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Momusayusa u yenv: ®epment Tpuntodanrunpokcunasza 2 (TIII2) ruapokcummpyer L-
Tpunrodad mo0 L-5-ruppoxcurpuntodaHa — MEpBYI0 W JTUMHTHPYIOUIYIO CTaIHIO
cunTe3a ceporoHuHa (5-HT) B rojgoBHOM Mo3re muiekonuTarommx [1]. AKTUBHOCTH
9TOro (epMeHTa SBISIETCS OCHOBHBIM (aKTOpOM, OIpenestomuM cuare3 S5-HT.
HekoTtopele MyTtammu B reHe Tph2 demoBeka acCOIMUPOBAaHBI C  TSKEIBIMH
ncuxomnatoiorusamu [2, 3]. Myrarust C1473G B rete TPh2 MBIIH IPUBOIUT K 3aMEHE
P447R B Monexyse gepMeHTa 1 BIBOEC CHH)KAET aKTHBHOCTH (hepMeHTa B Mo3re [4, 5].
[IpotuB myTtanTHO! G aymienu WaeT eCTeCTBEHHBIH OTOOP B MPUPOAHBIX MOMYIIAIUIX
MBEITIIEH [6].

Lenbio uccienoBaHus SBISECTCS BBISICHEHHE MOJICKYJSPHOTO MEXaHWU3Ma CHIKCHUS
aKTHBHOCTH MYTaHTHOTO (pepMEHTA U BBIICHEHUE OMOIIOTHIECKIX MOCIIEACTBUN JaHHOM
MyTalliy.

Memoowt u ancopummer: VicciienoBaHWs TPOBOAWIM Ha MOJIONBIX (3 Hemenw) u
B3pocibiX (8 Hemenb) cammax reHoTHnoB B6-1473C (mukuit tam) u B6-1473G
(MyTaHTHBIN THIT), TTOJIyY€HHBIX CKPEIIMBAaHWEM WX T€TEPO3UTOTHBIX poaureneit B6-
1473CG. Otu MbImM OTIUYAIKCh Tonbko awteisasmMu C u G. BiusHue amieneii Ha
CTaOMILHOCTh MOJIEKYJIbl (pepMEHTa OLICEHUBAIU IO BEJIMYHMHE CBOOOTHOW JHEPrHU
temrepatypHoit nenatypanuu (dG). AxrtuBHocth TII'2, yposum 5-HT, 5-HIAA
onpezensum ¢ momomipio BOXKX, Torma kak ypoau O6enka TIII2 B Mmo3re onpenensiim
¢ momoiielo BectepH Osota. Bimsuue C uw G ajenedd Ha JUCTOHHUIO 3aJHUX
KOHEYHOCTEH, Pr3ndeckoe JOMUHUPOBAHUE CAMIIOB, IIPUBJICKATEILHOCTh CAMIIOB IS
CaMOK M3y4ajHM B TeCTe IMOJBCIIMBaHMs 3a XBOCT, tube test u ombdakropHoM Tecte
COOTBETCTBeHHO. BeposarHocTh nepenaun amienedi C u G MOTOMKaM HCCIleIOBalld B
MOMYJISIIIMOHHOM 3KCIIEPUMEHTE. AKTHUBAIMIO BPOXKJICHHOTO UMMYHHUTETA IPOBOIMIN
OJTHOKPATHBIM BBeJIeHUEM OakTepraibHoro smmnononucaxapuna (JIIC, 2 mr/kr, B/6).
Pesynomamur: Myranus C1473G cumkana yposens 6enka (F(1,15) = 8.84, p < 0.01) u
aktuBHocTh TIII2 (F(1,15) = 8.24, p < 0.01) B cpeanem Mmo3sre. BrepBbie ObLIO
MOKa3aHo, 4to ajuiesb G cHmkaeT BenunurHy dG TepMUIeCKON ICHATYpAIIUH MOJIEKYJIbI
TIIT2: ¢ 1.865 + 0.064 xkxan/moms (mukuié Tum) mo 1.306 £ 0.051 kxan/Mob
(myrtanTHbIit 0enok) (F(1,15) = 46.7, p<0.001). TpeOGyeTcs 3aTpaTUTh MEHBIIIE YHEPTUU
JUI JIGHaTypalyii MyTaHTHOTo Oeika, yeMm Oenka JuKoro tumna. IIpu oJnHaKoBOM
YPOBHE OSKCIIPECCHH MYTAHTHOTO M JuKoro tuma reHoB Tph2 [7] cHmwkeHue
CTaOMJILHOCTH MYTaHTHOTO O€JIKa YMEHBIIIAET €ro BpeMs )KM3HH, KOHIICHTPALIHIO U, KaK
CJIEJICTBUE, AKTUBHOCTb.

B3apocibie camiibl B6-1473C (unaexc nomunupoBanws, 1.55 +0.5) u B6-1473G (unnexc
noMuHupoBanus, 1.44 + 0.5) He pasnuyaauch MO CHOCOOHOCTH K (PU3MUECKOMY
nomuaupoBanmio (F(1,16) < 1), mo npuBiekarebHOCTH UX Mo4n st camok (F(3,76) =
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1.34, p > 0.05). Bonee Toro, BepostHocTH nepenaun awiened C u G moromkam He
pasmmyainucs (% = 0.09, p > 0.05).

B To xe Bpems y mononnix (3 Henmenu) camuos renotuna B6-1473G naGmopanach
MUCTOHUS 3aJHUX KOHEYHOCTEH: B TECTEe IIOJABCIIMBAHMS 32 XBOCT YacTOTa
(F(1,41)=7.28, p = 0.01) u mmrensrocts (F(1,41) = 7.44, p = 0.009) ckpelMBaHUsI
3aJTHUX JIATIOK Y MOJIOJBIX caMIiioB B6-1473G Obutu BbIIIE, Y€MY MOJIOJBIX caMIloB B6-
1473C. VY B3pocabix camuoB B6-1473G nucronus ncyesana.

OmnoxpatHoe BBemeHne 2 mr/kr JIIIC momombiM camiiam mpuBoguT K rudenn 42 %
camioB renoruria B6-1473G B Teuenne 72 9 1mocie BBEAECHMS, TOIIa KaK BEDKHUBAIOT BCE
camupl reHotunma B6-1473C (p = 0.05). Beemenue JIIIC compoBoxaaeTcs
3HAYUTENBHBIM yBennueHneM ypoBHs S-HT (p < 0.01) u ero 0OCHOBHOIO METabOJIUTA,
5-HIAA (p < 0.05), B cpemneM Mo3re Mmeiteii renotuma B6-1473C, no He renortuma B6-
1473G uepes 48 4 mociie BBEACHUS TOKCHHA.,

Boi6o0bi: Briepsrie 0bU10 TIOKa3aHo, 4to MyTanus C1473G: 1) cHmkaeT cTabHUIbHOCTD
mostekysibl TITT2; 2) BbI3bIBAE€T TUCTOHHUIO 33 HUX KOHEYHOCTEH Y MOJOIBIX MBIIICH;
3) HOBBIIIAET YYBCTBUTEIBHOCTE MONIOABIX Mbiiei K JITIC. TTocneanue aBa pe3ynbraTa
MO3BOJIIIOT OTBETHTh Ha KIIOYEBOW BOMNpoc, modeMmy auienb G He oOHapykeHa B
MPUPOAHBIX TOMYJNANUSAX Mblied [6]. B  TOpUpOIHBIX MOMyNSIMAX —BeAeTCS
€CTECTBCHHBIA OTOOP MPOTHUB MOJIOJBIX MBIIICH, TOMO3UTOTHBIX Mo ayenu G, n3-3a
BBICOKOW BEPOSITHOCTH JIUCTOHWU 3aJHMX KOHEYHOCTEH IMpHU CTpecce, KOrja OHU He
CHOCOOHBI yOeXaTh OT XHWIIHWKA, W W3-3a WX BBICOKOW PEaKIWH HA CTUMYJISIIUIO
BPOXJICHHOTO HIMMYHHUTETA, KOT/Ia OHH Yallle yMUPAIOT OT MHOTOYHCIICHHBIX HHPEKITHIA.
AxtuBanus 5-HT, mo-Bugumomy, HeoOxomuma il BbDKHMBAaHUS KHUBOTHOTO IPU
CTUMYJISIIIMM UMMYHUTETa. BbI3BaHHass MyTanuedl Hu3kas axTtuBHOCTH TIII2, mo-
BUJMMOMY, HE CIIOCOOHA OOCCrevYrBaTh HEOOXOJUMYIO Il BBIKHBAHHUS BBICOKYIO
CKOpocTh cuHTe3a 5-HT, 4To MPUBOAUT K TMOETH MOJIOABIX MBIIIEeH, TOMO3UTOTHBIX IO
G awtenu. JlaHHOE MCCIICIOBAaHUE BIICPBBIC MO3BOIMIIO MPOCIEANTD IICTh COOBITUI OT
MOJICKYJISIPHOTO MEXaHU3Ma CHYDKEHHS aKTHBHOCTH (DepMEHTA JI0 MOCIECTBUN STOTrO
CHIDKEHUS Ha YPOBHE TOMYJISIIINH.

Qunancuposanue. PH® rpant Ne 24-15-00078.
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Motivation and Aim: The enzyme tryptophan hydroxylase 2 (TPH2) hydroxylates L-
tryptophan to L-5-hydroxy tryptophan — the first and rate-limited reaction of 5-HT
synthesis in the mammalian brain [1]. The enzyme activity is the main factor that defines
the 5-HT turnover rate in the mammalian brain. Some mutations in the human Tph2 gene
are associated with mental disorders [2, 3]. The C1473G polymorphism in mouse Tph2
gene results in P447R substitution and two-fold decrease in TPH2 activity in the brain
[4, 5]. There is a natural selection process against the G allele in wild mouse populations
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[6]. This study aims to clarify the molecular mechanism and the biological consequences
of this mutation.

Methods and Algorithms: Experiments were carried out on young (3 weeks old) and
adult (8 weeks old) male mice of B6-1473C (wild type) and B6-1473G (mutant)
genotypes bred by intercrossing of their B6-1473CG heterozygous parents. These mice
differ only in the C and G alleles. The effects of the C and G alleles on the enzyme
stability is evaluated by free energy (dG) of its thermal denaturation. TPH2 activity, 5-
HT, 5-HIAA levels and TPH2 protein concentration in mouse brain are assayed by
HPLC and western blot, respectively. The effects of the C and G alleles on hind legs
dystonia, male physical dominance and male attractiveness for females are studied in the
tail suspension, tube competition and olfactory tests. The C and G allele transmission
probabilities are evaluated in a population experiment. The innate immune system is
stimulated by a single administration of bacterial lipopolysaccharide (LPS, 2 mg/kg, ip).
Results: The C1473G mutation decreased TPH2 protein levels (F(1,15) = 8.84, p < 0.01)
and activity (F(1,15) = 8.24, p < 0.01) in midbrain. For the first time, it was shown that
the G allele reduces the dG value of thermal denaturation of the TPH2 molecule: from
1.865 £ 0.064 Kcal/mol (wild-type) to 1.306 + 0.051 Kcal/mol (mutant) (F(1,15) =46.7,
p < 0.001). Less energy is needed to denature a mutant than a wild-type protein. At the
same level of expression of the mutant and wild type Tph2 genes [7], the reduced
stability of the mutant protein decreases the lifetime, protein concentration and, as a
consequence, activity of the enzyme. Adult males B6-1473C (dominance index, 1.55 +
0.5) and B6-1473G (dominance index, 1.44 + 0.5) did not differ in their ability to
physically dominate (F(1,16) < 1), or in the attractiveness of their urine to females
(F(3,76) = 1.34, p > 0.05). Moreover, the probabilities of transmitting the C and G alleles
to offspring did not differ (2 = 0.09, p > 0.05).

At the same time, in young (3 weeks) males of the B6-1473G genotype, hind limb
dystonia was observed: in the tail suspension test, frequency (F(1,41)=7.28, p = 0.01)
and duration (F(1,41) =7.44, p=0.009) of hind leg crossings were higher in young B6-
1473G males than in young B6-1473C males. In adult B6-1473G males, this dystonia
disappeared. A single injection of 2 mg/kg LPS to young males leads to the death of
42 % of B6-1473G males within 72 hours after administration, while all B6-1473C
males survive (p <0.05). Administration of LPS is accompanied by a significant increase
in the level of 5-HT (p < 0.01) and its main metabolite, 5-HIAA (p < 0.05), in the
midbrain of mice of the B6-1473C genotype, but not of the B6-1473G genotype,
48 hours after the toxin administration.

Conclusion: The mutation (1) reduces the stability of the TPH2 molecule, (2) causes
hind limb dystonia and (3) increases the sensitivity of young mice to LPS. The last two
facts answer the key question: why the G allele is not found in wild mouse populations
[6]. In wild populations, natural selection is carried out against young mice homozygous
for the G allele: (1) they are not able to escape from a predator due to the stress-induced
hind limb dystonia, and (2) they die from numerous infections due to their high response
to stimulation of the innate immune system. Activation of the brain 5-HT system appears
to be essential for the survival of the animal after immune stimulation. The low activity
of TPH2 caused by the mutation seems unable to provide the high rate of 5-HT synthesis
necessary for survival, which leads to the death of young mice homozygous for the G
allele. The study trace the chain of events from the molecular mechanism of the decrease
in enzyme activity to the consequences of this decrease at the population level.
Funding: Russian Science Foundation: grant No. 24-15-00078.
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