SYNTHETASES, ENZYMES THAT ENSURE THE FIDELITY OF TRANSLATION BY CORRECTLY
MATCHING AMINO ACIDS TO THEIR COGNATE TRNAS. W/HEN AN ANTICODON ON A TRNA BINDS TO ITS COMPLEMENTARY CODON
ON THE MRNA WITHIN THE RIBOSOME, THE AMINO ACID CARRIED BY THAT TRNA IS BROUGHT INTO POSITION TO BE ADDED TO
THE GROWING POLYPEPTIDE CHAIN.

STAGES OF TRANSLATION

TRANSLATION PROCEEDS THROUGH THREE MAIN STAGES: INITIATION, ELONGATION, AND TERMINATION.

* INITIATION: THE SMALL RIBOSOMAL SUBUNIT BINDS TO THE MRNA NEAR THE 5’ END, AND THE INITIATOR TRNA,
CARRYING METHIONINE, BINDS TO THE START CODON (AUG). THE LARGE RIBOSOMAL SUBUNIT THEN JOINS THE COMPLEX,
FORMING A FUNCTIONAL RIBOSOME READY FOR ELONGATION.

® ELONGATION: THE RIBOSOME MOVES ALONG THE MRNA, READING EACH CODON. A CHARGED TRNA WITH AN ANTICODON
COMPLEMENTARY TO THE CODON ENTERS THE A SITE OF THE RIBOSOME. A PEPTIDE BOND IS FORMED BETWEEN THE AMINO
ACID OF THE INCOMING TRNA AND THE GROWING POLYPEPTIDE CHAIN IN THE P SITE. THE RIBOSOME THEN TRANSLOCATES,
MOVING THE TRNA WITH THE POLYPEPTIDE CHAIN TO THE P SITE AND THE EMPTY TRNA TO THE E SITE, WHERE IT IS
RELEASED. THIS CYCLE REPEATS FOR EACH CODON.

o TERMINATION: \WHEN THE RIBOSOME ENCOUNTERS A SToP coboN (UAA, UAG, or UGA) oN THE MRNA | RELEASE
FACTORS BIND TO THE A SITE. THIS TRIGGERS THE HYDROLYSIS OF THE BOND BETWEEN THE POLYPEPTIDE CHAIN AND THE
LAST TRNA, RELEASING THE COMPLETED PROTEIN. THE RIBOSOMAL SUBUNITS THEN DISSOCIATE FROM THE MRNA.

MUTATIONS AND THEIR EFFECTS ON PROTEIN SYNTHESIS

MUTATIONS, CHANGES IN THE DNA SEQUENCE, CAN HAVE PROFOUND EFFECTS ON PROTEIN SYNTHESIS AND, CONSEQUENTLY, ON
AN ORGANISM’S PHENOTYPE. EVEN A SINGLE NUCLEOTIDE CHANGE CAN ALTER THE RESULTING PROTEIN'S STRUCTURE AND
FUNCTION, LEADING TO A RANGE OF OUTCOMES FROM NO APPARENT EFFECT TO SEVERE DISEASE. (UNDERST ANDING THESE
ALTERATIONS IS A KEY COMPONENT OF CHAPTER 27 oF CAMPBELL BIOLOGY.

TyYPES oF MUTATIONS

MUTATIONS CAN BE CLASSIFIED BASED ON THEIR SCALE AND THE TYPE OF CHANGE THEY INDUCE. POINT MUTATIONS INVOLVE
CHANGES TO A SINGLE NUCLEOTIDE, WHICH CAN BE SUBSTITUTIONS (ONE NUCLEOTIDE REPLACED BY ANOTHER), INSERTIONS
(ADDING A NUCLEOTIDE), OR DELETIONS (REMOVING A NUCLEOTIDE). L ARGER-SCALE MUTATIONS CAN INVOLVE DELETIONS OR
DUPLICATIONS OF SIGNIFICANT SEGMENTS OF DNA.



CONSEQUENCES OF MUTATIONS

THE IMPACT OF A MUTATION ON PROTEIN SYNTHESIS DEPENDS ON ITS LOCATION AND TYPE:

® SILENT MUTATIONS: THESE MUTATIONS RESULT IN A CHANGE IN THE DNA SEQUENCE BUT, DUE TO THE DEGENERACY OF
THE GENETIC CODE, DO NOT CHANGE THE AMINO ACID SEQUENCE OF THE PROTEIN. THEY ARE TYPICALLY SILENT IN TERMS
OF PHENOTYPIC EFFECT.

® MISSENSE MUTATIONS: A SUBSTITUTION THAT CHANGES ONE AMINO ACID FOR ANOTHER. THE EFFECT CAN RANGE FROM
NEGLIGIBLE TO SEVERE, DEPENDING ON THE PROPERTIES OF THE NEW AMINO ACID AND ITS LOCATION WITHIN THE PROTEIN.

* NONSENSE MUTATIONS: A SUBSTITUTION THAT CHANGES A CODON SPECIFYING AN AMINO ACID INTO A STOP CODON.
THIS LEADS TO PREMATURE TERMINATION OF TRANSLATION AND THE PRODUCTION OF A TRUNCATED, OFTEN NON-
FUNCTIONAL PROTEIN.

® FRAMESHIFT MUTATIONS: INSERTIONS OR DELETIONS THAT ARE NOT IN MULTIPLES OF THREE NUCLEOTIDES ALTER THE
READING FRAME OF THE MRNA, CAUSING A COMPLETELY DIFFERENT AMINO ACID SEQUENCE TO BE TRANSLATED
DOWNSTREAM OF THE MUTATION, AND OFTEN LEADING TO PREMATURE TERMINATION.

REGULATION OF PROTEIN SYNTHESIS

CELLS DO NOT SYNTHESIZE ALL PROTEINS ALL THE TIME. |NSTEAD, PROTEIN SYNTHESIS IS TIGHTLY REGULATED TO MEET THE
CELL'S NEEDS AND RESPOND TO ENVIRONMENTAL CHANGES. THIS REGULATION CAN OCCUR AT MULTIPLE LEVELS, FROM THE
ACCESSIBILITY oF DNA TO THE MODIFICATION OF MATURE PROTEINS.

TRANSCRIPTIONAL CONTROL

TRANSCRIPTIONAL CONTROL IS A PRIMARY MECHANISM FOR REGULATING GENE EXPRESSION. | T INVOLVES CONTROLLING WHETHER
AND HOW OFTEN A GENE IS TRANSCRIBED INTO MRNA. IN PROKARYOTES, THIS OFTEN INVOLVES OPERONS, SUCH AS THE LAC
OPERON, WHERE GENES FOR RELATED FUNCTIONS ARE GROUPED TOGETHER AND REGULATED BY A COMMON PROMOTER AND
OPERATOR SEQUENCES. IN EUKARYOTES, TRANSCRIPTIONAL CONTROL IS MORE COMPLEX, INVOLVING A VARIETY OF
TRANSCRIPTION FACTORS THAT BIND TO REGULATORY DNA ELEMENTS (ENHANCERS, SILENCERS) TO MODULATE THE RATE OF
TRANSCRIPTION INITIATION.

TrRANSLATIONAL CONTROL

REGULATION CAN ALSO OCCUR AT THE LEVEL OF TRANSLATION. FACTORS THAT INFLUENCE THE RATE AT WHICH MRNA IS
TRANSLATED INTO PROTEIN INCLUDE THE AVAILABILITY OF CHARGED TRNAS, THE BINDING OF REGULATORY PROTEINS TO MRNA,
AND THE MODIFICATION OF INITIATION OR ELONGATION FACTORS. FOR INSTANCE, MICRORNAS (MIRNAS) CAN BIND TO
COMPLEMENTARY SEQUENCES ON MRNA, LEADING TO MRNA DEGRADATION OR INHIBITION OF TRANSLATION.

PosT-TRANSLATIONAL MODIFICATION

ONCE A POLYPEPTIDE CHAIN IS SYNTHESIZED, IT MAY UNDERGO FURTHER MODIFICATIONS THAT AFFECT ITS FUNCTION, STABILITY,
OR LOCALIZATION. THESE POST-TRANSLATIONAL MODIFICATIONS INCLUDE THE CLEAVAGE OF POLYPEPTIDE CHAINS, THE



ADDITION OF CHEMICAL GROUPS SUCH AS PHOSPHATES, SUGARS, OR LIPIDS, AND THE FORMATION OF DISULFIDE BONDS. THESE
MODIFICATIONS ARE CRITICAL FOR ACTIVATING OR INACTIVATING PROTEINS, DIRECTING THEM TO SPECIFIC CELLULAR
COMPARTMENTS, OR MARKING THEM FOR DEGRADATION.

THE INTRICATE PROCESS OF PROTEIN SYNTHESIS, AS DETAILED IN CAMPBELL BIoLOGY'S CHAPTER 27, IS A TESTAMENT TO THE
ELEGANCE AND EFFICIENCY OF MOLECULAR BIOLOGY. FROM THE FAITHFUL TRANSCRIPTION OF DNA INTO RNA TO THE PRECISE
TRANSLATION OF THE GENETIC CODE INTO FUNCTIONAL PROTEINS, EACH STEP IS METICULOUSLY ORCHESTRATED.
(UNDERSTANDING THESE MECHANISMS PROVIDES A FUNDAMENTAL INSIGHT INTO THE MOLECULAR BASIS OF LIFE AND THE
CONSEQUENCES OF DISRUPTIONS AT THE GENETIC LEVEL, PAVING THE WAY FOR ADVANCEMENTS IN MEDICINE AND
BIOTECHNOLOGY.

Q: WHAT IS THE PRIMARY ROLE OF MRNA IN PROTEIN SYNTHESIS?

A: Messenger RNA (MRNA) ACTS AS THE INTERMEDIARY MOLECULE THAT CARRIES THE GENETIC CODE FROM DNA IN THE
NUCLEUS TO THE RIBOSOMES IN THE CYTOPLASM, WHERE IT SERVES AS A TEMPLATE FOR PROTEIN SYNTHESIS.

Q: EXPLAIN THE CONCEPT OF CODONS AND ANTICODONS IN TRANSLATION.

A: CODONS ARE THREE-NUCLEOTIDE SEQUENCES ON MRNA THAT SPECIFY A PARTICULAR AMINO ACID OR A STOP SIGNAL.
ANTICODONS ARE COMPLEMENTARY THREE-NUCLEOTIDE SEQUENCES ON TRNA MOLECULES THAT BIND TO SPECIFIC CODONS ON
THE MRNA, ENSURING THE CORRECT AMINO ACID IS DELIVERED FOR INCORPORATION INTO THE POLYPEPTIDE CHAIN.

Q: WHAT IS THE SIGNIFICANCE OF THE START CODON AND STOP CODONS IN
TRANSLATION?

A: THe START copoN (AUG) SIGNALS THE BEGINNING OF PROTEIN SYNTHESIS, MARKING THE FIRST AMINO ACID (METHIONINE) TO
BE INCORPORATED. SToP copons (UAA, UAG, UGA) SIGNAL THE TERMINATION OF TRANSLATION, INDICATING THAT THE
POLYPEPTIDE CHAIN IS COMPLETE AND SHOULD BE RELEASED FROM THE RIBOSOME.

QI How po MUTATIONS, LIKE POINT MUTATIONS, AFFECT PROTEIN SYNTHESIS?

A: PoINT MUTATIONS, WHICH ALTER A SINGLE NUCLEOTIDE, CAN LEAD TO SILENT MUTATIONS (NO AMINO ACID CHANGE),
MISSENSE MUTATIONS (ONE AMINO ACID REPLACED BY ANOTHER), OR NONSENSE MUTATIONS (PREMATURE STOP CODON), ALL OF
WHICH CAN ALTER THE STRUCTURE AND FUNCTION OF THE RESULTING PROTEIN.

Q! WHAT ARE THE MAIN STEPS INVOLVED IN TRANSCRIPTION?

A: TRANSCRIPTION INVOLVES THREE MAIN STAGES: INITIATION, WHERE RNA POLYMERASE BINDS TO THE PROMOTER;
ELONGATION, WHERE THE RNA STRAND IS SYNTHESIZED COMPLEMENTARY TO THE DNA TEMPLATE; AND TERMINATION, WHERE THE
RNA POLYMERASE DETACHES AND RELEASES THE RNA TRANSCRIPT.

QZ DESCRIBE THE FUNCTION OF RIBOSOMES IN PROTEIN SYNTHESIS.

A: RIBOSOMES ARE THE CELLULAR MACHINERY RESPONSIBLE FOR TRANSLATION. THEY BIND TO MRNA AND TRNA MOLECULES,
FACILITATING THE FORMATION OF PEPTIDE BONDS BETWEEN AMINO ACIDS TO ASSEMBLE A POLYPEPTIDE CHAIN ACCORDING TO
THE GENETIC INSTRUCTIONS ENCODED IN THE MRNA.

Q: WHAT IS RNA PROCESSING IN EUKARYOTIC CELLS, AND WHY IS IT IMPORTANT?

A: IN EUKARYOTES, PRE-MRNA UNDERGOES PROCESSING, INCLUDING THE ADDITION OF A 5’ CAP AND A POLY-A TAIL, AND THE



SPLICING OUT OF INTRONS. THIS PROCESSING IS CRUCIAL FOR STABILIZING THE MRNA, FACILITATING ITS EXPORT FROM THE
NUCLEUS, AND PREPARING IT FOR EFFICIENT AND ACCURATE TRANSLATION.

Q: How DOES GENE REGULATION ENSURE THAT CELLS PRODUCE THE CORRECT PROTEINS
AT THE RIGHT TIME?

A: GENE REGULATION OCCURS AT VARIOUS LEVELS, INCLUDING CONTROLLING GENE TRANSCRIPTION, MRNA STABILITY,
TRANSLATION EFFICIENCY, AND POST-TRANSLATIONAL MODIFICATIONS, ALLOWING CELLS TO RESPOND TO THEIR ENVIRONMENT
AND DEVELOPMENTAL CUES BY PRODUCING SPECIFIC PROTEINS ONLY WHEN AND \WHERE THEY ARE NEEDED.
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