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|. Introduction

The DUpLEX-A™ system is a LexA-based version of the yeast two-hybrid system
originally developed by Fields and Song (1). The yeast two-hybrid system has proven to
be apowerful tool for identifying proteins from an expression library which can interact
with one’ s protein of interest. The DupLEX-A™ system was devel oped as a more versatile
and more accurate version of the yeast two-hybrid system (2).

The two-hybrid system of Fields and Song exploits the fact that a yeast
transcriptional activator protein, Gal4p, has a separable DNA binding domain and
activation domain; neither domain can activate transcription on its own (3). Transcriptional
activation is detected only when the binding domain is bound to its DNA recognition
sequence and is a so tethered to the activation domain. The two-hybrid system involves
fusing the Gal4p binding domain with aprotein “ X” and the Gal4p activation domain with
aprotein“Y”. If “X” and “Y” interact, then afunctional Galdp is restored and
transcriptional activation can be detected. If binding sites for Gal4p are placed upstream of
areporter gene (such aslacZ), transcriptional activation can be monitored easily.

The DupLEX-A™ system utilizes the same basic idea except that the DNA binding
protein isthe E. coli LexA protein while the activation protein is the acid blob domain B42.
Neither LexA protein bound upstream of areporter gene nor B42 alone can activate
transcription of the reporter, but if brought together via fusions with two interacting
proteins, reporter gene expression can be detected (2).

Advantages of the DupLEX-A™ system over other yeast two-hybrid systems
include:

A. reduction in the number of false positives obtained since prokaryotic
(LexA and B42) rather than eukaryotic (Gal4p) proteins are used

B. ability to screen potentially toxic target proteins since their expression is
galactose-inducible

C. ahility to demonstrate a potentia positive' s interaction with bait is
dependent upon expression of the potential positive

D. ease of doing a coimmunoprecipitation assay of bait and potential
positive since antibodies to HA tag (fused downstream of B42) are
available (if antibody to the bait proteinis also available)

E. reporterswith varying sensitivities are available so that baits which
activate transcription on their own can potentialy still be assayed smply
by using aless sensitive reporter

F. ease of determining whether or not a particular bait protein will enter the
yeast nucleus and bind LexA operators
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1. List of components, additional materials required

NOTE: Youwill not need al of the components listed below. Read the manual
carefully to determine which components will best suit your needs.

A. Yeas strains

EGY 48 MATa trpl his3 ura3 leu2::6 LexAop-LEUZ2 (high sensitivity)
EGY 194 MATatrpl his3 ura3 leu2:4 LexAop-LEUZ2 (medium sengitivity)
EGY 188 MATatrpl his3ura3 leu2:2 LexAop-LEUZ2 (low sengitivity)

EGY 40 MATa trpl his3 ura3 leu2::0 LexAop-LEUZ2 (negative control)

RFY 206 MATa trplD::hisG his3D200 ura3-52 lys2D201 leu2-3(mating
strain)

Streak on Y PD plates and grow at 30°C for 2-3 days; start cultures from single
colonies.

B. Reporter gene (lacZ) plasmids (2 ug each)

pSH18-34 URA3, 2 um, ApF, 8 ops.-lacZ (high sensitivity)

pJK103 URA3, 2 um, ApF, 2 ops.-lacZ (medium sensitivity)

pRB1840 URA3, 2 um, ApR, 1 op.-lacZ (low sensitivity)

pJK101 URA3, 2um, Ap~, GAL1-2 ops.-lacZ (used in repression assay)

C. Bait plasmids

pEG202 HIS3, 2 um, Ap® (congtitutive ADH promoter expresses LexA and
isfollowed by apolylinker for making the bait fusion protein);
10 ug

PEG202-NLS HIS3, 2 um, Ap® (similar to pEG202 but with SV 40 nuclear
localization sequence between LexA and polylinker); 2 ug

pNLexA HIS3, 2 um, Ap® (similar to pEG202 except that the LexA sequence
is3 rather than 5° of the polylinker); 2 ug



D. Target plasmid

pJG4-5 TRP1, 2 um, Ap® (inducible GAL1 promoter expresses B42-HA tag
and isfollowed by a polylinker for making target fusion protein
expression libraries from cDNA); 10 ug

E. Control plasmids (2 ug each)

pRHFM1 HIS3, 2 um, Ap® (ADH promoter expresses LexA- homeodomain
of bicoid fusion; used as a positive control in the repression assay
and anegative control in the DUpLEX-A™ screen)

pSH17-4 HIS3, 2 um, Ap® (ADH promoter expresses LexA-GAL4
activation domain; used as a positive control in the DupLEX-A™
screen)

PEG202-Max expresses LexA-Max fusion constitutively; used as anegative
control when testing isolated target proteins or as a positive control
in the repression assay

pBait congtitutively expresses a LexA-bait fusion protein that interacts
with the fusion protein from pTarget (see below); can aso be used
as anegative control when testing isolated target proteins or as a
positive control in the repression assay)

pTarget expresses (gal actose-dependently) a B42-target fusion protein that
interacts with the fusion protein from pBait (see above)

F. Primers (10 ug each)
[Note: The concentration of each oligo is approximately 80 uM.]

5’ bait fusion primer: 5’-CGT CAG CAGAGC TTC ACC-3’ _
(used to determine the sequence of the junction between LexA and the bait)

5’ target fusion primer: 5’-CTG AGT GGA GAT GCC TCC-3”
(used to determine the reading frame and identity of positive clones; also,

can be used with 3’ target primer to amplify clone by PCR)

3’ target fusion primer: 5’-GCC GACAACCTT GAT TG-3
(used to determine the identity of positive clones; also, can be used with 5°
target primer to amplify clone by PCR)



G. Othe itemsincluded in the kit

pJG4-6 TRP1, 2 um, Ap® (similar to pJG4-5 but without B42 activation
domain; used to express an isolated target protein in yeast); 10 ug

sonicated salmon sperm DNA, 5 mg/ml (prepared specially for yeast
transformation); 10 mg total [CARRIER DNA]

E. coli strainKC8  pyrF, 1euB600, trpC, hisB463
DupLEX-A™ System Manual

H. Materials required that are not included in the kit

Note: The specific materiaslisted below are the ones we have tested in the
DupLEX-A™ system. Similar items from other sources may be

interchangeable.

1. Y east growth media vendor catalog #
peptone BIO 101 4018-512
agar BIO 101 4019-512
yeast extract BIO 101 4018-012
yeast nitrogen base BI1O 101 4027-012

w/0 amino acids
raffinose Sigma R-0250
dextrose (glucose) Fisher D16-1
gaactose Sigma G-0750
(glucose-free)
dropout mix B10101 4540-022
(-his-ura-trp -leu)
uracil Sigma U-0750
leucine Sigma L-5652
tryptophan Sigma T-0254
histidine Fisher BP382-100

2. Bacterial growth media vendor catalog #
LB broth Difco 0402-07-0
magnesium sulfate Fisher BP213-1
potassium phosphate Mallinckrodt 7100

(monobasic)
potassium phosphate Fisher BP363-500
(dibasic)
sodium citrate Fisher BP327-1
thiamine hydrochloride Fisher BP892-100
ammonium sulfate Fisher BP212R-1
kanamycin Fisher BP906-5

ampicillin Boehringer Mann. 835 269



3. For yeast transformations:
item

lithium acetate
polyethylene glycol, 3350
dimethyl sulfoxide
hydrochloric acid

tris base

EDTA

4. For bacteria transformations:
item

glycerol

ElectroMax DH10B
(competent cells)

SOC medium

€l ectroporator

5. For rescuing plasmids from yeast:
item

glass beads, acid-washed
triton-X-100

sodium acetate

ethanol

phenol

chloroform

isoamyl alcohol

SDS

6. Filter assay for b-galactosidase and yeast X-gal plates:

item

sodium phosphate
(monobasic)

sodium phosphate
(dibasic)

potassium chloride

b-mercaptoethanol

nylon membrane filters

X-gal

N,N-dimethyl formamide

vendor

Fisher
Sigma
Fisher
Fisher
Fisher
Fisher

vendor

Sigma
Gibco/BRL

Gibco/BRL
Gibco/BRL

vendor

Sigma
Fisher
Fisher
Aldrich
Fisher
Fisher
Fisher
Sigma

vendor
Fisher
Mallinckrodt

Mallinckrodt
Fisher
MSI

Gold BioTech.

Fisher

catalog #

AC19984-2500
P146-3

D136-1
A144-500
BP152-5
02793-500

catalog #

G-5516
18290-015

15544-018
11613-015

catalog #

G8772
BP151-100
S209-500
18,738-0
BP17501-400
BP1145-1
BP1150-500
L-4509

catelog #
BP329-500

7914

6858

034461-100
NO04SP09025
X4281C
BP1160-500



[11. Recipes for media and solutions

A. YEAST GROWTH MEDIA
1. YPD (rich medium):

20 g peptone

10 g yeast extract

20 g glucose

one pellet (0.1 g) NaOH [if for plates]
20 g agar [if for plates]

Add 1 liter of distilled water and autoclave for 20 minutes.
For plates, cool to 50°C before pouring.

2. YNB-ura-his-leu-trp (selective medium):

1.7 g yeast nitrogen base w/o amino acids*

5 g ammonium sulfate*

0.6 g -his-ura-trp-leu dropout mix

20 g glucose (or 20 g galactose + 10 g raffinose for gal/raff
media)

20 g agar (if for plates)

Add 1 liter of distilled water and autoclave for 20 minutes.
For plates, cool to 50°C before pouring.

*NOTE: Yeast nitrogen base is sold either with or without ammonium
sulfate. The particular one listed on page 6 of this manual does not contain
ammonium sulfate, so it must be added separately. If you have a bottle of yeast
nitrogen base which instructs you to add 6.7 g/L to make media, then it already
contains ammonium sulfate and you should not add any more.



3. other YNB (selective) media

Add the following amounts of reagentsto the

Y NB-ura-his-leu-trp medium described above (before
autoclaving) to make the appropriate medium. Filter sterilize
and store at 4°C; microwave briefly if aprecipitate forms.

trp = 10 ml of 4 mg/ml stock per liter of medium
(0.04 mg/ml final conc.)

ura=5ml of 4 mg/ml stock per liter of medium
(0.02 mg/ml final conc.)

leu =15 ml of 4 mg/ml stock per liter of medium
(0.06 mg/ml final conc.)

his=5 ml of 4 mg/ml stock per liter of medium
(0.02 mg/ml final conc.)

For example, to make medium lacking only leucine, add 5
ml of 4 mg/ml uracil, 10 ml of 4 mg/ml tryptophan, and 5 ml
of 4 mg/ml higtidineto 1 liter of YNB-ura-his-leu-trp
medium.

4. Yeast selective X-gal media:
amino acid solution as per 3. above
0.6 g -his-ura-trp-leu dropout mix
1.7 g yeast nitrogen base without amino acids*
5.0 g ammonium sulfate*
20 g glucose (or 20 g galactose + 10 g raffinose for gal
media)
20 g agar
900 ml distilled water

Autoclave and cool to 65°C. In a separate bottle, autoclave 7
g of sodium phosphate (dibasic) and 3 g of sodium
phosphate (monobasic) in 100 ml of distilled water. Mix the
two solutions, add 0.8 ml of 200 mg/ml X-gal (in N,N-
dimethyl formamide), and pour plates.

*SEE NOTE ON PAGE 8
B. BACTERIAL GROWTH MEDIA

1. LB medium:
Dissolve 20 g of dry LB Broth (Lennox; from Fisher) in 1
liter of distilled water and autoclave for 15 minutes. For
plates, add 15 g of agar per liter of medium before
autoclaving and cool to 50°C before pouring.

2. LBA medium (ampicillin selection):
Cool the LB medium above to 50°C and add 2 ml of 50

mg/ml ampicillin (in distilled water, filter-sterilized) per liter
of medium. Mix.
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3. LBK medium (kanamycin selection):

Cool the LB medium above to 50°C and add 5 ml of 10
mg/ml kanamycin sulfate (in distilled water, filter-sterilized)
per liter of medium. Mix.

4. Minimal (-trp) medium:
Prepare the following stocks (autoclaved):

i. 20 % magnesium sulfate
ii. 4 mg/ml uracil

iii. 4 mg/ml histidine

iv. 4mg/ml leucine

v. 20 % glucose

Prepare the following filter-sterilized solutions:

vi. 50 mg/ml kanamycin sulfate
vii. 1% thiamine hydrochloride

Autoclave the following two solutions separately:

viii. 15 g agar in 800 ml distilled water

iX. 10.5 g potassium phosphate (dibasic)
4.5 g potassium phosphate (monaobasic)
1 g ammonium sulfate
0.5 g sodium citrate
160 ml distilled water

Mixing: Cool solutionsviii and ix to 50°C, mix, and quickly
add 1 ml of solutioni, 10 ml of solution ii, 10 ml of solution
iii, 10 ml of solution iv, 10 ml of solution v, 1 ml of solution
vi, and 0.5 ml of solution vii. Mix well and pour plates
immediately.
C. SOLUTIONS
1. 10X TE

50 ml of 1 M tris (pH 7.5) [0.1 M]
10 ml of 0.5M EDTA [0.01 M]

Add 440 ml distilled water and autoclave for 20 minutes.



2. 10 X LiOAC
51 g of lithium acetate [1 M]

Bring volume up to 500 ml with distilled water, mix until
dissolved, and autoclave for 20 minutes.

3. 50 % PEG-3350
250 g polyethylene glycol-3350

Bring volume up to 500 ml with distilled water, mix until
dissolved, and autoclave for 20 minutes.

4. 1 X TE/LIOAC

Right before use, mix 1 part 10 X TE, 1 part 10 X LiOAc,
and 8 parts sterile distilled water.

5. 1 X TE/LiOAC/PEG

Right before use, mix 1 part 10 X TE, 1 part 10 X LiOAc,
and 8 parts 50 % PEG-3350.

6. Z buffer

16.1 g of sodium phosphate (dibasic) [60 mM]
5.5 g of sodium phosphate (monobasic) [40 mM]
0.75 g of potassium chloride [10 mM]

0.246 g of magnesium sulfate [1 mM]

2.7 ml of b-mercaptoethanol [S0 mM]

Dissolvein 1 liter of distilled water. DO NOT
AUTOCLAVE!

7. 100 mg/ml X-gal

Dissolve 100 mg of X-gal in 1 ml of N,N-dimethyl
formamide and store at -20°C.

8. Plasmid rescue solution

85 ml of distilled water

2 ml of triton-X-100 [2 %]

10 ml of 10 % SDS[1 %)

2 ml of 5M sodium chloride [0.1 M]
1 ml of 1M tris(pH 8.0) [0.01 M]
0.2ml of 0.5 M EDTA [0.001 M]

Mix and store at room temperature.



12

9. 3 M sodium acetate
40.8 g of sodium acetate trihydrate

Bring volume up to 100 ml with distilled water, mix until
dissolved, and autoclave for 20 minutes.

10. 70 % ethanol

Mix 350 ml of absolute ethanol with 150 ml of distilled
water and store at -20°C.

11. 10 % glycerol

Mix 100 ml of glycerol with 900 ml of distilled water and
autoclave for 20 minutes.

12. 50 % glycerol

Mix 250 ml of glycerol with 250 ml of distilled water and
autoclave for 20 minutes.

IV. Library information

All DupLEX-A™ Y east Two-Hybrid System libraries are made in the B42 activation
domain-HA tag expression vector pJG4-5. The cDNA is made by oligo d(T) priming and
is cloned unidirectionally between the EcoRI and Xhol sites of pJG4-5 (see Appendix for
details). Thelibraries are provided as ready-to-use plasmid DNA and aso as plasmid-
containing bacteria cells.

V. Working with yeast

The budding yeast Saccharomyces cerevisiae is very amenable to genetic and
molecular biological methodologies dueto its ability to be transformed by foreign DNA, its
highly efficient system of homologous recombination, and itsrelatively rapid rate of
growth. Whereas E. coli has a generation time of 30-45 minutes, most yeast strains can
double in 90-120 minutes. Aswith E. coli, yeast can be grown on platesor in liquid
culture. However, antibiotics which work on E. coli do not work on yeast, making good
sterile technique mandatory when working with yeast. Finaly, the optimum growth
temperature for yeast is 28-32°C.
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VI. FLOW-CHART FOR DUPLEX-A YEAST TWO-HYBRID SCREEN

Subclone gene for bait protein
into pEG202; verify correct

—

Transform into all four yeast strains
to test for autoactivation

reading frame
if no autoactivation,”  “\if it autoactivates
Transform into appropriate Subclone only
strain along with pJK101 to aportion of the
test whether or not the bait * | bait geneinto
fusion can enter the nucleus pEG202 and
and bind LexA operators or not retest

/m binding

Subcloneinto
PEG202-NLS

and retest

»
v

Western blot /

bindi ngJ

Transform into
yeast strain, with
reporter

S

(optional)

Transform with the
library (large-scale)

Scrape colonies off /
plates and freezein

aliquots

Titer the cellsand replate,
selecting for interactors
(LEUZ)

|

Grid positives to small plates,
perform lacZ filter assay

l

Rescue target plasmid from positives,

containing different control baits

transform back into strain along with reporter,
and mate with opposite mating type strain

Sequence positives,
search sequence
databases for
homol ogy
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VII. DupLEX-A™ Y east Two-Hybrid System Protocol

A. Constructing the bait

1. Using standard recombinant DNA techniques, subclone your bait protein
genein the correct orientation into the polylinker of pEG202 (see Appendix). Design the
bait protein gene subcloning such that it fusesin-frame with LexA. We strongly
recommend verifying the sequence of the LexA-bait junction to make sure that a LexA-
cDNA fusion protein should be made.

NOTE: We highly recommend testing your bait fusion protein in the assays below before
performing afull-scale library screen.

B. Testing the autoactivation potentia of the bait (lacZ)

Some bait proteins can activate reporter genes on their own, making a
two-hybrid system library screen awaste of time, effort, and resources. However,
the DupLEX-A system offers some alternativesif this occurs.

To test for autoactivation by your bait fusion, transform yeast strain EGY 48
with the following combinations of vectors:

1. pEG202-Bait + pSH18-34 (test)
2. pSH17-4 + pSH18-34 (strong activation)
3. pRFHM1 + pSH18-34 (no activation)

Small-scale Y east Transformation Protocol

a. Grow a5 ml culture of EGY48in YPD at 30°C
with shaking (overnight). Inoculate by picking a
colony off of a streaked plate of EGY 48.

b. Measurethe ODg,, of a1:10 dilution of the
overnight culture. Calculate the OD,, of the 5 ml
culture and use that to inoculate a60 ml Y PD culture
toan OD,,,=0.1. Grow at 30°C with shaking.

¢. When the OD,,, =0.5-0.7 (approximately 4-6
hours after inoculation), pellet the cells by spinning
the culture at 1500 x g for 5 minutes. Resuspend in
20 mis of sterile distilled water, spin again, and
resuspend the pellet in 0.3 ml of 1 x TE/LiOAc. Put
100 ul into each of three sterile 1.5 ml eppendorf
tubes.

d. Boil the carrier DNA 5 minutes and quickly chill
onice. Thisisnecessary for obtaining a maximum
efficiency of transformation; however, it should only
be done every third or fourth time the carrier DNA is
used.
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e. Add 100 ng of each plasmid DNA and 50 ug of
denatured carrier DNA to each tube and mix.

f. Add 0.3 ml of 1 x TE/LIOAC/PEG, mix by
inversion, and put the tubes at 30°C (with or without
shaking) for 30 minutes.

g. Add 70 ul of DM SO (dimethyl sulfoxide) to
each, mix by inversion, and put at 42-45°C (without
shaking) for 15 minutes.

h. Spin at 10K rpm in amicrocentrifuge for 10
seconds, pour off the supernatant, and resuspend
each pelletin 0.5 ml of sterile distilled water.

i. Spread 50-100 ul of each onto separate
YNB(glu)-his-uraplates. Incubate at 30°C for 2-3
days.

Streak 4 colonies from each plate onto another Y NB(glu)-his-ura plate.
Inoculate at 30°C 1-2 days. Perform alacZ filter assay or replicato
YNB(gal)-his-ura+ X-gal plates and grow at 30°C overnight.

Filter Assay

Cut a piece of Whatman 3M paper such that it just fits
into a 100 mm petri dish. Put it in an empty dish and add 2 ml of 1 mg/ml
X-gal (add 20 ul of X-gal in N,N-dimethyl formamideto 2 ml of Z buffer),
making sure thefilter is completely wet. Place asimilarly-cut nitrocellulose
filter on the surface of the plate containing the re-streaked yeast, then pull
off and freeze a -70°C for 5 minutes. Take out, thaw, and re-freeze at
-70°C. Take out, thaw, and place yeast side up on Whatman filter paper
(pre-cut above). Incubate at 30°C for 2 hours.

Expected results: The colonies containing pSH17-4 should turn
blue, the colonies containing pRFHM 1 should not turn blue, and the
colonies containing the pEG202-Bait plasmid may or may not turn blue. If
they do not turn blue, then the Bait does not autoactivate reporter gene
expression and can be used for screening in the yeast strain EGY 48. If the
clones containing pEG202-Bait do turn blue in the above assay, then the test
should be repeated using pJK 103 or pRB1840 instead of pSH18-34. If the
Bait does not autoactivate in one of these strains, use that strain to perform
the screen. If the Bait still autoactivates even in the least sensitive strain,
then you must subclone only portions of the gene encoding your protein
into pEG202 and test for a portion that does not autoactivate.

C. Testing the autoactivation potential of the bait (LEU2)

Since LEU2 isthe reporter used in theinitial screen, it isimportant
not to have a high background of colonies arising due to activation of the
LEUZ2 gene by the bait alone. Also, for some baits, the LEUZ2 reporter in
EGY 48 is more sensitive than the lacZ reporter on pSH18-34. Therefore,
the ability of the bait to autoactivate the LEUZ2 reporter should be tested
before performing alarge screen.
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a. Using a sterile wooden applicator stick, transfer a colony of

EGY 48 containing the bait plasmid into 0.5 ml of sterile distilled
water. Vortex. Dilute 100 ul into 1 ml of sterile distilled water.
Vortex. ThisisDilution 1. Do three more serial 1:10 dilutions
(Dilutions 2-4) such that if Dilution 1 is considered “undiluted”,
Dilution 2 = 1:10 diluted, Dilution 3 = 1:100 diluted, and Dilution 4
= 1:1000 diluted.

b. Plate 100 ul of each of Dilutions 1-4 onto YNB(gal)-his
plates and onto Y NB(gal)-his-leu plates. Incubate at 30°C for
1-2 days. Y ou should see colonies on the -his plates but not on
the -his-leu plates. (Note galactose plates are used in this
experiment since that is the carbon source that will be used during
the LEU2 selection step of the large-scale screen.) If you do obtain
many colonies on the -his-leu plates, then your bait is
autoactivating and you should re-do the assays using your bait in
strains EGY 194 and EGY 188. EGY 40 isincluded as a negative
control strain. In addition, three different sensitivity lacZ reporter
plasmids are included: pSH18-34> pJK103> pRB1840 (most
sensitive>least sensitive).

Once you are convinced that your bait fusion can enter the nucleus
and bind to LexA operators without autoactivating either of the two reporter
genes, then you are ready to perform alarge-scale library screen. Note that
for an unknown reason, some baits can autoactivate the reporter genesin a
large-scale screen even when they did not autoactivate in small-scale tests.
Therefore, although we present you with the protocol for doing alarge-
scale screen, you may first want to do a“medium-scale” screen, maybe one-
fifth the size of alarge-scale screen, before performing alarge-scale screen.

D. Testing the bait’ s ability to enter the nucleus and bind LexA operators

The plasmid pJK 101 contains alacZ reporter gene whose
expression isdriven by the yeast GAL 1 promoter. However, two LexA
operators have been placed between the GAL 1 promoter and the lacZ gene;
LexA fusion proteins will bind to these operators and decrease the level of
GAL1-driven lacZ expression.

Repression Assay

a. Do thefollowing transformations into EGY 48 (see protocol
under section VI.B.):

1. pEG202-Bait + pJK101 (test)
2. pPEG202-Max + pJK 101 (repression)
3. pJK101 alone (no repression)

Note: Plate transformations 1 and 2 above onto
YNB(glu)-his-uraand transformation 3 onto Y NB(glu)-ura
plates.
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b. Streak 4 colonies from each of plates 1 and 2 above onto
YNB(gal)-his-ura+ X-gal plates and 4 colonies from plate 3 onto
YNB(gal)-ura+ X-gal plates. After 12-24 hours at 30°C, it should
be evident whether or not the bait fusion can bind to the LexA
operators. If some level of repression is observed, then you can
proceed with the screen. If no repression is seen, then you should
test whether the bait is even being made (you can do a Western blot
if antibodies against your bait exist). If you see evidence that the
protein is being made in yeast, then try making your bait construct in
PEG202-NLS (formerly called pJK202; see Appendix).

PEG202-NL S contains a nuclear localization sequence just upstream
of the polylinker sequence.

E. Peforming alarge-scalelibrary transformation

1. Grow a20 ml overnight culture (at 30°C) of EGY 48 (or EGY 194 or
EGY 188) containing the lacZ reporter plasmid (pSH18-34, for example)
and your bait plasmid. Grow in Y NB(glu)-his-uramedium.

2. The next morning, dilute 100 ul of culture into 0.9 ml of water, mix
well, and immediately measure the ODy,, of the dilution. Multiply by 10 to
get the ODy,, of the undiluted culture. Inoculate 300 ml of Y PD medium
[inadterile 2 L flask] with enough of the overnight culture to give an
OD,,, = 0.1. For example, if the dilution of the overnight culture had an
ODy,,, = 0.5, then the 20 ml undiluted overnight culture would have an
OD,,, = 0.5x 10 =5. Since you want the 300 ml culture to start at OD,, =
0.1, the amount of undiluted culture needed would be 0.1/5 x 300 ml =6
ml. Therefore, you would add 6 ml of undiluted overnight culture to 300
ml of YPD medium and grow at 30°C with vigorous shaking. (Note:
Without agitation, yeast cells will settle to the bottom of aflask over time,
so you should aways swirl the flask before removing any culture to ensure
the cultureis of uniform density.

3. Shake the culture vigoroudly at 30°C until the OD,,, = 0.5-0.7. This
should take 4-5 hours.

4. Harvest the cells by spinning at 1500 x g (3K rpm in a GSA rotor) for 5
minutes (room temperature). Pour off the supernatant.

5. Resuspend in 30 ml of sterile distilled water, transfer to a50 ml sterile
conical tube, and spin at 1500 x g (2.5K rpm in an HL-4 rotor) for 5
minutes (room temperature). Pour off the supernatant.

6. Resuspend the cell pellet in 1.5 ml of 1 x TE/LiOAc. Aliquot 50 ul
portions into 30 sterile 1.5 ml eppendorf tubes. (Note: A better
transformation efficiency is obtained when doing several small
transformations rather than one large transformation.)

7. Denaturethe carrier DNA by placing the tube in aboiling water bath for
five minutes and then quickly placing the tube on ice (do this only if the
carrier has not been denatured in the last two or three sets of transformations
that have been done). Incubate on ice for five minutes.
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8. Add 50 ug (10 ul) of carrier DNA and 1 ug of pJG4-5-based plasmid
library DNA to each eppendorf tube. Do not use more than 1 ug of library
DNA per tube since multiple plasmids can enter the same yeast cell and give
confusing resultsin later analyses.

9. Add 300 ul of 1 x TE/LIOAC/PEG to each tube and mix by inversion.
Incubate (without agitation) at 30°C for 30 minutes.

10. Add 40 ul of DM SO to each tube, mix by inversion, and heat shock by
incubating at 42-45°C for 20 minutes.

11. Add 0.6 ml of sterile distilled water to each tube and mix by inversion.
Dilute 10 ul of one tube into 990 ul of sterile distilled water, vortex, and
plate 100 ul of the dilution onto a 100 mm Y NB(glu)-his-ura-trp plate.
Plate all of each tube onto 30 separate 24 cm x 24 cm Y NB(glu)-his-
uratrp plates (or 300 ul onto each of 100 150mm Y NB(glu)-his-trp-ura
plates. Incubate al plates at 30°C for 2-3 days, until colonies appear.

12. Calculate the number of transformants obtained by counting the number
of colonies on the 100 mm plate. 100 colonies on the plate corresponds to
an efficiency of 10°/ug, so 30 ug x 10°/ug = 3 x 10° total transformants.
Similarly, 50 colonies on the 100 mm plate corresponds to 5 x 10*/ug, or
1.5 x 10° total transformants. A saturating screen of amammalian library
requires at least 2 x 10° transformants.

13. Harvest the transformants as follows:
a. Soak amicroscope dlide in ethanol, then air-dry.

b. Pipet 10 ml of sterile distilled water onto each 24 cm x 24 cm
plate, scrape off the colonies with the long edge of the microscope
dide (taking care to use good sterile technique), and pipet the durry
into a sterile disposable centrifuge tube.

c. Centrifuge 5 minutes at 1500 x g (2.5K rpm in an HL-4 rotor) at
room temperature. Pour off the supernatant, resuspend the pellet in
atotal of about 75 ml of sterile distilled water, spin again as above,
and pour off the supernatant. Resuspend the pellet in an equal
volume of sterile distilled water. Estimate the total volume, add half
avolume of sterile 50% glycerol, mix, and freeze 1 ml aliquots at
-70°C. Frozen stockswill remain good for at least 1 year when
stored at -70°C.

F. Screening for potentia positive transformants
1. Titer the number of viable cells
a. Thaw an aiquot of the frozen yeast transformants and dilute 1:10
with YNB(gal)-his-ura-trp medium. Shake at 30°C for 4 hoursto
induce the GAL 1 promoter.
b. Do seria dilutions of the transformantsin Y NB(gal)-his-ura-trp

and plate 100 ul of each dilution onto separate Y NB(gal)-his-ura-trp
plates. Incubate at 30°C for 2-3 days, until colonies are visible.
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c. Calculate the number of colony-forming units (cfu) per frozen
aliquot of yeast transformants.

2. Screen for Leu® colonies

a. Tofully screen al the transformants, you should screen about 5-
7 times the number of original transformants obtained (see section
VI.E.11.). Therefore, if you obtained 3 x 10° transformants
originally, you would want to plate about 2 x 10" cfu (from step 1
above) now. Thaw enough of the frozen transformants equal to that
number of cfu.

b. The number of cfu per 1 ml frozen aliquot can be used to
estimate an OD,,,, of the aliquot since 1 OD,,, = 2 x 10" yeast cells.
That is, # of cfu/2 x 10" = OD,,, of thealiquot. Dilutethe
appropriate amount of frozen transformants with YNB(gal)-his-ura
trp-leu medium, down to approximately 1 x 10" cellsml [OD,,, =
0.5]. Shake at 30°C for 4 hours.

c. Plate 100 ul aiquots onto 100 mm Y NB(gal)-his-ura-trp-leu
plates. You will be screening 1 x 10° cfu per plate (do not exceed
this number). Incubate at 30°C for 2 days, until colonies appear.

d. Pick colonies onto a Y NB(gal)-his-ura-trp-leu master plate and
incubate at 30°C for afew days, until colonies appear. Go back to
the plates from step ¢ above and do another master plate for colonies
which arise three days after plating and another master plate for
colonies which arise four days after plating. Colonies from the first
two master plates should definitely be characterized further.
Colonies that do not appear until about aweek after plating are likely
to be artifactual and should not be characterized further, unless they
are the only colonies obtained.

3. Test galactose growth dependence and lacZ expression of potential
positive transformants

a. Since the expression of the target protein is dependent on
galactose, any colonies which can activate LEU2 and grow on -leu
medium in the presence of glucose are false positives and should not
be further characterized. Coloniesthat can grow on -leu medium
containing galactose but that cannot grow on -leu medium containing
glucose are potentially true positives and should be tested for lacZ
expression. Re-streak colonies from the master platesto the
following types of plates:

YNB(glu)-his-ura-trp-leu
YNB(ga)-his-ura-trp-leu
YNB(glu)-his-ura-trp + X-gal
YNB(gal)-his-ura-trp + X-gal
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b. Incubate at 30°C for 1-2 days, until growth occurs. Potential
positive transformants will grow on the -leu (gal) plate but not the
-leu (glu) plate, and will turn blue on the X-gal (gal) plate but not on
the X-gal (glu) plate.

c. If the number of potential positivesis small (<50), then all
should be recovered and further characterized. If >50 potential
positives are obtained, then you should chracterize the first 50 that
arise and freeze the rest at-70°C in 20% glycerol.

G. Recovering plasmids from yeast

1. Toisolate DNA from the potentia positives, grow each onein 2 ml of
Y NB(glu)-trp medium [or any other -trp medium you have available] at
30°C overnight.

2. Spin down 1.5 ml of each in eppendorf tubes for 10 seconds at
maximum speed. Pour off the supernatant, vortex to resuspend the pellet in
the residual liquid, and add 200 ul of plasmid rescue solution.

3. Add 100 ul of phenal (tris-sat., pH 8.0) and 100 ul of 24:1
chloroform:isoamyl alcohol. Add about 0.3 g of acid-washed glass beads
and vortex vigorously for 2 minutes.

4. Spinat 14 K rpm in amicrocentrifuge for 5 minutes at room
temperature. Carefully remove 200 ul from the top (aqueous) layer and
transfer it to a clean eppendorf tube. Add 20 ul of 3M NaOAc, vortex, and
add 440 ul of 95% ethanol. Vortex, spin 20 minutesat 14 K rpmin a
microcentrifuge, pipet off and discard the supernatant, wash with 70%
ethanol, carefully pipet off and discard the supernatant, vacuum dry the
pellet, and resuspend the pellet in 5 ul of sterile distilled water. Use 1 ul

to transform E. coli KC8 cellsto TRP* (see below).

H. Obtaining potential positive target plasmidsin bacteria

1. The pellet recovered from the yeast cells in the above procedure consists
mostly of yeast RNA and genomic DNA. Very little of it islibrary plasmid
DNA. Also, thetrp E. coli strain used (KCB8) is not very amenable to
transformation. Therefore, electroporation is recommended to recover the
library plasmid by transforming into KC8 cells.
Making electrocompetent KC8 cells:

a. Streak KC8 onto aLBK plate and grow at 37°C overnight.

b. Pick asingle colony and inoculate into 5 ml of LBK medium.
Grow at 37°C overnight (with shaking).

c. Usedl 5 ml toinoculate a500 ml culturein LBK medium.
Grow with shaking at 37°C until the OD,, = 0.5.

d. Chill the cellsonicefor 30 minutes. Spin at 5K rpm for 10
minutes at 4°C.
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e. Pour off the supernatant and resuspend the pellet in 300 ml of
ice-cold 10% glycerol. Spin again asin d above, pour off the
supernatant, and resuspend the pellet in 150 ml of ice-cold 10%
glycerol.

f. Spinagain asin d above, pour off the supernatant, resuspend the
pellet in 10 ml of ice-cold 10% glycerol, spin again asin d above,
carefully pipet off and discard the supernatant, and resuspend the
pellet in 2 ml of ice-cold 10% glyceral.

g. Aliguot into 75 ul portions and store at -70°C.

h. Electroporate 1 ul of the recovered DNA from step VI1.G.4.
above into 75 ul of competent KC8 cells using the specifications for
your particular electroporator. Plate onto LBA plates and grow at
37°C overnight. Coloniesarising at this stage contain either the bait,
target, or lacZ reporter plasmid.

i. To select only those colonies which contain the target plasmid,
re-streak (or replica) the colonies from the LBA plate to aminimal
(-trp) plate. Grow at 37°C overnight.

j. Do minipreps on at least 2 colonies from each plate since more
than one target plasmid can get into a particular yeast cell. Digest
with EcoRI + Xhol to release the insert and run on a gel to check the
size.

| . Determining the specificity of the interaction using mating tests

To test whether the potentia positives are specific for the particular bait
used, you should test them against other baits with which they should not interact.
Thisismost easily done by transforming your recovered library plasmid back into
the yeast strain you used in the screening (EGY 48, for example), transforming
pSH18-34 + atest bait plasmid into a strain of the opposite mating type, and mating
thetwo strains. |f you put your library plasmid into EGY 48, then you
should put the reporter plasmid and bait plasmid into RFY 206. If
you put your library plasmid into EGY 194 or EGY 188, you should
put thereporter plasmid and bait plasmid into EGY40. Alternatively,
you can transform the strain you used for screening with two of the
plasmids, select the transformed cells, and then transform that strain
with the third plasmid.

Example: Using the small-scale transformation protocol, transform EGY 48
with your isolated potential positive target plasmid. Similarly, transform
RFY 206 with pLexA-Max + pSH18-34. Mate some transformants from
each plate by streaking thetwo ina“+” pattern on aYPD plate.

EGY48

RFY206 | !
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Incubate the plate at 30°C overnight and replicato a Y NB(gal)-his-ura-trp
plate the next day. Grow at 30°C for 1-2 days. The only cells that should
grow are the ones at the intersection of the two streaks. Perform lacZ filter
assays to test for lacZ expression.

pLexA-Max, pBait, and pRHFM1 are al bait plasmids that should not
interact with your target. Y ou should also test your target against the
original bait you used to make sure that it still interacts.

Once you have a positive that passes al the specificity tests, you should
transform the DNA into adifferent E. coli strain, do a DNA prep, and
sequence a portion of your clone. Y ou can then do a database search to see
if you can identify your protein. Itisimperative to realize that even aclone
that passes all the tests could till be afalse positive. For example, in some
instances clones have been obtained that appear to interact specificaly with a
certain bait, but it was aready known that the two molecules are located in
different parts of the cell; therefore, they are not real interactors. That is
why the yeast two-hybrid system should be considered ardlatively quick
and easy method of obtaining the cloned gene for a protein which may
interact with your protein of interest. Once you have the clone, you still
need to do more to show that it is biologically relevant. Note that pJG4-6is
included in thekit; itissimilar to pJG4-5 except that it does not contain
LexA. It can be used to express your target protein alonein yeast.

HAPPY FISHING!

VIII. Appendix
A. Polylinker sequences
1. pEG202 polylinker sequence: (unique sites shown)

5-CTGGAATTCCCG GGG ATCCGT CGA CCATGGCGG Cceca CTC
LexA EcoRlI BamHl| Ncol

Notl|
GAGTCGACCTGCAGC-3
2. pJG4-5 polylinker sequence:

5-CCC GAATTC GGC CGA CTC GAGAAG-3
EcoRlI Xhol

3. pNLexA polylinker sequence:

5'-G AAT TCG CGG CCG CCT CGA GGG ATCCAATTCATGAAA GCG-3
4. pEG202-NLS polylinker sequence:

5-GTG GAA TTC CCG GGG ATC CGT CGA CCT GCA GCC-3
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B. Common false positives

Although the yeast two-hybrid system has proven to be a powerful tool for
detecting protein-protein interactionsin vivo, all versions of it to date have been plagued
with the problem of false positives. Many clonesisolated in alibrary screen will interact
with avariety of control baits, suggesting that they are ssimply artifacts of the screening
process and do not represent biologically relevant partnersto the particular bait used in the
screen. To help researchers better recognize these fal se positives, Dr. Erica Golemis and
Dr. llya Serebriiskii of the Fox Chase Cancer Center did a survey of 100 yeast two-hybrid
library screens that were performed and what results were obtained. (The resultslisted
here are found on the Web at
http://mww.fcce.edu/research/labs/gol emi g/InteractionTrapl nWork.html and have been
reprinted here with the consent of Dr. Golemis.) Of the 100 screens done, 54 appeared to
produce biologically relevant interactors, 30 were still in progress, 13 gave no real
interactors, and three were aborted due to transactivation of reporter gene expression by the
bait or because of instability in the bait fusion protein. Excluding the 30 screensthat were
still in progress, the results show that 77% of the screens produced real interactors, 19%
produced no real interactors, and 4% were aborted due to the reasons mentioned above.

Even for the 77% of the screens that produced real interactors, false positives were
still aproblem. More than 90% of the screens that produced real interactors also gave false
positives. The most common types of false positives obtained were heat shock proteins,
ribosomal proteins, ferritin, and ubiquitin. Other false positives reported were cytochrome
oxidase, mitochondrial proteins, proteasome subunits, tRNA synthase, collagen-related
proteins, zinc finger proteins, vimentin, inorganic pyrophosphatase, PCNA, lamins,
elongation factors, and cytoskeletal proteins. Of course, some baits will be involved in
real, biologically relevant interactions with one or more of the above listed proteins, so use
thelist asaguide, not arule. Remember- even clonesthat seem to be real interactors
should be considered to be putative interactors until abiologica relevance for the interaction
can be established.

NOTE: FOR RESEARCH PURPOSES ONLY! NOT FOR DIAGNOSTIC

OR THERAPEUTIC USAGE.

We will replace, at no cost, any product of ours that does not meet our standard product
specifications. No other warranties, expressed or implied, are given with our products. OriGene
Technologies, Inc. is not liable for any damages due to the use of this product nor are we liable for the
inability to use this product.

PLEASE NOTE THAT THISKIT ISFOR USE BY THE PURCHASER ONLY AND ISNOT TO BE
DISTRIBUTED TO THIRD PARTIES WITHOUT THE WRITTEN CONSENT OF ORIGENE
TECHNOLOGIES, INC.
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