ACID-BASE BEHAVIOR OF SULFHYDRYLS

ACID-BASE BEHAVIOR OF SULFHYDRYLS IS A FUNDAMENTAL CONCEPT IN BIOCHEMISTRY, ORGANIC CHEMISTRY, AND
PHARMACOLOGY. UNDERSTANDING HOW THESE SULFUR-CONTAINING FUNCTIONAL GROUPS DONATE OR ACCEPT PROTONS IS
CRUCIAL FOR COMPREHENDING PROTEIN STRUCTURE AND FUNCTION, ENZYME CATALYSIS, AND THE MECHANISMS OF MANY DRUGS.
THIS ARTICLE DELVES INTO THE INTRICATE ACID-BASE PROPERTIES OF SULFHYDRYL GROUPS, EXPLORING THEIR PKA VALUES,
FACTORS INFLUENCING THEIR IONIZATION, AND THEIR SIGNIFICANT ROLES IN BIOLOGICAL SYSTEMS AND CHEMICAL REACTIONS. \WE
WILL EXAMINE THE UNIQUE CHARACTERISTICS OF THE THIOL-DISULFIDE EQUILIBRIUM AND THE IMPLICATIONS OF SULFHYDRYL
IONIZATION ON MOLECULAR INTERACTIONS AND REACTIVITY.
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UNDERSTANDING SULFHYDRYL GrRouPS: THE BASICS

SULFHYDRYL GROUPS, ALSO KNOWN AS THIOL GROUPS, ARE CHARACTERIZED BY THE PRESENCE OF A SULFUR ATOM BONDED TO

A HYDROGEN ATOM AND A CARBON ATOM (‘SH) THIS FUNCTIONAL GROUP IS A SULFUR ANALOG OF THE HYDROXYL GROUP (‘

OH) FOUND IN ALCOHOLS. THE ELECTRONEGATIVITY OF SULFUR, THOUGH LOWER THAN OXYGEN, STILL ALLOWS FOR A POLAR
S-H BOND, ENABLING THE HYDROGEN ATOM TO BE ABSTRACTED AS A PROTON. THIS INHERENT POLARITY IS THE FOUNDATION OF
THEIR ACID-BASE BEHAVIOR.

THE CHEMICAL PROPERTIES OF SULFHYDRYLS ARE SIGNIFICANTLY DIFFERENT FROM THOSE OF HYDROXYL GROUPS. SULFUR'S
LARGER ATOMIC RADIUS AND MORE DIFFUSE VALENCE ELECTRONS CONTRIBUTE TO A WEAKER S-H BOND CoMPARED TO THE O-H
BOND IN ALCOHOLS. THIS DIFFERENCE HAS PROFOUND IMPLICATIONS FOR THEIR ACIDITY AND REACTIVITY. WHILE ALCOHOLS ARE
GENERALLY CONSIDERED NEUTRAL OR VERY WEAK ACIDS, THIOLS EXHIBIT MORE PRONOUNCED ACIDIC CHARACTERISTICS, A TOPIC
WE WILL EXPLORE IN DETAIL.

THe PKA OF SULFHYDRYLS: A KeY DETERMINANT

THE ACIDITY OF ANY CHEMICAL SPECIES IS QUANTITATIVELY DESCRIBED BY ITS PKA VALUE. THE PKA OF A SULFHYDRYL GROUP
REPRESENTS THE PH AT WHICH THE CONCENTRATION OF THE PROTONATED THIOL (‘SH) FORM IS EQUAL TO THE CONCENTRATION
OF THE DEPROTONATED THIOLATE ANION (‘S_) FORM. THIS EQUILIBRIUM IS GOVERNED BY THE HENDERSON-HASSELBALCH



EQUATION. A LOWER PKA INDICATES A STRONGER ACID, MEANING IT WILL READILY DONATE A PROTON.

THE PKA VALUES FOR SIMPLE ALIPHATIC THIOLS ARE TYPICALLY IN THE RANGE OF 10-11. THIS IS SIGNIFICANTLY LOWER THAN
THE PKA OF WATER (14) BUT HIGHER THAN THAT OF MOST CARBOXYLIC ACIDS (AROUND 4-5) AND PHENOLS (AROUND 10).
THIS INTERMEDIATE ACIDITY MEANS THAT SULFHYDRYL GROUPS CAN EXIST IN BOTH PROTONATED AND DEPROTONATED FORMS
WITHIN PHYSIOLOGICAL PH RANGES, WHICH IS CRITICAL FOR THEIR BIOLOGICAL ROLES.

FACTORS INFLUENCING SULFHYDRYL ACIDITY

SEVERAL FACTORS CAN MODULATE THE PKA OF A SULFHYDRYL GROUP, ALTERING ITS TENDENCY TO DEPROTONATE. THESE
INFLUENCES ARE CRUCIAL FOR UNDERSTANDING HOW SULFHYDRYL BEHAVIOR IS FINE-TUNED IN DIFFERENT CHEMICAL ENVIRONMENTS,
ESPECIALLY WITHIN BIOLOGICAL MACROMOLECULES.

ELECTRONIC EFFECTS

ELECTRON-WITHDRAWING GROUPS ATTACHED TO THE CARBON ATOM ADJACENT TO THE SULFUR CAN INCREASE THE ACIDITY OF
THE SULFHYDRYL GROUP BY STABILIZING THE NEGATIVE CHARGE ON THE THIOLATE ANION. CONVERSELY, ELECTRON-DONATING
GROUPS WILL DECREASE ACIDITY BY DESTABILIZING THE ANION.

STERIC HINDRANCE

BULKY SUBSTITUENTS NEAR THE SULFHYDRYL GROUP CAN SOMETIMES INFLUENCE ITS PKA, ALTHOUGH THIS EFFECT IS GENERALLY
LESS PRONOUNCED THAN ELECTRONIC EFFECTS. STERIC HINDRANCE MIGHT AFFECT SOLVATION OF THE PROTONATED OR
DEPROTONATED SPECIES.

SOLVENT POLARITY

THE POLARITY OF THE SURROUNDING SOLVENT PLAYS A ROLE IN THE IONIZATION OF SULFHYDRYLS. POLAR SOLVENTS CAN
BETTER SOLVATE AND STABILIZE THE CHARGED THIOLATE ANION, THUS FAVORING DEPROTONATION AND LOWERING THE PKA.

MICROENVIRONMENT IN BIOLOGICAL SYSTEMS

W/ ITHIN PROTEINS AND OTHER BIOLOGICAL MOLECULES, THE LOCAL MICROENVIRONMENT SURROUNDING A SULFHYDRYL GROUP
CAN DRAMATICALLY INFLUENCE ITS PKA. FACTORS SUCH AS THE PROXIMITY OF CHARGED AMINO ACID RESIDUES, THE
HYDROPHOBICITY OF THE LOCAL ENVIRONMENT, AND HYDROGEN BONDING INTERACTIONS CAN ALL SHIFT THE PKA, OFTEN TO
VALUES SIGNIFICANTLY DIFFERENT FROM THOSE OF FREE THIOLS.

THE loNIZED STATE: THIOLATE ANIONS

W/HEN A SULFHYDRYL GROUP LOSES ITS PROTON, IT FORMS A THIOLATE ANION (‘S_). THIS NEGATIVELY CHARGED SPECIES IS A
POTENT NUCLEOPHILE DUE TO THE DIFFUSE AND POLARIZABLE NATURE OF THE SULFUR ATOM. THE NEGATIVE CHARGE IS NOT AS
LOCALIZED AS IN AN ALKOXIDE ION (FROM AN ALCOHOL) BECAUSE SULFUR'S LARGER SIZE ALLOWS THE NEGATIVE CHARGE TO BE
SPREAD OVER A LARGER ELECTRON CLOUD, MAKING IT MORE STABLE AND THEREFORE MORE READILY FORMED.



THE NUCLEOPHILICITY OF THE THIOLATE ANION IS A KEY ASPECT OF ITS CHEMICAL REACTIVITY. |T READILY PARTICIPATES IN A
VARIETY OF REACTIONS, INCLUDING NUCLEOPHILIC SUBSTITUTION (SNQ REACTIONS)/ ADDITION TO ELECTROPHILIC CENTERS,
AND MICHAEL ADDITIONS. THIS HIGH REACTIVITY IS ESSENTIAL FOR MANY ENZYMATIC MECHANISMS AND FOR THE FUNCTION OF
CERTAIN BIOMOLECULES.

AciD-BAse CHEMISTRY IN BIOLOGICAL SYSTEMS

THE ACID-BASE BEHAVIOR OF SULFHYDRYLS IS PARAMOUNT IN BIOLOGICAL CONTEXTS. MANY PROTEINS CONTAIN CYSTEINE
RESIDUES, WHICH POSSESS SULFHYDRYL GROUPS. THE IONIZATION STATE OF THESE CYSTEINE RESIDUES IS DICTATED BY THE
SURROUNDING PH AND THE LOCAL MICROENVIRONMENT WITHIN THE PROTEIN STRUCTURE. THIS IONIZATION STATE CAN
PROFOUNDLY AFFECT PROTEIN CONFORMATION, STABILITY, AND THE ACTIVITY OF ENZYMES.

For EXAMPLE, A CYSTEINE RESIDUE LOCATED IN A HYDROPHOBIC POCKET OF A PROTEIN MIGHT HAVE A SIGNIFICANTLY HIGHER
PKA THAN EXPECTED, REMAINING PROTONATED AT PHYSIOLOGICAL PH. CONVERSELY, A CYSTEINE RESIDUE IN A POLAR
ENVIRONMENT, PERHAPS NEAR A CLUSTER OF POSITIVELY CHARGED AMINO ACIDS, MIGHT HAVE A LOWER PKA AND BE
DEPROTONATED. THESE VARIATIONS ALLOW PROTEINS TO PRECISELY CONTROL THE REACTIVITY OF THEIR SULFHYDRYL GROUPS.

SULFHYDRYLS IN PROTEIN STRUCTURE AND FUNCTION

CYSTEINE RESIDUES ARE UNIQUE AMONG AMINO ACIDS BECAUSE OF THEIR THIOL SIDE CHAINS. THE ACID-BASE PROPERTIES OF
THESE -SH GROUPS ARE CENTRAL TO SEVERAL CRITICAL ROLES IN PROTEIN STRUCTURE AND FUNCTION.

o DISULFIDE BOND FORMATION: PERHAPS THE MOST WELL-KNOWN ROLE IS THE FORMATION OF DISULFIDE BONDS (-S-S-)
BETWEEN TWO CYSTEINE RESIDUES. THIS COVALENT LINKAGE IS CRUCIAL FOR THE TERTIARY AND QUATERNARY
STRUCTURE OF MANY PROTEINS, INCLUDING ANTIBODIES AND INSULIN, PROVIDING STABILITY AND MAINTAINING SPECIFIC
CONFORMATIONS. THE OXIDATION REACTION LEADING TO DISULFIDE BOND FORMATION IS HIGHLY DEPENDENT ON THE
REDOX POTENTIAL OF THE ENVIRONMENT AND THE IONIZATION STATE OF THE PARTICIPATING SULFHYDRYL GROUPS.

o MeTAL loN COORDINATION: THIOLATE ANIONS ARE EXCELLENT LIGANDS FOR VARIOUS METAL IONS, PARTICULARLY SOFT
METALS LIKE ZINC, CADMIUM, MERCURY, AND COPPER. CYSTEINE RESIDUES OFTEN ACT AS BINDING SITES FOR THESE
METALS IN METALLOPROTEINS, PLAYING ROLES IN ENZYME CATALYSIS, PROTEIN FOLDING, AND SIGNALING PATHWAYS. THE
STRENGTH OF THIS COORDINATION DEPENDS ON THE AV AILABILITY OF THE THIOLATE FORM.

o ENzYME ACTIVE SITES: THE NUCLEOPHILIC THIOLATE ANION IS OFTEN A KEY CATALYTIC RESIDUE IN THE ACTIVE SITES OF
MANY ENZYMES, FACILITATING REACTIONS BY ATTACKING ELECTROPHILIC SUBSTRATES.

EnzYME CATALYSIS AND SULFHYDRYL REACTIVITY

MANY ENZYMES UTILIZE THE INHERENT NUCLEOPHILICITY OF THE THIOLATE ANION IN THEIR CATALYTIC MECHANISMS. THE
SULFHYDRYL GROUP OF A CYSTEINE RESIDUE IN THE ACTIVE SITE CAN DEPROTONATE, FORMING A HIGHLY REACTIVE THIOLATE
ION, WHICH THEN ATTACKS THE SUBSTRATE OR AN INTERMEDIATE.

EXAMPLES INCLUDE CYSTEINE PROTEASES LIKE PAPAIN AND CASPASES, WHERE THE THIOLATE ATTACKS A PEPTIDE BOND, FORMING
A COVALENT INTERMEDIATE. SIMILARLY, IN ENZYMES INVOLVED IN FATTY ACID SYNTHESIS, ACYL CARRIER PROTEIN (ACP) RELIES
ON THE THIOL OF A PHOSPHOPANTETHEINE MOIETY FOR ITS CHEMISTRY. THE ABILITY OF THESE SULFHYDRYLS TO BE
DEPROTONATED AT BIOLOGICALLY RELEVANT PHS IS A PREREQUISITE FOR THEIR CATALYTIC PROWESS.



THE THIoL-DISuULFIDE EQUILIBRIUM

THE INTERCONVERSION BETWEEN REDUCED SULFHYDRYL GROUPS AND OXIDIZED DISULFIDE BONDS IS A FUNDAMENTAL REDOX
PROCESS INVOLVING SULFUR CHEMISTRY. THIS THIOL-DISULFIDE EQUILIBRIUM IS REVERSIBLE AND CRUCIAL FOR REGULATING
PROTEIN STRUCTURE AND FUNCTION IN MANY BIOLOGICAL SYSTEMS.

THE REACTION CAN BE REPRESENTED AS: 2 R-SH <=>R-5-S-R + 2H" + 2e™. THE POSITION OF THIS EQUILIBRIUM IS
INFLUENCED BY THE REDOX POTENTIAL OF THE ENVIRONMENT, THE CONCENTRATIONS OF THIOLS AND DISULFIDES, AND THE PKA
VALUES OF THE SULFHYDRYL GROUPS INVOLVED. IN THE REDUCING ENVIRONMENT OF THE CYTOPLASM, SULFHYDRYL GROUPS ARE
PREDOMINANTLY IN THE ~SH FORM. IN THE MORE OXIDIZING EXTRACELLULAR ENVIRONMENT, DISULFIDE BONDS ARE MORE COMMON.

THERAPEUTIC IMPLICATIONS OF SULFHYDRYL BEHAVIOR

THE ACID-BASE PROPERTIES AND REACTIVITY OF SULFHYDRYL GROUPS HAVE SIGNIFICANT IMPLICATIONS IN DRUG DESIGN AND
PHARMACOLOGY. MANY DRUGS INTERACT WITH BIOLOGICAL THIOLS, AND THEIR EFFICACY CAN BE MODULATED BY THE
IONIZATION STATE OF THESE GROUPS.

® DRUG TARGETS: DRUGS TARGETING ENZYMES WITH CRUCIAL CYSTEINE RESIDUES IN THEIR ACTIVE SITES OFTEN EXPLOIT
THE NUCLEOPHILICITY OF THE THIOLATE ANION. FOR INSTANCE, SOME ANTICANCER DRUGS AND ANTIVIRALS ARE DESIGNED
TO REACT COVALENTLY WITH CYSTEINE THIOLS.

® ANTIOXIDANTS: MOLECULES CONTAINING SULFHYDRYL GROUPS, SUCH AS N‘ACETYLCYSTEINE, ARE USED AS
ANTIOXIDANTS. THEY CAN DONATE A HYDROGEN ATOM FROM THE -SH GROUP TO NEUTRALIZE REACTIVE OXYGEN
SPECIES, AND THE RESULTING THIYL RADICAL IS RELATIVELY STABLE.

o CHELATING AGENTS: COMPOUNDS THAT CHELATE HEAVY METALS OFTEN DO SO BY BINDING TO SULFUR ATOMS.
SULFHYDRYL-CONTAINING AGENTS CAN BE USED TO TREAT HEAVY METAL POISONING BY FORMING STABLE COMPLEXES
WITH TOXIC METAL IONS, FACILITATING THEIR EXCRETION.

UNDERSTANDING THE PH-DEPENDENT IONIZATION OF SULFHYDRYLS IS VITAL FOR PREDICTING HOW A DRUG WILL BEHAVE IN
DIFFERENT PHYSIOLOGICAL COMPARTMENTS AND HOW IT WILL INTERACT WITH ITS TARGET. THE PKA OF A DRUG'S SULFHYDRYL
GROUP WILL DETERMINE ITS PROPORTION OF CHARGED VS. UNCHARGED FORM, INFLUENCING ITS MEMBRANE PERMEABILITY , BINDING
AFFINITY, AND OVERALL PHARMACOLOGICAL ACTIVITY.

THE INTRICATE ACID-BASE BEHAVIOR OF SULFHYDRYLS, GOVERNED BY THEIR INHERENT CHEMICAL PROPERTIES AND MODULATED BY
THEIR ENVIRONMENT, IS A CORNERSTONE OF MODERN BIOCHEMISTRY AND MEDICINE. FROM THE STRUCTURAL INTEGRITY OF
PROTEINS TO THE CATALYTIC POWER OF ENZYMES AND THE EFFICACY OF THERAPEUTIC AGENTS, THE HUMBLE -SH GROUP PLAYS
AN INDISPENSABLE ROLE.

FREQUENTLY AsSkeD QUESTIONS

\WHAT IS THE PRIMARY REASON FOR THE ACIDIC NATURE OF SULFHYDRYLS?

THE ACIDITY OF SULFHYDRYLS (R‘SH) STEMS FROM THE POLARITY OF THE S-H BOND AND THE RELATIVE STABILITY OF THE
RESULTING THIOLATE ANION (R‘S_) THE ELECTRONEGATIVITY DIFFERENCE BETWEEN SULFUR AND HYDROGEN, THOUGH SMALLER
THAN THAT BETWEEN OXYGEN AND HYDROGEN IN ALCOHOLS, IS SUFFICIENT TO MAKE THE PROTON SOMEWHAT LABILE.
FURTHERMORE/ THE THIOLATE ANION IS STABILIZED BY THE LARGER SIZE AND POLARIZABILITY OF THE SULFUR ATOM, WHICH CAN
BETTER DISPERSE THE NEGATIVE CHARGE COMPARED TO AN ALKOXIDE ANION.



How poes THE PKA OF A SULFHYDRYL GROUP COMPARE TO THAT OF A SIMILAR
ALCOHOL?

SULFHYDRYL GROUPS ARE GENERALLY MORE ACIDIC THAN THEIR ANALOGOUS ALCOHOL COUNTERPARTS. FOR EXAMPLE,
eTHANETHIOL (CH5CH,SH) HAs A PKA ARoUND 10.5, wHILE ETHANOL (CH3CH,OH) HAS A PKA AROUND 16. THIS
DIFFERENCE IS ATTRIBUTED TO THE GREATER STABILITY OF THE THIOLATE ANION (R-S™) COMPARED TO THE ALKOXIDE ANION
(R-O7), PRIMARILY DUE TO THE LARGER SIZE AND POLARIZABILITY OF SULFUR.

WHAT ARE THE COMMON SPECIES PRESENT IN SOLUTION AT PHYSIOLOGICAL PH FOR A
TYPICAL SULFHYDRYL?

AT PHYSIOLOGICAL PH (AROUND 7.4), A TYPICAL SULFHYDRYL GROUP WITH A PKA AROUND 8-10 WILL EXIST IN A MIXTURE
OF BOTH ITS PROTONATED (R-SH) AND DEPROTONATED (R-S™) FORMS. HOWEVER, DUE TO ITS ACIDITY, THE DEPROTONATED
THIOLATE FORM (R-S7) WILL BE SIGNIFICANTLY MORE ABUNDANT THAN THE PROTONATED FORM, THOUGH THE EXACT RATIO
DEPENDS ON THE SPECIFIC SULFHYDRYL'S PKA.

\WHAT IS THE ROLE OF SULFHYDRYLS IN THE 'REDOX BUFFERING OF BIOLOGICAL
SYSTEMS?

SULFHYDRYLS, PARTICULARLY CYSTEINE RESIDUES IN PROTEINS, PLAY A CRUCIAL ROLE IN REDOX BUFFERING. THE REVERSIBLE
OXIDATION OF TWO THIOLS TO A DISULFIDE BOND (R‘S‘S‘R) ALLOWS THEM TO ACT AS ELECTRON DONORS OR ACCEPTORS,
THUS HELPING TO MAINTAIN THE REDOX BALANCE OF THE CELL. THIS PROCESS IS FACILITATED BY THE EASE WITH WHICH THIOLS
CAN BE OXIDIZED AND REDUCED.

How DO ENVIRONMENTAL FACTORS LIKE PH AFFECT THE CHARGE STATE OF A
SULFHYDRYL GROUP?

THE CHARGE STATE OF A SULFHYDRYL GROUP IS DIRECTLY DICTATED BY THE PH OF THE SURROUNDING ENVIRONMENT RELATIVE
TO ITS PKA. IF THE PH IS BELOW THE PKA, THE SULFHYDRYL WILL BE PREDOMINANTLY PROTONATED (R-SH). IF THE PH IS
ABOVE THE PKA, THE SULFHYDRYL WILL BE PREDOMINANTLY DEPROTONATED AND EXIST AS THE THIOLATE ANION (R-S7).
CHANGES IN PH THEREFORE ALTER THE IONIZATION STATE AND REACTIVITY OF THE SULFHYDRYL.

CAN SULFHYDRYLS PARTICIPATE IN NUCLEOPHILIC REACTIONS, AND IF SO, WHICH FORM
IS MORE REACTIVE?

YES, SULFHYDRYLS ARE EXCELLENT NUCLEOPHILES. THE DEPROTONATED THIOLATE ANION (R‘S_> IS A MUCH STRONGER
NUCLEOPHILE THAN THE PROTONATED THIOL (R‘SH) THIS IS BECAUSE THE NEGATIVE CHARGE ON THE SULFUR ATOM IN THE
THIOLATE MAKES IT MORE ATTRACTED TO ELECTROPHILIC CENTERS, LEADING TO A HIGHER PROPENSITY FOR REACTION.

\WHAT IS THE SIGNIFICANCE OF THE 'THIOL-DISULFIDE EXCHANGE REACTION?

THIOL-DISULFIDE EXCHANGE IS A FUNDAMENTAL REACTION INVOLVING SULFHYDRYLS. |T'S A NUCLEOPHILIC SUBSTITUTION
REACTION WHERE A THIOLATE ANION ATTACKS A DISULFIDE BOND, BREAKING THE S-S BOND AND FORMING A NEW DISULFIDE BOND
WITH THE ATTACKING THIOLATE. THIS REACTION IS VITAL FOR PROTEIN FOLDING, DISULFIDE BOND FORMATION, AND VARIOUS
BIOLOGICAL REDOX PROCESSES, ALLOWING FOR DYNAMIC REARRANGEMENTS OF PROTEIN STRUCTURES.

How DO METAL IONS INTERACT WITH SULFHYDRYL GROUPS?

SULFHYDRYL GROUPS, PARTICULARLY IN THEIR THIOLATE FORM, HAVE A STRONG AFFINITY FOR MANY METAL IONS, ESPECIALLY
HEAVY METALS LIKE MERCURY, LEAD, AND CADMIUM, AS WELL AS ESSENTIAL TRACE METALS LIKE ZINC AND COPPER. THis
INTERACTION IS DUE TO THE SOFT LEWIS BASE NATURE OF THE THIOLATE ANION, \WHICH READILY BINDS TO SOFT LEWIS ACIDIC
METAL CATIONS. THIS PROPERTY IS EXPLOITED IN DETOXIFICATION MECHANISMS AND ALSO UNDERLIES THE TOXICITY OF HEAVY
METALS.



ADDITIONAL RESOURCES

HERE ARE @ BOOK TITLES RELATED TO THE ACID-BASE BEHAVIOR OF SULFHYDRYLS, EACH WITH A SHORT DESCRIPTION:

1. THe CHEMISTRY OF THIOLS AND SULFIDES

THIS COMPREHENSIVE TEXT DELVES INTO THE FUNDAMENTAL CHEMICAL PROPERTIES OF SULFHYDRYL (-SH) GROUPS AND THEIR
OXIDIZED FORMS. |T PROVIDES IN-DEPTH COVERAGE OF THEIR ELECTRONIC STRUCTURE, REACTIVITY, AND THE FACTORS
INFLUENCING THEIR PKA VALUES. THE BOOK EXPLORES VARIOUS THEORETICAL MODELS AND EXPERIMENT AL TECHNIQUES USED TO
UNDERSTAND SULFHYDRYL ACID-BASE BEHAVIOR, MAKING IT AN ESSENTIAL REFERENCE FOR RESEARCHERS IN ORGANIC AND
INORGANIC CHEMISTRY.

2. SULFUR IN BIOCHEMISTRY: PROPERTIES AND APPLICATIONS

FOCUSING ON THE BIOLOGICAL RELEVANCE OF SULFUR-CONTAINING COMPOUNDS, THIS BOOK HIGHLIGHTS THE CRITICAL ROLE OF
SULFHYDRYLS IN PROTEIN STRUCTURE AND FUNCTION. |T ELABORATES ON HOW THE ACID-BASE PROPERTIES OF CYSTEINE
RESIDUES, A KEY SULFHYDRYL-CONTAINING AMINO ACID, DICTATE ENZYME ACTIVITY AND PROTEIN FOLDING. THE TEXT ALSO
DISCUSSES THE IMPLICATIONS OF THESE PROPERTIES IN CELLULAR REDOX BALANCE AND DRUG DEVELOPMENT.

3. Acip-BASe TITRATIONS IN BIOLOGICAL SYSTEMS

\/HILE BROADER IN SCOPE, THIS BOOK DEDICATES SIGNIFICANT ATTENTION TO THE TITRATION OF FUNCTIONAL GROUPS,
INCLUDING SULFHYDRYLS, WITHIN COMPLEX BIOLOGICAL ENVIRONMENTS. |T EXPLAINS THE PRINCIPLES OF ACID-BASE TITRATIONS
AND THEIR APPLICATION IN DETERMINING THE PKA OF VARIOUS MOLECULES. THE CHALLENGES OF TITRATING SULFHYDRYLS IN THE
PRESENCE OF OTHER IONIZABLE GROUPS AND THE INTERPRETATION OF RESULTS ARE THOROUGHLY DISCUSSED.

4. FUNDAMENTALS OF ORGANIC SULFUR CHEMISTRY

THIS FOUNDATIONAL TEXT COVERS THE SYNTHESIS, REACTIONS, AND PROPERTIES OF ORGANIC SULFUR COMPOUNDS, WITH A
SUBSTANTIAL SECTION ON THIOLS. |T DETAILS THE ELECTRONIC EFFECTS THAT INFLUENCE THE ACIDITY OF SULFHYDRYL GROUPS
IN DIFFERENT MOLECULAR CONTEXTS. READERS WILL FIND EXPLANATIONS OF HOW ELECTRONEGATIVITY, RESONANCE, AND
INDUCTIVE EFFECTS IMPACT THIOL PKA VALUES AND THEIR REACTIVITY.

5. ProTEIN OXIDATION AND ANTIOXIDANTS: MECHANISMS AND STRATEGIES

THIS BOOK EXAMINES THE OXIDATIVE MODIFICATIONS OF PROTEINS, WHERE THE SULFHYDRYL GROUPS OF CYSTEINE ARE
PARTICULARLY SUSCEPTIBLE. |T EXPLAINS HOW THE REDOX STATE OF SULFHYDRYLS IS INTRINSICALLY LINKED TO THEIR ACID-
BASE PROPERTIES AND HOW THIS INFLUENCES PROTEIN DAMAGE OR REPAIR. THE TEXT ALSO EXPLORES THE MECHANISMS BY
WHICH ANTIOXIDANTS PROTECT SULFHYDRYL GROUPS AND MAINTAIN CELLULAR HOMEOSTASIS.

6. SpecTroscoric CHARACTERIZATION OF SULFUR COMPOUNDS

THIS VOLUME FOCUSES ON THE ANALYTICAL TECHNIQUES USED TO STUDY SULFUR-CONTAINING MOLECULES, WITH SPECIFIC
CHAPTERS ON THIOLS. |T DETAILS HOW VARIOUS SPECTROSCOPIC METHODS, SUCH AS NMR AND UV-VIS SPECTROSCOPY, CAN
BE EMPLOYED TO PROBE THE ELECTRONIC ENVIRONMENT AROUND SULFHYDRYL GROUPS AND INFER THEIR ACID-BASE
CHARACTERISTICS. THE INTERPRETATION OF SPECTRAL DATA FOR DETERMINING PKA AND PROTONATION STATES IS A KEY THEME.

7. ELECTROCHEMISTRY OF SULFUR-CONTAINING MOLECULES

THIS BOOK EXPLORES THE ELECTROCHEMICAL BEHAVIOR OF SULFUR COMPOUNDS, INCLUDING THIOLS. |T DISCUSSES HOW
CHANGES IN PH AND SOLVENT POLARITY AFFECT THE REDOX POTENTIALS OF SULFHYDRYLS, WHICH ARE DIRECTLY RELATED TO
THEIR ACID-BASE PROPERTIES. THE TEXT COVERS ELECTROCHEMICAL METHODS USED TO STUDY PROTONATION AND
DEPROTONATION EVENTS AT SULFHYDRYL SITES.

8. BiorHYSICAL CHEMISTRY OF PROTEINS AND NUCLEIC ACIDS

THIS ADVANCED TEXT INTEGRATES BIOPHYSICAL PRINCIPLES WITH THE STUDY OF BIOMOLECULES, INCLUDING A THOROUGH
ANALYSIS OF PROTEIN CHEMISTRY. |IT ELABORATES ON THE ROLE OF SPECIFIC AMINO ACID RESIDUES, SUCH AS CYSTEINE, AND
HOW THEIR IONIZATION STATES, GOVERNED BY ACID-BASE BEHAVIOR, IMPACT PROTEIN STABILITY, LIGAND BINDING, AND
CATALYTIC ACTIVITY. THE BOOK PROVIDES THEORETICAL FRAMEWORKS FOR UNDERSTANDING THESE INFLUENCES.

Q. THE CHEMICAL REACTIVITY OF THIOLS AND DISULFIDES

THIS SPECIALIZED MONOGRAPH FOCUSES ON THE DYNAMIC CHEMISTRY OF THIOLS AND THEIR FORMATION OF DISULFIDE BONDS. A
SIGNIFICANT PORTION OF THE BOOK IS DEDICATED TO THE INFLUENCE OF PH ON THE EQUILIBRIUM BETWEEN THIOL AND THIOLATE

FORMS. |T DETAILS HOW THE VARYING NUCLEOPHILICITY OF THE THIOLATE ANION, A CONSEQUENCE OF DEPROTONATION, DRIVES
VARIOUS DISULFIDE EXCHANGE REACTIONS AND OTHER THIOL-BASED TRANSFORMATIONS.
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