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Mukpo6unonoruyeckas skcnpecc-AnarHocTuKa,

BKJIHOYaS onpepeieHne YyBCTBUTE/IbHOCTU 6aKTepui

K QaHTU6MOTUKAM, aKTyasibHa B CBSI3M C POCTOM YMcia

M pacnpoCcTpaHeHHOCTbIO 6aKTepUasIbHbIX UHPEKLUNA.
ABTOMAaTM3NPOBaHHbIe MOPTaTUBHbIE "TabopaTopun Ha
yune", obecneyusatoLlme onepaTMBHbIe BbipallyBaHMe,
aHanus n oLeHKY aHTU6MOTUKOPE3UCTEHTHOCTM KOJTIOHU
naToreHHbIX 6aKTepui, CO34a0T NPeANOCbIIKM K ycneL-
HoM 60pbbe ¢ pacnpocTpaHeHNeM YCTOMYMBbIX LUTAMMOB
Takux 6aKTepuii, onpeaeneHuto Ux Buaa u Bbi6opy apdek-
TMBHOM Tepanuu.

Hanu3 6akTepHaJbHBIX HHQEKLHM, KaK IIpa-
BHJIO, 3aHUMaeT HeCKO/IbKUX CYTOK, UTO He BCerga
pHeM/IeMO U OUKTYeT HeobXoqMMOCTh pas3pa-
6OTKH HOBBIX METOJOB OIIePAaTHBHOM AHUATHOCTHKHU.
[IepCIIeKTHBHOM SBJISIETCS peasn3alus '1abopaTopuit
Ha 4uIle" B COCTaBe IOPTATUBHBIX aHATUTUKOHATHO-
CTHYeCKUX CUCTeM, [03BOJISIOMUX YCKOPUTH aHAIH3
B [IECATKH Pa3, T.e. yMEHBIIUTb ero IPOAOJIKUTETBHOCTD
1o 6-8 4. TaKHe MOPTaTHUBHEIE CHCTEMBI IOKHBI QYHK-
LIMOHUPOBATh KaK B JIABOPATOPHBIX, TaK U B IIOTEBBIX
YCIIOBUSIX M MHTETPUPOBAThCS B PAMKaX COBPeMEHHBIX
HMHPOKOMMYHHKALIMOHHBIX CUCTeM. 'JlabopaTopuu Ha
yuIie" JOJIKHBI JIETKO IIepeHaCTPANBaThCS ISl paboThl
C Pa3NIMYHBIM KIMHHUYECKUM MaTepHasoM, obecrie-
YMBAaTh BO3MOXKHOCTD OLIeHKH OaKTepHaabHOM obce-
MEeHEHHOCTH BHeIIHEHN Cpefbl U OCYIIeCTBISATh IIOUCK
B036ynuTeNel pa3IUUHBIX HHPEKIUI: PeCIIUpaTop-
HBIX, SKeJTyJ0YHO-KHUIIEYHOT0 TPAKTa, YPOreHUTAIbHOTO
TPaKTa, BHYTPUOOTBHUYHBIX H .

B HacTosIelN cTaTbe IpeACTaBIeHBl 6a30BhHe
INPUHIUIE U [PeAIokKeHUs 10 CO3JaHUI0 MUHHA-
TIOPHBIX CUCTeM MHUKPOOHOTOrMUeCKOM KCIIpecc-Iua-
THOCTUKH, KOTOpble 06eCIieurBaIOT BhIpAlHBaHUE,
aHAJIU3 U OLIeHKY AaHTUOHOTUKOPE3UCTEHTHOCTH KOJIO-
HUH IaTOTeHHBIX OaKTepur. PaKTUYECKU HeBH-
30M MOXeT CTaTh IOJOXKeHHe: "OT "yamKu IleTpu

LAB-ON-A-CHIP.
MICROBIOLOGICAL EXPRESS
DIAGNOSTICS OF PATHOGENIC
BACTERIA

T.Zimina, Ph.D., V.Luchinin, D.Sc.* / cmid_leti@mail.ru

Microbiological express diagnostics, including
determination of sensitivity of bacteria to antibiotics,

is very topical because of the growing number and
prevalence of the bacterial infections. Development of
portable“laboratories on chip”, which ensure cultivation,
analysis and estimation of the antibiotic-resistance of
the colonies of pathogenic bacteria with minimal time
costs and high degree of automation create preconditions
for a successful struggle against the spread of the stable
strains of such bacteria, identification of their species and
selection of an effective therapy.

s a rule, analysis of the bacterial infections takes
several days, which is not always acceptable and dic-
ates necessity to develop new methods of the on-line
diagnosis. Very promising is realization of the "laboratories
on chip" incorporated into portable analytical-diagnostic
systems and allowing us to accelerate an analysis in dozens
of times and reduce its duration up to 6-8 hours. Such
portable systems should function both in laboratories and
in the field, and be integrated into modern information-
communication systems. "Laboratories on chip" should be
adjusted easily to the work with various clinical materials,
ensure feasibility of evaluation of the bacterial content
per volume of the environment and search for various
in-fectious agents causing respiratory, gastrointestinal,
urogenital, hospital-acquired and other diseases.

This article presents the basic principles and proposals
concerning the development of microsized systems
of microbiological express diagnostics, which ensure
cultivation, analysis and estimation of antibiotic-
resistance of the colonies of pathogenic bacteria. Actually
its motto can be: "From Petri Cup to nanomatrixes of
porous anode aluminum oxide".

PROBLEMS OF MICROBIOLOGICAL EXPRESS DIAGNOSTICS
Analysis of the microbiological tests includes isolation
of the microbal cells, accumulation of a biomass and
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K HAaHOMATPHUI[AM IMOPHUCTOr0 AHOJHOIO OKCHIA
ATIOMUHUA' .

NPOB/IEMbl MUKPOBMO/IOrMYECKOM
KCNPECC-AUATHOCTUKHU

AHaIM3 MUKPOOHOIOrHYeCKUX IIPob BKIIOYAET K30~
ASLHAI0 MUKPOOHBIX KJIETOK, HaKoIlJleHHe 6Ho-
Macchl ¥ UAeHTUPHUKALIMIO IITAMMOB TaKHX KJIETOK,
onpefeneHHe UX KOJHYECTBA U UyBCTBUTENIBHOCTHU
K aHTUOMOTHKaM. ITO HeO6XOMMMO AJIs JUATHOCTUKHU
MHOEeKIIMOHHBIX 3a00/1eBaHUN M Ha3HAYeHUS aHTHU-
baKkTepuaabHOM Tepanuu. [IpobreMa ocobeHHO aKTy-
ajZbHa B CBSI3U C POCTOM 3ab0/1eBaeMOCTH Hace/leHUs
MHOEeKIIMOHHBIMU OaKTepHalbHBIMHU 3a6071€BaHUSIMU
Y yBeJIM4eHHeM YMC/a YCTOMYHMBBIX MTAMMOB IaTO-
TeHHBIX 6aKTeprH. TpaAUIMOHHOe MUKPOOHOIOrHYe-
CKOe HCC/IefJoBaHHe TPYA0eMKO, JJIUTeIbHO (27 JHek)
Y MO’KeT ITPOBOAUTHCSI TOJIBKO B CIIEI[HATH3HPOBAHHBIX
yUpeKAEeHHUSIX.

PaboTEI 110 CO3AaHHUIO0 SKCITPECCHBIX METOL0B MUKPO-
0MOOrM4YecKoro aHajlu3a BeAyTCs B ILeJI0M pafe
naboparopuil. M3BeCTHBI aBTOMaTH4YeCKHe U II0JIyaB-
TOMaTH4YeCKHe MHCTPYMeHTa/IbHbIe CII0COOBI MUKPO-
OHOIOrMYeCKOro aHaJIM3a, peasiku3yeMble C IIOMOIIIO
CTaLIMOHAPHBIX IIPUOOPOB, OAHAKO OHHU IIPOJOJIKHU-
Te/IbHBL U TPebyIOT IepBUYHOr0 HaKOIIEHUS KJIeTOK.
CpaBHeHHe XapaKTepUCTHUK ITPOMBIIIEHHBIX ITPHOOPOB
Y OITMCAHHBIX B HACTOSIIEH CTaThe YyCTPOUCTB ITPHBEIEHO
B Tabnule.

Haubosnee AauUTeNbHOM CTafiMel KyJIbTypPaJbHOIO
MUKPOOHOIOTMYeCcKOTr0 aHa/lIu3a SB/ISeTCS. BhIpally-
BaHHe MHUKPOOPraHHU3MOB Ha MHUTaTeJbHBIX CpellaxX.
MMeHHO 3TOT 3Tall TpebyeT yCOBepIIeHCTBOBAHUS /IS
MIOBBIIIEHHUS] CKOPOCTH aHalu3a. JIUTeNbHOCTb ero
ompejensieTcsi Heo6X0qMMOCTbIO HAKOIIEHUSI BULHU-
MBIX KOJIOHHH C IBHBIMU XapaKTepHUCTHKaMHU (puc.l).
[Toc/e MepBUYHOIO0 MHKYOHPOBAHUS U HAKOIIEHHUS
MaTepHasl BPyuHYyI0 oTO6HpaeTcs A/as AalbHeHIIUX
WCC/IeIOBAHUH, BK/IIOYAIOMUX UAeHTUPHKAIIUIO, BbIe-
JeHHe U HaKOIJIeHHe YHMCTOM KYyJIbTYPHl IIaTOTeHa,

CONTROL AND MEASUREMENTS

identification the strains of such cells, and determination
of their quantity and sensitivity to antibiotics. This is
necessary for diagnostics of the infectious diseases and
prescription of an antibacterial therapy. The problem is
especially important in connection with the growing
number of the diseases caused by bacteria and an increase
of the number of stable strains of the pathogenic bacteria.
The traditional microbiological examination is labor-
consuming, takes too much time (2-7 days) and can be done
only in special establishments.

The work for development of the express-methods
of a microbiological analysis is going on in a number
of laboratories. Well-known are automatic and semi-
automatic instrumental methods of microbiological
analysis implemented with the help of stationary devices,
however, they are time-consuming and require a primary
accumulation of cells. Comparison of the characteristics
of the industrial devices and descriptions are given in the
Table.

The longest stage of a culture microbiological analysis is
cultivation of microorganisms in nutrient media. Exactly
this stage demands improvement, if we are to increase
the speed of the analysis. Its duration is determined by
the necessity of accumulation of the visible colonies with
obvious characteristics (fig.1). After its primary incubation
and accumulation, the material is selected manually
for the further research work, including identification,
isolation and accumulation of a pure pathogen culture,
and also for testing its sensitivity to antibiotics.

Well-known is a semi-automatic method of a
microbiological analysis (column 2 of the Table), which
envisages inoculation of biological samples in Petri cups
with a nutritious medium, incubation of samples for
accumulation of the colonies of the microbal cells, isolation
of certain colonies and examination of their sensitivity to
antibiotics by the method of Kirby-Bauer.

Many operations are done manually, which reduces
considerably the speed of the process. The applied incubator
is expensive and has big dimensions, therefore the method
is not applicable outside of large laboratories. Besides, the

Candida albicans

Staphilococcus
aureus

14, 800 Ke€TOK, 10 MKM

Candida albicans

Staphilococcus
epidermidis

244 244
1 hour, 800 cells, 10 pm 24 hours 24 hours 1 hour
Puc.1. Knemku u KoAOHUU namozeHos
Fig.1. Cells and colonies of pathogens
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CpasHeHue xapakmepucmuk cucmem MUKpobu0A02U4ecko20 aHanu3sa u pazpabamsiéaemoll "Aabopamopuu Ha 4yune”
Comparison of the characteristics of the systems for microbiological analyses and the developed lab-on-a-chip

XapakTepucTuku npmbopa

Characteristics of the
devices

CocTaB M3MepuUTe/IbHOro
KomMnaekca

Composition of the measuring

complex

Cnoco6 Kup6u-bayspa
Method of Kirby-Bauer

Yawwkm MeTpm c nnTaTeNbHON
cpenon, Habop AMCKOB,
MMMNPErHMpoBaHHbIX
AHTUBMOTUKAMM,
MUKPOBMONOrnyecknn
WMHKY6aTOp C OXN1aXAeHNeM
KB-23 (Binder, lepmaHus),
6100rMYeCKNA MUKPOCKOM
Petri cups with a nutrient
medium, a set of disks
impregnated with antibiotics,
a microbiological incubator
with cooling KB-23 (Binder,
Germany), and a biological
microscope

ABTOMaTU4Yeckui npubop
VITEK 2 compact 60
Automatic device

VITEK 2 compact 60

CynTbIBAOLLMI MPUEOP,
04HOPa30Bble KAPTOYKM

A9 aHanM3a MUKPOBHbIX
KNEeTOK, MepCOHA/IbHbLIN
KOMMbOTEP

Areading device, disposable
cards for the analysis

of the microbal cells, personal
computer

"JlabopaTtopus Ha yune"
Lab-on-a-chip

MopTaTMBHbLIA aBTOMATUYECKMIA
CYNTbLIBAOLLMI NpMBOP

C MOAYNSMN NPOHONOArOTOBKMY,
WMHKYBNPOBaHMS N pocTa
H6aKTepun, naeHTUdmKaLmm,
onpegenexHus
SKM3HEeCNOCOHBHOCTH,
MWUKPOKOMMbIOTEPOM, @ TAKXKe
CMCTeMaMMU HaBUraL My 1 CBS3U
A portable automatic device
with the modules of sample
preparation, incubation

and growth of bacteria,
identification, determination of
viability and also with navigation
and communication systems

Ycnosus akcnayaraunm
Service conditions

CrneunanusnpoBaHHas
nabopatopus

(fOCT P MCO/M3K 17025-2000)
Specialized laboratory

(GOST R ISO/MEK 17025-2000)

CrneunanusnpoBaHHas
nabopatopus

(rOCT P MCO/M3K 17025-2000)
Specialized laboratory

(GOST R ISO/MEK 17025-2000)

ABTOHOMHbIE YC/IOBUS, HE
TpebyeTcs akkpeamTaLms no
FOCT P MCO/M3K 17025-2000
Autonomous conditions,
accreditation in accor-dance with
GOST R ISO/MEK17025-2000 is
not required

HasHa4eHue
Purpose

MccnepoBaHue
YyBCTBUTE/ILHOCTH
MWKPOOPraHW3MoB

K aHTMBMOTMKAM)

Examination of sensitivity

of microorganisms to antibiotics

MaeHTndmkaums baktepunn

1 Apodoken. OnpegenexHve
YyBCTBUTENILHOCTU
MWUKPOOPraHn3MoB
KaHTMBMOTUKaM

Identification of bacteria

and yeast. Determination

of sensitivity of microorganisms
to antibiotics

O6paboTka npob, cozgaHune
YCN0BUN A1 POCTa MUKPOOP-
raHn3MoB, AvdpdepeHumauns

W yYeT X KOIMYeCTBa, onpeae-
JIeHMe YyBCTBUTE/IbHOCTU MU=
KPOOPraHM3MOoB K mpenapaTtam
Processing of samples, creation
of conditions for the growth of
microorganisms, differentiation
and account of their quantity,
determination of sensitivity of
microorganisms to preparations

Crnocob cYnTbLIBaAHUS
MHbopmaLumm

Pacrno3HaBaHve 06pa3os
Mo Tpem 1 6osiee MpusHaKam

no naeHTUpunKaLmmn OrtcyTcTByeT Konopumetpus Recognition of images by three
Method of reading Not available Colorimetry and more signs

information

by identification

CumnTbiBaHME MHDOPMALIMM Py4yHOM cnocob nsmepeHuns MwukpoTypbuanmeTpums,

N0 YYBCTBUTENbHOCTH npocBeTa BOKPYr ANCKOB, MONOXKEHMNE FrPaHNLbI

K aHTUbMOTUKaM MNMMpPEerHMpoBaHHbIX B MMKpOKaHase: Buaeokamepa,
Reading of information AHTUBNOTUKAMM C MOMOLLLIO Typbuanmerpus pacrno3HaHue 06pa3oB

on sensitivity to antibiotics

JIMHENKM

Manual method of measurement
of the gap around the disks,
impregnated by means of a ruler

Turbidimetry

Microturbidimetry, position
of a border in a mi-crochannel:
videocamera, recognition

of images

rabaputbl, MM

Dimensions, mm 433x516x618 590x715x6725 <150x200x200
Bec, kr 44 75 <3
Weight, kg

MoLHOCTb, BT 340 1025 30
Power, W

Konuyectso moaynemn 3 2 1
Number of modules

YpoBeHb aBToMaTu3aumm Hunskum Bblcokum Bblcokum
Level of automation Loy High High
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ABTOMaTU4YecKkui npubop
VITEK 2 compact 60

Automatic device

XapakTepucTukm npuéopa .. o Kup6u-Bayspa

"JlabopaTtopus Ha uune”
Method of Kirby-Bauer

Lab-on-a-chip

Characteristics of the

G VITEK 2 compact 60
MpoV3BOANTENLHOCTD,
06pasLoB/cyTkM 40 60 20

Productivity, samples/day

Bpemsi ogHOro aHanmsa, 4

Operating costs per one
sample, rubles.

Time required for one 48-72 26-34 6-8
analysis, h

NaoeHTndumnKaums He nponssoanTcs JoBunaa JoBunaa
Identification Not available Up to a species Up to a species
Konnyectso

AHTMOMOTMKOB 6 (Hgfiﬁ\é:i”;ggrpﬂ p)m) 20 20
Number of antibiotics P P

JOoCTOBEpHOCTD, %

Reliability. % = £ =
MMBKOCTb MepeHanaaku Aa Het Ja
Flexibility of readjustment Yes No Yes
SKcnyataumoHHble

pacxoabl

Ha npoby, py6. 1000 1000 350

a Take IIOCTAHOBKY TeCTa Ha YYBCTBUTEIBHOCTH
K aHTHUOHOTHKAM.

V3BecTeH I0JyaBTOMAaTHU4YeCKUE MeTOZ MUKPO6HO-
JIOrMYeCKOro aHaIK3a (KoJ0OHKA 2 TabMHIIkL), B KOTOPOM
HCIIOJIB3YeTCsI IT0CeB 6HO0OrHYecKHX 06pasIioB B HaIKU
[TeTpH C MUTATeIBHOM CPefior, MHKybaLus npob aist
HaKOIJIEHHSI KOJIOHUHN MHKPOOHBIX KJIETOK, BhIJeJe-
HHe OT/Ie/IbHBIX KOJIOHUH U HCCIel0OBaHHe UX YYBCTBU-
TEJIBHOCTH K aHTUOHOTHKaM 110 MeTony Kupbu-Baepa.
MHorue onepanuu NpoBOAsATCS BPYUHYIO, UTO CyIIe-
CTBEHHO CHHMKaeT CKOPOCTb IIpoliecca. IIpuMeHsieMbli
HMHKYbaTOp MMeeT BBICOKYIO CTOMMOCTb U borbIne raba-
PUTBHI, II03TOMY MeTO IPUHIIUIIUAIBHO He ITOAXOLUT
nJist paboThl BHe KPYIIHBIX JIabopaTopuii. Kpome Toro,
IDAHHBIN MeTofl paKTHUUeCKH HEeIIPUTOeH /I aBTOMa-
TH3aLIUU U TpebyeT 3HAUMTeTbHOTO KOJIMYeCTBA PacXof-
HBIX MaTepHaJIoB.

Muxkpobuonoruueckuil ananusarop VITEK 2 Com-
pact 60 ¢panIy3ckor ¢pupmel bioMérieux (komoHKa 3
TaOIHILIBI) IPOBOAUT AaBTOMATHUUECKYI0 HIeHTUPHUKA-
LIMIO [IaTOTeHHBIX MUKPOOHBIX KJIETOK U OIIpefiesieHHe
HX 4yBCTBUTEBHOCTH K aHTUOMOTHUKAM Ha OTAE/NIbHBIX
MHKPOOHOIOTMUeCKHX KaPTOYKAX AJIS KasKJOT0 THIIA
aHanmu30B. [l1s1 paboTel TpebyeTcs IpesBapHUTeTbHOE
HaKOIUIEHHe U BbIJle/IeHHe IITaMMa [1aTOreHHOM bak-
TepuH. BpeMst aHaIM3a COCTaBIsET, 110 JAHHBIM IIPO-
M3BOAUTeNIS 060PYyIOBAHUS, IO OMHUX CYTOK, a C y4eTOM
IIpeiBapHTe/IbHOI0 HAKOIJIeHU S IaTOTeHHBIX MUKPO6-
HBIX KJIeTOK 3aHHMaeT [Boe u bonee CyTOK. TOT CTa-
I[MOHAPHBI U I0OPOrOCTOSIIIUE ITPU60p IIpeiHa3HAYeH
B IIEPBYIO OYepeb AJISI KPYIIHBIX [IeHTPaJTH30BAHHBIX

given method is actually unsuitable for automation and
demands a considerable amount of active storage.

VITEK 2 Compact 60 microbiological analyzer from
French company bioMérieux (column 3 of the Table)
identifies the pathogenic microbal cells automatically
and determines their sensitivity to antibiotics on separate
microbiological cards for each type of analyses. For its
operation a preliminary accumulation and isolation of the
strain of the pathogenic bacteria are required. According to
the manufacturer of the equipment, the period of analysis
is about one day, and with account of the preliminary
accumulation of the pathogenic microbal cells it takes
two and more days. This stationary and expensive device
is in-tended, first of all, for big centralized microbiological
laboratories. In this device the preliminary accumu-lation
and sorting of the cells with isolation of the pathogenic or
diagnostically significant strains are not automated. Thus,
this device cannot solve the above tasks.

Achievements in nano- and microtechnologies, and
miniaturization in the instrumental analysis opened new
prospects for development of lab-on-a-chip microanalytical
systems of a new generation. These are microsized hybrid
devices manufactured with application of 2D and 3D
technologies. Development of such systems allows us to
lower the material- and energy intensity of the products,
their costs and to raise the productivity of the analysis.

Micro - and nanotechnologies ensure precision shaping
and geometrical complementarity of components at a
molecular level, an increase without additional costs of
the speed of analysis, and also control of mass-transfer and
an automatic microscale control of the stages of analysis
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MUKpobHoIorudeckux naboparopuil. B mpubope He
aBTOMAaTHU3HUPOBAaHbI IIPeJBapUTelbHOE HaKOIJIeHHe
M COPTHPOBKA MUKPOOHBIX KJI€TOK C BBIJleJIeHHeM I1aTo-
TeHHBIX WJIN AUATHOCTUYECKH 3HAYHMMBIX IITAMMOB.
Takum obpa3oM, 3TOT npubop He I103BOJISET peIIaTh
[IOCTaBJIEHHBIE BbIIIe 3aa4H.

JlocTHsKeHU ST HAHO- U MUKPOTEXHOJIOTUH U MUHHA-
TIOpH3allisl B MHCTPyMeHTalIbHOM aHa/IK3e OTKPbLIU
BO3MOYKHOCTH CO3/laHHS HOBOI'O IOKOJIE€HUSI MHUKPO-
AHATUTHUYECKUX cUCTeM "naboparopuu Ha uumne" (lab-
on-a-chip), npexncraBnsiomux co6orl MUHUATIOPHBIE
rubpHUIHbIe YCTPOMCTBA, H3TOTOB/IsIEMbIE C TOMOIIBIO 2D-
1 3D-TexHOJIOrU. Pa3paboTka TaKUX CCTEM I103BOJISET
CHHU3UTb MaTepHaso- U S3HeproeMKOCTb U3/eIUH, UX
CTOMMOCTb, TIOBBICUTD IIPOKU3BOIUTEIBHOCTD aHA/IK3A.
MHUKpPO- ¥ HAHOTEeXHOJIOTMH 06eCIIeYnBaIOT IIpeIH3H-
oHHOe ¢opMo06pa3oBaHMe 1 TeOMeTPHUYECKYI0 KOMII/Ie-
MEHTAapHOCTh KOMIIOHEHTOB Ha MOJIEKY/ISIPHOM yPOBHE,
noBbIIIeHHe 6e3 MOMOTHUTENbHBIX 3aTPAaT CKOPOCTHU
aHaNM3a, a Takke yIpaBlieHHe MacCCOIepeHOCOM
M aBTOMaTH4eCKOe peryJTHpoBaHHe B MUKpoMacIuTabe
CTaJUH aHATH3a B UHTeIPUPOBAHHBIX QYHKIIHOHATB-
HBIX MOZY/ISIX U IIOACUCTeMax. [lepeHOC 6HOIOTMYeCKUX
00BEKTOB MOKET OCYIECTBIISITHCS C IIOMOLIBIO IIPOTOY-
HOT0 aHaJIK3a C UCII0/Ib30BaHHUEM MUKPOIIOUUKH.

IIpy coBpeMeHHOM MeToJe KYyJIbTHBHPOBAHUSI
Y aHa/lIM3a UHAMBU/AYAIbHBIX KYIBTYP KJIETOK, II0C/Ie
IpeBapPUTENbPHON OUYHCTKH NPOOB OHM IIOMeIa-
I0TCSI B POCTOBBIE STYEHKH /I OLHOBPEMEHHOI0 POCTa
IIPHU 33IaHHBIX YCIOBUSAX (BIaKHOCTb, TeMIIEPaTypa,
COCTaB SKUJKOH CpeJibl) C [TONy4eHHeM UHIUBUYaIb-
HBIX MUKDPOKOJIOHUH. MeTo[, peasn3yeTcs ¢ IpUMeHe-
HHeM sueeK OueHb MaJIoro pasmepa, COOpMUPOBaHHBIX
C IIOMOII[bIO MHKPOTEXHOJIOTMH, YTO6BI 06eCIIeUUTh POCT
VMHJVBUIYaTbHBIX KIIETOK, pa3Mep KOTOPBIX COIIOCTAaBUM
C pa3MepoM POCTOBOI 30HBI. CyCIIeH3Hs KJIETOK II0Me-
IIAEeTCs B POCTOBbIE 30HBI II0C/Ie Pa3ie/ieHHs Ha OTAe/b
HBble JIOCTATOYHO MaJjible 06beMBlI 1151 0becriedeHHsI pocTa
TOMOTeHHOHM KY/BTYPhI B KaxkI0M o6beMe. ITocie 3Toro
ITPOBOZIMTCS UX [IOCEB U MHKYOHPOBaHUE B OTAENBHBIX
MHKPOJYHKAX, HMEIOIIUX [HINHIPHUYIECKYI0 GopMy
Y OTAeIeHHBIX JPYT OT APYra PacCTOSIHHEM He MeHee
1,8 MM. O61a4 114 BCex MHAWBUAYaIbHBIX MHKPOKOJIO-
HHH [IOBEPXHOCTb MKy MUKPOTYHKaMH HMeeT BOZIO-
OTTaJIKUBalOIlee IOKPbITHE. Bo BpeMs MHKYOHPOBaHUS
K KyJIbTypaM IOCTYNAIOT Heob6XoqMble TUTaTeIbHbIe
Bell[eCTBa Yepe3 MeMOpaHHI C pa3MepoM IIOp OT JecsT-
KOB HAaHOMETPOB [0 eJUHHUL] MUKPOH. OXHAKO B JaH-
HOM criocobe He pellleHa 3a/1a4a OBICTPOTo OTAeNeHUS
MHAUBUIYaJIbHBIX MUKPOKOJIOHUN U HX IIepeHoca BO
BHeILTHHe YCTPOMCTBA UAeHTUPUKALIUH U COPTHPOBKH.
MeToq, c/lokeH U He NMpHUCHocobiaeH sl 3KCIpecc-
aHa/Iu3a, a COOTBETCTBYIOIEe YCTPOMCTBO HE MOXKET
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in the integrated functional modules and subsystems.
Transfer of biological objects can be carried out by means
of a flowing analysis with the use of microfluids.

A modern method of cultivation and analysis of
individual cultures of cells envisages the following:
after a preliminary cleaning of samples they are placed
into the growth cells for a simultaneous growth in
certain conditions (humidity, composition of the liquid
environment) with obtaining of individual microcolonies.
The method is realized with application of cells of very
small size generated by means of microtechnologies in
order to ensure growth of the individual cells, the size of
which is comparable with the size of the growth zones.

Suspension of the cells is placed into the growth
zones after division into separate rather small volumes
in order to ensure growth of a homogeneous culture in
each volume. After that they are placed and incubated
in separate microcups of cylindrical form and separated
from each other by the distance not less than 1.8 mm.
The surface common for all the individual microcolonies
between the microcups has a water-repellent covering.

During the incubation period the cultures are supplied
with the necessary nutrients through the membranes
with the sizes from tens of nanometers up to units of
microns. However in the given method the problem of a
quick separation of individual microcolonies and their
transfer to the external devices for identification and
sorting is not solved. The method is complicated and not
adapted to an express analysis, and the corresponding
device cannot be used in a portable form because of its
complex design and low durability of the dosers. The
design does not envisage isolation and identification
of the pathogenic strains for the purpose of their
accumulation and examination of sensitivity to the
antibacterial preparations.

The most promising is the method employing a plate
from a porous anode aluminum oxide, on the surface
of which zones for the growth of microorganisms
are formed. These zones are limited by the walls of a
polymeric net, which is formed by lamination with
subsequent photolithography and plasma etching. Due to
the capillary force the nutritious solution filters through
the pores coupled with an agar layer of the plate from
porous anode aluminum oxide.

Then the microbal cells are moved manually and
are distributed by the growth zones. Incubation is
implemented at 37°C or in other required anaerobic
conditions with a supervision of the growth of the colonies
by means of a microscope. After achievement of the
sufficient size the colonies of microbal cells are separated
from the zones of growth and manually transferred to the
external means of identification. The main drawbacks of
the method are manual operations of transfer of the cells



HCII0/Ib30BAThCSI B IOPTATUBHOM IIPUOOpe H3-3a CIOK-
HOM KOHCTPYKLIMM U HHM3KOH IPOYHOCTH H03aTO-
poB. KOHCTPYKIIMs He IIPeAyCMaTpPHUBaeT BhIeNeHHe
U UJeHTUPUKALIMIO IATOTeHHBIX IITAMMOB C LeJIbI0
MX HaKOIUIEHUS U MCCIeJOBAaHUS YyBCTBUTETBHOCTH
K aHTHOAKTepHaIbHBIM ITpPeIIapaTaM.

Haubosee IepCreKTHBHBIM [IPEACTABISIETCS METOZ
C UCII0/b30BAaHHUEM IJIACTHHBI U3 IIOPUCTOrO AHOLHOTO
OKCH/Ia aIIOMUHHSI, Ha IIOBEPXHOCTH KOTOPOH CPOPMHU-
POBAHBI 30HBI JI/IsI POCTA MUKPOOPIraHHU3MOB. JTH 30HBI
OTPaHHYEHBI CTEHKAMHU IIOTHMEPHOMN CeTKH, KOTOpast
o6pa3oBaHa TaMHUHHPOBAHHEM C [IOC/IeyIoIei GpOTonu-
TorpadHe U IJIa3MeHHBIM TPaBieHUeM. [IMTaTeIbHbIN
PacTBOp IIPOCAYMBAETCS 3a CUET KAIM/UISPHBIX CHIJI
Yepe3 IOPHI CONPSIKEHHOM CO CJI0eM arap-arapa Iia-
CTHHBI U3 IIOPUCTOTO AHOAHOIO OKCHAA aTIOMHUHHUS.
Jlanmee MUKpOGHBIe KI€TKH IIOZAIOTCS BPYUHYIO U pac-
IIpeJiesIsIIoTCS 10 30HaM PocTa. MHKybaIKs TPOBOAUTCS
npu 37°C MJIH UHBIX 3aJAHHBIX aHA3POOHBIX YCIOBHX
IIpU HabGMIOfEHUHU 332 POCTOM KOJOHHUH C IIOMOIIbIO
MHKpOCKora. ITocse JOCTHKReHHUSI JOCTaTOYHOTO pas-
Mepa, KOJIOHUU MHKPOOHBIX KJIETOK OTCOeAMHSIOTCS
OT 30H POCTa U BPYUHYIO IIEPEHOCSTCS BO BHEIIHKE CPeJi-
cTBa ueHTUPUKALUY. OCHOBHbIE HEIOCTATKH METOAA ~
PY<HOE BBIIIOJIHEHHUE OIIePALIU I [T0AYH KJI€TOK B 30HBI
PocTa, "oTCOeMHEHHU S BBIPOCIIMX KOJIOHHUH U HX Ilepe-
HOCA B CPe/ICTBA UAeHTUQHKALIHH.

MUKPOAHAIMTUYECKUE NPUBEOPbI HA OCHOBE
NOPUCTOr0 AHOAHOI O OKCHMAA ANIIOMUHUA
PacCMOTPHUM KOHCTPYKLIMIO IOPTaTHBHOTO aHAJIM3aTOpa
(pHc.2a) u peAIOKeHHBIH 115 "1abopaToprH Ha YuIle"
MeTO/[, BBIPAI[MBAHUS KOJIOHUI MHUKPOOHBIX K/IETOK,
KOTOPBIH II03BOJISIET CO3MATh YCIOBUS AJIS BEIPALIHBA-
HHSI, OTPbIBA U II€PeHOCa MUKPOKOJIOHUH. [/ ero ocy-
IeCTB/IEHH I HCIIOb30BAJICSI IIOPHUCTBIE AHOMHBIH OKCH],
QTIOMHUHHUSL.

Yun (puc.2b) 118 MUKPOOHOTOrHYeCcKOro 3KCIIpecc-
aHaIH3a UMeeT CJleflyIoliHe KOHCTPYKTUBHO-TeXHOJIO-
rHyecKye 0C06eHHOCTH:

* II0fiaua IMTATeJIBHOIO PACTBOPA B 30HBI POCTA KOJIOHHUH
MHUKPOOGHBIX K/IETOK BBIIIOTTHSIETCSI CHH3Y BBEPX 3a CUET
Iepernaja gaBJIeHUs Yepe3 OTBEPCTHUS B IJIACTHHE
U IIOpHUCThIe MeMOpaHBI (pHc.3). Takoe pellleHHe I103B0-
JsieT KOHTPOJIHUPOBATh BeIMYUHY IIOJAYH, a TaKKe
ABTOMATHU3UPOBATh ITpoLiecC (HallpuMep, UCIIONb3Ys
Hacoc);

* CyCIIeH3HsI MUKPOOHBIX KIIe€TOK aBTOMAaTH4eCKH Haco-
COM IIOfIaeTCS Ha BePXHIOIO [TOBEPXHOCTD IIACTHHBL
Y PAaBHOMEPHO pacIIpe/ie/sieTcsl B 30HaX pocTa,;

* YCJIOBHS [JIs1 POCTa MHKPOOPraHM3MOB B BU/JIe KOJIO-
HUH CO3/IAI0TCS ITPH SKeCTKOM KOHTpOJIe TapaMeTpoB

CONTROL AND MEASUREMENTS

AHanmsartop
Analyzer

OAHOPa30BbIA YN
Disposable chip

Puc.2. KoHcmpyKuus nopmamusHo20 aHaausamopa

0451 MUKPOBUOA02UHECKO20 IKCNPECC-GHAAU3A:

a) 1 - UCMOYHUK NUMAHUS; 2 — MOYAb YNpasAeHus; 3 — Mo-
dyAu 6ecnposodHoli c8s3u U namsmu; 4 — komnbomep; 5 -
MoHUMmop; 6 — peepsyap 045 06pasuos; 7 — UHKybamop;

8 - ceHcopol; 9 - KMOTII-ceHcop; 10 - nopm

0151 Aabopamopuu Ha yune; 11 — KoHmeliHepbl

0451 peazeHmos U cAued; 12 — nonynpo8o0HUKO8ble
UCMOYHUKU U3Ay4eHus); 13 = MUKpoHacoc;

b) 14 - exodHoli pezepsyap 045 06pa3zuos; 15 — ModyAb

0451 npedsapumenbHol 06pabomku npob; 16 - 6asa; 17 -
pocmosas nnamdopma; 18 - onmuyeckoe 0KHO 0431 6e3AUH-
308020 MOHUMopuHza KMOT-ceHcopom; 19 — onmuyeckoe
OKHO € AUH30U; 20 — 0nmu4eckoe 0KHO € GUAbMPOM;

21 - 31exmpo0dbl 045 U3MepeHusl umneddHcad; 22 - KaHan
05 MpaHcnopma KOAOHUU; 23 = 3neKmpodbl 0As mecmupo-
8AHUS XKU3HECNOCOBHOCMU KAEMOK,; 24 — Mampuua AYHOK
0151 mecmuposaHus XKU3HecnocobHocmu Kaemok; 25 -
KoHmeliHep 041 cAuga; 26 — 6e30ndcHbil cAu8; 27 — KpbllWKa
Fig.2. Design of the portable analyzer for the microbiological
express analyses: a) 1 - power source; 2 — control module;

3 - modules of wireless communication and memory;

4 - computer; 5 — monitor; 6 - reservoir for the samples;

7 —incubator; 8 - sensors; 9 - CMOS-sensor; 10 - port

for the lab-on-a-chip; 11 - containers for the reagents

and discharge; 12 - semiconductor sources of radiation;

13 - micropump; b) 14 - input reservoir for samples;

15 -module for preliminary processing of samples;

16 - base; 17 - growth platform; 18 - optical window

for a no-lens monitoring by a CMOS-sensor; 19 - optical
window with a lens; 20 - optical window with a filter;

21 - impedance measuring electrodes; 22 - channel for
transfer of colonies; 23 - electrodes for testing of the cells’
viability; 24 — matrix of cups for testing of the cells’ viability;
25 ~discharge container; 26 - safe discharge; 27 - lid
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44 KOHTPOJIb U UBSMEPEHUSA
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MuTaTtenbHbIM pacTBop Nutritious solution

Puc.3. MpuHuun HakonaeHus buomamepuana: 1 — aHoOHbll
okcud antomurus (AOA); 2 - nopa; 3 - nopucmas mampuua;
4 - knemka; 5 - conno; 6 - HaHonopucmblli AOA

Fig.3. Principle of accumulation of a biomaterial: 1 - anode
aluminum oxide (AAO); 2 - pore; 3 - porous matrix; 4 - cell;
5-nozzle; 6 - nanopore AAO

Cpenbl (TeMIlepaTyphl, BIa*KHOCTH, MapLiHaJIbHOIO
DaBJIeHUS KHCIOPOIa);

* BBIIIOJIHSIETCSI IIOCTOSIHHOE Hab/liofleHHe 3a POCTOM
KOJIOHUI;

 ruapodobHas IJIEHKA Ha IOBEPXHOCTH IIIACTHHBI
C OTBEPCTHSMH MPeNsATCTBYeT MPUKPEIIEHHUIO K HeH
MUKPOOPTaHK3MOB, KOTOpbIe 6yIyT 3aJep>KUBaThCS
30HaMH POCTa C IIOBBIIIEHHOK KOHIIeHTpallkie! [ofa-
BaeMBbIX CHHU3Y [INTaTe/IbHBIX BeLeCTB;

* IIpH JOCTHKeHUH pasMepa 100-1000 K1eTOK MUKPOKO-
NoHKY 6e3 MeXaHHYeCKUX [TOBPESKA€HUH OTPBIBAIOTCS
OT 30H POCTa THAPOYAAPOM U B IIOTOKE IT€PEHOCATCS BO
BHEIIHHe CPe[ICTBa UIeHTUPHUKALIUH. LcIIonb3yeMble
PEeSKMMBI I103BOJISIIOT aBTOMATH3KPOBATh OTPLIB KOJIO-
HUH /151 X [I0C/IeAyIOIIero repeHoca.

[IpennaraeMsls criocob obecrieynBaeT COM3MepHU-
MOCTb 30H POCTa U MUKPOKOJIOHMH, ITPeJIIIojaras Bble-
JIeHHe YKCTOM Ky/IbTYPbl MUKPOOPraHH3MOB. KOHTpOIb
Mofa4K MUTATe/bHOM Cpe/lbl COUeTaeTCsl C KOHTPOIeM
pOCTa KOJIOHHMH in situ.

Obpa3oBaHHe 30H POCTa B OTBEPCTHUSAX IOPUCTOM
IJIAaCTHHBI PasMellleHHeM B HUX MeMOpaH U HaHece-
HHeM IOKPBITH S [I03BOJISeT OBICTPO BBIPAIMBATh KOJIO-
HUU 6e3 orpaHHYeHHUS STUX 30H. MeMOpaHbI UTPaIOT
Poib 6apbepoB, 3aIeP>KUBAIOIIHUX KJIETKH B 30HAX POCTa
Iocjie Mmofavyu CycrneHsnr. OTBePCTHS B IJIACTHHE
BBIIIOJIHEHBI B BH/JIe LIMIMHAPOB C [NIAAKUMHU CTeHKAaMH
OPTOTOHATBHO 6ONBIION IIOCKOCTH MOPUCTOM IIIa-
CTHHBI U TOIIOJIOTMYECKH KOJUPOBAHBI, UTO [103BOJISET
yCOBEPILIEeHCTBOBATh MaHUIIYJIMPOBAHHE KOJIOHHUSIMU
Y HabIromeH e 3a UX pocToM. ToIooruyeckoe KOAUpo-
BaHHe OTBEPCTUH YIIpollaeT Hab/iofeH e II0CpPeiCTBOM
UUPPOBOM BHIeOKaMephl. [lunuHapruUeckas Gopma
OTBEePCTHUI U HX OPTOrOHAJIbHOE PACIIOIokeHHe obecrie-
YKMBAIOT CHH KeHHe S3HepPreTHUeCKUX 3aTpart /151 OTphIBa
KOJIOHMHU IPU THApoyfape. OTBePCTHS HCIONTHEHB
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into the zones of growth, separation of the colonies and
their transfer to the means of identification.

DEVELOPMENT OF MICROANALYTICAL DEVICES

ON THE BASIS OF POROUS ANODE ALUMINUM OXIDE

Let us see the design of a portable analyzer (fig.2a) and

proposed for the lab-on-a-chip method of growing colonies

of microbal cells, which allows us to create conditions for
cultivation, separation and transfer of the microcolonies.

For its realization porous anode aluminum oxide was used.

The chip (fig.2b) for the microbiological express analysis
has the following design-technological specific features:

« The supply of a nutritious solution to the zones of
growth of colonies of the microbal cells is carried out
from below upwards due to a differential pressure
through the apertures in the plate and porous
membranes (fig.3). Such a solution allows us to control
the volume of supply and also to automate the process
(using a pump, for example);

« Suspension of the microbal cells is automatically
pumped to the top surface of the plate and distributed
evenly in the growth zones;

« The conditions for the growth of the microorganisms in
the form of colonies are created under a strict control of
the parameters of the environment (humidity, partial
pressure of oxygen);

« Constant supervision of the growth of the colonies is
carried out;

« The waterproof film on the surface of the plate with
apertures prevents attachment to it of microorganisms,
which will be detained by the zones of growth with
a higher concentration of the nutritious substances
supplied from below;

» When the size of 100-1000 of the cells is achieved, the
microcolonies without any mechanical damage are
separated from the zones of growth by a hydroblow and
with a stream are transferred to the external means of
identification. The applied modes allow us to automate
the separation of the colonies for their subsequent
transfer.

The proposed method ensures a commensurability
of the zones of growth and microcolonies, envisaging
isolation of a pure culture of microorganisms. The control
of supply of a nutrient medium is combined with the
control of the growth of colonies in situ. Formation of
the zones of growth in the apertures of the porous plate
by placing of membranes in them and deposition of a
coating allows us to grow up colonies quickly without
limiting of these zones. The membranes play the role of the
barriers detaining the cells in the zones of growth after a
suspension is supplied.

The apertures in the plate are made in the form of
cylinders with smooth walls orthogonal to the big plane






KOHTPOJIb U U3BMEPEHUS

B BH/Ie COIIeJI, OLIpefe/sIIOIUX CKOPOCTh II0TOKA U ero
OlHOPOJZHOCTb. BO3MOKHO peryIrnpoBaHUe pa3mepa
COIlIa M KOHQHUTYpaIii MeMOpaHBI, IIOALEP>KHBAIOLIEH
KOJIOHMH MHKPOOPraHU3MOB. Pa3mep mmop MeM6paHEI,
He ITPOITYCKAIOIIHUX MUKPOOHBIe KJIeTKH, obecriedrBaeT
CTePU/IBHOCTb HMKHEH eMKOCTH, 4TO 00yc/lIaBInBaeT
0IHOPA30BOE HCII0/Ib30BAHUE YCTPOHCTBA.

TakuM 06pa3oM, OIIMCAHHOe MUHHUATIOPHOE YCTPOH-
CTBO obecrevYrBaeT aBTOMATH3ALHUI0 IIOJAYH ITHTa-
TeJIBHOTO PAaCTBOpPA, OTAENEHUS U IlepPeHoca KOJTOHU I
baKTepHIl.

MOBW/IbHOCTb U ®YHKLIUOHA/IbHOCTb

HMTak, aBTOpaMU MPe/JjIosKeHbl KOHCTPYKIIHSI MUKPO-

aHAJIUTHYeCKoro npubopa U crocob BEIpallUBAHUS

KOJIOHUH MUKPOOHBIX KJI€TOK, KOTOpPble HMEIOT CJIefly-

ol Me 0CO6eHHOCTH

* II0/1ayua MUTATeJbHOIO PAaCTBOPA CHHU3Y BBEPX Uepe3
IIOPUCTYIO IVIACTUHY M3 aHOAHOI0 OKCH/A aJIIOMHU-
HUS B CQOPMHUPOBAHHEIE Ha ee BepXHel [I0BePXHOCTH
30HBI POCTa KOJIOHHUH K/IeTOK;

* Toflaya MUKPOOHBIX KJIETOK Ha BePXHIOI I10BEpX-
HOCTb IIOPUCTOM IIJIACTHUHBI U3 AaHOLHOTO OKCHJIA
ATIOMHUHUS;

* CO3/IaHHe KOHTPOIKPYyeMBIX YCTIOBUM POCTa KOJIOHHUT;

* HabmogeHue 33 POCTOM KOJIOHUH;

* OTCOeMHeHHe KOMOHHUHN MHUKPOOHBIX KIJIETOK
OT 30H POCTa U IePeHOC UX BO BHEIIHHe CPe/iCTBA
UOEeHTUPUKALIUHU.

Criocob peann30BaH B YCTPOHCTBE, COmepsKalleM
MIOPUCTYIO IIJIACTUHY U3 aHOAHOTO OKCHU/IA aTIOMUHUS
co cpopMHUPOBAaHHBIMU Ha ee BepxHel II0BePXHOCTHU
30HaMH POCTa KOJOHKM. HUKHSSI IIOBEPXHOCTb I1JIa-
CTHHBI COIPSI’KeHA C YCTPOMCTBOM /IS BBIPAIBAHU S
KOJIOHUI MUKPOOHBIX KJIeTOK ITPU II0fiave ITUTATeNlb-
HOT0 pacTBopa. MeM6paHbI H3rOTOBIEHBI U3 AHOLHOIO
OKCH/Ia AJIIOMUHMS, 2 KPBIIIKA BepXHEH eMKOCTH CHab-
’KeHa LIeHTPa/JIbHBIM OKHOM C 3aKpeIlJIeHHBIM B HeM
ONTHYEeCKHUM CTeKJIOM [/ HablIoJeHHUs 33 POCTOM
KOJIOHHUH.

Co3maHHe MUHHATIOPHBIX MOOMJIBHBIX YCTPOUCTB
OJ1s1 3KCIIpecCc-UAeHTUOUKALUY [1aTOreHOB U OIlpe-
OeneHusl UX YyBCTBUTEIbPHOCTH K aHTHOHMOTHKAM
C HCII0JIb30BaHHEM "11abopaTopyuy Ha YuIle" [103BOJISIeT
OIepaTHUBHO BbIOMpPaTh TAKTUKY JeUeHUS] HHPeKIIU-
OHHBIX 3a60/IeBAaHUM, ITOBBICUTD ee 3P PEeKTHBHOCTH,
IeLleHTPATN30BaTh MUKPOOHONIOTHYECKUN aHAIH3,
CIle/iaB ero JOCTYIIHBIM JJIsl HaceJleHHs, B TOM YHC/Ie
yOoameHHBIX PalioHOB. HHU3Kast CTOUMOCTD U JOCTYII-
HOCTb aHa/IM3a CO3/1aI0T MIPeAIIOCHIIKY /IS IIOBBIIIe-
HUS ONePaTUBHOCTHU J1abOpaTOpHOM AMArHOCTUKHU
npu o6HApyKeHHHU M JledHeHUH HHPeKIHOHHBIX
3aboeBaHUI. [ |
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of the porous plate and they are topologically coded, which
allows us to improve manipulation of the colonies and
observation of their growth. The topological coding of
the apertures simplifies observation by means of a digital
videocamera. The cylindrical form of the apertures and
their orthogonal arrangement ensures saving of power
during separation of the colonies with a hydroblow.

The apertures are made in the form of nozzles, which
determine the speed of a stream and its uniformity.
Adjustment is possible of the size of the nozzles and of the
configuration of the membrane supporting the colonies of
microorganisms. The size of the pores of the membranes,
which do not let through the microbal cells, ensures
sterility of the bottom capacity because of a disposable
type of the device. Thus, the described microsized device
ensures automation of supply of a nutritious solution,
separation and transfer of the colonies of bacteria.

MOBILITY AND FUNCTIONALITY

So, the authors offer a design of a microanalytical device

and a method of cultivation of colonies of microbal cells,

which have the following specific features:

* Supply of a nutritious solution from below upwards
through a porous plate from anode aluminum oxide to
the formed on its top surface zones of the growth of the
colonies of cells;

« Supply of the microbal cells to the top surface of the
porous plate from anode aluminum oxide;

« Creation of controllable conditions for the growth of the
colonies;

« Supervision of the colonies’ growth;

« Detachment of the colonies of the microbal cells from the
zones of growth and their transfer to the external means
of identification.

The method is implemented in a device containing a
porous plate from anode Al,O; with zones formed on its
top surface for the growth of colonies. The bottom surface
of the plate is coupled with the device for cultivation of
the colonies of microbal cells with supply of a nutritious
solution. The membranes are made from anode Al,O; and
the cover of the top capacity is supplied with a central
window with an optical glass fixed in it for a supervision of
the growth of the colonies.

Development of microsized mobile devices for an
express identification of pathogens and determination
of their sensitivity to antibiotics with the lab-on-
a-chip allows to choose operatively the tactics for
treatment of infectious diseases, to raise its efficiency,
to decentralize the analysis, making it affordable for
the population, including in the remote areas. The low
cost and availability of the analysis create preconditions
for increasing the efficiency of the diagnostics during
detection and treatment of the infectious diseases. ~ M






