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LEMUONKMa3NKL

Uwnbuwfununipyjwu  pbduwjh  wpnpwwunyeyniop:  (Sbpdndh;  (obipdwubip)
dwupkutiph  YEUuwpwqiwquinygjuwu nwniduwuppniginiup Yuplbnp £ ng dhwju
pwndp stpdwumnhbwuwihu  wwjdwuubpnd  dwupbubph  hwpdwpynnwywunyejwu
dbjuwuphqdubph  JGpdwudwu, Ywuph Swgdwtu L Yuwuph obipdwunhbwlwht
uwhdwuubph Jbpwpbpw dbp yuwnlybpwgnwubph punujudwi, wyl' duwhwnny
wnwudtuwhwwynyeniiubpnd - odnywd  Yhuuwwbluuninghwywu  Yhpwndwu
hGnwulwp nibgnn  Jwukubph W npwug  hhdpny unp  wpryniiwybun
wbfuuninghwubiph dpwldwt nbuwlybnhg [Straub et al.,, 2018, Arbab et al., 2022,
Vavitsas et al., 2022]: (dtpdndh] dwupbubph puwlwu YEuuwdhowywiptphg bLu
bpYypwebipdwyht, win pYnud® Yapbpypjw niwp hwupwihu wnpnipubpp [Ulucay et al.,
2022], npnugnd hwpnwn  Fotwb Cwjjulwt  Gnbwgtuwphp: Leplugnou
Gpypwebpdwiht  wnpnipubphg  dGynwwgdtp b unyuwlwuwgylp Gu pwqdwphy
ptipdndh| L hhwbppbpdindh| dwupkubp, npnup Yhpwnynud Gu
YEuuwwnbuuninghwlywu wpuwnpnigniuubpnud npwbiu obndwlywjniu
hhnpnwqubiph, Ful-wnhdbpwqubph b wyp $bpdeunubph wlinhy wpunwnphsubip
[Killelea et al., 2014, Aschenbrenner and Marx, 2017, Abdollahi et al., 2021, Ulucay et
al., 2022]:

Ubpnp wuwnpngbt pdnopquunupnd pwlunbphwtbpp, dwutwynpuwbu Thermus
gbinh ubpyuywgnighsubipp,  hwynuwpbpynd  Gu - Gpypwebpdwiht  hwupwiht
wnpnipubipnud [Albuquerque et al., 2018]: THhwup odwnywd tu obpdwjht upnbuhu
nhdwywybnt 6Yniu dEluwuhgdutipny b hwjnup Gu npwbu YEuuwwnbuuninghwwu
Yhpwnnipinit quwd  pwqdwpehy  dbpdbuntbph,  win pdnd’ obpdwlwgniu
wnihdtpwqutiph wywhy wpnwnphsutn [Cava et al., 2009, Sysoev et al., 2021]: Pwgh
nbwyhywghwihg L nbtwwpwghwh gnpépupwgnu  qtundh  wdpnnowywunyejwu
wwhwwudwu Yuplnp Yuuwlw nbphg, Vule-wnihdepwqubpp in vitro Yhpwnynuwl
Gu FLI3-h Ynuwynpdwl, ubpybuwynpdwl, tpwnpdwu, b wy nbjuuninghwubpnud
[Gibbs et al., 2009, Killelea et al., 2014, Coulther et al., 2019]: Unwshu 9bpdwljwniu
YUl wnjhdbpwgp Tag wnihdbpwqt £ wiowwnwd Thermus aquaticus
obpdwlwiniu  pwlwbippwihg:  Uhts  opu  Ulwpwgpwsé  obpdwluwini Fulo-
wnihdbpwqutipp wwppbpdnud Gu hpbug sbpdwlyw)niunyewdp, wpngbuhynyejwdp,
TLl3-h uhupbgh Gogpunnejwdp, dEUuwhwwnyniejwdp, Ynunwdhuwgunn Uynietiph W
wpgbijwyhsubph uuwndwdp Yuninyejudp W wju [Aschenbrenner and Marx, 2017,
Coulther et al., 2019]: Ubpluwjnwdu ulwpwgpwsd wnhdbpuquiht onpwwlywu
ntwyghwih  (MCMY) hpdpnd pwqiwehy dbpnnuGpnd Yhpwnynd Gu huswbu
Thermus, wjuwbu k| pbpdndhy nt hhwbpebpdndh; dwuptubph  wy gbntpp
nbtuwlubiphg wuowndwsé Yuld wnhdbpwqubipp [Zhang et al., 2015, Aschenbrenner
and Marx, 2017]: Ubuwhwuwnly hwwlwuphoubp nitbgnn  obpdwlwjni Fule
wnhdbpwqutph Yhpwnnwip Yuplnp Bu bwlbe wfuinnpnohy dbpnnubph dowlydwu L
pwpbjwydwu wbuwlbinhg [Aschenbrenner and Marx, 2017, Coulther et al., 2019]:
LGnlwpwp, unp dEtwhwinnly wnwuduwhwwnlynyeniuubinny odinyws stpdwlywyniu
Tulg wynihdbtpwqubph hwjnuwpbpnup dwdwuwlwyhg Yeuuwnbiuuninghwih wpnh
hphduwfuunhpubiphg £ Lnuwjht  Twpwpwnh  wnwpwdpnid  hwjnuwpbpdwd
LPwpdwbwnh GpYypwebpdwihu wnpniphg 7. scotoductus inbuwlht  wwwnlwunn
otwdp daynwuwgdwu nL nnpwuhg dwgnn dauwhwwnny



wnwuduwhwwnyeniiubpny odinywsd Yure wnihdbpwg I-p’
YGuuwwnbuuninghwynd Yhpwndwtu hbGnwulwpubph  pwgwhwyndwuu £ ughpdwd
wju wotuwnwupn:

Uojuwwnmwuph twywwwlp b puunhpubpp: Wluwwnwtph tywwnwlu £ bnbp

Lwpjwbdwnh Gpypwebpdwht wnpniph dhypnphnuwih Juqdh nwnwiuwuhpndp,

wjn wnpninhg deynwwgywsd 7. scotoductus K1 obipdwubn pwlwbphwih l-nhwh

Yul-wnhdbpwgh  nbYyndphtwun  $bpdbunp  unwgnwip,  punipwgpnudp b

Yhpwnwlwu ubipnidh pwgwhwjinnwp:

UzI‘uwmw‘Up‘u hpwywuwgubint hwdwp wnwewnpybi Gu hbnlyw) fuunhpubpp.
wdbgdwu L wébkignudhg wuljwiu (njtynywihtu) dbennubph Yhpwndwdp
nwnuwuhpb GnYypwebpdwihu wnpjnipubiph dhypnphnuinwgh
wmwpunundhwywt pwqgdwqwunyeniup, dkynwwgut) U Euninhywywi,
ghunmphywlwu nu Shipgbubinpyulwyu  hwwnwuhpubph  hpdwu  Ypw
unyuwlwuwgub| Thermus gbnhu wwwnlwunn pwynbphwubp:

e Ubynwuwgdws T. scotoductus K1 pmnwidh ghundh ybpndnipywdp yepdwuywd
l-whwh UG wnihdbpwg Ynnwynpnn gbup Yintwynpby dbgndhy nbip-
opqwuhgdnud®  hunniyghnt  dbjuwuhgqind  wnwybjugnyu  pwuwyny
phpwhuwiht uyhwwlynig unwuwnt hwdwp:

e (wnuwuwuhpl] dwppywd uwyhwnwynigh hphduwlhwu  $hghywphdhwlywu
{owywhdw obipdwuwnhéwu, dhewdwyph pH, hnutbph  wgnbgnyeiniu,
ohpdwlwjniunggniu) L gnpdwnnipwihtt - (MG hpwlwuwgubnt
Yupnnnigintt, Gagpninieinit) hwinlwuhubnp:

e Uwppws uwhunwlyngh' MM wdyhbpyugdwu  nbwlghwubpnu
Uphpwndwt hwdwp pwpbjuwyt] nbwlhghnu fuwnunipnh pwnwnphsubiph b
ntwlghwih hpwywiwgdwu wwjdwuubpp:

e Uupwwnygwsd wnhdbpwgh  hpdpny  dowlyp MG wbfuuninghwih
thnpédwpwpwlwu dnnk;:

Uojuwwnwuph  ghuwlwtu  unpnypp:  Unwoh  wuqud  Pnpp  Ynyluujwt

wmwpwdwonpowuh  Gplypwebdwiht wnpnipubphg  dbynwwgybp £ wuwnpngbu

ptpdindh; dwupbwiht Ynywnipw b wnih$wquihu dninbgdwdp unyuwlwuwgyb) §
npwbiu T. scotoductus mbuwlyht wwwnlwunn dwupk: Unwoht wugqwd wn 2nwdhg
unwgyt; b nunuwuppdb £oobpdwluwimu YU wnhdbpwg | uyhunwlng'
dniEyniwiht YEuuwpwuwlwu mwpptp depnnubpnd Yhpwndwt vpwuwynipjwdp:

Ppwlwuwgyb) & uyhwnwlynigh hbwbpning bupypbuhw' l-inhwh Yure wnihdbpwgh

pwpép  pwlwlh uwnwgdwt Uwywunwlyny:  Lhnbpnwghwlwu  Epuwypbupwip

wpryniupnwd wugwwnywd U dwppwd  wnihdbpwgh hhdpny  dowlyt; £ NTR
wbfuuninghwih  gnpdwpwpwlwu  dnnbl wwpwpunye  YUG unuwwnpubph

Yhpwndwdp:

Uluwmnwuph  gnpSuwluwtu  wywuwlnpyniup: UWluwwwuph  pupwgpnd

dbynwwgyws phipdndh| Thermus scotoductus K1 oinwdu wjwunwnpyb £ << UU

«Lwjybuuwwnbfuuninghw» FUY-h  «Uwupbubpp  wjwinwnpdwu  YGunpnoe

hhduwpynd' MDC 11681 hwdwph b 2hdph ubppn: Lodwd 2nwdp hwdwipb | 5ML

Yhkuuwphdhwyh, dwupbwpwunyewu b YEuuwwnbfuuninghwih wdphnund unbndyws

Epuinptindh| dwupkubph Ynyunnipuiubph hwdwpwdniu b wpnn b dwnwjbp npwbu

opiiin  wwpwwnbuwl  hbnwgnunngniutbpndd® bpwnw;  pEpdndhhwih



dbjuwuhgqiubph  Jbpdwudwt, ynipwihnuwtwywiht - wnwuduwhwwnynyeniuubnp
nwnwuwuppdwyu b YGuuwwnbjuunnghwind  nwpwnbuwly  YEuuwdniGynyubpp
unwgdwt hwdwn: Uwupku ubpwnyb) £ uwb 6MC YEUuwpwunyeuu Swlnyntinp
UGUuwphdhwih, dwupbwpwunppwu UL YEUuwwnbuuninghwih  wdphnunwd
nwuwywunynn  «Uwupbwpwunieiniu b Jhpnwuwpwungentt»  nwupupwgh
[wenpwwnp wotuwnwupubpnd' npwbu pipdndh) dwupkh dnnb: FEpdndh) 2nwdh
Ul wynhdbtpwgh gbuu mup Yppwnwlwu ubipnd gbubinmphluywu Yintwynpdwu
Swuwwwphny YUl wnhdbpwgh wpunwnpnqwt  hwdwp: bpdwlywiniuy 7K1
U wnhdbpwgh Yhpwnnwp hwnwwbu  hGnwulwpwhu  Ywpnn £ (hub,
wfunnpnohs  phunbph  dwldwu  gnpdpupwgnd”  $hpdbunh  dh owpp
wnwudUwhwwynpnibubph, dwubtwdnpwwbu' pupép Ggpuneut, nuuwlwu b
dnywnpwtipu MGM-h wpnyniiwybn hpwlwuwgdwu gunphhy:

Muwynywunipjuup tkpywjugynn hhduwlwu npnypeubkpp.

e Lwpjwbéwnh GpYnpwebipdwihu wnpniphg deynwwgyws 7. scotoductus Ki
2tnwdp UG wnihdbpwg I-h hEnwuywpwihu wnpjnip

e Uyhwwyniguwiht hwonpnwlwunipjut wywhwwudwdp YUl wynhdbpwg -h
gbuh UYnnnuwhtu pwpbuwddwdp  pwpdp  dwppnygjwdp  nBYndphtuwum
dtpdGunwihut N- b C-dwjpwjhu hhuwnpnhuwihu thond uwhwnwynigubiph
Gpp  hwlwwwwnwuluwuwpwp 1516 dg L 1615 dg L poowiht
Ytuuwquuqywsdh dkly gpwdhg:

e (Hayndphuwuwn uwyhwnwynigp wnujwqt dbY dwd Yuniu £ punhnuy dhusl
80°C obpdwuwmhtwund, hwpwpbpwlwu Yuyniunggniu £ wywhwywiunid
88°C-nud, huly 95°C-nid 15 pnwb huynipwgdwu nbypnd wwhwwun L
wywnhynipjw Yiup:

e TsK1 YL wnhdbpwgp pwpép wpryniuwybnnyejudp wdwyhdhywgund b
wnudwqu 2.5 h.u.q. swhnyd wpnnnijunubp huswbu 68°C, wjuwbu b 72°C-
nul onpwih Gpluwpwgdwu nbwypnud:

o TsK1 YUfG-wnhdbpwgp Gpynt wuqwd wybh 62gphin £ woluwwnnd, pwu
Tag wnjhdbpwqap, 7K1 FLlG-wnhdbpwgh Yhpwndwdp wpryntbwybin NS
hpwywuwgdwl hwdwp dawlwd owwnhdw| woluwwnwupwiht pridbiph
Ywagdp hbwlywiu £ 10 dU Tris-HCI, pH 9.0, 50 dU KCI, 0.1% Triton X, Mg**
hnuh |pwgnighs 3 dU L 10% gihgtipnih wybjwgdwdp:

Uwnbuwjunuwlwt  woluwwnwuph Juwwyp ghunwlwtu pbGdwukph  hbGwn:
Uwnbtwhunuwlwt  wouwwnwuptu  hpwlwuwgyt £ << F4-h 15T-1F399, 18T-1F261
dwolwgpbpny wwjdwiuwgpwiht ptdwwnhly Shuwtuwynpdwu dpwagpbph, <wuljwu
Uppenigjwu U ghwnypuu  wggqwiht - hhduwnpwdh  (ANSEF)  NS-microbio 4676,
Pwnapwagnyt Yppnygqwt nnpuinud dhowgguiht hwdwgnpdwlgnipjuu unpybguywt
ytuwnpnuh (SIU, DIKU, HK-dir) CPEA-2011/10081, CPEA-LT-2016/10095, CPEA-LT-
2017/10061 npwdwunphwht dpwapbiph 2powtwlubpnid:

Upluwwmwuph  ppwhuwiwgdwu  Juypp:  Unbuwfunuwlwt  woluwwnwupu
hpwywuwgyb £ 6ML YEuuwphdhwih, dwupbwpwunyequu b YEuuwmbiuuninghwih
wdphnunu, Ripgtup (Lnpdbghw) hwdwuwpwuh YsLuwpwUnyeywt wdphnunud:
Unbtwhuinuwjwt woluwmnmwuph wwypnpuwghw: <Gnwgnuniejwu wpryniupubinp
gtynigyti; Gu 65N YGUuwphdhwih, dwupbwpwunyeuu b YEuuwwnbiuuninghwih
wdphnup U Pbpgbup hwdwuwpwup Y5Uuwpwunejwlt wdphnuh uGdhuwpubipnud,



«Jwupbwpwunigywu b dwupkubph YEuuwwnbluuninghwih twénwutinp» funpwgpny
dhowgguwiht ghwnwdnnnynd (Gplwt, <wywuwnwl, 2014), Epunptiindhjubph 10-pn,
(Uwulyw-Mbwnbppning, Mnwwuwnwu, 2014) dhewqquiht Ynugpbunwd, Gypnwwljwu
dwupbwpwuubph FEMS 6-pn (Uwuwphfuwn, ULhnbpwunubp, 2015) Ynugpbunid,
Uwupkutph EYyninghwyh ISME 15-pn. (Ubiny, <wpwywiht Ynpbiw, 2014), «Uwupkubpp
L npwug Yhpnwubpp. EYyninghw, pwqdwquunentu bW Yhpwnniggniu»  funpugpny
(fphthuh, Ypwuwnwi, 2019} dhowqgwihu ghnwdnnnynud:

Lpwunwpwljws wofuwmnpyniuubpp: Unbuwfununigjwt  hhduwnpnypubpt nt
wpryntupubipu wdthndijws Bu 17 ghnwlwt woluwwnnggniubpnd’ 6 hnnwdubpnud,
npnughg 1-p° wnwug hwdwhbnhuwlubph, 3 gpph gniuubpnd b dhowgqujht
ghwnwdnnnyubiph 8 pbghutbpnud:

Upluwwmwiuph Yunngwépp b éwduwpp:  Uwnblwfunuwywt  wouwwnwupp
owpwnpws £ 143 Eoh  Jpw, ubpwnnd £ 54 uljwup L 10 wnnwwy:
Unbuwfununiginiup Juaqddwd b «Kwwwynudubph b dphwydnpubph  gwulyn,
«Lbpwdnipginu»,  «Fpwlwungyzjwt wyuwpy», «Pnpdwpwpwluu dwu»,
«Upryntuptp W npwug  putwpynuwpr,  «Udthnihnuw»,  «Ggpulwgnieniuubins,
«Ogunwgnpdywd gpulwiunypyut guuly, «Lwybwd» pwdhuubphg:

LNkt 1. 4rULULNRG3UL ULWLUNY

Qnifu 1-nud ubipluyjwgywsd £ Thermus gbinhu wwwnlwunn phpdndh] dwupkbubph
nwpwdjwoénieiniup, Jupgwpwunyeniup b Shingbubgp, dnpdn-bhghninghwlwl,
ujnipwhnfuwuwywihu L YEuuwphdihwlwu wnwuduwhwwynigniutbpp,
Eyninghwlwu nbpp U pwgdwquwunyeniup, gbiundh Yunnigywdpp, huswbu twl’
npwug YEuuwwnbuuninghwlwu ubipndp: Lwpwgpywd Gu YLl wnhdbpwqubph
Yunnigwdpp b wnwudUwhwwnyniyeniuutipp, npwug Yhpwnwlw bawtwynyeiniup,
obpdwlwiniu VLI wnhdbpwqubph wnwybnyenwubpp b Yuuwwnbuuninghwlwu
ubpnidp: Pbpdwd Gu onyugnud hwynuh sepdwluwniu YL wnihdbpwqubph
ophuwlubn:

4LNkhu 2. <6SURNSNRE3UL L3NkEEN B4 U@NILEN
Lhwnmwgnuinieyut opjliwnubpp: Nwnuwuppnyquu Une Bu Sdwnwjb] Pwpywéwnh
wnpniph opwiinndwiht udnpubipp, dbynwwgwd Thermus scotoductus K1 wbpnp
ptpundh; wuwnpngbu dwupbwywu onwdp U wn dwupkth YU wnjhdbpwg |
uwyhwwlngn:
Tufe-h wugwunuip b gbubkph NN wdyh$hlugnudubpp:  pwnndwiht
udnwpubiphg hwupwgnwwpwiht LU wuswwnyty £ bpdbunwihtu [Marmur, 1961]
L UHU-ny pwjpwiwu btnwuwyubpny [Dempster et al., 1999]: GGundwjhtu Fula-h
wuowwndt hpwlwuwgyb) E GenElute™  Bacterial Genomic Kit (Sigma) wnlunpwjht
hwywpwédnth dhongny:
Ubtynwwgywsd Ynywnipwih gbundwihu Fule-hg 16S nVFula-h wdwhbhlwgnidu
hpwlwuwgyty £ McN dbpnnny’ 16SF L 16SR hwdipunhwunip pwlunbphwlwt
thpwydkipubph gnygny [Rainey et al., 1992]:
Ubpybuwynpnuwip b wdyujubph  Yeuuwhu$npdwwmphlulwu  Jbppnidnipyniup:
Lwupwgnuiwpwiht Yuld-h dbwmwgbundwiht  hGnwgnwnyeniutu hpwywugyt)
Qbpdwuwlwu GATC Biotech ubpybuwynpdwu YGuwnpnunid Genome Sequencer



llumina  HiSeq : 16 -
ABl (PRISM 3730x1)

(Sanger, Functional Biosciences (Madison, WI))

ABI Prism BigDye Terminator kit (Perkin Elmer)
KL PacBio RS

Celera Assembler-
GATC Biotech ( ) (http://www.gatc-biotech.comb Kl

Mauve 2.3.1 [Darling et al., 2004]:
NCBI Prokaryotic Genome Annotation Pipeline [Seemann, 2014],
' RAST (http://rast.mnpdr.org/) [Aziz et al., 2008, Overbeek et al.,

2014]: ( )
ANI  calculator (http://enve-omics.ce.gatech.edu/aniA:
Genome-to-Genome

Distance Calculator-  (http://ggdc.dsmz.de/distcalc2.php) [Meier-Kolthoff et al., 2013]:
SEED

[Devoid et al., 2013]:

[Brock and Freeze,
1969] [Brock and Freeze, 1961]:

[Degryse et al.,

1978 Manaia and da Costa, 1991]:
(Motic  10)
[Kalab et al., 2008]:

[Miller, 1982]: ,

MEGAX [Kumar et al., 2018]
16 - , '

Swiss-model
[Bertoni et al., 2017, Bienert et al., 2017].
- 1- . -
, GenScript (https://lwww.genscript.comA:
FX (fragment exchange)
[Geertsma and Dutzler, 2011]: p7xC3El
(Addgene # 47065) p7xNH3 (Addgene # 47064) [Geertsma and
Dutzler, 2011]:
- 1-

E coli BL21 (DE3)


http://www.gatc-biotech.com
http://rast.mnpdr.org/
http://enve-omics.ce.gatech.edu/aniA
http://ggdc.dsmz.de/distcalc2.php
https://www.genscript.comA

Qubit Assay kit-  (Life Technologies):

1 7sK1

[Choi et al., 2006] Tri-Carb 2900 TR Liquid Scintillation Analyser

(PerkinElmer) pH-
' MOPS-NaOH (pH 6.0-8.0, 25°C),
Tris-HCI (pH 8.0-9.5, 25°C), -NaOH (pH 9.0-10.0, 25°C):
, K+ , (Mg2+, Mn2)
[Choi et al., 2006]:
puUC19
(NEB), lacz 265
v o+,

, ' (Primer3
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/))
B} ' 3, 47, 50 52
(Fidelity) :
- (blue-white) ,
[Lee et al., 2009]:
pUC19 , 265
Ndel  Hindlll


https://www.ncbi.nlm.nih.gov/tools/primer-blast/)

lllumina HiSeq

n (read),
94.2%- 83.8%- '
0.04% 0.07%- ,
: Proteobacteria
( 85%-
), Bacteroidetes, Actinobacteria, Firmicutes, Chloroflexi,
Ignavibacteriae, Deinococcota  ( ' Deinococcus-Thermus)
( 2):
5- , )
, K1L: ) )
- ( . )v ’
0 2-0.25 2.15-2.90
( ):
2.
101
1<
(\6500 )
Kl KL

16



01 [Kief 6
1 «l
)
« »
7 K
6 - -
A,
>\ 10« 103930)
|«769 4| 366928
MVl 73020 | A580314]
£1y ~0s2127]
« X1
~ 074428]
A 110 1 T|«<77409 ™»=>2«4528
NN3-7 IV 111411
NNO9-02 1X7=3210001
YIM77224 |3X1 1238 |
~y CFH72773 18041870 |
VI7Za704 1850810011
) ~8576031
VIM77028 1X08020741
#7=4 ~84001
7 38 12150021
108 || 03022401
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CATATENAH AH/ POBEPTOBHA

FETEPO/IOIMYECKAA SKCIMPECCUA, XAPAKTEPUCTUKA U
BUOTEXHONOMMYECKWIA MOTEHUMAN TEPMOCTABW/IbHOW OHK-MOMIMMEPA3bI
| ITAMMA THERMUS SCOTODUCTUS KL
PE3IOME

KntoueBble CrioBa: reotepMasibHble UCTOUYHUKM, METareHoMHble uccneaoBaHusi, Thermus
scotoductus, JHK-nonumepasa, reteposornieckast aKkCnpeccusl.

M3yyeHo 6uopasHoobpasve MUKPOGMOTbI reoTepMasibHOro  UCTouHMKka — Kapsauap
(HaropHbiin Kapabax) metogom cekBeHupoBaHusi ILLUMINA. B MuKpo6GMoTe MCTO4YHMKA
o6HapyxeHbl npegctasutenn Proteobacteria, Bacteroidetes, Actinobacteria, Firmicutes,
Chloroflexi, Ignavibacteriae, Cyanobacteria, Nitrospirae, Synergistetes, Acidobacteria,
Planctomysetes, Deferribacteria, Spirochaetes, Chlorobi, Verrcomicrobia un pgpyrux
cunymos. [MokazaHO Takke npucyTcTBuMe npeacTtasuteneli gmnyma Deinococcota (paHee
Deinococcus-Thermus) B MMKpo6roTe MCTOYHUKA. BOMBLIMHCTBO MAEHTUULMPOBAHHbIX
GakTepuasibHbIX  unoTunos umMerwdT 83-98% (B OCHOBHOM <94%) CXOACTBO C
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U3BECTHbIMM BUJAMM WM POJAMM, YTO YKasblBaeT Ha YHWKalbHbIA COCTaB WMCXOBHON
MUKPODUOTBI, BK/IHOYaA HOBbIE U €lLie HE OTKPbITbIE BUABI MUKDOOPraHU3MOB.

BoigeneH HoBblld TepMocunbHbIii bakTepuanbHblii wtamm K1, KoTopbiii nonudasHbiMm
meTojamu  uaeHtuchnumposaH kak  Thermus  scotoductus  Kl.  TpoeepeHbl
CEKBEHMpOBAHWE W JeTanHblii aHanus reHoma wramma K1, a Takme usyueHue u
CpaBHeHWe reHoma ¢ 6NU3KOPOAHBIMU BUAAGMU.

Pacwmcpposanbl HykneotugHaa 1 6enkosad MOCNEAOBATENbHOCTU T€HA, KOLMPYHOLLEro
IOHK-nonumepasy | wramma Ki. Bbiaeneno, 4to ucxopHbiii reH [HK-nonumepasbi
BKtovaeT 2493 H.n., KoTopblil KoaupyeT b6enok ¢ monekynAapHoll maccoid 93613,61 us
830 amuHokMcnoT (HasBaHHbIW TsKT). dunoreHeTudeckuii aHanms nokasan, 4to 6enkoBas
nocneposatenbHocte  JIHK-nonumepasbl TsK7 umeet Bbicokyto romonoruto ¢ JHK-
nonumepasamun 1. scotoductus SA-O1 v T. antranikianii v cyliecTBeHHO oTnuyaeTca oT T.
aquaticus w T. thermophilus. CxoAacTBO aMMHOKUCNOTHOU nocneposatenbHoct TsKT ¢
HaTuBHOW Taq nonumepasoit coctasnaet 85.75%.

[Nposegena ontummnsauma reda JHK-nonmmepasbl ¢ Lenbio anUMUHALNK PeJKUX KOLOHOB
{(c coxpaHeHWeM amMMHOKUCIOTHOW nocnefosatenbHocTn benka). CuHTETMYECKUiA reH
KNOHMPOBaH C MOMOLLBIO cucTembl KnoHupoBaHua FX (fragment exchange). lNocne
YCMeWHOro  KNoHUpoBaHMA UM TpaHcchopmaunu  bbima  nposefieHa  MHAYKLMA
cBepxakcnipeccun  Genka B mesocpunbHoM xosauHe E.coli BL21 (DE3). Wnaykuma
aKkcnpeccun Obina cTumynuposara gobasneHnem UMTT. Ynyylwenne Tpunnetos KOAOHOB
CLenanc BO3MOMHOW NpaBWIbHYK — 3KCnpeccuto  TepmoduibHOrO  pepMeHTa B
Me30(pUNBbHOM  XO3AWHE-OpraHM3me, UTO TPUBENO K MONYYEHUIO 3HAYMTENBHOrO
konuyectea benka (151.6 n 161.5 Mr/rpamMm KNeTOYHOW Maccbl COOTBETCTBEHHO [IJIA
6enkoB ¢ N- u C-KOHLEBOW rMCTUINHOBBIMI METKaMM).

MokasaHo, 4TO OMTUMAIbHBLIA TeMmNepaTypHblii  [Uana3oH aKTMBHOCTM hepmeHTa
cocrasnset 68-75°C, npu aTom HanbonbluaA akKTMBHOCTL perucTpupyetca npu 72°C, yto
CpaBHUMO C Apyrumn Tag-monumepaszamu. PepMeHT NPOABNAET BbICOKYIO aKTMBHOCTb B
aunanasoHe pH 8.5-9.2 B Tris-HCl-6ychepe ¢ makcumanbHoii aktusHocTbio npu pH 9.0 B
oTnuMe oT Tag-noaumepasbl, KOTOpaa MpeanoynTaeT MeHee LienovHoii pH. lNokasaHo,
YTO aKTUBHOCTb (PepMEHTa CUIIbHO 3aBUCUT OT MoHOB Mg?*. KoHueHTpauua noHa Mg? 3-
5 MM onTtumanbHa gnA pepmMeHTaTUBHOW akTWBHOCTH, B oTnnune ot Tag, rTag- n Tco-
nonMMepas, 417 KOTOPbIX ONTUMAlIbHbIE KOHLLEHTpaLMK 3TOro KatuoHa coctasnatoT 10, 2-
4 n 12 MM cooteeTcTBeHHo. KoHueHTpauun 8 MM 1 Bblle NOAJABAAIOT aKTUBHOCTb
nonumepasbl TsKI. MpucyTcTBue MOHOB Mn?* MpaKkTUHYeCKU He BAMAET Ha aKTWBHOCTb
nonuvepasbl. [lokaszano, uto aktneHocTb TsKT JHK-nonumepasbl npakTuuecku He
3aBucuT oT KCl npu HM3KUX KOHLEHTpauuAx, xoTa bonee BbICOKME KOHLEHTpauun 3TOoH
CONW MOAABNAIOT aKTUBHOCTb pEpMEHTA.

Cneuncpununaa aktuBHOCTb ounuieHHoli TsKT JHK-nonumepasbl coctasnsetr 27,03
el/MKr.

MokasaHo, uto depmenT TsKT ctabunen npu 75 u 80°C n oTHocuTenbHO cTabuneH npu
88°C no meHbluell mMepe B TeueHWW OAHOro 4aca. PepMeHT TepAeT MOMOBUHY CBOEM
aKkTuBHOCTM uepe3 15 MmuHyT unkyBaumm npu 95°C. Xota Bpema nonypacnaga TsK1
nonumepasbl (6e3 AobaBneHUs JOMONHWTENBHBIX CTabunnsatopoB) MeHblue, yem Y Taqg
(40 muH, ¢ pobaBneHrem cTabuaM3aTopoB), OHO OYeHb ONU3KO K APYrUM KOMMEPHECKH
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JOCTYMHbIM NONMMepasaM, Takum Kak riag (20 muH), yTo yKasbiBaeT Ha 1O, uto 75Kl
MoseT ObITb NprMeHnMa B MeTofax Ha ocHose [LP.

Bbino nokasaHo, 4to pobasneHve rnuueprHa B KayecTse cTabunusatopa K peakLMOHHOM
cvmecn ana TMUP B covetaHnn ¢ 3 mM MgCl 3HaunTenbHo nosbiwaeT Bbixog, TNLUP ¢
ucnonbsoBaHuem TsK1. Hanpotue, npu pobaeneHun AMCO B kauectBe crabunusatopa
BMECTO rvuepuHa ammiudpukauma He npoucxofut. [lokasaHo, uto TsKT cnocobHa
amnandpuumposate [IHK kak npu temnepatype anoxrauumn 68, Tak n npu 72°C.
lMokasaro, uyto TsK7 nonumepasa momeT 3¢pchekTMBHO amnnnchrLMpPoBaTb KaK MUHUMYM
NpoayKTbl AanHHoN Ao 2.5 T.n.H.. Takke bbina npoaemMoHCTpupoBaHa cnocobHocTb TsKT
noaMmepasbl NpoBoAUTL MynbTunaexkcHyto MNLP.

lMokasaHo, yTo akkypaTHocTb amnnudprkauum TsK1 JHK-nonumepasbl npumepHo B aBa
pasa 6onble Taq.

SAGHATELYAN ANI ROBERT

HETEROLOGUS EXPRESSION, CHARACTERIZATION AND BIOTECHNOLOGICAL
POTENTIAL OF THERMOSTABLE DNA POLYMERASE | OF THERMUS
SCOTODUCTUS K1 STRAIN
SUMMARY

Keywords: geothermal spring, metagenome, Thermus scotoductus, DNA polymerase,
heterologous expression.

The biodiversity of the microbiota of the Karvachar geothermal spring (Nagorno-
Karabakh) has been studied using the ILLUMINA sequencing method. Representatives of
Proteobacteria, Bacteroidetes, Actinobacteria, Firmicutes, Chloroflexi, Ignavibacteriae,
Cyanobacteria, Nitrospirae, Synergistetes, Acidobacteria, Planctomysetes,
Deferribacteria, Spirochaetes, Chlorobi, Verrcomicrobia and other phyla have been
found in microbial community of the spring. The presence of representatives of the
phylum Deinococcota (formerly Deinococcus-Thermus) in the microbiota of the spring
was also detected. Most of the identified bacterial phylotypes share only 83-98% (mostly
<94%) similarities with known species or genera, indicating a unique composition of the
original microbiota.

A new thermophilic bacterial strain K1 was isolated, which was identified by polyphasic
approuche as Thermus scotoductus K1. Sequencing and detailed analysis of the genome
of the K1 strain, as well as its investigation and comparison with closely related species’
genomes has been performed.

The nucleotide and protein sequences of the gene encoding DNA polymerase | of strain
K1 were deciphered. The original DNA polymerase gene consists of 2493 bp, which
encodes a protein (named 7sK1) with a molecular weight of 93613.61 of 830 amino
acids. Phylogenetic analysis revealed, that the protein sequence of TsK1 polymerase
shares a high homology with DNA polymerases of T. scotoductus SA-01 and T.
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antranikianii and significantly differs from T. aquaticus and T. thermophilus. The
similarity of amino acid sequence of 7sKl with native Taq polymerase is 85.75%.

The optimization of the DNA polymerase gene was carried out in order to eliminate rare
codons (with the preservation of the amino acid sequence of the protein). The synthetic
gene was cloned using the FX (fragment exchange) cloning system. After successful
cloning and transformation, protein overexpression was induced in the mesophilic host
E coli BL21 (DE3) by the addition of IPTG. The improvement of codon triplets led to the
correct expression of the thermophilic enzyme in the mesophilic host, resulting in a
significant yield of the protein (151.6 and 161.5 mg/g of cell mass, for proteins with bl-
and C-terminal His-tags, respectively).

The optimal temperature range of enzyme activity is 68-75°C, with the highest activity
being recorded at 72°C, which is comparable with other Taq polymerases. The enzyme is
highly active at the pH range of 8.5-9.2 in Tris-HCI buffer, with maximum activity at pH
9.0, in contrast to Taq polymerase, which prefers a less alkaline pH. It was shown that
the enzyme strongly depends on Mg2' ions. 3-5 mM Mg2 is optimal for enzymatic
activity, in contrast to Tag, recombinant Taq and Tea polymerases, for which the optimal
concentrations of this cation are 10, 2-4, and 12 mM, respectively. 8 mM and higher
concentrations of magnesium inhibit the activity of 7sKl1 polymerase. The presence of
Mn2+ions has almost no effect on polymerase activity. It has been shown that the activity
of TsKL DNA polymerase is practically independent of KCI at low concentrations,
although higher concentrations of this salt inhibit the activity of the enzyme.

The specific activity of the purified TsKL DNA polymerase is 27.03 units/pg

The 7sK1 enzyme was shown to be stable at 75 and 80LC and relatively stable at 88X
for at least one hour. The enzyme loses half of its activity after 15 minutes of incubation
at 95°C. Although the half-life of 7sK1 polymerase (without adding additional stabilizers)
is shorter than that of Tagq (40 min, with added stabilizers), it is very close to other
commercially available polymerases such as rTaq (20 min), indicating that TsKl can be
applicable in PCR-based methods.

It was shown that addition of glycerol as a stabilizer to the PCR reaction mixture in
combination with 3 mM MgCh significantly increased the yield of PCR using 7sKl. In
contrast, when DMSO is added as a stabilizer instead of glycerol, no amplification
occurs. It was shown that TsKl is able to amplify DNA both at elongation temperature of
68 and at 72°C.

It was shown that TsKl polymerase can efficiently amplify at least up to 2.5 kb products.
The ability of TsK1 polymerase perform multiplex PCR has also been demonstrated.

It was shown that the amplification accuracy of 7sKlL DNA polymerase is approximately
twice higher than that of Taq.
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