
34

Direct Selection of cDNAs by Phage Display

Reto crameri, Gernot Achatz, Michael weicher, and craudio Rhyner

t 
#::J;it"":"*", will be parrly or comprerely sequenced over the next few vears'

In the post genomic area, *. ur. no* ru.ing *r. Jí*.n!e otfunctionally characterizing

thousands of genes generaredby the genoi..or"i".ir]s.t".tiue 
enrichment of clones

encoding a desired gene proauit uní rapid nuJting of large numbers of individual

clones resurting from ,,rr".nrni;il"d"r^1-riut.tÉs 
bear the potential to facilitate

progress in thií field. Phage ,u?fut" Oi:q9lltttt"f"g'' first described by Smith (I)'

enabres the consrrucrion of large combìnat*1"i^n.ntià" *a antibody libraries' The

basic concepr of phage display r-irrt, the phenorrpJ,l-pt*r"oas fusion together with a

phage surface.oo pl*ein, to i* g;n.,i. t:l"..T"ion integrated into the phage genome'

This procedure alrows ,o ,urn.l lar,ge ribraries for the presence of specific clones

using the discriminative po*., 
'or 

urinity ,.i".,i* tz-il' The selection of cognate

phage (biopanning) is ac1i3v'-"í u-y in,.'utíion ;;t; a solid fhu"-"oated ligand and

the phage library app^lif r" 1"ri 
ptrur. during multiple rounds of phage'growth and

selecrion. The field of phage aìrpr"v *"nTl:Fí ir"r i5""roed rapidlv' un9 antibodies'

enzymes, enzyme inhibitors, ilr*".r, nN'i'bil;; moi"tul"i' and allergens have

been ,ur..rríully selecr"o rro.-*ìi".utu, riururi", \s-ttl' These examples clearly

demonstrate the general ̂pp;i;ììity of rinking genotype and phenotYP? 1o phage

coat proreinr. Mólecular libr^arie. uilo* ,rr. ì^?ríiaeíiincation of peptide-ligand

interactions. In combination with high-thro"rno-i screening technology' they will play

an important role in a rario"J;p;"-^.h ro, tt "'ioentification 
of gene products (12'13)'

However, one of the rimitations of firam."r""rìt ages al.dispiay vecrors. for cDNA

ribraries is a direct consequence of the .^priJ ri.u.iur.. The integrity of the carboxy

terminus of both pIII and pvIII, the phage coat proteins mostly used in phage display

(14),is essentiai for pf,ug.'uì;;tt 1",1-t'un'pt" ll::-tttJn 
of foreign peptides'

Therefore, inserrion of heterologous.g".T::i;;iti "t 9v'.r 
to generate fusion proteins

can only be rolerated at the amino ,:,*11:''l'un'rutional sto"p codons present at the

3, end of nontranslared regions of eukaryotic mRNA preveni, r'o*"u"I:9."t-t*ction of

fusion proteins N termin^r ,"'in" pitt unú.pvIII phage coat p-roteins (I5'I 6) 'ln contrast'

the minor coat protein pvi t ur^ been shown io tolerate insertions at its c terminus

and has been proposed ur-.nNa display sysrem to onercome this limitation (17)'
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However, the filamentous phage vector most used for construction and screening of
cDNA libraries is based on an indirect fusion strategy, in which cDNA inserts fused to
the 3'end of the Fos leucine gene are co-expressed with a gene encoding a Jun leucine
zipper fused N terminal to plll (13,15,16,18). The high affinity between the Jun and
Fos leucine zippers (19) effìciently links the cDNA gene proclucts outside of the phage
capsid. Thus, the fusion products become solvent exposed, and phage displaying any
given gene product can be affinity purifìed from nonbinding phage by interactive pan-
ning cycles against immobilized ligands (16,18). Although most of the cDNA libraries
constructed and screened using the pJuFo vector were devoted to the isolation of IgE
binding molecules from complex allergenic sources (13),Inany other applications hatve
been reported (2U23), demonstrating the versatile applicability of the cloning system.
In particular, it has been demonstrated that pJuFo cloning strategy can be used to select
ligands for receptors expressed in differentiated U937 cells (23,24). Therefore, the
technology might be potentially applicable to select gene products able to interact
with whole cells during different time points of differentiation. [n this chapter, we
describe a procedure for the direct generation of cDNA phage surface display libraries
starting from isolated mRNA.

2. Materials

l. pJuFo [[ Vector: free, available frorn nonprofit research organizations.
2. cDNA synthesis kit for construction of directional libraries (Stratagene, La Jolla, CA,

cat. no. 200401).
3. DNA restriction and modifying enzymes (Roche Diagnostics, Mannheim, Germany):

EcoRI (cat. no. 103131), Xhol (cat. no. 899194), calf intestinal phosphatase (CIP) (cat. no.
713023), T4 DNA-ligase (cat. no. 481220).

4. Escherichia col i  XLI-Blue strain (cat. no. 200301), VCSMI3 helper phage (cat. no.
2OO25l), and premade },,-ZAP libraries (Stratagene).

5. Media:
a. Super broth (SB): 30 g tryptone,20 g yeast extract, l0 g MOPS per liter, pH adjusted

to 7.0 with HCl. Autoclave at l2l 'C.
b. Luria-Bertani medium (LB): l0 g tryptone, 5 g yeast extract, l0 g

to 7.5 with NaOH. Autoclave at l2l"C.
LB agar: make up liquid LB medium and, just before autoclaving,

NaCl, pH adjusted

add 15 g agar per
liter.

ó. RNA and plasmid purif ication kits Qiagen (Hilden, Germany): Oligotex direct mRNA
kit (cat. no. 72041), Qiagen plasmid mini kit (cat. no. 12123), Qiagen plasmid maxi kit
(cat. no. 12162).

1. Solutions:
a. Tris-buffer ( | M): dissolve l2l. l g Tris (Fluka, Buochs, CH, cat. no.93362) in 800 mL

of H2O. Adjust the pH to7.4 by adding concentrated HCI (Fluka, cat. no. 84411), add
HrO to I  L,  and autoclave at  l2 l"C.

b. EDTA (0.5 IO: add 185.1 g of disodium ethylene diamine tetraacetate (Fluka, cat. no.
03609) to 800 mL H2O. Stir vigorously on a magnetic stirrer. Adjust the pH to 8.0 with
NaOH pellets (Fluka, cat. no. I1681), add H2O to 1 L, and autoclave at L2l"C.

c. Tris-EDTA (TE): mix l0mM Tris (pH 1.4) and I mM EDTA (pH 8.0).
d. Tris-acetate EDTA (TAE): prepare a 50X concentrated stock solution composed of

242 g Tr is.57. l  mL glacial  acet ic acid (Fluka, cat .  no.45732),  and 100 mL 0.5 M
EDTA (pH 8.0). Add H2O to I L.
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e. phosphate-buffered saline (pBs): 50 mM sodium phosphate , pH 7 '4' (Fluka' cat' no'

o4zig),150 mM NaCl. Autoclave at 12toC' 
, . r (A mÀl Nqcl steri lze by fi l trat'

f. Tris-buffered saline (TBS): !O tU Tris' pH 7 '5' 150 mM NaCl' sterilze by filtratton'

g.  NaoAc ó * l ,Dissolve 408.1 g of  sodium acetate (Fluka, cat '  no'  71183) in 800

mL of HzO. Adjust pH to s: w-ittr glacial acetic acid' the vol to I L' and autoclave

a t  1 2 1 " C '
h. Blocking buffer : ZVo boviHe Serum albumin (BSA) (Fluka' cat. no. 05491) in PBS,

i. BLl"o""tion buffer: 0.1 M Hcl, pH2.z,adjusred with solid glycine (Fluka' cat' no'

8. #lt"Xn#íi""il-"us, cuveues, and elecrroporarion protocols (Bio-Rad' Hercules' cA)'

g. polyerhyrene glycor (pEG)-Nacr solution, to zo-ó g pÉò 6000 (Fluka, cat. no' 81260) and

146.19 Nucr]uid ddH2O to I L' autoclave at 121'C'

10. For bacterial plasmid minipre*,;t use Minipr"p e*p'"'s Matrix (BIO 101' Vista' CA'

,,. fil#,Xti#:ì',nuou, car. no. 10047) stock sorurion 100 mg/ml in H2o' Sterilize bv

,, +:n:"r:fi1t,+$ifJl'::::ì":;it-;tt30) stock solurion 12 5 mg/ml in ethanor-H2o

,; tif;;l"t'lff'é?:;:'JJTI"$;'5) srock solurion 25 mstmLin H2o Ster*ize bv

filtration and store in aliquots at -20"C'

3. Methods

3.1 . Vector PreParation

l. Spread E. coliXll-Blue cells harboring pJuFo Il on LB agar plates containing 100 pg/ml

; i,Tl #Îft;t1ll tr i::il: ;f.,",::TiJ [1';"]iJ',lil. " o n,ui n i n g 5 mL ;s A mr r c

, il::'J,iJitffii lHll"tli medium with the overnight culrure from step 2 and grow at

37oC,220 tpm' until culture is stationary'

4 .Co l lec tbac ter iabycent r i fugat ion(10minat40009at4 .C) .
5. Lyse celrs and isorate pla.smid DNA ur.oroing ro the eiagen MAXIprep prorocols'

Determine DNA .on."nr.ution and puritv iv-!el electropt"oresis and store at -20"C

until use'

6. Set up restriction digests as follows:

Purified PJuFo Il DNA 10 Pg

10X Resìriction buffer 10 PL

EcoRI 
30 U

Xhol 
30 U

ddH2o to loo PL

CIP 
O'5 U

D i g e s t a t 3 T . C f o r 3 h . A d d a n o t h e r 3 U o f C I P a n d i n c u b a t e f o r l 0 m i n a t 3 T " C .
1 . Run resrricted DNA on t.lq" ugarose g.l (2;;pNA,'run. at g0v), excise linearized pJuFo

II vector (approx 4.3 kb), anipu'ify the Uand using a commercial silica based kit (see

, il;rTJ,;f#[:ffi:i:\:l#tJ*o by adding 1/10 vor 3 M NaAc, pH 5 2, and 2 5 vor

EIOH, store at least 2 h at -20'C'
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9. Collect DNA by centrifugation in a microcentrifuge (30 min, >1O,(XX)g at 4"C), air-dry
pellet, and resuspend linearized DNA in 40 ptl- TE buffer, store at -20"C until use.

10. To test the vector self-l igation, set up a l igation with the l inearized vector (0.1 pL vector,
I pL T4 DNA ligase, I pL lOX ligation buf'fer, ddH2O to a total volume of l0 pL and
incubate 4-14 h at room temperature). Pulse 100 pL competent E. coli XLI-Blue cells (26)
(.ree Note 2) at 2.5 kV 25 1rF, ancl 200 Ohm. Flush cuvette inrmediately afier electropora-
tion with I rnl- prewarmed (37'C) SB rnedium and incubate I h in a microcentrifuge
tube at  37"C with shaking (200 rpm).  Spread l0 and 100 pL of ' the t ransfbrmants on
lgAmp"rc plates, incubate at 37'C overnight, antl deterrnine the number of transfbrmants
(see Note 3).

3.2. Preparation of oDNA Inserts

Alternatively to the fol lowing protocol, premade commercial ly avai lable }, ,-ZAP
libranies (Stratagene) can be used to prepare EcoRllXhol-restricted cDNA inserts (16).

l. Isolate poly(A)* mRNA from a source of choice using a standard procedure. Reliable
results are obtained with the Qiagen Oligotex direct mRNA kit (,see Note 4).

2. Generate cDNA using the Stratagene cDNA synthesis kit.
3 .  Digest thecDNAwithEc'oRIand XhoIand runtherest r ic t ionmixtureona I .0o loagarose

gel. Cut out inserts exceeding 500 bp in length (.see Note 5).
4. Purify size-selected cDNAs according to Subheading 3.1., steps 7-9.

3.3. Generation of cDNA Phage Surtace Display Libraries
l .  Set up test l igations to determine the best vector/cDNA insert ratio:

Linearized pJuFo II DNA 2-50 ng
l0x ligase buffer
T4 DNA ligase (>l Weiss U)
cDNA inserts

l p L
l p L
10,50 ,  and 100 ng

2 .

Water to an end volume of 20 pL
Ligate fbr at least 4 h at room temperature or overnight.

Electroporate l igation mixture into competenl E. utl i XLI-Blue cells (pulse at 2.5 kV
0.2-cm gap cuvettes, 25 FF, and 200 Ohms) flush the electroporation cuvctte immediately
with I mL prewarmed SB medium, and plate on ;BAmp"l'c plates to determine the optimal
vector: insert ratio.
For construct ion of  a l ibrary,  scale up l igat ion using the opt imal vector: insert  rat io
deterrnined in step 2 to obtain a l ibrary size of > 107 colony fi lrming units (cfus).
Heat-inactivate the l igation mixture ( l0 min at 60"C). Precipitate DNA by adding l/10 vol
of 3 M NaAc (pH 5.2), 11200 vol of glycogen (20 mg/ml-), and 2.5 vol. of EIOH (>2 h
at -20"C). Collect DNA by centrifugation (30 min at >10,0009), air-dry the pellets, and
resuspend in 20 mL ddH.'O.

5. Electroporate E. r:o/i cells as in step 2. Flush the electroporation cuvette immediately
with I mL prewarmed SB rnedium. then with additional 2 rnl- SB medium, transfer to a
50-mL conical tube, and incubate immediately for exactly 60 min aî.3J'C with shaking
at 200 rpm (,rce Note 6).
Add SB medium (Amp 20 ytglmL) prewarmed at 37'C to a vol of l0 mL and immediately
t i ter  the t ransformants by plat ing 10, 1,0.1,  and 0.01 pL on LBAn'P'r 'p lates.  Incubalc
plates overnight at 37oC and calculate the prirnary size of the l ibrary fiom the number ol

transformants obtained from the dilutions plated.
Incubate the lO-mL culture fbr 60 min at 3l"C at 250 rpm.

a-).

4.

6 .
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g. Add Amp to a final concentration of 50 pg/ml and incubate for an additional t h at

37'C at 250 rPm'
g. Add helpe, phug" vcsM13 (10r2 praque forming unirs tpful) and adsorb 5 min at 37"c

(see Nofe 7)' 
00 mL with SB medium (Amp 100 pg/ml ,Tc l2'5 pg/ml)

10 
,lE;::*;lT;:J.TffiilJ;; on u,r,ur.", rrtî*'" ir:z'c ror 2 h)

r r . Add Kan to a finar 
"on."n,ruriJn 

of 70 pg/ml anú incubare overnight (250 rpm) at 30'

or 37oC (see Note 7)'

'..Spin down ce's (50009 at 4oc for 15 min). prace the supernatanr in a clean bortle and

add l/5 vol cold PEG-NaCI solution'

i i iln ;H : ? iHil T ;:: HTi'frl l"^l,:',[:".î lff :,lfiT,'lî'K,he b o,,, e'fo drai n o n

a paper towel (5 min) ro r"r*.:t -Tl::-: 
i'r:";'JÎl ,,."n by microcentrirugation

" ;*gS,;ffi:;U"1i;:il:13illiL 
u n"* tube, und,to'" at "c;ror rong-term

storage, store at -20"C'

r6. Titer rhe phage suspension by infectine z'fr-[ aliquots grft".rhlo srown E' coli x'-l-Blue

cells (A600 n'î - 0.5) with 1 pl;ió:t:-o-n, iol;ll"Jio-r 
r ptraeeiilutiont in LB medium

for 15 min at room temperature and prate on LBAJp,r.. In"ubate prates overnight at3',70c

to visualize transfectants'

L'4'Testing the Comptexity of the Library

l .To tes t thesuccess fu lgenera t ionofa l ib ra ry ,p i , I2g : fu ies f romthet i te r ingp la tes '
grow i" r*Jlgn*n,rJrn.ii*, 

^"0 make píurmio minipreps using rhe Miniprep Express

Matrix kit '

2. Digest minipreps with EcoR,xhorand visualize the size distribution of the inserts on

3 fffii$t:T,"J:'J:#i:$;nff lí:JJiiffi ?;,es,ed by po,vmerase chain

reaction (pcR), starring urr"lrrv rr"m colonie, pirr."o from th" tit..ing piu*t (see Note 9)'

S.S.EnrichmentofPhagewithAîf ini tytoraLigand

This secrion dears with antigens or antibodies used as ligands to enrich phage by

affinity int"rurtion. For th. u.""of other ligands see Note 10'

r. coat Zto 3 wers of a 96-we' enzyme-linked immunosorbent assay (ELI'A) plate with

150 pL anrigen or antibodf ,oiurlon 1r.o [gi*L)' cho:st u 'outing buffer suitable for

your protein. use pBS, nH'sb,.r^r;"t*y 
í-n monoclonaiantiuooles' coating may be

, 
's*iT,*Jlfg"; 

il;:;';;H!'t""!; tne wSr}1,c^olpleterv with brocking buffer'

seal the plate, and incubui, fo, f h at 3i'C-, ttt""n wash tw-i-ce with PBS'

3.Add 10,, cfus of phageir"* ,n. cDNA tio* lgeneraty so rrr-) ro each well' seal the

- lT*;*il:'-::ffiJ;:îi ffií":; with warer wash 10 times with rBs conmining o 5vo

Tween-2', l0 times *rrh igs, and twice *itn airtilled water at room temperature' Pipet

up and down severar times to remove nonsfecified phage.,-ntt to'npletely with washing

buffer (see Note ru. uiri, piug. *itn rso lri pt.g. .tution uuffer. Incubare for 10 min

at room temperature'
5 ' Remove the eluate by pipettin-g.lp:nd dlwn vigorously and transfer immediately to a tube

containing t8 pL t tilO-ipfi g.Ol per 150 pieluate to neutralize'
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6. For further rounds of panning, use eluted phage to inf'ect 4 mL of freshly grown E. ttt l i
XL l -Blue cel ls (Ao,r)  nrn = 0.5) for  l5 min at  37'C.

7. Add prewarmed (37"C) SB medium (Amp 201tglmL, Tc 12.5 ytglmL) ro l0 mL. Imrnedi-
ately plate 20, 10, and I pL on LB agar to determine the number of packaged phagemids.
Incubate plates overnight at 37oC and count colonies.

8. Incubate the culture for I h at 37oC, 250 rpm, and repeat Subheading 3.3., steps 7-16.
9. Perform successive rounds of affìnity enrichment, repeating steps l-6. If phage that are

able to interact with the l igand are present in the l ibrary, the number of phage elutetl f rorn
the wells (step 5) wil l increase with the rounds of panning. Deterrnine the percentage
yield of phage (o/o yield = [Nurnber of phage eluted/Number of phage appliedl x 100) fìrr
each round of panning. If no enrichment is seen in the fbllowing 5 rounds of panning,
the desired clone is not l ikely to be isolated from the l ibrary, and the search should be
concluded (.ree Note 12).

10. Enrichment of specific cDNAs can also be cletected by PCR amplifìcation directly fìom
phage samples obtained al'ter each round of panning (sce Note l3).

I l. If phage enrichrnent is successf'ul proceed with subcloning of the inserts into a suitable
vector to produce recombinant protein or with sequence determination to identify the
encoded products (see Note l4).

4. Notes
t . In our hands, Geneclean and Nucleotrap glassmilk kits from Bio l0l and Machery-Nagel

(Dtirren, Gerrnany) work efficiently for the isolation of cDNA inserts from agarose gels.
We normally produce elecrocompetent cells in our laboratory. However. the transfìlrmation
effìciency fbr construction of cDNA libraries should be > I x l0E cfus/pg of transformed
plasmid DNA and needs to be tested fbr each new batch of cells. Commercially available
competent cells are warranted in tenns of transfìlrmation efficiency.
A low vector background is extremely imp<lrtant for the construction of cDNA libraries
displayed tln phage surf'ace, because empty phagemids generatcd during superinfection
with helper phage can overgrow specific phage during successive rounds of panning. The
background of the vector can be reduced by treatment of the restricted DNA with alkaline
phosphatase. Dephosphorylation of the vector may reduce the efficiency of ligation but
is, however, strongly recommended. More than two to three colonies/plate for 100 pL
transformation mixture cannot be tolerated.
Any cDNA library depends primarily on the quality of the mRNA usecl for cDNA synthesis.
Make sure that methods or kits used for mRNA isolation work properly. Directional
EcoRI/XhoI cloning of cDNAs generated by the ZAP cDNA synthesis kit into the modifiecl
pJuFo II vector takes advantage of the methylation of internal restriction sites in the
cDNAs, enhancing the quality of the l ibraries.
Separation of srnall cDNAs from larger cDNA inserts on agarose gels is always incomplete.
Therefore, inserts of >500 bp will be present in the library in spite of the cutoff.
The electroporation step is crucial for the quality of the l ibrary and should be done vcr'Ì,
carefully. The ligation mixture can be transfbrmed in several portions to reduce the risk
related to electroporation. Sometimes electroporation is not successful due to acciderrtl l
discharging of the condensor, which results in the well known electrotransformation slxrr|.
and the complete kil l ing of the cells.
We use the Kan-resistant helper phage VCSM l3 fbr superinf-ection. However, helper plrrr; lr '
R408 works as well as VCSMl3. If R408 helper phage is used, addition of Kan slrurrhl
be omitted. To generate a good phage surf-ace displayed library, E. c'oli cells shoultl lrr '
superinf'ected with helper phage at a multiplicity of inf-ection of 10.

2 .

a
-'l .

4.

5 .

6.

-
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g. The diversity of a library can be defined as the percentage of different clones contained

in the library. Therefore. o rrigt, p.rcentage of inserts diftèring in size, together with the

absence .f empty clones. *urron''u good quality ;il tiU'o'y' 5]i:t the expected diversity

is in the range of 106 to 10., independent crone.s, this experiment gives onry a glance of the

diversity of the library. s.r..ning of a statistica'y signifìcant number of colonies for an

exacr dercrmination oi the diversity it ti.itld b.I practical reasons'

g. pcR amplification prirners un,t .on.ti,ions. To airà.tty scan single clones and/or the whole

phage reperroire the following pcR primer ser allow visualization of the insert distribution

and direct subcloning inro the high level expr"rr;" vecror peE30 (eiagen, Hilden)' The

two primers are flanking the cDNA construct, pr-ing 
"! 

tÉ:]' end on the Fos gene and

at the 3'end on the vectof. The 3, primer 
"ontuin.. 

i uinatt restriction side for direct

subcloning ;f ttre pcR producr inro pQE30 as BgtlllHindlll fragment'

5, J UFII : 5'- AA AG AAAAGCTGG AòTTCATCCTGGC-3,

3,JuFo:5,-GGCCAGTGAATTGTAATACGACCCCAAGCTTGGG-3,
pCRs are carried out att g4"Cfor 60 s, 55oC f";;ó ' '  und lz"C for 60 s' for 30-35 cycles

in rhe pcR amprification mixture containing z^.i ̂ t t Mgt*. As rarget for pcR amplifica-

tions, it is pclssibre to directty transfer bo.t"rio tiom sin-gle colonies to tubes containing

the pcR mixture. However, to obtain reproducible results, we recommend to use l pL of

r0 i*l:ìii::3JftTii,,T'fin"J;'"",',,::"1,'ff'il'1.*a to screen cDNA ribrarie^s displaved on

phage surface (Ii).rnaddition to mass law con.siderati 'ns (27),two important points have

to bc taken into account: r1) the cDNA molecules obtained afier reverse transcriptton are

thought t. contain the information for all those proteins that were expressed in the source

at the time of mRNA iroruiion. rt is, ther.for., crucial to ensure that the desired gene

product is actually expresse<l in the Source-.hn,.n for mRNA extraction; and (2) we

clraw attention t. the fact trrat many rigands, when immobirizecl directry to solid phase'

might become altered toorinfit. i , úiorlgicar functionality. A rigand used to screen phage

ribraries should be tagged orlmmobilized to solid phase insuch a way that allows retentron

of its ability to interact with the wanted target'

l l. T. avoi. contamination of pipets and sub.sequent cross-cortaminations' we always use

aer.sol_resistant tips tor all iteps in phage rru,iJting, especially for the washing procedure'

F.r an excellent theoreticat ,.ui.* about thc tbctoÀ influencing the probability of selecting

phage ut,i" tu inreracr *it6 it. l igancl. inclu6ing washing t::pt' see ref ' 27'

12. Enrichrnenr clepencl, on **y iactors in..tu.ing the quality of the l ibrary' the aftrnity

of the rigands for the ,u.g.,, and ttre number ui rp..ir-,. ligands avairable for a specific

target. Theretbre, enrichment of l ibraries with biorogically active homogeneous ligands

are likely ro be successful if the interacting g.". n.,ia.u1, is present in the ribrary' when

using complex ligancls like human serum' 
"lt"'" 

will depends on the percentage of the

specific l igand (e.g., antitrooyi present in th. ,"ru* used' It is almost impossible to select

specific phagemids from ùuÉr.grouno ir urnoing of a rllnted gene producr ro its specifìc

ligand is limiting compared to ìne 
""*::il: 

binding (27) '

13. phage pcR is carriecl out with the same prr,-r.,", ,", una conditions as described in Note 6' but

with a criluted phage solution (appr.x l0r cfuJ-as target. To visu.alize the enrichment' l0 pL of

thc pcR products are roaded on a l .zo/a agarJsJ g.Litr. size disrriburion of the PcR mixture

is c.ndensing from o ..n.'"o, in early rounds ,o ó.. intense criscrete bands in later rounds of

successful enrichmenr. pro*in.nt pcR bands are likely to represent enriched genes and can be

directly excised from the gel for subcloning' sequencing' uld protein production'

14. Low amounts of protein derivecl from inr.r,, oi'putatiie .]o1.^r can be produced as secreted

protein by isopropyl-B-n-thiogalactopy'uno"o' 
(IPTG) Q mM) induction of the Lac'
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promoter controll ing Fos-expression in absence of helper phage. Alternatively, phage
derived from single clones can be directly used in phage ELISA experiments or Western
blot  analyses as descr ibed previously (15). l f  large amounts of  protein are required,
subcloning in high-level expression vectors is required.
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