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was 18.3 and 18.4 kg / m?, respectively, which indicated an insufficient body weight of the participants and required
measures for their rehabilitation in a hospital.

Patients received the same total nutrition. In the control group, additional ATP was supplemented in the form
of unreduced drinking water, 2 times a day, with a total weight per person for the rehabilitation period of 400-500 g.,
For 15 days, and daily for dinner in the form of a drink 10 grams of ATP restored in 250 ml water.

An analysis of the results of studying the dynamics of somatometric indicators, indicators of the cardiovascular
system, physical performance and the biochemical status of the body of volunteers, indicates the lack of
effectiveness of a simple, mechanical increase in diet.

Introduction to the composition of the diet of ATP containing a wide range of essential micronutrients (amino
acids, vitamins, minerals and trace elements), low and highly esterified pectins, as well as the physical form of highly
dispersed powder contribute to increasing the efficiency of assimilation of nutrients by the body They stimulate
the intensity of anabolic processes in the human body, have a beneficial effect on weight gain and correction of
disorders characteristic of protein-energy insufficiency [1,2].

The daily gain in the control group was 0.053 kg / day, the total - 0.8 kg. In the experimental group, 0.166 kg /
day, a total of 2.5 kg. The total increase in body weight in the control group was 0.8 kg, and in the experimental group
2.5 kg, i.e. more than 3 times. Thus, ATP are effective nutrients for the treatment of deficiency and underweight.
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BJIMAHUE TOYEYHbIX AMUHOKUCNIOTHbBIX 3AMEH B MOJIEKYJE
PEKOMBUHAHTHOI0O XMMO3MHA KOPOBbl HA 3ABUCUMOCTb

EF0 KOATYNALWOHHON AKTUBHOCTU OT KOHLLEHTPALLUM XJIOPUA
KANbL A B MOJIOKE
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lNokasaHo, YTO TOYeYHble aMUHOKUCNOTHble 3aMeHbl Asp198—lys, Asp156—Val 1 ux couetaHue, NpMBOAAT K
CHUXXEHWIO YyBCTBUTENTbHOCTU KOArynsaLUMOHHOW aKTUBHOCTU PEKOMOUHAHTHOIO XMMO3MHA KOPOBbI K U3MeHe-
HUIO KOHLeHTpaummn CaCl, B MosioKe.

KnioueBble cnosa: peKOMﬁMHaHTHbII;I XUMO3UH, aMUHOKUC/IO0THbI€ 3aMeHbl, KoarynaumoHHasa akTUBHOCTb, KOH-
LUeHTpauuna Xxnopuaga Kanbumsa.

[ns cBepTbiBaHWA MOJIOKA B CbIpOfenny UCMOMb3YyeTcs CbluyXHbl hepMeHT (CD) — npenaparT, nony-
YaeMblil U3 CAN3UCTbIX 060104EK XKENYAKOB TeNAT, KO3NAT U ArHAT. OCHOBHbIM AENCTBYIOLWNM KOMMOHEH-
ToM CO ABnAeTcs acnapTaTHas aHAonenTuAasa - XuMosuH (KO 3.4.23.4). XumosuH (XH) kopoBbl o6najaeT
YHVWKaNnbHbIM KOMMIEKCOM TEXHONOrMYEeCKMUX CBOMCTB M CYMTAETCH 3TaSIOHHbIM MOJIOKOCBEPTbIBAIOLLNM
tdbepmeHToM (M®). Bo 2-oi nonoBuHe XX Beka cthopmupoBasncs Muposoi aeduumt CD, KoTopbld akTu-
BU3MpPOBan MOWUCKU €ro 3amMeHuTesien, OfHAaKo, HU OAMH U3 UCCNIef0BaHHbIX HaTypanbHbix M® He cmor
KOHKypupoBaTb C XH KOpoBbl [1]. PasBuTue TEXHONOIMIA PEKOMOBUHAHTHbIX AHK, no3Bonuno nonyynTb
reHHO-MH)XXEHEePHbIA aHanor NpUpoaHoro XH. HecMoTpsa Ha To, YTO B HacTosLLEee BPeMS PEKOMOUHAHTHbIN
XH (pXH) KOpOBbI UCMOJIb3yeTCsi B MPOU3BOACTBE PasfiniHbIX BUAOB CbIPOB, MOUCK M® ¢ ynyyleHHbIMU
TEXHONOMMYECKMMMN XapaKTepMCTUKAMM OCTaeTCs aKTyaslbHON 6MOTEXHONOrMYECKON 3agayven, NOCKONbKyY
eé pelleHMe NO3BOMUT MOBbICUTb 3 (EKTUBHOCTb cbipogenuns. OQHUM M3 HanpaB/ieHWI Takoro noucka
ABNAETCHA MHXUHUPUHT HaTypanbHbIX XH. B yacTHOCTK, TakoW NOAXo4 npegnonaraeT nojlyyeHne aHanoros
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XH KOpOBbl C aMUHOKUCOTHbIMM (a.K.) 3aMeHaMu CrMoCOGHbIMU YNyYlUTb TEXHONOrMYeckne CBOMCTBA
NPUPOAHbIX PEPMEHTOB.

Llenb paboTbl — U3y4nTb BMSIHUE a.K. 3aMeH Ha YyBCTBUTENIbHOCTb KOArynsiLMOHHOM akTUBHOCTU (KA)
PXH K n3MeHeHWto KoHueHTpauum CaCl, B Monoke.

BaxkHyto posib B o6ecrieyeHnr KoHhopMaLMOHHOW CTabubHOCTU (hepMEHTOB UrpatoT CoJsieBble MOCTUKM -
3NeKTpocTaTMYecKe B3aMMOAENCTBUSA, BOSHUKAKOLME MEXAY MOMOXUTENIbHO U OTPULLATENBHO 3apsiXXEHHbIMMU
R-rpynnamu aMmHokucnot. B monekyne XH KopoBbl B hOpMUPOBaHMUM CONEBbLIX MOCTUKOB y4acTBYOT R-rpynnbi
Asp B nonoxeHusx 156 n 198. MNMpepnonaraetcs, 4to Asp156 n Asp198 cnyxxaT NoAXoAsAWMMN MULLEHAMU A4S
NCKYCCTBEHHbIX MYyTaL1ii, COCOBHbIX MOBAUATb Ha TEXHOMOrMYeckune cBoicTea XH [2]. O6bekTamu gaHHOro mc-
cnepoBaHuA CTanu 3 MHXEHepHbIX BapuaHTa pXH KOPOBbI € a.K. 3aMeHaMu B NonoXxeHunsax 156 n 198: pXH-Bos-I
(Asp156—Val), pXH-Bos-Il (Asp198—>Lys), pXH-Bos-V (Asp156—Val, Asp198—sLys). B kauecTBe npenapaTa cpae-
HeHWs1 UICMONb30BaNn KOMMepPYECKUi pXH KopoBbl (pXH-Bos-Ref).

B cbipogenun Ansa ynyJlleHns KoarynsumuoHHbIX CBOMCTB NacTepu3oBaHHOIO MOJIOKa, B Hero BHocaT CaCl,
[0 KOHEYHOW KoHLeHTpaummu 1-5 mM. Mpu HapacTaHun KoHUeHTpauuu Ca?* B Mmonoke KA M® yBenuymeaeTtcs, 4To
NMoO3BOJISIET CHU3UTb ero A03MpoBKy. Ho BMecTe ¢ KA Bo3pacTaeT 1 obLiasi npoTeonmTuyeckas akTuBHocTb (MA)
(hepMeHTa, YTO CBSI3aHO C OMAaCHOCTbIO CHUXXEHUS BbIXOAa M YXYALIEHWUS OpraHoIenTUYeCKUX CBOMCTB KOHEYHO-
ro npoaykra [3]. MoaTtomy, no6oit HoBbIN M®, NpeTeHAYOWMUIA Ha UCMONb30BaHME B CbIPOAENUN, LOMKEH 6bITb
cornocTaBJsieH ¢ pXH KOPOBbI MO YyBCTBUTENIbHOCTU K KOHLLeHTpaumm Ca?.

MpoaoMKMTENbHOCTL CBEPTbIBAHMSA MOJIOKA MOA AeiCTBMEM BCEX MCCNefoBaHHbIX GepMEHTOB CoKpalla-
nacb no Mepe yBenuyeHns B HeM KoHLieHTpauuu CaCl, (ta6nuua 1). Mpu 5TOM MHXEeHepHble BapuaHTbl PXH KO-
pOBbIl, OKa3annCb MeHee YyBCTBUTENIbHbIMYU K MOBbILEHUIO cogep)kaHusa Ca?t B cybcTpaTe, Y4eM KOMMEPYECKUHI
pXH. Tak, B gnanasoHe 1-5 mM CaCIZ NPOAOMKUTENBHOCTb Koarynsuum Mosioka nop aeictemem pXH-Bos-Ref
CcoKpallanacb Ha 27-63%, a N5l UHXEHEPHbIX pPXH 3TOT NapaMeTp YMeHbLuancs, B cpegHeMm, Ha 16-47%.

Ta6nuua 1 - 3aBMCMMOCTb NPOAO/KUTENIBHOCTY Koarynsuum ot KoHueHTpauum CaCl,

[MpoponXuTenbHOCTb Koarynauuu, %
BapuaHT pXH
0mM T mM 2 mM 3mM 4 mM 5mM
pXH-Bos-| 100 81+1 70 £1 60 £1 550 511
pXH-Bos-II 100 84 +1 76 0 66 +2 58+0 520
pXH-Bos-V 100 86+3 77 £ 2 66 + 1 61+0 55+1
pXH-Bos-Ref 100 73+0 60+2 48+ 0 43+2 372

C y4yeToM JaHHbIX [3], MOXHO cfienaTb BbIBOA O TOM, YTO Pasfivuusi B UyBCTBUTENBHOCTM K KOHLIEHTpaLUM
CaCl, mexxay pXH_Bos_Ref 1 nHXeHepHbIMU BapuaHTaMu pXH 06YCNOBJ/IEHbI UCKIIIOYMTENbHO a.K. 3aMeHaMu.
CpaBHUBast Mex/ly CO60ii aKCNepuMeHTasbHble pXH crieflyeT OTMeTUTb, YTo 3ameHa Asp156—Val (pXH-Bos-I) ycu-
NMBaeT YyBCTBUTENIbHOCTb hepMeHTa K UBMEHEHUIO KOHLUeHTpaumm Ca?* no cpaBHeHUtO ¢ 3aMeHon Asp198—Lys
(pXH-Bos-Il). MapagokcanbHo, HO coYeTaHne ABYX 3aMEH NPUBOAUT K 60J1ee BbIPaXKEHHOMY CHUXEHUIO YyBCTBU-
TenbHOCTM KA pXH-Bos-V k koHueHTpaumun CaCl, B Monoke.

Takum o6pasom, NokasaHo, YTo a.K. 3aMeHbl Asp198—Lys, Asp156—Val unu nx couetaHne B pXH KOpOBbI,
MPUBOAAT K CHUXXEHNIO YyBCTBUTENbHOCTM KA MonyyeHHbIx hepMeHTOoB K cofepxkaHuto CaCl, B MonoyHoMm cy6-
cTparte. [TOHMKEHHan YyBCTBUTENIbHOCTb K KOHLIEHTpauuu Ca?, sBnseTcs NoNOXUTENbHbIM TEXHOMOMMYECKUM
CBONCTBOM, T. K. NO3BOJIAET BapbUpOBaTb KOMMYECTBO BHOCUMOrO B MOJIOYHYHO CMEChb X/opuaa Kanbuus, He
onacasicCb 3HauMTeNbHOro yBenm4yeHum oéuen MNA ncnonbsyemoro MO.

Pa6oTa BbINoNHeHa B paMKax rocyaapCcTBEHHOro 3agaHnss MUHUCTepCTBa HayKu 1 BbicLLero ob6pasoBaHus
P® (Homep Tembl FZMW-2020-0002, ,PaspaboTka NpofyLeHTOB peKOMBUHAHTHbIX (hepMeHTOB A5 Cbipoaenus”).
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INFLUENCE OF POINT AMINO ACID SUBSTITUTIONS IN THE RECOMBINANT
COW CHYMOSIN MOLECULE ON THE DEPENDENCE OF ITS COAGULATION
ACTIVITY ON THE CONCENTRATION OF CALCIUM CHLORIDE IN MILK
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It is shown that point amino acid substitutions Asp198—Lys, Asp156—Val and their combination lead to a decrease in the
sensitivity of coagulation activity of recombinant bovine chymosin to changes in the concentration of calcium chloride in milk.

Key words: recombinant chymosin, amino acid substitutions, milk-clotting activity, concentration of calcium chloride.

For clotting milk in cheese making, rennet (Rt) is used - a drug obtained from the stomach’s mucosa of calves, goats
and lambs. The main active component of Rt is aspartate endopeptidase - chymosin (EC 3.4.23.4). Bovine chymosin (Cn)
has a unique complex of technological properties and is considered a reference milk-clotting enzyme (ME). In the 2nd
half of the XX century, a global deficit of Rt was formed, which intensified the search for its substitutes, however, none of
the studied natural ME could compete with bovine Cn [1]. The development of recombinant DNA technologies made it
possible to obtain a genetically engineered analog of natural Cn. Despite the fact that bovine recombinant Cn (rCn) is cur-
rently used in the production of various types of cheeses, the search for ME with improved technological characteristics
remains an urgent biotechnological task, since its solution will improve the efficiency of cheese production. One of the
directions of this search is the engineering of natural Cn. In particular, this approach involves obtaining analogs of bovine
Cn with amino acid (a.a.) replacements that can improve the technological properties of natural enzymes.

The aim of this work is to study the effect of a.a. substitutions on the sensitivity of coagulation activity (CA) of
rCn to changes in the concentration of CaCl, in milk.

Salt bridges - electrostatic interactions that occur between positively and negatively charged R-groups of amino
acids - play an important role in ensuring conformational stability of enzymes. In the bovine Cn molecule, R-groups
of Asp at positions 156 and 198 participate in the formation of salt bridges. It is assumed that Asp156 and Asp198
serve as suitable targets for artificial mutations that can affect the technological properties of Cn [2]. The objects
of this study were three engineering variants of the bovine rCn with a.a. substitutions in positions 156 and 198: rCn-
Bos-I (Asp156—Val), rCn-Bos-Il (Asp198—Lys), rCn-Bos-V (Asp156—Val, Asp198—Lys). Commercial bovine rCn
(rCn-Bos-Ref) was used as a comparison drug.

In cheese making, to improve the coagulation properties of pasteurized milk, CaCl, is added to it to a final con-
centration of 1-5 mM. When the concentration of Ca?* increases in milk, the CA of ME increases, which allows you
to reduce its dosage. But along with CA, the total proteolytic activity (PA) of the enzyme increases, which is asso-
ciated with the danger of reducing the yield and deterioration of the organoleptic properties of the final product [3].
Therefore, any new ME that claims to be used in cheese-making should be compared with the bovine rCn in terms
of sensitivity to Ca?* concentration.

The duration of milk coagulation under the action of all the studied enzymes decreased as the concentration of CaCl, in
itincreased (table 1). At the same time, engineering variants of bovine rCn were less sensitive to increasing the Ca?* content
in the substrate than commercial rCn. Thus, in the range of 1-5 mM CaCl,, the duration of milk coagulation under the action
of rCn-Bos-Ref was reduced by 27-63%, and for engineering rCn, this parameter decreased, on average, by 16-47%.

Table 1. Dependence of the duration of coagulation on the concentration of CaCl,

Cn option Duration of coagulation, %

0mM 1T mM 2mM 3mM 4 mM 5mM
rCn-Bos-I 100 81+1 701 60+ 1 550 511
rCn-Bos-ll 100 84 +1 760 662 580 5210
rCn-Bos-V 100 863 772 66+ 1 610 551
rCn-Bos-Ref 100 730 60 +2 48+0 43+2 372
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Taking into account the data [3], it can be concluded that the differences in sensitivity to CacCl, concentration be-
tween rCn-Bos-Ref and engineering versions of rCn are due solely to a.a. substitutions. Comparing experimental rCn,
it should be noted that replacing Asp156—Val (rCn-Bos-l) increases the sensitivity of the enzyme to changes in Ca*
concentration compared to replacing Asp198—Lys (rCn-Bos-Il). Paradoxically, the combination of two a.a. substitu-
tions leads to a more pronounced decrease in the CA sensitivity of rCn-Bos-V to the concentration of CaCl, in milk.

Thus, it is shown that a.a. substitutions Asp198—Lys, Asp 156—Val, or their combination in the bovine rCn, lead
to a decrease in the sensitivity of CA of the obtained enzymes to the content of CaCl, in the milk substrate. Reduced
sensitivity to the concentration of Ca?* is a positive technological property, since it allows you to vary the amount of
calcium chloride introduced into the milk mixture, without fear of significant increase in the total PA of the ME used.

The work was performed within the framework of the state task of the Ministry of science and higher education
of the Russian Federation (topic number FZMW-2020-0002, “Development of recombinant enzyme producers for
cheese making”).
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[MpencraBneHbl pa3pa60TKM MMMyHOXpOMaTOFpaCbVIL{eCKVIX CUCTEM AN1S1 BbISIBJIEHUS @aHTUOUOTUKOB Pa3HbIX XUMU-
YeCKMX KlaccoB B NULLEBOMN npoaykuuun, BKnro4varuime MeTtognyeckumne peleHnsa no yCcuneHno curHana, ynpasne-
HUIO paéquM AnanasoHoOM 1 06beUHEHNIO 10 YyeTblpex aHa/IM30B Ha OfHOW TECT-MOSOCKeE. [MpeanoxeHbl NpoTo-
KOJibl SKCI'IpeCCHOIZ np06OI'IO,D,FOTOBKI/I Ana TeCTupoBaHNA KOHTaMUHaLU MKW MOJTIOYHbIX, MACHbIX NPOAYKTOB 1 Me/a.

KniouyeBble cnoBa: aHTUOMOTUKM, 6E30MACHOCTb NPOAYKTOB NUTaHUSA, TECT-NOJIOCKN, UMMYHOaHanus, ﬂpO6OI'I0}J,FOTOBKa

MaccoBoe HeKOHTPONMpyeMoe NMPUMEHEHUE aHTUOMOTUKOB B XXMBOTHOBOACTBE O6YC/IOB/MBAET PUCKU ANA
3[,0pOBbsI MOTPe6UTENEN N HEOBXOAMMOCTb 3PPEKTUBHbBIX CPEACTB MacCOBOIO 9KCMPECCHOro U HETPYAOEMKOro
KOHTPOS Ha BCEX CTaamuaX NPOM3BOACTBA U pacnpoCTpaHeHUst NPOAYKTOB NuTaHus. [JaHHas 3ajaya MOXET ObITb
3t heKTMBHO peLleHa NocpeacTBOM MMMyHoXpoMaTorpaduyeckoro aHanuaa (MXA), no3BonstoLLero nosyyatb pe-
3ynbTtatbl 3a 10-20 MUHYT 6€3 [OMNONHUTENbHbIX peareHToB U 060opyaoBaHus. OfHaKo TpaguLUMOHHbIE TeCT-CUCTe-
Mbl Anst UXA 06bI4HO 3HAUUTENBHO YCTYNaKT MHCTPYMEHTabHbIM METOAAM aHanusa no npegenam o6Hapy>KeHus
1 TpebytoT AONONHUTENIbHON aganTauuy Afsi COOTBETCTBMSA HOPMATMBHbLIM TPe60BaHMSIM K MOPOroBbIM YPOBHSM
KOHTPONNPYEMbIX KOHLEHTPaLMii aHTUOMOTUKOB U K CENTEKTUBHOCTY MO OTHOLLEHUIO K CTPYKTYPHO 6IM3KMM coefin-
HeHusM. [poBefeHHble U NpefcTaB/IeHHble HWXXe pa3paboTKM NPOLEMOHCTPMPOBAIN BO3MOXHOCTU yNpaBieHns
aHanMTUYeCKMMM NapaMeTpamum TeCT-CUCTEM, MOBbILLEHUSI YYBCTBUTENIbHOCTY U MHOOPMaTUBHOCTM aHanun3a.

OxapakTepu3oBaHa 3aBUCUMOCTb npefena AeTeKunn B KOHKYpeHTHOM XA oT cBOMCTB HaHovYacTuL, — Map-
kepoB. OnpepfeneHbl TpebOBaHUS K COCTaBY KOHbIOraTOB HaHOYaCTMLa — aHTUTENO, BbINO/IHEHNE KOTOPbIX Npu-
BOAMUT K CHWXXEHWUIO Mpefena obHapyXeHns aHanuTa 6e3 noTepb B MHTEHCMBHOCTU AEeTEKTUPYEMOro curHana.
MokasaHbl NpeumylecTBa (hyopecLeHTHbIX HaHoYacTUL, (KBaHTOBbIX TOUYEK) Kak MapKepoB [/t BbICOKOYYB-
CTBUTENIbHOIO aHann3a; BO3MOXHOCTb UX BbISIBIEHNA B 60Mee HU3KUX KOHLEHTPALMSIX NMO3BOMSET USMEHSTb
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