CAMPBELL BIOLOGY DNA REPLICATION US CHAPTER FLASHCARDS

MASTERING CAMPBELL BloLoGY: DNA RepLICATION US CHAPTER FLASHCARDS FOR SUCCESS

CAMPBELL BIOLOGY DNA REPLICATION US CHAPTER FLASHCARDS ARE AN INDISPENSABLE TOOL FOR STUDENTS SEEKING A DEEP
UNDERSTANDING OF THE INTRICATE MOLECULAR PROCESSES INVOLVED IN DNA REPLICATION AS PRESENTED IN THE WIDELY
ADOPTED CAMPBELL BIOLOGY TEXTBOOK. THIS COMPREHENSIVE ARTICLE DELVES INTO THE CORE CONCEPTS, KEY PLAYERS, AND
CRITICAL STAGES oF DNA REPLICATION, PROVIDING DETAILED EXPLANATIONS THAT MIRROR THE DEPTH FOUND IN THESE
ESSENTIAL STUDY AIDS. WE WILL EXPLORE THE SEMI-CONSERVATIVE NATURE OF REPLICATION, THE ENZYMES THAT
ORCHESTRATE THIS SYMPHONY OF MOLECULAR MECHANICS, AND THE REGULATORY CHECKPOINTS THAT ENSURE FIDELITY. By
DISSECTING THE MECHANISMS OF LEADING AND LAGGING STRAND SYNTHESIS, UNDERSTANDING OkAzZAKI FRAGMENTS, AND
RECOGNIZING THE ROLES OF DNA POLYMERASES, HELICASES, AND LIGASES, STUDENTS CAN BUILD A ROBUST FOUNDATION FOR
THEIR STUDIES. FURTHERMORE, WE WILL DISCUSS THE IMPORTANCE OF PRIMERS, THE PROCESS OF ELONGATION, AND THE
CHALLENGES AND SOLUTIONS IN REPLICATING THE ENDS OF LINEAR CHROMOSOMES, ALL TOPICS FREQUENTLY COVERED IN
FLASHCARD SETS DESIGNED FOR THIS SPECIFIC CHAPTER.
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UNDERSTANDING DNA REepPLICATION: THE FUNDAMENTAL PROCESS

DNA REPLICATION IS A FUNDAMENTAL BIOLOGICAL PROCESS THAT ENSURES THE FAITHFUL DUPLICATION OF A CELL'S GENETIC
MATERIAL BEFORE CELL DIVISION. THIS METICULOUS COPYING OF DNA IS VITAL FOR THE INHERITANCE OF TRAITS FROM ONE
GENERATION TO THE NEXT, UNDERPINNING ALL FORMS OF LIFE. THE ACCURACY OF DNA REPLICATION IS PARAMOUNT, EVEN A
SINGLE ERROR CAN LEAD TO MUTATIONS WITH SIGNIFICANT CONSEQUENCES FOR THE ORGANISM. CAMPBELL BIOLOGY DEDICATES
CONSIDERABLE ATTENTION TO THIS PROCESS, HIGHLIGHTING ITS ELEGANCE AND COMPLEXITY. UNDERSTANDING THE MOLECULAR
MACHINERY AND REGULATORY PATHWAYS INVOLVED IS A CORNERSTONE OF MODERN MOLECULAR BIOLOGY.

THE PROCESS BEGINS WITH THE UNWINDING OF THE DOUBLE HELIX, A TASK ACCOMPLISHED BY SPECIFIC ENZYMES. THIS UNWINDING
EXPOSES THE NUCLEOTIDE BASES, MAKING THEM ACCESSIBLE FOR THE ASSEMBLY OF NEW COMPLEMENTARY STRANDS. THE
GENETIC INFORMATION ENCODED WITHIN THE ORIGINAL DNA MOLECULE IS THEN USED AS A TEMPLATE TO SYNTHESIZE TWO
IDENTICAL DAUGHTER DNA MOLECULES. THIS REMARKABLE FEAT OF MOLECULAR ENGINEERING IS HIGHLY CONSERVED ACROSS
DIVERSE ORGANISMS, FROM BACTERIA TO HUMANS, UNDERSCORING ITS EVOLUTIONARY SIGNIFICANCE.

Key ENzYMes AND PROTEINS IN DNA REePLICATION

A COMPLEX ARRAY OF ENZYMES AND PROTEINS COLLABORATES TO EXECUTE DNA REPLICATION WITH REMARKABLE SPEED AND
PRECISION. EACH COMPONENT PLAYS A SPECIALIZED ROLE, ENSURING THAT THE PROCESS PROCEEDS WITHOUT ERROR.
FLASHCARDS FOCUSING ON THIS ASPECT oF CAMPBELL BIoLOGY'S DNA REPLICATION CHAPTER TYPICALLY HIGHLIGHT THE
FUNCTIONS OF THESE ESSENTIAL MOLECULAR PLAYERS.



HeLicAse: THE UNWINDING AGENT

HELICASE ENZYMES ARE RESPONSIBLE FOR BREAKING THE HYDROGEN BONDS THAT HOLD THE TWO STRANDS OF THE DNA DOUBLE
HELIX TOGETHER. BY UNWINDING THE DNA, THEY CREATE A REPLICATION FORK, A Y-SHAPED STRUCTURE WHERE REPLICATION
CAN OCCUR. THIS PROCESS REQUIRES ENERGY, WHICH IS TYPICALLY SUPPLIED BY ATP HYDROLYSIS.

SINGLE-STRAND BINDING PrOTEINS (SSBS)

ONCE THE DNA STRANDS ARE SEPARATED BY HELICASE, SINGLE-STRAND BINDING PROTEINS BIND TO THE EXPOSED SINGLE
STRANDS. THESE PROTEINS PREVENT THE SEPARATED STRANDS FROM RE-ANNEALING AND ALSO PROTECT THEM FROM
DEGRADATION BY NUCLEASES. THEY HELP TO STABILIZE THE UNWOUND DNA, MAINTAINING THE TEMPLATE FOR SYNTHESIS.

ToPoOISOMERASE: RELIEVING STRAIN

AS HELICASE UNWINDS THE DNA, IT CAN CAUSE SUPERCOILING AND TENSION AHEAD OF THE REPLICATION FORK.
TOPOISOMERASES ARE ENZYMES THAT ALLEVIATE THIS TORSIONAL STRAIN BY MAKING AND RESEALING TRANSIENT BREAKS IN THE
DNA BACKBONE. THIS PREVENTS THE DNA FROM BECOMING TANGLED AND ALLOWS REPLICATION TO PROCEED SMOOTHLY.

PRIMASE: INITIATING SYNTHESIS

DNA POLYMERASES, THE ENZYMES THAT SYNTHESIZE NEw DNA STRANDS, CANNOT INITIATE SYNTHESIS ON THEIR OWN; THEY
REQUIRE A PRE-EXISTING 3'-HYDROXYL GROUP. THIS IS WHERE PRIMASE COMES IN. PRIMASE IS AN RNA POLYMERASE THAT
SYNTHESIZES SHORT RNA PRIMERS, WHICH PROVIDE THE NECESSARY STARTING POINT FOR DNA POLYMERASE TO BEGIN ADDING
DEOXYRIBONUCLEOTIDES.

DNA PoLYMERASES: THE BUILDERS

DNA POLYMERASES ARE THE WORKHORSES OF REPLICATION. THEY CATALYZE THE ADDITION OF DEOXYRIBONUCLEOTIDES TO THE
GROWING DNA STRAND, USING THE PARENTAL STRAND AS A TEMPLATE. |HERE ARE SEVERAL TYPES OF DNA POLYMERASES,
EACH WITH SPECIFIC FUNCTIONS, INCLUDING POLYMERIZATION, PROOFREADING, AND REPAIR. IN E. coLl, DNA poLYMerASE Il 1S
THE MAIN REPLICATIVE ENZYME, WHILE DNA POLYMERASE | IS INVOLVED IN PRIMER REMOVAL AND GAP FILLING.

DNA LiGASE: THE SEALING ENzYME

AFTER THE RNA PRIMERS ARE REMOVED AND REPLACED WITH DNA, THERE ARE STILL NICKS IN THE SUGAR-PHOSPHATE BACKBONE.
DNA LIGASE SEALS THESE NICKS BY FORMING PHOSPHODIESTER BONDS, CREATING A CONTINUOUS DNA STRAND. THIS IS
PARTICULARLY IMPORTANT FOR JOINING OKAZAKI FRAGMENTS ON THE LAGGING STRAND.

THe SEMI-CoNSerVATIVE MoDEL: A CORNERSTONE CONCEPT

ONE OF THE MOST PROFOUND DISCOVERIES IN MOLECULAR BIOLOGY, AND A CENTRAL THEME IN CAMPBELL BioLoGY's
DISCUSSION OF DNA REPLICATION, IS THE SEMI"CONSERVATIVE MODEL. THis MODEL, EXPERIMENTALLY VALIDATED BY MESELSON
AND STAHL/ DICTATES THAT WHEN A DNA MOLECULE REPLICATES, EACH OF THE TWO RESULTING DAUGHTER MOLECULES



CONSISTS OF ONE ORIGINAL (PARENTAL) STRAND AND ONE NEWLY SYNTHESIZED STRAND. T HIS MECHANISM ENSURES THAT THE
GENETIC INFORMATION IS ACCURATELY PASSED DOWN.

THE PROCESS BEGINS WITH THE PARENTAL DNA DOUBLE HELIX. THE TWO STRANDS SEPARATE, AND EACH SERVES AS A
TEMPLATE FOR THE SYNTHESIS OF A NEW COMPLEMENTARY STRAND. CONSEQUENTLY, EACH NEW DNA MOLECULE CONTAINS ONE
STRAND FROM THE ORIGINAL PARENT MOLECULE AND ONE THAT WAS JUST SYNTHESIZED. THIS CONTRASTS WITH CONSERVATIVE
REPLICATION, WHERE THE ORIGINAL DOUBLE HELIX REMAINS INTACT AND A COMPLETELY NEW ONE IS SYNTHESIZED, OR DISPERSIVE
REPLICATION, WHERE BOTH NEW MOLECULES ARE MADE OF FRAGMENTS OF OLD AND NEW DNA.

STAGES oF DNA REPLICATION: A STEP-BY-STEP BREAKDOWN

DNA REPLICATION IS A HIGHLY ORCHESTRATED PROCESS THAT CAN BE BROKEN DOWN INTO SEVERAL DISTINCT STAGES.
(UNDERSTANDING THESE STAGES IS CRUCIAL FOR COMPREHENDING THE OVERALL MECHANISM AND THE ROLES OF THE VARIOUS
ENZYMES INVOLVED. FLASHCARDS OFTEN TEST ON THE SEQUENCE AND CHARACTERISTICS OF EACH PHASE.

INITIATION

REPLICATION BEGINS AT SPECIFIC SITES ON THE DNA CALLED ORIGINS OF REPLICATION. IN PROKARYOTES, THERE IS TYPICALLY A
SINGLE ORIGIN, WHILE EUKARYOTIC CHROMOSOMES HAVE MULTIPLE ORIGINS. INITIATOR PROTEINS BIND TO THE ORIGIN AND
RECRUIT HELICASE, WHICH BEGINS TO UNWIND THE DNA, CREATING A REPLICATION BUBBLE WITH TWO REPLICATION FORKS
MOVING IN OPPOSITE DIRECTIONS.

ELONGATION

THIS IS THE STAGE WHERE NEw DNA STRANDS ARE SYNTHESIZED. DNA POLYMERASES ADD NUCLEOTIDES TO THE 3’ END OF THE
GROWING STRAND, FOLLOWING THE BASE-PAIRING RULES (A WITH T, AND G wWITH C). THE PROCESS IS CONTINUOUS ON ONE
STRAND (THE LEADING STRAND) AND DISCONTINUOUS ON THE OTHER (THE LAGGING STRAND).

TERMINATION

REPLICATION TERMINATES WHEN THE REPLICATION FORKS MEET. IN CIRCULAR BACTERIAL CHROMOSOMES, THIS OCCURS WHEN THE
FORKS REACH THE TERMINATION SITE. IN LINEAR EUKARYOTIC CHROMOSOMES, TERMINATION IS MORE COMPLEX AND INVOLVES THE
REMOVAL OF RNA PRIMERS AND THE JOINING OF DNA FRAGMENTS.

LEADING AND LAGGING STRAND SYNTHESIS: A TALE oF Two STRANDS

THE ANTIPARALLEL NATURE OF DNA STRANDS (ONE RUNS 5’ To 3, THE OTHER 3’ TO 5') LEADS TO A FUNDAMENTAL
DIFFERENCE IN HOW THE NEW STRANDS ARE SYNTHESIZED. THIS ASYMMETRY RESULTS IN THE CREATION OF A LEADING STRAND
AND A LAGGING STRAND AT EACH REPLICATION FORK.

LEADING STRAND SYNTHESIS

THE LEADING STRAND IS SYNTHESIZED CONTINUOUSLY IN THE 5’ To 3’ DIRECTION, MOVING TOWARDS THE REPLICATION FORK.



THIS 1S BECAUSE DNA POLYMERASE CAN ONLY ADD NUCLEOTIDES TO THE 3’ END, AND THE TEMPLATE STRAND FOR THE LEADING
STRAND IS ORIENTED IN THE CORRECT DIRECTION FOR CONTINUOUS SYNTHESIS.

LAGGING STRAND SYNTHESIS

THE LAGGING STRAND IS SYNTHESIZED DISCONTINUOUSLY IN SHORT FRAGMENTS CALLED OKAZAKI FRAGMENTS. THIS OCCURS
BECAUSE THE TEMPLATE STRAND FOR THE LAGGING STRAND RUNS IN THE OPPOSITE DIRECTION RELATIVE TO THE MOVEMENT OF
THE REPLICATION FORK. PRIMASE MUST REPEATEDLY SYNTHESIZE RNA PRIMERS ALONG THE LAGGING STRAND, AND DNA
POLYMERASE THEN EXTENDS THESE PRIMERS TO FORM OKAZAKI FRAGMENTS. THESE FRAGMENTS ARE LATER JOINED TOGETHER BY
DNA LIGASE.

o OKAZAKI FRAGMENTS ARE SHORT SEGMENTS OF NEWLY SYNTHESIZED DNA ON THE LAGGING STRAND.
o EacH OkAZAKI FRAGMENT BEGINS WITH AN RNA PRIMER SYNTHESIZED BY PRIMASE.

DNA PoLYMERASE ||| EXTENDS THE PRIMER TO FORM THE DNA FRAGMENT.

DNA pPoLYMERASE | REMOVES THE RNA PRIMER AND REPLACES IT WITH DNA.

DNA LIGASE SEALS THE NICKS BETWEEN THE OKAZAKI FRAGMENTS.

PROOFREADING AND REPAIR MECHANISMS: ENSURING ACCURACY

DNA REPLICATION IS REMARKABLY ACCURATE, WITH AN ERROR RATE OF ABOUT ONE IN A BILLION BASE PAIRS. THIS HIGH
FIDELITY IS ACHIEVED THROUGH A COMBINATION OF PROOFREADING MECHANISMS AND POST-REPLICATION REPAIR SYSTEMS.
CAMPBELL BIOLOGY EMPHASIZES THESE ERROR-CHECKING PROCESSES.

DNA POLYMERASES THEMSELVES HAVE A PROOFREADING ACTIVITY. |F A MISMATCHED NUCLEOTIDE IS INCORPORATED, THE
POLYMERASE CAN OFTEN DETECT IT AND USE ITS 3’ TO 5’ EXONUCLEASE ACTIVITY TO REMOVE THE INCORRECT NUCLEOTIDE
BEFORE PROCEEDING. THIS INTRINSIC ACCURACY IS A PRIMARY DEFENSE AGAINST MUTATIONS.

Beyonp PROOFREADING, CELLS POSSESS SOPHISTICATED DNA REPAIR PATHWAYS. MISMATCH REPAIR SYSTEMS SCAN NEWLY
SYNTHESIZED DNA FOR ERRORS THAT ESCAPED PROOFREADING AND CORRECT THEM. NUCLEOTIDE EXCISION REPAIR AND BASE
EXCISION REPAIR ARE OTHER CRITICAL MECHANISMS THAT FIX VARIOUS TYPES OF DNA DAMAGE, ENSURING THE INTEGRITY OF THE
GENOME.

TELOMERES AND THE END REPLICATION PROBLEM

REPLICATING THE ENDS OF LINEAR CHROMOSOMES PRESENTS A UNIQUE CHALLENGE KNOWN AS THE END REPLICATION PROBLEM.
Because DNA POLYMERASE REQUIRES A PRIMER AND CAN ONLY SYNTHESIZE IN THE 5 10 3’ DIRECTION, THE EXTREME 3’ END OF
THE LAGGING STRAND TEMPLATE CANNOT BE FULLY REPLICATED. THIS LEADS TO PROGRESSIVE SHORTENING OF CHROMOSOMES
WITH EACH ROUND OF REPLICATION.

IN GERM CELLS AND SOME SOMATIC CELLS, AN ENZYME CALLED TELOMERASE COUNTERACTS THIS SHORTENING. TELOMERASE IS A
REVERSE TRANSCRIPTASE THAT CARRIES ITS OWN RNA TEMPLATE. |T ADDS REPETITIVE SEQUENCES TO THE ENDS OF
CHROMOSOMES (TELOMERES), EFFECTIVELY EXTENDING THE TEMPLATE AND ALLOWING THE LAGGING STRAND TO BE COMPLETED,
ALBEIT WITH A SLIGHTLY LONGER OVERHANG. THIS MAINTENANCE OF TELOMERE LENGTH IS CRUCIAL FOR CELLULAR LONGEVITY



AND PREVENTING THE LOSS OF ESSENTIAL GENES.

UTiLizing CAMPBELL BioLoGY DNA RepLICATION US CHAPTER FLASHCARDS
EFFECTIVELY

To MaXIMizE THE BENEFIT oF CAMPBELL BioLoGY DNA RepLICATION US CHAPTER FLASHCARDS, A STRATEGIC APPROACH IS
RECOMMENDED. THESE FLASHCARDS SERVE AS EXCELLENT TOOLS FOR ACTIVE RECALL AND SPACED REPETITION, TWO HIGHLY
EFFECTIVE LEARNING TECHNIQUES. W/HEN USING FLASHCARDS, FOCUS ON UNDERSTANDING THE UNDERLYING CONCEPTS RATHER
THAN JUST MEMORIZING TERMS. TRY TO EXPLAIN THE FUNCTION OF EACH ENZYME OR THE SIGNIFICANCE OF EACH STAGE IN YOUR
OWN WORDS BEFORE CHECKING THE ANSWER.

ORGANIZE YOUR FLASHCARDS BY SUBTOPIC—PERHAPS GROUPING ENZYMES TOGETHER, OR DEDICATING A SET TO THE STAGES OF
REPLICATION. REGULARLY SHUFFLE YOUR CARDS AND TEST YOURSELF ON BOTH SIDES, AND CONSIDER INCORPORATING THEM INTO
STUDY SESSIONS WITH PEERS. IDENTIFY AREAS WHERE YOU CONSISTENTLY STRUGGLE AND DEDICATE EXTRA TIME TO THOSE
CONCEPTS. THE DETAILED EXPLANATIONS OFTEN FOUND ON WELL-CRAFTED FLASHCARDS CAN PROVIDE VALUABLE INSIGHTS
BEYOND SIMPLE DEFINITIONS, SOLIDIFYING YOUR GRASP OF THIS COMPLEX TOPIC AND ENHANCING YOUR PERFORMANCE ON EXAMS
RELATED To CAMPBELL BioLoGY.

BY SYSTEMATICALLY REVIEWING THE KEY ENZYMES, THE SEMI-CONSERVATIVE NATURE OF REPLICATION, THE DISTINCT PROCESSES
OF LEADING AND LAGGING STRAND SYNTHESIS, AND THE MECHANISMS FOR ENSURING ACCURACY, STUDENTS CAN BUILD A
COMPREHENSIVE UNDERSTANDING. THE CHALLENGES POSED BY THE END REPLICATION PROBLEM AND THE ROLE OF TELOMERASE ARE
ALSO CRITICAL COMPONENTS THAT FLASHCARDS EFFECTIVELY REINFORCE.

FAQ

Q: WHAT IS THE PRIMARY FUNCTION OF DNA POLYMERASE IN DNA REPLICATION?

A: THE PRIMARY FUNCTION OF DNA POLYMERASE IS TO SYNTHESIZE NEW DNA STRANDS BY ADDING NUCLEOTIDES TO A PRE-
EXISTING DNA sTRAND orR RNA PRIMER, USING THE PARENTAL DNA AS A TEMPLATE. |T ALSO POSSESSES PROOFREADING
CAPABILITIES TO CORRECT ERRORS DURING SYNTHESIS.

Q: WHY I1s DNA REPLICATION DESCRIBED AS SEMI-CONSERVATIVE?

A: DNA REPLICATION IS CALLED SEMI-CONSERVATIVE BECAUSE EACH NEW DNA MOLECULE CONSISTS OF ONE ORIGINAL
(PARENTAL) STRAND AND ONE NEWLY SYNTHESIZED STRAND. THIS MEANS THAT HALF OF THE ORIGINAL DNA MOLECULE IS
CONSERVED IN EACH OF THE DAUGHTER MOLECULES.

QI WHAT ARE OKAZAKI FRAGMENTS , AND ON WHICH STRAND ARE THEY SYNTHESIZED?

A: OKAZAKI FRAGMENTS ARE SHORT SEGMENTS OF DNA THAT ARE SYNTHESIZED DISCONTINUOUSLY ON THE LAGGING STRAND
DURING DNA REPLICATION. THEY ARE NECESSARY BECAUSE DNA POLYMERASE CAN ONLY SYNTHESIZE DNA IN THE 5' To 3’
DIRECTION, AND THE LAGGING STRAND TEMPLATE RUNS IN THE OPPOSITE DIRECTION.

Q: How DOES PROOFREADING CONTRIBUTE TO THE ACCURACY OF DNA REPLICATION?

A: DNA POLYMERASES HAVE A BUILT-IN PROOFREADING MECHANISM THAT ALLOWS THEM TO DETECT AND REMOVE INCORRECTLY
INCORPORATED NUCLEOTIDES. THEY CAN IDENTIFY A MISMATCH AND USE THER 3’ TO 5’ EXONUCLEASE ACTIVITY TO EXCISE THE
WRONG BASE BEFORE CONTINUING SYNTHESIS, SIGNIFICANTLY REDUCING THE ERROR RATE.



Q: WHAT IS THE ROLE OF HELICASE IN DNA REPLICATION?

A: HELICASE IS AN ENZYME THAT UNWINDS THE DNA DOUBLE HELIX AT THE REPLICATION FORK BY BREAKING THE HYDROGEN
BONDS BETWEEN COMPLEMENTARY BASE PAIRS. THIS UNW/INDING CREATES THE SINGLE-STRANDED TEMPLATES NECESSARY FOR
DNA SYNTHESIS.

QZ \WHAT IS THE END REPLICATION PROBLEM , AND HOW DO CELLS ADDRESS IT?

A: THE END REPLICATION PROBLEM REFERS TO THE INABILITY OF DNA POLYMERASE TO FULLY REPLICATE THE 3’ ENDS OF LINEAR
CHROMOSOMES. THIS CAN LEAD TO PROGRESSIVE SHORTENING OF CHROMOSOMES W/ITH EACH REPLICATION CYCLE. IN SOME
CELLS, THE ENZYME TELOMERASE ADDS REPETITIVE SEQUENCES TO CHROMOSOME ENDS (TELOMERES)/ COMPENSATING FOR THIS
LOSS.

Q: WHAT IS THE PURPOSE OF RNA PRIMERS IN DNA REPLICATION?

A: RNA PRIMERS ARE SHORT SEQUENCES OF RNA SYNTHESIZED BY AN ENZYME CALLED PRIMASE. THEY ARE ESSENTIAL BECAUSE
DNA POLYMERASES CANNOT INITIATE DNA SYNTHESIS DE NOVO; THEY REQUIRE A FREE 3'~HYDROXYL GROUP, WHICH IS
PROVIDED BY THE RNA PRIMER.

Q: CAN sTUDENTS USE CAMPBELL BioLoGY DNA RepLICATION US CHAPTER
FLASHCARDS FOR OTHER TEXTBOOKS?

A: WHILE THE CORE CONCEPTS OF DNA REPLICATION ARE UNIVERSAL, CAMPBELL BIOLOGY FLASHCARDS ARE SPECIFICALLY
TAILORED TO THE CONTENT, TERMINOLOGY, AND DEPTH OF COVERAGE FOUND IN THE CAMPBELL BIOLOGY TEXTBOOK. THEY ARE
MOST EFFECTIVE WHEN USED ALONGSIDE THAT SPECIFIC TEXT. HO\X/EVER, THE FUNDAMENTAL PRINCIPLES COVERED ARE BROADLY
APPLICABLE TO OTHER MOLECULAR BIOLOGY RESOURCES.
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