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ABSTRACT

Tetracyclines (Tc) are a family of broad-spectrum
antibiotics. The most abundant resistance mechanism
for Tc in gram-negative bacteria is efflux-based resis-
tance, which is regulated by the TetR protein. In this
work we are concerned with investigating the electronic
structure related to the interaction between 7-Chlortetra-
cycline and the Tet Repressor. For this purpose, we use
density functional theory (DFT) calculations to obtain
the interaction energies for each of the residues in the
TetRD binding site with [Mg-7ClTc]+. Atomic positions
were obtained from available crystallographic data. Re-
sults give a general view of the interactions in the TetR
pocket and indicate an area with potential for bypassing
TetR-mediated resistance.
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1 Introduction

Tetracyclines (Tc) are a family of broad-spectrum
antibiotics that exhibit activity against a wide range of
gram-positive and gram-negative bacteria and atypical
organisms. The absence of major side-effects and favor-
able characteristics of its action has led to their extensive
use in the therapy of both human and animal infections
[1]. The most common resistance mechanism for Tc in
gram-negative bacteria is efflux-based resistance, which
consists of the active export of the drug out of the bac-
terial cell. The mechanism is regulated at the level of
transcription by the Tet repressor protein (TetR). Upon
binding [Mg-Tc]+ (complex of Tc and a cationic mag-
nesium that occurs under physiological conditions), the
TetR protein undergoes a conformational change, and as
a consequence the gene encoding for the efflux protein
is expressed. In theory, Tc analogs that do not bind ef-
fectively to TetR and retain antibiotic activity, could be
used against all bacteria with solely this mechanism of
resistance. The sensitive regulation provided by TetR
and high affinity for Tc revealed the potential of the
Tet repressor as a specific and efficient gene regulator
[2]. For all these reasons, a deeper understanding of the
Tc-TetR interaction would be invaluable.

In this work we are concerned with investigating the
electronic structure related to the interaction between
tetracycline and its receptor. For this purpose, we use
density functional theory (DFT) calculations to obtain
the interaction energies for each of those residues in
the TetRD binding site with [Mg-7ClTc]+. Also, the
mapped electron density and electrostatic potential of
the binding site was obtained. Therefore, we have ob-
tained a means to compare quantitatively the interac-
tion of the tetracycline with the amino acid residues of
TetR.

Figure 1: View of the Tc binding site on TetR. The
antibiotic is displayed in yellow.

2 Methods

Our calculations were performed with the 7ClTc-
TetR complex (PDB ID 2TCT) protein structure. We
expect the results to be fairly general since the selected
residues are mostly conserved or type-conserved through-
out the TetR classes [3]. Due to computational limita-
tions relative to density functional approach, we were
constrained to use only the residues thought to have
relevant interactions. All hydrogen addition to 7ClTc,
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water molecules and residues was made using standard
bonds lengths and angles.

To study the 7ClTc-TetR, we have used the DMol3
code to perform DFT energy calculations within the
generalized gradient approximation (GGA) adopting the
Becke - Lee-Yang-Parr (BLYP) hybrid exchange and
correlation functional. To save numerical processing
time due to our limited computational resources, all cal-
culations were carried out without inclusion of solvent
effects, although water molecules pertinent to the bind-
ing site were included. To determine the interaction be-
tween tetracycline and each amino acid we first obtained
the interaction of each residue with the rest of the bind-
ing site by calculating the energy change upon removal
of one amino acid at a time and then we determined
the interaction of that residue with the other residues
by determining the energy change upon removal of one
amino acid at a time in the binding site without 7ClTc.
The difference between these two energy changes results
in the interaction between the residue and 7ClTc. This
way we account for the vicinity’s influence on the bind-
ing energy of each residue. As a rule, we have used
the following scheme to obtain the interaction energy
(∆ETc−R):

∆ETc−R = (ET −ET−R −ER)− (E∗
T −E∗

T−R −ER) =
(ET − ET−R)− (E∗

T − E∗
T−R)

where ET , ET−R, and ER stands for the complete
binding site energy (all residues plus 7ClTc), the com-
plete binding site minus selected residue energy, and the
isolated residue energy, respectively. The asterisk de-
notes the aforementioned energies after 7ClTc removal.

Figure 2: Schematic representation of 7ClTc-TetR bind-
ing site interactions.

3 Results

According with the current biochemistry knowledge
of the 7ClTc-TetR complex, the key interactions are ex-
pected to be the chelation sites of Tc, namely the hy-
drogen bonds of the ring A and bonds involved in the
magnesium coordination. Alteration of groups in these
points of Tc are detrimental to its antibiotic activity

[4]. Figure 2 gives a schematic view of the binding site.
Residues near ring A are involved in hydrogen bonding
and are expected to give the strongest bonds. On the
other hand, residues interacting with 7ClTc aromatic
ring D and other hydrophobic groups should give less
intense bonds. Val113 was to give a somewhat significa-
tive repulsion, since removal of the hydroxyl group on
C6 gives a 500-fold increase in TetR affinity [5].

In general, our results indicate that the binding site
interaction was highly favorable. The interaction en-
ergy results from our calculations correlate well with
the picture described above. Gln116, His64 and Asn82
indeed revealed strong bonds, being responsible for just
over 50% of the overall binding energy. Magnesium co-
ordination also revealed strong bonds with Glu147 and
His100, the first one being water-mediated. As expected
ring D revealed weak interactions and even a few repul-
sions. The only residue with clearly unexpected nature
of interaction was Met177, which revealed a strong bond
energy. This could be an overestimation due to the den-
sity functional method, but one should not entirely dis-
miss specific interactions such as this except after fur-
ther evaluation by different methods. In conclusion, our
results describe the polar interactions of residues with
ring A as the most important for binding and TetR affin-
ity, particularly the hydrogen bonding network involving
residues His64, Asn82 and Gln116.

REFERENCES

[1] Chopra, I., Roberts, M., Tetracycline antibiotics:
Mode of action, applications, molecular biology,
and epidemiology of bacterial resistance. Microbi-
ology and Molecular Biology Reviews 2001, 65, (2),
232-260.

[2] Berens, C.; Hillen, W., Gene regulation by tetra-
cyclines - Constraints of resistance regulation in
bacteria shape TetR for application in eukaryotes.
European Journal of Biochemistry 2003, 270, (15),
3109-3121.

[3] Kisker, C.; Hinrichs, W.; Tovar, K.; Hillen, W.;
Saenger, W., The Complex Formed between Tet
Repressor and Tetracycline-Mg2+ Reveals Mecha-
nism of Antibiotic-Resistance. Journal of Molecular
Biology 1995, 247, (2), 260-280.

[4] Mitscher, L. A. The chemistry of the tetracycline
antibiotics. Marcel Dekker, Inc., New York, N.Y,
1978.

[5] Scholz, O.; Schubert, P.; Kintrup, M.; Hillen, W.,
Tet repressor induction without Mg2+. Biochem-
istry 2000, 39, (35), 10914-10920.

NSTI-Nanotech 2007, www.nsti.org, ISBN 1420061828 Vol. 1, 2007 649 


	029.pdf
	029.pdf
	Integrated Nanodevices and Systems Research, Department of Electrical and Computer Engineering
	University of California, Davis, CA 95616-5294, USA
	Email: achaudhry@ucdavis.edu
	Abstract
	references


	030.pdf
	Abstract
	Acknowledgements

	058.pdf
	ABSTRACT

	083.pdf
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSIONS
	ACKNOWLEDGEMENTS
	6  REFERENCES


	086.pdf
	Abstract
	References

	087.pdf
	Department of Electrical Engineering, School of Engineering, Inha University and National IT Research Center for Computational Electronics
	Acknowledgements
	References
	Fig. 2. The possible position of boron in Si super cell.
	Table I. Formation energy of charged defects as a function of Ge concentration.

	093.pdf
	REFERENCES

	0122.pdf
	INTRODUCTION AND MOTIVATION
	MD Simulation in Arbitrary Geometries
	Neighbour Lists are Unsuitable

	ARBITRARY INTERACTING CELLS ALGORITHM (AICA)
	Replicated Molecule Periodicity and Parallelisation
	Interacting Cell Identification

	VERIFICATION
	CONCLUSIONS

	0175.pdf
	Key words: polypyrrole, nanocomposites, gas sensor, organocl

	0181.pdf
	Keywords: CdSe quantum dots, photoluminescence, shift

	0182.pdf
	1. INTRODUCTION
	2. EXPERIMENTAL
	3. RESULTS AND DISCUSSION
	4. CONCLUDING REMARKS




