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1EruonNkesnky

Uwnbbwpinumpub phdugh wpnhwljwbmpminp: o-Udhjuqutpp (E.C. 3.2.1.1) oujub
puypuynn dipdknbbp G, npntip hhnpnihgnud Bb ynjhuwpwphgubnh Wipphtt «-1,4-0-
qihynghnuyhtt juwbpp wwhwwhbn] ypngnijnbbph ccwbndbpught §nb$hgnipughmb:
o-Udhjwmqubtph U&S dwup dbnwnudbpdbinbbpn Gh, npnbp hpbtg wyuhdnipul,
Juonigwspuwyht  wdpnnpuwbnmpui b junibmput hwdwp  wwhwbend  th
Juyghnith hnbiikp (Ca?): Cunn wdhbuppduyhlt hwenpnulwbimpmibiiinh idwbniput
npuip yuunuwinud kb ghinghny hhgpojuquyhtt $Epdnitnh 13 (GH-13) punwbhpht
[Henrissat, 1991]: Udhjmqutpt wdtbwluplnp wppnibwpbpuwub $Epdbunbtphg B,
npnlip nibbl  uybh Yhpwonmipmpih'  wuwés oupuygh  thnfuwlbpuynidhg  swpwpughl
oowpwlitiph dhtsh phnugnpswljub wpynmibwpipmpub hwdwp ghlyngipunpuubitph
wpununpnipnil: Fpwbp PEpdbhnbtnh hwdwoluwphughtt wprwngpmipgui 30 %-u o
Ywqunid [Van der Maarel et al, 2002]: Lnwsynn oujuyh, wuhingh, wdhinwtlnhth,
qihyngblh, dwpnngtpunphth, ghyingtpunphiitph b wyp unipunpunbiph Wuwndwdp
wudhjuqutph unipunipunughl uytighdhlnieniuiinh htwnwgnunmpniutpp
utpluynidu b wpdtpunp ghnuljub hnwgnumpgnibitiph wpwplw Gt hwinhuvwtined
[Aguliar et al, 2000, Kunamneni and Singh, 2005]: Znid owwb hhnpnihgqnn unp
c-wdhjuqutiph thunpunnipp (gpubip Yhpwnnn mkutuninghwbbpnud puguljuynid £ oujuygh
munnnugdub thkpquuup brnwuwp) dwdwbwlulhg YEhluwntjpuninghwh hpuwnwy
huinhputiphg & [Okolo et al, 1995, Puspasari et al., 2013, Mitsuiki et al., 2005]:

Swpptp wpnungpnipnibbipmd mwpwptinge $hqhjuphvhwlub b YEhuwphdhuljub
punipugnbpny  c-wdhjwqubtiph wwhwiswpyp wwpdwbwdnpmd E oEyndphtwbn
wnbutininghwtbiph [Kaneko et al.,, 1996, Knox et al., 2004, Filler et al., 1998, Leveque et al,,
2000] L dtpdbbnughtt hudbubphuyh Yhpwodwdp bnp pumipugpbpnd $bpdktntbph
tywwnwlughtt htuwnpunnipp [Chen et al, 2015, Liu et al. 2015]: Ujuwywtu, Yhuughb
Untnwgbtqh Yhpumbwdp B stearothermophilus-h o-wdhjuuqh wipghtthi179 1t q1hghti180
wdhtiwppniitiph ghikghuyh wpynibpmd unwgdl] b Wjupugndl B pupbiuddus
punipuwgpbpny ntyndphtiwbnn  Ppdbun (pupdp otpdwlwyniinmpmilt, guép pH-md
woluwwnbint nibwlnipmil, Ca-h wwhwbowpyhh wwqnid) [Gai et al., 2018]: B.
stearothermophilus-h  c-widhjugh  wqnubowbwhtt wtwwnhgh owwmhdwugdwi U
hudwywunwuwb swwbtpnuh ghptpuyptuhwyh otinphhyd htwpwydnp b tnlp hwutty
wpunuquuny $Eipdttnh qghiptpuynptuhwght (9200 dhwdnp/dp) [Yao et al., 2019]:

Ujuwhuny, ouwjw wwpmibwlnng howdph Jhpuidbwldwb  wypngbubbpnd  uyh
Yhpwnmpenit mbtgnn tnp, pupbjuddwsé punmpugptpny a-wdhjuqitph eindphtiubin
snwd-wpununphstitiph U Phpdtnughtt Aubph vnwgnidi ot punipugpnudt wpphwlub
highp L b wyu nipnnipjudp Yhpwodnn swbptipp cowpnibulnud G wwhwbodus duwy
JEhuwntininghwwb wprnwunpoipinibnh Yonuhg:

Ushuiwwnwbiph  bwwwnwlpn Bacillus ghinh dwbipkubtiphg wbubninghwlwb  wpdbp
niliignn, tnp, wpwquung, pEyndphtwbin c-wdhjughttiph snwd-wpunwngphsttph L
dhipdbunnuyhtt. wwwpwunnljubph  wnnwgndh E, gpwbg plogpugpnid m
wpununpnipjub mkubnnghwitph dowlnudp:



Lyutnuiljh hpuljubwgdub hunlwp wunwewnmjbty Bl htwnbyuy pbghputpp.
«<ugithuwnbuininghuwy FUY Uwiptubph wjwinugpdwi YEunpnb hhdbwnpyh
(UUY) Bacillus amyloliquefaciens MDC 1974 W Bacillus subtilis MDC 3500 ownmuditbph
a-wdhjugh ghubph Unitynyughtt Yinbwdnpmd Escherichia coli / B. subtilis pBE-S
Uwpnpuyht Jtjnnph Juqunud:

Uunugqwsé nblndphtwbin wywmquhnubtpm] B.  subrilis RIK 1285 omwdh poholikph
npuwbubnplwgdwdp B.  amyloliquefaciens MDC 1974 W B. subtilis MDC 3500
stnwdlbinh c-wdhjuqh qhttpp Ypnn snnwdbbph unwgnud:

Unwgwé plindphtwbn  snwdbibph  wdh  dhpwduyptph b wuydwbbbph
ogumhtujugmy  twwwnwlught  wdhuqbbph woulbugnyt pwbwlibph
unwugdwl bywnwlnd: Unyunnmpwy hinnjutphg styndphtwbn ac-wdhjuqubph
dwubiuhh dwppdwt Ukpnnubiph dowlynud:

Uhtptqué wpunwuquunn pbyndphtwbn $hpdbunttph  $hqhwuphdhulub b
Ywwnwihnhy punipwugptph ntunwdbwuhpnd (Sbpdtbwnbtph dnEynyuyghte
plunipugnmud, shpdwunhd&wbughtt b pH-oyuhunudubph, stpdwwyniunipyub b pH-
hg etpUuwljumnibnpyub Yuwpdwbh htnwgnuunid, wdhjuqubph pnmipugpnd pun
unipunnipuinughlt  uybighdhnipyut, hod owwb  puwppuybint  mbwlnipul,
ntwlghuyh mwupdwb junpoipyub b wyb):

NEyndphtwbinn c-wdhjwqbph uopdwpuwpujut (100)  wpurwgpoippub
wpynibuy b mbubuninghwibph (whpwghuyh ntdhd, shpdwuwnh&wbiughtt ntdhd,
dhipubiinwughuyh  wbinnmipmi), dtpdbunbtph wiopwwndwt b wwhywidwb
wnbtulninghwbbtph dowlnud:

Usluwinwliph ghinuljut inpnypp

«<ugythuwnbuininghw» VY Uwbpkutph  wjwbguppdwt Yhuwnpnbh
B. amyloliquefaciens MDC 1974 U B. subtilis MDC 3500 swnnulutipnh o-unthjwmgh qlitbph
hhdwb Jpw dbp mwpuwswoppwbimd wnwehlt wmbiquud B, subeilis RIK 1285 smwdh
hhdwl Jpu  uwbnddtp Eu  dhtph 2000 dhwynpid]  wluhnipiudp
huwdwywunwupwb $hpdbunbtph wprnwquung piyndphtiwbinn snwd-
wpununphsttp:

ZZ-nd wpweohtt whqud Ubpnpdh] B oonulwdl YuE-h dnjbynuynud  ghubph
huwdwlgdwtt Ghpunth dbtpnnp (wyu dbpognd b juwoemgdl] bwwwnwlughb
whjuqukph qkbpp Ypnn pndphtimbn yiwquhnbhbpp):

Unnhdhljuglty b Fwlwbnpbh pupbjuty & Uhpbph nbnmlgnn owpwplbiph
swthuwl nhtihinpnuunhghjwpedh dkpnnp:

Ouyunhdwjugyl; th o-wdhjwqubiph wnwgdws osnwd-wpnwnphsttph w&h
wuydwbbbpp: Uowldly &bk Yoyuwnipuwy  htnmijubphg  nyndphtiwbinn
c-wdhjuqutiph dwubwh dwppdwb kpnnbn:

Munudbwuhpdty tl wpunuquunn ntlnuphtwtin dtipdtuntitph
$hqhljwphihwlmb b funwhwnhl phmpugpbpp:

Uowldty bt ohyndphtiwbtnn  c-wdhjuqutiph  whinunwhtt  (opdupupului)
wpununpnipjul, whowwndwb b yuwhywbdwb wpynibu] En nblubninghwtitp:



Ushiunwbiph gnpstiuljub iowbwlynipiniiip.

B. amyloliquefaciens MDC 1974 W B. subtilis MDC 3500 swmmwdubtph a-wdhjuqh
qtltnp Upnn B. subdlisRIK 1285_amyl974 L B. subtilis RIK 1285_amy3500
ptlndphtimtinn snwdltipt wdwinunpdt] G UUY-nud, hwdwywnwupwbwpwnp,
MDC 11327 . MDC 11328 hwuwpltph btppn b Ywpnn G hhdp hwibnhuwbuy
hudwywnuuhub punipugnpbnnyg dtipdtlinuitinh wpununpmipnibtinh
Yuquultpydwb hwdwp:

Onujwdl Yue-h dntynynud ghubiph hwdwlgdwt Ghpunth dbpngp Yupnn b
{uybinpbl ognugnpélly dhbbingh JEyunph juqumd hiswybu wowbdhi ghubph,
wyliybiu i qubiph udph Unnnyught Yinbwdnpdu bywnwlng:
TYhuhunpnuwihghpwpeyh  hhdwbh  dpu nbhnmilgnn  owpwplbph swihdwb
unnhdhjugwé  dbpnnp Yupnn b hwennmppudp Yhpumlty  ghimpjul L
wpynibwpbpnipub wdktwunwuppbp phuquunbbpnud:

NEyndphtwbinn - c-wdhjwqutph  stmwd-wpunungphsitph  owwhdwjugdws  weh
wuydwbbbph dwwunwpwdnpdudp Yupbih b dowll] wbhpwdbom pwbwlh
dtipdtinuitph unnugdwl wnbkubninghwbibip: Uwppdwb Ubpnnutph
dwuwornwpunpdwdp Ynyunipuy hinnijutphg Yupkih £ unwbuwg wihpwdton
dwppnipjub ntndphttwbn ac-wdhjuqutinh ywnpuunnjiubp:

NEyndphtwbinn $ipdtunbtph $hqhjwphthulwui b Yuwwwihnhly plmipwgpbph
hdwgmpniup Yupnn b hhdp hwbighuwbw) wyny c-wdhjuqubph tywnwlught
Yhpundwb hwdwnp:

NEyndphtwbin a-wdhjuqubinh hopdwpupuljub wpnungpm ppub, wswndwut b
wwhywbdwlh duljdws wnblbunnghwbtpp Yupnn b hhdp hwbghuwbwg wyu
dtiputlinbitph unugdw nthubtninghwlwb gnpdptpwgitinh hwdwp:

Muonwuwbmipyubp htpjuyugdnn hhdtmlwb gpnyeutpp.

B. amyloliquefaciens MDC 1974 W B. subtilis MDC 3500 swmmwdubtph o-wdhjuqh
qhltinh UdniEynyuyht Yinbwdnpowdp £ coli/ B.  subtilis pBE-S dwpnpuyhlt ytljinnnph
Juqunud:

B. amyloliquefaciens MDC 1974 1w B. subtilis MDC 3500 swnnwdbph wpinwuquungnn o-
wudhjwgh qbubpp Ypnn B. subeilis RIK 1285_amy1974 W B. subtilis RIK 1285_amy3500
ostnwdlbiph unwgnuup:

B. subtilisRIK 1285_amy1974 U B. subtilisRIK 1285_amy3500 owwdlbtnh w&h
thowduyptph U wuwydwbbtph owwhdwjugndp bwwnwlughtt wdhjuqutnh
wnwybjugnyb puwbwlubph vnwugdwb bywnwyny:

Unyuinipw]  htnnijutphg pbiindphtwbn c-wdhjwqubph dwubwlh  dwppdwb
Ubpngutinh dowlnudp:

Uhtptqué wpunwquuynn pbindphtiwbn dhpdtinbtph $hghjuphdhufui b
Ywwnwihnhy punipugptiph nuuntdbwuhpoudp:

NEyndphtwbin c-wdhjuqitph hopdwpupujub wpnwunpoipyut wpynmibudbn
wnbkulininghwbtph dowlnudp:

dEpdtuntbph wipwndwb b ywhywbdwh mkjbnnghwittph dowlynidp:



Uwnbbwpinuwljmi  wopmumnwiiph juwyp qhnwljui  phldwbbph hbw:  Usjuwnwtpp
Juunwpdt] bt opwquyhtt  $ptwbuwdnpdwdp  pbdugh, hbswbu twb 22 YUUL
Pupdpugnyb Yppoipjult b ghunipjub Yndhnth ghtnwljut b ghnnwnbuthljulwut
wuydwbwgpuhl (phdwnhly) Shttwbvwdnpdwib 13-21359, Gphunwuwnpn ghnbwljubbitph
wowlgnipjult  16YR-21016 L Uuwyhpwbwmbtph U Ephwwwuwpny  huygnppubiph
htnnwugnuunmipnibitiph wewlignipyu 21AA-21029 npudwotnphltinh opowbwlitbpnid:
Zpuunwpupws  whwumpmbbbtpp:  Unblwjununipput Uk owpunpus
htwnwgnunmpjul wpynibiphbpp hpuywpulpgws bh 4 ghnwljuh wohunwbplbpmd 3
hondwstbp, npnughg dbhp wnwbg hwdwhtnhtiwlubph b 1 Jhowgquyhtt ghrnwdnnngh
phghu:

Ughmmnubiph Jupnigywépp b sunjuyp: Unbkhwhinuwljub wohiunwbipp swpunpdusé k
128 btoh Jpw, btpwomd b 43 Wqwp b 9 wpnuuwlyy, 2 hwdtpws: Unblwununipniip
Juquws Lt <wwyundubph gwilp, «Lhpwsnipmnily, «GFpulubnipjub wlbwply,
«Enwgnunipjub optp b Jkpanubps, «Upgonibupbbp U pubwplynuds, «Udthnthnidy,
«Gapuljugnipynibiips, «Fpuljwbinipub guly pwdhttitphg:

GLNPv 1. ¢+rUYULNRESUL UYLUMY

Fniju 1-md Uhpuyugdws b wshuwentiph Jpw bUbipgnpénn dtpdktnttiph (CAZy)
wnbuwlutipp, nwuwlupgnidp, wnwbdbwhwnlmpmibtbpp, qhnghny hhgpnjuqubph
phwnwbhputpp, Ghpwpbunwbhputpp b c-wdhjwqp, npytu wyn pbunwbhph wbngwd:
Vjwpwgpdty Eu a-wdhjuqutph dnruyghntiuy 1 Yunnigdwsdpuyhle
wnwbdhwhwwnlnipniittpp, peohg wpnuquuiwb Ubhuwithqubtpn: Uwbpudwubnptt
ubpluyugdt] dwbptuyghtt dwquwb c-wdhjwqutnh $hqhjwphthwlwt b Juwwihnhly
punppwgpbpp:  Ukpuyugdws Gu twlb  pndphtwbn ccwdhjwqitph  wvnwugdwb
Ubpngubpp, hlywtu twb dESwdwdu) wpnwnpmipjub hhdwluwbh wnbutninghwljub
Uninbgnudutpp:

QLM 2. Z6SULNSNEEBUL LWBNRPE &Y UBENTLED

Zhunwgnumpjub opjkljnbubpp: Npybtu c-wdhjugh qbuh Ypnn dhljpnopquithquitp bl
hwinhuwgl]  «wytbuwnbininghw»  FUU-h Uwbpktibph wjwinunpdwb
Ytbuwnpnth Ynnudhg wpuwdunpws B. amyloliquefaciens MDC1974 W B. subtilis MDC3500
ownwdubpp:  «Takara Bio» puytinmpenithg dbnp phpdwd gwédp wpnutwquyhb
whunhymppulp B, subrilis RIK 1285 owwdp, oquuugnpsit) t npuybu bpuwphuhnb
Jthwinnph nhighyhblwn onud: £ coli Topl0 smwidp oquinuugnpsdyty £ tpuwnkuhnb JEjuinph
twhbwlwb npubudnpdugdub b puquugdub tywwnwlng: pBE-S dwpnpuyhl JEwnnpt
oquuugnpdyti k a-wdhjuqh ghuh Yinbwdnpdw b wpiwpgouyghtt Epuypbivdwts hwdwn:
Tue-h whpwinmd b tywwnwljughtt gibbph Yinbudnpmd pBE-S JEYwnnph jwqunud:
Cuwdutphg gqhundught YuE-Ukph whowunnidubpt hpwlwbwgdt] E «Monarch»-h
gbunuduyghtt YuE-h whpwndwb jpuiuquin hwdwduwyb wpnwunponh hpwhwbqubnh:
o-Ulhimgh amy1974 1 amy3500 (utthwljub wqnubowbuhlt whkwnhnh wnljunpepyut
nhypmd  hudwywnuumbupup amy1974sig 1 amy3500sig) Benchling &pwgph
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Yhpuwndwdp twhiwgddws wpuydbpubph qonygtpp  oquuwgnpddty G qhlunduyhb
Tu@-utphg wdhjwmgh  qbiubph MR wduyhdhugdwb  hwdwp: Ynbwdnpnoda
hpuwwbwglt) £ Shpunth hwdwlgdwb dbpangm] [Gibson et al., 2009]: Ulyqpnwd pBE-S
JEyuinpp Ypylwyh ntunphlghuyh bt Gupwpydt) Ndel b Xbal nhuwnphlunwqubtph
wqnbgmpudp  hwdwduyl  wpnwnpnnh gmgmdubph  (New  England  Biolabs):
Yduyhwmgdws Jjnnpp b wdyhbhjugus ghttpp phwlighnt jpwnbnipn G tbpdnisd by
wnwownyny hwpwpbpwlignippudp b 10 iy Jhpphwlub Swduwny: Ujlinithtwnl, o-
wudhjugh qtiutph Ynbuwdnpdwt ntwlghwt hpwiwbwgdl) L NEBuilder® HiFi DNA
Assembly Master Mix-h vhongny 50°C obpUmunh&mbnid htinlting
wpununpnnh hpwhwbqubpht:

B. subtilis RIK1285 sunudh pohouiinh wpwbudnpumgmd uwnwgwsd nblyndphliubn
wuquhnhtpn] b btywwnwlughtt snwd-wpnwunphsibph wnwgnmd: Uunwugdws  pBE-
S_amy1974sig, pBE-S_amy1974, pBE-S_amy3500sig U pBE-S_amy3500 ntynuphtiwbinn
wuquhgbipt wbdhpwytu Yinbwdnpdwt phwlghnt mwnbmppiubphg oipduyhtt onlh
Ubpnnny wpububnpdwugdly Eu £ coli Top 10-h poholitipnidl: Lyywwnwlywghtt gklkpp Ypnng
pohoiini  puwnpdl; b qunmpuyghtt MGM-h  dbipognd: Chwnpwd  qunmplbtinhg
pyndphtiwmbitn - wiwquhnutptt wbhowunl) Eu «QIAGEN»-h QlAprep Spin Miniprep
nuiuquny punn wpnwungponh hpwhwbqubph: Unwugdus ntjndphtiwbin wijuquhnutpngd
B.  subtilis RIK 1285 omnmudh poholitph wpwhudnpluwghuyn] unwgldly i wdhjwugh
gtutpp Ypnn pblndphtiwbin snnwdtbpn:

NEYndphtimbin wdhjuquyhtt snnudbibph pEpdtinmgdub howduyptph b wuydwbitkph
oywnhdwpugnul: Elndphtimbin snudubinh ac-wdhjpuqiinh wpubjuwgnyt Epuypbuhuygh
hwutitint hwdwp oquuugnpddty G 5 wwpptp dtpdtinwugdwtt howduynpkp, npnlip
nilitigh] G bnyb Ywqdp, wwpptpdbind dhwylt opqubwlwb wgqnunh wnpniptitpm]:
dtpdbtnugnudutptt  ppwwbwgdt; & 804, 33°C  sohpdwuwnhdwinud, pH 72,
220 wunyu/pnut wuydwbbbpoud: Udhywgh Eiph dpuw ubthuwlwb wgnubswbught
whyunhnh wojumpub, dhpujuyph whpughugh hnbkbupdmpub b jubwdhghth
Ynughunmpughuyh wqpbgmpjub thnpdtpnid oquuwgnpdyty b pbnpdws owyunhdwy T9
ubiqpudhswduypp: Utpwghuyghg Yuwhuwsé wdhjugh uhtipliql niuntdbwuhpbine hwdwp
unnugywd ntndphtiwbinn snnwdbinp todws yuydwbbibipnud tpdtinwgdty Bl 10, 20 1 70
U] Swdun dhowduyp wwpmbwlng Ynpwbbpnd: Uhowduypnid  Yuwbwdhghtth
Ynugbhnpughuwyhg yuhuws wdhjwgh wpugpoipiub dwujupgulp gbwhwnbint hwdwp
(Jtpp oyws wuylmbibpmad), 20 0 ubbinuiheu]upmd uwbudhghtih 10 Uq/, 30 Ug/ b
wnwbg Jubtwdhghth wownipyub wuwjdwbbbipomd hpujwbwgdt)  unugdus snwd-
wpununnhsutph pdtinwugnid:

bEputtinuyhl wlnpynpyub b ughnwlnigh pwbwlhh npnodwh dhpanlibp: Unygunnipuyg
htnninid  wpnwquudnn  $bpdtbnnughtt wynhympeniup npnodtp £ pun oujuygh
hhnpnihgh plpwgpnid wpwowgnn nhgnijgnn fudpiph pwbwlhh: Ujpg bwwwnwlng
oquuugnpdyt t Uhpkiph tnubwlh dnnhbhjugwé nmwpphipulp [Soghomonyan, 2024]:
Uyhunwlynigh pubwlnipmniip ghwhwwndly E Ipnduh b Mg huh dbennny [Peterson 1983]:
Puljinbiphuwy Ythuwqubqwsh snp pwop npnodly £ Yonwghti Gnwbwlnd, 80°C
shipdwuwnh&winid 12 dwd snpuglitijnig htinin [An et al., 2018]:



o-Uudhjugh  hqhjwphthwljmb  pimpwgptph npnpuwh  Ukpnnbkp:  Ponp snpu
ntlndphtiwmbinn c-wdhjuqutpp Eupwupldl bt dwubwlh dwppdwb, npb hpulwbwgdty ©
Bio-Rad-h FPLC NGC Quest 10 Plus hunfwljuipgm] hhnpopuhmuinhtnughtt wownwpuilyn:
SDS PAGE HKblwupndnpbqu ppwlhwbwgdy E 0,1% SDS wwpnibwlnn 12,5%
wnihwyphjwdhnuyht giinwd (pH 8,3), Bio-Rad-h pupwgwljupglnh hwdwdwj: Amy1974 1
Amy3500 wuhjmqutph qhuingpudt hpwlwbwgyt] E oquuugnpsdbing £ 7.5% ‘Lwwnhy
PAGE, htlwpnnibph hughibbpmu oquiugnpsyty b wphu-qihghih pmipbp pH 8,3:
EiEunpndnptqhg htinn 0,5% (nisynn oujw wupnibwlnn 1% wqupnquyhl glip 2-3 dd
otipinny  wkjugyly £ wmpwyppjudhnughlt gith Jpu: Unwgdws  Bplpkpn qlp
pudwity E Epynt dwuh b hynipwgydly £ 55 °C ohpdwunhdwbnid 10 b 20 powk:
buljnipugnidhg hinn wyt 5 pnwt ubbyuluyhtt bipdwunhdwind pnnit) t Lonignih
wsnynd (ng - 59/), Ywthnwh jnnhn - 109/): Eh skpunbiph Unig juynywn dnbh Jpu
wuwpq uwhunwl-pinbuwdnb  gnunpttph  hwyubdbp hwdwpdl] bt ocwdhjuquyht
wlunhynipjub gniguhs:

o-Udhjwmgh Junnwihwnhl piimipugptph npoodwbh dbpnniitp: Stputtnh - winhdniypjut
YuwpJwénipiniup ohipdwunhdwhg npnobiint hwdwp winhympeniup swhyb) k 35°C-hg
vhtslh 80°C otpdwunhSwbipmd: dbputunh wlnhynipiut juppwénipiniup pH-hg
npnoyty | ghnpunh, dnudwnh b pnpunh pocdtpughlt (nudnyphtpnud (gnupupwbisinipp
50 JU) pH-hp 2-10 dhowluypmd: Qbpduyghlt  Juymibmpnitp npnobjm
hwdwp PEpdbtnught ywunpwunnyp 20 pnyt huymipwgdl; £ 35°C-hg dhtish 80°C
ohipdwunh&wbtitpnid, wjunithbinb wwntgdly  Jhlglh 4°C, hull Jdbwgnpnughl
wlunhynpnibibbpp swihdtp o dipp Wwpugpduws gupdwbbbpnud: dtpdtunh pH-hg
Juwpwsé obpuwluynitinipinitipn npnodbpne hwdwp dtpdbnughtt yuunpuunmyp 20
powl  huympwgdty E o ghnpun, dnudpwnm b pnpun yupnibwlnng  pocdbbpught
sy plbinnud gnipupwiisnipp 20 UU) pH-h 2-10 dhowljuypnid, wyjinithtnb uwntigty &
uptsh  4°C, hul] dbwgnpnughl  wlinpdmpmibp sl Eodipp bywpugplus
Ubpngny: Nuunidbwuhpdws hpdbunnuyght. wwwpuwunnjutpny hpwlubwgdng
hhnpnihgh ptwlghuyh funpnipgniip npnotint hwdwp Yunwpdt) | 15% bghyunwgnptuh
oujuh (nényph hhnpnjhg 1 YU CaCle-h winiuynipjuidp (pH 6,0):

Upnungpuljub  wuydwbbbpmd oc-wdhjugh  snud-wpununphshiiph $EpdEunwguui,
dhpdklnbtph whpwwnmdwb b Jbppiwljumb  wypwbpwghi  wbkuph  phplwb
wuwydwbibbpp: Obyndphtiwbin ccudhjwqubph yhinnuhlt wprwnpoipnibp, Yogunipuyg
htnnijh juwnwgnudp, dwubwlh dwppnudp b snpugnudp yuwnwpdly b «dhytlyn GU»
UNC-h wptnunpuljub puquyh htlph dpu [https://www.vipeco.am/hy]: dtpukinnmughuyh
wjuwpunhg htinn Ynyunnipwg htnmlp ghtnphdniqyt £ htnnuqu hinynid wpiwpeoughn
dipdtun  wupmbwlynny hEinmyp thpwpydl; b oyupudhinpughugh, wyundhbnl
thnpdwplly kb unugyus hinmlh snpugumb bphynt bqubwlibp hinmugpughl b
1hndh  snpugnudubtp: dhpdbunh  Yumibnipniip pwpdpugbbint bywwnwyng
dtiputunuyhtt hinniyhtt dhty htinnmyugpuyhtt Ywd 1hndhy snpugnidp wdtjugdty £ 2%
uwpuwunpng Yud 2% oujw [Beek et al.,, 2015]: bpujutugyty k b wdntthnidh unyduwnny
dtiputunughtt htinniyh dpuljghniugnid:


https://www.vipeco.am/hy

SLNRN 3. UMSOARUELE B4 LULLUMUNRT

B amyloliquefaciens MDC 1974 W B subtilis MDC 3500 owwudubkph
a-uidthjugh qbubph Yhbuwhbbnpuwnhljulwb Jepmismpnii: B subtilis onmudh ZJ-1
c-wdhjugh  qkuh  hhdwt  Jpw  (GenBank-h  Uniwnipuyhtt  hwdwpp  JX081246)
twhiwgdjws wpuydbpuyhtt qnygbiph dhongm] B amyloliguefaciens MDC1974 owmwuhg
(amy1974) dEyniuugws Tul-h wdyhdhugludp uhbiptqyl; G bnygl  swihh
wdyhlnb: Zbwwgnunn  amyl974  ghuph  Eurofins-h  Jtpbwlwé  uniyknunhnuyht
hwonphwljuwtnipjut  hwdwduyh amy1974 ghup 99% unybwlwbnipmib b gnigupbnty
amyZJ-1 gkup tniyjtnnhnuyhtt hwenpnuwljwbnipjub htw (Wjwp 9), vhtisnbin tunyu qgiutph
Ynguwinpwéd  uyhnwlnigbbph  widhbtwppduyhtt  hwenpnuljwbnipnitiiinh BLAST
YbEpsnipnmiin 100%  bnybwlwbnipnith o gniguphpnid hwdwywnwupuwb
uyhtnwlymgitiph wdhttwppduyhtt hwenppuljwbnmpmniittph dvhol (GenBank Uninpujhe
hudwpp  AFN57616): Cuwnn InterPro Jkpnisnipjul, amyl974 qhlp wwwnluimd
obipdwluynit  c-wdhjuqubiph  plwnwbhphtt  (IPRO13776):  Ujt  wupmbwlnud E
wqpubowbught  whwwhy  (SIGNALP_GRAM_POSITIVE  SignalP-TM),  qhlnght
hhnpojuquiyhtt 13 plwwbhph Ywwuwihnhly nondtb (IPR006047) L wpnliwphnwn o-
wdhjuqutph htn hwdpling C-duypuyhtt wdpnnonghlt phviw whpnype (IPRO15237)
[Paysan-Lafosse et al.,, 2022]: Puigh wyn, hpujwbwgdws whwihqp gnyg b wwwhu, np wyu
ugyhtnwlnigp wunubnmd b qhynghy hhngpnjwqubph gippnwihphtt (IPRO17853):
Amyl1974sig-n  (wqpulowbwghtt.  whwwnhngnd  wwppbpwl) wwpmbwymd L 514
wuhtiwppniitp U nih 5,74 wbuwfwb pl b 58,4 §rw dnbynyuyhtt Yohn, dhtsntin
Amy1974-pn (wnwbg wqnubpwbughtt whwywnhngh) yupnibwynwd k483 wdhbwppniutp L
nilih 54,8 4w Unjtyniyuyht Yohn b 5,31 hqnbilnphly Yhw, pun Expasy-h hwoquplutiph
(https://web.expasy.org/compute pi/): Uyu hwoquplubpp hhdudws th wqpubowbughb
whywnhnbph  Yupdwt  Juyph  npnodwb Jpw SignalP-5.0  Spuqpuiowpny]
(https://services.healthtech.dtu.dk/services/SignalP-5.0/), [Nielsen: et al., 2019]: Uunwugdws
nbnbjundmpmniht oquuugnpdll] b wpuydbpughlt qnyghp Yupmghne bywnwyn]
amy1974 qtlp Intu]nplim hwdwp utithuljwb wqpubiowbugh
whywhnnd b wnwbg npu:

B. subtilis MDC3500 swnudh 165 rRNA qklh uniyknunhnuyghtt hwenpnuljubinipinitip
(GenBank MT534524) 99% tnyjbwljubmpymt t gmgupkpnid Bacillus sp-h KBS0812 swnulh
hudwywunwupwb - wdhbwppduyhtt hweonppujubmpuis. htin  (Wywp  11), nph
wupnnowlub qklndp hwjnbh t (GenBank CP041757.1): Bacillus sp-h KBS0812 owundh
wdpnnowljub qgtundhg Yipgqusé a-wdhjugh qhth hhtwb Jpuw untnddws wpuwypdtputph
qnuqh Yhpundwdp B. subtilis MDC3500 (amy3500) omwiuh YFu-hg hwpwdnp b b
wduy hdhuguty dntulghntimy ppduwyhtt c-wdhjwg: Uy qhlh Eurofins-h Jipdwbws
undy tninhnuhtt hwonpnuljwbinipyut. hwdwduyh amy3500 qhup 98% unylwlwbinipnil
t gnigupbipt) hwdbdwwnws Bacillus sp. KBS0812 snnudh a-widhjwgh ghith htin (Wywn 13),
vhlsptin uny qlttiph Ynpuinpwé uyhtnwynigutinh wdhtwppduhl
hwonpnwljwbnipyniuitinh BLAST Jtpnidnipinitin 98% unyhwlwbnipnih L gniguptpnid
hudwywunwuwb uyhnwlmgutph wlhtwpepduihtt hwenpnuljutnipiniiutph Jhol
(GenBank-h Uninpuijhls hufwpp OK490393):
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https://web.expasy.org/compute_pi/
https://services.healthtech.dtu.dk/services/SignalP-5.0/

| 11 6 MDC 1974 l. MDC 3500
«- E. /1 1 -

l. MDC1974 | MDC3500

1 amy1974, amy1974sig ( )
azny3500, amy3500sig ( )

- (1- amy1974, 2- amyl974sig, 3-

NebTriDye™ 1 kb Plus), - (1 - amy3500,
2, 3 - amy3500sig, L - ): amy1974 - 1449
. ., amy1974sig - 1542 . . amy3500 - 1878

amy3500sig - 1974 . .

pBE-S
«- o )11 € € MDC1974
amy1974sig 1974 . MDC3500 a y3500sig a y3500 «-
pBE-S
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Xbal Ndel

' 2
Ndel
37°C 1
Xbal
65°C 20
1.2 , 0,03 0,06
10 - a-
NEBuilder® HiFi DNA Assembly Master Mix-
50°C , :
15
15 40 :
: pBE-
S_amy1974sig, pBE-S_amy1974, pBE-S_amy3500sig pBE-S_amy3500
E. coli ToplO- pBE-S pBE-
S_amy1974 3-
3.E - pBE-S pBE-S_amy1974
(1)- - , (2)—bal
- , (3)-pBE-S_amy1974 , (4)-Xbal
pBE-S_amy1974 0)- :
pBE-S —5938 . ., pBE-S_amy1974 —7387 . .
1285 & }1 & 6 MDC 1974
MDC 3500 a- q
1285 _amy1974 . 1285_amy3500

«= - . -
pBE-S_amy1974sig, pBE-S_amy1974, pBE-S_amy3500sig
pBE-S_amy3500 . RIK1285
: RIK1285

«Takara Bio»-

40- / - -
90

1



3. RIK 1285_amy1974 3.

pBE-S_amy1974

[ 8 A 2024):
3. 1285
5_
«=
., T7 T8
T8
)
T8

48

12

90 60

4. 3. RIK1285 amy1974sig
3. RIK1285_amy1974 3.
RIK1285_amy3500sig 3.

RIK1285_amy3500

-(1, 2) - awy1974sig, (3) - N974, () -

(1) - 3500, (2-4) -} 500 " ()-
1914 \™>- 1542 1974 -
1449 . . 3500 - 1878 . ., 3500 18- 1974

RIK 1285_amy3500
(pBE-S

)
740 / :
, 48-
5 -



5. Bacillusamyloique&censMDC1974 a-

()- (0)-
()
()-
() - 100 % Amyl974h 740 /
, () - 100 % Amy1974- 1100 /
() - 100% Amy1974-
1300 / . ( )y () - 100%
Amy1974- 1410 / :
B. amyloliquefaciens MDC1974 a-
51- 500 10
1300 / 26- a-
: 10 /
48- 1410 /
, 30 /
75 %- ,
«Takara Bio»™ pBE-S
a-
, 48 . B. subtilis RIK1285
( )

1-

13



Unjniuwy 1.
NEYndphtimbn c-udpjumqiikph nnugywus wijnpmpnibbbpp Yojpagnd 48 dud

dEpdEinnugnulhg htinn
Crwd c-wdhjuquygh wlunhynipnil
Uhwdnp/dy Uhwinp/ig
B. subtilis RIK 1285_amy1974 1834491 229,2+11.4
B. subtilis RIK 1285_amy1974sig 978+49 122,2+6.1
B. subtilis RIK 1285_amy3500 702+61 87,8+7.6
B. subtilis RIK 1285_amy3500sig 753+47 94,1+5.9
B. subrtilis RIK 1285 25+7 3,1+0.9

Zbwwppphp b, np B subtilis RIK 1285_amy1974-h a-wdhjuquyhltt wiwnhynipniin

gptpt UpYuwlh wdbp L Gk, huwdbdwwnws B subrlis RIK  1285_amyl974sig-h
wlnhympul htwn: Mwpqil) & op B subrilis RIK 1285_amy3500 L B. subrilis RIK
1285_amy3500sig ownnwdltiph wlwhymppibubpp dnn G ppup: Uguniwdbbuwguhy,
utnnwugwd pnnp snpu owmwdubpb B qquihnptt wdtih  pwpdp  c-wdhjuquyht
wlunhynipinil kb gnigupkpt) nkghyhttn svnwdh hwdbdwn:
Y pinnipw) hinnijubphg njndphtiubn a-widhjuqitph ywubwh dwppdwh dEpangtitph
wlymd: o-Udhjuquhtt wwwnmpuwunnljubph dwubwlh dwppnudp Yuwnwpdt) & FPLC
uwppwynpiudp  uvnwgdws popnp dpulghwbtpnd swihdlp Bb SEpdklunwghl
wlunhynipnitittpp: Udhjuqutphg Amy1974 b Amy1974sig tnuppbipuljubpnud hhdtwlub
diputunughtt wlynhynipnitp (wdbh pwt 90%) nhundb) £ 7-pg b 8-py dpuljghwtiipnnud,
plin npnud 7-pn $puiljghwls unfbjh owtn wwnpynipiit | gmgupbpl], Amy1974-p 1400
Uhun]np/dg, hulj Amy1974sig-p 1000 Uhunjnp/iq: Unhjuqlibiphg Amy3500 i Amy3500sig
nuwppbpulubpnud hwdwbdwb duind hhdtwlwb PEpdbtnughtt wnhdnipmniup (wdtih
pul 90%) nhuby £ 7-pnn U 8-pn dpuiighwmbibpnnid, plin npnud 7-pn dpuighwtt wdbh owwn
wluhynpmnit £ gniguplpt, npuntn wbuwuwpup wyuhdmpmpibibbtph htubyog
wpdtpltipt kb qputigdt] Amy3500-h ghwypnid 500 vhwnp/dg, Amy3500sig-h ntwpnid 600
thuwnp/dg:

FPLC-nd dwubiuhhnpblt dwppdwd Amyl974-h c-wdhjuqubpp, hwdwywnwuuwb
uwnnighsutinh htin dhwuht, pimipwgpdty G SDS-PAGE tnubwlny: Amy1974 L Amy3500
ptlnUphtiwmbiin wdhjmqutph qhungpwdl hpwwbwgdly b yoptp b Jbpngubp pudunud
Wjupugpdws  plhpwgulupgh hwdwduygl: Opwtu  bdnwobbp plupdl; B Eplym
dtiputuntitph FPLC-nd dwppdws 7-pn dpulighwbibpp: o-Udhjwmqubph SDS-PAGE L
qhungputh wpnnibptipp Wepuyugdws tu Wywp 6-nud:
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6. - SDS-
PAGE

- Amyl974 Amy1974sig

SDS-PAGE (1 -
Amy1974-
, 2 - Amyl974sig-
, M-
, 3- Amy1974- FPLC-
7- , 4 -
Amy1974sig- FPLC-
7- , 5 - Amyl974-
- 8- -
, 6 - Amy1974sig- FPLC-
8- , 7 -
1 1285- : - Amy3500 -
PAGE (1 - Amy3500- , 2 - Amy3500sig-
, 3-Amy3500- 7- , 4 - Amy3500sig- 7- , -
, 5 - Amy3500- 8- , 6- Amy3500sig- 7- , 7 - 1 1285-
, - Amy1974
, - Amyl974 (1,3, 5 Amy3500 (2,4 6) -
' 1- PAGE- , n- m-
10 20 , -
Amy3500 :
Amy1974  Amy3500 «- ,
pH-
: pH-
© Amyl1974 «-
7- : 7- -, Amy1974 «-
50° - 70°
65°
pH- g
pH- 4,7- 7,9,
pH 6,5- : 7- , Amy1974
pH-  6,5- 8,2 ,
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7. Amy1974 ~

pH-

35n-

4,7 - 1,7

()— o O=
()— ()—
73500 «-
8- () 73500 «-
60"- 70°C ,
657 :
pH- 5- 75
5,8- ()
8- () 73500 «-
20
39%- : 20
50% 63"
pH-
pH 59- ,
pH- 71974-
pH-

16

pH-

pH

65~

73500



8. 735007
()— ()=
()— ()— pH-

Amy1974 Amy3500 Ca2+

, Amyl1974-
0,2 , Amy3500- 0,1 . X

9. Amy1974  Amy3500
Caz2+

Amy1974 Amy3500
«- Novozymes Liquof ow® Go 2X «-

24 , 72
10( ):
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10( )

- . 4- - , 5 — Novozymes Liquoflow® Go
, 6- Amy1974
- Amy3500 15%-

), 71974  Amy3500 «-

2X
15%-

10.
()
72
()
() "1- 71974
2%-
2 - Amy3500
2%-
3 I
15%-
7

Novozymes LiquofLow® Go 2X

(

Novozymes-

( 10( ): ., HPTLC-
Liquof ow® Go 2X «-
, Amy3500-

71974- 73300- ~

(Zulkowsky)

*100% Amy1974 Amy3500 a-
/ 702 /

18

71974

*100,0
77,2
47,9

101,7
99,3
91,5
58,5

0,7
10
21

, Amy1974  Novozymes

73500
*100,0
257,3
107,3
55,5
95,7
147,9
49,6
2,7
4,0
3,8
1834



100
1969

1410

11

11 n

48-

19

Amy1974

¢)

Amy3500 «-
2-

RIK1285_amy1974-

25- ,

11, )

()



/1
4,64
1969
177,2
Amy1974 -
@% )
@% )
2%
)
, 0-30 %
, 30-60 %
. 60%
«=-»
1285_  71974- 25
«=
2024]:

5—
16-
167
/
«=
L —
AN
-1 _
—1 3 £4,
> 13
R
90,0 9,6 205 1969
143 324 370 11977
10 371 290 10748
1,0 403 308 12415
1,0 516 170 8794
1,0 36,6 281 10287
2,0 48,0 124 5950
20 310 1344 41650
10,0 184 162 2975
6,3 )

20

4—
, 6—
, 0,153
s «-=
19-
/I
90
3.
______ —
3
;S
) 3
..3 "
177,2 100,0 100.0
171,3 96,6 96,6
10,7 89,7 86,7
124 1037 100,2
8,8 73,4 70,9
10,3 85,9 83,0
11,9 9,9 -
83,3 69,5 67,1
29,8 24,8 ,
90
14,3
(

) [Soghomonyan et 81,



(1 {huupnud 2% uwpuwpng, 1 thuupnd 2% oupw), lhu 2 1 Ghpwplhdl) b htnmugpught
snpugdwl (1 thnpnid 2% oujw, 11 wnwbg nplt hudtjdwh): Thwgws 10 | pnnugdws
dhipubunughtt 1midnypp  dpulighntiwgdty t wdnuhnudh unydpwnnd: Mwhywidwb
nwpptp  plpwgwupgbiph  wpgyniiputpp b JEppodmpnibitpp wdthnthJws  tu
wnniuwly 3-mud, npntn Gpowd L onp ayunpudbhpunpdwt dinynd wwhywimd k
dtiputunh wlhnhymput 96,6 %-p, wwywhndbing 171,3 dhthnt dhwynp plunhwbinip
wluhynipnil: Thodh snpugdwb gtypmid thnyughtt wynhympniip 2% uwpuwpngp
npytu hwdbnud oquiwmgnpstint phypmd Yuqdly L 89,7 %, hull 2 % ouyjwyh ptwypnid
103,7 %: Cunhwlnip wlynhynipjul Eipp ulygpliuuljmith hudtidwn
hwdwywunwupwbwpwup Yuqdl]p i 86,7% U 100,2%: ZEnnijugpuyhlt snpugdwb
nhypnid thnyughlt whnhynipibp Juquly b 73,4% wmubg oupugh b 85,9% 2% oujuyh
hwdbnuind wmwppbpulih ghypnud: Cunhwinip winhdmput Epp uyqphwluith
hudbdun hwdwywunwupuwbwpwp Yuqdl £ 70,9% L 83,0%: Udnthnidh unydunng
$puwlghniiugmup hpuljwbwgky  kpyne thnym] 0% -hg 30% hwghgwénipmnil bt 30% -
hg 60% hwgbgudnipnit: 8nipwpwbsimp thnithg hinn unwgdws tundwspp Ypyhhh
YEpwunmuytiiqugyl £ 2000 ) 0,02 U dnudwinughte pnidtph dbe (pH 7,5): dtputnuyghte
wlunhynipyub hhdbwlwb dwup ghudl] | 30% -hg dhtish 60% wunthnidh unydwnh
hwgtgwénipjudp  dpwlyghuynd, nph  wpgymbpnd  tnyughtt b plghwbnip
wuhynmpyut  ptpp hwduwwunwupwbwpup Juqdlyp & 695% L 67,1%:
Spuljghniuguml wpymipmd Amy1974 o-wihjuqp qquyhnpbl dwppty £ huubityn]
1344 Jhunp/dq mbuwupup wjnhynmpub: Ujuyhuny, unugdws vjuiitiphg Yuptih
E twunt, np obyndphtwlnn Amyl1974 c-wdhjugh hlswybu (hndh, wbwbu K
htnnijugpuyhlt snpugdwb dwdwbiwly 2% ouyjwyh wnluymppniip dkdwgimd £ L
dtipdtunh Yuyniunipiniin b wynhdnipyub Gpp:

o-Udhjugh yhipuughtt wpunpoipjut wkpbhjunbnbuwluit hwsdupl: «<dhyblyn
UU» UNC-nud hpuhwbwgdws ntlndphtiwlun B. subrilis RIK 1285_amy1974 wdhjmquyhl
oinwidh 1001 Swjuwny thopdwpwpulub $ipdbinugdwt b uvnwgdws dtpdtlinughte
htnnijh  hinwqu  punwgdwb, snpugdwtt U dwubwlh  dwppdwb  wprnwunpuljub
gnpéplipugitiph  hwdwp  hpwuwbwgdl; T wtjbhjunbnbuwwt hwoqupl, nph
wpyniipmu nipupwbyymp JEpptwljubt wypwbipuyghtt mbuph hwdwp hwodupydt t
ynipwlub huptwpdtpp: Npytu hwdbdwwnwlub wpdtp b pugniidty 1 dhihnt Jhudnp
wdhjugh dwdwjuyhtt wnpynipiut vnugdwb Jpuw junwupdws Swhuubpp (Uhunp
Swpubip):  Umpwlwb hlptwpdlpt hp dbe sh bbpwomd  uwppwydnpnudubiph
wunpunhqughnt hwwnlwugnidutpp, woluwwnnidh b Jhpunhp swhubpp: Zwodupydl) B
qnpéphipughitph  plpwgpnud  dwhunnn - Rikjnputibpghugh  puwbwmyp b wpdbpp,
dhipdbunwugdwts. T9  ubbnwdhowduyph hlupbwpdtpp, snpugdui U junwugdwb
nwppbpuljtiphg  jnipupwbsinip huphwpdbputpp: Udtintbind juwunwupdus
hwoduplutipp uvnugws 3 wbuwh c-wdhjuquyhtt Wwnpuwunndyutiph wypwbipuygh
wnbupbph hwdwp tubpgbnhy b vbbipudhowduyptph gnidwpuyghtt Swhuutpnd hwuigtpd
Uhun|nph hudwp unugynid ki hbnlyuw] ympwljwb hbplupdtplbpp hinniugpuhb
snpugwé  Phpublnnuyhll wunpuunnlbh ghwpnd 1915 npund, (hndhy snpugdwsh
nhypnid’ 3157 gpud b wintthniuh uny$unn] $pulghnbimglus htnml hpubinughh
wunpuunmlh ghypmy 342,4 gpurd:
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BruyusnreESNkrLLEE

. @hpuntth hwdwlgdub dbpnnh Yhpundwdp B amyloliguefaciens MDC 1974
B subdlis MDC 3500 ownwdubtph o-wdhymqh gqbubpp Yuonbudnpdl)  Gh
E. coli / B. subtilis pBE-S dwpnpughti yEyuninph huqunid b unnugdus wjuquhniibpng
B subdlis RIK1285 owwdh poholiknh wpwhubnpluwgdwdp unwgdty L
wpiuquuyny - c-wdhjuqubph  ghbbpp Ypnn B subridisRIK 1285_amyl1974 1
B. subtilis RIK 1285_amy3500 stnwd-wpinunphstbpp:

. Takara Bio-h pBE-S wpumwquunn Jtjunpmd Yinbudnpjuwsd oc-wdhjugh ghubiph
wnwykjugnyb tpuyptudwt hwdwp dowldl) t wpynitwdtn ubbinudhswduyp, b
pbunpdl B dEpdbinnugdub oyunhdwy wuydwitp: Chnpdws wuydwihbibpnd 48
dud dhipdbtnugdwb wpyniupnid Ynyunnipw hinniynud Ynunwlydty & Amy1974-h
1834 vhwnp/u] U Amy3500-h 702 dhwnp/u] Swdwjuyhlt wnhympmnil:

.8nyg L wpdh, np pBE-S wpuwquuinn JEjunpnid wnluw wgnubowbughlt
whkwwnhnhg pugh o-undhpuqbbph  ubkhwlub  wqnubpwbuyghll - whunhgh
wnluynipniipn sh wapmud  wpunwquuyng  bhpdtinh  Shghlwphdhwlwb
punipwgntph ypu: Uhwdwdwbwl gnyg b wipdl, np Gph B. subtilis-h poholitinhg
wpnuquuiub  wpgniipnid Amyl1974  c-cwdhjuqp dunwd £ piinwljunn, www
Amy3500 ac-wdhjuqp dniiynyh C-duyphg Ynpgunwd £ 4,9 1w Yud 13,9 2w swhh
Yunp, htyp vwluyb sh wgpnid $hipdbinh uwnmwihnhl punipugqptph Jpu:

. Zhnwgnundty] B Amyl1974 L Amy3500 phindphtwbn oc-wdhjuqutph dh owpp
Jwwnwihnhy pnipwgptn: 8nyg b wupdl, np Gphyne PEpdtunbbpl § qopénud B
ohpUwuwnhdwih U pH-h (uyb mhpnypowd, shpdwljuynit tl: Amy1974-h hwdbdwn
Amy3500-h Unwn nhudmid b pH-h oywhudnidh b ehplwluynibinipyub  pH
Guhnwgnippub obnnud nlwh ppyuwghl whpnype, b Jipghiu ghpulwljuymb & pH-h
wdbih qwyb whpnypowd: Unipunpunughtt uybighdhjmpjub womdn, tpt
Amyl1974-p pungddws pny] winhyomipnit b gnigupbipnud Jupundhth wdhingh
wnluwnipyudp, wyw Amy3500-p plngddws Yhpwnd wlwnpd b Eghwyuwgnplth
wdhnutlunhth U jupnndhh Foylndulne oujuyh wnlwynipyudp:

. Upnnugpuluttht dnn guydwbbtpnud (15% oujw) hinwugnndty E Wywpugpus o-
wudhjuqutph oupmb hhnpnihgbnt ntwlghuyh hunpnipnibp: 8nyg § wpdb, op
Amyl1974-n hhnpnihgh ntwlyghuyh YEpotiupyniipmd oujwb thnpuwlbpynid k
dwpunngbpunnpnqutiph,  Jhtsnin Amy3500-6  owjmubr  qphipk  wdpnnonght
thnfuwpynid k qniyngh:

.Uowlidly E  wpuwquunn oc-widhjugh whpuwhtt | wpwugpmppub
(dtputitnugnid, YEhuwqubqush htnwgnud, Ynyunnipuy htnniyh junwgnd, snp
Jwd htnnmly wwwnpwunnjubiph  uwnwgnid)  wnbubnnghw:  Uwnbnddl]  Bu
nhlnUphtimbitn c-wdhjuqubtiph htnnijugpuyghtt b (hndhy snpugdwb wpynibwudbin
wnbkulninghwibp, htyywbu twbh wdnthnmdh unydwnnyg dpwlghnwugdwdp pupdnp
Eipnd dwubwlhnpbt dwppdwé wypbywpwnbtph unwgdwub ntlubninghwtp:
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PRODUCTION OF TECHNOLOGICALLY VALUABLE RECOMBINANT a-AMYLASE
STRAINS-PRODUCERS FROM BACTERIA OF THE GENUSBACILLUS AND
CHARACTERIZATION OF THE CORRESPONDING ENZYMES

SUMMARY

Keywords: Bacillus amyloliquefaciens; Bacillus subtilis, a-amylases of industrial importance;
E. coli/B. subtilis shuttle vector; extracellular expression; fermentation; catalytic properties; starch
hydrolysis

In this dissertation work, the extracellular expression and characterization of two amylases,
Amy1974 from B. amyloliquefaciens MDC1974 and Amy3500 from B. subtilis MDC3500, are
presented. Both amylases belong to the glycosyl hydrolase family 13 by their catalytic domain
(IPR006047) and have different C-terminal all-beta domains, with an additional substrate-binding
domain in the case of the B. subtilis enzyme, according to InterPro analysis.

Cloning of the desired genes was carried out using Gibson assembly with the NEBuilder® HiFi
DNA Assembly Master Mix. Unlike other cloning methods, Gibson assembly does not require the
researcher to cut the target gene amplicon with restriction enzymes. This is beneficial, as the
additional step required by alternative cloning methods can be problematic if the target gene
contains restriction sites necessary for cloning.

The nature of the signal peptide has a crucial effect on the mode and quantity of target protein
secretion. In this study, the Takara proprietary pBE-S B. subtilis/E. coli shuttle vector, which carries
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the AprE protease signal peptide, was used for the cloning and future secretory expression of the
amyl1974 and amy3500 a-amylase genes (which have their own signal peptide motifs in their
sequences). We utilized the opportunity to obtain variants with the AprE signal peptide, either in
conjunction with or without the cloned amylase signal peptides, and subsequently studied the effect
on the secretion of the target enzymes. Bioinformatics analyses revealed that all three signal
peptides — AprE, Amy1974, and Amy3500 — belong to the same Sec/SPI type of signal peptides,
with probabilities of 0.77, 0.86, and 0.95, respectively, according to SignalP-5.0 software
calculations. SDS-PAGE analysis indicated identical molecular weights for both o-amylases,
regardless of the presence of their own signal peptide in the final plasmid construct. However,
fermentations revealed nearly a two-fold increase in the final volumetric activity of Amy1974
without its own signal peptide compared to the variant with double signal peptides, whereas the
Amy3500 amylase signal peptide variants exhibited nearly the same volumetric activity. PrsA, a
post-translocation chaperone, assists in the folding of proteins secreted through the Sec secretion
system in microbes of the Bacillus genus. Therefore, the observed anomalies related to the a-
amylase signal peptide form may be associated with this chaperone.

SDS-PAGE analysis of recombinant Amy1974 and Amy3500 o-amylase samples, with and
without their own signal peptides in the respective plasmid constructs, indicates a clear shortening
of both variants of Amy3500 to the same extent, while Amy1974 remains intact after secretion.
Moreover, Amy3500 is secreted in 2 shortened forms, with molecular weights of 64.0 and 55.0 kDa,
instead of the expected variant at 68.8 kDa when the signal peptide part is removed after secretion.
This corresponds to a shortening of nearly 42 and 121 amino acids from the C-terminus for the 64.0
and 55.0 kDa variants, respectively. It should also be noted that, in the case of Amy3500 (variant
without its own signal peptide), the majority of the enzyme is in the 55.0 kDa form, whereas in the
case of Amy3500 with its own signal peptide, the ratio of the 64.0 and 55.0 kDa forms is nearly 3 to
5. The suggestion that both forms of Amy3500 possess enzymatic activity is clearly illustrated for
the 7th FPLC fraction in Figure 6 B. This phenomenon is widespread among a-amylases, which, in
addition to the obligatory A (catalytic), B (loop), and C (all-beta) domains, possess a C-terminal
substrate-binding domain.

In flask fermentations, the a-amylase activity of B. subtilis RIK 1285 amy1974 was estimated
to reach 1834 U/ml, while the activity of B. subtilis RIK 1285 amy3500 reached 702 U/ml after 48
hours of fermentation. However, under production conditions in a submerged 250 L bioreactor
during pilot-scale fermentation, the volumetric activity of the B. subtilis RIK 1285 amy1974 strain
reached 2000 U/ml after 25 hours of fermentation.

The study of the effect of Ca?* concentration on Amy1974 and Amy3500 activities, along with
dialysis data, indicates a low activating effect of Ca>* on both o-amylases. However, X-ray crystal
analysis reveals the presence of 8 Ca®" ions in the B. amyloliquefaciens pdb 3bh4 o-amylase
structure, which is 100% identical to Amy1974 in amino acid sequence, and the presence of 3 Ca?*
ions in the B. subtilis pdb 1ua7 a-amylase structure, which is 100% identical to Amy3500 in amino
acid sequence. This observation may indicate the existence of tightly bound Ca?" ions in the studied
a-amylase structures, which explains the low activating effect of Ca?" on both a-amylases.

The comparison of the catalytic characteristics of Amy1974 and Amy3500 a-amylases with
similar enzymes known in the literature highlights the advantages of the enzyme preparations
obtained in this study, particularly in terms of their working pH and relatively wide ranges of pH-
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dependent thermostability. Additionally, these enzymes are moderately thermophilic and exhibit
broad operating temperature ranges. The enzymes studied in this investigation exhibited broad
activity peaks between 45-70°C, with a maximum at 65°C. The Amyl1974 and Amy3500
a-amylases demonstrated broad pH optima and pH-dependent thermostability, with optimum pH
values at 6.5 and 5.8, and thermal stability peaks at pH 7.6 and 5.9, respectively. Both a-amylases
displayed high relative activity against various starches, including corn amylopectin and potato
amylose, while showing comparatively lower activity towards cyclodextrins.

The o-amylases presented in this dissertation work show interesting behavior in terms of the
depth of the starch hydrolysis reaction. While Amy1974 hydrolyzes starch, similar to the
Novozymes preparations used in production, to short dextroses and maltose, Amy3500 a-amylase
converts starch almost completely to glucose. This is an important factor in terms of obtaining high-
glucose-containing syrups from starch using only an a-amylase.

Cell growth and enzyme production parameters were monitored over the culturing time in a 250
L fermenter to better understand the kinetics of cell growth and a-amylase production. The results
indicate that the maximum rate of cell growth is observed at the 16th hour, reaching a value of 0.153
g/L/h for dry weight. Following this peak, the cell growth rate began to gradually decrease, while
the rate of a-amylase volumetric production continued to rise, reaching a maximum volumetric
enzyme production of 167 U/mL/h at 19 hours.

The supernatant of B. subtilis RIK 1285_amy1974, grown in the bioreactor for 28 hours, yielded
90 L of culture liquid, which was concentrated 6.3 times via ultrafiltration, resulting in a volume of
143 L. The extracellular o-amylase concentrated by ultrafiltration was subjected to various
conservation procedures (different drying techniques and ammonium sulfate precipitation). The
ultrafiltration step achieves a total activity recovery of 96.6%, yielding 171.3 million units of total
activity*h.

In the lyophilization step, the step yields were 89.7% and 103.7% in the presence of 2% sucrose
and starch, respectively. The respective overall yields of total activity were 86.7% and 100.2%. In
the spray drying step, the yields were 73.4% without starch and 85.9% with 2% starch. And the
respective overall yields of total activity were 70.9% and 83.0%.

Ammonium sulfate fractionation was performed in two steps: 0% to 30% saturation and 30% to
60% saturation. The main portion of enzyme activity was observed in the 30% to 60% ammonium
sulfate saturation, resulting in step and total activity yields of 69.5% and 67.1%, respectively. As a
result of this procedure, Amy1974 was also significantly purified, reaching a specific activity of
1344 U/mg.
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COroMOHAH TUTPAH MEPY>XAHOBIWY

MONYYEHNE TEXHONOIMMYECKN LEHHBIX PEKOMBVUHAHTHbLIX LULTAMMOB-
MPOAYLEHTOB a-AMWJIA3bl M3 BAKTEPUY POOA BACILLUS
XAPAKTEPNCTUKA COOTBETCTBYHOLWMNX ®EPMEHTOB

PE3IOME

Kntouesble cnosa: Bacillus amyloliquefaciens; Bacillus subtilis; a-amunnasbl NpombILLIEHHOrO
3HauYeHWs; 4enHouHbli BekTOop E. coli/B. subtilis; BHekneTouHas akcnpeccus; QepMeHTaLms;
KaTa/IMTUYeCKmne CBOMCTBA; MMAPOIN3 KpaxMana.

B 37O AMccepTaUMOHHOM paboTe NpeAcTaBeHbl BHEKIETOUHAA IKCNPECCUa N XapaKTepucTnka
AByx amunas, Amy1974 n3 B. amyloliquefaciens MDC1974 n Amy3500 n3 B. subtilis MDC3500.
O6e amMunasbl OTHOCATCH K CEMEWCTBY FMUKO3UArMAponas 13 no mx KataiMTUYeCKOMY AOMEHY
(IPR006047) 1 nmetoT pasnunyHble C-KOHLEBble BCe-6eTa-fOMEHbI C AOMONHUTE/IbHBIM AOMEHOM
cBsI3bIBAHMA cybCcTpaTa B cnydae hepmeHTa B. subtilis, cornacHo aHanmsy InterPro.

KnoHnpoBaHMe HYXHbIX FEHOB NPOBOAM/OCH C MCMO/b30BaHMEM CO0PKM MMBCOHA C MOMOLLbIO
NEBuilder® HiFi DNA Assembly Master Mix. B oTanuve oT Apyrmx mMeTofoB KIOHMPOBaHWS,
cbopka [mbcoHa He TpebyeT OT wccnefoBaTens paspesaHMs amnavKoHa LeneBoro reHa
(hepMeHTaMM  pPecTpUKUMM. 3TO BbIFOAHO, TaK KakK [OMOMHWUTENbHbIA war, Tpebyembli
anbTepHaTUBHbIMM METOAaMUN KNOHUPOBaHUSA, MOXET 6biTb NPO6aeMaTUYHbIM, €C/N LieNeBOi reH
COAEPXUT CalTbl PECTPUKLMM, HEOOXOANMbIE /11 KNOHUPOBaHWS.

Mpupoga curHanbHOro NenTuia UMeeT peLuatoLlee BAMSHME Ha Cnoco6 1 KOIMYECTBO CEKPeLn
uenesoro 6enka. B 3Tom uccnefoBaHWMM 3anaTeHTOBaHHbIVM Takara 4enHOYHbIA BekTOp PBE-S
B. subtilis/E. coli, KoTopbIi HeceT cuUrHanbHbIA MenTug npoteasbl AprE, ucnonb3oBanca Ans
KNOHMPOBaHUA W OyAayLLeli CEeKPeTOPHOM 3KCMpeccun reHoB a-ammunasel amyl1974 m amy3500
(KOoTOpble  UMeT  CBOM  COGCTBEHHble  MOTMBbI  CUMFHa/IbHOrO  MenTMjga B CBOUX
nocneaoBareNlbHOCTAX). Mbl UCMO/b30Ba/IN BO3MOXHOCTb MONYUUTb BapuUaHTbl KIOHUPOBaHHbIX
FeHOB C CUTHafbHbIM MenTuaoM AprE, nn6o B coYeTaHUM C KIOHWPOBAHHBIMU CUTMHAMbHLIMA
nentTugamyv amMunas, mbo 6e3 HUX, C Lenbio M3yYeHWs BAMSHUA 3TOF0 (PEHOMEHA Ha CeKpeLuto
LenesbIX GpepMeHTOB. BUOMH(OpMaTNYECKNIA aHaNW3 NOKasas, YTO BCE TPY CUMHa/IbHbIX NenTuaa -
AprE, Amy1974 n Amy3500 - OTHOCATCA K OLHOMY W TOMY >Xe TWUMY CUTrHaJIbHbIX MenTUL0B
Sec/SPI ¢ BepoaTHocTamun 0,77, 0,86 1 0,95 cOOTBETCTBEHHO, COrM1aCHO pacyeTam NMpPOrpaMMHOro
obecneyeHust SignalP-5.0. AHann3 SDS-PAGE nokasan WaeHTUYHbIE MOJMIEKYSAPHbIE Maccbl Ans
06enx a-amunas, He3aBMCMMO OT HaIU4YMs MX COOCTBEHHOIO CUTHA/IbHOrO MenTuaa B KOHEYHOM
NNasMUAHON KOHCTPYKUMW. OfHako (epMeHTaumMy BbISIBUAW MOYTU [ABYKpPATHOE YBeMYeHue
KOHEYHOM 006bEMHOM aKTUBHOCTM Amy1974 6e3 COOGCTBEHHOrO0 CWUrHA/JLHOTO MenTuga no
CPaBHEHMIO C BapuaHTOM C ABOMHbLIMW CUTHaIbHbIMM MNenTudamMu, Torga Kak BapuaHTbl
CUrHanbHOro nentuga ammnassl Amy3500 MpPOAEMOHCTPUPOBANM MOYUTU TakKyk >Ke 0ObEMHYHO
aKTMBHOCTb. PrsA, nNOCTTPaHCNOKALMOHHBIA LUanepoH, NOMoraeT B CBOpayMBaHWW 6GefKos,
CeKpeTUpyeMbIX 4Yepe3 cUCTeMy cekpeuumn Sec y Mukpobos popga Bacillus. CnegosatesnbHo,
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HaOIo/JaeMble aHOMAJIUM, CBSI3aHHBIE ¢ (OPMOH CUTHAIBLHOTO IENTH/IAa (-aMIJIasbl, MOI'YT OBITH
CBSI3aHBI C 3THM ITIAIIEPOHOM.

Anamz SDS-PAGE pexoMOuHaHTHBIX a-amwiaz Amyl1974 u Amy3500, ¢ coOCTBEHHBIMU
CUT'HAJGHBIMU IENTHAAMU U 0€3 HUX B COOTBETCTBYIOIMX IUIA3MUIHBIX KOHCTPYKITUSIX, YKa3bIBaeT
Ha SBHOE YKOpoueHHe 00ouxX BapuaHToB Amy3500 B OJMHAKOBOH CTEIlEHH, B TO BpeMs Kak
Amy1974 ocTaercss HETPOHYTHIM Iocie cekpelu. boinee toro, Amy3500 cekperupyercs B JABYX
YKOPOUSHHBIX popMax ¢ MoIeKyIsipHhIMU Maccamut 64,0 1 55,0 x/[a BMecTo 0XkuaeMoro BapuanTa
¢ 68,8 x/la, xorja CUrHAQJIBHBIA TIENTHJ VyAaLIETCS IOCHE CEKPEIMH. JTO COOTBETCTBYET
YKOPOYEHHUIO IouTd Ha 42 u 121 ammuoxucnory ¢ C-konia it BapuantoB 64,0 u 55,0 x/la
COOTBETCTBEHHO. CllelyeT Takke OTMETHTh, uTo B ciyuae Amy3500 (BapuaHT Ge3 COOCTBEHHOTO
CUTHAILHOTO TIenTHa) Gombias dacTh (epMeHTa HaxoauTcs B ¢opme 550 k/la, Torna xak B
cirygae Amy3500 ¢ coGCTBEHHBIM CHUTHATHHBIM TIENTUAOM cooTHorerre dopMm 64,0 u 55,0 x/la
coctapmsier mmoutu 3 k 5. llpemmomoxenme o Tom, uto o6e dopmbr Amy3500 obGmagaror
(epMEHTATUBHOM aKTUBHOCTHIO, HATTSIHO TPOWIIIOCTpUpoBaHo us 7-# ¢pakimm FPLC Ha
pucyHke 6 b. D10 sBIEHHE IMMPOKO PACIIPOCTPAHEHO CPEIH (-aMIUIa3, KOTOpBIE, B JOIIONHEHHE K
o0s3aTeNbHBIM JIoMeHaM A (karaimruyeckoMy), B (metneBomy) u C (Bce Gera), obmajgaror C-
KOHIIEBBIM JIOMEHOM CBSI3BIBAHUS CyOCTpaTa.

B xonGounpx ¢epMeHTAIMSIX aKTHBHOCTh O-amwoiasbl B. subfilis RIK 1285 amy1974
olteHmBatach B 1834 ex/mm, B To BpeMsl Kak akTHBHOCTE B. subtilis RIK 1285 amy3500 nocturana
702 en/mo ocite 48 yacoB dpepmenTarym. OHAKO B TIPOU3BOICTBEHHBIX YCIIOBUSX TIPH TTYOHHHON
¢depmenTaruu B Guopeaktope o6neMoM 250 1 o6heMHas akTUBHOCTH miTamva B. subtilis RIK
1285 amy1974 pocturama 2000 ex/mi mocite 25 yacoB pepMeHTaITI.

HccnegoBanne B KoHmenTpapy Ca?* Ha aktusHOCTE Amy1974 u Amy3500, Hapsay ¢
JAHHBIMM JIMAJ34, YKa3blBaeT HA HU3KUN akTeBupyonpii sddexr Ca? Ha ofe o-aMHITasbL
PeHTreHOCTPYKTYPHBI aHATN3 TIOKa3bBaeT HamMume 8 MoHOB Ca’’ B CTPYKType o-aMuiassl B.
amyloliquefaciens pdb 3bh4, xotopas Ha 100% wmaeHtuuHa Amyl1974 Mo aMMHOKWCIOTHOM
TIOCTIEIOBATENLHOCTH, W Hamuure 3 uoHoB Ca’" B cTpykType o-ammiassl B. subtilis pdb lua7,
kotopasg Ha 100% waenTmuHa Amy3500 1Mo aMHUHOKHCIOTHOM IIOCIENOBAaTEIBHOCTH. JTO
HaOJIOJICHHE MOYKET YKa3hIBaTh HA CYIIECTBOBAHME [IPOYHO CBA3aHHBIX HOHOB Ca’' B HCCIIe Ty eMBIX
CTPYKTYpaX 0-aMuIIa3, UTo 0OBICHSET HI3KUM ak TUBHPYIONTHH 5d dekt Ca?* Ha 06e o-aMUTA3hL.

CpaBHEHHE KaTAIMTUIECKUX XapaKTepPUCTHK a-ammina3 Amy1974 u Amy3500 ¢ aHamOrHUHBIMHA
(bepMeHTaMH, U3BECTHBIMU B JIUTEpaType, 10 [UePKUBAET IIPEUMYITIecTBa pEepPMEHTHBIX IIpeIapaToB,
MIOJIYYEHHBIX B 3TOM HCCIEOBAHUH, OCOOEHHO C TOUKH 3peHusI UX pabodero pH U OTHOCHTENHHO
IMUPOKUX JMArta30HoB pH-3aBUcHMO# TepMocTaCmibHOCTH. Kpome Toro, 5T GepMEHTH YMEPEHHO
TepMOQWILHEI W JIEMOHCTPUPYIOT IIMPOKHM Juaria3oH pabounx Temrreparyp. OepMeHTHI,
W3YUEHHBIE B 3TOM HCCIIE[OBAHUH, TIPOIEMOHCTPHPOBAIH IIMPOKKE IIMKU aKTHBHOCTH B JIHAIla30HE
45-70°C ¢ makcuMymoM mipu 65°C. o-ammnazsl Amy1974 u Amy3500 1poIeMOHCTPUPOBAIIA
nmpokue onTuMyMsl pH U pH-3aBHCHMYIO TEPMOCTACHIBHOCTD ¢ ONTUMATIBHBIMU 3HAUCHUsIMH pH
npu 6,5 1 5,8 U mikamMy TepMocTabWIbHOCTH Iipd pH 7,6 U 5,9 cooTBerctBeHHO. O0€ -aMUIa3hl
IIPOJIEMOHCTPUPOBAIN  BBICOKYIO OTHOCHTEIBHYIO aKTHBHOCTH B OTHOIICHHUHM Pa3IHYHBIX
KpaxMaloB, BKIIOYas KYyKYPY3HBII AaMIUIONICKTMH M KapTOQEIBHYIO aMuiIo3y, IIPU 5TOM
IIPOJIEMOHCTPUPOBAB CPABHUTEIFHO GoJlee HU3KYIO aKTUBHOCTh B OTHOITICHUH ITUKJIOIEKCTPUHOB.
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IIpescraBieHHple B JAHHO JUCCEPTAIMOHHOM paboTe d-aMUIIashl JEMOHCTPUPYIOT HHTEPECHOE
TIOBEJICHHUE C TOUKHU 3pEHUS INIyOMHBI PeakiMy THpoiM3a Kpaxmaia. B To Bpems kak Amy1974
THJIPOIIM3yeT KpaxMal, I0j00HO IpenaparaM Novozymes, HCIOIB3YEMBIM B IIPOM3BOJICTBE, JIO
KOPOTKHUX JIEKCTPO3 U MalbTO3bl, ¢-amuiaza Amy3500 IpakTHUeCKH IIOJHOCTHIO IpeodpasyeT
KpaxMal B IJTIOKO3Y. DTO BaXHBI (GakTop ¢ TOUKH 3PEHMS IIOIYUYEHHS CHPOIIOB C BBICOKHM
coJlep>KaHieM TIIIOKO3BI M3 KpaxMaila ¢ UCIIOIb30BaHUEM TOJIBKO (-aMIJIA3BL.

[lapameTpsl pocTa KIETOK U IPOAYKIMH (epMEHTOB KOHTPOIUPOBAIUCH B TEUCHHE BPEMEHU
KyIbTUBUPOBaHUS B (depMeHTepe ob6bemMoM 250 7 U TyHIlIero MOHVIMAHKS KUHETHKH PocTa
KJIETOK ¥ IIPOJYKIMH O-aMuIa3bl. Pe3ylIpTarhl IIOKa3pBAIOT, YTO MaKCHMAalIbHAas CKOPOCTh POCTa
KIeToK HabmomaeTcs Ha 16-M acy, nocturas 3uavenust 0,153 r/n/a ais cyxoro Beca. [locie storo
IIMKa CKOPOCTh pocTa KIETOK Hayuajla IIOCTEIIEHHO CHUKAThCS, B TO BPeMs Kak CKOPOCTh OOBEMHON
MIPOJYKIMH (-aMIDIa3bl IIPOJIOIDKala PacTH, JOCTUTHYB MAaKCHUMAlIbHOM OOBEMHOM IIPOIYKITUH
¢depmenta 167 er/m/a Ha 19-M vacy.

CymepHataut B. subtilis RIK 1285 amy1974, BeIpameHHplif B GHopeakTope B TedeHHe 28
yacoB, Jal 90 II KyIbTypalbHOU KUJIKOCTH, KOoTopas ObUla CKOHIICHTpUpoBaHa B 6,3 pasza ¢
TIOMOTIILIO YIILTpaQIILTpaIun, B pe3yibrare dero o6beM cocTaBun 14,3 1. KoHreHTpupoBaHHas
yiapTpaduIpTpalielfl BHEKJIETOUHAs o-aMilasa ObUIa II0JIBEPTHyTa Ppa3IU4HBIM IIpoliefypaM
KOHCEpBallMK (pa3iuuHble METOJBl CYIIKM M OcakjeHHe cyiabdaToM aMMOHHA). Otall
yIbTpadIIBTPAIN JOCTATAET OOIIEr0 BOCCTAHOBIICHUS akTUBHOCTH 96,6%, uto maer 171.3 mmH
eIMHUIT 00TIelt aKTUBHOCTH .

Ha stame mmodomms3armm BeIxo I Ha ATare coctapumu 89,7% u 103,7% B mpucytetBun 2%
caxapo3pl M KpaxMala COOTBETCTBEHHO. COOTBETCTBYIOIIME OOINME BHIXOJBI OOIIEH aKTUBHOCTH
coctapum 86,7% u 100,2%. Ha srare pacrbUIMTENHHON CYIIKH BBIXOJBI cocTaBWIU 73.4% Oe3
kpaxmana U 85,9% c 2% xpaxmana. Y cooTBeTcTBYIONME OOIME BHIXOJBI OOIIEH aKTHMBHOCTH
coctasmwm 70,9% u 83,0%.

OpaxruoHrpoBanre cyiIb(aroM aMMOHHS TIPOBOUIOCH B aBa stama: oT 0% mo 30%
HachmeHvs U oT 30% g0 60% HacwmmeHust. OCHOBHAS YacTh aKTUBHOCTH (pepMeHTa Habmoaanach
TpY HachllleHMH cyibdarom ammoHus oT 30% mo 60%, uro mpuBeno K »TamHOH M obmieit
akTUBHOCTH 69,5% 1 67,1% cooTBeTCTBEHHO. B pesyibraTe 31011 mporeaypsl Amy 1974 Takske ObLT
3HAYUTENTHFHO OUMITICH, JOCTUTHYB YACIbHOM akTUBHOCTH 1344 en./mr.
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