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LOI CAM DOAN
T6i xin cam doan dé tai nghién ctru trong luan vin ndy 1a cong trinh nghién ctru
cua to1 dya trén nhirng tai liéu, s6 liéu do chinh tdi ty tim hiéu va nghién ctru. Chinh vi
vay, cac két qua nghién ciru dam bao tinh trung thuc va khach quan. Pong thoi, két
qua nay chua timg xuét hién trong bat ky nghién ctru ndo. Cac s lidu, két qua néu
trong luan van la trung thuc; néu sai, t6i hoan toan chiju trach nhiém trude phap luat.
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Nguyén Thi Thanh Xuan
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va Cong nghé Viét Nam. C6 khong chi 1a ngudi hudéng dan tan tinh ma con 1a nguoi
d3 tao moi diéu kién thun loi dé t6i hoan thanh dé tai luan vin nay. Nho nhimg dinh
huéng va gép ¥ quy bau cia ¢, t6i da co nhitng bude tién quan trong trong nghién
cuu.

T6i ciing xin guri 101 cam on chén thanh dén TS. Pao Hai Yén, Vién Hoa hoc,
Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam. Nho sy hudng dan tan tAm va nhirng
chia sé kinh nghiém quy bau cua cd, to61 da hoan thanh luan van.

Khoa luan nay duoc thuc hién nho kinh phi cia hop phan dé an “Nghién ctru
thu nhén va tinh ché nhya sinh hoc PHA dang PHV hoic copolymer tir cac ching vi
khuan phan 1ap ¢ Viét Nam” (Ma s6: TDNSH0.07/22-24).

T61 xin tran trong cdm on cac thﬁy c6 giao Khoa Sinh hoc, Hoc vién Khoa hoc
va Cong nghé¢ da luon quan tam, tao diéu kién thuan loi cho toi trong sudt quéa trinh
hoc tap va nghién ctru. Pong thoi, toi cling xin giri 161 cam on dén Ban Lanh dao,
Phong Pao tao, Hoc vién Khoa hoc va Cong nghé da luén quan tam, tao diéu kién
thuan lgi cho t6i1 trong sudt qua trinh hoc tap va nghién curu.

Cubi cung, t6i xin giri 101 cam on dén gia dinh va ban be, nhitng ngudi lubén
ddng hanh, dong vién t6i trong sudt thoi gian qua.
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MO DAU

Ngay nay, 6 nhiém nhya dang trd thanh mot trong nhiing thach thic moi
truong 16n nhét cia con nguoi, voi hon 400 tri¢u tan nhua dugc san xuat hang nam,
phan 16n két thic ¢ dai duong va dit lién. Nhitng manh nhya vi m6 xam nhap vao
chudi thirc dn, gdy hai cho dong vat hoang di, c4 voi va chim bién nudt phai tai ni
long, dan dén cai chét hang loat. Nhya phan hily chdm, ton tai hang trim nim va
tich lily trong co thé sinh vat bién. Néu con ngudi khéng co nhitng hanh dong kip
thoi dé giam thiéu réc thai nhya ding mot 1an va tai ché nhya, 6 nhiém nhua sé de
doa hé sinh thai toan cau.

Polyhydroxyalkanoat (PHA) 12 mot nhom polymer sinh hoc phan huy hoan
toan, duoc san xuat bai nhiéu vi khuan nhu Cupriavidus necator thong qua qua trinh
1én men dudng hoic lipid. PHA c6 tinh chét twong tu nhya tong hop véi do bén co
hoc cao, tinh déo va kha ning chong nudc, nhung phan hiy hoan toan trong moi
truong tu nhién chi trong vai thang ma khong giy doc. Ung dung phd bién ciia PHA
13 1am bao bi thyc pham, vat liéu y té (chi khau tu tiéu, mang boc nong nghiép)...
gitip giam thiéu 6 nhiém toan cau [1,2].

Polyhydroxyalkanoat (PHA) ndi bat véi cac dic tinh vuot trdi nhu do bén co
hoc cao (m6 dun dan hdi 2.5-3 GPa, cuong dd kéo 35-40 MPa), c6 tinh dan hoi linh
hoat, kha niang chong thdm khi va hoi nudc tét (khoang 560 g pm/m2/ngay), cling
nhiét do nong chdy cao twong duong véi nhya héa hoc. Ching hoan toan phan huy
sinh hoc trong méi trudng ty nhién ma khéng dé lai doc td, biocompatible va co tinh
piezo dién, tmg dung 1am vat lidu y té, bao bi thuc phdm va nong nghiép. So véi
nhua truyén théng, PHA than thién véi méi truong hon nhd ngudn gbe sinh hoc va
kha niang diéu chinh tinh chit qua thanh phan monomer da dang [3].

Nhiéu loai vi khuan tong hop PHA nhu chat du trit carbon va ning luong, noi
bat 13 Cupriavidus necator voi ning suat cao, cung Bacillus spp. (nhu Bacillus
australimaris, Bacillus  subtilis, Bacillus cereus, Bacillus megaterium),
Pseudomonas aeruginosa va Alcaligenes sp., cac loai wa man nhu Halomonas
alkaliantarctica, Halomonas sp. TDO1, Haloferax mediterranei,... Nhitng vi khuan
nay phat trién t6t trong diéu kién du thira carbon nhung han ché ni-to, cho phép san
xuét cong nghiép hiéu qua tir nguyén liéu thai [4,5,6,7].

Viét Nam, nam trén vanh dai dia chat nang dong, s& hiru tiém nang dia nhiét
dang ké voi h¢ thong sudi nudc nong va cac hé sinh thai dia nhiét dac trung, phan



bb rong khap tir Bic vao Nam va tap trung doc theo cac dut giy dia chat [8]. Cac
ngudn nude néng nay hinh thanh khi nude ngdm tham thiu siu vao 1ong dat, duoc
lam néng bdi nhi¢t d§ dia nhiét roi troi 1én bé mat qua cac khe nut. Nhié¢t d§ nudc &
cac sudi da dang, tir 4m (30-40°C), ndng vira (41-60°C), dén rat noéng (61-100°C),
tham chi c6 nhirng ngué)n dat trén 100°C [8]. Mién Béc ndi bat véi cac sudi nhu
Kim Béi (Hoa Binh), My Lam (Tuyén Quang)..., trong khi d6, mién Trung c6 Son
Kim (Ha Tinh), Thanh Tan (Thtra Thién Hué)..., va mién Nam c6 Binh Chau (Ba
Ria — Viing Tau), Dam Rong (LAm Pong). Sudi nude néng Quang Nguyén, hay con
goi 12 subi khoang néng Nam Choong, 13 mot diém dén thién nhién doc déo tai xa
Quang Nguyén, huyén Xin Man, tinh Ha Giang. Vi khuan va vi khuan c¢6 wa nhiét
(thermophiles) va ua siéu nhiét (hyperthermophiles) chiém wu thé, so hitu cac
enzyme bén nhiét (thermozymes) gitp ching duy tri hoat dong trao d6i chit. Bén
canh d0, cic vi sinh vat ua axit, ua kiém hodc uva kim loai nang cling thuong duoc
tim thay.

Dua vao diéu kién 1én men giip tranh sy tap nhiém cua cac vi khuan wa 4m
va diéu kién phu hop cta sudi nudc nong Quang Nguyén cho vi khuan wa nhiét sinh
tong hop PHA va cac cong bd vé vi sinh vat wa nhiét sinh tong hop nhuya sinh hoc &
Viét Nam con han ché, dé tai “Nghién citu phdn Idp va sang loc cdc ching vi khudn
wa nhiét & sudi nuwéc nong Quang Nguyén, Ha Giang cé kha nang sinh tong hop
polyhydroxyalkanoat” dugc thuc hién dé tim va thu nhan duoc cac chung vi khuan
ua nhiét & sudi nude nong Quang Nguyén, Ha Giang c¢6 kha ning tich lily nhya sinh
hoc PHA. Tir d6, c6 thé thu nhan nhua PHA tir cac ching vi khuan wa nhiét da duoc
tuyén chon. PHA thu nhan dugc 14 co sé cho cac nghién ctu tiép theo tng dung
nhya sinh hoc PHA vao doi sdng con ngudi.

Muc ti€u nghién ctru cta luan van la:

- Thu nhan dugc cac chung vi khuan wa nhiét & subi nudc néng Quang
Nguyén, Ha Giang c6 kha nang tich Ity nhya PHA.

- Xac dinh diéu kién 16n men dé thu nhian PHA tir cac chung vi khuin wa
nhiét di tuyén chon va danh gia cac dic tinh co 1y cia PHA thu duoc.



Chuong 1. TONG QUAN NGHIEN CUU
1.1. Téng quan vé polyhydroxyalkanoat (PHA)

1.1.1. Khdi niém vé nhwa sinh hoc PHA

Polyhydroxyalkanoat (PHA) 13 ho polyester sinh hoc dugc san xuét ty nhién boi
nhiéu loai vi khuan duéi dang hat ngung tu ndi bao (carbonosomes), dong vai tro
nhu chét du trit carbon va ning luong trong diéu kién du thira carbon nhung han ché
nito, photpho hoic oxy [9]. Pugc phat hién lan dau vao nim 1926 bdi Maurice
Lemoigne, PHA bao gém hon 150 monomer hydroxyalkanoic khac nhau (tir C3-
C14), tao nén mot phé tinh chat da dang, tur loai cting gion nhu polystyrene dén loai
dan hoi nhu cao su (P(3HB-co-3HHXx)), tiy thudc vao ty 1¢ dong trung hop va dicéu
kién nudi cay [10]. Khong gidng acid polylactic cin U phan hitu co céng nghiép,
PHA phan hily sinh hoc trong méi trudong tu nhién (dat, nudc ngot, nudc min, bin
hoat tinh) béi nhiéu loai vi sinh vat, chuyén héa hoan toan thanh CO,, H2O va sinh
khéi ma khong tao microplastic hay doc td [11]. Vi tinh twong thich sinh hoc cao,
PHA duoc FDA phé duyét cho cac (mg dung y té nhu san xuat chi khau tu tiéu, vién
nén phong thich thudc va vat liéu ciy ghép, dong thoi 1a giai phap thay thé bén viing
cho céc thanh phan nhya hoa hoc trong bao bi thuc pham, tai ni 16ng, khay nong
nghiép va san pham ding mot lan [12].

Bén canh nhiing vu diém vé& moi truong, PHA con nhan dugc su quan tdm déc
biét do c6 ngudn gdc hoan toan tir cac qua trinh sinh hoc. Nhiéu ching vi khuan ¢
kha nang téng hop PHA tir cac nguén co chét tai tao nhu duong, tinh bot, dau thuc
vat, glycerol thd hodc cac phu pham néng nghiép va cong nghiép thuc pham. Diéu
nay tao ra co hoi xay dung cac quy trinh san xuat vat liéu theo hudng kinh té tuan
hoan, vira tan dung nguén chét thai hitu co vira giam su phu thudc vao tai nguyén
hoa thach. Trong béi canh 6 nhiém nhya dang tré thanh van dé moi trudng toan cau,
PHA duogc danh gid 1a mot trong nhitng vat li¢u sinh hoc cé trién vong phat trién
manh m& trong twong lai nho kha ning can bang giira hiéu ning st dung va tinh bén
virng moi trudong.



Hinh 1.1. CAu trac nhya sinh hoc PHA [13].
1.1.2. Phan loai nhwa sinh hoc PHA

Nhuya sinh hoc PHA dugc phan loai chu yéu dua trén d6 dai chudi carbon cia
cac monomer hydroxyalkanoic (R-3-hydroxyalkanoates) tao nén cdc nhom cé tinh
chat vat 1y khac biét ro rét. Nhom ngan chudi (scl-PHA, C3-C5) bao gom
polyhydroxybutyrate (PHB - C4, cing gion nhu polystyrene, Tm 175°C, d6 két tinh
cao > 60%) va polyhydroxybutyrate-co-valerate (PHBV - C3-CS5, céi thi¢én do déo
bang 5% HV) [14]. Nhom chudi trung binh (mcl-PHA, C6-Cl4) nhu
P(3HO/3HHx/3HA) ¢6 tinh dan hdi cao (d6 kéo dai > 400%), diém nong chay thap
(40-60°C), phu hop dé 1am elastomer va mang mong. Nhém chudi dai (Icl-PHA,
>C14) hiém gip hon, c6 do nhét cao va tinh chit gibng sap, nén it dugc tng dung
trong cong nghiép. Ngoai ra, PHA con duoc phan loai theo ciu tric bén (R group):
thang, phan nhanh, khong bio hoa hoic halogen thay thé, véi hon 150 monomer da
biét, cho phép diéu chinh tinh chat tir nhiét déo dén cao su thong qua qua trinh dong
trung hop [15].

Ngoai phéan loai theo do dai chudi carbon, su khac biét vé ty 1¢ dong trung hop
giita cac monomer ciing dong vai trd quan trong trong viéc xac dinh tinh chit cudi
cung cua vat liéu PHA. Chi can thay doi ty 1é gitra cac don vi monomer nhu 3-
hydroxybutyrate (3HB) va 3-hydroxyvalerate (3HV), hodc bd sung cdc monomer
chudi dai hon, vat liéu thu duge co thé chuyén doi tir trang thai gion, cung sang
mém déo va dan hoi hon déng ké. Diéu niy cho thdy PHA khong phai 1a mot
polymer don 1¢ ma 1a mot ho vt lidu c6 kha nang “thiét ké phan ti” linh hoat thong
qua kiém soat sinh hoc trong qué trinh nudi ciy vi sinh vat.

Bén canh yéu td cau tric monomer, diéu kién nudi céy vi sinh vat cling anh
hudng truc tiép dén sy phan loai va tinh chat cia PHA thu duoc. Cac yéu t6 nhu
nguén carbon, ty 1€ C/N, nhiét d6 va mic d§ oxy hoa tan cé thé lam thay doi dang



ké thanh phan monomer tich lily trong té bao. Trong diéu kién thiéu dinh dudng
nhung du thira ngudn carbon, vi sinh vat thuong wu tién tich liy PHA nhu mot co
ché sinh t6n, dong thoi c¢6 thé diéu chinh loai monomer dugc tong hop tuy theo co
chét cung cdp. Diéu nay dan dén sy da dang 16n trong ciu traic PHA ngay ca khi sir
dung cung mdt chung vi sinh vat.

Su da dang trong ciu tric cua PHA cling tao ra su khac bi¢t 1o rét vé tinh chat
nhiét va co hoc gitta cac nhém polymer. PHA mach ngan thudng cé d6 két tinh cao,
dan dén tinh gion va do cung 1on, trong khi PHA mach trung binh c6 d6 két tinh
thap hon nhung lai thé hién tinh dan hoi vuot troi. Nguoc lai, cac PHA mach dai co
cAu tric it trat ty hon, lam giam nhiét d6 chuyén pha va tang tinh mém déo nhung
d6ng thoi han ché kha ning ung dung do do on dinh co hoc thap. Sy twong quan
giita cdu trac va tinh chat nay 1a co sé quan trong dé Iyra chon loai PHA phu hop cho
ting tng dung cu thé trong thyc té.

1.1.3. Pic tinh héa Iy ciia mét so loai PHA

Céac loai PHA khéc nhau thé hién sy da dang 10 rét vé dic tinh hoa 1y, phu thudc
cht yéu vao thanh phan monomer va muc do két tinh ctia polymer.

Polyhydroxybutyrate (PHB) thuéc nhém PHA mach ngin (scl-PHA), c6 diém
nong chdy cao khoang 175°C, do két tinh 60-80%, mé dun Young 3.5-4 GPa, d6
bén kéo 40 MPa nhung gion, v6i do gidn dai chi 3-8%, hé s6 thdm O, thip (7.9 x
107 cm?® cm/cm? s Pa) va Tg khodng 2-5°C [16]. Polyhydroxybutyrate-co-valerate
(PHBV) cai thién dang ké: Tm giam xubng 120-160°C (tiy ti 1& ctia monomer 3HV
5-20%), d6 gidn dai ting 50-200%, do bén va dip cao hon PHB, hé sd thAm nudc
hoi thap hon (= 3 g mm/m? ngay), phi hop véi gia cong dun ép. Nhom PHA mach
trung binh (mcl-PHA) nhu P(3HO/3HHXx) thé hién tinh dan hoi cao véi do gidn dai
> 400%, Tm 40 - 60°C, m6 dun dan hoi thip 5 - 20 MPa, d6 bén kéo 10-20 MPa, hé
s6 thadm khi cao hon (O2: 1.5 x 10" cm® cm/cm? s Pa) va tinh chét elastomer 1y
tuong cho mang co gian [17].
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Hinh 1.2. Cau tric ciia polyhydroxybutyrate (PHB) [18].

Polyhydroxybutyrate (PHB) c¢6 diém néng chay cao 175°C, Tg 2-5°C, d6 két
tinh 60-80%, md dun Young 3.5-4 GPa, d6 bén kéo 40 MPa nhung gion (d6 gidn dai
3-8%), hé s6 thim O: thap 7.9 x 10* cm® cm/cm? s Pa, chéng UV tét, tan trong
chloroform. P(3HB-co-3HV) cai thién dang ké vi Tm giam 120-160°C (tury 3-20%
3HV), do gian dai tang 50-200%, do bén va dap cao hon, h¢ s6 thAm hoi nude = 3 g
mm/m? ngay, do két tinh giam 38-55%, phu hop dun ép va Gng dung trong san xuét
bao bi [18]. PHA terpolymer nhu P(3HB-co-3HV-co-4HV) c6 do két tinh thap hon
(38-49%), Mn 45-87 kDa, Mw 201-248 kDa, do xdp bé mit cao, d6 nham ting theo
ty 18 4HV, tinh dan hoi tot hon PHB va toc d6 phan huy sinh hoc nhanh hon trong
moi trudng sdng [19].

Polyhydroxybutyrate (PHB) 1a loai PHA don gian nhit véi cau trac [-O-
CH(CH3)-CH2-C(0)-], c6 diém noéng chay cao 170-180°C, nhiét do thuy tinh hoa
Tg 0-5°C, d6 két tinh cao 60-80%, md dun dan hoi 3.5-4 GPa, do bén kéo 28-45
MPa nhung gion voi d6 gidn dai chi 3-8% [20]. PHB ¢6 hé s6 tham oxy thap (7.9 x
1073 cm?® cm/cm? s Pa), chéng tia UV tot, on dinh nhiét do 1én d&én 200°C, tan trong
chloroform va dichloromethane, trong lugng phéan tir trung binh Mw 200-1000 kDa.
Tinh chat nay lam PHB phu hop cho vt lidu cing nhung han ché bdi do gion va
kho gia cong [20].

Khac véi PHB, polyhydroxybutyrate-co-valerate (PHBV) thé hién su cai thién
dang ké vé tinh chat co hoc nho sy xuat hién ciia don vi 3-hydroxyvalerate trong
chudi polymer. Sy dong trung hop nay lam giam d6 két tinh cua vat liéu, tir d6 ting
ddé déo va kha nang chiu va dép so voi PHB thuan. PHBV cling c6 nhi¢t do nong
chay thap hon va kha nang gia cong tot hon, gitp mé rong pham vi ing dung trong
bao bi thuc phém va vat liéu dung mot lan.

P(3HB-co-3HV) ¢6 ciu triic dong trung hop 3-hydroxybutyrate (3HB) va 3-



hydroxyvalerate (3HV), v61 Tm gidm theo ty 1€ 3HV: 175°C (0% HV) — 100°C
(20% HV), d6 gidn dai cai thién dang ké 50-200% (so v6i 3-8% ctia PHB), do két
tinh giam 38-55%. D6 bén va dép tang, hé sé tham hoi nudc thap = 3 g mm/m? ngay,
mo dun dan hoi 1-2 GPa, phit hop dun ép va ép phun. Ty 1& 3HV 5-15% t6i uu cho
bao bi thuc pham va mang néng nghiép nhd can bang do cung, déo [19].

CHj
CH, 0 C‘H2 0
o—CH—CHl—U o— C|H—CH3—U
X y
3HB 3HV

Hinh 1.3. Cau tric ctia P(3HB-co-3HV) [20].

PHA Terpolymer nhu P(3HB-co-3HV-co-4HV) c6 d6 két tinh thap hon (38-
49%), trong lugng phan tir Mn 45-87 kDa, Mw 201-248 kDa, do nham bé mit ting
theo ty 1¢ 4HV, tao d6 xSp cao va tinh dan hdi vuot troi so voi PHB/PHBV. Téc do
phan hity sinh hoc nhanh hon nho cau triic khéng déu, hé s6 thim khi cao hon (O
permeability ting), diém néng chay phu thudc thanh phan nhung thuong 110-140°C.
Terpolymer 1y tuéng cho tmg dung y té dén san xuit mang ciy ghép va bao bi can
dd déo cao [21].

Ngoai cac tinh chit co hoc, dic tinh nhiét va kha nang xu ly ctua céc loai PHA
cling c6 su khac biét dang ké. PHB c6 nhiét d6 nong chay twong d6i cao nhung
khoang chénh léch gilta nhiét d§ nong chay va nhiét d0 phan huy lai nhd, gay kho
khan trong qua trinh gia cong nhiét. Trong khi d6, PHBV va mcl-PHA c6 khoang
nhiét do gia cong rong hon, gitp qud trinh ép phun, dun hoac tao mang tré nén
thuan loi1 hon. Sy khac biét nay la yéu td quan trong khi lga chon loai PHA phu hop
cho tirng tng dung cong nghiép cu thé.

1.1.4. Ung dung ciia nhwa sinh hoc PHA

Nho sy két hop giita tinh phan hay sinh hoc, kha ning tuong thich sinh hoc va
ngudn goc tai tao, PHA duoc xem la mot trong nhitng nhém vat liéu polymer sinh
hoc c6 pham vi Gmg dung da dang nhét hién nay. Khong chi thay thé cac loai nhua



c6 ngudn goc dau mo trong nhitng san pham st dung ngan han, PHA con duoc
nghién ctru va phat trién cho nhiéu tng dung cé gia tri gia ting cao trong y hoc,
néng nghiép, bao bi thuc phim va cong nghiép k¥ thuat. Kha ning diéu chinh tinh
chét co hoc thong qua thay doi thanh phadn monomer cho phép tao ra cac loai PHA
c6 d6 cung, d6 déo va téc d6 phan huy khac nhau, dap tng yéu cdu cua nhiéu linh
vuc ung dung chuyén biét.

PHA duoc (mg dung rong rii trong y té nho tinh tuong thich sinh hoc vuot troi
va kha ning phan huy hoan toan trong co thé. Chung tao thanh chi khau tu tiéu
(surgical sutures), hé théng phong thich thudc kiém soat (controlled drug delivery)
nhu vién nén sinh hoc va hat nano mang thuéc ung thu. Mang cdy ghép
xuong/khép, gia @& mo (tissue engineering scaffolds) tir P(3HB-co-3HHXx) hd tro tai
tao sun, day chéing nho tinh dan hoi va do xép 1y tuong. Vat li¢u chinh hinh nhu dia
nep xuong, stent mach mau phan huy sau 6-12 thang cling dugc FDA phé duyét
[22].

Mot trong nhimg wu diém ndi bat gitp PHA duoc quan tim trong linh vuc vat
liéu sinh hoc 13 kha ning phan huy thanh cic san pham khong giy doc cho mdi
truong va co thé sdng. So v6i nhiéu polymer truyén thong, PHA c6 thé duoc xir Iy
sau st dung thong qua cac qua trinh sinh hoc ty nhién ma khong tao ra luong 16n
chét thai ton luu lau dai. Pac diém nay khong nhitng 1am ting gia tri tng dung cia
vat liéu ma con phu hop véi xu hudng phat trién cac san pham than thién voi moi
truong va nén kinh té tuan hoan dang duoc thiic dy trén pham vi toan cau.

Trong bao bi, PHA thay thé nhua PE/PP truyén théng nho kha nang chdng tham
khi O: (barrier properties) twong duong PET nhung phan huy sinh hoc 100%. Mang
boc thit ca tuoi, khay dung thuc phém, t4i mua sam siéu thi tr PHBV ¢6 do trong
subt cao, chéng dau m& va hoi nude hiéu qua. Tai réac hiru co, cde/chén dung mat
1an phan haty hoan toan trong bii chon l4p cong nghiép hodc méi trudng bién trong
3 - 6 thang, giam lugng vi nhua dang ké [23].

Noéng nghiép str dung PHA 1am mang phu dat (mulch films) phan hiy ty nhién
sau vy mua, loai bé nhu cau thu gom thii cong. Ludi dénh cé, day budc cay trong,
khay gieo hat tr mcl-PHA chiu nuéc méan va phan huy trong dai duong sau 1-2
nim. Ong tudi nho giot sinh hoc giam tic nghén va 6 nhidm dét, thay thé PVC
truyén théng & cac nudc nhiét doi [24]. PHA lam 16p phu gidy chéng dau md cho
hop thic an nhanh, chat két dinh sinh hoc trong gd ép, soi dét may (PHA fibers)
khang khuan ty nhién. Lam phu gia tuong thich cho nhwra composite PLA/PBS, cai



thién do dai va dap. Trong dién tr, mang cach dién sinh hoc va vé pin phan huy
dang duoc nghién ctru thuong mai hoa [24].
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Hinh 1.4. Ung dung cua PHA trong doi séng [24].

Bén canh cac ung dung thwong mai di duoc trién khai, nhiéu hudng nghién ctiru
méi vé PHA van dang tiép tuc dugc phét trién nham mé rong pham vi st dung cia
vat li¢u nay. Cac nghién clru tdp trung vao viéc cai thién tinh chét co hoc, giam gia
thanh san xudt va két hop PHA véi cac vat ligu sinh hoc khac dé tao ra cac hé vat
lidu da chirc nang. Su phét trién ciia cong nghé 1én men vi sinh vat va cac quy trinh
thu hoi polymer hiéu qua hon dugc ky vong s& thuc day qua trinh thwong mai hoa
PHA ¢ quy md 16n, gbp phan thay thé dan cac loai nhua héa dau trong nhiéu linh
vuc san xuat va tiéu dung.

1.2. Céc vi sinh vét wa nhiét c6 kha ning tong hop PHA va cac loai PHA
thu nhin dwgc

1.2.1. Cic vi sinh vit wa nhigt c6 khd néing sinh tong hgp PHA

Vi sinh vat wa nhiét 1a nhom sinh vat c6 kha ning sinh trudong va phat trién toi
vu & nhiét d6 cao, thudng trong khoang tir 45-80°C. Su thich nghi voi diéu kién
nhiét d6 khic nghiét gitip cac vi sinh vat ndy s hitu hé enzyme bén nhiét ciing cac
co ché bao vé té bao dic biét, cho phép duy tri hoat dong trao doi chét trong moi
truong ma nhiéu vi sinh vét théng thuong khong thé ton tai. Trong nhiing nim gan
day, cac chung vi sinh vat va nhi¢t da thu hat sy quan tam dang ké trong linh vuc
cong nghé sinh hoc do tiém ning ung dung trong san xuit enzyme cong nghiép,
nhién liéu sinh hoc va dac biét 1a sinh téng hop PHA.
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Vi sinh vat ua nhiét 1a nhitng loai c6 kha ndng sinh trudng va hoat dong & nhiét
d6 cao (thudng tir 40 — 60 °C hodc hon) va mot s ching trong sb chiing co thé sinh
tong hop polyhydroxyalkanoat (PHA) [25]. Vi sinh vat wa nhiét san xuit PHA
thuong thudc cac chi Pseudomonas hoac Bacillus, c6 kha nang tich iy PHA dudi
dang hat duy trir carbon khi moi truong du thira nguén C nhung han ché N, P hoic S.
Day la nhiing vi sinh vat chiu nhiét tot, gitp qua trinh 1én men khong bi 14n tap cac
vi sinh vat khac. Vi du, chung Pseudomonas sp. SG4502 c6 thé san xuit PHA mach
trung binh (mcl-PHA) tir phu phdm biodiesel ¢ 45 — 55 °C [26].

Trong linh vyc vat li¢u bén viing, vi¢c rng dung vi khuin wa nhiét trong san
xuat nhua sinh hoc dugc xem 1a mot bude dot pha quan trong nho kha nang chuyén
hoa hiéu qua cic ngudn nguyén liéu tai tao thanh PHA c6 gia tri [21, 22]. Céc vi
sinh vat wa nhiét c6 thé st dung da dang nguén carbon, bao gém ca sinh khdi
lignocellulose, dé tong hop nhua sinh hoc véi hiéu sudt cao. Nhiéu nghién ctru cho
thiy chiing c6 thé dat ham luong PHA 1én t6i 75% sinh khéi té bao trong diéu kién
t6i uu, trong d6 glucose thudng dugc str dung nhu ngudn carbon chii yéu do kha
nang chuyén héa manh thanh PHB - dang PHA pho bién nhét [25]. Nhiing nghién
ctru tién phong trong cong nghé sinh hoc vi sinh vat ua nhiét da ghi nhan nhiéu tién
bo dang ké trong qua trinh tong hop PHA, qua d6 khang dinh tiém ning ctia nhom
vi khuan nay. Chang han, cic ching Cupriavidus cauae PHS1 va Geobacillus
stearothermophilus di chimg minh kha ning san xudt PHA tir nhiéu loai co chit
khac nhau & nhiét do cao, giup giam nguy co nhiém tap va nang cao hiéu suét sinh
téng hop. Pac biét, C. cauae PHS1 dugc xem la mét lva chon thay thé tiém nang
cho cac vi khuan sinh PHA wa 4m nho kha ning tong hop polyhydroxybutyrate hiéu
qua tir acetate va phenol ¢ 45 °C khi st dung gluconate 1am co chat. Bén canh do,
ching G. stearothermophilus KAE3 SPR_NPP da dugc tng dung thanh cong trong
san xuat PHA tir nuéc thai nganh cong nghiép sita, cho thay kha ning tan dung cac
ngudn co chat gia ré [25]. Tuong tu, Aneurinibacillus sp. H1 c6 kha ning chuyén
hoa glycerol thanh poly(3-hydroxybutyrate) cung cdc copolymer chira ty 1€ mol
dang ké cua 3-hydroxyvalerate va 4-hydroxybutyrate trong diéu kién t6i uu & 45 °C
[23, 24]. Ngoai ra, Schlegelella thermodepolymerans DSM 15344 - mot vi khuan ua
nhiét mirc do trung binh - s& hitu hé gen thé hién tinh da dang chuyén héa cao, cho
phép sir dung nhiéu loai co chat nhu lignocellulose va glycerol cho qué trinh san
xuat PHA [26].

So véi cac vi sinh vat sinh téng hop PHA hoat dong ¢ nhiét d0 trung binh, cac
ching ua nhiét mang lai nhiéu loi thé trong qua trinh san xudt & quy md cong
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nghiép. Nhiét d6 nudi cdy cao gitp giam nguy co nhiém tap tir cac vi sinh vat ngoai
lai, tir d6 giam yéu cau vé diéu kién vo trung nghiém ngit va chi phi van hanh hé
théng. Dong thoi, kha ning hoat dong on dinh cua cic enzyme lién quan dén qua
trinh téng hop PHA & nhiét do cao c6 thé gop phan ning cao hiéu sudt chuyén hoa
co chat va tich lily polymer trong té bao. Day duoc xem 1a mot hudng tiép can tiém
nang nham cai thién tinh kinh té ctia quy trinh san xuat PHA sinh hoc.

Ngoai wu thé vé diéu kién sinh trudng, nhiéu nghién ctru con cho thay vi sinh
vat wa nhiét c6 kha ning st dung da dang ngudn carbon, bao gdm céc phu pham
néng nghiép, chat thai hitu co va nguyén liu tai tao gia ré dé sinh tong hop PHA.
Pic diém nay gop phan giam chi phi nguyén liéu dau vao, von dugc xem 1a mot
trong nhitng yéu t6 anh huéng 16n dén gia thanh san pham PHA. Do d6, viéc tim
kiém, phan 1ap va t6i wu hoa cac ching vi sinh vat ua nhiét cé ning suat tich liy
PHA cao dang tr¢ thanh mot trong nhimng hudng nghién ctru quan trong nham thuc
day qua trinh thuong mai hoa vat liéu nhwra sinh hoc trong tuwong lai.

1.2.2. Con dwong sinh tong hop PHA

Qua trinh sinh tong hop PHA trong vi khuan dién ra chii yéu nhu mét co ché dy
trit nang lwong va carbon khi té bao roi vao diéu kién mat can bang dinh dudng, dic
biét 14 khi nguon carbon du thira nhung cac nguyén to thiét yéu nhu nito, photpho
hodc oxy bi gi6i han. Trong diéu kién nay, vi sinh vat chuyén huéng dong chuyén
hoa tir ting trudng té bao sang tich lity polymer ndi bao dudi dang hat PHA. Cac hat
nay duoc hinh thanh trong té bao chit va dugc bao boc bdi mot 16p mang
phospholipid kém theo cac protein dic hiéu, gitp 6n dinh ciu tric va diéu hoa qua
trinh tong hop, phan giai polymer.

PHA duoc tong hop qua 3 enzyme chinh: B-ketothiolase, acetoacetyl-CoA
reductase va PHA synthase, chuyén hoa cic ngudn carbon nhu axit béo hodc duong
thanh polymer, va dién ra khi méi truong du thira carbon nhung thiéu ni-to hoic
phét-pho. O vi sinh vat ua nhiét, qué trinh nay dién ra hiéu qua & nhiét do cao, gitp
ting ning suat va giam 6 nhiém do cac vi sinh vét khic gy ra. Ching thuong san
xuat PHA chiém 30-50% sinh khéi kho [26].
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Hinh 1.5. Con duong sinh tong hop PHA trong té bao [27]

Qua trinh bat dau tir acetyl-CoA, duoc chuyén thanh acetoacetyl-CoA do P-
ketothiolase (PhaA) xuc tac, sau d6 dugc khur thanh (R)-3-hydroxybutyryl-CoA do
enzyme acetyl-CoA reductase (PhaB) xtic tic, va cudi ciing duoc polymer héa thanh
PHA bdi PHA synthase (PhaC) [28,29].

Ba con duong chinh: Con dudng I (Acetoacetyl-CoA): phd bién nhat &
Cupriavidus necator, tr acetyl-CoA qua PhaA va PhaB tao hydroxyacyl-CoA rdi
polymer héa. Con dudng II (B-oxidation axit béo): Axit béo dugc chuyén thanh
Acyl-CoA, oxy hoa B tao (R)-3-hydroxyacyl-CoA, dung truc tiép cho PhaC; thudng
& Pseudomonas. Con dudng 111 (Tong hop axit béo de novo): Tir acetyl-CoA tao 3-
hydroxyacyl-ACP qua FAS, chuyén sang CoA cho PhaC [30].

PhaR thuong diéu hoa am tinh dé kiém soat tich liiy PHA khi hat PHA qua
nhiéu. Cac con dudng nay cho phép san xuit PHA da dang tir scl-PHA dén mcl-
PHA tily chiing va ngudn carbon [31,32].

Sau khi duoc téng hop, PHA duogc tich liy dudi dang hat du trit trong té bao
chét, chiém mot ty 1€ dang ké khoi luong kho cua té bao trong diéu kién tbi wu, co
thé 1én dén 50-80%. Khi diéu kién moi truong tré nén thuan loi trd lai, vi sinh vat
¢ thé huy dong PHA nhu mot ngudn carbon va niang luong thong qua qua trinh
depolymer hoa. Co ché nay gitp té bao thich nghi linh hoat véi sy bién dong cua
moi truong sdng, déng thoi 1a co so sinh hoc cho viée khai thac PHA nhu mot vat
lidu c6 kha ning phan hity sinh hoc trong cac diéu kién tu nhién.
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1.3. Tinh hinh nghién ciru

Trong nhiing thap ky gan day, nghién ctru vé polyhydroxyalkanoate (PHA) da
thu hut sy quan tim manh mé& trén pham vi toan cau, dic biét trong bdi canh 6
nhiém nhwa hoa diu ngay cang nghiém trong. Cac huong nghién ctru ban dau tap
trung cha yéu vao viéc phan 1ap va téi uu hoa cac chung vi sinh vat co kha nang tich
Iy PHA cao, cling nhu cai thién hiéu sudt sinh tong hop trong dleu kién nuoi cay
nhan tao. Tuy nhién, do chi phi san xuat con cao so v6i nhya truyén théng, PHA van
chu yéu duoc tmg dung trong cac linh vuc c6 gia tri gia ting cao nhu y sinh va vat
lidu dac biét.

Hién nay, xu hudng nghién ciru PHA dang chuyén dich manh sang viéc ti uu
hoa quy trinh san xuat theo hudng bén viing va kinh té hon. Nhiéu cong trinh tap
trung vao viéc sir dung ngudn carbon gia ré tir phu pham nong nghiép, chat thai hitu
co va dau thai cong nghiép nham giam chi phi nguyén liéu dau vao. Dong thoi, cac
cong nghé Ién men lién tuc, 1én men hai giai doan va k¥ thuat nudi cay mat do cao
cling duoc nghién cru nham ting ning sut tich lily polymer trong té bao vi sinh
vat. Nhirng cai tién nay dong vai tro quan trong trong viéc thu hep khoang cach chi
phi giita PHA va céac loai nhya hoa dau truyén théng.

Bén canh cai tién quy trinh sinh hoc, nhiéu nghién ctru cling tap trung vao viéc
bién d6i di truyén cac ching vi sinh vat nham ting kha ning tong hop PHA hoic
diéu chinh thanh phan monomer cua polymer. Viéc uing dung cong nghé sinh hoc
phan tir cho phép diéu khién biéu hién cac enzyme cha chdt trong con dudng tong
hop PHA, tir d6 nang cao hi¢u suat va tao ra cac loai PHA c6 tinh chat co 1y mong
muon. Ngoai ra, cac nghién ctru vé dong nudi cdy vi sinh vat ciing dugc quan tam
nham tan dung wu diém cua nhiéu chung khac nhau trong cing mot hé thong san
xuat. O goc d6 ung dung, cac nghién clru gan day khong chi ding lai & viéc san xuét
PHA ma con mé rong sang phat trién vat liéu composite va vat liéu chirc ning. PHA
duoc phdi tron voi cac polymer sinh hoc khac hodc gia cuong bang soi ty nhién
nham cai thién do bén co hoc va kha nang chiu nhi¢t. Ngoai ra, cac huong nghién
cltru méi con bao gom tng dung PHA trong linh vyc bao bi thong minh, vat li¢u y
sinh thé hé moi va thiét bi phan huy sinh hoc trong dién tir mém. Nhiing két qua nay

cho thdy tiém niang phat trién 1au dai cia PHA trong nhiéu linh vuc céng nghiép
khéc nhau.

1.3.1. Trén thé gidi

Trén thé gidi, cac nghién ctru vé vi khuan sinh téng hop PHA da duogc thyc hién
kha rong rai tir cudi thé ky XX, véi trong tam 1a cac chung vi khuan dé nudi ciy
nhu Cupriavidus necator, Pseudomonas, Bacillus, Halomonas va mdt sb vi sinh vat
wa man, ua nhiét, va kiém. PHA duoc biét dén 1a polyester sinh hoc phan huy sinh
hoc, dugc vi sinh vat tong hop tir ngudn carbon du thira trong diéu kién thiéu mot sd
chat dinh dudng nhur nitrogen, phosphorus hogc sulfur [26,33].
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Nhiéu nghién ctru qudc té di tap trung vao viéc bién doi diéu kién nudi cay va
t61 wu ngudn carbon (dudng, dau thuc vat, chit thai néng nghiép) nhim ning cao
ham lwong PHA trong sinh khdi té bao, tir vai phan trim dén hon 80% sinh khéi
kho, tuy loai chung va méi trudng. Gan ddy, cac nhom khoa hoc trén thé gi6i da
huong dén viéc khai thac mot sb vi sinh vat wa min, wa nhiét, uva kiém dé té)ng hop
PHA nham giam chi phi ning luogng, tan dung diéu kién moi truong tuy nhién va tao
ra vat liéu sinh hoc c6 tinh chat co 1y dic biét [26,33].

Ngoai PHA copolymer dién hinh nhu P(3HB-co-3HV), ngdy cang nhiéu cong
trinh qubc té cong bd cac PHA terpolymer (vi du P(3HB-co-3HV-co-3HHx) va
P(3HB-co-3HV-co-4HB)) ¢6 kha ning diéu chinh tinh mém déo, d6 bén va dap va
tinh phan hay sinh hoc, phu hgp hon véi tng dung trong y sinh va bao bi sinh hoc.
Diéu nay cho thidy xu hudng chuyén tir cac ching vi sinh truyén théng sang khai
thac da dang sinh hoc & cdc moi trudong dac biét nhu bién, dat man, nudc nong va
dao nhiét doi dé tim kiém cac chung méi c6 kha ning sinh tong hop PHA hiéu qua
[21,34,35].

1.3.2. Vi¢t Nam

Tai Viét Nam, viéc nghién ciru PHA méi bat dau phat trién trong hai thap ky
gan day, chu yéu tap trung vao phan lap, tuyén chon va danh gia kha ning sinh tong
hop PHA cua cac chung vi khuan thudng gip va vi sinh vat thich nghi trong diéu
kién cuc doan. Mot s6 nghién ctru di st dung vi khuin ua man phan lap tir déo
Truong Sa Lon va cac vung dat man khac dé san xuit PHA, cho thﬁy ham lugng
PHA c6 thé dat tir vai % dén hon 30% sinh khéi kho tuy ching. Céac chung vi khuan
chu yéu duoc bao cao thudc cac chi nhu Halomonas, Salinicola, Bacillus... va dugc
dinh danh bang phan tich gen 16S rRNA [26,33,36].

Ngoai nhém wa man, cac nhéom vi khuén chiu man va chju nhiét khac cling
dugc quan tdm vi c6 tiém ning giup giam chi phi ning luong va nudc tinh
khiét trong nudi cay cong nghiép. Tuy nhién, da s6 nghién ctru trong nudc hién nay
van tap trung vao ving bién, dat min, nudc thai va cac ngudn carbon thong thudng
nhu glucose, dau co, dau dau nanh, trong khi vi¢c khai thac vi khuan wa nhiét tur
sudi nudc nong dé sinh téng hop PHA con rat han ché [37,38].

Céc nghién ctru vé vi khuin wa nhiét ¢ Viét Nam chu yéu huéng dén viéc
phan 1ap cac ching c6 kha ning sinh enzyme bén nhiét (nhu a-amylase, chitinase)
thay vi sinh tong hop PHA [38]. Mot s6 bao cao da phan 1ap thanh cong cac ching
ua nhiét tir sudi nudc néng Truong Xuan (Khanh Hoa), Binh Chau (Ba Ria — Viing
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Tau) hay sudi nuéc néng My Lam (Tuyén Quang), nhung muc tiéu cha yéu 1a thu
nhan enzyme cong nghiép, chua trién khai siu vao viéc tuyén chon ching wa nhiét
¢6 kha ning sinh tong hop PHA [26,37,38].



16

Chwong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit li¢u

Céac méu nude va bun dugc thu thap tai sudi nude nong Quang Nguyén, Ha
Giang (22.648692° N, 104.916131° E).

2.2. Dung cu, thiét bi may méc, héa chit
2.2.1. Dung cu
- Pia petri, ong nghiém thuy tinh
- Pau tip va pipet cac loai
- Ong falcon 50 ml, dng dong
- Ong eppendorf 1,5 ml
- Binh tam giéc
- Pén cbn, que cdy
- biia thuy tinh
- Giay do pH
2.2.2. Thiét bi mdy méc
- Can dién tu (Ohaus, M¥)
- May khuay tir (IKA, Duc)

- May lic nudi vi khuan Eppendorf (Pirc), box nudi cdy vi khuan (Thermo
Fisher Scientific, M¥)

- T sy, ti &m, ndi hip thanh tring, 16 vi song (Sanyo, Nhat Ban)
- Ta lanh 5°C, ta lanh -20°C (Panasonic, Nhat Ban)

- May ly tam (Eppendorf, Duc)

- Bé dién di va bd ngudn dién di (Thermo Fisher Scientific, M¥)

- May quang pho (Agilent Technologies, M¥)

- May vortex (IKA, Buc)

- Kinh hién vi huynh quang (Olympus, Nhat Ban), kinh hién vi dién tor
(Thermo Fisher Scientific, M¥).
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2.2.3. Héa chit
- LB Broth (Thermo Fisher Scientific, M)
- Cao ndm men (HiMedia Laboratories, An Do)
- NaCl (Sigma-Aldrich, Dric)
- Gelzan™ CM (Gelrite) (DuPont, M¥)
- GeneJET Genomic DNA Purification Kit (Thermo Fisher, Litva)
- Thudc nhudom Nile blue A (Sigma-Aldrich, buc)
- Thubc nhudém Sudan Black (Sigma-Aldrich, D)
- Agarose (Sigma-Aldrich, Buc)
- PHB (Sigma-Aldrich, Dtrc)

2.2.4. Moi trwong nudi cdy

- M6i truong LB Broth (g/L) (Tryptone 10 g/L, Cao nim men 5 g/L, NaCl 10
g/L) va LB + Gelrite (giong mdi truong LB va thém 20 g/L Gelrite).

- Moi truong khoang co ban (g/L): glucose 30, peptone 5, NaxMoOa4:2H-0
0,005, MnSOa 0,005, FeSO4-7H20 0,01, CaClz-2H-0 0,02, NaCl 30, MgSOa4-7H20
0,2, KH2PO4:2H-0 0,2, va K:HPOs 1,6.

2.3. Phwong phap nghién ciru
2.3.1. Phwong phdp lidy mdu nwéc va bin ¢ suéi nwéc nong

Mau nudc va bun dugc thu thap tai sudi nude néng Quang Nguyén, tinh Ha
Giang, tai cac diém c6 nhiét do dac trung khac nhau, bao gém khoang 40 °C, 50 °C,
va 60 °C. Cac diém 1éy mau duoc lya chon nham dai dién cho cac vi méi truong co
diéu kién nhiét d6 khac nhau, phuc vu cho viéc phan 1ap cac vi sinh vat va nhiét.

Tai mbi diém 14y mAu, cac thong sé hién trudng nhu nhiét do duoc do tryc tiép
tai chd bang nhiét ké chuyén dung. Mau nuéc duge thu vao cac chai thily tinh chiu
nhiét (Pyrex) da duoc tiét tring, dung tich khoang 500 mL, c¢6 nip kin. Mau duogc
liy & 16p nudc bé mit hodc gan vi tri dong chay chinh.

Mau bun dugc thu thap tai 16p bun lang & day hodc ven dong chay bang mudi
can dai dd duoc khir tring va vo trung trude khi sir dung, nhdm dam bao an toan va
han ché nhiém chéo. Bun sau khi thu dugc chuyén vao cac dung cu chura vo trung
thich hop (6ng Falcon hodc chai thuy tinh). Tt cd cac miu duoc ghi mi sb, thoi
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gian, nhi¢t do va vi tri léy mau, sau d6 dugc bao quan trong thung giltr nhi¢t va van
chuyén vé phong thi nghiém trong thdi gian sém nhat dé tién hanh cac thi nghiém
phan 1ap va nudi ciy tiép theo.

2.3.2. Phwong phap phdn ldp vi sinh vdt wa nhiét

Céac chiing vi sinh vat wa nhiét dugc phan 1ap tir mau nude va bun thu thap tai
sudi nudc nong bang phuong phap cdy truc tiép. Mau nudc duoc lic déu, trong khi
mau bun dugc dong nhat héa. Sau d6, mau dugc pha lodng thip phin & cic mirc
107! va 102 trong dung dich sinh ly vé trung (0,85% NaCl). Mdi d6 pha loang, 500
uL miu duoc cdy trai trén bé mat moi truong LB (Luria—Bertani) b6 sung Gelrite
1,5% thay cho agar nham ting d6 bén nhiét ciia moi truong.

Céc dia nudi cay duoc u & 55 °C trong 2472 gid nham chon loc céc vi sinh
vat c6 kha ndng sinh truong & nhiét d¢ cao. Sau thoi gian 1, cac khuén lac riéng ré
vo1 hinh thai khac nhau dugc lwa chon va céy chuyén nhiéu lan trén cung mdt moi
truong dé thu nhan dong thuan.

Céc ching phan 14p dugc bao quan ngin han trén thach nghiéng LB-Gelrite ¢
4°C va bao quan dai han trong méi trudng LB bd sung glycerol (20%, v/v) & -20°C
hoic -80°C dé phuc vu cho cac nghién ctru tiép theo.

2.3.3. Danh gia so by kha nang tich lily PHA ni bao cua cdc chung vi
khudn phan lap

TAt ca cac chung vi khuan phan lap duoc tién hanh sang loc dinh tinh ban dau
kha ning sinh tong hgp PHA bang phuong phap nhuém Sudan Black B theo phuong
phap cua Hartman (1940) [39]. Cac ching dugc nudi cdy trén dia thach dinh dudng
va phu bang dung dich Sudan Black B 0,3%. Sau khi nhudém, cac dia dugc rira nhe
bﬁng ethanol 60% dé loai bod luong thuéc nhuém du khong lién két. Cac khuan lac
van giit mau xanh den sau budc rira duogc xem 1a cac chiing ¢ kha ning sinh PHA,
trong khi cac khuan lac khong sinh PHA khéng giir lai thubc nhudm.

Céc chung cho két qua duong tinh v&i phép thir Sudan Black B tiép tuc dugc
khao sat kha ning tich liiy PHA bang kinh hién vi huynh quang theo phwong phap
clia Spiekermann va cs. (1999). Nhiing té bao phat huynh quang mau cam hoic
héng dic trung dudi kinh hién vi duge xem 1a cac ching sinh PHA manh. Cudi
cung, cic ching duong tinh duoc lwa chon dé phén tich bang kinh hién vi dién tir
truyén qua (TEM) nham quan sat truc tiép cac hat PHA ndi bao [40].
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2.3.4. Nghién ciru dic diém sinh hoc ciia cdc chiing vi khudn tuyén chon
a) Bdc diém hinh thdi

Céc chung vi khuén wa nhiét sang loc & trén dugc hoat hoa va nuoi cfiy trén
moi trudng LB bd sung Gelrite. Cu thé, dich giéng cua timg ching duoc cy ria trén
bé mit dia méi truong LB + Gelrite va i & nhiét do thich hop cho sinh truéng cia vi
khuan wa nhiét trong 24-48 gio. Sau thoi gian nudi cdy, dic diém hinh thai khuan
lac dugc quan sat tryc tiép bang mat thuong va ghi nhan dya trén cac tiéu chi gdm
hinh dang, mau sdc, 40 noi, bé mat, mép khuén lac, do bong va do trong cua khuén
lac.

Pic diém hinh thai té bao dugc xac dinh bang phuong phéap soi kinh hién vi
quang hoc. Sinh khéi vi khuan tir khuan lac riéng ré& dugc lay bang que cay vo tring,
hoa déu trong mot giot nudc cat vo trung trén lam kinh, dan méng, ¢ dinh nhiét va
tién hanh nhuém Gram theo quy trinh tiéu chuan. Tiéu ban sau nhuém dugc quan
sat dudi kinh hién vi quang hoc Olympus CH-2 (Olympus, Nhat Ban) ¢ vat kinh dau
100x. Cac ddc diém vé hinh dang té bao, cach sip xép té bao va phan tng Gram
duogc ghi nhan. Két qua quan sat dugc st dung lam co s& mo ta dac diém hinh thai
ban dau cua cac ching vi khuin wa nhiét nghién ciru.

b) Pdc diém sinh Iy

Kha ning sinh truong hiéu khi dugc xic dinh bang cach nudi cdy cac ching
trén méi trudng LB trong diéu kién c6 oxy. Anh huong cua nhiét d6 dén sinh truong
duoc khao sat bang cach nudi cdy cac ching ¢ cac muc nhiét do khac nhau, trong
khoang 30-65 °C. Anh hudng ciia pH dugc danh gia trén moi truong LB duoc diéu
chinh dén cac gia tri pH khac nhau trong khoang pH 5,5-9,0. Kha ning chiu mudi
dugc xac dinh bang cach nudi cdy cac ching trén moi truong LB ¢6 bo sung NaCl &
cac nong d6 khac nhau, tir 0 dén 3%. Sinh trudng cta vi khuin duoc danh gia dwa
trén d§ duc ciia mdi truong long. Nhi¢t dJ, pH va néng do NaCl tdi vu duogce xéc
dinh tai diéu kién cho sinh truéng manh nhét.

¢) Pdc diém sinh héa
- Hoat tinh catalase dugc xac dinh béng cach nho dung dich H202 3% 1én sinh

khéi vi khuan twoi; phan ing duong tinh duge ghi nhan khi xuat hién bot khi ngay
sau khi nho thudc thi.
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- Thir nghiém Voges—Proskauer dugc thuc hién trong moéi truong MR-VP
broth; sau thoi gian nudi cy, bo sung thudc thir a-naphthol va KOH, phan tng
duong tinh dugc xac dinh khi méi trudng chuyén sang mau dé hong.

- Kha ning st dung va 1én men cac ngudn carbon khic nhau duoc khao st
trén moi trudng co s co bd sung riéng ré timg ngudn dudng, bao gém glucose,
galactose, inositol, L-arabinose, cellobiose, glycerol, lactose, mannitol, rhamnose,
ribose, sorbitol va D-xylose. Cac dng méi truong duoc cay gidng va o trong 2472
gid. Két qua duong tinh duoc xac dinh dya trén sy sinh trudng cia vi khuan.

- Khé nang thuy phan tinh bot, casein va gelatin dugc danh gia trén cac moi
truong khoang + Gelrite ¢ bo sung 3 g/L peptone chira cac co chat tuong tng. Dbi
v6i thity phan tinh bot, cac chung dugc cdy trén moi trudng c6 bd sung tinh bot; sau
nudi cdy, dia duoc nho dung dich iodine. Vong sang xung quanh khuan lac thé hién
phan tng thuy phan tinh bot dwong tinh. Kha nang thuy phéan casein dugc kiém tra
trén moi truong chia casein; su xudt hién ctia vong phin giai trong sudt quanh
khuan lac sau khi nho axit tricloroaxetic duoc ghi nhan 1a két qua duong tinh. Thay
phan gelatin dugc danh gid trén moi truong gelatin; phan ng duong tinh dugc xac
dinh khi moi truong bi hoa 16ng sau nudi cdy va khong dong lai khi lam lanh.

d) Trinh tw gen 16S rRNA

Tién hanh tich chiét DNA hé gen cac chung vi khuan tiém ning bang
GeneJET Genomic Purification kit (Thermo Fisher, My). Sau d6, DNA duogc dién di
trén gel agarose 0,8%, 100 V, trong 30 phat dé kiém tra. Str dung DNA hé gen dé
1am khuon cho phan tng khuéch dai gen 16S rRNA véi cap mdi dic hiéu 27F (5'-
AGA GTT TGA TCM TGG CTC AG-3') and 1492R (5'-TAC GGY TAC CTT GTT
ACG ACTT-3").[43] v6i thanh phan phan tng:

Thanh phan Nong do Thé tich (ul)
Taq polymerase buffer 10x Sul
Mdi xudi 10 pmol 1wl
Mdi nguoc 10 pmol 1wl
DNA khuon 20 ng 2ul
dNTPs 10 mM 2ul

Nuclease-free water 39 ul
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Chu trinh nhiét: 95°C 5 phut, 35 chu ky (95°C 1 phut, 55°C 45 giay, 72°C 1
phut), 72°C 5 phut, 4°C

San pham PCR duoc dién di trén gel agarose 0,8% dé quan sat va tinh sach
bang Kit GenJET PCR Purification (Thermo Fisher, M§) theo huéng dan sir dung
ctia nha san xuét, sau d6 duge guri di giai trinh ty. Két qua trinh tu doan gen dugc xu
Iy bang cac phan mém va chwong trinh tin sinh hoc nhu BioEdit duoc so sanh muc
d6 tuong ddng cac nucleotide bang cong cu Basic Local Alignment Sequences Tool
BLAST (http://blast.ncbi.nlm.nih.gov/) véi cac trinh tu san ¢o trong co s& dir licu.

2.3.5. Lén men sinh téng hop PHA ciia cdc chiing vi khudn tuyén chon

Kha ndng sinh truong va tich lily polyhydroxyalkanoate (PHA) cia c4c chung
tuyén chon dugc danh gia trong diéu kién 1én men lac. Khudn lac don cua ting
chung vi khuan duoc cdy vao dng nghiém chira 5 mL méi trudng LB va nudi ¢ nhiét
d6 45 °C, lac 200 rpm qua dém dé hoat hoa. Sau d6 duoc cdy chuyén vao moi
truong LB 16ng va nudi qua dém dé thu dich gidng. Dich gidng dugc bd sung vao
binh tam gidc chira moi truong khoang c6 glucose 1a ngudn carbon va peptone 1a
ngudn nito véi ty 1¢ gidng 5%. Mbi truong duge diéu chinh pH vé 7,0 trude khi khir
trung. Qua trinh 1én men dugc thyc hién & 45 °C trong 72 gio trén may lac. Sau thoi
gian nudi cay, dich 1én men dugc thu nhan dé xac dinh sinh khoi khé va ham luong
PHA tich lily trong té bao.

2.3.6. Anh hwéng ciia cdc yéu té lén sinh trwéng va sinh tong hop PHA ciia
cdc chiing vi khudn tuyén chon

a) Anh hwong ciia nhiét @é

Anh huéng cua nhiét do dén kha ning sinh trudng va tich lily PHA cua chung
Geobacillus sp. HG5.6 duoc khao sat trong diéu kién 1én men lic. Chung HG5.6
dugc hoat hoa trén méi trudng LB, sau d6 cdy chuyén vao moi trudng LB 10ng dé
chuan bi dich gidng. Dich gidng duoc bd sung vio binh tam gidc chira méi trudng
khoang v&i glucose 1a ngudn carbon va peptone 13 ngudn nito. Méi trudng duge
diéu chinh pH 7,0 trude khi khir trung. Qué trinh nuoi céy duoc thuc hién & cac muc
nhiét d6 khac nhau gdm 30, 35, 40, 45, 50, 55 va 60 °C trén may lac & téc do 200
vong/phiit trong 72 gid. Sau thoi gian nudi cdy, dich 1én men duoc thu nhan dé danh
giad kha nang sinh truong va tich ltiy PHA cua ching nghién curu.

b) Anh hwéng ciia pH
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Anh huong ctia pH ban dau cia mdi trudng dén kha ning sinh trudng va tich
lity PHA cuta chung Geobacillus sp. HG5.6 duoc khao sat biang cach diéu chinh pH
moi truong khodng & céc gia tri 5,0; 5,5; 6,0; 6,5; 7,0; 7,5; 8,0 va 8,5 trude khi khir
triung. Qua trinh nudi cdy duoc thuc hién véi glucose 1a ngudn carbon, peptone 1a
ngudn nito, & 50 °C trén may lic véi toe do6 200 vong/phat trong 72 gid. Sau thoi
gian nuoi céy, dich 1én men duoc thu nhan dé danh gia kha nang sinh truéng va tich
Ity PHA cua chung nghién curu.

c) Anh huong cua nguon carbon

Anh huodng ctia ngudn carbon dén kha ning sinh truéng va tich liy PHA cia
chung Geobacillus sp. HG5.6 duoc khao sat bang cach b sung riéng ré cac ngudn
carbon khac nhau vao méi trudng khoang. Cac ngudn carbon sir dung trong nghién
ciru bao gém glucose, galactose, lactose, sucrose, ribose, xylose, tinh bot va
glycerol. Qua trinh nudi cay duoc thuc hién vdi peptone 1a ngudn nito, & 50 °C, pH
7,0 trén may lic véi tbe do 200 vong/phut trong 72 gid. Sau thoi gian nudi ciy, dich
1én men dugc thu nhan dé danh gia kha ning sinh truéng va tich liiy PHA cua chung
nghién cuu.

d) Anh huéng ciia nguon nito

Anh huodng ctia ngudn nito dén kha ning sinh trudong va tich liiy PHA cia
chung Geobacillus sp. HG5.6 dugc khao sat bang cach bo sung riéng ré cic ngudn
nito khac nhau vao méi trudng khoang. Cac ngudn nito sir dung trong nghién ctru
bao gom NH4Cl, (NH4)2SO4, NH4NOs, KNOs, cao ndm men va peptone. Qué trinh
nudi cdy duge thyc hién voi glucose 1a ngudn carbon, & 50 °C, pH 7,0 trén may lic
v6i toc do 200 vong/phut trong 72 gio. Sau thoi gian nudi cdy, dich 1én men dugc
thu nhan dé danh gia kha ning sinh truong va tich liiy PHA cua chiing nghién ctru.

e) Anh hwong cua ti 1é C/N

Anh huéng cua ty 1é carbon/nito (C/N) dén kha ning sinh trudng va tich lity
PHA cua ching Geobacillus sp. HG5.6 dugc khao sat bang cach thay doi ty 1¢ gitra
glucose va peptone trong méi trudng khoang. Cac ty 16 C/N khao sat bao gém 15:1,
20:1, 25:1, 30:1, 35:1 va 40:1 (mol/mol). Qua trinh nudi cay duoc thuc hién & 50
°C, pH 7,0 trén may lac véi toc do 200 vong/phut trong 72 gio. Sau thoi gian nudi
cdy, dich 1én men dugc thu nhan dé danh gia kha ning sinh truong va tich liy PHA
cua chung nghién ctu.
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2.3.7. Xdc dinh sinh khoi khé té bao

5 - 10 mL sinh khéi té bao thu duoc sau qua trinh nuéi ciy dugc rira k§ bang
nudc cat nham loai bo cac thanh phan méi trudng con sot lai, sau d6 sdy trong ti sy
d6i luu ¢ 50 °C dén khéi lwong khong doi. Sinh khéi khé thu duoc duoc can dé xac
dinh khéi lugng té bao kho (Dry Cell Weight — DCW), dugc st dung 1am chi tiéu
danh gia tong sinh khdi té bao.

2.3.8. Tdch chiét PHA

Pé tach chiét PHA, sinh khéi té bao kho duoc xir 1y bang sodium hypochlorite
(NaClO) va chloroform (CHCls) theo ty 1& 1:100 (w/v). Hon hop duoc u & 60 °C
trong 2 gio dudi diéu kién lic nhe véi tbe do 100 vong/phut. Sau thoi gian u, 16p
pha nudc phia trén chira sinh khéi con du va NaClO dugc loai bé can than, trong khi
pha chloroform phia dudi chira PHA hoa tan duoc thu nhan va chuyén vao dia Petri
thuy tinh. Dé loai bd lipid té bao va cac tap chit, hdn hop methanol va nuéc dugce )
sung vao dich chiét theo ty 1& 7:3 (v/v), sau d6 hdn hop duoc ly tim ¢ 8500xg trong
15 phaut. Phan dich néi duoc loai bo, con phén két tua thu dugc duge rira hai 1an
bang ethanol 95% (v/v). PHA tinh sach sau d6 duoc 1am kho ty nhién qua dém &
nhiét d§ phong va can khoi luong. Sinh khéi con lai duoc xac dinh béng cach léy
khéi luong té bao kho ban dau trir di khéi lwgng PHA tinh sach thu dugc. Ty 16 tich
lity PHA dugc tinh bang ty 18 gitta ham lwong PHA va tong sinh khoi kho té bao
(DCW). Tat ca cac thi nghiém duoc thuc hién voi ba lan 1ap lai.

2.3.9. Xdc dinh thanh phin monomer ciia PHA

Thanh phin monomer ciia PHA dugc xic dinh bang phwong phap axit
methanol két hop GC-MS/MS. Sinh khdi té bao kho duge xir 1y voi hdn hop
HCl/methanol (85:15, v/v) c6 bb sung toluene va u & 100 °C trong 2 gid. Sau phan
g, mau duoc chiét bang hexane, ly tim va thu pha hiru co dé phan tich. Phan tich
GC-MS/MS duoc thuc hién trén hé thong TRACE 1300 két nbi dau do TSQ 8000
Evo (Thermo Fisher Scientific, Hoa Ky) st dung c¢t HP-5ms Ultra Inert. Khi
helium dugc str dung 1am khi mang véi toc d6 dong 1,5 mL/phat. Cac monomer
duoc dinh danh dya trén thoi gian luu va phd khdi so sanh véi mau chuan PHB,
PHBV va thu vién pho NIST 19. Ham luong 3HB duoc xac dinh bang phuong phap
duong chuan ngoai.

2.3.9. Phan tich phé hong ngoai bién doi Fourier (FTIR)

Pho hdng ngoai bién d6i Fourier (FTIR) dugc sir dung dé dic trung cau tric
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héa hoc cia PHA va xéac dinh cic nhom chirc dic trung cua polymer. Pho FTIR
dugc ghi nhéan trén thiét bj Thermo Nicolet NEXUS 670 FT-IR spectrometer
(Thermo Scientific, Hoa Ky) trong khoang s song tir 4000-500 cm™', tip trung
phan tich cac dao dong kéo gidn dic trung cia nhom carbonyl ester va lién két alkyl
thuong gdp ¢ polyhydroxyalkanoate.

2.3.10. Phén tich két qui

Dir lidu thi nghiém dugc xir Iy théng ké bang phan mém Microsoft Excel
(Microsoft Office Home 2024, Microsoft Corp., Redmond, WA, USA). Tét ca cac
thi nghiém duoc thyc hién tdi thiéu voi ba 1an lap lai va két qua duoc biéu thi dudi
dang gia tri trung binh + do 1éch chuan (SD). Céc dd thi dugc xdy dung bang phan
mém OriginPro 8.5.1 (OriginLab Corporation, Northampton, MA, USA).
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Chwong 3. KET QUA VA THAO LUAN

3.1. Phan 1ap cac ching vi khuin hiéu khi ¢ sudi nwéc néng Quang
Nguyén

Nham thu nhan céc chung vi khuan hiéu khi c6 kha ning thich nghi véi diéu
kién nhiét do cao, cdc mau nudc va bun da duoc thu thap tir nhiéu vi tri khac nhau
tai sudi nuéc nong Quang Nguyén, tinh Ha Giang, noi c6 nhiét d6 dao dong tir 40—
60°C. Quy trinh phan 1ap dugc thiét ké theo hudng mé phong tdi da cac diéu kién tur
nhién caa hé sinh thai sudi nude nong, trong dé nudc khoang tai chd duoc st dung
thay thé nudc cét trong moi truong nudi cidy nham duy tri thanh phan hoa hoc dic

trung cuia moi trudng song ban dia.

Céc mau sau khi thu thap duoc xir Iy trong vong 24 gio, tién hanh pha loang
thap phan va trai dia trén moi truong LB thach bo sung Gelrite, sau d6 1 ¢ 55 °C
nham chon loc cac vi khuan wa nhiét. Sy hinh thanh khuan lac duoc theo ddi tai cac
thoi diém 24, 48 va 72 gio.

Tir cac mau nudce va bun thu thap duoc, chung toi tién hanh phan lap truc tiép
va thu nhan cac khuan lac c¢6 dic diém hinh thai khac biét (hinh dang, mau sc, kich
thude, dic diém mép va bé mit khuan lac) dé lya chon, tach dong, 1am thuan va bao
quan phuc vu cho cac nghién ciru tiép theo. Két qua phan 1ap duoc trinh bay trong
Béang 3.1, Bang 3.2 va Hinh 3.1.

Bang 3.1. Mat d6 vi khuan hiéu khi trong cac mau nudc va bun sudi nudc nong

Quang Nguyén.
Tén miu Mat d6 vi khuan (CFU/mL hoic CFU/g)
Mau nuée 3x10°
Mau bun 1 5,4 x 10*
Mau bun 2 4,3 x 10*
Mau bun 3 3,5x 104
Mau bun 4 4,6x 10°
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Két qua trinh bay trong Bang 3.1 cho thidy mat do vi khuan hiéu khi trong cac
mau subi nudc néng Quang Nguyén c6 sy khac biét rd rét gitta pha nude va pha
bun. Cu thé, mat d6 vi khuén trong mau nudc dat 3 x 10> CFU/mL, trong khi céac
mau bun dao dong tir 3,5 x 10* dén 4,6 x 10° CFU/g. Nhu vy, mat d6 vi khuin
trong cac mau bun cao hon tir mot dén hai bac log so v&i mau nudc. Sy khac biét
nay phan anh dic diém phan bd dién hinh cia vi sinh vat trong cac hé sinh thai subi
nuée néng, trong d6 pha trim tich dong vai trd 12 noi cu tra chinh cta vi sinh vét.
So voi pha nudc, mdi trudng bun c6 kha ning tich lily chét hitu co, khoang chat va
té bao vi sinh vat, dong thoi han ché su pha lodng va cudn troi do dong chay. Ngoai
ra, cac hat rin trong tram tich cung cép bé mat cho vi sinh vat bam dinh, tao diéu
kién hinh thanh cac ciu triic vi sinh vat dang mang sinh hoc. Trong pha trim tich,
phén 16m vi sinh vat ton tai dudi dang bam dinh trén bé mat hat (particle-attached
microorganisms) thay vi & trang thai séng tu do. Cac té bao vi khuan bam 1én bé mit
khoang hodc vat chit hiru co théng qua cac chit nén ngoai bao (extracellular
polymeric substances, EPS), tir d6 hinh thanh cac vi ciu tric dang mang sinh hoc
(biofilm). Sy bam dinh nay giup vi sinh vat tranh bi cudn troi, dong thoi tao diéu
kién tiép can 6n dinh véi ngudn dinh dudng hip phu trén bé mit hat. Bén canh do,
cac vi mdi truong hinh thanh trong biofilm (vi du nhu gradient oxy va chét dinh
dudng) cho phép nhiéu nhom vi sinh vét ciing ton tai va phat trién, gop phan lam

ting mat do té bao trong pha tram tich so véi pha nudc ti do.

Dbi voi mau nude, mat do vi khuan thu duoc trong nghién ctru nay phu hop
v6i cac cong bd trude diy. Cu thé, Belkova et al. (2007) ghi nhan mat d6 vi khuan
di dudng nudi cdy dugc trong nude sudi nude noéng & mic 102 — 10° CFU/mL, nam
trong cung bac do 16n voéi gia tri 3 x 10° CFU/mL thu duoc trong nghién ciru nay.
Diéu nay cho thay mat d6 vi sinh vat trong pha nudc cua sudi Quang Nguyén 1a dién
hinh cho cac hé sudi nudc noéng tu nhién [47]. Dbi v6i cac miu bun, mat do vi
khuan dat mirc 10* — 105 CFU/g trong nghién ciru nay phu hop véi khoang gia tri da
duoc ghi nhan trong cac nghién ctru vé vi sinh vat wa nhiét. Theo Zeikus (1979),
mat d6 vi khuan di dudng nudi cdy dugc trong tram tich subi nudc néng cé thé dao

dong trong khoang 10* — 10° CFU/g, tuy thudc vao diéu kién dia hoa va phuong
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phap nudi cdy [48]. Diéu nay cho thiy céc gia trj thu dugc tai sudi Quang Nguyén 1a

phu hop v6i xu hudng chung ctia méi trudng trim tich dia nhiét.

Bang 3.2. SO luong va ky hi¢u cac chung vi khuan phan Iap tir cdc mau nudc va bun
sudi nudc nong Quang Nguyén.

Tén miu S6 chiing tach dwoc | Ky hiéu chiing
Mau nuéc 3 HG1.1 -HG1.3
Mau bun 1 3 HG2.1 -HG2.3
Mau bun 2 3 HG3.1 - HG3.3
Mau bun 3 5 HG4.1 - HG4.5
Mau bun 4 6 HGS5.1 - HG5.6
Tong sb 20

Két qua trinh bay trong Bang 3.2 cho thay tong cong 20 ching vi khuan da
dugc phan 1ap tir 5 mau, trong d6 cac mau bun cho s6 luong chung cao hon so véi
mau nudc. Mau bun 4 khong chi c6 mat do vi khuan cao nhat ma con cho s luong
chung phan 1ap 16n nhét (6 ching), tiép theo 1a mau bun 3 (5 chung), trong khi mau
nudc va cac mau bun con lai chi thu duge 3 ching. Xu hudng nay cho thdy méi lién
hé gitra mat do vi sinh vat ban dau va kha ning thu nhan da dang chung bang
phuong phap nuéi cay. Tuy nhién, sé lwong chung phan lap dugc ¢ thé khong phan
anh day du tinh da dang thuc su ctia quan xa vi sinh vat trong méi truong ty nhién.
Nhiéu nghién ctru da chi ra rang phan 16n vi sinh vat trong cac hé sudi nudc noéng
khong thé nudi cdy bang cac diéu kién phong thi nghiém thong thuong; do do, tap
hop cac ching phan 1ap duoc chi dai dién cho phan vi sinh vat c6 kha ning sinh
truong trong didu kién nudi cdy di lwa chon (Inskeep et al., 2013) [49].

Hinh anh khuan lac thé hién trong Hinh 3.1 cho thdy su da dang 3 rét vé hinh
thai khuén lac gitra cac mau nudc va bun, bao gff)m su khéc biét vé kich thude, mau
sdc, hinh dang va dic diém bé mat. Sy da dang nay phan anh tinh khong ddng nhit
cta tap hop vi khuan nudi cdy duogc tir subi nude nong Quang Nguyén, dong thoi
cho thiy phuong phap phan lap da thu nhan dugc nhiéu nhom vi khuan khac nhau.
Tong hop cac két qua tir Bang 3.1, Bang 3.2 va Hinh 3.1 cho thy sudi nudc noéng
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Quang Nguyén, dic biét 1a khu vuc tram tich, 13 ngudn vi sinh vat hiéu khi phong
pht véi mat d6 cao va sy da dang dang ké. Pay 13 co s& quan trong cho cac budc
sang loc tiép theo nham tuyén chon cac chung vi khuan c6 tiém niang tng dung, dic

biét trong sinh tong hop polyhydroxyalkanoate (PHA).

Mau nudc Mau bun 1 Mau bun 2

Mau bun 3 Mau bun 4

Hinh 3.1. Khuan lac thu dugc tir cdc mau nudc va bun tai cac vi tri khao sat suoi
nudc nong Quang Nguyén.

3.2 Sang loc cac chiing vi khuan c¢é kha ning tich liy PHA

Nhim tuyén chon cic ching vi khuin c6 kha ning tich liy
polyhydroxyalkanoate (PHA) tur tdp hop cac chung da phan 1ap, toan bd cac ching
thu nhan duogc trong muc 3.1 dugc tién hanh sang loc theo quy trinh hai budc dya
trén phuong phap nhudém dic hiéu. Trudc hét, cac chung duoc kiém tra kha ning
tich liy PHA bang phuong phap nhuém Sudan Black B, cho phép phat hién nhanh
su hién di¢n cia cac hat polymer noi bao thong qua su bit mau dic trung. Dya trén
két qua nhudém, cac ching thé hién tin hiéu duong tinh r0 rét dugc lya chon cho

budc sang loc tiép theo. Tir qua trinh ndy, ba chung vi khuin tiém ning di duoc
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tuyén chon va tiép tuc dugc kiém chimg bang phwong phap nhuém huynh quang
Nile Blue A, két hop véi quan sat cu trac siéu hién vi bang kinh hién vi dién tir
truyén qua (TEM), nham x4c nhan sy hién dién cta cac hat tich liiy PHA trong té

bao. Két qua sang loc va xac nhan kha ning tich liiy PHA cua cac chung vi khuan

Bang 3.3. Kha ning bt mau Sudan Black B cila cic chung vi khuan phan 14p.

Chiing thln rng voi thudce Chiing th\n rng voi thude
nhudm Sudan black B nhudm Sudan black B
HGI1.1 - HG4.2 -
HG1.2 - HG4.3 -
HGI1.3 - HG4.4 -
HG2.1 - HG4.5 -
HG2.2 - HGS.1 -
HG2.3 + HGS5.2 +
HG3.1 - HGS.3 -
HG3.2 - HGS5.4 -
HG3.3 - HGS.5 -
HG4.1 - HGS5.6 +++

Trong tong s6 20 ching phan 1ap, ¢ 3 chung (HG2.3, HG5.2 va HG5.6) cho
phan tng duong tinh véi Sudan Black B va dugc lya chon cho cac budc kiém tra

tiép theo.
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Hinh 3.2. Nhuo¢m Sudan Black B, Nile Blue A va anh TEM cua cac chung HG2.3,
HG5.2 va HGS.6.

Két qua trinh bay trong Bang 3.3 cho thiy trong tong s6 20 chung vi khuan
phan 13p duoc, chi ¢6 3 chung (HG2.3, HG5.2 va HG5.6) cho phan ung duong tinh
v6i thude nhudém Sudan Black B, trong khi cac ching con lai déu am tinh. Nhu vay,

ty 18 cac chung c6 kha nang tich liiy PHA ban dau chiém 15%, phan anh tinh chon
loc ctia kha ning sinh tong hop va tich lily polymer nay trong quan thé vi sinh vat
moi truong. Phuong phap nhud¢m Sudan Black B dugc st dung rong rai nhu mot ky
thudt sang loc nhanh céc vi khuan tich lily PHA dua trén kha nang bit mau cia cac
hop chat ky nuéc ndi bao (Juan et al., 1998) [50]. Tuy nhién, do thubc nhudém nay
c6 thé twong tac v&i cac thanh phan lipid khac ngoai PHA, phuong phép c6 thé cho
két qua duong tinh gia hodc phu thudc vao ham luwong polymer tich liiy trong té bao.
Do d6, viéc sir dung Sudan Black B chu yéu mang tinh dinh hudng ban dau va can

dugc két hop voi cac phuong phap dic hiéu hon dé xac nhan.

Ba ching vi khuan dwong tinh dugc tiép tuc kiém tra bang nhuém huynh

quang Nile Blue A va quan sat bang kinh hién vi dién tir truyén qua (TEM), két qua
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thé hién trong Hinh 3.2. G nhudém Nile Blue A, ca ba ching déu phat huynh quang
mau cam dac trung dudi anh sang kich thich, cho théy su hién dién cua cac hat
polyester ndi bao. Phuwong phap nay c6 do nhay va do dic hiéu cao hon dbi véi cac
polyhydroxyalkanoate, cho phép phat hién PHA ngay ca khi ham lugng tich liy
thip [51,52]. Hon nita, khi quan sat anh TEM cho thiy 13 cac hat du trit ndi bao c6
dang hinh cau hodc hinh elip ndm trong t& bao vi khuan, 14 dic trung hinh thai dién
hinh cua cac hat PHA. Su hién dién déng thoi cua tin hiéu duong tinh ¢ cd nhudém
Sudan Black B, Nile Blue A va anh TEM d4 cung cip bang ching truc tiép va dang
tin cay vé kha ning tich lily PHA cua cac ching HG2.3, HG5.2 va HGS5.6.

Viéc két hop cac phuong phap sang loc va xac nhan & nhiéu cap d6 khac nhau
(nhuém mau, huynh quang va quan sat siéu hién vi) 1a cach tiép can hiéu qua nham
nang cao d6 chinh xéac trong tuyén chon ching vi khuén tich liiy PHA. Cach tiép can
nay di duoc ap dung rong rii trong cac nghién ciru vé PHA nhiam khic phuc han
ché cua timg phuong phap riéng 1é va dam bao tinh tin cdy cua két qua [53,54].
Téng hop cac két qua tir Bang 3.3 va Hinh 3.2 cho thiy ba ching HG2.3, HG5.2 va
HGS5.6 1a cac chung c6 kha nang tich Ity PHA 10 rét, do d6 dugc lya chon cho céc
nghién ctru tiép theo vé dic diém sinh hoc ciia chung.

3.3 Pic diém sinh hoc ciia cac chiing vi khuin tuyén chon

Sau khi sang loc va xac nhan kha ning tich liiy PHA, ba ching vi khuan
HG2.3, HGS5.2 va HG5.6 dugc lya chon cho cac nghién ctru tiép theo. Viéc khao sat
cac ddc diém sinh hoc cua cac ching nay nham phuc vu dinh danh va 1am co s& cho
viéc thiét 1ap cac diéu kién nudi cdy phu hop cho sinh tong hop PHA. Céc két qua
dugc trinh bay & Bang 3.4, bao gom dic diém hinh théi, sinh héa va kha ning sinh

trudng cua cac chung trong cac di€u kién nhiét do, pH va nong d mudi khac nhau.

Bang 3.4. Dic diém hinh thai, sinh 1y, sinh hoa cta ba chung HG2.3, HG5.2 va

HGS.6.
2 Chung
Pac diem
HG2.3 HGS.2 HGS.6
Hinh thai khuan lac Mau xam Maiu tring Maiu tring
kem, hinh nga dén vang | kem dén
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dang khong | nhat, dang vang nhat,
déu, riahoi | tron khong dang tron,
khia va bé déu, ria voi ria khong
mat bong, nguyén va bé | déu, hoi khia
hoi trong mat nhén, nhe va bé
hoi béng, mat hoi kho,
dang 16, duc | 16i nhe, duc
Hinh thai té bao Truc khuan | Truc khuan | Truc khuan
Noi bao tu + + +
Gram + + +
Catalase + + +
Voges Proskauer’s - + -
Lén men:
Glucose + + +
Galactose - - +
Inositol + + -
L-Arabinose - - -
Cellobiose - - +
Glycerol + - +
Lactose + - +
Mannitol - - -
Rhamnose - - -
Ribose + - +
Sorbitol + - -
D-Xylose - - +
Thuy phan:
Tinh bot - - +




33

Casein - + +

Gelatin - - .
Hiéu khi + + +
Dai nhi¢t do sinh trudng 35-50°C 40 — 65 °C 30-65°C
Nhiét d6 téi wu cho sinh truéng 45 °C 50 °C 50°C
Dai pH sinh truong 5,5-9,0 6,5-17,5 6,0 -8.,0
pH t6i wu cho sinh trudong 7,0 7,0 7,0
Dai néng d6 NaCl cho sinh truong 0,5-2,5% 0-3% 0-3%
Nong d6 NaCl tbi uu cho sinh truong | 0,5-1% 0,5—1% 0,5—1%

Két qua trong Bang 3.4 cho thay ba ching vi khuan HG2.3, HG5.2 va HG5.6
6 nhiéu dic diém sinh hoc chung, bao gém dang truc khuan, Gram duong, sinh bao
tir, catalase duong tinh va c6 kha ning sinh truong hiéu khi. Nhimng dic diém nay
phu hop vé1 nhom vi khuin wa nhiét dang Bacillus-like, thuong dugc phan 13p tu

cac moi truong dia nhi¢t nhu sudi nudc nong.

Tuy nhién, gitta cdc ching van t6n tai nhitng sai khac dang chu y vé dic diém
sinh 1y — sinh hoa. Chung HG5.2 thé hién phan mg Voges—Proskauer dwong tinh,
trong khi hai chung con lai am tinh. V& kha ning st dung co chat, HG5.6 c6 phd
chuyén héa rong hon khi c¢6 thé sir dung nhiéu loai duong khac nhau nhu galactose,
cellobiose, glycerol va D-xylose, dong thoi thé hién hoat tinh thiy phan tinh bot va
casein. Trong khi d6, HG5.2 c¢6 kha ning chuyén héa han ché hon, con HG2.3 thé
hién kiéu trung gian. Nhiing sai khac nay phan anh su da dang chirc ning gitta cac
chung, co thé lién quan dén chién lugc khai thac nguon dinh dudng trong moi

truong tu nhién.

Xét vé dac diém sinh truéng, ca ba chung déu phat trién trong dai nhiét do
tuong ddi rong (30—-65°C), véi nhiét do t6i wu tir 45-50°C. Khoang nhiét d6 nay phu
hop véi didu kién moi truong sudi nude noéng Quang Nguyén, noi nhiét do ghi nhan
dao dong khoang 40-60°C, cho thay cac ching vi khuan da thich nghi tét voi diéu

kién dia nhiét tai khu vuc nghién ctru. Kha nang sinh truong trong khoang nhiét do
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rong cling cho thiy tinh linh hoat sinh 1y, gitip cic ching duy tri hoat dong trong
diéu kién moi truong bién dong.

Ngoai ra, ca ba ching déu co kha ning sinh truéng trong méi truong cd bd
sung NaCl dén 3%, véi ndng do t6i wu khoang 0,5-1%, cho thay déy 1a cac vi khuan
chiu mubi nhe (halotolerant). Pic diém nay phiu hop v6i méi trudng sudi nude
néng, noi thudng chira cac ion hoa tan tao 4p lyc thim thau nhat dinh. Kha ning
chju mudi cta cac chung vi khuén va nhiét di dwoc ghi nhan trong nhiéu nghién ctru
trudc day, trong d6 cac vi khuan thudc chi Geobacillus va cac nhém Bacillus-like co
thé thich nghi v6i dong thoi nhidu yéu t6 stress moi truong, bao gdm nhiét do cao va
ap suat tham thau, nho cac co ché diéu hoa nodi bao va ciu tric mang bén viing
[48,55].

Nhin chung, cic dic diém sinh hoc ciia ba ching vi khuan cho thiy su twong
d6ng vé mit phan loai nhung khac biét vé kha ning chuyén héa va thich nghi sinh
thai. Nhitng dic diém nay khong chi phan anh kha nang thich nghi cua vi khuan voi
moi trudng sudi nude ndng ma con cung cap co sd quan trong cho viée dinh hudng

di€u kién nuoi cay va 1én men trong cic nghién ctru tiép theo vé sinh tong hop PHA.

Pé x4c dinh chinh xac vi tri phan loai ctua cac chung vi khuén tuyén chon,
phuong phap phén tich trinh tir gen 16S rRNA duoc 4p dung. Pay 1a cong cu phd
bién va c6 dd tin cdy cao trong dinh danh vi khuan & muc chi va loai. Két qua
khuéch dai va phan tich trinh ty gen 16S rRNA cua cic chung HG2.3, HG5.2 va
HGS5.6 dugc trinh bay trong Hinh 3.3, Hinh 3.4, Hinh 3.5 va Hinh 3.6.
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HG2.3 M HG5.2 HG5.6

Hinh 3.3. San pham khuéch dai gene 16S rRNA cta 3 chang vi khuan HG2.3,
HGS5.2 va HGS.6. M: 1 kb ladder (Thermo Scientific).

Két qua dién di san pham PCR khuéch dai gen 16S rRNA cua ba ching vi
khuan HG2.3, HG5.2 va HG5.6 duoc trinh bay ¢ Hinh 3.3 cho thiy cic bing DNA
1d nét, co kich thudc xap xi 1,4-1,5 kb, phu hop véi kich thude dic trung cia gen
16S rRNA ¢ vi khuan. Piéu nay ching to qua trinh khuéch dai PCR da thanh cong
va san pham thu dugc di chat lugng cho cac phan tich trinh tu tiép theo.

Descriptions Graphic Summary Alignmenis Taxonomy

Sequences producing significant alignments Downioad - Selectcolumns © Show 100V @

select all 100 sequances sefected GenBank Graphics listance tree of resulls MSA Views
5 3 M Totwl Quory B Par
e io) b acurs NEme. 2 o608 - Som Covw walue Ided o Accasaion

- v - - v

4 L K RN ! bt 7 0o 1 15

Ay y N gl AN o A 00 ¥ 1501 f

8 ~ 1 A gt 0.0 6808 BEI508

[~ ) e e 1 0.0

v £ MG o0

u & " 16 cnal ANA gilhdd S La 00

N ' T FINA \ A L 00 8asN 1M M

8 & pact a b \ 2656 046 90 00 Geiw 14 ]

& biar 2010¢ al ' s 2651 5 50 (XTI 142¢ H

&8 A bt i AN ) A L LT BT W 00 s 1438 |

Hinh 3.4. So sanh muc d6 twong dong gene 16S rRNA cua ching HG2.3 véi cac
chung trén Ngan hang Gene NCBI.



36

Descriptions Graphic Surmmary Alignments Taxonomy

Sequences producing significant alignments Download - Selectcolumns ~ Show | 100Y | @

B3 selectall 100 seguances sected GenBank GEphics  Distanca ves ofresulls MSA Views(
Max  Totd Oty 2 Pye
Deecrption Soentiio Nome X Acc.iett  gecocch
v M Soore Scorm Cover value  bdont v m—
- - - - -
Paraguutacius Weta aian NEBBST crammosame., ceampiely genumne P ootiscius et 2567 25530 100% on S8.05% 32BITT CPa3sa00
Pars 3 wn DM 1455 v 1o o v ) 0 08 05% 3270071 Cf
o '} ' A oo { f Y 0r 98.71% e N H0
B 3 | t Parpox L O 58 0% 1550

SegoQoosQ@sgoQoQ

B B A, buscmat fINA gene I} i Faw haciA | 0 QT B9S 1550
Bacil L [ ANA g st tun Bacdla ap 7556 3556 100N oD 97.89% 1541
L L ot A8 i ol M T Pacuol 55 2556 100% OD  SAN% 1506

Hinh 3.5. So sanh murc d6 twrong dong gene 16S rRNA cua ching HG5.2 véi cac
chung trén Ngan hang Gene NCBI.

Graphie Summary Algnments Taxonomy

Sequences producing significant alignments Download - Selectcolumns ~ Show 10V 8

£ scloct all 109 seovenees seivcient Gangiank  Granhios  Dintancs trae of sagiits  WESA Viawsr
> o Nu M Oy B “
. - « . P ;
> - Soors Scome Co value 0ot e Acasaacn

x
3
>
=
=

SNPCRAMAAND X nd sunrt oSl FRA gp pIoma. MOI M08 KO 00 gem 468

|
|
{
I
i
!
r
i
I
!
|
¢
'
|

i

‘massa@nnms@
1

Hinh 3.6. So sanh mtc d6 twong dong gene 16S rRNA cua ching HG5.6 véi cac
chung trén Ngan hang Gene NCBI.

Két qua so sanh trinh tir gen 16S rRNA v6i co sé dit liéu NCBI (Hinh 3.4-3.6)
cho thiy cac ching c6 mirc do twong dong rat cao voi cac vi khuan di dugc cong
bb. Cu thé, chung HG2.3 ¢6 do tuong dong cao (>99%) véi cac loai thudc chi
Aneurinibacillus, gan nhat v6i Aneurinibacillus aneurinilyticus va cac loai lan can
trong chi. Trong khi d6, hai ching HG5.2 va HG5.6 c6 mirc do twong ddng cao

(>99%) voi cac loai thudc chi Geobacillus, dac biét gan v6i Geobacillus toebii va
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Geobacillus vulcani, 1 cac vi khuan ua nhiét thuong gip trong cac méi truong dia

nhiét.

Céc vi khuan thudc hai chi nay phan bd rong trong tu nhién, dac biét & moi
truong dat va moi truong dia nhiét, voi kha nang phan giai cac hop chét hiru co va
tham gia vao chu trinh dinh dudng. Pang cht y, cac loai thudc chi Geobacillus co
hé enzyme bén nhiét va kha ning chuyén hoa da dang [48,55], trong khi
Aneurinibacillus c6 kha ning thich nghi v6i nhiéu diéu kién méi truong khac nhau
[56]. Nhitng ddc diém nay cho thdy tiém ning Gng dung cia cac chung vi khudn

trong cac qua trinh sinh tong hop va cong nghé sinh hoc, bao gom san xuat PHA.

Mic du két qua so sanh trinh tu cho thdy mirc do twong dong cao dén muc
loai, gen 16S rRNA 14 ving bao t6n va c6 han ché trong viéc phan biét cac loai c6
quan hé phat sinh gin nhau, dic biét trong cac chi nhu Geobacillus va
Aneurinibacillus. Do d6, trong nghién cru ndy, cac ching vi khuan chi dugc dinh
danh & muc chi nham dam bao do tin cay cua két luan. Cac chung HG2.3, HG5.2 va
HGS5.6 dugce dat tén la Aneurinibacillus sp. HG2.3, Geobacillus sp. HG5.2 va
Geobacillus sp. HGS.6.

3.4. Panh gia kha niing sinh truwéng va sinh tong hop PHA ciia cic chiing
vi khuén tuyén chon

Kha ning sinh truong va tich liy PHA coa cac chung vi khuan
Aneurinibacillus sp. HG2.3, Geobacillus sp. HG5.2 va Geobacillus sp. HG5.6 duogc
danh gia trong moi truong khoang bo sung glucose lam ngudn carbon va peptone
1am ngudn nito, & diéu kién nudi cdy 45 °C, pH 7 trong 72 gio. Két qua duoc thé
hién & Bang 3.5.

Bang 3.5. Sinh khéi kho va ham luong PHA thu nhén duoc sau qua trinh 1én men 3
chung vi khuan tuyén chon.

Chiing Sinh khéi khé (g/L) PHA (g/L) PHA (% DCW)
HG2.3 1,561 + 0,08 0,376 + 0,02 24,09 + 1,78
HG5.2 1,612 £ 0,06 0,303 + 0,02 18,80 + 1,43
HGS5.6 1,734 + 0,1 0,781 + 0,04 45,04 £ 3,47
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Két qua & Bang 3.5 cho thiy ca ba ching vi khuan tuyén chon déu c6 kha ning
sinh trudng va tich lily PHA, tuy nhién hiéu suit giita cic chung c6 su khac biét rd
rét. Trong d6, chung Geobacillus sp. HG5.6 dat sinh khdi kho cao nhat (1,734 £ 0,1
/L) va ham luong PHA 16n nhét (0,781 + 0,04 g/L), twong tng véi 45,04 + 3,47%
sinh khéi kho. Hai chung con lai c6 hiéu suat tich lity thap hon, v6i Aneurinibacillus
sp. HG2.3 dat 24,09 + 1,78% va Geobacillus sp. HG5.2 dat 18,80 + 1,43%. Piéu
nay cho thdy kha ning sinh téng hop PHA c6 su bién thién dang ké giita cac ching,
ngay ca khi duoc nudi cdy trong cung diéu kién. Ddi v6i ching Aneurinibacillus
sp.HG2.3, ham luong PHA dat 24,09% sinh khéi kho phan 4nh mirc tich liiy trung
binh so véi cac cong b trude day. Cu thé, chung Aneurinibacillus sp. H1 duoc bao
céo c6 thé tich lity PHA 1én t6i 55,31% sinh khéi kho va dat 2,03 g/L trong diéu
kién nuéi cdy t6i wu ¢ 45 °C [57]. So véi két qua nay, hiéu suat cua Aneurinibacillus
sp. HG2.3 thap hon dang ké, diéu nay c6 thé lién quan dén diéu kién nudi ciy chua
duoc ti wu cling nhu sy khac bi¢t dac hi¢u gitta cdc chung trong cung mot chi.
Trong khi d6, ching Geobacillus sp. HG5.6 thé hién kha nang tich liy PHA ¢ mirc
tuong ddi cao (45,04%), twong dwong véi mirc tich liy khoang 46% sinh khéi kho
da dugc ghi nhan & mot s6 vi khuan ua nhiét phan 13p tr mdéi trudng ty nhién [58].
Két qua nay cho thay Geobacillus sp. HG5.6 1a chung c6 tiém niang dang cha ¥
trong sinh tong hop PHA. Pang luu y, kha ning tich liiy PHA khong phai 1a dic
diém phé bién & tat ca cac vi khuin wa nhiét, va cac bao cdo vé nhom vi khuan nay
van con tuong dbi han ché so véi cac vi khuan wa 4m [59]. Nhin chung, cac két qua
thu duoc phu hop véi xu hudng chung & vi khudn ua nhiét, trong d6 kha ning tich
Ity PHA phy thudéc manh vao dac diém sinh 1y cua tirng ching cling nhu diéu kién
nudi cdy. Diéu nay cho thiy cac ching vi khuan phan 1ap tir sudi nudc nong Quéang
Nguyén, dic biét 13 Geobacillus sp. HG5.6, ¢6 tiém ning tng dung trong san xut
PHA va can duoc tiép tuc toi wu héa diéu kién 1én men nhim nang cao hiéu suit

sinh tong hop.

3.5. Anh huéng ciia mot s6 diéu kién nudi cdy 1én kha ning sinh truéng va
tich lily PHA cua chung Geobacillus sp. HGS.6

Trén co s& két qua danh gia ban dau, ching Geobacillus sp. HG5.6 dugc lua
chon cho céac nghién ctru tiép theo do thé hién kha ning sinh truéng va tich liy PHA
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vuot troi so voi cac ching con lai. Tuy nhién, hiéu suit sinh tong hop PHA cua vi
khuan phy thudc manh vao cac yéu t6 méi truong va diéu kién nudi cdy, bao gdm
ngudn dinh dudng (ngudn carbon, ngudn nito) va cac théng sb vat 1y nhu nhiét do,
pH va ndng d6 mudi. Do do, viéc khao sat anh huong ciia mot sé diéu kién nudi ciy
13 can thiét nhim xéac dinh cac yéu t6 phu hop cho sinh truéng va tich lily PHA cua
chung HGS.6.

3.5.1. Anh hwéng ciia nhiét dé

Nhiét d6 1a mot trong nhirng yéu td quan trong anh hudng truc tiép dén sinh
trudng va hoat dong trao ddi chit cua vi sinh vat, dic biét ddi véi cac vi khuan wa
nhiét nhu Geobacillus. Sy thay d6i nhiét do c6 thé anh huong dén hoat tinh enzyme,
tdc do sinh trudng ciling nhu qué trinh tich liiy PHA trong té bao. Trong nghién ctru
nay, ching Geobacillus sp. HG5.6 dugc nudi cdy trong moi trudng khoang vai

nguon carbon 1a glucose, ngudn nito 1a peptone, pH 7, lic 200 rpm trong 72 gio.
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Hinh 3.7. Anh huéng cta nhiét d6 dén sinh trudng va tich liiy PHA cua ching
Geobacillus sp. HGS.6.
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Két qua ¢ Hinh 3.7 cho thay nhiét d6 c6 anh hudng rd rét dén sinh trudng va
kha nang tich liiy PHA cua chung Geobacillus sp. HG5.6. Khi nhiét do tang tir 30
1én 50 °C, sinh khéi khé (DCW) ting manh tir 0,436 g/L 1én 1,762 g/L, ddng thoi
ham luong PHA (g/L) ciing tiang tir 0,081 1én 0,794 g/L. Khi nhiét do tiép tuc ting
1én 55 °C, mic du sinh khdi giam xudng con 1,242 g/L, ham luong PHA van duy tri
o muc cao (0,685 g/L). Tuy nhién, & 60 °C, ca sinh truéng (0,319 g/L) va luong
PHA (0,113 g/L) déu giam manh, cho thiy anh huong bat loi ctia nhiét do cao dén

hoat dong sinh 1y cua té bao.

Bang 3.6. Anh huong ctia nhiét do dén ham luong PHA cua ching Geobacillus sp.

HGS.6.
Nhiét do (°C) Ham lwgng PHA Nhiét do (°C) Ham lwgng PHA
(% DCW) (% DCW)
30 18,58 £ 1,47 50 45,06 + 3,23
35 24,24 + 1,72 55 55,15+£29
40 30,24 + 2,09 60 35,42 +£2091
45 32,65+2,14

Xét vé ham lugng PHA (% DCW), gia tri ndy tang dan tir 18,58 + 1,47% (30
°C) 1én cuc dai 55,15 £ 2,9% (55 °C), sau d6 giam xudng 35,42 + 2,91% tai 60 °C.
Xu huéng nay cho thay & nhiét do cao, mic du sinh trudng cé thé bi han ché, té bao
lai ¢6 xu hudng tich lity PHA nhiéu hon nhu mot dang chat du trit ndi bao. Pay 1a
hién tuong thuong gip o vi sinh vat khi chiu diéu kién stress, trong d6 dong carbon
dugc chuyén hudng tir sinh trudng sang tich lily polymer. O cac nhiét do thap (30—
35 °C), ca sinh trudng va tich liiy PHA déu thap, phan anh diéu kién chua phu hop
v6i dac tinh sinh ly cua vi khuan uva nhiét. Khi nhiét do tang 1én 40-50 °C, sinh
truong va tich lily PHA déu duoc cai thién rd rét, phu hop v6i khoang nhiét dg sinh
truong toi wu cta cac loai thude chi Geobacillus, thudng nam trong khoang 45-60
°C [48]. Diéu nay cho thiy hoat tinh enzyme va qué trinh trao d6i chat trong té bao
dugc thuc day manh trong khoang nhiét d6 nay. So sanh véi cac cong bd trude day,
muc tich lily PHA cua ching Geobacillus sp. HG5.6 (45-55% DCW) nam trong

khoang gia tri da dugc ghi nhan & cac vi khuan ua nhiét. Cu thé, mot sd ching vi
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khudn wa nhiét c6 thé tich liiy khoang 46% PHA [58], trong khi ching
Aneurinibacillus sp. H1 c6 thé dat ti 55,31% sinh khoi khé tai nhiét do t6i vu 45
°C [57]. Nhu vay, kha nang tich liy PHA cua chung Geobacillus sp. HG5.6 1a
tuong duong véi cac chung di dugc cong bd. Sy gia ting ham lugng PHA & 55 °C
trong khi sinh khdi giam cho thay sy phan b6 lai dong carbon trong té bao, khi diéu
kién tro nén kém thuan loi cho sinh truong nhung van kich thich tich lity chit du
trtr. Hién tuong nay da dugc ghi nhan ¢ céac vi khuén ua nhiét va duge gidi thich bdi
co ché thich nghi véi stress moi truong [59]. Tuy nhién, khi nhiét d6 vuot qua
ngudng thich hop (60°C), ca sinh trudng va tich liy PHA déu suy giam manh do
anh huong tiéu cuc dén cau triic protein va hoat tinh enzyme. Nhin chung, két qua
cho thdy khoang nhiét do 50 - 55 °C 1a phu hop cho tich liiy PHA cia ching
Geobacillus sp. HGS5.6. Trong do, 50 °C co thé duoc xem 1a diéu kién toi uu can
bang giita sinh trudong va tich lily PHA, trong khi 55 °C cho ham lwong PHA cao
nhat nhung di kém véi sy suy giam sinh truéng. Dy 13 co sé quan trong cho viée

lwa chon diéu kién nudi cdy trong cac nghién ctru toi wru héa tiép theo.
3.5.2. Anh hwéng ciia pH ban diu

Chi s6 pH mdi truong nudi cdy anh hudng truc tiép dén sinh truong va hoat
dong trao doi chat cua vi sinh vat thong qua viéc tac dong dén cau triic va hoat tinh
clia enzyme ciing nhu kha ning van chuyén cac chat qua mang té bao. Sy thay doi
pH c6 thé 1am thay ddi can bang nodi bao va anh hudng dén qué trinh sinh tong hop
PHA. Trong nghién cttu nay, chung Geobacillus sp. HG5.6 dugc nudi ciy trong moi
truong khoang voi ngudn carbon 13 glucose, ngudn nito 14 peptone, & nhiét d6 50
°C, lic 200 rpm trong 72 gid, trong khi pH ban dau duoc diéu chinh & cac murc khac
nhau. Két qua dugc thé hién ¢ Hinh 3.8 va Bang 3.7.
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Hinh 3.8. Anh huéng ciia pH dén sinh trudng va tich liiy PHA cua chiing
7 Geobacillus sp. HG5.6.
Bang 3.7. Anh hudng cua pH dén ham lugng PHA cua chung Geobacillus sp.

HGS.6.
pH Ham lwgng PHA pH Ham lwgng PHA
(% DCW) (% DCW)
5,5 21,47 £2,02 7 45,15 £ 3,32
6 30,94 + 1,66 7,5 36,96 + 3,31
6,5 29,70 £ 1,86 8 28,24 + 2,02

Két qua thu nhan duoc cho thdy pH méi trudng c6 anh hudng rd rét dén sinh
truong va kha nang tich Ity PHA cua chung Geobacillus sp. HGS.6. Khi pH tang tur
5,5 1én 7, sinh khbi kho (DCW) tang tir 0,573 g/L 1én gia tri cao nhat 1,774 g/L,
dong thoi ham luong PHA (g/L) ciing ting tir 0,123 1én 0,801 g/L. Khi pH tiép tuc
tang 1én 7,5 va 8§, ca sinh truong va lugng PHA déu giam, voi DCW lan luot 1a
1,656 va 0,956 g/L, trong khi ham lwong PHA giam xudng 0,612 va 0,340 g/L, cho
thiy méi truong léch khoi pH tdi wu bat dau anh huéng bat loi dén hoat dong sinh 1y
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ctia té bao. Xét vé ham luong PHA (% DCW), gia tri nay ting tir 21,47 £ 2,02% (pH
5,5) 1én cuc dai 45,15 + 3,32% tai pH 7, sau d6 giam xudng 36,96 + 3,31% (pH 7.5)
va 28,24 + 2,02% (pH 8). Xu huéng nay cho thay pH trung tinh 1a diéu kién thuan
loi nhat cho c4 sinh truéng va tich lily PHA cua chung nghién ciru. O pH thép, su
tich liiy PHA bi han ché, c6 thé do anh hudng ctia méi truong acid dén ciu tric va
hoat tinh enzyme ciing nhu cin bing ndi bao. Nguoc lai, & pH cao, mic du té bao
van c6 kha ning sinh truéng, hiéu suét tich liy PHA giam, phan 4nh sy mat cin
bang trong qua trinh chuyén hoa carbon. Két qua nay phu hop véi cac cong bd trude
day, trong d6 pH t6i uu cho sinh truéng va tich lily PHA cua nhiéu vi khuan wa
nhiét thuong nam trong khoang trung tinh hodc hoi kiém nhe. Cu thé, chung
Aneurinibacillus sp. H1 dugc bdo cdo c6 kha nang tich liiy PHA cao trong khoang
pH gan trung tinh [57]. Ngoai ra, cac nghién ctru ciing cho thdy pH 13 yéu t quan
trong chi phdi hoat dong enzyme va sy phan bd dong carbon gitra sinh truéng va
tich lity PHA trong té bao [59]. Pang chi y, khu vire sudi nude nong Quang Nguyén
thudc vung dia chit karst da voi dic trung cua Ha Giang, noi cac qua trinh hoa tan
CaCOs thuong tao ra moi trudng nudc c¢6 xu hudng trung tinh dén kiém nhe. Piéu
kién dia chat nay c6 thé gop phan dinh hinh méi truong sinh thai vi sinh vat. Diéu
nay phan nao phi hop véi két qua thu duoc, khi chung Geobacillus sp. HG5.6 thé

hién kha ning sinh trudng va tich liiy PHA t6i vu & pH gan trung tinh.
3.5.3 Anh hwéng ciia nguéon carbon

Nguon carbon dong vai tro quan trong trong qua trinh sinh truéng va sinh tong
hop PHA cua vi sinh vat, do vira 13 ngudn cung cip ning luong vira 1a nguyén liéu
tryc tiép cho qua trinh tong hop polymer ndi bao. Loai va kha niang str dung ngudn
carbon c6 thé anh huéng dang ké dén sinh khéi, hiéu suat tich liiy PHA ciing nhu
cau tric polymer duoc tao thanh. Ching Geobacillus sp. HG5.6 duoc nudi cdy trong
moi truong khodng voi nguén nito 1a peptone, & nhiét do 50 °C, pH 7, lac 200 rpm
trong 72 gid, trong khi cac ngudn carbon khac nhau dugc sir dung nham danh gia

anh huong dén sinh truéng va kha nang tich liiy PHA.
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Hinh 3.9. Anh huéng ciia nguon carbon dén sinh truéng va tich lily PHA cila chung
Geobacillus sp. HGS.6.
Bang 3.8. Anh huong cta ngudn carbon dén ham lwong PHA cta chung
Geobacillus sp. HGS.6.

Ngudn carbon Ham luwgng PHA Nguon carbon Ham luwgng PHA
(% DCW) (% DCW)
Glucose 45,57 £ 3,58 Ribose 16,69 + 1,77
Galactose 29,70 £ 2,27 Xylose 10,88 £ 1,11
Lactose 33,06+ 2,57 Tinh bot 26,13 £2,15
Sucrose 48,67 £ 4,22 Glycerol 50,27 +£ 4,30

Két qua ¢ Hinh 3.9 va Bang 3.8 cho thiy ngudn carbon c6 anh huéng rd rét
dén sinh trudong va kha ning tich liy PHA cua chung Geobacillus sp. HG5.6. Nhin
chung, cic ngudn carbon khac nhau dan dén sy khac biét dang ké vé sinh khoi va
higu suat tich lily PHA. Trong d6, glycerol cho két qua cao nhat véi ham lugng
PHA dat 50,27 + 4,30% DCW, dong thoi sinh khéi cling dat gia tri cao (1,844 g/L).
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Tiép theo 14 sucrose (48,67 + 4,22%) va glucose (45,57 + 3,58%), cho thiy day la

cac ngudn carbon thuén loi cho qua trinh sinh tong hop PHA ctia chung nghién ctru.

Xét theo ban chit ciu tao, cac nguff)n carbon dugc khao sat co thé chia thanh
cac nhom chinh gém: (i) duong don C6 (glucose, galactose), (ii) dudng doi
(sucrose, lactose), (iii) duong C5 (ribose, xylose), (iv) polysaccharide (tinh bot) va
(v) hop chit khong phai dudng (glycerol). Két qua cho thiy cac ngudn carbon thudc
nhém C6 va glycerol cho hiéu suit tich liiy PHA cao hon 13 rét so véi nhém C5. Cu
thé, glucose cho hiéu suét tich liiy PHA cao do dugc chuyén hoa truc tiép qua con
duong duong phan dé tao acetyl-CoA — tién chat chinh cho sinh tong hop PHA.
Trong khi d6, galactose cho hiéu suat thap hon (29,70 £ 2,27%), c6 thé do phai
chuyén hoa qua con dudng Leloir trude khi di vao glycolysis, 1am giam hiéu qua sir
dung co chat. Péi véi cac duong ddi, sucrose cho hiéu sudt tich liiy PHA cao
(48,67%), trong khi lactose thip hon (33,06%). Piéu ndy cho thiy ching
Geobacillus sp. HG5.6 c¢6 kha ning st dung sucrose hiéu qué, c6 thé lién quan dén
su hién dién cua enzyme thuy phan sucrose (invertase/sucrase), trong khi kha nang
thuy phan lactose (cén B-galactosidase) co thé han ché hon. Ddi vai tinh bot, mic du
1a polysaccharide, ching Geobacillus sp. HG5.6 van c6 kha ning sir dung véi murc
tich lity PHA trung binh (26,13 + 2,15%), cho thay kha ning tiét enzyme phan giai
tinh bot, tuy nhién hiéu qua khong cao bang cac ngudn carbon don gian. Pang chi
¥, cac ngudn carbon C5 nhu ribose va xylose cho hiéu suat tich liiy PHA thap (lan
luot 16,69 + 1,77% va 10,88 + 1,11%). Diéu nay co thé do cac dudng pentose di vao
con dudng pentose phosphate va can nhiéu budc chuyén hoa trude khi tao thanh
acetyl-CoA, 1am giam hiéu qua sinh tong hop PHA. Tuy nhién, ching Geobacillus
sp. HG5.6 van thé hién kha ning st dung cac co chit ndy ¢ murc nhit dinh, cho thiy
tiém nang khai thac cic ngudn nguyén liéu lignocellulose — trong d6 xylose 14 thanh
phan chinh cta hemicellulose. Mic du hiéu suit con thap, két qua ndy mé ra kha
ning dinh huéng nghién ctru theo hudng tdi wu hoa diéu kién nudi cdy hodc cai tién
con dudng chuyén héa nhim ning cao hiéu qua sir dung cic co chit gia ré va bén

ving.

Glycerol 12 nguén carbon cho hiéu suat tich liiy PHA cao nhét trong nghién

clru nay, c6 thé do dugc chuyén hoa truc tiép thanh glycerol-3-phosphate va sau do
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di vao glycolysis dudi dang dihydroxyacetone phosphate (DHAP), tir d6 nhanh
chong tao acetyl-CoA. Piéu nay phu hop vdi co ché sinh tong hop PHA ndi bao,
trong d6 acetyl-CoA dugc chuyén héa qua cic enzyme B-ketothiolase (PhaA),
acetoacetyl-CoA reductase (PhaB) va PHA synthase (PhaC) dé hinh thanh polymer
[60]. Ngoai ra, nhiéu nghién ctru ciing cho thdy hiéu qué sinh téng hop PHA phu
thudc manh vao loai co chét va con dudng chuyén hoa twong tmg [61]. Nhin chung,
két qua cho thiy cac ngudn carbon d& chuyén héa thanh acetyl-CoA nhu glycerol va
glucose 13 phut hop nhét cho sinh tong hop PHA ciia chiing Geobacillus sp. HG5.6,
trong khi cac nguon C5 kém hiéu qua hon nhung van c6 ¥ nghia trong dinh hudng
ng dung 1au dai. Nhitng két qua nay cung cap co sé quan trong cho viéc lya chon
ngudn carbon thich hop ciing nhu dinh hudng khai thac cac ngudn nguyén liéu thay

thé trong cac nghién ciru tiép theo.

3.5.4 Anh hwéng ciia nguon nito

Nguén nito 12 yéu té quan trong anh hudng dén sinh truéng va qué trinh sinh
tong hop PHA cuia vi sinh vat, do tham gia truc tiép vao qua trinh tong hop protein,
enzyme va cac thanh phﬁn cu trac té bao. Pic biét, sy han ché nito trong moi
truong nudi cdy dugc xem 1a mot trong nhitng diéu kién kich thich tich lity PHA,
khi té bao chuyén huéng dong carbon tir sinh truéng sang tich lily polymer noi bio.
Trong nghién ciru nay, ching Geobacillus sp. HG5.6 dugc nudi cdy trong moi
truong khoang véi glycerol 1a ngudn carbon, ¢ nhiét do 50 °C, pH 7, lic 200 rpm
trong 72 gid, trong khi cac ngudn nito khac nhau duoc st dung nhiam danh gia anh

huong dén sinh truong va kha nang tich lity PHA cia chung nghién ctru.
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Hinh 3.10. Anh hudng ctia ngudn nito dén sinh truéng va tich lity PHA cuia chung
7 Geobacillus sp. HG5.6.
Bang 3.9. Anh hudng cuia nguon nito dén ham lugng PHA cua chung Geobacillus

sp. HGS.6.
Nguon nito Ham lwgng PHA Nguon nito Ham lwgng PHA
(% DCW) (% DCW)
NH4ClI 25,12 + 2,41 KNO; 22,54 +2,01
(NH4)SO4 27,93 +£2,46 Cao nAm men 47,84 + 3,74
NH4NO;3 36,38 £2,73 Peptone 50,25 +£ 4,03

Két qua ¢ Hinh 3.10 va Bang 3.8 cho thdy ngudn nito c6 anh hudng 16 rét dén
sinh truong va kha nang tich liy PHA cia ching Geobacillus sp. HG5.6. Nhin
chung, céc nguén nito khac nhau dan dén su khac biét dang ké vé hiéu suat tich lhy
PHA, trong d6 nhom nito hitu co nhu peptone (50,25 + 4,03%) va cao nim men
(47,84 £+ 3,74%) cho gia tri cao nhét, d6ng thoi cling tuong tng voi sinh khdi cao.
Nguoc lai, cac ngudn nito v co cho hiéu suét thap hon, dao dong trong khoang 22—
36% DCW.
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Nhom nito hitu co cho hiéu suét tich Ity PHA cao hon 16 rét so véi nhém vo
co. Didu nay co6 thé duogc giai thich do cac ngudn nito hitu co khong chi cung cép
nito duéi dang d& hap thu ma con bd sung amino acid, peptide, vitamin va cac yéu
t ting trudng, tir d6 thuc day sinh truong té bao va anh huong dén kha ning tich
liiy PHA [60,61]. Xu hudng ndy ciing phu hop vé6i cac nghién ctru trén vi khuan wa
nhiét, trong d6 cac ngudn nito hiru co thudng cho hiéu suét tich liiy PHA cao hon so

v6i ngudn vo co [57].

Péi v6i nhom nito v co, NHaNOs cho hiéu suat tich lily PHA cao nhét (36,38
+ 2,73%), cao hon so voi NH4Cl, (NH4)2SOs va KNOs. Sy khac biét nay co thé lién
quan dén dang ton tai va co ché dong hoa nito trong té bao. NH:NOs cung cap dong
thoi hai dang nito 1a NH.* (dang khtr, dé dong hoa) va NOs~ (dang oxy hoa), gitp té
bao linh hoat trong qué trinh hap thu va diéu hoa trao d6i chat. Qua trinh khir NOs
vé NH." tiéu tén ning luong va cé thé tao ra trang thai “thiéu nito twong doi”, tir d6
kich thich qua trinh tich liiy PHA. Nguogc lai, cac mudi amoni nhu NH4Cl hodc
(NH4):SO4 cung cép nito & dang d& st dung, c6 xu huéng thuc diy sinh truéng hon
1a tich liiy PHA, din dén hiéu suat PHA thip hon. KNOs cho hiéu suét tich liiy thap
nhat (22,54 + 2,01%), c6 thé do té bao phai tiéu tén nhiéu ning luong dé khir NOs
trude khi str dung, 1am giam hiéu qua chuyén héa carbon sang PHA. Piéu nay phan
anh vai tro quan trong cua can bang ning luong ndi bao trong qua trinh sinh tong

hop polymer.

Mic du theo co ché chung, su han ché nito 1a yéu td kich thich tich Iy PHA,
két qua nghién ctru cho thay cic ngudn nito hitu co van cho hiéu sudt cao nhat. Diéu
nay cho thay trong diéu kién thi nghiém, viéc dam bao sinh trudng tot va cung cip
day di enzyme cho qué trinh chuyén hoa c6 thé dong vai trd quan trong trong viéc
nang cao tong luong PHA tich lily. Hién twong ndy ciing da duoc ghi nhan trong cac
nghién ctiu vé sinh téng hop PHA, trong d6 hi¢u suét tich ity phu thudc vao su can
bang giita ngudn carbon, nito va trang thai sinh 1y cua té bao [59,61]. Tém lai,
peptone va cao nAm men 13 cac ngudn nito phit hop nhét cho sinh téng hop PHA cia

chung Geobacillus sp. HG5.6, trong khi NH4NOs 1a ngudn nito v6 co hiéu qua nht.
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3.5.5 Anh hwéng ciia 1y 1¢ C:N

Ty 1& carbon/nito (C:N) 1a mdt trong nhitng yéu t6 quan trong nhat chi phi
qua trinh sinh trudng va tich lily PHA cua vi sinh vat, do phan anh sy can bang giita
ngudn carbon va nito trong mdi truong nudi cdy. Trong diéu kién carbon du va nito
han ché, t& bao c6 xu huéng chuyén huéng dong carbon tir sinh trudng sang tich liy
cac hop chit dy trit ndi bao nhw PHA. Ching Geobacillus sp. HG5.6 duoc nudi cay
trong diéu kién phu hop véi glycerol 1 ngudn carbon, peptone 13 ngudn nito, & nhiét
d6 50 °C, pH 7, lac 200 rpm trong 72 gid, trong khi ty 18 C:N duoc diéu chinh & cac
murc khac nhau nham danh gia anh huong dén sinh truéng va kha nang tich liiy PHA

cua chung nghién ctu.
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Hinh 3.11. Anh huéng cta ty 18 C/N dén sinh trudng va tich liiy PHA cua ching
7 Geobacillus sp. HG5.6.
Béang 3.10. Anh huong cua ty 1€ C/N dén ham lugng PHA cua chung Geobacillus

sp. HGS.6.
Ty 1€ C:N Ham lugng PHA Ty 1€ C:N Ham lugng PHA
(mol/mol) (% DCW) (mol/mol) (% DCW)

15:1 22,56 £ 1,64 30:1 52,82 +3,05
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20:1 40,44 + 2,46 35:1 37,48 £ 2,17

25:1 50,72 £ 3,33 40:1 26,06 = 2,02

Két qua ¢ Hinh 3.11 va Bang 3.9 cho thiy ty 16 C:N c6 anh huodng 13 rét dén
sinh trudng va kha nang tich Ity PHA cua ching Geobacillus sp. HG5.6. Khi tang
ty I¢ C:N tir 15:1 1€n 30:1, ham lugong PHA tang manh tir 22,56 + 1,64 % Ién gia tri
cao nhat 52,82 + 3,05%, dong thoi sinh khi cling dat mirc cao (2,081 g/L tai 30:1).
Tuy nhién, khi tiép tuc ting ty 18 C:N 1én 35:1 va 40:1, ham lugng PHA giam dang
ké xuéng con lan luot 37,48 + 2,17 % va 26,06 + 2,02 %, kém theo su suy giam sinh
khéi. Piéu nay cho thay ton tai mot khoang ty 18 C:N t6i wu trong khoang 25:1-30:1
cho cd sinh truong va tich lily PHA.

Xu huéng nay phan anh vai trd diéu hoa cia ty 16 C:N ddi v6i su phan bd dong
carbon trong té bao. O ty 1& C:N thap (15:1), ngudn nito doi dao thiuc day sinh
truong té bao, khién carbon chu yéu duoc str dung cho tong hop sinh khéi, din dén
ham lugng PHA thép. Khi tang ty 1¢ C:N, su han ché nito dan xuét hién, tao diéu
kién cho viéc chuyén huéng dong carbon sang con dudng tich liiy PHA nhu mot
dang du trit ndi bao. Co ché nay da dugc ghi nhan rong rai trong cac nghién ciru vé
PHA [62,63]. O ty 18 C:N cao (>35:1), mic du diéu kién thiéu nito duoc ting cudng,
nhung sy thiéu hyt ndy tré nén qua muec, lam han ché tong hop enzyme va cic cau
phan thiét yéu cho sinh truong, din dén giam sinh khdi va kéo theo giam tich liiy
PHA. Ngoai ra, ndng d6 carbon cao trong diéu kién nay co thé gay e ché trao d6i
chat hodc 1am thay d6i hudng phan bd carbon trong té bao, 1am giam hiéu qua
chuyén hoa thanh PHA [62]. Nhin chung, ty 1& C:N 30:1 duoc xac dinh 1a diéu kién
t61 uu cho sinh truéng va tich liy PHA cta chung Geobacillus sp. HG5.6 trong diéu
kién thi nghiém, phu hgp vé1 xu hudng da dugce ghi nhan trong cac h¢ vi sinh vat
san xuit PHA, noi ty 1& C:N trung binh thudng cho hiéu suét tich ity cao nhat [63].

3.6 Phan tich thanh phan cia PHA thu nhén tir chiing Geobacillus sp.
HGS5.6

Sau khi xac dinh duoc cac diéu kién nudi céy tdi wu, PHA thu nhan tur ching
Geobacillus sp. HG5.6 dugc tién hanh phan tich nham xac dinh thanh phan va dic
diém hoa hoc cua polymer. Mau PHA dugc xir Iy bang qué trinh phan giai bang
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methanol dé phan tich bing GC-MS/MS x4c dinh thanh phan monomer, dong thoi
stt dung phd FTIR dé nhan dién cac nhom chirc dic trung cua polymer. Két qua
duoc trinh bay trong Hinh 3.12 va Hinh 3.13.
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Hinh 3.12. Sic ky 46 GC-MS/MS ctia PHB chuén (Sigma Aldrich) (phia trén) va
PHA thu nhan tir ching Geobacillus sp. HG5.6 sau qua trinh methanolysis.
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Hinh 3.13. Phd FTIR cua PHA thu nhan tir ching Geobacillus sp. HG5.6.

Két qua phan tich GC-MS/MS (Hinh 3.12) cho thiy sic ky d6 cia mau PHA
thu nhan tir chung Geobacillus sp. HG5.6 ¢6 su twong dong cao véi sic ky do cia
PHB chuén (Sigma Aldrich). Cac peak dic trung xuét hién trong khoang thoi gian
lwu twong ty giita mau va chat chuan, dic biét tap trung trong ving 16—22 phut, cho

thidy sy hién dién ciia cac methyl ester thu dugc sau qua trinh phan giai bang
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methanol ctia polymer. Sy trung khép vé vi tri va phan bd cac peak gitta mau va
PHB chuén 13 bing chimg quan trong ching minh rang polymer do ching HG5.6
tong hop chu yéu 1 poly(3-hydroxybutyrate) (PHB). Bén canh d6, khong quan sat
théy su xut hién ro rét cua céc peak dic trung cho cdc monomer khac nhu 3-
hydroxyvalerate (3HV), cho thdy polymer thu nhin c6 thanh phan twong ddi dong
nhat, chu yéu 1a PHB. Két qua nay phu hop véi diéu kién nuéi cdy sir dung ngudn
carbon glycerol, vén thudng vu tién hinh thanh don vi 3HB trong qua trinh sinh
tong hop PHA.

Két qua phan tich FTIR (Hinh 3.13) tiép tuc ciing ¢6 nhan dinh trén. Pho FTIR
ciia mau PHA thé hién cac dai hap thu dic trung cua polyester, trong d6 noi bat 1a
peak manh tai khoang 1720-1740 cm™, dac trung cho dao dong kéo gian ciia nhém
carbonyl (C=0) trong lién két ester. Ngoai ra, cac peak trong ving 1270—1280 cm™
va 1050-1150 cm™ twong tmg v6i dao dong cua lién két C—O—C, cung vdi cac peak
& ving 2850-2950 cm™ dic trung cho dao dong cua lién két C—H aliphatic. Nhitng

dic diém nay 1a ddu hiéu dién hinh cta polymer thuéc nhém polyhydroxyalkanoate.

Mic du két qua so sanh véi thu vién phd FTIR cho thiy mirc do twong dong
v6i mot s6 hop chat hitu co khac, diéu nay 1a do han ché cua phwong phap FTIR
trong vi¢c dinh danh chinh xac hop chit dua trén thu vién. Tuy nhién, dya trén cac
peak dic trung ctia nhém chuc ester cung voi két qua GC-MS/MS, c6 thé khing
dinh polymer thu nhdn tir ching Geobacillus sp. HG5.6 1a PHA, vé6i thanh phan chu
yéu 1a PHB. Nhu vay, su két hop giita hai phuong phap GC-MS/MS va FTIR da
cung cip bang chimg bd sung 13n nhau, cho phép xac dinh twong dbi chinh xac ban
chat hoa hoc ciia polymer sinh tong hop, dong thoi khang dinh tiém ning cua chung

Geobacillus sp. HG5.6 trong viéc san xuat PHB.
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KET LUAN

- Tir cac mau nudc va bun tai subi nuéc néng Quang Nguyén, dd phan lap
dugc tong cong 20 ching vi khuan hiéu khi. Cac mau bun c6 sé lwong ching cao
hon miu nude, cung cip ngudn vi sinh vat cho qua trinh sang loc cic ching c6 kha
nang tich liiy PHA.

- Tur tap hop céc ching phan lap, bang cac phwong phap sang loc két hop gom
nhudém Sudan Black B, nhuém Nile Blue A va quan sat bang TEM, di tuyén chon
dugc 3 chung vi khuan c6 kha nang tich liy PHA 1a HG2.3, HG5.2 va HG5.6.

- Pi nghién ctru cac dic diém hinh thai, sinh Iy va sinh héa cua 3 chung vi
khuan dugc tuyén chon. Két hop véi phén tich trinh ty gen 16S rRNA, cac ching
dugc xac dinh thudc hai chi Aneurinibacillus (HG2.3) va Geobacillus (HGS5.2,
HGS5.6).

- Pi d4nh gia kha ning sinh truéng va tich lity PHA cua ba chung tuyén chon,
trong d6 ching Geobacillus sp. HG5.6 cho hiéu suat cao nhét voi sinh khoi khé dat
1,734 g/L, ham lugng PHA 0,781 g/L va 45,04% DCW, va dugc lya chon cho cac

nghién ctru tiép theo.

- Pi xé4c dinh dugc cac diéu kién nudi cdy thich hop cho sinh trudong va tich
lity PHA cua ching Geobacillus sp. HG5.6, bao gdm: nhiét d6 50-55 °C, pH ban
dau 7,0, st dung glycerol 1am ngudn carbon, peptone lam ngudn nito va ty 16 C/N
khoang 30:1. O diéu kién nay, ching dat sinh khdi kho khoang 2,08 g/L, ham luong
PHA khoang 1,10 g/L va 52,82% DCW.

- PHA thu nhan tir ching Geobacillus sp. HG5.6 dugc xac dinh c6 thanh phan
chu yéu 1a poly(3-hydroxybutyrate) (PHB) thong qua phan tich GC-MS/MS va
FTIR, v6i cac dic trung phd phu hop véi PHB chuan.
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KIEN NGHI

- Can tiép tuc t6i wu hoa diéu kién nudi cAdy nhim nang cao hiéu sudt sinh
trudng va tich liiy PHA cua chung Geobacillus sp. HGS.6.

- Nghién ctru m¢ rong nguén co chat, dic biét 1a cac co chit khac nhau (vi du:
acid béo, acid hitu co hodc ngudn carbon tir lignocellulose), nham danh gia kha

nang hinh thanh cdc monomer khac ngoai 3HB (nhu 3HV, 4HB, HHx), qua d6 dinh
huéng téng hop cac dang PHA copolymer c6 tinh chét vét liéu da dang hon.
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