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LeruenrE3nrL
Uutibuwhnunt pj wil pEhdw) h upnhuwljuwitine B nLup

S5-wdhUw, unt| hbwepentl (O-wdhUw, unt | hUwppnNL, CsHoNO3)
opguwuwywu pEpnL E, wlu tEunngbtlt JhwgniLpynLtlu E, npp
hwunhuwuntd Et wnp$ppphUp YLEUuwpwlwywl Uwhnpnp®
pnLjubph LyGunwuhUubph opgquwuhquutpnc J:

Qwjwnuh GU 5-wdhbwg unt | hbweprYh (B-ULM@) YGUuwuhUptqgh
Gpynt Gnwuwyubn: $nuuhlptq shpwyjwlbwglunn
opngqwuhgquutph Jnw (Gunwuhutp, ulybp, wwnquwgnrjl
Uhwpohg opguwuhqguubp) 5-ULfG-U wnwp wunt U £ g hghUhg L
unLlyghlhy -CoA-hg" whnphnopuwy $nuduwny why wi 5-
wdhUw, unL | hUwwn uhURGwwg $tpUGUwh wgnbgnLe) wdp: Uy u
nGwyghwl hwy wuh £E cGdhUh nLnh wujwunt Uny [Woodard, Dailey,
1995]: Pnijubph, gphdnLnUtph, pwywGphwlubpnh (pwgh a-
wpnuwtnpwywtphwlubphg) L wphlwubph dnwn  5-ULf3-u
wpnwgwunetd £ g nruvwdhlbwprdhg” Jhgwllyjw qpnLruwdhy -
hnue-h U g ntnwdwun-1-yhuww nEhhnh dhgngnd: Uhuptqghl
Jduulbwygnid GU g nLunwdh| -hLB-uhUptunwg U g nt nwd wun-1-
Uhuww, nGhhn wdhUnuwupuwlu$bpwg $GpdGLwnLtGpp:
ntwyghwutpp hw wuh 6&U Csnenh, Ywd PFhrh nLnh
wudwuntL Uny [Beale, 1990]:

5-UL@-U nLUph Yhpwrdwlt [ w U hGrnwuywpUbp, npny E
ww Jwbwdnpyws £ upfwphh  Jdh 2wnp  Gpyplbpnod
wpuwhw) wJwé hGuwwppppnipynilup JbpghUhu UGwndwdp:
Ujuwtu ophlwy, 5-ULMG-U wnwpwnlyyb, E Yhpwnbp npuwbu
pniLjubph wéh fuewuhs LW hGpphghn Uhg ng [EBponeiickuit naTeHT,
EP Ne514776, 1992]: Pugh wj n, 5-ULM-U odwnjws E nLnnLgpw hl
peheluGpnid Unrwwydbrne punnrlwynep) wdp U wGuwlG| h
LnLjuny S wnwgw) pUwl nGwpeniL J hnfuwpyyne J £

wnnwnwnpdhpht IX-h, npp $nunublbuhph| hquunnp
dUhwgnrpeyntlu E: Un wwndwnny 5-UL-U wnwpwnyyb| E
Uhpwnb| tnwnpbn b nwywy Jwl swnnnpuwy

UnpwgnjwgnLp)ntUlbph, hUsgwbu Uwlb ng ninnigpw hl
punc)ph dup Ywy hu hhdwunniLp) ntuubph $nunwfunnpn Jwl
U $nunnhbwdhy pGpwwhw h hwdwp [Peng et al.,, 1997]: JwwnnL |
hGuwpnpppnipeyntt £ UGpJw wguntd 5-UL@-hunnLygyws
$ L nLnpGugtlughw h oguwgnndéduwl hUwpwynpnLp) nLlup
supnpwy ntenigpw hU wpngbuh wGnwy hu Lwpwsywsdni @) wu
hUuwmpwowtpwghnl wfunnpn2 Jwu hwJuwp, hus wau Lwl
uwtgh$hy pnLdduwl wpnj)ntlbwGwne p) wu h & nwg w
dGpwhuynnniLp) wu mGuwllyj nLuhg:

Sw wnuh U wu Jhwgnep) wlt unwgdwl Jh 2wnpp uhUupbwhy
JdGpnnlubn: Rup yh wnlUb ny Lunc hbwpryh
Jdwng G hnepynLlup® wn wy & h ws wru npwtu
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5-ULf@-h phdpwywl uphUpbgh GrwujynLip hwuntu E qu hu
5-ppndp uni hbwpryh Grbpp [Morton et al., 1993; Ha et al.,, 1994]:
QUwjy ws ppnUdutnuwyuw ywé JhwgnipynitlblUbph uwnwgJduwl
ndywnpnrpe)nrtulbphl, wu Jopnnp vhbus wdd sh Ynpgpby
hp wpnhwywunip)yntup L UnitjUhuly uwvwgbp E hGuwquw
quwngwgnt U [US Pat. 5907058, 1999; US Pat. 6583317, 2002; TpOCTSIHKO U
ap., 2009]:

5-ULf@-h unwgdwl YEluwpuwlwywlu Gnwuwyp hwunhuwunc Jd E
w [ puwpwlupw hu, pwuh np wl, hwltdwnws phdhwyuwl
uhUptgh hGw, phg Swwwwnwn £ U wbnGuwwtu wpn) nebwybu
ShpwlbwgntJU ng 66dpw hu $nunuhlupbtgnn pwywtphwubph
nnn2 gbnbp, Juubwdnpwuwtu Rhodobacter (Rba.), Rhodopseudomonas
(Rps.), Rhodospirillum (Rsp.), hUg wu bwu Jh 2wnp wy | dwuptubnp,
punnrlbwy GU Ynrwvwytb, U wbwbuwjuwlu wGuwulyjnLUhg
whwdbw pwuwyutpny vubUnuwdhoww) nh Jbg wpuwquunt| 5-
UL (3

LGpyw ntdu 5-ULB-h wpnynrlbwdbw wpwwnphsgutphg Jdbynp
hwdwpynLtJd E Rba. sphaeroides 2 inwdp, nph Jdnwun Lwwwnwyw) hlu
UjnLpeh YGUuwuhUupbtqgh G pp Ywgdnod E 33.8dq/ -hg Uhlsgl
260U q/L [Anderson et al., 1993, Ishii et al., 1990, Sasaki et al., 1991]:

ShpwuwgnejJ U ng &66dpw hu pwywaphwlubnph hwlunby
hwwnoy hGuwepppnep) ntup ww Jwbwdnpyws £ npwlug (wl
Uj nL pwhnfuwbwywy hlu hUwpwynpnrp)nrulbnny:
Rhodospirillaceae gtinh utpywj wgnLghgUGpu punnLrluwy GU hhlug
nwnpbp wGuwyh weh. () wpbwy hu L nLjyuph Eubpghw h hup yhu
$nun| hunwdununn$ wé™ npwtu ErGYwpnulubGph nnlunnp
oguuwgnnédynLtd E Hy npwtu EpGywpnlubph wygbwwnp L
wsfuwsuh  wnpjynLp’ C0z;, (i) wlwtpnp ww JuwllbGpnod
$nunhbwbpnupnd  ws® npwtu ELGywpnllutph nnunp
ogumwgnnpdyntd GU vwppbp opgwbwywu Jhwgnipy neuubkn, (i)
UpnLp) wu UG wuwbGpnp wdé™ npwtu ELGywpnUutph nnunp L
EuGpghw h Jhwy wnpjnip oguwgnpéyntd GU wwppbp
2upwnutp, (iv) UpnLt ey wl UG wbepnp pGdnhGuwtpnunnd wd (v)
UpnLpjwlu Jtg wepnp pbEUdnhGwbpnupnd ws® npwGu
ELGywpnlulutph wygbwwnp Yhpwedne U E O—p, npwtu wéfuwusuh
wnp) nLnp® CO.-p [Madigan et al., 1979; 3uHyeHko, 1996]: U) n wwwnd wn ny
Shpwlbwgnt U ng 66dpw) hl pwywtphwubph
UGpyw wgnLrghgutpp Yppwryntd U npwtu dJdnnbLw hl
opjywuEp” $nunuphlpbgh, UdppwllbGph phngtlutgh, COz-h
LU Nzph $hpudwlt Jh 2wnpp  hhdUwpwp wpngbulbph
ntuntJlbwuhpdwl hwdwn:

ShpwlwgnLjU ng 66dpw hu pwywtphwlubnph Lwl
Uynrpwhnfuwibwyw hu  hbwpwdnpnLpe)yntultpp penLyL &L
wnw hu gbUtwhywywl JGpwhulynnnt p) wl Jwywnpnuwyny
hGuwgnwt, wn wnpngbulubph bhnfwgntgnip) ntuubGpu wl
ntwenid, Gpp w| YGUuwpwlwlwl hwdJwywngbpnid npwlp
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nwpwupuwnJws GU: Ypw htn Jhwdwdwlwly, Shpwlwgnijl
$nunmuplpbgnn pwywtphwlubph hulfw wywlu Y&6Uuwpwlwywl
pwgdwquwunLrpe)nrlup pnLj | E vw hu ppwywbwgUub] gwuluw h
hwwnyniLp)neuutbpny odwnjws wywhy 2uvwd-wpuwwnphgUbph
Lwwuiwyw) hU pw U puwupnip)nel, hus weu Lwlh hpwywuwgub|
wnwnpptp qgbu-hudtubpw hu JhgwdwnLpyneulbp® npwug
wpunwnpuwywu gneguwuh2Ubph pwpépwgdwl Lwywnwyny:

Grutnd dJbpp 2wnpunpywshg’  hfunhp B npybg
ntuntJUbwuhptp 5-ULM-h YEUuwuhlUpbqp ShpwlwgnLjlU ng
66dpwy hu $nunuphlpebgnn pwywephwlbnh Unuw:

U2 huuwnuiiph Uuwpuwnudip b hiinhpubpnp
RGunwgnunL ) nLlul nL nnywsé E SGhpwluwgntjUu ng
66dpw hu $nunuhlptgnn puwywbphwltph Yynndhg 5-
wlhUw, unL | huwprdh YGUuwuhUpbgqh nLruntdlUwuhpduwlp:
ujn U wwnwy ny 33 qQuUU «Quw Gluwntdun nghwy
¢ h tnwiwn nwn p wy wl yGUuwpnuph R QuUU
«Qw) YGUuwwtiung nghw» QUY) wy | puwnpwlupw) hu Eutpghw h
wnp)nepubph pwepppwunpphw h JwuptuGph bhwjwpwsni hg
puwpyt| G&U Rhodobacter, Rhodopseudomonas U Rhodospirillum
gbntphlu wwwny wlnn Shpwlbwgnt J U ng 66dpwy hl
pwywtphwubp, Yuwuwndt, E npwlug nruntdUwuhpnid L
pUunLpwgnnL U’ npwtu  5-ULMB-h hGnwulwnpw hu 2 wnwd-
wpunwnphgUbp: LywnwyU hpwanpéb nt hwdwp wnwp wnpybp L
LnLéL{bL GUhGwlh) w hiunhpubpp.
Rhodobacter, Rhodopseudomonas U Rhodospirilum gbtntnph
Shpwlbwgnt J U ng 66dpw) hl $nunuphlpebqnn
pwywtphwltnhg
5-UL [@-h wnwtlughuw 2 unwd-wnuwwnphsubnh
puupnipynitU b hwltdwnwywl punt pwgnpne U:
= dwlwlwywyhg UdnLGynLpw hl ¢ &L wuwnh wwy npJwl
dGennlutGph Uhpwnduwdp 5-UL @-h wpuwnnhg
huwunhuwgnn 2unwdutph Unej Lbwywlwgne J:
= 5ULM-h Greph pwnpédpwgdwl Uwwwwyny pluupyuws
pwywtphwutph punneygdws phdvphwywl UnLwnwgbtlUubgh
hpwywUwgnLtd L wnwyb| wywhy dJdnrLrwuwuwlbph
JGynLruwgni J:
= CUwpdws dJdnruvwlwn 2vwdh  Jdnn YEUuwquugdwsh
wn wg wg Jwl u
5-ULf@-h uhUptgqh Jpw ulUnwlhgw]w ph wwppbp
pwnwnnhsgUubph nL yGUuwuhlUptgh wnwlugpw hl
gnpénulbph (eGpdwuwhfwl, [ nLuwdnpnLpe) wu nGdhd,
pH) wqanbtgnLrpjwu nruntdUwuhpniod: 5-ULM@B-h G| ph
owwmhUw, wgnt u® [ WP Npwwnp wwy Jwuubpno d u
UGUuwnBwywnpni J:




U2 munuiiph ghundjuit Unpni ) pp

Unwg hu wlbqwd gnLjg E wnpdbtiL, np Rhodobacter (Rba.)
azotoformans ShpwlwgnLjU ng 66dpw hu  $nunuphlUpbgnn
pwywGphwu punnLrlbwy E uhUpbqb nt 5-ULMG: Pwnén G pny 5-
UL @-h u thwig Jwil U wwunwy ny ntuntdbwuhpyby L
ownhdw, wgyt btU 5-ULf@-h YLGUwuhUpbgqh ww JwllUbpp:
Uwubwynpuwwtu,

1. 16S nNufe qgtluh unLtyLEGnwhnwy hlu
hwg npnwywunLp)ntuubph JGppnLrénep)wlu hhduwl
Jpwhpwywuwgyb] £ 5-ULBuphUptgnn’ hwjwpwsnLniL d
nnpuwtu «Rba. capsulatus» wy wunwnnyws 2 lnwdh
Un GynLrpw hbu-gbUGwhjwywlt Unct ) bwywluwgne d, nph
wnnjnrupnid wU Jbpwnwuwywpgdbp E npwtu Rba.
azotoformans:

2. Unwghl wu g wd hunnt ygywsd UnLwnwghwubph
wnnjnrupnid uwnwgyb] E Rba. azotoformans-h™ 5-UL fe-h
pwpépwnpn)ntbwbwn  wpuwnphg hwunhuwgnn E10
2wnwdp:

3. Mwnqyby E npn2 hwybG ntdUbph (gL hghl, g nL unwd wn,
Jw, wn, untyghbwwn, [unLphlbweenL) UL 2pgwwywwnnn
dhewjuwy ph gnpénllbph (eGpJwuwhéuwl,
Lntuwdnpnip)nil, pH) wanbgnipynilup wwnpbp
ulUnwdhpww) pGpned 5-ULf-h YGUuwuhUpbqgh G| Rh

Ypuw:
4. Unwphl wlguwd gnLjg E uwnpygbp JwupkEwpwlwywl
S wbwwwnhny Shpwlwgnt j U ng 66dpwy hl

$nunuhlptbgnn pwywtphwubph Unnuhg 5-UL @-h
utwgJwl nbwnbuwyuwl wpny ntbwdGuwnep) nLup:

U2 fmunuiiph gnpédUuwljuilt U2 wiiwljnL B nLup

1. Uunwgyws wnn)J nLuplbpp pNLJ | Gl tnw hu
hpwywluwglb| Shpwuwgnt U ng 66dpwy hl
pwywtphwubph® npwtu 5-ULMG-h hGnwulwnpw hU 2 -
wpunwnphgubph Lwwunwyw) hu puwpnL ) nL U:

2. ShpwluwgnLjl ng 66dpwy hu $nunuplpbqnn
pwywGphwubph wwppbp whuwyluGph Jnw 5-ULG-h
UGUuwuhUptgh ophUws whnLpe)ynrUltpp Ywpnn GU
oguuwgnnpéyb| U2 yws Pwywnphwltnh
wpnjnrbwpbpwywl Yne|p whywgdwl® 5-ULM W Jh 2wnp
wj | yGUuwpwlunptl wy why JUhwgnLp)ntulbp
unwbw, nt Uwwuwwyny ghwvwywlu hhdptph J2 wyduwl
hwdwn:

3. GuwgnuniLp)ynilulUbtph  wnnynoupubpp Ywpnn GU
gnpSlbwywunctd hhdp hwunhuwlw, JwlpktEwpwlwywu
Swlwwwnhny 5-UL@-h wpuwnnpnt ) wu hwdwp:




4. U2 fuunwuph pUpwgpntL U Rba. azotoformans-h

$hr ngbUGwhy wnwludlUwhwwnynL ) ntulbph
ypwpbpjw uvwnwgyws Unp wd) w Ubpp Yuwpnn &L
Jyw G wqnuwj hlu u wShuwsuw) hu

Uj nL puwhnfudtwywy hu nLnhutph G UG wh{ywywlu
dwywpnuwyny  dnfujuuuygwsnL gy wt Jdwuhl, hlUgp
unnpnyh E Lnruwpwlunc J $nunuhlpbgnn
pwywtphwubtph dnwn U2 Jws hhduwpwp §6Uuwp wlwywl
wpngbuubph hwdwywpgJdwl juunhpp:

Mup vnpiline pj wil UEpYwy wgynn hhduuljuwii npne ) pukpp

1. 33 QuUu Quw ybuwwnbEflung ngh w» QUY-h
w [ pUwpwlpw hu Eutpghw h wnp)nepubinh
Lwpnpuwwnphw h UnLpwnLpwubph hwjwpwsnLniL d
pungplyyws Rhodobacteraceae pUwnwlhphlU wwwnwunn Rba.
capsulatus MDC 6508 2 tnwdp, hwdwdwy U 16S nNL@ gtUh
ubpyblwynpdwl wny ) w ubph u $hrngbUbwhy
wlw| hgh,Untj bwywluwgybi| E npwtu Rba. azotoformans:

2. Rba. azotoformans, Rba. sphaeroides MDC 6509, Rsp. rubrum MDC
6505 U Rps. palustris MDC 6506 Jw) ph 2nmwdutpp OpdGpnnh
hGnniy ulbUnwdhowjw nno d Unr whywgdJduwl
unwunwnw ww JwubGpnid uhUptgnid GU 5-ULM@-h ng
Fwywu puwlwylUbp, JhlUsgnbn Rba. azotoformans-h EI10
dnL twlunp, npn uwnwg y b E hunnLygyws
dnLwnwghwlubph Gnwuwyny, hwunhuwunctJd E 5-ULM@-h
pupép wywhyne ey wdp wpuwwnnhs:

3. &pguwuwunnn Uhgwdw ph gnpénlltipp (pH,
rntuwdnpnip)nil, ghpdwuwhdwl), hUsgwtu Luwu
ubUnwdhewjwy ph npnz  pwnwnphsUtp (gL hghl,
gLnrunwdwwn, Jwpwwn, untyghlbww, [unL| hUwppent)
Jumjws YynugblUwpwghw hg wanned GU hGnnoy
ulUnwdhgwjwy pGpned 5-UL@-h uhUupbqh ypw:

4. Rba. azotoformans-h E10 dJnLuwlwn 2wnwdh wlpUnhuwn

Unrp whywgduwl ww Jwulubnpno d hGnnt |
ubUnwdhe wjwy pned gL hghuhp, unctyghlUuwnh,
Lunct| hbwppyh u gL hL unwdwwnh owwh Jwy

UnugblUwpwghwubnp Lwwuwnnte U Gl 5-UL @-h

wnuwybp wgnLju by phl:

RnnLrjulltnwdhguww pned Jwp winh® npuwtu wéhuwsUh

hhJUwywu wnpjnLph wjb| wgnLup qgw, hnpGl

pwnédpwgluncJ E 5-ULB-h G| pp:

6. UwlpkE wp wlwywl S wbwwwnpny 5-UL @-h uhuptqgh
nbwbuwywl 2 whwdGunL )y nLunp:

Uuni Luwbun u wdj it up fuanuiiph Yuwpn ghundjuil pEduiiph hEw

o

7



UntUwnuwyuwl  wp fuwnnwupl hpwjwlwgybp E I QUU
«Quw ytluwntlung nghwy  QUY-nLd, «Guwgnunip)nLllubn
JGUuwwGfuung nghwj h ] dJwUupEwpwlnt @) wl
plwqwjwnUbpnitd» pwqw hU  6pwgph’ CdnunuhlUptignn
dwuptutGph U6 Uuwp wlwywu wpwUdUwhwwynLp)nelblubph
ntuntdJbwuhpnedp U npwug hGrnwuwpw hU Yhpwrniodp
JGUuwwGfuung nghwy ntJdi wp fuunwuph, hug wbu Lwl I Y4UL
QMYy-h Nel6A-1f37 swsywgpny «dnunuhUpbgnn pwywtphwlubnh
dhgngny 5-wdhbw, unt | hLwpRrYh YGUuwuhUptqgh
wnwUdlUwhwwynLp)nelblbph ntuntdbwuhpnLp)nelup»
ghuwjuwl Uwfmwugsh W HORIZON 2020 6pwagph  Uwphw
Uypwnnyulw w Yyneph npwduplUnphh Phoenix Uwhuwgséh
dUhgnglubpny (npwdup Unnph” 690925-Phoenix, MSCA):
UntUwnuwyuwl  up fuwnwuph  wpny ntUpbbpp Juwulbwyhnpbl
ubpyuw wgytiy &GU Uzdws Spuwgptph plUpwghy UL wwpblywl
hup JGuwdnL gy ntultipnedJ:

U2 fuurnuiip h b puwdj wiiwg duis yuy pp

Ut U wiun u wy wl wp fuunnwuplt hpwjuwluwgyb| 33 quUU
«Quw ytluwwntdung nghw» QUY-h w | puwpuwupw) hlu
Eutpghwh wnpynupubph  pwpnpwonphw ned, 2wgpbph
hwdw, uwpwUuh ubunh wGhiung nghw) h L YGUuwwtErun nghwy h
$SwynL | wEwh JGUuwphdhwywl Swpunwpwghunte ) wu wdphnUh
UbUuwphdphwywlt Swpuwnpwghunipe)wu U wnpn)nLUwpbpwywl
dulptwpwUneeyntU pwpnpwunphw ned  (unpdwehw):  16S
nNLG-h gtluh uncyrEGnwhnw phu hwe npnwjwunt @) wu
JGpéwuncdp hpwywlwgdb| E  «Macrogen» pulyGpnip) wl
Ruwpwjw) huYnpbw) Ynnuhg:

Uutibufinub witdbwljuit UpnpnLdp

P.U. wnpnipyniljuwlp, ghuwjwu nGlwjwn wu.gq.p. 4.P.
Qnghlj wuh gL fuwdnpne ) wdp hpwyuwlwgnpb E
hGuwgnunLp) nculubph fuunph dbwyGpwneudnp,
hGuwwgnuwne gy ntUUGph nunnnip)ntulbGph pUuwpnie) nilp,
Lwwuiwyubph L wnwg wnpwUpUbph npnznodp, thnpé wnwnwy wu
dnwtgnLdubtph dwyno dl nL wpnjnLupubph
dGpyneénLpeynelup: Guwgnunipjwlu  pnpnp  tnepbpnod
hwygnpnUnLtlubgb E hp wbdlwyuwl Jwubwygne ey nLlp:

RwdwhGnhbwyni ey wdp hpwywuwgws wp fuunwbplubpnio J
hwygnpnp Jwuilwygbp E ¢npdwpwpwyuwl wp fuunwuplbph
hpwjwbwgdwlup, uwnwgyws wnpnjnrlUplGph wdpnthdwlp L
JGyUwpwldwlup, ghuwywl hnndwésubph wwun wu indwp,
hUus wbu bwu hwunbtu EGYEL ghwnwywu qGynLygny:

Ut bwdun uwidj wil up fuumiuph wupnpughuis
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RGunwgnunt @) wl wpnj)nruplubpp uGpyw wgyb| Gl
«YGlUuwwtuun nghw. ghuntpe)ntlt b wpwywhlw» Gphuwuwpn
ghwbwywulubnph 4-nn dhpwqgwy hu ghunwdnnnynit d R wy wuwnwl,
Gplbwl, 2017) L qynL gyt GUII QUU «Ywy YGLUuwntfWun nghw»
QUY-h ghunwywl funphpnh Uhuwbpn J:

puwunuljjud up fmume py nLUubpp

UntUwhinuncL py wu hhdUwnpne) pUGpu nL wpnyniouplubpl
wdpnthjws G 8 ghuwywlt wfuwnnip) ntulbpnod® 6
hnnqwsuGpnid bW dhgwgqw hughuwwdnnnyh 2ptghulbpnLdJ:

U2 fmunuiiph unnLgyuwdpp b Swjuwy p

UnE Lwhinuwywl wp fuunwlpp 2 wpwnpyws E hwdwywngs wy hu
2upywspny” 126 Egh Jpw L UGpwenitd E 44 ulwp no 15
wnjnruwy: UwbUwmunip)nilup Juwaudws E  hGwulj w
pwdhuutphg® «Pnjuwlunuwynrp) nL Uy, «LGpwénLp) nL Uy,
«Gpwywl wybwnpy», «LynLpebp U UGpnnlUtpy», «®npé wpwpwywl
Jwu», «Ggqpuwywgnirpe)jnLlblbp», 194 hnntd wwpnirlbwynn
«GpwywunL ey wu guwuly», QuuwynLdubph guwuy» L Gpynt
hut| ywsutnhg:

QL Nk hul.
ruqutl ByLury

«Gpwywl wybwny» g funt d Jubpwdwul 2 wpwnpyws £ fjlunph
wnnh npywspp: LepYuw wgdws GU wdj wp Ubp $nunuhlptgnn
pwywtphwlbph hulw wywl UEbuwpwgUwquwlnt @) wu,
pUunLpjuwlu JGg npwug ntph L  Ujynipwhnfuwbwyw hlu
wnwlédUwhwnyne ey ntuutph JuuhlU: Uwubwynpwwtu, gnLjg E
mpJws  $nunuplpbgnn pwywtpphwlbph Ynndhg 5-ULM@-h
YGUuwuhUptqgh nLunt Jbwuhpduwl Jwpunpnipe)nLlp:
Lepyw wgyws U ybGunuwuh opguwuhgdubph, wn pyncd
duuptutph dJdnwn 5-ULfG-h  uhUpbtgh nunhutph Jwuhl
dudwlwywyhg wwinybpwgnL dutnp L A&GnppGpnudlbpp,
hus weu Lwlh pGpJws GU wdj w Ubp 5-ULG-h pd2ynLp)wl U
gjnLnwunuwtunt @) wl plwgwjwnUbpncd UhpwnJuwl
ybpwpbip) w :

dNravvuul vuy
QL Nk hu2. I6SuU2nsSnk EBUL OR3LUSLE, L3NFEENre 64 Utenuere
ALunLdJUbwuhpyb] E Rhodobacter (Rba.) azotoformans (Lwfuyhl
Rha. capsulatus MDC 6508), Rba. sphaeroides MDC 6509, Rhodospirillum
(Rsp.) rubrum MDC 6505 U Rhodopseudomonas (Rps.) palustris MDC 6506
wbuwyubphl  wwwywlunn ShpwlwgnijlU  ng 66dpwy hl
$nunuplupbgnn pwywbphwutph Yynnuhg 5-ULM-h uhlUpbtqp:
9



L2yws 2uwdlUbpp, npnup UwyhUuntd JGynLruwgybp GU
Swjwuwmwuh wvwnpbn hwupw hu gptphg [MwpnUj wu, 2010] L
wwhwwuyned GBU IR QUU KQwj jGUuwwnbpung nghw» QUY-h
w | puwmpwlpw hu Eutpghuw h wnp)neplutinph
Lwpnpwunphw h JwupEuGph hwjwpwsninid, hUsgwbu Lwl
wy wunwnpy ws Gl uncju Utuwpnuh «Jwuptubph
wjwunwnpdwu yeUwpnu» hhdbwpyne J:

Uwuptutph UnrLp whdwgnLdp u wn wnwin.p nnwy wu
hwwyniLp)neUuubph guwhwint JU hpwyjwuwgyb| &GU Opdbpnnph
htnntly U wgwpw) hU [Ormerod et al., 1961], GA® gl nL nwduwu+
wg b tnwwn [Suwansaard, 2010], GG g nL nwduwwn-g| J nL ynq [Nishikawa
et al, 1999] b GM' g| nLunwJwwn-dJw] wn [Nishikawa et al., 1999]
wwpnruwynn htnnrjubnwdhpgwjwy pGpnid:

Puywtphwutph phdpwyuwlu dnLunwgblubqlu hpwywbwgyb| E
UhwnpngngnLrwluhnhUh dhgngny® puuw Nishikawa et al., 1999:

YUnLpwnepw, hGnnoyubpned 5-ULM@-h hw wbwpGpnodlu
hpwywugwb, E uwaunpndnundbunhly Gnwuwyny®™ EpL hfup
gnt Uwg whwywl [Sato et al., 1981], Unpwp G npwn [WapwyHoBa u gp., 1980,
Buprep, 1982], qwquwj hU [Trontel, 2017] U pwnpépwnnj)nLlbwybun
hGnnLyw hl [Suwansaard, 2016] ennduwingpwbhw h
Gnwuwyubnny:

Puywtphwlubph Untj bwyjwlwgne U hpwyuwlwgyb E
dnpGynLpyw hu gbubwhjwywlu JGennUubpnyd: FPwywephwubnh
pehelutphg ML-h wugwunL JU hpwywlwgyb| E hwlwsw U Zho
et al.,, 1993: 16S nNUfd gbUh wduy h$hlwghwl hpwywluwgyb| E
McN-h Jhgngny® 16S nNU@G-h nruhyGpuw, wpnwphnww hl
qnLjq wpwj UGpubknph Uphpwndwdp® 27F
(AGAGTTTGATCMTGGCTCAG) U 1492R (TACGGYTACCTTGTTACGACTT):

16S nNuf@ qbtuh ubtyyGUwynpnLdlt phpwywlwgyby E
«Macrogen» puytbpnLeynLluncd: Uunwg 4 wé ) wg ubph
yGprneénipeyntll  hpwjuwlwgyb| E BLAST wpgnphpJdh
Uhpwndwdp (http:www.ncbi.nlm.nih.gov/blast) [Zhang et al., 2000]:

$hy ngbUutwhy JbppnLénipynilUl hpwywlugybk| E MEGA6
Spwgpw) hu wwwhndJdwl Yhpuwndwdp [Rossello-Mora et.al., 2001;
Tamura et al., 2007]:

tnLyLEGnwhnw phl hwenpnwywunLp)nLlUlbph
hwjwuwpGgnudl  hpwywlwgybi| E  ClustalW w gnphpUh
ogunwagnnsdJdwdp [Thompson et.al., 1994]:

$hyngtUGwhy Sunbph YunnLtgdwl hwdwn ogquuwagnnpéyb| E
Neighbor-Joining-h UG pnnp [Clarridge, 2004]:

QL Nk 3. 'shrutuani 3L N2 '6'6UFUSHL SNSNURLMAE2N
FUUSErPULErP CLSHNF @3NEFLLE B4 U311 AUUSErhULErh 5-UL @
ursunrek 3usuntk @SnkuvLerk NEUNEULUURLNEULC

Rwy wuh E, np hpwlwgnirjU ng 66dpw hu $nunuplupbgnn
pwywtpphwlbpp h wunly wuwG u wywhy qunpguwunc J Gu
10



$nunopguwunhtwtpnupnd  ww Jwulbpnoed: Un wwndwnny
npwlug wywhwywudwl W yne whdwgdwl hwdwn wnwyb| owwhduw
ulUnwdhowdw) p E huwunhuwuntd Opdtpnnh [Ormerod et al., 1961]
Unnuhg wn wp wn yy ws hGnnt ubUnwdhgwjwy pp:
Puywtphwlubph ws h gUwhuwwne Jdu hpwywlwgyb| E
uwEywpn$nundbuwnhy Gnwuwyny® A=520 ud w, hph
GpywnpnLpe) wu wnwy: UsGgdwlt Untj U ww JubUubtph nGwpnid
(2000 | ynLpu [ ntuwdnpnipyncl, 28°C, 15 op hulynL pwgdul
dudJwUwywhuwindws) pUuwpws  Ynopwnipwlbpp, GLpubpny
hptGlug wGuwyuw hlu wnwUdlUwhwwynLp)ynetllubphg,
gnLguwpbnb GU YGluwquwuqwsh UYnruvwydwlu wwppbp
nhtwdhw, hug weu gnLjg E updwé uy. 1-nL J:

Swdwswy U u tnwg Y wé ) wg ubph, UnL whywguuwl
Jhulnt ) U dwduwlwywhuwwndwsne J Rba. capsulatus MDC 6508 U Rps.
palustris MDC 6506 UnL|wnLpuwubph dJnw, hwlbJdwunws Rba.
sphaeroides MDC 6509 U Rsp. rubrum MDC 6505 UnL| wnLpuwlbph,
ybbuwquugywsh ynrwmwyne JU wdb h huwbUuhy £ (LY. 1):

0,16

dhwy

0.14

' et

0.12

=)

== R capsulatus B-6508

> == ~8— R sphaeroides B-6509
Rsp. rubrum B-6505
=== Rps.palustris B-6306

Owywhlwlwt funnipnit, wuyd
2
S

0 5 10 15 20
Unyuhjugiwy dwdwiwywhwindwsép, op
Vljup 1. Shpudiugne y U ng 66dpuy hu gnimupiplqnn puljulsphuitipf
ussh npbwalpluds

R6vwgw nruntdbwuhpnipyniUlbpl nenndws GU Gnbg
Opdtpnnh htnnLty ulunwdhg wjwy pni J Rba. capsulatus MDC 6508,
Rba. sphaeroides MDC 6509, Rsp. rubrum MDC 6505 L Rps. palustris MDC
6506 ShpwlwgnLjU ng &6dpw hU pwywephwubtph Jw ph
2unwdubph Unc | whywgduwl pUpwgpnL U 5-UL fa-h
hwy mbwpGpdwlp: 5-ULM@-h pwlwynLpe)jntlup YnLpwnepuwg
htnnutyuGpned guwhwnyb] E AFURL Gnwlwyny: Mwpqyby E, np
U2Jws pnpnp 2unwdluGplU wpuvwnpned &GU 5-ULG, uwyuw U
Unrpwhdwgdwl uvwnwltnwpun ww) Jwulbpnod 5-ULG-h G Rp
pwlwywl gwsnp E. hwdwwywunwu fuibwp wn ™ 2.5,13.0,1.8 L 13.3Uq/ :

QL Nk 4. SNSNULLRE2NT FULMSErhULEN Pk UNFSUGELE2
G4 5-UL @k LUMUGNEF 3L UrSUNh2 GSUUP CLSMrNER3NFL
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Sunuwdubph win nwn.n n nwy wu hwwyniLp) neulbph
pwnédpwgdwl ULwwuwyny hpwywlbwgyb]p E pwywbGphuwlbGph
tnpdlbwywlu UnLwnwgblUbq: Rsp. rubrum W Rps. palustris 2 nwdubtph
dnw, h wwnptpnLp)nLlU Rba. azotoformans L Rba. sphaeroides
2uuwdutGph, Untuvwghw h wnpnyneupned s6U hw wbwpbnyb
5-UL@-h wnpuwnphg 2wnwdlutpn: UG GEYghw h wpnyniolupncd
ntuntdlbwuhpyws 2nLng 9700-wy wl gunnLpUbphg
JGynruwgyb| GU 5-UL@-h wpuwwnnphs hwunhuwgnn 19 dnL tnwlwn
2unwdutin:

Cuupws dnrwnwlbwm 2 nwdubGph dninEp hfuh gni Lwg wihwy wu
L UL&L- Jtpnnutpny pUuwupybp E 5-ULMG-h wnwlbp wywhy
wpuwnnphg E-10 dnLwwlwn 2unwdp: PUIL wuw hgh Jhgngny
Jwunwnyb, E  E-10 2uvuwdh UYnndhg uhUpbqws 5-ULM@-h
puwlwywyuwlu gUwhwwne J: Uuw hgh wpnynouplubpp gnLjg Gl
G ,np E-102 mwdp uhUpbtgnL J E 179dq/. 5-ULfG UhlUs ntn Rba.
azotoformans ywy ph 2 vwdp uhUpbgnL J £ 2.5Uq/, 5-UL(G:

QL NF k5. '6hrULUANEF 3L N2 '66URUSHL SNSNURLLMEBG2N
FUUSErPULErb UNLEBUNF LUSPL-9ELEShUULHUL
LNk 3LuyuLusSnru

U2 fuwwnnwiph hwgnpn tnepnetd Juwuwnyb|p E Rba. capsulatus
MDC 6508 UL Rba. sphaeroides MDC 6509 UnL|unLpwubnh
¢ 6 UG nwy wy wu untjbwjwlwgne J: bpwyuwluwgyb| £
pwywGphwubph 2U-UGph wlugwunnid U 16S nMLME-h gGluh
wdw h$hjwgnrd: 16S nNuf@-h gbUuGph UncyptGnwhnw hu
hwg npnwyuwunLp)wu JGpédwuntdp Yuwuwnybp E  «Macrogen»
puytpnLe)nLuncd:

Unwgyws wpnjynruputph hhdwu dJpw Yuwernigdbp Gl
$hyngbUbwhy SwntGpp: LY. 2-nLJ UEpPYw wgyws $hp ngtlULwhy
dunh 6)nunkph dnin gnLrgunpywsé Gl mnynuwy hl
hwpwptGpniLp)ntluutpp @QUGPHw wgyws GU  40%-hg wdb h
gnrgwlhUbpp): E.coli ATCC 25922 (KC429776.1) 2uwwdlu
oguwgnnpéyty E npwbu wu phlt swwnjuwlunn 2 wnwd:
Swdwdw U uvnwgdws  $hyngbUbwhly Swnh, «Isolate 1»-n
gnrguwpbpb E 16S nNul@ qbluph UnLyLEGnwhnw hu
hwg npnwyuwunL ) wu 99% UdwunLpe)nLl Rba. azotoformans JCM
9340 (NR_113300.1) 2 nwd h h wJ wwywiinwu fuwdu gtluph
UnLyLGnwhnw hu hwenpnwywunt gy wu hGuw:
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5, Rhodobacter azotoformans strain JCM 9340 (NR_113300.1)

? Isolate 1 (¢ Rhodobacter capsulatuss)
98 |\Rhodobacter azotoformans (4B 607332.1)
odobacter czotoformans strain KA25 (NR_036826.1)
\_87 Fhodobactey azotoformans strain 3416 (D70847.1)

odobacter johrii strain JA192 (NR. 115016.1)

% | Rhodobacter sphaeroides strain DB NR132 (WG028439.1)

86l Rhodobacter megalophilus strain JA194 (NR_042585.1)
Escherichia coli strain ATCC 25022 (KC429776.1)

—_—
002

Uljup 2. «Rhodobacter capsulatus» MDC 6508 2 tnulh $h; nqEuLwmhly nhppp

$hy ngbUutwhly &6wnh ypw «Rba. capsulatus» 2wnwdp Rba.
azotoformans-h htinhwlJwwntnybt| £ UGy fuiph JGg: NCBI Gene Bank-
h wjw ubph Yhpwndwdp Unitj Luwyuwlwgdwlu Jhgngny «Rba.
capsulatus» MDC 6508 2 muwdp wbnwyw) G| E Rba. azotoformans-h
$hingtubwhy &)nintphg Jtyh dpw, npp gnijg £ wvwy hu
yGpnu2jw 2uvwdh wwnywub hnrpyntllt wu wtuwyhlu L
pwgwnnt U £ Rba. capsulatus wGuwyhu wwwnywlu G nL
hwjwbwywunLe)nLlp:

Swdwdwy U uwnnegws $hp ngtutwhy dwnh (LY. 3), «Isolate 3»
16S nNuf@ gtuh UnLtyptGnwhnw hu hwenpnuwywlunLp) nLlp
gnrguwpbptp E 95% UJdwunLp)nLlU Rba. sphaeroides DBNRh32
(MG928439.1) 2 nwdh hwJwwwwnwu fuult gEUh UunLyp Gnwhnw) hu
hwenpnwywunt ) wu hGuw:

&7 Rhodobacter czotofrmans strain JCM 9340 (NR_113300.1)
-Rhodobacter czoto frmans (AB 607332.1)

Rhodobacter czotofrmans strain KA25 (NR_036826.1)
87 Rhodobacter czoto ormans strain SA16 (D70847.1)

Rhodobacter sphaeyoides strain DBNRK32 (MG928439.1)
72 Isolate 3 {«Rhodobacter sphaeroidess)

58

Fhodobacter johrii strain JA192 (NR_115016.1)
71 - Fhodobactey megalophilus strain JA194 (NR_042585.1)
Escherichia coli strain ATCC 25022 (KC429776.1)

002

Ulyup 3. «Rhodobacter sphaeroides» MDC 6509 2 unualh $fi nqEUuLuhly nhppp

LY. 3nitd UGpUwwgdws wyjw Ubph hwdwsbw U «Rba.
sphaeroides» MDC 6509 2 nuwdh 16S nMtLfG gGUh UnLyp Gnwhnw) hlu
hwg npnwyuwlunL ) wu wuw, hgp gniLjg E ww hu ybpnlzj w
2unwdh wwinjwub| hnop) nLlup Rba. sphaeroides wnGuwyhl:

U uwhuny, hpwywuwgyb, E UnpGYynLp w hb gGULwhjwywl
Untj bwywlwgne U SGhpwuwgnt jUu ng 66dpwy hu
pwywGphwubph Gpyne 2wvwdubph 16S nNLlG qtUh wlw, hqgh
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hpdwU Jpw: dbGpnU2jw Gpyne 2vwdlubph  hwdwwywnwu fuwl
gbubph uncyLGnwhnuwy phu hwe npnwjwunt @) wu
hwlGdwinwywlu JGppneénipjwu wpnyniupned npn2ybp GU
wu2unwdlutph huvwy mGuwyw) hu wwnywub hnLepynLtulubpp:

QL Nk hu6. 5-UL @k 4ELUUULLEE2h TUSUULLEMh OTShUUL USNEFU

6.1. E-10 2umalp wlh L 5UMRh bGrph qUuhuumrLJdp
LnruwnpnLpjut, JdpnLpjuli, Jhypnukpnp L uwbkpnp
wy Juiltbtpne d

Rupyh wnutrny, np Shpwuwgnijl $nunuphlpbgnn
pwywGphwubpp dhypnwtpndhy GLU, quwhwwndb] E pUwvpyws
E10 UdnL tnwlwn 2wl h wlp u
5-ULf-h uhUpbqp UYnrpwhywgdwlt whpnp UL JhypnwGpnp
ww) Jwuubpnod: W6p gUwhwnyb] E pungnp JGluwquuqywsh:
Rwy nmuwpbpyby E, np YGlUuwquwugwsh wnuwyb| wgnLjl
puwuwynrp)ntUnhwdncd EnLrjuwdnpnLeywlt b dhypnwtpnp
ww) Juwuubpnoud® Unrywhdwghwlt ulubinLg 28 d uwug
(EpwnUblUghwy thnip) @UY. 4w): 5-ULG-h wnuwdbwgnLj U G p
unwbw, nt bwwunwyny wuhpwdb2wn £ EpuwnutUghwy thnio| h
wjwpwhU ubUnwdhpgwjw) ph Jbp wb| wgub| YGuUuwuhlUpbtqgh
Jhgwllyj w JhwgniLpeynetlUltp (gL hghU bLuntyghbwwn) hbs wbu
Uwl | unt| hpUwepnL, npp hwunhuwunt Jd E 5-UL @-nthhnpuwunwqg
$tpdtluwh wnqbip wyhe (LY. 4):

3 200 16
=]

180 <1
=28 g
= 160 = a0
=x = o 12 =
= , 1o = 3 35
'g 120 S = 1 w g
=15 100 &, Sos n &
s 0 = 3 20
= = g06 =
60 & 15
g W T B —
E = 02
3 = :
B o o e 0
= 20 dwi 4 60 80 0 20 0 chund 60 50 100
“-Ukuuwquuqud(q/)) dhpnwbpnp O-jhhuwqubigud(g/) Unip whpnp"
Oo-Ukuuwmquigjud(q/)) wkpnp =l khnuquiqus(q/i) Unip dhpnubkpnp
-=5-UL(dq/)) dhypnwbkpnp ==5-UL~(dq/)) Ump wbkpnp
“=5-UL@(udq/]) wmbipnp ==5-ULE(ig/))Unip dhljpnukpnp

w P
LVhup. 4. E-10 gunalh YnLy ufiugne JU ubipnpe b dplypnubpnpe
upy dulivGpne
(w—wlipbnhuwny nLuu/npne @y nL i, p-dpne @y ne l)

Uphupbqwé 5-ULM@-h puwlwynLpe)nLtlUl npnayby E Epphiuh
gntL Uws whwy wl Gnuwuwyny: Swy muwpbnyb E w U
d wJ wt wy wh wn wé p, nnph pupwgpnL d
5-ULf-U upUupbqnLtd E wnw]bwgnL)jl puwlwynLp) wlp:
Unwgyws ) wp bGpp ppyws GU wnjynLuwyne U:

Uy nL uudy
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YEluugquiliqyush U5-ULeh &1 pp ™ Jufuluwds [ nLuw/npnL ay nL Uhg U

utipughuy hg
Ush LnruwnpnLpjnLl UpnLp)nLl
wy Juiiubp Utluwquugws, | 5-UL@, | Ytluwquugyws, | 5-UL(G,
q/L ug/| g/l ug/|
Uhlypnukpnp 2.6 179.0 1.0 11.0
Ukpnp 2.5 58.1 1.4 46.5

hUs weu Gpunctd E pEGpywéd ) w UGphg E1I0 2 nwudh wéh b 5-
UL @-h UGUuwuhUuptqgh [wjwgncLjl ww) Juuubp Gl
hwunhuwunc u UnLpwhywgnLdnp Lhruwdnpnt @) wlu ]
dhypnwGpnp ww JwulbbGpnid: 28 ¢ YnowhywgnLdhg hGun
ulbUnwdhoww) pnh JGg gL hghU,untyghtwwnlb | unL| hUwppenL
wybp wgubgnLtg, U Lu 24 dwd Unrpwhywgnrdhg hbuwn
ybbuwquugywsh G pp Ywquk], E 2.6/, huy 5-UL-h G| pp’
179dqg/L :Gplwpwnl Yyne | whywgdwl nbwpnL Jd (48 L 72 d) 5-UL (3-h
puwlwyp UJwgb; E° Jwaub ny hwdwuwwinwu fuwl wp wp 124.5 U 89.5
dq/l :

RGunwquw ntuncdlbwuhpnieeynelblbpp Juwwwnyb Gl
Lhruwdnpnirpejwu bdhypnwepnp ww Jwulubpne J:

6.2. LnLjuh huUutlUuhdnrLpjuli, gipduuuh@uwith W pH-h
ugntgnLp) nLtuutpp 5-ULE-h jtbuwuphluptqh ypw

ALuntJUwuhpyb £ LhLJuh huwmGUuhynt p) wu,
ebpdwuwhdwuh u pH-h wqnbgnLp)ntlulbpp 5-UL @-h
UGUuwuhUptqgh dpwy.5):

200 1

H
&
o

eoBN

g 8 8

5-ULR(Uq/1)
g
)

5-ULR(Ug/)

1000 ——yf
3000

Lnyuh humbBuuhynipjniu(ynipu)
VupSwp. LnLyjuph /rllul:lluﬁl[anaj uldr, gEpdunuhdudip b pH-p
ugnbgncLpy nc Ulubpp 5-ULeH YELuuuhUpbtqgh pw

QEpJwunmhswl(°c)

hUs wGu Gpuntd E UJwp 5-hg E10 Rba. azotoformans UuntL uwln
2unwdh Unwn 5-UL@-h uhUuptgh hwdwp owwhdw, ww Juwlulbp GU
hLuUnhULngbL 2000 [ jnirpu wupUunhwwn [ ntuwdnpnLrr)nLlup L
30°C etpUdwuwhéuwlp' pH-h 7,0 wnpdbph nbwpenid: Un
wwj JwuuGpned Lwwunwywy hu UjnLph uhluptqgh
wnwybwgnLj UG pp wqub E 182Uqg/ :

6.3. Uuy uarh Unugtuumughuwy h ugnbgnLp) nLlp
puljuiphuiitiph u6h L 5-UL@h Ytbuuuhuptqh ypw
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AcuncJUbwuhpyb, E 5-ULM@-h YGUuwuhlUpbqp® Yuwhws
ulbUnwdhgww) pntd Jwg wwnh GLw hUu YynugbUwpwghwj hg

Jdbpgdtbp GU Jwg wwnh 2.7, 35,50L 7q/f YnugbuUwmpwghwlubpp (Uu:
6, 7):

m

AOONN S
Suouven

——
Yhiuwquiqus (/1)
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Mwnqyby E, np 5-ULM@-h uhUptgh wbuwulyjnLlUhg
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ddniy/L-p,nph ww JuwbuubpneJd 5-ULfG-h G| pp Ywqub| E 298dq/ ,
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p (7.0), spdwuwhdwlp (30°C) U fmunUhgh wpwgnL ey nLlp (400
wuw/n): Uwwyt YGUuwnbwyuwnpp wbnuwnpybp E 2000 | JnLpu
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unwgyb| E 5-ULf@-h 290 Jq/ GLp, huy [nruwdnpnip) wl
ww Jwuubnpno Jd® 579 Jq/L: Uhlus ntn thn p & wn wn wy wu
ww) Jwuubpned unwgybp EpU hwdwwwnwu fuwl wp wp 46.5 Ug/p L
385Uq/ :
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1. 8nLJg n wnpyb, np Opdtnpnnh hGnniy
ullUnwJdhg wjw pnnt J Rba. azotoformans, Rba. sphaeroides MDC
6509, Rba. sphaeroides MDC 6511 U Rps. palustris MDC 6506
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Jw ph 2unwdUbpp wdtgduwlu uwnwlnwnpw ww Jwulbbnpnio d
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APYTIOHSIH BAT'UIII AIOTOBUY

UCCJEJOBAHUE BUOCUHTE3A 5-AMUHOJIEBYJIMHOBOMI KUCJIOTbI

®OTOCHUHTE3UPYIOLIUMU BAKTEPUSAMU

PE3IOME

KioueBble cioBa: nypnypuvie Hecepnvie ¢pomocunmesupyiowue 6Oakmepuu, 5-
AMUHONEeBYIUHOBASL KUCTIOMA, GUOCUHme3

JuccepTanmonHas paboTa HOCBSIEHAa U3YUYE€HUIO OMOCHHTE3a S-aMUHOJIEBYIMHOBON
kucnoTsl (5-AJIK) nyprnypHbIMEA HECEPHBIME (OTOCHHTE3UPYIOIIMMHU OAKTEPHSIMH.

B cooTBeTcTBHE C TIOCTAaBIEHHOH IETBbIO OBUTH COPMYITUPOBAHBI H PELICHBI 3a1a4H,
MOCBSIIEHHBIE OTOOPY M CPaBHUTEIBHON XapaKTEpUCTHUKE MOTEHIMAIBHBIX IITAMMOB-
npoxayneHToB 5-AJIK cpeanm KynmbTyp HypIypHBIX HECEPHBIX (DOTOCHHTE3HPYIOIIUX
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Gakrepuii poxo Rhodobacter, Rhodopseudomonas u Rhodospirillum. B pamkax
UCCIICOBAHMIT BBITNIOJHEHA MOJICKYJISAPHO-TEHETHYECKas MACHTU(GUKALUS ¥ yTOYHEHHE
TaKCOHOMHYECKOTO TOJIOKCHHS HanOoJIee aKTHBHBIX IITAMMOB-IIPOAYLIEHTOB. [IpoBeneH
MHAYLUPOBAHHBIH XMMHUYECKHH MyTareHe3 C IeNbl0 HOBBIIIEHUS Bbixoma S5-AJIK y
IITAMMOB-TIPOAYLICHTOB. [I3y4eHO BIMSHHE Pa3IMYHBIX KOMIIOHGHTOB B COCTaBax
MHUTATENBHBIX Cpel M (HaKTOpOB BHELICH Cpedbl (TeMrepaTypHbIH PEeXHM, MapameTphbl
ocsetienus, PH) Ha poct u cunTe3 5-AJIK y OTOOpaHHBIX MYTaHTOB MyPIYPHBIX
HECepHBIX (POTOCHHTE3UPYIOINX OakTepuil. BeIonHeHa ONTHMH3AIMS yCIIOBHI BRIXOAA
5-AJIK B 7nabopaTopHBIX yCIOBHAX M Ouopeakropax. IIpoBemeHBl pacdeTs
9KOHOMHYECKO#l 3¢ dexTuBHOCTH momydeHus: cuHTe3 5-AJIK MHKpoOHONIOrHUECKUM
croco0oM.

OT0Op MOTEHIMANBHBIX MITAMMOB-TIPOAYLEHTOB 5-AJIK ocymecTBisuics ¢ y4eToMm
UMEIOIIUXCS JINTEPATYPHBIX JIaHHBIX, YKA3bIBAIOIIMX Ha BBICOKYIO BO3MOXKHOCTb M
MIEPCIICKTUBHOCTh TOJIy4EeHHs IIEJIEBOr0 IPOAYKTa IyTeM MHUKPOOHOIOTHYECKOTO
CHHTE3a, M  OOYCIOBIEH  HaJWM4YMeM  3HAUUTENBPHOH  KOJUICKIWH  KYJIBTYp
(OTOCHHTE3UPYIOIHX OaKTepHil B 1a0OpaTOPHH aNbTEPHATUBHBIX NCTOYHHKOB SHEPTUH
HIILT «Apm6uorexnonorus» HAH PA.

JIns  yTOYHEHHS TAaKCOHOMMYECKOTO TIIOJIOKCHHMS HPOBEACHA MOJCKYJISIPHO-
reHeTruecKas uaeHTHUKamus KyapTyp Rba. capsulatus MDC 6508 u Rba. sphaeroides
MDC 6509. MonekymsipHO-QUIOTeHETHUSCKUI aHaau3 MONYyYCHHOH HYKICOTHIHOM
nocienosarenbHocTh 16S pPHK mramma Rba. capsulatus u mouck 8 GenBank cxomabix
MIOCJIEIOBATEIFHOCTEH IYpPIYPHBIX HECEpPHBIX (DOTOCHHTE3MPYIOIIMX OakTepuil ¢
moMoIel0 megablast anropurma mnokasan, uro cukBeHc Rba. capsulatus wa 99%
coBmagaer ¢ cexBenupoBanubiM mTammoM NR_113300.1 Rhodobacter azotoformans
JCM 9340 [Hiraishi et al. 1997]. Mexnay TeM, aHanu3 pe3yJbTAaTOB OIPEICICHUS
HyKJIeoTHIHOM nocnenoBarensroct 16S pPHK mramma Rba. sphaeroides mokasan, aro
cukBeHc Rba. sphaeroides na 95% cxomen ¢ cexBeHupoBanHbIM B GenBank NCBI
mrrammom MG928439.1 Rhodobacter sphaeroides DBNRh32 [van Niel, 1944; Imhoff et
al., 1984].

IpenBapurenbHas oneHka OuocuHTe3a S5-AJIK y mypoypHBIX — HECepHBIX
dborocunTesupyromux Gakrepuii BuaoB Rba. azotoformans, Rba. sphaeroides MDC
6509, Rsp. rubrum MDC 6505 u Rps. palustris MDC 6506 mnposexena Ha
o0Ien3BecTHOI KUAKOW muTaTensHoil cpene Opmepona B CTaHAAPTHBIX YCIOBHSX
KynbTUBHpOBaHus. [loka3aHo, YTO MpH BBIPAIIMBAHUY IITAMMOB B TedeHue 15 nueit, npu
temmeparype 28°C i ocsemennn 2000 moke Rba. azotoformans curTesupyer 2,5 Mr/1,
Rba. sphaeroides MDC 6509 — 13,0 mr/m, Rsp. rubrum MDC 6505 — 1,8 mr/n u Rps.
palustris MDC 6506 — 13,3 mr/n 5-AJIK.

C [OMOIIBI0  WMHIYIMPOBAHHOTO XHMHYECKOTO MyTareHesa MOJNy4eH DS
MYTHPOBABILIHUX IITAMMOB MyPIyPHBIX HECEPHBIX (OTOCHHTE3UpyIomMx OakTtepuii. Ilo
pe3ynbTaTaM CpaBHHUTEIBHON XapakTepHCTHKU OnocuHTtesa 5-AJIK otobpan Hambonee
axtuBHBI MyTanT E10 kymsryper Rba. azotoformans, koropslii cuHTE3upoBan B
nuTaTensHoi cpene 179 mr/n 5-AJIK, B To Bpems, kak qukuii mramm Rba. azotoformans
IPH T€X JKe YCIOBUSIX KyJIbTHBHPOBAHUS CHHTE3UPOBall Beero b 2,5 mr/n 5-AJIK.

JanpHelmue uccinenoBaHus ObUIM HalpaBIICHBI Ha IMOBBINIEHHE Bbixoaa S5-AJIK y
myranta E10 Rba. azotoformans. B wactHocTH, H3y4eH pOCT mITaMMa MHKPOadpOOHBIX U
a3pOOHBIX YCIOBHUSX, TIPH KPYIIIOCYTOYHOM OCBEIICHHH M MOJHOM TeMHoTe. [lokasaHo,
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YTO B MHUKPOA3POOHBIX YCIOBHSAX KYJIBTHBUPOBAHHS MPH KPYTIIOCYTOYHOM OCBELICHUH
3a 28 wacos, mramMMm Rba. azotoformans cunresupyer 179 mr/nm 5-AJIK, mpu 3Tom
KOJIMYECTBO 0Opa3oBaBLIeiicss cyxoit Ouomacchl coctaBwio 2,6 /1. B To xe Bpems, pu
OTCYTCTBUM OCBEILEHUS] INTaMM CHHTE3HMpoBan Bcero 11 MI/1, a KONHYECTBO
obpa3zoBaBuielics cyxoit Omomaccel cocraBwio 1,0 r/m. Mexay Tem, B a’poOHBIX
YCIIOBHSIX, TIPU KPYIJIOCYTOYHOM ocBenieHnu mrtamM Rba. azotoformans cuntesuposan
58,1 mr/m (mMacca cyxoif 6uomaccsl — 2,5 1/11), a B oTcyrcTBHe cBeta — 46,5 /1 (Macca
cyxoif Omomaccel — 1,4 r1/m). Takum o0pa3oM, MHKPOa’pOOHBIC YCIOBHS U
KPYTrJIOCYTOYHOE OCBEILCHHE SIBISIFOTCS HauOoJee ONTUMANbHBIMH IS HAKOIUICHUS
6uomacce! u cuaresa 5-AJIK mrammom Rba. azotoformans.

V3yyeHO BIMSHHE MHTEHCHBHOCTH OCBEIICHHs, Temmeparypsl U PH Ha cunTes 5-
AJIK y wmyraara E10 Rba. azotoformans. B pesynsraTre MHOTOYHCICHHBIX
9KCIIEPHMEHTOB YCTaHOBIICHBI ONTHUMalbHBIE 3HaueHHs ocsemieHus (2000 mroxc),
temneparypst (30°C) 1 pH (7,0), Ipu KOTOPBIX HAMGOMBIIHIT BEIXO HENEBOTO MPOLYKTA
coctaBmi 182 mr/m.

V3yueHo BIUSHHE Pa3iHYHBIX KOHICHTPALMII Mallata B MUTATENbHOM Cpele Ha pocT
u cunre3 5-AJIK y myranra E10 Rba. azotoformans. YcranosieHo, 9to mpu HCXOHOM
KOHIIeHTpauuu Manara 2,7 r/a1 Bbixon 5-AJIK sBiseTcss MAaKCHUMAaIbHBIM M COCTaBIISIET
242.8 mr/n. BplIM ONTUMHU3UPOBAHBI KOHIICHTPALMU TJIMIMHA, CYKIHATA, JICBYIMHOBOM
KUCJIOTHI U TJII0TaMaTa, 00eCcreYrBaOIIie HAalTyqIlni poCcT y MPOJYLEHTa U CHHTE3 5-
AJIK. YcTaHOBICHO, YTO MPU KOHIEHTpauusax riunuHa - 40 MMone/i, cykuunata — 30
MMOJIB/J, JIEBYJTHHOBOM KHCIOTHI — 15 MMonb/n U rmoTamata — 4 1v/n cuate3 5-AJIK
nocrturaet 385 mr/ia. ONTUMH3HPOBaHHbIC YCIOBUS KyJIbTHBHPOBAHKS OBUTH IPUMEHEHBI
npu BeipammBannu Mytanta E10 Rba. azotoformans B 6uopeakrope, riae MakCHMaNbHBII
BeIxox 5-AJIK cocraBni 579 mr/m.

HARUTYUNYAN BAGHISH ASHOT

STUDY OF BIOSYNTHESIS OF 5-AMINOLEVULINIC ACID BY
PHOTOSYNTHETIC BACTERIA

SUMMARY
Key words: purple non-sulfur photosynthetic bacteria, 5-aminolevulinic acid, synthesis

The thesis is devoted to the study of biosynthesis of 5-aminolevulinic acid (5-ALA)
by purple non-sulfur photosynthetic bacteria.

In accordance with the goal were formulated and solved tasks on the selection and
comparative characteristics of potential strains producing 5-ALA among cultures of
purple  non-sulfur  photosynthetic  bacteria of the genera Rhodobacter,
Rhodopseudomonas and Rhodospirillum. Within the framework of the research,
molecular-genetic identification and specification of the taxonomic position of the most
active producing strains were carried out; induced chemical mutagenesis was performed
to increase the yield of 5-ALA in strain-produces; the influence of various compounds in
the compositions of nutrient media and environmental factors (temperature, illumination
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parameters, pH) on the growth and synthesis of 5-ALA in selected mutants of purple
non-sulfur photosynthetic bacteria was studied. A maximal yield of 5-ALA under
laboratory conditions and in bioreactors were optimized. Economic efficiency of the
synthesis of 5-ALA by a microbiological method was calculated.

The selection of potential strain-producers of 5-ALA was carried out taking into
account available literature data indicating high possibility and prospects for obtaining
the target product by microbiological synthesis and based on the presence of a vast
collection of cultures of photosynthetic bacteria in the Laboratory of Energy Alternative
Sources of the SPC “Armbiotechnology”, NAS RA.

To clarify the taxonomic position, molecular-genetic identification of cultures of
Rba. capsulatus MDC 6508 and Rba. sphaeroides MDC 6509 was carried out.
Phylogenetic analysis of the obtained nucleotide sequence of 16S rRNA of the strain Rba
capsulatus and search in the GenBank for similar sequences of purple non-sulfur
photosynthetic bacteria using the megablast algorithm showed that the sequence Rba.
capsulatus had 99% similarity with the sequenced strain NR_113300.1 Rhodobacter
azotoformans JCM 9340 [Hiraishi et al. 1997]. Meanwhile, analysis of the results of the
nucleotide sequence determination of 16S rRNA of the Rba. sphaeroides strain showed
that sequence of Rba. sphaeroides was 95% similar to the GenBank NCBI-sequenced
strain MG928439.1 Rhodobacter sphaeroides DBNRh32 [(van Niel, 1944) Imhoff et al.,
1984].

Preliminary assessment of 5-ALA biosynthesis by purple non-sulfur photosynthetic
bacteria of species Rba. azotoformans, Rba. sphaeroides MDC 6509, Rsp. rubrum MDC
6505 and Rps. palustris MDC 6506 was performed on the well-known Ormerod liquid
nutrient medium under standard cultivation conditions. It is shown that when growing
strains for 15 days, at a temperature of 28 °C and illumination of 2000 lux, Rba.
azotoformans synthesizes 2.5 mg/l, Rba. sphaeroides MDC 6509 - 13.0 mg/l, Rsp.
rubrum MDC 6505 - 1.8 mg/l and Rps. palustris MDC 6506 - 13.3 mg/I of 5-ALA.

By induced chemical mutagenesis, a number of mutated strains of purple non-sulfur
photosynthetic bacteria were obtained. Based on the results of comparative
characteristics of 5-ALA biosynthesis, the most active mutant E10 of Rba. azotoformans
culture was selected, which synthesized 179 mg/l of 5-ALA in the nutrient medium,
while the wild-type strain Rba. azotoformans under the same conditions of cultivation
synthesized only 2.5 mg/l of 5-ALA.

Further studies aimed at increasing the yield of 5-ALA in the mutant strain Rba.
azotoformans E10. In particular, the growth of the strain in microaerobic and aerobic
conditions with 24-hour illumination and in complete darkness was studied. It is shown
that under microaerobic conditions of cultivation at 24-hour illumination, for 28 hours,
strain Rba. azotoformans synthesizes 179 mg/l of 5-ALA, while the amount of dry
biomass formed was 2.6 g/l. At the same time, in the absence of illumination, the strain
synthesized only 11 mg/l, and the amount of dry biomass formed was 1.0 g/l. Meanwhile,
under aerobic conditions at 24 h illumination, the Rba. azotoformans strain synthesized
58.1 mg/I (weight of dry biomass — 2.5 g/l), and in the absence of light — 46.5 g/l (weight
of dry biomass — 1.4 g/l). Thus, microaerobic conditions and 24 h illumination are the
most optimal for biomass accumulation and synthesis of 5-ALA by Rba. azotoformans
strain.
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The effect of illumination intensity, temperature and pH on the synthesis of 5-ALA in
the mutant E10 of Rba. azotoformans was studied. As a result of numerous experiments
optimal values of light (2000 lux), temperature (30 °C) and pH (7.0) at which the highest
yield of the target product was 182 mg/l, have been determined.

The effect of different concentrations of malate in the nutrient medium on the growth
and synthesis of 5-ALA in the mutant E10 of Rba. azotoformans was studied. It was
found that with the initial malate concentration of 2.7 g/l the yield of 5-ALA is maximal
and consists 242.8 mg/l. The concentrations of glycine, succinate, levulinic acid and
glutamate were optimized ensuring the best growth with producers and the synthesis of
5-ALA. It was established that at concentrations of glycine 40 mmol/l, succinate — 30
mmol/l, levulinic acid — 15 mmol/l and glutamate — 4 g/l, the synthesis of 5-ALA reached
385 mg/l. Optimized cultivation conditions were applied to the cultivation of mutant E10
of Rba. azotoformans in the bioreactor, where the maximum yield of 5-ALA was 579
mg/l.
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