Biology 572: Bacterial Plasmids

Lecture 2

Bacterial Plasmids

What are plasmids, and why are they so useful?

What is a plasmid?

A plasmid is an extra-chromosomal element, often a circular DNA.
The plasmids we will use in this class typically have three important
elements:

« A cloning site (a place to insert foreign DNAS)
« An origin of replication

» A selectable marker gene (e.g. resistance to ampicillin)

Cloning sites A cloning siteisnot required at all, but it sureis nice to have! What | mean
by "cloning site" is a place where the DNA can be digested by specific
restriction enzymes - a point of entry or analysis for genetic engineering
work. Thisis amatter we will be discussing in great detail at alater point.
For now, think of the following example: Suppose you areredly thirsty and
you buy acan of beer. Does it occur to you that one end of the can (the
"top") is designed so that you can open it easily? If you bought a can of
beer with two bottom ends and no top, you would have a hard time drinking
it! It's the same way with plasmids. Y ou can have a plasmid with lots of
terrific features, but you might lack an easy way of "getting it open” with
restriction enzymes. All thistalk is making me thirsty, and now | believe I'll
have that drink!

Origins of Since aplasmid is (by definition) an extrachromosomal element, it cannot

replication: make use of any origin of DNA replication in a chromosome. That is,
DNA synthesis within (i.e. copying of) a plasmid depends on its
having an origin of DNA synthesis of its own. Obviously, if a plasmid
couldn't be copied, it would be rapidly diluted out in a population of
dividing cells because it couldn't be passed on to daughter cells.
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Selectable A selectable marker is not actually arequired element of a plasmid, but it

markers makes it possible for us to maintain stocks of cells that contain the plasmid
uniformly. Sometimes, carrying a plasmid puts a cell at a selective
disadvantage compared to its plasmid-free neighbors, so the cells with
plasmids grow more slowly. Cells that happen to "kick out" their plasmid
during division may be "rewarded" by having a higher rate of growth, and
so these plasmid-free (sometimes referred to as "cured") cells may take
over apopulation. If a plasmid contains a gene that the cell needsto survive
(for example, a gene encoding an enzyme that destroys an antibiotic), then
cells that happen to kick out a plasmid are "punished” (by subsequent
death) rather than "rewarded" (asin the previous scenario). That selective
pressure helps to maintain a plasmid in a population.

Thelesson of the

oetri plate The wise molecular biologist tellsusthetale:

Once upon a time, a plasmid met a cell, and they struck up a
conversation. Saith the plasmid, "Kind cell, | bring thee a gene
for antibiotic resistance, and if you let mein, | shall repay you
by showing you how to make an enzyme that might save your
life one day." The cell replied with annoyance, "What use hath
| for the likes of thee? My food is al gone, I'm freezing my pili
off, and you think my biggest problem is antibiotics? Maybe
you're just a selfish gene, looking for a cell to make copies of
you. Begone!" The plasmid smoothed out his supercails,
dodged a DNase, and tried to think of a suitable reply.

A septic parable ...

Just then, a massive wave of thermal energy struck them both,
and it was all he could do to not lose his footing, standing as
he was on the cell membrane. The plasmid trembled, partly to
distribute the energy uniformly to his vibrotational degrees of
freedom, but mostly at the thought of how painful thermal
denaturation might be. Fortunately, it was not coming to that.
Not this time. The temperature was high enough to pop afew
hydrogen bonds, and his strands were breathing a bit, but he
was covalently closed after all. He could handle it!

The cell was not so lucky, however. His membrane, which had
been reasonably firm to this point, began to swirl and form
vortices, and lost its smooth surface. The cell had gotten used
to the cold temperatures by boosting the fraction of short chain
and unsaturated fatty acidsin his membrane. While it gave the
membrane a good consistency in theicy cold, it was
completely wrong for this new, higher temperature. The van
der Waals interactions weren't strong enough to maintain

http://www.escience.ws/b572/L2/L2.htm (2 of 19) [8/24/2002 5:10:32 PM]



Biology 572: Bacterial Plasmids

cohesion, and errant lipids were now leaping through the
bilayer like divers at a mosh pit. Huge patches of the
membrane were involuting, bringing massive gulps of medium
inside. The cell was just seconds away from a complete
membrane breach!

Then, as quickly asit had started, the problem was over. The
buzz of thermal energy was drawn away by some unseen
entropic sink, and dissipated. The membrane returned to its
glassy-smooth state. The plasmid was now inside the cell,
having been carried through the membrane in its moment of
weakness, but the cell was too preoccupied to notice the
uninvited guest. The cell was using hislast remaining energy
to bail out the excess liquid, and set hision gradientsto rights.
When he thought he could do no more, that his determined
course would be senescence and death, a warm flow of fresh
medium restored his spirits.

"Ah! Tryptone, and yeast extract”, he said as he gratefully
derepressed half a dozen operons. His ribosomes got right to
work, making the enzymes that would help to catabolize the
new food source and restore the structure of the cell to full
health. He almost exclaimed, "I thought Darwin had me for
sure that time!" but being a cell with little memory he had
aready forgotten the privations of afew minutes earlier.
Thirty minutes passed, and he found himself cast onto awide
surface that was warm and rich in nutrients.

"Not bad”, he said. | could live like this for generations!" But
then, the horrible sounds of dying cells reached him. All
around him, his brethren were being killed by an unseen
attacker. An antibiotic was there, and was destroying the entire
population. Oh the humanity! He braced himself for death, but
then ... nothing happened. He was alive!

"Remember me?', said the plasmid? "l told you that | might
save your life one day, and now it has cometo pass." The
plasmid, which had gone unnoticed since the thermal
catastrophe, had been copied several times and transcribed by
the cellular machinery. It had provided a gene that encoded an
enzyme that destroyed the antibiotic before it even got into the
cell. Although more antibiotic was diffusing into the
neighborhood, the enzyme was on the job, and prevented it
from doing any damage.
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"Yes, you wereright", said the cell. "'l am grateful that you
transformed me, and now that | have alogical explanation for
my good health, | don't have to develop survivor guilt either.
Stick with me, plasmid, and I'll make sure you are provided
with a high copy number."

The generations passed, and the cell divided many times. Each
time there was fission, the two daughter cells received an
inheritance of plasmid copies. There was widespread

prosperity.

| would say "They lived happily ever after”, but sadly that is
not the end of the story. The daughter cells grew into a
prodigious colony, and soon had destroyed so much of the
antibiotic in the immediate vicinity that the real danger had
passed. Some cells that had not perished in the original attack
even managed to survive and grow nearby - little "satellite
colonies" seeking refuge from the high levels of antibiotic
elsewhere.

Then the cells in the big colony became lazy. The plasmid was
not replicated to the same high copy number - it no longer
served the interests of the cell to do so. Sometimes, daughter
cellsdid not inherit even asingle copy of the plasmid! Asthe
colony aged and grew, the proportion of cellsthat carried the
plasmid became less and less.

The colony actually believed itself to be quite progressive on
this point. Some of the more strident cells even argued: "Why
should young cells be forced to make enzymes that they don't
need?' They said "We want to evolve higher order
characteristics, not merely regurgitate the knowledge that
served our great-great-great grandcell!” Beforelong it was
unfashionable to carry the plasmid, though afew still did, but
the colony grew faster without the added responsibility of the
added synthesis.

One day, atoothpick scraped the colony from a plate and
carried it high into the sky. "At last," the progressive cells
thought, "we are entering a bold new erain which we are
going to be able to realize our true genetic potential!" The
toothpick was dropped into a tube of fresh medium. The fresh
medium had fresh antibiotic.

What happened next is almost too horrible to tell. The cells

http://www.escience.ws/b572/L2/L2.htm (4 of 19) [8/24/2002 5:10:32 PM]




Biology 572: Bacterial Plasmids

that still carried the plasmid lived of course. They produced
the enzyme that destroyed the antibiotic. The cells that had not
inherited the plasmid were unworried at first, because they
thought that a protective shield of enzyme could be built by the
others, but being in liquid medium there was no hope for them.
The antibiotic was not limited by diffusion, as it had been on
the plate, and they were soon overcome.

The few wise cells that had not lost their plasmid went on to
eternal storage in glycerol stocks, and were written about in
books and famous journals. They were grown in huge 10,000
liter fermentation tanks, and provided with the very richest
medium that had ever been made!

The end.

So what does all this mean?

Bacteria can sometimes take up DNA from the external environment, a
natural process that we call "transformation”, and sometimes the DNA
taken up is a plasmid that can be maintained in the cell because it has an
origin of replication. Plasmids often earn their keep by providing agene
that gives a selective advantage to the cell, which then replicates (instead of
dying) and makes more copies of the plasmid.

What happens if the plasmid is taken up by acell that cannot make sense of
itsorigin of replication? After all, origins of replication are not universal,
and one species may not recognize a sequence that works perfectly well in
another. Well, then the DNA has only one way of being maintained, and
that isto become integrated into the host chromosome. Integration isn't
likely, but it can happen.

What happens if the plasmid provides no selective advantage to the cell.
Can it be maintained? Y es, but practically speaking it would be hard to pick
out the cells that carry it because they would be surrounded by perfectly
healthy cells that did not carry it.

If you were to do atransformation in the laboratory, and put the cellson a
bacteriological plate that lacked antibiotic, the plate would be covered with
asolid lawn of bacteriathe next day. Why? Because very few cells take up
DNA in atypical transformation experiment, and most cells are usually
killed by the antibiotic. It isthe rare cell that survives.

On the other hand, some cells do become "freeloaders" and survive because
other cells are doing the work of destroying the antibiotic in their
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immediate vicinity on the plate. We call these "satellite colonies' because
they are tiny little colony specks that surround the big antibiotic-resistant
colony. They only develop with antibiotics such as ampicillin, that are
destroyed by enzymes such as beta lactamase outside of the cell.

See the little satellites around the big colony?

Are satellites a problem? Probably not, provided that the colony is
subsequently picked and grown in fresh medium containing antibiotics. If
the ampicillin plate is old (meaning that the antibiotic is partially degraded),
or the transformed cells are plated at very high density (meaning that the
plate is covered with resistant cells), or the copy number of the plasmid in
the cellsis so high that beta lactamase is secreted at high levels, or the
colonies grow on the plate for several days (allowing more time for
degradation), then satellites are more likely to develop.

Other types of mischief can also develop. Half of the cellsin the middle of
an ampicillin resistant colony may become lazy themselves, kicking out the
plasmid and living off of the work of the other cells. It's like being the kind
of person who goes to the bar to enjoy the music, but never puts a quarter in
the jukebox to share the cost. If you pick a bacterial colony and streak it out
on afresh plate with antibiotics, the loafers are exposed and they get their
just desserts. Bacteriologists love to streak out cells, because getting a
single colony on afresh plate makes them feel like they are starting an
experiment with something "known". They've separated a potential mixture
into individual cells, and the cells have each grown up into a colony. They
are hoping that the cellsin asingle colony will be identical, and that thereis
no mischief afoot.

(What the bacteriol ogist dreams about)

http://www.escience.ws/b572/L2/L2.htm (6 of 19) [8/24/2002 5:10:32 PM]



Biology 572: Bacterial Plasmids

Still, plasmids make plenty of mischief in the world. They are one way that
you can get natural and efficient horizontal transfer of information between
species. For example, Vancomycin was an antibiotic of last resort against

Staphylococcus aureus infections. Resistance to vancomycin is associated
with the VanA gene, which is carried on a plasmid in other species of

bacteria (such as Enterococcus faecium strain BM4147).

The bad news isthat Staphylococcus has been learning how to survivein a
hospital, by taking up DNA from other species that have overcome the
commonly used antibiotics - recently it was reported that there exists a
StaphA strain Mu50 that is showing signs of vancomycin resistance!

Transformation of a plasmid from Enterococcus to Staphylococcusisthe
probable cause.

What is the process of cloning a plasmid?

When we say that something is "cloned" we mean that it grew from a single genetic
origin. In the case of a plasmid, we mean that the DNA has been separated and grown
on its own. If we were to take a fresh colony of bacteria containing the plasmid, then it
is probable that all of the bacteria grew from a single cell, and that the plasmid they
contain was derived from a single molecule that happened to drop into the cell during
transformation.

The idea of a "clone" is important, because it is a point of consistency in an
experiment. You have the opportunity to obtain a raw material that is pure, not a
mixture of many things. Once you've done an experiment, you can repeat it again and
again, because you still have the original clone. It doesn't matter how you made the
clone, whether you dropped the agarose gel onto the floor when you were isolating the
fragment, whether you accidently threw it in the garbage and had to go diving into a
dumpster to recover it. Nobody really knows and nobody cares. Once you've
transformed the DNA into the cell and isolated a colony that is pure, all else is forgiven.
In the past 20 years, molecular biology has moved faster than any other field of
science, and it is the ability to fiddle with the inner workings of genetic material reliably
that made it so.

Biochemistry and molecular biology are not the same thing.
Reading assignment:

The Salvation of Doug: a tale of two retired scientists and
some rope.

by Bill Sullivan
http://www.biology.ucsc.edu/people/sullivan/savedoug.html

Why did the geneticist tiethe arms of individual workers at the factory?
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does.

O O

What isthe
difference
between selection
and screening?

Because then the workers would not be able to do their jobs.
Because then they would drink less coffee
Because it would teach Doug and the geneticist what it is that the worker

Because it would teach Doug and the geneticist how cars work

« Weintroduce the reclosed (ligated) productsinto E. coli, a process

called transformation, and select for bacteria resistant to a drug (such
asamipicillin, for example). The term selection is usually taken to
mean that there is death involved for the cells that are unwanted. If
the E. coli have taken up and expressed an ampicillin resistance gene
on aplasmid, they will live - otherwise they will die. This processis
called selection, because we are selecting which bacteria may
survive.

Transformation is arare event, so most bacteriain an
experiment are killed by the antibiotic. If a bacterium takes up
apiece of DNA that cannot be maintained in acell (e.g. if it
lacks an origin of DNA replication) that cell also will not
survive. It's atough world!

We screen individual bacterial colonies to find one that contains a
plasmid of the correct structure, and we do this by some process of
looking at the DNA sequence. At this stage we have a bacteriological
plate (agar medium containing ampicillin) with bacterial colonieson
it. Each colony contains a different plasmid type, because each was
grown up from a single transformed cell. What we do now isto
isolate DNA from each colony (or asmall growth of cells propagated
from the colony), and analyze the structure of the plasmid with
restriction enzymes or by DNA sequencing. We can use gel
electrophoresis to identify the sizes of restriction fragments that are
released from the plasmid and to check the purity of the preparation.
It's like an audition for the casting of a movie, where the director
wants to do a screen test. We would think of al the actors as
candidates, but perhaps only one has what the director islooking for.
In acloning experiment, the colonies do have a plasmid carrying the
drug resistance marker so they might also be considered
"candidates’, but once we isolate them and realize that they are the
wrong thing, then we don't work with them any further.
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Perhaps you're thinking to yourself "What could possibly go wrong with a
cloning experment?' Many things, and much of our semester will be
devoted to warning you about them and finding solutions. Here's an
example. Suppose that you want to clone a plasmid that contains alittle red
gene, and you want the coding sequence of the gene to be oriented in the
right direction. Remember that DNA is antiparallel, so if you turn a piece of
DNA around it will be backwards and upside down! Well, a gene might be
inserted into the plasmid in either of two orientations:

| Lefttoright orientation | Right to |eft orientation
red sene anae hat
— ——
Amp? ot Ampt ot

Arethese different? Y es, because in one case the arrow points from the
"Amp" to the"ori" and in the other it points the other way. The arrow in the
diagram shows the direction of transcription/translation of the "red gene"
coding sequence, and the two orientations differ with respect to the outside
markers for the ampicillin resistance gene and origin of replication. Perhaps
we don't care which orientation we obtain as our final product, but we
should note that there is afundamental difference between the two.
Efficiency of When we are transforming DNA in the laboratory (i.e. for experimental
transformation in purposes), we have several ways of making the uptake of DNA by E. coli
the lab. cells more efficient.

« One method isto starve the cellsin ice-cold calcium chloride
solution, add a sample of ligated DNA, and "heat-shock” the cells at
42 degrees C for a short period of time - about 45 seconds. The
fluidity of the membrane increases to the point where DNA is taken
up by the cell.

« A second method isto deliver an electric shock to the cell, releasing
acharged capacitor with afield strength in the sample of
approximately 1200 volts per millimeter. The DNA is swept into the
cells as the membranes are temporarily breached. This processis
called electroporation.
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What'sa vector? Plasmids are sometimes called "vectors", because they can take
DNA from one organism to the next. Not all vectors are plasmids,
however. We commonly use engineered viruses, for example
bacteriophage lambda, which can carry large pieces of foreign DNA.

Bacteriophage lambda (Bock |ab)

=
e u"-
fois

iy 3

-h“\-r_-;-l"" .

Why do we use the word "vector," which we've been trying to forget ever
since we took Physics 1007 The word has a connotation of taking
something from one place to another. A mosquito is said to be a "vector"
for West Nile Virus or malarial parasites, and in asimilar way a velocity
"vector" in physicsindicates a direction in which an object istravelling. In
molecular biology, a"vector" is a piece of DNA that may be introduced
into acell, usualy after we've played around with it abit in atest tube.

What do these plasmids really have in them? Let's look at a
few maps.

One example of a
commercial
plasmid (designed
for cloning of
PCR products
prepared using
Taq pol)
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Comments for pCR*™I-TOPO
3950 nucleolides

Lacdo gene. bases 1-588

/)] Invitro- el

M13 Reverse priming site: bases 205-221

5p6 promoter: bases 239-256

Multiple Cloning Site: bases 269-309

T7 profmoter: bases 406-425

W13 {-20) Forward priming site: bases 433-448
W13 {-40) Forward priming site: bases 453-468

f1 origin: bases 590-1004

Kanamycin resistance ORF: bases 1338-2132
Ampicillin resistance ORF. bases 2150-3010

ColET origin: bases 3155-3828

facda ATG
k13 FAevarss Primer
CAG GAA ACR GTT ATG ACC ATG

GIC CTT TGT CGA TAC TGG TAC
Mzl Hed I

TAC TCA AGC TAT GCA TCA AGE
ATG AGT TCG ATA CGT AGT TOG

Bst 1 EcoR|
GOC AGT OTG CTG GAR TTC GOC
CGE TCA CAC GAC CTT AAG CGG
Hsrx | Hat | Xha|

COR TCA CAC TGO COG 000 OTC
GGT AGT GTG ACC GOC GGC GRG

T¥ Promoter

AGT GAG TCOO TAT TRC AAT TOA
TCR CTC AGC ATA ATG TTA AGT

Sl Promolar + )
ATT ACG CCA ARGC TAT TTA GGT GAC ACT ATA GAR

TAAR TGC GGT TCG ATA AMT CCA ©TG TGA TAT OTT
Kpnl  Secl HawH 1 Epel

TTG GTA COG AGC TOG GAT CCA CTA GTA ACG GCOC
ARC CAT GGC TOG AGC CTA GGT GAT CAT TGC OGG

Eonfi | Ecahi W

» GO GAA TTC TGO AGA TAT

oTT ~ N
bbbl TTC CCG CTT RAG ACG TCT ATH

GAE
Nsil Xhal Apal

QRO CAT GCA TOT RGA GGG OO0 AAT TOO OOC TAT
CIC GTA CGT AGAR TCT CCOC GEG TTA RGC (GGG ATR

4

1413 [-20) Forward Primer 13 -40) Fareard Frimar
CTG GOC GTC OTT TTA CAR OOT OOT GAC TGO GAR AARD
GRC CGG ChG CAA AAT OTT GCA GCA CTG ACC COTT TTG

try T Clanmng®

T peaclivaly

As1TO403

/

The sequance dataled above
reprasents the plHEET-TORO yechor
sequanca wilth a FLH product Insariad

Arras It-lgjwi-.-ll-a wtart of Irarmcr plian
Tior Sipphs Awd TF AR plyrnerssss

The sequence of pCREI-TOPO has been complled from Information In sequence databases, published
sequences, and other sources. Portions of this vector have not yet been completely sequenced. if you
suspect an emror in the sequence, please contact Invitrogen's Technical Services Depariment at

B00-955-6288

U.S. Headquarters

Tel: 1-800-955-6288
Fax: 1-7T60-603-7201

European Headquarters

Tel: +31(0) 594 515175
Fax: +31(0) 594 515 312

http://www.invitrogen.com/content/vectors/pcriitopo map.pdf
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Another example
of a commercial
plasmid (designed
for cloning of
blunt fragments)

A final example
of a commercial
plasmid, with a
particularly large
polylinker
(designed for
"ligation
independent
cloning")

Commemts for pZEr0™1
2886 nuclectides

Lac PromoterOperator Region: bases 95-216
13 Reverse Priming Site: bases 205 - 221
LacZa ORF. bases 217-558

Sp6 Promoter/Priming Site: bases 238-256
hultiple Cloning Site: bases 269-381

T7 Promoter Priming Site: bases 383-407

M1 3 (-20) Forward Priming Site: bases 415-430
113 (=40) Foreward Priming Site; bases 435-450
Fusion Joint: bases 559-567

ceoB Lethal Gene ORF: bases 568-870

f1 On; bases 895-1310

Zeocin™ Resstance ORF: basas 1527-1901
pUC Orl: bases 2058-2640

)/ Invitro- 2y

" This anzyma has wo

racognition sitas both of
which ara found in the

muttipla cloning site

The sequence of pZErD™-1 has been compiled from information in sequence databases, published sequences,
and other sources. Portions of this wecior have not yet been completely sequenced. If you suspect an emor in
the sequence, please confact Invitrogen's Technical Senices Depariment at 800-955-6268

U.S. Headquarters
Tel: 1-800-855-6288

European Headquarters

Tel: +31(0) 5945-15178
Fax: +31(0)5945-15312

http://www.invitrogen.com/content/vectors/pzerol map.PDF
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http://www.novagen.com/Products/ProductDetail NV G.asp?catNO=69023& Catl D=1226

But what do the plasmids really look like?

Coiling in a You probably remember that double-stranded DNA has the form of a

plasmid "double helix" which looks a bit like a telephone handset cord
(except that the telephone cord is a single helix). You may also
recall that the double helix is right-handed (for an expose on the
difference, take a look at Tom Schneider's Left Handed DNA Hall of

Fame Site.)

You've probably also noticed how knotted up a telephone cord can
get, if your roommate twists the handset around a few times before
hanging up. Those knots are a higher order structure that lead to
"coiled coils."

DNA has the same problem, though your roommate isn't to blame
this time! Aside from the double-helical structure that we all know
and love, DNA can take on a higher order coiling that twists one
double helix around another. We call this "superhelical coiling" or
simply "supercoiling." In a linear molecule these twists can unravel
by themselves, provided the ends are not prevented from rotating. In
a circular molecule with no free ends, the superhelical twists are
"locked in" and the molecule cannot relax. This coiling is not the
same as the right-handed double helix coil with which you are all
familiar. The supercoiled molecule is a coiled coil.

It's like when you wind up a rubber band powered airplane. You start
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with a rubber band that is relaxed.

Then, as you wind the propeller the band is wrapped into a single
coil, but if you keep on winding then the coll starts to stack up coils
of coils:

Of course, the band is under tension and if you let go of the propeller
it will spin around and relieve the tension. The supercoiled DNA can

do the same thing (although not so far as to make the double helix
uncoil).

The image below showns an electron micrograph of a supercoiled
DNA.

Supercoiled DNA (Bock 1ab)

Click on the picture of the supercoiled DNA, and trace the contour of the
molecule. Isit acircle?

No, it is broken
Yes, it seems to be connected
| can't tell

NN
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Relaxation

How electrophoresis can help you study the size and shape of

DNA

Do you remember our discussion about the phosphate backbone of nucleic acids? The
backbone is made up of phosphate ester linkages that are negatively charged. If we
place a DNA molecule in an electric field, it will therefore be attracted to the "positive"

What's needed to get supercoiled circular DNA to relax? A few
weeks of mud baths and pampering at a spa perhaps? No! If one of
the two strands is broken so that it has free 5' and 3' ends, the
supercoils can relax even though the overall structure of the
molecule remains a circle. The free ends of the broken strand rotate
around the phosphate backbone of the intact strand (the one that
wasn't broken). This loss of superhelical stress puts the plasmid into
a "relaxed DNA" form.

Another electron micrograph: This one is of relaxed DNA

Relaxed DNA (Bock |ab)
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We often distinguish between different structures of DNA by gel
electrophoresis.

electrode (the red one), and this is what we call "electrophoresis."

What happens if we partially block the path of migration of the nucleic acids, by placing
the DNA in a gel of polymerized agarose or acrylamide? Then the rates of migration
are reduced, because the molecules must traverse a complicated obstacle course. The
crosslinked matrix of the gel will tend to reduce the rate of migration of molecules with
a larger cross-section.
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An analogy: for those students who might rather be out fishing.
Imagine ... you are casting a net into the ocean.

The boat is going back and forth, back and forth, back and forth, back and forth.

I'm getting sick just thinking about it. Anyway, you've chosen a net with a mesh size that will
capture large fish and allow the smaller ones to swim through. What happens to the medium
size fish? They can make it through the net, but their rate of progressis slower.

Which fish will makeit through the net most easily?
More fish pictures: surf edl
National Marine Fisheries Service spotted eagle ray

Obviousdly, the spotted eagle ray is going to have a bit of trouble! On the other hand, the e€l
may glide through the net more easily aslong asits orientation is favorable.

We can imagine therefore, how the size and shape of the fish might affect our catch.

DNA is just like the fish in our example. Larger molecules will be tend to be more
delayed in electrophoresis than smaller molecules, because they keep bumping into
obstructions. Molecules that are branched (for example, DNA molecules that have a
single-stranded "bulge" in the midst of double-stranded DNA) will migrate more slowly
than molecules that are perfect homoduplexes.
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Which molecule wins the electrophoresis race?

The more streamlined one!

Molecules that are more compact because of supercoiling will also encounter fewer
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obstructions, and will migrate more rapidly through a gel matrix.

Conformational changes affect rates of migration

Nicked circle

bandtail puffer bandtail puffer (inflated)

Hungry for more? 12-step programsfor puffer fanciers
« The Fugu genome project: The FUGU Project is a comparative mapping project funded
by the MRC to allow Sydney Brenner and Greg Elgar, through the HGMP, to generate a
landmark map of the puffer fish, Fugu rubripes (Fugu) genome. The Fugu fish has
essentially the same number of genes as the human genome, athough its genome sizeis
only approx. 400 Mb. Now, the draft sequence of Fugu is publicly available.

o | wannaeat Fuqu, but | don't wanna die!

Progressive digestion of a supercoiled DNA molecule.

When a supercoiled plasmid is digested with a restriction enzyme, the molecule
relaxes after the first nick in the phosphodiester backbone (we say it is "nicked"
because it isn't cut very deep with only one phosphodiester bond broken). This relaxed
circular molecule migrates more slowly that the supercoiled molecules during gel
electrophoresis, because it cannot fit through the gel matrix as easily. Once the
enzyme has had a bit more time to do its work, linear molecules will be formed (after
the phosphodiester backbones of both strands have been severed). The linear
molecules migrate more rapidly than nicked circles, but less rapidly than supercoiled
circles.
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nicked ciele

FProgressive digestion of a supercoiled plasmuid

O ("What do ywouzes ona gel?)
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supereoiled

This is a bit of a simplification, because the movement of the supercoiled DNA is a bit
different if the gel has been cast with ethidium bromide in it. The ethidium intercalates
in the DNA and causes some rotation of the helix that changes the overall shape.
Perhaps it is better when you are comparing molecules of different forms, to not add
ethidium until after the gel has finished running.

In the schematic diagram above, the DNA molecules migrated from top to bottom in
the electric field. In practice, molecules can be visualized on a gel after staining with
ethidium bromide or SYBR green |, and viewing the fluorescence pattern under an
ultraviolet light.
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Small molecules

Something to think about:

Sometimes the supercoiled, nicked circle, and linear molecules are called "form I",
“form II", and "form I[II" DNA, respectively. If you were to raise the temperature of form
[I DNA solution (with a single nick in the DNA molecule) until it was boiling and the
strands denatured, what would you find when the DNA was cooled?

After it cooled, | would have:
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A supercoiled molecule (form 1)

A nicked circle (form I1)

A double stranded linear molecule (form [11)

One single stranded linear molecule and one single stranded circle
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	DPHFEMHOLHIAJKMCHEFINEEMJMGILMJB: 
	form1: 
	x: 
	f1: Off
	f2: Yes, and in the same way, if you disable a gene by mutation then it cannot do its job.
	f3: Off
	f4: No - it was only the geneticists who drank lots of coffee
	f5: Off
	f6: Yes.  If you find out that some part of the car isn't working, you know it is linked to something that worker does (when his hands aren't tied)
	f7: Off
	f8: Yes.  You can learn how cars really work by studying a series of mutated cars that almost work.
	f9: Off
	f10: Well it looks connected to me!
	f11: Off
	f12: I agree.
	f13: Off
	f14: It isn't easy to follow, but please try again.
	f15: Off
	f16: No - how would the boiling temperature repair the phosphodiester bond?
	f17: Off
	f18: That's a good guess - you might get some, but if the DNA was denatured and the strands drifted apart, how would they find each other to reform the double stranded molecule?
	f19: Off
	f20: Probably not - the two single strands that had been denatured would have a hard time finding each other.
	f21: Off
	f22: Yes.  That's right!  





