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Today’s take aways:

|.What must a plasmid be?
2. Getting at the DNA you want?
3. Cutting DNA with enzymes.

4.Why technical standards matter?
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Plasmids, an introduction:

Bacterial DNA Plasmids

“A plasmid 1s an extra chromosomal DNA molecule
separate from the chromosomal DNA”

http://en.wikipedia.org/wiki/Plasmid
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Plasmids, an introduction
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S0, what must a plasmid be!

|. Cells grow and divide; what keeps a plasmid
from getting diluted?

2. Genetic material mutates; what keeps a
blasmid from being “lost” via evolution?

BioBrick part

Plasmid:

BioBrick plasmid backbone
with some BioBrick part

origin antibiotic resistance

BioBrick plasmid backbone
http://partsregistry.org/Plasmid_backbones
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Getting at the DNA you want...

|. How to seperate relevant DNA molecule
from all the other stuff inside a cell?

> http://www.jensenlab.caltech.edu/coolmovies.html
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A brief aside: what type of lab
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A rapid alkaline extraction.-precedure for screening recombinant plasmid DNA

H.C.Birnboim™ and J.Doly

Laboratoire de Génétique Moléculaire, Institut de Recherche en Biologie Moleculaire, F-75221
Paris Cedex 05, France

Received 3 August 1979

ABSTRACT

A procedure for extracting plasmid DNA from bacterial cells is
described. The method is simple enough to permit the analysis by gel
electrophoresis of 100 or more clones per day yet yields plasmid DNA which is
pure enough to be digestible by restriction enzymes. The principle of the
method is selective alkaline denaturation of high molecular weight chromosomal
DNA while covalently closed circular DNA remains double-stranded. Adequate
pH control is accomplished without using a pH meter. Upon neutralization,
chromosomal DNA renatures to form an insoluble clot, leaving plasmid DNA in

the supernatant. Large and small plasmid DNAs have been extracted by this
method.
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PRINCIPLE OF THE ALKALINE EXTRACTION METHOD

Previous workers have shown that there is a narrow range of pH
(about 12.0-12.5) within which denaturation of linear DNA but not CCC-DNA
occurs and that this property can be used for purifying CCC-DNA (7-10,20,21).
We have utilized this approach for developing a rapid extraction method for
plasmid DNAs. Plasmid-containing cells are treated with lysozyme to weaken
the cell wall and then lysed completely with sodium dodecyl sulfate (SDS) and
NaOH. By choosing the ratio of cell suspension to NaOH solution carefully, a
reproducible alkaline pH value is obtained without the necessity of monitoring
the pH with a meter; further pH control is obtained by including glucose as a
pH buffer. Chromosomal DNA, still in a very high molecular weight form, is
selectively denatured and when the lysate is neutralized by acidic sodium
acetate, the mass of chromosomal DNA renatures and aggregates to form an
insoluble network. Simultaneously, the high concentration of sodium acetate
causes precipitation of protein-SDS complexes (11,12) and of high molecular
weight RNA (13). In this way, most of the three major contaminating macro-
molecules are co-precipitated and may be removed by a single centrifugation
in a bench-top centrifuge. Plasmid DNA (and residual lTow molecular weight RNA)
are recovered from the supernatant by ethanol precipitation. Plasmid DNA may
be analyzed by gel electrophoresis either intact in the CCC form or after

digestion with a restriction enzyme. (cont. from previous page)
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Modern form...

After harvesting and resuspension, the bacterial cells are lysed in NaOH-SDS (Buffer P2) in the presence of
RNase A. SDS solubilizes the phospholipid and protein components of the cell membrane, leading to lysis
and release of the cell contents. NaOH denatures the chromosomal and plasmid DNAs, as well as proteins.
The optimized lysis time allows maximum release of plasmid DNA from the cell without release of cell-wall-
bound chromosomal DNA, while minimizing the exposure of the plasmid to denaturing conditions. Long
exposure to alkaline conditions may cause the plasmid to become irreversibly denatured. This denatured
form of the plasmid runs faster on agarose gels and is resistant to restriction enzyme digestion (see figure
"Agarose gel analysis of the plasmid purification procedure").

The lysate is neutralized by the addition of acidic potassium acetate (Buffer P3). The high salt concentration
causes KDS” to precipitate, and the denatured proteins, chromosomal DNA, and cellular debris become
trapped in salt—detergent complexes. Plasmid DNA, being smaller and covalently closed, renatures correctly
and remains in solution. Since any SDS remaining in the lysate will inhibit binding of DNA to QIAGEN Resin,
the solution must be thoroughly but gently mixed to ensure complete precipitation of the detergent.

Separation of plasmid from chromosomal DNA is based on coprecipitation of the cellwall- bound
chromosomal DNA with the insoluble complexes containing salt, detergent, and protein. Plasmid DNA
remains in the clear supernatant. Vigorous treatment during the lysis procedure will shear the bacterial
chromosome, leaving free chromosomal DNA fragments in the supernatant. Since chromosomal fragments
are chemically indistinguishable from plasmid DNA under the conditions used, the two species will not be
separated on QIAGEN Resin and will elute under the same salt conditions. RNase A, which is added at the
beginning of the procedure, digests the liberated RNA efficiently during the alkaline lysis. The resulting RNA
fragments do not bind to QIAGEN Resin under the salt and pH conditions present in the lysate. The
precipitated debris is removed by centrifugation or by use of a QlAfilter Cartridge, producing a cleared lysate
for loading onto the QIAGENH-tip. It is important that the lysate is clear at this stage to ensure good flow rates
and, ultimately, to obtain protein-free plasmid DNA preparations.

http://www | .giagen.com/plasmid/KeySteps.aspx
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Cutting DNA -

Bacteria Fight Back

Bacteria are under constant attack by bacteriophages, like
the bacteriophage phiX174 described in an earlier Molecule
of the Month. To protect themselves, many types of bacteria
have developed a method to chop up any foreign DNA, such
as that of an attacking phage. These bacteria build an
endonuclease--an enzyme that cuts DNA--which is allowed
to circulate in the bacterial cytoplasm, waiting for phage
DNA. The endonucleases are termed "restriction enzymes™
because they restrict the infection of bacteriophages.

Molecular Scissors

Each type of restriction enzyme seeks out a single DNA
sequence and precisely cuts it in one place. For instance,
the enzyme shown here, EcoRI, cuts the sequence GAATTC,
cutting between the G and the A. Of course, roving
endonucleases can be dangerous, so bacteria protect their
own DNA by modifying it with methyl groups. These groups
are added to adenine or cytosine bases (depending on the
particular type of bacteria) in the major groove. The methyl
groups block the binding of restriction enzymes, but they do
not block the normal reading and replication of the genomic
information stored in the DNA. DNA from an attacking
bacteriophage will not have these protective methyl groups
and will be destroyed. Each particular type of bacteria has a
restriction enzyme (or several different ones) that cuts a
specific DNA sequence, paired with a methyl-transferase
enzyme that protects this same sequence in the bacterial
genome.

http://www.pdb.org/pdb/static.do?p=education_discussion/molecule_of the month/pdb8 |.html
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Cutting DNA

Restriction Enzymes
Sticky Ends

The booming field of biotechnology was made possible by the discovery of
restriction enzymes in the early 1950's. With them, DNA may be cut in precise
locations. A second enzyme--DNA ligase--may then be used to reassemble the
pieces in any desired order. Together, these two enzymes allow researchers to
assemble customized genomes. For instance, researchers can create designer
bacteria that make insulin or growth hormone or add genes for disease resistance
to agricultural plants.

An interesting property of restriction enzymes simplifies this molecular cutting and
pasting. Restriction enzymes typically recognize a symmetrical sequence of DNA,
such as the site of EcoRI:

Notice that the top strand is the same as the bottom strand, read backwards.
When the enzyme cuts the strand between G and A, it leaves overhanging chains:

TTTG AATTCTTT
-=-=CTTAA G---

These are termed "sticky ends" because the base pairs formed between the two
overhanging portions will glue the two pieces together, even though the backbone
is cut. Sticky ends are an essential part of genetic engineering, allowing
researchers to cut out little pieces of DNA and place them in specific places, where
the sticky ends match.

http://www.pdb.org/pdb/static.do?p=education_discussion/molecule_of the month/pdb8 |.html
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Exploring the Structure

The PDB contains structures for
many restriction enzymes.
Another example from
Escherichia coli--EcoRV--is
shown here. The structure at the
top, taken from PDB entry 1rva,
shows the enzyme bound to a
short piece of DNA. The arrow
shows the phosphate group that
will be cut. The lower illustration,
taken from PDB entry 1rvc,
shows the structure after the
DNA has been cut. A water
molecule has been inserted, so
there are now two oxygen atoms,
close to one another but not
bonded together, where there
was a single bonded oxygen
atom in the intact DNA.



http://www.pdb.org/pdb/explore.do?structureId=1RVA
http://www.pdb.org/pdb/explore.do?structureId=1RVA
http://www.pdb.org/pdb/explore.do?structureId=1RVC
http://www.pdb.org/pdb/explore.do?structureId=1RVC
http://www.pdb.org
http://www.pdb.org

VVhy standards matter

'i\;mv ENGLAND

ioLabs:.

CONTACT NEB

ABOUT US

RELATED INFORMATION

* New Products

* FAQs for Restriction
Endonucleases

SITE MAP LITERATURE REQUEST OEM

To access your account, log In or register.

TECHNICAL
REFERENCE SERVICE

CUSTOMER MY NEB
ACCOUNT

PRODUCTS

INTERNATIONAL ORDERS

> Restriction Endonucleases

Restriction Endonucleases

Restriction Endonucleases

* Technical Reference for

. oh Fldelitvy fHF) Rectriction Fnzvmes
estriction Endonucleases H gn rige Ly ,_}" ) Restrcliol t.|2', nes

Synthetic Blology

/ T T
FAVORITE TOOLS Restriction Endonucleases

» Enzyme Finder
» NEBcutter

» NEBuffer Chart

. - Aatil AfIII
» Double Digest Finder )
ACCB5 ARILI
» Isoschizomers Accl Age
At Anal-HE™
* DNA Sequences d Agel-Hi
and Maps Aclt Ahdl
Acul Alel
’) A -
» REBASE Afel
-

SPECIA BaeGl BIpl
OFFERS Bael BmgBI
BamH Bmrl
BamHI-HF SIS
Banl BpR
Banll Bpulll
BbsI BpuEl
BovCl BsaAl
sk BsaBl
oo BsaH!I
Becl o

Thursday, April 1, 2010

P e
z =

> >

A|BIC|IDIE|FIHIK|M|N|PIR|S|T|X]Z

h
c

wWNNI

b

A

> D
0 T T O
.

Qo m

BsIEl
BsIHKAI
BsiwI
BslI
BsmAl
BsmBl
BsmFl
Bsml
BsoB!
Bspl2&

T
Do mrmaty

fos
o)

b= - - s A

shopping cart | log in

FREEZER PROGRAM

m N
U e =
-

v unmwn

<
U * L U

<
et P
-

<

BsrGl
Bsrl
3ssHII
BssKI
BssS1
BstAPI
BstBI
BstEII
BstNI
BstUI

D~V

QUICK ORDER



2006

Production of the
antimalarial drug
precursor artemisinic
acid in engineered yeast

1973 1985

Cloning and expression
of the human
erthropoietin gene

Construction of
biologically functional
bacterial plasmids in vitro

Cohen et al., PNAS, 1973

MATERIALS AND METHODS
E. coli strain W1485 containing the RSF1010 plasmid, which
carries resistance to streptomycin and sulfonamide, was
obtained from 8. Falkow. Other bacterial strains and R
factors and procedures for DN A isolation, electron microscopy,
and transformation of E. coli by plasmid DNA have been
described (1, 7, 8). Purification and use of the EcoRI restric-
tion endonuclease have been described (5). Plasmid hetero-
duplex studies were performed as previously described (9,
10). E. coli DNA ligase was a gift from P. Modrich and R. L.
Lehman and was used as described (11). The detailed pro-
cedures for gel electrophoresis of DNA will be described else-
where (Helling, Goodman, and Boyer, in preparation); in
brief, duplex DNA was subjected to electrophoresis in a tube-
type apparatus (Hoefer Scientific Instrument) (0.6 X 15
em gel) at about 20° in 0.7%, agarose at 22.5 V with 40 mM
Tris-acetate buffer (pH 8.05) containing 20 mM sodium ace-
tate, 2 mM EDTA, and 18 mM sodium chloride. The gels
were then soaked in ethidium bromide (5 ug/ml) and the DNA
was visualized by fluorescence under long wavelength ultra-
violet light (“black light”"). The molecular weight of each frag-
ment in the range of 1 to 200 X 10° was determined from its

Lin et al, PNAS, | 985

Assembly of Expression Vector for the Epo Gene. For direct
expression of the genomic Epo gene, the 4.8-kilobase (kb)
BstEll-BamHI fragment of \HE1 (see Results), which contains
the entire Epo gene, was used. After converting the BsrEII site
into a BamHI site with a synthetic linker, the fragment was
inserted into the unique BamHI site of the expression vector
pDSVL (unpublished data), which contains a dihydrofolate
reductase (DHFR) minigene from pMgl (24). The resulting
plasmid pDSVL-gHuEPO (Fig. 14) was then used to transfect
Chinese hamster ovary (CHO) DHFR ™ cells (25) by the calcium
phosphate microprecipitate method (26). The transformants
were selected by growth in medium lacking hypoxanthjne and
thymidine. The culture medium used was Dulbecco’s modified
Eagle’s medium supplemented with 10% fetal bovine serum,
penicillin, streptomycin, and glutamine (25).

Ro et al., Nature, 2006

|Plasmid construction. To create plasmid pRS425ADS for expression of ADS
with the GALJ promoter, ADS was PCR amplified from pADS’ using primer pair 9

and 10. (Supplementary Table I). Using these primers the nucleotide sequence 5™

AAAACA-3" was cloned immediately upstream of the start godon of ADS. This
consensus sequence was used for efficient translation®’ of ADS and the other
galactose-inducible genes used in this study. The amplified product was cleaved with
Spel and Hindlll and cloned inte Spel and Hindlll digested pRS425GALL".

For integration of an expression cassette for MR, plasmid pd-HMGR was
constructed. First Sacll restriction sites were introduced into pRS426GALI™ at the §
end of the GALJ promoter and 3' end of the CYC/ terminator. To achieve this, the

promoter-multiple cloning site-terminator cassette of pRS426GAL1 was PCR amplified

using primer pair 11 and 12. The amplified product was cloned directly into Pyyll-

Ainactad aDCAVACIAT 1 4tn  canctenat crantar aDCAYL Canll Tha  actalitin dassain o8

Genetic engineering remains expert driven artwork
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ON A SYSTEM OF
SCREW THREADS AND NUTS.

By WILLIAM SELLERS.

[Read before the FRANKLIN INSTITUTE, April 21, 1804.]

The importance of a uniform system of screw threads and nuts is so

generally acknowledged by the engincering profession, that it needs

no argument to set forth its advantages; and in offering any plan for
their acceptance, it remains only to demonstrate its practicability and
its superiority over any of the numerous special proportions now used
by the different manufacturers. In this country no organized attempt
has as yet been made to establish any system, each manufacturer
having adopted whatever his judgment may have dictated as the best,
or as most convenient for himself ; but the importance of the works

_now in progress, and the extent to which manufacturing has attained,

admonish us that so radical a defect should be allowed to exist no
Jonger. The importance of this subject was long ago recognised in

England, and the engineers of that country, by mutual agreement,
adopted the proportions now in universal use there. Our standard of
length being the same as theirs, it would seem desirable that the

system which they have adopted should also be employed by us, un-

less grave objections can be urged against it and a better one substi-

tuted. In examining the details of their system, the first in import-
ance appears to be the pitch or the distance from centre to centre of

the threads upon each diameter of screw, which s as follows, viz:
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VVhy standards matter

E = EcoRI-HF
X = Xbal

S = Spel CutkE+ S CutX +P CutE+P
P = Pstl

M = Mixed site
E X S

EX M SP
Composite part in
Destination Plasmid
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