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BBepeHue Introduction

BniepBbie HWCMONB30BAHME NPUHLOHUIIOB M MEXAHU3MOB
paboTel U (OpPM IKMBOTHBIX B TEXHUKE MPEITIOKUII
Jleonapno na BuHum.

B 1950-x rogax amepuxkanckuii onopusuxk Orro MUt
(Otto Schmitt) paspaboTan KOHIEIIHIO «ONOMUMETHKI)

Tepmun «OroHukay 06U IpuaymMan Jxexom 3. Ctusiom
(Jack E. Steele)

I'. AnpTinysiep npeaioKuI UCHOJIb30BaTh MMPUHITUIIBI 1
MEXaHHU3MbI Pa0OThI dKUBOTHBIX, 0COOCHHO JPEBHUX, JIJIS
PA3BUTUA TEXHUYECKUX CUCTEM.

B cepenune 1976 rona B. IleTpoB nipoBen ucciie10BaHuUs
10 BO3MOXKHOCTH MEPEHOCA 3aKOHOB OMOJIOTUM JJISI
CO3/IaHUS CUCTEMBI 3aKOHOB Pa3BUTHUS TEXHHUKH.

[{esnb naHHOM pabOTHI TOKAa3aTh 00JIEE MIUPOKOE
npuMeHeHne HHCTpyMeHToB TPU3 B OnoMe nuImHCKUX
UCCIIEIOBAHUSIX.

For the first time, the use of the principles and
mechanisms of work and forms of animals in technology
was proposed by Leonardo da Vinci.

In the 1950s, the American biophysicist Otto Schmitt
developed the concept of "biomimetics*

The term "bionics" was coined by Jack E. Steele

G. Altshuller proposed using the principles and
mechanisms of the work of animals, especially ancient
ones, for the development of technical systems.

In the middle of 1976, V. Petrov conducted a research on
the possibility of transferring the laws of biology to create
a system of laws for the development of technics.

The purpose of this work is to show an application of
TRIZ tools in biomedical research.



Uctopua passutua MNLP

Hna npoBeaeHus pasznmuusbix aHamm3oB JHK w  mos
JTMAarHOCTUKU 3a0o0sieBaHuil OepyT npoOy. OgHako ObIBAOT
cJlydau, KOrjJila HEBO3MOXKHO BTOPOH pa3 B3sITh MPOOY U ATO
€AMHCTBEHHAs Mpooa.

Kak ObITB?
OTtBer OYCBUJICH E HYKHO OyOIHpOBaTh
(ammmuduimposars) JIHK — »3To ocymecTBiasercs ¢

noMoIbio permkanuu JJHK

Bnepsoie 310 cnenan Hopaexckuii OHMOXUMHK XbEJIb
Knenne B 1971 romy. [nsi 5TOro OH BOCIOJIB30BAJICS
dbepmentom JIHK-monumepas3oi, KOTOpbI BIEpPBBIE B
1956 romy BBIAETUT AaMEPUKAHCKUM YyYeHBIH ApTyp
KopuOepr u3 6akrepuii Escherichia coli.

B 1983 roamy amepuxkanckuM OuoxumukoMm Kopu
Mynnucom Obina uzobperena [P u 28.07.1987 Obin
noyueH natent CIIA 4,683,195.

The development of PCR

A sample is taken for various DNA tests and for the
diagnosis of diseases. However, there are cases when it
IS not possible to take a sample at the second time and
this is the only sample.

How to solve the problem of the DNA amount shortage?

The answer is obvious - you need to duplicate (amplify)
DNA — this is accomplished using DNA replication

This was performed at first by the Norwegian biochemist
Kjell Kleppe in 1971. To achieve this, he used the
enzyme DNA polymerase, which was originally isolated
in 1956 by the American scientist Arthur Kornberg from
Escherichia coli bacteria.

In 1983, American biochemist Kary Mullis invented
PCR and received US Patent 4,683,195 on July 28,
1987.
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ProFlex™ PCR System




UcTtopua passutua MNUP The development of PCR

st mposenenus I[P ananusa, nepen KaxXAapIM HOBBIM
CHHTECTHYECKUM IIMKJIIOM B CMECh Hago ObLIO JTOOABIISATH
HOBY10 nopuuio dpepmenta JIHK — monumepasbl, motoMy
YTO OH OBICTPO BBIXOJWJI M3 CTpPOSl H3-32 BBICOKHX
TEMIIEPATYP, UCTIONIb3yeMBbIX B [1LIP.

Bo3naukia soBag 3ajaya.

Kak cnenarp, uto0bl ¢gepment JIHK — mnomumepass
JOJIBIIIE CITYKUI?

B takux cinyyasx B TPU3 npumeHstor (QpyHKIMOHAILHO-
OPUEHTUPOBAHHBIN MTOMCK (DOII),
IpeACTaBISIET COO0M TpaHC(eEP TEXHOJIOTHUH.

KOTOPBIU

rae 9ota  (PyHKOMs
BBITIOJTHACTCS B TSDKEIBIX YCIOBUSIX M MAacCOBO. ITO
depment JHK -
OH paboTajl TMpU BBICOKUX

3HAUUT HYXHO HaWTH 0O0JIaCTh,

O3HAYaeT, 4YTO HYXXHO HaWTHU

nojumepasbl, TA€ Obl
TEMIIepaTypax.

For the PCR procedure, before each new synthetic
cycle, a new portion of the DNA polymerase enzyme
had to be added to the mixture, because it quickly
failed due to the high temperatures used in PCR.

A new problem has arisen.

How to make the DNA polymerase enzyme to persist
longer?

In such cases, TRIZ uses function-oriented search
(FOS), which is a technology transfer.

So you need to find an area where this function is
massively completed in challenging conditions. This
means that you need to find the DNA polymerase
enzyme, where it would work at high temperatures
without loss of its biochemical activity.
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* B 1985 rony Kspu Mriommuc B kopnopamuu Cetus Hagan

s TILP
oJINMEpPazy (BBIICJICHHY IO u3 KCTpEMaIbHO-
TepMouIIbHON  OakTepuu Thermus aquaticus), d9To
3HAQUUTEJIPHO  yHOpocTwio  pabory.  Tagq-moaumepasy
BbiJienuad B 1976 roay yuenbie u3z CHIA, Dnnuc Ywuen,

HCII0JIb30BaTh TepMOCTaOMIbHYI0  Tag-

J»Bun Onrap u [xxon Tpema. ITOT (epMEHT COXpaHsLI
aKTUBHOCTH JIa)Ke IIPHU TeMItepaTypax Boimre 75 °C.

B 1991 romy yuenbie BO IaBe ¢ JpukoM Marypom u3

OMOTEXHOJIOTUYECKON KOMITAaHUU Stratagene,
(Kamudoprus), oo6Hapyxwmwm JIHK-momumepaszy Pfu
(Pyrococcus  furiosus),  koropas  JIEMOHCTPHPYET

3HAYUTEJILHO 00J1€€ BHICOKYIO TOYHOCTh PEIIMKALIMHU, YEM
JIHK-nonmumepaza Tag. B 1996 romy onu mnomyuwmian
ATCHTHI Ha SK30HYyKJIea30-acehunuTHsic Pfu 1 Ha moanyio

Pfu (U.S. Patent 5,489,523, U.S. Patent 5,545,552).

The development of PCR

In 1985, Kary Mullis at Cetus Corporation began using
thermostable Taq polymerase (isolated from the extreme
thermophilic bacterium Thermus aquaticus) for PCR,
which greatly simplified the work. Tag polymerase was
firstly isolated in 1976 by US scientists Ellis Chien, David
Edgar and John Trela. This enzyme remained active even
at temperatures above 75°C.

In 1991, scientists led by Eric Mathur of Stratagene,
California, a biotechnology company, discovered Pfu
(Pyrococcus furiosus) DNA polymerase, which exhibits
significantly higher replication fidelity than Taq DNA
1996,
exonuclease-deficient Pfu and for complete Pfu (U.S.
Patent 5,489,523, U.S. Patent 5,545,552).

polymerase. In they received patents for
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JHocrouncrBa Tag-mojmmMepasbl —  3TO
CKOPOCTh €€ paboThI (IPOIIECCUBHOCTB).

BBICOKAas

HexocraTok 3T0M nmoayMmepasbl 3aKIH04ACTCS B JIOBOJIBHO
BBICOKOM BEPOATHOCTH BHCCCHUS OIIHOOYHOTO
HYKJICOTHJIa, TaK KaKk y 3Toro (epmMeHTa OTCYTCTBYIOT
OIMOOK (3'—>5'-

MCXaHU3MBbI HCITPABJICHUA

AK30HYKJI€a3Has aKTUBHOCTD ).

HocrouncTBa Pfu-moammepassl — 3T0 TOpasmo Oolee
TOYHOE KonupoBaHue mosekyn JIHK, uro 3HaunTenbHO
YMEHBIIIAET YACJIO MyTanuu B perumuupyemon JHK.

Hexocrarok  —
(ITpOIIECCUBHOCTD).

HU3KAas  CKOPOCTh €€  paloThI

History of PCR development

The advantage of the Tag polymerase is its high
speed of work (processivity).

The disadvantage of this polymerase is the rather high
probability of introducing an erroneous nucleotide,
since this enzyme lacks error correction mechanisms
(3' — 5'-exonuclease activity).

The advantage of Pfu polymerase is a much more
accurate copying of DNA molecules, which
significantly reduces the number of mutations in
replicated DNA.

The disadvantage is the low speed of its work (low
processivity).
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IIporuBopeune TpedoBanmii 1 (IIT - 1) y Tag-
NoJMMepa3bl  —  @bICOKAA  CKOpOCMb  UX  pabomvl
(npoyeccusnocmv), HO 6bICOKAA BEPOSIMHOCb GHECEHUS
OUUOOUHO20 HYKIeOMUOA.

OT - 2 y Pfu-moammepasbl — HusKas 6eposimuHocmb
BHeCeHUs. OUUDOUHO20 HYKIeoOmuod, HO HU3KAL CKOPOCHb UX
pabomwi (npoyeccusnocms).

HUneanbublii koHeuHnblii pesyabrar (MKP). Bricokas
CKOPOCTb PabOThl M BBICOKAsE TOUHOE KOIUPOBAHUE MOJICKYJI

JTHK.

IIporuBopeunss cBoiictBa (IIC). Ilowemy y Tag-
MOJIUMEPA3bl  BEPOSITHOCTh  BHECEHUS  OIIMOOYHOIO
HYKJIEOTHAa, TaK KaK y O3TOro (epMeHTa OTCYyTCTBYIOT
MEXaHU3MBbI WCIIPABIICHUS OILIMOOK (3'—>5'-
9K30HYKJIea3Hass aKTHBHOCTD).

Pemienne — ruOpuamzamus. lcronp3oBaHME WX BMECTE.
OcTaroTcsl  TOJABKO  JOCTOMHCTBA M KOMIICHCHUPYIOTCS
HEIOCTATKH.

History of PCR development

« The contradiction of requirements 1 (CR - 1) for
Taq polymerase is the high speed of their work
(processivity), but the high probability of introducing
an erroneous nucleotide.

* CR - 2 in Pfu polymerase — low probability of
introducing an erroneous nucleotide, but low speed of
their work (processivity).

 ldeal final result (IFR). High speed of work and high
exact copying of DNA molecules.

* Property Contradictions (PC). Why is Taq
polymerase likely to introduce an erroneous
nucleotide, since this enzyme lacks error correction
mechanisms (3'—5'-exonuclease activity).

» The solution is hybridization. Using them together.
Only advantages remain and disadvantages are
compensated.



Annapart MNUP PCR apparatus

Anmnapar [P nomkeH NUKIWYHO BBIIABATH CIIEAYIOIINE
TeMrneparypsi-95, 55, 72 rpaaycos lenbcus.

Ilepeie ammaparbl gt IIIIP pabGoranu Ha OCHOBE
MIOJOIPEBA C TTIOMOIIBIO TEPMOHATPEBATEIILHOTO AJIEMEHTA,
a OXJIAXJIEHUE OCYIIECTBISAECTCS C IMTOMOIIBI0 BEHTUWIATOPA
u notroka Bozayxa. IIIIP, ocoOeHHO IS JUIMHHBIX
dbparmentoB JIHK, niouscs 4-6 yacos.

Kak cokparurh BpeMsi HArPeBaHUS U OXJIAXKICHUSA?

B kadecTBe pelieHus 3aa4udl MPEIJIOKEHO HCIIOIb30BaTh
dbdextr IlenbThe WM TEPMOIIEKTPpUUECCKUN dPdEKT
(Peltier effect). B ammapare III[P mocraBmim sieMEHT
[lenbTbe, KOTOPBIM OBICTPO HArpeBal M  OXJAXKIAJ
npenapar. ITO MO3BOJWIO 3HAYUTEIBHO COKPATUTh
nporniecc, u IIIIP cran amutbes 0.5-1.5 daca, 4to TOXKE
CAENaJ0 PEBOJIOLMI0, OCOOEHHO B  MOJIEKYJISIPHOMN
JUAarHOCTUKE, B YACTHOCTU, MPU OMPEACICHUN HATUYUS
BHUPYCa KOPOHBI.

« The PCR apparatus should cycle through the following
temperatures - 95, 55, 72 degrees Celsius.

 The first PCR machines operated on the basis of
heating with a thermal heating element, and cooling
was carried out using a fan and air flow. PCR,
especially for long DNA fragments, lasted 4-6 hours.

* How to shorten the heating and cooling time?

» As a solution to the problem, it is proposed to use the
Peltier effect or the thermoelectric effect (Peltier
effect). A Peltier element was installed in the PCR
apparatus, which quickly heated and cooled the
preparation. This made it possible to significantly
shorten the process, and PCR lasted 0.5-1.5 hours,
which also made a revolution, especially in molecular
diagnostics, e.g. in determining the presence of corona
Virus.



KauyectBo n KOHUeHTpauua AHK v PHK

Quality and concentration of DNA and RNA

s mpoBepku koHueHtpanuu n kadecrsa JJHK n PHK uncnonszoBanu
WCITOJIB30BaTh
KOTOpBIE TIPOITyCKalld W HE
npenomiisin yasrpaduoner (230-320 nm). Kaxxaast U3 KOTOPBIX CTOMIIA
$100. Dro ObL1O OYeHBb JOpOro. KpoMe TOro, 4To0bI 3al0IHUTH KIOBETY
TpeboBajIoCh MHOro AehuIUTHOTO Omomarepuana. Kak pemurts 3Ty

cnekrpodoromeputo. [ns  sToro OBLIIO

CIICOUAJIBHBIC  KBAPLCBBLIC KHOBCTHI,

HYKHO

3agady?

IIporuBopeune TpedoBanmii (IIT). IIpoBepka KOHIEHTpAIUK U
kadectBa JJHK u PHK TpeOyer Hannuus 1oporoil KrOBEThl U HaJIUYHS
OOJIBILIOTO KOJIMYECTBA OMOMaTepuaa, YTO He BCEra BO3MOYKHO IPHU €ro
nepunute. T.e. mIpOTUBOpEUHE MEXAY HEOOXOAUMOCTBIO NPOU3B0OUMb

npo8epKy N 00PO20BU3IHOU KI0OGembl, U KOIUYUECN8oM buomamepuaa.

Nneanbublii koHeuHblii pesyabrat (UKP). [IpoBepka mpousBoauTcs,

KIOBCTa ACHICBAA U MAJIbIC 3aTpPAThl 6I/IOMaT€pI/IaJ'Ia.

IIporuBopeuus coiicTa (IIC). UToObl nmpou3BecTy NPOBEPKY HYKHO
UCII0JIb30BaTh OOJBINYI0, JOPOTYH0 KIOBETY MU MHOIo Ouomarepuaia, a
4TOOBI CHU3UTbH PACXOIbl HA IPOBEPKY M CHU3UTH pacxoj Oromarepuaia,

HY>KHO UMETh MaJyl0 KIOBETY M MaJIOK KOJMYECTBO OroMaTepuaia.

Pazpemmm I1C B cTpyKType.

Pemenne. Cranu HCNoONb30BaTh KBapLEBBIE KallWLISAPBI, KOTOPHIE

crounu $1.

» Spectrophotometry was used to check the concentration and
quality of DNA and RNA. To do this, it was necessary to use
special quartz cuvettes that let through and did not refract
ultraviolet (230-320 nm). Each of which costed $100. It was
very expensive. In addition, a lot of scarce biomaterial was
required to fill the cuvette. How to solve this problem?

» Conflict of requirements (CT). Checking the concentration
and quality of DNA and RNA requires an expensive cuvette
and a large amount of biomaterial, which is not always
possible when there is a shortage of it. Those. the
contradiction between the need to check and the high cost of
the cuvette, and the amount of biomaterial.

« ldeal final result (IFR). The check is carried out, the

cuvette is cheap and the biomaterial costs are low.

* Property Contradictions (PC). To test, you need to use a

large, expensive cuvette and a lot of biomaterial, and to
reduce the cost of testing and reduce the consumption of
biomaterial, you need to have a small cuvette and a small
amount of biomaterial.

» Resolving PC in the structure.
» Solution. They began using quartz capillaries, which cost $1.
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Bo3nukJiia HoBag 3a1a4a.

[ToTpeboBaioch MHOTO MPOBEPOK M COOTBETCTBEHHO MHOTO
KBaplLEBbIX KamWLIsIpoB. Kpome Toro, Ha Kaxmayro MpPOBEPKY
TpeOOBAJIOCH MHHUMYM O MHUKPOJMUTPOB Marepuana, 4TO
JaJIeKo HE BCera ObUIo JOCTYITHO.

Nneanbublii  koHeunblii  pesyabrar  (MKP). He
UCIOJIB30BaTh KIOBETY MW Kanwuisap. buomarepman He
TPATHUTCA.

Pemenne. CtaiM MCHOJIB30BATh TEXHOJIOTHUIO YACPKUBAHUS
oOpasiia, KOTOPBIM HCIONB3YET TOJBKO IMOBEPXHOCTHOE
HaTsDKEHUE, 4TOOBbI yAepKuBaTh oOpasel] Ha Mecre. ITO
yCTpaHsE€T HEOOXOAUMOCTh B TPOMO3JIKHX U JOPOTHX
kroBeTax. OOpazerny o0beMOM 1 MKIJI NMHUMNETKOH HAHOCAT Ha
KOHEI[ ONTOBOJIOKOHHOTO Kabesis (MPUHUMAIOIIEE BOJIOKHO).
BTopoli ONTOBOJOKOHHBIM KaOenb (BOJOKHO — HWCTOYHHK)
3aTeéM TIPUBOJUTCS B KOHTAKT C JKUJAKAM OOpas3loM, B
pe3yJIbTaTe Yero JKUAKOCTh TEPEKPBIBAET 3a30p MEXKIY
ONTOBOJIOKOHHBIMU ~ KOHIIaMH. FIMIynbCcHass KCEHOHOBas
UMIYJIbCHAs  JlaMma  CJIY>KMT HCTOYHUMKOM CBE€Ta U
CIIEKTPOMETpP, HCHONb3yrommMi JuHerhHyw [I13C-marpuny
(linear CCD array), ucronb3yercst JJId aHaJIk3a CBETa IOCIIe
IIPOXOXKJICHUS uepe3 oOpasell.

A new problem has arisen.

It took a lot of checks and, accordingly, a lot of quartz
capillaries. In addition, each test required a minimum
of 5 microliters of material, which sometimes was far
from available.

Ideal final result (IFR). Do not use cuvette or
capillary. Biomaterial almost is not wasted.

Solution. They began to use the technology of holding
the sample, which uses only surface tension to hold the
sample in place. This eliminates the need for bulky and
expensive cuvettes. A 1 ul sample is pipetted onto the
end of the fiber optic cable (receiving fiber). The
second fiber optic cable (source fiber) is then brought
into contact with the liquid sample, causing the liquid
to bridge the gap between the fiber ends. A flash xenon
flash lamp serves as the light source and a
spectrometer using a linear CCD array is used to
analyze the light after passing through the sample.
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CuHrte3 1HK Ha ocHOBe KpemMHuUA

« Twist Bioscience pa3paboraja 3anaTeHTOBaHHBIN IIPOIIECC

npousBoacTtBa  cuHtetmueckon JIHK  Ha  ocHOBe
MIOJYIIPOBOJHUKOB C BbICOKOIIPOU3BOIUTE/IbHOU
KpPpeMHHEeBO  miaropmoii, KoOTOpas  IO3BOJSET

MHUHHUATIOPU3UPOBATH XUMHUIO, HCO6XOI[I/IMYIO JIJ1s1 CMHTEC3a
JTHK.

OTa MUHUATIOpHU3AlMS TI03BOJIIET HAaM  YMEHBIIUTH
oobembl peakuu B 1 000 000 pa3 nmpu 0THOBpEMEHHOM
yBeJIMYeHUU TpomnyckHo#l cnmocobHoctu B 1 000 pasz, uto
no3BosieT cuHTe3upoBath 9 600 reHoB Ha OIHOM
KpPEeMHHEBOM YHIIE B TOJHOM MaciTabe. TpaauimoHHBIE
METO/IBl CHHTE3a TPOU3BOASAT OAWH TE€H B TOM IKE
(bU3MUeCKOM MPOCTPAHCTBE C HCHOJIb30BaHUEM 96-
JIYHOYHOH IIJTACTUHBI.

8RN e
iy Al | “ r \\{( r e
TRADITIONAL

METHODS
96 Oligos =1 Gene

TPAOVUMNOHHbIE
METO[ObI
96 Onuro=1TeH

Silicon-powered DNA synthesis

Twist  Bioscience  developed a  proprietary
semiconductor-based synthetic DNA manufacturing
process featuring a high-throughput silicon platform
that allows to miniaturize the chemistry necessary for
DNA synthesis.

This miniaturization allowed to reduce the reaction
volumes by a factor of 1,000,000 while increasing
throughput by a factor of 1,000, enabling the synthesis
of 9,600 genes on a single silicon chip at full scale.
Traditional synthesis methods produce a single gene in
the same physical space using a 96-well plate.

KPEMHUWVEBAA MIATOOPMA
> 1 munnmoH onuro = 9 600
reHoB

SILICON PLATFORM
> 1 Million Oligos = 9,600
Genes



NADPH oxidase

ectb pepment NADPH Oxidase. Ero ocHoBHast yHKIIHS 3TO JieiaTh CBOOOTHBIC PaJIUKalIbl
KOTOpbIe yOMBAIOT BUPYCHl M OaKTEpUU M TPUOKU , KOTOPHIX MPOTIOTUIN KIIETKH KPOBH WM
NE€rkux 1mojx Ha3BaHueM Qarouutbl. CyMTaercs, 4yTo CBOOOJHBIC PaJUKAIIbI U OKCHJIAHTHI
noBpexaaoT JIHK, Bbi3biBas pak M crapenue. [lopTomy oyeHb BakHA cOalaHCHpPOBAHHAS
peryasius toro mporecca. Pabpuka MPOU3BOACTBA PATUKATIOB COCTOUT M3 JBYX OEIKOB
gpo91Phox y p22PNoX y cumaT B oHM MeMOpaHe. UTOOBI HMX aKTUBUPOBATh OHM JIOJKHEI
COEIMHUTBCS ¢ OenkoM PB7PNO% KOTOPEIN COENUHAETCS C pa3sHBIMH JOMEHAMH B Oenkax P40Phox,
p47ehox and Racl. Tlocmemumit- Racl, "axrusupyer aktuparop" P67P'%, u Bemér ero k
meMOpane. YUtoObr Racl He Bkimouan cuctemy, ero caepxusaer 60enok Rho -GDI u nuuHO
aktuBHupyet 6enok GEF. YUrto s cnenan- s yopan 6enxku RHO-GDI, u GEF  wucnons3ys Bcerna-
aKTUBHPOBAHHBIA- MyTaHT Racl, u moctpoun rubpunHeiii 6e10k copepxkamuii Racl u Tonbko
HeOobIIMe YacTH (MEHBIIE TMOJIOBUHBI) OeNKoB P67 u P47, OTBETCTBEHHBIE 32 AKTHUBAIIUIO
OXMJIa3bl U IPOM3BOICTBA U3 KUCIOPOa CBOOOJHBIX pajnKajioB. To ecTh s MOJHOCThIO YyOpau 4
Oenmka M3 CHUCTEMBI, a JIBa JIPYTMX YMEHBIIHUI JO MHUHUMYyMa. DTOT XUMEPHBIH U THUOPHIHBIHA
6en0Kk MBI Ha3Banu Tpumepa (Tak Kak COCTOMT M3 TpEX 4acTeil) M OH ObLI JOCTAaTOueH JUIs
NPOM3BOACTBA PAJAMUKAIOB. DTO CTAJO XOPOUIMM M YIOOHBIM HHCTPYMEHOM B  HM3Y4YE€HUH
OXH/Ia3bl TaK KaK HEHOCTATOK €€ aKTHUBHOCTH BeIET K TshkEémomy 3aboneBanuto - CGD, rae
YeJoBEeK Bce BpeMsi OojieeT MH(EKUMOHHBIMU Ooje3HsMHu. Hekoropele maGoparopuu craniu
npoOoBaTh CIeNaTh CTPYKTYpPY OXHIa3bl B KOMIUIEKCE C Hamieid Tpumepoi, 4ToObl HailTh
MEXaHU3MBbI €ro paboThl AJsi Mmoucka JiekapcTtB. Ho! okaszamoch, 4To CBOOOAHBIE pPaHKAIIbI
HYKHBI HE TOJIbKO YTOOBI yOUBaTh MUKPOOOB, HO M YTOOBI PEryJIHpOBaTh KPOBSHOE JIaBJICHHUE,
CIIyX, paBHOBecHe U Tak janee. U teneps Moo Tpumepy HCHOIB3YIOT B MIOMCKaX WHIHOUTOPOB

OKCHUIa3bl. KOTODEHBIC ITOTOM MOQOXKHO 6VH€T NCITIOJIB30BATh B KQUCCTBC JICKAPCTB.

NADPH oxidase

There is an enzyme NADPH Oxidase. Its main function is to make free radicals that
Kill viruses and bacteria and fungi that have been ingested by blood or lung cells called
phagocytes. Free radicals and oxidants are believed to damage DNA, causing cancer
and aging. Therefore, a balanced regulation of this process is very important. The
radical production factory consists of two proteins gp91Phox and p22rhox and sit in their
membrane. To activate them, they must bind to the p67Phox protein, which binds to
different domains in the p40rhox p47rhox and Racl proteins. The last one, Racl,
"activates the activator" p67rhox and leads it to the membrane. To prevent Racl from
turning on the system, it is restrained by the Rho-GDI protein and personally activated
by the GEF protein. What | did was | removed the RHO-GDI and GEF proteins by
using an always-activated Racl mutant, and built a fusion protein containing Racl and
only small parts (less than half) of the p67 and p47 proteins responsible for oxidase
activation and production of free radicals from oxygen . That is, | completely removed
4 proteins from the system, and reduced the other two to a minimum. We called this
chimeric and hybrid protein Trimera (because it consists of three parts) and it was
sufficient for the production of radicals. It has become a good and convenient tool in
the study of oxidase, since the lack of its activity leads to a serious disease - CGD,
where a person is constantly sick with infectious diseases. Some laboratories began to
try to make the structure of oxidase in combination with our Trimera in order to find
the mechanisms of its work for drug discovery. But! it turned out that free radicals are
needed not only to kill germs, but also to regulate blood pressure, hearing, balance, and
so on. And now Trimera is being used in the search for oxidase inhibitors, which can

then be used as druas.
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NADPH oxidase —"to live or not to live” enzyme

ObITb MOBbILEHA CUCTEMHbIM
nepexoaom 2;

C MAKPOYpPOBHSA Ha
MMWKPOYPOBEHb, KOFAa CUCTEMY
WIN ee YaCTb 3aMeHSAIoT
BELLECTBOM, CNOCOOHbIM NMpU
B3aMMOZEMNCTBUM C NOJIEM
BbINONHATbL Tpebyemoe aencreme.

The efficiency of the system - at
any stage of development - can

Cytosol
be increased by system transition y
2: from the macro level to the
micro level, when the system or
art of it is replaced by a
P P Y GDP (Rac

substance capable of performing
the required action when
interacting with the field.
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BbiBoAbl Conclusion

« B pabore OblLIa MOKa3aHa BO3MOXKHOCTH HMCIIOIb30BAHHUS * This work shows the possibility of using TRIZ
uncTpymentoB TPU3  sis  pemenms  3amad  TpH tools for solving problems in biomedical research.

6I/IOM6,Z[I/IHI/IHCKI/IX HCCICOOBAHUAX.

» This approach allows not only to significantly

» Taxom mOMXON TOSBOMACT HE TONBKO 3HATUTCNEHO reduce the time for solving problems in biomedical

COKpaTuTb  BpeMs  Ha  pCHICHME  3aJa4  TpH research, but also to obtain qualitatively new
OMOMEIMIIMHCKUX HCCICAOBAHHUAX, HO H IOJYYHTh results and predict new ways of biomedical
KaYECTBEHHO HOBBIE pE3YyJbTaThl W MPOTHO3UPOBATH research.

HOBBIC ITYTH OMOMEIUITMHCKUX UCCICIOBaHUM.

» The authors want to draw the attention of experts
in biomedical research and TRIZ experts to further
research in this area.

* ABTOpBI XOTSAT MPHUBJICYbL BHHUMAHHUE CICHHUAIKNCTOB B
OMOMENUIIMHCKUX MCCIIEAOBAHUAX U criermaiiuctos TPU3
K JaJIbHEUIIINUM HUCCIEI0BAHUAM B TaHHOU 00JIaCTH.




