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Momusayus u yenv: Depment Ttpuntodanruapokcunaza 2 (TIII2) karanuzupyet
MEPBYIO U KIIHOYEBYIO CTauIO cuHTe3a ceporonuna (5-HT) B mpucyTcTBHU KOhakTopa,
TeTparuapobuonTepuna, uoHoB Fe?* um kuciopoma [1]. Tomumopdpusm C1473G
npuBoAUT K 3ameHe P447R B karanutudueckoM MoMeHE (epMeHTa, YTO CHIDKAET
aKTUBHOCTH (hepMeHTa BaBOE [2, 3]. Panee ObLI0 OKa3aHo, uTO MyTalus HapymaeT 3D
YKJIaJKy MOJIEKYJIbl U CHIDKAET CTAaOMIBHOCTD (DEPMEHTa, YTO OTPAXKACTCs HA BPEMEHH
JKU3HHU MOJIEKYJIBI [4, 5]. dapMakonornueckue mamnepoHs! — 3TO HeOOJIbIINE MOJIEKYIIbI,
CHOCOOHBIE crienn(UIECKH CBS3BIBATHECS C MYTAHTHBIMU OEIKOBBIMH MOJICKYJIaMHU U
BoccraHapnuBath ux 3D-ctpykrypy. Panee Obuto nokazano, uro BHi crnocoGen
yBeIMYHBaTh Temmeparypy uHaktuBaimu (Tso) depmenta in vitro. Ognako BHs me
MO3BOJIIET BOCCTAHOBUTH TeMIlepaTypHyto ctabmwibHocTh TII[2 1o ypoBHS JHKOTO
Tuna. M3BeCTHO, YTO HWOHBI JBYXBAJCHTHOI'O >JKejle3a y4YacTBYIOT B MEXaHH3MeE
(hepMEeHTaTUBHOTO THAPOKCUINPOBaHUs L-Tpuntodana u, cie1oBaTenbHO, BHIIOTHSIIOT
karamutndeckyro (Qysknuio [1]. CmocoOHOCTHM WOHOB [IBYXBaJEHTHOTO JKejle3a
crabunusupoBath Mosiekyiny TIII2 He ObLM nM3ydeHbl. Takum 00pa3oM, Liejb JaHHON
paboThI — oleHuTh 3bdekT nonos Fe?* u Fe** na Tepmuueckyro ycroiunsocts TIIT2 y
MbIei ¢ myranueit P447R.

Memoowr u aneopummel: VccienoBaHue MPOBOAMIIOCH Ha TIOJIOBO3PETBIX caMIax
meier auanit C57BL/6 (n = 15) u Balb/c (n = 15), necymux1473C u 1473G amnenu
cootrBecTBeHHO. M3 cpenHero mosra Beiaemsuin TIII'2, 3aTeM 4YUCTBIM 3KCTPakT OT
MBIIIIEH OJHOrO TEHOTUINA OOBEAWHSIN W pazaesuid Ha noprud 300 MKIL
KonnenTparmu padounx pactBopoB FeSO4 u FeCls cocrasmnsim 0.01, 0.05, 0.2 MM. [liist
oTpeieNieHus] TeMITepaTypHOU crabmibHOCTH 7.5 MK 3KkcTpakta TIII'2 cMemmBamu ¢
7.5 mxn Oydepa win ogHOro M3 pabOYMX PacTBOPOB, 3aTEM CMECh MPOTPEBAIH B
teyenue 2 MuH npu 48, 50, 52, 54, 56, 58, 60, 62, u 64 °C. AKTHBHOCTh (hepMEeHTa
OTIpeJIeNISIIN TI0 CKOPOCTH cuHTe3a S-ruapokcutpuntodana (5-HTP) mocne nakyOanym
B TeueHue 15 mun npu 37 °C B npucyrcteuu L-tpunrodana (0.4 MM) u kodaxtopa 6-
Metmi-5,6,7,8-terparuaponrepuaua (0.3 MM). VYpoeens S5-HTP omnpenemsuin ¢
nomotsio BOXKX ¢ anekrpoxuMudeckuM aeteKTopoM. TemrnepaTypHyto cTaOHILHOCTD
OLIEHUBAJIH 110 TEMIIEpaType, MHKyOauus Ipy KOTOPOH CHI)KAET aKTUBHOCTH (hepMeHTa
Basoe (Tso).

Pesynomamot: TlokazaHo Biusiaue paktopos «renotum» (F(1,28) = 648.7, p < 0.001) u
«mpenapar (F(3,28) = 192.5, p < 0.001), Ho He ux B3aumoaeiicteus (F(3,28) < 1) Ha
W3MEHYUBOCTh Tso MpH BO3ACHCTBMM HMOHAMM JABYXBaJCHTHOTO keneza. Bce Tpu
koHuentpamun FeSO,; nosemmator Tso anst monekyn TIII2 kak MyTaHTHOTO, Tak U

BGRS/SB-2024 1757



nukoro tuna. [Ipu atom konuentpauuu 0.05 u 0.2 MM FeSO4 noBbImatoT Beaunuuny Tso
Just MyTaHTHBIX Mosiekya TIII2 no ypoBHa Tso ans monexyn TIII2 auxoro Tuma.

Jlns nonos Fe3* 6pu1o mokazano BeiCOKOe BiamsHME (GakTopoB «reHotum» (F(1,34) =
=714.2,p<0.001) u «apemapar» (F(3,34) = 86.5, p <0.001), HO He UX B3aMMOIEHCTBISL
(F(3,34) =16, p = 0.21) Ha m3meHuuBocTh Tso. Bce Tpu konuenrpamuu FeCls
noBbImatoT Tso 1t Mosekyn TIII'2 kak MyTaHTHOTO, Tak U AUKOro tuma. [Ipu sTom HK
OJlHA W3 HccleoBaHHbIX KoHUeHTpauuu FeCls He mnoBbimaer BenmunHy Tso st
MyTaHTHBIX Mosekyd TIII2 no ypoBHs Tso st monekyn TIII2 nukoro tuma.
Veenuuenune Tso (ATs0), BBI3BaHHOE IBYXBaJeHTHBIM xkese3om (Balb/c, +4.12+0.2 °C;
C57BL/6,+3.82+0.21 °C) Obuto Bbime s MmyTantHoW TIII'2 mo cpaBHEeHHIO C
TpexBaneTHbIM xene3oM (Balb/c, +3.12+0.21 °C; C57BL/6,+3.63+0.21 °C).

Bui6oovi: Conu IBYX- U TPEXBaJIEHTHOI'O JKeJIe3a OAMHAKOBO XOPOIIO YBEINUMBAIOT 150
TIII'2 nuxoro tuma. B To ’xe BpeMs, MOHBI JBYX BA&JEHTHOIO JKejie3a CHIIbHEE
yBennuuBaroT Tso MyTanTHOH TIII'2 1o cpaBHEHHIO C HOHAMM TPEXBAJIEHTHOTO JKEJIe3a.
Taxum 006pa3oM, BliepBbIe OBIJIO MOKA3aHO, YTO HOHBI XKeJle3a, IOMUMO KaTaJIUTHYECKOU
¢$yHKIMH, cCIOCOOHBI cTabmn3npoBath Mojekynsl TTIT2.

Qunancuposanue: Viccnenopanue nouepxkano rpantom PH® Ne 24-15-00078.
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Motivation and Aim: Tryptophan hydroxylase 2 (TPH2) is an enzyme that catalyzes the
first key stage of serotonin (5-HT) synthesis in presence of a cofactor,
tetrahydrobiopterin (BH.), Fe?* ions and oxygen [1]. C1473G polymorphism leads to a
P447R substitution in a catalytic domain of the enzyme, that decreases enzyme activity
twofold [2, 3]. Previously it had been shown that the mutation disturbs molecular 3D
structure and decreases stability of the enzyme, which reflects molecular lifetime [4, 5].
Pharmacological chaperons are small molecules that can specifically bind to mutant
molecules and restore their folding. Recently it was indicated that BH4 can be used to
increase the temperature of the enzyme’s thermal inactivation (Tso) in vitro. However,
BH4 does not increase TPH2’s thermal stability to the level of a wild type enzyme.
Divalent ferrous ions are involved in the mechanism of enzymatic hydroxylation of L-
tryptophan and, therefore, perform a catalytic function [1]. Stabilizing abilities of ferrous
ions have not yet been studied when applied to TPH2. Therefore, the aim of this study
is to evaluate an effect of Fe?* and Fe3* ions on thermal stability of TPH2 in mice carrying
a P447R mutation.

Methods and Algorithms: The study was conducted on mature male C57BI (n = 15) and
Balb/c (n = 15) mice, carrying 1473C and 1473G alleles respectively. TPH2 was
extracted from their midbrain, then purified supernatant from the mice of the same
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genotype was mixed together and aliquoted in 300 mkl portions. FeSO, and FeCls
solutions were diluted to the final concentrations of 0.01, 0.05 and 0.2 mM. To determine
thermal stability, 7.5 mkl of TPH2 extract were mixed with 7.5 mkl of a buffer or an
experimental solution, then the mix was heated for 2 min at 48, 50, 52, 54, 60, 62 and
64 °C. Enzyme activity was evaluated by the speed of 5-hydroxytryptophan (5-HTP)
synthesis after 15 min of incubation at 37 °C in the presence of L-tryptophan (0.4 mM)
and a cofactor, 6-methyl-5,6,7,8-tetrahydroptheridin (0.3 mM). 5-HTP level was
determined using HLPC with an electrochemical detector. Thermal stability was
evaluated by the temperature, at which enzyme activity decreases twofold (Tso).
Results: Marked effect of “genotype” (F(1,28) = 648.7, p < 0.001) and “treatment”
(F(3,28) = 192.5, p < 0.001), but not their interaction (F(3,28) < 1) on Tso value, when
treated with divalent ferrous ions, were shown. All three concentrations of FeSO.
increased Tso for both mutant and wild type TPH2.

As for Fe®* ions, significant influence of “genotype” (F(1,34) = 714.2, p < 0.001) and
“treatment” (F(3,34) = 86.5, p < 0.001) but no their interaction (F(3,28) < 1) on Tso were
shown. All three concentrations of FeCls increased Tso for both mutant and wild type
TPH2. At the same time, none of the studied FeCls concentrations raises Tso value to the
level of wild type TPH2.

Tso increase (ATso), induced by divalent iron (Balb/c, +4.12+0.2 °C;
C57BL/6,+3.82+0.21°C) was greater in mutant TPH2, compared to trivalent iron effect
(Balb/c, +3.12+0.21 °C; C57BL/6,+3.63+0.21 °C).

Conclusion: Divalent and trivalent iron ions increase Tso value similarly well for wild
type TPH2. However, divalent ferrous ions have a significantly more pronounced effect
on a mutant TPH2 in comparison to trivalent ions.

Thereby, it was first shown that ferrous ions are capable of stabilizing TPH2 molecules,
besides performing their catalysis function.

Funding: The study is supported by RSF No. 24-15-00078.
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