(xylanases and cellulases accordingly); pulp depitching (lipases); deinking
(xylanases and cellulases); pulp delignification (laccases).

Now the research activity is focused on the development of new highly
productive recombinant strains — producers of industrially significant enzymes.

CHINIHPOBAHHBIE IPOH3BOHBIE I'YMHWHOBLIX BEILIECTB
KAK BHOAKTHBATOPGI B VCIIOBHSIX COJIEBOIO CTPECCA

@paunnopa O0.H., Kyaukosa H.A., Jlebegera I.@., Kapmox JLA.,
Hepmunosa H.B.

Mockoeckuii zocydapemeennbiil ynusepcumem um. M.B. Jlomonocosa, Poccus.
E-mail: fil'@soil. msu.ru.

Kno4eBble cjl0Ba: I'YMHHOBLIE BelllecTBa, OHOAKTHBATOPB!, KPeMHHI,
cTpecc.

B HacTosmee BpeMs XOpOLIO H3BECTHO, HYTO T'yMHHOBbIe Bemtectsa (I'B)
ofnanator cBoiicTBaMy OHOAKTHBATOPOS [0 OTHOLIEHHIO K PacTeHHAM.
3amuTHan aKkTHBHOCTE ['B 1npH cTpeccax pasTHYyHOro MPOHCXOMNISHHS
CBHAETEALCTBYET 0 ToM, 4to ['B obnagaior HecreunduHeckKHM AelCTBHEM.
OcHoBroli Hecneuuguueckoll peakumelf pacTenHii Ba mobod cTpeccop
SBIACTCH NOBPEXACHHE KIeTOYHOH CTeHKM. Tak Kak KpeMmuuil HIpaeT BaxHYI
POZIb B YKpeIIEHHH nocieXHel, MOKHO NpeAnonoxuTh, yTo oboramenue ['B
KpeMHHEM JOMKHO NMPHBECTH K YCHJIGHMIO HX 3allMTHLIX cBoicTR, JlaHHas
pabora Obila HanpaBieHa Ha onpejencHHe OHOaKTHBATOPHLIX CBOHCTB
FYMHHOBBIX KMCIOT YIIf ¥ MX CHIWJIHPOBaHHEIX IIPOH3BOAHEIX B YCJIOBHAX

COTeBOro ¢rpecea, Bpir: 010 0,15 M pactsopom NaCl.
CHnunHpoBaHHble NPOH3BOAHBIE Tody4any coriacHo [1] nyTém
06paboTKM IyMHHOBBIN KHCIOT JE€OHApAHTA, BBLICTEHHBIX M3 IyMara Kaiusd

Powhumus (Humintech, ®PI'), 3-amunonponuatpumeTokcucriaanom (AIITC).
Beero Gbu10 nosytieHo 5 IpOK3BOAHAIX ¢ COAEpKAHHEM KpeMHEA 2.6-11.3 %.

BHonoruyeckyr AKTHBHOCTh MCXOOHBIX M Mouuduuuposanusix I'B
H3y4anH MeTonoM OHOTeCTHPOBAHMSA C HCIIOIL30BaHHEM IIPOPOCTKOB ITLIEHHLIEL
Triticum aestivum L. CemeHa npopauMsami B pacTBOpaX HCHuITyeMelx I'B ¢
KOHueHTpaume# 5, 10, 25 u 50 mr/n B Teyenue 724 npu Temmepartype 24°C,
II0C7e HEero M3MEpANE UIHHY KOpHe# M noGerom, a IPOPOCTKH NOMEIUATH B
BEreTalMOHEHBIE COCYabl cO cpenoit KHonna (KOHTpoIs) MK cpejoli Kxonma B
0,15M NaCl (conmesoii crpecc) Ha 96u. [lo OKOHYAHHMM 3KCHEPHMEHTA
NPOBOIMAH YYET Z7MH KopHel! H moBGeroB M paccuMTBIBAAM MX NpHpocT. B
Ka4ecTBe IONOJHHTENBHOr0 TECT-OTKIMKA HCMOIB30BANH CHIpyro OGuomaccy
TIPOPOCTKOB.

PesyneTaTsl OHOTECTHpOBaHHMA TOKAa3aTH, YTO pacTeHMs IMINEHWIEL,
fIPOPOLIEHHEIE B pacTBOpaXx HMCOEITYyeMblx [B, ofnagans  Gonpmed
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YCTOHUHBOCTRIO K COMEBOMY CTpeccy, 4eM KOHTponbHble. [Ipu 3ToM 6suio
YCT4HOBAGHO, 4YTO 3ammTHOe AciicTBHe I'B Bo3pacTaer ¢ ymemuueHHeM
COflep:KaHnA B HHX KpemHHaA 10 8%, a 3ateM — cHikaetes (puc. 1).

[MpupocT noGeros, % oT kouTpoaa
60 ~

Bec noGeros,% ot kKoRTpoas
60

501! 50

40 & 40 4

30 4 30

20— 20—
0 2 4 & 8§ 10 12 0 2 4 6 8 10 12

Cozepxanne Si, % Conepxanue Si, %
Pucysox. Bansrue I'B # UX CHIITHPOBAHHAIX [IPOH3BOIHEIX C PA3THYHBIM
CoaepiaHHeM KpeMHHUs Ha NPHPOCT KOPHEl i Chipyto OuoMaccy noberos
TMIIEeHHIIEL.

Taxkum obpazom, npoBe1EéHHbIE IKCTIEPUMEHTEI HOKA3aMH
NEPCICKTHBHOCTE AaUIbHEHIIEro HCCAeHOBAHNA CHIITHPOBAKHLIX NpENapaToB
'B 5 xauecTse 6HOaKTHBATOPOB B YCIOBHAX CONEBOIO CTpecca.

Pacoma ewinoanena npu ¢hunaricosoii noddepxcxe PODH (#06-04-
49017-a) u MI'Y ww. M.B. Jlomonocosa (Mexcducyunaunapusiii Hayuustil
!'IDOEKm 1(36,1811'(1}! XUMUA U MOIeXVIADHbIE dec;.’punmopm CAGCHBIX cucmem» 8
2008 2.).

Bubanorpadguyecknii cnucox
1. Leonid A. Karpiouk et al. In: Humic substances — linking structure to
functions, Frimmel F.H., Abbt-Braun G. (Eds.), 2006, 1033-1036.

PROTECTIVE ACTIVITY OF HUMIC SUBSTANCES AND THEIR Si-
ENRICHED DERIVATIVES TOWARDS WHEAT SEEDLINGS UNDER
SALT STRESS CONDITION

Philippova 0.1, Kulikova N.A., Lebedeva G.F., Karpiouk L.A.,
Perminova LV.

M.V. Lomonosov Moscow State University, Russia.

E-mail: fil@soil. msu.ru.

Key words: humic substances, bioactivators, silicon, stress.

Humic substances (HS) are known to possess bioactivating properties in
relation to plants. Mitigating activity of HS is observed under various stress
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conditions including both biotic and abiotic ones, therefore non-specific action :
of HS towards plants can be hypothesized. The main non-specific damage
induced by all the stresses is the plant cell injury. As silicon is responsible for
cell wall stability, artificial enrichment ot H> with silicon could result in
increase in their mitigating activity. This study was aimed to estimate
bioactivating properties of coal humic acids and their Si-enriched derivatives
under salt stress conditions induced by 0.15 M NaCl.

Sililated derivatives were synthesized using 3.
aminopropyltrimesthoxysylane (APTS) and humic acids obtained by desalting
commercial potassium humate Powhumus (Humintech Lid., Germany)
according to (1). Five derivatives were obtained altogether with silicon contents
from 2.5 to 11.3%.

To estimate mitigating activity of initial HS and produced derivatives,
bioassay technique with seedlings of whneal Triticum aestivum L. was applied.
Seeds were germinated for 72 hours at 24°C in the dark, and length of shoots
and roots was measured. Then seedlings were transferred to pots containing
Knopp’s nutrition solution (blank) or Knopp's nutrition solution with 0.15M
NaCl (salt stress). After another 96 hours wheat scedlings were harvested, length
of shoots and roots was measured and increase of length was calculated. Wet
weight of the seedlings was used as an additional response.

The obtained data demonstrated that when seedlings were germinated in
the presence of parent or modified HS, they were more resistant to the salt stress
as compared to blank. At that, the most pronounced mitigating activity was
registered for the HS derivative with silicon contents of 8% (Figure 1).

Shoots length increase, % of blank Shoot weight % of blank
60 - 60 -
50 1 50 |
|
40 2 40
30 4 30
20 T T T T J 20 4 T J
0 2 4 € 8 10 12 0 2 4 (-} 8 10 12
Si contents, % Si contents, %

Figure 1. The influence of initial HS and their Si-enriched derivatives of
different silicon contents on increase of length of wheat shoots and wet weight
of seedlings.

Our findings indicated clearly that Si-enriched derivatives are the

promising humic preparations for the further research of their bioactivating
properties under salt stress conditions.
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Oxcunasa D-ammnoxnenor (Kd 1.4.3.3, DAAO) otHocATes K Kiaccy
FAD-coaep#aumx oOKCHAOPEAYKTas i KaTAIH3HPYET PeaKilHio OXHCIUTENHOrO
AezaMuHMpoBaHus D-aMHHOK#CIOT ¢ 00pa3oBaHHeM COOTBETCTBYIOIIMX
a-KeTOKHCIO0T, Q)Cp.\itEHT HIpaeTr BaXXKHY1O poas B merafonnzme
MHKDOOPraHi3MOB, PpEryislliy HEPBHOH [eATenbHOCTH W crapeHud. Ha
npaktike DAAQO  wuermoassyercs 114 MOAYHeHHS — NpelUecTBEHHMKA
NONYCHHTETHYECKHX  LeanoClOPHHOBEIX  aHTHOMOTHKOB, AT4  CHHTe3a
0t-KeTOKMCIOT, HeNnpHpoauelXx L-aMuHOKHCIOT M B Ouocexcopax. OnmHako
[pilMeHeHHE (epMEHTAa HAa MPAKTHKE OlPaHH4EHO OTCYTCTBHEM JelleBBIX
nerounnkoB DAAQ, y3xuM cnektpom cydeTparHoit cnenHbHIHOCTH H HH3KOH
CTABIIBHOCTBIO.

B nameii naGoparopun GBI CKOHCTPYHPOB2H PEKOMOMHAHTHBIH LITAMM
E.coli — cynepnpogyuest DAAOQO. B pesynsTaTe ONTHMM3ALHH CHCTEME
3KCNPECCHH H YCIOBHH KyTsTHBHPOBaHHA BBIXON PeKOMOHHaHTHOro tepMeHTa
Oein noseunex ¢ 5000 xo 35000 Ex akTHBHOCTH ¢ AMTpa cpeAbl. B HacTosumit
MOMEHT 3TOT Pe3yabTaT ABIKETCA JYUIIHM, CPEIH ONMHCAHHLIX B IHTEpaType.

J1a noBbIIIeHHS cTAaOHJIBHOCTH ¥ KaTANMHTHYSCKOH AKTHBHOCTH ObLTH
NpOBeNeHBI JKCIIEPHMEHTHI 110 HampapneHHoMY MyTarenesy DAAO, Beenerue
TOYEYHBIX MyTalull MPHUBENO K M3MEHEHHIO KHHETHHYECKHX CBOHCTB (pepMeHTa.
Jns D-amuroxuea0oT ¢ GoabmEM rHApo(OGHBM pamukai~'' 3 GOKOBOH nemH
HaOmonand CymecTBEHHOE YIydIUeHHe KaTalUTHYecKod 3(MQeKTHBHOCTH.
Onus M3 mnoay4yeHHBIX MYTeHHOB ofnazan NOBBIIEHHOH TeMIepaTypHo#
CTa6HIBHOCTRIO (MEpHON TOTYMHAKTMBAMM MyTauTa opn 56 °C 3 2,4 pasa
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