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DTOPXMHOMOHOBBIE AaHTUOMOTHUKHU, TaKMe KaK IUMPOMIOKCAIIMH, aKTUBHO WCITOIb30BAINCH
B MEIUILIMHCKOM MpaKTukKe, B ToM unciie B mangemMuio COVID-19, s momaBieHnsI HOOOYHBIX
b6akrepuabHBIX MHMpeKui. [1Inpokoe mpuMeHeHWe U HeMpaBWIbHAS YTUIU3AUs TTPUBOISIT
K TIOSIBJIEHWIO aHTUOMOTUKOB B OKpPYXKalollel cpele, YTO MOXKET OKa3bIBaTh BO3IEHCTBHUE HA
MPUPOAHBIE BOTHBIC OpraHU3MBbI, BKJII0Yass (PUTOIJIAHKTOH. Bo3neiicTBue hTOpXMHOIOHOBBIX
AHTMOMOTMKOB Ha TIpolieCcChl (POTOCHMHTE3a NTMATOMOBBIX MUKPOBOIOPOCIICH, KOTOpbIE SIBJISI-
IOTCST OCHOBHBIMU TIPOAYIIEHTAMU B MOPCKMX KOCUCTEMax, Majlo u3ydeHo. B pabote ncciemno-
BaHO BO3IECHCTBUE aHTMOMOTHKA ITUTTPOGIOKCAIlMHA Ha TMepBUYHBIE TIPOLIECCHl (hOTOCUHTE3A
MOPCKOI 1MaToMoBOi1 MukpoBonopociu Thalassiosira weissflogii. [lokazaHo, 4To LUITPOGIIOK-
calMH Bo3neicTByeT Ha paboty ¢otocuctemsl 11 (PCII), npensaTcTBys nepenayde MOrIOICH-
HOI 3HEepruy OT BO3OYXKIEHHBIX MOJIEKYJ XJOpoduia aHTEeHHbl K PEeaKIIMOHHOMY LIEHTPY
(PII) ©CII (¢p,). [Ipu Bo3meiicTBIM UTIPOdIIOKCAIINHA BBISIBJIEHO CHIKeHUE 3 (HeKTUBHO-
cTH moHupoBaHMs 3jektpoHa K P680* (Fy/Fg), narn6mposanue kBantoBoro Bbixoma OCII
(Fy/Fy), caxenue nonu aktuBHbix PLI (ABS /RC) u yBenuueHue nuccunaliy nNorIomeH-
Hoit sHepruu Ha PLI (DI, /RC). [Toka3aHo, 4To MexaHU3M IeHCTBUS LIUIPOdIOKCaIITHA CBSI-
3aH ¢ noBpexaeHuem PLI ACII. [unpodiaokcalmH yCUIMBAEeT CBETOYYBCTBUTEIIBHOCTh MU-
KPOBOIOPOCJEl W BBI3BIBACT YBEJIMYECHUE KOJIMYECTBA IPOIYKTOB IMEPEKMCHOTO OKUCICHUS
sununoB. [Ipennaraercst UCoib30BaHUE MapaMeTpoB (JIyopeclieHIIMN XJIopodulia JUisl aHa-
JIM3a BO3AEHCTBUSA aHTUOMOTUKOB HA MUKPOBOIOPOCIIH.

KnwoueBble cioBa: mopckue duamomossie mMukpogodopocau, kpusvie OJIP, ¢pmopxurnonsonoguie

anmubuomuxu, pomocucmema 11, gpayopecuenyus xnopogpuana, pomouneudbuposarue
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BBenenue

dapManeBTUIECKHE TIpeTTapaThl, BKITIOYAs aHTHU-
OMOTUKM, SIBJISIIOTCSI OIMACHBIMM MUKPO3arpsi3Hu-
TEJSIMU OKpYXalolllel cpeabl M3-3a MeIJIeHHOM
JeTpamaii, TTOBBIIIIEHHOM TTePCUCTEHTHOCT U O1O-
TokcuyHocTH [1, 2]. [llupokoe ucnonb30BaHUE aHTU-
OMOTHKOB B 3paBOOXpPAaHEHUM, CETLCKOM XO3sHCTBE,
NTULIEBOJICTBE U aKBaKYJbType, a TakxKe HelpaBUIb-
Hasl yTWIM3allysl TIPUBEIN K MOBCEMECTHOMY MX pac-
MPOCTPaHEHUIO B OKpYXalollei cpene. AHTUOMOTUKHA
JIUIITb YACTUYHO YAAISIIOTCS B XO/I€ OUMCTKU CTOYHBIX
BOJl HA OYMCTHBIX COOPYXXEHUSIX U BIOCJIEACTBUU MO-
ManarT B MOBEPXHOCTHbIE BOAbl [3]. AHTMOMOTUKU
00BIYHO OOHAPYKUBAIOTCS B KOHLUEHTPALMSIX OT HI/J
JI0 MKT/Jl B TIOBEPXHOCTHBIX, TTOA3EMHBIX M1 MOPCKHUX

Bodax [4—6], a B HEKOTOPHIX CIIydasx Jaxe Ha YpPOBHE
mr/n [7]. B BonHO# cpene aHTUOMOTUKU MOTYT OBbITh
TOKCUYHBI JIJIs1 pa3HbIX OPTaHU3MOB, BbI3bIBasl HEOIa-
TONIPHUATHBIE TIOCIEACTBUSI IJIST BOMHBIX 3KOCUCTEM
B 1eoM [8].

MDOTOCUHTE3NPYIOIINE OPTAHU3MEI  SIBJISTIOTCS
OCHOBO# TIMINEBOM IIEMMM B BOTHBIX 3KOCHCTEMaX,
¥ JTI00bIe M3MEHEHMST B MX XU3HECTIOCOOHOCTH MO-
TYT IPUBECTU K CEPbE3HBIM TOCJIENCTBUSIM Ha OoJiee
BBICOKMX Tpo(dHuecKnX ypoBHsSIX. HecMoTps Ha To,
YTO 1IeJIEBBIM OPraHM3MOM, Ha KOTOPBIN HampaBiie-
HO OelicTBUE aHTUOMOTHKOB, SIBISIIOTCS OaKTEepHM,
AHTUOMOTUKHA MOTYT OKa3bIBaTh HEOJArompUsATHOE
BO3ICHCTBIE M Ha 3YKapMOTHIECKHUE MUKPOBOIO-
pOCIU — B YaCTHOCTH, Ha TaKWe OpraHelIbl, KaK MU-
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TOXOHAPUMU U XJIOPOILJIACThI, MMEIOLINE COOCTBEH-
HEBI TeHOM [9].

OnHuM 13 HauboJiee aKTUBHO MCITOJIb3YEMbIX aH-
TUOMOTUKOB IIUPOKOTO CIEKTpa AEHCTBUS B MEAULIMU -
He U BeTepUHApUM SBISIETCS LUMPOGIOKCALMH
(LI®), oTHocammiica K rpymme (GTOPXIMHOIOHOB.
MOTOPXMHOJIOHOBBIE AaHTUOMOTHKMN IIMPOKO HMCIOJNb-
3oBaiuch B naHaemuo COVID-19 nna nomaBieHwust
MOOOYHBIX OakTepuaabHbIX HHPekuuii [10]. LID -
¢eKTHBEH B  OTHOIIEHWM TpaMOTpHULIaTebHbIX
U TPaMIIOJIOXUTEJIbHBIX OaKTepuii 3a cueT Hapylle-
Husl cuHTe3a 6bakrepuanbHoit JIHK myrem nHrnoupo-
BaHMS JIUTa3HON aKTUBHOCTU (hEPMEHTOB: TOMOU30-
mepasbl [1 (JIHK-rupaser) u JIHK-Tonouzomepassr 1V.
LI® gBasgeTcss pacmpocTpaHEHHBIM 3arps3HUTEIIEM
okpyxatoleit cpeasl [1]. 3BecTHO, yTO (hTOPXUHO-
JIOBblE aHTUOMOTUKW YCTOMYMBBI K OMOJerpagaliuu,
MO3TOMY OCTaTKU (TOPXMHOJOHOB U MX IMPOU3BO-
JTHBIX OOHApYyXXMBAIOTCS B MPUPOAHBIX BOJOEMaX.
Muposast MeanaHa KoHueHTpaunu LI® B mpecHOBOA-
HBIX 3KocucTeMax cocrtaBister 0,164 mr/m, a ero
MaKCuUMaJlbHasi OOHapyXeHHasi KOHLEHTpauusi —
6,5 mr/m [11]. DTOPXUHOJIOHBI MOTYT OKAa3bIBaTh
TOKCHYECKOe BO3IEHCTBME HAa MUKPOBOAOPOCIHU, UTO
MOXET MPUBOAUTH K HapYIIEHUI0 HUX XM3HEHHBIX
npoueccoB [12—14]. UMerommecst TaHHBIE O TOKCUY-
Hocth LI mrsg MUKpoBOmOpOCHeil B OCHOBHOM BHI-
MOJIHEHBl Ha 3eJIEHbIX TMPECHOBOAHBIX MUKPOBOIO-
pOCIISIX, TOTIa KaK Majo JaHHBIX O BosaeicTBum 11D
Ha MOPCKHUE TUaTOMOBbIE MUKPOBOIOPOC/IU, KOTOPbIE
SIBJISTIOTCSI OCHOBOM (DOTOCUHTETUYECKON MPOAYKIIUU
MOPCKHUX 3KOocucTeM. B HacTosel padbote ncciaeno-
BaHO Bo3neiicTBue L1M B pa3HBIX KOHIIEHTpALIUSIX Ha
MepBUYHbIE TIpoliecChl (OTOCUHTE3a, CBSI3aHHbIE
C TOTJIONIEHUEM KBAaHTOB CBeTa, MpeoOpa3oBaHUEM
MOMIOIIEHHO! B3HEPIUM B PEeaKIMOHHBIX LIEHTpax
(PI) u GOTOCMHTETUYECKUM BJIEKTPOHHBIM TpaHC-
MOPTOM, Yy IMAaTOMOBOM MUKpoBomopocin Thalassio-
sira weissflogii (Grunow) G.A. Fryxell & Hasle 1977
C TIOMOIIbIO CHSITUSI CBETOBBIX M WHIYKIIMOHHBIX
KPUBBIX (hJIyopeclieHLIMN XJI0podhuLia.

Marepuaabl M1 METObI

OO0BEKTOM HCCIEeN0BAHUS CYXKUJIa YUCTash KyJib-
Typa MOPCKOW OTHOKJIETOYHOW TUATOMOBOW MUKpPO-
Bogopociu 1. weissflogii 3 KoJiieKuuu Kadeapbl 06-
1IEe PKOJOTUM U TUAPOOUOJOTUU OUOJOTUYECKOTO
¢axkynsreta MI'Y umenu M.B. JlomoHocoBa.

KynaeTypy BBIpammBaiM Ha THMTATETLHON cpeme
f/2, ONPUTOTOBIIEHHOM Ha MCKYCCTBEHHOM MOPCKOI
BOJIe ¢ KOHIeHTpauue conu 17 r/n. MukpoBogopoc-
JIM KyJIbTUBUPOBAJIU B KOJI0Ee DpiieHMeliepa 00beMOM
100 M1 11pM HETIPEPHIBHOM OCBEILIEHUHU C IJIOTHOCTBIO
MOTOKA KBAaHTOB 50 MKMOJIb (DOTOHOB/M? - C TIpH TEM-
nepatype 23 = 1°C 1 IOCTOSIHHOM IlepeMelllBaHuU
(120 06./MuH) B TeueHUe 4 CYT; IUIOTHOCTh KJIETOK
pocturana ~4,7 x 103 kj/Mi1.

B kauyecTBe TOKCHKaHTa MCMOJb30BAIM aHTUOMO-
ik LH® (98% akrtuBHoro Bemiectsa) (Keayn-Kas-

¢apmMm, KazaxcraH) B popme BOIHOTO pacTBOpa, KOTO-
pblii 100aBISIIM B KOHLEHTpalusx ot 5 1o 50 mr/n
B CBEXYIO cpely ¢ MUKpoBoaopociasimu. HauanbHast
KOHIIEHTpaIlUs KJIETOK MUKPOBOIOPOCIE B 3KCIIe-
puMeHTe coctauia 5-10* ki/mi. Mukposomopocan
C aHTHOMOTHWKOM B Pa3HBIX KOHIICHTPAIUAX SKCITO-
HUPOBAJIK B TeUeHME 3 CYT B TeX XK€ YCIIOBHUSX, YTO
W TIPY BEIPAIIMBAHNY MaTOYHON KYJIbTYphl MUKPOBO-
nopociieil. KoanuyecTBo KIETOK OlLIEHUBAIU IyTeM
MpSIMOTO cueTa B KaMepe ['opsieBa U U3MepeHUs OIl-
tiueckKoil MIOTHOCTH (Dg77. — D73gus L=1 cM)
¢ MOMOIIbIO0 CIIEKTpo(OTOMETpa, CO3AaHHOTO Ha Ka-
denpe 6MODU3NKYU ¢ UCITOIb30BAHUEM ITOPTATUBHOTO
cnektpomeTpa USB 2000 (Ocean Optics Inc., CILIA).
Kunemuueckue xpueste payopecuenuyuu xa0pogu-
aa (OJIP) peructpupoBajl ¢ MOMOIIbIO (GIIyopuMe-
Tpa Aquapen-C 100 (Photon System Instruments, Ye-
xust).  DayopecleHIMIO WHAYLMPOBAIM  CHHUM
CBETOM C JUTMHOU BOJHHI 455 HM B TedeHUe 2 C TIpU
IUIOTHOCTU TToToKa KBaHTOB 3000 MKMoab (oTo-
HOB /M?2-c. Tlepen perucTpanmeii 06pasibl afanTUpPo-
Basin K TemMHoTe. Kpubie OJIP ananuzupoBaiu ¢ no-
moipo JIP-Tecta B COOTBETCTBUM C OMYOJIMKOBaH-
Holi paHee paboroii [15], Tae mpencraBieHbl pacuer
rnmapameTpoB (JyOpeCLeHIIMY 1 UX ONTMCaHUE.
bvicmpuie ceéemosbie Kpuebte pervicTpUpoOBaIM Ha
dayopumerpe Water-PAM (Walz, I'epmanust) ¢ um-
MyJIbCHO-aMIUIUTYIHON MOAYJISILIMEN MTPU MOCe10Ba-
TeJIbHOM YBEJTMYECHNN WHTEHCUBHOCTH IEUCTBYIOIIE-
ro ceera (0—1400 MkMonb  (POTOHOB/M2-C);
MPOJOJIKUTEJIBHOCTh KaXKIOTO M3 CBETOBBIX CEaHCOB
JIelcTBylolIero cBera cocTapisia 20 ¢. Ha kaxmom
YPOBHE OCBEILIEHHOCTU KBaHTOBasli 3(h(heKTUBHOCTD
OCII  (dgcry = (Fy' — F)/Fy) peructpuposanace
npu cBeToBoM ummynbcee 3000 MKMOJb/M2-C B Tede-
Hue 0,8 c. F, mpencrasisier co060il TEKYIIHMIA BBIXOL
¢ayopecueHIMN Ha CBETY, U3BMEPEHHBIN C MOMOIIIbLIO
Mozynupytonero cseta (<1 MKMoJib (POTOHOB/M?-C)
HEIMOCPEACTBEHHO TIepel MMITYJIbCOM HAChIIIEHUS.
OTHOCUTEIBHYIO CKOPOCTh IMHEWHOTO 3JIEKTPOHHOTO
TpaHcriopTa (electron transport rate, nasee ETR) pac-
cunTbiBaiy Kak ETR = ¢gcpp X MHTEHCUBHOCTD CBETa
x 0,5. U3 cBeroBoii kpusoli ETR paccuuTbiBanu cie-
IyIOIIMe ITapaMeTphl: KO3MOUIIMEHT MaKCUMaJIbHOMU
YTWIN3AlUU CBETOBOM 3HEpruu (yrojl HakJiOHa CBe-
TOBOIM KpHMBON — o) 1 MAaKCUMAJbHYIO OTHOCUTEThb-
HYIO CKOPOCTb 3JIEKTPOHOB 10 3JIEKTPOHOTPAHCIIOPT-
Hoit unemn (ETR,,.). OOo3HaueHuss M omucaHue
nmapameTpoB (iyopecleHIIUU TpeACTaBIeHbl B COOT-
BETCTBUH C OOILIETTPUHSATON HOMEHKIIaTypoii [16].
Ilepexucnoe oxucaenue aunudos (I10JI) B xnetkax
MUPOBOAOPOCEl OLEHUBAIM MyTEM HU3MEPEHUS CO-
JIepXaHUsST TIPOAYKTOB B3aMMOACHCTBUS KOHEUHBIX
nponykToB ITOJI ¢ 2-Tno6apOUTYpOBOI KUCIIOTOM
(TBK) — TBK-akTuBHBIE TPOAYKTHl — COIJIACHO OMU-
caHHOU paHee MeTonuke [17] ¢ HEOOIBIIMMU MOIU-
duxanusamu. K 200 MK cycrnieH31MM KJIETOK BOJOPOC-
o gobasnsmu 1 Ma pactBopa 0,25%-woit ThK
B 10%-Hoii TpuxJIOpyKCycHOM KucaoTe. [loydeHHbBIE
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Tabauua
ITapameTps! iryopecuennun 1uaTomMoBoil MukpoBogopociu 7. weissflogii Ha 3 cyt uHKyoanuu ¢ antuouoTnkoM L@ B pa3Hoii KOHIIEHTPALMHI
ITapameTtpn! paryopecueHumu Kontposs 5mr/a 10 mr/n 25 mr/a 50 mr/a
V; 0,44 + 0,002 0,48 + 0,007* 0,52 + 0,005* 0,49 £ 0,016* 0,41 £ 0,031
Fy/Fum 0,7 £0,001 0,65 £ 0,004* 0,41 = 0,002* 0,25 = 0,004* 0,14 £+ 0,006*
Fy/Fq 2,37 £ 0,01 1,84 + 0,03* 0,71 £ 0,004* 0,32+ 0,01* 0,17 £0,01*
YEo 0,56 £ 0,002 0,52 = 0,007* 0,48 = 0,005* 0,51 £0,016* 0,59 £ 0,031
opo (= Fo/Fym) 0,3+ 0,001 0,35 £ 0,004* 0,59 £ 0,002* 0,76 £+ 0,004* 0,86 £+ 0,006*
Plgs 0,93 + 0,003 0,54 £ 0,031* 0,1+ 0,003* 0,03 £ 0,003* 0,01 £ 0,003*
ABS/RC 3,18 £ 0,02 3,69 10,1 6,55+ 0,08* 11,86 £ 0,5* 21,2 + 1,94*
DI,/RC 0,94 £ 0,01 1,31 0,04 3,83 + 0,04* 8,96 + 0,42* 18,17 £ 1,78*
Inowanp Hax kpusoit OJIP (Area) | 326588 £ 5413 | 257194 + 15806* | 367795+ 11967* | 211231 £ 13344* | 195675 £ 22077*
Hons KBK (OEC fraction) 1 0,90 0,64 0,46 0,32
ETR .« 1585 135 £ 6* 100 + 1* 39 + 6* 26 +0,4*
o 0,23 + 0,004 0,19 +0,012* 0,15+0,001* 0,06 +£0,01* 0,04 +0,001*

IIpumeuanue: * — craTHIECKU 3HAUMMbIE OTIIMYMS OT KOHTpOJIst (p < 0,05)

npoObl MHKYOMpPOBaIM B TeueHre 30 MUH TIPU TeMIIe-
patype 95°C Ha BoAsiHOIT GaHe, TTOC/Ie YeTo IMPpOoOUpPKU
oxJaxnanu 5 MuH nipu temneparype 0°C. 3ateM npo-
Obl LIEHTpUMYTrUpoBaM B TedeHUe 15 MuUH Tipu
8000 00./MuH. IlormouieHue cBeTa perucTpUpPOBAIA
npu 532 u 600 am. Konuenrpauuio TBK-akTuBHBIX
MPOAYKTOB PACCUUTHIBAJIM C yuyeToM Ko3hdUuIIMeHTa
MOJIIPHOM 3KCTUHKLUMU 156 MM lem L.

J1st aHanm3a 1 00pabOTKM MOMYYEHHBIX JaHHBIX
HcIob3oBaau nakersl mporpamm Origin (OriginLab
Corp., CIIIA) u Statistica v.10 (StatSoft, Inc., CIIIA).
CratucTuueckylo oO0pabOTKy TIOJYYEeHHBIX JaHHBIX
MPOBOAWJIM C WCIIOJb30BaHUEM OMZHO(MAKTOPHOIO
nucrepcruoHHoro aHaian3za ANOVA (anocTepuopHBIi
tect JanHerra). 3HaueHus p < 0,05 cyutanuch cTaTh-
CTMYECKM 3HAauyMMbIMHU. B Tabiuiie mnpenacTaBieHbI
3HauYeHUs cpeaHero (M) U cTaHZapTHBIE OTKJIOHEHUS
(£ SD). Ins Kaxmoro uccieayeMoro rnapamerpa Bbl-
MOJIHEHO TPU MOBTOpa, KpOMe IKCIIEpUMEHTa 110 (po-
TOMHTMOMPOBAHUIO, TAE U3MEPEHUS MPOBOIWINCH
B OJHOW ITOBTOPHOCTU M3-3a OCOOCHHOCTEN CaMOro
SKCIIEpUMEHTA.

Pe3ynbTaThl # 00CyKIEHHE

Kynbrypy T. weissflogii "HKyOMpOBain B TeUEHUE
3 ¢yt 6e3 LID u B mpUCyTCTBUM aHTUOMOTHKA B pa3-
JINYHBIX KOHLeHTpauusx — 5, 10, 25 u 50 wmr/mn.
B KxoHTposle KOHIIEHTpalls KJIETOK YBEIMYMBAIACh
¢ 5-10* xu/mn o ~2,8-103 xi/mn. Konuuectso Kie-
ToK T. weissflogii HECKOJIbKO YBEJIMUYMUBAIOCH B TPU-
cyrctBun LMD B HU3KMX KOHLIEHTpauusax Ha 8 u 22 %
npu 5 u 10 Mr/a coorBeTcTBeHHO (puC. 1). CTUMYIN-
poBaHME CKOPOCTH POCTa MMKPOBOMOPOCIEH B MPH-
CYTCTBUM aHTUOWOTUKOB B HM3KMX KOHIICHTPAIIMSIX
oTMeyvanoch paHee B jutepatype [18, 19]. IIpu Bo3-
nevicteun LI® B KoHueHTpanusax 25 u 50 mr/m Ha-
Ofomany yMeHBIIEHHEe KOHIIEHTpallMM KJIETOK Ha
17 1 39 % cootBercTBeHHO (puc. 1). Haiu pe3yabTaThl

COTJIacyIoTCs ¢ 0oJiee paHHUMHU paboTaMU Ha 3eJIEHBIX
MPECHOBOJIHBIX BOMOPOCHSIX, B KOTOPBIX ITOKA3aHO
CHUXEHHE CKOPOCTH POCTa IMPU KPaTKOBPEMEHHOM
BosaeiicTBun 11D B BLICOKMX KOHLIEHTpauusx [14].
Hna ouenku Bo3aeiictBust LIP Ha GOTOCUHTETH-
YEeCKYI0 aKTUBHOCTb U 3JICKTPOHOTPAHCIOPTHHIE TTPO-
ueccel 1. weissflogii peructpupoBanu kpubie OJIP
M CBETOBBIC KpUBbIe (hiryopeclieHInM xjiopodwmuia. Ha
pUC. 2 MPEACTaBIECHBI CBETOBBIE KPUBBIE Qg U ETR
T. weissflogii mocne 3-cyrouHoit nuukyoaunu ¢ LI®. I1a-
paMeTp Ogcyp XapakTepusyeT MOOMI0 TMOINIOIIEHHON
SHEPruu, KOTOpasl UCIIONb3yeTcsI B (hOTOXMMUYECKUX
peakiusgx B ®CII u koppeaupyeT ¢ KBaHTOBOU (-
(extuBHOCTBIO DUKcaumu CO, B oTcyTCTBUE (POTOBI-
XaHus U peakuuu Menepa [20]. B aganTupoBaHHOM
K TEMHOTE O0bEeKTe 3HAaYEHUE Qgcy PABHO BEJIUYMHE
Fy/Fy;, KoTopas siBiseTcsl MOTEHLMAIbHBIM KBaHTO-
BbIM BbixonoM PCII. HavanbHoe 3HaYEHUE Qgcyp TPU
0 mkmonb (oroHoB/M?-¢ (= Fy/Fy) B KoHTpose

40 - I KoxTpons
B 5 mr/n
35 [ 10 mr/n
25 mr/n
30 50 mr/n

N
(¢}

N
o

N
()]

N
o

o

KonuuecTBo kneTok, kneTku/mn x 10*

0!
Puc. 1. KonuuectBo kietok 7. weissflogii Ha 3 cyT MHKyGaluu
¢ HUITPOMIOKCALMHOM B pa3HOW KOHLIEHTPALIUU
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coctaBuio 0,71 £ 0,003, yTo CBUIOETENLCTBYET O JOCTA-
TOYHO BBICOKOH (POTOCUHTETUUYECKON aKTUBHOCTU
kimetok 7. weissflogii (puc. 2A). B mpucyrctBum LD
npoucxoawio 3HadutenbHoe (p < 0,05) cHuXeHue
Fy/Fy. 3HaueHus maHHOTO MapameTpa MpH BO3AEH-
ctBun 5, 10, 25 u 50 mr/nm L® cocraBmmm 0,64 + 0,01,
0,44 £ 0,002, 0,21 = 0,02 u 0,16 £ 0,003 cootrBeT-
ctBeHHO. [lo Mepe yBenuveHUs] MHTEHCUBHOCTH e~
CTBYIOILIETO CBETa MPOWCXOAMIO YMEHBUIEHUE Qgcy
KakK B KOHTpOJIe, TaK ¥ Ipu Bosaeiicteum LID, cBs3aH-
HOE C yBeJIMYeHUEM TeTUIOBOM AucCUNalM U30bITOY-
HOI CBETOBOW 3HEPTYU, KOTJA SHEPTUSl HE MCTIOJb3Y-
erca B peakuusx ¢dorocuHTe3a. Ha ocHoBaHuu
rmapameTpa Ggcyp MOXHO pacCUUTaThb OTHOCHUTENBHYIO
ckopoctb ETR 1ipy yMHOXEHWM WHTEHCUBHOCTHA
OCBELIEeHUA Ha Qgcp. Kpusasg 3aBucumocty ETR or
WHTEHCUBHOCTU OCBEILIEHUS HMeEeT KJIaCCUYECKYIO
¢opmy kpuBoii P-I (porocuHTE3-0CBEIIEHHOCTD)
C JIMHEMHBIM CBETOJMMUTUPOBAHHBIM  YUaCTKOM,
a TakXXe YJyacTKOM, TJe KpuBasi BBIXOJUT Ha IUIATO,
Korma mocturaercs cBetoBoe HachimeHue ETR. lans-
Helillee yBeJMYeHe MHTEHCMBHOCTU CBETa HE BIUSIET
Ha CKOpPOCTb (POTOCHHTE3a U MOXET JaKe MPUBOIUTH
K €€ YMEHbIIIeHUIO (Y4aCTOK TMHAMUUECKOTo (DOTOMH-
rubupoBaHusi). Ha puc. 2b mpencraBieHbl KpuBbIe
ETR Bonopocneii 7. weissflogii B KOHTpoJie 1 TIPU BO3-
neiicteun LI®. B mpucyrctBum LI mpowmcxommio
yMeHblleHne uHTeHcMBHOCTM ETR mo cpaBHeHUIO
¢ KkoHTposneM. 13 ceetoBoit kpuBoit ETR paccunTtsiBa-
JIV mIapaMeTphl, MpeacTaBieHHble B Tabnuue. [Tpu Bo3-
neiictBum LI® BEISBICHO YMEHBIIEHHEe MAaKCUMATBHOM
CKOPOCTU JIMHEWHOTO 3JIEKTPOHHOTO TpaHCIopTa
(ETR,,,,) ¥ YMEHBLIEHWE YIJIa HAaKJIOHA JIMHEWHOTO
yuactka cBeToBoii kpuBoii ETR (o), uro cBumeresnb-
CTBYET O CHWXKEHUM YTWIU3AIMU MOTJIOLIEHHON dHEP-
TUU B mpoliecce (poTocuHTe3a.
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It Toro 4ToOBI OleHUTHh Bo3meiicTBue LID Ha
ofpeeeHHble Yy4acTKU (POTOCMHTETUYECKOM 3JIeK-
TpoH-TpaHcnopTHoi 1enu (DTLL) 7. weissflogii, Mbl
peructpupoBaiau Kpubbie OJIP u aHanu3mpoBamm mux
¢ nnomoliblo JIP-tecta. Ha puc. 3 npeacraBiieHbl Kpu-
Boie OJIP T. weissflogii nmocie 3-cyTouHolt MHKYyOaLUU
¢ LI®. B xuHeTHKe MHIYKINY (DIIyOpeCIeHITNN KYTh-
Typbl 1. weissflogii B OTBET Ha CBET BBICOKOI WHTEH-
CMBHOCTM HaOJI0AAJIOCh HECKOJIBKO (ha3, MU3BECTHBIX
kak mepexoabl O-J-1-P [15]. HauanbHblil ypoBeHb
da3er O mipu 50 MKC COOTBETCTBYET MHTEHCUBHOCTU
dayopecueHIMKM XJIOopodWIa MPU «OTKPHIThIX» PLI
OCII (Fy), xorna Bce Q4 okucneHsl. Paza O-J oby-
CJIOBJIEHa CBETOMHAYLIUPOBAHHBIM BOCCTaHOBJIEHUEM
Q,, TOTOa Kaxk cienytomue (asbl 0TpaXxarT, TIIaBHBIM
o0pa3oM, dajibHeiillee HaKOIJIEHHE BOCCTaHOBJIEH-
Horo Q4 B pe3ylbTaTe BOCCTAHOBJIEHHS aKLETITOPOB
Qg 1 nyna mactroxuHoHOB (PQ). Bo Bpems da3sr [-P
MPOUCXOAUT MOJIHOE BoccTaHOBJIeHUe PQ-myna, yto
MPUBOAUT K <«3aKpbITUIO» (BoccTaHOBIeHUI0) PILI
OCII (Fy;). Kak BUgHO U3 NpencTaBIeHHOTO PUCYH-
ka, kpuBbie OJIP T. weissflogii ipu Bo3neiictBuu LD
npeTeprieBaiy 3HaUUTeNbHble U3MeHeHus. [Ipu Bo3-
JIeHMCTBUM MUHUMATbHON KoHIeHTpauuu LId 5 mr/n
nmpoucxonwio yMeHbleHue dasbl J-1-P, cBszaHHOe
C HapylIeHUEM 3JIEKTPOHHOIO TpaHcCIopTa oT Qyu
B PQ-myn [21]. ITo Mepe yBenuYeHUs] KOHLICHTpaLUy
aHTUOMOTHKA OTMedYalloch YyBeJlnueHue ypoBHs O
(Fo) u camxenne yposHeii J, I u P (Fy,). CymectseH-
Hoe yBenmueHue O mpu BosmeiictBum LI®D Moxer
OBITh O0YCJIOBJIEHO BO3pacTaHUEM SMUCCUU ITyopec-
LIEHLIMKA XxJopodwlia B aHTEHHBIX KOMILIEKcax 3a
CcUeT HapylleHus1 Murpaumu sHeprud Kk PLI, mm6o
YacTUYHBIM BOCCTaHOBJeHueM nyjia PQ B TemHoOTe,
a cHuxeHMe P ykasbiBaeT Ha HaKOIJIeHME HEaKTUB-
veix PL ®CII. B mpucyrcrsum 1P BwIsSBICHO
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Puc. 2. CperoBbie KpuBble d3dexkTrBHOro KBaHToBOro Bbixoga ®CII (¢gpcyy) (A) M OTHOCUTETBHOTO JIMHEIHOTO JIEKTPOHHOTO TPaHC-
nopta (ETR) (B) T weissflogii Ha 3 cyT uHKy6aluu ¢ HUnpodIoKcallmHOM B pa3HON KOHLEHTpaLUU
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CHUXEHUWE TUIONIAAM Hajd WHIYKIIMOHHOW KpUBOK
OJIP (mmapametp Area), XxapakTepH3yolliee YMEHBIIIE-
HUe pa3Mmepa IyJjia 3JeKTPOHHBIX aK1IENTOPOB 10 MO~
HOT'O BOCCTaHOBJeHUs Q4 Ha akKIENTOPHOI CTOpOHE
DCII (tabnmua). B 3HaYMTETBHON CTENEHU KpUBHIE
OJIP m3MeHstuch mipu Bo3aevicTBuu LMD B Makcu-
MaJIbHOW KOHUeHTpalu 50 Mr/J1, mpu KOTOPOI MUKHU
J, I, P Ha XpuBOi MNpakTUYECKN OTCYTCTBOBAIM,
a ypoBeHb O Bo3pacral.

N3BecTHO, YTO (PTOPXUHOJOHOBBIE AaHTUOMOTUKU
CHVKAIOT CKOpOCTh BblAeneHusT O, GOoTOCUHTE3NPYIO-
IIMMU KJIeTKaMHU [22]. AKTUBHOCTb PabOThl KUCIOPOI-
Boiaesnsitoero Komruiekca (KBK) mbl oneHuBanu mo
W3MEHEHUIO BbIxoAa (iyopecleHIIMd B paiioHe
300 mkc (muk K) o dopmyne Vi = (Fsq9 e — Fo) / Fyv-
Y pacreHuii, MoABepKEHHBIX BBICOKHM TeMIlepary-
paM U APYTUM BUIAM cTpecca, Habmomaercss muk K
mexay O 1 J, cBSI3aHHbBIN ¢ 2JIEKTPOHHBIM ArcOaiaH-
COM Ha aKIeNTOpHOM M JoHOpHOU ctopoHax PCII,
MpU KOTOPOM YBEJIMYMBAETCS OTTOK 3JIEKTPOHOB OT
P680 x akuenrropam @CII 1 cHIKaeTCsI TIPUTOK 3JIEK-
TPOHOB ¢ JoHOpHOM croponsl ®CII k P680" [23].
Ucnonw3yst 3Ty MH(MpOpMaLMIO, MOXHO paccuuTaTh
nmomo KBK (OEC fraction) uepes

V,
1- =X 0P
v I

J

A"
1 — —X |koHTposB
J

B npucyrctBun LI® y MukpoBomopocieii oGHapyxe-
Ho ymeHblieHue noiau KBK (tabiauia) mpu Bosmeit-
ctBuM LIP OTHOCUTENHHO KOHTPOJIS, YTO YKa3bIBaeT
Ha noBpexaatoniee aeiicreue LI® na KBK. OtHoue-
uue Fy/F, orpaxkaer achdekTuBHOCTh TOHUPOBAHUS
anekTpoHa K P680" 1 (pOTOCMHTETUYECKYIO KOHBED-
cuio B PLI ®CII [24]. I1pu Bo3aeiicteuu LD BrisiBIIE-
HO (p < 0,05) ymenpmenue F,/F, n3-3a cHmxenns
OTTOKA BJIEKTPOHOB C TOHOPHOI CTOPOHBI B PE3YJb-
tare noBpexxaeHust KomruiekcoB MCII (Tabnuua).
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Puc. 3. KuHernueckue KpuBble (IyopecUeHINN XIopoduiiia
(OJIP) T. weissflogii Ha 3 CyTKM MHKYOALIMK C LIUTTPODIOKCAIITMHOM
B Pa3HOM KOHLIEHTPALIMK

N3BecTtHO, uTo amrumtyna ¢da3er O-]J B Oec-
CTPECCOBBIX YCIOBHUSIX OTpaXkaeT KOJUYECTBO BOC-
CTaHOBJICHHBIX («3aKpHITEIX») PILI mo oTHomeHwMIo
K obmemy uyuciy PLI, koTopble MOTYT ObITh BOCCTa-
HOBJIEHBI («3aKpbIThl») [25]. 3HAYUTENbHBI POCT
amruuTyabl asel O-J (poct mapamerpa V;) oTpaxa-
eT yBeJMYeHMe OOIIEero 4yucia «3akphiTeix» PLI, He-
CITOCOOHBIX K pPEOKUCIEHUIO Q,~ M BOCCTAHOBJIEHUIO
BTOPUYHOTO XWHOHOBOTO akuenrtopa Qp. Jlokasa-
TEJbCTBOM SIBJISIETCSI NEMUCTBUE WHIUOUTOpA BJIeK-
TPOHHOTO TPaHCIOPTa IUYPOHA, KOTOPbIi1 KOHKYPHU-
pyeT cO BTOPUYHBIM XWHOHOM Qp 3a MecTo
cBsI3bIBaHUA Ha Oenke D1 [15, 16]. D10 mpuBOAUT
K HapyUIEHUIO JIEKTPOHHOTO TpaHCTopTa MexXmy Q4
n Qp, 1 BoccTaHoBlIeHUO KpuBbIX OJIP B Touke J
(yBenuueHuto V;). Pe3ynbpTaTel Hamero mcciaenoBa-
HUS TToKa3anu, yTo LIMD He BBEI3BIBAET CYIIECTBEHHO-
ro HakoruieHusi BoccTtaHoBieHHbIX PLI, BciencTBue
Yero 3JEKTPOHHBIN TpaHCcTopT 3a npenensl Q, (Wg,)
TakXKe CYIIeCTBEHHO He cHIKaeTcs (tadimma). OT-
CYTCTBHE 3HAUMTENbHOTO Bo3dciicTBusa LIMD Ha ak-
nentopHyo cropony ®CII o6yciaoBiIeHO TeM, 4YTO
LI® He mposiBAsIeT CUIIBHOM KOHKYpeHUuHU ¢ Qg 3a
cBsi3piBaHue Ha D1-6enke B @CII B oTianune ot apy-
roro aHTuMOaKTepMaJbHOTO TpernapaTta — HaJIUIUK-
coBoit kuciotThel [26]. TIpu Bo3gevicteuu 1P kBaH-
toBast addextuBHocts OCII (Fy/Fy) cHuxanach
B pe3yjbTaTe HAKOIUIEHUSI TOBPEXIEHHBIX KOM-
mrekcoB OCII, HeCITOCOOHBIX K (hOTOXUMUIECKOMY
npeoOpa30BaHUIO IOTJIONMICHHOM 3Hepruu. CHIXe-
HUe 10u akTuBHbIX PLI nposiBiisiioch B yBeIMYeHUN
oTHolieHus: padMepa aHTeHHbl Ha PLI (ABS/RC),
OTpakalollero yBeJUYeHUe MOTJOLIEeHHONH 3HepTruun
Ha PII. ITockonbky HeakTuBHBIE PLI HEe CrTocoOGHBI
K (OTOXMMHUYECKOMY pa3ae/eHUIo 3apsiaa, TO yBeIu-
YyeHHe CKOPOCTHU AUCCUTIALIMY SHEePTUU 3aXBaueHHBIX
aHTEHHOU (DOTOHOB BbHI3BIBAET yBEJIUUEHME TTapame-
Tpa paccesHWsI TOTJIONMEeHHOW »Heprun Ha Pl
(DI,/RC). B cBs31 cO CHUXEHUEM TOIU aKTUBHBIX
P1I B mpucyrctBun LI®D Takke HaOIIOOAIN YBEINYE-
HUe KBaHTOBOW 3(hGEeKTUBHOCTU IMCCUIIALMU T10-
TJIOLIEHHOW 3HEPTUH (¢p,) B PE3yIbTaTe HAPYIIEHUS
MUTpaLUU SHEPTUU OT aHTEHHBIX KOMILIEKCOB K He-
aktuBHbIM PILI. Hamwm pe3yabraThl coriaacyroTcs
C JaHHBIMM paHee ONMyOJIMKOBaHHOW paGoThI [26],
aBTOPbl KOTOPOU TOKAa3a/Iv ik Vitro Ha TUJIAKOUZax
mmuHaTa, yto P npenarcTByeT nepenade SHEPTUU
OT BO30YXIEHHBIX MOJIEKYJ XJ0opoduaa aHTEHHbI
K PIL ®CII u, TeM caMbIM, CHMXAET BEPOSTHOCTD
pasnenenus 3apanos B PLI. [Tapamerp Pl gg oTpaxa-
eT pynkunoHambHOoe coctogune MCII n saBusercs
WHTeTpaJbHbIM MapaMeTpoM, BKJIOUAIOLIUM B CeOsl
npousBeleHUe Takux MapaMeTpoB kak ABS/RC,
Fyv/Fu 1 wg, [15]. Tlpu Bo3neiictBun LI BhIsiBIE-
HO cywecTtBeHHoe cHuxeHue Pl,pg, oTpaxaroiee
CHUXeHMe (yHKIMOHaNbHOTO cocTostHus POCII —
IJIaBHBIM 00pa3oM, B pe3yJibTaTe YMEHbIIEHUs T10JI1
aktuBHbIX PIL (yBenuuenne ABS/RC) u cHuxke-
Hus Fy/ Fy.
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HekoTopble aHTMOMOTHKH, TaKHe KaK XJIOpaM-
heHNKOJ, TMHKOMHUIIMH U JICBOMULIETHH, CIIOCOOHBI
omoxkupoBath LMK penapaunu MCII nocne poronH-
rubvMpoBaHUs, OcCTaHaBiIuMBasi cuHTe3 D1-06enka
B xsopormacte [27]. benok D1 sgBnsgercs omgHUM U3
kmoueBbIx 6eskoB PCII, popmupyrormm ocHoBy P11
DCII BmecTe ¢ D2-6e1K0M, Ha KOTOPBIX pacIooxe-
Hbl MEPEHOCYUKM 31eKTpoHOB. [TocKoJIbKY mpoliecc
(GOTOMHTUOMPOBAaHMS, T.€. CHIDKCHUST (DOTOCUHTETH-
YeCKO# aKTUBHOCTH TTOJ BO3IEUCTBUEM M30BITOYHOTO
CBeTa, BO MHOTOM CBSI3aH CO CHIDKEHHEM aKTHBHOCTHU
®CII, To Hanboyee MOOXOOAIIMMU METOZAMU ISt
OIICHKM CTeTleHU (POTOMHTHONPOBAHMS SBJISTIOTCS pe-
rUCTpalrs CKOPOCTH BblaeneHus: O, KIeTKaMu 1 ma-
pametrpa Fy/Fy [28]. B ycnoBusx nospexnenust PLL
OCII Benmuuna Fy/F,, auHeitHO Koppenupyer co
ckopocTbio BeeneHust O, [29], a cHmkenne Fy/Fy
CBSI3aHO CO CTeIleHbIo Jerpamamuu 6enka D1 [30]. s
TOTO YTOOKI OLICHUTH Bo3zelicTBre 1M Ha permapaliiio
D1-6enka T. weissflogii nocie OTOMHTMOMPOBAHUS,
MBI MHKyOunpoBaiau Tpodsl ¢ LId u 6e3 Hero (KOH-
Tposb) B TedeHue 0,5 4 Ha ciabom cBety (8 MKMOJIb
(hoToHOB/M?C), 3aTeM OCBEIIANM O0Opa3Lbl CBETOM
BbICOKOM HMHTeHCUBHOCTU (2000 MKMOJIb oTO-
HOB/M?2-c) B TeueHue 0,5 4, TIOCIIE YETO FKCIIOHUPO-
BaJM 00pas3Lbl IPU 8 MKMOJIb (POTOHOB/M?-C B Teye-
Hue 24 4. Ha puc. 4 mnpencrtaBieHO HU3MEHEHUE
mapametpa Fy/Fy; T. weissflogii B KOHTpoJie U B TIpU-
cyrcrBum LI® u xmopamdennkoma. Kak BUTHO U3 pH-
CyHKa, TocJie TIPUMEHEHUSI CBeTa BBICOKOW WMHTEH-
cuBHOCTU Tipoucxonuio cHxkeHue Fy/Fy ¢ 0,67 no
0,25 B xoHTpoje (cBer), u ¢ 0,66 no 0,2 B mpucyT-
ctBuu L@ (cBer) u xnopamdpennkomua (ceer). B mpo-
6ax KoHTpoJsA (TemHoTa) M 11D (TemMHOTa), HE TIOI-
BEPrIIMXCSI CBETOBOMY CTpecCy, BeJIMUMHA MapamMeTpa
Fy/ Fy He MeHsu1ach B TeueHMe 24 4 uHKy6anuu. Ilo-
cJie CBETOBOTO BO3IECUCTBUS TIPOOBI C KOHTPOJIEM
W aHTUOWOTUKAMH OCTaBJISUITM BOCCTAHABIIMBATBLCS Ha
crabom csety, peructpupys Fy/Fy depes 0,5, 1, 3
u 24 4 nocne porouHrubrupoBaHus. B npucyrcreun
LI® aktuBHOCTEF PCII BoCcTaHaBIMBAIACh IO TIpaK-
THYECKN HAYaJbHBIX 3HAYCHWA, 3aperucTpHpOBaH-
HBIX 10 (hOTOMHTHOMPOBAHUSA, XOTS M C HEKOTOPOI
3aJepXKKON IO CpaBHEHUIO C KOHTpojeM. Takum o0-
pa3oM, mokasano, yto LI®d He BIUsSIET Ha penapamunio
D1-6enka T. weissflogii mocne (hoTOMHTMOUPOBAHMS
B OTJIMYME OT XJIopaMpeHUKoJIa.

Pa3nmmuHbIe TOKCMKAHTBI CITOCOOHBI BEI3BLIBATH
OKHUCJIUTENIbHBIN CTpecc B KJIETKaX MUKPOBOJOPOC-
JIel, CTUMYJIUPYS 00pa3oBaHUe aKTUBHBIX (hOPM KHC-
nopoga [31]. Oun uannmupyiot [1OJI, koTopoe siBsI-
eTCI  WHOWKATOPOM  TIOBPEXIEHUS  KIIETOYHBIX
MmeMOpaH. B pesynbrate I1OJI 06pa3yroTcss KOHEUHbBIE
MeTabOoJUTHI, TaKNe KaK MaJIOHOBEIN TWABICTUI, Pe-
arupywomye ¢ TbK, usBectHoie kKak ThK-akTuBHEIE
npoayktel. Ha puc. 5 mnpeacraBiieHO comepxKaHue
TBK-aktuBHbIX MpoaykToB 1. weissflogii B KOHTpoJIe
u B pucyrctBuu LI®. Kak BUIHO M3 TIpencTaBlieH-
Horo pucyHka, LI® B XoHUeHTpauuu mo 50 Mr/m1 He

OKa3bIBaJI CTATUCTUYECKU 3HAYUMOTO BO3IEUCTBUS HA
conepxxanne TBK-akKTMBHBIX MPOAYKTOB, TOTAAa Kak
B KOHIeHTpauuu 50 Mr/j1 BbI3bIBaJ yBeJMUYEHUE KO-
mmyecTtBa TBK-akKTUBHBIX MPOAYKTOB TIO0 CPAaBHEHUIO
¢ KOHTpoJieM. Haim pe3ynbrarsl comnacyrores ¢ JaH-
HBIMU, TIOJTyYEeHHBIMM Ha 3€JICHHBIX MUKPOBOAOPOC-
JISIX, JUIST KOTOPBIX TTOKA3IM YBEJIWYECHUE MPOTYKTOB
[TOJI mpm Bozmevicteum LD [12, 13]. YBenuueHue
konndectBa TBK-aKTMBHBIX MTPOIYKTOB MPU BO3IEH-
ctBu 1I® B BBICOKMX KOHIICHTPAIUSIX CBUACTETb-
CTBYET O TOM, YTO MAHHBIA AaHTUOMOTUK WHAYLIMPYET
OKUCIUTENbHBIA cTpecc y 7. weissflogii, BbI3bIBast
CTPYKTYpHble U (YHKLUMOHAJIbHbIE TTOBPEXACHMS
(OoTOCUHTETUYECKOTO anmnapara.
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Puc. 4. Usmenenue napamerpa Fy/Fy KyJ1bTypbl MUKPOBOIOPOC-
mm T. weissflogii B KOHTpoOJIe ¥ B TIPUCYTCTBMM LIUITPOGIOKCallMHA
B KoHueHTparuu 100 Mr/m mpu TOBBIIIEHHON OCBEIIEHHOCTH
2000 MKMOJBb (OTOHOB/M? ¢ B TeueHue 30 MUH U TOCIELyIOLIEH
3KCMO3MLMY Ha c1aboM CBETY 8 MKMOJIb GpoToHOB/M? - c. CTpeska-
MM TI0OKa3aHO BKJItoueHUe (1) U BBIKIIOUEHUE ({) M3OBITOYHOTO
cBera. XD — xyopambeHuKo B KoHLueHTpauuu 100 Mr/a
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Puc. 5. Copmepxanue TBK-akTUBHBIX TPOAYKTOB B KIIETKaX
T. weissflogii Ha 3-u CyT MHKYOaIMu ¢ TUTIPODIOKCAITMHOM B pa3-
HOM KOHLIEHTpalUu
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Takum o6pa3oM, MpPOBeNeHHbIC UCCIEAOBAHUS
BBISSBUJIM UYBCTBUTENBHOCTH K BosdelictBuio LD
MOPCKMX JITHAaTOMOBBIX MUKPOBOJIOPOCIIECH, SIBISIO-
IIMXCSI OCHOBHBIMU TIPOAYLEHTAaMU B MOPCKMX 3KO-
cucrteMax. Pesynbrartel mmokasanu, yto LD cHmxaer
3¢ GEeKTUBHOCTh (DOTOCUHTE3a 3TUX MUKPOBOAOPOC-
neit Ha ypoHe DCII (Fy/F,). B mpucyrcreun LIP
HaOMoaaIM yBeIUYeHUE KBAHTOBOMN 3(h(eKTUBHOCTU
paccessHAS TIOIJIOIUEHHONW 3HEPruu (¢p,) — IO-
BUAMMOMY, B pe3yjbTaTe HapylIeHUs MMIpaluu
SHEPTMU OT aHTEHHBIX KoMIuIekcoB K PLI. Hamm pe-
3yJbTaThl COTJIACYIOTCS C paHee OMyOIMKOBAHHBIMU
JAHHBIMU [26], TTOydeHHBIMU in Vitro Ha THJIAKOMIAX
IITTMHATA, COTIAaCHO KOTOphIM LIM mpensarcTByeT me-
penadye dHEPrUMU OT BO3OYXIEHHBIX MOJIEKYJ XJIOPO-
¢unna antenHsl K PLL ®OCII 1, TeM caMbIM, CHIKAeT
BEPOSITHOCTh paszaesneHus 3apsaoB B PLI. BozmoxxHo
TaKKe CHIDKEHME OTTOKA BJIEKTPOHOB C JOHOPHOM
croponsl OCII (Fy/Fg, Vi, OEC fraction). Ot us-
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Fluoroquinolone antibiotics such as ciprofloxacin have been actively used in medical practice,
including the COVID-19 pandemic, to suppress adverse bacterial infections. Widespread
application and improper disposal have resulted in the ubiquity of antibiotics in the
environment, which can affect aquatic life, including phytoplankton. The effect of
fluoroquinolone antibiotics on the photosynthetic processes of marine diatoms, which are the
main producers in marine ecosystems, has been little studied. In this work the effect of the
antibiotic ciprofloxacin on the primary photosynthetic processes in the marine diatom
Thalassiosira weissflogii was studied. It has been shown that ciprofloxacin affects the functioning
of PSII, preventing the transfer of absorbed energy from the excited antenna chlorophyll
molecules to the PSII RC (¢p,). Under the influence of ciprofloxacin, a decrease in the
efficiency of electron donation to P680* (Fy/Fg), inhibition of the quantum yield of PSII
(Fy/Fy), a decrease in the proportion of active RCs (ABS/RC), and an increase in the
dissipation of absorbed energy in RCs (DI,/RC) were revealed. It has been shown that the
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mechanism of action of ciprofloxacin is associated with damage of PSII RC. Ciprofloxacin
enhances the photosensitivity of microalgae and causes an increase in lipid peroxidation
products. It is proposed to apply the parameters of chlorophyll fluorescence analyzing the effect
of antibiotics on microalgae.

Keywords: marine diatoms, OJIP curves, fluoroquinolone antibiotics, photosystem II, chlorophyll
Sfluorescence, photoinhibition
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