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AHHOTALMA

CoBpeMeHHaA KaHOHWYeCKan cxeMa paboTbl Kackaga GoTOTPAHCAYKLMW MOLPa3yMeBAET, YTO OCHOBHBIM BTOPUYHBIM MeCCeH-
L¥KEpOM B CUCTeMe ABNAETCA LMKAUYECKWI ryaHo3uHMoHodocdaT (U M®), a ocHOBHBIM GaKTOPOM PerynvMpoBKY MO MPUHLMMY
06paTHOM CBA3M — BHYTPUKIETOYHAA KOHLIEHTPaALMA KambUmMA. 3Ta CXeMa CrIoMKMach B pesynbTaTe MHOMONIETHUX YCUIWIA
bonbLuoro Yncna nabopatopui 1 ABNAETCA Hambonee XOPOLLIO M3yYeHHOW W AeTanbHOM U3 BCEX U3BECTHBIX TPAHCOYKLIMOHHBIX
CXeM [pYrux CEHCOpHbIX MofanbHocTer. C apyro CTOpOHbI, MMEIOTCA MHOMOYMCTIEHHBIE IKCTIEPUMEHTAbHBIE CBUOETENLCTBA
TOrO, YTO HALUM 3HaHUA 0 MexaHu3Max paboTbl Kackafa $OTOTpaHCOYKLMM cyLLecTBeHHO HenosHbl [1]. B yactHocTy, KaHo-
HMYEeCKan cXeMa Kackafia noapasyMeBaeT, YTo NOCNE BbIKMIOYEHUA CBETOBOMO CTUMYNa BCE NMEPEXOAHbIE MPOLECChl [OMK-
Hbl 3aBEPLUMTLCA MPUMEPHO 3a CEKyHY UK MeHee. Ha caMoM fene, Halum COBCTBEHHbIE JaHHbIE MOKa3blBakT AMTESIbHbIE
MOCTCTUMYSIbHbIE M3MEHEHUA YYBCTBUTENBHOCTM KNETKM W MapaMeTpoB TEMHOBOIO TOKA C XapaKTepHbIMKU BpeMeHamu bonee
10 c. ®eHOMEHBI, He YKNaAbIBAIOLLMECA B KAHOHMYECKYIO CXEMY NOBELEHUA Kackaga GoToTpaHCAYKLMM, MOTYT BbITb B NPUH-
umne o6bACHeHb! paboToi eLLe 0HOMO perynvpyloLLero MexaHu3Ma, OCHOBaHHOMO Ha LIMKMMYECKOM afieHo3MHMoHodocda-
Te (LAMO). Y6eauTenbHble [0Ka3aTeNsCTBO TOM0, YTO BHYTPUKNETOYHAA KOHLEHTpaunA LAMD MOKeT CyLiecTBEHHO BUATH
Ha paboTy Kackaga $OTOTpaHCAYKUMM B MeaneHHo! (CyTku) [2] u oTHoCUTENbHO BbICTPOV (MUHYTLI) [3] BpeMeHHOI LuKane,
6b1M nonyyeHbl paHee. Kpome Toro, deHoMeHonormMyeckue AaHHble CBWOETENLCTBYIOT O TOM, YTO B Kackage §oToTpaHc-
BYKLUMWM MOTYT CYLLLECTBOBAaTb M ApYyrvie PerynAaTopHble CUrHanbHble NyTW, AA KOTOPbIX HET COOTBETCTBYIOLLEr0 MeXaHW3Ma
B KNTAaCCMYeCKOM cxeMe OTOTPaHCAYKLMM, Takue Kak uHosuToiTpudocdat u amaumnravuepon. YunTeiBas, Yto TpagmLMoH-
Hble (NI00PeCLIEHTHbIE METOAbI He MOTYT ObiTb MPUMEHEHDI K M3MEPEHMI0 KOHLIEHTPaLWiA MIobbIX CUrHaNbHbIX MONEKYN B CET-
yatke, Mbl CO3[anun NPOrPaMMHO-anMapaTHbIM KOMMEKC, NO3BOMAILMIA NPOM3BOAUTb KpUOpUKCaumio 06pasLoB ceTyaTku
c TpebyeMon ckopocTblo. Komnneke nossonsAeT ¢uKcmpoBaTh A0 LecTy 06pasLioB B OHOM CEpPUM C 3afieprKov He bonee
80 Mc mocne cBETOBOM CTUMYNALMM. Vi3MepeHWe KOHLEHTPaLUMM CUrHaMbHBIX MOJIEKYN NPOU3BOAMTCA METOAOM BbICOK03(-
(EKTUBHOM UOKOCTHOM XpoMaTorpagum ¢ TaHLEMHON Macc-CrNeKTPOMETPUEN BbICOKOr0 pa3peLUeHus.

Pe3ynbTaT noKasbiBaeT noBbllLeHWe KoHLeHTpaummn LAMO B 4,5 pa3a yepe3 1,1 ¢ nocne BKNOYEHUA CTYNEHWN CBETA C UH-
TEHCUBHOCTbIO, HNIM3KOM K HacbILLaloLLen. YBennyeHne KoHueHTpauum LAM® npaMo 3aBUCUT OT MHTEHCUBHOCTU CTUMYNU-
pYlOLLIEro CBeTa, NMPU MEeHbLUEN MHTEHCMBHOCTM cBeTa yBennyeHua LAMO He npoucxopmt. CTaTUCTUYECKU 3HAUUMBIX W3-
MeHeHMiA KoHueHTpauum IP3 1 DAG B 0TBeT Ha CBETOBYIO CTUMYNALMIO He BbIABAEHO. [1oyyeHHble pe3ynbTaThl COrnacyTcs
C [aHHbIMK paboTbl [3] 0 AMHAMMKE CBETOMHOYLMPOBAaHHOM aKTUBHOCTM MpOTeMHKMHa3bl A (PKA), roe 6bino nokasaHo,
uTO BC/ef 3a NepBOHayanbHbIM NafeHneM akTmBHOCTM PKA cnepyeT ¢asa pocta eé aktuBHOCTU. [lpvBeAEHHbIE OaHHble
MOFYT MOCNY}KUTb CTUMYIOM K MEpPecMoTpy U CyLLEeCTBEHHOMY [OMOJHEHMIO CXeMbl Kackafa GoToTpaHCayKLMM.
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ABSTRACT

The conventional phototransduction cascade suggests that cyclic guanosine monophosphate (cGMP) functions as the chief
secondary messenger while intracellular calcium concentration dominates as the central feedback modulator. Countless
years and several scientific institutions have led to this conclusion, and it stands as the most extensively researched
and explicit among all sensory transduction schemes. However, experimental evidence suggests that our understanding
of the phototransduction cascade mechanisms remains significantly incomplete [1]. According to the canonical cascade
scheme, all transients should be completed within a second once the light stimulus is no longer present. However, our
data indicates that there are long-lasting changes in cell sensitivity and dark current parameters after the stimulus,
which can last for more than 10 s. Phenomena that deviate from the standard phototransduction cascade behavior
can potentially be clarified by an alternative regulatory mechanism that is based on cyclic adenosine monophosphate
(cAMP). Previous research has provided convincing evidence that the intracellular levels of cAMP can significantly
impact the functioning of the phototransduction cascade on both slow (day) [2] and relatively fast (minutes) [3] time
scales. Additionally, there is phenomenological evidence indicating the existence of other regulatory signaling pathways
in the phototransduction cascade without a corresponding mechanism in the classical phototransduction scheme,
including inositol triphosphate (IP3) and diacylglycerol (DAG). We investigate whether cAMP, IP3, and DAG regulate
the phototransduction cascade during photoresponse. For this regulatory effect to occur, there must be a change in
the signaling molecule concentration during the process. These processes occur in less than a second, and it is crucial
for the presence of the regulatory effect. Given that traditional fluorescence methods cannot measure the concentration
of any signaling molecule in the retina, a hardware-software setup has been developed that allows cryofixation of retinal
samples at the required speed. The setup permits fixing up to six samples in a series with a delay of no more than
80 milliseconds after light stimulation. The concentration of signal molecules is assessed using high-performance liquid
chromatography coupled with high-resolution tandem mass spectrometry.

The results demonstrate a 4.5-fold elevation in cAMP concentration 1.1 s after switching on a light with an intensity close
to saturation. The concentration of cAMP is directly proportional to the intensity of the stimulating light; there is no increase
in cAMP at lower light intensities. No noteworthy changes in IP3 and DAG concentration were detected in response to light
stimulation. The findings align with existing literature on the kinetics of light-triggered protein kinase A (PKA) activity [3],
which indicated an initial decrease followed by an increase in PKA activity. These results could potentially inform the revision
and expansion of the phototransduction cascade model.
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