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It is believed that 

 

N

 

-acetylation may be the main
pathway of inactivation of biogenic amines [1–6]. For
example, it was shown that the activity of 

 

N

 

-acetyl-
transferase (aaNAT, NAT, EC 2.3.1.87) in 

 

D. melano-
gaster

 

 is much higher than the activity of monoamine
oxidase, another enzyme involved in amine degradation
[2, 6]. Similar results, obtained for imagoes of 

 

Ostrinia
nubilalis

 

 [3] and 

 

Periplaneta americana

 

 [5], allowed
the authors of these works to assume that NAT may be
the key enzyme that catalyzes dopamine (DA) and
octopamine (OA) degradation in insects.

Since NAT was first discovered in nervous tissue of

 

Drosophila

 

 by Dewhurst et al. [2], these authors con-
cluded that this enzyme is required not only for cuticle
sclerotization but also for the synthesis and degradation
of neurogenic catecholamines and their derivatives.
This conclusion was confirmed later by other authors,
who detected 

 

N

 

-acetyltransferase activity not only in
the cuticle and eggshell of insects but also demon-
strated 

 

N

 

-acetylation of biogenic amines in their ner-
vous system [1, 5, 7].

Earlier, we showed that biogenic amines regulate
the level of gonadotropins, juvenile hormone (JH), and
20-hydroxyecdysone (20E) in 

 

D. virilis

 

 and 

 

D. melan-
ogaster

 

: an increase in the content of DA and OA
induces an increase in the level of 20E [8, 9] and JH
(decreases its degradation) [10]. Note that this regula-
tion is ensured by the feedback principle: an increase in
the titer of JH in young 

 

Drosophila

 

 females leads to a
drop in the level of DA [11], whereas an increase in the
titer of 20E increases the content of DA [12].

The regulation of the OA and DA contents by gona-
dotropins can be controlled at the level of their synthe-
sis, degradation, or the precursor pool control.

The goal of this study was to determine whether JH
and 20E regulate the content of DA and OA by chang-
ing the activity of NAT, an enzyme degrades both
amines.

This study was performed with the wild-type 

 

D. vir-
ilis

 

 strain 101. Cultures were grown on the standard
nutrient medium at 

 

25°ë

 

 at a density of 20–30 larvae
per 7 ml of nutrient medium. The cultures were syn-
chronized by the emergence of adults; the flies that
emerged within 3–4 h were collected. Then, one group
of flies was fed for one day with a diet containing 20E.
In this case, the flies were kept in a vial, the bottom and
walls of which were covered with filter paper wetted
with a solution (0.5 ml) containing 0.5% sucrose, 0.2%
yeast, and 60 

 

µ

 

g of 20E (Sigma, United States) dis-
solved in 60 

 

µ

 

l of ethanol. In the control, the nutrient
medium was supplemented with 60 

 

µ

 

l of ethanol with-
out 20E. The other group of flies (one-day-old females)
were treated with 2 

 

µ

 

g of JH III (Sigma, United States)
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Fig. 1.

 

 Dependence of NAT activity on the enzyme concen-
tration (determined by the number of flies containing the
enzyme in sample). Each value is the mean of 5–18 repeated
measurements.
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dissolved in 1 

 

µ

 

l of acetone. The control flies were
treated with 1 

 

µ

 

l of acetone. The activity of NAT was
determined as described earlier [13]. The significance
of results was estimated using Student’s 

 

t

 

 test.

A special experiment was performed to determine
the optimal amount of the enzyme required for measur-
ing the activity of NAT in young 

 

D. virilis

 

 females. As
seen from Fig. 1, the concentration of NAT in homoge-
nates of one 

 

D. virilis

 

 fits the criterion of linearity of a
calibration curve section.

Figure 2 shows the results of determination of NAT
activity, with DA being used as a substrate, in one-day-
old 

 

D. virilis

 

 strain 101 females 1 h after JH applica-
tion. It can be seen that an experimentally induced
increase in the titer of JH caused an increase in NAT
activity (the differences from the control flies that were
treated with acetone were statistically significant at 

 

p

 

 <
0.01). Thus, our data indicate that the decrease in the
level of DA, caused by an increase in the titer of JH,
which was discovered earlier [11], may be due to
changes in the activity of NAT, the enzyme that catabo-
lizes the amine.

Figure 2 also shows the results of measurement of
NAT activity, with DA being used as a substrate, in one-
day-old 

 

D. virilis

 

 strain 101 females after feeding them
with 20E. It is well seen that an experimentally induced
increase in the titer of 20E led to a marked decrease in
NAT activity (the differences from the control were sig-
nificant at 

 

p

 

 < 0.05). Therefore, the increase in the level
of DA, following an increase in the titer of 20E, which
was discovered in our previous work [8], may result, in
particular, from a decrease in NAT activity.

To determine whether changes in the titer of gona-
dotropins influence the OA 

 

N

 

-acetylation level, we
measured the activity of NAT in one-day-old 

 

D. virilis

 

females after JH application and feeding them with
20E, with OA being used as a substrate. The results of
these experiments are shown in Fig. 3. It can be seen
that the treatment with JH or 20E did not change signif-
icantly the OA acetylation rate. The fact that changed in
the titer of gonadotropins correlate with changes in the
acetylation rate of DA but not OA led us to assume that

 

D. virilis

 

 contains at least two enzymes with 

 

N

 

-acetyl-
transferase activity, which exhibit different substrate
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Fig. 2.

 

 Effect of feeding with 20-hydroxyecdysone (20E)
and application of juvenile hormone (JH) on the acetylation
level of dopamine in one-day-old wild-type 

 

D. virilis

 

females. Each value is the mean of 7–13 repeated measure-
ments.

 

Fig. 3.

 

 Effect of feeding with 20-hydroxyecdysone (20E)
and application of juvenile hormone (JH) on the acetylation
level of octopamine in one-day-old wild-type 

 

D. virilis

 

females. Each value is the mean of 7–10 repeated measure-
ments.
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specificity with respect to OA and DA. This assumption
agrees with the data of other authors who reported the
presence of various 

 

N

 

-acetyltransferases in 

 

P. ameri-
cana, D. melanogaster

 

, and other insects [1, 5].

Thus, we showed that (1) juvenile hormone
decreases the content of dopamine in young 

 

Drosophila

 

females by increasing the activity of the enzyme that
catalyzes its degradation, whereas 20-hydroxyecdys-
one increases the content of dopamine by decreasing
the activity of this enzyme; and (2) the content of octo-
pamine in them is regulated by gonadotropins at a level
other than degradation.

ACKNOWLEDGMENTS

This study was supported by the Russian Founda-
tion for Basic Research (project nos. 07-04-00194 and
06-04-48357) and a grant from the Presidium of the
Siberian Division of the Russian Academy of Sciences
for Support of Young Scientists.

REFERENCES

 

1. Amherd, R., Hintermann, E., Dieter, W., et al., 

 

DNA Cell
Biol.

 

, 2000, vol. 19, pp. 697–705.

2. Dewhurst, S.A., Croker, S.G., Ikeda, K., and McCa-
man, R.E., 

 

Comp. Biochem. Physiol.

 

, 1972, vol. 43B,
pp. 975–981.

3. Hayashi, S., Murdock, L.L., and Florey, E., 

 

Comp. Bio-
chem. Physiol.

 

, 1977, vol. 58C, pp. 183–191.
4. Evans, P.H., Soderlund, D.M., and Aldrich, J.R., 

 

Insect
Biochem.

 

, 1980, vol. 10, pp. 375–380.
5. Ichihara, N., Okada, M., Nakagawa, H., and Takeda, M.,

 

Insect Biochem. Mol. Biol.

 

, 2001, vol. 32, pp. 15–22.
6. Wierenga, J.M. and Hollingworth, R.M., 

 

J. Neurochem.

 

,
1990, vol. 54, no. 2, pp. 479–489.

7. Sloley, B.D. and Downer, R.G.H., 

 

Insect Biochem.

 

,
1987, vol. 17, pp. 691–696.

8. Rauschenbach, I.Yu., Chentsova, N.A., Alekseev, A.A.,
et al., 

 

Dokl. Biol. Sci.

 

, 2006, vol. 407, no. 5, pp. 179–181
[

 

Dokl.

 

 

 

Akad. Nauk

 

, 2006, vol. 407, no. 5, pp. 715–717].
9. Rauschenbach, I.Yu., Chentsova, N.A., Gruntenko, N.E.,

et al., 

 

Dokl. Biol. Sci.

 

, 2006, vol. 411, no. 1, pp. 461–463
[

 

Dokl.

 

 

 

Akad. Nauk

 

, 2006, vol. 411, no. 1, pp. 461–463].
10. Gruntenko, N.E and Raushenbakh, I.Yu., 

 

Genetika

 

,
2004, vol. 40, no. 7, pp. 869–876.

11. Rauschenbach, I.Yu., Gruntenko, N.E., Chentsova, N.A.,
et al., 

 

Dokl. Biol. Sci.

 

, 2004, vol. 397, no. 3, pp. 179–181
[

 

Dokl. Akad. Nauk

 

, 2004, vol. 397, no. 3, pp. 427–429].
12. Gruntenko, N.E., Karpova, E.K., Adonyeva, N.V., et al.,

 

J. Insect Phisiol.

 

, 2005, vol. 51, pp. 417–425.
13. Sukhanova, M.Z., Grenback, L.G., Gruntenko, N.E.,

et al., 

 

J. Insect Physiol.

 

, 1996, vol. 42, pp. 161–165.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


