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cua protein PhaC c6 trong luong khoang 40kDa.
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Linh vire k§ thuit dwec dé cip

Séng ché dé cap dén ching vi sinh vét tai t6 hop Bacillus megaterium pPSPHAC5/1
t4i t6 hop mang gen phaC mi héa cho protein PhaC ctia PHA synthaza ting cuong kha
ning téng hop polyhydroxyalkanoat (PHA) ctia ching gbc Bacillus megaterium DVO1
phén 14p tai Viét Nam. Sang ché con dé cap dén phuong phap tai t6 hop dé san xuét
PHA tir ching nay.

Tinh trang ky thuit ciia sing ché

PHA 13 mét trong nhing loai nhwa sinh hoc duge nghién ciru nhidu nhat du kién s&
thay thé mot sé loai nhwa hoa hoc ngay nay, do tinh chat phan hiy sinh hoc, nhya nhiét
déo va co hoc ciia ching nhu tinh linh hoat, tinh dan hdi, ... ( Lee et al., 2008; Nielsen
et al., 2017). P4y 1a mot ho céc biopolyester dugc tich lily ndi bao trong céc vi sinh vat
khac nhau vi vy né ciing rit da dang vé mit c4u tric (Steinbu et al., 1995; Desmet et
al., 1983; Gao et al., 2011), c6 tinh chét co hoc tuong ty nhu nhya dya trén hoa dau, véi
loi thé bd sung 13 hoan toan phan huy sinh hoc ( Mumtaz, 2010). Céc polyesters i tao
nay c6 thé dugc san xult boi cac vi sinh vat khac nhau dé dap tmg voi cac didu kién
nuoi céy khéc nhau nhu: du thira cacbon, hodc han ché nito, luu huynh, phosphat hoéc
oxy... nhim cung cip ning luong du trir bao vé té bao khoi tinh trang doi dinh dudng
va diéu kién khic nghiét ( Prieto et al., 2016). Mot s6 vi khudn Gram am va Gram duong
(khoang hon 55 chi) da duogc st dung dé san xuit PHA (Doi, 1990; Ng and Sudesh,
2016).

Céc loai c6 kha ning san xuét va tich lity PHA c6 thé dwoc tim thiy trong méi truomg
da dang, tir cac trAm tich bién (v6i céc chi: Vibrio, Beneckea,va Paracoccus (Lopez-
Cortés et al. 2010)), v6i mdi truong dit (nhw Azotobacter vinelandii, Bacillus spp.,
Cupriavidus necator, va Pseudomonas spp.) hodc tham chi c6 thé duogc tim thay c6 mit
& mot s6 loai c¢6 diéu kién nudi céy cuc doan nhu céc loai Haloferax, Halococcus,
Halobacterium, Halorubrum, va Haloarcula (Legat et al., 2010; Poli et al., 2011; Kumar
et al., 2013).

Hién nay, c6 mét s6 vi khuan Gram 4m va Gram duong (khoang hon 55 chi) da

dugc sir dung dé nghién ctru va san xut PHA (Doi, 1990; Ng and Sudesh, 2016). Trong
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s6 céc loai vi khuén san xuat PHA khac nhau, Cupriavidus necator (trude day co tén la
Wautingia eutropha, Ralstonia eutropha, Alcaligenes eutrophus hodc Hydrogenomonas
eutropha ) da thu hut duoc sy chi v nhiéu nhat nho kha nang phat trién trén céc ngudn
cacbon khac nhau ( Bhubalan et al., 2010; Devi-Nair et al., 2013).

Vi khudn Gram am truée ddy duoc biét dén kha nang tich Iy cao PHA va duoc ing
dung dé san xudt thuong mai tuy nhién do ching c6 chira 16p lipopolysaccharit (LPS)
trong vach té bao nén sé& 14n trong qua trinh tinh sach PHA ddng thoi chung co cac dic
tinh khang nguyén (do su hién dién cta ndi doc t8) din dén phan ing mién dich co thé
(Liu et al., 2014; Liu et al., 2014). Nguoc lai, vi khudn Gram duong khong c6 16p LPS
nay va do doé co thé duoc st dung cho viéc san xudt céc polyme sinh hoc déac biét cho
cée tng dung y sinh. Trong sb vi khuan thuée nhom Gram duong, Bacillus spp. duoc
quan tAm cht ¥ nhdm sir dung san xuat PHA thuong mai (mg dung trong muc dich y té
(Kumar et al., 2013). Bén canh tinh an toan, Bacillus 1a tmg ctt vién thich hop bd1 chiing
c6 diéu kién 1&n men khong qua nghiém ngit, kha nang tong hop ciing nhu hidu qua thu
hdi PHA 1a cao va chi nay cho thdy co su da dang vé cdu triic cling nhu kha ning tong
hop PHA ctia c4c loai trong cung chi khong gidng nhau.

Trong sb cac ngudn duong dung cho 1én men thi glucoza la co chat thich hop nhat
cho téng hop PHB (mdt loai PHA) cta B. megaterium (Loépez et al., 2012; Naranjo et
al. 2013) sau d6 dén fructoza cho mét s6 loai thudce chi Bacillus spp. khac (Thirumala et
al. 2010; Lopez et al., 2012). Narayanan va Ramana d@ nghién ctru anh hudng cta
glucoza va pepton vé san xudt PHB va qua trinh hinh thanh bao ti cua Bacillus
mycoides. Nham danh gia anh hudng cta su hinh thanh bao tir d6i v6i san xuat PHB toi
da va cho thdy chiing ¢6 anh hudng khéng dang ké (Naranjo et al., 2013; Narayanan and
Ramana. 2012; Thirumala et al., 2010). M6t s6 vi sinh vat c6 thé tich iy nhidu hon mét
loai polyme, diéu kién méi truong nudi cdy va co ché sinh tng hop anh hudng 1én ham
luong polyme tich liiy con ngudn co chét C xac dinh loai polyme duoc tong hop (Dawes
& Senior., 1973).

Polyhydroxyalkanoat (PHA) 1a polyeste dugc tong hop béi mdt sb vi sinh vét lam
ngudn ning lugng du trit nhdm bao vé ching c6 thé séng sét trong didu kién bét loi. Su
tich tu PHA xay ra chu yéu trong diéu kién du thira cacbon va han ché chét dinh dudng
khac (Anderson va Dawes 1990; Pefia et al 2011, 2014 ). Cac polyme nay khong tan

trong nudc va chiing duoe luu trif trong té bao chat dudi dang cac hat (Legat et al. 2010).
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Thanh phan monome ctia PHA phu thudc chu yéu vao cac vi khuan va loai cacbon st
dung cho su ting trudng. PHA ngoai vai tro chirc nang la ngudn dy trit nang luong, su
hién dién cua PHA trong t& bao chat dong vai tro tang stic dé khang cua vi sinh vat dudi
céc didu kién sdc nudi cly nhu thay dbi pH, nhiét do va ap suat thim thau,va khi vi sinh
vat tiép xuc v6i hoa chat doc hai. Cac tinh chat nhu kha nang bén nhiét, kha ning phéan
hiry sinh hoc, va kha ning tuong thich sinh hoc cia PHA dd lam cho chung tr& thanh
dbi tuong thu hut rat nhidu su quan tim nghién ctru dac biét trong linh vuc g dungy
sinh (Hazer et al 2012;. Pefia et al 2014; Leong et al. 2014). V61 cac dac tinh nhu kha
nang phan hiy sinh hoc, tinh tuong thich sinh hoc cao dd dua PHA tr¢ thanh ngudn
nguyén liéu vO cung gia tri, than thién moi1 truong dbi véi cac nganh cong nghiép bao
61, duge, ndng nghiép, va cong nghiép thuc phim (Zhang et al., 2019).
Poly-(R)-3-hydroxybutyrat (PHB) 14 mdt loai polyme thudc nhém PHA dau tién
phat hién va di duoc nghién ciru. Cho dén nay c6 hon 155 loai monome dd duoc xéc
dinh 14 cac thanh phan ctia PHA (Nielsen et al., 2017). Chung ¢o thé duoc phan loai theo
s luong cacbon (C2 — C20), vi tri clia hydroxyl nhém [2, 3, 4, 5 va axit 6-
hydroxycarboxylic (HA)], va c4c nhom chitc ning trong chudi bén, ching han nhu
phenoxy, phenyl, benzyl, xyclohexyl, epoxy, thio, flo, brom, xyano,va cac nhom
axetoxy. Thong thuong, dua vao cAu tric hoéa hoc ctia cac monome co thé chia thanh ba
nhém PHA d6 1a cac PHA c6 chiéu dai mach ngén (Short chain-length: SCL-PHA), véi
c4c monome bao gém tir 3-5 nguyén tir cacbon, PHA c¢6 chiéu dai mach trung binh
(medium chain-length: MCL-PHA) gém c4c monome bao gdm 6-15 nguyén tir cacbon,
va dang thir 3 14 cac PHA ¢6 chiéu dai mach dai (long-chain-length: LCL-PHA) véi cac
monome c¢6 cdu trac dai véi trén 15 nguyén tir cacbon (Pefia et al.2014;. Leong et al
2014; Choi et al., 2019). Dya trén céc thanh phan ctia monome va trat tu sip xép ciia
chiing, PHA ¢6 thé duoc phan thanh: homopolyme bao gdm mét monome lap di 1ap lai;
copolyme ngiu nhién cta hai hay nhiéu monome khac nhau nhu nhu copolyme SCL,
copolyme MCL,va SCL-MCL-PHA copolyme hodc block copolyme: duoc hinh thanh
tlr it nhét hai homopolyme khac nhau lién két cong hoa tri. Pai dién cho cac loai nay ¢
bao gébm PHB, poly (3-hydroxybu tyrat-co-4-hydroxybutyrat) (P3HB4HB), poly (3-
hydroxybutyrat-co-3-hydroxyvalerat) (PHBV), va poly (3-hydroxybutyrat-co-3-
hydroxyhexanoat) (PHBHHXx), da duoc tong hop & ca chung tu nhién ldn chung tai to

hop. Viéc cau tao thanh phan nhu loai PHA ciing nhu ty 1€ cia cac monome ciing gay
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anh huéng dén tinh chat ciia PHA (Leong et al 2014) khi polyme ddng nhét cua SCL-
PHA nhu poly-3 P3HB hydroxybutyrat la vat liéu gion va cing, trong khi copolyme cua
MCL-PHA da duoc cai thién tinh dan hdi (Reddy et al. 2003).

Dé c¢6 thé san xuat PHA & quy md cdng nghiép, cac chung san xudt can phai dugc
céi tién dé nhim giup dat mat do té bao cao trong thdi gian nudi cdy ngin va tich lity
PHA vé6i ham luong cao tir céc co chét ré tién,don gian. Co nhidu phuong phap duoc st
dung trong d6 bao gdm tao chiing tai t hop nham cai thién kha nang sinh tdng hop PHA
cua ching san xuét 1a bang cach chuyén cac gen ma héa enzym tham gia vao qua trinh
trao ddi chét nhim ting cuong tac dong dén qua trinh sinh tong hop PHA ctia vi khuan.

Trong sb cac protein lién quan dén PHA, PHA synthaza la enzym chu chét chiu
trach nhiém vé qué trinh polymer hoa, anh huéng dén thanh phan monome, trong luong
phan tr, va nang sudt ciia PHA (Sim et al., 1997). Vi vay, rat nhiéu nghién ciru da tap
trung tim hidu co ché tring hop va phat trién PHA synthaza. Nhu duoc dé cap o trén,
mdt trong nhing dic diém quan trong ctia PHA synthaza la cho phép viéc sit dung mot
phé rong cac co chat lam ngudn C thich hop cho viéc tong hop PHA. PHA synthaza c6
thé duoc phan loai thanh bdn nhom khac nhau dua theo cau hinh tiéu don vi enzym va
chidu dai b& mat cacbon (Choi et al., 2019 ).

Nhom I PHA synthaza bao gdm 1 tiéu don vi (PhaC) c6 khéi lugng phan tir 60 — 65
kDa va xuc tac hinh thanh cac polyme déng hinh va nhém nay cé mit trong C. necator
and Aeromonas spp.,(nhu: A. caviae, A. hydrophila, va A. punctata). Nhom T cha yéu
xtc tac hinh thanh céc scl — monome (C3-C5) va sé it mel — monome (C6 — C16) (Yuan
etal., 2001; Stubbe et al., 2003). PHA synthaza nhém II chi bao gém chi duy nhat protein
PhaC c6 kich thugce khoang 60kDa dugc ma hoa bdi gen phaCl va phaC2 va xtc tac
hinh thanh homopolyme (Mezzolla et al., 2018; Qi et al., 2000). PhaC nhoém II c6 mat
trong cac loai thude Pendomonas nhu P. putida va P. aeruginosa (Mezzolla et al., 2018;
Rehm et al., 2001)

Nhoém III PHA synthaza bao gdm hai dui don vi khac nhau 1a PhaC (= 40 kDa) va
PhaE (20 = 40 kDa) duoc tim thdy c¢6 mit trong Allochromatium vinosum va
Desulfococcus multivorans (Hai et al., 2004; Liebergesell et al., 2000). Nhom III PHA
synthaza sinh tong hop cac scl — PHA va qua trinh tong hop can su ¢6 mit cua ca PhaC

va PhaE. PhaC ctia nhom IIT ¢6 su tuong dong 21 — 28% vé trinh tu véi PhaC ciia PHA
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synthaza nhom I va nhém II vi vy n6 dugc xem la dudi don vi xuc tac. Mit khac, PhaE
hién nay van chua duoc biét 3 vé chirc ning cu thé.

Nhom IV PHA synthaza duoc biét bao gdbm 2 dudi don vi PhaC ( = 40 kDa) va
PhaR ( =20 kDa) va dé co thé hoat dong tong hop PHA thi nhom nay can ¢o su ¢ mit
ctia ca hai protein nay (Tsuge et al., 2015; McCool and Cannon, 2001). Nhom IV ¢6 thé
téng hop chu yéu la scl — PHA trén mdt phé rong co chét gidng nhu nhém I va nhém 111
va hiu hét cac loai thude chi Bacillus nhu B. megaterium va B. cereus thudc nhém nay
(Tsuge et al., 2015; McCool et al., 2001). Mot s6 PHA c6 thé co kha ning 1én men mot
phd rong co chét va tir d6 co thé tong hop dong thoi ca scl va mel -PHA nhu Thiocapsa
pfennigii, A. caviae, Pseudomonas sp. 61-3, and Pseudomonas sp. MBEL 6-19 (
Liebergesell et al., 1993; Fukui et al., 1997; Matsusaki et al., 1998).

Fukui va Cs (2002) da tién hanh dua gen ma héa crotonyl-coenzym A (CoA)
reductaza tir Streptomyces cinnamonensis, PHA synthaza va enoyl-CoA hydrataza dac
hiéu (R) tir Aeromonas caviae vao chung dai R. eutropha c6 kha néng sinh téng hop
PHA. Két qua cho thiy chung duoc cai bién di truyén méi tao ra c6 kha ndng sinh tong
hop P(3HB-co-3HHx) voi thanh phan 3HHx 1a 1,5 mol % trén ngudn fructoza (T. Fukui
et al, 2002).

Loo va Cs (2005) da tao dong dot bién gin gen PHA synthaza tir Aeromonas caviae
vao Wautersia eutropha c6 kha nang tich liy P(3HB-co-3HHXx) t61 87% vt ham luong
3HHx dat 5 mol% khi sir dung ngudn dau co.

PHA synthaza cta chung Bacillus megaterium DVO1 thudc nhém IV. Vi vay viéc
Iya chon can thiép ting cudng biéu hién gen phaC nhim ting cudong hoat dong PHA
synthaza cia chung nay

Hién nay & Viét Nam c6 rét it cong trinh nghién ctru vé polyhydroxyalkanoat (PHA)
dugc cong bd. Nam 2010, Thanh Mai va cs da phan 14p duoc chiing vi khuan V23-X1.1
va dinh danh dén loai Bacillus cereus. Chung vi khuan Alcaligenes latus VN1-20 duoc
nhém nghién ctru Vién Cong nghé sinh hoc sir dung trong nghién ctru san xuat P(3HB)
vao ndm 2009. Gan ddy, nhém nghién ctru ciia TS. Tran Hitu Phong, TS. Doan Vin
Thuge ciing nghién ciru v& PHA va cac vi sinh vat sinh tong hop PHA tuy nhién chua
c6 cong bd vé chiing tai t& hop nang cao kha ning sinh tong hop PHA.

Pé cai thién ning sudt san xuit PHB, hoat tinh enzym tham gia trong con duong

sinh téng hop PHB duoc gia ting mot cach dang ké béng cach khuéch dai gen phaC
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trong con dudng sinh tong hop PHB ctia chung Bacillus megaterium DVO1 va dua vao

vecto tai to hop sau d6 lai bién nap tré lar chung goc nham bi€u hién gen nay.

Ban chét k§ thuit ciia sang ché

Sang ché dé xuét ching vi khuan tai td hop Bacillus megaterium pPSPHACS/1 chura
vecto tai tb hop mang gen phaC ma hoa protein phaC ctia PHA synthaza tang cuong
sinh tdng hop PHA giai quyét cac han ché néu ra & trén.

Muc dich cua sang ché dé cap dén phan 1p gen tham gia qua trinh sinh tong hop
PHA la gen phaC ma héa cho PHA synthaza cua chung tu nhién Bacillus megaterium
DVO1 sau d6 dua gen nay bién nap trd lai vao chung nay bang vecto tai t6 hop nham
tang cudng kha ning tong hop polyhydroxyalkanoat.

Cu thé, sang ché dé xudt ching vi khuin tai t& hop Bacillus megaterium
pPSPHAC5/1 mang vecto tai t6 hop chira gen phaC ma hoa protein phaC cia PHA
synthaza tang cudng sinh tong hop polyhydroxyalkanoat ching chu, trong d6 trinh tu
nucleotit cua doan gen phaC duoc thé hién trong SEQ ID NO:1 ¢6 kich thude 1092bp

m3 hoa 362 axit amin cta protein PhaC c¢6 trong luong khoang 40 kDa.

MB& ta viin tit hinh vé

Hinh 1: 12 hinh anh mé ta dién di protein anh huéng ctia nong dd xyloza khac nhau
ctia ching tai to hop Bacillus megaterium pPSPHACS/1 1én kha nang biéu hién PhaC.
Cot 2,3, 4,5, 6,7 mau dién di protein ching tai t6 hop duoc nudi trén mdi trudng co b

sung xyloza ham luong 1,5; 5; 15; 30; 50 va 70 mg/ml. Cot 1 1a thang protein chuén.

MO ta chi tiét sang ché

Theo khia canh tht nhét, sang ché d& xuét ching vi khudn tai t6 hop Bacillus
megaterium pPSPHAC5/1 mang gen phaC ma hoa protein phaC ctia PHA synthaza ting
cuong sinh tong hop polyhydroxyalkanonat (PHA), trong d6 trinh tu nucleotit ctia doan
gen phaC duoc thé hién trong SEQ ID NO:1 ¢6 kich thude 1092bp ma hoa 362 axit
amin cta protein PhaC ¢ trong luong khoang 40 kDa.

Dic diém tha nhat ciia ching vi khuén tai to hop Bacillus megaterium pPSPHACS/1
tai t6 hop mang gen phaC ma héa protein phaC cua PHA synthaza 1a co thé tang cudong
sinh tong hop polyhydroxybutyrat (hay con goi la PHB) la mét loai polyme thuéc nhom
PHA.
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Gen phaC ma hoa cho protein PhaC cua PHA synthaza tham gia trong qua trinh sinh
tdng hop PHA c6 thé dugc dua vao vi khudn Bacillus megaterium DVO1 bang cach sit
dung phuong phép thong thuong da biét rong rai trong linh vuc k§ thuét nay.

Vecto tai tb hop biéu hién protein PhaC tao thanh bang cach dua gen phaC ma hoa
cho protein PhaC vao vecto pPSP6; va dua vecto tai t hop nay vao vi khuan Bacillus
megaterium & tao ra ching vi khudn tai t& hop Bacillus megaterium pPSPHAC5/1.
Vecto tai td hop biéu hién protein xtic tac qua trinh sinh téng hop polyhydroxyalkanonat
c6 thé duoc tao ra biang phuong phap thong thuong, vi du, gén trinh tu cta gen phaC
vao vecto thich hop béng cach st dung enzym gidi han.

Chung vi khuan Bacillus megaterium theo giai phap hitu ich bao gdm chiing tai to
hop tang ning suit san xuit polyhydroxyalkanonat va ching gbe. Vi du vé céc ching
nay bao gdm ching téi t& hop ting cuong biéu hién gen phaC ching tu nhién Bacillus
megaterium c6 kha ning sinh tong hop polyhydroxyalkanonat phan 1ap & Viét Nam.

Dé thu PHA, chung tai t& hop va chang tu nhién dé cap trong gidi phap hitu ich co
thé duoc nudi cdy bang phuong phap nudi cdy hai pha va lén men theo phap nudi cy
mé nhu méi trudong nudi cdy mé, moi truong nudi cdy mé cd cung cép dinh dudng.

Mai truong nudi cdy can dung phai dap g yéu cdu cta cac ching cu thé theo cach
thich hop. Ngudn cacbon hitu ich ¢6 thé bao gom hydrat cacbon nhu glucoza, sacaroza,
tinh bot va chat béo nhu dau dau tuong, m& ca. Cac hop chat nay co thé duoc str dung
ridng & hodc & dang hdn hop. Ngudn nito hitu ich ¢6 thé bao gbm cac hop chit chira
nito hiru co nhu pepton, dich chiét ndm men, dich chiét thit, dich u phé phu phém thuy
san, hodc cac hop chat vo co nhu amoni sunphat. Ngudn nito ¢6 thé duoc st dung riéng
1& hodc & dang hdn hop. Nguén phospho hitu ich dé nudi cdy duoc st dung trong giai
phéap hitu ich ¢ thé bao gom kali dihydro phosphat hodc dinatri hydro phosphat hodc
cac mudi chira natri va kali tuong (ng. Méi truong nudi cdy ciing phai chira mudi kim
loai nhu magie sulfat va mot sé cac thanh phan vi lugng khac nhu canxi clorua, kém
sunphat, mangan clorua, axit boric, coban clorua, dong clorua niken clorua va natri
molipdat ciing c6 thé dugc bd sung vao mdi trudng nudi cdy. Cac hop chat néu trén cé
thé duoc bd sung vao moi truong nudt céy lién tuc hodc nudi céy mé theo cach thich
hop trong qua trinh nudi céy.

D8 kiém soat tri s& pH cia mdi trudng nudi cdy, cac hop chit bazo nhu natri

hydroxit, kali hydroxit hodic hop chét axit nhu axit cloric hodc axit sulfuric, dugc uu tién

-8



3014

st dung. Nhiét dd cua mdi truong nudi cdy thuong nam trong khoang tir 25°C dén 45°C,
va tot hon la nam trong khoang tir 28°C dén 40°C. Méi trudong nudi cdy duoc tiép tuc
duy tri cho dén khi dat t&i luong polyhydroxyalkanonat t61 da mong mudn tao thanh.
Thoi gian cén thiét dé dat t6i luong t8i da nay thuong nim trong khoang tur 10 gio dén
168 gio.

Diém khac biét cua ching Bacillus megaterium pPSPHACS/1 tai t6 hop trong giai
phap hitu ich 1a duoc tao thanh tir chung gbc ty nhién duge phan 18p tai Viét Nam bang
cach bién nap thém vecto tai to hop pPSP6 c6 mang trinh tu doan gen phaC ma hoa cho
PHA synthaza tham gia trong qué trinh tdng hop PHA cua chung chu Bacillus
megaterium. O Viét Nam, chua c6 mdt cdng bd nao vé gen phaC c6 kha ndng ting
cudng sinh téng hop va tich lily PHA tinh dén nay. Doan gen c6 kich thudc 1092 bp ma
héa cho mdt trinh tu 362 axit amin dé tao thanh mét protein ¢é trong luong phéan tur
khoang 40 kDa. Khi bién nap vao vét chu thi protein nay thé hién rd vai tro khi lam tang
ham lugng PHA dat duoc 1én 2 — 7 mg/ml dich nudi cdy. Két qua nay mé ra mot hudng
méi 1 tng dung ngudn gen vi khudn Bacillus megaterium DVO1 ban dia trong san xXudt
PHA.

Theo mdt khia canh khéc, sang ché dé xuat phuong phap tai t6 hop dé san xuat
polyhydroalkanoat (PHA) tir chiing Bacillus megaterium pPSPHACS/1 tai t6 hop mang
gen phaC ma hoda protein phaC ctia PHA synthaza bao gbm céc bude:

a) chudn bi ching vi khudn Bacillus megaterium DVO01 trong bang cach hoat hod trén
mdi truong Luria Bertani (LB) long sau do chuyén ra cac 6ng thach nghiéng chira moi
truong khoang 1 gdm cac thanh phan (g/l): NaHPO42H20 (4,5); KHaPO4 (1,5);
MgS04.7H,0 (0,2); (NH4)2SO4 (2); CaCl.2H,0 (0,02); NH4Fe(IlD)xitrat (0,05); cao
nim men (5); pepton (5) glucoza (10);
b) phén 1ap va tach dong gen phaC vao vecto pJET1.2/blunt dé tao thanh plasmit tai to
hop tach dong tai td hop bing cach:

tach ADN nhiém séc thé tir chung Bacillus megaterium DVOI thu dugc & bude
a), sau do khuéch dai doan mang gen phaC bang PCR sir dung cap mdi Forl-
PhaC/Rev1-PhaC (5°-ATGGCAATTCCTTACGTGCAAGA-3" va 5’-
TTATTTAGAGCGTTTTTC-3%),
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gin doan mang gen phaC vao vecto tach dong pJET] 2/blunt dé tao thanh
plasmit tai t6 hop pJET1.2-phaC sau do bién nap vao vi khuan E.coli DH5a; sau do
kidém tra va xac dinh trinh tu cta doan gen phaC thu duoc;
¢) tao vecto bidu hién tai td hop pPSPHAC chtra gen phaC bang céach:
khuéch dai doan gen phaC thu dugc ¢ budce b) béng cach str dung cap modi duge
thiét ké bd sung vi tri cit clia enzym cat gidi han Sphl va Spel, ¢o trinh tu [a
For2/PhaC-Spel: GGTGTGTACTAGTATGGCAATTCCTTACG va Rev2/PhaC-Sphl:
CGCTTCGCATGCTTATTTAGAGCGTTTT,
cat gen phaC va vecto pPSP6 bang enzym cit gidi han Sphl va Spel sau d6 gén
gen phaC vao vecto pPSP6 d8 tao thanh cau tric vecto bidu hién tai t& hop pPSPHAC
chtra gen phaC c6 trinh tu duge néu trong SEQ ID NO.1 vé1 kich thude 1092 bp ma hoa
cho protein phaC gém 362 axit amin voi trong luong khoang 40kDa;
d) bién nap vecto biéu hién pPSPHAC chira gen phaC & budce ¢) vao té bao vi khuan
Bacillus megaterium DVO1 @ tao thanh ching vi khuan Bacillus megaterium
pPSPHACS5/1 téi t& hop bang phuong phép té bao tran,
e) nudi cdy sinh khéi té bao va thu nhan polyhydroalkanoat (PHA) tir ching vi khuan
Bacillus megaterium pPSPHACS/1 tai t hop thu duge & bude d) bing cach:
ching nudi cdy qua dém trén moi truong LB sau d6 hit bd sung 5% (v/v) bd sung
vao mdi truong khoang, nudi lic & 37°C, téc do lac 150 vong/phut, thoi gian 72 — 120
gio;
thu sinh khdi té bao bing ly tAm va rira 2 1an v6i dung dich dém phosphat, pH 7,2;
sau d6 duoc hoa lai trong dém nay va tién hanh gia nhiét bang 10 vi séng & murc cong
sudt 140W, quay va ding sau mdi 10 gidy trong 15 phit;
tiép tuc bd sung dung dich etanol/axeton ty 1 1:1 va ngadm u khoang 2h va chuyén
dich té bao sang 6ng thity tinh c6 nut xody va bd sung cloroform, xoay chat nép va tién
hanh l&c 3 - 4h ¢& PHA duoc hoa tan hoan toan;
sau d6 thu pha chua cloroform chuyén ra éng thuy tinh méi, dich cloroform chira
polyhydroalkanoat (PHA) duoc b6 sung metanol lanh véi lugng 5-8 1an thé tich va dé
trong ta -20°C trong it nhéat 30 phit sau d6 ly tam thu cin PHA;
tiép tuc bo sung etanol 70% va ly tdm lap lai 2 14n dé loai dung mo1 va thu can PHA

sau d6 séy kho & 50°C d thu duoc polyhydroalkanoat (PHA).
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Chung Bacillus megaterium pPSPHACS5/1 néu trong giai phap htru ich hién dang
duoc luu gitr tai Phong Cong nghé té bao dong vat — Vién Cong nghé sinh hoc — Vién
Han 1am Khoa hoc va Cong nghé Viét Nam & cac diéu kién khac nhau nhu: trong diéu

kién lanh sau -80°C, -20°C va dong kho.

Vi du thyc hién sang ché

Sau day, sang ché s& duoc giai thich chi tiét hon thong qua cac vi du dudi day.
Vidy1

Hoat héa chung vi khuan Bacillus megaterium DVO1.

Chung vi khuan Bacillus megaterium DVO01 bao quan trong glyceryl ¢ tu -20°C
duoc hoat hoa trén mdi truong LB sau do cdy chuyén ra cac 6ng thach nghiéng chira
moi truong khoang 1, nudi & 37°C trong 24 gio sau d6 thu chiing va bao quan & 4°C cho
c4c nghién ctru tiép theo.

MBoi trudng co ban cho nudi chy cac ching vi sinh vat la mdi truong Luria Bertani
(mdi truong LB 16ng, g/1): Pepton: 10; Cao men: 5; NaCl: 5; d6 pH=7-7.2, moi trudng
LB dic: LB long c6 bd sung thach ham luong 15 g/l (Sambrook & Russell, 2001).

Chung DVO01 thuan khiét v& mat sinh hoc dugc phan 1ap tur dét va luu trit trong bod
suu tap gidng phong cong nghé té bao dong vat duoc hoat hoa trén maéi truong LB long.
Hut 50 ul dich ching bao quan & -20°C b6 sung vao Sml moi trudng LB sau d6 nudi &
didu kién 30 - 37°C, Thc 100-150 vong/ phut trong thoi gian 24 dén 48 gid.

Vidu 2

Quan sat kha ning tich 1fly polyhydroxyalkanoat (PHA)

Chuing duoc nudi theo vi du 1 sau d6 ching dugc xac dinh kha néng sinh téng hop,
tich liiy PHA bing cach nudi chuyén sang moi truong khoang nghéo dinh dudng N, P
6 bd sung Nile Blue A ham luong 5-15pg/ml. Ching duoc nudi tir 48 dén 120 gio va
sau d6 duoc chup kinh hién vi huynh quang. Quan sat phat hién cac té bao phat quang
mau cam d6 1a cac chung c¢6 kha nang tich liiy polyhydroxybutyrat (PHB).

Vidu3

MBai truong va didu kién nubi cdy ching thu polyhydroxyalkanoat.

Chang nudi cdy qua dém trén moi truong LB sau d6 hut bd sung 5% (v/v) bd sung
vao méi truong khoang 1, nudi lic trong 12 - 24h sau do6 ly tam thu ching va b6 sung

sinh khdi vao méi truong khoang 1 va tiép tuc nudi cay qua dém sau do chuyen sang
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méi truong khoang 2 va nudi dé thu PHA. Nudi cdy ldc thu PHA duoc thuc hién trong
binh tam giac 250 ml chra 100 ml méi truong khoang 2, nudi cay & 37°C, toc do lac 150
vong/phut, thot gian 15c ti da cho cac nghién ctru 1a 72 — 120 gio. Cac mdi truong aé
nudi cdy bao gdm:

Khoang 1: M1 trudng nudi cdy ching cho 1én men pha 1 duoc xac dinh la mo1
truong khoang co ban (Rodriguez-Contreras et al. 2013) vé1 mot s6 cai tién cac thanh
phan (g/1): Na;HPO4.2H20 (4,5); KH2PO4 (1,5); MgS04.7H20(0,2 ); (NH4)S04(2);
CaCly.2H,0 (0,02); NHyFe(I)xitrat (0,05); cao nam men (5); pepton (5) glucoza (10).

Khoang 2: 1a mdi truong 1én men Pha 2 thu PHA (g/l) v6i cac thanh phan
Na;HPO4.2H20 (4,5); KH2PO4 (1,5); MgS04.7H20 (0,2 ); (NH4)2S04 (2); NHaFe(IIT)
xitrat (0,05); glucoza (10); axit citric (1); vi luong (2 ml). Dung dich vi lugng 0,1ml v&i
c4c thanh phan(mg/L): ZnS04.7H20, 10; MnClz.4H,0, 3; H3:BOs3, 30; CoCl2.6H20, 20;
CuCl2.2H,0, 1; NiCl2.6H20, 2; Na;Mo04.2H20, 3.

Khoang 3. Méi truong cho 1én men luong 16n thu PHA (g/h)

(NH4)2804(1,1); MgS04.7H20 (0,3 ); KH2PO4 (3,8); Na,HPO4.2H:0 (7,3), glucoza
(10 - 20); vi luong: 0,5ml/L.

Khoéang 4. Mai truong cho 1én men thu PHA tir phu pham ca Mai truong nhan gidng
(¢/l): Na;HPO4.2H20 (4,5); KH2PO4 (1,5); MgS04.7H20(0,2); (NH4)2SO4 (2); dich
chiét phu phim c4 (2 - 20ml)

Mbi truong 1én men (g/l): (NH4)2804(1,1); MgSO4.7H20 (0,3 ); KH2POx4 (3,8);
NaHPO4.2H,0 (7.3), m& ca (10 — 20), glucoza (1-3); vi luong: 0,5ml/L.

Vidu 4

Phén lap gen, tach dong va xac dinh trinh tw ADN cua gen phaC cia chung Bacillus
megaterium DVOL.

D& c6 thé thu sinh khéi té bao cho thi nghiém nay, chiing nghién ctru duoc nudi qua
dém trén méi truong LB sau d6 ly tdm thu sinh khdi va tién hanh tach chiét ADN tong
s6. Ly tam thu sinh khdi té bao trong 5 phut & tée d6 5000 vong/phut. Té bao dugc hoa
tan déu trong hdn hop dung dich A va duoc 1 ¢ 37°C trong h. Sau khi 1, bd sung 100
ul NaCl 5M rdi tron déu. Sau budc nay, 80 ul dung dich CTAB/NaCl duoc bd sung,
tron déu va mau duoc 0 trong 10 phit & 65°C. B4 sung 2 1an thé tich (v/v) dung dich
cloroform: rugu isoamyl alcohol 24:1), dao déu va ly tm thu pha ndi phia trén sang

eppendoff méi, tiép tuc 1ap lai budc nay ldn 2. ADN duoc thu bing cach tao két tia véi
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isopropanol (0,6 thé tich (v/v)) trong khoang 1h & -20°C va duoc ria lai bang 500ul
etanol (70%). ADN duogc rira, 1am kho va hoa tan trong 100 pl TE. Dich chtra ADN
duoc bao quan & -20°C dé dung cho cac nghién ctru tiép theo (Ausubel et al., 2003).
Trinh tu gen phaC ¢6 ngudn gde tir Bacillus megaterium dugc bdc 10 mdt cach rd rang.
Théng tin vé gen phaC ¢6 ngudn gdc tir Bacillus megaterium c6 thé thu duoc tir ngan
hang gen. Dua trén trinh tu dugc thong béo, cap doan moi dic hiéu cia gen phaC duoc
md td Forl-PhaC/Revl-PhaC (5’-ATGGCAATTCCTTACGTGCAAGA- 3’°; va 5’-
TTATTTAGAGCGTTTTTC-3’). ADN nhidm sic thé tach tir ching Bacillus
megaterium DVO1 dugc st dung lam khudn mAu dé khuéch dai gen phaC bang k§ thuét
PCR st dung cdp  moi  Forl-PhaC  /  Revl-PhaC  (5-
ATGGCAATTCCTTACGTGCAAGA-3’; va S -TTATTTAGAGCGTTTTTC-3’).
Phan (g PCR dugc thuce hién theo cac phuong phap chuan duoc mé ta bdi Sambrook
va Russell (2001). Két qua thu duoe mot phan doan gen c6 kich thude khoang 1100bp.
Phan doan ADN duoc gén vao vecto tach dong pJET1.2/blunt va bién nap vao vi khuan
E. coli DH5a. Céc plasmit tai td hop duoc dat tén la pJET1.2 - phaC. Khuén lac duoc
du doan c6 mang vecto tai t& hop duoc nudi trong mdi truong LB 1ong ¢6 bo sung
ampixilin ndng d6 70 pg/ml va tach ADN plasmit dé kiém tra sw c6 mat cia gen. ADN
plasmit tai t5 hop duoc kiém tra bang k§ thuat PCR va xtr Iy v6i enzym gidi han. Trinh
tu gen phaC duge xac dinh trén may xac dinh trinh tu ADN tu dong va cac sb lidu duoc
xtr Iy trén phan mém xtr 1y trinh ty Chromas, MEGA 6.0. Trinh tu nucleotide ctia gen
phaC dugc phan tich dd xac dinh doan gen phaC cé kich thude 1100bp ma hoa protein
phaC ctia PHA synthaza PhaC gom trinh tu 362 axit amin voi trong lwong phén tir tinh
toan theo 1y thuyét 1a 40kDa.

Vidu 5

Céu truc vecto biéu hién protein PhaC.

Gen phaC duoc khuéc dai béng cap mdi dic hiéu 2 duoc thiét ké dua trén trinh tu
gen phaC d3 xac dinh & vi du 4 c6 thiét ké bd sung diém cét enzym gi6i han Sph-I va
Spe-I c6 trinh ty moi For2/PhaC-Spel: GGTGTGTACTAGTATGGCAATTCCTTACG
va Rev2/PhaC-Sphl: CGCTTCGCATGCTTATTTAGAGCGTTTT. Gen phaC va vecto
pPSP6 duogc phan cét tai bang cach st dung cac enzym gidi han Sphl va Spel. San phdm
vecto sau khi cét bang enzym giéi han dugc gin gen phaC dugc cit bang hai enzym

tuong Ung tao nén cau triic vecto pPSPHAC chira gen phaC thu duoc & vi du 4.
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Vidu 6

Cam tng biéu hién gen phaC trong chung Bacillus megaterium DVOL.

Vecto tai to hop pPSPHAC duge thuc hién theo vi du 4 dugc bién nap vao té bao
Bacillus megaterium DVO1 biang phuong phéap té bao tran. San phdm bién nap duoc
nudi trén moi truong LB diic ¢6 bd sung tetraxylin 6,5 pg/ml, 37°C trong khoang 20-
24h; sau do6 dugc kiém tra b?mg lua chon khuan lac nhan nudi trén mai truong LB khang
sinh tetraxylin 5 - 10 pg/ml & 37°C trong khoang 16-20h, lic 120 vong/phut. Nhiing
khuén lac mang vecto tai t& hop duoc bidu hién trong méi truong khoang cé b6 sung
tetraxylin 5 -10 pg/ml, chét cam tmg 14 xyloza ham luong 1,5-70mg/ml, & nhiét d6 30 -
459C trong 24 - 168 gid. Kha ning biéu hién protein PhaC trong ching B. megaterium
DVO!1 tai t& hop & céc ndng dd chit cam tng khac nhau duoc kiém tra trén gel
polyacrylamit 12,5% (Hinh 1). Két qua thu duoc protein tai to hop cé trong luong phan
tr khoang 40 kDa va lugng PHA tich liiy ¢6 ham luong 2 — 6,5 mg/ml. Ching Bacillis
megaterium DVO1 tai t& hop tai tb hop mang gen phaC ma hoé protein phaC cia PHA
duoc dat tén la Bacillus megaterium pPSPHACS/1.

Vidu7

Phuong phap thu nhan PHA.

Bude 1: Sinh khdi t& bao sau nudi duoc thu béng ly tdm va rira 2 1an véi dung dich
dém phosphat, pH 7,2 sau d6 duoc hoa lai trong 0,5ml dém nay va tién hanh gia nhiét
bang 106 vi séng & mirc cong sudt 140W, quay va dimg sau mdi 10 gidy trong 15 pht.

Budc 2, bd sung 2ml dung dich etanol/axeton ty 18 1:1 va ngam @ khoang 2h.

Bude 3, chuyén dich té bao sang dng thiy tinh c¢6 nit xoay va bd sung Sml
cloroform, xoay chét nép va tién hanh 14c 3 - 4h @& PHA duoc hoa tan hoan toan sau do
thu pha chtra cloroform chuyén ra ong thiy tinh méi.

Bude 4, dich cloroform chita PHA duoc bo sung metanol lanh véi thé tich bé‘mg 5-
8 thé tich va dé trong ti -20°C trong it nhit 30 phut sau do ly tm thu cin PHA. Sau d6
bd sung ethaol 70% ly tam lap lai 2 lan dé loai dung méi. Can dugce séy kho 50°C sau
d6 thu PHA cho céac nghién ctu tiép theo.

Vidu 8
Xac dinh ham luong PHB (mot loai polyme thudc nhom PHA) thu nhén duoc tu

sinh khoi té bao.
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Kha nang tich liiy PHB cua ching duoc x4c dinh bang phuong phéap crotonic Luong
PHA trong mdt mau duoc lay co thé duoc xac dinh bing phuong phap do quang phd
bang cach chuyén dbi PHA thanh axit crotonic khi xir ly véi axit sulfuric. Dung dich
chuén axit crotonic duoc chuén bi véi cac néng do tang dan khac nhau. D3 hép thu cua
axit crotonic duoc do & bude soéng 235 nm tir d6 xac dinh duoe phuong trinh chudn c6
dang y = ax + b. Trong nghién ctru nay, té bao chiing nghién ctu sau khi nuéi trén moi
truong thu PHB sau 24 — 120h duogc thu bang phuong phép ly tdm dich nudi cy & toe
d5 5000 vong/phut (v/p) trong 15 phit sau do6 loai bé dich thu sinh khéi (dich néi duoc
chia vao cac dng fancol 50ml) va rira sinh khéi 2 14n véi nude cét dé loai bd thanh phan
khoang ctia moi truong. Sau do dong nhe nép ong fancol dua vao 10 vi song quay dung
déu dan & 140W trong vong 8-10 phut ( 10-30 gidy 1 lan ) dé pha v& té bao. Sau do b
sung thém dung dich etanol : axeton theo ty 1& 1:1, tron déu sinh khdi, G trong 1 — 10 gioy
rdi tién hanh ly tAm & tée d6 5000 v/p, 15 phut. B6 sung thém luong cloroform phu hop
va tién hanh lac 80 - 200 vong/phut (v/p) & 30°C trong thdi gian phu hop. Hut 10 - 200pl
dich cloroform chira PHB da duoc hoa tan sau d6 bd sung luong HaSO498% phu hop
va dun 100°C trong 10 dén 60 phut dé toan bd PHB trong dung dich duoc chuyén thanh
axit crotonic c6 mau ndu. Dung dich sau dun dugc dé ngudi rdi tién hanh do mat do
quang (optical desity) OD tai budc séng 235nm. Mau chuan dugc st dung la PHB
(sigma) dugc hoa tan trong cloroform véi ham lugng 8ml/ml sau d6 tinh cac ndng do
thich hop dé dung duong chuin, Két qua xac dinh ham luong PHB trong dung dich duoc
xac dinh theo phuong trinh xay dung duge. Mau dbi ching chuan 1a cloroform + HzSOy4

va dugc xir ly nhu quy trinh trén.

Hiéu qua dat dwoc clia sang ché

Ching vi khudn Bacillus megaterium DVO1 thuan khiét vé mit sinh hoc 1a ching
dAu tién phan 14p tai Viét Nam dugc tach gen phaC va bién nap vecto tai té hop mang
chinh gen ctia chiing chu vao ching tu nhién ban dau duoc tach tao nén chung tai to hop
Bacillus megaterium pPSPHACS5/1. Phuong phép theo sang ché gép phén tao ra ching
Bacillus megaterium pPSPHACS/1 tai tb hop mang gen phaC ma hoa protein phaC cia
PHA synthaza ma c6 kha ning san xuét ham luong polyhydroalkanoat (PHA) ting cao

dang ké so voi chung tu nhién ban dau.
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mb ta néu trén chira nhidu chi tiét cu thé, chung khong duoc coi la gi61

Mic du cac
%m muc dich minh hoa mot s6 phuong an

han vé phuong én thuc thi sang ché, ma chi nh

thue thi dugce uu fién.
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YEU CAU BAO HQ

1. Phuong phap tai t& hop dé san xuét polyhydroalkanoat (PHA) tir ching Bacillus
megaterium pPSPHACS/1 tai to hop mang gen phaC ma hoa protein phaC clia PHA
synthaza bao gébm céc budc:
a) chuén bi chang vi khudn Bacillus megaterium DVO1 trong bang cach hoat hoa trén
moi truong Luria Bertani (LB) 16ng sau d6 chuyén ra cac 6ng thach nghiéng chira mdi
truong khoang 1 gdm cac thanh phan (g/l): Na;HPO42H20 (4,5); KH2PO4 (1,5);
MgS04.7H20(0,2 ); (NH4).S04(2); CaCl2.2H,0 (0,02), NHsFe(Ill)xitrat (0,05); cao
nim men (5); pepton (5) glucoza (10);
b) phéan 1ap va tach dong gen phaC vao vecto pJET1.2/blunt dé tao thanh plasmit tai t&
hop tach dong tai t6 hop béng cach:

tach ADN nhiém séc thé tir ching Bacillus megaterium DVO1 thu duoc & bude
a), sau d6 khuéch dai doan mang gen phaC bang PCR st dung cip mdi Forl-
PhaC/Rev1-PhaC (5’-ATGGCAATTCCTTACGTGCAAGA-3" va 5’-
TTATTTAGAGCGTTTTTC-37);

gfin doan mang gen phaC vao vecto tach dong pJET1.2/blunt d tao thanh
plasmit tai t hop pJET1.2-phaC sau d6 bién nap vao vi khuan E.coli DHSa; sau dé
kiém tra va xac dinh trinh tu ctia doan gen phaC thu duoc;
¢) tao vecto biéu hién tai t6 hop pPSPHAC chita gen phaC bang cach:

khuéch dai doan gen phaC thu dugc & budce b) béng cach st dung cé@p mdi duoc
thiét k& bd sung vi tri ¢it ctia enzym cit giéi han Sphl va Spel, ¢o trinh tu 13
For2/PhaC-Spel: GGTGTGTACTAGTATGGCAATTCCTTACG va Rev2/PhaC-Sphl:
CGCTTCGCATGCTTATTTAGAGCGTTTT;

cit gen phaC va vecto pPSP6 bing enzym cit gidi han Sphl va Spel sau d6 gén
gen phaC vao vecto pPSP6 dé tao thanh cdu triic vecto biéu hién tai té hop pPSPHAC
chira gen phaC c6 trinh tu duge néu trong SEQ ID NO.1 véi kich thude 1092 bp ma hoa
cho protein phaC gdm 362 axit amin véi trong luong khoang 40kDa;
d) bién nap vecto biéu hién pPSPHAC chita gen phaC & bude ¢) vao té bao vi khuin
Bacillus megaterium DVOl & tao thanh chung vi khudn Bacillus megaterium
pPSPHACS5/1 téi t& hop bing phuong phéap té bao trin;
e) nudi cdy sinh khéi t& bao va thu nhan polyhydroalkanoat (PHA) tir ching vi khudn

Bacillus megaterium pPSPHACS/1 tai to hop thu duoc & budce d) bing cach:
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chiing nuéi cdy qua dém trén mdi truong LB sau d6 hit bd sung 5% (v/v) bd sung
vao mdi trudong khoang, nudi lic & 37°C, toe d6 ldc 150 vong/phit, thoi gian 72 — 120
gio;

thu sinh khéi t& bao béng ly tAm va ria 2 14n véi dung dich dém phosphat, pH 7.2;
sau d6 duoc hoa lai trong dém nay va tién hanh gia nhiét bang 10 vi séng & mic cong
sudt 140W, quay va dimg sau mdi 10 gidy trong 15 phut;

tiép tuc bd sung dung dich etanol/axeton ty 18 1:1 va ngdm a khoang 2h va chuyén
dich té bao sang éng thily tinh c6 nut xody va bd sung cloroform, xody chit nap va tién
hanh lic 3 - 4h dé PHA duogc hoa tan hoan toan;

sau d6 thu pha chira cloroform chuyén ra 6ng thiy tinh méi, dich cloroform chia
polyhydroalkanoat (PHA) duoc bd sung metanol lanh véi luong 5-8 lan thé tich va dé
trong ti -20°C trong it nhat 30 phat sau do ly tdm thu cin PHA;

tiép tuc bd sung etanol 70% va ly tam lip lai 2 14n dé loai dung méi va thu cin PHA

sau d6 sdy kh6 & 50°C dé thu duoc polyhydroalkanoat (PHA).
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1. Marker - Thermo

2. BmegapSP6/C 5/1 - Xyl 1.5 mg/ml
3. BmegapSP6/C 5/1 - Xy1 2.8 mg/ml
4. BmegapSP6/C 5/1 - Xyl 8.5 mg/ml
5. BmegapSP6/C 5/1 - Xyl 15 mg/ml
6. BmegapSP6/C §/1 - Xyl 30 mg/mli
7. BmegapSP6/C 5/1 - Xyl SO0 mg/ml

Hinh 1
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DANH MUC TRINH TU

<110>Vién Céng nghé sinh hoc

<120>PHUONG PHAP TAT T® HOP PE SAN XUAT POLYHYDROALKANOAT (PHA) TU CHUNG BACILLUS
MEGATERIUM PPSPHACS5/1 TAI TO HOP MANG GEN PHAC MA HOA PROTEIN PHAC CUA PHA SYNTHAZA

<1l60> 1
<210> 1

<211> 1092

<212> ADN

<213>

<400> 1

ATGGTGGCAA
TATAAAAGTT
CCGGAAGTTG
CGCTATACGC
ATCAATAAAC
AACCGCGGTT
ATGAAGCTAG
ACTTCTAAAT
ATTTTTGCTG
TTTGATTTTT
GATAAAGCAG
ATGTTAAAAC
AATCAGCGTT
CTTGCTGGTG
AATGGTGAAC
TTAAACATTG
GACGCTGTTT
GTATTTGGTC

CGCTCTAAAT

TTCCTTACGT
CTGCAAGACG
GATTAACACC
CAGTAAAAGA
CGTATATTTT
TTGACGTGTA
ATGATTATAT
CTCCTGATTT
CATTAAATGA
CGGATACAGG
TAGATACATT
CAATCACGAA
TTGTTGAAAG
AAGCTTATCG
TTGAAGTTCG
CTGCTAGCCG
CAAGTGAAGA
CAAAAGCAGT

AA

Bacillus megaterium

GCAAGAGTGG
TTTTAAGCGT
AAAAGAGGTT
TAACCTGCAT
GGATTTAACA
TTTGCTTGAC
TGTAGATTAT
GTCTGTTCTT
AGACTTGCCG
TTTATACGGA
CGGAAACATC
TTTCTACGGT
CTGGAAGCTC
TCAGTGGATT
CGGACGCARAA
TGATCATATT
TAAAGAGTAT
GAAGGAAACA

GAAAAATTAA
GCATATGAAA
ATTTGGAAAA
AAAACACCAA
CCTGGAAACA
TGGGGAACTC
ATTCCAAAAG
GGTTACTGCA
ATTAAAAACT
GCATTCCTAG
CCTCCAGAGA
CCATATGTAA
ATGCAAAAGT
CGTGATTTCT
GTAGATTTGA
GCGATGCCGC
AAATTGTTGC
TATCCTTCAA

-20-

TCAAATCAAT
TTATGACAAC
AGAACAAAGC
TCTTACTCGT
GCCTTGTTGA
CTGGGCTTGA
CGGCGAAAAA
TGGGCGGAAC
TAATTTTTAT
ACGATCGCTA
TGATTGACTT
CGTTGGTGGA
GGGTTGCTGA
ATCAACARAAA
AAAATATTAA
ATCAAGTGGC
AAACAGGTCA
TCGGCGATTG

GCCAAGTGAA
AGAAGCGGAA
GAAATTATAC
ATATGCATTG
ATACTTATTA
AGACAGCAAT
GGTGCTGCGC
CATGACATCT
GACAAGTCCA
CTTTAATTTA
TGGAAACAAG
TCGTTCGGAA
CGGCATCCCA
CAAATTAATC
AGCTAATATT
AGCTTTAATG
CGTATCTGTT
GCTAGAAAARA

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
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