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TOM TAT

Nhua ¢6 ngudn géc tir ddu mo rat kho phan hiy va c6 kha ning gdy anh hudng nghiém trong dén nén kinh té
bién Viét Nam néu nhu khong dugc kiém soat hop 1y. Polyhydroxybutyrate (PHB) 1a mot dang nhya sinh hoc c6
the bi phén huy boi vi sinh vat va ¢ tinh nang tuong dong v6i cac loai nhya c6 ngudn goc dau mo. Chi phi san
xuit PHB da phan dugc chi cho ngudn carbon dau vao. D¢ ting tinh canh tranh ctia PHB trén thi truong nhua,
chung Escherichia coli PHB-08 di duoc phat trién v6i tinh nang chuyén héa glycerol thd — phu phdm chinh cia
qua trinh san xuat dau diesel sinh hoc — thanh PHB. Trong nghién ciru niy, anh huéng cta nong do cao ndm men
va ion magié (Mg?") 1én qua trinh 1én men cua chung PHB-08 di duoc khao sat. Nong do tdi wu cua cao nim
men va Mg dd duoc sir dung trong 1én men theo mé c6 b sung dinh dudng (fed-batch), tir d6 cai thién tdc do
san xut PHB 1én 25% (1,5 g/L.h). Trong 25 h Ién men, khéi lwong té bao kho dat duoc 1a 48,4+2.8 g/L, trong d6
¢6 chita 73,8+1,7% (w/w) 1a PHB vé6i nang suét 1a 0,33g PHB /g glycerol tiéu thy. Két qua ctia nghién ctru cho
thdy chung Escherichia coli PHB-08 c6 tiém niang htra hen dé phat trién nén tang cong nghé san xuit nhya sinh
hoc PHB tir glycerol thd quy mo cong nghiép.

Tw khéa: Escherichia coli, fed-batch, glycerol thd, nhua sinh hoc, polyhydroxybutyrate.

MO PAU

Nhua la vat liéu dwoc st dung rong réi trong hoat dong sén xuét va doi sbng hién dai. Da sb cac san phadm nhya
trén thj trudng dwoc san xuét tir nguyén liéu héa thach. Tuy nhién, nhua co nguon gbc tr nguyén liéu héa thach
rat khé phan haly, dé& dang tich tu trong chudi thirc &n gay anh hwéng xau dén méi trwdong, dic biét ddi véi hé
sinh thai bién. Nén kinh t& Viét Nam véi hon 40% GDP dén tir bién s& chiu anh hwdng nghiém trong néu 6 nhiém
nhwa khéng dwoc kidm soat mét cach hop ly (Vi Tudn Hung va Nguyén Danh Nam, 2021).

Polyhydroxyalkanoate (PHA) la mdt dang nhwa sinh hoc cé kha nang phan hdy béi vi sinh vat trong moéi trwong
tw nhién (G4t va nwéc bién), tao thanh cac phan tr co ban (nwdc va CO2). PHA cb tiém nang dwoc st dung
trong cong nghiép dong gdi nh& dac tinh véat liéu twong tw nhw cac loai nhya truyén thong trén thi treong
(polyethylene, polypropylene...) (Keskin et al., 2017). V&i xu hwéng phat trién bén vikng, cac phan tich thij trwéng
cho théy thi phan nhwa sinh hoc trén thj trwdng nhya dwoc dy doan sé dat ngwdng 40% vao nam 2030 (khoang
324 ty USD) (Zhao et al., 2020).

Polyhydroxybutyrate (PHB) 1a mét dang PHA ph6 bién. Chi phi cho ngudn carbon dau vao chiém hon 40% téng
chi phi san xuat PHB (Kim, 2000). Do d6, viéc lwa chon ngudn carbon dau vao rat quan trong d& PHB c6 thé
canh tranh vé&i cac san phém nhwa truyén théng. V&i ndng d6 carbon cao, glycerol thd — phu pham chinh ctia qua
trinh transester hoa trong san xuét dau diesel sinh hoc tr dau thuc vat, m& ca, m& dong vat — rét thich hop dé
lam nguén nguyén liéu cho qua trinh 1&n men sén xuét nhya sinh hoc PHB. Viéc tan dung glycerol thé vira 1am
tang gia tri kinh t& ctia nhwa sinh hoc PHB, vira [am téng tinh phat trién bén virng cia cong nghiép san xuét dau
diesel sinh hoc.

Du6i sw hop tac cla Tap doan Four Pillars va Bai hoc Phung Giap, Pai Loan (Trung Quéc), ching tdi da phat
trién thanh cong ching vi khuan Escherichia coli (E. coli) PHB-08 dé san xuat PHB tir glycerol thd (Ta et al., 2023).
Két qua nghién clru cho thay ching PHB-08 trong Ién men 29 h da dat téc do san xuét trung binh Ia
1,2+ 0,1 g/L.h, tao ra ham Iwgng té bao khé (CDW) la 53,8+4,1 g/L v&i PHB chiém 66,5+2,8% (w/w) va da tiéu
thu dén 95,6 + 0,9% lwong glycerol thd dau vao.

Pé tiép tuc nang cao hiéu suét clia qua trinh san xuat PHB tir glycerol thd, nghlen clu nay khao sat anh huwédng
cua thanh phan cao nAm men va ion magié (Mg ") trong chét dinh dwéng ddi véi qua trinh 1&n men ching PHB-08.
Sau d6, két qua tbi wu sé dwoc str dung cho qua trinh I&n men theo mé cé bd sung dinh duéng (fed-batch).
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NGUYEN LIEU VA PHUONG PHAP
D6i twong nghién ciru

Chuing vi khuén E. coli PHB-08 duoc Tap doan Four Pillars phat trién cung véi Dai hoc Phing Giap, Dai Loan
(Trung Quéc) va hién dang dwoc lwu tri tai bd swu tap ching giébng cia Trung tdm Nghién ciru va Swu tap Tai
nguyén Sinh hoc Dai Loan, Trung Quéc (BCRC) véi ma s6 BCRC911222. Ching PHB-08 nay dwoc nghién ctru
dwa trén ching vi khuan E. coli tai t& hop N31 (Ptrc-glpF, APr-gldA, APr-dhaK) duoc tdng cwéng biéu hién gen
van chuyén va hap thu glycerol thd (Chiang et al., 2020). Cac thay di & kiéu gen ctia chiing PHB-08 so véi N31
bao gém: APgr-zwf, AP_-pgl, ®80:AP_-phaCAB, Apta, A:AP_-phaCAB, lacO-gltA, Puc-pntAB, AP -aceEF,
HK::AP_-phaCAB (Ta et al., 2023).

Moéi trwong dinh dwéng

Glycerol thé trong nghién ctru nay duoc thu thap tir Cong ty san xuét dau thwc vat Yeow Hwa, Dai Loan. Ham
lwgng glycerol trong glycerol thd & 60%. Méi trwéng 1én men chiing PHB-08 dwoc thay déi dwa trén cong thirc
moi trwdng mudi tdi gian M9, bao gdm: glycerol (20 g/L), cao nAm men (1 g/L), NH4Cl (3 g/L), NaHPO, (6,04 g/L),
KH2POs (3 g/L), NaCl (0,5 g/L), MgS0O4.7H.O (0,24 g/L), CaCl, (0,022 g/L), FeS0O47H.O (8 mglL),
Al>(S04)3.16H20 (1,31 mg/L), ZnSO4. 7H20 (0,2 mg/L), CuCl».2H,0 (0,1 mg/L), NaM00O4.2H,0 (0,2 mg/L), MnCl,
(0,74 mg/L), CoCl,.6H20 (0,07 mg/L), va H3BO4 (0,05 mg/L) (Yang et al., 2019).

Nghién ctru anh hwéng cua thanh phan cao ndm men va ion Mg**

Chung E. coli PHB-08 dwoc tién nudi cdy qua dém trong méi trwdng LB (5 mL) trong binh Erlenmeyer 125 mL &
37°C va lac & téc dd 200 vong/phut. Dich tién nudi cdy qua dém sau d6 dwoc cly chuyén vao cac binh
Erlenmeyer 125 mL chira 20mL méi trwéng 1&8n men véi mat do té bao ban du tinh theo ODsso la 0,2. Cao ndm
men dwoc thém vao méi trwdng dinh duwéng dé dat cac gia tri ndng dd cudi cung khac nhau, bao gdm (g/L): 0,
0,5, 1, 1,5 va 2. Chiing E. coli PHB-08 dwoc gity trong ti nuéi cy & 37°C va lac & tbc dd 200 vong/phut. Gia tri
ODsso dwgc do vao cac mée thoi gian 2, 4, 6, 8 va 24 h. Sau 24 h, dich nuéi cay dwoc thu lai d& xac dinh ham
lwong PHB va CDW. Viéc khao sat anh hwéng cda ion Mg®* dwoc thue hién theo phuong phap twong tw. Nong
doé cua Mg2+ sé dwoc diéu chinh & cac gia tri khac nhau trong méi trwérng dinh duéng, bao gdbm (mM): 1, 2 va 3.
Nong d6 cao ndm men va Mg?* téi wu sau khi dwoc xac dinh sé dwoc st dung trong cong thire méi tridng mudi
tbi gian M9 cho phan thi nghiém l&én men fed-batch.

Lén men fed-batch

Qua trinh 1&n men 1L fed-batch dwoc thuc hién & trong thiét bi 1&n men 2L BioFlo®-120 va dwoc diéu khién bdi
hé théng diéu khién BioFlo-120 (Eppendorf, Blrc). Dau do ham Ilwong oxy hoa tan (DO) va pH dwoc mua tir
Mettler Toledo, My. Diéu kién lén men dwoc duy tri & nhiét dd 37°C va pH 7 st dung chét trung hoa 28% (v/v)
NH4OH. Ham lwgng DO dwoc duy tri tw dong & 10% va dwoc diéu khién bdi tbc d6 xoay cla canh khudy. Lwu
lwong khéng khi duwgc bom vao 1a 1vwm. Mat do t& bao ban dau do & ODss la 0,2. Té bao sé dwoc nudi & ché
dd batch trong méi trdng chira cong thire mudi tdi gian M9 voi ndng do cao ndm men va Mg?* i wu trong 10 h
trwéc khi dwoc cap bd sung dich dinh duéng chira 550 g/L glycerol thd. Cong thirc tinh téc dd cap chét dinh
dwdng dwoc dwa theo bao céo trwdc dé (Yee, Blanch, 1992).

Phwong phap xac dinh dw lwong glycerol, CDW, sinh khéi dw, ndng dé PHB va nidng suit PHB

Phuwong phap xac dinh dw lwgng glycerol, CDW va sinh khéi du dwgc thay ddi dwa theo bao cao trudc do
(Cavalheiro et al., 2009). Dw lwgng glycerol (g/L) trong dich 1én men duoc do béng thiét bi S&c ky 16ng hiéu nang
cao (HPLC) str dung cot ICSep ICE-ION-300 (Transgenomic, My) va dau doc chi sé khic xa. Ndng dé glycerol da
tiéu thu dwoc tinh béng hiéu néng do glycerol ban dau (g/L) va dw lwgng glycerol (g/L). Sinh khéi sau thi nghiém
dwoc ly tam & 4000 vong/phut trong 15 phat. Sau khi loai bé phan chét 16ng, sinh khéi té bao dwoc rira véi nwo'c
cAt. Qua trinh trén dwoc thwe hién ba 1an, sau d6 sinh khéi t& bao dwoc lam khé qua dém & nhiét d6 60°C va
dwoc can dé xac dinh ham lwong CDW (g/L) tinh theo g trong mét L dich I&n men. Sinh khéi dw (g/L) dwoc dinh
nghta 1a lwong sinh khéi t& bao khd khéng chira PHB, tinh bang hiéu CDW (g/L) va ndng d& PHB (g/L). Néng do
PHB (g/L) c6 trong té& bao dwgc xac dinh sau khi dwoc chuyén héa thanh axit crotonic, st¢ dung thiét bi HPLC, cot
loai trr ion Aminex HPX-87H (Bio-Rad, My) va dau doc cyc tim (210 nm) (Ta et al., 2023). Nang suat PHB (g/g)
dwoc tinh bang thwong ciia ndng d6 PHB (g/L) va ndng d6 glycerol da tiéu thu (g/L).

KET QUA VA THAO LUAN
Anh hwéng ctia cao nAm men dén sw sinh trwéng va tich lily PHB

Ce}o ndm men chira nhiéu axit amin, vitamin va khoang chét quan trong trong qua trinh 1&n men vi sinh vat. Hinh 1
biéu thi anh hwdng clia cao nam men dén sy sinh truwdng va tich Iy PHB cua chung E. coli PHB-08.
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Hinh 1. Anh hwéng cta néng dé cao ndm men dén (A) dwéng cong sinh trwéng va (B) hiéu qua san xuét PHB
cua chung E. coli PHB-08 khi nuéi cay trong binh Erlenmeyer 125mL c6 chira 20 g/L glycerol

Két qua tir Hinh 1 cho thay cao nam men gilp tang cuwong kha nang hép thu glycerol clia ching PHB-08, ti
49,3%3,1% khi khong st dung cao ndm men 1én 94,1+1,2% khi st dung 2 g/L cao nam men. Diéu nay da gitp
tang dang k& tbc dd sinh trwdng (Hinh 1A) va kha néng tich Ity PHB trong t& bao (Hinh 1B). Két qua nay co thé
dwoc gidi thich béi cao nAm men c6 kha nang tang cwong stee chiu dwng cda vi sinh vat trong diéu kién moi
trwong dinh dwéng cé chira thanh phan gay e ché sinh trwéng nhw & tredng hop sir dung glycerol thdé (Huynh
et al.,, 2020). Bén canh d6 trong thanh phan ctia cao ndm men con chira nhiéu axit amin, tr d6 gidm di lwong
NADPH can cho qua trinh tdng hop axit amin (Chen et al., 2018). Lwogng NADPH tiét kiém dwoc trong qua trinh
tdng hop axit amin nay cé thé dwoc st dung cho qua trinh tdng hop PHB, vén 1a mét qua trinh phu thudc rat 16n
vao tri¥ lwong NADPH ndi bao. Két qua cho thdy ndng do6 PHB da ting tir 3,1£0,2 g/L khi khdng st dung cao
ndm men I1&n 8,6+0,4 g/L khi st dung 2 g/L cao ndm men (Hinh 1B). Trong nghién ctru nay, hiéu qué san xuét
PHB dat mlrc bdo hda & ndng dd cao ndm men 1,5 g/L. Két qua thu dwoc sau 24 h nudi cy 1a néng d6 PHB
8,420.6 g/L v&i ham lwong PHB 84+1,2% va nang suét 0,44 g/g.

Anh hwéng ctia ndng dé Mg dén sw sinh trwéng va tich lily PHB

Viéc tbi wu hoa ndng d6 Mg trong moi tredng nudi cy 1a can thiét dé dat hiéu qua san xuét PHB cao nhét. Hinh 2
biéu thi anh hwéng cla Mg " dén s sinh trwdng va tich Iy PHB cla ching E. coli PHB-08.
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Hinh 2. Anh hwéng cia néng dé Mg”* dén (A) dwéng cong sinh trwéng va (B) hiéu qua san xuéit PHB
ctia chiing E. coli PHB-08 khi nudi cay trong binh Erlenmeyer 125mL c6 chira 20 g/L glycerol

Trong san xuat PHB, mot chién thuat 1én men thuong duoc siv dung do 1a han ché ngudn dinh duéng Mg?* gé
kich hoat va tang cwong cho s tlch ldy PHB. Tt két qua Hinh 2 ta c6 thé thdy ham lwgng PHB dat gia tri cao
nhat (81,5+4,1%) tai néng do Mg * thAp nhét (1 mM) trong kh&o sat nay. Tuy nhién, Mg cling la mét nguyén té vi
lwong quan trong trong sinh ly t& bao va chiém khoang 0,79% khéi lwong té bao kho cla vi khuén E. coli
(Moncany and Kellenberger, 1981). Diéu nay c6 nghia la néng dé Mg®* trong chét dinh dwdng sé& quyét dinh sb
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lwong té bao co thé dat duoc trong gua trinh 1€n men, tr d6 néng cao ndng d6 PHB. Tlr dwdng cong sinh truong
(Hinh 2A) ta c6 thé thdy ndng dd Mg“* khéng anh huwéng dén téc d6 tang sinh ban dau nhwng Ia| anh hwéng dén
sinh khéi dw sau 24 h (Hinh 2B). Luang sinh khéi dw da tdng thém 41% khi tdng ndng do Mg “tr 1 mM lén 2
mM. Tuy nhién khi tang nong do Mg tir 2 mM Ién 3 mM, lwong sinh khéi dw khong co suw thay ddi dang ke
Trong khao sat nay, ndng dd PHB cao nhét da dat dwoc 1a 8,2+0,7 g/L sau khi nudi cay 24 h & nong do Mg®* 2
mM véi ham lwong PHB dat 77,8+3,7% va nang suét 0,43 g/g.

Két qua lén men fed-batch

Trong san xut PHB, 1&én men fed-batch thwong duoc siv dung dé dat hiéu qua san xuét cao. O giai doan dau
(pha batch), chat dinh dwéng duoc cung cap voi nong d6 co dinh dé Vi khuan thich nghi va phat trién. Viéc téi wu
héa pha batch gilp tao ra lwong sinh khéi ban dau &n dinh v& mat sé lwong cling nhuw vé& mét sinh ly té bao, tao
tién dé cho giai doan tang trwdng tiép theo (pha feed). o pha feed, chét dinh dwéng dwoc bo sung lién tuc dé&
duy tri ndng d6 dinh dwdng t&i wu cho vi khuén, gitp vi khuan tang sinh khdi theo ham sé Idy thira dua trén
lwong sinh khéi da dat dwoc tir pha batch.
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Hinh 3. Két qua qua trinh 1én men fed-batch cia chiing PHB-08 str dung ndng dé cao ndm men va Mg téi wu

Hinh 3 m6 ta qua tnnh san xuat PHB clia chiing PHB-08 theo thoi (gian khi s dung méi treong voi néng do cao
ndm men va ion Mg”* téi wu (Ian lwot 1a 1,5 g/L va 2 mM). Viéc tdi wu hoa nong dé cao nam men va ion Mg**
trong chét dinh du&ng da gitp ting dang ké tbc do sinh truwdng va Iwo’ng smh khéi dat dwoc sau pha batch so véi
két qua nghién clru trwdc d6 (stv dung 1 g/L cao ndm men va 1 mM Mg®*). CDW sau pha batch da dat 5,07+0,6
g/L, cao hon khoang 44,8% so v&i két qua nghién clu trwéc dé dwa trén ching PHB-08 (CDW 3,5:0,5 g/L). CY
pha feed, hiéu qua san xuét PHB cao nhét da dat dwgc sau 25 h 1&n men, véi lwgng CDW dat 48,4428 g/l trong
dé co6 chva 73,8+1,7% (w/w) la PHB va nang suét PHB l1a 0,33 g/g. So véi két qua da cong bd dua trén ching
PHB-08, ham lwgng PHB va nang suat PHB da tang thém khodng 10%. Dac biét, tbc d6 san xuét PHB trung binh
trong nghién clru nay da dat 1,5 g/L.h, cao hon 25% so v&i két qua da cong bb trudc d6 (1,2 g/L.h) (Ta et al., 2023).
TAt ca nhirng cai thién nay da gilp nang cao mét cach téng thé hiéu suét ciia quy trinh san xuat PHB. Cu thé,
viéc tdng ham lwong PHB gilp nang cao hiéu qué va gidm lwong chét thai trong qua trinh tach chiét PHB. Nang
suét PHB tang sé lam giam chi phi nguyén liéu dau vao, khi 1 g glycerol thé cé thé tao ra nhiéu g PHB hon. Téc
dod san xuét trung binh dwoc cai thién ddng nghia véi viéc thdi gian dé& san xuat cing mét lwgng PHB sé dwoc
gidm di, kéo theo dé la lgi ich gidm th&i gian van hanh may méc va thoi gian nhan cong lao dong.

KET LUAN

Tir viéc t6i wu hda méi trwdng 18n men, ching t6i da cai thién dang ké quy trinh san xuat PHB s+ dung ching E. coli
tai t& hop PHB-08. Toan bd qua trinh 1&n men dwoc thwe hién trong 25 h v&i ham lwgng va néng suat PHB ting
10% cung v&i tbc dd san xuét trung binh tang 25% so voi cong bd trwéc d6. Nén tang cong nghe tr viéc phat
trién ching PHB-08 c6 thé dwoc tng dung dé tao ra cac dong E. coli tai t& hop dung trong san xuat cac loai
nhwa PHA khac nhau. Bén canh d6, viéc str dung cac ngudn co chat gia ré khac ciing cé thé dwoc nghién ctru
va phat trién d& da dang héa ngudn nguyén liéu dau vao nhdm dam bao tinh bén vitng clia cdng nghé san xuét
nhwa sinh hoc.

Loi cam on: Nghién ciu nay dwoc thu'crhién tai Pai hoc Phung Giap, voi su hé tro kinh phi boi Hoi déng Khoa hoc va Cong
nghé Quoc gia Dai Loan (Trung Quoc) (NSTC 112-2622-E-035-004), Dai hoc Y Trung Hoa Pai Loan (Trung Quoc)
(CMUI111-MF-79) va Tap doan Four Pillars Dai Loan (Trung Quoc).
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SUMMARY

Fossil-based plastics are non-biodegradable and could negatively affect the marine economy of Vietnam if not
regulated properly. Polyhydroxybutyrate (PHB) is a biodegradable bioplastic and has similar characteristics to
traditional fossil-based plastics. The production cost of PHB mainly comes from the carbon source. To increase
the competitiveness of PHB in the plastic market, the Escherichia coli PHB-08 having the capability to convert
crude glycerol — a main byproduct of biodiesel production — into PHB was developed. In this study, the effects of
yeast extract and magnesium (Mg®") on the fermentation of PHB-08 were investigated. The optimal
concentration of yeast extract and Mg?* was used to improve fed-batch fermentation, increasing PHB production
rate by 25 % (1.5 g/L.h). In a 25 h fermentation, the obtained cell dried weight was 48.4 g/L, which contains
73.8 % (w/w) PHB with the yield of 0.33g PHB/g consumed glycerol. The outcomes of this study show a
promising potential of the strain PHB-08 in the bioplastic industry.

Keywords: Escherichia coli, fed-batch, crude glycerol, bioplastic, polyhydroxybutyrate.
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