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LOI CAM DOAN

T6i xin cam doan dé tai nghién ctru trong luan vin nay la céng trinh nghién ctru
cua to1 dya trén nhiing tai li€u, s6 liéu do chinh t6i ty tim hiéu va nghién ctru. Chinh
vi vy, cac két qua nghién ciru dam béo trung thuc va khach quan nhat. Dong thoi,
két qua nay chua timg xuat hién trong bat cir mot nghién ctiru nao. Cac sb liéu, két

qua néu trong luan van la trung thuc néu sai t61 hoan chiu trach nhiém.

Hoc vién

Pham Thi Trang



LOI CAM ON

Trong qué trinh hoc tap, thuc hién va hoan thanh dé tai khoa luan nay, to1 da
nhan duogc sy quan tim, gitip d& va tao didu kién vo cung quy gi tir nhiéu ca nhan
va tap thé.

Trudc tién, toi xin bay to 10ng kinh trong va biét on sdu sic t6i ¢o giéo, TS.
Nguyén Kim Thoa. Co di tan tinh gitip d&, chi bao va hudéng dan toi trong sudt qua
trinh hoc tdp va hoan thanh luin vin nay. Két qua nghién ctru trong ludn vin nay 1a
mot phan trong ndi dung nghién ciru tir dé tai “Nghién civu thu nhdn va tinh ché
nhwa sinh hoc PHA dang copolymer tir cdc chiing vi khudn phdn ldp ¢ Viét Nam”
ma s6 TDNSH0.07/22-24.

T6i xin gui 10i cam on t6i chi Lai Thi Hong Nhung va tap thé can bd phong
Cong ngh¢ vat liéu sinh hoc — Vién Cong nghé Sinh hoc — Vién Han Lam Khoa hoc
va Cong nghé Viét Nam di nhiét tinh gitp d t6i trong subt qué trinh thuc tap.

Téi ciing xin dwoc gui 10i cam on chan thanh nhat dén Thay C6 gio trong
Khoa Céng nghé Sinh hoc, Ban giam d¢ Hoc vién Khoa hoc va Cong nghé da truyén
dat cho t6i nhitng kién thire, kinh nghiém bé ich quy bau trong suét thoi gian hoc thac
si tai truong.

Cubi cung, t6i xin bay t6 10ng tri 4n téi gia dinh, ban bé cua t6i— nhiing ngudi
ludn bén tdi, ung ho, khich 1€, dong vién, chia sé nhiing kho khan va giup do téi trong
sudt qua trinh hoc tap va nghién ciu.
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MO PAU

Xu huéng chung cua thé gidi hién nay trude van dé qua tai rac thai nhya 1 tap
trung ddy manh san xuat cac san pham nhya c6 kha nang phan hay sinh hoc hoan
toan nham han ché ti da cac manh nhya bi phan ra trong mai truong tu nhién. Nhua
sinh hoc véi dac tinh than thién véi méi treong, bi phan huy trong tu nhién thanh CO»
va nudc trong thoi gian ngan dugc xem 1a cudc cadch mang quan trong trong cong
nghé chat déo, 1a mot giai phap c6 tiém nang ang dung va thay thé nhua truyén théng.
S6 liéu ctia European Bioplastics cho thay tong nang luc san xuat cac loai nhya sinh
hoc chiém 0,9 triéu tan; du kién ting 1én 2,62 triéu tan vao nam 2023, va dat 2,87
triéu tAn vao nam 2025, twong dwong voi muc ting trudng trung binh 4,4% mot nim
trong giai doan 2018-2023, cao hon 1% so v&i nhya truyén thong [1]. Piéu nay ciing
d6ng nghia v6i nhu cau vé nguyén liéu nhya sinh hoc ngay cang tang, thuc day nha
san Xuit mé rong quy md san xuat, nguon cung nguyén liéu ciing nhu hoan thién
phuong phap san xuat nhya sinh hoc. Cac nhua sinh hoc phd bién hién nay la cac
polyeste nhu polylactic axit (PLA), poly(butyrate adipate terephtalate) (PBAT),
polycaprolacton (PCL), polyhydroxyalkanoat (PHA) c6 thé phan hay sinh hoc hoan
toan bai vi sinh vat trong khi chung c6 dic tinh co, 1y, hoa vu viét, ¢ thé so sanh véi
nhya nhiét déo thong thudng. Py 1a cac loai nhua c6 tiém ning thay thé nhya nhiét
déo truyén thong, mé rong pham vi tng dung ciia nhuya sinh hoc trong nhiéu tng dung
khac nhau, tir bao bi, do gia dung dén cac vat liéu tién tién y sinh, hoa duoc.

O Viét Nam, nhua la mot trong cac nganh cong nghiép co toc do ting truong
tuong doi nhanh so véi toc do phat trién cua nén kinh té chung. Tang trudng trung
binh cta nganh nhya Viét Nam la 11,6%/nam, cao hon so v&i muc tang truong
3,4%/mam cta nganh nhya thé giéi. Song song véi téc do ting truong cao, nganh
nhya cling gay ra mot ap luc rat Ion ddi véi moi trudng do rac thai nhya gay ra. Viét
Nam la mét trong 5 nude c6 luong rac thai nhua ra bién 16n nhat trén thé gioi véi
khoang 1,8 triéu tan/ nam. Xuat phét tir thuc té trén, cac co quan quan 1y Nha nudc
cling da va dang dua ra nhiéu bién phap, chinh sach nham giam thiéu 6 nhiém moi
truong do rac thai nhya gay ra. Cho dén nay, cac nghién ciru ché tao mot sé vat lidu
nhya ¢ kha nang phan huy sau khi sir dung, thay thé nhya truyén théng da duoc thyuc
hién, tuy vay cac két qua dat dugc con twong dbi roi rac, & quy mé nho. Bé co thé
cha dong trong qua trinh san xuat, bt kip xu huéng phat trién nhwa sinh hoc trén thé
gidi chlng ta can 1am cha duoc cong nghé san xuét va tong hop cac loai nguyén liéu
nhya sinh hoc tir cac ngudn nguyén ligu sin c6 trong nudce Vai gia thanh ré. Mot trong
nhitng thé manh hién nay cua cong nghé sinh hoc la c6 thé tao ra nguyén liéu nhua
sinh hoc thdng qua khai thac céc san pham trao d6i chat cua vi sinh vat.



Polyhydroxyalkanoate (PHA) 1a 16p polyester cta cac axit hydroxycarboxylic khac
nhau, duoc téng hop boi cac loai vi sinh vat du¢i dang nang luong du trir khi diéu
kién sinh trudng bi gidi han. PHA mang céc dac tinh co ly twong tu nhu cac loai nhya
c6 ngudn gdc tir ddu mé nhung wu viét hon nhu khéng doc hai, khong tan trong nude,
tuong thich sinh hoc cao va dac biét 1a kha nang phan huy sinh hoc, do d6 chung tré
thanh mét trong nhitng loai polymer c6 tiém ning 16n dé thay thé cac loai vat liéu
nhwra truyén théng [2]. Cung véi mot sd loai nhya sinh hoc khac nhu PLA, PBAT,
PHA hién nay da duoc sir dung trong cong nghiép thuc pham, y té, duoc phdm, nong
nghiép v.v. [3]. Cac PHA c6 ban chat homopolymer (3HB) thudng cé tinh két tinh
cao do d6 vat liéu trong dbi gion, ctng, voi ty 16 kéo dai thap. Trong khi d6 cac vat
liu copolymer di khic phuc dugc nhitng han ché ciia homopolymer, vi vay viéc tim
kiém céac chung vi sinh vat sinh tong hop cac copolymer c6 chtra cac monomer khéc
v6i 3-hydroxybutyrate (3HB) 1a mot diéu can thiét.

Viét Nam voi loi thé hon 11.000 km dudng bién, 1a mot trong nhirng dat nudc
c6 muc do da dang vi sinh vat bién cao, do d6 viéc khai thac va bao ton nguén vi sinh
vat ¢ hé sinh thai nay mang lai nhiéu tiém nang phat trién, dic biét 1a cac ching vi
sinh vét c6 kha ning tich liiy PHA. M6t s6 nghién ctru trong nudce ciing nhu qudc té
cling di tap trung vao nhom cac ching vi sinh vat chiu min tong hop PHA véi cic
dac tinh véat liéu hiru ich. Chinh tir nhiing co s& da phan tich & trén, ching toi tién
hanh thuc hién dé tai: “Tuyén chon cdc chiing vi khudn tich liiy nhwa sinh hoc
Polyhydroxyalkanoate (PHA) dang copolymer phdn ldp ¢ Viét Nam” trong do tap
trung vao nhom vi khuédn bién, véi muc tiéu:

» Thu nhan dugc cac chung sinh téng hop PHA dang polymer.

» Thu nhan dugc nhya PHA tuir cac chung tuyén chon.

Pé dat duoc muc tiéu nghién ctru nay, chung t6i di thuc hién cac ndi dung
nghién curu sau:

- Phan Idp cdc ching vi khudn tir ving bién Nha Trang, Khanh Hoa.

- Sang loc cdc ching vi khudn bién sinh tong hop PHA.

- Pdnh gid dnh hwéng ciia mot sé yéu to nhw pH, nhiét @ lén mirc dg
sinh truéng va sinh tong hop PHA ciia cdc ching vi khudn tuyén chon.

- Thu nhdn PHA tir cdc chiing tuyén chon va phan tich thanh phan PHA.

- Phan logi cdc ching vi khudn sinh PHA tuyén chon.



Chwong 1. TONG QUAN NGHIEN CUU
1.1. Polyhydroxyalkanoate
Polyhydroxyalkanoate (PHA) 1a 16p polyeste cua cac axit hydroxycarboxylic

khac nhau, duogc téng hop bdi cac loai vi sinh vat dudi dang nang lugong du trir. Khi
diéu kién sinh trudng bi han ché do du thura carbon nhung lai thiéu nguén nito,
phétpho, Iuru huynh, oxy v.v thi vi sinh vt diéu khién cac hoat dong trao ddi chét ciia
chiung theo cach ma thay vi tudn theo chu trinh axit tricarboxylic thong thuong,
acetyl-CoA dugc chuyén huéng sang tong hgp PHA. PHA khong hoa tan trong nudc,
dugc tich Ity boi vi khuan duéi dang céc hat noi bao trong bao tuong, tao thanh cac
thé vii. Do PHA mang cac dic tinh co 1y tuong ty nhu cac loai nhwa c¢6 ngudn goc
tir ddu mo nén chung tré thanh mot trong nhiing loai polymer cé tiém nang ing dung
rong rii trong nhiéu nganh san xuat. Hon thé nita PHA c6 thé phan hay sinh hoc trong
cac mdi trudng khac nhau, do d6 chiing 1a Iira chon hap dan dé thay thé nhuya str dung
mét 1an. Vi dic tinh phan hay sinh hoc ctia ching, PHA hinh thanh mdt chu trinh
san xudt vong khép kin giam thiéu tic dong dén méi trudong. C6 hon 150 loai axit
polyhydroxyalkanoic khac nhau tao nén ho PHA [4]. Dua vao su lién két ciia cac don
phan monomer di tao ra s6 lwong khong 16 cac chudi PHA c6 khéi luong, thanh phan

monomer va chiéu dai chudi khéc nhau.
1.1.1. Phan loai PHA

PHA c6 thé dugc phan loai dua trén s luong nguyén tir carbon ctia chudi
polymer hodc dua trén ban chét ctia cdc monomer trong chudi. Dua vao d6 dai chudi,
PHA duoc chia thanh 3 loai: (i) chudi ngan tir 3-5 carbon (SCL-PHA); (ii) chudi
trung binh tir 6-14 carbon (MCL-PHA); va (iii) chudi dai gdm hon 15 nguyén tir
carbon (LCL-PHA). PHA chudi ngan va chudi trung binh 1a cac loai polymer ¢ lién
két, khi duoc tao ra tir cac axit béo khdng b&o hoa [5.]. Cac PHA dién hinh c6 thé ké
dén 1a poly (3-hydroxybutyrate) (PHB) va poly (3-hydroxybutyrate-co-3-
hydroxyvalerate (PHBV), ca hai déu 1a PHA chudi ngan va dai dién cho céc dang co
ban nhat c6 san trén thi truong. Cac loai PHA hién c6 khac dugc st dung trong Cac
nghién ctru phan huy sinh hoc 1a poly (3-hydroxybutyrate-co-4-hydroxybutyrate)
(PH4B), poly (3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHBHXx) va poly (3-
hydroxybutyrate-co-3-hydroxyoctanoate) (PHBO).
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Hinh 1.1: Céu triic héa hoc ciia (a) 3-Hydroxypropionate (HP), (b) 3-
hydroxybutyrate (HB), (c) 3-hydroxyvalerate (HV), (d) 4-hydroxybutyrate (4HB),
(e) 3-hydroxyhexanoate (Hx), and (f) 3-hydroxyoctonaote (HO) [6]

Dua vao ban chat monomer, PHAs duoc chia thanh hai loai homopolymer
va heteropolymer. Trong khi homopolymer chi chira mdt loai monomer axit béo
3-hydroxy duy nhat thi heteropolymer c6 thé chira hai hodc nhiéu loai monomer
khac nhau, do d6 ching con cé tén 1a copolymer. Vi du dién hinh cua
homopolymer la poly-3-hydroxybutyrate (P(3HB) chi c6 mdt dang monomer la
3HB. P3HB (PHB) c¢6 tinh két tinh cao (> 50%), do d6 tuong ddi gion va clng,
voi ty 18 kéo dai va dut gdy thap. Vi vy, cac nd luc tao phicc PHB chu yéu tap
trung vao viéc tim kiém chat hoa déo va chat hat nhan 1am giam qua trinh két
tinh va cai thién tinh linh hoat. PHA dang copolymer c¢6 chtta hdn hop gom céc
tiéu don vi c6 chiéu dai 4-5 carbon va chira cac monomer 3-hydroxyvalerate
(3HV) hoic 4-hydroxybutyrate (4HB) khi nudi ciy cac ching vi khuan véi axit
valeric. Viéc két hop HV vao polymer PHB tao ra poly (3-hydroxybutyrate-co-
3-hydroxyvalerate) (P(3HB/3HV), it cting va gion hon P(3HB) nguyén chat [7].
1.1.2. Pic tinh héa Iy ciia mot s6 loai PHA

Mot sb dic tinh hoa Iy ctia PHA nhur tinh ky nuéc ctia polymer, diém nong chay,
nhiét 46 chuyén thuy tinh va mirc d6 két tinh hoan toan thay dbi dang ké phu thudc vao
thanh phﬁn ctia monomer cAu thanh. Ho PHA thé hién nhiéu tinh chit co hoc khac
nhau, tir dang tinh thé cing dén dang dan hoi.

Céac PHA dang chudi ngin va vira: Cac polymer sinh hoc ¢6 d dai chudi ngén
thudng co dic tinh ctng, gion, c6 mirc do két tinh cao (khoang 60 — 80%) trong khi
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PHA c¢6 d¢ dai chudi trung binh d& uén déo va dan hoi hon, c¢6 do két tinh thap (25%),
d6 bén kéo thap, do gidn dai cao, nhiét do nong chay thip va Tg thap hon nhiét do
phong [8].

P(3HB): PHB la polymer thuéc ho PHA duoc nghién ctru rong rii nht nén
hau hét cac dic tinh cua PHA thudng duoc giai thich tir tich chat cuia PHB. P(3HB)
c6 tinh két tinh cao do tinh 6n dinh trong cu triic khong gian cta né. P(3HB) khong
tan trong nudc va tuong d6i bén véi phan tng thiy phan. N6 c6 tinh tham O3 thip, 1a
loai nhya nhiét déo tét nhung cac tinh chét co hoc va dd bén kéo kém hon so véi cac
polymer c6 ngudn gdc tir ddu mo, vi du nhu polypropylene [9]. Mat d6 cia PHB tinh
thé va vo dinh hinh 1an luot 12 1,26 va 1,18 g/ cm3. Khéi luong phan tir ciia P(3HB)
thu nhan tr vi khuan phan lap trong tu nhién thuong nam trong khoang 10.000—
3.000.000 Da v&i d6 phan tan khoang 2. P(3HB) tinh khiét vé mit quang hoc va so
hiru dién piezo, gitip trong qua trinh tao xwong [10]. P(3HB) 1a vat liéu rat gion va
clmg, tuy nhién tinh chat vat Iy ctia homopolymer P(3HB) c6 thé duoc cai thién bang
cach tao ra cac polymer c6 khéi luong phan tir cao. Vi du nhu tach dong gene PHA
synthase ctia C. necator va biéu hién di hop & Escherichia coli tai to hop.

P(4HB): Poly(4-hydroxybutyrate) (PH4B) 1a mot vat liéu nhya nhiét déo bén
va d& ubn véi d6 bén kéo twong duong véi polyethylen. N6 c6 do gidn dai khi dut 1a
100%, do d6 ¢ dic tinh cuc ky dan hoi. Khi két hop véi cac hydroxy axit khac, cac
dic tinh hoa 1y cta P (4HB) c6 thé thay ddi [11].

P(3HB-c0-3HV): Viéc két hop cac monomer hydroxy axit thir cap khac ngoai
3HB nhu 3-hydroxyvalerate, 3-hydroxyhexanoate, 3-hydroxypropionat va 4-
hydroxybutyrate vao chudi polymer dé tao thanh copolymer 1a phuong phéap pho bién
nham cai thién dang ké cac tinh chat vat liéu cua P(3HB) nhu do két tinh, diém néng
chay, do cting va do bén kéo. Copolymer phé bién nhat P(3HB-co-3HV) c6 d6 két
tinh va nhiét d6 nong chay thép hon, giam d6 cting, tang do bén kéo, linh hoat hon
(giam Young's Modulus) so v6i P(3HB). Phan tram s6 mol ctia 3HV rat quan trong
trong viéc xac dinh cac tinh chat ciia copolymer. Tinh chat co nhiét c6 thé rat da dang
vi thanh phan cta P(3HB-co-3HV) c6 thé nam trong khoang tir 0 dén 30 mol% 3HV
[12]. Vi du P(3HB-co-3HV) chira hon 20 mol% don vi 3HV ¢6 thé duogc str dung dé
tao mang va soi c6 do dan hoi khac nhau bang cach kiém soat cac diéu kién xir 1y [13].
Poly (3-hydroxybutyrate-co-3-hydroxyhexanoate) két hop cac dic tinh co nhiét ciia PE
(46 bén, d6 mém déo, do déo, dd dai, dd dan hoi) véi cac tinh chét vat 1y - hoa hoc ciia
polyeste (kha ning in, kha niang nhudém). N6 co thé blend véi PLA va tinh bot nhiét
déo.
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PHA terpolymer: PHA terpolymer duoc biét dén 1a dang vat liéu tot hon so
v6i cac copolymer khac. Viée lién két nhiéu hon mét loai monomer thtt cip vao chudi
polymer s€& cai thién dugc cac dac tinh cua vat li¢u. Cac nghién ctru da chi ra rﬁng
PHA terpolymer P(3HB-co-3HV-co-3HHX) ¢6 d6 vo dinh hinh cao hon, khong phat
hién thay dinh néng chay trong terpolymer vdi 39 mol% 3HV va 3 mol% 3HHXx,
trong khi do bén kéo 1a 12 MPa va do gian dai khi dut 13 408%. Trong khi do
P(3HBco-3HV-co-4HB) véi 93 mol% 4HB va 3 mol% 3HV thé hién do gian dai
430%, do bén kéo 33 MPa va Young’s modul 1a 127 MPa, tuong ty nhu LDPE.
Terpolymer véi 55 mol% 4HB va 34 mol% 3HV cho thdy Young’s modul 1a 618
MPa, tuong tu nhu cua polypropylene [14,15].

1.1.3. Con dwdong sinh tong hop PHA

Ba con dudng sinh tong hop PHA pho bién dugc trinh bay ¢ Hinh 1.2. Thanh
phén monomer cua PHA phu thuoc mot phén dén nguén carbon dugc st dung trong
Ién men. Con dudng I duge biét dén nhiéu nhat trong sb cac con duong sinh tong hop
PHA. Trong con duong nay, cic monomer 3HB duoc tao ra do sy ngung tu cua hai
phan tir acetyl-CoA tir chu trinh TCA dé tao thanh acetoacetyl-CoA do enzyme-
ketothiolase xtic tac. Acetoacetyl CoA reductase tac dong 1én acetoacetyl-CoA dé tao
thanh 3-hydroxybutyryl-CoA. Cudi cing, PHA synthase xuc tac qua trinh tring hop
théng qua qua trinh este hoa 3 hydroxybutyrylCoA thanh poly (3-hydroxybutyrate)
(P(3HB)). PHBV duoc san xut trong cac diéu kién twong tu nhung véi su hién dién
clia axit propionic v6i hop chét ban dau 1a 3-ketovaleryl-CoA [16, 17]. Con dudng II
dac trung bdi phan ing B-oxy hoa cac axit béo trudc, sau d6 enzyme PHA synthase
s& xuc tac qua trinh polymer hoa. Vi du dién hinh cta con dudng tong hop nay duoc
ghi nhan & loai Pseudomonas aeruginosa. O A. caviae, chét trung gian ctia phan tmg
B-oxy hda, trans-2-enoyl-CoA duoc chuyén thanh (R)-hydroxyacyl-CoA béi mot
(R)-enoyl-CoA hydratase dic hiéu. Con duong III dugc quan tdm dang ké vi no giup
tao ra cac monomer dé tong hop PHA tir cac nguodn carbon don gian, ré tién khong
lién quan vé ciu trac nhu glucose, sucrose va fructose. Chat trung gian (R) -3-
hydroxyacyl tir con duong sinh tong hop axit béo dugce chuyén doi tir dang protein
mang acyl (ACP) cua ching thanh dang CoA bédi enzyme acyl-ACP-CoA

transacylase (dugc ma hoa boi phaG).

Trinh tu cta cac gene phaC moi mi hoa cho enzyme PHA synthase c¢6 thé dan
dén su téng hop cac PHA c6 thanh phin monomer méi. Ngudn gene méi ndy thuong
dugc thu nhéan tr cac chung vi khuén phan 13p tai cac h¢ sinh thai khac nhau
[18,19,20]. DNA metagenome tach chiét tir quan xa vi sinh vat dt duoc str dung dé
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tao thu vién metagenome nham sang loc cac gene phaC méi [21]. Tach dong va biéu
hién cac gene phaC nay sé& c6 co hdi tim kiém dugc cac enzyme PHA synthase moi
(PhaC1 va PhaC2). Cac dong gene phaC mdi da duogc tach dong trong cosmid
pRK7813 [22, 23] va biéu hién trong P. putida LS46 tao thanh chung tai to hop P.
putida LS46123. Chiing tai to hop tong hop duge copolymer véi ty 18 50 mol % don
vi chudi ngén (3-HB va 3-HV) gin véi cac chudi PHA dai trung binh khac nhau. Céc
polymer PHA véi thanh phin don phan khac nhau s& c6 cac dic tinh vat Iy va nhiét
d6 khac nhau phu hgp véi cac dinh hudng ing dung [24].

Pathway 1 Pathway II
Carbon Sources Fatty acid degradation
(Sugars) (p-oxidation)

Carbon Sources
l (Fatty acids)

TCAcycle <&  Acetyl-CoA l
PhaA l Acyl-CoA
Acctoacetyl-CoA
3-Ketoacyl-CoA Enoyl-CoA
FabG / \ A/

PhaB PhaB |' (S)-3-Hydroxyacyl-CoA | Phal
A 4
(R)-3-Hydroxybutyryl-CoA (
PhaC |‘ |
PHA < (R)-3-Hydroxybutyryl-CoA
PhaC
TPhaG

(R)-3-Hydroxyacyl-ACP

Dl N

3-Ketoacyl-ACP Enoyl-ACP
T b Acyl-CoA «
Malonyl-ACP

FabD T

Malonyl-CoA € Acetyl-CoA ¥ Carbon Source
(Sugars)

Pathway III
Fatty acid Biosynthesis

Hinh 1.2: Céc con dwong sinh tong hop PHA trong té bao [25]



1.1.4. Ung dung ciia PHA

Trong 10 nim qua, PHA d3 duoc phat trién nhanh chong dé tim kiém cac tng
dung trong cac linh vuc khac nhau (Hinh 1.3) [26]. PHA ¢ cac dic tinh phong pha
tiy thudc vao cu tric. Cac chat ddng phan tao, chat dong trung hop ngiu nhién va
chét dong trang hop khdi cia PHA c6 thé duoc san xudt tiy thude vao loai vi khuan
va diéu kién phat trién. Vi hon 150 monome PHA khéc nhau di duoc béo cédo, PHA
v6i cac dic tinh nhiét va co hoc linh hoat dd duoc phat trién [27]. Su da dang nhu vay
da cho phép phit trién cac ing dung khic nhau, bao gdm nhya phan hity sinh hoc
than thién vi méi truong cho muc dich dong géi, soi, thiét bi cay ghép co thé phan

huy sinh hoc va twong thich sinh hoc, bao géi thube, v.v

Hinh 1.3: Cac wng dung cua polyhydroxyalkanoat (PHA) trong cdc linh vue khdc
nhau [26]

1.2. Céc nhoém vi sinh vit sinh tong hop PHA dang copolymer

Viéc téng hop PHA rat quan trong trong qua trinh phan huy sinh hoc vi cac
con dudng trao ddi chat c6 lién quan dén qua trinh déng hoa sinh hoc. PHA thuong
mai thuong téng hop tir cac chung Escherichia coli tai to hop nhung cac loai PHA da
dang vé dic tinh hoa 1y lai thuong duoc thu nhan dugc tir cac chung vi sinh vat trong
tu nhién nhu cac chung thudc loai Ralstonia eutropha [28] hay con goi la A.
eutrophus, Wautersia eutropha hoac Cupriavidus necator. Azotobacter sp., Bacillus



sp., Pseudomonas sp., Burkholderia sp., Clostridium sp., Syntrophomonas sp.,
Halomonas sp., Haloferax sp., Aeromonas sp., Methylobacterium sp., Thermus
thermophilus, Hydrogenophaga pseudoflava, Saccharophagus degradans,
Comamonas sp. A. latus hay con goi la Azohydromonas lata, Rhodobacter
sphaeroides, Zobellella denitrificans, bun hoat tinh, Cyanobacteria,
Chromobacterium sp., Erwinia sp.,[25]. Chi Pseudomonas dugc cong bé 1a nhitng
loai c6 kha ning sinh tong hop PHA chudi dai [29].

Gan day, nhém nghién ctru cta Sedlacek va cong su da cong bd co thé kiém
so4t dinh huéng qua trinh tong hop PHA ¢6 céc thanh phin monomer khac nhau &
chung vi khuan wa nhiét méi Aneurinibacillus sp. H1. Dic biét chiing nay c6 thé tong
hop copolymer cua 3-hydroxybutyrate (3HB), 4-hydroxybutyrate (4HB) va 3-
hydroxyvalerate (3HV) véi cac phan doan 4HB va 3HV cao dang ké [30].

Chung Alcaligenes eutropha c6 kha ning sinh tong hop céac loai copolymer
ctia PHB va PHV c¢6 s6 mol% khac nhau khi 1én men trén cic ngudn co chat khac
nhau, dic biét ty 16 monomer 3HV c6 thé 1én dén 71 mol% [31,32]. San pham Nodax
™ thyrong mai dugc san xuit boi Meridian (Bainbridge, GA, USA) 1a copolymer cta
axit béo 3HB va 3-hydroxyhexanoate (3HHXx) v6i ty 1€ khac nhau [33]. Cac chung tai
t6 hop cua P. putida GPp104 mang gen PHA synthase ctia Aeromonas hydrophila
chi c6 thé gia ting thém 14 mol% 3HHx vao copolymer [34]. Su két hop cua céac
monomer 3HHXx va 3-hydroxyocatanoate (3HO) véi monomer 3HB tao ra nhirng
thay d6i dang ké vé tinh chét nhiét va vét Iy cta cac copolymer nay. Pseudomonas
putida LS46 tong hop PHA chudi trung binh bao gdm cac monomer 3HHx, 3HO,
3HD va/ hoac 3-hydroxydodecanoate (3HDD) theo cac ty 1€ khac nhau [33]. Bo
gen cua P. putida LS46 di duoc xac dinh trinh ty. Cac gen diéu hoa va protein
lién quan dén tong hop PHA duoc xac dinh bang phuong phép transcriptomic va
proteomic [35,36,37,38]. Enzyme PHA synthase type Il (PhaC1l - ma hoéa boi gen
phaC1) dugc biéu hién trong P. putida khong thé thém cac monomer 3HB vao céc
chudi polymer PHA trung binh.

Tinh dic hiéu ctia co chat trong qué trinh tich lity PHA quyét dinh thanh phan
monomer. Mot s6 chiing vi khuan nhu Aeromonas caviae va Pseudomonas stutzeri
c6 PHA synthase c6 kha nang dap tng voi nhiéu loai co chat. Chung tai t6 hop biéu
hién PHA synthase nay & Ralstonia eutropha tong hop copolymer dang SCL- va
MCL-PHA [39]. T6 hop d6t bién trong P. putida, P. oleovorans, va P. aeruginosa
dugce cong bd tong hop PHA mang cic monomer 3HB, 3HHx, 3HO, 3HD, hoic
3HDD [40]. Hai chung vi khuan phan lap tir ty nhién Pseudomonas sp. 61-3 va
Pseudomonas sp. MBEL 6-19 tich liiy copolymers gitta 3HB va HHx, HO, va HD
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[41,42]. Trong khi d6 enzyme PhaCl cua 2 chung Aeromonas hydrophila va
Aeromonas caviae c6 kha niang gin thém ca 2 loai monomer 3HB va 3HHx vao chudi
PHA [43,44,45]. Viéc tdi uu héa codon ctia PHA synthase (phaC2ps) ¢ chung P.
stutzeri ciing giup ting cuong su két hop 3HB trong copolymer [46].

1.3. PHA tir nh6m vi sinh vat wa man

Su thich nghi cia nhém vi sinh vat va man trong diéu kién khéc nghi¢t da mang
lai cho chung nhing tiém ning va loi thé doc ddo dé san xuit PHA. Uu diém quan
trong nhat 1 nhoém vi sinh vat nay yéu cau d6 min cao do do6 s& giam nguy co tap
nhiém trong qua trinh 1én men so v&i cac nhom vi sinh vat khac [47]. Chi phi thu hoi
PHA ciing thip hon nita vi t& bao c6 thé dé dang bi ly giai & trong cac dung dich dém
¢6 pH trung tinh do 4p sudt tham thau ndi bao cao [48]. Hon nita, so voi cac vi khudn
khong wra min, nhém vi khuan wa min thudng c6 kha ning sinh tong hop PHA tir cac
nguyén liéu tho ré tién khac nhau [49]. Tir nhiing 1y do trén cho thiy nhom vi sinh
vat uva man dugc coi la mgt ng cur vién déy htra hen cho viéc san xuit PHA. Cong
ty ¢ tén Bluepha & Trung Qudc dang san xuat polyhydroxybutyrate (PHB) va poly
(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) bang cach st dung cac loai thudc
chi Halomonas. Tuy nhién, van con mot s thach thirc khi str dung céac chiing vi sinh
vat va man dé san xuit PHA & quy mo 1én. Vi dy, viéc xur ly nudce thai [én men man
rat kho khan [50], ndng d6 mudi cao ctia mdi truong dan dén hién twong dn mon thiét
bi 1én men. Vi sy phat trién cua cac nganh céng nghé moi trudng va vat lidu, cac
chién luoc 1én men nhom vi sinh vt wa min d3 timg bude khic phuc nhitng nhwoc
diém nay. Nudc thai nhiém min c6 thé duoc xtr Iy bang mot s6 nhém vi khudn bién
[51] trong khi cac thiét bi 1én men chju mubi c6 thé duoc lam bang nhya, gbm st
hodc thép cacbon [52]. Pic biét, viéc ap dung cac k¥ thuat di truyén vao su phat trién
ctia cac chung wa min bién ddi gen c6 kha niang nang cao hiéu qua cua viéc san xuét

PHA & quy md lon.

Nghién ciru vé qua trinh tong hgp PHA bdi cac vi sinh vat wa min dang duoc
tang toc. Trong s6 nhiing loai wa man, vi khuan c¢6 Haloferax mediterranei va cac
loai Halomonas spp. da dugc nghién ctru rong rii vé dac tinh sinh tong hgp PHA hi¢u
qua. Cho dén nay, H. mediterranei di duoc bao cdo c6 thé tong hop PHBV va poly
(3-hydroxybutyrate-co-3-hydroxyvalerate-co-4-hydroxybutyrate) (PHBV4HB) [53];
Cac loai Halomonas c6 thé tich lity PHB, PHBV va poly (3-hydroxybutyrate-co-4-
hydroxybutyrate) (P3HB4HB) [54,55,56]. Pén nam 2010, sy tich lily PHA da duoc
bao cao & mot sb loai vi khuan cd wa min khac bao gdm Halostagnicola sp.,
Haloterrigena sp., Halobiforma sp., Haloarcula sp., Halobacterium sp., Halococcus
sp., Halorubrum sp., Natrinema sp. va & cac chung vira wa min vira va kiém bao gdm
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Natronobacterium sp., Natronococcus sp. [9,10,11,12,13]. Béi véi cac lodi vi khuén,
hau hét cic nha san xuit PHA wa man thudc ho Halomonadaceae, mot s it thuoc ho
Bacillaceae. Trong s6 gin 12 chi (tinh dén thang 5 nim 2017) cua ho
Halomonadaceae, chi Halomonas dugc biét 1a tich lily PHA dang chudi ngian. Hau
hét cac chiing Halomonas sp. c6 nhu cau NaCl thdp hon (3 — 15%) dé ting truong tdi
wu so véi nhom vi khuan ¢6 ua min nhung & néng d6 du dé kiém soat su nhiém
khuan. Halomonas boliviensis, mét vi khuan wa kiém va wa kiém vira phai, c6 kha
nang tong hop PHB hi¢u qua & ham lugng trung binh 50% (khdi luong) bang cach sir
dung glucose, sucrose, maltose, xylose cling nhu cam lta mi [23,24,28]. Tuy nhién,
khong giéng nhu H. mediterranei, hau hét cac chung vi khuan wa man can tién chat
3HV dé san xuat PHBV. H. bluephagenesis TDO1 tao ra PHBV khi axit propionic
hodc axit valeric duoc cung cip thém véi glucose [31]. Halomonas marina tao ra
PHBV véi 12,8 mol% 3HV trong moéi trudng glucose ¢ b sung axit valeric [32].
Tuong tu, Halomonas profundus tao ra PHBV vdi cac phan mol khac nhau ctiia 3HV
khi c6 mat axit valeric va axit propionic [33]. Gan ddy, mot chung uva min san xut
PHB ¢ tén la Vibrio proteolyticus da duoc phan lap tir bién Han Quéc va né ciing
dugc phat hién dé tao ra PHBV chira 15,8 mol% 3HV khi axit propionic dugc thém
vao lam ddng co chit cua fructose [34]. Tuy nhién, ching Halomonas campisalis lai
c6 thé tich liiy PHBV véi 3,6 mol% 3HV tir maltose [35]. Nam 2015, Yangia sp.
ND199, thuoc ho Rhodobacteraceae, duoc bao cao la tich tu PHBV vdi pham vi 1-7
mol% 3HV tir ngudn carbon khong lién quan bao gdm glucose, maltose, sucrose va
glycerol [36]. Cho dén nay, cac nghién ciru vé tong hop PHBV bang nhém vi khuan
Gram duong con kha han ché. Khac véi cac chi khac, chi Bacillus sp uva min moi
dugc ghi nhin vé viéc tong hop PHA dang homopolymer dang PHB [57]. Mic du
vay, cac chi Bacillus 1a mot trong nhitng vi khuan Gram duong dau tién duoc ghi
nhan c6 kha niang san xuat PHA, mang nhiéu loi thé 1am chiing san xuét trong 1én
men téng hop PHA do ¢6 kha nang st dung da dang cac nguon co chat (bao gdom ca
cac phé phu liéu nong 1am nghiép, thuy san,...). Cau tric copolymer phu thudc vao
diéu kién 1én men va ngudn carbon co chat. Kha niang tong hop copolyme tir cau tric
céc ngudn carbon khong lién quan cho thay cac loai thudc chi Bacillus co tiém ning
san xuat PHA dang copolyme méi. Chinh vi vy viéc tim kiém cac ching thudc chi

Bacillus wa man c6 kha nang tong hop copolymer 1a diéu can thiét.
1.4. Tinh hinh nghién ciru trong nuéc vé PHA

Céc nghién ciru vé phan 1ap va sang loc cac ching vi sinh vat ¢6 kha ning tich
lily PHA, dac bié¢t 1a nhom vi sinh vat chiu man da dugc nhém nghién ctru cia PGS.
TS. DPoan Van Thuogc thudc Pai hoc Su pham 1 trién khai tur khoang 10 nam tr¢ lai
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day voi rat nhiéu cac cong bd trén cdc tap chi trong nuée va qudc té. Nhom nghién
ctru ctia PGS. Thuogc da thu thip duoc tap hop da dang cac ching vi khuin Gram
duong (cac chung thudc chi Bacillus), Gram &m (Halomonas boliviensis, Yangia sp.
ND218, Salinivibrio sp M318, Ralstonia sp M91 ...) tir m6t s6 hé sinh thai rirng ngap
man tai cac tinh Nam Dinh, Quang Ninh, Can Gio hodc tir cac bé lam mam, via mudi
tai cac dia phuong. Trong tap hop d6, nhém nghién ctru cling da sang loc va tim dugc
cac diéu kién nudi cdy thich hop dé thu nhian duoc PHA dang copolymer [P(3HB-co-
3HV)] va [P(3HB-co-4HV)] cho mét sé cac ching vi khuan nhu Yangia sp 199,
ND218, ND153, VK75, VK98 va VK129 [52,58]. V&i mdi chung vi khuén, céc tién
chat dé tong hop PHA dang copolymer 1a khac nhau. Khi st dung fructose 1a nguén
carbon duy nhat dé nudi cdy 100 ching c6 hoat tinh tich liiy PHA thi chi c6 2 ching
vi khuan ND199 va ND218 phan 1ap tir Nam Dinh sinh tong hop copolymer (PHBV)
v6i ham luong 1an luot 13 34% va 24% so véi khdi luong kho té bao. Ti 16 monomer
3HV/3HB chi chiém c6 2 — 3 mol%. Sau khi thay d6i ngudn carbon nhu két hop giira
glucose va mudi propionate hay valerate trong qua trinh 1én men, nhém nghién ciru
d3 thu duoc 7 chung vi khuan sinh téng hop PHBV vé6i ham luong tich liy PHA dao
dong tir 11 — 71% so v6i khdi lwong khé té bao. Tuy nhién ti 16 monomer 3HV/3HB
cling kh4 thap chi khoang 5 — 15 mol%. Pic biét, chung ND153 ban dau chi tong hop
homopolymer PHB nhung sau khi b6 sung propionate da tong hop thém cac monomer
3HV va ty 1é 3HV tang tuyén tinh (tir 1 — 30 mol%) khi nong do propionate trong
moi truong nudi cdy tang tir 0,2 — 1 g/l [59]. Hai chung ND199 va ND218 sau khi
thay d6i co chat 1én men di nang duoc ti 16 monomer 3HV 18n 44 va 21 mol% nhung
ham luong tich lily PHA tong thi lai giam xudng 11 — 12% so véi khéi luong kho té
bao [60]. Mot trong nhitng chung vi khuan duoc nhém tép trung nghién ctru sau 1a
Yangia sp ND199. Nhiéu chién lugc 1én men dé thu nhan PHBV tir chung nay da
dugc ra doi. Khi nudi cay trong binh tam giac, ching nay chi tao ra luong sinh khoi
6,37 g/l voi ham Iugng P(3HB-c0-3HV) tich ity 1a 43,1%. Tuy nhién khi nu6i ching
nay trong ndi 1én men, luong sinh khdi tang 1én 9,1 g/l nhung ham luwong P(3HB-co-
3HV) tich liy lai gidm con 37%. Quy trinh Ién men gidn doan 2 pha da nang cao ham
luong sinh khéi kho 1én 55,8 g/l v6i hiéu suat tich liy PHBV dat 67% sau 51 gid 1én
men. Tuy nhién ti 1¢ monomer 3HV chi dat c6 3,2 mol% [61]. Hon nira, trong qua
trinh 1én men c6 bd sung cac tién chat nhu 1,4-butanediol, y-butyrolactone hay
sodium 4-hydroxybutyrate thi san phim PHA tich liy dugc c6 thanh phan chira
monomer 4HV véi ty 1€ 4 — 7.1 mol% [62].

Bén canh nhom VSV ua mén, nhom nghién ctru cia PGS. Thugc cling md

rong qua trinh tim kiém céc ching vi khuan sinh tong hop PHA & cac hé sinh thai
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khac va ciing dat dugc nhidu két qua c6 tiém ning ung dung. Ching Ralstonia sp.
M91, Salinivibrio sp. M318 c6 kha niang chuyén hoa dau ca tir phé phu phim nganh
ché bién thuy san thanh PHA. Trong khi chung Ralstonia sp. M91 chi tich liy loai
homopolymer (PHB) v&i hiéu suat tich lily 2,43 g/l khi nudi cdy trong binh tam giac
va ting 1én 2,73 g/l khi nudi cdy trong hé théng 1én men 10L c6 chira méi trudng
mang 15 g/l dau ca [61] thi chung Salinivibrio sp. M318 lai c6 kha ning tich liy PHA
dang copolymer [P(3HB-co-3HV)] hoic [P(3HB-co-4HB)] khi b6 sung thém cac tién
chit cua PHA vao méi truong 1én men. Ty 1€ ctia monomer 3HV dao dong tur 13,3 —
24.7 mol% va 4HB tir 5,2 — 5.9 mol% [62]. Két qua phéan 1ap tir nudc thai cia lang
nghé san xuat bun Mach Trang da tim thay ching vi khuan MT33 c6 kha ning sinh
tong hop poly(3-hydroxybutyrate-co3-hydroxyvalerate) (PHBV). Ham luong sinh
khéi kho (5,08 g/l) va ham luong PHBV cao nhat (67 %) dat dugc sau 36 gid nudi
ciy trong diéu kién toi wru véi phan doan 3HV dat 3 mol% [60]. Cac ching thudc chi
Bacillus nhu Bacillus megaterium D8, B. cereus, B. paranthracis ciing da dugc phan
1ap va sang loc kha nang tich lity PHB khi sir dung tinh bot san, dich thay phan rom
ra v6i hiéu suét tich liy tir 46,4 — 66.2% [47-48].

Céac nhom nghién ctiru phia Nam ciing d cong bé mot sb két qua phan 1ap va
sang loc cac ching vi khuan sinh tong hop PHA nhung chii yéu ¢ dang PHB. Nam
2015 nhom nghién ctru cua tac gia Huynh Van Hiéu va cong su tai Truong Pai hoc
Nguyén T4t Thanh phan lap va sang loc mot sé ching vi khuan c6 kha ning sinh tong
hop PHB béng thudc nhuom Sudan black B tir cac mau dat, nude, bun céng ranh &
khu vuc TP H6 Chi Minh. Sau ching sang loc duoc phan lam 2 chi 1a Enterobacter
va Bacillus [49]. Nhom nghién ctru cta tic gia Nguyén Thanh Luan va cong sy di
thu mau ndt san cay ho dau nhu ré cay dau phong, dau bép, cay co dau tai Binh
Duong. Két qua da tim thdy 5 ching vi khuan c6 kha ning tao ra nhya sinh hoc va
phan loai ching c6 kha ning san xuat nhua cao nhat (dat 39.84%) sau 48 gid nudi
cay thudc loai Rhizobium gallicum [50].

Trong du an dé tai cip nha nudce “Nghién ctru tao mang polymer sinh hoc tir
chung vi khuan E. coli tai t6 hop va budc dau thir nghiém lam gia d& nudi ciy mo
trong Y hoc”, Khoa Cong nghé Sinh hoc — Truong Pai hoc Nguyén Tat Thanh di
budc dau phan 1ap duoc mot s6 chiing vi khuan c6 kha nang sinh tong hop PHB thudc
chi Pseudomonas, Citrobacter, Klebsiella, Bacillus, Enterobacter, Leclercia. Déng
thoi tinh twong thich sinh hoc cia PHB & vi md in vitro trén cac dong té bao nhur
nguyén bao soi, té bao biéu md, té bao co tron, té bao géc trung mo, té bao xuong, té
bao tity xuong, t& bio syn,... cling dd duoc nhém khao sat. Vién ky thuat Y Khoa (Bo
Y té, Lién bang Nga) (s6 388-99, 24.12.1999) di cap ching nhan doc tinh cho céc
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san pham tr PHB, ching nhan ndy cho phép PHB duoc tng dung vao y té nhu vt
liéu twong thich sinh hoc, khéng doc hai va thich hop cho cdy ghép mé & ngudi. Két
qua nay mang dén tiém ning tmg dung diéu tri phong, vét thuong 1au lanh trén ngudi
bang bing dan sinh hoc tir mang sinh hoc PHB (https://cnsh.ntt.edu.vn/nghien-cuu-
khoa-hoc/61-nghien-cuu-khoa-hoc/410-polymer-sinh-hoc-phb-poly-
hydroxybutyrate-tong-hop-tu-vi-sinh-vat).

Tai Vién Han 1am Khoa hoc va Céng nghé Vi¢t Nam, nhirng nghién ctru dau
tién vé viéc sang loc, lya chon chung san xuit PHB d3 duoc tién hanh tir nhitng ndm
2008 — 2009. Nhoém nghién ctru cia PGS. TS Tran Pinh Man, TS. Pham Thanh Ha
da Iya chon dugc ching vi khuan Alcaligenes latus VN1 phén lap tir dat nhiém dau
c¢6 kha nang tich liy PHB khoang 40% so v&i khéi luong khé cta té bao. Ching nay
sau d6 duoc giy dot bién bang cach chiéu tia UV, thu dugc thé dot bién A. latus VN1-
20 c6 hoat tinh tich lity PHB 1én 55,6% [51]. Thé dot bién A. latus VN1-20 d3 duoc
thir nghiém 1én men trén ngudn carbon tinh bot san (40 g/l) bang qui trinh nudi ciy
hai giai doan trén moi truong dinh dudng va moi truong khoang bi gidi han nito. Sinh
khéi kho sau qua trinh 1én men dat ~ 15 g/l v6i nang suat tich luy PHB dong hinh dat
~ 75%. Sau tinh sach thu dugc san pham PHB c6 khdi lwong phan tir cao, mang nhing
tinh chat uu viét ciia vat liéu polymer tiém ning cho ung dung, hoa hop tt véi
chitosan tao san pham blend da cai thién duoc nhiét d6 nong chay cua PHB, c6 kha
nang phan huy sinh hoc hoan toan trong thoi gian ngan [63]. Nam 2018 nhom nghién
ctru ctia GS.TS Ping Didm Hong di phan 1ap dugc ba chung vi khuan Gram 4m &
rirng ngap man Giao Thuy, Nam Dinh, trong c6 d6 mdt chung thudc chi Halomonas
c6 kha ning tich lity PHB 1én dén 50,23% so v&i sinh khdi kho sau 60 gio nudi cay
[64].

Gan ddy, nhom nghién ctru cia TS. L4 Thi Huyén ctia Vién Cong nghé sinh
hoc ciing ¢6 cong bd trén Tap chi Kiém nghiém va An toan thyc pham két qua sang
loc 6 chung vi khuan thudc chi Bacillus c6 kha niang san xuat cia nhua polymer phan
huy sinh hoc, trong d6 ching Bacillus sp. DVOI tich lily cao nhét, dat 23,9% so vdi
sinh khéi kho [65]. Vién Cong nghé sinh hoc vira hoan thanh nhiém vu cha tri dé tai
“Nghién ciru tao ché pham sinh hoc tai t6 hop sinh téng hop bioplastic tir phu pham
ché bién thily san”, ma s6 DT.08.19/CNSHCB thudc Dé an phét trién va ung dung
cong nghé sinh hoc trong linh vuc cong nghiép ché bién dén nim 2020 ciia Bo Cong
thuong. Két qua dé tai di tao duoc 3 ching tai to hop B. megaterium pPSPHAR1/1,
pPSPHACS5/1 va gRNAPHAZ/1 c6 kha nang tich liiy PHA lan luot 1a > 70%, >50%
va > 50%. Tuy nhién ca 3 chiing tai t6 hop chi tich liiy homopolymer PHB. San pham
PHB blend t6t v6i chitosan, c6 kha nang phan hily hoan toan sau 2 thang chon lap
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ngodi moi trudng va cling di danh gia tinh an toan déi voi dong té bao nguyén bao
soi [53].

Nhu d trinh bay & trén phan 16n cac chung vi khuan phan 1ap duoc chi tong
hop duy nhit mét loai P3HB, chi mét sé it cac ching téng hop copolymer, thudc cac
chi nhu Methilobacterium, Pseudomonas, Rhodospirillacee, Alcaligenes,
Comamonas, Halomonas va Rhodococcus. Ngoai ra cac loai ¢ khudn nhu Haloferax
mediteranei, xa khuan Streptomyces hay céc vi khuén tia quang hop ciing duoc ghi
nhan c6 kha ning tong hop PHAs. Hiéu suat tong hop copolymer cua cic ching
khong chi phuy thudc vao dac diém sinh hoc cua ching ma con phu thudc kha nhiéu
vao diéu kién nudi cdy va 1én men. Viét Nam 1a mot trong nhirng dat nuéc co tinh da
dang sinh hoc cao nhét trén Thé gidi, do d6 ching ta c6 thé chi dong tim kiém va
khai thac cac ching vi sinh vat tir cac hé sinh thai khac nhau c6 kha ning tong hop
nhya sinh hoc nham chu dong san xuét céac loai vat liéu ung dung trong cac nganh
cong nghiép. Chinh tir nhitng co s& dd phén tich ¢ trén, ching t6i dat vin dé “Tuyén
chon cdc chiing vi khudn tich liiy nhwa sinh hoc Polyhydroxyalkanoate (PHA)
dang copolymer phdn ldap ¢ Viét Nam”.
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Chwong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1.

Vat liéu

Céc miu nudce bién (3 mau), mau tram tich (5 mau) cua ving bién Nha Trang,
Khanh Hoa duoc danh s tir 1-8 (Bang 2.1, Hinh 2.1)

Khanh Hoa

Bing 2.1: Pdc diém mdu nwéc va tram tich bién viing bién Nha Trang,

] . Piéu kién thu mau
STT | Ky hiéu | Vi tri ldy miu Piic diém mau (do sau, nhi¢t do, d0 man,
pH)
1 1 B0 bién Mau nau, dang cat | 20 cm, 30°C, 30%c0, 7,4
2 2 Day bién Mau tring, cat 8 m, 30°C, 37%%0, 7,9
3 3 Pay bién Mau trang, cat 12 m, 30°C, 37%0, 7,8
4 4 Déy bién Mau tring, cat 20 m, 30°C, 37%0, 7,8
5 c Xgl?%iléencjg Mau nau den, dat Céach bé mat 5-10cm,
T % cat san ho 30°C, 21%0, 7,5
muodng bién
\ < r A A 0 0
6 6 Ngodi bo ké Mau trang, catsan | D0 sau 0,5m, 30°C, 27% o,
ho 7,8
s Mau nau, dat cat | Do sau 5 — 10 cm, 30°C,
! ! Ngoai bo ke san ho 25%00, 7,9
Vangrécay lac |y po nay dhtcat | D6 sau 5 — 10 cm, 30°C,
8 8 tién ngoai bo A o
ke san ho 23%o0, 7,7




Hinh 2.1: Hinh dnh méu nwéc va méu tram tich dwoc liy 6 viing bién Nha
Trang, Khanh Hoa.

Thoi gian nghién ctru: Cac nghién ctru dugc thuc hién & quy mé phong thi
nghiém, trong thoi gian tir 01/2022 — 09/2022.
2.2.  Dung cu, thiét bi may méc, héa chat
2.2.1. Dung cu

Dia petri ¢ 9, dng nghiém, micropipette (1000 pl, 200 ul, 10 pl), bng falcon

(50ml), dau con (1000 pl, 200 ul, 10 pl), éng eppendorf (1,5 ml; 2,2 ml), binh
Schott (250 ml, 500 ml), que cay, dén con, dng dong, gidy do pH, diia thuy tinh...

2.2.2. Thiét bi mdy méc

- Céc thiét bi khtr trung, v6 triung: Tu sdy (DHG-9140 B, Trung Quéc),
ndi hap thanh tring (Hirayama, Nhat Ban), 10 vi séng (Sharp, Trung Qudc)

- CAc thiét bi nudi cay va giit giéng: Tt 4m, may lic 6n nhiét (Wise Cube,
Han Qudc), ti lanh 5°C (Sharp, Trung Qudc), tit lanh -20°C (Frigor, Pan Mach)

- Céc thiét bi ly tam: May ly tam Eppendorf (Hermle, CHLB Pirc), may ly
tdm Universal 320 (Hettich, CHLB D).

- Thiét bi khuéch dai gene (ABI — Singapore), may dién di, may giai trinh
tu gen ABI 3130 (ABI — My)
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- May do quang phd (LaboMed, M¥), Hé théng sic ky léng cao 4p HPLC
(Agilent 1290 infinity 11, CHLB btc)

- CAc thiét bj khac: May vortex (Dlab, Trung Quéc), may khudy tir (Dlab,
Trung Qudc), can dién tir (G&G, Nhat Ban), tu cdy sinh hoc (Sanyo, Nhat Ban), kinh
hién vi huynh quang (Nikon C1, Nhat Ban), kinh hién vi dién tir (Olympus CH2, Nhat
Bén).

2.2.3. Héa chit

- Kit GeneJET Genomic DNA Purification (Thermo Fisher, CH Litva)

- Agarose (Sigma-Aldrich, CHLB buc)

- Axit crotonic (Sigma-Aldrich, CHLB Dtrc)

- Nile blue A (Sigma-Aldrich, CHLB D)

- PHBV chtra 12% 3HV (Sigma-Aldrich, CHLB Duc)

- Céc hoa chat khéc str dung trong pha ché méi trudong nudi cay va phan tich
déu dat tiéu chuan tinh khiét ¢ diéu kién phong thi nghiém.
2.2.4. MOi trwong nuédi ciy

- MOoi truong Salinity LB [g/1]: bacto tryptone 5, cao nAm men 10, NaCl 30,
pH 7,2.

- MOoi truong Salinity LB agar: ¢6 thanh phan tuong tr moi trudng Salinity
LB va bé sung 20 g/l agar.

- MBbi trudng Salinity HT [g/l]: glycerol 30, bacto tryptone 5, cao nAm men
1, Na2M004.2H20 0,005, MnSO4 0,005, FeS04.7H20 0,01, CaCl».2H.0 0,02, NaCl
30, MgS04.7H20 0,2, (NH4)2S04 1, KH2P04.2H20 0,2, KoHPO4 1.6, pH 7.

- MBbi trudng Salinity HT agar: ¢6 thanh phan twong ty moi truong Salinity
HT va bo sung 20 g/l agar

- Moi truong khoang co ban [g/l]: KH2PO4.2H20 1,36, MgS0.4.7H20 0,2,
NaCl 30, (NH4)2S04 1, FeS04.7H20 0,01, cao ndm men 1, nguén co chét 1.

Cac méi trudng trén déu duge khir tring & 121 °C trong 20 phit trudce khi sir
dung.
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2.3. Phuong phap nghién ctru
2.3.1. Phan ldp cdc chiing vi khudn tiv cdc méu nwéc va tram tich bién

Phén l4p vi khuan truc tiép trén moi truong dinh dudng dic hiéu cho vi khuan
wa min LB agar (c6 ndong do mudi cudi cung 1a 3%). Cac miu duoc ddng nhit, sau
d6 hut 1 ml dich ddng nhat dé chuyén vao dng nghiém cé chira 9 ml dung dich nuée
mudi sinh 1y (0,89% NaCl) va danh diu do pha lodng 10, Tiép tuc pha lodng miu
dén 10%. Sau d6 tir 3 dng nghiém c6 d6 pha lodng cubdi cting hut 500 ul dich va chang
déu 1én cac dia petri chtra méi trudng Salinity LB agar. Mdi ndng d6 pha lodng duoc
ciy chang vao 3 dia petri. U nudi cac dia ¢ nhiét d6 37 °C, trong vong 24 dén 72 gio.
Theo ddi va chon loc cac khuan lac riéng ré moc trén dia tai thoi diém sau 24h, 48h,
72h nudi. Ciy tach chuyén nhiéu lan trén dia Salinity LB agar d¢ lam thuan. Nhiing
khuan lac vi khuan tinh sach duoc cdy chuyén sang ong nghiém thach nghiéng chua
moi truong Salinity LB va gitt ¢ tu lanh 5 °C cho budc sang loc kha nang tich luy

nhua.
Xdc dinh sé lwong vi khudn

S6 lwong vi khuan c6 trong 1 g hodc 1 ml mau phan lap (N) duoc tinh theo cong

thirc sau:
> C Trong do:
N = - > C: T 5ng 56 khuan lac dém dueoc trén tat ca cac dia di chon.
V(ni+ 0,1.n2)d V: Thé tich dich nuéi cdy trén méi dia tinh bang ml.

N1 S6 dia ciia d pha lodng thir nhat dwoc gii lai.
No: S6 dia ciia dg pha lodng thir hai dwoc giit lai.

d: Hé s6 pha lodng twong vmg ciia dg pha lodng thir nhat.

2.3.2. Pdnh gid so by khd ning tich luj PHA ciia cdc chiing vi khudn bién

Phurong phap nhudm té bdao véi thudce nhudém Sudan black theo phuong phap
ctia Hartman (1940) [66]. Cac ching vi khuan duoc ciy vach trén dia petri chira moi
truong toi thiéu Salinity HT Agar ¢ 37 °C trong 48 - 72 gio. Dung dich Sudan black
B (0.1 g Sudan black B trong 100 ml ethanol 96 %) dugc rét vao dia dé nhuém duong
ciy vach trong 1 phit, sau d6 tién hanh rira lai nhiéu lan véi dung dich ethanol 96 %
cho t61 khi moi trudong thach khong con mau xanh den ciia Sudan black B. Cac ching
c6 duong cdy bit mau véi thude nhudém Sudan black sau d6 duoc danh dau dé tiép

tuc kiém tra bang phuong phap nhudm véi Nile blue A.
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Phurong phdp nhudém té bao véi Nile blue A duoc thyc hién theo phuong phap
cua Spiekermann va cdng su (1999) [67]: Sur dung lam kinh sach va nho mét giot
nude vo trung, sau d6 ldy 1 chdm vong que ciy sinh khdi ching vi khuan da nudi
trong moi truong Salinity HT sau 48 gid, hoa tan va dan déu. Lam khé nhanh trén
ngon ltra dén cdn trude khi nho 20 pl Nile blue A (0,25 mg/ml), dan déu va u & 55 °C
trong 10 phdt. Sau d6 mau duoc cb dinh véi axit axetic 8 % trong 1 phit va ria lai
bang nude cit. Mau dugc 1am khé ty nhién va quan sat dudi kinh hién vi huynh quang
Nikon C1 & budc song 460 nm. Té bao tich lity PHA s& ¢6 mau cam sang khi bat mau
v6i Nile blue A.

2.3.3.  Lén men sinh téng hop PHA ciia cdc chiing vi khudn bién

Céc ching vi khudn tuyén chon duoc cay nhan giéng tir ng thach nghiéng
sang moi trudng Salinity LB ¢ 37 °C trong 24 gid, sau d6 chuyén giéng véi ty 18 5%
(v/v) vao céac binh tam giéc 1 lit chira 250 ml moéi treong Salinity HT v trung. Qué
trinh 18n men cac ching duoc thyc hién & 37 °C, 200 rpm trong 48 gid. Két thuc 1én
men, dich I1én men dugc ly tam & diéu kién 6000 rpm trong 30 phut. Dich 1én men
duogc loai bo con sinh khéi té bao duoc rira lai bang dung dich mubi sinh 1y (NaCl
0,89%) trudc khi sy kho hodc pha dé thu nhwa. Mdi thi nghiém duoc lap lai 6 lan
voi 3 mau duoc st dung dé xac dinh khbi lugng kho té bao va 3 mau dugc st dung

dé xac dinh ham lugong PHA tich lu§ ndi bao.

2.3.4. Anh hwéng ciia mot sé diéu kién nuéi cdy lén qud trinh sinh trwéng va

sinh tong hop PHA ciia cdc chiing vi khudn bién

2.3.4.1. Anh hwong ciia pH lén qud trinh sinh trudng va sinh tong hop PHA
cua cdac chung vi khuan bién

Gidng cua cac chang vi khuan tuyén chon duoc chuan bi trén méi truong
Salinity LB va dugc chuyén sang binh tam giac chtra 250 ml mai truong Salinity HT
Vi ty 18 gidng 5%. Cac binh chira méi truong Salinity HT da duoc diéu chinh pH
ban dau vé gia tri 4 — 9. Qua trinh 1én men dién ra & 37 °C, 200 rpm trong 48 gio. Két
thic 1én men, xac dinh khdi lugng sinh khéi kho va ham lugng PHA tich luy trong té
bao dé tim gia tri pH t6i wu cho tirng chang.

2.3.4.2. Anh hwong ciia nhiét dp lén qud trinh sinh trudng va sinh tong hop
PHA cua cdac chung vi khudn bién
Dich nhan gidng cua cac chang vi khuan tuyén chon duoc cdy chuyén sang
binh tam giac chtra 250 ml méi truong Salinity HT véi ty 1€ 5%. Qua trinh [én men
duoc tién hanh & gia tri pH t6i wu cia mdi chiing, 200 rmp trong 48 gid, voi céac 16
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thi nghiém ¢ 25, 30, 37 va 45 °C. Panh gia khdi luong sinh khéi kho va ham luong
PHA tich lity sau khi két thdc 18n men.

2.3.4.3.  Anh hwong ciia ty Ié giong lén qua trinh sinh truéng va sinh tong hop
PHA cua cac chiing vi khudn bién
Céc chung duoc nhan gidng va duoc ciy chuyén sang binh tam giac chira 250
ml méi truong Salinity HT ¢6 pH tdi wu v6i mdi chung. Ty 1é tiép gidng duogc thay
d6i 2,5%, 5% va 7,5%. Qua trinh 1én men duoc thyc hién ¢ 37 °C, 200 rpm trong 48
gio. Panh gia khoi lugng sinh khoi kho va ham luong PHA tich lily sau khi két thiic
I&n men.

2.3.4.4. Anh hwong cia téc dé lic Ién qud trinh sinh trwong va sinh tong hop
PHA cua cdc chiing vi khudn bién

Qua trinh 1én men sinh tong hop PHA cuia cac ching duoc thyc hién trén binh
tam giac 1 lit chira 250 ml méi truong & Salinity HT ¢6 pH t6i wu v6i mdi ching &
diéu kién 37 °C, ty 18 gidng 5% trong 48 gid. Cac binh tam giac dugc dit trong may
lac 6n nhiét diéu chinh toc d6 lac 100, 150, 200 va 250 rpm. Két thuc qué trinh 1én
men can khéi luong sinh khoi kho va xac dinh ham lugng PHA tich luy.

2.3.4.5. Anh hwéng ciia nong dé glycerol lén qud trinh sinh truong va sinh
tong hop PHA ciia cdc chiing vi khudn bién

Khdi lugng sinh khéi kho va ham lugng PHA tich lu¥ ciia cac chiing vi khuan
bién dugc danh gia sau khi 1én men trén binh tam giac 1 lit chira 250 ml maéi truong
& Salinity HT ¢6 pH t6i wu voi mdi chiing & diéu kién 37 °C, 200 rpm, ty 18 giéng 5%
trong 48 gio. Nong do glycerol trong thanh phan méi trudng Salinity HT dugc thay
d6i trong cac 16 thi nghiém tir 10, 20, 30 va 40 g/l.

2.3.5. Xdc dinh khoi lwong té bao khé (CDW)

Céc ong fancol dung tich 50 ml duoc sdy kho dén khdi lwong khong doi sau
d6 can dé xac dinh khdi luong ban dau (Mo) cua ting ong. Can té bao thu dugc tir
dich 1én men sau khi rira loai bé mubi s& duoc séy & 60 °C cho dén khi khéi lugng
khong dbi va can xac dinh khdi luong (M). Khéi lugng té bao khd duoc tinh theo
coéng thirc: CDW (mg/ ml) = (M — Mo)/250.

2.3.6. Tdach chiét PHA

Qua trinh tach chiét PHA dugc thuc hién theo mo ta cua Mascarenhas va
Aruna (2021) [68]. Cu thé nhu sau: Sinh khdi twoi té bao dugc rira 2 1an véi dung
dich mudi sinh Iy (NaCl 0,89 %) dé loai mudi. Hoa lai té bao trong nudc cat véi thé
tich thich hop va tién hanh gia nhiét bang 16 vi séng cong suat 140 W trong 15 phut.
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Qua trinh gia nhiét duoc ding sau mdi 10 gidy cho dén khi hét thoi gian xir 1y. B
sung dung dich ethanol/acetone 1:1 (v/v) va U trong 2 gid trude khi chiét bang
chloroform. Lac manh trong 5 - 6 gid dé nhwa sinh hoc hoa tan hoan toan. Thu pha
chtra chloroform sang 6ng thuy tinh méi va bd sung methanol lanh (thé tich gp 5 - 8
14n so v&i dich chloroform). Gitr mau & -20 °C trong khoang 30 phut. Ly tim thu cin
PHA ¢ 12.000 rpm trong 20 phut. B6 sung 2 1an dung dich ethanol 70% dé loai dung
moi, ly tim thu cin rdi sy kho & 50 °C trong tu hut.

2.3.7. Dinh lwong PHA

Ham luong PHA duoc x4c dinh bang phuong phép axit crotonic ctia Law va
Slepecky (1961) [69]. Nguyén 1y ctia phuong phap dwa vao sy chuyén hoa ctia PHB
thanh axit crotonic va hop chét nay c6 do hép thu cuc dai & bude séng 235 nm. PHB
chuan (Sigma Aldrich) dugc sir dung lam chat chuan trong phan tng chuyén hoa
thanh axit crotonic v6i ham luong dao dong tir 10 - 100 (ng/ml). Tir két qua do hap
thu tuyén tinh v&i do hap thu & bude séng 235 nm ciia cac mau cé nong do PHB khac
nhau d3 xay dung duoc duong chuan PHB (Hinh 2.2).

Cac mau sinh khéi té bao cta cac ching tuyén chon dugc bd sung chloroform
dé hoa tan PHA trong té bao. Luong nhé cuia dich chiét (0,05 - 0,1 ml) dugc chuyén
vao 6ng nghiém kho dé bay hoi dung méi. B6 sung 10 ml dung dich H,SO4 va gia
nhiét hdn hop & 100 °C trong 10 phut dé chuyén hoa hoan toan PHA thanh axit
crotonic, hon hop sau dé dugc dé nguoi ¢ nhiét do phong. Pha loang dich thuy phan
bang dung dich 98% H2SO04 16i do d6 hap thu ¢ budc séng 235 nm.
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Hinh 2.2: Puwong chuin PHB dwoc xdc dinh theo phwong phdp axit
crotonic [69]
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Hiéu suat tich lity PHA duoc tinh theo cong thirc H = ma/m;z x 100%, trong d6
ma 1a khéi lwong PHA tich liiy va my 13 khéi luong kho té bao.

2.3.8.  Xdc dinh thanh phin PHA

K¥ thuat sic ky 16ng cao ap (HPLC) duoc st dung dé xac dinh thanh phan cua
PHA do céc ching vi khudn bién tuyén chon tich lily theo mo ta cua Duvigneau va
cong su (2021) [70]. Khoang 10 ml dich chira PHA thu dugc tir 250 ml dich 1én men
dugc phan huy trong 10 ml axit sulfuric dam dic ¢ 100 °C trong 30 phit trong ndi
cach thily. Sau d6, lam lanh cac 6ng nghiém trén nudc da trong 5 phit va dugc pha
lodng bang 40 ml thé tich H2SO4 0,014 N, tron nhanh va loc bang mang loc cellulose
acetate voi kich thudc 16 mang 0,45 pm. 10 pl dich loc duoc bom 1én cot reverse
phase Inertsil 100A ODS-3 (kich thudc hat 5 um, 250 x 4,6 mm) va dugc day ra khoi
cot bang hdn hop dung moi HaSO4 0,025% : acetonitrile véi ty 18 92:8, toc do 1
ml/phit & 60 °C. Chat chuan duogc sir dung bao gdm axit crotonic va PHBV ¢6 ty 18
12% 3HV (Sigma-Aldrich, Buc).

2.3.9. Xdc dinh dic diém hinh thdi khudn lac va té bao

Céc chung vi khuan tuyén chon dugc nudi ¢ 37 °C trén dia moéi truong Salinity
LB Agar. Sau 24 gio tién hanh quan sat hinh thai khuan lac.

Té bao duge 1am tiéu ban va nhudm Gram trude quan sat dudi kinh hién vi
dién tor Olympus CH2 & d§ phong dai 100X.

2.3.10. Xdc dinh nhu cau siv dung oxy

Mot vong que cdy tir 6ng thach nghiéng gitr gidng cac ching vi khuan tuyén
chon duoc cdy vao dng nghiém chtra 5 ml méi truong Salinity LB. Nudi tinh & 37
°C trong 48 giod. Quan sat vi tri cac dam té bao (biofilm) moc trong dng nghiém.
Néu dam té bao ndi trén bé mit dich méi trudng 1a cic ching c6 nhu ciu oxy cao
(wra hiéu khi). Néu dam té bao lung chirng dng nghiém thi cac chung cé thé sinh
truong ¢ dicu kién moi trudng cd oxy gidi han (vi hiéu khi).
2.3.11. Hoat tinh catalase

Céc chiing vi khuan tuyén chon dugc nuéi & 37 °C trén dia moi truong Salinity
LB Agar. Sau 24 gio tién hanh nhé dung dich H202 3 % lén bé mit dia thach. Néu c6
xuat hién bot khi trén khuan lac cta ching 1a phan tng duong tinh, nguoc lai néu

khong c6 xuat hién bot khi 12 phan ng 4m tinh.



24

2.3.12. Hoat tinh thiiy phdn tinh bot, CMC va gelatin

Céc chung vi khuan tuyén chon dugc ciy diém trén cic dia moi trudng khoang
co ban c6 bd sung cac co chat voi ndng d6 cudi cung 1a 1 g/l dé cam ung kha ning
sinh tong hop cac enzyme thuy phan twong tng cua té bao. Cac co chét duoc str dung
la tinh b6t tan, CMC va gelatin. Sau 48 gio u ¢ 37 °C, cac dia petri dugc nho cac dung
dich Lugol 1% cho ngudn co chit tinh bot tan, Congo red cho CMC va axit
trichloacetic 5 % cho gelatin. Quan sat vong halo trong xung quanh khuan lac cta cac
chung vi khuan. Néu xuat hién vong halo 14 phan tmg duong tinh, khéng cé vong
halo la &m tinh.

2.3.13. Khd nang sir dung cdc nguén dwong

Mot s6 ngudn dudng don C5 va C6 duge sir dung dé 1én men cac chung vi
khuan tuyén chon, bao gdm glucose, fructose, saccharose, arabinose va xylose. Céc
chung vi khuan tuyén chon dugc nudi trong ng nghiém chira 5 ml moi trudng khoang
co ban c6 bo sung mot loai dudng v6i ndng do 1% (w/v). Toan bd cac dng nghiém
dugc nudi ¢ 37 °C, 200 rpm trong 48 gio. Quan sat vi tri va mirc d6 phat trién cta cac
chung théng qua chi sé6 mat do quang ODgoo. OD600 < 0,1 14 khong phét trién (-), 0,1
< ODsgoo < 0,3 14 phat trién yéu (), 0,3 < ODeoo < 0,4 13 ¢6 phat trién (+), 0,4 < ODeoo
< 0,6 13 phat trién t6t (++), ODgoo > 0,6 1a phét trién rat tot (+++).

2.3.14. Tdch chiét DNA tong sé ciia cdc chiing vi khudn

DNA téng sb cua cac ching vi khudn bién duoc tach chiét bang Kit GeneJET
Genomic Purification (Thermo Fisher, M¥) v&i quy trinh theo huéng dan ciia nha san
xuat. DNA sau khi tach chiét dugc chay dién di trén gel agarose 0,8% véi dong dién
100 V dé kiém tra chat luong. Ngoai ra nong do DNA duoc tinh toan & may quang

phd NanoDrop dua vao do hip thu ¢ bude séng 260 nm theo cong thirc:
Nong 6 DNA (ug/ml) = Ageo. f. Xe
Trong do:
A260: chi s6 hdp thu tai budc séng 260 nm
f:do pha loang
Xe: chi s6 hdp thu tai bude séng 260 nm ciia soi kép DNA = 50 ug/ml.

Do tinh sach cua DNA dugc danh gid thong qua ty 1€ Azeo: Azso. Ty 1€ nay >
1,6 1a DNA c¢6 du chét luong dé tiép tuc cac thi nghiém sau.
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2.3.15. Khuéch dai gene 16S rRNA ciia cdc chiing vi khudn

DNA téng sb cua cac ching vi khuan dugce st dung 1am khuon dé khuéch dai
gen 16S rRNA bang cip moi 27F (5'-AGAGTTTGATCMTGGCTCAG-3') va 1492R
(5-TACGGYTACCTTGTTACGACTT-3") [71]. Thanh phan phan tmg PCR vdi thé
tich 50 pl dugc chuan bi bao gdbm: dém Taq polymerase (10x): 5pl; dNTPs (10 mM):
2ul; Dream Tag polymerase (5000 U/ml): 0,3ul; mdi xudi 27F (10 pmol): 1ul; moi
nguoc 1429R (10 pmol): 1ul; DNA khuon (20 ng): 2ul; nudce: 38,7ul. Phan g duoc
thyc hién v61 chu trinh nhiét nhu sau:

95 °C: 5 phdt,

95 °C: 1 phut

55 °C: 45 giay 35 chu ky
72 °C: 90 giay

72 °C: 10 phat

4°C: o0

Két thuc phan Gng, san pham dugc kiém tra bang phuong phap dién di trén gel
agarose 0,8 % r0i duogc tinh sach bang Kit GenJET PCR Purification (Thermo Fisher,
M¥9).

2.3.16. Gidi trinh tir gene 16S rRNA ciia cdc chiing vi khudn

Trinh ty cac doan gene 16S rRNA duoc gidi ma bang may giai trinh tu gen tu
dong ABI PRISM 3100. Két qua s& dugc xir 1y bang cac phin mém tin sinh Chromas.
Trinh tu nucleotide hoan chinh duoc xac dinh béng cach str dung cong cu BLAST

NCBI (http://blast.ncbi.nlm.nih.gov/) dé so sanh mirc d6 twong dong ctia trinh ti gen
16S duoc giai véi trinh ty clia cac dong vi khuan c6 trong ngan hang gen trén National

Center for Biotechnology Information (NCBI). Tir két qua d6 xay dung cdy phat sinh
chung loai str dung phan mém MEGA X trong phuong phap maximum- likelihood.


http://blast.ncbi.nlm.nih.gov/
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Chuwong 3. KET QUA VA THAO LUAN

3.1. Phan lap céc chiing vi khuén tir cic miu nwée va trim tich bién

Ttr 3 mau nude bién va 5 mau tram tich ctia viing bién Nha Trang, Khanh Hoa, tién
hanh phan l4p cac chung vi khuan bién nhu mé ta trong phan phwong phép phan 1ap. Sau
24 — 72 gio nuoi céy & nhiét d6 37 °C, cac mau phan lap xuét hién nhiéu loai khuén lac c6
hinh dang va kich thudc khac nhau (Hinh 3.1). Cac khuén lac riéng r& duge tach va lam
sach trudc khi ciy sang cac dng nghiém thach nghiéng chira méi trudng Salinity LB agar
phuc vu cac nghién ctru tiép theo. Két qua phan 1ap & Bang 3.1 cho thay s lugng vi khuan
trong cac mau dao dong trong khoang tir 1,0 x 101 CFU/ml dén 6,7 x 10° CFU/ ml va tong

s6 d4 thu nhan dugc 44 ching vi khuén riéng ré.
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Mau 7 Miu 8
Hinh 3.1: Hinh dnh phén ldp cdc chiing vi khuin wa mén tiv cdc mau nwéc va tram
tich viing bién Nha Trang, Khinh Hoa.

Theo céc cong bd trude ddy vé mat do va sd luong cac quan x3 vi khuan cua cac hé
sinh thai nudc min co thé thay doi, phu thudc vao nhiét dg, néng do mubi, su phong phu
ctia cac chat dinh dudng hitu c6 va cac thong sd hoa Iy khac. Tuy nhién mét do trung binh
clia quan xa vi khuan bién dao dong tir 103 dén 10° CFU/mI [72]. Két qua tir Bang 3.1 cho
thdy mat d6 vi khuan cua cac miu nghién ctru ciing thay doi tir 102 dén 10°, trir mau s 2
12 mau duoc 1y ¢ ving day bién dang cat vang sang, c6 do sdu 8 m chi c6 mat d6 vi khuan
thip 10 CFU/mI. So véi cic mau nude mit nhu mau sb 1, 7 va 8 c6 mat do vi khuén cao
hon (10 - 10°) thi c4c mAu day c6 mat d6 vi khuan thap hon. Két qua nay phu hop véi ly
thuyét vé su hién dién cta cac vi sinh vat thuong giam khi tang d6 sau cia nudc. Hon nira,
sur phan bé theo chiéu ngang va chiéu doc ciia cac quan thé vi khudn trong tram tich con bi
anh hudng boi nhiéu yéu t6 khac nhau, ching han nhu ban chat hoa 1y cua tram tich, su
hién dién néng dd chat hitu co cao va céc hién tuong thily van nhu mat phan cach cua cac
khéi nudce [73,74].



28

Bing 3.1. 86 lwong vi khudn phén lap tiv cdc méu nwdc bién va tram tich ciia

viing bién Nha Trang, Khanh Hoa

Ténmiu | Mat dé vi khuin [CFU/mI] f)ES'ST:S Ki hiéu chiing
Maul 3,44 x 10° 6 Tu1.1dén 1.6
Mau 2 1,0 x 10 4 T 2.1 dén 2.4
Mau 3 1,2 x 10 5 T 3.1dén 3.5
Mau 4 4,3 x 10? 5 Tir4.1dén 4.5
Mau 5 2,28 x 103 6 Tir5.1 dén 5.6
Mau 6 8,1 x 10° 6 Tir 6.1 dén 6.6
Mau 7 3,1 x 104 7 Tir 7.1 dén 7.7
Mau 8 6,7 x 10° 5 Tir 8.1 dén 8.5

Tong so ching phan 1ap 44

3.2.  Sang loc nhanh céc chiing vi khuan bién c6 kha ning tich liily PHA

Dé sang loc nhanh céac chiing c6 kha ning tich liiy nhua, phuong phap nhuém khuan
lac va té bao d3 duoc str dung. Trong tip hop 44 ching vi khuan bién di tuyén chon c6 6
chung (ky hiéu gém 1.6, 5.3, 5.6, 6.2, 6.5 va 6.6) c6 bat mau xanh den voi thudc nhudém
Sudan black (Hinh 3.2A). Cac chung nay tiép tuc dugc nhudém vai Nile blue A dé danh gia
muc d6 bat mau cia cac hat PHA trong té bao. Nile Blue A 1a loai thudc nhudm huynh
quang dugc ding dé nhudém cac hat PHA trong té bio, cho phép chung bat mau cam sang
duéi kinh hién vi huynh quang & budc song 460 nm. Cudng d6 bat sang ciia cac hat PHA
ty 1é thuan véi ham luong PHA tich lily trong té bao [75]. Két qua trén Hinh 3.2B cho thay
ca 6 ching déu bat mau t6t va c6 mau cam sang rd rang trén nén den, diéu niy c6 nghia

chung déu co kha ning tich lily PHA cao trong té bao.

Sau ching tuyén chon cé kha ning sinh tong hop PHA duogc giit gidng trong
glycerol 30% & -80°C dé tiép tuc sir dung cho céc thi nghiém sau do.
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6.6

Hinh 3.2A: Khudn lac ciia cdc chiing vi khuén bién 1.6,5.3, 5.6, 6.2, 6.5 va 6.6 bt
mau voi dung dich Sudan black B (A)

6.2 6.5 6.6

Hinh 3.2B: Té bao ciia cdc chiing vi khudn bién 1.6, 5.3, 5.6, 6.2, 6.5 va 6.6 dwoc
nhuém véi dung dich Nile Blue A va quan sdt dwéi kinh hién vi hupnh quang dong
tiéu Nikon C1 ¢ buéc song 460 nm.
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3.3.  Anh hwéng ciia pH, nhiét d9, ty 1 gidng, dd thoang khi va nong dd co chat 1én

qua trinh sinh trwéng va tich liy PHA ciia cic chiing vi khuin tuyén chon

Vi sinh vt sinh truéng tt nhat & diéu kién tdi wu. Qua trinh sinh trudng cua vi sinh
vat s& giam, tham chi s& nging & cac giéi han cao hon hodc thap hon diéu kién t6i vu. PHA
la san phém du trit cua vi sinh vat trong diéu kién dinh dudng bi can kiét, tuy nhién hiéu
sudt tich liiy PHA ciing giam khi vi sinh vat khong sinh truéng hodc sinh truéng qua yéu,
chinh vi vy mdi twong quan giita sinh truéng va tich liy PHA 1a hai ham s6 quan trong
ma can phai dugc quan tam khi nghién ciru vé PHA tir vi sinh vat. Trong nghién ctru nay,
ching t6i lwa chon hai yéu t6 vat Iy anh huong 16n nhat dén qua trinh sinh truéng va tich
lity PHA ctia 6 chung vi khuan tuyén chon 1a pH va nhiét do.

3.3.1. Anh hwéng ciia pH

Gia tri pH ban dau 1a mot trong nhitng yéu té anh hudng 16n dén sy sinh trudng cua
vi sinh vat cling nhu cac hoat dong trao d6i chit va tong hop cic chit chuyén héa cua
chung, vi du nhu PHA [76]. Céc nghién ctru trude day cho thiy cac chung vi khudn khac
nhau c6 kha ning tich lity PHA t6i uu tir pH 6 — 9. Trong nghién ctru nay, 3 gia tri pH ban
dau cua moi truong 1én men duoc diéu chinh vé 4, 5, 6, 7, 8 va 9 dé danh gia muc do anh
huong 18n sy sinh trudng va tong hop PHA cia 6 ching tuyén chon. Két qua tai Hinh 3.3
cho thiy c4 6 chung déu sinh truong rat yéu & pH 4, do d6 hiéu suat tich lily PHA & gia tri
pH axit ndy ciing rat thap, tir 5,6 — 11,7 % so v6i sinh khéi kho, tham chi ¢ 2 ching 5.3 va
6.6 con khong xac dinh dugc ham lugng nhya. Mac du chung 5.6 van téng hop dugc nhya
& pH axit, tuy nhién chiing nay sinh truéng yéu & ca 3 gia tri pH: 4, 5va 9, do d6 hiéu suét
tong hop PHA 1a khong cao. Chung 1.6, 5.3 va 6.5 déu sinh truong t6t & pH 6 — 8 va hiéu
suat tong hop PHA ciing dat t6i uu ¢ hai gia tri pH nay. Trong khi d6 chung 6.2 lai kha
nhay cam voéi pH moi truong 1én men. O gia tri pH 6 chiing sinh trudng tot voi ham luong
sinh khdi kho dat 2,27 mg/ml va tich iy duoc 31,2 % PHA ndi bao, tuy nhién khi nang
gia tri pH 1én 8, ham lugng sinh khéi kho giam chi con 1,22 mg/ml kéo theo hiéu suét tich
lity PHA ciing chi con 17,1%. Pic biét nhat 1a ching 6.6 phat trién tot nhat ¢ pH 8 (4,21
mg/ml sinh khoi kho) va hiéu suét tich lily PHA ciing dat cao nhat (44,1%) & gia tri pH
nay. Khi nang pH 1én 9 thi hiéu suét sinh truéng ciia ca 6 chung déu giam du cic ching

van tich iy nhya .
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Hinh 3.3: Anh hwéng ciia pH dén sinh trwéng va tong hop PHA ciia 6 chiing vi khudn
bién tuyén chon

Nhiéu cong b cho thdy pH tdi vu dé san xuit PHA thuong 1a 8. O mot s6 chung vi

khuin Gram duong thudc chi Bacillus va Streptomyces, khi gia tri pH duéi 8 c6 kha ning

lam giam kha nang tich Iiiy PHA [77]. Shena va cong sy da nghién ctru &nh hudéng cua pH
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moi trudng 1én men 1én tich lily PHA cua ching B. cereus phan 14p tir nude thai cho thiy
& pH 8 chung tich lily duoc cao nhat 382 pg/ml PHB [78]. Tuong tw, chung B. cereus
NRRL-B-3711 tong hop ciia PHB t6i da 1a 50% (8,4 + 0,06 g/l) pH 8 [79]. Mot dai dién
ctia nhom vi khuan Gram 4m 13 Ensifer sp. HD34 c6 thé tao ra san luong PHA ti da 1a
54,49 % (W/V) (~ 5,0 g/l) trong méi trudng tdi wu ¢ gia tri pH ban dau 13 9.0. Nghién ctru
cho thay khdi lugng khé té bao khi nuéi cay & cac pH ban dau 13 6, 7 va 8 déu cao hon &
pH 9, tuy nhién ham luong PHA & pH 9,0 méi dat gia tri cao nhat [80]. Két qua nay ciing
tuong ty nhu nghién ctru vé PHA thu nhan tir Pseudomonas pseudoalcaligenes va Bacillus
spp. [81,82].

Nhitng két qua nay co6 thé duogc giai thich 1a & cac gia tri pH cao té bao vi khuan
c6 thé tao ra sy cam ung dé sinh ra nguén nang luong ddi dao, tao diéu kién cho su hép thu
co chat khi nuoi cdy. Tuy nhién & cac chung c6 pH tdi uu rong thi hiéu suat tong hop PHA
thap hon so v&i cac chung khac, vi pH c6 thé tac dong dén cac enzym gay thoai hoa cia
chinh vi khuan sinh tong hop nhua [76]. Trén thuc té gia tri pH trung tinh thuong duoc sir

dung cho d6 pH ban dau ctia moi truong dé san xuat PHA cia cac chung vi khuan.
3.3.2. Anh hwéng ciia nhiét dp

Nhiét do, giéng nhu cac yéu t6 vat Iy va hoa hoc thiét yéu khac ludn 13 mot yéu to
gi61 han tiem nang. Pac biét, nhiét do nén dugc xem nhu mot yéu td tuong tac, thuong
truc, vi n6 anh hudéng dén tat ca céc qué trinh héa hoc va sinh héa trong té bao, dén su phat
trién ctia vi sinh vat, toc do ho hép va su déng hoa céc loai carbon hitu co, nhung n6 khong
phai lac nao ciing 14 yéu t6 duy nhét hodc tham chi 1a yéu td chi phbi. Moi loai vi sinh vat
déu c6 cac dic diém nhiét d6 t6i thiéu, t6i da va tdi wu, duoc goi 1a nhiét do co ban. Két
qua tir Hinh 3.4 cho thiy ¢ nhiét 46 25 °C va 45 °C (ngudng dudi va ngudng trén cia sinh
truong), ca 6 ching vi khudn gan nhu khong sinh truéng va khong tich liiy nhya. Cac chung
déu sinh trudng tbt tir 30 — 37 °C va tot nhat & 37 °C véi khdi luong sinh khéi kho dat tir
16,3 — 38,8 mg/ml. O nhiét d6 nay, cac ching ciing tich lity nhya cao nhat v6i ham luong
tir 25.7 — 44,2 %, ngay ké ca v6i hai chung sinh truong yéu 13 5.6 va 6.5. Két qua nay tuong

tur voi hau hét cac cong bd vé cac chung vi khuan tich lily nhya wa 4m [80,83,84].
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Hinh 3.4: Anh hwéng ciia nhigt dé dén sinh truéng va tong hop PHA ciia 6 chiing vi

khudn bién tuyén chon.

Trir cdc nhém vi sinh vat thudc hé sinh thai dac biét trong moi trudng bién, dai

duong nhu & ting ddy sau hang traim dén hang nghin mét hay tai cac giéng dau thi phan

16n cac vi sinh vat bién di dudng thudc loai ua 4m, c¢6 kha ning sinh trudng tir 25 — 45°C

va sinh truéng tot nhat ¢ 30 — 37°C [85]. Céac chiing trong nghién ciru nay déu dugc phan

1ap & vung bién Nha Trang, Khanh Hoa, noi ¢ nhiét d6 trung binh ca nam la 26,3°C, mua

dong it lanh. Cac mau nude 1a cac mau nudc mit va tram tich bién c6 do sau tir 8 — 20 m,

do do céac chung van thuoc nhom wa am. So véi cac chung vi khuan wa man dugce tim thay

& trong nudc, ching Yangia sp ND199 phan 1ap tir mau dat ring ngap man tinh Nam Dinh
cling sinh trudng va tich iy PHA thich hop ¢ nhiét 6 32°C [58]. Nhiét do tur 30 — 35°C
cling 12 nhiét d¢ sinh truong thich hop nhét cho 3 chung vi khuan VK75, VK 98 va VK
129 phan 1ap tir rig ngap man tinh Quang Ninh véi khdi lugng sinh khéi kho dao dong
tir 3,3 — 4,3 mg/ml va ham luong PHA tich lily dugc tir 50 — 67% so voi sinh khéi kho [52].
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3.3.3. Anh hwéng cia ty 1é giéng

Ciing twong ty nhu pH va nhiét do, ty 18 giéng ciing 13 mot trong nhirng yéu té duoc
khao sat dé danh gia tac dong cta né 1én sinh trudng va tich luy nhua. O thi nghiém nay, 3
né)ng do duoc khao sat, bao gém 2,5 %, 5% va 7,5 %.
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Hinh 3.5: Anh hwéng ciia ty I¢ giong dén sinh truwéng va tong hop PHA ciia 6 chiing vi

khudn bién tuyén chon
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Két qua tir Hinh 3.5 cho thiy & ty 18 giéng 7,5 % ca 6 ching déu c6 khdi lwong sinh
khéi kho va ham luong PHA tich luy dugc cao nhat. Do PHA 1a san pham thir cp cua té
bao vi sinh vat lai tich luy & dang ndi bao, vi vay vdi ty 1& tiép gidng thap (2,5 %) thi khéi
lwong sinh khéi té bao thu duoc ciing thap (0,65 — 1,937 mg/ml SKK), din dén hiéu suét
tich luy nhwa ciing thap (10,54 — 20,7 %). Mic du ¢ 16 thi nghiém véi ty 18 tiép gidng 7,5
% cho két qua khdi lugng sinh khdi kho va ham luong PHA tich lu§ cao nhat nhung so véi
mau dugc tiép gidng véi ty 18 5 % thi mac d6 chénh khong dang ké (1-5%). Do d6 ty 18
gidng 5% duogc chon dé thuc hién cac thi nghiém tiép theo. Trong quy trinh 1én men vi sinh
vat, ty 18 giébng phu hop cling gop phan vao sy thanh cong ctia qué trinh san xuat, dam bao
nang suat san pham (sinh khéi té bao, ham luong cac hop chat trao ddi bac 1, bac 2,....)
ma lai tranh duogc su tap nhiém. Trong cong ngh¢ lén men, tuy thudc vao muc ti€u, dac
diém sinh hoc ctia chung san xuat, dic tinh cta san pham, quy md san xuat, phuong phap
1én men, ... ty 18 tiép giéng thuong dao dong tir 5 — 15 % (v/v hodc v/w) [83]. O quy md
phong thi nghiém, ty 1¢ gidng thudng nhé ~ 3 —5 % (v/v) nhung & quy mé 1én men 16n
hon, ty 18 giéng dugc st dung cling s& 16n hon (7,5 — 15 %) va gidng s& dugc nhan qua

nhiéu cap (2 — 3 cip) dé dam bao vé thé tich, mat do va tudi giéng.
3.3.4. Anh hwéng ciia dé thoang khi

Téc d6 lac di dugc chimg minh c6 anh hudng dén kha ning sinh trudng va tich luy
PHA. Nam 2008, Myshkina va cong su dd cong bd tac dong cua téc d6 lic dén sinh truong
va tich luy PHB cua chung Azotobacter chroococcum 7B. O téc d6 250 rpm, khéi luong
sinh khéi dat 7,66 g/l v6i ham luong PHB tich lu§ 75,3 % (~ 5,8 g/l PHB). Tuy nhién ca 2
chi s6 nay déu giam & toc do lic 190 rpm voi khéi lwong sinh khéi chi dat 3,13 g/I, ham
lugng PHB 74,1 % (~ 2,3 g/l PHB) [87]. Trong thi nghi€ém nay cac ching dugc thir nghiém
anh huong cua toc do lic 1én sinh trudong va sinh tong hop PHA cua chung. Két qua tir
Hinh 3.6 cho thay ching 1.6 hau nhu khéng bi anh huéng nhiéu ciia cac tde do lic khac
nhau dén sinh trudng va tich luy nhwa véi chi sé khéi luong sinh khoi kho dao dong tir
2,17 — 2.64 mg/ml va ham lugng PHA tr 22,2 — 26.2 %. Trong khi d6 ca 5 ching con lai
(5.3, 5.6,6.2, 6.5 va 6.6) déu c6 nhu cau oxy rit cao do tat ca céac chung vi khuén bién
tuyén chon déu 14 cac chung vi khuan hiéu khi. O téc do lac 250 rpm, ca 5 ching déu dat
hai ham chi s (sinh truéng va tich luy PHA) cao nhat, tham chi ca cac ching von dugc
danh gia 1a sinh truong yéu & cac thi nghiém trude nhu 5.6 va 6.5. (khdi lugng sinh khoi
kho dat 1an luot 2,66 va 2,02 mg/ml). Tuy nhién dbi véi chiing 6.6 von sinh trudng va tich
luj PHA manh nhét thi khong thay c6 su khac biét giira toc do lac 200 va 250 rpm (khoi
luong sinh khoi kho dat 4,19 mg/ml + 0,02 va ham luong nhya dat 44,1 + 0,2%). Huong
va cong su cling ghi nhan khong c6 sy khac bi¢t dang ké vé sinh truong cua ching
Cupriavidus sp. USMAA1020 (DSM 19416) nhung kha nang tich luy copolymer P(3HB-
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co-4HB) lai khac nhau c¢6 ¥ nghia & céc tbe d6 lac 150, 200 va 250 rpm. Cu thé, ham lugng
PHA tich luy & céac toc d6 lac nay 1an luot 13 28, 50 va 63 % (twong tng v&i 3,1; 4,8 va 6,5
g/l PHA) [88].
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Hinh 3.6: Anh hwéng ciia toc dp lic dén sinh truwéng va tong hop PHA ciia 6 chiing vi

khudn bién tuyén chon
3.3.5. Anh hwéng ciia nong do co chit

Trong céc nghién ctru di dugc cong b, qua trinh sinh tong hgp PHA dién ra khi
trong mdi trudng dinh dudng du thira ngudn carbon nhung lai thiéu hoic can ngudn nito
hoic phosphate. Co ban cac ngudn carbon da duoc str dung dé 1am ngudn co chét cac chiing
vi sinh vat tich lu§ PHA 1a céc loai carbon hydrate, chat béo, cac loai con nhu glycerol.
Glycerol 12 loai phé phu pham doi dio tir qua trinh san xuat diesel sinh hoc, duoc ing dung

lam phy gia thuc pham, m§ pham, va duoc pham. Tuy nhién cic ung dung glycerol lam
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ngudn nguyén liéu dé san xuit cac san pham co6 gia tri nhu cum hod chit kién tao axit
succinic, 1,2-propanediol, 1,3-propanediol, axit citric, axit acetic, axit lactic, bioethanol, n-
butanol hay cac polyester PHA thong qua cic quy trinh cong nghé sinh hoc hiéu khi va ky

khi ngay cang thu hat sy quan tAm ctia cac nha nghién ctru trén thé gisi [89].
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Hinh 3.7: Anh hwéng ciia nong dé glycerol dén sinh truwéng va tong hop PHA ciia 6

chiing vi khudn bién tuyén chon

Trong nghién ctru ndy, ching t6i da sir dung glycerol 13 ngudn carbon dé nudi ciy
cac chung vi khun bién sinh tong hop PHA véi ndng d6 dao dong tir 10 — 40 g/l. Két qua
tir Hinh 3.7 cho thiy & ndng do glycerol 10 g/l, qua trinh sinh truéng cta cac ching dién
ra manh mé& nhung hiéu suét tich luy PHA thap (3,3-8,8%) do su can ddi giita cic thanh
phan carbon, nito va phosphate trong thanh phan méi truong. Khi ndong do glycerol nang
l&n 20 — 30 g/l, qua trinh sinh trudng cia cac chung khong ¢ sy khac biét nhiéu so véi 16
thi nghiém nong do glycerol 10%, tuy nhién hiéu suét tich luy PHA lai ting 1én dang ké
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gap 2-3 1an (15,5 — 22.9% & ndng do 20 g/l va 22,3 — 44.2% & ndng d6 30 g/l). Tuy nhién
khi ndng d6 glycerol dat 40 g/l thi khéi lwong sinh khdi kho va hiéu suat PHA khong c6 sy
khac biét dang ké véi 16 ndng d6 30 g/l. Ching Pseudomonas putida KT2440 1a chung vi
khuan duoc biét c6 kha ning tong hop PHA c6 d6 dai chudi trung binh véi hiéu suét dat
dén 75% so voi khdi luong kho. Ching nay ciing dat t6i da khéi luong sinh khéi va nhwa
PHA (3,95 g/l) khi I8n men véi glycerol ndng d6 40 g/l [90]. Vuot trén ndng do nay, ca hai
chi tiéu déu giam do ndng do glycerol cao ciing ¢ thé 12 nguyén nhan gy wc ché sy sinh
truong cling nhu tich luy PHA cta cac chung vi khuan [91]. Bén canh d6, nhiéu cac chung
vi khudn di duoc cong bd kha nang tich luy PHA da dang khi str dung glycerol 1a ngudn
carbon véi ndng d6 > 20 g/l [92].

3.4. Xac dinh thanh phin PHA

bac tinh co 1y cua vat liéu phu thudc vao thanh phﬁn hoa hoc cua vat liéu d6. Ho
PHA 13 mét ho 16n v6i hon 150 loai axit polyhydroxyaklanoic do s t6 hop cua céc loai
monomer khac nhau. Cac monomer phé bién c6 thé ké dén 3HB, 3HV, 3HP, 4HB, 4HV,
Hx va HO [6]. Do d6 viéc xac dinh thanh phan va ndng d6 cic monomer 13 can thiét. Cho
dén nay c6 nhiéu phwong phap xac dinh thanh phan PHA duogc thuc hién bang cac k¥ thuat.
So véi cac phuwong phap phan tich khac, phuong phap sic ky khi (GC) van dugc sir dung
1a phurong phéap phd bién nhét dé dinh lwong va phan tich thanh phan PHA do cung cap céc
phép do chi tiét va chinh x4c hon du phai sir dung cac dung méi ¢ hai cho méi truong nhu
chloroform, dichloromethane hoic diethylethane. Tuy nhién thanh phan PHA ni bao ciing
6 thé duoc xac dinh bang k¥ thuat sic ky 1ong (LC) [93] va quang phd hong ngoai bién
d6i Fourier (FTIR) [94]. Phuong phap thay thé phuong phap GC la phuong phép sic ky
16ng (LC) dd duoc thir nghiém trén hé théng sic ky 1ong hiéu ning cao (HPLC). So véi
phuong phap GC, phuong phap LC it ton thoi gian hon trong viéc chuan bi mau. Hon nira,
cac mau cho LC c6 thé duoc thuc hién truc tiép tir mdi trudng nudi ciy, trong khi phép do
GC can sinh khoi kho. Trong nghién ciru ciia Duvigneau va cong su da ching minh duoc
phuong phap LC hiéu qua trong viéc xac dinh thanh phan PHA bao gdm ca dang
heteropolymer c6 chira monomer 3HB va 3HV, trong thodi gian ngan va chi phi hop 1y hon
phuong phap GC [70]. Trong nghién ctru nay ching t6i phan tich thanh phan PHA thu
nhan dugc clia cac chiing vi khuan bién bang phwong phap sic ky 1ong cao ap. Két qua tai
Hinh 3.8 cho thay thoi gian luu mau ciia 3HB va 3HV lan luot 1a 13,01 phit va 7,56 phit.
Duya vao thoi gian luu miu va dién tich cta cc peak trong sic ky do cia cac chung vi
khuan bién, thanh phan PHA va ndng d6 cac monomer thu dugc tir cac chiing dugc biéu
dién & Bang 3.2. Két qua tir Bang 3.2 cho thay 5/6 chiing tong hop homopolymer PHB va
chi ¢ 1/6 chung (chung 6.6) tong hop PHA ¢ dang heteropolymer véi 5,2 mol% 3HV.
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Hinh 3.8: Sic ky dé thanh phdn PHA ciia chit chuian PHBYV (chiva 12% 3HV) va 2
chiing vi khudn bién dai dién 1.6 va 6.6 phén tich bang hé théng sic ky léng cao dp
Agilent 1290 infinity I1.

PHB 14 loai PHA duoc nghién ctru dau tién va rong rii nhit cho dén nay. PHB c6
tinh két tinh cao, tinh thAm oxy thap, gion, cing do dé viéc ing dung PHB con nhiéu han
ché [9]. Khic phuc cac nhuoc diém vé dic tinh co 1y cua PHB, céc heteropolymer PHA
nhu PHBV ¢6 cac tinh chat phu hop hon dé 1am céc loai vat liéu ung dung trong dugc
phém vay té nhu do két tinh thép, giam d¢ cung, tang do bén kéo va linh hoat hon. Mt
khac phan trim s6 mol ciua 3HV rat quan trong trong viéc xac dinh cic tinh chat cta
copolymer. Phan trim s6 mol cang cao thi tinh chat co nhiét cang 16n, cang dé dang phdi

ché véi céc loai vat li¢u khac nhu cellulose, tinh bdt bién tinh dé tao mang va sgi c6 do dan



40

hdi cao [13]. Tuy nhién con dudng tong hop 3HV trong té bao khac véi tong hop 3HB. Co
chét ctia 3HB 1a acetyl-CoA nhung 3HV lai can co chat khac 1a propionyl-CoA. Viéc tong
hop 3HV phu thudc vao 2 yéu td chinh 13 ban than ching san xuit va cac tién chat dugc
bd sung nhu axit propionic, axit valeric [95]. Nam 2020, Balakrishna va cong su ciing thu
nhan duoc 2,8 g/l PHBV (~ 71,15 % PHA so véi sinh khdi kho) tir chung Bacillus
aryabhattai nhung khong rd thong tin vé ty 16 3HV khi sir dung ngudn carbon 1a glucose
c¢6 bd sung axit propionic. [96]. Tai Viét Nam, nhom cia PGS. TS. Poan Vin Thugc ciing
thu thip duoc kha nhiéu chung sinh tong hop PHBV trén nhiéu loai co chit khac nhau. Str
dung fructose 1am ngudn carbon, tir tip hop 100 chung chi tim thdy c6 2 ching tong hop
3HV véi ty 1& 2 — 3 mol%. Khi bo sung tién chat nhu cac mudi propionate hay valerate thi
hiéu suit sang loc da tang lén duoc 7 ching véi ty 1€ 5 — 15 mol% 3HV. Mat khac, nhiéu
chién lugc 18n men da dugce st dung nham lam tang duoc ty 1€ 3HV 1én 21 — 44 mol%
nhung ham lugng tich lily PHA tong giam xudng chi con 11 — 12 % [59, 97]. Trong nghién
clru nay, tir tp hop 6 ching tong hop PHA méi tim thay c6 1 ching tich liy PHBV véi
noéng d6 3HV dat 5,2 mol% trén nguodn co chat 1a glycerol. Tuy ham luong tich liiy PHA
cling nhu nong d6 3HV chua phai rat cao so vdi cac cong bd trude nhung ddy 1a nhitng két
qua bude dau tim duoc chung vi khuan bién c¢6 kha nang tich lily PHBV. Pé nang cao ham
luong PHA ciing nhu ndong d6 monomer 3HV cuia chung thi cac nghién ctru chuyén sau
hon can tiép tuc duoc thuc hién. Két qua nay ciing gop phan 1am phong phti thém ngudn

gen vi sinh vét bién téng hop nhuya sinh hoc.

Bing 3.2: Thanh phén va nong dj cdc monomer ciia PHA thu nhdn tiv cdc

chuing vi khudn bién.

Chiing 3HB [mol %] 3HV [mol %]
1.6 98,2 -
5.3 98,4 i
5.6 97,7 -
6.2 98,6 -
6.5 98,4 i
6.6 94,8 5,2

3.5.  Dic diém sinh hoc ciia cac chiing vi khuan bién tich liiy PHA

Céc chung vi khudn tuyén chon duoc nuéi ¢ 37°C trén moi trudng LB thach voi

noéng d6 NaCl 3%, sau 24 gio tién hanh quan sat hinh thai khuan lac. Hinh dang té bao
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dugc quan sat bang kinh hién vi dién tir Olympus CH2 sau khi nhuém Gram theo nhu mo
ta trong phan phuong phap. Két qua dic diém sinh hoc cua 6 ching tuyén chon dugc tom
tat tai Bang 3.3 , 3.4 va 3.5 cho thiy ca 6 chiing vi khuan dugc tuyén chon déu 1a vi khuan
Gram duong, hiéu khi, té bao hinh que, sinh ngi bao tir, c6 phan tng catalase duong tinh.
Theo Khoa phan loai ctia Bergey thi cac chung nay déu thudc chi Bacillus [98].

Bing 3.3: Diic diém hinh thdi khudn lac va té bao ciia cdc chiing vi khudn bién

tuyén chon.

Chiing Hinh thai khuén lac Hinh thai té bao & do phéng dai 100X

1.6

5.3

5.6

6.2
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6.5

6.6

Bing 3.4: Pic diém hinh thdi khudn lac va té bao ciia cdc chiing vi khudn bién
c0 kha nang tich lily PHA

(+.: dwong tinh)

Chiing 1.6 5.3 5.6 6.2 6.5 6.6
Gram + + + + + +
Té bio Que Que Que Que, Que Que
x’. :’. :’. ChuSi x’. x’.
chuoi chuoi chuoi dai chuoi chuoi
ngin ngin dai dai dai
Noi bao tur + + + + + +
Mauv sac p Tring Tring Trang Trang Trang
A ran 5 v 3
khuan lac g sita sita stra stra stra
Hinh dang Tron, Tron, Tron, Tron dep, Tron, Hinh
khuanlac | hoiléio | bémit | hoiléio | bémidt | hoildid | dang
tam, bé | 10i bong, | tam, bé nhin, tam, bé | khong
mat tron | mMép tron | mit bong | mép tron mat dong
bong, déu nhay, déu nhan, nhét, mat
mép tron mép tron mép tron | bén day,
déu déu déu mép nhan
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Bing 3.5: Diic diém sinh Iy, sinh hod ciia cdc ching vi khudn bién cé khd nang tich
liiy PHA

(+: dwong tinh; + dwrong tinh yéu, -: &m tinh)

Chiing 1.6 5.3 5.6 6.2 6.5 6.6
Nhu cau
+ + + + + +
oxy
Sinh
+ + + + + +
catalase
Thuy phan
tinh bot ¥ ¥ ¥ ¥ ¥ *
Thuy phan
CMC ¥ ] ] * * ¥
Thu a
WP han + + + + + +
gelatin
Str dung
+ + + + + +
glucose
Str dung
+ + + + + +
fructose
Str dung
+ + + + + +
saccharose
Str dung
: - - * + + +
arabinose
Str dung N
xylose ) ) ) ) )

Ngoai phuong phap truyén théng xac dinh loai dua trén dic diém hinh théi sinh ly
sinh hoa, chung toi tién hanh dinh danh theo phuong phap sinh hoc phén tir giai trinh tu
ving gen 16S rRNA dé phén loai cac ching tuyén chon. Trinh tu gene 16S rRNA c6 kich
thude khoang 1500 bp di duoc st dung rong rii trong viée phan loai va xac dinh vi khuan
va vi khuén ¢d dé khuéch dai dugc gene 16S rRNA, DNA té)ng sb clia cac chung dugc tach
chiét. Két qua tir Bang 3.6 cho thiy DNA tong s6 cia tit ca cac ching déu c6 nong do va

d6 tinh sach dam bao 1am khudn dé tong hop gene 16S rDNA.
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Bing 3.6: Nong dp va dé tinh sach ciia DNA tong soé tich chiét tiv cac chiing vi

khudn tuyén chon

Ching Nong do DNA tdng so [ng/pl] A260:A2s80
1.6 123,4 1,76
5.3 168,3 1,82
5.6 154,1 1,72
6.2 152,6 1,80
6.5 147,2 1,75
6.6 151,7 1,73

Béng cap mdi 27F/1492R, di khuéch dai thanh cong duoc doan gen 16S rRNA dac
hiéu c6 kich thuée khoang 1500bp. Kich thudc cua doan gen dugc nhan ban phu hop voi
tinh toan 1y thuyét khi thiét ké cip mdi. San pham PCR thu duoc co chat lugng tot, mdi
chung déu c6 mot bang sang rd duy nhét trén gel dién di v6i kich thudc dung véi tinh toan

Iy thuyét. Két qua dién di cua 6 chung tuyén chon duoc thé hién ¢ Hinh 3.5.

16 53 56 62 65 6.6 M

< 1500 bp

Hinh 3.9: San phdm PCR khuéch dgi gen 16S rARN ciia cdc chiing c6 khd nding tich
lily PHA trén gel agarose 0,8%
(M: thang chudn GeneRuler 1 kb DNA Ladder (ThermoFisher).

Trinh ty gen 16S rRNA cua 6 ching tuyén chon s& duoc xur Iy bing cac phan mém
tin sinh nhu Chromas, BLAST va MEGA X. Két qua tir Hinh 3.10 cho thdy tit ca cac
chung déu thudc chi Bacillus, trong d6 chung 1.6, 5.3 va 5.6 1an lugt c6 d6 twong dong cao
nhit v&i cac loai B. megaterium, B. cereus va B. subtilis. Con 3 chung 6.2, 6.5 va 6.6 c6
trinh tu gidng voi cac loai Bacillus spp khéc. Viéc so sanh trinh ty gen 16S rRNA gin nhu
hoan chinh cia mot ching phan lap vai trinh tu ctia cac chung loai cua tat ca cac loai sinh

vat nhan so trong ngan hang gene nham thiét 1ap mbi quan hé phan loai giita cic chung
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sinh vat nhan so. V61 muac do giéng nhau > 98,65% hién dugc cong nhan la diém g161 han
dé phan dinh dén loai [99]. Tuy nhién v&i sy phat trién ctia nganh cong nghé sinh hoc hién
nay dé phan loai duoc chinh xac dén loai can phai xac dinh thém nhiéu chi tiéu sinh ly,
sinh hoa nita cling nhu giai trinh tu mot sé marker phan tir khac nhu gene 23S rRNA, rpoB,
gyrB, dnaK, dsrAB, amoA, amoB, mip, horA, hitAM, recA, ica, frc. oxc, 16S-23S rDNA ISR
va 1S256 [100].

Bacillus cereus D2-5 (LC537277.1)
Bacillus sp. strain TL12 (OL774512.1)
53

Bacillus anthracis strain BJHS4 (JN999847.1)

‘ Bacillus thuringiensis strain W-N-5-1-5 (KU570369.1)
6.6

Bacillus aryabhattai strain ZJJH-2 (MT605509.1)

6.2
65
Bacillus megaterium strain A2-Y (MT588727.1)
16

56

Bacillus subtilis strain BC137 (MZ436127.1)
Bacillus amyloliquefaciens strain BM27 (MZ436124.1)

oma

Hinh 3.10: Cdy phat sinh chiing logi cdc ching 1.6, 5.3, 5.6, 6.2, 6.5 va 6.6 dwoc xdy
duwng bing phan mém MEGA X trong phwong phdp maximum- likelihood.

Chi Bacillus 1a vi khuan dugc biét dén dau tién thudc nhom gram duwong cd kha
nang tich luy PHA [101]. Cac loai thudc chi nay nhu: Bacillus megaterium, Bacillus cereus,
Bacillus subtilis, Bacillus licheniformis, Bacillus thuringensis,...dugc phat hién c6 kha
nang tich luy PHA [101,102,103,104]. Vi wu diém linh hoat va céc tinh chat vat Iy khac,
PHA tach chiét tir chi Bacillus dugc st dung trong cay ghép y té c6 thé phan hay sinh hoc
dan hoi [14]. Chi Bacillus mang nhiéu loi thé trong kha ning 1én men & cac mdi trudng
nghéo dinh dudng va kha ning st dung da dang rat nhiéu nguén carbon co chat khac nhau
dé tong hop PHA, do d6 n6 1a ddi tuong tiém nang cho cac nghién ciru san xuat PHA [105].
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KET LUAN VA KIEN NGHI
KET LUAN

. Tir 8 miu nudc bién va tram tich cua ving bién Nha Trang, Khanh Hoa, dd phan
lap dwoc 44 ching vi khuén, trong d6 d sang loc dugc 6 chung vi khuan bién co
kha nang tich luy PHA.

. O diéu kién nudi cay thich hop, cac chung vi khuan tuyén chon tong hop PHA
voi hiéu suat tir 22,4 — 44,2% ¢ diéu kién nhiét do (37 °C) va pH 1én men phu
hop (6 — 8). Trong d6 dic biét 1a ching 6.6, cho hiéu suat san sinh PHA cao
vuot troi dat 44,2% khi nudi lic trong moi treong 18n men Salinity HT, & diéu
Kién nhiét d6 37°C va pH 8.

. PHA thu nhan tir chung 6.6 1a dang copolymer c6 thanh phan 3HV vai ty 18
5,2 mol%.

. Dua vao dic diém sinh hoc va trinh tu gen 16S rRNA ca 6 chang vi khuan tuyén
chon c6 d6 tuong ddng cao véi cac loai thudc chi Bacillus.

KIEN NGHI

. Tim diéu kién nudi cay thich hop dé nang cao ty 1é 3HV cua ching 6.6

2. Nghién ctru cac dac tinh co 1y cua cac loai PHA tir cac chung phan lap
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PHU LUC
Phu luc 1: Trinh tw gen 16S rRNA cua ching 1.6

>4575970 1 6 27F
GCAAGTCGAGCGAACTGATTAGAAGCTTGCTTCTATGACGTTAGCGGCG
GACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGACTGGGATAACTT
CGGGAAACCGAAGCTAATACCGGATAGGATCTTCTCCTTCATGGGAGAT
GATTGAAAGATGGTTTCGGCTATCACTTACAGATGGGCCCGCGGTGCAT
TAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCATAGCCGA
CCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGA
CGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTG
TTGTTAGGGAAGAACAAGTACGAGAGTAACTGCTCGTACCTTGACGGTA
CCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGG
CGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTC
ATTGGAAACTGGGGAACTTGAGTGCAGAAGAGAAAAGCGGAATTCCAC
GTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAG
GCGGCTTTTTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGC
AAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTA
AGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTAACGCATTAAGCA
CTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGC
GAAGAACCTTACCAGGTCTTGACATCCTCTGACAACTCTAGAGATAGAG
CGTTCCCCTTCGGGGGACAGAATGACAGGTGGTGCATGGTTGTCGTCAG
CTCGTGTC

Phu luc 2: Trinh tw gen 16S rRNA cta ching 5.3

>4575971 5 3 27F
GCAAGTCGAGCGAATGAATTAAGAGCTTGCTCTTATGAAGT
TAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAGACTG
GGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGCACCGC
ATGGTGCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCC
GCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATG
CGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGG
CCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACG
AAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGT
AAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCAC
CTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAG
CGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACC
GTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGT
GGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACC
AGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAG
CGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAAC
GATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAA
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CGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAA
AGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCG
AAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTA
GAGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTG
TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCA
ACCCTTGATCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGGTGACTGC
CGGTGACAAACCGGAGGAAGGTGGGGATGACG

Phu luc 3: Trinh tw gen 16S rRNA cua ching 5.6

>4575972 5 6_27F
ATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGC
GGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGAT

AACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGG
TTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGG
CGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTA
GCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAG

TCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAG
CTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTG
ACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCG

GTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGC
TCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGG
GAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGA
ATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGT

GGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGT
GGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGAT

GAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGC
ATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAG

GAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAA
GCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGA
GATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTC
GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAC
CCTTGATCTTAGTTGCCAGCATTCAGTTGGGCANTCTAAGTGACTGCCGG
TGACAACCGGAGGAAGGGGGGATGACGTCAATCATCATGCCCTTATGAC
TGGGCT

Phu luc 4: Trinh tw gen 16S rRNA cuaa chang 6.2

>4575973 6 2 27F
TGCTAATACATGCAAGTCGAGCGAACTGATTAGAAGCTTGCTTCTATGA
CGTTAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGA
CTGGGATAACTTCGGGAAACCGAAGCTAATACCGGATAGGATCTTCTCC
TTCATGGGAGATGATTGAAAGATGGTTTCGGCTATCACTTACAGATGGG
CCCGCGGTGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACG
ATGCATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACA
CGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGG
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ACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGG
TCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACGAGAGTAACTGCTCG
TACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCA
GCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTA
AAGCGCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCA
ACCGTGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGAAA
AGCGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAAC
ACCAGTGGCGAAGGCGGCTTTTTGGTCTGTAACTGACGCTGAGGCGCGA
AAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTA
AACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGC
TAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACT
CAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAA
TTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAC
TCTAGAGATAGAGCGTTCCCCTTCGGGGGACAGAGTGACAGGTGGTGCA
TGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACG
AGCGCAACCCTTGATCTTAGTTGCCAGCATTTAGTTGGGCACTCTAAGGT
GACTGCCGGTGACAACCGGAGGAAGGGGGGGATGACGTCAATCATCAT
GCCCCTTATGACTGGGCTACCACGTGCTACATG

Phu luc 4: Trinh tw gen 16s RNA cia chiing 6.5

>4575974_6_5_27F
TAATACATGCAAGTCGAGCGAACTGATTAGAAGCTTGCTTCTATGACGT
TAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGACTG
GGATAACTTCGGGAAACCGAAGCTAATACCGGATAGGATCTTCTCCTTC
ATGGGAGATGATTGAAAGATGGTTTCGGCTATCACTTACAGATGGGCCC
GCGGTGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATG
CATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGG
CCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACG
AAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGT
AAAACTCTGTTGTTAGGGAAGAACAAGTACGAGAGTAACTGCTCGTACC
TTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCG
CGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGC
GCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCG
TGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGAAAAGCG
GAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCA
GTGGCGAAGGCGGCTTTTTGGTCTGTAACTGACGCTGAGGCGCGAAAGC
GTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACG
ATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTAAC
GCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAA
GGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGA
AGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACTCTAG
AGATAGAGCGTTCCCCTTCGGGGGACAGAGTGACAGGTGGTGCATGGTT
GTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGC
AACCCTTGATCTTAGTTGCCAGCATTTAGTTGGGCACTCTAAGGTGACTG
CCGGTGACAACCGG
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Phu luc 6: Trinh tw gen 16S rRNA cuaa ching 6.6

>4575975_6_6_27F
TGCAAGTCGAGCGAATGAATTAAGAGCTTGCTCTTATGAAGTTAGCGGC
GGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAGACTGGGATAAC
TCCGGGAAACCGGGGCTAATACCGGATAACATTTTGCACCGCATGGTGC
GAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGC
ATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCC
GACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGAC
TCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTG
ACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCT
GTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGG
TACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAAT
ACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCA
GGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGG
TCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCC
ATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGA
AGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGA
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGC
TAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAG
CACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTG
ACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAAC
GCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGATAG
GGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAG
CTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTG
ATCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGGTGACTGCCGGTGA
CAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGA
CCTGGGCTACC
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CONG NGHE VI SINH VA MOI TRUONG

SANG LOC CAC CHUNG VI KHUAN Bacillus spp. BIEN SINH TONG HQOP
POLYHYDROXYALKANOATE

Lai Thi Hong Nhung', Phan Thi Tuyét Minh!, Pham Thij Trang?, Dao Hai Yén?, Nguyén Kim Thoa"#

Vién Céng nghé sinh hoc, Vién Han Iam Khoa hoc va Céng nghé Viét Nam
2Hoc vién Khoa hoc va Céng nghé, Vién Han Iam Khoa hoc va Céng nghé Viét Nam
3Vién Héa hoc, Vién Han 1am Khoa hoc va Céng nghé Viét Nam

TOM TAT

Polyhydroxyalkanoate (PHA) 12 mét trong nhitng loai nhua sinh hoc thu nh4n tir vi sinh v4t c¢6 tiém nang tmg dung
rong rdi. Viét Nam 12 mdt d4t nudc c6 bo bién dai, do vay co hoi khai thac su da dang va céc hop chét c6 hoat tinh
sinh hoc tir vi sinh v4t bién v6 cling 16n. Trong nghién ciru nay, mét s6 ching vi khuan bién phan 13p tir ving bién
Khanh Hoa dugc sang loc kha ning téng hop PHA théng qua céc phuong phép dinh tinh va dinh hrong. Bing
phuong phép nhudm khuén lac va té bao d4 thu nhan dugc 6 chiing c6 kha ning téng hop PHA. Ca 6 chiing nay
¢6 dic diém hinh thai té bao va trinh t gen 16S rRNA tuwong ddng cao véi cac loai thudc chi Bacillus. Dinh luong
PHA trong té bao ciia cac ching cho thdy chiing déu tich liiy dugc tir 21-44% so véi trong lugng kho ciia té bao.
Nghién ctru anh hudng ctia pH va nhiét d6 cho thdy c4c chiing déu c6 kha ning sinh trudng va tich liiy PHA tbt &
nhiét d¢ 37°C va pH 6-8. Nhiing nghién ctru bude d4u nay cho thdy cac ching vi khuan Gram duong phén 14p tr
ving bién Nha Trang, Khanh Hoa c6 tiém nang tré thanh cac nha mdy té bao san xuét nhya sinh hoc.

Tir khéa: Bacillus spp., nhua sinh hoc, PHA, vi khudn bién.

MO BAU

Polyhydroxyalkanoate (PHA) la I&p polyester clia cac axit hydroxycarboxylic khac nhau, dwoc tdng hop bdi cac
loai vi sinh vat dwdi dang nang lveng dw trik. Khi didu kién sinh trwdng bi han ché do dw thira carbon nhwng lai
thiéu ngudn nito, phdtpho, Iwu huynh, oxy, v.v thi vi sinh vat diéu kién cac hoat dong trao dbi chét clia chung theo
céach ma thay vi tuéin theo chu trinh axit tricarboxylic théng thiréng, acetyl-CoA duoc chuyen hwéng sang tdng hop
PHA [1]. PHA mang cac dac tinh co Iy twong tw nhw cac loai nhwa c6 ngudn géc tir ddu mé nhwng wu viét hon vi
c6 kha nang phan hy sinh hoc, do dé ching tré thanh mét trong nhitng loai polymer c6 tiém nang lon dé thay thé
cac loai vat liéu nhya truyén théng. Hién nay, PHA da dwoc st dung trong cong nghiép thwc pham, y té, dwoc
ph&m, néng nghiép v.v. [2, 3].

V6i hon 11000 km dwéng bién, Viét Nam la mét trong nhirng dét nwéc co mire do da dang vi sinh vét bién cao, do
d6 viéc bao tbn va khai thac ngudn vi sinh vat & hé sinh thai nay con cé nhiéu tiém n&ng phat trién. Mot sb nghién
ctru trong nwéc ciing da tap trung vao nhém céc ching vi sinh vat chiu man téng hqp PHA. Trong cac cong bb
trong nwdc, cac tac gid da co nhivng nghién ctru vé cac ching vi khuan chiu man tdng hop PHA phan 1ap @ rirng
ngap man cac tinh Nam Binh, Quang Ninh, Can Gi& hoac tir cac bé lam mam, viwa mubi tai cac dia phwong nhw
cac chiing Yangla sp ND218, Salmlwbno sp M318, Ralstonia sp M19, Bacillus sp. ND153, v.v [4-6]. Phan I&n cac
chung vi khuan bién dwoc tuyen chon thudc nhém vi khudn Gram am. Trong nghién ctru nay ching t6i tién hanh
tuyén chon céc chiing vi khuan Gram dwong phén I&p tir ving bién Nha Trang, Khanh Hoa c6 kha nang tich Ity
nhwa sinh hoc PHA nham gép phan da dang nguon giong VI sinh vat phuc vu cho céc cong trinh nghién clru PHA.
Bén canh do, nghién ctru danh gia anh hwéng clia mot s6 yeu td nhw pH, nhiét do Ién qua trinh Ién men cac ching
tuy&n chon cling dwec thie hién nhdm nang cao hiéu qua téng hop nhua.

NGUYEN LIEU VA PHUONG PHAP

Cac ching vi khuan: Tap hop 20 chidng vi khuan phan lap tlr cac mAu nwéc bi&n, mau trdm tich ving bién Nha
Trang, Khanh Hoa thudc bd swu tap ching gidng clia Phong Céng nghé vat liéu sinh hoc, Vién Céng nghé sinh
hoc.

M6i trweng nudi cdy: Cac chiing vi khuan dwoc nubi cay trén mai trwéng dinh dw&ng d3c hiéu cho vi khuén wa
man nhw: LB [g/L] (Bacto Tryptone 10, NaCl 30, Cao nam men 5, pH 72), Mdi trvong 1€n men téng hop PHA [g/L]
(Glycerol 30, Bacto Tryptone 5, Cao ndm men 1, Naz2MoO4.2H20 0,005, MnSO4 0,005, FeS04.7H20 0,01,
CaCl2.2H20 0,02, NaCl 30, MgS04.7H20 0,2, (NH4)zSO4 1, KH2P04.2H20 0,2, K2HPO4 1.6, pH 7).

Danh gia so bd kha nang tich lily PHA: Cac chling vi khuan dwoc nudi cay trén méi triedng i thiéu trong 24-48
gi®, sau d6 dwgc nhudm bang dung dich Sudan black B (0,1 g Sudan black B trong 100 mL ethanol 96%). Cac
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chling c6 bt mau véi thuéc nhuém Sudan black sau d6 dwoc lam tiéu ban, nhuém té bao véi thuéc nhuém Nile
blue A (0.25 mg/mL) va quan s&t dwéi kinh hién vi huynh quang & bwdc song 460 nm [7].

Lén men thu nhan PHA tir cac ching vi khuan tuyén chon: Céc ching vi khuén dwoc tuyén chon dwoc hoat
héa trong moi trwo’ng LB ¢6 ndng d6 mubi 3%, sau d6 chuyen gibng véi ty 1& 5% vao céc binh tam giac co chira
mai trwdng 1&n men tdng hgp PHA, nudi I&c 200 vong/phat & 37°C trong 48 gid.

Anh hwéng chia pH, nhiét dé va nguén carbon ién sinh trwwdng va tich luy PHA cua céac chung vi khuén: Sau
khi hoat hoa trén mai trweng LB c6 bd sung 3% NaCl, céc chang vi khuan tuyén chon duoc chuyen sang binh tam
giac chira méi trrong 1€n men tong hop PHA vé&i ty e glong 5%. Dbi vai thi nghiém anh hwéng ctia pH, méi trwong
Ién men dwoc diéu chinh pH vé gia tri 4, 6 va 8 va Ién men & 37°C. Sau khi tim dwoc gié tri pH thich hop, diéu kién
Ién men dwoc thay ddi & cac nhiét d6 25, 30 va 37°C. Cac chling dwoc nudi cdy trong 48 gidr treée khi danh gia
khéi Iwvong sinh khéi khé va hiéu suét tich Iy PHA.

Xac dinh khéi lvong sinh khdi kho té bao: Sau kh| Ién men sinh tdng hop PHA, dich nudi cay dwoc li tam voi
tdc d6 6000 vong/phut trong 30 pht, loai bd dich ndi va thu sinh khdi. Sinh khéi dwoc sdy khd & 60°C cho dén khi
khéi lwgng khong @di. Can xac dinh trong Iwgng sinh khéi khé.

Tach chiét PHA: Sinh khéi t& bao sau li tam duoc riva 2 14n vé&i d&m 20 mM phosphate pH 7.2 va sdy khd. Hoa lai
t& bao trong nwéc cat véi thé tich thich hop va tién hanh gia nhiét béng 16 vi song cong suét 140W trong 15 phut.
Qua trinh gla nhiét dwoc dirng sau méi 10 giay cho dén khi hét thoi gian x& ly. B6 sung dung dich ethanol/acetone
1:1 (v/v) va 0 trong 2 gi¢ trwdc khi chlet bang chloroform. L&c manh trong 5-6 gi&r dé& nhuwa sinh hoc hoa tan hoan
toan. Thu pha chira chloroform sang éng thiy tinh méi va bd sung methanol lanh (thé tich g4p 5-8 lan so vé&i dich
chloroform). Gitr méu & -20°C trong khoang 30 phut. Li tam thu c&n PHA & 12000 vong/phdt trong 20 phit. B& sung
dung dich ethanol 70% 2 1&n @& loai dung mai, li tam thu can rdi sdy khé & nhiét Gd 50°C trong tu hut [8].

Dinh Iwgng PHA bing phwong phap axit crotonic cai tién: Nguyén ly cla phuwong phap la PHA c6 thé chuyén
d6i thanh axit crotonic khi bi xt» ly béng axit sulfuric. Hop chét crotonic ¢ do hap thu & bwéc song 235 nm. Ham
lwong PHA tich Idy trong t& bao dwoc dinh lwong dwa trén dwéng chuén PHB thwong mai chuyén héa thanh axit
crotonic [9]. Hiéu suét tich Iy PHA dwoc tinh theo cong thirc H = m1/m2 x 100%, trong d6 m1 Ia khéi lwvgng PHA
tich Ity va mz 1a khéi lwgng kho té bao.

Dic diém sinh hoc cuia cac chiing vi khuén

Dé&c diém hinh thai khuén lac va té bao: Cac chling vi khuan tuyén chon dwgc nudi & 37°C trén mdi trwdng LB
thach véi nong dd NaCl 3%, sau 24 gi® tién hanh quan sat hinh thai khuén lac. Hinh dang t& bao dwoc quan séat
béng kinh hi&n vi dién t& Olympus CH2 sau khi nhudém Gram.

D3c diém sinh ly sinh hoa clia cac ching: Cac chung vi khuan tuyén chon dwoc xac dinh mdéc dd stir dung oxy,
hoat tinh catalase va kha nang ddng hoa mot sé ngudn dwong nhw glucose, fructose, saccharose, arabinose,
xylose v&i néng d8 1% (w/v). Quan sét vi tri va mirc d6 phat trién cla céc chiing théng qua chi sé6 méat dé quang
ODso0. ODeoo < 0,1 la khéng phat trién (-), 0,1 < ODso0 < 0,3 12 phat trién yeu (4), 0,3 < ODsoo < 0,4 12 c6 phat trién
(+), 0,4 < ODeoo < 0,6 la phét trién t6t (++), ODsoo > 0,6 la phat tri&n rat tot (+++).

Phan loai cac chiing vi khuén tuyén chon dwa trén trinh tw gen 16S rRNA

ADN tbng sb clia cac chdng vi khuan dwoc tach chiét béng Kit GenJET Genomic DNA Purification (Thermo Fisher).
Gen 16S rRNA dwoc khuéch dai bang c&p méi 27F (5-AGA GTT TGATCMTGG CTC AG-3')/1492R (5' -TAC GGY
TAC CTT GTT ACG ACTT-3') [10], tinh sach béng Kit GenJET PCR Purification (Thermo Fisher) va giai trinh tw
bang may gidi trinh tw gen tw déng ABI PRISM 3100 tai Vién Cong nghé sinh hoc. Két qua s& dwoc x(¥ ly bang cac
ph&n mém tin sinh Chromas, céng cu BLAST NCBI (http:/blast.ncbi.nim.nih.gov/).

KET QUA VA THAO LUAN
Sang loc chiing vi khuén cé kha nang tich liy PHA

D& sang loc nhanh céc chlng c6 kha nang tich Ity nhwa co thé s dung phwong phap nhudém khuén lac va té
bao. Trong tap hop 20 chiing vi khuan bién ctia Phong Cong nghé vt liéu sinh hoc, Vién Coéng nghé sinh hoc
c6 6 chung (ky hiéu gom 1.6, 5.3, 5.6, 6.2, 6.5 va 6.6) co bat mau xanh den véi thudc nhudém Sudan black (hinh
1A). Céac ching nay tiép tuc dwge nhuém vai Nile blue A dé danh gla murc d6 bat mau clia cac hat PHA trong té
bao. Nile Blue A la loai thuéc nhuém huynh quang duoc dung dé nhudm céac hat PHA trong t& bao, cho phép
chuing bat mau cam sang dwéi kinh hién vi huynh quang & bugc séng 460 nm. Cwong 4o bat sang clia cac hat
PHA ty 1€ thuan véi ham lweng PHA tich Ity trong t& bao [11]. K&t qua trén Hinh 1B cho thay ca 6 chling déu
bt mau tot va c6 mau cam sang rd rang trén nén den, diéu nay cé nghia chung d&u c6 kha nang tich Iy PHA
cao trong té bao.
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B
Anl} hwéng ciia mét sé diéu kién nudi cdy 1&n qua trinh sinh trwéng va tich lily PHA cla cac ching vi khuin
tuyén chon

Vi sinh vat sinh trwéng tét nhat & diéu kién téi wu. Qua trinh sinh trwong cla vi sinh vat sé giam, tham chi sé&  ngeng
& cac gidi han cao hon hoac thap hon didu kién téi wu. PHA 1a san pham dw trie clia vi sinh vat trong diéu kién
dinh dwéng bi can kiét, tuy nhién hleu suét tich Ity PHA ciing gidm ho&c khdng co khi vi sinh vat khang sinh trwéng
hoac sinh trwdng qua yéu. Do d6 méi tLPo'ng quan glwa sinh trwdng va tich Ity PHA la rat quan trong. Trong nghién
clru nay, chung t6i danh gia anh hwdng cta pH va nhiét d6 Ién qua trinh sinh trwdng va tich Iy PHA cua 6 ching
vi khuan tuyén chon trén ngudn co chét glycerol.

Anh hwéng cia pH

Phan I&n cac vi sinh véat thuéc nhdém sinh trwdng & pH trung tinh (pH 6.5-7. 5), tuy nhién cé mot sb nhom vi sinh vat
lai sinh trwdng tbi wu & céc didu kién pH axit hoac kiém. Trong thi nghiém nay, cac ching 1.6, 5.3, 5.6, 6.2, 6.5 va
6.6 dwoc nhan gibng va chuyen sang moi treong Ién men tong ho’p PHA c6 di&u chinh pH ban dau d‘at 4,6 va8.
Két qua tai Béng 1 cho thay ca 6 ching déu sinh trwéng rat yéu & pH 4, do d6 hiéu suét tich Ity PHA & gla tri pH
axit nay cung rat thap, tlr 5,6-11,7%, tham chi con khéng xac dinh dugc. Ca 6 chung déu sinh trwéng tot & pHB6
véi hiéu suét tich Idy PHA dat tir 21,7- 40,8%. D&c biét ching 6.6 phat trién tot nhat & pH 8 va hiéu suét tich Ity
PHA ciing dat cao nhét (44, 1%) & gia tri pH nay. Ching 6.6 phan lap & vi tri co pH 7,4-7,9, do d6 ban than chiing
nay ngoai tw nhién da tan tai & diéu kién kiém nhe, do vay sinh trwéng t6t nhat & pH 8.

65 5.6

Hinh 1. Danh gia so bd kha nang tich lily PHA cua cac chang vi khuan 1.6, 5. 3,5.6,6.2,6.5va6.6 bing phwong phap
nhuém khuén lac vé&i dung dich Sudan black B (A) va nhuém té bao véi Nile Blue A (B)
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Anh hwéng caa nhiét @6

Nhiét dé la mét trong nhirng tac nhan vat ly anh hwéng manh dén sinh trwéng cha vi sinh vat. Ca 6 chiing vi khuén
tuy&n chon la c&c chdng wa 4m vé&i nhiét do sinh tredng t6t nhat & 37°C. O nhiét d6 30°C, ham Iwong sinh khdi
kho gidm va & 25°C thi cac chling hdu nhw khong sinh trwdng dwgc. O 37°C, hiéu suét tich Iy PHA clia cac ching
cing dat cao nhét tlr 22,4-44,2%. Vung bién Nha Trang, Khanh Hoa c6 nhiét dd trung binh hon 30 °C va nhiét o
tdi wu cho sinh trwong clia cac chiing vi khudn wa &m la 35-37 °C. Trong tw nhién phan I&n céc chang vi sinh vat
I dang wa @m & pH trung tinh, tri¥ cac vi sinh vat & cac hé sinh thai cwc tri (cac vung cuc, cac vung dia nhiét, cac
hé sinh thai kiém, axit). Nam 2020, Ben Abdallah va cong sw da céng bé vé diéu kién sinh trwcyng cla hai chiing vi
khuén bién Natrinema altunense CEJGTEA101 va Haloterrigena jeotgali CEJEA36 tdi wu & 37°C va pH 6,5 - 7 v&i
hiéu suét tdng hop nhua Ian Iwot 1a 35 va 25% so véi sinh khdi kho [12]. Tai cac nghién ciru trong nwéc, cac chung
vi khuan phan lap tlr mot sb hé sinh thai rirng ngap man & Nam Dinh, Quang Ninh, Can Gi® hoc tr cac bé lam
mam, vira mudi tai cac dia phwcrng trén ciing co6 hiéu suét tich IOy nhwa tir 11-71% so v&i sinh khéi khd [5-6]. Do
d6 cac chiing vi khuan bién & trong nghién ctru nay cé hiéu suét tdng hop PHA & mirc d6 trung binh so véi cac
chiing da dwgc cong bd trwdc do.

D3c diém cac chiing vi khuan cé kha ning tich liy PHA

Cac chiing vi khuan dwoc tuyén chon déu la vi khudn Gram dwong, hiéu khi, t& bao hinh que, sinh néi bao e va
catalase dwong tinh. Theo Khoa phén loai ctia Bergey [13] thi cac chuing nay déu thude chi Bacillus. Chi tiét vé cac
dac diém hinh thai khuén lac, té bao, sinh ly sinh hod dwoc mé ta chi tiét trong bang 2.

Phan loai cac chdng vi khuan tuyén chon

Bang 1. Anh hwéng chia pH va nhiét do dén sinh trwdng va tich luy PHA cla cac chiing vi khuén tuyén chon
(KXD khdng xac dinh, SKK: sinh khéi kho)

pH Nhiét d6 [°C]

5 4 6 8 25 30 37

Ching—skk SKK SKK SKK  PHA  SKK SKK
0, 0, 0, 0, "0,
mgimi]  PPADA  rmomiy PHATA mogmiy PHATA [momi) ] [maimi]  PPATA jmgmiy PHAT%
16 021:001 5603 262%015 242%12 266015 26217 017008 KXB 18701  163%1 26401 257%13
53 0,13+ 0,006 KXD 234+012 217%13 225+01 224+11 005£0003 KXD  202%01 22814 243x01 22411
56 026+001 117:07  178%01 344%17 087+004 19209 011£0005 KX 15301 27,5%1,6 1,76+0,08 346x17
6.2 024001 8305  227+01 312%16 122:006 171+1 008%0,005 KXD 1,79 264+13 238201 32319
6.5 026+001 8805 163+£008 408+2 169+08 387£23 012+0007 KXD 1,35 38819 170009 39,824
66 0,15 +0,008 KXD 316+015 392+1,9 421+03 441:25 005+0003 KXD 22401 357 42702 442:27
Bang 2. Dic diém sinh hoc clia cac chiing vi khuan tuyén chon (+: Dwong tinh; + Dwong tinh yéu; -: Am tinh)
Chuing vi khuan 1.6 5.3 5.6 6.2 6.5 6.6
Dac diém hinh thai, té bao
Gram + + + + + +
: £ ha Que, chudi
Hinh dang t€ b: g "2 2 a 2. a s ss oo
: ang . Que, chubéi ngan ngan Que, chudi dai Que, chudi dai Que, chuéi dai Que, chudi dai
Mau sic khuan lac Tréng Tréng sra Tréng sira Tring stra Tréng stra Trang stra
Sinh ndi bao tt + + + + + +

Tron, hoi 16i &

tArm, bt bbrig Tron, dep, b&  Tron, tam hoi 16,  Hinh dang khéng

Tron, hoi 16i & tam,  Tron, b& mat 16i

Hinh dang khudn lac b2 mat tron béng,  béng, mép tron A B O mét nhan, mép b& mét nhan, ddng nhéat, m&t bén
mép tron déu déu y,aéup tron déu mép trén Géu day, mép nhan
Pic diém sinh 1y, sinh hoa
Nhu c&u oxy + + + + + +
Catalase % # + + + s
Ddng hoa Glucose + + + + + &
DPdng hoa Fructose + + i +
Péng hoa

Saccharose + + + + + %
Déng hoz Arabinose + + + +

Ddng hoé Xylose = -
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Gen 16S rRNA clia cac chling vi khuan tuyén chon dwoc khuéch dai va gidi trinh tw bing cép mdi 27F/1492R.
Phan tich, so sanh trinh tw v&i.cac trinh tw gen 16S rRNA trong ngan hang di liéu GenBank. Két qua tir Bang 3
cho thay tat cd cac chling déu thudc chi Bacillus. Cac chung 1.6, 6.2 va 6.5 déu co6 dd twong ddng cao véi loai B.
megatenum trong khi d6 ching 5.3, 5.6, va 6.6 c0 trinh tw gidng véi cac loai Bacillus spp. khac. Tuy nhién d& phan
biét dwoc chinh xac dén loai can phai xac dinh thém nhiéu chi tiéu sinh Iy, sinh héa niva cling nhw giai trinh tw mét
sb gen marker khac.

Bang 3. So sanh trinh tw gen 16S rRNA clia cac chiing 1.6, 5.3, 5.6, 6.2, 6.5 va 6.6 trén vé&i trinh tw cac gen trén GenBank

Tén ching vi khudn Chiing ¢6 do twong déng cao nhat D6 twong déng (%) Ma sé
1.6 Bacillus megaterium A2-Y 99.90 MT588727.1
53 Bacillus cereus D2-5 99.83 LC537277.1
5.6 Bacillus subtilis BC137 99.66 MZ436127.1
6.2 Bacillus megaterium RKCrRB3 99.67 MT452900.1
6.5 Bacillus megaterium LAG 99.91 MT279338.1
6.6 Bacillus anthracis NA10.2 99.92 JN999847 .1
KET LUAN

D3 sang loc dugc 6 ching vi khuén bién c6 kha nang tich luy PHA v6i hiéu suft tir 21-44% & diéu kién nuoi lac
200 vong/phut & 37°C va pH 6-8. Dua vao dic diém sinh hoc va trinh tu 16S rRNA cho thdy cac ching nay thudc
chi Bacillus. Céc ching nay d& gép phin 1am phong phii thém ngudn gen vi sinh v4t ciia Viét Nam c6 kha ning
tich lu§ nhya sinh hoc.

Loi cg’lm on: Nghién ciru nay dugc thyc hién voi su tai tror cua Vién Han (dm Khoa hoc va Cdng nghé Viét Nam trong dé tai
md s6 TDNSH0.07/22-24
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SCREENING POLYHYDROXYALKANOATE PRODUCING MARINE
Bacillus spp.

Lai Thi Hong Nhung', Phan Thi Tuyet Minh', Pham Thi Trang?, Dao Hai Yen3, Nguyen Kim Thoa'2*

"Institute of Biotechnology, VAST _
2Graduate University of Science and Technology, VAST
SInstitute of Chemistry, VAST

SUMMARY

Polyhydroxyalkanoate is one of the bioplastics synthesized by microorganisms with broad potential applications.
Vietnam is a country with a long coastline, which offers a great opportunity to exploit the diversity as well as
bioactive compounds from marine microorganisms. In this study, some marine bacteria isolated from the Khanh
Hoa sea area were screened for their ability to produce PHA using qualitative and quantitative methods. After
staining colonies and cells, six strains exhibited PHA-producing ability. These strains’ morphological
characterization and 16S rRNA sequences have high similarity with other Bacillus species. Quantitative analysis
of PHA in cells showed that all of them accumulated 21-44% in comparison with dry cell weight. The good
condition for both cell growth and PHA accumulation is 37°C and pH 6-8. This initial research indicates these
marine bacteria have the potential to be bioplatic single-cell factories.

Keywords: Bacillus spp., bioplastics, PHA, marine bacteria.

* Author for correspondence: Tel: +84-2437567103; Email: nkthoa@ibt.ac.vn
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VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM

KHOA HQC VA CONG NGHE VN Doc lap - Ty do - Hanh phic
HOC VIEN KHOA HQC VA CONG NGHE
S6: 1789/QP-HVKHCN Ha Néi, ngay 28 thang 10 ndm 2022
QUYET DINH

Vé viéc thanh 14p Hoi ddng danh gia luéin vin thac s

GIAMBPOC
HOC VIEN KHOA HQC VA CONG NGHE

Ciin cit Quyét dinh s6 2051/QD-VHL ngay 29/12/2014 cta Chil tich Vién Han
1am Khoa hoc va Céng nghé Viét Nam vé viéc ban hanh Quy ché t6 chikc va hoat dong
ctia Hoc vién Khoa hoc va Cong nghé;

Cdn cur Thong tu sé 15/2014/TT-BGDPT ngay 15/5/2014 ctia B truong Bo
Gido duc va Dao tao ban hanh Quy ché dao tao trinh do thac stT;

Ciin ci Quyét dinh 56 775/QD-HVKHCN ngay 21/11/2016 cua Gidm doc Hoc
vién Khoa hoc va Cong nghé ban hanh Quy ché dao tao trinh dé thac st

7 r

Cén cir Quyét dinh 5O 1982/0P-HVKHCN ngay 07/12/2020 cua Gidm déc Hoc
vién Khoa hoc va Cong nghé vé viéc cong nhdn hoc vién cao hoc trung tuyén dot 2 nam
2020; ,

Ciin cit Quyét dinh s8 346/0D-HVKHCN ngay 04/04/2022 cua Gidm déc Hoc vién

Khoa hoc va Céng nghé vé viéc cong nhdn dé tai va cir nguodi hudng dén ludn van thac ST,
Xét a2 nghi ctia Trudng khoa Khoa Cong nghé sinh hoc, Truong phong Dao tao.

QUYET PINH:

Pidu 1. Thanh 14p Hoi dé)ng d4nh gi4 luén van thac si cho hoc vién Pham Thi
Trang v6i d8 tai: “Tuyén chon cic ching vi khudn tich liiy nhya sinh hoc
Polyhydroxyalkanoate (PHA) dang copolymer phan 14p & Vi€t Nam”.

Chuyén nganh: Sinh hoc thuc nghiém Mz sb: 8 42 01 14

Danh séch thanh vién Hoi ddng danh gié ludn vén kém theo Quyét dinh nay.

Pidu 2. Hoi ddng c6 trach nhiém danh gia luén van thac sI theo dang quy ché
hién hanh ctia B Gido duc va Pao tao, Hoc vién Khoa hoc va Co6ng nghé. Quyét dinh
nay c6 hiéu lyc trong thoi han tdi da 60 ngay 1am viéc ké tir ngay ky.

Hbi ddng tu giai thé sau khi hoan thanh nhiém vu.

Piéu 3. Trudng phong T4 chirc - Hanh chinh va Truyén théng, Truéng phong
Pao tao, Trudng phong Ké‘ toan, Truong Khoa Cong nghé sinh hoc, cac thanh vién ¢

tén trong danh sach Hoi d6ng va hoc vién cao hoc co tén tai Piéu 1 chiu trach nhiém
thi hanh Quyét dinh nay./. %

Noi nhin:

- Nhu Diéu 3;

- Luu hd so hoc vién;
-Luu: VT, BT, MT.14.

\ Y/,
N
N> 689€, Vi Dinh Lam
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DANH SACH HQOI PONG PANH GIA LUAN VAN THAC SI
(Kém theo Quyét dinh s6 1789 /QD-HVKHCN ngay 28/ 10/2022

FOC VA D\ cua Gidm doc Hoc vién Khoa hoc va Céng nghé)
= e vl , ‘\
\G \

SNZ A < , . n .
HOC EChﬁlr Wan van cua hoc vién: Pham Thj Trang

== |}
;\\ ﬂ—‘\‘h;\ N e R r 7 . A r ~ ]
"ﬁeﬂa,ie tai: Tuyén chon céc ching vi khuan tich liy nhya sinh hoc
NG N G_:_p: g

LA
no

yHydroxyalkanoate (PHA) dang copolymer phan l4p & Viét Nam.

Nguoi huéng dan: TS. Nguyén Kim Thoa
- Vién Cong nghé sinh hoc, Vién Han 14m KHCNV N

|
|
Ho va tén, hoc ham, | Chuyén o Trich nhigm |
TT . il Co quan cong tac trong Hoi i
hoc vj ngan dong |
1 GS. TS. Chu| Céng nghé Vién Céng nghé sinh hoc, Chi tich
" | Hoang Ha sinh hoc Vién Han 1dm KHCNVN :
) PGS. TS. Bui Thj Vi sinh vét Trudng Pai hoc I§hoa hoc Tu nhién, Phén bién 1
" | Viét Ha hoc Dai hoc Quéc gia Ha Noi '
TS. Nguyén Thi Vi sinh vat Vién Cong nghé méi, e a
3 Tam Thu hoc Vién Khoa hoc va Coéng nghé Quén su Phan bién 2
4 TS. Dinh Thj Thu Héa sinh Hoc vién Khoa hoc va Cong nghé, Uy vién -
" | Hang hoc Vién Han 14m KHCNVN Thu ky
s | PGS.TS. D5 Thi Hoéa sinh Vién Cong nghé sinh hoc, v vien
" | Huyén hoc Vién Han 1am KHCNVN Y

(Hoi dong gém 05 thanh Vién)./. 9/%/



VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Péc lap - Tw do - Hanh phic
HOC VIEN KHOA HOC VA CONG NGHE

Ha Noi, ngay 11 thdng 11 ndm 2022

BIEN BAN HOP HOI PONG PANH GIA LUAN VAN THAC SI

Thuc hién Quyét dinh sb: 1789/QPb-HVKHCN ngay 28/10/2022 cta
Giam dbc Hoc vién Khoa hoc va Cong nghé vé& viéc thanh 13p Hoi dong danh
gid ludn van thac si ciia hoc vién Pham Thi Trang

Tén d& tai: Tuyén chon cic ching vi khuédn tich lily nhya sinh hoc
Polyhydroxyalkanoate (PHA) dang copolymer phén 14p ¢ Viét Nam.

Nganh/Chuyén nganh: Sinh hoc thyc nghiém

M3 s6: 8 42 01 14

Hoém nay, ngay 11/11/2022 Hbi dbng d3 hop tai phong 1707, A28, Hoc
vién Khoa hoc va Cong nghé vao lac 09 git 00, Hoi ddng gdm 05 thanh vién:

' ZZ0C VA
1. GS.TS. Chu Hoang Ha Chu tich hoi ddng y S
2-TS. Pinh Thi Thu Hing Thu ky hoi ddng /,I/r;:’ HOC VIt
3. PGS.TS. Biii Thi Viét Ha | Phan bién 1 ﬁ‘i\é\‘”?
4. TS. Nguyén Thi Tam Thu Phéan bién 2 A\
5. PGS.TS. D3 Thi Huyén Uy vién hoi dong Nl
Thanh vién ving mit: .......... )< me st (Phan bién hodc Uy vién,

dd c6 ban nhén xét déng y cho phép hoc vién dugc bao vé trude Hoi déng danh

gia luén van thac si).
NOI DUNG LAM VIEC

1. Pai dién co s& dao tao doc quyét dinh thanh 18p Hoi ddng danh gia luan vin
2. Cht tich Hoi ddng, diéu khién phién hop

3. Thu ky HD, doc li lich khoa hoc va bang diém cua hoc vién

4. Hoc vién trinh bay luén van truéc Hoi dong

5. Phan bién 1:

/1@&2/&443 . 266 biha.. Fong. VL. p oy %a,é/as
@aomﬂj //CﬁaMJ? Clre. L. 2 00



6. Phan bién 2:

:@u A, w//&% %m%@wﬁw ALl .
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10. Hbi ddng hop kin va cho diém
- H4i ddng bu ban kiém phiéu om 3 thanh yién:

Trudng ban: .. BS.. .75 15 detw... It %ﬂﬁ/ ............
Uy vién:........ 7.0 . % Ac%/tf

Uy vién:........ e
- Két qua kiém phiéu nhur sau:

S6 phiduphatra:...05........

S6 phiéu thu e g,

Tbng sb diém:....... 44.2....

Piém trung binh: f;g?

i Al gy 8 g i ...
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Piém thudng cong trinh cong bb:...... 0/5 ..........
Téng diém danh gi4 luan vin va thudng cong trinh cong bb:..... ﬁ 3§L e
- Két ludn ctia Hoi dong
+ Luén van . ng ...................... (dat/khéng dat yéu céu)
+ Tinh khong trung lap n01 dung va tén & tai v01 céc cong trinh cong bd:

g&f Vﬂfﬁé (g, .. o
U A m"%g 4&77 7 il

-----------------------------------------------------

---------------------------------------------------------------------------------------------------

11. Cht tich Hoi dong, cong bd két qua, yéu cau hoc vién chinh sira luén vén véi
cac noi dung sau:

..... m . zﬁanﬁ /{%LL@ b /ﬁidm’
. -....}%6.../;9...@@9&26; ..... ?’Yﬁj/gﬁ%@

-------------------------------------
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Ha N&i, ngay M théng M néim 2022

THU KY HOI PONG , CHU TICH HQI PONG

Jiok Bt Goe Foety Coa sy *8
XAC NHAN CU%?O’G?gﬁ)ﬁgg AO




CONG HOA XA HOI CHU NGHIA VIET NAM
Doc 1ap - Tu do - Hanh phtic

BAN NHAN XET PHAN BIEN LUAN VAN THAC S

Ho va tén ngwdoi nhan xét: Bui Thi Viét Ha Hoc ham, hoc vi: PGS. TS
Chirc danh trong Hgi ddng: Phan bién 1

Co quan cdng tac: Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Qudc gia Ha N6i

Ho va tén hgc vién: Pham Thi Trang

Tén dé tai: Tuyén chon cic ching vi khudn tich luj nhya sinh hoc
polyhydroxyalkanoate (PHA) dang Copolymer phén lap & Viét Nam

Chuyén nganh: Sinh hoc thyc nghi€ém M3 s6:8 42 01 14

NOI DUNG NHAN XET

1. Tinh cép thiét, tinh thoi swr, § nghia khoa hoc va thuec tién cia dé tai ludn vin:

Nhura c6 thé dwoc coi 14 vt liéu nhén tao dugc sir dung rong rdi nhit ngay nay.
Chiing can thiét trong hau hét cic linh virc ctia doi sdng con ngudi béi cac tinh chit dic
trung duoc biét dén nhu: kha niang udn déo, @ bén, kha niing chiu nudc, d6 dan dién
va din nhiét thip,... Tuy nhién, cdc monome & phan 16n cac chit déo nhu polyester,
polyethylen, polypropylen va polystyren c6 ngudn gbc tir hydrocarbon héa thach va
khong bi phéan hiy trong tu nhién vi thé ching gy 6 nhiém nghiém trong, 4nh huwéng
dén moi treong tir nhién ciing nhwr @i séng con ngudi. Chinh vi vy, viée tim va phat
hién ra cac loai nhua sinh hoc d& mé ra canh cira méi thu hat duoc su quan tdm cia
nhiéu nha khoa hoc trén toan thé gidi.

Nhura sinh hoc ¢6 nhiéu wu diém so v6i nhwra théng thudng cé ngudn gbec hoa
déu (nhya héa dau) do kha ning phén hity sinh hoc vn c6, tinh bén viing va tinh chét
than thién véi mdi trrong, gitp bao tdn ngudn nhién lidu héa thach dang can kiét va
ciing gop phan trong viéc giam phat thai khi nha kinh tir d6 tr& thanh nhén quan trong
cho su phat trién bén vimng. Trong nhém nay, Poly (3-hydroxybutyric acid) (PHB) dugc
san xuit va nghién ciru réng rai nhét, ching c6 mit & nhifu loai vi khudn Gram am va
Gram duong. Tuy nhién dic tinh co Iy cia PHB thuong cé tinh két tinh cao do d6 vit
liéu twong d6i gion, cimg, véi ty 16 kéo dai thap. Trong khi d6 cac vt liéu copolymer
da khic phuc dugc nhitng han ché cua PHB, vi vay viéc tim kiém céc ching vi sinh vit
sinh tong hop cac copolymer c6 chira cac monomer khac véi 3-hydroxybutyrate (3HB)
12 mdt diéu can thiét. PHA tir cc ching thudc chi Bacillus dugc quan tAm nghién ciru
do phén 16n ching durgc biét 14 an toan, khéng sinh ndi doc t5 nén rat phu hop cho san



xuét quy md 16n. Hon nita céc ching vi khuén bién ciing ¢6 wu thé trong sin xuét & quy
md 16n do kha ndng chiu mudi cao, khong bi tap nhiém véi cdc nhém VSV khac. Luin
van 13 nhitng nghién ciru bude ddu tim kiém cac ching vi khun bién c6 kha ning tong
hop PHA dang copolymer, 13 tién d& cho c4c nghién ciru tiép sau.

2. Su khong trung l1ap cia dé tai nghién ciru so v6i cdc cong trinh khoa hoc, ludn
vin da cong b & trong va ngoai nuéc; tinh trung thuc, ré rang va day da trong
trich din tai liéu tham khio:

Tén @& tai, ndi dung luan 4n khong tring 1ip véi cac cong trinh nghién clu cia
cac tac gia trong va ngoai nudc khic. Cac tai liéu tham khio dugc trich din ¢6 chi thich
13 ring, dung ngudn, dang tai lidu.

3. Su phil hop giira tén dé tai v6i ndi dung nghién ciru ciing nhu véi chuyén nganh
va mi sb daé tai:

Tén d tai nghién ctru phit hop vé6i ndi dung nghién ciru ciing nhu chuyén nganh
va mai sb dé tai
4. P§ tin cdy va tinh hién dai ciia phuwong phip nghién ciru da sir dung dé hoan
thanh ludn van:

Cac phuong phap st dung trong nghién ciru bao gdm c4c phuong phap thudng
quy, c6 su két hop ciia cac phwong phép vi sinh vét hoc, héa sinh, sinh hoc phén tir, héa
hoc. Céc phuong phép st dung c6 do tin cay cao.

5. Két qua nghién ciru ciia luin viin: Lun vin d3a dat dugc mot 50 két qua nghién
cttu ndi bat nhu:

- Tur 8 mau nude bién va trim tich cia ving bién Nha Trang, Khanh Hoa, d3
phan 14p duogc 44 ching vi khuin, trong d6 d3 sang loc dugc 6 ching vi khuén bién c6
kha ning tich luy PHA.

- O diéu kién nudi ciy thich hop, cac chimg vi khuin tuyén chon tong hop PHA
v6i hiéu sudt tir 22,4 — 44,2% & diéu kién nhiét d6 (37 °C) va pH 1én men phu hop (6 —
8). Trong do dic biét 1a chung 6.6, cho hi€u suét san sinh PHA cao vuot troi dat 44.2%
khi nudi 1ic trong mdi trudng 1én men Salinity HT, & didu kién nhiét d6 37 °C va pH 8.

- PHA thu nhén tir chiing 6.6 12 dang copolymer c¢6 thanh phan 3HV véi ty 18

5,2 mol%.

- Dua vao dic diém sinh hoc va trinh tu gen 16S rRNA cd 6 ching vi khuin
tuyén chon c6 d6 trong ddng cao véi cac loai thudc chi Bacillus.

6. Nhitng han ché, thiéu sét ciia ludn viin vé ndi dung, hinh thirc va ciu héi:

- Tén luan vin qué rong, can khu tra vao ddi trong nghién ciru 14 cic chimg vi
khuin bién & viing bién Nha Trang, Khanh Hoa

- Phin tdng quan viét kha tdt, dic biét phan viét vé& cac nghién ciru trong nudc
vé vén d& nghién ciru kha thuyét phuc, tuy nhién cin lwgc bd bét cac phan, muc khong
lién quan dén n6i dung luin vin: kha ning phin hiy cia PHA.

- B6 sung vi tri dia Iy (toa d6) cac mAu thu thap dugc



- Céc Hinh 4nh biéu dién kha don diéu, cin thé hién sb liéu phong phu va da
dang hon
Cau héi:
1) Tai sao lai chon tén dé tai 1a “Tuyén chon céac ching vi khuén tich liiy nhya
sinh hoc Polyhydroxyalkanoate (PHA) dang copolymer phan 1ap & Viét
Nam”?
2) Pé nang cao ham lwong 3HV trong thanh phan copolymer ciia ching 6.6 em
s€ lam gi?
3) Theo két qua néu trong bai béo 6.6 gan giii v6i loai B. anthracis, theo em liéu
c6 nén sir dung ching nay tiép hoc?
7. Néu tac gia chua viét bai bdo khoa hoc thi ndi dung cia luin vin cé thé duogc
viét thanh cdc bai bao dé gri ding trén tap chi khoa hoc, sich chuyén nganh hoedc
tuyén tap cong trinh hdi nghij khoa hoc cip qudc gia, quc‘;c té hay khong?
T4c gia d4 c6 1 cong trinh nghién ciru ding trén Ky yéu Hoi nghi Cong nghé
sinh hoc toan qubc 2022.
8. Két ludn chung (khing dinh mirc d§ ddp émg cic yéu ciu dbi véi mot ludn vin
Thac si; lun vin c6 thé dua ra bao vé dé nhéin hoc vi Thac si dugc hay khong?):
Xét vé ca ndi dung, hinh thitc va ham luong khoa hoc, ludn van da dap ing dugc
yéu cau ciia ludn vin Thac si.
Ha Noi, ngdy //thang //nim 2022
Ngudi nhan xét
(Ky, ghi r0 ho tén)

PGS. TS Biti Thi Viét Ha



CONG HOA XA HOI CHU NGHIA VIET NAM
Poc 18p — Ty do — Hanh phiic

BAN NHAN X®T PHAN BIEN LUAN VAN THAC SI
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Ho va tén hoc vién: .....,..... %(ﬁm /jW. [EY 7 AN f/ ..............
- Ten de i ./.7.?.2/:. . e W/) u?t.C’. <7 f///. 7 /(/w../ A, ”szﬁ N, 40 000, & 7/?1/ 0(

%
ﬂ/Zf u;/u L5OK: /CLL /Cémoafc (. % n/ao/...m.oﬁj %m.c..z.mfw/z Zdﬁﬂ /Lé 474 Ve
Chuyen nganh: Sinh hoc thue nghiém. M3 sé: 8 42 01 14

NOI DUNG NHAN XET

1. Tinl/l cap thlet tmh thoi s, y nghia khoa hoc va thuire tle}l cla dé tai luan vin:
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2. Sy khong tring ldp ctia d& tai nghién ctru so v6i cdc cong trinh khoa hoc, luén vén
d4 cong bb & trong va ngodi nudc; tinh trung thyc, 16 rang va d4y &t trong trich dan tai
liu tham khéo:

3. Sy phi hop gifta tén 8 tai v6i ndi dung nghién ciru cling nhu véi chuyén nganh va
mi so dao taO'

R . %
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4. D tin cdy va tinh hién dai clia phuong phép nghién ctu ¢4 st dung
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7. Néu tic gia chua viét bai bdo khoa hoc thi ndi dung ctia ludn vén cd thé duoc viét
thanh céc bai béo dé giri dang trén trén tap chi khoa hoc, sach chuyén nganh hoédc
tuyén tip cong trinh héi nghi khoa hoc cap/quoc/ gia, qubc t/e hay khong? 7
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Ngwoi nhin xét
(Ky, ghi r ho tén)
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- Nhdn xét dugc lam thanh 02 bdn, ¢ chit ky ciia ngudi nhdn xét va xde nhdn cia co quan
cong tdc (néu dang cong tdc) va giri vé phong Pao tao 02 ngay frude budi bdo vé.

8. Két luan chung (khing dinh mirc @6 dp fmg céc yéu clu dbi véi mat lugn van Thac
s1; luén vin c6 the dwra ra bao v€ d€ nhén h{/)c vi Thac st duge hay khong?):
raya P i / / Vs

Bja chi lién hé: CV. Nguyén Thi Minh Tam phong Dao tao, Hoc vién Khoa hoc vé Céng
nghé, Vién Han ldm Khoa hoc va Céng nghé Viét Nam. 18 Hodng Quéc Viét, Cdu Gicfy,
Ha Ngi. DT02438689977- 0946082099



VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VIET NAM Dic lap - Tw do - Hanh phiic
HOQC VIEN KHOA HQC VA CONG NGHE

~ BAN GIAI TRINH CHINH SUA LUAN VAN i
THEO KET LUAN CUA HQI PONG PANH GIA LUAN VAN THAC SI

Ho tén hoc vién: Pham Thi Trang Lép: SHTN20B

Tén @& tai ludn vin: Tuyén chon cac chuing vi khuén tich Ity nhua sinh hoc
Polyhydroxyalkanoate (PHA) dang copolymer phén 14p ¢ Viét Nam

Chuyén nganh: Sinh hoc thuc nghiém

Mz s6: 8 42 01 14

Ngudi huéng dén khoa hoc: TS. Nguyén Kim Thoa
Nigay béo vé ludn van: 11/11/2022

Cin ctt bién ban hop hoi dong danh gié luén vén thac s, hoc vién d chinh
stra ludn van nhu sau:

Nbi dung d& nghi bd sung, >
chinh sita )

STT Nbi dung d3 b sung, chinh sira )g

. D4 stra 18i chinh ta & cactrang 5; 7; 9;
1 L1 chinh ta
10; 16; 17; 18; 27; 30; 35; 38; 44; 45.

Bé ndi dung phén huy sinh N
2 D4 bd phén 1.1.4 hoan toan
hoc caa PHA

"Gop céc phuong phap nghién | DA sira gdp thanh “Anh hudng cua

ctru su anh hudng cia céc yéu | mot sd didu kién nudi cy lén qua
3 | td dn qua trinh sinh truéng va | trinh sinh trudng va sinh tong hop
sinh téng hop PHA ctia cic | PHA cia céc ching vi khudn bién” tir

ching vi khuén bién trang 20 dn trang 21.

D3 stra cach trinh bay bang 2.1 trang
16; bang 3.4 trang 42

D3 stra 16i trinh by céc hinh 3.3
5 | Stra 16i trinh bay hinh trang 31; hinh 3.4 trang 33; hinh 3.5
trang 34; hinh 3.6 trang 36; hinh 3.7

4 | Sira18i trinh bay bang




trang 37

D3 stra tai

Trang 12; 14; 20; 21; 32; 33; 35; 38.
Stra thudt nglt “trong lugng”
6 . Hinh 3.3 trang 31; hinh 3.4 trang 33;
thanh “khoi lugng”

hinh 3.5 trang 34; hinh 3.6 trang 36;
hinh 3.7 trang 37.

Danh s6 thtt tu cho cac két|DP3 danh sb cho cac két luan va kién

luén va kién nghi nghi trang 46
Ha Ngi; ngay 24 thdng 11 nam 2022
CHU TICH HOQI PO ' TAP THE HUGNG DAN HOC VIEN

<

éZm~Rk»j/ ’/”— Nfﬁfh e T
XAC NHAN CUA CO SG PAO TAO
KT. GIAM DOC W

PHO GIAM POC

Nguyén Thi Trung
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