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Notice to Purchaser

The BACTH system kit is covered by the U.S. Patent No. 6,333,154.
Research use of the BACTH system by commercial entities requires a license ; please contact,

Euromedex at (333) 88 18 07 22 or by e.mail at research@euromedex.com.

Limited Product Warranty

This warranty limits our liability to replacement of this product. No other warranties of any kind,
express or implied, including without limitation, implied warranties of merchantability or fitness for
a particular purpose, are provided by Euromedex. Euromedex shall have no liability for any direct,
indirect, consequential, or incidental damages arising out of the use, the results of use, or the

inability to use this product.
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Materials Supplied

Materials Amount Reference
BACTH strains
BTH101, LB/DMSO stock (reporter strain for BACTH 1 ml EUB002
assay)
DHM1, LB/DMSO stock (reporter strain for BACTH assay) 1 ml EUBO0O01
Store at - 80 °C
BACTH vectors
pKNT25, supercoiled, 10 ug (0,5 pg/ul in TE buffer) 20 pl EUP-25N
pKT25, supercoiled, 10 pg (0,5 pg/ul in TE buffer) 20 pl EUP-25C
pUT18, supercoiled, 10 pg (0,5 pg/ul in TE buffer) 20 pl EUP-18N
pUT18C, supercoiled, 10 ug (0,5 pg/ul in TE buffer) 20 pl EUP-18C
Store at — 20 °C
Control plasmids
pKT25-zip, supercoiled, 1 ug (0,05 pg/ul in TE buffer) 20 pl EUP-25Z
pUT18C-zip, supercoiled, 1 ug (0,05 pg/ul in TE buffer) 20 pl EUP-182
Store at — 20 °C
Storage conditions:
All plasmids : -20°C
Strains : -80°C
Material Not supplied
MacConkey agar base medium
M63 minimal medium
X-gal (5-Bromo-4-chloro-3-indolyl- p-D-galactopyranoside)
IPTG (isopropyl-p-D-thiogalactopyranoside)
ONPG (o-nitrophenol-B-galactoside)
Ampicillin
Kanamycin
Maltose
Standard E. coli K-12 lacl? strains
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Principle of BACTH system

Euromedex bacterial two-hybrid (BACTH, for "Bacterial Adenylate Cyclase-based Two-
Hybrid”) system is a simple and fast approach to detect and characterize protein-protein
interactions in vivo. In contrast to yeast two-hybrid system, which requires specialized
expertise, BACTH offers all the advantages of working with Escherichia coli: readily accessible
microbiology and molecular biology techniques (plasmid preparations, efficiency of
transformation, PCR...).

The BACTH system has been developed by the group of Dr. D. Ladant at the Pasteur
Institute and is based on the interaction-mediated reconstitution of the adenylate cyclase
activity in E. coli (1). It exploits the fact that the catalytic domain of adenylate cyclase (CyaA)
from Bordetella pertussis (2) consists of two complementary fragments, T25 and T18 (Figure
1A), that are not active when physically separated (Figure 1B). When these two fragments
are fused to interacting polypeptides, X and Y, heterodimerization of these hybrid proteins
results in functional complementation between T25 and T18 fragments and, therefore, cAMP
synthesis (Figure 1C). Cyclic AMP produced by the reconstituted chimeric enzyme binds to
the catabolite activator protein, CAP. The cAMP/CAP complex is a pleiotropic regulator of gene
transcription in E. coli. It turns on the expression of several resident genes, including genes
of the lac and mal operons involved in lactose and maltose catabolism (Figure 1D). Therefore,
bacteria become able to utilize lactose or maltose as the unique carbon source and can be
easily distinguished on indicator or selective media.

Figure 1 : Principle of the bacterial two-hybrid system.
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Outlined of the procedure

Detection of in vivo interactions between two proteins of interest with the BACTH
system requires the co-expression of these proteins as fusions with the T25 and T18 fragments
in bacteria that are lacking endogenous adenylate cyclase activity (E. coli cya). This is
achieved by using two compatible vectors, one expressing the T25 fusion (pKT25 or pKNT25)
the other one expressing the T18 fusion (pUT18 or pUT18C). The bacteria are co-transformed
with the two recombinant plasmids and plated on either indicator or selective media to reveal
the resulting Cya™ phenotype (Figure 2). The efficiency of complementation between the two
hybrid proteins can be further quantified by measuring cAMP levels (a direct measure of the
reconstituted adenylate cyclase enzymatic activity) or by assaying the p-galactosidase
enzymatic activities in bacterial extracts, an easy and robust assay that is correlated with
cAMP levels produced in the cells, as the expression of p-galactosidase is positively regulated
by cAMP/CAP. The hybrid proteins expressed in E. coli, can also be characterized by using
diverse biochemical approaches, such as immunodetection, immunoprecipitation,
copurification, etc....

Figure 2: General methodology to analyze protein-protein interactions with BACTH system

Clone gene X into Clone gene Y into
pKT25 (or pKNT25) pUTI18C (or pUT18)

X — Y r—
— \\ ’/’ — N et
1 !
TI18
N
——= —

Step 2 Co-transform plasmids into DHM1 (or BTHI101)

Step 1

Screening 4N Selection

Plate transformants on : Plate transformants on :
- MacConkey/maltose, M63/maltose
- LB/X-gal +IPTG + X-gal +IPTG
+ antibiotics (Amp, Kan) + antibiotics (Amp, Kan)
Incubate 24-72 h at 30 °C Incubate 4-6 days at 30 °C
McConkey/maltose LB/X-gal M63/maltose, X-gal
- : :l'-o? —
——
e

== : DHM1/ pKT25/ pUT18C == : DHM1/ pKT25-zip/ pUT18C-zip

X and Y interact =>Red colonies on McConkey/maltose
=> Blue colonies on LB/X-gal
=> Growth on M63/maltose

Step 3 Characterization of positive clones
- Retransformation - B-galactosidase (and/or cAMP) assays
- Sequence analysis - in vitro studies of physical interaction
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Advantages of the BACTH system

The BACTH system presents several characteristics that makes it a worthy alternative
and/or complementary tool to the traditional yeast two-hybrid system:

1 - As the BACTH assay is carried out in E. coli , the screening and the characterization
of protein-protein interactions are greatly facilitated. It only requires standard molecular
biology techniques. E coli grows faster than yeast and is easily transformed with high
efficiency. In addition, the same plasmid constructs used in library screening to identify a
putative binding partner to a given "bait", can be employed to express the chimeric proteins in
order to characterize their interaction by in vitro binding assays.

2 - The BACTH system relies on a signaling cascade which utilizes the diffusable
regulatory molecule, cAMP. As a consequence, the physical association of the two interacting
chimeric proteins can be spatially separated from the transcription activation readout. Hence,
it is possible to analyze protein-protein interactions that occur either in the cytosol, at the
inner membrane level or on the DNA.

Indeed, In the past years the BACTH system has been successfully employed to
characterize a wide variety of proteins of different origins (bacterial, eukaryotic, or viral),
different sizes (from few tens to several hundreds of amino acids), different cellular locations
(cytoplasmic, membrane associated, periplasmic or exported proteins), and different biological
functions (enzymes, transporters, chaperones, transcriptional regulators, signaling, etc.)
Numerous references of studies that employed BACTH system can be found on the web site of
Proc. Natl. Acad. Sci. U.S.A. (http://www.pnas.org/cgi/content/full/95/10/5752).

Materials provided

A - Reporter strains

The BACTH kit provides two non-reverting adenylate cyclase deficient (cya) E. coli
reporter strains, BTH101 and DHM1, (see genotypes below) that are used as host organisms
for detection of protein-protein interactions (8, 9). Other E. coli cya strains (see E. coli strain
collection (http://cgsc.biology.yale.edu) might also be tested.

The different genetic backgrounds of these two strains provide different
complementation efficiencies and different reporter gene stringencies. BTH101 displays an
exquisite BACTH efficiency and fast growth but some unstability of plasmids can appear due to
the Rec* character of the strain. DHM1 is a recA strain with a lower complementation efficiency
and slower growth. The frequencies of spontaneous Lac* and Mal* revertants (because of
cAMP/CAP independent promoter mutations) are respectively, 10® and 10° in BTH101 and
1077 and 107 in DHML.

Strain genotype:
DHM1: F, cya-854, recAl, endA1, gyrA96 (Nal r), thil, hsdR17, spoT1, rfbD1, ginV44(AS).

BTH101: F, cya-99, araD139, galE15, galK16, rpsL1 (Str r), hsdR2, mcrA1, mcrB1.

Bacterial Adenylate Cyclase Two-Hybrid System 6
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Competent cells preparation

Efficient (>108 cfu/pg) electro-competent cells can be prepared according to standard
protocols (6). Competent BTH101 and DHM1 cells can be also prepared by CaCl, technique (6).

Important notice:

Before use, the BTH101 and DHMI1 strains from the LB-DMSO stock should be restreaked on
either MacConkey/maltose or LB/X-Gal/IPTG plates and grown overnight at 37 °C. White
colonies (i.e. cya) should be picked up to start the overnight liquid preculture. Any red (on
MacConkey/maltose) or blue colonies (on LB/X-Gal/IPTG) that may appear should be avoided
(they likely correspond to Lac* or Mal* revertants or contaminants).

If too many contaminants are present upon re-streaking of the stock, it might be useful to add
a selective antibiotic to the MacConkey/maltose or the LB/X-Gal/IPTG plates: DHM1 is resistant
to nalidix acid (30 pg/ml) whereas BTH101 is resistant to streptomycin (100 pg/ml).

B - Plasmids

The BACTH technology requires co-expression of two hybrid proteins within the same
recipient cya bacteria. The BACTH system kit provides two different sets of compatible vectors
(4, 8, 9) that allow genetic fusions of proteins of interest at either the N or the C-termini of the
T18 fragment (pUT18 and pUT18C) or of the T25 fragment (pKT25 and pKNT25). The
nucleotide sequence of these vectors can be downloaded from the Euromedex web site
(http://www.euromedex.com).

1. pKT25 encodes the T25 fragment (corresponding to the first 224 amino acids of CyaA) that
is expressed under the transcriptional control of a lac promoter. The pKT25 vector is a
derivative of the low copy-number plasmid pSU40, expressing a kanamycin resistance
selectable marker. A multicloning site sequence (MCS) is inserted at the 3' end of T25 to
allow construction of in-frame fusions at the C-terminal end of the T25 polypeptide.

2. pKNT25 encodes the T25 fragment that is fused in frame downstream from a MCS. This
allows to create in-frame fusions at the N-terminal end of T25. The vector is a derivative of
the low copy-number plasmid pSU40, expressing a kanamycin resistance selectable
marker.

3. pUT18 is a derivative of the high copy number vector pUC19, expressing an ampicillin
resistance selectable marker, and encodes the T18 fragment (amino acids 225 to 399 of
CyaA) that is expressed under the transcriptional control of a lac promoter. The T18 open
reading frame lies downstream of a MCS with 9 unique restriction sites. This plasmid is
designed to express chimeric proteins in which a heterologous polypeptide is fused to the
N-terminal end of T18.

4. pUT18C differs from pUT18 in that the MCS is located at the 3’ end of the T18 open reading

frame. This plasmid is designed to create chimeric proteins in which a heterologous
polypeptide is fused to the C-terminal end of T18.
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Figure 3 : BACTH plasmid maps

pKT25 (3442 bp)

pf_ag, 725 MCS KanR Ori p15A

o Xbal Smal — TTTTeeeel
Pstl Sall BamHl — Kpnl EcoR1

..T25 orf.. GCT GCA GGG TCG ACT CTA GAG GAT CCC CGG GTA CCT AAG TAA CTA AGA ATT C....
.AAGSTULETDPRV P K stop

pKNT25 (3469 bp)

p{ﬁ, Mcs T25 KanR Ori pl15A
11111 — | I
Sphl Sall BamHI Kl EcoRI
HindIll Pstl Xbal Smal Sacl

. CCA AGC TTG CAT GCC TGC AGG TCG ACT CTA GAG GAT CCC CGG GTA CCG AGC TCG AAT TCA ...T25...
«=P &S LHAGCRSTLEDZ PRVPEPSS N 5.

pUT18 (3023 bp)

plac, MCS TI8 AmpR Ori Col El

7 Sphl Sall BamHI _Kpnl EcoRT
Hipdll ——— Psl ——— Xball ——— Sinal Sid ————

.. CCA AGC TTG CAT GCC TGC AGG TCG ACT CTA GAG GAT CCC CGG GTA CCG AGC TCG AAT TCA ...T18..
«=P S LHAEGERSTLEDUPRVYYPSSEN 5.:

pUT18C (3017 bp)
placy, TI8  MCS AmpR Ori Col E1

Sall BamH]1 _Kpnl EcoRI -
Pstl —— Xbal — Smal Sacl ——— Clal

.T18...CAC TGC AGG TCG ACT CTA GAG GAT CCC CGG GTA CCG AGC TCG AAT TCA TCG ATA TAA CTA AGT AAT..
=H € RS TLEDUZPRYPS S5NGS S I stop
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Control plasmids

1. pKT25-zip is a derivative of pKT25 in which the leucine zipper of GCN4 (1) is genetically
fused in frame to the T25 fragment (inserted within the KpnlI site of pKT25).

2. pUTI18C-zip is a derivative of pUT18C in which the leucine zipper of GCN4 is genetically
fused in frame to the T18 fragment (inserted between the Kpnl and the EcoRI site of
pUT18C).

The plasmids pKT25-zip and pUT18C-zip serve as positive controls for complementation.
They expressed the T25-zip and T18-zip fusion proteins that can associate as a result of
dimeriztion the leucine zipper motifs appended to the T25 and T18 fragments. When pKT25-
zip and pUT18C-zip are co-transformed into DHM1 or BTH101, they restore a characteristic

Cya+ phenotype.

Plasmid preparation

Standard E. coli K-12 lacl9 strains (such as XL1-Blue) are recommended for plasmid
preparation.

pUT18 and pUT18C plasmids are derived from pUC19. Standard plasmid preparation
protocols for high-copy number plasmids should be followed (6).

pKT25 and pKNT25 plasmids are derived from pSU40, a low-copy number plasmid.
Plasmid preparations should be performed accordingly (6).

Materials not provided

Media
In the BACTH system, interaction between the two proteins of interest leads to cAMP

synthesis and thus confers a Cya+ phenotype to the recipient cya bacteria. This can be
easily scored either on indicator plates (i.e. LB-X-Gal or MacConkey media supplemented
with maltose or lactose) or on selective plates (synthetic media supplemented with lactose
or maltose as unique carbon sources). The time of growth in these two types of media
varies significantly.

MacConkey medium
E. coli cya bacteria are unable to ferment lactose or maltose (3): they form white (or

pale pink) colonies on MacConkey indicator media containing lactose or maltose, while cya
bacteria form red colonies on the same media (fermentation of the added sugars results in
the acidification of the medium which is revealed by a color change of the dye phenol red)
(5). Maltose is the most appropriate sugar to work on MacConkey agar base
medium. Note that all MacConkey agar base media are not of equal quality (MacConkey
from Difco Laboratories - cat # 281810 - is recommended). 40 g of MacConkey agar are
dissolved in 1 liter of distilled water and autoclaved. A stock solution of glucose-free
maltose (20% in water) is sterilized by filtration. Maltose (1% final concentration) as well as
antibiotics (ampicillin at 100 pg/ml and kanamycin at 50 ug/ml) are added to the autoclaved
MacConkey medium just before pouring plates (5). IPTG (isopropyl-B-D-
thiogalactopyranoside, 0.5 mM) can be included in the medium to induce full expression of
the hybrid proteins
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LB-X-Gal medium

In E. coli, expression of the lacZ gene encoding B-galactosidase is positively
controlled by cAMP/CAP (3). Hence, bacteria expressing interacting hybrid proteins will form
blue colonies on rich LB medium (5) in the presence of the chromogenic substrate X-Gal (5-
bromo-4-chloro-3-indolyl-p-D-galactopyranoside, 40 ug/ml), while cells expressing non-
interacting proteins will remain white (pale blue). IPTG (0.5 mM) can be included in the
medium to increase B-galactosidase expression. The concentrations of antibiotics indicated
above are used in LB-X-Gal medium.

By using these rich indicator media functional complementation can be detected
within 24 - 72 hrs at 30°C. Overcrowding of indicator plates should be avoided (maximum
300-500 colonies per plate) otherwise the detection of positive clones might be difficult (5).

It should be noted that after prolonged incubation (4-5 days), negative colonies (i.e. cya )
will show a weak red (on MacConkey-maltose) or blue spot (on LB-X-Gal) in the center, but
will remain colorless at the periphery. It may be worth testing also the
complementation at 37°C, although in most cases, complementation is much less
efficient at this temperature than at 30°C.

Synthetic medium

Since Cyat cells are Malt, they are able to grow on a minimal medium
supplemented with maltose as a unique carbon sources (3, 5).

M63 medium supplemented with maltose is prepared as follows: add 2g (NH4)2S04,
13.6g KH2PO4, 0.5mg FeS04:7H20 and 15 g agar per liter of water (adjust pH to 7.0 with

KOH). After autoclaving, add 1ml of MgS0O4°7H20 1M, 10 ml of 20% maltose, 2ml of 0.05%
vitamin B1 (thiamin), and appropriate antibiotics at lower concentration than for rich media

(50 pg/ml ampicillin; 25 pg/ml kanamycin). Growth of Mal™ colonies can be detected after 4
to 8 days of incubation at 30°C. X-Gal and IPTG can be also included in this medium.

Analysis of protein-protein interaction with BACTH system
General methodology

The general methodology to analyze protein-protein interactions with BACTH is the
following (see figure 2):

Step 1: the genes encoding the two proteins of interest (X and Y in Fig.2; they are
usually amplified by PCR using appropriate primers) are sub-cloned into pKT25 (or pKNT25)
and pUT18 (or pUT18C) vectors in frame with the T25 and T18 fragment open reading
frames by using standard molecular biology techniques (6). Vectors and recombinant
plasmids are commonly propagated at 30°C in standard E. coli K12 recA strains (such as
XL1-Blue). To avoid any problems during construction of the plasmids it is wise to use as
host an E. coli strain that overproduce the Lacl repressor to prevent expression of the
hybrid proteins. Plasmid DNA is routinely purified with one of many commercial kits used for
mini-preparation of DNA, according to manufacturer’s instructions

Step 2: the two recombinant plasmids encoding the T25-X (or X-T25) and T18-Y (or
Y-T18) hybrid proteins are transformed into competent BTH101 or DHM1 reporter cells. A
high level of competency of E. coli cells allows cotransformation of two plasmids.
Transformants are plated either on indicator or selective plates and incubated at 30°C or
37°C. It is noteworthy that in most cases, complementation is much more efficient
at 30°C than at 37°C.
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The screening procedure (i.e. on indicator plates) is appropriate if only a small
number of transformants (less than 500 colonies per plate) is tested. If X and Y interact, all
colonies should give the same phenotype on the indicator plates: blue on LB-X-Gal or red on
MacConkey-maltose. Complementation can be detected in 1 - 4 days. If no interaction
occurs, all colonies should be colorless.

The selection procedure is particularly suited for screening libraries. For this,
DHM1 or BTH101 cells are first transformed with a pKT25 derived bait plasmid encoding the
T25-bait protein fusion. New competent cells are then prepared from these transformants
and co-transformed with the plasmid libraries constructed in pUT18 or pUT18C. Co-
transformants are plated on M63 minimal medium plus maltose (lactose).

Importantly, after transformation, the cells should be washed at least three times
with M63 medium in order to remove all traces of the rich medium used in the

transformation procedure. Up to 106 cells can be plated on a single dish of M63/maltose

(plus appropriate antibiotics). Growth of Mal* colonies will be detected after 4-8 days of
incubation at 30°C. The X-gal substrate can be added to the medium to facilitate the early

visualization of growing colonies (that should also be Lact).

Test of interactions

Twenty ul of fresh or thawed electrocompetent BTH101 or DHM1 reporter cells should
be mixed with 5 ng of each plasmid. Serial dilutions of the transformation mixture should be
plated in order to obtain about 100-200 colonies per plate. It is important that the number
of colonies do not exceed 500, if you use MacConkey or X-gal media. As a positive control,
competent reporter cells should be co-transformed with the control plasmids pKT25-zip and
pUT18C-zip.

Analytical procedures

Quantification of the functional complementation mediated by interaction between
two proteins, X and Y, can be obtained by measuring cAMP levels and p-galactosidase
activities in liquid cultures (1, 7, 8, 9).

Cyclic AMP can be measured in boiled bacterial cultures by radioimmunoassays or
ELISA assays (1). Commercial kits for cAMP determination (ELISA or radioimmunoassays)
are available from many companies.

B-galactosidase measurements are performed on permeabilized cells (either
exponential or overnight cultures) using o-nitrophenol-pB-galactoside (ONPG) as a substrate
(see Annex II for a detailed protocol). B-galactosidase activity is usually expressed in units
(one unit of corresponds to 1 nmol of ONPG hydrolyzed per min at 28°C) per mg of bacterial
dry weight. Under routine conditions, when no interaction occurs, the DHM1 strain
expresses about 150 units of B-galactosidase/mg of bacterial dry weight (BTH101 about
100). When hybrid proteins associate, p-galactosidase activities range between 700 to 7000
units/mg, depending on the efficiency of functional complementation (T25-zip/T18-zip
complementation should give about 6000-8000 units/mg).
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Annex I : Materials and media

Materials

IPTG, isopropyl p-D-thiogalactopyranoside

= inducer of /ac promoter. Stock solution of 100 mM in water, sterilized by filtration.
X-gal, (5-Bromo-4-chloro-3-indolyl-p-D-galactopyranoside

= chromogenic substrate of B-galactosidase. Stock solution of 20 mg/ml in dimethyl
formamide

ONPG, 2-Nitrophenyl p-D-galactopyranoside (substrate of B-galactosidase)

Antibiotics
Bacterial media are supplemented with antibiotics from stock solutions in the following
concentrations;

Antibiotics Stock concentration Working Concentration
Ampicillin 100 mg/ml in H,0 100 pg/mi
Kanamycin 50 mg/ml in H,0 50 pg/ml

Streptomycin 100 mg/ml in H,0 100 pg/mi

Nalidixic acid 30 mg/ml in ethanol 30 pug/ml

Media

Luria-Bertani (LB) broth
To prepare 1 L LB broth, mix 10g of NaCl, 10g of tryptone, and 10g of yeast extract,
adjust pH to 7.0 with NaOH , add deionized H,O to a final volume of 1 liter and
autoclave.
To prepare LB plates, add 15 g of agar per liter of LB broth and autoclave. Allow the
medium to cool down to less than 45°C, then add the antibiotics and pour the plates.

LB/X-gal medium

To prepare LB/X-gal plates, the LB/agar medium (above) is autoclaved, allowed to
cool down to less than 45°C and supplemented , just before pouring plates, with 40
ug/ml of the X-gal (5-Bromo-4-chloro-3-indolyl-B-D-galactopyranoside) chromogenic
substrate and appropriate antibiotics. IPTG (isopropyl-p-D-thiogalactopyranoside, final
concentration of 0.5 mM) is usually also added to the medium in order to induce full
expression of the hybrid proteins as well as that of the B-galactosidase reporter
enzyme.

MacConkey/maltose medium.

To prepare MacConkey/maltose plates, 40 g of MacConkey agar are dissolved in 1 liter
of distilled water and autoclaved. A stock solution of glucose-free maltose (20% in
water) is sterilized by filtration. Maltose (1% final concentration) as well as antibiotics
(ampicillin at 100 pg/ml and kanamycin at 50 ug/ml) are added to the autoclaved
MacConkey medium just before pouring plates (5). IPTG (isopropyl-p-D-
thiogalactopyranoside, final concentration of 0.5 mM) is usually added to the medium
in order to induce full expression of the hybrid proteins.

Importante notice: all MacConkey agar base media are not of equal quality.
MacConkey from Difco Laboratories - cat # 281810- is strongly recommended.
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M63/maltose minimal medium
To prepare 5x concentrated M63 minimal medium, mix 10 g (NH4)2S04, 68 g

KH2PO4, 2.5 mg FeS0O4:7H20, 5 mg vitamin B1, add deionized H,O to a final volume
of 1 L, adjust pH to 7.0 with KOH , and autoclave.

To prepare M63/maltose plates, autoclave 15 g of agar in 800 ml H,0. Then add 200
ml sterile 5x M63 medium, 0.2-0.4 % maltose, and the appropriate antibiotics at half
the usual concentrations (i.e. ampicillin 50 pg/ml, kanamycin 25 pg/ml) just before
pouring plates.

ClaQlaaeaaaaaaaaaaaaaaaaaee

Annex II : Assay of p-galactosidase activity

This assay provide a quantitative determination of the efficiency of the functional
complementation between pairs of hybrid proteins. Detailed description of the procedure
can be found in Miller (5) and Karimova et al. (7, 8, 9).

Materials, Solutions, and Reagents:

PM2 assay medium

70 mM NapHPO4.12H,0 ,

30 mM NaH2PO4 H,0 ,

1 mM MgS0O4

0.2 mM MnSO4 , pH 7.0.

Add 100 mM p-mercaptoethanol just before use.

Substrate solution:
ONPG, o-nitrophenol-B-galactoside,
Solution of 4 mg/ml in PM2 medium without p-mercaptoethanol (store at - 20 °C)

Stop solution :
1 M Na2CO3

Other reagents
Toluene
SDS 0.1%

Equipment needed
Cotton gauze
Shaking incubator, preset to 30 °C
Water bath preset to 28 °C
Spectrophotometer
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Methodology:

1.

10.

Bacterial cells to be assayed for B-galactosidase activity are grown in 3-5 ml of LB
broth in the presence of 0.5mM IPTG and appropriate antibiotics at 30°C and
vigorous agitation for 4 - 6 hours (i. e. exponential phase of growth) or overnight
(stationary phase).

The liquid cultures are diluted 1 to 5 with M63 medium (i.e. 0.5 ml of bacterial
culture are added to 2 ml M63 medium) and the optical density (OD) at 600 OOm of
each cultures is recorded.

Bacterial cells are then permeabilized by adding 1 drop (approximately 30 ul) of
toluene and 1 drop (30-35 ul) of a 0.1% SDS solution per 2.5 ml of the diluted cell
suspensions in a 50 ml glass tube (or Falcon tube).

The tubes are vortexed for 10 seconds, lightly plugged with cotton (to allow the
toluene to evaporate), and vigorously agitated in a shaker at 37°C for 30-40
minutes.

For the enzymatic reaction, aliquots of 0.1 to 0.5 ml of the permeabilized cells are
added to 1 ml of PM2 assay buffer (in 5 ml glass tubes)

For the enzymatic reaction, 0.1 ml of the permeabilized cells are added to 0.9 ml of
PM2 buffer (in a 5 ml glass tube) and the tubes are placed in water bath at 28 °C for
5 min.

Note: the volume of aliquot of the permeabilized cells can be increased up to 0.5 ml
(the volume of PM2 buffer is decreased accordingly to maintain a final volume of 1
ml) if the B-galactosidase enzymatic activity in the sample is low.

A control tube containing 1 ml of PM2 assay buffer is also prepared to serve as a
blank.

The enzymatic reaction is started by adding 0.25 ml the ONPG (o-nitrophenol-3-
galactoside) substrate solution (0.4% ONPG in PM2 buffer without -
mercaptoethanol) pre-equilibrated at 30°C.

After sufficient yellow colour has developed (see below), the reaction is stopped by
the addition of 0.5 ml of the 1M NaCO3 stop solution.d

The optical density at 420 nm (ODgy) is then recorded for each tube.

Note: the reaction is linear up to an absorbance at 420 nm of 1.6. The reading at
420 nm is a combination of absorbance by the o-nitrophenol, that results from
hydrolysis of ONPG, and light scattering of the cell debris. This latter can be
neglected if small volumes of cell suspensions are used and the 420 nm reading is
above 0.3. At lower absorbance the light scattering can be corrected for by obtaining
the absorbance at 600 nm from the same reaction mixture and using a correction
factor: OD420 - 1.5 x ODggg which then compensates for light scattering.

The enzymatic activities, A (in units /ml), are calculated for each samples according
to the following formula:

A = 200 x (ODg43¢ — ODy45p in control tube) / min of incubation) x dilution factor
(i.e. if 0.1ml of permeabilized cells was added to 0.9 ml of PM2 buffer in step 6, then
dilution factor = 10, so that activity is expressed in units/ml)
One unit of B-galactosidase activity corresponds to 1 nmol of ONPG hydrolyzed per
min at 28°C. The factor 200 in the above formula is the inverse of the absorption
coefficient of o-nitrophenol, that is 0.005 per nmol/ml at pH 11.0 (i.e. after addition
of NaCO3).
Results are generally given as units/mg dry weight bacteria. This is determined from
the OD at 600 nm of the bacterial culture, considering that 1ml of culture at ODgg =
1 corresponds to 300 ug dry weight bacteria.

Other methods for p-galactosidase assay can be found in Miller (5) or Sambrook et al. (6).
When a large number of p-galactosidase assays has to be carried out, it may be practical to
carry out the assays in 96-well microtiter plates (as described, for example, in 10).
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BACTH system: Vector sequences

pKNT25

3469 bp
T25 fragment (upper cases)
MCS sequence (underlined)

cagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattagg
caccccaggctttacactttatgcttcecggctecgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaac
agctATGACCATGATTACGCCAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTCAA
TGACCATGCAGCAATCGCATCAGGCTGGTTACGCAAACGCCGCCGACCGGGAGTCTGGCATCCCCGCAGCCGTACTCGAT
GGCATCAAGGCCGTGGCGAAGGAAAAAAACGCCACATTGATGTTCCGCCTGGTCAACCCCCATTCCACCAGCCTGATTGC
CGAAGGGGTGGCCACCAAAGGATTGGGCGTGCACGCCAAGTCGTCCGATTGGGGGTTGCAGGCGGGCTACATTCCCGTCA
ACCCGAATCTTTCCAAACTGTTCGGCCGTGCGCCCGAGGTGATCGCGCGGGCCGACAACGACGTCAACAGCAGCCTGGCG
CATGGCCATACCGCGGTCGACCTGACGCTGTCGAAAGAGCGGCTTGACTATCTGCGGCAAGCGGGCCTGGTCACCGGCAT
GGCCGATGGCGTGGTCGCGAGCAACCACGCAGGCTACGAGCAGTTCGAGTTTCGCGTGAAGGAAACCTCGGACGGGCGCT
ATGCCGTGCAGTATCGCCGCAAGGGCGGCGACGATTTCGAGGCGGTCAAGGTGATCGGCAATGCCGCCGGTATTCCACTG
ACGGCGGATATCGACATGTTCGCCATTATGCCGCATCTGTCCAACTTCCGCGACTCGGCGCGCAGTTCGGTGACCAGCGG
CGATTCGGTGACCGATTACCTGGCGCGCACGCGGCGGGCTGCACCATCGATATAActaagtaatatggtgcactctcagt
acaatctgctctgatgccgcatagttaagccagccccgacacccgccaacacccgcectgacgecgecctgacgggettgtet
gctcccggcatccgcttacagacaagectgtgaccgtcteccgggagectgcatgtgtcagaggttttcaccgtcatcaccga
aacgcgcgagacgaaagggccgcccttcecccaacagttgecgcagectgaatggcgaatggecgectgatgteccggeggtgett
ttgccgttacgcaccaccccecgtcagtagectgaacaggagggacagggggtgggcgaagaactccagcatgagatccecceccge
gctggaggatcatccagccggcgtcccggaaaacgattccgaagecccaacctttcatagaaggcggecggtggaatcgaaa
tctcgtgatggcaggttgggcgtcgcttggtcggtcatttcgaaccccagagtecccgectcagaagaactcecgtcaagaagg
cgatagaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgaggaagcggtcagcecccattecgeccgceccaag
ctcttcagcaatatcacgggtagccaacgctatgtcctgatagcggtccgccacacccageccggccacagtcgatgaate
cagaaaagcggccattttccaccatgatattcggcaagcaggcatcgeccatgggtcacgacgagatcctecgeecgtecggge
atccgcgccttgagecctggcgaacagttcggctggcgecgageccctgatgectecttegteccagatcatecctgatcgacaag
accggcttccatccgagtacgtgctcgctcgatgcgatgtttecgecttggtggtcgaatgggcaggtageccggatcaagceg
tatgcagccgccgcattgcatcagccatgatggatactttctcggcaggagcaaggtgagatgacaggagatcctgceccce
ggcacttcgcccaatagcagccagtcceccttceccececgecttcagtgacaacgtcgagcacagectgcgcaaggaacgccecgtegt
ggccagccacgatagccgcgctgecctecgtecttggagttcattcagggcaccggacaggtcggtcttgacaaaaagaaccyg
ggcgcccctgcgctgacageccggaacacggcggcatcagagcagecgattgtectgttgtgeccagtcatageccgaatage
ctctccacccaagcggccggagaacctgcgtgcaatccatcttgttcaatcatgcgaaacgatcctcatecctgtetcettg
atcagatcttgatcccctgcgccatcagatccttggecggcaagaaagccatccagtttactttgcagggcttecccaacct
taccagagggcgccccagctggcaattccggttegettgectgtccataaaaccgecccagtctagectatecgeccatgtaage
ccactgcaagctacctgctttctectttgcgecttgegtttteccecttgtccagatagecccagtagectgacattcateccgggg
tcagcaccgtttctgcggactggctttctacgtgttcecgettectttagcagececcttgegecctgagtgettgeggcage
gtgaagctgtgcctagaaatattttatctgattaataagatgatcttcttgagatcgttttggtctgecgcgtaatctcett
gctctgaaaacgaaaaaaccgccttgcagggcggtttttcgaaggttctctgagectaccaactctttgaaccgaggtaac
tggcttggaggagcgcagtcaccaaaacttgtcecctttcagtttagecttaaccggcgcatgacttcaagactaactcecte
taaatcaattaccagtggctgctgccagtggtgcttttgcatgtctttccgggttggactcaagacgatagttaccggat
aaggcgcagcggtcggactgaacggggggttcgtgcatacagtccagcttggagcgaactgecctacccggaactgagtgt
caggcgtggaatgagacaaacgcggccataacagcggaatgacaccggtaaaccgaaaggcaggaacaggagagcgcacyg
agggagccgccaggggaaacgcctggtatctttatagtcctgtcgggtttcgccaccactgatttgagecgtcagattteg
tgatgcttgtcaggggggcggagcctatggaaaaacggctttgeccgecggeccecctetcactteccctgttaagtatecttectg
gcatcttccaggaaatctccgcceccgttecgtaagccatttececgetecgeccgcagtcgaacgaccgagcgtagecgagtcagt
gagcgaggaagcggaatatatcctgtatcacatattctgctgacgcaccggtgcageccttttttctecctgeccacatgaag
cacttcactgacaccctcatcagtgccaacatagtaagccagtatatacactccgctagecgecccaatacgcaaaccgect
ctcccecgcecgegttggceccgattcattaatyg
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pKT25
3442 bp

T25 fragment (upper cases)

MCS sequence (underlined)

aagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtatgaaatctaacaatgcgctcat
cgtcatcctcggcaccgtcaccctggatgectgtaggcataggecttggttatgeccggtactgecgggectettgecgggate
tggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattaggcacc
ccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagcet
ATGACCATGCAGCAATCGCATCAGGCTGGTTACGCAAACGCCGCCGACCGGGAGTCTGGCATCCCCGCAGCCGTACTCGA
TGGCATCAAGGCCGTGGCGAAGGAAAAAAACGCCACATTGATGTTCCGCCTGGTCAACCCCCATTCCACCAGCCTGATTG
CCGAAGGGGTGGCCACCAAAGGATTGGGCGTGCACGCCAAGTCGTCCGATTGGGGGTTGCAGGCGGGCTACATTCCCGTC
AACCCGAATCTTTCCAAACTGTTCGGCCGTGCGCCCGAGGTGATCGCGCGGGCCGACAACGACGTCAACAGCAGCCTGGC
GCATGGCCATACCGCGGTCGACCTGACGCTGTCGAAAGAGCGGCTTGACTATCTGCGGCAAGCGGGCCTGGTCACCGGCA
TGGCCGATGGCGTGGTCGCGAGCAACCACGCAGGCTACGAGCAGTTCGAGTTTCGCGTGAAGGAAACCTCGGACGGGCGC
TATGCCGTGCAGTATCGCCGCAAGGGCGGCGACGATTTCGAGGCGGTCAAGGTGATCGGCAATGCCGCCGGTATTCCACT
GACGGCGGATATCGACATGTTCGCCATTATGCCGCATCTGTCCAACTTCCGCGACTCGGCGCGCAGTTCGGTGACCAGCG
GCGATTCGGTGACCGATTACCTGGCGCGCACGCGGCGGGCTGCAGGGTCGACTCTAGAGGATCCCCGGGTACCTAAGTAA
ctaagaattcggccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttgcagcacat
ccceccectttcecgeccagectggcgtaatagcgaagaggecccgcaccgatcgeccttecccaacagttgegcagectgaatggega
atggcgctgatgtccggecggtgcttttgeccgttacgcaccacccececgtcagtagectgaacaggagggacagggggtgggceg
aagaactccagcatgagatccccgcgctggaggatcatccageccggecgtecccggaaaacgattccgaageccaaccttte
atagaaggcggcggtggaatcgaaatctcgtgatggcaggttgggcgtcgcttggtcggtcatttcgaaccccagagtcce
cgctcagaagaactcgtcaagaaggcgatagaaggcgatgcgctgcgaatcgggagcggcgataccgtaaagcacgagga
agcggtcagcccattcgceccgceccaagcectcecttcagcaatatcacgggtageccaacgctatgtecctgatagecggteccgeccaca
cccagccggccacagtcgatgaatccagaaaagcggccattttccaccatgatattcggcaagcaggcatcgeccatgggt
cacgacgagatcctcgccgtcgggcatccgecgecttgagecctggecgaacagttcggectggecgcgageccctgatgetett
cgtccagatcatcctgatcgacaagaccggcttccatccgagtacgtgctecgectcgatgecgatgtttecgettggtggtecg
aatgggcaggtagccggatcaagcgtatgcagccgccgcattgcatcagceccatgatggatactttectcggcaggagcaag
gtgagatgacaggagatcctgccccggcacttcgecccaatagcageccagtceccecttecececgettcagtgacaacgtcgagea
cagctgcgcaaggaacgcccgtcgtggccageccacgatageccgegetgectegtecttggagttcattcagggcaccggac
aggtcggtcttgacaaaaagaaccgggcgcccctgecgectgacagccggaacacggecggcatcagagcagecgattgtetg
ttgtgcccagtcatagccgaatagcecctctccacccaagcggeccggagaacctgecgtgcaateccatcttgttcaatcatge
gaaacgatcctcatcctgtctcttgatcagatcttgatccecctgecgeccatcagateccttggcggcaagaaagceccatccag
tttactttgcagggcttcccaaccttaccagagggcgccccagctggcaatteccggttecgettgetgtccataaaaccge
ccagtctagctatcgccatgtaagcccactgcaagctacctgectttectectttgegettgegttttececttgteccagatag
cccagtagctgacattcatccggggtcagcaccgtttctgecggactggectttctacgtgtteccgettectttagecagecce
ttgcgccctgagtgcttgcggcagcgtgaagctgtgecctagaaatattttatctgattaataagatgatcttcttgagat
cgttttggtctgcgcgtaatctcttgctctgaaaacgaaaaaaccgccttgcagggecggtttttcgaaggttectectgage
taccaactctttgaaccgaggtaactggcttggaggagcgcagtcaccaaaacttgtcctttcagtttagecttaaccgg
cgcatgacttcaagactaactcctctaaatcaattaccagtggctgctgccagtggtgettttgcatgtetttececgggtt
ggactcaagacgatagttaccggataaggcgcagcggtcggactgaacggggggttcgtgcatacagtccagecttggage
gaactgcctacccggaactgagtgtcaggcgtggaatgagacaaacgcggccataacagcggaatgacaccggtaaaccyg
aaaggcaggaacaggagagcgcacgagggagccgccaggggaaacgectggtatectttatagtecctgtecgggtttegeca
ccactgatttgagcgtcagatttcgtgatgcttgtcaggggggcggagcctatggaaaaacggectttgccgeggecctet
cacttccctgttaagtatcttcctggcatcttccaggaaatcteccgeccececgttegtaageccattteccgetecgecgecagte
gaacgaccgagcgtagcgagtcagtgagcgaggaagcggaatatatcctgtatcacatattctgctgacgcaccggtgeca
gccttttttcectcecctgccacatgaagcacttcactgacaccctcatcagtgccaacatagtaagccagtatatacactceccg
ct
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pKT25-zip
3556 bp
T25 fragment (upper cases)

Leucine zipper (underlined)

aagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtatgaaatctaacaatgcgctcat
cgtcatcctcggcaccgtcaccctggatgctgtaggcataggecttggttatgeccggtactgeccgggectecttgegggate
tggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagectcactcattaggcacce
ccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagcet
ATGACCATGCAGCAATCGCATCAGGCTGGTTACGCAAACGCCGCCGACCGGGAGTCTGGCATCCCCGCAGCCGTACTCGA
TGGCATCAAGGCCGTGGCGAAGGAAAAAAACGCCACATTGATGTTCCGCCTGGTCAACCCCCATTCCACCAGCCTGATTG
CCGAAGGGGTGGCCACCAAAGGATTGGGCGTGCACGCCAAGTCGTCCGATTGGGGGTTGCAGGCGGGCTACATTCCCGTC
AACCCGAATCTTTCCAAACTGTTCGGCCGTGCGCCCGAGGTGATCGCGCGGGCCGACAACGACGTCAACAGCAGCCTGGC
GCATGGCCATACCGCGGTCGACCTGACGCTGTCGAAAGAGCGGCTTGACTATCTGCGGCAAGCGGGCCTGGTCACCGGCA
TGGCCGATGGCGTGGTCGCGAGCAACCACGCAGGCTACGAGCAGTTCGAGTTTCGCGTGAAGGAAACCTCGGACGGGCGC
TATGCCGTGCAGTATCGCCGCAAGGGCGGCGACGATTTCGAGGCGGTCAAGGTGATCGGCAATGCCGCCGGTATTCCACT
GACGGCGGATATCGACATGTTCGCCATTATGCCGCATCTGTCCAACTTCCGCGACTCGGCGCGCAGTTCGGTGACCAGCG
GCGATTCGGTGACCGATTACCTGGCGCGCACGCGGCGGGCTGCAGGGTCGACTCTAGAGGATCCCCGGGTACCTATCCAG
CGTATGAAACAGCTGGAAGACAAAGTTGAAGAGCTCCTGAGCAAAAACTACCACCTGGAGAACGAAGTTGCGCGCCTGAA
AAAACTGGTGGGTGAACGTGGGGTACCTAAGTAActaagaattcggccgtcgttttacaacgtcgtgactgggaaaaccc
tggcgttacccaacttaatcgccttgcagcacatcceccectttegeccagectggecgtaatagcgaagaggcecccgcaccgate
gcccttcecccaacagttgecgcagectgaatggcgaatggegctgatgteccggecggtgettttgecgttacgcaccaccceccg
tcagtagctgaacaggagggacagggggtgggcgaagaactccagcatgagatccccgcecgctggaggatcatccagecgg
cgtcccggaaaacgattccgaagcccaacctttcatagaaggcggecggtggaatcgaaatctecgtgatggcaggttggge
gtcgcttggtcggtcatttcgaaccccagagtcccgectcagaagaactecgtcaagaaggcgatagaaggcgatgecgetgce
gaatcgggagcggcgataccgtaaagcacgaggaagcggtcagcccattcgccgccaagctcttcagcaatatcacgggt
agccaacgctatgtcctgatagcggtccgccacacccagceccggccacagtcgatgaatccagaaaagecggceccatttteca
ccatgatattcggcaagcaggcatcgccatgggtcacgacgagatcctcgccgtcgggcatccgegecttgagectggeg
aacagttcggctggcgcgagcccctgatgectcttecgtccagatcatecctgatcgacaagaccggcecttccateccgagtacyg
tgctcgctcgatgcgatgtttcgecttggtggtcgaatgggcaggtageccggatcaagecgtatgcagecgecgcattgeat
cagccatgatggatactttctcggcaggagcaaggtgagatgacaggagatcctgccccggcacttcgecccaatagcagce
cagtcccttccecgecttcagtgacaacgtcgagcacagctgcgcaaggaacgecccgtcecgtggeccageccacgatageccgege
tgcctcgtcttggagttcattcagggcaccggacaggtcggtcttgacaaaaagaaccgggcgcecccctgegectgacagcece
ggaacacggcggcatcagagcagccgattgtctgttgtgecccagtcatageccgaatagectctccacccaagcggecgga
gaacctgcgtgcaatccatcttgttcaatcatgcgaaacgatcctcatcctgtctecttgatcagatcttgatccecctgeg
ccatcagatccttggcggcaagaaagccatccagtttactttgcagggcttcccaaccttaccagagggecgeccccagetyg
gcaattccggttcgcttgctgtccataaaaccgcccagtctagectatcgeccatgtaagecccactgcaagctacctgettt
ctctttgcgcttgcgttttceccttgtccagatagecccagtagectgacattcatccggggtcagcaccgtttectgeggact
ggctttctacgtgttccgcttecctttagcagecccttgecgecctgagtgecttgecggcagegtgaagectgtgectagaaata
ttttatctgattaataagatgatcttcttgagatcgttttggtctgcgecgtaatctcttgctctgaaaacgaaaaaaccyg
ccttgcagggcggtttttcgaaggttctctgagctaccaactctttgaaccgaggtaactggcttggaggagcgcagtca
ccaaaacttgtcctttcagtttagccttaaccggcgcatgacttcaagactaactcctctaaatcaattaccagtggcectg
ctgccagtggtgcttttgcatgtctttccgggttggactcaagacgatagttaccggataaggcgcagcggtcggactga
acggggggttcgtgcatacagtccagcttggagcgaactgcctacccggaactgagtgtcaggcgtggaatgagacaaac
gcggccataacagcggaatgacaccggtaaaccgaaaggcaggaacaggagagcgcacgagggagccgccaggggaaacyg
cctggtatctttatagtcctgtcgggtttcgccaccactgatttgagecgtcagatttecgtgatgettgtcaggggggegg
agcctatggaaaaacggctttgccgcggceccctcectcacttececctgttaagtatcttecctggcatcttccaggaaatctecg
ccccecgttcecgtaagceccatttceccecgctecgecgcagtcgaacgaccgagecgtagcgagtcagtgagcgaggaagcggaatatat
cctgtatcacatattctgctgacgcaccggtgcagecttttttectectgccacatgaagcacttcactgacaccctcecatce
agtgccaacatagtaagccagtatatacactccgcet

Bacterial Adenylate Cyclase Two-Hybrid System 18



pUTI18

3023 bp
T18 fragment (upper cases)
MCS sequence (underlined)

cagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattagg
caccccaggctttacactttatgcttcecggectecgtatgttgtgtggaattgtgagecggataacaatttcacacaggaaac
agctATGACCATGATTACGCCAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTCAG
CCGCCAGCGAGGCCACGGGCGGCCTGGATCGCGAACGCATCGACTTGTTGTGGAAAATCGCTCGCGCCGGCGCCCGTTCC
GCAGTGGGCACCGAGGCGCGTCGCCAGTTCCGCTACGACGGCGACATGAATATCGGCGTGATCACCGATTTCGAGCTGGA
AGTGCGCAATGCGCTGAACAGGCGGGCGCACGCCGTCGGCGCGCAGGACGTGGTCCAGCATGGCACTGAGCAGAACAATC
CTTTCCCGGAGGCAGATGAGAAGATTTTCGTCGTATCGGCCACCGGTGAAAGCCAGATGCTCACGCGCGGGCAACTGAAG
GAATACATTGGCCAGCAGCGCGGCGAGGGCTATGTCTTCTACGAGAACCGTGCATACGGCGTGGCGGGGAAAAGCCTGTT
CGACGATGGGCTGGGAGCCGCGCCCGGCGTGCCGAGCGGACGTTCGAAGTTCTCGCCGGATGTACTGGAAACGGTGCCGG
CGTCACCCGGATTGCGGCGGCCGTCGCTGGGCGCAGTGGAACGCCAATCGATATAACtaagtaatatggtgcactctcag
tacaatctgctctgatgccgcatagttaagccagccccgacacccgccaacacccecgctgacgegecctgacgggettgte
tgctcccggcatccgcttacagacaagctgtgaccgtcteccgggagectgcatgtgtcagaggttttcacecgtcatcaccg
aaacgcgcgagacgaaagggcctcgtgatacgcecctatttttataggttaatgtcatgataataatggtttcttagacgtce
aggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgcectca
tgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgeccectt
attcccttttttgcggcattttgeccttecctgtttttgectcacccagaaacgctggtgaaagtaaaagatgctgaagatca
gttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgeccccgaagaacgtt
ttccaatgatgagcacttttaaagttctgctatgtggcgcggtattatccecgtattgacgccgggcaagagcaactcecggt
cgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagt
aagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccga
aggagctaaccgcttttttgcacaacatgggggatcatgtaactcgeccttgatcgttgggaaccggagctgaatgaagec
ataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactact
tactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcecgectecggeecctte
cggctggctggtttattgctgataaatctggagccggtgagecgtgggtctecgecggtatcattgcagcactggggeccagat
ggtaagccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctga
gataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttc
atttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttegtte
cactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgecgegtaatctgetgettgcea
aacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggcet
tcagcagagcgcagataccaaatactgtccttctagtgtageccgtagttaggccaccacttcaagaactctgtagcaccg
cctacatacctcgctctgctaatcctgttaccagtggctgctgeccagtggcgataagtcgtgtcttaccgggttggacte
aagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagecttggagcgaacga
cctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtat
ccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgectggtatectttatagtectgt
cgggtttcgccacctctgacttgagcgtcgatttttgtgatgectecgtcaggggggcggagectatggaaaaacgceccagcea
acgcggcctttttacggttcctggeccttttgctggeccttttgctcacatgttctttecctgecgttatccecctgattetgtyg
gataaccgtattaccgcctttgagtgagctgataccgctcgeccgcagccgaacgaccgagcgcagcgagtcagtgagega
ggaagcggaagagcgcccaatacgcaaaccgcctctcecececcgegegttggecgattcattaatyg
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pUT18C

3017 bp
T18 fragment (upper cases)
MCS sequence (underlined)

cagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagectcactcattagg
caccccaggctttacactttatgcttcecggectegtatgttgtgtggaattgtgagecggataacaatttcacacaggaaac
agctATGACCATGATTACGCCAAGCTTAGCCGCCAGCGAGGCCACGGGCGGCCTGGATCGCGAACGCATCGACTTGTTGT
GGAAAATCGCTCGCGCCGGCGCCCGTTCCGCAGTGGGCACCGAGGCGCGTCGCCAGTTCCGCTACGACGGCGACATGAAT
ATCGGCGTGATCACCGATTTCGAGCTGGAAGTGCGCAATGCGCTGAACAGGCGGGCGCACGCCGTCGGCGCGCAGGACGT
GGTCCAGCATGGCACTGAGCAGAACAATCCTTTCCCGGAGGCAGATGAGAAGATTTTCGTCGTATCGGCCACCGGTGAAA
GCCAGATGCTCACGCGCGGGCAACTGAAGGAATACATTGGCCAGCAGCGCGGCGAGGGCTATGTCTTCTACGAGAACCGT
GCATACGGCGTGGCGGGGAAAAGCCTGTTCGACGATGGGCTGGGAGCCGCGCCCGGCGTGCCGAGCGGACGTTCGAAGTT
CTCGCCGGATGTACTGGAAACGGTGCCGGCGTCACCCGGATTGCGGCGGCCGTCGCTGGGCGCAGTGGAACGCCACTGCA
GGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTCATCGATATAACctaagtaatatggtgcactctcagtacaat
ctgctctgatgccgcatagttaagccagcceccgacacccgccaacacccgcectgacgegecctgacgggettgtectgetcece
cggcatccgcttacagacaagctgtgaccgtctccgggagectgcatgtgtcagaggttttcaccgtcatcaccgaaacgce
gcgagacgaaagggcctcgtgatacgcctatttttataggttaatgtcatgataataatggtttcttagacgtcaggtgg
cacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagac
aataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgecccttattcece
ttttttgcggcattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttggg
tgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgeccccgaagaacgttttceccaa
tgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcecgecgce
atacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagaga
attatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagc
taaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccatacca
aacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactct
agcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgecgctcggeccttececggetyg
gctggtttattgctgataaatctggagccggtgagecgtgggtctecgeggtatcattgcagcactggggeccagatggtaag
ccctceccececgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagatagg
tgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcattttt
aatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactga
gcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgecgegtaatctgetgettgcaaacaaa
aaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggecttcagea
gagcgcagataccaaatactgtccttctagtgtageccgtagttaggccaccacttcaagaactctgtagcaccgectaca
tacctcgctctgctaatcctgttaccagtggctgctgeccagtggcgataagtecgtgtcttaccgggttggactcaagacyg
atagttaccggataaggcgcagcggtcgggctgaacggggggttecgtgcacacagecccagcttggagcgaacgacctaca
ccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatceccggta
agcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcecctggtatectttatagtecctgtecgggtt
tcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcggagecctatggaaaaacgccagcaacgcygyg
cctttttacggttcctggeccttttgectggecttttgctcacatgttctttectgegttatecececctgattctgtggataac
cgtattaccgcctttgagtgagctgataccgctcgeccgcageccgaacgaccgagcgcagcgagtcagtgagecgaggaagce
ggaagagcgcccaatacgcaaaccgcctctccecececgegegttggeccgattcattaatg
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pUT18C-zip

3131 bp
T18 fragment (upper cases)

Leucine zipper (underlined)

cagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattagg
caccccaggctttacactttatgcttccggctecgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaac
agctATGACCATGATTACGCCAAGCTTAGCCGCCAGCGAGGCCACGGGCGGCCTGGATCGCGAACGCATCGACTTGTTGT
GGAAAATCGCTCGCGCCGGCGCCCGTTCCGCAGTGGGCACCGAGGCGCGTCGCCAGTTCCGCTACGACGGCGACATGAAT
ATCGGCGTGATCACCGATTTCGAGCTGGAAGTGCGCAATGCGCTGAACAGGCGGGCGCACGCCGTCGGCGCGCAGGACGT
GGTCCAGCATGGCACTGAGCAGAACAATCCTTTCCCGGAGGCAGATGAGAAGATTTTCGTCGTATCGGCCACCGGTGAAA
GCCAGATGCTCACGCGCGGGCAACTGAAGGAATACATTGGCCAGCAGCGCGGCGAGGGCTATGTCTTCTACGAGAACCGT
GCATACGGCGTGGCGGGGAAAAGCCTGTTCGACGATGGGCTGGGAGCCGCGCCCGGCGTGCCGAGCGGACGTTCGAAGTT
CTCGCCGGATGTACTGGAAACGGTGCCGGCGTCACCCGGATTGCGGCGGCCGTCGCTGGGCGCAGTGGAACGCCACTGCA
GGTCGACTCTAGAGGATCCCCGGGTACCTATCCAGCGTATGAAACAGCTGGAAGACAAAGTTGAAGAGCTCCTGAGCAAA
AACTACCACCTGGAGAACGAAGTTGCGCGCCTGAAAAAACTGGTGGGTGAACGTGGGGTACCGAGCTCGAATTCATCGAT
ATAActaagtaatatggtgcactctcagtacaatctgctctgatgccgcatagttaagccagcceccgacacccgeccaaca
cccgctgacgcgccctgacgggcttgtectgectecccggecateccgettacagacaagcectgtgaccgtcteccgggagetgeat
gtgtcagaggttttcaccgtcatcaccgaaacgcgcgagacgaaagggcctcgtgatacgecctatttttataggttaatyg
tcatgataataatggtttcttagacgtcaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttattttte
taaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtat
gagtattcaacatttccgtgtcgcccttattceccttttttgecggcattttgecttectgtttttgectcacccagaaacgce
tggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatc
cttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgectatgtggecgecggtattatecceccg
tattgacgccgggcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacag
aaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaac
ttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttga
tcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgt
tgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagtt
gcaggaccacttctgcgctcggceccttececggectggectggtttattgectgataaatctggageccggtgagegtgggtcecteg
cggtatcattgcagcactggggccagatggtaagccctccecgtatcgtagttatctacacgacggggagtcaggcaacta
tggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactca
tatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgac
caaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatceccett
tttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgecggatcaagageta
ccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgteccttctagtgtagececgtagttagg
ccaccacttcaagaactctgtagcaccgcctacatacctcgctcectgctaatcctgttaccagtggectgcectgeccagtggeg
ataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcg
tgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagecgtgagectatgagaaagcgccacgcet
tcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagecttceccagggg
gaaacgcctggtatctttatagtcctgtcgggtttcgccacctcectgacttgagecgtcgatttttgtgatgectecgtcaggg
gggcggagcctatggaaaaacgccagcaacgcggcctttttacggttecctggecttttgectggecttttgectcacatgtt
ctttcctgcgttatccecctgattctgtggataaccgtattaccgectttgagtgagectgataccgctcgeccgcageccgaa
cgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcecctctecececcgegegttggecg
attcattaatg
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