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Phosphoribosyl pyrophosphate synthetase-1 (PRPS-1; EC 2.7.6.1) is widely distributed in the
human tissues and serves as a regulative key enzyme for purine and pyrimidine metabolism, whereas
Xanthine Oxidoreductase (XOR; EC 1.1.3.22) is the enzyme responsible for the catabolism of purine
nucleotides. These enzymes might serve as the aimmolecules for triggering of regenerative processes
after stroke. In case of inhibition of PRPS-1 and activation of XOR might serve as the targets for
prevention of the cancer development. It was recently published in PLOS (Donini S, Garavaglia S,
2017), regulation of these enzymes prevents bioactivity of the pathogenic microorganisms. Thus,
investigations of these enzymes’ activities in normal and pathological conditions might be vital for
the development of new treatment avenues.

Phosphoribosyl pyrophosphate Synthetase, Xanthine Oxidoreductase, experimental stroke

Dochopubosun nupodocdarcunraza (OGPIIC-1; EC 2.7.6.1) mupoko pacnpocTpaHeHa B
TKaHAX OPTaHU3Ma YeNIOBEKA U CITy’KHT B POJIM PETYJIATOPHOTO (hepMeHTa IpU METaboIH3Me ITypHHOB
W IAPUMHUINHOB, B TO BpeMs Kak KcaHTUH okcupopenykraza (KOP; EC 1.1.3.22) ssnsercs pepmen-
TOM, OTBETCTBEHHBIM 32 KaTa0OJIM3M ITypHHOB. DTH ()EPMEHTHI MOTYT BBICTYIIaTh B PO OCHOBHBIX
MHHUIUHPYIONIMX PEreHepaTHBHBIC NPONECCHl OENKOB IIocie MHCYNbTa. B cilydae mMHrnOupoBaHMs
(®PIIC-1) u aktuBaumu (KOP) MOryT city>kuTh B poiM MHUIIEHEH Uil NPEJOTBPAIICHUS Pa3BUTHUS
pakoBoit omyxonu. HenaBao Obuto omyGmukoBano B PLOS cratbs o Tom (Donini S, Garavaglia S,
2017), uto peryssiuus 3TUX (GEepMEHTOB MOJABIAET OMOAKTUBHOCTD MATOTCHHBIX MHUKPOOPTaHU3MOB.
Takum 00pa3oM, HcceOBaHHE aKTUBHOCTH 3THX (DEPMEHTOB IPU HOPMAJbHBIX M IATOJIOTHMECKUX
YCIIOBHSIX MOKET CTaTh KU3HEHHO BayKHBIM JUIS pa3pabOTOK HOBBIX ITyTeH JICUCHHH.

dnudpnnhpngh-whpndnudwwnuhtpwap (SNMNU-1; EC 2.7.6.1) [wju twpwdnd ntlh dwpnnc
hjncujwéplbpnud W dwnwynd £ npwbu  Ywpgwynpnn  $EpdGun wniphuubph W whphdhnhUutph
dGinwpnihquh  hwdwn, wju nbwenwd, bpp  puwlwnhU-opuhnnntnniyunwgp (RON; EC 1.1.3.22)
wwwnwupuwuwwnnt £ wyniphuubph Juwwnwpenithguh hwdwn: Wu $Epdeunubpp ywpnn Gu hwuntu qu
npwtu hhdlwywlu ntgGubpwwnhy gnpépupwgltpp fupwunn uwhwnwynigubn huuntinhg hGwnn: Ywnpnn
GU hwuntu qw] npwbu pwngytnubph qwpguwgdwup fungpunnuinn rhpwhultbp, GeE 6URGL UGYh
wywnhyntejnup (SNMU-1) W upwub] Ujnuhup (RON): Ybpgbpu PLOS-nLU (Donini S, Garavaglia S, 2017)
nwwapytl £ wju dhingp, np wju $Epdtunutph wyinphyniejwu Yupguynpdwdp Yuptih £ yuwlhuwngbiby
whunwsdhu  Uhypnopgwuhquutph  Yebuntuwynipyniup: Wuwhuny, wju $Epdtunubph wynhynipjwu
nuntdUwuphpneeyniup - $haghninghwywt b whinwpwlwywl  wwpdwulbpnd  Yupnn GU nunUwy
YGluntbwy  Ywplnpnipyntt nubgnn nuunwdUwuppniggnilubpn unp pnuddwl - Swuwwwnhutph
thunpunnLyned:

We will be discussing two enzymes: one of them is responsible for the synthesis of
purine as well as pyrimidine, the other is respomsible foe purine catabolism.

Phosphoribosylpyrophosphate synthetase-1 (PRPS-1; EC 2.7.6.1) catalyzes the
phosphoribosylation of ribose 5-phosphate to 5-phosphoribosyl-1-pyrophosphate, which is
necessary for the salvage pathways of purine and pyrimidine, pyridine nucleotide cofactors
NAD and NADP, the amino acids histidine and tryptophan biosynthesis. Three PRPS genes
have been identified: the widely expressed are PRPS1 and PRPS2 genes, and PRPS3,
which is predominantly transcribed only in testis.
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Most PRSPs belong to class I, which require Mg®" and phosphate for enzymatic
activity, but can be inhibited allosterically by ADP and possibly other nucleotides.

Class 11 PRSs are found specifically in plants which are not dependent on phosphate
for activity and lack an allosteric site for ADP

While class I PRSs transfer the diphosphoryl group only from ATP or dATP to ribose
5-phosphate, class II PRSPs have a much broader specificity for a diphosphoryl donor,
including ATP, dATP, UTP, CTP and GTP . Recently, a novel class III PRS has been
identified from Methanocaldococcusjannaschii which is activated by phosphate and uses
ATP and dATP as a diphosphoryl donor, but also lacks an allosteric site for ADP .

Mg®* forms a complex with ATP (Mg—ATP) to act as the actual substrate of the
enzyme although other divalent cations, such as Mn”", Ni*', Co*" or Cd*' can serve as
substitutes for Mg®" with relatively lower activity . Phosphate has multiple effects on the
activity and structure of the enzyme. It usually acts as an activator for the activity of
bacterial and mammalian PRSPs although SO’ can mimic the effect of phosphate at
approx. 10-fold higher concentrations .

In patients with PRPS super activity, Roessler et al. , and Becker et al. identified
mutations in the PRPS-1 gene. All patients except 1 had hyperuricemia, neurodevelop-
mental abnormalities, and sensorineural deafness; the other patient had only hyperuricemia
and gout. Functional expression studies of all mutations showed that enzyme over activity
were due to alteration of allosteric feedback mechanisms.

Thus, abnormalities in synthesis of purines might influence on the catabolism of them
and induce hyperuricemia and gout. The final enzyme, responsible for the formation of uric
acid is Xanthine Oxidoreductase.

Also, it is necessarily to mention, that very little is known about the PRPS-1 in the
stroke or experimental stroke conditions.

Xanthine oxidoredictase (XOR; EC. 1.1.3.22) is key and primer enzyme responsible
for the formation of the uric acid from xanthine and hypoxanthine.

In our previous publications we stated that regulation of XOR might have an impact
on the entire catabolism of the purines. By the utility of XOR inhibitors we demonstrated in
our experiments that inhibition of this enzyme might trigger cells genesis in vitro.

XOR and brain ischemia. It is very well documented that after forebrain
ischemia/reperfusion it might be generated excessive amount of superoxide anion radicals.
Evidence exists that allopurinol, a xanthine-oxidase inhibitor, reduces delayed cell death in
animal models of perinatal asphyxia and in human patients with other forms of organ
reperfusion injury. Thus, allopurinol pretreatment suppresses generation of superoxide
anion radicals, making XO (xanthine oxidase) the main enzyme responsible for the
oxidative damage caused after oxidative stress, early inflammation, endothelial injury. By
the other group of authors it was demonstrated that XO and cyclooxygenase are mostly
responsible for postanoxic damage of the brain. Also, it was demonstrated that hydrogen
peroxide damage is mediated through the activity of the XO in cerebellar granule neurons
obtained from 8-day old Sprague-Dawley rat pups. By the other work it was shown that
superoxide anion generated by the XO as well as singlet oxygen initiated the apoptosis-like
cell death whereas hydrogen peroxide, generated because of the activity of the glucose
oxidase and glucose deprivation in neuronal cell culture initiated necrosis.

PRPS-1 and XOR after experimental stroke conditions, induced by intracranial
injection of hydrogen peroxide.

In accordance to the literature data, allopurinol inhibits the enzyme XOR, thereby
blocking the conversion of the oxypurines hypoxanthine and xanthine to uric acid.
Allopurinol administration also leads to deceleration of the rate of de novo synthesis of
purine nucleotides.
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In our own experiments to clarify the behavior of the XOR and PRPS-1 enzymes in
the pathological conditions, first, we needed to evaluate their activities in the brain of intact
animals.

The activity of the PRPS-1 was diminished in the presence of GTP (inhibitor of PRPS-
1) as well as allopurinol, which means that purines catabolism inhibition by feed-back
mechanism might inhibit also the activity of PRPS-1.

Interestingly, XOR activity was inhibited by GTP, which might be explained or as the
influence of key regulative enzyme PRPS-1 impact on XOR activity or overwhelming
concentration of energetic source — GTP.

After comparison of the dynamic changes of XOR and PRPS-1 activities in 3 groups:
peroxide intracranial injected animals serving as the control group; phosphate treated
animals; allopurinol treated animals in peroxide treated as well as phosphate groups it is
notable negative correlation of XOR and PRPS-1activities. Strong, over activation of the
PRPS-1 and simultaneous inhibition of XOR might trigger of purine and pyrimidine
nucleotides source generation, which in turn might stimulate cells proliferation.

Also, its necessarily to take into the consideration, that patients with hypoxanthine—
guanine phosphoribosyl transferase (HGPRT) deficiency or Lesch-Nyhan disease (MIM
300322) having uric acid overproduction similar to PRPS-1super activity can also have
mental retardation and hypotonia, as described in patients with Arts syndrome .

Thus, the phosphate related elevation of PRPS-1 activity and simultaneous decrease of
XOR activity will promote synthesis of purines and will prevent above mentioned negative
side effects related with overproduction of uric acid.

In allopurinol treated animals group the negative correlation was not notable.

In contrast to the intact animals brain tissue, GTP didn’t activate XOR in pathological
condition; exception is the allopurinol treated animals group. Allopurinol after
modifications in the organism might by itself possess with the high absorption in the
conditions of very low baseline XOR activity.

It might be explained due to the formation of Xanthine Oxidase from Xanthine
Dehydogenase via limited proteolysis, because XOR is the dual enzyme and in pathological
conditions act mostly as the oxidase.

Allopurinol in hydrogen peroxide treated animals brain tissue was inhibiting activity
of PRPS-1; exception is the allopurinol treated animals group. In pathological conditions,
we might assume, that PRPS-1 might be structurally changed and behaves not as in normal,
physiological conditions.
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In this work in silico study of the interaction of artemisinin with ligand bind domain of
glucocorticoid receptor by molecular modeling methods. Artemisinins belong to the family of
sesquiterpene lactones, secondary metabolites of medicinal plant Artemisia annua, which has been
traditionally used in Chinese medicine. Artemisinins exhibit antioxidant, anti-inflammatory, anti-
carcinogenic and other activities. Molecular docking, principal component analysis, cluster analysis
have revealed three binding sites of artemisinin with ligand bind domain of glucocorticoid receptor
which are very important regions. Comparative analysis was performed with dexamethasone, which is
a corticosteroid medication. Thus, we have shown for the first time that artemisinin affects extremely
important sites of ligand bind domain of glucocorticoid receptor, it should be noted that the first
binding site of artemisinin corresponds to the interaction site of dexamethasone. This may represent a
molecular basis for ligand-dependent receptor activation and the possibility of using artemisinin as a
new ligand for glucocorticoid receptor.

Glucorticoid receptor — artemisinin — dexamethasone - molecular docking — cluster analysis

B nannoii pabote u3ydeHo insilico B3auMoaeicTBIE apTeMU3HHIHA C JIUTaH/ CBA3BIBAIOLINM
JOMEHOM TJIFOKOKOPTUKOUIHOTO PELENnTOpa METOJaMU MOJEKYISPHOTO MOAEIUPOBAHUSA. ApTeMH-
3WHHUHBI OTHOCATCSA K CEMEHCTBY CECKBHTEPIIEHOBBIX JIAKTOHOB, BTOPHYHBIX METa0OIUTOB JIEKAPCT-
BEHHOTO pacTeHHUs Artemisiaannua, KOTOpOe TPAJULIHOHHO HCHONB3YETCS B KUTAWCKOW MEAHIIMHE.
ApTEeMU3UHUHBI NIPOSBIIOT aHTHOKCUJAHTHYIO, [IPOTUBOBOCIIAIUTENIBHYI0, aHTUKAHIEPOICHHYIO U
Jp. aKTHBHOCTH. MeTonaMy MOJIEKYJISIPHOTO JOKHHTa, aHaIM3a 110 TJIaBHBIM KOMIIOHEHTaM H KJiac-
TEPHOTr0 aHaJKM3a BBIIBICHO TPU CaiiTa CBSI3bIBAHUS apTEMM3MHUHA C JIUTAHJ CBA3BIBAIOLIMM JIOME-
HOM TIJIIOKOKOPTUKOUJHOIO PELENTOopa, KOTOPbIE SBIISIOTCA Ype3BbIYalfHO Ba)KHBIMHU YYaCTKaMH.
IIpoBeneH cpaBHUTENbHBIM aHANIM3 C KOPTUKOCTEPOMIHBIM IIpENnapaTroM AekcaMmera3oHoM. Hamu
BIIEPBbIE [T0KA3aHO, YTO APTEMU3UHUH BIHAET HA UPE3BBIYAIHO BaXKHBIE YYACTKU JIUTAH]| CBSI3bIBAIO-
UM JIOMEHOM TJIIOKOKOPTHKOUIHOTO PELENTopa, NMPHU 3TOM MEPBBIA CalT CBA3BIBAHUS apTeMH3HU-
HUHA COOTBETCTBYET CalTy B3aMMOJCHCTBHS JEKCaMeTa30Ha. JTO MOXKET MPEACTaBISTh MOIEKYIIApP-
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