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(57) Claim

1. A method for detection of tetracycline-like compounds 

in a test sample which comprises contacting, in the 

absence of tetracycline, a microorganism having the 

following traits:

(a; an indicator gene fused to a tetA promoter, 

as a single- or low-copy number gene;

(b) a tetR gene expressed at low levels; and

(c) is refractory to induction by DNA damaging 

agents;
with the sample to be tested and a reagent which pro­

duces a detectable signal when the indicator gene is 

expressed, and observing the presence or absence of a 
detectable signal, thereby indicating the presence or 
absence of tetracycline-like activity in the sample.

5. A microorganism having the following traits:

(a) an indicator gene fused to a tetA promoter, 

as a single- or low-copy number gene;
(b) a tetR gene expressed at low levels; and

(c) is refractory to induction by DNA damaging 
agents; and

(d) is capable of growth at 37°C.
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8. Ά microorganism having the following traits:
(a) an indicator gene fused to a tetA promoter, 

as a single- or low-copy number gene;
(b) a tetR gene expressed at low levels; and

(c) is refractory to induction by DNA damaging 

agents; and

(d) a gene encoding a tetracycline efflux pump.
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TETRACYCLINE SCREENING METHODS

FIELD OF THE INVENTION

5 The present invention relates to microorganisms
and assays useful in the detection of tetracyclines or 
tetracycline efflux pump inhibitors in a test sample.
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BACKGROUND OF THE INVENTION

The use of microorganisms, particularly E. coli, 
to express foreign genes for protein production has been 

commonplace for many years. Since, in most cases, the 

purpose for using the microorganisms is to permit the 

production of large quantities of the protein for commercial 
purposes, it is usually desired to express the protein at 

the highest possible level. For this reason, most expres­

sion systems and the DNA constructs used therein, are 

specifically adapted for high level expression. However, 
there are situations in which low to moderate level expres­

sion is actually more desirable, or even essential. For 

example, overexpression of some genes is lethal. Also, in 

cases in which microorganisms are used as the basis for a 

screen to detect action of a drug against a particular gene 
product, a low level of expression of the protein provides 

for enhanced sensitivity. However, fine-tuning the level of 

expression is not a routine task.
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As an example, it is desirable to achieve low to 

moderate levels of expression of the genes encoding 

tetracycline resistance in order to develop appropriate 

microorganisms for screening drugs that overcome tetra­
cycline resistance. This resistance in the majority of 
microorganisms is the result of an energy-dependent efflux 

system (1). These efflux pumps have been analyzed in a 

variety of both Gram-negative and Gram-positive bacteria, 
and all have shown a similar secondary structure with 
multiple membrane spanning domains. Nonetheless comparison 
of the amino acid sequence of the most common Gram-negative 

pump, as encoded by the tetA gene from transposon TnlO of E. 
coli, and the tetK gene from Gram-positive Staphylococcus 
aureus shows little identity (2). However, since these two 

pumps perform similar functions, it would be useful to 

perform studies on the tetK gene encoding the tetracycline 
efflux pump of S. aureus in an E. coli host, given the ease 

of performing genetic manipulations and biochemical studies 

in this system. In addition, the use of isogenic strains 
allows better comparison of the two efflux pumps.

A problem exists, however, if the tetA or tetK 

genes are cloned into a standard strong expression vector. 

Overexpression i the tetA gene from transposon TnlO is 

lethal ■ to E. coli, e.g., if this gene is induced in a 

multicopy plasmid (3, 4). In Gram-negative bacteria, 
regulation of the pump is mediated by the tetR gene product, 

a repressor, located adjacent to a common regulatory region 

for tetA and tetR (5, 6). Therefore, assuming expression of 

. ther genes encoding efflux pumps, such as tetK, could be 

achieved, it is also possible that full expression would 

also be lethal to E. coli.
Attempts to modify the TnlO system to permit 

controlled expression of the tetA gene have been made. 
Eckert and Beck (7) have recently cloned and expressed tetA 

from transposon TnlO on a multicopy plasmid in the absence 

of tetR, using a regulated inducible expression system. In

- 2
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this system when tetA is fully induced, the cells again die, 
^rhaps due to the dissipation of the proton motive force
(7);  active efflux of tetracycline out of bacteria is 

energized by the entry of a proton into the cell, but full 

induction apparently leads to the loss of the proton 

gradient essential to the bacteria's survival. In the 

Eckert and Beck system, the tetA gene is regulated at the 
level of transcription using a regulatory region containing 
the strong tac promoter and the lacl gene (encoding the 
lactose repressor) and the lac operator site on the multi­
copy plasmid pCB258. Expression of the tetA gene can be 

regulated using different concentrations of isopropyl-B-D- 
thiogalactopyranoside (IPTG).

Unfortunately, the Eckert and Beck system is un­
suitable for the purpose of building an optimal screening 
organism for detection of inhibitors of the tetracycline 

efflux pump. First, restriction analysis of the plasmid 

pCB258 indicates that one of the two tetR operator sites of 

the tet regulatory region remain in the plasmid adjacent to 

the tetA coding region. Thus, the tetA gene is regulated 

both by the lac repressor as well as the tetracycline 

repressor, if both repressors are present in the cell. The 

presence of both repressors causes deleterious consequences 

in an expression system designed for use as a screening 

organism. Thus, although pCB258 does permit relatively 

weakened expression of the tetA gene, the level of tetra­
cycline resistance is nonetheless too high for use in 

screening for pump inhibitors. Moreover, there is no 

convenient restriction site in the appropriate region to 

permit insertion of an alternate gene such as tetK.
In order to overcome these difficulties, the 

present invention provides DNA constructs, vectors and E^ 

coli host cells which result in low to moderate levels of 

the tetracycline resistance. such materials are particu­
larly useful in creation of screening assays for inhibitors 

of tetracycline resistance.
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Figure 1.

Panel A. A schematic representation of the 

parental plasmid (pCB258) and the four derivatives pCBSal, 
pGG57, pGG71 and pGG75. Plasmids pCBSal and pCB258 contain 

the tetA gene, encoding the tetracycline efflux pump from 
transposon TnlO of E. coli. Restriction sites found around 

the start of transcription for tetA present in either pCBSal 
or pCB258 are depicted. Plasmid pCBSal is deleted for part 

of the tetracycline repressor operator site located in 
pCB258, and contains two additional restriction sites (Sall 

and Xhol) . Plasmids pGG57 and pGG71 contain the tetK gene, 
encoding the tetracycline efflux pump derived from Staphylo­
coccus aureus, present in a 2.0 Kb Sall/Hindlll fragment 

isolated M13 bacteriophage designated GG1 and GG2 respec­
tively, GG1 and GG2 are both generated by oligonucleo- 

tide-mediated site-directed mutagenesis of M13 bacteriophage 
MC71. pGG75 contains a tetc gene, encoding the tetracycline 

efflux pump derived from pBR322, with a Sall restriction 

site introduced 5' to the ATG of tetc using Polymerase Chain 

Reaction. Regulated expression of tetc to high levels of 

tetracycline resistance involves an uncharacterized regu­

latory mutation shown by DNA sequence analysis to reside 

outside of the tetc coding region. The lacl gene encodes 

the lac repressor which regulates expression of genes under 

the control of the tac promoter using IPTG.

Panel B. The top DNA sequence is from transposon 

TnlO between tetR, encoding the tetracycline repressor, and 

tetA, encoding the tetracycline efflux pump. The two opera­
tor sites found in TnlO are underlined and the location of 

the BamHI restriction site is inferred to be present between 

the two operator sites, from restriction analysis. Although 
pCBSal contains two unique restriction sites, these changes 

do not result in alterations of the tetA encoded protein at

35
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the amino acid level. The only difference between the two 

tetK constructs is at the start of translation. The plasmid 

pGG57 contains an ATG start codon (underlined) while pGG71 

contains a TTG start codon (underlined). All start codons 
for each construct are depicted by an arrow.

Figure 2. site-directed mutagenesis near the 
start codon of tetK. The DNA region near the start codon of 

tetK in the bacteriophage MC71 which was altered using 

oligonuoleotide-mediated site-directed mutagenesis is shown. 
Oligonucleotide-mediated site-directed mutagenesis requires:
(1) a single stranded DNA template one wishes to mutagenize 
and (2) a short (20-40 bp) complementary oligonucleotide 

containing within it the desired changes one wishes to 

introduce into the DNA fragment. The oligonucleotide is 

allowed to anneal to the complementary single stranded 

template. Once annealed the 3' OH group of the oligonucle­
otide serves as a primer for DNA polymerase which is added 

and results in production of a double stranded product. One 

of the two strands now contains the alterations introduced 

by the oligonucleotide primer.
This technique was used with two different oligo­

nucleotide primers (PT1813 and PT1814). The changes in DNA 
sequence at or near the natural tetK start site are de­
picted. Both of these oligonucleotide-mediates site- 

directed mutagenesis reactions resulted in the production of 

a Sall site 5' to tetK allowing a convenient means to 

introduce these constructs into pCBSal. In addition to the 

Sall site, pGG57 contains tetK with an ATG start site and 

pGG71 contains tetK with a TTG start site. Other than these 

changes both of the tetK constructs are identical at the DNA 

level.
Figure 3Ά. The tetracycline resistance profile 

conferred by the plasmids pCBSal, pGG57, pGG75 and pGG71 in 
E. coli strain MC1061. Cells are grown in Luria Broth 

liquid media, serially diluted with 0.85% saline, and spread 

onto agar plates containing increasing concentrations of
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tetracycline in the presence of increasing concentrations of 
IPTG. Plates «ire incubated at 37°C for 16 hours. The 

concentration of tetracycline resulting in at least 90% loss 
of colony forming units (LDgQ) is indicated.

Figure 3B. The tetracycline resistance profiles 

of E. coli MC1061 containing pGG57 or pGG76, which both 
contain tetK and identical regulatory elements, but differ 

in their plasmid replication region. The procedure used to 

obtain these profiles is identical to the protocol described 

in figure legend 3Ά.
Figure 4. The plasmids listed are derivatives of 

pGG57. The plasmid pGG76 is a pACYC184 derivative of pGG57 

containing lacl and tetK. The plasmids pGG77 and pGG84 

are deleted for DNA sequence within the tetK coding region.
Figure 5 illustrates the results of a plate assay 

to detect tetracyclines. In this experiment 10 μΐ spots 

containing the amount of tetracycline indicated is applied 

to the lawn of cells grown as described in the text, and 

after three hours incubation the chromogenic substrate is 
applied. The amount of tetracycline in each spot is 
indicated. 300 pg of tetracycline can always be detected. 
When higher amounts of tetracycline are applied, a zone of 

growth inhibition can be observed, surrounded by a ring of 

induction.
Figure 6 illustrates a liquid assay to detect 

tetracyclines. Samples are added to aliquots of cells, as 

described in the text, and induction is numerically measured 

by performing ^-galactosidase assays. The specific activity 

of ^-galactosidase, in Miller units (10), is indicated when 
cells grow for 4 generations in the presence of tetracycline 

at the indicated concentration. The presence of 5-10 ng/ml 
of tetracycline is routinely sufficient for full induction.

Figure 7 shows the induction of tetracycline­
sensitive and resistant strains in liquid culture. cells 
are added to tetracycline to the final concentration indi­

cated as described in Figure 7. The sensitive strain is the

- 6
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tetracycline screening organism KB3ind, which induces fully 
when grown in the presence of 5-10 ng/ml of tetracycline. 
In contrast, the strain containing the TnlO element, 
conferring strong tetracycline resistance, induces fully 

when the concentration of tetracycline is above 1 pg/ml. 

Strain KB4, a modestly tetracycline-resistant organism due 

to the low constitutive expression of the tetracycline 

efflux pump, exhibits a low background of induction in the 

presence of 5 ng/ml of tetracycline, but full induction when 
30 ng/ml of tetracycline is present.

Figure 8 illustrates the results of the various 
assays when an active agent is present in culture. Extrac­
tions from a fermentation broth are prepared by solvent 

extraction and C18 reverse-phase column chromatography. A 

ten-fold concentrate of the fermentation broth is applied to 

the Tetracycline Assay plate, the Inhibition Assay plate, 
and the Synergy plate as described in the text. A compound 

antagonizing the tetracycline efflux pump is expected to 

cause growth inhibition of strain KB4 in the Synergy Assay 

(growth in the presence of 5 ^g/ml of tetracycline), 
induction of /^-galactosidase in strain KB4 in the Inhibition 

Assay (growth in the presence of 5 ng/ml of tetracycline) , 
but no induction in strain KB3ind in the Tetracycline Assay. 
Two independent samples are prepared, and 10 pl samples of 

the ten-fold concentrate, three-fold concentrate, and 

unconcentrated sample are applied to each plate as indicated 

and incubated for 3 hours. Induction or growth inhibition 

are observed following the chromogenic overlay. The active 

component in the preparation causes induction only in the 

Inhibition Assay, and differential growth inhibition in the 

Synergy Assay. The active component is isolated and deter­
mined to be nocardamine, a siderophore. Other distinct 

siderophores also exhibit this same activity.
Figure 9 illustrates the results of liquid assays 

for inhibitors of the tetracycline efflux pump. Inhibitory 

activity is assayed in liquid culture by growing strain KB4

7 -



in medium lacking tetracycline and then transferring to
medium containing 5 ng/ml of tetracycline, a sub-inducing
level of tetracycline due to the action of the efflux pump.
Nocardamine is also added as indicated. After 4 generations

5 of growth, the specific activity of ^-galactosidase is de­
termined in Miller Units (10). Induction of ^-galactosidase 

can be detected when nocardamine is present above 5 /xg/ml. 
Alternatively, aliquots of KB4 are transferred to a medium 

containing 5 /xg/ml of tetracycline and the nocardamine con-
10 centration indicated. A marked decrease in ^-galactosidase

is observed, in parallel with a decrease in growth rate (not 

shown). Both of these responses indicate that nocardamine 
interferes with the efflux of tetracycline by the efflux 

pump.
15 Figure 10 illustrates the effect of nocardamine on

the growth of tetracycline sensitive and resistant cells. 

Cells are grown in LB medium lacking tetracycline, as 

described in the text, and then aliquots are added to medium 
containing no tetracycline, or a sub-inhibitory concentra- 

20 tion for the particular strain. Nocardamine (jug/ml) is
present or absent as indicated. For strain KB3ind, the 

tetracycline-sensitive strain, the sub-inhibitory concentra­

tion of tetracycline is 0.5 ^g/ml. For the Tnio derivative 

of strain KB3ind, 20 pg/ml of tetracycline is the sub-

25 inhibitory level. For strain KB4, the modestly tetracy­
cline-resistant organism, 5 pg/ml of tetracycline is the 

sub-inhibitory concentration. Nocardamine has little effect 

when tetracycline is absent, whereas nocardamine causes 

severe growth inhibition in combination with tetracycline

30 for the tetracycline resistant strains. However, nocarda­
mine, with tetracycline, also affects the growth of the 
tetracycline-sensitive strain, leaving open the possibility 

that nocardamine could increase the uptake of tetracycline 

into cells.

• · · · 
• · · ·
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The present invention provides microorganisms 
susceptible to induction by tetracycline which are further 
specifically adapted for use in tetracycline related assays. 
The microorganisms are modified so as to permit growth at 
37°C, the preferred temperature for the assay, and to not be 

susceptible to induction by DNA damaging agents, which can 

cause false positives in assays for the presence of tetra­
cycline. in a preferred embodiment, the microorganisms are 
further modified so as to confer very low-level resistance 
to tetracycline; such microorganisms are particularly well 

adapted for use in assays for detection of inhibitors of 
tetracycline efflux pump inhibitors since they are extremely 

sensitive to even small quantities of a pump inhibitor. 
Preferably, the microorganism is E. coli.

The microorganisms provide the basis for novel 
assays, both for detection of compounds having tetracycline­
like activity (tetracycline assays) and for the detection of 

pump inhibitory compounds. The assay method for detection 

of tetracycline-like compounds utilizes a microorganism 

having the following characteristics: (a) an indicator gene 

fused to a tetA promoter, as a single- or low-copy number 

gene; (b) a tetR promoter expressed at low levels; (c) is 

refractory to induction by DNA damaging agents. In a 

preferred embodiment, the microorganism is also (d) capable 
of growth at 37°C. The microorganism is cultured in a 

medium which does not contain tetracycline and is contacted 

with a sample to be tested for the presence of tetracycline­
like compounds. The culture is also contacted with a re­
agent capable of producing a detectable signal when the 
microorganism's indicator gene is expressed. This reagent 

may be present in the culture medium, or may be added 
subsequently, depending on the particular system used. The 

culture is observed for the presence or absence of a 
detectable signal, thereby indicating the presence or

• · · · 
• · · ·

4 · · ·
• ·
• · · ·

9



S

10

15

20

• · ·
4 · *

• · · ·
• « « ·

• ® · t · »
• « ·

• · ·
• · ·
• · · ·

• · ·
• · ·
« · ·

• · ·
• · ·

25

• · « 
• « ·

• · ·
> · · ·

• · 9
30

35

• · ·
* · ·

* · ·

absence of tetracycline-like activity in the test sample.
Because the tetA gene of TN10 is expressed only 

when cells encounter tetracyclinef expression from the tetA 

promoter is a good indicator of tetracyclines. For ease of 

detection and sensitivity, in a preferred embodiment, a gene 

fusion is used that contains the transcriptional signals 

(the promoter and operator sites) from tetA adjacent to the 
lacZ structural gene, which codes for ^-galactosidase. in a 

particularly preferred embodiment, the following factors 
contribute to the sensitivity and specificity of the assay:

(1) the fusion of the tetA control region to the lacZ 

structural gene is in single copy within bacteriophage λ,
(2) the tetR gene is integrated in the opposite orientation 

relative to the bla gene on the plasmid, resulting in a low 
level of repressor, (3) the λ clind allele permits growth at 
37°C but prevents induction by DNA damaging agents, and

(4) the timing of the assay and the use of sensitive chromo­
genic reagent (6-bromo-2-naphthyl-/9-galactopyranoside and 

fast blue RR) indicated by the presence of the detectable 

signal.

Two methods for detection of tetracycline efflux 

pump inhibitors are also provided. A synergy Assay detects 
compounds capable of inhibiting the efflux pump in the 
presence of tetracycline. In this assay, the microorganism 

used has the following traits: (a) an indicator gene fused 

to a tetA promoter as a single or low copy number gene,
(b) a tetR gene expressed at low levels; (c) is refractory 

to induction by DMA damaging agents; and (d) a tetracycline 

efflux pump gene which confers a low level of resistance to 

tetracycline; preferably the microorganism is capable of 
growth at 37°C. The microorganism is grown in a medium 

containing sub-inhibitory but inducing levels of tetra­
cycline, and is contacted with a sample to be tested for the 
presence of an efflux pump inhibitor; the culture is also 
contacted with a reagent capable of producing a detectable 

signal when the indicator gene is expressed, either in the
• · « · 

* · · ·

• · · ·
• ·

• « · ·
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culture medium or by subsequent addition. The presence or 

absence of a detectable signal is observed, thereby indi­
cating the presence or absence of a pump inhibitor. The 

absence of the signal in this assay indicates growth inhibi­
tion, and therefore the presence of a useful inhibitory 
compound in the test sample.

In an alternate assay, the Inhibition Assay, the 
microorganism as described above for the synergy Assay is 

grown in a medium containing non-inhibitory and sub-inducing 
levels of tetracycline and a compound which produces a 
detectable signal when the indicator gene is expressed; the 

microorganism is contacted with the test sample, and the 
presence or absence of the detectable signal in the medium 

is observed. This assay identifies inhibitors of the 
tetracycline efflux pump by observing induction, i.e., the 
presence of the detectable signal in a medium which, prior 

to contact with the test sample, contained only sub-inducing 
levels of tetracycline.

The following terminology is used throughout the 

specification and claims: tetA is used to refer to the gene 

which confers tetracycline resistance in transposon TnlO; 
tetK refers to the gene encoding the tetracycline efflux 

pump in Staphylococcus aureus;, and tetc refers to the gene 
encoding the tetracycline efflux pump from plasmid pB322.

DNA constructs and expression vectors useful in 

developing the present screening assays and microorganisms 

are disclosed in copending and cofiled Serial [Atty Docket 

No, 31727-001, the contents of which are incorporated herein 

by reference.

DETAILED DESCRIPTION OF THE INVENTION

• ·♦ The claimed DNA sequences are originally obtained
by modification of the BamHI-NcoI fragment found within the 

35 plasmid pCB258 gene that encodes the tetracycline pump from
··"*' transposon TnlO responsible for tetracycline resistance (the
• ·

99 99
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tetA gene). An inducible expression system for tetA regula­
tion has been disclosed by Eckert and Beck (7), as described 
above. This system, however, may be unacceptable for ex­
pression of tetracycline pump genes because it potentially 

expresses the pump too strongly. Additionally, it lacks a 

convenient restriction site for cloning of genes other than 

tetA, and contains a repressor binding site that is incom­
patible with its use in microorganisms to be used to detect
tetracycline pump inhibitors. Therefore, the plasmid, in 
particular the BamHI-NcoI fragment containing 

region and a portion of the regulatory region of 
gene is investigated in an attempt to provide a 
which would 
as well 
cloned.

as
permit cloning of other genes into the 

permitting low level expression of the

the coding 

the tetA 
sequence 
plasmid, 
genes so

schematic diagram of the 

the regulatory region,
Figure 1. Tetracycline 

mediated

A
of
in
generally is

tetA gene, including a 

of transposon TnlO is 

resistance in enteric 

the

portion 
provided 

bacteria,
through the action of two genes, 
pump gene tetA is regulated by

by 

Briefly, 

the tetR

transposon TnlO, 

the expression of 
gene product, a

repressor; two tetR repressor binding sites are located 
slightly upstream of the tetA coding region. The plasmid 

pCB258· of Eckert and Beck was engineered to achieve con­

trolled expression of the tetA gene by cloning the TnlO tetA 

gene behind a tac promoter; expression in this system is 

under control of the lac repressor encoded on the same 

plasmid. There was no indication by Eckert and Beck to what 

extent, if any, either of the tetR repressor binding sites 

are present on the recombinant plasmid, although restriction 
analysis indicates that one binding site nearest the tetA 

coding region remains.
In an attempt to achieve expression of S. aureus 

tetK, the pCB258 plasmid provides a convenient starting 

point; in particular, attention is focused on the region 
between the BamHI and Ncol sites of the vector. The details
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of the sequence of this region are found in Figure IB. 

Inspection shows that there is not a convenient restriction 
site into which the tetK gene can be cloned. To overcome 

this problem, a pair of oligomers are synthesized that can 
hybridize to form a DNA fragment with the desired modifica­
tions, and containing a BamHI and Ncol sticky end for 

cloning into the BamHI and Ncol sites of the vector. One 
strand is illustrated in Figure IB (labelled "pCBSal"). The 
substitution of this fragment in the vector results in the 
introduction of two unique restriction sites, a Sall site 

upstream and adjacent to the initiation codon, and an Xhol 
site within the coding region, which does not alter the 
amino acid sequence of the tetA protein. The changes 

including the Sall site have an unexpected effect. When 

this vector is used to express tetA in E. co?.i, a higher 

concentration of IPTG is required to induce the expression 

of the tetA gene than is required by the parental vector. 
This suggests that the change alters the strength of the 

tetA ribosome binding site ["ribosome binding site" being 

interpreted in the broad sense as defined by Gold and Stormo 

(22)], rendering it less efficient.
This construct is then used to attempt expression 

of the S. aureus tetK gene in E. coli. Since the unmodified 

tetK gene, when present in E. coli, does not confer re­
sistance, soae alteration is required. To achieve E. coli 

expression, the tetK gene, in bacteriophage M13, is modified 
to contain a Sall site immediately 5' to the start site for 

cloning purposes. Additionally, to facilitate expression in 

E. coli, the normal tetK TTG start site is mutagenized to 

ATG. The tetK gene thus modified is then ligated into the 

pCBSal vector.
The plasmid construct is used to transform E. coli 

for tetK expression. The effect of the apparently weakened 
ribosome binding site in the expression system, balanced by 

the presence of an E. coli ATG start site, results in a35
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strain that confers resistance to just 25 Mg/ml of tetra­
cycline in the absence of inducer, and therefore produces a 
low level of the S. aureus tetK gene product.

Although strains with plasmids containing the 

pCBSal type construct express low levels of the gene, it is 
possible to decrease the level of expression even further by 

removing the strong tac promoter preceding the tet gene. In 

both the parental pCB258 and Plasmid pCBSal, expression is 
regulated by this promoter. However, substantial expression 
occurs from pCB258, and to a lesser extent from pCBSal, even 

in the absence of inducer. Expression can be reduced 
further by cloning the gene of interest and its ribosome 

binding site (i.e., the SD and ATG) , but not its transcrip­
tional start signals, into another plasmid. The position in 

the new plasmid is preferably not within a gene that is 

actively transcribed. The insert containing the gene and 

its ribosome binding site can be cloned in either orienta­
tion at a particular location in a plasmid by known methods, 
e.g., if the vector and insert are cut by the same enzyme.

In the context of developing a screening microor­
ganism to detect tetracycline pump inhibitors, this type of 

strain is ideal. Other organisms, containing a tetracycline 

efflux pump, for example, a strain carrying transposon TnlO, 
have a number of disadvantages as a screening organism. 
TnlO confers a high level of resistance to tetracycline, and 

thus, there are relatively many pumps to inhibit before a 

signal might be detected in a fully tetracycline resistant 

strain. Also, the tetA gene of TnlO is regulated; inhibi­

tion of efflux pumps will result in an increased synthesis 

of new efflux pumps, as a response to the increased intra­
cellular level of tetracycline, so that the effect of an 
inhibitor will be minimized by a fully tetracycline resis­
tant strain. Transposon TnlO also contributes the repressor 
gene tetR, as well as the tetA gene; increased expression of 
the repressor may cause diminished sensitivity (9) . Even 

PCB258, the Eckert and Beck plasmid, which has been modified
35
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in such a way that expression can be controlled to some 
extent, still has its disadvantages. A low, constitutive 
level of teta expression is optimal for a screening organism 

to detect inhibitors of the tetracycline efflux pump, a task 

to which the Eckert and Beck system is not ideally suited, 
for several reasons. First, the level of teta expression in 

strains containing pCB258 is still too high (confers 

resistance to 40 μσ/ml; MIC = 50 /xg/ml, in the absence of 

IPTG) for optimal use in screening for pump inhibitors. 
Second,lactose, which would induce expression of teta on 

plasmid pCB258, might be present within fermentation broths 
to be screened, interfering with the screen. Further, 
restriction analysis of plasmid pCB258 indicates that one of 

the two operator binding sites of the tet regulatory region 

is present in plasmid pCB258. In a screening organism 

utilizing the tet regulatory elements and therefore 

containing the tetR gene, a low, constitutive level of teta 

expression could not be achieved. Finally, there is no 
convenient restriction site in the appropriate region to 

permit insertion of an alternate gene, such as tetK.
It will be apparent that certain modifications 

within the specific pCBSal sequence can be made without 

altering the overall effect on the useful characteristics of 

the sequence. For example, it is contemplated that the Sall 

site may be replaced with other useful restriction sites. 

It will also be understood that, depending on the gene to be 

expressed, and the desired level of expression, alternate 

promoters can be used as well, e.g. E. coli trp, A PL, ara. 
Also, as will be shown in the following examples, the 

invention is not limited to use of a particular plasmid, as 
expression can be readily achieved on unrelated plasmids, 
and the modifications which may be required to insert the 
desired sequence into other plasmids, i.e., modification of 

restriction sites, are wit'ain the skill of the art given the 

disclosure of the present specification.

• · · ·

35
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The foregoing vectors provide a basis for devel­
opment of assays to detect pump inhibitors. However, 
additional manipulations are required to create a micro­
organism optimally adapted for use in an assay system. 
Certain traits are desirable for purposes of developing an 

assay microorganism useful in either a Tetracycline Assay or 

in a Pump Inhibitor Assay, and no previously available 

microorganism contains all the required traits. Thus, an 
ideal base microorganism is needed before the assay system 
can be implemented.

For purposes of developing the present assays, the 

previously described strain containing ARSTET 158-43 pro­
vides a convenient base from which to develop an ideal assay 

organism (9). ARSTET 158-43 has certain basic traits which 

are useful in designing any assay organism. For example, 
ARSTET 158-43 has a convenient indicator system which allows 
visual detection of the presence or absence of the 

occurrence of the anticipated biological event, in this 
case, the lacZ gene, which encodes the enzyme ^-galactosi­
dase, is fused to the tetA promoter, from transposon Tnio, 
in the absence of the tetA gene. As was described above, 
transcription from the tetA promoter is regulated by the 
tetR gene product, the tetracycline repressor. When cells 

are grown in the absence of tetracycline, then transcription 

is not initiated from the tetA promoter. When cells 
encounter tetracycline, the tetracycline enters the cell, 

binds and inactivates the repressor, and mRNA is made; in 

other words, in the presence of tetracycline, the tetA 

promoter is induced and expression of the tetA gene occurs. 
Similarly, in the case of a tetA-lacZ fusion, induction and 

expression of /3-galactosidase is measured. This type of 
detection system is particularly useful, because of the ease 
of recognition of the color-change indication on the assay 

plate when the ^-galactosidase substrate is included in the 
medium. However, it will be recognized that the assay 
system is not limited to the use of a lacZ fusion; any other

35
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kind of strain has the advantage that assays can be con­
ducted with cells that grow more rapidly at 37°C, assuring, 

for example, that the assay can be conducted in its entirety 

in a single day. It also has the advantage that inadvertent 

temperature variations will not affect the assay results. 
However, this strain, with the wild-type CI allele, has the 

disadvantage that it is susceptible to DNA damaging agents, 
such as mitomycin C in addition to tetracyclines. This 

class of compounds (which are very likely to be present in 

materials to be tested, such as fermentation broths) will 
also induce ^-galactosidase production in this organism 
modified to permit growth at 37°C. This potentially creates 

a lack of specificity in the assay which is unacceptable. 
This problem is overcome by substitution of a mutated allele 

of the CI gene that causes the Ind-phenotype (13), resulting 
in a failure of λ to be induced by the SOS system. After 

the introduction of the ind mutation, the microorganism is 

suitably specific for tetracyclines.
The organism described above is useful in a 

variety of assays for detection of tetracyclines. For 
example, in a plate assay, the cells so constructed are 

mixed with soft agar nnd poured into a plate. sample 
compounds to be tested are applied directly to the agar or 

in an impregnated disc, and incubated. After incubation, 
the plates are overlaid with the appropriate substrate to 

detect the expression of the indicator gene. For example, 

when using the lacZ gene, the plates are overlaid with 

6-bromo-2-naphthyl-^-D-galactopyranoside and an appropriate 

dye; the presence of ^-galactosidase is indicated by a 

purple spot as described (11). A liquid assay in which 
/5-galactosidase activity is measured can also be employed 

(10, 12),
For use in a tetracycline efflux pump inhibitor 

assay, further modifications of such organisms are per­
formed. The basic microorganism as described above is 

employed, with the addition of plasmids carrying efflux pump

1 o



‘ genes. To produce the most sensitive assay system, the
plasmid utilized is ona such as is disclosed above, which
has been designed to confer a very low level of resistance
to tetracycline. In a preferred embodiment, this low level

5 of resistance is achieved by cloning the efflux pump gene

and its ribosome binding site signals, but not its 

transcriptional start signals (promoter) into a ”nonactive” 
region of a plasmid. As shown above, specific novel DNA 
constructs provide reduced expression of the genes under 

10 their control; this additional step takes an already low

level of expression one step further, by removing the 
influence of the native promoter. Although these constructs 
can be employed with any tetracycline efflux pump gene, for 

the present assay, tetA and tetK are the preferred pumps to 
15 be tested.

25
• · · 
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In a preferred embodiment, the level of resistance 
conferred by the engineered plasmids is no more than 

25 Mg/ml of tetracycline, preferably no more than 10 μg/ml. 
Screens can then be conducted. In the following examples, 
two specific types of screening organisms are described 

which meet these requirements. One strain, KB4, contains 

the tetA gene inserted into plasmid pBT401, which confers 

resistance to less than 10 Mg/ml, as opposed to a TN10 
derivative of KB3ind, which is resistant to more than 

100 ^g/ml of tetracycline. The effect of the insertion of 

the efflux pump genes is shown in Figure 7. Strain KB3ind 

is tetracycline-sensitive, and induces maximally when 

exposed to just 5-10 ng/ml of tetracycline. In contrast, 
the presence of transposon TnlO prevents full induction 

until the tetracycline concentration approaches 1 Mg/ml of 
tetracycline. The efflux pump constitutively produced in 

strain KB4, which results in modest resistance to tetra­
cycline, prevents induction of β-galactosidase in the 
presence of 5 ng/ml more effectively than the TnlO strain. 
Thus mere pumps may be synthesized when strain KB4 is35
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exposed to very low concentrations of tetracycline, re­
sulting in a reduction in the internal tetracycline 
concentration of tetracycline even when compared to the TnlO 

strain. However, when concentration is increased only 

slightly, KB4 cannot respond by making more efflux pumps, 
and full induction occurs when concentration of tetracycline

10

is increased ·to 30 ng/ml. Thus, strain , KB4 may be optimum
in terms of tetracycline resistance. The strain KB5 is
isogenic to KB4, except that the tetK gene is present in
place of the tetA gene. The MIC of KB 5 is alsci about
10 Mg/ml of tetracycline. The tetK gene results in a
similar shift in the induction curve compared with strain

15

25

30

KB4.

Two types of assays for pump inhibitors are 
designed using this type of screening organism. The first 
is a vynergy Assay, which determines th·,4 ability of a 

compound or composition to kill the organism in combination 

with tetracycline. Preferably, the screen identifies 

compounds that cause growth inhibition in the presence of 

5 Mg/ml of tetracycline, but not in its absence. In brief, 

in a Synergy Assay, the screening cells are treated as de­
scribed .bove for the tetracycline assay, except that the 

agar medium contains 5 /xg/ml of tetracycline which is near 

the MIC for the strains to be used in the screen. Growth 

inhibition is detected by the lack of purple color. Alter­
natively, cells are treated as described above for the 

tetracycline liquid assay, except that cells are shifted to 

a medium containing 5 gg/ml of tetracycline.
The second type of assay is an Inhibition Assay. 

This assay relies on the fact that full induction of β- 

galactosidase occurs in the presence of 5-10 ng/ml of 
tetracycline in strain KB3ind (Figure 7), the sensitive 

strain. However, che intracellular concentration of 
tetracycline tends to be reduced in resistant strains due to 

the action of the efflux pump. It therefore may be that 
more tetracycline in the medium would be required to

35

- 20



10

15

20

25

accumulate sufficient tetracycline inside the cell to 

induce. This assay is designed to detect compounds that 
cause 0-galactosidase (or other indicator gene) induction in 

the presence of sub-inducing levels of tetracycline for a 

resistant strain. A particularly promising compound would 
be one which causes growth inhibition in the synergy assay, 
and induction in the inhibition assay.

The following non-limiting examples further 
illustrate the practice of the present invention.

EXAMPLES

Construction of Plasmid pCBSal

A pair of synthesised complementary oligomers 

shown below, containing BamHI and Ncol ends, is ligated into 
the large BamHl/NcoI fragment of pCB258 (7), using the 

standard ligation conditions (8).

GATCGATAGAGAAAGTCGACATGAACTCGAGTACAAAGATCGCATTGGTAATTACGTTACTCGATGC 

GTATCTCTTTCAGCTGTACTTGAGCTCATGTTTCTAGCGTAACCATTAATGCAATGAGCTACGGTAC

Plasmid pCBSal is partially deleted for a tetra­
cycline operator binding site found in pCB258, and contains 

two unique restriction sites: a Sall site immediately 5' to 

the start codon tetA and an Xhol restriction site in the 

coding region of tetA which does not alter the amino acid 

sequence encoded by the gene. The BamHI site is also unique 

in pCBSal.

Construction of Expression Vectors Containing tetK
A pCBSal derivative that expresses the tetK gene 

in E. coli is constructed in two steps. First, the tetK 
gene in the M13 bacteriophage, MC71 (3), is mutagenized 
using oligonucleotide-mediated site-directed mutagenesis 

according to Kunkel, et al. (15). The oligomer 5'- 
CCTCAAGTAAAGAGGTCGACATGTTAGTTTAG-3' is used to alter the 
naturally occurring tetK start codon to ATG, and to intro­
duce a Sall restriction site just upstream of the new start
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codon. Then the RFI phage DNA containing the modified tetK 
gene is digested with Sall/Hindlll and ligated into the 
large fragment generated when pCBSal is digested with 

Sall/Hindlll, resulting in plasmid pGG57. An isogenic 

plasmid containing the original TTG start codon, called 

pGG71, is also constructed in two steps. The oligomer 5' 
AAGAGGTCGACTTGTTTAGTTAAG 3' is used to introduce a Sall 
restriction site adjacent to the natural (TTG) translational 

start site for tetK. Plasmid pGG71 is constructed in the 
manner outlined above. The sequences of all phage con­
structs are verified using DNA sequence analysis according 
to standard procedures (8).

The tetK gene is cloned onto an alternative 

expression vector by digesting plasmid pGG57 with Seal and 
Hindlll enzymes, and ligating the 2.7 Kb fragment to the 

large fragment generated by digesting plasmid pACYCi84 with 
Hindi and Hindlll enzymes using standard techniques (8) . 
The resulting recombinant, designated pGG76, contains the 

lacl gene, the tac promoter, followed by the tetK gene 
containing the ATG initiation codon.

The tetc gene encoding the tetracycline efflux 
pump from plasmid pBR322 is transferred into this expression 
system by using polymerase chain reaction to engineer a Sall 
site j.ust prior to the ATG start codon, using standard 

techniques (8). The resulting plasmid is digested with Sall 

and Nhel enzymes, and the small fragment containing the 5' 

end of the tetc coding region is isolated. The 3' end of 

the tetC is isolated by digesting with Aval enzyme, filling 

in with Klenow enzyme, and digesting with Nhel enzyme. The 

entire tetc coding region is ligated into the expression 

system by means of a three-way ligation, in which the 
expression vector is prepared by digesting with Hindlll, 
filing in, and digesting with Sall enzyme. (A two-way 
ligation is not straightforward due to the presence of a 
Sall site within the tetc gene.) The plasmid containing the 

entire tetc gene is isolated following transformation of
35
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strain MC1061, selecting for ampicillin resistance. 
Standard techniques are used (9).

Tetracycline resistance of plasmid pGG58 within 

strain MC1061 is 15 /ig/ml, even when high levels of IPTG are 

added to the medium. The level of tetracycline resistance 
is at least five times lower than tetracycline resistance 

conferred by plasmid pBR322, indicating that the optimal 
level of expression is not attained. Therefore mutants are 
selected that can survive the presence of 100 ^g/ml of 
tetracycline in LB agar that also contained 0.1 mM IPTG, to 

permit some induction. One mutant derivative, containing 

plasmid pGG75, is isolated that is used in subsequent 
studies. The mutation is determined to be located on the 

plasmid, since transformants breed true for high 
tetracycline resistance. The possibility of a mutation 

within the tetc coding region is eliminated by sequencing 

the entire tetc coding region, and finding only wild type 

sequence, using standard techniques (8).

Determination of tetracycline resistance
E. coli strain MC1061 containing plasmid pCBSal, 

pGG57, pGG71, pGG75 or pGG76, is tested for tetracycline 

resistance by growing overnight cultures in Luria Broth (2) 

containing 50 ^g/ml of ampicillin. A 1:50 dilution of each 

overnight culture is inoculated into fresh L-A broth. 
Exponentially growing cells are serially diluted in 0.85% 

saline such that each plate is inoculated with 200-500 

cells. The cells are spread on L-agar (pH 6.8-7.0) con­
taining ampicillin (50 (ig/ml) , containing a range of IPTG 

and tetracycline concentrations (.001 mM-1.0 mM IPTG and 

0-200 Mg/ml of tetracycline). The plates are incubated at 
37°C for 18-20 hours and the minimum inhibitory concentra­

tion (MIC) is determined as the concentration of tetra­
cycline preventing at least 90% of the cells from forming 

colonies (LD 90). A comparison of pCBSal, pGG57, pGG75 and 

pGG71 is shown in Figure 3Ά. Plasmid pCBSal confers the
35
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same level of tetracycline resistance when compared with 
pCB258; however, pCB258 confers higher resistance in the 

absence of IPTG (MIC = 50). Furthermore, just 0.1 mM IPTG 

is sufficient to kill cells containing pCB258, whereas 1 mM 

of IPTG is necessary to kill cells containing pCBSal. Thus, 

an alteration to the ribosome binding site of pCBSal is 

indicated. Plasmid pGG57, containing the tetK gene with an 

ATG start codon, also confers resistance when grown at low 

levels of IPTG, and like expression of tetA, further 

induction causes cell death. Plasmid pGG71 containing & TTG 
start codon, confers extremely low levels of resistance, 
which occurs only at high IPTG levels. This result indi­
cates the importance of the ATG start site in expression of 
the tetK geni; in E. coli.

The results of pGG7 6 tetK expression are shown in 

Figure 3B. Plasmid pGG76 contains the origin of replication 

of pACYC184, whereas plasmid pGG57 relies on pBR322 origin. 
As the figure shows, upon induction with IPTG, E. coli 

MC1061 carrying pGG76 shows a similar tetracycline resis­
tance profile to MC1061 carrying pGG57, except that more 
IPTG is required to achieve maximum tetracycline resistance. 
This is consistent with the fact that pACYC184 derivatives 

are present in lower copy number than pGG57, and therefore 

might be expected to require more IPTG to confer full re­
sistance. Overall, these results show that the regulatable 

expression of tetK can be used in unrelated plasmid types.

30

• · · · • · · <
• · · ·

• · · ·

Construction of an Unregulated tetK Expression Plasmid

The plasmids pGG56, pGG71, pGG76, and pCBSal all 

are useful in lower level expression of the tet genes in 

that the feature of regulation by the tetR gene product is 
removed, and the ribosome binding site is altered so as to 

weaken translation. However, the plasmids all contain a 

regulatory element, the lacl gene, which regulates the 

inducible tac promoter. For purposes of the screening 

microorganism, it may be desirable to eliminate this final
35
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level of regulation, so that the tetK gene is expressed at a 
low constitutive level. To this end, a derivative of 

plasmid pBT401 (9) containing the tetA gene of transposon 

TnlO is constructed by digesting plasmid pCBSal with Smal 

restriction enzyme and ligating the small fragment into 
plasmid pBT401 that is digested with BamHI enzyme and filled 

in with Klenow enzyme as described. In the construct that 
confers tetracycline resistance, the gene is in the same 

orientation as the aph gene (kanamycin resistance), deter­
mined by restriction analysis. When the gene is in the 

opposite orientation, no tetracycline resistance is 
detected. An isogenic plasmid containing the tetK gene of
S. aureus is similarly constructed using plasmid pGG57 as 
the source of tetK.

These plasmids are used to transform an appropri­
ate E. coli strain for use in screening assays for tetra­
cycline efflux pump inhibitors.

Substrate Specificity of Tetracycline Efflux Pumps
Previous studies suggest that tetracycline efflux 

pumps vary in their ability to recognize and pump out 

different tetracyclines (11). This interpretation is 
limited by alternative explanation. It is possible, for 

instance, that differences can be attributed to suscepti­
bility of the host strain. Furthermore, if one efflux pump 

confers stronger resistance to tetracycline, it is difficult 

to distinguish whether low-level resistance to a derivative, 
such as minocycline, is attributable to the ability of the 

pump to recognize minocycline, as opposed to its enhanced 

ability to pump all tetracycline substrates. It is even 

possible that the ’’better" pump is simply less lethal, and 
tolerated in greater numbers, rather than a more efficient 

pump. In order to rule out other possibilities and to look 
at different substrates as the only variable, the abilities 

of tetA-. tetc- and tetK-encoded pumps to confer resistance 
to a single host strain MC1061 to a variety of tetracyclines

35
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are studied using the present low-level regulated system 

(Table 1). Using this expression system, it is shown that 
the closely related efflux systems, tetA and tetc, do not 
show marked differences in substrate specificities to 

different tetracycline analogs. Furthermore, when the IPTG 
concentration is reduced for MC1061 carrying tetB, so that 
the tetracycline resistance is the same as the tetc strain, 
then the minor differences in resistance to other tetra­
cyclines disappeared. In contrast the tetK efflux system 

does show differences in its ability to pump out the tetra­
cycline derivatives minocycline, doxytetracycline, and 
6-demethyl-6-deoxytetracycline (Table 1). Thus the low- 
level, regulated expression system allows the ruling out of 

alternative explanations, and to determine true differences 
in substrate specificity among tetracycline efflux pumps.

TABLE 1
MIC (LD 90) of Maximally Induced tetA, tetK and tetc

« · ·
• · ·

♦ · · ·
• · · 
«· ·

• · ·

20 pCBSal PGG57 PGG7 5
• · ·• · ·

a · · β Tetracycline 150 125 100
• · *• · ·

• · · Minocycline 14 4 8
• · · • · · AnhydroTc 3 2 2

25
OxyTc >300 250 300

• · · DoxyTc 40 7 20
• · · • · ·
• · « · ChlorTc 50 40 40

β · ·• · · 6-demethyl 20 7 20

•» ·• · ·• · ·
6~deoxyTc

•
• · 30 E. coli MC1061 

pGG75 were used to
containing 
determine

either pGG57, 
the MIC (LD

pCBSal or
90) for

tetracycline as well as six tetracycline analogs. Each 
plasmid required a different level of IPTG for maximum 
induction. MIC studies were performrid in the presence of 
0,01 mM IPTG for E. coli MC1061 containing pGG57. An IPTG 
level of 0.5 mM was required for optimum induction of E.

35 coli MC1061 containing pGG75. E. coli MC1061 containing
pCBSal required an IPTG level of 0.1 mM IPTG for maximum
induction. All of these MIC studies were done in duplicate.
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TETRACYCLINE ASSAY
Construction of a tet-Sensitive Screening Organism 

λ Stetl58-43 (9) contains (a) a transcriptional 
fusion of lacZ to the tetA promoter from TnlO; (b) a

5 deletion from the bet gene to the CIII gene, the loss of the
gam gene, resulting in a loss of plaque-forming ability in a 
RecA (recombination deficient) E, coli host strain; and
(c) the cI857 allele, which causes induction and cell lysis 
when a lysogen is grown at 37qC. The latter trait is con- 

70 sidered undesirable for use in the screening microorganisms.
Therefore, A crosses are conducted so as to obtain a hybrid 
phcge retaining the desirable fusion gene, but capable of 
growth at 37°C and replication in a RecA host, as well as 

carrying the Clind mutation which prevents induction due to 
75 DNA damaging agents. To achieve the appropriate hybrid, A

stet 158-43 is crossed with AW3 (16), which contains no
. . +fusion, but does have the Clmd allele and the gam gene, 

allowing replication in a RecA host strain. An equal 
multiplicity of the two phages is used to coinfect the 

: 20 neutral (Rec* ) host strain NK5031, using standard phage

·.*..·  genetic techniques (17). The resulting phage preparation is
···· « . o: used to infect the RecA56 derivative of MC4100 at 37 C,
·· n A

'4 which allows plaque formation only to gam phage. The
presence of the Clind allele is assessed by screening for 

25 turbid plaques at 37°C, because the CI857 allele encodes a

’· ‘·ί temperature sensitive repressor, resulting in clear plaques
t · · ·

*··’ i at 37 C because lysogens cannot form . The presence of the
lacZ fusion is indicated by screening for blue plaques when• · ·

*· *··  X-gal, the indicator of /3-galactosidase, is included in the

30 medium.
After plaque purification, a phage preparation is 

····’* made. A lysogen containing the blue gam* phage is obtained

’···· by spotting phage onto a lawn of NK5031 cells, and streaking
several times for blue colonies that can grow at 37°C.

35 The plasmid pBT401, containing the tetR gene, is
transformed into the strain containing the hybrid A phage by 
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selecting for kanamycin resistance using standard procedures
(8) . The transformant, strain KB3ind, responds to tetra­
cycline by induction of ^-galactosidase.

5 Use of KB3ind in Testing for Tetracycline

To detect tetracyclines, a plate assay is devel­
oped that is similar to one described previously (11) . 
Cells are grown in Luria Broth (adjusted with NaOH to pH 
7.5) with 25 /xg/ml of kanamycin to a cell density of 0.5

10 absorbance units (600 nm). A 25 ml sample of the culture is
harvested by centrifugation and resuspended in 1 ml of 
broth. The cells are mixed with 25 ml of soft agar (1%, 
wt/vol) and poured onto 100 ml of LB (pH 7.5) + kanamycin,

. . 2 . . within a 22 cm NUNC plate (corning). Samples are applied
IS by spotting from 2 to 15 μΐ, or by applying a disc impreg­

nated with a compound, and the plate is incubated for 3-4
O « · thours at 37 C. The plates are overlaid with a solution 

containing 13.5 mg of 6-bromo-2-naphthyl- /9-D-galactopyranc-
• · ·

side and 86.5 mg of fast blue RR (Sigma) dissolved in 2 ml
«•44

: 20 of dimethylsulfoxide, to which 25 ml of soft agar is added.
• · ·

μ-Galactosidase is detected by the presence of a purple
• · · ·

*..*;  spot.
• · ·

*.! To be sure that the clind allele is functioning
as expected, strain KB3ind is tested using the plate assay

25 described above. Three μΐ samples containing up to 22.5 ng• · ·
*· *··  of bleomycin, 150 ng of mitomycin C, or 150 ng of the gyrase·» · · «
*··*  · inhibitor cinodine (18) are spotted onto the plate, as

described above. No .■’-galactosidase is detected, but only a• · ·
’· ’·· zone of growth inhibitor, for the strain believed to contain
’·* ”· 30 the A lysogen with the Clind allele. A control strain,

NK5031 (AStetl58-50) (19), which contains the cl wild type
····**  allele, responds to the three reagents by inducing β-

···· galactosidase.
The sensitivity of the assay using the KB3ind is 

35 then determined. Using the plate assay, 10 μΐ of samples,
containing tetracycline concentrations ranging from 30 /ig/ml
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5

down to 30 ng/ml are routinely detected (Figure 5). Thus as 

little as 300 pg of tetracycline is routinely detected, and 
sometimes as little as 100 pg of tetracycline is detected.

Alternatively, a liquid assay is also used. Cells
are grown in LB 
samples are added 
culture is 0.1 OD

(pH 7.5), and tetracycline-containing 
to aliquots when the density of the 

units. After 3-4 generations of the
cells, each aliquot is measured for ^-galactosidase activity
as described (10, 12) and Miller Units (12) are determined.

10

15

25

30

In liquid assays, as little as 0.1 ng/ml of tetracycline

could be detected, and 5-10 ng/ml resulted in full induction

(Figure 6), in keeping with previous results reported by
Bertrand, et al. (9). For both the plate and liquid assays, 
this strain is more sensitive than a previously reported 

screening organism (11).
Either the plate assay or the liquid assay is 

capable of detecting all tetracyclines previously known to 

have antibacterial activity. These compounds include tetra­
cycline, chlortetracycline, minocycline, doxycycline, 

6-dimethyl chlortetracycline, and 6-deoxy-6-dimethvl tetra­
cycline. Anhydro derivatives of tetracycline can also be 

detected, consistent with previous results (11).
A variety of other antibiotics are tested for 

activity with the plate assay to test whether other antibi­
otics result in a positive signal. Table 2 shows that 

several compounds, when in discs that were placed on an 

assay plate, result in the production of purple color to a 

limited extent. The amount of nonspecific drug resulting in 

a positive signal, however, is 3 orders of magnitude higher 

than the amount of tetracycline needed for induction. A 
purple ring is detectable only when high concentrations of 
the nonspecific drugs are applied, surrounding a prominent 

zone of growth inhibition. It is possible that the thin 
purple ring surrounding a large growth inhibitory zone might 

be an artifact, for example, of permeabilizing the cells to 
colorimetric reagent; it is interesting that members of the

35
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10

/9-lactam class of antibiotics sometimes cause this response. 
In any case, it is clear that the assay organism discrimi­
nates very well for tetracyclines, yet is sensitive to a 
wide variety of tetracycline structures. To reenforce this

5 result, a second set of experiments is conducted by applying 
multiple 2-3 μΐ samples containing approximately 250 ng of a 

given drug onto an assay plate (Table 3). None of a variety 
of drugs tested results in a positive response.

15

20

25

• ·

• · · · 
• · ·
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• ·
• · ·

• ·

• · · · • · · ·
• e · ·

• ·• · · ·
35
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TABLE 2
Response of the Tetracycline and Inhibition Assays

Induction Inhibition
5 Compound Assay Assay

Amikacin 30 Mg - -

Ampicillin .10 m9 + +
Azlocillin 30 pg nt -

Aztreonam 30 pg - -

10 Bacitracin 10U - -

Carbenicillin 100 pg + +

Cefamandole 30 pg + +

Cefsulodin 30 pg nt i
Cefoxitin 30 pg nt +

15 Cefotaxime 30 pg + nt

Ceftazidine 30 pg ++ ++

Cephaleridine 30 pg nt +

Cephalethin 30 pg + +
Chloramphenicol 30 pg - -

20 Cinoxacin 100 pg + -

• · · Clindamycin 2 pg - -
• · ·• · · *
• · · · Cloxacillin 5 pg nt -

• · · • · ·
• · · Colistin 10 pg - -
• · ·
• · · · Erythromycin 15 pg - -
• · ♦
• · · 25 Ethidium bromide 10 pg nt -
• · · Gentamicin 10 pg - -

Imipenem 10 pg ++ ++

• · · • · · Kanamycin 30 pg - -
• · ·
• · · ·• · · Methicillin 5 pg -
• · ·

30 Mitomycin 10 pg - -

• · · • « · Moxalactam 30 pg - +
• ·«

• Nalidixic Acid 30 pg - -
• 9

Nafcillin 1 pg - -

• • · · · Neomycin 5 pg - nt
• · · ·
• · · · 35• · · · 

• ·
• · · «

31



TABLE 2

Response of the Tetracycline and Inhibition Assays

(Continued)

5 Induction Inhibition

Compound Assay Assay
Norfloxacin 10 pg -

Novobiocin 30 pg - -

Nystatin 100 U ++ -
JO Oxacillin 1 pg - --

Penicillin G 10 U - -

Piperacillin 100 pg + -

Polymyxin B 300 U - -

Rifampin 5 pg - -
15 Streptomycin 10 pg - -

Sulfachloropyridazine 1 mg - -
Sulfadiazine 300 pg - -

Sulfamethizole 250 pg - -
Sulfathiazole 300 pg - -

20 Ticarcillin 75 pg + +

Ticarcillin + Clavulinic Acid + +

Tobramycin 10 pg - -

Trimetheprim-sulfamethoxazole - -

Vancomycin 30 pg + -

25 Tetracycline Detection > 300 pg > 1 ng

Notes:

nt Not tested
30 + Possible positive

+ Weak positive
++ Stronger positive
- Negative

35
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TABLE 3
Compounds Tested in the

Tetracycline, Inhibition and Synergy Assays

5 Class of Antibiotic Antibiotic Name
Unknown Antibiotic Ά1531
Unknown Antibiotic A4825
Unknown Antibiotic A7363
Unknown Antibiotic 9537

10 Unknown Antibiotic AM374 #22
Monazomycin

Actinomycin Actinomycin Crude
Aminoglycoside Antibiotic AM31 beta and gamma
Aminoglycoside Antibiotic BM123, Alba, S04

i e Aminoglycoside Antibiotic BM782
Aminoglycoside Paromomycin sulfate
Ansamycin Geldamycin
Antifungal Antiprotozoin
Aurodox type Antibiotic C08078 Alpha

20 Basic macrolide Leucomycin
Basic macrolide Relomycin, LL-AM684 beta
Beta lactam penicillin N crude
Chloramphenical Chloramphenical
Cyclic depsipeptide Antibiotic A0341 Beta, hydrochloride

25 Cyclic depsipeptide Etamycin, Na salt
Cyclic depsipeptide valinomycin/miticide
Cyclic peptide Bacitracin
Cyclic peptide Nonactin (AE409 Gamma)
Cyclic peptide ?olymyxin-B-S04

30 Fungal metabolite Antibiotic V214X
Fungal metabolite Antibiotic V241 W
Fungal metabolite Antibiotic Z-1220A #3
Fungal metabolite Clavacin/patulin
Fungal metabolite Fusarinic Acid

35 Fungal metabolite Gliotoxin
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TABLE 3

Compounds Tested in the
Tetracycline, Inhibition and Synergy Assays

(Continued)

Class of Antibiotic Antibiotic Name
Glycopeptide Avoparcin sulfate
Glycospermidine Antibiotic BM123 Gamma, HC1
Hygromycin A Hygromycin A

10 Lincomycin Lincomycin HC1
Lipopeptide Aspartocin, Na salt
Macrolide Neutramcin
Miscellaneous Actithzic acid/mycobacidin
Miscellaneous Alasopeptin

15 Miscellaneous citrinin
Miscellaneous Usnic Acid
Naphthoquinone Frenolicin (AC860 alpha)
Netropsin Netropsin, HC1
Nucleoside Angustamycin

20 Nucleoside Blasticidin "S"

• · ·
Nucleoside Nucleocidin

• · ·
• 0 0 *

• «00
Nucleoside Puromycin Aminonucleoside

• 0 0
0 · ·

• · 0
Nucleoside Puromycin HC1

• · ·
• 0 0

• · · e
orthosomycins Avilamycin

·· ·

• · · 25 Phenazine Phenazine Alpha-COOH
• · ·

• · · Plant hormone Gibberellic Acid
Polyene Nystatin

. · · . · Polyether Antibiotic BL580 Alpha
• 0 ·

• 0 · ·
% * ·

Quinocycline Isoquinocycline HC1 (ΆΑ575 Gamma)
• 0 0

30 quinomycin type Levomycin

0 · 0 
• 0 0

Streptothricin type Antibiotic AC541, sulfate
0 0 0

• Aracil-peptide Antibiotic BO2964 complex
• 0

Viomycin Viomycin, sulfate
0

0 0··
Virginiamycin type Streptogramin/vertimycin

• · · ·

• •00
0 0

35
• · · ·
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Approximately 250 ng of the indicated drug was
spotted onto each assay plate. None of these drugs tested
positive for the Tetracycline, Inhibition, or Synergy
Assays.

A variety of strains known to produce tetra­
cyclines, from the Lederle collection, are grown to station­
ary phase. All routinely test positive in the plate assay, 
including the original Duggar isolate, strain A377, that 
produces a low level of chlortetracycline. When assaying 
unknown cultures to detect tetracycline producers, the 
original Duggar strain is grown using the identical growth 

regimen and is tested as a positive control. In addition, 
fermentation broths of unknown cultures isolated from soil 

are identified as producers of tetracycline derivatives.

Construction of tet-Resistant screening Microorganisms

A derivative plasmid pBT401 (9) containing the 
tetA gene of transposon TnlO is constructed by digesting 

plasmid pCBSal with Smal restriction enzyme and ligating the 
small fragment into plasmid pBT401 digested with BamHI 

enzyme and filled in with Klenow enzyme as described (8) . 
In the construct that confers tetracycline resistance, the 

gene is in the same orientation as the kanamycin resistance 

gene, determined by restriction analysis. When the gene is 

in the opposite orientation, no tetracycline resistance is 

detected. It is possible that readthrough transcription 

past the kanamycin resistance gene accounts for the low 
level of expression of the tetA gene. An isogenic p.lastnid 

containing the tetK gene of S, aureus is similarly 

constructed using plasmid pGG57, described above, as the 
source of tetK. Both of these plasmids are transformed into 
the derivative of strain NK5031 containing the hybrid λ 

phage described. Strain KB4 contains te.tA. strain KB5 

contains tetK.
Figure 7 shows a comparison of induction observed 

with KB3ind, KB4, and KB5. KB3ind is tetracycline-
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sensitive, and induces maximally at just 5-10 ng/ml of 

tetracycline. KB4, which contains the tetA gene, confers 
resistance to less than 10 pg/ml, in comparison with a TnlO 
derivative of KB3ind which is resistant to more than 
100 /xg/ml of tetracycline. KB4 prevents induction in the 

presence of 5 ng/ml more effectively than the TnlO strain, 
probably because of its constitutive expressions. Thus, 
more pumps may be synthesized when strain KB4 is exposed to 

very low concentrations of tetracycline. This results in a 
reduction of the internal concentration of tetracycline and 

little induction compared with the TnlO strain. However, 
when tetracycline concentrations are increased only 

slightly, strain KB4 can not respond by making more efflux 
pumps, and full induction occurs when the concentration of 

tetracycline is increased to 30 ng/ml. The TnlO strain 

requires 1 gg/ml of tetracycline for full induction. Thus, 

strain KB4 appears to be close to the optimum in terms of 

detecting inhibitors of the tetracycline efflux pump, in the 
sense that inhibition of very few pumps may result in a 

response.
Strain KB5 is isogenic to strain KB4, except the 

tetK gene confers a low level of tetracycline resistance. 
The MIG of strain KB5 is also about 10 /ig/ml of tetra­
cycline. The tetK gene results in a similar shift in the 

induction curve compared to strain KB4. Both strains grow 

in the presence of 5 pg/ml of tetracycline, albeit slower 

than in the absence of tetracycline.

30

9
9 9 99

9 9 9 9

9 9 9 9
• ·

• · · ·

35

Assays for Efflux Pump Inhibitors
Two assays are developed for detecting inhibitors 

of the tetA gene product (using strain KB5), or the tetK 
gene product (using strain KB4). In the Inhibition Assay, 
cells of strain KB4 or KB5 are treated as described in the 
tetracycline screen above, except that the agar medium 
contains 5 ng/ml of tetracycline. Alternatively a Liquid 

Assay is also developed. Cells are first grown in LB

36



it ·• · ·• · ·
♦ ·♦· • · a
·· 9

• · a• ·• ··
a

• ·

•
Utta · a a

9 9 9 9
9 9

9 9 99

* (pH 7.5). Then cells are shifted to medium containing
5 ng/ml of tetracycline, and tetracycline-containing samples
are added to aliquots. Cells are then incubated and assayed
as described for the Tetracycline Assay. The Inhibition

5 Assay relies on the fact that full induction of tetA occurs
in the presence of 5-10 ng/ml of tetracycline in strain 

KB3ind (Figure 7). However, the intracellular concentration 
is reduced in tetracycline resistant strains due to the 

action of the efflux pump, so more tetracycline would be 
10 required in the medium to accumulate sufficient tetracycline

inside the cell to induce. The Inhibition Assay is designed 
to detect compounds that cause 0-galactosidase induction in 

the presence of sub-inducing levels of tetracycline for a 
resistant strain.

15

20

25

30

35

In the synergy Assay, cells are treated as above 

for the plate assay, except that agar medium contains 

5 /:g/ml of tetracycline, near the Mic for strain KB4 or KB5. 

Growth inhibition is detected by the lack of purple color 
production following the overlay containing a colorimetric 

reagent. Alternatively, cells are treated as above for the 
liquid assay, except that cells are shifted to medium 
containing 5 pg/ml of tetracycline. This screen is designed 
to detect compounds, antibiotics, fermentation broths, etc. 
that kill the assay organism in combination with 

tetracycline, i.e. to detect substances that cause growth 

inhibition in the presence of 5 /xg/ml of tetracycline, but 

not in the absence of tetracycline.
The ideal compound is one which causes growth 

inhibition in the Synergy Assay, and induction in the 

Inhibition Assay.
There are no available positive controls that are 

known to be efflux pump inhibitors. The lipophilic 
chelating agents, such as fusaric acid, designed to kill 
cells expressing the efflux pump in either the presence or 
absence of tetracycline (20) do not test positive in the 

Inhibition or Synergy Assays using strain KB4. These
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agents are only active when cells strongly express the pump, 

at low cell density, and in special medium. Some fermenta­
tion broths, however, contain material that test positive in 

both the Inhibition and Synergy plate assays (Figure 8) . 
The predominant active component produced by one bacterial 
culture is found to be nocardamine, a siderophore which 
binds Fe+++, for both strains KB4 and KBS. One pg of 

nocardamine is sufficient to detect activity in the Synergy 

Assay or the Inhibition Assay. To test whether nocardamine 

uniquely antagonizes the pump, or whether other iron-binding 

compounds also have the same effect, the siderophores ferri­
chrome and ferrichromeA are also tested for their ability to 

antagonize the tetracycline efflux pump. Both compounds 
test positive at the same molar concentrations as nocarda­
mine. Only the unchelated form.·» of that iron chelators 

exhibit this inhibitory activity.
The effect of nocardamine can be detected in 

liquid assays, as shown in Figure 9. Cells grown in liquid 

culture in the presence of 5 ng/ml only induce 

^-galactosidase at a low level; however, when nocardamine 
is also present at concentrations greater than 5 pig/ml, then 

a rise in ^-galactosidase occurs, for either strain KB4 or 
KB5. When cells are growing in the presence of 5 /ig/ml, 
then growth inhibition, detected most clearly by the in­
hibition of ^-galactosidase production, is apparent for both 
strains.

Figure 10 shows that when the TnlO derivative of 

strain KB3ind (a highly resistant strain) is grown in the 
presence of 25 ;ig/ml of tetracycline, then nocardamine 

inhibits growth of the TN10 strain, whereas nocardamine has 
little or no effect when tetracycline is absent. Thus, 
nocardamine and other siderophores have the effect of 
interfering with the ability of the pump to maintain low 
levels of tetracycline inside cells.

Table 2 shows that when a variety of antibiotics 

are tested on plate assays, few cause a positive response in
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, the Inhibition Assay, and none in the Synergy Assay. one
notable exception for the Inhibition Assay are tetracycline
derivatives, which cause induction when as little as 1 ng is
spotted in the plate assay for both strain KB4 or KB5. When

5 tetracycline is spotted on the assay plate, then the efflux

pump cannot pump out sufficient tetracycline to prevent 

induction. Therefore the Inhibition Assay should be run in 

conjunction with the Tetracycline Assay, which will show a 
stronger positive response to tetracycline. The same 

70 0-lactam antibiotics that cause a purple ring surrounding a

large zone of growth inhibition in the Tetracycline Assay 

(Table 1) shows a similar response in the Inhibition Assay 
as well. Nocardamine, in contrast, shows no response in the 
Tetracycline Assay, shown in Figure 10, even though it is 

15 detected in both the Inhibition and Synergy Assays.

20
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Screening Fermentation Broths
The most prevalant components in fermentation 

broths that cause a positive response are siderophores. 
Fortunately, CAS plates (21) provide a reliable test for 

siderophores, so that these active materials can be identi­
fied quickly.

In summary, three screens are provided that can be 
run in conjunction. The Tetracycline Assay is designed to 

detect pg levels of tetracyclines. The Inhibition Assay can 
detect 1 ng of tetracycline. The Inhibition and Synergy 

Assays are designed to detect compounds such as nocardamine, 
which interfere with the ability of the tetracycline efflux 

pumps from maintaining a low intracellular level of tetra­
cycline. Nocardamine also inhibits the growth of a fully 
tetracycline-resistant strain in combination with 25 pg/ml 
of tetracycline. It Is apparently the chelating ability of 
nocardamine that is responsible for its activity, since 
other strong iron chelators have a similar effect. while 

not wishing to be bound by any theory, it is possible that
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nocardamine, by binding iron, causes a state of iron depri­
vation that interferes with functions that depend on oxida­
tive-reduction reactions. it is noteworthy that active 

efflux of tetracycline is energized by the protein gradient, 
which depends on electron transport, and iron, to maintain 
the full proton motive force, providing a plausible explana­
tion of the connection between iron-free siderophores and 

the interference with the efflux pumps. However, it is also 

possible that treatment with nocardamine enhances the uptake 

of tetracycline with the cell, since the tetracycline 

sensitive strain KB3ind is affected by the combination of 
tetracycline and nocardamine. 
the uptake of 

efflux pumps
/5

It is possible that enhancing 
tetracycline into cell containing tetracycline 

is an alternative means of antagonizing these
pumps.

20

The following biological materials have 
deposited with the American Type Culture Collection, 

Parklawn
and have
are also

been
12301
1991,
These

Drive, Rockville, Maryland, on December 3, 
been given the designated accession numbers, 
available in the culture collection of American

• · ·• · · ·• ·· ·♦ · «• · ·• ·«• · ·• 0 ·• ♦ « ·• · β

Cyanamid 
York.

Company, Lederle Laboratories, Pearl River, New

Plasmid Accession No
’· · 25• β · E. coli MC1061/pCBSal ATCC 68855
• · · E. coli MC1061/pGG57 ATCC 68856

E. coli KB3ind ATCC 68857

• · · E. coli KB 4 ATCC 68858
• · ·
• · · · E. coli KB 5 ATCC 68859

30
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31771-00
-What.we claim -is;

The claims defining the invention are as HW-s.
1. A method for detection of tetracycline-like compounds 

in a test sample which comprises contacting, in the 
absence of tetracycline, a microorganism having the 
following traits:

(a) an indicator gene fused to a tetA promoter, 
as a single- or low-copy number gene;

(b) a tetR gene expressed at low levels; and
(c) is refractory to induction by DNA damaging 

agents;
with the sample to be tested and a reagent which pro­
duces a detectable signal when the indicator gene is 

expressed, and observing the presence or absence of a 
detectable signal, thereby indicating the presence or 
absence of tetracycline-like activity in the sample.

2. The method of Claim 1 in which the microorganism is 
capable of growth at 37°C.

3. The method of Claim 1 or 2 in which the tetR gene is 

expressed at a level permitting sensitivity to 10 ng or 
less of a tetracycline-like compound.

4. The method of Claims 1-3 in which the microorganism is 
E, coli.

5. A microorganism having the following traits:
(a) an indicator gene fused to a tetA promoter, 

as a single- or low-copy number gene;
(b) a tetR gene expressed at low levels; and
(c) is refractory to induction by DNA damaging 

agents; and
(d) is capable of growth at 37°C.
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6. The microorganism of Claim 5 which is sensitive to
10 ng or less of tetracycline.

7. The microorganism of Claim 5 or 6 which is E. coli.

8. A microorganism having the following traits:
(a) an indicator gene fused to a tetA promoter, 

as a single- or low-copy number gene;
(b) a tetR gene expressed at low levels; and
(c) is refractory to induction by DNA damaging 

agents; and
(d) a gene encoding a tetracycline efflux pump.

9. The microorganism of claim 8 in which the efflux pump 

gene is tetA or tetK.

10. The microorganism of Claim 8 or 9 which is resistant to 

about 10 pg or less of tetracycline.

11. A method for detecting a tetracycline efflux pump 

inhibitor in a test sample which comprises contacting, 
in the presence of sub-inhibitory but inducing levels 
of tetracycline, a microorganism having the following 

traits:
(a) an indicator gene fused to a tetA promoter, 

as a single- or low-oopy number gene;
(b) a tetR gene expressed at low levels; and
(c) is refractory to induction by DNA damaging 

agents;
(d) a gene encoding a tetracycline efflux pump; 

with the sample to be tested and a reagent which pro­
duces a detectable signal when the indicator gene is 
expressed, and observing the presence or absence of a 
detectable signal, thereby indicating the presence or 
absence of a pump inhibitor in the sample.
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12. A method for detection of a tetracycline efflux pump
inhibitor in a test sample which comprises contacting,
in the presence of noninhibitory and sub-inducing
levels of tetracycline, a microorganism having the
following traits:

(a) an indicator gene fused to a tetA promoter, 
as a single- or low-copy number gene;

(b) a tetR gene expressed at low levels; and

(c) is refractory to induction by DNA damaging 
agents;

(d) a gene encoding a tetracycline efflux pump 

with the sample to be tested, and a compound which 
produces a detectable signal upon expression of an 
indicator gene, and observing the presence or absence 
of a detectable signal, thereby indicating the presence 

or absence of a pump inhibitor in the sample.

13. The method of Claim 11 or 12 in which the microorganism 
is (e) capable of growth at 37°C.

14. The method of Claims 11-13 in which the tetR gene is 
expressed at a level permitting sensitivity to 10 ng or 
less of tetracycline.

15. The method of Claims 11-14 in which the efflux pump is
tetA or tetK.

• · « 
• · ·

• · ·
• · · ·

• · ·
• · ·

16. The method of Claims 11-15 in which the microorganism 

is resistant to 10 /ig or less of tetracycline.

17. A pharmaceutical composition comprising an effective 
amount of tetracycline or a tetracycline-like compound 
in combination with a compound capable of inhibiting 

the action of a tetracycline efflux pump.
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17. A method for detection of tetracycline-like compounds in a test sample 

substantially as hereinbefore described with reference to any one of the Examples.
18. A method for detecting a tetracycline efflux pump inhibitor in a test sample 

substantially as hereinbefore described with reference to any one of the Examples.

Dated 3 June, 1996 
American Cyanamid Company 

Patent Attorneys for the Applicant/Nominated Person 

SPRUSON & FERGUSON
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u Tetracycline Screening Methods

Abstract

The present invention relates to assays to identify tetracycline-like compounds, as well as 
assays identify tetracycline efflux pump inhibitors

5 The invention provides a method for detection of tetracycline-like compounds in a test 
sample which comprises contacting, in the absence of tetracycline, a microorganism 
having following traits:

(a) an indicator gene fused to a tetA promoter, as a single- or low-copy number 
gene;

10 (b) a tetR gene expressed at low levels; and
(c) is refractory to induction by DNA damaging agents;

with the sample to be tested and a reagent which produces a detectable signal when the 
indicator gene is expressed, and observing the presence or absence of a detectable signal, 
thereby indicating the presence or absence of tetracycline-like activity in the sample

• ·β• · *>• · · ·
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TetR operator site
TetR operator site cBamHI tetB start codon

Tn10 GTTGACACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAATG

BamHI Saif Xhol Neo IpCBSaf GGATCCATAGAGAAAGTCGACATGAACTCGAGTACAAAGATCGCATTGGTAATTACGTTACTCGATGCCATGG

BamHi Saif tetK (ATG start codon)pGG57 GGATCCATAGAGAAAGTCGACATGTTTAGTTT

BamHI Sall tetK |TTG start codon)pGG71 GGATCCATAGAGAAAGTCGACTTGTTTAGTTT
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