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N30TEPMUNYECKASA NHETJIEBASA AMINVNIMOUKALINA LAMP
B ®OPMATE MHUKPOYCTPOUCTB (OB30P)

Nzotepmuueckas merineBas ammumudukanms (LAMP) mupoko npuMeHseTcss B KauecTBe OBICTPOTO W UyBCTBHUTEINb-
HOTO METOJIa JMarHOCTHKH 1 HanboJiee MepCIieKTUBHA ISl TPOBEJICHNS aHAIN3a B YCIIOBUSIX OTPAaHWYEHHBIX BpeMe-
HU M PECypCOB, HAIPUMEP B MECTAaX OKa3aHMs MEIUIIMHCKOH momolnu. B pabore paccMOTpeHb! OCHOBHBIE MPHHIH-
el pabotel LAMP, criocoObl teTeKTHpOBaHHs MPOAYKTOB PEAKIMH, a TaKkke MUKpOQIIOUIHbIE YCTPOICcTBa U aHa-
JUTUYECKHe cucTeMbl Ha ocHoBe LAMP, B ToM umcie pa3paboTaHHbIE IS 9KCIIPECC-TUArHOCTHKH B YCIOBHSIX TaH-

nemun COVID-19.

K. cn.: MukpogIroniabe yCTpoicTBa, H30TepMudeckas nerieBas ammumudukanms, LAMP, COVID-19,

point-of-care (POC)

BBEJAEHUE

Metonpl aMruMUKaAMA  HYKJICHHOBBIX KHCJIOT
SBIISTFOTCSI BKHBIM HHCTPYMEHTOM, ITTO3BOJISTIOIITIM
3HAUUTEIBHO TOBBICUTh UYBCTBUTEIBHOCTH MOJICKY-
JSIpHO-TEHETHUeCKOoro aHanm3a. Haubonee momyssip-
HOW TEXHOJIOTHEH aMIUM(pUKAUK Ha CEeTOIHSIIHUMN
JICHb SIBIISIETCS monmMepasHas remHas peakius ([1LP).
Awvimmndukarmus Ha ocHoBe I[IIIP Tpebyer cioxHOTO
obopymoBanust st BeicokoTouroro (£ 0.5 °C) u ObicT-
poro (> 10 °C/c) TepMOIMKIMPOBAHWSA, YTO HE BO
BCEX CyYasiX MOAXOMIUT ISl TOBCEAHEBHON KIMHHUYE-
CKOW TIPAaKTUKW WIH JUATHOCTHUKU B YCIIOBHSIX OTpa-
HUYEHHBIX pecypcoB. Kpome TOro, OTHOCUTENBHO BbI-
cokue temmepatyps (1o ~ 100 °C) TpebyroT xopormeit
repMeTH3allMH PEaKIHOHHOTO o0beMa U TpPeaoT-
BpAICHUS UCTIAPEHUS.

B Teuenne nByX MOCICHHUX ACCATHIICTUNA OBICTPO
pa3BUBAIKCh METOJbI M30TEPMHUUCECKON amrumnduka-
uuu. Baxknoe paznuuue mexay I[P u mzorepmuue-
CKOM aMITTU(UKAIMEH — TEeMIIepaTypHBIE PEKUMBI
MPOBEJICHUS peaklUuU. TEeXHONIOTUHU HU30TEPMUUECKON
aMIUI(UKAUK HYKJIEHHOBBIX KHUCJIOT pa0oTaloT MpU
OJIHOM ONTHUMAJbHOW TEMIEpaType, 4TO IPHUBOJUT
K OoJiee MPOCTHIM, JEMICBBIM W HAJICKHBIM TEXHHYC-
CKUM pEIICHUSAM IS KOHCTpyKumii mpubopos. M30-
TEPMUICCKUE METOJBI aMIUTH(UKAIINY HYKICHHOBBIX
KUCJIOT cTaHOBATCS anbrepHatuBod IILP u 3Hauwm-
TEJBHO YNPOIIAIOT PeaTu3alMi0 METOO0B aMILIH(U-
Kallid B MEIUIIMHCKUX JTMAarHOCTUYECKUX MPUOOpax
Y QaHAJTUTHYECKOM 000pYI0BaHUH.,

Mzorepmuueckas ammmubukammst JHK / PHK,
oOecrnieunBaroias CpaBHUMYIO WIN Jaxe Oojee BbI-
COKYIO YYyBCTBHUTEIHHOCTh W CIEIMU(DUIHOCTH, UYEM
TpaguunoHHas 1P, npencraBiser nepcrekTUBHOE

HampasJieHHE B Pa3BUTHH METOJOB 3KCIIpecc-oOHapy-
JKeHUs1 BO30yauTenel MH(EKIMOHHBIX 3a00JIeBaHUI:
B MIPOJIYKTaX NMUTAHHS; B BOJE, BO3AyXe U MOYBE; IS
JUAarHOCTHKH Y IOCTEH OOJIBHOTO U JIp.

TEXHOJIOT'UA N30TEPMUYECKOWM
NHETJEBOU AMIIVINOUKALITNA
(LOOP-MEDIATED ISOTHERMAL
AMPLIFICATION, LAMP)

Uzotepmudeckas aMIuiUKAIKsI, UCIIOIB3YOMIAs
(hepMEHTHI C BBICOKOW aKTHBHOCTBIO CMEIICHUS eI
Y IpOTEeKalomas ¢ 00pa3oBaHKUEM HETIEBBIX CTPYKTYP
JHK, — »T0 mpocToif, ObICTphIid, 3¢ GhEKTUBHBIN
Y TEPCIEKTUBHBIA METOJ aMIUIM(pHUKAINN HYKJICHHO-
BBIX KHCIOT. MeToj TNeTIeBoil amiuiupuKaiuu
(LAMP — loop-mediated isothermal amplification)
Oobut paspaboran B kommnanuu Eiken Chemical Co.,
Ltd (Slmonms) Tsugunori Notomi m ero koieramu
B 2000 r. [1].

B metoge LAMP ucnonesyror JIHK-mommumepassr
C IENb-BBITECHAIONIEH aKTUBHOCTBIO M YeThIpe (WU
HIECTh) TpaiiMepa, YTO TOBBINIAET CHEHU(PUIHOCTD
peakunu. KoHeuHbI TPOAYKT JaHHOM peakiuu mpe-
cTaBisieT coOOH crenuduyeckue CTPYKTYpHI, CO-
CTOAIINE U3 HECKOJIBKUX TOBTOPSIOLINXCS WHBEPTH-
POBAaHHBIX  TOCJIENOBATEIBHOCTEN  OPUTHMHAIBHOU
JHK-mumienn, COeAWHEHHBIX TMETISIMH OJIHOIICTIO-
yeynoit JIHK. Meton obecnednBaeT BBICOKYIO (-
¢extuBHOCTh ammuudukannu JIHK, xommdectBo ko-
Topoit yeenmumnsaercst B 10°-10'" pa3 3a 15-60 muH.
Ilpu coBmemennn ¢ 0OpaTHOH TpaHCKPHITIHEH
3a cyeT J00aBJIeHUS OOPAaTHOM TPaHCKPHITA3bl B pe-
akMoHHyI0 cMmech Meton LAMP momxomut u st
amrmngukanmu PHK.
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K mnpeumymiecTBaM TNETIEBOM H30TEPMUYECKOM
aMIUTU(QHUKALUU OTHOCATCS MPOCTOTA, CKOPOCTb, CIie-
IU(QUYHOCTh M YyBCTBUTEIBHOCTb, HKOHOMHYECKAs
3¢(EeKTUBHOCTh,  BBICOKAs  IPOU3BOJIUTEIILHOCTb.
Kpowme Toro:

— HeT HeoOXOJMMOCTH B Iuare (3Tare) AeHarypa-
UM JBYXIIEIOYCYHBIX ()OPM B OJJHOIICTIOUCHHBIC;

— peakuus amMIUTUHUKALWU TPOUCXOIUT Hempe-
PBIBHO B M30TEPMHUUECKUX YCIOBHSIX;

— HPOU3BOAMTEJIBHOCTh aMIUIHM(UKALUK Ype3BbI-
YaiHO BBICOKA,

— o0mas cTOUMOCTb MOXET OBITh CHIJKCHA, T.K.
st poBeaeHus LAMP He TpeOyercsi cennanbHBIX
PEaKTUBOB U CIIOXKHOTO 000pYI0BaHMUSI,

— ammum¢punupoath MoxHo u PHK-mumenun
no Toil »xe mpouenype, kak u s JIHK-mumenei,
MpOoCTO TyTeM no0aBieHHs B TPOOHUPKY 0OpaTHOM
TpaHckpunTassl AMV. OOpaTHYIO TpaHCKPHITIHIO
U aMIUTM(QUKALUIO0 MOKHO BBIMOJIHUTH NPH IOCTOSH-
HOU TeMrepaType B OAHY CTaJIuIO.

Jns mpoBeneHMs JaHHOW PeakUuH HCIOJIb3YETCs
(dbepmeHT Bst-monmmepasa, KoTopas SBISETCS OOJb-
moi  cyopenunnned JIHK-mommmepassr  Bacillus
stearothermophilus. OnTuManpHas Temmneparypa s
nmaHHoro ¢epmenta 60—65 °C.

Bst 2.0 JHK-nmonumepa3za siBisiercsi pa3paboTaH-
HBIM in silico Tomomorom OONBIIOTO (QparmMeHTa
JHK-nomumepassl 1 Bacillus stearothermophilus (Bst
JHK-monmmmepasa, GombIioi ¢parMent). IToT dep-
MeHT obOnanaet 5°->3° JIHK-nonuMepa3Hol aKTUBHO-
CTBIO M XOPOIIIEH CIIOCOOHOCTHIO K 3aMEIICHHIO IIeTei
JHK, vO He mposBuseT 5’->3° »K30HYKICa3HON ak-
tuBHOCTH. s Bst 2.0 JIHK-monmmmMepassr xapakrep-
HBI TIOBBIICHHAs] CKOPOCTh aMIUTU(QHUKALINH, BBICOKHN
BBIXOJ TPOJYKTa, MOBBIIIEHHAS TOJIEPAHTHOCTh K CO-
JepKaHUIO coJied M OoJbluas TepMOCTAOMIBHOCTD
no cpaBHeHHIO ¢ OombimM (parmentom Bst JTHK-
MOJMMEPAa3bl TUKOTO THIIA.

Bst 3.0 IHK-nonmumepa3za — 3TO MOCHETHSS HO-
BUHKA JJIsl MIPOBEJICHUS M30TEPMHUUECKON aMIUTU(H-

Kallii, W3MEHEHHEIH in silico TOMOJOr OOJBIIOrO
¢parmenra JHK-monumepasel 1, BbiAeICcHHONH U3
Bacillus stearothermophilis, xotopbiii Ob1 MOTUGU-
LHUPOBaH Ui YIyYIIEHUs KaueCcTB NPH MPOBEACHUU
peaKy M30TePMHUYECKON amMIunuKanuu U yiryd-
LIEHUS] aKTHBHOCTH TaKOTO (epMeHTa, Kak OOpaTHOM
TpanckpunTa3el. Bst 3.0 o6magmaer 5'->3' JIHK-
MOJIMMEPA3HOIN aKTUBHOCTBHIO, MCIONb3Yys B KauecTBE
marpuiibl kKak JIHK, tak u PHK, u taxxe moxer cama
pacmieTatb LENU HYKJIEMHOBBIX KHCIOT. B TO xe
Bpems epmeHT He obnamaer 5'->3' u 3'->5' 3k30HYK-
nea3Hol akTuBHOCThIO. Bst 3.0 memoncTpupyer Ha-
NIeKHOE TPOBEICHHUE PEeakIMi W XapaKTepHu3yeTcs
3HAUUTENIFHO YBEJIMUCHHON aKTHBHOCTBIO KaK OOpaT-
Hasg TpaHCKpumrTaza mo cpapHeHmio ¢ Bst JIHK-
MOJIMMEPA30H.

SD-nonumepasa [2] — HOBasi HCKYCCTBEHHAsS Tep-
moctabmnpHas JIHK-monmnMepasa ¢ BBICOKOH aKTHB-
HOCTBIO CMEILEHUS LIENH, KOTOpask MOAXOAUT Kak s
[P, Tak W O W30TEPMUUECCKON aMIUTH(PUKAIIUM.
B oTnuume oT ¢epMEHTOB IMKOTO THMA C BBICOKOU
AKTUBHOCTBIO CMEIIEHUS LEMU, KOTOphIe AaKTHBHBI
tobko Hmxe 68 °C (Hampumep, Bst-mommmepasa),
SD-nonumepasa ctabuibsHa 10 93-94 °C. D10 mo3Bo-
JSeT TPOBOIUTH HM3OTEPMHUECKYIO aMIUTH(UKAIINIO
LAMP c npensapuTenbHBIM NMPOTPEBOM I YBEIH-
yeHns crnenuuaHocTH peakunu. SD-monmmepasza
coueTaer B cebe Takue OCOOCHHOCTH, Kak (5'->37)-
MmoiMMepa3Hasi ~ aKTUBHOCTh,  (5°->3")-akTHBHOCTH
CMELICHUS 1IeTH, a Takke (EepMEHT He UMEeT KaKoii-
00 PK30HYKIICa3HOW aKTUBHOCTH [3].

B merone LAMP ucnonssyercss Habop u3 4 (uiu
6) crienuanbHO MOJAOOpAaHHBIX MPAMEPOB IS pacro-
3HaBaHUA O Pa3IMYHBIX CHENU(UYECKUX YYACTKOB
aHanu3upyemoit nocnenosatensnoctu JJHK, danku-
pytoumx neneyro mMarpuny: yuactku F3c, F2c u Flc
Ha 3'-xonme, a yudactku Bl, B2 u B3 ma 5'-xonre
(puc. 1). Ilpsmoti BryTpennwmii npaiimep FIP (Forward
Inner Primer) conepsur Ha 3'-xonue yuactok F2, a Ha
5'-xonte ydactok Flc. IIpsmoii BHemmHnit npaiimep F3

FIP 5 , Flc
5
F3 npaiivep STHZ V'3
F3
F3c F2c Fic Lenesas AHK B1 B2 B3
yulilie ol Bl =
S . el m:
F3 F2 F1L Blc B2c B3c
B3
3 5" B3 npavimep
3 Puc. 1. HabGop mpaiimepoB st
B> ’ BIp HpOBC}IeHZIH LAMP wu JHK-
B1c” 5 MUIICHD [4]
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(Forward Outer Primer) cogepxut yuactok F3, koro-
pBIf KOMIUTEMeHTapeH ydacTky F3c. OOpaTHbIit BHYT-
pennuii npaiimep BIP (Backward Inner Primer ) co-
nepkut Ha 3'-koHIE ydacTok B2, a Ha 5'-koHIe y4a-
ctok Blc. OOparHblii BHemHuii mnpaiimep B3
(Backward Outer Primer) comepxut y4dactok B3, kxo-
TOpPBIA KOMILIEMEHTapeH YydacTky B3c. Buemmnue
npaiiMepsl F3 u B3 HeoOXoauMbl ISl MHHIIAAIUU
PEaKUMH U yJacTBYIOT TOJIBKO Ha HAYaJIbHOM 3Tarle.

Bnyrtpennue npaiimepst FIP u BIP umeror ciox-
HYI0 CcTpyKTypy. Kakaplii M3 HHX COCTOMT M3 ABYX
creun(pUUecKuX y4acTKOB, COCIMHEHHBIX HECMBICIIO-
BBIM JIMHKEPOM (OOBIYHO HCHOIB3YIOT TOJUTHMHUH).
BuyTpeHHue mpaiiMepsl ydacTBYIOT B 00pa3OBaHHU
METIEBBIX CTPYKTYp, MOITOMY  IOJOOPAaHBI TaKHM
oOpa3omM, 4T0o0BI c(HOpMHUPOBATH TETIM Ha KOHIIAX
LEeNIeBOro (parMeHTa.

(A) HauaapHasi cTagus

B2 B3

— 5

Fic F2¢ Flc B1
-

s

FIP Primer l‘ o

_7 _ -
F3 Primer l

- ==
Blec B2e Bl

—
B3 Primer

l, 5 |BIP Pr l’nmcr Y

Starting Malc: al
F2e = B2
Structure A Ble

(b) IukIH4YecKad CTAAHA AMITHQHKANHHA

Structure A

Structure l)

/.

i 1) ‘= u’k.
;" "Fic R "BP Primer
\-H Structure B Ble
Structure C BIP Primer
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[ns ycnemnoro nposenenuss LAMP ouenp BaxeH
MpaBWIBHBIA nu3aiiH mpaiiMepoB. Kommanus Eiken
(Amonus) coznana uaTepHeT-cepBuc Primer Explorer

(LAMP primer designing software:
http://primerexplorer.jp/e/), ¢ NOMOIIBIO KOTOPOTO
MOXHO TIPOBECTH KOHCTPYHpPOBaHHE MpaiiMepoB

Ha OCHOBE M3BECTHOHM MOCIENOBATEIBHOCTH HYKJIEO-
TUIOB.

LAMP-ammmnduranmss — 3TO CaMOMOIEPIKU-
BAaIOIIasiCsl peakius aBTOLMKIMPYEMOrO CHHTe3a
JHK, xarammsupyemas ¢epmentom JIHK-momm-
Mepa3oil ¢ BBICOKOM aKTUBHOCTBIO CMEIIEHMS ILIETH,
MIPOXOIAIIAS TP TIOCTOSTHHOM TeMiepaType 60—65 °C
(puc. 2). Ilpu Takoil Temmeparype OJHO- M JBYXIIEHO-
yeyHas ¢popmer JJHK HaxomaTcs B muHaAMHYECKOM paB-
HOBECHH, MOATOMY JUISI MHUIHAINY PEaKiuu He Tpedy-
©TCsI HAarpeB JI0 MOJIHOW IeHATyparuH [5].

g —

i l’r: mer

A R
2 c:_:?' — <

Structure E

Structure F

llsi
LS

Puc. 2. lpuniun peaxmun
LAMP [6]

V\f\f‘v’
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Peaknuss HauMHaeTcs ¢ OTXHUra OJHOTO M3 BHYT-
pennux npaiiMepo BIP unu FIP, xoTopslil cBsA3bIBA-
eTCsl C MaTpHIIEeH JTUIIb YaCTHIHO, TOJIBKO COOTBETCT-
ByromuM y4dactkoM (B2 wim F2), u unnnuupyer cus-
T€3 KOMIUIeMeHTapHoi 1enu c¢ mnomombio JIHK-
nonumepasbl. Baemnuit mnpaiimep, Hampumep F3,
npucoeaunsiercs K F3c-¢pparMenTy MHIIEeHH, U MTOJIH-
Mepas3a JOCTPauBaeT IeMNb, IPHU 3TOM CMeIasi TOJIbBKO
YTO CHHTE3UPOBAHHYIO TOCienoBaTeabHOCTh. CMme-
LIeHHas 1elb GopMUpyeT neTiaeodpasHble CTPYKTYPHI
Ha 5'-KOHIE, TaK Ha3bIBacMble CTPYKTYpBI CTEOEIb-
meTis, T.K. Flc-ydacTok rubpuamsupyercs ¢ ydacr-
koM F1. Ilponecc nmoBTopsieTcst U Ha MPOTUBOIIOJIOXK-
HOM 3'-KoHIIE. B mTore mosydaercs HOBas, IMOXOXast
Ha raHTellb, CTPYKTypa ¢ MeTJIIMU Ha 000MX KOHIAX.

[Janee cienyer cranusi HUKIMYECKON aMIUTH(pUKa-
MY, THUIMAPOBaHHAs OJHUM W3 BHYTPEHHHUX Ipai-
MEpPOB, KOMIUIEMEHTAPHBIX YYacTKy METIM Ha Ipo-
JIykre. BHelmHue npaiiMepbl Ha JaHHOM 3Talle He y4a-
cTBYIOT. Lluknnueckuii sTam 3akmoyaercsi B 00pa3o-

BaHUM OOJIBLIOI0 KOJUYECTBA MIPOAYKTOB CO CIOKHON
cTpyKTypoil. KoHeuHBI! MPOAYKT peakiuu MpeacTaB-
nsteT coboit Habop aMITUUIIUPOBAHHBIX TIOCTIEIOBA-
tenpHOCTeM JIHK paznmuuyHOM JIMHBI, COCTOSIIUX U3
MOTIEPEMEHHO WHBEPTHPOBAHHBIX ITOBTOPOB IEJIEBOTO
(parMeHTa Ha TOM Ke LeTu.

Uro0Obl J0OUTBCS YCKOPEHHsI PEaKUUH, aBTOPEI
LAMP yxe uepe3 nBa roja yCOBEPIIEHCTBOBAIM pa3-
pabOTaHHBI METOA C IMOMOIIBIO J00aBICHHUS eIle
OJHOM Maphkl MpaliMepoB — METIEBBIX MpaiiMepoB [7].
[Netnessie npaiimeps! (Loop Primer B u Loop Primer F)
THOPHUIN3YIOTCS C TIETJIEBBIMH CTPYKTYpaMH W HWHH-
uuupytoT cunte3 JJHK co cmemenuem nenu. Iletne-
BbIe TIpaiiMepBI COIEPIKAT MOCIIEA0BATEIbHOCTH, KOM-
IUIEMEHTApHBIE K OJHOLETIOYEYHBIM Y4acTKaM IeTelb
(mexxny Bl u B2 wnu mexny F1 u F2) na 5'-konne
raHTeNneo0pa3HOl CTPYKTYpBl, oOecreurBas yBeauye-
HUE KOJIMYECTBA CTAPTOBBIX TOUEK JJIsl Hadaja CHHTE-
3a JIHK. IIpumep nokaszan Ha puc. 3, T/1e MPOUCXOANT
CUHTE3 MPOJYKTa, COJIEPIKAIIETO MIECTh NETENb.

|I'IETJ'|EE:|:|F| npanmep B

F2c Ele B1
F2 l""- = §
] =
S Fpd Blc
Fle Trp)
MetTnesol NpanMmep F|
- Fli ¢ Ble
| &—pm : B2
F2 Fl¢ + Bl
— Bilc
| BiP |
BIP Metneson
"}"{__ npaAmep F
B2
\-\ ’ A
-uli"". i -
"‘_i}‘""r k2 - S, FiP
-+ . MeTneeble : +
Helneson nmpanmepe BF( N -
pip  Npaamep F ,IH el (-\ N % [MeTnesoi

Metneson
npavmep B

i s
u.‘ p nMpadMep F

NetTneson
npadmep F

Puc. 3. AMmm¢pukamus LAMP ¢ uconp30BaHIEeM NETIEBBIX TpaiMepoB [8]
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LAMP c nob6aBneHueM MeTNeBbIX MpaiiMe-
poB (OBICTPBIf METOA) C KIACCHYECKOU
LAMP (crarmapTabIil MeTon) [8]

=100

Bpewma, MuH

B opurunansaoii meroguke LAMP wyetsipe u3
3THX TMETeNb He OYyAyT WCIIOJIL30BATHCS, HO C MOMO-
b0 METJIEBBIX MpaiiMEpOB BCE OJHOLETIOYEYHBIE
METIN MOTYT OBITh MCIIOJIB30BaHBI B KAYECTBE CTAPTO-
BbIX Touek Juis cuHre3a JJHK. KoneuneiMu mpomyk-
TaMH pEaKkIMU SIBJSIIOTCS, KpoMe aMIUTM(UIMPOBaH-
HBIX LIEJIEBBIX MOCJIEN0BATEIBHOCTEH B BHJE WHBEP-
TUPOBAHHBIX MOBTOPOB, Pa3HOOOpa3HbIE MOOOYHBIE
IIPOJYKThl C Pa3BETBICHHON BTOPUYHOU CTPYKTypOi
(cTpyKTypa HOXO0Ka Ha IBETHYIO KaIycCTy).

Crnenyer MoA4YepKHYTh, UYTO TETJIEBBIE MpanMepbl
He SBIIIOTCSA 00SM3aTeNIbHBIMH KOMIIOHEHTaMH peak-
LMY, OJTHAKO UX HCIIOJIb30BAaHUE MIO3BOJIAET COKPATUTh
BpeMsl mpoBenieHus aHaiau3a. OHW TOBBIMAIOT KOJIH-
YEeCTBO NPOIYKTOB aMIUTM(HUKALNHU, B3aUMOJCHUCTBYS
C HETVIEBBIMU CTPYKTYpaMU Ha y4acTKaX, OTJIMYHBIX
OT CaliTOB CBS3BIBAHMSA BHYTPEHHHX MpaiMepoB,
U MO3TOMY YCKOPSIIOT JOCTHXKEHHE NETEKTUPYEMOTO

ypoBust JIHK B peaknuonHoit cmecu B 1.5-2 paza
M0 CPaBHEHUIO C OpUTHHAIBHBEIM MeToioMm [7]. Kax
nokaseiBaeT rpaduk (puc. 4), yxe uepe3z 10-20 muH
BO3MOJKHA PETUCTpAIUs MPOAYKTa B JOCTAaTOYHOM
KOJIMYECTBE.

[ponyxtel ammudukamun LAMP moryt ObITH
0o0HapyKEHbI KaK B PEKHME PEallbHOTO BPEMEHH, TaK
U 10 KOHEYHOH TOUKE C TOMOIIBI0 Telb-dJIeK-
Tpodopesa, TypOuaumerpuu, Qiyopumerpun U ¢o-
TOMETPUH WM TPOCTO HEBOOPYXKEHHBIM TJa30M.
Hocrmxenue 3pPEeKTHBHOrO IEHETHYECKOT0 aHaIn3a
¢ momotnibio LAMP 3aBucut He TOIBKO OT 3¢ (HeKTHB-
HocTH camoil ammmudukauuu JHK, HO Takxke ot Me-
TO/a, BHIOPAHHOTO IJISi JETEKTUPOBAHUS TPOIYKTOB
peakuuu. B pabote [9] aBTOpBI 00CYXJaI0T OCHOBHBIE
MeTo bl MoHuTopuHra maisi LAMP. B Ta0a. 1 mpen-
CTaBJICHBI CIIOCOOBI IETEKTUPOBAHMS U NPUBEACHBI UX
CPaBHUTENbHbIE XapaKTEPUCTHKH.

Ta6u1. 1. CpaBHUTEIBHBIE XapaKTEPUCTHKU METOJOB AeTekTUpoBaHus Aast LAMP [9]

Merton nerek- Ipuanun [IpenmymecTsa Henocratku KauecTBenHslif / OtsBet IIponon-
TUPOBaHUA KOJIMYCCTBCH- KHUTCIIb-
HbIN HOCTb
Hesoopyxen | Ocagok nupo- | IIpoctora, ot- CyObekTuB- KauectBen- ITo ko- 0
HBIM T71a30M | docdaTa Mar- | CyTCTBHE HEIC OITMOKY, | HBIA HEYHOM
(Gesnprit HUsA 3arpsa3HeHNu CPEIHSIS UyB- TOYKE
0CaJIOK) CTBUTEIHHOCTD
Hesoopy- ®nyopec- [IpocroTa, BBI- Bo3moxnocts | KauecTBen- Ilo xo- | ~2 MuH
JKEHHBIM LICHTHBIN Kpa- | COKasi 4yBCTBHU- | IIEPEKPECTHO- | HBIH HEYHOU
TJ1a30M, Kpa- | curenb (J0- TEJIBHOCTh ro 3arpsizHe- TOYKE
cutenu JIHK | GaBnenue mo- HUS
CJIe PeaKInn)
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IIponoskenue Tadu. 1.

Meton nerek- IIpunumun IIpeumymiectra Henocratku KauectBennsrii / OtBeT IIponon-
TUPOBAHUA KOJIMYECTBCH- KHUTCIIb-
HbIN HOCTb
Hesoopy- Konopumer- IIpocrota, ot- Bo3moxHoe KauectBeH- [loko- |0
JKEHHBIM pUYecKHe UH- | CYTCTBHE 3a- WHTUOMpOBa- | HBIHA HE4HOI
rJ1a30M (KO- | IUKaTOpHI TPS3HEHHH, OT- | HHUE aMILTU(H- TOUKe /
JIOpUMET- (mobGaBneHue HOCHUTEIBHO KaIuu real time
pus) IO PEaKIIHH ) BBICOKAs 4yBCT-
BUTEIILHOCTD
Onektpodo- | Dnexkrpodope- | OnpeneneHue Tpynoemkuit KauecTBen- [Moko- | ~lu
pes TUYECKOE Pa3- | AJMHBI aMIUIM- | [POLECC MOCie | HbIA HEYHOH
JIeNieHUE B re- | KOHOB, BEICOKas | aMIUTU(HKa- TOYKE
JIe, OKpariu- YyBCTBHTEIb- LINH, PUCK 3a-
Banue JJHK HOCTb paxeHus
KpacHUTEISIMHU
MyTHOCTB Ocagnok nupo- | ABTOMarusa- TpeboBanue Konunuecten- | B pe- 0
B peasibHOM | ¢ocaTa mar- | 1us, OTCYTCTBHE | OJHOPOJHOCTH | HBIN ATBHOM
BpPEMEHH HUS BO3MOXXHOCTH BpeMe-
3arpsi3HEHMs, HU
0e3 ucIoIb30-
BaHUs 30H/I0B
WM WHAUKATO-
poB
diyopec- @dmyopecueHT- | ABTOMaTH3a- Bo3moxnoe Kommuecten- | B pe- 0
LEHLUS HBIN Kpacu- 1Hs1, OBICTPBII WHTUOMpOBa- | HBIHA AJIbHOM
B PEaJbHOM | TEJb CBSA3aH OTBET, OTCYTCT- | HUE aMIUTU(H- BpeMe-
BpPEMEHHU C aMIUTUKOHOM | BH€ BO3MOXKHO- | Kalluu HU
CTH 3arps3He-
HUS

B xonme peaxmun cunreza JJHK oGpasyercs 6oib-
moe KonmyectBo rupodocdar-nonos (P,07)" B ka-
yecTBE NMOOOYHOrO MPOAYKTa. BBIJIO OTMEdYeHo, 4To
nupodocdar o0Opazyer 3aMeTHBI HEPaCTBOPHMBIH
OenbIil 0CaJIoOK C MOHAMU JIByXBAJICHTHBIX METAJJIOB
[10]:

(DNA), ; + dANTP—— (DNA), + (P,09)", (1)
(P,09)" + 2Mg* — Mg,P,0, |. (2)

VYpasuenue (1) onuceiBaeT peakunio NOINMEpU3a-
uunn IHK, onocpenoBannyio Bst-monumepasoit B Me-
tone LAMP. Korna BripabaTsiBaeTcsi 0OJIBIIOE KOJIH-
4yecTBO nmupodocdar-noHOB, OHW PEarupyroT ¢ HOHa-
MU MarHus B peaknuoHHoM Oydepe (ypaBuenue (2))
¢ moxydeHueM Oemoro ocamka Mg,P,0,] [11, 12].
Hanuuue nnm oTcyTcTBHE 0EOro ocajaka Mo3BOJISIET
MPOBECTH OIICHKY MpoBeacHus amrtudukaruu JTHK
MeronoM LAMP Bu3yanbHO, HEBOOPYKEHHBIM I1a30M
(puc. 5). Coobmanock, 4yTo yBenu4eHue (Bo3pacra-

Puc. 5. Jlerextupona-
Hue peakiuun LAMP
10 MyTHOCTH.

CrneBa — 0e3 MullIeHH
(oTpunaTeNBHBI  KOH-
TPOJdB); cCmpaBa —
¢ JHK-mumensio (1mo-
JIOXKUTENbHAST PEaKIys)
[13]

HHE) MYTHOCTH B PEAKIMOHHOM PAaCTBOPE MPOIOP-
[IMOHAJHPHO KOJMYECTBY aMIUTU(UIIUPOBAHHBIX IPO-
IyKToB [12].
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TypOuanmeTpruecKnii METo B pealbHOM BpeMe-
HU TIO3BOJISIET KOJMYECTBEHHO OMPENENATh HCXOIHOE
kommmuectBo JIHK-mumenn B ncciemyeMpix odpasiax.
[Mo6o4ynbIMH TIpOYKTaMH (hEPMEHTATHBHOTO CHHTE32
JHK, kpome monoB nmupodocdara, SBISIOTCS U HOHBI
BoJopoaa. Ha nerekTupoBaHUM MPOTOHOB KakK M0O0Y-
HBIX NpoayKToB cuHTe3a nenei [JHK ocHoBaHbI TEx-
HOJIOTMM CEKBEHMpOBaHMs Ha 1uiardpopmax lon
Torrent [14—16]. Moauduxkanus nogodHoro pH-gat-
ypKa Oblja UCTIOJIH30BAHA JIUISI KOHTPOJIS aMIUTH(UKa-
nun JIHK ¢ momompro metonoB LAMP u IILP [17].
[IpoBeneHHbIE WCCIENOBAHUS TIPOJIEMOHCTPHPOBAIU
cnocobnocts JIHK-nonmumepassl 3¢ ¢dexTuBHO BbI-
TIOJTHATH PEAKIHI0 aMIUTH(UKAIINN Jake B ci1abo Oy-
(epHBIX pacTBOpax.

ABTOpHI paboThI [18] MCIOIB30BAIN 3TO CBOMCTBO
¢depmenTta s nposenenusi LAMP-peakiuii B nipu-
CYTCTBUHU HU3KHX KOHIEHTpaluii Oydepa u HaOmr01a-
JIM 3HAYMTENbHOE N3MeHeHne pH peaknimoHHo# cMecn
OT HCXOAHOTO IIEJIOYHOTO 3HAUEHUsS JI0 KOHEYHOTO
KucjaoTHOTO. Takoe 3HauMTenbHOE W3MeHeHwe pH
CAENal0 BO3MOYKHBIM JIETEKTUPOBAHHE C ITOMOIIBIO
pH-uyBcTBUTENBHBIX MHIWKATOPOB. B paboTe moka-
3aHO, YTO BH3YaJbHOE JETEKTHPOBAHWE IO HM3MEHE-
Huto 1BeTa mpu obHapyxennu JIHK meromom LAMP
SBIIIETCS TPOCTHIM B  HUCIOJB30BAHHUU, OBICTPBIM
1 HaJIe’KHBIM CTIOCOOOM.

B pabote [18] mpomemMoHCTpHpoBaHa YYyBCTBH-
TenpHOCTh peakuuu LAMP mpu ucnons3oBaHuu Kuc-
JIOTHO-OCHOBHBIX MHIUKATOPOB (Tabi. 2): ¢peHOoI0BO-
ro KpacHOro, Kpe3oJ0BOI0 KpacHOro, HEHTpalbHOIO
KPacHOTO M M-KpPE30JIOBOTO IypIIypOBOrO, — TIpHU
oOHapyxeHnn konumdecTBa reHomHod JIHK B gmama-
3oHe 0.01-100.00 wr (~3-30000 komwmii) mo reHy
TPaHCMEMOPAHHOTO PETYJATOpa MPOBOANMOCTH (TEH
CFTR).

Ta6u1. 2. KucnoTHO-0CHOBHBIE HHANKATOPHI

Takum 00pazoM, KOJOPHUMETPUYECKasi BU3yaln3a-
Usl PeaKiMyi aMILTU(UKAIUK C TTOMOIIb0 pH-uHmm-
KaTOPOB MOXKET CITIOCOOCTBOBAThH HCIOIL30BAHHUIO Me-
ToJla aMIUTM(UKAMK B KauecTBE IHArHOCTUYECKOTO
WHCTPYMEHTA, TTO3BOJIAIONIETO TPOBOIUTH ITOJIEBYIO
JIUATHOCTUKY C OBICTPBIM M HAJICKHBIM BU3yaJbHBIM
00HAPY)KCHHUEM.

K mpenmyniecTBy BH3yaJIbHOIO CHoco0a IeTEeKTH-
pOBaHHUS MO KOHEYHON TOYKE MOYKHO OTHECTH OTCYT-
CTBUE HMHCTpyMeHTanbHbIX 3aTpar. Omnako T.H. Le
u coaBTOpHI [19] mokaszanu, 9T0 TPYIAHO OMPEICTUTH
YyBCTBHTEIBHOCTh U BapHaOEIbHOCTH (OTIIMYHE) Me-
KAy MPOOMPKAMU HEBOOPYKEHHBIM TJIa30M MPU OC-
BEIICHWN COJHEYHBIM cBeToM. Kpome Toro, 3amyT-
HEHHOCTh TIOJIOXHTEIbHBIX MPOO CTaOWIbHA B Tede-
HHE TOJIBKO KOPOTKOTO BPEMEHH, YTO O3HAYAeT, YTO
KOHTPOITb JTOJKEH OCYIIECTBIATHCS KaK MOXHO CKO-
pee nocne 3aBepiieHus peakiuu [20]. S.L. Wastling
OTMEYaeT, 4TO ISl YCIENTHOTO POBEACHUS BU3Yallb-
Horo monutopunra JJHK nHeoOxoaum "TpeHHMpoOBaH-
HEIH r1a3" [21].

Buzyanpaoe oonapyxenue [JHK metomom LAMP-
aMITTU(UKAIIAE MOXKET OBITH BBIMOJHEHO TIPU WC-
MOJIE30BaHUK  (DITYOPECIEHTHOTO METaJUIOMHINKATO-
pa — kanbuenna. Kamerienn (CAS Ne 1461-15-0) —
3TO METAJUIOMHINKATOpP, KOTOPHIA JaeT CHIIbHYIO
(ryopectieHIuo 3a cueT (GOPMUPOBAHUS KOMILIEKCOB
C HOHAMH [IByXBaJICHTHBIX METAJJIOB, TaKHX KakK
Kanblyii 1 Marauid. B pabore [22] kanbiienH no0aBu-
U B UCXOJHYIO PEAKIMOHHYIO CMECh IS MOHHTO-
pUHra KOHIICHTPAIlMW MOHOB MarHusi B pacTBOpE NpU
ammnpukanun LAMP. KonuenTpaus noHOB mar-
HUSL B DPacTBOPE YMEHBIIAETCS W3-32 CBS3BIBAHUS
¢ oOpasyromumMucs B xoje peakimu cunte3a JJHK mm-
podocdaramu U BEITAICHUEM HEPACTBOPHIMOTO OCa-
ka. OIHaKO CHIKEHUE KOHLIEHTPAlMU HOHOB MarHus

OKpacKa peakIIMOHHOTO PacTBOpa
Wupukarop Huarason pH OTpuLATENbHEII ITon0KUTENBHBIH
pesymbTar pesynbTar

denonosprit - Kkpac- 6.8-8.4 Kpacnas Kenras
HBIi
5}32”13%0%1“ Kpac- 7288 ITypypHO-KpacHast SlarapHO-KenTas
HeHTPaJ}I’HHH 6.8-8.4 SHTapHO-KeaTasn Kpachas
KPacHBIi
M—er30J1013VLII/I 74-9 Iypryposast Kenras
ypIypOBBIii
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Puc. 6. HpI/IHIII/IH JACTCKTUPOBAHMS C TOMOLIBIO (pnyopecueHTHoro MCTAJUIOMHAUKATOpA —

KaJlibLienHa [22]

3a cuet npoBeneHust LAMP-peakiiu He ObLIO ocTa-
TOYHBIM, YTOOBI M3MEHEHHUE IBETa 00ECIeUnBaio ObI
Bu3yanbHOe OOHapyxeHue. IloaTomy B HCXOIHYIO
PEaKIMOHHYIO0 CMECh OBUIM BBEJCHBI HOHBI MapraHia,
KOTOpbIE TracaT (IIyOpeCLECHIHIO KajlbleHHa 3a CYET
KOMIIJIEKCOOOpa30BaHusl U 00pa3yloT HEPaCTBOPUMBIC
conn ¢ mupodocdaramu B Xo1e peakiuu (puc. 6).

B stom ciywae kanbplieMH B peakLMOHHOMN cmecH
M3HAYATBHO CBSA3BIBACTCA C MOHAMHU Mapranna (Mn”"),
npu 3ToM (payopecuenuus racurcsa. Korna BeimomHs-
eTcs peakuusi aMIUMQUKAIMY, KaJTbICHH JIUIIASTCS
MOHOB MapraHia M3-3a CBA3bIBAHMS MOCIEIHMX C re-
HepupyeMbIMH HoHamu mupodochara (P,O;%), uro
MPHUBOANT K (hIyopecreHnnnd. A cBOOOIHBIHN KaJIbLLe-
MH CIIOCOOEH CBSA3BIBATHCA ¢ HOHOM Markus (Mg
B PEaKIMOHHON CMECH, YTO MPHUBOAWT K YCHIICHHIO
¢nyopecuenunu. Hannmume ¢uryopecreHIun yKka3piBa-
et Ha npucytcrBue JJHK-mumenw, u, cienoBaTensHo,
BU3yaJIbHOE 0OHAPYKEHUE MOXKET OBITh TOCTUTHYTO.

VYcTaHOBIIEHO, YTO WHTEHCHBHOCTH (hIyopeciieH-
WU MPONOPIHOHAIBHA Ha4dallbHOW KOHILEHTpaluu
JAHK-mumenu B peakuusax LAMP. ®nyopecuennus
KaJIbIIEMHOBBIX KOMIUIEKCOB TAaK)K€ MOJKET HCIIOJIb30-
BaThCs A1 MOHMTOpUHTa peakuuit LAMP B peainb-
HOM BPEMEHH.

JpyruM KpacuTelneM C aHAJIOTUYHBIM JEHCTBUEM
SIBJISIETCSL er[pOKana(bTonosmﬁ cuanii (HNB, CAS
Ne  63451-35-4), xoTopbIi OKpAIIMBAET PACTBOP
B (uoseTOBBI 1BeT B mpucytctBun Mg®. B mporec-
ce ammuinuKanuu 00pa3yercs 3HAYUTEIBHOE KOJHU-
YeCTBO HEPACTBOPUMOro nupodocdara MarHus, 4To
BBI3BIBACT HATHTENILHOC YMCHBIICHAE KOHLCHTPALMH
Mg*" B pacTBOpe. DTO yMEHBIICHHE KOHIIEHTDPALUHU

MPUBOJAUT K M3MEHEHUIO IIBETa PEAKIMOHHOIO pac-
TBOpa B mpucytctBun HNB ot ¢uoneroBoro no He-
6ecHo-romy6oro [23]. HebecHo-romy0oii iBeT poObI
o3Havyaer Hanmmuue B Hed JIHK-mumenu, Torma kak
¢uoeToBbI 1BET HAOMIONACTCS Y OTPULATEIBHOTO
KOHTPOJIS.

S.L. Wastling wu coaBtopsr [21] cooOmmnu, 9To
TUIPOKCUHA(QTONOBBI CHHUH HE MHIHOUpPYET peak-
o LAMP. OH mmpoko UCTIONb3yeTCs AT MOHHUTO-
punra peakuuun LAMP B onHocTanmuiHbIX MeTOAax
[21, 23, 24]. IIpeumy1iecTBO TaKOTO MMOAX0/A 3aKJIIO-
4aeTcs B BO3MOYKHOCTHU INPOBEJCHMS aHAIN3a B MHUK-
POTUTPOBAIILHON IIJIACTUHE M KOJIMUYECTBEHHOM OLICH-
K€ pe3yJIbTaTOB KOJIOPHUMETPHUECKAM METOAOM C TIO-
MOIIBIO PHUJIEPA.

HNB wu3MeHsieT 1BET pPEakIMOHHOTO pacTBOpa
oT ¢QuoneroBoro 1o roixyboro. OgHAKO H3MEHEHUE
1BeTa OBIJIO HE3HAYUTEIHHBIM, IOTOMY YTO JIBa [[BETA
OTHOCSITCS K OTHOMY M TOMY K€ TOHY. JTO 3aTpyAHA-
eT OOHapyKeHHEe W3MEHEHHUN HEeBOOPY)KEHHBIM IJIa-
30M, 0COOEHHO KOrza o0pasipbl coAepKaT TOJIbKO He-
oonbmioe konmyectBo JJHK-mumieneii. B pabore [25]
MpeUIoKeH Oojiee MPOCTOH I BU3yallbHOTO JIETEK-
TUpoBaHus pe3ynbTatoB LAMP xonmopumerpudeckuit
aHaJIM3 C MCII0JIb30BAaHUEM APYTroro MeTaJUIOMHINKa-
TOpa — KHCJIOTHOro XxpomoBoro cusero K. Iser pe-
AKIMH H3MCHACTCA C KPACHOIo Ha cunui, T.k. Mg’
ces3biBaercs ¢ P,0;" 1 komIuiekc ocakmaeTcs B xoze
peakuuy, OpH 3TOM yMEHbIIAeTCd KOHLIEHTpALUs
Maraus B pacTBOpE.

Konopumerpuueckoe oOHapykeHHE NPOIYKTOB
LAMP-ammmduranmn MoXeT OBITh TOJIYUYEHO C TI0-
Moteio OpuoxpomoBoro Yepnoro T (EBT) — xom-
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IJIEKCOHOMETPUUECKOTO HHAMKATOpa [26]2. HeiicTBu-
TeNbHO, CHMKEHWE KOHIeHTpanmuun Mg' B Xone
LAMP-peaknuu 32 cyeT KOMILIEKCOOOpa3OBaHUS
¢ EBT npuBoAUT K MU3MEHEHHIO LIBETA, KOTOPOE BUJIHO
HEBOOPYXeHHBIM Tia3oM. [locrie ammumdukanmm me-
neBoi mnocnenosarensHocT JHK ucxonnenii myp-
IypHBIA LBET peakunoHHOM cMecu LAMP mensiercs
Ha ToJIy00i.

OCHOBHBIM HegoCTaTKOM TexHojoruu LAMP gB-
JISIETCSl MCIOJIb30BAaHUE KOCBEHHBIX METOAOB JETEK-
TUPOBaHUS (Hampumep, 3JeKTpodope3, OcakAeHUE,
TypOUIMMETPUYECKUH  MeToJ, HecneuupuuecKue
kpacutenu: SYBR Green I, kpacutens ruapokcuHad-
TOJIOBBIN CHHWI, KPACUTENb KaJbIICHH / Mn* ), KOTO-
pBIe HE MOTYT pa3luyaTh LEJIEBbIe MPOAYKTHI U MPO-
IYKTH HecTIeU(UIeCKON aMITTTU(PUKAIIIHN, YTO YacTO
MPUBOAUT K JIOKHOIIOJIOXKHTEIBHBIM PE3YJIbTaTaM.
B pabote [27] pa3paboTran MeTOJ] MPSAMOro OOHApY-
eHus. Mcnonp3yercs MeueHsld ¢uryopodopoM mer-
JICBOW 30H]I, KOTOPBIA HE (IyOpecIUpyeT B CBOOO/-
HOM HECBS3aHHOM COCTOSHHH, a (QIIyopecuupyer
TOJIBKO TOTJa, KOIJla OH CBA3aH CO CBOEH MHILEHBIO
(amrmmkoHOM). OTO HasbIBaeTcs (uIyopecreHnnei
nerieBoro mpaiiMepa npu nposeneHun LAMP
(FLOS-LAMP). Meron mno3BOisieT JAETEKTUPOBATh
LAMP-aMIumikoHsI, criennu9IHble I eNIeBO T0-

cienosatenbHocT. Konmenmus FLOS-LAMP Obnia
MOATBEPIXKCHA IJIs1 OBICTPOTO OOHAPYKEHUS TAaTOrCHA
YEJI0BEKAa — BHPYCa BETPSHOW OCIIBI, B KIIMHUYECKHX
obpasmnax. FLOS-LAMP umen mpenen oGHapykeHUs
500 xomWii MUIIEHN C KIMHWUYECKOW JyBCTBHTEIHHO-
cTbi0 1 cnenuduuHocteio 96.8 % u 100 % coorseT-
CTBEHHO. BBICOKMIT ypOBEHD CHEMPHUIHOCTH SIBIIET-
cs1 OONBIIUM JOCTHXKEHHUEM U YCTpaHseT OAMH U3 OC-
HOBHBIX HEIOCTAaTKOB TexHojornu LAMP — noxuo-
MIOJIOKUTENIBHBIE PE3YIIBTATHI.

B paGote [28] mpoBeneH cpaBHUTEIbHBIN aHAIN3
MeToja wu3oTepMudeckor ammuuukamun LAMP
U IIUPOKO HCIOJIB3YEMBIX METOJOB CTaHAApPTHOMN
[P u IIIIP B peanbHOM BpemeHH. MeToa neTaeBoi
n3zorepMuueckoir ammmpukamun LAMP obnanaer
BBICOKOW YYBCTBUTEIBHOCTHI0O M 3()(PEKTUBHOCTHIO,
umeeT OOJIbIE MPEUMYIIECTB, Y€M HEAOCTATKOB, IO
cpaBueHuto ¢ IIIIP. ABTOpBI nenarOT BBIBOA, UYTO
LAMP mpencraBisier co0oil TPOCTOH, OBICTpPBIi
1 BBICOKO3((pEeKTUBHBII METOJ] ¢ MPEBOCXOAHOM crie-
MA(QUIHOCTHI0O W MOXKET OBITh MIMPOKO MPUMEHEH
B KJIMHHYECKON [MarHOCTHKE, MOHMTOPUHIE OKpY-
JKaroIel cpenbl, OIlEHKE Ka4eCTBa MUIIEBBIX MPOIYK-
TOB M 370POBbS YEJIOBEKA. JTH JNaHHBIE MPHUBEIECHBI
B Tab. 3.

Taoda. 3. CpaBHenue npeumylinecTs U HegoctarkoB LAMP-aMiuindukaiiiy u mmMpoKo UCTIONIb3yeMbIX METO/IOB

Ha ocHoBe [P [28]

CBoiicTBa LAMP

nmp [1P-PB

[Ipeumyiiectra
CTOSAIIEM

TEePMOIHKIIEpeE,
MUYECKUX YCIOBUSIX
YCIOBUAX C

HArpeBaTCJIbHOI'O Oi0Ka

BBbIX NpaliMepoB
¢ Menee Tpynoemkas,
3aKOHYUTHCA B TEUCHUE Yaca

pororo npubopa

¢ Her morpebHocTH B Aoporo-
T.K.
peakuusi BBINOJIHSIECTCS B M30TEp-

¢ JIerko BBIIOJHSIETCST B IOJIEBBIX
HCIOJIb30BaHUEM
HEJI0POrod BOJSHOW OaHU WK

¢ Bricoko cnenuduuHas u -
(dextuBHas amrumdukanus Ona-
rogapsi HCIOJIb30BAHUIO TIETIIe-

MOKET
¢ ll3MepeHue B peaJlbHOM Bpe-

MCHHU U KOJUYCCTBCHHOC H3MC-
peHue C HCIOJIb30BAHUEM HE0-

¢ Ilupoko wucnosb-
3yEeMbI  MOJIEKYJISIp-
HBI MHCTPYMEHT

¢ Jlerkwuii cioco0 mpe-
JIBAPUTEIBHOTO  TIOJI-
TBEPKIACHUS

¢ MoHuTOpUHT X0Aa
peakuuu B PEKHUME
peanbHOro BPEMEHHU
¢ KonunuecTBeHHbIN
MeToa  aMIUTudHUKa-
LUK TOCIIE0BATEIb-
HOCTU MHUILIEHEN

¢ Ucnonb3oBanue
TFepMETHYHBIX MTPOOH-
POK  MUHUMHU3HUPYET
3arpsi3HCHUE

¢ IloBblIeHHAs 4yB-
CTBUTEIHHOCTh OJia-
romaps J00aBICHUIO
(yopeciieHTHOTO
KpacuTessl B PeaKIuu
¢ BricoxoHaneKHBIN
AQHAJIU3, IOJIy4YECHHBIN
B pe3yibTaTe paboThI
c MIPOrpaMMHBIM
yIIpaBICHHEM
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Mponoaxenne Tada. 3.

CaoiicTBa LAMP [P [T1IP-PB
[Ipenmyiiecrna ¢ [loaTBepxkAEHUE ycliexa peak-
MM BHU3yaJbHBIM HAOIIOICHUEM
HEBOOPYKEHHBIM  TJIa30M IO
MYTHOCTH WJIM U3MEHEHMIO 1[BETA
10 KOHEYHOM TOUKE C HCIOJb30-
BaHUEM (DJIyOPECIIEHTHBIX KpacH-
Tener, Takux kak SYBR Green [
WJIU KaJIbIICUH
¢ MeHee 4yBCTBUTENIbHA K MHTH-
OMPYIOIIMM BEIECTBAM, MPUCYT-
CTBYIOIITUM B  OHOJIOTHYECKHUX
oOpasmax
Henocrarku ¢ YyBCTBUTENBHOCTh K JIOKHO- | ¢ bonee 3arpatHbiii o | ¢  Joporocrosiiue
MOJIOKUTENIBHBIM  PE3yJibTaTaM | BpEMEHU crocod | obopyoBaHue U pea-
M3-3a MepeHoca Wiu mepekpect- | (> 3 u) TEHTBI
HOT'O 3arpsi3HEHUs ¢ Tpedyrorcs cucremsr | ¢  HeoOxoammocTb
¢ CloXHBIM Tu3aliH mpaiiMepoB, | TEPMOLMKINPOBAHUS B (bIyopecleHTHBIX
TpeOyrommit MPOTPaMMHOIO | U rejb-J0KyMEHTH- | 30HAaX
obecrieueHust poBaHUsA ¢ Bpemsiemkuii (2 u)
¢ TpeGoBanme naByX IMHHBIX | ¢ KauecTBeHHas Tex-
npaiiMepoB  BBICIIEH  CTENEHU | HUKA, YyKa3blBaroLas
YUCTOTHI MOJIOKUTENIbHBIA ~ WJIN
¢ IIpoOneMbl C [IOCTYHMHOCTBIO | OTPHIIATENBHBIN  pe-
pEeareHToB 10 BCEMY MUPY 3yJIbTat
¢ bBonee BhIcOKas Be-
POSITHOCTh ~ KOHTaMU-
HallMU 10CJIE PEAKIUU

[Ipu wucnonws3zoBanuu Merona LAMP ocHoBHas
CJIOKHOCTb 3aKJII0YaeTcs B KOHCTPYUPOBAHMUU Mpaid-
MepoB. Ho mMeron Ooinee crienugpuyeH, MoToMy 4To
HEOOXOMMO pPAaclo3HaBaTh IENBIX IMECTh YIaCTKOB
B uckomoit monekyine JHK, a B IIIIP — Tonbko aBa.
Kpome toro, ta LAMP He oxa3siBaeT BIUSHUS TpHU-
CyTCTBHE OMOJIOTHYECKMX KOMIIOHEHTOB, 3a4acTyIO HE
no3Bossitonux nposectu [P, T.e. LAMP wmenee
MOJIBEpKEHA IEHCTBUIO HHTHOUTOPOB.

YCTPOUCTBA JIJIs1 U3OTEPMUYECKOM
MNETJIEBOU AMIINIM®UKALIUA

Mukpodaronaasie YCTpOcTBa 00J1a1atl0T MHOTH-
MU TPUBIICKATEIbHBIMU XapaKTEPUCTUKAMH, TaKUMHU
KaK BBICOKasl MPOU3BOAUTENHLHOCTD, OBICTPBIA aHAIIN3
W HU3KOE TOTpeOJieHne peareHToB. BriOpaB m3otep-
muueckyro ammuipukanuio LAMP Bmectro TILIP,
MOJKHO 3HAQYMTENBHO CHH3UTH DJHEPromoTpediieHue
YCTPOMCTB ISl aHAIN3a HYKJIEHMHOBBIX KUCJIOT 3a CUET
HCKJIFOUEHUSI TEXHUKH TEPMOLMKIMpOBaHMs. buaro-
Japsi CBOEH MPEBOCXOAHOM MPOU3BOAUTENBHOCTU
LAMP Gonee moaxoiuT ajisi MHHUATIOPH3AIMU, YEM

tpagunuonHas [ILP. JloctwkeHuss u pa3pabOTKH
B TexHosoruu LAMP npeanonaraioT ee Ucmnonb3oBa-
HUE B KAa4ECTBE IOJIE3HOTO JUArHOCTHUYECKOTO MHCT-
pyMeHTa B MHKPOQUIIOMTHBIX YCTPOMCTBAaX W MOpTa-
TUBHBIX Tpubopax point-of-care diagnostic tool
(POC), paboraromux Ha MECTe OKa3aHHUSI MEIUITHH-
CKOM TOMOIIM M B YCJOBUSAX OTPaHUYEHHBIX Pecyp-
coB. Uuterpanus texuosorun LAMP B Mukpodiito-
WIHBIE YCTPOMCTBAa IOKa3ajga OOJBIION MOTEHIIHAI
UL MOJIEKYJISIPHO-OMOJIOTHUECKONH — THarHOCTHKH:
CHIDKEHHE 3aTpaT, OOIIero BpeMeHH aHaJIn3a U BIIHS-
HUS MOTEHIMAIBHBIX HCTOYHUKOB 3arpsa3HeHus [29].

OnHa 13 TepBBIX padoT MO TMPOBEICHUIO TIETIICBON
M30TEPMUYECKON peaklMd B MUKPOUYUIIE JaTHPYETCs
2004 r. — uccienoBarenu 00bEAUHUWINA HA MOJUMED-
HoM Mukpouunie LAMP u anekrpodopes [5]. Iloznuee
B 2007 r. B pabote [30] 6bu1 mpeaCcTaBIeH MUKPOUHUTT
n3 nommMerunMerakpriaaTa (IIMMA) ¢ peaknnoHHO#M
Kamepoil oobemMoMm 25 Mki. Peakumio LAMP nposo-
e 3a 60 muH nipu 65 °C ¢ TpuMEHEHUEM BHEIITHETO
HarpeBaTensd. [l KOJMYECTBEHHOM perucrpanuu
B peXHMME pealbHOTO BPEMEHHU HCIOJIb30BAIN MHHHU-
CHEKTPOMETP.
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e 0 O6pa3seu Ne2
PacwupeHue «Mukxpokanan
kaHana .
Obpaseu O6paseL
bl Ne3
i 3

OTpuuarenbHbINA

MonoxuTenbHbLIN

KOHTPOSb KOHTPONL

bpM1 1122334455

Puc. 7. Iloxoxwuii Ha ocbMuHOTa MuKpouunn st LAMP ¢ ogHoBpeMeHHO# ammukannei GpparMeHToB pasHbIX

HYKJICHHOBBIX KHCJIOT.
a — u300pakeHne MUKPOYHTIIA.

0 — cxeMa MUKPOCTPYKTYp: B kamepax 1/1°, 2/2’ u 3/3’ HaXxoAaTcs BBICYIICHHBIC TPaiMephI JIJIs TPUIINA MOATHIIA
A, ce3onnoro rpunmna A (HIN1) u rpunma A (HIN1) nangemun 2009 1. cooTBeTCTBEHHO; B Kamepax 4/4’ coxep-
KaTcsl mpaiiMepsl B-aKTUHA YelIOBEKa, KOTOPBIil PUMEHSICS B Ka4eCTBE MOJIOKHUTEIILHOTO KOHTPOJIS; KaMephl 5/5°

HCTIOJIB30BAINCH B KAYE€CTBE OTPULATEIIBHOI'O KOHTPOJIA.

B — BHU3yaJbHAs OIIEHKA pe3yNibTaTa o 0eJoi MyTHOCTH OT 00pa3oBaHUs mupodochaTa MarHus.

I — JICTEKTUPOBaHKE pe3ybTaTa 0 CUTHATY (IIyOpecleHIIMN OT HHTepKaupytomero kpacurens SYBR Green I.

Jl — TIOATBEP)KJCHUE PE3YJIbTATOB aHaIN3a METOAOM 3JIeKTpodope3a B arapo3HOM Telie, B KOTOPOM HalmoaeTcs
XapaKTepHBIN CTyneH4arTsiil pucyHok npoaykta LAMP [31]

s omHOBpEeMEHHOM aMIUTM(UKAIIMH HECKOIBKHUX
(parMeHTOB HYKJIEMHOBBIX KHACIOT B pabote [31] mc-
MOJB30BAIM  WMMOOWJIM3HPOBAaHHBIE  MpaiMepsbl.
MHuKpoOYHN TPECTABIST COO0W MUCK U3 TIONHIUME-
tuincunokcana (IIIMC), B koTOpoM OT IIeHTpa K Kpa-
aM Obutn cpopmupoBanbl 10 peakUMOHHBIX Kamep-
kaHanoB (puc. 7). IlpenBapuTenbHO B MUKPOKaHAaJIbI
yepe3 BHEIIHHE OTBEPCTHs ObLTH BBEAEHBI PacTBOPHI
IpailMepoB, KOTOphIE 3aTeM BhIcylMBaid. IIpu BBe-
JIeHuu rotoBoit cmecu Mt LAMP (50 Mki) B LeH-
TPaATBFHYIO 3arpy304HYI0 KaMepy, KUAKOCTh MO JeH-
CTBUEM KalWUISPHBIX CHUJ 3alOJHsUIa BCE KaHAJIBI
3areM Bce OTBEpPCTHSI Te€PMETHU3HMPOBAIM HEOTBEP-
skaeHHeiM [IIMC nnst mpenoTBpalieHusl HCTIapeHust
W 3arpsasHeHds. AMIUDIMQUKAIUIO NPOBOAWIN MpPHU

63 °C, ans HarpeBa HWCHOJIBb30BAM BOJISHYHO OaHIo.
Peructpamnuio mpOIYyKTOB pPEAKIMH OCYIIECTBISUIN
M0 KOHEYHOW TOUKe (0oOpazoBanue mnupodocdaTa
B KaHajax HaONOJand HEBOOPYKEHHBIM TJIAa30M),
a TaKXe B peXXMMe PeallbHOTO BPEMEHH — H3MEHEHHUE
ONTHUYECKON TJIOTHOCTU KOJHMYECTBEHHO OIICHUBAIHU
C MPUMEHEHHEM ONTOBOJIOKHA W NU(POBOTO JTATIHKA.
Ammumndukanus 10 ¢r/mxn JJHK-Mumenn ¢ nonoxu-
TETbHBIM U OTPHUIATEIHHBIM KOHTPOJIIMU OBIJIa BBI-
MOJIHEHA MEHee ueM 3a 1 4.

YCTpoicTBO sl KOJTMYECTBEHHOTO OOHApyKEHUS
JHK-muieHu B pealbHOM BpeMeHH Obuio pa3pabo-
TaHo aBTopamu [32]. B xadecTBe OCHOBBI HCIOJIB30-
Bayuch craHgaptaeie nucku (CD, DVD), B koTopsix
¢dopmupoBaNu MaccuB MUKpopeakTopoB aisi LAMP.
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Huck s LAMP coctosin u3 tpex cioes: 1) moyuiox-
KM M3 MOAU(DUIMPOBAHHOTO ONTUYECKOIO JHUCKA
(KOMITaKkT-AKCK, TH(PPOBON YHUBEPCAIBHBIN IUCK HITH
muck Blu-Ray), 2) 1ByXcTOpOHHETO YyBCTBUTEIBHOTO
K JNaBJICHHIO aJre3wWBa, 3) ameTaTHOW IUICHKH IS
repMETH3aIMH CUCTEMBI. Tak Kak UCXOJHasl MOJIHKap-
OoHaTHas TMOBEPXHOCTH IUCKa obOyamama Tuapodo0-
HBEIMH CBOHCTBAMH, HEOOXOOHMMO OBLIO O0ECICUYUTH
ruIpoQUIBHOCTh TMOBEPXHOCTH. Iy 3TOro ObLIH
MPOTECTUPOBAHBI Pa3IMYHBIE METOIBI MOJIUGBUKAIIUU
MOBEPXHOCTH: 00pa00OTKa MOBEPXHOCTHO-AKTUBHBIMU
BEIIECTBAMH, KHCJIOTOH W IICIO0YBIO, a Takke YD-
oOnyuyenue, mnazMeHHass oOpabotka. I[lmasmenHas
00paboTka B KHCIOPOAHOHN cpeae Oblla TpHU3HAHA
Haubosiee 3((HEKTUBHOM, T.K. MMO3BOJIMIA YMEHBIIUTh
KpaeBoi yron g0 20°. JleTekTupoBaHHE OCYIIECTBIISA-
JIOCh TIPH IHUKJIMYECKOM CKaHWPOBAaHUM MOBEPXHOCTHU
nucka ¢ nomonibio cranpapraoro CD/DVD-npuBoja
U OBUJIO OCHOBaHO Ha W3MEHEHWH HWHTEHCHUBHOCTH
CUTHaJa OT JIa3ePHOTO MPUBOJIA U3-32 HAIMYHS MYT-
HOCTH WJIM W3MCHCHHS I[BETa PacTBOPOB B MHUKpOpE-
aKTopax.

Taxxe mms mposeneHust LAMP mpumensiorcs
MUKPOYHIIB, B KOTOPBIX YIpaBJICHWE IBH)KCHUEM
JKUJIKOCTH  OCYIICCTBIISICTCSI [EHTPOOCKHBIMU  YCT-
poiictBamu. Takme ycTpoiicTBa, Ha3eiBaeMble "1abo-
patopust Ha gucke" (Lab-on-CD), 3a cuer Mukpo-
CTPYKTyp (CeThb KaHaJOB, Kamep, KJIallaHOB W [Ip.)
crienuanbHON (hOPMBI, pPa3MEpOB M CBOWCTB IOBEPX-
HOCTH pab0YMX KaHAJIOB M KaMep MO3BOJIAIOT OCYIIe-
CTBJISITH ABTOMATHUYECKYIO TpPaHCHOPTHPOBKY, HO3U-
pOBaHUE W CMEIIWBAHHUE PEAreHTOB MPHU H3MEHEHUHU
CKOPOCTH BpallleHUs] JAWUCKa, TeM CaMbIM YyCTpaHsISA

Mpanmepbl <

CMeCh AN <m==mmmmmmeemn
LAMP

OTBop AnA |
Bo3Ayxa

MOTPEOHOCTh BO BHEIIHUX HACOCAX.

Hanpumep, nentpobexxHoe MUKPODIIOHIHOE YCT-
poiictBo (mmamerpoM 12 cMm) i OIHOBPEMEHHOTO
npoBejicHus aMiuduiukanuu 25 o0pasioB ObUIO
npencrasiieHo S.J. Oh u coaBTopamu [26]. YcTpoticT-
BO MPEAHA3HAYAIOCH JUIsl OOHAPYIKCHHSI HECKOJIBKHUX
MUIIEBEIX ImaToreHoB mMetogoMm LAMP ¢ Bo3MOKHO-
CTBIO JO3UPOBAHUA U CMEIIMBAHUS PA3NUYHBIX KOM-
MMOHEHTOB PEAKIIMOHHON CMECH C TIOMOIIBI0 KOMMEp-
YecKoW HEeHTpU(yTH, a TaKKe BU3YaJIbHOTO JETEKTH-
poBaHusi pe3yiabTatoB. OCHOBHBIE >KHUIKHE KOMIIO-
HeHTHl i1 LAMP (peakunonHas cMech, mpaiMepbl
1 npo0a) BBOAMIHN OTIIEIBHO B CICIHATIbHBIC OTBEP-
cTug Ha mMukpouune. JKuJIkocTh moja JIeWCTBUEM Ka-
NWUBSIPHBIX CHJI 3aIOJIHSUIA TOABOJSIIUE KaHaJbl,
KOTOpBIE OBUTH COCAWHECHBI C OCHOBHBEIM KaHAJIOM
32 CYET Y3KOr0 COENWHUTEIHFHOTO0 MHKpOKaHala
(puc. 8). Ilpu BpalieHUH MHUKpOUYMIIA LIEHTPOOEKHBIC
CHJIBI 3aCTaBIISUTH JKUAKOCTh TPEO0JI0JIEBATh MUKPOKa-
HaJbl ¥ MEpeTeKaTh Yepe3 OCHOBHOM KaHaJl B peakiu-
OHHYIO Kamepy. Pa3mep COeIMHHTENTHHBIX KaHAJIOB
3aJlaBajics TaKUM 00pa3oM, 4TOOBI JUIsl TIPEOJI0JICHUS
THIPABINIECKOTO COMPOTHBIECHUS U KaXKJIOTO Clie-
IYIOIIEro KOMIIOHEHTa TPeOOBallOCh YBEIWYHUThH Yac-
TOTY BpallleHHs AMCKa MPUMEpHO B 2 pa3a. B wactHo-
CTH, CEUYEHHE COeTMHUTEIHHOTO KaHaa (IIUpHHA X TITy-
OuHa) 1l peakinoHHON cMecu Obuio 500 % 250 MKM,
st paiiMepoB — 250 x 125 MM, mius mpoObl —
100 x 125 mxM. CorsacHo pacueram, 4acToTa Bpallle-
HUS O71s "BKIIIOYCHUA" TaKMX MHKPOKAHAJIOB COCTaB-
suta 522, 808 u 1739 00./MUH, YTO COOTBETCTBOBAJIO
500, 1000 1 2000 06./MUH Ha IPaKTHKE.

3]
CoeanHUTENbHbIE
PURRRESER L . MUKPOKaHanbl:
Seppasen BK ﬁganﬁ“"'"—'—-"* 100 x 125 MKM

M. 250 x 125 MKM
== 500 x 250 MKM

“OcHOBHOW KaHan:
1000 x 500 MKM

Puc. 8. Llenrpobexnoe MUKpOITIONIHOE YCTPOHCTBO 1Sl 0OHAPYKEHUS MHUIEBBIX TATOI'€HOB.

a — TocyoifHOoe M300paXkeHne MEeHTPOOSKHOro ycTpoiicTBa: I — muck m3 monukapOoHaTa (TOMIMHOW 1 MM)
C MOJBOJIAIIMMU KaHanamu, Il — aare3usHbIi cinoit (30 mxm), 11 — nuck monukapOonara (1 MM) ¢ pe3epBya-
pamu JUIsi peareHTOB, OCHOBHBIM M COCTMHUTEIbHBIMU KaHaJaMU U PEaKIMOHHBIMU Kamepamu, [V — onHOCTO-

POHHAA aArC3uBHAs IJICHKA,

0 — cxeMaTH4HOe U300paKeHUE OTHOTO OJIOKa MUKPOCTPYKTYp [26]
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ITocne cbopa Bcex Tpex pacTBOPOB B PEaKIUOH-
HBIX KaMepax MpPOBOJWIOCH CMEIINBAaHUE PEarcHTOB
NpU KPaTKOBPEMEHHBIX BpAalICHUSX MHUKpoduna. 3a-
TEM BXOJHBIC OTBEPCTHS I'€pPMETU3UPOBAIU C ITOMO-
IIBIO CIIELHAJIBHOTO CKOTYa, U MHUKPOUYMI HarpeBaiu
mo 65 °C. BusyanpHOE JETEKTHPOBAHUE TPOBOIMIN
C UCIOJIb30BAaHWEM HMHIUKATOpa JPHOXPOMOBBIN
Yepnptii T (EBT), xoropsiii mocie ammindukamimn
MEHSUT TIEPBOHAYAIILHBIA ITYPITYPHBIA BET XUIAKOCTH
Ha HeOecHO-Tomy00i. CHEKTphl MOTIOIMEHHS KHUIKO-
CTH TaK)Xe aHAM3UPOBAIH C MOMOIIBIO TPaIUIUOH-
Horo crnekrpodorometpa. [Ipu anpobauuu ycTpoiicT-
Ba YyBCTBHUTEILHOCTH cocTaBmia 380 kommii ¢par-
menToB JIHK kumieunoii manouku (E. coli), a mpo-
JIOJDKUTEIHHOCTH aHaJM3a He TpeBbImana 60 MuH.

[IpoBenenre mpoOOMOATOTOBKYA Ha MUKPOUYUIIE aK-

OTBepcwm

\‘j

Kamepa xpaHeHus 1
KaHan pnaBo3pyxa
KnanaH Il

Kamepa xpaHeHna 2 —
Kamepa cmewmBaHua —

///'

KaHan gnsa —
BO34yXxa

Cnus

TyaJbHO IJIsl CO3/IaHMs IOPTATUBHBIX MUKPOAHAJIUTH-
YECKUX CHCTEM, OPHEHTHPOBAaHHBIX Ha IPUMEHEHHE
B YCJIOBHSIX OTpaHUYEHHBIX pecypcoB. B pabote [33]
MIPEICTABIICHO ICHTPOOEIKHOE MHUKPODIIOUIHOE YCT-
poiicTBo (paamycoM 6 cM) IS MYJbTHILUICKCHOW am-
IUGUKAIAKA ¢ TeNblo oOHapykeHus Oakrepuit. JIn-
3MC KJIETOK, CMEIIMBAHUE POOBI C peareHTaMu U U30-
TEPMHUYECKash aMILTU(PUKAIMSI ObLIM PeaIM30BaHbI HA
JTIUCKE W3 TOJMMETUIMETaKpHuiiaTa, Ha KOTopoM (pe-
3epoBaHHEM OBbLIM BBHIMOJHEHBI Ba WM YeThIpe Ha-
0opa MIEHTHYHBIX MUKPOCTPYKTYp (pHc. 9, a) ¢ mecs-
THIO PEAKIMOHHBIMHM KaMepaMy B Kaxjoi. B momos-
HEHHE K IIEHTPOOSKHOW Chiie JUIS YIpPaBJICHUS KU-
KOCTBIO HCIIONIB30BAJIMCh TUAPO(OOHBIE KaHANbI-
KJIanaHbl, KaHAIBI-CH(QOHBI W KaHAIbl JUI1 OTBOJA
BO3/yXa.

__Knanan |

Kamepa nusuca

Kamepa ONA BbloeneHHOW

npoobI
KaHanbl-cuhoHbI |

KaHan-cudoH Il
~lNMopgBogAwan Kamepa

 PeakLuMoOHHas
Kamepa

Yo
“\"\ o < A

[/ '{"-I.r'. Jﬁﬁi"/\ﬁ

n""}\.;:Ll "I / ‘!_'_ZZ F\\

g ‘\_j ;

—

Puc. 9. Cxema ofHOrO cexropa HEeHTPOOEKHOTO MUKPOYHIIA Uil 00HApYKeHHs OakTepuil (a) U WLTIOCTPALHUS [0~
cJeIoBaTENbHBIX ATANoB aHau3a (0).

Ha (6): I — npexnBapurenbHbiii BBO IPOOHI € IM3aTOM B KaMepy ISl JIM3UCA, & PeakMoHHON cMecu uisi LAMP —
B Kamepy Auisi XpaHeHus; [l — mop neficTBHEM LEHTPOOEKHBIX CHII KHMJKOCTh MEPEXOJUT B CIEAYIONINE KaMephl
(m7st BBIIETICHHOM MPOOBI M peareHTOB LAMP COOTBETCTBEHHO) U 3aTeM 3amoiiHsAeT kaHanbl-cudonsr; [II — cme-
IIMBaHUE TMPOOBI ¢ peakuoHHOM cMechio it LAMP B cniermanbHoil kamepe; [V — pasneneHue mpoObl Ha aTuKBO-
ThI TI0 YHCITy PEAKIIMOHHBIX KaMep; V — 3alloHeHHe PEaKIMOHHBIX KaMep, YUI TOTOB K M30TEPMHUUECKON aMILIH-
¢dukanuu [33]
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Kak Tonbko LeHTpoOEkKHBIE CHIIBI (CO3/1aBacMble
IpU BPaLIeHUH) MPEBBIIIATN YPOBEHb KaIMJLISIPHBIX
CHWJI, KUJIKOCTh HauWHaNa IMepeMeniaTbes 1Mo THIPO-
¢hobHBIM KaHaaM-kiamanaMm. [limst oOpaboTkm 1M0-
BEPXHOCTH TAKUX KaHAJOB MCHOJIb30BaNacCh nephrop-
yraepoanas xunkocts EGC-1700 (3 M, Kurait). Ka-
HaJel B popMe cudoHa 3aNOTHAIUCh 2 % COUPTOBBIM
pactBopoM Tween 20. [locie BeImapuBaHus dTaHOJA
Tween 20 agcopOupoBascs Ha IIOBEPXHOCTH KaHAJIOB,
Jenasi KaHalbl-cuoHbI ruapoduIsHeIME. Korna cko-
POCTb BpallleHHs IIOHWXKAJachk IO OIPEAEICHHOTO
3HAUEHUsI, KaHAJbl 3alONHSIIMCH 1O/ ACHCTBHEM Ka-
MWUISPHBIX  CWIL.  JlIs  OHPKyIAmuM  BO3IyXa
B MHUKPOYHIIE HCIOJB3YIOTCS OTBOAAIINE KaHAJIBI,
MTOCKOJIBKY YHI MTOJIHOCTHIO TePMETH3UpPYeTCA Mepen
AHAJI30M.

[lepen anHamu3oM B JIYHKY C pPEakIMOHHOW Kame-
poli 3arpy’kaJiuch HpaiiMepsl, KOTOpbIE BBICYIINBA-
JUCHh TIpU KOMHATHOM TeMmImepaType. 3aTeM B KaMepy
JUTSL TU3MCA TIOMEIIAN IapUKH U3 JHOKCHUAA IHPKO-
Hus (mmamerpoM ~100 MKM) ¥ MarHUTHBIH OpycOK
(mmwHOM 7 MM). JIMCK C TOATOTOBIEHHBIMH MHKPO-
CTPYKTypaMH T€pMETH3UPOBANU IUIEHKOM C HMCHOJIb-
3oBanueM ajire3uBoB (PSA, Adhesive Research, Ku-
tait). [IpoOy (60 mxi) u cmech anmss LAMP (60 mxo)
BBOJIMJIM YE€pPE3 OTBEPCTHS, PACIOJIOKEHHbIE Ha 00-
paTHON CTOpPOHE 4YHIIA, KOTOPHIE TaKKe 3aKICHBAIIN
C UCMOJb30BAaHUEM aATr€3MBHOTO CKOTYA. 3aT€M YU
MOMEIaIi Ha/l MarHUTaMHU M TIPOBOJIIIN JIU3HC KIle-
TOK B TeueHHe 3 MHUH. Bpalmiaroniyecss MarHUThbl pu-
BOJAWJIM B JIBUKEHHE MarHUTHBIA OpyCOK, KOTOPBIH
nepeMelnBall WapyuKd U3 Juokcuaa nupkonus. Hla-
PUKH, CTAIKUBAsICh C OaKTepUAMU, pa3pyIIaid UX.

Ha puc. 9, 6, mpuBenmeHa cxema IBWXEHHS ITOTO-
KOB XHJIKOCTH B MHUKPOYMIIE O] JEHCTBUEM Bpalle-
Hus. [lociie cTamum nu3nca KIETOK MPU YacToTe Bpa-
mieans 3000 00./MHH KMIKOCTH TPEOJI0JICBATIM TH]I-
podoOHBIE KlamaHbl H TEepeMelIalich: PacTBOP
JHK — B xamepy Ui BBIJENIEHHOW MPOOBI U CMeCh
LAMP — B kamepy xpaHeHus 2. 3aTeM CKOPOCThb
BpAlLCHUS! yMEHbINANACh, YTOOBI >KHIKOCTH MOIJIA
NoJ IeHCTBUEM KaNMUIAPHBIX CHJI 3allOJHHUTH KaHaj-
cudon. Bo Bpems 3Toil cTaanm KiIeTOUHBINA "Mycop",
ocTaroluiics B JM3aTe, OCAXIANCSI U OTPHIBTPOBHI-
Bajics. Takum 0Opa3oM, B OTIIMYME OT XUMHYECKHX
METO/I0B, He MpoBoaunack craaus ounctku JHK nmm
cTanus KoHIeHTpupoBaHus. [loaTomy npeaBaputensb-
HO ObUIa NPOBEIECHA BHEYMIIOBAs MPOOOIOAIOTOBKA
oOpasua AJsi OYMCTKU OT OENIKOB M APYTHX MpUMECEi.
[lo3nHee wccnmemoBaTeNy ONTHMH3HPOBAIN TOMOJIO-
TMI0 MHUKPOYWIA, YNpa3iHUB IEPBYIO Kamepy IS
XpaHEHUs peakMoHHOI cMecH [34].

Husa ycnemHoit amromndukammun LAMP Heobxo-
MO 00eCIeYUTh OJJHOPOJHOE CMELIMBAaHUE PEaKIlu-
OHHOM CMecH C BBIIEICHHOW mpoOoi. Hammydmiee
nepeMenIMBaHne JOCTHTaeTcsl mpu V-o0pazHoM Io-

JIOKCHUU KaHAJIOB-CU(OHOB, KOT/Ia TMPH BpalIleHUH
JYCKa TPAacKTOPUM JIBUKEHHS PacTBOPOB MeEpeceKa-
I0TCS, ¥ OHHU IEepeMeNInBaroTCs. Takke yka3zaHo, 4TO
JUT YITyYIISHUs] TIepeMEIINBaHus MOKHO HCIIONB30-
BaTh KPaTKOBPEMEHHYIO CMEHY HallpaBJIEHHUs Bpallle-
Hus aucka. [locnme cmemmBaHus MPOOBI M PEareHTOB
st LAMP cMech fomkHa 3alOJHUTH PEAKIIMOHHBIC
kaMmepsl. O0bEeM KaXI0M peakIMOHHON KaMmephl CO-
ctaBisin 10 mMxim. YToOBl MpenoTBpaTUTh MEpPEeKpecT-
HOE 3arpsi3HEHHE BO BPEMsI 3aITOJTHEHHS peaKIIMOHHBIX
KaMep, B KOHCTPYKIIMH MHKPOYMIIA TPEAYCMOTPEHO
YCTPOWCTBO MPEABAPUTEIBHOIO PACTIPENEICHUS KU~
KOCTH, B KOTOPOM aJTMKBOTHI CMECH PAaCIIPENEISUTUCH
10 JIeCATH NOABOAIIIMM KapMmaHaMm 1pu 1000 06./mun
(puc. 9, 6, — IV). 3aTeM mpu yBEITUYECHUH CKOPOCTH
neHTpudyruposanus 10 4000 06./MyuH depe3 KaHAIBI-
KJIallaHbl CMEeCh MOCTyMajla B PEaKIIMOHHBIE KaMephl,
rZie OHa pacTBopsiia mpaiimepsl. Ha atom stame pac-
TBOP pPEareHTOB MOJHOCTBIO TOTOB JUIsI MPOBEACHUS
peaxmun. Ilocie 3aBepmieHUsT TPOrpaMMBI BpaIlCHAS
ocyIiecTBisIcsA Harpes 10 65 °C a1 MHULMUPOBAHUS
Y BBITIOJTHEHHA aMIuTuUKauy. [I[ponomKxuTeTsHOCTh
LAMP B skcnepumenTtax cocrasisia 60 MuH, a Bpe-
Msi, He00X0AMMOE JIJIsl 3aBEPLICHUS BCETO aHAIIN3a, —
npubmm3uTensHo 70 MuH. Pe3yspraTsl aHanmn3a MOTIu
OBITH 3apETUCTPUPOBAHBI C HCIIONB30BaHUEM (IIyo-
PECIIEHTHOTO NETeKTOpa WM HEBOOPYKEHHBIM TIJa-
30M.

WnTepecHsIM TpeAcTaBIsSeTCS NPUMEHEHHE TecT-
MOJIOCOK ISl BU3YaJIbHOTO OOHAPYXEHHUSI aMILUIUKO-
HOB NPU T€HETUYECKOM aHajHu3e. DTO MPOCTOH H ObI-
CTPBIH CIOCOO IETEKTUPOBAHMS HMPOAYKTOB aMILIH-
¢ukanuu, He TPeOYIOMIMH crenuanbHON KBalU(pHKa-
LUK TIepCOHaja U JIETEeKTUPYIOUIUX YCTpoicTB. Brep-
BbI€ HCIOJB30BaHUE TECT-MOJOCOK AJIS PErHCTpalun
npoaykroB LAMP nponemonctpupoBamu B 2008 1.
Ha mpuMepe OOHApYXKEHUS BHUPYCa, BBI3BIBAIOLIETO
cuaapom Taypa y kpeBetok [35]. [Ipunnun neTexTu-
poBaHus moka3aH Ha puc. 10, a. M3HavyanpHO OAMH
u3 BHyTpeHHUX npaiiMepoB FIP Obut momeyen 6uotu-
HOM. [IpomykT peakunu, B KOTOPOM IOciie aMIUTUGH-
Kalli{ OKa3bIBaeTCsl OMOTHH, CMELIMBAIN C MEUCHHBI-
mu FITC JIHK-3ommamu. 30HABI KOMIIEMEHTapHO
THOPUAN3UPOBAINCH C aMIUTMKOHAMH B TEUEHHE He-
CKOJIBKMX MHHYT. | MOpHON3upOBaHHBIE AMITTTMKOHEI
N00aBIsUIM B PacTBOP, COAEPIKAILMIl 30J0ThIE YaCTH-
b, MeueHHble anTutenamu k FITC, u B oOpa3oBas-
myrocs cMech OKyHanmu Tect-nojiocky LFS (Milenia
Biotec, ['epmanusi). AHTHTENA C 30JI0THIMH YacTUIa-
MH CBSI3BIBAJIUCH C TMPOIYKTOM pPEaKINH, OKpaIIuBas
aMIUTUKOHBI. PacTBOp 3a cueT KanmMJUIAPHBIX CHII pac-
npoctpansuics o LFS. BHOTHHOBEIM KOHIIOM aMIIIH-
KOHBI OCKIAJINCh B aHATIM3UPYEMO obnacTH (Ha ciioi
CTpenTaBUAMHA), TEM CaMbIM (QOPMHUPYS TOJIOCKY
TEMHO-KPaCHOIO IIB€Ta, COXpaHAIOIIyrocs 15 MuH
[P KOMHATHOM TeMIeparype. Pe3ynbrarsl cunranuce
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Puc. 10. lerextupoBanue npoaykroB peakipn LAMP Ha TecT-mosocke.

a — o6buwmii npunun padotsl HybriDetect (Milenia Biotec, I'epmanusi) [36].

0 — MyJBTHIUIEKCHBIM aHAIW3 Ui ONpEeAeNIeHHs THa Bupyca rpunma A. Ilocne peakin aMIIMKOHBI COAEpIKaT
crienupUIHBIe 30HABI C aHTUTEHAMH W OMOTHH, BCTPOCHHBIN B nByxmenodeunyio JJHK. Hanogactums! 30m0Ta, mo-
KPBITBIE CTPENTABUANHOM M MBIIIMHBIM I1gG, CBA3BIBAIOTCA ¢ aMIIMKOHaMH. Ha TecT-monocke pachonokeHbl aHTH-
Tela Ha AUTOKCUreHMH, Ha Texacckuil KpacHbI U KOHTPOJIb, KOTOPBIE CBA3BIBAKOTCS C COOTBETCTBYIOIUMH aHTH-

reHamu [37]

MTOJIOKUTEIEHBIMU, €CIM ObUTM BUAHBI JIBE ITOJOCHI
(KOHTPOJIbHAS U TECTOBAs), U OTPULIATEIILHBIMH, €CITU
OBLIa BUHA TOJIBKO OJTHA KOHTPOJIbHAS MOJIOCA.

B 2015 r. 6110 TIpeIOKEHO IIEHTPOOSIKHOE MUK-
podirongHOE  YCTPOMCTBO Ui OOHAapy KEeHHsI
U NOATBEpPKAEHUs Tuna rpumna A merogom LAMP
U oOpaTHOW TPAHCKPUIIIIMM CO BCTPOCHHOM TECT-
MOJIOCKOM JUIsl BU3YalbHOTO JAETeKTHpoBaHus [38].
Juck quameTpoM 7 CM COCTOSIT U3 CIIOEB MOJUKApOO-
HaTa, B KOTOPBIX OBUIM W3TOTOBIICHBEI TPEXMEpPHEIE
CTPYKTYPBI C BBICYLIEHHBIMH TpaimMepamu. Mukpo-
YU MO3BOJISTT B aBTOMATHUECKOM PEXKHUME Pa3esTh
M0 TPEM PEaKIMOHHBIM KaMepaM BBOJMMYIO CMeECh
npoObl ¥ peareHToB (00mKM 00BEMOM 7 MKI), MpO-
BojuTh LAMP ¢ 00paTHO# TpaHCKpUNIHEH W cCMadn-
BaTh TECT-TOJOCKY, OJHOBPEMEHHO CMEIINBAs MONY-
YeHHBIM pacTBOp ¢ Oydepom, comepkamuM 30HIBI
U 3050Tble 4acTullbl. OCOOCHHOCTHIO PabOTHI OBLIO
OJTHOBPEMEHHOE NIETEKTUPOBaHUE NMBYX reHoB — H1
W KOHCEPBATHBHOTO M, /Il KOTOPBIX HCIIOIH30BAIU
pa3HbIe KOMILJICKChI aHTUTCH — aHTUTEIIO TIPU (POPMHU-
poBanuu miosioc (puc. 10, 6). Tak, npaiimepsr LF u LB
st ¢parmeHTa reHa H1 ObLIM MEYeHBI TanTEHOM
¢ Texacckum KpacusiM, a npaiimep LF mis rena M
MOMETHIIM TUroKcUreHnHoM. CIieoBaTelbHO, Ha TECT-
MOJIOCKE TepBasi moyioca OblIa TOKPHITAa MOHOKJIO-
HaJIbHBIMU AHTUTENIAMH HA TUTOKCUTCHHH, a BTOpas —
antutenamu Ha Texacckuit Kpacupiii. Tperbs KoH-
TPOJbHASA IIOJIOCA COJepKana aHTUMBIIHHHEIE [gG.
[Ipu 3TOM 30JI0TBbIC HAHOYACTHIIBI ObLTU MOAM(UIIH-
POBaHBI CTPENTABUANHOM W MBIIIMHHBIMA UMMYHO-
rnooyimunamu IgG, a B pactBope ans LAMP cozep-
XKayicsi CBOOOMHBIM OMOTHH, KOTOPHI 1O Mepe am-
n(UKaUY BCTPAUBAIICS B ABYXIICTIOYEUYHBIHA IPO-
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IYKT TI0 TIPUHIMITY uHTepKamauuu [37]. Ha muxpoqn-
e yAaJoCh Pa3IW4YUTh MOATUI BUpyca Tpummna A mpu
kouteHTparmu 10 xonmii Bupycubix PHK 3a 55 mum.

Perucrpauus nponykroB LAMP ¢ nomompto ox-
HOPAa30BbIX TECT-TIOJIOCOK — 3TO MHOTO00EUIAIONIHH
NOAXOX MpH pPa3pabOTKe AUArHOCTHYECKUX CHUCTEM
9KCIIpecc-aHaN3a. 3a CUeT TOT0, YTO 30HJ KOMIUIe-
MEHTapeH AaMIUIMKOHY, TaKHe TEeCThl 00eCHeYMBarOT
JOTOJTHUTENIBHYIO CIEHU(PUYHOCTD, a COYETaHUE MPO-
CTOW peau3aliil C BHU3yaJbHBIM JIETEKTHPOBAHHUEM
JieNlaeT TECT-TOJIOCKU TPHUBIEKATeIbHBIMU IS pado-
THI B YCIIOBHUSIX OTPaHUYCHHBIX pecypcoB. O0benune-
HHE 3TOTO METO/AA C ABTOHOMHBIMH MHUKPOQIIIOUIHbI-
MU CHCTEMaMH YCTPaHSET PUCK MEPEeKPEecTHOro 3a-
IpSA3HEHHS, 00ECIIeYnBACT HENPEPHIBHOCTb U BHICO-
KYIO CKOpOCTb aHasin3a. OIHaKO UCIOIBb30BaHUE TECT-
MOJIOCOK JJISi PETHCTPAIMH IMPOAYKTOB aMILTU(UKa-
UM OrPaHUYEHO MCKIIOYUTEIBbHO KaueCTBEHHBIM
aHAJIM30M, YTO CBS3aHO C HU3KOW TOYHOCTBHIO NIETEK-
THpoBaHus. Ha pe3ynpTaT BAMSIOT Pa3InYHBIE yCIIO-
BHS OCBEIICHHS M BapHalliu B I[BETOBOM BOCHPHUSATHHU
nosp3oBaTenel. U NOCTHXKEHHS] KOJIHMYECTBEHHOTO
aHanm3a HeO0OXOAWMO HCIONB30BaTh CIICIHaIbHbIC
YCTpOMCTBa ISl JETEKTHPOBAHHUS TIOJIOC U IIBETOBBIC
JATYUKH JUIsl PErHCTpallid WHTEHCHBHOCTH IIBETA
C TIOCIEAYIONMM HCIOJIB30BAaHUEM MPOTPAMMHOTO
oOecrieueHust 111 0OpabOTKM W aHalM3a H300paxkKe-
Hui [39].

ONEKTPOXUMUYECKHE HATUYUKUA TaKXKE IEepCIeK-
TUBHBI JUIS CO3MaHUS OBICTPBHIX, YYBCTBHUTENIBHBIX,
MUHHUATIOPHBIX W HEAOPOTHX TUArHOCTUYECKHX CH-
creM. Mukpounn mist LAMP co BCTpoeHHBIM 3JeK-
TPOXMUMHYECKUM AATIYMKOM OBLI MPEICTaBIeH B pabo-
te [40]. Peakuus LAMP ocymectBisercss BHyTpH
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O/IHOKaMEPHOT0 MHKpOUMIIA, PEAKIMOHHAs Kamepa
KoToporo (00beMoM 20 MKJT) OJHOBPEMEHHO SIBIISIETCS
ANEKTPOXUMHUUECKON U3MeEpUTENbHOU stuerikoi. K pe-
AKIIMOHHON cMecu a00aBJIslIdA METWUJIEHOBBIM CUHWI
(MC). Ho ammmdpukaruun MC cBOOOTHO HAXOIUICT
B PacTBOPE U 3a CUET ero IUQQy3uu K NOBEPXHOCTH

a
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HHUOKOCTH QH'EHTPDXHMH‘-I'ECKEH HZMepuTenkbHan AvYenka
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30JI0TOT0 paboYero 3MIEKTpolia crocoOCTBOBAN TeHe-
paluu OKUCIUTEIHFHO-BOCCTAHOBUTEIBHOTO TOKa. [lo
Mepe oOpaszoBaHusi MpoaykTra peakunn MC BcTpan-
BaJICS B CHHTE3UPOBAHHEIC JIBYXIICTIOYCHHBIC AMILIU-
KOHBI, 9YTO COIPOBOXIAJIOCh YMEHBIICHHEM TOKa
(puc. 11). HavanpHoe kommuectBo JIHK-mumenu

Mukpouun ana LAMP c anekTpoaamm
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HarpeBatens MoteHuyunocTar MpoponkuTensHocTe LAMP
Puc. 11. Mukpounn 11t 0OHapy>KEHUS! MUIIEBBIX TATOTCHOB CO BCTPOCHHBIM 3JIEKTPOXHUMUYECKUM JATINKOM.

a — YMII C PEaKIIMOHHOM KaMepOil U BCTPOCHHBIMU 3JIEKTPOAAMU;

0 — mnpuHIMn paboThl JAETEKTOpa: CHayaja CBOOOIHBIM METHJICHOBBI CHHHI O0OECIIeYMBAeT OKHCIUTEIbHO-
BOCCTaHOBHTEIILHBIA TOK y TIOBEPXHOCTH Pab0Uero »JIeKTPOAa; 10 Mepe CHHTE3a aMIUIMKOHOB KOHIIGHTpAIHs cBOOOI-
HBIX MOJIEKYJI HUHTEPKAIUPYIOIIETO KPACUTEN YMEHBIAETCS ¢ COOTBETCTBYIOIIUM U3MEHEHHEM BEITMUNHBI TOKA,;

B — CX€Ma 3KCIEePUMEHTAJIbHON yCTAaHOBKM; I' — H3MEPEHUE OKHCIUTEIbHO-BOCCTAHOBUTENBHOIO TOKA B pEaIbHOM
BPEMEHH 10 Mepe NMPOJODKUTEIBHOCTH peakuuu [40]
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KOJIMYECTBEHHO OIpeNessIi MyTeM H3MEpPEeHHs Bpe-
MEHH, HEOOXOIMMOTO Ui JOCTHXKEHHSI MOPOrOBOTO
CUTHaJla — TOYKH, B KOTOPOW aMIUTM(UKAIINS TPOUC-
XOJUT C MaKCUMalTbHOW 3(PPEeKTHBHOCTHIO, aHAJO-
ruyHo onrtuueckuM Merogam [ILIP B peanpHOM Bpe-
MeHH. MUKpOYHIT OBUT M3TOTOBJIEH M3 MOJIUIANMETHII-
CWJIOKCAaHa M CTEKJa C DJJIEKTPOJAaMHM M3 IUIATHHBI
u 3onota. [Ipenen oOHapyXeHUs TaKOil CHUCTEMBI CO-
craun 16 xkommii JIHK-mumennm caabMOHEIIIBI
S. Typhimurium.

B paborte [41] onricaHO OpUTHHAIBHOE TOPTATHB-
HOE YCTPOMCTBO 115l OOHAPYKEHHUS U KOIUYECTBEHHO-
ro ompenenenust MO xykypysst CBH 351, npen-
cTaBlsitolee coboil TpyOOuKy ¢ paszaenuTeIbHBIM
KianmaHoM. B onHOW dWacTH TpyOOYKM TPOBOAMIN
LAMP c¢ pearentamu u JIHK-mumensio, 3atem
3a CYeT JIETKOTO BCTPSAXMBAHUS MOBPEXKAATHN Pa3/Iein-
TENBbHYIO MEPErOpOJKYy, CMEIIMBAs NMPOTYKTHI peak-
MU C pacTBOPOM AaKTHUBHOTO  OKHCIMTEIBHO-
BOCCTaHOBHUTENbHOrO BemecTBa Hoechst 33258.
ONEKTPOXUMUYECKOE JETEKTUPOBAHUE TPOBOAMIU
METOJIOM BOJIBTAMIIEPOMETPHUHU C TIOMOIIBIO OJHOpA-
30BOT0O AJIEKTPOHHOTO YHWIIA, MPUKPEIIEHHOTO K TPYy-
004YKEe CO CTOPOHBI JCTEKTHUPYIOIIEH KaMephl. AHAIIO-
TMYHO TPEABIAYLIIEMY IPUMEPY, HHTEPKAISALUSA MOJIe-
kyn Hoechst 33258 BrI3biBaia 3HaYUTEIHHOE TIAJICHUE
WHTEHCHBHOCTH TOKa. B oTimuYme OT METHIEHOBOTO
cunero, mnpucytctsue Hoechst 33258 wunrubupyer
peakuuio LAMP, mosToMy HCHOJIb30BaHUE JAHHOTO
BEIIECTBA BO3MOYKHO TOJBKO ISl A€TEKTUPOBAHUS 10
KOHEYHOM Touke. B nanpueiinem B padote [42] Te xe
aBTOpBI NMPUMEHAIN TE€KCaMUH PYTEHHS, MO3BOJISAIO-
WA TPOBOAWUTH pErucTpanuio npoxyktos LAMP
B PEeXKHME pealbHOTO BpeMeHH. J[J1s1 3inexTpoxummde-
CKOT0 JETEKTUPOBaHUSl ObUT pa3paboTaH crenuaiib-
HBII 3JICKTPOHHBIA YUII-NIOJIOCKA C JJIEKTPOJAMH, KO-
TOPBIH MOMEUIAJICsl B MOJIUIIPOIHICHOBYIO POOUPKY.
UyBCTBUTENBHOCTh TaKOW CHCTEeMBI cocTaBmia 20 ko-
mmuid/mka s JIHK 3a 30 muH.

[IpocToit xapTpumx 1t npoeneans LAMP c ne-
TEKTUPOBAHUEM METOIOM IIJIA3MOHHOI'O MOBEPXHOCT-
HOro pe3oHaHca ObII mpeacTaBieH B padote [43].
KapTtpumk u3 momumMeTHaIMeTakpuiIaTa ¢ AByMs peak-
[MOHHBIMH Kamepamu (00beMOM 25 MKIT Kaxk/asi) ObLT
00BEIMHEH C TPAMCIMECBUIHON MPU3MON U3 TIOJTUKAP-
oonata (puc. 12). Ilpuzma Obla H3rOTOBIEHA METO-
JIOM JIUTBHSI TIOJ] AaBJIEHHEM M TOKPHITA TUIEHKOH 30710-
Ta TONKMHON 47 HM. BbUlO MOKa3aHO, YTO MOJIMKAp-
OoHaTHas mnpusMa (TMOKa3aTelb NPEJIOMIICHUS 71 =
=1.51) MmoxeT OBITh UCTIOJIB30BaHA IS ICTCKTHPOBA-
Hust LAMP mMeTos0M nna3MOHHOTO pe30HaHCca Hapas-
HE CO CTeKJITHHBIMHU npu3Mamu. OOHapyKeHHE BUPY-
ca renatura B 6pu10 mponeMoHcTpupoBano 3a 17 MuH
¢ MUHMMAaJIbHON KOHIIeHTparueit 2 ¢pr/mi. 3meHnenue
00BEMHOI0 TOKa3aTessl MPElIOMJICHHS pacTBopa Io-
cine peakimun LAMP coctaBuno mpumepro 0.0011
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equaunI] nokasarens npenomienus (RI). [Ipeumyme-
CTBaMH METOJA IJIa3MOHHOTO MOBEPXHOCTHOI'O PE30-
HAHCA SIBIITIOTCS OTHOCUTEJIBHO BBICOKAsT UyBCTBU-
TETFHOCTh W Mallas TPOJODKUTEIFHOCTh aHaIu3a,
a TaKXKe OTCYTCTBUE JIOIOJHUTEIHHBIX KOMIIOHEHTOB
peaknmu (KpacuTeei).

Jis ocyIecTBIEHUS U30TEPMUYECKON amruidu-
Kalli¥ B KaueCTBE MCTOYHMKA TEIJIa HapaBHE C Tpa-
JTUITMOHHBIMU 3JIEKTPUYECKIMH HarpeBaTesiMH (dJ1e-
MeHTbl [lenbThe, TOHKOCIONHBIE HArpeBaTeNd WU
BOJISIHBIE 0aHM) TaKKe NMPUMEHSIOTCS HarpeBaTely,
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Puc. 12. Cucrema ans nposenennst LAMP ¢ merextupo-
BAaHMEM METOJIOM IUIa3MOHHOTO ITOBEPXHOCTHOTO pE30-
HaHca.

a — cXeMa NOJIMMEPHOTo KapTpuaKa: IOJIMMEpHasi OCHO-
Ba C PEaKIMOHHBIMH KaMepaMH COEIMHEHa Tparelue-
BUJTHOM NMPHU3MOH, MOKPHITOI c0eM 30J10Ta;

0 — cxema ycrpoiicta s nposeacaus LAMP ¢ nerek-
TUPOBAHUEM METO/IOM ILIA3MOHHOTO TOBEPXHOCTHOTO
pe30HaHCa; MOIYJIb UCTOYHHKA CBETA COCTOUT M3 CBETO-
muona (850 HM), TUH3BI U TOISIPU3ATOPA IS TEHEPAITHH
MapaJuIeNbHO TOJISIPU30BAHHOTO CBETOBOTO ITOTOKA; OJIOK
HarpeBaTesst — W3 MEIHOU TUIACTUHBI C IByMsI TOHKOIIJIE-
HOYHBIMHU HarpeBaTesIMU U TEPMOIIAPOH, a TaK)Ke MCTOY-
HUKa NUTaHust MOIHOCTHIO 60 BT [43]
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OCHOBaHHbBIE Ha HK30TEPMUYECKUX PEAKLMIX, HAIPH-
Mep: THApaTanys OKCHIa KaJbIHs, XJIOPUAA KaJbIUI
WIN MarHueBBIX TOKPBITHH, a TaKKe OKUCICHHE XKe-
Jie3a U KpUCTaJuIM3alus anerara Hatpus. Takue ycT-
poiicTBa MOTYT TPEACTaBIATH COOOW BapWaHT Harpe-
BaTesell ¢ OAHOPAa30BBIMHU MOIYJISIMH, KOTOPBIE MOTYT
paboTatb aBTOHOMHO, HE3aBUCHUMO OT JOCTyTa
K 9JIEKTPOCETH.

BnepBble HarpeB 3a CUET XUMHYECKHUX PpPEAKUUN
st LAMP 6611 npopemonctpupoBad B 2010 1. [44].
B kauecTBe HCTOYHHUKA TEIJIa UCIIOJIb30BAIM PEAKIHIO
THApaTallud OKCHAA KalbLHs B COYETAaHMU C MOIU-
(UIMPOBAaHHBIM MaTEpPHajIOM CO CBOWCTBaAMH H3Me-
HeHust (a3sl (TBEpIOe TeNo — XKHUIKOCTH). Tero re-
HEPHUPOBAJIOCh B PE3YJbTATE PEaKIUH OKCHAA Kallb-
Usl ¢ BOJOW, a HeoOXoaWMasi TeMIeparypa BOKPYT
PEaKUMOHHOW KaMepbl MOAJEepPKHUBaNach MOIU(PHULIU-
POBAaHHBIM >KHPOCOJEPKAIMM COEIHHEHHEM, MMEIO-
IIMM BBICOKYIO YAEIBbHYIO TEINIOEMKOCTh M JHAaNa3oH
miaBiaeHus okoyio 65 °C. beuio mokasano, uro 20 T
OKCHIa KajdpIa W 6.8 MII BOIBl OOECIIEUMBAIM Ha-
TpeB, JOCTaTOYHBIN JUIs PACIUIABIECHUS IPUMEHSIEMOTO
MOTU(HUIMPOBAHHOTO MaTepHaa, 9To ITO3BOJISIIO TIOA-
JIepKUBaTh Temmeparypy B auamasone (65 £0.75) °C
B TeueHue 45 muH. Ammmudukanuro JTHK-mumenn
Plasmodium falciparum B TONMHUIIPONTUICHOBBIX TPO-
oupkax (o0bemMom 0.2 Mi1) IETCKTUPOBAIIM TI0 KOHEY-
HOW TOYKE C M3MEpPEHHEeM CHTHana (IyopecleHInu
W CBETONpOIyCKaHus (10 MYTHOCTH). Pe3ynbrars
aMui(UKanud Ha XUMHYECKOM HarpeBaTelie CpaB-
HUBAJIN C pe3yJbTaTaMH, MOJyYEHHBIMH Ha KOMMeEp-
yeckom npubope mns IILP. Ilpenen oOnapyskeHus
Plasmodium falciparum s 00erx CHCTEM COCTaBUI
npumepHo 50 xomuit JAHK-mumenn. [oGaBnenue
KOHTEWHepa [UIsI XpaHEeHWS NHIIEBbIX MPOAYKTOB
(TepMoca) U MPOCTOro MPYKUHHOTO TaliMepa co 3BY-
KOBBIM CHTHAJIOM CJIEJIaJI0 3TO YCTPOHCTBO emie Oosee
MPUBJIEKATENBHBIM U1 IPUMEHEHHS B YCIOBHUAX OT-
paHnueHHBIX pecypcoB [45]. Cpenn HEIOCTaTKOB Ta-
KOTO YCTPOMCTBAa MOXHO OTMETHTH: HEOOXOJMMOCTbH
JIOTIOJTHUTENIBHOTO BpeMeHH (15 MuH) Ans HOJIHOTO
IporpeBa HarpeBaTelsl M PEaKLHOHHOro o0beMa,
CIIO)KHOCTH OO€cleUeHHs AETEKTUPOBaHUs B PEKUME
peaslbHOTO BPEMEHH W HEBO3MOXXHOCTH ITOBTOPHOTO
UCIIOJIb30BaHus (ha30BO-M3MEHEHHOTO MaTepHaia Io-
CJIe PEeaKIHH.

[IpumeHeHne MHMKpoUHMIIa BMECTO NPOOHPOK IIO-
3BOJISIET YMEHBIINUTh MPOJODKUTENBHOCTh TpeABapHu-
TEJIBHOI'O TporpeBa Onaroxaps HHU3KOH TEIJIOBOM
Macce MHUKpoycTpoiicTBa. B pabore [46] Obln mpone-
MOHCTPHPOBAH CaMOHATrPEeBAIOMIMNCA MHUKPOQITIOH -
Heli KapTpumx u3 [IMMA, B KOTOpOM HCIIOJIB30Ba-
JIach 3K30TEPMHUUYECKas PEAKIUA MEXIy CTIaBOM Mg—
Fe u Bogoid, a Takke MOIUGUITPOBAHHBIN MaTepHan
¢ ¢dazoBeiM mnepexomom (PureTemp 68, Entropy
Solutions Inc., BenmukoOpuranus). Terio, Beemnse-
MOE€ SK30TePMHYECKOM peaxiuel, yepe3 MoAnpHIH-

POBaHHBIA MaTepual M aJIOMUHHMEBBIA paauaTrop Ha-
rpeBaJI0 MUKPOYHII JI0 TeMIeparypsl nmpumepHo 63 °C.
Curnan ¢ayopecueHINN AETEKTHPOBAJIM C KpacuTe-
neM SYTO 9 o KoHeuHOM TO4Ke: BU3YaJbHO U C TO-
MOIIBI0 TIOPTaTHBHON mmdpoBoi Kamepsl. s am-
mwm¢ukamu 10 konmit pparmenta JJHK xumednoit
najouku motpedoBaioch 60 MuH.

[lo3nHee aBTOpHI HOopaboTanu CBOIO CHUCTEMY, JO-
0aBHUB MOOMJIBHOE MPHJIOKEHNE TSI IETEKTUPOBAHUS
U KOJIMYECTBEHHOTO aHAJIN3a C MOMOIIBIO yCTPOICTB
Ha Oa3e cmaptdonoB [47]. Tenepb aHamUTUYECKAs
cucTeMa, IOMUMO MUKPOYHMIIA, COCTOsIIA U3: 1) XuMu-
YecKoro HarpeBartenss — "KpyXku" (B TepMoce C Ba-
KYyMHOU H30JIsI1IHei), 2) cMapT(doHA ¢ MOITB30BaTENb-
CKUM TPHIOXKEHUEM, 3) IMOJCTaBKHU-IIEPEXOIHHKA,
pacniedatanHoii Ha 3D-mpuHTepe W  OOBEAWHSIO-
e MUKPOYHII, HarpeBarenb U cMapTdoH (puc. 13).
CMmapTdoH B 93TOM CHUCTEME BBIMOJNHSUT (QYHKIMH
U ONTHYECKOI'0 PErHCTPaTopa, U UCTOYHHKA BO30YXK-
nennst ayopecueHyu uis  nposeneHus LAMP
B pPeXHMeE peartbHOTO BpeMeHH. Pa3paboTaHHOE 1MOITb-
30Barebckoe npuiokeHne st Android mo3Bosisio
OCYIIECTBIISTh: PETHCTPAlMI0O W 3allUCh CHTHala
(yopecleHINN B PeXHUME pPeajbHOr0 BPeMEHH, 00-
paboTKy u300paKCHUH, KOJMYECTBEHHYIO OIICHKY
koHueHTpauuu HK, popmupoBanue otuera u nepena-
4y pe3yibTaToB. PaboToCmocOOHOCTh cHUCTEMBI Oblia
MPOJEMOHCTPUPOBaHA Ha TIPUMEPE KOJIHMYECTBEHHOTO
oOHapy>keHHs1 BUpyca 3uka B Mode u ciarone u BUY
B KpoBH 3a 45 muH. Ilonp3oBarensckoe MpHIIOKEHUE

A 3acrnoHka
HarpeBatenb (Mg-Fe)

. —Mukpouun

NMoactaBka 1

e

Puc. 13. Cuctema 1y KOJHMUECTBEHHOIO aHaiIM3a HyK-
JICMHOBBIX KHUCIOT ¢ MHUKpouunom ansi LAMP, xumwuye-
CKMM HarpeBaTelleM M JeTEeKTOpoM (IyopecleHINN
B PEKUME PeaJbHOTO BpEMEHH Ha OCHOBE cMapTdona [47]
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Ha cMapTQoHE MO3BOJSIET NPH HEOOXOIUMOCTH Tepe-
JlaBaTh JaHHbIE MO OECHpPOBOJHOW CETH Ha yJAaJeH-
HBI cepBep, e OHM OyAyT 3amucaHbl B Qaii s
kiaueHTa u BMecte ¢ GPS-koopanHaramu OynyT BHe-
CCHBI B aKTyaJlbHYIO0 KapTy TEPPUTOPHAIBHOTO pac-
npocTpaHeHus 3aboneBaHus (KapTorpadupoBaHuUE)
C LEJIBIO ATMAEMHUOJIOTHYECKOTO HAaA30pa.

N30TEPMHUYECKASA NETJEBAS
AMIIVIN®OUKANIUA LAMP JIJI1 HOBOI'O
KOPOHABUPYCA SARS-COV-2

B 2020 r. xoponaBupycHas unpekuus (COVID-
19) crana nmpuuWHOW Ype3BBIYAIHON CHUTyallud B 00-
JacTd OOIIECTBEHHOTO 3ApaBOOXPAaHEHHS BO BCEX
ctpanax wmupa [48]. Hoswii koponaBupyc SARS-
CoV-2 — HeIaBHO MOSIBUBIIMICS IITaMM, KOTOPBIN
HUKOT/Ia paHbIle He OOHAPYXUBAJICS y JIOACH. DIH-
JeMHUYECKHEe TaHHbIE IOKa3aid, YTO BUPYC 00JafaeT
CHJIBHOM CHOCOOHOCTBIO K Iepejiaye OT dYeloBeKa
K UeNOBEKY M  PacHpOCTpaHseTcs  BO3IYLIHO-
KarnelbHbIM IyTeM, 3apakasi BOCIPUUMYHBBIX CyOb-
€KTOB 4yepe3 MpsSIMble KOHTAKThI U JIPYTue BO3MOKHBIC
myTH nepenauu [49, 50].

Monexynsapaast aumarHoctuka COVID-19 B mep-
BYIO ouepeab ocHOBaHa Ha oOHapyxenun PHK Bupy-
ca [51, 52]. B nacrosee Bpems: oauMepasHas Ier-
Has peakuus ¢ oopatHoi TpaHckpunmuenr (OT-ITL[P)
SBJISICTCSL OCHOBHBIM METOJIOM TOJITBEPIKICHHS HH-
¢exuuu COVID-19. OT-IILIP obecneunBaer 4yBCT-
BUTEJIbHOE OOHApyKEHHE CIEUUPHUECKHX IOCIEeN0-
BaTEJIbHOCTEW reHoB, koaupyromux PHK-3aBucumyro
PHK-nonumepazy (RNA dependent RNA polymerase,
RdRP), nykneokancun (nucleocapsid, N), 6emku 060-
nouku (envelope, E) u munos (spike, S) Bupyca.

OnHako octpasi mOTpeOHOCTh B OBICTPOM H IIUPO-
komacmtabHoMm tectupoBanuu Ha COVID-19 tpebyer
HOBBIX JHWarHOCTHYECKMX HHCTPYMEHTOB. ABTOpPHI
paboThl [53] oTMEYaroT, 9TO 32 OYEHb KOPOTKOE BpE-
Msi OBUI JOCTUTHYT OTPOMHBIA IPOTpPecc B MOJIEKY-
nspHoi nuarHoctuke COVID-19 u Ovi10 pazpabora-
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HO MHOXECTBO TecTOB. OIHaKO HBIHEIIHHE BO3MOX-
HOCTH TECTHPOBAHUS HE MOTYT yJIOBJIETBOPUTH Oec-
NpeLeleHTHBIH MUPOBOH CIPOC Ha OBICTPYIO MOJICKY-
JIIPHYIO TMAarHOCTHKY. XOT4 B HacToduiee Bpems OT-
I[P sBaseTcs 30JI0TBIM CTaHAAPTOM MJI1 MOJIEKY-
nsapHoil nuarnoctuku COVID-19 [54, 55], anerepna-
THUBHBIE METOJIBI SKCITOHEHIIMAIBHON aMITTH(UKAIIHH,
Takue kak LAMP, umeror 00JIbIION MOTEHIHAT, OCO-
6enHo st npuitoxkenuit POC.

Pa3zpaboTaHo HECKOJIBKO BapHaHTOB IIPOBEACHUS
W30TEPMUYECKON aMIUIM(pUKAIMKA ¢ 00paTHOW TpaHC-
kpunuueid RT-LAMP: ¢ nerektupoBaHueM CHUTHaja
¢dnyopecueHunu [56] WM KOJOPUMETPUUECKUM Jie-
TekTupoBanueM [57, 58].

HUcnonw3ys kaneneun, Yan C. et al. [56] pa3pabo-
tamu ananu3 RT-LAMP mns BusyansHOTO 00HApYXe-
Hust SARS-CoV-2. OHu mpaBWIIBHO HIAEHTH(PHIUPO-
Banmu 58 u3 58 MONOXKUTENBHEIX U 72 U3 72 oTpuIla-
TEJIHBIX MAILMEHTOB, YTO ObUIO MOATBEP)KICHO IIa-
pamuenshoit OT-IILP. Ortor ananmuz RT-LAMP 006-
pastoB dkctpaktoB PHK manuenToB TpeboBan TOIBKO
60-mMuHyTHOH HHKYOamu npu 63 °C.

st BU3yaJIbHOTO CUMTBHIBaHUS pe3yJjpraToB RT-
LAMP Baek Y.H. et al. [58] ucmonb30Bajii KUCIOT-
HO-OCHOBHOW HMHIMKATOp (PEHOJOBHIH KpacHBIH, KO-
TOpBIA MeHsieT 1BeT ¢ kpacHoro (pH 8.8) Ha xenThii
(pH < 8.0), uro ykas3pIBaeT Ha IMOJOXHUTEIBHBIN pe-
3ynbTaT amrumpukanun. [locne 30-MUHYTHOM HHKY-
Oammu peaknuonHoi cmecu npu 65 °C  RT-LAMP
obnapyxmia 200 komuit PHK SARS-CoV-2, Brime-
JIeHHBIX 13 00pa3uoB nanuentos ¢ COVID-19.

B pa6ote [59] npemnoxen merox RT-LAMP B pe-
QIBHOM BPEMEHHM C HHTEPKAIMPYIOIIUM KpPacHTEIeM
SYTO 9. Peakuuto npoBoauiu mipu 63 °C B TeueHue
50 muH ¢ ucnoip3oBanneM cuctemsl [II[P B peanb-
HoM Bpemenu Light Cycler 96 (Roche Diagnostics,
Mannheim, Germany). Pe3ynprarel mokaszaiu, 49TO
RT-LAMP wmoxer oOHapyXuBaTb BCErO 3 KONHHU
PHK SARS-CoV-2 B 25 Mk (puc. 14). ITo rpadguxam
aMIUTN(UKALUN PETUCTPUPYIOT IOJIOKUTEIBHYIO pe-
akuro i 300 xonuii 3a 20 MuH.

Ho6aeneHue

PHK-mMuweHu:
: 310° konuu
: 310" Konwui
: 3-10° Konuw
: 310° konun
: 310" Konwu
: 3 Konuu

o —

DO A WN=

Puc. 14. UyscrBuUTEND-
Hocth Tecta SARS-CoV-2
RT-LAMP.

50.00 OK — orpunarensHbIA
KOHTpOJIb [59]

40.00 45.00
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B Poccun OuodapmaiieBTHUECKOH KOMITaHUEH
"Tenepuym" B PocznmpaBHam30pe 3aperucTpupoBaHa
tect-cuctema "M3orepm SARS-CoV-2 PHK-ckpun",
paspaboraHHas TpynmoW  KoMmmanwid  "Memmko-
ouonoruueckuit coro3" [60]. B TecT-cucreme ucmosb-
30BaH METOJ IIETJIEBOM HM30TEPMHYECKOW aMIupu-
kanuu (LAMP). Dxcnpecc-TecTupoBaHUE BKJIFOYACT
B cebs aBe craaum: BoiaeieHue PHK koponaBupyca
W3 aHAJIM3UPYEMBIX OOpaslloB W TMPOBEACHUE TeTIe-
BO#l uzorepmuueckoit ammmbpukanuu (LAMP), koTo-
pas moATBepxkaaeT Hanuuve uiad oTcyTcTBue PHK
SARS-CoV-2. Peakiust npoBOAUTCS NPU HOCTOSHHOM
temriepatype 65 °C.

Cpeny OTIMYUTENBHBIX OCOOCHHOCTEH MeToja
pa3paboOTYNKU OTMEYAIOT: OBICTPOE HAKOIUICHUE ITPO-
IyKTOB peakiuu (15—60 MUH), HU3KYIO YYBCTBUTEIIb-
HOCTh K MPUMECSIM, BBICOKYIO CICIU(PUYHOCTD, BO3-
MOJKHOCTh HCIIOJIb30BaTh B Ka4e€CTBE MCXOTHOW Mart-
PUIIBI KPOBb HIIU JPYrHE OUOJIOTUYECKHUE KHIIKOCTH.
[IpenBaputensHas MOATOTOBKAa OOpa3loOB 3aHUMAET
35 mun. IIpousBogutens MIaHUPYET BBIMYCKATh [0
500 TBICSY IKCIPECC-TECTOB B HEMIEITIO.

Komnanust "Cunron" (r. Mocksa) BEITycKaeT Ha-
60p pearentoB "Amminl30-SARS-CoV-2" [61], koTO-
pBIf TTO3BOIISIET OOHAPYXHMBATh (PparMeHTHI HYKJICH-
HOBBIX KHCJIOT KopoHaBupyca SARS-CoV-2 meronom
00paTHOW TPAHCKPHIIIINH, COBMEIICHHOHN C METIEBOM
M30TepPMUYECKON aMIuuKanyued B peajbHOM Bpe-
menn (RT-LAMP) B omHO# MHKpompoOupke, d9TO
YMEHBIIACT KOJMYECTBO MAHHUMYJSIIUN C PEaKIHOH-
HOM CMECBhI0O U TEM CaMbiM MAaKCHUMaJIbHO CHIKAET
KOJIMYECTBO OIMMOOK M BO3MOXKHOCTh KOHTaMHHAITUU
NpH nocTaHoBke. Bpemst anamiza — He Oonee 40 MuH.
ITopor obnapyxenns — He Gomee 20 xommii ¢par-
meHToB KomruiementapHord JIHK (xJHK) SARS-
CoV-2. Ha texymmii mepuox Habop He mMmeeT Pernct-
panmoHHOro yaocroBepenus Poc3apaBnanzopa.

Kpome HE0OXOIUMOCTH B JCUICBBIX U OBICTPBIX
MOJXOJaxX JJisi TOCTAHOBKM JHarHo3a Ha MeCTe HC-
MOJIb30BaHUs TPEOYIOTCSl aJibTepPHATUBHBIC TLIAT(HOP-
MBI JUIsI TECTUPOBAHUSI, KOTOPhIE OBUIM OBl TOYHBIMH,
MPOCTHIMU U MOPTATUBHBIMH.

B pabore [62] nmemoHCTpupyeTcs OOHapyKCHHE
SARS-CoV-2 meronom RT-LAMP ¢ nomoisio npo-
CTOW M TOpTaTUBHOM aumarHoctuieckoir POC-cucre-
MBI (Point-of-Care Testing, POC — namarHoctuka
y moctenu OOJBHOT0), OCHOBAHHOM Ha KapTpUIDKE,
W3TOTOBJIIGHHOM 110 aJTUTHBHON TpexmepHor (3D)
TEXHOJIOTHH, U puepe Ha 0aze cmaptdoHa (puc. 15).

B xaptpumx o0pasiibl 3arpyXajlich BPYYHYIO
¢ mnpuMeHeHueM mmpuioB. [lopratuBHbI TpHOOP
CoJIepKaJl: HarpeBaTelbHBIC DIIEMEHTHI, O0ecIedn-
BaIOIIMe TEIJIOBOM PEXUM aMILTU(UKAIINK;, ONTHYIEe-
CKUE DJIEMEHTBI, HEOOXOIUMBIC ISl PETUCTPAIIUU pPe-
aKLMK, U UCTOYHUKHU nuTanus. Ha puc. 15 mokaszansl
cXeMbl U QoTorpapuu MUKPOQIIOUIHOTO KapTPHUILKa

(BHI CBEpXy W CHH3Y C CEpIAHTHHHBIM KaHAJIOM
CMEIIIMBaHUs), WCIOJIb3YEeMOro sl OBICTPOro OOHa-
pyxenust SARS-CoV-2. B kapTpumxe mects Kamep
Ul aMIUTUQUKALMU ¥ JIeTeKTUpoBaHus. Kaptpuk
W3rOTOBJICH U3 NoJnypeTana Ha npuHTepe Carbon M2
10 CTaHJIApTHOM TEXHOJIOTUU. BepXHsisi W HUXKHAISA
CTOPOHBI KapTpuaXKa TMOKPBITHI MPO3payHoOi Ouoco-
BMectumorr  sieHTO (ARSeal 90880, Adhesive
Research) mns repmeruzanuu. [Ipo3paunas neHra mo-
3BOJISIET TPOBOJIUTH BHU3YalbHBI OCMOTpP BO BpeMs
3aIlOJIHEHUS] W BU3YAIM3AlAI0 BO BpEMS JETEKTHPO-
BaHMs. B cepnaHTHHHOM KaHayle KapTpuaka oOpaser
CMEIIMBACTCS C PEareHTaMH JUIsl aMIUTU(QUKAIIAN T10]T
BO3/ICHCTBHEM LINPHLEBBIX HacocoB. llocie mepeme-
NIMBaHUsI PEaKIMOHHAS CMECh MIOCTYIAET B pe3epBya-
pel s aMmromduianun. ['eomerpust U pasmepsl pe-
3epBYyapoB CHEHUAIBLHO MOJ00paHbI IS 00ecrieueHHs
CHHXPOHHOTO W PaBHOMEPHOTO 3arlOJHEHHUs BCEX Ka-
Mmep (mo 20 mkn kaxpas). Ilocie Toro, kak Kamepsl
aMIUTU(UKAIUN TIOJTHOCTBIO 3arpy’KEHbl, OHU IIIOM-
OupyloTcst OMOCOBMECTHMBIM KJI€eM, W KapTpUIK
BCTAaBISIETCS B pWJAEP JJIsI TPOBEJCHUS PEaKIUU.
BerpoenHslii HarpeBatenb TOIEP)KUBAaET TeMIlepa-
Typy 65 °C. lns peructpanyy U aHanuza u3odpaxe-
HUN TPOJyKTa peakiuy aMIUIM(pHUKAIHu B KaMepax
ucnonb3oBasics  cmaptpon (Huawei P30  Pro,
Huawei). Ha puc. 15, 1, mokazano nzo0OpaxeHue npu-
6opa POC c kaptpumxem. Ha puc. 15, n, npeacras-
JIeH KOMITOHEHTHBIH cocraB mpubopa POC. Caeto-
auoAbl W QUIBTPEL TOAOOpaHbI B COOTBETCTBHHU
C JUIMHAMU BOJIH BO30Y>KACHUS U M3IyUYEHUS HCIIOIb-
3yeMOro WHTEepKaJHPYIOMero (hiIyopecieHTHOTO Kpa-
curenst (EvaGreen). Cmaptdon nenaer dotorpapuu
pEaKIMOHHBIX Kamep ¢ 10-MUHYTHBIMU HHTEpBAJIAMH
B nepBble 30 MUH aHaiu3a, a 3aTeM C 2-MUHYTHBIMU
WHTEepBaJaMH ISl OONBIIETO KONWYECTBA TOYEK JIaH-
HBIX aMIUTU(UKALWU B TedeHHe cieayromux 10 MuH.
Ilepen TtecTHpoBaHWEM KIMHHYECKHX OOpPa3loB
ObUTa TIpOBEJIeHa MEepBOHAYANbHAS OIEHKa Tu1aTdop-
MBI MyTeM J00aBJICHUS WHAKTHBHpOBaHHOTO SARS-
CoV-2 (5000 xomuii Ha MKIJI) H OTPHUIIATEIHHOTO KOH-
tpous. [Ipu ucnons30BaHNU TakOro 00pasia MoI0KHU-
TEJIBHBIN pe3ybTaT ObLT Mody4eH Bcero 3a 30 MUH OT
Havana peakuuu. Cosnmanubii npubop POC npoxe-
MOHCTPHpOBAJ Tipefen obHapyxeHust 50 Kommid/MKI
¢ reromHoli PHK u HeakTHBHBIMU BHpycaMu B Oyde-
pe, 4TO COOTBETCTBYET KIIMHUYECKUM MTOTPEOHOCTSIM.
ABTOpBI pabOTHI OTMEYAIOT, YTO MPEITIOKEHHBIN
MOJIX0J] To3BoJseT ObicTpo (MeHee ueMm 3a 40 MuH)
00HapYyXHUTh BHUPYC, MPH TOM HET HEOOXOIUMOCTH
B Habope s skctpakuuu PHK u coorBercTByrommx
WHCTPYMEHTaX. DTH Pe3yJbTaThl MOTYT OOECIEeYHTh
MacmrabupyeMoe  pa3BepThIBAaHHE  JIHArHOCTHKHU
COVID-19 B permonax 6e3 pa3BuTOH HHPPACTPYK-
TYpHI H PECypcoB 1ab0paTOPHOTO YPOBHS, OCOOEHHO
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Puc. 15. MukpodtonHblii KapTPHUDK, U3TOTOBJICHHBIN C TPUMEHEHHEM aIZINTUBHBIX TEXHOJIOTHH, 1 opTaTuBHBIA POC-

MHCTPYMEHT.
a — cxeMa MHKPOQIIONIHOTO THATHOCTUIECKOTO KapTPHIDKa, UCTIONB3yeMoro it ObicTporo o0HapyxkeHus SARS-CoV-2;
BXOJ/IHBIC OTBEPCTHS UISl XHUIKOCTH COCIHUHSIOTCS CO INNPHIIaMH, KOTopble BBOAT peareHThl RT-LAMP n tepmuieckn
JM3UPOBAHHBIN 00paser] MalieHTa B TPEXMEPHBI CEpIIaHTUHHBIA KaHaJl CMECHUTENSl TIepe]] 3all0THEHHEM PEeaKIMOHHBIX
Kamep JUIsl aMIUTM(UKALIUK U IeTEeKTUPOBaHMUS;

0 — (dororpaduu 0THOPA30BOr0 MUKPODIFOUIHOTO KaPTPHIIKA.;

B — 3D-MHUKpOQIIOHIHBIN KapTPUIDK M YBEIUUCHHOE N300paXxKeHHe KaMep Ul aMIUIM(UKALA U AeTeKTHPOBAHUA Kap-
TPUILKA,;

r — ¢ororpadus npudopa POC;

Jl — KOMIIOHEHTHBII cocTaB nopraruBHoro npudopa POC: cmapTdhoH, MUKPOIHH3bI, CBETOGUIBTPHI, OaTapeH, BHIKIIIOYa-
TEJIM CBETOANO/Ia U HarpeBaTelsl, HarpeBaTeb, YL, IIpHUIb | Mt [62]

B YCJIOBHUSX, KOTJa TpeOyeTcss HeMe[JIeHHas JUarHo-  JiaX, YUPeXACHHUSIX MO yXOAy 3a MPecTapelbiMH WIH
CTHKa Ha MecTe cOopa 00pa3IoB, HaIpUMep B IMIKO-  WHBAIHIAMH WM Ha CHOPTHBHBIX MEPOTPUATHSX.
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U3 ony6nukoBanHeix B MHTEpHETE CBeeHMI clie-
nyet, uto DenepanbHblii HAYYHO-KIMHHYECKUH LIEHTP
¢usnko-xumudeckoir memutmabl  (OHKL ®XM)
OMFBA Poccun pazpabotan IHArHOCTHUECKHE TECT-
CHUCTEMBl Ha HOBYI0 KOPOHABHPYCHYIO HWH(EKITHIO
SARS-CoV-2 [63]. TectupoBaHue OCHOBAaHO Ha Me-
TO/Ie M30TEPMHUUECKON aMIUTH(HUKAINN M TPOBOJAUTCS
NPY MCIIOJIB30BAHUM CIICIMATBHBIX MUKPOQIIONIHBIX
yunoB. Bpems uccrnenoBaHus COKpaTwiocs 10 15—
20 muH. TecT-cuctema pazpaboTaHa sl IPUMEHEHUS
B ipubope "Nunukarop-buo" (puc. 16), KOTOpPHIA ObLT
co3lad B TponIKOM MH)XEHEPHOM LIEHTPE IO 3aKa3y
u B koonepauuu ¢ PHUMY um. H.W. ITuporosa (pyxk.
mpo¢. J.B. PedbpukoB). ®DMBA Poccun mmeer cBoe
ONBITHOE TPOM3BOJCTBO TECT-CUCTEMBl Ha OCHOBE
MUKPO(DITIONAHBIX YHIOB, KOTOPOE PACIIONIOKEHO
B llenTtpe Texnomoruii m mMukpodadpukammu DOHKI]
OXM OMBA Poccuu. Metoasl mpou3BoCTBa, 00pa-
OOTKM M CIEKaHWs aJalTHPOBaHBI IOA TpeOOBaHMS
M30TEPMUYECKON aMIUTMpHUKAIUK. MOIIHOCTD OIBIT-
HOTO TIPOM3BOJICTBA, IO JAaHHBIM [63], cocTaBiseT
6onee 50 unmnoB B TeueHue cyTok. OFHAKO HAayYHBIX
MyOJIuKanuii ¥ TEXHUYECKHX XapaKTepUCTHK MO CO-
BMECTHOMY HCIIOJIb30BAHUIO pa3padOTaHHOW TecCT-
cuctembl u npubopa "MHaukatop-buo" He oOHapy-
JKEHO.

3AK/IIOYEHUE

[Tockoneky LAMP sBnsiercs mnpuBieKaTeIbHBIM
METO/I0M H30TEPMHUYECKON aMIUTM(UKALMK AT TOp-
TaTHBHBIX YCTPOWCTB, TO YHCIO paboT, B KOTOPBIX

"‘lrr‘-"._ S oabliaa | liay ww ;

MpeJUIaraloTCcsl pa3Hble BapHAHTHl TaKUX YCTPOWCTB,
C KaXIIbIM TOJIOM CTaHOBUTCs Bce Oompiue. [lomyms-
pU3alMu MeToJa TaKXe CIIOCOOCTBYET IIOSIBICHHUE
HAa0OpPOB KOMMeEpUYeCKUx peakTuBoB st LAMP
¥ BO3MOKHOCTD Ha MEPBBIX TOPaX MCIOIB30BATh 000-
pyZOBaHKE U YCTPOHCTBa, pazpaboTannsie ams [1L[P.

[IpomomkurenpHOCTh aHaym3a MertomoM LAMP
Ha MHKpPOYMIIE COCTaBIsIeT OT 15 MUH 710 yaca, 4TO
MeHbIIe, yeM cpenuss amurensHocTh [TIP. CpaBue-
Hue mukpocucreMm st [P u ans LAMP noka3seiBa-
€T, YTO IIOCJIEAHNE SIBIISIIOTCS B PaBHOM CTENEHH YyB-
CTBUTEJIBHBIMU M CHEUU(PUYHBIMH, HO B JOIOJHEHHE
K 3TOMY OHH IpOILIe M JeleBiie Onaromapsi U3oTep-
MHYECKOMY pexuMy. PazHooOpasne BH3yalbHBIX Me-
TO/IOB JIeTeKTUpOBaHUs MpoaykToB LAMP no3Bomser
nmoo0parh BapHaHThI, MIPH KOTOPBIX JUIS pa3iHnueHUs
MOJIOKUTENIBHOTO U OTPHULIATENIBHOTO PE3yJIbTaTa HE
TpedyeTcst n3MepuTenbHoe obopynosanue. [Ipumene-
HHUE TaKMX CHCTEM AKTYalbHO IS MPOBEACHUS MpE-
BapHUTEIbHBIX TECTOB WIM MOHUTOPHHTA.

Jns xonmmyecTBeHHOTO aHanmm3a merogom LAMP
TpeOYIOTCSl CTaHAAPTHBIE pa3BeACHHUS WM BHYTPEH-
HUE KOHTpoiu. B aToMm cirydae He oboiiTrch 0e3 ne-
TEKTOPOB U CIELHAIBLHOI0 IPOrpaMMHOro obecreye-
HUS.

OrpannuenueM LAMP sBasercst clnoHOCTh HpU
MPOBEICHUN MYJIBTUILUIEKCHOTO aHaiu3a. MIMMoOumu-
3anus MpaiMepoB B MUKPOCTPYKTYpax YHITa MO3BOIISA-
€T OCYILIECTBIATh aMIUTM(UKALUIO U IETEKTUPOBAaHHE
pazmmunbix (parmentoB JJHK omHOBpemeHHO B pas-
HBIX Kamepax, pH UCIOIb30BaHUH, HAIPUMED, OTHOTO
Y TOTO K€ MHTEPKAJIHPYIOIIETO KPaCUTEIsL.

Puc. 16. IIpudop "Uuaukarop-bno" ¢ MukpodonHeIMu YnnaMu [64]
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N30TEPMUYECKA TIETJIIEBAS AMIUIMOUKALIA LAMP

Ha nanublii MOMEHT 110J100HAs1 BO3MOXHOCTH MPO-
CTPaHCTBEHHOTO pa3JECJICHUs] HCIOJIB3YyEeTCSI W IpHU
JNEeTeKTUPOBAaHMM Ha TecT-mojiockax. Hampumep,
¢bupmoit Milenia Biotec (I'epmanusi) paspaboTana
komMMepueckast cucrema HybriDetect 2T, mo3Bossito-
masi pETUCTPUPOBATh HA OJHOW TECT-TIOJIOCKE Cpasy
JIBa aHAJIUTa U3 OJHOM MpPOOBl. YHUBEPCAIBHOCTh Ta-
KOH CHCTEeMBI JJIsl OOHAPYKECHHUS Pa3TUIHBIX MOJICKYJI
(OenkoB, aHTHTEN, MPOAYKTOB aMIUTH(PHUKAINN) CO3-
JTaeT TPEBOCXO/AHbIE EPCIEKTUBBI TSI CCIEOBAHUS
CJIOHBIX TIPO0.

[IpumeHnenne  M30TEpMUYECKHX  HarpeBaTenei
Ha OCHOBE 3K30TEPMHUYECKUX pEaKIUil, a TaKkKe YII-
pOILIEHNE TEXHUYECKUX PELIEHUH CUCTEMBI perucrpa-
[IUU PE3yIIBTATOB BIUIOTH 70 ajfanTepa K MOOMIEHOMY
Tesie()OHy HapsAy € MCIOJIb30BAHHUEM TECT-IIOJIOCOK
OTpakaeT COBpEMEHHBIE TEH/ICHIIUN IPOBEACHNS aHa-
JU3a TIOPTaTUBHBIM "KapMaHHBIM" TIpuOopoM [65, 66].
Hns ananutuyeckux cuctem Ha ocHoBe LAMP crne-
IYIOIIMM IIIaroM MOKET CTaTh WHTETpanus U aBTOMa-
THU3alMsg BCeX (PYHKIMOHAIBHBIX BO3MOXKHOCTEH
Ha €TUHOM KOMITJIEKCHOM YCTPOHCTBE ¢ HAOOpOM OJI-
HOpA30BBIX KOMIUIEKTYIOIIHNX, YTO MO3BOJHUT IPOBO-
JIUTh TIOJIHBIM aHAJIU3 UCXOJHON MPOObI aHAJIOTUYHO
ceHcopy ¢ ObicTpsiM oTBeTOoM "Jla / Het".
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LOOP-MEDIATED ISOTHERMAL AMPLIFICATION (LAMP)
TECHNIQUE IN MICRODEVICE FORMAT
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Loop-mediated isothermal amplification (LAMP) is widely used as a fast and sensitive diagnostic method
and is most promising for analysis in conditions of limited time and resources, for example, in places of care.
The paper discusses the basic principles of LAMP technique, methods for detecting reaction products, as well as
some microfluidic devices and analytical systems based on LAMP, including those developed for express

diagnostics in the context of the COVID-19 pandemic.
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INTRODUCTION

Nucleic acid amplification methods are an impor-
tant tool for significantly increasing the sensitivity of
molecular genetic analysis. The most popular amplifi-
cation technology today is the polymerase chain reac-
tion (PCR). PCR-based amplification requires sophis-
ticated equipment for high-precision (+ 0.5 °C) and
fast (> 10 °C/s) thermal cycling, which is not always
suitable for routine clinical practice or diagnostics in
resource-limited settings. In addition, relatively high
temperatures (up to ~ 100 °C) require good sealing of
the reaction volume to prevent evaporation.

Isothermal amplification techniques have devel-
oped rapidly over the past two decades. An important
difference between PCR and isothermal amplification
is the temperature regime of the reaction. Isothermal
nucleic acid amplification technologies operate at one
optimum temperature, resulting in simpler, cheaper
and more reliable technical solutions for instrument
designs. Isothermal methods for amplifying nucleic
acids are becoming an alternative to PCR and greatly
simplify the implementation of amplification methods
in medical diagnostic devices and analytical equip-
ment.

Isothermal amplification of DNA / RNA, which
provides comparable or even higher sensitivity and
specificity than traditional PCR, represents a promis-
ing direction in the development of methods for the
rapid detection of infectious diseases pathogens: in
food; in water, air and soil; for diagnosis at the pa-
tient's bedside, etc.

LOOP-MEDIATED ISOTHERMAL
AMPLIFICATION (LAMP) TECHNOLOGY

Isothermal amplification, which uses enzymes with
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high strand displacement activity and proceeds with
the formation of DNA loop structures, is a simple,
fast, efficient and promising method for amplifying
nucleic acids. The loop-mediated isothermal amplifi-
cation (LAMP) method was developed at Eiken
Chemical Co., Ltd (Japan) by Tsugunori Notomi and
his colleagues in 2000 [1].

The LAMP method uses DNA polymerases with
chain-displacing activity and four (or six) primers,
which increases the specificity of the reaction. The
end product of this reaction is a specific structure con-
sisting of several repetitive inverted sequences of the
original target DNA, connected by single-stranded
DNA loops. The method provides a high efficiency of
DNA amplification, the amount of which increases
10°-10" times in 15-60 min. When combined with
reverse transcription by adding reverse transcriptase to
the reaction mixture, the LAMP method is also suita-
ble for RNA amplification.

The advantages of isothermal loop amplification
include simplicity, velocity, specificity and sensitivity,
cost-effectiveness, and high productivity. Besides:

— there is no need for a step (stage) of denaturation
of double-stranded forms into single-stranded ones;

— the amplification reaction occurs continuously
under isothermal conditions;

— the amplification performance is extremely high;

— the total cost can be reduced, since LAMP does
not require special reagents and complex equipment;

— RNA targets can also be amplified by the same
procedure as DNA targets, simply by adding AMV
reverse transcriptase to the test tube. Reverse tran-
scription and amplification can be performed at con-
stant temperature in one step.

To carry out this reaction, the enzyme Bst polyme-
rase is used, which is a large subunit of Bacillus stea-
rothermophilus DNA polymerase. The optimum tem-
perature for this enzyme is 60-65 °C.
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Bst 2.0 DNA polymerase is an in silico homologue
of the large fragment of Bacillus stearothermophilus
DNA polymerase I (Bst DNA polymerase, large
fragment). This enzyme has 5° — 3° DNA polyme-
rase activity and good DNA strand displacement abili-
ty, but does not exhibit 5 —> 3 exonuclease activity.
Bst 2.0 DNA polymerase is characterized by an in-
creased rate of amplification, a high product yield,
increased tolerance to the salt content, and greater
thermal stability compared to a large fragment of
wild-type Bst DNA polymerase.

Bst 3.0 DNA polymerase is the latest novelty for
isothermal amplification — an in silico altered homo-
logue of a large fragment of DNA polymerase I iso-
lated from Bacillus stearothermophilis, which has
been modified to improve the performance of the iso-
thermal amplification reaction and to improve the ac-
tivity of such an enzyme as reverse transcriptase. Bst
3.0 possesses 5'-3'DNA polymerase activity, using
both DNA and RNA as a template, and can also un-
wind nucleic acid chains by itself. At the same time,
the enzyme lacks 5'-3 'and 3'-5' exonuclease activity.
Bst 3.0 demonstrates reliable performance of the reac-
tion and is characterized by significantly increased
activity as a reverse transcriptase compared to Bst
DNA polymerase.

SD-polymerase [2] is a new artificial thermostable
DNA polymerase with high strand displacement activ-
ity, which is suitable for both PCR and isothermal
amplification. Unlike wild-type enzymes with high
strand displacement activity, which are only active
below 68 °C (eg Bst polymerase), SD polymerase is
stable up to 93-94 °C. This allows to carry out iso-
thermal LAMP amplification with preheating to in-
crease the specificity of the reaction. SD-polymerase
combines such features as (5'—3") — polymerase ac-
tivity, (5'-3") — strand displacement activity, as well
as the absence of exonuclease activity [3] of the en-
zyme.

The LAMP method uses a set of 4 (or 6) specially

selected primers to recognize 6 different specific re-
gions of the analyzed DNA sequence that flank the
target template: regions F3c, F2c¢ and Flc at the 3'-
end, and regions B1, B2 and B3 at the 5'-end (Fig. 1).
The Forward Inner Primer (FIP) contains the region
F2 at the 3 'end and the Flc region at the 5' end. The
Forward Outer Primer contains the region F3 that is
complementary to the F3c region. The Backward In-
ner Primer (BIP) contains the B2 region at the 3'-end
and the Blc region at the 5'-end. The Backward Outer
Primer contains the B3 region that is complementary
to the B3c region. External primers F3 and B3 are re-
quired to initiate the reaction and are involved only at
the initial stage.

The internal primers FIP and BIP have a complex
structure. Each of them consists of two specific areas
connected by a samesense linker (usually polythy-
mine is used). Inner primers are involved in the for-
mation of loop structures; therefore, they are selected
in such a way as to form loops at the ends of the target
fragment.

Correct primer design is essential for a successful
LAMP. Eiken (Japan) Co has created the Primer Ex-
plorer Internet service (LAMP primer designing soft-
ware: http://primerexplorer.jp/e/), which can be used
to design primers based on a known nucleotide se-
quence.

LAMP amplification is a self-sustaining autocycl-
able DNA synthesis reaction catalyzed by a DNA po-
lymerase enzyme with a high strand displacement ac-
tivity at a constant temperature of 60—(~ 65) °C
(Fig. 2). At this temperature, single- and double-
stranded forms of DNA are in dynamic equilibrium,
therefore, heating to complete denaturation is not re-
quired to initiate the reaction.

The reaction begins with the annealing of one of
the inner primers, BIP or FIP, which binds to the tem-
plate only partially only by the corresponding region
(B2 or F2), and initiates the synthesis of the comple-
mentary strand using DNA polymerase.

Fig. 1. LAMP primer set and target DNA [4]

Fig. 2. LAMP reaction principle [5]

An outer primer, for example F3, is attached to the
F3c-fragment of the target, and polymerase completes
the strand, thus displacing the newly synthesized se-
quence. The displaced strand forms loop-like struc-
tures at the 5'-end, the so-called stem-loop structures,
since the Flc-region hybridizes to the F1 region. The
process is repeated at the opposite 3'-end. The result is
a new dumbbell-like structure with loops at both ends

This is followed by a cyclic amplification step in-
itiated by one of the inner primers complementary to
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the loop region on the product. Outer primers are not
involved at this stage. The cyclic stage consists in the
formation of a large number of products with a com-
plex structure. The final product of the reaction is a
set of amplified DNA sequences of various lengths,
consisting of alternately inverted repeats of the target
fragment on the same strand.

In two years in order to accelerate the reaction, the
authors of LAMP improved the developed method by
adding one more pair of primers — loop primers [6].



30 A.H.3VBUK, I'. E. PYJIHUIIKAA, A. A. EBCTPAIIOB

Loop primers (Loop Primer B and Loop Primer F)
hybridize to loop structures and initiate DNA synthe-
sis with strand displacement. Loop primers contain
sequences complementary to single-stranded loop re-
gions (between Bl and B2 or between F1 and F2) at
the 5 'end of the dumbbell structure, providing an in-
creased number of starting points for starting DNA
synthesis. An example is shown in Fig. 3, where the

Fig 3. Amplification of LAMP using loop primers
[7]

The end products of the reaction are, in addition to the
amplified target sequences in the form of inverted re-
peats, a variety of by-products with a branched sec-
ondary structure (structure similar to that of caulif-
lower).

It should be emphasized that loop primers are not
mandatory components of the reaction, but their use
can reduce the analysis time. They increase the
amount of amplification products by interacting with
loop structures in the redions other than the binding
sites of inner primers, and therefore accelerate the
achievement of the detectable amount of DNA in the
reaction mixture by 1.5-2 times as compared with the
original method [6]. As the graph shows (Fig. 4), it is
possible to register a sufficient amount of the product
in 10-20 min.

LAMP amplification products can be detected both
in real time and by endpoint using gel electrophoresis,
turbidimetry, fluorimetry and photometry, or simply
with the naked eye. Achieving efficient genetic analy-
sis with LAMP depends not only on the efficiency of
the DNA amplification itself, but also on the method
chosen to detect the reaction products. In [9], the au-
thors discuss the basic monitoring methods for
LAMP. Tab. 1 shows the detection methods and their
comparative characteristics.

During the DNA synthesis reaction, a large amount
of pyrophosphate ions ((P,0,)* is formed as a by-
product. It was noted that pyrophosphate forms a noti-

synthesis of a product containing six loops takes
place. In the original LAMP technique, four of these
loops will not be used, but with the help of loop pri-
mers, all single-stranded loops can be used as start-
ing points for DNA synthesis.

Fig. 4. Comparison of the efficiency of LAMP with
the addition of looped primers (fast method) with
classical LAMP (standard method) [8]

ceable insoluble white precipitate with divalent metal
ions [10]:

(DNA),_; + dANTP—> (DNA), + (P,07)", (1)
(P207)4- + 2Mg2+ —>Mg2P207 l (2)

Equation (1) describes the Bst-polymerase me-
diated DNA polymerization reaction in the LAMP
method. When a large number of pyrophosphate ions
are produced, they react with magnesium ions in the
reaction buffer (equation 2) to produce a white preci-
pitate of Mg,P,05| [11, 12]. The presence or absence
of a white precipitate makes it possible to assess the
performance of DNA amplification by the LAMP me-
thod visually, with the naked eye (Fig. 5). It was re-
ported that the increase in turbidity in the reaction so-
lution is proportional to the amount of amplified
products [12].

The real-time turbidimetric method allows the
quantitative determination of the initial amount of tar-
get DNA in the samples under study. By-products of
enzymatic DNA synthesis, in addition to pyrophosphate
ions, are also hydrogen ions. Ion Torrent platforms se-
quencing technologies are based on the detection of pro-
tons as by-products of DNA strand synthesis [14—16].

Tab. 1. Comparative characteristics of detection methods for LAMP [9]

Fig. 5. Detection of the LAMP reaction by turbidity

Left, no target (negative control); on the right, with a DNA

target (positive reaction) [13]
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Tab. 2. Acid-base indicators

. Coloring the reaction solution
Indicator Range pH
Negative result Positive result
Phenol red 6.8-8.4 Red Yellow
Cresol red 7.2-8.8 Purplish red Amber yellow
Neutral red 6.8-8.4 Amber yellow Red
M-cresol purple 7.4-9 Purple Yelow

A modification of such a pH sensor was used to con-
trol DNA amplification using LAMP and PCR me-
thods [17]. These studies have demonstrated the abili-
ty of DNA polymerase to efficiently carry out the am-
plification reaction even in dilute buffer solutions.

The authors of [18] used this property of the en-
zyme to carry out LAMP reactions in the presence of
low buffer concentrations and observed a significant
change in the pH-reaction mixture from the initial al-
kaline value to the final acidic one. This significant
change in pH made detection possible by means of
pH-sensitive indicators. The paper shows that visual
color change detection by LAMP detection of DNA is
an easy-to-use, fast and reliable method.

n [18], the sensitivity of the LAMP reaction was
demonstrated by means of use of acid-base indicators
(Tab. 2): phenol red, cresol red, neutral red, and m-
cresol purple, so that to detect the amount of genomic
DNA in the range 0.01-100.00 ng (~ 3—30.000 copies)
for the gene of transmembrane regulator of conduc-
tance (CFTR gene).

Thus, colorimetric visualization of the amplifica-
tion reaction by means of pH indicators can facilitate
the use of the amplification method as a diagnostic
tool that allows for field diagnostics with fast and reli-
able visual detection.

The advantage of the visual method of endpoint
detection is the absence of instrumental costs. Howev-
er, Le T.H. and co-authors [19] have shown that it is
difficult to determine the sensitivity and variability
(difference) between tubes with the naked eye when
illuminated by sunlight. In addition, the turbidity of
positive samples is stable for only a short time, which
means that monitoring should be carried out as soon
as possible after completion of the reaction [20].
Wastling S.L. notes that a “trained eye” is required for
successful visual DNA monitoring [21].

Visual detection of DNA by LAMP amplification
can be performed using a fluorescent metal indicator
— calcein. Calcein (CAS No. 1461-15-0) is a metal
indicator that produces strong fluorescence due to
forming complexes with divalent metal ions such as
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calcium and magnesium. In [22], calcein was added to
the initial reaction mixture to monitor the concentra-
tion of magnesium ions in solution during LAMP am-
plification. The concentration of magnesium ions in
solution decreases because of binding with pyrophos-
phates formed during the DNA synthesis reaction and
the precipitation of an insoluble precipitate. However,
the decrease in the concentration of magnesium ions
by the LAMP reaction was not sufficient for the color
change to provide visual detection. Therefore, manga-
nese ions were introduced into the initial reaction mix-
ture, which quench the fluorescence of calcein due to
complexation and form insoluble salts with pyrophos-
phates during the reaction (Fig. 6).

In this case, calcein in the reaction mixture initially
binds to manganese ions (Mn2 +), and the fluores-
cence is quenched. When the amplification reaction is
performed, calcein is deprived of manganese ions due
to the bmdmg of the latter to the generated pyrophos-
phate ions (P207 ), which leads to fluorescence. And
free calceln is able to bind with the magnesium ion
(Mg”") in the reaction mixture, which leads to in-
creased fluorescence. The presence of fluorescence
indicates the presence of a target DNA, and therefore
visual detection can be achieved.

It was found that the fluorescence intensity is pro-
portional to the initial concentration of the target DNA
in LAMP reactions. The fluorescence of calcein com-
plexes can also be used to monitor LAMP responses
in real time.

Another dye with a similar effect is hydroxy naph-
thol blue (HNB, CAS No. 63451-35-4), Wthh dyes
the solution purple in the presence of Mg>". During
the amplification process, a significant amount of in-
soluble magnesium pyrophosphate is formed, which
causes a significant decrease in the concentration of
Mg in solution. This decrease in concentration leads
to a change in the color of the reaction solution from
violet to sky blue in the presence of HNB [23]. The
sky blue color of the sample indicates the presence of
the target DNA, while the purple color is observed in
the negative control.
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Fig. 6. The principle of detection using a fluorescent metal indicator —

calcein [22]

Wastling S.L. et al. [21] reported that Hydroxy
Naphthol Blue does not inhibit the LAMP response. It
is widely used to monitor the LAMP response in one-
step methods [21, 23, 24]. The advantage of this ap-
proach is the ability to perform analysis in a microtiter
plate and to quantify the results colorimetrically using
a reader.

HNB changes the color of the reaction solution
from violet to light blue. However, the color change
was negligible because two colors refer to the same
tone. This makes it difficult to detect changes with the
naked eye, especially when samples contain only
small amounts of target DNA. In [25], a simpler colo-
rimetric analysis for visual detection of LAMP results
was proposed using another metal indicator — acid
chromium blue K. The color of the reactlon changes
from red to blue, since Mg binds to P,O,*- and the
complex precipitates during the reaction, while de-
creasing concentration of magnesium in solution.

Colorimetric detection of LAMP amplification
products can be obtained using Eriochrome Black T
(EBT), a complexometric indicator [26]. Indeed dur-
ing the LAMP reaction, a decrease in Mg concentra-
tion due to a complexation with EBT leads to a color
change that is visible to the naked eye. After amplifi-
cation of the target DNA sequence, the original ma-
genta color of the LAMP reaction mixture changes to
cyan.

The main disadvantage of LAMP technology is the
use of indirect detection methods (for example, elec-
trophoresis, precipitation, turbidimetric method, non-
specific dyes SYBR Green [, hydroxy naphthol blue,
calcein / Mn*"), which cannot differ target products
from non-specific amplification products, which often
leads to the false positives results. A direct detection
method was developed in [27]. A fluorophore-labeled

loop probe is used that does not fluoresce in a free
unbound state, but only fluoresces when it is bound to
its target (amplicon). This is called the Fluorescence
of Loop Primer Upon Self Dequenching—LAMP
(FLOS-LAMP). The method allows the detection of
LAMP-amplicons specific to the target sequence. The
FLOS-LAMP concept has been validated for the rapid
detection of the human pathogen, varicella-zoster vi-
rus, in clinical samples. FLOS-LAMP had a detection
limit of 500 target copies with clinical sensitivity and
specificity of 96.8 % and 100 %, respectively. The
high level of specificity is a great achievement and
eliminates one of the main disadvantages of LAMP
technology — false positive results.

n [28], a comparative analysis of the LAMP iso-
thermal amplification method and the widely used
methods of standard PCR and real-time PCR was car-
ried out. The LAMP isothermal loop amplification
method has high sensitivity and efficiency and has
more advantages than disadvantages compared to
PCR. The authors conclude that LAMP is a simple,
fast and highly effective method with excellent speci-
ficity and can be widely applied in clinical diagnos-
tics, environmental monitoring, food quality assess-
ment and human health. These data are shown in
Tab. 3.

When using the LAMP method, the main difficulty
lies in the design of the primers. But the method is
more specific, because it is necessary to recognize as
many as six regions in the desired DNA molecule, but
in PCR — only two ones. In addition, LAMP is not
affected by the presence of biological components that
often do not allow PCR to be performed, i.e. LAMP is
less susceptible to inhibitors.

Tab. 3. Comparison of the advantages and disadvantages of LAMP amplification and

widely used PCR-based methods [28]

LAMP

PCR PCR-RT

Advantages ¢ No need for an expensive ther-
mal cycler as the reaction is car-
ried out under isothermal condi-
tions

¢ Easy to perform in the field
using an inexpensive water bath
or heating block

¢ Highly specific and efficient

¢ Widely used molecu-
lar instrument

¢ Easy way of prelim-
inary confirmation

¢ Monitoring the progress
of the reaction in real time
¢ Quantitative method for
amplifying  target se-
quence

¢ Use of sealed tubes mi-
nimizes contamination

¢ Increased sensitivity
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amplification due to the use of
loop primers

¢ Less labor intensive, can be
finished within an hour

¢ Real-time measurement and
quantitative measurement using
an inexpensive instrument

¢ Confirmation of the success of
the reaction by visual observation
with the naked eye for turbidity
or color change at the endpoint
using fluorescent dyes such as
SYBR Green I or calcein

¢ Less sensitive to inhibiting sub-
stances present in biological
samples

due to the addition of a
fluorescent dye in the
reaction

¢ Highly reliable analysis
resulting from work with
programmed control

Disadvantages ¢ Sensitivity to false positives
results due to carryover or cross-
contamination

¢ Complex primer design requir-
ing software

¢ Requirement of two long pri-
mers of the highest purity

¢ Problems with reagent availa-

bility worldwide

* More time-
consuming method
(>3h)

¢ Requires thermal
cycling and gel docu-

¢ Expensive equipment
and reagents

¢ Need for fluorescent
probes

¢ Time consuming (2 h)

mentation systems

¢ Technique of high
quality indicating a
positive or negative
result

¢ Higher likelihood of
contamination after

reaction

Fig. 7. An octopus-like microchip for LAMP with simultaneous amplification of fragments of different

nucleic acids.
a — Image of the microchip.

6 — Scheme of microstructures: chambers 1 /17,2 /2%, and 3 /3" contain dried primers for influenza A
subtype, seasonal influenza A (HIN1) and influenza A (HIN1) pandemic 2009, respectively; chambers
4 /4" contain primers for human B-actin, which was used as a positive control, chambers 5 / 5" were used

as a negative control.

B — Visual assessment of the result for white turbidity from the formation of magnesium pyrophosphate.
r — Detection of the result by the fluorescence signal from the intercalating dye SYBR Green 1.
1 — Confirmation of the results of the analysis by electrophoresis in agarose gel, in which a characteris-

tic step pattern of the LAMP product is observed [31]

ISOTHERMAL LOOP
AMPLIFICATION DEVICES

Microfluidic devices offer many attractive features
such as high throughput, fast analysis and low reagent
consumption. By choosing isothermal LAMP amplifi-
cation instead of PCR, the power consumption of
nucleic acid analysis devices can be significantly re-
duced by eliminating the thermal cycling technique.
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Due to its superior performance, LAMP is more suita-
ble for miniaturization than traditional PCR. Ad-
vances and developments in LAMP technology sug-
gest its use as a useful diagnostic tool in microfluidic
devices and portable point-of-care diagnostic tools
(POCs) operated in the point of care and in resource-
limited settings. The integration of LAMP technology
into microfluidic devices has shown great potential for
molecular biological diagnostics: cost reduction, over-
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all analysis time, and the impact of potential pollution
sources [29].

One of the first works on carrying out an isother-
mal loop reaction in a microchip dates back to 2004:
the researchers combined LAMP and electrophoresis
on a polymer microchip [5]. Later, in 2007, work [30]
presented a microchip made of polymethyl methacry-
late (PMMA) with a 25 pL reaction chamber. The
LAMP reaction was carried out for 60 min at 65 °C
using an external heater. A mini-spectrometer was
used for quantitative registration in real time.

For the simultaneous amplification of several
fragments of nucleic acids, immobilized primers were

used in [31]. The microchip was a polydimethylsilox-
ane (PDMS) disk, in which 10 reaction chambers-
channels were formed from the center to the edges
(Fig. 7). Preliminarily, primer solutions were intro-
duced into microchannels through external holes,
where were then dried. When the ready mixture for
LAMP (50 pL) was introduced into the central load-
ing chamber, the liquid filled all channels under the
influence of capillary forces. All holes were then
sealed with uncured PDMS to prevent evaporation
and contamination. Amplification was carried out at

Fig. 8. Centrifugal microfluidic device for detecting foodborne pathogens.

a — Layer-by-layer image of a centrifugal device: | — polycarbonate disc (1 mm thick) with supply
channels, IT — adhesive layer (30 um), IIT — polycarbonate disc (1 mm) with reagent reservoirs, main
and connecting channels and reaction chambers , IV — one-sided adhesive film.

6 — Schematic representation of one block of microstructures [26]

63 °C; a water bath was used for heating. The reaction
products were recorded at the end point — the forma-
tion of pyrophosphate in the channels was observed
with the naked eye, as well as in real time the change
in optical density was quantified using an optical fiber
and a digital sensor. Amplification of 10 fg / pl of tar-
get DNA with positive and negative controls was per-
formed in less than 1 hour.

A device for the quantitative detection of a target
DNA in real time was developed by the authors [32].
As a basis, they used standard disks (CD, DVD), on
which an array of microreactors for LAMP was
formed. The LAMP disc consisted of three layers: 1) a
modified optical disc backing (CD, digital versatile
disc, or Blu-ray disc), 2) a double-sided pressure-
sensitive adhesive, and 3) acetate film to seal the sys-
tem. Since the original polycarbonate surface of the
disc had hydrophobic properties, it was necessary to
ensure that the surface was hydrophilic. For this, vari-
ous methods of surface modification were tested:
treatment with surfactants, acid and alkali, as well as
UV irradiation, plasma treatment. Plasma treatment in
an oxygen atmosphere was recognized as the most
effective, since it allowed reducing the contact angle
to 20 °. The detection was carried out by cyclic scan-
ning of the disk surface using a standard CD / DVD
drive, and was based on the change in the signal in-
tensity from the laser drive due to the presence of turbid-
ity or color change of solutions in the microreactors.

Also, for LAMP, microchips are used, in which the
fluid movement is controlled by centrifugal devices.
Such devices, called lab-on-CD, due to microstruc-
tures (a network of channels, chambers, valves, etc.)
of a special shape, dimensions and surface properties
of working channels and chambers allow automatic

transportation, dosing and mixing reagents when
changing the speed of rotation of the disk, thereby
eliminating the need for external pumps.

For example, a centrifugal microfluidic device
(12 cm in diameter) for simultaneous amplification of
25 samples was presented by Oh et al [26]. The device
was designed to detect several foodborne pathogens
by the LAMP method with the possibility of dosing
and mixing various components of the reaction mix-
ture using a commercial centrifuge, as well as visual
detection of the results. The main liquid components
for LAMP (reaction mixture, primers and sample)
were injected separately into special holes on the mi-
crochip. The liquid, under the impact of capillary
forces, filled the supply channels, which were con-
nected to the main channel by a narrow connecting
microchannel (Fig. 8). As the microchip rotated, cen-
trifugal forces forced the liquid to overcome the mi-
crochannels and flow through the main channel into
the reaction chamber. The size of the connecting
channels was set in order to that to overcome the hy-
draulic resistance for each next component, it was re-
quired to increase the disk rotation frequency by about
2 times. In particular, the cross-section of the connect-
ing channel (width x depth) for the reaction mixture
was 500x250 pum, for primers — 250x125 pum, for the
sample — 100x125 pm. According to the calcula-
tions, the rotational speed for “switching on” such
microchannels was 522, 808 and 1739 rpm, which
corresponded to 500, 1000 and 2000 rpm in practice.
After collecting all three solutions in the reaction
chambers, the reagents were mixed with short rota-
tions of the microchip.
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Fig. 9. Diagram of one sector of a centrifugal microchip for the detection of bacteria (a) and illustra-

tion of the successive stages of the analysis (0).

On the (b): I — preliminary introduction of the sample with lysate into the lysis chamber, and the
reaction mixture for LAMP— into the storage chamber, II — under the impact of centrifugal forces,
the liquid passes into the following chambers (for the selected sample and LAMP reagents, respec-
tively) and then fills the channels-siphons, III — mixing the sample with the reaction mixture for
LAMP in a special chamber, IV — dividing the sample into aliquots according to the number of
reaction chambers, V — filling the reaction chambers, the chip is ready for isothermal amplification

[33]

Then the inlets were sealed with special tape and the
microchip was heated to 65 °C. Visual detection was
performed using an Eriochrome Black T (EBT) indi-
cator, which after amplification changed the original
purple color of the liquid to sky blue. The absorption
spectra of the liquid were also analyzed using a con-
ventional spectrophotometer. When testing the device,
the sensitivity was 380 copies of E. coli DNA frag-
ments, and the analysis duration did not exceed 60
min.

Carrying out sample preparation on a microchip is
important for creating portable microanalytical sys-
tems designed for use in conditions of limited re-
sources. In [33], a centrifugal microfluidic device
(with a radius of 6 cm) for multiplex amplification to
detect bacteria is presented. Cell lysis, mixing of the
sample with reagents, and isothermal amplification
were performed on a polymethyl methacrylate disk,

on which two or four sets of identical microstructures
were milled (Fig. 9, a) with ten reaction chambers
each. In addition to centrifugal force, hydrophobic
valve channels, siphon channels and air exhaust chan-
nels were used to control the fluid. As soon as the cen-
trifugal forces (created during rotation) exceeded the
capillary forces, the liquid began to move along the
hydrophobic channels-valves. EGC-1700 perfluoro-
carbon liquid (3M, China) was used to treat the sur-
face of these channels. The siphon-shaped channels
were filled with 2 % alcohol solution of Tween 20.
After the ethanol was evaporated, Tween 20 was ad-
sorbed on the surface of the channels, making the si-
phon channels hydrophilic. When the rotation speed de-
creased to a certain value, the channels were filled under
the influence of capillary forces. Offtake channels are
used to ensure air circulation in the microchip, since the
chip is completely sealed before analysis.

Fig. 10. Detection of LAMP reaction products on a test strip.

a — General principle of operation of HybriDetect (Milenia Biotec, Germany) [36].

06 — Multiplex assay to determine the type of influenza A. After the reaction, amplikons contain specific
probes with antigens and biotin embedded in double-stranded DNA. Gold nanoparticles coated with
streptavidin and mouse IgG bind to the amplicons. The test strip contains anti-bodies for digoxigenin,
Texas Red and controls, which bind to the corresponding antigens [37]

Prior to analysis, primers were loaded into a well
with a reaction chamber and dried at room tempera-
ture. Then, zirconia balls (~ 100 pm in diameter) and a
magnetic bar (7 mm long) were placed in the lysis
chamber. The disk with prepared microstructures was
sealed with a film using adhesives (PSA, Adhesive
Research, China). The sample (60 pl) and LAMP mix
(60 ul) were injected through the holes located on the
back of the chip, they were also sealed using adhesive
tape. The chip was then placed over the magnets and
the cells were lysed for 3 min. Rotating magnets acti-
vated a magnetic bar that stirred the zirconia balls.
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The balls, colliding with bacteria, destroyed them.

Fig. 9, 6, shows a diagram of the movement of flu-
id flows in a microchip under the impact of rotation.
After the stage of cell lysis at a rotational speed of
3000 rpm, the liquids overcame hydrophobic valves
and moved: the DNA solution — into the chamber for
the isolated sample, and the LAMP mixture — into
the storage chamber 2. Then the rotation speed de-
creased so that the liquid could fill the siphon channel
under the impact of capillary forces. During this stage,
cellular "debris" remaining in the lysate was precipi-
tated and filtered out. Thus, unlike chemical methods,
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no DNA purification step or concentration step was
carried out. Therefore, chip sample preparation for
purification from proteins and other impurities had
been performed preliminarily. Later, researchers op-
timized the microchip topology by eliminating the
first chamber for storing the reaction mixture [34].

For successful LAMP amplification, it is necessary
to ensure that the reaction mixture is mixed with the
isolated sample homogeneously. The best mixing is
achieved with the V-shaped position of the siphon
channels, when the trajectories of the solutions motion
intersect during disk rotation and they mix. It is also
stated that a short change in the direction of rotation
of the disc can be used to improve mixing. After mix-
ing the sample and LAMP reagents, the mixture
should fill the reaction chambers. The volume of each
reaction chamber was 10 pl. To prevent cross-
contamination during the filling of the reaction cham-
bers, the microchip design includes a liquid pre-
dispensing device in which aliquots of the mixture are
dispensed into ten supply pockets at 1000 rpm (Fig. 9,
0-1V). Then, with an increase in the centrifugation
speed to 4000 rpm, the mixture entered the reaction
chambers through the valve channels, where it dis-
solved the primers. At this stage, the reagent solution
is completely ready for the reaction. After the comple-
tion of the rotation program, heating was carried out
to 65 °C to initiate and perform amplification. The
LAMP duration in the experiments was 60 min, and
the time required to complete the entire analysis was
approximately 70 min. The analysis results could be
recorded using a fluorescent detector or with the
naked eye.

The use of test strips for the visual detection of
amplicons seems to be interesting in genetic analysis.
This is a simple and fast way to detect amplification
products, which does not require special qualifications
of personnel and detecting devices. For the first time,
the use of test strips for registration of LAMP prod-
ucts was demonstrated in 2008 in the case of the de-
tection of the virus that causes Taura syndrome in
shrimp [35]. The detection principle is shown in
Fig. 10, a. Initially, one of the internal primers FIP
was labeled with biotin. The reaction product, which
contains biotin after amplification, was mixed with
FITC-labeled DNA probes. The probes hybridized
complementarily with the amplicons for several min.
Hybridized amplicons were added to a solution con-
taining gold particles labeled with antibodies to FITC,
and an LFS test strip (Milenia Biotec, Germany) was
dipped into the resulting mixture. Antibodies with
gold particles bound to the reaction product, staining
them, and the solution spreads along the LFS due to
capillary forces. With the biotin end, aplikons were
deposited in the analyzed area (on the streptavidin
layer), thereby forming a dark red strip that lasted 15
min at room temperature. Results were considered

positive if two bands were visible (control and test),
and negative if only one control band was visible.

In 2015, a centrifugal microfluidic device was pro-
posed for the detection and confirmation of type A
influenza by the LAMP method and reverse transcrip-
tion with a built-in test strip for visual detection [38].
The disc 7 cm in diameter consisted of polycarbonate
layers in which three-dimensional structures with
dried primers were made. The microchip made it
possible to automatically separate the injected mixture
of sample and reagents (total volume of 7 pL) into
three reaction chambers, perform LAMP with reverse
transcription and wet the test strip, while simulta-
neously mixing the resulting solution with a buffer
containing probes and gold particles. A feature of the
work was the simultaneous detection of two genes —
HI1 and conservative M, for which different antigen-
antibody complexes were used to form bands (Fig. 10,
0). Thus, primers LF and LB for the H1 gene fragment
were labeled with a Texas Red hapten, and the LF
primer for the M gene was labeled with digoxigenin.
Therefore, on the test strip, the first strip was coated
with digoxigenin monoclonal antibodies and the
second strip was coated with Texas Red antibodies.
The third control strip contained anti-mouse 1gG. In
this case, gold nanoparticles were modified with strep-
tavidin and murine immunoglobulins IgG, and the
LAMP solution contained free biotin, which, during
amplification, was incorporated into the double-
stranded product on the principle of intercalation [37].
The microchip was able to distinguish the subtype of
the influenza A virus at a concentration of 10 copies
of viral RNA in 55 min.

Registration of LAMP products with disposable
test strips is a promising approach in the development
of rapid diagnostic systems. Due to the fact that the
probe is complementary to the amplicon, such tests
provide additional specificity, and the combination of
simple implementation with visual detection makes
test strips attractive for use in resource-limited set-
tings. Combining this method with stand-alone micro-
fluidic systems eliminates the risk of cross-
contamination, ensuring continuous and fast analysis.
However, the use of test strips for registration of am-
plification products is limited exclusively to qualita-
tive analysis, which is associated with low detection
accuracy. The result is influenced by different lighting
conditions and variations in the color perception of
users. To achieve quantitative analysis, it is necessary
to use special devices for detecting stripes and color
sensors to register the color intensity with subsequent
use of software for image processing and analysis
[39].

Electrochemical sensors are also promising for
creating fast, sensitive, miniaturized and inexpensive
diagnostic systems. A microchip for LAMP with a
built-in electrochemical sensor was presented in [40].
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The LAMP reaction is carried out inside a single-
chamber microchip, the reaction chamber of which
(with a volume of 20 pL) is simultaneously an elec-
trochemical measuring cell. Methylene blue (MB) was
added to the reaction mixture. Before amplification,
MB was freely in solution, and due to its diffusion to
the surface of the gold working electrode, it facilitated
the generation of a redox current. As the reaction
product was formed, MS was incorporated into the
synthesized double-stranded amplicons, this process
was accompanied by a decrease in the current (Fig.
11). The initial amount of target DNA was quantified
by measuring time required to reach the threshold sig-
nal — the point at which amplification occurs with
maximum efficiency, similar to optical real-time PCR
methods. The microchip was made of polydimethylsi-
loxane and glass with platinum and gold electrodes.
The detection limit of such a system was 16 copies of
the target DNA of S. typhimurium salmonella.

Paper [41] describes an original portable device for
the detection and quantitative determination of corn
GMO CBH 351, which is a tube with a separating

valve. LAMP with reagents and a target DNA was
carried out in one part of the tube, then, by gentle
shaking, the dividing septum was damaged, mixing
the reaction products with a solution of the active re-
dox substance Hoechst 33258. Electrochemical detec-
tion was performed by voltammetry using a disposa-
ble electronic chip attached to the tube from the side
of the detection chamber. Similar to the previous ex-
ample, intercalation of Hoechst 33258 molecules
caused a significant drop in current intensity. Unlike
methylene blue, the presence of Hoechst 33258 inhi-
bits the LAMP reaction, so this substance can only be
used for endpoint detection. Subsequently, in [42], the
same authors used ruthenium hexamine, which makes
it possible to register LAMP products in real time. For
electrochemical detection, a special electronic chip
strip with electrodes was developed, which was placed
in a polypropylene test tube. The sensitivity of this
system was 20 copies / pl for DNA in 30 min.

A simple cartridge for LAMP with detection by
surface plasmon resonance was presented in [43].
A polymethyl methacrylate cartridge with two reaction
chambers (25 pL each) was combined with a polycar-
bonate trapezoidal prism (Fig. 12). The prism was

Fig. 11. Microchip for detecting foodborne pathogens with a built-in electrochemical sensor.

a — A chip with a reaction chamber and built-in electrodes.

6 — The principle of operation of the detector: first, free methylene blue provides a redox current
at the surface of the working electrode; as amplicons are synthesized, the concentration of free
molecules of the intercalating dye decreases with a corresponding change in the current value.

B — Diagram of the experimental setup. D) Measurement of redox current in real time over the

duration of the reaction [40]

made by injection molding and covered with a 47 nm
thick gold film. It was shown that a polycarbonate
prism (refractive index n = 1.51) can be used for
LAMP detection by the plasmon resonance method
along with glass prisms. Detection of hepatitis B virus
was demonstrated within 17 min with a minimum
concentration of 2 fg / ml. The change in the volume-
tric refractive index of the solution after the LAMP
reaction was approximately 0.0011 refractive index
units (RI). The advantages of the surface plasmon re-
sonance method are the relatively high sensitivity and

short duration of the analysis, as well as the absence
of additional reaction components (dyes).

To carry out isothermal amplification as a heat
source, along with traditional electric heaters (Peltier
elements, thin-layer heaters or water baths), heaters
based on exothermic reactions are also used, for ex-
ample: hydration of calcium oxide, calcium chloride or
magnesium coatings, as well as iron oxidation and
crystallization sodium acetate. Such devices can be
a variant of heaters with disposable modules that can
operate autonomously, regardless of access to the mains.

Fig. 12. System for LAMP with plasmon surface resonance detection.
a — Diagram of a polymer cartridge: a polymer base with reaction chambers is connected by a trape-

zoidal prism covered with a layer of gold

6 — Diagram of a device for LAMP with detection by the method of plasmon surface resonance. The
light source module consists of a light-emitting diode (850 nm), a lens and a polarizer to generate a
parallel polarized light flux. The heater block consists of a copper plate with two thin-film heaters and

a thermocouple, and 60 W power supply [43]
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Heating due to chemical reactions for LAMP was
first demonstrated in 2010 [44]. A calcium oxide hy-
dration reaction in combination with a modified ma-
terial with phase change properties (solid-liquid) was
used as a heat source. Heat was generated by the reac-
tion of calcium oxide with water, and the required
temperature around the reaction chamber was main-
tained with a modified fat-containing compound hav-
ing a high specific heat and a melting range of about
65 °C. It was shown that 20 g of calcium oxide and
6.8 ml of water provided heating sufficient to melt the
applied modified material, which made it possible to
maintain the temperature in the range of (65 + 0.75) °©
C for 45 min. Amplification of the Plasmodium falci-
parum target DNA in polypropylene tubes (0.2 ml
volume) was detected by the endpoint with measure-
ment of the fluorescence signal and light transmission
(by turbidity). The results of the amplification with
the use of the chemical heater were compared with the
results obtained on a commercial instrument for PCR.
The detection limit for Plasmodium falciparum for
both systems was approximately 50 copies of the tar-
get DNA. The addition of a container for storing food
(thermos) and a simple spring-loaded timer with an
audible signal made this device even more attractive
for use in resource-limited settings [45]. Among the
disadvantages of such a device are: the need for addi-
tional time (15 min) for complete warming up of the
heater and the reaction volume, the difficulty of pro-
viding detection in real time, and the impossibility of

reusing the phase-changed material after the reaction.
The use of a microchip instead of test tubes reduces
the preheating time due to the low thermal mass of the
microdevice. In [46], a self-heating microfluidic car-
tridgemade of PMMA was demonstrated, in which an
exothermic reaction between an Mg—Fe alloy and wa-
ter was used, as well as a modified material with a
phase transition (PureTemp 68, Entropy Solutions
Inc., UK). The heat released by the exothermic reac-
tion heated the microchip to a temperature of about
63 °C through a modified material and an aluminum
radiator. The fluorescence signal was detected by
SYTO 9 dye at the end point: visually and using a
portable digital camera. It took 60 min to amplify 10
copies of the E. coli DNA fragment.

Later, the authors improved their system by adding
a mobile application for detection and quantitative
analysis using smartphones [47]. Now the analytical
system, in addition to the microchip, consisted of: 1) a
chemical heater — a "mug" (in a thermos with va-
cuum insulation), 2) a smartphone with a user applica-
tion, 3) an adapter stand, printed on a 3D printer, and
combining a microchip, a heater and smartphone (Fig.
13). The smartphone in this system performed the
functions of both an optical recorder and a fluores-
cence excitation source for conducting LAMP in real
time. The developed custom application for Android
made it possible to carry out: registration and recording
of a fluorescence signal in real time, image processing,
quantitative assessment of nucleic acid concentration,

Fig. 13. System for quantitative analysis of nucleic acids with a microchip for LAMP,
a chemical heater and fluorescence detector in real time based on a smartphone [47]

report generation and transmission of results. The sys-
tem's performance was demonstrated by the quantita-
tive detection of Zika virus in urine, saliva and HIV in
blood within 45 min. A user smartphone application
allows, if necessary, to transmit data wirelessly to a
remote server, where it can be recorded into the client
file the and, together with GPS coordinates, will be
entered into an up-to-date map of the territorial distri-
bution of the disease for the purpose of epidemiologi-
cal surveillance.

ISOTHERMAL LAMP LOOP AMPLIFICATION
FOR THE NOVEL SARS-COV-2 CORONAVIRUS

In 2020, coronavirus infection (COVID-19) caused
a public health emergency around the world [48]. The
new coronavirus SARS-CoV-2 is a recently emerging
strain that has never been detected in humans before.

Epidemic data have shown that the virus has a strong
ability to transmit from human to human and spreads
by airborne droplets, infecting susceptible subjects
through direct contact and other possible transmission
routes [49, 50].

Molecular diagnosis of COVID-19 is primarily
based on the detection of the virus RNA [51, 52]. Re-
verse transcription polymerase chain reaction (RT-
PCR) is currently the main method for confirming
COVID-19 infection. RT-PCR provides sensitive de-
tection of specific gene sequences encoding RNA de-
pendent RNA polymerase (RdRP), nucleocapsid (N),
envelope (E) and spike (S) protein of the virus.
However, the urgent need for rapid and large-scale
testing for COVID-19 requires new diagnostic tools.
The authors of [53] note that in very short time, tre-
mendous progress has been made in the molecular
diagnosis of COVID-19, and many tests have been
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developed. But current testing capabilities cannot
meet the unprecedented global demand for rapid mo-
lecular diagnostics. Although RT-PCR is currently the
gold standard for molecular diagnostics of COVID-19
[54, 55], alternative exponential amplification me-
thods such as LAMP have great potential, especially
for POC applications.

Several variants of isothermal amplification with
RT-LAMP reverse transcription have been developed:
with fluorescence signal detection [56] or colorimetric
detection [57, 58].

Yan et al. [56] developed an RT-LAMP assay for
the visual detection of SARS-CoV-2 using calcein.
They correctly identified 58 of 58 positive and 72 of
72 negative patients, that was confirmed by parallel

RT-PCR. This RT-LAMP assay of patient RNA ex-
tract samples required only 60 min incubation at
63 °C.

For visual reading of RT-LAMP results, Baek et al.
[58] used acid-base Phenol Red indicator, which
changes color from red (pH 8.8) to yellow (pH <8.0),
that indicates a positive result of amplification. After a
30-min incubation of the reaction mixture at 65 °C,
RT-LAMP detected 200 copies of SARS-CoV-2 RNA
isolated from samples of patients with COVID-19.

The work [59] proposed a real-time RT-LAMP
method with intercalating SYTO 9 dye. The reaction
was carried out at 63 °C for 50 min using the Light
Cycler 96 real-time PCR system (Roche Diagnostics,
Mannheim, Germany).

Fig. 14. Sensitivity of SARS-CoV-2 RT-LAMP test

OK: negative control [59]

The results showed that RT-LAMP can detect only 3
copies of SARS-CoV-2 RNA in 25 pl (Fig. 14). On
the amplification graphs, a positive reaction is record-
ed for 300 copies within 20 min.

In Russia, the biopharmaceutical company Gene-
rium registered the Isotherm SARS-CoV-2 RNA-
screen test system in Roszdravnadzor, system was
developed by the Medico-Biological Union group of
companies [60]. The test system uses the method of
loop isothermal amplification (LAMP). Rapid testing
includes two stages: the isolation of coronavirus RNA
from the analyzed samples and loop isothermal ampli-
fication (LAMP), which confirms the presence or ab-
sence of SARS-CoV-2 RNA. The reaction is carried
out at a constant temperature of 65 °C.

Among the distinctive features of the method, the
developers note: the rapid accumulation of reaction
products (15-60 min), low sensitivity to impurities,
high specificity, an ability to use blood or other bio-
logical fluids as an initial matrix. Sample preparation
takes 35 min. The manufacturer plans to release up to
500 thousand rapid tests per week.

The Syntol company (Moscow) produces the Am-
pllzo-SARS-CoV-2 reagent kit [61], which allows the
detection of nucleic acid fragments of the SARS-
CoV-2 coronavirus by reverse transcription combined
with real-time isothermal loop amplification (RT-
LAMP) in one microtube, which reduces the number
of manipulations with the reaction mixture and there-
by minimizes the number of errors and the possibility
of contamination during the process. Analysis time is
no more than 40 min. The detection threshold is no
more than 20 copies of SARS-CoV-2 cDNA frag-
ments. For the current period, the kit does not have a
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Registration Certificate from Roszdravnadzor.

In addition to the need for cheap and fast ap-
proaches for on-site diagnosis, alternative testing plat-
forms are required that are accurate, simple and porta-
ble.

[62] demonstrates the RT-LAMP detection of
SARS-CoV-2 using a simple and portable POC diag-
nostic system based on an additive three-dimensional
(3D) cartridge and a smartphone-based reader (Fig.
15).

Samples were loaded into the cartridge manually
using syringes. The portable device contained: heating
elements providing thermal amplification mode; opti-
cal elements required for registration of reactions and
power supplies. Fig. 15, a—B show schematics and
photographs of the microfluidic cartridge (top and
bottom view with serpentine mixing channel) used for
rapid detection of SARS-CoV-2. The cartridge con-
tains six chambers for amplification and detection.
The cartridge is made of polyurethane on a Carbon
M2 printer using standard technology. The top and
bottom of the cartridge are covered with transparent
biocompatible tape (ARSeal 90880, Adhesive Re-
search) for sealing. The transparent tape allows visual
inspection during filling and visualization during de-
tection. In the serpentine channel of the cartridge, the
sample is mixed with amplification reagents by means
of syringe pumps. After stirring, the reaction mixture
enters the amplification tanks. The geometry and di-
mensions of the tanks are specially selected to ensure
synchronous and uniform filling of all chambers (20
uL each). After the amplification chambers are fully
loaded, they are sealed with biocompatible glue, and
the cartridge is inserted into the reader for the reac-
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tion. The built-in heater maintains a temperature of
65 °C. A smartphone (Huawei P30 Pro, Huawei) was
used to register and analyze images of the amplifica-
tion reaction product in the cameras. Fig. 15, r shows
an illustration of a POC with a cartridge. Fig. 15, n,

shows the component composition of the POC device.
The LEDs and filters are matched to the excitation
and emission wavelengths of the used intercalating
fluorescent dye (EvaGreen). The smartphone takes
photos of the reaction chambers at 10 min intervals

Fig. 15. Additive microfluidic cartridge and portable POC instrument.

a — Diagram of a microfluidic diagnostic cartridge used for the rapid detection of
SARS-CoV-2. Fluid inlets connect to syringes that inject RT-LAMP reagents and a
thermally lysed patient sample into the mixer's 3D serpentine channel prior to filling
the amplification and detection reaction chambers.

6 — Photos of the disposable microfluidic cartridge.

B — 3D microfluidic cartridge and an enlarged image of the cameras for amplifica-

tion and detection of the cartridge.
r — Photo of the POC device.

1 — Component composition of a portable POC device: smartphone, microlenses,
light filters, batteries, switches for LED and heater, heater, chip, 1 ml syringes [62]

in the first 30 min of analysis, and then at 2 min inter-
vals for more amplification data points over the next
10 min.

Prior to testing clinical samples, an initial platform
assessment was performed by adding inactivated
SARS-CoV-2 (5000 copies / ul) and negative control.
With this sample, a positive result was obtained in just
30 min from the start of the reaction. The created POC
device demonstrated a detection limit of 50 copies / pl
with genomic RNA and inactive viruses in buffer,
which meets clinical needs.

The authors of the work note that the proposed ap-
proach allows to detect the virus quickly (in less than
40 min), without the need for an RNA extraction kit

and appropriate tools. These results can enable scala-
ble deployment of COVID-19 diagnostics in regions
without advanced laboratory-level infrastructure and
resources, especially in settings where immediate di-
agnostics are required at the point of collecting sam-
ples, such as in schools, care facilities for the elderly
or disabled, or at sporting events.

From the information published on the Internet, it
follows that the Federal Scientific and Clinical Center
for Physical and Chemical Medicine (FSCC PCM) of
FMBA of Russia has developed diagnostic test systems
for the new coronavirus infection SARS-CoV-2 [63].

Fig. 16. Device "Indicator-Bio" with microfluidic chips [65]

The testing is based on the isothermal amplification
method and is carried out using special microfluidic
chips. The research time was reduced to 15-20 min.
The test system is designed for use in the "Indicator-
Bio" device (Fig. 16), which was created at the Troitsk
Engineering Center by order and in cooperation with
the Russian National Research Medical University
named after N.I. Pirogov (headed by Prof. D.V. Rebri-
kov). FMBA of Russia has its own pilot production of
test systems based on microfluidic chips, which is lo-
cated in the Center for Technologies and Microfabrica-
tion of FSCC PCM. Manufacturing, processing and
sintering methods are adapted to the requirements of
isothermal amplification. The pilot production capacity,
according to [64], is more than 50 chips per day. How-
ever, no scientific publications and technical characte-
ristics on the joint use of the developed test system and
the "Indicator-Bio" device were found.

CONCLUSION

Since LAMP is an attractive method of isothermal
amplification for portable devices, the number of
works offering different versions of such devices is
growing every year. The popularization of the method
is also facilitated by the emergence of commercial
reagent kits for LAMP and the ability at first to use
equipment and devices developed for PCR.

The duration of analysis by the LAMP method on
a microchip is from 15 min to an hour, which is less
than the average duration of PCR. Comparison of mi-
crosystems for PCR and for LAMP shows that the
latter are equally sensitive and specific, but in addi-
tion, they are simpler and cheaper due to the isother-
mal regime. The variety of visual methods for detect-
ing LAMP products allows to select options where no
measuring equipment is required to differ positive and
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negative results. The use of such systems is relevant
for conducting preliminary tests or monitoring.

Quantitative LAMP assays require standard dilu-
tions or internal controls. In this case, one cannot do
without detectors and special software.

A limitation of LAMP is the difficulty in doing
multiplex analysis. Immobilization of primers in the
microstructures of the chip allows amplification and
detection of different DNA fragments simultaneously
in different chambers, using, for example, the same
intercalating dye. At the moment, this possibility of
spatial separation is also used for detection on test
strips. For example, Milenia Biotec (Germany) has
developed a commercial HybriDetect 2T system,
which allows registering two analytes from one sam-
ple on one test strip at the same time. The versatility
of such a system for the detection of various mole-
cules (proteins, antibodies, amplification products)
creates excellent prospects for the study of complex
samples.

The use of isothermal heaters based on exothermic
reactions, as well as the simplification of technical
solutions of the results registration system up to an
adapter for a mobile phone, along with the use of test
strips, reflects the current trends in analysis with a
portable "pocket" device [66, 67]. For LAMP-based
analytical systems, the next step can be the integration
and automation of all functionalities on a single com-
plex device with a set of disposable components,
which will allow a complete analysis of the original
sample similar to a sensor with a quick Yes / No re-
sponse.
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