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INST NORTHWOOD: Okay.
Let's go ahead and get started.
So I have the slide up here again for -- we have one slide deck on membrane transport. Really important.
Important part of this course.
And I keep saying how I do try to follow the textbook, not so much with membrane transport. Again, the situation where many ways of categorizing and showing something and for your exam, just use this slide deck. Go ahead and read the text book if you want. Way too much detail on certain things.
Categorizes things in its own way. It's not that it's wrong but it's just a different way, I'm doing it in a way that I think more understandable. Use this slide deck for exam purposes, all right?
And as far as the exam, membrane transport today, and then we go endomembrane system. Normally what I do is -- and you know, may be you don't need it, normally what I do is there's a lot of material. There's not as much material for the first exam but still plenty of material so I like to give students a week to process all the material. I always do review
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session so generally I will do a review session next Monday.
And what I have learned is that if we start new material on Wednesday, no one will show up. Right?
Why would you show up if it's not going to be on the exam and the exam is Friday. So and because it's summer, I want to be more laid back in the summer.
Generally I make the Wednesday before the exam a free study day so you have no excuse for not doing really well on the exam. Does that work with everyone?
STUDENT: Yes.
INST NORTHWOOD: Can we do that? Okay.
It would have been that way no matter what you said to be clear. All right. So let's get going membrane transport.
Nothing to memorize here. We are going over these individually at some point. Diffusion, simple diffusion, what that is, gases of small molecules.
Not charged molecules. O2 will go through but not potassium or calcium. Why? They are charged. We learned enough about membranes to know that.
Understand that diffusion goes in either direction. It's -- I emphasize this because I know students get wrong on exams.
And this is one thing students tend to get



wrong. They see images from outside to inside the cell. But it goes either direction.
Simple diffusion will go in either direction. Not just simple diffusion but we are talking about that now. Depending on the concentration gradient.
Facilitated diffusion is another term, if you need help getting across the membrane, in simple diffusion you don't need help but all other kinds of transport you need help and that help is in the form of protein.
Clear on that?
Now, transport proteins to get things across membranes. Channels and transporters. We are classifying them like that. Very different.
Channels, water filled ports that don't change confirmation. They open and close but it's generally through a flap or something. If they have any confirmation change it's slight. But a transporters massive confirmation change to get something across the bilayer.
All right? And you don't need to know the numbers but this is important. The stuff it carries on further in the course.
Sodium, more abundant outside of a cell and the cell works to make that happen. We will talk about



how the cell makes that happen. Potassium, way more abundant inside the cell. We will talk about how the cell make it happen.
The membrane potential is something to be aware of, that even though overall charges may be balanced you still have a membrane potential because the negative charges tend to cluster, you don't need a lot to have this charge difference across the membrane, but you will have negative charges cluster in the cell membrane from the inside and plasma charge from the outside. That gives a charge across the membrane and we can measure it. Called the membrane potential. If nothing is happening, it's the resting membrane potential. If you move muscles your membrane potential is being discharged so you can have movement. Right?
So membrane potential is really important to understand and where it comes from.
Okay?
We looked at this already.
Now, passive or active transport. Passive is easy, down a concentration gradient. No exceptions. Active transport, against a concentration gradient. No exceptions. We will see there are two types of active transport. Primary and secondary you need to



distinguish between. And it requires energy to go against the concentration gradient and hydrolysis and ATP. Here is simple diffusion. It's not facilitated. No protein involved. Everything else is facilitated because you need a protein. Passive transport, down a concentration gradient, always. We already talked about. We have channels and transporters. Passive transport, down a concentration gradient. And active transport...also called pumps and against a concentration gradient. It's straight forward.
Now we also will see there are two types of active transport. You want to pay attention to that, coming up.
Nope.
We just reminded ourselves that how fast something moves can depend on the membrane potential. That's all this is showing.
By having this here. Positive charges are --the gradient is working in favour of positive charges and so is the membrane potential. So this width here is indicating the speed this happens and this is concentration gradient down the concentration gradient, the gradient is not work with the charges but still go down the concentrating gradient just not ads fast. Okay?



Okay. Now glucose transporters. It's a uni porter.
Single molecule at a time down the concentration gradient. Always down a concentration gradient, one molecule at a time. We have a bunch of different glucose transporters. That's how we maintain glucose homo stasis in the blood stream and make sure all cells in your body get glucose.
[Reading] occlude you had confirmation...bio accessible and [reading].
All depends directionality just depends on the concentration gradient. Passive transport down the concentration gradient. And here, just a variation, we can use...kinetics to talk about glucose...here is extracellular glucose and...you want to understand this graph. Increasing concentrations of glucose outside the cell and it's getting into the cell. How? Through a glucose transporters. That's the only way glucose gets into a cell. Through a glucose transporter. These are...situations. At the same time point, you then look at how much glucose is now the way the experiment...inside the cell.
At some point, you have so much glucose it can't get in any faster. Doesn't matter how much is outside the cell, it's reached it's max velocity. Glucose is



circulating. It won't hang out there until some goes away and try to get in, no, circulating glucose. It will get into a cell at a certain rate and that's it. This expresses the rate. The KT...the velocity is called the KT. Okay? KT is half max velocity of the amount of glucose to get into a cell.
Glucose can't get in any faster at max velocity and half of the velocity is called the KT. That's the number we use. Don't have to worry...any questions on that?
There are more than this. 12 glucose transporters...let's start with glute one.
[Reading] all mammalian tissues. We mentioned this but important to reenforce. Normal circulating levels of blood glucose are what? [Reading].
So what does it mean -- says KM but it's analogous, KT. Same difference. When talking about transporter. That means that here -- this is the KT. What is normal circulating glucose? Up here. What does it mean. Increasing concentration of glucose.
Normal circulating levels of glucose every cell will get all it needs. That's important to understand.
Then if we go to glucose transporter two...[reading].
Liver...liver, 15 to 20MM, that's way above what



normal circulating levels of glucose are. That amount is -- KT is 20MM. That doesn't come close to circulating level...won't get in.
Little.
Because it...if some gets in, doesn't matter. What happens first to glucose when gets into a cell? We talked about this.
First step in glycolysis is phosphorylated.
Keep it in the cell. If this was glute one transporter...it will be phosphorylated. We don't want liver taking glucose unless we have a huge excess...we don't...it will store glucose...glycogen, but we don't want it to have excess glucose because it will have to do something with the carbons and make fatty acid...so not only is the KT really high, but the form of hexokinase in the liver is deferent...it's iso form and it's sequestered in the nucleus unless glucose is super high in the liver...once you phosphorylate it's in the cell. ...any glucose that trickles in to glute two will go right back out...that's the case for any of these transporters.
If you didn't phosphorylate right away the glucose would go right back out. The concentration is higher the in blood stream...make sense? The high KT is...and enzyme that phosphorylates glucose in the



liver...see quester in the nucleus...glute four we will talk about. That's important. That has a KT of 5MM. What happens after a meal? You have five...after a meal, your circulating levels of glucose rises...
STUDENT: Insulin.
INST NORTHWOOD: Can't hear you? Thank you. Yes.
Insulin.
What is insulin do? Binds to the insulin receptor and there's a signal trans...that goes on here that we will talk about later in the course. Normally glute four is see questered in the cytosol...brings glute four to the cell surface.
Glute four has a KT of 5MM so you just increased your levels of circulating glucose and above that, takes excess glucose in and...this brings us to if you don't -- if you have a problem with insulin, are not making it or cells are not responding to it, elevated glucose levels...and insulin is doing many other things as well. When insulin levels drop...back into it's needed again.
Glucose homo stasis is so important. Normal range of circulating glucose and we will talk about what happens here.
Why it's so problematic to have circulating high



blood sugar but also always remember that low blood sugar will kill you faster than high blood sugar.
High blood sugar has devastating impacts over time...we will talk more about that coming up.
Pumps now. Okay. Pumps.
Active transport against the gradient. We have direct primary active transport and indirect secondary active transport. Here is a pump, ATP driven pump.
It's pumping...pumping solute against the concentration gradient. That's what direct or primary active transport is. Pump using ATP or another energy source, to pump solute against a concentration gradient. We will look at example.
Now, once you have pumped something against the concentration gradient and created more of it outside the cell than inside, what pumped out has a need to reach equilibrium so wants to go back in. That molecule wanting to go back in will drive -- it would drive indirect secondary active transport. So direct active transport set up a gradient. By actively pumping out and now we will use that active gradient that we set up through direct primary transport to bring something into the cell. We will get what in a minute.



Called indirect secondary active transport. Two kinds. Remind ourselves, most textbooks do this.
They all look the same but this is uni porter and it's different looking than the SIM porters or antiporters.
SIM porters and antiporters are couple transport. Another way to describe indirect active transport you set up the gradient...to bring something in against it's concentration gradient. What is the difference here?
One of these is always going against its gradient. And one down its gradient.
Here one is always going against its gradient and the other is going down its gradient but the case of directionality. You either have going the same direction or opposite direction. And again, terminology notes...couple transport. We are going to refer to as indirect active transport as SIM porter or antiporter. Makes easier if we make decisions how we will refer to these. We will look more at SIM and antiporters.
What is active transport?
You have to have imbalance of specific ions.
Not the total number. You need imbalance of specific ions. Why? ...the transporters are specific for specific ions to make the cell function. We will look



at some.
And you can't set this up by simple diffusion or passive diffusion. You can't do that. Has to be set up by active transport. Only way you can make this imbalance. Right?
Direct active transport, using pumps that will drive molecules against the concentration gradient. Always against the concentration gradient, the only --we will talk about hydrolysis and ATP energy expenditure.
Indirect active transport will be set up by direct active transport. Looking at -- there's a lot of transporters and families, we have...high light a couple examples of the P class pump and only look at one. Later in the course we will look at making ATP and the ATPase...P class pump we will focus on now.
Why called P class pump? When it -- the enzymatic portion of that pump hydrolyzes...direct phosphorylation. Look at how this works.
Here is an example. We will look at this in the next couple of slides.
In the brain, very active in the brain. Maintains the sodium -- maintains the membrane potential. You need to be able to terminate or momentarily manipulate the membrane potential for



nerve...this is really important. What is going on here.
Here is the sodium...higher outside the cells.
Sodium is pumped out and at the same time potassium is being pumped in. [Reading].
Look at this in more detail.
Very simplified here. We want sodium out. Sodium will bind -- won't bind just anything. It would bind sodium and potassium. Sodium binds. Any time anything binds to a protein, what happens to that protein? The confirmation changes. That will always happen. So we have confirmation change.
And in the confirmation change the pump because there's enzymatic activity...it will phosphorylate itself so the pump is phosphorylating now. Also help it generate a certain confirmation. That phosphorylation will trigger the confirmation change, the binding of sodium trigger confirmation change.
Activating the ATPase...and sodium is now released outside the cell. Now the job is get potassium in.
Confirmation change that results in dephosphorylation. That confirmation allows potassium...inside the cell. You should be aware that very simple mechanism showing here. Questions on that? This is how using the hydrolysis of ATP getting



pumping active transport, sodium outside the cell and potassium inside the cell.
More detail here.


[video playing].


INST NORTHWOOD: Binding of ATP, confirmation change.
More conformation changes.
Potassium is being released. Another confirmation change.
These are massive confirmation changes too. Sodium is coming in and changing the confirmation.
Then the phosphorylation. ADP goes off.
Again, more confirmation changes. And sodium gets released.
Mechanistically complex but you just need to know the basics.
That's all we need to do. All right?
So everybody is clear on the sodium potassium...okay.
There's a couple of other P class pumps that are important. We will mention them. The exam will focus on the sodium potassium ATPase.



Calcium is really important...there's almost no calcium inside the cytosol so when calcium is released it has a job to do. That job is...in muscle, calcium is maintained in...reticulum, the ER of muscle cells.
It happens to be uni directional.
Uni directional, one ion...but it can pump to...pump...that's what defines this whether it's one or two molecules.
So calcium is important and another couple of examples are the [reading] we are always secreting acid into our stomachs...you are blocking the pumps as well...interesting...let's get back to indirect active transport. SIM port we said -- this couple transport, SIM porter, two different molecules in the same direction.
And here is the key, one down its concentration gradient. Where does the concentration gradient come from? Primary direct active transport. That's where this concentration gradient -- sorry. One down the concentration gradient. One against the concentration gradient. Rewind and pretend the last 40 seconds didn't occur...set up by primary active transport and one against its concentration gradient. We will see how it happens. ...[reading].
That was set up by primary active transport and



one against its concentration gradient so know the differences between SIM porters and antiporters and again, uni porters, know -- it's not primary or secondary. It's just a uni porter. It's passive transport against a concentration gradient.
...one gradient up and put it all together.
Into an example that's very relevant to you.
So it doesn't matter how much carbo hide rate you have in a meal. Five donuts or piece of bred, the carbs will start to be digested in the mouth and the stomach further. By the time at the intestine...talk about glucose. What else is there? I mean, doesn't matter how much glucose there is. It's in solution.
There would be so much liquid there. What is the concentration of glucose? Very small. No transporters for glucose at such small concentration...how get glucose into the blood stream by digestion...pump sodium out and pump sodium from intestine cells to the gut lumen...very little glucose is. We have direct active transport...sodium. We have a transporter molecule called the glucose sodium SIM porter. We know what a SIM porter is. Two molecules. Okay? In the same direction.
But one is against its concentration gradient and one is down the concentration gradient. ...great.



Here is SIM porter. We need the glucose to bind first. Glucose will bind. Talked about this.
Glucose will bind. Sodium will bind.
And what will happen, sodium binds because it wants to go down the concentration gradient. You can get glucose to bind -- because you have the whole intestine. Miles of it -- not miles but...to do absorption. As a glucose is rolling along it would bind to the transporter. Won't get in because it's too low concentration.
But it will bind.
And when it binds, it changes the confirmation sufficiently so the sodium can bind. When sodium binds it activates the transporter...as it activate...what has come along with it? Against its concentration gradient. Glucose.
Secondary, indirect active transport. Now sodium and glucose inside the cell. Why does glucose have to bind first? If sodium just binds, doesn't get glucose in. Have to work together.
Not in the blood stream yet...sodium right back out into the lumen and extracellular fluid. Wherever.
Okay? Clear on that? What about the glucose?
As we bring the glucose in, the concentration of glucose will increase in the cell. Right? See that?



As we pump glucose in, the glucose concentration, however much glucose is out there, it will bind and at some point the glucose will go away and won't bind anymore so SIM porter won't work but as long as there's glucose it would bind and brought into the cell...concentration will increase inside the cell.
Concentration of glucose increase. We want to get it out into the blood stream...they can go through a regular glucose transporter into the blood stream.
Make sense? That's happening here.
Tight junctions. That correlates with when we talked about proteins moving in the cell membrane.
The SIM porter we want it here on the apical surface. Any where else? No don't want it any where else. Brings glucose in here.
If it's mobile in the membrane it can go any where. Same down here with the basal lateral surface...most of these proteins are mobile. So these tight junction are like little stables. Proteins can't move past these. That's the roll of tight junctions here. This is always on the exam. Great way to put everything together that we talked about.
Different transporters and the concepts going on with transport, always on the exam. Be clear on this.
All right? Finishing up with -- ion channels.



We will say little about this. Water filled.
Here we are. Talked about diffusion simple diffusion and transporters using the glucose uni porter as an example.
We have talked about active transport.
It's a transporter but we called it a pump if doing active transport. We talked about these except for the ion channels.
Water filled pores. They are so selective. They can go in either direction. Remember this is passive transport. It can also go in either direction.
And electro chemical gradient. Either open or closed.
What can open or close ion channel?
Mechanically gated. Having flaps here that will prevent anything from binding or allowing them to open. You can have ligand gaited...outside or inside but again you are just opening and closing allowing substrate to go through or voltage gaited. That confirmation depends on the charge of the membrane.
We don't -- we don't spent time on ion channels in this course. That's it but you...deference how different they are transporters...sorry.
Yeah.



We want you to appreciate the specificity.
So here is a potassium ion channel and here is sodium ion channel. Why can't sodium go through a potassium channel. It's smaller. Plenty of room. It can't go through because of the structure of these channels. In this...potassium going through is actually helped by being able to coordinate with...oxygens. It's just the charges are allowing them to not stick and just go right through. Okay?
You try the same with sodium, and it's going to stick because we don't have that full dispersion of charges around the molecule allowing it to go through very easily.
So the sodium is smaller but it won't go through because it will be get stuck. The ion channels are specific and shown here.
I don't know if I want to show this. Can't remember. Give it a try.

[video playing].


>>...in the plasma membrane.
It is built from four identical subunit arranged symmetrically.
A poor allows selective passage of potassium



ions across the membrane...one contributed by each...form a filter at the narrow...this structure is responsible for the channels's high degree of selectivity for potassium ions over sodium ions.
In this selectivity filter, carbon...line the walls of the poor. These groups are spaced to interact...to remove the hydration shell...unfavourable because the sodium is too small for optimal interaction with the carbonyl groups.

INST NORTHWOOD: All right.
Okay.
So couple more slides here.
Water, water can get across a membrane. It's
slow.
Sometimes there are cells that really need to
get water in and out.
And so for those cells, we have something called a aquaporin. They are structure pretty elaborate.
What else? Don't want to go into -- I had a
video.
Just know that aquaporin is a way to get water
through a cell that needs to get water through.
And obviously hydrogen bonding is involved in a single channel and again directionality from low



concentration to high concentration.
That's the way it works.
Yeah, that's -- you don't need to know detail --but they are a way to get water into a cell. Let's look at this little video.

[video playing].
>>This image shows a cross section...on water molecules on each side. They are small and uncharged. They can diffuse...this simulation shows that water molecules occasionally and spontaneously move...in the absence...the lipid bilayer is semi permeable to water. The total concentration of...particles inside the cell...exceeds...outside the cell and creating osmotic...that drives the diffusion of water...and into the cell.
As the simulation runs, observe the water molecules bounce around by thermal energy as they move randomly...the water molecules will travel from the area of low solute concentration to high...into the cell the likelihood of them...is very small. To allow water to move more redly across the membrane many cell types like the...in the kidney use specialized channels called aqua porins. They selectively...across the cell membrane. In this



simulation, we see the helixes...in the...a separate channel through which water molecules diffuse. In a cross section...we see the channel has a narrow...to pass but too small for hydrated ions to enter. One water molecules is yellow to help track its path through the channel. The water molecules move through the channel single file orient by interactions with the other water molecules and the channel wall. In the center...that serve as a selectivity filter...in this experiment which proved the functional nature...on the left...on the right was used as a control.
The eggs transferred from...in which ions are in equal concentration inside and outside the cell to a...with a low concentration...this has no effect on the control egg because it's...however, the egg expressing aqua porin begins to swell and bursts as water rushes down the osmotic...this experiment demonstrates the role aqua PORINS play in channeling water...this image --
INST NORTHWOOD: Good one.
This is just FYI.
Defects in ion channels -- this stuff is interesting but it's not on the exam.
Any way, so this is just background, defects in



ion channels are problematic, cystic fibrosis... this is a nice slide because puts everything together that we just talked about...simple diffusion. Oxygen has to get in and co2 needs to get out...[reading] red blood cells need glucose. ...no oxygen...even red blood cells need glucose...we -- this is indirect active transport and we talked about pump...and aquaporin.
So these transporters are on all cells.
Different types but I think this slide deck give you examples and over view.
And that's it for membrane transport and Wednesday we will start with...
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