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This article focuses on specialized scientific Practicum organized on April 14s 2016 by the Laboratory of bio-
physics of cells membranes in critical illness of V. A. Negovsky Research Institute of General Reanimatology for
students enrolled in the specialty «Medical Biophysics» at the I. M. Sechenov First Moscow State Medical
University. During the study students had mastered a number of techniques: atomic force microscopy, calibrated
electroporation, spectrophotometry. Students familiarized with the methodology of scientific experiment and
mathematical treatment of the results.
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Bsenenue Introduction
B cootBerctBum ¢ mocranoBienuem lIpaBu- According to the Russian Federation

tesberBa PD or 15 ampesnst 2014 1. Ne295 «O6 yr-
BepKJAEHUN ToCy/lapcTBeHHON mporpammbl Poccnii-
ckoil Dexepanun «Pasputrie obpasoBaHus» Ha
2013—2020 roxpl» ¢ U3MEHEHUAMU U JOIIOJHEHUS-
mu ot 27 deBpaiis, 14 anpesist 2016 r. 8 HUU o6teit
pearmmarosiorn uM. B. A. Herosckoro (1. MockBa)

Government Decree on April 15, 2014, N. 295 «On
approval of the Russian State Program of
Development of Education for the 2013—2020 years»
as amended on February 27, April 14, 2016, V. A.
Negovsky Scientific Research Institute of General
Reanimatology organized a specialized scientific
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Ha 6aze saboparopun «Brodusnkn MeMOpaH KJIETOK
IPU KPUTHYECKUX COCTOSTHUSIX» ObLI OPraHU30BaH
CIIEeNMAJN3UPOBAHHDBI HAYYHBIN MPAKTUKYM JIJIs1
cTynentoB 4 kypca [lepporo MI'MY um 1. M. Ceue-
HOBA, 00YYAIOIIIXCSI [0 CHEIUATLHOCTH «MenIinH-
ckast bnodpusuka» — Ko crerpaabroct 30.05.02.

ITpakTuKyM OBLI IPOBEEH TIO/l PYKOBOJICTBOM
3aBeaytoiiero jaboparopueit, 1. 0. H., npodeccop
A. M. YepHblia Ha 6€3B03Me3/IHOI OCHOBE B COOTBET-
CTBUU ¢ OOpallleHreM IPOPEKTOpa o yueOHoit pabo-
te [Tepporo MITMY um. 1. M. Ceuenosa, T. M. JIut-
BUHOBOI. BcecTOPOHHIOIO MO/I/IEP;KKY B TIOCTAHOBKE
ITpaktukyma okasbiBas gupexkrop HUU obiieit pea-
HuMatosoruu uMm. B. A. Herosckoro, wieH-Koppec-
nonjieaT PAH, npodeccop B. B. Mopos.

[lenp mpakTUKyMa — MOATOTOBKA CTYIEHTOB K
CaMOCTOATEJILHOMY MOJIYY€HUIO HAYUYHBIX PE3yJIbTa-
TOB, UX 00BSCHEHUIO, POPMYJIUPOBKE COOTBETCTBY-
IOIUX BBIBOJIOB, O(POPMJIEHIIO MATEPUATIOB [IJis Ha-
YUHOI yOJIUKAIN.

IIpu cospmanum IIpakTukyma aBTOpPBI CTaBUJIN
CTeIyIoNe 3a/[aun:

— O3HAKOMHUTH CTYIEHTOB C COBPEMEHHBIMU
MetofiaMu OMO(U3UKU: ATOMHAsI CHJIOBAsi MHKPO-
CKOIIHS, KaJMOPOBAHHAST 9JIEKTPOIIOPAIIHS, CIIEKTPO-
oromerpus;

— Hay4uTh CTYAEHTOB CAMOCTOSITEIBHO YCTa-
HABJINBATh HEOOXOAMMbIE HACTPOUKHU U paboTaTh Ha
COBPEMEHHOM arapaType;

— HAy4YUTh CTYIAEHTOB METONOJOTHH HAYIHOTO
JKCIIEPUMEHTA;

— Hay4uTh CTYJEHTOB IMPOBOJIUTH MaTeMATH-
4ecKyl0 00pabOTKY HAYYHBIX PE3yJbTaTOB U TIpa-
BUJIBHO MTPEJICTABJISATH PE3YJIBTATHI JIJIsT Ty OTUKAI[HIL,

Marepuan u MeTobI

IIpu cozmanuu IIpakTukymMa aBTOpPBI CTAaBUJIH CIIedy-
IoIye 3aJaun:

—  03HAKOMMUTDH CTY/IEHTOB C COBPEMEHHBIMH METO-
namu GHOGBU3UKI: AaTOMHASI CHJIOBAast MUKPOCKOIIUST, KaJIu-
6GpoBaHHAsT 3JIEKTPOIOPAIIUST, CIIEKTPODOTOMETPUST;

—  HAYYHUTH CTYJEHTOB CAMOCTOSITEJILHO YCTAHABIIH-
BaTh HEOOXOANMBIC HACTPOIKU U paboTaTh HA COBPEMEH-
HOI armaparype;

—  HAYYUTb CTYJIEHTOB METO/OJIOTHH HAYYHOTO 3KC-
TIePUMENTA,;

—  HAYYHUTb CTYZEHTOB IIPOBOJUTH MATEMATHYECKYIO
06pabOTKY HAYYHBIX PE3YJIBTATOB M [IPABUIBHO MIPEJICTAB-
JISITh PE3YJIIBTATHI JUIs Ty OJIMKATIUIA.

IIpakTHKYM BKJIIOYAJ CJIEYIOIUE TEMBbI:

1. AToMHas cuUJ0Bas MUKPOCKOIIUsI, Hes MEeTOJa,
YCTPOHCTBO aTOMHOTO cusioBoro Mukpockona (ACM), pe-
JKMMBI €10 PabOThI.

2. Meropl NOTyYeHUS U OLEHKH HAHOCTPYKTYPBI
MeMOpaH KJI1eToK Kposu Ha ACM.

3. ACM. [ledeKTbl HAHOCTPYKTYPbI MEMOPaH apUT-
POIUTOB TIPU JUTUTEJIBHOM XPAHEHUU JOHOPCKON 3PUTPO-
nurtapHoii B3Becu (DB).

Practicum for students of the 4th year of the Sechenov
First Moscow State Medical University. Students
were trained in the specialty «Medical Biophysics» —
specialty code 30.05.02. The Practicum was carried
out free of charge in accordance with the request of
prof. T. M. Litvinova, the Vice-Chancellor for
Academic Affairs, I. M. Sechenov First Moscow
State Medical University. Comprehensive support
in the formulation of the Practicum was provided
by the Professor V. V. Moroz, Corresponding
Member of the Russian Academy of Sciences,
Director of V. A. Negovsky Research Institute of
General Reanimatology.

All research work within the Practicum was
carried out on the basis of the Laboratory of bio-
physics of cells membranes in critical illness by pro-
fessor, Dr. Biol. Sci. A. M. Chernysh, the Head.

The objective of the Practicum — to teach stu-
dents to obtain research results independently, to
explain them and to make appropriate conclusions.

Materials and Methods

The authors set the following goals when creating
the Practicum:

—  To acquaint students with comprehensive meth-
ods of biophysics: atomic force microscopy, calibrated elec-
troporation;

—  To teach students to establish independently the
necessary settings, and to employ sophisticated equipment
in their research;

—  To teach students the methodology of scientific
experiment;

—  To teach students to carry out mathematical pro-
cessing of study results and to submit the results for publi-
cation.

The Practicum included the following topics:

1. Atomic force microscopy: the idea of the method,
the modes of operation of the atomic force microscope
(AFM).

2. Methods of preparing and evaluating nanostruc-
ture of blood cell membranes.

3. AFM: defects of nanostructure of erythrocyte
membranes during prolonged storage of donor packed red
blood cells (PRBC).

4. AFM: defects of nanostructure erythrocyte mem-
branes under the action of toxins on the membrane of red
blood cells (RBC) — Zn ions, hemin.

5. Calibrated electroporation method. Hidden dam-
age of erythrocyte membranes under the influence of mus-
cle relaxants (rocuronium Kabi).

6. Calibrated electroporation method. Hidden dam-
age to erythrocyte membranes under the action of ultravi-
olet (UV) radiation on human blood.

7. Spectrophotometry. Kinetics of hemoglobin
derivatives under the action of sodium nitrite on human
blood.

8. Methods of mathematical processing of the
results. Using special laboratory programs created on the
basis of Nonlinear Fitting software, OriginPro9 (USA).

All the experiments were performed in vitro.
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[Ipodpeccmonaapnoe obpazoBanne

Puc. 1. ATomMHas cunoBas MUKpockonus: uaest metoaa (a), pabouee mecro (b).
Fig. 1. Atomic force microscopy: the idea of method (&), the workplace (b).

4. ACM. [ledekTbl HAHOCTPYKTYPbI MeMOPaH 9pUT-
POLIUTOB TIPH JIEUCTBUM TOKCUHOB HAa MeMOPaHbI 3PUTPO-
IIUTOB: MOHBI ZN, TeMUH.

5. Merox kannbpoBanHoil asekTponopanuu. CKpbi-
ThIE TOBPEXKIEHIS] MEMOPAH SPUTPOIUTOB TIPH JIeCTBUN
MHUOpeTaKCcaHnToB (PYKOPOHHiT Kabn).

6. Meros kamnbpoBaHHON aseKTpornoparni. CKpbI-
Thle TOBPEkKICHUS MeMOPaH SPUTPOILUTOB TIPH AeHCTBUN
yasrpaduoseroBoro (YD) uzsmydenus na KpoBb 4eT0BEKA.

7.  Cnexrpodoromerpust. Kunernka mpousBOHBIX
reMOrJIoOOMHA MIPU EHCTBUU HA KPOBb YeJOBEKa HUTPHUTA
HATPUSL.

8. Mero/pr MateMaT4ecKoil 06paboTKM pe3yJibra-
TOB. Vc110/1b30BaHNE CIIEIMATN3UPOBAHHBIX IIPOTPAMM Jia-
GopaTtopui, CO34aHHbIX Ha 6aze MPOrpaMMHOTO obecrede-
nusg Nonlinear Fitting, OriginPro9 (USA).

PesyabraThl 1 00CyK/IEHHE

[TepBasi Tema «ATOMHAasg CUJIOBAasg MUKPOCKO-
nd, ujies MeTo/a, YCTPOICTBO aTOMHOTO CHUJIOBOTO
mukpockora (ACM), peskumbl ero paboThl» TPOBO-
JIMJIaCh CO Bceil rpymnoil ogqHoBpemenHo. Ilepen pa-
60TOil 0OCYKIAIUCH TEOPETHUECKUE ACTIEKTHI ATOM-
HOW CHJIOBOM MUMKPOCKOIIMU: MOJIEKYJIsIpDHbIE
B3aUMOJIEIICTBUST MEK/TY 30HIIOM 1 OOBEKTOM UCCJIe-
nmoBanud, moTeHuan Jleanapaa-/I:konca, 3aBucumo-
CTH B3aUMOJIEHCTBUI OT PaCCTOSHUS MEXKIY 00beK-
TOM U 30HI0M (puc. 1).

ITo xomy pabOTBI CTYIEHTHI CAMOCTOSITEHLHO
YCTaHABJIUBAIN KAaHTUJIEBED, TIOIYYaI TUDPAKITIIO
JIA3ePHOTO JIyuya Ha HEM, yCTAaHABJIUBAJIY TTOJIOKCHIE
JlazepHoro Jiyda Ha (hOTOAMOZE, TTPOBOIUIN HACT-
poiiky tporpammuoro obecrieuenuss ACM. Hawubo-
Jiee CJI0KHOI onepareil Oblia HaCTPOMKa Pe3OHaH-
ca KaHTHUJIeBepa 1 ToJIyYeHIe BHICOKOH J00POTHOCTH
pe3oHaHCHOIT KpuBoi nipu pabore ACM B MOJyKOH-
TAKTHOM PEKHIME.

Bropasg Tema BBLITIOJHANACH WHAUBUAYATHHO
KaK/[BIM CTYIEHTOM U ObLiIa TIOCBSIIIIEHA METO/[AM T10-

Results and Discussion

The first theme « Atomic force microscopy, the
idea of the method, the modes of operation of the
atomic force microscope « was carried out with the
whole group at once. Before the work the theoretical
aspects of AFM(molecular interaction between the
probe and the object of study, Lennard-Jones inter-
actions depending on the distance between the
object and the probe) were discussed.

During the work students independently estab-
lished the cantilever obtained diffraction of the laser
beam on it, set the position of the laser beam on the
photodiode, and used software to set the AFM. The
most complicated operations including setting the
cantilever resonance and obtaining high quality of
the resonance curve at the AFM in a tapping mode.

The second theme was carried out individually
by each student and was devoted to the methods of
obtaining and evaluating the nanostructure of RBC
membranes. Initially, it was necessary to form a
monolayer of cells. It was performed by students
with the aid of the V-Sampler device (Austria).
Then, the smears of cell monolayer was placed onto
the AFM working table, andthe scale, speed and the
number of scanning points were set. After imaging
nanosurfaces of erythrocyte membranes and trans-
ferring the images to the program <«FemtoScan»
(Russia), the students quantified parameters of
objects roughness by setting the markers. For this
surface profiles constructed in any given direction.

In the course of the study, each student
received an individual task to build their own image,
determined profiled and estimated parameters of the
erythrocyte membrane nanosurfaces [1].

The problem of evaluating the nanostructure
defects in erythrocyte membrane during prolonged
storage of PRBC was devoted to the work Ne3.
Transfusion of blood components is considered as an
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Puc. 2. Mem6pana sputpoiura B popmare 3D u npoduib NOBEPXHOCTH.
Fig. 2. Details of red blood cells membrane in 3D-format and the profile of its surface.

Note. a — the detailes of red blood cells membrane; b —

image of a single red blood cell after the action of Zn ions; ¢ — the detailes of red

blood cells membrane hemin effect after; a?, b7, c1 — the profiles of the a, b, ¢ surfaces of red blood cells.
Ipumeuanue. a — pparMenT MeMGpaHbl SPUTPOINTA; b — MeMOpaHa OT/eTbHOTO 9PUTPOIUTA TIOC/Ie BO3AEHCTBIS NOHOB ZNn; ¢ — (par-
MEHT MeMOPaHbI IPUTPOIIUTA TIOCIIE BO3/eHiCTBYs reMuHa; at, b1, c1 — npodunu nosepxuocreit a, b, c.

JIYUIEHVSI U OI[eHKU HAHOCTPYKTYPbI MEMOPaH KJIETOK
kposu. Braauase nHeo6xonanmo 66110 chopMUPOBATH
MOHOCJION KJeTOK. /[l 3TOro CTy/neHThI UCIO0JIb30-
Basu ycrpoiictBo V-Sampler (Austria). 3atem MOHO-
cJioii oMetrasu Ha pabouwnit cromuk ACM, ycraHas-
JIMBAM Macmtad, CKOPOCTbh M KOJUYECTBO TOUEK
cxanupoBanus. [Tocite nomydenns n3o00paskeHnii Ha-
HOIIOBEPXHOCTH MEMOPAH 3PUTPOIUTOB U YCTAHOBKU
ux B nporpammy <«®Demrockany» (PD) crynentsr ¢
MMOMOIIBIO TOCTAHOBKYM MapKEPOB M3y4Yaau U KOJU-
YECTBEHHO OIll€HMBaJM ITapaMETPbl HMIEPOXOBATOCTU
00BeKTOB. JIJIsT 3TOT0 CTPOMIIUCH TIPOMUIIH TOBEPX-
HocTeil B J11000M 3aJaHHOM HatipaBjieHuu (puc. 2).
ITo xomy BbIOJNHEHUST PAOOTHI KaK[IbIi CTy-
JIEHT TIOJy4Yaal WHIWBUIYAJIbHOE 3aJlaHKe, CTPOWJI

operation of body tissue transplantation and it could
further be contributed to the development of life-
threatening reactions. The quality of transfusion
media is paramount in ensuring the effectiveness of
transfusions and prevention of severe post-transfu-
sion reactions [2].

Main parameters of quality of donor PRBC are
the morphology of cells and the structure of erythro-
cyte membranes [3, 4].

The purpose of this work: to study the alter-
ations of RBC morphology and their membrane struc-
ture by AFM during long-term storage of PRBC.

This work was carried out on the human PRBC
obtained from the Blood Transfusion Center,
Moscow Health Department. PRBC portions (400
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Puc. 3. Mopdosornyeckuii cCOCTaB 9pUTPOLUTOB, MOJYYEHHBIX METO/IOM OCE/[aHHsI, HAa Pa3HBIX CPOKAX XPAHEHHS DPUTPOIMUTAPHOI

B3BECH.

Fig. 3. Morphological composition of red blood cells obtained by settling during a storage.

Note. a — on the 2nd day of storage; b — on the 19th day of storage; morphological composition for a, b.

IIpumeuanue. a — Ha 2-¢ CyTKU XPaHEHUst SPUTPOLUTAPHOIL B3BecH; b — Ha 19-e cyTKu Xpanenus spurponurapuoil s3secu; at, b1 — mop-
domoruueckue cocrasbl a, b. ovalocytes — oBamonutst; spherocytes — cdeponutsr; planocytes — rianoruTsr; echinocytes — sxunonuTsr

other — npyrue.

cobcTBeHHOE M300pakeHue, ero npoduab U OlEeHN-
BaJI MapaMeTPbl HAHOTIOBEPXHOCTH MeMOPaHBI SPUT-
pormra [1].

[Ipobsieme oreHKN 1eheKTOB HAHOCTPYKTYPBI
MeMOpaH SPUTPOLUTOB IIPU JUIMTEJILHOM XPaHEHWUH
JOHOPCKOI spuTponuTapHoil B3pecu (IB) ObLia 1m0-
csanieHa pabora Ne3. IlepesnnBaHie KOMIIOHEHTOB
KPOBHU PACCMATPUBAETCST KAK OTEPAIINsT TPAHCILIAHTA-
UK TKAHU OPraHi3Ma ¢ BO3MOJKHBIM TTOCTIENYIONUM
pasBUTHEM JKM3HEHHO OIACHBIX peakimii. KauecTBo
TpaHCc(Y3UOHHBIX CPeJI SIBJISIETCS IEPBOCTEIEHHBIM B
obecriedernu adexTusHOCTH TpaHChy3Uid 1 TPodhuU-
JIAKTUKE TSDKENBIX MOCTTPAHCHY3UOHHBIX PEAKIUI
[2]. OnauMmE U3 ryIaBHBIX MOKa3aTesell KauecTsa J0-
HOPCKOI 3PUTPOIUTAPHON B3BeCH SBJIAETCS MOPDO-
JIOTHSI U CTPYKTYPa MeMOpaH 3pUTporuTosB |3, 4].

[lenp paGoTBl — WCCIAEOBATH € MOMOIIBIO
ATOMHOI CUJIOBOW MUKDPOCKOIUHU HAPYIIEHUS MOP-
(ostoruu IPUTPOIUTOB U CTPYKTYPBI UX MEMOPAH B
[poIlecce JJIUTENbHOr0 Xpanenust JB.

ml each) were in a sterile sealed blood bag with a
standard preservative solution.

Bags were stored at 4°C for 30 days, in accor-
dance with WHO Recommendations. During the
storage the morphology and nanostructure of ery-
throcyte membranes were evaluated as described
previously [5].

During the period of storage of PRBC their
morphology was transformed and their membranes
were destructed [6].

Students compared nanostructure and mor-
phology of erythrocytes at 2, 8, 15 and 19 hours of
storage of PRBC. Then they carried out the analysis
of morphological changes at different periods of stor-
age [7—-9].

Defects of erythrocyte membranes nanostruc-
ture following the action of toxins on RBC (Zn ions
and hemin) were further investigated in the Study
Ne4. One of the studied toxins was represented by
heavy metal ions, the zinc ions. ZnSO, solution was
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Ita pabora npoBoauIachk Ha JB uesoBeka, mo-
JIy4eHHOI B TIEHTPE TIepeJINBaHUSA KPOBU JleTIapTaMeH-
Ta 3/[paBooxpanenus . Mocksbl. Konteiinep 9B c re-
MokoHcepBaHToM CPD xpanumm nipu 4°C B TeueHue
30 cyTok, B cooTBercTBUU ¢ pekomenatusimu BO3. B
MEPUOJT BCETO XPAHEHUS PETUCTPUPOBAIUA MOPGHOJIO-
TUIO0 ¥ HAHOCTPYKTYPY MeMOPaH spUTPOIUTOB |5].

Ha niporsrkennn rneprosia XpaHeHUst 3pUTPOITH-
TapHOI B3BECH TPOUCXOMUIA TpaHchopMaIllug MOp-
(oJIOTHE 3PUTPOIIUTOB, IECTPYKITHS UX MeMOpaH [ 6.

B aroii pabote cTyseHTbI cpaBHUBAIH MOPGhO-
JIOTHIO W HAHOCTPYKTYPY PUTPOIUTOB Ha 2-¢, 8-¢,
15-e u 19-e cyTku xpanenus IB. 3aTeMm npoBoauics
CKBO3HON aHA/IN3 U3MEHEHWH MOPMOJTUN B Pa3/ind-
HbIe cpoKU XpaHeHus (puc. 3) [7—9].

IleeKkTbl HAHOCTPYKTYPHI MeMOpPaH SPUTPO-
[UTOB [PU JEWCTBUU TOKCUHOB Ha MEMOPaHBI 3PU-
TPOIMTOB — MOHBI ZN, TeMUH U3YYAJIUCh B paboTe
Ne4. OnHuM 13 U3y4aeMbIX TOKCUHOB SIBJISLTTUCDH UO-
HBI TSKEJIBIX MeTaJioB. B Hatell pabore, B Kauect-
Be TIPUMepa, UCII0JIb30BAIN UOHBI ITMHKA. B pacTBOp
apuTpounuToB gobassan ZnSO, B KOHIEHTPALIUIX:
0 — rouTposB; 0,1 ; 0,2; 0,5, MM. CMech BBIZEPKU-
BaJIM B TeueHue yaca rpu temmeparype 20°C, mocie
4yero (hOpMUPOBAJIN MOHOCJIOH KJIETOK.

B kadecTBe 30HZOB MCIIOJIB30BAIN CTAHAAPT-
Heie Kantuiesepsl fp N10 ¢ yriom mpu Bepirixe
<22° u pagumycom ~10 um. Cusia Ipu CKaHUPOBAHNUU
B muamnasone 0,1—5 aH. Yncio Touek ckaHnpoBaHUS
— 512, moast ckanmposanust: 10X10 mrMm, 1500X1500
M, 800X800 um u 1o 150X150 HMm.

CryzeHTbl BBOAWIM PA3JIMUHbIE KOHICHTPAIUN
MOHOB ITUHKA U TTOJIYYAJIH ITUPOKUN CTIEKTP MTOBPEK/IE-
HUI HAHOCTPYKTYPbI MeMOPaH 3pUTPOIMTOB (puC. 2, b,
b7). Kaxzplil CTYIeHT NPOBOAMI OLEHKY [OBPEXKIE-
HUH WHMBU/YAJILHO, TI0 TOJYYEHHOMY UM PE3YJIBTaTY.

JIpyruM U3y4aeMbIM TOKCUHOM ObLI COJISTHO-
KUCJIBIA TeMaTUH — TeMUH. [eMUH MOKeT 00pa3oBbI-
BaTbCSl B OPraHU3ME YeJIOBEKA MIPU MOTIAJIAHUN TeMO-
rJ00MHAa B KPOBEHOCHOE PYCJIO U JIAJIbHEHIIIEM €ro
OKWCJIEHUSsI, HAmpuMep, B obsactu skemyka. Jlist
HPUTOTOBJIEHHsT PabOUYero PacTBOpa HCIIOJIb30BAIN
cyxoit remun (Sigma, USA). 50 mr cyxoro remuna
pactBopsiiii B 1 mut pactBopa NaOH u obassisiu 5
MJT IMCTUJITTMPOBAHHOM Bo/IbI. KoHeuHasd KOHIIEHTpa-
1[UsI TeMUHA B KPOBU cOCTaBJsia B onbiTax 1,8 MM.

Ha noepxHocTu MeMOpaH 00pPa30BHIBAIICH
JIOMEHbBI Pa3HOIl BEJUYUHBI — OOJIbIIME U MaJble
(puc. 2, ¢, ¢1). Ornnunresbaast 0COGEHHOCTD Jlehek-
TOB IIPU [IefICTBUN TEMUHA COCTOSIA B TOM, YTO BCE
JIOMEHbBI 0O6Pa30BAHDI 3ePHAME OJ[MHAKOBOI BeJIMUH-
HBL. JTO JIaeT BO3MOKHOCTD U3y4aTh MEXaHU3MBbI 00-
pasoBaHUA TAaKUX IOMEHOB B KJeTKe KpoBu. [10]

B caenyiomieii paGore ObLI KCIIOIb30BAH METO/
KaOpoBaHHO# asekTponoparu. |9, 11, 12]. dror
METOJI TIO3BOJIET OMPE/IENIATh CKPBIThIE, €ITle He TTPO-
ABJIIONTECs Ha (PU3NOTIOTUYECKOM YPOBHE MOBPEK-
neHust MeMOpaH Kietok. Mccremayemast KpoBb (3 M)

not added to RBC suspension (control) or added at
concentrations 0.1 mM; 0.2 mMor 0.5 mM. The mix-
ture was incubated for 1 hour at 20°C to form a
monolayer of the cells.

As probes, the standard cantilevers fp N10 with
an apex at an angle <22° and a radius of about 10 nm
were used. The number of scan points: 512, field
scanning: 10X10 pum, 1500Xx1500 nm, 800800 nm
and up to 150x150 nm.

Students employed various concentrations of
zinc ions to obtain a wide range of damage of nanos-
tructure of erythrocyte membranes. Each student
carried out an assessment of damages individually,
according to specicicity of findings.

Hematin hydrochloride — hemin represented
an another example of toixic agent the effect of
which was studied. Hemin ise formed in a human
body when hemoglobin enters the bloodstream and
is undergone oxidation, for example, in the stomach.
To prepare the working solution the chemically pure
hemin (Sigma, USA) was used. 50 mg of dry hemin
was dissolved in solution containing 1 ml of NaOH
solution and 5 ml of distilled water. The final con-
centration of hemin in the blood in the in vitro
experiments was 1.8 mM.

The domains of different size (large and small
one) were revealed on the membrane surface. A dis-
tinctive feature of the defects under the action of
hemin was that all the domains were formed by
grains of the same size. This makes it possible to
study the mechanisms of formation of these domains
in an individual blood cell [10].

In the next study the method of calibrated elec-
troporation was used [9, 11, 12]. This method allows
to determine the hidden damage of cell membranes,
when the damage is not yet manifested at a physio-
logical level. The studied blood (3 ml) was placed in
a quartz cuvette and was subjected to the effect of a
high-energy pulsed electric field. As a result of the
exposure, the electrical breakdown of erythrocyte
membranes arose. Then, the students developed the
kinetic curves that determined the quality of the
membrane. For these curves the rate constant was
estimated for each patient’'s membranes. When the
membrane of RBC in the patient’s blood was normal,
the rate constant was in a certain range. If the cells
(membrane) were damaged, the constant rate was
above the normal range. Thus, the value of the rate
constant evaluated the extent of damage of the mem-
brane nanostructure. Students evaluated the effect
of muscle relaxant Rocuronium bromide (Fresenius
Kabi, USA) on erythrocyte membrane. In this exper-
iment, the erythrocyte suspension was administered
in 1.0, 0.5, and 0.25 pl of drug per 1 mL of solution.
The obtained kinetic curves are shown in Fig. 4.

A separate fragment of the work included the
evaluation of action of UV radiation on human blood.
Students irradiated blood suspension by ultraviolet
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MOMENIAJIACh B KBApIEBYIO KIOBETY U IMO/BEPTANACh
JIEHCTBUIO BBICOKOIHEPTETUYECKOTO WMITYJIbCHOTO
3JIEKTPUYECKOTo 1oJisl. B pesysbraTe BO3/nelCTBUS
BO3HUKAJI 3JIEKTPUIECKUET TP0OOiIT MeMOPaH 3puUTpo-
IUTOB. 3aTeM CTY/JEHTbl CTPOUJIU KUHETHYECKUE
KPHUBbBIE, KOTOPBIE ONPENEISIIA KAaueCTBO MeMOpaH.
[To aTM 3aBUCHMOCTSIM OIlCHMBAJIACh KOHCTAHTA
CKOPOCTH JIJIsT MeMOpaH WCCJIE[lyeMOro MalueHTa.
Ecii MeMOpaHbl 9pUTPOIMTOB KPOBU MAlUEHTA B
HOpME, TO KOHCTaHTa CKOPOCTHU JICKUT B OTIPE/Ie/ICH-
HOM JanazoHe. Eciu kiaetkn (MeMOpaHbl) TIOBPEXK-
JICHBI, TO KOHCTaHTa CKOPOCTHU BBIIIIE HOPMAJIbHOTO
muanazona. Ilo BesiMyrMHE KOHCTAHTBI OTIEHUBAETCS
CTENEHD MOBPEXKIEHUST HAHOCTPYKTYPbI MeMOpaH.
CTy1eHTbI OlIeHUBAJH JIefiCTBIE MUOpesiakcanTa Py-
koponusi Kabu Ha meMOpaHbl spuUTpOIUTOB. JIJIst
3TOTro B cycrensuio sputponutos Beoguwin 1,0, 0,5 u
0,25 mka npernapara na 1 M pacrsopa. [loyuentbie
KWHETUYECKUEe KPUBBIE TIPEJCTABJIECHBI HA PUC. 4.

Otrnenbabiit pparmenT paboTsl — jgeiictBue YD
U3JIy9EeHVs HA KPOBb uesioBeka. CTyIeHThl 00Tydain
CYCIIEH3UIO KPOBH YJIBTPA(UOTIETOBBIM U3JIydCHUEM
¢ nmrHON BostHbI 340 HM (nanbuuii YD) B Tevenme 2
u 5 MunyT. B pesysbrate mosydann KuHeTHYECKHUE
KpUBBIe [T Kak1oi 103b1 YD. JlaHHbIil MeTO MO-
JKET MPUMEHSTBCS: [IJIs1 AMArHOCTUKY 3(hheKTUBHOC-
TH JieueHust 3abojieBaHUN KPOBU (CPABHUBAETCSI
KOHCTAHTBI JI0 U TIOCJIE JIEYCHUS ), /IJIsT OT[CHKHU CTeTe-
HU HOBPEX/IEHUIN KPOBU MPH 0OJIYIEHUSIX BCEMU BU-
JlaMy MOHU3UPYIONINX N3JIydyeHui (PeHTreH, TaMMa,
IIyYKW TIPOTOHOB, 2JIEKTPOHOB, TSKEJIBIX YACTHIL),
JieicTBUs (hapMaKOJIOTUYECKUX MTPENapaToB Ha MeM-
OpaHbI KJIETOK KPOBU, JIJIST OLEHKY JIefcTBUsE (haKkTo-
POB OKPYJKaloIIlell cpejibl Ha MeMOPaHbI KJIETOK KPO-
BU (Ha 3arpsg3HEHHBIX MTPOM3BO/ICTBAX, B IAXTaX, B
IEMEHTHOM W TIeJIJIIOJIO3HOM TTPOU3BOICTBAX ), IS
OLIEHKHN JIIOObIX (DUBMKO-XUMUYECKUX BO3AEHCTBMIL
Ha KPOBb YeJIOBEKA.

MHTepecHble HAyYHBIE PE3YJIBTATEI OBLIN MOJIY-
yeHbl B pabore «KuHETHKA MPOU3BOAHBIX T€MOTJIIO-
OvHa P JIEWCTBUN HAa KPOBb Y€IOBEKa HUTPUTA Ha-
Tpusi». Pabora TpoBOAMIACH HA COBPEMEHHOM
cnexTpooToMeTpe ¢ ABTOMATUYECKUM YITPABJICHMU-
em komibioTepoM Unico 2800 (USA). /uanazon
e BoatH 190—1100 aM yepes 0,5 HM.

CrexrpodoTomerpus — (PU3UKO-XUMUUECKUI
METOJI MCCJICIOBAaHUS PACTBOPOB, OCHOBAHHBIN Ha
M3YYEHUH CIIEKTPOB TOTJIONIEHUS B YJIBTPahUOIeTO-
Boii (200—400 um), Buaumoit (400—760 um) u wH-
dpaxpacuoit (>760 um) obractsix. Vccremyercest 3a-
BUCUMOCTb OINTHYECKON TJIOTHOCTA OT JIJIMHBI
BOJIHBL. /laHHBIN MeTO/1 OCHOBaH Ha 3akoHe byrepa —
Jlambepra — Bepa — ocsabiieHun ydYKa MOHOXPO-
MaTUYECKOTO CBETA MPU PACIPOCTPAHEHUN B CBETO-
nornomaionieir cpene. IlpeaBaputenbHO CTYAEHTHI
WCCJIE/IOBAJIN CIIEKTPBI TIOTJIONIEHUS CTEKIA U KBap-
na. Crekso umesio 6oablioe norJonienue B YO 06-
gactu (kopode 300 um). [ToaToMy Tipu MiccieloBaHU-

radiation at a wavelength of 340 nm (deep UV) for 2
to 5 minutes. The kinetic curves were obtained for
each dose of UV. This method can be employed for
evaluating the effectiveness of treatment of blood dis-
orders (when compared constants before and after
treatment), to assess the degree of blood damage dur-
ing irradiation by various types of ionizing radiation
(X-ray, gamma, beams of protons, electrons, heavy
particles), to determine the effect of pharmacological
agents on blood cell membrane, for the action of fac-
tors of the environment assessment of cell membranes
of blood cells (the contaminated factories, mines,
cement and pulp production), to assess any physical-
chemical impacts on human blood.

Interesting scientific results were obtained dur-
ing the study course « Kinetics of hemoglobin deriva-
tives under the in vitro action of sodium nitrite on
human blood «. The work was performed with the aid
of a spectrophotometer linked to computer automatic
Unico 2800 program (USA). The wavelengths were
within ranges of 190—1100 nm at a step of 0.5 nm.

Spectrophotometry belongs to physico-chemi-
cal methods of research based on the study of the
absorption spectra in the ultraviolet (200—400 nm),
visible (400—760 nm) and infrared (>760 nm)
regions. Students study the dependence of optical
density on the wavelength. This method is based on
the law of Bouguer — Lambert — Beer — the weak-
ening of the beam of monochromatic light propagat-
ing in the light-absorbing medium. Previously stu-
dents have investigated the absorption spectra of
quartz and glass. Glass has a larger absorption value
within the UV region (shorter than 300 nm).
Therefore, for studies of spectra of biological sub-
stances it is necessary to use only quartz cuvettes.

Students studied the content of components of
hemoglobin (oxy-, deoxy — and methemoglobin)
after the action of sodium nitrite. The first part of the
experiments included 3 different concentrations of
NaNO, added to the erythrocytes suspension.
Evaluated spectra dependend on the concentrations
of hemoglobin derivatives. The second stage — 2 pl
NaNO, was introduced into 2.4 ml hemoglobin solu-
tion. Time-dependent kinetics of changes in concen-
trations of hemoglobin derivatives was recorded.
This relationship is shown in Fig. 5.

Within 6 minutes concentrations of oxyhemo-
globin and methemoglobin were equal, and after 10
minutes the concentration of methemoglobin
reached 90%. This method can be used to diagnose
methemoglobinemia, detect poisoning by nitrates,
and installations of biologically based standards for
JDC and MAC values of nitrates in various food
productss.

When performing the scientific Practicum
the students have fulfilled all the objectives, mastered
methods of atomic force microscopy, calibrated elec-
troporation [14] and spectrophotometry. The results
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time, min

Puc. 4. Kunetnueckue KpuBbie TIPH €fCTBUN PYKOPOHHS KaOu
Ha MEMOPaHbI IPUTPOIUTOB.

Fig. 4. Kinetic curves under the action of rocuronium bromide
on erythrocyte membrane.

IIpumeyanue. mkl — mxor; | — o1; with electrical breakdown — ¢
aJiekTpornopanuei; without — 6es. 3xech u g puc. 5: time,
min — BpeMs, MUH.

SIX CIIEKTPOB GUOJIOTHYECKUX BEIIECTB HEOOXOAUMO
MCIOJIb30BATh TOJIBKO KBAPIEBbIE KIOBETHI.

WccenenoBanoch coepkanie KOMIIOHEHT TeMO-
riobuHa (OKCHU-, JI€30KCU- M METTeMOTJIOOMHA) IpU
nelicTBIM HUTpUTA HATPHsL. B iepBoii vactu paboThl B
pPacTBOP 3PUTPOITUTOB BBOAWIIN 3 Pa3Hble KOHIIEHTPA-
1un NaNQO.,. [losyyann KOHIIEHTpAIIMOHHbIEC 3aBUCH-
MOCTH CIIEKTPOB KOMIIOHEHT remoryiobuta. Ha Bro-
powm ararie BBousm 20 MM NaNO, B 2,4 Mt pacTBOpa
reMoryioOnHa. PerrcTprpoBaii KHHETHKY KOHIIEHT-
paiuii NPOM3BOHBIX IeMOTIOOUHA BO BpeMeHU, JTa
3aBUCUMOCTb IIPEJICTABJIEHA HA PUC. 3.

B Teuenme 6 MUHYT KOHIIEHTpAIlMU OKCU- U
MeTTeMOTIO0MHA CTa/IU PaBHBIMU, a yepe3 10 MuHyT
KOHI[eHTpaIust Merremoryobuna gocturiaa 90%.
[laHHBIl METOZT MOXKET TIPUMEHSTHCS I TUArHOC-
THUKU METTEMOTJIOOMHEMUH, BBISIBJICHUST OTPABJIEHUS
HUTpATaMU, JIJIsST YCTAHOBKU GUOJIOTHYECKH 0OOCHO-
BanHbIXx HOpM O/IK u IT/IK 1o copepskanuio HUTpa-
TOB B Pa3JIMYHBIX MPOAYKTAX TTUTAHUS.

ITocJie BBIMTOJIHEHUST PACCMOTPEHHBIX PadOT
CTYJIEHTBI YUUJIUCH TIPOBOIUTH MATEMATHYECKYIO 00-
PabOTKY MOJIYYEHHBIX PE3YJIBTATOB C UCIIOJIH30BAHK-
€M CIEIUAIbHOTO TPOTrPAMMHOTO 0OECTICUEHNSI.

ITpu BoimosHern pabot [TpakTHKyMa CTy/IeHTa-
MU GBLTU PellieHbl BCE TIOCTaBJIEHHbIE 3214, OCBOEHbI
METO/IbI aTOMHOI CHJIOBOM MMKPOCKOIIMH, KaJuOpo-

[ |
= 0,7 mkl/1 ml with electrical breakdown 100
_ _ L —
~#— 1.5 mkl/1ml with electrical breakdown B
== 1.5 mkl/1 ml without electrical breakdown % by
\l\ / =% HbON
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Puc. 5. Kunernka uaMeHeHHs! KOHIIEHTPAIMii IPOU3BOHBIX re-
04 MOIJIO6UHA BO BpeMeHH nocie Bozzeiicteust NaNO,.
Fig. 5. Kinetics of change of concentrations of hemoglobin
03 derivatives after exposure of erythrocyte solution by NaNO,.
0.2
(1] 5 10 15 20 25

Puc. 6. IIpodeccop A. M. UepHblul IPOBOAUT 3aKTIOUUTENBHOE
3angarue lIpaktukyma.

Fig. 6. Professor A. M. Chernysh holds final session of the
Practicum.

obtained in four works were produced by mathemati-
cal processing using specialized software of the lab.

Data obtained during the Practicum by AFM con-
firmed the presence of defects in nanostructures of red
blood cells membranes during prolonged storage of
donor PRBC, as well as the action of toxins on erythro-
cyte membrane. The results of applying of the calibrated
electroporation, as seen from the kinetic curves (Fig. 7),
showed the effectiveness of the method for detecting the
hidden damages of erythrocytes membranes after action
of muscle relaxant or ultraviolet radiation. Kinetics of
hemoglobin derivatives concentrations, obtained by
spectrophotometry, showed the increase of methemo-
globin under the influence of nitrate.

At the final lesson the results obtained by each
student were discussed and the comparative analysis
of these results was carried out.
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BaHHOII astekTporioparyi [ 14] u ciiekrpodoTomeTpun.
Boutn nosrydeHbl HayqHbIE Pe3yJIbTaThl TIPOBEIECHHBIX
pabor, pousBe/ieHa NX MateMaTudeckast 00paboTKa ¢
MCTIOJIb30BaHKE CHEINATU3MPOBAHHBIX TIPOTPAMM Jia-
GopaTtopuu.

[laHHble, TTOJTyYeHHBIE B XO/IC TIPAKTUKYMa METO-
JIOM aTOMHO-CUJIOBOI MHUKPOCKOIIMH, TOATBEPIUIN
Hasmure 1e(heKTOB HAHOCTPYKTYPbI MEMOpaH 3pUT-
POIUTOB TIPH JJIUTEILHOM XPaHEHUH IOHOPCKOI apu-
TPOIUTAPHON B3BeCH, a TaKKe IPU JIeUCTBUU TOKCH-
HOB Ha MeMOpaHbI 3PUTPOLUTOB. Pe3ysbraThl
NPUMEHEHUsT KATHOPOBAHHON 3JIEKTPOTIOPAINH, KAK
BU/IHO M3 KNHETUUYECKUX KPUBBIX (pUC. 4), CBUIETEb-
crBoBasin 06 3PHEKTUBHOCTH MeTOo/Ia OOHAPYIKEHIST
CKPBITBIX MOBPEKACHUN MeMOPaH 3PUTPOIUTOB T10-
cJie IUCTBUSA MUOPEJIaKCaHTa U YJIBTPa(hroIeTOBOTO
nasydeHns. Knnetnka KOHIEHTPAIUN TIPOU3BOTHBIX
reMOrJIOONHA, OJTyYeHHAST METO/IOM CIIEKTPOGOTOME-
TPUH, JIEMOHCTPUPOBAJIA HAPACTAHIE METTEMOTJIOON-
HEMWHU TIPU JIEHCTBUM HUTPATOB.

Ha saxiounreibHOM 3aHATHH ObLIN 00CYKIe-
HBI PE3YJIBTAThI, OJyYeHHBIE KAXKBIM CTY/IEHTOM, U
MIPOBEJICH CPAaBHUTEBHBIN AHAJIN3 ITUX PE3yJbTa-
TOB. [Ipu 0OCY/KIEHUY CTYAEHTHI OTMETUIIH, YTO OC-
BOCHHBIC B XO/I€ MPAKTUKYMAa METO/IbI U TIOJTyYaeMble
C UX TIOMOIIIBIO JTAHHBIEC UMEIOT MIMPOKNE MTEPCIIEKTH-
BbI B MEJIUITMHCKOM TMATHOCTHUKE.

B opranmsanuu u nposegeHun IIpaxtukyma
AKTUBHOE yYacTue TPUHUMAJIU BeAYIINN HAyYHBIN
corpynank HUUM OP, nokrop usuko-maTemarnye-
ckux HayK, mpodeccop E. K. Kosnosa u crapmmii Ha-
yunblii corpyauuk HUIM OP kanauaar 6uosornyec-
kux Hayk B. A. CepryHosa.

3akiaoueHue

[IpoBenennniit [IpakTuky™M oTIMYaiCsS OT Tpa-
JIMIIHOHHBIX METOI0B OOYUYEHUST T€M, YTO OCHOBHOU
IEJbI0 CTaBUJI TOJYYEHWE HAYYHBIX PE3YJbTaTOB
cTyzieHTaMu. B maHHOW cTarhe MPUBEACHBI JIUIID
MPUMEPBI OT/JICTBHBIX PE3YJIBTATOB BBITOJTHEHHBIX
pabot. Kaxast pabota TpeboBaia BBIIOJHEHUS Psijia
B3aMMO3aBUCUMBIX TIOCJIE/IOBATEIBHBIX OMEPallnii 1
MOJIy4EHUS TI€JIOTO KOMILJIEKCa KOHEYHBIX OICHOY-
HBIX BeJn4yWH. Hampumep, KOHIEHTPallMOHHBIE U
BPEMEHHBIC 3aBUCHMOCTH 3apPOXKAEHUS JIOKAJIbHBIX
HaHo/e(heKToB MeMOpaH, BpeEMEHHbIE U JI030BbIe 3a-
BUCUMOCTH 00Pa30BaHUsT METTEMOTJIOONHA pU 00-
aydenuu Kposu YO, nosyyenvie ceMeiicTBa KHHETH-
YeCKUX KPWBBIX TPU [JEWCTBUM HAa KPOBb
MUOPETAKCAHTOB ¥ MOHOB TSKEJBIX MeTasioB. [Ipu
3TOM B KaXXJOH paboTe 3aaBajiiCh MEPCOHATbHBIE
HavyaJIbHBIE yCJIOBUSA dKcrepuMenTa. [loaTomy Kaxk-
JIbIA CTYJICHT BBITTOJIHAJ 3a/laHA€ CAMOCTOATENBHO U
MOJTyYas JIMYHBINA PEe3YJIbTaT.

Professor E. K. Kozlova, PhD/DSci (Physics &
Mathematics), Leading Scientist, and and V. A. Sergunova,
PhD, Senior Scientist, actively contributed to the
organization and conducting the Practicum.

Conclusion

Described Student's Practicum differed from
the traditional methods of teaching because its main
aim was to gain research experience through the
obtaining scientific results. This paper contains
examples of various results of the performed course.
Each work required performing the number of inter-
dependent sequential operations and obtaining a
whole complex of final evaluated variables. As exam-
ples, the concentration and time dependences of ori-
gin of the local membranes nanoscale defects, time
and dose dependences of methemoglobin formation
during UV irradiation of blood, a family of kinetic
curves under the action of muscle relaxants and
heavy metal ions on blood were determined during
the course of education. Moreover, for each study
individual initial experimental conditions were thor-
oughly set up. Therefore, each student performed the
task by himself, independently, and gained personal
experience to obtain the specific results.

On May 11, 2016 the Scientific Student
Conference at the Department of Medical and
Biological Physics of Sechenov First Moscow State
Medical University was held, where all students pre-
sented the results of their works.

Students noted that techniques acquired dur-
ing Practicum and data obtained by employed meth-
ods exhibited broad perspectives for medical diag-
nostics. The conference was attended by
representatives of the University administration and
students of biophysics, biochemistry, bioengineering,
biotechnology specialties and other related fields.
The conference was very successful.

11 mas 2016 roza Ha kadeape MeUIIMHCKOI 1 G-
osornueckoii pusuku [lepporo MIMY um. 1. M. Ce-
vyenoBa npomuia Hayunas crynenyeckas xondepen-
151, Ha KOTOPOii Bee cTynentsl MBM-4 BbicTymmm ¢
JOKJIAIAMU, TIOCBSIIIIEHHBIMU PE3yJIbTaTaM CBOei pa-
60t1b1. CTyJIEHTBI OTMETUJIN, YTO OCBOEHHBIE B XOJI€
MPAKTUKYMa METObI U [OJyJaeMble C UX TIOMOII[IO
JIAHHbIE UMEIOT MIMPOKKE TTePCHEKTUBBI B MeAUIINH-
cKol imarsocTuke. Ha koHdepertmm npucyTcTBoBa-
JIN TIPEACTABUTENN PYKOBOJCTBA YHUBEPCUTETA U
CTYJEHTBI CllelaJbHOCTel OrodusnKa, OMOXUMMUS,
OUOUHIKEHEPUST, OMOTEXHOJIOTUS U JPYTUX CMEKHBIX
crienuasibHocTeit. Kondeperius npotia ¢ 6oJbImm
YCIIEXOM.
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