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EXTRACELLULAR PEPTIDES OF MUTANTS -
CHLORELLA FEEDERS

Abstract. This article presents data from the analysis of biomass and culture medium
concerning the content of sulfur-containing amino acids in mutants designated as
“feeders” of Chlorella, utilizing the method of radioactive indicators. The objective of
this study is to address the question of the nature of the substances responsible for
the “feeding” effect attributed to the extracellular products of the mutant “feeders.” To
achieve this, a radiochemical method was employed to determine the relative quantities
of the sulfur-containing amino acids methionine and cysteine in the biomass and
culture medium of various Chlorella mutants, using radioactive sulfur S3 The method
for determining the relative amounts of sulfur-containing amino acids in the biomass
and culture medium of Chlorella “feeder” mutants is described. It is demonstrated that
mutants 94, U-6, U-7, and 722-2-S accumulate cysteine in their proteins at levels 2-3
times higher than those found in the original strain B, while in the peptide fraction (in the
medium), the accumulation is nearly six times greater. Low molecular weight peptides
find extensive applications in the food, pharmaceutical, and medical industries. They
also serve as foundational models for biochemical, genetic, and molecular-biological
research. Specifically, these peptides influence the DNA of aged cells, prompting their
activation and thereby rejuvenating them. The application sphere of chlorella and other
algae encompasses agriculture, where they serve as fertilizers and growth stimulants;
medicine, cosmetology, and sports for detoxification and immune system enhancement;
aquaculture for oxygen enrichment of water and improving fish health; as well as in the
production of biofuels, bioplastics, and as feed additives.

Keywords: chlorella, mutant, feeder, methionine, cysteine, chromatography, radioactive
indicator.
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Introduction. The industrial utilization of Chlorella and other algae necessitates
the development of principles and methods for the selection of these organisms. A
number of studies [1-4] have demonstrated that the selection of beneficial forms and
the assessment of their efficacy can be conducted using microbiological qualitative
methods. This method is based on the so-called “feeding effect,” which is identified
by the ring of auxotrophic mutants that develop around Chlorella colonies. How-
ever, it is important to note that the “feeding effect,” as determined by this method,
does not yet provide answers to the following questions: 1) What is the underlying
mechanism of this effect? Is it due to the active secretion of specific metabolites by
Chlorella, or is it a result of autolysis and the release of the same substances into
the surrounding environment? 2) If the “feeding effect” [8] is attributed to extracel-
lular products from the mutants - termed “feeders” - what is the nature of these
substances that elicit this effect? Furthermore, it remains challenging to ascertain
the nature of extracellular products [5-10]. The previous work [3 ] has provided an
answer to the first question, specifically that the “feeder” effect is attributed to the
extracellular products of mutants.

The aim of the study. The aim of the study is to investigate the substances
that cause the nature of “feeding”. To achieve this, a radiochemical method was
employed to determine the relative quantities of sulfur-containing amino acids-me-
thionine and cysteine-in the biomass and culture medium of several Chlorella mu-
tants using radioactive sulfur S3[11-12].

Materials and Methods of Research. The following strains of Chlorella were
used as material for the study: Strain B - Chlorella vulgaris-served as the starting
format for obtaining mutants K-94, U-6, U-7, 283-4, 322, 7179, 7199, 7255, 7232,
and 7-22-2-S, which were utilized as controls. The Chlorella culture was grown in
a sulfur-depleted inorganic medium with the following composition:

KNO35 g/L

Mg(NO322.5 g/L

KH2PO4 1.25 g/L

MgS040.083 g/L

Glucose 10 g/L

To this solution, Na2S304 with an activity of 2 *"C was added in the amount
of the indicator. A two-day algal culture was cultivated in flasks containing
15.0 mL of medium under illumination. The light intensity was 5000 lux. The in-
itial cell density was 2x106 cells per mL. The duration of the experiment was 10
days. During this period, a sufficient amount of biomass (approximately 100 mg)
was obtained for further analyses. The cells were separated from the culture me-
dium by centrifugation. The cells were then extracted three times with 80% eth-
anol to remove lipids, carbohydrates, and other low-molecular-weight substances
[13]. The extract was isolated through extraction but exhibited negligible activity,
leading to its disposal. Further processing of the cells involved hydrolysis using
equal volumes of concentrated HCI and CH3COOH. The algae were transferred
into an ampoule from which air was displaced with CO2 The presence of O2 dur-
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ing hydrolysis reduces the yield of amino acids. The ampoule was then sealed.
Hydrolysis was conducted in a thermostat at 105°C for a duration of 28 min. The
hydrolysate was subjected to chromatography (Amstell chromatograph, UK) in a
solvent system comprising n-butanol, acetic acid, and water in a ratio of 4:1:5. Prior
to chromatography, it was essential to separate mechanical impurities and remove
HCI [11]. To achieve this, the hydrolysate was applied using a pipette onto a BQchner
funnel lined with a double layer of filter paper. The liquid was filtered under vacuum.
For enhanced desorption of amino acids, both the ampoule and the filter were rinsed
three times with small portions of water. The hydrolysate was then concentrated
under vacuum. To ensure the complete removal of HCI during the evaporation pro-
cess, it was necessary to add 2 ml of water several times [14-20].

Chromatographic analysis of the nutrient medium was performed similarly.
Equal amounts (by weight) of the hydrolysates were chromatographed to facilitate
comparison of the activities between the mutant strains and the original strains.
The fractions obtained from the chromatograms were dried, and the activity meas-
urements were conducted [14].

Results and Discussion. The experiment consisted of four repetitions, the
results of which are summarized and presented in Tables 1 and 2. Table 1 pro-
vides data regarding the accumulation of radioactive sulfur by the biomass of the
strains. The values of specific activities (activity per 10&ells and activity per mg of
dry biomass) corresponding to the control strains (strain B and 283-4) are set at
100% [21-30]. As shown in this table, the specific activity values of the investigat-
ed strains are 1.5to 2.0 times greater compared to the control strains. To further
characterize the strains, we conducted an analysis of the biomass for sulfur-con-
taining amino acids. The absence of significant amounts of activity in the alcoholic
extract indicates that sulfur-containing amino acids are predominantly located in
the protein portion of the cells [31].

As indicated in Table 2, which presents data obtained from the chromatograph-
ic analysis of the alcohol-insoluble fraction following its hydrolysis, the activity cor-
responding to cysteine in the chromatograms of strains 94, U-6, U-7, and 722-2-S
is 2 to 3 times greater compared to the control strain B. In contrast, the activity of
methionine remains nearly identical across all these strains. Furthermore, in the
strains 722, 7179, 7199, 7232, and 7255, the activity of methionine is 1.5 to 3.0
times higher compared to the control strain 283-4, while the activity of cysteine is
elevated up to 1.5 times [32-35]. The examined strains exhibited an increase in
activity not only in the alcohol-insoluble fraction but also in the culture medium (Ta-
ble 3). Table 3 presents the data from the chromatographic analysis of the medium
following its hydrolysis. As shown in this table, strains 94, U-6, U-7, and 722-2-S
accumulate cysteine in the medium to a concentration that exceeds the control by
up to six times, whereas strains 722, 7179, and 7199 accumulate methionine at
levels up to five times higher compared to the control strain 283-4.

Table 4 presents the values of Rf obtained from the chromatographic analysis
of the nutrient medium before and after hydrolysis. The values of Rf changed as
a result of hydrolysis, suggesting that methionine and cysteine accumulate in the
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medium not in their free form. It is possible that the alteration in the R{values is
due to the chemical transformations of these amino acids during hydrolysis [36-
38].

The results we obtained are consistent with the data available in the literature.
Specifically, Kanazawa [10], in studying the ontogenetic variability of the amino
acid composition of Chl. ellip., found that methionine and cysteine do not occur in
free form but rather as peptides and within proteins. This finding is corroborated
by the lack of activity in the alcohol-soluble fraction, where free amino acids and
peptides, along with other substances from the strains we studied, should have
been extracted, assuming that sulfur-containing amino acids existing in peptide
form are nearly completely released into the culture medium [35-37]. Kanazawa's
findings [10] suggest that there may be two extreme types of mutants, accumu-
lating methionine and cysteine in either an increased quantity within proteins or
within peptides. However, if we assume that the content of amino acids in the first
is directly or indirectly related to their content in the second [10], it is possible that
there will be mutants with an increased concentration of cysteine and methionine
in both proteins and peptides, a hypothesis that is supported by our data (Tables
2 and 3).

Prospects for the application of low-molecular-weight peptides in gerontology
include:

1. Heterogeneity of age and algal peptides;

. Control and management of the synthesis and remodeling of algal peptides;
. Peptide bioregulators in geriatrics;

. Characterization of anxiety levels and quality of life;

. Peptideology of emotions;

. Algal peptides and intermolecular mechanisms of human body protection;

. Algal peptides as microbiota correctors.

NOoO o~ WN

Table 1 - Specific Activities of Strains (as a percentage of control)

Activity
Strain
per 106cells per mg of biomass

B, control 100 100
94 185 181
u-6 285 219
u-7 175 134
722:2-S 145 159
283-4, control 100 100
722 201 127
7179 106 144
7199 168 148
;ggg 162 145

196 186
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Table 2 - Activity of Cysteine - A, and Methionine - A2on Chromatograms of
Hydromezon Medium (imp/min) and Their Ratios to the Activity of Control Strains

(A/AOMAJAQ
Strain A A/AOQ Strain A AIAO

B, control 380 1 283-4 control 590 1
94 2170 571 7-22 1050 1,78
U-6 1420 3,74 7-179 1700 2,89
U-7 1770 4,70 7-199 1860 3,15
722-2-S 2030 5,34 7232 1940 3,28

7255 2810 4,77

Table 3 - Activity of Cysteine (A,) and Methionine (A2 on Chromatograms of
Hydrolysates of Alcohol-Insoluble Fractions of Strains and Their Ratios to the
Activity of Corresponding Amino Acids (A,/AQ n A2AQ® of Control Strains (B, 283-4)

Strain A, a2 A/AOi AZAQR
B, control 810 1120 1,0 1,0
94 1550 1190 1,91 1,06
U-6 2520 1190 3,11 1,06
u-7 2010 1110 2,48 0,99
722-2-S 1700 1620 2,10 1,46
283-4, control 810 780 1,0 1,0
7-22 1070 2280 1,32 2,92
7-179 980 1060 1,21 1,36
7-199 1130 1090 1,40 1,40
7232 1050 1320 1,30 1,69
7255 970 1570 1,20 2,01

Table 4 - Rf Values (S&-containing chromatographic analysis of medium
components before (RM and after (Rf2 Hydrolysis

Strain R,, = Strain R, RR

B, control 0,10 0,08 283-4, control 0,10 0,20
94 0,10 0,08 722 0,10 0,20
U-6 0,12 0,08 7179 0,12 0,20
u-7 0,12 0,08 7199 0,10 0,20
722-2-S 0,12 0,10 7232 0,12 0,20
7255 0,16 0,20

Conclusion: A method for determining the relative quantities of sulfur-con-
taining amino acids in biomass and in the culture medium of Chlorella mutants, re-
ferred to as “feeders,” has been described. It has been demonstrated that mutants
94, U- 6, U- 7, and 722-2-S accumulate cysteine in their proteins at levels 2 to
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3 times higher than those of the original strain B, while in the peptide fraction (in
the medium), the accumulation is nearly 6 times greater. Mutants 722, 7179, 7199,
7232, and 7255 not only accumulate more methionine in proteins and peptides
(in the medium) compared to the original strain 288-4, but they also exhibit higher
levels of cysteine in their proteins.i
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‘Byxapa MeMekeTnk yHuBepcutety Byxapa y., B36ekcTaH

D36ekcTaH Pecnybnukackl FbombiM akagemusicbiHbiL, MUKpo61Monorna MHCTUTYThl, Byxapa k.,
B36eKcTaH

3Byxapa MemneKkeTTiK TeXHUKabIK yHuBepcuTeTi, Byxapa K., B36ekcTaH

XNOPENNA ®NOEP MYTAHTTAPbLIHbL, XKACYWALAH ThIC NENTUATEPL
TYWingeme. Makanaga pagvoakTuBTi MHAWKaTopnap 34idH KongaHa oTbipbin, xjopenna-
HblL, «duaepnepH> MyTaHTTapblHAarbl Kydprl 6ap amUHKbIWKbINAAPbIHbIL 60nybiHA 6aii-
NaHbICTbl 6Momacca MeH KynbTypasnblk OpTaHbl Tangay AepekTepi KentipinreH. XXyMbiCTbiL,
MakcaTbl - «duaepnep» MyTaHTTapblHbIL, XacylajaH TbiC eHiMAepiHe 6ainaHbICTbl «u-
OepnK» acepiH TyAblpaTblH 3aTTapabll, Taburatbl KaHgaw gereH cypakka xayan. On ywiw
paavoaktusTi KYKIPT S kemerimeH GipkaTap xnopenna MyTaHTTapblHbIL, 6uomaccacbl MeH
ec”nep opracbiHaarbl KYKpTi 6ap aMUHKbILWKbIIAAPbIHbIL, - METUOHUH MEeH LIUCTEUHHLY, ca-
NbICTbIpMasbl MefLWepiH aHblKTayabll, PaauoXMMUANbIK 34ici KondaHelngbl. Bruomaccagarsi
XaHe xnopenna «puaep» MyTaHTTapblHbIL eciHiinep optacbiHAarbl KYKpTI 6ap aMUHKbILW-
KblN4apbIHbIL, canbiCTbipMasibl MesiepiH aHbikTay golcl cunattanrad. 94, U-6, U-7, 722-2-s
MyTaHTTapbl aKkybl3gapaa uuutenHai 6actanksl B wrammbiHaH 2-3 ece, an nentug™ dpak-
unaga (optaga) WwWamameH 6 ece ken XWHaNTbIHbI kepceTinreH. 722, 7179, 7199, 7232, 7255
MyTaHTTapbl 6actankbl 288-4 WTaMMbIMEH canbicTbipraHaa 6enokTap MeH nentuarepgen
METUOHWHAj raHa emMec, COHbIMEH KaTap 6enoktapfarbl LUCTEWHAI A€ XWHaKTaiabl. TemMeH
MofieKkynanblk NentTuaTep Tamak, gapMaleBTUKa XaHe MeauuuHa cananapbiHia keubleH
KongaHblnagbl. Onap CoHbIMEH KaTap GUOXUMUANDBIK, FEHETUKaNbIK )XaHe Monekynanblk 6uo-
NOruAnbIK 3epTrTeynepaL, 6actanksl Yarinepi 6onbin Tabblnagbl. Atan ainTkaHga, onap ecki
xacywanapgabiy, AHK,-cbiHa acep eTegi xaHe onapably, 6enceHgipinyiHe akenegi xaHe ocbl-
naliwa 6yn xacywanapgbl xacaptagbl. Xnopenna mMeH 6acka 6angbipnapgbil, KongaHbiny
asnchl - ThILANTKbILW XaHe ecy CTUMYNATopbl peTblae eciMaik wapyalbiibirbiHAA; AETOKCU-
Kaums xxaHe UMMYHUTETT HblraikTy YWiH MeguumMHaga, KOCMeTonorusaga xaHe cnoprra; cyabl
oTTenMeH 6aiibiTbin, 6anbIKTbIL, XargaliblH )akcapTy YLiH akBallapyallbiiblKTa; COHbIMEH
Katap 61ooTbIH, 6MonaacTuka eHAipiciHae XaHe XXeMLwen Kocnackl peTiHae.

TYWingi cesnep: xnopenna, MyTaHT, cduaep, METUOHMH, LMCTeWH, xpomaTorpadins, pa-
AMOaKTUBTI MHAMKATOP.

Mwup3aeBa LWL.Y.1 Xanunos V.M.2 Myxamagues 5.T.3 Xanmnosa ®.M.],
>Xanonos 3.6.1

'Byxapckuii rocygapcTBeHHbIn yHuBepcuTeT, . Byxapa, Y36ekuctaH

MHCTUTYT Mukpobuonorum Akagemumn Hayk Pecny6nukn YsbekucTaH, r. Byxapa, Y36eku-
cTaH

3Byxapckuil rocyapCTBEHHbIN TEXHUYECKUiA yHuBepcuTeT, I. Byxapa, Y3bekucrtaH

BHEKAETOYHbLIE MENTUABI MYTAHTOB - ®UNAEPOB X/TOPENbI

AHHOTauus. B cTaTbe NPUBOAATCA AaHHblE aHanM3a 6MOMACCHI W KyNbTypasibHO! cpedbl Ha
cofepxaHne cepocofepXalimx aMUHOKUCIOT Y MyTaHTOB - “GIMAEePOB” X/10Pesibl, UCMO/b-
3ysi METO/, PaIN0aKTUBHbLIX MHAMKATOPOB. Llenb pa6oTsl - OTBET Ha BOMPOC KakoBa npupoga

74



HoBocTu Haykmn KasaxcTaHa. Ne 4(167). 2025

BelLecTB, Bbi3biBaOWUA adhekT «duaepcTsa» 06yCNOBNEHHbIA BHEKNETOUYHbIMY NPOAYKTa-
MW MYTaHTOB - «duAepoB». 18 3TOro NCNonb3oBasICA PagMoXMMUYECKUn meToq onpeae-
NIeHNst OTHOCUTEbHBIX KOSIMYECTB CepocoepXallux aMUHOKUCOT - METUOHWHA U LucTenHa
B 6uomacce v KynbTypanbHol cpefe psfa MyTaHTOB X/10pes/ibl C NOMOLLbIO paAnoakTUBHOW
cepbl S3H OnucaH MeToA onpefeneHns OTHOCUTENbHbIX KOMIMYECTB CEPOCOAEPXKALLUX amMu-
HOKMCNOT B 6MoOMacce v B KyNbTypasibHOM cpefe MyTaHToB - “duaepoB” xnopensbl. MNokasa-
HO, UTO MyTaHTbl 94, U-6, U-7, 722-2-S HakannusatoT B 6enkax LucTenH B 2-3 pa3a 6onblue,
4yeM MCXOAHbIA WwTamMm B, a B nentuaHoin dpakumm (B cpese) 6onblue noytn B 6 pas. MyTaH-
Tbl 722, 7179, 7199, 7232, 7255 HakannusaloT, Mo CPaBHEHWIO C UCXOAHbIM LWUTAMMOM 288-4,
60/blle He TONbKO MEeTWMOHUHA B 6enkax U nentugax, a Takxe uuctemHa B 6enkax. Husko
MONEeKyNsApHble NenTuibl HaxXoAAT WWPOKOe NPUMEHeHne B NULLEBON, dhapMaleBTMYeckon n
MeANLMHCKON oTpacnn. OHM TaKke ABMAAIOTCA UCXOAHbIMU MOAENAMU AN BUOXUMUYECKUX,
reHeTUYeCcKUX U MONEKYNAPHO-6MONOTMYECKUX UCCNefoBaHuWii. B yacTHOCTW, OHW BAUSAIOT Ha
[AHK cTapbIX KNeToK U BbI3blIBAKT MX akTUBALMIO M TEM CaMbiM OMONAXMBAIOT 3TU KNETKU.
Cdpepa npumeHeHns xnopennbl U ApYrMx BOAOPOCNENR - pacTeHWEBOACTBO, Kak yaobpeHue
N CTUMYNATOP POCTa; MeAuLUMHA, KOCMETOMOorMa WU CNopT ANS AeTOKCUMKauMn U yKpenneHns
UMMYHWTETA; B akBakynbType ANA oboraweHns BoAbl KUCIOPOLOM W YNyYlleHWUs COCTOAHUA
pbI6; a Takxe B Npou3BoAcTBe 6uoTonIMBa, 6MONIACcTUKOB U Kak kopMoBas fobaska.
KntouyeBble cnoBa: xnopenna, MyTaHT, duaep, METUOHWH, LUCTENH, XpoMaTorpadus, pa-
ON0aKTUBHBIA UHAMKATOP.
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NEPEBO/ CTATbW / MAKANAHBLL AYOJAPMACHI

Mwup3aeBa LL.Y.1 Xanunos .M.2 Myxamagues 5.T.3 Xannnosa ®.M.],
XXanonos 3.6.1

'Byxapckuii rocygapcTBeHHbIli yHuBepcuTeT, 1. byxapa, Y3beknctaH

MHCTUTYT MUKpobronorun Akagemun Hayk Pecny6nukn Y3bekuctaH, r. Byxapa, Y36eku-
cTaH

PHyxapckuii rocyAapcTBEHHbIN TeXHUYecknii yHusepcuteT, 1. byxapa, ¥Y36ekucrtaH

BHEK/NETOYHbLIE NENTNAbI MYTAHTOB - ®UAEPOB XJ/IOPEJ/I/1bl

AHHOTauuA. B cTaTbe NpMBOAATCA AaHHble aHanu3a 6uomacchl W KynbTypasbHON cpeabl
Ha cofepxaHue cepocofepxalinx aMUHOKMCNOT Y MYTaHTOB - “ddmaepoB” xAopennbl, uc-
nonb3ys MeTo[ pagvoakTUBHbIX WHAMKATOPOB. Llenb paboTbl - OTBET Ha BOMPOC KakoBa
npupoaa BelLecTB, Bbi3biBaloLWnil ahEKT «hunepcTBa» 06YCNOBNEHHbIA BHEKNETOUHbIMU
npoaykTaMn MyTaHTOB - «(uaepoB». a8 3TOro NCnonb30BanCsa PafuoXMMNYeckuini MeTos,
onpeAeneHns OTHOCUTENbHbIX KOMMYECTB CepocofepXxalinx aMUHOKMCNOT - MeTUOHWHA
N uMcTemHa B 6uomacce W KynbTypasbHOW cpefe psfa MyTaHTOB X/10pes/ibl C NOMOLLbIO
paavoaktTusHoli cepbl S3B OnucaH MeTon onpefeneHus OTHOCUTE/bHbIX KONUYeCcTB Cepo-
cofepxallnx aMMHOKMCNOT B BioMacce 1 B Ky/NbTypasbHOW cpefe MyTaHTOB - “dunaepos”
xnopennel. MNokasaHo, YTo MyTaHTbl 94, U-6, U-7, 722-2-S HakannuBatoT B 6enkax LMCTenH
B 2-3 pasa 60nblle, YemM UCXOAHbIN WwTamm B, a B nenTugHoi cpakuun (B cpeae) 6onblue
noytn B 6 pas. MytaHTbl 722, 7179, 7199, 7232, 7255 HakannusatoT, N0 CPaBHEHUIO C UC-
XOfHbIM LWTamMMoM 288-4, 60nblue He TONbKO METMOHMHA B 6enkax u nentugax, a Ttakxe
uucTenHa B 6enkax. HuskomonekynspHble nentTuabl HaXoA4AT LWMPOKOe NPUMEHEHNE B NuLLe-
BOl, hapmaL,eBTU4eCKO N MeAUNLMHCKOW oTpacnn. OHKM Takxe ABAAITCA UCXOAHbIMU MO-
AenamMu ana 6MoOXNMMUYECcKNX, reHeTUYECKUX U MOeKYNAPHO-6M0N0rMYeckux nccnesoBaHuii.
B yacTHOCTM, OHU BAUAIOT Ha [HK cTapbiX KN1eTOK 1 BbI3bIBAIOT UX aKTUBALUIO 1 TEM CaMbiM
OMONaxmBatoT 3Tu kneTkn. Cdrepa NpyMeHeHus Xnopensbl U Apyrux Bogopocnen - pacre-
HWEBOACTBO, Kak yAo6peHne n CTUMYNATOp pocTa; MeauuuHa, KOCMeTo/10rMsa U cnopT Ans
AeToKCUKaLun 1 yKpenneHns UMMyHUTeTa; B akBakynbType Ansa oboraljeHuns BoAbl KUCMo-
pPOLOM U yNyULLEHNA COCTOAHUA Pblb; a Takxe B NPOu3BOACTBE 6uoTonnnea, 6nonnacTukos
1 Kak KopmoBas fob6aska.

KniouyeBble cnoBa: xnopenna, MyTaHT, dugep, METUOHWH, LUCTENH, XpoMaTorpadus, pa-
OM0aKTUBHBIA MHAMKATOP.

BBeneHue. Npou3BoACTBEHHOE UCMOJIb30BaHWE X/I0PE/bl U APYTUX BOAOPO-
cneil penaet He06GXOAUMMBIM pPa3paboTKy MPUHLMINOB U METOAO0B CeNeKuun 3TUX
opraHu3moB. B psife pa6oT [1-4] nokasaHo, YTO Cenekuuo nosesHbix opm 1 Me-
TOAbl OLUEHKM MOXHO MPOBECTU MUKPOOGUOSIOTMYECKMM Ka4yeCTBEHHbIM METOAOM.
OTOT MeTof, OCHOBaH Ha Tak Ha3biBaeMoM 3dphekTe «hugepcrsa» - NOAKOPMKHU,
onpeaensieMblii NO KOMbLy 06GpacTaHUsi ayKCOTPOMHLIX MyTaHTOB BOKPYT KOJ0-
HWUIA X/TOPEMBI.

OpHako, crneflyeT oTMETUTb, YTO aPeEKT «duaepcTea», onpeaensiemolii Ta-
KM crnoco6oMm, eLlé He faeT OoTBeTa Ha Bonpockl: 1) 3a cueT yero npoucxoaut
3TOT aphekT? 3a cueT NPWKU3HEHHOTO BblAENEHWs1 Xnopennoil B cdepy onpe-
[eNeHHbIX MeTabonuToB, MM 3a CYeT aBTOMU3a W BbiAE/IEHNST B OKPYXatoLLyto
cpeny Tex xe BelecTB? 2) Ecnn adhchekT «dhugepctea» [8] 06ycnoBneH BHekNe-
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TOYHbIMW NPOAYKTaMM MyTaHTOB - «(MAepoB», TO KakoBa Npupofa BeLECTB,
BbI3bIBaKOLLUX 3TOT aphekT. K TOMY e TpyaHO CyaAnTb O MPUPOLE BHEKIETOUHbIX
npoagyktos [5-10].

Mpeabiaywasn paboTa [3] B Kakoin-To mepe gana oTeeT Ha 1-/ Bonpoc, a UMeH-
HO, adphekT «duaepcTsa» 06YCNOB/EH BHEKNETOUYHbIMY NPOAYKTAMWU MYTaHTOB.

Llenb nccnegoBaHus - U3yyeHve BeLLECTB, Bbi3biBalOWMX Npupoay «duaep-
cTBa». [lna 3TOro Mcnosib3oBasicsl pafnoXMMUYecknii MeTos onpefesieHnst 0THO-
CUTENbHbIX KOSIMYECTB CepocoAepXallnx aMUHOKACNOT - METUOHMHA U UucTenHa
B 6rioMacce 1 KynbTypasbHO cpefie psiga MyTaHTOB X/10pesi/ibl C MOMOLLbIO pa-
OMO0aKTUBHOI cepbl SH[11-12].

MaTepuan u MeToAbl uccnenoBaHusl. Matepranom NOCAYXWUNu crnegyouime
LWITAMMbl X/10peNbI:

B - wtamm Cllorella vulgarts, nocnyxumswunii ucxogHow gopmat agnsa nonydye-
HUS MyTaHTOB

K-94, U-6, U-7, 283-4, 322, 7179, 7199, 7255, 7232, 7-22-2-S. CNyXWT KOH-
Tponem.

KynbTypa xs0pennbl BblpaluBanack B 06e4HEHHOV HeopraHu4yeckoli cepoii
cpefie cnefylollero cocrasa:

KNO035r/n

Mg(N0322,5 1/n

KH2P 042,25 r/n

MgS040,083 r/n

nwoko3a 10 r/n

K aTomy pacTtBopy f06aBnsnca Na2S350 4 C akTUBHOCTbIO 2 LUK B KO/IMYecTBe
nHaukaTopa. [ByxAHeBHas Ky/nbTypa BOAOPOCMei BblpawiuBanacb B konbax c
15,0 mn cpegoli Ha noacBeTke. OcBeweHHocTb 5000 nk. McxogHas ryctota kne-
TOK 2*1068 M1. MpoAo/MKMTENbHOCTL onbiTa 10 gHeli. 3a 3TO BpeMs Mbl nosyya-
eM [ocTaTtoyHoe KonmyecTBo 6romacchl (~100 mMr) ansa npoBefeHns fanbHerwmnx
aHanun3oB. Knetkn oTAeNsanucb OT Ky/nbTypasbHOW cpeabl LeHTPUdyrupoBaHnemM.
3aTteM KkneTku akctparmpoBanucb 3 pasa 80 % aTtaHosioM ANA yaaseHus nuno-
MaoB, YrNeBoAO0B U APYrMX HU3KOMOMEKYNAPHbIX BewecTs [13]. DKCTpakT oTae-
NANCA 3KCTparnpoBaHMEM, OH UMEN He3HAUUTEsNbHYI0 akTMBHOCTb W3-3a 4ero
oT6pacbiBanca. JanbHenwan o6paboTka KNeTok 3aknwyanacb B rmgponunse ux
paBHbIMY O06bemMaMu KOHLEHTPUMPOBaHHbIX HC1 1 CH3CO00H. Bogopocnu nepe-
BOAWAWCHL B amnyny, U3 KOTOPOi BO3Ayx BbiTecHanca CO2 [MpucyTcTeue 0 2 BO
BpeMA rMaposm3a NOHMXaeT BbIXO4 aMUHOKMCAOT. AMmnyna 3anavsanacb. [u-
noponus nposoautca B TepmocTtaTte npu 1050C B TeyeHun 28 MuH. Tmaponusart
XxpomartorpadupoBancsa (xpomatorpadgp mapku Amstell, BenvkobputaHumsa) B cu-
cTemMe pacTBopuTeneil H-6yTaHON-yKCycHas kucnota - Boga (4:1:5). MNepep xpo-
MaTorpadmpoBaHveM HeOOX0AMMO OTAENIUTb MEXaHUYeckne npuMecu uyaannutb
HC1 [11]. C aTOl Uenblo rMapoan3aT ¢ NOMOLLLIO MUNETKN HAHOCUICA Ha BOPOHKY
BtoxHepa ¢ gBOWHbLIM cnoem hubTpoBasibHOW Bymarn. XXngkoctb 0TUAbLTPOBLI-
Banacb nof BakyymMoM. [na nyywen gecopbumm aMMHOKUCAOT aMmnyna u unbTp
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NPOMbIBANINCh TPWXAbl HEGOMBLIMMK NOpUMAMKU BOAbl. [Maponusat ynapusasnics
noA Bakyymom. [11s NoAHOro yaaneHus HCI B npouecce ynapnsaHusa Heobxoammo
HECKOJIbKO pas3 A06aBnsATb 2 Mn BoAbl [14-20].

Xpomartorpaduyecknii aHanus nutatenbHOW cpefbl NMPOBOAWUICA aHanoruy-
HbiM obpa3om. XpomaTorpadmpoBasncb ofgMHaKoBble Konnyectsa (N0 Becy) ru-
ApoNn3atos, 4YTO6bI NOYYUTb BO3MOXHOCTb CPaBHEHUS aKTUBHOCTEN MYTaHTOB
N UCXOAHbIX WTaMMOB. ®pakuum xpomaTorpaMmm BbICYLUMBANUCHL WM NPOBOAM/IOCH
N3MepeHNe akTUBHOCTEN [14].

Pe3synbTaTbl 1 nx obcyxaeHne. OnbIT COCTOAN M3 4-X NOBTOPHOCTENR, pe-
3ynbTaTbl KOTOPOro CyMMUpOBaHbl ¥ NpeacTasfeHbl B Tabnuuax 1,2. B tabnuue
1 npeacTas/ieHbl AaHHbIE, KacallMecs HakoMIeHUs pagnmoakTUBHOW cepbl 61o-
mMaccamy LWTaMMOB. 3HaYeHUs yAeNbHbIX aKTUBHOCTEN (aKTMBHOCTbL Ha 106k1eToK
N aKTUBHOCTb Ha MI CyXOro Beca 6uomacchbl), COOTBETCTBYOLME KOHTPO/IbHbLIM
wrtamMam (wtamm B un 283-4) B3aThl 32 100 % [21-30]. Kak BuMAHO 13 3TOli Ta-
6/11Ubl, 3HAYEHUS yaesibHbIX aKTUBHOCTEN MCCNefoBaHHbIX WTaMMOB 60blue
B 1,5-2,0 pasa, N0 CpaBHEHUIO C KOHTPONbHbIMW WTammamMu. [ns 6onee 4yeTkoin
XapakTepucTuki WwTammoB 6bln1 NpoBefeH aHanu3 6uomacchbl Ha cepy, cogep-
Xalyl amMUHOKMCNOTbl. OTCYTCTBME 3HAYUTE/IbHbIX KOJIMYECTB aKTUBHOCTEN B
CNUPTOBOM 3KCTpakTe CBUAETENbCTBYET, UTO cepocojepxalivie amMuHOKUCNIOTbI
HaxoAsTCA NPenMyLLeCcTBEHHO B 6ENKOBOM YacTu kneTok [31].

Kak BugaHo n3 Tabnuupl 2, rae npeactaBfieHbl aHHble, NoyYeHHble B pe3yb-
TaTe xpomaTo rpaduyeckoro aHanuMsa CNUMPT HepacTBOPVMMON dipakumu nocne
eé rmaponusa, akTMBHOCTb COOTBETCTBYIOLLAA LMUCTEWHY, HA XpOMaTO rpammax
wtammoB 94, U-6, U-7, 722-2-S B 2-3 pa3a 60/bllU€e, N0 CPABHEHUIO C KOHTPO/Ib-
HbIM WTamMMOM B, B TO Bpems Kak aKkTMBHOCTb METMOHMHA MOYTU OfUHAaKoBa Yy
BCEX 3TUX WITAMMOB, ay wTaMmMoB 722, 7179, 7199, 7232, 7255 akTUBHOCTb Me-
TMoHmHa B 1,5-3,0 pasa 60nblie, N0 CPABHEHUIO C KOHTPO/IbHBLIM WTaMmMoMm 283-4
N aKTMBHOCTb uuctenHa go 1,5 pasa [32-35]. Y u3yyeHHbIX WTamMMOB Habnoaa-
N0Cb MpeBbIleHNne aKTUBHOCTW He TOJIbKO B CMMPTOHEpPacTBOPMMON hpakunu, a
Takxe B Ky/ibTypasibHOW cpege (Tabnuua 3). B Tabnuue 3 npeactaBfieHbl AaHHble
XpomaTorpadymyeckoro aHanusa cpefbl nocne ee ruaponusa. Kak BugHoO n3 atoii
Tabnuubl, wrtammel 94, U-6, U-7, 722-2-S HakannusawT B cpefe uMcTenHa go
KOHLEHTpaLuum B 6 pa3 npeBbilatoLnii KOHTPOMNb U WTaMMbl 722, 7179, 7199 Ha-
KannuBalwT METUOHWH 60/blUe, N0 CPABHEHWIO C KOHTPO/IbHbIM LWITAMMOM 283-4
0o 5 pas.

B Tabnuue 4 npuBefeHbl 3HaYeHUs Rf, NosyyeHHble B pe3ynbTaTe Xpomarto-
rpachmyeckoro aHanmsa nuTaTeNbHON cpefpbl A0 U Nocne rmaponusa. 3HavyeHmsa R{
M3MEHANUCL B pesynbTaTe rmaponmnsa, YTo 3actabniseT npegnonaratb, YTO MeTU-
OHWH W UMCTENH HakanaueawTCcs B cpefe He B CBO60AHOM BuAe. Bo3MOXHO, 4To
M3MeHeHVe 3HayeHus R{ BbI3BAHO XVMWYECKUMU NPEBPALLEHUAMN 3TUX aMUHO-
KMCNOT BO BpeMs rngponmsa [36-38].

MonyyeHHble pe3ynbTaTbl COracyoTCa C AaHHbIMU, UMEILWMMUCS B nTepa-
Type. Tak, KaHa3aBa [10], u3yyass OHTOreHeTU4eckyld M3MEHYMBOCTb aMUHOKWKC-
noTtHoro coctasa Chl.ellip., o6HapyXwua, 4TO y HUX METUOHWH U UNCTEUH BCTpe-
yalTcsa He B CBOOGOAHOM BuAe, a B BuAe NeHTMA0B 1 B 6esikax, 4To noaTBepxaa-
eTcA OTCYTCTBMEM aKTUBHOCTM B CNMPTOPACTBOPMMON (hpakuuun, rae LOSIKHbI
6blIM 3KCTParnpoBaTbCcs CBOO6OAHbIE @aMUHOKUCAOTLI U NENTUA HapSAAYy C APYTUMU
BellecTBaMu, U3YYEHHbIX HaMK LITaAMMOB, €CU AO0MNyCTUTb, YTO cepocoepxa-
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e aMMHOKUCNOTbI, Haxogslmecs B nenTuaHoli oopme BbIAENATCA UMW NOYTH
NONHOCTbLIO B Ky/bTypanbHyto cpegy [35-37]. AaHHble KaHa3aBbl [10] no3BonstoT
nonaraTb, YTO MOTyT GbITb ABa KpaWHbIX TMNA MyTaHTOB, HakananMBawLmx MeTno-
HVH U UMCTENH C NOBbLILLEHHbIM KOJIMYECTBOM €ro unm B 6enkax, uam B nentugax.
OpHako, ecnv AonycTUTb, YTO COAepXXaHne amMUHOKMCOT BO-NEPBbIX NPAMO WUn
KOCBEHHO CBfI3aHO C COAepXaHnem ux, BO-BTOpbIX [10] BO3MOXHO, UTO 6yAyT My-
TaHTbl C NOBbLIWEHHbIM COAEPXAaHNEM LUCTENHA U METUOHMHA Kak B 6efkax, Tak u
B Mentugax, 4To nogTBepxaaeTca AaHHbiMU Tabnuy 2 n 3.

MepcnekTyBbl NPUMEHEHNA HU3KOMOEKYIAPHbLIX NENTUA0B B FEPOHTO/IOMUN:

1 leTeporeHHOCTb BO3pacTa 1 nenTuibl BOAOPOCNeil;

2. KOHTpPO/b U MEHE)KMEHT CUHTE3a U pemMoenmpoBaHusa nenTuaos BOAOPO-
cnem;.

3. MenTnaHble 6uoperynaTopbl B repuatpuu;

4. XapaKkTepucTrka YpOBHEN TPEBOXHOCTU N KAYeCTBa XU3HU;

5. MenTtnaonornsa amouuii;

6. MenTuabl BOAOPOCNEN U MEXMOEKYISAPHbIE MEXaHWU3Mbl 3aLLNTbl OPraHns-
Ma 4yesioBeka;

7. NenTuabl BOAOPOCNENA- KOPPEKTOPbI MUKPOOUOTDI.

Tabnuuya 1-YpenbHble akTUBHOCTU WTaMMOB (B %% K KOHTPOJIH0)

AKTUBHOCTb
Wramm
Ha 106 kneTok Ha Mr 6uomacchl
B,koHTpO/b 100 100
94 185 181
U-6 285 219
U-7 175 134
722-2-S 145 159
283-4, KOHTpO/b 100 100
722 201 127
7179 106 144
7199 168 148
7232 162 145
7255 196 186

Tabnuua 2 - AKTUBHOCTb LMUCTENHA - A, U METUOHNHA - A2Ha XpomaTorpaMmmax
rmapomesoBaHHoOl cpefbl (MMN/MUH) U X OTHOLIEHUS K aKTUBHOCTU KOHTPO/bHbIX
wTtammoB (A,/A0n AZA0

Ltamm Al AN Ltamm A1l AN
B,KOHTpONb 380 1 283-4 KOHTpO/Ib 590 1
94 2170 571 7-22 1050 1,78
U-6 1420 3,74 7-179 1700 2,89
U-7 1770 4,70 7-199 1860 3,15
722-2-S 2030 5,34 7232 1940 3,28

7255 2810 4,77
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Tabnuua 3 - AKTUBHOCTb umcTenHa (A,), 1 MeTMOHUHA (A2 Ha XxpomaTorpammax

rMApoNM3aToB CNMPTOHEPABCTBOPUMbIX dpakLmii LWWITaMMOB U UX OTHOLLUEHUS K

aKTVBHOCTWN COOTBETCTBYHOLWMNX aMUHOKUCNOT (ATAQ n A2ZA® N KOHTPObHbIX
wrtammosB ( B, 283-4)

Strain A, a2 AT AL A2AQ@
B,koHTpO/b 810 1120 1,0 1,0
94 1550 1190 1,91 1,06
U-6 2520 1190 311 1,06
uU-7 2010 1110 2,48 0,99
722-2-S 1700 1620 2,10 1,46
283-4, KOHTPO/b 810 780 1,0 1,0
7-22 1070 2280 1,32 2,92
7-179 980 1060 1,21 1,36
7-199 1130 1090 1,40 1,40
7232 1050 1320 1,30 1,69
7255 970 1570 1,20 2,01

Tabnuua 4 - 3HaveHna Rf ( SH- cogepxalwmx KOMNOHEHTOB XpomMaTorpadm4yeckoro
aHanusa cpegbl 4o (RM) mn nocne (Rf2) rugponusa

Strain RN r2 Strain RN r2
B,koHTpO/b 0,10 0,08 283-4, KOHTPO/Ib 0,10 0,20
94 0,10 0,08 722 0,10 0,20
U-6 0,12 0,08 7179 0,12 0,20
uU-7 0,12 0,08 7199 0,10 0,20
722-2-S 0,12 0,10 7232 0,12 0,20

7255 0.16 0.20
BbiBOg

OnucaH MeTof onpefesieHnss OTHOCUTESNbHbIX KOJIMYECTB Cepycofepxalumnx
aMUHOKUC/OT B Buomacce u B Ky/ibTypasbHOW cpefe MyTaHTOB - “ddmaepoB” x/o-
pennbl. MokasaHo, YTo MyTaHTbl 94, U-6, U-7, 722-2-S Hakan/iumBawT B 6enkax
uMcTenH B 2-3 pasa 60nblue, YeM UCXOAHbIM WTaMMm B, a B nentmgHoin dpakuymnm
(B cpeae) 60nbwe noyt B 6 pas. MyTaHTbl 722, 7179, 7199, 7232, 7255 Hakannu-
BalOT, MO CPABHEHMWIO C UCXOAHbIM WTaMMOM 288-4, 60/blie He TONIbKO METUOHMU-
Ha B 6enkax n nentugax (B cpefe), a Takke uuctemHa B 6enkax.
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