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EVALUATION OF ERRORS IN DETERMINATION OF DNA
MELTING CURVE REGISTERED WITH DIFFERENTIAL
SCANNING CALORIMETRY

D.Y. LANDO!, I.LE. GRIGORYAN? A.S. FRIDMAN!, E.N. GALYUK!,
Y.B. DALYAN?, S.G. HAROUTIUNIAN?

!Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus
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?Yerevan State University, Department of Molecular Physics
inessa.grigoryan@ysu.am

The differential scanning calorimetry (DSC) is more sensitive than UV absorption
spectrophotometry as a tool for the measurement of DNA melting curves. The advantage of DSC
is a direct determination of differential melting curves (DMC) obtained without numerical
differentiation. However, the difference between the helix-coil transition enthalpies of AT and GC
base pairs can cause distortions in the shape of melting curve. Up to date, the errors caused by
those distortions were not evaluated. In this study, a simple procedure of recalculation of a
calorimetric DMC into a real DMC is developed. It demonstrates that the "real" melting curve and
differential melting curve deviate very slightly from the same two curves calculated from DSC
data. The melting temperature and the temperature melting range are usually the same even if the
difference in the enthalpies is several times higher than a real one.

Differential scanning calorimetry — high-resolution melting profiles — DNA plasmids —
calf thymus DNA
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nnn £ hwugbgub] hwidwu Ynph nbuph puwhiindwu: Uhug opu wyn tnwpptpnipjudp wwjdwlw-
ynpwd uhuwiwluph wndtputpp npn2qwd sEU: UWphuwwnwupnid wnwownyyned £ Yuinpubunphy
3 - «hujwwl» 3 Jepwhw2qwnyh pupwgp: Yepwhwdwnyh Yyhpwenedp gniyg £ nyty, np
«hujwywl» hwidwu Ynpp L hwdwl nhdbptughw| Ynpp wubpwlu GU wnwppbpynd HAWY-h
nyjwiutpny npn2dwd Uwluwwinhw Ynptphg: vYEpghuu 6hown £ bwl hwidwu gpdwuwnhdwuh W
hwidwu gpdwunhdwlwihu hunbpdwih hwdwp Unyupuy Geb U W Q8-hhdptiph gnigbiph Eu-
pwwhwubnh mwppbpnieintup Uh pwbh wugqwd UGs E hpwlywl wndbphg:

MPLntlughwy ulywlwynnnn Guynphdtnn — pwndn (ncénnwlwineeywl huwydwl wypndpubn —
wwquhnuyhl i@ — hnpph ninguwaqbndh i

W3mepenne kpuBbix miasineHns JJTHK meronom nuddepeHmanbsHoi ckaHUPYROIeH Kato-
pumetpun (JJCK) siBnsiercss 6onee TOYHBIM, 4eM TPH HCHONb30BaHuu Y D-criekrpodoToMerpun.
Ipeumymectsom JICK sBisiercs npsmoe onpeneneHue qupGepeHInanbHbIX KPUBBIX MUIaBICHHS
(JKIT), monyuyaembix 6e3 umciennoro auddeperunposanus. Tem He MeHee, pa3HHUIIA B YHTAIb-
musix AT u I'll-niap ocHOBaHMI MOXET BBI3BAaTh UCKaKCHUS B JopMe KpUBOH 1uiaBieHus. Jlo Hac-
TOSILETO BPEMEHH BEJIMYMHBI OIIMOKH, BEI3BAHHOHN 3TUM pa3Iu4ueM, He ObLIO ONpeeseHo.

B at0i1 pabote npemaraercst mpocTas npoieaypa nepecuera kanopumerpudeckux IKII B
"ucrurnere" JIKII. Ee npuMeHeHre oka3aio, 4To "HCTUHHASA'" KpHUBas IUIaBIeHUS U JudhepeH-
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EVALUATION OF ERRORS IN DETERMINATION OF DNA MELTING CURVE REGISTERED WITH DIFFERENTIAL ...

[UajJbHAs KPHUBas IUIABJICHHUS HE3HAYUTEIHHO OTIMYAIOTCS OT aHAJOTMYHBIX KPUBBIX, PaCCUUTAH-
HbIX 110 JanHbeM JICK.

Ilocnennee crnpaBemnMBO IS TEMIIEPATYpPhl IUIABICHUS M TEMIEPATYypHOIO HWHTEpBaia
IUTaBIICHHS JaXKe B CiIydae, eciu pazHuma B dHTanbmud AT u ['L[-map B HECKOIBKO pa3 BEIIIE €
peaJlbHON BEJIMYHHBL.

Huppepenyuanvran ckanupyowas Kaiopumempus — npo@uil NiaeneHus bicoKo20-
paspewenus — naasmuonasn JHK — JJHK mumyca menenka

The differential scanning calorimetry (DSC) gives more accurate melting profiles
than UV absorption spectrophotometry as a tool for the measurement of DNA melting. The
advantage of DSC is a direct determination of differential melting curves (DMC) obtained
from thermograms without numerical differentiation. However, there is a widely spread
opinion that calorimetry has shortcomings that hinder exact determination of the melting
curve, differential melting curve (DMC), melting temperature and temperature melting
range. The most important of them is the difference between the helix coil-transition
enthalpies of AT and GC base pairs. Because of lower enthalpy of AT base pairs, the low
temperature part of calorimetric DMC that corresponds to melting of AT-rich regions is
lower than real DMC that is the first temperature derivative of the fraction of melted base
pairs (fig. 1A and 2). The high temperature part corresponding to melting of GC-rich
regions is located above the real DMC. The calorimetric melting curve is shifted towards
higher temperature (fig. 1B). At the same time, there is no exact evaluation of the distortion
value caused by this effect.

0.06
0.04
0.02

0.00
1.04

0.54

0.0+

Fig. 1 A) Calorimetric differential melting curve (DMC) simulated with the Gaussian function characterized with
the temperature melting interval A7=15°C and the results of its recalculation into the real DMC for
H,r= 8500 cal/(mol bp), Hsc=12500 cal/(mol bp). B) Calorimetric and real melting curves, which correspond with
the differential melting curves depicted in fig. 1A.

As the differential scanning calorimetry, the UV registration of DNA absorption
also does not directly measure the fraction of melted base pairs, and various methods are
required to escape experimental errors [1-3]. However, the contribution to the total change
of absorbance is approximately the same for AT and GC base pairs at A=270 nm [1, 2].
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Fig. 2 Calorimetric DMC for calf thymus DNA and results of its recalculation into the real DMC for
H,7=8500 cal/(mol bp), Hs=12500 cal/(mol bp).

In this study, a simple procedure of recalculation of a calorimetric DMC into a
"real" DMC is proposed. Its use demonstrates that the method of differential scanning
calorimetry causes negligible error in the determination of the melting curve, differential
melting curve (DMC), melting temperature and temperature melting range.

Materials and methods. Ultra pure calf thymus DNA was used (protein<0.1%,
RNA<0.1%, molecular mass ~30 MDa). The properties of this DNA have been previously des-
cribed [6]. High-resolution melting profiles were obtained using a model of differential scanning
microcalorimeter DASM 4 (Biopribor, Russia) with a cell volume 0,5 ml. In the DSC experiments,
we followed standard procedures [9]. The melting was carried in 0,1 M NaCl, 5 mM Na,COs,
0,05 mM EDTA, pH 7.

In this study, the first derivative of the temperature dependence of the fraction of melted
base pairs is called a "real differential melting curve" (3'7(7)) to distinguish it from the calorimet-
ric differential melting curve (8'.{7)) obtained from thermograms by subtraction of buffer baseli-
ne, sample baseline and normalization. The calorimetric melting curve 3.(7) is calculated by integ-
ration of the calorimetric differential melting curve 9'.#(7), i.e., it is the temperature dependence of
heat absorption normalized to the total heat absorption caused by the DNA helix-coil transition.
Both calorimetric dependences can be expressed through the additional heat capacity caused by the
helix-coil transition (AC,(7)):

Te
QVU):ACATVJACAOW (1),

Ts

T T Te ~
&UU:IQAOW:IM%@&/JM%mw:HUUM{(D

Ts Ts Ts

where T and 7, are the start and end of the temperature interval of the DNA helix-coil

transition, H(7T) is the heat absorption at a given temperature and H is the total heat absorption
caused by the DNA helix-coil transition that is equal to its enthalpy.

Real melting temperature (7,,) and calorimetric melting temperature (7,,.) correspond to
the half of melted base pairs and to the half of additional heat absorption caused by the helix-coil
transition, respectively. The temperature melting range for both cases (A47=1/9'(T,) and
AT =1/9'.(T,)) were determined as the inverse of the real or calorimetric DMC at melting
temperature.
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EVALUATION OF ERRORS IN DETERMINATION OF DNA MELTING CURVE REGISTERED WITH DIFFERENTIAL ...

The study was carried out for calf thymus DNA, EcoRI-cut pBR322 DNA, and two
calorimetric DMC curves simulated with the Gaussian function. The latter curves correspond to
low and high DNA heterogeneity with the temperature melting range AT=3 or 15°C, respectively.
The two values of the difference in enthalpies of GC and AT base pairs were considered: 1.1 and
4 kcal per mole of base pairs. The first value is used in different studies [10], and is closer to the
experiment carried out for natural DNAs of various GC content [5]. The second difference occurs
between enthalpies of the most [GC (CG)] and the least [TA (AT)] stable duplets of the nearest
neighbors of base pairs [1]. It is the highest possible limit of the enthalpy difference.

The set of the thermodynamic parameters corresponding to the low (1.1 kcal) enthalpy
difference is the following: 7,;=65,2°C, T5=107,8°C, H,;=8.4 kcal/(mol bp), H;=9.5 kcal/(mol
bp), S7=S5=24.8 cal/(mol bp-K™") [10]. It corresponds to case of entropies that are equal for AT
and GC base pairs. The second set was used as an illustration of the extreme case of a very high
difference in enthalpies (4 kcal/(mol bp)): 7,7=65,2°C, T5=107,8°C, H 7= 8,5 kcal/(mol bp),
Hgc=12,5 keal/(mol bp), S,7=25,12 cal/(mol-bp-K™"), S5c=32.81 cal/(mol bp-K™").

For EcoRI-cut pBR322 DNA, the Poland-Fixman-Freire approach [8, 9] was used for
direct calculation of real and calorimetric DMC for both sets of parameters. Then the method of
recalculation developed in this study was applied to obtain a real DMC from a calorimetric one.
Both approaches give very close real melting curves.

Results and Discussion.

Calculation of real melting curve from calorimetric melting curve.

Let the temperature 7; correspond to the melting out of the DNA regions with the
average GC composition x;. At that temperature, the majority of regions with x<x; are
almost fully melted. If x>x,, the regions are almost fully helical. It is obvious that

x1= (T-Tan)(Toc - Tar) (3)

The average per base pair enthalpy for those regions (H,(7})) is given by Eq.(4):
H(T)y=(1-x))-Hyr + xrHoe = Hyr + xp(Hoc-Har) “)
H(T)) can be represented in the following way:
T, -T
H(T)=Hyr+ AT (Hgc-Har) (5)
Toc —Tar

Using H/(T}), one can obtain the heat absorption at a given temperature (H(7)) and
the total heat absorption (average enthalpy) caused by the DNA helix-coil transition

(E ), and then calculate calorimetric melting curve as 3.(7)= H(T)/ H . Let us represent
Eq.(5) in the following way:

H(T)=A+ BT, (6)
where

A=(Toc-Har-TyrHee) | (Tee -Tar) @)

B=(Hsc-Har) ! (Toc -Tar) ®

Then the additional heat absorption that is caused by partial helix-coil transition
under heating to temperature 7 is given by Eq.(9):

T T
H(T):IH,(t).g,'(z).dtzA-S(T)+B.jt.9;(t).dt ©9)
Ts Ts
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If T>T, (i.e., for full DNA melting), H(T) is equal to the average per base pair
enthalpy ( H ):
H=H(T,)= A+ BT (10)
where

Te
T=J‘tq9;(t)'dt (11)
Ts
The calorimetric melting curve, which is the temperature dependence of the frac-
tion of heat absorption caused by the helix-coil transition, can be represented in the fol-
lowing way:

_ T _
8.(T)=H(T)/H=[A-3T)+B- [t-3:;()-dt]/(A+ BT) (12)
Ts
Differentiating Eq.(12), calorimetric DMC can be expressed in terms of real DMC

(Bq.(13)):
9¢p(T)=[(A+B-T)/(A+BT)]-97(T) (13)

For our study, it is more required to obtain an expression for real DMC (8'/(7)) in
terms of calorimetric DMC (8')cr(7)):

87(T)=[(A+B-T)/(A+B-T)]- 8o p(T)] (14)

The expression for 9'A7) includes T that can be found from experimental
function 9'.(7) by the following transformation of Eq.(14):

8, (T)/(A+B-T)=97(T)(A+B-T) (15

Then both parts are integrated with respect to 7 between 7 to T,. As a result, one
obtains Eq.(16) for T:
T=(C"'-4)/B (16)
where A and B are given by Egs. (7),(8) and

Te
C= j[SCt(t)/(A+B~t)]-dt 17)
Ts
Thus, Egs.(14), (16), (17) give $'A(T) in terms of §'. (7).

Results of calculation. As follows from Eq. (14), calorimetric DMC is located

lower than real DMC at T < T and higher at 7 > T . It is well seen from fig. 1A and 2. It
is also obvious that a stronger difference of a calorimetric melting curve from the corres-
ponding real melting curve occurs for a larger temperature melting range.

Recalculation of experimental calorimetric curve $.(7) into a real one $'H7)
using Eqgs.(14), (16), (17) was carried out for experimental DSC curve of calf thymus
DNA and DSC curves simulated with the Gaussian function. Additionally, the same
expressions were used for recalculation of calorimetric melting curve computed for of
EcoRI-cut pBR322 DNA into a real one. The melting temperature and temperature
melting range were also determined for all types of curves.
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If the difference in enthalpy is equal to the value obtained for DNA with different
GC content [5, 10], i.e., ~1 kcal per mole of base pairs, then the calorimetric curves
(4., ¥.7) and real curves (9, 9'7) are very close in all considered cases (results of calcu-
lation are not shown). The difference in melting temperature and melting range for two
types of curves also does not exceed 0.1°C. Unfortunately, the exact dependence of en-
thalpy on GC content, similar to that was obtained for melting temperature [1], has not
been determined directly. Therefore we have done computation for a possible highest
difference between enthalpies of AT and GC base pairs. Calorimetric melting studies of
the heteropolymeric  poly[d(AT)]-poly[d(AT)], poly[d(AC)]-poly[d(GT)], and
poly[d(GC)]-poly[d(GC)] duplexes and the homopolymeric poly[d(A)]-poly[d(T)]
duplex demonstrate that the maximal difference in enthalpies of AT and GC base pairs
can not be higher 4 kcal per mole of base pairs [3]. The same difference occurs for
enthalpies of the most GC (CG) and least TA (AT) stable nearest neighbors of base pairs
[1]. However, the maximal difference between all other nearest neighbors is reliably less
than 2 kcal per mole of base pairs [1], and the last value also exceeds the upper limit of
the average difference between GC and AT-base pairs.

Our calculation demonstrates that the calorimetric and real curves are also very
close for EcoRI-cut pPBR322 DNA and for the Gaussian curve with AT=3°C even in the
case of these high 4 kcal difference (the results are not shown). As follows from these
results and Eq.(13), high deviation between real and calorimetric melting curves can take
place only when both the temperature melting range and the difference in the enthalpy of
AT and GC base pairs are high. Therefore the difference between calorimetric and real
curves (fig. 1 and 2) is seen only for the calorimetric DMC curve simulated with the
Gaussian function characterized with a large temperature melting range (AT=15°C, fig. 1)
and for DNA from calf thymus (AT=10.6°C, fig. 2). Because of lower enthalpy of AT
base pairs, the low temperature part of calorimetric DMC that corresponds to melting of
AT-rich regions is lower than real DMC (fig. 1A and 2). The high temperature part
corresponding to melting of GC-rich regions is located above the real DMC. As follows
from the fig. 1B, calorimetric melting curve is always shifted towards higher temperatu-
res. However, the difference in melting temperature is less than 0.3°C. The difference in
the temperature melting range measured for calorimetric and real melting curves is less
than 0.05°C. However, it should be pointed that the real difference in enthalpies is 2-4 ti-
mes less then the value of 4 kcal taken for demonstration of the enthalpy effect. The ave-
rage value 1.1 kcal is rather closer to the real difference [5, 10] than the extreme case of
4 kcal difference. Therefore, a deviation of calorimetric curves from real ones is much
lower than that demonstrated in the fig. 1 and 2.

Thus, the results of our work demonstrate that melting curve calculated as a
relative heat absorbance caused by DNA helix-coil transition $.(7) is very close to the
fraction of melted base pairs 4(7) and can be used without any recalculation. The close-
ness of the differential melting curves, melting temperatures and temperature melting
ranges is also demonstrated.
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K BOIIPOCY O ®OPMUPOBAHUU MUKPODIJIEMEHTHOI'O
COCTABA PEYHBIX BOJ

JLA. APAPATHH, P.I'. PEBA3AH, 3.A. CAOPA3BEKSH

Lenmp sx0n020-H00CGhepHbix ucciedosanuii HAH PA
levon.arararatyan@gmail.com

HccnenoBanuch HHQUIBTPALOHHBIE BOJBI AJIBIMHACKOTO M JIyTOCTEITHOT'O IOSICOB M BOJIBI
pexu AmGepa. Panusis u GeccucremHas macte0a MpUBENa K 3pO3MU TOYB M JCrpajallii yKa3aH-
HBIX 9KOCHCTEM M CKa3ajach Ha MHUIpauuu TsDKeJIbIX MeTaimioB (TM). BeiaeieHo, uto HanbGoinee
CTaOMIBHBI [0 PACIHONIOKEHUIO B reoxuMuueckux psgax Fe, Mn, Zn (mepesie mecta) u Pb, Mo
(nmocnegHue Mecta), a Takke Cu. YCTaHOBIICHO, YTO PEYHbIE BOJIbI HACIEYIOT MHOTHE [TOKA3aTeIH
HHOUIBTPALMOHHBIX BOJ: pacronoxeHre TM B reOXMMHYECKHX psiax, MPEBBILICHHE TSHKEIBIMU
metamaamu I[IJIK Bo Bcex mccieqyeMbIX BOAax MO OJHUM M TEM K€ 3JIEMEHTaM, COOTHOIICHHUE
¢dhopm TM.

Topubie sKocucmemvl — MusuMempuyecKue u peunvle 600bi— msicensvie memannst (TM) —
8000pacmMeopuMbie U Ces3aHHble hopMmbl — mpanchopmayus

REwnwagnunyb) BU wiwjwu nt Jwpgwgbntwwnwthwunwlwihl gninhubph hudhnpwghnu
ontpp W Udpbpn gbwnh gnipp: dwn W wuywunlu wpwétgnidp hwugbgnphu hnntph Epnghwjhu no
UpJwé Eynhwdwywpgbph nbgpwnwgdwup W wpnwhwjnyt) Gu swup JGnwnutph (OU) dhgpw-
ghwjh dpw: Mwpqyty E, np pun hptug wnbnh Epupwphdhwywl pwppbpnid wnwyb] Ywjniu Bu
Fe,Mn,Zn (wnwohU wbkntpntd), Pb, Mo (UGpghUu wntntpnud) W Cu: wjnuwpbnytby E, np gbwnh ont-
np dwnwlgnid 6U huphpinpwghnl epbiph gnigwhplbpp” BU inknwnpndp Gpypwphuhwlywl 2wn-
ptpnud, Upwug gbpwquugnidp URY-U pninp hGnwagnundwé gpbpnud” Jhlluniu tnwpptph Uwin-
dwup, OU dubph hwpwptbpnipyniup:

LEnUuyhl Eynhwdwlyunqbn — (hqhdunphly b quinh gpbn — Swun dGwnwnlbn (OU) —
spwynyd b Qwwdwds dubn — inpwludpnpdwghw

Infiltration waters of alpine and meadow-steppe belts and waters of Amberd River were studied.
Early-scheduled and unregulated grazing has led to soil erosion and degradation of the noted ecosystems
and has impacted migration of heavy metals as well. As indicated, the most stable in respect to their po-
sition in geochemical series are Fe, Mn, Zn (first positions) and Pb, Mo (final positions) as well as Cu. It
is established that river waters inherit a number of indices of infiltration waters, namely, heavy metals
position in geochemical series, heavy metals excesses vs. MAC values in all the studied waters in res-
pect to the same elements as well as relations between forms of heavy metals.

Mountain ecosistems — lizimetric and river waters — heavy metals (HM) —
water-soluble and bound forms — transformation

B cBsi3u ¢ pOCTOM HaceNeHUs, pa3BUTHEM TEXHHUKU U yBEJIUUCHUEM KOJIMYECTBA
TPaHCHOPTHBIX CPEACTB 3arpsi3HEHHE IPHUPOLHOI Cpeibl MONMyuuso eme Ooibliee pac-
MPOCTPaHEHHE, ¥ IOTOMY B HACTOSIIEE BPeMsl MHOT'O BHUMAHUS YIIEJETCS TPoOIeMaM ero
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K BOIIPOCY O ®OPMHUPOBAHUNU MUKPOSJIEMEHTHOI'O COCTABA PEYHBIX BOJ[ (HA IIPUMEPE APATAIICKOIO...

3AMCTBEHHBIX KHUBOTHBIX, HpI/IBCIlH_[I/Iﬁ K CTOIITAHHOCTH IIOYB W OI'OJICHHIO ITOYBCHHOI'O
[IOKpOBa, B pe3yJbTaTe Yero OHM OKa3aJHCh B COCTOSHHUHU Aerpazanuu [1]: ycunuiauch
MPOLIECCH OPO3HHU, YMEHBIIMIOCH COAEPKAHUE TyMyca, YIalIo IUIOJOPOIHe ITOYB U CHH-
3WJIaCh YPOXKAIHOCTB CTOJIb BaXKHBIX VIS PECITYOJIMKH CEHOKOCOB U mactouil. B pesyib-
TaTe HApYIIWICS TAKKE ECTECTBEHHBIH XOJ IIPOLIECCOB MUIPAIMH XUMUYECKHX 3JIEMEH-
TOB: YMEHBIIIEHHE YPOXKAHHOCTH PAacTeHHH MPUBENO K CHIKEHHIO IOTPEOJICHHS pacTe-
HUSIMHU ITUTATEIbHBIX YJIEMEHTOB, YTO CO3IAJI0O HX M30BITOK B II0YBE M HH()MIBTPAIMOHHBIX
BOJIaX ¥ YBEIHMYMIO BBIMBIBAHUE UX M 3aTrPA3HECHUE TPYHTOBBIX U PEUHBIX BOJ, CITYXKAIIUX
OJJHUM W3 OCHOBHBIX B)KHEHIIIMX HPPUTAIMOHHBIX HCTOYHHKOB B pecITyOIiKe.

Lenpro HAIIMX MCCIICAOBAHUIN OBLIO ONPENETUTh MUKPOIJICMEHTHBINH COCTAB MOY-
BEHHBIX (MH(UWIBTPALMOHHBIX) U PEYHBIX BOJ BBICOKOTOPHBIX YKOCHCTEM Aparauckoro
TOPHOTO MacCUBa, yCTAHOBHUTH MX TpaHC(HOPMALHMIO IIPU Iepexo/ie OT Oosiee BICOKOpac-
TIOJIO’KEHHBIX 110 BEPTHUKAJIBHOH MOSCHOCTH SKOCHCTEM K HIDKEIEKAIINM U Jajee K ped-
HOM BOZ€ JUIA BBIABJICHHs 3aKOHOMEPHOCTEH M3MEHEHUS TPAH3UTHBIX MOTOKOB TM, sB-
JISTFOIUXCS TAKXKE BAXKHBIM CBSI3YIOIINM 3BEHOM MEXIY SKOCHCTeMaMH. B uccienoBaHu-
SIX OXBAYEHBI HE TOJILKO BAJIOBBIE H CBSI3aHHBIE (DOPMBI MHKPOIJIEMEHTOB, CIIYKaIllle UX
3amacHbIM (OHIIOM B IOYBE, HO U BOAOPAcTBOpHMEIE GopMbl TM, MOCKOIBKY HMEHHO
OHH, SABJIAACH Han6onee MOABMKHBIMH, B KOHCYHOM CUCTC OIPCACIIAIOT COCTOSIHUE DKO-
CHCTEM.

HccnenoBanue mpoueccoB GOpMUPOBAHHS MHKPOIEMEHTHOTO COCTaBa PEUHBIX
BoJ OyZeT cnocoOCTBOBATh NOHMMAHHIO TPAHC(POPMAIMU TPAH3UTHBIX MOTOKOB TSKE-
JIBIX METAJUIOB, HaUMHAsl C aJbIHICKOro Mosica, I MHPWIbTPAIUOHHbIE (JIH3UMETPH-
YeCKHe) BOIBI COCTABISIOT HAYAJBHBIA UK UX (HOMHUPOBAHUS (HCTOK PEKH) U Jajee —
CBEpXY BHHU3 10 BEPTHKAIBHON MOSCHOCTH, 4TO OyJIET CIIOCOOCTBOBATh pa3pabOTKe Me-
POIIPUATHH 1O YCTPAHEHHUIO NPOLECCOB JETPajallii U BOCCTAHOBJICHUIO HAPYIIEHHOTO
PaBHOBECHS SKOCHCTEM.

Mamepuan u memoouxa. ViccienoBanusi IpOBOIIINCH B AparariCkoM TOpHOM MacCuBe, B
YCIIOBHSIX PacIpOCTPAaHEHHUS TOPHO-JIYTOBBIX (anbruiickuii mosic, 3250 M H.y.M.) H JIyTOBOCTEIHBIX
(styrocrenHoit mosic, AM6epn, 2085, 1567 M H.y.M.) noys. [list JTyroBOCTENHBIX U FOPHOIYTOBBIX
I0YB XapaKTEPHBI BLICOKOE COAEPKAHUE IyMyca U KUcias peakuus [3], KoTopble SBISIOTCS OJHUM
13 rIaBHEHIIUX (akTopoB Bo3zdeicTBus Ha murpauuio TM. [lns moiydeHus HHQUIBTPALIMOHHBIX
BOJI MICIIOJIB30BAIICH TU3HUMETPUUCCKHIE YCTAHOBKH, IOCTABIICHHBIC B YKa3aHHBIX IyHKTaX; 00pas-
LBl JIN3UMETPHYECKUX BOJ C MCCIENyeMbIX 1mouB Opanuchk ¢ riayouns! 0-10 u 0-50 cm. Conepixa-
HHE TSDKEJIbIX METAJUIOB ONPEAIISIIOCh aTOMHO-a0COPOLIMOHHBIM METO/IOM.

Pezynomamor u 0ocyrncoenue. DopMupoBaHUE PEUHBIX BOJ HAUMHACTCS C aTMOC-
(epHBIX 0caaKoB, 4TO 00Ccyxnanock Hamu panee [2]. JlanpHeWmuii xon notoka TM ¢
HHOUIBTPAOHHBIMA BOJIAMHU 4Yepe3 UX BEPTHKAIBHBIA CTOK IMPOXOJHUT Yepe3 MOUBCH-
HBIH CJIOW UCCIIEIyeMbIX HAMU 3KOCHCTEM, NIPETepIieBas psi TpaHCPOpMAIM TIPH B3aH-
MOJICHCTBUH C OPraHUYECKUM BEIECTBOM IOYBBI M €r0 MUHEPAJIbHBIM MOTJIONIAIONITHM
KOMIUIEKCOM; K TIPHMEpPY, YCTAHOBJIEHO, YTO €CIIH B aTMOC(EpHBIX OcajKax HCCIemye-
MBbI€ METaJUIbl HAXOAATCS B KATHOHHOM (popme, TO “NpH B3aUMOICHCTBHHU C MIOYBCHHBI-
MH DJIEMEHTaMH 00pa3yIOTCs OTPHLATEIHHO 3apsXKCHHBIC KOMIUICKCHBIC COCAMHCHHUS
METAJJIOB C Pa3IMYHBIMU (PPAKIMIMH OPraHUYECKOrO BEUIECTBA, YTO CYIIECTBEHHO Me-
HSET XapaKTep UX MUTPAIMOHHOMN CIIOCOOHOCTH 110 IOYBEHHOMY Mpoduiio” [4]. B urore
(opmupyeTcsi peyHON TOTOK (MJIM BOAHBIM OacceiiH) ¢ Onpe/eeHHbIM XUMUYECKUM COCTa-
BOM, 3aBUCSAILIM OT SKOJIOTUYECKOTO COCTOSIHUS BBILIEPACIIONIOKEHHBIX SKOCUCTEM.

B Tabun. 1 u 2 npuBeieHbI MOTyYeHHbIe HAMU JaHHbBIEe 0 copepxaHuu TM B u3u-
METPHYECKHX M PEYHOM BOJAAX HCCIEAYEMBIX SKOCHUCTEM MaccuBa r. Aparai. JlaHHble
MOKa3bIBAIOT, YTO coaepkanue TM B JIM3MMETPHYECKHUX BOJAX MO TOJIlaM MOXET KoJie-
6aThCs B IIUPOKHX Mpeeax, YTOo 0OYCIOBIEHO KaK KIMMAaTHUYECKHUMH YCIOBUSMH, TaK
U CpOKaMH B3sTHsI 00pa3ios [2].
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Tab6a. 1. Conepxanne TM B nu3uMeTpUvecKo Bojie 1Mo mpoduitto T. Aparaiy, MKI/J1

=
£ | rog |[wOmsa | Tun Fe | Cu| Mn | Mo | Ni e | za | Pb
= M 00p.
0-10 . 1700 | 20 500 12.0 50 17 100 8.0
0-50 330 11 240 7.0 12 33 33 19
. 0-10 cyxoif 580 36 180 89 31 22 130 3.1
2
g2 007 0-50 ocr. 520 9 260 /0 6.0 4.0 7.0 3.0
Y 0-10 2280 | 56 680 101 81 39 230 11
< ™ BaJL.
0-350 850 20 500 7.0 18 73 40 22
2009 0-10 s 100 [ 45 6.0 /0 1.3 u/0 30 0.88
0-350 ) 41 3.0 6.0 /0 0.82 u/o 13 0.53
Z B3BECH 480 12 120 0.72 1.0 6.0 14 24
g 2007 0-10  [cyxoitocr.| 1200 | 22 650 /0 22 17 35 17
= BaJl. 1680 | 34 770 0.72 230 23.0 49 41
& 0-10 BaL. 390 [ 9.0 8.6 /0 0.82 1.6 64 1.0
= 2009
2 0-50 BaL. 580 | 9.1 | 18.0 /o 12 7.1 160 52
TIJTK TM s Boa_(mkr/a) [5 ] 500 10 100 250 20 500 1000 10
Tab6a. 2. Conepxanne TM B peuHoli Bojie MaccuBa r.Aparar, MKI/J1
Myner | Dhcora | Jlara ssmuy  Tun Fe Cu | Mn | Mo | Ni Cr | zn | Pb
abc., M o0p. o0p.
B3BECH 880 17 55 | 33 22 8.8 33 5.5
1.08.07r | cyxocr. | 580 [ 69 [ 46 12 | 80 [ 35 [ 80 [ 58
= BaL. 1460 | 23.9 | 101 | 45 | 300 | 123 | 41.0 | 113
S 1567 16.7.08r BaJl. 96 40 | 47 | wo | 16 [ 042 [ 135 [ 075
z 20.10.08r BaL. 22 33 | 89 [ 013 [ 090 | 0.88 | 200 [ 0.44
[yskr 1 Bl 155 | 120 | 60 | wo | 015 | wo | 135 | 0.55
28.07.09r
Tysicr 2 BalL. 175 | 1.1 | 63 | wo | 028 | wo | 63 | 061

Hwmxe nmpuBenensr reoxummyeckue psasl TM, cocTaBiieHHBIE N0 BETUYHMHE HX
coJepKaHUH B JIM3MMETPHUYECKHUX U PEUHON BOAAX.

Anpruiickuii mosic
Fe >Mn >Zn >Ni >Cu >Cr >Mo>Pb - 0-10 cm, cBs3anHast hopma (B3BECh)
Fe >Mn >Zn= Cr >Pb >Cu >Ni >Mo - 0-50 cm, “—
3. Fe >Mn >Zn >Mo >Cu >Ni >Cr >Pb - 0-10 cm, BomopacTBopuMas ¢opma
(JIM3MMeTpUYecKid GUILTpaT)
4. Fe>Mn >Cr>Zn >Cu >Ni>Mo>Pb - 0-50 cMm, “—*
JlyrocrenHoti nosic

5. Fe >Mn >Pb >Zn >Cu >Cr >Ni >Mo - 0-10 cMm, cBs3anHas ¢popma (B3BeCh)

6. Fe>Mn >Zn >Cu =Ni >Cr =Pb >Mo - 0-10 cMm, BogopactBopumas popma
(punprpar)

N —

p- AmOepn
7. Fe>Mn >Zn >Ni>Cu >Cr>Pb >Mo - cBs3anHas popma (B3BeCh)
8. Fe >Mn >Zn =Ni >Cu >Pb >Cr >Mo - BomopactBopumas Gpopma ((puibTpar)

Herpyzano 3ametuts, uto conepxanne Fe, Mn 1 Zn cOOTBETCTBEHHO HX pacIpoc-
TPaHEHHOCTH B IPUPOJIC HAXOAMUTCSI B OCHOBHOM B IIEPBBIX psifiaX; Zn JIUIIb B 2 CIy4asx
YCTyIaeT CBOE MECTO, Iepexoisl Ha coceqHee, 4-e mecto. [1o Toi ke mpuinHe KOHEYHbIE
MecTa B psijiax 3aHuMaroT Mo u Pb (B ocHOBHOM 6-8 Mecta). Kpome Toro, o6nanas 60716-
1M HOHHBIM PAIHycOM, a TaKXKe BCIEICTBHE CBOETO MaJoro COACP)KAHHS OHH TPYA-
Hee MepeXOoAaT B PacTBOP, IPH 3TOM A1 Mo OOJBIIYIO POk UIPAeT TakXke TO 00CTOs-
TEJBCTBO, YTO OH CHJIbHEE CBS3BIBACTCS MOYBEHHBIM IOTJIOIIAIOIINM KOMILIEKCOM IMPH
KHCJIOH peakuuu MoyB (KOTOpask CBOMCTBEHHA JUIS TOPHO-JIYTOBBIX, a TAaKKe JIyTOBO-
CTENHBIX TI0YB) [6].
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CTalbuipHO pacIoio’keHHe MEAH B YKa3aHHBIX pAgax: B 6 Cilydasx OH 3aHHMAaeT
6-¢ MECTO | JIMIIIB B 2 CIIy4yasix OMyCKAeTCs WM MOJHUMAETCs Ha 0JJHO MecTo. Hanbob-
MM U3MEHEHHUSM B PAacHOJIOKEHHH B T€OXHMMHUUECKUX psfax moasepkeHsl Cr — 3-7 u
Ni —4-7 mecra.

Ecnu Tenepb paccMOTpHM Kakde 3JI€MEHTHI MOABEPKEHbI HanOOIbIINM U3MEHe-
HHUSM MECTOIIOJIOXKCHHUS] B TEOXMMHUUYECKUX PsAaX B JIM3UMETPHUYCCKHX PAcTBOpax, B3s-
TBIX C Pa3HOH MITyOHHBI, TO YBUAUM, YTO B aNbINHHACKOM MOSICE CBHHEII MEpees ¢ moc-
JIEJIHETO MecTa, T1ie OH ObUT B psamax ans cios 0-10 cM, Ha 4-e mecto — B ciioe 0-50 cm
(mpouHOCBsi3aHHAs (opMa); Ui BOJOPACTBOPUMON (OPMBI B TOM XK€ MOSCE IPUMEPHO
TaKHe XK€ 6OJ'H>IHI/IG TNEPEXO0abl B TCOXUMHUYCCKUX pAAax OTMEYAIOTCA 110 XpOMY U MO.]'II/I6-
neny. HanbGounbias pasHuIa B pactoiOKEHUH B TEOXUMHUECKHUX PAaxX MEKAY pas3iny-
HeIMU (popmamMu TM B TM3UMETPHYECKOM PACTBOPE, B3SITOM C OJHOW M TOM e TIyOH-
HBI, Habmroaetcs mo Monubaeny (cioi 0-10 cm) u ceuniy (0-50 cm).

B nyrocrenHom mosice HauOoJbIAs pa3HHILA B PsAAax MEXIy o0erMHu GopMamu
TaroKe HaOJII01aeTCsl IO CBUHILY.

Jnst pedHo# BO/BI HAOMIOAASTCS TIOUTH MOJTHOE CXOJCTBO FE€OXMMHUYECKUX PIIOB
TM obeux Gpopm.

Hinke npHBOIATCS TEOXMMHUYECKUE PSBI BAIOBBIX cofepkanuii TM B TU3UMETpH-
YeCKOH U PEYHOH BOJIaX, COCTABICHHBIE M0 HX CPEITHET010BBIM 3HAUCHUSIM.

1. Anpnuiickuii nosic: Fe >Mn >Cr >Zn >Cu >Ni >Mo>Pb - 0-50 cm
2. JIyrocTenHo# nosic: Fe >Zn >Mn >Cu >Cr >Pb >Ni>Mo - 0-50 cm
3. p. AmGepn: Fe >Mn >Zn >Cu >Ni >Cr =Pb >Mo

I[aHHI)IC IMOKa3bIBAKOT, YTO HaI/I6OJ'H>H_[a$[ pasHulla B PacCIiOJIO0KCHUN BaJIOBBIX CO-
nepxkanuii TM B reoXUMHUYECKUX psiiaX — AJIs JIM3UMETPUYECKUX BOJ Pa3HbIX MOSCOB U
B BoJe p. AMOep HaOII0aeTcs Mo XpoMy, IpUUeM MpuMedaTensHo, uyto Cr mo Mepe
nepexo/ia BHU3 M0 BEPTUKAIBHON MOSCHOCTH K p. AMOep/, ¢ 3-T0 MecTa B allbIIMHCKOM
Mosice MEePEeXOIUT Ha 5-¢ (B JIYTOCTEITHOM MOsICe) U Jlajiee Ha 6-¢ — B PEYHOM BOAE, T.€.
IIPOMCXOUT €ro MOCTENIEHHOE CBA3bIBAHUE [TIOYBEHHBIM CJIOEM B OCHOBHOM, TYMYCOM U
ITOYBEHHBIM ITOTIIOMIAOINM KoMmIuiekcoM. Konebanus B pacnonoxxennn TM B reoxumu-
YEeCKUX pAJax 10 OCTAIBHBIM IeMEHTaM HeOoJbIIre (0HO — ABa MECTa).

Ha puc.] npuBeneHo OTHOCHTENBHOE COJIEp’KaHUE CBA3aHHOH BO B3BECH U BOJO-
pactBopumoii popm TM B u3MMETpUYECKON M peuHOil Bojax mMaccua Aparai. Herpyn-
HO 3aMETUTh, YTO B AJIBIUICKOM IOSCE OTHOCUTEIBHOE COAEPXKAHUE CBSI3aHHOH (HopMBI
st ciost 0-10 cm (A) kosebiercs 1o pa3HbIM 3JeMeHTaM B npezaenax 12-73%, cocrasisist
B cpeareM okoisio 50%. Hanboisiee BBICOKO OTHOCHTEIIBHOE COZEpKaHHe CBA3aHHOH (op-
MBI OTMEYEHBI [0 JKeJIe3y, MapraHily U IUHKY, a Haubonee HU3K0e — 110 MOJIMOJICHY U Me-
1. B nmu3umerpudeckux pactBopax, npomenmux gepes cioi 0-50 cM, 3To coOTHOLIEHUE
PE3KO MEHSETCSI: 3eCh HIDKHUM MpeJienl CBI3aHHOH (OpMBI cocTaBsieT okoio 50% (3a He-
OONBIINM MCKIIIOYEHHEM 10 XKene3y), a BepxHui gocturaet 90%. 1 ato ecrecTtBeHHO: U3
JIM3UMETPUYECKHUX PACTBOPOB, TpOIIeANnX yepe3 cnoit 0-50 cm, erkopacTBoprmMsbie Gop-
Mbl TM nornomaroTcs MOYBEHHBIM HOIIOMIAIONIMM KOMIIJIEKCOM M T'YMYCOM, B Pe3yJIbTa-
TE Yero JOoJs CBS3aHHBIX ()OPM B HEM CYIIECTBEHHO MOBBIIaeTcs. Hanbomee BBHICOKHM
OTHOCHTENBHBIM COJepKaHueM CBsi3aHHBIX GopM TM B aToM cioe ormmvarorcst Cr, Pb u
Zn, 1.e. uMeHHO Te TM, KOTOpBIE OTHOCSATCS K YHCITy HAUMEHEe paCTBOPUMBIX.

B nyrocrenHoM 1nosice OTHOCUTENILHOE COAEPHKAHUE CBA3aHHBIX (DOPM B JIN3UMET-
PHYECKOM pacTBOpe, B3ATOM U3 ci1os 0-10cM, HUKE 110 CPAaBHEHHUIO C TEM XK€ CII0EM Top-
HO-JIyTOBBIX T10YB (aJILIIMHACKHUHA MOSC): 3[IeCh OHO ITOYTH JJISl BCEX JIEMEHTOB HE MPEBbI-
maeT 40%, a N0 HUKEIIO OIMyCKAeTCsl JO HECKOJIbKUX IPOLIEHTOB, U JIUIIb 110 CBUHILY OT-
MeuaeTcs ero nosslmenue 10 60%. ITociaennee oObsACHAETCS TeM, YTO MOHHBIN paanyc
CBUHIIA HauboJiee BBICOKHUH 10 CPAaBHEHUIO ¢ ApyrumMu TM, U MOTOMY OH CHJIbHEE 3aK-
perIsieTcs MOYBEHHBIMHU YacTHIIaMH (B3BECh) M TPYIHEE MEPEXOAUT B pacTBop [6].
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Puc.1. OtHOCHTENBHOE COJICpIKaHUE BOIOPACTBOPUMOIL (B (huiibTpaTe) U CBA3aHHOMU (BO B3BECH)
(hopM  TSDKEINIBIX METAJLIOB B JIN3UMETPUYECKOM BOJIE TOPHO-JIyroBoi (A — co cnost 0-10 cm, b —
co cnost 0-50 cm), myroBo-crenHoi (B — co ciost 0-10 cm) mous u B Boze p. Am6epx (I).

B peuHoli Bosie OTHOCHTENILHOE CoJiepikaHue CBsi3aHHON (Gopmbl TM BeIcOKOE |
KoJeOJIeTCs B CPpaBHUTENBHO Oim3kuX npenernax (50-80%).

MBpI OMBITATINACH OLEHUTH YKOJIOTHIECKOE COCTOSHUE JTH3UMETPUUECKON U ped-
HOM BOJ /U OLEHKH PHCKA 3arps3HEHUs] TSDKEIBIMH MeTajllaMH HCCIIEITYyEeMBIX BOJ
(tabm. 3).

Tabu. 3. [IpeBbimienne coaepxanus Tsoxenslx Metamios IIJIK B nu3umerpuueckoit
U peYHOi BoJax AparaicKkoro ropHoro Maccusa (n pas)

HyH;(gé BI:COM Ton |Inybuna,cm| Fe Cu Mn | Mo Ni ‘ Cr Zn Pb
Jlusumerpuueckas Boaa
0-10 46 | 56 | 68 - 4.1 - - 1.1
2007 0-50 1.7 1 20 | 5.0 - - - -
Aparan, 3250
2009 0-10 - - - - - - -
0-50 - - - - - - - -
2007 0-10 34 134 |77 - 1.2 - - 4.1
Awmbepn, 2085 0-10 - - - - - - - -
2009 0-50 1.2 - - - - - - -
Peunast Bozma
p.AmGepx , 1567 | 2007 | - [29T24 10 - JT1s5 [ - T -1 11

Herpyano 3ameTtuts, uto B 06pasmax 2009 r. npeseimenue [1JIK, mpudem odens
HeOobIII0e, HAOI0AaeTCs TOJBKO 10 kenesy (1.2 pas), coneprkaHue MapraHua OJM3Ko K
[TAK, a ocTanpHBIX HCCIIEAYEMbIX 3JIEMEHTOB 3aMETHO HUKE HETO.

Cpasuenue BenuuuH npesbimenust [1K mis o6pasnos 2007 r. nokassiBaeT J10-
BOJIbHO MHTEPECHYIO KapTHHY: B JIM3UMETPUYECKUX PACTBOPAX TOPHO-TYTOBBIX MMOYB,
B3sTHIX ¢ rryOuHbl 0-10 cM., npeBbleHHe TsHxeabiMu MetaiaMu ux [1JIK Bbie, yem
co ciost 50 cM, 3a uckiodeHueM cBuHIa. [pespimenue Tsokensix metamios [1JIK B u-
3UMETPUUYECKUX PACTBOPAxX JIyTOCTEIHOTO Mosica, B3ATHIX ¢ TiryOuHb! 0-10 cM, O1m3ko k
TaKOBBIM 151 ajbnuiickoro nosica (0-10 cm).
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B peunoit Boze npebimenne [1IK TM Huzkoe u kosebieTcs B 0oliee y3KHX Tpe-
nenax (1.1-2.9) mo cpaBHEHHIO C JIM3UMETPUUYECKUMH BojaMu oOoux mosico (1.1-7.7).
3aciny)xuBaeT BHUMaHHUs TO 00cToATeNsCTBO, uTo npeBbimeHue [IJJIK TM B uccrenye-
MBIX BOAAX (JIM3UMETPHYECKUX M PEYHOM) HaOMI0aeTcs M0 OJAHUM M TeM KE 3JIEMEH-
Tam, a umenno Fe, Cu, Mn, Ni, Pb.

PestoMupyst BBIIEU3I0KEHHOE, MOYKEM CKa3aTh, YTO T€OXUMHUUECKHE PS/Ibl, COC-
TaBJIEHHBIEC 110 cozepxaHuto TM, moka3aiy J0BOJIBHO YETKYIO KapTHHY, CBHUIETEIbCT-
BYIOIYIO O CTaOMJIBHOCTH U WACHTHYHOCTH (VIS JIM3UMETPUYECKHX PAacTBOPOB U ped-
HOU BOJIBI) pacrojioxkeHus B HuX Fe, Mn u Zn (B OCHOBHOM TIepBbIe 3 MecTa), a TaKxke
Mo u Pb (nocnennue 2 mecra) mist obeux popm TM B IM3UMETPUYECKUX pacTBOpax U
PEUYHOH BOZE, XOTS B OTACJBHBIX CIIydasX Mbl MOKEM 3a()MKCHPOBaTh PE3KHUN MEPEXO
METAJJIOB B psiax (Hampumep, 1uis cBsi3anHOW (opMbl Pb — mepexo;i ero Ha TpeThe Mec-
TO B TeoxuMuueckoMm psaay TM B smyroctenHom mosice). M3 ocTaiapHBIX METalIOB Hau-
OOJIBIIMM M3MEHEHHUSM B PaclojoXeHHH B psaaax moasepkeHbl Cr u Ni, a ctabunbHee
BceX pacrosiokeHne meau. HabnromgaeTcs moyTy MOHOE CXOJCTBO PS/IOB BOJIOPACTBO-
puMoit u cBsi3anHO#N Gpopm TM B peunoii Boge. COOTHOIIICHHE CBsI3aHHAst / BOAOPACTBO-
puMast popMbel TM B JIH3UMETPUUECKUX pacTBOpax, B3ATHIX co ciost 0-10 cMm, Wik Ko-
nebnercst okoso 50% (anbnuiCKUil TOSC), WIIM 3aMETHO HHXKE ero (JIyrOCTEIHOH I10AC);
B JIN3UMETPUYECKOM PAcTBOpE, B3ATOM co ciost 0-50 cM (anbIHUHACKUIA TOSAC), €r0 COOT-
HOUICHUE 3HAYUTENILHO BhIlIe (B 0cHOBHOM 50-90%), MOCKOJIBKY NPH NMPOXOXKACHUH Ye-
pe3 Gounpnii cioii mouBsl (50 ¢M) U3 IM3UMETPUYECKOTO PacTBOpA JIETKOPACTBOPUMEBIE
¢opmbl TM criibHee MOTJIOMIAIOTCS TOYBEHHBIM IOTJIOIMIAIOMNM KoMIuiekcoM. [To Toi
ke IPUYNHE YKa3zaHHoe cooTHoueHue ¢popm TM juist pedHoil Boabl OJIM3KO K TAKOBOMY
JUTSL TU3UMETPUYECKOM BoAbI, B3siTOM co ciost 50 cm.

Bonbiioe cxoncTBo HabM0gaeTcs Takxke B peBbleHnH BenuuuH [TJIK Tsokenbix
MeTauioB: ko3¢ uuueHt npessitenus [TJIK st peuHoit Bobl HabM0aeTCs 10 TEM XKe
MeTaJllaM, 4To H Jis JTu3uMeTpudeckux pactBopos (Fe, Cu, Mn, Ni, Pb), a Benuunubl
npesbimenns [1JK Tsokensimu metamutamu it pednoit Bogs! (1.1-2.9) ykmaapiBatoTes B
TIPEJIeNbl, yCTAHOBIICHHBIE IS TU3UMETpUIecKuX pacTBopoB (1.1-7.7).

Kak BunuM, pednble BOAbl B 3HAUUTEIBHOM CTEIIEHH HACIEAYIOT MHOTHE IOKa3a-
TEeJU JTU3UMETPUUYECKUX PAacTBOPOB (pacnonoxeHrne TM B re0OXMMHYECKUX psjax, COOT-
Houenue ¢opm TM, Gnu3kue mpezessl NPEBBIIIeHUs COAePKaHUs OJHUX U TeX JKe Me-
tayumoB ux [1JIK B mu3nMeTpuieckoi u peyHo! BoIax).
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BOSIPBIIIIHUK (CRATAEGUS L.) KAK UCXO/ITHBII
MATEPUAJ JJIA THTPOAYKIIMU B BOTAHUYECKUX
CAIJAX APMEHUUA

K.A. BAPJAHSAH, M.B. CAPKUCSAH

Hucmumym 6omanuxu HAH PA
botanyinst@sci.am

Ha oCHOBaHMM MHOTOJIETHHX MCCJIEAOBAaHHI W HAKOIUICHHOTO OIBITA MO MHTPOLYKIHH
OOSIPBIIHUKOB B OOTAHHYECKHX CafiaXx APMEHHH, a TAKKe MX reorpaduueckoMy pacmpocTpaHe-
HHIO JIaeTCs OLICHKA mpencraButeneil poga Crataegus Kak LEHHOTO HCXOAHOTO MaTepHaia Ui
[aNbHEHIICH HHTPOLYKIUH 10 METOLY POJOBOTO KOMIUIEKCA, C LEIbI0 MOMONHEHUS ACHAPOKOI-
JIeKIMK OOTaHUYECKHMX CAJO0B M JCHAPOIMAPKOB CTPAHBI LICHHBIMH M BBICOKOACKOPATUBHBIMH BH-
JTaMH.

BosapbluHUK — UHMPOOYKYUsL pacmenull — 0eHOPoPhIopa — OeHOPOKOIILeKYUsL

Rwjwunwlh pniuwpwlwlwl wjghuGpnid uquhuBph  huwnpnnniyghwih, huswbu Uwl
npwug w2huwnphwaopwywl nwpwéwédniejwl ninnnijwdp JuunwpJwé pwquwdjw niuntdUw-
uhpnipjntbutph W Yneinwyywé thnpdh hhdwu pw inpynd £ Crataegus gbnh Ubpywjwgnighgubnh
quwhwwnwywup, npwbu wpdbpwynnp Giuujnieh génwjhu Yndwtpuh UGennnd hGnwagqw huwnpn-
nntyghwih hwdwn® Gpyph pnLuwpwlwywl wighubph W nEunpnwwnpytph hwywpwéniutpp wndt-
pwynp b gbnwquwpn Swnwwnbuwyubpny hwdwptbint bwywwnwyny:

Uqup — pnyubinh hunnpnnntyghw — nGunpndinnw — nEunpnhwywpwont

The evaluation of the representatives of the genus Crataegus as a valuable initial material for
introduction with use of generic complex method with the aim of enrichment of the dendrocollections
of the botanical gardens and dendroparks of the country with high value ornamental species has been
presented based on multi-year studies and experience on introduction of hawthorns in the botanical
gardens of Armenia and data research on their geographical distribution.

Hawthorn — introduction of plants — dendroflora — dendrocollection

WHTpOayKIus pacTeHUI — 3TO OCHOBHAs poOJieMa OOTaHUYECKUX CaJlOB IO U3Y-
YEHUIO U CO3JJAHUIO KOJUIEKIIMU IIEHHBIX BUIOB Pa3nuyuHbIX ¢uiop. C Lelnbo neneHanpas-
JICHHOTO U 3(p(EeKTUBHOTO pelIeHUs ITOH 3aJaul HEOOXOIUMO TITyOOKOE U3yYCHUE HHT-
POIYLIEHTOB B HOBBIX MPHUPOJHO-KIUMATHIECKUX YCIOBHSX. J{J1s1 X034HCTBEHHBIX Lieel
U371aBHAa MHTPOAYLIUPOBAIUCEH pa3INuHbIe IpefcTaBUTeIn ceMelcTBa Rosaceae — Malus,
Pyrus, Rosa, Crataegus, Amelancher u np. Pon Crataegus L. siBnsieTcs 0OJHAM U3 HanbO-
nee OoratbiX MO BUIOBOMY H ()OPMOBOMY DPa3HOOOPA3HIO POJIOB CPEIH APEBECHBIX
npeJicTaBUTENeH cemeiicTBa Rosaceae. MHOTHE BUIBI 3TOTO pojia C TaBHUX MOP SIBISIOT-
cs1 00bEKTaMH UHTPOIYKIIHH.
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Mamepuan u memoouxa. VICXOJHBIM MaTepHAIOM JUIl MHTPOIYKIHMHU CITY)KHIH Kak abo-
pHUIr€HHBIC, TAK U WHTPOJYLUPOBAHHbIC BHbI OOspHIIHUKA. PaboThl npoBomminch B MHCTHTYTE
6orannkn HAH PA, EpeBanckom 6oTtanmueckom cany, ero CeBanckoMm U Banam3opckom otaerne-
HUSIX.

Marepuanom Juisi UCCIENOBAHUS TOCTYKHJIN TaKkKe KOoJuleKuuu MHctutyTa OOTaHMKH
HAH PA (ERE), EpeBanckoro rocynapcrsennoro ynusepcurera (ERCB), Mucturyra 6otaHuku
nm. BJI. Komaposa PAH (LE), UuctuTyTa pactennesoncrsa M. H.U. Basunosa (WIR), I'naBHo-
ro 6orannyeckoro caga uM. H.B. Iuuna B Mockse (WHA), MOCKOBCKOIO TOCyIapCTBEHHOTO
yHuBepcurera uM. M.B. JlomoHocoBa (MW), Muctutyta 60Tanukun AH I'pysuu (TBI), I'ocy-
napcrBeHHoro mysest ['pysun (TGM).

LleneHanpapieHHbIe UCCIEOBAHUS B IPUPOJE U cOOCTBEHHbIE cOOpbI 0 pony Crataegus
Apmennu ocymiecTBIsUTUCH B 2006-2012 TT. MapmIpyTHBIM U CTaIIHOHAPHBIM METOJIaMH.

Pezynomamul u o6cysyncoenue. BOSPHIITHUKY SBISIOTCST IIEHHBIM PaCTUTEIIHHBIM
pecypcoM. VX HENMpUXOTIUBOCTH K MOYBE, Biare, BBICOKAask 3MMOCTOMKOCTb U JIEKOPaTHB-
HOCTb JTAIOT BO3MOXKHOCTB ISl MHOTONTPOMIIBHOTO XO3SHCTBEHHOTO HUCTIONb30BaHus1. He-
KOTOpbIE BHUbI OOSPBIINIHUKA SBJSIOTCS IIEHHBIMU ITUIIEBBIMH M JIEKAPCTBEHHBIMH pac-
TEHUSIMU: U3JIaBHA Pa3HbIe HAPO/Ibl UCTIOIB30BAIH UX B IHIILY, B HAPOJAHON MEIULIUHE.

[Tno/1bI HEKOTOPBIX FO’KHO3aKaBKa3CKUX BUIOB — Crataegus pontica, C. orientalis,
C. susanykleine, C. atrosanguinea MSCHUCTBIC, TIPUSITHBIE Ha BKYC U yIIOTPEOISIOTCS B
MUy MECTHBIM HaceleHHEM B CBEXEM U KOHCEpBHpPOBaHHOM Buze. M3 mionoB 6os-
PBIIIHUKA MOKHO IIPUTOTOBUTH CypporaT Kode, KOTOpBIH Jydie yrnoTpeOisiTh B KayecT-
B€ NPUMECH K JPYrUM KO(QEHHBIM MPOJIYKTaM; M3 MOJIOJBIX JIMCTHEB TOTOBST YaiHBIN
HanuTOK. [IBETKH, IUIO/BI U JIUCThsl OOSIPBHIIIHUKOB M31aBHA NMPUMEHSINCh B HAPOJHOU
ME/IUIIHE.

B 1965 r. B ApmeHuu 30J10THULIKAs IIPOBEJIa UCCIIENOBAHUS 110 BBIABICHUIO Ka-
YECTBEHHOT'O U KOJIMYECTBEHHOTO COCTaBa (DM3MOJIOTUUECKH aKTHBHBIX BEIIECTB JIEKap-
CTBEHHBIX PacTeHUH APMEHHUH, B TOM YHCIIE HEKOTOPHIX a0OPUTeHHBIX BUIOB OOSPHIII-
HUKa, BO3MOXKHBIE ITyTH W HampaBieHUs nX ncnoin3oBanus [13]. Ero uzyuensr Cratae-
gus atrosanguinea, C. caucasica, C. kyrtostyla, C. orientalis.

B pabore “Pacturensupie pecypcsi CCCP” mpuBOAHMTCS XHMHUYECKHHA COCTaB
OOSIPBIIIHUKOB, MOJE3HbIE CBOMCTBAa M CHOCOOBI HMCIOJIB30BAHUS HEKOTOPBIX FOXKHO3A-
kaBkasckux BuUIOB: C. caucasica, C. curvisepala (= C. rhipidophylla), C. meyeri,
C. microphylla, C. orientalis, C. pentagyna, C. pontica, C. tournefortii [19].

W3BecTHO, 4TO TUIONBI OOSIPBIIIHUKA COJIEPKAT YPCOJIOBYIO, OJIEUHOBYIO, XJIOpPO-
TCHOBYIO M KOPEHHYIO KHCIOThI, CHTOCTEPUH, TJIMKO3UAbI, (JIABOHOU]IBI, TyOUJIbHBIC BE-
IIeCTBA, COPOUT, XOJIHH U XKUPHOE Macio. B 1BeTkax cogepskaTcst alleTHIXOJIUH, KBEp-
LETHH, THIEPO3u, KoQeiftHas 1 XJIOPOTeHOBask KUCIOTHI. [17104bI U 1IBETKH OKa3bIBAIOT
neyeOHOE NeHCTBHE NPH CepleyHbIX 3a0oneBaHMAX. OHM TOHU3HPYIOT CEPACUHYIO
MBIIIITY, YCHINBAIOT KPOBOOOPAIIEHHE B COCY/aX CepIlla U MO3Ta, MOHIKAIOT BO30yIH-
MOCTh LIEHTPAJbHOW HEPBHOW CHCTEMBI, YIIYUIIAIOT COH U 00IIee COCTOsHIE OOJIBHOTO,
HECKOJIBKO CHMKAIOT KpOBSIHOE JaBiieHHe. [IpOMBINUIEHHOCTBIO BBIMyCKAETCs JKUAKUN
9KCTPAKT U HACTOWKA U3 IUI0JI0B OOSAPHIIIHUKA. Bee mpenapaTsl O0sIpBIIHUKA TIPHHAMA-
I0TCSL TOJBKO TT0 HazHa4yeHuro Bpada. Bunsl C. pentagyna n C. atrofilsca mponaroTcs Ha
MECTHBIX PBIHKAX KaK JIEKapCTBEHHOE PACTEHHUE AJISI HOPMAIHM3ALUK apTepPHaIbHOTO J1aB-
JIeHUsI ¥ Taxukapauu cepana [13].

3acyXoycTOWYMBbIE 1 MOPO30YCTOHYMBBIE BBl OOSPBINIHUKA HUCIIOJIB3YIOTCS B
KauecTBE MOJBOSI LIEHHBIX ILIOAOBBIX KyIbTyp — f010HM, rpymu, aiiBel [18]. KyabTyp-
HYIO aliBy 4acTO IPUBUBAIOT Ha OOSAPBHIIIHUK. B KayecTBe MoBOS OOBIYHO UCIIOIB3YIOT
C. monogyna u C. oxyacantha.

JpeBecrHa GOSApHIIHIKA OEI0BATO-PO30Basi, KPACHOBATO-KETAs! MM KPacHOBa-
Tasi, MEJIKOCIIOMHas, IUIOTHAs, OUCHb TBEP/asi, Kpernkas, TshKenas, TpyIHO HoAfarouascs
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00paboTKe, u3penka MpUMEHsIeTCS B TOKAPHOM IPOM3BOACTBE. KOMrouky OOspHIITHUKA
MHOT/a MCHOJIB30BAIN BMECTO IBo3ziei. Kopa GOSpPHINIHNKOB HCIONB3yeTcs Kak JyOou-
TEJb U ISl OKPAcKU TKaHel B KPaCHO-KOPUYHEBBIH LIBET.

HecMmoTpst Ha OOJIBIION MHTEpEC K MPEICTABUTENSAM POJA, IO CUX HOp HET eINHO-
TO MHEHHS O €r0 BHAOBOM cocTaBe. TOJIbKO B MOCIEAHEe BpeMs OMUCAHO OOJBIIOE KO-
JIMYECTBO BHUJIOB M Pa3HOBUIHOCTEH OOSPBINIHMKOB, IIO3TOMY B Pa3HBIX HCTOYHHKAX
yKa3bIBaeTCs pa3zHOe UX 4ucio: ot 155 no 1250 [16, 26, 29]; 200 BunoB [22]. biaroxaps
9KOJIOTHYECKUM U OHOJIOTMYEeCKUM OCOOCHHOCTSIM, mpencraButenu poxpa Crataegus
MPOM3PACTAIOT B CAMBIX PA3IMYHBIX MECTOOOUTAHUSIX U LIECHOTHYECKHUX YCIOBHSX YMe-
PEHHBIX U cyOTponnueckux o6aacTsix CeBepHOro NOoIyIapHs.

[To maHHBIM HEKOTOPBIX aBTOPOB, INIABHBIM IIEHTPOM BHI000pa30BaHHs CEKIHU
Crataegus (sensu lato) sBistorcest Typrus u MpaH, a BTOpU4HBIM LeHTpoM — KpbIM 1
Kaska3. Hanmuaue 5 sanemMuunbix BuioB Ha KaBkasze moarsepkaaet, uro KaBkas sBisier-
Csl OJIHUM U3 IICHTPOB BU1000pa30BaHus OOSAPBINIHUKOB [18, 29].

s Kaekasza [osipkoBa npuBoaut 17 BunoB GosipeimauKka [17]. Tloneruko Brep-
Bble 0000IIMIA pe3yNabTaThl HHTPOAYKIUH NpencTaButeneii pona Crataegus B CoBet-
ckoM Coroze, paspaboTana (QUIOTEHETHUECKYIO CXEMY 3TOTO POJa, COCTOSIIYIO U3 25
cexuuii [16]. Ero ObUI0 ycTaHOBIEHO 74 OUKOPACTYIUX BUIA OOSPBIIIHUKA, B KyIbTYpY
BBe/IeHO 89 mpencraBuTeNnei, 58 n3 KOTOPBIX CEBEPOAMEPUKAHCKHIE BHIbI.

ITo nannbM Ilpununko, Ha KaBkase npouspacraer 16 BHI0B W ouH noasuj 60-
SIPBIIIHUKA, 7 U3 KOTOPBIX BCTpeYaroTcs B KynbType [18].

B nocnemnue roapt u3 FOxHOro 3akaBkasbsi ObUIM OIMCAHBI PSIJl HOBBIX JJIs HAY-
ku BunOB: C. x ulotricha Pojark. ex Gladkova, C. cinovskissii Kassumova, C. susanyk-
leinae Gabrielian et Sargsyan, C. gabrielianae Pojark. ex Sargsyan u C. % razdanica
Pojark ex Sargsyan. O0HapyxeHbl Takxe HOBble Ui FOxxHOro 3akaBKaszbsi BUBIL:
C. microphylla K. Koch; C. pallasii Griseb.; C. stevenii Pojark.; HOBbIe i1 ApMEeHUU
Bugbl: C. eriantha Pojark.; C. pojarkoviae Kossych. IToarBepxaeHo mpouspacTtaHue
C. szovitsii Pojark. B ApMeHnd. B utore 4nciio BUIOB OOSIPBIIIHUKA, TIPOU3PACTAFOIIHX
Ha KaBkase, pe3ko yBEeIHYHIIOCH U IOCTHUIIIO 24.

B IOxnoM 3akaBkazbe mpomspacTaroT 23 Buna Oosipeimanka. Kak Ha KaBkaze B
nenoMm, Tak U B IOxHOM 3akaBka3be OOSPBIIIHUKU MPEACTABICHBl TEMH JK€ TPEMs CeK-
wusimu: Crataegus, Pentagynae C. K. Schneid. u Azaroli Loud. B HaxuueBane npexacra-
BUTENH ceKMu Pentagynae He Mpou3pacTaror.

Jns diopsr Apmenun [Tosipkosa [17] npusena 10 BunoB Gosipeitauka, Peropos
[27] — 11, Ipununxo [18] — 10, Bapnaunsu [6] — 11.

B nacrosamee Bpemst B Apmenuu poa Crataegus nipencrasieH 22 Bunamu [23].

B IOxHOM 3akaBKa3be OOSPBHIIIHUKY PACTYT B Pa3IMYHBIX YCIOBHUSX IIPOU3PAC-
TaHUS: HEKOTOpPBIE BHIBI NMPUYPOUYCHBI K TOPHBIM JIECHBIM paiiloHaM — K HIDKHEMY H
cpemHeMy TOpHOMY TIOSCY, OTIEIbHBIC BUIBI 3aX0AAT B BEPXHUH U CyOalbnuiickue rop-
HBIE T0sIca, KCePOPUTHBIE BUIBI PACTYT HA CyXHUX KaAMEHHUCTHIX CKIOHAX, BXOJIST B COC-
TaB apUAHBIX PEIKOJIECHH, a HHOTa 00pa3yloT KyCTapHUKOBBIC 3apOCIIH Ha CyXHX CKIIO-
Hax. 31ech OOSPBINIHUKY SBISIFOTCS COCTABILIFOIIMMH B CIEIYIOIINX PACTUTENBHBIX CO-
o0miecTBax M BCTpedyaroTcs: B TOpHBIX cremsax (13 BumoB), myrocrersix (7), pa3TuaHBIX
(bopMaIsIX MUPOKOIUCTBEHHBIX JiecoB (18), cybanpnuiickux KpuBoJiechsx (3), cocTaBe
mmbiska (11), apuaseix peaxonechsx (15), CTEMHBIX KyCTapHHKOBBIX 3apociix (3),
MIPUPYCIIOBBIX JpeBOCTOAX (8) M Ha CKajax, POCCHINAX U OCHIIIX (8 BUIOB).

IpencraBurenu cexuuu Crataegus B OONBIIMHCTBE CBOEM IPHYpPOYCHBI K Jiec-
HBIM (OpMalsIM, PEAKOIECHIM U OJIIM3KUM K HUM IieHo3aM. Bunsl cexuun Pentagynae
BCTPEYAIOTCS B JIECHBIX COOOIIECTBAX, U3PEAKAa B OCBETJICHHBIX CMELIAHHBIX PEIKO-
JIechbsX. BOJBIIMHCTBO BUIOB CEKIMU Azaroli IpuypoveHO K OTKPHITBIM TOPHBIM CKJIO-
HaM, CKaJlaM M OCBIIISM.
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B KynbType BBICOKOIEKOPAaTUBHEIE BUIIBI OOSPBIIIHUKA IIHPOKO HUCHONB3YIOTCS B
JIEKOPAaTHBHOM Ca/I0BOJICTBE, B 03CJICHEHUH TOPOJIOB; OHU YCTOMYMBEI K HEOIArONPHST-
HBIM YCIIOBHSIM TOpOJia, HETPEeOOBATENbHBI K TI0YBAM, BBIHOCAT 3aTeHEHUE, OOJIBIIMHCT-
BO BHJIOB 3UMOCTOMKH, 3aCYyX0OYCTOHYMBEI, IPEKPACHO MTEPEHOCAT CTPIIKKY H (OPMOBKY,
o0J1alafoT BEICOKOH M00ET000pa3oBaTeNbHON CIIOCOOHOCTHIO, IEKOPATHBHEI B TEUCHHE
BCETr0 MEepUO/ia BEreTalluHt.

W3 GosipbIIHEKA MOXHO CO3/1aTh JEKOPATUBHbIE I'PYIIBI B JIAHIMIAPTHBIX Tap-
Kax. VX MCHoip3yIOT A1l 3aKpeIUIeHHsI CKJIOHOB OBpParoB, OeperoB BogoeMoB U pek. Ho
caMoe 4acToe NMpUMEHEHUE OOSAPBIIIHUK HaXOIUT IIPU CO3AaHUU XKUBBIX u3ropozei [5].
OHHM KpacUBBI U TIPH 3TOM MPAKTHYECKH HEMIPOHHULIAEMBI, Oarofaps TakKUM KayecTBaMm,
KaK TyCTOTa KpOHBI, HAIMYUE KOJIIOYEK, OBICTPOE OTpacTaHue rmocie oOpe3ku. s xKu-
BBIX M3TOpOJICd NPUTOIHBI Takue Koirouue Bubl, kKak C. microphylla, C. orientalis,
C. meyeri, C. pallasii. OHH OTIMYAIOTCS YMEPEHHBIM POCTOM, 3aCyX0yCTOWYMBBL. [1110T-
HO pacTyIle rpymme OOSPHIITHUKOB MyTeM 0OpEe3KH MOXKHO TpHIATh GOpMy KBajpara,
nrapa, IupaMuIbL.

Jnst ozenenenns: EpeBana Maxataaze npeuioxkKmT CIeAYIONIHE, XOPOLIO TTepeHO-
csimue cTprokKy Bunsl: C. monogyna Jacq. f. roseo-plena hort., (11 CTPHXKH 1OJ Y3KO-
LWIHHIPUYECKYI0 U BepeTeHoBuaHyto ¢opmsbl), C. duglasii Lindl. (mon mapoBumHyIo
dbopmy), C. macracantha Lodd. (mox sitieBUIHYO0, KyOUYECKYIO, IAPOBHIHYIO (OPMBI)
[15].

ApyTioHsiH [2] B cocraBe 5k30T0B I. EpeBana ykazan C. chlorosarca Maxim.,
C. oxyacantha L. f. splendens L., C. macrocantha, C. mollis Scheele, C. submollis Sarg.,
C. monogyna, C. punctata Jacq. Bapnanssom [6, 7] ans mpUMeHEHHsI B 03€JIEHEHUH TO-
POIOB U Jiecopa3BeicHMH ApMEHHH IpeiararoTcs abopureHHsle Bunabl: C. orientalis,
C. zangezura, C. meyeri u C. pontica.

B Apmenun apuaHas Tepputopus coctaBiseT 15,2% (4545 xm?). IIpu mogdope
accopTUMEHTa abOPUTEeHHBIX BHIOB A CO3JaHUs apUAHBIX MPUPOJHBIX JICHIPOIAPKOB
B ApPMEHHH IPEUIATaloTCs KaK BHICOKOAEKOPATHBHBIE, TaK M 3aCYyXOYCTOHUYMBEIE U Pea-
K¥ie BUIBI OOspEIITHUKA [6].

Hecmotpst Ha To uTo BUIBI pona Crataegus SIBISIOTCS OTIMYHBIM MaTepHaIOM
JUTSL CO3JaHust OOPIIOPOB M JKUBBIX M3rOPOJIeH, B HACTOSIIEE BpeMs B TIApKax M Hacax-
nenusax EpeBaHa W Ipyrux ropojioB peciyOJIMKH OHHM, K COXAJICHHUIO, HE HALUTU HIMPO-
KOro mnpuMeHeHHs. [l co3laHMs JKUBBIX HM3TOpOJeH, KpoMe abOpUTeHHBIX BHIIOB
C. orientalis nu C. Meyeri, peKOMEHIyeM HCIOJIb30BaTh TAK)Ke HOBBIE IS IEHAPO(IIOPHI
Apwmenun Buasl 0ospsiiHukoB C. pallasii, C. microphylla.

Cpenn KaBKa3CKHX BHJOB JIOCTaTOYHO SIPKO BBIpaXkeH sHAemusM [16]. U3 23
BeTpeyatomuxcst B KOxHOM 3akaBka3be BUIIOB OOSIPBIITHUKA S5 SIBISIOTCS DHICMUKAMM:
C. susanykleinae, C. % ulotricha, C. X razdanica, C. gabrielianae (y3KONOKaJIbHBIMU 3H-
nemukamu Apmenun) u C. cinovskisii (3uaemuk HaxuueBana).

Hexotopsie Buabl GosippiiHuka FOkHOTO 3akaBKasbs HYKHAKOTCS B YCHIICHHOM
oxpane. Bunel C. zangezura, C. ulotrich, C. microphylla, C. pontica, C. tournefortii,
C. szovitsii Bonum B KpacHyro kaury Apmennu [14].

BOSIpBIITHUKY OLICHUBAIOTCS KaK LEHHBIH MCXOAHBIM MaTepHal, U ¢ JaBHHUX HOp
HHTPOIYLUPYIOTCSI BO MHOTHX OOTaHWYECKHX cajiax. MccienoBaHus MO MHTPOIYKIHH
GosIpbIIIHUKOB B Y30ekucrane npoBoaun PycanoB [20], B bemopyccun — BobGopeko
[3, 4]. Dcenosa [28] 3aHUManach npodiieMamMu OUOJIOTHH U CHCTEMATHKH OOSIPBIIITHUKA B
Typxmenuu, B IIpubanTtuke QUKOpAcTyIMe U MHTPOIYLIUPOBAHHBIC OOSPBIIIHUKHA U3Y-
Yaj 1 omucai psax HOBeIX BuaoB LluHoBckuc [26]. ConoBbeBa [24] u3ydana OUOJIOTHIO
HEKOTOPBIX BUAOB OOSApBIIIHUKA B yClIoBUAX I. Mocksbl. CoBMecTHO ¢ Kortenosoii [25]
OHA HCcIeN0Baga OUONOTHYECKHEe OCOOEHHOCTH HEKOTOPBIX CPEAHEAa3HaTCKHUX, AalbHe-
BOCTOYHBIX, KABKA3CKHUX M CEBEPOAMEPHUKAHCKUX BUIOB. BaduH [8] usydan Ouosnoruiec-
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KHe 0COOCHHOCTH MHTPOIYLIUPOBAaHHBIX 0OsApbIITHUKOB bamkupckoro [penypanbs. AB-
topamu MoHorpaduu “BospbimHikn” BapuaeiM U [TyTeHUXUHBIM MPOBOAMIACH OOJIb-
mast paboTa 1Mo U3y4eHU 0 ONOIOTUU HHTPOAYIIUPOBAHHBIX OOSPHIITHUKOB [9].

B cocraBe Oorareiimeii B ObiBiieM CoerckoM Coro3e IEHIPOJIOTHYECKOI KOJI-
nekuuu ['maBHOro 6otannyeckoro caga PAH nacuuteiBaeTcs 74 Buma, 6 moaBuIoB 00s-
phIIHUKA U ouH Tuopun xCrataegosorbus miczurinii Pojark. (Sorbus aucuparia L. X
Crataegus sanguinea Pall.). JleanponoraMu G0TaHUYECKOro caja ObUIO yCTAaHOBIICHO,
YTO 3UMOCTOMKOCTh pacTeHHH 3HAYHUTENILHO U3MEHSAETCS C Bo3pacToM. B rpymme pacre-
HUiA, 3UMOCTOMKOCTh KOTOPBIX oleHHBaercs B IV Oamna, HaOiaromaeTcss MOCTENEHHOE
CHIDKCHHUE JKU3HECTIOCOOHOCTH, BHIPAKAIOUICHCS B HU3KOM COPOTHBIISIEMOCTH BPEANUTE-
JISIM U 0OJIC3HSAM, HApYUICHUH PUTMa Pa3BUTHA U JalbHEHIIEM yXYIIICHUH COCTOSHUS:
HapsAy ¢ TAKUMU PACTEHUSMHM, KOTOPBIE, KaK IIPaBUIJIO, HMEIOT F0)KHOE MPOUCXOXKICHHUE,
npusogutcs Crataegus pentagyna [12].

PycanoBbIM pa3paboTan MeTon 1oAOOpa M MHTPOAYKLIUH PAaCTECHUH LEIBIMHU PO-
JIOBBIMU KOMIIJIEKCAMH, COTJIACHO KOTOPOMY IPHBJIEKAIOTCS U BBIPAIIUBAIOTCS B HOBBIX
YCIOBHSAX PACTEHHUS BCEX MMEIOLIMXCS BUAOB JaHHOrO poxa. “PomoBoil komrieke” sB-
JSIeTCS OJHUM W3 METOJOB (hOPMHUPOBAHHUS OOTAaHWYECKHX KoyUleKiuid. Takol momxon
JIaeT BO3MOXKHOCTb M3YUHUTh PSIJI B 11€JIOM M BCECTOPOHHE, HAYMHAS C CUCTEMAaTHKH, OHO-
JIOTMH W DKOJIOTMM BUJIOB M KOHYAs XO3AWCTBEHHOH OLICHKOH MHTPOAYLEHTOB. MeTon
POZIOBOrO KOMIUIEKCA Jall TaK)Ke BO3SMOXKHOCTh PEIIUTh 33Jaudl KaK Hay4HOTrO, TaKk
MIPAaKTUYECKOr0 3HA4YEHUs, HAIlpUMep: MOBEJCHUE PACTEHUH Ha TEPPUTOPHHU Caja; ce-
MEHHOE Pa3MHOKEHHE M PAaCHpPOCTPAaHEHHE — arpecCHBHOE MM MACCHBHOE; M3yuUeHHE
BCXOJKECTU CEMsIH M JUIMTEILHOCTH COXPAHEHHSI UMM KH3HECTIOCOOHOCTH; BEr€TaTHBHOE
Pa3MHOXXEHHE M paclpoCTpaHeHHe; OUOJIOTHS LIBETCHUS U IUI01000pa30BaHue; Crocoo-
HOCTh K FMOpUAM3alK U CIIOHTaHHas THOpUAM3alisl, HCKYCCTBEHHOE MOJy4YeHHE TH0-
pHUIOB U Apyrue Bompockl. I11og0TBOPHOCTE M IEHCTBEHHOCTh M3yU€HHs MHTPOAYLIEH-
TOB POJOBBIMH KOMIIIEKCAMH MOTBEPKAATNCH paboTaMu ydeHbIX TamkeHTckoro 0ora-
HUYECKOTO cajia, B 9acTHOCTH ¢ pogamu Crataegus, Yucca, Rosa [21]. 3necs cocpenoTo-
yeHo 150 BumoB OospelniHMKA. METOZOM pOJOBBIX KOMIIJIEKCOB, Harpumep, ObLIO
BCKPBITO MHOTOJIETHEE ITPEObIBAaHNE B )KUBOM COCTOSIHUHM KOJIIOYEK Yy psfa Cepuil U BH-
JIOB CEBEPOAMEPHKAHCKHX OOSIPBIITHUKOB — CBUIIETEILCTBO MX MO3AHEH Me30)UTHOCTH
— MOrJI0 OBITH 0OHAPYXKEHO TOJIBKO Ha JKUBBIX pacTeHHAX. B xoxe nccnenoBanuii Obuin
BBISIBJICHBI BH[bI, TIPUTOJHbIE JUIA (POPMHUPOBAHHS JKUBBIX M3rOpojeH, chenoOHbIe, CO-
Jepxaiye GU3N0IOrHYeCK! aKTHBHBIE JIEKAPCTBEHHbIE BEIIECTBA BHIBL.

Wutpoaykuus npencraButeneid poga Crataegus NpoOBOAWIACH U B OOTAHUYECKUX
cajiax W AeHjaponapkax ApMEHHH, B IIEPBYIO ouepe/b, B EpeBaHCKOM OOTaHUYECKOM ca-
Iy 1 B €ro JBYX FOpHBIX oTAeneHuAxX — B Banagsope u Cesane. McxoaHblM MaTepuanom
JUTSL THTPOXYKIIMH CITY>KHJIH KaKk aOOpUTeHHbIE, TAaK U HHO3EMHBIE BUJIBI OOSPHIIIHUKA.

B 1985 romy Gbut onyOaMKOBaH “AHHOTHPOBAHHBIN KaTaJIOT JIEPEBBEB M KyCTap-
HUKOB OOTaHWYECKHX cagoB W neHapomapkoB ApmsHckoil CCP”, m3manHBIN rpynmoi
APMSIHCKHX JE€HIPOJIOTOB-00TAHUKOB, B KOTOPOM 0000IIAIOTCS UTOTH HHTPOLYKLMHN Jie-
peBbeB  KycTapHUKOB B Apmenun [1]. B cocraBe menapoxosurekuuii mpuBogutces 31
BUZ U 3 canoBble GOPMBI OOSPBHITHUKOB, HHTPOAYIUPOBAHHBIX B PA3JIMYHBIX OOTaHH-
YeCKUX caJlax M JeHIponapkax pecnyOnuku. K cokaneHnro, KOJUIEKIUS He MOTHOCTHIO
COXpaHMJIACh B HACTOSIIIEE BPEMSL.

B Hammx npezapirynmx pabotax, Hapsiiy ¢ APYTHMMH JIPEBECHBIMH PACTCHUSIMH,
mIMpoKo mnpezacrasieH pox Crataegus [6, 7]. B HUX NpUBOAATCS NAHHBIE O AUKOPACTY-
LIMX U UHTPOAYLUPOBAHHBIX OOSPBIIIHUKAX ApMeHuH. [1o puBEICHHBIM TaHHBIM, 00sI-
PBIIIHUKA OCOOCHHO TEPCIEKTHBHBI MPH CO3AaHUM APHUHBIX MPUPOAHBIX JCHAPOIIAp-
KOB, IIEPBOOYEPEIHAS 33/1a4a KOTOPBIX 3aKIII0YACTCSl B COXPAHEHUH PEIKUX U LICHHBIX BU-
JIOB JIPEBECHBIX U YJIYYLIEHUH CAHUTAPHO-TUTHEHUYECKUX M MHUKPOKIMMATHYECKHUX YC-
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JIOBUH OKPY)KAIOIIEW Cpesbl, B BHIPAIIMBAHUN MOCAIOYHOTO MaTepuaia Ul 3acyIUTH-
BBIX PETHOHOB.

B HacTosiniee BpeMs B IEHIPOKOJUIEKIMAX EpeBaHCKOT0 O0TaHHYIECKOTOo caa Xo-
pomo pactyT M IwiomoHocAT kKak abopurennsie — C. rhipidophylla, C. caucasica,
C. pseudoheterophylla, Tak 1 MHOTHE UHTPOAYLIHUpOBaHHBIE BUABI — Crataegus macra-
cantha, C. arnoldiana, C. oxacantha, C. monogyna. VI3 canoBbix (HOpM HECKOJIHKHUMU
9K3eMIUIIpaMH BBICOTOH B 5-6 M mpencrasied C. oxyacantha var. paulii Rehd. ¢ po3o-
BBIMH MaxpoBbIMH I1BeTamu. Ha teppuropun Bananzopckoro otnenenus borannuecko-
ro cana pacryt C. altaica, C. duglasii, C. macracantha, C. maximowiczii, C. monogyna,
C. oxyacantha, C. pentagyna, C. nigra, C. atrosanguinea. B CeBanckom otaeneHun bo-
TAaHUYECKOTO Cajia B HACTOSIIEE BpeMs PErysIpHO IUIOJOHOCIT U JAalOT >KHU3HECIIOCO0-
Hele ceMeHa C. macracantha, C. maximowiczii, C. nigra. Bunast xe C. submollis, C. pin-
natifida n C. coccinioides noruoiu.

C TOYKH 3peHHs MHTPOJIYKIUH U CO3JIaHMsl OOraToi MmoKa3aTeIbHOW KOJUICKIIHH,
B O0OTaHMYECKUX camaX ApMeHHH 0cO00 HHTEPECHBIMH POJOBBIMH KOMILIEKCAMH SIBIISI-
10Tcsl Hanbosee OoraTble B TAKCOHOMHYECKOM OTHOIICHHH, KOJIOTHYECKH IUIACTHIHBIE
1 TIpeIeNIbHO OOIIMPHBIE IO apeary pobl IPEeBECHBIX pacTeHuit (Sorbus, Quercus, Loni-
cera u 1p.). B atom acnexre 6ospriHuky FOxxHOro 3aKaBKasbs XOPOIIO MOJXOIAT IO
KPHUTEPHU POIOBOTO KOoMIUlekca. CynTaeM IHeliecooOpa3HbIM BKIIOYATh B MPOrPaMMy
CBOMX pabOT pa3MelIeHe POJIOBOr0 KoMIulekca npeacrasureneil Crataegus B EpeBan-
CKOM OOTaHMYECKUM CaJly, YTO MOXKET CIYHTh OOraThIM MaTepualioM JUIsi pa3HOCTO-
POHHETO M3y4YeHHUs H0)KHOKAaBKa3CKUX BHIOB. Co3aHHasi HaMH KOJUIEKIHUS OOSPBIIIHU-
KOB C 0OraThIM BHIOBBIM COCTABOM IIOCIYXXHT 0a30W JJIsl HAyYHBIX HCCIICJOBaHUI U
MO3BOJIUT MPOBOAMUTH CUCTEMATHYECKUE, aHATOMHYECKHE, CEJICKIIMOHHBIC HCCIIEI0Ba-
HHS, a Taloke paboTHI 10 JIECOPA3BEACHUIO M O3€JICHEHHIO. B pesynbrare HalmoneHui
MOXKHO JaTh OLEHKY 9KOJOT0-OMOJOTHYECKUX OCOOEHHOCTEH PACTEHHWH M ONpENeIHTh
CTEMNEHb aaNTalluy UX K HOBBIM YCJIOBHSM CYIIECTBOBAHHSI.

Hamra 3aaya — orieHka OOSIPBITHUKOB KaK HHTPOAYKIIMOHHOTO MaTepuajia Ha Oc-
HOBE KOMIUTEKCHOTO M3YUYeHHUs UX OMOJOTHYECKUX OCOOEHHOCTEH B ycnoBusax EpeBan-
CKOTO OOTAaHHYECKOTO €alla, 0TOOP YCTONYMBEIX M NMEPCIIEKTUBHBIX BUIOB IS BHIPAIH-
BaHMS B HOBBIX YCIOBHAX IpouspactaHus. CocTaBlieHHe KOJUICKIHHU JOJDKHO IPOBO-
JIUTHCS. B HECKOJIBKO 3TAIOB:

- IPOEKTUPOBAHHUE U TTIOATOTOBKA TEPPUTOPHH;

- pa3paboTKa NPUHIMIIOB 1 MTOJIX0JI0B BEIOOPa OOSPHIIIHUKOB ISl KOJUIEKIIUH 110
9KOJIOTHYECKUM TPYTIIaMm;

- OLIEHKA JKOJIOr0-0HOJIOTHYECKUX CBOMCTB HHTPOYLICHTOB;

- aHaJIU3 U 0000IEHUE PE3yIbTATOB HHTPOAYKLIUH;

- pa3paboTKa IyTel MPUMEHEHUS EPCIIEKTUBHBIX BUIOB OOSPBIIIHUKOB.

[Tomyuennsle pe3ynbTaThl UCCIEAOBAHHUMA MOCITY>KaT OCHOBOM IS ILieJE€HAIpaB-
JICHHOTO TPHMEHEHHS! OOSPBHIIIHMKOB B JICCOPA3BEAECHHUH, O3EIEHEHHUH, Cal0BO-TIapKO-
BOM CTPOHTEJBCTBE, IUIOIOBOJICTBE, APYTHX OTPACIIIX XO3IHCTBA, a TAKKE IPUBIICUCHHUS
HOBBIX BBICOKOJEKOPATHBHBIX M XO3SICTBEHHO IIEHHBIX BUIOB U (hopM, ocodeHHo B Epe-
BAaHCKOM OOTaHHYECKOM Caiy, IJie IUIAaHUPYeTCsl CO3IaHHe OCHOBHOW KOJUICKIUH 00s-
PHBIIIHUKOB 110 METOY POAOBOIO KOMILIEKCA C LEJIbI0 JalIbHEHIIEero MOMoJTHEHUs CaI0B
U MapKOB pecIryOIMKY [IEHHBIMH BBICOKOIEKOPAaTHBHBIMHU BUIAMHU.

[Ipu MHTpPOAYUMOHHBIX pabOTax METOJOM POJOBOIO KOMIUIEKCa HEO00X0auMO
Y4Y€CTh IPEKAC BCCro KIMMATUYCCKYIO U MMOYBCHHYIO 30HAJIbHOCTDH BbI6paHHOFO y4dacTt-
Ka. H0ﬂ60p NEPCHEKTUBHBIX IJI UCIIBITAHUSA BUIOB HCO6XOL[I/IMO OCYILICCTBJIATH C yUe-
TOM DKOI'PYIIIIbI BUJOB.
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BoxpmuaCcTBO BeTpeuaromuxces B FOxHOM 3akaBkazbe BHAOB OOSPBHIITHIKA MO-
PO30- U 3aCyXOYCTOHYNBBI, CBETOIIOONBEI, Majio TpeOOBATEIbHBI K IIOYBE.

Kcepodursr (9 BumoB) — 3T0 B OCHOBHOM TipeicTaButenu cekuuu Azaroli (C. ori-
entalis, C. szovitsii, C. tournefortii, C. pontica, C. gabrielianae) n HeKOTOpBIC BUBI U3
cexkuuu Crataegus (C. meyeri, C. eriantha, C. armena). Han6onpmee uncno (13) BumoB
SIBIISIIOTCS. Me30KcepopuTaMu (KcepoMe30(hHThl), NpUHAUIEKAT K CeKUusAM Azaroli u
Crataegus. Me3zodutsl (10 BHIOB) B OCHOBHOM HpuHauIexaT cekuusiMm Crataegus W
Pentagynae.

Camoii BBICOKOW 9KOJIOTHYECKOH MIACTHYHOCTBIO U OOJIBIION BHICOTHOM aMILIH-
tynoi obnanaer C. orientalis u3 cexumn Azaroli, KOTOPBIA BCTpeYaeTcsi OT MPEATrOpHUi
1o cybanpnuiickoro nosica (500-2150 m). Apyrue Bunsl cexuuu Azaroli — C. cinovskisii,
C. szovitsii, C. tournefortii, C. gabrielianae, C. pojarkoviae u C. pontica Ipou3pacTaroT
B CpelHEeM ropHOM Tmosice, U Tonbko C. pontica 3aXOIUT B HYDKHHHA TOPHBIM TOsC, a
C. pojarkoviae noXomuT 10 BepxHero ropHoro nosica. Buzpl cexin Crataegus — C. cau-
casica, C. rhipidophylla, C. pseudoheterophylla u C. x zangezura 3KOJOTHYECKH HANOO-
Jiee TUIACTUYHBI M BCTPEYAIOTCS OT HIDKHETO J0 CyOalbIIniiCKOro TOPHOTO Mmosica. Busl
C. meyeri u C. armena pocturaior 1o 2070 M BeicoThl. Bunst xxe C. atrosanguinea u
C. eriantha oOUTaIOT B HYKHEM U CPEIHEM FOPHBIX Mosicax. [[Ba mpeacTaBUTeNs CEKLIUU
Pentagynae — C. pentagyna u C. atrofiisca IpOU3pacTaroT B HIDKHEM H CPETHEM TOPHBIX
nosicax, a Bun C. susanykleinae npoHuKaeT B BepXHHii TOpHbIH mosc 10 2000 M BBICOTHI.

Bunst C. armena, C. meyeri, C. stevenii, C. pallasii, C. atrosanguinea, C. pseu-
doheterophylla, C. microphylla, C. pontica, C. tournefortii, C. orientalis, C. zangezura
SIBIISIFOTCSL BBICOKO/ICKOPATUBHBIMU U TIOCIIE HCCIEAOBAaHUI METOJIOM POJOBBIX KOMILICK-
COB MOTYT OBITh PEKOMEHIOBAHBI IJIsi BBEJCHUS B KYJBTYPY Ul TOPOJCKHX IApKOB.
JIiis co3iaHumst )KUBBIX U3TOPOJCH MOTYT UMETh nepcnekTuBy Buisl C. orientalis, C. me-
yeri, C. pallasii, C. microphylla.

Bbrnaronmaps cBoeil BEIHOCIMBOCTH, MHOTOUHCIIEHHBIE IPEACTABUTENIN POJa BEChMa
MEPCIIEKTUBHEI ISl CO3aHMUS apUAHBIX IEHAPONApKOB B TAKOM MAaJOJIECHOM PETHOHE,
kak [OxHoe 3akaBkasbe. [ co3maHus apuAHBIX ACHIPONAPKOB MPEICTaBILIFOT HHTE-
pec cnenyrouue Bunsl: C. tournefortii, C. armena, C. orientalis, C. meyeri, C. pontica,
C. pojarxoviae, C. szovitsii, a HekoTopble abopurenusie Buasl — C. pontica, C. susnyk-
leinae MOTYT CITy>KUThb XOPOIIUM HCXOJHBIM MaTEpUaJIOM ISl CEJIEKIIMOHHBIX padoT ¢
LIEJIBIO MTOJTyYEeHUS] LIEHHBIX 110 BKYCOBBIM KauecTBaM ILIO/IOB.
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UJwunwlwl pdaynipjwl Jtbe pUuswnwywl hwdwlywngh hhywunniejniuubph dwdwuwy
npwbu hwywhhwopuhy pnidwdhgng Yyhpwnynid £ dwpgwgbinbwihu uwyhwnwy Gpepunityp: Wu
hwJdwnyntd E puwywl hwywopuhnhg, npp punniuwy £ sEgnpwglbint wquw nwnhywUGph wy-
inhyniejnLup, npnug wybgnijuwihtu pwuwyl opqwuhqunid hpwhpnd £ whunwpwlUwlwl qun-
qwgntdubn:

Uju hGlnwgnunieniup pny| £ nyb, ywpgbl, np JwpgwagbunUwjht uwyhwnwy Gpepuncyp
hwlywhhwopuhy wqnbgntejntt £ pnnunwd opqwuhquh, hwdwlywpguwjhu W peowjhu dwywn-
nwyubpnid: WU pwpépwglncd £ Quswnnipjwl Jujntuntenitup prywdlwiht wupwywpwpne-
pJjwl wwjdwuubnnwd, npu Epywpwynit ninbnh 2Ugwnwlwl YEunpnuh UGpnuUGph wybih
pwnén nhdwgyniuntjwl wpnyniup E:

Brywoliwpwng - pUuswenipyntl — puswnwlwl YELnpnL — uwhunwl Epbplntly

Ilpn Oone3HsX IbIXaTeNbHOW CHCTEMbI (OPOHXUTBHI, OpOHXMANbHAs AacTMa, HPOCTY.A)
HapoIHAas MEJIUIUHA PEKOMEHIyeT MHOXKECTBO JIEKAPCTBEHHBIX TPaB, 00/1aJal0IINX aHTHI UIIOKCH-
4yeckuMH cBoiicTBamMH. K 4ncity Takux TpaB OTHOCHTCS M KieBep jiyroBoit (Trifolium repens L.).
Pe3ynpTaTel 5KCIIEPHMEHTOB JAal0T OCHOBAHHE II0JAaraTh, YTO IIPU KOPMIICHHHU JKHBOTHBIX JIyrO-
BBIM KJIEBEPOM IIOBBIIICHHE YCTOHYMBOCTH OpraHM3Ma MPOMCXOIUT HE TOJNBKO HAa CHCTEMHOM
(BHEIIHEE TBIXaHUE COXPAHACTCS JOJBIIE), HO M Ha KJIIETOYHOM YPOBHE, TaK Kak MapajuIeIbHO pe-
THCTpHpyeMas dIEKTpUUYECKas aKTHBHOCTh HEHPOHOB ABIXAaTEIbHOIO LEHTPa IIPOROITOBATOTO
MO3ra IPOSBILET BEICOKYIO YCTOHYHUBOCTD IO CPABHEHUIO C KOHTPOIIBHOM IPYIIIOH.

Tunoxcust — OvixamenvHas cucmema — ObIXAMenbHbIU yenmp — Kieeep

The folk medicine recommends medicinal herbs with antihypoxic properties for the respi-
ratory system diseases such as bronchitis, bronchial asthma, cold. One of these herbs is Trifolium
repens L. Fam. Fabaceae. The experiment results suggest that the increase in organism stability
occurs both at the system (external respiration remains longer) and cell levels since simultaneously
registered electrical activity of the respiratory centre neurons of medulla has shown high stability
as compared to screening group.

Hypoxia — respiratory system — respiratory centre — trifolium

fdrdwdlwpwngh hhduwhiunhpp UGpywjnwdu U6 wnbn £ qpwnbgunid gnpé-
Lwywl pdoynipjwl puwgwywnnid, pwlbh np wju nunGygnud £ Jwpnntu wdpnng
Yjwuph pupwgpntd wju Ywd wjl dlny: @Rrywdluwpwngp hhwopuhwU npultnpynud £
l6rnuwjhu  pwpépwnhp wwjdwllbpnud, |GnUwqUwgnipjwl W wwpw2jnunwihu
rnhspubnh dwdwluwy: Uwpnywlg wrnneniejwl hwdwp npnwyh yunwug Gu ubp-
Juwjwgunud huswbu Gpywpwnl, wjlwbu £ jupdwwnlb hupuwrhnwihl prhgpUbpp:
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LdwUu yuwjdwuubpnid wpjwl dtbe hounwd £ O,-h pwlwyp, npp Gt wujlwu E wnnny
dJwpnywug hwdwn, www (npe unwlug E uGpywjwgunid puswnwlwl wd uppwnn-
wunpwhU hhjwunniejniultp nlubgnnubph hwdwnp: Mwpqyt) E, np Eyninghwywu
Swjpwhbtn gnpénuutph (erUywolwhU wlupwywpwnnip)nil, yhppwghw, wnuniy W
wjl) wagntgnipjwl hGnlwupny wnwewgwd dh 2wpp hhdwunnieiniuubph (wibp-
ghwutn, wnhpuhw, 2Uswnniejwl fuwlugwpnidutbn) whinwpwlwywl qupgwgned-
utpnud Wu Yuplnp intbin £ gpwynid hhwopuhwu [4,5,9]: Aninp nEwptpnid wju quin-
gwuntJ £ Jhbunyu upubEdwynyd. YUI pehoubpnid uwuqwnynid U opuhnwgdwl wnn-
gbuubpp, hyntujwépubpnid UJwanid £ Op-h pwlwyp, Jhinnpnunphnidubpp pwjpw)-
ynud GU, pwlgqwpynud B opuhnwgdwl b $nudnphiwgdw ypngtbulbpp, huwpuwn-
ynud B Na-K-wywl wyndwh gnpéniubnieiniup, fupwuynid £ wqwwn nwnhywiubph
wnwowgdwl wnngbup: dGnpnhh2jw) thnithnfunieintluGpp nwunwntgunwd Gu EuGpg G-
nhy Ywwbph wnwewgnidp, hebgubiny peoh EuGpgGunhlwlwl UGpnudp W dLRGNY
YGuuwuhuptgh gnpépluewgltpp: Mw hwnwwbu gwjnnit £ npulinpdned wiwunhy
Lpwlwynipjwlu Uniebpht uwyhwnwynigubph W Upwlug Yndwbpuubph, huswbu bwl
nwnptp nwuh thwhnutiph, win pUnd bwl peewpwnwurltnh Ywnnigdwdph Jtg
Jwnunn Ujnipbph uhtupbguwu dwdwlwy: Wu GplnyrUEph qupgwgnidubpp Ywlpub-
Lt hwdwp pdynipjwu Uty yhpwnynid GU puwywl b wphGunwywl hwlwopuhnhg
pnidwuhongubph nEnwujnietp, npnup ntlwy GU Ywwbint wqwwm nwnhywiubpp W
JwupuGint thwyhnutph gGpopuhnwgnudp [1,2]: Uwlwju phs BU hElwagnwniejniultnn,
npnup Ywnpnn U pwgwhwjwintp dnnnypnuywl pd2yniejwl Ut npwtu hwlwopuhnhg
dhgng Yhpwnynn pnyubph wagnbgnipjwl JdGluwUhquutbpp: Wn bwwwwyny Jbn
thnpatnpnud neuncduwuphpyby £ wjwunwywl pd2yniejwl dbe pUswnwwl hwdwywp-
gh wmwnpptp hhywunnip)ntuutph (ppnUupwn, wuedw, huswbu Lwl vwywywpnLune-
rInLL) dwdwluwy ognwgnpéynn uyhwwly EpGpuntyh waqnbgnieiniup 2Uswnniejwu
Jpw prywsuwht wupwdwpuwpnipjwl wywjdwlubpnid:

Unie U dbenn: NiunidUwuhpnipintbubpp Ywwwnpdbl GU unp thnpdh wwjdwuubpnud
180-230 g pw ntubgnn uwhwnwy wnlbwnutph ypw, npnup pUptgdt) GU pinpwingh (40 Jg/yg L
Utdpnipwih 10 da/yg) fuwnunipnny: Ogwnwagnpét) Gup YEunwuhutph Gpyne funwdp® unnighs W
thnpéwpwpwlwl: eénpdwpwpwywl fudphu yeph hbwn 10 op wipdt| £ uwyhwwy Gptpuniyh snp
quugywé' 100 g pw2hu 5 Ug (npp hwdwwywwnwupwund £ wywunwywu pdoynipjwl ube yh-
pwnynn swihwpwdUht): UnGpGnunwpuhy ubnwuhyh dpw wdpwgdwéd yeunwunt QUswnwywl
utjpnuttph wywnhyniejwl wpnwédwl bwywwnwyny nintnhyh Jwulwyh hbnwgnidhg htwnn w-
wwljw vhypnkElGynpnnp hebgyb) £ Gpywpwdnit nunknh obex-h ppgwl: LEpnUUGPh hdwniuw-
Jhu wywnhdnipjwl wpwnwpeswiht wnpunwénidp hpwywuwgyt) £ 2M NaCl-h |nuéniyeny |gwé w-
wwyjw UpypntEynnpnnny (Swjph nnpwdwaghép' 1,5-2 Jyd, nhdwnpnieiniup' 3 UOU): LEjpnuut-
nh nmwppbpwydwl, huswbu bwl punhwunip Pugwnniejwu guwhwwndwl hwdwp vhwdwdwlwy
gpwlgyt) E yEunwunt wpwnwphu QUswnenip)nLlp:

Ubjpnuutph niuncdbwuhpdnn gnigwuhpubph gpwugnudp Ywwwpdbp £ duninpunwjhu
6UUuwl puwlywlnt wwjdwuubpnd (Unpdopuhw) b prywédlwpwngh wagnbgnipjwl nhuwdhyw-
jnud: @rywdlwpwngh Unnbip unbnéyt| £ dupwhugnid: Onh nnipu Undwl swbwwwnhny Upwfu-
gnud wnwewuntd £ wnwppbp «pwpépnieintbutph» hwdwwwwnwuhuwunn prywduh wwnpghwy
6upnid, npp pbpnud £ Uwle wpjwu dtp Ox-h jwpjwédniejwl thnthnfunipintultph: LUwWU thnthnfunt-
pInLtUlUEN Lywwnynd BU Uwl tmwppbp hhjwunnipintlutph dwdwuwy opqwuhgunid wnwowgnn
EunngBU hhwopuhwjh hGwnlbwupny: LLpnuutph ElGYunpwywl wynhynipjwl gpwlgndp Yuw-
mnwnyby £ 4500-5000 U (pO,=109-85 UU uln.u.) pwpépniejwl ypw, npp hwdwpdnd E swthwynp
prywdlwpwngh thn, 7500-8000 U (pO,=64-53 UU uln.u.) pwpépniejwl Ypw, npp hwdwnynid £
untp prywsUwpwngh thni|, b Gluwybwnwiht Jwywpnwyhu «hgbgubinig» hbwnn: supwpghynd
yGunwuhubph pwpapwgnidu ni hebgnidp Ywwnwpybl £ 20-25 J/ wpwagniejwdp:

Lbjpnuutph ElGYnpwywu wynhyniejwl gpwugnudp, yepinednieiniup W unnwgywé nygjw-
utph yhtwywagpwywu dywynidp Yuwwnwpyb) Ehwdwywngswihu hwdwwwwnwupuwl Spwgnny:

UpnynLuplbn U pbbwplynid: Unpdopuhw)h wwjdwuubGpnid YEunwuhutbph uwnnt-
aghg hudpnid gpwlugdt] £ 46 wpunwUswywlu (Epuwyhpwuninp UGpnu (EL)) L 33 ubppu-
swlwl (huuwhpwwnnp UGpnu (PL)): Ihwopuhwih wnwehl thnind (4,5-5 hwq.d) hptlug
wywhynipintup ywhwwut), Bu 36 (78,2%) EL W 26(74,2%) bL: Ihwopuhw)h dwup
thnend pO, fuhuwin wuynwdp hwugbgunwd £ wywinhy 2Uswnwywl UG pnultph pwlwyh
yunpniy bjwaquwl (hwdwwwnwupiwbwpwn 52,1% W 51,4%):
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LUGunwuhUGphu hetgubinitg hbwnn UGjpnuLGph Unun inkEnh £ nlubg) Gluybwnwjhu
wnyjwiubph yepwywugunwd: ®npdbpp gnug wndtghu, np Gpgpuniyh wagnbgnipjwdp hh-
wopuhwjh W sgwthwynp b dwup thnnd wybih 66 pwuwyny ubpnuutn U wwhww-
unwd hptug wywhynieyniup: Wuwbu® hhwopuhwih wnwehU thniyntd wywnhynipniup
wWwhwwuk) BU 92,8% EL U 93,1 % bL: Ihwopuhwih dwup thnind wyn gnigwuhubpp
Gnbl BU 71,4% L 70,4% hwdwwwuwnwupiwlwpwn: YEunwuhubphl hebgubintg hGunn
unnighs nyjwiutnh hwdbdwnnigjwdp thnpdwpwpwywl fudph dnn - wybh 66 pw-
Lwyny ukjpnuutp BU (95%) UGpwlywugutb) hptug wywnhdnipiniup: Pwgh pwlwlwywu
thnthnfunipintlubphg nuntduwuhpytbp BU bwle QUswnwywl UG pnuutph hwdwqwnpyh
wnunnniejniup, hwdwqwpynud hdwnipuutph pwbwyp b hdwniuwihu wynhynepjwu
UhohU hwéwhiwlwuncpniup, npp wybh hwywuwnh £ nupéuncd unwgdwé indjwutnp:
Jbnpnhh2jwi gnigwuhputbph thnthnfuniejwl nhuwJdhywl pepdwé £ wn. 1-nwd:

Un.1. Gpywpwyntl ninbnh 2Uswnwywl YEuinpnuh thnijwjhu UGpnUUGPh hdwniujwihu
wywnhyntpjwl thnthnpunteintup uwhunwy Gpepunctyh wanbgnipjwdp prywdlwpwngh
wwjdwuubpnid

Uwnnighg ingjuutn Snigwlhutiph thnthnpunteniup
8nLgwlhpubp GpGpunLyh oguwgbpénidhg hbuinn
Unndw‘ 455 [ 7,5-8 ‘hgbgmu unpdw | 4,55 ‘ 7,5-8 | hebgnid
hwq.U | hwg.U hwq.U | hwq.U
Epuwhpwwnnp Ukjpnultn
Swdwquwnyh 0,56 | 0,54 | 0,57 0,55 0,58 0,59 0,61 0,59
wnblnnnipjniup
hdwniuutph phyp 15 19 10 17 25 31 21 24
hwJdwqupyntd
hUwniuutph dhehu | 26,7 35,2 17,5 30,9 43,1 52,5 34,4 40,6
hwéwpunte)ntup

hUuwhpwwnp UGpnuukn
Swdwquwnyh 0,42 | 0,41 0,55 0,55 0,37 0,34 0,37 0,40
wnlnnnipjniup
hdwntiultnh phup 14 16 15 18 17 20 16 17
hwdwquwpyntd
hJwntiuutph dhghu| 33,3 39,2 27,2 32,7 45,9 58,8 43,2 42,5
hwéwhunie)ntup

Gpywpwyniu nintnh 2Uswnwywu YEuwnpnuh ubpnuubph gnpéniubnipwl gnt-
dwpwjhu wpryntupp wpunwhwjndnd £ wpnwphu 2Uuswnnigjwl  gnigwlhubpnd:
ferywdlwpwngh wnwehU thnynd W unnnighg W thnpdwpwpwywU fudph Yeunwuhukph
dnuin Uywwnydnid E puswnnipjwl funpwgnid U hwéwhpiwywunijwu Jedwgnid, nnny on-
gwUuhqup thnpénwd £ hwdwiptp prwduh wwlwup: (rywdlwpwngh funpwgdwlp
(rwpépniEjwl wytwgdwup) gnigplewg wjn gnigwuhputpp thnfudnd BU hwlwnwy
ninnnijwdp  QUswnniiniup nwnunwd £ JwybpGuwjhl, huy hwewpwywunipintup
ujwagntd E), npu £ hhyuwwunwd hwugbgunid E 2Uswnniejwl nwnwnh: Unnwghs fjudph
yGunwuhutpp nhdwunid Ehu Jhugle 6-6,5 hwq. dGinp pwpépnijwl, npntkn 5 p ywhb-
Lntg hGwnn uswnnieintup Ywug En wnunid, W yEunwuhU Ywpnn Ep uwwnyty, huy thnp-
dwpwpwlwu tudph  YEunwuhubpp, npnup uwnwgt) Ehu BpGpunctyh dwnhyutp, nhdw-
unwd Ehu Jhugl 7,5-8 hwq. J pwpépniejwln, npp yywjnwd £ wyn wwjdwuuGpnud 2Usw-
nwywl UG pnulbph wybih pwpan nhdwgyniunipjwl Jwuhl:

Opgqwuhquh npn2 whunwpwuwywu yhdwyubpned, huswbu bwl prywduh gwdp
wwnpniuwynipjwdp  Jhpwdwjpnid  tnwpwpintt yeunwuphubph  pehoubpnud Ywpnn E
wnwowlw| pRrYywdUh wwhtunwynpdwl wuhpwdtwnnieiniu: 2w hwnywwbu yenpw-
pGnpdnud £ Upnpwihnpuwlwywihl J6d wywnhdnie)nit ntugnn Uyjwnpnwihu W Jywlwjhu
pohoutnhu, npnup fuhuwnn wnwudlbwunwd BU pRYwéUh jINLpugdwl UGS wpwaniejwdp,
hUswtu hwuguwnh, wjuwbu £ JE& Swupwpbnujwénipintuubph dwdwuwy [3]:

Un wwjdwuutphu opgwuhquh YtGUuwagnpéniubnipywl wwwhnydwl hwdwp
dowyywé U Uh 2wpp Ywupuwngbihs W pnidhg dhgngwnnidutn, npnughg GU Yyhdwjw-
Jwpdtgnidp, swihwdnp hhwopuhptpwwhwl, huswbu bwl hwywhhwopuhy puwywl W
wphGunwywu pnidwdhgngubph Yhpwnenwdp, npnup ninnwé Bu Jendwgubint opgw-
Uhquh hjncujwépubpnid prywéuwpwngh whinwpwlwlwl qwpgwgnidubpp [6, 71:
hugwtu tpp Laytg, win qupgugnudutinnid, h phyu Uh 2wpp gnpépupwgutinh, npnaw-
Uh ntp £ uwnnud wqwwn nwnhywiutph wnwowgnidp: Yw hwdwpynud £ Uwle opqw-
Uhquh étpwgdwl uplinp gnpénlubphg Utyp:
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Popwrewnwlpltnh thwyhnutph W wpjwl wiwqdwih |hynwpnithnutph Yuquh
JGp Jwnunn shwgbgwd dwpwwpeentlGph wqwwn nwnhywutpp Jwubwygned G |h-
whnutph gbpopuhnwgdwl ntwyghwubpnid: @ntbwdnpnidubph dwdwlwy, pwngyt-
nwdhu Untebph W wwppbp uppbuubph wew)niewl, win pYnd Lwl pRYwS-
LUwpwngh wwjdwultpnid UWwl nBwyghwlbph swihwqwug wynhdwgnidp fuwtu-
wnnwd £ ppowpwnwlreh ww2wnwwlhs hwwnynieniup, nwugwntbind pgheutph YeUuw-
gnpéniuknie)niup, bwwuwntny upwinh, ywnpnh, nintnh W wjp opquuutph $nuyghwih
huwluguwnpdwup [3]:

Swjwnup £, np uyhwnwy Gpbpuntyh swnhyubpp wwpnibwynwd U $pwynupn-
uGn, nwpwnwujnipbp, Getpwjnintp, B-fudph yhunwdhultp, ynwdwnphl, wiywinhn-
utp W gthynghnutp, Swpwwjhu jnintp, fubd: Anuh wGpluGpp Wwnpniuwynd Bu
uwhwwynigubn, dwpwwjhu jninkp, wéhuweptn, phpnghu wdhuwpent, A, C, E yh-
wnwdhuubn, hugny £ wwjdwuwynpywsd b Uusgwnwlwl wlupwywpwnnientup pE-
rLwgltnt Upw hwwnynieintup: Uju pnyup hwlwopuhnhswihu hwwnynipjwdp £ wyw)-
Jwlwynpywé bwl npw pnidhg wagnbgnipinitlp webpnuytpngh, upwnwihu W Gphlw-
JwjhU swaglwl wjwnnigubph dwdwuwy [6,8]:

Shunwywl npn2 hGnwagnwiniejnllutphg wwpqdbp £, np ppowpwnwlurutnp
wwpnibwynwd U shwgbgwé dwpwwpeenllutp, npnup wlupwpbGUwywunn waqnbgnt-
rInLtLUGNh wwwndwnny gtpopuhnwgynid Bu [3]: QGpopuhnUtGpp Yntnmwyytiny hyniu-
Jwoépubpnud W ppowpwnwurltpnid, Jhwlwiny gnh htwn yGpwéynid Bu opuhnubinh,
npnup £} wugwwnnid GU wywinhy O, dbpghUu nwnunwd £ Ujnipwithnfuwlwyniejwlu
fuwlugwpnidubph W pwnwurutph yuwuywépubph ywwntwn: Ghinwlwl nyjwiutph
hwdwaéwju yhinwdhu E-U, npny hwpniuwn GU GpGpuncyh nbplutpp, Yuwwbing win
0,-p Jwubgunid E |hwhnuGph opuhnwgnudp hwywanbind gtpopuhnutph eniuwynp
wqntgntpjwup [6]:

Wuwhuny, hGlnwagnuniejwu ndjwiutpp yywjnid U wjb JwuhlU, np uyhunwy
Gptpuniyh wanbgnipjwdp prywélwpwngh Uywwndwdp opqwuhquh nhdwgyniunt-
pjwU pwpapwgnidp hwdwlwpgwihtu dwywpnwyny (wpunwphU 2uswnnieinil) wwj-
Jwluwynpywd E poowihu dwywnpnwyny Upw wqnbgnipjwup:
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KHUCJIOTHASA JEHATYPALIUA KOMIIVIEKCOB
BPOMHUCTOI'O TUAUA C JHK

A.Il. AHTOHSAH

Epesanckuil 2cocyoapcmesennviil yHusepcumem, kageopa buogusuxu
apant@ysu.am

IIpoBenena kucnoTHast AeHaTypauusi KomiiekcoB 6pomucroro stuaus (b3) ¢ JHK. Ilo-
JIyueHbl KpuBble Iepexosa crnupanb-kiyook JHK u ee kommiekcos ¢ BD B untepBane U3MeHEHUs
cootHoueHust KouueHrpauuit 0<r,<0.5, rae r,=murang/JJHK npu xucnbix 3Hauenusx pH u
t=25°C. BhIsiBIICHO, UTO 1O Mepe BO3pACTaHHs KOHIEHTpamun B Touka mepexoja CABHTaeTCs B
cTopoHy Oonee Hu3kuMX 3HaueHuil pH. M3 KpHBBIX AeHaTypalUM ONpPEAeNeHbl 3HAUEHUs TOUKH
nepexoja — pHy, ¥ mupuHbl HHTEpBana nepexoaa — ApH. BelBieHo, 4To B yKa3aHHBIX YCJIOBHAX
B3O B3aumozeiicteyer ¢ JJHK HeckonbkuMu crioco0aMu, IpH 3TOM MEXaHU3MbI CBSI3bIBAHUS 3TOTO
JIMraH/a OJIMHAKOBBI KaK NPU HEMTPaIbHOM, TaK M IIPU KUCIbIX 3HaueHusax pH pactsopa.

HHK — b3 — kuchomuas 0enamypayus — moyka nepexooda — wiupuna unmepeana nepexood

Ywuwnwpdbl £ YUe-h hGwn Ephnhnud ppndhnh (ER) YndwGpultbnh rrywhU puwthnhunid:
Unwgytp U M[—-h W ER-h htwn Upw Yndwbpulbph wwnnip-yshy wugdwl Ynpkpp, npintn
r=lhawln/MU@ Ynugbuinpwghnu hwpwpbpnieiniuutbph thnthnfunipjwl, 0<r,<0.5 Jhowywjpntd,
pH-h prYwhU wpdtputph ntwpntd, t=25°C wwjdwlltpnwd: Pwgwhwnydt £, np ER-h Ynlgbuwn-
nwghwjh wdhu gnigpupwg wywpnyp-Yéhy wugdwu Yenp nbnwpwnddnid £ pH-h wdbh guodn
wnpdtiputiph Ynndp: Auwthnpudwl Ynptiphg npnpyty GU wugdwl Yenh' pHy-h b wugdwl dhpwywy-
ph (wjunipwU (pH-h wpdtputpp: 8nig £ nipdbl, np Lpywd ywjdwuutpnd ER-U YUME-h hGwn thn-
fuwgnnwd £ Uh pwUuh Gnwlwyutpnd, pun npnd, wju |hgwunh juwdwl UGfuwuhquutpp vhwudwlu
BU huswGu |nLonLyeh pH-h ¢Gqnp, wjlwbu £ prywihu wpdbpubph nGwpnid:

M1 — ER — pryuyhl hwinid — wlgdwl Ybwn — wlgdwl dhgwlwph jwbntpyntl

In present work the investigation of acid-induced denaturation of EtBr complexes with DNA
has been carried out. The curves of helix-coil transition of DNA and its complexes with EtBr in
0<r,<0.5 concentration ratio change interval have been obtained, where ry=ligand/DNA at pH acid
values and t=25°C. It has been revealed that in parallel with EtBr concentration increase, the
transition point is being shifted to the lower values of pH. The values of the transition point — pH,,
and the transition interval width — ApH were determined from denaturation curves. It has been
revealed that at mentioned conditions EtBr interacts with DNA by several modes, moreover the
binding mechanisms of this ligand are similar not only to neutral but also to acid values of pH of
solution.

DNA — EtBr — acidic denaturation — transition point — transition interval width

HccnenoBanus 1o B3aMMOJEHCTBHIO HU3KOMOJIEKYJISPHBIX BEIECTB — JIMIAHIOB
¢ IHK mnpencraBisiror OOJbIION HMHTEPEC, MOCKOJBbKY OOJBIIMHCTBO M3 Ba)KHEHIINX
OGMOJOTHUECKUX MPOLIECCOB XKU3HENEATSIbHOCTH KieTku peryiupyerca THK, xoropas
IPOSIBIISET KOH(YOPMAIMOHHBINH HOIUMOP(U3M, HAXOIICh B OKPY>KCHUH PA3TUYHBIX MO-
nekyn. B xone peanusanuu renetndeckoit undopmaruu JJHK mMenser cBoro koHpopMma-
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LU0 B BECbMa IIMPOKKUX MpeieNaX B 3aBUCUMOCTH KaK OT IOCIIEI0BaTEIbHOCTH U YCIIO-
BHUI Cpefbl, TaK M OT MOJIEKYJ JIUTaHAOB, B3auMoJeicTByomux ¢ Hei [1,9]. U3BectHo,
yro npHu QpyHKuroHupoBanuu JJHK mMoxeT HaXOAUTHCS Kak B ABYyXIETIOYEYHOM, TaK U B
OJTHOIIETIOUEYHOM cocTOsiHUAX. CliejoBaTenbHO, MOXKHO paccMaTpHUBaTh JBa THUIA KOH-
dopmanmonnsx nepexonoB B JJHK — ¢ paspymennem mwin 6e3 pa3pylieHHs IBYCIIH-
panbHO# cTpykTyphI [1,4,9,13,14]. IIpu 3TOM nepexoa U3 0JHOro KOH(GOPMAIHOHHOTO
COCTOSIHMSI B IPYyTO€ IIPOUCXOIUT B OIPEJEIIEHHOM, HE HYJIEBOM HHTEpBAJIE IIPU U3MEHE-
HHUH KaKoro-i1mbo BHEIIHETOo Mapamerpa, BoszencTaytomero Ha JJHK (temneparypa, pH)
[4,8,13-15]. Pa3nuunble MOJIEKYJIBI MOTYT OKa3bIBaTh ONPECICHHOE BIMSHUE HA ATH Ie-
pexoasl. B yacTHOCTH, Takue KpacuTemH, Kak OpomMucTbli atuanii (b2), akrnHomMuiuH |
(AMJ]), npodnasun (I1®), Hoechst 33258 (H33258), merunenosslit cunuii (MC) cBs-
3BIBAFOTCS KaK N VIVo, TaK W in Vitro U BIMAIOT Ha QYHKIMOHAIbHYIO akTHBHOCTH JJHK
[5, 6, 11,12,17]. [Ipu B3aumopeiictBumn »tux jurangos ¢ JIHK npoucxoaut casur Touku
nepexojia ¥ OAHOBPEMEHHO M3MEHsETCs LIMpHHA MHTEpBalla Iepexolia B 3aBUCUMOCTHU
OT ¥X KoHIeHTparmu [1, 9, 13].

Lenpto manHOI pabOTHI ABUIIOCH UCCIIEIOBaHHE BIMAHUS KUCIbIX pH Ha mepexon
crimpanb-kiyook JTHK u ee kommiekcoB ¢ B2, a Taxike Ha 0COOEHHOCTH CBSI3bIBaHHS bD
¢ IHK.

Mamepuan u memoouxa. B pabore OblIM HCIOJIb30BaHbI ciepytomue npenapatsl: JJHK
TuMyca teneHka gupmsl “Sigma” (CILIA), 6pomuctsiit atuaunit — B3, “Serva” (I'epmanus), NaCl,
Na-nutpar (tpexzamemiennsiii), HC, (oc.u.), sTunenanamunrerpaanerat (3TA, oc.u.). Bee mpe-
maparthbl HCIOJIB30BaHbl Oe3 pononauTenbHol ounctku. Konuenrpamuu B9 u JJHK 6buti onpese-
JIeHbl a0COPOLMOHHBIM METOZOM, HCHONIB3YS cliefylomue KOd(QOULUUEHTbl SKCTUHKIUU —
€260=6600 M 'em™ st JIHK TUMYCa TeJeHKa, 4g0=5800 M'em st BD. Uccnenosanus MIPOBO-
numick nipu koHuentparuu Na* 0.02 M u temnepatype 25°C.

CnexrpodoToMeTpuueckue M3MepeHHs: NpoBOAMIMCh Ha cnekrpodoromerpe PYE Uni-
cam-SP8-100 (Aurmust). i crnekTpooTOMETPHUSCKUX HW3MEPEHUI HCIIOJIb30BaIN KBapICBbIC
KIOBEThI 00BEMOM 3 MJI, ITTMHON ONTHUYECKOro myTH 1 cM.

pH-tutpoBanue npoBoauaock Ha HOHOMeEpe — yHUBepcalbHbli OB-74 (CCCP) ¢ anexrpo-
oM msmeputenbabiM DCJI 63-07. PactBop JJHK u ee kommiekcoB ¢ B3 tutposamu 0.2 1 HCI,
KaX[BbIH pa3 100aBisist 2 MKJI KUCJIOTHI, IEPEMEIINBAIN Ha MarHUTHOHN MeIIaJIKe, II0cie Yero pe-
ructpuposanu 3HaueHue pH. Ilorpemnocts n3mepenuit pH ne npessiana +£0.02.

Kucnotnas genarypanus kommiekcoB JJHK-BD ocHoBaHa Ha M3MepEeHUH CIIEKTPOB MOTIIO0-
menns JTHK npu A=260 am 1 n3MeHerun pH (B KUCITyI0 cTOpoHY). IIpu THTpOBaHHH KOMILIEKCOB
pactBopom HCI npu A=260 HM BKJIa]] MOTJIOLICHHS KUCJIOTHI Ha OOIIIY0 BEIUYHHY 3TOTO MapameTpa
ObLT He3HAUMTENBHBIM. KprBbIe epexo/ia cripab-KiyOoK moiydeHs! mo BapaesausH u ap. [13].

Pezynomamut u o6cyscoenue. TeopeTndeckre 1 SKCIIEPAMEHTAIBHBIE UCCIIE0Ba-
HuA 110 1iaBieHnto komiiekcoB b9 ¢ JIHK ykaspiBaroT Ha TO, YTO 3aBUCHMOCTb H3MEHE-
HUS IHPHHBI HHTEepBana miaBiieHus — OAT, (BAT=AT-AT,, tae AT u AT, mIMpUHBI HHTEP-
Bayia tasnenus JJHK-murang xommiekcoB u JJHK cooTBeTCTBEHHO) OT KOHIEHTpALMK
muradna (0<r,<0.5, roe 1, — cootHomenue KoHreHTpanuii bD n JIHK cooTrBeTcTBEHHO)
HUMeeT KollokoiooOpasuyto dopmy [8,13]. Konokonoobpasnas dhopma 3aBucumoctu SAT
OT I}, 00YCIIOBJIEHA TE€M, YTO IPHU HU3KUX KOHIEHTparusix suranga SAT Bo3pacraer u, rmpo-
Xonsl 4epe3 ClIaOOBBIPAKEHHBIH MaKCUMyM, YMEHbBILIAETCS, M HPH COOJIOJCHUM OIpe-
JleNeHHbIX ycnoBuid OAT MoxeT paBHATHCS Hymo, T.e. AT crpemurcs k AT, [8,13]. YBenu-
yeHue 3aBUCUMOCTH OAT OT 1y, IPU HU3KUX KOHIICHTPAIMSX JIMTAH/AA SBJISETCS CIICIICTBHU-
€M TOro, 4TO B IIpOIiecce IUIAaBICHUSI MOJIEKYbl BD nepepacnpenensiorcs ¢ JeHaTypupo-
BaHHBIX Ha elle He JeHarypupoBanHble ydactku JIHK, uTo B cBOO 0uepep 00ycinoBiIeHO
TeM, 4yTo BD cBs3bIBacTCA C HEl WHTEPKAISILUOHHBIM CIIOCOOOM U CTaOMIM3UPYET
n-cTpyktypy. IIpu Gosiee BRICOKMX KOHIICHTpALUSIX BCe peanouTuTesbpHble Ha au-JHK
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MecTa Ul MHTEPKAIALMKA MOJIEKYJI JJUraH/la HACBIIIAOTCS, U Tepepacipe/iesieHue B Mpo-
ecce mepexofa CTaHOBUTCS HEBO3MOXHBIM, BCIEACTBHE 4ero SAT BBIXOIWUT Ha ILIaTto,
IIOCJIC YeTo HaYMHAeT yMeHblIaThcs. [Ipu panpHeileM yBeIMYeHUH KOHLEHTpPALMH JIU-
ranzia OAT omnsath HaurHaeT Bo3pacTath (cM. [13]). TIpu atom 8Ty, (8T =Tn-To, e Ty, 1
Ty — Temnepatyps! 1iaBnenus komekcoB U ynctoi JIHK coorBercTBeHHO) BO3pacTaer,
a C OIpe/IeNICHHBIX 3HaYeHUH Iy, rae AT=AT,, 6T, HaunHaer ymenbiuatbes [8,13]. OtoT
3¢ eKT He 3aBUCHT OT MOHHOH cHIibl pacTBopa B ciydae bD [8,13]. OT1o yka3piBaer Ha To,
4yro Ha MexaHu3Mbl cBs3bBaHuA BO ¢ JIHK mnonoxkurenbHbIe KaTHOHBI NPAKTHYECKH HE
BJIMSIOT. B TO e Bpemsl BeJIMYKHBI ITapaMeTPOB IUIABJICHUS PA3JIMYAOTCs B 3aBUCHMOCTH
OT KoHIeHTpanuu Na', uTo yKaseIBaeT Ha To, 4To HoHHas cpeia JHK piuser Ha ee
CTPYKTYpY, BCIEICTBHE YEro MOTYT MEHAThCS TEPMOJMHAMHYECKHE MapamMeTpbl KOMII-
JIeKCco00pa30BaHMs U KOH(GOPMAIIMOHHBIX NIEPEX0I0B HYKJICHHOBOW KHUCIIOTHI [§].

Jns BeisicHeHus1 BMsiHUA pH Ha TepMOJMHAMUYECKUE XapaKTEPUCTHKU B3aUMO-
nerictust b3 ¢ JIHK Hamu mpoBeneHs! nccie1oBaHus KHCIOTHOM JeHATypallii KOMILIEK-
COB B MHTEpBaJic M3MeHeHHs1 cooTHomeHus koHnentpauuii b3/JJTHK — 0<r,<1 (MombHOE
COOTHOIIICHUE) IPH KUCIBIX 3HadeHWsX. Kucible 3Hauenus pH Obutn BBIOpaHEI, 1M0-
CKOJIBKY TIPH IIENOYHBIX 3HAYCHHSX 9TOrO (akTopa MEHseTCs MOHHas Chila pacTBOpa B
XOJle TUTPOBAHNS, TAK KaK KKIBIH pa3 B PaCTBOP BBOIATCA HOHBI Na', a 9T0 IIPUBOIHT K
CMEIIEHHUIO TOYKH IIepexoJid, KOTopas 3aBUCUT OT MOHHOW cuibl pactBopa. Ha puc. 1
MpUBEIeHB! KpUBhIe Tiepexoa crupanb-kiryook unctoit JIHK (1) u ee komrmiekcos ¢ B2
(2-11) B yKa3aHHOM MHTEpBajle U3MEHEHUS T}, ITOJYUYSHHBIE IIPU KHUCIBIX 3HaYeHUsX pH.
U3 puc. 1 BuaHO, 4TO MO Mepe yBenudeHus KoHueHTpauuu bD pH,, (Touka mepexona),
C/IBUTAETCsl B CTOPOHY Oosiee HU3KHMX 3HaueHuil pH, a Takxke MMeeT MeCTO YIIMpEHHE
uHTepBana KoHneHTpanuu [H'], B mpenenax KOTOPBIX KOMIUIEKCH! IIEPEXOAT B HOMHOC-
TBIO OLI- cOCTOsIHUE. VI3 KPUBBIX JAeHaTypaluy noiry4deHsl 3Hauenus: pH,, u ApH no anaso-
MU C TEPMOUHYLIMPOBAHHBIM I1€pexo oM. Ha OCHOBaHHMHM 3THX BEJIMYMH IOJy4€HbI 3aBHU-
cumoctu SpH,, (1) u SApH (2) ot 1, IpuBeaeHHBIE Ha puc. 2. Kak BUAHO U3 IPUBEIECHHO-
r'0 pHCYHKa, 3aBUCUMOCTh OApH OT 13, Kak U B Clly4ae TEPMOUHIYILIMPOBAHHOTO TIEPEX0/a,
HMeeT KOJIOKOJI000pa3Hyro (gopMy. DTo yKas3bIBaeT Ha TO, 4To NpH kucibsix pH BD Takke
MIPOSIBIISIET MYJIFTUMOAAIBHOCTE ITpH B3anmoaeiictsuu ¢ JJHK.

Ipu xucieix pH (2,5<pH<6) amunorpymme B2 HAXOAUTCS B HOJHOCTHIO TPOTOHH-
POBaHHOM COCTOSIHUM, IIPH 3TOM HECBSI3aHHbIE MOJICKYJIbl JIMTaHa POTOHHPOBAHBI IPH
pH~2.5, a ces3annsle ¢ JIHK monexyner — pH=5.5 (cm. [7]). Heobxomumo Takke oTme-
TUTH, 4TO NIpH pH>3 B cocTaBe HYKIIEO3UIOB U HYKJICOTHAOB IIPOTOHUPYIOTCS B OCHOBHOM
SHAOLMKINYECKUE aToMbl N; afeHuHa U N3 IUTO3MHA, KOTOpHIE Y4acTBYIOT B 00pa3oBa-
HUM BOJOPOIHEIX cBs3er B ayxuenodeunor JJHK [3]. Mcxonst u3 aToro, MelI monaraem,
410 3TH rpynnsl B qu-/JJHK He MOryT npoToHMpoBaThCst IpH 3HaYeHusx pH>3.5.

1-93
10

0.8

02 5

pH

Puc. 1. Kpussle nepexona crmpanb-kiyook yucroii JJHK (1) u ee kommiekcos ¢ B3 (2-11) B unTepBae nuime-
nenus 2.5<pH<7.0, npu konuentpauuu Na'— 2.0- 10™M, t=25°C, npu 3HaueHusx r: 1-0; 2-0.01, 3-0.013;
4-0.02; 5-0.025; 6-0.04; 7-0.067; 8-0.10; 9-0.20; 10-0.33; 11— 1.0.
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Puc. 2. Kpussie 3apucumoctu SApH (1) u SpH,, (2) ot 1, B uHTEpBae n3menenns 0<r,<1 npu t=25°C
u=2-10% M Na’. Kpussie usmenenus SpH,, u SApH moTydeHs! U3 KpUBBIX, IPHBEICHHBIX HA pHC. 1.
3aBucumocts SApH 0T 1, KOJIOK0I000pa3Hast, Kak U B CIIydae TEPMOMHIYLHPOBAHHOTO IIEPEX0/a.

OCHOBBIBasICh Ha TO, YTO IOJIyYCHHBIE IKCIIEPUMEHTANIbHBIE PE3yIIbTaThl IPAKTH-
YEeCKH COBMAJAIOT C TAKOBBIMH, IOJIYYE€HHBIMU IPU TEPMOUHAYIHPOBAHHOM IEpexo/ie,
MOXHO IoJIarath, 4to npu kucisix pH cmoco6s! ces3siBanusg b3 ¢ JIHK He menstorcs.
CrnenoBaTenbHO, IPH HU3KUX KOHIIEHTpAIMAX JUranaa ysenudeHue SApH oOyciosneHo
crabunusupyromuM BiaustHueM b9 Ha nu-crpykrypy JHK, T.e. B 3TuX ycnoBHsx MoJe-
kynel B3 unTepkanupyror B qu-JAHK. Ilpu yBennuenun xonuenrpauuu b3 SApH npo-
XoauT uepe3 ciaboBbipaxkeHHbIH MakcuMyM (0,05<r,<0.1). [To cpaBHEHHIO C TEPMOUH-
JyIUPOBAHHBIM NEPEXOJIOM B 3TOM CIy4ae MaKCHMYM IIPOSBISETCS IPU OTHOCHTEIBHO
HU3KUX KoHueHTpauusx BO (cm. [13]). BeposTHO, MecTa Uil MHTEPKAJSALKUU MOJIEKYII
BD B npoTOHNPOBaHHOM COCTOSIHUM 00JIee OTpaHUYEHBI, U TIOCJIE UX HachleHus b3 Ha-
yuHaeT cBsa3bBathes ¢ JJHK npyrum (apyrumum) crocobom. B yacTHOCTH, paHee HaMu
ObUTO MOKa3aHo, 4To BD moxer cBsasbiBathes ¢ JJHK momynHTEpKaIsILIMOHHBIM CIIOCO-
6om [14,16]. DtoT criocobd oOHapyKHBaeTcs U B cilydyae Ai-, U B ciydae ou-JIHK, mpu
stoM Ki/K,»2 (tne K; u K, — cOOTBETCTBEHHO KOHCTAaHTHI CBsI3bIBaHUS BD ¢ 1I- U o1l-
JIHK nonyuHTepKalIsSIHOHHBIM CIIOCOO0M), YTO yKa3bIBAET Ha TO, YTO MPH HOIYyHHTEP-
Ky b mposiBisier HeOONBIIYI0 MpeAnodTuTeNbHoCcTh K ai-JJHK, ueM u MoxxHO
OOBSCHUTD C1a00BBIPAKEHHBIH MaKCUMyM Ha KpHBOH 3aBucUMocTH OApH ot 1p,. C yBe-
JUYEHWEM KOHIeHTpaimu bD Ha an-ydyacTkax MecTa CBS3BIBAHMS HACBILIAIOTCS,
BCJIEZICTBHE YETO MOJIEKYJIBI JINTaH/1a HAYMHAIOT CBA3BIBAThCS ¢ ol-y4yactkamu JJHK, ne-
cTabunusupys ee, o0yieryas mepexo/i, BCIEACTBHE Yero KpuBas 3aBucuMoctd SApH ot 1,
HauMHaeT yMeHbIIaTbes. Ha 3To ykaspiBaeT U TOT (hakT, uto m3meHeHue SpH,, pesko
Bo3pactaer B uHTepBaje 0.05<r,<0.1 m npereprneBaeT HEOOJBIIOE H3MEHEHHE MpPU
I'b>0.1.

Taxum 00pa3oMm, NOTyuYEHHbIE HAMU JaHHBIE CBUIETENIBCTBYIOT O TOM, YTO B yKa-
3aHHBIX ycnoBusax bO B3aumopeiicteyer ¢ JJHK neckonbkumu cniocobamu [2,10,13,16],
pu 3ToM cnocoOb! cBsi3biBanus b3 ¢ JIHK oanHakoBBI Kak Mpy IPOTOHUPOBAHHOM, TaK
Y TIPU HEMIPOTOHWPOBAHHOM COCTOSTHMSIX JIMTaH[Ia, TaK KaK He HaOII0Jar0TCsl H3MEHEHHUS
B MeXaHM3Max cBsA3bIBaHUA bO M ¢ aByxuenodedHoil, u ¢ oaHouenodeuynoi JHK mpu
HEUTpaIbHOM WM KHCIBIX 3HaueHusx pH pactsopa.
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THE CHANGES OF ERYTHROCYTE MEMBRANES OF WHITE
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The in vivo influence of 1-hour 200 kV/m electrostatic field (ESF) on the biophysical
parameters of rat erythrocyte ghosts is investigated. Studies have shown that ESF influence
changes the physicochemical state of ghosts. The field influence results to the lipid-protein
intermolecular reorganization in the superficial layer of membrane, increases the strength of
association of peripheral proteins with integral proteins and lipid bilayer, and increases the
membrane viscosity. Comparison of literature data with the results obtained, allows us to suggest
that the investigated factor leads to the redistribution of membrane surface charge, which can be
the both a reason or/and a result of revealed changes.

Electrostatic field — erythrocyte ghosts — surface charge

Gwnwgnunygt) £ 200 yd4/J jwpdwédnipjwdp ElEYnpwutnwnhy nwwmh (EUDY) 1-dwdjw
waqnbgnientup uyhwnwy ng gbnwihtu wrubwnutph Ephepnghwintph unybputph YELuwdhghyw-
Jwu swithwuhubph ypw: 8nig £ npybl, np EU-h wagnbgnienitup pGpnud £ undbputph $hah-
Yw-phvhwlwu yhdwyh thnthnpuntpjwu: “Ywownh wanbgniejwl hbwnlbwupny dGdppwuh Ubpphu
26pnnd inbnh BU niuBunud uwhwnwynig-thwhnwihu UnGyniiwjhu Jpwnwuwynpniejniultn,
dGéwunid £ Swjpnwdwuwht uyhwnwynigubph W thwhnwjhu Gpy2Gpnh dhol wnw Ywwh nidp,
woénwd £ pwnwueh dwénighynie)nilp: Gpwywunipjwl wndjwiubph b hGnwgnuinipjwl wn-
nyntupubph hwdwnnpnidp pnyy| £ nwihu Gagpuywgubl, np hGnmwagnwndnn gnpénup ptpnd £ pw-
nwuph dwytpunipwhl thgph tnwpw2iudwl, hugn Yuwnnn E (hub) huswbu pwgwhwjingwé thn-
thnfuntpjnitultnh wwwndwn, wjuwbu £ hEnlwlup:

b &yimpwunwinply nwpwn — Eppppngfunlbph undbplbn — dwlenpunipuyhl 1hgpe

HUccnenoBauo in vivo 1-dacoBoe BozaeicTBue anekTpocTaruueckoro nomns (DCIT) nanps-
xeHHocThio 200 kB/M Ha Guodu3nueckue mapamerpbl TEHEH 3PUTPOLIUTOB OelIbIX OECHOPOIHBIX
kpsic. [lokazano, uto BoszaeiictBue DCII npuBOANT K U3MEHEHUAM (PU3UKO-XUMHUYECKOTO COCTOSI-
HUS TeHel. B pesynbTate BO3JEHCTBHS IMOJS MPOUCXOIAT JMIHUA-OSIKOBBIE MOJEKYJISPHBIE Ile-
PECTpOMKU Ha Hapy>KHOM CJIO€ MEMOpAHBI, MOBBIIIACTCS CHJIA CBS3U HMEpUPEPHICCKUX OCIKOB ¢
JIMTUIHBIM OHCIIOEM U BA3KOCTh MeMOpaHbl. COIOCTaBICHHE JIMTEPATYPHBIX JaHHBIX C IOTyYeH-
HBIMU pE3YJIbTaTaMM, MO3BOJISIIOT MPEANONIOKUTb, YTO HCCIeLyeMblil (akTop NPUBOAMT K Iie-
pepacpezieIeHuIo TOBEPXHOCTHOTO 3apsAa MeMOpPaHBbI, YTO MOXKET SABJIATHCA KaK IPUYMHON, TaK
U Pe3yJIbTaTOM BBISIBICHHBIX H3MEHEHHUII.

3}1e1<mpocmamuuec;<oe nojie — meHu Spumpoyumoes — nogeprocmelﬁ 3ap;zd

The analyses of literature data and the results of our previous studies allow us to
suggest that the electrostatic fields (ESF) with tensions exceeding the natural background
are directly effect the physical and chemical properties of biological macromolecules and
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their membrane-like ordered structures [4, 5, 9, 12]. We have advanced a hypothesis, ac-
cording to which the initial mechanisms of the biological activity of ESF are conditioned
by the physical processes on the border of the layers with different electrical conductivity
[3]. The cell membrane is a system with obviously expressed borders of components with
different electrical conductivity.

In available literature we did not find works testifying the concrete structural
reconstructions in native membranes due to the ESF influence, when even the marginal
changes of physical parameters of membranes can lead to the extremely considerable
changes of their structural-and-functional state.

The presented study tries to make up for this deficiency. This paper introduces the
results of analyses of physical parameters of erythrocyte ghosts of rats exposed to one-hour
200 kV/m ESF.

Materials and methods. The erythrocyte ghosts of 150-200 g male outbreed rats, which
are preliminary exposed in 200 kV/m ESF during an hour, are served as an object of investtiga-
tions. The ESF is created using the condenser type device with controlling parameters of the field
[2]. Briefly, the chamber, where experimental animals are placed consists of three millimeter orga-
nic glass-made cylinder with 1 m diameter and 0.25 m height. The holes on the side walls and on
the cover of the chamber ensure the ventilation and water supply. Each chamber is divided into
four equal compartments. In each of them 5 rats are kept. The caging is made through a removable
cover. In each compartment there is a feeding. The chamber is placed between two round alumi-
num electrodes of 1.5 m diameter with polished and curling edges to maximize uniform distribu-
tion of charges on the electrodes. The lower electrode is fixed and, simultaneously, with its pri-
mary function serves as support for an experimental chamber. The upper electrode is movable,
which makes possible to adjust the distance between the electrodes and the voltage across the
electrodes. In our case, to obtain the tension of 200 kV/m, the constant negative potential of 60 kV
was applied on the upper electrode, and the lower electrode was grounded. Electrode spacing was
0.3 m.

Blood of intact animals is prepared by the method of cardio puncture [20]. Within the 7
days, after recovery of hematopoiesis, the same animals are exposed to ESF. Immediately after the
influence, the blood is prepared by the above mentioned method. For the avoidance of circadian
rhythms, the blood preparation is done in the same time of day.

The isolation of erythrocytes, preparation of their membranes and formation of ghosts was
carried out by Dodge method in our modification [7]. Particularly, we have used the solution con-
taining 0.145 M NacCl, 0.02 M Tris/HCI (pH 7.6) for red cell isolation, which allows us to increase
the membrane outcome.

The biophysical parameters of erythrocyte ghosts are investigated by spectrophotometric
method using the fluorescent probes 1-anilinonaftalene-8-sulfonate (ANS) and pyrene.

ANS is a water-soluble, non-penetrating probe with unit negative charge, which reacts in
the sites of protein—lipid connections in the cell surface [10, 14, 19]. The bounding parameters of
this probe with membrane are served as indicators for revealing the molecular reconstructions in
membrane surface structure.

Pyrene is a hydrophobic, membrane-penetrating probe. The usage of this probe allows
determining intramembrane changes, particularly the immersion degree of membrane proteins in
lipids, polarity in bilayer, membrane viscosity and microviscosity [11, 15, 16].

For getting the whole picture, fluorescence parameters of ANS and pyrene have measured
in the same ghost samples. At the same time, for revealing the role of non-structured proteins in
realization of ESF effect, the isolation of erythrocytes and formation of ghosts have carried out in
two samples: directly from the mass of erythrocytes after the tree-time washing in Tris-buffer
(0.0145 M NaCl in 0.02 M Tris/HCIL, pH 7.6) and from the mass of erythrocytes after the tree-time
washing in 0.9 %-NaCl solution.

ANS fluorescence of each ghost-containing simple has measured under the conditions of
constant membrane-protein concentration (0.3 mg/ml) by titration with ANS (5-100 uM), and
under the conditions of constant ANS concentration (5 uM) by titration with different protein
concentrations (0.1-0.6 mg/ml) . The obtained data have expressed in reversed coordinates, and the
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graphics have made by Klotz [19]. The rate constant of reaction (K.) and the amount of
ANS-bounding centers (N) have counted by formula of Scetchard [19]. The concentration of pro-
teins in samples is determined by Lowry [13].

The measurement of fluorescent parameters of pyrene expressing the immersion degree of
membrane proteins in lipid bilayer was carried out by method described in [18], in accordance to
which the isolation of erythrocytes and formation of ghosts have carried out in two samples as
described above.

The fluorescence of ghost-containing suspension in A= 284 nm and A.yi= 334 nm is de-
termined for estimation of fluorescence of tryptophanil groups.

The immersion degree of membrane proteins in lipid bilayer is estimated by inductive-
resonance mechanism in triptophanil-pyrene system. Briefly, after the measurement of triptophanil
fluorescence, 30 pul ethanol solution of pyrene with 100 umol/l end concentration is added to the
ghost-containing suspension.

The part of fluorescence of triptophanil groups arranging at a range not more than one
Fester radius calculated by formula: P = (F(-F)/F,, where F, is a fluorescence of triptophanil
groups before pyrene is added, F is the same parameter after the probe adding expressed in
conventional units of fluorescence (CU).

The constant of the degree of relationship between the peripheral proteins with membranes
calculated by formula: K= |(P;-P,)/P;|, where P, is the value for ghosts obtained from erythrocytes
washed in Tris-buffer, P, is the same parameter value for ghosts obtained from erythrocytes
washed in NaCl solution.

Membrane microviscosity is estimated according to values of ratios 1370/ 1470, 1390/ 1470
fluorescence intensities of pyrene in A.=284 nm. The increase of these parameters in erythrocyte
membranes testifies the increase of microviscosity or the decrease of the hydrophobic volume of
the zone of protein—lipid contacts [11,15, 16].

The values of ratios 1370/ 1470, 1370/ 1470 fluorescence intensities of pyrene in
hex= 340 nm in all investigated samples are measured for estimation of viscosity of lipid bilayer.

The polarity in lipid bilayer is estimated by the I37¢/ I39 ratio of pyrene in A= 340 nm.

All measurements have done in lem quartz cuvettes at the room temperature by the
spectrometer Hitachi MPF-4 (Japan). The results are expressed in conventional units (CU) of
fluorescence.

For each point of measurement the ghosts of erythrocytes isolated from 6 animals are used
and each considering point is taken as an average of 10 measurements.

Statistical processing of results is done according to the Student’s t-parameter.

Results and Discussion. As stated above, the isolation of erythrocytes and
formation of ghosts is carried out in two samples: directly from the mass of erythrocytes
after the tree-time washing in Tris-buffer (0.0145 M NacCl in 0.02 M Tris/HCI, pH 7.6)
and from the mass of erythrocytes after the tree-time washing in 0.9%-NaCl solution.
The analyses of the results of control simples show that depending on the way of
erythrocyte washing the bounding parameters of ANS with the ghosts are changed. So,
in the case of washing in NaCl the amount of ANS-bound centers (N) increases by
50.13 % (fig. 1) and the rate constant of reaction (K.) decreases by 55.26 % (fig. 2) in
comparison with the same parameters in the case of Tris-buffer washing. These results
allow us suggesting that the NaCl washing of erythrocytes leads to the charge redistribu-
tion on the surface of cell membrane, which, on the one hand, brings to the increase of
the amount of positive charged centers, which are the targets for ANS bounding. On the
other hand, in all probability, the denudation of negative charged groups also takes place,
which is clarify the decrease of affinity between ANS and ghosts, consequently K.

After 1-hour in vivo influence of ESF neither the change of values, nor the change
direction of N in investigated samples is revealed compared with control (fig. 1), which
testifies that the field influence did not affect the amount of ANS-bound centers.
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Fig. 1. The amount of ANS-bound centers N the ghosts prepared from the mass of erythrocytes
after the washing in Tris-buffer (0.0145 M NacCl in 0.02 M Tris/HCI, pH 7.6) and from the mass of
erythrocytes after the washing in 0.9 %-NaCl solution in control samples and after the 1-hour in
vivo influence of 200 kV/M ESF; in mol/mg proteins
N(Controlyis puer) = (11.77%1.54)x10°; N(Controly,cy) = (17.67+4.01)x107;

N (ESFrigbufter) = (12.77£1.71)x10°%; N (ESFyacr ) =(18.04£2.56)x10°, n=10

In accordance with obtained data (fig.2), after the influence of field in Tris buffer-
washed erythrocyte ghosts K, practically does not being changed, while in NaCl-washed
ghosts it increased by 223.54 %. Comparing these results and taking into account the fact
that ANS is a non-penetrative probe and interacts with membrane in the protein-lipid
binding sites [19], we can assume that the influence of the field leads to the intermole-
cular reconstructions in membrane surface layer; in particular, it changes the interactions
of peripheral proteins with integral protein molecules and lipid bilayer. At the same time,
since ANS is a negative charged probe and Kc directly depends on the affinity between
the interacting molecules, we can suggest that due to ESF influence the membrane char-
ge is redistributed. It can be both the result, and the reason of intermolecular reconstruc-
tions in bilayer.
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Fig. 2. The rate constant (K.) of ANS binding reaction with the ghosts prepared from the
mass of erythrocytes after the washing in Tris-buffer (0.0145 M NaCl in 0.02 M
Tris/HCI, pH 7.6) and from the mass of erythrocytes after the washing in 0.9 % NaCl in
control samples and after the 1-hour in vivo influence of 200 kV/M ESF,
K.(ControlTris-buffer)=(0.38+0.05)x104; K (ControlNaCl)=(0.17+0.05)x104;

K (ESFTris-buffer)=(0.37+0.11)x104;

K. (ESFNaCl)=(0.55+0.05)x104, n=10

Erythrocyte-washing in NaCl allows us to reveal the ESF-induced changes, which
are not identified in the case of softer treatment of erythrocytes in Tris-buffer. These
results, in our opinion, testify about the changes of the relation strength between periphe-
ral proteins and membrane due to the in vivo one-hour influence of ESF.

The results of the investigations by use of the membrane-penetrating probe py-
rene show that the ESF influence brings to decrease of the immersion degree of membra-
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ne proteins in lipid bilayer by 62.58 % (fig.3). In accordance with [18], these results are
testified about the increase of the strength of relation between peripheral proteins and
membrane, which confirms our above mentioned suggestions.
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Fig. 3. Immersion degree (K) of peripheral proteins in erythrocyte

membranes after the 1-hour in vivo influence of 200 kV/m ESF, CU,
K(Control)=0.294+0.04; K (ESF)=0.11£0.03, n=10

The analyses of microviscosity, viscosity and polarity in the depth of membrane
ghosts show that the values of investigated parameters do not depend on the way of the
preparation of erythrocytes (tab. 1). As it is shown in the same table, the significance
changes of microviscosity and polarity in the depth of membranes do not observed,
while the viscosity increased in the both Tris buffer- and the NaCl-washed erythrocyte
ghosts by 16.48 % and 14.29% simultaneously in compare with controls.

Table 1. Changes of Iz79/ 14,0 and l3gy/ 1470 ratios of pyrene fluorescence in the excitation
wavelength A=285 nm and 1370/ 1479, l300/ 1470 and 1370/ 1390 in the excitation wavelength A=340 nm
after the 1-hour in vivo influence of 200 kV/M ESF in the ghosts-containing solutions prepared
from the mass of erythrocytes after the washing in Tris-buffer (0.0145 M NaCl in 0.02 M
Tris/HCI, pH 7.6) and from the mass of erythrocytes after the washing in 0.9 % NaCl , *p<0.05

A emission 285 nm 340 nm 340 nm
A extinetion La70/la70 Loo/lazo Li70/T470* L39o/l470 L370/I300
Tris-buffer | 3.69+0.49 | 3.25+0.43 | 0.91+0.01 | 1.19+0.18 0.79+0.07
n=10 n=10 n=10 n=10 n=10
Control NaCl 3.41£0.48 | 3.46+0.56 | 0.91£0.01 | 1.18+0.18 0.79+0.08
n=10 n=10 n=10 n=10 n=10
Tris-buffer | 3.54+0.52 | 3.61+0.53 | 1.06+0.09 | 1.355+£0.09 | 0.78+0.06
n=10 n=10 n=10 n=10 n=10
ESF NacCl 3.99+0.71 | 3.78+0.44 | 1.04+0.01 | 1.215+0.14 | 0.86+0.08
n=10 n=10 n=10 n=10 n=10

In accordance with literature data, ESF-influence leads to the changes of lipid
component and cholesterin/phospholipids ratio in liposomes and nature membranes [17,
21, 6, 8, 22]. Tt is also well known that the proteins adsorbed on the membrane surface
scientifically acted on the structural and functional state of lipid environment of the in-
tegral proteins.

The comparison of observed changes of membrane viscosity with the literature
data allows us to testify that, apparently, the lipid component of membranes is changed
due to the ESF-influence, which can be both the result and the reason of the increase of
immersion degree of peripheral proteins into the lipid bilayer. So, supposing that the
redistribution of membrane surface charge takes place under the ESF-influence, which in
its turn changes the conformation of peripheral proteins and, as a result, its immersion
degree into the lipid bilayer increases and leads to the increase of membrane viscosity.

On the other hand, the field influence can change the lipid component of memb-
ranes [1], which in its turn can cause the redistribution of membrane surface charge and,
as a result, the immersion of peripheral proteins can be changed.
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Probably, both processes occur simultaneously, but it is impossible to differentiate
the contribution of each of the processes on the base of the results of present study. But
we can say with confidence that the investigated factor leads to the redistribution of
erythrocyte membrane surface charge, which can be a reason or a result of changes we
revealed.

The carried out investigations show that the one-hour in vivo influence of
200 kV/m ESF leads to the changes of physical and chemical state of rat erythrocyte
ghosts. Particularly, the lipid-protein intermolecular reconstructions occur on the memb-
rane surface, the viscosity of membrane and the strength of relation between peripheral
proteins and lipid bilayer are increased.
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The effect of 8 L-amino acids (alanine, valine, leucine, isoleucine, y-aminobutyric acid,
lysine, proline, ornithine) on the Rana ridibunda adult frog liver arginase limited trypsinolysis
process was studied. The results revealed that under the influence of trypsine at 20°C after
20 hours L-alanine has appeared as one of the most potent protector of liver arginase. Accordingly,
the other 5 amino acids are considered as competitive protectors. It is notable, that L-lysine and
L-ornithine increase the sensitivity of studied enzyme towards proteolytic inactivation by trypsine.

Limited trypsinolysis— proteolytic sensitivity — ureotelic arginase

NruntdUwuhpywé E 8 L-wUhUweeniubpnh (wiwuhu, Jwihu, (Gjighu, hgniGjghlu, y-wdhluw-
Jwpwquwrpepent, |hght, wpnthu W opuhwhl) wqnbgnieintup Rana ridibunda hwuntl gnpuibph
ywpnh uwhdwbwdwy nphwuhunihgh pupwgph dpw: 8nyg £ wipdws, np niphwuhuh 20 ¢
wqnbgnipjwl nbwpnid 20°C-nud htnwgnunynn $EpdtUnh hwdwp (wywgnyt wwwnwwlhg £
hwunhuwgt| L-wiwuhup huy dwulwyh wwrwnwwuhsubnp GU° L-ywihup, L-wpnihup, L-1Gjghup,
L-hgnibjghup U y-wuhUwwpwguwpenil: Iwnywlpwlwl £, np L-thghUu W L-opuhwhup thnpah
Unyu wwjdwuubpnd pwpapwgunid BU $GpdGunh qgwjunieintup tniphwuhuny wpnwnbnihgh
Lywwndwdp:

Uwhdwlwhwly inphwuplnihq — wnninbnipunply qquylbnieini — nipbinpbihly wnghliwg

Wzyueno BimsiHue 8 L-aMHHOKHCIIOT (ajlaHUH, BaJMH, JEHIMH, N30JEHIMH, Y-aMUHOMAC-
JISIHAasE KUCJIOTA, JIM3UH, NMPOJIMH, OPHUTHH) HA MPOLECC OIPAHMYEHHOI'O TPHUIICHHOJIM3a apriHa3bl
IIEYCHN B3pOCIBIX JiArymek Rana ridibunda. Ilokazano, 4ro mocie 20 9 BO3AEHCTBUS TpUIICHHA
npu 20°C mis n3ydaeMoro (epMeHTa JIydIIMM HPOTEKTOPOM SIBIsUICS L-anaHwWH, 4aCTHYHBIMU
MIPOTEKTOpaMK OBbLIN JICHIMH, IPOJIMH, U30JICHINH, BaJMH U Y-aMHHOMACIISIHAsL KUCJIOTA, a JIN3UH
1 OPHUTHUH TOBBILIATN YyBCTBUTEIBHOCTD ()EPMEHTA K IIPOTEOIU3Y TPUIICHHOM.

Ozpanu'-tennblzl MPUNCUHOIU3 — UYBCMBUMETbHOCHb K NPOMEOIU3)Y — ypeomeaudeckas apeunasa

The inhibition of arginase activation by several amino acids has been investigated in
detail long ago. Subsequently it has been approved that almost all L-amino acids have mi-
nor inhibitory effect on several mammals purified liver arginase [5, 6]. The investigation of
bovine liver arginase inhibition by different amino acids revealed, that ornithine, lysine,
leucine, isoleucine, valine and proline have significant inhibitory effect, in the case when
alanine and histidine cause a slight impulsive effect on studied enzyme activity. According
to the authors, the inhibitory effect of amino acids depends on carbon chain length and
only L-isomers of amino acids have this influence [4]. Likewise, authors reached the
similar results about Rana ridibunda frog liver arginase [1, 2]. The studied amino acids
inhibitory effect is due to the changing in the a-amino groups’ protonation constant values
or in a~carboxyl groups and enzyme active site binding [8].

In this study, we attempt to investigate the effect of several amino acids (alanine,
valine, leucine, isoleucine, y-aminobutyric acid, lysine, proline, ornithine) on the sensitivity
of Rana ridibunda frog liver ureotelic arginase towards proteolytic inactivation.
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Materials and methods. Rana ridibunda Pallas adult frogs are served as a research object.
The study was approved by the ethics committee of the Biochemistry Department of YSU and
implemented in accordance with the Helsinki convention related to animal studies. The Rana
ridibunda frog liver arginase preparations final concentration is 5 %, which were prepared by
distilled water. The absorbance of protein was measured in a spectrophotometer (Genesys 10S
UV-VIS) at 280 nm. The molecular weights of fragments were determined by Gel-filtration
method (Sephadex G-200, Uppsala, Sweden). The equilibration and elution was done with buffer
solution containing 0.005 mol glycine-NaoH (pH=7.4) at 25°C, elution velocity is 20 ml per hour.

Marker proteins (urease, alcohol dehydrogenase, human serum albumin, pepsin, trypsin
and ribonuclease) are used for determining the molecular masses. During the experiments we used
purified, chymotrypsin free trypsin preparations, which was added by 1 mg/ml concentration to
5% enzyme preparation. After 20 hours the reaction stopped by soybean antitrypsin, with 0.2%
concentration in the solution. We used L-ornithine, L-lysine HCL and y-aminobutyric acid, leuci-
ne, isoleucine, valine, proline and alanine amino acids, respectively, 0.38 mM of amino acids per
1 ml of studied sample.

Results and Discussion. In this study, we have investigated the inhibitory effects
of the studied amino acids on liver arginase proteolytic inactivation. Prior to data
collection, all samples were incubated for 30 min in 20°C in the presence of correspon-
ding amino acids. The results are presented in tab. 1 and fig. 1-8.

Tab. 1. The effect of several amino acids on the proteolytic inactivation process
of Rana ridibunda adult frog liver arginase, n=5

Amino acid Molecular weights of fragments Ne of fragments
Limited tripsinolysis 62000 | 40000 | 33000 | 13700 4
without amino acid

L-alanine 86600 37500 2
L- isoleucine 53000 48800 33700 3
L- leucine 30800 21700 16700 3
L- valine 86600 48800 19900 3
y-aminobutyric acid 53000 33700 16700 3
L- proline 48800 16700 12300 3
L- ornithine 86600 62600 48800 33700 16700 5
L- lysine 86600 62600 48700 33700 19900 5

According to the results obtained we can assume, that several L-amino acids
protect the liver arginase from inactivation by trypsine. During the limited proteolysis a
number of amino acids, including L-valine,L-leucine, L-isoleucine, y-aminobutyric acid
and L-proline consider the beneficial inhibitors of liver arginase (fig.1-5). Thus, enzyme
pre-incubation by these amino acids before trypsinolysis decrease the number of derived
fragments. Comparing the number of fragments in limited trypsinolysis without and by
studied amino acids can be observed, that in preparation without amino acids after
trypsinolysis appeared 4 fragments, while quantity of fragments decreases to 3 in prein-
cubated samples by mentioned amino acids, which is considered as the result of inhibi-
tory activity of L-amino acids.

Intriguingly, L-alanine (fig. 6) appears as one of the most potent protectors of
liver arginase during the limited trypsinolysis. Therefore, after enzyme pre-incubation by
alanine appeared only 2 fragments with 86000 and 37500 Da molecular weights. It is no-
table that, the stabilizing effect of alanine is reflected not only in the number of derived
fragments likewise in the molecular weights of them. Presumably, alanine is considered
a protector or surrender during the limited trypsinolysis by protecting trypsine sensitive
bound on the surface of arginase.
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The other amino acids are either without effect or much weaker inhibitors of
arginase, such as, frog liver arginase pre-incubation by L-ornithine and L-lysine (fig. 7,
8) which are considered as competitive inhibitors of frog liver arginase and as our
attempts revealed simultaneously increase the sensitivity of enzyme towards trypsino-
lysis, producing minor changes in the proteolysis results. Therefore, the number of
derived fragments has increased to 5.
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Fig.7. The effect of L-lysine on the Fig.8. The effect of L-ornithine on the
limited trypsinolysis process limited trypsinolysis process

Thus, we conclude that our results correspond with the studies relating to rat
liver arginase, where the inhibitory effect of the studied amino acids toward arginase has
previously been investigated by electron paramagnetic resonance method. According to
the results obtained by EPR studies [7], arginase inhibitors divide into two classes which
are differ by their interactions with enzyme active site. A number of inhibitors, including
ornithine, citrulline and isoleucine which belong to the same class do not bind directly to
the manganese cluster of arginase.
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These amino acids producing insignificant change in arginase EPR intensity and
presumably interact with the recognition regions of active site for the alpha-
aminocarboxylate groups of the substrate, which are located near the protein surface.
The second class of inhibitors, including L-lysine, No-hydroxy-L-arginine (NOHA) and
L-arginine (substrate) induce extensive changes in the EPR intensity and probably
directly interact with dimanganese cluster of arginase. Nw-hydroxy-L-arginine (NOHA)
is an intermediate in the nitric oxide synthase-catalyzed oxidation of L-arginine to
L-citrulline and nitric oxide, and it is also a competitive inhibitor of arginase [3]. Accor-
ding to suggested model, occurred deprotonation of the side-chain &€ amino group of
L-lysine or N amine atom transfer from arginine to the His141 residue, afterwards nitro-
gen neutral atom bind to the manganese ion in order to replace one of its ligands [7].

In conclusion, we note that almost all the studied 6 L-amino acids have protective
effect and more or less protect the frog liver arginase from proteolytic inactivation,
Exemptions are lysine and ornithine, which according to the authors are classified in dif-
ferent class of inhibitors and have distinct effect mechanisms [7]. However, they have
the same effect on the Rana ridibunda frog liver arginase proteolytic inactivation pro-
cess, which probably depends on the adult frog liver arginase structural characteristics.
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It was shown that MV increased the melting duration (polarization) of PS by 21.33+4 %,
and decreased the H,O, concentration in PS by 54+0.9%. MV-treated PS increased amplitudes of
heart muscle. On the basis of the obtained data it is suggested that MV-induced increase of heart
muscle contraction’s amplitudes is due to decrease of H,O, concentration in cell bathing medium.

Mechanical vibration — heart muscle contractility — H,O,

8nug £ wipdb, np 4 3g UGhuwuhjwlwl nwwnwunidubph wgnbgnipjwdp nknh £ nLlut-
unwd dhghninghwywu neényeh hwidwlu wnbnnnipjwu Jedwgnid 21.33+4 %-ny W H2O2-h ynu-
gbEunpwghwjh UJwagnid 5£0.9%-ny: UfjuwUuhjwywl tnwwnwlntdubpnyd wyywsd dhahninghw-
Jwu |nwénypp upwlb] £ upnwdywuh yéynnnilwynipiniup: Unwgywéd nydjwilbphg Gupwnn-
Jnwd £, np - uptnwdywuh yéynnniwynipjwl upwuntdp Jtuwuhjwywl tnwwnmwuntdubph wq-
nbgniejwup yuwwnwpynid £ H,0.-h Ynugbuinpwghwih bjwaqdwu 2unphhy:

UbluwUhywlwl inwinwlnt dubn — upunwdwp Ydynnniiwlynipynii — H,O,

Bb110 MokaszaHo, yTo MexaHuueckas BUOpalys MpOJIMBAET MEPUO/] IIaBICHUs (PU3UOIIO0-
rudeckoro pacrsopa Ha 21.33+4 %, ymenbuaer koHuentpauuio H,O, Ha 5+0.9%. Ilocne Bo3-
JICWCTBHUS MEXaHWUeCKOH BHOpAIMU yBEJINYMBAETCS aMIUIMTY/AA COKpaTUMocTH cepaua. Ilpenrno-
JIaraeTcsi, 9YT0 yBEIMYECHHE aMIUTUTYAbl COKPATUMOCTH CEp/lla MO/ BIUSHHEM MEXaHHIECKOH BUO-
pauuy NpoUCXOauUT OJarosiapsi yMeHbIleHn o KoHueHTpamun HyO, B *KHUAKO-KIETOYHOI cpefe.

Mexanuueckas subpayus — cokpamumocms mviuysl cepoya — H,O,

In our previous works it was shown that Mechanical Vibration (MV) has a
frequency dependent effect on physicochemical properties of water and water solutions,
which is accompanied by gas composition changes (decreasing CO, and increasing O») [1,
2, 11]. These changes were more pronounced at the 4Hz (30dB) frequency. The 4 Hz
MV-treated water and water solutions have modulation effects on plant seed germination
[4], microbes’ growth and development [11, 12] and heart muscle contractility [5, 6].
However, the nature of the messenger(s) able to transfer the MV-induced changes of
physicochemical properties of cell bathing medium to the intracellular metabolic
cascade, as well as the metabolic pathway, through which the biological effect of MV is
being achieved are not clear yet. It is known that the water dissociation products
collision with soluble oxygen could generate the reactive oxygen spices (ROS) [7, 8, 9,
13]. Therefore it is suggested that MV-induced changes of water dissociation could bring
to the changes of hydrogen peroxide (H,O,) (ROS with the longest life time) content in
cell bathing medium, which would modulate the cell metabolic activity. To check this
hypothesis the effect of 4Hz 30dB MV on melting process of Physiological Solution
(PS) after freezing in nitrogen (N,) liquid, and H,O, concentration in PS was studied.
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Materials and methods. A special device was assembled, which allowed treating the PS by
MYV in range of 1-20 Hz frequency. A glass test tube with 10 mm diameter and 10 ml volume was
fixed in the holder of the vibrator. The vibrator was driven by the sine—~wave generator (PASCO,
CA, USA) through the power amplifier.

To obtain the stable amplitude for vertical vibration, a feedback coil was used. The
vibrator was constructed in the department of engineering at UNESCO Chair-Life Sciences
International Postgraduate Educational Center. For matching the output power of the sine—wave
generator with the driving power vibration, a special power amplifier (Institute of Radiophysics
and Electronics Armenian NAS, Yerevan, Armenia) was used.

The snail (Helix Pomatia) isolated hearts were cannulated and suspended in bath with PS
(pH 7.5). The PS contained: NaCl (80 mM), KCl (4 mM), CaCl, (7 mM), Tris-HCI (5 mM).
Continuously the intra- and extra-heart perfusion with PS was applied. The intra-cordial pressure
was controlled by keeping the perfusion solution in reservoirs vessel at a constant level. To record
the heart contraction, a special setup was constructed (fig. 1). The transducer was fixed on the
bottom of the heart by a silk suture. Up and down movements of the records baseline showed the
heart contraction and relaxation, correspondingly.

‘ibration transducer

Hastic  Strain

Fig.1. The setup for the registration of heart muscle contractility. Heart contractions
were recorded isotonically and displayed on PC through Digidata 1322A.

The melting duration of frozen PS samples was estimated by the following method: the
15-min MV-pretreated samples (per 0.5 ml) were placed in a hermetic plastic tube (volume 1 ml)
that had a thermo-sensor at the bottom. Then, the tube was inserted into the Dewar vessel
containing liquid N, for deep freezing (up to -75°C). After withdrawing from the liquid N,, the
tube was left to melt in the thermostat at 22 + 0.5°C condition. The temperature of the samples was
recorded during the melting process by extra-sensitive thermometer Biophys-TT (elaborated by the
Institute of Radiophysics and Electronics of Armenian NAS, Yerevan, Armenia) connected to PC
through Digidata 1322A data acquisition system (Molecular Devices, Sunnyvale, CA). The data
were analyzed by dataTrax 2—computer software.

The quantity of H,O, in PS samples was determined by the method of sensitive assay
based on enhanced chemiluminescence in peroxidase—luminol-p-iodophenol system [11], which
allowed detecting the H,O, content at a range of nanomolar concentrations. The chemiluminescen-
ce of samples was quantified with 1450 MicroBeta liquid scintillation and luminescence counter
Wallac—1450. For luminescence counting, the 24-well sample plates (1450-402) set on
1450-102 cassettes was used. The ratio of sample’s and “counting solution”s volumes in each well
of plate was 1:1 (v/v). The “counting solution” contained 10 mM Tris—HCI buffer (pH = 8.5), 50
uM p-iodophenol, 50 uM luminol, and 1 nM horseradish peroxidase (Sigma-Aldrich Chemie
Gmbh, Steinheim, Germany). The “counting solution” was prepared immediately prior to the mea-
surement. The H,0, concentration in nM was quantified according to the calibration curve.

The Sigma-Plot (Version 8.02A) was used for the data analysis.

The mean value and standard error of H,O, concentration, were calculated and the statisti-
cal probability was determined by Student’s paired t-test with the help of the computer program
Sigma-Plot (Version 8.02A). The statistical probability was expressed on figures with the help of
asterisks (¥).
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Results and Discussion. Previously it was shown that 4Hz MV has more
pronounced modulation effect on physicochemical properties of water [1, 2]. In present
work the effect of 4 Hz MV on melting duration of after freezing in liquid N, and H,0,
content as well as 4 Hz MV-treated PS effect on snails heart muscle contractions were
studied.

It is known that the melting duration of water solution depends on its polarity,
which determines by the quantity of hydrogen bounds between water molecules [10].
As can be seen on (fig. 2), 4 Hz MV has more pronounced effect (20+2%) on melting
duration of PS than 5 Hz and 3 Hz MV have.

minute)
140

Melting duration of MV-treated PS

o control H aHz SHz

Fig.2. Melting duration of 15 min. MV-treated PS at 3Hz, 4Hz, 5Hz frequencies
(expressed in %, compared to their control value). ¥*P<0.05, **P<0.001.

Four Hz MV-induced increase of melting duration of PS could be explained by
depression of water and electrolytes’ molecules dissociation. In consequence the de-
crease of dissociation products of water molecules would decrease the possibility of the
oxygen molecules collusion with them and would depress the H,O, formation.

To check this suggestion, in the next series of experiments the effect 4 Hz of MV
on the H,O, level in PS was studied.

Data presented on fig. 3, show that 4 Hz MV treatments has a decreasing effect
on H,O, content in PS (fig. 3A). As the H,O, contents in cell bathing PS depends on
both, its formation and degradation, it was interesting to perform the same experiments
in isolated snail heart containing PS (fig. 3B).
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Fig.3. (A and B). The measurement of H,O, in 15 min 4Hz (30 dB) MV-treated PS (A) and in
heart containing MV-treated PS (B). (expressed in %, compared to their control value). *P<0.05.
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Thus, the obtained data indicate on 4 Hz MV-induced depressing effect on H,O,
formation in PS. To find out weather such MV-induced decrease of the H,O, in PS could
serve as a potential messenger, through which MV could modulate the heart muscle
contractility or not, in the next series of experiments the effect of MV -treated PS on
heart muscle contractility was studied. Obtained data show that 4Hz MV exposure
causes to the decrease of H,O, level in heart containing PS more (6+1.2%) (fig. 3B) as
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compared with heart-free PS (5+£0.9%) (fig. 3A), which probably could be explained by
the increase of H,O,-destroing enzymes in muscle or by heart muscle-induced structural
changes of PS. For the final conclusion we need more detailed investigations.

One of the typical recordings of 10 experiments shows that 4 Hz MV-treated PS
has clearly pronounced increasing effect on the amplitude of heart contractions (fig. 4).
It is worth to note that in all our experiments, the MV-induced activation of heart muscle
contractility has trace effect, the elucidation of which needs more detailed study. For
elucidating if the observed MV-induced stimulating effect of muscle activity is the direct
result of modulation of the metabolic activity of muscle or not, the similar protocol of
experiments was performed in cold (+10°C) PS (fig. 4B). As can be seen on (fig. 4B),
the MV-treated PS-induced effect on heart muscle contractility was temperature insen-
sitive. Therefore the comparative insensitivity of MV-treated PS effect on muscle cont-
ractility allows us to suggest on non metabolic nature of the mechanism(s) responsible
for observed effect of MV-treated PS on muscle.

PS PS+dHEz Ps

I)

PS PS+dHz Ps

Fig.4. The effect of 15 min. 4Hz (30dB) MV-treated PS on the heart muscle contractility
at room temperature (A), in cold medium (10°C) (B), and in ouabain containing PS (10*M) (C).

For clarifying the role of Nat+/K+ ATP-ase in realization of MV effect on heart
muscle contractility, in the next series of experiments, the effect of MV-treated ouabain
(inhibitor of Na+/K+ ATP-ase) containing PS (10 M) and MV-treated K-free PS effects
on heart beating was studied. As can be seen on one of typical records of 10 experi-
ments, the MV-treated PS effect on heart contractility was insensitive to pump inhibitor-
ouabain. Same data was observed in case of K-free induced pump inhibition (data are
not presented). The data of present experiments performed in MV-treated ouabain (inhi-
bitor of Na+/K+ ATP-ase) containing PS (10 M) (fig. 4C), and in MV-treated K-free
PS (data are not presented) indicate to the non sensitivity of 4Hz MV-treated PS—indu-
ced effect on Na'/K" pump. In all experiments MV-induced activation of heart muscle
contractility had trace effect and it was necessary to perfuse heart by non treated PS lon-
ger than 30 min to remove this effect.

The obtained data allow us to make the following conclusions:

1. MV leads to decrease of H,O, concentration in cell bathing medium as a result of
depression of water molecules dissociation.
2. MV-treated PS increases the amplitude of heart muscle contractility.
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Ha ocHOBaHMM JOIOJIHUTEIBHOIO HCCIEHOBAHUS MaKpOMOp(bOJ'IOFH‘ICCKI/IX IIPU3HAKOB,
BKJIFOYas TNPU3HAKU CTPOCHUS CEMCHHU W IIOAA, 000CHOBaHa CaMOCTOSITEIBHOCTD BHUA Erodium

sosnowskianum Fed.
Erodium sosnowskianum — E. armenum — Geraniaceae — mopgonoeus — cems - nioo — uo

Erodium sosnowskianum Fed. wnGuwlyh hupunipnijuncpiniup hwutwwnynid £ Jwypndnpdn-
Inghwlwl hwwywuhpubph |pwgnighs hGnwgnunieiniuubpnyg’ UGpwnjwy ubpdh LW wwinh
Jwnnigywoéph hwinywuhubpp:

Erodium sosnowskianum — E. armenum — Geraniaceae — ubnd/ — wunnin — inbuwly

The independence of the species Erodium sosnowskianum Fed. is confirmed on the additional
research of macromorphological characteristics, including the characteristics of the structure of the
seed and fruit.

Erodium sosnowskianum — E. armenum — Geraniaceae - morfology — seed — fruit — species

CucremaTnueckoe nosnoxenue suna Erodium sosnowskianum Fed., BBuny 3Haun-
TEJILHOTO MOP(HOIOTHUECKOr0 CXOJCTBA U YACTUYHOI'O MEPEKPHIBAHUS apeajoB ¢ BUIOM
E. armenum (Trautv.) Woronow, ocraBanochk criopHbiM. Bun Erodium sosnowskianum
6bu1 onrcad @enopoBsiM B 1941 roay [S]. Onnako npu o6pabotke pona Erodium s
MHorotomHoro m3ganus “@mopa CCCP” Beenenckwuii [2] He yka3bIBaeT €ro B cOCTaBe
pona. O6pabateiBast ceM. Geraniaceae /it MOHOTpaduueckoro usgaanus “dmopa Apme-
Hun ABetucsH [1] mpuHUMAaeT 3TOT BUA B KaUuecTBE caMOCTOsATeNbHOTO. [lo3nHee, mpu
obpaboTke pona Erodium nns ¢nopsl KaBkaza HoBocenoroii [3] He ynmanoch U3y4dHTh
tun Buga E. sosnowskianum ¥, OCHOBBIBasICh Ha OIIMCAaHUM BHJA, MpUBOAUMOro deso-
POBBIM, OHa cOYJIa LENecO00pa3HBIM paccMaTpUBaTh €ro B KayecTBE CMHOHMMA BHIA
E. armenum. YTo Kacaercs MocieqHEro, TO epBOHA4YaIbHO OH ObUT onucaH Tpayrder-
TepoMm [4] B kauecTBe pazHOBUAHOCTH BUIA E. absintioides Boiss., a B 1912 rony Bopo-
HOB [6] BO3BEI €r0 B paHT CaMOCTOSATEIBHOTO BHU/IA.

Io3nuee JleBuc [7] cHoBa moHM3MII ero padr no noasuna. [Ipu stom Bo “Flora
Iranica” [8] manHbIil BuA BooOIIe He mpuBoauTcs, HO mo3aHee Bo “Flora of Iran” tpak-
TOBKa BUIa IprHUMaeTcs o Boponosy [9].
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O CAMOCTOSTEJIbBHOCTU BUJA ERODIUM SOSNOWSKIANUM FED. (GERANIACEAE)

IIpu mccnenoBaHUM OTAENBHBIX BEr€TaTHBHBIX M TEHEPATUBHBIX OPraHOB Y 3THX
pacTteHuii, HaMu ObUTH OOHAPY)KEHBI CYIIECCTBEHHBIC Pa3Inyusl, 00OCHOBBIBAIOIIE CaMO-
CTOSITENIFHOCTD BHIA E. sosnowskianum. VI3ydamce obpasnsl u3 repoapust ERE (MuacTu-
Tyt Ootannku HAH PA), ERCB (EI'Y) u cob6ctBennsie coopsl E. armenum (puc. 1). Uc-
CJIeIOBAJICS TAKOKE TUIOBOH 3K3eMIurip E. sosnowskianum, KOTOpBIA XpaHUTCS B repOa-
puu Mucturyta 6otanuku HAH PA (puc. 2).

Bun E. sosnowskianum xapaktepusyeTcs Kak IPH3EeMUCTOE PAaCTEHHE C TOJCTHIM
KOPHEBHIIEM, BBEPXY IOKPHITHIM YEPHOBATHIMU YEITyEBUIHBIMH OCTATKaMH OTMEPIINX
geperkoB. CTeOIM TOHKHE, HECKOJIBKO BETBUCTHIE, 5-10 M A11., IOKPHITHIE PACCESHHBI-
MH OTKJIOHEHHBIMH BOJIOCKAMH C HPUMECHIO JKEJIE3UCThIX. [IpHKOpHEBBIE U CcTeOIEBbIC
JIUCTBSI JIBOSKO IIEPUCTOPACCEYCHHBIE, B OCHOBAaHMUHU IPOAOJITOBATHIC, YECPEIIKOBBIE,
BEpXHHUE — MOUTH cuasuue, 4-7 cm min., 1-1,5 cm mmp. J[onbku MHOTOYHCIIEHHBIE, JIH-
HelHple. [IpUaMCTHHKH TPOZONTrOBaThie, pbDKeBaThble, omyleHHble. ColBEeTHE Mallo-
I[BETKOBOE 30HTHYHOE. LIBeTKHN MeNKkue, JenecTKH (HHUOIETOBBIE ¢ Y3KMM HOTOTKOM. Ya-
LIETMCTUKY SIMLEBUIHBIE, C ICHO 3aMETHBIMH JKUJIKaMH, 110 Kparo OeloIIieHyarsie, Iyc-
TO KEJIE3UCTO OIYILIEHHBIE, HA BEPUIMHE TOYTH 06€3 OCTPOKOHEUHS, THIUMHKH IIPH OCHO-
BaHUM DPACIIMPEHHbIE, MOYTH TOJble, IBUIBHUKH JKENThIE, B TPU pa3a KOpode HHTEH.
OO6uTaer y MoAOLIBHI HOTYXIIEro ByjkaHa 3uaper ArmaraHckoro (I'eramckoro) xpeoOra,
Ha albIMUICKUX macTommax [5].

Takum 00pa3oM, OIHUM M3 OTIMYHUTENIBHBIX NPU3HAKOB SBISETCS XU3HEHHAS
¢dopma pacteHuid, y E. sosnowskianum ctebiin MeHee pa3BUTHI U He gocturaioT 10 cM,
Toraa kak y E. armenum n0BOJBHO XOPOILIO Pa3BUTHIE, XOTh U HEMHOTOYHUCIICHHBIE. Pac-
TEHHS Pa3lIMYaroTCsl TaKKe CTeNeHblo omyuieHus. Ctebnau Buna E. armenum TOKPBITHI
OTCTOSIIMMH, OoJiee TYCTBIMH BOJIOCKAMH, TOTAA Kak E. sosnowskianum cnaboommyIeH-
HOE pacTeHHe. MEHBIIUM KOJMYECTBOM ILIBETKOB B COLBETHH OTIMYAETCA BUI E. SOS-
nowskianum. XOpOIINM THarHOCTHYECKUM NPH3HAKOM SIBISCTCS pa3Mep OCTH yamie-
muctuka (puc. 3a). Y Buna E. sosnowskianum oHW nodtu 6e30CThIe, a y Buaa E. arme-
num octhb 1-2 mm. CTBOpKH o2 y E. sosnowskianum NpruKaTOONyIICHHBIE, B OTIINYHE
ot E. armenum (puc. 30).

Hamu ycraHOBIIEHBI CliefyrONIie JUarHOCTHUECKUE MPU3HAKU U E. armenum:
ceMeHa Oypble, CMOPIIEHHBIE, MEIKOSIMYATbIe, KPYIHBIE, 4 MM, IIMJIHHIPUIECKOH (Bop-
MBI, a Ui E. sosnowskianum — TpsI3HOOpaH)XEBBIE, TTIaJIKUe, MEJIKHe 2,7 MM M KOHYCO-
BUHBIE (pHC. 3B).

Huxe TMPUBOAUTCS KJIKOY IJI ONPEACIICHUSA 3TUX IBYX BUOB.

1. CI/IJ'H)HOOHyHICHHOC pacTeHuC C NJIMHHBIMU, BHU3 O6paHICHHI>IMI/I BOJIOCKaMH.
Corerue u3 5-6 IBETKOB, YAIICIUCTHKHA ¢ KOPOTKOiT ocThio. CeMeHa Oypble, KpYITHbIE,
4 MM, CMOpIICHHbIC, IIIHHAPUIECKON GopMbl, MenkosiMuathie. Boic. 10-30 cum.

E. armenum (Trautv). Woronow.

— CnaboomnyIieHHOe pacTeHre, YalleaTuCTHKH 6e30cThie. CeMeHa rps3HO OpaHiKe-
BEIE, MENIKHE, 2,7 MM, KOHYCOBUHEIE, TTaakue. Beic. 5-10 cM.
E. sosnowskianum Fed.
E. sosnowskianum Fed. 1941, 3amerku 1o cuct. u reorp. pact. TOwi. 60T. HHCT.
10:58. — AKypasenbHuk COCHOBCKOrO.

VI-VIIL. 2400 (2600) — 4095 M. Ha anenmiickux jayrax. — Apar., ['er. - KaBka3
(FOxH. 3akaBk.). OHneMUK ApMeHuH. ONUCaH ¢ HOAOUIBHI MOTYXIIEro ByJKaHa 3uapeT
I'eramckoro xpeora.

53



P.I. AIAMSH

Typus: “Habitat ad pedem vulcanis Ziaret jugi Aghmaghanensis. In pascuis
alpinis. Anno 1938 die 26 Julii mensii lecta.” ERE !

Ic.: Not. Syst Geogr. Inst. Bot. Tphil. 1941, £.10 :59, Fig. 1.

E. armenum (Trautv.) Woronow 1912, B Tp. bor. Cana. 28: 432. Ej. 1910, B
Mar. @n. Kask. III, 7: 110. — E. absintoides Boiss. 1867, var. armena Trautv. 1873, Tp.
Bot. Cana. 2: 517; — E. absinthoides Boiss. 1867, subsp. armenum (Trautv.) Davis 1967,
Notes Roy. Bot. Card. Edinburgh 28, 1: 36. K. apMsiHcKMii.

VI-VIL 1200-2300 M, 2300-4095 M. OT cpenHero 10 BEpXHEro rOpHbIX MOSICOB.
Ha cyGanpnuiickux u anpnuickux nyrax. — Wmxk., [up., Apar., Anap., Cesas., Epes.,
I'er., ap. — KaBka3 (FOxH. 3akas.). CeB. — BocT. Typrus, Hpan. Onucan u3 ApMeHuu
(r. Aparan).

Typus: “In Armenie monte Alagoz” Radde LE.

Ic.: @n. Apm. 19736, 6: 229, Ta6n.CIL

armenum

Puc. 3. 1 — E. armenum, 2 — E. sosnowskianum. Yamenuctuku (a), mioasl (0), cemeHa (B).
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K KOJUIEKIIUU POJA AGRIOTES ESCHSCHOLTZ, 1829
(COLEOPTERA, ELATERIDAE, ELATERINAE) UHCTUTYTA
300JIOI'N HAYYHOI'O IEHTPA 300JI0I'M 1
I'mJPO2KOJOI'MU HAH PA

M.A. MAP/I’KAHSH, A.A. ABETUCSIH

Hayunviii yenmp 300102uu u cuoposxonoeuu HAH PA, Hncmumym 300102uu
mmarjanyan@yahoo.com

B crarse naercs crnimcok 25 BunoB poaa Agriotes Eschscholtz, 1829 xomnekunit Macturyra
3oosorun Hayunoro nentpa 3oonoruu u runposxonorud HAH PA, ¢ yueToM HOBBIX TaKCOHOMH-
YEeCKNX M XOPOJOTHUECKHUX TAaHHBIX. UeThIpe BU/A BIIEPBBIC YKa3bIBArOTCS Ui (payHBI ApMeHHH.
Jlana Tabauia BUIOB pojia ¢ MPsIMBIMU MapamepamMu, BKiItovaromas 11 Buaos.

Poo Agriotes — konnexyuu — cnucok 6u008

nnuwénid inpynud £33 QUU YsUnwlwpwUuniejwl W hhnpntEyninghwjh ghinnwywu YEuwn-
pnuh YsunwuwpwuntejwU huunhwninuinh hwywpwdéniutph Agriotes utinh 25 inGuwyutph gnigwy’
unp Juwpgwpwlwywl W inwpwsdwoénipjwl ndjwiutpny: Iwjwunwuh $wnlwjh hwdwn gnpu
inGuwyp Upnud E wnwehlu wugqwd: UGnh 11 wnbuwlubph hwdwn® ninhn wwpwdGunpbpny
pGnpynid E npn2hg wnjnLuwy:

Agriotes ubin— hwywpwdniubn — winbuwllinh gnigwly

The list of 25 species of the genus Agriotes Eschscholtz,1829 deposited in the collection of
Institute Zoology of SCZH NAS of Republic Armenia with some taxonomical and chorological data
is given. Four species are new for Armenian fauna. Key to the species with straight parameras in-
cluding 11 species is proposed.

Genus Agriotes — collection — check-list of species

Pon Agriotes Eschscholtz, 1829 ka3aicsi OZHUM M3 CPaBHUTEIBHO XOPOILIO U3Y-
YEeHHBIX Tpynn cemeiicTa menkyHoB (Coleoptera, Elateridae) [1,2], B wacTHOCTH, U H3-
3a 3aMETHOT'0 XO3SHCTBEHHOr0 3HAUCHUSI HEKOTOPBIX BXOJLINX B HEro BUAOB. [To nan-
HbIM Karanora sxectkokpbuibix [Taneapkruku [4] pox HacuuthiBaet 6osiee 150 BumoB, U3
Hux okojo 20 nmpezacrasieHsl Ha KaBkase. 3a nociennue 2 qecATHICTUS ONUCAHBI MHO-
roymrcieHHble BUABI [5-18], B wacTHOCTH, U3 paHee MaJlOM3ydeHHBIX PETHOHOB — Bimk-
Hero Bocroka, KaBkaza, Typuun, Upana, Cpenneir Azuu. D10 moOyIuio Hac K mepe-
CMOTpY KOJUIEKLIUH BUI0B pofia Agriotes UHcTuTyTa 30010rMN Hayunoro nenTpa 300i10-
run ¥ ruaposkonoruu HAH PA. Komnekuns yactTudHo Obla omperneneHa psiioM cre-
nranuctoB; B 1970 roxy gacTts ux Obuta onpeneneHa E.JI.I'ypreBoii. Ee onpenenenus
MOCITY>KWJIN CPAaBHUTEIBHBIM MaTEepHalIOM B XOJ€ HaIeil paboThl MO M3YyYEHHIO poJa.
[Ipu onpeneneHNH CHOPHBIX BUAOB MBI KOHCYJbTHUpoBaiHch ¢ C.M. S1610KOBBIM-
XusopsHoM, B.I'. lonuneiv, E.JL. I'ypseBoii 1 1i1y00KO UM IPU3HATENbHBL.
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Bripakato uckpeHHO0 OnarogapHocth kosuteram JIxk. ITnatma u M.IO. Kana-
LISHY 3a IpeJocTaBleHue HHPOPMaUK 1 MaTepHana.

Mamepuan u memoouxa. Marepuanom st pabOTBI MOCITYKHIH KyKH poma Agriotes,

HaxoJsIuecs B Koiekuusax MHcTuTyTa 30010run Hay4Horo 1ieHTpa 30010TUH U THAPOIKOIOTHH
HAH PA.

JnuHa Tena u3Mepsiach MO MPOAOIBHONW OCH, IIUPHUHA — IO CaMOM IIMPOKOW YacTH Teja,
10 OTAEIBHOCTH U3MEPSUINCH JUIMHA W IIUPUHA IEPEIHECTIMHKY U HAIKPBUINI, IPU 3TOM JUIMHA
MepeHECITMHKN U3Mepsiiach 0e3 ee 3aJHUX BhICTyHaroumx yrioB. COBOKYNHTENBHYIO CYMKY C
IUTACTUHKAMU U 3]Iearyc IJIs UX OYHUCTKH OT TKaHel nepxanu B pactBope KOH ot 3 no 12 u.

Pezynomamut u o6cymcoenue. Konnexuun BUIoB popa Agriotes VIHcTutyTa 300-
norun Hayunoro neHrtpa 3oosoruu u rugposkosiornn HAH PA conepxar cOopbl ¢ KoHIa
19 Beka U3 pa3HBIX IyHKTOB [laeapKTHKH, B JalbHEHIIEM OHH IOMOJIHSINCH SK3EMILIS-
pamu 13 pa3HbIx myHKToB KaBkasckoro pernona u Cpeaneit Asun (C.M. SI610Kx0B-XH30-
psiH, M. Mapmxanss, M. Kanamss u np.). Hike npuBoauM cMcok BUIOB pona Agriotes
KOJUICKIIMH; U1l APMEHUH MPUBOSATCS TOJIBKO JIaHHBIE, HE YKa3aHHBIC B HAaIlIeH MOHOTpa-
¢uu [3]. Cenenus 06 o0ILIEM pacIpOCTPaHEHUH BUIOB MOTYT OBITh HaiineHs! B Kartasore
KecTKOKphUIbIX [laneapkruxu [4] n B nepBoonucanusx [7, 12]. Bunsl, Bnepsble ykasbl-
BaeMbIe IS (payHbl APMEHUH, OTMEUYCHBI 3HAKOM *.

Cnucok BUI0B poja Agriotes

—_

A. ustulatus Schaller,1783 - Dalmatia; Dalmatia, Cattaro.

A. gallicus Lacordaire,1835 — Dalmatia.

3. *4 starcki Schwarz, 1891- Armenia, Erivan, leg.Dobrovljanski; Armenia,
Erivan, 7.07.1914, leg.A. Schelkovnikov - new to Armenia.

4  A. gurgistanus Faldermann,1835 - Armenia, Aghartsin, 15.07.1995, leg. M.
Kalashian.

5. A. informis Schwarz,1891- Tadzhikistan, Dushanbe, Kafirnigan,

11.06.1975, leg.M. Mardjanian.

6. A. lineatus Linnaeus,1767- Armenia, Goris, Tatev, 21,05.1988, leg.M.
Kalashian; Armenia, Ranchpar, 30.06.2011, leg.M. Kalashian.

7. A. proximus Schwarz,1891 - Elizavethpol, Adzhikent.

8. *A. proximoides Platia, Furlan & Gudenzi, 2002 - Armenia, Tavush,
Semenovka, 02.-27.07.2005, soil trap leg. M. Kalashian; Armenia,
Tsakhkadzor, 09.06.1978; Armenia, Erivan, Dzorsk.(canyon), Maljushenco -
new to Armenia.

9. A. obscurus Linnaeus, 1758 - Armenia, Erivan, leg. Dobrovljanski,1908.

10. A. sputator Linnaeus, 1758- Armenia, Garni, 22-26.06.2000, leg. M. Kalashian.

11. A. brevis Candeze, 1863- Armenia, Sisian, 21.05.1988, leg. M. Kalashian;
Armenia, Tatev, 21.05.1988, leg. M. Kalashian; Armenia, Verin Talin,
22.06.1992, M. Akhverdian.

12. A. radula Desbrochers des Loges, 1875 - Iran.

13. A. tadzhikistanicus Gurjeva, 1967 - Iran.

14. A. infuscatus Desbrochers des Loges, 1870 - Republic of Montain Karabagh,
Martakert dstr., env. Vardadzor, 595 m, 11-12.05.2012, Kalashian leg.

15. A. meticulosus Candéze, 1863 - Armenia, Hatsavan, 22.06.2004, leg. M.
Kalashian; Armenia, Ranchpar, 20.06.2011, leg. M. Kalashian.

16. A. lapicida Faldermann, 1835.

D
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17.

18.
19

20

21.
22.

23.
24.
25.

M.A. MAPJIDKAHSIH, A.A. ABETUCSIH

A. integricollis Reitter, 1911-Armenia, Aparan, Ria-Thaza, 2050 m,
25.08.2007, leg. M. Kalashian.
A. bagheri Platia, Furlan & Gudenzi, 2002.

. *4. iranicus Platia, Furlan & Gudenzi, 2002 - Armenia,Merdzavan, 27.04.1975,
leg.Mardjanian; Armenia, Merdzavan, 27.04.1973, leg. Mardjanian; Armenia,
Armavir (Oktemberyan), 07.06.1951, leg.G. Avakian; Armenia, Ranchpar
20.06.2011, leg. M. Kalashian - new to Armenia.

. A. medvedevi Dolin, 1960 - Iran.

A. pilosellus (Schoenherr), 1817.

A. tauricus Heyden, 1882- Armenia, Kochbeks(Vorotan) pass,30.07.1963,

leg.Khnzorian S.M.

A. litigiosus P. Rossi, 1792.

A. turcicus Candeze, 1863.

A. platiai Kabalak & Sert, 2009 - Turkey, Iran.

Iocnennue 4 BUIa XapaKTepU3YIOTCS IPSIMBIME ITapamepamu, 6e3 00KoBoro 3yoma.
Jnst KaBka3cKoro perrioHa M CONpEAeNIbHBIX CTPaH paHee ObUIO yKa3aHO 7 BHIOB IPYIIIEI,
B pe3yiibrare (payHUCTHUECKUX U TAKCOHOMHUYECKHX uccienoBanuii (7, 11, 14, 18) onmca-

HbI €IIC

4 BHIA. Ha3peJ1a H606XOZ[I/IMOCTI) O606H.ICHI/15[ mMarepuajia, BBUAY 3TOrO HHXKE

MPUBOJMM OIPECIUTENbHYI0 Tabmuimy i 11 BUIOB {BKIIOYas eBPOMEHCKHA BHUI
A. litigiosus (Rossi)} ¢ mpsAAMBIMU ITapaMepaMH, C y4eTOM MPU3HAKOB, YKa3aHHBIX B IIEPBO-
OITHCAHUSX, JUTEPATYPHBIX U COOCTBEHHBIX MaHHBIX. B OMpeneuTensHyo Talluiy He
BKJIFOYCH HEJaBHO OINMUCAHHBIA BUI A. fekirdagensis Platia, 2012 (12), cormacHo onmca-
HHIO, OH TaOUTYyaIbHO CXO/ieH C A. solai Platia, 2004, “orimuaercs ot Hero Oonee yUTH-

HCHHBIM

57earycoM M CTPOEHHEM TOCTIEHETO BUIMMOTO CTEpPHHTA OpIOIIKa, KOTOPHI B

BEPIIMHHON TPETH TPEYroJIbHO N30THYT ’; 00a BUa ONKCcaHbl U3 TypIiuu.

OnpenenuTesibHast TA0JULA BUIOB (C NPAMBIMH IapaMepaMHu)

poaa Agriotes Eschscholtz, 1829 ¢ayns1 KaBka3za u conpegebHbIX cTPaH

AW N =

(20 ) Bce cTepHHTHI OproITka OHOIBETHEIE.

(19) 3agHue yriTbl NEPETHECTTUHKY C YSTKUM KHJICM.

(18) IlepennecrHKa CXOIHOM AJIMHBI U IIUPUHBI WX YyTh JJIMHHEE IUPUHBIL.
(11) Hanxpsuies B 2.7-3.0 pa3a qiMHHEe MIUPUHBL, OTHOLBETHBIE, 0€3 PUCYHKA,;
OOKOBOH KaHT NIEPEAHECTIMHKN Y CEPEIMHBI CIIIAXKESH MM CJIerKa IpepBaH.

(8) 2-i1 weHHK ycUKOB B 1.5 pasa JIMHHEe IUPUHBL; OOKOBOM KaHT Y CepeanHEI
CIJIKEH; KWJTb 33/IHUX YIJIOB NIEPEAHECTTMHKU CUIIBHO NPUIOHAT U JUTUHHBII;
HEePEAHECTIMHKA C OKPYTJIBIMU OOKaMH.

(7) Ulurok B 1,5 pa3a AMHHEE HIMPUHBI, 33/IHUE YIJIbI IEPEIHECTIHHKN CI1a00-
pacxoznye. Texo oT YepHO-KaITaHOBOTO 110 KOPUYHEBOT0, HAJKPBLUIbS
cBeTiokopuaHeBble. JmiHa 9—14 MM................. 1. A. tauricus Heyden.
(6) LluTok B 2 pa3a AIMHHEE UIMPUHBI, 33IHUE YIJIbl HEPEHECTTHHKN CHIIBHO-
pacxozsiue. Takoii ke OKpacKu Kak u mpensirymid. muaa 9—13 mm
............................................................................. 2. A. litigiosus (Rossi).
(5) 2-i1 uneHuk ycukoB Oosee ueM B 1.5 paza (1.7-2) [uiMHHEE IMPHUHB;
OOKOBOH KaHT IIEPEAHECIIMHKY Y CEPEIMHBI c1a00 NMpepBaH; Kb 3aJHUX YIJIOB
TIepeTHECTIMHKH c1a00 MPUIOAHSAT ¥ KOPOTKUH; epeHECTIHHKA NapaJlIeIIbHO-
Goxast.
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9

10

11

12
13

14

15

16

17

18

19

20

(10) 2-i1 unenuk ycukoB B 1.7-1.9 pa3a miuHHee MUPYHBL; IEPEIHECTIMHKA B
1,14 pa3a mymHHEEe MHPUHEL. YepHBIH, HaIKPBUIBS HHOT/IA CBETIIOKOPUIHEBEIE,
YCHKH U HOTH KpacHoBatsIe. miaa 8—11Mm, mmpuHa 2.5MM.
................................................................................. 3. A. turcicus Candeze.
(9) 2-i1 wnenuk ycukoB B 2.0 pa3a ANMMHHEE MIUPUHBL, TIEPETHECITHHKA CXOTHOM
JUIMHBI U IAPUHBL. YepHBIi, HaAKPBUIbS CBETIIO WK TEMHOKOPUYHEBBIE,
c1abo0NeCTsIINe. YCUKU U HOTH KpacHoBathie. imHa 13.4mMm.
Pacnpoctpanenue — UpaH.........ccocceeeeenenes 4. A. danieli Platia & Nemeth, 2011.
(4) Hanxpbuibs B 2.4-2.6 pa3a JUIMHHEE MIMPUHBL, OHOIBETHBIE, OOBIYHO C
PHUCYHKOM, peske 03 Hero; 00KOBOH KaHT IEePEeIHECITHHKH 1IeJIbHBII;
KWJIb 33]THAX YIJIOB MEPETHECIIMHKY TTapaJlIe/IbHbIi OOKOBOMY Kparo.
(17) Mexaypsiapsi IIIOCKUE, YETKO IIEPOXOBATHIE.
(16) HagycrkoBbIe KMJIM HE IOCTUTAIOT TIEpeAHEro Kpast 16a. Hankpbuibs u
SIHILIEBPBI B OCHOBHOM JKEJTHIC, C KOPUUHEBOW KaitMO#l y OOKOBOTO Kpasi,
YCUKH M HOTH JKEJTHIE.
(15) 3-i1 u 2-ii WIEHNKHN yCUKOB CXOIHON JUTMHBI, IUIMHIPHIECKIE.
JITHHA 8.0— . IMM..veies o 5. A. lundbergi Platia, 1989.
(14) 3-i1 unenuk ayth JumaHEe 2-r0. muHa 10.0-11.0MM.
.................................................................. 6. A. adlbaueri Platia&Schimmel, 1992.
(13) HagycukoBbIe KHITH JOCTHTAIOT MEepeHero kpas noa. ['omosa,
NepeTHECTIMHKA YEpHBIE, HaJIKPBUIbs CBETIIO- M TEMHOOYpbIE HIN
KpacHOOypble, YCUKH U JIAIIKK KpacHOBaThIe. 2-i — 3-if YJIEHHKH YCUKOB
CXOJTHbIC, LIMJIMHAPUYCCKHE; Kb 3aJHUX YIJIOB MEPETHECTIMHKH HEXKHBII.
JImHA 8.4-9.7TMM.....ccoeviriieriieieriereieeenna 7 A. audisioi Platia & Schimmel, 1992.
(12) Mexnaypsinbs cnaboBBITyKIIbIE, IIEPOXOBATO TOYEUHbIE; HATIKPHUIbS B
2.4 paza mmuaHee nepenHecnuHKy. J(mHa 10MM. OTHOIBETHO YEPHBIA WK
TEMHOOYPBIH, YCHKH U HOTH KPACHOBATBIC. ......c.ceeveerereeeeeerenaeserenenesesesesesemeaenens
.............................................. 8. A. turkmenicus Platia & Gudenzi, 1999,
(3) [lepennecnimaka momepeynas B 1.18pasa mupe mmHBL 2-1-3-1 WICHHKA
YCHKOB CXOIHOW JJTHHEI, 2-1 WICHUK CIaOOnMIMHAPHIeCKHH, 3-i — KOHIYec-
kuit. HaaycuKoBbIe KM IOYTH HE JIOCTUTAIOT IepeIHero kpas 1oa. Mexy-
PSLIbSI IUTOCKHE, B HE)KHON TOYEYHOCTH; BEPIIMHBI HAJIKPhUINH crabopacxo-
Jsine. TeMHOOYpBIid; IUTOK, HAIKPbLIbS CBETIIO0YpBIE, HOTH — KPAaCHOBAThIE.
Jmaa 9.9 mv, mmpuHa 2.84 M. Pactipoctpanenne —TaDKUKUCTaH. ...
.................................................................................... 9. A. gurjevae Platia, 2010.
(2) 3aHKE yIIIBI IEPEAHECTTMHKY CO CIEOM KUIISL. 2-i -3-i1 YWICHHKH YCHKOB
CXOJHBIE, 2-1 YJIE€HUK YyTh JUIMHHEE IMPUHBL. HagycrukoBble KUK HE JOCTH-
TraloT nepeaHero kpas j10a. IIITok cXomHOM JUTMHBI U IINPUHBI, HEKHO TOUeY-
HBII; HAAKPBUIBS B 2.6 pa3a [UIMHHEE NepeaHecIMHKU. YepHsIi, ci1abobmectst
U, YCUKH, HOTH — KpacHoBaThle. J[mrHa 12.5 MM, mupuHa 3.2 MM...............
.......................................................... 10. A. solai Platia, 2004.
(1) INocnenuuii crepHUT OpIOIIKa BYIIBETHBIMN, B BEPLIMHHON 72 KPaCHO-XKEI
THIA; 2-# WieHnK ycukoB B 1.15—1.2 pa3a mmmHHEe 3-T0; IepeqHecIHHKaA 11a
pamutensHOOOKast, B 1.1-1.2 pa3a qyHHEe MUPHHBL, TUCK PETKO TOUESUHBIH,
KWJIb 33JTHUX YTJIOB YETKUHA IIPOXOJUT BJOJIb €€ OOKOBOTO Kpast; HaJIKPbUIbsI B
2.1 pa3a quHHee nepeHecMHKE. OHOLBETHO YePHBIH, YCHKH M HOTH Kpac-
Ho-xenTble. JlniHa 9.62 MmM—10 MM, mupuna 2.71 MM
................................................. 11. A. platiai Kabalak & Sert, 2009.

Taxum oOpa3om, B pe3ysbTaTe IepecMoTpa KoJUIeKIuu poja Agriotes Eschscholtz
WuctutyTa 300m0run Haywanoro nientpa 30o0moruu u rugposkonorn HAH PA BesiBneno
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25 BunoB, u3 HUX 16 xapaktepHsl 1ist hayHbl KaBkasckoro peruona, 4 Bujia eBporieiickue,
2 BHAA CpPEAN3EMHOMODPCKO-TypaHCKHe, 1-TypaHckui, l—Typerko-mpaHckui, l|-umpan-
ckuii. BiepBeie s ayHsl ApMEeHHN OTMEUeHB! 4 BHIA.

KpOMe OTHUX BHUOB, BBIABJICH PAJ BUOAOB, BEPOATHO, HOBBIX UISI HAYKU, U3 Kapkas-

cKkoro peruona, Mpana u Cpenneil A3un. YTOYHEHHE UX cTaTyca W, IpH HEOOXOAUMOCTH,
OIMCaHKE MPEAIONAraeTcs 1aTh B OTAEIBHOI padoTe.
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*Experimental and theoretical articless

Swjwuwnwlh YEuuwp. hwuntu, 2(65), 2013

dErULGLSLENP WY4ShdNie3NLE NNMGU BULN UGSULGENNY
U1SNSYUD INTENh hLRLUYENMUYUILALUUL WUShEaULh
8NrsuULhG

U.d. arranr3uLy

Enliwlh wEinhwdwuwnwl, Eyninghuwyh U puntpywl wwhwwlneeywl wdphnl
G.Karlen@mail.ru

Pwgwhwjwnyty £, np hnnh $EpdGunuEph wynhynipwl Jwlwpnwyp ywnptih £ ogunw-
gnnétl npwtu dwup JGwnwnubpny wnunnywéd hnntph hupuwybtpwywugudwl wunmhdwUup
whuwnnnpn2hs gnigwuhy:

Ununnnywd hnnbph huplwdbnwlywlqunid — Swun dGinwnlbn — $bpdlunlbnh wlywnphynipntl

BbrisiBiieHa BO3MOYKHOCTh MCIIOJIb30BAHUS YPOBHSI aKTUBHOCTU q)epMeHTOB B KQ4YC€CTBC auar-
HOCTHYECKOTO IMOKa3aTeIsl CTEIIEHH CaMOOOHOBIICHHUS TI04B, 3arpA3HCHHBIX TSKEJIBIMU METAJUIaMH.

CamoobHosnenue 3A2PA3ZHEHHbIX NOY6 — msdiceilble Memajivl — (j)epMeHmamusHaﬂ AKMuBHOCNb

The possibility of using of enzyme activity level as a diagnostic indicator of the degree of
self updating of soils contaminated with heavy metals is revealed.

Self updating of contaminated soils — heavy metal — enzyme activity

Uwytpnnt tnwpwéwnewlnid bwhuyhuntd yuwwnwnpywd niuntduwuhpnipenLl-
utnpp gniyg U gk (1989p.), np Mapkin gbnh nudtin wnunnnnywéd opkpny wuwnwnw-
Jhu nwpglwantu nwthwunwlwgywsd hnnbph nengdwu nGwpnid Swup JGnwnubnh
wwpniuwynipintup pwquwyh pwpép £ punnie)nibutph pnywwnpbih uwhdwulbphg,
nph wpnyniupned Yuipney 6updty Ep hnntph $EpdElunwihu wynhynieiniup Yunpgwé-
ph wdpnng funpnipjwdp (wn. 1) [3, 4]:

Ununnundwé hnntiph Junpbiw2tpntpnud swnunnunjwéubph hwdtdwnniejwdp
dtGpdGunutph  wywnhynieiniup ujwab] En 34-68%-ny, huybGpunwaghup' 60, $nu-
dwwwaghup' 44, nipbwghup® 34, ywwnwwaghup' 68%: dGpdGUnnwihu nGwyghwutph
wpwantpjwl bjwgndp ywjdwuwynpwé tp wnwehu htpehu hnnnud éwunp Jb-
wnwnbph 2wwn pwpdp ywpnibwynipjwdp, wnnnnyjwsd optnpny nengdwl dwdwlwy®
hnnh phuhwywl Ywauh, $hahlwywl b Phahywphvhwywl hwinyniejnilltph thn-
thnfuniejniultpny: Wn wagntgniejntlubpu wjupwu nidtn Ehu, np wjuwntn hnnwnw-
swguwl gnpépUpwgl pupwUuntd En npwug pwjpwjdwl ninnniejwdp: Mbwnp £ ok,
np wninnnywé ontpp hnntph $EpdGunwihu wynmphyniejwl ypw wagnnd GU wlncn-
nwyh swuwwwphny [2,4]:

Lnu tnwpwoéw2npeswlnid, Ungu hnntph ypw Yuwwnwnpywé ncuncduwuhpnepnil-
utpp gng U nyGl, np untndywsé Unp wwjdwuubpnid Uywunynd £ wyp ywwnytp:

1989p. Uwybpnnt wnUéwdGwnwinipghwlywl gnpéwpwlp  wnunbuwywlu
6quwdwuh wnpnniupnd wnwowgwd dhuwluwlwl ndwnnipntbubph W 2ncywih
pwgwywjnipjwl wwwdwnny npny dwdwlwy nwnwnbl Ep whuwwmtG, W ypyhu gnp-
éwnyyty £ 1997R., huy Uutpywyndu gnpdwpyynid £ ng wdpnng hgnpniejniultnpny:
Ujn wdtuh wprynipnud pwpblwyyt) £ Yepbn gbnh optiph W npwugny nnngynn wu-
nwnwjht nwpguwagnyu nwthwunwlbwgywd hnntph Uwhuyhund gnynieinlu nlubk-
gnn Eynnghwywu yhdwyp:
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Lbnywynwdu  Pndwljwlh nwpwédwngswuh wunwnwiht nwupguwagnyu nw-
thwunwuwgywd hnntph nnngdwl hwdwpn oginwgnpéynid BU M6pkn gbinh Jwulwyh
Jwpnpywé ontpp: Wn ontpny nengdwl nbwpnid sh uywuynid hnnGph |pwgnighg wn-
nnwnntd:

Ynie U JGpnn: Nuniduwuhpnipnillbpp Jwunwpb] Gup nwawnwihu W (wpnpwwnnp
JGpiniénipinilutbph dbennnd: Innh inhwh uwhdwuubpnd Yunpdwéputnp npdtp Bu unyu dpwyw-
pniubph nwy: Ipduwywl Yinpdwsépubphg hnnh udnubpp Jepgptp Gup 2009 . puwin gGubnh-
Jwywu hnphgnuutph: Upunwpeswjhu dEpdGunuGph wywnhdnipiniup npnptp Gup pwnd onwgsnn
hnnGpnud nLtuh$hywgywé dbennutpny [2]: huybpunwg Epdtuinh wynhynieintup wpunwhwjntg
Gup Ug qyniyng 1g hnnh hwaywpynd, &Yy opnud; $nupwinwaghup ug P 100 g hnn, 30 p; nupbwgh-
Up Ug NH; 1 ¢ hnnnid, opyw pupwgpntd; juwnwiwaghup® ud® 0, 1g hnnntd, UGy pnwbned:

un. 1. Wunwnwjhu nwpsbwagniu tnwthwunwlwgywsd hnntph Yeluwpwlwywlu
wywnhynipejniup, Sphgnpjwt 1989p.

3nnp, ynnpqwéph 3nphgnup W hudtpunwg, [dnudbwwnwg, | Nipbwq, [Ywnwiwg,
hwdwpp tunpnipiniup, | Jg gqyntyng Ug P Ug NH3 ud® 0,
ud

Qununnunyws, AY 0-26 22,1 52 3,8 16,8
nengynid £ Sunn B, 26-50 18,8 34 23 14,1
gtiwnh gnbipny 29p B, 50-75 74 25 2,1 6.8
B; 75-95 2.5 2,0 1,6 4,1
BC 95-116 1,8 1,3 1,0 2,6
Uhghu AU 0-24 14,1 3,0 1,9 11,0
wnunnyws, B, 24-45 7.4 2,7 1,3 10,2
nnngyntd £ B, 45-72 52 12 1,0 5,5
ptin gliinh B; 72-96 1,3 1,0 0,8 2,6
gntnny 31p BC 96115 038 0.6 03 12
NLdtn AJ 0-25 8,9 2,9 1,3 5.4
wnunnunywd, B, 25-46 4,8 1,8 1,0 4,8
nnngyntd £ Sunn, B, 46-62 3,5 0,5 0,8 2,6
qtuh ontnny 33p TR T 22 03 05 22
BC 81-100 0,9 0,2 0,3 1,6

UpnynLuplbn U pblwpyned: Uen Ynnuhg hwuwmwwndb) £, np bwhuyhunwd dwup
dGinwnutpny wnunnywé hnntpnud pupwunid £ hupuwyGpwywugudwlu gnpéplpwg,
npp Ywpbih £ pwgwhwjntp $Epdeuinutbph wyinhynipjwu dhengnd: Wn eptpny 20 tnw-
nh nenguwl pupwgpnid UhghUu wnuininywd hnntpnd huybpunnwgh wynhyniejniup
pwnénwgt) £ 31,2%-nyd, nidtn wnunnunywé hnntpnud* 40,4%-ny, Ujniu EpdGunutnh
wywnhynipjwl Jwywpnwyp pwpépwgtb| £ hwdwwywnwupiwluwpwn® nipGwghup - 52,6
L 76,9%, $nudwwnwghup® 33,3 U 24,1%, Yuwwwwghup' 41,8 L 87,0% (wn. 2): Cuwn
dtpdbunutph wynhynigjwt Jwywpnwyh nwdbn wnunnunwsé wunwnwihu nupsbw-
gniU mwthwunwuwgywd hnntpp Uninbunwd BU UhghU wnnnndwéutphu, huy Jhehu
wnunninywdltnp® pnij| wnunnnywéubphl:

Lwhuyhuntd dwlup JGwnwnutpng wnunnnywéd hnntph $tpdGunwihu wynhyne-
pjwl pwpapwgnudp Jywynud £ wju JwuhU, np pbwwwhwywlwywl Jdhengwnnidutph
wpnyntupnd Y6ptn gbinh ontbpp dtnp GU pbpGL Unp phuhwlywl Yuwqd U hwdEdwunw-
pwn (wy nengbh hwwnynie)niultn: Wn optpnyd nengdw nGwpnid wunhdwlwpwp G-
nwywuqlynid GU hnnh nhuwdJhy hwwnynipiniultpp, npnup uwhunyt) Ehu bwhuyhund
Swun dGwnwnutpny wnunningwd ontpnd nengdwu nbwpnid: dtpdGunutph wywnhynt-
rjwl wép hwahy pE Ywnbh |huh pwgwhwjnt] wnunnunhg mwppGph Wwpniuwynejwlu
thnthnfunipjwdp, wjuwbu np wjn hnntpp ntnlu punctpwagnynid Bu dwup UGunwnukph
pwnén wwpniwynipjwdp: 20 tnwnpyw pupwgpnid Y6pen gbunh Jwulwyh Jwppdwé
ontnny nnngdwl hGinlwupny Uywwnyned £ Jhwju dwup dGnwnubph wwpnibwynigjwu
sUshu Ujwgnid: Gupwnnynid E, np dwubwyh Jwpnpqwé epbpny nengdwl dwdwlwy
pwgwnynd £ dwup dGunwnubph nuinnuyh huwynhywglunn wagnbgnipintup $Epdtl-
wnwjhu nEwyghwutph wpwgnipjwl Yypw (wnwhuh yhdwy gnjnipiniu ntubp bwhuyp-
unud, Gpp wnunnunwé entnpny jnipwpwlgnip nenguwl pupwgpenid hnnh Jtphu, Yyeu-
uwpwlnptU wnwytb) wyinhy 26pwnp, unwunwd Ep inGhulwshu nudbn hwpdwéd): LUwu
Jhtwyp wwjdwluwynpywsd £ uwl upwuny, np dwpnpywd optinny nnngdwl dwdwuwy
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Uwy, hnwdnuh W wnhndwjhu $pwyghwih wwpniuwynipjwu waéh 2unphhy pwpapw-
unwd E wnuinnhg nwpptbph hwuntw hnnh yw2wnwwlwlywl $nuyghwl:

Un. 2. Uunwnwjht nwpguwgnyu tnwthwuinwuwgywsd hnnkph
YELuwpwWUWwU wywnhynipiniup, 2009p.

3nnp, 3nphgnup huybpwnwg, [dnudbwinwg,| Nipbwq, | Ywnwiwq,
Yunpywodph tunpnipyniup, | Jdg gyntyng Ug P Ug NH; ud® O,
hwdwpp ud
Qunununyws, Ay 025 24,5 5,4 4,2 16,8
nnngynid £ B, 25-48 21,2 45 2,5 16,1
¢unn gtwh B, 48-73 14,5 3,1 2,1 11,5
gntipny 29p B, 73-97 7,1 1,9 1.8 59
BC 97-118 1,7 1,3 1.4 42
Uhghu Ay 0-26 18,5 4,0 2,9 15,6
wnunnunyws, B, 26-50 10,6 3.1 2,0 12,8
nnngynid £ B, 50-75 6,3 1,5 1,2 9,9
Gptin gbwnh B; 75-95 1,7 1.2 0.8 42
gntnny 31p BC 95-116 1,0 0,7 0,5 2,7
Nwdtin Ay 0-26 12,5 3,6 0,3 10,1
wnunnnyws, B, 26-48 7.3 2.0 1,7 9,2
nongynid £ B, 48-64 4,1 1,2 0,8 53
&unn qbwnh B, 64-80 2,2 0,7 0,7 5,0
gntpny 33p BC 80-103 0,8 0,2 0,3 3,2

Mwl Uwwuwnnud £ Uwl hnnh hhduwjhu nGwyghwl, nph nGwpnid Ujwaned £
Swup JEwnwnubph wugnudp 2wndnil, wybih nnpuhy yhtwyh: Ywwnwiwgh wywnhynt-
RjwU Yunpney pwpépwgnedp yywjnd £ wninningwdé hnnbph gpwonwjhu ntdhuh W wy|
$hahywywlu hwwnynipjntbubph (wdwgdwlu dwuhl, npnup bwwuwnnud GU npnwyh
dEpUtUnwihu Jwlywpnwyh untnédwlp [6]:

OSwun UGwnwnutpny hnntph wnunnundwu W npwug hupuwytpwywugudwl gnp-
6purpwgltbpnid nnknh GU nluGUNLU hnnwnwewgdwl wnngbuh L $EpdGUnwhU nEwy-
ghwubph nunnywénipywl funp thnthnpuniejniuubp: Wn thnthnpuniejnillubpu nlubu hw-
Jwnwna punge W ninnywénieinit: Unwehu nbwpnid Jwwnpwnwuntd £ hnnh Jugunt-
rjnLtup W hwwnynientlubpp, $epdGunutph hdnphihqughwih W wgnbgnipjwu hwdwn
untbnéynid BU wupwpbUwwun wwjdwuukn, wnbnh £ niubunud tnwé $tpdtunutnh
huwywnhywgnid (inGhubwéhu Uniptnh wgnbgniejwl Ukppen), Yunpniy Ujwgnid £ YyEU-
uwphdhwywl nGwyghwubnh nidqunipiniup, hnnh pbpphnieintup W Jpwlwpniubph
pGppwwnynie)ntll punhwupwwbu: Nudtn wnunnunwéd hnnbpp wjuwbu U Ynpguncd
hpGug uygplwywl ntupp, np Upwlg YwpGih Enwuwlwnqgbp npwGu unp tnhwh hnn [4]:
2h Ywnbh hwdwéwjub hEnhuwyutph htwn, npnup wunnud BU, pE wnunnnywsd hnnkpp
qnyyned GU |phy yGpwywuqunwdhg: bhwpyt, sh Yuwpbh Yupd cwdwlwlywhwnyw-
6nd uywubp swup dGinwnutpny wnunnndwé hnntph yGpwywugunid: 2w 2w bp-
Jwn W pwpn EYnynighnu gnpépupwg E, nph pupwgpnid wnunnunwd hnnbpp Unuink-
Untd GU wju hnnGphu, npnughg npwuudnpdwgyt) Gu: SElulwéhu wnunnunywéntLpjwu
wuwjdwuutpnd hnntGph pwjpw)nidp pupwund £ Uh pwuh wugqwd nidghl, pwu npwug
JGpwywugunudp: Cun hnnh $EpdGUINUENH wywnhyniejwl wbdh, J6p Yynndhg Yuwnwp-
Jwé hwpdwnyubph® nudbn wnunningwé hnnbnph gjnunwnuntuwlywl 2ngw bwnniejwl
W wnwlg nput |npg wgpnunGhulhjwlywu vhgngwnnidubph npwug yGpwlwugunidp
ywnlth 50-60 tnwnh [1, 5]

Wuwhuny, $EpdELunwhl nbwyghwubph wpwagniejniup huynn hnnwkyninghw-
Jwu gnigwuhutpp ophuwgwth thnthnpuynid GU' punn nengGih epbph wnunningwént-
pjwU wunmhbwlh W pwgwhwjwnynd BU hnnh $EpdGLnUEPh wynhynipjwl Jhengny:
Qw huwpwynpnieinil £ tnwihu hnnh $EpdGUIwhu nEwygwutph wpwagnipjwu Jw-
Jwpnwyp oginwgnpét] npwbtu npwlg huplwyGpwywugudwl whunnpn2hs gnigwuhp
[4, 5]:

Unwnnnywé hnnbpnud swunp Ubiwnubph nnGnwthnfunie)niup hhduwywund pu-
pwuncd £ hnphgnUwwl ninnnigyncultpny’ puin hnnwhwunwyh ptpnipjwl:
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OYHKINOHAJIBHBIE XAPAKTEPUCTUKU ®YMAPA3BI
PECTOBACTERIUM CAROTOVORUM

K.I'. JIOKOBA, M.C. U3BMAWJIAH, I'.I1. AJIEBAH

HIIL[ “Apmbuomexnonoeus” HAH PA
karina_dukova@yahoo.com

B pabote onpeneneHbl KHHETHYECKUE ITaApaMETPhl  YCTAaHOBJICHBI ONTHMAaJIbHBIE yCIOBHS
¢dyukuuonuposanus pymapassl (EC 4.2.1.2.) 6axkrepuanbHbeIx KieTok Pectobacterium carotovo-
rum B peakUMu ruapatanuu pymapara ¢ o0pazoBaHueM s107104HONH KUCIOTHL. COMIACHO JAHHBIM,
MOJTyYeHHBIM Ha OCHOBE KHHETHYECKHX MCCIEeOBaHUI dTOU peakiun, KoHcTaHTa Muxasmuca (K,,)
pasaa 7,01 MM. IlokazaHo, uto dymapasa P. carotovorum NposBISECT MaKCUMAJIbHYIO aKTHBHOCTh
B nuanasone Temmneparyp 32-37°C u pH 7,5-9. 3nauenue sHeprum aktuBanuu peakuun (EA) coc-
tapyset 4,7 Kkan/Mons B uaTepBane temneparyp 14-37°C. Tlpu xpanenun GepMEHTHOTO Tpenapa-
ta B Teuenne 10 aueit B 0,1 M pacrBope dymapara ammonust tipu temreparype 25°C dymapasa
Tepser 55 % UCXOAHOW aKTUBHOCTH.

Dymapasa — Pectobacterium carotovorum — L-abnounas kucioma

NpnaJwé GU Pectobacterium carotovorum pwywintnhwy peheutph $ndwnpwah (EC 4.2.1.2.)) Yh-
Ubnhywywl wwpwdtwptbpp W gnpéniubniejwl owwnhdw] wwjdwlutpp  $nidwpwinhg Jwiwwn
hhnpwwnwgdwl nGwyghw)nid: Iwdwébwju unwgywd ngjwiutnh, npnup hhdujwé Bu nEwyghw)h
yhuEinhywywu hGinwgnunieiniuubph Upw, Uhpuwkhuh hwuwmwwniup (K,) hwdwuwp £ 7,01 mM:
8nijg £ mpdwé, np P. carotovorum-h $nidwpwqp wnwybiwagnu wywmhyniejtu gnigwnpnud £ pH
7,5-9 uwhdwuutpnud, W 32-37°C gtpdwunhtwlwihtu thhpwjpnid. Uynhdwgdwl tubpghwjh wp-
dbpp (EA) hwdwuwnp E 4,7 Yywi/dnp 14-37°C gepdwuinhdwlwjhu thhpwjpnid: dEpdGUnnwht wpk-
wwpwwp 10 op 0,1 M wdnuhndh $ntdwpwinh nudniyenid 25°C gbpdwunmhdwunid  ywhuwwub-
Lhu, $nidwpwap Ynpguned £ hp bwpubwlwl wynhynipjwl 55%-p:

dnLdwnwq — Pectobacterium carotovorum — L-fulidnpuwifafant

We studied the kinetic parameters and optimum conditions for the functioning of the
fumarase (EC 4.2.1.2.) of Pectobacterium carotovorum bacterial cells in the hydration of fumarate to
form malate. According to data obtained by kinetic studies of this reaction, the Michaelis constant
(Ky) is equal to 7.01 mM. It was shown, that fumarase of P. carotovorum exhibits maximal activity
at pH 7,5-9 and at temperature of 32-37°C. The value of activation energy (EA) is 4,7 kkal/mol in
the temperature range of 14-37°C. In storing the enzyme preparation for 10 days in a 0.1 M solution
of ammonium fumarate at 25°C fumarase loses 55% of the initial activity.

Fumarase — Pectobacterium carotovorum — L-malic acid

IlITaMMBI - IPOAYLEHTHI C BBIpaXEHHOH L-acmapTasHON aKTUBHOCTBIO, UCIIOJNb-
3yemble JuId cuHTe3a L-acrmaparnHOBOM KUCIIOTHI, B TOM WM MHOW CTENEHU SIBIISIOTCS
Takke Hocutensamu ¢ymapasbl. [1o3ToMy Bo Beex ciydasx cuHTe3a L-acnaparnHoBoi
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KHCIIOTHI ¢ IPUMEHEHHEM MUKPOOHBIX OMOKATaIM3aTOPOB, OCHOBAaHHBIX Ha HEOUHILCH-
HOM (pepMEeHTHOM IpernapaTe, OJJHOBPEMEHHO ¢ L-acraparnHOBO# KHCIOTOH, 00pasyeT-
¢4 10 KpaiiHeit Mepe onH MoOOYHbIH NPoayKT — L-s10104Has kucnota [11].

BakTepranbHbIi WTaMM P. carotovorum sSBISETCS OAHAM U3 HanOoJee meperek-
TUBHBIX Ul IPOMBIIUICHHOTO TPOM3BOJICTBA aclaparnHOBON KUCIOTHI M3 (GyMapoBoOi
KUCNOTHI 1 aMmmuaka. OJTHaKo Ul MOTydeHHs d(PEeKTHBHOrO MUKPOOHOTO OHOKATaIH-
3aTopa u3 P. carotovorum Kax Jjs CHHTe3a L-acnapariHOBOM KHCIIOTHI, TaK M €€ COJIeH,
CYIIECTBYET HEOOXOJUMOCTh KOHTPOJIS (pyMapa3HOi aKTUBHOCTH KJIETOK M HMOMCK BO3-
MOYKHOCTH WHAKTHBaIlMU (hyMapas3bl ¢ MUHHMAJIbHBIM yHIEpOOM I acrapTa3Ho# ak-
THUBHOCTH.

®dymapasa (pymapat rugpatasza) crepeocrnenuPuuHblil PEepMEHT, KaTATU3UPYET B
UKIIe TpUKapOoHOBBIX KucioT (uuki Kpebca) oOpatumyro peakuuio ruparainuu Gyma-
para ¢ obpazoBanueM L-s161049HO# KUCIOTHI ( cxema 1)

|
coo Coo~
Dymapart Manar

Dymapa3sbl IPHHAICKAT K CEMEUCTBY (PEPMEHTOB, YTHIM3UPYIOIIHNX (ymapaT B
KauecTBe Kak cybcTpara, Tak M HPOAYKTa B MyTsX ero Meradbonmsma. @ymapasa kiiacca
1, oOHapy>KeHHas! y POKAPHOT, 3TO TePMOJIAOMIBHBIN U KEIe303aBUCUMBIIl ()epMEHT ¢
MoJieKkyispHoit Maccoit 120 k/la [8]. dymapasa kiacca 2, oOHapyXeHHasi y MJICKOIH-
TAIONMX (B CepALEC CBHHBH, EYESHH KPBICH), Y APOXOKEH M HEKOTOPBIX MHKPOOPTaHH3-
MOB — 3TO TePMOCTaOMIBHBIH, )KEIe30HE3aBUCUMBIA (GEPMEHT ¢ MOJIEKYJISIPHOH Maccoi
200 x/a [8]. B otnnume ot (hymapa3s MIICKOIMTAIOUINX, OaKTepualibHbie (ymapasbl He
CTOJIb IIMPOKO U3YYEHBI U MPEACTaBIEHHI B IuTeparype [5, 9].

Lenbto HacTosmeld pabOTHI SBISAETCS M3YYCHHE KUHETHYCCKHX XapaKTEPHCTHK
(bymapasbl GakTepHaIbHOTO MITaMMa-TIPOAYLIeHTa aclapTasbl P. carotovorum Iisl OleH-
KU CTETICHHU y4JacTHs pymapa3ssl B Ipoliecce IpeBpamieHus GyMapara B acnaprar.

Mamepuan u memoouka. Yciogus s5KChepumMenma, Mamepuaibl U nUmMamenbHas cpeoa.

B pabore HCII0Ib30BaHbI CIEAYIONINE PEAKTUBEL: (yMapoBast KHCIOTa, THAPOKCHL HATPHS,
THAPOKCU Kanus, 25 %-HbIi BOJHBIH aMMHaK — KOMMEPUYECKU JOCTYIHBIE PEaKTHBBI IPOU3BOI-
crBa Apmenuu u crpad CHI'. Ilponyuent ¢ymapasel — OakTepuanbHblii mwramm Pectobacterium
carotovorum INMIA B-8727 (panee u3BecTHbll Kak Erwinia aroidea) W3 KOJUIEKLIUH MHKPOOP-
ranuzmoB HIILL “ApmoOuorexnonorus” HAH PA.

B kauecTBe mpemapara (ymapasbl HCIONB30BaH (DEPMEHTHBIH 3KCTPAKT, IONY4YEHHBIH
1eHTpHdYTrIpoBaHUEM NPEABAPUTENIEHO 00pabOTaHHOH yIbTPa3ByKOM KJIECTOYHOI CyCIEH3UH, CO-
neprkamieit 1 r BaaxHbIx kietok B 5 mit 0,1 M pactBopa ¢ymapara ammonus (pH=8,5). Kynsrypy
BBIPAIIMBAIM B )KHIKON muTaTenbHoi cpene mpu 30°C B Teuenue 16-18 4 cormacno metonuke [1].

Onpedenenue akmusHocmu u paciem KuHemuyecKux napamempos. AKTUBHOCTb (ymapa-
36l M3MEPSUIM B peaKiuy Tuapatanun Gymapara mo yobIBaHUIO cyOCTpaTa B PEaKIMOHHOH cpere
cnepyromero cocrasa: 20 MM cybctpar (dhymapar Hatpusi), 20 MM K, Na-docdatusiii 6ydep,
pH=8,5. O61muii 00beM peaKHOHHON CMECH COCTaBIIsLI 2 MJI, Temneparypa 37°C. Peakuuio Hauu-
Hayi 700aBieHreM (pepMeHTHOro npenapata (KOHIEHTpalus (epMEeHTa B PEaKLIHOHHOW CMECH -
20 Mr/mi B mepecyeTe Ha BIAXHYIO OHoMaccy KieTok). KoHneHTpanuo ¢pyMapoBoii KHCIOTHI OIl-
penensutu criektpodoroMeTpryuecky mo mornomieHuto npu 240 uM. 3a exauHUIly GepMEeHTATUBHOM
AKTUBHOCTH NMPUHUMAIIH KOJIMYECTBO (hepMeHTa KaTalM3UPYIOIIEro NpeBpallenie 1 MkMoust cyo-
CTpaTa B MUHYTY B YKa3aHHBIX YCJIOBHsSX. Y IeJIbHasi aKTUBHOCTb OTOOpaXkalia OOLIy 0 aKTUBHOCTb
(ymapassl Ha 1 T BaKHOH OHOMACCHI, YUUTHIBAsK KOA(DGUIIMEHT MOJIIPHOH SKCTHHKLIUH (ymapo-
BO# KHCIOTHI £ = 2440 M em™.
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HavanbHyi0 CKOpPOCTH pEeakIUU ONPEIENIAIM 110 HAKIOHY KacaTelbHOH K KPHBOH yObI-
BaHU MOTNIOIIEHHA (hyMaparta.

Pacuersl kuneTnueckux napameTpoB (Ky) U (Vpax) U X CTaHAAPTHBIE OIIMOKK OBLIH IPO-
BEJICHBl METOOM MHOTOMEPHOTO JMHEHHOTO PErpeCCHOHHOTO aHanm3a [4], ¢ UCIOIb30BaHHEM
nporpammsl Gauss 4.0.

Onpedenenue cmabunvhocmu @ymapasvi. OepMEHTHBIH IpemapaT KICTOK B PacTBOpE
0,1 M ¢ymapara aMMOHHUsI XpaHWJIM B TEpMOCTaTe mpu Temreparype 25°C, mepuoandecku oTou-
past IpoObI Ha ONpeEeIeHUE aKTUBHOCTH.

Onpedenenue memnepamyprozo u pH onmumymos. AKTHBHOCTH (epMEHTa H3MEPSIH
Hpu pasHbIX Temreparypax B uarepsaie ot 14 °C 1o 57°C u npu pasusix pH B nnTepBaie or 5,5
1o 10,2, ucnone3yst 100 MM K, Na-docdarusiii 6ydep ¢ coorBeTcTByOINME 3HaYeHUsIMA pH.

Jlns 06paboTKU SKCIEPUMEHTAIBHBIX PE3yJbTATOB 110 W3YYEHUIO BIMSHUS TEMIEpaTypbl
Ha HCCIeyeMyI0 peaKIHio U pacyeTa sHepruu axtuBanuu (E ) ucrnons3oBani HukenpUBeIeHHYO
dopmy ypaBHeHus Appenunyca:

RIT ks

E, =
Tz_Tl kl

rae: R — 1,987 xan/K°® Moib — yHHBEpCalbHask ra30Bast IIOCTOSIHHAS

Pesynomamut u 0ocysyncoenue. 3a6UcUMOCnb CKOPOCMU pearkyuu cuopamayuu gy-
mapama Hampusi Om KOHYeHmpayuu cyocmpama.

KoHneHTpannoHHas 3aBUCUMOCTb CKOPOCTH THpaTalvi GpymapaTa HaTpus u3yde-
Ha B auanazoHe 2+25 MM. Kak mokaszano Ha puc. 1, rpaduk 3aBucumoctu [V] ot [S]
HMeeT BHJ PaBHOOOYHOH THUIEPOOIIBI, YTO TUIIMYHO /I ()epMEHTAaTUBHBIX peakuuii. [To-
JIy4eHHBIN TpaduK 3aBUCHUMOCTH B koopauHatax Jlaiinyusepa-bepka — (1/v ot 1/s) umeer
MpAMOJIMHEIHBIN XapakTtep (puc. 2). 3HaueHus KuHeTndeckux napamerpoB (Ky) U (Viax),
pacuMTaHHbIE METOJOM MHOTOMEPHOTO JIMHEWHOTO PErpecCMOHHOTO aHallu3a, pPaBHEI
K,=7,01£0,77 MM 1 Vo= 338,6£1,5 MKMOJIE/MHH/T.

300

o 5 mn 15 m 5 n

Komuenpanms (M)

Puc. 1. KpuBasi 3aBHCHMOCTH HaYaJIbHOM CKOPOCTH PEaKIMy TuapaTannu hymapara
OT KOHIICHTpAIMH cyocTpaTa (KOHIEHTpanus (pepMEeHTa B peaKIIMOHHOM cCMecH—
20 Mr/MJ1 B IepecueTe Ha BIAKHYI OHOMACCy KIIETOK).

0,02
0015

0,005

Puc.2. 3aBrcMMOCTh Ha4aIbHON CKOPOCTH PEAKIUH THpaTanuu Gpymapara ot
KOHLIEHTpaluu cyOcTpara B koopanHarax Jlaiinynsepa-bepka
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Brusnue memnepamypel na ckopocme peakyuu euopamayuu gymapama. Temre-
parypHasi 3aBUCUMOCTh CKOPOCTH MOTpeOsieHus: pymapaTa ObUla U3ydeHA B JAHMANA30HE
Temmepatyp 14+57°C.

[

Ormocnreasnam aKTHEHOCTE V'V ma
=
=

L 10 n L 40

o
z

Tesneparypa (%C)

Puc.3. 3aBucumocTts akTUBHOCTH (hyMapassl P. carotovorum OT TeMIIEpaTyphl.

Kak BugHO 13 npuBeaeHHoro rpaguka (puc.3), CKOpocTb pacxona ¢pymapara 3Kc-
MOHEHIIUAIILHO BO3pacTaeT 1o 32°C, a maumnas ¢ 37°C, BCIEACTBHE TEIUIOBO HHAKTH-
BAIlMH, MTOCTENEHHO mafaeT i pu 57°C coctapnser 7,8 % OT MACHMATBHOTO 3HAYCHHS.
Ha puc. 4 oHa npezcTaBiieHa B appeHUYCOBCKHX KOOPAMHATAX; MPUBEICH IpauK 3aBH-
CHMOCTH JIorapu(Ma HaganbHOH CKOpOCTH peakiuu — g (v) oT oOpaTHOro 3HaueHUs ab-
comoTHo# Temneparypsl 1/T. Kak BumHO 13 puc. 3, B uuTepBane Temmeparyp 14+37°C
(aro cooteerctByer 1/T (K°) = 0,003333+0,00303) 3aBMCMMOCTb MMEET MPAKTUYECKH
MPSIMOJIMHEHHBI XapakTep, T.€. MOMYUHSIETCS ypaBHEHHIO AppeHHyca, a JHHEHHOCTh
Hapymaercs Beime 37°C.

454
434
4,14
394

3,74

gV

354
334
314
194

2,74

5 T o T T T d

0,003 0,0031 0,0032 0,0033 0,0034 0,0035 0,0036

vr

Puc.4. 3aBucumocTs norapumMa Ha4aaIbHON CKOPOCTH pacxoa (hymapara B peakHOHHON
cpeze OT 00paTHOTO 3HAYCHUsI A0COTIOTHOI TeMIepaTyphl Uist pymapasbl
P. carotovorum npu pH 8,5.

PacunranHOe U3 MPSAMOJIMHEHHOTO ydacTKa rpadyka 3HaUCHHE YHEPIUN aKTHBa-
mun peakunu E, cocraBiseT 4686,8 kain/Moib, YTO OYCHb OJIU3KO 3HAYCHHUIO SHEPIHU
aKTHBALIMH, XapaKTepHOH [uis ourieHHoro gepmenta E, = 4990 xan/moib (U3 cepiua
CBHHBH), IPUBEICHHOTO B uTeparype [3].

Bauanue pH na ckopocme peaxyuu euopamayuu ¢ymapama. I3ydenue 3aBucH-
MOCTH CKOpPOCTH peakiuu notpebienus ¢ymaparta Hatpus oT pH B peakuuu rugpata-
uuu Gymapara rnpu ydactuu Gpymapassl P. carotovorum mokaszaino (puc. 5), 4To KpuBas
3aBUCHMOCTH HE HMEET OTYETIMBO BBHIPAKEHHOTO MakcuMyMma. B uHTepBane pH
(5,5+7,5) cxopocTh peakiMM WHTEHCHBHO Bo3pacraet, 3ateM B uHTepBajie pH (7,5+9)
BBIXOJIMT Ha TUIATO C HE3HAYMTEIBHBIMU KOJICOAHUSIMU B 3HAYCHUSX U, Aajee, npu pH or
9 x 10,2 HabmonaeTcs pe3koe MaaAeHue CKOPOCTH PEaKIUY.
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DTHOCHTEALNAR SRTHINOETEY Vs

4 5 6 7 E El 10 1]

Puc.5. 3aBucumocTs akTuBHOCTH (hymapasel P. carotovorum ot pH.

Taxum oOpa3oM, pu onTuManbHOM s aciaptassl pH 8,5 [2] dymapasa P. ca-
rotovorum TaxKe NPOSBIET MAKCUMAIBHYIO aKTUBHOCTB, YTO OyZIEeT CO3AaBaTh Ompee-
JICHHBIE TPYAHOCTH IIPH UCIIOJIb30BaHUU 3TOTO IITAMMA B KAYECTBE KaTaliu3aropa B O1o-
TpaHCPOPMAIIIOHHOM TIpoliecce TMONMy4YeHHUs] L-acmapariHOBON KHCIIOTHI M €€ COJICH.
ITpu cpaBHenuu, ms Gpymapas, BBICICHHBIX U3 Pa3HbIX MCTOYHHKOB, IPHBEACHHEIC B
JIUTEpaType KPHUBBIC 3aBHCHMOCTH CKOPOCTH PEaKLUH MOTpeOneHus (pymapara HATPHS
oT pH, UMeroT sIpKO BEIpaKEHHBIE MAaKCUMYMHI B AnanazoHe pH 6,5+7,5 [8, 10].

Onpeoenenue cmaburvrocmu Gymapazel P. carotovorum. Hamu Oblia uccieno-
BaHa CTaOWIBHOCTB (yMapasbl P. carotovorum npu xpanennu B 0,1 M pactBope dyma-
paTa aMMOHHUs Ipu Temmepatype 25°.

100 5

OTHOCHTELNAR AKTHBROCTE Y

T (amup
Puc.6. l3menenune aktuBHOCTH ymapassl P. carotovorum mpu XpaHEHUH
B pacteope 0,1 M dymapata ammonus npu Temnepatype 25°C.

Ha puc. 6 noka3ana KpuBasi 3aBUCUMOCTH OTHOCHUTEIILHOW aKTHBHOCTH (hyMapasbl OT
BpeMenH. Kax BUIHO, hepMeHT TepsieT 55% OT HCXOIHOM akTHBHOCTH Ha 10-i IeHb XpaHe-
Hus. [l cpaBHEHUs] KOMMepUeckas ymapasa U3 cepilla CBUHBH IIPU XpaHEHHU B aHAJIO-
TMYHBIX YCIOBUSX Tepsiia 60 % MCXOoqHON aKTHBHOCTH B TEYEHHE MEPBBIX TPEX CYTOK Xpa-
Henus [7]. Ha puc. 7 npuBeneHs! Kpusble notpebnenus ¢pymapara B Bune 1 M pactBopoB
HaTpUH-aMMOHHEBOM, KaJIMi-aMMOHHEBOM ¥ aMMOHHEBOH COJIell B peakiny, KaTaau3upye-
Mol P. carotovorum B ONTHMaIIbHBIX YCIOBHSAX Ui aeicTBus acnaprassl (pH 8,5; T-37°).

o
05

07

L o K.-NH3-fum

== Na-NHs-fum

D240 mm

05
04
03
0z
o1

e N Ho-fum

0
L 1 m 0 40 S0 o0 0

Bpesn (M)

Puc.7. Kunernueckas kpuBast pacxojia cyocTpara B peakliui (epMEHTaTHBHOTO
aMHHHMpOBaHus Qymapara noj AecTBHeM acnapTassl P. carotovorum.
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Ha ocHoBanuu IMOJYYCHHBIX HaMH PE3YJIbTATOB MOXXHO CKa3aTb, YTO (byMapa3a

IIPY ONTHUMAJBHBIX YCIIOBHSAX MJISI SKCIUTyaTallMd IITaMMa-TIPOAYIIEHTa acrapra3bl
P. carotovorum BHOCHUT CBOH BKJIaj B moTpeOneHue GpyMapoBOH KHUCIOTHL, a IPeICcTaB-
JICHHbIE KPUBBIE SIBISIOTCA PE3yJIbTaTOM CyMMapHOro JIeWCTBUS ABYX (epmeHTOB. U3
¢dbymapaTa ogHOBpeMEHHO ¢ L-acmaparuHoBoOH KHCJIOTON 00pa3yercs ele oJuH mo0ou-
HBIH MpoAyKT — L-s010uHas kuciora. CoaepikaHue sIOJOYHOW KHUCIOTHI B KOHEYHOM
MPOIYKTE peakiuy coctasisteT ~ 5%. HecmoTps Ha To, uro L-s107109Hast KMCTIOTA IPUH-
LUIMHAAIEHO CHOCOOHA MPEBPAIIaThCs B aCMapTAaT, BO3MOXKHOCTh 00pa30oBaHuUs 0J0UHON
KHCIIOTHI HEOOXOJMMO TMPEIOTBPATHTH ITyTEM HHAKTUBALMHK Gymapassl [6].

W
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hLUYGNSU2h UWYShYNF3NPLE ULSUNU3PL HINLUANESL
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U.U. UUNrQuU3UL’, 3.U. UNYUBU3UL' L.o. nU2UNr3uUL’,
U.U. uurqusuy’, Uu.u. uduasuy’

"Ulilnwdptnph whymwlgnipywl ninpup npultnp quuwbuwndwl i
Ybpinidnipywl ghunwlwl YeUuinpnl MNUY,
masissargsyan@mail.ru
2 Eplwlp wbnwlwl hwdwjvwnpwl, Eyninghuyh b plncpywl wwhwwbnepwl wdphnl
hasmikmov@ysu.am

Pwgwhwjwnyb| £ pwywnbphwywl BT E-3, BT AP-8, BT AM-22, BT CM-25 Uhgwwnwuwwu-
utph wagntgnipntul wuwnwnwjhu nwpsuwgniu hnntph ppphnipjwl gnigwuh?' huytpunwgh
wywnhynipjwl Yypw: Mwpqyby £, np gnndwu wpnyntupned hnn Uepdnudywé pwyntbphwywlu dh-
swinwuywulbpp pwgwuwpwn 68U wgnnud wpunwpgswht $EpdEUh wynhynipjwl Jpw,
hugp BT nmGuwyh Jhgwwnwuwwulutnh Yhpwnenipjwup (wjt huwpwdnpnipinil £ tnwihu:

BT wbuwlh uppwinwuwwliibn — hudbninwq — whinwnuyhl nuwnsbwagnyli hnnbn — gnnned

BerisiBneno BnusiHue OaktepuanbHbix nHcektnuunos BT E-3, BT AP-§, BT AM-22, BT
CM-25 Ha aKTHBHOCTh MHBEPTa3bl, KOTOPas SBISICTCS MMOKA3aTeleM IUIOAOPOIHUs OYPBIX JICCHBIX
0YB. YCTAHOBJICHO, YTO OaKTepHaNbHbIe HHCEKTULMIBI, HHTPOAYLIMPOBAHHEIC B I0OYBY B PE3YJib-
TaTe ONPHICKUBAHUS, HE OKa3bIBAIOT OTPHUIATEILHOTO BO3/ICHCTBUS HA aKTUBHOCTh BHEKJIETOYHOTO
(hepmMeHTa, YTO CO3AET LIMPOKYIO BO3MOXKHOCTD JUISl IPUMEHEHHST MHCeKTHIMI0B Buaa BT.

Hncexmuyuovl éuoa BT — uneepmasa — 6ypeie necnvie nougsl — ONPLICKUBAHUE

The influence of bacterial insecticides BT E-3, BT AP-8, BT AM-22, BT CM-25 on inver-
tase activity, which is indicator of fertility of brown forest soils, was revealed. It was established
that bacterial insecticides introduced into brown forest soil as a result of spraying, do not influence
adversely on activity of extracellular enzyme which creates wide opportunities for the application
of BT insecticides.

BT insecticides — invertase — brown forest soils — spraying

huybpunwqgp (N 3.2.1.26) ywplnp nbp ntuph wépuwéUh 2pswwinninnh gnné-
pUupwgnid, wqnbiny uwpuwnpngh, nwdhungh W hGughwungh B-dpnLyunndpnipwungh-
nwjhtu uwh ypw' wnwowgunid £ pnyutph W hnnupluwy dwuptubph hwdwp hGn
JjnLpwgynn Uhwpwpwpubn:

hudbpuwagp hnnnud (wju lmwpwénd niubgnn $EpdGun £, npp hhduwywunwd
uhuprbquniu £ JwuptuEph W pnijubph wpdwwnwihu hwdwlwpgh Ynnuhg: Cuwn Ypbunn-
dhgh, wju $EpdEUnh wynhynipintll wnwyb) npultnpyned £ udnpwullytGph Unun [6]:

Npn2 hbnhuwyubph wnyjwiubpnyg pgond upupbqywsé dtpdtUnh npnpwyh
pwluwyntpinil, wpunwquunntyh wnbupny puyubind hnn, wnunppynid £ hnnh dwulhy-
utph Yynnuhg W Gplwpwnl ywhwwunwd hp wywnhynie)niup [4, 9]:

Swdwéwju gpwywl wnpyniputph [4, 7, 9, 13], hudbGpunwgp hwdwpynwd £ hnnh
YELuwpwlwywl wywmhynipintul nt pepphnieinllp punipwanpnn unnyg gnigwuh:
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Uhuinnpnodwl Uywwnwyny wnwpptp htnhuwyubn [4, 5, 8, 12, 14] wnwowp-
ynd 6U hnntph dhwwnwnppnie)niup, Epnquigdwénipwt b wninnindwéntpjwl wunh-
dwup npn26| puwn hudEpnwgh wywnhynipjwl gnigwuhph:

2011-2012 pe. Ubp Ynnuhg npn2ydt| £ gnndwl wpnynitupnid hnn uEpdniywd
Bacillus thuringiensis (BT) nGuwyh pwynbphwywl dhowwnwuwywulbnh waqnbgnipnt-
Up hnnh pEpphnipyniup punipwannn huyGpunwagh wywnphynipjwl ypw: Iwyh £ wnl-
J&L wyl thwuwnp, np gnndwé wwwnpwuwnntyubph wutpwl dwul £ wannid Shinndw-
gtph Jpw, huy gbpwyznnn Jwup (60-99%) wnmwnpptn ninhubpny (gnnbihu, wmbnnidut-
nh b wnGplwpwhh dwdwuwy L wy) h yepen puyunid £ hnn [11]: LYwwnh Bup nLubgbl
LUwl UGp ghwnwthnpdbph wju wpnyniupp, np gnnnudhg hGnn hnn uGpdnudywé BT inb-
uwyh hwpnighgubpu wunwnwihbu nwpguwagniu hnnGpnud pwlwynipjwl Ljwqdwu
Jhuinnudny wwhwwuynid Gu 4-5 wdhu [15]:

Utnp hGunwagnuniejniuutph hhduwlwu Uywwnwyu En neuncdbwuppbp W Ywu-
huwpgbt, yhpwnynn dhowwnwuwwuubph huwpwynp wugwlywih wagnbgniejniult-
np hnnh pGpphniejwl pw:

Unie U dGpnn: I6nwgnuinniejwl Ujnie U hwunhuwgtb) BT E-3, BT AP-8, BT AM-22, BT
CM-25 mbnwywl pwynbphwlywl Jhpwnwuwwllbpp, wunwnwiht nwpgbwagniu hnntpu nu
wnwwpggwihl hnnwjhu huytpunwagp:

Untiinnipwy henniyh funnieiniup, dwhiuh pwuwyu nu tnwppbpwyubphg jnLpwpwugjnt-
nhu hwunjwgdwéd wunwnhnpbwnbnwdwup Ywaqltb U hwdwwwwnwuhpiwlbwpwp 600 Ju
uwnp/dy, 5 (/50 U? W 50 u*

SnnniUutpp Ywwnwnyb) B Ozdesan Jwluhh Ubgeph upuyhgny:

Pwywnbphwywu Jhpwwnmwuwwllbpny wnwlbdhu gnndwé W sggnnywé (unnighg) hnnkph
huytnpwnwagh wywnhynieintup npnayty £ iwpnpuwnnp ywjdwulbpnd® pun Quipunjwlh [3] dGpnnh:

Innwudnputpp ybpgytl GU thnpéwinbnwdwubph 0-10ud funpnipjwdp hnnwtpntnhg:
Swppbpwyubphg jnLpwpwlgnipu ntubgt) £ 3-wywu Ypyunipiniu:

hudtpunwagh wywnhynieintup wpnwhwjinytby £ 1g hnnnud 24 dwJdjw pupwgpnid wnw-
swgws gntyngh pwlwynipjwdp (Ug):

Qhwnwthnpdtph wpnyniuputbpp Gupwnyytl U yhdwywagpwlwu yenpinéniejwu [1, 2]

Upnyntuplbin U pUllwpyned: Innh hudGpunwah wynhynipjwl npndwl Gplw-
Jjw hGnwgnuniniejwl wpnyniuputpp pEpgwé Gu Uy, 1-nLd:

e
@

BT E-3

BETAP-8
23,65 DOBT AM-22
BETCM-I5
B Uinng s (sgurp i)

[T}
&

Ug qyymlng/q hononk
N ou

n
=

1995 10 go

a = s
N e e 2

-
=

Ualfulikip

LUY.1. hudbpunwagh wywnhynipjwl nhtwdhywl wuinwnwjht nwpguwagneu
hnntpnud BT inbuwyh dhpwinwuwwulbpny gnnnidhg htwnn (2011-2012 pr. Uhghup)

LU.1-h gnigwuhubphg wwnpgnpn? Gpunwd E, np huyGpunnwagh wynhyniejwl
nhuwdhywl pwymbphwywu vhpwwnwuwwllbpnd gnnywé b sgnnwé (uinnighg)
wnwnpGpwyubpnud Jwjhuhg uGwunbdptp Yypnwd £ thnthnpunie)niu: dGpdEunh wnw-
JGiwagniu wywmhyniejntup pwyntbphwlwl Jhpwwnwuwwulbnny (BT E-3, BT AP-8,
BT AM-22, BT CM-25) wnwudhU gnnywé W ggnnywd hnntpnid npulnpdt) £ hniuhuht,
ujwqugntup' ognuinnupl (punhwupwgywd Uhghu gnigwuhpubpp' hwdwwwwnwu-
fuwlwpwnp 24,340 W 18,642 g qyniyng/q hnnned): UGwuinGdptphu wpadwlwapyb) £
dbpuuinh wywnhynipjwl pwpépwgdwl dhinnwd (punhwupwgdwé dhghup 18,804 Jg
gunLtyng/gq hnnned):
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Cuwn gpwywunipjwl nyjwiubph, yegbnmwghwih 2npwlnid hudbpunnwgh wy-
nhynitpjwl thnthnpunteinilp npnnn gnpdnlutpu GU* eGpdnieynilp (Ynntywghnu gnp-
Swyhgp' r=0,88), funuwynipntup (r=0,91) [9], hnnwplwl Jwuptutph pwluwynieinitup
(r=0,43) L Jwuptutph Ynnuhg uhuptqywd pnilwynp Uyntetpp [10]:

Un.1-nud ubpyuwjwgywéd Bu hudbpunwagh wywnhynepjwu 2011e. ghinwthnpdbph
wpnyntuputpp' yhdwywgpwywl gnigwuphputpny:

Un.1. Puybpinnwagh wymhynipjwl dwptdwnhlwlwl gnigwuhubnu wunwnwjhu
nwnsbwantu hnntp BT inGuwyh vhpwwnwuwwulutnh Ubpdnidnidhg htwnn (2011p.)

o R =)
o =] ol ..;E
ke =1 o =
=25 = = ® 33
=~ 5 ol - SO
= g ~ 3 3 = 32
3 5 S 3 b=} g > §' 5
J% E=4 cc g = c =3
a ) S & o > < S
= ®© < 3 = S =
5 = 5zZ= 3 2 = = S 3
3 =1 == c 3 = S o>
» S3 = 3 = < 2<
73 | & ¢ ° | 53
ol
al 03) 2
Uwjhu 20,67 1621 | 7,84 | 0,936 | 45 0,959
BTE3 3ntlhu 23,10 1,769 | 7,66 | 1,021 | 44 0,286
. 3nihu 21,76 1,369 | 6,29 | 0,790 | 3,6 0,152
Ognuwinu 19,68 1,657 | 842 | 0057 | 4.9 1,018
Ubwinbuptn 16,44 1,404 | 854 | 0,811 | 49 2,012
Uwjhu 20,44 1,212 | 593 | 0,670 | 3,3 0,950
3ntUhu 24,02 1,186 | 4,94 | 0,685 | 2.8 0,220
BTAP-8 [ 3nyhu 22,32 1,844 | 8,26 | 1,065 | 438 0,189
Ognutnnu 18,15 0,733 | 4,04 | 0423 | 23 0,061
Ubwinbuptn 17,72 1,020 | 576 | 0,589 | 33 1,278
Uuwjhu 19,67 1,293 | 657 | 0,746 | 3.8 0,269
3ntlhu 22,66 0,733 | 3,23 | 0423 | 1,9 0,639
BT AM-22 | 3nyhu 22,98 1,957 | 852 | 1,130 | 4.9 0,548
Ognuwinu 15,78 1,500 | 9,50 | 0,866 | 55 1,748
Ubwinbuptn 18,38 0,894 | 4,86 | 0516 | 2,8 0,790
Uwjhu 19,68 1,508 | 7,66 | 0,871 | 4.4
3ntUhu 24,68 1,299 | 526 | 0,750 | 3,0
BT CM-25 | 3nyhu 20,02 1178 | 588 | 0,680 | 3.4
Ognuwninu 19,03 1,339 | 7,04 | 0,773 | 41
UbwinGuptn 19,36 1799 | 2,29 | 1,039 | 54
Uwjhu 19,35 1,078 | 557 | 0,622 | 3.2
0 s |3nthu 23,65 2,063 | 8,72 | 1,191 | 50
(u%:r:lﬂ“r’] ) [3nuhu 21,99 1,641 746 | 0947 | 43
N Tognunnu 18,21 1,192 | 6,54 | 0,688 | 3,8
Ubwnbuptp 19,35 1,482 | 7,66 | 0,856 | 4.4

* Poos W n=3-h nGwpnid UnjnnBUinh &upwesy wnjntuwywihl gnighsp hwjwuwn £ 3,182

Un.1-h mnjuilbphg Gplnwd £, np mwwnwudwl gnpéwyhgl nu thnpdh uhuwip
nwwnwuyb] U hwdwwwwnwupiwlwpwp 2,29-9,50%-h W 1,9-5,5%-h uwhdwulbtpned,
npwuny £ hwuwnwwnyby £, np ghinnwthnpétph wpnyniuputpp hwywuwinh Gu:

Mwpqyb| £ bwl, np UnjnunBunh t gwhwlpph hwpdupwihu gnigwuhubpp
thnpdUwywl nwppGpwyubpnd hGunwgnunnijwl wdhulubphlu twwnwuyb) Gu 0,061-
2,012-h uwhdwulbpnid W Poes W n=3-h nGwpntd, thnpp GU UwnjninGuwnh ¢ swihwuh2h
wnjntuwywihu 3,182 gnighshg: “w hwuwnwwnid £ wju thwuwnp, np pwynGphwywlu
Jhpwwnwuwwultnny gnnywé W ggnnywé tnwnppbGpwyubnnd npultnpqwé hudbpunw-
qh wywnhyniejwl vhole (4w wpdwlwhwywwn nwppbpnieiniu: Yyuwhuny, hGnwagn-
wnnLpjwl wpryniuputnpny hwuwnwwnytby £, np gnndwu hEnliwupny hnn UGpdniéywd
BT wbuwyh Jhpwwnwuwywulbpp pwgwuwpwp (6L wgnnd wlUwnwnwihtu nhwhy
ublwhnntiph pGpphneiniup wwjdwuwynpnn huyGpnwgh wywnphynipjwl ypw:

huybpunwagh wywnhynienttp pwyntbphwlywl vhswnwuwwuubpny gnnywé W
sgnnwd wunwnwihlu nupguwagnyl hnntpnud ytgbunwghwih 2pgwuncd’ dwjhuhg
uGwuwnGdptbp ynpnd £ nhuwdhy thnihnpuntp)niu:

73



ULSUNUBhL MWINLUANESL 3NN AULUSEhULUL UPQUSUUNULLENh LENUNFONIURS 3GSN hLYGMSU2h WUShJuNnt@3Nhue

huybpunnwagh wywmhynipeintup BT wnbuwyh Jhowunwuwwluubpny gnnywé W
sgnnwé (unnighs) wunwnwiht nwpguwgnuyu hnnbpnud pnluwddwu 2powunid Gu-
pwnyynd £ Udwlwwnhy thnthnfunipjwl’ wnwybiwagnyu wynhynipiniup npulinp-
yntd £ hnihupu, bjuqugniup® ognuwnnupl:

Snnuwlu wpnntupnid hnn UGpdntéywé BT inbuwyh vhpwinwuwwl hwpnighg-
UGpp pwgwuwpwn $6U wgnnud wunwnw)hU nwpsbwagniu hnntph pGpphnepjwu gnt-
gwuh?' hudbpnwgh wywnhyniejwl ypw, hugn wlnmwnnbnuwdwutpnid Juwuwywn
Jdhpwwnubph ntd pwyntphwywl Jhowwnwuwwlultph Yhpwnnipjwlp (wju hbwpw-
Jnpnipyniulitp £ pudtnnid:

IGwnwgnuinieinillbpu yuwwnwpdbp Gu 33 WAL GMY-h Ynnuhg npwdwnpywé
dhuwluwlywl wowygniejwl 2unphhy’ 11-4b540 Swéywanpny ghinwywu ptdwih
2nppwlwyubpned:
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3APA’KEHHOCTD SIINEPUIL ITAPABUTAMU KPOBHA
B 3ABUCUMOCTH OT CPEJAbI OBUTAHUA

T.K. APYTIOHSH

Epesanckuil 2ocynusepcumem, kagedpa 300102uu
temharutunyan@gmail.com

H3y4anack 3apaxeHHOCTh KPOBEIapa3UTaMu CKaJbHbIX sliepHLl poaa Darevskia B 3aBUCH-
MocTH OT cpensl obutanus. CpaBHuBamuce ABynossie (D. valentini) v mapTEHOTCHETHYCCKUE
(D. armeniaca) BUIBI U UX MEXKIOINY/SIHOHHBIC Pa3JInyKs B 3apaKCHHOCTH 0COOEH yKa3aHHBIM
[apasuToM.

CranbHole Awepuybl — Kposenapasumaol — napmenocenemudeckue u 6uC€KCyaJleble 81ObL

NtuntdUwuhnyby £ Darevskia gbnh dwjnwjhu Unntuutph Jupwyjwénipniul wpjwu Jw-
Jwpnydubpnd' ywhdwsd puwynipjwt dhowywiph wwjdwulbphg: Iwdbdwunytbp U Gplubn
(D. valentini) W Yntuwdhu (D. armeniaca) nbGuwlubpp W wndjw) Jwlwpnyédnd Jupwydwodniejwl,
dhownwniywghnu tnmwppbpnipintlltpp:

dwynuyhl Unnbulin — wpywl dwlwpnydUbn — niuwdhl b Gnhubn inGuwlylbn

The infection of blood parasites rock lizards of genus Darevskia depending on the
environment was studied. The bisexual (D. valentini) and parthenogenetic (D. armeniaca) species

and their interpopulation differences depending on the infestation were compared.
Rock lizards — blood parasites — bisexual and parthenogenetic species

HccnenoBanue MpUpOTHON CPelbl KUBBIX OPraHU3MOB SIBJSIETCS OJHHM M3 Hau-
OoJiee MOJIOJBIX UM OYPHO Pa3BHUBAIOIIMXCS HampaBiieHHW Ouosoruu [7,8]. Dkomoruuec-
KHE q)aKTOpI)I OTJIMYAIOTCS 3HAUYMTEILHON N3MEHYHMBOCTRIO BO BpPEMCHU U NPOCTPAHCTBE,
cJenoBaTeIbHO, OKa3bIBAlOT pa3HOE BO3JeicTBHE Ha kuBble opraHu3Mbl [12]. Cpena
oOHTaHUS XapaKTepH3yeTCsl OTPOMHBIM Pa3HOOOpa3neM MPOCTPAHCTBEHHBIX U BPEMEH-
HBIX 2JIEMEHTOB, YCIOBHH U SIBJIICHUH, KOTOPBIE PACCMaTPHBAIOTCS B KAYECTBE IKOJIOTH-
geckux (akTopoB. OkpysKamommas cpema CIOCOOHa OKa3aTh MPSAMOE WIM KOCBEHHOE
BJIMSHHE Ha )KMBBIE OPraHU3MBI, XOTs Obl Ha MPOTSDKCHWH ONHOM M3 (a3 WX WHIUBH-
IyanbHOTO pa3ButHs [3, 4, 5, 6]. Ha ouH u TOT e SKOJOrHYecKuil (akTop pa3HbIe BU-
IIBl pearnpyroT mo-pasHomy. Kaxmoe HBOTHOE XapaKTepH3yeTcsi cBoeil crienuduaec-
KOI BHJIOBOW TpeOOBAaTENbHOCTHIO K BO3JECHCTBHIO OKPY’KAIOIIEH cpelbl U 3aHUMAeT B
Hel onpeeneHHyI0 IKOJIOTHIecKyto Humry [1].

Onuum 13 hopM OHOTIOTHYECKUX (haKTOPOB SBJISACTCS Mapa3uTtu3M. Het HU ofHO-
T'O BHJAa MHOT'OKJICTOYHBIX XKHBOTHBIX HJIN paCTCHHﬁ, KOTOPbIC HC UMCIIN 6])1 CBOHX IIa-
pas3utoB. [1apa3uThl MOTYT HACEATh MOJOCTH TeJla XO35IMHA, IPOHUKATH B TKAHU WU
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BHYTpPb OTJENBHBIX KJIeTOK [2]. [Tapa3uTi3m mIpoKo pacpoCTpaHeH Cpeaun IMpeICTaBuTe-
nei Protozoa, n3 KOTOPBIX OCOOBIM MHTEpEC BbI3BIBalOT KpoBemapasuthl [10, 11]. Tlpu
(OpMUPOBAHUH NAPA3UT-XO3SHH B3aUMOOTHOIIEHNH CKATBHBIX SIIEPHUII BaKHYIO POJIb UTpa-
€T CHelM(pUIHOCTD TAPa3HTOB 110 OTHOLICHHUIO K XO3SIMHY M YCIIOBHSIM BHEIIHEH cperpl [9].

Jli1 maHHOTO MCCIIeOBaHUs MBI B3SJIH JIB€ Pa3HbIE TEPPUTOPUH, I/I€ BCTPEUAIOT-
Csl OJIHU U T€ 5K€ BHJIbI CKAJIbHBIX SIIEPHIL.

Kyuak (Apmenus) Haxonurcs Ha Beicote 1878 M Hag yp. Mops. Kiumar ymepeHHo-
ropHbiid. CpenHsia Temnepartypa ot +16—1 8°C. Cpenmeromosas TeMIIepaTypa BO3ayXa
xonebnercss B mpenenax +5-6°C. 3a rox Ha TEpPUTOPHIO OOPA30BAHMS BHIMATACT
450-600 MM ocankoB. CperHeroqoBas BIaXXHOCTb Bo3ayxa 67%. IIpupoanble tanamadTst
SABJIAOTCA YCPHO3CMHBIMU paBHUHaAMM.

Axankanaku (I'py3us) Haxogures Ha Beicote 1500-2000 m Hax yp. mops. Knumar
BIIKHO-X0s0aHbIH. Cpennss TeMueparypa uons 20-21°C. Cpenneromosas TeMiepary-
pa Bosayxa — 2-3°C rpamycoB. 3a roj Ha TEPPUTOPUIO OOpa3OBaHMs BBINANAET OT
300 mm g0 600 MM ocankoB. CpenHerojoBasi BIaXHOCTh Bo3ayxa 67%. Jlanamadt
MOYKHO 0XapaKTepU30BaTh KaK IJIOCKOTOpbE.

Llenb JaHHBIX HCCIENOBAHMNA — BBIACHUTH CTENEHb 3apakKCHHOCTH IapasuTaMu
KPOBH JIByX BUJIOB CKJIbHBIX SIepul poja Darevskia B 3aBUCUMOCTH OT MecTa OOHTaHuUSI.

BosHukaer Bonpoc, kakue (pakTopbl MOTYT JIEHCTBOBATh Ha 3apa’KeHHOCTh CKaJlb-
HBIX SIIEPHILI, €CIM MEXJIY BUAAMH M SKOJOIMYECKUMH (aKTopamu ABYX MECTOOOHTa-
HUH pa3Iuyuii OYTH HET.

Mamepuan u memoouka. Co0p Matepraia MpOBOIUICS B TEUSHHE TOIEeBOTO ce30Ha 2010-
2011 r. B3pocible ocobu ckanbHbIX smepun Darevskia armeniaca (mapTeHOr€HETHYECKUI BUL) U
D. valentini (6ucexcyanpHuil Bua) oTnaBiuBanuch Ha Tepputopun Kyudak (B ApMmeHMH) M Ha
Teppuropun Axankanaku B I'py3uu. M3 MaseHbKOI OTpe3aHHOH 4acTH XBOCTa AENAIMCh Ma3KH
KpoBU. Bce jHMBOTHBIE OBUIH OTITYIICHBI Ha3aJ B MecTa UX omioBa. Ha tepputopun Kyudaxa 6suia
noiimMana 21 monoBo3penas ocodb D. valentini (camubl — 13 oco0eit, camku — 8 ocobeit) u 49
ocobeit D.armeniaca. Ha tepputopuu I'py3un Obum noiimanst 30 ocobeit D.valentini (camupl —
21 0cobb, camku — 9 ocobeit) u 37 ocobeit D.armeniaca.

Beicoxiume Ha BO3yXe Ma3Ku KpOBU (PUKCHPOBAINCH METHIIOBBIM CIMPTOM. Ma3ku okpa-
LIMBAJINCh 1O MeToay PomanoBckoro—I'um3sl. ['0TOBBIE Ma3ku MPOCMATPUBAIUCH MOJ MUKPOCKO-
oM nipu 400—kpaTHOM yBennueHHH. B kaxaom maszke 6butn noacuutansl mo 2000 3pUTpOLUTOB,
a B HUX YHCJIO 3aPaXKEHHBIX KPOBENapa3uTaMH 3PUTPOLIUTOB.

Pezynomamut u oocysyncoenue. ViccnenoBanre KpoBenapasuToOB IByX BUIOB CKallb-
HBIX sIepyll B ApMeHuH U B ['py3uu nanu ciemyromye pe3yasrarsl (Tadm.1). DkcTeHcuB-
HOCTh uHBa3uu y D.valentini u3 Teppuropun Kyuaka cocrapiser 76.2%, UHTEHCUBHOCTb
uHBazuu — 60.6 (B KJIeTKaX KpoBH 16 3apakeHHBIX 0c00ei HalLM 0koo 970 mapasuToB).
OKCTeHCUBHOCTh UHBa3uu y D.armeniaca w3 tepputopun Kyuaka coctasnser 30.6%, nn-
TEHCUBHOCTh WHBa3uK — 23.4 (B KJIETKaX KpoBH 15 3apaeHHbIX ocoOeii Hatuwm 351 mapa-
3UT). DKCTEHCUBHOCTD MHBA3UH y D.valentini u3 teppuropun 23.3%, NHTEHCUBHOCTD UH-
Ba3um coctapisieT 46.1 (B KiIeTkax KpoBH 7 3apaskeHHBIX oco0eil Hammmi okoino 323 mapa-
3UTOB), @ 'y D.armeniaca W3 TOW ke TEPPUTOPUU SKCTEHCHBHOCTh MHBA3UM COCTABIICT
78.4%, MHTEHCHBHOCTb MHBAa3WH — 16 (B KJIeTKaX KPOBH 29 3apaXeHHBIX 0CO0EH HaILTH
okosto 464 mapasuToB).

CpaBHUTENbHBIA aHANN3 3apakeHHocTH D.valentini n D.armeniaca apMsHCKON
TOITYJISIIMY Ha pUC. | BRIMISAUT CIEAYIOMNM 00pa3oM.

3apaxxeHHOCTb BUAa D.valentini B 3HAUUTENBHOM CTEIIEHU NPEBBIIAET 3apakeH-
HOCTb D.armeniaca, TO €CTh OUCEKCYaJIbHbIE BUABI 3apa)KeHbI OOJIbIIE, YeM ITapTeHOre-
HETUYECKUE BUIBI.
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TabJ. 1. 3apakeHHOCTh CKAIbHBIX SILEPUL] KPOBETApa3UTaMHu.

Yucno
O01iee uncio Yucno DKCTEHCUBHOCTh |MHTEHCHBHOCTH
Buow " 3apasKeHHBIX 0
ocobeit o 1apasuToB uHBa3uu, %o HHBa3HU
ocobeit
D.valentini 21 16 969 76.2 60.6
(Kyuak)
D.armeniaca 49 15 351 30.6 23.4
(Kyuak)
D.valentini 30 7 323 233 46.1
(I'py3ust)
D.armeniaca 37 29 464 78.4 16
(Cpysus)

nonynauua Kyyaka

1000 [

s00 1 . I I

D.valentini D.armeniaca

Puc. 1. 3apaxennocts nomysiuuu Kyuaka

CpaBHHTEIbHAS KApPTHHA TEX K€ BUIOB W3 MOIYJSAUH AXalKalakd jana cie-
IIYIOLIHE pe3yIbTaThl (PUC.2).

nonynAauua Mpysumn

go0 v
a0 ¥
200 7
[ valentini (Fpysua) D.armeniaca (M pys uad

Puc. 2. 3apaxxenHocts nomyisauuu ['py3uu

B rpy3uHCKOW NOMYJISIUH 3apa)KEHHOCTh MApTEHOT€HETHYECKUX BHUIIOB MPEBHI-
IaeT TAaKOBYIO JIBYIIOJIBIX BUJIOB.

CpaBHuBast OOIIYI0 3apaXEHHOCTH IOIYJISIMU MApTEHOTCHETHUECKUX U OHCeK-
CyaJIbHBIX BUIOB U3 ApMEHUH U ['py3uH, MBI ITOJYyUYHIIH CIIEAYIONIYI0 KapTHHY (puc. 3):

Tak, eciii B apMsIHCKOM MOITYJISIIMU O0JIbIe 3apaskeHbl OUCEKCyaIbHbIE BUIBL, TO
B I'py3uHCKOM NOMYJISIUY KapTHHA BRINIIUT HA000pOoT. TO ecTh, Te 5k€ BUABI B pa3HbIX
YCIIOBUAX UMCIOT PA3JIMYHYI0 CTCIICHb BOCIPUUMYHNBOCTH K ITapa3uTaM.

O06a pailioHa XapakTepU3yeTcss OUYeHb IMOXOKUMH KIMMATHYECKUMH YCIIOBUSIMH,
1 Ha 00€ MOMyJSIUHU ACHCTBYIOT NMPAKTHIECKH OJMHAKOBBHIE HKOJOTHYECKHE YCIOBHS.
Kakue QakTopsl BIMAIOT Ha pa3inyHe B CTENICHU 3apaKEHHOCTH MEXKAY ITOMYJISIIUSIMA
0CTaeTCsl HEM3BECTHBIM.
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Puc.3. CpaBHeHHE 3apaKEHHOCTH MEXAY apMSHCKIUMH U TPy3UHCKIUMH TOITYJISIIHH

Hamm pe3ynbTaThl MOATBEPKIAIOT, YTO HE TOJBKO B PAa3HBIX MOIMYJISALHUAX, HO
MEXIy CHHTOIMYECKUMHU BUAAMH CYILIECTBYIOT Pa3sIMdys 10 3apaKeHHOCTH Mapa3nuTa-
MU KpoBH. B o7HOW momyssiiun OoJIbIIe 3apaXkeHbl OMCeKCyalbHbIe BHIBI, B IPYyrod —
MApTEHOTeHETHYECKHE BUABL, YTO CBHAETEIBCTBYET O TOM, YTO 3apaKEHHOCTH HE SBIIS-
eTcsl BUIOBOH crielU(UKON ITHX JKUBOTHBIX. HecMOTpst Ha TO 4TO adMOTHYeCKHe, Ono-
TUYECKUE CBSI3U U aHTPOIIOTeHHBIE (aKTOPBI Ha 00EUX TEPPUTOPHUSIX OAMHAKOBEI, 3apa-
KEHHOCTh 3THX XMBOTHBIX HMEET pa3lIM4HBIA pUCYHOK. Uncio 3apakeHHbBIX ocoOeil B
IPY3MHCKOH TOIYJISIMU CKAIbHBIX SIEPUI] HEMHOTO BBIIIE, YeM B apMSHCKOH MOIyJIsi-
1A, HO O9KCTCHCHUBHOCTDH 3apaKCHHOCTHU 60.]'166 BBICOKAs B apMﬂHCKOﬁ MOy JIAINHA. Bos-
MOYHO, 3TOT PE3YJIbTAaT CBA3aH C HAJIMYHEM Ha TEPPUTOPUH AXaJKallaKl HECKOJIbKUX
o3ep (TomopoBanb, XoH4asbl, MasaTana), KOTOpbIe B KaKOH-TO CTEIIEHH MOTYT U3Me-
HHUTh MHKPOKJIMUMAT, KOPMOBYIO 0a3y M YMCIIO HKTONApasuToB. Takum oOpa3oM, OIHU U
T€ K€ BHIBI B Pa3sHbIX palOHAX Pa3NIMYarOTCsl BOCIPHUUMYHMBOCTBIO K MapasuraM. B on-
HHUX U TeX k€ pallOHaX MapTeHOTCHETHYECKHe W OMCEKCyalbHBIE BHABI UMEIOT Pa3HYyIO
cTeneHb 3apakeHHOCTH. CTelneHb 3apakeHHOCTH )KUBOTHBIX B 3TOH padoTe He BBIBILSIET
3aBUCUMOCTH OT MeCTa OOHTAaHUS ¥ SKOJIOTHIESCKUX YCIOBHH.
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BJIUAHUE UHTEHCUBHOCTHU MYJIbTUIIVIMKATUBHOI'O
IIIYMA HA CTOXACTHYECKHWIN MMOTEHIIHUAJ ITPA
AICOPBIINN JIMTAHOB HA MAKPOMOJIEKYJIAX
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HccnenoBaHo BaMsHHE MYJIbTHIUIMKATHBHOTO LIyMa Ha aJCOPOLMIO JIMTAHOB HA MaKpo-
MOJIEKyJlaX B YCIOBHSIX, KOT/Ia aJCOPOMPOBAHHBIN JIUTAH/ U3MEHSET CTPYKTYPY aCOPOLHOHHOTO
LEeHTpa. BhluuciaeH cToXacTHuecKuid MOTEHIHMAN aJCOPOILIMOHHOIO IIEHTpa MakpoMosekysl. [lo-
Ka3aHO, YTO MPU HEKOTOPBIX 3HAYCHUAX [APaMETPOB aCOPOLUH BHELIHUH LIyM MOXET WHIYLH-
PpOBaTh OUCTAOMIIBHBIN PEXKHUM aICOPOLIMH JTUTaHI0B HA MAKPOMOJIEKYJIax.

JIHK — nuzano — adcopoyusi — MyLomuniukamueHslil uym

Auntdbwuhpdwé £ dniinhwyhywwnhy wnuniyh wagnbgnipintup dwypndniGyniubpnud

thqwunutiph wnunppghwjh Ypw, tpp wnunppgywé thqwunp thnfunid £ wnunppghwih Yeunpnup
Ywnnigwépp: 3wpdwsd E Jwypnuniynih wnunppghwih Yeuinpnuh unnfuwunhy wninbughwip:
8nijg £ tipqwé, np wnunppghwih wwpwdbunptph npn wndtpubph nEwpnid wpunwphtu wnuniyp
Ywpnn £ wnwg pbpt dwypndnitynciutinh ynw thquunutiph wnunppghwjh phuinwphi nbdhu:

W13 - jhquwln — wnunppghw — Uniinhuhlwnpy wndncly

The influence of the multiplicative noise on stochastic potential during the adsorption of li-
gands on macromolecules is investigated under the condition when the adsorbed ligand modifies the
structure of the adsorbing center. The stochastic potential of the adsorption center of the macromole-
cule is found. It is shown that at some values of the adsorption parameters, the external noise may in-
duce a bistable regime of adsorption of ligands on thr macromolecules.

DNA — ligand — adsorption — multiplicative noise

B nopasnstomem OONBIIMHCTBE CITy4yaeB SBIEHHE aJcCOPOIMH pacCMaTpUBAIOT B
MpUOIKEHNH, KOTIa acOpOUPYEMBIid JIMTaH/I HEe BIHMSET Ha CTPYKTYPY aJICOPOIIMOHHO-
ro nenTpa [2,3,6,7]. OQHaKO MOCKOJBKY, KaK MPaBHIIO, aJCOPOLMOHHBIA LIEHTP MaKpo-
MOJIEKYJI OKPYKCH JICTKOINMOABUXXHBIMU IOJIAPHBIMH WU 3apsKCHHBIMU aTOMapHBIMHA
IpyNIaMH, a aicopOUpPyeMBIii JIUTaH ] B CBOIO OUEPE/b TAK)KE MOXKET OBITh 3apshKeH WU
HUMETh JAUIOJBHYIO TPYIILY, TO TPH aJCOPOIMHU CIIEAYeT OKHIATh IOCTATOYHO CHIIBHOE
B3aUMOJICHCTBHE aICOPONPYEMOTO JIMTAaHa ¢ aAcOPOLMOHHEIM IEHTPOM, B Pe3yJIbTaTe
KOTOPOTO MOYET IPOHCXOUTh H3MEHEHHE CTPYKTYPHI aIcOPOIIMOHHOTO [EHTpa MaKpo-
MOJIEKYJIBI.
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BJIMAHWE THTEHCUBHOCTH MVYJIbTUIIJIMKATUBHOI'O IIIYMA HA CTOXACTUYECKUU TIOTEHLMUAJI ITPH AICOPBLIMUA. ..

B pabote [S] neranbHO OBUIO MCCIENOBAaHO BIHSHUE Ae(OpPMALUMH aJCOPOIIMOHHOTO
LEHTpa Ha MPOLECC CBA3BIBAHMS JIMTAHIOB C MAKPOMOJICKYJIAMH W IIONYYEH DS HOBBIX
U HEOXXHIAHHBIX PE3yJIbTaToOB. B 3T0i pabore OymeT HCCIIeNOBaHO BIMSHHE HHTCHCHB-
HOCTH MYJIBTHIUTHKATHBHOTO IIyMa Ha afncopOuuto urannos Ha JIHK B ycrmoBusx, Kor-
na afacobupyeMslit urad qeOpMHUpPYET MOTCHIUATIBHYO SIMY aJCOPOLIHOHHOTO LEHT-

pa.

Teopemuueckas uacmey. AncopOUMIO W JECOPOLMIO JIMT'AHIOB Ha MAaKpOMOJIEKYJax
NPECTaBUM KaK KBa3MXUMHUUECKYIO PEaKIMIO CBS3bIBAHUS M Paciiaja JUTraH/a ¢ aacopOLUOHHBIM
LeHTpoM. B mpocteiiniem ciydae, korja aacopOUpyeTcst OJUH THII JMIaHAa U C OAHUM ajacopo-
LMOHHBIM [IEHTPOM CBSI3BIBACTCS O/IMH JIMTAH[, KBAa3MXHUMHYECKas PEaKLUs CBA3bIBAHHS JIMTAHIA
L co cBOOOIHBIM aICOPOIIMOHHBIM LICHTPOM M 3aMUChIBACTCS B BHIC:
kl

L+M2(LM), 0
k*l

rae (LM) — KOMIUIeKC JIMraH[a ¢ aJCOpOLMOHHBIM IIGHTPOM; k; M k.; — KOHCTaHTHI
cKOpocTeil 00pa3oBaHus U pacnaga Komiuiekca (LM). YpaBHeHHE, ONMCHIBAKOIIECE H3MEHEHHE BO
BPEMEHH CPEHETO 3aIIONHEHHS aJCOPOUPOBAHHBIX LIEHTPOB 7 UMEET BUJL

ﬂzklcf(l—r)—kflr )
dt

IJIe ¢/ - KOHIIEHTPAlsl JIMTaHIo0B B pacTBOpe. B3anMocBa3aHublii npouece ancopouuu nu-
raHJI0B Ha MaKpOMOJIEKYyJIe M M3MEHEHUE CTPYKTYpPbI aJCOPOLIMOHHOrO LIEHTPa MOJAPOOHO HccIte-
JoBaHO B padote [5]. [IpuHuMaeTcs, 4To NpH MONaJaHUH JIMTaH/a B TIOTSHIHAIBHYIO SIMY a1cop0-
LIMOHHOTO IIEHTpa, ee INIyOMHa HECKOJIbKO YBEIMYMBACTCS, a NMPH BBIXOJE JUTaHIAa U3 NOTEH-
LHAJIBHON SIMBI €¢ IIyOHHA peslakCHUPYeT K NepBOHAYAIbHOMY 3HAYCHHIO, KOTOPYIO UMeJa siMa JI0
nornaganus B Hee ymranaa. Cuuraem, 4yTo AehopMaiys MOTSHINAIBHOM SIMBI CBsi3aHa ¢ KOH(OP-
MAalMOHHBIMH U3MEHEHHMSIMH MaKpOMOJIEKYJIbl B PE3yJIbTaTe B3aUMOJCHCTBUS JIMTAH/AA C aTOMap-
HBIMU TPyIIamMy BOJIM3H aJCcOpOIMOHHOrO LeHTpa. [IpuHnMaeM, 4To BelM4YMHA YIiTyOJIeHUs HO-
TEHLHUAILHOW MBI IPOMOPLMOHANIbHA 00001IeHHOI KOH(pOopMaLMoHHOW nepeMeHHOM. [anee cun-
TaeM, 4TO M3MEHEHHE KOH()OPMALMOHHON MePEMEHHON CO BPEMEHEM MPH CBS3bIBHHUH JIMTAH/A C
a/ICOPOLIMOHHBIM IIEHTPOM NPOMOPILHOHANIbHA KaK CPEIHEMY 3aIlOJHEHHUIO aICOPOIIMOHHOTO IIEHT-
pa, TaK ¥ CHJIe YIIPYroCTH, KOTOpasi BOSHUKAET B Pe3yJIbTaTe B3aUMOAEHCTBUS JIMraHa ¢ MOABHXK-
HBIMU aTOMapHBIMH TPYNNAMHU a/ICOPOLIMOHHOTO LEHTPA. YUYHUTHIBAsI ATH 0OCTOATEIBCTBA, MOYKHO
3aIUCaTh CNENYIONIEe OKOHYATENbHOE YPaBHEHHE, ONUCHIBAIOLIEE M3MEHEHHE IITyOMHbI MOTEH-
[UaJIBLHON SIMBI CO BpeMeHeM [ 1,5]

Tﬁ-rx—x ; 3)
dt o0 9

rae x — yriayblieHue MOTeHIMaIbHOU sIMbI B etHuLaX kp T (kg — mocrosiHHas Boibimana,
T — abcomoTHas TeMIeparypa), 7 — BPeMs PelaKcaluy KOH()OPMALMOHHBIX U3MCHEHHId, X, —
HpeIeNIbHOE 3HAYCHUE YIIIyOJICHHS P OECKOHEYHON IIMUTEIBHOCTH MPEeObIBAHUS JIUTAHa B 11O~
TeHnuanbHo# ssme. CucremMa HelmMHEHHBIX TuddepeHransHbIx ypaBHeHuit (2)-(3) onucsiBaer co-
IIIaCOBAHHBI Hpolecc afcopOLUyy ¥ M3MEHEeHHEe KOH(DOPMAIMOHHON EPEMEHHON B KaXIOM ajl-
copbimonHom 1eHTpe. Cucremy ypasHenwuii (2)-(3) moxuo ynpoctuth. CunTaem, 9TO MepeMeH-
Has 7 pearupyeT Ha MTHOBEHHOE SHAYCHHE NEPEMCHHOM X, T.¢. OHa sBIseTCA “OBICTpOIl” mepe-
menHoi. Torga B cuily agnaGaTHYecKOro MPHUHIMIA UCKIIOUYEHMS “ObICTPBIX” NMEPEMEHHBIX, pe-
uieHre ypaBHeHus (2) 6epeM /s KBa3UCTAIIMOHAPHOTO PeXKuMa

— ¢, K
) =,
exp(—x) +c, K,

0

(C))
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riae Ky — KOHCTaHTa paBHOBECHsl Ul KBa3UXMMHUecKoil peakiuu (1) 6e3 ydera yriry6bie-
HHS HOTCHIUAIBHON MBI afACOPOILMOHHOTO LEHTpPa, KOTOpas CBSA3aHa ¢ KOHCTAHTOH PaBHOBECHUS
IpH yueTe yriryOiaeHus: NoTeHuuanbHol smbl K cootHomenneM K = K, exp (x) [5]. IloacraBus
(4) B (3) u BBens Oe3pazmepHOe BpeMs ¢’ =t / 7, MOJTyYUM CIIEAYOIIee HeTMHEHHOE THHAMIYECKOe
ypaBHEHHE, ONHUCHIBAIOIEE U3MEHEHHE X BO BPEMEHU

dx /4

— == e, ()]
dt exp(—x)+y

rae f = x.,, y = ¢r Ky Jlna yno6cTea B jJanbHellieM 3HaK INTPHX y BpeMeHH Oynem
OIycKaTh W HOJ ¢ moapasymeBaTh Oe3pazmepHoe Bpems ¢. Ilpumem, uTo mox BosieHcTBHEM
BHEIIHETO ImyMa (IYKTyUpyeT HapaMeTp /5, KOTOPBIH MOXHO IMpPEICTaBHTb B BHAE CYMMBI

cpenHero [ W rayccoBCKoro miyma & (f), CpefjHee 3HaYeHHEe KOTOPOro PaBHO HYJIO, T. €. B BUJIE
% =0, &£(0)-&£(¢)=0(t), rne & (1) — nenvra Qpyuxius [4]. Umeem crenyroniee BhIpaXKeHUe
anst B (6)

PO)=p+0y-5(0), (6)

rae 02,;— HMHTEHCUBHOCTH myMa. [logcraBus (6) B (5) moiayunM ciemyromee CToXacTHIeC-
KOE ypaBHEHHE, OITMCHIBAIOIICE N3MEHEHHE BO BPEMEHH KOH(POPMAIMOHHO NepeMEeHHOMH X (¢)

x _ . 78 +70'ﬁ‘§(t)

(7

—=—x .
dt e +y et+y

Jnst ymoGcTBa manbHEHIINX BeIYUCICHU epemnuiiemM (7) B ctanaapTHOM Buze [7]

% = S+ 0y g(x)-EQ), @®)
rae
fy=—x+—LE_ ©
e +y
2(x) :ﬁ (10)

VYpaBHenue (8) OTHOCUTCS K CTOXaCTHYECKOMY YPAaBHEHHUIO MYJIBTHIUIMKATHBHOIO THIIA.
Ecnu uatepnperupoBats ypaBHenue (8) B cmbicie CTpaTaHOBHYA, TO COTJIACHO M3BECTHOM MpPO-
uenype [4], MOXKHO MOJTYyYHUTh CIEYIOLIEe BIPAKEHHUE Ul CTOXACTHYECKOro MOTeHIHaIa

X 2
v =—|| [ 2w |-Ling( | an

IMoxncrasus B (11) siBHBIE BeIpaXkenust st f(x) U g (x) u3 (9) u (10) momyuum crenyroee
OKOHYATENIHOE BRIPAXKEHNE I CTOXaCTUYECKOro IIOTCHIUANA B BUJC

U(x,7,p) = 7# . exp(72x)-(x+%)—%exp(—x)(x +1 —gJ +

x? 012; exp(—x)+y
+7—ﬂ-x—71n[7y j (12)
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BJIMAHWE THTEHCUBHOCTH MVYJIbTUIIJIMKATUBHOI'O IIIYMA HA CTOXACTUYECKUU TIOTEHLMUAJI ITPH AICOPBLIMUA. ..

OT CBOWCTB CTOXAaCTHYECKOro noreHnuana (12) 3aBUcAT peXxUMBbI aICOPOIMY JINTaHOB Ha
MakpoMoJiekynax. JhGEeKTUBHBIA IETePMUHHUCTHYCCKAN IMOTEHIMA HAIIeH CHCTEMBI JIETKO TIO-
JIy4UTb U3 ypaBHEHUs (5) U OH paBeH

2
Ur (%7, ) = %—ﬂ (x=In(y +exp(-x)). (13)

Pezynomamut u oocyscoenue. Ilpoananmsupyem croxacTuueckuid notenuan (12)
TMIPY PA3JIMYHBIX 3HAYCHHUSX APAMETPOB, BXOAAIINX B BbIpakeHue (12). B padote [5] ObI-
JI0 TIOKa3aHo, YTO NIPU AETEPMHUHHUCTUYECKOM OIMCAHWHU B 3aBHCHMOCTH OT 3HAUCHUS I1a-
paMeTpOB, MOTYT PEATM30BATHCS Pa3INIHbIe PEKUMBI aJICOPOLIHH, IPUYEM B ONIpeIeieH-
HOM MHTepBaJle 3HaYCHNH apaMeTPoB aICOPOLIHS JIUTaHIOB MOKET IIPOMCXOAUTh U B OH-
cTabMIBHOM pexuMe. McenemyeM elicTBie HHTEHCHBHOCTH MYJIBTATUIAKATHBHOTO LTyMa
Ha cToxactuueckuil moreHma (12) mpu Tex 3Ha4YeHUSX MapaMmeTpoB aJCOpOLMH, KOTIa
JIETEPMUHUCTHYECKOE OIMCAHWE HE NPHUBOJAUT K OMCTaOMIBHOMY peXHMY ancopOImu.
JIns onpenienieHust MHTEPBAJIOB U3MEHEHUS TaKUX 3HAYEHUH IapaMeTpoB ajcopOimu, cie-
JIyeT CTaHIapTHBIM 00pa3oM NMPOBECTH aHAJIM3 NPaBoi 4acTu ypaBHeHus (5). PesynbraTh
aHaJM3a MOKa3bIBAIOT, YTO NPH S <4 U MPOU3BOJIBHOM MOJIOKHUTEIBHOM ¥ (TaK Kak Mo
omnpeneneHuo y = ¢y Ky) npu JeTepMUHICTUYECKOM OIMCAHNN HEBO3MOXKHA pean3aIius
OHUCTaOMIILHOTO peKUMa aicopOuuu. JIJist onpenesIeHHOCTH MBI BO3bMEM 3HaueHue ff = 1.
Ha puc.l1 npencrasnen rpaduk 3Q(deKTHBHOr0 NETEPMUHHCTHYECKOTO IMOTEHIMANa B
3aBHCHMOCTH OT X

Ueff

0.100f

0.105

0.110

0.115

0.120F

0'125\

0.1 0.2 0.3 0.4

X

Puc. 1. 3aBucumocth 3G PEeKTUBHOTO AETEPMUHHCTHIECKOTO oTeHnuana (13)
0T KOH(OPMAIMOHHOM nepeMeHHOH x pu f=1 1 y=0,13.

W3 puc.1 BuzgHo, yto nipu =1 u y= 0,13 3 eKTUBHBIN ETEPMUHUCTHYCCKUN
noteHnuan Uy, KOTOpBIH 3amaetcs dopMynoit (13), uMeeT oauH MHHEMYM. JTO O3Ha-
YaeT, 4To aJICOPOLUS JIUTaHI0B HA MAKPOMOJIEKYJIaX MIET B MOHOCTAOMIIBHOM PEKHME.

Ecnu ydects, 4TOo Ha afcopOIMIO JIMTAHAOB JAEHCTBYET MYJIbTUILTMKATHBHBIA
LIyM, TO HOPOLECC aJCOPOLUM CIeAyeT OIMHCaTh C MOMOIIbIO CTOXACTUYECKOTO IOTEH-
uana, rpaduk KOTOporo MnpejcTaBieH Ha puc. 2.

W3 puc.2 BUAHO, YTO IIpU TEX )K€ 3HAYCHUSX IapaMeTpoB S U J, 4TO U Ha puc.l,
HO NpHU HAIMYUU MYJBTHILUIMKATUBHOTO IIyMa HWHTEHCHBHOCTBHIO 02/; = 2,25, 3aBucu-
MOCTb CTOXAaCTHYECKOTO IMOTEHIMaga 0T KOH(GOPMAIMOHHON NEpEeMEHHONH HMEET YKe
JIBa MHHUMyMa. DTO O3HAYaeT, YTO aJcopOIMs JUTaHJoB Ha MaKpOMOJCKyJaX UIET B
OUCTaOUIIBHOM PEKUME.
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Puc. 2. 3aBHCHMOCTb CTOXaCTHYECKOro noTeHnuana (12) ot koH$pOpManuOHHON EepeMEHHOU X

npu f=1, y=0,13 ¥ UHTEHCUBHOCTU MYJIbTUILIMKATUBHOIO LIIyMa 02/, =2,25.

Hanuune OJHOT'O WX ABYX MUHHMYMOB Ha KpHBOﬁ 3aBUCUMOCTH IOTCHIMAaIa OT

KOH(OPMalMOHHON MEPEMEHHOI IPUBOJUT K TOMY, YTO B 3aBUCUMOCTH OT I1apaMeTpoOB
MOT'YT Pealn30BaThCs Pa3INYHbIE PEXUMBI aJCOPOIUNU JIMTAHA0B HA MaKPOMOJIEKYyJIax —
n3otepMa JleHrmiopa, cyMMBI IByX u30TepM JleHrmiopa, S-o0pasHas H30TepMma.
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The applicability of QIAxcel System for SSR fingerprinting of grape varieties exploiting the
internationally accepted 9 microsatellite markers was investigated. To optimize the allele sizing, a
comparative genotyping of seven reference varieties with known sizes of microsatellite alleles,
proposed by GENRES 081 project consortium, was performed. Based on the results of optimi-
zation, some Armenian table grape varieties were successfully genotyped. So, the QIAxcel System
might be a useful tool for accurate genotyping and identification of plant genetic resources for
scientific and commercial purposes.

Qiaxcel — microsatellites — genotyping — grape

Nruntdbwuhpyt] W guwhwuinyt) £ QIAxcel hwdwlwnpgh Yhpwebihniejntup uwnnnh unp-
inbph* Uhgwaqqwjunpblu punntudwéd 9 dhypnuwinbihinwihu dwpybpubnny niuntdbwuhpnie)nil-
ubph hwdwp: UGuGph Gpywnpnipjwlu npndwl owywnhdwgdwl hwdwp Juwwnwpytb) £ GENRES
081 dpwanph Yynndhg wnwowpywsd fuwnnnh 7 uinnighg unpintbph hwubdwunwywl gEuninhwyw-
dnpnid, npnug hwdwpn hwjnUh U JhypnuwnGhnwht wiGueph uncyGninhnwiht Gpwnne-
prInLUUENP: Ihdp punniutiny owywnhdwgdwl wpnyntupubpp ntuntduwhnyb) GU Iwjwunwuh fuw-
nnnh npn2 unpwntn, npnug hwdwn unwgyt] BU hwdwwwwnwupiwu gELENhywlywu wypndhiutn:
8nijg £ wpdbl, np Qiaxcel hwdwlwngp Ywnpnn £ wpnynibwydbn gnpshp [hubp pnyubph gb-
UGnhywywl nbuntpultph Unyuwywuwgdwl W gEunnhwwiht niuntdUwuhpnieintlUbph hw-
Jwp huswbu ghnwywl, wjuwbu £ yndepghnt Lywwnwyubnny:

Qiaxcel — Uhynnuwinbypuinliin — qGunuinpwwynnnid — fuwnnn

WzyueHa u oneHeHa npuMeHseMocTh cucteMbl QIAXcel 11 MUKpOCaTEeIUTMTHOTO TeHOTUIIH-
pOaHus COPTOB BHHOTPaja C IPUMEHEHHEM 9 MeXAyHOPOIHONPU3HAHHBIX MUKPOCATEIIUTHBIX
MapkepoB. B nemnsx ontumuzanuy onpeeneHus UIMHBI ajljenei Oblio MpOBeJISeHO CPABHUTENBHOE
TCHOTHITUPOBAHNE CEMH CTaHAAPTHBIX COPTOB C M3BECTHON JJIMHONW MHKPOCATEIUIMTHBIX aJuIeNeH,
npernokeHHbIX koHcopuueM npoekta GENRES 081. OcHoBbIBasick Ha pe3yibTaTax ONTUMH3a-
UM TCHOTUIIMPOBaHbI HEKOTOPBIC apMSIHCKUE copTa BHHOrpaja. [lokasano, uyto cucrema Qiaxcel
MOXET CTaTh 3(P(YEKTUBHBIM MHCTPYMEHTOM JUISl T€HOTHITMPOBAHUS M HACHTU(UKALMU T€HETH-
YECKUX PECYPCOB PaCTCHMI KaK B HAYYHBIX, TAK U B KOMMEPUECKHUX LEIIX.

Qiaxcel — mukpocamennumol — 2eHOMUNUPOBAHUE — BUHOZPAO

Grapevine represents one of the most important products of plant domestication
during the development of human civilization. It is intimately bound up with the expansion
of agriculture, trade and commerce and is also important in social-religious, cultural and
political aspects of many societies [4, 14].
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Grapevine production, based on proper use of local genetic resources and on
sustainable viticulture practices, provides a major potential source of income for farmers,
especially in low income transition countries of the Caucasus and Eastern Europe,
including Armenia. In 2010 the world’s global grapevine area was estimated as 8.1 million
hectares out of which approximately 8 million ha vineyard is mostly processed into wine,
but some is destined for fresh consumption as table grapes, dried into raisins, processed
into non-alcoholic juice, and distilled into spirits (http:/faostat.fao.org). Currently, there
are over 10,000 grape cultivars names in use worldwide [2], and their classification is often
confusing because of homonyms, synonyms, scarce or incorrect historical information
[13]. In addition, the different languages used in the east European countries, like
Armenia, produce different spellings of the same variety name, which may cause double
registering. Simultaneously accurate identification of grape varieties is most important
issue for its sustainable conservation, management and use [7]. For proper identification of
grape varieties in line with ampelography, the modern biomolecular approaches (DNA
markers based analysis), are needed. Nowadays SSR and SNP markers are the most
advanced and widely used markers in grape varieties fingerprinting and related
investigation. For SSR analyses the capillary electrophoresis technology is widely used [8,
10, 14, 19]. The capillary electrophoresis is mainly combined with use of fluorescently
labeled primers and performed for example ABI 3100x] DNA Sequencer (ABI 3100xl:
Applied Biosystems, USA). Such kind of analyses provides high detection sensitivity [11,
17] and might be used for grape profiling. So, it is clear that the cost of the instrument and
appropriate reagents are quite high and economically not effective. The QIAxcel System
(Qiagen, USA) is a relatively inexpensive instrument that uses disposable micro-channel
cartridges containing sieving-gel matrix with ethidium bromide (EtBr) dye to generate both
gel images and allele sizes [3,12,13 ]. Most of small laboratories can effectively use these
systems for genotyping.

The purpose of this investigation was to study the applicability of QIAxcel system for
SSR fingerprinting of grape varieties exploiting the internationally accepted 9 micro-
satellite markers.

Materials and methods. Armenian table grape varieties “’Deghin Yerevani’’, *’Vardaguyn
Yerevani’’, “’Parvana’, “Marmari’’, “’Sev Kishmish’> provided by Scientific Center of
Viticulture, Fruit-Growing and Wine-Making in Armenia, as well as seven reference varieties
(Furmint B, Sultanina, Cabernet-Sauvignon, Chardonnay B, Merlot N, Pinot noir N, Carignan N)
proposed by GENRES 081 consortium were investigated.

The following 9 polymorphic SSR primers were chosen: VVS2 [20], VVMDS5, 7 [5],
VVMD25, 27, 28, 32 [6], ZAG62 and ZAG79 [18].

DNA was isolated from fine powdered leaf tissues frozen in refrigerator at -25C degrees and
homogenized in Tissue Lyzer LT (Qiagen) to avoid cross contamination among samples. The
extraction was performed according to the protocol for DNeasy Plant Mini Kit (Qiagen, Hilden,
Germany).

Isolated DNA quantity and quality were evaluated using Multiskan Microplate
Spectrophotometer (Thermo Scientific). In addition, 10 pl of each DNA extract were loaded and
visualized on a 1.5% agarose gel.

PCR amplifications were performed by using Type it Microsatellite PCR kit (Qlagen) in 25
pl reaction mixtures containing 5 pl DNA template (10 ng/pl), 12,5 ul of 2x Type-it Miltiplex PCR
Master Mix (3mM MgCI2) with (Qiagen), 2.5 pl of primer Mix (2mkM of each primer), and 5 pl
of sterile RNase free water. PCR Amplification was performed in gradient PCR machine (Techne,
gradient thermal cycler) with the following programme 95°C for 5 min, followed by 35 cycles of
95°C for 30 seconds, 60°C for 90 seconds, 72°C for 30 seconds, and a final extension at 68°C for
10 min. For selection of optimal annealing temperature for the selected primers the gradient PCR
were performed at the first steps with T — 58°C, gradient 18°C.

Gel electrophoresis (3% agarose) of 2 pL of each sample per lane was used to verify PCR
amplification had occured during 30 min, under 120V. The QIAxcel System was used to determine
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determine the size of the amplified alleles for each individual using the QIAxcel Advanced User
Manuel (QIAGEN 2011). The QIAxcel DNA High Resolution Kit and Cartridge were utilized,
along with the QX 25 bp/500 bp and pUCI18/Haelll Size Markers and the QX 15 bp/600 bp
Alignment Marker, for the base calling of alleles (QIAGEN 2011). The concentration of the size
marker was diluted to 30 ng/ uL. (QIAGEN 2011). Data were automatically recorded and exported
using BioCalculatorTM software, which provides both a gel view and an electropherogram of the
separated PCR products (alleles) [21].

Results and Discussion. A comparison of the results of SSR fingerprints of grape
reference varieties obtained on QIAxcel system by using QX 25 bp/500 bp and
pUC18/Haelll markers and the results provided by the Genres 081 project consortium
shaw differences in size of SSR markers sizes (Tab.l1). The difference in case of
application of pUC18/Haelll maker for size determination was around 10-15 bp, and in
case of QX 25 bp/500 bp marker was around 5-10 bp. In table 1 the difference in allele
sizes for Furmint B variety is presented. It should be noted that the QIAxcel System
software calculates allele sizes based on the DNA size marker table generated from an
earlier analysis on the same cartridge. However, in our experiments for each run we were
running the size marker too.

Tab. 1. Comparison allele sizes genereated by 9 SSR primers for reference variety Furmint B

. SSR markers sizes SSR markers sizes
The name SSR markers sizes . . .
. determined by Qiaxcel determined by
of determined by ) . .
referen SSR markers GENRES 081 system, using Qiaxcel system, using
clerence ; pUCI8/Haelll size QX 25/500 bp size
variety consortium
marker marker
VVMDS5 223 238 240 248 229 242
VVMD7 239 249 250 261 245 257
VVMD25 238 240 249 255 243 250
VVMD27 176 191 185 202 182 200
Furmint B VVMD28 227 247 238 285 235 253
VVMD32 263 271 274 285 269 280
VVS2 131 151 145 163 136 160
VIZAG62 188 204 201 215 194 210
VIZAG79 238 250 252 265 245 255

The widely used for SSR genotyping ABI instruments use an internal standard in
each sample and allelic samples are calculated individually for each capillary. That is
why the resolution and accuracy of size determination is around 1-2 base pairs. The
application of QIAxcel system for evaluation of genetic diversity of flowering dogwood
(Cornus florida L.) [9], for molecular characterization of wild species and miniature
roses [1] was shown that only limitation is the low resolution of allele determination in
comparison with ABI systems. In all mentioned cases the authors are using unmodified
protocols of size determination by QIAxcel system provided by manufacturer.

In our experiments to increase the accuracy of size determination we have chosen
QX 25/500 bp size marker as the range of DNA fragments is mostly correspond to the
expected sizes of the SSR alleles. We have included the size marker in all of the samples
for the QIAxcel System, and as result the calculated allelic sizes were within 1 or 2 bp.
So the modification of the protocol increased the accuracy of size determination by
Qiaxcel system.

By using the optimized allele scoring protocol for Qiaxcel system, we have
performed genetic fingerprinting of some Armenian table grape varieties. According to
the results obtained it is possible to differentiate the varieties with 9 SSR markers by
using Qiaxcel system (tab.2).
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Tab. 2. Genetic fingerprints of table grapes by 9 SSR markers

Variety SSR markers size (bp)
VVMD5] VVMD7[VWMD25 | VVMD27 | VVMD28] VVMD32 | VVS2 | VrZAG62| VIZAGT9

Deghin 227 232| 230 244|228 237 | 162 177 | 203 231 | 236 237 | 126 133 170 170 | 233 242
Yerevani

Vardaguyn 227 227| 236 250|228 238 | 162 177 | 202 231 | 236 236 | 156 135 173173 | 232245
Yerevani

Parvana 220234 | 234244 241241 | 165180 | 232232 | 243266 | 130 135 175 175 | 240 246
Marmari 232 232| 240 241|229 239 | 178 180 | 220 232 | 238 238 | 141 133 171 171 | 235244
Sev Kishmish | 228228 | 249253 | 237241 | 164 180 | 205235 | 238238 | 140 161] 179 193 | 235 240

The QIAxcel System (fig.1) automatically generated tables of allele size, the
resolution and allele size determination might be optimized, it is less expensive and less
labor intensive in comparison with ABI systems.

. I, Ui (RFEL e8E061)

]
Trns i)

Fig.1. The graphs of the allele sizes of Deghin Yerevani grape variety with SSR primers VVMD
27 (upper) and VIZAG262 (lower) presented by QIAxcel System genetic analyzer

QIAxcel system is much more effective than conventional electrophoreses in
agarose and polyacrylamide gels. It could automatically analyze 96 samples without the
need for manual sample and gel preparations. So, it can be useful tool not only for accu-
rate genotyping assays, but also for large scale population analysis, when allele sizes are
converted to binary (1, 0) output before analysis. QIAxcel System might be useful tool
for accurate genotyping and variety identification of microbial, plant and animal genetic
resources for scientific and commercial purposes.
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Uohuwwnwpnid UbpYuwjwgdwsé Bu Swyniph dwpgnud 2ngwlw dhgwdwiph ypw dwpnnt
yeugwnwjhu gnpéniubnejwu L wuwulwwwhnipjwl wanbgniejwl dSwywiutpp: Spyty 6U wju bp-
ynt ninpinuphg 2ppwyw dhgwdwin Ubpdniddnn wgnnh W $nudnph tnwpbywl pwuwyutpp 2009-
2012 pqwywuutphu: huswbu bwl hhduwygnnytbp BU wju dwpgnd wuwubwwwhnipjwl qupgug-
JwU huwpwynnniejniultpp:

YGLuwohl inwpnpbn — whwulwwwhnepynil — dwpnne YEUgwnuwyhl gnpdnilbnipnil —
onswlhw dhswywinh wnumnnned — wpnunwywnbnh pGrbgwontpynil

B pabore mpexncraBnen o0beM BO3AEHCTBHSL OBITOBOH IESTEIBHOCTH UYEIOBEKA U CKOTO-
BOJICTBA Ha OKPYXKalollyto cpefy B TaBymickoMm Map3se. Paccduutanbl rojoBble KOTUYECTBA a30Ta U
¢octopa, BHOCHMBIE B OKpYKarollyto cpeay B nepuon 2009-2012 rr., a Taxke 000CHOBaHA BO3-
MOKHOCTb Pa3BUTHS JKMBOTHOBOJCTBA Ha TEPPUTOPUH 3TOTO Map3a.

Buozennvie anemenmol — CKOMo8OOCHBO — ObIMOBA OeAMENbHOCb Yell08eKa — 3a2PA3HEHUe
OKpyrcalowell cpedvl — Hazpy3Ka nacmouuy

The impact of human household activities and cattle-breeding on the environment in Ta-
vush marz are presented in the work. Annual amount of nitrogen and phosphorus entered into the
environment in the marz during 2009-2012 were calculated. The capacity of the development of
cattle-breeding in this territory was also justified.

Nutrients — cattle breeding — household human activities —
environmental contamination — load of pastures

Swyniph Jwpgp gwnuynid £ 3wjwutnwuh hjntuhu-wplbywl dwuncd: vGpghUuhu
Jwybptbup Ywqunwd £ 2704 uu2 wnwpwép [2]: Uwupgp hwpwy-wplbpnid W hwpwynod
uwhdwlwyhg £ 33 QGnwppntuhph W YUnwnwph Jwnpgbphl, wpldninpnid® 33 Lnnnt
dwpght U wtnwywl vwhdwunyd' YpwunwUpl, hjntupunid W wpbbgenad® Unppbsw-
Uhu: Wu wnwpwépnd gnjnieiniu ntlblu 5 pwnwpwjhu W 57 gjninuywu hwdwjuputp®
134900 punhwuntp puwygnipjwdp: Swyniph dwpgp puntpwanynid £ jwy qupgugwd
g/nLnwinuwintuntwdp (2011p. Swynwph dwngh gjninwitnuwnbuntpwl 6jninp Yuqub) £
3R hwdwwwwnwupiwu §jninh punhwunip Swdwih 4,9%-p), hugp wwjdwuwynpywd t
hugwbu puwyhdwjwywl wwjdwuubpny, wjbuwbu k| pny qupgugwéd wpnniuwpknne-
rjwUp: Uwpgnid wuwulwpniénipjwl Jbe wnwowwnwp dinintnp GU hwdwndnid funnn
Gnotpwynp  wlwulwpnénieintlU nL funqupniénie)niup: Uwpgh U hwwnywwbu
Unuinlh hndunh puwyhdwjwywl wwjdwuubpp (JEnU Ythdw, dwpnip on, hwlpwjhu
pnidhs ontip, wuwmwnlbn, gbnwwbuh) |Gruw2huwph) swihwqwug Uwwunwynp G
Jwpnywug hwuquunh Yuwquwytpwydwu W wnniphquh qupguwgdwl hwdwp: buy Grb
wjn wutup hwdwnpdh (wy qupgugwé gninwnunbunijwl htwn, Yuwpnn Gu Uwwu-
wnwynp wywjdwuubp uinknéyt) Eyninniphquh, hbnlbwpwp bwle gjninuwywl hwdwjup-
utph qupgugdwu hwdwn:
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Qnpéuwywund Jwpnne gwujwgwéd inunbuwywl gnpéniutnieintu nlutunwd £
hn wanbgnieintup 2ngwyw dhgwdwiph ypw [4, 5]: Swyni2h dwngnd dwpnyuwjhl gnp-
oncubnejwlu Ywplnp puwgwywnltphg U puwysnipjwl YEugwnwihu gnpénlutnt-
RInLtUlU nL gjnnwinuwnbunteiniup: Wju ninpinubphg 2ppwiw vhwywyph dpw wanbgnt-
pjwl pwgwuwlwl hGnlwuplbphg UGyp nw YGUuwshu wnwppbpny wnununnwdu E:
Uwulwynpwwbu intnh £ nluEuncd wgnuinh W $nudpnph tnwipptn Jhwgnieniuutph utkp-
dniénid 2ppwyw Uhpwywip, npnup wjuncthtnle dwytplnipwihtu nt unnpgbunujw hnu-
ptph dhengny hwulnwd U gbintbp' pepbiny Eynhwdwywngbph plwywl hwywuwpw-
Uonqwé yhdwyh wpuindwl: Npwybu hwydbined Yunbrh E Uk, np wyju Jwpgned s6U gnn-
6nwd yEugwnwjhu hnupwentph JwppdwU Ywjwuubnp, hmbwpwn Jwpnywihlt nuwnk-
uwywlu gnpéniubnijwl hGnlwupny wnwewgwd hnupwenptpp s6U hwdwpynid L ¢EU
Jwppyntu:

Whwwnwuph bwwwnwyu £ BEnbp nuntduwuhpty 2ppwyw vhowdwiph ypw dwnp-
nnt Yugwnuwjhu gnpéniubnipjwt b wlwulwwwhnijwl wantgnipjwl dwywiubpp nu
wnw| yGpohuhu qupgugdwlu huwpwynpnipjniup:

Unip U dbpnn: Cun dnlEujwjntph’ pwnwpwplwy ppgwllbnnud jnipwpwgnip Jwpnnt
yeugwnwjhu gnpéniubniwlu htnbwupny JBY opnud Jhpwdwn £ wugunid 28 g wgnun U 2,8 q
$nudnn, huy gjntnulwl pppwliibpnid’ hwdwwwwnwuhiwbwpwn 14 g W 1,4 g [7]: Cuwn (1), (2), 3) L
(4) pwlwalbnh Ywpbih £ hwayt) JEY tnwnpgw punwgpnid Ubpdnidynn wagnunh W $nudpnph pwliwyn.

Ninp =365 Nonp. (1)
Pip=3656 Ponp.  (2)
Nipg=3656 Nopg (3)
Puna.=3656 Pong

npuntn Nup, Pup U Nug., Poghwdwwwinwupiwlwpwn J6y dwnpnnig UGy tnwpnwd bkpdnis-
ynn wqnnh nt $nudnnh pulil b punwpwhl b gininwiywl hwdwjUplnhg, huy Nepp, Pepp U
Nong.» Pong. UGY Uwnnnig Uty opnud Ubnpuniéynn wanwnh nt $nudnph pwliwyu £ pwnwpwhu b gjn-
nwywu hwdwjupltnphg: Cuwn dniGudwintph, fun2np Gngbpwdnp wuwuntuutph 1000 Yg YEunwuh
pw2hg lmwnptywl wpwnwpnpwuputph hengny 2npgwlyw vhewywyn £ ubpdnidynid 156 g wgnun W
17 Yg dnudnp, Jwup Gnetpwynp wlwunitbubnhg' 119 g wgnun nt 20 Yg $nudnn, huy fungtbnhg'
150 Yg wagnwn W 45 Yg $nudnp (wn. 1) [8]:

Un.1. Cunhwuntp wgnwnh W $nudbnph wwnpnibwynipintup gjntnununbuwywl
yeunwuhutnh EpuypGUtunutnnud (Yg/tnwnh 1000 Yg YEunwuh pwphg)

LUEUnwluwwnbuwy EpuyptGUBUwnutnh Ugnunh pwgwpéwy |[dnudnph pwgwpbwy

punhwuntp quugywd, | wywpnibwynie)nil, wwnntbuwyntpntl,
Yg/twph Yg/tnwph Yg/tnwph

tun2np Gngpwynp 27000 156 17

wlwuntu

Uwup tngbpwynp 16000 119 20

wlwuntu

tunq 30000 150 45

Cunniutiny Jwpgh funpnp Gngbpwynp wlwuntlUbph vhghu pwpp 450 Yyg, Jwup GneGpwynp
wlwuntuutph Udhghu pwpp 50 Yg, huy fungtiphup® 80 Yg, hGwnlnud k.

Niut. = 450 6 Ny s / 1000 )
Pt =450 6 Puaps / 1000 (6)
Nyg = 50 6 Nynys / 1000 (7)
Pue. = 508 Pgynus / 1000 (8)
Nn. = 808 Nynp. / 1000 9)
Pn. = 806 Punp. / 1000 (10),

npntn Nps, Prs,s Nus, Pus U Ni., P hwdwwwnwupuwUwpwnp d&6Y fun2np Gngbnwynn wuw-
untup, JGY dwln BngGpwynp wbwuntuh W UGy fungh Epuyptdtuinutphg dhgwdw)p dinunn wgnunh L
$nudnph pwliwyu £, huy Nunput, Punput, Nunat, Punat U Nunps Pun . hwdwwwinwupuwbwpwn fun-
2nn, dwlp Gngbpwynp wuwuntuh W fungh 1000yg YEUnwuh pw2hg wpiwennynn Epuyntutunnutnhg
2npwyw Uhpwywip Ubpunidynn wgnunh W dnudnph pwlwyubnu Gu: Cun Unituwintph, uhghu dwu-
pwptnujwé 1 hw wpnunwywjpnd tnwptywu hnn £ uGpdnidynid 10 q/LI2 wgagnwu W 1,45 q/LI2 $nudnp
[8]: dE&pghUu hwdwwwwnwuhuwubgubiny Swyniph Jwpgh plwyhdwjwywl wwjdwuubnhu, Ygwup
Ggpwlwgnijwu, np pnywnptbih swupwpbnujwéntejwl wwywhnyuwl nbwpenud UGy hEywnwn nw-
nwoéph ypw Ywnbih £ wpwoétgub) 1,4 wwjdwluwywu ginchu fungnp W 13 wwjdwuwywu ginchu dwup
Gnebnwynp wuwuntu:
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Upnyntuplbn U pbbwpyned: Iwdwbdwju Iwjwunwlh Iwlpwwbwnniejwl Uggqu-
Jhu Jhdwywagpwywl swnwjnipjwl nywubph’ 2012 p. wju nwpwdpnid puwyyt) £
134,9 hwq. dwnn, nphg 52,9 hwq.' pwnwputpnid, huy 82 hwq." gnntpned (wn. 2) [3]:

Un.2. Swyn2h dwngh plwysnipjwl pwpwluwyp

Swpbphup Pwnwpwjhu QjnLnwywu Cunhwuntn

pUwygnipinLl pUwysnipinLlu pUwygnipinLl

(hwqg. dwpn) (hwg. dwpn) (hwg. dwpn)
2009 52,5 81,6 134,1
2010 52,6 81,9 134,5
2011 52,7 81,9 134,6
2012 52,9 82 134,9

hUswGu Gplund £ wn. 2-hg, UGpghu gnpu tnwphubph pupwgpenid Swynwph Jwn-
qh pbwygnipjwl pywpwlwyh Ewywl thnthnpunie)nil sh Lywnyby:

Oguytiny (1), (2), (3) L (4) pwluwaéllbphg Ywpbih £ hwadb), pE wju tnwpws-
pnid plwygniejwl inuinbuwwu gnpéniubniejwl hGnlwupny hugpwl wagnwn W $nu-
$np £ Jnlnud 2ppwyw Jhpwywjp: buswbu gniyg Gu wnyt, hwpdwnpyutpp 2012 .
dwpnnt yEugwnwjhu gnpéncubniejwl hGnlbwupny 2newlw vhpwdw)n £ ubpuniéyt|
959,66 nn wagnwn W 95,96 in $nudpnp (wn. 3):

Un.3. Uwpnnt yeugwnuwjhu gnpéniubiniejwl htinliwupny Swynigh dwngned dhgwywin
ubpunsywéd wgninh (N) W $nudpnph (P) ywpniuwynipinilp (wn/tnwnph)

Pwnwpwjhu pppwulbp | Qynnwywl pppwllbp CunwyJtup

Swnbehdn P N P N P
2009 536,55 53,66 416,98 41,69 953,53 95,35
2010 537,57 53,76 418,51 41,85 956,08 95,61
2011 538,59 53,86 418,51 41,45 957,10 95,71
2012 540,64 54,06 418,02 41,90 959,66 95,96

Uuwulwwwhnijwl ninpunnhu yepwptbpnn dep ynnuhg yuwnwndwd hwpywny-
utphg W 33 Uqqujht yhdwlwagpnipjwl Jwngnipjwl ndjwiubphg wwnqyby £ np
2012 . Swyntph puwygnieintup nlukgtk £ 34136 funanp nu 15146 dwup Gngbpwynn
wlwuntu W 14346 fung (wn.4) [1]: Puswbu Gpnud E wnyniuwyhg, funpnp W Jdwunp Gn-
stpwynp wluwunuubph glhuwpwlwyh Ewlywu thnthnpunieintt sh Lywwnytp 2009-
2012 pr. dwdwluwlwhwwnywéned, huy rungbph giuwpwlwyp wyn Unyu dwdwlw-
Ywhwwnywénid wybiwgt) £ 2nipg 66%-ny:

Un.4. Swynt2h dwngh fun2np ni dwup Gngbpwynp wuwuntulbph
U hungbiph glhuwpwuwyp 2009-2012 pR.

fun2np Bngbpwyn Uwup GngGpwyn bun
swnephun| M2 | |
2009 33361 16122 8626
2010 33751 14155 13348
2011 33755 14574 13696
2012 34136 15146 14346

Oqunytiny (5), (6), (7), (8), (9 L (10) pwlwablEphg, UGUp Ywwwnb| Gup hw)p-
Jupyubp L ywnpgbyl, np 2012 . fun2np nL Jwup EnoGpwdnp wuwunctuuGph W fungbnh
wpwnwpenpwupubph vhengny 2ngwlw vheowywjn £t ubpuniédt| punwdtup 2658,62 in
wgnun U 327,94 nn $nudnn (wn.5): Ntuntduwuhpnipntbutph wpnyniuputpp gnyg Gu
wnyby, np 2009-2012 . nbnh £ niubgh] 2npwlw vhpwywp Ukpdniéynn wgnnh wé
4,6%-ny U dnudnph wb 8,4%-nu:

Ogquytiny vniEuduwyntiph wndjwilitphg W Jtp Yynndhg Ywwwpqwsé hwayguwny-
utphg' hwpyyt] £ bwl Swyniph Jwpgh wpnunwywinptph pbnujwénipiniup: Iwdw-
dwjU IwjwunwUh Iwlupwwbwnnipjwl Ywnwywpniejwll wrpUrbp wlpwnd gnijph
Jwnwuwnph wytnwywl yndhnbh wndjuiutph’ Swyniph dwpql niuh 63201,5 hw wpn-
nwywjn:
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Un.5. Swynph dwngned fun2np ni Jwup Gngpwynp wuwuncutnh W hungbph wpunwenpwuplbnh
Uhgngny 2npwiyw Uhgwywin Ubpdniéywé wagnuinh W nudnph pwuwyubpp (innbuw/nwnph)

tunznp GngGpwdnnp Uwlp Gngtpwynn tunq CunwyJtlup
Swntrhup wlwuntl wlwuntlu
N P N P N P N P
2009 2341,94 255,21 95,93 16,12 103,51 31,05 2541,38 | 302,38
2010 2369,32 258,20 84,22 14,16 160,18 48,05 2613,72 | 32041
2011 2369,60 258,35 86,72 14,57 164,35 49,31 2620,67 | 322,11
2012 2396,35 261,14 90,12 15,15 172,15 51,65 2658,62 | 327,94

Cuwnn dniGUdwintph wnwowpwé uninbgdwu® 9,3 wwjdwlwlwl ginthu dwln
GnetGpwynp wlwuntuubEphu wuhpwdtywn £ UGy ywjdwuwywu ginifu fun2np Gnetpw-
Jnp wuwuntup hwdwp ywhwugynn wpnunwywjp:

Rwpywpyubphg Gpunwd £, np Swynzh dwpgh wpnunwdwiptph pbnujwént-
pjnLup 2012 p. Ywqut| £ punwuJtup 40,4% (wn. 6):

Un.6. Swyniph dwngh wpnunwdwjnbph pnudwénieiniup W
wlwulwg|uwpwluwyh wah huwpwydnnpnipiniup

Wuwulwg|huwpwlwyh
Upnunwywjptph wdh huwpwynnpnipjntup
Swnbrhup pGnuwénLenLl, JGY wwjdwuwywl fun2nn
% Gngpwynp wlwuntlh
hwaywpyny
2009 39,7 53388
2010 39,9 53209
2011 39,9 53160
2012 40,4 52717

Jhtwywagpwywu nyjwibtphg wwpqdtl £, np UWwwnynid E wbwulwguwpw-
LUwyh wubpwu wé, npp huswybu JeUp wwngbghUup yunwug sh hwunhuwunwd tnwpw-
Swpnewlh hwdwp: huswybu Gplnwd £ wn. 6-h wdjwibbphg, wju nwpwdéwpswuncd
wlwulwwwhniejwl qupgwgdwl J6d huwpwynpnipintt Yw (Uhugle 52717 ginthu
funanp BngGpwynp wlwuntl): Uhwjlu wuhpwdbn £ Juwnwnpb 6hon wpwétgned,
wjuhupl, swnwowglb] nbGnwihu gbpptGruywénie)nil, oginwgnndt| hwdwjuplutphg
hGnnL gunuynn wpnunwywjnptpp W jnpwpwuginep hhugGpnpn mwphu wpnunwyw)pp
pnnut, hwuquunh hdwynwd, npwbugh wbnh nGLlw pUwlwU uGpUuw2powlw-
nnieinLl: Wu swuwwwnhny upbih £ hwulb, wpnunwywiptph wpnynibwybunniejwu
pwnapwgdwup, huswbu bwl UJwagbgub) hnnwjhu Ennghwu:

Cuwnn NwuwEnpuwjh® funpnp W dwup Gngbpwynp wuwunilultph EpuyptUtun-
utiph Jvhgngny hnn dnwé $nudnph 1,5%-p wugunid £ Jwybpunipwihu W gpnilnw-
Jhu ontin [6]: Ugnunh hwdwp wju gnigwlhp wybih u6d £ U wju hwwuwp £ 10-20%:
Upw htn juwywsd wuhpwdtywn £ wnnigbp gndwnph Ynenwydwl Juyptn, npwbu-
gh wuwubwwwhnipjwl hGlnwgw qupgwgnidp ¢gntuElw hp pwgwuwywl wagnbgnt-
pinLtup 2newlyw dhewywinh' dwutwynpwwbu Unuinle gbnh ypw:

aruyuLNHE3NIL

1. Wuwulwaghuwpwuwyh hwdwwnwpwé hwpqwnrdwl hwupwagntdwputpp 2012 pwyw-
Uh hniudwnph 1-h npnipjwdp, Iwjwunwlh Iwbpwwbunnipjwlu Uggwihtu yhtwlw-
gpwlwl SwnwjnLpinLl, Gplwl, 6 ko, 2012:

2. Awjwunwlh Iwlpwwbwnniejwl Jwpqbpp bW Gplwl pwnwpep rUyGpny 2007-2011, Jw-
Jwutnwuh Iwlpwwbunniejwl Uggwihu yhdwlywagpwywl swnwjnipinitt, Splwl, Ep
312-318, 2012:

3. Swjwuwnwuh Iwlpwwbwnniejwl W2nwywl puwysnipjwl pqwpwlwyp 2012 pwlw-
Uh hnywnbdpbph 1-h npnipjwdp, Iwjwunwuh Iwlpwwbwniejwl Ugqgwjht yhdwlw-
gpwywl SwnwjnLenLl, Gplwu, 10 ke, 2012:
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AcuntdUwuhpnepnilutpp ywwwpytbp Gu 2008-2010 pr. Upwpwujwl hwprpwdwph
wuwjdwuubpnud® nbnédtunt Ntuwbhu W Lwphugh Jwnwhwu unpntph Ypw: IGnwgnunipntult-
ph pupwgpnid hwupwjhl wwpwpunwljnietpp Yhpwndt) B gupluwup® hnn dingutind, huy op-
qwUwhwUpwjht pwnwnpniRjwl wwpwpuwujnipp (YndwEpunl) Yyhpwnytbl E tninwwagh hGwn
hwdwwntn® wpnwpdwwnwjhu uunigdwdp® wnnnubph yuguwytpudwu ppgwuntd (Jwjhuh 2-pn
inwuliopjwy) U 20 on npwuhg htwnn: dnpatpny wwwgnigdby £, np pwpén W npwyjw ptipp huw-
pwynnp E unwlwl wju nBwpnid, Gpp hwupwjht wwpwpunwgdwl hGwn Yuwwmwnpdned E wpinwp-
dwwnwjhu uuncgnid® puin wuhpwdtuniejwl hwdwwnbnywéd yuwuwlwn opgwuhguutph ntd
phUuhwywu wwjpwnh nplk Uhgngwndwdp:

2Wnd — wwnnuwpwih — onqulwhwlpuyhl wwnwmunwlynie — pnrlighghn — pbppwwnynieintl

HUccnenosanust mpoBoammicsk B 2008-2010 rr. B ycinoBusix ApapaTCKoil paBHHHBI Ha COp-
Tax NMEPCUKOBBIX JiepeBbeB Ycnex n Hapuumku. MuHepaisHOe yaoOpeHHe BHOCHIOCH B MOYBY
BECHOM, a OpraHOMHHEpAIbHOEe ynoOpeHue (KOMIUIEKCOH) COBMEMIATOCh C TOIAa30M M HMpPUMEHS-
JIOCh B Iepron (OpMUPOBaHUS IUIOJOB (BTOpast Aekana mas) u uepe3 20 aueil. OnpiTaMy yCTaHOB-
JICHO, YTO BBICOKHMH M KaUYeCTBEHHBIN ypOXaif MOXXHO OOECIEUUTh B TOM ClIydae, KOTJa C OCHOB-
HBIMU MHHEPAIBHBIMH YJIOOPEHUSIMH NPUMEHSETCS BHEKOPHEBas MOAKOPMKA, U XHUMHUYECKHUE
cpezacTBa OOpHOBI C BpeJHBIMU OpPraHU3MaMH.

Ilepcuk — onadenue nio006 — OP2aAHOMUHEPATIbHOE YOOOPpeHUe — QYHUYUO — YPOHCATHOCMD

The studies have been carried out in Ararat valley on Uspekh and Narindzhi peach varieti-
es. In the experiments, mineral fertilizers were introduced into the soil in spring, while organic-mi-
neral fertilizer (complexon) is mixed with with topaz and applied during fruit formation (the
second decade of May) and after 20 days. Experiments prove that high and qualitative yield is pro-
vided in case of mineral fertilization alongside with off-root nourishment with chemicals applied
against harmful organisms in the case of necessity.

Peach — fruit drop — organic fertilizer — fungicide — crop yield

Npwbu wpdbpwynp wunnwwnbuwy, ntnéh UWjwwndwdp Enwé hwuwpwywywu
wwhwUswpyp quwiny Jedwunid E, uwywju (hutiny hwdbdwwnwpwp Uncpp W puw-
Jwl wuwjdwuubph Yunpney thnihnpuniejnilutph Uywwndwdp qgw)niu Swnwwnbuwy,
ntndtuhU wnwyb] ww E ninudnud nenguwl, ywpwpunwgdwl, Enh, dbwynpdwl,
Juwuwwniubph b hhjwunniejniuuGph nGd wwjpwnph, hugwbu bwl wgpnnGhubhlyw-
Jwl wyj) Uhgngwnnidubnh fuwhuinnidutphg:
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Rw2yh wnubiny U2dwéd hwugwdwupubpp, ypwydtp GU nEndtunt wwpwpunwg-
Jwl unp dnwnbgnudubn, npintn punanyyt) GU wpdwwnwihu L wpunwpdwwnwihl wyw-
nwnpuwgnidutpp, huswbu bwl pnyubph Ww2unwwuniejwl phdhwywl vhgngwnnid-
utpp, npnug hwdwwinkn Yyhpwnenwdhg ng dhwju pwpapwuncd £ Upqwé Uiniebph wann-
YEluwpwlwlywl b munGuwlywu wpnyntbwybunnie)niup, wj bwlb ggwihnpBU ENLW-
unwd £ Jhpwdwyph ypw ghpdwnpynn wupnpnwngtu dupnwdp [1, 2]:

GunwgnuinientluGph Uwywwnwyu E GnGp nuntduwuhptp hwupwjhu, opgquw-
UwhwlUpwjhu ywpwpunwlnietph nt $niughghnh hwdwwnbnuwlu wanbgniejniup
ntnatunt Lpywd unpintph YELuwpwlwlywl hhduwywl hwwnlywuhubph' pepph npw-
Juwlwu b pwlwywywu gnigwuhutph, ywnnwpwhh wunhdwlh ypw, hugwbu bwl
npn2yb) £ innwwaq $ntughghnh pnilwgnpyuwu nhuwdhlywlu nGndtunt ywnninutpned:

Unip U UGpnn: dnndp npdbl £ ¢npu Ypyunnnipjwdp, jnipwpwlgnip Ypyunnnepintuncd
5-wywl dwn' hGnlyw] mwppbGpwyutpny.

l.unnighg (wnwlg Wywpwpunwgdwl b upuydwl),

2.yndyGpunu (03M) 0,25%-ng gnwjhu |nLéneje + nnwwq 0,08%,

3. Noo,

4.Nog Py,

5. Ngo Pog Koo,

6.Ngo Poy Koo,

7.Ni20 Pog Koo,

8.Ni20 Pop Koo Ynuwyiipunli (03M) 0,25%-ng gpwijhu |nLdnijp + innwwq 0,08%:

Npwbtu opgqwlwhwlpwjhl wwpwpwwlinie, oginwgnpéyb) £ Yndwibpunl, npp (wy
inLéynid £ opnid, wwpnibwynwd £ dwypn W Jhypninwpntp, hugwybu bwl hnidwwnwihu Upneetn,
Uhpwnynd £ hnn Juigubind b wpunwpdwwnwihu uunigdwdp: YndwGpunup hwdwwbnynid E
gpbret pninp wbunhghnubph htwn, win rUNLd nwwah hGw, pun npnid, hwdpuyunwd BU Lwl
npwlg Yhpwndwlu dwuybwnutpp: Unwgywsd nudnypp ybgbunwghwih pupwgpnid pnijubphu
nnybl £ 2 wugwd® wnnnubph yuguwytpwdwu ppswunid W npwuhg 20 on htwnn: Wu dwd-
yGwnubpp hwdpuyunid BU wipwgnnh qupgugdwl, huswytu Uwl nEndtunL wwnninubph Yuquw-
Jnpdwl hGwn:

Upryniliplbp U pllwiplmid: By s6U nGwptinp, Gnp ptppp (hunwd £ pwpan, huy
pbnpph npwlwywu gnigwuputpp’ gwédn, Ywd pbppnid wywhwwuynd U pnuyjwwnntih
swihbpp gbpwquwugnn yuwuwywp Unebph Juwgnpnutp (Upunpwwnubp, Uhunphunubn,
wGuwnhghnubph Juwgnpnwjhu pwuwyutn), pwlh np 2wwn hwdwh wgpnnGhulhywywu
utuwl Uhgngwnnidubph Yhpwndwl hGnbwlupnd ptpph pwlwyu wybiwunwd £ npwyh
hwyhu: vbpghuu wugwulwih Gpunype E, b wju wwpgbine hwdwn Yuwwnwpytp £ nbnat-
Unt wwnnubnh npwywywl wuwihg: SYwubnp penpynid 6U wn. 1-nud:

Un.1-h nyjwiuGpp gniyg Gu nnwihu, np wwpwpunwuneptpp bywunb) BU nbnak-
UnL wwinnwnubpnd gnp Ujncetnh, hugwtu bwle punhwuncp Qwpwnpubph W C yhunwdhUh w-
JGlwgdwup: Iwdtdwinwpwp gwén prUnteintu GU wwpniuwytbp Ni2oPooKeo + Yndwy bp-
unu (03M) 0,25%-ng 9pwjhu |nLényE + innwwq 0,08% unwgwé nwnppbpwyh wwnninut-
np, npuintin rrynLentup tnt) £ 0,46%: Ulwgwé gnigwuhubnny Lu wju tnwpptpwyu wi-
ph E puyt) (wywagniu gnigwuhpubpny, Jwulwynpwpwp® gnp Uiniptnp gt Gu 16,1%,
punhwuntp pwpwnutpp® 10,8%, huy C Yhwinwdhup' 5,5 Ug %: Munnwptpnn wjghu unyn-
nwpwn wyth nudtn £ wpunwgnnd wwpwpuwunietph wgntgnipiniup, npndhtGunl gG6-
UGpwuwnhy opqwultnp dwnwuqwywu wnbuwuyniuhg nnuplwuwn nEwyghw nluGu wp-
inwphu gnpénultph Uywndwdp, pwl npwl uwywuwnynn Yyegbnwmnhy opqwuubpp: Jw-
Jwuwnwunid Jwyynn hhduwywl wyunnwunbuwyutphg ywpwnpuwuniptph UWywndwdp
wdtlwwwhwugynwinp ntnétuhu £, husu wybh £ Ywplnpnd YEuuwpwunpBu 6hoin ww-
pwnpunwgdwl wuhpwdtunnieniup: Munnwihgh 2ppwunud 2w Ywplnp £ wwninutph
ublnwuyniptnpny pwywpwp swihny wwwhnynidp, nph wpnynitupned ujwgned £ wyunnw-
rwihp: Munnwpwihh yepwptpwp 2008-2010pwr. hntuhuh 3-pn tnwuliopjwynd Yuwnw-
nwd nhuinnwdutpl nu hwynidubnp gnyg Bu ndb, np wwpwpunwgywé tnwpptpwyutknh
Swnbph Unwn hntbhujwu wwnnwpwhp, npp hwdwh hwdwnynwd £ unynpuywlu Gplnyp,
2w wugwd ywlywu E GnGl unnighgh hwdGdwwnniejwdp: vGpghuu hp hGpehu bwwu-
k) £ pGpph pwpapwgdwlp: Un. 2-nud pepquwé BU hGinnwgnunniejwu wpnyntupltpp:

Un. 2-h myjwutnhg Gplnwd E, np hntuhujwl wunnwpewh wJdtlhg wwn wntnh Eni-
ubgh| sywpwpunwgywé dwnbph Unwin: Munnwewhh wunhéwup Gpyne unpntph Unin
wlhwutdwwn phs £ BnGl 8-nn tnwppGpwynid (N Py Ko YndwGpunt (O3M) 0,25%-ng
gnwjhu |nLényp + nnwwq 0,08%), nnntn hwupwjht wwpwpunwujnieGnh $nup ypw Yh-
nwnyt] E wpnwpdwwnwhu uunignd* hwdwwnbnwé ninwwq ywnpwuwnntyh hbun:
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Un. 1. Mwpwpwwunieptph L nnwwgh wgnbgnipintup nendtunt wwnninutph
npwlwywl hhduwywu gnigwuhutph ypw

Swpwpubp, %

° B
xX
Swppbpwyutp = J::: 5 ® %:
5 (=2 = =] (&)
[S3 3 5 c =
c o c! = =
= 3 al c & 5
=) = 3 3 z 3
= 3 e 2 z 5
S| s 5 5 & =
1. | Uwnnighs (wnwlg wwpwpunwgdwlu
U upuluw), 14,2 | 3,9 57 9,6 0,58 4,2
2. | Yndw|tpunu (03M) 0,25%-ng
oML ILBnLD + (e 0.08% 14,4 | 4,1 59 [ 10,0 | 0,55 44
3. | Ngo 14,3 4,0 5,9 9,9 0,56 4,3
4. | Ngo Pgo 14,6 4,2 6,1 10,3 0,52 4,7
5. | Neo Poo Koo 15,2 4,2 62 | 104 0,50 4,9
6. | Noo Pgo Kgo 15,7 4.1 6,2 | 10,3 0,51 51
7. | Nio Pgo Koo 15,8 4,3 6,3 | 10,6 0,48 53
8. | NizPgoKgo + Unuwypunt (O3M)
0,25%-ng pnwjhu |nLénije + nnwwq 0,08% 16,1 43 65 | 108 0.46 5.5
un. 2. Mwpwpuwuniebnph bW ninwwagh wanbgniejnLp
ntnatunL yinnwrwhh wunhwuh Yypw, hwwn
Neuwbhu Lwphugh
Swppbpnient- Swppbpnip)nt-
Swppbpwyutn ; < | up unnighgh . Up uwnntghgh
& & S 2 o © s Sy Jwd
< = S % | Wwunuwdp g & 8l Z2|uywundwdp
o o o el o o -~ [
N N ~N S o o o %
hwwn [ 9% N N hwwn [ 9%
1. | Uwnnigh; (wnuilg 42 | 52 | a7 | a7 100 |44 | 51 |45 |47 100

wwpwpunwgdwu b upuydwl),
2. |Undytpunt (O3M)

0,25%-ng gnwjhu [nLénLje + 38 46 39 41 6 87,2 (35| 38 [32|35| 12 74,4
nnwuwgq 0,08%

3. [N 33 45 42 40 7 851 [32)| 36 [41)|36]| 11 76,5
4. |Noo Py 30 39 40 36 11 76,5 [27] 30 |37 31| 16 65,9
5. [Ngo Poo Koo 25 32 38 32 15 680 [21]| 24 [31]|25]| 22 53,1
6. |Ngo Pog Koo 21 28 31 27 20 574 [18] 20 |28 |22| 25 46,8
7. [Nizo Poo Koo 17 21 26 21 26 446 15| 16 |22(18| 30 38,2
8. [ Ni2PoKgo + YnUwytpunt (O3M)

0,25%-ng gnwjhu |nLénLjRe + 1 15 15 14 33 29,7 (11| 13 |16| 13| 34 27,6
wnnwuwgq 0,08%

Uju tnwpptpwynid Neuwbhu unpinh pwthywéd wyinntnutph dhghu pwuwyp tnbky £
14 hwuwn, wd uinnighg lmwppGpwyh hwdtdwwnneejwdp Ljwab) £ 3,3 wuqwd, huy Lw-
nhugh unpwnh Unn® 13 hwwn, jwd 2,8 wugwu phs uinnighg tnwnpptpwyh hwutdwn:

dniughghnubpp odnywdé Bu YELUUWpWUWYWU pwpép wymhynipjwdp, npnup
wgnbiny hwnnighsh ypw, pwthwugnd U pnyubph opgwulutph Jte® nyjw) nbupnid
ntnadtunL wwninutph dtg, nhwuny huy ynwug ubpywjwgubiny dwpnywug, Yeunwuh-
utph L 2ppwyw Jhpwywiph hwdwp punhwupwwbu: dntughghnutph Jduwgnpnutpp
Utpgpwyynd GU pnyubph YEUuwphdhwlwl gnpépupwgutpnid, nph hGnlwupny
oupnid ywu fupwunid GU pnubph $hghninghwywl gnpépupwgltnp, hugu hp wpunw-
gnnLdu £ gununid pGpph npwyh dpw: Iwjwnuh k£, np $ntughghnubph Yhpwnnidp inunt-
uwwbu 2whwybwn E, uwlwju wpmyniwydbnnigjwl  yGpplwywl  ywwnwupuwlup
wnpynd £ npwlg pnilwgnpydwl b wwnnh npwyh Jpw nlubgwé wgnbgnipjwl npnane-
Uhg htwnn: Wu hwpgbph ywwwupuwup nwint hwdwp Yuwnwnpytb, G hGuwgnune-
pintultp’ wwngbint hwdwp nnwwgh entlwgpyuwl nhuwdhywu nbndh wwninub-
nnud: Upnyniupltipp pGpdwé Gu Ly. 1-nud:

REPYwS gbwwwinytphg Gpunwd £, np upuydwl wpntU hwenpn opp ntnadtunt
wuwninutGpnd Uywwnybp £ nnnwwagh duwgnpnutph qqwih udwagnid, pun npnud, wnw-
9hu onGphU wju wntnh E nlubgb; wytbih Yupny, pwu hGnwquynud: Yuwuwywp Juw-
gnpnubpu huywn ybpwgb) BU upuyntdhg wpntu 15-20 op hGwn:
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(o} 1 5 10 15 20
Onptpp upuynmivhg htwnn
—e— Snyuiq

LY. 1. 2HEndtunt wnninubpnud innwwagh pnlbwgnpydwu nhuwdhywl

MNuwpwpunwujnietph Yhpwenuwdl EwlwunpBlu B wgnbp bwl pGpph pwlwyh
wybwgdwl ypw: Gptp nmwpyw dhohu nygjwiutpp gnyg Gu wnwihu, np nbnatunt
pwpén pGppwwnynipjwup hwnywwbu bywuwnnid £ wju tnwppGpwyp, npinkn hwu-
pwjhU ywpwpunwlniptnh $nup ypw Yhpwnytb) E wpnnwpdwwnmwihu uunignid opgu-
LUwhwlUpwihu wwpwpunwunieny® hwdwwntnjwéd nnwwq d$niughghnh htwn: Gprt
unnighs mwppGpwynd 3 nmwnpdw Jdhohu pbppwwndnipinip Ywaqdtp £ 99,6 g/hw,
www win unu gnigwuh2p 8-nn tnwpptpwynud Gnkp £ 194,9 g/hw: Uw Lpwlwynud E,
np pGpph hwyGntdp unnighg lwppGpwyh LWwwndwdp Yuqut) £ 95,3 g/hw, Ywd
95,7%-ny wybh:
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CISPLATIN IN VIVO ACTION ON CONTENT OF NEUTRAL LIPIDS IN
RAT LIVER AND THYMUS NUCLEAR MEMBRANES

E.S. GEVORGYAN, A.G. HOVHANISYAN, ZH.V. YAVROYAN,
N.R. HAKOBYAN, E.G. SARGSYAN

Yerevan State University, Biophysics Department
gevorgyan_emil@yahoo.com

The content of total neutral lipid and its individual fractions in rat liver and thymus nuclear
membrane preparations was studied. The in vivo action of antitumor agent cisplatin leads to de-
crease of total neutral lipid content in both liver and thymus nuclear membrane preparations a 24%
and 20% correspondingly. Six fractions of neutral lipids were revealed in both liver and thymus
nuclear membrane preparations. The cisplatin action leads to decrease of relative content and per-
centage of free cholesterol while the relative content and percentage of other fractions do not re-
liably changed. At the same time the absolute quantities of all fractions are reliably changed which
demonstrates the high-powered action of cisplatin on nuclear lipid metabolic pathways. The ab-
solute quantities of all fractions reliable decreased under the cisplatin action in both liver and thy-
mus nuclear membrane preparations.

Cisplatin — nuclear membranes — neutral lipids — cholesterol

3Gnwgnnyt| £ webbnh yuwpnh W nipgwgbnéh Ynphquewnwuprltnh ¢tanp hwhnutiph
pwnwnpnteintup hwywninenigpwjhu dhwgnipjntu ghuwywwnhuh iz vivo wgnbgnipjwl nwy:
8nug £ wmpwd, np ghuwywwnhulu hebgunid £ sGgnp |hwhnutph punhwunip pwuwyp 24%-ny
ywpnh W 20%-ny nipgwagbnéh Ynphquerwnwuprltnh wywwnpwuwnntyubpnid: 26gnp thwyhnubph
dtig $pwyghwtin U hwjinbwptnybi hugwtu gwpnh, wjbytu £ nipgwgbnah Ynphquipwnwlpe-
utpnid: Shuwwwnhuh waqnbgnieniup ptpnd £ ywwnpwuwnniyubpnud funiGuntbphuh hwpwpk-
pnwywl pwluwyh b mnynuwjht pwnwnpniejwl hwjwuwnh bJwquwlu wju nGwpntd, Gpp Juw-
gwsé ppwyghwubph hwpwpbpwlywl pwuwyp bW wninynuwjhtu pwnwnpnieintup hwywuwnmhnpbu
th thnthnfuynid: Uhwdwdwuwy, pninp $pwlyghwubph pwgwpéwy pwlwyutpp hwjwuwnmhnpbu
thnthnfuynid BU, hugp Jyuwynid £ pgewlynphah [hwyhnutph dGnwpenihquh ypw ghuwjwnhuh
qquwip Utpgnpénipiwl Jwuhl: Aninp $pwlghwltph pwgwpdwy pwlwyutpp hugwtu ywnpnh,
wjluwbu k| nipgwgbndh Ynphqupwnwuplbnnid hwywuwnmhnptl ujwgned Gu:

Shuuywinpl — ynphquipwnwlplibn — sbqnp (pupnlbn — finjbuntphl

H3yueHo in vivo Bo3geHCTBHE MPOTHBOOIYXOJIEBOrO Ipernapara LUCIUIATHHA HA COCTaB
HEWTpAJIbHbIX JMIMAOB NEYEHH M THMyca Kpbic. [I0Ka3aHO, YTO LUCILIATHH MPUBOJIHUT K CHHXKE-
HUIO KOJIMYECTBA TOTAIBHBIX HEHTPAJIbHBIX JIMIIH/IOB B IIperaparax sAepHbIX MEMOpaH NeyeH: (Ha
24%) u Tumyca (Ha 20%) kpeic. [llects ¢pakimii HEHTPaIBHBIX JIMIMAOB OBUIO BBISIBICHO B IIpe-
naparax sAepHbIX MeMOpaH Kak Me4eHM, TaK M THMyca KpbIC. [n vivo BO3JIEHCTBHE LMCIUIATHHA
MIPUBOJNT K JOCTOBEPHOMY CHIIKEHHIO OTHOCHTEJIFHOTO KOJIMYECTBA M MIPOLIEHTHOTO COIEPKAHUS
CBOOOJHOrO XOJIECTEPUHA, B TO BPEeMsl KaK OTHOCHUTENbHOE KOJIMYECTBO M IPOLIEHTHOE COnep-
JKaHHEe OCTAIBHBIX (paKkuuil JOCTOBEpHO He m3MeHsercs. OIHOBPEMEHHO MOKa3aHO, 4To abco-
JIFOTHOE KOJIMYECTBO BCEX (paKiMil HEHTPAILHBIX JIMIHMAOB JOCTOBEPHO CHIDKACTCS KaK B Ipera-
partax sepHbIX MeMOpaH Ie4YeHH, TaK U B Ipenaparax sAepHbIX MeMOpaH TUMyca KpbIC, YTO CBU-
JIETENbCTBYET O 3HAUUTEILHOM BO3ICHCTBUY LIMCIUIATHHA HA BHYTPHUSJICPHBIE MPOLECCH MeTabo-
JIM3Ma JIUIUJIOB.

Lucnnamun — s0eprvle MemMOpansl — HellMpanbHble TUNUObL — X01eCmepuH
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CISPLATIN IN VIVO ACTION ON CONTENT OF NEUTRAL LIPIDS IN RAT LIVER AND THYMUS NUCLEAR MEMBRANES

The nuclear envelope is a unique dynamic structure, which serves not only as a
physical barrier between the nucleus and the cytoplasm, but also as a regulator of many
cellular events. It is evident that the main components of inner and outer nuclear memb-
ranes, including the phospholipid and neutral lipid components, may play important role in
these various events [1,2,7]. Changes in nuclear lipid metabolism, which may be realized
under the in vivo action of different endogenous and exogenous regulators, will lead to sud-
den alterations in functioning of various nuclear events: such as macromolecular exchan-
ges between the cytosole and nucleoplasm or signal transduction nuclear pathways [11,13].
Cisplatin (cis-diamminedichlorplatinum) is among those well known exogenous agents
which is clinically used as adjuvant therapy of cancers aiming to induce tumor cells death
[8, 12]. This compound has a number of possible targets in cells but the major target for it
is nuclei: nuclear membranes and a number of intranuclear genetic structures, including
chromosomes, chromatin and nuclear matrix. In this paper the changes of total neutral
lipid content of nuclear membranes preparations from rat liver and thymus cells as well as
the relative alterations of individual neutral lipids, and absolute changes their quantities
after the in vivo action of cisplatin were described.

Materials and methods. The experiments were carried out on albino rats (120-150g
weight). Cisplatin was injected peritoneal in concentration of 5 mg per 1000 g animal weight. Rats
were decapitated after 24 hours of cisplatin injection. Rat liver nuclei were isolated by the method
of Blober and Potter [6] and nuclear fraction of thymus — by the method of Allfrey et al [3]. Nuc-
lear membranes were isolated by the method of Berezney et al [4]. Lipid extraction was carried out
by Bligh and Dayer [5]. The fractionation of neutral lipids was carried out by micro thin layer
chromatography (micro TLC) using L silicagel, 6x9 sm? plates with the thickness of layer
5-7 mcm, using diethyl ester — petroleum ester — formic acid in ratio 40:10:1 as a dividing mixture.
After the chromatography the plates were dried up at 20°C and were treated by 10% H,SO,. Then,
the elaborated plates were heated at 180°C for 15 min. The quantitative estimation of separated
and specific died phospholipids was carried out by special computer software FUGIFILM Science
Lab 2001 Image Gauge V 4.0, which was destined for densitometry. Obtained results were treated
by statistics.

Results and Discussion. Total neutral lipid content (in mcg/g of tissue) in nuclear
membrane preparations of rat liver and thymus cells in baseline and after in vivo treat-
ment of cisplatin was presented in fig.1. Cisplatin treatment reliable decreased the total
neutral lipids content in both nuclear membrane preparations: a 24% decrease in rat liver
nuclear membranes and 20% decrease in rat thymus nuclear membranes (fig.1).
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Fig. 1. Neutral lipid content (in micrograms per grams of tissue) in nuclear membrane preparations
of rat liver (A) and thymus (B) cells before (1) and after (2) the in vivo treatment of cisplatin.
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The relative quantities and percentage of individual fractions of neutral lipids in
nuclear membrane preparations from liver and thymus cells after administration of cispla-
tin were demonstrated in tab. 1 and 2. Six fractions of separate neutral lipids were revealed
in both nuclear membrane preparations. Over 78 % (in liver nuclear membranes) and near
76 % (in thymus nuclear membranes) of total neutral lipids were represented by free
cholesterol, free fatty acids and cholesterol esters, while the percentage of three other
fractions (monoglycerides, diglycerides and triglycerides) was only 21-24% (tab. 1, tab. 2).

Tab. 1. The relative content (in micrograms) and percentage of individual
neutral lipid fractions in nuclear membrane preparations of rat liver cells
before and after the cisplatin action

# | Neutral lipids Baseline Cisplatin
Quantity in meg. % Quantity in mcg. %
1 | Cholesterol 18.50+1.50 37.0 *15.40+1.35 30.8
2 | Cholesterol Esters 8.15+1.10 16.3 9.05+1.32 18.1
3 | Free Fatty Acids 12.40+0.60 24.8 14.20+0.83 28.4
4 | Monoglycerides 4,8040.48 9.6 4.90+0.45 9.8
5 | Diglycerides 3,4040.65 6.8 3.65+0.31 73
6 | Triglycerides 2.75+0.46 5.5 2.80+0.15 5.6
Total 50 100 50 100
*p<0.05

In vivo action of cisplatin led to reliable changes only of free cholesterol percen-
tage in both nuclear membrane preparations. Its percentage decreased in both liver and
thymus nuclear membranes (tab. 1 and 2). The alterations of relative quantities of rest
fractions of neutral lipids were negligible and not reliable.

Tab. 2. The relative content (in micrograms) and percentage of individual
neutral lipid fractions in nuclear membrane preparations of rat thymus cells
before and after the cisplatin action

# | Neutral lipids Baseline Cisplatin

Quantity in % Quantity in mcg %
meg.
1 Cholesterol 19.25+1.16 38.5 17.10£1.20 34.2
2 | Cholesterol Esters 7.40+1.04 14.8 7.90+0.67 15.8
3 | Free Fatty Acids 11.35+1.13 | 22.7 12.73+0.47 25.5
4 | Monoglycerides 5.00+0.40 10.0 5.1040.25 10.2
5 | Diglycerides 4.50+0.45 9.0 4.75+0.23 9.5
6 | Triglycerides 2.50+0.44 5.0 2.4240.15 4.8
Total 50 100 50 100
*p<0.05

These relative quantities among the individual fractions of neutral lipids after the
cisplatin action were resulted when we took equal amounts of lipids (50 mcg) both in ba-
seline and cisplatin-treated probes. Taking into consideration that in vivo administration
of cisplatin leads to reliable decrease of total neutral lipids content in both rat liver and
rat thymus nuclear membrane preparations a 24% and 20% correspondingly (fig.1) the
necessity arises to determine the changes of absolute quantities of individual neutral li-
pids after cisplatin action. The absolute quantities of all fractions of neutral lipids in liver
and thymus nuclear membrane preparations were decreased reliably (tab. 3).

Cisplatin in vivo action leads to decrease of all neutral lipid fractions in both liver
and thymus nuclear membrane preparations (tab. 4). The most significant reduction was
revealed in free cholesterol fraction (36.5% in liver and 28.5% in thymus nuclear
membrane preparations) and the less decrease was detected in free fatty acids fraction
(12.6% in liver and 9.6% in thymus nuclear membrane preparastions). The quantities of
other neutral lipid fractions decreased in various extent.
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Tab. 3. The quantities (in micrograms per gram of tissue) of individual neutral lipids fractions in
nuclear membrane preparations of rat liver and thymus cells before and after the cisplatin action
(CH - cholesterol; CHE — cholesterol esters; FFA — free fatty acids; MG — monoglycerides,
DG - diglycerides, TG — triglycerides).

# | Neutral lipids Liver Nuclear Membrane Thymus Nuclear Membrane
Baseline Cisplatin Baseline Cisplatin

1| CH 58.90+14.35 | *227.92+10.90 *212.0448.16

296.45£19.33
2 | CHE 158.1146.68 | *133.9449.03 113.96+5.42 *97.96+2.40
3 | FFA 40.56+11.00 | *210.16%8.85 74.79+10.79 *158.10+3.55
4| MG 93.124£3.94 *72.52+1.77 77.00+5.12 *63.24+2.07
5 | DG 65.96+3.61 *54.02+1.66 69.30+5.52 *58.90+1.93
6 | TG 53.35+1.44 *41.44+3.19 38.50+4.02 *29.76+2.19
Total 970.00+41.0 | *740.00+35.40 770.004£50.20 | *620,00+20.30
*p<0.05

This appreciable diminution of neutral lipids quantities under the antitumor agent
cisplatin action is very important as during malignant transformation the ratio of neutral

lipids to phospholipids increases dramatically and new fractions of neutral lipids appear
[14].

Tab. 4. The alteration (in percent) of individual phospholipid quantities in liver
and thymus nuclear membrane preparations under the cisplatin in vivo action

# | Neutral lipids Liver Nuclear Membrane | Thymus Nuclear Membrane
1 | Cholesterol -36.5% -28.5%
2 | Cholesterol esters -15.3% - 14.0%
3 | Free Fatty Acids - 12.6% - 9.6%
4 | Monoglycerides -22.1% -17.9%
5 | Diglycerides - 18.1% - 15.0%
6 | Triglycerides -223% -22.7%
Total -23.7% -19.5%
*p<0.05

These results are consonant with our previous data obtained in studies of changes
of neutral lipids content in rat liver and thymus chromatin after the cisplatin in vivo ac-
tion. In those studies the quantities of all four neutral lipid fractions in both chromatin
preparations were also decreased [9]. Similar results were obtained also in studies of
phospholipids content in rat liver and thymus chromatin preparations under the cisplatin
in vivo treatment. The quantities of all five phospholipid fractions revealed in chromatin
preparations as well as the total phospholipid content were also reliable decreased [10].
So all these results demonstrate the deep and multiform transformation of lipid metabo-
lism in nuclei caused by cisplatin injection.
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W3 kneTouHsIX 3KCTpakToB Brevibacterium flavum BbleneHa U 4aCTUYHO OYMILEHA Ma-
opHasi hpakuus anaHUHTpaHcaMuHa3bl. [Ioka3aHo, 4To B pe3ynpTaTe 2-3TanHOi OYUCTKH YAENb-
Hasl TpaHCaMHHAa3Hasi aKTUBHOCTh Bo3pocna B 14 pa3, a BbIXoJ (epMEHTATHBHOW aKTHBHOCTH
coctaBui1 18 %. MeronoM renb-GUiIbTpaluy yCTaHOBIEHA MOJEKYJIApHas Macca hepMeHTa, pas-
Has 96,5 k/la. YCTaHOBIEHO, YTO B NPSIMOH peakLUH CUHTE3a alaHMHA TPAHCAMMHA3a MPOSBIISET
MaKCHMaJlbHYI0 akTHBHOCTb Iipu pH 8,8-9,8, a B oOparnoit — npu pH 9,3-9,8. Brisinena 50%-nas
MOTepsi aKTUBHOCTH (pepMEHTa MpPH TeMIieparype 61°C B Teuenne 10 MuH, Tora KaK J0OABICHHE K
MHKYOanMoHHOI cpefie 25 % rmiepruHa CHIKAeT 3HaYCHHE 9TOr0 NapaMeTpa Jio 55°C.

Brevibacterium flavum — ananunmpancamunasa — O4UCmMKa — MONEKYIAPHAS MACCA —
onmumym pH — mepmocmabunvnocmo

Brevibacterium flavum-h pgow)hU Epunnpwyinutbphg wugwwnytb] b dwulwyhnptlu Jwpnyb) £
wlwuhUu nmpwluwdvhbwqwjhu wynhynipjwl hhdbwwlu $pwyghwl: Uwppdwu yhpwndwsd Gpyne
tlmwwubph  wpryniupnud - npwlbuwdhuwgh  wEuwwpwnp  wynhynipintup pwpapwgbp £
14 wuqwd, huy pEpdEUwhU wynhyniejwl Gpp Yuaqdb) £ 18 %: QG-dhiinpdwl ndjwuiubpny
dEpdtunh dnibyniiwihu quugywdp 96,5 4w E: Uiwuhuh uhuptgh ninhn nGwyghwjnid tnpwlu-
wuhtwgp wnwybwagntu wynhynipintt £ gnigwpbpnud pH 8,8-9,8 wnhpnypenid: Iwywnwné nb-
wyghwjnd pGpdtuinh wnwydblwanyu wynhdnigintup nhinynwd £ pH-h wnwyt) ubn® 9,3-9,8
whpnyenLd: B. flavum-h wiwUhl npwluwdhlUwgp wynhyniejwl 50 %-p Ynpgunwd £ 10 p 61°C
gEpdwuwnhdwuncd inwpwgutihu, Uhugntn 25 % glhgtphuh Ubplw)nipjwdp wjn wwpwdbuph wp-
dbipl puyuntd £ Uplsl 55°C:

Brevibacterium flavum — wjwUpl inpwluwdhliwq — dwpnpnid — dnjynyuwyhli quiiqywd —
PH owywnpdnid — gbpdwluwyniuntinily

From cell extracts of Brevibacterium flavum the major fraction of alaninetransaminase activi-
ty was isolated and partially purified. In the result of 2-stage purification procedure the specific ac-
tivity of transaminase increased 14-fold, and the yield of enzyme activity was 18%. According to the
gel filtration data the enzyme has a molecular weight of 96.5 kDa. In the direct synthesis reaction of
alanine the transaminase exhibits maximal activity at pH 8.8-9.8. In the reverse reaction the maxi-
mum enzyme activity was observed in a narrower range of pH 9.3-9.8. Alaninetransaminase of B. fla-
vum loses 50 % of activity in the incubation of 10 min at 61°C, while the addition to the incubation
medium 25% glycerol reduces this value to 55°C.

Brevibacterium flavum — alanine transaminase — purification — molecular weight —
optimum pH — thermal stability
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L-ananun: amuHOTpaHc(epasza (anannHTpancamunasza; EC 2.6.1.2) karamusupyer
o0paTuMyIo peakluio IepeaMHHHUPOBaHUS L-amaHuHa W 2-KETOTITyTapOBOW KHCIOTHI
(L-amanuH + 2-KeToriyTapar = mupyBar + L-TiyTamaT),uTo HMeeT BaKHOE 3HAYCHHE B
MeTaboIM3Me alaHuHa.

B 1967 1. Ceiiep u J>keHKHHC BIIEPBbIE BBLISIIIIH, OYUCTIIN U OXapaKTeprU30Ba-
JIM allaHUHTpaHCaMUHAa3y U3 cepaua Obika [10], 3ToT pepMeHT BOCIEACTBIM TaKkKe OB
BBIJICJICH U3 APYTHX UCTOYHHKOB U NOAPOOHO ONMUCaH. B 4yacTHOCTH, BBIJENEHBI U OXa-
paKTepH30BaHbl aJaHMHTpPAaHCAMUHA3bl M3 Mo3ra Obika [9], knerok Chlamydomonas
reinhardtii [6], kopHeii sumens [4], knetok Candida maltosa [12], k1eTok runeprepmo-
¢bunbHOM apxebakrepun — Pyrococcus furiosus [14], neueHu npecHOBOAHBIX pIO Clari-
as batrachus u Labeo rohita [11] a Taxxe knonupoana uepe3 kJJHK, sxcnpeccupoBana
U OXapaKTepH30BaHa allaHMHTpaHcamuHa3a-1 cobaku [8]. Cinemyer OTMETUTD, YTO MyTH
OHoCHHTE3a alnaHiHa y OakTepuil U OaKTepHaIbHbIC ATaHMHTPAHCAMHUHA3BI Y MOJEIBHO-
ro mrama Escherichia coli [S] 1 MOTEHIMATBHBIX TPOIYIIEHTOB aMHHOKHCIIOT — KOPHUHE-
(OPMHBIX OaKTepHil MaJIO H3yUYEHBI.

W3yueHsl myTH OHOCHHTE3a anaHuHa y Brevibacterium flavum [1] u ydactue B
HEM aJlaHWHTpPaHCAMHHA3bl, BAIMH:MUPYBAT aMHHOTpaHcdepassl (Tpancamunaza C) [2,
3] n ananuHpanemasbl. AHaJIOTHYHas KapTHHa HaOmonaercst u'y E. coli, y KOTOporo uieH-
TUQUITPOBAHBI TPH I'€Ha, YUACTBYIOIINE B CHHTE3¢ allanuHa — avtd, alad w alaB [13, 15].
[Tokazano,uto avt4 coorBercTBYeT reny TpaHcamunasbl C B. flavum, nponykr reHa alaA
He ObUT OXapakTepu3oBaH, a alaB xonupyer anaHuHTpancamuHasy E. coli [13].

JanbHeliee netanpHOe U3y4eHHe OnocuHTe3a ananuHa y E. coli BBISIBUIIO, YTO Y
9TuX OaKTepHil UMEIOTCS TPU OCHOBHBIEC aTaHMHCUHTE3HPYIONIHE aMUHOTpaHC(epasbl —
AvtA, YbQ (AlaA) u YfdZ (na3Bannoe aBropamu AlaC), kotopsie obecnieunBarot 90 %
CHHTE3a aJlaHiHA, ¥ OKOJIO BOCBMH MHHOPHBIX AJIAHWHCUHTE3UPYIOLIMX aMUHOTpaHcdepas
— ArgD, AstC, SerC, AspC, GabT, PuuE (na3eiBaeMmsiii Taxoke GoaG), TyrB u YgjG), cno-
coOHbIX obecrieunBath 10 % cuHTe3a amaHuHA [S]. DTH pe3yIbTaThl aMEPUKAHCKHUX yde-
HBIX OBUIM HOATBEPIKACHBI HE3aBUCHMBIMHU HCCIEIOBaHUSIMU SIIOHCKHUX HCCIenoBaTenel
[16].

Kum ¢ coaBropamu ourctiii 10 romorerHoctd Y fbQ n Y{dZ anannaTpancamuHa-
361 E. coli v okazanu, 9To 0ba depmMeHTa — TUMephI ¢ MOJIEKY IApHBIMU Maccamu 87 k/la
(cyobenununpl — 46 u 47 x/la cooTBeTCTBEHHO) U NposABIstoT KM(kax.) a1 nupyBara B
paiioHe BHYTPHUKJIETOYHON KOHLIEHTPAIUHU 3TON KUCIOTHI [5].

Lenbto naHHO# paboTHI SBISUIOCH BBIAEICHUE, OYMCTKA M IIpEBapUTENIbHAs Xa-
pakTepucTHKa anaHuHTpaHcamuHasbl B. flavum ATCC 14067.

Mamepun u memoouka. B pabote ucnons3zoBan mramm B. flavum ATCC 14067 (Bamuna-
Hoe HazBauue — Corynebacterium glutamicum ATCC 14067), moanepxuBacMblii Ha MSCOICTITOH-
HoM arape (MITA).

KynbTypy BEIpammiBai Ha MITaTeNIbHOM cpene, conepxarei (%): caxaposy — 10; (NHy4),SO4
— 3; KH,PO, — 0,1; MgSO,4 — 0,1; a Takxe 6uotur — 1 mr/m; Tuamun — 2 mr/x; pH — 7,4, B kombax
06bEMoM 750 mi1, coaepkamux o 100 M1 mUTaTENbHON Cpenibl, B TeueHHe 22-24 4, Ha KPYTOBBIX Ka-
YaJIKax co CKOpOCTHIO BpauieHus 200 06/mus npu temmeparype 30°C. KieTkn ocaxaam nesTpudy-
ruposarmem npu 10000 g 40 mMun, Temnepatype 4°C. Buomaccy npoMpiBaitu Gy(hepHbIM pacTBo-
poM A [cocTaB Oydepa — tpuc-HCI 20 MM, pH - 8,9; D/ITA — 2 MM; mepkanrostanon —15 MM;
nmupupokcans docdar (IVID) — 0,1 MM; rmmuepun — 10 %] u nocne ueHTpudyrupoBaHus xpa-
s npu Temmeparype 18°C.

Knemxu oezunmezpuposaiu ynbTpa3ByKoBoi 00paboTkoii B TeueHne 20 MUH MPU 4acTOTE
3Byka 20 kI'n u momoctu 300 B (Labsonic 2000, B. Braun, I'epmanus) B pactBope A. Ocratku
KIeToK ynamsin neHTpudyruposanuem npu 20000 g B teuenne 20 muH (uentpudyra K-24, T'ep-
MaHWsI).

OuncTKy alaHMHTPaHCAMHUHA3Bl TPOBOIMIN IPU TeMIIepaType 4°C o cxeme, TIPeNCTaB-
JICHHOH B Tabu. 1.
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Ha BTOpOM 3Tare nony4eHHslil Ha mpeablAyLIeii cTaanl PepMEHTHBIN IIpenapaT MmoaBepr-
I aHHOHOOOMEHHO# xpomatorpaduu Ha J[DAD-roiiomnepre, ypaBHOBEIICHHOM PacTBOPOM A.
OKCTpaKT HAHOCH/IU Ha KOJIOHKY (2,5%20 cM) u IpoMBbIBalIM PaCTBOPOM A, 00beM KOTOPOIO BBOE
Gosbliie 00beMa KOJMOHKH. DITFOIHI0 MPOoBoauan TuHeiHbM rpaaueaToM NaCl (0-0,4 M), npuro-
TOBICHHBIM Ha pactBope A (V=500 mu). ®pakuuu coOupanu aBTOMATHYECKHM KOJJIEKTOPOM
“Isco” (CILIA), akTuBHBIE (hpaKunuy 0OBESAMHSIN U HUCIIOIb30BAIN HA CICAYIOLIEM dTarle.

[Hanee ounctky mpooamnu Ha konoHke (1,5x83 cm) ¢ cedaposoit CL 6B, ypaBHOBelIeH-
HOH OydepHbIM pacTBopoM A, coxepaxkamuM 0,1 M NaCl. AmuHOTpaHChepasy IIOUPOBAIH TEM
xe OydepusiM pactBopoM. [lonyueHHble akTHBHBIC (ppakuuK OOBEIUHSIM, KOHLEHTPUPOBAIH
JIMAJIN30M MPOTHUB MOIUATUIICHIIMKOIS (Moul. Macca 20 k/la) ¥ MCIONb30BaNIM B AAJIbHEHIINX KC-
MepUMEHTaX.

AxmusHocms hepmernma ONPENENIIACh B PEAKLHOHHOW Cpele C KOHEYHBIM 00BEMOM
400 mxu1, comepxkameit: 100 MM L-rmyramunoBO# kucnotsr; S0 MM mmpysata; 0,05 MM T1JI1D;
5 MM wmepkanrosranona; 2 MM DJITA; 0,1 M tpuc-HCI, pH-8,9 u depmenTHbIii mpemnapar B
HeoOxoauMoM KonuuecTBe. KommuecTBo 06pa3oBaHHOrO 2-KETOrIyTapaTa OIpPEeNeiUId II0 OKHC-
JieHHIo BoccTaHoBeHHoit HAJT B PUCYTCTBMHM [iyTaMaTAeruaporenass (€34 — 6220 Mlem™).

AKTHBHOCTH (pepMEHTa B 0OPATHOW pEeaKiy OTNPEICISUT B PEAKIIMOHHOM cpe/ie ¢ KOHEed-
HeIM 00beMoM 400 mki, copepxamiei: 100 MM L-ananuna; 50 MM nupysata; 0,05 MM T1J1D;
5 MM mepkanrostanoia; 2 MM DJITA; ykazauusiii OybepHblil pacTBOp 1 (pepMEHTHBIH mpenapar
B HeoOxoauMoM KonnuecTBe. KonuuecTBo 00pa3oBaHHOrO NMUPYyBaTa ONPENEISIN M0 OKUCICHUIO
BoccTaHOBIICHHON HAJI B IPHCYTCTBHU JIaKTaTACTHAPOI €HA3BL.

3a eaMHHMIly aKTUBHOCTH (pepMEHTa MPUHHMAJIOCh 0Opa3oBaHMe | MKMOJIb HPOAYKTa 3a
MHHYTY B YKa3aHHbIX ycnoBusx. Konuenrpauuto 6enka onpeznensiin merogoM I'posca u JleiiBuca
110 TIOTJIONICHHUIO B yIbTpaduoneToBoi obmaactu [7].

Monexynapnvie maccol hepmenmos onpeoensiiucy METOIOM Iellb-(GUIbTPALIMU HA KOJIOHKE
(1,5x83 cm) ¢ cedaposoii CL 6B, kamuOpoBaHHO! OeIKaMU ¢ H3BECTHBIMU MOJEKYJIIPHBIMH Mac-
camu: Qeppurur (450 k/la), Obiumit ceiBopoTOuHBIH anbOymuH (67 x/la), siM4HBI anbOyMUH
(45 x/la), xumotpurcusoreH (25 x/la) u 6pramii Mmuorsobus (17 x/la).

s onpedenenus pH onmumymos akTHBHOCTb (pepMEHTOB u3Mepsutu npu pH B nnteppaie
ot 6 no 10. IIpu uzyyenun pH onTumyma peaknMOHHAsE CMECh COJEprKalla YEThIPEXKOMIIOHEHT-
He1il Oydep (mo 100 MM tpuc, docdarroro, kapbonatHoro, 6oparHoro pacrsopa), pH kotopoii
MIPUBOJIMIIM K COOTBETCTBYIOLIMM 3Ha4eHHsIM J1o0aBnenneM KoHeHTpuposadoro HCI nnn NaOH.

s uzyuenus mepmocmabunohocmuy HepMeHT HHKYOUPOBAIM B yKAa3aHHBIX YCIOBHSX IIPU
pasubix Temmneparypax B tedeHue 10 mun (pH 8.9). ITocie unkyGannu npoObI OCTyXanu B Jie/is-
HOM 6aHe M H3MEePsUIN OCTATOYHYIO (PepPMEHTATHBHYIO aKTHBHOCTb.

B pabote ObuTH HCIONIB30BaHBI ClieayoIne MaTepuansl U peaktussl: DJTA, mepkamnTo-
3TaHOJI, TPUC(TUAPOKCUMETUI)aMUHOMETaH, OSJIKOBbIE MapKephl ISl MOJICKYJISIPHBIX Macc, 2-Ke-
TOLJTyTapOBasi KUCIOTA U Auanu3Hbie Memku ¢pupmel “Serva”, [epmanust; IDAD toiionepn 650M
¢dupmsl “Toyo Soda”, SAnonwus, cepapoza CL 6B ¢upmsl “Pharmacia”, IlIBenus, octajibHble peak-
TUBBI Ipou3BojcTBa crpan CHI'.

Pesynvmamut u o6cysycoenue. Panee Hamu ObLIO MOKa3aHo, uto Y B. flavum oc-
HOBHOH (DepMEHTATHBHOM aKTHBHOCTHIO B OMOCHHTe3e L-aaHnHa sBISETCs ITyTaMar: -
pyBat TpancamMuHHpoBaHHe [ 1], 00ycloBIeHHOE aaHWHTpaHcaMuHa30i. B maHHO# pado-
Te TPEANPHHAITA IONBITKA BEUSICHAT XapaKTep 3TOH akTHBHOCTH. JIJist 3TOro B mpeaBapy-
TENBHBIX KCHEPUMEHTaX OBLIO BBIICHEHO, YTO alaHWHTPaHCaMUHAa3Hasi aKTUBHOCTH KITe-
TOYHBIX 3KCTPAKTOB B. flavum odeHp nabuibHa, 4TO OBLIO M3BECTHO U Y APYTUX OpPraHu3-
MoB [5, 10-12]. ®epment u3 B. flavum B 06p14HOM Tpuc-HCI Oydepe TepsieT akTUBHOCTH B
TeueHue 2-3 nHeld. Hamu ObUIM IIpOBEpEHBI pa3iIMyHbIe CTAOMIN3UPYIOIIIE areHThl, B pe-
3yJIbTaTe Yero NpeisiokeH Oy(epHBIl pacTBop A, coAepalluil MUpHIOKcaidb (ocdar,
MepkanTostanon, IJITA u rmuuepun, B koropom npu 4°C alaHHHTpaHCAMHHASHAS AKTHB-
HOCTb COXPaHs/1ach B TEUCHUE 4-5 HeZlelb.

W3 KJIEeTOUHBIX SKCTPAKTOB B. flavum BHIAETSIIN U YaCTUYHO OYHIIAIH MayKOPHYIO
(pakiyIo alaHUH TPAHCAMUHA3HOW aKTUBHOCTH. Pe3ynbTaThl OYHUCTKH MpPEJCTABICHHI B
tabin. 1. JlobaBneHue K IPUBEICHHO CXeMe 3TaroB (PPaKIMOHHOTO OCAXKICHHS CyIb(haToM
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aAMMOHHS U aICOPOLIMOHHO XpoMaTorpadin Ha KOJIOHKE C THAPOKCHAMATHTOM OKa3aJiCh
HEe3(PEKTHBHBI.

Tao6u.1. Pe3ynbraTel OYMCTKH allaHUHTPAHCAMUHA3BI B. flavum.

DTanbl OYUCTKH O0Obem, mil | Benok, | YienbHast akTHBHOCTb, Beixon,
MI/MIT en/mMr %
Jle3uHTerparnus KJIeTOK 70 15,1 0,09 100,0
JDAD Toiionepn 650M 60 1,3 0,67 54,9
Cedaposa CL 6B 15 0,9 1,27 18,0

B pesynbrare MpUMEHEHHBIX 2-X TAallOB OYNCTKU YJAeNbHas TPaHCAMHHA3HAs aK-
THBHOCTB BO3pocia B 14 pa3, a BEIX0J (epMEHTaTHBHOM aKTUBHOCTH cocTaBmi 18 %. On-
HaKO IMOyYEHHBIH Mpernapar 31eKTpoGopeTHIecky reTeporeHeH (JaHHble He TIPUBEICHE)
W HYXXJAeTCsl B JATbHEHIIeH OYMCTKE JUIs1 BOBMOXKHOTO MIPUMEHEHHSI B OKCIIEPUMEHTAaX 10
U3y4YEHHIO CyOCTpaTHOM crel(UIHOCTH U APYTUX CBOMCTB. HexoTopble XapakTepuCcTHKH
YaCTUYHO OYMILEHHON aJlaHMHTpaHcaMUHa3bl B. flavum npencTaBieHbl HIKE.

Pe3ynbrarsl onpeneneHus MOJIEKYJIIPHOM Macchl allaHUHTpaHcaMuHasbl B. flavum
MeToJoM renb-puiisTpanun Ha cedapose CL 6B npuBenens! Ha puc. 1.

¥&-0,1046x 4+ 20,651
RY=0,9996

Ln(M;)

70 80 90 100
O6senm, M1

Puc.1. Onpenenenie MOJIEKYIIPHOIT Macchl allaHMHTpaHcaMuHasbl B. flavum METo10M relb-
¢unprpanun. 1 — peppurus (450 x/la), 2 — Obruuii cbIBOPOTOUHBIN anbOymuH (67 k/1a),
3 — smuHbIi ansOymuH (45 x/la), 4 — xumotpuricunores A (25 x/la),
5 — obrunii muornobuH (17 x/la), AT — anannHamunotpancdepasa B. flavum.

U3 puc.l ciepyer, uto (pepMEHT UMEET MOJIEKYJSpHYI Maccy 96,5 x/la. Otu
JTAHHBIC COOTBETCTBYIOT M3BECTHBIM JINTEPATYPHBIM JAaHHBIM JUTS aJaHHHTPAHCAMHHA3:
(depMeHT U3 cep/ia CBUHBU UMeeT MoJiekysapHyto maccy 100 k/a [1], uz Chlamydomo-
nas reinhardtii — 105 x[la [6], u3 xopueit sumenst — 97 x/la [4], u3 Candida maltosa —
99 x[a [12], u3 Pyrococcus furiosus — 93,5 k[a [6], u3 Escherichia coli — 87 x[a [1].

3aBUCHMOCTh aKTHBHOCTH aJlaHUHTpaHcaMuHasbl B. flavum ot pH mpexacrasieHa
Ha puc. 2. U3 pucyHka cnenyer, 9To GepMeHT B IPsIMOW peakliK CHHTe3a alaHHHa TPo-
SIBJISIET MaKCUMAIIbHYIO akTUBHOCTB Iipu pH 8,8-9,8. B 00paTHO# peakuun MaKkCHMallb-
Hasl aKTUBHOCTb TpaHCaMHHa3bl HaOmogaercst B Oonee y3kom auamnasone pH — 9,3-9.8.
ITo cpaBHEHHIO ¢ onTHMyMaMd pH W3BECTHBIX allaHUHTpAaHCAMUHA3: (PEPMEHT HMeEeT
ontuMyM u3 cepaua ceuned pH B quanaszoune 7,5-8,5 [10], uz C. maltosa — 7,0-8,0 [12],
u3 P. furiosus — 6,5-8,0 [14], ontumym pH neiicTBust naHHOTO (hepMeHTa CHIIBHO CMe-
LICH B LIECTIOYHYIO 00JIaCTb.

Pe3ynbTaThl H3yUeHUs TEPMOCTAOMITBHOCTH alaHMHTpaHCaMuHa3sbl B.flavum npesc-
TaBJIEHBI Ha pHUC. 3.
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JLIA. TAUBAKSTH

OrHocHTeaBHaR
AKTHBHOCTH, %
8

pH pH

Puc.2. 3aBUCHMOCTb aKTHBHOCTH aJlaHUHTpaHcaMuHa3bl B. flavum ot pH peakiHOHHO#H cpebl.
A — npsiMast peakuus (peakuust cuHTe3a ananuHa, 100 % akTHBHOCTH cooTBeTCTBYET 1,2 en/mr),
b — obpatnas peakius (100 % akruBHoctu coorBerctByeT 0,25 en/mr).

120

100
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60
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OTHOCHTENLHAR AKTHBHOCTE, Yo
(=]

o 10 20 30 40 50 60
Temneparypa, “C

Puc.3. Biusinne nakyoupoBanus 10 MUH pH yKa3aHHBIX TEMIIEPATypax Ha aKTHBHOCTH aJlaHWH-
TpaHcamuHasbl B. flavum (npsamas peakuus, 100 % akTuBHOCTH cOOTBETCTBYET 1,2 en/mr).
1 — cpena uakyGauuu cogepsxkana: 50 MM tpuc-HCI 6ydepa, pH 8,9, 0,05 MM TJID,
5 MM wmepkanrosTanona u 2 MM EJITA, 2 — ta sxe HHKYOalMOHHAs cpea
¢ no6asnenueM 25 % riauuepuHa.

VI3 mpuBeACHHBIX Pe3yIbTAaTOB CIEMYeT, YTO MPUMEHEHHBIC T00aBKU CTAOWIH3UPY-
10T ()epPMEHT OT TEIUIOBOH JIeHaTypaluH, a 1o0aBiIeHue 25 % TIIHIeprHa MOHKAET TepPMO-
CTaOWIBHOCTh TpaHCaMHUHA3bl. B yKa3aHHBIX YCIOBMSX ajlaHMHTpaHcamuHasza B. flavum
Tepsier 50 % aKTHBHOCTM TpH MHKy6upoBammm 10 mum, Temneparype 61°C, Torma xak
Jo0aBlIeHe K MHKYOAIMOHHOH cpene 25 % IMIEpUHA CHIDKACT 3HAUEHUE STOro Iapa-
merpa 10 55°C. HeoGXOAMMO OTMETHTh 3HAUMTENHHOE AKTHBHPOBAHHE (epMEHTa MpH
HHU3KHX TeMIlepaTypax MHKyOupoBaHus. [y cpaBHeHUs anaHuHTpaHcamuHasza u3 C. Mal-
tosa nipu Toit sxe pH Tepsier 50 % akTUBHOCTH IpU MHKYOHpoBaHUH 30 MUH, TeMIIEpaType
46°C [12].

HccnenoBanus moka3zany HaIM4Me B OSCKIIETOUHBIX 3KcTpakTax B. flavum Gonee
OITHOW aTaHMHTPAHCAMHHA3bBL, YTO COBIAAAET C W3BECTHBIMH PE3YJIbTaTaMH, MOIYyYCH-
veiMu 10151 E. coli [5, 16]. B mannO# paboTe M3y4eHbI HEKOTOPHIE XapaKTePUCTUKHA OC-
HOBHOW (ppakiy ajlaHuH TpaHcaMuHasbl B. flavum. HeoOXomuMbl nanbHEHIINE HUccie-
JIOBaHUS JUIS XapaKTEPUCTUKH (hepMEHTOB OHOCHHTe3a L-aaHnHa y 3TOr0 OHOTEXHOJIO-
THYECKH BOKHOTO OOBEKTA.
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UrGJyGL3UL YUGLUUBUNN (BIOTA ORIENTALIS ENDL.)
SuuhlGrh UaG8UUL UGLUUSERLNLNANhUSh USUWUNiUL
RUSOME3U I NMNLAYUSH MUSUULLENNFU

u.3. 3N4UGO3UL, h.U. UUSNrUMES3UL, 9.3. "TN1NUSUL,
U.U. ELN3UUL, U.U. BAhUDUN3SUL

33 QUU Q.U. Qwypywlh whywl hhnpnwnlplywyh wnnp GUUGnh huunpunncan
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Gnywpwdjw hGwnwagnuniegintuubph wpnniupned (2005-2012pR.) Jowyyb) £ wplubywu
YGuuwdwnh (Biota orientalis Endl.) inuyhutinh wuhnn wéetkgdwu YEuuwwnbuuninghw: Mwnqyty E,
np pwgoprjw hhnpnwnuhywjh wwjdwulbpnid, 3-4 mwpnud, JGY pwnwyniuh dGinp dwytpbuhg
Jwntlh £ unwlw| qupgugwd wpdwwnwihtu hwdwywnpgny Yeuuwédwnh 10-12 [hwpdbp wnuyh-
utin, npnup Jepwwnuywpydwl dwdwlwly wwywhnynid GU 93-95% Yuwsnnwwunte)nLu:

YGUuwown — hhnpnwnbplyw — YELuwinGlulininghw — vblinwiniénye — wnlbiyh — Eyninghw

B pesynbrare MHoronerHux uccienosanuit (2005-2012rr.) pazpadorana OMOTEXHOJIOTUsS
0€eCcIIOYBEHHOTO BBIPAILBAHUs CAXKEHLIEB TYH BOCTOUHOMH (Biota orientalis Endl.).

BeIsiBIIEHO, UTO B yCJIOBUAX OTKPHITOM THIPONOHUKH B TeueHUEe 3-4 JIeT ¢ eAMHHULIBI ILI0-
Iagu MOXHO moiy4aTb 10-12 cakeHILEB, COOTBETCTBYIOIIUX CTaHIAPTY, C MOIIHON KOPHEBOIl
CHCTEMOIi, KOTOpbIE ITpH mepecajke odecreunBaroT 93-95%-Hy10 MPUKUBAEMOCTb.

Tyﬂ - eudponomma — 6UOMEXHONI02USL — NUMAMENbHBLI pacmeop — cascenybl — IK0J102uUs

Soilless cultivation biotechnology of Eastern Thuja (Biota orientalis Endl.) has been deve-
loped in the result of long-term studies (2005-2012).

It was found out that in open-air hydroponics conditions it is possible to obtain 10-12 sap-
lings with strong root system from one unit surface, during 3-4 years, in accordance with a
standard, which ensures 93-95% stickiness during planting.

Thuja — hydroponics — biotechnology — nutrient solution — saplings — ecology

Rwjwunwunuwd Jwwnpwpwgwd tyninghwlwlu Jhdwyp upnd £ wlnwnw-
nwnpwépubph nu Ywlwg gninhubph Jepwywuqudwl ni punjwjudwlu hhduwhwngp,
nph |ptédwl hwugnigwjhu onwyp dSwnwprthwnbuwyutph nuyhubph wpwag wpnw-
npnLEjwl YuquwyGpwnidu E [3]:

Lbpywjnidu wnwolwhtpp W hpwwnww puunhp £ nwpab, wunmweubph bW Yw-
Uwg wynipwyubph unbnédwu ni yepwwugudwl wohuwwnwupubnh hpwlwlwgniun,
wluwnwnh wqqwjht pwnwpwywuntejwup UL nwquwywpnipjwlp hwdwwwwnwupuwl
wuwnwnubnh, wunwnwjhu tmwpwéplbph b wlws gninhutph Ywjntu junwydwpdw-
Up nunnywé gnpénnnipniultnp [4], hughu hwdwhniug hp jncpwhwwnniy nGpp Ywpnn
E ntuGUw pnyutph wuhnn Jwynypep [5, 9, 10]:
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Loqwé hwugwdwlplt wuhwdbdwwnn  JGdwgund £ Swnwpethwwnbuwyukph
wnuyhutph wwhwugwnpyp Jep Gpypned W £ wybih upnd npwug dwdwuwywyhg Gnw-
uwyny wpuwnpnipjwlu hhduwpiunhpp: kunph (neddw gnpdnd hp nupnu inknu ni-
Uh pnijutph wuhnn Bawynyep’ hhnpnwnuhlywu, npp huwpwynpnie)niu £ wmwihu jupé
dwdybnnud Yuglwybpwb] nuywunieh wpwgwgywéd wnpunwnpneeincu [1, 3, 9], hugu
fwwbu Yuywuwnh JGpwywlglubint hwupwwbwniejwl Unupwgwd wlwnwnutp,
wjghutpu nt wluwg wynipwyubpp b Yywuhuh pwuy qutpny npuhg wnuyhubph ubpdne-
éndp:

UpLEywl YELuwdwnh wubnUwwnbGpUubpp W Swjpwynubpp Wywpniuwynid Gu
0,4-1,0% Ywddnpwjh pnuypny Grbpwinin [2]: 3wjnuh U wpubywl YEUuwdwnh
pwqUwprhy wwnpunbqwihu dutp, npnup (wjunptu oguwagnpéynid BU Ywlws 2hUw-
nwpniejwl Uty [3, 6, 7] L (wy hwpdwpywéd U Iwjwuwnmwuh gpbrb pninp dwpgb-
nnd:

YELuwéwnp Gphunwuwpn hwuwynud hGnnipjudp duwynpdwl 2unphhy
pwnén £ quwhwwnynid punwpwhunipjwl dbe' Ggpuqupntp, dwnninhutbp, Julwg
gwllwuwwuwnbn untindtint L tnwpptp Yyndwnghghnu dLwynpnidutpnud ogunwagnpét-
Lt bwwwwyny [7, 8]: Wdd Udtd nupwnpnipynit £ nwpadynid Upnwnwiwnp Swnwnb-
uwyutpny pwnwpwjht wjghubph untnédwl W pwnwpwutnd tnmwpwoépubph dlw-
ynpdwl puunhpubphU® yuwwdwd onh wnunnunjwénipjwl pwpépwgdwl W puniejwl
wwhwwuniejwl fuunhputph hGwn:

Ujn inbuwytuinhg thpwwnbpl swnwntuwlutph nbpp UGé £, pwuh np npwup ng
Jhwju (wy nhdwunwd U 6tuhu nu quqgbphlu, hwpunwgunid onp pRYywsUNY, wjl
2unphhy UGS pwlwynipjwdp $hinnughnubph wwpniuwynipjwu ntubl bwle Juwpw-
ywqbnpsdhs Lpwuwynieinil: Yyuwbu, ophuwy, Uty htywnwp thpwnmbpl wunwnp UGy
onJw pupwgpntd UplUninpwun £ wpwnwubwnnwd Jhugl 5 Yg $hinnughnutn [2, 5, 7,10]:

Unynpwlwl hnnwjhu Jwynijenid U2nnwnuwiwputpl wénwd GU Qwwn nwlnwn,
ntunh, wpunwnpniejwl wywjdwuubpnud pnyubpp nGnwithnpunud BU imnbjwpwuh w-
nwehu nwow, 1 u? JwybpGunwd wnuywnyned U 10 uGpduwpnyu W ennund 2-3 nw-
nh, nnhg htinn npwup nbenwihnfunid BU inuywpwuh Gpypnpn nw2wn’ nuywpyting 1
pniju 1 a2 ufuGdw)ny, pnnutny Wu 2-3 wvnwph [7]:

w2yh wnubiny thwwnbpl Swnwunbuwyubph wnulywlnieh  wjwlunwywu
Gnwlwyny wpunwnpnijwl npn2wyh ndwpnieinibutpp [7] LW npwlug LUywwndwdp
Gnwé pwpdp wwhwlswnpyp' bwywwnwy npbghup Jywyt YEuuwdwnh muyhubph wu-
hnn wpunwnpdwl YGLuwwnGhubuninghw:

Unie U UGpnn: (Biota orientalis Endl.) UundwqghUtinh (Cupressaceac) puinnwUuhphU wwn-
ywunn danwnwiwp dwne Ywd pnuth £ 10-15 J pwpépnipjwdp [6, 7, 8]:

Gwnwagnunnie)ntlltpp hpwywuwgyt) Gu 33 QUU Q.U. Ywyprjwuh wudwl Ipnpnwnuhyw-
Jh wnnpGUutph huunhunnanh hhnpnunuhywywu hnpdwpwpwywl Yujwuncd® 2005-20127ppR.:

Pwgopjw hhnpnwnuhywnd hpwphuwihtu ul uwpwd (guunienid guplwup' dwpwnh
ytpght, Ywuwwpybp £ wplbywl YGuuwsdwneh ubpdbph gwupu' 100 a/U? unpdwjny: Swlpuh
uygphg Uhugl quugwéwihu &inidp (20-25 op) Ywwwpyb| £ wudpliwgnid, huy hGunwguwjnid
uunignudp inpytp £ ubpplhg® unynpwywl Gnwuwyny [1]: UGY pwnwyniuh Jtwnphg 800-1000
hwwn hhnpnwnuhy Gnwuwyny unwgywé YEuuwdwnh ubpduwpngutpp LY. 1) gupuwup® ww-
nhth ubqphg, wllwnyyt) Eu pwgopjw hhnpnwnuhyuwnud® hnwphuwjht ul L Yupdhp fuwpwd
lgwuyncetpnid: Suwpyp Ywwnwnpyt) £ 10-12 ubpduwpnyu® 1 J° upubdwyny: Suyhubph Ysuuw-
swihwlwu nyjwiutbnu Gu. pwpapnipiniup’ 14-18 ud, wnwehU Ywnpgh §jntntpp® 6-8 hwwn, wpdw-
nwyghyh wnpwdwaghép' 1,5-2,0 U JdbgGnwghwih pupwgenid pnyubpp uunigytp U Ywy-
plwUh Ynnuhg wrwewnyywsd uuunwiniénieny [1, 9], npp wipyt) £ gupuwup W wdnwUp' opw-
ywu 1-2, huy ubwwnbdptphg' 1 wugwd, pH=5,5-6,5:

Jdbgbwnwghwih ybpgnid’ ubwwnbdptphg wuyhubph deptpypjw quugywéh hwunctuwg-
Jwup bwywuwnbint bywwnwyny ubunwpwnp nwdnirehg wdpnnenipjwdp hwuynid £ wgnwp, W
wunhdwlwpwn Wwywubgynid uuntgdwl hwiwhiwywuntpiniup, npp pwpdpwgunid £ nnuyh-
utph gnunwnhdwgyniuncenilp:

Upnyntuplbn U plbwpymed:  Unpnuwynd pepdwé thnpdbph wpnyniuplutinp
gntjg GU wnwihu, np YEUuwdwnh ubGpduwpnyubpp hpwphuiwihu ule W Ywpdhp fuw-
pwuutpnud gnigwpbpnud U pwpap Yusnnwywunipnil® 95-100 %, npnughg 3-pn
wnwpnid uinwgyned GU |hwpdbp wuyhutbn (wn.1, LY. 3): UnwehU tnwpnid inGnwithnfu-
Jwd ubpduwpniubph wép Gpyne (gwuynietpnud £ pupwunwd £ nwunwn, huy &py-
nnpn W Gppnpn tnwpnud wép fjuhun wynhywunid E (wn.1, uy. 2, 3):
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UW.3. 3N4UGP3UL, k.U, UUSPrUMNES3SUL, G.8. MNNNUSUL, U.U. ELNSUL, W.U. BahuU2ursuL

LY.1. Uplbywl yEuuwdwnh dhwdjw pniuwyutpp pwgopjw hhnpnwnuhywjnid

LELUuwswnh nuyhutbph Gpypnpn W Gppnpn mwpyw wéh gnigwuhpubph (58-72
ud b 112-130 ud hwdwwwunwuppwlwpwn) hwdGdwwnnwdp gnyyg £ wnwihu, np wuhnn
dowynieh wwjdwlutpnud nhnytb) £ wéh wdtlwdjw nidguwgnid, npp pwgwwnnpyned
E wpdwwnwihu hwdwlwngh htinghGunk hgnpwgdwdp [3, 5]:

®npéwnyywé |gwlinipbphg pnyubph wéh huntGuuhynipjwdp W puh hwuwnnt-
pjwdp wnwybntpinitup wpynid £ hpwpuwhtu ule fuwpwdhu (wn.1), npp YwpGh £
JEYUwpwUb] wyn lgwujnieh hwutdwwnwpwp wnwyb| mwpwgdwdp:

UGp nuuntduwuhpnieiniuubphg wwpqdbp £ bwl, np hhnpnwynuhywih wwy-
Jwuubpnud YEuuwdwnh ubpduwpniuwyutnhg Gppnpn nwpnud U6y pwnwyniup JGwn-
nhg uinwgyt) Gu 10-12 unwunwnpuht hwdwwywwnwuhuwlunn nnuyhubn, npnup nLtubu
qunpgwgwé wpdwwnwihb hwdwywng, yGpwnuunpydwl dwdwlwly wwwhndned U
93-95% Ywgnnwywunipintt W Ywpnn U hwennnipjwdp ogunwagnpélb] Ywlwsw-
wwwndwl nt pwnwpw2huntejwl ptwgwywnnid:

LY.2. Uplbywlu yEuuwswnh tnuyhubpp Gpynpnpn nmnwpnud pwgoprjw hhnpnwnuhywnid

Uuhnn Jpwyniph ywjdwuubpnd huwpwynp £ pnyutph tnuywpyh fuinncegne-
Up JUGdwgub) Jhug 10 wugqwd, wwwhnybind dpgbunljw W unnpgbunljw opgqwultk-
nh (ntuwonwjhu W gpwuliinwjhb wuhpwdG2wn wwjdwulbnp:

Sunphhy wnwyb] hunGuuhy wéh, pwgopjw hhnpnwnUhywjh wywjdwuutbpnid,
3-4 wnwpnd htwpwynp £ unwlw] unwunwpnht hwdwwwnwupiwl wjuwhuh
inuyhubn, npnup unynpwywu hnnwjhu Jawynijenid unwgynid BU 5-6 tnwnntu:
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UPrGUGL3UL UGLUWBUNN (BIOTA ORIENTALIS ENDL.) SLUhLEGMh UBGSUUL UELUUSEhLNLNGhUSh USUUNIUL...

LY.3. Uplbywlu YEuuwdwnh inuyhutpp Gppnpn nnwpnud pwgoprjw hhnpnwnuhywynid

Un. 1. Uplbywu YEuuwsdwnh tnuyhubph wél nL Glwupp pwgopjw
hhnpnwnuhywjh ywjdwuubpnid

Swnwswhwywlu gnigwlhpubp, wnwph

Pnyubph | Ywgnnw- wnwighl EnUpnny Gppnpn twph
Lgwljnip | pwlwyp, | Juunip- [ pupépnt- | puh pwna- plh pwna- puh
hww/d® | yniup, % | pynilp, | wpwdw- | pnie- | wpwdw- | pnie- npwdwaghsép,
ud ghép, UU jnLup, qhén, jnLup, Ju
ud uJd ud
pwpfuwpu| 10 100 30 32 68 12 118 20
ul pwpwd 12 100 31 3,1 72 11 130 16
Ipwphuiwihu 10 95 28 2,9 58 11 112 17
Ywnuhp 12 95 28 2,8 61 10 117 15

hwpwd

Wuwhuny, JGp nuntduwuhpnieyniblGph wpnyniupnud GY6; Gup wju Ggpw-

hwugUwu, np YGUuwdwnh wnuyhubph hhnpnwnuhy wpunwnpnieintup hGnwuyw-
nwjhtu £ W wpnnitbwybun, W Yuwpnn £ gguwihnpBu bywuwnt) JGp hwupwwbwnniejwl
Jwlwswuywwndwlu juunph neédwun:

Pwgopjw hhnpnwnuhywjh wwjdwuubpnwd Gptp tnwpnid 1 u? JwytnptGuhg Yw-

nGh £ unwuw] YEuuwédwnh 10-12 |hwndbp wnuyhubp, npnup JEpwntwpydwlu dw-
Jwlwly wwwhnyntd GU 93-95% Jusnnwlwuntpniu:

10.

aruyuunresnty

Quypwl Q.U., Uwnwwbunywl U.b. dwupnwpntp funpnBune wuhnn wpunwnpnient-
Up, 3UUR QU hpwwnwpwygnipinil, Gplwl, Ep15-21, 1976:
Inyubyywl U.3., Eyywl U. W YELuwswnh Grbpwininh unwgdwl huwpwdnpnienitup
pwgopjw hhnpnwynuhYw)h wwydwuutpnid, 33 QUU 3Nh hwnnpnnidubp 29, Ep 24-26,
1999:
Inyubywl U.3., Eynpwl U U, Uwypwwbunywl o U., Mnnnuywl Q.3. Uh 2wpp dSwnw-
pthwwnbuwyutph wuyhubph wpunwnpnientup wuhnn Jdawynyenid, «Eyninghwjh
puntejwl wwhwwuntpjwl Juplnpnieinitup Jujnitt qupgwgdwu hGnwuywpnid» Uh-
swqagwjhu ghnwdnnnyh UjnLebp, Gplwl, ke 63, 2008:
33 Qjninwwntnbuntpjwl bwhuwpwpnie)ntl, UunwnwjhU inunbunienil, 33 wlunwn-
utph puntewahpp, www.minagro.am/antar.asp/, 2006:
Vwinwwbuywl U.b., 3Indubthywl .3, WGLuwdwnh hhnpnwnUhlwywl wpwnwnpnt-
RjwU huwpwdnpnientll nt wpwnwnpnientup, 34U UNL3h hwnnpnnidubp, 24, ke 72-
77, 1984:
dwpnwlywl 3. Swnwghwnipinit, Gplwl, Iwjjuywl gjninuntnbuwlwl wyw-
ntuhw, 370 tp, 2005:
Anexceeeckuii A.H. TINTOMHUKN JIEKOPATUBHBIX JE€PEBbEB M KyCTapHMKOB. M., U37-BO JIU-
TEPaTyphl 110 CTPOUTENBLCTBY, 346 ¢, 1965.
I'posdes B.A. lennponorns, M., u3n-Bo Hayka, 350c, 1960.
Maiipanemsn  C.X. KyapTypa 50HpPOMAacIMYHBIX pPACTEHHH B YCIOBHSAX OTKPBITOU
rugpornonuku. Epesan, nzn-so AH Apm. CCP, 314 ¢, 1989.
Martin L., Alonso N., Lopez M., Prieto M., Cadah C., Eymar E. Nitrogen fertilization using
hydroponic cultures to fertigate ornamental shrubs. Journal of plant nutrition, 29, issue 1,
2006.

Unwgyty £ 07.11.2012

113



Lwjwunwih Shmpnubisnh Ugagughl UlwnBdhw = fwjwunwih Yeshuvwpwiwlwid {winbu
HauuonaasHaa Axkasemus Hayk ApMmeHuu Buoaoruueckul XMypHaan ApMeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

*@npdwpuwpnwlwl L inbuwlwl hnpdwdlbp «kcnepumenmanvhvle u meopemuuecKue cmamyu®
*Experimental and theoretical articlese

BuoJor. :xkypH. Apmenuu, 2 (65), 2013

HNPEACTABUTEJIA POJA HELICOTYLENCHUS STEINER, 1945
(NEMATODA; HOPLOLAIVIDAE) B APMEHNN

JK.A.KAPAIIETAH

Hnemumym 300nr02uu Hayunozo yenmpa 300n02uu u eudposkonoeuu HAH PA
Julia_soo@rambler.ru

IIpoBeneHHble B ApMEHUHN HCCIIEOBAHUS [10KA3alM HAJIM4Ue NpeacTaBureneii poga Heli-
cotylenchus Steiner, 1945 B pa3ubix paiionax. Hemaroasl mapa3uTrpoBaiy Ha KOPHSIX U B IPUKOP-
HEBOI1 T0YBE PasHBIX IMKHUX M KyJIbTYPHBIX PACTCHHII B OTKPBITOM U 3aKPHITOM IPyHTaX.

Dumonemamoowvl — napazumvl pacmernuil — poo Helicotylenchus

Swjwunwund Yuwwnwpdwé hGnwagnunnieniuubnp gniyg wdbghu, nn Helicotylenchus Stei-
ner, 1945 gtinh Ubpywjwgnighsubpp twnpptp 2ppwultpnd Jwlwpnwdnud GU wnwppbp qujph W
dawynyh pniubph wpdwwnubpnd bW wpdwwnwdtbpd hnnnud, hugwbu pwg nw2unwiht ywjdwuut-
npnud, wjbwBu £ thwy gpniunned:

Pnruwlybn Uedwinnnlbn — pnyubnh dwlwpnydubn — gbn Helicotylenchus

The researches carried out in Armenia showed presence of representatives of the genus
Helicotylenchus Steiner, 1945 in various areas. Nematodes parasited on roots and the radial soil of
wild and cultural plants, both in open and the closed soil.

Phytonematoda — plant parasitic —genus Helicotylenchus

Ipencrasurenu pona Helicotylenchus npu TeruioBoii 00paboTke npuHUMaoT (op-
My cnupanu — “crupanbhble” Hemartonsl. Ilo stomy mpusHaky IlltaiiHep BblIENen pox
Helicotylenchus, KOTOPBIA OTIIYAETCS TAKXKE KOIBYATOH TyOHON 001aCThIO C HEOOIBIIUMU
HOPOBUAHBIMY (pa3MUIAMH, PACIIOJIOKEHHBIMU Ha YPOBHE aHyCa MM HEJAIEKO OT HETo, C
MACCHUBHBIM KOIIbEM H OTHOCHTCIIBHO 6OHLHII/IM PacCTOAHUEM MEKIAY OTBEPCTHUEM IIPOTOKA
JIOpCaJILHOI MUIIEBOI JkeTIe3bl B IMPOCBET MHUIIEBOIA K OCHOBAHUEM KOIIbSI.

Pon Helicotylenchus smnsiercsi caMbIM MHOTOYHMCIEHHBIM. Ero mpexcraBurenn —
9KTO- WJIM SHJIOIAPa3HUTHI pacTeHuH. “CrupaibHble” HEMAaTO/bl PaCIIPOCTPAHEHBI M0 BCEMY
3eMHOMY IIapy W MOPaXKaIOT CeNbCKOXO3SHCTBEHHBIE, TEXHUIECKHE, CyOTPOIIMIECKHe, Jie-
KOPaTUBHBIE KYJIBTYpPBI, I€PEBbS U IPYTHe PACTEHHs. DTUX HEMATOJ HaXOIT MOTPYXKEH-
HBIMH TIepeIHei JacTbIo Telna B KOpHH. BelieacTBIe MpoKoioB TkaHel Ha KOPHSIX BO3HHKA-
10T MHOTOUHCIIEHHBIE MENKKE Hekpo3bl. Hepenko “criupanbHbIX” HeMaToJ 0OHApY>KHBAIOT
LETUKOM BHEIPUBLINMUCS B KOPHH. B Takux cilydasx B HapyKHBIX CJIOSIX KOpHEH MOXHO
HaITH Bce CTaUU Pa3BUTUS — OT silia 10 M0JI0BO3PEIOH HEMATOIBL.

B Apmenun npencraBurenn popa Helicotylenchus BCTpedaloTCsl Kak B OTKPBITOM,
TaK U B 3aKPbITOM IPYHTaX.
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Mamepun u memoouxa. Matepuanom ais usydenust popa Helicotylenchus nociyxunu 06-
pasiibl, cOOpaHHbIE U3 Pa3HBIX PaiOHOB APMEHHH U Ha pa3HbIX KyJbTypax. Hemarozas! posa napasu-
THPOBAJIN HAa KOPHAX U B IPUKOPHEBOH MOUYBE PA3HBIX JUKHX M KYJIBTYPHBIX PACTEHHII B OTKPBITOM U
3aKpbITOM rpyHTax. [Ijis BbIICICHUS HEMATO]] U3 KOPHEH W HPUKOPHEBOM IOYBBI PACTEHHH HCIONIb-
30BaT MOIM(PUKAIIMOHHBIN BOPOHOUHBII MeTo bepmana. [IpukopHEBYIO MOYBY U KOPHHU TOMETIIATI
HAa CeTKH U3 JIATYHM WM CUHTETHYECKHX MATepHaJoB, 3aTE€M OIyCKAIM B BOPOHKH C BOJIOH, AWa-
merpoM  10-20 cM Takum 00pa3om, uYTOOBI 00pa3ibl OBLTH MOKPHITEI TOHKUM CJIOEM BOJBL. DKCIIO-
3unmst BbiaesneHust — 72 4. [Ipobupku ¢ Hemaromamu ¢ukcupoBamn TAD-om. U3 ¢ukcnpoBaHHBIX
HEMaTojl TOTOBWJIM BPEMEHHBIC U IIOCTOSIHHBIC BOJHO-TJIMLEPHHOBBIC IIPENapaTbl 10 METOIHKE
KupbsHoBOi1 [4]. BumoBoii coctaB orpeiessiuii npu oMoy Mukpockorna MBHU-3.

Pezynomamut u o6cysyncoenue. 1IpoBeneHHbIE UCCIEIOBAHUS NOKa3aId HaIUYUe
npexcraButenei pona Helicotylenchus Ha KOpHAX U B IPUKOPHEBOM ITOYBE PA3HBIX JUKHX
U KYJITYPHBIX PACT€HHI B OTKPBITOM U 3aKPHITOM IPYHTE B ApMEHHH.

Bupn Helicotylenchus digonicus Perry, 1959

3T10T BUA OOHApyXKEH B TUIIOBOM PACTEHHU — MSTIIUK JIyroBoii (Poa pratensis L.) u
Ha KOpHAX MHOI'MX BHJOB KOPMOBBIX 31akoB. Tunosoe MCCTOHAXO0XXACHUEC — MaﬂI/ICOH B
mtare Buckoncun (CIHIA). OauH 13 Haubosee MMPOKO pacIpOCTPAHECHHBIX BUIOB TeITH-
KOTHJICHXOB, OOHApYKeHHBIX BO MHOTHX cTpanax mupa: CIIIA, Kanana, Mekcuka, UpaH,
BenukooOpuranust, Janus, Utamus [11,13,14,22]. B Poccun 3aperucTpupoBaH B pas3ind-
HBIX MeCTax CpeJHel M OKHOHM "actei ctpansl, B [ py3un, Kazaxcrane, Kuprusun, Moi-
nose n Tamkukucrane [3,4,8,10].

B Apmennu oOHapyxeH B T. BaHanzop B IpUKOPHEBOH TOUBE Asparagus sprengeri
u Cineraria hybrida, a Taxke B Map3e Baifol 130p Ha KOpPHSX BUHOTPaJA U B IIPHKOPHE-
BOM ITOYBE TIIEHHIIBI.

Bun Helicotylenchus vulgaris Yuen,1964

Bun oOHapysxeH B JIeCHOH HOuYBe, Ha KOTOPOH npeodiiajana pacTUTEIBbHOCTb, COC-
TOsIILIas B OCHOBHOM M3 BEPXOBBIX M HU30BBIX 3JIaKOB, TAKUX KaK JIHCOXBOCT JIyroBoit (A4lo-
pecurus pratensis L.), MATIIHK J1yroBoii (Poa pratensis L.) n Ha Ipyrux pacTeHusX. THIIOBOE
MecTOHaxOXIeHne Buyia — BenukoOpuranus [13,14,16]. On yacto oOHapyskuBaetcs B Poc-
cun, ['py3un, Tamxukucrane, 3arn. Cubupu, Kazaxcrane [6,7,10].

B Apmenun oOHapyskeH B roposae Banamz3op B TEIIMYHBIX XO3SHCTBAaX Ha KOPHSIX
nekopaTtuBHbIX pactenuii Cineraria hybrida, Asparagus sprengeri v Takxe Saxifraga rosa.

Bun Helicotylenchus canadensis Wassem, 1961

TurnoBoe pactenue kiesep kpacHblil (Trifolium pratense L.). OGHapyskeH Taxxe B
MPUKOPHEBOH MMOYBE MACTOUIIHBIX 37IAKOB M OCOK, €M, OErOHHH, SIOJIOHH, OeJIOro U rHo-
PHIHOIO KIJIEBEPOB M JoLEepHbl. TunoBoe MecToHaxoxaeHue — Kanana, BcTpedaercs B
Awnrmuy, [onsie [24,25,13].

B Apmennn o6HapyKeH Kak B 3aKpBITOM, TaK M B OTKPBITOM I'PYHTaX, B OpaHkepe-
X TPECTA O3€JICHEHH.

B Bananzope B npuKOpHEBOH 1HouBe Asparagus plumosus, a Takxe B OTKPbITOM
TPYHTE — B IPUKOPHEBOM MOYBE CaxapHOU CBEKJIbI, MILIEHUIIbI, SYMEHS U TOpoXa B I'. All-
Tapake, T. Macuc n Tammp.

Bupn Helicotylenchus rotundicanda Sher,1966
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TumoBoe pacreHne — cBHHOpO# nanbuateiii (Cynodon dactylon L.) oOGHapyxeH
BOJIM3M KOpHEH, a TakKe B MPUKOPHEBOH MOYBE aBOKAI0 aMepuKaHckoro (Persea ameri-
cana Mill), xkamenuu simouckoit (Camellia japonica 1.), Ouprounnst (Legustrum sp.), CITU-
BbI, TOMATa, CBEKJIbI, JIFOLIEPHBI, KileBepa Oelroro.

TunoBoe mecronaxoxaenne — Kamudopuus, Bcrpeyaercs B Kanane, Mpane u B
Ucnanwnm [12,16,17].

B ApmeHnn oOHapy»keH B OpamKepesx TeIUIMYHBIX XO3sHCTB Banansopa B mpu-
kopHeBo# nouse Gladiolus lemoinei, Cineraria hybrida, Asparagus sprengeri.

Bun Helicotylenchus caroliniensis Sher,1966

OOHapy>xeH B OosoTucTOl nmouBe. THUIOBOE MecToHaxokaeHHe — DiopeHc B mmiTa-
te FOxnas Kapommua (CILA).Haiinens! takxke B pa3ueix npoBuHnusix KOAP. Pacrenns-
X0351€Ba HE U3BECTHEI.

B Apmenun oOHapyxeH B OKPECTHOCTSIX I'. BaHam3op B IIPUKOPHEBOH MOUBE S4-
MEHs, a TaKXKe B OpaHKepesX TpecTa o3eleHeHus I. Bananzop B nmpukopHeBoil nouse Ci-
neraria hybrida.

Bun Helicotylenchus platyurus Perry,1959

TuroBo#i X03siMH — 3eMiIsiHUKA (Fragaria sp.), mapa3utupyer oonee yem Ha 20 Bu-
Jlax IePEeBLEB U KYCTApPHUKOB, K X0351€BaM OTHOCUTCS TaKKe y0, KJIeH, JTMCTBEHHUIIA, €Jib,
TONOJIb, KeAp U Ap. OcoOEHHO YacTo BCTpedaeTcsl B MPUKOPHEBOH MOYBE IPEBECHO-KYC-
TapHUKOBBIX MOpoJ. Takke BcTpeyaeTcs Ha KOPHIX MSTIMKA, TACTOUIIHBIX 3JIaKOB, KIle-
Bepa KpacHoro u 6enoro u np.Iupoko pacrpocrpanen B CIIA, yacro Bctpeuaercs B Ka-
Hajze, u3 crpaH EBporst oonapyskeH B [Tonpme [11,13].

B Apmenun oOHapyxeH B opamxepesx r.Bananzop, B IpUKOPHEBOI NOuBe Aspara-
gus sprengeri.

Bun Helicotylenchus varicaudatus Yuen,1964

3TOT BUA pactipocTpaneH B crpaHax EBpomnsl: Anrimmu, ®pannuu, Hunepnannax,
Asctpuu. B Ionbme u I'epmanun oOHapy»keH Ha OOSIPBINIHUKE, 1yOe, siceHe, KIeHe U Ha
TPaBSIHUCTHIX pacTeHusix [13,14,15,22].

B ApMeHun oOHapyKeH B OpaHXepesix TpecTa o3eNieHeHus T. BaHai30p B mpukop-
HEBOH IMMOUBe Asparagus sprengeri, a Takke Ha KOPHIX BHHOTPAIHOW JIO3BI B ceie Hop-
AprameTckoM (3KcriepuMeHTalbHas 6a3a HCTUTyTa 300710THH).

Bupn Helicotylenchus serenus Siddigi, 1963

TunoBoe mecroHaxoxaeHue [lakucran, Bcrpeyaercs Takxe B Uaann. OGHapyKeH
B [IPHKOPHEBOH MOYBE TYH H Ke/ipa THMAaIaiCKOro.

B Apmennu o0Hapy>XeH B OpaHXkepesx TpecTa o3eleHeHus I. Banamgzop u EpeBana.
B npuxopHeBoii nouse Asparagus sprengeri, Cineraria hybrida, Hibiscus rosa.

Bun Helicotylenchus retusus Siddigi and Brown, 1964

TunoBoe pacTeHHe — caXxapHbIi TPOCTHHUK, OOHApYXKEH B IPUKOPHEBOH nouse. I1a-
Pa3UTHPYET TaKoKe Ha KOPHIX KyKypy3bl, puca, IUTPYCOBEIX, OaHaHa, COH, COPTO, KOKOCO-
BOW mayibMbl ¥ rpaHata. OOHapykeH Ha DUIMINKHAX, & TAKKE B APYTUX TPOIMUUECKUX H
cyorpormueckux crpanax: Mumum, Uanonesun, Tamnanna, Mpana. DToT BUI HW3BECTEH
takxke B Typkmennu [4,17,23].
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B ApmeHun oOHapyXeH B Opamkepesx TpecTa o3eleHeHus I.I'IoMpH B IPUKOpHE-
Boii mouBe Hoya carnosa.

Bun Helicotylenchus dihystera Sher, 1961

Tpomueckuii BUI, pa3MHOXECHHE KOTOPOro HaONIOAAeTCs NpU TeMIeparype
10-35°C. TTuTaeTcst Ha KOPHSX KaK 9KTO- UM TIOJTY3HIONAPA3KT, HHOIIA KAK YHIOMAPa3HT.
MOo>KeT HOJIHOCTBIO BHEJPSATHCS B KOPHH COH.

TurnoBoe pacteHue — caxapHblii TpocTHUK. OOHapy»KEH Ha KOPHSIX MHOXECTBA pa3-
JIMYHBIX pacTeHud. THrnoBoe MecToHaxoxeHue Xapsya (ABctpanus). Hanbonee mmpoko
pacrpocTpaHeHHbIN BU FeJIUKOTHIICHXOB B I03KHBIX cTpaHax: FOxxnas Kopes, nnonesus,
Wunus, lpu-Jlanka, Manasus, Wpak, Mpan, W3paenb, Adpuka ¥ Apyrux crpaHax
[12,18,21,23]. B Poccun BecTpedaercst B FOXKHBIX paifoHax cTpaHsl, a Takke B ['py3un, Ka-
3axcrane, Momgose, Y36ekucrane [1,6,8].

B Apmennn oOHapy>keH B TpecTax o3elieHeHus ropooB Bananzop u ['tompu B Ten-
JUIAaX Ha KOPHSX W MMPUKOPHEBOH 1ouBe Asparagus sprengeri, Cineraria hybrida, Gladio-
lus lemoinei.

Bupn Helicotylenchus pseudorobustus Golden, 1956

IInpoxo pacmpocTpaHeHHBII 1 BechMa oObIdHEIH BuI B EBpone — ABctpum, ['ep-
manuu, Hunepnannax, bensrun, @panmmu, [onsme u Mranuu. B noneBsix ycnoBusx oco-
OEHHO CHJILHO Pa3MHOKaeTCsl Ha KOPHSX KyKypy3bl, a TAKXKE OBCA M MIICHHIIBL.

Tunosoe mectoHaxoxnenue [lIseitnapus [14,15,17,24].

B Apmennu oOHapy>keH B TEIIMYHBIX XO3sIHCTBaX I. EpeBaH — Ha KOPHSAX TOMATOB,
B OpamXepesix Tpecrta o3elieHeHus T. Bananzop B mpukopHeBoit mouse Cineraria hybrida,
B Dumpnan3uHCKOM paiioHe Ha TOJAX JIyKa, TOpoXa, MOPKOBH, a Takke B NMPUKOPHEBOH
II0YBE BUHOTPaa.

Bupn Helicotylenchus multicinctus (Cobb,1893) Golden, 1956

THOMYHBIA SHAOTIAPAa3UT KOPHEH, BCe CTAJIUH PA3BUTHS KOTOPOTO OOHAPYKHBAOT-
Csl B KOPTUKAIBHBIX TKaHAX. DTOT BHJ CJIEAYET OTHECTH K TEPMO(UIBHBIM BHIaM HeMa-
TOJ, SHAEMUYHBIM I TPOIMYIECKUX- CyOTpOIMYecKnuX cTpaH. Bo MHOTMX cTpaHax Mupa
CHIIBHO NopakaeT OaHaHbl. B 30He ymepenHoro knumara Helicotylenchus multicinctus BbI-
JKHBAET TOJBKO Ha TEIUIMYHBIX PACTEHUsX, OyQy4d 3aBe3eHHBIM c fora [21,22.23]. Tu-
MIOBOE MECTOHAXOXICHHE OCTPOB DUIHKHL.

B ApmeHnn oOHapyxeH B Merpu, B KOpHSX M NPUKOPHEBOH MMOYBE BHHOTPAJA,
KJIeBepa, OeeHBI.

Bun Helicotylenchus concavus Roman,1961

TuroBoe pacreHue — caxapHblid TPOCTHHK. K 4HciTy X035€B OTHOCATCS MHOTHE BU-
JIbl PACTEHUM, OBCEMECTHO BO3/IENIBIBAEMBIX B FOXKHBIX CTPaHAX: LIUTPYCOBBIE, XJIOMYAT-
HHK, TabaK, aBOKaJ0 aMEepUKaHCKOEe, MaHro u Jap. Briepeeie 0OHapyxeH B T. Can-Cebac-
ThbsiH Ha ocTpoBe [lyapro-Puko, BcTpeyaercs B Becr-Munuu, Ha @ununnunax [23].

B Apmennu oOHapy>keH B IPUKOPHEBOH MOYBE SYMEHS, Tabaka ¥ BUHOTPAIHOMH JI0-
3bl B OKpPECTHOCTSIX I'. bepna TaBymickoro map3a.

Bupn Helicotylenchus erythrinae (Zimmermann, 1904) Golden,1956
DTOT BHJ HauboJee YacTo MOPaKaeT Pa3IMYHBbIC BHIBI 31aKOB, a TAKXKE CESHIIBI

JIPEBECHO-KYCTaPHUKOBBIX MOPOJI. 30Ha AEHCTBHUS PaCpOCTpaHseTcsl Ha BCE TPOIIMYECKUE
U cyOTpOnrYecKre CTpaHbl MUpA.
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JUK.A.KAPAIIETSH

TunoBoe pacTeHue SpUTpHHA NpUTeHstowast (Erythrina lithosperma) u3 cemelcTBa
6000BbIX. [TapazuTupyer Ha MHOTHUX BHAAX JUKHX U KyJbTYpHBIX pacteHuil. K xo3seBam
OTHOCSITCS aBTYCTHHOBas TpaBa (Stenotaphum secundatum (Walt.) Kuntze), a Taxxe me-
HHIIa, KyKypy3a, puc, 0aHaHbI, Kakao, Ko(eitHoe 1epeBo.

[[Inpoko pacnpocTpaHEHHBIH Mapa3UT B FOXKHBIX CTpaHaX. THIIOBOE MECTOHAXOXK-
nenue — Munonesust. B EBpone BcTpeuaercs Tonpko B CpenuzeMHoMophbe. Pacnipoctpanen
B CIA, Bect-Unnun, Benecyane, [laname [14,12]. B Poccun Bce 0oCHOBHBIE HaXOAKH B
Oouiee OXKHBIX paiioHax. Berpedaercs Takke Ha Teppuropun [ pysuu, Y36ekucrana, Moi-
noBel, Typkmennn [9,1,8].

B Apmenun oGHapysKeH B T. DUMHa/[3UH B IPUKOPHEBOH MOYBE MIIEHHIBI X TOMa-
Ta, B MacucckoM pailoHe Ha KOPHSX JIyKa.

Bupn Helicotylenchus pseudodigonicus Stczygiel, 1970

O6Hapy>xeH B [loJble B IPHKOPHEBOW ITOYBE 3€MIITHUKH Ha MHOTHX IDTAHTALHSIX.
YuciIeHHOCTh TIapa3uTa yBEIMYUBACTCS C BO3PAcTOM IuiaHTauuu. B Poccun BuI oTMedeH
Ha pacTEeHUSIX MaJIMHbI, YePHOH CMOPOANHEL, 3eMIISHUKY, SIOJIOHHU, TPYLIN.

B ApMmeHun oOHapy>KeH B IPUKOPHEBOW MOYBE BUHOTPAIHOMN JIO3bI SKCIICPUMEH-
TanbHOU 0a3el lHCTUTYTA 300510THHL.

Bupn Helicotylenchus crassatus Anderson, 1973.

TunoBoe pacrenue — kieBep kpacHslit (Trifolium pratense L.).K xo3seBaMm OTHO-
cATCS TaKKe KieBep Oemblil M THOPHIHBIN, JTIOLEPHA, TACTOUIIHBIC 371aKH, SOJ0HS, Tabak 1
OJlyBaHYHK.

TunoBoe MecToHaxoxeHue — npoBuHIMs KBeOek (Kanana).

B ApmeHuu o0HapyXeH B OKPECTHOCTSIX AMOepaa AIITapakCKOro Mapsa Ha Kop-
HSIX U B IPUKOPHEBO# TI0uBe KieBepa KpacHoro (7rifolium pratense L.).

Bupn Helicotylenchus tunisiensis Siddigi, 1963

70T BUJI OOHApYXEH B NIPUKOPHEBOI nouse kaprodens (Solanum tuberosum L.).
B nanepHelimem B npukopHeBo# nouse MaciuHbl (Olea curopaea L.), poxXKOBOTO JiepeBa
(Ceratonia siliqua L.), apaxuca (Arachis hypogaea L.), 6anana (Musa sp.).

TunoBoe MecToHaxoxaeHHe — okpecTHOcTH T. Tynuc (Tynuc). Illupoko pacnpocr-
paneH B U3zpaurne.

DTOT BHA OOHAPYKEH TakkKe B APMEHHH B AIITapakCKOM Map3e B IPHKOPHEBOH
HOYBE IIICHULIBI.

Taxum 006pa3zoM, IPOBEIECHHBIE NCCIICAOBAHIS TTOKA3aIH HATMYHE IPEACTaBUTENCH
pona Helicotylenchus Ha KOpHAX ¥ B IPHKOPHEBOH MOYBE PA3IHYHBIX JHKUX U KYJIBTYp-
HBIX PACTEHHUI B OTKPBITOM U 3aKPBITOM IPYHTaX APMEHUU.
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FIRST RECORDS OF THE ANT-LOVING CRICKET
MYRMECOPHILUS ACERVORUM (PANZER, [1799]) FROM ARMENIA
AND COMMENTS ON MYRMECOPHILUS HIRTICAUDUS FISCHER
VON WALDHEIM, 1846 (ORTHOPTERA: MYRMECOPHILIDAE)

T. STALLING

Méndenweg 26, 79594 Inzlingen, Germany
Stalling@gmx.de.

New records of the ant-loving crickets Myrmecophilus acervorum (Panzer, [1799]) and
Myrmecophilus hirticaudus Fischer von Waldheim, 1846 for Armenia are presented. M. acervo-
rum is reported for the first time from Armenia and the Caucasus. The criteria used for identifica-

tion are described.
Ant guest — Caucasus — Myrmecophilus

Lbpywjwgywd U Myrmecophilus acervorum (Panzer, [1799]) W Myrmecophilus hirticaudus
Fischer von Waldheim, 1846 6nhy-UppUuwutputph Unp gpwugnidubp Iwjwuwnwuncd: M. acervorum
nbuwyu wnweht wugwd E uywpwagnpywd Iwjwunnwuh b Unyywuh hwdwn: Lywpwagpywséd Bu
swihnpn2hgubp, npnup ogunwagnpéynid GU Upwlg UnyUwywlwgdwl hwdwn:

Dnhly-unplwubn — Ynyljuwu — Myrmecophilus

IpencraBieHbl HOBbIE HAXOAKH CBEPYKOB-MYypaBbelio00B Myrmecophilus acervorum
(Panzer, [1799]) u Myrmecophilus hirticaudus Fischer von Waldheim, 1846 8 Apmenun. M. acer-
vorum BriepBble onucaH Uit Apmeruu u KaBkaza. OnucaHbl KPUTEPHUH, HCTIOIb30BAHHBIC JUTS UX
UACHTH(DUKALHN.

Ceepuok-mypagventod — Kasxasz — Myrmecophilus

Ant-loving crickets (genus Myrmecophilus Berthold, 1827) are small insects, which
are known to live as guests in the nests of ants. To date, 57 valid species have been descri-
bed worldwide [6]. From the Caucasus, only Myrmecophilus hirticaudus Fischer von
Waldheim, 1846 was known previously from the Greater Caucasus (Teberda, Russia) and
the Lesser Caucasus (Armenia, Meghri) [9].

Materials and methods. During a trip to Armenia in July 2011, ant nests under stones were
checked for ant guests. All specimens of Myrmecophilus were collected.

Results and Discussion. Two species of Myrmecophilus were found in Lori pro-
vince and Syunik province.

Myrmecophilus acervorum (Panzer, [1799]) (fig. 1) was found in the northern and
southern parts of Armenia. All specimens were found in ant nests under stones:
10 adults 92, 10 nymphs 99 and 16 nymphs of unknown sex in nests of Lasius sp.,
24.07.2011, Sisian, Sjunik province, 39° 33' 02" N, 45° 59'43" E, 1780 m, leg. & coll.
T. Stalling; 10 adults Y9, 5 nymphs 99 and 4 nymphs of unknown sex in nests of
Lasius sp., 1 nymph Q9 and 6 nymphs of unknown sex in nests of Myrmica sp.,
04.08.2011, Dzoraget, Lori province, 40° 56' 57" N, 44° 37' 34" E, 1065 m, leg. & coll.
T. Stalling. The habitat was grass steppes interspersed with stones at both localities.
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Fig.1. Myrmecophilus acervorum, female, Dzoraget, Armenia, 04.08.2011

Myrmecophilus hirticaudus (fig. 2) was found in the northern part of Armenia.
All specimens were found in ant nests under stones: 2 adults 9, 1 adult & in nests of
Camponotus sp., 2 nymphs 29, 9 nymphs &J and 1 nymph of unknown sex in nests of
Myrmica sp., 04.08.2011, Dzoraget, Lori province, 40° 56' 57" N, 44° 37' 34" E, 1065 m,
leg. & coll. T. Stalling; 1 adult & in a nest of Camponotus sp., 05.08.2011, Dzoraget,
Lori province, 40° 56' 57" N, 44° 37' 34" E, 1065 m, leg. & coll. T. Stalling. The habitat
was grass steppe interspersed with stones.

Fig. 2. Myrmecophilus hirticaudus, female, Dzoraget, Armenia, 04.08.2011

The records of M. acervorum are the first for Armenia and the Caucasus, and are
the easternmost records known to date. Previously, the species was known from Austria
[12], Czech Republic [3], France [4], [5], Germany [11], [14], Hungary [16], Luxem-
bourg [13], Poland [1], Russia (Kaliningrad Oblast) [8] and Slovakia [8]. The exact eas-
tern distribution boundary remains unknown. M. hirticaudus was previously known from
the Crimea, the Caucasus [9], [10], [2], Croatia [15] and Bulgaria [7].

The criteria used for identification are described by Stalling & Birrer [15]. The
adults of the two species differ distinctly according to the following criteria: body co-
lour, dark reddish-brown with pale ochreous posterior border on the pronotum and ter-
gite in M. acervorum, uniformly brown in M. hirticaudus; number of spines on the meta-
tarsus of the hind legs, two dorsal spines in the proximal and medial positions in
M. acervorum, three dorsal spines positioned in the proximal, medial and distal parts of
the metatarsus in M. hirticaudus (spine sometimes absent in the medial position, whereas
spine in the proximal position always present).
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M. acervorum and M. hirticaudus were found together at Dzoraget in single cases

and even in the same ant nests, which demonstrated sympatric occurrence. No males of
M. acervorum were found so the species can also be assumed to reproduce parthenoge-
netically in this part of its range. M. hirticaudus males and females were found so the
species can be assumed to reproduce sexually.
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NruncdUwuhnyt) £ twppbp nhwgnunpndubn wwpniuwynn ng uhdphnunhy wagnundhpunn
dhypnopgqwuhquutph hwdwytgnipintuutnh  wpnynitbwybnnieintup Gplwpwnl ywhwywudwu
wwjdwuubpnud: Mwnqyb £, np thnpéwpyywé hwdwybgniejniulbpp hhduwlwunud wwhwwub GU
hptug EpLYinhyniejnLlp, suwjwd npn2 nEwptpnid Ujwwndb) Euwl wpnniuwdGnneejwl wuyned:

wgninpndlbn — hwdwlbgnipynt — ng updphninhly wqnindhpuwwnnplbn — gnp&l

H3yuena 3¢HeKTHBHOCTD COOOIIECTB HECUMOMOTHUECKUX a30T(HUKCUPYIOLIUX MUKPOOP-
FaHU3MOB, COJEPKALIMX Pa3IMUHBIE AUA30TPOdBI, B YCIOBUAX UIUTENbHOrO XpaHeHus. Oxasa-
JIOCh, YTO UCCIIEI0BAHHBIE COOOILECTBA B OCHOBHOM COXPAaHMIIH CBOIO 3(()EKTHBHOCTD, XOTS B HE-
KOTOPBIX CIIydasxX HaOII0fanoch nafeHue 3(pHeKTHBHOCTH.

Huazompoghvl — coobwecmea — necumbuomuyeckue azomegpurcamopvl — nueHuya

The efficiency of the communities of non-symbiotic nitrogen-fixing and diazotroph-contai-
ning microorganisms during long-term storage was studied. It was found that in general, the inves-
tigated communities keep, their efficiency, although in some cases the drop in efficiency was also
observed.

Diazotrophs — communities — non-symbiotic nitrogen — fixators — wheat

Rwjwnlup E, np nhwgnunpndutiphg Yuwgdywé fuwnp Ynipinnipwubpp pwgdwyh
JGpwgwupubphg hGunn (wpnpwwnnp ywjdwuubpnd wwhwwudnud GU Gplwp: Snig
E wnpdwé bwl, np nhwgnunpndutinh bdwu hwdwybgnie)niuubpnid quipgwgnn twn-
pGp pwynEphwubph nGuwlwiht Ywaqdp, Upwug hwpwpGpwygnieiniu ne Uhwnpn-
gGUwqwhu &6 wywnhynipiniup wwhwwudwl pupwgpnid thnthnpunteinilutnh ¢GU
Gupwpyyty [2, 3]: VUwlwjt wl Uwl wnbnGynientbutn, np gtpdwuwnhdwuh thnthn-
huntpintup hwugbgunid £ hwdwyGgnipntunid qupgwgnn nwppbp ynwnijwghwub-
nh Ywnnigywépwihu thnthnpuntpiniuubph, nph hwnmbwlpny Ywpnn Bu hwunbu qu
unp nndhbwlwn nGuwyutp [6]: Cuwn npn2 hEnhuwyukph, ulunwwunwnpptph wupwyw-
pwp pwlwyh nGwpentd Jhypnpwjhu geungnd wpntnihinhy $epdGuinlbp wwpne-
LUwynn npn2 pwyntbphwubpn npwbu ulunwujnie Ywpnn GU ogunwagnpédty wj, Uhynn-
onqwUuhquutph pghoutinp [4]: Ywl Lwl nEnGYnLe)nLLUUGD pnyutph uGpdGph pwyntk-
nhqugdwl ng EEYnhynipjwl Yybpwpbpjwg [8,9]: “Yhwgnuinpndubph YELuwpwqglw-
quuntejniup funpnipjwUp ntuntduwuhpynid £ uwl yGpghu tnwphubphu [1,5]:

UnLju hwnnpndwU bywwnwyu £ ubpywjwgut) yepeht nwubwdjwyubpnud Iw-
jwunwUuh wnwppbp 2ppwultphg JGyniuwgywd nhwgnunpndubp wwpniuwynn ng
uhdphnunhy wgnwndhpunn dwuptutph hwdwybgnip)niultph (WU3) EEYnhYnLejwl
wWwhwwudwlu ninnniejwdp JGp ntuncdUwuhpneeyntlUGph wpnyniupubinp:

Unie b dGenn: AGinwagnnnipjwl Ujnie £ Swnw)bl 1989-2007rE. Iwjwunwlh tnwpptn
2npwlitpnud Jwyynn gnptuh wpdwwnwiht hwdwlwnpghg (rhgnudbpw, rhgnwwl) Jeyne-
uwgywd ng uhdphninhy wgnundhpuwinnputbph 250 WU3-Ukpp: Wn hwdwybgnieniuubpp wgw-
nwjhU E2phh ulunwuhgwyuwpnid wywhwwlyty U 6-8°C-h wwjdwllbpned:
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®npdwpywsd hwdwybgnipintbubph YEuuwgnpéniubnipjwl hGnlwlpny wnwowgwé
Uniptinh Upgnpénie)niup gnptuh wéh ypw npnadt) £ ubpdbpp thnpéwnyynn gpwjhu untuwGu-
ghwubph ywydwu dtennny 3-5 Ypyunnnipjwdp [71: Wn Uwywwnwynyg bwhunpnp gpwédlh wbn-
opuhnh (H,0,) 17%-ng [nténijenid 20 n wnlinnnipjwUp untphihqugywd gnptuh ubpdbpp 18 ¢
nunnnipjwdp 27°C wwjdwllbpnid pwyintphquigyt U hGwmwgnnynn Ynenntpwltph 109
pohp wwpniuwynn gnwjht untuwybughwubpny: IGnwaqw)nd pwynbphqugywé ubpdtpp npybg
GU Uwpunpnp untphihqugywé L uintiphp gpny funbwdwgywsé dhinph pnebn wwpntiwynn
MGwnph pwutpnud 4 op 27°C wwjdwllbpnid wakgutinig hGnn Yuwwpyt) £ Slwé ubpdtph pw-
LUwynipjwl W wpdwwnUbph ni dhitph Gpywnniejwl hwpdwnened: Npwbu unnighs ogunwagnndyt|
EU uintpht gnny Vpwyywd gnpbuh ubputpp:

Upnyntuplbn U pllwplyned: I6nwgnnnip)niuutnh wpnyniupubphg wwnqubp
E, np 33 JwjptGpnud Jpwydnn gnptuh nhgnudbpwinud W nhgnwjwund J6& nmwpw-
6nLd nLUGU Azorobacter, Bacillus, Klebsiella, Agrobacterium Flavobacterium, Erwinia, Azospi-
rillum gGnGphU Wwwwunn nhwgnwnpndubpp, pbwywl phngGunqubpnid Upwug nt-
ntygnn wj, dhypnopgqwuhquubph wnywjniejwdp: Npn2 UUI-Ubpnud Uywundbp Gu
LUwl 9phdninltn:

Un.1. WU3-Ubph EdEYnhynipjwl thnthntunteintulbnp pwugwpwuwihu
wwjdwuubpnud Gpunpwnle ywhwywudwU pupwgpntd
Owunpnp/nLl - «+» - upwluntd, «-» - wuynid, «0» — ghgnp, «1» - UGyntuwgdwl mwnpyw hwdtdwn:

Swdwybgnipjniulbph wqnbgnieiniup gnptuh ubpdbph
Utynt- [Sintbwynipjwu Updwuwnubph | opph
uwg- Jpw Uskgnnnipjwl ypw
Jwl  [Ubkynt- [2010p. | UbLyni- [2010p.| Utyni- |[2010p. Upnyntupp
wnwnb- | ywgnt- uwgntuhg uwgntuhg
UU3- | phdn | upg htwnn htwn
utip hGwnn

A50 1989 - - + + + + wWwhwwujwé
A54 1989 - 0 + + + + Jwuwdp ywhwywujwd
A 56 1989 + + + + + + wwhywujwsd
U-8* 1997 + 0 + + + 0 Jwuwdp ywhwwujwd
U-97-7 1997 + + + + + + wwhwywujwsd
U-97-50* | 1997 + + + + + 0 Jwuwdp ywhwwujwd
U-97-6 1997 + 0 + + + + Jwuwdp ywhwywudwé
Ac-32 1999 - - + + + + wWwhwywudwé
99-18 1999 + ¥ ¥ + + + Jwuwdp we'
99-86 1999 - - + 0 + - wlynid

99-67 1999 - - + + + - Jwuwdp ywhwwujwd
99-64 1999 - - + + + + wwhwywujwsd
03-62 2003 + + + + + + wwhwywuwsd
03-19 2003 + + + + + + Wwhwywujwsé
04-25 2004 + - + + + + Jwuwdp ywhwywuywsd
04-9 2004 + + + - + - wuyncd

04-13 2004 + - + + + - wuyncd

04-71 2004 + + + + + + Wwhwywujwsd
05-45 2005 + - + + 0 0 wwhwywujwsd
05-35 2005 + - + 0 0 - wuynwd

05-2 2005 + - + + + + Jwuwdp ywhwywujwd
05-6 2005 - - + + + + wwhwwudwé
06-25 2006 + - + + + 0 Jwuwdp ywhywujwd
06-67 2006 - - + + + - wuyncd

06-70 2006 - - + + - - Jwuwdp ywhwywujwd
07-4 2007 + + + + + 0 Jwuwdp ywhywujwsd
07-18 2007 + - + + - + Jwuwdp ywhwywujwd
07-32 2007 + - + + - + Jwuwdp ywhwywujwd
07-53 2007 + - + + - + Jwuwdp ywhwywujwd
07-23 2007 + - + + + Jwuwdp ywhywujwd
07-62 2007 + + + + 0 + wwhwywujwsd

LYwwnwpywsd hGlnwagnunnipniultpp gnyyg G gt (wn.1), np pwugwpwlwjhl
wwjdwuutpnd ywhwywludwl pupwgpnid hhduwywunwd wuthnthnfu £ Juwgt) thnp-
dwpyywé hwdwybgnipiniuubph gnpbuh wpdwwubph W 6hitph  wékgnnniejwu
fupwludwUu hwwnynipiniup: Fwlugwpwlwiht ywjdwuubpnd 21 nwph wwhwywujwd
A56 WU3-h dnin wuthnthnfu £ Juwgb) bwl Upw gnpGuh Spncbwyniwt fupwudwl
hwuwynrejntlp:
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Un.2. dnpéwpyyws UUI-ukph EdEYnhUnLpjwl niuntduwuhpnientlubph punhwupwgpwé

wnryntupubpp
Nuntduwuhpywé Muwhwwludwl pupwgpnid EdGYnhYnipjniup
WU3-ubph rhup wwhwywuyt) £l ywhwywuyt £ | ¢h wwhwywuyt) dwuwdp
Jwuwdp wybjwgb| £
31 12 13 5 1
100% 38.71 41.3 16.1 3.1
wWE I 1 3
BOE '—L - M
T}
60
3
Eiu 3
31
ol
10E
[
12345867 1234887

LY.1. UWU3-UEph UGpgnpénLe)ntup gnptuh uGpdtph wéah dpw IV opp:
I— wpdwuwnh Gpywpnee)niup, [T- 6hih GpUwpnie)niup, 1 -unnighg,
2-99-67,3 - 99-86,4 — U -97-50, 5 — 99-18, 6 — 07-18, 7 — A54.

Un.1-nwd pbEpywéd nyjuiubphg wwngnpn? Ujwwnyned £ Uwl, np pwlgwnu-
UwjhUu wwjdwuubpnd hwdwyGgnientuubGph wwhwwudwl wnGnwihnpunieiniup sh
wagnnud Upwlg EdGYnhyYnipjwl Yypw: Ophluwy’ wyn wwjdwulutpnid 3 tmwph wwh-
wwlujwé 07-32-p YnpgnptL £ hp gnptuh 6 ntlwyniejwl upwludwl hwnynipiniun,
npp ¢h Uywwnybp 13 nwph UnyU wwjdwuubpnud wwhwwuywé U-97-50 —h Unwn: dnp-
dwpyywé ng uhdphninhy npn2 hwdwytgnie)ntuubph ubpgnpénie)ntup gnptuh ubkip-
Jbph watgnnniejwl ypw Ubpyuwjwgyws Euy.1-nud:

Udthnthtny Yuwwnwnpywé ncuntdbwuhpneeiniuubph wpnyniupubpp (wn. 2), Yuw-
nGLh £ Ggpuywguty, np thnpadwpyywéd WU3-UGph dupnn dGdwdwulnie)niup pwuguw-
pnwlwjht wwjdwultpnd hhduwywund wywhwwut) £ EPGYhYnLpiniup: QUwjwd
npwl, swbwnp E pwgwnt] bwl, np npn2 hwdwytBgniejniulGph Unin wpnn £ wntnh ni-
UGLw| EdPGYnhYnLpjwl wuynid Ywd Unyuhuy pupwunid JGyniuwgdwl wnwpyuw
hwdbdwwn: Utp Ywndhpny nw Ywpnn £ inknh nlubuwy, hugwbtu Upytk, Ep ybpp [6, 8],
Jhowywjpnd Uhypnopgwuhquubph qupqwgdwl wwjdwuubph thnthnfunipjwl wp-
nyncupnid:
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33 QUU 3. PnLupwpywlp widwl YEhuwphdhuwh hluwnpunnin
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Nruntdbwuhpydbl £ hhynpwiwdniuh wypnihuny hwpniun wnihwbwnhnubn qwiwpJdhuh
U Upw wUwinquEph ninhn hwwpwywnbnhwlwl wanbgnipiniup Bacillus anthracis pwynbphw-
ukph dpw in virro wwjdwuubpnud: 8nig £ wnpyby, np d-15 quiwnpdhuh W dGx-NH,-h npnwyh
pwdltwhtp wannud BU uhphpwiunh pwghiutph dnpdninghwih dpw, huy yhpniGunniejwl
dpw 6L wagnnid:
Tnnihluny hwpneuwn wnihwybuynpn — uhphpwpun — pugpy

HccnenoBano npsiMoe aHTHOAKTEPHAIbHOE BO3/CHCTBHE OOraThIX MPOJMHOM MOJIHIEIITH-
JIOB THIIOTajlaMyca — rajapMuHa W €ro aHanoroB Ha Oakrepuu Bacillus anthracis B ycnoBusix in
vitro. Tloka3aHo, 4To rajapMmuH, a Takxke u ero aHanoru dGx-NH2 u d-15 ranapmus He obnamarot
IPsIMOii aHTHOAKTEPHATBHOM aKTHBHOCTBIO B YCIIOBHSIX in Vitro.

boeamvie NPOIUHOM noaunenmuovl — cuﬁupcmzﬂ A3ed — 60141,{.71]1

Direct antibacterial activity of hypothalamic proline-rich polypeptides galarmin and
analogues against bacteria of Bacillus anthracis in the in vitro conditions was investigated. It was
shown that galarmin and its analogues dGx-NH2 and d-15 galarmin do not have direct antimicrobial

activity in vitro.
Proline-rich polypeptide — anthrax — bacillus

Atnlu 1939 p. Guununup wwpgky £, np uhUuptwnhy Jhgwywjpnid |Gjghuh, Jw-
Lhuh, hanitighuh weywjnipjwdp LJwnynid £ uhphpwhunh Juyghtwiht yninnte-
nwjih hwppwd wé: Uwlwju Updwsd wdhUwpeenlutphg jnipwpwlgnipl ntuh tnnpuhy
wanbgnipintu uhphpwhunh pwghth dpw W 6upnwd £ Upw wép: Wn hwnynipintup
hwwnywwbu wpnwhwjndwséd £ hgnitighuh Unwn: Lw BYGL Ep wjb Ggpwywgniejwl,
np wjn wdhUwprenlutpp ng Uhwju ntbwy GU ggnpwgltint npwughg jntpwpwlsiniph
wnnpuhy wagnbgnip)niup, wj bwlb upwUGINL pwyintnhwih wép: Uhwdwdwlwy gnijg
E wnpdbp bwl, np Gjghup W Jwihup wuthnfuwphUbh wdhbweeniubp GU uhphpwhunh
pwghiuGph hwdwn [3]:

Rwunwwnywd £, np Quipnjwuh Yynnuhg hhynpwwdniuh UGpnuGyYpEwnnp gnw-
untiubphg wlupwwndwd qwiwnuhup (Ala-Gly-Ala-Pro- Glu-Pro-Ala-Glu-Pro-Ala-GlIn-Pro-
Gly-Val-Tyr) npulinpnud £ UGS wagnbgnipiniu Jh 2wpp gpwd npwywu b gpwd pwgw-
uwywlu Jhypnopgwuhquutpny wwjdwuwdnpywd hudtyghwubph Uywwndwdp (Sal-
mo. Typhimu-rium, Salmonella cholera suis, Salm. typhi, E. coli, Pseudomonas aeruginosa, B.
anthracis, Shigella flexneri, Shigella sonnei, Staphylococcus aureus, Streptococcus pneumoniae)
[1-5]: QuinjwuhU hwgnnyb) £ bwl YGunwuhubph hhwynpwwuniuntd pwgwhwjwnby
unp wuwing Gx-NH2 —p, npp ywquwd £ 10 wdhuwppywht duwgnpnhg (Ala- Pro-
Glu-Pro-Ala-Glu-Pro-Ala-Gln-Pro- NH,), U npuintn yGpghu wnpnihup wdhnwgywé E:

Wu hGunwgnunnipjwl Lwwwnwyp qwiwpdhuh W Upw wlbwingubph nwnhn
hwlwpwywnbphw| wgnbgniejwl nwuntdUwuhpnudU E Bacillus anthracis pwywntnphwjh
dpw in vitro ywjdwuubpnid® unwlwnt wjl wwwnwupuwlp, ntubu wpnynp yEpnujw
UjniebpU nunnwyh wanbgnienil, rE npwug wantgnieintup ywjdwuwynpdwé t h-
dnitbwdnnniyjwwnnn hwnyniejwdp:
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Unie U Udbpenn: Itunwagnnniejwl hwdwp oginwagnnpédyt) £ hwywuhphpwhunwihtu phy
55 Juyghuwjhu 2nwdp (ubphwu® 10-08; 01.10.2008, Poccus, 601120, r. Hokpos): Gwiwnuhuh W Unpw
wlwngutph ninhn hwywpwywnbphw| wantgnipiniup Bacillus anthracis pwyinbphwih dpw ne-
untdUwuhpyb) £ pwynbptnuynwhy b pwyntbpbninghwlwl Gnwuwyny: IGnwagnunwywl w)-
fuwwnwlupltph pupwgpnid uhphpwhunh Juyghtwjhu dwuptubph pwbwynipiniup npnadt) £
owwmhjwywl unwunwpuutph dhgngny W dwlptwpwlwlwl Gnwluwyny:

2-wlywl J| Juwwbwwnnuwjht wgwpwyh Jdte gyt U quiwnpuhu, d15-guiwpdhlu b Gx-
NH, YGUuwwwwnpwuwnniyubpp hwdwwwwnwupiwlUwpwnp 8, 16 L 32-wywu Jyg pwdlbswihtnny
W 1 d Gupwpytl huyntpwghwh® yepghuubpu wgwpwyh dbe nhypniqybint bywwnwyny: Wjuniht-
nl 4-5 opdw Yhuwuwnpwdnpywé Juwyghuwiht 2nnwdhg wywwnpwuwnygb, £ 100 Jju Unupwg-
Jwdp Ywhunty W 0.25 dp (25 Jiu uwynnp) wmbnwthnpuyb) thnpdwunputph Jdte: Upnjnituputpp nh-
nwnpyytl Gu 24, 48 L 72 d yunpywdpny:

Wpnyntuplbn U plbwplynid: In vitro wywjpdwultbnnid ntuntduwuhnyb) Eujwqu-
gniu Jwhwgnt pwdlbswihny upphpwhuinh wwunydwunwujniph dwunptubph Ywyne-
untpjniup 8, 16 U 32 Uyg pwdlbswihbGpny quiwndhu, d15-qwiwpuhu b Gx-NH, YGUu-
uwwwwnpwunniyubph bywundwdp (wn.1):

Un.1. Quiwpdhuh, d-15 qujwnuhuh b dGx-NH>-h wanbgnipntup uhphpwhuinh ehy 55
JwyghUwjhu 2vnwuh pwghiutnh ypw in vitro wwjdwuubnpnwd

dwuJ dGx-NH, Quiwpuphu d-15qwjwpuhu Uwnntghg
8, 16, 32, 8, 16, | 32, | 8, 16, | 32 |wnghwhy| Ubgwwnhy
Jyg | dyg |dyg | uyg | dyq | dyq| dlqg | Uyg |dyg

24 |++++ | ++++ ++ + L o B o B ++++

48 [++++ | 44+ | ++ [+ttt |ttt [ At o [ e [Frr [ dher

T2 |++++ | ++++ |+t [ FHb | At | R R [ [ ++++

Owlnigney.

Mnghwnhy unnighs' uhphpwhuwn, Ueguwnhy unnighs® wpgwuwy
bt uhphpwhunh pwghiutiph thwppwd wé

++ uhphpwpuwnh pwghlutnph puysyws wa

+ uhphpwhunh pwghiutiph dbwhnfujwsé wa

_ uhphpwpuwnh pwghlutp gyuu

NuntdUwuhpnipniultpp gniyg GU gk, np 24 d htwnn 32 Jyg pwdubswihny
dGx-NHy-h wantigniejwdp uhphpwiuinh pwghiutinh wép puyddws t, 2npwl wytih
pwpwlwd h lmwppbpnieintt uinnwghgh, npntbn Yw 2npwih thwppwd wé, huy 8 Uyg
gwiwpuhuh wagnbgnipjwup uhphpwhuinh pwghubpp dLuwthnpuynid Bu (UYy.1): 72 ¢
pUupwgpnd pninp nwppbGpwyuGnpnud nhrwpydnud £ thwppwd wé, uwyuwiu 8 Jyg
quiwnpuhuh wqntignipjwdp uhphpwhuinh pwghlutpp ntinlu dnpdninghwwbu dlw-
thnfujwé GU (UY.4): Lquuwnhy unnighgnud pwghiubp swu, huy wnghunhynwd® pun-

hwlywnwyp LY.2, 3):
P

P

(. -

w) R) a)
LY.1. w) Uhphpwhuwinh pwghiubph wép 24 d pupwgpntd (X 630)
p) Uhphpwhuwinh pwghiutnh wép 32 dyg dGx-NH, -h wgntgnipjwdp 24 d pupwgpnLd(X 630)
@) Uhphpwhuwnh pwghutnh wép quiwpdhuh wanbgniejwdp 24 ¢ pupwgpntd (X 630)

®npéh hwenpn thnind Jwupkubph yEbuunitbwyniejniup unnigbint bwwunw-
yny 32 Jyg pwdlbswihny dGx-NH, U 8 uyq pwdltswihny uhgwywjntnphg 0.5 | G/J
Utpwpyyty £ 18-20 g Jwpuhuh Jhghu quugywény 10 ng géwjhU uwhwnwy wpn
Jywu: Lnyu dwywiny Ubpwnpyyb] £ bwl unnighshg W wpgwuwy Y. 2,3): Upnynu-
pnud Juwpwyjwé yeunwuhubpp uwwnybp U 3-pn opp, pwgwnniejwup wju YEunwup-
utph, npnug UGpwnydb] £ 32 dyg pwdlGswihng dGx-NH, U 8 Jyg pwdlbswihny qu-
LwnuhUh Uhgwywjphg:

Mwlp nhdwyw)bl BU 1-2 op wyb: Upgwlwly Uepwpydwéd YEunwuhubpp s6u
uwwnyb: enpdwpyynn yeunwupubpp wwhybp U Erhywih uyqpniupubpht hwdw-
wWwwnwuhuwl:
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LY. 3. MInghwnhy uwnntghg

LY. 4. w) Uphphpwhuwinh pwghiubph 72 ¢ wekgywép
p) Uhphpwtuwnh pwghiupp quiwpdhlh wanbgnipjwdp 72 d pupwgpntd

Wjuwhuny, wwpqdb] £, np thnpdwunpwht wwjdwuutpnud quiwpdhup W

dGx-NHp-p wanntd GU upphpwiuwnh pwghiutph dnpdninghwih ypw, huy  dhpnibu-
wnnLpjwl Yypw wanbgnipinil gnlutu:
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