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INST LI: Hi everybody.
Can I have your attention please.
...trouble getting here today or it's fine?
This morning, I had a bit of trouble when I --dropping off my youngest to the day care. Sidewalk --so be careful when you walk. It can be slippery. I slipped and almost fell but my son thought it was fun. Do it again.
But wonderful about kids. They find things stressful to adults, they find them so fun. Whatever. You know -- any way, so as you can see, practice midterm is released. So good for you to pace yourself, go through the questions. So but you know these are not the only questions being tested.
Similar format. 15MC and the practice had 16 but the actual midterm, I'm still debating. And short answer. Similar format so make sure you go through the one without the answers. Do it as though you are doing the mid term. The pacing and difficulty of questions. So do it without looking at the answers first. And no tutorial next week. TAs are nice to arrange some time to help you. I will post it after the lecture. Zoom link and...review session followed by office hours.
And today, after the lecture, there's some time
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to help you clarify some questions you might have so follow -- go to the official room...if you find it, you need more time to ask questions, he has offered to help today so I appreciate that. Thank you so much.
And so here just logistics that we posted --sorry, not posted but I posted last week lecture is the midterm information so come ten minutes early. We want to start the midterm latest by 11:35 but we want people seated and ID checked by 1130. Come by 1120.
Want to do it efficiently. The midterm covers the lecture 12 to 19. And if your last name is from A to R, stay in the same room here but if S to Z go to AQ...close. So...they will be invigilating in this room and...bring the same thing, two B pencils and calculator...and write clearly. So make sure that your pen is -- we use have a scanner to scan all copies. So if it's the ink is too lite, the scan has trouble picking it up. So last time we had to -- over
3 thousand pages. We have do it manually and make sure we still give you the mark you deserve but if you have -- darker pens, make sure use that because...save us a lot of trouble. Any logistics regarding that before we get into the lecture today?
Okay.
So let's move on to what we talked about --



today I'm excited about the lecture. Because I have videos show you. Hopefully you can appreciate all the complexity and beauty of DNA replication. All the compilation of hard work by the scientist around the world so we can understand it better these days. The origin of replication, in all cells when linear or circular DNA starts with a section of sequence...replication is initiated by...origin of recognition complex. [Reading] they are not shown here...to initiate...so in eukaryotic cells...two billion cells and divide every day...millions of cells that need to divide. From this slide and the data on all the slides are referring to only the prokaryotic cells. Not the eukaryotic. Only for bacteria...so just want to clarify that.
So after the recognition of complex...origin of replication, then...[reading] so it's it can begin to unwind the DNA...need to be separated so the new...we will see it in a second. It's really cool. When DNA is unwound it creates a replication model. I circled this here but there are always two replication that happen at the same time. Opposite direction. But we study the mechanism I want to focus on one just for simplicity.
So this is repeating what I said. Two forks



form and move in opposite directions.
How does it work?
I thought this really cool. The firs time I learned this it was complicated but later when I learned why it has to design this why I thought this really amazing.
There's a YouTube video we will watch later. First, DNA -- sorry, this is supposed to be
DNA -- I have two here. Correct that. Binds to the [reading].
So remember, DNA can only synthesize from the direction of...this is information you need to remember. It's really important when comes to realize how the lagging strand...later on. Because [reading].
Three prime to five [reading].
This is called a leading strand. What do I mean by that? Let's look.
Zoom in this here.
So we see the parental DNA is double stranded.
Replication fork here.
So three prime and five prime.
The other is...so how do we know one...lagging strand. How distinguish that? You have to know how to assign the it five prime and three prime...and leading strand and lagging strand. How do that? The



easiest way to recognize the leading strand first. The arrow goes from here to there. Follow the courser here. From here to here. We know that DNA can only synthesize from five prime to three prime. This is five prime...so if you know the directionality of these, the rest will follow and be easy.
So the next thing to figure out for the directionality is the template strand...five to three prime. The parental must be three prime here to the five prime...any questions so far?
No? Okay.
So that is the information how you can determine the directionality for the leading strand. Straight forward. What about the lagging strand? That's the one that's a bit complicated.
Bear with me.
So the lagging stand you see in the...this one goes from five prime to three. But what about the direction synthesis of the new strand here? Can it go from five prime to three prime...on the top? No.
Because it's not...fashion...at the bottom here.
So how does it -- how is this problem solved? Instead of synthesizing the strand continuously...it has to do in fragments. Called Okazaki. Named after the scientist.



Five prime too three prime...is short fragments and called Okazaki fragments. Joined later. We will focus on this. How the DNA can be synthesize in the five prime too three prime direction. Here you need to synthesize in short segment. I want you to help you assign the directionality for this.
...therefore this must be synthesized from opposite direction. But it's not moving towards the direction of the fork. You see that the fork is that way. So this the opening. It will -- it will move the direction opening will move towards the left side of the screen. If you follow my hands. It will move that way. So how does it work?
Let's look.
So yeah, this is emphasize what I said. The opposite strands can not be synthesized in this direction...it is...short segment called the Okazaki fragment [reading].
So I think this is good point to show you a video. Emphasizing the differences between the lagging strand and leading strand. Bear with me.
So this is only a three minutes video but it will be very clear I think.

[Video playing].



>>...two strands twisted in a double helix shape. Four...letters ACG and T.
The two strands are complimentary. This means wherever there's a T in one strand there would be A in opposite. Wherever there's a C there will be a G in the other strand. Each strand has a five prime end and three prime end.
Two strands run in opposite directions.
This is how each strand of DNA is replicated. The first step is separate the two strands.
This unzipping is done by enzyme called helicase and...replication fork.
Separated strands provide a template for a new strand...primase starts the process.
This enzyme make a small piece of RNA called a primer. This marks the starting point of construction of new strand. Enzyme called DNA polymerase binds and will make the new strand. This can only add...in one direction. From the five prime end to the three prime end.
One of the new stands, leading strand is made continuously...five prime to three prime direction.
The other strand the lagging strand cannot be made in continuous way because runs in the opposite direction...only makes this strand in a series of



small chunks called Okazaki fragments.
Each fragment is starting with RNA primer.
DNA polymerase...basis in the five prime to three prime direction.
The next primer is added further down the lagging strand.
Another Okazaki fragment is made and the process is repeated. The enzyme removes all the RNA primers in both strands of DNA. Another DNA polymerase enzyme fills in the gaps left behind...
Finally the enzyme DNA ligase seals up the fragments in both strands forming a continuous double strands. DNA replication is described as semi conservative...each is made of one...strand and one new one.

INST LI: Okay. So I think that's pretty good to show you how these Okazaki fragments synthesize in short chunks. I put the link here so you can revisit it to help you remember all the different enzymes that participate in DNA replication process. I thought this was really cool. One thing that's missing in the video is that the how -- lagging strand is synthesize. The simple to show you both synthesize...linear fashion but one important detail missing in the video



is actually for the lagging strand, one compilation is changed a bit. Has to form this here. We will see why that's the case. Why does the lagging strand...let's see.
Here in reality both strands are synthesized at the same time...this the...complex founds in the bacteria. It's called different things...but in bacteria it's synthesized continuously by the giant protein complex...called [reading] it has different components. Has the components will finds the DNA...and create the function of adding nucleotides and...if some incorrect...so how is this work? Only moving in one direction. If the lagging strand is moving in the opposite direction how does it work?
It's cool. Solve the problem by forming a loop. Follow my little hands on the screen here.
So let's see the parental DNA or template oar lagging strand. This is five prime. So goes three prime -- this section if you form the loop here. See this? Form the loop here, it turns the strand 180 degrees.
When it does that, it changes the directionality. Even though the template the direction hasn't changed but the it's the direction that's being recognized by...when changes. So here



even though five prime, three prime...how the DNA polymerase recognize is three prime to five prime. Make sense? It will take time to go through this but let's see. I have notes in here. Because of the loop, the second...within the loop...relative to the polymerase. The important word is relative. The direction from the template doesn't change but the direction relative to the...at the moment, it becomes three prime to five prime because of the loop. That's how this Okazaki fragment can be synthesized...from I thought it was cool how nature solves the problem.
...always have to move in the direction of the fork. So in order to also move the direction of the fork...the DNA template for the Okazaki fragments or lagging strand has to form this loop. So it changes the direction where the three -- can see at this point, and synthesize this short fragment.
So this allows the DNA polymerase to synthesize new strand while still moving...is synthesize the within the loop here which...form the next strand.
For the next fragment.
So just to make more clear, there's another video that I can -- I will show you this process. It focuses on the loop formation. So this is not YouTube but I can post this on announcement later. From the



text book...so let's look here.


[Video playing]


>> In this animation we will describe the process of replication and prokaryotes...responsible for most of the DNA synthesis in replication...consists of 17 subunits. The...includes alpha subunit which is...that is need for proof reading and data subunit. Additional proteins are needed to allow DNA replication to occur. This larger complex is known as...the...contains two copies. Each copy is...five prime too three prime direction. If it makes an error it will usually catch its mistake...due to the antiparallel nature of DNA only one strand leading strand will be synthesized in continuous manner. The lagging strand must be synthesized in small pieces known as Okazaki fragments later joined together.
Each polymerase is associated with a...encircles the DNA and...activity.
The enzymes gyrase and...work as a...replication to reduce...unwinds DNA.
DNA unwinding creates positive super coils ahead of the replication fork which is released by gyrase.
Gyrase is a...introduces negative super coils and then



repairs the DNA.
Numerous single stranded...are need...single stranded...bind to the DNA...RNA primer need for lagging strand synthesis...the two polymerases are linked together by the data...which binds to the polymerase scores...this animation shows the trombone model. The lagging strands, DNA polymerase three synthesizes...while one RNA primer until it reaches the...and releases the strand. Association...starts the process again.
The growth and shrinkage of the DNA loop of the lagging strand is similar to the extension and retraction of a trombone arm.
...and replaced with DNA...ligase.
The mechanism of DNA replication is example of...bio chemical process that requires careful coordination of...happens very quickly at rate exceeding...per second.

INST LI: Cool video? Yeah. So I think I will put that in the -- announcement -- discussion board so we can see the video because it's not available on YouTube.
So let me move on to the next slide.
So as you can see, some information introduced in the video that I have not introduced yet.



Some level of detail is not required. But these is the detail you have to know.
Everything on this slide. Let's go through this. The first enzyme we want to know, you already know, from before, helicase. It is indicated by the first one.
Two black dots here. So the job function of helicase, has to unwind...it breaks the hydrogen bonds and create two single stranded DNA templates. This is necessary. Before the strand needs to be copied, it has to be separated.
So the problem is once the DNA strands are separated how prevent them from...together? They have the complementary base pairing that form strong interactions between the two. The...hydrogen bond...is by having the single strand binding protein bind to the single strand DNA. It's really cool.
That's the function of the second protein. Sometimes called SSP.
So the function of the this protein is bind to single strand DNA. Prevent from...somehow they have to be -- this has to be prevented from coming back together. Otherwise without this they will...for sure.
So all these here, you can see it's represented by green dots.



They are single stranded binding proteins. Can bind to both templates. The template leading strand and of the lagging strand.
So the third one, third enzyme that's important for the DNA synthesis or replication is called primase. We introduce the concept of that in the last lecture. It's part of chromosome. It's represented by the -- this here. Complex -- compose of this.
Drawn it separately but don't worry about that.
...short RNA primers. Remember in last week we talked about how DNA polymerase three has to have three prime hydroxyl group...right? So for the first one to be added because there's no prior three prime hydroxyl group it needs help from RNA primers. They provide the three...starting point...and it's required because...can't start synthesis on its own.
Any questions so far?
No. I think this might be some fill in the blanks for you to do. I forget which one...
So that's the third enzyme. That's important for this replication to work.
Primase.
And fourth one is the main...called DNA polymerase three. And also called holoenzyme...inactive form is called the...we learned



that...before the first midterm. But holoenzyme is a fully mature active form of enzyme. [Reading].
It can expand the DNA from RNA primer synthesize...the leading strand continuously and the lagging strand as a fragment in the short segments. We will see the next slide the components of the...three which is cool. See in the video how it works. There's different components. Right? So remember DNA...three has a function to synthesize...from both the leading strand and the lagging strand. And has proof reading function. The fifth component is called DNA...don't get confused about one and three. One is the one that comes in after...so what is the job for DNA polymerase one.
After the synthesis is complete DNA polymerase one comes in and what it is does -- remember there's many RNA primers on the lagging strand. Provides a starting point for the Okazaki fragments and one starting point on the leading strand...it will remove all the RNA primers from the...direction. And then it still needs to replace these little RNA primers with the DNA nucleotides. So three jobs. First job is remove the RNA primers...replace with the DNA nucleotides...and the same thing as...polymers one has...the total process remove the RNA primers and



adding the DNA nucleotides...all together nick translation. We will see in the second last slide but we will talk about that...but it's -- the job is similar to polymer three but the...remove the...direction and replace with the DNA nucleotide...direction and as DNA synthesize mistakes can happen so it helps with the proof reading function. Cool?
The last one is called DNA ligase. Once this DNA polymerase...it will leave the last possible...that needs to be sealed.
And the reason why it can't...because the DNA polymerase can only take the bonds from the incoming...but for the last one you don't need to add new nucleotides...it has sealed by enzyme called DNA ligase. The job of this is seal the remaining...and join all Okazaki fragments together to form the final continuous...so everything on this slide you definite have to know.
So name of the enzyme. If I ask you, what is the function of each -- any enzyme here you should be able to provide clear answer.
Okay?
Questions so far? No?



Okay.
So let's look at DNA polymerase three...as the video if you found it's complicated you can go to the video and it shows -- the second video, it shows nicely what does each component do. So here, you can see that it's actually -- again, shape, rounded shape I think nature like that with the hole in the middle. DNA feed in through the complex here -- comes with three...DNA...[reading].
This is only referring to the bacteria ones. Has what we call the B sliding clamp. It hold the polymerase on to the DNA. Allow the high processtivety to occur.
Needs to have the DNA...to make sure...tightly on to the strand and this...attached to...which...can't continue...DNA...coordinates activity of the polymerase. Comes with the three actually so the design is cool. One clamp...leading stand and the other two are responsible to clamp the lagging strand...synthesize the other one. It has a model called the trombone. So moving the arm back and forth. We will see that.
We will break down each step. Two of clamp need to clamp on the lagging strands. It's cool nature designed it that way. Necessary because one needs to



hold on tight to the leading strand and the other needs to hold on to the lagging strand. Questions?
No.
Let's look at the diagram. We will break it down. So not as complicated as you think.
Let's see. Middle here, this is DNA polymerase
three.
...clamps we just talked about this. There's
two strands. Template strands are being synthesized at the same time. The template strands shown in the gray here, the...nascent...one is called the leading strand...helicase is responsible for unwinding the DNA. How stay separated? These. What are called?
So here is -- you only see one in the single strand DNA but here you see multiple. So always need to have more than one single strand of...to here.
Leading strand. Because has to be synthesized in short fragment...so it doesn't pair up within the...itself so you need all the single strand of DNA binding to make sure...so DNA gyrase. In the video it tells you what is the gyrase do. When you unwind the double strand helix what will happen to up stream of that? What will form? Tighter or more loose?
Yes it will be tighter.
So the that's what we learned about



in...remember the total isomers, the jobs is -- it will introduce the either single strand break or double strand break...in this process here, ahead of the replication fork you don't want positive or negative...so the DNA gyrase that's the job, it will come in, once the...form, it will introduce the double stranded cut and seal them together. Will this...one or two? The answer is there.
Yeah. So because isomer is two, it should be double stranded break. If you cut one, it won't help to leave the super coil for this...which cut the double strand DNA and seal them together. This also work continuously with the whole complex ahead of
it -- down stream so it can quickly release a super coil or it will tangle...it's cool to see how all components have to come together to work together to make sure this process can carry out correctly.
So how what does trombone model look like? This is in the text book.
First of all, let's go through the notes.
Helicase unwind the DNA...[reading].
This is just -- so trombone model only applies to the lagging...you don't need this here because it doesn't require the looping of the strand. The looping provides the change of direction. So



the...three can still recognize from the five prime to three prime direction...follow the notes here. Zoom in more.
So says the...notice there's multiple primers that needs to be bind to the lagging strand. [Reading] primase synthesize...here. [Reading].
The...lagging strand.
So the DNA synthesize extends and...[reading].
What do I mean? When does it know the short synthesize...fragment has ended? When this hits...so physically, it bump into it...so the movement will collapse...now the second fragment is formed and it will repeat...DNA can be extended from P three...primer.
So this is just summary of what we see in the trombone model. Which I thought is really cool. If you still a bit not sure of the steps, go to the second video. Now you are quipped with the enzymes...not just...it will make a lot more sense.
Any questions so far? No? Okay.
So let's move on to the nick translation which is completed by...know the difference between one and three. Three is the main one that carrying out synthesis...but polymerase one is responsible for the



nick translation.
So it's really, really cool.
So after the DNA...three has done the job, polymerase one comes -- replace this here and replace them with the DNA...so first of all, the job is it has to move the section here. These are the primers...come in and it will remove these RNA primers and then...remember T...three...comes with three phosphate groups that provide the energy to add new DNA...to it. It will add all the new DNA nucleotide and it will leave the...here.
So why does it leave a gap?
Don't know? Chatting. Of course you know.
I will give you a hard time because you always sit here.
Any way, so it leaves a gap here because there's no more incoming nucleotides. It can only seal...bond with the new incoming...but the last -- you don't need...something else need to seal the gap here so ligase...you need to know the function and name of enzymes.
So these are notes. DNA ligase the one seals the...complete the final phosphodiester bond.
All right. So let's look here. This is just a different view of the same -- different view -- more



focused on DNA polymerase one. Three jobs. The job is first of all it will remove the RNA primer...need to be replaced by the DNA nucleotides...remember exo nucleus. It's a function that remove...whether RNA or DNA nucleotides. So this removes the incorrect nucleotides...are not necessary. It removes it and then it will replaces it with a DNA incoming DNA nucleotides. Comes in and seals off...what happens is it still has to proof reading function. Any time you add new nucleotides...mistake can happen so...as a function...when mistake is detected it will remove that. And then it will coordinate it into a...correct DNA...site. So really cool that it can do that. Do you have this slide?
Yeah? Okay.
So let's go through this. There's a proof reading...so remember, any of the proof reading activity it's called a three prime to...has to go back wards...but proof reading process three prime to five prime. So...[reading] one in ten thousand...how does it do that? DNA strands...[reading] it will shift it into proof reading sites. Goes from three prime too five prime. Remove the incorrect...so this proof reading mechanism increases the replication accuracy.
Any questions?



You have one more slide.
So [reading] this is just a simple schematic.
So five prime too three prime...remove the RNA primer. [Reading]...to proof reading...and then there's
a regular DNA synthesizer.
...so these fragments together is Klenow fragment...so this becomes really useful because it doesn't have a five...it's used in...DNA labelling and...this is just to show there's application of this. Not only use in bacteria...but in...we use part of the DNA...to carry out some functions that are necessary for the DNA labeling...
So I don't know if you have this slide. I added it in last night but it's up dated on the Canvas too.
So just to compare this [reading] don't worry about this one but...so go through them but make sure you know the name of each enzymes and functions it carries out. On Monday...discussion board about how you want to go over as review session...someone said...so I will do that and we will...if anything else please do so...I can show you a cool video...
Okay?
All right. So...lots more...more... All right. Good afternoon.
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