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Ni-NTA His*Bind Resins are manufactured by QIAGENEH. HiseTag Monoclonal Antibody is covered under@an Patent, No. DE 19 507 166 and international
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l. About the System

A. Description

The pET System is the most powerful system yeeliged for the cloning and expression of recomtipasteins inE. coli.
Target genes are cloned in pET plasmids under @ooitistrong bacteriophage T7 transcription andiopally) translation
signals; expression is induced by providing a sewfcT7 RNA polymerase in the host cell. T7 RNAypoérase is so selective
and active that, when fully induced, almost alttod cell’s resources are converted to target gepeession; the desired product
can comprise more than 50% of the total cell progefew hours after induction. Although this systsrextremely powerful, it

is also possible to attenuate the expression &rglly by lowering the concentration of inducer.cBeasing the expression level
may enhance the soluble yield of some target pretéinother important benefit of this system isaibdlity to maintain target
genes transcriptionally silent in the uninducedestadarget genes are initially cloned using hdsés do not contain the T7 RNA
polymerase gene, thus eliminating plasmid instigtilue to the production of proteins potentiallyitoto the host cell. Once
established in a non-expression host, target pretgiression may be initiated either by infecting host witi\CE6, a phage
that carries the T7 RNA polymerase gene underahé&al of thel p. and p promoters, or by transferring the plasmid into an
expression host containing a chromosomal copyeflthRNA polymerase gene undacUV5 control. In the second case,
expression is induced by the addition of IPTG atdae to the bacterial culture or using an autaitida medium. Although in
some cases (e.g., with innocuous target proteimsqy be possible to clone directly into expressioats, this approach is not
recommended as a general strategy. Two types pfdmoters and several hosts that differ in theingéncy of suppressing
basal expression levels are available, providimggfiexibility and the ability to optimize the exgssion of a wide variety of
target genes.

All of the pET vectors and companion productsaaailable as kits designed for convenient clonegpression, detection, and
purification of target proteins. The pET Express&ystems provide the plasmids and host strainsb@bkground information
in Section VII, Additional Guidelines, will help yodetermine the best vector/host combination farryapplication.

B. Licensing and Use Agreement
This T7 expression system, including bacteriagpBaand plasmids that carry the gene for T7 RNjperase, is made

available under the conditions listed in the Acaitesind Non-profit Laboratory Assurance Letter. Beeeefer to the complete
list of conditions on page 51.

C. System Components
PET Expression Systemprovide the core reagents needed for target genéng and expression.

e pET vector DNA, 1Qug each of the indicated plasmids

«  Host bacterial strains BL21, BL21(DE3), and BL21@fLysS, glycerol stocks?

¢ Induction control clone, glycerol stock

Systems plus Competent Cellsiclude all of the above listed components andtafthree competent host strains ready for
high-efficiency transformation of pET recombinarite competent cells are sufficient for up to Hhsformations in each host:

« 0.2 ml each of NovaBlue, BL21(DE3), and BL21(DE3)pE Competent Celfis
¢ SOC medium

e Test Plasmid
The pET Peptide Expression System 31 includesdisns BLR and BLR(DE3)pLysS in place of the Blszties hosts.

2The pET Trx Fusion System 32 includes the OrigarsEMes hosts strains in addition to the BL21 sevists.

Separate components and related productd?lease visit our web site at (www.merck4bioscisraam) for a complete listing
of pET vectors, systems, and competent cells.
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Il. Getting Started

A. Overview of the pET System Process

Choose a pET Vectolpage 28)
» Application of the expressed protein
» Specific information known about target protein

» Cloning strategy
Solubility and cellular localizations
Fusion tag;s need for tag removal
Regulation of protein expression (i.e. promotel erpression strain)

— T

Prepare pET Vector (page 7) Prepare Insert DNApage 9)
 Digest with restriction enzyme(s) and dephosphteyla ¢ Plasmid and/or PCR DNA
(or use LIC vector) * Restriction digest or generate LIC overhangs
* Gel-purify (or use LIC vecto * Gel-purify

/

Clone Insert into pET Vecto(page 9)
« Ligate or anneal insert with pET vector
« Transform into non-expressio host (e.g. NovaBlue)
« Identify positive clones; colony PCR, prepare plasBNA, verify
reading frame by sequencing

v

Transform into Expression Host(page 9)
» Transform host carrying T7 RNA polymerase gexieK3, lysogen - page 33)
or non-DE3 host compatible wilCE6 infection (page 14)

v

Induce and Optimize Expression of Target Proteiripage 14)

« Determine time course and temperature for expreseitotal cell and subcellular ractions;
analyze solubility and activityDetect target pratby SDS-PAGE, Western Blot, or
quantitative assay (page 14)

« Detect Target protein by SDS-PAGE, Western blogniitiative assay (page 23)

v

[ Scale-up culture size ]

v

Extract Target Protein (page 18)
¢ Determine methods
¢ Mechanical methods

v

( Purify Target Protein (page 25)
« Affinity purification (page 25)
L « Cleave tags and remove protease, if desired (p@ge 3)
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B. Growth Media and Antibiotics

Growth Media

A wide range of growth media is suitable for growfttstrains and expression of target proteins épBT System. The
Overnight Express™ Autoinduction Systems enablaletgd protein expression i coli without monitoring the culture or
adding inducer during cell growth. These uniquewel media are based on technology by F. Williaod®tr at Brookhaven
National Laboratory. The products include Overnigkpress System 1 (Cat. No. 71300), System 2 (Gat71366), and
Instant TB Medium (Cat. No. 71491). For more infation see page 14.

Other suitable growth media include Luria-Bertaf)lbroth, Terrific Broth (TB), M9, and M9ZB. Recigpand stock solutions
are shown below.

LB
Per liter
103 Tryptone

5 g Yeas: extract

10g NaCl

« Adjust pH to 7.5 with 1N NaOH

« Autoclave

TB {Sambrook et al, 1983) K phosphate
Per liter Der [iter-

300 mi Defonized water 231 g KHPO,
120 Tryptone 1254 g E_HPO,

= And 100 mi sterile K phosphate

Ma* 20X M9 salis

Per liter: Per fiter:

WmgMNHC

20 mil 20% glunoss 00 KH,PO,

Tl 1 M Mg50, 120g Na HPD =7H O

0.5 0 MaC = Autociave

330 m! autoclaved defonized 5 0

MSZE [Studier et al., 1330] 10X M2 salts

Per liter Per [iter:

10g N-Z-amine A [Quest) 100 NH,CI

5 g Nall 30g KH PO,

* Autcelave and coo 609 Na HPO »7H 0

« Add 100 mi 10X M9 salts 1m ® Autociave|

184 Mg50 | 10 mi 4096 glucose
(from auteclaved stocks)
* Add appropriate aming acids if desired host strain is an auxotroph.
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Antibiotics and stock solutions

Stocik solution Preparation Cat. No

Ampicillin [sodium salt) 25 mg/m| in deionized water. 171254
Filter sterilize and store at -20°C. Use at 50 pgfm| within 1 month,

Carbenicillin (disoditm sait] 50 mafml in deionized water: 65101-3
Filter sterilize and store at -20°C. Lise at 50 pgdml

Chioramphenicol 34 mgfml in ethanol. Store at-20°C. 20551
Lz at 34 pg/mi

Kanamycin [suffate) 30 mafmi in delonized water. Filter sterilize and store at —20°C. 43031
Use at 30 pgimi for cells containing kan® plasmids, and at 15 pg/'ml
for cellswith a chromosomiat kan® gene (i.e, Origami™ and
Rosetta-gami™ strajns).

Rifampicin 10 mgfmi in &7 % methanaol, 0,17 N NaOH, 557303
Use at 200 pg/ml within & days. Protect from fight

Spectinamycin, 50 mafm| in deionized water. Filtersterilize and storeat -20°C BEFSI0

Bifydrochloride, Pentahydrate  Useat 50 pg/ml

Streptomyein Sulfaie 50 mafml in deionized water. Filter sterilize and store at -20°C. Use at 50 Tl
pa/miwithin 3 months

Tetracycline & ‘mg/mi in ethano!. Store at -20°C 53346
Useat 125 pgimi.

Glurose 20% [wvof) D-glucose sofution in H,0. Autoclave. Store sterile solution 46352
at room temperature. Add glucose to LB agar with antibiotics to & final
concentration of 0.5-1% (see page 47)

100 mM IPTG [isopropyl-D- 238 q PTG in 100 m| desonized water. JOE37-3°

thiogalactogyranoside] Filter sterilize and store at =20°C

*100 mMé PTG Solution

C. Vector Preparation

For vector preparation, use the restriction enzgraaufacturer’'s recommended buffer and incubatiowitimns for the
enzymes you are using. Many combinations of enzyanesompatible when used together in the sameuff

Note that different enzymes digest with differefficeencies, especially when two sites are cloggetber. In general,
enzymes with compatible buffers and whose sitesranme than 10 bp apart can be used together igatime reaction. If one
of the enzymes is a poor cutter, if the buffersiacempatible, or if the sites are separated bpd0r less, the digestions
should be performed sequentially. The first digesshould be done with the enzyme that is the mbardter and the
second enzyme added after digestion has beeneekhfi running a sample of the reaction on an agayeb

Note that some restriction enzymes may display ‘atévity,” a less stringent sequence dependdmaerésults in altered
specificity. Conditions that can lead to star agtiinclude high glycerol concentration (> 5%), higH, and low ionic
strength.

Note: For information on pET vector choices, please “Choosing a pET Vector” starting on page 25.

As described in Section VII, Additional Guidelindsis also possible to clone PCR products withestriction digestion using
the ligation-independent cloning (LIC) method wibvagerf EK/LIC, Xa/LIC, and 3C/LIC Vector Kits. In this sa, follow the
protocols provided with the LIC Vector Kits.

If cloning into a single site, dephosphorylate ¥ietor following restriction digestion to decredise background of non-
recombinants resulting from self-ligation of thectgg. Molecular biology grade calf intestinal origtp alkaline
phosphatase should be used according to the mamgfs instructions.

It is also useful to dephosphorylate vectors ctit wo enzymes, especially when the sites are ¢tgether or if one of
the enzymes is a poor cutter. This decreases thegummbinant background caused by incomplete tiagewith one of
the enzymes, which is undetectable by gel analysis.

Following digestion it is usually worthwhile to geurify the vector before insert ligation to remaesidual nicked and
supercoiled plasmid, which transform very efficlgmelative to the desired ligation products. Tsiigp is optional, but
usually reduces the effort required to screentferaorrect construction. The SpinPrep™ Gel DNAiKideal for rapid
isolation of DNA fragments from agarose gel slices.
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To digest and gel-purify the vector:
1. Assemble the following components in a microceagi# tube:
3ug PET vector

3ul 10X restriction enzyme buffer

10-20 U Each restriction enzyme (assuming comjeakibffers; the total volume of enzyme added showaid
exceed 10% of the reaction volume to avoid higleeyiol concentrations)

3ul 1 mg/ml acetylated BSA (optional)
X ul Nuclease-free water to volume
30ul Total volume

2. Incubate at the appropriate temperature (usualZBibr 2—4 h.

Run a 3ul sample together with Perfect DNA™ Markers on garase gel to evaluate the extent of digestion.

4. When digestion is complete, add calf intestinahhtie phosphatase (Cat. No. 524576) directly ta¢heainder of the
digestion. This enzyme functions in most restrictiuffers under the conditions described heres. ilnportant to use the
correct amount of enzyme; too much can cause umdateletions and can be difficult to remove foufatsteps. g of a
typical pET vector (5 kbp) corresponds to aboutrpDNA ends when linearized, or about 4 pmol eifitilso enzymes
were used for digestion. We recommend using 0.@5ofialkaline phosphatase per pmol ends. Dilugeghzyme in water
or 50 mM Tris-HCI, pH 9.0 just before use.

5. Incubate at 37°C for 30 min.

6. Add gel sample buffer to the reaction and loadethiire sample into a large well (0.5-1.0 cm wide)ol% agarose gel
containing 0.5ug/ml ethidium bromide. Run the gel far enough teasate the linear plasmid from nicked and supezdoil
species. It is useful to run uncut vector DNA inaatjacent lane to help distinguish undigested fiiogarized plasmid
DNA.

7. Visualize the DNA band with a long wave UV lightusoe and excise the band from the gel using a ctezor blade.
Minimize exposure to the light source, which cansganicks and double strand breaks in the DNA.

8. Recover the DNA from the gel slice. The SpinPrep® BNA Kit (Cat. No. 70852-3) is ideal for this dimation.
Resuspend the final product in a total volume ofi3@isually about 50 ngl DNA). The DNA can be quantified
spectophotometrically or using the PicoGf2&it from Molecular Probes. Assume recoveries iriéinge of 50%.

9. Store the treated vector at —20°C until use.

Note: If the vector is not gel-purified or if thelgecovery method does not remove residual alkglimosphatase, extract
the reaction successively with 1 volume TE-buff@teshol, 1 volume TE-buffered phenol:CIAA (1:1; £li&
chloroform:isoamyl alcohol, 24:1), and 1 volume BIAThen precipitate with 0.1 volume 3 M Na acetatd 2 volumes of
ethanol. Centrifuge at 12,000 x g for 10 min, ritise pellet with 70% ethanol, air dry, and resugp@n30ul TE buffer.
Pellet Painf Co-Precipitant (Cat No. 69049-3) can be addechsprecipitation for easy visualization of the pell

w

D. Insert Preparation

Preparing inserts by restriction digestion follovimdgel purification is usually straightforward. tédhat when subcloning into
the pET vectors from vectors with the same seleatiarker (even with PCR as discussed below) necessary to gel-purify the
fragment of interest to remove the original plasmitlich will transform very efficiently. As littlas 10 pg of contaminating
supercoiled plasmid (i.e., less DNA than can baaliged on an agarose gel) can typically resutbhamy more colonies
containing the original plasmid than the desired ghbclone.

PCR can be used to isolate and/or modify targeegjéor expression in pET plasmids. With this appod is possible to
design primers that will (1) isolate the translgpedtion of a cDNA sequence, (2) add convenierttict®n enzyme sites or LIC
overhangs, and (3) place the coding region in thpgr reading frame. In general, primers shouldaiara minimum of 15
(preferably 18-21) nucleotides complementary tostmuence of interest with a GC content of appratety 50%, and
restriction sites should be flanked by 3—-10 “spanacleotides (depending on the enzyme) at thenB'te allow for efficient
digestion.

One risk in using PCR for insert preparation isgbtential to introduce mutations. The error rdtthe PCR can be minimized
in several ways:

. Use an enzyme with high fidelity, such as KOD Hirat Start, or XL DNA Polymerases (Cat. Nos. 710BH)86, or
71087).

e Limit the number of PCR cycles.

¢ Increase the concentration of target DNA.

* Increase the primer concentration.
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lll. Cloning Inserts in pET Vectors

Procedures and recommendations in this sectiomsistdoning an insert into a pET vector. This pssdacludes ligation and
transformation into a non-expression host, andyaired your construct. The Clonables™ Ligation/Tfansation Kit (Cat. No.
70526-3) contains pretested ligation mix and hifficsiency competent cells. This kit is designed donvenient, reproducible
ligation and transformation of a vector and ingéth any type of ends (see User Protocol TB233)eithe construct is
verified, plasmid is transformed into an expresgiost for protein production.

A. Ligation

1. For astandard reaction using DNA fragments with Base sticky ends, use 50-100 ng (0.015-0.03 whpET vector
with 0.2 pmol insert (e.g., 50 ng of a 500 bp frag) in a volume of 2Ql. Assemble the following components in a 1.5 ml
tube [available in the DNA Ligation Kit (Cat. No9838-3) or use the Clonables™ 2X Ligation Premix
(Cat. No. 70573-3)]. Add the ligase last.

2u 10X Ligase Buffer (200 mM Tris-HCI, 100 mM Mg&£R50ug/ml acetylated BSA, pH 7.6)
2ul 100 mM DTT

1l 10 mM ATP

2l 50 ngful prepared pET vector

xul Prepared target gene insert (0.2 pmol)

y ul Nuclease-free water to volume

1yl T4 DNA Ligase, diluted (with Ligase Dilution Bief) to 0.2—0.4 Weiss Wf

20l Total volume

2. Gently mix by stirring with a pipet tip. Incubatel®°C for 2 h to overnight. Also set up a contesction in which the
insert is omitted to check for non-recombinant logsokind.

Note: For blunt ends, use 10X more ligase (i.ediluted enzyme), reduce the ATP concentrationtaM, and incubate
for 6-16 h at 16°C or 2 h at room temperature.

B. Transformation

We recommend using NovaBlue as the initial cloriingt for pET vectors. NovaBlue is a convenient fimsinitial cloning of
target DNA due to its high transformation efficigramd the high yields of high quality DNA that réésifromrecA endA
mutations. NovaBlue contains no source of T7 RNAiperase, making it ideal for the establishmentegbmbinant plasmids
under nonexpression conditions.

Competent cells in standard kits are provided 2arfil aliquots. The standard transformation reactises 2Qul, so each tube
contains enough cells for 10 transformations. ®st! competent cells are provided ing@liquots, which are used “as is” for
single 50ul transformations. Please note that there are afeps in the protocol that vary for the Singles§¥standard kits.
Novagef® NovaBlue and BL21(DE3) Competent Cells are alseretl in a high-throughput 96-well plate format moas
HT96™ Competent Cells (see User Protocol TB313).

DNA in ligation reactions containing high-qualitgagents is suitable for direct addition to Novagempetent cells.
Inactivation of the ligase is not required befosnsformation. For transformationpllof the ligation reaction usually yields
sufficient numbers of colonies for screening. U {d (standard competent cells) opb(Singles competent cells) of the
ligation reaction containing high-quality reagecas be added to the transformation without redutiagsformation efficiency.

Plasmid DNA isolated using standard miniprep procesl is also usually satisfactory; however, for imaxn efficiency, the
sample DNA should be free of phenol, ethanol, sphstein, and detergents, and dissolved in TEgoff0 mM Tris-HCI, 1
mM EDTA, pH 8.0) or in water. Transformation efécicies will generally be 10- to 100-fold highertw#tupercoiled plasmids
than with ligation reactions, so it is often neegggo dilute standard plasmid preparations in TEev or water prior to
transformation. One microliter containing 1-10 masmid DNA is usually sufficient to produce hundsexf colonies. For
cotransformations into expression strains usingsumercoiled plasmids, addul.containing 10-40 ng of each plasmid into
expression strain competent cells. Higher conceatra.of DNA will yield a higher number of transfoants on the plate, but
the transformation efficiency of the cells will dease.

Handling Tips

1. Upon receipt, verify that the competent cells aitefsozen and that dry ice is still present iretBhipping container.
Immediately place the competent cells at —70°Cetova. For optimal results, do not allow the cetighiaw at any time
prior to use.

2. Handle only the rim of the tube and the tube capréwent the cells from warming. Keep the cellsaanwhenever possible.
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3.
4.

To mix cells, finger-flick the tube 1-3 timdSEVER vortex the competent cells.

Cells can be refrozen at —70°C and used at adater however, transformation efficiencies may idecseveral-fold with
each freeze-thaw cycle. To avoid multiple freezmatleycles of the standard cells, dispense the icetisaliquots after the
initial thaw and store the aliquots at —70°C oobelTo dispense cells from the 0.2 ml stock, remtteestock tube from
the ice and finger-flick 1-3 times to mix priorapening the tube. Remove a @(liquot from the middle of the cells and
replace the tube immediately on ice. Dispenselihaa immediately into the bottom of a chilled Ir# tube, then
immediately close the tube and replace on ice. &qpail the entire 0.2 ml stock is dispensed R@ql aliquots. After all
the aliquots have been dispensed, return any thibésvill not be immediately used for transformatio the freezer before
proceeding.

Procedure
Note: Prepare LB agar plates with appropriate aitiic(s) ahead of time.

1.

o

10.

11.

Remove the appropriate number of competent cefigditom the freezer (include one extra samplelferTtest Plasmid
positive control, if desired). Immediately place tlubes on ice, so that all but the cap is immeirsézk. Allow the cells to
thaw on ice for 2-5 min.

Visually examine the cells to see that they haweevhd and gently finger-flick the tube 1-2 timegtenly resuspend the
cells. The cells are then ready to remove an ali¢fsiandard Kits), or for the addition of the DNS8irfgles Kits).

Standard Kits: Singles™ Kits:

Place the required number of 1.5 ml  Proceed to Step 4 or 5, depending on whether a
snap-cap polypropylene tubes on ice tdest Plasmid sample is included as a positive
pre<chill. Pipet 20ul cells into the control.

pre-chilled tubes.

Optional: To determine transformation efficiency, addl10.2 ng) Test Plasmid to one of the tubes comgicells. Stir
gently to mix and return the tube to the ice.

Add 1pl of a ligation reaction or purified plasmid DNArdctly to the cells. Stir gently to mix and retahe tube to the ice.
Repeat for additional samples.

Note: Transformation efficiencies may be increaseeral fold by diluting the ligation reaction Sidowvith TE or water
prior to adding the DNA to the cells, or by extiagtthe ligation reaction twice with 1:1 TE-buffdrphenol:CIAA (24:1
chloroform:isoamyl alcohol), once with CIAA, preitging in the presence of sodium acetate, andspsending in TE or
water before adding the DNA to the cells.

Incubate the tubes on ice for 5 min.

Heat the tubes for exactly 30 s in a 42°C wateh;bdt not shake.

Note: This “heat shock” step is most easily accastygd if the tubes are in a floating rack in whtble lower half of the
tubes is exposed. Place the rack in the water batthat the lower half of the tubes are submerge®® s, and then
replace the rack on ice.

Place the tubes on ice for 2 min.

Standard Kits: Singles Kits:

Add 80 pl room temperature SOC Add 250l room temperature SOC
medium to each tube. Keep the tubes medium to each tube. Keep the tubes
on ice until all have received SOC.  on ice until all have received SOC.

Selection for transformants is accomplished byipdgbn medium containing antibiotic(s) for the pfad-encoded drug
resistance(s). Additional host-specific antibio@tso may be appropriate to insure maintenandeeofibst encoded
feature(s) (see chart on page 35).

When using NovaBlue:if selecting for ampicillin or chloramphenicol igsnce, plate 5-50 cells directly on selective
media. If selecting for kanamycin or streptomygiefstinomycin resistance, shake at 37°C (250 rpm3@®min prior to
plating on selective media.

When using strains other than NovaBlueincubate at 37°C while shaking at 250 rpm for 6@ prior to plating on
selective media.

Note: The outgrowth incubation is conveniently perfed in a shaking incubator using a test tube rack&hored to the
shaking platform. Place each transformation tubarinempty 13 mm x 100 mm glass test tube in the fEte snap-caps
on the transformation tubes prevent them fromrfgltio the bottom of the test tubes, and all tramsédion tubes remain
vertical.

Note: During the outgrowth (or earlier if omittingutgrowth), place the plates at 37°C. If the platestain a lot of
moisture, place them cover-side up and open therapproximately 1/3 of the way to allow the platesiry for 30—45
min. If the plates do not need drying, keep theysed and place them cover-side down in the 37°Qbiator for
approximately 20 min prior to plating.

Refer to “Plating Technique” in the subsequentisador specific instructions. Spread 5—#00f each transformation on
LB agar plates containing the appropriate antib(sjifor the plasmid and host strain (see page\®8gn plating less than
25 ul, first pipet 40-6Qul SOC onto the plate and then pipet the cells iheoSOC.
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Important: The appropriate amount of transformatimixture to plate varies with the efficiency oftbtte ligation and the
competent cells. For recombinants in NovaBlue, eixp@°~10 transformants per microgram plasmid, dependinghen
particular insert and the ligation efficiency. Trsformations with the pETcoco™ plasmid typicallyuieg a plating
volume of 5Qu to obtain sufficient colonies because the pETquesmids are large (> 12,000 bp).

When using the Test Plasmidplate no more than @ of the final NovaBlue transformation mix. Foratrs with an
efficiency of 2 x 18 pfu/ug, plate 1Qul. Plate the transformation mix in a pool of SOCasnLB agar plate containing

50 pg/ml carbenicillin or ampicillin (because the Te$asmid carries the ampicillin resistance géata),.

12. Set the plates on the bench for several minutefidw excess liquid to be absorbed. Invert andliate overnight at 37°C.
Note: Strains having thioredoxin reductase (trxBi aylutathione reductase (gor) mutations (i.e.,gami™ and Rosetta-
gami™ strains) may take 24 h or longer for effi¢ciealony formation. To avoid satellite colony fotina, use
carbenicillin, instead of ampicillin, for the setean of pET vectors encoding ampicillin resistance.

Plating techniques

1. Remove the plates from the incubator. If platirgslthan 2% of the transformation, we recommend plating aafmool of
SOC, which facilitates even colony distributiontbe plate surface. Using a sterile pipet tip, pk@e60ul of SOC in the
center of a plate for a plating cushion.

2. To remove the transformation sample, finger-flisk transformation tube 5-8 times, open the caprangdiately remove
the sample volume from the middle of the transfdiomereaction.

3. Transfer the sample to the plate by dispensinganeple volume into the SOC cushion. After the sangpéxpelled, use
the same tip to pipet up the sample volume of S®O@ the cushion edge and dispense that fluid hackthe cushion.
(This effectively rinses out your pipet tip.)

ColiRollers™ Plating Beads

Note: ColiRollers™ Plating Beads (Cat. No. 71018} treated glass beads that eliminate the use®bfreader and alcohol
flame while evenly and consistently distributingsceithout damage.

To use ColiRollers, simply dispense 10-20 beadpla¢e. The beads can be dispensed before orpéfietting the
transformation mix on the plate. Cover the platéhis lid and move the plate back and forth sewaraes. The rolling action of
the beads distributes the cells. Several platebeastacked up and shaken at one time. After aleplhave been spread, discard
the ColiRollers by inverting the plate over a cotien container. Incubate as in step 4 below.

Standard spreader

1. Completely immerse the plating spreader (bent glad®r equivalent) into ethanol and flame to §itexi After the flame is
extinguished, allow the spreader to cool approxétyatO s prior to placing the spreader on the plabefurther cool the
spreader before spreading the cells, place thaderen the LB agar at the outside of the platétgahing the pool of
cells).

2. Slowlyrotate the plate while supporting the weight @& tipreader.

Note: Do not press down on the spreader — usesjustigh contact to spread the cells.

3. Spread until the sample is evenly distributed englate. If the plates are fairly dry, the sampid aushion will quickly
absorb into the plate. If the plates are wet, spredil the sample is evenly distributed. Do nattbaue to spread until the
sample and cushion have absorbed completely ietpltie, as overspreading is lethal to the ceilstebd, after spreading
briefly, set the plates upright at room temperafarepproximately 15 min prior to placing them émted in the 37°C
incubator. This will allow excess moisture to altsimto the plates.

4. Incubate all plates, cover-side down, in a 37°Qirator for 15-18 h. To obtain larger colonies, edtthe incubation time
slightly (1-2 h), but beware of the potential f@vdlopment of satellite colonies with extended bations (usually > 36 h
at 37°C). Satellites are not commonly observed wisténg carbenicillin or kanamycin.

C. Storage of Strains

Permanent stocks of host and pET recombinantsestentmintained as glycerol stocks. Note that bigberol concentrations
(> 10%) may lead to plasmid instability.

To prepare stock cultures of host strains and @edmbinants:

1. Inoculate a single colony into 50 ml medium conitagnappropriate antibiotic(s) in a 250 ml flask.
2. Incubate with vigorous shaking at 37°C during thg dntil the Oy, reaches 0.6-0.8.

3. Remove 0.9 ml and transfer to a cryovial, add 0.808% glycerol.

4. Mix well and store at —70°C.

To inoculate a culture from the frozen stock:

1. Scrape or melt a few microliters from the surfacge(a sterile pipet tip or plastic culture loop).
2. Streak on an agar plate or inoculate liquid mediomtaining appropriate antibiotic(s).
3. Return the remainder to the —70°C freezer withbatving.

D. Analysis of pET Recombinants

If the subcloning was successful, there are usuadigsy more colonies produced from ligation in thespnce of the insert than
with the negative control. However, the cloning rbaysuccessful even if the number of colonies ertwo plates is roughly
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equivalent. There are several methods for anatfdimnsformants, including colony PCR, plasmidpamation and restriction
analysis, sequencing, aimdvitro transcription and translation.

Before growing colonies for plasmid isolation, fhresence of the appropriate insert and its oriemtaian be determined using
direct colony PCR. This additional step may beipalarly helpful if a “dirty” (many extraneous bas)d unpurified PCR product
was cloned. To determine insert orientation and, $zpmol (1ul) of the 5' vector-specific PCR primer is usedhabtpmol of

the 3' insert-specific primer. In a second reagtiba 5' insert-specific primer and 3' vector-sfiegrimer is used. The T7
Promoter Primer (Cat. No. 69348-3) and T7 TerminRtdmer (Cat. No. 69337-3) are suitable as 5’ &nkctor-specific
primers, respectively, for many pET vectors. Conthe appropriate vector map for suggested prinfdtsrnatively, just the
vector-specific primers can be used in one readtimsert orientation information is not desired.

Ligation screening

To verify ligation between the vector and insettigation reaction can be analyzed directly by R@ihg vector-specific primers
or a combination of vector-specific and insert-sfi@primers. This approach will not verify indivighl clones, which can be
verified by colony PCR (see page 12).

1. Assemble the following components for ligation PCR:

1yl Ligation reaction diluted 1:10 in TE buffer (d@M Tris-HCI, 1 mM EDTA, pH 8.0)
(0.25-0.5 ng vector)

5ul 10X NovaTag™ Buffer with MgGl

1yl Upstream primer (5 pmol)

1y Downstream primer (5 pmol)

1yl 10 mM dNTP Mix

0.25 ul NovaTaq DNA Polymerase (1.25 U)
40.75ul Nuclease-free water to volume
50l Total volume
2. Add the enzyme or DNA last to start the reactiod anix gently. If necessary, add 2 drops of mineifrom a 200ul pipet
tip to prevent evaporation. Optimal results areallgwobtained by heating the assembled reactid@0f& prior to addition
of the enzyme or DNA. Use the following generallmg conditions for 30 cycles:
e 1minat94°C
* 1 min at the proper annealing temperature (usB&hC for vector primers)
e 2minat72°C
e 6 min final extension at 72°C
3. To remove the oil overlay and inactivate the polsemse, add 100l of chloroform, mix 30 s, and centrifuge for 1 min
Remove the top aqueous phase (which may appeaty}loantaining the DNA.
Add 5ul 10X loading dye to the top aqueous phase.
Load 10-25ul per lane on a 1% agarose gel containingu@/nl ethidium bromide. Include at least one lan®eifect
DNA™ Markers. A band should appear with a sizeegponding to the total number of bases betweeringhdling the
primers.

as

Colony screening

Colonies can be screened for inserts, without pthgmeparation, by direct colony PCR using vecimeesfic primers. For most
pET vectors, appropriate primers for screeningdigrty PCR are the T7 Promoter Primer and the Thireator Primer.
Exceptions are pET-43.1a-c(+), pET-44a-c(+), an@-pEb(+) in which the SeTag™ 18mer Primer (Cat. K0828-3) is
recommended rather than the T7 Promoter Primerafhealing sites for these and other vector-spegifimers are indicated
on the respective vector maps.

1. Pick a colony from an agar plate using a p0fipet tip. Choose colonies that are at least limdiameter and try to get as
many cells as possible. If a copy of the colongdsired, touch the pipet tip to a plate beforedfieming.

2. Transfer the bacteria to a 0.5 ml tube containidgl=f sterile water. Vortex to disperse the cells.
3. Place the tube in boiling water or a heat bloc8#C for 5 min to lyse the cells and denature DNase
4. Centrifuge at 12,000 x g for 1 min to remove celbds.
5. Transfer 1Qul of the supernatant to a fresh 0.5 ml tube for PGFave on ice until use.
6. Prepare a master mix for colony PCR by assembiiaddllowing components. To account for pipettingdes, it is
convenient to multiply the amounts by X.5, wherésXhe number of reactions.
Per reaction:
31.75ul Nuclease-free water
1l dNTP mix (10 mM each dATP, dCTP, dGTP, dTTP)
1 upstream primer, 5 pmal/
1l downstream primer, 5 pmal/
5ul 10X NovaTag™ Buffer with MgGl
0.25 yl  NovaTag DNA Polymerase (1.25 U)
40 pl Total volume
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Note: For greatest specificity, and yield of long comptiesgets for PCR use KOD Hot Start and KOD XL DNA
Polymerases respectively, using the recommendéerdaind cycling conditions (see User Protocols #4B3TB342). KOD
polymerases are not available for sale in Japamtiygh EMD Chemicals, Inc.

7. Add 40pl of the master mix to each 10sample, mix gently, add 2 drops of mineral adpdhe tubes and put the samples
in a thermal cycler.
Note: As an optional step, a hot start procedure ba used in which the cell lysate samples are pnewd to 80°C before
the addition of the master mix.

8. Process in the thermal cycler for 35 cycles, ds\ied:
e 1minat94°C
* 1 min at the proper annealing temperature (usB&hC for vector primers)
e 2minat72°C
e 6 min final extension at 72°C

9. To remove the oil overlay and inactivate the polsemse, add 100l of chloroform, mix 30 s and centrifuge for 1 min.
Remove the top aqueous phase (which may appeatyloantaining the DNA.

10. Add 5pl 10X loading dye to the top aqueous phase.

11. Load 10-25.l per lane on a 1% agarose gel containingu@/ml ethidium bromide. Include at least one lan@efffect
DNA™ Markers. A strong band should appear thatehsize corresponding to the total number of basesden and
including the primers.

Plasmid preparation procedure

Plasmid DNA from candidate recombinants should dxéied for the presence of the correct insert ratling frame prior to
transformation of an expression host. Several nustlavailable for analysis of transformants incladny PCR, restriction
analysis, sequencing, and in vitro transcriptiod &anslation.

When isolating pET plasmids with Mobius™ kits, dise low-copy number protocol provided. Plasmid Did#lated with
Mobius kits is essentially RNase-free. Howeverspia DNA isolated with SpinPrep™ Plasmid Kits otskrom other
manufacturers may require an additional phenol:ACéktraction and ethanol precipitation to eliminRidases before in vitro
transcription and translation. Add TE to 1gGand extract twice with TE-buffered phenol:CIAAT1CIAA is 24 parts
chloroform, 1 part isoamyl alcohol) and once witlA&. Transfer the final aqueous phase to a fre$fetand add 0.1 volume
3 M Na acetate and 2 volumes ethanol. Mix and iateilat —20°C for 30 min, centrifuge 5 min at 12,8@f) and remove the
supernatant. Rinse the pellet with 70% ethanolirifege 5 min at 12,000 x g, and remove the suganmtaDry and resuspend
the DNA in 30l TE. If desired, 2u Pellet Pairit or Pellet Paint NF Co-Precipitant can be addedgisith the TE buffer prior
to extraction to facilitate recovery of the DNA€th20°C incubation can be eliminated if using Réti@int).

The table below provides information for selectamgappropriate plasmid preparation kit.

Plasmid Preparation Kit Scale DNA Yield Cat. No. Size
Mobius 1000 Plasmid Kit 100 ml (high-copy) > 1 mg (high-copy) Discontinued 2 rxn*
250 ml-1.5 L (low-copy) 200pug—1 mg (low-copy) Discontinued 10 rxn*
25 rxn*
Mobius 500 pET Plasmid Kit 500 ml culture 500ug (low-copy) Discontinued 10 rxn
Mobius 200 35 ml culture > 200pg (high-copy) Discontinued 25 rxn
Plasmid Kit (high-copy or low-copy) > 30pg (low-copy) Discontinued
SpinPrep Plasmid Kit 1-3 ml culture 5-10pg (high-copy) Discontinued 20 rxn
0.25-1pg (low-copy) Discontinued 100 rxn

*The kit sizes described are for the 100 ml (higipyg or 250 ml (low-copy) preparations. Additioteiffers are required
for > 250 ml (low-copy) scale (User Protocol TB279)

Sequencing

Note: If the sequencing template is precipitatbe,addition of Pellet Paint or Pellet Paint NF CoeRipitant helps visualize
the pellet. Use Pellet Paint NF (Cat. No. 70748hwhoadamine-based labeling methods (e.g., PEiaAgBiosystem
automated sequencers) and Pellet Paint (Cat. N6489with Cy5™-based automated sequencers.

Detailed protocols for sequencing with double slehand single stranded templates are availalbie fnanufacturers of
sequencing kits. Primers for sequencing are inelicat the pET vector maps available at www.meragthences.com.

It is possible to prepare single stranded DNA textgpfrom PCR products with the Strandase™ Kit (Nat.69202-3) or from
pET plasmids that carry the phage fl1 origin ofiegtion by infection with single stranded helpeagb. The f1 origin in pET
vectors is oriented such that the single strand€é Produced will anneal with the T7 terminator peimThe required helper
phage (strain R408 or M13KO7) and protocols foedtibn and DNA isolation are available from a numtfecommercial
suppliers. The NovaBlue host strain carries annil'ia therefore suitable for helper phage infection
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IV. Expressing the Target Gene

Target protein can be expressed from pET recomisraninduction of the T7 or Tdc promoter. Induction can be achieved in
the indicated host strain as detailed below. ThHewidng sections give general information and poatis for protein expression;
for information on optimizing protein expressiore ggage 30.

A. Bacteriophage CE6

Expression can be induced from a host strain wita@ource of T7 RNA polymerase by infection withcRriophage CE6. CE6
is a lambda recombinant that carries the clonegnpedase gene under control of the phagandp, promoters, thel857
thermolabile repressor, and tBam7lysis mutations (Studier et al., 1986). When Ciif&dts an appropriate host, the newly
made T7 RNA polymerase transcribes target DNA swelg that normal phage development cannot procAiHough this
method is less convenient than induction of DE8dyms, it can be used if target gene productsareokic to be maintained
any other way. No T7 RNA polymerase is presenh@ndell before infection, so it should be posstblexpress any target DNA
that can be cloned under control of a T7 promatehis way. For more information see User Protdd&007.

B. Expression Host Transformation

Note: For more information on expression host stsaisee “Hosts for Expression”, page 32.

For transformation into an expression host (i.2DE3 lysogen), obtain or prepare appropriate conmpetells and use (il of a
50-fold dilution (approx. 1 ng) of plasmid in sterivater or TE buffer and follow the transformatjpmocedure on page 9. Streak
transformants for single colonies and prepare gblctocks as described on page 10.

C. Induction oADE3 Lysogens with IPTG

Note: For more information on expression regulatisaee “Regulating Protein Expression in the pETt&yS, page 30.

After a target plasmid is established ihZE3 lysogen, expression of the target DNA is indliog the addition of IPTG to a
growing culture. For pET constructions carrying thiin” T7 promoter, a final concentration of (M IPTG is recommended
for full induction, while 1 mM IPTG is recommendét full induction with vectors having the Tt promoter. An example of
an induction protocol is presented below.

SomeADES3 host strains allow regulation of the expressémel simply by varying the concentration of IPaGded. The
Tuner™(DE3), Origami™ B(DE3), and Rosetta-gami™ B@) strains contain tHacY1 mutation eliminating the active
transport of lactose into cells via lac permeaseré&fore, IPTG induction results in uniform, corttation-dependent entry into
all cells in the population. When using these s8aa range of IPTG concentrations fromp®5to 1 mM should be tested, and
the induced cultures examined for target protetividg and solubility to establish the optimal IPT@®ncentration

Preparation for induction
Pick a single colony from a freshly streaked p#atd inoculate 50 ml LB containing the appropriatgtaotic(s) for the plasmid
and host strain in a 250 ml Erlenmeyer flask. Favdyaeration, add medium up to only 20% of thel ftaak volume.

Note: Overnight cultures should be avoided to pnéetevated levels of basal expression and depletighe antibiotic(s) from
the media. However, if cultures are grown overnighf—1% glucose may be added to the media in dolexduce target
protein expression prior to induction.

Alternatively, inoculate a single colony or a fewcmliters from a glycerol stock into 2 ml LB mediucontaining the
appropriate antibiotic(s) for the plasmid and hsisdin. Incubate with shaking at 37°C until the gPeaches 0.6-1.0. Store the
culture at 4°C overnight. The following morning|lect the cells by centrifugation (30 s in a mieotrifuge). Resuspend the
cells in 2 ml fresh medium plus antibiotic(s) arse this to inoculate 50 ml medium.

Sample induction protocol
Below is an induction protocol for a 100 ml cultufdis scale is convenient for initial target pinteerification (see following
section) but may be adjusted as desired.

1. Prepare a starter culture of the pET recombinaafDE3 lysogen as follows: inoculate 3 ml of approfaimedia
(containing antibiotics) in a culture tube withiagde colony from a plate or sterile loop of cdlism a glycerol stock.

2. Incubate at 37°C with shaking at 250 rpm to ans§Df approximately 0.5. Add the entire 3 ml culttwel 00 ml medium
containing antibiotic(s).

3. Shake the culture at the desired temperature thetiDDyo is approximately 0.5-1.0 (e.g., 2-3 h in LB br@H;C).
Monitor the Oy, during growth by removing aliquots aseptically.

4. Just prior to induction, split the 100 ml culturéd 2 x 50 ml cultures. Add IPTG to one of the SQcoitures and use the
other culture as an uninduced control. For plastalsng the Tiac promoter, add IPTG to 1 mM (5Q0 of sterile
100 mM IPTG) or for “plain” T7 promoter vectors,eu200ul IPTG for a final concentration of 0.4 mM.
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Vary the IPTG concentrations withcY mutant strains (Tuner™, Rosetta-gami™ B, and &rig™ B). Incubate both
cultures with shaking at the desired temperaturéhi® appropriate amount of time. Note that wheadling fusion proteins
to the periplasmic space, leakage of the protethéanedium might be enhanced by prolonged indost{@6 h or more).

D. Autoinduction oADE3 Lysogens

The Overnight Express™ Autoinduction Systems asghed for high-level protein expression with pEFabski et al., 2003)
and other IPTG-inducible bacterial expression sgstéStudier, 2005) without the need to monitor getwth. Cell mass and
target protein yield are often increased severd-¢fompared to conventional protocols using IPT@uittion. The method is
based on media components that are metabolizestafitially to promote growth to high density andoanatically induce
protein expression from lac promoters. The Overnigpress Autoinduction Systems are extremely coieve for routine
expression of proteins in either complex or defimagtlia. The systems are ideal for high-throughpulfel analysis of protein
expression, solubility, and purification from mplg expression clones.

Protocols are given below for the preparation asel of Overnight Express Instant TB Medium (Cat. Rib491), a complete
granulated culture medium. The granules ensurel @apd uniform dissolution in water, preventing ching of the medium and
generation of airborne powder.

There are two additional Overnight Express Autairttbn Systems available. The Overnight Expressefy4 (Cat. No. 71300)
contains three components: OnEx™ Solution 1 (indaciolution); OnEx Solution 2 (buffering solutiomnd OnEx Solution 3
(magnesium solution). Addition of these componéntsaditional glucose-free complex media such B$toth or TB results in
maximum yields of target protein with the pET syst@&rabski et al., 2003). The Overnight Expresde3ys2 (Cat. No. 71366)
contains OnEx Solutions 1-3 plus three additiopahgonents: OnEx Solution 4 (metals mixture), OnBkufon 5 (amino acid
mixture lacking methionine, cysteine, and tyrosjrae)d OnEx Solution 6 (methionine solution). Addthgse six components to
sterile water results in a defined medium capabf@a@moting high cell densities, enabling autointitut of expression,
producing maximum soluble proteins yields, ande$ired, efficient labeling of target proteins bg fiddition of
selenomethionyl. For more information on the OvghhiExpress Autoinduction Systems see User Profti88B3.

Overnight Express™ Instant TB Medium

Absorption of water by Overnight Express InstaBtNMledium leads to changes in pH and eventualljump formation. If the
pH changes after prolonged storage, the pH canljostaed (see below). However, medium that has fdrah@mps may have
undergone chemical changes and should be discartedefore, we recommend preparing all of the austef an EasyPak as
soon as the package is opened. DO NOT rehydrat®psof an EasyPak. Bottles of the dry medium shoe tightly closed
after use to prevent water adsorption.

1. Pour the entire EasyPak (60 g) contents into aylags container or measure the appropriate amdxernight Express
Instant TB Medium (60 g/L) and place in a vessétast twice the final volume.

2. Add 1L deionized water and 10 ml glycerol per 60\wernight Express Instant TB Medium.

3. Swirl gently until the medium is dissolved.

4. Optional: Divide the rehydrated Overnight Express InstantM@&lium into final culture volumes.

Note: Proper aeration is important for efficientayvth and induction. For vessel size recommendatisees Cell culture
guidelines, page 15.

5. Heat the medium in a microwave oven on high powttirgy until bubbles start to appear (usually 2-8 per 500 ml

medium, in a 1500 W microwave oven). Continue torowave for 15—-30 s after bubbles start to apg2@rNOT let the
medium boil over.

Note: If the vessel containing the medium is tagddor a microwave, the medium can be autoclaved.

6. Setthe vessel on a bench top and cool the mediuoom temperature.
7. Use immediately or store covered at 4°C until use.

Note: Rehydrated Overnight Express Instant TB Madhat has been prepared by heating in a microveanautoclave
can be stored up to one week at 4°C before usem\iaculture temperature before inoculation.

8. Add appropriate antibiotic(s) for the host straim glasmid prior to inoculation.

pH adjustment
Overnight Express Instant TB Medium should be p#H60.2. If the pH has changed after prolonged stqragjeist the pH
using the following protocol.

1. Remove a sample (i.e., 50 ml) of the reconstitatdtlire medium.

2. Adjust the pH to 6.9 by adding 1 N or 0.1 N HCINaOH. Record the volume of HCI or NaOH used.
3. Calculate the volume of HCI or NaOH to adjust tleqd the remaining prepared culture medium.

4. Under sterile conditions, add the calculated volaiECI| or NaOH.
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Cell culture guidelines
These conditions may require optimization depemadin the expression system, target protein, hoshsgrowth medium,
temperature, culture volume, and orbital-shakirayrator used. The following protocols are base&lol (DE3) cell culture.

Note: It is important to grow cells to stationarfigse when using the Overnight Express™ System$A8ditional
Guidelines” page (below) for more information.

Tube or flask cultures

Inoculate Overnight Express System medium, plysapiate antibiotic(s), with an isolated colongrfr agar plates grown
overnight at 37°C, or with 0.001 volume of a ghalestock. Inoculation of cultures greater than 3Ghould employ multi-
staging by generating a 5% (vol/vol) inoculum. Sthe culture by single colony inoculation of 2 @Vernight Express System
medium, incubate with shaking 300 rpm to anggdDf approximately 0.5, and stage this 5% inoculuotpdure to obtain the
desired volume. Several stages and flasks of isirgaize filled with medium (10-20% of the flastdwme) may be required.
The staging procedure will minimize the shock inellitag phase in growth caused by transfer of al$nwadulum to a larger
volume of fresh medium and diffusion of vitamindnarals and cofactors from the cells (Hunt andt&tig

The following culture volumes and vessels aremeoended to achieve appropriate aeration.

Culture volume Vessel

0.5 ml 12 mm x 75 mm sterile snap-cap tube
(VWR International, Cat. No. 60819-728)

2 ml 17 mm x 100 mm sterile snap-cap tube
(VWR International, Cat. No. 60819-761)

10 mi 125 ml Erlenmeyer flask

30 ml 250 ml Erlenmeyer flask

100 ml 500 ml baffled flask

200 ml 1 L baffled flask

500 ml 2.8 L baffled flask

96-well or 24-well plate cultures

Inoculate Overnight Express System™ medium plysagriate antibiotic(s) with 0.001 volume of a gdyol stock or with an
isolated colony (1 colony/well) from plates growweeonight at 37°C. Cover 96-well plates with an@érmeable sealer and
incubate at 37°C, shaking at 300 rpm for approxéfyat6 h. Cover 24-well plates with BugStopper™ titem Capmats (VWR
International, Cat. No. 14217-208) and incubatg7aC, shaking at 200 rpm for approximately 16 h.

The following culture volumes and vessels are reanended to achieve appropriate aeration.

Culture volume Vessel
1ml Sterile 96-Well Deep Well Cultures Plates wialers (Cat. No. 71111-3)
5mil 24-well culture plates (VWR International, Cib. 13503-190)

Additional guidelines

Glycerol stock preparation: When growing cultures to prepare glycerol stotia will be used to inoculate Overnight Express
cultures, we recommend the addition of 0.5% glud¢oseglucose-free medium (e.g., TB, LB broth, ¥r\2T) to maintain
plasmid stability. Grow the cells to an @pof 0.6—0.8 and add 0.1 vol of sterile 80% glycekdix well and store at —70°C.

Aeration: Efficient growth to saturation and utilization @drbon sources provided in Overnight Express medaguires
vigorous agitation and proper aeration. Optimizeliuce volume:vessel dimension ratio is requiredpimper aeration.

Temperature and length of incubation:It is important to grow the cells to stationaryaph when using the Overnight Express
Systems. Using the cell culture guidelines abotatiomary phase is usually reached as quickly 49 $weurs, if the cultures are
incubated at 37°C. When lower incubation tempeestare used, saturation may only be reached bpaticun for 24 hours or
more. Continued incubation for several hours aftationary phase appears to have no deleterioast&ff

To export the target protein using the signal sege leaders present in a number of pET vectasianprove the yield of
soluble protein, growth, and induction at 25°C 8*@G may be optimal.
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Bacterial strains: Because lactose is used for induction, expredsisis should produce functional lac permease (exttby
thelacY gene) an@-galactosidase (encoded by theZ gene) for consistent results in both complex agfthdd media.dcY
mutant strains will not efficiently transport lastofor induction anthcZ mutants will not convert a portion of the trangpdr
lactose into the allolactose inducer. Elevatedltewétarget gene expressionlatyY andlacZ mutant strains may occur as cells
approach stationary phase in some complex medidimg Overnight Express medium. However, thisuictebn may vary
depending upon medium composition, cell growthestagd nutrient availability, all of which affedtand the levels of cyclic
AMP and acetate (Grossman et al., 1998).

If using a plasmid with a Tdc promoter for expression, a host strain that de@€ontain a pLysS plasmid is recommended
[e.g., BL21(DE3)]. The combination of the T7 lysamy expressed by the pLysS plasmid andabheepressor encoded by
pETvectors carrying the Tac promoter results in significantly reduced levelpmtein expression when using the Overnight
Express™ Autoinduction Systems. When the “plain”’pf@moter is used, the low level of lysozyme preddy pLysS has little
effect on expression of target proteins.

Expression vectors:Overnight Express Autoinduction Systems are coibleatvith pET bacterial expression vectors and othe
IPTG-inducible bacterial expression systems.
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V. Target Protein Verification

This section describes target protein isolatiothmes for analysis and purification. With each &tngrotein, it is important to
verify the production and localization and to estienthe yield in the culture medium or cell. A duscreen analysis of induced
cultures with PopCultufeReagent may be especially useful when screenimgrier of clones. The PopCulture quick screen
allows for rapid characterization of target protaativity and analysis of expression levels disettlthe culture medium,
without cell harvest.

To facilitate verification, a small-scale analysfdotal cell protein in the medium, periplasmiusde cytoplasm, and insoluble
cytoplasm is recommended. Results of this anafysig lead to further optimization of the inductiamnditions or large-scale
induction and purification using one or severalt@f protein extraction techniques described ingbition.

Normalizing loading volumes for SDS-PAGE

To facilitate the gel and Western analysis, twaksbeets are provided to record data and calcaotatmalized loading volumes
for standard mini gels (page 22). This formulag®ibn accurate harvest gpreadings and the sample concentration factor for
each fraction. The sample concentration factaneésvblume of original culture used to produce tlaetfon, divided by the final
volume of the fraction.

Optical density analysis of the induced culture

1. After induction and just before harvest, shakedtléure well to ensure a homogeneous suspensioneamave a 0.5-1 ml
aliquot from the induced and uninduced cultures.

2. Determine the OR, of the culture as accurately as possible. Dilngealiquot in the same media used for growth sb tha
the OOy reading is between 0.1 and 0.8 (usually 1:5 t@ dilution is sufficient). Zero the spectrophotoeretith the
same medium.

3. Record both the dilution factor and the gfreading on the attached worksheet (page 24).

A. PopCultur€ Quick Screen for Expression Level, Activity, analubility

Before to harvesting the cells, target proteitivigtand expression levels can be quickly assedsedtly, without centrifuging
the cells, using PopCulture Reagent. In additibe,grepared extract can be centrifuged to anabarate soluble and
insoluble fractions. To perform the optional qustkeen use a 1 ml sample of the culture and fall@wPopCulture Reagent
protocol on page 21. Alternatively, Novagen offérs RoboPop™ Solubility Screening Kit, designedgdatein solubility
screening of bacterial cultures in a 96-well forif@at. No. 71255-3, see User Protocol TB362).

B. Total Cell Protein (TCP) Fraction

The expression of target genes may be assessedydgoy analysis of total cell protein (TCP) on B polyacrylamide gel
followed by Coomassie blue staining. A TCP sampleugd also be analyzed in parallel with the foarcfrons described below
to serve as a control for recovery of the targetein.

1. Before harvesting the cells, take a 1 ml samplealFmixed culture and centrifuge at 10,000 x g¥anin. Remove and
discard the supernatant. Let the pellet drain bgrision and tap the excess medium onto a papet.towe

2. Resuspend the pellet completely by mixing in 106f 1X phosphate-buffered saline (PBS), givingbaeentration factor
of 10X (1 ml of starting culture divided by 1@0final fraction volume).

3. Add 100ul of 4X SDS Sample Buffer (Cat. No. 70607-3) andisate with a microtip at the following settingsivger level
between 2-3, at 20-30% duty for 810 bursts (BrauSmifief’ 450; sonication conditions may vary with the equémt).
Alternatively, pass the sample through a 27-gawgelle several times to reduce the viscosity.

4. Immediately heat the sample for 3 min at 85°C toatiere the proteins and then store at —20°C uB8-BAGE analysis.

C. Medium Fraction

Analysis of the medium may be instructive wherfqrening prolonged inductions, when expecting pro&xport, or target
protein leakage from the cells is suspected. Maogmbinant proteins that are directed to the pasiploften also end up in the
medium through a poorly understood “leakage” phezrmon. In most cases, target protein in the mediudué to damage of the
cell envelope rather than true secretion (Stadat.,e1990).

1. Add 40 ml of the culture to a pre-weighed tube had/est the cells by centrifugation at 10,000 ®rgl0 min at 4°C.

2. Carefully transfer 1 ml supernatant to a microaérge tube. Avoid removing any cell pellet. The @ning medium can be
saved for further assays. Place the cell pellatemintil used to prepare the periplasmic fraction.

3. Concentrate the medium sample by either TCA pr&tipih or spin filter concentration, as follows:
Trichloroacetic acid (TCA) precipitation
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Note: Alternatively, the ProteoExtract™ Protein Bigtation Kit (Cat. No. 539180) quickly and eféaily concentrates
and prepares protein from a variety of sources.

a) Add 100pl (1/10 volume) 100% TCA (w/v) to 1 ml medium anartex for 15 s.

b) Place on ice for a minimum of 15 min.

¢) Centrifuge at 14,000 x g for 10 min.

d) Remove and discard the supernatant.

e) Wash the pellet twice with 100 acetone, by adding the acetone, mixing, and #péming for 5 min (14,000 x g).
Remove and discard the acetone from the loosetp@llew the final pellet to air dry thoroughly @ee the tube open on
the bench top or in a hood for about 60 min, on &piefly in a Speed-Vac® evaporator [Thermo Salaiithe presence of
residual acetone will make resuspension more diffic

f)  Add 100l of 1X PBS (sample concentration factor = 10X) 48@ul of 4X SDS Sample buffer (Cat. No. 70607-3).
Resuspend by vigorous vortex mixing or sonication.

g) Immediately heat for 3 min at 85°C to denaturepfweins and then store at —20°C until SDS-PAGHyaisa

Spin filter concentration

a) Use alow MW cut-off filter (10 kDa or lower) andlfow the manufacturer’'s recommendations to conme¢at00ul of
medium to approximately 5@, yielding a concentration factor of approximat&x.

b) After centrifugation, determine the volume of tlemcentrated sample remaining, record the concérégctor on the
worksheet provided and transfer to a clean tube.

¢) Rinse the spin filter membrane with hot (> 90°C) 8RS Sample Buffer using an amount equal in voltoribe
concentrated sample just removed from the spierfiRool the 2X SDS Sample Buffer membrane rinse thie
concentrated sample.

d) Immediately heat for 3 min at 85°C to denaturepfweins and then store at —20°C until SDS-PAGHyaisa
Note: Leakage can be distinguished from cell lpgisssaying for the cytoplasmic enzyme glucoseo8gitate
dehydrogenase (Buttistuzzi et al., 1977). The lef/&#iis enzyme in the medium fraction is expetduk very low unless
substantial cell lysis has occurred.

D. Periplasmic Fraction

When using vectors with pelB or DsbA/C signal satpes, target proteins may be directed to the lpsnpc space. The leader
is necessary, but not sufficient for export inte geriplasm. Cleavable signal sequences that neettiatexport oE. coli

proteins to the periplasm can be classified ageBignal Recognition Particle (SRP) dependenbor8RP dependent. Signal
sequences like the one found in DsbA tend to higte iydrophobicity and are involved in a rapid,reoslational pathway.
Non-SRP dependent signal sequences like those fouhé PhoA and MalE promote export by a postsiaiional mechanism
(Huber, et al., 2005). However, it is clear thanglocation also can depend on the mature domafredérget protein, which is
recognized by SecB, the major chaperone of exjppbe.following osmotic shock protocol (Ausubel et 4B89) is a simple
method of preparing the periplasmic fraction frobbE3 lysogens. However, osmotic shock is not appatgfor use with host
strains containing pLysS or pLysE because T7 lysmzglamages the cell wall, resulting in disruptidthe inner membrane and
release of the cytoplasmic fraction.

1. Resuspend the cell pellet (generated in step 2adfitvin Fraction, previous section) thoroughly inn3i0of 30 mM
Tris-HCI, 20% sucrose, pH 8. Then add 8@.5 M EDTA, pH 8 (final concentration of 1 mM).dél a magnetic stir bar
and stir slowly at room temperature for 10 min.

Collect the cells by centrifugation at 4°C for 1thrat 10,000 x g. Remove all of the supernatantdischard.

Thoroughly resuspend the pellet in 30 ml of icedd®ImM MgSQ and stir the cell suspension slowly for 10 minian

During this step, the periplasmic proteins areastel into the buffer.

4. Centrifuge at 4°C for 10 min at 10,000 x g to pethe shocked cells. Transfer a 1 ml sample froenstipernatant
(periplasmic fraction) to a weighed microcentrifugbe. Avoid removing any loose pellet with the euatant.

5. The excess supernatant (periplasmic fraction) neaemoved and saved for activity assays, if desiBade the cell pellet
on ice for further processing of the soluble argblinble cytoplasmic fractions in the following senos. Record the weight
of the pellet.

6. Concentrate the periplasmic fraction by TCA preeitidn or spin filtration as described in step 3hia previous section
(Medium Fraction). Again the desired concentrafator is 10X.

7. Add an equal volume of 4X SDS Sample Buffer (Cat. R0O607-3) and immediately heat for 3 min at 8&f@enature the
proteins. Store at —20°C until SDS-PAGE analysis.

Note: The success of this procedure can be mouitwith a light microscope by comparing the shapthefcells before
and after the osmotic shock. Prior to the shock,ddlls should be rod shaped. After the procecheectlls should be
round/spherical. Also, osmotic shock-mediated sdeaf periplasmic proteins can be distinguishedifigeneral cell lysis
by assaying for the cytoplasmic enzyme glucosee8gdtate dehydrogenase (Buttistuzzi et al., 1971%).1@vel of this
enzyme in the periplasmic fraction is expectedetodry low unless substantial cell lysis has ocedirr

wn

A slightly different procedure has been reporteaMallie et al., 1993) for extraction of trxA fusigroteins, which can be
expressed from pET-32 and pET-48b(+) vectors.
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To extractrxA fusion proteins:

1. Resuspend induced cells in ice-cold 20 mM Tris-H, mM EDTA, 20% sucrose, pH 8.0, to a concerdratif
5 ODs50 U/ml and incubate on ice for 10 min.

2. Centrifuge for 30 s at 15,000 x g, decant the swggant, and resuspend the pellet in the same vadiice-cold 20 mM
Tris-HCI, 2.5 mM EDTA, pH 8.0. Incubate on ice fo® min. Note that EDTA is not compatible with HigB® Resin.

3. Centrifuge for 10 min at 15,000 x g. The superrgtathe periplasmic fraction. Analyze the supeanaeind pellet by
SDS-PAGE.

E. Soluble Cytoplasmic Fraction

This section describes methods for isolating thetse cytoplasmic fraction. The use of BugBu&terotein Extraction Reagent
is quick and may retain greater target proteinviigtthan mechanical methods, which expose targgems to heat and
oxidation.

BugBuster Master Mix treatment

BugBuster Protein Extraction Reagent is formuldtedhe gentle disruption of the cell wall Bf colito release active proteins.
It provides a simple, rapid, low-cost alternatiseriechanical disruption methods such as Frencts Bresonication for
releasing expressed target proteins for purificatipother applications. The proprietary formulatigilizes a detergent mix that
is capable of cell wall perforation without denatgrproteins.

There are several BugBuster formulations availéde Section X1V, Appendix-Related Products, pabe Bhe following is a
protocol for extraction using BugBuster Master Mix.

BugBuster Master Mix is an all-in-one reagent tt@nbines BugBuster Protein Extraction Reagent B#hzonas&Nuclease
and rLysozyme™ Solution. BugBuster Master Mix alfomvaximum recovery of active soluble proteins, withneed for
dilution of the mix or addition of other reagents.

1. If medium and periplasmic fractions are not neetiedyest cells from liquid culture by centrifugatiat 10,000 x g for 10
min using a weighed centrifuge tube. For smalleseatractions (1.5 ml or less), centrifugation bamperformed in a 1.5 ml
tube at 14,000-16,000 x g. Decant and allow thiefa®l drain, removing as much liquid as possibletermine the wet
weight of the pellet.

2. Resuspend the pellet, from step 1 above or stéPesiplasmic Fraction”, in BugBuster Master Miy pipetting or gentle
vortexing, using 5 ml reagent per gram of wet palte. This typically corresponds to about 2.5 enl§0 ml culture. For
small cultures use up to 1/5 culture volume fousgension (e.g., use 3QDBugBuster Master Mix for 1.5 ml cultures).
Using higher ratios of BugBuster Master Mix causesdverse effects.

3. Optional: Add protease inhibitors. Protease inhibitors amagatible with BugBuster Master Mix. Serine proteas
inhibitors should be avoided if the target protsito be treated with Thrombin, Factor Xa, or Reborant Enterokinase.
Cysteine protease inhibitors should be avoideldeftarget protein is to be treated with HRV 3ChAligh purification may
remove active inhibitors, dialysis or gel filtratidgs recommended before cleavage.

4. Incubate the cell suspension on a shaking platfornoetating mixer at a slow setting for 10-20 mim@om temperature.
Note: The extract should not be viscous after iatioln.

5. Centrifuge at 4°C for 20 min at 16,000 x g to rem@soluble cell debris. The pellet may be useddtate the “Insoluble
Cytoplasmic Fraction” page 22.

6. Transfer the supernatant to a fresh tube for aisalyx a sample of the supernatant with an eqoaime of 4X SDS
Sample Buffer (Cat. No. 70607-3). The remaindehefsupernatant may be used for additional anatygiirification.

7. Immediately heat the sample containing SDS for 8 ati85°C to denature proteins and then store GRG-2ntil
SDS-PAGE analysis.

rLysozyme™ Solution and freeze/thaw treatment
This protocol isolates soluble protein using rLygoe (Cat. No. 71110-3) and a freeze/thaw of thepeglet. If the bacterial
strain contains a plasmid encoding lysozyme (plgysS or pLysE), additional lysozyme treatmentas mecessary.

1. If medium and periplasmic fractions are not neetiedyest cells from liquid culture by centrifugatiat 10,000 x g for 10
min using a pre-weighed centrifuge tube. Decantadlodv the pellet to drain, removing as much ligaglpossible.
Determine the wet weight of the pellet.

Using the pellet from step 1 or from step 5 “Pexgphic Fraction”, freeze the pellet completely &d%2or —70°C.
Completely thaw and resuspend the cell pellet befting up and down or gentle vortexing in roompgenature lysis buffer
(50 mM Tris-HCI or NaHPO4, 5% glycerol, 50 mM NaCl, pH 7-8) using 7 ndi$ybuffer per gram of wet cell paste. Add
protease inhibitors if desired.

Note: DO NOT add rLysozyme solution until a unif@ell suspension has been obtained. The freeze&tewuptures
the cell membrane allowing rLysozyme to accesseahavall. If rLysozyme is added prematurely, tieriediate viscosity
increase will make complete cell resuspensionadifffiand incomplete lysis may result.

4. Add approximately 7.5 KU of rLysozyme per 1 ml ik buffer (45-60 KU/gram cell paste).

wn
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5. Optional: Add 1pl (25 U) of BenzonageNuclease per 1 ml of lysis buffer used for resnsjm. Benzonase is not
recommended for nuclease free preparations. Oth#rads of reducing viscosity include shearing ecppitating the
nucleic acids (Burgess, 1991).

6. Incubate the cell suspension on a shaking platfmarnotating mixer at a slow setting for 10—20 mim@m temperature.
Longer incubation time may be required if lysipé&formed at 4°C. Determine empirically.

Note: If BenoznafeNuclease was added, the extract should not bewssat the end of incubation.

7. Remove insoluble cell debris by centrifugation 4 4or 20 min at 16,000 x g. The pellet may be usedolate the
“Insoluble Cytoplasmic Fraction” page 22.

8. Transfer the supernatant to a clean tube for aisadysl/or purification. Combine an equal volumehaf supernatant with
4X SDS Sample Buffer (Cat. No. 70607-3) for SDS-FAGhalysis. Additional analysis and/or purificatioan be
performed with the remainder of the soluble extritdintain clarified extracts on ice for short-testorage (a few hours) or
freeze at —20°C until needed.

9. Immediately heat the sample containing SDS for B ati85°C to denature proteins and store at —2@0HC$DS-PAGE
analysis.

Mechanical disruption

1. a) If medium and periplasmic fractions are not mekdharvest the cells from liquid medium by cengétion for 10 min at

10,000 x g. Decant and allow the pellet to draégmaving as much liquid as possible. Completelyspsnd the pellet in
4 ml cold 20 mM Tris-HCI, pH 7.5 to give a concexttion factor of 10X (40 ml culture to 4 ml buffeolume).
or

b) Completely resuspend the pellet from step thef'Periplasmic Fraction” in 4 ml cold 20 mM Th#2l pH 7.5 to give a
sample concentration factor of 10X (40 ml cultweltml buffer volume).

Note: Some proteins may exhibit greater solubilibhen the cells are lysed in a buffer containing.dap to 0.5 M NaCl
may be added to this buffer. Other proteins, sucthase associated with membranes, may partititmtire soluble
fraction if a zwitterionic detergent (e.g., 10 mMI&PS), is added to the lysis buffer.

2. Optional:

a) For each 1 ml of lysis buffer, addiBLysonase™ Bioprocessing Reagent (Cat. No. 71280fptimized ready to use
mix of rLysozyme™ Solution and Benzonase Nuclebsmibate at 30°C for 15 min prior to sonication.

b) Add protease inhibitors. Protease inhibitorscam@patible with Lysonase. Serine protease inhibishiould be avoided if
the target protein is to be treated with ThromBiagtor Xa, or Recombinant Enterokinase. Cysteingepse inhibitors
should be avoided if the target protein is to leated with HRV 3C. Although purification may remaaive inhibitors,
dialysis or gel filtration is recommended beforeaslage.

3. Completely lyse the cells by one of the followingthods:

a) French Press. Perform two passes at 20,00Gipg & chilled pressure cell.

b) Sonication. Mix the resuspended pellet by smgriand sonicate on ice using a microtip with thegrdevel set between
4-5, at 40-50% duty for 15-20 bursts. It is impatrta keep the sample cold during sonication tadheat
denaturation of proteins. The above settings anergé recommendations and may need to be adjusfeehding on the
energy output of a given sonicator.

Note: Optimal cell disruption conditions for a scafor may be quickly determined by performing atoourse
analysis. Remove samples at various times duriegdication, centrifuge for 5 min at 12,000 x gl @letermine the
protein concentration in the supernatant by a stddassay (e.g., Bradford, BCA, etc). When theginotoncentration
in the supernatant reaches a plateau, proceeddmtxt step.

4. Centrifuge the entire lysate or a 1.5 ml sampltheflysate (for normalized SDS-PAGE analysis) fomndin at 14,000 x g
to separate the soluble and insoluble fractions.

5. For normalized SDS-PAGE analysis, transfer {lDOf the soluble supernatant (from the 1.5 ml sant a new tube. Add
100l of 4X SDS Sample Buffer (Cat. No. 70607-3). Imnagely heat for 3 min at 85°C to denature proteind then
store at —20°C until SDS-PAGE analysis.

6. Remove and save the remaining supernatant foritgcissays or protein purification as desired.

7. Save the insoluble pellet fraction on ice for pssirg, as described in the next section.

F. Insoluble Cytoplasmic Fraction

The insoluble cytoplasmic fraction may consist elf debris and aggregated protein known as inciubiadies. Inclusion bodies
can be further purified by repeated centrifugatiod washing steps. However, the product will beaaminated to some degree
with other proteins and nucleic acids. In some ggserified inclusion bodies can be used directiaatigens for the preparation
of antibodies against the target protein (Harlowlgt1988). Some target proteins associated Wwitirtsoluble fraction may not
be in inclusion bodies. Membrane-associated tangeeins can pellet with the insoluble fraction anay be released into the
soluble fraction by including a detergent duringisy
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Inclusion body purification after BugBusfeMaster Mix treatment

1. Using the insoluble pellet from the “BugBuster Mas¥lix treatment” step 7, resuspend the pellehangame volume of
1X BugBuster Master Mix that was used to resuspkadriginal cell pellet. Pipet up and down andte®ito obtain an
even suspension. Complete resuspension of the etlgtical to obtaining a high purity preparatiom order to solubilize
and remove contaminating proteins.

Add 6 volumes of 1:10 diluted BugBuster Master Nlixdeionized water) to the suspension and vorwex fmin.

Centrifuge the suspension at 5,000 x g for 15 m#f@& to collect the inclusion bodies. Remove thgesnatant with a

pipet.

4. Resuspend the inclusion bodies in half the origindture volume (0.5 vol) of 1:10 diluted BugBustetix by vortexing,

and centrifuge as in step 3. Remove the supern®apeat this step again. Resuspend once morebuifege at 4°C for
15 min at 16,000 x g, and remove the supernatant.

5. a) For normalized SDS-PAGE analysis, resuspen€irtakpellet in 1.5 ml 1% SDS with heating and vigos mixing or
sonication if necessary (resuspension in this velamaintains the concentration factor at 10X). Rezr@10Qul sample
and combine with 100l 4X SDS Sample Buffer (Cat. No. 70607-3). Immeeljaheat for 3 min at 85°C to denature
proteins and then store at —20°C until SDS-PAGHyai®a

b) For purification, resuspend the pellet in theataring buffer of your choice, preferably usingudfer compatible
with the desired purification method. The finallpebf inclusion bodies is compatible with resusgien in 1X
Solubilization Buffer provided in the Protein Refirlg Kit (see User Protocol TB234) or other denatybuffers.

wn

Inclusion body purification after mechanical cgiis or rLysozyme™ treatment

For normalized SDS-PAGE analysis

1. Wash the insoluble pellet by resuspending in [@5@rom a 40-ml culture) 20 mM Tris-HCI, pH 7.5. @teifuge at
10,000 x g for 5 min, remove the supernatant apdakthe wash step.

2. Resuspend the final pellet in 1.5 ml 1% SDS withtimg and vigorous mixing or sonication if neceggagsuspension in
this volume maintains the concentration factorGat)L

3. Remove a 10@! sample and combine with 1g04X SDS Sample Buffer (Cat. No. 70607-3). Immeeliaheat for 3 min
at 85°C to denature proteins and then store atG-20til SDS-PAGE analysis.

For protein purification

1. Wash the insoluble pellet by resuspending in 1@umification buffer without denaturant (per 40 roltare volume). Use a
buffer that is appropriate for the purificationires

2. Sonicate briefly to resuspend the pellet thorouginigt shear DNA.

3. Centrifuge at 5,000 x g for 15 min to collect thelusion bodies and cellular debris while leavitigen proteins in
solution.

4. Remove the supernatant and resuspend the peRétnn buffer without denaturant (per 40 ml cultvBume). Repeat
Step 3. Sonication may be necessary to resusperpktlet. Sometimes repeating this step severaistireleases more
trapped proteins.

5. Remove the supernatant after the final centrifegasind resuspend the pellet in 5 ml buffer contgjra denaturant to
solubilize the inclusion bodies, preferably usingudfer compatible with the desired purificationtined. In some cases,
incubating the sample on ice up to 1 h may hekotabilize the inclusion bodies. The final pellecompatible with
resuspension in 1X Solubilization Buffer providediie Protein Refolding Kit (see User Protocol TBR8r other
denaturing buffers.

6. Full or partially denatured inclusion bodies maydirectly purified using His-Ta%fusion proteins (User Protocol TB054)
or SeTag™ fusion proteins (partially denatured, {Rmtocols TB160, TB087). Denatured proteins maydjolded prior
to affinity purification (see User Protocol TB234).

G. Preparation of Extracts with PopCulttiReagent

PopCulture Reagent efficiently extracts proteimrfi®. coli directly in the culture medium without cell hartddsing this
method, cell culture, protein extraction, and paaifion can all be performed in the original cuttube, flask, or multiwell plate
(Grabski et al., 2001; Grabski et al., 2002).

An induced culture oE. coliis treated with PopCulture Reagent for 10—15 nhiro@am temperature in the presence of

rLysozyme™ Solution; additional treatment with Benasé€ Nuclease is optional. The PopCulture extract ¢sm lae used
directly in protein assays such as FRETWorks™ SWa§eTag Rapid, or GSTeTag™ Assay Kits. This prefdagxtract can be

directly combined with an equilibrated chromatodmapesins (e.g., GSTsMag™, GSTeBind™, Ni-NTA Hisrﬂﬁ@, HissMag™)

for purification. PopCuItur% Reagent is also available in the RoboPop™ Putifinits that include 96-well culture and
collection plates for high throughput processingufures expressing His-T%@r GSTeTag fusion proteins (see User Protocols
TB327 and TB346).

1. Add 0.1 culture volume of PopCulture Reagent tanainiced culture.
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2. Add 40 U (1ul of a 1:750 dilution) rLysozyme Solution per 1 edllture volume to enhance cell lysis. Addition of
rLysozyme is not necessary if the host strain doatplLysS or pLysE.

3. Optional: Add 1ul (25 U) BenzonaseNuclease per 1 ml of original culture volume tgdele DNA and RNA for a non-
viscous sample. rLysozyme and Benzonase can bmigest with PopCulture prior to use.

4. Pipet up and down to mix and incubate for 10—15 atiroom temperature.

5. This prepared extract can be assayed directlymbated with an equilibrated chromatography resin.

SDS-PAGE of total cell protein: Combine a sample of the prepared extract withqarmlevolume 4X SDS Sample Buffer (Cat.
No. 70607-3) for detection with Coomassie stairongVestern blotting. At an Qlgy between 3-5, a highly expressed protein
may be detected with Coomassie staining usingd $8mple. Low expression levels and cell densitiag require Western
blotting.

Quantitative assay:Fusion tag specific quantitative assays such asIMREks™ SeTag™ Assay, SeTag Rapid Assay, and
GSTeTag™ Assay are compatible with the PopCultuteaets, as are the BCA Protein Assay Kit and Bredlassays.

Solubility: To assess soluble and insoluble fractions, ceggifie crude extract at 14,000 x g for 10 min frasate the
fractions. Soluble fraction: A sample of the sup¢ant representing the soluble fraction can besasseon by SDS-PAGE (as
described above) or protein activity and quantitatissays may be performed. Insoluble fractionu&end the pellet in 1 ml
1% SDS with heating and vigorous mixing or sonmatiA sample of the solubilized pellet representhmginsoluble fraction
can be assessed by SDS-PAGE (as described abovfegthertarget protein contains an SeTag sequene@ssayed using the
SeTag Rapid Assay or FRETWorks SeTag Assay.

Target protein specific assaysBecause proteins generally retain their activiéied conformation after PopCulture extraction,
protein specific activity and immunoassays arelike be possible.

Purification : PopCulture is Tris-buffered and is compatiblemvidbth Tris (HiseBind) and phosphate (GSTeBind ™;NNIA
His*Bind) buffer purification systems at a neupdd. The use of HissMag™ or GST*Mag™ Agarose Beatthies the entire
procedure (culture through purification) to be wafrout in a single tube without columns or cengition. RoboPop™ Kits

provide 96-well culture and purification plates,uamlturé@ Reagent, and purification resins and buffers fissFag or
GSTeTag™ fusion proteins. (User Protocols TB327 @aB846). PopCulture is expected to be compatibté wiany other
affinity purification resins.

H. Detecting and Quantifying Target Proteins

Note: For a listing of detection and quantificatiproducts, see Section X1V, C, page 61.

Protein expression can be determined by SDS-PAGHEsia of cell extracts followed by staining witlo@nassie blue, which in
many cases will reveal the target protein as auenttand when run adjacent to an uninduced exiféestern blotting is a more
specific and sensitive method for identificatioreapression, and can be conveniently performedyusision tag—specific
reagents or protein-specific antibodies or otrgars. Activity assays are protein-dependent, éspein crude extracts, and
are often performed following some degree of peatiion. However, crude extracts prepared with Pdp@iReagent can be
assayed immediately (see Preparation of ExtradtsRopCulture Reagent, page 22).
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Normalized SDS-PAGE gel loading

Normalize the samples for loading based on the,4dR harvest so that a comparison of Coomassieestdiand intensity
accurately reflects the relative amounts of tapgetein in various fractions. The Perfect Proteiiviérkers (Cat. Nos. 69149-3
or 69079-3) or Trail Mix™ Markers (Cat. No. 7098PsBovide accurate size references for proteingdet 15 kDa and 150
kDa (Cat. No. 69149-3) or 10 kDa and 225 kDa (Gats. 69079-3 and 70980-3) on gels stained with Gsie blue.

Note: High levels of protein expressed in includimalies can affect this normalization method. Gekicontaining high levels

of protein in inclusion bodies tend to give higkiean expected OD readings. However, this methoadésul for calculating the
amount of sample needed to obtain similar proteadk for the different fractions.

Worksheet 1: Determination of the culture &fat harvest.

Dilution Factor (DF) Olgyoof diluted sample| OBy at harvest
(DF x ODsgo of diluted
sample)

Induced Culture

Uninduced Culture

Worksheet 2: Determination of the normalized volusheample to load on a 10-well or 15-well SDS-PAGHE The sample
concentration factor represents the volume of palg¢ulture used to produce the fraction, dividgdhe final volume of the
fraction. For example, if 1 ml of culture is usedptrepare the fraction and after processing tred finolume is 10Qu, then the
sample concentration factor is 10. If larger getsuwsed, the loading volumes should be scaled egrdingly. The loading
volume of each sample will need to be calculatedabse the actual concentration factor for a gikstion may vary.

Volume to Load

15-well mini-gel 10-well mini-gel

Sample
conc. ODggo at
factor harvest Z (conc.factor x OD600) 180pul/z 270 @I/

Induced Samples

TCP

Medium

Periplasmic

Soluble Cytoplasmic

Insoluble

Uninduced Samples

TCP

Periplasmic

Medium

Soluble Cytoplasmic

Insoluble
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VI. Purifying Target Proteins

A. Protein Purification

The methods chosen for protein purification depemanany variables, including the properties ofghatein of interest, its
location and form within the cell, the vector, hestin background, and the intended applicatiorife expressed protein.
Culture conditions can also have a dramatic effiactolubility and localization of a given targebfin. Many approaches can
be used to purify target proteins expressed wighpET System. One advantage of the system isrttradiny cases the target
protein accumulates to such high levels that istitutes a high percentage of the total cell prot€herefore, it is relatively
straightforward to isolate the protein in two orey chromatographic steps by conventional methiodsekchange, gel filtration,
etc.).

Note: For a listing of affininty purification prodts see Section XIV, C, page 61.

A variety of affinity purification methods are aladile that take advantage of the various peptidmfutags available with pET
vectors. In many cases, the use of an affinity o@#mnables the purification of the target proteiméar homogeneity in one
step. Purification may include cleavage of paralbof the fusion tag with enterokinase, factor ¥apmbin, or HRV 3C
proteases. Before purification or activity measuesta of an expressed target protein, preliminaalyais of expression levels,
cellular localization, and solubility of the targabtein should be performed using the methodsritesstin Section V, “Target
Protein Verification”, pages 18-24. The target piotmay be found in any or all of the followingdtmns: soluble or insoluble
cytoplasmic fractions, periplasm, or medium. Depeadn the intended application, preferential I@ztion to inclusion
bodies, medium, or the periplasmic space can barddgeous for rapid purification by relatively simprocedures.

B. Solubilization and Refolding Proteins

Note: For more information on vectors and hostistsahat can help increase solubility of target {@ias, see Section VII, page
35.

A variety of methods have been published describ#figiding of insoluble proteins (Burgess, 1996l et al., 1996; Kurucz
et al., 1995; Marston et al., 1990; Mukhopadhy®87 Rudolph et al., 1996; Vincentelli et al., 20@villis et al., 2005). Most
protocols describe the isolation of insoluble isatin bodies by centrifugation followed by solukdlimn under denaturing
conditions. The protein is then dialyzed or diluted a non-denaturing buffer where refolding osciBecause every protein
possesses unique folding properties, the optinfialdieag protocol for any given protein must be ergally determined.

Optimal refolding conditions can be rapidly detered on a small scale by a matrix approach, in whafables, such as protein
concentration, reducing agent, redox treatmenglént cations, etc., are tested. Once the optioraentrations are found, they
can be applied to a larger scale solubilization rmefiolding of the target protein.

The Protein Refolding Kit uses a CAPS buffer athile pH in combination with N-lauroylsarcosineathieve solubility of the
inclusion bodies, followed by dialysis in the pnese of DTT to promote refolding. A discussion ofisas methods and factors
involved in protein solubilization and refoldingeancluded in User Protocol TB234, available at wmerck4biosciences.com.

Depending on the target protein, expression camstiand intended application, proteins solubilizech washed inclusion
bodies may be > 90% homogeneous and may not refguther purification. Purification under fully daturing conditions
(before refolding) is possible using HissPaiysion proteins and HissBiffdmmobilized metal affinity chromatography (see
User Protocol TB054). In addition, SeTag™, T7-fagnd StrepsTdyll fusion proteins solubilized from inclusion bediusing
6 M urea can be purified under partially denatugogditions by dilution to 2 M urea (SeTag and TagJ or 1 M urea
(StrepeTag Il) prior to chromatography on the apatte resin. Refolded fusion proteins can be dffipurified under native
conditions using His*Tag, SeTag, Strep+Tag Il, attter appropriate affinity tags (e.g., GST*Tag™d aii*Tag).
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VII. Additional Guidelines

A. Choosing a pET Vector

The pET vectors were originally constructed by &uend colleagues (Rosenberg et al., 1987; Stadiak, 1986; Studier et
al., 1990). The latest pET vectors developed at EBfiemicals, Inc. offer enhanced features to pesaster cloning, detection,
and purification of target proteins. There are tyeneral categories of vectors available: trandoripiectors and translation
vectors.

e Transcription vectors are designed for expressfdarget genes that already carry their own proséeyribosome binding
site and AUG start codon. There are only threestraption vectors: pET-21(+), pET-23(+), and pET-24

« Translation vectors contain the highly efficieftasome binding site from the phage T7 major capsitein and are used
for the expression of target genes without thein silvosomal binding site. Review the pET Vector Glateristic Table for
the entire selection of translation vectors (pagje 2

The translation vector names are distinguished fitetranscription vector names by the addition tHtter suffix following the
name, e.g., pET-21a(+), which denotes the readargd relative to thBamnH | cloning site recognition sequence, GGATCC.
All vectors with the suffix “a” express from the @Griplet, all vectors with the suffix “b” expre$soom the GAT triplet, and all
vectors with the suffix “c” express from the AT@ptet of theBarnH | recognition sequence. Vectors with a “d” suffitso
express from the “c” frame, but contain an upstréaml cloning site in place of thdel site in that series for insertion of
target genes directly into the AUG start codon.

Primary considerations
Choosing a pET vector for expression usually ingsla combination of factors. Consider the followgmgnary factors:

«  The application intended for the expressed protein
e Specific information known about the expressedeinot
¢ Cloning strategy

Applications for proteins expressed in pET vect@ny widely. For example, analytical amounts ofi@ét protein may be
needed for activity studies, screening and chatiaitg mutants, screening for ligand interacticensd antigen preparation.
Large amounts of active protein may be requiredstarctural studies, use as a reagent, or affiagrix preparation. Any
number of vectors may be suitable for expressicamafytical amounts of protein for screening oligett preparation, yet only
one combination of vector, host strain, and cultmeditions may work best for large-scale purifizat If a high yield of active
protein is needed on a continual basis, it is wating a matrix of vector, host, and culture g¢tiods to find the optimal
combination.

Any available information about the target proteiay help determine the choice of vector. For exarrg®me proteins require
no extraneous sequence on one terminus or botlnidomactivity. Most pET vectors enable cloninfunfused sequences;
however, expression levels may be affected if éiquaar translation initiation sequence is notaéntly utilized inE. coli. In
these cases, an alternative is to construct arfysiotein with efficiently expressed amino-termisatjuences (indicated on the
pET Vector Characteristics Table, page 28, witiNaand then remove the fusion tag by digestion &itite-specific protease
following purification. Ligation-independent clomr{LIC) is especially useful for this strategy, hese the cloning procedure
enables removal of all or most amino-terminal veetocoded sequences with either enterokinase, F4atcor HRV 3C (as
indicated in the pET Vector Characteristics Tapbge 28).

Cloning strategies can affect the choice of vedtgr to the need for restriction site and readiagé compatibility. Because
many of the pET vectors share common restrictimanfigurations, it is usually possible to cl@atarget gene into several
vectors with a single preparation of the inserffddent considerations apply when using PCR clositngtegies. The LIC vector
kits are recommended for this purpose, and enhblpieparation of inserts by PCR and eliminatente for restriction
digestion of vector or insert.

Solubility and cellular localization

Once the application and cloning strategy have lbeesidered, a good starting point for any expogsproject is to determine
the cellular localization and solubility of thegat protein. In many applications, it is desiraiol@xpress proteins in their
soluble, active form. Solubility of a particulargat protein is determined by a variety of factams|uding the individual protein
sequence. In most cases, solubility is not anraieme phenomenon; the vector, host, and cultunditions can be used to
increase or decrease the proportion of solublersauble forms obtained.

The choice of vector and expression host can sogmifly increase the activity and amount of taggetein present in the soluble
fraction. A vector can enhance solubility and/ddieg in one of three ways: 1) provide for fusianat polypeptide that itself is
highly soluble [e.qg., glutathione-S-transferase Tl $hioredoxin (Trx), N utilization substance ABIA)], 2) provide for fusion
to an enzyme that catalyzes disulfide bond formmagéng., thioredoxin, DsbA, DsbC), or 3) providsignal sequence for
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translocation into the periplasmic space (pelB,AdbsbC). When using vectors designed for cytoplasrpression, folding
can be improved in hosts that are permissive ferfahmation of disulfide bonds in the cytoplasng(grxB andgor mutations,
see page 35).

An alternative strategy to obtain active, solubiet@ins is to use vectors that enable export inéoperiplasm, which is a more
favorable environment for folding and disulfide lidiormation. For this purpose vectors carrying algreptides are used. DsbA
and DsbC are periplasmic enzymes that catalyzéotheation and isomerization of disulfide bonds ETp39b(+) and
pet-40b(+), respectively. Other pET vectors thatycsignal sequences without the additional Dsb®sbC coding regions are
also available (see table on page 28).

In many cases target protein accumulates as inlgoillifictive aggregates known as inclusion bodmedukion bodies can be an
advantage for purification because 1) they ardyessilated by centrifugation to yield highly comteated and relatively pure
protein, and 2) inclusion body formation protetts protein from proteolytic attack. In additionxitoproteins may not inhibit
cell growth when present in inactive form as indasodies.

Some purification strategies optimize productiomngbluble inclusion bodies in the cytoplasm. Iisodun bodies are extracted
and solubilized; then the target protein is refdlatevitro. This procedure usually produces the highest giefdnitial protein
mass and protects against proteolytic degradatidhe host cell. However, the efficiency of refolglinto active protein varies
significantly with the individual protein and cap Quite low. Therefore, this approach is often Usegroducing antigens or in
other applications for which proper folding is meguired. Also, pET-31b(+) is specifically desigrfedthe generation of
insoluble fusion proteins by fusion to Ketoster8iomerase (KSI), a highly expressed hydrophobic érarfidis provides a
powerful method for the production of small proteand peptides.

Fusion tags

Fusion tags can facilitate detection and purifmatf the target protein, or may increase the fibaof biological activity by
affecting solubility in the cytoplasm or exportttee periplasm. If a fusion sequence is toleratethbyapplication you are using,
it is useful to produce fusion proteins carrying BSTeTag™, HiseTdy HSVeTad, NussTag™, SeTag™, StrepsTad,
T7+Tad’, or TrxsTag™ peptides for easy detection on Wesbéots. Several of these peptides (fusion seqraze small in
size and the detection reagents for them are egtyespecific and sensitive. The HiseTag, GSTeTadag, StrepeTag Il, and
T7Tag sequences can also be used for affinityfipation using the corresponding resin and buffes. k

Fusion proteins can be accurately quantified ilerextracts or purified form using SeTag and GSgAasay Kits. The
FRETWorks™ SeTag Assay Kit is based on a novel tsatesthat enables fluorescent detection of leas thfmol of fusion
protein in a homogenous format.

The HiseTag sequence is very useful as a fusiomeafor protein purification. HiseTag fusion prste can be affinity purified
under fully denaturing conditions, which is partamly convenient for proteins expressed as inclugiodies.

The StrepeTag Il sequence allows highly selectivét @asily controlled purification using StrepsTa@tia specifically
engineered streptavidin. Gentle elution of purifiedombinant protein is performed by addition oftti@biotin (2.5 mM).
Desthiobiotin is a reversibly binding and stablelag of biotin, the natural ligand of streptavidin.

The NuseTag, TrxsTag, and GST+Tag sequences haefieported to enhance the solubility of theirdagdartners. The
NuseTag and TrxsTag vectors together witkB/gor mutant host strains (Origami™ strains and its\dgnres), facilitate
disulfide bond formation in the cytoplasm (see pa§g which may help maximize the level of solulaetive, properly folded
target protein.

The various fusion tags and corresponding vectaréisted in the following table. A number of pE@&ctors carry several fusion
tags in tandem as 5’ fusion partners. In additiany vectors enable expression of fusion proteans/ing a different peptide
tag on each end. Using vectors with protease cfgasies (thrombin, Factor Xa, enterokinase, HRY I3&ween the 5’ tag and
the target sequence enables optional removal obon®re tags following purification. It should heted that the expression of
desired C-terminal fusions requires 1) the lack sfop codon in the insert and 2) the proper rggfiame at the cloning

junction.
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Fusion Tags Available for pET Constructs

Tag N/C Terminal Size (aa) Basis for Detection and/or Applications pET Vector
or Internal (1) Purification Series
DsbAsTag™ N 208 (DsbA) potential periplasmic DB, DI, PE, SP 39,40
DsbCeTag™ 236 (DshC) localization
GSTeTag™ N 220 monoclonal antibody, enzymatic AP, IF, IP, QA, 41, 42, 49
activity, glutathione affinity WB
HiseTad’ N, C, 1 6,8, 0r10 monoclonal antibody, metal AP, IF, WB 14-16, 19-52

chelation chromatography
(native or denaturing)

HSVeTad C 11 monoclonal antibody IF, WB 25,27, 43.1, 44
KSI N 125 highly expressed hydrophobic PP 31
domain
NuseTag™ N, | 495 promotes cytoplasmic solubility SP, WB 43.1, 44, 50
monoclonal antibody
pelB N 20 potential periplasmic PE 20, 22, 25, 26, 27
localization
PKA site | ® protein kinase A recognition sitt PS 33
SeTag™ N, I 15 S-protein (104 aa) affinity, AP, IF, IP, QA, 29, 30, 32, 34-37,
monoclonal antibody WB 39-50
StrepeTa§ I N 8 monoclonal antibody, AP, WB 51, 52
engineered streptavidin affinity
T7-Tad’ N, | 11 monoclonal antibody AP, IF, IP, WB 3,9,17, 21,
23, 24, 28, 33
TrxsTag™ N 109 monoclonal antibody, promotes DB, SP 32,48

disulfide bond formation

AP: affinity purification, IP: immunoprecipitatioQA: quantitative assay, DB: disulfide bond forroati PE: protein export, SP:
soluble protein, DI: disulfide bond isomerizati®R: small protein/peptide production, R&vitro phosphorylation, WB:
Western blotting, IF: immunofluorescence

Antibiotic resistance

The selective markeemp (ampicillin resistance, also abbreviated Apbtar for f-lactamase gene) akan (kanamycin
resistance) are available with the pET vectorsarrdndicated in the table on page 28. Both tyfaslection have been widely
used, but several simple guidelines are recommewtied using vectors carrying théa gene (see Section V, Optimizing
Expression). While ampicillin resistance is comnyanded for selection in a variety of cloning vestdtanamycin resistance
may be preferable under certain conditions, sudbrgsrotein expression in laboratories requiringd®standards and when
subcloning target genes from other ampicillin-resis vectors. Ampicillin selection tends to be limstultures because secreted
B-lactamase and the drop in pH that accompaniegialdermentation both degrade the drug. Some wagsoid this loss of
selection are to replace the medium with fresh aitfipicontaining medium or to use the related drearbenicillin, which is
less sensitive to low pH.

Another difference between Kaand most of the anfipET vectors involves the direction of transcriptiaf the drug resistance
gene. In kaR pET vectors, th&angene is in the opposite orientation of the T7 prten so induction of the T7 promoter should
not result in an increase kangene product. In contrast, in some &pET vectors théla is located downstream and in the
same orientation as the T7 promoter. All &pET translation vectors have the native T7 trapton terminator () located
beforebla. However, this terminator is only approximately@@ffective, allowing T7 RNA polymerase read-thrbug produce

a small amount di-lactamase RNA in addition to the target RNA. Tiesults in the accumulation pflactamase enzyme in
induced cultures. The orientationldf has been reversed in the pET-43.1, pET-44, pET-d%th pET-46 EK/LIC, pET-51b,

and pET-52b vectors, so that read-through by th&NA polymerase will not result in increased levefi§-lactamase.

PET Vector Characteristics Table

The following table lists the various cloning optfoavailable with the pET vectors. The (+) follogithe name indicates that the
vector contains an f1 origin of replication thdbals the production of single stranded plasmid DidAmutagenesis and
sequencing applications.
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kan® Trime Trs Tag® TrxeTag™ HEWs Tag® OsbeTag™ MNussTag™ protease
ectar amp* 7 Hizs Tag® SaTag™ K51 PEA 5TaTag™ Streps Tag® Il signal seq.
pET-33-d L L] M
pET-9a-d L N
pET-11a-d L] L N
pET-14hb L L T
pET-158 ] L ] T
pET-16h L M X
pET-178 L] ] N
pET-194 L ] * M E
pET-208(+] L] L] C »
pET-21a-di+} ® L] C N
pET-220{+] L L T .
pET-23a-d(+] L L] i N
pET-24z-d{+) L] L £ M
pET-250(%) . L c L
pET-268{+] . L] T ]
pET-278(+) L L T C *
pET-282-c{+] L] L H.L I T
pET-29a-c(+) L L C M T
pET-30a-c{#] L] L N.C 1 LE
pET-30 EkfLEIC L L N.C [ TE
pET-30 Ma/LIC L] L H.L 1 X
pET-31b{+]} . L c N
pET-32a-c{#] . L LC 1 M LE
pET-32 EkfLEC L L LC I N TE
pET-32 MajLIC L L LC 1 X
pET-33bi#] » L) H.C I | T
pET-390(+) L] L LC I N TE L]
pET-200{+] 1 L LC | N TE 1
pET-413-cf£] L] L LC I N LE
pET-41 ERfLIC » L) LC 1 N TE
pET-a2a-o{4) L] L LC I N TX
PET-43.12-2(4] L) ] LC | C N TE
pET-43.1 EefLIC | ® L LC I C LE
pET-d4aa-c{+] L L] NLC I C l LE
pET-a50(+) L L | c E
pET-46 EiiLiC . L N C E
pET-47h(+) L] L N C H.T
pET-a:80(+] L] ] | € N H.T
pET-49b(%) L] L I C N HT
pET-500 +] * L Ml C | H.T
pET-51h{#] L] L C ] E
pET-51 ERLIC ] L C | E
pET-52b(%) L] L C HT
pET-52 3CEC ] L L HT
Motes:
C: optignal €-terminal tag E: enterokinzse H: HRV 3T [z intemal tag LiC: ligation-indeperdent cloning N: K-termimal tag
sianal sea ; Sanal secuence for oetentiaf periplasmic iocalization T: thromdin A FactorXa
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B. pET Vector Cloning Strategies

Many strategies can be used for subcloning an ogeting frame into a pET vector for expressioneEtional cloning can be
accomplished with unique restriction sites in thdtiple cloning region or through ligation-indepemd cloning (LIC) sites. The
LIC method does not require restriction digestiofigation and the LIC-prepared insert can be dyicloned into multiple LIC
vectors for high-throughput cloning. For maps dbéthe pET vectors, please visit www.merck4biescies.com.

All of the pET translation vectors contain tranglatstop codons in all three reading frames follgyihe cloning and tag
regions as well as a downstream T7 transcriptionit&tor. The terminator is not necessary for fffieient expression of most
proteins, but note that some pET plasmids contargene for ampicillin resistandald) in the same orientation as the target
gene. If the T7 transcription terminator is remodeding cloning, IPTG-dependent accumulatio-ddictamase (Mr 31.5 kDa)
is usually observed along with the target protdire to efficient read-through transcription by TMARpolymerase.

pET vectors contain different sequences adjacetitet@loning sites that encode a number of peptatgs”, which facilitate
localization, detection, or purification when fuseith the target protein. The method of cloninglw&termine whether or not
these “tags” or any additional amino acids fromvbetor are expressed fused to the protein ofésteiThe following sections
describe several cloning options to produce tgsgeteins with or without fusions.

Produce recombinant proteins without fusions

Almost all of the pET vectors can express protéias do not contain vector-encoded sequencedNdel or Ncol site is
available in many vectors for cloning into the Adfart codon at the 5’-end of the insert coding sega. Similarly, vector-
encoded C-terminal fusions can be avoided by inofyd translation stop codon in the insert.

In many pET vectors, the ATG triplet within theo | site (CCATGG) encodes the N-terminal methioniéG start codon in
the T7 RNA polymerase transcripts. Target gend3QR engineered inserts that contain eiten | sites or sites that generate
compatible overhang8pH | (TCATGA), Bsg.U11 | (ACATGT), and subsets dffl 1Il (ACRYGT) andStyl (CCWWGG)] at
the beginning of their ORF can be cloned intoNtee | site. However, utilization of these restrictisites can be complicated if
the target gene encodes multiple internal siteadtition, each of these restriction sites dict#tedirst nucleotide of the next
triplet codon, which may prevent the generatiotagget protein without any extra amino acids. lohstases, it may be possible
to use restriction enzymes that cleave “downstreaintfieir recognition site, to allow the generatafrunfused target protein
(see table below).

Enzyme (isoschizomers)  Recognition and cleavage site Overhangs generated
Bbsl (Bpil, BpuA 1) 5’ -GAAGAC(N)2-3’ GAAGACNN NNNNN
3’-CTTCTG(N)6-5" CTTCTGNNNNNN N
Bsal (Eco31 1) 5’-GGTCTC(N)1-3” GGTCTCN NNNNN
3’ -CCAGAG(N)6-5" CCAGAGNNNNN N
BsnB | (EsB 1) 5’ -CGTCTC(N)1-3" CGTCTCN NNNNN
3’ -GCAGAG(N)5-5" GCAGAGNNNNN N
BfuA | 5’-ACCTGC(N)4-3~ ACCTGCNNNN NNNNN
3’ -TGGACG(N)8-5" TGGACGNNNNNNNN N

Any of these restriction sites can be engineersglRTR primers such thhico I-compatible overhangs can be generated. As
with any strategy using restriction digestion, cement utilization of this approach will be limitéfdhe target gene encodes
internal sites. However, it is relatively unlikelyat a given insert will contain sites for all foefrthe enzymes listed above.

Produce recombinant proteins without fusions afteprotease cleavage

The pET-41a-c(+), 42a-c(+), pET-43.1a-c(+), pET-448), pET-45b(+), pET-47b(+) through pET-50b(+#)dgpET-52b(+)
vectors contaifPshAl or Smal restriction sites within sequences encoding éa¥f, enterokinase, thrombin, or HRV 3C
cleavage sites. Utilization of these blunt cuttiagtriction enzymes allows all (Factor Xa and eskigrase) or most (thrombin
and HRYV 3C) vector-encoded protein sequences terheved from the resulting fusion proteins by cége/with the
appropriate protease. The efficiency of thrombaaghge can be affected by the nature of the andids anmediately following
the cleavage site. Optimal thrombin cleavage isiakt when the first two to three insert-definedranacids are apolar and
non-acidic (Chang, 1985; Le Bonniec et al., 199 Bonniec et al., 1996).

Ligation-independent cloning

Ligation-independent cloning (LIC) was developedtfee directional cloning of PCR products withoestriction enzyme
digestion or ligation reactions (Aslanidis et 4B90, Haun et al., 1992). LIC-prepared pET vediarge non-complementary
12-15 base single-stranded overhangs that anneahiplementary single-stranded overhangs on tigettamsert. Primers
amplifying the target insert require the additidrbbextensions to create the complementary sequémthe prepared LIC
vector. The 355’ exonuclease activity of T4 DNA polymerase proeithe single stranded overhang on the insertglarin
short incubation. Cloning is directional, and isyfast and efficient because only the desired pcbd formed by annealing the
prepared plasmid and insert. An additional featiirdie LIC vectors is the removal of all or mostue-encoded amino acids
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with the site specific proteases: enterokinasetdrata, or HRV 3C. See User Protocols TB163, TB18#] TB453 for
additional LIC strategy information.

4 A

IPTE Induction C. Regulating Protein Expression in the pET System

E coif RHA
palymesase

Even in the absence of IPTG, there is some expressiT7 RNA polymerase from the
lacUV5 promoter ilDE3 lysogens and therefore, basal expression dhtiget protein.
Any recombinant protein expresseddncolimay interfere with normal cell function and
therefore may be “toxic” to the bacteria. The degoétoxicity will vary from protein to
protein. If target gene products are sufficientlyi¢ to E. coli, this basal level of
expression can be enough to prevent vigorous gremththe establishment of plasmids
in ADE3 lysogens. The pET System is a powerful pro¢ejression tool because you
can tightly control protein expression with the Ta&c promoter, pLysS or pLysE hosts,
and addition of glucose to the media based onhibeacteristics of your target protein. It
is possible to over-regulate the system with tiseltbeing low protein expression levels.
Therefore it is important to both understand tHWaing tools and empirically
determine what combination is best suited for gaotein of interest.

The T7lac promoter

One approach to control basal expression is tovestrs that contain what is termed a
T7lac promoter (Dubendorff et al., 1991; Studier et B890; see table on page 28).
These plasmids containac operator sequence just downstream of the T7 pramote
They also carry the natural promoter and codingisace for thdac repressorlécl),
oriented so that the Tak andlacl promoters diverge. When this type of vector isdus
DE3 lysogens, the lac repressor acts both adattiév5 promoter in the host
chromosome to repress transcription of the T7 RKperase gene by the host
polymerase and at the [B€ promoter in the vector to block transcription loé target
gene by any T7 RNA polymerase that is made. Oféyetarget genes have been
encountered that are too toxic to be stable inethestors in expression host strains, such
as BL21(DE3) or HMS174(DE3) (Dubendorff et al., 199Note that in combination
with pLysS and pLysE hosts, expression can be megutated (see Vector and host
combinations affect expression levels on page 31).

Control of the
T7lac Promoter

. J
LysS and pLysE hosts
(" INACTIVE ) Possandely
Additional stability target sequence stability ¢cemachieved by expression in host strains
| T7 RNA polymerase | containing a compatible chloramphenicol-resistaasmid that provides a small amount
ij of T7 lysozyme, a natural inhibitor of T7 RNA polgnase (Moffatt et al., 1987; Studier,
1991). T7 lysozyme is a bifunctional protein: itga specific bond in the peptidoglycan
layer of theE. colicell wall (Inouye et al., 1973), and it binds to RRA polymerase,
+ inhibiting transcription (Huang et al., 1999; X.atfy et al., 1997). T7 lysozyme is

| provided by a clone of the T7 lysozyme gene inBaeH | site of pACYC184 (Chang et
al., 1978). The cloned fragment [bp 10,665-11,29670DNA; (Dunn et al., 1983)] also
contains thep3.8 promoter for T7 RNA polymerase immediatelydaling the lysozyme
gene. A plasmid having this fragment oriented st the lysozyme gene is expressed
7 Lysnz'.rme from the tet promoter of pACYC184 is referred tqpaysE; cells carrying this plasmid
accumulate substantial levels of lysozyme. A plashaiving the fragment in the opposite
orientation is referred to as pLysS; cells carntimg plasmid accumulate much lower
7 Lysnmne — levels of lysozyme. Note that expression of lysoayrom pLysS hosts is also dependent
gene on culture conditions. Because the upstream chlph@micol acetyl transferase (CAT)
antibiotic resistance gene is regulated by a céitabepression sensitive promoter,
growing pLysS host strains to stationary phas@éénabsence of glucose can lead to high

cAMP and higher CAT promoter activity. The higi@®AT promoter activity may be the cause of elevdysdzyme levels
observed in cultures grown to stationary phase yNal., 2001). When produced from the cloned geglatively high levels
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of T7 lysozyme can be tolerated Bycoli (i.e., no cell lysis), apparently because theginois unable to pass through the inner
membrane to reach the peptidoglycan layer.

Neither lysozyme plasmid interferes with transfatioraof cells that contain it; pLysS has littleedt on growth rate but pLysE
causes a significant decrease in the growth rateltsf that carry it. The higher level of lysozypm®vided by pLysE can
substantially increase the lag time and reducerisamum level of expression of target genes updundtion of T7 RNA
polymerase. This damping effect on expressionfficgnt that cells containing a target gene whpseduct is relatively
innocuous can continue to grow indefinitely in iresence of IPTG, a property that may be usefasbme circumstances. The
presence of either pLysS or pLysE increases tleeante ofhDE3 lysogens for plasmids with toxic inserts: ubktglasmids
become stable, and plasmids that would not otherbésestablished can be maintained and expreseeduge pLysE causes
slower growth and a tendency toward lysis, itsissmmewhat less convenient in most cases. Fortegiy genes, the
combination of a Tlac promoter-containing vector and pLysS is preferable

The presence of pLysS or pLysE also makes it easigrepare cell extracts. After the target proteas accumulated, the cells
are collected and suspended in a buffer such asMbdris-HCI, 2 mM EDTA, pH 8.0. Simply freezing amidawing, or adding
0.1% TritorP X-100, will allow the resident T7 lysozyme to eféintly lyse the cells. PopCultftand BugBustét Protein
Extraction Reagents release substantially moreeprethen used alone with hosts containing the plors@LysE plasmids. This
property can make it advantageous to carry pLyd8drcell even when it is not required for stalmiligthe target plasmid. Note
that the pLysS or pLysE plasmids are not recommefoleuse with constructs containing a signal segaef isolation of the
periplasmic fraction is desired (due to the breakuof the cell membrane by the T7 lysozyme produndtiose hosts).

Vector and host combinations affect expression lelge

In practice, it is usually worthwhile to test sealattifferent vector/host combinations to obtain ltest possible yield of protein
in its desired form. When the “plain” T7 promotsrused, the low level of lysozyme provided by pLysS little effect on
expression of target genes following induction @fRNA polymerase, except for a short lag in theegpance of target gene
products. Apparently, more T7 RNA polymerase isug&tl than can be inhibited by the small amounysifiayme. The level of
lysozyme might be expected to increase somewhat inatuction, since T7 RNA polymerase should be &bkeanscribe
completely around the pLysS plasmid from #88 promoter to make lysozyme mRNA. However,#Be8 promoter is
relatively weak (McAllister et al., 1981), and mastnscription should be from the much strong&d promoter used in the
target plasmids. When using theld@promoter, we have observed that expression inplyssts can be somewhat reduced
relative to non-pLysS hosts under a given inductiondition. For an example illustrating differenceshe expression of two
target proteins with various combinations of TA&E7promoter and pLysS and pLysE hosts, review Mieoehet al. (1994).

Media containing glucose

As first described by Grossman et al. (1998), lasd expression levels in the pET system can betaiaéd by supplementing
the medium with glucose. As cultures reach statippaase, any available glucose is consumed firdtam alternative carbon
source such as glycerol is then utilized. Metalbolig the alternate carbon source causes cyclic AAMMRP) levels to increase,
stimulating transcription from thHacUV5 promoter and subsequent expression of T7 RN#nperase il.DE3 lysogens. In
contrast to the wild-typkac promoter, théacUV5 promoter is not as sensitive to cAMP stimulat{&ron et al., 1971; Fried et
al.,1984). However, it has been demonstrated tifiitient stimulation occurs to elevate T7 RNA polgrase levels, and
consequently, T7 promoter regulated target geneeggjpn (Grossman et al., 1998; Kelley, 1995; Netvgl., 2001; Pan et al.,
2000). A significant decrease in basal transcripfiom thelacUV5 promoter is observed when standard medium is
supplemented with glucose in cultures grown tdatary phase (Grossman et al., 1998; Novy et @D12Pan et al., 2000).

Minimizing basal expression is particularly impartéor pET vector expression when hosts that docaaty the pLysS plasmid
are allowed to grow to stationary phase (16 h; mghit cultures) and when the target gene is ta@imgsman et al., 1998; Novy
et al., 2001). Without the T7 lysozyme from the p&yplasmid, basal expression levels are elevatedltares grown to
stationary phase. If the gene is toxic, the additib0.5-1% glucose to both liquid medium and gdares may be necessary to
maintain plasmid stability. Hosts containing pLys8y express an elevated level of lysozyme in ceftgrown to stationary
phase such that induced levels of the target prated lowered. This is likely because the CAT garenoter is also sensitive to
stimulation by cAMP in the absence of glucose anglistream of the T7 lysozyme gene in pLysS (Nawat.e2001).

The addition of glucose is neither necessary nmmenended during the cloning steps in non-expradsists. Although
growing cultures to stationary phase is not recontied, glucose provides another method to mainteinowest basal levels of
target protein irhDE3 lysogenic expression hosts used in the pETe8yand prevents overproduction of T7 lysozyme.
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pLacl hosts

The specialized (DE3)acd based expression hosts are only intended fomitbethe high copy number pETBlue™ and
pTriEX™ vectors. These hosts suplayg repressor from the compatiblegrl plasmid to ensure stringent repression in the
uninduced state. Host-providéat repressor is required in pETBlue and pTriEx ex@imshosts because these plasmids do not
contain the lac repressor gene. Refer to the pEI Blgstem Manual (User Protocol TB249) or the pTiggstem Manual (User
Protocol TB250) for further details on use of pLhokts.

PETcoco™ System

Another approach to minimize basal expressiokDR3 lysogens is the use of the pETcoco vectorssd lrectors are normally
maintained as a single copy per cell, in contashé pET vectors which are maintained as appraeiynd0 copies per cell.
When present as a single copy, target genes beexmgnely stable, both due to minimal opportunittyrecombination or gene
rearrangement, and reduction in basal transcripéiegls to about 1/40 of pET vectors. Protein egpien of pETcoco
recombinants is induced by IPTG, with expressimelecomparable to pET vectors. For details se¢aSedt al., 2002 and User
Protocol TB333.

-

D. Hosts for Cloning

As described previously, a powerful feature ofp system is the ability to clone
target genes under conditions of extremely lowdcaptional activity, that is, in the
absence of a source of T7 RNA polymerase. Backgr@xpression is minimal in the
absence of T7 RNA polymerase because the host RiNAngrases do not initiate from
T7 promoters and the cloning sites in pET plasraigsin regions weakly transcribed (if
at all) by read-through activity of bacterial RNAlpmerase. Although in some cases
(e.g., with innocuous target proteins), it may bsegible to clone directly into expression
hosts, this approach is not recommended as a detratzgy. Even low levels of basal
expression can cause growth problems and plasmiidhitity as a result of transcription
E. coli genome from the T7 promoter.

Suitable bacterial hosts for cloning include Ehecoli K12 strains NovaBlue, NovaBlue
T1R, JM109, and DH& These strains are convenient hosts for initiahiclg of target
%— DNA into pET vectors and for maintaining plasmidsause they amecA— endA—, have
promoter high transformation efficiencies, and good plasyiédds. NovaBlue has the additional

\ / advantage of having a selectable F factor thawvalloelper phage infection and therefore
the production of single-stranded plasmid DNA fartagenesis purposes (appropriate
only for plasmids carrying the f1 origin of repliza). NovaBlue T1R have all the same
features of NovaBlue cells, with the added berfiieing resistant to T1 and T5 phage.
Note that there are no blue/white screening capiakiin the pET System because the
PET vectors do not encode tlaeZ a-peptide. If blue/white screening in a T7 expressio
vector is required, the pETBIlue plasmids provide tption in combination with

Target gene

H OST CELL NovaBlue (see User Protocol TB249). If desired regpion can be induced in the
X NovaBlue host or other non-DE3 hosts by infectiaththe bacteriophageCE6. See
f.[}r C| oni ng “Bacteriophage CE6” (page 14) for details.

\_ y,

E. Hosts for Expression

For protein production, a recombinant plasmidas$ferred to ai. colistrain containing a chromosomal copy of the gene fo
T7 RNA polymerase (T7 gene 1, see example belohgs@& hosts are lysogens of bacteriophage DE3, lmladerivative that
has the immunity region of phage 21 and carriefNa fagment containing thiacl gene, thdacUV5 promoter, and the gene
for T7 RNA polymerase (Novy et al., 2001, Studieale, 1986). This fragment is inserted into thiegene, preventing DE3 from
integrating into or excising from the chromosoméhwut a helper phage. Once a DE3 lysogen is forthedonly promoter
known to direct transcription of the T7 RNA polyrase gene is tHacUV5 promoter, which is inducible by addition of IBTo
the culture medium or by using an autoinduction iom@dSee Section 1V, Expressing the Target Genge i4). DE3 lysogen
strains may be chosen for protease deficiency, @aniid auxotrophy, solubility enhancement, rareocosupplementation, or
other features. In addition, tA®E3 Lysogenization Kit (Cat. No. 69734-3), allowe tconversion of othdt. colistrains to

DE3 lysogens. Several popular commercial cloningors carry T7 promoters and sepatateoperator/promoter elements for
blue/white screening of recombinants. While in pifite these vectors could be used with the pETesgion hosts, these
vectors are actually inappropriate for this purpdse multiple copies of thiac operator on these plasmids will titrdée
repressor and partially induce the gene for T7 Rildlymerase in the pET host, which is also contcobiglac repressor. As a
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result, basal T7 RNA polymerase activity becomes f@nough that many target genes cannot be stabitaimed. These
elements are properly balanced in the pETBlue ™eByst

r N
IPTG Induction
E. coli RNA * T7 RNA
polymarase polymerase
—_— ]
| T7 gene 1 ol __\ Target gena
_@ ~ | T7 RNA polymerase \f . ~
-~ *" J— —[___-----5-\';' |
y |’ Ja.:'l 0 T — | | — -
fac promoter

HOST CELL
E. coligenome for ExprESSIOn

Protease deficiency

All of the B strains (B834, BL21, BLR, Origami™ Bosetta™, Rosetta 2, Rosetta-gami™ B, and Tuner&eficient in the
lon protease and lack tleenpl’ outer membrane protease that can degrade prateiirtg) purification (Grodberg et al., 1988).
Thus, some target proteins may be more stablesgethtrains than in host strains containing thestegses. BL21(DE3) is the
most widely used host for target gene expressiaR(BE3) is arecA— derivative of BL21 constructed by A. Roca, Unisigy

of Wisconsin, and may stabilize some target genesaming repetitive sequences. The Origami B, Rasand Tuner strains are
described in detail in the following sections.

Adjustable expression levels throughout all cellsiia culture

The Tuner™ strain and derivatives (Origami B and&t@-gami B) aracY1 deletion mutants of BL21 and enable adjustable
levels of protein expression throughout all callsiiculture. The lac permeasacl1) mutation allows uniform entry of IPTG
into all cells in the population, which producesomcentration-dependent, homogenous level of indilncBy adjusting the
concentration of IPTG, expression can be regulfited very low level expression up to the robusliyfinduced expression
levels commonly associated with pET vectors. Lolseel expression may enhance the solubility anibiacbf some target

proteins.
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Disulfide bond formation and solubility enhancement

Many proteins require the formation of stable didel bonds for proper folding and activity. Withatisulfide bonds, these
proteins may be degraded or accumulate as inclimidres. One limitation of producing properly falderoteins irE. colihas
been the relatively high reducing potential in ¢htoplasmic compartment; disulfide bonds are ugu’alimed only upon export
into the periplasmic space. Bacterial strains \glthtathione reductasgdgr) and thioredoxin reductasexB) mutations greatly
enhance the formation of disulfide bonds in Eheoli cytoplasm (Aslund et al., 1999; Prinz et al., 1997)

The family of Origami strains carry thixB andgor mutations for enhanced disulfide bond formationidits have shown that
expression in Origami(DE3) yielded 10-fold moreiaeiprotein than in another host, even though dvexpression levels were
similar (Prinz et al., 1997). If the target proteinntains disulfide bonds and the target gene esscoate codons, one of the
Rosetta-gami strains may be optimal (see Rare tRMNblementation, page 35). The Origami, OriganRR@etta-gami, and
Rosetta-gami 2 host strains are K-12 derivativas ¢hrry therxB/gor mutations The Origami B and Rosetta-gami B hoairst
carry the sam&xB/gor mutations as the original Origami strain, except they are derived frofacZY mutant of BL21. The
trxB andgor mutations in the Origami, Rosetta-gami, OrigamaBd Rosetta-gami B host strains are selectabl@oamycin
and tetracycline, respectively; therefore, thessrst cannot be used with plasmid carrying kanamyai tetracycline-resistance
genes. Unlike the original Origami strains, theg@mi 2 and Rosetta-gami 2 strains are kanamycisitser) making these host
strains compatible with many Novadeexpression vectors. Thr mutation is still selected for by tetracyclinee tame as the
original strains. To reduce the possibility of dile bond formation between protein molecules thesntaining thérxB/gor
mutations are only recommended for the expresdignateins that require disulfide bond formatiom fwoper folding.

Rare tRNA supplementation

Most amino acids are encoded by more than one ¢@mheach organism carries its own bias in thgausthe 61 available
amino acid codons. In each cell, the tRNA poputatitosely reflects the codon bias of the mRNA papah. When the mRNA
of heterologous target genes is expresséfl toli, differences in codon usage can impede translali@nto the demand for one
or more tRNAs that may be rare or lacking in thpyation. Insufficient tRNA pools can lead to triat®nal stalling, premature
translation termination, translation frameshiftengd amino acid misincorporation. The Rosetta™ redrare designed to enhance
the expression of eukaryotic proteins that contaitions rarely used iB. coli (Brinkmann et al., 1989; Kane, 1995; Kurland et
al., 1996; Seidel et al., 1992). By supplying ré&blAs, the Rosetta strains provide for “univergedthslation, where translation
would otherwise be limited by the codon usag&.ofoli (Brinkmann et al., 1989; Del Tito et al., 1995;9@nberg et al., 1993;
Seidel et al., 1992). Rosetta strains supply tRfdAshe codons AUA, AGG, AGA, CUA, CCC and GGA orc@mpatible
chloramphenicol-resistant plasmid. The Rosettadrst supply a seventh rare codon (CGG) in additiathe six found in the
original Rosetta strains. The tRNA genes are driwetheir native promoters.

The Rosetta and Rosetta 2 strains are B-straimalses with bn andomprl protease deficiencies. The RosettaBlue straias ar
derived from the K-12 strain NovaBlue and haveatided benefits of high transformation efficiency atringency due to the
high level oflac repressorlécl?. The Rosetta-gami™ and Rosetta-gami 2 strain&dr2 strains with trxB/gor mutations, for
enhanced protein folding through the formation istitfide bonds (see Disfulfide bond formation antlibility enhancement,
page 33). The Rosetta-gami 2 strains are kanamsegcisitive and supplement seven rare codons. ThettRammi B strains
combine the key features of BL21 (and its Tuner™™va¢ive), Origami, and Rosetta to enhance bothettgression of
eukaryotic proteins and the formation of target@irodisulfide bonds in the bacterial cytoplasmtha fLysS and hac Rosetta
strains, the rare tRNA genes are present on the ptammids that carry the T7 lysozyme éarepressor genes, respectively.

Selenomethionine labeling

The B834 strain is a methionine auxotroph and trenttal strain of BL21. B834 strains are usefulhigher specific activity
35S-met labeling and selenomethionine labeling fgstadlography (Leahy, 1992; Wood, 1966). Signifibghigher levels of
several target proteins were achieved in B834(#E3)ompared to BL21(DE3), which suggests that thengbe other
advantages to using the parental strain (Dohe#®§5)
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PET system host strain characteristics table

This table lists the genotypes of strains commaisid for cloning and expression with the pET SysfEme catalog numbers for

host strain glycerol stocks and competent cellsb@afound starting on page 54.

DescriptionfApplication

Antibiotic Resistance®

Bez4(DE3)?

B3 4[DE3)plysS®

BLZY
BLZ1[DE)
BLZ[DEI)plysS

BLA

LR{DES}

BLA{DES)plysS?

HMS174
HMS 1 74{DEZP
HMS 1 74{DE3)plys5

NovaBlue

NowaBiue(DE3)

NovaBlue T1R

NovaXc

NovaXGF

Origami™

OrigamifDEIF

Bai4
Ba34
Ba34

K-12

K-12

K-12

F- ompT hsd5,fr, m | gof dem met
F - ompT hsdSfr; mg ) gal dem met{DER

F - ompl hsd5 fr.” m. | gal dem met{DE3) plyss
{Cam®)

F- ompl hsd5 jr-m; ] gal dcm
F - ompT hsdSyfry my | gol dem (DES)

F~ ompT hsa5 fr; m ) ol dcm (DES)plysS
[Cam®)

F- ompl hsg5 fr- m) gal dem Afsr-
recAl306-Tn 1o [Tet®)

F - ompT hsdSyfrg my | gol dem{DE3) Al
recAt306-Tn 10(Tet%)

F - ompl hsdSgfry my ) ool dem{DE3] Afei-
recA)306:Tn 10plyss [Cam®, Tet™)

F-recAt hsdRfr,, -m, *)[RiF)
F-recAt hsdRir, - m,,. HDES] (Riff)

F-recA? hsdRfr,
FRiff)

endA T hsdR17(r,, - m, "] supE44 thi-1recAtl
oyrASG AT loc

F"fproA* B* lod® ZA M1 52Tn 10] [Tet")

endA 1 hsdRi7fr,, - m, °}supEs4 thi-1recAt
gyrASE el T lac[DE3)
F*fioroA* B fod"aZ M 15 -Tn 1 (Tet®]

endi 1 hsdRi7fr,, - m, "} supEsa thi- T recAT
T¥TASE reld 1 lac tond
F*fpvod B lod®s Z 801 5 2T 1] [Tet™)

F- moi AfmorC-mrrf endA T recA 1
p80diecs M 15 lock7 4 arol 139 Afara-
leu}7697 gal U galK rpsL nupi . - tond

moA AfmorC-mir) endA T recA !

pE0dloc? M 15 cX7 4 arol 139 Alaro-
ley)7897 goll) gk rpsl nupG 3. - ton A F°[lack
T 707 [Tet)

Agro-lew7 697 Alack74 Apho# Peoll phofl
arallt 33 ahpC galE galk rpsl

Ffloc lock prof gor522 ZTn 10 rx 8 (Kan®, 5ir°
Tet¥)

m,., - }{D£3) plys5 {Cam’

Adro-—leu7 837 Alack74 Aphod Peull phoR
aral i 35 ahpC galE golk rpsl

F Poc Jock prof (DE3) govs22: Tn 10 B [Kan®,
St Tet®)

met suaitroph, parent of BL31, control nom-
EXpression® host

met auxatroph, parent of BL21, general expression’
host, ®5-met labelfing

met auxotroph, parent of BL21, kioh-stringency
expression ** host, ™5-met kabeling

controd non-expression® host
general purpose sxpression” host

high-stringency expression **

recd- confired non-spression” host
recommended for usewith @ndem repeats
recA” et pression” hiost

recaommended for use with tandem repeats
recd” high-stringency expression * * host
recommended for use with tandem repeats
controd non-expression® host

recA” K- 12 expression® host

recdK-12 high-stringency expression™* host

non-sxpression?® host, general purpose cloning host,
plasmid preps

recd- endd- K- 12 ookt expression” host recommeanded
for use with NovaTope® System

non-=xpression host, general purpose cloning,
plasmid preps, T1 and T5 phage resistant

straim for demandi

NOM-Spression? C
tion minus. T1 and T5 pha

Methylation rest
resistant

anings

w3

non-apression?® host strain for demanding clonings.
Methylation restriction minds. TT and 15 phage
resistant

controd non-expression” host

general expression” host; wo mutations in

cytoptasmic disulfide reduction pathway enance
disulfide bond formation in E coff cyioplasm

(continued on next page; see footnotes on page 37)

mone

mone

Chioramphenicol [34 pafmil)

rone
rone

Chicramphenicol [34 pafmil)
Tetracydline [12.5 pa/ml)
Tetracyciine {125 pgfmi)
Chloramphenicol [34 gaimil)
Tetracycline [12.5 pgimi)
Rifampicin (200 ug/mi)

Rifarmpicin (200 ug/mi)

Chloramphenicol [34 pgiml)

Rifampicin (200 pg/mi)

Fetracyciine (125 palimi)

Tetracyefine {125 yo/mi)

Tetracyrfina {12.5 paimi)

Eone

Tetracycling {125 gatml)

Kanarmmycir [15 wgimi)
Streptormycin (50 wgfmi)*
Tetracycline {125 pafmil)

Kanamycin (15 pafmi)
Streptormycin (50 pgfmi)®
Tetracycline (12.5 @a/mi)
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Antibiotic Resistence’

CrigamilDE3JpLy=%"

Ovigami 2*

Origami 2[DET)*

Origami 2(DE)plys5

Crigami™ B°

DOrigami BIDEZ)®

Crigami B{DE3|ply=3"

Rosetta™

Rosetta(DEIP

RosettalBET Jplys5"

Rosetta 2
Rosetta 2[DEI

Rosetta 2[DET)ply 5

RosettaBlie™

RosettaBiue{DE)

RosettaBlus|DES)

plyss

Rozetta-gami™

Rosetta-pami (DE3)P

Rosetta-pami™
[DE3fplys5*

K-12

K-12

Tuner™
|8 =train|

Tuner
|8 strain}

Tumer
[B strzin)

BLH
BLI1

BLI1

BLIT
BLT1

BLI

K-12

K-12

Genotype

Aorg-feu? B37 Alock74 Aphod Peull phoR
aral1 3% ohpl golf galk rpsl

F*flac lod prof (DE3} gor527 Zn 10 trxB plyss
[Cam® ¥an®, Sirf Tet')

Adgra-leu7 B97 Alack74 Aphod Peull phoR
aral1 35 ohpC galf gaik rpsl

F"flac lod= prof gor 522 -Tn 100 8 [Str®, Tet®)
Aara-fen? 697 Alock74 Aphad Peull phoR
oroD] 35 ahpl golf galk rpsl

F* fioc oo prof [DE3) gor522 ZTn 10 4x B {Sir

Tet™)

Agra-lend B37A fack74A phod Pvull phaff
aral1 3% ohpC galE galk rosl

F*flac” fod® prof [DE3) gors22 -Tn 10z B ply=5
[Cam®. St Tet)

F~ ampl hsd3 fr, m, | gaidem lacYT ahpC
gors 2 =Tn 10 texB (Kan®, Tet")

F - ampl hsdS fr- m.-) gai dem facYT ahpC
|DEN) gor 22 Tn 11 trxB [Kan®, Tet"]

F - ompl hso5 fr,- m, ] gal dem bacY T ahpC
DEY) gorb22-Tn 10 trxB plysS [Cam®, Kan® Tet®)

F~ ompl hsdS0r,” m," ) gai dempRARE® [C=m")
F - ompl hsdS fr.- m ) gai dem {DE3} pRARE®
[Cam)

F- ompl bsas fr- my ) gal dem iDES)
pLysSRARES{Cam)

F- ampl hsd5 Jr,- m,] gal dem pRAREZ [Camv)

F~ ampl hsd5 frm, ,lgm'd-cm{D:"Epr.ﬂ.REE'
[Cam®)

F - ompl hsd5, fr- m- | gai dem
plysSRAREZ® [Camf}

endA 1 hsdRE7f,, - mt supEdd thi-1 recAT
gyAdEreiAl locF [prod B lockAZM IS ST 1G]
pRARE® [Cam®, Tet}

endA T FsdRIFf, o my " supEdd thi-T recAl
gyriE relAT foc{DE3) F fprod” 8 focPAZ MTE -
Tr 10 cRARE® [Cam®. Tt

endA T hsdRI7f - m, ) sipEd4 thi-T recAl

gyAIEr=lA] o [DE3) F (prod B lockAZ MTE
Zin :I'C!|| piLy=SRARE® [Cam®, T=e}

Agra-feu 65T Alock74 Aphod Peull phoR
aral] 3% ahpC goif galk rpsl F flac fod® prof
gorE22Tn 10 8 pRARE® {Cam®, Ear, 517,

Tetf)

Aora-leud B07 AlackT4 Aphod Peull phoR
oro01 30 ahpC galf galk npsl [DE3) F*{lace fack
pra] gorb 22 =Tn 10 trxB pRARE® {Cam?, Kan®,
Shr®, Tet¥)

Aora—teuF BOT Alack74 Aphad Peall phoR
aroD1 3% ohpC galt gal rpsl [DE3) Fflac” focP
rof gor522 ZTn 10 treB plysSRARET [Cam”,

Kan®", 5b”, Tet”)

Description/Application

high-stringency? * expression host; two mutations
in oytoplasmic disulfide reduction pathway enhance
disutfide band formation in E coff cytoplasm

control non-expression® host; kanamycin sensitive

geners] expression 3 host; two mutations in
cytoplasmic disulfide redoction pathway enhance
disuifide bond formation in E cofi cytoplasm;
kanammycin sensitive

high-stringency? * expression hast; bwo mutations
in oytoplasmic disulfide reduction pathway enhance
disutfids bond formation in E coff cytoplasm,
kanamycin sensitive

controd non-expre ssipn” hast

general sxpression’ host; contzins Tuner {oc permease
mutation and trx8por mutaticns for cytoplasmic
disulfide bond formation

high-stringency? * expression host; contains Tuner
loc permease mutation and beeBgor mutations for
cytoplasmic disulfide bond formation

control non-expression’ host

general expression? host; provides six rame codon

tANA

high-stringenoy? * expression hast; provides six rare
codan tRNAS

control non-expression® host

general ::cprml'cn’ hiost; provides seven rare codan
tRNAs

high-ziringency? * expression hast; provides seven
rare codon tANAS

control non-expression® host

recA™ endd” K- 12 fac general expression’ host;
prowides sic rare codan tRNAS

recd™ engd- K- 12 fad? high-stringency® * expression
hirst; provides six rare codon ANAS

control non-expression” host

general expression? host; two mutetions in
cytoplasmic disulfide red uction pathway enhance
gisuffide bond formation in E coff oytoplasm, provides
six rare codon tRNAS

high-stringency’ * expression host; two mutations

in cytoplasmic disutfide redwction pathway enhance
st bond formation in £ colf oytoplasm, provides
5ix rare oodon tANAS

(continued on next page; see footnotes on page 38)

Chioramphenicol {34 pagf/mi)
Kanamyrin (15 gofmi)
Streptommycin {50 poimill
Tetracycline (12,5 pafmi)

Streptomycin (50 pofmif®
Tetracycline (125 pg/mi)

Streptomyein (50 wofmi)®
Tetracycline (125 pgfmi)

Chioramphenicod {34 pofmi)
Streptomycin (50 ugfmil
Tetracycline (V25 pafmi)

Eanamyein (15 pgimil)
Tetracycline (125 pa/mi]

Kanzmyrin {15 pogimi]
Tetracycline (125 pgimi)

Chioramphenicol {34 paf/mi)
Kanzmyein (15 gofmi)
Tetracycline (Y25 pafmi)

Chioramphenics! {34 paof mi)

Chioramphenics {34 pofmi)

Chloramphenicod {34 pafml)

Chloramphenica! |34 paf mi)

Chloramphenicod {34 zg/mi)

Chloramphenicod {34 pafmi)

Chioramphenics! {34 paof mi)
Tetracycling (125 pgfmi)

Chioramphenicod {34 pgfmi)
Tetraoyeline (125 pgfmi)

Chioramphenical (34 j2g/mi)
Tetracyclinie [12.5 pgimi)

Chioramphenicad (34 pgfmi)
Kanammycin (15 pg/mi]
Streptomyein (50 ugf mil
Tetracycline (126 pgfmi)

Chioramphenicol {34 2g/mi)
Eanammyein (15 pg/mi]
Strepbormmycin (50 dogf mif
Tetracycline [12.5 pgiml)

Chioramphenizod (34 2gfmi)
Eanamyein (15 pgl/mi]
Streptomyeein (50 pofmip
Tetraoyeline (125 pgfmi)
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Strain Deriv Genotype Deseription/Application Antibiotic Resistance’'

Rosetta-gami™ 2 Crrigami Adaro-icud B57 Alack74 Aphal Peull phaR controt Ron-cxpression” host Chioramphericed {34 2gfmi)
[€-13) arall 38 ohpC goit galk rpsl Streptommycin {50 ugfmil
F'{loc 10 prof gor22 -Tn 10 tre 8 pRAREZT Tetracycline (125 pafmi)

[Cam", 5&r® Tet')

Rosetta-gams HDEIP Drigami Aaro-feud BR AlocX74 Aphod Peull phoR generzl sepression” host; two mutations in Chiorampheniced {34 g/ mi)

[E-17 arall] 35 mhpC gaif gaik rpsl [DE3) rytoplasmic d rtign pathway =nhance Streptorryrin (50 pofmil®
F*ftoc lod® prof gor 522 ZTn 10 e 8 pRARET disuffide bond formation in £ colf cytoplasm, provides. Tetraoyeline (T2.5 pgimi)
[Cam® Str®, T=t?) s=yen rare codan tANAg kanzmycin sensitive
Rosetta-gami Dirigam Aara-leif BSF Alocky4 Aphod Peull phoR high-strimgency * expression host; two mutations Chioramphenical {34 galmi)
HDETjplysst [E-121 aral] 39 ohpl gait galk rps [DET) in cytoplesmic disuffide reduction psthwiay enhance Streptommyein (50 wofmil®
F'flac lod® pro] gor522 -Tn 10 trx & disuffide bond formztion in E oolf cytoplasm, provides  Tetraoyeline (1225 pgfmi)
ply=SRAREY {Cam®, Sh® Tet') seven rare codon tRMAS; kanamyrin sensitive
Rosetta-gam B Tuner™ F~ omgl hso58fr,” m_ | gai dom lackT ahpC control non-cxpeession” host Chipramphenice! {34 pgimi)

sint  gorS2ETnlD kB pRARE [Cam', Kan®, Tat) Kanammycin
Tetracyciine (125 pafmi)

(15 pofmid]

Rosetta-gam B{DEIF Tumer F~ ompl hsol58(r - m_" tgal dom fack T ahpl general expression”® host; contgins Tumer fecpermesse Chloramphenical {34 2/ mi)
[Bstrginf  [DEY) gorE22-Tn 10 trxB pRARE {Cam®, Kan®, muiation and torfpor mutations for oytoplasmic Eanamycin (15 wolmill
Tk disuifide bond formation, provides six rame codon Tetraoyeline [T25 pafmi]
tRNA=
Rosetta-gami B{OE3) F- ompl hsd5Bfr, m, | gol dem lac¥] ahpC high-sirimgency® * expression host; contains Tuner Chioramphenical {34 palmi)
plys& [DET) gorE22-Tn 10 treB plysSAARE [Cam® Ioc permmzase mutation and oefgor mutations for Kanzmmyein {15 wofmi]
Kan® Tet? oy toplasmic disulfide bond formation, provides st Tetracycline (125 pafmi)
rane tRMNAs
Tumer™ BLI F~ omgl fesd5, fr,“my fga demige k] eontrol non-expression” host o
Tumer|DE3} BLZ1 F- ompT ksd5 fr - m - igal demiac¥] [DE3) genersl spre 5t lac permeass mutation nors
allows controf of expression level
Tumer|DE3jplys5 BLZ1 F- ompl ksdS ir,” my | ool demiockT plyss high-strimgency® * expression host; lac permesse Chioramphenical {34 galmi)
[DE) [Cam"®) mutafion allows control of expression level

1. The appropriate drug to select for the target pidsnust also be added.

2. In this context, non-expression means that thénsti@es not contain the gene for T7 RNA polymeasa: therefore will not express from
target genes under the control of a T7 promotees&lstrains may be suited for expression fEorooli promoters such dac, tac, trc,andtrp,
or for infection by CE6 for pET expression.

3. Expression means that the strain d2E3 lysogen, i.e., it carries the gene for T7 RNolymerase unddacUV5 control. It is therefore suited
for expression from T7 promoters.

4. High-stringency means that the strain carries pLasSET-compatible plasmid that produces T7 lysazytimereby reducing basal expression of
target genes. pLysE hosts provide even greategsincy; these are available separately as glystoks.

5. The originaltrxB/gor double mutant (Stewart, 1998) required reducirena@ the growth medium to support normal grovettes. The
Origami™ strains are a derivative (FA113) of thigimial strain that carry a mutatioal{pC) which allows normal growth rates in the absence
of supplemental reducing agent (Bessette et &9;1Ritz et al., 2001).

6. PpRARE and pLysSRARE encode the tRNA geargJ, araW, ileX, glyT, leuW, proL, metT, thrT,Wyand thrU The rare codons AGG, AGA,
AUA, CUA, CCC, and GGA are supplemented (Novy et2001).

7. PpRARE2 and pLysSRARE2 contain the tRNA gemgX which recognizes the CGG codon for arginine initiaiul to tRNA genes supplied in
the pRARE plasmid (see note 6).

8. These strains carry a mutation in ribosomal progegisl) conferring resistance to streptomycin; howevespgbmycin is not necessary to
maintain strain genotype. If using pCDF vectorgcsimomycin must be used for antibiotic selectiegduse rpsL mutation confers
streptomycin resistance.

9. These T7 expression strains produce functita@apermease anglgalactosidase and are therefore compatible wérChernight Express™
Autoinduction Systems.
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VIIl. Optimizing Expression

The following sections describe procedures andmeeendations to optimize expression of your targetgin. Included here
are considerations for induction conditions, plasstability, protein solubility, and a discussidifactors that influence target
gene expression.

A. Induction Controls

An induction control strain that matches the typpromoter, selective marker, and other vector elasis included with each
pET vector and expression system to allow convémgerformance verification. The induction contrate not suitable for
cloning. The strain is provided as a glycerol stotkn appropriateDE3 lysogen containing a pET plasmid with an insert
encodingB-galactosidase, which can be easily assayed spéctametrically (except for Controls H, J, L, Nda@.1, which
contain no insert). The following table lists therious induction control strains and matching pEttors.

Control Vector Host strain Selection Promoter Fusion tags Protease Insert Included with vectorfseries  Cat. No.
site (protein size)
A pET-14k BLzi(DE3)plysS  amp 7 His*Tag® T g-gal pET-3, 5,12, 14b, 170, BOET4
cam 118kDa 200, 23
B pET-15h BLzi(DE3)plysS  amp T7 loc HizsTag i g-gal PET-11, 18k, 21, 22h, 25b BO25T
cam 118kDa
C pET-160 BLz1(DE3)plysS  amp T7loc HiseTag X g-gal pET-18b BOETS
cam 113kDa
D pET-190 BL21(DE3)plysS  amp T7lac HiseTag E f-gal pET-19b, 45h, 51h, 52b EOETE
cam 113kDa
E pET-280(%) BL21(DE3) kan T lac HiseTag T g-gal pET-g8, 24, 26h, 27h, 28, 47k, 69258
T7eTag® 11akDa 48k, 40b, 20b
F pET-200([+) BL21{DE3) lezn 17 lac SeTag™ T p-gal pET-29 ED359
110kDa
(E] pET-300(+) BL21(DE3) kan 7 lac His*Tag T.E g-gal pET-30 EO554
5eTag 12tkia
H pET-310{+] BLR{DE3)plysS amp fac S| nane pET-310 EODGE
cam, tet 14.8kDz
pET-32a{+} BLz1(DE3) amp T7loc TrawTag™ TLE none pET-32 EDOED
HiseTag 20.4k D3
SeTag
L pET-39%(+) BLz1(DE3) kkan T7 lec DsbA=Tag™ T.E none pET-39b, 400 70463
His=Tag 32.2kDa
SeTag
M pET-33b(+) BLz1(DE3) kan T7lac HiseTag T g-gal pET-33b ToE14
PKA site 120kDa
TieTag
N pET-210{+] BL21[DE3) kzn Trioc GSTeTag™ TE none pET-41, 42 70535
His=Tag 3c.6kDz
SeTag
O® pET-43.1b{+] L21(DE3) amp T7 lac MNussTag™ T.E nong pET-43.1, 44 TODES
HizeTag 6E.4kDa
SeTag
HSVeTag®
amp; ampicillin or carbenicillin cam; chlorampheoii E: enterokinase kan; kanamycin
tet; tetracycline T; thrombin X; Factor Xa

* Induction control O (70833-3) has identical claegistics as O.1 with the exception that pET-43b{a&s provided.

The provided induction control can be used to yetie performance for bacterial expression anaigffpurification under both
native and denaturing conditions. Details of thespiid constructs in the control strains are praVvidethe previous table.
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B-galactosidase assay

Many of the induction controls expreSscoli -galactosidase3(gal) as the target gene, enzymatic activity candsal to easily
follow the protein through the purification andakage steps. The BetaRed®Galactosidase Assay Kit (Cat. No. 70978-3)
provides a rapid, sensitive measuremerft-gélactosidase activity in cell extracts. Extramispared with BugBust®Reagent,
PopCultur® Reagent, or standard PBS and Tris-based lysigtsufife compatible with this assay as well as s ™

Solution and Benzona8&luclease. The colorimetric BetaRed Assay is 16-fobre sensitive (1 pg) than ONPG-based assays.
For a detailed protocol, see User Protocol TB303.

B. Enhancing Solubility and Folding

Recombinant proteins expressedEincoli are often produced as aggregates called inclimdres. Even when inclusion bodies
are formed, some proportion of the target proteinsually soluble within the cell. With the highpegssion levels of the pET
System there may be a significant amount of soloig&erial even when most of the target protein risaaggregated. In general,
conditions that decrease the rate of protein swithsuch as low induction temperatures or growtminimal media, tend to
increase the percentage of target protein foursimble form.

In many applications, it is desirable to expresgebproteins in their soluble, active form. Thédwing sections describe
several suggestions to enhance solubility of thgetgorotein. It should be noted that solubilityedaot necessarily indicate that
a protein is folded properly; some proteins forfubte species that are inactive. The vector, hostein sequence, and culture
conditions can contribute to either increase orese the proportion of soluble and insoluble forms

Temperature

Growth at 37°C causes some proteins to accumuatechusion bodies, while incubation at 30°C madl¢o soluble, active
protein (Schein et al., 1989). Growth and inductiw25°C or 30°C may be optimal if you want to etggbe target using the
signal sequence leaders present in a number of/pEfdrs. In some cases, prolonged (e.g., overnigttiction at low
temperatures (15°-20°C) may prove optimal for tieédyof soluble protein.

Lysis buffer

The partitioning of a given target protein into gwuble or insoluble fraction can be stronglyueficed by the nature of the
lysis buffer. Proteins containing hydrophobic omiigane-associated domains may partition into thelifble fraction when
using a standard lysis buffer, such as 1X His=BiBihding Buffer (which contains 500 mM NaCl), bugynnot actually be
present in inclusion bodies. Proteins in the inst@draction due to association with bacterialdppbr membranes may often be
converted to the soluble fraction by adding milllaxcamounts of nonionic or zwitterionic detergetatshe lysis buffer.
BugBusteP Protein Extraction Reagent or PopCulfuReeagent, both used in combination with rLysozym®®ution, can be
an effective choice to consider for increased regpof lipid or membrane associated proteins insthlable fraction. The
proprietary formulations utilize a nonionic and #efionic detergent cocktail capable of solubilgitell wall and membrane
components, thereby releasing cellular proteinbaut denaturation. The detergents in BugBusterRopCulture reagents will
not facilitate solubilization of all membrane boumdhydrophobic proteins. Other detergents maydmessary to solubilize
these membrane proteins and it is possible somenotaye solubilized. Choosing a detergent for siikgiion remains an
empirical task. For a review of the use of detetgi@mbacterial lysis, see “Experiment 2: Solulation and Purification of the
Rat Liver Insulin Receptor” (Brennan et al., 1996dte, however, that the addition of detergent afégct downstream
purification procedures.

Target proteins that contain highly charged domaiag also associate with other cellular compong@nts, basic proteins may
bind to DNA). In these cases, the target proteig patition with cellular debris; in theory, theyagnbe dissociated by adding
salt to the lysis buffer or digesting the nucleiiawith a nuclease such as Benzofiddaclease (see User Protocol TB261).

Periplasmic localization

An alternative strategy to obtain active, solubietgins is to use vectors that enable export inéoperiplasm, which is a more
favorable environment for folding and disulfide lidlermation (Raina et al., 1997; Rietsch et al9@;%one et al., 1997). For
this purpose vectors carrying signal peptides aeglusuch as pET-20, 22, 25, 26, 27, 39, and 4@ekier, some target proteins
will not be good candidates for periplasmic locatiian. For example, some fusionspegal to a periplasmic protein have proven
to be toxic (Snyder et al., 1995). In addition, tiet charge of the N-terminal amino acids on thaumsgprotein can inhibit
translocation (Kajava et al., 2000).

While several pET vectors contain signal sequefarefsision with target genes, pET-39b(+) and pED{4() are designed to
create fusions to the enzymes that catalyze tmeaton (DsbA) or isomerization (DsbC) of disulfidends in the periplasm
(Missiakas et al., 1994; Zapun et al., 1995).flision protein is competent to localize to the plasm, then its direct
association with the catalytic enzyme may enhatscgalubility and facilitate disulfide bond formati. A properly folded fusion
protein requiring formation of disulfide bonds fagtivity has been isolated following fusion to Dsf@@ollins-Racie et al.,
1995). Note that overexpressed, purified DsbC emzignisolated in the oxidized state and requirg®sure to a reducing agent
(0.1to 1.0 mM DTT) to acquire disulfide isomeras#ivity in vitro (Joly et al., 1997). Typically, a DsbC fusion ot
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expressed from pET-40b(+) is first purified by Higyd® or Ni-NTA HissBind chromatography. Prior to exjiug the fusion
protein to a reducing agent, either EDTA shoul@beéed to a final concentration of 1 mM, or the saspould be dialyzed to
remove residual Ni. EDTA addition and dialysis are probably unnecssiaNi-NTA His+Bind resin was used for purificati.

Cytoplasmic localization

The TrxsTag™, GST-Tag™, and NussTag™ fusion tagshaghly soluble polypeptides that can potentiatijhance solubility of
target proteins. When using vectors designed ftopdgismic expression, folding can be improved isthdhat are permissive for
the formation of disulfide bonds in tie coli cytoplasm (see Host Strains, below). Recognitequsnces for site specific
proteases are engineered into these vectors fapletamremoval of the tags (see page 28).

Schistosomal glutathione-S-transferase (GST) isnconty used as an N-terminal fusion partner whemesging proteins in

E. coli. Although not specifically designed for this pusppthe GSTeTag sequence has been reported tocentiensolubility of
its fusion partners. The pET-41a-c(+), pET-42a-c&nd pET-49b(+) vectors encode the GSTeTag seguisat can be cleaved
with thrombin or enterokinase, Factor Xa, and HRY Bespectively.

Many proteins that are normally produced in anlinsie form inE. colitend to become more soluble when fused with the N-
terminal thioredoxin (TrxsTag) sequence (LaVallteak, 1993; Novy et al., 1995). The TrxeTag expezsfrom pET-32a-c(+)
and pET-48b(+) vectors not only enhances the slitiubf many target proteins, but appears to caglye formation of
disulfide bonds in the cytoplasm kB mutants (Stewart, 1998). The combination of TegTontaining vectors ankB/gor
mutant strains that promote disulfide bond formatiothe cytoplasm may yield maximum levels of &ddy active, properly
folded target proteins.

The pET-43.1a-c(+), pET-44a-c(+), and pET-50b(#tees incorporate a solubility-promoting peptides NuseTag™
sequence, which was developed through a systeseich foiE. coli proteins that have the highest potential for sitityb
when overexpressed (Davis et al., 1999; Harris600P Greater than 85% of the expressed proteirsofable in tests with
each of four different NusA fusion proteins (Haoris 2000). pET-43.1, 44, and 50 vectors are alstpedible with therxB/gor
mutant strains (see below).

Host strains

Many proteins require disulfide bonds for propddiiog and activity; however, the cytoplasm of Eli @@not a favorable
environment for disulfide bond formation. The us®oigami™, Origami 2, Origami B, Rosetta™-gami™gdRtta-gami 2, or
Rosetta-gami B host strains promote the formatiatisulfide bonds in th&. coli cytoplasm, which may affect the solubility
and/or activity of a given target protein. If the@get protein contains disulfide bonds and thectaggne encodes rare codons,
one of the Rosetta-gami strains may be optimallfsémwv, Correcting for rare codon usage). If yargét protein contains one
or more essential disulfide bonds, the combinatioa TrxsTag containing vectors atrB/gor host may prove to be optimal
because disulfide bond formation in the cytoplagmears to be dependent on the presence of thiare(stewart, 1998). Also
review Disulfide bond formation and solubility emit@ment on page 35.

The Tuner™ strain and its derivatives (Origami™r8l &0osetta-gami B) atacY1 deletion mutants of BL21 and enable
adjustable levels of protein expression throughadiutells in a culture. By adjusting the concentmatof IPTG, expression can
be regulated from very low level expression uph@riobust, fully induced expression levels commasigociated with pET
vectors. Lower level expression may enhance thébdiy and activity of difficult target proteins.

C. Correcting for Rare Codon Usage

Most amino acids are encoded by more than one ¢@amhanalysis dE. coli codon usage reveals that several codons are
underrepresented. The tRNA population closely ctdléhe codon bias of the mMRNA population and winermRNA of
heterologous target genes is overexpresséd aoli, differences in codon usage can impede translali@nto the demand for
one or more tRNAs that may be rare or lacking enpbpulation. Insufficient tRNA pools can lead tanislational stalling,
premature translation termination, translation feahifting, and amino acid misincorporation.

Although the presence of a small number of rarmnedften does not severely depress target preyaitnesis, heterologous
protein expression can be very low when a genedascolusters of and/or numerous fareoli codons. Excessive rare codon
usage in the target gene has been implicated assa ¢or low level expression (Sorensen et al.9;18Bang et al., 1991) as well
as truncation products. The effect seems to be seasre when multiple rare codons occur near theatarminus (Chen et al.,
1990). A number of studies have indicated that higdge of the arginine codons AGA and AGG can Isavere effects on
protein yield. The impact appears to be highestnnthese codons are present near the N-terminus/aed they appear
consecutively (Brinkmann et al., 1989; Calderonal t1996; Hua et al., 1994; Schenk et al., 1%@5in, 1996). Several
laboratories have shown that the yield of proteffoge genes contain rare codons can be dramaticglipved when the
cognate tRNA is increased within the host (Brinkmanal., 1989; Rosenberg et al., 1993; Seiddl €1292). For example, the
yield of human plasminogen activator was increaggatoximately 10-fold in a strain that carried atra copy of the tRNA for
AGG and AGA on a compatible plasmid (BrinkmannlgtE089). Increasing other rare tRNAs for AUA, CLUBCC, or GGA
have all been used to augment the yield and fidefiheterologous proteins (Kane, 1995).
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The Rosetta™ strains supplement tRNAs rarely efilimE. colion a chloramphenicol resistant plasmid (pACYC bacie)
compatible with pET vectors. For more informatianthese strains see Rare Codon Supplementatioe,3%ag

D. Toxic Genes and Plasmid Instability

Plasmid pBR322 and many of its derivatives (inahgddET vectors) are relatively stable and are methby a very high fraction
of host cells even after growth for many generationthe absence of a selective antibiotic. Howewablems of plasmid
instability can arise when a gene whose produthie to the host cell is cloned in the plasmideTdETcoco™ System reduces
background expression to the lowest levels by rieduihie copy number of the pETcoco plasmid to amyqer cell (Sektas et
al., 2002). The most toxic gene products may Halstad and expressed in this system (see Usep&sbTB333).

In the pET System, the level of expression mayunh shat the plasmid can be maintained but groditheocell is impaired;
segregation of cells lacking plasmid may also lzesiased because of decreased copy number or farreisons. In such a
situation, cells that lack the plasmid can rapimhgrgrow the culture whenever selective antibistiacking. If the plasmid is to
be maintained in a significant fraction of the sethe culture must not be allowed to grow in theemce of selection for the
plasmid. The following sections describe severaioms for increasing plasmid stability.

Use of ampicillin

Use of ampicillin as a selective antibiotic regsispecial care becaugéactamase is made in substantial amounts and is
secreted into the medium, where it can destrogfatie ampicillin. In addition, ampicillin is susatible to hydrolysis under
acidic media conditions created by bacterial mdisimo This means that a culture in which the cefls’y an unstable plasmid
will be growing under ampicillin selection only urgnoughp-lactamase has been secreted to destroy the ainpitithe
medium. From that point on, cells that lack plasmilli not be killed and will begin to overgrow thlture. For a typical
pBR322-based plasmid growing in a medium contaiBidgg ampicillin per milliliter, this point is reachedhen the culture is
barely becoming turbid (about 107 cells per mi#il). The presence of 2@@ ampicillin per milliliter delays this point to a
slightly higher cell density, but given the catalydctivity of p-lactamase, it would not be feasible to add enarghicillin to the
medium to keep the cells under selection all the tasaturation.

A further complication is that certain toxic gerkécells at saturation, while having little effiean cells that are growing
logarithmically. Almost all cells retain plasmidtilrsaturation, but upon continued incubation, feard fewer plasmid-
containing cells survive and, because no ampiaiéimains, cells that lack plasmid overgrow theurelt

A culture grown to saturation from selective coiatis will have secreted a considerable amouftlattamase into the
medium, even if it becomes substantially overgrdyrcells that lack plasmid. Subcultures might tgflicbe grown from
dilutions of 200- to 1000-fold into fresh ampiailicontaining medium. However, enougiactamase is typically present in the
saturated culture that, even at these dilutionsygh remains to destroy all of the ampicillin beftine cells that lack plasmid
can be killed. Therefore, the subculture will grommpletely in the absence of selection. The inaoutiay already have had a
substantial fraction of cells lacking plasmid, doydthe time the subculture has grown to a denditgre expression of the target
gene is to be induced, possibly only a minor faactf the cells will contain the target plasmidilti® to appreciate these
potential problems can easily lead to the erroneouslusion that certain target genes are pooryessed when in fact only a
small fraction of cells in the cultures that wessted contained plasmid.

Simple precautions are recommended to maximizatieteof plasmid through the procedures for isalgtimaintaining, and
expressing target plasmids. EMD Chemicals, Inergits have shown that the use of carbenicilliplace of ampicillin helps
prevent overgrowth of cultures by cells that habst the plasmid, partially due to its superior siigtat low pH. Another
alternative is to choose a pET vector containirggkiinamycin resistance marker instead oblagene. Also, avoid growing the
am cultures into saturation phase (overnight; 16haintain maximum selection. A more detailed disinn of the potential
advantages of k&rcompared to anffis presented in Antibiotic Resistance, page 28.

Supplementing with glucose

Plasmids containing toxic genes may be destabiliz&®E3 lysogens during overnight cultures due to cAsétifhulation of T7
RNA polymerase (Grossman et al., 1998). This caeffeetively eliminated by avoiding overnight culks or delayed by
including 0.5-1% glucose in the culture medium. iB@wmedia containing glucose, page 32.
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Stabilize a toxic gene in an amppET vector for glycerol stock storage

The following protocol usually produces the highasssible fraction of cells containing functionedgcillin-resistant target
plasmid.

Storage of ampicillin-resistant strains:

1. Inoculate a colony from the transformation plat®iad ml LB + 50ug/ml carbenicillin and incubate for a few hourstilun
the culture becomes slightly turbid.

2. Streak a sample on a plate containing carbeniddliobtain a single colony.
Tip: If the target gene is believed to be highlyicpstreak on LB agar plates containing 0.5—-1%cgke to help reduce
basal expression levels.

3. As soon as the colony develops (usually overnigB7&C), inoculate into 2 ml LB + 5@g/ml carbenicillin and grow until
ODGOO =0.5.

4. Mix 0.9 ml of culture with 0.1 ml of 80% glycerat ia cryovial and store at —70°C.

Stabilize a toxic gene in ampR pET vector during iduction

The following induction protocol has been succdisfised with an extremely toxic gene in pET-22b(t)nvolves the use of a
high concentration of carbenicillin and replacihg thedium twice prior to induction.

Induction of toxic genes:

1. Inoculate a single colony into 2 ml TB + 20@/ml carbenicillin. Grow the cells at 37°C until @@= 0.2-0.6.

2. Collect the cells by centrifugation (30 s in a mmentrifuge), remove the supernatant and resuspehdnl fresh media.
Add a 100ul sample to 8 ml TB + 50Qg/ml carbenicillin and grow the culture at 37°Cil@Dg0 = 0.2-0.6.
Note: The removal of old medium removes the setfel@ctamase.

3. Collect the cells by centrifugation at 1000 x g %omin and resuspend in fresh TB + 5@fiml carbenicillin containing
1 mM IPTG. Incubate at 30°C for 2 h before harvest.

E. Coexpression of target proteins

Coexpression of multiple target genegincoli has been demonstrated to enhance yield, solylality activity of proteins that
either make up part of a multi-protein complexexgjuire coexpression with chaperones. Coexpressiomlso greatly facilitate
the analysis of multi-subunit complexes and biodkahpathways and the characterization of protewtgin interactions,
among other applications (Novy, et al., 2002). Quession of multiple target geneskncolican be achieved by either cloning
and expressing two or more open reading frames §DRFa single vector or by transforming cells witfo or more plasmids
with compatible replicons and different drug remiste genes.

Coexpression vectors and adaptors
The following T7 promoter-based vectors-adaptoesaailable for coexpression of multiple targeEircoli:

« The Duet system consists of five vectors, eachto€fvis capable of coexpressing two target protemsvhen transformed
with one another, or with other pET vectors, coegping up to eight proteins in one celEncoliwhen using appropriate
host strains. For more information on the Duetasystsee User Protocol TB340.

« The pCDF and pRSF vectors have different repli@rdsdrug resistance genes. These two features timaleCDF-1b and
pRSF-1b vectors suitable for coexpression with edblr as well as with many other pET vectors.Rore information on
pCDF and pRSF vectors, see User Protocol TB401.

< The pETcoco™ System consists of two vectors ttetampatible with many expression vectors and tla@dded benefit
of allowing control over the number of copies prageer cell for cloning and expression purposes.rk@re information on
the pETcoco System, see User Protocol TB333.

e The LIC Duet™ Adaptors make any pET, pRSF, or p@EBHIC-prepared plasmid a coexpression vector. ddeptors are
designed to facilitate the simultaneous cloningnaf ORFs into one plasmid and their subsequentxaespion irkE. coli
Five adaptors are available, four of which encadgoh tags that aid in purification and/or may entgasolubility of the
target protein. The fifth is a “mini" adaptor foimimal vector-encoded fusion sequences. For mdeagrimation on the LIC
Duet Adaptors, see User Protocol TB384.
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Replicons, drug resistance, and copy number

Vectors used for coexpression must have compatiplécons and different drug resistance markers. teble below
summarizes the replicons, copy number, and conifitibf the Novagefi vectors recommended for coexpressiot ircoli.

Plasmid{s} Replicon {source) Copy nunvber* Compatible Replicons
pET (all], pETDwet-1 ColE1 (pBR32) 400 P15A, Mini-R/AKZ, CloDF13, R5F1030, ColA
pACYCDuet-1, plyss, P1SA [pACYC124) 10-12 ColEY, Mini-F/RE2, CloDF13, B5F1030, Cold
plysE, placl, pRARE,
pRARE-2
pCOFDuet™-1, pCOF CloDF13 20- 40 ColE1, P15A, RSF1000, ColA
pRSFDuet-1, pRSF RSF10Z0 = 100 CoiE1, P15A CloDF13
pCOLADU=E™-1 COLA [Cola) 20- 40 ColE1, P15A ClaDF13, Mini-HRK2
pEfcoco™ (al) Mini-FHRK2 amplifiable to ~40 ColEt, PisA, ColA

{pBelnBALT, RKZ)

* Copy number was estimated based on gel analygkl( et. al, 2003; Sektas, M. and Szybalski, W02)0

F. Other Factors Influencing Expression

This T7 expression system has been used to pradirstantial amounts of target protein from a wideety of genes, both
prokaryotic and eukaryotic. However, a few proteins expressed in disappointingly small amountsieasons that are obvious
in some cases and obscure in others. The targeipitself may interfere with gene expression @hwhe integrity of the cell.
Sometimes pulse labeling shows a gradual or ragégdedise in the rate of protein synthesis as targétin accumulates, or
sometimes all protein synthesis stops before anggtarotein can be detected. Occasionally, corsidie lysis of a culture is
observed. The following sections briefly summasgeene of the known or likely reasons for obtainiog levels of expression
and describe recommendations for optimizing proésioression.

N-end rule

Another factor that appears to influence targetginostability is the amino acid immediately follmg the N-terminal

methionine (penultimate amino acid). The amino atithis position determines the removal of N-ter@hfMet. Processing is
catalyzed by methionyl aminopeptidase and is gaaby the following relationship: the degree of osad decreases as the size
of the penultimate amino acid side chain incre@id@®l et al., 1989; Lathrop et al., 1992). In gree, little or no processing

was observed by these authors when the following@uarcids occupied the penultimate position: His, Glu, Phe, Met, Lys,
Tyr, Trp, or Arg. Processing ranged from 16—-97% mife remaining amino acids occupied this position.

The relationship between a protein’s amino termémaino acid and its stability in bacteria is detieied by the N-end rule
(Tobias et al., 1991). They reported protein hiakd of only 2 minutes when the following aminodscivere present at the
amino terminus: Arg, Lys, Phe, Leu, Trp, or Tyrclntrast, all other amino acids conferred hakédiwf greater than 10 hours
when present at the amino terminus in the proteamned.

Taken together, these studies suggest that Léheipénultimate position would be a poor choiceahse it would likely be
exposed by fMet processing and then targeted fod idegradation. Therefore, whenlddel site is employed for the
production of unfused target proteins from pET wextLeu codons in the penultimate position shddvoided. Leu codons
in this position are not available when ushicp | as the cloning site, because the penultimateradust begin with G.
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Secondary site translation initiation

Occasionally, truncated expression products arergbd in addition to full-length target proteinsi€obvious explanation is
proteolytic degradation; however, secondary s@adiation initiation is another possibility (Halljret al., 1985; Preibisch et al.,
1988). This can occur within an RNA coding sequemben a sequence resembling the ribosome bindiadASAGGAGG)
occurs with the appropriate spacing (typically 5Al8leotides) upstream of an AUG (Met) codon. Theasecated products can
be problematic when attempting to purify full-lehgiroteins. One possible solution is to employ pEgtors that allow fusion
to affinity tags at both ends of the target prat&averal pET vector series enable His®Tagions at both the N- and C-
terminus. Full-length proteins would then be expddb elute at higher imidazole concentrations thamcated forms. Other
pET vectors enable a combination of different tmgse used at each end of the target protein, EZgTad’, SsTag™,

StrepsTa§ Il and/or GST+Tag™ N-terminal fusion and HissTageEminal fusion. Performing sequential affinityrification

can isolate the full-length target protein.

Secondary structure in the mRNA transcript

Secondary structure in the mRNA transcript canrfate with the AUG translation initiation codon dodthe ribosome binding
site (Lee et al., 1987; Looman et al., 1986; Tesdial., 1984). All pET vectors will generate arfehe following transcripts:

rbs Nde 1/Nco 1
5’ .. .AAGAAGGAGAUAUACAUALG. . .3’
5’ ...AAGAAGGAGAUAUACCAUGG. . .3’

If poor expression is observed, searching the gpslirand of an insert for stretches of complemémtasith the above
sequences (i.e., 5-CATATGTATATCTCCTTCTT-3', or EBEATGGTATATCTCCTTCTT-3’) may reveal whether seconda
structure is a potential problem.

Unexpected stop codons

Unexpected stop codons can be generated by mutapacially when cloning PCR products. Sequencamgreveal these
mutations, but another alternative is to test thestruct’s ability to produce the target proteinityitro translation.

Transcription terminator

Many target proteins seem to be made in equivaleunts whether or not the Transcription terminator is present in the
vector. In some cases, however, haviggoEhind the target gene increases the productitergét protein; this has been found
when the target gene carries its own translatidiation signals (Studier et al., 1990). A possitnigerpretation is that some
translation initiation signals do not compete veglhinst the bla mMRNA, which is made along withtdrget mRNA in many

amp® pET vectors. BecausepTeduces the amount of this competing mRNA, itvedianore target protein to be made. In all the
kam® pET vectors and the lastest dhgET vectors (see page 28), the kan or amp gernkthartarget gene have opposite
orientations so no competing mRNAs are known tanbde along with the target mRNA.

Instability of the target MRNA and protein

One might expect that instability of target mRNAgii limit expression in some cases, although i ease that has been
examined, substantial amounts of target mMRNA seeactumulate. Instability of certain target prosemight also be expected,
although BL21 is deficient in then andomprl proteases and many proteins produced in thisysira quite stable. Some
relatively short proteins produced by out-of-frafusions are also quite stable in this strain, wagi@hers are so rapidly
degraded they remain undetected by pulse labeling.

IX. Acknowledgements

EMD Chemicals, Inc. gratefully acknowledges Bilu8ier, Alan Rosenberg, and John Dunn of BrookhaNational
Laboratories for many helpful discussions and lieirtpermission to print portions of the sectiormAt the System and
Optimizing Expression.

USA and Canada Germany United Kingdom and Ireland All Other Countries
Tel (800) 628-8470 Tel 0800 100 3496 UK Freephone 0800 622935 www.merck4biosciences.com
biosciencehelp@ techservice@merckbiosciences.de Ireland Toll Free 1800 409445 biosciencehelp@

emdchemicals.com customer.service@merckbiosciences.co.uk emdchemicals.com



User Protocol TB0O55 Rev. C 0611JN Page 46 of 63

X. References

Aslanidis, C. and de Jong, P.J. (1990) Nucl. A&ds. 18, 6069—6074.
Aslund, F., Bessette, P.H., Georgiou, G., and Bébkd. (1999) inNovations 10, 11-12.

Ausubel, F.M., Brent, R., Kingston, R.E., MoorePQ.Seidman, J.G., Smith, J.A., and Struhl, K. @98 Current Protocols in
Molecular Biology. John Wiley & Sons, New York.

Bessette, P.H., Aslund, F., Beckwith, J., and GeorgG. (1999) Proc. Natl. Acad. Sci. USA 96, 13703708.

Brennan, W.A. and Lin, S.H. (1996) in StrategiesHootein Purification and Characterization, A Lediory Manual (Marshak,
D. K., J. Burgess, R. Knuth, M. Brennan, Jr., Wl &m, S.H., ed.), Cold Spring Harbor Laboratorg$y.

Brinkmann, U., Mattes, R.E., and Buckel, P. (1988ne 85, 109-114.

Burgess, R.R. (1991) Meth. Enzymol. 208, 3-10.

Burgess, R.R. (1996) Meth. Enzymol. 273, 145-149.

Buttistuzzi, G., Esan, G.J.F., Fasuan, F.A., Modjdb., and Luzzatto, L. (1977) Am. J. Hum. Gen6t. 21-36.
Calderone, T.L., Stevens, R.D., and Oas, T.G. (199Klol. Biol. 262, 407—412.

Chang, A.C.Y. and Cohen, S.N. (1978) J. Bactetid4l, 1141.

Chang, J.Y. (1985) Eur. J. Biochem. 151, 217-224.

Chen, G.F. and Inouye, M. (1990) Nucl. Acids Re&%.1465-1473.

Collins-Racie, L.A., McColgan, J.M., Grant, K.L.jBasio-Smith, E.A., McCoy, J.M., and LaVallie, E.R995) Biotechnology
(NY) 13, 982—-987.

Davis, G.D., Elisee, C., Newham, D.M., and HarrigerG. (1999) Biotechnol. Bioeng. 65, 382-8.

Del Tito, B.J., Jr., Ward, J.M., Hodgson, J., Gatsh C.J., Edwards, H., Wysocki, L.A., Watson, Fathe, G., and Kane, J.F.
(1995) J. Bacteriol. 177, 7086-91.

Doherty, A.J., Ashford, S.R., Brannigan, J.A., &idjley, D. B. (1995) Nucl. Acids Res. 23, 2074-2075
Dubendorff, J.W. and Studier, F.W. (1991) J. MabIB219, 45-59.

Dunn, J.J. and Studier, F.W. (1983) J. Mol. Bi@61477-535.

Dunn, J.J. and Studier, F.W. (1983) J. Mol. Bi@61477-535.

Eron, L. and Block, R. (1971) Proc. Natl. Acad..3£5A 68, 1828-1832.

Fourrier, K. and Hayes, S. (2001) inNovations 129.8

Frankel, S.A. and Leinwand, L.A. (1996) U.S. patent 5,240,834

Fried, M.G. and Crothers, D.M. (1984) J. Mol. Bidb¥2, 241-62.

Grabski, A., Drott, D., Handley, M., Mehler, M.,é&Novy, R. (2001) inNovations 13, 1-4.
Grabski, A., Mehler, M., and Drott, D. (2003) inNaions 17, 3-6.

Grabski, A., Mehler, M., Drott, D., and Van Dinthdr (2002) inNovations 14, 2-5.
Grodberg, J. and Dunn, J.J. (1988) J. Bacterid), 1245-53.

Grossman, T.H., Kawasaki, E.S., Punreddy, S.R.Gslilirne, M.S. (1998) Gene 209, 95-103.

USA and Canada Germany United Kingdom and Ireland All Other Countries
Tel (800) 628-8470 Tel 0800 100 3496 UK Freephone 0800 622935 www.merck4biosciences.com
biosciencehelp@ techservice@merckbiosciences.de Ireland Toll Free 1800 409445 biosciencehelp@

emdchemicals.com customer.service@merckbiosciences.co.uk emdchemicals.com



User Protocol TB0O55 Rev. C 0611JN Page 47 of 63

Halling, S.M. and Smith, S. (1985) Bio/Technology725-720.

Harlow, E. and Lane, D. (1988) Antibodies, A Lakiorg Manual, Cold Spring Harbor Laboratory, ColdiBg Harbor, New
York.

Harrison, R.G. (2000) inNovations 11, 4-7.

Haun, R.S., Serventi, I.M., and Moss, J. (1992)TRithniques 13, 515-518.

Held, D., Yaeger, K., and Novy, R. (2003) inNovasdl8, 4—-6.

Hirel, P.H., Schmitter, M.J., Dessen, P., Fayat,aBd Blanquet, S. (1989) Proc. Natl. Acad. SciAlB8, 8247—8251.
Hua, Z., Wang, H., Chen, D., Chen, Y., and Zhu(1994) Biochem. Mol. Biol. Int. 32, 537-543.

Huang, J., Villemain, J., Padilla, R., and Sousg;1R99) J. Mol. Biol. 293, 457-75.

Huber, D., Boyd, D., Xia, Y., Olma, M.H., GersteM,, and Beckwith, J. (2005) J. Bacteriol. 187, 2981.

Hunt, G.R., and Stieber, R.W., (1986) Inoculum digmment, in Manual of Industrial Microbiology andoBechnology.
Demain, A.L. and Solomon, N.A., Eds. ASM, Washimgtb.C., 32—40.

Inouye, M., Arnheim, N., and Sternglanz, R. (1973Biol. Chem. 248, 7247.

Joly, J.C. and Swartz, J.R. (1997) Biochemistryl3®67-72.

Kajava, A.V., Zolov, S.N., Kalinin, A.E., and Nesyamova, M.A. (2000) J. Bacteriol. 182, 2163-9.
Kane, J.F. (1995) Curr. Opin. Biotechnol. 6, 4943:50

Kelley, K.C., Huestis, K.J., Austen D.A., Sanders0rT., Donoghue, M.A. Stickel, S. K, Kawasaki, E&hd Osburne M.S.
(1995) Gene 156, 33-36.

Kurland, C. and Gallant, J. (1996) Curr. Opin. Bitnol. 7, 489-93.

Kurucz, I., Titus, J.A., Jost, C.R., and Segal, D(1895) Mol. Immunol. 32, 1443-1452.

Lathrop, B.K., Burack, W.R., Biltonen, R.L., andIBUG.S. (1992) Protein Expr. Purif. 3, 512—7.

LaVallie, E.R., DiBlasio, E.A., Kovacic, S., Grait,L., Schendel, P.F., and McCoy, J.M. (1993) Baxfinology 11, 187-93.
Le Bonniec, B.F., MacGillivray, R.T. and Esmon,TC(1991) J. Bio. Chem. 266, 13,706-13,803.

Le Bonniec, B.F., Myles, T., Johnson, T., KnightsCTapparello, C. and Stone S. R. (1996) Bioct#n7114-7122.
Leahy, D.J., Hendrickson, W.A., Aukhil, I. and Eeson, H.P. (1992) Science 258, 987-991.

Lee, N., Zhang, S.Q., Cozzitorto, J., Yang, J.&d, Besta, D. (1987) Gene 58, 77-86.

Looman, A.C., Bodlaender, J., de Gruyter, M., Vagel A., and van Knippenberg, P.H. (1986) Nucl.dadRes. 14, 5481—
5497.

Marston, F.A. and Hartley, D.L. (1990) Meth. Enzynik82, 264-276.

McAllister, W.T., Morris, C., Rosenberg, A.H., aBtudier, F.W. (1981) J. Mol. Biol. 153, 527.
McCormick, M., Yaeger, K., Novy, R., and Van Ooshré. (1994) inNovations 2, 7.
Mierendorf, R., Yaeger, K., and Novy, R. (1994) ovdtions 1, 1-3.

Missiakas, D., Georgopoulos, C., and Raina, S.41¥#BO J. 13, 2013-20.

Moffatt, B.A. and Studier, F.W. (1987) Cell 49, 221

Mukhopadhyay, A. (1997) Adv. Biochem. Eng. Bioteahrb6, 61-109.

USA and Canada Germany United Kingdom and Ireland All Other Countries
Tel (800) 628-8470 Tel 0800 100 3496 UK Freephone 0800 622935 www.merck4biosciences.com
biosciencehelp@ techservice@merckbiosciences.de Ireland Toll Free 1800 409445 biosciencehelp@

emdchemicals.com customer.service@merckbiosciences.co.uk emdchemicals.com



User Protocol TB0O55 Rev. C 0611JN Page 48 of 63

Novy, R., Berg, J., Yaeger, K., and Mierendorf(R95) inNovations 3, 7-9.

Novy, R., Drott, D., Yaeger, K., and Mierendorf, (001) inNovations 12, 1-3.

Novy, R. and Morris, B. (2001) inNovations 13, 8-10

Novy, R., Yaeger, K., Held, D., and Mierendorf,(R002) inNovations 12, 2—6.

Pan, S. and Malcom, B.A. (2000) BioTechniques 234+1238.

Preibisch, G., Ishihara, H., Tripier, D., and Leieber, M. (1988) Gene 72, 179-186.

Prinz, W.A., Aslund, F., Holmgren, A., and Beckwith (1997) J. Biol. Chem. 272, 15661-15667.
Raina, S. and Missiakas, D. (1997) Annu. Rev. Miab 51, 179-202.

Rietsch, A., Belin, D., Martin, N., and Beckwith,(1996) Proc. Natl. Acad. Sci. USA 93, 13048-53.
Ritz, D., Lim, J., Reynolds, C.M., Poole, L.B., aBdckwith, J. (2001) Science 294, 158—60.
Rosenberg, A.H., Goldman, E., Dunn, J.J., Stuéi#., and Zubay, G. (1993) J. Bacteriol. 175, 716-2
Rosenberg, A.H., Lade, B.N., Chui, D.S., Lin, S.®unn, J.J., and Studier, F.W. (1987) Gene 56, 325—
Rudolph, R. and Lilie, H. (1996) FASEB J. 10, 49-56

Sambrook, J., Fritsch, E.F., and Maniatis, T. ()986lecular Cloning: A Laboratory Manual, Cold SpgiHarbor Laboratory
Press, Cold Spring Harbor, New York.

Schein, C.H. and Noteborn, M.H.M. (1989) Bio/Tecluyy 7, 1141-1148.

Schenk, P.M., Baumann, S., Mattes, R., and Stainbidd. (1995) BioTechniques 19, 196-200.
Seidel, H.M., Pompliano, D.L., and Knowles, J.R292) Biochemistry 31, 2598-608.

Sektas, M. and Szybalski, W. (2002) inNovations6t4B.

Snyder, W.B. and Silhavy, T.J. (1995) J. Bacteti@l7, 953—-63.

Sone, M., Akiyama, Y., and Ito, K. (1997) J. BiGhem. 272, 10349-52.

Sorensen, M.A., Kurland, C.G., and Pedersen, 9)19. Mol. Biol. 207, 365-377.

Stader, J.A. and Silhavy, T.J. (1990) Meth. Enzyri8b, 166-87.

Stewart, E.J., Aslund, F. and Beckwith, J. (1998I8© J. 17, 5543-5550.

Stewart, E.J., Aslund, F. and Beckwith, J. (199880 J. 17, 5543-5550.

Studier, F.W. (1991) J. Mol. Biol. 219, 37-44.

Studier, F.W. (2005) Protein Expr. Purif. 41, 204-3

Studier, F.W. and Moffatt, B.A. (1986) J. Mol. BidI89, 113-130.

Studier, F.W., Rosenberg, A.H., Dunn, J.J., anddbdbrff, J.W. (1990) Meth. Enzymol. 185, 60—89.

Tessier, L.H., Sondermeyer, P., Faure, T., DrdyerBenavente, A., Villeval, D., Courtney, M., ahélcocq, J.P. (1984) Nucleic
Acids Res. 12, 7663—-7675.

Tobias, J.W., Shrader, T.E., Rocap, G., and VasfyaA. (1991) Science 254, 1374-1377.

Vincentelli R., Canaan, S., Campanacci, V., Valan€i., Maurin, D., Frassinetti, F., Scappucini-@alv., Bourne, Y.,
Cambillau, C., and Bignon, C. (2004) Protein S8i. 2782-92.

Willis, M.S., Hogan, J.K., Parbhakar, P., Liu, Xsai, K., Wei, Y., and Fox, T. (2005) Protein Sei, 1818-26.

USA and Canada Germany United Kingdom and Ireland All Other Countries
Tel (800) 628-8470 Tel 0800 100 3496 UK Freephone 0800 622935 www.merck4biosciences.com
biosciencehelp@ techservice@merckbiosciences.de Ireland Toll Free 1800 409445 biosciencehelp@

emdchemicals.com customer.service@merckbiosciences.co.uk emdchemicals.com



User Protocol TB0O55 Rev. C 0611JN Page 49 of 63

Wood, W.B. (1966) J. Mol. Biol. 16, 118-133.

Zahn, K. (1996) J. Bacteriol. 178, 2926—2933.

Zapun, A., Missiakas, D., Raina, S., and Creighfok, (1995) Biochemistry 34, 5075-89.
Zhang, S.P., Zubay, G., and Goldman, E. (1991) Gé58e61-72.

Zhang, X. and Studier, F.W. (1997) J. Mol. Biol9280-27.

USA and Canada Germany United Kingdom and Ireland All Other Countries
Tel (800) 628-8470 Tel 0800 100 3496 UK Freephone 0800 622935 www.merck4biosciences.com
biosciencehelp@ techservice@merckbiosciences.de Ireland Toll Free 1800 409445 biosciencehelp@

emdchemicals.com customer.service@merckbiosciences.co.uk emdchemicals.com



User Protocol TB0O55 Rev. C 0611JN Page 50 of 63

Xl. Index

B-galactosidase assay 40
Academic/Non-profit Assurance Letter 52
Acknowledgments 45

affinity purification 22-23, 25, 27, 44, 60-61
agarose gel 7-8, 12-13

alkaline phosphatase 8

amino terminus 41, 44

ampicillin 7, 10-11, 28, 30, 39, 42, 45
antibiotic resistance 28, 32, 43

B strains 34

B834 34-36, 52, 54, 57
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Non-Distribution Agreement 53
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protease cleavage 27, 30

proteolytic degradation 27, 45

PshA | 30

pTHEX™ 33

purification under fully denaturing conditions 2%,

purification under partially denaturing conditio®&

quick screen, PopCulture 18
R408 13

reading frame 8, 13, 26-28, 30
recA- 9, 33-39, 54-56
Refolding Kit 22, 25
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restriction enzyme 5, 7-8, 30
retention of plasmid 42
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rifampicin 36-38

rLysozyme™ Solution 20-23, 40, 61
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single stranded plasmid DNA 28, 33
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solubilization 22, 25, 40
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sonication 18-23
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SpinPrep™ 7-8, 13

S-protein 28, 59, 62
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T7 terminator 12-13

T7 terminator primer 12-3
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T7lac promoter 14, 17, 31-32

target protein, detection 23-24, 59-60
target protein, purification 25, 61-62
target protein, quantifying 23, 69-60
TCA precipitation 18-19

TCP 18

Test Plasmid 4, 10-11

tetracycline 7, 35-39

total cell protein 18, 23, 25

toxic genes 14, 32, 42-43

Trail Mix™ Markers 24

Trail Mix™ Western Markers 59
transcription terminator 28, 30, 45
transcription vectors 26
transformation 4, 9-11, 13-14, 32, 35, 43
translation vectors 26, 28, 30
truncated expression products 44-45
TrxeTag™ 27-28, 41

trxA fusion protein extraction 20

trxB 11, 27, 35, 38, 41

Tuner™ 14-15, 34-35, 41, 52, 56-58
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XIl. Academic & Non-profit Laboratory Assurance Letter

The T7 expression system is based on technologglale®d at Brookhaven National Laboratory under ramttwith the U. S.
Department of Energy and is the subject of patassgyned to Brookhaven Science Associates, LLC |B®SA will grant a
non-exclusive license for use of this technologgluding the enclosed materials, based upon yaremaance of the following
assurances:

1. These materials are to be used for noncommesseahrch purposes only. A separate license isreghjfor any commercial

use,_including the use of these materials for rebeaurposes or production purposes by any comaiegntity.

Information about commercial licenses may be olethiinom the Office of Intellectual Property & Sponsd Research,
Brookhaven National Laboratory, Bldg. 185, P. OxB600, Upton, New York 11973-5000; Tel. (631) 3434.

2. No materials that contain the cloned copy of T7eggrthe gene for T7 RNA polymerase, may be distridbditether to third
parties outside of your laboratory, unless thepieait receives a copy of this license and agreée toound by its terms.
This limitation applies to strains BL21(DE3), BLZIE3)pLysS, and BL21(DE3)pLysE as listed below, ang derivatives
you may make of them.

By keeping or using the enclosed materials, yoegicthe above assurances and agree to be bouhe Brins of this license.

Should you not accept the above assurances, youretum the enclosed materials unused.

m

. coli B834(DE3)

. coliRosetta(DE3)pLysS

E

E. coliB834(DE3)pLysS E. coliRosetta(DE3)pLacl

E. coliBL21(DES3) E. coli Rosetta 2(DE3)

E. coliBL21(DE3)pLysS E. coli Rosetta 2(DE3)pLysS

E. coliBL21(DE3)pLysE E. coli Rosetta 2(DE3)pLacl

E. coliBL26(DE3)pLysE E. coliRosettaBlue™(DE3)

E. coliBLR(DE3) E. coliRosettaBlue(DE3)pLysS

E. coliBLR(DE3)pLysS E. coliRosettaBlue(DE3)pLacl

E. coliHMS174(DE3) E. coli Rosetta-gami™ 2(DE3)

E. coliHMS174(DE3)pLysS E. coli Rosetta-gami 2(DE3)pLysS

E. coliHMS174(DE3)pLysE E. coli Rosetta-gami 2(DE3)pLacl

E. coliNovaBlue(DE3) E. coli Rosetta-gami B(DE3)

E. coli Origami™ 2(DES3) E. coli Rosetta-gami B(DE3)pLysS

E. coli Origami 2(DE3)pLysS E. coli Rosetta-gami B(DE3)pLacl

E. coli Origami 2(DE3)pLacl E. coli Tuner™(DE3)

E. coli Origami B(DE3) E. coli Tuner(DE3)pLysS

E. coli Origami B(DE3)pLysS E. coliTuner(DE3)pLacl

E. coli Origami B(DE3)pLacl Bacteriophag@d CE6

E. coliRosetta™(DE3) Bacteriophagd DE3
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XIll. Bacterial Strain Non-Distribution Agreement

By purchase of the Origami 2, Origami B, Rosett&RYsetta 2, RosettaBlue™, Rosetta-gami™, Rosetta-2aon

Rosetta-gami B host strains and acceptance obtloaving terms, Merck KGaA, Darmstadt, Germany dsaanlimited license to

use the Origami 2, Origami B, Rosetta 2, RosettaBRosetta-gami 2, or Rosetta-gami B host strainthe cloning and

expression of genes. The intent of this liceng®ido limit the research use of these materialstd protect against

unauthorized commercial distribution of the strdigghird parties.

1. The Origami 2, Rosetta 2, RosettaBlue, Roggtal 2, or Rosetta-gami B host strains or any déisie therefrom is not to
be offered for resale or distributed outside yainoratory.

2. Gene clones and libraries in the Origami 2,d&as?, RosettaBlue, Rosetta-gami 2, or Rosettd-Bamst strains may be
distributed for research purposes only, provided the recipient acknowledge the foregoing conditio

3. ADE3 lysogens of host strains Origami 2, RosetfRdsettaBlue, Rosetta-gami 2, or Rosetta-gami Bavered by U.S.
Patent No. 4,952,496. Commercial customers musiiobtresearch license agreement from Brookhavem&z
Associates before purchase.

The initial purchaser may refuse to accept the alwmnditions by returning the kit unopened andethelosed materials unused.

By accepting or using the kit or the enclosed niatgryou agree to be bound by the foregoing camuit
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XIV. Appendix: pET System Related Products

A. pET System Host Strains and Lambda Phage
IDE3 lysogens for protein expression

The pET expression hosts are lysogens of bacta@gliDE3, as indicated by the (DE3) in their names ardsaitable
for production of protein from target genes cloime@ET vectors. The pLysS and pLysE designatiagivien to hosts
carrying a pET-compatible plasmid that encodesy§@dyme, which is a natural inhibitor of T7 RNA ypwlerase. These
strains are used to control basal expression ®NA polymerase prior to induction and thus stabilgET recombinants
encoding target proteins that affect cell growtd aiability.

Strain Size Competent Celis Ghycenol Stock Application
Cat Mo. Cat No.
BE34{DE3) 04ml B041-3 Selenomethionine and ™-5-met Izbeling
1.0mi B041-4
BE34(DEZ}plysS 04m Ea043-3
1.0 mi 69042-4
BL21{DE3) 02m BI3ET-3 Protects target protein from lon and ompT proteases
04 mi F2450-3
1.0ml E3450-4
HTes™ BL21{DE3) 1 piate TiD12-3
4 plates 0124
BL21{DE3] Singles™ 11 nin J70235-3
22 nn T0235-4
BLZ1{DEI)plysS 02m B93BE-3
O4mi 69451-3
10mi E3451-4
BL2V{DEI)plysS Singles 11 mn 70236-3
22 nin T0236-4
B121{DE3)plysE 02m E93R0-3
BLR{DE3) o4ml B5%153-3 A recd derivative of BL21 that may stabilize target plasmids containing
1.0ml 69053-4 repetitive sequences.
BLRIDEZ}plysS 02m E0209-3
04 mi BI856-3
1om BFI5E-4
HMS5174{DE3) 04m 63453-3 A K-12 recA- strain that may stabilize target piasmids containing repetitive
1omi E9453-4 SEUENCES
HMS174(DE3)plysS o4 mi E9454-3
tomi E3454-4
HMS174(DE3)plysE 02 mi 69393-3
NowvaBlue{DE3) 04mi £9284-3 High stringency host with recd, endA7, and lock mutations. Recommended for
1.0m B9284-4 use with the NovaTope™ System
Origami™(DE3} 02ml T0617-3 Aliows disulfide bond formation in £ oodi oytoplasm
o4m TOEIT-3
1omi TOEZT-4
Origami{DE3} Singles 11 70630-3
22 nin T0830-4
Origami{E3)plysS 0z mi 70818-2
4 mi J0628-3
T0mi T0E28-4
Origami{DE3}plysS Singles 11 mn 70621-3
22 nn TOE31-4
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Competent Cefls Application
Cat No -
Origami™ 2({DE3) o2ml 71342-3 Allows disulfide bond formation in £ coli oytoplasm and is kznamycin sensitive.
oeml T1345-3
1.0ml 713454
Origami 2{DE3) Singles™ 1 71408-3
22 mn 714084
Origami™ 2{DE3)plysS o2ml 71349-3
naml 71346-3
1.0ml 713464
Origami HDE3)pLysS Singles 11 run 71400-3
22 mn 714004
Origami BIDE3) o.4ml T0837-3 Allows disulfide bond formation in E coli oytoplasm and protects target protein
1.0ml TOR37 -4 from lom and ompl proteases. A derivative of Tumer™ [fockT)] enabiing low levels
expression in all cells for solubility and zctivity enhancement.
Origami B{DE3)plysS o4ml 70B33-3
1oml 70839-4
Rosetta™{DE3) o4ml 70954-3 Enhances expression of proteins that contain sit codons rarely used in E colf
1.0ml 709544 [AGG, AGA, AL, CUA, CCC GEA).
Rosetta(DE3)plyss o.4ml 70956-3
1.oml JOO5E-4
Rosetts 2(DE3) o4ml 71397-3 Enhances expression of proteins that contain seven codons rarely used in £ ool
t.oml 71397-4 (AGG, AGA, AW, CAL, CCC GGA, CGEL
Rosetta 2(DE3) Singles 1M nn 71400-3
L, 71400-4
Hosetta 2{DE3)plyss o4ml 71403-3
Loml 714034
Rosetta 2{DE3)plysS Singles 11 pm 71401-3
2 n T1407-4
RosettaBlus™({DE3) o4ml 710593 Enhances expression of proteins that contain six codons rarely used in E coff
1.0ml 71059-4 [AGG, AGA, AUA, CUA, CCC, GGA) and is a high stringency host with recd,
emdd and fech mutations.
RosettaBlue(DE3)plysS o.4ml 710343
1.cml T1034-4
Rosetta-gami B{DE3) o4ml Ti136-3 Enhances expression of proteins that contain st codons rarely used in £ coli
1.0ml 71136-4 [AGG, ABA, AUA, CUA, CCC, GBA). Allows disulfide bond formation in the E colf
oytoplasn. A derivative of Tuner™ [locY 1) enabling low levels expression in all
ceils for solubility and sctivity enhancement.
Rosetta-gami B{DE3)olysS o.4ml 71137-3
1.o0ml TN137-4
Tuner™{DE3) o.4ml 70623-3 Enables adjustable tevels of siprassion in all cells due to the locYT mutation;
1.oml 70623-4 lower IPTG levels may enhance solubility and activity of the target protein.
Tuner{DE3)plysS o.4ml TOE24-3
1.00ml TOBE24-4
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Competent Cells Glycerol Stock Apphication

Cat No. Cat. No.
Be34{DE3) o4m E9041-3 Selenomethionine and *-S-met lzbeling
10m 630474
Bea4{DE3)plysS 04 mi B3043-3
1ami E0047-4
BL21({DE3) az2mi BO3ET-3 Protects target protein from lon and ompl proteases
o4 mi B2450-3
1.0mi E2450-4
HTae™ BL21(DE3) 1 plate T1012-3
4 plates 0124
BL21{DE3) Singles™ 11 mn 70235-3
22 mn JO235-4
BL21{DEIJplysS o2 mi G93EA-3
04 mi BB451-3
1.0mi E9457-4
BL21{DE3}plysS Singles 11 mn 70226-3
22 n 702364
Biz1{DEz)plysE o2 mi 693B89-3
BLR(DEZ) 04 m E3053-3 A reck derivative of BL21 that may stabilize target plasmids containing
1om 63053-4 repetitive sequences.
BLR{DEZ)pLysS 0.2 mi E9200-3
04 mi E9956-3
1.omi B9O5E-4
HMS174(DE3) 04 mi 694533 A K-12 recq strain that may stabilize target piasmids containing repetitive
1.0mi EB453-4 SEQUENCES
HMS17 4{DE3)plysS o4 mi E3454-3
1.0mi E3454-4
HMS517 4(DE3)plysE 02m 69393-3
NowaBiue{DE3) 04 mi E9284-3 High stringency hostwith recd, endd 1, and lock mutations. Recommended for
1.0mi E0Z84-4 use with the NovaTope™ System
Origami™{DE3) o2 mi TOB17-3 Allows disulfide bond formation in £ coli oytoplasm
04 mi TOEZT-3
Lomi JOEZT-4
Origami{DE3]) Singles 11 mn 70630-3
22 n TOE30-4
Origami{DE3)plysS o2mi 70618-3
04 mi T0628-3
1.0 mi ToeZa-4
Drigami{DE3)pLysS Singles 1 i 70621-3
22 nm TOB31-4
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Isogenic host strains for initial cloning, controls and expression

These host strains are isogenic withtB&E3 lysogens used for protein expression but las&uace of T7 RNA
polymerase. These strains can be used for T7-lmg®dssion by infection withCES, or for expression fro. coli
promoters. Only the NovaBlue, NovaXG, and NovaX&Fins are recommended for initial cloning.

Strain Size Competent Cells Glycerol Stock  Application
Cat. No. Cat. No.
BBz4 0.2 mi E92E7-3 Selenomethionine and *-5-met labeling
BL21 0.2 mi EO3BE-3 Protects target protein from Jonand ompT proteases.
0.4 ml £9440-3
1.0ml £0440-4
BLR o2 ml E9207-3 & rech derivativeof BL21 that may stabilize target plasmids containing repetitive
0.4 ml E9052-3 SEQUEMCES,
1.0ml SAlsI-4
HMS174 0.4 ml E2452-3 A rech K-12 strain that may stabilize target plasmids containing repetitive sequences.
1.0 ml E0457-4
MovaBlue o2 ml EO000-3 High stringency host with the recd endA- and lock mutations.
0.4 ml £9825-3
1.0ml £0A25-4
HT26™ NovaBlue 1 plate 71011-3
4 plates 71011-4
MovaBlue Singles™ 11 nin 71081-3
22 mn 71081-4
Novablue 11 mn 712273
GigaSingles™ 272 mn 71237-4
MNovaBlue T1% Singles 11 mn 71318-3 High stringency host with the recd endA- and /ocF mutations. T1 and 75 phage
27 pn 71318-4 resistant.
Novak G Zappers 10 mn 71315-3 Methylation restriction minus. T1.and TS phage resistant.
20mn 71315-4
MovaXGF Zappers 10 mmn 71317-3 Methylation restriction minus. T1 and TS phage resistant.
20 mn T1317-4
Drigami™ 0.4 mi 7OE26-3 Allows disuffide bond formation in £ cok cytoplasm:
1.0 ml TOBEIE-4
Origami 2 0.4 mi 71344-3 Allows disulfide bond formation in E coif cytoplasm. Kanamyein sensitive.
1.0 ml 713444
Origami B 0.4 mi JOB3E-3 Allows disulfide bond formation in £ codf cytoplasm. A derivative of Tuner™ {fac?)
1.0 ml TOR3E-4 enabding low levels expression in all cells for solubility and activity enhancement.
Rosetta™ 0.4ml 700533 Enhances expression of proteins that contain sk codons rarely used in E coli (AGG,
1.0 ml 700534 AGA, AUA, CUA, COC, GGAL
Rosetta 2 0.4 mi 71402-3 Enhances expression of proteins that contain seven codons rarely used in E oodi [AGG,
1.0 ml 71402-4 AGA, ALA, CUA, COC, GGA, CREL
RosettaBlus™ 0.4 mi 71058-3 Enhances expression of proteins that contain six codans rarely used in E coli [AGEG,
1.0 ml 71058-4 AGA, AUA, CUA, CCC, GGAJ and is 3 high stringency host with recd, endd and lock
mutations.
Rosetta-gami™ 0.4 mi 71054-3 Enhances expression of proteins that contain sa codons rarely used in £ coli [AGE,
1.0mi 71054-4 AGA AL, CUA, COC, GGA)L Allows disulfide bond formation in the £ colf cytoplasm.
Rosetta-gami 2 0.4 mi 71350-3 Enhances expression of proteins that contain seven codons raredy used in E coli
1.0mi 71350-4 (AGG, AGA, AUA, CUA, CCC, GGA, CGE). Allows disulfide bond formation in the £ co¥
cytoplasm. Kanamyzin sensitive,
Rosetta-gami B 0.4 mi 71353 Enhances expression of proteins that contain succodons rarely used in £ coli (AGG,
1.0 ml 71135-4 AGA, AL, CUA, COC, GGA)L Allows disulfide bond formation in the £ cof cytoplasm. A

derarative of Tuner™ [locY'7) enabiing low tevels expression in ali cells for solubiiity and
activity enhancement.

Tuner™ 0.4ml J0622-3 Enables adjustatile levels of expression in all cells due to the Jocy'T mutation; lower
1.0mi 70622-2 ievels may enhance sofubility and activity of the target protein.
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PET host strain competent cell sets
The competent cell sets easily facilitate optim@abf vector/host strain combinations.

Competent Cell Set Size Cat. No. Strains

Non-2DE3 Competent Cell Set 1 0.2 mi aack T1211-3 B2, NovaBlwe Crigami™, Rosetta™ 2, Aosetta-gami™ B

{DE3] Cormpetent Cel Sat 1 0.2 mieach 7i20r-3 BL21{DETE BLRIDEIL HM=174(DE3], NovaBius(DE3]
Tuner™[DE3]

[DE3) Cormpetent Cell 5et 2 0.2 mi each 71208-3 Grigami(DE3] Origami BIDE3), Rosetta 2{DE3), Rosel-
taBtue™, Rosetta-gami{DE3] Rosetta-gami B{DE3)

{DE3)ply=S Competent Cail 58t 1 0.2 mi sach 71208-3 Bi3{BE3NpLy=5, BLRIDEIIpLysS, HM5 17 4{DE3]plyss,
Tuner{DE3kplysS

{DER)plysS Compatant Cail Set 2 0.2 mi aackh 71210-3 Origami(lE3)plysS: Origami B[DE3)plysS, Rosetia

2(DEI)plysh, RosetiaBlue[DEZ)plyss, Roset-
ta-gami[DE3jply=S
Roseita-gami B{DEI)plyss

Bl=21 Competert Ced| Set Ix 0Zmieach  70232-3 Biz1, BL21DE3), BL27{DES)ply=S

BLA Compatant Cafl Set 2w 0Zmlesch 702333 BER, BLR[DE] BLR[DEI]plyss

HMS174 Competent Cell Sat 2% 02mlesch 702343 HMS174, HMS 17 DET], HMS 174(DEZ jplysS

Origami Competent Celi Sat 2x 02mlesch  70670-3 Origami, Origami(DE3), Qrigami(DEIJpd ys5

Origami- 2 Competent Cefl Set 2x0zZmleach 71431-3 Origami 2, Origami-2[DE3), Origami 2{DEIjpdlys5
Origami B Competent Cell Sat 2x02mlesch  70011-3 Origami B Origami B;[DE3), Origami B[DEI)plysS
Rosetta 2 Competent Celi Set 2x02mieach  71405-3 Rosetta 2. Hosetts 2{DES), Rosetts 2{DE3plyss
RosettaBlue Competent Cell Set Ix 0Fmieach  73009-3 RosettaBloe, RosettaBlus{DE3), RosettaBue(DE3)piysS
Rosetta-gami Competent Cell Set 2x02mieach  71080-3 Rosetta-gami, Rosetta-gamilDES) Rosetts-

agami[DE3jplysS

Rosetta-gami 2 Compedent Cefl Sef 2x02mleach  71432-3 Rosetta-gami 2, Rosetta-gami 2(DE3), Rosatta-gami
HDE]plysh

Tuner Competent Ceil Set 2x 02mieach 7726-3 Tuner, Tuner{DE3Y, Tuner[DE3)plyss

PET System lambda phage

Lambda Phage Size Cat. No. Application
Bacteriophage CE& 02 mi B3300-3 A recombinant phage used to provide a source of T7 BNA Polymerase to
10mi E3200-4 susceptible host cells carrying pET plasmids.

#DE3 lysogenization Kit  10min BO734-3 Desigred for integration of DE3 prophage into £ colf hoskcell
chromosome such that the sogenized host can be used o ipress terget
genes claned in pET vectors:

#DE3 Lysogenization kit 10 nmin BATI5-3
phus plyss & plyskE
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B. Detection/Assay Tools for Fusion Tags

The identity and quantity of the target protein bandetermined by Western blotting and quantifaraissays with target
protein-specific antibodies, conjugates or assageth on pET vector-encoded fusion partners. Spegwifitocols for
Western blotting and rapid assays using detecttiagents and kits are available at www.merck4bioseig.com and
listed in the following table.

For size estimation during Western blotting, lo&diféct Protein™ Western Blot Markers (Cat. No. 6833 or Trail
Mix™ Western Markers (71047-3, 71048-3) in a lad@eent to the unknown sample. Both sets of marntany the
SeTag™ and HissTdgsequences so they can be detected using an $aprotgugate (McCormick et al., 1994) or the
HiseTag Monoclonal Antibody (Fourrier et al., 2001)

Detection of Trail Mix Western Markers with the Hiag Monoclonal Antibody and Goat Anti-Mouse IgGRHBonjugate
(H+L) is not recommended. As an alternative, usddee Protein™ Western Markers.

Western Blotting Cat. No. Size User Protocol Mo.fApplication
G5T#Tag™ detection
E5T=Tag Monoclonal Antibody 71097-3 50 4g TBaz25 IE P, OA, WB
250 ug
G5T=Tag Antibody Plate 71347-3 I plate TB412 ELISA
71347-4 5 plates

His#Tag® detection

HisTag Monoclonal Antibody TFOE-4 3ug TB283 I 1P WB

70796-3 100 g
HizTag AF Western Reagents 70972-3 25 blots TB283 colorimetric detection
HiseT2g AP LumiBlot™ Reagents 70a73-3 25 blots TB283 chemiluminescent detection
HimTag HRP LumiBlot Reagents 70974-2 25 blots TE283 chemiluminescent detection
Hiz»Tag Antibody Plate 7i184-3 1 plate TB345 ELISA

71184-4 5 plates

H5VeTag® detection

HS*Tag Monocional Antibody 53171-3 40 ug TBoe? WB
BE1T1-4 200ug

Mus*Tag™ detection

Nuz=Tag Monoclonal Antibody 71127-3 50 ug TB328 WEB
TaT-4 250ug

5#Tag™ |l detection

S-protein AP Conjugate B9598-3 S0 TBog7 WB

S-protein HRP Conjugate B3047-3 B0 TE136WEB

Biotinylated S-protein £9218-3 250l WE

S-protein FITC Conjugate 63060-3 2001 TE143 [F

5#Tag AP Western Blot Kit 69213-3 25 blots TE082 colorimetric detectian
S#Tag AP LumiBlot Kit £3009-3 25 blots TE1e4 chemiluminescent detection
S#Tan HRP LumiBlof Kit B3053-3 25 biots TB145 chemiluminescent detection

Strepe Tag® |l detection

StrepsTag || Monoclonal Antibody 71550-3 100 pg TE425WE

StrepsTag || Antibody HRP Conjugate 71581-3 751 TE42a'WE
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Western Elotting Cat. No. Size User Protocol NoJApplication
T7=Tag® detection

T7#Tag Maonocional Antibody BA522-3 50 pg TRBo1SIF, 1P, WE
BA522-4 250 ug
Biotinylated T7 «Tag Antibody B9968-3 125 pl TH106 WE
T7#Tag Antibody HRP Conjugate 60048-3 100 pul TB13T WB
T7#Tag Antibody AP Conjugate 69999-3 50l TB1Z2 WEB
T7#Tag AP LumiBlot Kit 70237-3 25 blots TB212 chemiluminescent detection
T7=Tag HRP LumiBiot Kit 70238-3 25 blots TB213 chemiluminescent detection
Western Blot Protein Markers Cat. No. Size User Protocol NoJfSize Standards
Perfect Protein™ Westemn Markers £99350-3 75 lanes TB102; 15,25, 35,50, 75, 100:and 150
KDz
Teail Mix™ Western Markers T0923-3 25 lanes TH310; 15,25, 35, 50, 75, 100-2nd 150
kD3, and 15, 16, 100 kDla prestained
miarkers
OQuantitative Assay Cat. No Size User Protocol Mo /Sensitivity
FRETWorks™ SeTag™ Assay Kit 77 24-3 100 asays TB251; fiuorescent assay, Limit < 1 fmo
TIF2a-4 1000 a533ys
5#Tag Rapid Assay Kit B3212-3 100 assays TBOBZ; Limit 20 fma
G5TeTag™ Assay Kit T0E32-3 100 assays TB236; colorimetric assay, Limit 8 pmal

IF: immunofluorescence, IP: immunoprecipitation, :@fantitative assay, WB: Western blotting

USA and Canada Germany United Kingdom and Ireland All Other Countries
Tel (800) 628-8470 Tel 0800 100 3496 UK Freephone 0800 622935 www.merck4biosciences.com
biosciencehelp@ techservice@merckbiosciences.de Ireland Toll Free 1800 409445 biosciencehelp@

emdchemicals.com customer.service@merckbiosciences.co.uk emdchemicals.com



User Protocol TB0O55 Rev. C 0611JN Page 61 of 63

C. Purification Tools

A brief description of products for extract pregama and affinity chromatography is indicated beldwr detailed
information, see the indicated User Protocol atélat www.merck4biosciences.com.

Extraction Reagents Cat. No. Size User Protocol NoJ/Capacity and Features

BugBuster® Protein Extraction Reagent 70584-3 100 mi TB245 Use & mijg wet cell paste. Tris-buffered.
70504-4 500 ml

BugBuster Master Mix 71456-3 100 mi TB245 Use 5mlfg wet cell paste. Tris buffered and premixed with Benzonzse® Nuclease and
71456-4 500ml rlysozyme™ Solution

BugBuster HT Protein Extraction Reagent 70922-3 100 ml TB245 Use 5 mlfg wet cell paste. Tris-buffered and premixed with Benzanzse Muclease.
TO9Z22-4 500 m|

BugBuster 10X Protein Extraction Reagent 70921-3 1o ml TR 245 Dilute to 1X with choice of buffer and use & mljg wet cell paste.
fo9I1-4 somi
T0921-5 100 ml

BugBuster {primary amine-free} Extraction 70923-3 100 m TB245 Use 5 mlig wet cell paste. PIPPS-buffered.

Reagent 709234 sooml

PopCulture® Reagent T71092-3 15mil TE323 Use 0.1 volume per mi of culture.

71092-4  75mi
110%32-5 250ml

riysoryme™ Solution 7110-3 30D KU TB334 and TB323 Use 40 U per 1 ml of culture volume with PopCulture Reagent and |
T110-4 1200 KU KU per 1 mi BugBuster Reagent.
71M10-5 G000 KU

Benzonase Nuclease, Purity = 90 TOT46-4 25Kl TB245, 323, 261 Use 25 1 per ml original culture volume with PopCulture and BugBuster
707463 10 KU Aeagent.
Benzonase Nuclease HC, Purify »20% 71205-3 5 KU
Extraction Reagents Cat. No. Size User Protocol NoJfCapacity and Features
lysonase™ Bioprocessing Aeagent 71230-3 0.2ml TB245, 323, 334 Use 10 pl pergram cell paste with BugBuster® and 2 pl per m original
71230-4 1 mi culture volume with PopCulture® reagent.
T1230-5 Sx 1mi
BugBuster Plus Benzonase® Kit FO750-3 TB245 Sufficient for protein extraction from 20 g cefl paste,
BugBuster Plus Lysonase Kit 71370-3 TB245 Two kit sizes provide sufficient reagents for protein extraction from either 20.or 100
T1370-4 g cell paste.
GST=Tag™ purification Cat. No. Size User Protocol NoJCapacity and Features
GST=Bind™ Resin 70541-3 12 -ml TB235 Capacity is =8 mg/ mi settied resin.
TO541-4 omi
GETeBind Buffer Kit TO534-3 TB235 All buffers for ten 2.5 mi columns.
G5Telag™ Agarose Beads 71084-3 2x1ml  TB235 Magnefic aganose beads. Capacity up to 2 mg/m| settied volume.
T0a4-4 10x 1ml
BugBuster G5T»Bind Purification Kit TO704-3 TB235 G5T=Bind Resin and Buffer, BugBuster, Benzonase and Chromatography Columns.
PopCulture G5TeMag Purifieation Kit 71M13-3 TB235 Process 40 x 3 ml cultures purifying up to 150 po per 3 miculture.
RoboPop™ G5TeMag Purification Kit 71102-3 TB327 Purify up to 4.8 mg per 06 wells.
RoboPop G5T#Bind Purification Kit 71189-3 TB34& Purify up to 76.8 mg per 96 walls,
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Hiz=Tag® purification Cat Size User Protocol No/Capacity and Features
Ni-NTA His*Bind® Resin 7OEEE-3 toml TB273 Capacity is 510 mg/mi settied resin
TOBEE—4 25mi
TOEEE-5 100 mi
Ni-NTA Superflow™ 70631-3 10 ml TB373 Capacity is 5- 10 mg/mi settied resin, high flow rates and pressures.
TOED1-4 5m
JOEDI-5  t0Om
Ni-NTA Buffer Kit 70889-3 TB273 All buffers for native purification using MNi-NTA HiseBind and MNi-NTA
Superflow resins.
HiseBind® Resin EBET0-3 10 ml TBOS4 Capacity is 8 mg/ml settled resin.
BRETO-4 EOm
BIET0-5 100 m
His#Bind Buffer Kit B9755-3 TBo54 All buffers for native purification using His#Bind Resin.
HiseBind Columns 70971-3 pka/s TBO&4 pre-packed, pre-charged; Capacity i 10 mg per column
70971-4 pkof25
His#Bind Quick Columns 70153-3 pkg/12 TBOS4 pre-packed, pre-charged, requires vacuum, Capacity is 5 mag per colummn.
TO158-4 cko/e0
His»Bind Quick 200 Cartridges 7O155-3 pkg/10 TBOG4 pre-packed, pre-charged, Capacity is 0.5 mg per cartridge
TO155-4 pkg/s0o
HiseBind Quick 900 Cartridges 70153-3 pkal10 TBOS4 pre-packed, pre-charged, Capacity is 2 mg per cartridge
70153-4 pko/so
HiseMzg™ Agarosa Beads 71002-3 2 mi TBOS4 magnetic agarose beads, pre-charged, Capacity is 5 mg permi settied beads.
71002-4+  1oml
HiseBind Ouick Buffer Kzt 70665-3 TBOS4 all buffers for native purification using HiseBind Columns, Quick Columns, Cartridges
and HiseMag Agarose Beads. No charge buffer included.
HiseBind Purification Kit 70239-3 TBoG4 10 mi Hise Hind Resin, Buffers and Chromatography Columns
BugBuster® Ni-NTA HiseBind Purification Kit TO751-3 T8273 10 mi Ni-NTA His*Bind Resin, BugBuster, Benzonase and Chromatography Columns.
BugBuster HizeBind Purification Kit 70793-3 TB054 70 mi Hise Bind Resin and Buffer, BugBuster, Benzonase and Chromatography
Columns.
PopCulture® HiseMag™ Purification Kit TI14-3 TBOS4 Process 40 = 3 mi cultures purifying up to 375 pg per 3 mi culture
AoboPop™ HiseMag Purification Kit 71103-3 TB327 Purify up to 12 mg per 96 wells.
RoboPop Ni-NTA HiseBind Purification Kit 71257-3 TB36A Punify up to 38.4 mg per 86 wells.
SaTag™ purification Cat No. Size User Protocol NofCapacity and Features
S-protein Agarosa E9704-3 2mi TBoBT, TB160 Purify up to 1 mg per 2 misettled resin
BIT04-4 Sx2ml
SeTag Thrombin Purification Kit E9232-3 TBOB7 Purify and cleave up to 1 mg target protein per kit (2 mlsettied resin)
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5= Taq Purification User Protocol Noy/Ca and Features
SeTag rEk Purification Kit B0ES-3 TB160 Purify and cleave up to 1 mg target protein per kit (2 misettled resin)
StrepsTag® purification 5 i User Protocol Mo /Capacity and Features
StrepsTactin® Superfiow™ Agarose 71592-3 Zml TB440 Capacity is up to 2 mgiml settied resin, high fow rates and pressures
Ti552-4 10 mi
StrepeTactin Suparfiow Column, 0.2 ml 715343 Scolumns  TE440 Capacity is up to 0.6 mg per column, suitable for gravity flow chromatography
StrepeTactin Suparflow Column, 1 ml 71593-3 Soolumns  TH449 Capacity is up te 3 mg per column, suitable for gravity flow chromatography
StrepeTactin Superflow Cartridge, 1 ml 71505-3 £ TB445 Capacity is up ta 3 mg per column, suitable for FPLCIHPLE, can be used with syringes
cartridges
StrepeTactin Suparflow Cartridge, 5 mi 71596-3 1 TB449 Capacity is up to 15 myg per column, suitable for FPLO/HPLE, can be used with
T1596-4 cartridge  syringes
cariridges
StrepeTactin Macrofrep® Resin 71597-3 iml TB445 Capacity is up to 3 maiml settied resin,
Ti597-4 10 mi
StrepeTactin MacroPrep Cartridge 71586-3 Scolumns  TB440 Capacity is up to 2 mg per cartridge, suitzbie for FPLC/HPLE, can be used with
SYTinges
StrepeTactin Buffer Kit 716133 TB449 All buffers for purification
StrepeTactin HT9E™ Purification Kit 71605-3 | plate TB447 Capacity is up to 100 ug per well
StrepeTactin SpinPrep™ Kit T1608-3 5 TB448 Capacity is up ta 150 ug per column
columns
T7#Tag Antibody Agarose B302E6-3 Zx1ml TB125 minimum 300 pg T7Tag B-galactosidase per ml settied resin. May vary betwesn

target proteins.

T7=Tag Affinity Purification Kit E9025-3 TB125 minimum 300 pg 77+ T3] f-galactosidase per ml settied resin. May vary between
target proteins. One mi of agarose, buffers and columns for purificati

Proteases and Cleavage Capture Kits I User Protocol Mo /Description
Thrombin, Restriction Grade B2ETI-3 ol TB188
Biotinylzted Thrombin B3672-3 ol TB188
Thrombin Cleavage Capture Kit E022-3 TB188 50 U Bictinylated Thrombin and Streptavidin Agarose for Biotinylated Thrombin
remiaval
Recombinant Enterokinase BHEE-3 ol TB150
Enterckinase Cleavage Capture Kit BXDET-3 TB150 50 U Recombinant Enterckinase and Ekapture™ Agarosa for enterckinase removal
Factor Xz, Restriction Grade ES036-3 400 U TB205
Factor Xz Cleavage Kit B3037-3 TB205 400 L Factor Xa and Xarrest™ Agarose for Factor Xa removal
HRV 3T Protease 71433-3 oo LU TB420
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