  Zalyubovskа O.I. рrofessor

Tyupka T. I. рrofessor
Zlenko V.V. assistant professor
Kharkiv national medical university
         Залюбовская О.И. профессор
                    Тюпка Т.И. профессор
  Зленко В.В. доцент

                Харьковский национальный медицинский университет
FATTY ACID COMPOSITION AND MICROBIAL COMMUNITY IN URINE AS DETECTED BY GAS CHROMATOGRAPHY – MASS SPECTROMETRY
ЖИРНЫЕ КИСЛОТЫ МИКРОБНОГО СОСТАВА  В МОЧЕ ОБНАРУЖЕНЫ С ПОМОЩЬЮ ГАЗОВОЙ ХРОМАТОГРАФИИ – МАСС-СПЕКТРОМЕТРИИ
The presence of different bacteria, protozoa, and intracellular parasites in urogenital organs complicates the study of disbiosis by traditional methods. Gas chromatography-mass spectrometry was used for identification and quantitative estimation of micro-organisms by the presence of chemical compound or microbial metabolites urine.

This short-term analysis (5 hours) is universal, does not require precultivation and pure cultures isolation using selective media. Test biological specimens not needed. Local database and programme of marker control was developed for GCMS research based on lipid biomarker analysis and balance equation methodology and PC calculation with the Microsoft Excel Tables.
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Наличие различных бактерий, простейших и внутриклеточных паразитов в мочеполовых органов затрудняет изучение дисбиоза традиционными методами. Метод газовой хроматографии-масс-спектрометрии был использован для идентификации и количественной оценки микроорганизмов в присутствии химического соединения или микробного метаболитов с мочой. Этот краткосрочный анализ (5 часов) универсальный, не требует культуры накопления и чистых культур изоляции с использованием селективных сред. Тесты биологических образцов не требуются. Локальная база данных и программа управления маркером была разработана для исследования GCMS на основе липидного анализа биомаркеров и методологии уравнение баланса и расчета ПК с таблицами Microsoft Excel.
Ключевые слова: липидный обмен, состояние антиоксиданта, сыворотка крови, газовая хроматография
INTRODUCTION Unfortunately, currently available methods are not sufficiently rapid and universal for slow growing bacteria, anaerobes, nonfermenters and other extraordinary microbes. Chemical methods currently finding increased use to distinguish micro-organisms in applied research turn to be far more rapid [1,2]. The two most widely used methods are gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS), which are able to provide extensive information on monomer chemical components of microbial cells and metabolites [3]. Such cellular chemical components (or markers) can be detected among other chemical constituents of any biological object, indicating the presence of the corresponding microbial genus or species in the community under study [4-6]. Different applications of chemical marker method were surveyed by Morgan [7]. Chemodifferentiation is, of course, widely used as a method of determining and verifying the taxonomic position of micro-organisms. It is applied for identification of micro-organisms isolated in pure cultures and is based on the use of very large databases containing data on the fatty acids composition of a few thousand strains of bacteria and microscopic fungi. The Microbial Identification System (MIS), marketed by MIDI Inc., Delaware [8], is an example of such systems. Fatty acid features are commonly used now in bacterial taxonomy and clinical bacterial diagnostics [9]. 
Consistent, standardised methods to measure and quantify microbial chemical markers directly in body fluids have not been established. Nevertheless, early, prompt and accurate diagnosis is of importance and prospective for improving strategy of antimicrobial therapy.

MATERIAL AND METHODS RESULTS  Body fluid 5ml urea were subjected to lipid extraction procedure in chloroform-methanol mixture followed by acid methanolysis of dry lipid residue in 0,2ml dried HCl in methanol 2,5N by heating to 80oC for 1hr. Phospholipid fatty acid methyl esters (FAME), lipopolysaccharide (LPS) hydroxy FAME were formed as a result and extracted with hexane. The hexane fraction were dried, and dry residue was sylilated in 20mkl N,O-bis-trimethylsilyl-trifluoroacetamide (BSTFA) by heating at for 15min.  Gas chromatography- mass spectrometry (GC-MS) analysis. 
Measurements were performed on a Hewlett-Packard HP-5973 MSD, or Shimadzu QP-2000 systems with a cross-linked methyl silicone capillary column (Ultra-1). The oven temperature was 2 min at 120oC and then programmed to 320oC at 5 grad/min. 1-2mkl of derivatized sample were injected in gas chromatograph at 280°C. Fatty acids and other lipid components after separation in GC column were ionised by electron impact method and analysed in the selected ion monitoring (SIM) mode using appropriate ions for thirty microbial markers distributed in five separate ion groups throughout analytical range from decanoic acid to heaviest cholesterol metabolites. For instance, ion 87 was used for nonhydroxy and ion 175 for hydroxy FA. Each substance was confirmed by another specific ion, molecular or fragment, which is characteristic in mass spectrum. There was M-15 ion for 3-OH-acids and M-59 ions for 2-OH-acids. Molecular ion and M-32 ion were used for confirmation saturated and monounsaturated fatty acid. Another confirmations of markers were achieved by measuring the specific retention times and ratio of chromatographic peak areas for selected ions of single marker substance. The analysis of lipid moiety by GC-MS-SIM technique provides a convenient way of obtaining quantitative data in spite of surpassing background caused by fluid and epithelial cells components. This is because we did not include in SIM and time programme the strongest ions of bulk liquid. Known quantity of hydroxy fatty acids or known number of cells was examined in separate experiment for calibration. Heptadecanoic acid was used as internal standard (body fluid invariant) for comparative calculations.

DISCUSSION Quantitative determination of the species composition.  Methodology and mathematical treatment for quantitative determination of the species composition of microbial communities from GC-MS data were published earlier [20]. Briefly, the following m linear simultaneous equations in n unknowns can be written for m biomass components and n bacterial genera (species), where i is subscript for the lipid components of the total biomass and j of the micro-organisms.

 A1. q = X1R1,1 + X2R1,2 + X3 R1,3 +.........+ XnR1,n
A2. q = X1R2,1 + X2R2,2 + X3R2,3 +.........+ XnR2,n
A3. q = X1R3,1 + X2R3,2 + X3R3,3 +.........+ XnR3,n (1)

Am. q = X1Rm,1 + X2Rm,2 + X3Rm,3 +.........+ XnRm,n where Ai (i = 1, 2, ..., m) is the peak area of the ith compound in the chromatogram of the total biomass, Xj (j = 1, 2, ..., n) is the number of cells of the jth micro-organism, q is the scale coefficient depending on analysis conditions and instrument sensitivity, and Rij is the content of the ith compound in the fatty acid profile of the jth micro-organism. This equation set has a unique solution provided m = n and equations are independent, that is none of them can be expressed as a linear combination of other equations.

The solution of equation set (1) is given by Xj = Dj/D, (2) where Dj is the determinant of a partial matrix of coefficients for the jth component and D is the determinant of equation set (1). The number of equations in this set can be as large as the number of components of the cellular fatty acid pool determined by GC-MS. There is information on as many as 150 lipid components in our data bank. At the same time, micro-organisms contains only 10 to 20 compounds from this list, meaning that most compounds from this set are not present in any individual micro-organism. This, in turn, means that most of the coefficients Rij are zero and the system is, therefore, degenerate and can be reduced to several subsystems of smaller rank (and fewer unknowns). Given that the number of members of actual microbial communities studied is between 30 and 40 and the number of fatty acid that can be detected in the total biomass of any given community is 70 to 80, we can select 30 to 40 equations such that the rank of the obtained subsystems be minimal. Finally, it should be taken into consideration that, within the community studied, many microbial constituents have the status of biomarkers, i.e., are specific to only one taxon of micro-organisms. Such micro-organisms can be enumerated from the concentration of their marker, Xi = Aiq/Rij. This makes it possible to eliminate the corresponding unknowns and to reduce the rank of the entire equation set. The value of the coefficient q in the latter relationship can be calculated as follows q = (V/(vm sample))(102/(Qm0))/S = 1/(q1q2S). 

In this relationship, q1 = msample v/V accounts for the share of the sample injected into the chromatograph, and q2 = Qm0/102 expresses the mass of fatty acid constituents of single cell of micro-organism. Assuming that 1 g of bacteria contains 5.9*1012 cells and each cell contains, on average, 3% of lipid monomers (fatty acids and aldehydes), q2 = 3/(5.9*1014) = 5.08*10-15 g. S can be found as Astand/mstand, where Astand is the peak area of a standard employed (a compound with a predetermined concentration) and mstand is the amount of the standard used in instrument calibration.
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