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The regulatory region of the tetracycline resistance determinant from transposon TnlO has 
been used to construct plasmid vectors for gene expression regulated by tetracycline. Plasmids 
pRS tetBam-8 and pRS tetBam- 16 include the tet regulatory region, the segment coding for the 
first four amino acids of the tetracycline resistance protein (tetA protein), and a linker region 
with SalI, HpaII, and BamHI restriction sites for gene fusions. Plasmid pTB-1, a derivative of 
pRS tetBam-8 and of the p-galactosidase gene-containing plasmid pMC 1403, constitutively ex- 
presses a tetA fragment-&@ctosidase fusion protein. If a multicopy runaway replication plasmid, 
pMOBglII-16 that includes a 2.7-kb BgfiI DNA fragment from Tnl0 that provides tetR protein 
is present along with pTB1, the expression of @-galactosidase is reduced about eightfold. Tet- 
racycline acts as an inducer of the system and restores the level of &galactosidase activity 
measured in transformants containing pTB-I alone. Plasmid mutants unable to produce active 
tetR protein are ineffective in reducing expression. Escherichia coli carrying plasmids that express 
both tetA protein and tetR protein show an increase in the tetracycline resistance level after 
incubation with the drug. The observations are consistent with the previously proposed mechanism 
of regulation of tetracycline resistance in TnlO 8 1984 Academic PIT& Inc. 

Transposon TnlO encodes genes for tet- 
racycline resistance on a 2.7-kb DNA region, 
flanked by the two unique Bg/II restriction 
sites present in TnlO DNA (Jorgensen et al., 
1979; Jorgensen and Reznikoff, 1979; Wray 
et al., 198 1; Coleman and Foster, 198 1; Beck 
et al., 1982). Early evidence indicated that 
tetracycline resistance expression is induced 
by subinhibitory concentrations of the drug 
(Franklin, 1967; Franklin and Cook, 1971). 
At least two proteins are involved in the 
expression of tetracycline resistance: a 36-KDa 
resistance protein (t&l protein)* (Levy and 

’ This paper is dedicated to Dr. Ricardo Pastrana who 
died in Madrid on November 19, 1983. 

’ Abbreviations used: tetA protein, tetracycline resistance 
protein; tetR protein, repressor protein; the genes coding 
for these proteins are referred to as tetA and tetR. re- 
spectively; Ap, ampicillin; Km, kanamycin; Tc, tetracy- 
cline; Cm, chloramphenicol. 

McMurray, 1974; Jorgensen and Reznikoff, 
1979) and a 25XDa repressor protein (tetR 
protein). Deletion mapping, RNA polymerase 
binding, and nucleotide sequencing studies 
have shown that two overlapping promotor- 
operator regions (tet regulatory region) control 
the initiation of synthesis of the two mRNAs 
which are elongated in opposite direction 
(Jorgensen and Reznikoff, 1979; Wray et al., 
198 1; Coleman and Foster, 198 1; Hillen and 
Schollmeier, 1983; Bertrand et al., 1983). Ac- 
cording to the model proposed for the expres- 
sion of tet genes, tetR protein binds, in the 
absence of tetracycline, to the jet regulatory 
region and represses both its ,own synthesis 
and that of tetA protein. In the presence of 
the drug, the tetR repressor activity is inhibited 
and synthesis of the two proteins takes place 
(Yang et al., 1976; Jorgensen and Reznikoff, 
1979; Wray et al., 198 1; Coleman and Foster, 
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198 1; Beck et al., 1982). The binding of pu- 
rified tetR protein to the tet operator region 
and the inhibition of the interaction by tet- 
racycline have been analyzed by in vitro studies 
(Hillen et al., 1982; Hillen and Unger, 
1982a,b). 

These observations suggest that the pro- 
moter-operator region programming the syn- 
thesis of tetA protein could potentially provide 
vectors for gene expression regulated by tet- 
racycline. Also, comparative measurements of 
gene expression utilizing the promoter cloning 
vehicle XRS205, indicate that the tetA pro- 
moter programs gene expression at over twice 
the level of the lac promoter (K. P. Bertrand, 
K. Postle, J. L. V. Wray, and W. S. Reznikoff, 
submitted). This is expected since the -35 
region includes the consensus sequence of 
other bacterial promoters, the probable - 10 
sequence contains several consensus bases 
(Bertrand et al., 1983; Rosenberg and Court, 
1979)andthe-35 and-10regionsarelocated 
18 bp apart; only 1 bp more than the consensus 
distance. 

In the present report, the construction of 
plasmids including the tet regulatory DNA 
segment and a linker region to facilitate gene 
fusions is described. A &galactosidase fusion 
protein, expressed under the control of the tet 
regulatory region, was inducible by tetracy- 
cline if a second plasmid that provided tetR 
repressor protein was present. With plasmid 
mutants unable to synthesise tetR protein, /3- 
galactosidase synthesis was constitutive. 

MATERIALS AND METHODS 

Chemicals and media. Tetracyclin, ampi- 
cillin, chloramphenicol, kanamycin, and O- 
nitrophenyl-@-galactopyranoside were ob- 
tained from Sigma Chemical Company. 
BamHI linkers were from Collaborative Re- 
search Inc. For plasmid preparation, Esche- 
richia coli transformants were grown in LB 
medium containing the appropriate antibiotic. 
For the calorimetric assay of &@actosidase, 
bacteria were grown in A medium prepared 
as described by Miller (1972) except that the 
MgS04 was substituted by NaCl (6 g/liter). 
Agar and MacConkey agar were from Difco. 

Enzymes and enzyme assays. Restriction 
enzymes, DNA polymerase I, Klenow frag- 
ment, T4 DNA ligase, and T4 polynucleotide 
kinase were from New England Biolabs and 
nuclease Ba13 1 from Bethesda Research Lab- 
oratories. Enzyme assays were performed ac- 
cording to described procedures (Maniatis et 
al., 1982). P-Galactosidase activity was mea- 
sured calorimetrically as described by Miller 
( 1972). 

Bacterial strains and plasmids. E. coli 
MC106 1 (ara D139, A (ara, leu)7697, A 
lacX74, gal II-, gal K-, hsr-, hsm+, strA) 
(Casadaban and Cohen, 1980) and E. coli 
C600 (F-, thi-1, thr-1, leuB6, lac Yl, tonAZI, 
supE44, X-) were used for transformation. 
Plasmid pRStet 158-64 (Bertrand, Postle, 
Wray, and Reznikoff, submitted) is a deriv- 
ative of pBR322 in which the 650-bp EcoRI- 
SalI segment was substituted by a 158-bp7’aqI 
fragment that includes the tet regulatory region 
and the adjacent segments coding for the N- 
terminal regions of tetA and tetR proteins 
(Hillen and Schollmeier, 1983; Bertrand et al., 
1983). This was accomplished by a procedure 
which regenerated EcoRI and SalI sites brack- 
etting the TaqI fragment (Backman et al., 
1976; Wartell and Reznikoff, 1980; Bertrand, 
Postle, Wray, and Reznikoff, submitted). The 
runaway replication plasmid pMOB45 (Bitt- 
ner and Vapnek, 1981) was obtained from 
Dr. R. Diaz; pMCl403 (Casadaban et al.. 
1980) was provided by Dr. M. Casadaban; 
pACYCl77 (Chang and Cohen, 1978) was 
from Dr. F. Cabello. pRT44 has been de- 
scribed (Jorgensen et al., 1979). 

Competent, calcium-treated E. coli 
MC106 1 (Mandel and Higa, 1970) were 
transformed with plasmid DNA as described 
by Cohen et al. (1972). 

For preliminary characterization, plasmid 
DNA was prepared by the procedure of Klein 
et al. ( 1980). Purification by lysis of bacteria 
and ethidium bromide-CsCl equilibrium 
density gradients was based on the method of 
Timmis et al. (1978). In bacteria with two 
plasmids, their relative copy number was es- 
timated from densitometry tracings of elec- 
trophoretic separations of DNA prepared ac- 



TETRACYCLINE-REGULATED GENE EXPRESSION 105 

cording to Klein et al. (1980), alter treatment 
with RNase A and sodium dodecyl sulfate. 

Nucleotide sequences were determined by 
the method of Maxam and Gilbert (1980). 

Tetracycline resistance levels were deter- 
mined according to Tait et al. (1977) and Jor- 
gensen and Reznikoff (1979). Dilutions of 
bacterial cultures were plated on LB-agar con- 
taining 0, 1, 3, 6, 9, 15, 20, 30, and 50 &ml 
of tetracycline for plasmids derived from 
pMOB45, and 0, 9, 20, 30, 50, 75, 100, 125, 
150, 175, and 200 &ml of tetracycline for 
plasmids derived from pACYC 177 and for 
pRT44 and pBR322. Resistance is expressed 
as the concentration of tetracycline giving 50% 
plating efficiency (EOP&. The values to be 
compared were determined in parallel, using 
the same batch of medium. 

RESULTS 

Construction of plasmids with the tet reg- 
ulatory region: pRStetBam and pTB-I. To fa- 
cilitate gene fusions to the tet regulatory region, 
pRStet 158-64 was modified by linearization 
with WI, filling in recessed 3’ ends with DNA 
polymerase I, Klenow fragment, and ligation 
to BumHI linkers. Two plasmids, pRStetBam- 
8 and pRStetBam- 16, including &z/I, HpaII, 
and BamHI sites in the region coding for the 
amino terminus of tetA protein were obtained 
(Fig. 1). In pRStetBam-8 DNA a CG base pair 
of the BamHI linker was lost, eliminating the 
HpaII restriction site adjacent to the WI site 
(compare sequences in Fig. 1). Substitution 
of the EcoRI-BumHI linker region of 
pMC1403 P-galactosidase fusion vector (Cas- 
adaban et al., 1980) by the EcoRI-BamHI ret 
regulatory segment of pRStetBam-8 resulted 
in plasmids that yielded LX+ E. coli MC 106 1 
transformants. This result was as predicted 
from the nucleotide sequence around the 
BarnHI site of pRStetBam-8 (Fig. 1) and of 
pMC1403 (Fig. 6 in Casadaban et al., 1980). 
One of the plasmids, pTB- 1, constitutively ex- 
pressed P-galactosidase, as measured by en- 
zyme activity and by the presence of a protein 
of about 115Kda in bacterial extracts. pTB- 1 
was characterized by restriction enzyme map 
ping (Fig. 1). 

t& k PROTEIN LINKER REGION 
- 

pRS t&i Barn-16 

Eco R.’ Xba I 

2 

FIG. 1. Plasmids pRStaBam and pTB- 1. pR.Sfer 158- 
64 DNA (4 pg) was digested with MI and the reaction 
mixture was adjusted to 0.1 mM each of dATP, dTTP, 
dCTP, and dGTP and incubated with DNA polymerase 
I, Klenow fragment (0.5 u, 30 min at 25’C). The mixture 
was extracted with phenol and filtered through Sephadex. 
The DNA was recovered by ethanol precipitation and 
incubated with a IOO-fold molar excess of phosphorylated 
BarnHI linkers and T4 DNA ligase (200 II, 20 h at 6°C). 
The mixture was then adjusted to 0.1 M NaCl, heated 10 
min at 65”C, cooled, and treated with BarnHI. The DNA 
was extracted with phenol, filtered through Sephadex G- 
50, recovered by ethanol precipitation, and incubated with 
T4 DNA l&se, as above. The DNA was used to transform 
E. coli C600. Plasmid DNA from 4 of 20 transformants 
analyzed included a BamHI site. Two of them, 
pRSte[Bam-8 and pRStetBam- 16 were further character- 
ized by restriction mapping and nucleotide sequencing by 
labeling at the BumHI site. ser is the third amino acid of 
tefA protein. 

Construction of plasmids with the 2.7-kb 
BglII DNA frasment from TnlO: piWOBglII- 
16 and pACBglIZ2.7-21. Plasmid pMOBglII- 
16 was constructed by inserting the 2.7-kb 
BgfiI fragment of TnlO (Jorgensen et al., 
1979) into the BamHI site of a Tc’derivative 
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of plasmid pMOB45 (Fig. 2). Plasmid 
pACBglII2.7 Apr, Km’, Tc’ was constructed 
by inserting the 2.7-kb Bg/II fragment from 
TnZO at the BamHI site of plasmid 
pACYC177 (Chang and Cohen, 1978), and 
contains four unique sites for cloning: J&RI 
(T?); SmaI, XhoI (Km’); PstI (ApS). It was 
made Ap’ by linearization with PstI and 
endonuclease S 1 digestion. The resulting 
pACBglII2.7-2 1 plasmid Tc’, Km’, Ap” (6 kb) 
was characterized by restriction enzyme map- 
ping (results not shown). Since the deletion 

SmoI 

Hind& Bat 31. 
DNA polymerase IKI~nowl. 
T4 DNA ligase. 
tronsformotion 

27Kb 

Smol 
Bglil fragment, 
T4 DNA ligose, 
transformation 

- Linearized Barn HI 
pMOB45(~121-4 

FIG. 2. Construction of pMOBglII-16. pMOB45 DNA 
(Bittner and Vapnek, 1981) (1 fig) was digested with 
Hi&III and then with exonuclease B&l (OS u, 2 min, 
30°C). The solution was extracted with phenol and the 
DNA recovered by ethanol precipitation. Then it was in- 
cubated with DNA polymerase I (Klenow fragment) (0.5 
u, 45 min. 25“C) and 10 ~IU each of dATP, dGTP, dCTP, 
and dTTP. The mixture was extracted with phenol, filtered 
through Sephadex G-50, and the DNA precipitated with 
ethanol and treated with T4 DNA @se. DNA from one 
of the Cm’, Td transformants, pMOMS(del2)-4 was pu- 
rified and characterized by restriction mapping. pRT44 
DNA (Jorgensen ef al.. 1979) (6 ag) was digested with 
BgAI and the 2.7-kb fragment was separated by agarose 
gel electrophoresis and recovered by electroelution (Allet 
et al.. 1973). The eluted fragment was mixed with BumHi- 
treated pMOWS(del 2)-4 DNA and incubated with T4 
DNA Iigase. Several TI?, Cm’ transformants were obtained. 
DNA from three Tc’, Cm’ transformants was prepared 
and characterized by digestion with several restriction en- 
zymes. One of them, pMOBglII 16, was purified and further 
characterized by restriction mapping. Digestion with EC&I 
+ XbaI oriented the 2.7-kb &$I insert, as shown. Numbers 
refer to kb of DNA measured clockwise from the SmaI 
site. 

generated by Sl digestion reached the PvuI 
site at the Ap’ gene, this plasmid includes a 
unique PvuI site in the Km’ gene. 

Plasmids pMOBglII- 16 and pACBglII2.7- 
21 carry the tetA and tetR genes from TnlO 
and were used to study the expression of the 
&galactosidase gene from pTB- 1. 

Regulation by tetracycline of the expression 
of p-galactosidase encoded in pTB-I. Plasmid 
pTB- 1 in E. coli MC 106 I expresses @-galac- 
tosidase. activity at a level that is unaffected 
by the addition of subinhibitory concentra- 
tions of tetracycline to the culture medium 
(Table 1). In transformants which include both 
pTB- 1 and pMOBglII-16 at a relative copy 
number of 1: 10 at 37’C, the activity was about 
&fold lower. If tetracycline was added to the 
culture medium one hour before the enzyme 
assay, the &@actosidase activity was similar 
to that measured with pTB- 1 alone (Table 1). 
Plasmids pMOB45 or pMOB45 (de1 2)-4, 
lacking the 2.7 Kb-BglII fragment (Fig. 2) did 
not cause a reduction of /3-galactosidase ac- 
tivity expressed from pTB- 1. In the presence 
of pMOBglII- 16, expression of p-galactosidase 
from pTB- 1 was not completely abolished and 
the activity, measured in the absence of tet- 
racycline, was 50- to 200-fold higher than the 
background value obtained with E. coli 
MC1061 (Table 1). The repression level ap- 
pears to correlate with the copy number of 
the plasmid carrying the tetR gene, since plas- 
mid pACBglII2.7-2 1 caused a 2-fold reduction 
in fi-galactosidase activity (Table 1) and in 
double transformants its estimated copy 
number relative to pTB- 1 was about 10 times 
lower than that of pMOBglII- 16. 

Mutation at the XbaI site of piHOBglII-16 
abolishes repression. The hexanucleotide cod- 
ing for the third and fourth amino acid of tetR 
protein provides an XbaI cleavage site (Ber- 
trand et al., 1983) unique in plasmid 
pMOBglII- 16. To generate a selective inacti- 
vation of the tetR repressor protein, plasmid 
pMOBglII- 16 was modified by cleavage with 
XbaI, filling in the recessed 3’-ends with DNA 
polymerase, Klenow fragment, and ligation of 
the resulting DNA. This treatment should 
generate a 4-bp insertion and a one nucleotide 
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TABLE I 

BGALACTOSIDASE ACTIVITY EXPRESSED BY PLASMID pT&I INTHE PRESENCEOFTIIIO-DERIVED PLASMIDS 

Plasmid 

pMC1403 
pMC1403 
pTB- I 
pTB- I 
pTB- I + pMOBglII- I6 
pTB-I + pMOBglII-16 
pTB-I + pMOB45(del 2)-4 
pTB-I + pMOWS(del 2)-4 
pMOB45(del 2)-4 
pMOB45(del 2)-4 
pTB-I + pACBglII-2.7 
pTB-I + pACBglII-2.7 
pTB-I + pMOBglII-I6 (Xbal-)-I 
pTB-I + pMOBgWI6 (XbuI-)-I 
pTB- I + pMOBglII- I6 (Xbal-)-2 
pTB- I + pMOBglII-I6 (Xbal-)-2 
pTB- I + pMOBglII- I6 (XbaI-)-3 
pTB- I + pMOBglKI6 (Xbnl-)-3 
None 
None 

Tetracycline &galactosidase 
(a/ml) units” 

0 35k 6 
I 27k 8 
0 1847 f 174 
I 1904 f 201 
0 227 f 21 
I 1853 f 154 
0 1706 f 202 
I 1508 f 147 
0 3* 2 
I 4f I 
0 717 f 50 
I 1731 f 102 
0 1247 f 149 
I 1306 f 201 
0 1401 f 121 
I 1529 f. 161 
0 II29 of: 104 
I 1079 f 109 
0 5+ 3 
I 7k 4 

’ Plasmids were in E. coli MC1061. /3-Galactosidase activities were determined in duplicate. The values are the 
average of at least three experiments. Bacteria were grown in A medium (Miller, 1972). No significant differences 
were seen in assays with cultures grown in LB medium. 

shift in the reading frame of tetR m-RNA, 
near its S-terminus. The nucleotide sequence 
predicts that the protein would terminate at 
the fifth amino acid from the amino terminus, 
thus yielding a nonfunctional repressor. 
Transformants, containing a plasmid of the 
size of pMOBglII- 16 lacking an XbaI site were 
isolated. pMOBglII-16 (XbaI-)-1, -2, and -3 
showed restriction patterns with HpaI, EcuRI, 
and Hi& identical to those of pMOBglII- 16. 
In particular, the 1.8-kb HpaI fragment yielded 
undistinguishable HintI and HinfI + EcoRI 
restriction fragments. Double digestion of 
pMOBglII-16 DNA with Hi&I and XbaI 
yielded fragments of 1044, 600, 180, and 55 
bp, in agreement with the restriction map of 
this DNA region (Jorgensen et al., 1979; Ber- 
trand et al., 1983); DNA from pMOBglII-16 
(X6uIl)- 1 yielded fragments of 1100,600, and 
180 bp, as expected from the loss of the XbaI 
site. E. coli MC 106 1 cotransformed with pTB- 
1 and either pMOBglII- 16 (XbuI-)- 1, -2, or - 

3 showed constitutive &galactosidase expres- 
sion (Table 1). Thus, mutagenesis at the XbaI 
site eliminated the repressor activity encoded 
in plasmid pMOBglII- 16. 

Tetracycline resistance levels of plasmids 
with the 2.7-kb BglII DNA frugment from Tn 
10. Multiple copies of TnlO lead to a decrease 
in the tetracycline resistance level (Taylor et 
al., 1977; Jorgensen and Reznikoff, 1979; 
Chopra et al., 198 1; Coleman and Foster, 
1981; Beck et al., 1982; Moyed et al., 1983; 
Moyed and Bertrand, 1983). Since different 
mechanisms have been proposed for this phe- 
nomenon, it was of interest to determine the 
resistance level of E. coli harboring either 
plasmid pACBglII2.7-21 or the runaway 
multicopy plasmid pMOBglII-16, which is 
present at 10 times higher copy number. As 
shown in Table 2, pMOBglII- 16 confers about 
10 times lower resistance to tetracycline than 
pACBglII2.7-2 1. The multicopy effect is also 
observed with plasmid pMOBglII- 16 (XbuI-)- 
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TABLE 2 

TETRACYCLINE RESISTANCE (EOP,,) OF TnlO-DERIVED PLASMIDS 

Plasmid 
EOPSO Wml) 

uninduced 
EOb (dml) 

inducedh 
EOPSo mduced/ 

EOPSo uninduced 

pRT44 
pACBglII2.7-2 I 
pMOBglIl- 16 
pMOBglII- 16 (Xbal-)- 1 
pBR322 ’ 
None 

38 f 10 91 fll 2.4 
77 215 114 of: 16 1.4 

3.5 f 0.5 10.1 + 1.0 2.8 
8.2 k 0.4 7.5 2 1.0 0.9 

107 f 12 98 f 10 0.9 
<I <I - 

a Plasmids were in E. coli MC1061. The EOPso was measured in LB medium. as detailed under Materials and 
Methods. 

h For induction, tetracycline (1 &ml) was added to the cultures I h before plating. 
’ Plasmid pBR322 (Bolivar ef al., 1977) is included as a representative of a noninducible system. 

1 that lacks a functional tetR. These results 
support the view that high-level expression of 
tetA protein is involved in the multicopy effect 
(Chopra et al., 1981; Coleman and Foster, 
198 1; Moyed et al., 1983; Moyed and Ber- 
trand, 1983). The results also indicate that a 
two- to threefold increase in resistance upon 
preincubation with tetracycline was dependent 
on a functional tetR repressor (compare 
Table 2). 

DISCUSSION 

Plasmids pRStetBam allow the expression 
of fusion proteins consisting of the first four 
amino acids (met-asn-ser-ser) of the tetra- 
cycline resistance protein tetA, plus one to 
four amino acids derived from the linker re- 
gion (see Fig. 1). Fusions yielding active hu- 
man al-interferon and VP1 antigenic protein 
of foot-and-mouth disease virus have been 
constructed and are under study. In addition, 
pTB-1 can be used to generate constructions 
for the expression of additional fusion proteins 
that can be easily monitored by the Bgalac- 
tosidase activity (Casadaban et al., 1980). 
Plasmids that provide tetR protein were con- 
structed by cloning the 2.7-kb BgflI DNA 
fragment of TnlO in replicons that are com- 
patible with pRStetBam-derived plasmids. 
pMOBglII- 16 is derived from replicon RI 
(Bittner and Vapnek, 1981) and pACBglII2.7- 

2 1 includes the P15A replicon of pACYC 177 
(Chang and Cohen, 1979). The expression of 
a tetA fragment-&alactosidase fusion protein 
encoded in pTB- 1 suggests that the translation 
initiation sites proposed for tetA (Bertrand et 
al., 1983) are used in the synthesis of /3-ga- 
lactosidase. The results (Table 1) are consistent 
with the proposed mechanism of regulation 
of tetracycline resistance in transposon TnZO 
(Jorgensen and Reznikoff, 1979; Wray et al., 
198 1; Coleman and Foster, 198 1; Beck et al., 
1982; Hillen and Schollmeier, 1983, Bertrand 
et al., 1983): tetR protein, which is encoded 
within the 2.7-kb Bg/II fragment, is able to 
repress expression of /3-galactosidase origi- 
nating at the tet regulatory region, and tet- 
racycline acts as an inducer of the system. A 
similar level of induction has been obtained 
with concentrations of tetracycline of 0. l- 10 
&ml added to the culture medium 1- 10 h 
before the measurements of P-galactosidase 
activity; heated 7-Cl tetracycline is as effective 
an inducer as tetracycline (results not shown). 

Vectors such as pRStetBam, that include a 
promotor operator system for regulated tran- 
scription, are particularly valuable for the 
expression of proteins that are toxic for the 
host bacterium. Several such systems are 
available: lac, trp, h pL, tat, etc. They differ 
in the nature of the inducing signal: addition 
of a chemical, amino acid depletion, temper- 
ature shift, etc. Also, alternative gene fusion 
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systems will provide different mRNA second- 
ary structures, known to have a marked in- 
fluence in translation efficiency (Iserentant and 
Fiers, 1980). For large scale fermentation pro- 
cedures, the value of a particular regulated 
expression system would be determined by a 
variety of considerations such as: (i) the ease 
with which the inducing signal can be applied; 
(ii) the cost of the inducer; (iii) the level of 
the fully induced gene expression, and (iv) the 
ratio of induced to basal gene expression. The 
pRStetBam vector system has significant ad- 
vantages in regard to the first two consider- 
ations. Tetracycline is easy to administer to 
the culture and tetracycline is very inexpensive 
( 1 Om3 the cost of Isopropyl-D-thiogalactoside 
for amounts generating an equivalent physi- 
ological response). Recent experiments indi- 
cate that the tetR promoter and the tetA pro- 
moter, which overlap and are divergent in 
expression, may be competitive for RNA 
polymerase binding (L. V. Wray and W. S. 
Reznikoff, unpublished results). Therefore, 
mutations which inactivate the tetR promoter 
may enhance tetA promoter activity and could 
be used to increase the maximal level of 
expression of pRStetBam. Finally, the basal 
level of expression of the tetA promoter may 
be decreased (and thus the induction ratio in- 
creased) by increasing the amount of repressor 
protein present, perhaps by programming its 
synthesis from a constitutive promoter. 
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