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Abstract

The article shows the possibility of printing materials using the 0809M ABS plastic. There
have been determined the optimum temperature and feed rate of ABS filaments for obtaining
prototypes of the highest quality. We have studied the physico-mechanical characteristics of the
prototype, depending on the method of application of the polymeric material.

Keywords: 3D printing; 0809M ABS; three-dimensional prototyping; melt flow index;
thermal stability; FDM.

BBeaenue

Texnosiorust 3D nevaTn siByIsseTcs OAHOU U3 HanboJsiee 6YPHO pa3BUBAIOIIUXCSA TEXHOJIOTHH B
coBpeMeHHOM Mwupe [1-3]. BmepBble MNOSBHUBIINCH KaK WHCTPYMEHT I BU3YAIU3AlUH U
MIPOTOTUITHPOBaHUA, 3D IeuaTh 3aBOEBBIBAET BCce OoJiee OOIUPHBIE 00JIaCTH MPUJIOKEHUS [4, 5].
Pacimpenue 06J1aCTH MCIIOJIB30BAHUS TPEXMEPHBIX MPOTOTHIIOB B IEPBYIO OUYEpelb CBI3aHO C
MaTepuajiaMH, HWCIOJb3YEMBIMU IS TeYaTH, a TakkKe ¢ (PUBUKO-MeXaHUUEeCKUMU
XapaKTEPUCTHKAMHU KOHEUYHBIX MPOTOTUIOB [6]. OgHuUM 13 HauboJiee MEPCIEKTUBHBIX BUOB
TPEXMEPHOTO TMPOTOTHUIIUPOBaHUSA npu3HaHa TexHosoruss FDM (fuseddepositionmodeling).
biaromapss  yHUBEpPCaJIBHOCTH TepepabaThIBaeMbIX MaTepPHAJIOB, BO3MOXKHOCTH  I€YaTH
IPOTOTHIIOB PAa3JIMYHOM TE€OMETPHUU M JOCTYyHmHOCTH TexHosioruss FDM sBiserca Haubosiee
pacmpocTpaHeHHOH TexHosioruen 3D meuarw.

enpto paHHOM paboOTHl ABJIAIOCH OlpefiesieHne yciaoBuil mepepaborku ABC c
ucnosab3oBanuem 3D nmpunHTepa.

JKcrnepuMeHTAJIbHAA YaCTh

Wcnonp3oBannble Matepuasnbl: ABC-mactuk Mapku 0809M, nuameTp ¢uiaMeHTa 3 MM.
[TeyaTh TpeXMepHBIX IPOTOTUIIOB OCYIIECTBJISIIN ¢ UcIiorb3oBanueM 3D npunTepa UnicBot.

Omnpenesnenue ycjaoBUM IeyaTHd IPOBOAWIN Ha OCHOBAHMM IapaMeTpa 3aloJIHAEMOCTH
TPEXMEPHOTO IMPOTOTHUIIA, XapaKTEPU3YIOIIEro OTHOIIEHHE TeopeTHYecKoro obbema obpasia K
peasibHOMY, U pacyeT KOTOPOTO MPOBOJMIA HA OCHOBAaHUHU CJIeAyIolel (pOpMyJIb:
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V
W =-£.100%
v, )
C y4eToM CJIO?KHOCTHU OIpPeZeJIeHUs] PealbHOro o0bemMa 00pasiia, pacdyeT 3aloTHAEMOCTH
MPOBOJIWJIM C KCIIOJIb30BAHUEM OTHOIIEHWH MAacC TEOPETHUECKOTO U PEeayIbHOTO 00pasIoB, C
y4eToM IJIOTHOCTH HCITOIb30BaHHOTO 0Opasmna ABC-1uiacTuka, paBHOH 1,04 T/cM3:

w ="2.100%
m, 1)

Ha ocHoBe ucnospzyemMoil GopMysibl TeopeTUueckas Macca MOJIeJIbBHOTO 0o0pasa cocTaBiiseT
2,26T.

B kauecTBe ympamJsAoniel mporpaMMbl ObLIa HUCIOJIb30BaHA Imporpamma Curav.13.06.4[7].
B xauecTBe TECTOBON MOeN /I OIpe/iesieHNs ONTHUMAJIbHBIX YCJIOBHUN IeUaTH TPeXMePHBIX
IIPOTOTUIIOB OB UCIIOJIB30BAH IOJIBIN IUJIUH/P CIIEAYIOIIEN TeOMETPHUH: BBICOTA 20 MM, THAMETP
20 MM, TOJIIIUHA CTEHKH 2 MM. YCJIOBUSA MeYaTy ObLIN BEIOPAHBI CJIEIYIONHe: TOJIIIUHA CJIOEB 0,2
MM, TeMIepaTypbl 220—250°C, CKOpPOCTb 1o/1auu (pusiaMmeHTa 0,1 70 0,26 ¢M3/MHUH.

Peosnornueckue cBOMCTBA NOJMMEPOB U3yYaIN METO/IOM KaNWUIAPHON BUCKO3UMETPUU HA
npubope NPT B unTEpBasie Temuepatyp 200—250°C npu Harpyske 49H. [TokazaTesp TeKydecTu
pacrwiaBa ITTP (r/10mMuH) Beraucisiiu mo gopmyse [8, 9]:

I7le m — Macca pac4€THOTO OTPe3Ka HKCTPYAIUPOBAHHOTO MOJINMEPA, T;
t — BpeMs UCTeUEeHUs ITOJINMEPA, C.

J719 m3ydeHUs TepMOJECTPYKIIUM IPUMEHsUIN MeToJi AuHamuueckod TI'A B codyeTaHuU C
IOTA u JIT. Juunamudeckyio TI'A mpoBogwiu Ha aepuBatorpade MettlerToledo TGA/DSC B

7P — 600-m

WHTEepBajie TeMIeparyp oT 20 70 600 °C B armocdepe as3ora MPU OJHOBPEMEHHOM yAaJIeHUH
ra3o00pa3HbIX MPOAYKTOB IECTPYKIMU. BeawunHa HaBECKH COCTaBJsIa 5,5+0,1 MT, CKOPOCTHb
morbeMa TemIeparypsl 5—20 °C/MuH.

OO0cy:kaeHue pe3yIbTaToOB

Haubosee pacrnpocTpaHeHHBIM mosimMepoM it 3D meuatu saBisiercs ABC-IutacTUK MapKu
0809M, ogHaKO BOIpoc 00 ONTHUMAJIBHBIX YCIOBHAX IepepabOTKU JAHHOTO MOJIIMEPA BO MHOTOM
ocTaeTcs OTKDPBITBIM BCJIEJICTBUE OIPAHUYEHHOCTH JIUTEPATYPHBIX /JaHHBIX. Kpome Toro,
CJIOKHOCTb OIIpe/iesIeHUs YCJIOBUU IevaTH IOJIMMepPOM OIlpefiesiseTcss BO MHOTOM OTCYTCTBHEM
YHUBEPCAJIbHOCTU HCIIOJIb30BAHHBIX BXOJHBIX MapaMeTpOB JJiA IleyaTh, a HWMEHHO CKOPOCTHU
MO/IaYH ¥ TeMIIepaTyphl IepepaboTKU OJIMMEPHOr0 MaTepuaa.

TemneparypHOe TEXHOJOTHYECKOe OKHO /I IepepabOTKH IOJIMMepa, XapaKTepPU3YIOIIEro
HWHTEPBAJI TEMIIEPATYP, IIPU KOTOPOM BO3MOXKHA Iepepab0TKa IOJTUMEPA, OIpPeessieTcs B HIDKHEN
rpaHUIle TEKY4YeCThIO MOJIMMEPHOU CUCTEMBI, B BepHEU TIpaHUIle — JIeCTPYKIIMed IOJMMepa IpU
nepepaboTke. Tak HIDKHSAA TPAHUIA TEXHOJOTHYECKOTO OKHA MOKET OBITh BBIABJIEHA IIyTEM
onpenienenuss IITP mosmmepa mnpu pasjiMuHBIX TeMIlepaTypaxX. JKCIIepUMeHTaJIbHble JIJaHHbIE
cBuzieTesibeTBYIOT: ABC Mapku 0809M mposiB/sfeT 3aMeTHYI0 TeKydecTh IPH TeMIIepaType BbIIlle
220°C, Torza Kak mpu teMieparype Hike 220°C mokasaresib TEKyUeCTH paciylaBa XapaKTepU3yeTcs
3HAYEHUEM HIDKe 5 T'/10 MuH. V13BeCTHO, YTO nepepaboTKa TEPMOILIACTOB METOIOM SKCTPY3HUU MOKET
ObITh 3¢ HEKTUBHO IMPOU3BE/IEHA JIUIIIL B TOM CJIyJae, ecjld BA3KOCTh pacIulaBa MoJIMMepa B YCJIOBUAX
repepabOTKU HAXOJUTCA B HMHTepBasle 10%+104Ilaxc (Tabs. 1). JaHHOMY YCJIOBHIO YZOBJIETBOPSET
paciaBel  ABC-rwtactuka mnpu  Temmeparype Bbime 220°C. Takum  o0pa3oM, HIDKHAA
TexXHoJIOTUYecKas 30Ha IepepaboTku ABC mapku 0809M c ucnosb3oBaHueM 3D IpuHTEpa MOXKET
OBITB OCYIIIECTBJIEHA TP TEMIIepaType paciuiasa Boiie 220°C.
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Tabauya 1
Peosornueckue xapakrepucruku AbC mapku 0809M

Ne T, °C | IITP, r/1tomunu | n, IIaxc 1gn
1 200 2,8 27738 4,44
2 210 3,6 21574 4,33
3 220 5,1 15229 4,18
4 230 13,3 5840 3,77
5 240 22,6 3437 3,54
6 250 28,9 2687 3,43

IIpu mepepabOTKe TEPMOIUIACTOB METOJOM SKCTPY3WH K3 pacilaBa BEPXHUU IIpeest
TEXHOJIOTHYECKOU TeMIIEPaTypbl B OKCTPYZEPE OIPEAesIeTcs TePMaJbHOU CTaOUIIBHOCTHIO
nosuMepa. Tepmuueckoe  pasnokeHne ABC — xapakTepw3oBad C  HCIIOJIB30BAHUEM
TepMOrpaBUMeTpUYecKoro aHaitm3a. ABC-TJIacTUK B YCJIOBHAX aHAIU3a JIEMOHCTPHUPOBA
BBICOKYI0 TEPMHUUYECKYIO0 CTaOMIbHOCTh. Hadaso TepMHUUYeCKOU AeCTPYKIUM OTMEYasioCh IpU
TeMIepaType BbIlle 240-250°C (puc. 2), mMpU 3TOM MaKCHUMaJIbHas CTENEHb TEPMHYECKOH
JIeCTPYKIIUU OTMevasach npu temieparype 410°C. Mcxos U3 JaHHBIX TEPMOTPAaBUMETPUUECKOTO
aHaIM3a, MaKcUMaJibHasA TeMmieparypa nepepabotku ABC-mnactuka cocrasiser 250°C. Takum
obpazom, mepepaboTka ABC-mutacTuka MOKeT OBITh OCYIIECTBJIEHA B JIOBOJIBHO Y3KOM
TEXHOJIOTHUYECKOM OKHeE OT 220 10 250°C.
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Puc. 2. Tepmorpamma ABC mapku 0809M (10°C/muH, 5,5 MT)

YcraHOBJIEHO, YTO ONTHMAaJibHasA 00JIaCTh IMeYaTH XapaKTEPU3YeTCs JIOCTAaTOYHO Y3KUM
WHTEPBAJIOM B JUAalla30HE 3allOJHEHUs TECTOBOU mozaenu 100+5 % (puc. 3). Ilpu cremeHu
3ar0JTHEHUs] IPOTOTHIIA ¢ HcIosib3oBaHueM ABC-mutactuka >105 % HabsomaeTcss oOpa3oBaHUE
001051 Ha TIOBEPXHOCTH Mozeu. Torjga Kak IpU CTeleHU 3arloJTHeHUs IIPOTOTHIIAa MeHee 95 %
HaOJTI0/1aeTcsi 0Opa3oBaHUE IPOIYCKOB II€YATHBIX CJIOEB, YTO B CBOIO OYepeab IMPUBOJUT K
VXyAIIEHN0 GU3UKO-MEXaHUIECKHUX 1 ACTETHYECKUX XapaKTePUCTUK KOHEYHBIX IIPOTOTHUIIOB.

JE— .
Puc. 3. PaziinunHas cTeleHb 3all0JTHEHUH TECTOBOM Mozesu Ha ocHoBe ABC 0809M:
1-<95%; 2 - 2105%

JKCllepuMeHTaIbHblEe JIaHHbIE CBUJIETEJICTBYIOT, UYTO C YBEJIMYEHHEM CKOPOCTH IO/Ia4M
¢dunamenTa crerneHs 3aMOJHEHUN MOJIeJIBHOTO 00pasiia 3aKOHOMEPHO yBesnuuBaeTcs. [Ipu sTom
HabJr0/1aeTcs MPAKTUYECKU JIMHEUHBIM POCT 3amosHsAeMOcTH o0paslia, Tak IIPU YBeJIUYeHUU
CKOpOCTH Ioflauu (ujamMeHTa oT 0,1 A0 0,27 cMm3/MuH (240°C) cTelleHb B3alOJIHAEMOCTU
yBesmuuBaeTcsa oT 78 1o 113 % (puc. 4., kp.3). JlanHoe siBjaeHUe 0OBACHAETCA TEM, UTO C POCTOM
nosayu prIaMeHTa YBeJTUYUBAETCsI 00beMHBIN BBIXO/I ITOJIMMEPA, U COOTBETCTBEHHO KOJIUYECTBO
MTOJTUMeEPA, IT0ZaBAEMOTO 10 TPAEKTOPUHU ABIKEHUS MeYaTHOH royioBku 3D mpuHTepa.
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dunaMmenTa u Temiepatypsl, °C: 1 — 220; 2- 230; 3 — 240; 4 — 250

JKCcIepuMeHTaJIbHbIE TaHHbIE CBU/IETEJIBCTBYIOT, YTO MeYaTh TPEXMEPHBIX IPOTOTUIIOB IIPU
TeMmIlepaType HIKe 220°C ImpakTUYECKH HEOCYIIeCTBUMAa IO IPUYMHE HU3KOU TeKydecTU IIpU
naaHOoM Temmepatype ABC-mractuka. Ilepepaborka ABC-1utactuka mpu TeMrmepaType BbIIIe
250°C MpUBOAUT K AECTPYKINH ITOJIUMEPA, UTO B YACTHOCTU BBIPAYKAETCSA B 00Pa30BAaHUU T'a30BBIX
BKJIIOUEHUH B COCTaB IOJINMePA, lepepaboTaHHOTO ¢ TOMOIIBI0 AKCTpyAepa Ha 3D npunTepe.

140

4
120 |
3
100 | 2
1
80
60
40

220 225 230 235 240 245 250

W, %

T,°C
Puc. 5. 3aBUCHUMOCTH CTeIIeH! 3aM0JTHEHUA TECTOBOU MOJIEJIN OTTEMIIEPATYPhIU CKOPOCTHU ITOAAYU
MoJINMEepHOTOo puaaMeHnTa, cM3/MUH: 1 — 0,1; 2- 0,15; 3 — 0,21; 4 — 0,27

JakJaouyeHue

Takum 06pazoM, oIpe/ieJIeHbl ONTUMAJIbHbIE YCJIOBHS I€YATH TPEXMEPHBIX MPOTOTHIIOB C
ucrnosb3oBanueM TexHosoruu 3D meuatn ABC-tutactukom Mapku 0809M. YCTaHOBJIEHO, YTO

8
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TpexMepHbIe MPOTOTHUIIBI ¢ Haubojiee BHICOKUMH JCTETHYECKHMMHU XapaKTEPUCTUKAM MOTYT OBITh
MIOJTy4Y€eHbI MPY CTEIeHU 3aI0JTHEHUs IPOTOTHUIIA 100+5 %. J[aHHAs CTeleHb 3arOoJIHEHUS MOMKET
OBITh JJOCTUTHYTA B JIOCTATOYHO Y3KOM HHTepBajie TeMIeparyp 220-250°C U CKOPOCTH IOJauyu
dunamenra 0,1—0,27 cM3/MUH.
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Abstract

Many human illnesses are caused by infections with microbes like viruses or bacteria or
fungi. Amongst those various illnesses, certain tubercular, bacterial, viral and fungal infections are
more common because of their tendency to develop new strains under any circumstances and
developing resistance against the available drugs. This stimulated the scientists for development of
novel molecules to combat these illnesses. Several nicotinic derivatives were evaluated for their
antibacterial activity against tuberculosis. This review summarized the facts concerning nicotinic
acid analogues. The nicotinic acid moiety of nicotinic acid has been introduced in a number of
compounds with antimicrobial activity against various pathogens as well as resistant strains.
Several nicotinic acid analogues have shown good antimicrobial activity. Therefore this class of
compounds could be a good starting point to develop new lead compounds in the treatment of
multi-drug resistant bacteria.

Keywords: Anti-bacterial; anti-fungal; nicotinic acid derivatives; multidrug-resistance.

Introduction

Infectious microbial diseases remain a pressing problem worldwide, because microbes have
resisted prophylaxis or therapy longer than any other form of life. In world up to 5% of all the
infections are caused by fungi. Fungal infections in such a high risk patients progress rapidly and
are difficult to diagnose and treat. Infectious diseases caused by bacteria have increased
dramatically in recent years. Inspite of many significant advances in antibacterial therapy, the
widespread use and misuse of antibiotics have caused the emergence of bacterial resistance to
antibiotics, which is a serious threat to public health. In particular, the emergence of multidrug
resistant (MDR) gram-positive bacteria, including methicillin-resistant Staphylococcus aureus,
vancomycin-resistant S. aureus, and vancomycin-resistant Enterococci has become a serious
problem in the treatment of bacterial diseases [1]. Therefore, the development of new compounds
to deal with resistant bacteria has become one of the most important areas of antibacterial research
today. Tuberculosis (TB) is an important health problem worldwide particularly in people infected
with HIV virus. Other causes that increasing TB cases are MDR, resulting from inconsistent or
partial treatment, and the lack of new drugs in the market [2]. Because of these problems, TB is a
global health emergency. This contagious disease is caused by the Mycobacterium tuberculosis.
One third of the world’s population is infected by the TB bacterium and each year this disease
affects around 8 million people and kills almost 3 million people [3]. At present, the treatment
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against TB involves 3 or 4 different kinds of anti-TB drugs. These drugs usually are isoniazid,
rifampicin, pyrazinamide and ethambutol. Multiple combinations are necessary to prevent the
emergence of MDR organisms, which would lead to treatment failure [4, 5]. In spite of TB being a
global health problem, about 40 years have past since a new drug was introduced into the market.
Consequently, the development of new drugs with fewer toxic side effects, improved
pharmacokinetics properties, potent activity against Gram-positive and Gram-negative bacteria,
including resistant strains, is urgently needed [6-9].

Nicotinic aids have proven to play a significant role in the synthesis of novel drug candidates
with the use of different functional groups. Recently a series of Nicotinic aid derivatives have
demonstrated significant antimicrobial activity. These compounds were screened for their wide
range of biological activities, anti-TB activity against M. tuberculosis, antimicrobial activities
against various bacteria, fungi, and yeast species. In addition, nicotinamide and nicotinic acid have
been in use for 65 years due to their unusual antimicrobial spectrum. Many drugs possess modified
pharmacological and toxicological properties when administered in form of metallic complexes
[10-12]. In view of this it was interesting to synthesize several new compounds to evaluate the effect
of amino acids on the bioactivity of both benzoic acid hydrazide and nicotinic acid hydrazide. The
effect of metals such as Cu and Cd on the antibacterial activity of these compounds, thus both
hydrazide ligands and complexes were tested for their antibacterial and antifungal activity.

The pyridine nucleus is an important heteroaromatic class of compounds with a wide range
of activities and it is present in many products such as drugs, vitamins, food, flavorings, plants,
dyes, rubber products, adhesives, insecticides and herbicides [13]. In this context, nicotinic acid
(pyridine-3-carboxylic acid), also known as niacin and vitamin B3, is found in various plants and
animals and has vital roles in such biological processes as production of energy, signal
transduction, regulation of gene expression and synthesis of fatty acids, cholesterol and steroids.
Nicotinic acid derivatives and its isomers have also been investigated as an agent for the prevention
or delay of the onset of type 1 diabetes mellitus. They also have anti-bacterial, anti-oxidant, anti-
inflammatory and anti-carcinogenic activities, and have putative activity against osteoarthritis and
granuloma annulare. For example, it can be mentioned the importance of anti-tuberculosis first-
line drug Isoniazid [14], which is an analogue of isonicotinic acid, an isomer of nicotinic acid.
Nicotinic acid derivatives are also an important start material for the preparation of other
biological activity compounds. Considering that, 2-chloro-3-pyridine carbonyl chloride is a useful
intermediate for preparation of Nevirapine (Viramune), a valuable anti-AIDS drug [15]. Due to the
importance of nicotinic acid derivatives and its isomers, the aim of this article is to evaluate the in
vitro antibacterial activity against M. tuberculosis of several compounds of this class synthesized
by our group [16].

Nicotinic -chloro 3- pyrldlne

acid Isoniazid ;SC?Q'COt'n'C carbonyl chloride  Nevirapine (V|ramune)

A drug may be classified by the chemical type of the active ingredient or by the way it is used to
treat a particular condition. Each drug can be classified into one or more drug classes. Nicotinic acid
derivatives are highly specific antibacterial agents. Nicotinic acid derivatives are used for the treatment
of microbial infections, as results in the rapid development of resistance. The substituted nicotinic acid
is among the various heterocycles that have received most attention during last three decades as
potential biomolecules. Nicotinic acid derivatives exhibit antibacterial, antioxidant, anti-inflammatory
and anticarcinogenic activities. This pyridine congeners are associated with different biological
properties like pesticidal, insecticidal and antifungal activities. Large quantity of nicotinic acid
derivatives was equipped for their anti-microbial activities. In prolongation we planned to synthesis
some new nicotinic acid derivatives with different substituted groups or atoms and different
heterocycle moiety. With the emergence and raise of microbial organisms dead set against to manifold
anti-biotic, and the long-lasting emphasis on healthcare costs, many researchers have tried to expand
new, valuable anti-microbial reagents free of resistant and cost [17].
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Nitro nicotinic derivatives:

The reaction between 2-chloro-3-pyridinecarbonylchloride and nitro anilines or nitro
phenylhydrazines, leading to the compounds 1a-¢, 2a-g, 3a-c, and 4a-d [18-20]. The N-nitro-2-
chloronicotinamides, as well others N-aryl-2-chloronicotinamides were evaluated for their in vitro
antibacterial activity against M. tuberculosis using the Alamar Blue (MABA) susceptibility test and
the activity expressed as the MIC in mg/mL. However, none of the compounds above mentioned
were active. The 1-(2-chloronicotinoyl)-2-(nitrophenyl) hydrazines 3a-c were evaluated for their in
vitro antibacterial activity against M. tuberculosis H37Rv using the Alamar Blue susceptibility test
and the activity expressed as the MIC in pg/mL. However, none of the compounds above
mentioned were active. The compounds 4a-d were evaluated for their in vitro antibacterial activity
against M. tuberculosis H37Rv using the MABA test and the activity expressed as the MIC in
pg/mL. However, none of the compounds above mentioned were active. The anti-TB activities of
compounds 1a-c; 2a-g; 3a-c; 4a-d were assessed against Mtb using the micro plate Alamar Blue
assay (MABA). A serial dilution of the compounds 1a-c; 2a-g; 3a-c and g4a-d were made directly
on the plate. The final drug concentrations tested were 0.01 to 20.0uL/mL.

R
4

1
la: o-nitro; 1b: m-nitro; 1c: p-nitro

Saae

No:3a:  4a:3’-methyl; A4 -methyl;4c:5 -methyl;4d:6’-methyl

0-nitro; 3b: m-nitro; 3c: p-nitro

The coupling reaction of benzoic acid and nicotinic acid hydrazides with N protected L-amino
acids including valine, leucine, phenylalanine, glutamic acid and tyrosine is reported. The target
compounds, N-Boc-amino acid-(N "-benzoyl)- and NBoc (or t-butyloxycarbonyl)-amino acid-(N -
nicotinoyl) hydrazides 5a-5e and 6a-6e were prepared and purity using N-[(dimethylamino)-1H-
1,2,3-triazolo[4,5-b]pyridin-1-ylmethylene]-N-methyl-methanaminium hexafluorophosphate N-
oxide (HATU) as coupling reagent. The antimicrobial activity of the Cu and Cd complexes of the
designed compounds was tested. The products were deprotected affording the corresponding
amino acid-(N"-benzoyl) hydrazide hydrochloride salts (7a-7e) and amino acid-(N "-nicotinoyl)
hydrazide hydrochloride salts (8a-8e). These compounds and their Cu and Cd complexes were also
tested for their antimicrobial activity. Several compounds showed comparable activity to that of
ampicillin against S. aureus and E. coli [21]. The reaction of benzoic acid hydrazide (3) with
different N-Boc-L-amino acids in dimethylformamide in the presence of triethylamine (Et;N) as a
base and N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridin-1-yl-methyl-ene]-N-
methylmethanaminium hexafluorophsphate N-oxide (HATU) as coupling reagent at 0°C gave the
compounds 5a-5e. Similarly, nicotinic acid hydrazide was reacted with the same N-Boc-L-amino
acids to give the compounds 6a-6e. Compounds 5 and 6 were subjected to N-deprotection. The
latter series upon deprotection of Boc group afforded the new series of compounds 7 and 8.
Compounds 5, 6, 7 and 8 were allowed to undergo complexation with Cu and Cd. All complexes
were obtained by reacting one equivalent of the ligands 5, 6, 7 or 8 once with 2 equivalents of
Cu(NO;). and once with 2 equivalents of Cd(CH;COQ). in methanol. The Cu and Cd complexes
were later decomposed and their Cu and Cd contents were analyzed by atomic absorption to

12




European Reviews of Chemical Research, 2014, Vol.(1), N2 1

determine the ratio of complex formation of Cu and Cd to ligand. The atomic absorption analysis
showed the formation of complexes Cu:L and Cd:L in the ratio (1:1).

o o
| I ’Jl\r]]H ,-‘“:thw_,.-fuuNH
)(/ HM /VI/D Ex.;.x HI:I xﬁ_o
R” “NH-Boc R™ "NH, HCI
X=CH;5; X=N;6 X=CH:7: X=N-8

a, R = CH(CHa),; b, R = CH,-CH,-COOBN: ¢, R = CHp-CH(CHa),; d, R = CH,-Ph; ¢, R =
CHQ-[4-(OBH)C6H4].

The compounds 5, 6, 7 and 8 and their Cu and Cd complexes have been evaluated for their
antimicrobial activity. The MIC values listed in Table 1 show that all the test compounds have lower

antifungal activity than clotrimazole.

Table 1: Minimal inhibitory concentration (MIC) of test compounds in pg/mL

Compound E. S. C. Compound E.coli | S. C.
coli aureus | albicans aureus | albicans
Ampicillin 25 12.5 | ----———-- (Cu:L),(1:1) of 6€ | 100 12.5 200
Clotrimazole | --—-—-—- | -————-- 12.5 (Cd:L),(1:1) of 5a | 100 >200 >200
5a >200 | >200 | >200 (Cd:L),(1:1) of 5b | >200 | 25 >200
5b >200 | >200 | >200 (Cd:L),(1:1) of 5¢ | >200 | >200 | >200
5¢C 100 100 >200 (Cd:L),(1:1) of 5d | >200 | 25 >200
5d 50 >200 | >200 (Cd:L),(1:1) of 5¢ | >200 | >200 | >200
5€ >200 | >200 | >200 (Cd:L),(1:1) of 6éa | >200 | >200 >200
6a >200 | >200 | >200 (Cd:L),(1:1) of 6b | >200 | 100 >200
6b 100 >200 | >200 (Cd:L),(1:1) of 6¢ | 100 >200 | >200
6¢c 50 >200 | >200 (Cd:L),(1:1) of 6d | >200 | >200 >200
6d 100 >200 | >200 (Cd:L),(1:1) of 6€e | 100 >200 >200
6e 50 >200 | >200 (Cu:L),(1:1) of 7a | >200 | >200 | >200
7a 100 100 >200 (Cu:L),(1:1) of 7b | >200 | >200 >200
—b 25 >200 | >200 (Cu:L),(1:1) of 7¢ | >200 | 100 >200
7C 100 50 >200 (Cu:L),(1:1) of 7d | >200 | 50 >200
7d 100 >200 | >200 (Cu:L),(1:1) of 7 | >200 | 50 >200
e 200 50 >200 (Cu:L),(1:1) of 8a | >200 | >200 >200
8a 25 >200 | >200 (Cu:L),(1:1) of 8b | >200 | >200 | >200
8b 100 100 >200 (Cu:L),(1:1) of 8¢ | >200 | >200 | >200
8c 50 >200 | >200 (Cu:L),(1:1) of 8d | 100 >200 | >200
8d 100 100 >200 (Cu:L),(1:1) of 8¢ | >200 | 100 >200
8e 50 100 >200 (Cd:L),(1:1)of 7a | 100 >200 >200
(Cu:L),(1:1) of 5a | 200 100 >200 (Cd:L),(1:1) of 7b | >200 | >200 >200
(Cu:L),(1:1) of 5b | >200 | >200 | 100 (Cd:L),(1:1) of 7¢ | 100 12.5 >200
(Cu:L),(1:1) of 5¢ | 100 50 >200 (Cd:L),(1:1) of 7d | 50 >200 | >200
(Cu:L),(1:1) of 5d | >200 | 50 >200 (Cd:L),(1:1) of 7& | >200 | >200 | >200
(Cu:L),(1:1) of 5¢ | 200 25 >200 (Cd:L),(1:1) of 8a | >200 | >200 | >200
(Cu:L),(1:1) of 6a | >200 | 100 >200 (Cd:L),(1:1) of 8b | 100 >200 >200
(Cu:L),(1:1) of 6b | >200 | >200 | >200 (Cd:L),(1:1) of 8¢ | >200 | >200 | >200
(Cu:L),(1:1) of 6¢ | >200 | >200 | >200 (Cd:L),(1:1) of 8d | 100 >200 >200
(Cu:L),(1:1) of 6d | 200 100 >200 (Cd:L),(1:1) of 8¢ | >200 | >200 | >200

The test compounds are more active against S. aureus and E. coli. Compounds (Cu:L),(1:1)
of 6e and (Cd:L),(1:1) of 7¢ have antimicrobial activity against S. aureus comparable to that of
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ampicillin, while the activity of compounds (Cu:L),(1:1) of 5e, (Cd:L),(1:1) of 5b and
(Cd:L),(1:1) of 5d is about 50% of that of ampicillin. Compounds 7b and 8a have antimicrobial
activity against E. coli comparable to that of ampicillin, while the activity of compounds 5d, 6c, 6e,
8c, 8e, (Cd:L),(1:1) of 7d is about 50% of that of ampicillin. The utilized test organisms were: E.
coli as an example of Gram-negative bacteria, S. aureus as an example of Gram-positive bacteria
and C. albicans as yeast-like fungi. Ampicillin trihydrate and clotrimazole were used as standard
antibacterial and antifungal agents, respectively. Solutions of the test compounds, ampicillin
trihydrate and clotrimazole were prepared in DMSO to a concentration of 1600 pg/mL. Two fold
dilutions of the compounds were prepared (800, 400 to 6.25ug/mL). Microorganism suspensions
at 106 CFU/mL (Colony Forming Unit/mL) concentrations were inoculated to the corresponding
wells. At the end of the incubation period, the MIC were determined [21]. The 5-chloro-N-
cyclohexyl-6-thio substituted-nicotinamide derivatives (9a-h) has been performed against gram
positive and gram-negative bacteria. The compound 9e¢ has found excellent antibacterial activity
[22]. The 5,6-dichloro nicotinoyl chloride was treated with cyclohexylamine. The antibacterial
activity of all the compounds (9a-h) has been performed against gram positive and gram-negative
bacteria. Test solution and streptomycin having concentration 40 mg/ml and 20 mg/ml were
prepared in DMF. The inhibition zone for each test solution was measured in mm. The compounds
were tested for their antibacterial activity against E. Coli, S.Typhi. Streptococcus mutans and S.
aureus using streptomycin as standard drug. The biological activity of these compounds have been
evaluated by filter paper disc method. The zone of inhibition are presented in Table 2. Compound
9c were found to be more active against S. aureus, S. mutans E. coli. The compound 9c¢ is found to
be more active against S. aureus, E. coli and S. mutants. The influence of methyl group in 4th
position of thiazole ring of compound 9¢ showed good activity compared to other synthesized
compounds. From this it can be concluded that the methyl group at 4th position may be
responsible for good antibacterial activity.

0
Ny v
. |
= H

9a-h

Table 2: Antibacterial activity of 5-Choloro-N-Cyclohexyl-6-thio substituted nicotinamide
derivatives 9a-gh

Compound R Concentration | Zone of Inhibition in mm*
(mg/ml) Gram +ve Gram —ve
S.aureus | S. Typhi | S. mutans | E. coli
9a =N 20 11 10 11 -
EN>—é 40 11 15 12 15
9b N 20 10 10 10 18
[N%é 40 14 12 12 23
|
9c w:s 20 16 15 18 -
Lo 40 22 15 22 23
9d HN_ o 20 10 10 8 10
LT‘N;— L 40 - 10 11 12
%e — 20 10 12 12 10
\_/ : 40 12 16 15 12
of @ 4 20 11 14 12 13
40 12 15 14 15
9g —S 20 13 10 12 11
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40 14 12 13 13

9h =N 20 10 12 11 10
EN\//J\ : 40 11 13 12 11

Streptomycin 20 18 18 16 16
40 22 20 22

* Average of three determinations

Vertilecanin C, a natural product and [methyl 2-(3-benzoylpicolinamido)acetate], 2 new
phenyl-substituted derivatives of vertilecanin A were synthesized. Vertilecanin A type
phenopicolinic acid derivatives were synthesized starting from nicotinic acid [23]. Picolinic acid
and its derivatives are known as important organic compounds for humans and animals. Picolinic
acid (10) itself plays a significant role in carrying metal ions in the human body and in animals.
Calcium, magnesium, and potassium salts of picolinic acid are used as food and beverage
supplements to improve the nutritive capacity of food stuffs and beverages [24]. 5-Alkylpicolinic
acids 11-14, which are known as hypotensive agents, are reported to have strong inhibitory effects
on dopamine S-hydroxylase. Phenopicolinic acid 15, originallyi solated from cultures of a
Paecilomyces sp., is a dopamine f-hydroxylase inhibitor and shows antihypertensive activity.
Halogen-containing picolinic acids 16, 17 have been widely used as herbicides in agriculture and
are potential contaminants of ground water [25]. The need for new sources of environmentallyfr
iendly pesticides and fungi displaying a ’broad spectrum’ of parasitic abilities has been increasing.
Isolated 5 new fungal metabolites were vertilecanins 19-22, from solid—substrate fermentation
cultures of Verticillium lecanii. While 19-22 did not have insecticidal or antifungal activity, the
most abundant component, vertilecanin A (10), displayed insecticidal activity against Helicoverpa
zea and showed antibacterial activity against Bacillus subtilis [23,26].

N© —COOH ‘ oS o
10 R=H, Picolonic acid; 11 R=CHj; 12 R= N
R

C,Hs; 13 R=iso-Propyl; 14 R=nButyl, fusaric
acid; 15 R= p-Hydroxybenzyl, phenopicolinic =~ 9 R=0OH, Vertilecanin A; 10 R=OCH3; 11
acis R=NHCH,CO,H, Verrtilecanin B; 12
R=NHCH,CO,CHj3
0 "

X
Y- S -C! | N
I P

cl N© COOH N~ ~CONHCH,COOCH,

7 X=Y=H, Clopyralid; 8 X=NH2, Y=CI, Vertilecanin C (13)
Picloram

The preparation of vertilecanin A starting from nicotinic acid in 4 steps (Tumer, et al., 2005).
The first synthetic preparation of vertilecanin C and 2 phenyl-substituted derivatives of
vertilecanin A.

O O O
0 O, U0
-
N N” “CONH, NZ > CONHCH,COOH
16 17

3-benzoylpyridine (15)

O o] o

|

= = =

HaCO N HgCO N” SCONH; HsCO N® TCOOH
18 19 20
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1 R=H; 22R C2H5

_ OH
T Q*fl ,C“\P
-
HeC” N X HaC TR N® COOH
29

25; X=CONH2, Y=H; 26; 27; X=COOH, Y=H; 28;
X=H, Y=CONH?2 X=H, Y=COOH

The synthesis of 2 new phenyl substituted analogues of vertilecanin A, which can be used for
further chemical and biological purposes.

The compounds 35a—j, 2-[(6-methyl-1,3-benzothiazol-2-yl)amino]-N- [2-(substituted
phenyl/ furan-2-yl)-4-oxo-1,3-thiazolidin-3-yl]nicotinamides, @were prepared from 2-
chloropyridine-3-carboxylic acid 30 and 2-amino-6-methylbenzothiazole 31. The in vitro
antimicrobial screening of the compounds were carried out against two Gram positive (S.aureus, S.
pyogenes), two Gram negative (E. coli, P. aeruginosa) bacteria and three fungal species (C.
albicags A. niger, A. clavatus). Some of the compounds are comparable with standard drugs [27].

(o} I- o]
" “OH =" "OH S NHNH; " | I\
| L = L (‘“f\m’ W R NN S
H

= N TNH MNT NH

N™ "Cl = | H
30 J\ ’,J* [ Nf NH =
NH, SN 3 N A Py R
) S Wy

= ) 5
. 32 33
35a-j

a: R=H; b: R=2-Cl; c: R=4-Cl; d: R=2-NO,; e: R=3-NO2; f: R= 4-OH; g: R=4-OMe; h: R=3-
OMe-4-OH; i: R=3-OMe-4-OH-5-NO; j: R=2-furyl

The 4-thiazolidinones incorporated nicotinic acid with 2-amino-6-methylbenzothiazole and
examined their antimicrobial activities.

The in vitro antibacterial and antifungal activities of the compounds are shown in Table 3.
The MICs (ug/ml) were carried out by broth microdilution method. Antibacterial Activity: It is
evident that compound 30 displayed good to moderate activity against all bacteria (150-250
ug/ml). 2-Amino-6-methylbenzothiazole (31), compound 32 and hydrazide 33 exhibited moderate
to poor activity against all bacteria. The result shows that compounds 34a, 34e, 34jJ, 35d, 358 and
35J exhibited good activity (25-100 ug/ml) against E. coli; 34d, 34j, 35d, 351 and 35j exhibited
good activity (50-100 ug/ml) against P. aeruginosa; 34a, 35e, 34f, 34h, 34j, 35d, 35b and 35j
showed good to very good activity (25-150 ug/ml) against S. aureus; whereas 34b, 34h, 34j, 35¢c,
35i and 35j showed good activity (62.5-100 pg/ml) against S. pyogenes compared with ampicillin.
All other compounds showed moderate activity. Antifungal Activity: From the results of the
antifungal activity (Table 3), it is evident that compounds 30, 31, 32 and 33 showed good to
moderate activity against C. albicans. Results also show that Schiff bases and 4-thiazolidinones
possessed good activity against C. albicans while moderate activity against A. niger and A.
clavatus. Compounds 34a, 34d, 348, 34j, 35b, 35¢€, 35f and 35j showed better activity (100-500
ug/ml) against C. albicans when compared with griseofulvin, while all compounds showed poor to
moderate activity against A. niger and A. clavatus [27].
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Table 3: Antibacterial and antifungal activities of 34a—j and 35a—j

Compound | Minimal bactericidal concentration | Minimal fungicidal
pg/ml concentration pg/ml
Gram negative | Gram positive
E. P. S. S. C A. niger | A. clavatus
coli aerug. | aureus | pyogen | .albicans
us
30 150 150 200 250 250 500 500
31 250 125 500 1000 1000 1000 1000
32 500 1000 500 1000 500 250 250
33 500 500 150 200 250 1000 1000
34a 100 500 150 200 100 500 500
34b 500 500 500 100 1000 1000 >1000
34c¢ 500 500 1000 1000 1000 >1000 >1000
34d 250 62.5 500 500 250 1000 1000
34e 62.5 150 100 200 1000 500 500
34f 200 250 150 250 1000 1000 1000
348 250 500 500 1000 150 500 500
34h 200 200 62.5 62.5 >1000 >1000 >1000
34i 500 500 500 500 >1000 500 >1000
34j 25 50 50 62.5 100 500 500
35a 250 250 500 500 1000 1000 1000
35b 500 500 150 500 150 1000 1000
35¢ 500 1000 1000 100 >1000 >1000 >1000
35d 50 100 100 150 >1000 1000 500
35e 250 250 500 500 500 >1000 >1000
35f 250 250 500 500 250 500 >1000
358 62.5 200 500 500 1000 >1000 500
35h 200 500 500 500 1000 1000 1000
35i 500 100 1000 100 >1000 500 >1000
35] 100 62.5 25 100 500 1000 1000
Ampicillin | 100 100 250 100 — — —
Griseofulvin | — — — — 500 100 100

Most of the compounds are comparable with ampicillin. Compounds bearing —Cl, —-NO.
groups and furan nucleus are more active than the remaining compounds. Compounds 34a, 34d,
348, 34J, 35b, 35€, 35f and 35j were found to be active against C. albicans but they found poor
with other fungal species. All the compounds were tested for their antibacterial and antifungal
activity (MIC) in vitro against two Gram positive S. aureus, S. pyogenes and two Gram negative E.
coli, P. aeruginosa bacteria and three fungal species C. albicans, A. niger and A. clavatus.
Ampicillin was used for antibacterial activity while griseofulvin for antifungal activity were used as
a standard drug [28-29].

Six compounds of thiazolidinone derivatives of nicotinic acid were evaluated in vitro
antibacterial and antifungal activities (Table 4). The MIC of the compounds was also determined.
Significant antimicrobial activities were observed for some compounds of the series. Some of them
showed comparable activity as that of the standard drug used [30].

Compounds
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36¢C
36d
36e
36f
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The in vitro antibacterial and antifungal activities of the compounds were evaluated at
25ug/ml, 50ug/ml and 75ug/ml concentration. Ciprofloxacin 50ug/ml and Ketaconazole 50ug/ml
were used as standard. DMSO was used as solvent control. The MIC of the compounds were also
determined. The antibacterial activity of the synthesized compounds was tested against
Staphylococcus aureus, S. epidermidis, Klebsiella pneumonia and Escherichia coli using nutrient
agar medium. The antifungal activity of the compounds was tested against Candida albicans and
Aspergillus niger using sabouraud dextrose agar medium.

Table 4: Antimicrobial activity of compounds 36a-36f

Compound | Zone of inhibition (mm) MIC (ug/disc)
Antibacterial activityt | Antifungal | Antibacterial activityt | Antifungal
activityt activityt
S.A. |S.E. | K.P. |E.C. |AN. |[CA.|S.A. | S.E. | K.P. | E.C. |A.N. | C.A.
36a + + + + + + +++ | ++ |+ ++ |+ + + +
36b ++ |+ |+ |+t +++ | ++ |+ + + + + +
36¢ ++ | ++ | ++ ++ +++ | ++ |+ ++ |+ + + +
36d ++ |+ |+ |+ |+t ++ |+ + + + + +
36e + +4+ | ++ + +++ | ++ |+ + + ++ |+ +
36f ++ | ++ | ++ + ++ ++ |+ + ++ |+ + +
C.P. +++ | F++ | | | - -
K.C. - - - - +4+++ | +++
C. - - - - -

S.A.-Staphylococcus aureus; S.E.-Staphylococcus epidermidis; K.P. -Klebsiella pneumonia; E.C.-
Escherichia coli; A.N. -Aspergillus niger; C.A.-Candida albicans; C.P.- Ciprofloxacin (50 pg/ml);
K.C.-Ketaconazole (50 pg/ml); C- Control; Concentration of the compounds: 50 pg/ml; Zone of
inhibition: 10-15 mm = +; 16-20 mm = ++; 21-25 mm = +++ and 25 < = ++++.

All these compounds were evaluated for in vitro antibacterial and significant antifungal
activities. Among the compounds, compounds 36b and 36d pocess significant activity against
bacterial organisms whereas 36¢ showed very less activity. Other compounds showed moderate
antibacterial activity. Compounds 36c¢ and 36e, showed Zone of inhibition (for 50ug/ml) and MIC
of the synthesized compounds have been summarized in Table 4 [30]).

Discussion

Nicotinic acid derivatives are reported to show variety of biological activities. Nicotinic acid
which belongs to water soluble vitamin B complex is also indicated is hyperlipidemia to lower
triglycerides and cholesterol [31]. Keeping in view the importance of the above heteryl nuclei and
considering the scope to introduce nicotinoyl moiety into heterocyclic compounds it was thought
worthwhile to undertake the synthesis of the titled compounds. Nicotinic acid compounds
exhibited a significant activity when compared with reference drugs. It suggests that they may be
selectively targeted to Mtb growth, also considering that they were not cytotoxic to host cells at the
same concentration and could be a good start point to find new lead compounds. More information
about structure-activity relationship and their antibacterial activity test are in progress. A series of
compound were synthesized with the presumption of estimating its anti-microbial property. The
title compounds possess moderate to good anti-microbial potency, However auxiliary studies is
desired to wrap up anything distinct about the therapeutic potential of these compounds. The
nicotinic acid derivatives and its metal complexes were showed interesting results comparable to
ampicillin. The uncomplexed compounds showed higher antimicrobial activity against E. coli
compared to their respective complexes. While the complexes showed higher antimicrobial activity
against S. aureus compared to their respective ligands. A large number of drugs and biologically
relevant molecules contain heterocyclic systems. Often the presence of hetero atoms or groupings
imparts preferential specificities in their biological responses. The chemistry and biological study
of heterocyclic compounds has been interesting field for a long time due to medicinal and
agricultural reasons. The number of heterocyclic derivatives containing nitrogen and sulfur atom
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possess broad spectrum of biological activities. One of the most important heterocycle in medicinal
chemistry is pyridine with wide application including antimicrobial, anti-inflammatory, anti-HIV,
antiplasmodial, anti-tubercular, antibacterial and anticonvulsant [32-36] activities, and has much
other important biological significance. Importance of hetero cyclic compounds has long
recognized in the field of synthetic organic chemistry. It is well known that heterocyclic compounds
containing nitrogen and sulphur exhibit a wide variety of biological activity. A series of pyridine
derivative were evaluated for antitumor activities [37]. Nicotinamide has been shown to be
beneficial in the treatment of papular and pustular acne, as well as improvement of skin cancer
[38]. Nicotinamide or nicotinic acid has been used to treat diseases such as hypercholesterolemid
and schizophrenia [39]. Nicotinamide and its derivatives are also used to prevent type-1 diabetes in
animal model and humans showed cytotoxic properties [40,41]. On the other hand 6—chloro—3-
substituted pyridine are very important class of heterocycles and are widely used in pharmaceutical
and agrochemical industry [42,44]. The increasing interest in the chemistry of nicotinamide and its
substituted derivatives result from the wide possibilities and their practical application for
obtaining biologically active agents. Derivatives of Sprotected triazole and diazole exhibit high anti-
inflammatory activity [45] Interest is to search antibacterial activity of S-protected derivatives of
nicotinamide. An attempt has been made to understand the antibacterial behavior of these
compounds in vitro [46] (Cutshall, et al., 2001).

Conclusion

In general, nicotinic acid derivatives are showed different types of biological properties.
These compounds showed extensive variety of biological special property. In present study, some
nicotinic acid derivatives are evaluated as anti-microbial properties. The result of the anti-bacterial
activity evaluation proved to be significant with respect to the reference drugs. Some compounds
exhibited potent anti-microbial activity. Nicotinic acid derivatives were synthesized with the belief
of estimating its anti-microbial possessions. These compounds possess reasonable to fine anti-
microbial effectiveness. It suggests that this class of compounds may be selectively targeted to Mtb
growth, also considering that they were not cytotoxic to host cells at the same concentration and
could be a good starting point to find new lead compounds.
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Abstract

With a view to synthesizing heat-resistant polymers, we performed the heterofunctional
condensation (HFC) of a,w-bis (aminodimethylsilil) tetramethyl- cyclodisilazanes with
terephthaloyl chloride.

The synthesized polymers are elastic products in light color. Their elasticity increases with an
increase in cyclodisilazane fragments in the polymer chain. At temperatures of 360 to 380°C, there
starts slow polymer degradation, while fast degradation occurs at a temperature of 400 to 450°C.

We also performed the HFC of a,w-bis (aminodimethylsilil) tetramethyl- cyclodisilazanes
with a,w-bis (ff-carboxyethyl) dimethylhexanes.

The synthesized products are caoutchouc-like products, as they contain pliant siloxane and
cyclodisiloxane fragments. They have quite high thermal stability. The stability is impacted on by
an increase in the dimethylsiloxane block in the copolymer chain. Polymers are resistant at
temperatures of 510 to 550°C. At these temperatures, there starts their slow degradation. The
thermal stability of polymers is not impacted on by an increase in the share of silazane cycles in the
chain.

Keywords: heterofunctional condensation; cyclodisilazane; tetramethyl- cyclodisilazane;
dichloride; dimethylformamide; N-methylpyrrolidone.

BBeaenue

B mosiumMepHOU XMMUH Ba*KHOU 3aj1avell sIBJIIeTCS CUHTE3 IlepepabaThIBAEMBbIX IIOJUMEPOB C
BBICOKOM TeIJIO- W TepMOCTOHMKOCThI0. C 5TOM TOYKM 3pEeHUs, HEeCOMHEHHBI HWHTEepeC
IIPeACTABJIAIOT COIIOJIMMEDBI c OPTaHOLIMKJIOIVMCUJIa3aHOBBIMU dparmenTamu B
MaKpPOMOJIEKYJIIPHOU Tenu. [[uKI0/1ucHIa3aHOBbIE TTOJIMMEPHI 00/1a7Jal0T BHICOKOH YIIPYTOCTHIO,
XOPOIITUMH aHTHUAAT€3NOHHBIMH CBOHCTBAMHU.

C 1espl0 CMHTECA TEIJIOCTOMKUX MOJIMMEPOB HAMHU OCYIIECTBJIEHA TeTepOodyHKITMOHATIbHAS
KOHJIeHCaIus tx, aw-01c (amMHUHOIMIMETHIICHIIHLT) TeTPaMETUILKIOAUCUIa3aHOB c
JUXJIOPAHTUAPHUIOM TepedTaeBON KUCIOTHI IO CIEAYIOIIEN CXEME:
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Me Me\ _ Me Me
| - Si |
X NHZ - SI| N ~ S/N - SII NH2 + x CICO COcCl ﬁ»
| -(x-1)HC
Me | Me” “Me Me .
e 3
Me Me\ _ Me Me
| - Si |
—>H<—NH—SII N\S_/N—SII NH— CO CoO— > Cl
i
Me | Me” “Me Me .
|\ J
rae
n=1(1); n =2 (2).
letepodyHKITMOHATBHYIO KOH/IEHCAIIHIO (T'®K) TIPOBOJTHIU B KUIIAIEM

numetuiagopmamuze (AM®PA), B atmocdepe azora pu SKBUMOJISIPHOM COOTHOIIEHUU MCXOTHBIX
KOMIIOHEHTOB B TeueHHe 5-6 4acoB.

3a X0JI0M peaKINH CJIEJIHIHN 110 BhIIEJIEHUIO XJIOPUCTOTO Bojopoaa (puc. 1). HabsroneHue 3a
xoyioM peakiuu 'K mo um3MeHEeHHUIO yAEJTbHOU BSA3KOCTH 1%-HOTO pacTBopa B OeH30Jie U
BBIZIEJIEHHEM XJIODHCTOTO BOJOPO/ia BO BpeMEHH MOoKa3ajo, 4YTO BA3KOCTbh IPOAYKTa
TMOJTUKOH/IEHCAIIMA BO3PAcCTaeT B COOTBETCTBHU C YBEJIMUYEHHWEM KOJIMYECTBA BbIJAEIUBIIETOCS
XJIOPUCTOTO BOZIOPOZA.

CuHTEe3MpOBAaHHBIE COIIOJIMMEPHI 3JIACTUYHBIE TIPOAYKTHI CBETJIOTO IIBETA, XOPOIIO
PaCTBOPSIOIIHAICSI B OPTAHUYECKHUX PACTBOPUTENAX. TeMIiepaTypbl pa3MsATdeHus sl ITOJIMMEPOB
¢ 4ETHBIM YKMCIOM ITUKJIOJIMCHIA3aHOBBIX 3BeHbEB (mipu n =2, T pasu=99 © C ) HUKe, YyeM s
IIOJIUMEPOB ¢ HEUETHBIM YHCJIOM ITMKJIOJIMCUIIA3aHOBBIX 3BeHbeB Iienu (rmpu n =1, T pazm =127 °
C). DacTUYHOCTD, a TaK}Ke PACTBOPHUMOCTb B apOMATHUYECKHX PACTBOPUTEJISX YBEIMUUBAIOTCS C
pocToM n.

l'a30kUAKOCTHBIN XpoMaTorpadUUYeCcKU aHaJIN3 IPOAYKTOB PpeakIUu II0Ka3al, dYTO
HCXOJIHBbIE COeTUHEHMS B KOHEUHBIX ITPOYKTaX PEAKIINU OTCYTCTBYIOT.

CocraB M CTpOEHHE CHHTE3HMPOBAHHBIX IIOJIMMEPOB OXapaKTEPU30BAHO 3JIEMEHTHBIM
a"asmu3oM (tabs. 1) u UK cnexkrpamu. B MK cnekTpax HaieHbI MMOJIOCHI ITOTJIOMIEHHA TIPU 870-
890 cM* W 1010-1040 cM™, XapaKTepHble /I BaJIEHTHBIX KOJIEOAHUU ITUKJIOMCHIa3aHHOTO
dparmenrta (ma v (Si.N) u (Si 41N.), cooTBeTCTBEHHO), B clieKTpax Tak:ke MMEKTCs IOJIOCHI C
BOJIHOBBIMH 4YHCIaMH 930, 1180, 3380 cM™, COOTBETCTBYIOI[ME YacTOTaM BaJIEHTHBIX U
nedopmannoHHbIX KosebaHuit cBazed Si-NH rpynm, mosocsl morsomeHus B obsactu 1260 cM™!
(Si-Me), 1660 cm (v CO), 1600 cm (Cyp - C op BeH3OTBHOTO si1pa).

N3yyeHa TepMuyeckass CTaOWJIBHOCTh CHHTE3UPOBAHHBIX COIOJUMEPOB. JlaHHBIE
TepMmorpaBuMerpuyeckoro aHanusa (TT'A) mokaswsIBaloT, YTO IpU TemIiepaTypax 360—380°C
HaYMHAeTCs] MEJJIEHHOE Pa3jIoKeHUe MOJIUMePOB (morepu macchl npu 360 °C He Bbime 3%),
OBICTPOE pas3JIoKEHHE MPOUCXOJUT IIPU TeMIlepaTypax 400—450° C.

23



European Reviews of Chemical Research, 2014, Vol.(1), N2 1

g O] %, HCl
0.5 A 1 100
0.45 A 1 90
0.4 -1 80
0.35 Y 70
0.3 A 7 60
0.25 A -4 50
0.2 1 4 40
0.15 1 30
0.1 A 7 20
0.05 A 1 10
0 T T T T T T T T T T T

0O 30 60 90 120 150 180 210 240 270 300 330 360

T, MUH

Puc. 1. I3aMeHeHUe yAeIbHON BA3KOCTH 1%-HOT0 PACTBOPA COIOIMMEpPA 1 ¥ KOJIMYECTBO
seienuBierocs HCI B mpornecce M'OK , w- O¥C (aMHHOZUMETHIICHIINII)
TeTPaMEeTHIIUKIOAUCHIA3aHa ¢ JUXIOPAHTHAPULOM TepedTaaeBoi KUCIOThI

Hamu ObLIa IIpoBeJieHa I'dK i, tw —Ouc (aMHUHOIMMETUIICUIINII)
TeTPaMETHJIITUKIOAUCUIIa3aHa C ¢, w-0uc (S-KapOOKCHUITIII) TUMETHUIICHIOKCAHAMH B KHUIISAIIEH
JIM®A, B armocdepe a3oTa NPU SKBUMOJISAPHOM COOTHOIIEHWH WCXOJHBIX KOMIIOHEHTOB B
TeuyeHUe 10 YacoB. PeakIius MpOTEKAET 110 CXEME:

Me Me —~ _Me| Me Me Me
| _Si | | |
X H,N |— S|'_ N Si/N slu— NH, + x HOOC(CH,), sli—o — Si— (CH,),COOH—
|
Me Me” Me - Me Me Me
m-1
s N
Me Me — _Me| Me Me Me
| _sic | | |
— H<—HN slu— N Si/N SISI—NH—CO(CH2)2 Sli—o — Si— (CH,),CO~ OH
|
Me Me”  “Me| Me Me Me
n m-1 J

rae n=1, m=10 (3); n=2,v=10 (4); n=1, m=28 (5) ; n=2, m=28 (6).

[TosrydueHHBIE COTIOJTUMEPHI ABJISIOTCS KaydyKOIOAOOHBIMH IPOAYKTAMH CBETJIOTO IIBETA.
Onu xopomio pacreopsoreas B IM®PA u N-mermwnnupposnugone (N-MII). CunTte3mpoBaHHbIE
COTIOJTUMEPHI 00J1aZIal0T BOJIOKHO — W IUIEHKOOOpasyomuMu cBoiicTBaMu. COCTaB U CTPOEHUE
CUHTE3HUPOBAHHBIX COIOJUMEPOB MOATBep:kAeH0 MK — crmexkTpamMu M JIaHHBIMH 3JI€EMEHTHOTO
aHaJIU3a.

B UK — cnekTpax conoJMMepoB 3 + 6 HaiiZleHbl 10JIOCHI OIJIOeHUs Ipu 870—890 cM ' 1
1020-1040 cM!, XapaKTepHBbIE JJIs1 BAJIEHTHBIX KOJIeOaHUH ITUKJIOAUCHIa3aHOTO (pparmenTa s (v
(Si.N) u v (SizN,)), Tak:ke UHTEHCUBHBIE I0JIOCHI MTOTJIOIIEHUsA B obacTu 1660 cm* (VCO) 1 1100—
1200 cm? (Si-O-Si). CuHTe3UpOBaHHBIE ITOJIUMEPHI 3+6 COAEPIKAT B OCHOBHOU IENH THOKHE
CHUJIOKCAHOBBIE W ITUKJIOAVCHIa3aHOBble @dparMeHThl. CodyeTaHME Pa3JIMIHBIX CTPYKTYPHBIX
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¢dparmenTOoB B comosiMMepax OTpa)kaeTcd Ha (PU3UKO-XMMHUUYECKUX IOKa3aTeysIX STHUX
COTIOJTMMEPOB U TPEXKE BCETO HA UX TEPMOMEXaHUUECKUX cBoicTBaX. COMOIMMEDPHI 5 U 6 UMEIOT
TeMIIEPaTypy CTEKJIOBaHHA B 00JIaCTH OTPHUIATEIBHBIX TemIileparyp. Ha TepmMomexaHUYecKue
CBOWCTBA OJTHUX IIOJIUMEPOB CKA3bIBA€TCSI BEJIMYHHA JUMETHUJICUIIOKCAHOBOTO OJIOKA H Yy
corosiuMepa 6 MPOsIBJIAETCA BHICOKO3JIACTUYHAS 00J1aCTh.

CUHTE3UpOBAaHHBIE COIOJIUMEPHI  O0JIAZIAal0T  JIOCTATOYHO BBICOKOM TEPMHUYECKOH
cTabMIbHOCTHIO. [TosTMMepsI 3 U 4 yCTOMUYHMBBI MPU TeMrepatypax 430—440 ° C B cpefie a3oTa, a
MIOJIUMEPHI 5 U 6 YCTOWUUBBI IPU TeMIepaTypax 510—560°C. IIpu 3TuX TeMrepaTypax HAUMHAETCS
MeJIJIEHHOE Pa3JIoKeHHe COMOJIMMEePOB (IoTepsi Macchl He IpeBbImIaeT 3—5 %). Ha crabmuibHOCTD
IIOJIUMEPOB HE BJIMSET IMOBBIIIEHHE JIOJM CHJIA3aHOBBIX IMKJIOB B IOJIIMEpAX IyTeM BCTPOUKU
OJINTOMEDPHBIX  LHUKJIOAWCUIA3aHOB. HekoTopble  cBOHCTBA W DJIEMEHTHBIA  aHAJIN3
CUHTE3UPOBAHHBIX COIIOJIMMEPOB IMPUBEEHBI B TAOJIHIIE 1.

Tabauua 1.
PU3NKO-XUMHYECKHE JAAHHBbIC 11 3JIeMeHTHbIﬁ AHAJIN3 CUHTC3UPOBAHHDBIX
COImo/IMMepoB

N | yx  1%- | Tpasm. Haiineno/ Beruncieno % CrpykTrypHasa

piip-p B | °C eaVHuCca

BbenszoJe

npu .
1 0,33 127 | 45,67/45,50 | 7,49/7,11 | 13,51/13,27 | 26,17/26 54 | CisHi0N4O,Si,
2 0,35 99 | 42, 45/42,31 | 8,00/7,69 | 13,09/13,46 | 31,63/31,41 | CzHisNsO,Si,
3 0,3 255 | 36,51/36,23 | 8,17/8,35 | 5,21/4,91 | 35,14/34,81 | C33Ho4N40:iSiy
4 0,34 157 | 36,45/36,04 | 8,79/8,43 | 6,21/6.68 | 36,27/35,84 | C4oHu2NeOuSiy,
5 0,39 298 | 34,47/34,96 | 8,14/8,22 | 2,53/2,28 | 36,77/36,45 | Cr0H202N40205iz
6 0,42 236 | 34,42/34,25 | 7,97/8,27 | 3,47/3,16 | 36,25/36,84 | C;6H220N6020Si35

JKcliepuMeHTaJIbHaA 4acTh

B Tpexropiyio kosi0y, CHaOXeHHYI0O MEIIAJIKOH, OOpaTHBIM XOJIOAWJIBHHUKOM U
ra3onpoBOJHON TpPyOKOM, moMemand 2,92 r. (0.01 M) @, w- OHC (aMHUHOZUMETHICHIINII)
TeTpaMeTHIIUKIOAUCHIa3aHa (n =1) u 2.03 r. (0.01 M) JUXJIOpAaHTHUJpUAA TepedTaTeBOH
KUCJIOTHI, 106aBssu 20 Mt IM®PA. PeakITMOHHYIO CMeCh HarpeBaIu Ipu TemIieparype 150 °C npu
IIOCTOSTHHOM II€pEMEIINBAHUM B TOKE a30Ta B Te€UEHHE 5-6 YacoB. 3aTeM PEAKIMOHHYIO KOJIOY
COeMHSIN ¢ BakyyMoM. TBepayio maccy pactBopsiiu B cmecu N- MIT u 3% LiCl, mepeocaxkaanu
alleTOHOM, ITPOMBIBIH BOJIOU, CYIIMJIA B BaKyyM-CYIIWJIBHOM IIKade mpu temmeparype 50 °C B
TeueHue 15 yacoB. [Tomyyanu 4. 32 1. (94%) 371aCTUIHBIN COMIOJTUMED 1 C "y;= 0.33.

AHAJIOTUYHO MOJIyYaIu U IPYTHE COMOJIUMEDBHI.
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I'erepodyHKIMOHAIbHAA KOHAEHCAIIUA &, ) - Ouc (AMHHOAUMETUJICUJIILI) -
TeTPaMEeTUINHKIOANCIUIA3aHOB C JUXJIOPAHTHAPHUIOM TepedTaaeBoil KHCIOThI
U @, , - 6uc (f- kKapOGoOKCHITHII) AUMETIICHIOKCAaHAMM

1 JInnu KapymoBHa /[>kKaHMAIIIBUIN
2T'uynu I'mopreBHa AHAPOHUKAIIIBUIN
3 Apuun lllanBoBuy Bapagamsuiu
4M3ua ITamuinoBHa 'aronuimBsuin

1,3 TOUIMCCKUN TOCylapCTBEeHHBIN YHUBepcuTeT uM. MB. [IxxaBaxumsuiu, ['pysus
2,4 TeylaBCKUM rocyiapcTBeHHbIN yHUBepcuTeT uM. f. 'orebarBuiu, ['py3us

AnnHoramussi. C 1egpl0  CHUHTE3a TEPMOCTOMKHX IIOJIMMEPOB HaMH IIPOBefeHa
reteroyHKITMOHAIbHAS KOHIeHC Al (TOK) o, w-0uc (aAMUHOAUMETHIICAIIAII)
TeTPaAMETHJINNK/IOINCHUIIA3aHOB C TUXJIOPAHTUAPU/IOM TepedTaIeBOA KUCIOTHI.

CUHTEe3UpOBaHble TIOJUMEDPHI SIBJISIIOTCS JJIACTUYHBIMHU ITPOAYKTAMH CBETJIOTO IIBETA.
AJIACTUYHOCTD YBEJIMUUBAETCS C POCTOM ITUKJIOIUCUIA3aHOBBIX (PPATMEHTOB B OJIMMEPHOU LIETIH.
IIpu Temmepatypax 360-380°C HauyuWHaeTCsd MeJJIEHHOE pasJIoKeHHe IOJHUMEPOB, a ObICTpoe
pasJI0KEHHE ITPOUCXOIUT IIPU TeMIlepaType 400-450°C.

Hamu TaK¥Xe ObLIa MpoBeieHa I'®K e, w —0buc (aMHUHOZMMETHUJICHIINII)
TETPaAMETHJIINKIOTUCHUIIA3aHOB C &, iw-0uc (f-KapOOKCUATIII) TMMETHICUIOKCAHAMH.

CuHTe3UpOBaHHbIE TPOAYKTHI SIBJISIOTCA KaydyKOIIOJAOOHBIMH ITPOJYKTAMH, ITOCKOJIBKY
coj/iep;KaT B OCHOBHOM IlelTM TMOKUE CHUJIOKCAHOBBIE W ITUKJIOAUCUIOKCAHOBbIE (pparMeHThl. OHU
00JIaal0T JOCTAaTOYHO BBICOKOH TEPMHYECKOH cTabWIbHOCThIO. Ha cTaOMIbHOCTh OKa3bIBaeT
BJIMSTHUE YBeJIMUEeHNEe TUMETUICHIOKCAHOBOTO OJIOKA B IENU copostuMepa. ITonumepbl yCTOHYUBBI
IIpu TeMpeparypax 510-550°C. IIpu sTux TeMmiepaTypax HaUMHAETCA UX MeJJIeHHOE Pa3JjIoKeHUe.
Ha TepmocTaOMIBHOCTD OJITUMEPOB HE BJIUSET ITOBBIIIEHHE JIOJIA CHJIA3aHOBBIX ITUKJIOB B IIEITH.

KiaoueBble cioBa: rerepodyHKIMOHAJIbHAs  KOHJIEHCAIIMA;  ITUKJIOJAWCHJIA3aH;
TeTpaMeTWIITUKIOUCHIIa3aH; UXJI0PAHTUAPU/; TUMETHIhopMaMul; N-MeTHIITUPPOJIU/IOH.
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Abstract

The study was performed to determine the performance of ginger, garlic, neem and
ivermectin on the ticks. For that purpose, 12 male buffalo calves were selected, which were divided
in four groups in A, B, C and D, each group contained 3 animals. The data was collected on 314, 8th,
15t and 21t day, respectively. The effectiveness of ivermectin on 3 day found (25.92%), 8t
(37.03%), 15t (92.6%) and 21t day found (100%) whereas, neem seed extract was observed on 3
day found (55.81%), 8t (48.83%), 15t (41.86%) and on 215t day (46.51%) thus, ginger extract 314 day
found (63.46%), 8t (51.92%), 15" (51.92) and 21stday (61.54%), and garlic extract on 3¢ day found
(32.61%), 81 (39.13%), 15t (36.96%) and 21t day (30.43%), respectively. It was concluded from the
comparative effect of the ethno plant extracts and ivermectin on ticks’ interaction that in total
extract the ginger found more potent followed by neemseed extract and garlic but their effect was
prolonged effect and 100% result was achieved through the ivermectin hence, it is recommended
for the tick infestation and treatment.

Keywords: Medicinal plants; Ivermectin; Repellents; Animals; Ticks.

Introduction

The naturally occurring plants as ethno-veterinary medicine those refer to people’s beliefs,
knowledge, skills and practices relating to care of their animals (Choudhury, 2003). The use of
these plants are limited by the seasonal availability of certain plants, the scarcity of treatment
against infectious disease, the ineffectiveness of some treatments, the existing harmful practices
and the often inadequate ethno-diagnosis (Choudhury, 2001;FAO, 1985). The five plants such as;
Dryopterisinaequalis, Albiziaanthelmintica, A. gummifera, Olea Africana and Myrsineafricana
were reportedly used in Kenya (Golob and Webley, 1980). The Kikuyu of Central Kenya allegedly
use Cissampelospareira roots, Vernonialasiopus roots and leaves, Myrsine Africana fruits,
Rapaneamelanophloeos  fruits, Ficusthonningi sap, Albiziaanthelmintica roots and
Ficussycomorus sap for treatment, they also some time use the bark of Acacia mellifera against
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parasites of animals (Grainge and Ahmed, 1988; Saxena, 1993). Schmutterer, (1990) reported
eleven plants used for the same purpose. From Nigeria, 92 species of plants were identified to be
used in traditional veterinary practice, with 15 reported to be used against general worm infestation
in cattle (Anonymous, (1992). In the Somalia, six plants were reported to be used for treatment in
livestock (Schmutterer and Ascher, 1984). Schmutterer and Ascher, (1987) listed 39 plants used
against cestodes, 16 against trematodes and 45 against nematodes in humans worldwide. The
ethno-veterinary made medicine in which most livestock keepers treat animal health problems due
to easily available, inexpensive and effective, mostly in rural areas where, veterinary services are
irregular or costly and used for emergency purpose (John et al., 2005). Many countries have
already come to realize the medicinal plants as a potential means of therapeutic agent and also
their availability and cost effectiveness ardently throughout the world wide, various kinds of herbal
extract showed the Larvicidal and Acaricidal effects as reported by (Chungsamarnyart and
Jansawan, 1991).

Neem, Azadirachtaindica A. Juss., (Meliaceae) widely distributed throughout tropical in
both dry and humid areas (FAO, 1988). The most promising example of plants currently used for
pest control (NRC, 1992), grown in many countries of worldwide with an immense work over the
neem tree as the pesticidal properties which is used as a powder from crushed seeds, mixed with
the grain at various concentrations levels, provided the protection of many insect pests included
weevils, Sitophilus spp., khapra beetles, Trogodermagranarium and lesser grain borer,
Rhizoperthadominica (Golob and Webley, 1980; Saxenaet al., 1989) due to bitter smell, can reduce
its attractiveness as a protecting in food grains mostly in stored grains with its azadirachtin
content in seed kernels (Ermel et al., 1987). Azadirachtin content has also been analysed due to as
important tree (Gruber, 1991) because, the extracts from different ecotypes effloresces variation in
the antifeedant activity (Singh, 1987). Further, Pathaket al., (2004) studied plant extracts of neem,
Azardiachtaindica leaves and bark; nochi, Vitexnugundo leaves; vashambu, Acoruscalamus
rhizome and pungu, Pongamiapinnata leaves against ixodid ticks of small ruminants. Garlic,
Allium sativum, L. (Amaryllidaceae) is also grown at worldwide, but the country China is the most
producer yearly, near about 10.5 million tons (23 billion pounds) as 77% of worldwide output and
the second is India about (4.1%) followed by South Korea (2%), Egypt and Russia (1.6%) and
America (1.4%) Aeschlimannand Freyvogel, (1995). Ginger, Zingiberofficinale L. (Roscoe)
(Zingiberaceae) is also an indigenous to Southern China and other parts of Asia to West Africa and
to the Caribbean. The herbal preparation consisting of garlic, onion, lemon extract, turmeric
powder and camphor in karanj oil when applied once daily for consecutive days eliminated
sarcoptesscabiei infestation in piglets within 5 days application (Dewivedi and Sharma, 1986).
Shannonet al., (1995) described that the ivermectin was safest and more effective for the treatment
of endo and ectoparasites.

The ticks are small arachnids in the order Parasitiformes, Family, Ixodidae more than 700
species which are totally distinguished to others due to hard shell. An engorged tick, filled with
blood, can easily be killed by stepping. In ixodidae nymphs and adults, a prominent head
/capitulum forwarded from the body. Ixodid tick undergoesto three primary stages: egg, nymph,
and adult Dennis et al., (2005). This kind of specie requires three hosts, and their life cycle, takes at
least one year to complete, which produce upto 3,000 eggs on the ground by the adult female. After
emerging the second stage the larvae, which feed on small mammals and birds than molt on the
ground, then feed on larger hosts and molt in an adult stage which attach to the larger hosts, feed,
and lay eggs, while males feed very little and occupy larger hosts primarily for mating Aeschlimann
and Freyvogel, (1995). Infestation rates of important genera of ticks infesting cattle in Pakistan
were as follows: Boophilus, 43.40, Hyalomma, 36.65, Rhipicephalus, 16.88 and Amblyomma,
(3.05%. Infestation rates by ticks of these genera in buffaloes were 53.12, 31.25, 15.62 and 3.05%,
respectively (Mannan et al., 1997; Hannan et al., 2001).

A preliminary study was conducted by the Abdullah et al., (2009a) established ginger as a
higher tick repellant and they rubbed garlic, onion, ginger and neem leaves on five pieces of cotton
cloth put ten ticks collected from cattle and buffalo in the centre of the cloth. Abdullah et al,
(2009b) proved ginger to be highly tick repellent as all ticks left the cloth in 25.3 seconds whereas,
they took 30.6 seconds, 37.3 seconds and 40 seconds to leave the pieces of cloth rubbed with garlic,
onion and neem leaves. Lal et al., (2009) confound that the SAU students found ginger as best tick
repellant and ticks spent 76.6 seconds on the piece of cloth that was rubbed with animal body.
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Further, this study revealed that ticks were permanent eco-parasites that caused direct damage to
cattle by sucking huge quantity of blood and bringing down milk and meat production besides
acting as vector for viral, bacteria, protozoan and helminth pathogens and parasites that caused
ailment and high mortality in cattle, buffalo, sheep and goat. As we know, the chemicals used
against ectoparasites are harmful for man and animals, and the poor growers are illiterate they
don’t have knowledge how to apply insecticides on the animal body so far. The patent drug
ivermectin and locally available medicinal plants are selected with the aim for comparative
investigation. Therefore, the few objects were carried out under study to compare the effect of
ivermectin and ethno plant extracts on ticks to increase the value of herbal products as compare to
other acaricides or organophosphate pesticides.

Materials and Methods

The experiment was carried-out for a period of 6 months from June to November, 2013 in the
Faculty of Animal Husbandry and Veterinary Sciences, Sindh Agriculture University Tandojam —
Sindh, Pakistan. Twelve buffalo calves of male at aged between 9 to 12 months at weight of
approximately 45-52kg per calf were also kept under experimental conditions. All under kept
observed calves were examined for the presence of ticks attacked which known as ectoparasites and
then the effectiveness of ivermectin and different ethno plant extracts. These were known as locally
indigenous medicinal plant such as; Neem, Azadirachtaindica A. Juss., (Meliaceae), Garlic, Allium
sativum, L. (Amaryllidaceae), and Ginger, Zingiber officinale L. (Zingiberaceae). The dose of
ivermectin was kept under observation for the attacked ticks on the body of buffalo calves. These
calves were divided into four groups as, A, B, C and D, respectively. In which, all the groups kept
under observed for the knowing about the less expensive, highly economic and high effective
against this pest. All four groups were treated equally with the different doses of ethno plant
extracts expect ivermectin which was used sub cut route (SC) injection method. Finally, the dose
and recommendations were suggested to the growers of animal farms.

The ticks were observed by visually on the effected buffalo calves with their numbers and the
numbers of tick were also recorded as pre-treatment and the post-treatment at 374, 8t, 15t and 215t
day of the treatment period. The severity of infestation of ectoparasites (ticks) was observed by
counting the numbers in a selected area of the individual calf. The ticks within this area were

counted at pre-treatment of day 0 and post treatment as; 3, 8th, 155t, 21thdays, respectively. Thus,
if there was any adverse effect found on the treated animal was also kept under observation before
and after the treatment on respective days as mentioned above given schedule. It was also focused
on the hairs fall, rough condition skin of the animal, feeding efficacy and weakness of the treated
animals with their physically appearance and by the visually examination at pre and post treatment
on respective days. The under given doses of the ethno plants and Ivermectin on different groups
were applied as per prescribed schedule.

1. Group — A was treated with Ivermectin (G-Tek) subcutaneously at dose rate of 1cc/ 50kg
body weight.

2. Group- B was treated with neem seed extract (applied on skin) at the rate of 75gm/ 50kg
body weight.

3. Group-C was treated with ginger extract (applied on skin) at the rate of 75gm/ 50kg body
weight.

4. Group-D was treated with garlic extract (applied on skin) at the rate of 75gm/ 50kg body
weight.

Effect of ivermectin (G-Tek) on male buffalo calf

Ivermectin is known as a parasite control drug which resulted in paralysis and the death of
the tick parasites. The injection of ivermectin was injected on three male buffalo calves with the
dose of 1cc/ 50kg body weight. The animal then observed on 31, 8t 15t and 21t days of post
injection of ivermectin. The effectiveness of ivermectin was kept under observation as respective of
the extracts. Therefore, the repellency effect of different ethno plants extract was kept under
observation.

Neem seed kernals, Azadirachtaindica A. Juss. (Meliaceae) extract

Neem, A.indica is known with the many names throughout the world wide such as;
Antelaeaazadirachta (L.) Adelb., Azedarachfraxinifolia (Moench), Meliaazadirachta (L.), M.
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fraxinifolia (Salisb.), M. indica (A. Juss.) Brandis, M. pinnata (Stokes) and here in Sindh-
Pakistan as a Nim tree with its local name. In our neighbor country (India) this plant is also
commonly referred as neem-tree, Indian lilac, or white cedar. This tree is with a hardy tree growing
to an approximately with the height of 15-20 m long, with a dense leafy, oval-shaped in canopy with
the bark is rough, pale grey-brown in colour. The seed kernals were collected from the branches
dried for a week before grinding. The grinding process was done through the electric grinder or
juicer machine kept at laboratory of AHVS, SAU- Tandojam. Finally, the paste was made and
rubbed on the affected animals to check the efficacy, repellency and the antifeedant of ticks.

Garlic, Allium sativum L. (Amaryllidaceae) extract

Garlic, A. sativum commonly known as garlic globally, this is a kind of onion species with
genus, Allium which is used throughout the world wide since 7,000 years and known with its native
from central Asia, and has long been a staple as a frequent seasoning in Asia, Africa, and Europe.
This was also known to and ancient Egyptians which was been used for both cooking and medicinal
purposes so far. Keeping in view, the importance of this seed, the garlic seed was purchased locally
from near city market Hyderabad — Sindh about one kilo gram and cleaned with the help of hand
and knife finally minced purely, made a paste and was rubbed on the affected parts of animals kept
at experimental field situated at SAU, Tandojam.

Ginger, Zingiberofficinale L. (Roscoe) (Zingiberaceae) extract

Ginger, Z. officinale roots of the plant are consumed as a delicacy, medicinal and for the
purpose of species in food stuffs throughout the world wide with the mixtures of this plant other
families are; turmeric, cardamom, and the galangal, have them common names to enhance the
taste of the food stuffs. The ginger is an indigenous plant of southern China, from whence it was
spread to the other countries of Asia, West Africa and the Caribbean, respectively. But in Pakistan
and India, it is known as adrak, used in different commonly and particularly dining table dishes of
homes and hotels in all seasons as well. But here we used it as an ethno extract, purchased from
same market of Hyderabad. The fresh garlic was also minced in same pattern as neem and garlic,
applied on the vicinity of severely affected animals and thus data was taken on respective days. An
integrated control strategy based on the following results was taken and the recommended for the
control of ticks in buffalo calves and all kind of animals, respectively.

Income from different IPM modules

In the tick management, it was determined the economical difference between ethno-
veterinary plants and ivermectin. The prices were compared through these pest management
modules which were also tested about expenses and income of the experiment. Behalf of expense
and income, the final suggestions would be appreciated for animal farmers. The modules were: tick
control through ethno plants module and tick control through chemical (Ivermectin) module. The
input and output record was kept. Finally, the economic analysis was made to determine cost:
benefit analysis of different IPM modules.

Data Analysis

The data were collected on the 34 day, 8t day, 15t day and 21t day from each group of
animal and thus calculated in simple percentage an under given formula; whereas, analysis of
variance was done though Statistix (8.1) students software USA.

Effectiveness (%) = No. of ticks after treatment
Total number of ticks before treatment

X100

Results

The study was performed to accesses the performance of ginger, garlic, neem and ivermectin
on the ticks. The purpose of research was to find out the effectiveness of some ethno-veterinary
plants extracts and very popular drug ivermectin. The collected information from these agents was
interpreted under the following headings.

Effect of ivermectin (G-Tek) on male buffalo calf

The injection of ivermectin was injected on three male buffalo calves with the dose of 1cc/
50kg body weight. The animal then observed on 3™, 8th, 15t and 21t days of post injection of
ivermectin. The effectiveness of ivermectin on 34 day found 25.92%, 8t day 37.03%, 15% day 92.6%
and on 215t day 100%, respectively. The data regarding result of the effect of ivermectin on ticks is
shown in Table 1.
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Table 1: Effect of ivermectin (G-Tek) on tick on male buffalo calf

Animals No. of ticks before No. of ticks after treatment
treatment 3rd day 8th day 15t day 21t day
1 08 06 04 00 00
2 10 08 08 01 00
3 09 06 05 01 00
Total 27 20 17 02 00
Results (%) 25.92% 37.03% 92.6% 100%

Effect of neem seed extract on tick on male buffalo calf

The extracts of neem seed was applied on the skin of three male buffalo calves, 75gm/50kg
body weight each animal. The animal then observed on 3™ day found 55.81%, 8t day 48.83%,
15thday 41.86% and on 215t day 46.51%, respectively. The data regarding result of effect of neem
seed extract on ticks is shown in Table 2.

Table 2: Effect of neem seed extract on tick on male buffalo calf

Animals No. of ticks before No. of ticks after treatment
treatment 3rd day 8th day 15t day 215t day
1 15 06 07 08 08
2 16 07 08 10 10
3 12 06 07 07 05
Total 43 19 22 25 23
Results (%) 55.81% 48.83% 41.86% 46.51%

Effect of ginger extract on tick on male buffalo calf

The extracts of ginger extract was applied on the skin of three male buffalo calves,
75gm/50kg body weight each animal. The animals then observed on 314, 8t 15t and 21t days of
post application of ginger extract. The effectiveness of ginger extract was observed on 3 day
63.46%, 8t day 51.92%, 15t day 51.92% and on 21t day 61.54%, respectively. The data was
regarding results of the effect of ginger on ticks are shown in Table 3.

Table 3: Effect of ginger extract on tick on male buffalo calf

Animals No. of ticks before No. of ticks after treatment
treatment 31 day 8th day 15t day 215t day
1 12 05 07 07 06
2 15 06 07 07 04
3 25 08 11 11 10
Total 52 19 25 25 20
Results (%) 63.46% 51.92% 51.92% 61.54%

Effect of garlic extract on tick on male buffalo calf

The garlic extract was applied on the skin of three male buffalo calves at 75gm/ 50kg body
weight each animal then observed on 34, 8t 15t and 215t days of post application of garlic extract.
The effectiveness of garlic extract was observed on 34 day 32.61%, 8t day 39.13%, 15™ day 36.96%
and on 215t day 30.43%, respectively. The data was regarding results of the effect of the garlic on
ticks are shown in Table 4.
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Table 4: Effect of garlic extract on tick on male buffalo calf

Animals No. of ticks before No. of ticks after treatment
treatment 31 day 8th day 15 day 21t day
1 24 19 15 15 17
2 7 05 04 05 06
3 15 07 09 09 09
Total 46 31 28 29 32
Results (%) 32.61% 39.13% 36.96% 30.43%

Effect of different agents on ticks on male buffalo calf

The extracts of different ethno-veterinary plants (neem, ginger, garlic), and the ivermectin
was applied on the male buffalo calves, 75gm/ 50kg body weight of each plant and 1cc/ 50kg body
weight on each animal. The animal then observed on 31, 8t 15t and 215t days of post application.
On 3 day the effectiveness of Ivermectin found 25.92%, Neem seed extract 55.81%, Ginger extract
63.43% and Garlic extract 32.61%. On day 8t it was observed, Ivermectin 37.03%, Neem seed
extract 48.83%, Ginger extract 51.92% and Garlic 39.13%. On 151 day the results were as,
Ivermectin 92.60%, Neem seed extract 41.86%, Ginger extract 51.92%and Garlic 36.96%. Whereas,
on 21t day the Ivermectin 100%, Neem seed extract 46.51%, Ginger extracts 61.54% and Garlic
30.43%, respectively. The analysis of variance (ANOVA) showed that there was non-significant
difference in the effect of drugs and in the period of attacked tick repellency (P>0.05) further, the
data regarding results Ivermectin and the extracts of Neem seed, Ginger and Garlic are shown in
Table- 5.

Table 5: Effect of different agents on ticks on male buffalo calf

S. Agents Effect on Ticks in Percent

No. 3'd day 8th day 15t day 215t day
1 Ivermectin 25.92 37.03 92.60 100

2 Neem seed Extract 55.81 48.83 41.86 46.51

3 Ginger Extract 63.46 51.92 51.92 61.54

4 Garlic extract 32.61 39.13 36.96 30.43

Economical difference between ethno-veterinary plants and Ivermectin

In order to determine the economical difference between ethno plants and ivermectin, the
prices were compared in the Table 6. The economical agent was found neem seed extract which is
free of cost in our circumstances and have highest tick repellant activity. Ginger was also an
economical ethno plant, which provided satisfactory results on low prices followed garlic.
The ivermectin is the drug of choice for the treatment of ecto-parasites, it is somewhat costly than
the ethno-veterinary plants but provided more satisfactory results than those plants.

Table 6: Economical difference between ethno-veterinary plants and Ivermectin

S.No. Agents Quantity/ Animal Price/Animal Results
1 Ivermectin 1cc/ 50kg bw 15 100%

2 Ginger extract 75gm/ 50kg bw 10 61.54%
3 Garlic extract 75gm/ 50kg bw o7 30.43%
4 Neem seed extract 75gm/ 50kg bw 05 46.51%
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Discussion

Ethno-veterinary medicine is the given name to the way in which most livestock keepers in
most of the countries treat animal health problems. Ethno plant extracts are integral part of
traditional medical practices in many countries of the developing world. A large proportion of the
population uses this form of ailments in their livestock because of their easily available,
inexpensive and effective, especially in rural areas where veterinary services are absent or irregular
and expensive. Khan et al., (1993) investigated the prevalence of ticks on different livestock species
also in Pakistan and the infestation rates in cattle and buffaloes were 28.2 and 14.7%, respectively.
Soulsby, (1982) reported that the ticks may transmit the disease Babesiabigemina that rise in
temperature, red urine, anaemia, inappetence, jaundice, emaciation to the death. This study is an
agreement with the (Schmuttereret al., 1981; Choudhury, 2009) who reported that the neem tree is
an evergreen except in the driest areas found throughout the tropics and subtropics of the world
that flourishes in arid and semi-arid areas. Azadirachtaindica is used against various ailments
including helminth parasites. Ginger, Z. officinale (L.) Rosc) has been used as spice for over 2000
years (Bartley and Jacobs, 2000).

Ivermectin is a drug which is the tick parasites control that effects to a neurologic damage to
the parasite which resulted in paralysis and the death of the parasites. Ticks are economically the
most important pest of cattle, buffalo and other domestic animals in tropical and subtropical
countries. They act as vectors of a number of pathogenic micro organisms and protozoans.
The ivermectin is more potent drug against tick infestation and gives 100% results. Helen and
Chesterman, (2005) described that the tick (adult male and female) and nymphs were markedly
susceptible on ivermectin. The results of present study was also similar to the findings of Helen and
Chesterman (2005), that the effect of ivermectin is found more potent drug against tick infestation
and provide 100% results within limited time against parasites. John, (2002) reported in natural
history of ticks with the investigation ethno-veterinary method practiced by the owners for the
treatment of common disorders of digestive tract (indigestion, colic and diarrhea), respiratory tract
(cold/rhinitis, pneumonia) as well as against ectoparasites (mange, ticks, lice and flies).
The present findings supports the earlier observation of Ninkov and Savin, (1986), Nettleton and
Beekett, (1976) and Shannon et al.,, (1995) who reported 90% to 100% efficacy of ivermectin
against tick infestation in calves. It was seen that no ectoparasites were present on body of animal
after 7t day to the end the experiment.

The neem seed extract found with both activities like repellant and killing behavior further,
results are in agreement with (Ndumu et al., 1999) who reported the undiluted neem extract with
100% concentration established 100% mortality and the larvae stages, after 48h of application and
their smell repelled the adult stages of ticks. Similarly, reported by (Zuber et al., (2003) in tick
removal; densities on animal treated with neem seed extract were lower than on untreated animals,
they also further, suggested the neem seed extract is effective in controlling ecto-parasites of live
stock. In vitro toxicity of neem seed oil was tested against the larvae of tick, Boophilus decoloratus
(Ixodidae or hard tick) parasitic mainly to cattle. The 20, 40, 60, 80 and 100% concentrations of
neem seed oil were found to kill all 100% mortality (Chaudhery, 2009). The garlic also acts as good
repellant (USDA, 1975) with its insecticidal plants. During research, it was found that garlic
repelled the ticks, which was also reported by (USDA, 1975) further they suggested that garlic may
be considered as tick repellant for individuals and populations at high risk for tick bites, rather
than other agents that might have more adverse effects. The ginger was found good repellant in
present study. Similar, findings found by (Watt and Breyer-Brandwijk, 1962) who reported some
medicinal and poisonous plants and some of the ginger used tocontrol external parasites as ticks.
Similar findings were also reported by (Kapushi, 1992; Moyol and Mastika, 2009) who naturally
made products controlled the ticks through integrated tick management in Africa, the farmers use
plants (6.8%) mainly the neem, ginger and garlic against ecto-parasites of livestock with good
results. In conclusion, as we observed that the tick infestation was played a significant cause of
economic losses to the livestock and dairy industry throughout the world so, the use of vaccines for
tick control is on the possibility basis with the different many side effects. If we manage it with IPM
tool as biological control rather be better.
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Abstract

By the method of microbiological synthesis were obtained and analyzed by electron impact
mass-spectrometry the evaluation of 2H and 3C enrichment levels of secreted amino acids of
methylotrophic bacteria Brevibacterium methylicum and Methylobacillus flagellatum, and amino
acid resigues of total protein obtained from media contaning as a sourse of stable isotopes
[2H]methanol, [3C]methanol and 2H,O. It was also performed the incorporation of L-[2,3,4,5,6-
2H]phenylalanine, L-[3,5-2H]tyrosine and L-[2,4,5,6,7-2H]tryptopan in bacteriorhodopsin
synthesised in purple membranes of photo-organotrophic halobacterium Halobacterium halobium
ET 1001. For mass-spectrometric analysis the multicomponential mixures of 2H- and 3C-labeled
amino acids, derived from cultural media and protein hydrolysates after hydrolysis in 6 M 2HCI
(3 % phenol) and 2 M Ba(OH). were modified into N-benzyloxycarbonyl-derivatives of amino acids
as well in methyl esters of N-dansyl-derivatives of amino acids, which were preparative separated
using a method of reverse-phase HCLP. 2H- and 3C-labeled amino acids represented the mixures
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differing in quantities of isotopes incorporated into molecule. The levels of 2H and *3C enrichment
of secreted amino acids and amino acid resigues of protein were found to vary from 20,0 atom% to
L-leucine/isoleucine up to 97,5 atom% for L-alanine depending on concentration of 2H- and 3C-
labelled substrates.

Keywords: stable isotopes; methylotrophic bacteria; halobacteria; isotope labeled amino
acids; bacteriorhodopsin.

Beeaenue

Ob6orammenue MoseKys crabwiabHbIMH u3oTonamu (2H, BC, 15N, 80) saBisieTcs BaKHBIM
METOJIOM B Pa3sHONPOPUIBHBIX OHMOXUMUUYECKHMX ¢ METa0OJUYECKUX HCCJIETOBAaHUAX C
WCIOJIb30BAHUEM AaMUHOKHCIOT W APYrux Owosiorndeckn akTUBHBIX coenuHeHuit (BAC) [1].
TeHgeHIINMY K TPENINOYTUTETPHOMY NPUMEHEHUIO CTAOMJIBHBIX H30TOIOB IO CPaBHEHUIO C HX
PalMOAKTUBHBIMH aHAJOTaMH OOYCJIOBJIEHBI OTCYTCTBHEM PpaJIMAIlUOHHOM OIACHOCTH U
BO3MOJKHOCTBIO  OIIpEZIeJIEHUs JIOKAIM3AIUUM METKHM B MOJIEKYJE METOJJaMU  BBICOKOTO
paspemenus, Bkiaouasa AMP [2], K- u ja3epHyI0 CIEKTPOCKONHUIO [3] U Macc-CIIEKTPOMETPHIO
[4]. PazBuTHE 3THX METOLOB JETEKIIMH CTAOMJILHBIX M30TOIIOB 3a IOCJAEAHME TOAbI II03BOJIHJIO
MOBBICUTh 3DDEKTUBHOCTh OMOJIOTUYECKUX MCCIENOBAHUM, a TaKKe H3y4aTh CTPYKTYpy U
MeXaHU3M JiedcTBUA KiIeTouyHbix BAC Ha MosieKyJlsspHOM ypoBHe. B wactHoctu, 2H- u 13C-
MeYeHHble aMHHOKHCJIOTHI TPHUMEHSIOTCS I U3yYeHUs ITPOCTPAHCTBEHHOW CTPYKTYPhI U
KOH(pOPMAITMOHHBIX H3MEeHEHUU O€eJIKOB, B3aUMOJEHCTBHUsA OEJIKOBBIX MOJIEKYJI, a TaKKe B
XUMHUYECKUX CHHTEe3aX HEKOTOPHIX U30TOITHO-MEUEeHbIX COeIUHEHNI Ha UX OcHOBe [5]. Hampumep,
U30TOITHO-MEeUeHbI L-(peHuaJlaHuH UCIIOJIb3YeTCA B CHHTE3aX IENTHAHBIX TOPMOHOB U
HEHPOTPAHCMHUTTEPOB [6].

Ba)xHBIM MOMEHTOM B HCCJIEIOBAHUAX C IPUMEHEHUEM MEUEHBIX aMHHOKUCIIOT, SBJISIETCS
UX JIOCTYIHOCTH. 2H- 1 3C-MeyeHHble aMUHOKUCJIOTHI MOTYT OBITh IOJIYYEHBI C UCIIOJIH30BAaHHEM
XUMHYECKUX, (PEPMEHTATUBHBIX U MUKPOOHUOJIOTUUECKUX METO/IOB. XUMHUYECKHE CUHTE3bl YacTO
MHOTOCTa/IMIHBI, TPEOYIOT OOJIBIIINX PACXO/IOB IOPOTOCTOSIIMX PEATEHTOB U MEUYEHBIX CyOCTPaTOB
U TIPUBOJAT K IPOAYKTY, MPECTABJISIONIEMY COO0H palnieMUYecKyIo cMech D- u L-3HaHTHOMEPOB,
JULSL pas3fieJieHus1 KOTOPBIX TPeOYIOTCs crenuaibHble MeToIbl [7]. TOHKHE XUMUUEeCKUE TEXHOJIOTHU
cunTesa 2H- u 13C-MeueHbIX aMHUHOKHCJIOT CBSA3aHbI C MCIIOJIb30BAHNEM KOMOMHAIIMYA XUMHYECKHUX
u pepMEHTATUBHBIX MTOAX00B [8].

MuKpoOHOJIOTHA TIpeJiyIaraeT aJbTEPHATUBHBIA XUMHUYECKOMY CHHTE3y METOJ| IOJTydeHUs
aMUHOKHCJIOT, MEYEHHBIX CTAOMJIBHBIMH HW30TOIIAMU, KOTOPHIA MPHUBOJUT K BBICOKUM BBIXOJIaM
CUHTE3UPYEMBIX MIPOAYKTOB, K 3¢ GEKTUBHOMY BKJIIOUEHHIO CTAOMIBHBIX U30TOIIOB B MOJIEKYJIBI, K
K COXpaHEHHIO TPHUPOJHOU KoHbwuryparuu cuHTedupyembix [2H, 13C]coemuHeHui.
IIpu 6uocuHTeTHYECKOM TToTydeHUH 2H- u 3C-MedYeHBbIX aMHUHOKUCJIOT HUCIHOJIB3YIOT HECKOJIBKO
MIOAXOZ0B, OJWH W3 KOTOPBIX 3aK/JII0YaeTcsi B PaBHOMEPHOM OOOTallleHUW CHHTE3UPYEMbIX
COEIMHEHUU 110 BCEMY YTJIEPOJHOMY CKeJIeTy MOJIEKYJIbI 3a CUET BbIpAI[UBAHUS IIITAMMOB
MPOJIyIIEHTOB Ha CEJEKTUBHBIX Cpe/laX, COZEP KAIUX B KayeCcTBe KCTOYHUKOB CTAaOMJIBHBIX
uzotonos [3C]meranos, [2H]meranos u 2H,O [9, 10]. DTOT I0AX0/, BKIIOUAET TAKXKE KOMILJIEKCHOE
HCTOJIb30BAHNE XUMHYECKHX KOMIIOHEHTOB Ouomacchl, BbIpamieHHoW Ha [2H, 3C]pocToBbIx
cybcTpaTax U IMOCJeAyIONero BbifieleHus U (ppakiuoHupoBaHus IeseBbix 2H- u 3C- MeueHBIX
coenuHeHUH. JIpyroil moaxo/ 3akKII0YaeTcs B cauT-crenupuIecKoM O0OTAIeHNH aMHUHOKUCJIOT
10 OIIPEJIEJIEHHBIM IIOJIO?KEHUSIM MOJIEKYJI 32 CUET ACCUMUJISINU KJIETKOW H30TOITHO-MEYEHBIX
IIpEeJIIIECTBEHHUKOB, HAIIPUMeED, [1,4- 3C]cykiuHara, [1, 2- 3CJanerara u [1- 3C]liakrara [11].

Hacrosimmass pabora fBJIseTCA NPOAOLKEHHEM HCCIEAOBAHUM, HaIMpPaBJIEHHBIX Ha
ouocuHTeTHUYeckoe TmosydeHre 2H- u 13C-MeYeHHBIX aMHHOKHCJIOT 3a CYET YTHIU3AIUU
HHU3KOMOJIEKYJIAPHBIX MeueHbIX cyOcTpaToB — [2H]meranosa, [3C]meranosna u 2H.O B kjieTkax
MHKPOOPTaHU3MOB U Pean3aI[ii0 BO3MOKHOCTH MOHUTOPUHTA CTAOWJIBHBIX M30TOIIOB METOI0M
Macc-CIIEKTPOMETPUH 3JIEKTPOHHOTO yziapa. YyBCTBUTEIBHOCTh MacC-CIIEKTPOMETPUU COCTABJISIET
1079—10"" MOJIb, YTO CYILECTBEHHO BBIlIE, 4yeM npu ucnosab3oBanuu VK- n AMP-cnekTpockonuu.
JlaHHBIA MeTOJT B coueTaHWU ¢ oOpaméHHo-¢azoBoi BIOJKX xopomro 3apekomeHioBasn ceds a1
WCCJIEIOBAHUSA YPOBHSA H30TOMHOTO obOoramieHuss mosekysn [2H, 3C]aMHHOKHCIIOT B COCTaBe UX
MYJIbTHKOMITIOHEHTHBIX CMeCeH, KAKOBBIMH SBJISIOTCS OOpaslbl KyJIbTYPAIbHBIX KHIKOCTEH
IIITAMMOB-TIPOAYIIEHTOB aMUHOKHCJIOT U TH/IPOJIU3aThl CYMMapHBIX OEJTKOB OriomMace, oJIydYeHHbIe
C MUHUMAaJIbHBIX POCTOBBIX CP€/I, COZIEPKAIIUX CTAOUITbHBIE H30TOIIBI.
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MarepuaJjabl 1 METOIbI

B pa6ote ucnosp3zoBau D,L-amuHokucaoTel (Reanal, BeHrpusi), aieHO3WH- U YPUIAUH-5-
MmoHodocdarer (Sigma, CIIA), momenmicynbdar Hatpus ([JJC) (Chemapol, CnoBakus). L-
[2,3,4,5,6-2H;]benmwnananun (90 ar.% 2H), L-[3,5-2H.]tupo3un (96 at.% 2H) u L-[2,4,5,6,7-
2H;]rpuntodan (98 atr.% 2H) (crmocoObl mosiydeHHs ykKasaHbl B pabore [12]). [l cuHTe3a
MPOU3BOAHBIX AMUHOKHUCJIOT HCIOIb30BAIN N-5-(IMMeTHIaMUHO)HADTAIHH-1-CyIbhOXIIOPU
(mancwnxmopun) (Sigma, CIIIA), 6en3mmokcukapboonmwiximopus (BolikoBckuii xumsaBoj, PP) u
JIna30MeTaH, MoJTydaeMblii u3 N-Hutpo3oMerwimoueBuHb! (Merck, I'epmanust).

HccnemoBanus TPOBOAWIM C TEHETUYECKHM MAapPKHUPOBAHHBIMU INITAMMaMU OaKTepHi,
MOJIyYEHHBIMU W3  KOJUIEKIIMH  KyJbTYp BcepoccHiiCKOW  KOJUIEKIMH  ITPOMBIIIIEHHBIX
mukpoopranusmoB (BKIIM) TocygapcTBEHHOTO  HAyYHO-UCCIEIOBATEBCKOTO  MHCTHUTYTA
TeHETUKU U CEeJIEKIIMHU ITPOMBIIIIEHHBIX MUKPOOPTaHU3MOB:

1) Brevibacterium methylicum BKIIM B 5652 — L-JIERIIUH-3aBUCUMBIN IIITAMM
dakyspTaTUBHBIX METHJIOTPOGHBIX OaKTepHH, MPOAYIEHT L-peHrTalaHuHa;

2) Methylobacillus flagellatum KT - L-W30J€UIIMH-3aBUCUMBIH IIITaMM OOJIUTATHBIX
MeTHJIOTPO(MHBIX OAKTEPUH, TPOAYIEHT L-IeHIIIHA;

3) Halobacterium halobium ET 1001 — TUTMeHT-COAiepKalui mTaMM (oTo-
opraHoTpodHBIX ra106aKTEPUH, CIOCOOHBIN CHHTE3UPOBATh OAKTEPHUOPO/IOIICHH;

BriparuBanne MeTrioTpodHBIX bakTepuit B. methylicum u M. flagellatum ocyecTBasIN
Ha MUHEpAJIbHOU cpezie M9 B Kosibax dpsieHMeliepa 00BEMOM 250 MJI C HAIlOJTHEHUEM CPEIOU
50 MJI IO MeTOvKe [13], MCIIOIb3ysT B Ka4eCTBe UCTOYHHUKOB CTa0MJIBHBIX U30TONOB [2H]MeTrano,
[:3C]meranon u 2H,O B mpucyrcrBum L-neiininHa gya B. methylicum u L-wzoseinuna s M.
flagellatum B xoHUEHTpaUAX 10 Mr/. KieTku otaensnu neHTpudyrupoBaHUeM Ha IeHTpudyre
T-24 (“Heraues Sepatech”, T'epmanwus) (10000 g, 20 MHH). B KyJbTypasIbHOH KUIKOCTU
QHATM3UPOBAIN CEKPETUPYEMblEe aMHUHOKHUCIOTHI.

Jlna BeiiesieHUs (QpaKIUU CyMMAapHBIX O€JIKOB OMOMAacChl KJIETKH JABAKJBI ITPOMBIBAIU
JIUCTWIMPOBAaHHOW BOJIOM € TIOCJIENYIOIIUM IeHTpudyrupoBanueM (10000 g, 20 MHH),
SKCIOHUPOBAJIM YJIBTPA3BYKOM TNpPH 40 K1 (3x15 MuH) U meHTpudyrupoBanu. [loaydyeHHBIH
0caJioK (10 MT) Tocjie OTAeIeHUS JIUMTUA0B U MUTMEHTOB CMEChI0 OPTAHUYECKUX PaCTBOPUTENIEH
XJIOpOOpPM-MeETAaHOI-alleTOH (2:1:1) HCIOJb30BAJIM B KauyecTBe (paKIUU CyMMAapHBIX OEJIKOB
OmoMacchl.

I 6uocuHTEe3a JIeUTEpUITMEYeHOro OAKTEPHUOPO/IONICHA HCITOJIb30BAIN CHHTETHYECKYIO
CpeJly, CojlepKamiyro 18 aMHHOKHUCIIOT, B KOTOPO HeMeuYeHble L-aMHHOKHCIOTH eHWIaIaHuH,
TUPO3WH U TpunTodaH ObLIM 3aMeHEeHbl UX JeUTepUPOBAHHBIMH aHasoramMmu — L-[2,3,4,5,6-
°H]penwrananunoMm, L-[3,5-2H]tuposunom, u L-[2,4,5,6,7-2H]tpuntodanom (kKosudecTBa
KOMIIOHEHTOB NpuBeAeHbl B T/n): (D,L-ajanuH — 0,43; L-apruHuH — 0,4; D,L-acnaparuHoBas
KUCJI0Ta — 0,45; L-1iucTtendH — 0,05; L-rayramMuHOBasA kucjaora — 1,3; L-TommuuH — 0,06; D,L-
TUCTUAUH — 0,3; D, L-u30elnuH — 0,44; L-neiinuH — 0,8; L-1u3uH — 0,85; D,L-MeTHOHUH — 0,37;
L-denunananux — 0,26; L-nposuH — 0,05; D,L-cepun — 0,61; D,L-TpeoOHUH — 0,5; L-TUPO3UH —
0,2; D,L-tpuntodan — 0,5; D,L-BaJiiH — 1,0); HYKJIEOTUAbl (a/IeHO3UH-5-MOoHOdochar — 0,1;
ypuauH-5 MoHodocdar — 0,1); cou (NaCl — 250; MgSO,7H.O — 20; KCl - 2; NH,Cl — 0,5; KNO; —
0,1; KH.PO, — 0,05; K.HPO, — 0,05; nutpaTt Hatpus — 0,5; MnSO,H.O — 3-104; CaCl,,6H.O —
0,065; ZnSO,7H.0 — 41075; FeSO,7H.0 — 5104; CuSO45H.0 - 51075); riurnepu — 1,0; pOCTOBbIE
dakTops! (6UOTHH — 0,1-10°3; PoTHeBasA KUCIOTA — 10-1073; BUTAMHH Bix — 2:1074).

s BeIeieHUsA (paKIMU MypIyPHBIX MeMOpaH KJIETKH, ITOJIydYeHHbIE IIOC/IE OT/IeJIEHUS
KyJIBTyPaJIbHOM KUJIKOCTH M JBYXKPATHOU ITPOMBIBKH JUCTUUTUPOBAHHON BOJIOH (100—150 MT),
CycmeHAupoOBaiM B 100 Mi 0,1 M Oydepa Ttpuc-HCl (pH = 7,6), mobaBnsyim 1 wmr
JIe30KCUPUOOHYKIea3bl | U MHKyOMpOBaJiM B TeueHUH 5—6 u mpu 37 °C, 3aTeM paz0baBiisiin
JUCTUWINPOBAHHOW BOAOU /0 200 MJI UM HHKyOmpoBanu 15 4 npu 4 °C. Ocafok MpOMBIBAIU
JUCTHJUTMPOBAHHOU BOZOM C IOCJEAYIOIIMM OTAEeJIEHHEM BOJHOU (PAKIUU 7O TOJyIeHUs
OeclBETHBIX MMPOMBIBHBIX BOJ. UHCTOTY IOJIyUeHHOH CycClleH3WU IMypIypHbIXx MembOpaH (B H.O)
KOHTposipoBayin Ha crekrpodoromerpe Beckman DU-6 (Beckman Coulter, CIIIA) mo
COOTHOIIEHUIO TOJIOC TomiomeHusas npu A = 280/568 HM (MosspHble KO3DDUIUEHTHI
CBETOIIOIJIOIIEHHUA: €280 = 1,11105 M2 ceM™ [14] U g568 = 6,3-104 M1em? [15]).
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Bakrepuopozoncun Boiiensin no meroay Ocrepxesnbra [16], yCOBEPIIIEHCTBOBAHHOTO
aBTOpaMH, 3a CYeT KOJUIOMJHOTO pacTBopeHus (cosobwmwim3anuu) OaKTepHOpOIOIICHH-
cozieprKaied (ppakiuu myprypHbeIXx MeMmOpaH (50 mr) B 2 mu 0,5 % pacrBopa [JJIC B H.O u
ocaklieHuss Oeska 5-TU KpaTHBIM H30bBITKOM MeTaHosia Ha xosoay (0 °C). Beixox
0aKTepHOPOIOIICHHA COCTABIII 17—20 MT.

AekTpodopes OakTEPHOPOAOIICHHA TTPOBOAWIIH B 12,5 % ITAAT ¢ 0,1 % IJIC. O6pasus! a1
ayieKTpodope3a TOTOBWIM CTaHAAPTHBIM crocobom (mporokos ¢upmbl LKB, IllBerus). s
KOJIMYECTBEHHOTO OIpEZIeJIeHUs COJIEpyKaHUs CUHTE3UPOBAHHOTO B KJIETKe Oeska ITPOBOJIHIN
CKaHMPOBaHUE ITPOKpAIIeHHOTOo B pacTBope Kymaccu-rosyboit R-250 3s1eKTpodOpeTHUIecKoro
resist Ha JasepHoM AeHcuromerpe CDS-200 (Beckman Coulter, CIIIA).

Jlumuasl 1 TUTMEHTHI DKCTPATHMPOBAIM CMECHIO XJIOpO(OpPM-MeTaHOI-alleToH (2:1:1) 1o
metoxy biaiisa u Jlaitepa [17].

T'unponus 6enka mposoauwtn 6 M 2HCI (3 % denon B 2H.0) wiu 2 M Ba(OH). (110 °C, 24 u).

Hna cunre3a N-Dns-[2H, B3C]JaMUHOKHCIOT K 4—5 Mr JUO(PUIN30BAHHBIX IIpErapaToB
KYJIBTYPaJIbHOM KUAKOCTU U 6ETKOBBIX THAPOIN3aTOB B 1 M1 2 M NaHCO;, pH = 9—10 mopuusamu
MpU NepeMeINTUBaHUU I00aB/IsUIN 25,5 MT JAHCUJIXJIOPHUIA B 2 MJI alleTOHAa. PeakIIMOHHYIO CMeCh
BBIJIEPKUBAJIH 1 U IIPH IepeMeluBanuy npu t = 40 °C, 3atem noakucisuiu 2 M HCl no pH = 3,0 u
SKCTpArUpOBaIM ATWiareratoM (3x5 mwi). OObeIMHEHHBIH SKCTPAKT IMPOMBIBAJIA BOJIOH 10
3HaueHus pH = 7,0, cymmau 6e3BOAHBIM CyJIbGATOM HATPHUs, PACTBOPUTENb YAAJISIA IPHU 10 MM.
PT. CT.

Cunre3 MeTw10BbIX 3¢upoB N-Dns-[2H, 3C]aMUHOKHUCIIOT OCYIIECTB/ISJIM U3 JUA30MeTaHa.
g monyueHus nuaszoMeraHa K 20 mit 40 % KOH B 40 mu1 muaTusioBoro adwupa A00aBisin 3 T
BJIQYKHOW HUTPO30METHUJIMOYEBHHBI U ITIepEMENINBAIN HA BOJITHOW OaHe CO JIbJIOM B TE€UYEHUHU 15-
20 MuH. [locsie OKOHUaHHUA UHTEHCUBHOTO Ta30BbIIeIeHUA 2UPHBIHN CJIOU OTAENSAIN, TIPOMBIBATH
JiesisTHON Bozmou A0 pH = 7,0, cymim 6e3BOAHBIM Cy/ab(aTOM HATPUs U HCIOJIb30BAIH IS
obpabotku npenapaToB N-[2H, 3C]raHCHIaMUHOKUCIIOT B COCTaBe KyJIbTYPAJIbHOU JKUKOCTU WU
THUPOJIN3AaTOB CyMMAapPHBIX OEJTKOB OMOMAaCCHI.

Ina cunresa N-Cbz-[2H, 3CJaMHMHOKHCIOT K 1.5 MJI OXJIasKAeHHOTOo 10 O °C pacrBopa
KYJIbTYPJIbHOH JKUAKOCTH (50 Mr) wiau OesKOBBIX Tuaposu3atoB (4—5 mr) B 4 M NaOH
no0apysiii  HOpUMSAMH  TpU  nepemermmBanuu 2 M1 4 M NaOH wu 28,5 wmr
OEeH3MIOKCUKapOOHWIXIOpUAA. PeakIIMOHHYI0 CMeCh BbIZIep:KUBau mpu O °C, mepeMeniuBaiu 3
v, nogpkucysii 2 M HCl go pH = 3,0 u skcrparupoBaiu stuiiareratoM (3x5 mi). O0beTuHEHHBIH
SKCTPAKT MMPOMBIBAIN BOJIOM /1o pH = 7,0, cymmwin 6e3BOIHBIM CyJIb(aTOM HAaTPHUS, PACTBOPUTETH
YAQJISUTH TIPH 10 MM. PT. CT.

TCX npousBoubix 2H- u 3C-MeueHbIX aMHHOKHUCJIOT OCYIIECTB/IsUIN Ha IutactTuHkax Silufol
UV-254 (CyioBakusi) B cHCTeMaX pacTBOPHUTENEH: XJI0pO(POpM—MeTaHOJI—YKCyCHAas KHCJIOTa,
10:1:0.3 (A) mna N-Cbz-[2H, BClamuHOKuCIOT U X10podopM—MeTaHOI—aneToH, 7:1:1 (B) s
MeTHI0BbIX 3¢upoB N-Dns-[2H, 3C]aMHUHOKUCIIOT.

N-Cbz-[2H, 3C]aMUHOKHCIOTBHI JETEKTUPOBAJIM II0 TMOIJIOMIEHUI0 IpPH A = 254 HM.
MetuioBsle 3¢upbl N-Dns-aMUHOKUCIIOT IeTEKTUPOBAIN 10 (iiyopecnieHnu B YP-cBere.

AnHanmuTHyeckoe U TmpenapartuBHoe pasgeneHue cvecu N-Cbz-[2H, 3CJaMUHOKHCIOT
KyJIBTyPaJIbHOU >KUJIKOCTH U OEJIKOBBIX THAPOJIU3ATOB OCYIIECTBJISUIM METOJOM OOpaIleHHO-
dazosoit BIXKX.

AHaIMTUYECKOE U TpelapaTUBHOE pasjieJieHne MeTWIOBhIX 3¢upoB N-Dns-[2H,
13C]aMHUHOKHUCIIOT IPOBOAMJIM METOAOM oOpaiieHHO-dpa3oBoii BIXKX Ha KUIKOCTHOM
xpomatorpade Knauer (“Knauer”, I'epmanus), cHaG:keHHbIM Y®-IeTEKTOPOM U HHTErpaTOPOM
CR-3A (“Shimadzu”, flmonus). B kauecTBe HeMOABMKHOM (ha3hl HCIIOIb30BaIu Separon SGX, 18,7
MKM, 150%3,3 MM (“Kova”, CioBakus). DIonpoBaHue IIPOBOJIUIN B CHCTEME pacTBopuTesieit: (A) —
Boja—TpudTopykcycHasa kuciaora (100:0,1-0,5, %) u (B) — aneToHUTPUI-TpUPTOpPyKCyCcHas
kucsora (100:0,1-0,5, %). Mcmoap30Baiy rpaIiEHTHOE SJIIOUPOBAHUE: OT O % 710 60 % b 60 MuH,
oT 60 % 10 100 % b 5 MuH, 5 MuH 100 % B, 0T 100 % 10 0 % b 5 MuH, 10 MuH 0 % b.

HNouHooOMeHHYI0 XxpoMaTorpaduio OeJKOBBIX THAPOJIM3ATOB OCYIIECTBJISUIM Ha IpUOOpe
Biotronic LC 5001 (“Eppendorf-Nethleler—Hinz”, T'epmanus) (I'epmanusi); 230%x3,2 MM C
cybpupoBaHHON cTupobHOU cMosioll UR-30; pabouee naBieHre 50—60 aTM; CKOPOCTh IOJIaun
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HaTpui-nuTpaTtHoro 6ydepa 18,5; HUHTHAPUHA — 9,25 MJI/4; IETEKIUA IIPU A = 570 U A = 440 HM
(11 IpoJTMHA).

CexpetupyeMmslii L-peHniananuH U L-JIednuH onpezensny Ha ciekTpodoromerpe Beckman
DU- 6 (CIIIA) npu A = 540 HM, B 06pasiax KyJIbTypaJIbHOH KUJKOCTH, 00bEMOM 10 MKJI IIOCJIE €€
00pabOTKU HUHTHUAPUHOM.

Macc-CriekTpsl 3JIEKTPOHHOTO yAapa IPOU3BOJHBIX AMUHOKHUCJIOT PErMCTPUPOBAIM Ha
npubope MB-80 A (Hitachi, fnonwusi) c naBoliHBIM (OKyCHpOBAaHMEM IIPH HOHU3UPYIOIIEM
HanpsiKEeHUH 70 3B, yckopsoneM HanpsikeHnH 8 kKB 1 TeMIiepaType KaToIHOTO UCTOYHUKA 180—
200 °C).

OGcy:xxaeHue pesyabraToB. OOBEKTaMH WCCJIEIOBAHUSA CIYKHJIHA IIOJydeHHBbIE B
pe3ysibrare  MyTareHe3a  L-GeHWIaJaHWH-TIPOAYIMPYIONTUA  mTaMM  (aKyJIbTaTUBHBIX
MeTHJIOTpO(HBIX Oaktepuii Brevibacterium methylicum, acCUMWIMPYIOIUH METAaHOJ 10
pubys1030-5-MoHOGOCHATHOMY NHKJIYy AaCCUMIJIALNMU YIepojaa, U L-JeHIUH-TIPO YU PYIOIIHI
TaMM OOJIMTaTHBIX MeTHIOTpodHBIX OakTepuit Methylobacillus flagellatum, peanusyionui 2-
KETO-3-71e30KCU-TJIIOKOHAT-AJIB/IONIa3HBIH  BapuaHT  puOyJI030-5-MOHOPOCHATHOTO  IUKJIA
acCUMWIANIUU yTiiepoja. [I1g KoMIleHcauuy ayKCOTPO(PHOCTU NOo L-7eUnuHy U L-u3071eUIiHy 3TU
aMUHOKHCJIOTHI I00ABJISII B POCTOBBIE CPE/IBI B IPOTOHHUPOBAHHOM BH/Ie. YPOBHH HAKOILIEHUS L-
benmnanmanuHa U L-1edIUHA B KYJIBTYPAIBHBIX JKHAKOCTSIX IITAMMOB-IIPOAYIIEHTOB JOCTHUTAIN
BeJIMUMHBI 0,8 U 1,0 T/a1 cooTrBeTcTBeHHO [18, 19]. BruoueHwe paedTepuss B MOJIEKYJIBI
CEKPETUPYEMBIX AMUHOKHCJIOT U CYMMAapHBIX O€JIKOB OMOMAacChl OCYIIECTBJISUIM 3a CYET
BBIpaI[UBaHusA mTaMma B. methylicum Ha MuHepanbHbIX cpefax M9 ¢ 2H,O u OOBIUHBIM
METaHOJIOM, TaK KaK ypOBeHb BKJIIOUeHUs 2H B MOJIEKy/IbI aMUHOKHUC/IOTHI 32 CYET aCCUMUJIAIAN
[2H]meTaHo/1a HE3HAUUTEJIEH.

ITocKOJIBbKY B KJIETKE ITPOMCXO/TUT aCCUMUIIAIUS Bostoposia (netitepusi) u3 H.O (2H.O)cpepl,
Mbl TIOAOWpaI YCJIOBUsI BKJIFOUEHUS] JeHTepusi B MOJIEKYJIbBI aMHHOKHUCJIOT W O€JIKOB IIpH
CTyIIeHYaTOM BO3pacTaHuu KoHIeHTparuu 2H,O B POCTOBBIX cpejiaxX, Kak IMOKa3aHo B TabswIle 1. PocT
OakTepuii Ha 2H,O-comep:Kkaniux cpefilax XapaKTepU3yeTcsl YBeJIMUeHUEeM ITPOOIKUTETHHOCTH JIar-
($aspl, BpeMeHH KJIETOYHOU T'eHEpalViil M CHIDKEHHEM BBIXOJIOB MHUKPOOHOH 6Guomacchl (Tabir. 1),
II03TOMY OBLIIO HEOOXOIMMO ITPOBOJIUTD afianTaIiio 6akrepui Kk 2H.0.

Mertopa amantariuu mrtamma B. methylicum k pocrty Ha 2H,O npu coxpaHeHHH CITOCOOHOCTH K
OouocuHTe3dy L-peHwIasaHWHA omucaH B pabore [20]. B maHHOU pabore ObLIM HCCIEAOBAHBI
00pasIbl KyJIbTypaJIbHOU KHAKOCTH B. methylicum u ruzaposmsaThl OMoMAacchl, OJIyYeHHbIE B
X0JIe MHOTOCTYITEHYaTO! afanTaIlui OaKTepHuil K TSKEION BOJe HA MUHUMAJIbHBIX MUHEPATbHBIX
cpegax M9 c paznuuHbIM cozep:kanueM 2H,O (ot 24,5 m0 98,0 % 2H,0O). ITocKoJIbKY JaHHBIN
IITaMM METHJIOTPO(MHBIX OaKTepuil yAajoch aJanTUpoBaTh K pocty Ha 2H.O, ucciemoBanue
YPOBHEH BKJIIOUEHHs JeHUTepusi B MOJIEKYJIbl aMHHOKHCJIOT IIPEACTaB/sJIOCh Haunbosee
WHTEPECHBIM.

B orimnume ot BepammBanusag Ha 2H.O-cpene, rie HeOOXOAWMO IPOBOJUTH KJIETOYHYIO
ajjanTanuio K AedTepuio, pu mnosydeHuu [3ClammHOKHCAOT 3a cyeT accummasanuu 3CH;OH
JIAaHHBIN 5Tall HE ABJIAETCS 00A3aTETbHBIM, ITOCKOJIbKY 3TOT M30TOMHBIA CyOCTpAT HE OKa3bIBAET
HETaTUBHOTO Ouocratndyeckoro sd@dekra Ha POCTOBBIE XaPAaKTEPUCTUKUA MeTWIOTPodoB (CM.
Tabs. 1). Ilostomy B ciayuae M. flagellatum Bxiouenue 3C B MOJIEKYJIbI aMHHOKHCJIOT
OCYIIECTBJISIM B OJHY CTaJUI0 3a CYET BBIpAl[MBAHUA OaKTEpUH Ha BOAHBIX cpemax Mo,
coJieprKallliX B KauecTBe NCTOYHHUKA yIieposia-13 1 % [:3C]meraHoJ1.

Tabauua 1
BinsaHTe H30TOIMHOTO COCTAaBa CpeAbl Ha pocT mrramMmmMmoB B. methylicum u M.
Sflagellatum
Homep Cpena Beanuuna Beixopn
omnbITa | BhIpalmuBaHu#A | Jar-gassl, 4 | 0momaccsl, % or | Bpemsa renepanumu, 4
* KOHTPOJIA
1 0 24,0 100 2,2
24,5 32,1 90,6 2,4
3 49,0 40,5 70,1 3,0
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4 73,5 45,8 56,4 3,5
5 98,0 60,5 32,9 4,4
6 CH;OH 0 100 1,1
7 3CH,OH 0,1 72,0 1,0

* JlaHHBIE OIBITOB 1—5 MPUBEAEHBI 11 B. methylicum tipu BeIpaliMBaHUK HA BOJHBIX cpefax Mo,

coziepsKallux 2 % MeTaHOJI U yKazaHHoe KosinuecTBo (00.%) 2H,O. JlanHbIe OIbITa 6—7 IIPHUBE/IEHBI
1t M. flagellatum nipu BeIpaliiiBaHUM Ha BOJTHOU cpenie M9, comeprkateii 1 % MetaHoJt (6) win 1
% [3C]meraHoI.

B kauecTBe JIpyrol MOAEIBLHOU CHUCTEMBI JJI BKJIIOUEHUS U30TOIMTHON METKH B MOJIEKYJIbI
0eJIKOB, MCIOJIb30BAJIM TPAaHCMeMOpPAHHBIA OeOK OaKTEPUOPOJOICHH [21], CHHTE3UpyeMbI B
MypIypHBIX MeMOpaHaxX B3KCTpeMasibHON ¢oTtoopraHoTpodHoi ranobakrepun Halobacterium
halobium ET 1001. Bb16op /i1 3TUX Tiesiell 6aKTepHUOpoAOICHHA, GYHKIIMOHUPYIoIero kak ATP-
3aBUCHUMasA TPAHCJIOKa3a B KJIETKaX rajgo0akTepuil, ObLI IPOJAUKTOBAH BO3MOXKHOCTHIO
HCCJIEJIOBAHUS C €ro MOMOIIBIO IPOIECCOB (PYHKIIMOHUPOBAHUA MeMOpaHHBIX OeJIKOB in vivo B
YCJIOBUAX HU30TOIMHOTO oboraieHus cpeabl AeiTepueM. [y BKIIIOUEHUs JIEUTEPUEBON METKU B
MOJIEKYJly OaKTEPUOPOJIOICHHA WCIOJB30BAIM METOJ, CeJEKTUBHOro oborameHus Oeska
JedTEPUEM II0 OCTaTKaM (YHKIMOHAJIBHO-BAXKHBIX APOMATUYECKUX AMUHOKHUCJIOT 3a CYET
BelpamuBanusg H. halobium ET 1001 Ha MUHEpPaJIbHON CHHTETHUYECKOU Cpelie C JeHUTepUii-
COZIEPIKAIIMMU aHAJIOTAMH apOMaTHYECKUX aMUHOKUCIOT — L-[2,3,4,5,6-2H]bennnanannnom, L-
[3,5-2H]tuposunom u L-[2,4,5,6,7-2H]Tpuntodanom.

OcHoBHBIE aTambl 1pu  BhiAeaeHuu [2H]-u [3C]-aMHHOKHCJIOT 3aKJIIOYaJINCh B
BBIPAIIIBAHUU COOTBETCTBYIOIINX IIITAMMOB-IIPOIYIIEHTOB HA CpelaX ¢ MEYEeHBIMU CyOCTpaTaMu —
[2H]meranomom, [BC]lmeranomom u 2H,O wm L-[2,3,4,5,6-2H]benuwnananuaom, L-[3,5-
2H]tuposuHom u L-[2,4,5,6,7-2H]rpunrodanom (6akTepruopoI0IICUH), OT/IEJIEHUH KyJIbTYPaTbHBIX
xkuakocreit (KOK), comepskamux ceKpeTHpyeMble aMHUHOKHCIOTBI OT MHUKPOOHOW OHOMAcCHI,
OYHCTKH OT JINIUIOB, Pa3pylIEeHUN KJIETOK, BbIZIeJIEeHUN (PAKIUU CyMMapHbIX OEJIKOB 6MOMacchl
U 6GaKTepHOPOJIONICHHA C MOCIEAYIOIINM UX THAPOJIU30M, epUBATU3AIUN CMeCcel aMHUHOKHUCIIOT
JIAHCWIXJIOPUAOM, OeH3WJIOKCUKapOOHWIXJIOPU/IOM U JUAa30METaHOM, pasJieJIeHUHd MeTUJIOBBIX
a¢upoB N-Dns-nponsBoaHblx aMUHOKUCIOT U N-Cbz-IpOW3BOAHBIX AMHHOKHUCIOT METOZOM
obpaménHo-dazopoii BIKX u Macc-cmeKTpoMeTpuu 3J€KTPOHHOIO yZapa IOJIyYeHHBIX
MIPOX3BOJHBIX aMHUHOKHUCIIOT.

°H- u 3C-MeueHble AaMHHOKHCJIOTHI BBIIEJSUTH U3 JTUOGUIN30BAHHBIX KYJIBTYPATbHBIX
JKUIKOCTEH IIITaMMOB-TIPOIYIIEHTOB aMUHOKUCIOT B. methylicum u M. flagellatum, a Ttake B
COCTaBe THAPOJIM3aTOB CYMMAapHBIX OesikoB OGuomaccel. IIpu BbiZiesleHHN (QpPAKIUUA CyMMapHBIX
0esikOB  HEOOXOAVMMO YUHUTHIBATh HAJIWYKME B HUX YTJIEBOZOB, JIUIHUAOB U MUTMEHTOB. B pabore
HCIIOJIb30BAJIA OOTaThIE 1O OEJIKY IITaMMbI OAaKTEPUI CO CPABHUTEIHFHO HEOOJIBIITUM COJIEPKAHUEM
YTJIEBO/IOB B HUX. ['UApOIN3y B KauecTBe (DPAKIIMU CyMMAaPHBIX O€JIKOB IMOJBEPTAIA OCTATOK IIOCTIE
WCUYEPIIBIBAIOIIETO  OTAEJEHUs] JIUIMHAOB W MHUTMEHTOB OKCTPAKIMEH OpraHuYeCKUMU
pactBopuTesAMU (MeTaHOI—-XJI0podopM—aleToH). B pefikux ciiydasx A1 MOJIHOTO OTAeIeHUs OT
COIIYTCTBYIOIIIUX KOMIIOHEHTOB IIpHOerajii K KOJUIOUJHOMY PacTBOPEHHUIO (COI00MIU3AIUN)
6enkoB B /I/IC win BbICAJIMBAHUIO UX CYJTbGATOM aMMOHHS.

BoiiesieHne U OYMCTKY WHAVBHUAYAJIbHBIX OEJIKOB C IIeJIbIO JAJbHEUIIEero U3ydeHUus HUX
MIPOCTPAHCTBEHHOU CTPYKTYPHI 11€1eCO00Pa3HO OCYIIECTBJIATh METOJOM COJIIOOWIM3AlNU C
WUCTOJIb30BAHUEM  TOJXOAAIUX JeTepreHToB (cM. [22]) YTo 0COOEHHO BaKHO IS
06aKTepUOpPO/IOIICUHA, ABJIAIONIEr0Cs BBICOKOCIUPAIBHBIM TpaHcMeMOpaHHbIM OeskoM. IloaTomy
IIpU BBIJIeJIECHUU OAKTepHOPOAOIICHHA U3 IyPIIypHBIX MeMOpaH ranmobakrepuu H. halobium ET
1001 UCTIOJT30BAJIA KOJUIOUTHOE PAaCTBOpeHueE (COTI0MIU3aIuo) ppakiuu mypInypHbIX MeMOpaH
II0CJIe OTMBIBKM OT IOCTOPOHHHX KapOTHHOH0B u ¢ochonunuaos B 0,5 % pactsope IJIC ¢
COXpaHEHHEM O-CIUpaIbHON KoHUTryparuu Oeska, a fanee oca)aaau ero u3 pacrsopa JAJIC
MeTaHOJIOM. ['OMOTeHHOCTh BBIJIEJIEHHOTO TaKUM cIocoboM 6GakTepuopojoncuHa ObLia
MOATBeP keHa ayiekTpodopesom B 12,5 % ITAAT ¢ 0,1 % J1/1C.

T'unponus pentepuii-MeueHbIX OEIKOB MPOBOAWIN B YCJIOBUAX MPEIOTBPAIEHUs PEeaKIun
U30TOIMTHOTO OOMEHa BOZOpPOJia HA JEeUTepHi B XOZEe THUAPOIU3a U COXPAHEHHUs OCTATKOB
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apoMmaTtnyeckux [2H]amuHokucioT B 6esike. Bputn paccMOTpeHBI /IBa aJibTePHATUBHBIX BapHaHTa
[IPOBE/IEHNS TUAPOJIN3a — KUCJIOTHBIHN U Ie0uHoN. KuesoTHbIN ruposn3 6eka B CTaHAAPTHBIX
yenosusax (6 M HCl, 24 4, 110 °C), Kak U3BECTHO, IPUBOJIUT K ITOJTHOMY pa3pylIeHUI0 TpUITodaHa
U YaCTUYHOMY Pa3pyIlIeHHIO CEpUHA, TPEOHWHA M HEKOTOPBIX JPYTUX aMUHOKUCIOT [23]. Ipyrum
3HAYUTEJIbHBIM HEIOCTaTKOM IpH IpoBeneHuu ruzaponusa B HCl asaserca usotonusii (*H-2H)
oOMeH apoMaTUYeCcKHUX IPOTOHOB (eHTEPOHOB) B MOJIEKyJax TpuntogaHa, THPO3UHA U
TUCTU/INHA, a TaK»Ke MPOTOHOB (feriTepoHoB) mpu atrome C3 acmaparnHoBor u C4 IIyTaMHUHOBOU
kucyiot [24]. [ToaTroMy, 9TOOBI MOJIyYUTh peasbHbIE JAaHHbIE O OMOCHHTETHYECKOM BKJIIOUEHUU
JledTepusi B MOJIEKYJIbI aMUHOKHUCIIOT HEOOXOIMMO IIPOBOAUTH THAPOJIN3 OeJIKa ¢ UCIIOIb30BAHUEM
neritepupoBaHHbIX peareHTOB (6 M 2HCl ¢ 3 % denosiom (B 2H,0)).

Jpyroii BapmaHT ruaposu3a Oenka 3akioodasicsa B ucnosb3oBaHuu 2 M Ba(OH). (110 °C,
24 1). B aTHX ycaoBuAx rugposnsa 6eaka peakuil U30TOITHOTO 0OMeHa BOOPO/a HA JIeUTepUil B
apoMaTHJeckux - [2H]aMHUHOKHC/IOTaX — TUPO3WHE U TpUnTodaHe He IPOUCXOAUT, a TPUNTODAH
He paspymaerca. Ob6a MeToZa THUJIPOJIM3Aa IMOKA3IM XOPOIIHE Pe3yJbTaThl II0 COXPAHEHHIO
apoMmaTnyeckux [2H]aMHHOKUCIOT B THAPOIN3aTaxX OesIKa U COIEPKAHUIO IeUTeprs B MOJIEKYJIaX
[2H]amuHOKHCIOT. HE06X01MMO MOAYEPKHYTh, OHAKO, YTO JJIA IIpelapaTUuBHOrO moayyeHus 2H-
MeUeHHBIX aMHHOKHUCJIOT U3 6eIka MUKPOOPTaHU3MOB IiejiecooOpa3Hee MCI0Ib30BaTh TUAPOJIN3 B
2HCI B 2H.O (B mpucyrcTBuu A00aBKHU (eHOJIA I COXPAHEHHU apOMAaTUYECKUX aMUHOKHCIIOT),
MIO3BOJIAIONIETO M30€eKaTh parneMusanuu. /s u3ydeHus >Ke YPOBHS BKJIIOUEHHA CTAOMIIbHBIX
HM30TOTIOB B OCTAaTKU apoMaThdecKux [2H]aMUHOKHCIOT 6aKTEepHOpPOAOIICUHA U B AaHAJTUTUYECKUX
1eJIAX JIydIlle IPUMEHATh TuAposn3 6enka B pactBope Ba(OH)., mpu kotopom otcyrerByeT (*H-2H)
oOMEeH B aMHHOKHCJIOTaX U COXpaHATCcs ocraTku —[2H]denwmnananwua, [2H]tuposwmHa wu
[2H]tpunTodana. ITpu me104HOM THAPOJIN3E BO3MOKHASA PalleMU3allisd AMUHOKUCIIOT HE BIIUSIET
Ha Pe3yJbTaT IMOCJIEAYIONIETO MAacC-CIIEKTPOMETPUYECKOTO OIpEeIeHNs] YPOBHEN BKIIIOUEHUSA
neitepus B [2H ]aMUHOKHCIOTHI.

Jlns nostydyeHus JieTyduX IMPOU3BOJAHBIX aMUHOKHUCJIOTHI IIEPEBOJMIN B METHUJIOBbIE 3(UPHI
N-Dns-[2H, 3C]amunokucior wiu N-Cbz-[2H, 3C]laMHUHOKHUCIOTHI, KOTOpPbIE 3aTeM pa3esisiiu
MmeTomaMu  obparmieHHo-dazoBoit BIKX. VYcmoBusa N-gepuBarmzanuu [2H, B3ClaMuHOKHCIOT
oTpabarplBajii TaKUM 00pa3oM, 4YTOObI TOJyYUTh B Macc-CIIEKTpax Kak MOXKHO 0Oosee
VHTEHCHUBHBIE ITUKU UX MOJIEKYJIIPHBIX HOHOB (M*) Ha ypoBHe ¢doHA MeTabOIUTOB cpesbl. s
5TOTO MPOBOAWJIN NPAMYI0 JepuBarusanuio [2H, 3C]JaMHHOKUCIOT B cocTaBe JIMOGUIN30BAHHBIX
KYJIBTYPAJIbHBIX JKUJKOCTEH W THUAPOJN3AaTOB CYMMAapHBIX O€JIKOB OMOMACCHI ISATHKPATHBHIM
U30BITKOM JaHCHIXJIOpH/Ia (B aleToHe) Win O€H3UI0KCHKAapOOHUIXJIOPUIA.

B ycioBusix peakiuu fepuBaTU3aNH U1 JTU3UHA, TUCTUANHA, THPO3WHA, CEPUHA, TDEOHUHA
¥ [UCTENHA HapsAy C MOHOIPOHW3BOAHBIMU 00pas3oBbBIBAMNCH Au-Dns u au-Cbz-mpousBoguble.
Kpome »storo, u3 aprunmHa cuHTe3upoBayica N-tpu-Dns-(Cbz)-apruamn. Ilostomy B Macc-
CIEKTPOMETPUYECKUX  HCCIEOBAHUAX  MOJIEKYJIsIpHble HWOHBI (M*) B3THX COeqUHEHUU
COOTBETCTBOBAJIU V- UJIN TPU- IPOU3BOJIHBIM.

AddexkTuBHOCTh HCNONB30BaHUA N-Cbz-IIPOM3BOHBIX AMUHOKHUCIOT B OOpamiéHHo-
dazosoit BOXKX u B Macc-CcIeKTpOMeTpUUECKUX UCCIeZIOBaHUAX ObLIa IIOKa3aHa HaMU paHee [25].
JletyuecTp N-IpOU3BOIHBIX AMUHOKUCJIOT IIPH MacC-CIEKTPOMETPUUECKOM aHAJIN3€e MOXKET OBbITh
MIOBBIIIIEHA 32 CUET JIOMOJHUTEIHbHOH 3TepuduKaIui 10 KapOOKCHUIBHOU rpyIine, mosTomMmy N-Dns-
[2H, 3C]JaMHUHOKUCIJIOTBI ObLIM TIEepeBeZleHbl B WX MeTWIOBble 3¢upsbl. A mpenoTBpalleHus
00paTHOrO0 M30TOMHOTO OOMEHa apoMaTUYeCKUX IMPOTOHOB (JIeMTEpOHOB) NpPH 3TepUdUKAIIN
JleiTepuii-MeUeHbIX aMHUHOKHUCJIOT, B JAaHHOU paboTe OT/IN MPEAIOYTEHHE HCIIOJIb30BAHUIO
JIMa30MeTaHa JJisl 3TUX Iiesiedl. CBeXKePUTrOTOBJIEHHBIM PACTBOPOM JHa30MeTaHa B UITHIOBOM
a¢upe oOpabaThIBaIU CyxHe OCTaTKU CMeced aMHHOKHCJIOT. [Ipu /lepuBaTU3a aMUHOKUCIIOT
JINa30METAaHOM ITPOUCXOJIMJIO JIOTIOJHUTEbHOe N-MeTwaupoBanue 10 o-NH-(Dns)-rpymie
[2H]aMUHOKHCIIOT, YTO MPUBOAWIIO K IOSBJIEHHUIO B MacC-CIIEKTPaX METUJIOBBIX 3¢upoB N-Dns-
AMHHOKHUCJIOT JIONIOJIHUTEJBHBIX ITUKOB, COOTBETCTBYIOIIMX COEAUHEHUAM C MOJIEKYJIAPHOU
MAaccOH Ha 14 MacCOBBIX eJUHUI] OOJIbIIIE UCXO/IHBIX.

YpoBuau BritoueHusa u3oTonoB 2H u 3C B MOJIEKYJIBI aMUHOKUCIOT MYJIbTUKOMIIOHEHTHBIX
cMecell B COCTaBe KyJbTYPAJbHBIX JKHAKOCTEH U OEJIKOBBIX THUJIPOJU3ATOB OIPEeEesIsIn
QHAJIUTUYECKU METOJIOM MacC-CIeKTPOMEeTPUU 3JIeKTPOHHOTrO yAapa. Metuiossle 3¢upbl N-Dns-
[2H, 3ClupousBomnbix aMHHOKHCAOT wind N-Cbz-[2H, 3C]upousBofHble aMHUHOKHUCIOT
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IpenapaTUBHOTO Pa3ZesAd MeToZoM obpaménHo-¢azoBoi BIKX Ha okTasenmicHiIaHOBOM
ceniukaresie Separon SGX Ci18, 7 mkMm. Haunydimiee pasjiesieHre 1OCTUTAJIOCHh IIPU TPAAUEHTHOM
SJIIOMPOBAHUM MeTWIOBBIX 3¢pupoB N-Dns-[2H, BC]umpou3BOJHBIX aMUHOKHCIIOT CMECHIO
pactBopurtesieir (A) — Boga—TpudTOopyKcycHas kucsiaora (100:0,1—0,5, %) u (b) — aneToHUTpHI—
TpudTOpyKCycHasA KucjaoTa (100:0,1—0,5, %) 3a CUET MOCTEIIEHHOTO YBEJIWYEHUSA KOHIIEHTPAILINI
komrioHeHTa b B cmecu ot O Jio 100 %. Ilpm sTOM yAajsioch pasjieiuTh TPpUIITOGAH U TPYIHO
paspemumyto napy dbeHmnasaHuH/TUpo3uH. CteneHu xpoMmaTtorpaduueckoil unuctoTel 2H- u 3C-
MEUEeHHBIX aMUHOKHCJIOT, BBIJIEJIEHHBIX W3 KYJBTYPaJIbHBIX KuUJKOcTed B. methylicum u M.
flagellatum w tuaposusatoB 6enkoB B Buae ux N-Cbz-[2H, 3C]npou3BOAHBIX aMHHOKHCJIOT
coctaBwIn 96—98 %, npu BeIxoAax — 67—89 %. Jlunsa otmensHbIX [2H, 3C]laMHHOKHUCIIOT OKa3a10Ch
O6onee ymoOHBIM pazzesieHHe B Buae MeTWIOBBIX 35¢upoB N-Dns-[2H, 3C]upousBogHBIX
aMUHOKHUCIOT. [Ipu 3TOM cTeneHb XpomMaTorpaduueckoi YUCTOTHI MOJydeHHbIX U3 TH/IPOJIN3aTOB
O6akTepropooricuHa MeTHIOBbIX 3¢upoB N-Dns-[2H]denmwrananuna, N-Dns-[2H]tupo3una u N-
Dns-[*H]tpuntodana cocraBwiu 96, 97 u 98 % cooTBeTCTBeHHO. JlaHHBIN pe3ysbTaT BakeH
IIOTOMY, YTO UMEHHO MeTwWwioBble 3GUupbl N-Dns-aMHUHOKHUCJIOT BCJIEACTBUE CBOEN XMMUUYECKOU
CTaOMJIBHOCTH, HAJWYUS BBICOKOMHTEHCUBHBIX MOJIEKYJIAPHBIX HOHOB (M*) mpu BBICOKUX
MOJIEKYJIIPDHBIX ~Maccax OKas3aJuch BecbMa YAOOHBIMU JUIA  MAacC-CIIEKTPOMETPUYECKUX
HCCJIEOBAHUN W TIO3BOJIAIOT I/I,ueHTI/I(bHuI/IpOBaTb 2H, 13C-meueHHble AaMHHOKUCJIOTHI B
MIPUCYTCTBUU HHU3KOMOJIEKYJIIPHBIX MeTa0OJUTOB CPEJbl U JIDYTUX MPOAYKTOB JIepUBATHU3ALIHH.
[Tocnenauii pakT oueHb BaXKEH JJIA U3ydeHUs cocTaBa mysa 2H- u 13C-MeueHHBbIX aMHHOKHCIIOT,
CEKPETUPYEMBIX B KyJIbTyPIbHBIE JKUAKOCTHU IIITAMMOB-IIPOYIIEHTOB.

IIytn ¢parmenTaruu MeTunoBbiXx 3¢gpupoB N-Dns-dbenunanannaa u N-Dns-nelinyuHa npu
MacC-CIIEKTPOMETPHH 3JIEKTPOHHOTO yZlapa IPUBOAAT K (OPMUPOBAHUIO TUKOB UX MOJIEKYJIIPHBIX
noHOB (M*) mpu m/z = 412 u m/z = 378 u K 06pa30BAHUIO IAHCUJIBHBIX (PPArMEHTOB U IIPOJYKTOB
UX JJaJpHenIero pacnasaa 0 N-auMeTniaMiIHOHAdTAINHA, 2 TAK)XKe K 00pa30BaHUI0 aMUHHBIX A+
U aMHUHOAIWIbHBIX (parmeHToB B* (pumc. 1). IlokaszaHHas Ha pucyHKe 1 (QparMeHTanus
MeTHwIOBbIX 3dupoB N-Dns-penunananuna u N-Dns-yeiinuHa xapakTepHa g 9THUX
MIPOM3BOJHBIX BCEX IPYTUX aMUHOKHUCJIOT, YTO MO3BOJISAET IIPOBOJUTHh MacCC-CIIEKTPOMETPUYECKUI
MOHUTOPUHT 2H- 1 3C-MeuyeHbIX aMUHOKUCIIOT B COCTaBe MHTAKTHBIX KYJIbTYPaJIbHBIX KUKOCTEH
IITAMMOB-IIPOJIyIIEHTOB, COZEP:KAIUX CYMMY aMHHOKHCJIOT U JIDyTUX MeTabOJIMTOB Cpelbl, 70
CTaINU UX XpPOMaTOTrpaduuecKoro pas/ieJIeHus, a TaKXKe HCCIe0BaTh BKIIIOUEHHE CTAOWIHHBIX
n30ToMoB 2H- 1 3C B MOJIeKyJIbl aMUHOKHUCJIOT 0OEJIKOBBIX TUAPOJIN3aTOB.

170 A353 B 38
‘ Q
O SO,~+NH—CH +C—+OCH;,
(CH3),N O CH, %

A319 B347

(CH3),N
PV
CH; CH;,

Puc. 1. DparmenTanuu MeTHUI0BbIX 3¢upoB N-Dns-dennnanannna ¢ M, = 412 (a) u N-Dns-
neiiiuaa ¢ M, = 378 (6) mpu Macc-CIeKTPOMETPUH 3JIEKTPOHHOTO y/iapa
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[Ipu ucnoIb30BaHUM B KaUeCTBE UCTOYHUKOB CTaOMIbHBIX U30TOMOB [3C]MeTanosna u 2H,0,
B KJIETKE CUHTE3UPYIOTCS U30TOITHO-3aMeéHHbIE AaMUHOKHCIIOTHI, Pa3TMYAOIINECS KOJTHIECTBOM
aTOMOB, 3aMeléHHbIX Ha 3C u 2H. IIpu aTOM, UeM BbIllle MOJIEKY/IIPHAs Macca aMUHOKHUCIIOT, TeEM
BO3MOXKE€H OOoJbIIui HAb0p MOJEKYIApHBIX HMOHOB (M*), COOTBETCTBYIOIIUX H30TOITHO-
3aMmeniéHHbpIM (opmam. ITuku mpu m/z = 323,2; 337,4; 368,5; 382,3; 420,5 B Macc-CIIEKTpe
[:3C]aMHHOKHCIOT IepUBAaTU30BAHHON KyJIbTypasibHOU kujikoctu M. flagellatum, nosydeHHOU ¢
BOJTHOM cpefsl ¢ 1 % [3C]meranosiom (puc. 2 6), COOTBETCTBYIOT II0 Macce MEeTHI0BbIM a¢dupam N-
Dns-[3C]rmunimaa,  N-Dns-[13CJananmna,  N-Dns-[3C]pamuna,  N-Dns-[*3Clnetirunaa/[3C]
nzosnednmHa u N-Dns-[13C]dbenunananuna. CienyeT MOAYEPKHYTb, YTO BeJIWYMHA M/Z IS
MOJIEKYJIApHOTO oHA (M*) MeTmIoBbIX 3¢upoB N-Dns-[3C]lnetinuna u [3C]usonednnaa B Macc-
CIIeKTpax »JJIEKTPOHHOTO y/apa OJIMHAKOBa, II03TOMY JAaHHBIM METOJOM HEJIb3sl TOYHO
UJIEHTUDUITUPOBATh 3TH aMHHOKHCJIOThI. MaKCcUMaibHble YPOBHH BKJIIOUeHUs 3C B MOJIEKYJIbI
aMHHOKHUCJIOT, U3MEPEHHbIE 110 YBEJIMYEHUIO YCPEAHEHHOTO 3HAYEHHs COOTHOIIEHUS MacChl K
3apsaay m/z i MoJieKyasapHoro umoHa (M*) HM30TONMHO-MeUeHOTo obpaslla B CpaBHEHHU C
MOJIEKYJIAPHON MacCOU MPUPOAHONM aMUHOKHUCIOTHI BAPBUPYIOT OT 35 % i [3Clananuna 10 95 %
s [3C]denmnananuHa (puc. 2). YUuTbiBasg ayKCOTPOMHOCTb INTaMMa IO L-U30JIeHIHUHY,
pa3bpoc 3HaAUEHWH MOXKeT OBITh OOBSICHEH BKJIAJIOM 3K30T€HHOTO W30JIEMIIMHA B YPOBEHBb
U30TOMHOTO BKIIOYeHUs ['3C]imednuHa, a TakKe APYTHMX MeTa0OJMYECKH CBSI3aHHBIX C HUM
aMmuHOKUCIO0T — [3Clanmanuna u [13C]BasnHa.
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Puc. 2. Macc-cuektpbl Y MeTwi1oBbIX 3¢upoB N-Dns-[3Clamunokucior uz KK M. flagellatum
mocyie 06pabOTKH JaHCWIXJIOPHUIOM U IUA30MeTaHOM: a) — 1 % MeTtaHos1 ¥ HoO (KOHTPOJIbHBIE
ycsioBus); 6) — 1 % [3C]meranos u H.O. CuMBoIaMyu aMHHOKHUC/IOT 0003HAYEHBI ITUKHU
MOJIEKYJIAPHBIX HOHOB [M ]+ MeTm10BbIX 3upoB N-Dns-[13C]amMmuHoKkuCcaI0T. UHTEHCUBHOCTD

MMMKOB NPUBEJIeHa B %

s mramMa ¢akyJIbTaTUBHBIX METHJIOTPOdHBIX GakTepuii B. methylicum Habironanoch
cnenudUYecKoe BO3pacTaHHE YPOBHEH M30TOMHOTO BKJIIOUEHUS JEUTepUs B  MOJIEKYJIBI
WH/IUBUAYTBHBIX [2H]aMUHOKHCIIOT KyJIBTYPaJIbHBIX KUAKOCTeH (Taby. 2) IPU CTYyIEeHYaTOM
yBesImueHuu KoHueHTpanuil 2H.O B pocToBOH cpefie. YPOBHU BKJIIOUEHHA JieHTepH B MOJIEKYJIbI
pasHbix [2H]aMUHOKHCIIOT MPU OJMHAKOBBIX YCJIOBUSX KyJIBTUBUPOBAHUA pasziuyamorca. [Ipu
5TOM BO BCEX OIBITaX HAOJIIOIAJIIOCH IPOIOPIMOHAIFHOE BO3PACTAHHE YPOBHEH H30TOITHOTO
BKJIIOUeHHsA 2H B MOJIeKyJIbl MeTaboINUeCcKH POICTBEHHBIX [2H]aMUHOKHCIOT IPU CTYIIEHYaTOM
yBEJIMUEHUH KOHIIEHTPAIIUH Ts)KEJIOW BOABI B POCTOBBIX cpemax (Tabs. 2). Takoil pesysbTar
3a(pUKCUPOBAH BO BCEX HKCIIEPUMEHTAX, T/Ie MCTOUHUKOM CTaOMJIbHBIX U30TOIOB ciaykuiia 2H,0.

Tabauua 2

YpoBHu BEIIOUeHus 2H u 3C B MOJIEKyJIbI aMUHOKUCTIOT (%), ceKpeTHpyeMbIX

B KyJbTypaibHYI0 :KUAKOCTH (K¥K) B. methylicum u M. flagellatum,
U B aMHHOKHCJIOTHBIE OCTAaTKH 0€JIKOB

AMUHOKUCA0MDbL Copep:xanue 2H,O B cpege, %* 1 % BCH3;OH**
24,5 49,0 73,5 98,0
KX | beaok | KiK | bBeaok | KiK | beaok | KiK besgoxk | KiK beaok
I'nunyun — 15,0 - 35,0 — 50,0 - 90,0 60,0 90,0
AnaHuH 24,5 | 20,0 50,0 | 45,0 50,0 | 62,5 55,0 97,5 35,0 95,0
Bayuu 20,0 | 15,0 50,0 | 46,0 50,0 | 50,0 55,8 50,0 50,0 50,0
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Jlefinun 20,0 | 15,0 50,0 | 42,0 50,0 | 50,0 50,0 50,0 40,0 49,0

/HA30JIEHIH

DennanaHuH 15,0 | 24,5 27,5 | 37,5 51,2 50,0 75,0 95,0 95,0 80,5

Tuposun - 20,0 - 25,6 - 68,5 — 92,8 - 53,5
Cepun - 15,0 - 36,7 - 47,6 - 86,6 - 73,3
AcmaparuHoBasg | — 20,0 — 36,7 — 60,0 - 66,6 - 33,3
KHcCJIoTa

[myramMuHOBas - 20,0 - 40,0 - 53,4 - 70,0 - 40,0
KHcCJIoTa

JInzun - 10,0 - 35,3 - 40,0 - 58}9 - 54,4

* JlpuBeneHBI JaHHbIE N0 BKJIIOUEHHIO 2H B MoOJeKysJbl aMHUHOKHCIOT B. methylicum tpu
BBIPAIIIMBAHUY Ha BOAHBIX cpezax M9, cozeprkaIiux 2 % MeTaHOoJI U YKa3aHHOe KoytrmdecTBo (00.%)
2H,0.

** JlanHble 10 BKJIoueHuio 3C mpuseaeHsl g M. flagellatum tipu BbIpallliBaHUN Ha BOJHOMU
cpene Mo, conepskarteii 1 % [3C]meTaHoII.

N3 wmacc-cnektpa  MeTwioBbIX 3¢upoB  N-Dns-[2H]mpou3BOAHBIX  aMUHOKHCIIOT
KyJIBTyPaJIbHOU KUJIKOCTH B. methylicum, moyiyaeHHOM co cpeasbl, coaeprkaieit 49 % 2H.O (puc. 3
6) BUAHO, YTO MOJIEKyJIa (PeHIIAIAaHNHA COJIEPKUT 6 M30TOIMHO-3aMEIIEHHBIX (POPM CO CPETHUM
3HaUEeHHEM ITMKa MOJIEKYJIIpHOTO noHa (M*) ¢ m/z = 414,2, KOTOpOe BO3pAacTaeT 110 CPAaBHEHUIO C
KOHTPOJIBHBIMU YCJIOBUSAMH (1M/zZ = 412,0, pUC. 3 @) Ha 2,2 eIUHUIBI, T. €. 27,5 aT.% OT 00IIero
KOJINYECTBA aTOMOB BOZIOPOJIa B MOJIEKYJIe 3aMelleHbl Ha AeiTepuii. O6yacTh Macc-CIeKTpa co
3HAYEHUSIMH mM/Z = Q0-300 COOTBETCTBYET IPOJIYKTaM JIEPUBATH3AIUN METaOOJIHUTOB POCTOBOU
cpensl. [Tuk ¢ m/z = 431,0, 3aUKCUPOBAaHHBIM B Macc-CIeKTpe KYJIbTyPIbHON KUJIKOCTU U
MIPOSIBJISIIONIUINCA BO BCEX OIBITAX, COOTBETCTBYET IPOAYKTY JOIOJHUTEILHOTO METHJIMPOBAHUSA
denmnananvaa no o-NH-(Dns)- rpynme. ITuk ¢ m/z = 400 (puc. 3 6) OoTBeyaeT MPOAYKTY
OTINEIUIEHUS] METUJIBHOU IPYIIIBI OT IEUHTEPUPOBAHHOTO MTPOU3BOAHOTO [2H]bennnananuna.
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Puc. 3. Macc-criektp 9Y metuinoBsix 3¢pupos N-Dns-[2HJamunokucsor u3 KK B. methylicum
rocsie 06pabOTKHU JaHCUWIXJIOPHU/IOM U JUa30MeTaHOM: a) — 2 % meTaHoJ 1 98,0 % H,O
(xoHTpOJIBHBIE yeoBHA); 6) — 2 % [2H]meTanous u 49,0 % 2H.O0
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Puc. 4. Macc-cextp 9Y meTtrioBbix 3¢upoB N-Dns-[2H Jamunokucsor us KXK B. methylicum npu
BBIPAIIIUBAHUHU B Cpeie, cojiepskatiiei 2 % [2H]meranos u 73,5 % 2H,O0

ITpucyrctBre B Macc-cuekTpe o0pasna KyJbTypaJIbHOH KUAKOCTH B. methylicum,
MIOJIy9eHHOH Ha cpefie ¢ 73,5 % 2H.O (puc. 4) nuka MoJIeKyJIApHOTO HOHA MeTUI0Boro a¢upa N-
Dns-[2H]denunananuna (M+*) ¢ m/z = 416,1 yka3blBaeT Ha yBeJIMUeHUE MOJIEKYJIIPHON Macchl
[2H]dpenmnanmanuaa Ha 4,1 eAWHHIy, T.e., 51,2 % aTOMOB BOJOpPOZIa B MOJIEKYJIE
[2H]dennnananuHa B 3TOM cilydae 3aMelleHbl Ha eiitepuil. O4eBUHO, UTO BhIIIEOOO3HAUEHHBIE
aTOMBI JIelTepusi BKIIIOYMIINCh B MoJieKysty [2H]beHmwtananuHa 3a cuer mpouecca 6uocunresa de
novo, T. €. 10 YIJIEPOAHOMY CKeJIeTy MOJIEKyJIbl. K jierko oOMeHUBaeMbIM OTHOCSTCS MTPOTOHBI
(meitreponsr) mpu rerepoatomax B NH.- 1 COOH- rpymmax aMUHOKHCIIOT, KOTOPBIE 3aMEIal0TCs
3a cuér jierkoctu gucconuanuy 8 H,O (2H.0).

W3 Tabaumpl 2 BUAHO, UTO YCIIOBUAX ayKCOTPOMHOCTH 10 L-eHInHy YpOBHU BRJIIOUeHus 2H
B MoJsekysbl [2H]nmewrnunaa/[2H]uzonenuaa Hmke, 4eM A deHmwnamanuHa. OTMedeHHas
0COOEHHOCTh OTUYETIUBEE BCETO IPOSIBJISIETCA HA CpeJle ¢ MaKCUMaIbHON KoHIeHTparuen 2H,O.
Emé pa3 5ToT pe3yspTaT MOATBEPAWIIN PUCYHOK 5, Tie TIOKa3aH Macc-CIEKTP METUJIOBBIX 3(UPOB
N-Dns-[2H]aMUHOKHCTIOT ~KYJIBTYpPJIBHON JKUJKOCTU IIOCJ€e BbIpal[uBaHUA OakTepuil B.
methylicum B yKka3aHHBIX YCJIOBUAX. BHUAHO, UYTO BeJIWYMHA IIMKA MOJIEKYJISIDHOTO HOHA
meTmioBoro 3dupa N-Dns-[2H]dpenunananuna (M+) ¢ m/z = 418,0 yBeTMIMBaETCSA 110 CPAaBHEHHIO C
KOHTDPOJIBHBIMU YCJIOBUSIMU Ha 6 €IWHMUI], YTO COOTBETCTBYET 3aMeIeHUI0 75,0 aT.% OT 00111ero
KOJIMYEeCTBA aTOMOB BOJIOpoZia B MoJjiekyse. B ommmume ot [2H]dbeHmnananmHa ypoBeHBb
BKIIOUeHus JAentepus B [2H]nmeinun/[2H]uzonedinuu cocraBui 50,0 ar.%, a B [2H]BasimH —
58,8 ar.%. ITuk ¢ m/z 432, 3adukcupoBaHHBIN B Macc-crekTpe JY MeTHI0BbIX 3¢upoB N-Dns-
[2H]amunokucimor KXK Ha puc. 5 COOTBETCTBYET MPOAYKTY AOIOJHHUTETHHOTO METHUJIUPOBAHUS
[2H]dbenmnamanmuna mno o-NH.- rpymnme. Kpome 3TOro, B Macc-crieKTpe QGUKCHpPYeTCs UK
oboramenHoro aeiitepueMm 6eH3mwILHOTO CoH;CH.-dparmenta mosekysnsl [2H]denmrananuna c
m/z 97 (BMecTo m/z ¢ 91 B KOHTPOJIE), UTO YKa3bIBaeT Ha TO, YTO MECTAMU JIOKAIN3aluu 6 aTOMOB
nedtepuss B Mosekyse [2H]denwnananuna sapiamoTcesa nosoxkeHusa C1—C6 apoMaTHyecKux
npotoHoB B O6eH3mIbHOM CsH;CH.-dparmenTe. 113 Macc-ClIeKTpPOMETPUYECKUX JAaHHBIX CJIENYET,
YTO MPH APYruX KOHHeHTpanusax 2H,O medTepuil Takke BKJIIOYAETCA B apOMaTHYeCKOe KOJIBIIO
[2H]benunananuHa, Tak Kak Metabou3M amanTupoBaHHoro k 2H,O mramma B. methylicum He
IpeTepIieBaeT CyIecCTBeHHbIX n3MeHeHn B 2H,0 [26].
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Puc 5. Macc-cektp 9Y MmetwioBbix 3¢upoB N-Dns-[2H]amunokucsior u3 KK B. methylicum nipu
BBIpAIIIUBAHUHU B cpefie, copepkartei 2 % [2H]meranos u 98,0 % 2H.O (MakcumanbHo
AenTepupoBaHHas cpeaa)

AHasyiornuHasi 3aKOHOMEDHOCTh B YPOBHAX BKJIOYeHHA 3C B MOJIEKYJIbI aMHHOKHUCIIOT,
CBSI3aHHBIX C ayKCOTPOGHBIM MeTab0IU3MOM, MPOSBJISAETCA IPU BbIpAIIUBAHUU L-U30JI€HAITNH-
3apucumoro mramma M. flagellatum ua cpene ¢ 1 % [*3C]metanosom. Kak BUIHO U3 TaOJIUIIGI 2, B
ommyue ot Habsroaemoro s [3C]denmnananuHa (YpoBeHb H30TOITHOTO BKJIFOUEHUS — 95,0 %),
YpPOBHH BKJIOueHusA wuzorona BC B Mosekysbl [B3ClnernuHa/usosneinuna, [B3ClamanuHa u
[3C]Basmua cocraBwin 38,0; 35,0; 50,0 % COOTBETCTBEHHO. YPOBEHDb U30TOITHOTO BKJIIOUEHUS JIJIA
[3ClrmnuHa (60 %) XOTsSI U BBIIE, YeM IS TPEX MOCJIETHUX aMHHOKHUCJIOT, HO HAMHOTO HIUIKE,
vem 1 [3C]dennnananuHa.

CymMMupys TOJIyuUeHHbIe JIaHHbIE 110 YPOBHAM BKIoueHus 2H-u 3C B  MOJIEKYJIBI
CEKPETUPYEMBIX aMHHOKHUCJIOT, MOKHO C/AeJaTh BBIBOJI O COXPAaHEHHWW MHUHOPHBIX ITyTeH
MeTaboJIM3Ma, CBA3AaHHBIX C OMOCHHTE30M JIEUIIMHA U MeTa0OJUYECKU POJCTBEHHBIX C HHUM
aMHUHOKHUCIOT de novo. JIpyrum JIOTHYeCKUM OObsACHeHHeM HabsomaemMoro sddexra, eciu
MPUHATh BO BHUMAaHWE IIPOUCXOXKAEHHE JIEHIIMHA W W30JIEHIIMHA 110 Pa3IUYHbIM IyTAM
O6mocuHTe3a (JIEUIMH NPUHAJIEKUT K CEeMeUCTBY IUpyBaTa, a MU30JIEHIIUH — K CEeMEUCTBY
acriapraTta [cM. puc. 6]), MOXXeT ObITh aCCUMUJIAIMSA KJIETKOU HEMEUEHOTO JIEUITMHA U3 CPEIbl Ha
doHe OHMOCHHTE3a H3OTOIMHO-MEUEHOTO H30JieHInHa de novo. YuuThiBas JaHHBbIE 3(GQEKThI
ceyeT TIOAYEPKHYTh, YTO HCIIOJIb30BaHHE AayKCOTPOMHBIX (OPM MHUKPOOPTAHU3MOB JJIst
MOJIyYeHUsI M30TOMHO-MEYEHBIX AMUHOKHCJIOT He OIpaB/blBaeT cebs MPaKTUYEeCKU W3-3a
MHO?KECTBEHHOTO BKJIIOUEHUS M30TOIOB B MOJIEKYJIBI [26]. HampoTuB, UCIOIb30BAHUE IS DTHX
11eJiell IpoTOTPOGHBIX (GOPM MUKPOOPTAaHU3MOB KarKeTcsl 00J1ee epCIIeKTHBHBIM.
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Puc. 6. AMMHOKHCJIOTBI, HEOOXOITMBIE ISl CHHTe3a 6eJIKOB, 00pa3yroIuecs B KJIETKe U3
npeziecTBeHHUKOB (110 I'. [lerento [27])

OOG111e TPUHITUATIBI U3YUYEeHHs YPOBHEH M30TOIMHOTO BKJIIOYEHUS] B MOJIEKYJIBI aMUHOKHUCIIOT
IpU JAaHHOM CIOcO0e BBEAEHUsA METKH ObLIM IMPOJEMOHCTPHUPOBAHBI HAa NPHUMEpPe aHaIu3a
CJIOKHBIX MYJIBTUKOMIIOHEHTHBIX CMECEH, IOJIyUeHHBIX IIOC/Ie THAPOJIM3a CyMMAapHBIX OEIKOB
6umomaccel MeTHIOTpodHBIX OakTepuil B. methylicum, a Takxke TpaHCMeMOpaHHOTO Oenka —
0aKTEPUOPOAOIICHHA, BBIMOJHAIOIMETO pPob ATO-3aBHCHMON TpaHC/IOKa3bl B KJIETKaX
dotoopranorpoduoii ramobakrepuu Halobacterium halobium. Kak BUAHO U3 pPHUCYHKA 7, JIO
JIeCATH aMUHOKHCJIOT MOTYT OBITh UAEHTU(PUIIMPOBAHBI B THApoau3are Oenka B. methylicum mo
UKaM MOJIEKYJIApDHBIX HOHOB (M*™) wMeTwnoBeix 5¢upoB wux N-Dns-[>H]npousBoansix
AMHUHOKHCJIOT.
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Puc. 7. Macc-criexktp Y MeTwioBbIX 3¢upoB N-Dns-[2H]|aMHHOKHCIIOT M3 TH/IPOJIN3aTOB
cyMMapHbIX 0e1koB 6uomaccehl B. methylicum npu BeIpaniuBaHuu B cpezie M9, copeprkaieit 2 %
Metanos 1 H,O (a) u 2 % [2H]meranoi u 98,0 % 2H.O0 (6)

Kak u B cilydae ¢ C€KpeTUPYEMBIMH aMUHOKHUCIOTaMU, ITUKU MOJIEKYJIIPHBIX HOHOB (M*)
COOTBETCTBOBAJIM CMECSAM HM30TOIMHO-3aMEeIEHHbIX (OPM IPOU3BOJHBIX AMHUHOKHUCIOT. Iy
Ju3uHa W TUpo3uHa muKu (M*) COOTBETCTBOBA/JIM METHUJIOBBIM 3dHUpaM IH-IPOU3BOSHBIX
aMUHOKHCJIOT — o, e-Au-Dns-nmu3uny (M+) mpu m/z = 631,0) u O, N-gu-Dns-tuposuny (M*) npu
m/z = 663,9). YpOBHU H3OTOITHOTO BKJIIOUEHHA JAedTepus B MoJeKysabl [2H]amuHOKHCIIOT
I'upponmsara cymMmapHbIX OeslkoB 6uomacchl mpu cozepskanun 2H.O B pocTtoBoii cpenie 49,0 %
BapbUPYIOT OT 25,6 % misa [2H]tuposuna o 45,0 % mna [2H]anaauna (puc. 76 u tabi. 2).
B monekynax [2H]rmunwua, [2H]Banuna, [2H]benwnananmna, [2H]cepuna, [2H]nusuna,
[2H]acmaparuaoBoit u [2H]riryraMiHOBOM KHCJIOT OHHM HaXOJsITCA B Ipefesiax 35—46 %. Kak u B
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cJIydae ¢ ceKpeTHpyeMbIMU aMUHOKHUCJIOTaMU, IIPU MOBBIIIeHUH KoHIleHTparuu 2H.O B pocToBOi
cperie HabJII0/IaJIOCH IIPONOPIIMOHAJIBHOE IIOBBIIIIEHNE YPOBHEH BKJoueHUs 2H B MoJeKysibl
aMHUHOKHUCIOT. UTo Kacaercsa apyrux [2H]amMuHOKHCTIOT, HE JIeTEKTUPYEMBIX JAHHBIM METO/IOM,
OUYEBH/IHO, UYTO YPOBHU H30TOIHOTO BKJIIOYEHHA B HHUX MNPUOIU3UTEIBHO TaKue IKe.
OTO NOATBEPIK/IAeTCA JAHHBIMU II0 Ppa3fieIeHNI0 OeJIKOBBIX THUPOJIU3AaTOB METHUIOTPOMHBIX
O6akTepuii MmeTomamu obpamniénHo-dazoBoii BOXKX B Bujsie N-Cbz-[2H]upou3BoaHBIX aMUHOKHUCIIOT
u MeTHwIOBbIX 3¢dupoB wux N-Dns-[2H]npousBogHbIXx aMHUHOKHUCIOT ¥ HWOHHOOOMEHHOU
xpoMaTorpaduu, T7ie IeTEKTUPYeTCA yKe 15 aMUHOKUCIIOT (puc. 8, Tabut. 3).

o

Puc. 8. louHOOOMeHHas XxpoMaTorpadus aMUHOKHUCIIOT, BbI/IEJIEHHBIX U3 TUJIPOIN3aTOB
MMPOTOHUPOBAHHBIX (a) U IeliTepupoBaHHBIX (0) KIeTok B. methylicum Ha MakCUMaJIbHO
JeriTepupoBaHHOU cpefie: Biotronic LC-5001 (230x3,2 mm) (“Eppendorf—Nethleler—Hinz”,
Germany); moasmkHas ¢asza: UR-30 cysapdorupoBanHas ctuposibHast cmosa (“Beckman—Spinco”,
USA); 25 um; 50—60 atM; nojiBu:kHasA daza: 0,2 N Na-murparasiii 6ydep (pH = 2,5); ckopocTb
IIO/TAY M JII0EHTA: 18,5 MJI/4; HUHTUJIPUHA — 9,25 MUI/4; JETEKIUA IPU A = 570 U A = 440 HM

(st mpostmHA)
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Tabauua 3

AMHHOKHCJIOTHBIN COCTaB GEJIKOBOTO THAPOJIA3aTA CyMMapHBIX 0eJIKOB Guomaccsl B.
methylicum, nosryueHHBIA TP POCTE B MAKCUMAJIBHO IeUTEPUPOBAHHOU cpeae* u
YPOBHH A€ TEPUPOBAHHOCTH MOJIEKYJI**

Avunokucjaora |Bsixoa, % ot cyxoro Becair |KosmuuecTBo Yposens

ouomMaccsl BKJIIOYEHHBIX |J€HTEPUPOBAHHOCT
aToMOB ¥ MOJIEKYJI, % OT

IIporonupos | OGpaseir, neurepusn oo1Iero
aHHBIN MOJIy4EeHHBIN |B YIJIEPOAHBIN | KOJIMYecTBa
oGOpaseir B 98.0% 2H.O |ckeJer aToMOB
(KOHTPOJIb) MOJIEKYJIbI BOgoOpoaa***

I'nunun 8,03 9,69 2 90,0

AnanuH 12,95 13,98 4 97,5

Banun 3,54 3,74 4 50,0

JletinuH 8,62 7,33 5 50,0

Wzosennux 4,14 3,64 5 50,0

denntaTaHuH 3,88 3,94 8 95,0

Tuposzun 1,56 1,83 7 92,8

Cepun 4,18 4,90 3 86,6

Tpeonun 4,81 5,51 - -

MeTnoHuH 4,94 2,25 - -

Acmaparua 7,88 9,59 2 66,6

I'nyramuHoOBast 11,68 10,38 4 70,0

KHCJIOTA

JInsuH 4,34 3,98 5 58,9

Aprunun 4,63 5,28 - -

TI'uctugun 3,43 3,73 - -

* JlanHble m1oTydeHbl Ha M9 cpezie ¢ 98,0 % 2H.O u 2 % [2H]meTanosiom.

** IIpu nmo/icuéTe ypOBHs JleUTepupoBaHHOCTU IIPOTOHBI (Aetiteponsl) npu COOH- u NH. rpynmnax
MOJIEKYJI aMUHOKHUCJIOT HE YIUTHIBAJIUCH U3-32 JIETKOCTHU UX JINCCONMAIIIY U U30TOITHOTO OOMEeHa B
H.0/2H.0

*** IIpouepk 0O3HAUaET OTCYTCTBUE TAHHBIX.

ITonyueHHblEe JJaHHBIE CBHUETEJBCTBYIOT O BO3MOXKHOCTH IOCTHIKEHHMS MAaKCHMAaJIbHBIX
YPOBHEH BKJIIOUEHUS CTAOMIBHBIX H30TOIMOB 2H ¥ 3C B aMHHOKHC/JIOTHBIE OCTATKH CYMMAapHBIX
OenkoB OWoMacchl (3a HCKJIIOUEHHEM ajlaHWHa, BaJIMHA W JIEHIIMHA/HU30JIEHIINHA, CHHKEHHbIE
YPOBHH BKJIIOUEHUS [IJISI KOTOPBIX 00BACHAIOTCS 3P PeKToM ayKcOTpODHOCTH M0 L-JIeHIUHY U 10
L-nzoneiinuay). Hampumep, B ciayyae ¢ JIeUTepUPOBAaHHBIMU aMUHOKUCJIOTAMH IIOJIHOTO
3aMeIleHus] Ha CTaOWIbHbIE H30TOIBI YJAaJIOCh JOCTUYb 3a CUeT HCIOJIb30BaHUS B KadecTBe
ucrouHuka aenrepus 98,0 % 2H.O (tabn. 3). Kak BumHO m3 Tabs. 3, MpU BbIpAlIUBaHUU B.
methylicum na cpene ¢ 98,0 % 2H.O, ypoBHH BkIOueHHs1 2H B OCTaTKu IVIMIMHA, JIAHUHA,
(permasiaHHa M TUPO3UHA COCTABJIAIOT 90,0; 97,5; 95,0 U 92,8 %. B skcnepuMeHTax IO
BKJIIOUEHHIO n3oToma 3C B cyMMapHble OeJIku Ouomacchl 3a cuér accumuwrsanuu [3C]meraHosa
MeTHJIOTpoDHBIMU Oaktepusmu M. flagellatum Takke HaOJIIOIAINCh BBICOKHE YPOBHU
HU30TOITHOTO BKJIoueHusA B [BC]rmurunae (90,0 %), [3Clananune (95,0 %) u [3C]deHnnantanune
(80,5 %) (Tabm. 2). Kak u B ciiyyae ¢ CEKpeTHPYEMBbIMH aMUHOKHCJIOTAMH, CHHKEHHbIE YPOBHH
BKJIIOUEHHSA CTAaOWIBHBIX H30TOIOB B [BClieinune/usoneiinuue (49,0 %), a Takke B
MeTab0JTMYeCKH CBSA3aHHBIX ¢ HUM ['3C]aMHHOKHCIIOTaX B 3THX YCJIOBUSIX MOTYT OBITh OOBSCHEHBI
addexToM aykcoTpoPHOCTH mTaMMAa 10 L-U30JIEUITUHY, KOTOPBIX J00aBJ/ISLJIH B POCTOBYIO CPEJTy B
IIPOTOHUPOBAHHOM BH/IE.
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Bo Bcex skcrnepuMeHTax 10 BKJIIOUEHHUIO CTAOMJIBHBIX U30TOIOB B MOJIEKY/IBI aMUHOKUCIIOT
ypoBHU BKiIoueHHsa 2H u 3C B MeTaboUUeCcKU CBs3aHHbIE AMUHOKHCIIOTHI OOHAPYKHUJIH
OTIPENIEJIEHHYI0 KOppesuianuioo. Tak, YpOBHH HU30TOIHOTO BKJIIOUEHHWS JUUIs aJlaHWHA, BAJIMHA U
JledinuHa (ceMeWCcTBO mHpyBaTa), (PeHWIaTaHWHA KW THUPO3WHA (CEeMEeHCTBO apOMAaTHYECKHX
aMHHOKHUCJIOT, CHHTE3UPYEMBIX U3 IMUKHUMOBON KHCJIOTBHI) KOppeaupyoT (cMm. Tabs. 2). B To ke
BpeMs YPOBHH W30TOITHOTO BKJIIOUEHHUs [JIs aJlaHWHA, BaJMHA U JIEHIIMHA/U30JIeHITnHA
COXPaHAIT CTAa0MJIBHOCTh B TMpefesiaX IIUPOKOTo paszbpoca koHreHTparuii 2H.O BciencTBue
adderTa ayKcOTpOMHOCTH 10 JIEHIINHY. YPOBHU U30TOITHOTO BKJIIOUEHUS /IS TJIMIMHA U CEPUHA
(cemeiicTBO cepuHa), acClapariHOBOM KHUCJIOTHI U B JIU3WHA (CeMeNCTBO aclaparuHa) Takyke HMeIOT
OsTM3KHWe BEJIUYUHBI M HAXOAATCA B Koppensuuu. V3 aHHBIX TabJ. 2 BHAHO, YTO YPOBHH
U30TOITHOTO BKJIIOUEHHS CEKPETUPYEMBIX aMUHOKHCJIOT U COOTBETCTBYIOIIMX AaMHHOKHUCIOTHBIX
OCTaTKOB CyMMapHOTO OeJIKa IMPH BhIpall[UBaHUU OAKTEpHI HA CPeZlaXx ¢ OIMTHAKOBBIM H30TOITHBIM
HACBHIIIIEHUEM, B I€JIOM, TaK:Ke KOppeaupyoT. [I[ppurHa HEKOTOPBIX HAOJII0/JaeMbIX PACXOKIEHUH
B YPOBHSX BKJIIOUEHUsI U30TOIOB B MOJIEKYJIbBI aMHUHOKHUCJIOT MOKET ObITh CBsA3aHA ¢ 3 ¢eKTOM
ayKCOTPO(MHOCTHU IIITAMMOB I10 OIIP€e/IeJIEHHBIM aMHUHOKHCJIOTAM.

JlaHHBI OWOCHHTETHYECKUH TIOJIXO07] TIOKa3aJl XOPOIHWe pe3yJbTaThl 110 BBEJEHHIO
JIeUTepreBON METKH B MOJIEKYJTy TPaHCMeMOpPaHHOTO Oesika 6aKTEPUOPOOIICHHA, BHIPAIIEHHOTO
Ha cpene, coxaepxkamen L-[2,3,4,5,6-2H]bennnanannn, L-[3,5-2H]tuposun u L-[2,4,5,6,7-
2H]tpunrodan. I[TosHBIN Macc-CIEKTP 3JIEKTPOHHOTO yAapa Y cMecu MeTHIOBBIX 3¢upoB N-Dns-
MIPOU3BOAHBIX AMHUHOKHUCJIOT, TIOKA3aHHBINA HA puc. 8 (CKaHUpOBaHUE IIpU M/z 50—640, 6a30BBIHI
UK M/7 527, 100 %), XapaKTepHU3yeTcs HEIIPEPHIBHOCTHIO: ITUKU B UHTEPBAJIE 111/Z OT 50 710 400 Ha
IIIKaJle ~ MAacCOBBIX  UHCEJI  MpeACTaBJeHbl  (parMeHTaMH  MeTacTaOWIbHBIX  HOHOB,
HU3KOMOJIEKYJIIDHBIX ~NPUMeECEeH, a TakKe MPOAYKTaMH XHUMHYECKOH MOAUPUKAINU
aMHHOKHUCJIOT. AHanmuaupyemble [2H]apomarthueckue aMHUHOKHCIOTHI, 3aHUMAIOIIHE IIKATy
MAaCCOBBIX YUCEJI M/Z OT 415 10 456, PeJICTaBJIEHbI CMECSIMHU MOJIEKYJI C PA3JTUYHBIM KOJIMYECTBOM
BKJIIOUEHHBIX AaTOMOB JIEUTEpHUs, IIO3TOMY MOJIEKyJIsspHble HOoHBI (M*) moauMopdHO
pacIIeIlUIsUTICh Ha OT/eJIbHbIE KJIACTePhl CO CTAaTUCTHYECKHMM HaOOpOM 3HaYeHuH m/z
3aBUCUMOCTH OT KOJIMYECTBA BOJOPOJHBIX aTOMOB B MOJIEKYyJie. YUHUThIBasi 3G @PeKT U30TOITHOTO
rosuMop¢u3sMa, oJICYET YPOBHSA JeHTEPUPOBAHHOCTH MOJIEKYJ [2H]aMHUHOKHUCIOT TPOBOIIIH 110
HaubOoJiee pPaCIpPOCTPAaHEHHOMY IIMKYy MoJeKyJasapHoro uoHa (M*) B KaKJIOM KJjacTepe C
MaTeMaTUYEeCKU ycpeAHeHHOW BeauuwHou (M+*) (tabsuma 3) — i (deHWwIaJaHWHA ITHUK
MOJIEKYJIAPHOTO MoHA omnpesessicsa (M*) mpu m/z = 417, 14 % (Bmecro (M+) ipu m/z = 412, 20 %
JUIsT HEMEUEHOTO IPOU3BOHOTO (IIMKM HEMEUYEHBbIX aMUHOKHUCJIOT He IOKa3aHbl)), THPO3WHA —
(M+) ipu m/z = 429, 15 % (Bmecto (M+) npu m/z = 428, 13 %), Tpunrodana — (M+) pu m/z =
456, 11 % (Bmecto (M*) npu m/z 451, 17 %). YpOBeHb JeHTEPUPOBAHHOCTH, COOTBETCTBYIOIUH
YBEJIMUEHUIO MOJIEKYJSIDHOM Macchl coctaBwin Juia  [2H]tuposuna pgBa (96 at.% 2H),
[2H]dbenunananuna — uAth (90 ar.% 2H) u [2H]tpuntodana — nare (98 ar.% 2H) aromos
JIeUTEPHsI, YTO COBIAJIAeT C JAHHBIMU 110 YPOBHIO JIEUTEPUPOBAHOCTH MUCXOAHBIX apOMATHYECKUX
aMuHOKHUCIOT — [3,5-2H.]Tyr, [2,3,4,5,6-2H5]Phe u [2,4,5,6,7-2H;]Trp, 106aB/isieMbIX B POCTOBYIO
cpeay INTaMMa IpoayleHTa. IlosydeHHble JaHHBIE II0 YPOBHIO JIEHTEPHUPOBAHHOCTH
[2H]denmnananuna, [2H]tuposuna u [2H]rpunrodaHa mo3BOJISIOT ciesiaTh BBIBOJI O BBICOKOM
CEJIEKTUBHOCTHU BKJIIOUeHUs [2H]apomaTnyeckux aMHUHOKHC/IOT B MOJIEKYJTy OaKTEPHOPOAOIICHHA:
JICUTEPUH JIETEKTUPOBAJICA BO Bcex ocrarkax [2H]apomartmyeckux aMUHOKHCIOT (Tabis. 4).
IIpucyrcTtBue B Macc-ciiekTpe JY THKOB MosieKysspHbIX HOHOB (M*) IpPOTOHUPOBAHHBIX U
MOJTyZleiTepUPOBAHHBIX aHaI0roB deHmIanannHa ¢ (M*) npu m/z = 413—-418, Tupo3una c (M*)
npu m/z = 428-430 u tpunrodana ¢ (M*) npu m/z = 453—457 C pa3IUYHBIMH BKJIQZIAMH B
YPOBHH JIEUTEPUPOBAHHOCTH MOJIEKYJI, CBUJETEJIBCTCTBYET O COXPAaHEHUU HEDOOJIBIIION 107U
MHUHOPHBIX IyTei OGuocuHTe3a de Novo, MPUBOAAIIMM K Pa3baBJIEHUIO JAEHTEpHEBON METKH U
ompezessieTcs yeaoBusiMu ouocunrte3a 2H-meuennoro BP (tabi. 4). Kpome BhIie0003HaUEHHBIX
aMUHOKHCJIOT B Macc-cieKTpe GUKCUPYIOTCS MUK MOJIEKYJIIPHBIX HOHOB METHUJIOBBIX 3¢GHUpPOB N-
Dns-rymnnuaa ((M*), m/z = 322), N-Dns-ananuna (M+), m/z = 336), N-Dns-Basuna (M+), m/z =
364) u N-Dns-neinuna/uzonerinuna (M+), m/z = 378). Kak u ciegoBajio OXKHAATh, 3TU
aMHHOKHUCJIOTHBIE OCTaTKU B ODAKTEPUOPOJIONICUHE HE COEPIKAT JIEUTEPH.
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Puc. 8. Tlonnbiil Macc-criekTp JY MeTu0BbIX 3pupoB N-Dns-[2H Jnpou3BoiHBIX apOMaTHYECKUX
aMHUHOKUCJIOT, BBIZIEJIEHHBIX U3 TH/IPOJIN3aTa 0aKTePHOPOAOIICHHA HA CHHTETUUECKOU Cpefie ¢
[2,3,4,5,6-2H;]Phe (0,26 r/x), [3,5-2H.]Tyr (0,2 r/n) u [2,4,5,6,7-2H;]Trp (0,5 /1) (yemosus
ruaposnza: 2 M Ba(OH). (B 2H.0), 110 °C, 24 u)

Tabauua 4
BesimunHBI MUKOB MOJIEKYJISIPHBIX HOHOB [M]+ B Mmacc-ciekrpe JY ygapa METHIOBBIX
3(1)I/Ip0B N-Dns-[2,3,4,5,6-2H5]Phe, N-Dns-[3,5-2H2]Ty1' u N-Dns-[2,4,5,6,7-2H5]Trp n
YPOBHH €U TEPUPOBAHHOCTH

CoeaunHeHue BesmmunHa HNuarencus | Koauuectn | YpoBeHBb
nuka (M+) HOCTb, % |0 aTOMOB |J€eUTEePUPOBAHHOCT
aevrepusa* (u, % OT O0OIIEro
KoJHU4YecTBa aTOMOB
BOgopoaa**
N-Dns-[2,3,4,5,6-2H;]Phe- | 413 7 1 13
OMe 414 18 2 25
415 15 3 38
416 11 4 50
417 14 5 63
418 6 6 75
N-Dns-[3,5-2H.]Tyr-OMe (428 12 - -
429 15 1 14
430 5 2 29
N-Dns-[2,4,5,6,7-2H;5]Trp- | 453 5 2 26
OMe 454 6 3 38
455 9 4 50
456 11 5 64
457 5 6 77

* IIpouepk O3HaUaeT OTCYTCTBUE BKIIIOUEHUSA JedTepust

** IIpu mojicueTe ypoBHA JeHTepUPOBAHHOCTH POTOHEI (ZeriTeporbl) mpu COOH- u NH,-rpynmax

AMUHOKHCJIOT HE YYUTHIBAJINCHh M3-3a JIETKOCTU HUX Aucconuanuu M usoTomHoro obmeHa B
0O/2H.0

H2 / oU.
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AHHOTamuA. MeTo0M MUKPOOHOJIOTHYECKOTO CUHTE3a MOJIyYeHbl U HCCAEA0BAHBI Macc-
CIIEKTPOMETPHEN 3JIEKTPOHHOTO yZlapa YPOBHU BKJIIOUEHUS CTAOMILHBIX U30TOIOB Jieiitepus (2H)
u ymiepoza-13  (BC) B MOJIEKYJIBI CEKPETHPYEMBbIX aMHHOKHUCIOT L-peHuIalaHuH-
MpOAYIUpYOIIero mramma Brevibacterium methylicum u L-nednUH-IIPOAYITUPYIONIETO IIITaMMa
Methylobacillus flagellatum v aMHUHOKUCJIOTHBIE OCTaTKH CyMMapHBIX 0O€JIKOB OHOMAacCChl IPHU
BBIpAIIUBAaHUU OAKTEPUU Ha Cpelax, COAEPIKalUX B KAUECTBE UCTOUHUKOB CTaOUIbHBIX U30TOTIOB
[2H]meranon, [BC]meranonmn wu 2H.O. Tawke ocymiecTBieHO BIoueHue L-[2,3,4,5,6-
°H]benwnananuna, L-[3,5-H]tuposuna u L-[2,4,5,6,7-2H]tpuntodana B TpaHcMeMOpaHHBIN
0esIoK OaKTepUOPOJIOIICHH, CHHTE3UPYeMbIH (hoToOpraHoTpodHO# ramobakrepueti Halobacterium
halobium ET 1001. JI5is1 Macc-CIEKTPOMETPUUECKOTO aHAIM3a MYJIbTUKOMIIOHEHTHBIE cMecH 2H- u
13C-MeYeHHbIX aMUHOKHUCJIOT B COCTaBe KYJIbTYPAIbHBIX JKUJIKOCTEN U OEJTKOBBIX THJIPOJIN3ATOB
(rumpouz B 6 M 2HClI (3% denon) u 2 M Ba(OH).), moaudwuiupoBaiu B N-
OEeH3UI0KCUKapOOHUIT-IIPOU3BOHbIE aMUHOKHCJIOT u METHJIOBBIE aGUPHI N-5-
JIMMeTHIaMUHOHA(G TATHH-1-Cy/Ib(DOHUI-IIPOU3BOAHBIX aMHHOKHUCJIOT, KOTOpbIE€ IperapaTHBHO
pasaenensin Merogom O® BIXKX. ITonmyuenuble [2H]- u [3C]laMUHOKHCIOTHI IPEICTABIISLIN
coboli cMmecH, pas3UYaIoNNecs KOJHUYEeCTBOM BKJIIOUEHHBIX B MOJIEKYJY H30TOIIOB. YPOBHH
BrIroUeHHusA 2H u 3C B MOJIEKYJIBI CEKPETHPYEMBIX aMHHOKHCIOT U aMUHOKHCJIOTHBIE OCTaTKH
CYMMAapHBIX 0€JIKOB OMOMAacChl BapbUPYIOT B 3aBUCHUMOCTU OT cojiep:kaHusa 2H- u 3C-MeueHBIX
CcyOCTpaTOB B POCTOBBIX CpeAaxX W Pa3yIMJaloTCs JUIsI Pa3HBIX aMHHOKHUCIIOT (710 20 ar.% st L-
JielnHa/M30JeUIHA U 10 97,5 aT.% i L-ajaHuHa).

KiroueBble cjioBa: cTa0MIbHBIE M30TONIBI; METHJIOTPOGHBIE OaKTepuu; rajo0aKTepuu;
HU30TOITHO-MeUeHble aMHHOKHUCJIOTHI; 0aKTEPUOPOIOTICHH.
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Abstract

The semi-preparative  biosynthesis of photochrome trans-membrane protein
bacteriorhodopsin (output 8—10 mg), labeled with deuterium on functionally important amino acid
residues — [2,3,4,5,6-2H;|phenylalanine, [3,5-2H.]tyrosine, and [2,4,5,6,7-2H;]tryptophan was
carried out with using a photo-organotrophic halobacterium Halobacterium halobium. The protein
was isolated from purple membranes by cellular autolysis by distilled water, processing of bacterial
biomass by ultrasound at 22 KHz, alcohol extraction of low and high-weight molecular impurities,
cellular RNA, carotenoids and lipids, with the subsequent solubilization of final product with 0,5 %
(w/v) SDS-Na and fractionation by methanol. The homogenity of the synthesized
bacteriorhodopsin and the selectivity of deuterium incorporation into the molecule was proved by
combination of preparative and analytical protein methods including elecrtophoresis in 12,5 %
(w/v) PAAG with 0,1 % (w/v) SDS-Na, gel filtration chromatography on Sephadex G-200, reverse-
phase HPLC and electron impact mass-spectrometry of methyl esters of N-Dns-[2H]derivatives of
amino acids.

Keywords: Halobacterium halobium; bacteriorhodopsin; [2,3,4,5,6-2H;]Phe; [3,5-2H.]Tyr;
[2,4,5,6,7-2H;]Trp; biosynthesis; electron impact mass-spectrometry6 RP HPLC.

Introduction

Bacteriorhodopsin (BR), named by analogy to the visual apparatus of mammalian protein
rhodopsin, was isolated from the cell membrane of extreme photo-organotrophic halobacteria
Halobacterium halobium in 1971 by W. Stohenius and D. Osterhelt [1]. This photo-transforming
trans-membrane protein with the molecular weight ~26,5 kDa represents chromoprotein
determining the purple-red culour of halophilic bacteria, which contains as chromophore group an
equimolar mixture of 13-cis-and 13-trans-retinol C20 carotenoid, bound by Schiff base (as in the
visual animal pigments) with Lys-216 residue of the protein [2]. Along with the BR the cell
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membrane of halobacteria contains a small amount of other related carotenoid pigments, the
primary of which bakterioruberin determining the stability of halobacteria to solar radiation.

In its structure and location in the cell membrane BR refers to integral transmembrane
proteins, penetrating the cell membrane, which is divided into three fractions: yellow, red and
purple. Purple membrane (PM) fraction comprising on 75 % (w/w) of cell membrane consists from
carotenoids, phospholipids (mostly phosphoglycerol diesters with a small amount of nonpolar
lipids and isoprenoids) forms a natural two-dimensional crystals which can be investigated using
X-ray scattering. BR molecule has seven a-helical protein segments with with symmetrically
located retinal residue in the middle. These a-helical segments, arranged in PM in an orderly
manner forming trimers with an average diameter ~0,5 um and a thickness 5-6 nm; each trimmer
is surrounded by six others so that to form a regular hexagonal lattice. The BR molecule is arranged
in a direction perpendicular to the plane of the membrane, hydrophobic domains represent
transmembrane segments and hydrophilic domains protruding from the membrane, connect the
individual a-helical intramembranous segments of the BR molecules.

Owing to its structure, BR acts as a light-dependent proton pump, pumping protons across the
cell membrane and generates an electrochemical gradient of H* on the surface of the cell
membrane, which energy is used by the cell for the synthesis of ATP in the anaerobic
photosynthetic phosphorylation. This mechanism is called “non-chlorophyll photosynthesis”, in
contrast to the plant photosynthesis implemented with the participation of chlorophyll. In this
mechanism, at absorbtion of a light photon BR molecule became decolorized by entering into the
cycle of photochemical reactions, resulting in the release of a proton to the outside of the
membrane, and the absorption of proton from intracellular space [3]. By the absorption of a light
photon is occured reversible isomerization of 13-tras-BR (Amax = 548 nm) (the quantum yield 0,03
at t = 22 °C) into the 13-cis-BR ((Amax = 568 nm)), initiating a cascade of photochemical reactions
lasting from 3 ms to 1 ps with the formation of transitional intermediates J, K, L, M, N, and O,
followed by separation of H* from the retinal residue of BR and its connection from the side of
cytoplasm (Fig. 1). As a result, between the internal and external surface of the membrane forms a
concentration gradient of H*, which leads that illuminated halobacteria cells begin to synthesize
ATP, i.e. convert light energy into energy of chemical bonds. This process is reversible and in the
dark flows in the opposite direction, allowing halobacteria develop in the dark by means of
switching the heterotrophic photosynthetic metabolism. Thus, the BR molecule behaves as a
photochromic carrier with a short relaxation time — the transition from the excited state to the
ground state. Optical characteristics for BR are dynamic and vary depending on the method for
preparation of purple membranes (PM), the polymer matrix and its composition.
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Figure 1. Photocycle scheme of BR (aqueous solution, pH = 7,2, t = 22 °C). Latin numbers J, K, L,
M, N, O denote the spectral intermediants of BR. M, and M, represent spectral intermediants of
meta- bacteriorhodopsin with the protonated and deprotonated aldimine bond. The superscripts

correspond to the position of the absorption maximum intermediatorov photocycle (nm).

BR is the focus of bio-and nanotechnology mainly because of its high sensitivity and
resolution, and is used in molecular bioelectronics as natural photochromic material for light-
controlled electrical regulated computer modules and optical systems [4—6]. Additionally, BR is
very attractive as a model for studies of functional activity and structural properties of photo-
transforming membrane proteins in the native and photo-converting membranes. For these
studies it is useful to enter into the protein molecule a deuterium label (2H), which allows to apply
for evaluating of the structure by NMR-method [7]. In this aspect great scientific and practical
interst has BR labeled with deuterium on the residues of functionally important aromatic amino
acids — phenylalanine, tyrosine and tryptophan involved in the hydrophobic interaction of the
polypeptide chain of the protein with the lipid bilayer of the cell membrane. 2H-labeled aromatic
amino acids can be synthesized in gram scale quntities by isotopic exchange (H-2H) in molecules of
the protonated amino acids; for analyzing deuterium enrichment levels the EI mass-spectromerty
of N-5-(dimethylamino)naphthalene-1-sulfonyl chloride (dansyl) amino acid derivatives may be
used [8-10].

The purpose of this research was to study the micro preparative biosynthesis of BR labeled
with deuterium on the residues of functionally important aromatic amino acids — [2,3,4,5,6-
2H;]phenylalanine, [3,5-2H.]Jtyrosine and [2,4,5,6,7-2H;s]Jtryptophan, for the reconstruction of
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artificial membranes, as well as to study of the levels of deuterium enrichment of the BR molecule
by EI mass spectrometry in combination with RP HPLC.

Material and methods

As a BR producer was used a carotenoid strain of extreme photo-organotrophic
halobacterium Halobacterium halobium ET 1001, obtained from Moscow State University
(Russia). The strain was modified by selection of individual colonies on solid agarose media with
2 % (w/v) peptone and 4,3 M NaCl.

For the synthesis of aromatic [2H]amino acids were used the protonated D,L-amino acids
(“Reanal”, Hungary), 2H.O (99,9 atom.% 2H), 2HCI (95,5 atom.% 2H), and 2H.SO, (97,5 atom.%
2H), purchased from the Russian Research Center "Isotope" (St. Petersburg, Russia). For the
synthesis of methyl esters of DNS-amino acids used 5-(dimethylamino) naphthalene-1-sulfonyl
chloride (Dns-chloride) (“Sigma”, USA) and diazomethane, prepared from N-nitrosourea (“Merck”,
Germany). The inorganic salts were crystallized in 99,9 atom.% 2H.O, 2H.O was distilled over
KMnO, with subsequent control of the isotope purity by *H-NMR spectroscopy on a Brucker WM-
250 (“Brucker Daltonics” Germany) with a working frequency 70 MHz (internal standard Me,Si).

Chemical synthesis of L-[2,3,4,5,6-2H;]phenylalanine (95 atom.% 2H), L-[3,5-2H.]tyrosine
(96 atom.% 2H) and L-[2,4,5,6,7-2H;]tryptophan (98 atom.% 2H) was performed according to the
method of isotopic exchange (*H-2H) in molecules of protonated aromatic amino acids, reported
yealier [11].

Synthesis of methyl esters of N-Dns-[2H]amino acids was performed as discribed in the
article [12].

Biosynthetic BR (yield 8-10 mg from 1 g biomass) was obtained in synthetic (SM) medium in
which the protonated phenylalanine, tyrosine and tryptophan were replaced by their deuterated
analogs - [2,3,4,5,6-2H;s]phenylalanine, [3,5-2H.]tyrosine, and [2,4,5,6,7-2H]tryptophan (g/1): D,L-
alanine — 0,43; L-arginine — 0,4; D,L-aspartic acid — 0,45; L-cysteine — 0,05; L-glutamic acid — 1,3;
L-lycine — 0,06; D,L-histidine — 0,3; D,L-isoleucine — 0,44; L-leucine — 0,8; L-lysine — 0,85; D,L-
methionine — 0,37; D,L-phenylalanine — 0,26; L-proline — 0,05; D,L-serine — 0,61; D,L-threonine —
0,5; L-tyrosine — 0,2; D,L-tryptophan - 0,5; D,L-valine — 1,0; AMP - 0,1; UMP - 0,1; NaCl - 250;
MgS0,7H.0 — 20; KCl - 2; NH,CI - 0,5; KNO; — 0,1; KH.PO, — 0,05; K.HPO, — 0,05; Na+*-citrate —
0,5; MnSO,2H.O - 3104; CaCl..6H.O - 0,065; ZnSO,7H.O — 41075; FeSO,7H.O — 5104
CuS0O,5H.0 — 5105; glycerol — 1,0, biotin — 1-104; folic acid — 1,510, vitamin B,. — 2:105. The
growth medium was autoclaved for 30 min at 0,5 atm, the pH value was adjusted to 6,5-6,7 with
0,5 M KOH. Bacterial growth was performed in 500 ml Erlenmeyer flasks (volume of the reaction
mixture 100 ml) for 4-5 days at 35 °C on a shaker (“Birad Labs”, Hungary) under intense aeration
and monochromatic illumination (3 lamps x 1,5 Ix). All further manipulations with BR isolation
were carried out with the use of a photomask lamp equipped with an orange light filter.

Biomass (1 g) was washed with distilled water and pelleted by centrifugation on T-24
centrifuge (“Carl Zeiss”, Germany) (1500 g, 20 min). The precipitate was suspended in 100 ml of
dist. H,O and kept for 3 h at 4 °C. The reaction mixture was centrifuged (1500 g, 15 min), the pellet
was resuspended in 20 ml dist. H,O and disintegrated by infrasound sonication (22 kHz, 3 times x
5 min) in an ice bath (0 °C). The cell homogenate after washing with dist. H.O was resuspended in
10 ml of buffer containing 125 mM NaCl, 20 mM MgCl,, and 4 mM Tris-HCIl (pH = 8,0), then 5
mg of RNA-ase (2—3 units of activity) was added . The mixture was incubated for 2 h at 37 °C. Then
10 ml of the same buffer was added and kept for 10-12 h at 4 °C. The aqueous fraction was
separated by centrifugation (1500 g, 20 min), the precipitate of cell debris containing purple
membranes (PM) was treated with 50 % (v/v) ethanol (5 times x 7 ml) at 4 °C followed by
separation of the solvent. This procedure was repeated 6 times to give a colorless washings. The
protein content in the samples was determined spectrophotometrically on DU-6
spectrophotometer (“Beckman Coulter”, USA) by the ratio D.so/Dses (€280 = 1,1:105; €568 = 6,3:104 M-
tem™) [13]. PM regeneration is performed as described in [14]. Yield of PM fraction 120 mg
(80-85 %).

For isolation of BR the fraction of PM (in H.O) (1 mg/ml) was dissolved in 1 ml of 0,5 % (w/v)
SDS-Na, and incubated for 5-7 h at 37 °C followed by centrifugation (1200 g, 15 min). The
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precipitate was separated, than methanol was added to the supernatant in divided portions
(3 times x 100 ml) at 0 °C. The reaction mixture was kept for 14-15 h in ice bath at 4 °C and then
centrifuged (1200 g, 15 min). Fractionation procedure was performed three times, reducing the
concentration of 0,5 % SDS-Na to 0,2 and 0,1 % (w/v). Crystal protein (output 8-10 mg) was
washed with cold distilled. 2H.O (2 times x 1 ml) and centrifuged (1200 g, 15 min). Protein sample
(5 mg) was dissolved in 100 ml of buffer solution and placed on a column (150 x 10 mm),
stationary phase — Sephadex G-200 (“Pharmasia”, USA) (specific volume packed beads -
30—40 units per 1 g dry Sephadex) equilibrated with buffer containing 0,1 % (w/v) SDS-Na and
2,5 mM ETDA. Elution proceeded by 0,09 M Tris-borate buffer containing 0,5 M NaCl, pH = 8,35
at a flow rate 10 ml/em2h. Combined protein fraction was subjected to freeze-drying, in sealed glass
ampoules (10 x 50 mm) and stored in frost camera at -10 °C.

Electrophoresis of BR was performed in 12,5 % (w/v) polyacrylamide gel (PAAG) containing
0,1 % (w/v) SDS. The samples were prepared for electrophoresis by standard procedures (LKB
protocol, Sweden). Electrophoretic gel stained with Coomassie blue R-250 was scanned on a CDS-
200 laser densitometer (“Beckman”, USA) for quantitative analysis of the protein level.

For hydrolysis of BR 4 g of dry protein was placed into glass ampoules (10 x 50 mm), and
5ml 4 N Ba(OH). was added. The mixture was kept at 110 °C for 24 h. The reaction mixture was
suspended with 5 ml of hot distilled water and neutralized with 2 N H.SO, to pH = 7,0. The
precipitate of BaSO, was removed by centrifugation at 200 g for 10 min, and the supernatant was
evaporated in a rotor evaporator at 40 °C.

RP-HPLC was carried out on a liquid chromatograph Knauer Smartline (“Knauer”, Germany)
equipped with a pump Gilson (“Gilson Inc.”, USA), UF-2563 detector and integrator CR-3A
(“Shimadzy”, Japan) using a column (250 x 10 mm) with a stationary reverse phase Separon C18
(“Kova”, Slovakia), eluent: (A) — acetonitrile-trifluoroacetic acid 100:0,1-0,5 % (v/v) and (B) —
acetonitrile — 100 % (v/v); elution rate — 1,5 ml/min; gradient: from o0 to 20 % B — 5 min, 20 to 100
% B — 30 min, 100 % B — 5 minutes, 100 % B to 0 — 2 min 0 % B — 10 min.

EI mass spectra of methyl esters of N-Dns-amino acid derivatives were obtained by electron
impact on MB-80A device (“Hitachi”, Japan) at energy of ionizing electrons 70 eV, accelerating
voltage of 8 kV and the cathode temperature 180—200 °C. Scanning was carried out at a resolution
of 7500 relative units using 10 % sharpness.

Results and discussion

The strategy for biosynthesis of 2H-labeled BR using a strain of extreme photo-organotrophic
halobacterium Halobacterium halobium was determined by the study of the principal possibility
for obtaining 2H-labeled photochrome transmembrane proteins in semi-micropreparative
quantities for reconstruction of artificial membranes in 2H,O and BR-containing nanofilms.
[2,3,4,5,6-2H;]phenylalanine, [3,5-2H.]ryrosine, and [2,4,5,6,7-2H5; Jtryptophan play important role in
hydrophobic interacting of BR molecule with the lipid bilayer of the cell membrane. They are
resistant to the isotopic exchange (H-2H) reactions in aqueous solutions under growth conditions
and may be easily detected by IE spectrometry after the derivatization to the methyl esters of N-
Dns-amino acids. 2H-labeled BR obtained by growth of halobacterium H. halobium on synthetic
medium (4,3 M NaCl) with [2,3,4,5,6-2H;]phenylalanine, [3,5-H.]tyrosine and [2,4,5,6,7-
2H;]tryptophan. Under optimal growing conditions (incubation period 4-5 days, temperature 35
°C, illumination with monochromatic light at A = 560 nm) in cells were synthesized the purple
carotenoid pigment, the spectral ratio of protein and chromophore molecule fragments D2go/Ds6s =
1,5 : 1,0 in which was identical to the natural BR. The growth of the halobacterium on a synthetic
medium (Fig. 2, b) was practically as the same as in the control (Fig. 2, a) on the protonated
growth medium, that significantly simplifies the optimization of conditions for the biosynthesis of
2H-labeled BR, which consists in the equivalent replacing of protonated aromatic amino by their
deuterated analogues — [2,3,4,5,6-2H;]phenylalanine (0,26 g/1), [3,5-2H;]tyrosine (0,2 g/1) and
[2>4a5>6a7'2H5]tryptOphan (0’5 g/l)
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Figure 2. Growth dynamics of H. halobium under various experimental conditions:
(a) — protonated synthetic medium; (b) — synthetic medium with [2,3,4,5,6-2H;]Phe (0,26 g/1),
[3,5-2H.]Tyr (0,2 g/1) and [2,4,5,6,7-2H;5]Trp (0,5 g/1). The incubation period: 4—5 days,
temperature: 35 °C, illumination under monochrome light at A = 560 nm.

The main stages of the experiment were: growing of a strain-producer H. halobium on
synthetic medium with [2,3,4,5,6-2H;] phenylalanine (0,26 g/1), [3,5-2H-] tyrosine (0,2 g/1) and
[2,4,5,6,7-2H;] tryptophan (0,5 g/1), the separation of cell content, isolation of purple membrane
fraction (PM), the separation of low-and high-molecular impurities, cellular RNA, pigments
(preferably carotenoids) and lipids, fractionation of solubilized in 0,5 % (w/v) SDS-Na protein by
methanol, purification on Sephadex G-200, electrophoresis 12,5 % (w/v) PAAG with 0,1 % (w/v)
SDS-Na. Because protein is localized in the PM, the release of low molecular weight impurities and
intracellular contents was reached by osmotic shock of cells with distilled water in the cold after
the removal of 4,3 M NaCl and the subsequent destruction of the cell membrane by ultrasound at
22 kHz. For the destruction of cellular RNA the cellular homogenate was treated with Rnase I.
Fraction PM along with the desired protein in a complex with lipids and polysaccharides also
contained impurity of related carotenoids and proteins. Therefore, it was necessary to use special
methods of fractionation of the protein without damaging its native structure and dissociation.
That required applying the special methods of purification of carotenoids and lipids, and the
subsequent gel permeation column chromatography on Sephadex G-200. Removing of
carotenoids, consisting in repeated treatment of PM with 50 % (v/v) EtOH ethanol at 4 °C, was a
routine but necessary step, in spite of the significant loss of chromoprotein. It was used five
treatments by 50 % (v/v) EtOH ethanol to obtain the absorption spectrum of purified from
carotenoids PM suspension (4) and (5) (degree of chromatographic purity of 80-85 %), as shown
in Figure 3 at various processing stages (b) and (c) relative to the native BR (a). Formation of
retinal-protein complex in the BR molecule leads to a bathochromic shift in the absorption
spectrum of PM (Fig. 3, ¢) — the main bandwith (1) with the absorption maximum at A = 568 nm
caused by the light isomerization of the chromophore by the C13=C14 bond is determined by the
presence of 13-trans-retinal residue in BRyes; additional low-intensity bandwith (2) at A = 412 nm
characterizes a minor impurity of a spectral form of meta-bacteriorhodopsin M,;. (formed in the
light) with deprotonated aldimine bond between 13-trans-retinal residue and protein; the total
bandwith (3) with A = 280 nm is determined by the absorption of aromatic amino acids in the
polypeptide chain of the protein (for native BR D.go/Dses = 1,5 : 1,0).

65




European Reviews of Chemical Research, 2014, Vol.(1), N2 1

0,3 4 \

=t
[=))
L .

Absorbance
i
S
1

0,2

3(l)0 400 500 600 700
Wavelength, nm

Figure 3. The absorption spectra of the PM (50 % (v/v) ethanol) at various stages of processing;:
(a) — natural BR; (b) — PM after intermediate treatment; (¢) — PM purified from carotenoids.
(b) The bandwith (1) is the spectral form of BRses, (2) — impurity of spectral form of meta-
bacteriorhodopsin M, (3) — the total absorption bandwith of aromatic amino acids, (4)
and (5) — extraneous carotenoids. As a control used the native BR

The next necessary step of the research was fractionation and chromatographic purification
of the protein. As BR, being a transmembrane protein intricately penetrates bilipid layer in form of
seven o-helices, the use of ammonium sulfate and other conventional agents to salting out did not
give a positive result for isolation of the protein. The resolving was in the translation of the protein
to a soluble form by the colloidal dissolution (solubilization) in an ionic detergent. Using SDS-Na
as the ionic detergent was dictated by the need of solubilization of the protein in a native,
biologically active form in complex with 13-trans-retinal, because BR solubilized in 0,5 % (v/v)
SDS-Na retains a native a-helical configuration [15]. Therefore, there is no need the use organic
solvents as acetone, methanol and chloroform for purification of lipids and protein, and
precipitation and delipidization is combined in a single step, which significantly simplifies the
further fractionation. A significant advantage of this method is that the isolated protein in complex
with lipids and detergent molecules was distributed in the supernatant, and other high molecular
weight impurities — in unreacted precipitate, easily separated by centrifugation. Fractionation of
solubilized in a 0,5 % (w/v) SDS-Na protein and its subsequent isolation in crystalline form was
achieved at 4 °C in three steps precipitating procedure with methanol, reducing the concentration
of detergent from 0,5, 0,25 and 0,1 % (w/v) respectively. The final stage of BR purification involved
the separation of the protein from low-molecular-weight impurities by gel-permeation
chromatography. The fractions containing BR were passed twice through a column with dextran
Sephadex G-200 balanced with 0,09 M Tris-borate buffer (pH = 8,35) containing 0,1 % (w/v) SDS
and 2,5 mM EDTA. The method for protein fractionation made it possible to obtain 8—-10 mg of 2H-
labeled BR from 1 g of bacterial biomass. The homogeneity of BR satisfy the requirements for
reconstruction of native membranes, and was confirmed by electrophoresis in 12,5 % (w/v) PAAG
with 0,1 % (w/v) SDS-Na, regeneration of apomembranes with 13-trans-retinal, and RP-HPLC of
methyl esters of N-DNS-[2H]amino aids. Micropreparative output of BR was no barrier to further
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mass spectrometric analysis. However, it must be emphasized that to ensure high yields of protein it
needs to accumulate more row biomass feedstock.

Conditions of hydrolysis of 2H-labeled protein were determined to prevent the isotopic
(H—2H) exchange of hydrogen by deuterium in the molecules of aromatic amino acids, as well as to
retain tryptophan in the protein hydrolysate. We considered two alternatives variants - acid and
alkaline hydrolysis. Acid hydrolysis of the protein in standard conditions (6 N HCI or 8 N H,SO,,
110 °C, 24 h) is known to induce complete degradation of tryptophan and partial degradation of
serine, threonine, and several other amino acids in the protein [16], which do not play a significant
role for this study. Modification of this method consists in adding to the reaction mixture of
phenol, thioglycolic acid, B-mercaptoethanol, can save up to 80-85 % tryptophan [17]. Using of p-
toluenesulfonic acid with 0,2 % (v/v) 3-(2-aminoethyl) indole or 3 M mercapto sulfoacid is also
effective to maintain a tryptophan (up to 93 %) [18]. However, these methods are possess an
essential disadvantage, because during acid hydrolysis at high speed occurs isotopic (H—2H)
excange of aromatic protons(deuterons) in molecules of tryptophan, tyrosine and histidine as well
as protons at C3 position of aspartic and C4 glutamic acid [19]. Therefore, even carrying out of
hydrolysis in deuterated reagents (6N 2HCI, 4N 2H.,SO, in 2H,O) does not derive the real data about
the inclusion of the deuterium into the protein.

In conditions of alkaline hydrolysis (4N Ba(OH). or 4N NaOH, 110 °C, 24 h) the reactions of
isotopic (H-2H) exchange were almost not occurred (except for a proton (deuteron) at C2 atom of
histidine, and tryptophan not destroyed. These factors determined the choice of this method of
hydrolysis in our research. Simplification of the procedures for the allocation of amino acid
mixture from protein hydrolizate due to the neutralization of H.SO, (in 2H.O) was the reason for
choosing as hydrolysing agent 4N Ba(OH).. Possible D,L-amino acid racemization by alkaline
hydrolysis did not affect the result of the subsequent mass spectrometric study of the level of
deuteration of amino acid molecules.

To study the deuterium labelling of BR molecule EI mass spectrometry was used after
modification of amino acid mixture of the hydrolyzate into methyl esters of N-Dns-[2H]amino acids. To
obtain reproducible results on the deuteration of 2H-labeled protein first recorded a total scan EI mass
spectrum of the mixture of methyl esters of N-Dns-[2H]amino acids derived from the hydrolyzate BR.
The level of deuteration was calculated from the peak of the molecular ion [M]* of amino acid
derivatives relative to the control. Then, the separation of methyl esters of N-Dns-[2H] aromatic amino
acids was performed by by RP HPLC to record EI mass spectra for each individual amino acid derivate.

El mass spectrum of the mixture of methyl esters of N-DN-amino acids as shown in Figure 4
(scanning at m/z 50-640, base peak at m/z 527, 100 %), is characterized by continuity: the peaks in the
range at m/z 50-400 on the scale of the mass numbers are fragments of metastable ions, low molecular
weight impurities, as well as products of chemically modified amino acids. Analyzed [2H]-labeled
aromatic amino acids occupying scale mass numbers at m/z 415-456, are mixtures of molecules
containing various numbers of deuterium atoms. Therefore, the molecular ions [M]+ were
polymorphously split into individual clusters displaying a statistical set of m/z values depending on a
number of hydrogen atoms in the molecule. Taking into account the effect of isotopic polymorphism
the level of deuterium enrichment in [2H]amino acid molecules was determined using the most
commonly encountered peak of the molecular ion [M]* in each cluster with mathematically averaged
value of [M]* (Fig. 4). As is shown in Figure 4 molecular ion peak of phenylalanine was determined by
[M]*at m/z 417, 14 % (instead of the [M]+at m/z 412, 20 % for non-labeled derivative (unlabeled peaks
of amino acid derivatives are not shown)), tyrosine — [M]*at m/z 429, 15 % (instead of [M]*+ at m/z 428,
13 %), tryptophan — [M]* at m/z 456, 11 % (instead of [M]* at m/z 451, 17 %). The level of deuterium
enrichment corresponding to the increase of molecular weight was for [2H]tyrosine 1 (90 atom.% 2H),
[2H]phenylalanine — 5 (95 atom.%, 2H) and [2H]tryptophan — 5 (98 atom.% 2H) deuterium atoms. This
result coincides with the data on the initial level of deuterium enrichment of aromatic amino acids —
[3,5-2H.]Tyr, [2,3,4,5,6-2H5]Phe and [2,4,5,6,7-2H;]Trp, added to the growth medium and indicates a
high selectivity of inclusion of aromatic [2H]amino acids into the BR molecule. Deuterium was detected
in all residues of aromatic amino acids (Table). However, the presence in the EI mass spectrum peaks
[M]* of protonated and semi-deuterated phenylalanine analogues with [M]+at m/z 413—418, tyrosine —
with [M]*+ at m/z 428-430 and tryptophan — with [M]* at m/z 453—457 with different levels of
contributions to the deuterium enrichment of molecules testifies about conservation of the minor
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pathways of biosynthesis of aromatic amino acids de novo, resulting in the dilution of the deuterium
label, that evidently is determined by the conditions of biosynthesis of 2H-labeled BR (Table).
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Figure 4. Full scan EI mass spectrum of methyl ester of N-Dns-[2H]derivatives of aromatic amino
acids isolated from the BR hydrolyzate, obtained on synthetic medium with [2,3,4,5,6-2H;]Phe
(0,26 g/1), [3,5-2H.]Tyr (0,2 g/1) and [2,4,5,6,7-2H;]Trp (0,5 g/1). (energy: 70 €V, accelerating
voltage: 8 kV, temperature: 180—200 °C). Hydrolysis conditions: 4 N Ba(OH). (in 2H.0), 110 °C, 24

h. Molecular ion peaks represented by the symbols of amino acids correspond to their derivatives;
I — relative intensity (%).

Table
The values of the molecular ion peaks [M]+ in the EI mass spectrum of methyl esters
of N-Dns-[2,3,4,5,6-2H;]Phe, N-Dns-[3,5-2H.] Tyr and N-Dns-[2,4,5,6,7-2H;]Trp and
levels of their deuterium enrichment

Compound Value of [M]+ |Intensity, % The total number | Level of deuterium
of hydrogen | enrichment, % of the
atoms* total number of

hydrogen atoms **

N-Dns-[2,3,4,5,6- |413 7 1 13

2H;]Phe-OMe 414 18 2 25

415 15 3 38
416 11 4 50
417 14 5 63
418 6 6 75
N-Dns-[3,5- 428 12 - -
2H,]Tyr-OMe 429 15 1 14
430 5 2 29
N-Dns-[2,4,5,6,7- |453 5 2 26
2H5]Trp-OMe 454 6 3 38
455 9 4 50
456 11 5 64
457 5 6 77
Notes:

* A dash means no incorporation of deuterium.
** In calculating the level of deuterium enrichment protons(deuterons) at carboxyl and NH,-amino
groups of amino acids were not considered due to the easily isotopic (H-2H) exchange.
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According to the mass spectrometric analysis the molecular ion peaks [M]* of methyl esters of
N-Dns-[2H] derivatives of aromatic amino acids have a low intensity in EI mass spectra and were
polymorphously split, so the areas of of the molecular enrichment were strongly broadened.
Moreover, mass spectra of the mixture components are additive, so the mixture can be analyzed
only if the spectra of the various components are recorded in the same conditions. These
calculations provide for the solution of the system of n equations in n unknowns for a mixture of n
components. For components, the concentration of which exceeds 10 mol.%, the accuracy and
reproducibility of the analysis makes up + 0,5 mol.% (at 90% confidence probability). Therefore, to
obtain reproducible results it was necessary to chromatographically isolate individual derivatives
of [2H] amino acids from the protein hydrolyzate. For this aim was used RP-HPLC on on
octadecylsilane silica gel Silasorb C18, the effectiveness of which was confirmed earlier by
separation of a mixture of methyl esters of N-Dns-derivatives [2H]amino acids from other
microbial objects as methylotrophic bacteria and microalgae [20].
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Figure 5. EI mass spectra of methyl N-Dns-[2,3,4,5,6-2H;]Phe under various experimental
conditions: (a) — the unlabeled methyl ester of N-Dns-Phe; (b) — methyl ester of N-Dns-[2, 3,4,5,6-
2H;]Phe, isolated from the BR hydrolyzate by RP HPLC. Separation conditions: 250 x 10 mm
Column C18 (“Kova”, Slovakiya), eluents: (A) — CH;CN—CF;COOH (100: 0,1-0,5 % (v/v)) and (B)
— CH5CN (100 % (v/V)).
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The method was adapted to the conditions of chromatographic separation of a mixture of
methyl esters of N-Dns-[2H]amino derivatives of BR hydrolyzate comprising in optimization of
eluent ratios, the gradient type, and the rate of gradient elution from the column. The best
separation was achieved by gradient elution with a solvent mixture CH;CN-CF;COOH (100:
0,1-0,5 % (v/v)). It was possible to isolate the tryptophan and inseparable pair
phenylalanine/tyrosine. The levels of chromatographic purity of methyl esters of N-Dns-[2,3,4,5,6-
2H;]phenylalanine, N-Dns-[3,5-2H,]tyrosine and N-Dns-[2, 4,5,6,7-2H;]tryptophan isolated from
protein hydrolysate were 89, 91 and 90 %, respectively with the output 97-85 %. The result
confirmed Figure 5, b which shows the EI mass spectrum of methyl N-Dns-[2,3,4,5,6-
2H;]phenylalanine isolated by RP-HPLC (scanning at m/z 70-600, base peak at m/z 170, 100 %)
(EI mass spectrum is shown relative to the unlabeled methyl ester of N-Dns-phenylalanine (Fig.5,
a), scanning at m/z 150-700, base peak at m/z 250, 100 %). Proof for the inclusion of 5 deuterium
atoms into the phenylalanine molecule is the presense of “heavy” molecular ion peak of methyl
ester of N-Dns-[2H]phenylalanine ([M]* at m/z 417, 59 %, instead of [M]*+ at m/z 412, 44 % for non-
labeled derivative of phenylalanine), and the deuterium-enriched additional peaks of benzyl
CsH;CH. fragments of [2H]phenylalanine molecule at m/z 96, 61 % (instead of m/z 91, 55 % in the
control (not shown)) (Fig. 5, b). Peaks of secondary fragments of varying intensity values at m/z
249, 234 and 170 are the secondary decomposition products of the dansyl residue to the 5-
(dimetilamino)naphthalene, low intensity peak [M - COOCH;]* at m/z 358, 7 % (instead at m/z
353, 10 % in the control) is a product of cleavage of a carboxymethyl (COOCH;) group of the
methyl easter of N-Dns-[2H]phenylalanine, and a peak [M + CH;]* at m/z 430, 15 % (instead of
m/z 426, 8 % in the control) — the product of further methylation by a-amino group of the
[2H]phenylalanine (Fig. 5, b). According to the EI mass spectrometry data, the difference between
the molecular weight of the protonated and deuterated species of peaks [M]* of methyl ester of N-
Dns-phenylalanine makes up 5 units that corresponds with the primary data on the deuterium
enrichment level of [2,3,4,5,6-2H;]phenylalanine added to the growth medium. Mass spectrometric
data on deuterium enrichment levels of [3,5-2H,]tyrosine and [2,4,5,6,7-2H;]tryptophan are also in
good correlation and confirmed by *H NMR.

Conclusions

The experimental data indicate the high efficiency of the of incorporation of H-labeled
aromatic amino acids into the BR molecule with output of BR 8-10 mg per 1 g of biomass. The
main advantage of this method is that the isolated BR keeps its native configuration in combination
with 13-trans-retinal, and the ability to photochemical reactions in vitro, as demonstrated by
electrophoresis in 12,5 % (w/v) PAAG with 0,1 % (w/v) SDS-Na. The method is also applicable for
the preparation of other similar to BR transmembrane proteins of halophilic bacteria — sensory
rhodopsin and halorhodopsin. The unique properties of natural bacteriorhodopsins provide a wide
range of bio- and nano-technological applications in which may find their application 2H-labeled
analogues. In the future we plan obtaining fully deuterated analogs of BR for the reconstruction of
functionally active systems of transmembrane proteins in heavy water with purified 2H-labeled
fatty acids and other biologically active compounds. These studies will provide an answer to the
question of how function BR in the native membranes in condition of the complete replacement of
protons by deuterium.
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AHHOTan M. Pazpabotan MUKPOIIpeapaTUBHBII O6mocuHTE3 MIPUPOJHOTO
dotompeobpasyromero 6enka 6akTepuopooncuHa (BhIX0 8—10 MT), MEYEHHOTO JIEUTEPHUEM II0
(GYHKIIMOHAJIPHO BaXHBIM OCTaTKaM aMHUHOKHCIOT — [2,3,4,5,6-2Hj]dbenunananuna, [3,5-
2H,]tupo3una u [2,4,5,6,7-2Hs]Tpuntodana, ¢ momompo GoToopraHoTpoPHOH rasobakTepun
Halobacterium  halobium. bBenok ©O0bUT1 U3 MypHypHBIX MeMOpaH JIM3UCOM  KJIETOK
JUCTHUIMPOBAHHOU BO/IOHM, 00pabOTKON KJIETOUHOM OHOMacchl YJbTpPa3BykoMm Ipu 22 KI'1i,
CIIUPTOBON OKCTPAKIIMEH HHU3KO- K BBICOKOMOJIEKYJIIPDHBIX mpuMecel, kiaetouHod PHK,
KapOTUHOUIOB U JIMITHIOB, C MIOCJIETYIOIIEeH COMI0OMIN3aIiueil KOHEYHOTo MpoayKTa B 0,5 % JIJ1C-
Na u HU3KOTEMIIEpATypPHBIM (PAKIMOHIPOBAHUEM METAHOJIOM. 'OMOTE€HHOCTh CHHTE3UPYEMOTO
OaktepuoposornicuHa Y CeJeKTHBHOCTh BKJIIOUEHUS JEUTEPUS B  MOJIEKYIy JIOKa3aHbI
KOMOWHAIIMEed METO/OB BBIZIeJIeHUs W OEJIKOBOrO aHam3a, BKJIIOYasl sjekTpodopes B 12,5 %
ITAAT c 0,1 % JIJZ1C-Na, resp-ipoHUKaOIEel xpomarorpadueii Ha cedayekce G-200, oOparieHHo-
dazosoit BOYKX u macc-cneKTpoMeTpuei 3JIEKTPOHHOTO yAapa MeTHIOBBIX 3¢upoB N-Dns-[2H]
MIPOU3BOHBIX aMHHO KUJIOT.

Keywords: Halobacterium halobium, O6akrepuopopomncus, [2,3,4,5,6-2Hs;]Phe, [3,5-
°H,]Tyr, [2,4,5,6,7-2H5]Trp, 6u0OCHUHTE3; Macc-CIIEKTPOMETPHS 3JIEKTPOHHOTO yaapa, O® BOXKX.
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