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molecular oxygen. To test this hypothesis, a reaction under non-O, conditions (N3
saturation) was set up at room temperature for 20 minutes. HPLC analysis of the reaction
progress showed a similar result as that of the negative control, which had no TetX2
added (Table 3-3). This result demonstrates that O, is a necessary factor for TetX2
function.

Table 3-3 The consumotion of the substrate and the appearance of the product peak
detected by HPLC followed reactions under O, or N; conditions

Reaction conditions % of substrate consumed (%) Appearance of product peak
Control (No TetX2) 0 No

Under oxygen condition 26 Yes

Non oxygen (N2)* 0 No

* Non oxygen conditions were obtained by degassing all reaction components and incubating the reaction
mixture in a plastic glove bag which was saturated with N,.

3.8 FAD dependence of TetX2 activity

TetX2 activity’s dependence on FAD was monitored by measuring the reaction
rate at the presence of varying FAD concentrations. The reaction rate increase with the
FAD concentration from 0 to 2 pM; then, the rates remained unchanged regardless of the

addition of increasing amounts of FAD (Fig 3-8).
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Figure 3-8. FAD dependence of the activity of TetX2. x axis is FAD concentration
added; y-axis is the reacion rate.

3.9 TetX2 inactivates tetracyclines

The tetracycline inactivation activity of TetX2 was established by a series of
biochemical assays. The difference between the products (inactivated tetracyclines) and
the substrates (tetracyclines) of enzyme action can be detected by measuring the changes
of the UV-Vis absorbance of the antibiotics. There are two absorption maxima in
tetracyclines: 260 nm and 363 nm. The beta-tricarbonyl chromophore (ring A) is
responsible for the 260 nm absorbance. The aryl beta-diketone chromophore (ring B, C,
D) is responsible for the 363 nm absorbance and the yellow color of tetracyclines (Drexel
et al., 1990). According "o the observation of the disappearance of the yellow color when
tetracycline incubated with TetX2, the continuous inactivation process should be
determined by the absorbance change at 363 nm. Since NADPH has a maximum

absorbance at 340 nm, the absorbance of both substrates overlap at 360 nm. Therefore,
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the absorbance at 400 nm (e499 of oxytetracycline is 1080 M em ') was chosen when the
plate reader was used. Thus the activity of TetX2 was detected when the progress curve

was observed with a negative slope, indication of tetracycline inactivation.

3.9.1. UV-Vis detection of the activity of TetX2

a. Difference spectra: The difference spectra of oxytetracycline between
incubation with TetX2 and without TetX2 during 20 minutes were recorded by UV-Vis
spectrophotometer. In the sample cuvette (+TetX2), the absorbance of oxytetracycline at

363 nm decreased while in the reference cuvette, the absorbance maintained stable.

Abs

'0-4J T T T T \
250 300 350 400 450
Wavelength (nm)

Graph 62 - 2_60 X: 259.697, Y: -0.020259

Figure 3-9. Difference spectra of oxytetracycline when incubated with TetX2 for 20
minutes. The top flat line is recorded at 0 minute, the bottom curve is recorded at 20
minutes. Abs. is the difference between the sample and the reference.
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b. Absolute absorbance spectra: The absorbance spectra of oxytetracycline when

incubated with TetX2 is shown in Fig. 3-10. The decreasing of oxytetracycline

Abs

0.0 T T T T 5 1
250 300 350 400 450
Wavelength (nm)
Graph & 7 X: 292.7273, Y: 0.815359'

Figure 3-10. Absolute absorbance spectra of oxytetracycline when incubated with TetX2
for 20 minutes. The curves from top to bottom are recorded from 0 minute to 20 minutes.
The decreasing of absorbance at 363 nm very obvious with the increasing of incubation
time.

absorbance at 363 nm is very obvious with the increasing of incubation time during a 20-

minutes time course (Fig. 3-10). The absence of the isosbestic points indicated a more

complex transition form substrate to product.
3.9.2 HPLC detection of the activity of TetX2

The disappearance of the substrate peak and the appearance of product peaks were

detected by reverse phase HPLC when oxytetracycline was incubated with TetX2. Figure
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3-11 showed the changes during a 30-minutes time course. With the increase of the

reaction time, the substrate peak (S) decreased and a product peak (P1) increased. It was

noticed that the first product (P1, RT: 11.3 minutes) seems to be an intermediate. It
appeared at 2 minutes and reached the highest at 15 minutes, then started to decrease.
Product 2 (P2) appeareci at 10 minutes and kept increasing until the reaction was stopped

(30 minutes).
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Figure 3-11a. HPLC detzction of the substrate consumption and the product formation by
TetX2. Indicated are samples of oxytetracycline incubated with TetX2 for 0 minute to 30
minutes. S-substrate, ox ytetracycline; P1-1% product; P2-2" product. The top peaks were
detected at 363 nm, the bottom peaks were detected at 260 nm.
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Figure 3-11b. Quantification of HPLC data. From 0 to 30 minutes, substrate is
decreasing; the first product (P1) appears at 2 minutes, increases up to 15 minutes; the
second product (P2) appears at 10 minutes, and it keeps increasing.

3.9.3 Effect of TetX2 on antibiotic activity of oxytetracycline

A microbiological disc assay showed the change in bacterial antibiotic
susceptibility to oxytetracycline in the reaction mixture. A tetracycline sensitive strain,
Micrococcus luteus, was used (Fig.3-12). With the increasing of the reaction time, the
amount of active oxytetracycline in the reaction mixture decreased due to the inactivation

catalyzed by TetX2.
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Figure 3-12. Detection of bacterial susceptibility to inactivated tetracycline by disc assay.
A tetracycline sensitive strain Micrococcus luteus was used. c¢: control, without
oxytetracycline; 1 to 6 are samples with 30 umole oxytetracycline incubated with TetX2
for 0 minute, 5 minutes, 10 minutes, 15 minutes, 20 minutes, and 30 minutes.
3. 9.4. Steady state kinetic data of TetX2 catalyzed tetracycline inactivation

In tetracycline inactivation reaction, TetX2 uses both tetracycline and NADPH as
substrates. Therefore, steady state kinetic data of TetX2 were collected separately by
varying oxytetracycline concentrations and NADPH concentrations in separate
experiments.

Fig. 3-13a shows the result of varying oxytetracycline concentrations. The
calculated kg is 1.32 8™, ke /K is 1.74 x 10° M 5™, and K,y is 76.3 £ 16.3 pM.  Fig. 3-

13b shows the result of varying NADPH concentrations. The calculated k., is 1.11 s'],

kear K is 8.32 x 10> M''s™, and Ky, is 133 £ 25.6 uM.
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Figure 3-13a Steady state kinetics of
TetX2. Varying concentrations of
oxytetracycline, | mM NADPH and
25 mM TAPS buffer, pH 8.5, were

used.
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Ercyme Kinetics Data of
TetX2 on NADPH
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Figure 3-13b Steady state
Kinetics of TetX2. Varying
concetrations of NADPH, 0.3
mM oxytetracycline 25 mM
TAPS buffer, pH 8.5, were
used.

The kinetic date. of TetX2 on several other analogues of tetracyclines were also

tested to compare the substrate specificity of the enzyme. The results shown in table 3-3
indicates that TetX2 can catalyze the inactivation reactions of the chosen analogues of

tetracyclines, even thouzh the reaction rates are different.
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Table 3-4 Steady state kinetic data of different tetracycline analogues

Substrate Km(uM) keat (s koo /Km (M™.S™)
Oxytetracycline [76.3 £ 16.3 1.3+0.07 1.74 x 10
Demecolocycline{19.9 + 7.10 0.2+0.01 1x 10*
Doxycycline  [83.7+27.2 0.63+0.09 [71.52x 10°
Tetracycline  [54.0£11.5 032+0.02 [5.92x 10°
Minocycline 8.4 + 8.8 0.12 +0.01 09x10°
Chlortetracycline{l 10 + 12 0.3 +0.01 .74 x 10°

TetX2 has activity with all of them, but the reaction rates are different. 1 mM of NADPH and 25 mM of
TAPS buffer, pH 8.5, were used in the reactions.

3. 9. 5. Time course aralysis of selected substrates

Analysis of the formation of products of tetracyclines by TetX2 action was also
explored with tigecyclir e and chlortetracyline (Fig. 3-14 and 3-15).

Fig. 3-14a shows the changes of the substrate and products peaks during the
inactivation catalyzed by TetX2 when tigecycline was used as the substrate. After 20
minutes reaction, no substrate peak was detected. Fig. 3-14b is the quantitative graph of
the HPLC data. The structure analysis of P was not investigated due to the limited supply
of tigecycline. The decreasing of substrate and the increasing of one product was shown
clearly. Fig. 3-14c shows the antibiotic activity of inactivated tigecycline by disc assay.
Corresponding to HPLC result, after a 120 minute reaction, the reaction mixture was not
toxic to bacteria at all due to the completion of the inactivation of tigecycline catalyzed

by TetX2.
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Figure 3-14a HPLC detection of tigecycline inactivation catalyzed by TetX2. S: substrate
peak; P: product peak. X-axis is the reaction time, Y-axis is the absorbance. The top
peaks were recorded at 363 nm; the bottom peaks were recorded at 260 nm.

Decreasing of Glycylcycline and increasing of its
oxidized product detected by HPLC
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Figure 3-14b Quantification of the HPLC data of 3-14a. X-axis is the reaction time, Y-
axis is the peak area at 260 nm.

L)



Masters Thesis-W. Yang McMaster-Biochemistry

Ghryogline

Figure 3-14c. Disc assay for the detection of the inactivation of tigecycline by TetX2. A
tetracycline sensitive strain Micrococcus luteus was used. Numbers are the incubation
time before the reactions were stopped by adding 1 % TFA, the units are minutes.
Fig.3-15a and b are corresponding results of the HPLC trace, quantification of
HPLC data when chlortetracycline was used as the substrate. HPLC result showed the
disappearance of the substrate and the appearance of 3 new products when
chlortetracycline was incubated with TetX2. We did not pursue the characterization of

these peaks further due to time constrains. The decreased antibiotic activity of

inactivated chlortetracycline by TetX2 was shown by micro disc. assay (Fig. 3-15¢).
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Figure 3-15a HPLC detection of the changes in tetracycline inactivation catalyzed by
TetX2. The substrate is chlortetracycline, represented by number 4. Peak 1, 2, and 3 are
possibly the inactivated products. X-axis is the reaction time. Y-axis is the absorbance,
the scale for 0 minute and 5 minutes is different from the scale for 10 minutes to 30
minutes due to the printouts.
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Figure 3-15b Quantification of HPLC data. Data used were peak area recorded at 260 nm.
1%, 2", and 3" peaks are products, 4™ peak is the substrate.
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Figure 3-15¢ Micro disc assay showed the decreased antibiotic activity of inactivated
chlortetracycline. Samples were chlortetracycline incubated with TetX2 for different time

periods.
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3.9.4 Resistance of fetx?2 carrying E. coli to tetracyclines

The resistance profile of fetx2 carrying E. coli was performed by testing the
minimum inhibition coacentrations (MICs) of tetracyclines (Table 3-5). When bacteria
were carrying pET28-fetx2, it conferred resistance to some tetracyclines, but not
minocycline and tigecycline. However, the MICs are lower than bacteria carrying
pBR322, which has a fefC gene encoding an efflux protein.

Table 3-5 Minimum inhibition concentrations (MICs) of tetracyclines to E.coli BL21-
tetx2 (pg/ml)

Strains Oxytetracycline Tetracycline Chlortetracycline Doxycycline Minocycline Tigecylcycline
pET28 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

tetx2 8 2 4 1 <0.5 <0.5
pBR322 128 16 8 2 1 0.5

3.10 Identification of product of TetX2 catalyzed inactivation of oxytetracycline
3.10.1 LC- MS spectra of P1, P2.

The molecular masses of P1, P2 were determined by LC-MS at the department of
Chemistry, University of McMaster. Figure 3-16 shows that the first product of
inactivated oxytetracycline (P1) has a mass of 477 Dalton, which is equivalent to
oxytetracycline (461 Da) with one oxygen (16 Da) added, implying a mono-oxidation

process occurred. The miass of the second product (P2) is 457 Dalton.
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Figure 3-16 LC-MS of oxidized oxytetracyline products. Positive ion electron spray was

performed. The top peak is P2, the bottom peak is P1.

3.10.2 NMR spectrum of P1

From mass spectrum, the structure of the product cannot be determined. In other

words, the oxidation position of oxytetracycline was not yet clear. NMR has been a

powerful tool for determining the structure of compounds, so we decided to take
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advantage of this tectnique, in collaboration with Dr. D. Hughes, Department of
Chemistry of McMaster University.

a. Optimizing the reaction time to obtain maximum Pl To obtain the maximum
yield of the product, we optimized the reaction time. Incubating 300 uM oxytetracycline
with 10 pug TetX2 at 30°C for 18 minutes converted most of the substrate into products
(Fig. 3-17). The product P1 separated from that reaction was one single peak shown on

analytical HPLC (fig. 3-18).
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Figure 3-17. Different reaction times give different amount of products. Indicated are
different reaction times: ¢,10 minutes; b, 15 minutes; ¢,18 minutes. Numbers on the peaks
are Retention time of corresponding peaks; The boxes are the spectra (220 to 450 nm) of
relevant peaks.
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Figure 3-18. Purified P1 was verified by analytical HPLC. One single peak was shown

with the right spectrum.

b. NMR spectrc of PI1 The 'H NMR spectra of the inactivated product P1 was

shown in figure 3-19. Table 3-6 showed assignments for the protons and based on this

data, the structure was proposed (Fig 3-20).

position of the B-ring of the oxytetracycline.
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Figure 3-19. 'H NMR spectra of oxytetracycline and its inactivated product, P1.
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Table 3-6 Assignments of protons of oxytetracycline and its inactivated product P1 from
1
HNMR

proton 4 4- 4a 5 Sa 0-CH; 7 8 9
‘NH3),
Oxytetracycline | 4389  2.990 2.885 3.882 2974 1.814  7.184 7.554 6951
Pl (Aug.27) 3.803 3.019 3.740  4.101 1.576  7.090  7.551 6.984
P1 (Sep. 3) 3.515 2.907 3.557 4.116 1.595 7.079 7.537  6.966
HO\§H3 gH H ,;lMez
SR z H z
= s = OH
/7 6 - 5 4
9 1 11 12 2 NH2
| I | OH ||
OH ) OH o 0

Figure 3-20. Proposed structure of P1. R: H for oxytetracycline, OH for P1.
3.10.3. LC-MS-14S: LC-MS-MS of the products was conducted and the fragments
(Table 3-7) matched the proposed structure of P1. The structure of P2 is not clear because

we couldn’t obtain the pure compound due to the instability.

Table 3-7 Molecular mass and proposed structures of the precursors and product ions

Precursor lon (m/z)  Oxytetracycline P1(478) P2 457) Proposed
461) structures[M+H]"
Most abundant 460 [M+H-H,0]"
product Ion (m/z) 4 444 [M+H-2xH,0]"
440 [M+H-NH;]
126 [M+H-NH;-H,0]"
408 406 [M+H-NH;-2xH,0]"
381 379 [M+H-NH;-2xH,0-
coy
337 336 333 [M+H-NH;-2xH,0-
CO-N(CH,),]"
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3.11 P1 to P2 reaction:
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Figure 3-21. HPLC clromatographs showing the production of P2 when using P1 as the
substrate. a to e are reactions with different pH value and whether TetX2 was included.
Figures in the boxes are the spectra of corresponding peaks.

HPLC separated P1 was used as the substrate and reaction was set up as the same
as for enzyme activity. Two controls were used: one was P1 in H,O (a); the other was P1
in H,O with 2 mM HEPES (pH 8.0) (b). To compare the difference of the reaction with
TetX2 and the reaction without TetX2, three samples were prepared as follows: c), P1
incubated with TetX2; 1), P1 plus TetX2 and NADPH regeneration system; e), P1 plus
NADPH regenerate system, without TetX2. The pH of these three samples and the two
controls were taken and they were incubated at room temperature for 20 minutes, then the

‘reactions were stopped by adding 1% TFA and the changing of the substances were

detected by RP-HPLC.
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Fig 3-20 shows that TetX2 was not required for the transfer of P1 to P2. This

process is therefore a pH-dependent P1 auto-degradation, not an enzymatic process.
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Chapter 4

Conclusions and discussions
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The objectives of this work were to study the molecular aspects of tetracycline
inactivation by TetX2. To accomplish this goal, a series of biochemical assays were
established. They have been used successfully to study the biochemical properties of
TetX2 and it’s catalyzed tetracycline inactivation process. Previous investigators had
tried different assays to study TetX. Since they did not isolate the protein from bacterial
cells, most of the results were indirect, often confusing. For example, HPLC and
spectrophotometric assays had been used to fellow tetracycline inactivation, it was
pointed out that the effzct of cell secretion factors couldn’t be eliminated (Speer et al.,
1989; 1991). For example, a weak efflux pump was shown to be involved and it was
suggested that the protein product of fetx gene might have both tetracycline inactivating
activity as well as tetracycline efflux function (Park et al., 1988). It is likely that this
confusing assumption was based on experiments with the bacterial spent media that
included other interfering factors and cell secretion factors. That might be one of the
reasons why no further studies had been reported after 1991. Using purified hexa-His
TetX2, we were able to monitor the tetracycline inactivation activity of the enzyme
directly, and in particular the consumption of tetracycline was monitored by

spectrophotometer and HPLC chromatography.

Characterization of the size of TetX2 by SDS-PAGE electrophoresis and gel
filtration chromatography showed that TetX2 is 44 kDa, which was in agreement with the
predicted size by sequer ce analysis (Speer and Salyers,1989). However, previous results

obtained from maxicel experiments didn’t prove conclusively that the 44 kDa
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cytoplasmic protein shown on SDS-PAGE was the tetx gene product (Speer et al., 1988).

Our result clearly described that TetX2 is the protein product of gene fefx2 and is about

44 kDa.

TetX2 was purified with a bound flavin cofactor FAD. Though a flavin binding
sequence was not identified in the original TetX deduced sequence by Speer and her
colleagues (Speer and Salyers, 1989), a GGGPVG sequence in TetX2 protein matches the
first fingerprint motif of GXGXXG for the FAD binding (Eppink et al., 1997). A blast
search found 10 hits (Fig.4-1) with the E value less than 1.0. Nearly all of them encoded

hydroxylases/mono-oxygenases.

* 20 *
TetX2 : —=—==—=—==—==—- MTMRIDTDKQMNLLSDKNE: 45
2 Pommmm oo MTMRIDTDKQMNLLSDKN|Y 45
3 e MTLLKYKK 35
e MEQSAINTKK 37
5 e MNHVP 32
L MNHVP 32
8 B MKTQ o
6 : MTIEFTSYPFTAQHYSARLPSLGGGVETSRHAWY. 59
10 Pommm e MAIQHPDIQPAVNHSVOY, 44
7 R e e TR MHYEELPLTAEHDY: 40

6al

Figure 4-1. An ADP-binding fingerprint (GXGXXG) for FAD is present in TetX2. 2,
Original TetX; 3, A tetracycline inactivating enzyme from Pseudomonas aeruginosa; 4,
2-polyprenyl-6-methoxyphenol; 5, Hydroxybenzoate3-monooxygenase; 6, 2-polyprenyl-
6-methoxyphenol hydroxylase; 7, hypothetical protein; 8, p-hydroxybenzoate
hydroxylase [Pseudomonas spp.]; 9, 2-polyprenyl-6-methoxyphenol hydroxylase
[Corynebacterium  glutamicium]; 10, 3-(3-hydroxyphenyl) propionate hydroxylase
[E.coli].

The presence of flavin in TetX2 suggested either a redox reaction or a

monooxygenase action. Assays in the presence and absence of oxygen reveled that O, is
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required for TetX2 activity, which clearly explained why E.coli carrying fetx gene only
grow aerobically in the presence of antibiotic (Guiney et al., 1984; Speer and Salyer,
1989). Characterizatior of the requirements for the TetX2 function showed that the
nicotinamide co-substrate NADPH is exclusively required for activity. Steady state
kinetic data of TetX2 obtained using oxytetraycline and NADPH separately indicated that
TetX2 used both substrates. These experiments classified TetX2 is an O, requiring falvin

monooxygenase.

TetX2 demonstrated a broad substrate specificity on tetracyclines. But it also
exhibited differences in the reaction rates among these antibiotics. The in vitro k., /Km
value were in the 10 *- 10 * M\, s range. These observations were in agreement with
Speer and Salyer’s microbiological assay results, which showed an E. coli strain, EM 24,
carrying tetx gene conferred tetracycline resistance to several tetracyclines derivatives

with the MICs value range of 20 to > 200 pg / ml (Speer et al., 1989).

From the structure-activity point of view, the variations of the analogues we have
used are at the C5, C6, C7 positions. That means these positions are not involved in the
inactivation process. It is supported by the proposed structure of oxidized oxytetracycline

product, where the substrate is oxidized at C-5a position.

Microbiological assay showed that E.coli strain BL21(DE3) transformed with
fetx2 conferred tetracycline resistance, even though the ability of the resistance was not

very strong. Speer and Salyers (Speer et al., 198 reported a much higher resistance (MICs
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>200 pg/ml) when strain EM24 was used (Speer and Salyers, 1988). Park and colleagues
reported a relatively lower resistance (MICs <25pug/ml) when strains JF270 and HB101
were used (Part et al.,, 1988). The differences between experiments suggest the

performance of retx2 was likely affected by different strains.

An interesting phenomenon was noticed in that there was no correlation between
MIC of individual antibiotics and the steady state enzyme reaction rates ke or keqr / Kin
(Fig 4- 2). A positive correlation between MIC and k.., / Ky, is expected for an efficient
resistance enzyme (Wright and Ladak, 1997). One possible explanation is that the
primary function of TetX2 is not to confer tetracycline resistance. It might be involved in
a complex bacterial metabolic pathway when it is in vivo. Further studies will provide a

better understanding of the function of TetX2 both in vivo and in vitro.
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Figure 4-2 The relationship between MICs and the enzyme reaction rates. No
correlation was shown in the graph.
Initial attempts to determine the molecular weight and the chemical structure by

mass-spectrometry and NMR failed due to the existence of interfering materials (Speer
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and Salyers, 1989). Utsing purified TetX2 and modified product separation techniques,
we were able to overcome the obstacles caused by the instability of the product and
gained pure material for mass-spectrometry and NMR. The molecular mass of inactivated
oxytetracycline product catalyzed by TetX2 was 477 Daltons, which is equivalent to one
oxygen atom added to the molecule. NMR analysis of the product P1 demostrated that

the oxidation was a hyd:-oxylation of the Cs, position of oxytetracycline.

Characterization of the biochemical mechanism of the inactivation process
indicated that one oxygen atom is incorporated into tetracycline during tetracycline
inactivation. Thus TetX2 is a monooxygenase. This is consistent with the classfication
made by V. Massey: the fourth group of flavoprotein-monooxygeneases induces a
splitting of the O-O boad, inserting one oxygen atom into a substrate and reducing the
other atom to HyO (Messey, 1994). He also generalized that all true monooxygenases
have three substrates, NAD(P)H to reduce the enzyme bound flavin, the substrate to be
oxygenated, and molecular oxygen (Massy, 1994). Therefore our experimental results

could be used to enrich the supportive evidence of biochemical theories.

Assay for the fate of tetracycline inactivated product (P1) indicated that the
oxidized product was not stable, but is easily degraded by increasing the pH of its
environment. P2 is likely not a single compound, but several. In the process of
cultivation of fefx2 carrying bacteria, we have notice the formation of the dark color in
the cultural media, which is likely an indication of the breakdown of the inactivated

product P1. Due to the diversity, we were not able to generate products P2 and
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characterize them. Hovsever, the molecular weight of the major degraded product is 457
Dalton by LC-MS. To understand more about the fate of oxytetracycline inactivated

product, further studies of P2 are required.

According to teix2 sequence, there are 14 potential start codons (Met) in the 1.2
kb fragment. By base deletion experiments, it was found that putative start codons at
position 1, 3, or 11 cou.d be the actual start codons (Speer and Saylers, 1991). We have
cloned two versions of iefx2 which start from position 1, and 11. The proteins from them
were purified and the activities for tetracycline inactivations were tested. Both versions
of TetX2 showed tetracycline inactivation activities. A version of TetX with one
mutation (E266K) (TetX3) showed tetracycline inactivation activity as well. The tetx2
gene is carried by transposon, a mobile genetic element. If the horizontal gene transfer is
involved, the spread of enzymatic tetracycline inactivation type of resistance
determinants has the potential to be very fast. The fact is the enzymatic inactivation of
antibiotics is a common mechanism in other antibiotics (eg. B-lactams, aminoglycosides).
For retx2, the clinical relevance has not yet been reported. Its original host, Bacteroides,
has been reported as major carrier of resistance gene transfer (Shoemaker et al., 2001).
And a gene, fet37, encodes the same general mechanism as fefx2, but there is no sequence
homology, was reported (Torries et al., 2003). Therefore, further studies and surveys

about the distribution of fetx type tetracycline resistance determinants are significant.

Our attempts to characterize the 3D structure of TetX2 have thus far not been

successful. Further studies have to be done to overcome the obstacles for crystallization
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of TetX2. The results would clearly shed light on the understanding of the enzymatic

tetracycline inactivatior mechanism.

Extensively using tetracyclines, especially in agriculture, not only make the
resistance problem more serious, but also cause environmental problems which are
associated with the decomposition of feed-lot wastes containing tetracyclines. The
wastes resulting from animals treated with antimicrobials, regardless of whether the
animals were managed in a feed-lot operation or on farms, will find their way to the
agricultural field (Hallirg-Serensen et al., 2002). Our work on TetX2 suggests that large
scale production of this enzyme is possible. It could therefore be used as a tetracycline
detoxifying agent to treat tetracycline contaminated waste or agricultural field, solve

environmental problems.

To summarize: the fetx2 gene has been cloned, the protein was overexpressed in
E.coli and purified by column chromatography; the size of TetX2 protein is 44 kDa on
SDS-PAGE and confirmed by gel filtration; TetX2 was characterized as a flavoprotein
bound with FAD; TetX2 exhibited enzymatic activity on tetracycline inactivation, and
this inactivation required oxygen and NADPH; the product of TetX2 inactivated
oxytetracycline was an cxidized compound with a mono oxygen atom added on the C-5a
position of the substrate with a molecular weight of 477 Dalton; thus the biochemical
process of tetracycline inactivation is a TetX2 catalyzed oxidation reaction; the oxidized

product was not stable, it will degrade when the pH of its environment rise up to 6.
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It is expected that these results will open up a new view for the better
understanding of tetracycline resistance mechanism, especially enzymatic tetracycline
inactivation mechanisrr. Such Results could be helpful in the battle of fighting with
tetracycline resistance problem and bring the broad-spectrum antibiotic agents,

tetracyclines, back to th: forefront of modern antimicrobial chemotherapy.
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