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Molecular structure of nucleic acids worksheet answers

Source: BiochemFFA_2_5.pdf. The entire tutorial is available for free from authors in Nucleic acids, DNA and RNA, can be seen as informational cell molecules. In this section, we look at the structures of DNA and RNA, and how these structures relate to the functions that these molecules
perform. Let's start with DNA, which is hereditary information in each cell, which is copied and passed down from generation to generation. The race to find out the structure of DNA was one of the greatest science stories of the 20th century. Discovered in 1869 by Friedrich Mischer, DNA
was identified as genetic material in experiments in the 1940s led by Oswald Avery, Colin MacLeod and McLean McCarthy. Rosalind Franklin's X-ray diffraction work and Erwin Chargaff's observations were combined by James Watson and Francis Crick to form the DNA model we are
familiar with today. Their famous article, in the April 25, 1953 issue of Nature, ushered in a modern era of molecular biology. It is possible that the one-page article had more scientific impact on the word than any other research paper ever published. Today, every biology student is familiar
with the double helium structure of DNA and knows that G pairs with C and A with T. Double helix, composed of a pair of strands of DNA, has at its core, bases, connected by hydrogen bonds, form the basic vapors - adenine is always paired with timin, and guanine is invariably paired with
cytosine. Two hydrogen bonds are formed between adenine and thymine, but three hydrogen bonds are held together with guanine and cytosine (Figure 2.127). Figure 2.127 - The DNA duplex with base pairs, close-up of basic mating and close-up of the nucleotide Wikipedia Additional
structure immediately suggested Watson and Creek how DNA can be (and indeed is) replicated, and this once again explains how DNA information is transmitted to RNA for protein synthesis. In addition to the hydrogen bonds between the bases of each filath, a double helix is held together
by hydrophobic interactions stacked, non-polar bases. It is important to note that the sequence of bases in dna carry information for the manufacture of proteins. Read in groups 3, the base sequence directly determines the sequence of amino acids in the coded protein. The DNA thread is a
polymer of nucleoside monophosphates held together by phosphate bonds. Two such paired fila being a DNA molecule, which is then twisted into a spiral. In the most common Bform, the DNA spiral has a repetition of 10.5 base pairs per turn, with sugars and phosphates forming covalent
phosphate-based molecule and adenine, guanine, cytosine and thymine bases oriented in the middle, where they form now familiar base pairs that look like ladder steps. the term nucleotide refers to the building blocks of both DNA (deoxyribonucleoside triphosphates, GNTP) and RNA
(ribonucloside triphosphates, NTP). In order to discuss this important group of molecules, it is necessary to define some terms. Nucleotides contain three main structural components. It is a nitrogen base, pentose sugar and at least one phosphate. Molecules containing only sugar and
nitrogen base (without phosphates) are called nucleosides. Nitrogen bases found in nucleic acids include adenine and guanine (called purine) and cytosine, uracil or thymine (so-called pyrimidines). The nucleotides contain two sugars - deoxyribosis and ribose (Figure 2.128). According to
the convention, the carbons on these sugars are labeled from 1' to 5'. (This is to distinguish carbon on sugars from those on bases that have their carbons simply labeled as 1, 2, 3, etc.) Deoxyribose differs from ribose in position 2, with ribose having a group of OH, where deoxyribose has
H. Figure 2.128 - Nucleotides, nucleotides, and Nucleotides base containing desoxyridose called desoxyribucleotides and forms found in DNA. Nucleotides containing ribose are called ribonucleotides and are found in RNA. Both DNA and RNA contain nucleotides with adenine, guanine and
cytosine, but with very few exceptions RNA contains Uracil nucleotides, while DNA contains nucleotides of thymine. When the base is attached to sugar, the product, nucleoside, acquires a new name. uracil-containing uridine (attached to ribose) / desoxyuridine (attached to deoxyribose)
thymine-containing ribotrimydine (attached to ribozo) / thymidine (attached to deoxyribose) cytosine-containing citide (attached to ribose - Figure 2.129) / deoxycidine) is attached to deoxyribose) guanine-containing th guanosine (attached to ribose) / deoxyguanozin (attached to deoxyribose)
adenine-containing th adenosine (attached to ribose) / deoxedenosine (attached to deoxyroid) of them, deoxyuridine and ribothine are the least common. Adding one or more phosphates to nucleoside makes it nucleotide. Nucleotides are often referred to as nucleoside phosphates, for this
reason. The number of phosphates in nucleotide is indicated by the corresponding prefixes (mono, di or three). Figure 2.129 Citidine Thus, citidine, for example, refers to nucleoside (without phosphate), but citidine monophosphate refers to nucleotide (with one phosphate). Adding second
and third phosphates to the nucleoside monophosphate requires energy, due to repelling negatively charged phosphates and this chemical energy is the basis of the high energy of triphosphate nucleotides (such as ATP) that fuel cells. Note: Ribonucleotides as an energy source Although
ATP is the most common and most well-known source of cellular energy, each of the four plays an important role in ensuring that GTP, for example, is a source of energy for protein synthesis (translation), as well as for a handful of metabolic reactions. The link between UDP and glucose
makes UDP-glucose, the building block for the manufacture of glycogen. CDP is also associated with several different molecular building blocks important for the synthesis of glycerophosfolipide (e.g. CDP-diacylglycerol). The bulk of ATP made in cells does not come from directly connected
biochemical metabolisms, but rather from the combined processes of electron transportation and oxidative phosphorylation in mitochondria and/or photophosphorylation, which occur in chloroplasts of photosynthetic organisms. Triphosphate energy in ATP is transmitted to other
nucleosides/nucleotides under the influence of enzymes called kinas. For example, the nucleoside dipphosphokinase (NDPK) catalyzes the following reaction of SATF and NDP, ADP and NTP, where N NDP and NTP corresponds to any base. Other kinases can supply single phosphates to
nucleosides or nucleoside monophosphates using energy from ATP. Individual deoxyribonucleotides are derived from the corresponding ribonucleoside diphosphates using catalysis by an enzyme known as ribonucleotide reducaz (RNR). Dipphosphates of deoxyribonucleoside are then
converted into appropriate triphosphates (DNTP) by adding a phosphate group. The synthesis of nucleotides containing thymine is different from that of all other nucleotides and will be discussed later. Each strand of DNA is constructed from dNTPs by forming a phosphate bond, catalysis of
dna polymerase, between 3'OH one nucleotide and 5' phosphate the next. The result of this directional nil growth is that one end of the fila dish has a free 5' phosphate and the other is free 3' hydroxyl group (Figure 2.130). They are marked as 5' and 3' thread ends. Figure 2.130 - 5'-3'
Polarity strand DNA Figure 2.131 shows two strands of DNA (left and right). Thread on the left, from 5' to 3' reads T-C-G-A, while the thread on the right, reading from 5' to 3' is T-C-G-A. The threads in the double strands of DNA are arranged in an anti-parallel fashion with 5 'end of one
thread opposite the 3' end of the other. Hydrogen bonds between base pairs hold the nucleic acid duplex together, with two hydrogen bonds on a pair of A-T (or a pair of A-U in RNAs) and three hydrogen bonds on a pair of G-C. The B-shape of DNA has a prominent large groove and minor
groove tracking the spiral path (Figure 2.132). Proteins such as transcription factors bind in these grooves and gain access to the hydrogen bonds of base pairs to read the sequence in it. One they, A-form, was identified by Rosalind Franklin in the same nature number as Watson and
Scream Paper. Although the A-shape structure is a relatively insignificant form of DNA and resembles a B-shape, it is found to be important in the duplex form of RNA and in RNA DNA hybrids. Both the shape of the A and B-form DNA have a spiral oriented into what is so called a right-
handed form. Figure 2.132 - Basic and small GROOVEs of DNA. The slight groove was connected by a Wikipedia Movie 2.5 dye - a B-shaped DNA duplex rotating in the Wikipedia A-form space and a B-shaped stand unlike another form of DNA known as the th-shape. The WDPC is
known to have the same basic pairing rules as forms B and A, but instead has spirals twisted in the opposite direction, making the left spiral (Figure 2.133). The form of the y has a kind of zigzag shape, which gives the name of Z-DNA. In addition, the spiral is quite stretched compared to A-
and B-forms. Why are there different topological forms of DNA? The answer is related to both superhelious tension and consistency of consistency. The sequence of bias means that certain sequences tend to favor flipping Bform DNA into other forms. The forms of the SNA favor long
stretches of alternating Gs and Cs. Superhelical tensions discussed below. Figure 2.133 - From left to right, A-, B-, and DNA shapes Short patches of linear DNA duplexes exist in B-shape and have 10.5 base pairs per turn. Double DNA heliks in a cell can vary in the number of base pairs
per turn they contain. There are several reasons for this. For example, during DNA replication, DNA strands at a replication site are unwinded at a rate of 6,000 rpm by an enzyme called helikais. The effect of such local unwinding in one place in the DNA has the effect of increasing winding
ahead of it. Unworkable, such voltage in the DNA duplex can lead to structural obstacles to replication. Figure 2.134 - Negatively supercoiled, relaxed circular, and positively supercoiled DNA reconverted topoise-enmises of Wikipedia enzymes Such adjustments can occur in three directions.
First, voltage can provide energy to turn the structure of DNA. C-DNA can occur as a means of relieving tension. Second, DNA can supercoil to relieve tension (figures 2.134 and 2.135). In this method, the duplex intersects repeatedly, just as the gum will spiral upwards if one holds one
section in place and twists the other part of it. Third, enzymes called topaziomers may act to relieve or, in some cases, increase tension by adding or removing twists in DNA. Figure 2.135 - Three topological forms of Wikipedia DNA As noted, the so-called relaxed DNA has 10.5 basic pairs
per turn. Each turn corresponds to one Dna. Using enzymes, you can change the number of basic pairs per turn. In the event of an increase or or turns behind the turn, the voltage is injected into the structure of the DNA. If the voltage cannot be relieved, the DNA duplex will act to relieve the
tension, as already noted. It is most easily visualized for circular DNA, although long linear DNA (e.g. in eukaryotic chromosomes) or DNA limited in other ways will exhibit the same behavior. Figure 2.136 - Twists and Writhes - DNA duplex spiral is omitted for the simplicity of Wikipedia To
understand topology, we introduce the concepts of writhing and binding number. First, imagine either opening a closed circle of DNA and either removing one turn or adding one turn, and then re-forming a circle. Since the threads do not have loose ends, they cannot remove the induced
voltage by re-adding or removing the turns at their ends, respectively. Instead, the voltage is relieved by superhelies, which are formed when double strands cross each other (figure 8 structures in figure 2.136). While it is not obvious to visualize, each intersection of double strands thus
allows turns to be magnified or reduced accordingly. Thus, superhediing allows a double helix to recover 10.5 base pairs per turn, adding or subtracting turns as needed and replacing them with writhing. We write the equation L'T and W, where T is the number of twists in THE DNA, W is the
number writhing, and L is the binder number. Thus, the number of links is the sum of bends and writhes. Interestingly, inside cells, DNA is usually in the form of supercoiled. Supercoiling affects the size of the DNA (seals it) and also the expression of genes in DNA, some having an
increased expression and some having a reduced expression when supercoiling is present. Enzymes called topazomeases alter the superhelitic density of DNA and play a role in DNA replication, transcription and gene expression control. They work by making incisions in one strand (Type I
topoisomerases) or both strands (Type II topoisomers) and then add or subtract twists as is appropriate for the target DNA. Once this process is complete, the topoisomerase re-ligates the nickname/cut it made into the DNA in the first step. Topoisomerases can be targeted by antibiotics. A
family of antibiotics known as fluoroquinolones work by interfering with the action of bacterial type II topoisomerase. Ciprofloxacin is also mainly targeted at bacterial topoisomerase type II. Other topoisomerase inhibitors target eukaryotic topuazomerases and are used in antitumor treatment.
The structure of RNA (Figure 2.137) is very similar to the structure of a single strand of DNA. Built from ribonucleotides connected by the same phosphoditer bonds as in DNA, RNA uses uracil instead of thymine. In RNA cells, RNA polymerases are collected, which copy the DNA pattern so
how DNA polymerases replicate the parent thread. During the time RNA, uracil is used opposite adenine in the DNA pattern. Creating an RNA messenger by copying a DNA pattern is a crucial step in transferring information to DNA into a form that directs protein synthesis. In addition,
ribosomes and portable RNAs play an important role in reading information in mRNA codens and in the synthesis of polypeptide. It is also known that RNA plays an important role in regulating gene expression. Figure 2.137 Section of Wikipedia's RNA molecule RNA World Discovery, in
1990, that RNA may play a role in catalysis, a function once thought solely of the protein area, was followed by the discovery of many other so-called ribozimid RNA that functioned as enzymes. This offered an answer to a long-standing puzzle of chicken or eggs - if DNA encodes proteins,
but DNA replication requires proteins, how did the replication system occur? This problem can be solved if the first replicator is RNA, a molecule that can both encode information and catalyze. This idea, called the RNA-world hypothesis, suggests that DNA as genetic material and proteins
as catalysts emerged later, and eventually prevailed because of the benefits they offer. The absence of 2'OH on deoxyribose makes DNA more stable than RNA. The two-seater STRUCTURE of DNA also provides an elegant way to easily reproduce it. However, RNA catalysts remain the
remnants of this early world. In fact, the formation of peptide bonds needed to synthesize proteins is catalyzed by RNA. Secondary Structure Figure 2.138 - tRNA Images - 3D projection (left) and 2D projection (inset) Wikipedia As for the structure, RNA is more diverse than their cousin
DNA. Created by copying areas of DNA, cellular RNAs are synthesized as separate strands, but they often have self-sufficient regions leading to folding regions containing duplex regions. They are most easily visualized in ribosomes RNA (RNA) and transmission of RNA (tRNAs) (Figure
2.138), although other RNAs, including RNA messenger (mRNAs), small nuclear RNA (snRNAs), microRNAs (Figure 2.139), and small interference RNA (siRNAs) may have dual helical regions as well. Figure 2.139 - MicroRNA Stem Loops. The basic pairing of Wikipedia's RNA base is
slightly different from DNA. This is due to the presence of basic uracil in RNA instead of thymine in DNA. Like thymine, uracil forms base pairs with adenine, but unlike thymine, uracil can, to a limited extent, also base steam with guanine, giving many more opportunities to pair in a single
strand of RNA. These additional basic pairing capabilities mean that RNA has many ways in which it can add up to that single-string DNA cannot. Folding, of course, is crucial for protein function, and now we know that, like proteins, some RNA is folded catalytic reactions are the same as
enzymes. Such RNAs are called ribozims. It is for this reason that scientists believe that RNA was the first genetic material, because it could not only carry information, but also catalytic reactions. Such a scheme could allow some RNAs to make copies of themselves, which in turn would
allow more copies of themselves to be made, providing positive choices. RNA stability is less chemically stable than DNA. The presence of 2' hydroxyl on ribose makes RNA much more prone to hydrolysis than DNA, which has hydrogen instead of hydroxyl. In addition, RNA has uracil
instead of thymine. It turns out that cytosine is the least chemically stable base in nucleic acids. It can spontaneously de-aram and, in turn, is converted into uracil. This reaction occurs in both DNA and RNA, but since DNA usually has thymine instead of uracil, the presence of uracil in DNA
indicates that cytosine deamination occurred and that uracil should be replaced by cytosine. Such an event occurring in RNA will essentially detect, since uracil is a normal component of RNA. Mutations in RNA have far fewer effects than mutations in DNA because they are not transmitted
between cells in division. The structure of catalysis RNA, like the protein structure, is important, in some cases, for catalytic function. Like random coils in proteins that cause tertiary structure, single-stringed RNA regions that bind duplex regions give these molecules and tertiary structure.
Catalytic RNA, called ribozims, catalyzees important cellular reactions, including the formation of peptide bonds in ribosomes (Figure 2.114). DNA, which is usually present in cells in strictly duplex forms (without tertiary structure as such), is known not to participate in catalysis. RNA
structures are important for reasons other than catalysis. 3D location of tRNAs is necessary for enzymes that attach amino acids to them to do it properly. In addition, small RNA, called siRNAs found in the nucleus of cells, appears to play a role in both gene regulation and cell protection
against viruses. The key to the mechanisms of these actions is the formation of short folding RNA structures, which are recognized by cellular proteins and then shredded into smaller units. One thread is copied and used to base a pair with specific mRNA to prevent the synthesis of proteins



from them. Figure 2.140 - The structure of the ribosomal unit 50S. rRNA is shown in brown. Active site in red Wikipedia Denaturation of nucleic acids Figure 2.141 - The Hyperchromic effect of Wikipedia As proteins, nucleic acids can be denatured. The forces held by the duplexes together
include hydrogen bonds between the bases of each strand, which, like hydrogen bonds in proteins, can be broken with heat or (Another important stabilizing force of DNA arises from the stacking of interactions between the bases in the Single filament absorbs light 260 nm stronger than
double strands. This is known as the hyperchromic effect (Figure 2.141) and is a consequence of the disruption of interaction between folded bases. Changes in absorption make it easy to monitor DNA denaturation. Denatured duplexes can easily renature when the temperature drops
below the melting point or Tm, a temperature at which half of the DNA strands are in duplex form. Under these conditions, two strands can re-form hydrogen bonds between additional sequences, returning the duplex to its original state. For DNA, filament separation and rehybridization are
essential for a technique known as chain reaction polymerase (PCR). Strand separation of DNA duplexes is carried out in a method, heating them to a boil. Hybridization is an important aspect of the method that requires a single stranded primer to find appropriate sequences on the DNA
pattern and form a duplex. Considerations for effective hybridization (also called annalization) include temperature, salt concentration, strand concentration and magnesium ion levels (see SEE MORE about PCR). DNA packing DNA is easily the largest macromolecules in the cell. For
example, a single chromosome in small bacterial cells may have a molecular weight of more than 1 billion daltons. If you take all the DNA of human chromosomes from one cell and put them from end to end, they will be over 7 feet long. Such a huge molecule requires careful packaging to
fit within the nucleus (eukaryotes) or tiny cell (bacteria). The chromatin eukaryote system is the most famous, but bacteria also have a DNA seal system. Bacteria don't have a DNA nucleus. Instead, DNA is found in a structure called nucleoid (Figure 2.142). It contains about 60% of DNA with
most of the remainder composed of RNA and transcription factors. Bacteria don't have histon proteins that DNA wrap around, but they do have proteins that help organize DNA in the cell - mostly by making cyclical structures. Figure 2.142 - Anatomy of a bacterial cell. These proteins are
known as nucleoid-associated proteins and include those named HU, H-NS, Fis, CbpA, and Dps. Of these HU most resembles eukaryotic histone H2B and binds to DNA not specifically. Proteins are associated with DNA and can also be grouped, which can be the source of loops. It is likely
that these proteins play a role in helping to regulate transcription and respond to DNA damage. They may also be involved in recombination. Eukaryotes Figure 2.143 - The structure of the nucleosoma Wikipedia Method eukaryotes used to seal DNA in the nucleus is significantly different,
and with good reason - eukaryotic DNA is usually much larger than prokaryotic DNA, but must fit into a nucleus that is not much larger than that prokaryotic cells. Human DNA, for example, is about 1,000 times longer than with DNA. The strategy used in eukaryotic cells is that coils - DNA
spiral around positively charged proteins called histones. These proteins, whose sequence is very similar in cells, as varied as yeast and humans, come in four types called H1, H2a, H2b, H3 and H4. The sixth type, called H5, is actually an isoform of H1 and is rare. Two H2a, H2b, H3 and
H4 are in the main structure of the so-called fundamental unit of chromatin - nucleosoma (Figure 2.143). Octamer Figure 2.144 - Detailed structure of core particles - DNA in gray, histones in red, yellow, green, blue Wikipedia Nucleus 8 proteins called octamer. The DNA patch wrapped
around the octamera is about 147 base pairs and makes 1 2/3 turns around it. This complex is called the main particle (Figure 2.144). The area of the link is about 50-80 base pairs of individual main particles. The term nucleosome then refers to the main particle plus the link area (Figure
2.143). Histon H1 is located next to a compound of incoming DNA and histon nucleus. It is often referred to as a binder histon. In the absence of H1, unconced nucleosomes resemble beads on a rope when viewed in an electron microscope. Histons Figure 2.145 - Amino acid sequence (1-
letter code) histonA H3 S. cerevisiae. Arginins (R) and lysins (K) are shown in red. The heistn proteins are similar in structure and are rich in essential amino acids such as lysine and arginine (Figure 2.145). These amino acids are positively charged at physiological pH, which allows them to
form close ion bonds with the negatively charged phosphate dna base. For DNA, compression occurs at different levels (Figure 2.146). The first level is at the nucleosome level. Nucleosoma are stacked and twisted into higher-order structures. 10 nm fibers are the simplest structure of the
higher order (beads on the string) and they grow in complexity. The 30 nm fibers consist of stacked nucleosomes and they are packed tightly. Higher-level packaging produces a metaphasic chromosome found in meiosis and mitosis. Figure 2.146 Packing DNA into the chromatin
chromosome complex is a logistical problem for DNA replication processes and (in particular) gene expression, where specific areas of DNA must be transcribed. Changing the structure of chromatin is therefore an important function for transcription activation in eukaryotes. One strategy
involves adding acetyl groups to positively charged lysine side chains to loosen their grip with negatively charged DNA, allowing greater access to proteins involved in activating transcription to gain access to DNA. Mechanisms involved in expression The Ames Gene Test Ames Test (Figure
2.147) is an analytical method that allows you to determine whether or not causes mutations in DNA (is mutagenic) or not. The test is named after Dr. Bruce Ames, an emeritus professor at the University of California, Berkeley, who was instrumental in its creation. In the procedure, one
basic pair of the body's chosen marker mutates into plasmid to make it non-functional. The example creates a strain of salmonella that does not have the ability to grow in the absence of histidine. Without histidine, the body will not grow, but if one base in the hystidine plasmid gene is
changed back to its baseline, a functional gene will be made and the body will be able to grow without histidine. The culture of the bacterium lacks the functional gene grown with the supply of histidine it requires. It is divided into two bottles. A compound is added to one of the vials that
wants to test the mutagenicity. Nothing is added to the other bottle. Bacteria in each bottle spread to plates without histidine. In the absence of mutation, the bacteria will not grow. The more colonies of bacteria grows, the more mutations occur. Note that even a vial without a possible
mutagenic compound will have several colonies grow, resulting in mutations not related to the potential mutagen. Figure 2.147 - The Ames Wikipedia Mutation test occurs in all low-level cells. If a plate with a vial of the compound has more colonies than the cells from the control vial (without
the compound), it will be proof that the compound causes more mutations than usually occurs, and therefore the mutagen. On the other hand, if there were no significant difference in the number of colonies on each plate, it would suggest that it is not mutagenic. The test isn't perfect - it
identifies about 90% of known mutagens - but its simplicity and inexpensive design make it an excellent choice for the original screen connection. Compound.
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