AP BIOLOGY 042 BIOLOGICAL MOLECULES

AP BIOLOGY 042 BIOLOGICAL MOLECULES IS A FUNDAMENTAL TOPIC THAT EXPLORES THE ESSENTIAL CHEMICAL COMPOUNDS
VITAL TO LIFE PROCESSES. UNDERSTANDING BIOLOGICAL MOLECULES IS CRUCIAL FOR STUDENTS PREPARING FOR THE AP
BIOLOGY EXAM, PARTICULARLY QUESTION 042, WHICH FOCUSES ON THE STRUCTURE, FUNCTION, AND INTERACTIONS OF THESE
MOLECULES. THIS ARTICLE DELVES INTO THE MAJOR CLASSES OF BIOLOGICAL MOLECULES, INCLUDING CARBOHYDRATES, LIPIDS,
PROTEINS, AND NUCLEIC ACIDS, HIGHLIGHTING THEIR CHEMICAL CHARACTERISTICS AND ROLES WITHIN LIVING ORGANISMS.
ADDITIONALLY, IT EXAMINES THE IMPORTANCE OF MOLECULAR INTERACTIONS AND THE IMPACT OF MOLECULAR STRUCTURE ON
BIOLOGICAL FUNCTION. BY MASTERING THESE CONCEPTS, STUDENTS CAN GAIN A COMPREHENSIVE UNDERSTANDING OF THE
BIOCHEMICAL FOUNDATIONS OF LIFE. BELOW IS AN ORGANIZED OUTLINE TO GUIDE THE DETAILED DISCUSSION OF AP BIOLOGY
042 BIOLOGICAL MOLECULES.

OVERVIEW OF BloLoGICAL MOLECULES

o CARBOHYDRATES: STRUCTURE AND FUNCTION

LipiDs: TYPES AND BioLoGICAL ROLES

ProTEINS: COMPOSITION AND FUNCTIONS

NucLeic Acips: DNA anp RNA

MOLECULAR INTERACTIONS AND BIOLOGICAL SIGNIFICANCE

OVERVIEW OF BloLoGICAL MOLECULES

BioLoaGicaL MOLECULES, ALSO KNOWN AS BIOMOLECULES, ARE ORGANIC COMPOUNDS THAT FORM THE FOUNDATION OF
CELLULAR STRUCTURE AND FUNCTION. THESE MOLECULES PARTICIPATE IN VARIOUS BIOCHEMICAL PROCESSES ESSENTIAL FOR
LIFE, SUCH AS ENERGY STORAGE, CATALYSIS, AND INFORMATION TRANSMISSION. THE STUDY OF AP BIOLOGY 042 BIOLOGICAL
MOLECULES EMPHASIZES FOUR MAJOR CLASSES: CARBOHYDRATES, LIPIDS, PROTEINS, AND NUCLEIC ACIDS. EACH CLASS EXHIBITS
UNIQUE CHEMICAL PROPERTIES AND STRUCTURAL FEATURES THAT DICTATE THEIR SPECIFIC BIOLOGICAL ROLES. UUNDERSTANDING
THESE MOLECULES’ COMPOSITION AND FUNCTION IS ESSENTIAL TO GRASPING HOW CELLS MAINTAIN HOMEOSTASIS, REPRODUCE,
AND RESPOND TO ENVIRONMENTAL CHANGES.

CARBOHYDRATES: STRUCTURE AND FUNCTION

BAsic STRUCTURE oF CARBOHYDRATES

CARBOHYDRATES ARE ORGANIC MOLECULES COMPOSED OF CARBON, HYDROGEN, AND OXYGEN ATOMS, TYPICALLY FOLLOWING
THE EMPIRICAL FORMULA (CHQO)N. THEY EXIST AS MONOSACCHARIDES, DISACCHARIDES, AND POLYSACCHARIDES, DEPENDING ON
THE NUMBER OF SUGAR UNITS. MONOSACCHARIDES, SUCH AS GLUCOSE AND FRUCTOSE, SERVE AS THE BASIC BUILDING BLOCKS.
THESE MOLECULES FORM RING STRUCTURES IN AQUEOUS SOLUTIONS, WHICH ARE CRITICAL FOR THEIR BIOLOGICAL ACTIVITY.

FUNCTIONS OF CARBOHYDRATES

CARBOHYDRATES PLAY SEVERAL ESSENTIAL ROLES IN LIVING ORGANISMS. THEY SERVE AS A PRIMARY ENERGY SOURCE,
PROVIDING READILY ACCESSIBLE FUEL THROUGH CELLULAR RESPIRATION. POLYSACCHARIDES LIKE STARCH AND GLYCOGEN
FUNCTION AS ENERGY STORAGE MOLECULES IN PLANTS AND ANIMALS, RESPECTIVELY. ADDITIONALLY, STRUCTURAL
CARBOHYDRATES SUCH AS CELLULOSE PROVIDE RIGIDITY TO PLANT CELL WALLS. CARBOHYDRATES ALSO PARTICIPATE IN CELL



RECOGNITION AND SIGNALING PROCESSES, PARTICULARLY WHEN ATTACHED TO PROTEINS AND LIPIDS ON CELL SURFACES.

ExAMPLES oF CARBOHYDRATES

® MONOSACCHARIDES: GLUCOSE, FRUCTOSE, GALACTOSE
¢ DISACCHARIDES: SUCROSE, LACTOSE, MALTOSE

¢ POLYSACCHARIDES: STARCH, GLYCOGEN, CELLULOSE, CHITIN

Lipips: TYPES AND BioLoGICAL ROLES

CHeMicaL CHARACTERISTICS oF LIPIDS

LIPIDS ARE A DIVERSE GROUP OF HYDROPHORIC OR AMPHIPATHIC MOLECULES PRIMARILY COMPOSED OF CARBON, HYDROGEN, AND
OXYGEN ATOMS, WITH A HIGH PROPORTION OF NONPOLAR HYDROCARBON CHAINS. UNLIKE CARBOHYDRATES, LIPIDS ARE NOT
DEFINED BY A COMMON MONOMER BUT INCLUDE FATS, PHOSPHOLIPIDS, STEROIDS, AND W AXES. THEIR HYDROPHOBIC NATURE
ENABLES THEM TO FORM MEMBRANES AND STORE ENERGY EFFICIENTLY.

MAIN CLASSES oF LipiDS

THE PRIMARY CATEGORIES OF LIPIDS RELEVANT TO AP BIOLOGY 042 BIOLOGICAL MOLECULES INCLUDE TRIGLYCERIDES,
PHOSPHOLIPIDS, AND STEROIDS. TRIGLYCERIDES CONSIST OF GLYCEROL LINKED TO THREE FATTY ACID CHAINS AND FUNCTION
MAINLY AS LONG-TERM ENERGY STORAGE MOLECULES. PHOSPHOLIPIDS, CONTAINING TWO FATTY ACIDS AND A PHOSPHATE
GROUP, ARE CRITICAL FOR FORMING THE LIPID BILAYER OF CELLULAR MEMBRANES. STEROIDS, CHARACTERIZED BY A FOUR-RING
STRUCTURE, SERVE AS SIGNALING MOLECULES AND MEMBRANE COMPONENTS.

BioLoGIcAL FUNCTIONS OF LIPIDS

LIPIDS PLAY VITAL ROLES BEYOND ENERGY STORAGE AND MEMBRANE STRUCTURE. THEY PROVIDE INSULATION AND PROTECTION
FOR ORGANS, ACT AS HORMONES REGULATING PHYSIOLOGICAL PROCESSES, AND PARTICIPATE IN CELL SIGNALING PATHWAYS.
THEIR ABILITY TO CREATE SELECTIVELY PERMEABLE MEMBRANES IS FUNDAMENTAL TO MAINTAINING CELLULAR INTEGRITY AND
CONTROLLING MOLECULAR TRANSPORT.

PrOTEINS: COMPOSITION AND FUNCTIONS

AMINO ACID STRUCTURE AND PROTEIN FORMATION

PROTEINS ARE COMPLEX MACROMOLECULES COMPOSED OF AMINO ACID MONOMERS LINKED BY PEPTIDE BONDS. EACH AMINO ACID
CONTAINS A CENTRAL CARBON ATOM BOUND TO AN AMINO GROUP, A CARBOXYL GROUP, A HYDROGEN ATOM, AND A VARIABLE
SIDE CHAIN (IQ GROUP) THAT DETERMINES ITS CHEMICAL PROPERTIES. THE SEQUENCE OF AMINO ACIDS IN A POLYPEPTIDE CHAIN
DICTATES THE PROTEIN'S THREE-DIMENSIONAL CONFORMATION AND FUNCTION.



LEVELS OF PROTEIN STRUCTURE

PROTEIN STRUCTURE IS ORGANIZED INTO FOUR HIERARCHICAL LEVELS:

1. PRIMARY STRUCTURE: LINEAR SEQUENCE OF AMINO ACIDS.

2. SECONDARY STRUCTURE: LOCAL FOLDING PATTERNS SUCH AS ALPHA-HELICES AND BETA-SHEETS STABILIZED BY
HYDROGEN BONDS.

3. TERTIARY STRUCTURE: OVERALL THREE-DIMENSIONAL SHAPE FORMED BY INTERACTIONS AMONG R GROUPS.

4. QUATERNARY STRUCTURE: ASSEMBLY OF MULTIPLE POLYPEPTIDE SUBUNITS INTO A FUNCTIONAL PROTEIN COMPLEX.

FUNCTIONS oF PROTEINS

PROTEINS FULFILL A VAST ARRAY OF BIOLOGICAL FUNCTIONS. ENZYMES ACT AS CATALYSTS TO ACCELERATE METABOLIC
REACTIONS. STRUCTURAL PROTEINS PROVIDE SUPPORT AND SHAPE TO CELLS AND TISSUES. TRANSPORT PROTEINS FACILITATE
THE MOVEMENT OF SUBSTANCES ACROSS MEMBRANES. ADDITIONALLY, PROTEINS ARE INVOLVED IN IMMUNE RESPONSES, SIGNAL
TRANSDUCTION, AND GENE REGULATION, UNDERSCORING THEIR INDISPENSABILITY IN CELLULAR ACTIVITIES.

NucLeic Acips: DNA AnD RNA

STRUCTURE oF NUCLEIC AcCIDS

NUCLEIC ACIDS, INCLUDING DNA (DEOXYRIBONUCLEIC ACID) AND RNA (RIBONUCLEIC ACID), ARE POLYMERS COMPOSED OF
NUCLEOTIDE MONOMERS. EACH NUCLEOTIDE CONSISTS OF A NITROGENOUS BASE, A FIVE-CARBON SUGAR (DEOXYRIBOSE IN DNA
AND RIBOSE IN RNA), AND ONE OR MORE PHOSPHATE GROUPS. THE SEQUENCE OF NITROGENOUS BASES ENCODES GENETIC
INFORMATION CRITICAL FOR HEREDITY AND PROTEIN SYNTHESIS.

DNA vs. RNA

DNA IS TYPICALLY DOUBLE-STRANDED, FORMING A DOUBLE HELIX STRUCTURE STABILIZED BY COMPLEMENTARY BASE PAIRING
BETWEEN ADENINE-THYMINE AND CYTOSINE-GUANINE. RNA IS USUALLY SINGLE-STRANDED AND CONTAINS URACIL INSTEAD OF
THYMINE. RNA PLAYS DIVERSE ROLES, INCLUDING MESSENGER RNA (MRNA) THAT CONVEYS GENETIC INSTRUCTIONS, TRANSFER
RNA (TRNA) THAT ASSISTS IN TRANSLATION, AND RIBOSOMAL RNA (RRNA) THAT FORMS THE CORE OF RIBOSOMES.

BioLoaGicAL RoLes oF NucLEIC AcCIDS

NUCLEIC ACIDS ARE ESSENTIAL FOR STORING AND TRANSMITTING GENETIC INFORMATION. DNA HOLDS THE BLUEPRINT FOR ALL
CELLULAR PROTEINS, ENABLING INHERITANCE OF TRAITS. RNA TRANSLATES THE GENETIC CODE INTO FUNCTIONAL PROTEINS,
FACILITATING GENE EXPRESSION. MOREOVER, NUCLEIC ACIDS PARTICIPATE IN REGULATORY AND CATALYTIC FUNCTIONS WITHIN
THE CELL, HIGHLIGHTING THEIR CENTRAL ROLE IN MOLECULAR BIOLOGY.

MOLECULAR INTERACTIONS AND BIOLOGICAL SIGNIFICANCE



CHeMICAL BonDs IN BioLoGicAL MOLECULES

THE FUNCTIONALITY OF AP BIOLOGY 042 BIOLOGICAL MOLECULES DEPENDS ON VARIOUS CHEMICAL INTERACTIONS. COVALENT
BONDS FORM STABLE LINKAGES BETWEEN ATOMS WITHIN MOLECULES, SUCH AS PEPTIDE BONDS IN PROTEINS AND GLYCOSIDIC
BONDS IN CARBOHYDRATES. NON-COVALENT INTERACTIONS, INCLUDING HYDROGEN BONDS, IONIC BONDS, VAN DER W AALS
FORCES, AND HYDROPHOBIC INTERACTIONS, ARE CRUCIAL FOR MAINTAINING MOLECULAR STRUCTURE AND FACILITATING DYNAMIC
BIOLOGICAL PROCESSES.

ENzYME-SUBSTRATE INTERACTION

ENZYMES, WHICH ARE PROTEINS, ACCELERATE BIOCHEMICAL REACTIONS BY BINDING SPECIFIC SUBSTRATES AT THEIR ACTIVE
SITES. THIS INTERACTION DEPENDS ON THE PRECISE THREE-DIMENSIONAL CONFIGURATION OF BOTH ENZYME AND SUBSTRATE,
OFTEN DESCRIBED BY THE “Lock AND KEY” OR “INDUCED FIT” MODELS. UNDERSTANDING THESE MOLECULAR INTERACTIONS IS
VITAL FOR APPRECIATING HOW BIOLOGICAL MOLECULES PERFORM THEIR FUNCTIONS EFFICIENTLY.

IMPACT OF MOLECULAR STRUCTURE ON FUNCTION

THE STRUCTURE-FUNCTION RELATIONSHIP IS A CENTRAL THEME IN AP BIOLOGY 042 BIOLOGICAL MOLECULES. MINOR
ALTERATIONS IN MOLECULAR STRUCTURE CAN SIGNIFICANTLY AFFECT BIOLOGICAL ACTIVITY, AS SEEN IN ENZYME SPECIFICITY,
MEMBRANE FLUIDITY, AND GENETIC MUTATIONS. THIS PRINCIPLE UNDERSCORES THE IMPORTANCE OF MOLECULAR INTEGRITY AND
THE DELICATE BALANCE REQUIRED FOR PROPER CELLULAR OPERATION.

FREQUENTLY AskeD QUESTIONS

WHAT ARE THE FOUR MAJOR TYPES OF BIOLOGICAL MACROMOLECULES STUDIED IN AP
BioLoGgy?

THE FOUR MAJOR TYPES OF BIOLOGICAL MACROMOLECULES ARE CARBOHYDRATES, LIPIDS, PROTEINS, AND NUCLEIC ACIDS.

How Do CARBOHYDRATES FUNCTION IN BIOLOGICAL SYSTEMS?

CARBOHYDRATES PRIMARILY SERVE AS A SOURCE OF ENERGY AND STRUCTURAL SUPPORT IN CELLS. FOR EXAMPLE, GLUCOSE IS A
KEY ENERGY SOURCE, WHILE CELLULOSE PROVIDES STRUCTURAL SUPPORT IN PLANT CELL WALLS.

WHAT IS THE BASIC STRUCTURE OF AN AMINO ACID, AND WHY ARE AMINO ACIDS
IMPORTANT?

AN AMINO ACID CONSISTS OF A CENTRAL CARBON ATOM BONDED TO AN AMINO GROUP, A CARBOXYL GROUP, A HYDROGEN
ATOM, AND A VARIABLE R GROUP. AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS, WHICH PERFORM A \WIDE RANGE OF
FUNCTIONS IN LIVING ORGANISMS.

How ARE LIPIDS DIFFERENT FROM OTHER BIOLOGICAL MOLECULES?

LIPIDS ARE HYDROPHOBIC MOLECULES PRIMARILY COMPOSED OF HYDROCARBONS. UNLIKE CARBOHYDRATES, PROTEINS, AND
NUCLEIC ACIDS, LIPIDS ARE NOT POLYMERS AND ARE MAINLY USED FOR LONG~TERM ENERGY STORAGE, INSULATION, AND MAKING
UP CELL MEMBRANES.

\WHAT ROLE DO NUCLEIC ACIDS PLAY IN CELLS?

NUCLEIC ACIDS, SUCH AS DNA AND RNA, STORE AND TRANSMIT GENETIC INFORMATION ESSENTIAL FOR CELL FUNCTION,



GROWTH, AND REPRODUCTION.

\WHAT TYPE OF BOND LINKS MONOSACCHARIDES TO FORM POLYSACCHARIDES?

MONOSACCHARIDES ARE LINKED BY GLYCOSIDIC BONDS TO FORM POLYSACCHARIDES THROUGH DEHYDRATION SYNTHESIS
REACTIONS.

How DOES THE STRUCTURE OF A PROTEIN DETERMINE ITS FUNCTION?

A PROTEIN'S FUNCTION IS DETERMINED BY ITS UNIQUE THREE-DIMENSIONAL SHAPE, WHICH IS FORMED BY THE SEQUENCE OF AMINO
ACIDS AND THE FOLDING OF THE POLYPEPTIDE CHAIN. CHANGES IN STRUCTURE CAN AFFECT THE PROTEIN'S ACTIVITY.

\WHAT IS THE SIGNIFICANCE OF ENZYMES IN BIOLOGICAL SYSTEMS?

ENZYMES ARE PROTEINS THAT ACT AS CATALYSTS TO SPEED UP CHEMICAL REACTIONS IN CELLS WITHOUT BEING CONSUMED,
ALLOWING BIOLOGICAL PROCESSES TO OCCUR EFFICIENTLY AT MODERATE TEMPERATURES.

How DO SATURATED AND UNSATURATED FATTY ACIDS DIFFER STRUCTURALLY AND
FUNCTIONALLY?

SATURATED FATTY ACIDS HAVE NO DOUBLE BONDS BETWEEN CARBON ATOMS AND ARE TYPICALLY SOLID AT ROOM
TEMPERATURE, WHILE UNSATURATED FATTY ACIDS CONTAIN ONE OR MORE DOUBLE BONDS CAUSING KINKS, MAKING THEM LIQUID
AT ROOM TEMPERATURE. THIS AFFECTS MEMBRANE FLUIDITY AND ENERGY STORAGE.

\W/HAT IS DEHYDRATION SYNTHESIS AND HYDROLYSIS IN THE CONTEXT OF BIOLOGICAL
MOLECULES?

DEHYDRATION SYNTHESIS IS A CHEMICAL REACTION THAT LINKS MONOMERS TOGETHER BY REMOVING A WATER MOLECULE,
FORMING POLYMERS. HYDROLYSIS IS THE REVERSE PROCESS, WHERE WATER IS ADDED TO BREAK POLYMERS INTO MONOMERS.

ADDITIONAL RESOURCES

1. MoLecuLAR BioLoGy oF THE CELL

THIS COMPREHENSIVE TEXTBOOK BY ALBERTS ET AL. DELVES DEEPLY INTO THE MOLECULAR MECHANISMS THAT UNDERLIE CELL
FUNCTION. [T COVERS THE STRUCTURE AND FUNCTION OF BIOLOGICAL MOLECULES SUCH AS PROTEINS, NUCLEIC ACIDS,
CARBOHYDRATES, AND LIPIDS. THE BOOK IS WELL-ILLUSTRATED AND INCLUDES DETAILED EXPLANATIONS PERFECT FOR AP
BIOLOGY STUDENTS AIMING TO MASTER BIOLOGICAL MOLECULES AND CELL BIOLOGY.

2. LEHNINGER PRINCIPLES OF BIOCHEMISTRY

AUTHORED BY DAVID L. NELSON AND MICHAEL M. Cox, THIS BOOK PROVIDES A CLEAR AND THOROUGH INTRODUCTION TO THE
CHEMISTRY OF BIOLOGICAL MOLECULES. |T EXPLORES THE STRUCTURE AND FUNCTION OF ENZYMES, NUCLEOTIDES, AND
MACROMOLECULES, EMPHASIZING THE CHEMICAL PRINCIPLES BEHIND BIOLOGICAL PROCESSES. IDEAL FOR STUDENTS SEEKING TO
UNDERSTAND THE BIOCHEMICAL FOUNDATIONS OF LIFE.

3. BioLoGICAL MOLECULES: STRUCTURE AND FUNCTION

THIS TEXT FOCUSES SPECIFICALLY ON THE STRUCTURE, PROPERTIES, AND FUNCTIONS OF THE MAJOR BIOLOGICAL MOLECULES
SUCH AS PROTEINS, CARBOHYDRATES, LIPIDS, AND NUCLEIC ACIDS. |T PRESENTS CONCEPTS IN A STRAIGHTFORWARD MANNER
WITH RELEVANT EXAMPLES AND DIAGRAMS. THE BOOK IS USEFUL FOR AP BIOLOGY STUDENTS TO REINFORCE THEIR
UNDERSTANDING OF MOLECULAR BIOLOGY TOPICS.

4. ESSENTIALS oF GLYCOBIOLOGY

THIS SPECIALIZED BOOK COVERS THE STRUCTURE AND FUNCTION OF CARBOHYDRATES AND GLYCOCONJUGATES IN BIOLOGICAL
SYSTEMS. |T EXPLAINS HOW SUGARS PLAY CRUCIAL ROLES IN CELL RECOGNITION, SIGNALING, AND MOLECULAR INTERACTIONS. A
VALUABLE RESOURCE FOR STUDENTS INTERESTED IN THE CARBOHYDRATE ASPECT OF BIOLOGICAL MOLECULES.



5. PROTEIN STRUCTURE AND FUNCTION

FOCUSING ON PROTEINS, THIS BOOK EXPLAINS THEIR DIVERSE STRUCTURES FROM PRIMARY TO QUATERNARY LEVELS AND HOW
THESE STRUCTURES DETERMINE FUNCTION. |T DISCUSSES ENZYME ACTIVITY, PROTEIN FOLDING, AND MOLECULAR INTERACTIONS IN
THE CELL. AP BIOLOGY LEARNERS WILL FIND IT HELPFUL FOR UNDERSTANDING THE COMPLEXITY OF PROTEINS.

6. DNA: THe MoLecULE oF LiFe

THIS BOOK OFFERS AN IN-DEPTH LOOK AT NUCLEIC ACIDS, PARTICULARLY DNA AND RNA  AND THEIR CRITICAL ROLES IN
HEREDITY AND CELLULAR FUNCTION. T COVERS THE CHEMICAL COMPOSITION, STRUCTURE, REPLICATION, AND TRANSCRIPTION
PROCESSES. THE CLEAR EXPLANATIONS AID STUDENTS IN GRASPING KEY CONCEPTS OF GENETIC MATERIAL.

7. Lipip BIOCHEMISTRY: AN INTRODUCTION

DEDICATED TO THE STUDY OF LIPIDS, THIS TEXT EXPLAINS THEIR CHEMICAL PROPERTIES, BIOLOGICAL ROLES, AND INVOLVEMENT
IN MEMBRANES AND ENERGY STORAGE. |T ALSO TOUCHES ON LIPID SIGNALING PATHWAYS AND METABOLISM. THIS BOOK IS USEFUL
FOR STUDENTS WANTING TO EXPLORE THE LIPID CLASS OF BIOLOGICAL MOLECULES IN DETAIL.

8. ENzYMES: BIOCHEMISTRY, BIOTECHNOLOGY, CLINICAL CHEMISTRY

THIS BOOK PROVIDES AN OVERVIEW OF ENZYME STRUCTURE, FUNCTION, KINETICS, AND REGULATION. |T HIGHLIGHTS THE
IMPORTANCE OF ENZYMES IN METABOLIC PATHWAYS AND THEIR APPLICATIONS IN BIOTECHNOLOGY AND MEDICINE. AP BloLoGY
STUDENTS CAN ENHANCE THEIR UNDERSTANDING OF ENZYME-RELATED BIOLOGICAL MOLECULES WITH THIS RESOURCE.

Q. CARBOHYDRATES: THE ESSENTIAL MOLECULES OF LIFE

FOCUSING ON CARBOHYDRATES, THIS BOOK EXPLAINS THEIR CHEMICAL STRUCTURES, VARIATIONS, AND BIOLOGICAL FUNCTIONS.
|T DISCUSSES POLYSACCHARIDES, GLYCOPROTEINS, AND THEIR ROLES IN ENERGY AND CELLULAR COMMUNICATION. THE TEXT IS
ACCESSIBLE AND SUPPORTS THE STUDY OF CARBOHYDRATE MOLECULES RELEVANT TO AP BloLogy.
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