CHEMISTRY CONCEPTS FOR BIOLOGY STUDENTS

CHEMISTRY CONCEPTS FOR BIOLOGY STUDENTS FORM THE BEDROCK UPON WHICH A PROFOUND UNDERSTANDING OF LIFE
PROCESSES IS BUILT. WHILE BIOLOGY EXPLORES THE INTRICATE MECHANISMS OF LIVING ORGANISMS, CHEMISTRY PROVIDES THE
ESSENTIAL LANGUAGE AND PRINCIPLES THAT GOVERN THESE MECHANISMS AT THE MOLECULAR LEVEL. THIS ARTICLE DELVES INTO
THE CORE CHEMICAL PRINCIPLES VITAL FOR ANY BIOLOGY STUDENT, FROM THE FUNDAMENTAL BUILDING BLOCKS OF MATTER TO
THE COMPLEX REACTIONS DRIVING CELLULAR ACTIVITY. WE WILL EXPLORE ATOMIC STRUCTURE, CHEMICAL BONDING, THE
PROPERTIES OF WATER, THE NATURE OF ORGANIC MOLECULES, AND THE KINETICS OF BIOCHEMICAL REACTIONS. MASTERING THESE
CHEMISTRY CONCEPTS WILL NOT ONLY DEMYSTIFY BIOLOGICAL PHENOMENA BUT ALSO UNLOCK DEEPER INSIGHTS INTO GENETICS,
METABOLISM, AND CELLULAR SIGNALING. (UNDERSTANDING THESE FUNDAMENTAL CHEMISTRY CONCEPTS FOR BIOLOGY STUDENTS IS
AN INDISPENSABLE STEP TOWARDS A COMPREHENSIVE GRASP OF THE LIVING \WORLD.
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THE FUNDAMENTAL BUILDING BLOCKS: ATOMS AND ELEMENTS

AT THE HEART OF ALL BIOLOGICAL MATTER LIE ATOMS, THE SMALLEST UNITS OF AN ELEMENT THAT RETAIN THE CHEMICAL
PROPERTIES OF THAT ELEMENT. UNDERSTANDING ATOMIC STRUCTURE IS PARAMOUNT FOR GRASPING HOW MOLECULES ARE
FORMED AND INTERACT. EACH ATOM CONSISTS OF A NUCLEUS CONTAINING POSITIVELY CHARGED PROTONS AND NEUTRAL
NEUTRONS, SURROUNDED BY NEGATIVELY CHARGED ELECTRONS ORBITING IN SPECIFIC ENERGY LEVELS OR SHELLS. THE NUMBER OF
PROTONS, KNOWN AS THE ATOMIC NUMBER, DEFINES THE ELEMENT ITSELF. For INSTANCE, EVERY CARBON ATOM HAS SIX
PROTONS, MAKING IT ELEMENT NUMBER SIX ON THE PERIODIC TABLE. V ARIATIONS IN THE NUMBER OF NEUTRONS RESULT IN
ISOTOPES, WHICH CAN HAVE DIFFERENT RADIOACTIVE PROPERTIES BUT GENERALLY BEHAVE CHEMICALLY THE SAME AS THEIR NON-
ISOTOPIC COUNTERPARTS.

ATOMIC STRUCTURE AND |TS BIOLOGICAL SIGNIFICANCE

THE ARRANGEMENT OF ELECTRONS WITHIN AN ATOM IS PARTICULARLY CRUCIAL FOR BIOLOGICAL PROCESSES. THE OUTERMOST
ELECTRON SHELL, CALLED THE VALENCE SHELL, DETERMINES AN ATOM’S REACTIVITY AND ITS ABILITY TO FORM CHEMICAL BONDS.
ATOMS TEND TO SEEK STABILITY BY FILLING THEIR VALENCE SHELLS, WHICH DRIVES THE FORMATION OF CHEMICAL BONDS.
ELEMENTS COMMONLY FOUND IN LIVING ORGANISMS, SUCH AS CARBON, HYDROGEN, OXYGEN, NITROGEN, PHOSPHORUS, AND
SULFUR (OFTEN REMEMBERED BY THE ACRONYM CHNOPS), POSSESS SPECIFIC ATOMIC STRUCTURES THAT MAKE THEM IDEAL FOR
FORMING THE DIVERSE AND COMPLEX MOLECULES ESSENTIAL FOR LIFE. THE ATOMIC MASS, THE SUM OF PROTONS AND NEUTRONS,
IS ALSO A KEY CHARACTERISTIC, INFLUENCING MOLECULAR WEIGHT AND ISOTOPIC LABELING TECHNIQUES USED IN BIOLOGICAL
RESEARCH.



loNs AND THEIR ROLES IN BIOLOGICAL SYSTEMS

W/HEN AN ATOM GAINS OR LOSES ELECTRONS, IT BECOMES AN ELECTRICALLY CHARGED PARTICLE CALLED AN ION. PosITIVELY
CHARGED IONS ARE CALLED CATIONS (E.G., SODIUM ION, NA+), AND NEGATIVELY CHARGED IONS ARE CALLED ANIONS (E.G.,
CHLORIDE ION, CL‘). |ONS PLAY CRITICAL ROLES IN BIOLOGY, FACILITATING NERVE IMPULSE TRANSMISSION, MUSCLE
CONTRACTION, AND MAINTAINING CELLULAR FLUID BALANCE THROUGH PROCESSES LIKE OSMOSIS. THE CONCENTRATION OF
SPECIFIC IONS INSIDE AND OUTSIDE CELLS IS TIGHTLY REGULATED, A PROCESS FUNDAMENTAL TO CELL FUNCTION AND SIGNALING.
UNDERSTANDING THE FORMATION AND BEHAVIOR OF IONS IS THEREFORE A KEY ASPECT OF CHEMISTRY CONCEPTS FOR BIOLOGY
STUDENTS.

THe GLUE oF LiFe;: CHEMICAL BONDING

CHEMICAL BONDS ARE THE FORCES THAT HOLD ATOMS TOGETHER TO FORM MOLECULES AND COMPOUNDS. THESE BONDS ARE A
DIRECT CONSEQUENCE OF THE INTERACTIONS BETWEEN THE VALENCE ELECTRONS OF ATOMS. THE TYPE AND STRENGTH OF
CHEMICAL BONDS DICTATE THE PHYSICAL AND CHEMICAL PROPERTIES OF SUBSTANCES, AND THUS THEIR BIOLOGICAL ROLES. For
LIFE AS WE KNOW IT TO EXIST, SPECIFIC TYPES OF BONDS MUST FORM AND BREAK IN PRECISE WAYS.

CoVALENT Bonps: THE BAckBoONE oF ORGANIC MOLECULES

COVALENT BONDS ARE FORMED WHEN ATOMS SHARE ELECTRONS TO ACHIEVE A STABLE ELECTRON CONFIGURATION. THIS
SHARING IS PARTICULARLY PREVALENT IN ORGANIC CHEMISTRY, THE CHEMISTRY OF CARBON-CONTAINING COMPOUNDS. CARBON'S
ABILITY TO FORM FOUR COVALENT BONDS ALLOWS IT TO CREATE LONG CHAINS, BRANCHED STRUCTURES, AND RINGS, FORMING
THE DIVERSE ARRAY OF ORGANIC MOLECULES THAT MAKE UP LIVING ORGANISMS, SUCH AS CARBOHYDRATES, LIPIDS, PROTEINS,
AND NUCLEIC ACIDS. THE STRENGTH OF COVALENT BONDS CONTRIBUTES TO THE STABILITY OF THESE BIOMOLECULES.

loNic BonDs: INTERACTIONS IN BioLoGICAL FLUIDS

|ONIC BONDS INVOLVE THE ELECTROSTATIC ATTRACTION BETWEEN OPPOSITELY CHARGED IONS. W/HILE NOT AS COMMON AS
COVALENT BONDS IN THE STRUCTURAL BACKBONE OF BIOMOLECULES, IONIC BONDS ARE CRUCIAL FOR INTERACTIONS IN
BIOLOGICAL FLUIDS. FoR EXAMPLE, THE ATTRACTION BETWEEN SODIUM IONS (NA"") AND CHLORIDE IONS <CL‘) IN SALT
CONTRIBUTES TO THE OVERALL IONIC ENVIRONMENT OF CELLS AND EXTRACELLULAR FLUIDS. THESE BONDS ARE WEAKER THAN
COVALENT BONDS AND CAN BE DISRUPTED BY POLAR SOLVENTS LIKE WATER, WHICH IS WHY THEY ARE MORE PREVALENT IN
AQUEOUS BIOLOGICAL ENVIRONMENTS.

HybroGeN BoNDs; THE DeLicATE DANCE oF BIOMOLECULES

HYDROGEN BONDS ARE RELATIVELY WEAK ATTRACTIONS THAT FORM BETWEEN A HYDROGEN ATOM COVALENTLY BONDED TO AN
ELECTRONEGATIVE ATOM (LIKE OXYGEN OR NITROGEN) AND ANOTHER ELECTRONEGATIVE ATOM NEARBY. DESPITE THEIR
INDIVIDUAL WEAKNESS, THE SHEER NUMBER OF HYDROGEN BONDS IN BIOLOGICAL SYSTEMS MAKES THEM COLLECTIVELY VERY
IMPORTANT. THEY ARE ESSENTIAL FOR HOLDING TOGETHER THE TWO STRANDS OF DNA, DETERMINING THE THREE-DIMENSIONAL
STRUCTURE OF PROTEINS (\X/HICH IS CRITICAL FOR THEIR FUNCTION)I AND INFLUENCING THE PROPERTIES OF WATER.
UNDERSTANDING THESE CHEMISTRY CONCEPTS FOR BIOLOGY STUDENTS IS VITAL FOR COMPREHENDING MOLECULAR RECOGNITION
AND BIOLOGICAL STRUCTURE.



W ATER: THE UNIVERSAL SOLVENT AND BioLoGICcAL MEDIUM

W ATER (H20> IS ARGUABLY THE MOST CRITICAL MOLECULE FOR LIFE ON EARTH. |TS UNIQUE CHEMICAL AND PHYSICAL
PROPERTIES, ALL STEMMING FROM ITS MOLECULAR STRUCTURE AND POLARITY, MAKE IT AN UNPARALLELED SOLVENT AND AN
ESSENTIAL MEDIUM FOR COUNTLESS BIOLOGICAL PROCESSES. |TS SIGNIFICANCE CANNOT BE OVERSTATED WHEN CONSIDERING
CHEMISTRY CONCEPTS FOR BIOLOGY STUDENTS.

THE POLARITY OF WATER AND ITS SOLVENT PROPERTIES

W/ ATER IS A POLAR MOLECULE BECAUSE THE OXYGEN ATOM HAS A GREATER PULL ON THE SHARED ELECTRONS THAN THE
HYDROGEN ATOMS, RESULTING IN A PARTIAL NEGATIVE CHARGE ON THE OXYGEN AND PARTIAL POSITIVE CHARGES ON THE
HYDROGENS. THIS POLARITY ALLOWS WATER MOLECULES TO FORM HYDROGEN BONDS WITH EACH OTHER AND TO DISSOLVE
MANY POLAR AND IONIC SUBSTANCES, EARNING IT THE MONIKER “UNIVERSAL SOLVENT.” THIS ABILITY TO DISSOLVE IONS AND
POLAR MOLECULES IS FUNDAMENTAL FOR TRANSPORTING NUTRIENTS, REMOVING WASTE PRODUCTS, AND FACILITATING CHEMICAL
REACTIONS WITHIN CELLS AND ORGANISMS.

ProPERTIES OF W ATER CRUCIAL FOR LIFE

o HiGH SPECIFIC HEAT: W/ ATER CAN ABSORB AND RELEASE LARGE AMOUNTS OF HEAT WITH ONLY SLIGHT CHANGES IN ITS
OWN TEMPERATURE. THIS PROPERTY HELPS MODERATE TEMPERATURE FLUCTUATIONS IN ORGANISMS AND AQUATIC
ENVIRONMENTS, PROVIDING A STABLE INTERNAL ENVIRONMENT FOR BIOLOGICAL PROCESSES.

o COHESION AND ADHESION: COHESION IS THE TENDENCY OF WATER MOLECULES TO STICK TO EACH OTHER DUE TO
HYDROGEN BONDING, WHILE ADHESION IS THE ATTRACTION OF WATER MOLECULES TO OTHER POLAR SUBSTANCES. THESE
PROPERTIES ARE RESPONSIBLE FOR PHENOMENA LIKE SURFACE TENSION AND CAPILLARY ACTION, WHICH ARE VITAL FOR
WATER TRANSPORT IN PLANTS.

o DensITY ANOMALY: UNLIKE MOST SUBSTANCES, WATER IS LESS DENSE AS A SOLID (ICE) THAN AS A LIQUID. THIS IS
BECAUSE ICE FORMS A CRYSTALLINE LATTICE STRUCTURE THAT HOLDS MOLECULES FARTHER APART. THIS PROPERTY IS
CRUCIAL FOR AQUATIC LIFE, AS ICE FLOATS AND INSULATES THE WATER BELOW, PREVENTING IT FROM FREEZING SOLID.

THe CARBON BACKBONE: ORGANIC MOLECULES AND THEIR IMPORTANCE

ORGANIC CHEMISTRY FORMS THE BASIS OF BIOCHEMISTRY. THE STUDY OF ORGANIC MOLECULES— THOSE CONTAINING
CARBON—IS CENTRAL TO UNDERSTANDING THE BUILDING BLOCKS AND FUNCTIONAL UNITS OF LIVING THINGS. CARBON'S UNIQUE
BONDING CAPABILITIES ALLOW FOR THE FORMATION OF A VAST DIVERSITY OF STRUCTURES, EACH WITH SPECIFIC ROLES IN
BIOLOGICAL SYSTEMS. THESE ORGANIC CHEMISTRY CONCEPTS ARE FUNDAMENTAL CHEMISTRY CONCEPTS FOR BIOLOGY
STUDENTS.

CARBOHYDRATES: ENERGY SOURCES AND STRUCTURAL COMPONENTS

CARBOHYDRATES, COMPOSED OF CARBON, HYDROGEN, AND OXYGEN, ARE THE PRIMARY SOURCE OF ENERGY FOR MOST
ORGANISMS. THEY RANGE FROM SIMPLE SUGARS (MONOSACCHARIDES) LIKE GLUCOSE TO COMPLEX POLYSACCHARIDES LIKE
STARCH AND GLYCOGEN, WHICH ARE STORED FORMS OF ENERGY, AND CELLULOSE, WHICH PROVIDES STRUCTURAL SUPPORT IN
PLANT CELL WALLS. THE PRECISE ARRANGEMENT OF ATOMS IN THESE MOLECULES DETERMINES THEIR METABOLIC FATE AND



BIOLOGICAL FUNCTION.

LipiDS: ENERGY STORAGE, MEMBRANES, AND SIGNALING

LIPIDS, A DIVERSE GROUP OF HYDROPHOBIC MOLECULES, INCLUDE FATS, OILS, PHOSPHOLIPIDS, AND STEROIDS. THEY SERVE AS
LONG~TERM ENERGY STORAGE, FORM THE FUNDAMENTAL STRUCTURE OF CELL MEMBRANES (PHOSPHOLIPIDS), AND ACT AS
SIGNALING MOLECULES (STEROIDS AND HORMONES). THEIR INSOLUBILITY IN WATER IS A KEY CHARACTERISTIC THAT DICTATES
THEIR ARRANGEMENT WITHIN BIOLOGICAL SYSTEMS.

ProTEINS: THE W ORKHORSES OF THE CELL

PROTEINS ARE COMPLEX MACROMOLECULES COMPOSED OF AMINO ACIDS LINKED BY PEPTIDE BONDS. THEIR SEQUENCE OF AMINO
ACIDS DETERMINES THEIR UNIQUE THREE-DIMENSIONAL STRUCTURE, WHICH IN TURN DICTATES THEIR FUNCTION AS ENZYMES,
STRUCTURAL COMPONENTS, TRANSPORTERS, SIGNALING MOLECULES, AND ANTIBODIES. THE STUDY OF PROTEIN FOLDING AND
STRUCTURE IS A CORNERSTONE OF MOLECULAR BIOLOGY, DEEPLY ROOTED IN CHEMICAL PRINCIPLES.

NucLeic Acips: THe BLUEPRINT OF LIFE

NucLeic AciDs, DNA AND RNA, ARE POLYMERS OF NUCLEOTIDES. THEY CARRY AND TRANSMIT GENETIC INFORMATION, DIRECTING
THE SYNTHESIS OF PROTEINS AND REGULATING CELLULAR ACTIVITIES. THE DOUBLE HELIX STRUCTURE OF DNA | STABILIZED BY
HYDROGEN BONDS, AND THE BASE-PAIRING RULES ARE FUNDAMENTAL CHEMICAL CONCEPTS ESSENTIAL FOR UNDERSTANDING
HEREDITY AND GENE EXPRESSION.

ENERGY IN MoTION: CHEMICAL REACTIONS AND THERMODYNAMICS

ALL LIFE PROCESSES INVOLVE CHEMICAL REACTIONS, WHICH ARE TRANSFORMATIONS OF MATTER WHERE BONDS ARE BROKEN AND
NEW ONES ARE FORMED. T HERMODYNAMICS PROVIDES THE PRINCIPLES THAT GOVERN THE DIRECTION AND FEASIBILITY OF THESE
REACTIONS, PARTICULARLY IN THE CONTEXT OF ENERGY TRANSFER WITHIN LIVING SYSTEMS.

ENTHALPY AND ENTROPY: DRIVING FORCES OF REACTIONS

IN CHEMISTRY, ENTHALPY (H) REFERS TO THE TOTAL HEAT CONTENT OF A SYSTEM, AND ENTROPY (S) REFERS TO THE DEGREE OF
DISORDER OR RANDOMNESS. THE CHANGE IN GIB&S FREE ENERGY (AG) DETERMINES WHETHER A REACTION WILL OCCUR
SPONTANEOUSLY: AG = AH - TAS, WHeRe T IS TEMPERATURE. BIOLOGICALLY RELEVANT REACTIONS ARE OFTEN COUPLED,
MEANING AN ENERGETICALLY UNFAVORABLE REACTION IS DRIVEN BY AN ENERGETICALLY FAVORABLE ONE. UNDERSTANDING THESE
THERMODYNAMIC PRINCIPLES IS CRUCIAL FOR COMPREHENDING METABOLIC PATHWAYS.

Repox ReEACTIONS: ELECTRON TRANSFER IN METABOLISM

OXIDATION-REDUCTION (REDOX) REACTIONS INVOLVE THE TRANSFER OF ELECTRONS FROM ONE MOLECULE TO ANOTHER.
OXIDATION IS THE LOSS OF ELECTRONS, AND REDUCTION IS THE GAIN OF ELECTRONS. THESE REACTIONS ARE FUNDAMENTAL TO
ENERGY METABOLISM, SUCH AS CELLULAR RESPIRATION AND PHOTOSYNTHESIS, WHERE THE CONTROLLED TRANSFER OF
ELECTRONS RELEASES ENERGY THAT CAN BE CAPTURED BY CELLS.



THe PACE oF LiFe; REACTION RATES AND ENZYMES

W/HILE THERMODYNAMICS DICTATES WHETHER A REACTION IS POSSIBLE, KINETICS DETERMINES HOW FAST IT OCCURS.
BIOLOGICAL SYSTEMS RELY ON SPECIFIC CATALYSTS TO SPEED UP REACTIONS TO BIOLOGICALLY RELEVANT RATES.

FAcTORrRS AFFECTING REACTION RATES

SEVERAL FACTORS INFLUENCE THE SPEED OF A CHEMICAL REACTION, INCLUDING THE CONCENTRATION OF REACTANTS,
TEMPERATURE, AND THE PRESENCE OF CATALYSTS. HIGHER CONCENTRATIONS OF REACTANTS MEAN MORE FREQUENT COLLISIONS,
LEADING TO FASTER REACTION RATES. INCREASED TEMPERATURE PROVIDES MORE KINETIC ENERGY, LEADING TO MORE FORCEFUL
AND FREQUENT COLLISIONS. CATALYSTS/ SUCH AS ENZYMES, LOWER THE ACTIVATION ENERGY REQUIRED FOR A REACTION TO
PROCEED, THUS INCREASING ITS RATE WITHOUT BEING CONSUMED IN THE PROCESS.

EnzyMes: BioLoagicaL CATALYSTS

ENZYMES ARE BIOLOGICAL CATALYSTS, PREDOMINANTLY PROTEINS, THAT ARE ESSENTIAL FOR VIRTUALLY ALL BIOCHEMICAL
REACTIONS IN LIVING ORGANISMS. THEY EXHIBIT HIGH SPECIFICITY, MEANING EACH ENZYME TYPICALLY CATALYZES ONLY ONE OR
A FEW RELATED REACTIONS. THE ACTIVE SITE OF AN ENZYME BINDS TO SPECIFIC SUBSTRATE MOLECULES, FACILITATING THEIR
CONVERSION INTO PRODUCTS. THE STUDY OF ENZYME KINETICS AND REGULATION IS A CRITICAL AREA OF BIOCHEMISTRY,
UNDERSCORING THE IMPORTANCE OF CHEMISTRY CONCEPTS FOR BIOLOGY STUDENTS IN UNDERSTANDING CELLULAR FUNCTION AND
REGULATION.

FAQ

QI \WHY ARE CHEMISTRY CONCEPTS IMPORTANT FOR BIOLOGY STUDENTS?

A: CHEMISTRY CONCEPTS ARE IMPORTANT FOR BIOLOGY STUDENTS BECAUSE THEY PROVIDE THE FUNDAMENTAL PRINCIPLES THAT
EXPLAIN HOW LIVING ORGANISMS FUNCTION AT THE MOLECULAR AND CELLULAR LEVELS. UUNDERSTANDING ATOMIC STRUCTURE,
CHEMICAL BONDING, THE PROPERTIES OF WATER, AND THE BEHAVIOR OF ORGANIC MOLECULES IS ESSENTIAL FOR COMPREHENDING
BIOLOGICAL PROCESSES SUCH AS METABOLISM, GENETICS, AND CELLULAR SIGNALING.

Q: \WHAT ARE THE MOST CRUCIAL CHEMICAL ELEMENTS FOR LIFE?

A: THE MOST CRUCIAL CHEMICAL ELEMENTS FOR LIFE, OFTEN REMEMBERED BY THE ACRONYM CHNOPS, are Cargon (C),
Hyorocen (H), Nitrogen (N), Oxyaen (O), PHospHorUS (P), AND SULFUR (S). THESE ELEMENTS FORM THE BACKBONE OF
ORGANIC MOLECULES AND ARE INVOLVED IN COUNTLESS BIOCHEMICAL REACTIONS.

Q: How DOES WATER'S POLARITY CONTRIBUTE TO ITS ROLE IN BIOLOGY?

A: WATER'S POLARITY ALLOWS IT TO ACT AS AN EXCELLENT SOLVENT FOR MANY POLAR AND IONIC SUBSTANCES,
FACILITATING THE TRANSPORT OF NUTRIENTS AND WASTE PRODUCTS WITHIN CELLS AND ORGANISMS. THIS POLARITY ALSO
ENABLES WATER TO FORM HYDROGEN BONDS, WHICH ARE CRITICAL FOR THE STRUCTURE AND FUNCTION OF BIOMOLECULES LIKE
DNA AND PROTEINS, AND FOR PHENOMENA LIKE CAPILLARY ACTION.



QZ \WHAT IS THE DIFFERENCE BETWEEN COVALENT AND IONIC BONDS, AND WHY IS IT
RELEVANT TO BIOLOGY?

A: COVALENT BONDS INVOLVE THE SHARING OF ELECTRONS BETWEEN ATOMS, FORMING STABLE MOLECULES LIKE
CARBOHYDRATES AND PROTEINS. |ONIC BONDS INVOLVE THE ELECTROSTATIC ATTRACTION BETWEEN OPPOSITELY CHARGED IONS,
WHICH ARE IMPORTANT FOR INTERACTIONS IN BIOLOGICAL FLUIDS AND FOR MAINTAINING ELECTRICAL GRADIENTS ACROSS CELL
MEMBRANES.

QZ How DO ENZYMES SPEED UP BIOCHEMICAL REACTIONS?

A: ENZYMES ARE BIOLOGICAL CATALYSTS THAT SPEED UP BIOCHEMICAL REACTIONS BY LOWERING THE ACTIVATION ENERGY
REQUIRED FOR THE REACTION TO OCCUR. THEY DO THIS BY BINDING TO SPECIFIC SUBSTRATE MOLECULES AT THEIR ACTIVE SITE
AND FACILITATING THE CHEMICAL TRANSFORMATION INTO PRODUCTS.

Q: WHAT ARE REDOX REACTIONS, AND WHERE DO THEY OCCUR IN BIOLOGICAL
SYSTEMS?

A: REDOX REACTIONS INVOLVE THE TRANSFER OF ELECTRONS BETWEEN MOLECULES. OXIDATION IS THE LOSS OF ELECTRONS,
AND REDUCTION IS THE GAIN OF ELECTRONS. THESE REACTIONS ARE FUNDAMENTAL TO ENERGY METABOLISM, OCCURRING IN
PROCESSES LIKE CELLULAR RESPIRATION AND PHOTOSYNTHESIS, WHERE THEY ARE USED TO CAPTURE AND TRANSFER ENERGY.

QZ \NWHY IS THE STUDY OF ORGANIC MOLECULES SO CENTRAL TO BIOLOGY?

A: ORGANIC MOLECULES, PRIMARILY CARBON-BASED, ARE THE BUILDING BLOCKS OF ALL LIVING ORGANISMS. CARBOHYDRATES,
LIPIDS, PROTEINS, AND NUCLEIC ACIDS ALL PERFORM ESSENTIAL FUNCTIONS, FROM PROVIDING ENERGY AND STRUCTURE TO
CARRYING GENETIC INFORMATION AND CATALYZING REACTIONS. UNDERSTANDING THEIR CHEMICAL STRUCTURES AND PROPERTIES
IS KEY TO UNDERSTANDING LIFE ITSELF.

Q: CAN YOU EXPLAIN THE SIGNIFICANCE OF HYDROGEN BONDS IN BIOLOGICAL SYSTEMS?

A: HYDROGEN BONDS, THOUGH INDIVIDUALLY WEAK, ARE COLLECTIVELY VERY IMPORTANT IN BIOLOGY. THEY ARE RESPONSIBLE
FOR HOLDING THE TWO STRANDS OF DNA TOGETHER, DETERMINING THE SPECIFIC THREE-DIMENSIONAL SHAPES OF PROTEINS
ESSENTIAL FOR THEIR FUNCTION, AND CONTRIBUTING TO THE UNIQUE PROPERTIES OF WATER THAT SUPPORT LIFE.
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