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(57) Sang ché dé cap dén chung vi khun thudc chi Xanthobacter va quy trinh nudi
cdy lién tuc dé san xudt protein hodc sinh khéi bang cach st dung vi khuin thudc chi
Xanthobacter, quy trinh d4 néu bao gdm budc cung cép khi va khodng chit cho té bao.
Sang ché ciing d& cap dén san phim ctia cac quy trinh nay va viée st dung cac san phim

nay vi du nhu trong lwong thuc hodc thuc pham.

Fig. 1

14

14
12
g =
S g =
% 1‘0-12
k=i g
] DD (ﬂ.
5 © g B
g, E
= | 6
2
0 4
0 100 200 300 400 500

Théri gian nudi cay (gid)


CVH140
Textbox
(57)

CVH140
Textbox
(21)    1-2022-01364

CVH140
Textbox

CVH140
Placed Image


48945 1/138

Linh vuc ky thuat dwoe dé cap

Séang ché @& cap dén viéc san xuit protein va/hodc dai phan tir khac sir dung vi
sinh vat. Cu thé 13, sang ché dé cap dén ching vi khuan méi va quy trinh nuéi ciy lién
tuc dé san xuét protein hodc sinh khéi sir dung vi khuén trong d6 khi va khoang chét
dugc cung cip cho té bao. Sang ché ciing dé cap dén san phim cta cc quy trinh nay va
viéc str dung cac san phém nay vi du nhu trong luong thyc hodc thuc phém.

Tinh trang ky thuit cia sang ché

Dan sb thé gidi phat trién, bién ddi khi hau va su thiéu hut nuéc gay ra su de doa
dang ké dén nong nghiép truyén théng va do d6 de doa viéc cung cAp du luong thuc va
thuc pham. Do d6, cic ngudn thay thé cta phan tir hitu co, ching han nhu protein, dang
duoc nghién ctru. Phuong phap thay thé tiém nang 12 viéc san xuat té bao don 1¢, tic 1a
san xuAt protein va/hodc dai phan ti khéac stt dung vi sinh vét.

Vi sinh vat héa dudng dugc mé ta 14 c6 thé sinh truéng trén moi trudng khodng
cht t6i thiéu vé6i khi hydro 1am ngudn ning lwong va cacbon dioxit lam ngudn cacbon
duy nhit. P& xem xét cac vi sinh vat nay, xem vi dy, Shively et al. (1998) Annu Rev
Microbiol 52:191. Céng b sang ché W02018144965 mo ta c4c vi sinh vat va quy trinh
sinh hoc khac nhau dé chuyén hoa chét khi thanh sinh khéi c6 ham lugng protein cao.
Andersen et al. (1979) Biochim Biophys Acta 585:1-11 md ta chung dot bién cua
Alcaligenes eutrophus, 14 vi khuén hydro sinh truéng d& dang trong diéu kién di dudng
va tu dudng. Thé dot bién dic trung & hoat tinh ribuloza-1,5-bisphosphat
carboxylaza/oxygenaza (rubisco) bi thay ddi. Ohmiya et al. (2003) J. Biosci. Bioeng.
95:549-561 xem xét tng dung clia gen vi sinh vat dé chdng lai viéc st dung sinh khéi.
Yu Jian et al. (2013) Int J hydro Ener 38:8683-8690 mé ta viéc c¢b dinh cacbon dioxit
bang thé phan l4p vi khudn oxy hoa hydro. Hiéu qua nang lugng cao bang 50% duoc do
& ndng dd oxy trung binh (10 mol%).

Tuy nhién, nhiéu vi sinh vat héa dudng khac nhau c6 dac tinh khac nhau vé tbe
d0 sinh trudng, hi€u suét, thanh ph?m sinh khéi cling nhu céc tinh chét lién quan dé duoc
str dung 1am thanh phan thuc phim ching han nhur d6 an toan cho viéc tiéu thu cia con
ngudi, vi, mui, cam nhén trong mi¢ng, déc tinh k¥ thuét va chirc ning khi niu, v.v..
Khéng phai moi vi sinh vét hoa dudng déu co toc do sinh truong da va tao ra hidu sudt
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du va khéng phai moi quy trinh déu co thé duoc ting quy md trén thyc té thanh quy
trinh ¢6 quy md 16n kha thi vé kinh té. P& c6 dau ra du cua protein c6 chic nang, vi du
nhu d6i véi tng dung lwong thuc hodc thyuc pham, didu quan trong 13 tim ra sinh vat san
xuét thich hop va quy trinh thich hop ma c6 thé duge thuc hién & quy mé 16n. Nhu cau
nay dugc dap tng bdi sang ché nay.

Ban chit k§ thuit ciia sang ché

Theo khia canh chinh tht nhit, sang ché dé xuét chung vi khun dwgc phan lap
VTT-E-193585 hodic din xudt ctia ching.

Theo céc khia canh khac, sang ché d& xuit moi trudng nudi cdy c6 chira chung
vi khudn theo sang ché hoic din xuét ctia chung. Ngoai ra, sing ché @ xuit quy trinh
san xudt sinh khoi va/hodc protein, quy trinh dd néu bao gdm budc nudi cdy chung vi
khuén theo sang ché hodc din xuit ctia ching.

Theo khia canh khac, sang ché dé xuét quy trinh san xuét sinh khdi va/hoic
protein, quy trinh da néu bao gdm budc nudi cay ching vi khuan thudc chi Xanthobacter
trong nudi cdy lién tuc v6i hydro lam ngudn ning luong va ngudn cacbon v co, trong
d6 ngudn cacbon v co ¢ chira cacbon dioxit.

Theo céc khia canh chinh khéc, sang ché d& xuit protein khdi, sinh khéi hodc
thanh phan té bao khong phai protein hoic thanh phén hoa hoc thu durgc hodc ¢6 thé thu
dugc bang quy trinh theo sang ché, va dé cap dén san phim luong thuc hogc thuc pham
thu duge hodc ¢6 thé thu dugc biang quy trinh theo sang ché.

MO ta vin tit cac hinh vé

Fig. 1. Mat dd quang hoc dugc do tai 600 nm (hinh tron mau den) va két qua doc
dau do mat dd quang hoc trong qué trinh nudi cdy 200-L hoa dudng ctia ching vi khuin
dugc phan 1ap dugc ndp luu dudi dang VIT-E-193585.

Fig. 2. Mat d6 quang hoc dugc do tai 600 nm trong qué trinh nuoi chy 200-mL
hoa dudng song song cta chung vi khuan dwgc phan lap duge ndp luu dudi dang VTT-
E-193585 trén cic ngudn nito khac nhau.

Mo té chi tiét sang ché
Dinh nghia

Khi dugce str dung trong ban mé ta nay, thudt nglt “dugc phan 1ap”, vi du, trong
ngit canh vé chung, c6 nghia 1a dugc phan 1ap tir mdi truong ty nhién cla no. Tét hon
13, chung dugc phan l4p 14 tinh khiét, tirc 1a khong c6 cac ching khAc.

2



48945 3/138

Thuét ngit “dan xut”, khi duge st dung trong ban md ta ndy trong ngit canh vé
ching, diing dé chi ching c¢6 ngudn gdc tir ching tham chiéu, tuc 1a duoc tao ra bing
cach sit dung ching tham chiéu 1am diém bat diu. Vi du nhu ching dwoc thiét ké di
truyén hodc theo cach khac 1a bi dot bién hodc duoc cai bién di truyén 1a mét phuong an
ctia dAn xuét nay. Cai bién di truyén bao gdm dot bién diém, ciing nhu 1a dot bién thém
hodc mét, bao g?)m thém hodc mat cua toan bd locut hodc manh cia ching. Dan xuét t6t
hon néu c6 it hon 10 cai bién di truyén, vi du nhu it hon 5, chéng han nhu 4, 3, 2 hodc 1
(cac) cai bién di truyén so véi chiing tham chiéu.

Khi duoc st dung trong ban md ta nay, danh tir “moi trudng nudi chy” dung dé
chi huyén phu ctia cc té bao sdng trong moi truong 16ng.

Thuét ngtt “sinh khéi” c6 nghia thong thudng clia n6 trong linh vuc 1én men vi
khudn va ding dé chi nguyén liéu té bao.

Thuét ngit “nudi cdy lién tuc”, khi dugce st dung trong ban mo ta nay, ding dé
chi quy trinh nu6i ciy trong d6 moi trudng méi duge bd sung lién tuc vao moi trudng
nudi ciy va méi trudng c6 moi trudng nudi cdy vi khudn dugc loai bd lién tuc gan nhu
& cung tdc db.

Céc khia canh va phuong an cua sang ché

Theo khia canh chinh tht nhét, sang ché dé xuét ching vi khuan dugc phén 1ap
VTT-E-193585 hoic dan xuét cta ching.

Ching VTT-E-193585 dugc phan lap tr bo bién ctia bién Bantic & Naantali, Phan
Lan. Sinh vat nay c6 thé sinh trudong trong diéu kién binh phan tmg sinh hoc thich hgp
v6i mdi trudong khoang chét t6i thiéu véi hydro lam ngudn ning lugng va cacbon dioxit
lam ngudn cacbon & didu kién oxy bi han ché. Giai trinh tw 16S va giai trinh tu
metagenom Illumina cho thdy ring ching nay c6 kha ning nhét 1a thanh vién cta chi
Xanthobacter, chtt khong phai 12 loai da biét. Ching vi khudn nay rét thich hop ddi véi
g dung luvong thuc va thuc phém, vi bot t& bao duoc lam kho c6 ham lugng protein
cao va chira tht ca céc axit amin thiét yéu. N6 ciing chira nhiéu axit béo khong bio hoa
hon 13 axit béo bdo hoa va ham lugng vitamin nhém B cao. Ham luong peptidoglycan
va lipopolysacarit, ma cé thé gy ra di ing hodc giy doc, 1a thip. Phan tich ddc t6 dugc
thuc hién va khong quan sat thiy su gdy doc gen hodc gy doc té bao nao ddi véi ching
nay. Ngoai ra, ching nay thuong nhay d6i v6i chét khang sinh.

Chiing VTT-E-193585 (SoF1) dugc ndp luu vao ngay 11 thang 6 ndm 2019 trong
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B6 Suu Tép Nuoi CAy VTT tai Trung TAm Nghién Ciru K§ Thuat VIT & Phan Lan,
P.0O. Box 1000, FI-02044 VTT, Finland, Co Quan C6 Thdm Quyén Nop Luu Quéc Té
theo Hiép Ugc Budapest. Thong tin thém vé dac diém cta ching nay va phuong phap
nudi ciy ching nay duge d@é xudt trong cac Vi Du & day.

Theo mot phuong an duge uu tién, néu ching nay 1a din xuét cta ching VTT-
E-193585, dAn xuét nay giit lai kha ning sinh trudng bang cach sir dung khi hydro 1am
ngudn ning lugng va cacbon dioxit lam ngudn cacbon duy nhét.

Theo mét phuong én, néu chingnay 1a din xuit cta ching VIT-E-193585, dan
xudt ¢6 chira ARN ribosom 16S néu trong SEQ ID NO:1 hodc ARN ribosom 16S co6
dén 20 khac biét nucleotit so voi SEQ ID NO:1, vi du tir 1 dén 10, chéng han tir 1 dén
5, vi du mot, hai hoic ba khac biét nucleotit so véi SEQ ID NO:1.

SEQ ID NO:1. Trinh ty ARN ribosom 16S ctia chiing VTT-E-193585:
CTTGAGAGTTTGATCCTGGCTCAGAGCGAACGCTGGCGGCAGGCCTAACA
CATGCAAGTCGAGCGCCCAGCAATGGGAGCGGCAGACGGGTGAGTAACGC
GTGGGGATGTGCCCAATGGTACGGAATAACCCAGGGAAACTTGGACTAAT
ACCGTATGAGCCCTTCGGGGGAAAGATTTATCGCCATTGGATCAACCCGCG
TCTGATTAGCTAGTTGGTGGGGTAACGGCCCACCAAGGCGACGATCAGTA
GCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTG
ATCCAGCCATGCCGCGTGTGTGATGAAGGCCTTAGGGTTGTAAAGCACTTT
CGCCGGTGAAGATAATGACGGTAACCGGAGAAGAAGCCCCGGCTAACTTC
GTGCCAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGCTCGGAATCAC
TGGGCGTAAAGCGCACGTAGGCGGATCGTTAAGTCAGGGGTGAAATCCTG
GAGCTCAACTCCAGAACTGCCCTTGATACTGGCGACCTTGAGTTCGAGAGA
GGTTGGTGGAACTGCGAGTGTAGAGGTGAAATTCGTAGATATTCGCAAGA
ACACCAGTGGCGAAGGCGGCCAACTGGCTCGATACTGACGCTGAGGTGCG
AAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGATGGATGCTAGCCGTTGGGCAGCTTGCTGTTCAGTGGCGCAGCTAACG
CATTAAGCATCCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGG
AATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGC
AACGCGCAGAACCTTACCAGCCTTTGACATGGCAGGACGATTTCCAGAGA
TGGATCTCTTCCAGCAATGGACCTGCACACAGGTGCTGCATGGCTGTCGTC
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AGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCG
CCTCTAGTTGCCAGCATTCAGTTGGGCACTCTAGAGGGACTGCCGGTGATA
AGCCGAGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTACGGGC
TGGGCTACACACGTGCTACAATGGTGGTGACAGTGGGATGCGAAAGGGCG
ACCTCTAGCAAATCTCCAAAAGCCATCTCAGTTCGGATTGTACTCTGCAAC
TCGAGTGCATGAAGTTGGAATCGCTAGTAATCGTGGATCAGCATGCCACG
GTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTT
GGCTTTACCCGAAGGCGCTGCGCTAACCCGCAAGGGAGGCAGGCGACCAC
GGTAGGGTCAGCGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGAA
CCTGCGGCTGGATCACCTCCTTT

Theo khia canh tiép theo, sang ché dé xuit moi truong nudi chy c6 chira chiing
vi khudn theo sang ché hoic din xuét ctia chung. Theo phuong an dugc wu tién, thé tich
ctia mdi truong nuodi céy 12 100 mL hodc nhiéu hon, vi du nhu 1 L hodc nhiéu hon, chéng
han nhu 10 L hodc nhiéu hon, vi du nhu 1.000 L hodc nhiéu hon, chéng han nhu 10.000
L ho#c nhiéu hon, vi du nhu 50.000 L hodc nhiéu hon, chéng han nhu 100.000 1 hoac
nhidu hon, vi du nhu 200.000 L hogc nhiéu hon.

Theo khia canh khac, sang ché dé xuét quy trinh sin xuét sinh khéi va/hodc
protein, quy trinh da néu bao gdm budc nudi cdy ching vi khuén theo sang ché hodc dan
xuét cia ching. Theo mot phuong 4n, quy trinh nay 1a dé san xuit sinh khdi. Theo
phuong an khéc, quy trinh nay 1a dé san xudt protein. Theo mot phuong én, quy trinh da
néu bao gbébm budc nudi ciy chung trong nuoi cdy lién tuc v6i hydro lam ngudn ning
lwong v ngudn cacbon vo co, trong do ngudn cacbon vd co c6 chira cacbon dioxit. Theo
phuong an khéc, quy trinh nay la @& san xudt sinh khdi va bao gdm budc nudi cdy ching
trong moi trudng nudi cdy lién tuc véi hydro lam ngudn ning lugng va ngudn cacbon
v0 co, trong d6 ngudn cacbon vo co c¢6 chira cacbon dioxit. Cac phuong an khic nhau
cua quy trinh dugc mo ta bén dudi.

Theo khia canh chinh khac, sang ché dé xuat quy trinh san xuét sinh khdi va/hosc
protein, quy trinh da néu bao gdm budc nudi cdy ching vi khuan cta chi Xanthobacter
trong nudi cdy lién tuc v6i hydro 1am ngudn ning luong va ngudn cacbon v co, trong
d6 ngudn cacbon vd co c6 chita cacbon dioxit. Theo mdt phuong an, quy trinh nay la dé
san xuét sinh khdi. Theo phuwong 4n khac, quy trinh nay 1a dé san xuét protein. Cac
phuong an khac nhau cua quy trinh dugc mo ta bén dudi.
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Theo trinh ty h¢ gen, chiing dugc nop lwu dudi ma s VTT-E-193585 rit c6 thé
st dung chu trinh Calvin-Benson-Bassham dé ¢ dinh cacbon trong d6 phan tir cacbon
dioxit dugc ndi véi chudi 5 cacbon cua ribuloza 1,5-bisphosphat tao thanh hai phan tir
glyxerat 3-phosphat. Diéu nay cho phép ching tdng hop tit ca cc phan tt hitu co khac
ma chang cin dé sinh trudng. Nang luong tir hydro di vao té bao rat co thé thong qua
hydrogenaza khit NAD* va/hodc NiFeSe-hydrogenaza. Thuc chét 1 phan tmg oxy héa
khtt trong d6 hydro (Hz) dugc oxy héa thanh H" va NAD™ bi khtt thanh NADH. Ngoai
ATP, NADH 14 mét trong s cac chit mang ning luong chinh bén trong sinh vat song.
Theo céch khac, mot sb dang twong duong ning lugng khac bi khi bing enzym
hydrogenaza khac bang cach st dung Ha. Chu trinh Calvin-Benson-Bassham can ning
luong & dang ATP v NADH/NADPH dé ¢b dinh CO,. Ching rét c6 thé tao ra ATP
thong qua qua trinh phosphoryl héa oxy hda, chi bao gdm bén phtrc hgp protein tao ra
gradien proton qua mang. Gradien proton dugc tao ra bang cach sir dung chu yéu 1a nang
luong tt NADH. Gradien proton lam cho phtc hop ATP synthaza tao ra ATP. Theo
trinh tu hé gen, ching nay c6 ATP synthaza vi khuén kiéu F.

Can hiéu ring, khi xac dinh rang quy trinh bao gbm budc nudi cdy ching véi
ngudn cacbon v co, thi ngudn cacbon vo co 1a ngudn cacbon chink trong moi trudng
nudi cly. Do d6, ¢6 thé c6 lugng nhé cla ngudn cacbon hitu co tdn tai trong moi trudng
nudi cdy, nhung su chuyén hoéa va sy sinh truéng chinh ciia méi trudng nudi cay dua
trén viéc sir dung ngudn cacbon vo co, t6t hon 1a cacbon dioxit, 1am ngudn cacbon. Tt
hon néu ty 1& cta cacbon dugc cung cAp vao moi trudng nudi cAy ma 13 hitu co it hon
5%, chéng han nhu it hon 1%, vi du nhu it hon 0,1% ctia tit ca cacbon dugc cung cép
vao mdi trudng nudi ciy trong quy trinh nay. Tét hon 13, khong c6 ngudn cacbon hitu
co ndo duge cung cip vao quy trinh.

Twong tw, can hiéu ring, khi xac dinh rdng quy trinh bao gébm budc nudi chy
chiing véi hydro (Hz) lam ngudn nang lrong, thi hydro 1a ngudn ning lugng chinh trong
mdi trudng nudi cdy. Do do, ¢c6 thé c6 ngudn ning luong thit yéu khac tdn tai trong moi
trudng nudi cdy ching han nhu amoniac, ma ¢ thé duoc cung cip 1am ngudn nito, hodc
lugng nho cia hop chét hitu co, nhung su chuyén héa va su phat trién chinh cia moi
trudng nudi cdy dwa trén viéc st dung hydro lam ngudn ning lugng. Trong toan bd quy
trinh hydro t6t hon 1a dugc tao ra bang cach dién phan nudc; tic 1a bang cach tach nudc
bang dién thanh khi hydro va khi oxy. Do d6, khi hydro va khi oxy duoc cung cap dén
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binh phan tng sinh hoc tir binh dién phan & gan d6. Theo cach khéc, dién cuc c6 thé
dugc dit bén trong binh phan tng sinh hoc dé tao ra hydro va oxy trong binh phan tng
sinh hoc chir khong phéi trong binh dién phan riéng ré.

Ngudn cacbon v co ¢6 chira cacbon dioxit c6 thé c6 chira cac ngudn cacbon vo
co khac, ching han nhu vi du nhu cacbon monoxit. Theo mdt phuong an, chi ngudn
cacbon ¢ dang khi dugc cung cip cho moi trudng nudi ciy. Theo mot phuong 4n dugce
wu tién, cacbon dioxit 1a ngudn cacbon vo co duy nhét, va thue su 1 ngudn cacbon duy
nhét, duoc cung cdp cho moi trudong nudi cdy. Theo mot phuong 4n, chi khi va khoang
chit dugc cung cip cho mdi trudng nudi cAy va ham lugng cacbon dioxit trong khi dugc
cung cAp nim trong khodng tir 10% dén 50%, vi du nhu trong khoang tir 15% dén 45%,
ching han nhu trong khoang tir 20% dén 40%, vi du nhu trong khoang tir 25% dén 35%,
ching han nhu trong khoang tir 26% dén 30%.

Theo phuong 4n khac, khi va khodng chét duge cung cip cho moi trudng nudi
cay va ham luong hydro (Ha) trong khi dugc cung cap nim trong khoang tr 30% dén
80%, vi du nhu trong khoang tir 35% dén 75%, ching han nhu trong khoéng tir 40% dén
70%, vi du nhu trong khoang tir 45% dén 65%, ching han nhu trong khoéng tir 50% dén
60%.

Theo phuong an khéc, khi va khoang chét duoc cung cip cho mdi truong nudi
ciy va ham lugng oxy (O2) trong khi dugc cung cép nam trong khoang tir 10% dén 25%,
vi du nhu trong khodng tir 15% dén 20%, ching han nhu trong khoang tir 16% dén 18%.
Theo phuong an khac, ham luong oxy dugc cung cAp sao cho ham lugng oxy hoa tan
trong moi trudng nudi ciy dugc duy tri & trong khoang tir 5% dén 10%.

Theo mdt phuong an dugc wu tién, chi khi va khoang chét duoc cung cip cho
mdi truong nudi cly va khi duge cung cip bao gdm Hy, CO» va Oy, trong do ty 1& phan
tram cta H, nim trong khoang tir 40% dén 70%, ty 16 phéan trim cta CO;, nam trong
khoang tir 18% dén 28% va ty 1& phn trdm ctia O ndm trong khoang tir 12% dén 22%.

Thong thuong, quy trinh theo sang ché bao gdm budc thém ngudn nito. Vi du
nhu ngudn nito ¢ thé dugc cung cép & dang amoni hydroxit, mudi amoni, ching han
nhu amoni sulphat hodc amoni clorua, amoniac, ure hodc nitrat, vi du nhu kali nitrat.
Theo céc phuong an khac, khi nito (N2) dugc cung cp 1am ngudn nito. Theo mot
phuong an dugc uu tién, nguén nito 1a amoni hydroxit hoac mubi amoni, chéng han nhu

amoni sulphat.
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‘Theo mdt phuwong an, ngudn nito duge cung cép 1a amoni hydroxit & ndng do
nam trong khoang tir 100 mg/L dén 10 g/L, chang han nhu trong khoang tir 250 mg/L
dén 4 g/L, vi du nhu trong khoang tir 0,5 g/L. dén 2 g/L, ching han nhu trong khoang tir
0,75 g/L dén 1,5 g/L.

Thong thuong, quy trinh theo sang ché bao gdm budc thém khoéang chat, ching
han nhu khoang chét chira amoni, phosphat, kali, natri, vanadi, sét, sulphat, magie,
canxi, molypden, mangan, bo, kém, coban, selen, iot, déng va/hodc niken. Mdi trudng
khoadng chét thich hop da duoc biét dén trong linh vuc, va vi du nhu dugc mo ta trong
Thermophilic Bacteria, CRC Press, Boca Raton, FL, J acob K. Kristjansson, ed., 1992,
vi du nhu ¢ trang 87, Bang 4.

Theo mot phuong an, khodng chat dugc thém vao bao gém mot hoac nhiéu chét
sau day: amoniac, amoni (vi du nhu, amoni clorua (NH4Cl), amoni sulphat
((NH4)2804)), nitrat (vi du nhu, kali nitrat (KNO3)), ure hodc ngudn nito hitu co;
phosphat (vi du nhw, dinatri phosphat (Na;HPOs), kali phosphat (KH2POs), axit
phosphoric (H3POs), kali dithiophosphat (K3PS202), kali orthophosphat (K3PO4), dinatri
phosphat (Na;HPO4-2H,O) dikali phosphat (K2HPO4) hodc monokali phosphat
(KH2POys); sulphat; dich chiét nAm men; sit duoc chelat héa (vi du nhu duge chelat hoa
véi EDTA hodc axit xitric); kali (vi du nhu, kali phosphat (KH2POs), kali nitrat (KNO3),
kali iodua (KT), kali bromua (KBr)); va c4c mudi vd co khac, khoang chat, va chat dinh
dudng vi lugng (vi du nhu, natri clorua (NaCl), magie sulphat (MgSO4-7H20) hozc
magie clorua (MgCly), canxi clorua (CaCly), canxi sulphat (CaSO4) hodc canxi cacbonat
(CaCOs3), mangan sulphat (MnSO4-7H20) hodc mangan clorua (MnCl), sit clorua
(FeCl), sit sulphat (FeSOs 7H,0) hodc sit clorua (FeCl, 4H0), natri bicacbonat
(NaHCO;3) ho#c natri cacbonat (NaxCOs), kém sulphat (ZnSO4) hodc kém clorua
(ZnClz), amoni molypdat (NH4MoO4) hodc natri molypdat (NazMoOs-2H-0), dong
sulphat (CuSO4) hodc ddng clorua (CuCly-2H20), coban clorua (CoCly-6H>0) hodc
coban sulphat (CoSOs), nhom clorua (AICl:-6H20), lithi clorua (LiCl), axit boric
(H;BO3), niken clorua NiCly'6H20) hodc niken sulphat (NiSOa), thiéc clorua
(SnCly-H,0), bari clorua (BaCla'2H20), ddng selenat (CuSeOs SH20), natri selenat
(Na2SeOq) hoic natri selenit (Na2SeOs), natri metavanadat (NaVOs), mubi crom).

Theo mdt phuong an duge wu tién, quy trinh theo sang ché bao gdbm budc thém
mot, nhidu hodc tit ca trong s6: NH4OH, KH,PO4, Na,HPO4-2H,0, NaVOs3-H0,
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FeSO4x7TH,0, MgS04-7TH,0, CaS04, NaxMoOs-2H>0, MnSO4-7TH20, ZnSO4-7H20,
H3BO3, CoSO4, CuSOs, NiSOx. |

Theo mdt phwong 4n, moi truong dugce cung cip cho t& bao ¢6 chira it hon 1 g/l
mudi clorua, chrfmg han nhu it hon 0,25 g/L mubdi clorua, vi du nhu it hon 0,1 g/L mubi
clorua, chéng han nhu it hon 0,025 g/L mudi clorua, vi du nhu it hon 0,01 g/L clorua.
Theo mot phuong an, khong ¢ mudi clorua duge cung cip cho mdi trudng nudi cy.

Theo phuong 4n khac, khong cé vitamin dugc cung cAp trong quy trinh, tirc 1a
moi truong dugc cung cAp vao moi trudong nudi ciy khong chtra vitamin.

Theo phuong an khac, khong c6 axit amin dugc cung cAp trong quy trinh, tirc 12
moi trudng dugc cung cép vao mdi trudng nudi cdy khong chira axit amin.

Theo phuong an khac, khong c6 hop chét hitu co dugc cung cap trong quy trinh,
tirc 12 moi trudng duge cung cip vao mdi trudng nudi ciy khong chira bét ky hop chat
hiiu co nao.

Theo cac phuong an nhét dinh, pH ctia mdi trudng nudi cdy vi khudn dugc kiém
so4t & murc nhét dinh. Theo céc phwong 4n nhét dinh, pH dugc kiém soét trong khoing
t81 wu dé duy tri va’hosic phat trién va/hodc san xudt hop chat hitu co ctia vi khuin. Theo
mdt phuong an, pH trong moi truong nudi ciy dugc duy tri trong khoang tir 5,5 dén 8.0,
vi du nhu trong khoang tir 6,5 dén 7,0, chéng han nhu & 6,8.

Theo céc phuong an nhét dinh, nhiét 46 ctia moi truong nudi céy vi khuén dugc
kidm soat. Theo cac phuong 4n nhit dinh, nhiét do dugc kidm soat trong khoang ti wu
dé duy tri va/hodc phat trién va/hodc san xuét hop chit hitu co cia vi khuin. Theo mot
phuong an, moi trudng nudi ciy dugc sinh trudng ¢ nhiét do nam trong khoang tir 25°C
dén 40°C, vi du nhu trong khoang tr 28°C dén 32°C, chang han nhu & 30°C.

Théng thuong, quy trinh theo sang ché duoc thuc hién trong binh phén tng sinh
hoc. Binh phan tng sinh hoc dugc st dung dé nuoi céy té bao, ma co thé duoc duy tri &
pha cu thé trong dudng cong sinh trudng cia ching. Viéc sit dung binh phan (mg sinh
hoc ¢6 loi theo nhiéu cach dé nubi cy sinh truéng héa dudng. Nhin chung, viéc kiém
soat diéu kién sinh truéng, bao gom viée kiém soat cacbon dioxit, oxy hoa tan, va céc
khi khac ching han nhu hydro, cfing nhu 1 céac chét dinh dudng hoa tan khéc, nguyén
t6 vét, nhiét do va pH, dugc tao didu kién thuan lgi trong binh phén tng sinh hoc. Mbi
trudng dinh dudng, cling nhu 1a khi, ¢6 thé dugc thém vao binh phan tng sinh hoc dudi
dang bd sung theo mé, hodc dinh ki, hodc twong ng v6i su can kiét duge phat hién hodc
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diém d3t duoc 1ap trinh, hodc lién tuc trong qué trinh mdi truong nuoi céy duogc sinh
trudng va/hodc dugc duy tri. Trong quy trinh nudi cAy lién tuc, moi truong dinh dudng,
cling nhu 12 khi, dugc thém lién tuc vao binh phan tng sinh hoc. Hon nita, mdi trudng
chira vi khudn dugc 14y ra lién tuc tir binh phan tng sinh hoc.

Theo mdt phuong an duge uu tién, thé tich cia moi truong nudi ciy vi khuén l1a
100 mL hodc nhiéu hon, chéng han nhu 1 L hodc nhiéu hon, vi du nhu 10 L hodc nhiéu
hon, chéng han nhu 100 L hoac nhiéu hon, vi du nhu 1.000 L hodc nhiéu hon, chéng
han nhu 10.000 L hogc nhidu hon, vi du nhu 50.000 L hogc nhiéu hon, chang han nhu
100.000 L hodc nhidu hon, vi du nhu 200.000 L hogc nhiéu hon.

Theo mot phwong an, nang suit ctia mdi trudong nudi cdy lahon 0,1 g khéi luong
té bao kho trén mdi lit trong mdi gio, chéng han nhu hon 0,2, vi du nhu 16n hon 0,3,
chéng han nhu hon 0,4, vi du nhu 16n hon 0,5, chéng han nhu hon 0,6, vi du nhu 16n
hon 0,7, chéng han nhu hon 0,8, vi du nhu 16n hon 0,9, chéng han nhu hon 1 g trén mdi
lit trong mdi gio.

Vi khuén c6 thé duge cdy truc tiép tir ngan hang té bao, hoic thong qua moi
truong nudi cly mam & quy mo nhé hon. Tét hon 13, viéc cung cip mbi trudng méi vao
mdi trudong nudi cdy va viée 1y moi truong da duoc tan dung hét v6i vi khuan ra dién
ra & ciing toc do, sao cho thé tich trong binh phan mg sinh hoc van khong aoi.

Theo mot phuong an, sau khi pha ban dau dat dén mat do té bao thich hop, vi
khuén sinh trudng ¢ trang thai 4n dinh ho#c trang thai 4n dinh gia, van lién tuc trong
pha log cta chung, & OD600 trén 5, chéng han nhu trén 10, vi du nhu trén 20, chéng han
nhu trong khoang tir 50 dén 200, vi du nhu trong khoang tir 50 dén 100.

Theo m6t phuong an cuia quy trinh theo sang ché, chung vi khuan c6 toc do sinh
trudng 13 0,04 — 0,12 gio™l.

Theo phuong an khéac ctia quy trinh theo sang ché, tc do cap chit 16ng trong pha
lién tuc bing 50-80% tdc do sinh truéng.

Xanthobacter 1 chi ctia vi khuin Gram-am tir ho Xanthobacteraceae.

Theo mot phuong 4n, chiing Xanthobacter dugc st dung trong quy trinh theo
sang ché 1a chung st dung con duong Calvin Benson Bassham dé chuyén hoa cacbon
dioxit thanh hop chit hitu co, vi du nhu glucoza, thiét yéu d6i véi sinh vat sdng.

Theo mdt phuong an, ching Xanthobacter dugc sit dung trong quy trinh theo
sang ché 1a ching st dung NiFeSe-hydrogenaza dé chuyén hoa hydro (H) thanh dang
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twong duong ndng luong té bao.

Theo mot phwong an, chung Xanthobacter dugc st dung trong quy trinh theo
sang ché 14 ching st dung hydrogenaza khir NAD" dé chuyén hoa hydro (Hz) thanh
dang twong duong ning luong té bao.

Theo mot phwong 4n, chiing Xanthobacter dugc st dung trong quy trinh theo
sang ché co kha nang c¢d dinh nito.

Theo mot phuong an, ching vi khuin dugc st dung trong quy trinh theo sang ché
dugc chon tir nhdm bao gdm: X agilis, X. aminoxidans, X. autotrophicus, X. flavus, X.
tagetidis, X. viscosus, Xanthobacter sp. 126, Xanthobacter sp. 91 va ching VTT-E-
193585.

Theo mdt phuong an duge uu tién, ching vi khuan duge st dung trong quy trinh
theo sang ché 1a VTT-E-193585 hoic X. tagetidis. Tot nhat 1a ching dugc st dung trong
quy trinh theo sang ché 13 VTT-E-193585.

Theo phuong an khéac, ching vi khuén dugc st dung trong quy trinh theo sang
ché bao gdbm ARN ribosom 16S néu trong SEQ ID NO:1 hodc ARN ribosom 16S c6
dén 20 khac biét nucleotit so véi SEQ ID NO:1, vi du nhu 1 dén 10, chéng han nhu 1
dén 5, vi du nhu mét, hai hodc ba khéc biét nucleotit so v6i SEQ ID NO:1.

Theo phuong an khéc, ching vi khudn dugc st dung trong quy trinh theo sang
ché c6 chira gen ma hoa cho chudi 16n ribuloza-1,5-bisphosphat carboxylaza/oxygenaza
(rubisco) ¢6 trinh ty néu trong SEQ ID NO:3 hodc trinh ty tuong ddng hon 93%, vi du
teong déng hon 95%, chéng han nhu tuong df‘)ng hon 96%, vi du tuong d611g hon 97%,
ching han nhu twong ddng hon 98%, vi du tuong ddng trinh tur hon 99% so véi trinh tu
néu trong SEQ ID NO:3.

Theo phuong &n khéc, ching vi khuén dugc st dung trong quy trinh theo séng
ché ¢6 chtra gen ma hoa cho chudi nhé ribuloza-1,5-bisphosphat carboxylaza/oxygenaza
(tubisco) ¢6 trinh ty néu trong SEQ ID NO:5 hodc trinh ty trong d6ng trinh ty hon 83%,
vi du nhu hon 86%, d6 twong dong ching han nhu twong ddng hon 90%, vi du tuong
dong hon 95%, chang han nhu tuong ddng hon 96%, vi du twong ddng hon 97%, chéng
han nhu twong ddng hon 98%, vi du twong ddng trinh ty hon 99% so véi trinh ty néu
trong SEQ ID NO:5.

SEQ ID NO:2:

Trinh tu nucleotit cta chudi 16n ribuloza bisphosphat carboxylaza:
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ATGGGTGCCGAAGCAACCGTCGGGCAGATCACGGACGCCAAGAAGA
GATACGCCGCCGGCGTGCTGAAGTACGCCCAGATGGGCTACTGGAACGGC
GACTACGTTCCCAAGGACACCGACCTCCTGGCGGTGTTCCGCATCACCCCC
CAGGCGGGCGTGGACCCGGTGGAAGCCGCCGCGGCGGTCGCCGGCGAAA
GCTCCACCGCTACCTGGACCGTGGTGTGGACCGACCGGCTCACCGCCGCCG
ACGTCTACCGCGCCAAGGCCTACAAGGTGGAGCCGGTGCCGGGCCAGGAA
GGCCAGTATTTCTGCTACATCGCCTATGATCTCGATTTGTTCGAGGAAGGC
TCCATCGCCAACCTCACGGCGTCGATCATCGGCAACGTCTTCTCCTTCAAG
CCGCTGAAGGCGGCGCGGCTGGAGGACATGCGGCTTCCCGTCGCCTATGT
GAAGACCTTCCGCGGCCCGCCCACCGGCATCGTGGTCGAGCGCGAGCGCC
TGGACAAGTTCGGCCGCCCCCTTCTGGGCGCCACCACCAAGCCGAAGCTTG
GCCTCTCGGGCAAGAATTACGGCCGCGTGGTCTATGAGGCCCTCAAGGGC
GGCCTCGACTTCGTGAAGGACGACGAGAACATCAACTCGCAGCCCTTCAT
GCACTGGCGCGATCGCTTCCTCTATTGCATGGAGGCCGTCAACAAGGCCCA
GGCCGAGACCGGCGAGGTGAAGGGGCACTATCTCAACATCACCGCCGGGA
CCATGGAGGAGATGTACCGCCGCGCCGAGTTCGCCAAGGAACTGGGCTCC
GTGGTGGTGATGGTGGATCTCATCATCGGCTGGACCGCCATCCAGTCCATG
TCCAACTGGTGCCGCGAGAACGACATGATCCTGCACATGCACCGTGCGGG
CCATGGCACCTACACGCGCCAGAAGAGCCACGGCGTCTCCTTCCGCGTCAT
CGCCAAGTGGCTGCGGCTCGCCGGCGTCGACCACCTGCACACCGGCACCG
CCGTGGGCAAGCTGGAAGGCGACCCCATGACCGTGCAGGGCTTCTACAAT
GTCTGCCGCGAGACGACGACGCAGCAGGACCTCACCCGCGGCCTGTTCTTC
GAGCAGGACTGGGGCGGCATCCGCAAGGTGATGCCGGTGGCCTCCGGCGG
CATCCATGCGGGCCAGATGCACCAGCTCATCGACCTGTTCGGCGAGGACG
TGGTGCTCCAGTTCGGCGGCGGCACCATCGGCCACCCGGACGGCATCCAG
GCCGGCGCCACCGCCAACCGCGTGGCGCTGGAAACCATGATCCTCGCCCG
CAACGAGGGCCGCGACATCAGGAACGAGGGCCCGGAAATCCTGGTGGAA
GCCGCCAAATGGTGCCGTCCGCTGCGCGCGGCGCTCGATACCTGGGGCGA
GGTGACCTTCAACTACGCCTCCACCGACACGTCCGATTACGTGCCCACCGC
GTCCGTCGCCTGA

SEQ ID NO: 3:

Trinh ty axit amin ctia chudi 16n ribuloza bisphosphat carboxylaza
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MGAEATVGQITDAKKRYAAGVLKYAQMGYWNGDYVPKDTDLLAVF
RITPQAGVDPVEAAAAVAGESSTATWTVVWTDRLTAADVYRAKAYKVEPVP
GQEGQYFCYIAYDLDLFEEGSIANLTASHGNVF SFKPLKAARLEDMRLPVAYV
KTERGPPTGIVVERERLDKFGRPLLGATTKPKLGLSGKNYGRVVYEALKGGL
DFVKDDENINSQPFMHWRDRFLYCMEAVNKAQAETGEVKGHYLNITAGTME
EMYRRAEFAKELGSVVVMVDLIIGWTAIQSMSNWCRENDMILHMHRAGHGT
YTRQKSHGVSFRVIAKWLRLAGVDHLHTGTAVGKLEGDPMTVQGFYNVCRE
TTTQQDLTRGLFFEQDWGGIRKVMPVASGGIHAGQMHQLIDLFGEDVVLQFG
GGTIGHPDGIQAGATANRVALETMILARNEGRDIRNEGPEILVEAAKWCRPLR
AALDTWGEVTENYASTDTSDYVPTASVA

SEQ ID NO: 4:

Trinh ty nucleotit ctia chudi nhé ribuloza bisphosphat carboxylaza:

ATGCGCATCACCCAAGGCTCCTTCTCCTTCCTGCCGGACCTCACCGA
CACGCAGATCAAGGCCCAGGTGCAATATTGCCTGGACCAGGGCTGGGCGG
TCTCGGTGGAGCACACCGACGATCCCCACCCGCGCAACACCTATTGGGAG
ATGTGGGGCCCGCCCATGTTCGATCTGCGCGACGCGGCCGGCGTCTTCGGC
GAGATCGAAGCCTGCCGGGCCGCCAATCCCGAGCATTATGTGCGGGTGAA
CGCCTTCGATTCCAGCCGCGGATGGGAGACGATCCGCCTGTCCTTCATCGT
TCAGCGGCCCACCGTGGAAGAGGGCTTCCGCCTCGACCGCACCGAAGGCA
AGGGCCGCAACCAGAGCTACGCCATGCGCTACCGGGCGCAGTTCGCGCCG
CGCTGA

SEQ ID NO: 5:

Trinh tu axit amin cia chudi nhé ribuloza bisphosphat carboxylaza:

MRITQGSFSFLPDLTDTQIKAQVQYCLDQGWAVSVEHTDDPHPRNTYW
EMWGPPMFDLRDAAGVFGEIEACRAANPEHY VRVNAFDSSRGWETIRLSFIV
QRPTVEEGFRLDRTEGKGRNQSYAMRYRAQFAPR

Theo phuong an khéc, chung vi khuén duoc st dung trong quy trinh theo séng
ché c6 chita gen mi héa cho tiéu don vi alpha ctia hydrogenaza khir NAD* HoxS ¢6
trinh tu néu trong SEQ ID NO:7 hodc trinh ty twong déng trinh tw hon 70%, chéng han
nhu twong dong hon 80%, vi du twong ddng hon 90%, ching han nhu twong dong hon
95%, vi du twong dong hon 96%, ching han nhu tuong ddng hon 97%, vi du nhu 16n
hon 98%, ching han nhu twong ddng trinh tw hon 99% so véi trinh tw néu trong SEQ ID
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NO:7.

Theo phuong an khéc, chung vi khuin duoc st dung trong quy trinh theo séng
ché c6 chira gen ma hoa cho tidu don vi beta ctia hydrogenaza khit NAD™ HoxS ¢ trinh
tu néu trong SEQ ID NO:9 hodc trinh ty tuong déng trinh tu hon 77%, chéng han nhu
tuong ddng hon 80%, vi du tuong ddng hon 90%, ching han nhu twong ddng hon 95%,
vi du tuong ddng hon 96%, ching han nhu tuong ddng hon 97%, vi dy nhu 16n hon
98%, ching han nhu tuong ddng trinh tw hon 99% so véi trinh tu néu trong SEQ ID
NO:9.

Theo phuong an khéc, ching vi khuin dugc st dung trong quy trinh theo sang
ché c¢6 chira gen ma hoa cho tiéu don vi gamma ctia hydrogenaza khir NAD™ HoxS c6
trinh tu néu trong SEQ ID NO:11 hodc trinh tu tuwong déng trinh tu hon 70%, chéng han
nhu trong dong hon 80%, vi du tuong ddng hon 90%, ching han nhu tuong ddng hon
95%, vi du trong ddng hon 96%, ching han nhu tuong ddng hon 97%, vi du nhu 16n
hon 98%, ching han nhu twong ddng trinh tw hon 99% so v6i trinh ty néu trong SEQ ID
NO:11.

Theo phuong an khéac, chung vi khuén dugc stir dung trong quy trinh theo sang
ché ¢6 chtra gen ma hoa cho tiéu don vi delta ctia hydrogenaza khit NAD" HoxS c6 trinh
tu néu trong SEQ ID NO:13 hodc trinh tu tuong ddng trinh tu hon 79%, ching han nhu
trong déng hon 80%, vi du twong ddng hon 90%, chéng han nhu twong dong hon 95%,
vi du tuong dong hon 96%, chang han nhu tuong ddng hon 97%, vi du nhu 16n hon
98%, ching han nhu tuong ddng trinh tw hon 99% so véi trinh ty néu trong SEQ ID
NO:13.

SEQ ID NO:6:

Trinh tu nucleotit ca tiéu don vi alpha ctia hydrogenaza khir NAD* HoxS:

ATGATGCCATCTGAGCCGCACGGCGCGGGCATGCCGCCCCCACGGG
AAGCGGCCGCGGTTCCCACCCCCCAGGAGGTGAGCGCGGTGGTGGCCGAG
GTGGTCGCGGATGCCGTGGCATCGGTGGGCGGCGCACGCACCCGGCTCAT
GGACATCGTCCAGCTGGCCCAGCAGCGTCTCGGCCATCTCTCCGAAGAGA
CCATGGCGGCCATTGCCGCGCGGCTCGCCATTCCGCCGGTGGAAGTGGCG
GACATGGTGTCCTTCTACGCCTTCCTGAACCGCGCGCCCAAGGGCCGCTAC
CACATCCGCCTGTCGCGCAGCCCCATCTCGCTGATGAAGGGCGCCGAGGC
GGTGGCTGCCGCCTTCTGCCAGATCCTCGGCATCGCCATGGGCGAGACCTC
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GCAGGATGGCGACTTCACCCTGGAATGGACCAACGACATCGGCATGGCCG
ACCAGGAGCCGGCCGCCCTCGTCAACGGCACGGTGATGACGCAGCTCGCG
CCCGGCGATGCGGCCATCATCGTCGGCCGGCTGCGGGCCCATCACGCGCC

CAATGCCCTGCCGCTGTTCCCTGGAGCCGGCGTGGCCGGCTCCGGCCTGCC
CCATGCCCGGATCCGCCCCAGCCTGGTGATGCCGGGACAGCTTCTGTTCCG
CGAGGACCACACGACGCCGGGCGCCGGCATCAAGGCGGCACTCGCCCTCA
CCCCGGACGAAGTGGTGCAGAAGGTCTCCGCCGCGCGCCTGCGCGGGCGG
GGTGGCGCCGGCTTTCCCACCGGTCTCAAATGGAAGCTCTGCCGCCAGTCG
CCCGCCACCACCCGCCATGTGATCTGCAATGCGGACGAGGGCGAGCCCGG
CACCTTCAAGGATCGCGTGCTGCTCACGCAGGCGCCGCACCTCATGTTCGA
CGGCATGACCATCGCCGGCTACGCCTTGGGGGCGCGGGAGGGCGTGGTCT

ATCTGCGCGGCGAGTACGCCTATCTGTGGGAGCCTCTGCATGCGGTCCTGC
GCGAGCGCTATGGGCTCGGGCTCGCCGGCGCGAACATCCTGGGACACGCG
GGCTTCGACTTCGACATCCGCATCCAGCTGGGCGCCGGCGCCTATATCTGC
GGCGAGGAATCCGCGCTGGTGGAATCGCTGGAAGGCAAGCGCGGCTCGCC
CCGCGACCGCCCCCCCTTCCCCACCGTGCGCGGCCATCTCCAGCAGCCCAC
CGCCGTGGACAATGTGGAGACCTTCGCCTGCGCCGCCCGCATCCTGGAGG

ATGGCGTGGAGGCGTTCGCGGGCATCGGCACGCCCGAATCCGCCGGCACG
AAGCTCCTCTCGGTGTCGGGCGATTGCCCGCGCCCCGGCGTGTATGAGGTG
CCCTTCGGCCTCACGGTGAACGCGCTGCTCGACCTTGTCGGCGCGCCGGAC
GCCGCCTTCGTGCAGATGGGTGGGCCGTCCGGCCAATGCGTGGCGCCGAA

GGATTACGGCCGCCGCATCGCCTTCGAGGACCTGCCCACCGGCGGCTCGGT
GATGGTGTTCGGCCCGGGGCGCGACGTGCTCGCCATGGTGCGCGAGTTCG

CGGATTTCTTCGCCGGCGAATCCTGCGGCTGGTGCACGCCCTGCCGGGTGG
GCACCACCTTGCTCAAGGAAGAGCTGGACAAGCTCCTCGCCAACCGCGCC

ACCCTCGCCGACATCCGCGCGCTGGAGACCCTGGCCACGACCGTCTCCCGC
ACCAGCCGCTGCGGCCTCGGCCAGACGGCGCCCAACCCCATCCTTTCCACC
ATGCGCAACCTGCCGGAAGCCTATGAGGCGAGGCTGAGGCCCGAAGACTT
CCTGCCCTGGGCCTCGCTCGACGAGGCGCTGAAGCCCGCCATCGTCATCCA
GGGCCGCGCGCCCGTGCCGGAGGAAGAGGCATGA

SEQID NO: 7:
Trinh tu axit amin cta tiéu don vi alpha ctia hydrogenaza khit NAD" HoxS:
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MMPSEPHGAGMPPPREAAAVPTPQEVSAVVAEVVADAVASVGGARTR
LMDIVQLAQQRLGHLSEETMAAIAARLAIPPVEVADMVSFYAFLNRAPKGRY
HIRLSRSPISLMKGAEAVAAAFCQILGIAMGETSQDGDFTLEWTNDIGMADQE
PAALVNGTVMTQLAPGDAAIIVGRLRAHHAPNALPLFPGAGVAGSGLPHARIR
PSLVMPGQLLFREDHTTPGAGIKAALALTPDEVVQKVSAARLRGRGGAGFPT
GLKWKLCRQSPATTRHVICNADEGEPGTFKDRVLLTQAPHLMFDGMTIAGYA
LGAREGVVYLRGEYAYLWEPLHAVLRERYGLGLAGANILGHAGFDFDIRIQL
GAGAYICGEESALVESLEGKRGSPRDRPPFPTVRGHLQQPTAVDNVETFACAA
RILEDGVEAFAGIGTPESAGTKLLSVSGDCPRPGVYEVPFGLTVNALLDLVGAP
DAAFVQMGGPSGQCVAPKDYGRRIAFEDLPTGGSVMVFGPGRDVLAMVREF
ADFFAGESCGWCTPCRVGTTLLKEELDKLLANRATLADIRALETLATTVSRTS
RCGLGQTAPNPILSTMRNLPEAYEARLRPEDFLPWASLDEALKPAIVIQGRAPV
PEEEA

SEQ ID NO: &:

Trinh tu nucleotit cia tiéu don vi beta ctia hydrogenaza khit NAD* HoxS:

ATGAGCCGGGGATCCCCCGATGCCGGGAAAGACCGCACCATGAGCG
CCACCGACGGCACCACCGCCCCCCGCAAGATCGTCATCGATCCGGTGACC
CGCGTGGAGGGCCACGGCAAGGTCACCATCCGCCTGGATGAAGCCGGCGC
GGTGGAGGATGCGCGTTTCCACATCGTGGAGTTCCGCGGCTTCGAGCGGTT
CATCCAGGGCCGGATGTACTGGGAAGTGCCCCTTATCATCCAGCGGCTGTG
CGGCATCTGCCCGGTGAGCCACCATCTGGCGGCGGCGAAAGCCATGGACC
AGGTGGCGGGCGTGGACCGCGTACCGCCCACCGCCGAGAAACTGCGCCGG
CTGATGCATTATGGGCAGGTGCTGCAATCCAACGCTTTGCACATCTTCCAC
CTCGCCTCGCCCGACCTCCTGTTCGGCTTCGACGCGCCGGCCGAGCAGCGC
AACATCATCGCCGTGCTCCAGCGTTATCCGGAGATCGGCAAATGGGCGAT
CTTCATCAGGAAGTTCGGCCAGGAGGTCATCAAGGCCACCGGCGGGCGCA
AGATCCATCCCACCAGCGCCATTCCCGGCGGGGTCAACCAGAACCTCGCC
GTGGAGGACCGCGACGCCCTGCGCGCCAAGGTGGGCGAGATCATCAGCTG
GTGCATGGCGGCGCTGGACCATCACAAGGCCTATGTGGCGGAAAACCGGG
CGCTGCATGACAGCTTCGCCGCCTTCCCCTCCGCCTTCATGAGCCTCGTGG
GGCCGGATGGCGGCATGGACCTTTATGACGGCACCCTGCGGGTGATCGAT
GCCGAGGGCGCCCCCCTCATCGAAGGCGCGCCGCCCGCCTCCTACCGCGA
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CCACCTCATCGAGGAGGTGCGGCCCTGGAGCTATCTGAAATTCCCCCATCT
GCGCGCCTTCGGCCGCGACGATGGCTGGTATCGGGTCGGCCCCCTCGCCCA
GGTCAATTGCGCCGCGTCCATCGACACGCCCCGCGCCGAGGCGGCCCGGC
GGGACTTCATGGCCGAGGGCGGCGGCAAGCCGGTGCATGCCACCCTCGCT
TATCACTGGGCGCGGCTCATCGTGCTGGTCCATTGCGCGGAGAAGATCGA
ACAGCTGCTGTTCGACGACGACCTGCAAGGCTGCGATCTGCGTGCGGAGG
GCACCCGGCGCGGGGAAGGCGTCGCCTGGATCGAGGCGCCGCGCGGCACC
CTCATCCACCATTACGAGGTGGACGAGAACGACCAGGTGCGCCGCGCCAA
CCTCATCGTCTCCACCACCCACAATAACGAGGCCATGAACCGCGCCGTGCG
GCAGGTGGCGAAGACGGACCTTTCCGGTCGCGAGATCACCGAAGGGCTGC
TGAACCATATCGAGGTGGCCATCCGCGCCTTCGACCCCTGCCTGTCCTGCG
CCACCCATGCGCTGGGCCAGATGCCGCTGATCGTGACGCTTGAAGATGCCT
CCGGCGCAGAGATCGCCCGCGGAGTGAAGGAATGA

SEQ ID NO: 9:

Trinh tu axit amin cua tiéu don vi beta clia hydrogenaza khir NAD" HoxS:

MSRGSPDAGKDRTMSATDGTTAPRKIVIDPVTRVEGHGKVTIRLDEAG
AVEDARFHIVEFRGFERFIQGRMY WEVPLIIQRLCGICPVSHHLAAAKAMDQV
AGVDRVPPTAEKLRRLMHYGQVLQSNALHIFHLASPDLLFGFDAPAEQRNIIA
VLQRYPEIGK WAIFIRKFGQEVIKATGGRKIHPTSAIPGGVNQNLAVEDRDALR
AKVGEIISWCMAALDHHKAYVAENRALHDSFAAFPSAFMSLVGPDGGMDLY
DGTLRVIDAEGAPLIEGAPPASYRDHLIEEVRPWSYLKFPHLRAFGRDDGWYR
VGPLAQVNCAASIDTPRAEAARRDFMAEGGGKPVHATLAYHWARLIVLVHC
AEKIEQLLFDDDLQGCDLRAEGTRRGEGVAWIEAPRGTLIHHYEVDENDQVR
RANLIVSTTHNNEAMNRAVRQVAKTDLSGREITEGLLNHIEVAIRAFDPCLSC
ATHALGQMPLIVTLEDASGAEIARGVKE

- SEQ ID NO: 10:

Trinh tu nucleotit cua tiéu don vi gamma ciia hydrogenaza khit NAD* HoxS:

ATGAGCGAGACCCCCTTCACCTTTACCGTGGACGGCATCGCGGTCCC
GGCCACCCCCGGCCAGAGCGTCATCGAGGCGTGCGATGCGGCGGGCATCT
ATATCCCGCGCCTGTGCCACCACCCGGACCTGCCGCCGGCGGGCCATTGCC
GGGTGTGCACCTGCATCATCGACGGGCGGCCGGCCAGCGCCTGCACCATG
CCCGCCGCCAGGGGCATGGTGGTGGAGAACGAGACGCCCGCTTTGCTGGC
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GGAGCGGCGCACGCTGATCGAGATGCTGTTCGCGGAAGGCAACCATTTCT
GCCAGTTCTGCGAGGCGAGCGGCGATTGCGAATTGCAGGCGCTGGGCTAC
CTGTTCGGCATGGTGGCCCCGCCCTTCCCCCATCTGTGGCCGAAGCGGCCG
GTGGATGCCAGCCATCCGGATATCTATATCGACCACAATCGCTGCATCCTG
TGCTCGCGCTGCGTGCGCGCCTCGCGCACCCTGGACGGCAAGTCCGTGTTC
GGCTTCGAGGGGCGCGGCATCGAGATGCATCTGGCGGTGACCGGCGGGCA
CCTGGACGACAGCGCCATCGCCGCCGCCGACAGGGCGGTTGAGATGTGCC
CGGTGGGCTGCATCGTCCTCAAGCGCACCGGCTACCGCACGCCCTATGGCC
GGCGGCGCTACGACGCCGCGCCCATCGGCTCCGACATCACCGCCCGGLCGC
GGCGGCGCGAAGGACTGA

SEQ ID NO: 11:

Trinh tu axit amin cua tiéu don vi gamma cta hydrogenaza khit NAD" HoxS:

MSETPFTFTVDGIAVPATPGQSVIEACDAAGIYIPRLCHHPDLPPAGHCR
VCTCIIDGRPASACTMPAARGMVVENETPALLAERRTLIEMLFAEGNHFCQFC
EASGDCELQALGYLFGMVAPPFPHLWPKRPVDASHPDIYIDHNRCILCSRCVR
ASRTLDGKSVFGFEGRGIEMHLAVTGGHLDDSATAAADRAVEMCPVGCIVLK
RTGYRTPYGRRRYDAAPIGSDITARRGGAKD

SEQ ID NO: 12:

Trinh tu nucleotit cia tiéu don vi delta cua hydrogenaza khir NAD" HoxS:

ATGGCCAAGCCCAAACTCGCCACCTGCGCGCTGGCCGGCTGCTTCGG
CTGCCACATGTCCTTCCTGGACATGGACGAGCGCATCGTCGAGCTCATCGA
CCTGGTGGACCTCGACGTCTCGCCCCTCGACGACAAGAAAAACTTCACCG
GCATGGTGGAAATCGGCCTGGTGGAAGGCGGCTGCGCCGACGAGCGCCAT
GTGAAGGTGCTGCGCGAGTTCCGCGAGAAATCCCGCATCCTGGTGGCGGT
GGGCGCCTGCGCCATCACCGGCGGCATCCCGGCATTGCGCAACCTCGCCG
GCCTCGACGAATGCCTGAGGGAAGCCTACCTCACCGGCCCCACGGTGGAA
GGCGGCGGGCTCATTCCCAACGACCCGGAGCTGCCGCTGCTGCTGGACAA
GGTCTATCCGGTGCAGGACTTCGTGAAGATCGACCATTTCCTGCCCGGCTG
CCCGCCCTCGGCCGACGCCATCTGGGCGGCTCTGAAGGCGCTGCTGACCG
GCACCGAGCCGCATCTGCCCTACCCGCTTTTCAAGTACGAATGA

SEQ ID NO: 13:

Trinh ty axit amin cta tiéu don vi delta cia hydrogenaza khit NAD™ HoxS:
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MAKPKLATCALAGCFGCHMSFLDMDERIVELIDLVDLDVSPLDDKKNF
TGMVEIGLVEGGCADERHVKVLREFREK SRILVAVGACAITGGIPALRNLAGL
DECLREAYLTGPTVEGGGLIPNDPELPLLLDKVYPVQDFVKIDHFLPGCPPSAD
AIWAALKALLTGTEPHLPYPLFKYE

Theo phuong an khéc, chung vi khuin dugc st dung trong quy trinh theo sang
ché ¢6 chia gen ma hoa cho tiéu don vi 16n cta NiFeSe hydrogenaza c trinh ty néu
trong SEQ ID NO:15 hodc trinh tu tvong ddng trinh tu hon 84%, vi du tuong ddng hon
90%, ching han nhu tuong ddng hon 95%, vi du twong ddng hon 96%, ching han nhu
tuong ddng hon 97%, vi du nhu 16n hon 98%, chang han nhu twong dong trinh ty hon
99% so véi trinh tuy néu trong SEQ ID NO:15.

Theo phuong an khéac, ching vi khudn dugc st dung trong quy trinh theo sang
ché ¢6 chira gen ma hoa cho tiéu don vi nhé cua NiFeSe hydrogenaza c6 trinh tu néu
trong SEQ ID NO:17 hodc trinh tu tuong dong hon 90%, ching han nhu tuong dong
hon 95%, vi du trong dong hon 96%, ching han nhu twong ddng hon 97%, vi du nhu
16n hon 98%, chang han nhu twong d6ng trinh tw hon 99% so véi trinh tu néu trong SEQ
ID NO:17.

SEQ ID NO: 14:

Trinh tu nucleotit ca tiéu don vi 16n ctia hydrogenaza [NiFeSe] té bao chét:

TCCAGACCCGGGCAACATTGCTCCATGTGCTGGGCACCCTGGCCGGC
CGCTGGCCCCATACCCTCGCGCTCCAGCCCGGCGGGGTGACCCGAAGCGC
CGACCAGCACGACCGCATGCGCCTGCTCGCGACGCTGAAGGCGGTGCGGG
CGGCGCTGGAAGAGACCTTGTTCGGCGCGCCTTTGGAAGAGGTGGCGGCC
CTGGACGGCGCCGCCGCCGTGGAGGCCTGGCGCGCCAACGGCCCGGAAGG
GGATTTCCGCCTGTTCCTGGAGATCGCCGCCGACCTGGAGCTGGACCGGCT
CGGCCGCGCGCACGACCGCTTTCTCTCCTTCGGCGCCTACGCCCAGGACGA
GGGGCGCCTTTATGGCGCCGGCACCTTCGAGGCCGGGACGGCGGGAGGGC
TCGATCCCAACGCCATCACCGAGGACCACGCCTTCGCCCGCATGGAGGAC
CGCGCGGCGCCCCATGCGCCCTTTGACGGCTCCACCTTCCCCGATGCCGAC
GACACCGAGGGCTACACCTGGTGCAAGGCGCCGCGCCTTGCCGGCCTGCC
CTTCGAGACCGGCGCCTTCGCCCGGCAGGTGGTGGCGGGCCATCCGCTCGC
CCGGGACCTCGTGACGCGGGAAGGCGGCACTGTGCGCAGCCGCGTGGTCG
GCCGGCTGCTGGAAACCGCGCGCACCCTGATCGCCATGGAGGGCTGGGTG
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AAGGAACTGCGGCCCGAAGGGCCCTGGTGCGCCCAGGGCCACCTGCCCCA
GGAAGGCCGCGCCTTCGGCCTCACCGAGGCGGCGCGCGGGGCGCTCGGCC
ACTGGATGGTGGTGGAGAAGGGCCGCATTGCCCGCTACCAGATCATCGCC
CCCACCACCTGGAACTTCTCCCCCCGCGACGGCGCGGGCCTGCCCGGCCCG
CTGGAGACGGCCCTGGTGGGCGCGCCCGTGCGGCAGGGAGAGACGACGCC
CGTGAGCGTGCAGCACATCGTGCGCTCCTTCGACCCGTGCATGGTCTGCAC
TGTGCATTGA

SEQ ID NO: 15:

Trinh ty axit amin cua tiéu don vi 16n cla hydrogenaza [NiFeSe] té bao chét:

MSAETRRLVVGPFNRVEGDLEVRLDVQDGRVQQAFVSSPLFRGFERILE
GRDPRDALVIAPRICGICSVSQSHAAALALAGLQGIAPTHDGRIATNLIVAAEN
VADHLTHFHVEFFMPDFARAVYEDRPWFAQAARRFKANQGVSVRRALQTRAT
LLHVLGTLAGRWPHTLALQPGGVTRSADQHDRMRLLATLKAVRAALEETLF
GAPLEEVAALDGAAAVEAWRANGPEGDFRLFLEIAADLELDRLGRAHDRFLS
FGAYAQDEGRLYGAGTFEAGTAGGLDPNAITEDHAFARMEDRAAPHAPFDGS
TEPDADDTEGYTWCKAPRLAGLPFETGAFARQVVAGHPLARDLVTREGGTVR
SRVVGRLLETARTLIAMEGWVKELRPEGPWCAQGHLPQEGRAFGLTEAARGA
LGHWMVVEKGRIARYQIAPTTWNFSPRDGAGLPGPLETALVGAPVRQGETTP
VSVQHIVRSFDPCMVCTVH

SEQ ID NO: 16:

Trinh ty nucleotit ciia tiéu don vi nho cia hydrogenaza [NiFeSe] té bao chét:

ACGGGGGAGGAAGCCCGCGCCATCTTCGACGCCATCCTTGCCGGCG
TTATCGTCCTCGACGCCCTGTGCGTGGAAGGCGCGCTGCTGCGCGGGCCGA
ACGGCACCGGGCGCTTCCATGTGCTGGCGGGCACGGACACCCCCACCATC
GACTGGGCGCGGCAGCTCGCCGGCATGGCGCGCCACGTGGTGGCGGTGGG
CACCTGCGCCGCCTATGGGGGCGTGACGGCGGCGGGCATCAACCCCACCG
ATGCCTGCGGCCTCCAGTTCGACGGACGCCGGAAGGGTGGGGCGCTGGGG
GCGGACTTCCGCTCCCGCTCGGGGCTTCCGGTCATCAATGTGGCCGGCTGC
CCCACCCATCCCAACTGGGTGACGGAAACCCTGATGCTGCTCGCCTGCGGC
CTGCTGGGCGAGGCCGACCTCGACGTCTATGGCCGCCCGCGCTTCTATGCG
GACCTGCTGGTGCATCACGGCTGCCCGCGCAACGAATACTATGAATACAA
GGCGAGCGCCGAGAAGATGAGCGACCTCGGCTGCATGATGGAGCATCTGG
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GCTGCCTCGGCACCCAGGCCCACGCCGACTGCAACACGCGCCTTTGGAAT
GGCGAGGGCTCGTGCACCCGCGGCGGCTATGCCTGCATCAACTGCACGGC
GCCGGAATTCGAGGAGCCGGGCCACGCCTTCCTGGAGACGCCCAAGATCG
GCGGCATCCCCATCGGCCTGCCCACCGACATGCCCAAGGCCTGGTTCATCG
CCTTGTCCTCCCTCGCCAAGGCGGCGACGCCGGAGCGGCTGCGCAAGAAC
GCGGTGTCCGACCATGTGGTCACGCCGCCCGCCGTCAAGGACATCAAGCG
GCGATGA

SEQ ID NO: 17:

Trinh ty axit amin cua tiéu don vi nhod cta hydrogenaza [NiFeSe] té bao chit:

MSTPFSVLWLQSGGCGGCTMSLLCAEAPDLATTLDAAGIGFLWHPALS
EETGEEARAIFDAILAGVIVLDALCVEGALLRGPNGTGRFHVLAGTDTPTIDW
ARQLAGMARHVVAVGTCAAYGGVTAAGINPTDACGLQFDGRRKGGALGAD
FRSRSGLPVINVAGCPTHPNWVTETLMLLACGLLGEADLDVYGRPRFYADLL
VHHGCPRNEY YEYKASAEKMSDLGCMMEHLGCLGTQAHADCNTRLWNGEG
SCTRGGYACINCTAPEFEEPGHAFLETPKIGGIPIGLPTDMPKAWFIALSSLAKA
ATPERLRKNAVSDHVVTPPAVKDIKRR

Theo phuong an khac, ching vi khudn dugc sit dung trong quy trinh theo sang
ché ¢6 chira gen ma hoa cho chudi gamma cia ATP synthaza atpG_1 ¢6 trinh tu néu
trong SEQ 1D NO:19 hodc trinh ty tuong ddng hon 70%, ching han nhu twong dong
hon 80%, vi du tuong dong hon 90%, chéng han nhur twong d6ng hon 95%, vi du tuong
déng hon 96%, chéng han nhu tuong d@)ng hon 97%, vi du nhu 16n hon 98%, chéng han
nhu trong dong trinh tw hon 99% so véi trinh ty néu trong SEQ ID NO:19.

Theo phuong an khac, ching vi khuédn duoc st dung trong quy trinh theo séng
ché c6 chira gen ma héa cho tiéu don vi alpha ctia ATP synthaza atpA_1 c6 trinh ty néu
trong SEQ ID NO:21 hodc trinh ty twong ddng hon 78%, ching han nhu twong ddng
hon 80%, vi du twong ddng hon 90%, chéng han nhu tuong dong hon 95%, vi du twong
ddng hon 96%, chéng han nhu tuong ddng hon 97%, vi du nhu 16n hon 98%, ching han
nhu trong dong trinh tw hon 99% so véi trinh ty néu trong SEQ ID NO:21.

Theo phuong an khéc, chiing vi khuén dugc st dung trong quy trinh theo sang
ché c6 chira gen ma hoéa cho tiéu don vi b cia ATP synthaza atpF_1 c6 trinh ty néu trong
SEQ ID NO:23 hoac trinh tu twong ddng hon 62%, vi du tuong ddng hon 70%, ching
han nhu tuong ddng hon 80%, vi dy tuong ddng hon 90%, ching han nhu twong dong
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hon 95%, vi du tuong dong hon 96%, ching han nhu twong ddng hon 97%, vi du nhu
16n hon 98%, chéng han nhu tuong déng trinh tw hon 99% so véi trinh tw néu trong SEQ
ID NO:23.

Theo phuong an khac, chung vi khudn duoc st dung trong quy trinh theo séng
ché c6 chtra gen ma hoa cho tiéu don vi ¢ ctia ATP synthaza, dédc hiéu ion natri atpE_1
¢6 trinh tu néu trong SEQ ID NO:25 hodc trinh tu tuong déng hon 90%, chéng han nhu
tuong dong hon 95%, vi du tuong ddng hon 96%, ching han nhu twong ddng hon 97%,
vi du nhu 16n hon 98%, chéng han nhu tuong déng trinh tu hon 99% so véi trinh tuw néu
trong SEQ ID NO:25.

Theo phuong an khéc, ching vi khudn dugc st dung trong quy trinh theo sang
ché c6 chtra gen ma hda cho tiéu don vi a ciia ATP synthaza atpB_1 ¢ trinh ty néu trong
SEQ ID NO:27 hogc trinh tu twong ddng hon 80%, vi du tuong ddng hon 90%, chéng
han nhu twong doéng hon 95%, vi du tuong ddng hon 96%, ching han nhu twong ddng
hon 97%, vi du nhu 16n hon 98%, chéng han nhu tuong déng trinh tu hon 99% so véi
trinh tu néu trong SEQ ID NO:27.

Theo phuong an khéc, ching vi khuén dugc st dung trong quy trinh theo sang
ché c6 chira gen mi hoa cho chudi epsilon ctia ATP synthaza atpC_1 ¢6 trinh tu néu
trong SEQ ID NO:29 hodc trinh tu tuong ddng hon 71%, ching han nhu tuong dong
hon 80%, vi du tuong ddng hon 90%, chang han nhu tuong ddng hon 95%, vi du tuong
ddng hon 96%, chang han nhu tuong d6ng hon 97%, vi du nhu 16n hon 98%, ching han
nhu twong ddng trinh ty hon 99% so véi trinh tw néu trong SEQ ID NO:29.

Theo phuong an khac, chung vi khudn dugc stir dung trong quy trinh theo sang
ché c6 chra gen ma hoa cho tiéu don vi beta cia ATP synthaza atpD_1 ¢6 trinh tur néu
trong SEQ ID NO:31 hodc trinh tu tuong déng hon 84%, vi du tuong déng hon 90%,
ching han nhu tuong ddng hon 95%, vi du twong d6ng hon 96%, ching han nhu tuong
d6ng hon 97%, vi du nhu 16n hon 98%, chang han nhu twong ddng trinh tu hon 99% so
véi trinh tu néu trong SEQ ID NO:31.

Theo phuong an khéac, chung vi khuén dugc st dung trong quy trinh theo sang
ché c6 chita gen ma hoa cho tiéu don vi beta cia ATP synthaza atpD_2 ¢0 trinh tyr néu
trong SEQ ID NO:33 hodc trinh tu twong déng hon 97%, vi du nhu 16n hon 98%, chéng
han nhu trong ddng trinh tw hon 99% so véi trinh ty néu trong SEQ ID NO:33.

Theo phuong an khéc, chung vi khuén dugc sir dung trong quy trinh theo sang
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ché c6 chira gen ma hoéa cho chudi gamma cua ATP synthaza atpG_2 ¢0 trinh ty néu
trong SEQ ID NO:35 hodc trinh ty twong ddng hon 86%, vi du tuong dong hon 90%,
ching han nhu tuong ddng hon 95%, vi du tuong ddng hon 96%, ching han nhu turong
déng hon 97%, vi du nhu 16n hon 98%, chéng han nhu tuong déng trinh tu hon 99% so
véi trinh tu néu trong SEQ ID NO:35.

Theo phuong an khéac, ching vi khudn dugc st dung trong quy trinh theo sang
ché c6 chira gen ma hoa cho tiéu don vi alpha cia ATP synthaza atpA_2 c0 trinh ty néu
trong SEQ ID NO:37 hodc trinh tu tuong déng trinh tu hon 98%, chéng han nhu 16n hon
99% so v6i trinh ty néu trong SEQ ID NO:37.

Theo phuong an khac, ching vi khuén duoc st dung trong quy trinh theo sang
ché c6 chtra gen ma hoa cho tiéu don vi delta cia ATP synthaza atpH c6 trinh ty néu
trong SEQ ID NO:39 hodc trinh tu tuong dong hon 85%, vi du tuong ddng hon 90%,
ching han nhu tuong ddéng hon 95%, vi dy tuong ddng hon 96%, chéng han nhu tuong
déng hon 97%, vi du nhu 16n hon 98%, chéng han nhu tuong déng trinh ty hon 99% so
v6i trinh tu néu trong SEQ ID NO:39.

Theo phuong an khéc, ching vi khuén duoc st dung trong quy trinh theo séng
ché c6 chira gen ma héa cho tiéu don vi b cia ATP synthaza atpF_2 c0 trinh tu néu trong
SEQ ID NO:41 hodc trinh tu tuong dong hon 87%, vi du tuong ddng hon 90%, ching
han nhu twong déng hon 95%, vi du twong ddng hon 96%, ching han nhu tuong dong
hon 97%, vi du nhu 16n hon 98%, ching han nhu tuong ddng trinh tw hon 99% so véi
trinh ti néu trong SEQ ID NO:41.

Theo phuong an khéc, ching vi khuén dugc st dung trong quy trinh theo séng
ché c6 chira gen ma hoa cho tiéu don vi b' cia ATP synthaza atpG 3 ¢4 trinh ty néu
trong SEQ ID NO:43 hodc trinh tu twong ddng hon 81%, vi du tuong dong hon 90%,
ching han nhu tuong ddng hon 95%, vi du twong ddng hon 96%, ching han nhu tvong
d6ng hon 97%, vi du nhu 16n hon 98%, ching han nhu trong dong trinh ty hon 99% so
v6i trinh ty néu trong SEQ ID NO:43.

Theo phuong an khéc, chung vi khudn dugc st dung trong quy trinh theo séng
ché ¢ chira gen ma héa cho tiéu don vi ¢ ciia ATP synthaza atpE_2 c6 trinh tw néu trong
SEQ ID NO:45 hodc trinh ty trong ddng trinh tw hon 98%, chéng han nhu 16n hon 99%
o0 v6i trinh ty néu trong SEQ ID NO:45.

Theo phuong an khéc, ching vi khuén duoc st dung trong quy trinh theo séng
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ché c6 chira gen ma hoa cho tiéu don vi a cia ATP synthaza atpB_2 c6 trinh tu néu trong
SEQ ID NO:47 hodc trinh ty twong déng hon 92%, chéng han nhu tuong déng hon 95%,
vi du tuong ddng hon 96%, ching han nhu tuong ddng hon 97%, vi du nhu 16n hon
98%, ching han nhu tuong ddng trinh tw hon 99% so v6i trinh tu néu trong SEQ ID
NO:47.

Theo phuong an khac, ching vi khudn dugc st dung trong quy trinh theo sang
ché ¢6 chira gen ma hoa cho protein I ciia ATP synthaza atpl ¢ trinh tu néu trong SEQ
ID NO:49 hoic trinh tu twong ddng hon 60%, vi du twong ddng hon 70%, chang han
nhu twong déng hon 80%, vi du tuong ddng hon 90%, chang han nhu twong ddng hon
95%, vi du twong dong hon 96%, ching han nhu tuong ddng hon 97%, vi du nhu 16n
hon 98%, chiang han nhu tuong ddng trinh tw hon 99% so véi trinh ty néu trong SEQ ID
NO:49.

SEQ ID NO: 18:

Trinh tu nucleotit ctia chudi gamma cua ATP synthaza atpG_1

GTGACCGAGCGCCTGTCCGACGTCAACGCCCGCATCGCCTCGGTGCG
GCAGCTCTCATCGGTCATCACGGCCATGCGGGGCATTGCGGCGGCGCGGG
CGCGGGAGGCGCGGGGTCGGCTCGACGGCATCCGCGCCTATGCGCAGACC
ATCGCCGAGGCCATCGGCCATGTGCTCGCCGTGCTGCCCGAGGAGGCCCG
CGCCCGGTCCTCCGGGCACCGGCATCGGGGCCATGCGGTCATCGCCCTGTG
CGCGGAGCAGGGCTTTGCCGGCGTCTTCAACGAGCGGGTGCTGGACGAGG
CCGCCCGGCTGCTGACCGGCGGGGCGGGGCCGGCCGAGCTGCTGCTGGTG
GGCGACCGGGGCCTGATGGTGGCCCGCGAGCGGGGGCTCGATGTCTCCTG
GTCGGTGCCCATGGTGGCCCATGCGGGCCAGGCCTCGGCGCTGGCGGACC
GCATCAGCGAGGAGCTCTACCGGCGGATCGATGCGGGACGGGTGACGCGG
GTGTCGGTGGTGCACGCCGAGCCCGCCGCGTCCGCCGCCATCGAGACGGT
GGTGAAAGTGCTGGTGCCGTTCGACTTCGCCCGCTTCCCCCTGGCGCGGGT
GGCATCCGCCCCGCTCATGACCATGCCGCCGCCGCGGCTGCTGGCCCAGCT
GTCGGAGGAATATGTGTTCGCCGAGCTGTGCGAGGCGCTCACCTTGTCCTT
CGCGGCGGAGAACGAGGCCCGCATGCGGGCCATGATCGCCGCCCGCGCCA
ATGTGGCCGATACCCTGGAGGGCCTCGTCGGCCGCGCCCGGCAGATGCGC
CAGGAGGAGATCACCAACGAGATCATCGAGCTGGAAGGCGGCGCCGGCA
GCGCCCGGCATGCGGATTGA
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SEQ ID NO: 19:

Trinh tu axit amin ctia chudi gamma cta ATP synthaza atpG_1

MTERLSDVNARIASVRQLSSVITAMRGIAAARAREARGRLDGIRAYAQT
IAEAIGHVLAVLPEEARARSSGHRHRGHAVIALCAEQGFAGVFNERVLDEAAR
LLTGGAGPAELLLVGDRGLMVARERGLDVSWSVPMVAHAGQASALADRISE
ELYRRIDAGRVTRVSVVHAEPAASAAIETVVKVLVPFDFARFPLARVASAPLM
TMPPPRLLAQLSEEYVFAELCEALTLSFAAENEARMRAMIAARANVADTLEG
LVGRARQMRQEEITNEIHELEGGAGSARHAD

SEQ ID NO: 20:

Trinh tu nucleotit cta tiéu don vi alpha cia ATP synthaza atpA_1

ATGAGCACGGGCGCGCAAGCGAGCGAGGATTGGCTCACCCGGAGCC
GGGCGGCCCTGGCCGGGACGCGCCTTTCCCAGCAATCCCAATCGGTGGGC
CGGGTGGAGGAGATGGCCGACGGCATCGCCCGCGTCTCCGGCCTGCCGGA
TGTGCGGCTCGACGAGCTTCTCACCTTCGAGGGCGGCCAGACCGGCTATGC
CCTCACCCTCGATCGCACCGAGATCGCCGTGGTGCTGCTGGATGACGCCTC
CGGCGTGGAGGCGGGCGCCCGGGTGTTCGGCACCGGCGAGGTGGTGAAGG
TGCCGGTGGGGCCGGGGCTGCTGGGCCGCATCGTCGACCCCCTCGGCCGG
CCCATGGACCGCTCCGAGCCGGTGGTGGCGCAGGCGCACCATCCCATCGA
GCGGCCGGCGCCGGCCATCATCGCCCGCGACCTGGTCTCGCAGCCGGTTCA
GACCGGCACGCTGGTGGTGGATGCGCTGTTCTCCCTCGGCCGGGGCCAGC
GCGAGCTCATCATCGGCGACCGGGCTACCGGCAAGACCGCCATCGCGGTG
GACACCATCATCAGCCAGAAGCATTCGGACATCGTGTGCATCTACGTGGC
GGTGGGCCAGCGCGCCGCCGCCGTGGAGCGGGTGGTGGAGGCGGTGCGCG
CCCACGGGGCGATCGAGCGCTGCATCTTCGTGGTCGCCTCGGCCGCCGCCT
CGCCAGGGCTGCAATGGATCGCGCCGTTCGCCGGCATGACCATGGCGGAA
TATTTCCGCGACAACGGCCAGCATGCGCTCATCATCATCGATGATCTCACC
AAGCATGCGGCCACCCATCGCGAGCTGGCGCTGCTCACCCACGAGCCGCC
GGGCCGCGAGGCCTATCCCGGCGACATCTTCTATGTGCACGCCCGCCTTCT
GGAGCGGGCCGCCAAGCTCTCCGCCGAGCTGGGCGGTGGCTCGCTCACGG
CCCTGCCCATCGCGGAGACGGACGCGGGAAACCTCTCCGCCTATATCCCCA
CCAACCTCATCTCCATCACCGATGGGCAGATCGTGCTGGATTCGCGGCTGT
TCGCGGCCAACCAGCGCCCGGCGGTGGATGTGGGCCTCTCCGTGAGCCGG
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GTGGGCGGCAAGGCGCAGCATCCCGCGCTTCGGGCCGTGTCCGGGCGCAT
CCGGCTCGATTATTCCCAGTTCCTGGAGCTGGAAATGTTCACCCGCTTCGG
CGGCATCACCGATACCCGCGTGAAGGCGCAGATCACCCGGGGCGAGCGCA
TCCGCGCGCTGCTCACCCAGCCGCGCTTTTCCACCCTGCGCCTTCAGGACG
AGGTGGCGCTGCTGGCCGCGCTGGCGGAGGGGGTGTTCGACACTTTGGCC
CCGGGGCTGATGGGCGCCGTGCGTGCCCGCATTCCGGCCCAGCTGGATGC
GCAGGTGAAGGACGTGGCCTCGGCCCTCGCCGAGGGCAAGGTGCTGGAGG
AGGGCTTGCACGCCCGTCTCGTGGCGGCCGTGCGGGCCGTCGCGGCGGAC
GTGGCCGCGACCGCGAAGGCCGGGCCGTGA

SEQ ID NO: 21:

Trinh tw axit amin cua tiéu don vi alpha ctia ATP synthaza atpA_1

MSTGAQASEDWLTRSRAALAGTRLSQQSQSVGRVEEMADGIARVSGLP
DVRLDELLTFEGGQTGYALTLDRTEIAVVLLDDASGVEAGARVFGTGEVVKYV
PVGPGLLGRIVDPLGRPMDRSEPVVAQAHHPIERPAPAIIARDLVSQPVQTGTL
VVDALFSLGRGQRELIIGDRATGKTAIAVDTIISQKHSDIVCIY VAVGQRAAAV
ERVVEAVRAHGAIERCIFVVASAAASPGLQWIAPFAGMTMAEYFRDNGQHAL
IIIDDLTKHAATHRELALLTHEPPGREAYPGDIFY VHARLLERAAKLSAELGGG
SLTALPIAETDAGNLSAYIPTNLISITDGQIVLDSRLFAANQRPAVDVGLSVSRV
GGKAQHPALRAVSGRIRLDYSQFLELEMFTRFGGITDTRVKAQITRGERIRALL
TQPRFSTLRLQDEVALLAALAEGVFDTLAPGLMGAVRARIPAQLDAQVKDVA
SALAEGKVLEEGLHARLVAAVRAVAADVAATAKAGP

SEQ ID NO: 22:

Trinh tu nucleotit cia tiéu don vi b cia ATP synthaza atpF_1

ATGCAGATCGACTGGTGGACGCTGGGCCTGCAGACGGTCAACGTCC
TCGTTCTCATCTGGCTCCTGAGCCGCTTCCTGTTCAAGCCGGTGGCGCAGG
TCATCGCGCAGCGCCGTGCCGAGATCGAGAAGCTGGTGGAGGATGCGCGC
GCCGCCAAGGCCGCCGCCGAGGCCGAGCGGGACACGGCGAAGGCGGAGG
AGGCGCGCCTTGCCGCCGAGCGCGGCGCCCGCATGGCGGCGGTCGCCAAG
GAGGCGGAGGCGCAGAAGGCGGCATTGCTGGCCGCCGCCAAGACCGAGG
CCGAGGCCCTGCACGCGGCCGCGGAAGCGGCCATCGTCCGGGCGCGGGCG
AGCGAGGAGGAAGCCGCCGCCGACCGCGCCAGCCGCCTTGCCGTGGACAT
CGCCGCCAAGCTGCTGGACCGGCTGCCCGACGACGCCCGGGTCGCGGGCT
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TCATCGATGGCCTCGCCGAGGGGCTTGAAGCCCTGCCCGAGGCGAGCCGG
GCGGTGATCGGCGTCGACGGCGCGCCAGTGCGCGTGACGGCCGCGCGCGL
CCTTATGCCGGCGGAGGAGGAGGCCTGCCGCACGCGGCTCTCCCAGGCGC
TGGGCCGTCCGGTGACGCTGGCCGTGACCATCGACCCCGCCCTCATCGCCG
GCCTGGAGATGGAGACGCCCCACGCGGTGGTGCGCAATTCCTTCAAGGCC
GATCTCGACCGCGTCACCGCGGCGCTCACCCATCATGGGACCTGA

SEQ ID NO: 23:

Trinh tu axit amin cua tiéu don vi b cia ATP synthaza atpF_1

MQIDWWTLGLQTVNVLVLIWLLSRFLFKPVAQVIAQRRAEIEKLVEDA
RAAKAAAEAERDTAKAEEARLAAERGARMAAVAKEAEAQKAALLAAAKTE
AFALHAAAEAAIVRARASEEEAAADRASRLAVDIAAKLLDRLPDDARVAGFI
DGLAEGLEALPEASRAVIGVDGAPVRVTAARALMPAEEEACRTRLSQALGRP
VTLAVTIDPALIAGLEMETPHAVVRNSFKADLDRVTAALTHHGT

SEQ ID NO: 24:

Trinh tu nucleotit cua tiéu don vi ¢ cia ATP synthaza, ddc hiéu ion natri atpE_1

ATGACTGTCGAGATGGTCAGCATCTTCGCGGCGGCGCTCGCCGTCTC
CTTCGGCGCCATCGGGCCGGCCCTGGGCGAGGGCCGGGCGGTGGCCGCGG
CCATGGACGCCATCGCCCGCCAGCCGGAGGCGGCCGGAACCTTGTCGCGC
ACGCTCTTCGTCGGCCTCGCCATGATCGAGACCATGGCGATCTACTGCCTG
GTGATCGCGCTCCTGGTGCTCTTCGCCAATCCGTTCGTGAAGTGA

SEQ ID NO: 25:

Trinh tu axit amin ctia tiéu don vi ¢ ctia ATP synthaza, dic hiéu ion natri atpE_1

MTVEMVSIFAAALAVSFGAIGPALGEGRAVAAAMDAIARQPEAAGTLS
RTLFVGLAMIETMAIYCLVIALLVLFANPFVK

SEQ ID NO: 26:

Trinh tu nucleotit cua tiéu don vi a cia ATP synthaza atpB_1

ATGGGCTCGCCGCTGATCCTCGAACCCCTGTTCCATATCGGGCCCGT
GCCCATCACCGCGCCGGTGGTGGTCACCTGGCTCATCATGGCCGCCTTCAT
TGGGCTGGCGCGGCTCATCACCCGGAAGCTTTCCACCGATCCCACCCGGAC
CCAGGCGGCGGTGGAAACGGTGCTGACCGCCATCGATTCCCAGATCGCCG
ACACCATGCAGGCCGATCCCGCGCCTTATCGCGCGCTCATCGGCACCATCT
TCCTTTATGTGCTGGTGGCCAACTGGTCCTCGCTCATCCCGGGCATCGAGC
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CGCCCACGGCGCATATCGAGACCGATGCGGCGCTCGCTTTCATCGTGTTCG
CCGCCACCATCGGGTTCGGGTTGAAGACAAGGGGTGTGAAGGGCTATCTC
GCCACCTTCGCCGAACCCTCCTGGGTGATGATCCCGCTCAATGTGGTGGAG
CAGATCACCCGGACCTTCTCGCTCATCGTGCGCCTGTTCGGCAACATCATG
AGCGGGGTGTTCGTGGTCGGCATCATCCTGTCCCTCGCCGGGCTGCTGGTG
CCCATCCCCCTCATGGCGCTCGATCTCCTGACCGGCGCCGTGCAGGCCTAC
ATCTTCGCGGTGCTGGCCTGCGTGTTCATCGGCGCGGCCATTGGCGAGGCG
CCGGCAAAGCCCCAATCGAAGGAGCCAGGGAAAACATCATGA

SEQ ID NO: 27:

Trinh tu axit amin cta tiéu don vi a cia ATP synthaza atpB_1

MGSPLILEPLFHIGPVPITAPVVVTWLIMAAFIGLARLITRKLSTDPTRTQ
AAVETVLTAIDSQIADTMQADPAPYRALIGTIFLYVLVANWSSLIPGIEPPTAHI
ETDAALAFIVFAATIGEGLKTRGVKGYLATFAEPSWVMIPLNVVEQITRTFSLI
VRLFGNIMSGVFVVGIILSLAGLLVPIPLMALDLLTGAVQAYIFAVLACVFIGA
AIGEAPAKPQSKEPGKTS

SEQ ID NO: 28:

Trinh tu nucleotit cia chudi epsilon cia ATP synthaza atpC_1

GTGAGCGCGCCGCTGCACCTCACCATCACCACGCCGGCCGCCGTTCT
GGTGGACCGTGCCGACATCGTGGCCCTGCGTGCCGAGGACGAGAGCGGCA
GCTTCGGCATCCTGCCCGGCCATGCGGATTTCCTGACCGTTCTGGAGGCCT
GCGTGGTGCGCTTCAAGGATGGGGCCGACGGCGTGCATTATTGTGCTCTCA
GTGGTGGCGTGCTGTCGGTCGAGGAGGGCCGGCGCATCGCCATCGCCTGC
CGTCAGGGCACGGTGAGCGACGACCTGGTCGCCCTGGAAGGGGCGGTGGA
CGCCATGCGTTCGGCGGAGAGCGATGCCGACAAGCGGGCCCGGGTGGAGC
AGATGCGCCTTCATGCCCACGCCGTGCGCCAGCTCCTGCACTATCTGCGGC
CCGGCCGGGCCGGCGGCGTGGCGCCGGCCGCCGCGCCGGAGGAGGGGCC
GTCATGA

SEQ ID NO: 29:

Trinh tu axit amin ctia chudi epsilon ciia ATP synthaza atpC_1

MSAPLHLTITTPAAVLVDRADIVALRAEDESGSFGILPGHADFLTVLEAC
VVRFKDGADGVHYCALSGGVLSVEEGRRIAIACRQGTVSDDLVALEGAVDA
MRSAESDADKRARVEQMRLHAHAVRQLLHYLRPGRAGGVAPAAAPEEGPS
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SEQ ID NO: 30:

Trinh tu nucleotit cia tiéu don vi beta ciia ATP synthazaeta atpD_1

ATGGCAGCGGCAGATGAGGAGGCGCAATCGGCCGCCGGCCCCGCCT
CGGGCCGGGTGGTGGCCGTGCGCGGCGCGGTGATCGACATCGCCTTTGCC
CAGCCTCCGCTGCCGCCGCTGGACGACGCCCTTCTCATCACCGACGGCCGG
GGCGGCACGGTGCTGGTGGAGGTGCAGAGCCATATGGATCGGCACACGGT
GCGCGCCATCGCCCTTCAGGCCACCACCGGCCTCAGCCGGGGGCTGGAGG
CGGCGCGGGTGGGCGGGCCGGTGAAGGTGCCGGTGGGAGACCATGTGCTC
GGCCGCCTCCTGGATGTCACCGGCGCCATCGGCGACAAGGGCGGGCCGCT
GCCGGCCGACGTGCCCACGCGGCCGATCCACCACGCGCCGCCATCCTTCGC
CGCGCAGGGCGGCACGTCCGATCTGTTTCGCACCGGCATCAAGGTCATCG
ACCTCCTGGCGCCCCTCGCCCAGGGCGGCAAGGCGGCCATGTTCGGCGGG
GCCGGCGTGGGCAAGACCGTGCTGGTGATGGAGCTGATCCACGCCATGGT
GGCGAGCTACAAGGGCATCTCGGTGTTTGCCGGCGTGGGGGAGCGCTCCC
GCGAGGGCCACGAGATGCTGCTGGACATGACCGATTCCGGCGTGCTCGAC
CGCACCGTTCTGGTCTATGGCCAGATGAACGAGCCCCCCGGGGCCCGCTG
GCGGGTGCCCATGACGGCGCTGACCATCGCCGAATATTTCCGCGACGAGA
AGCACCAGAACGTCCTGCTGCTGATGGACAACATCTTCCGCTTCGTCCAGG
CGGGGGCGGAGGTCTCCGGCCTTTTGGGCCGTCCGCCCTCCCGGGTGGGAT
ACCAGCCGACGCTGGCGAGCGAGGTGGCGGCGCTCCAGGAACGCATCACC
TCCGTGGGCGAGGCCTCGGTGACCGCCATCGAGGCGGTCTACGTGCCGGC
GGATGACTTCACCGATCCCGCCGTGACCACCATCGCCGCCCACGTGGATTC
CATGGTGGTGCTCTCCCGCGCCATGGCGGCGGAGGGCATGTATCCGGCGG
TGGACCCCATCTCCTCCTCGTCGGTGCTGCTCGACCCGCTCATCGTGGGGG
ACGAGCATGCGCGCGTCGCCAACGAGGTGCGCCGGACCATCGAGCATTAT
CGCGAGCTTCAGGATGTGATCTCGCTGCTGGGCATGGAGGAATTGGGCAC
CGAGGATCGCCGCATCGTGGAGCGGGCGCGCCGGCTCCAGCGCTTCCTCA
CCCAGCCCTTCACGGTCACCGAGGCCTTCACCGGCGTGCCCGGCCGCTCGG
TGGCCATCGCCGACACCATCGCCGGCTGCAGGATGATCCTGTCCGGCGCCT
GCGACGACTGGCAGGAAAGCGCCCTCTACATGGTGGGCACCATCGACGAG
GCCCGCCAGAAGGAGGAGGCCGCTCGCGCCAAGGCGGGGCAGGGCGCCC
CGGCCGGGACGGCAGCCGAGACGGCGGAGGCCGCCCCGTGA
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SEQ ID NO: 31:

Trinh ty axit amin cta tiéu don vi beta ctia ATP synthazaeta atpD_1

MAAADEEAQSAAGPASGRVVAVRGAVIDIAFAQPPLPPLDDALLITDGR
GGTVLVEVQSHMDRHTVRAIALQATTGLSRGLEAARVGGPVKVPVGDHVLG
RLLDVTGAIGDKGGPLPADVPTRPIHHAPPSFAAQGGTSDLFRTGIKVIDLLAP
LAQGGKAAMFGGAGVGKTVLVMELIHAMVASYKGISVFAGVGERSREGHE
MLLDMTDSGVLDRTVLVYGQMNEPPGARWRVPMTALTIAEYFRDEKHQNVL
LLMDNIFRFVQAGAEVSGLLGRPPSRVGYQPTLASEVAALQERITSVGEASVT
AIEAVYVPADDFTDPAVTTIAAHVDSMVVLSRAMAAEGMYPAVDPISSSSVLL
DPLIVGDEHARVANEVRRTIEHYRELQDVISLLGMEELGTEDRRIVERARRLQ
RFLTQPFTVTEAFTGVPGRSVAIADTIAGCRMILSGACDDWQESALYMVGTID
EARQKEEAARAKAGQGAPAGTAAETAEAAP

SEQ ID NO: 32:

Trinh tu nucleotit ciia tiéu don vi beta ctia ATP synthazaeta atpD_2

ATGGCGAACAAGGTCGGACGCATCACCCAGATCATCGGCGCCGTCG
TCGACGTGCAGTTCGACGGGCATCTGCCGGCGATTCTCAACGCGATCGAG
ACCACCAACCAGGGCAACCGGCTGGTGCTCGAAGTGGCTCAGCATCTCGG
CGAGAACACCGTGCGCTGCATCGCCATGGATGCCACTGAAGGCCTGGTGC
GTGGCCAGGAGGTGGCCGACACCGATGCGCCCATCCAGGTGCCCGTGGGC
GCCGCCACCCTCGGCCGCATCATGAACGTGATCGGCGAGCCGGTGGACGA
GCTGGGCCCCATCGAGGGCGAAGCGCTGCGCGGCATCCATCAGCCGGCCC
CCTCCTATGCGGAGCAGGCCACGGAAGCTGAGATCCTCGTCACCGGCATC
AAGGTGGTGGATCTGCTGGCGCCCTATTCCAAGGGCGGCAAGGTGGGCCT
GTTCGGCGGCGCCGGCGTGGGCAAGACCGTGCTCATCATGGAGCTGATCA
ACAACGTGGCCAAGGCGCACGGCGGCTATTCCGTGTTCGCCGGCGTGGGT
GAGCGCACCCGCGAGGGCAACGACCTCTACCACGAGATGATCGAGTCCAA
CGTGAACAAGGACCCGCACGAGAACAATGGCTCGGCGGCCGGTTCCAAGT
GCGCCCTGGTCTATGGCCAGATGAACGAGCCGCCCGGCGCCCGLCGLCCCGC
GTGGCCCTCACCGGCCTCACCGTCGCCGAGCATTTCCGCGACCAGGGCCAG
GACGTGCTGTTCTTCGTGGACAACATCTTCCGCTTCACCCAGGCGGGCTCC
GAGGTGTCGGCGCTTCTCGGCCGCATCCCCTCGGCGGTGGGCTACCAGCCG
ACGCTGGCCACCGACATGGGCCAGCTGCAGGAGCGCATCACCACCACCAC
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CAAGGGCTCCATCACCTCGGTGCAGGCCATCTACGTGCCGGCGGACGATCT
GACCGATCCGGCGCCGGCCGCCTCCTTCGCCCATCTGGACGCCACCACGGT
GCTGTCGCGCTCCATCGCGGAGAAGGGCATCTACCCGGCGGTGGATCCGC
TGGACTCCACCTCGCGCATGCTGTCTCCCGCCATCCTCGGCGACGAGCACT
ACAACACCGCGCGCCAGGTGCAGCAGACCCTGCAGCGCTACAAGGCGCTC
CAGGACATCATCGCCATCCTGGGCATGGACGAACTCTCCGAAGAGGACAA
GCTCACCGTGGCCCGCGCCCGCAAGATCGAGCGCTTCCTCTCCCAGCCCTT
CCACGTGGCCGAGGTGTTCACCGGTTCGCCCGGCAAGCTGGTCGACCTCGC
CGACACCATCAAGGGCTTCAAGGGCCTGGTGGACGGCAAGTACGACTACC
TGCCCGAGCAGGCCTTCTACATGGTGGGCACCATCGAAGAAGCCATCGAG
AAGGGCAAGAAGCTGGCGGCCGAGGCGGCCTGA

SEQ ID NO: 33:

Trinh tu axit amin cta tiéu don vi beta ctia ATP synthazaeta atpD_2

v MANKVGRITQIIGAVVDVQFDGHLPAILNAIETTNQGNRLVLEVAQHLG

ENTVRCIAMDATEGLVRGQEVADTDAPIQVPVGAATLGRIMNVIGEPVDELGP
IEGEALRGIHQPAPSYAEQATEAEILVTGIKVVDLLAPYSKGGKVGLFGGAGV
GKTVLIMELINNVAKAHGGYSVFAGVGERTREGNDLYHEMIESNVNKDPHEN
NGSAAGSKCALVYGQMNEPPGARARVALTGLTVAEHFRDQGQDVLFFVDNI
FRFTQAGSEVSALLGRIPSAVGYQPTLATDMGQLQERITTTTKGSITSVQAIYV
PADDLTDPAPAASFAHLDATTVLSRSIAEKGIYPAVDPLDSTSRMLSPAILGDE
HYNTARQVQQTLQRYKALQDIAILGMDELSEEDKLTVARARKIERFLSQPFH
VAEVFTGSPGKLVDLADTIKGFKGLVDGKYDYLPEQAFYMVGTIEEAIEKGK
KLAAEAA

SEQ ID NO: 34:

Trinh tu nucleotit ciia chudi gamma ctia ATP synthaza atpG_2

ATGGCGAGTCTGAAGGACCTGAGAAACCGCATTGCCTCGGTGAAGG
CGACGCAGAAGATCACCAAGGCGATGCAGATGGTCGCCGCGGCGAAGCTG
CGTCGCGCCCAGGCGGCGGCTGAAGCGGCCCGTCCCTATGCGGAACGCAT
GGAGACGGTGCTCGGAAATCTTGCCTCCGGCATGGTGGTGGGCGCGCAGG
CGCCTGTTCTCATGACCGGGACGGGCAAGAGCGACACCCACCTGCTGCTG
GTGTGCACCGGCGAGCGCGGCCTGTGCGGCGCCTTCAACTCGTCCATCGTG
CGCTTCGCCCGCGAGCGGGCGCAGCTGCTGCTGGCCGAGGGCAAGAAGGT
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GAAAATCCTGTGCGTGGGCCGCAAGGGCCACGAGCAGCTGCGCCGCATCT
ACCCGGACAACATCATCGACGTGGTGGACCTGCGCGCGGTGCGCAACATC
GGCTTCAAGGAGGCCGACGCCATCGCCCGCAAGGTGCTGGCCCTGCTCGA
TGAAGGCGCATTCGACGTCTGCACGCTCTTCTACTCCCACTTCAGGAGCGT
GATCGCCCAGGTGCCGACGGCCCAGCAGCTCATTCCGGCCACCTTCGACG
AGCGGCCGGCCGTCGCCGATGCGCCGGTCTATGAATATGAGCCGGAGGAG
GAGGAGATCCTCGCCGAGCTGCTGCCGCGCAACGTGGCGGTGCAGATCTT
CAAGGCCCTCCTCGAGAACCAGGCTTCTTTCTATGGCTCCCAGATGAGCGC
CATGGACAACGCCACGCGCAATGCGGGCGAGATGATCAAGAAGCAGACG
CTCACCTACAACCGTACCCGCCAGGCCATGATCACGAAGGAACTCATCGA
GATCATCTCCGGCGCCGAGGCCGTCTGA

SEQ ID NO: 35:

Trinh tu axit amin cta chudi gamma ctia ATP synthaza atpG_2

MASLKDLRNRIASVKATQKITKAMQMVAAAKLRRAQAAAEAARPYAE
RMETVLGNLASGMVVGAQAPVLMTGTGKSDTHLLLVCTGERGLCGAFNSSI
VRFARERAQLLLAEGKKVKILCVGRKGHEQLRRIYPDNIIDVVDLRAVRNIGF
KEADAIARKVLALLDEGAFDVCTLFYSHFRSVIAQVPTAQQLIPATFDERPAV
ADAPVYEYEPEEEEILAELLPRNVAVQIFKALLENQASFYGSQMSAMDNATRN
AGEMIKKQTLTYNRTRQAMITKELIEIISGAEAV

SEQ ID NO: 36:

Trinh ty nucleotit ctia tiéu don vi alpha ciia ATP synthaza atpA_2

ATGGACATTCGAGCCGCTGAAATCTCTGCCATCCTGAAAGAGCAGA
TCCAGAATTTCGGCCAGGAGGCGGAAGTCTCCGAGGTGGGTCAGGTTCTGT
CCGTGGGTGACGGCATCGCGCGCGTCTACGGCCTCGACAACGTCCAGGCG
GGCGAGATGGTCGAGTTCGAGAACGGCACGCGCGGCATGGCGCTGAACCT
CGAGCTCGACAATGTCGGCATCGTGATCTTCGGTTCCGACCGCGAGATCAA
GGAAGGCCAGACCGTCAAGCGGACCGGCGCCATCGTGGACGCCCCCGTCG
GCAAGGGCCTGCTCGGCCGCGTCGTGGACGCTCTCGGCAACCCGATCGAC
GGCAAGGGCCCGATCATGTTCACCGAGCGTCGCCGGGTCGACGTGAAGGC
GCCGGGCATCATCCCGCGCAAGTCGGTGCACGAGCCCATGCAGACCGGCC
TGAAGGCCATCGATGCGCTCATCCCCATCGGCCGCGGCCAGCGCGAGCTC
ATCATCGGCGACCGCCAGACCGGCAAGACCGCCGTGGCGCTCGACTCGAT
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CCTGAACCAGAAGCCCATCAACCAGGGCGACGACGAGAAGGCCAAGCTCT
ACTGCGTCTATGTCGCGGTGGGCCAGAAGCGTTCCACTGTCGCGCAGTTCG
TGAAGGTGCTCGAGGAGCACGGCGCGCTGGAATATTCCATCGTCGTCGCC
GCCACCGCCTCGGACGCGGCCCCCATGCAGTTCCTGGCGCCGTTCACCGGC
ACCGCCATGGGCGAGTATTTCCGCGACAACGGCATGCACGCCCTCATCATC
CATGATGACCTGTCCAAGCAGGCCGTGGCCTACCGCCAGATGTCGCTGCTG
CTGCGCCGCCCGCCGGGCCGCGAGGCCTATCCCGGCGATGTGTTCTACCTG
CACTCCCGCCTCTTGGAGCGCGCCGCCAAGCTCAATGACGAGCACGGCGC
CGGCTCGCTGACCGCCCTGCCGGTGATCGAGACCCAGGCCAACGACGTGT
CGGCCTACATCCCGACCAACGTGATCTCCATCACCGACGGTCAGATCTTCC
TTGAATCCGATCTGTTCTACCAGGGCATCCGCCCGGCGGTGAACGTGGGCC
TGTCGGTGTCGCGCGTGGGCTCTTCGGCCCAGATCAAGGCGATGAAGCAG
GTGGCCGGCAAGATCAAGGGCGAGCTCGCCCAGTATCGCGAGCTGGCGGC
CTTCGCCCAGTTCGGTTCGGACCTGGACGCGGCCACCCAGAAGCTGCTGAA
CCGCGGCGCCCGCCTCACCGAGCTGCTGAAGCAGAGCCAGTTCTCGCCCCT
CAAGGTGGAGGAGCAGGTGGCGGTGATCTATGCCGGCACCAATGGCTATC
TCGATCCGCTGCCGGTCTCCAAGGTGCGCGAGTTCGAGCAGGGTCTGCTCC
TGTCGCTGCGCTCGCAGCATCCGGAGATCCTGGACGCCATCCGCACGTCCA
AGGAGCTTTCCAAGGACACCGCCGAGAAGCTGACGAAGGCCATCGACGCC
TTCGCCAAGAGCTTCTCCTGA

SEQ ID NO: 37:

Trinh ty axit amin cta tiéu don vi alpha ctia ATP synthaza atpA_2

MDIRAAEISAILKEQIQNFGQEAEVSEVGQVLSVGDGIARVYGLDNVQA
GEMVEFENGTRGMALNLELDNVGIVIFGSDREIKEGQTVKRTGAIVDAPVGKG
LLGRVVDALGNPIDGKGPIMFTERRRVDVKAPGIIPRKSVHEPMQTGLKAIDA
LIPIGRGQRELIIGDRQTGKTAVALDSILNQKPINQGDDEKAKLYCVYVAVGQ
KRSTVAQFVKVLEEHGALEYSIVVAATASDAAPMQFLAPFTGTAMGEYFRDN
GMHALIIHDDLSKQAVAYRQMSLLLRRPPGREAYPGDVFYLHSRLLERAAKL
NDEHGAGSLTALPVIETQANDVSAYIPTNVISITDGQIFLESDLFYQGIRPAVNV
GLSVSRVGSSAQIKAMKQVAGKIKGELAQYRELAAFAQFGSDLDAATQKLLN
RGARLTELLKQSQFSPLKVEEQVAVIYAGTNGYLDPLPVSKVREFEQGLLLSL
RSQHPEILDAIRTSKELSKDTAEKLTKAIDAFAKSFS

33



48945 34/138

SEQ ID NO: 38:

Trinh tu nucleotit ctia tiéu don vi delta cia ATP synthaza atpH

GTGGCGGAAACGATCGTGTCAGGCATGGCGGGACGCTATGCGACCG
CGCTGTTCGAGCTGGCGGACGAAGCCGGTGCCATCGATTCCGTCCAGGCG
GATCTTGATCGCCTGTCCGGCCTTCTGGCCGAGAGCGCGGATCTGGCGCGG
CTGGTCAAGAGCCCGGTCTTCACCGCCGAGCAGCAGCTCGGCGCGATGGC
GGCCATTCTCGATCAAGCAGGCATTTCCGGCCTTGCGGGCAAATTCGTGAA
GCTGGTGGCGCAGAACCGCCGCCTGTTCGCACTGCCGCGCATGATTGCCGA
ATACGCCGTCCTGGTGGCCCGGAAGAAGGGCGAGACCTCGGCGAGCGTGA
CCGTTGCCACCCCCCTGAGCGATGAGCATCTGGCCACGCTCAAGGCGGCCC
TGGCTGAAAAGACCGGCAAGGACGTGAAGCTCGACGTCACCGTCGATCCG
TCCATCCTCGGTGGTCTCATCGTGAAGCTCGGCTCGCGCATGGTCGATGCT
TCCCTGAAGACCAAACTCAATTCTATCCGGCATGCGATGAAAGAGGTCCG
CTGA

SEQ ID NO: 39:

Trinh ty axit amin cua tiéu don vi delta cia ATP synthaza atpH

MAETIVSGMAGRYATALFELADEAGAIDSVQADLDRLSGLLAESADLA
RLVKSPVFTAEQQLGAMAAILDQAGISGLAGKFVKLVAQNRRLFALPRMIAE
YAVLVARKKGETSASVTVATPLSDEHLATLKAALAEKTGKDVKLDVTVDPSI
LGGLIVKLGSRMVDASLKTKLNSIRHAMKEVR

SEQ ID NO: 40:

Trinh tu nucleotit cia tiéu don vi b ctia ATP synthaza atpF_2

ATGACCGAAATGGAACTGGCTGAGCTCTGGGTCGCCATCGCCTTCCT
GGTTTTCGTAGGCCTCCTGATCTATGCGGGCGCCCACCGCGCCATCGTCTC
CGCCCTGGATTCCCGCGGCTCGCGCATCGCCTCGGAACTGGAGGAGGCCC
GTCGGCTCAAGGAAGAGGCCCAGAAGCTGGTGGCCGAATTCAAGCGCAAG
CAGCGCGAGGCCGAGGCCGAGGCCGAATCCATCGTCACCGGCGCCAAGGC
CGAGGCCGAGCGCCTCGCCGCCGAGGCCAAGGCGAAGATCGAGGATTTCG
TCACCCGCCGCACCAAGATGGCCGAGGACAAGATCGCCCAGGCCGAGCAT
CAGGCTCTGGCGGACGTGAAGTCCATCGCCGCCGAGGCGGCGGCCAAGGC
GGCCGAGGTGATCCTCGGCGCCCAGGCCACCGGCGCGGTGGCGGAGCGTC
TGCTGTCGGGCGCCATCTCCGAGGTCAAGACCAAGCTCAACTGA
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SEQ ID NO: 41:

Trinh tu axit amin cta tiéu don vi b ciia ATP synthaza atpF_2

MTEMELAELWVAIAFLVFVGLLIYAGAHRAIVSALDSRGSRIASELEEA
RRLKEEAQKLVAEFKRKQREAEAEAESIVTGAKAEAERLAAEAKAKIEDFVTR
_RTKMAEDKIAQAEHQALADVKSIAAEAAAKAAEVILGAQATGAVAERLLSGA
ISEVKTKLN

SEQ ID NO: 42:

Trinh tu nucleotit cta tiéu don vi b' ctia ATP synthaza atpG_3

ATGATGATTGCATGGAAGCGGACCTTCGCAGTCGTGACCTTCGGGGC
CGCCCTGATGGCCATGCCCGTCGCGGGCGTGGTCGCAGCTGAGACTTCTCC
CGCTCCGGCGGCAGTGGCGCAGGCCGATCATGCGGTGCCCACCGAGGCGG
CCGGCCAGGGCACCGCCGATGCGGCCCATGCCGCCGCGCCGGGCGAGGCC
GCCCATGGTGGCGCGGCCAAGCACGAAACCCATTTCCCGCCCTTCGACGG
CACCACCTTCGCCTCCCAGTTGCTGTGGCTCGCCGTCACCTTCGGCCTGCTT
TACTACCTCATGAGCAAGGTCACGCTGCCGCGCATCGGCCGCATCCTGGAA
GAGCGCCACGACCGCATCGCCGATGATCTGGAGGAAGCCTCCAAGCATCG
CGCCGAGAGCGAGGCCGCCCAGCGGGCCTATGAGAAGGCGCTGAGCGAG
GCCCGCGCGAAGGCCCATTCCATCGCCGCGGAAACCCGCGACCGCCTTGC
CGCCCACGCCGACACCAACCGCAAGGCGCTGGAGAGCGAGCTCACCGCCA
AGCTGCAGGCGGCCGAGGAGCGCATCGCCACCACCAAGAGCGAAGCCCTC
ACCCATGTGCGCGGCATCGCGGTGGACGCCACCCAATCCATCGTCTCCACC
CTCATCGGTGTCGCGCCCGCGGCGGCCGACGTGGAAAAAGCGGTGGACGG
CGCCCTGTCCCAGCACGGCCAGGCCTGA

SEQ ID NO: 43:

Trinh ty axit amin cta tiéu don vi b' cia ATP synthaza atpG_3

MMIAWKRTFAVVTFGAALMAMPVAGVVAAETSPAPAAVAQADHAVP
TEAAGQGTADAAHAAAPGEAAHGGAAKHETHFPPFDGTTFASQLLWLAVTF
GLLYYLMSKVTLPRIGRILEERHDRIADDLEEASKHRAESEAAQRAYEKALSE
ARAKAHSIAAETRDRLAAHADTNRKALESELTAKLQAAEERIATTKSEALTHV
RGIAVDATQSIVSTLIGVAPAAADVEKAVDGALSQHGQA

SEQ ID NO: 44:

Trinh ty nucleotit cia tiéu don vi ¢ cia ATP synthaza atpE_2
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ATGGAAGCGGAAGCTGGAAAGTTCATCGGTGCCGGCCTCGCCTGCC
TCGGCATGGGTCTCGCTGGCGTCGGCGTCGGTAACATCTTCGGTAACTTCC
TCTCCGGCGCCCTGCGCAACCCGTCCGCTGCCGACGGCCAGTTCGCCCGCG
CCTTCATCGGCGCCGCCCTCGCGGAAGGTCTCGGCATCTTCTCGCTGGTCG
TTGCGCTCGTCCTGCTGTTCGTGGCCTGA

SEQ ID NO: 45:

Trinh tu axit amin cua tiéu don vi ¢ cia ATP synthaza atpE_2

MEAEAGKFIGAGLACLGMGLAGVGVGNIFGNFLSGALRNPSAADGQF
ARAFIGAALAEGLGIFSLVVALVLLEVA

SEQ ID NO: 46:

Trinh tu nucleotit cta tiéu don vi a ctia ATP synthaza atpB_2

ATGACCGTCGATCCGATCCACCAGTTCGAGATCAAGCGCTACGTGG
ATCTGCTGAACGTCGGCGGTGTCCAGTTCTCCTTCACCAACGCAACGGTGT
TCATGATTGGCATCGTCCTGGTGATTTTCTTCTTCCTGACTTTCGCGACACG
CGGTCGCACCCTTGTGCCGGGCCGGATGCAGTCGGCGGCGGAGCTGAGCT
ACGAGTTCATCGCCAAGATGGTGCGCGACGCGGCCGGCAGCGAGGGAATG
GTGTTCTTTCCCTTCGTCTTCTCGCTCTTCATGTTCGTGCTGGTGGCGAACG
TATTGGGGCTCATCCCCTACACCTTCACGGTGACCGCCCACCTCATCGTCA
CCGCCGCCCTGGCGGCGACGGTGATCCTCACCGTCATCATCTACGGCTTCG
TGCGGCACGGCACCCACTTCCTGCACCTGTTCGTGCCGTCGGGCGTGCCGG
GCTTCCTCCTGCCCTTCCTCGTGGTGATCGAGGTGGTGTCGTTCCTGTCGCG
GCCCATCAGCCTCTCGCTGCGTCTGTTCGCCAACATGCTGGCGGGCCACAT
CGCCCTCAAGGTGTTCGCCTTCTTCGTCGTGGGACTGGCCTCGGCCGGCGC
GATCGGCTGGTTCGGCGCCACCCTGCCCTTCTTCATGATCGTGGCGCTCAC
CGCGCTGGAGCTGCTGGTGGCGGTGCTGCAGGCCTACGTGTTCGCGGTGCT
GACCTCGATCTACCTCAACGACGCCATCCATCCCGGCCACTGA

SEQ ID NO: 47:

Trinh tu axit amin cta tiéu don vi a cia ATP synthaza atpB_2

MTVDPIHQFEIKRY VDLLNVGGVQFSFTNATVFMIGIVLVIFFFLTFATR
GRTLVPGRMQSAAELSYEFIAKMVRDAAGSEGMVFFPFVFSLFMFVLVANVL
GLIPYTFTVTAHLIVTAALAATVILTVIIYGFVRHGTHFLHLFVPSGVPGFLLPFL
VVIEVVSFLSRPISLSLRLFANMLAGHIALKVFAFFVVGLASAGAIGWFGATLP
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FFMIVALTALELLVAVLQAYVFAVLTSIYLNDAIHPGH

SEQ ID NO: 48:

Trinh tu nucleotit cta protein I cia ATP synthaza atpl

ATGTCCGAGCCGAATGATCCATCCCGCAGGGACGGTGCGAAGGCGA
AAGACGAGACGCAGGACTCCCGGCCCGGTGAGGCGGATCTTGCTCGGCGC
CTCGATGCGCTCGGCACCTCCATCGGTCAGGTCAAGTCCAGAAGCGGGGA
GCCCGCGGCGACGCCGCGCAAGGACACCTCCTCGGCCTCCGGCGCGGCCC
TGGCGTTTCGGCTGGGCGCCGAGTTTGTTTCAGGCGTGCTGGTGGGCTCGC
TCATCGGCTACGGGTTGGATTATGCGTTTGCGATTTCGCCCTGGGGGCTGA
TCGCCTTCACGCTGATCGGCTTTGCCGCCGGCGTCCTGAACATGCTGCGCG
TGGCGAACAGCGATGCCAAGCGCCACAGCGCGGACAGGTGA

SEQ ID NO: 49:

Trinh tu axit amin cda protein I cia ATP synthaza atpl

MSEPNDPSRRDGAKAKDETQDSRPGEADLARRLDALGTSIGQVKSRSG
EPAATPRKDTSSASGAALAFRLGAEFVSGVLVGSLIGYGLDYAFAISPWGLIAF
TLIGFAAGVLNMLRVANSDAKRHSADR

Theo phuong &n khéc, ching vi khuén dugc st dung trong quy trinh theo sang
ché ¢6 chira gen ma hoa cho chudi alpha cta protein molypden-sit ctia nitrogenaza
nifD 1 ¢6 trinh ty néu trong SEQ ID NO:51 hodc trinh ty twong déng hon 60%, vi du
twong ddng hon 70%, ching han nhu twong ddng hon 92%, ching han nhu twong dong
hon 95%, vi du tuong déng hon 96%, chfmg han nhu tuong déng hon 97%, vi du nhu
16n hon 98%, chéng han nhu tuong déng trinh tu hon 99% so v¢i trinh tu néu trong SEQ
ID NO:51.

Theo phuong 4n khac, ching vi khuan dugc st dung trong quy trinh theo séng
ché ¢6 chira gen ma hoa cho chudi alpha ctia protein molypden-sit clia nitrogenaza
nifD 2 ¢4 trinh ty néu trong SEQ ID NO:53 hodc trinh tu twong dé)ng hon 60%, vi du
nhu 16n hon 98%, ching han nhu tuong dbng trinh tu hon 99% so véi trinh ty néu trong
SEQ ID NO:53.

Theo phuong 4n khac, ching vi khuén dugc st dung trong quy trinh theo séng
ché c6 chtra gen ma héa cho chudi beta clia protein molypden-sit clia nitrogenaza nifK 1
¢ trinh tu néu trong SEQ ID NO:55 hodc trinh ty tuong dong hon 87%, vi du twong
ddng hon 90%, ching han nhu twong ddng hon 95%, vi du tvong ddng hon 96%, ching
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han nhu tuong déng hon 97%, vi du nhu 16n hon 98%, chéng han nhu tuong déng trinh
tw hon 99% so véi trinh ty néu trong SEQ ID NO:55.

Theo phuong an khéc, ching vi khudn dugc st dung trong quy trinh theo sang
ché ¢6 chira gen ma hoa cho chudi beta cua protein molypden-sit clia nitrogenaza nifK_2
¢6 trinh tu néu trong SEQ ID NO:57 hodc trinh ty tuong ddng hon 95%, vi du tuong
ddng hon 96%, ching han nhu tuong ddng hon 97%, vi du nhu 16n hon 98%, chéng han
nhu twong dong trinh tu hon 99% so véi trinh tu néu trong SEQ ID NO:57.

Theo phuong an khéc, ching vi khuin duoc st dung trong quy trinh theo sang
ché c6 chira gen ma hoa cho protein st clia nitrogenaza nifH c6 trinh tu néu trong SEQ
ID NO:59 hoic trinh ty twong dong trinh tu hon 98,5% so vdi trinh ty néu trong SEQ
ID NO:59.

SEQ ID NO: 50:

Trinh tu nucleotit cia chudi alpha cta protein molypden-sét cua nitrogenaza
nifD_1

ATGAGTTCGCTCTCCGCCACTATTCAACAGGTCTTCAACGAGCCGGG
CTGCGCGAAGAACCAGAATAAGTCCGAGGCGGAGAAGAAGAAGGGCTGC
ACCAAGCAGCTGCAACCCGGCGGAGCGGCCGGCGGCTGCGCGTTCGACGG
CGCGAAGATCGCGCTCCAGCCCTTGACCGACGTCGCCCACCTGGTGCACG
GCCCCATCGCCTGCGAAGGCAATTCCTGGGACAATCGTGGCGCCAAGTCCT
CCGGCTCGAACATCTGGCGCACCGGCTTCACCACGGACATCAACGAAACC
GACGTGGTGTTCGGCGGCGAGAAGCGTCTGTTCAAGTCCATCAAGGAAAT
CATCGAGAAGTACGACCCGCCGGCCGTCTTCGTCTATCAGACCTGCGTCCC
CGCCATGATCGGCGACGACATCGACGCGGTGTGCAAGGCGGCCAGGGAGA
AGTTCGGAAAGCCGGTGATCCCGATCAATTCCCCCGGCTTCGTGGGGCCGA
AGAATCTCGGCAACAAGCTCGCCGGCGAGGCGCTCCTCGACCATGTGATC
GGCACCGAGGAGCCCGATTACACGACGGCCTACGACATCAACATCATCGG
CGAATACAATCTCTCCGGCGAGTTGTGGCAGGTGAAGCCGCTGCTGGACG
AGCTGGGCATCCGCATCCTCGCCTGCATCTCCGGCGACGGGAAGTACAAG
GATGTGGCGTCCTCCCACCGCGCCAAGGCGGCGATGATGGTGTGCTCCAA
GGCCATGATCAACGTGGCCCGCAAGATGGAGGAGCGCTACGACATCCCCT
TCTTCGAAGGCTCCTTCTACGGCATCGAGGATAGCTCCGATTCCCTGCGCG
AGATTGCGCGCATGCTCATCGAGAAGGGCGCCGATCCGGAGCTGATGGAC

38



48945 39/138

CGCACCGAGGCGCTGATTGAGCGGGAAGAGAAGAAGGCGTGGGACGCCA
TCGCCGCCTACAAGCCCCGCTTCAAGGACAAGAAGGTGCTGCTCATCACC
GGCGGCGTGAAATCCTGGTCGGTGGTGGCAGCGCTCCAGGAAGCCGGCCT
CGAACTGGTGGGCACCTCGGTGAAGAAGTCCACCAAGGAGGACAAGGAG
CGCATCAAGGAACTGATGGGCCAGGACGCCCACATGATCGACGACATGAC
GCCCCGCGAAATGTACAAGATGCTGAAGGACGCCAAGGCGGACATCATGC
TCTCGGGCGGGCGCTCGCAATTCATCGCGCTCAAGGCCGCCATGCCCTGGC
TCGACATCAACCAGGAGCGCCACCACGCCTATATGGGCTATGTGGGCATG
GTGAAGCTGGTCGAGGAGATCGACAAGGCGCTCTACAATCCCGTGTGGGA
ACAGGTGCGCAAGCCCGCCCCGTGGGAAAATCCGGAAGACACCTGGCAGG
CCCGTGCGCTCGCCGAAATGGAGGCGGAGGCCGCCGCGCTCGCCGCCGAT
CCGGTGCGCGCGGAAGAGGTGCGCCGGTCCAAGAAGATCTGCAATTGCAA
GAGCGTCGACCTCGGAACCATTGAGGACGCCATCAAGGCTCACGCGCTGA
CCACCGTGGAGGGTGTGCGAGAGCACACCAATGCCTCGGGAGGCTGCGGA
GCCTGCAGCGGGCGGATCGAGGAGATCTTCGAGGCCGTGGGCGTTGTCGC
CGCCCCGCCTCCCGCGGAGGCCGCCCCGTCTCCGCAGGAGATCGCGCCCG
ATCCGCTCGCTGCGGAGGAAAAGCGCCGCGCCAAGAAGGCCTGCGGCTGC
AAGGAGGTAGCGGTCGGCACCATTGAGGATGCCATCCGCGCCAAGGGTCT
GCGAAACATCGCGGAGGTGCGTGCGGCCACCGATGCCAACACCGGCTGCG
GCAATTGCCAGGAGCGGGTGGAGGGCATCCTCGACCGGGTTCTCGCCGAG
GCGGCCTCAGAACTCCAGGCGGCGGAATAG

SEQ ID NO: 51:

Trinh tu axit amin ciia Chudi alpha cta protein molypden-sit cta nitrogenaza
nifD 1

MSSLSATIQQVFNEPGCAKNQNKSEAEKKKGCTKQLQPGGAAGGCAF
DGAKIALQPLTDVAHLVHGPIACEGNSWDNRGAKSSGSNIWRTGFTTDINETD
VVFGGEKRLFKSIKEIIEKYDPPAVEVYQTCVPAMIGDDIDAVCKAAREKFGKP
VIPINSPGFVGPKNLGNKLAGEALLDHVIGTEEPDYTTAYDINIIGEYNLSGELW
QVKPLLDELGIRILACISGDGKYKDVASSHRAKAAMMVCSKAMINVARKMEE
RYDIPFFEGSFYGIEDSSDSLREIARMLIEKGADPELMDRTEALIEREEKKAWD
AIAAYKPRFKDKKVLLITGGVKSWSVVAALQEAGLELVGTSVKKSTKEDKERI
KELMGQDAHMIDDMTPREMYKMLKDAKADIMLSGGRSQFIALKAAMPWLDI
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NQERHHAYMGYVGMVKLVEEIDKALYNPVWEQVRKPAPWENPEDTWQARA
LAEMEAEAAALAADPVRAEEVRRSKKICNCKSVDLGTIEDAIKAHALTTVEG
VREHTNASGGCGACSGRIEEIFEAVGVVAAPPPAEAAPSPQEIAPDPLAAEEKR
RAKKACGCKEVAVGTIEDAIRAKGLRNIAEVRAATDANTGCGNCQERVEGIL
DRVLAEAASELQAAE

SEQ ID NO: 52:

Trinh ty nucleotit ciia chudi alpha ctia protein molypden—sét cla nitrogenaza
nifD 2

ATGAGTGTCGCACAGTCCCAGAGCGTCGCCGAGATCAAGGCGCGCA
ACAAGGAACTCATCGAAGAGGTCCTCAAGGTCTATCCCGAGAAGACCGCC
AAGCGCCGCGCCAAGCACCTGAACGTCCACGAAGCCGGCAAGTCCGACTG
CGGCGTGAAGTCCAACATCAAGTCCATCCCGGGCGTGATGACCATCCGCG
GTTGCGCTTATGCCGGCTCCAAGGGTGTGGTGTGGGGTCCCATCAAGGACA
TGATCCACATCTCCCACGGCCCGGTGGGCTGCGGCCAGTATAGCTGGGCCG
CCCGCCGCAACTACTATATCGGCACGACCGGCATCGACACCTTCGTGACGA
TGCAGTTCACCTCCGACTTCCAGGAGAAGGACATCGTCTTCGGCGGCGACA
AGAAGCTCGCCAAGATCATGGACGAGATCCAGGAGCTGTTCCCGCTGAAC
AACGGCATCACCGTTCAGTCCGAGTGCCCCATCGGCCTCATCGGCGACGAC
ATCGAGGCCGTCTCCAAGCAGAAGTCCAAGGAGTATGAGGGCAAGACCAT
CGTGCCGGTGCGCTGCGAGGGCTTCCGCGGCGTGTCCCAGTCCCTGGGCCA
CCACATCGCCAACGACGCCATCCGCGATTGGGTGTTCGACAAGATCGCGC
CCGACGCCGAGCCGCGCTTTGAGCCGACCCCGTACGACGTCGCCATCATCG
GCGACTACAATATCGGTGGTGACGCCTGGTCGTCCCGTATCCTCCTGGAGG
AGATGGGCCTGCGCGTGATCGCCCAGTGGTCCGGCGACGGTTCGCTCGCTG
AGCTGGAGGCCACCCCGAAGGCCAAGCTCAACGTGCTGCACTGCTACCGC
TCCATGAACTACATCTCGCGCCACATGGAAGAGAAGTACGGTATCCCGTG
GTGCGAGTACAACTTCTTCGGTCCTTCCAAGATCGCCGAGTCCCTGCGCAA
GATCGCCAGCTACTTCGACGACAAGATCAAGGAAGGCGCGGAGCGCGTCA
TCGCCAAGTATCAGCCGCTCATGGATGCGGTGATCGCGAAGTATCGTCCCC
GCCTCGAGGGCAAGACCGTGATGCTGTACGTGGGCGGCCTGCGTCCCCGT
CACGTCATCGGCGCCTACGAGGACCTGGGCATGGAAGTGGTCGGCACGGG
CTACGAGTTCGCCCATAACGACGACTACCAGCGCACCGCCCAGCACTACG

40



48945 41/138

TCAAGGATGGCACCATCATCTATGACGACGTGACCGGCTACGAGTTCGAG
AAGTTCGTCGAGAAGATCCAGCCGGACCTGGTCGGTTCGGGCATCAAGGA
AAAGTACGTCTTCCAGAAGATGGGCGTGCCGTTCCGCCAGATGCACTCCTG
GGACTACTCGGGCCCGTACCACGGCTATGACGGCTTCGCGATCTTCGCGCG
CGACATGGACATGGCCATCAACAGCCCCGTGTGGAAGATGACCCAGGCTC
CGTGGAAGAGCGTCCCCAAGCCGACGATGCTCGCGGCTGAATGA

SEQ ID NO: 53:
_ Trinh ty axit amin c@ia chudi alpha cua protein molypden-sit ctia nitrogenaza
nifD 2

MSVAQSQSVAEIKARNKELIEEVLKVYPEKTAKRRAKHLNVHEAGKSD
CGVKSNIKSIPGVMTIRGCAYAGSKGVVWGPIKDMIHISHGPVGCGQYSWAA
RRNYYIGTTGIDTEVIMQFTSDFQEKDIVFGGDKKLAKIMDEIQELFPLNNGIT
VQSECPIGLIGDDIEAVSKQKSKEYEGKTIVPVRCEGFRGVSQSLGHHIANDAI
RDWVFDKIAPDAEPRFEPTPYDVAIIGDYNIGGDA WSSRILLEEMGLRVIAQW
SGDGSLAELEATPKAKLNVLHCYRSMNYISRHMEEKY GIPWCEYNFFGPSKIA
ESLRKIASYFDDKIKEGAERVIAKYQPLMDAVIAKYRPRLEGKTVMLYVGGLR
PRHVIGAYEDLGMEVVGTGYEFAHNDDYQRTAQHYVKDGTIIYDDVTGYEFE
KFVEKIQPDLVGSGIKEKYVFQKMGVPFRQMHSWDYSGPYHGYDGFAIFARD
MDMAINSPVWKMTQAPWKSVPKPTMLAAE

SEQ ID NO: 54:

Trinh tu nucleotit ciia chudi beta cla protein molypden-sit cia nitrogenaza
nifK 1

ATGGCCACCGTTTCCGTCTCCAAGAAGGCCTGCGCGGTCAACCCCCT
CAAGATGAGCCAGCCGGTGGGCGGCGCGCTCGCCTTCATGGGCGTGCGCA
AGGCCATGCCGCTGCTGCACGGCTCGCAGGGCTGCACCTCCTTCGGCCTGG
TGCTGTTCGTGCGCCACTTCAAGGAAGCCATCCCCATGCAGACCACCGCCA
TGAGCGAGGTGGCGACGGTTCTGGGCGGCCTTGAGAATGTGGAGCAGGCC
ATTCTCAACATCTACAATCGCACCAAGCCGGAGATCATCGGCATCTGCTCC
ACCGGCGTCACCGAGACCAAGGGCGATGATGTCGACGGCTACATCAAGCT
GATCCGGGACAAGTATCCCCAGCTGGCCGACTTCCCGCTGGTCTATGTCTC
CACCCCCGATTTCAAGGACGCCTTCCAGGACGGTTGGGAGAAGACCGTGG
CGAAGATGGTGGAGGCGCTGGTGAAGCCCGCCGCCGACAAGCAGAAGGA
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CAAGACCCGCGTCAACGTCCTGCCCGGCTGCCACCTCACGCCCGGCGATCT
GGATGAGATGCGGACCATCTTCGAGGATTTCGGGCTCACACCCTATTTCCT
GCCGGATCTGGCCGGCTCGCTGGATGGGCATATCCCCGAGGACTTCTCGCC
CACCACCATCGGCGGCATCGGCATCGATGAGATCGCCACCATGGGCGAGG
CGGCCCACACCATCTGCATCGGCGCGCAGATGCGCCGGGCGGGCGAGGCC
ATGGAGAAGAAGACCGGCATTCCCTTCAAGCTGTTCGAGCGCCTGTGCGG
CCTGGAGGCGAACGACGCCTTCATCATGCACCTGTCGCAGATCTCCGGCCG
GCCGGTGCCGGTGAAGTATCGCCGGCAGCGGGGCCAGCTGGTGGATGCCA
TGCTGGACGGCCACTTCCATCTGGGCGGTCGCAAGGTGGCCATGGGGGCG
GAGCCGGACCTGCTCTACGACGTGGGCTCCTTCCTGCACGAGATGGGCGCC
CACATCCTTTCCGCGGTCACCACCACCCAGTCGCCGGTGCTGGCGCGCCTG
CCTGCCGAGGAGGTGCTTATCGGCGACCTGGAGGATCTGGAGACCCAGGC
GAAGGCGCGCGGATGCGATCTCCTGCTCACCCATTCCCATGGGCGCCAGG
CGGCGGAGCGCCTCCACATCCCCTTCTACCGGATCGGCATTCCCATGTTTG
ACCGGCTGGGGGCGGGGCATCTGTTGTCGGTGGGCTATCGCGGCACCCGC
GACCTCATCTTCCATCTCGCCAACCTTGTGATCGCCGACCACGAGGAAAAT
CACGAGCCGACGCCCGACACCTGGGCCACCGGCCATGGCGAGCATGCCGC
CGCCCCCACTTCCCATTGA

SEQ ID NO: 55:

Trinh ty axit amin cua chudi beta ciia protein molypden-sit clia nitrogenaza
nifkK 1

MATVSVSKKACAVNPLKMSQPVGGALAFMGVRKAMPLLHGSQGCTSF
GLVLFVRHFKEAIPMQTTAMSEVATVLGGLENVEQAILNIYNRTKPEIIGICSTG
VTETKGDDVDGYIKLIRDKYPQLADFPLVYVSTPDFKDAFQDGWEKTVAKM
VEALVKPAADKQKDKTRVNVLPGCHLTPGDLDEMRTIFEDFGLTPYFLPDLA
GSLDGHIPEDFSPTTIGGIGIDEIATMGEA AHTICIGAQMRRAGEAMEKKTGIPF
KLFERLCGLEANDAFIMHLSQISGRPVPVKYRRQRGQLVDAMLDGHFHLGGR
KVAMGAEPDLLYDVGSFLHEMGAHILSAVTTTQSPVLARLPAEEVLIGDLEDL
ETQAKARGCDLLLTHSHGRQAAERLHIPFYRIGIPMFDRLGAGHLLSVGYRGT
RDLIFHLANLVIADHEENHEPTPDTWATGHGEHAAAPTSH

SEQ ID NO: 56:

Trinh tu nucleotit cia chudi beta ctia protein molypden-sit cua nitrogenaza
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nifK 2
ATGCCACAAAATGCTGACAATGTGCTCGATCACTTCGAGCTCTTCCG
TGGTCCCGAATACCAGCAGATGCTGGCCAATAAGAAAAAGATGTTCGAGA
ACCCCCGCGATCCGGCCGAAGTCGAGCGCGTGCGGGAATGGGCGAAGACT
CCTGAATACAAGGAGCTGAACTTCGCCCGCGAGGCGCTCACCGTGAATCC
GGCCAAGGCTTGTCAGCCGCTGGGCGCGGTGTTCGTCGCCGTCGGCTTCGA
GAGCACGATCCCCTTCGTGCACGGCTCGCAGGGTTGCGTCGCGTATTACCG
CTCGCACCTCTCCCGCCACTTCAAGGAGCCGTCCTCCTGCGTCTCCTCGTCC
ATGACCGAGGATGCGGCGGTGTTCGGCGGCCTCAACAACATGATTGACGG
CCTCGCCAACACCTACAACATGTACAAGCCGAAGATGATCGCCGTCTCCAC
CACCTGCATGGCGGAAGTCATCGGCGACGATCTGAACGCCTTCATCAAGA
CCGCGAAGGAAAAGGGCTCGGTTCCGGCCGAATACGACGTGCCCTTCGCC
CACACCCCGGCGTTCGTCGGCAGCCATGTCACCGGCTACGACAATGCGCTC
AAGGGCATCCTCGAGCACTTCTGGGACGGCAAGGCCGGCACCGCGCCGAA
GCTGGAGCGCGTTCCCAACGAGAAGATCAACTTCATCGGCGGCTTCGACG
GCTACACCGTCGGCAACACTCGCGAAGTGAAGCGCATCTTCGAGGCGTTC
GGCGCCGATTACACCATCCTCGCCGACAATTCCGAAGTGTTCGACACCCCG
ACCGACGGCGAGTTCCGCATGTATGACGGCGGCACGACCCTGGAGGACGC
GGCGAACGCGGTGCACGCCAAGGCCACCATCTCCATGCAGGAATACTGCA
CGGAGAAGACCCTGCCCATGATCGCCGGTCATGGCCAGGACGTGGTCGCC
CTCAACCACCCCGTGGGCGTGGGCGGCACCGACAAGTTCCTCATGGAGAT
CGCCCGCCTCACCGGCAAGGAGATCCCCGAGGAGCTGACCCGCGAGCGCG
GCCGTCTCGTGGACGCTATCGCGGACTCTTCCGCGCACATCCACGGCAAGA
AGTTCGCCATCTACGGCGATCCGGATCTGTGCCTGGGCCTCGCCGCGTTCC
TGCTGGAGCTGGGCGCCGAGCCGACCCATGTGCTGGCCACCAACGGCACC
AAGA