Key to Problem Set #6

6-1.
A.  1 = phosphate


      2 = adenine ( = purine = base)


      3 = deoxyribose ( = sugar)


B.  Group 2 (can be any 1 of 4 bases)


C.  Group 3 would be ribose


D.  3’ = hydroxyl on group 3


      5’ = group 1

E.  Groups 1 & 2 would not be hooked up; the 3’ hydroxyl of group 3 would be hooked to the 5’ hydroxyl of the next nucleotide by a phosphodiester bond.  (If this nucleotide were in the middle of the chain, group 1 would be linked to the previous nucleotide.)

F.  Group 2 (the base) would be on the inside; denaturation would break the hydrogen bonds connecting the base adenine and its complement (thymine) on the other chain of the helix.  (See text or handout for details of H bonding.)  No connections within each single chain would be broken; only the connections between chains.

6-2.
Single stranded DNA

6-3.
A + G; A + G always = 50% because each base pair must contain one A or one G.

6-4.
A.  34%
B.  G + C
C.  G + C

D.  3H or 14C but not both.  This is assuming that you allow hybridization under so-called "stringent conditions" (such as relatively high temperature) where only perfectly paired hybrids will form and/or stay together.  Since % G + C is different, sequences in the 2 DNA molecules should be different and complete hybrids should not form. There might be some sections of the 2 DNA's that are similar enough to hybridize, but the 2 DNAs cannot be entirely the same, so perfectly paired hybrids that match all along their length can not form. Note that if % G+C is different, the molecules must be different. If the % G + C is the same, the molecules are not necessarily the same -- the bases could be in a different order. 

6-5
A. Inosine (see note) will pair with C. I is like G, except it is missing the amino at position 2 of the ring. (See text or handout for numbering.) If a nucleoside like I, containing a purine, is going to fit in a double helix, the I must pair with a pyrimidine. The only pyrimidines found in DNA are T & C. So U is ruled out. I and C can make 2 of the 3 hydrogen bonds normally made by a G-C pair. I and T cannot make any H bonds. (Don’t see this? Look at the base pairs on your handout, and substitute I for A or G. Then see which groups of I are available to form H bonds to C and/or T.) Note that H atoms attached to carbons do not form H bonds; only H’s attached to N’s or O’s are delta-plus (electron deficient) and form H bonds.  
B. Same Tm. The melting temperature depends on the number of H bonds connecting the two strands of the DNA. The two samples have the same overall number of H bonds, so they should have the same Tm. One sample of the DNA has I-C pairs instead of A-T pairs, but both base pairs have the same number of hydrogen bonds per base pair. (I looks a lot like G and pairs with C, but it only forms 2 H bonds to C, not 3.)


Note: Strictly speaking, hypoxanthine (Hx) is the name of the base, and inosine (I) is the name of the nucleoside containing Hx. (I = Hx + ribose). It is really the Hx part that is doing the base pairing. It seems to depend on context whether the use of I or Hx is preferred (when referring to base pairing). 
6-6. 
A. All. 

B. 3/4. You start with nonradioactive, double stranded DNA and replicate it twice (semiconservatively). 

 One ds nonradioactive molecule ( 2 ds hybrid molecules (1 strand radioactive; 1 not) ( 2 ds hybrid molecules + 2 ds completely radioactive molecules (radioactive in both strands). Or N-N ( 2 N-R ( 2 N-R + 2 R-R where R = radioactive strand and N = nonradioactive strand. All the 4 ds molecules you have after 2 replications are radioactive, although some molecules (N-R) contain one radioactive strand and some molecules (R-R) contain two radioactive strands. 

When you denature the DNA at the end you get 6 radioactive strands and 2 nonradioactive strands, so 6 out of 8 or 3/4 are radioactive. All the individual single strands are radioactive except for the original two that made up the original ds (nonradioactive) molecule. In other words, when you denature 2 N-R + 2 R-R, you get 6 "R" strands and 2 "N" strands.

C. Phosphate closest to the sugar. How was the DNA made? When DNA is made from nucleoside triphosphates, the 2 end phosphates are split off of each nucleotide as it is added to the chain. So if the radioactivity is in the two end phosphates, it will not be incorporated into DNA.
    How was the DNA broken down? When the DNA is broken down, the phospho-diester bonds can be broken on either side of the P. Suppose the DNA is written as shown in Prob 7-1. If the bond is broken on the right of the P (between P and 5' OH of base to right), you get 3’ monophosphates; if the bond is broken on the left of the P (between P and 3' OH of base to left), you get 5’ monophosphates. If the bond is broken on the right of the P, then the P* that was originally part of the dGTP ends up as part of the nucleotide just before it (on the 5’ side) in the chain. Since any base can occur before G, the P* can be transfered to any of the 4 bases, and you get all four 3’ monophosphates with radioactivity. If the bond is broken on the left of the P, the P stays with the G. So you get only one kind of 5’ monophosphate = dGMP.

6-7.
A. Type (1) = coupling of synthesis (uphill or endergonic) with an exergonic reaction. Breakage of A-X bond provides energy for polymerization. Reactions of type (2) are downhill to the left and are generally used for breakdown of polymers.


B. For DNA synthesis, X = pyrophosphate (PPi) and A = XMP. In DNA (& RNA) synthesis, A-X bond is broken to provide energy polymerization and then X is broken down further (PPi  hydrolyzed to 2Pi) to provide even more energy. Energy from cleavage of A-X bond is sufficient to provide energy for polymerization; energy from cleavage of PPi drives the reaction strongly to the right and makes it irreversible. 
6-8.
A.  Thymine. If the adenine were radioactive, both DNA and RNA would contain radioactivity. 


B.  2 bacteria; the DNA in each one will contain DNA with only one radioactive strand.

6-9.
A.  All old DNA has been lost, new DNA is light. Must be different from any of the standard three possibilities (conservative, semi-conservative or dispersive). Could call this "nonconservative" replication  since the original is lost. How could it happen? It could be replication according to the conservative model, but then, after replication, the entire old “conserved” molecule is degraded. Note that this is an imaginary experiment -- nothing like this has ever been observed. 

B. Unchanged.  (It would be in between light and intermediate if old template nucleotides are reused.)

6-10.
Polymerase adds sequentially so all 4 bases are required.  If only T is present, synthesis will stop whenever first G, C or A is needed.   

6-11.
ddCTP would block DNA synthesis since no nucleotides could add to 3’ side; ddCTP would be incorporated, but then chain could not continue to grow.  ddCTP would not affect RNA synthesis because it would not be incorporated into RNA (since ddCTP has deoxyribose not ribose). Note that the use of modified nucleotides with blocked 3' positions (so no further chain growth is possible, as in this example) is the basis for one common method of DNA sequencing and for the action of AZT in preventing replication of HIV nucleic acid.  See texts for details of sequencing.

6-12.
A.  5’ goes on the left end; 3’ on the right end.

B. Other strand is complementary and antiparallel. Sequence would be


(3’) TTCC…………..TCCA……………….CGAT……………………CAAG (5’)

C.  The best place to start would be at region 4 and synthesis should go to the left.  All new chains are made antiparallel to template and grow 5’ to 3’.

D.  The best 4 base DNA primer sequence(s) should be 3’ CAAG 5’ = 5’ GAAC 3’.

E.  You don’t need either. (You do need DNA polymerase, and primers or primase.)

Without the reaction catalyzed by pyrophosphatase, the overall G of DNA synthesis (addition of nucleotide to chain) is about zero. (Why? Under these conditions, the energy obtained from splitting pyrophosphate to 2 Pi is not included in the overall  G of synthesis. You get the energy from splitting off pyrophosphate but you use an equivalent amount of energy to make a phosphodiester bond in the growing chain.) 

Even if the G is zero, the reaction will go to the right as long as the overall G (not the G) is negative. Keeping product level low or keeping substrate level high will do this and drive the reaction to to the right.  In other words, as long as [substrate] / [product] is high, G (although not G) will be negative.  Usually removal of product by pyrophosphatase drives rxn to right; in this case large amounts of added substrate do the trick. (In real cells the level of substrate -- XTPs -- is low.)

You don’t need ligase since you are only making one new strand at a time and using one “old” strand as template.  Usually you make two new strands simultaneously using both old strands as template.

F. 1/8 of ds (double stranded) molecules will be radioactive; the ds molecule will be hybrid (in terms of radioactive label) -- one strand radioactive, and one not. After you make the complement to the DNA shown, you will have one ds DNA molecule that is radioactive (in one strand only). When this "hybrid" molecule is replicated in nonradioactive medium, one daughter molecule will be radioactive (in one strand) and one will be totally nonradioactive. Every time a ds radioactive "hybrid" molecule is replicated, you get one ds radioactive daughter and one ds nonradioactive daughter. Every time a ds nonradioactive molecule is replicated, you get two ds nonradioactive daughters. It goes like this:
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Total: R ( R-N (radioactive) + 7 N-N (not radioactive)
R = single radioactive strand; N = single nonradioactive strand; R-N =  "hybrid" ds molecule  (one radioactive strand; one nonradioactive strand); N-N = nonradioactive, ds molecule
6-13. A. The DNA should be written so top strand goes 5'--> 3'. Then answers are:
A-1. A leading strand that uses the bottom strand as template should be made continuously, starting on the right of the origin; 
A-2. Chain should grow left to right; 
A-3. Primer with ribose should be found temporarily on the left end of the continuously-made chain. The primer will eventually be replaced with nucleotides containing deoxyribose. Note that we are only making one leading (continuously-made) strand, and so only one primer is needed. (If top strand goes 3' --> 5', which is not the usual convention, then answers are all reversed.)  
A-4. This is bidirectional replication because there are 2 forks growing in opposite directions from a single origin of replication. 

Important note on the meaning of "bidirectional": A single fork always replicates both leading and lagging strands in opposite directions -- what varies is the number of forks. The "uni-" or "bi-" refers to the number of forks per origin,and direction of movement of the forks. It does not refer to the relative directions of growth of the 2 new chains at each individual fork. (The two new strands at each fork must always grow 5' to 3' and both are antiparallel, so the 2 new strands must grow in opposite directions relative to the origin.) 

Bidirectional replication means 2 forks, one going in each direction from a common origin. It does not mean a single fork that replicates both leading and lagging strands in opposite directions. (It is true that synthesis at a single fork takes place in two directions, relative to the origin -- synthesis goes one way, say, left to right, on the leading strand and the other way (right to left) on the lagging strand. However this is not what is meant by "bidirectional replication.") 

Unidirectional replication means one fork, going in a single (overall) direction relative to the origin, with synthesis of both leading and lagging strands. Unidirectional replication does not mean synthesis of one continuous strand only.  (Synthesis of only one strand does not occur naturally in ordinary cells; it only occurs in laboratory experiments.) See bottom of handout on DNA replication for picture. 

B-1. T or C (pyrimidines) → A or G (purines). 

B-2. 2 molecules out of 8 (1/4). You start with one normal molecule -- (replication #1) --> 2 molecules; one "half-changed" molecule with a change in one strand only + one normal molecule. Then you replicate the 2 molecules two more times --> 8 (see below). Replication should go as follows:
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C-1. To the right; the other strand. (Assuming the DNA is written with top strand 5' --> 3'.) You need one primer on each side of your gene. One primer should be complementary and antiparallel to one strand and the other primer should be complementary to the other strand, on the other side of the gene. The primers should be placed so chain growth will go across the gene and not away from it.

C-2. Eight. The whole point of PCR is that the number of copies of the target gene increases geometrically, while the number of copies of longer sequences increases linearly or not at all. See PCR handout for diagram of first 3 cycles, and below for details.

Detailed answer to C-2.


 
Before you start your cycles of PCR, you have a single, double stranded molecule. It has two "long" or complete strands, so call it L-L. At the end of the first cycle, you have 2 molecules of (partially) double stranded DNA. Each molecule has one full length (long) strand and one "medium" strand (lacking the part between the 5' end and the primer). Call these molecules long-medium (L-M) hybrids.  

Detailed Answer to 6-13, part C-2, cont. 

 
During the second cycle, and every cycle thereafter, these L-M hybrids come apart ( 2 L-M hybrid molecules and two new molecules which have one medium strand and one "short" strand that is the length of the target gene. Call these molecules medium-short (M-S) hybrids. In the third cycle, the 2 M-S hybrids ( 2 S-S molecules (the desired end product = copy of target gene) and regenerate 2 M-S hybrids. 
 
In every cycle thereafter, each S-S molecule is doubled. The L-M hybrids replace themselves (so there are always 2) and produce 2 new M-S hybrids. The M-S hybrids always replace themselves and each M-S hybrid generates 1 more S-S molecule. The net result is that the number of L-M hybrids is always 2, and the number of M-S hybrids increases linearly, starting with 2 at the end of cycle two and going 2 ( 4 ( 6 ( 8 ( 10 etc.; there will be 6 by the end of cycle 4. However the number of S-S molecules increases geometrically, as shown in the table below. 
 
In the 4th cycle, the two S-S molecules from cycle 3 double, and 4 are added (from replication of M-S hybrids) to give a total of 8 S-S at the end of fourth cycle. All these double, and 6 are added at end of next cycle etc. So total goes 2 ( 4 (+ 4) = 8 ( 16 (+ 6) = 22 ( 44 (+ 8) = 52 etc. The results are summarized in the table below.

	
	L-L
	L-M
	M-S
	S-S

	Start
	1
	0
	0
	0

	End 1st cycle
	0
	2
	0
	0

	End 2nd cycle
	0
	2
	2
	0

	End 3rd cycle
	0
	2
	4
	2

	End 4th cycle
	0
	2
	6
	4* + 4** = 8

	End 5th cycle
	0
	2
	8
	16* + 6** = 22

	End 6th cycle
	0
	2
	10
	44* + 8** = 52

	End nth cycle


	0
	2
	2n-2 = 2 more than in previous cycle = approx. 2n if n is large


	Approx. 2n for large n                                                           = approx. double that in previous cycle


*First Number =  number of S-S molecules from replication of S-S molecules from previous cycle; 

**Second number = number of S-S molecules from replication of M-S molecules from previous cycle. 

6-14. 
A.   A was made first. The fork opened from left to right, and the discontinuous segments were made in the order A, B, C.

B-1. Exo 1 is needed to remove primer of B; primer has a free 5' end but no free 3' end.


B-2. Polymerase is needed to extend the 3' end of C to fill the gap left by removing the primer (from B).

B-3. None of these. Ligase is needed at J to join the extended 3' end of C to the 5' end of B (minus the primer). The steps in B-1 to B-3 are like this:
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B-4. Exo 2. If nucleotide just added to 3' end of growing chain is wrong, polymerase must "back up" or go 3' to 5' to remove the incorrect nucleotide. 
6-15. 
A-1 to A-3. The new chain should be the complement to the bottom, it should grow continuously, left to right.  A-4. DNA will be full length, but linear.

The primer given is complementary to the right hand sequence of Crick. The primer will hybridize to Crick and start synthesis of a new Watson = complement to Crick. Nucleotides will be added to the 3' (right) end of the primer, so the new chain will grow toward the right. If template DNA were linear, new chain would grow until polymerase reached the end of the template. Since template is circular, the new chain will continue growing all the way around the circle until polymerase reaches the 5' side of the primer. Since there is no ligase, the 5' and 3' ends of the new chain cannot be joined into a circle.


Under standard PCR conditions, all synthesis is continuous, and each new strand is made separately. (The double stranded DNA is denatured by each heating cycle --> 2 separate single stranded templates.) You do not have a fork that proceeds down both template strands at once. In this experiment, you have only one primer, so you can make only one chain.

B. The best primers would be 3'GCCT5' = TCCG (complement to right side of Watson) and 5'GCTA3' (complement to left side of Crick). You need one primer to start on each side of gene X. Each new chain must grow 5' to 3' and go through gene X (not away from it). Each new chain should grow by addition of nucleotides to 3' end of primer. Note that the primers used in PCR are usually DNA, not RNA, as DNA is more stable and easier to work with than RNA. 

C. It will take 2 cycles and none of the molecules will have both strands of the same length at that point. For a picture, see the standard PCR handout. 

*6-16.
A. Phosphate to sugar, releasing nucleotide monophosphates.

B. Sugar to phosphate and base to sugar. (Nucleotide = phosphate, base and sugar; phosphate and base are both connected to sugar but not to each other).

C. Ribose. Since nucleic acid contains U and no T, it must be RNA. Only sugar in RNA is ribose.

D. Double stranded. (Double stranded RNA is not found in normal cells, but is found in some viruses and infected cells.) The heat treatment breaks hydrogen bonds, not covalent bonds. Since the molecular weight is reduced to 1/2 by heat, the native molecule must consist of 2 complementary strands connected by H bonds. When the nucleic acid is cooled down, the complementary strands match up and the H bonds are reformed.

E. Since the nucleic acid is double stranded, G = C, purines = pyrimidines, and purines = 50%. Since it is RNA, not DNA, A is not equal to T. The phosphate/sugar = 1 (not counting the 5' end of each strand -- see ** below), since 2 of the 3 phosphates are released from each nucleoside triphosphate when it is added to the growing chain. The sugars = bases for nucleic acids, whether RNA or DNA, double stranded or single stranded. 

** The 5' end of each chain may have a triphosphate, since the phosphates on the very first nucleoside triphosphate in the chain are not involved in forming phophodiester bonds. The 5' end may not have a triphosphate because many RNAs are modified at the ends to prevent degredation.

*6-17.

A. You forgot ligase -- it's needed to join small fragments (Okazaki fragments) of lagging strand.  When you denatured the DNA, you got the two original, full length strands, the newly made leading strand (full length) and the unjoined Okazaki fragments of the newly made lagging strand. 

B. 
i) Density -- this is sedimentation equilibrium centrifugation; see text or handout.
     

ii) 2 bands -- one containing "light" DNA and one containing "heavy" DNA. The length of the chains here doesn't affect the density -- the density depends on which isotope of N the DNA contains. The original (template) DNA chains should be light as they contain ordinary 14N; any newly made DNA (whether short or long chains) should be heavy as it contains 15N. 
     

iii) The high density material contains the "small" DNA. The small DNA chains are shorter (because of the absence of ligase) but denser (because they contain 15N). 
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