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Dr. Nedwidek’s two (maybe fifty) cents on Nucleic Acids and Proteins 

10/18-19/2012

Aim: How do nucleic acids relate to protein sequences and why does this relationship matter for living things?

DN: relate DNA to protein in terms of sequence of each.  Why is this relationship important?

Nucleic acids (NA): 50 AUD, 59 Towle

NA are hydrophilic; assemble combinations of monomeric nucleotide triphosphates (NTP’s) into a polymeric nucleic acid. Aside from being tough to say, these words are tough to read.  Please take the time to keep a bio book nearby.

dNTPs in DNA: Deoxyribonucleotide triphosphates: sugar (deoxyribose) without oxygen. 

rNTPs in RNA: Ribonucleotide triphosphate: sugar (ribose) with oxygen. 

dNTPs come in 4 types.  Bases = adenine (A), thymine (T), guanine (G), cytosine (C).

rNTPs come in 4 types.  Bases = adenine (A), uracil (U), guanine (G), cytosine (C).

DNA = Deoxyribonucleic acid: break word down: no oxygen, ribose sugar, nucleotide bases, acidic molecule

RNA = ribonucleic acid: fundamentally same, except it has an extra oxygen on the ribose sugar and is less stable.

An enzyme called DNA polymerase links single dNTP monomers.  Deoxyribose nucleotide triphosphates are the monomers.  P with a circle around it is called inorganic phosphate or Pi.  Draw the structure of a dNTP:

-The exposed phosphate holds energy and has reactive H and OH functional groups at the sugar that are involved in the synthesis of nucleic acids.  Phosphate OH reacts with sugar OH in the manner shown below:

n(dNTPs) ( long nucleic acid chain of defined order + (n-1) H2O + one PPinorganic per link.

Two phosphates are released for every nucleotide monomer added to provide energy.  In RNA, rNTPs assemble the same as dNTPs above.  One dNTP monomer is a nucleotide, which assembles with another to make polymers, and so on.  The phosphate OH reacts with sugar OH to make a polymer that is one strand.   Two antiparallel DNA strands pair via hydrogen bonds, and this structure forms a double helix composed of two complementary nucleic acid chains.  Draw a simple diagram of a double stranded DNA polymer below from the board:

DNA(RNA(protein

DNA holds the information to encode RNA, which is read by the ribosome to assemble proteins.

The information flow is DNA(transcription(RNA(translation(protein

This is what is called the central dogma of molecular genetics and molecular biology.  Catalytic proteins, called enzymes, are encoded by DNA.  A change in the DNA can mess up the protein that it encodes.  Enzyme messups or misfolds can render the function of the protein inactive.  This is a cellular catastrophe in many cases.

Relationships between DNA and protein:

-DNA dictates the order and manner in which amino acids assemble.

-The ribosome provides a catalytic environment that promotes the dehydration synthesis of polypeptides from amino acids (AA) encoded by mRNA at the ribosome.  The ribosome “reads” RNAs that are encoded by DNA.  This is not a random process.  What came first, the chicken or the egg?  Better yet, what came first, the enzyme or the DNA?  It turns out that DNA encodes the enzymes that modify it and DNA encodes the ribosomes that interpret it, so there is a cycle from DNA to the enzyme which acts on it, back to synthesis of DNA or RNA.  This has important implications for a healthy cell.  For example, if the DNA is damaged, this may affect the expression of one or many proteins that control how DNA is read or how ribosomes are made.  Large scale errors of this nature can be lethal to a cell.

Specifics on the genetic code: aud 46, towle 56

-nucleotide chains encode proteins.

-every three bases of DNA (called a codon) is transcribed. 

-this tells the ribosome of the cell to translate, placing a certain AA, start or stop, to correspond with each DNA codon, which is read as RNA.  The linear significance of the triplet genetic code emerges at translation.

-one DNA codon is transcribed into RNA off of an opposite DNA strand.  This, in turn, encodes one amino acid. For example, the DNA codon ATG is read off of the opposite strand into AUG RNA, which is interpreted as methionine or met, otherwise known as the start codon.

-The triplet code is implemented as follows: _*_*_, 4 possible bases at each of 3 positions..Makes __ codons.

-Again, there are 4 natural DNA base monomers.   Three of these bases assemble to form a codon.

(4)3 makes ___ possible codons in nature.

-20 different amino acid monomers exist naturally, and there are three stop codons built in to the genetic code.  More than one codon encoding some amino acids allows flexibility for error; some mistakes are innocuous or harmless, some are good, and some are catastrophic. The code is universal from simple organisms (like bacteria) on up to complex organisms (like us).

Protein Fundamentals: aud 46-50,towle 56, supplementary handout

Applying a general rule for carb and DNA synthesis to the dehydration synthesis of proteins, one less water is released than the total number of monomers being assembled:

n (any of 20 amino acid monomers) ( (n-1) H2O + a polypeptide

-This is also called a condensation reaction due to the net loss of water.

-The connection between proteins and the rest of metabolism is that most catalysts are enzymes; all enzymes are proteins, and these enzymes drive all of the condensation and hydrolysis reactions we are studying.

-Polypeptides fold into proteins, which have diverse structures, chemical characteristics, and function.

-Look for simple functional groups such as amino and carboxyl at the ends of amino acids and of peptides, and be aware that these functional groups exist in amino acid side chains (see text).  Draw dipeptide synthesis below from the board, identifying functional groups as you go along:

Where/what organelle does this reaction occur in inside the cell?

Recapping dehydration synthesis, peptide and polysaccharide synthesis are the only forms we discussed that release (strictly) (n-1) waters from the synthesis of n bonds.  Triglyceride lipids create a different ratio of monomers to make a polymer and three waters.  Nucleic acids release other molecules and water as they are synthesized.

Types or categories of amino acid (AA): 20 natural ones based on the “R” groups containing the variable side chains:  Polar-hydrophilic; Nonpolar-hydrophobic; other

-hydrophobic AA (ex ala, val, phe) are greasy/nonpolar

-hydrophilic AA (ex ser, thr, glu, asp, arg, lys) can be charged or neutral, acidic or basic as well.

-some AA have special properties like metal binding (his), ring kinking (pro), and the ability to form disulfides (cys).

Amino acids assemble to form polypeptides.  The polypeptides fold into a particular structure.  Unsuccessful or disrupted folds (unfolded) are considered “denatured” (not natural, not right).  Denaturation destroys structure and, in turn, function.  (Caused by heat and extreme pH).  When you fry an egg (see demo in class), the clear albumin protein turns “white” due to denaturation.  Christian Anfinsen at Johns Hopkins studied the denaturation and renaturation of a very stable enzyme called RNase using heat and chemicals.  Unfolding can also occur due to a defect in the genetic code at the level of DNA sequence.

Proteins that are folded have a number of different functions (see next handout).  Each protein assumes a different set of functions.  The LINEAR AA SEQUENCE is the PRIMARY determinant of how a protein folds, but the precise mechanism for protein folding is poorly understood. Globular proteins soluble in aqueous solution fold by a hydrophobic collapse process—an implosion of sorts—that leads to hydrophilic amino acid residues (r groups) facing toward the watery environment and hydrophobic AA residues facing inside the core of the protein.  Cell membrane-associated proteins provide an exception to this general rule about globular proteins.  These integral and peripheral proteins like channels and receptors do not undergo hydrophobic collapse, as they are extruded directly from ribosomes through membranes—hydrophobic residues in these proteins exist on the protein surface to help the proteins associate directly with a cell membrane.  This hydrophobic property makes membrane proteins very difficult to isolate and characterize.

Classes or types of protein structure:

All proteins must assemble in stages.  As previously stated, the linear sequence of AA contains all of the information required to specify a protein fold.  Inside the cell, donut shaped molecules called chaperones escort the polypeptide from the ribosome, and slow down the interactions it makes with environment and self so that the proper fold is achieved.  Step 1, or primary (1() structure is the first level of complexity.  Step 2 is secondary (2() structure or fold.  Step 3 is tertiary (3() structure or fold.  Step 4 is quaternary (4() structure or fold.  Below are some descriptions of the properties of each stage:

primary (1() structure: polypeptide = AA1(AA2(AA3( 1( sequence: pattern of alternating hydrophilic and hydrophobic stretches of R groups or side chains.  Linear sequence determines the ultimate protein fold.

secondary (2() structure: this is where folding starts.  It is the first level of organization and collapse.  For ex, alpha (-helices, which H-bond within the helix or intramolecularly, and beta (-sheets, which H-bond between 2 strands or intermolecularly.  Helices (note example of hair from class) have “faces” that help collapse a fold; they are prominent in globular proteins and are more soluble in water.  Sheets are flatter, more hydrophobic, and less water-soluble.

tertiary (3() structure: these associations make a “domain” or self-contained subunit or part.  Domains often have unique properties within the overall protein’s function.  Here, secondary structures are united by di-sulfide, H-bond, and van der Waals interactions between 2( structures.
quaternary (4() structure: Here, the domains that have been formed associate to determine and yield the final folded structure that the protein assumes.  Now, the protein can carry out its designated function.  Sickle cell anemia is a genetic disease that causes a defect in one domain of hemoglobin that prevents proper quaternary assembly of the protein’s domains, and makes the red blood cells mal-form.  More on the reason why in your next lesson.

A protein’s structure directly gives rise to its function, but how do proteins fold and function?  Well, if DNA is mutated, this could affect final protein sequence in a way that impairs folding.  Proteins fold a lot like origami paper dolls.  It is slow, deliberate, and systematic.  If a step is skipped, the final structure cannot be achieved. Key concepts: 

Structure/fold(function: the primary structure determines the fold; function is a product of proper fold.

For water-soluble globular proteins, hydrophobic collapse drives the fold, and the protein core is fatty.  The placement and fit of side chain R groups (they MUST NOT bump into one another) is key for making a “proper” fold.  Placement and fit of amino acids is super important for the fold.  Scientists used to think that folding was easy, but the requirements are complex.  Some R’s are big and bulky, some are small, all have different chemistry, some are good in the “core”, some are good on the hydrophilic faces outside the protein, but the bottom line is that they must fit well.

-DNA mutations that interfere with polypeptide sequence can be deleterious.  When a mutation changes the code from polar to nonpolar amino acids or from nonpolar to polar amino acids, this is bad.  Even a single DNA point mutation can alter the protein sequence so drastically that it loses catalytic or structural properties, depending on its normal job.

-Hydrophobic collapse depends on shape, charge, and size of AA in the polypeptide.

-Proper structure/shape enables a protein to chemically perform its duty.

-Any error in primary protein sequence can therefore interfere with the protein fold.

Membrane-embedded proteins do not undergo formal hydrophobic collapse.  See the next lesson for why.  Different proteins can have vastly different chemical properties. 

One of the very first steps after the primary sequence of a protein is expressed is the formation of secondary structure, which forms as follows:

(-helices: draw below to show H-bonding


(-sheets: draw below to show H-bonding

Helices are stretchy: ex hair and wool


Sheets are tighter and stiffer: ex silk

Remember, secondary structures like these helices and sheets assemble to form tertiary structures described above, and those tertiary structures or domains unite to form the final fold, or quaternary structure, of a mature protein fold, as opposed to the nascent polypeptide primary sequence that emerges from the ribosome.  Nascent polypeptides are disorganized and unable to carry out functions until they are modified and helped to fold by other molecules in the cell whose job it is to assist in protein folding by placing the parts of the polypeptide in the right proximity or location inside the cell so that folding can proceed.

I know this is too easy for you, so just tell me what to do to step up my game, and I’ll try my best……(
