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About the System

T7Select®1-1 Cloning Kit 70010-3
T7Select10-3 Cloning Kit 70550-3
T7Select415-1 Cloning Kit 70015-3
T7Select Biopanning Kit 70018-3
T7Select Packaging Kit 6 extracts 70014-3
Uncut T7Select1-1b DNA 10 ug Discontinued
Uncut T7Select1-2a DNA 10 ug 70042-3
Uncut T7Select1-2b DNA 10 ug 70043-3
Uncut T7Selectl-2c DNA 10 ug 70044-3
Uncut T7Select10-3b DNA 10 ug 70548-3
Uncut T7Select 415-1b DNA 10 ug 70040-3
Description

Novagen's T7Sele€tPhage Display System is a novel phage displagsy#iat takes advantage of the properties of
bacteriophage T7. This system is easy to use asthkacapacity to display peptides up to aboutrbida acids in size

in high copy number (415 per phage), and peptidgsaieins up to about 1200 amino acids in low copsnber (0.1-1
per phage) or mid-copy number (5-15 per phage)g®hasembly takes place in thecoli cytoplasm and mature phage
are released by cell lysis. Unlike the filamenteystems, peptides or proteins displayed on theseidf T7 do not need
to be capable of secretion through the cell mengramecessary step in filamentous phage assefbly (

T7 has additional properties that make it an ditraalisplay vector. It is very easy to grow angligates more rapidly
than either bacteriophageor filamentous phage. Plaques form within

3 hat 37C and cultures lyse 1-2 h after infection, decrepatiie time needed to perform the multiple rounfdgrowth
usually required for selection. The T7 phage plaric extremely robust, and is stable to harsh itimmd that inactivate
other phage. This stability expands the varietsgg#nts that can be used in biopanning selectioredtoes, which
require that the phage remain infective. T7 is»aekent general cloning vector. Purified DNA isg&o obtain in large
amounts, a high-efficiendp vitro packaging system has been demonstrated (2), aridNI is completely sequenced
(39,937 bp), so restriction or DNA sequence ansalgéclones is quite straightforward.

The T7Select Phage Display System uses the T7ccppsiein to display peptides or proteins on tivéese of the
phage. The capsid protein is normally made in twven§, 10A (344 aa) and 10B (397 aa). 10B is prodigea
translational frameshift at amino acid 341 of 1@Ad normally makes up about 10% of the capsid jpr¢8. However,
functional capsids can be composed entirely okeittdA or 10B, or of various ratios of the protefds This finding
provided the initial suggestion that the T7 cayssidll could accommodate variation, and that theregf the capsid
protein unique to 10B might be on the surface efghage and could be used for phage display.

There are 3 basic types of T7Select phage dis@etors: the T7Select415 vector for high-copy nunatigplay of
peptides, the T7Select10 vector for mid-copy nunagplay of peptides or larger proteins, and th88l&ctl vectors for
low-copy number display of peptides or larger priggsee Table 1). In all of the vectors, codingussces for the
peptides or proteins to be displayed are clonelinvi series of multiple cloning sites following 248 of the 10B
protein (sed/ector Cloning Regionsn p 4). The natural translational frameshift gitdhin the capsid gene has been
removed, so only a single form of capsid proteim&le from these vectors. Additional informatioatthis system
can be found ifnNovationsNo. 6 (5).
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Table 1. Phage display vector features

Vector ? Use Copy® Vector Size Host®
Number Size (bp) Limit
T7Select415-1b peptides 415 37,314 50 aa BL21
T7Select10-3b peptides or 5-15 36,249 1200 aa BLT5403,
proteins BLT5615,
T7Selectl-1b peptides or 0.1-1 36,219 1200 aa ~ BLTS5615na,
proteins Orgami B 5615,
) Rosetta 5615,
T7Selectl-2a pep_tldes or 0.1-1 37,245 900 aa Rosetta-gami 5615
proteins
T7Selectl-2b peptides or 0.1-1 37,244 900 aa
proteins
T7Selectl-2c peptides or 0.1-1 37,243 900 aa
proteins

Notes:

1. The T7Select415-1 capsid gene has wild-type costgolals:p10 promoter, ®terminator, and s10 translation
initiation signals. The s10 translation initiatisignal (ribosome binding site) was modified to proel the mid-copy
vector T7Select10-3p10 and s10 were removed fromT7Selectl-1 and 1f@rtioer reduce capsid gene expression.

2. The average number of capsid fusion proteins dyspl@er phage. The T7 capsid shell contains 41esaj the
capsid protein, thus the copy number is 415 fotging expressed in T7Select 415-1. The copy nurfober
T7Select10-3, T7Selectl-1 and T7Selectl-2 are leatmlivalues based on measurements from four eliffgrrotein
display trials.

3. Any of the BLT5403 and 5615 strains can be uset WinSelect10-3b, 1-1b, 102a, 1-2b, or 1-2c.

Vector Cloning Regions

TTSB’ECE&JE 1k, T7Select1-1b
acdds aadbd
. MetleuGiyAspProAsnSerSerierVolAsplysleuAlafl oA laleuBlu
CATBCT ._anEu CCGAATTCGAGCTCCGTCRGACAAGCTTGLGRLCEGCACTCGAGTAACTAGTTAA
BamH| EcoR| 3acl Sall  Hind 1 Nat | Xho |
T7Select10-3b
aalfl calEd
MeitleuBivAcspProfsnSerProflaBly]l leSerArgGluleuVelAsplysleullalAlaAlaleullu
CATGECTCGGEGEEATCCGAATTCTCCTECAGGGATATCCCGGRAGLTCRTCRGACAAGCTTRCGRCCGCACTCRBAGTAA
BamH| EcoR| 3sef387|EcoRV Smal3acl Sall Hind Mot | Xhol
TiSelect1-2a
ag3ds aad6E
HetleuGiyGiySerfAsplleGluPheGlulesuArghrgBlinAlalysGlvArgThrArgVal ThrSer
CATGCTCRGTEGAT CCGATATCRAATTCGAGCTCCGTCGACAAGCTTGCRGECGCACTCGAGTAACTAGTTAL
BamH| EcoRV EcoR | Sacl Sall Hind I Not i Xn'ml
TiSelect1-2b
aalds cadBs
I—:--..L—'-uC vAspProl leSerfsnSerSerSerVolAsplysleuAlaflablaleuGlu
GE_’CGSC.u.T CEATATCGAATTCGAGCTCCGTCGACAAGLCTTGLGGCCGLACTCGAGTAACTAGTTAA
BamH | EcoR V EcoR 1 Sac| Sall Hind 1l Not | Xhol
T7Select1-2c
ag348 zal3ki
MeitleuGivIisArgTyrArgl lehrghlaProSerThrSerleulArgProHisSerSerfAsn
CATGCTCGEEATCCGATATCGAATTCGAGCTCCGTCGACAAGCTTGLGGLCGLACTCGAGTAACTAGTTAA
BamH | EcoR WV EcoR | Sacl Safl Hind Il Not | Xho |
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Components

T7Select” Cloning Kit
Cloning kits include the following components fanstruction of up to five libraries:

« 5ug T7Select415-1, T7Select10-3, BfSelectl-IEEcorR I/Hind Il Vector Arms
¢ 0.2 pmol T7Select Control Insert

* 6 T7 Packaging Extracts

« 1lug T7Select Packaging Control DNA

e 0.2ml BL21 orBLT5403 and BLT5615 Glycerol Stocks

¢ 500 pmol T7SelectUP Primer
¢ 500 pmol T7SelectDOWN primer
T7Select Biopanning Kit

The Biopanning Kit includes the following comporefdr biopanning with target ligands using 96-weitroplates or
other similar supports:

« 25¢ Blocking Reagent

e 2x50ml 10X TBST Wash Buffer
e 10ml T7 Elution Buffer

e 0.2ml BL21 Glycerol Stock

e 0.2ml BLT5403 Glycerol Stock
e 0.2ml BLT5615 Glycerol Stock

« 10" pfu T7Select Positive Control Lysate
« 10" pfu T7Select Negative Control Lysate

e 50l S-protein HRP Conjugate
« 2x25ml  SuperSign&8ISubstrate
e 2ml T7Select S-protein
e 25 gLOCATOR™ Luminescent Labels
e 25 Development Folders
Storage
*T7Selec® Cloning Kits and Storage Conditions
Catalog Number Description Storage Conditions
70010-3 T7Select 1-1 Cloning Kit Multi-storage K8ee table below for T7Select
70550-3 T7Select 10-3 Cloning Kit Individual Components and Storage Conditions
70015-3 T7Select 415-1 Cloning Kit

*Avoid repeated freeze-thaw cycles.

T7Selec? Individual Components and Storage Conditions

Vector Arms Store at 2-8°C
70002-5UG T7Selectl-1EcoRI/Hind Ill
70549-5UG T7Select10-FcoRI/Hind Il
70017-5UG T7Select415-EcoRI/Hind llI
70038-0.2PM T7Select Control Insert *Store at -80°C
69139-25UL T7 Packaging Extracts *Store at -80°C
69679-1UG T7Select Packaging Control DNA Store-8tQ
Glycerol Stocks *Store at -80°C
69142-0.2ML BLT5403
69905-0.2ML BLT5615
69386-0.2ML BL21
70005-500PM T7SelectUP Primer *Store at -20°C
70006-500PM T7SelectDOWN Primer *Store at -20°C

*Avoid repeated freeze-thaw cycles.
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About the Protocol

Use of the T7SeleRisystem is divided into three parts, as follows:

1. Cloning in T7 vectors/library preparatierA population of DNA fragments encoding either peéetor protein
sequences is cloned into the T7Select vector, gacketo phage, and amplified to prepare the libfar
biopanning.

2. Selecting and amplifying phageSeveral rounds of biopanning are performed tocseled amplify phage that bind
to a target molecule.

3. Characterizatior—Phage that bind are analyzed by sequencing atlresgoning region of the phage DNA. The
DNA can be provided by PCR amplification of indival plaques.

For general procedures for culture and handlin§7ophage, refer to the following sectigdrowth and Storage of
Bacteriophage T.7

Growth and Storage of Bacteriophage T7

Growth Media

T7 phage can be grown using common bacteriologiealia. Recipes for TB and LB media and their déitea are
given below. A less expensive equivalent to TBBs i which N-Z-amine A (Quest International) ishstituted for
Bactd® Tryptone (DIFCO Laboratories). LB and TB are usedrchangeably in these protocols.

LB TB Top agarose
Per liter: Per liter: Per 100 ml:
10 g Bacto tryptone 900 ml deionized water 1 g Bawiptone
5 g Yeast extract 12 g Bacto tryptone 0.5 g Yexisbet
10 g NaCl 24 g Yeast extract 0.5 g NaCl

4 ml glycerol

0.6 g agarose

¢ Adjust pH to 7.5 with
1IN NaOH

« Autoclave 20 min
For plates, add 15 g/l agar

« Autoclave 20 min,
cool to 60°C

¢ Add 100 ml sterile K
phosphate

¢ Add 100 ml deionized
water

« Autoclave 20 min

100 ml TB (or LB)

M9TB (M9LB) 20X M9 salts K phosphate
5 ml 20X M9 salts | Per liter: Per liter:

2 ml 20% glucose 20 g N@l 23.1 g KHPQO,
0.1 ml1M MgSQ | 60gKHPO, 125.4 g KHPQ,

120 g NaHPQy* 7H,0O
* Autoclave 20 min

* Autoclave 20 min
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Table 2. Media and host specifications for the T7Select® vectors

Vector Host Strain Liquid Media® Solid Media®
T7Select415-1b BLZ1 M9TB LB agar
T7Select10-3b BLT5403 M9TB, carb LB agar, carb
T7Selectl-1b BLT5615 M9TB, carb LB agar, carb
T7Selectl-2a, 2b, 2¢ BLT56ita M9TB, carb, kan LB agar, carb, kan
Origami™ B M9TB, carb, kan, tet LB agar, carb, kan, tet
5615
Rosetta™ 5615 M9TB, carb, cam LB agar, carb, cam
Rosetta-gami™ MO9TB, carb, kan, tet, LB agar, carb, kan, tet,
B 5615 cam cam

1. Itis possible to use other hosts such as Rosetisetta-gami B, and Origami B for T7Select415-1ead of BL21.
The Origami B and Rosetta-gami B may provide bémnéfiexpressing constrained (S-S) libraries.

2. After autoclaving and cooling % 55°C, add the appropriate antibiotics. Add stdiflered carbenicillin (carb) to
50 pg/ml from a 50 mg/ml stock solution or kanamy@ian) to 15 pg/ml from a 30 mg/ml stock solution,
tetracycline (tet) to 12.5 pg/ml from a 5 mg/micksolution, or chloramphenicol (cam) to 34 pg/rohfi a 34
mg/ml stock solution. Amplicillin may be substitdtéor carbenicillin.

Bacterial Strains

Keep stocks of bacterial strains at —70°C to —8@iCinitial culture is prepared by streaking thetesia for single
colonies on a LB agar plate supplemented with &itds (see above table) and incubating at 37°Croght. Inoculate
50 ml of TB or LB media (with antibiotic if apprdpte) in a 250 ml Erlenmeyer flask with a singléotry, and incubate
at 37°C with shaking until the QR reaches 0.6—-1. Combine a 1.5 ml sample of thé fogsphase culture with 0.15 ml
of sterile (autoclaved) 80% glycerol and placedlyein the freezer. Cultures are grown from thezén stocks by
inoculating with a few microliters scraped or melfeom the frozen surface, without thawing the mfghe sample.
Cultures that have been grown from the freezekkstioe stored in the refrigerator and used to inmteufurther cultures
for as long as a month.

Growth of T7 Lysates

T7 grows rapidly on logarithmically growing cells on cells freshly diluted from stationary phaséunes (but not on
cells approaching stationary phase). Lysates giovehaking flasks typically yield 8-10" phage/ml. Phage titer is
proportionate to aeration of the culture, and tést titers are achieved when the culture volun29% or less of the
flask volume.

Strains with the 5403 or 5615 designation carrpm@picillin-resistant plasmid that supplies extré@apsid protein. In
the 5403 plasmid, 10A expression is driven by giofnoter, whereas in 5615 it is driven by the la8 pfomoter.
Therefore, in the BLT5403 plasmid, large amountsagfsid protein are produced in the course of Té&ction. In
contrast, 5615 hosts require the addition of IP@@duce capsid protein production prior to infeatiPlaques are
smaller on BLT5403, but lysate titers are simitatitose obtained using 5615 hosts. Phage displésiggr proteins
(>600 amino acids) that gave tiny plaques and aatated deletions in the capsid fusion gene on BOB;4ormed
larger plaques and produced lysates without deikcteletion phage on BLT5615 (unpublished obsermatTo
prepare 5615 hosts for phage production, add IRTGrMM about 30 min before infection. For platirdgla 00 pl,
100mM IPTG to 2.5ml top agar (25 ml agar plates).

The BLT5615%na strain is deficient in the RNase | gene, a normgiseibonuclease that is the primary source af-no
specific RNA-degrading activity i&. coli extracts. The RNase | genad) of BLT5615 was disrupted by insertion of a
kanamycin resistant cassette to generate BLTB®&1Phage lysates from BLT56tkta do not cause extensive RNA
degradation which allows RNA to be used as thet*lfai biopanning experiments. Several RNA bindprgteins have
been successfully isolated from T7Select cDNA lil@propagated in BLT561%a (6-7). Since BLT5618na is

identical to BLT5615 with the exception of the REagleficiency, it should be a suitable host féo#ther applications
for which BLT5615 has been used successfully.
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Origami™ B 5615 greatly facilitates the expressidmactive, soluble proteins in E. coli. Mutatiomsthe thioredoxin
reductasetfxB) and glutathione reductasgof) genes of this host strain creates a cytoplasmic@ment compatible
with the formation of disulfide bonds (8).

Rosetta™ 5615 is designed to enhance the expresk@rkaryotic proteins that contain codons ratelgd inE. coli
This strain supplies tRNAs under the control ofrtihhative promoters for the codons AUA, AGG, AGAGG, CUA,
CCC and GGA on a compatible chloramphenicol-resigtéasmid.

Rosetta-gami™ B 5615 combines theB/gor mutations of Origami for disulfide bond formatiaith the supply of rare
tRNAs of Rosetta.

A convenient way to grow lysates on logarithmicaipwing cells is to dilute a fresh overnight cuétun 200 volumes

of M9TB, incubate with shaking for 3.5—4 h at 3q1Gually to an Ol of 0.6—0.8), and then infect with a phage stock
or plaque. Single plaques will develop on plate378C within the same interval as the cells arevjrg and can be
inoculated into the culture by transferring an ggag containing the plaque (or the center of tlagpe) with the tip of

a sterile Pasteur pipet. Good lysates are alsonautdy diluting an overnight culture of cells irttoee volumes of

M9TB, adding phage immediately, and shaking ugsid.

The initial phage concentration is not too critibatause T7 grows so rapidly. Adding a single pagu0.001 to 0.0001
volume of lysate usually works well. For some slogmwing recombinants, phage should be addeddwer density
of growing cells (or to a higher dilution of oveght culture) so that the culture does not overgiteevphage. If a culture
has not lyses after a few hours, dilution with fresedium and further shaking will usually produdgsate.

Refer toAppendix Afor details regarding the purification of T7 phagel extraction of T7 DNA.

Storage of T7 Lysates

As soon as practical after lysis, the lysate iser@& M in NaCl, centrifuged 10 min at 10,000 r@am¢ the supernatant
removed from the pelleted debris into a clean t@mntinued shaking after lysis can lead to a deer@aadsorption
efficiency, and ultimately to loss of titer. Clagidl lysates are usually stable for periods of memdhyears in the
refrigerator. However, different lysates lose taegreatly different rates, for unknown reasonsl some are totally
inactive within a few years.

For long term storage or as a backup, sampleseddltrified lysate can be combined with 0.1 volwhsterile 80%
glycerol and then frozen at —70°C to <&0 These stocks can be frozen and thawed with litds of titer. However, a
few microliters can be scraped from the surfacieffrozen stock for inoculation purposes and émeainder placed
back into the freezer without the need for thaviimgrest of the sample.
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Titering T7

A plating assay is used to determine the numbghafje present in samples at various points in #8elect System
protocol. The technique involves combining dilugzsnples of phage with host cells and molten agamdeplating on
TB or LB agar plates. The cells will grow to fornteavn of bacteria. When phage are present, cleasgiplaques) will
be observed in the lawn of bacteria which corredporindividual phage infection events producedingle phage in
the test sample. When using 100 mm Petri platéscibnvenient to plate dilutions of sample sudt 80 to several
hundred plaques are produced. The plating asseseisin the T7Select System to determine the effayi of packaging
reactions, to determine the number of primary rdmoants in a newly constructed library, to deterertine titer of an
amplified library and to monitor the enrichmentptifage during biopanning. The level of dilution reszey for plating
will depend on the source of the sample. The ditutanges for specific samples are listed in thiethelow.

Note: When plating a large number of samples, be aware that phage will continue to replicate when combined
with host cells. Samples should be plated shortly after phage and host cells have been combined.

Sample Source Estimated Titer Recommended Dilution
(pfu/ml) Range

Biopanning Eluate 1o 16 1/1¢F to 1/18

Packaging Reaction i@ 10 1/10' to 1/10

Amplified Lysate 16°to 10+ 1/10 to 1/10°

TB or LB can be used for all dilutions and in ptafer titering T7. Phage remain infective at higlitibn in TB or LB
but inactivate fairly rapidly in defined media asffers without protectants such as gelatin.

To count the phage titer, 0.25 ml aliquots of alirevernight culture of bacteria are added to i@sef 13x 100 mm
tubes at room temperature. Appropriate dilutionptaige in 100 ul buffer are added to the cellpded by the
addition of 2.5-3 ml of melted top agarose at 4BE5 The contents of the tube are immediately mixed then poured
in a standard 108 15 mm Petri dish containing 20 ml of hardened TBB agar. Wild-type plaques will appear within
2-3 h at 37°C, as soon as the lawn becomes tunidgh to see them; some recombinants may takenoogkevelop.

In most cases, plates should not be incubated myerat 37°C because the plagues become too laoyeever, plaques
will usually remain a manageable size if platesleiteovernight at room temperature. For additioshetails regarding
phage titering by plague assay, refe€Ctoning in T7Select Vectotselow.

Cloning in T7Select® Vectors

Procedures for cloning in T7Select vectors arelamtd those for cloning in bacteriophag&ectors. Vector arms are
prepared and ligated with target inserts, incubaii#al anin vitro packaging extract, and the phage products used for
infection of a suitable host. The multiple clonsites (MCS) in the T7Select vectors are compatilille many existing
vectors, including the pET vectors.

Cloning DNA fragments into the MCS of the T7Seleettors requires restriction digestion of the ve€blA, and
dephosphorylation of the ends with alkaline phosmdeusing standard protocols (9). Confirm resbrctligestion by
running 100 ng of the digest on a 0.4-0.6% agagetat low voltage for several hours alongside tivegtor. The left
and right vector arms can be separated with exteaetrophoresis at low voltage (0.75 volt/cm,roight). These
steps are not necessary when using prepared TT&el# I/Hind Il arms.
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T7Select EcoR I/Hind Ill Vector Arms

The T7Select Cloning Kits include T7Select415-1BS&lect10-3b, or T7Selectl-1b vectors as predaceR I/Hind 111
arms, ready for directional cloning of approprigtetepared inserts. To provide compatibility wille tvector arms and
obtain expression in-frame with the 10B proteintstiat recombinant fusion proteins are displayeskiits must contain
correctly designed termini.

As shown in the diagram below, the inserts reqaif&AATT “sticky end” on the top strand (aminofténal side) and a
5'-AGCT “sticky end” on the bottom strand, eitheeated with oligonucleotides or IBcoR I/Hind Ill digestion. The
reading frame requires the AAT (Asn) initial codémijowed by a TXX codon (possible second aminalagre shown).
Use ofEcaR | cleavage products places C in the second pasitesulting in a TCX codon (Ser). Because thesara
dephosphorylated, inserts should be phosphoryfaiedto ligation.

gene 10B — insert
eft arm.. . GATCCG
eft arm. . CTAGGCTTAA

UM} KEKX AGCTT.. .right arm
il
I

(N} XXEXTCGA .right arm

Reading frame of inserts cloned into EcoR I/Hind Il T7Select415-1hb, T7Select10-3b,
and T75elect1-1hb vector arms

cDNA libraries are easily constructed in T7Selee8bland T7Selectl-1b vectBeaR I/Hind Il arms using cDNA made
with Novagen’s OrientExpress™ cDNA Synthesis K#ectional random primed or oligo(dT) primed cDMA
prepared from mRNA (supplied by the user) with @itthe OrientExpress Random Primer or Oligo(dTinericDNA
Synthesis Kit. The cDNA is then prepared for clgnusing reagents supplied in tBedR I/Hind Il End Modification
Kit, DNA Ligation Kit, and Mini Column FractionatioKit. The use of a random primer strategy alloastml over
cDNA size ranges, thus providing the option to ymaldisplay of various protein domains with the &&8t System.
Please refer to the OrientExpress cDNA Manual, TB2dr additional information.
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Ligation of Inserts and Vector Arms

For maximal cloning efficiency, it is useful to apize insert:vector ratios for each insert preparatThe optimal ratio
will vary depending on the nature and quality @& thsert, but the highest cloning efficienciestgpgcally obtained with
molar ratios between 1:1 and 3:1 (insert:vector).

Insert preparations should be free of interferinigstances (salts, primers, nucleotides, etc.)rtpeepared by
annealing purified oligonucleotides are suitableuse without further treatment. Size-fractionatBdNA inserts can be
prepared by common techniques, such as gel fodttaih a mini column of Sephar§s4B (supplied in the Mini Column
Fractionation Kit). The insert preparation shouédab a concentration of about 0.02-0.06 pmol/ietfessary, the
insert can be concentrated by precipitation witloRimes of ethanol after addition of 0.1 volume3d#l sodium acetate,
using 10 pg/ml glycogen as a carrier. After cengrétion, the pellet should be rinsed with 70% ethadried, and
resuspended in an appropriate volume of TE buffevater. Note that Novagen's Pellet P&ilto-Precipitant isiot
recommended for this application because it isnmzatible with the T7 packaging reaction.

The following estimates can be applied for clondBNA inserts. A yield of 400 ng of vector-ready cBRXRO ng/ul in
20 pl) with an average size of 1.5 kbp correspdaadgout 0.02 pmol/ul. The 37 kbp vectors correspon
approximately 0.04 pmol/pg. Therefore, ligatiorBqil cDNA with 0.5 g vector corresponds to an ihgector ratio of
3:1.

A positive control insert is provided with the arkits (see p 14 for details). We recommend setlipg positive control
reaction in parallel with sample insert to test éfffeciency of ligation, packaging and plating. @etermine the
background of non-recombinant phage, another @actn be set up in which the insert is omitted.

1. Set up ligation reactions by assembling the follmptomponents in a sterile 0.5 ml or 1.5 ml tuteil (Bgase last):

0-1.5 ul insert (0.02-0.06 pmol), 1 ul Positive Control Imser no
insert negative control)

1pl T7Selec? Vector Arms (0.5 pg; 0.02 pmol)

0.5 pl 10X Ligase Buffer

0.5 pl 10 mM ATP (note final concentration is 1 mM, whish
recommended for sticky end ligation)

0.5 pl 100 mM DTT

0-15ul Sterile water

1l (0.4-0.6 Weiss units) T4 DNA Ligase (if necessahytd
enzyme 1:10 in Ligase Dilution Buffer provided wiEiNA
Ligation Kit)

5 ul Total volume

2. Gently pipet up and down and then incubate 3—-1616%C. Store at 4°C until use.
Note: Ligation components are also available in the DNA Ligation Kit.
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In Vitro Packaging

Ligation reactions can be added directly to T7 Rgelg Extracts foin vitro packaging. The best T7 packaging results
are obtained when the extent of dilution of theaottis minimized. The extracts are supplied inuRSingle reaction
volumes, and the volume of the ligation reactiodeatito the packaging extract should not excegld Barge libraries
will require scaling up.

1. Allow the T7Sele® Packaging Extract to thaw on ice. The volume eféktract is 2%l and will package up to 1
pg of vector DNA without a loss in efficiency. Theteact can be subdivided into several prechilldzetufor testing
several DNA samples at once. If performing smaltele packaging tests, the amount of ligation reaetdded
must be reduced proportionately.

2. Add 5yl ligation reaction per 2fl extract. Mix gently by stirring with a pipet tipio not vortex. A vial of T7Select
Packaging Control DNA is provided with the syst@im.test the packaging efficiency independently, @dqig of
the control DNA to 2%l extract.

3. Incubate the reaction at room temperaturé @Z2or 2 h.

4. Stop the reaction by adding 270 ul sterile LB ormBdium. If the packaging reaction will be storedrore than
24 h prior to amplification, add 24 chloroform and mix gently by inversion. The pagkay reaction can be stored
for up to one week at’€ without significant losses in titer. For longerrh storage, the packaged phage must be
amplified by plate or liquid culture methods.

5. Perform a plaque assay as described below to detethe number of recombinants generated.

When using the T7Select Systgmackaged libraries must be amplified by eitherplage or liquid culture methods

prior to biopanning Amplification is necessary for the expressiortiohed sequences and their display on the surflace o
phage particles. Methods for the amplificationibfdries are described on p 13. This also appltesmnvusing the

Positive Control Insert to analyze the display ofe§™ peptide on the phage surface.

Plague Assay

1. Inoculate the appropriate host strain in M9TB met{see table 2 on p 5) and incubate with shakir8y &€ to an
OD600: 1.0.

Store the host cells at 4°C until needed. Do nethast cells that have been stored for longer 4&in.

3. Melt a sufficient volume of top agarose to providml for each dilution being plated. Transfer thelten agarose
to a 45-50°C water bath.

4. Prepare a series of dilutions of the sample udiegjes LB or TB medium as the diluent. Generalhe tappropriate
dilution for recombinant phage is *:l( . When the T7Sele®tPackaging Control DNA is used, dilutions should
be made to 1:70The initial 1:100 dilution can be prepared byiaddLOpl of sample to 99Qul of medium. Serial
dilutions can be made by adding 3@f the 1:100 dilution to 90l medium (18 dilution), 100 ul of the 10
dilution to 900 pl medium (fodilution), and so on.

5. Prepare a series of 4 ml sterile tubes by pipeB@pl of host cells into each tube. Starting with thghlest
dilution, add 10Qul of the phage dilution to each tube. Be sure ptaee the pipet tip between samples to avoid
Cross contamination.

6. Add 3 ml top agarose to the tube and pour the comtanto gprewarmed37°C) LB or LB/carbenicillin or
LB/carbenicillin/kanamycin agar plate. Immediatslyirl the plate (gently) to spread the agarose lgven

7. Allow the plate to sit undisturbed for several mimtil the top agarose hardens, then invert andoatufor 3—4 h at
37°C or overnight at room temperature.

8. Count the plaques and calculate the phage titerphage titer, described in plaque forming unifg)(per unit
volume is the number of plaques on the plate tithelilution times 10 (to account for the 0.1 mbd@ition
plated). For example, if there are 200 plaques plaie from a 1/10dilution, then the titer of the sample is 200
10° x 10 = 2x 10° pfu/ml. The total number of phage in a sample temieined by multiplying the titer by the total
sample volume. For example, if the sample wereciaming reaction wheredg of vector DNA was used, the final
volume of the packaging reaction is 0.3 ml (packaging extract + fil ligation + 270ul sterile media). The total
number of pfu in the packaging reaction is 20° pfu/ml x 0.3 ml = 6x 10 pfu. In addition, since fug of vector
was used the efficiency is»610° pfu/ug.

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
bioscienceshelp@ techservice@merckbiosciences.de Ireland Toll Free 1800 409445 bioscienceshelp@

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



User Protocol TB178 Rev. D 0311JN Page 13 of 24

Amplifying Libraries
A single round of amplification is necessary ptimbiopanning. There are two basic methods foatjpamplification
depending on the size and complexity of the librBor a cDNA or other library where the total numbgprimary
recombinants is less thark8L(P, the plate lysate is the preferred method. Whepliying larger libraries the liquid
lysate method is required for logistical reasons.

Plate Lysate Amplification

1.

Inoculate 50 ml TB with 1 ml overnight culture dietappropriate host (see second table on p 6).eSited7°C
until the OQyy reaches 0.6—1.0. If using a 5615 host strain,|Bd@& to 1 mM when the Ofg, reaches 0.5 and
continue shaking for 30 min.

If the packaging reaction was stored with chlorofpspin the tube briefly in a microcentrifuge t@amate out the
chloroform. Leave the chloroform behind when piipetthe phage.

Calculate the amount of cells and phage needeatid\of 1x 10° phage per 10 ml cells should be used. Mix the
phage (packaging reaction) with the cells in ailst&0 ml tube. This mixture must be plated witB min.

Transfer 1 ml aliquots of the phage/host mixtute sterile 15 ml tubes.

Add 10 ml molten top agarose at 45-50°C to each.tithmediately pour the contents of the tube ort6@mm
LB or LB/carbenicillin or LB/carbenicllin/kanamyciplate. Spread the top agarose evenly by gentllisgithe
plate.

Allow the plates to sit undisturbed on a level au€f so the top agarose can solidify. Invert theepland incubate
until the plaques are nearly confluent (3—4 h &C3a@r overnight at room temperature).

To elute the phage, cover each plate with 10 rilafge Extraction Buffer (20 mM Tris-HCI, pH 8.0,01&M
NaCl, 6 mM MgSQ) and place on a level surface at 4°C from 2 hviermight.

Harvest the phage by tipping the plate slightly pimbtting the liquid into a sterile container. Ctmine the extract
buffer from all the plates in a single tube or mtAdd 0.5 ml chloroform and gently mix. Centritugt 3,000< g
for 5 min to clarify the lysate and transfer th@aunatant to a sterile tube or bottle. Determireetitier of the
amplified library by plaque assay. Amplified libydysates can be stored at 4°C for several monitieout a loss of
titer. For longer term storage, add 0.1 volumeilst@&0% glycerol and store at —70°C.
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Liquid Lysate Amplification (500 ml scale)

1. Inoculate 50 ml LB with appropriate antibiotics i single colony from a freshly streaked plateakehat 37°C
overnight. Host cells can be stored at 4°C foraipwo days prior to use.

2. Add 5 ml of the overnight culture to 500 ml LB oBAicarbenicillin or LB/carbenicillin/kanamycin mediuand
grow to a ORQyy of 0.5-1.0. If using the 5615 strains, add IPTG oM when the OB, reaches 0.5 and continue
shaking for 30 min. Calculate the number of cellthie culture using the following formula:

ODgoo % (2% 10 cells/m) x culture volume = total cells
0.5 OQyo

3. Infect culture with phage library at an MOI of 016@.01 (i.e., 100-1000 cells for each pfu). Iniportant to
infect the culture with cells in substantial excesgrevent rapid lysis of all available host ceffler example, if a
500 ml host culture has an @f= 0.75, the total number of cells is:

ODggo % (2% 1 cells/m) x 500 ml = 1.5< 10" cells
0.5 OQyo

This culture can be infected with 2x5.¢° to 1.5x 10° pfu.

4. Incubate with shaking at 37°C for 1-3 h until lysi®bserved. Cell lysis will result in a visibleduction in the OD
of the culture and the accumulation of long thiiaustls of debris in the medium. Stop incubation dysis is
observed. Prolonged incubation will result in eslo§lysate titer.

5. Clarify the lysate by spinning at 8,080y for 10 min. Decant the supernatant into a gtérdttle. Titer the lysate by
plaque assay on p 12.

6. Amplified library lysates can be stored at 4°Cdeveral months without a loss of titer. For lonigem storage, add
0.1 volume sterile 80% glycerol and store at —70°C.

Use of T7Select® Positive Control Insert/Plaque Lift Analysis

The T7Select Control Insert in the kit encodeslthaa STag™ sequence that binds with high affinity to $tpin.
When cloned intd&EcaR I/Hind 11l arms of T7Select415-1, T7Select-10-3 or TE8Hl-1, an in-frame fusion protein is
produced resulting in the display of theTag peptide on the surface of the phage.

When using T7Select415-1 or T7Select10-3, reconmbiplaques are easily detected using S-protein etiugate

with chemiluminescent substrate. T7Select10-3 magxpressing thee $ag peptide require longer exposure times for
detection. The assay cannot be used for the datectiinsert in T7Selectl-1 due to the low copy bendisplayed. A
PCR assay can be used to distinguish recombinamam-recombinant plagues when using the T7Selewtr@l Insert
with the T7Selectl1-1 vector. The protocol for tlededtion of T7Select415-1s$ag recombinants by plaque lift is
described next. The plaque lift protocol can aleartmdified to detect other ligands expressed inelét$415-1 or
T7Select10-3 using appropriate ligand-specific esds)

Using this protocol, T7Select415-1 recombinant pémexpressing the $ag peptide produce extremely strong signals
in a 10-minute exposure, whereas T7Select10-3 retmmts produce a weaker signal correspondingetdativer copy
number (average of 10/phage vs. 415/phage). With ectors, recombinants should be easily dististyrd from non-
recombinant plaques lacking inserts. By compatiegriumber of positive plaques on the plaque lithwhe total

number of plaques on the plate, the backgrounddeferon-recombinant phage can be determinednbne
recombinant background for control insert ligatiam3 7SelecEcar I/Hind 11l arms is typically 0.15-1.5%.
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Plaque lift protocol

1. Chill plates for 1 h at 4°C prior to making pladifts to minimize the tendency of the top agarassttck to the
membrane. Using plates containing 500-1500 plaqerform plaque lifts using nitrocellulose memb=a(eg.,
Whatman Corporation Protran™, No. 10402579). Plague ready for screening even when small (0.5-1irmm
diameter).

Carefully overlay the plates with the membranesafvggoves and handle the filters by the edges)dBka
membrane slightly and allow the center to touchplage first. Number both the filter and the plaellowing
placement of the membranes, use pin holes or iakigo the membrane with the plate. After one nenaftcontact,
carefully peel the membrane off the plate. (Stdates at 4°C. Plates may be used for two roundkipficate lifts
without significant loss of signal.)

2. Invert the membranes on plastic wrap and allowrtdrg for 10-20 min.
3. Prepare 200 ml of 1X TBST by combining 20 ml of 17DBST with 180 ml deionized water.

4. Prepare a solution of 5% Blocking Reagent in 1X TE&g., 5 g/100 ml). Typically 25-50 ml blockinglstion is
sufficient for processing up to ten 82 mm membranes

5. Soak the membranes in blocking solution for 30 wiith gentle rocking.

6. Dilute S-protein HRP Conjugate 1:5000 in 1X TBST apply enough solution to cover the membranesihate
for 30 min at room temperature.

7. Wash the membranes 3 times for 5 min with 25 mITBST.

Prepare the SuperSignal substrate working solityocombining equal parts 2X Luminol/Enhancer and&xble
Peroxide Solution and mixing briefly. Prepare iéint substrate to apply 0.5 ml per membrane.

9. Remove the membranes from the final TBST wash aartsfer to a clean container. Apply the SuperSigobbtrate
working solution and be sure that the entire memblaas become wet. Incubate at room temperatude-fomin.

10. Remove the membrane from the working solution dadepin a Development Folder (make sure the menslisan
wet, but not dripping). Remove any bubbles betwberplastic and the membrane. Remove any excesd
the exterior of the envelope.

11. Expose a gLOCATOR™ label to light for 10-20 se@delon the exterior of the development folder audd
experimental details on the label.

12. Place in a film cassette with autoradiographic fieng., Kodak OMAT AR) and expose for
1-10 min for T7Select415-1 recombinants, or 10-m80for T7Select10-3 recombinants. Be careful nanhbve
the film after initial placement or multiple imagesy result. Light output continues over severalreo

Screening the Library by Biopanning

Procedures for selecting phage from a T7 phagdagidiprary are very similar to those used in fiemous phage
display. Usually, a target ligand is immobilized @solid phase and a lysate containing the amglgteage library is
allowed to bind to the target. After several wasiveemove non-specifically bound phage, the remgiphage are
eluted and amplified for the next round of selattibhere are some important parameters to congiden designing a
biopanning experiment, which are described next.

Choice of Solid Phase and Ligand Immobilization

A variety of solid phases have been used succésffulbiopanning with phage display libraries, luting plastic
ELISA plates or uncoated cell culture dishes, mégmparticles, glass beads, and beaded agarosendsteconvenient
and commonly used solid phase is plastic and ths& omommonly used method for coating is non-covadeisorption.
However, because the adsorption of proteins orastigl surfaces is thought to be a hydrophobic aatésn, some
ligands, particularly highly hydrophilic proteins low molecular weight compounds, may bind ineéfitiy to plastic
unless a covalent attachment method is used. Theod®used for the preparation of ELISA platesdarectly
applicable to biopanning, and detailed ligand imitidttion protocols can be found in enzyme immursagdaboratory
manuals (10-11). To enhance binding, proteinsatabrb poorly to plastic can be partially denatwétl a chaotropic
agent such as guanidine, urea, or thiocyanateitbrasid or heat. In addition, target lipids ordfroteins can be
adsorbed to plastic in the presence of deoxycholate
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The solid phase used for immobilization of the éalggand usually depends on the volume of phagatéyscreened. For
most applications, a plastic 96-well ELISA plateg(eCorning, No. 25801) allows up to’i@hage to be screened in a
single well. However, when larger volumes (> 0.2 must be screened, uncoated 6 to 24-well plasticalture plates
can be used. When screening very large lysate \adum2 ml), plastic Petri dishes can be used.eSime titers of T7
phage lysates are typically 10-100-fold lower tN#8 lysates, larger volumes may be required innft&l rounds of
biopanning to ensure that a sufficiently represardgaample has been exposed to the target ligémelprotocol
presented next for coating an ELISA plate shoulduitable for the majority of target proteins.

Coating an ELISA Plate

1. Wash the wells of a plastic ELISA plate (qualified protein binding) several times with deionizedter and
remove excess water by inverting the plate anditgppnto a clean paper towel.

2. Dilute the target protein with deionized water odisTbuffered saline (TBS) to between 1 andugdml.

3. Apply 100pl of diluted target protein (or S-protein for bigwang control experiments) to the wells and incelsit
room temperature for 3—4 h or at 4°C overnight. &dfie plate with Parafilfhor plastic wrap to prevent
evaporation of the buffer.

4. Wash wells three times with 3Q0 1X TBS or water to remove unbound target protein.

5. Prepare a 5% solution of Blocking Reagent in watet apply 20Ql to the wells.

6. Incubate for 60 min at room temperature or overnagi°C.

7. Wash plate five times with deionized water and pB#Opl of water into each well. Cover the plate and estair4°C

until ready for use. The plate can be stored foessd weeks.

Determining the Number of Phage for Screening

The number of phage that must be screened depaeritie @omplexity of the target sequences and thedf the
amplified library lysate. For example, if a randbeptapeptide library is screened, the number ghptations of a seven
amino acid sequence is201.28x 10°. Assuming a library of sufficient size has beeapared, a minimum of 1.28

10" amplified phage must be screened to represeny possible permutation with a multiplicity of 108considerably
smaller number of phage are required to screesmagied cDNA library. Typically about §phage would allow for
sufficient sequence representation to find rare ABNespecially in the OrientExpress™ directionallyned libraries

(6). However, with biopanning it is just as convatito screen up to $@lones, which would provide an increased
opportunity to select sequences of interest.

Kinetics

Selection of the highest affinity interactions been displayed phage polypeptide and target moleegigres selection
of phage that have rapid on-rates and slow offstdter this reason, decreasing the duration obithéing step and
increasing the duration of the elution will incredke stringency of selection for high affinityéractions. For any phage
that have very slow off-rates, the best methoddoovery is to add cells to the plate and allowedtibn and growth of
bound phage to occin situ.
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Elution Conditions

The T7Seleé Biopanning Kit includes T7 Elution Buffer (1% SD®)hich allows for efficient disruption of most
expressed peptides/proteins and their ligands.HEQ@ are stable to a broad range of alternatia¢ntents including up
to 5 M sodium chloride, 4 M urea, 2 M guanidine-Hr@lducing conditions with DTT at up to 100 mM, anshtment
with alkali up to pH 10. Unlike filamentous phad#, is not stable to acidic conditions below abaddt40, so acetic
acid cannot be used for elution.

An important consideration is whether the elutieagent will inhibit growth of cells during subsequamplification or
plating steps. As an alternative to elution, it haen reported that bound phage can be directlifeadpin situ, by the
addition of mid-log host cells (12) to the solidagk. Fusion proteins displayed on capsid do netfare with the tail
assembly or the infectivity of bound phage. Thighud allows for the amplification of phage with yetow off-rates,
and may be useful for recovery of the highest &ffiphage.

When eluted phage are transferred to liquid cultor@mplification, it is important that the elutidouffer does not
inhibit cell growth. For example, when using T7 fida Buffer, the phage must be diluted a minimun2@®-fold when
transferred to culture (i.e., 1@ elution to 20 ml culture).

If some information is available regarding the tgbénteraction sought, the elution reagent cambeified accordingly.
For example, if an ionic interaction was desiredl) BlaCl would be a sensible choice for elution siftavould mask
any ionic interactions during elution, in a mansienilar to ion-exchange chromatography.

Number of Rounds of Biopanning

The number of rounds of biopanning generally deirgemthe extent of the enrichment for phage thad bd the target
ligand. A population of phage with high affinityrfthe target molecule can usually be selectedreetor four rounds of
biopanning. To determine whether enrichment is ooy, it is useful to perform biopanning with tagentically coated
wells using the same input phage. One of the waltsbe used to titer the retained phage as a neakanrichment,

and the other can be used for amplification. Thalmer of eluted phage recovered from the first awbsd rounds will
be low, generally from T810° phage before amplification. The enrichment of ghtgt bind the target molecule during
the first two rounds usually results in increasester for recovered phage in later rounds. Theltoumber of phage
recovered in rounds three and four will often exicé&. When no further increases in recovered phage eoare
observed, further enrichment is unlikely to occithvadditional biopanning.

The T7Select Positive Control Lysate can be useddnitor biopanning procedures. When T7Select Restontrol
Lysate is combined with phage without insert (T&8eNegative Control Lysate) at ratios of 240110, a nearly
homogeneous population of positive phage can Batésbin three or four rounds of biopanning on 8t@in-coated
ELISA plate wells. The saturation point for ELIS/ls coated with S-protein is estimated to b&-10°pfu, so
increases in recovered phage beyond this leveldvoot be expected. Using the T7Select Positive ©bhysate, the
percentage of positive plaques can be monitoretyukie plaque lift protocol described previously.&pressing the
ratio of positive plaques to total plaques on tlaepand comparing this to the initial ratio of fiee to total, an
enrichment factor can be calculated. For examp&9 positive plaques were detected in a field23Q total plaques,

the ratio of positive to total is (89/1200)=0.0T4he input ratio of positive:total was 1:1.@hen the enrichment factor is
(0.074/10") = 7.4x 10P.
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Biopanning Protocol

1.

10.

Inoculate a 50 ml culture of LB with the appropei&ost strain and antibiotic according to the taisigp 7. Incubae
with shaking at 37°C until the Qg = 0.5-0.6. This culture will be used as the hossElected phage eluted from
the solid phase in step 9 below.

Based on the titer of the amplified library and tlesired number of phage to be screened (see pdl8)jate the
volume of phage lysate necessary for first roumdesting. For example, if a peptide library contains10®

primary recombinants, the desired multiplicity ofeening is 100, and the amplified titer is 20" pfu/ml, then the
volume of lysate necessary for first round scregisrcalculated as follows:

(primary recombinantg multiplicity) = volume required
amplified library titer

([1 x 10°pfu] x 100) = 0.33 ml
3 10" pfu/ml

As another example, if I@lones of a cDNA library are to be screened aedathplified library titer is & 10%°
pfu/ml, then the volume needed for first round saoiag is 1 pl.

Prepare 100 ml of 1X TBST by combining 10 ml 10XSB(provided in biopanning kit) with 90 ml deionize
water.

Apply the calculated amount of phage lysate tonligeoated plate prepared according to the protatwove or
other suitable method. If the calculated volumeeexis the well volume, several wells can be prodessparallel,
and recovered phage pooled prior to amplificatibthe volume of phage lysate is less than 10Qugéd, 1X TBST
as diluent to bring the volume in the well to 100 p

Incubate the plate at room temperature for 30 tomger incubation times (e.g., overnight at 4°Cynmerease the
recovery of rare clones. If incubating for longeripds, cover the plate with plastic wrap to prévamaporation.
Wash the plate five times with 1X TBST. This cando@me with a vacuum plate washer or by adding 32@uffer
to each well, incubating briefly, inverting the f@aand shaking out the buffer. The inverted ptate be blotted
briefly on a paper towel to remove excess buffer.

Elute bound phage by adding 2@i0T7 Elution Buffer (or other elution reagent). Umte at room temperature for
10-20 min.

Transfer eluted phage from the well to a sterilerl%ube.

Add up to 25Qul of eluted phage to the 50 ml culture preparestép 1 and incubate, with shaking, at 37°C.
Continue incubation until lysis is observed (1-3 h)

Transfer the lyses culture to a clean 50 ml carggftube and centrifuge at 8,00@ for 10 min. Transfer
supernatant to a clean tube and store at 4°Creatily for next round of biopanning.

After the desired number of rounds of biopanningehlaeen completed, the final lysate contains a&lparcentage of
positive recombinants. In preparation for furthealgsis of the selected population of positives, fthal lysate must be
titered and plated at low density (less than 1Q@gbdte). Individual, well isolated plaques aredif PCR
amplification as described Bequence Analysis of Selected Phage Recombineliots. It is useful to save a labeled
series of samples derived from plaques used for &BRlification. To accomplish this, for each “saaprepared for
PCR amplification, remove a plug from the same péagsing a sterile Pasteur pipet and place theiplagl phage
extraction buffer (seAmplifying Libraries p 13). Label the scrape and plug samples iddlytiead store the plug
samples at 4°C as an archive. Each plaque willaioritf—10 phage. If a long term archive of these samplegsired,
phage eluted from plugs can be combined with Olarae sterile 80% glycerol and stored at —70°C.
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Sequence Analysis of Selected Phage Recombinants

There are two primary methods of preparing T7S&lphage for sequencing. PCR amplification with ti&&lectUP

and T7SelectDOWN primers allows amplification of ttegion surrounding the multiple cloning site. HE€R reaction
products are purified away from excess primer andeotides (with Pellet PaffitCo-Precipitant), and sequenced using
a cycle sequencing protocol and end-labeled prinddternatively, isolated plagues can be grownidguild culture, the
phage isolated and the DNA extracted for directisaging. While PCR provides a convenient and rapgdns of
isolating the region of interest, sequencing of RE&Jucts generally requires the use of a cycleeecjng protocol to
generate sufficient signal. Commercial cycle segumgnkits (e.g., Epicentre SequiTherm EXCEL™ DNAjSencing

Kit, Catalog No. SEK6020) allow sequencing of eitR€R products or purified T7 phage DNA.

PCR Amplification of Plaques
A “scrape” from an individual plague yields a saiféint amount of phage DNA for PCR using the follogvprotocol:

1. Using a sterile loop or pipet tip, scrape up aiparbf the top agarose of an individual plaquentéiest and
disperse it in a tube containing 1@0of 10 mM EDTA, pH 8.0.

2. \Vortex the tube briefly, then heat at 65°C for 1@.m

3. Cool to room temperature and centrifuge at 14 0@0or 3 min to clarify.

4. Combine the following components in a sterile 0/3P@R tube (see step 5 for “hot start” prior to iadd
Novalaqg™ DNA polymerase):

1-2pl Phage lysate

5ul 10X Novarag Buffer with MgCh

1l T7SelectUP Primer (5 pmel)

1l T7SelectDOWN Primer (5 pmail)

1l dNTP mix (10 mM each: dATP, dCTP, dGTP, dTTP)

1.25U NovdaqDNA polymerase (Cat. No. 71003-3)
to 50ul  deionized water

5. Perform a “hot start” by heating the reaction t6@@rior to the addition of DNA polymerase. Procfss35 cycles
in a thermal cycler (Perkin-Elmer):
94°C for 50 sec
55°C for 1 min
72°C for 1 min
Final extension at 72°C for 6 min.

Note: Alternative “hot start” options include: NovaTaq™ and Hot Start DNA

6. When the amplification is completed, analyze theetien products to confirm that the amplificatiaoghuct is the
expected size. First, remove the oil overlay byimgld 00l of chloroform and mixing. Add Hl of 10X loading
dye to the top aqueous phase and load 1Q4-pBr lane on a 1% agarose gel containingulrsl ethidium
bromide.
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Notice to Purchasers of the T7Select® Vectors

The T7Select System is covered by U.S. Patent85109, 5,403,484, 5,571,698, 5,766,905, 6,979,688)pean
Patent 436,597, and other patents pending. Themyistsold for research use only. Any commercialafshe T7Select
System, including drug discovery or developmertayhmercial products, requires a license from Dyak BMD
Chemicals Inc. Information on commercial licensethie field of therapeutic recombinant antibodias be obtained by
contacting Dyax Corporation, 300 Technology Squ@ambridge MA 02139.
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Appendix A: Purification of T7 Phage and T7 DNA

T7 is purified from clarified lysates by precipitat with polyethylene glycol (PEG 8000; formerlylled PEG 6000)
followed by banding in a CsCl step gradient. Trehtéque requires an ultracentrifuge equipped wisivenging bucket
rotor. Procedures are described below for purifyghgge from different volumes of lysate. In eackecphage are
extracted from the PEG pellet in 1 M NaCl, 10 mNsTHClI, pH 8.0, 1 mM EDTA, and the concentratedgshaolution
is layered atop four steps of different density Csflutions in a clear ultracentrifuge tube (eBeckman SW50.1 for
small scale cultures, Beckman SWA41 for larger sgedparations).

Although the SW50.1 rotor is convenient for smallle purification, the larger Beckman SW41 rotod &eckman
344059 centrifuge tubes (2489 mm) allow gradients to be loaded with 1-5 mGP&tracted phage. This volume
range is suitable for banding of phage from 50a18@0 ml initial culture volume per tube.

The four CsCl layers are made by mixing a stocktsmh of 62.5% CsCl (25 g CsCl + 15 ml deionizedarpwith TE
buffer (10 mM Tris-HCI, pH 8.0, 1 mM EDTA) in thelfowing ratios (volume in centrifuge tube):

CsCI:TE SW50.1 SwW41
1:2 1ml 2ml
11 1ml 2ml
2:1 1ml 2ml
1:0 0.5 ml 1ml

Successively denser solutions are underlayerdtkitube using a Pasteur pipet or automatic pipstaBse of the large
differences in density between the layers, thislEmdone easily with little mixing. Up to 1.5 mM&0.1 tubes) and 5
ml (SW41 tubes) of concentrated phage solutioayisried on top of the CsCl steps. The tubes areifteyetd at room
temperature for 35 min at 40,000 rpm (SW50.1) o6fd min at 35,000 rpm (in an SWA41 rotor).

After centrifugation, the tubes typically contaithéck layer of debris and empty phage heads dted 2 layer, a sharp,
turbid band of phage particles above the 2:1 Iy, in many cases a lower turbid band atop théayed. The lower
band is a carbohydrate fraction that contains regplparticles and is present in variable amouats fsne preparation
to the next. The turbid bands are seen most eabkiy the tube is illuminated from above and therrdight is dim. The
band of purified phage particles can be collectedripping through a puncture in the bottom of tihiee, or by careful
removal from above with a Pasteur pipet (afteiahiemoval of the top layers).

Phage particles at this stage are pure enoughdst purposes. They may be further purified by agléinough 62.6%
CsCl to make the solution denser than the 2:1 T&hixture, then floating up to an interface withw@pper layer of 1
M NaCl by again centrifuging at the same speedgtiames cited above.

Purified T7 particles may be stored in the CsClisoh in the refrigerator, where they are reasonatable. They
typically have a titer around»410" pfu/ml per Ag unit (i.e. a solution with Ao = 1 has 4 10" pfu/ml). For
convenience, stocks in use are usually dilutedhtd,gg of 6 in 0.2 M NaCl, 2 mM Tris-HCI, pH 8.0, 0.2 mEDTA,
where they also are quite stable. For higher dihgj autoclaved gelatin (100 pg/ml) will help totect against
inactivation. However, purified stocks, whethewutt#d or not, gradually lose titer over periods a@ihymonths. Purified
T7 particles may also be stored at -80°C in sohgticontaining 8% glycerol, but indications are thatow loss of titer
occurs under these conditions as well.

Two procedures for preparation of T7 DNA from piadf phage particles are given on p 24.
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Purification of T7 from 35 ml Lysates

A standard stock of each new recombinant can lqgaped by using a single plaque to infect

35 ml of growing cells in a shaking 125 ml flask ¢her convenient volume, such as 50 ml in a 26f0ask). This
volume of lysate can be processed in a single 58afgpropylene centrifuge tube so that many lysatesbe processed
at the same time.

1.

10.

11.

Inoculate 50 ml of sterile LB broth in a 250 ml &rmeyer flask with a single colony of an appropriBf host
strain. Shake at 250 rpm overnight at 37°C. Use@pjate antibiotics for the chosen host strain.

The next morning, add 0.15 ml of the fresh overnha@lture to 35 ml MILB or M9TB. Shake at 37°C Uittie
ODgqo reaches 0.6—0.8 (about 3.5 h). If using a 5615 $tosin, add IPTG to 1 mM when the gPreaches 0.4 and
continue shaking for another 30 min.

Using a large-bore pipet tip, transfer a plug ciming a single T7 plaque from an agar plate, or &gd of high
titer phage lysate to the culture. Continue shaking7°C until lysis (usually 1-1.5 h). Lysis wiké recognized by
“clearing” of the culture; strings of cell debrisdha translucent appearance instead of the cloppgeaance of
intact cells.

Upon lysis, add 3 ml of 5 M NaCl to 35 ml cultues 5 ml of 5 M NaCl to the 50 ml cultures, swinol ix, and
transfer to 50 ml Falcon tubes. Centrifuge at 7,00 in a Beckman JA-12 rotor or equivalent foriid at 4°C.

To prepare phage stocks, transfer 5 ml of the sip@nt to a sterile tube (e.g., 15 ml Falcon)tdgén stocks are
desired, add 1 ml supernatant to 0.1 ml sterile §B&terol in a cryovial, mix thoroughly, and stae-80°C. Store
the remainder tightly capped at 4°C as the workjsgte.

Pour the remaining supernatant from step 4 inteshf50 ml Falcon tube. Add 1/6 volume of sterD@&PEG
8000 (100 g PEG dissolved with stirring in 100 relahized water and autoclaved, and then broug@€ml with
sterile deionized water). Cap the tube and mixdhghly by vortexing. Thorough mixing is importargdause the
50% PEG is very viscous, and if a small film waree¢main at the bottom of the tube, the high cotraéion of
PEG would prevent subsequent extraction of phama the pellet.

Allow the lysate-PEG mixture to stand on ice foleatst 30 min to precipitate the phage particlé® mixture can
be left indefinitely at this stage, and it is ofimmvenient to leave tubes overnight in the refes.

Centrifuge the lysate-PEG mixture for 10 min at0D,0pm and carefully decant the supernatant. Abeaess
liquid to drain away from the pellet by leaving tiues in an inverted position on paper towelsaféew min.

Add 1.2 ml of 1 M NaCl, 10 mM Tris-HCI, pH 8.0, IMnEDTA to the drained pellet and vortex vigoroufly 30
seconds to extract the phage.

At this point, transfer the mixture to a 1.5 ml micentrifuge tube. Centrifuge at 12,00@ for 10 min and layer the
supernatant on a CsCl step gradient in an SW5&dcehtrifuge tube prepared as described above.

Centrifuge 35 min at 40,000 rpm at room temperatmitgand the phage. Collect the phage as descaibexke. If
collecting with a pipet from above, first remove tiop layer of debris to within approximately 1 ofithe phage
band. Use a fresh Pasteur pipet to collect thegbagd in as small a volume as possible. Transéepiage into a
sterile polypropylene tube, cap tightly, and statrd°C. Typically, about 0.2 ml of purified phageaaconcentration
of a few times 1 per ml is obtained, although the concentration bejower for recombinants that grow poorly.
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Purification of T7 from 200 ml Lysates

Larger amounts of phage are conveniently purifiedhf200 ml of lysate, which can be accommodateaisimgle 250 ml
polypropylene bottle for popular centrifuge/rotgpés (e.g., Sorvall GSA), allowing six lysates todrocessed at once.

1.
2.

Prepare a fresh overnight culture of the approptiaist strain as described in step 1 for the 38calk procedure.

Inoculate 200 ml of sterile M9TB or MILB in a 1ditErlenmeyer flask with 1 ml of overnight cultu&hake at
250 rpm at 37°C until the Qfgy reaches 0.6—0.8 (about 3.5 h). If using a 5615 $tesin, add IPTG to 1 mM when
the OOy reaches 0.4 and continue shaking for another 80 mi

Infect the culture by adding 0.02 ml high titer fiffage lysate and continue shaking at 37°C unis lysually 1—
15h.

Upon lysis, add 40 ul of DNase | (1 mg/ml, or uSgd Novagen's RNase-free DNase |, Cat. No. 69 582)
continue shaking for 15 min. Add 5 g solid NaCljrsto dissolve, and pour the lysate into a cengé bottle.
Centrifuge at 8,000 rpm for 10 min at 4°C.

Transfer the supernatant into another centrifugdeboontaining a stir bar. Add 20 g PEG 8000 siowilith
stirring. Continue stirring at room temperatureiluhe PEG is dissolved. The lysate-PEG mixture loarfurther
processed after 30 min, but can also be storechimdrat 4°C.

Centrifuge the lysate-PEG mixture at 8,000 rpmlfdmin at 4°C. Decant the supernatant and allovpéilet to
drain by inverting the bottle on paper towels fdew min. Wipe the inside of the rim of the botteremove as
much liquid as possible.

Resuspend the PEG pellet (which is typically spiadadg the walls of the bottle, as well as at to#dm) in 1.5 ml
of 1 M NaCl, 10 mM Tris-HCI, pH 8.0, 1 mM EDTA.

Transfer the suspension to a suitable centrifuge {or divide into 2—-3 1.5 ml microcentrifuge tupasd centrifuge
for 10 min at 10,000 rpm. Layer the supernatanh @sCl step gradient in an SW50.1 ultracentrifudpetand
process as described in step 11 for the 35 ml gcatedure.

Purification of T7 from 2 liter Lysates

Rather large amounts of T7 (a few time$*Hhage particles) can be purified from 2 literéyshte, grown as 4 500 ml
lysates in 1-2.8 liter flasks. This procedure idelsiadditional steps (7 and 8 below) to wash the pélet prior to
extraction of the phage with 1 M NaCl.

1.
2.

Prepare a fresh overnight culture of the approptiaist strain as described in step 1 for the 38cadke procedure.

Inoculate each of four sterile flasks containin® 5l MOTB or MILB with 2.5 ml of overnight cultur&hake at
250 rpm at 37°C until the Qfgy reaches 0.6-0.8 (about 3.5 h). If using a 5615 $teain, add IPTG to 1 mM when
the OOy reaches 0.4 and continue shaking for another 80 mi

Infect the culture by adding 0.05 ml high titer fiifage lysate and continue shaking at 37°C unis,lysually
within 1-1.5 h.

Upon lysis, add 50 pl of DNase | (2 mg/ml) and amme shaking for 15 min. Add 12.5 g solid NaCl, $wo
dissolve, and pour the lysate into centrifuge kettCentrifuge at 8,000 rpm for 10 min at 4°C.

Combine the supernatants into a 3—4 liter Erlenmiégsk or beaker containing a stir bar. Add 20PEG 8000
slowly, with stirring. Continue stirring at roomnt@erature until the PEG is dissolved (15—-30 minjrimy this time
the phage particles precipitate. The lysate-PEGuréxcan be further processed as soon as the Pdi&aved,
but can also be stored overnight at 4°C.

Swirl the flask to make sure the precipitate isdysuspended and transfer intex 800 ml centrifuge bottles.
Centrifuge at 8,000 rpm for 10 min at 4°C. Decaet $upernatant and allow the pellet to drain bgiting the
bottles on paper towels for a few minutes. Wipeitis&de rims of the bottles to remove as much tcps possible.

Resuspend the pellets (which are typically spréaigathe walls of the bottles, as well as at thidm) in a
combined volume of about 40 ml of sterile 10% PEG ¢ PEG 8000 in 100 ml of 10 mM Tris-HCI, pH 810mM
EDTA, autoclaved). It is convenient to resusperedghllet in 10 ml solution per bottle, transferrthg suspension
to the next bottle, such that pellets are combiiake sure that the pellets are evenly suspendeddaated
pipetting up and down with a 10 ml pipet. Transfer resuspended mixture into two 50 ml Falcon t{approx.
22 ml/tube) or other suitable centrifuge tube.

Centrifuge the mixture for 10 min at 7,000 rpm &€ 4n a Beckman JA-12 or equivalent rotor. Decéhst t
supernatant and drain the washed phage pelletagletely as possible.
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9.

10.

11.

Resuspend each pellet in 5 ml of 1 M NaCl, 10 mM-HCI, pH 8.0, 1 mM EDTA. Vortex thoroughly to eatt
the phage (there should be no remaining clumps).

Centrifuge for 10 min at 7,000 rpm at 4°C. Carsftiiinsfer the supernatants to a fresh 50 ml Fatigbe. If
desired, the pellets can be re-extracted with @ardghml of salt solution as in step 9. Pool theosédcsupernatants
with the first.

Layer the final phage suspension on CsCI step gnéglin SW41 ultracentrifuge tubes. Four gradishtauld hold
slightly more than 20 ml of phage suspension (abaut/gradient). Centrifuge at 35,000 rpm for 6Grat 20°C.
Collect the phage bands as described in step 1théa35 ml scale procedure. Pool into a 15 ml Fatobe; the
total volume should be about 4 ml.

Preparation of T7 DNA From Phage by Phenol Extraction

1.

Dialyze the CsCl-purified phage against 0.1 M NdCl, M Tris-HCI, pH 8.0. Use a minimum of 100 volesnof
buffer. Change buffer four times over 1 h at roemperature.

Transfer the dialysate into a polypropylene tube extract with an equal volume of phenol equilibcatvith 0.1 M
Tris (pH > 7 but < 8). Mix by inversion until thénpses are thoroughly mixed.

Centrifuge at 1500-50009 for 5-10 min (phases should be clearly sepayatednsfer the top aqueous phase to a
fresh tube using a sterile glass pipet (or wideshmpet tip for smaller volumes).

Repeat the extraction with phenol twice more (st2pad 3).

Extract twice with an equal volume of chloroformasnyl alcohol (CIAA; 24:1) as in steps 2 and 3é¢move
residual phenol.

Dialyze the final agueous phase into TE bufferr&ta 4°C.

Preparation of T7 DNA From Phage by Heat Treatment and Ethanol Pecipitation
This procedure is convenient for processing mudtigghall scale samples.

1.

ok wb

o

Add 10 volumes of 10 mM EDTA (pH 8.0) to 1 volumkeGsCl-banded phage in a sterile tube.

Heat at 65°C for 5 min, and then to room tempeeatur

Add 2.5 volumes of 100% ethanol, and place at —Z6fQ0 min.

Centrifuge at 10,008 g for 5 min.

Remove the supernatant. Rinse the pellet twice &Bml 70% ethanol. Centrifuge if necessary téecvlithe
precipitate at the bottom of the tube before remgthe supernatant.

Allow the pellet to air dry or place briefly undesicuum.

Resuspend the DNA in the desired volume of TE buffiee DNA may take some time to dissolve compyetiél
will go into solution if kept at room temperatureenonight or at 37°C for several hours. Howevenrigtion digests
for analyzing the DNA can be performed immediately.
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