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MO DAU

1. Tinh cap thiét caa aé tai

Chét déo tong hop — hay con goi 1a nhya — chiém mot vai trd rat 16n trong
doi séng xa hoi cling nhu trong nhiéu nganh cdng nghiép khac nhau hién nay. Cung
v6i su phat trién cua xa hoi nhu ciu vé nhya ciing ngay cang ting cao. Trong hon
50 nam qua san lwong nhua trén thé gi6i da ting mot cach nhanh chéng tir 1,5 triéu
tan vao nam 1950 da tang 1én 288 triéu tan vao nam 2012 va trung binh mdi nim
tang tir 3 % dén 5 % trong nhitng nim gan day [183]. Tai Viét Nam, cing véi nhu
cau tiéu thu ngay cang 16n cia x& hoi thi san luong nhya san xuat trong 10 nim qua
d3 tang nhanh chong. Theo théng ké tir nim 2000 cho dén 2010, san luong nhya da
ting gap hon 4 1an (tir 890 nghin tan Ién t&i hon 3800 nghin tan) va con c6 xu
hudng tang hon nira.

Ngudn nguyén lidu chu yéu cho céng nghiép san xuat nhya hién nay la dau
moé dang dan can kiét va gia thanh ngay mét tang [183]. Mat khéc, phan 16n céc san
pham nhya truyén théng c6 nguon goc dau mo hau nhu khong c6 kha ning phan
hity sinh hoc, do d6 can phai mat hang trim nam chiing méi bi phan hay hét [118].
Bén canh d6 qua trinh phan rd cac san pham nay trong tu nhién giai phong ra nhiéu
hop chat doc hai [205]. Su tich tu cac loai rac thai nay di va dang gy nén nhiing
van dé nghiém trong vé mat mai truong sinh thai trén toan cau, anh huéng mot céch
truc tiép va gian tiép dén sy séng caia nhiéu loai sinh vat trong d6 c6 con ngudi.

Nham giai quyét nhitng van d& mdi truong do cac san pham nhya truyén thong
gay ra, cac loai polymer sinh hoc di duoc nhiéu nha khoa hoc quan tam nghién ctu
nhur 1a mét giai phép vat liéu thay thé. Trong sb do polyhydroxyalkanoates (PHA) noi
|én nhu 1a mot trong nhitng nhém vat liéu tiém niang boi ching mang cac dic diém
ndi troi nhu: (1) ¢6 cac thudc tinh hda-1y twong ty nhu & polymer truyén thdng, (2)
c6 tinh tuong thich sinh hoc cao, (3) c6 kha nang bi phan hay boi cac tac nhén
sinh hoc (nam, vi khuan, xa khuan) khi duoc thai ra ngoai méi treong [44, 115].
Bai vay PHA di va dang dwoc s dung trong nhiéu linh vuc khac nhau cua doi
séng x& hoi [41].

Vi xu hudng phét trién caa xa hoi, thi trudng nhua Viét Nam ciing da xuat
hién mot s san pham nhya tu hay. Phan 16n cac san pham nhya ty hiy nay c6 ban



chét 1a polymer tir dau mo va duoc bo sung cac thanh phan phu gia nham gay ra su
phan ré cua san pham nhua vao mot thoi diém nhat dinh dudi tac dong cua cac yéu
t6 vat Iy trong moi trudng nhu anh sang hodc oxi, do dé khong xay ra sy phan hay
sinh hoc ty nhién. Bén canh d6, mot s6 san pham nhwa c6 kha nang phan hay sinh
hoc ciing da dwoc quan tdm, song chu yéu tap trung vao cac ngudn vit lidu tir thuc
vat nhu tinh bot, cellulose hoic két hop céc vat liéu nay voi mot sé loai polymer
hoa dau khac [10, 12]. Trong khi d6 cac nghién ciru v& nhdm vat liéu PHA con rat
han ché va chua duoc dau tu bai ban.

Viét Nam nam trong khu vuc duoc danh gia 1a c¢6 hé sinh thai da dang véi
thanh phan dong vat, thuc vat va vi sinh vat phong phi. Nhitng khao sét cua chiing
t6i vé hé vi khuan dit & mot sé khu vuc Mién Bic, dac biét 1a hé sinh thai dat ring
ngap man, di cho thay sy phong phd va tiém ning to 16n tir cac nhom vi khuan
phan lap duoc tir day trong nhiéu linh vuc khac nhau. Theo Wu va Cs (2000) thi
khoang 30 % cac vi khuan trong dat c6 kha ning sinh tong hop PHA [210]. Trong
khi d6 hau nhu chua c6 cong trinh nao nghién ciru mot cach hoan chinh vé céc vi
khuan c6 kha nang sinh tong hop PHA phan lap tir dat ¢ Viét Nam.

Véi nhiing ly do trén, viéc nghién ciu vé vi khuan c6 tiém niang san xuat
PHA tir hé sinh thai dat ¢ Viét Nam nham tao co sd nén tang cho cac ang dung san
xuat nhya phan hity sinh hoc tir nguén vat liéu nay 1a mot huéng mai, ¢ nhiéu y
nghia khoa hoc va thuc tién, dong thoi ciing rat kha thi. Vi vay ching t6i lua chon
nghién ciru dé tai: “Nghién ciru 1én men va thu nhan polyhydroxyalkanoates tir
vi khuan phan lap & mét sé vang dat cia Viét Nam”.

2. Muc tiéu caa dé tai

Xac dinh duoc diéu kién tich lily va thu nhan nguyén liéu PHA trong diéu
kién phong thi nghiém tir cac chang vi khuan phan lap trong dat & mot s6 vang sinh
thai cua Viét Nam.

3. Péi twong va pham vi nghién ciu

- Péi tugng nghién ctu: Céc vi khuan c6 kha nang sinh tong hop PHA phan
lap tir dat & mot s6 vung sinh thai cua Viét Nam (dat rieng ngap man Yén Hung —
Quang Ninh, dat rirng ngap man Giao Thuy — Nam Binh, dat bun thai lang nghé
lam bun Mach Trang — Pong Anh — Ha Noi).



- Pham vi nghién ciru: Phan 1ap, tuyén chon, nghién ciru cac dic diém sinh ly
- héa sinh cua cac vi khuan c6 kha nang sinh tong hop polyhydroxyalkanoates
(PHA). Nghién ctu dic diém 1én men tich liy, tich chiét — thu hoi, va kha ning
phan huy sinh hoc ctia san pham PHA tir chung vi khuan tuyén chon nhim dinh
huéng san xuat nguyén liéu nhwa sinh hoc.

4. N¢i dung nghién céu

- Phan 14ap, tuyén chon va dinh loai céc chung vi khuan c6 kha ning sinh téng
hop polyhydroxyalkanoate (PHA) tir dat & cac khu vuc thu mau.

- Nghién ctru cac diéu kién 1én men tich liy PHA cua chang vi khuan
tuyén chon:

+ Nghién ctu anh huong cia ngudn dinh dudng (cacbon, nito) dén sinh
truong va hiéu qua sinh tong hop PHA.

+ Nghién cuu tich liy PHA theo phuong phap 1én men mé va Ién men mé co
bo sung dinh dudng trén thiét bi 1&n men 10 L.

- Nghién ctu tach chiét — thu hoi san pham PHA tir sinh khéi sau 1én men
chung vi khuan tuyén chon (nong do tac nhan xir ly, nhiét do xu ly, thoi gian xir 1y,
...), va cac thudc tinh hda — ly cia san pham PHA thu dugc.

- Nghién ctru danh gia kha nang phan huay sinh hoc cua vat ligu PHA tur
chung vi khuan tuyén chon trong diéu kién chon .

5. Nhitng dong gop moi caa luan an

- La cong trinh dau tién ¢ Viét Nam nghién citu mot cach ¢ hé théng vé mot
chung vi khuan (Yangia sp. ND199) duoc phan lap tir hé sinh thai d¢at ngap man cé
kha ning sinh tong hgp PHA.

- Két qua nghién cau lam phong phd thém céc dir lidu vé vi khuan dat c6 kha
ning sinh tong hop PHA & Viét Nam va Thé giéi. Bac biét 1a cac dix lidu chi tiét vé
vi khuan c6 kha ning sinh tong hop PHA thudc chi Yangia.



CHUONG 1. TONG QUAN

1.1. Téng quan chung vé nhua
1.1.1. Nhga téng hep

Nhya (hay con goi la chat déo) — plastics - 1a thuat ngit ndi chung vé cac vat
lieu tong hop hoac ban tong hop dugc sir dung trong nhiéu linh vuc khac nhau cua
x& hoi. Nhua hién hitu ¢ khap moi noi, 1a nguyén liéu dé san xuat quan 4o, do gia
dung, d6 choi cho dén céc thiét bi k§ thuat cao khac nhu mdy tinh, dién thoai, xe 6
t6,... Nguyén liéu ban dau dé san xuat nhya c6 thé 1a than d4, khi gas tu nhién, song
dau thd 1a nguon nguyén lidu cha yéu cho céng nghiép san xuat nhya hién nay.
Khoang 4 % san luong dau mo dugc sir dung 1am nguyén liéu trong céng nghiép
san xuat nhya hién nay va mot luong tuong duwong duoc dung dé cung cap ning
lwong cho qua trinh san xuat nay [191]. San luong nhya trén toan thé gisi ting
nhanh tir 1,5 triéu tan (1950) 1&n 288 triéu tin (2012) voi muc ting trung binh hang
nam khoang 3 % dén 5 % trong giai doan gan day [183].

Nhua 12 loai vat lidu vo cing da ning, khdi luong nhe, khong thim nuéc,
bén vitng va gia thanh thap. Do d6 cac vat lidu nay c6 thé duoc st dung trong
nhiéu linh vyc khac nhau nhu céng nghiép, néng nghiép va san xuat do gia dung.
Loai nhua tong hop dwoc tiéu thu nhiéu nhat 1a PE véi san luong san xuat hién
nay vao khoang 140 triéu tin/nim [169]. Mtc do bén vitng cao, phan 16n trong sb
d6 khong c6 kha nang phan huy sinh hoc, ciing véi viéc thiéu nhitng phuong phép
¢ hiéu qua trong viéc loai bo mot cach an toan cac san pham nhua tong hop sau
khi str dung la nguyén nhan khién cho loai vat liéu nay ngay mét tich lily nhiéu
hon trong ty nhién va tac dong xau dén su séng cua c4c sinh vat ca ¢ trén can va
duéi nuée [170, 183]. Theo théng ké trong bun thai dé thi c6 téi khoang 10 %
khéi luong cé&c vat chat c6 ban chat 1a nhua [27]. Bén canh d6 trén 80 % rac thai
cua cac hoat dong do con ngudi tao ra duoc dwa xudng dai duwong [60]. Pong vat
trén can ciing nhu dudi nudc déu c6 thé nham lan cac vat dung nhya trong moi

trurong vai thue an cia chung. Hang nghin dong vat trong dai duong, tir cac loai ca



nho cho dén nhitng l0di 16n hon, bi chét mdi ndm bai viéc dn nham hoic bi mac
vao cac rac thai la nhya [191]. Qua trinh gy vun cac vat dung la nhua khéng chi
tao ra cac manh bui gay 6 nhiém khong khi, dit ma con giai phong cac chat phu
gia doc hai nhu bisphenol A (BPA), phthalate, polybrominated diphenyl ether
(PBDE). Cac chit nay c6 thé phan tan vao ngudn nudc ngam, nudc ao hd va di
vao cac chudi thire dn mot cach ty nhién gay nén nhitng hau qua nghiém trong [74,
138]. Ngoai ra, khi cAc manh nhua troi ndi trén dai duong, chung hap phu cac chit
6 nhiém doc hai khac nhu polychlorinated biphenyl (PCBs), dichloro diphenyl
trichlomethan (DDT), va cac hop chat da vong thom ngung tu (PAH). Céc chat
nay c6 doc tinh vo cling cao va la nhdm chat c6 kha ning giy cac dot bién rdi loan
noi tiét va ung thu. Do d6 khi cac dong vat an phai cac vat chat nay, chat doc s&
ngam vao co thé va di vao chudi thirc an [205].

Nhiéu chinh phu di c6 nhitng bién phap cu thé nham han ché tac hai cua
nhua tong hop. Chinh séch han ché viéc sir dung ciing nhu danh thué manh vao céc
san pham nhya tong hop nhu tai nilon da dugc nhiéu qudc gia théng qua [210]. Bén
canh d6 cac chinh sach thiic day sy phat trién cua céng nghiép san xuat nhya sinh
hoc, dac biét Ia nhua phan huy sinh hoc, ciing dwgc quan tam rong rai [38, 175].
1.1.2. Nhgra sinh hec
1.1.2.1. Nheea sinh hoc va xu huéng phét trién

Thuat ngit chat déo sinh hoc (bioplastics) hay nhwa sinh hoc dugc sir dung dé
chi nhdom cac vat liéu vai cac thuoc tinh va ung dung khac nhau. Theo Hiép hoi
nhya sinh hoc Chau Au thi mét vat liéu duoc coi 1a nhya sinh hoc néu ching c6
ngudn goc sinh hoc (biobased plastic), hoic c6 kha ning phan huy sinh hoc
(biodegradable plastic), hoic mang ca hai diém dic trung nay [85, 143]. T do6
chiing ta c6 thé xac dinh duoc 3 nhém nhua sinh hoc chii yéu bao gom [22]: (1) cac
loai nhya c6 ngudn gdc sinh hoc (tir sinh khdi ¢6 thé phuc hdi) nhung khéng c6 kha
nang phan huy sinh hoc, (2) cac loai nhya c6 ngudn goc tir dau mo nhung lai ¢ kha
nang bi phan hay sinh hoc, (3) c4c loai nhwa c6 ngudn gbc sinh hoc va c6 kha ning
bi phan huy sinh hoc (hinh 1.1).

Ngay nay, nhua sinh hoc dwgc st dung trong mét sé linh vuc chinh nhu:



bao bi, ndng nghiép, san xuat dd gia dung. Vi nhitng cai tién vé mat chat luong
san pham, nhua sinh hoc con dugc wng dung trong cac linh vuc cao cip nhu y hoc,
dién tir, cong nghiép 6 t6. Nhu cau tiéu thu nhya sinh hoc trén thé gi6i tang tir 15
nghin tin ndm 1996 1én dén 225 nghin tan vao nim 2008 [144]. Trong d6 nhu cau
nhua sinh hoc trong linh vuc bao bi chiém ty trong cao nhat véi cac vat liéu
thuong dugc st dung la bio-PE va bio-PET. Cac loai nhua cé kha nang phan huy
sinh hoc nhu polylactic axit (PLA), polybutylene succinate (PBS), PHA c6 nhiéu
vu diém trong linh vuc ndng nghiép boi kha ning bi phan hay sinh hoc cua ching.
Mang phu c6 kha nang phan huy sinh hoc 14 mét cai tién quan trong trong nong
nghiép gilp giam cac chi phi trong san xuat bao gom chi phi thudc trir sau, chi phi
vé sinh ddng rudng, va giam thiéu su 6 nhiém dét .... Tuy nhién viéc sir dung cac
san pham tir nhua sinh hoc trong néng nghiép van con nhiéu han ché [33]. Cac nha
san xuat thiét bi dién tir va 6 td hién nay ciing chuyén huéng sang st dung nhua
sinh hoc trong cac bo phan nhu vo may tinh, ban phim, vo dién thoai, hay ghé

ngdi, thi khi, banh 1ai, va tham chi 1a mot phan cua bang diéu khién [144].
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Duoc pham va y té [a mot linh vuc tng dung vo ciing méi mé va day tiém
ning, dic biét 1a ddi vai cac loai nhya c6 ngudn géc sinh hoc va ¢ kha ning phan
haty sinh hoc nhu PLA va PHA. Cac mé cdy (implant) c6 kha ning phan huy sinh
hoc trong y té 1a mét trong nhimg linh vuc phét trién nhanh nhat trong thi treong
chinh hinh trén thé gi6i va du kién con ting manh mé trong thoi gian toi. Céc loai
nhya sinh hoc nhu PHA va PLA véi céc thudce tinh 1y héa wu viét va mic d6 tuong
thich sinh hoc cao 1a vat liéu thay thé tiém ning cho cac vat liéu trude ddy nhu titan.
Ciing boi dic tinh phan hay sinh hoc, cac hé dan truyén thude ciing da dugc thiét
lap tir nhua sinh hoc giup dua thube dén cac ving md viém va khéi ung thu ma
khong dé lai ddu vét sau qua trinh diéu tri. Ngoai ra, nhiéu tng dung caa nhya sinh
hoc trong y té nhu tao cac dia dém xuong, ¢ vit phau thuat, khung nang d hd tro
tai sinh mo,.... cling da duoc san xuat va sir dung trong y té [144]. C6 thé noi linh
vuc y té 1a vo cuing tiém ning cho su phét trién cua cac loai nhua phan hay sinh hoc
noi riéng va nhua sinh hoc noi chung.

Theo du bao caa Hiép hoi nhya sinh hoc Chau Au nim 2015, ning suit
san xuét nhya sinh hoc toan cau c6 thé tang tir 1,7 triéu tin vao nam 2014 1én
khoang 7,8 triéu tin vao nim 2019 cho du gia dau thé gidi c6 xu huéng giam.
Pong thoi toc do ting truong du kién cua linh vyc nay trong giai doan 2016-
2020 c6 thé dat khoang 20 % - 25 % mdi nam [22]. Trong d6, cac nhua c6 nguon
gbc sinh hoc nhung khong c6 kha ning bi phan hay sinh hoc, nhu PE va PET,
dong vai tro chinh trong su phat trién ndy. Tuy nhién, cac san pham nhya c6 kha
nang phan huy sinh hoc nhu PHA, PLA, tinh bt pha tron cling s€ cO mirc tang
trudng mot cach viing chic.

C6 nhiéu nhan t6 tac dong gop phan vao su ting trudng cua cac loai nhwa sinh
hoc. Tuy nhién c6 thé chi ra 4 nhan té gop phan quan trong vao su ting truong cua thi
truong nhya sinh hoc bao gom: (1) su noi 1én caa cac nguon nguyén lidu ¢6 ban chat
sinh hoc va c6 kha ning tai tao, (2) su thay doi nhu cau cia ngudi tiéu dung theo
huéng céc san pham than thién véi méi truong, (3) anh huong ngay cang 16n cua

nhuya sinh hoc dén méi truong, (4) cac chinh sach hd trg cho nhua sinh hoc [38].



1.1.2.2. Nhyra sinh hoc va vai tro bao vé maoi truong

Sy phét trién caa cong nghiép san xuit nhwa sinh hoc c6 thé giai quyét duoc
nhiéu van d& mai truong caa nganh c¢éng nghiép nhua thé gisi. Sir dung céc ngudn tai
nguyén hda thach nhu than da, dau mo 1am nguyén liéu trong san xuit nhya khién
lwong khi CO, phat thai ra khi quyén ting nhanh chéng, hau qua Ia hién tuong hiéu
g nha kinh ngay cang tram trong. Trong khi viéc ting cuong sir dung cac nguon
nguyén liéu c6 kha ning phuc hdi va cac nguyén liéu sinh hoc gop phan han ché tinh
trang ndy. Luong khi CO, phét thai ra méi truong trong qua trinh san xuét chi khoang
0,49 kg/kg nhua sinh hoc trong khi con sé nay 1a 2 dén 3 kg/kg nhua truyén théng
(mtrc do giam t6i 80 %). Ngoai ra, d6i véi cac san pham nhua duoc tong hop sinh
hoc khac nhu PHA thi lwong phét thai Ia rat thap va c6 thé coi nhu khong phat thai
khi CO,[218]. Bén canh d6, viéc sir dung cac ngudn nguyén liéu c6 kha nang phuc
hdi cling dong nghia véi han ché sir dung céc loai nguyén liéu hoa thach trong qua
trinh san xuat nhya sinh hoc. Diéu nay gian tiép han ché nguy co 6 nhiém méi trudng
dat, nudc va khdng khi do hoat dong khai thac va tinh ché dau mo, than da. Cac loai
nhyua phan huay sinh hoc thé hién tic dong dac biét dén moéi truong. Viéc phan huy
ctia cac vat ligu tir nhua truyén thong c6 thé mat hang trim nam, dong thoi giai phong
nhiéu chat doc hai. Trong khi d6 cac loai nhya phan hay sinh hoc ton tai thoi gian
ngan khi duoc thai ra méi truong va nhanh chéng khép kin chu trinh tuan hoan vat
chat trong ty nhién.
1.1.2.3. Nhyra phan hay sinh hoc

Phan hay sinh hoc (biodegradation) vé& ban chat Ia qua trinh phan hay caa vat
chat dudi tic dong cua hé enzyme tir sinh vat (chu yéu 12 tir vi sinh vat) [29]. Nhya
phan hay sinh hoc (biodegradable plastics) 1a cac san pham nhya c6 kha ning bi
phan hay boi sy hoat dong cua céc tdc nhan sinh hoc (nam, vi khuan, xa khuan)
trong diéu kién thich hop khi dugc thai ra ngoai méi truong. Thugc tinh phan hay
sinh hoc khong phu thudc vao nguédn vat lidu duoc s dung dé tao nén san pham
nhya ma ban chét truc tiép chinh 1a cau tric hoa hoc cua polymer tao nén cac san
pham nay. Céc san pham nhya phan hay sinh hoc c6 thé duoc tao nén tir nhiéu con

duong khéc nhau, va tuu chung lai ¢ 3 con duong chinh [63].



Thet nhat, polymer phan hay sinh hoc tir con dudng tong hop hda hoc. Céc
polymer phan huy sinh hoc dugc téng hop theo con duong héa hoc chu yéu thudc 3
nhom chinh: (1) cac polyester, (2) polymer c6 chira lién két ester va cac phan t di
hinh khac c6 kha ning tao lién két chéo giita cac mach chinh, (3) polyamino axit.
Polyglycolic axit (PGA) la mot copolymer béo — thom d3 duoc san xuit dudi tén
thuong mai Biomax® hoic tao thanh dang soi véi tén goi Kevlar® (Dupont) c6 kha
ning phan huy trong 8 tuan. PGA duoc wng dung trong san xuét tdi ding mét lan,
khan tay trang, dung cu dung thirc dn. Trong khi PLA di dwgc nghién cau va san
Xuat tir nhitng nam 30 cua thé ky XX duogc tao thanh tir cac phan tir axit lactic thu
duoc trong qué trinh 18n men vi sinh vat trén ngudn cacbohydrate. Bén canh cac
ring dung trong san xuat d6 gia dung, PLA hién nay duoc tng dung chu yéu trong y
hoc nhu 13 chi khau tu tiéu, md cay, va tng dung trong diéu hoa giai phong thudc.
Mot sb san pham khac thuoc nhém niay nhu polyvinyl alcohol (PVA),
polycaprolactone (PCL) ciing dugc tong hop theo con dudng hda hoc [63].

Thaz hai, polymer phan huy sinh hoc tir con duong 1én men nho vi sinh vat.
Nhiéu vi sinh vat c6 thé san sinh polyester va céac polysaccharide trung tinh tir cac
nguodn cacbon (C) khac nhau trong qué trinh sinh truong. PHA 1a nhdm polymer
duoc san xuat hién nay theo con dudng 1én men vi sinh vat mang nhiéu dic diém
tuong ty nhu cac polymer hoa dau. PHA duoc @ng dung trong nhiéu linh vuc khac
nhau nhu san xuit do gia dung, cdng nghé dién tir, y té,.... Bén canh do, céac loai
polysaccharide trung tinh nhu gellan, pullulan, laminarin, va curdlan cling duoc san
XUuat tir vi sinh vat. Gellan thudng duoc ding trong céng nghiép thuc pham nhu 1am
nhan té keo hda phii banh ngot, hodc 1am méi trudng cho nudi cdy mo té bao [63].

Thi ba, polymer phan hiy sinh hoc bang cach bién d6i hoa hoc cac san
pham tu nhién. San pham vat liéu composit c6 nguon goc tir tinh bot voi cac ham
lugng khéc nhau (10-20%; 40-60%; va 90%) da duoc nghién ctu va san xuat. San
phdm thuong mai Ecostar® (Novon, Trung Quédc) dwoc tao ra khi tron 1an PLA voi
tinh bot duoc san xuat tr 1993. Hién nay mot san pham khéc do cong ty nay san

xuit 1a ECO-3 (phdi tron giira tinh bot bién tinh va chat oxi hoa ty dong) dugc dung
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lam chét phu gia cho polyethylene ty trong thap (LDPE), va gilp cho san pham nay
phan rd 95% trong vong 18 thang. Quy trinh san xuat cellulose acetate thwong mai
da duoc phat trién tir 1905 dé tao thanh san pham nhya nhiét déo vo dinh hinh c6
nhiéu &ng dung trong thuc té. Bén canh do, chitin va chitosan ciing dwgc nghién
ctru va ung dung rong rai trong linh vue duoc va y hoc [63].

1.2. Polyhydroxyalkanoates (PHA)

Trong sb céc loai polymer ¢ kha ning phan huay sinh hoc thi PHA duoc
danh gia 1a ngudn vat lidu quan trong cho cdng nghiép san xuat nhia phan hay sinh
hoc bai chiing dam bao céc tiéu chi: c6 ngudn gbc tir nguon nguyén liéu co kha
ning phuc hdi, duoc tdng hop theo co ché sinh hoc va c6 kha ning bi phan hay sinh
hoc. Nhitng lo ngai vé cac van dé méi trudng néi chung cling véi nhu cau tiéu thu
cac san pham c6 kha nang phan huy sinh hoc dugc du kién s& thic day su ting
trudng caa nhua sinh hoc nodi chung trong dé c6 PHA trong tuong lai.

1.2.1. Cdu truc héa hoc va déic diém cia hat PHA

PHA 12 mot nhém céc polyester ¢6 cau tric héa hoc da dang dugc hinh thanh
tir cAc don phan hydroxyalkanoic axit (HA) duoc gan vai nhau nho lién két ester.
Céc axit 3-hydroxyalkanoic (3HA) di bdo hoa 1a cac don phan thuong giap nhat
trong cau trdc caa PHA (hinh 1.3). Bén canh dé chiing ta c6 thé gap cac dang axit 3-
hydroxyalkanoic chua bdo hoa, c6 chita nhanh hoac cac nhom thé. S6 nguyén tir C
trong cac don phan thuong dao dong tir 4-14. Mot s tac gia hién nay dd cong bd
cac PHA véi su ¢6 mit ciia cac don phan khac voi nhém hydroxyl ¢ vi tri C s6 2, 4
hodc sé 5 (vi du: axit lactic; 4-hydroxyalkanoic; 5-hydroxyalkanoic), hay cac don
phéan da chirc carboxyl (vi du: axit malic) [41].
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Hinh 1.2. Cong thic cdu tgo chung cuia polyhydroxyalkanoates (PHA)

(R ¢ thé 1a H hoic cac goc alkyl ¢6 s6 luong C dao dong tir 1-13, x = 1-4, van =
100 - 30 000)
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Trong tu nhién, PHA duogc tich liiy chii yéu ¢ vi khuan dudi dang céc hat
khong tan nim trong té bao cht. Trong diéu kién méi trudng mat can bang dinh
dudng (du thira ngudn C va thiéu hut mét trong sé cac nguon N, P, S, ... tham chi
ké ca oxi), vi khuan s& chuyén hoéa nguén C nhd hé enzyme ndi bao dé tao thanh cac
phan tir PHA c6 khéi luong phan tir cao (10° dén 10* don phén) [112, 123]. C4c hat
nay déng vai trd nhu 12 ngudn duy trir C va ning lwong cho té bao vi khuan véi kich
thu6e dao dong tir 0,2 — 0,5 pm va sb luong hat dao dong tir 5 dén 13 hat/té bao.
Hat PHA [a mét dang du trit C ndi bao, song ching hau nhu khong 1am thay doi ap
suat tham thau ké ca khi té bao tich liiy vi ham luong cao [18, 128, 179].

Khi nam trong té bao, hat PHA c¢6 thé quan sat duoc dudi kinh hién vi doi
pha bai tinh chat khic xa cua ching. Ngoai ra, co thé quan sat duoc sy 6 mat cua
cac hat PHA trong té bao nho mot sb loai thuéc nhuém nhu Sudan black B hoic
Nile Blue A véi nhitng phuong phép riéng biét. Dudi kinh hién vi dién tir truyén
qua (TEM), cac hat PHA trong té bao hién thi dudi dang trong suét, riéng biét va co
ranh gigi rd rang véi nhau. Cau tric hat PHA bao gom nhiéu phan ti polymer duoc
bao boc bai mot 16p mang don phospholipid, trén d6 c6 gan cac protein dic hiéu
nhu PHA synthase, depolymerase, cac protein cau tric, cac protein diéu hoa, hoic
tham chi 1a cac protein té bao chat (hinh 1.3) [156]. Sau khi duoc tach chiét khoi té
bao, cac hat PHA hoac vat liéu tir PHA mang cac thudc tinh chung nhu khong doc
hai, khong tan trong nudc, cé tinh twong thich sinh hoc cao, c6 kha nang phan huay
nhd tac nhan sinh hoc (phan 16n 1a cac vi khuan, nim, xa khuan), 1a vat liéu chju
nhiét va c6 thé tai sir dung dugc.

— PHA synthase

Depolymerase
Protein
diéu hoa

Hinh 1.3. Cdu tric hat polyhydroxyalkanoates (PHA) trong té bao [156]
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1.2.2. Cac dang PHA ter vi sinh vit

Hién nay nguoi ta da tim ra khoang 150 dang don phan dugc xac dinh la thanh
phan ciu trdc nén cac PHA. Trén thyc té, cac loai vi khuan ciing chi c6 kha ning tich
lity mot vai loai PHA mot céch ty nhién tir cac ngudn C thdng dung mic do PHA
synthase cd kha ning két hop nhiéu loai don phan khac nhau. Chinh vi thé nhiéu loai
PHA chi c6 thé duoc tao ra khi bd sung cac tién chét lién quan vao moéi trudong dinh
dudng cua vi khuan [128].

Duwa vao cau tric mach C tao nén PHA ching ta cd thé phan chia thanh hai
loai PHA. Thi# nhdt, cac PHA mach ngan (short chain length-PHA, scl-PHA) chira
cac don phan 3HA véi cdu tric mach tir 3 dén 5 nguyén ti: C. Tiéu biéu cho nhém
nay la poly(3-hydroxybutyrate) [P(3HB)] - loai PHA pho bién va duoc nghién ctu
k§ nhat tir vi khuan. Thiz hai, cadc PHA mach trung binh (medium chain length-
PHA, mcl-PHA) chtra cac don phan 3-HA véi cau tric mach tir 6 dén 14 nguyén tir
C. Cé4c loai don phan phd bién ciu trGc nén nhém polymer nay gom 3-
hydroxyhexanoate (3HHXx), 3-hydroxyoctanoate (3HO), 3-hydroxydecanoate
(3HD), 3-hydroxydodecanoate (3HDD).

Bén canh d6, dwa theo thanh phan don phan cau trdc tao nén b khung mach
polymer, ngudi ta ¢d thé phan chia PHA thanh hai dang: (1) PHA dong phan tu
(homopolymer PHA), va (2) PHA di phan tir (copolymer PHA). Trong do loai thr
hai 6 thé duoc phan chia thanh PHA di hinh ngau nhién (ramdom copolymer PHA)
va PHA di hinh ¢é dinh (block copolymer PHA)).

PHA dong phan ti 1a cac polymer chi chira mot loai don phéan trong cau trdc.
P(3HB) la dang PHA ddong hinh dau tién duoc phét hién ra va dugc nghién ctu ky
vé mat ciu tric cling nhu cac thudc tinh khac [117]. Trong khi d6 cé rét it cac
nghién ctru lién quan dén cac polymer dong hinh khac ma khéng phai P(3HB). Mot
s6 PHA dong hinh di dugc tao ra tir vi sinh vat nhu P(4HB) [180], P(3HV) [181],
P(3HHXx) [20], P(3HHp) [20, 199], P(3HO) va P(3HN) [20].... Song cac polymer
nay van con chua duoc nghién ciru ddy da vé cac dic tinh. Gan day, mot so tac gia

da thanh cong trong viéc tao poly(R-3-hydroxyundecanoate) va poly(R-3-
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hydroxydecanoate) [41, 200]. Phan 16n ciac PHA d6ng hinh nay duoc tao ra boi vi
sinh vét nho qué trinh can thiép di truyén [180, 181] hoic bai qua trinh nudi ciy dic
biét véi viéc b sung cac tién chat tuong tng [20].

PHA di phan tir 1a cac polymer c6 thanh phan tir hai loai don phan tré lén. Céac
PHA di hinh thu duoc trong qua trinh nudi cay vi sinh vat thuong chia tir 3 va 5
nguyén tor C nhu poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV)]
[42, 203], poly(3-hydroxybutyrate-co-4-hydroxybutyrate) [P(3HB-co-4HB)] [195,
133], poly(3-hydroxybutyrate-co-3-hydroxypropionate) [P(3HB-co-3HP)] [66, 131,
203], poly(3-hydroxybutyrate-co-3-hydroxyvalerate-co-4-hydroxybutyrate) [P(3HB-
c0-3HV-co-4HB)] [25, 213]. Nhiéu Pseudomonas spp. dugc thong bao c6 kha ning
tich lity copolymer chira cdc don phan tir 6 dén 12C nhu P(3HO-co-3HD) va P(3HHXx-
co-3HO-co-3HD) khi nudi ciy trén cac ngudn co chat alkan c6 ciu tric mach tir 6 dén
12 C [112]. Gan day, mot s6 phong thi nghiém da thong bao di thanh cong trong viéc
tao ra duoc P(3HD-co-3HDD) [46, 121, 200]. Tham chi terpolymer PHA chira cac don
phan c6 cau tric mach tir 3 dén 12 C nhu P(3HB-co-3HHXx-co-3HO-co-3HD-co-
3HDD) ciing da dugc tong hop mot cach tu nhién nho ching vi khuan Pseudomonas
oleovorans ATCC29347 [169]. Cac copolymer thuong ¢ cdc thudc tinh co hoc linh
dong, hitu ich d6i véi nhiéu wng dung khac nhau [41].

Sy sap xép cua cac thanh phan (don phan) trong mach polymer sé tao ra céc
loai copolymer khac nhau. Cac PHA chta cac don phan khong theo trat tu trén
mach polymer béi hoat dong cua cic enzyme PHA synthase sé tao nén céac
copolymer ngau nhién (random copolymer). Phan 16n cac copolymer duoc tao ra
mét cach tu nhién trong qué trinh nudi ciy vi khuan 1a cac copolymer PHA ngau
nhién. Bén canh d6, su bo sung cac co chat mot cach tuan hoan trong qua trinh nudi
cay vi sinh vat c6 thé tao ra cac copolymer véi nhitng trat tu sip xép xac dinh, con
goi 1a céc block copolymer. Chiang han nhu Pederson va Cs (2006) da tong hop
dugc PHA chira céc block copolymer tir Cupriavidus necator bing cach bé sung

dinh dudng xen ké gitra fructose va axit pentanoic. Trong d6 cac doan chtra 3HB
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duoc tao ra trong quéa trinh st dung fructose, con viéc bd sung pentanoic ting dot
nho d3 tao ra cac don phan 3HV, tir d6 copolymer ¢ dinh P(3HB-co-3HV) duoc tao
thanh [142]. Wu va Cs (2008) di thanh cong trong viéc tao copolymer ¢6 dinh véi 3
phan doan bao gom P(3HB)-poly(D,L-lactide)-poly(e-caprolactone) sir dung tién chat
1a cac doan methyl-P(3HB) phan tir lwong thap 1am tién chét cho qua trinh polymer héa
mé vong véi D,L-lactide va e-caprolactone [212]. Céc can thiép di truyén tac dong vao
qué trinh trao d6i chét co thé tao ra cac copolymer PHA cé dinh. Tripathi va Cs (2012)
da tao ra poly-3-hydroxybutyrate-block-3-hydroxyhexanoate P(3HB-b-3HHX) khi can
thiép di truyén 1am suy yéu con dudng B- oxi hda chung vi khuan P. putida KT2442.
Diblock copolymer P3HHx-block-P(3HD-co-3HDD) duoc tao ra khi nudi cay chung
vi khuan Pseudomonas putida KTQQ20 trén nguén axit béo khac nhau [192].

1.2.3. Thugc tinh vat ly ciza PHA

Phan 16n cac PHA mang nhiing thuoc tinh vat 1y twong dong véi cac loai
nhya ¢6 ngudn géc dau mo nhu PP, PE, PS (bang 1.1). Thudc tinh vat ly caa PHA
vé co ban phy thudc vao thanh phan cau tric chudi polymer va cau triic mach C cua
don phan tao nén ching.

Cac PHA véi thanh phan 3HB cao thuong cd nhiét do néng chay cao,
song mirc do linh dong kém. Trong khi d6 sy ¢c6 mat ctia phan doan 4HB, 3HV,
hoic cac loai 3HA khac giup ting tinh mém déo va linh dong caa san pham PHA
véi gia tri suat dan hoi (GPa) va muc d6 kéo dan toi han (%) ting 1én. Tuy
nhién, thuoc tinh nhiét cua cac copolymer nay c6 xu hudng giam khi ham luong
mol% cac HA khac tang 1én [93].
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Bang 1.1. So sénh thugc tinh cia mét vai logi PHA véi cac nhyra c6 nguon géc dau

mé (nguon Khanna va Srivastava 2005) [93].

Loai PHA Tn T, Suatdan Dobén  Mirc dd kéo
(°C) (°C) hoi kéo dut  dan téi han
(GPa) (MPa) (%)

P(3HB) 179 4 3,5 40 5
P(3HB-c0-3HV)

3 mol% 3HV 170 - 2,9 38 -

9 mol% 3HV 162 - 1,9 37 -

14 mol% 3HV 150 - 1,5 35 -

20 mol% 3HV 145 - 1,2 32 -

25 mol% 3HV 137 - 0,7 30 -
P(3HB-co-4HB)

3 mol% 4HB 166 - - 28 45

10 mol% 4HB 159 - - 24 242

16 mol% 4HB - - - 26 444

64 mol% 4HB 50 - 30 17 591

90 mol% 4HB 50 - 100 65 1080
P(4HB) 53 - 149 104 1000
P(3HHx-co-3HO) 61 - - 10 300
P(3HB-co0-6 mol% 3HA) 133 -8 0,2 17 680
P(3HB-c0-67 mol% 3HP) 44 -19 - - -
P(3HB-co-3HHX) 52 -4 - 20 850
Polypropylene 170 45 1,7 34,5 400
PET 262 3400 2,2 56 7300
Polystyrene 110 21 3,1 50 -
LDPE 130 -30 0,2 10 620

1.3. Vi khuin va cac con dwong sinh tong hop PHA
1.3.1. Vi khudn sinh téng hop PHA

PHA dau tién duoc xac dinh cau tric 1a P(3HB) tir vi khuan Bacillus
megaterium do Lemoigne va Cs vao nam 1926 [117]. Tur d6 dén nay sé luong céc
vi khuan c6 kha ning sinh tong hop PHA duoc xac dinh vao khoang trén 70 chi
[128], tuy nhién trén thuc t& con sé nay c6 thé con 16n hon nita. Kha nang tich liy
PHA khong chi thay & cac vi khuan Gram 4m ma con duoc phat hién & cac vi khuan
Gram duong. Mot s6 vi khuan ty dudng hiéu khi (vi khuan lam) va ki khi (vi khuan
tia lru huynh va khong luu huynh), va mot vai vi sinh vat ¢6 ciing da duoc xac dinh
c6 kha ning sinh tong hop PHA [18, 87, 179].
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1.3.1.1. Cac nhém vi khuan c6 kha néng sinh téng hop PHA

Phan 16n céc vi khuan c6 kha ning sinh tong hop PHA duoc cdng b hién
nay cha yéu thudc nhém vi khuan Gram am va da sé thuoc nhém Proteobacteria.
Nhom nay duoc chia thanh nhiéu nhém nhé khéc véi nhiéu chi thanh vién. Trong
d6 nhom vi khuan thudc y-proteobacteria duoc céng bd nhiéu nhit voi cac chi
Pseudomonas, Aeromonas, Halomonas, ...[47-49]. Hau hét cac vi khuan thuoc
nhoém nay c6 kha ning sinh tong hop mcl-PHA hoic scl-mcl-PHA trén cac ngudn
co chat khac nhau [71, 193]. Bén canh d6, mot sé loai khac c6 kha ning sinh tong
hop mcl-PHA manh hon nhu P. putida mt-2 (NCIMB 10432) c6 kha nang tich iy
t&i 77 %wt trén ngudn co cht 1a octanoic [163].

Alcaligenes va Cupriavidus (truée day duoc goi 13 Wautersia) 6 18 1a hai chi phd
bién nhat c6 kha ning sinh tong hop PHA duogc tim thay thudc nhém B-proteobacteria.
Bén canh d6, nhiéu vi khuan thudc chi Ralstonia (trudc day duoc xép thudc vao chi
Pseudomonas) ciing dugc cong bd ¢6 kha ning sinh tdng hop PHA Véi cac loai nhu R.
pickettii 12J, va dac biét 1a R. eutropha H16 - chung vi khuan rat pho bién trong nghién
ctu hién nay. Ngoai cac chi néi trén, nhiéu loai thudc cac chi Comamonas, Candidatus,
Burkholderia ciing da duoc cong bb c6 kha ning sinh tdng hop PHA. Trong cong b
mai nhat hién nay vé vi khuan cd kha ning sinh tong hop PHA duoc phén lap & ving
cuc ¢6 su xuat hién caa nhiéu loai thusc nhom B-proteobacteria nam trong cac chi nhu
Antarctic, lodobacter, Yersinia, Jathinobacterium, Shewwanella [59]. Phan 16n céc vi
khuan thudc nhom B-proteobacteria déu ¢ kha ning sinh mel-PHA hozc copolymer scl-
mcl PHA [200, 202].

S6 luong cac chi vi khuan thudc nhom a-proteobacteria dugc cong bé vé kha
ning sinh tong hop PHA it hon so v&i hai nhém vi khuan & trén. Mot sé chi thugc
nhom nay dwoc cong bd c6 kha ning sinh tong hop PHA nhu Sphingomonas,
Rhodobacter, Roseobacter, Paracoccus, Caulobacter [91, 127, 147, 196]. Bén canh
do, str dung cac phuong phap sang loc gen ciing cho thiy su ¢6 mit cia gen ma hoa
PHA synthase ¢ mot sb loai thudc cac chi nhu Zoogloea, Bosea, Rhizobium,
Methylobacterium [80]. Tuy nhién sb loai di dugc cdng bd c6 kha ning sinh tong
hop PHA thudc cac chi ndy con rat han ché.
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Céc vi khuan Gram dwong dugc cdng bd ¢ kha ning sinh tong hop PHA cha
yéu thudéc cac chi sau: Bacillus, Caryophanon, Clostridium, Corynebacterium,
Micrococcus, Microlunatus, Nocardia, Rhodococcus, Staphylococcus, va tham chi
Streptomyces ciing 13 mét chi kha tiém ning [128, 194]. Trong s6 cac loai dugc cong
bé thi chi Bacillus cho thay chiém ty I khé 16n so véi cac chi khac [53, 136, 161, 163].
Phan I6n cac vi khuan Gram duong thuong chi sinh tong hop cac scl-PHA va ham
luong tich lily trong té bao thuong thip hon so vdi vi khuin Gram am. Day c6 18 12 Ii
do giai thich tai sao chang it dwoc quan tdm trong qua trinh san xuat thuong mai.

C4c vi sinh vat wa man (halophilic microorganisms) bao gém ca vi khuan ua
man (halophilic bacteria) va vi sinh vat ¢4 wa man (halophilic archaea) 1a nhém san
xuat PHA tiém nang duoc nhiéu nha khoa hoc quan tam. Nhiéu chung vi khuan ua
man thudc chi Halomonas nhu Halomonas sp. O-1, H. elongata DSM 2581, H.
campaniensis LS21, H. boliviensis LC1 ciing d3 dugc c¢éng bd c6 kha ning sinh
tong hop PHA [83, 149, 219]. Trong khi d6 vi sinh vat ¢6 wa man c6 kha ning sinh
tong hop PHA chua yéu nam trong ho Halobacteriaceae. Pién hinh va duoc cong bd
som nhat 1a loai Haloferax mediterranei c6 kha nang tich lity PHA t6i 65 %wt khi nudi
cay trén ngudn tinh bot hodc glucose trong diéu kién gidi han P [58]. Bén canh d6 mot
s6 loai thuoc cac chi Halalkalicoccus, Haloarcula, Halobacterium, Halobiforma,
Halococcus, Halopiger, Haloguadratum, Halorhabdus, Halorubrum, Halostagnicola,
Haloterrigena,  Natrialba,  Natrinema,  Natronobacterium,  Natronococcus,
Natronomonas, va Natronorubrum ciing da dugc cong bd vé kha ning sinh tong
hop PHA [75]. Kha ning sinh truéng trong diéu kién néng d6 mudi cao 1a mot lgi
thé trong qué trinh san xuat PHA cua cac vi khuan wa man bai viéc giam chi phi
khtr tring moi truong va thiét bi. Ngoai ra, quy trinh thu hdi san pham c6 thé tro
nén dé dang hon nho hién tuong séc tham thau khi xir Iy té bao véi nudc loai mudi
c6 thé giam dén 40 % chi phi thu hoi [44].

Dé c6 thé san xuat PHA ¢ quy md cong nghiép, cac ching san xuit can phai
duoc cai tién dé nham giup dat mat do té bao cao trong thoi gian nudi cay ngan va

tich lity PHA vé6i ham luong cao tir cac co chét ré tién, don gian [163]. Céc k¥ thuét



18

ban dau duogc sir dung nham cai thién kha ning sinh tong hop PHA cua chung san
xuit 1a chuyén cac gen ma héa enzyme tham gia vao qua trinh trao doi chat nham
gian tiép tac dong dén qua trinh sinh téng hop PHA cua vi khuan. Mot sé chung vi
khuan dugc cai bién tir Ralstonia eutropha da duoc tao ra nham cai thién kha niang
san xuit PHA ciing nhu diéu khién thanh phan don phén trong PHA. Fukui va Cs
(2002) da tién hanh dua gen ma hoa crotonyl-coenzyme A (CoA) reductase tir
Streptomyces cinnamonensis, PHA synthase va (R)-specific enoyl-CoA hydratase
tir Aeromonas caviae vao chang dai R. eutropha c6 kha ning sinh tong hop PHA.
Két qua cho thay chung duoc cai bién di truyén mai tao ra c6 kha ning sinh tong
hop P(3HB-co-3HHX) véi thanh phan 3HHXx 1a 1,5 mol% trén ngudn fructose [65].
Loo va Cs (2005) da tao dong dot bién gan gen PHA synthase tir Aeromonas caviae
vao Wautersia eutropha c6 kha nang tich lity P(3HB-co-3HHX) t&i 87% vaoi ham
lwong 3HHx dat 5 mol% khi str dung ngudn dau co [122].

Bén canh d6, viéc tao cac ching tai to hop mang gen ma hoa enzyme xdc tac
qua trinh tong hop PHA di duoc tién hanh. Chung san xuat tu nhién thuong c6
nhitng diém bat loi trong qué trinh (g dung vao san xuat nhu: téc do sinh truong
thap, nhiét d6 sinh truong tbi wu thip, co cac con duong phan hay PHA néi bao.
Trong khi dé cac chung vi khuan téi to hop c6 thé giai quyét duoc van dé nay khi
chding chi c6 qué trinh san xuat ma khdng cé hé enzyme phan giai PHA. Mot trong
nhitng xu hudng hién nay 1a st dung cac chung E. coli tai t6 hop trong san xuat
PHA. Tong hop PHA boi cac ching E. coli tai to hop thudng khong yéu cau gioi
han yéu t6 dinh dudng dic hiéu. Uu diém khi sir dung E. coli trong san xuat PHA a
téc do sinh truong nhanh, mat do té bao cao, c6 kha ning sir dung mét vai nguon C
ré tién, va dé dang trong qua trinh tinh sach san pham. Ching han, chung tai té hop
E. coli c6 kha nang sinh truéng manh & nhiét d6 cao, dé dang phé v té bao do do
gilp giam gi4 thanh san pham théng qua giam chi phi 1n men va tinh sach PHA
[129]. Genser va Cs (1998), Choi va Cs (1998) di tao chung tai E. coli tai t6 hop
mang gen tong hop PHA (phaCABy, va phaCABc,) c6 kha ning sinh tong hop
luong PHB cao hon so véi chung goc C. necator H16 [43, 68]. Bén canh do,
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P(3HB-co-3HV) ciing da duoc tong hop tir chung E. coli tai to hop [171, 208, 216].
Cac mcl-PHA ciing di duoc san xuat nho ching E. coli tai td hop lan dau tién vao
nam 1997 [109].
1.3.1.2. Cdu trlic hé gen ma héa sinh tong hop PHA ¢ vi khudn

Qua trinh sinh tdng hgp PHA & céc vi khuan c6 thé dwoc dién ra theo nhiéu
con duong khac nhau, song déu phai trai qua giai doan chuyén hoa vat chét cudi
cung voi su gép mat cua 3 loai enzyme chinh 3-thioketolase (ma hoda baoi gen
phaA), acetoacetyl-CoA reductase (mad hoa boi gen phaB), va PHA synthase (ma
héa bai gen phaC) theo so d6 sau:

pha A pha B pha C
Acetyl-CoA ——3 Acetoacetyl-CoA —_— 3-hydroxyalkanoyl-CoA —> PHA
Cac gen ma hoa cac enzyme chinh tham gia vao qua trinh sinh tong hop
PHA & vi sinh vat thuong tap hop thanh cum trén vat chat di truyén va dugc goi l1a
operon pha. TUy theo thanh phan va ciu trdc (hay cach sap xép) cua cac gen ma hoa
enzyme trong operon s& quyét dinh cau tric san pham ciing nhu chat luong PHA

duoc tao ra. CAu tric cua cac operon pha tir vi khuan duoc thé hién trong hinh 1.4.

(a) R. eutropha

Y7777 PES55)

phaC phaA phaB

(b) Z. ramigera

phaC

(c) C. vinosum

phaC phaE phaA phaF

(d) A. caviae

//— TN P7777 - 2
phaP phaC phaJ

(e) P. oleovorans

phaC1 phaZ phaC2 phaD phaF  phal

(f) P. aureofaciens

; 4=l
phaC1 phaZ phaC2 phaD phaF phaJ

Hinh 1.4. M hinh cdu trtic cac operon pha (Nguén Suriyamongkol va Cs, 2007) [185]
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Bang 1.2. Phan logi PHA synthase dya theo cdu triic va déc hiéu co chat [155]

Nhom Tic¢u phan Loai vi khuan Co chit dac hiéu
3HA -, — CoA
Cupriavidus necaror (~C3-C5)
I AHA o — CoA, SHA o, —
~ 60-73 kDa CoA, 3MA - - CoA
Pseudomonas aeruginosa 3HAL 1 — CoA
11 (~=0C5)

~ 60-65 kDa
S3HAgcp, — CoA
Allochromatum vinosum (3HAN o — CoA [-C6-
I1x C8], 4HA-CoA, SHA-
~ 40 kDa ~ 40 kDa CoA)
Bacillus megaterium 3HA - - CoA

8

v

~ 40 KkDa ~ 22 kDa

Mic du qué trinh sinh tong hop PHA 1 két qua cua mot té hop cac enzyme
khéc nhau, tuy nhién thanh phan va cau tric phan tir cia PHA synthase s& quyét dinh
loai don phan nao duoc sir dung trong qua trinh tring hop va do d6 quyét dinh loai
PHA duoc tao ra [155]. Ngay nay, c6 khoang hon 40 gen cau trdc caa PHA synthase
tir cac vi khuan Gram dwong va Gram am ciing nhu Cyanobacteria da duoc tach
dong, trong d6 trinh ty cua khoang 30 gen d3 duoc xac dinh [154]. Dya trén cau tric
bac 1 va thanh phan tiéu phan ciu tao enzyme va dac biét 1a sy dic hiéu co chat ma
PHA synthase c6 thé duoc phan ra thanh 4 nhém khac nhau (bang 1.2).

1.3.2. Nguén C va cdc con dwong sinh tong hep PHA ¢ vi khudn

Qua trinh sinh tong hgp PHA c6 thé dugc tién hanh theo nhiéu con dudng
khac nhau va chiu sy tac dong truc tiép hoac gian tiép cua nhiéu loai enzyme lién
quan trong chudi trao doi chat ndi bao. Tuy nhién viéc sir dung con dudng sinh tong
hop PHA nao lai chiu anh hudng chi phdi cha yéu boi ngudn C c6 mat trong mai
treong tai thoi diém d6. Chinh vi vay c6 mot méi lién hé kha chat ché giira nguon C
véi cac con duong sinh tong hop PHA va san pham PHA duoc tao ra trong qué
trinh nudi cay vi khuan (hinh 1.5). Cac ngudn C c6 thé duoc vi khuan sir dung trong
sinh tong hop PHA c6 thé dugc liét ké vao ba nhém chinh: (1) cacbohydrate, (2)
triacylglycerol, va (3) hydrocachon.

Cacbohydrate (bao gom monosaccharide, disaccharide, polysaccharide) déu
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can phai chuyén hoa thanh duong don trude khi duoc té bao sir dung cho cac qua
trinh trao ddi chét (bao gdm ca qua trinh sinh tong hop PHA). Trong té bao glucose
duoc chuyén hoa cha yéu theo con dudng dudng phan dé tao ra axit pyruvic nhu 13
san pham trung gian, day chinh 1a tién chat co ban dé tao ra acetyl — CoA phuc vu
cho chudi phan ung tong hop PHA. Su chuyén hda pyruvic thanh céc hop chit tién
than cho sinh tong hop polymer duoc thyuc hién theo cac con duong khéc nhau phu
thudc vao hé enzyme ciia mbi loai vi sinh vat. Theo cac con duong ndy, san pham
poly(3-hydroxybutyrate) (P3HB) duogc tao ra la chu yéu (con dudng B — hinh 1.5).
Kha ning bién ddi cacbohydrate theo con dudng nay duoc thay & mot sé vi khuan
co ban nhu Aeromonas hydrophila, Pseudomonas stutzeri, Ralstonia eutropha,
Pseudomonas oleovorans [184].

Nhiéu vi khuan thudc nhom gia khuan thé (Pseudomonad) nhu P. putida, P.
citronellolis ¢6 kha niang chuyén héa cac hop chat cacbohydrate thanh mcl-PHA
hoac copolymer gitta 3HB véi 3HHx hodc 3HO (con duong D, K — hinh 1.5).
Nghién ctu cia Anderson va Dawes (1990) da cho thay chang vi khuan
Pseudomonas sp. NCIMB 40135 c6 kha ning sinh tong hop copolymer ciia 3HB
véi cac 3HA khéac (3HHXx, 3HD, 3HDD) tir ngudn glucose [18]. Kha ning sinh tong
hop poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV)] trén nguon
cachohydrate & mot s6 vi khuan ciing da duoc bao céo [78, 106, 153]. Con duong
nay lién quan dén sinh tong hop maot sb loai axit amin nhu asparagine, aspartate,
isoleucine, lysine, methionine, threonine. Theo con duong nay, acetyl-CoA duoc
chuyén hoa thanh 3-ketovaleryl-CoA, nguyén liéu tao nén phan doan 3HV, théng
qua mot loat cac phan tng trao doi chat véi su tham gia cua qua trinh sinh tong hop
axit amin (con duong G, H - hinh 1.5). Trong khi dé san pham poly(3-
hydroxybutyrate-co-4-hydroxybutyrate) [P(3HB-co-4HB)] ciing c¢6 thé duoc vi
khuan tao ra trong qué trinh str dung cacbohydrate (con duong E, F — hinh 1.5). Két
hop cac gen lién quan dén qué trinh phan giai succinate tir Clostridium kluyveri va
gen lién quan dén sinh tong hop PHA tir Ralstonia eutropha trong ching tai to hop
E. coli, Valentin va Dennis (1997) di thu duoc san pham P(3HB-co-4HB) khi nudi

cay chang vi khuan nay trén ngudn glucose [195].
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Triacylglycerol 14 thanh phan chinh c6 trong dau thuc vat va ma dong vat.
CAu trc chung cua triacylglycerol gém ba phan tir axit béo lién két véi mot phan
tir glycerol. Cac triacylglycerol c6 thé dugc st dung mét céch truc tiép hoic gian
tiép tly thudc vao hé enzyme ngoai bao cua cac vi khuan. Khi dugc hap thu vao té
bao, ching c6 thé duoc bién ddi theo mot sb qua trinh trao ddi chit (B- oxi hda,
tong hop axit béo) dé tao cac hop chat tién than cho qua trinh sinh tong hop PHA
(con duong I, J, K — hinh 1.5). San pham mcl-PHA hoic copolymer caa 3HB va
3HHx c6 thé duoc tao ra theo con dwong ndy boi mot sé loai vi khuan nhu
Pseudomonas putida, Pseudomonas aeruginosa, Aeromonas hydrophila khi st
dung axit béo hoic dau thuc vat [41].

Hydrocacbon ¢6 thé dwoc nhiéu vi khuan s dung dé sinh tong hop PHA.
Pseudomonas oleovorans la vi khuan dau tién dugc phat hién c6 kha niang sinh
truong trén nguon octane va tich lily PHA [89]. Cac hydrocacbon hoic dan xuat
hydrocachon cé thé dugc st dung cho sinh tong hop PHA thdng qua nhiéu con
duong khac nhau. Methan 1a ngudn hydrocacbon tiém ning c6 thé duoc sir dung
thong qua chu trinh serine dé di vao chudi chuyén hda vat chit tao PHA (con duong
C — hinh 1.5). Mét s6 vi khuan da duoc théng bdo ¢ kha nang sinh tong hop PHA
theo con duong nay nhu Methylobacterium extorquens AM1, Methylocystis sp. GB
25 DSM 7674 [103, 140, 206]. Trong khi cac dan xuat khac cua hydrocacbon cé thé
duoc st dung va bién d6i mot céch truc tiép nhd hé enzyme noi bao cua vi khuan dé
tham gia vao qua trinh sinh tong hop PHA (con duong L, M — hinh 1.5).

Ngoai ra, cacbon dioxit (CO,) 1a mot nguon C ddi dao trén trai dat va duogc
c4c sinh vat ty dudng str dung nhur 14 ngudn C trong qua trinh sinh truéng thong qua
qua trinh quang hop. Str dung CO, cho sinh tong hop PHA béi mét sb vi khuan
(chung dai hoic tai t6 hop) cling da dugc cong bd voi san pham chu yéu 1a P(3HB)
[13, 87, 165]. Qua trinh sinh tong hop PHA tir nguén CO, ¢ c4c vi khuan nay duoc
tién hanh dua trén chu trinh Calvin két hop véi hé enzyme lién quan (phaA, phaB,
phaC). Theo con dudng nay, 3-photphoglycerate (san pham trung gian cua chu trinh
Calvin) s& duogc st dung dé chuyén thanh pyruvate 1am nguyén liéu cho qué trinh
sinh tong hop P(3HB) (con duong A - hinh 1.5).
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1.4. San xuat PHA tir vi khuan

Céc cong bd hién nay cho biét cd hai hinh thirc san xuat PHA: (1) polymer
hoa cac don phan hydroxyalkanoic (HA) trong diéu kién in vitro nho x(c tac cua
PHA polymerase, va (2) san xuat PHA théng qua qué trinh 1én men tir vi sinh vat.
San xuit PHA trong diéu kién in vitro da dwoc Qi va Cs (2000) tién hanh dua trén
hé thdng hai enzyme (acyl-CoA synthetase va PHA synthase) trén co chét (R,S)-3
hydroxydecanoyl-CoA va thu dugc poly(3-hydroxydecanoate) in vitro vai M,, dat
9,8.10" g/mol [148]. Gerngross va Martin (1995) khi st dung phuong phép enzyme
két hop véi hda hoc dé tong hop hat P(3HB) trong diéu kién in vitro di tao ra hat c6
kich thudc 3 pm (trong khi kich thuéc hat trung binh trong té bao khoang 0,5 pm)
v6i M, trén 10 x 10° Da. Hé thdng tdng hop in vitro c6 thé diéu chinh dwgc M,, cia
polymer nhd vao nong do6 PHA synthase ban dau [69], hay cho phép tao céc block-
copolymer hay copolymer ngau nhién bang cach bd sung mét cach tuan tu hay hdn
hop cac co chat khac nhau [187]. Sinh tong hop PHA in vitro ¢6 nhitng wu diém so
Vi tong hop in vivo nhu ¢ thé diéu chinh thanh phan don phan nho viéc bd sung
tién chat PHA va cofactor. Bén canh d6 viéc thu hi PHA dé dang hon nhiéu so véi
phuong phap tach chiét tir té bao. Tuy nhién, viéc tai sar dung cac cofactor 13 mot
van dé kho khin va chi phi cao.

Qua trinh san xuat PHA tir vi sinh vat duoc tién hanh thong qua hai giai doan
chu yéu sau: (1) 18n men thu sinh khéi vi sinh vat chaa polymer, va (2) tach chiét —
thu hoi san pham PHA tir sinh khéi vi sinh vat.

1.4.1. Lén men san xudt PHA tie vi khudn

Vi sinh vt sinh tong hop PHA ¢6 thé chia mét cach don gian thanh hai nhom dua
trén yéu cau vé diéu kién nudi cdy tich liiy. Nhom thtr nhat, can phai ¢6 su han ché cua
mét yéu té dinh dudng chii yéu nhu N, P, Mg, hodc S va khi nguon C du thira trong qué
trinh nudi cdy. Céac vi khuan thuoc nhom nay co thé ké dén mot sé chung vi khuan
Alcaligenes eutrophus (hay con goi la Ralstonia eutropha, Cupriavidus necator),
Protomonas extorquens, va Protomonas oleovorans. Nném thtr hai, khéng can phai c6

su gidi han vé mat dinh dudng trong qua trinh tong hop PHA. Pai dién cho nhém nay
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gom c6 Alcaligenes latus, Clostridium botulinum, chung dot bién Azotobacter vinelandii,
va chang E. coli tai t6 hop [62, 93, 141]. Tuy nhién, viéc gisi han ngudn N van lam
tang kha nang san xuat PHA ddi véi A. latus so véi qua trinh tich lity dong thoi véi qua
trinh sinh truong [73]. Do d6 viéc lua chon hinh thirc 18n men trong qué trinh san xuat
PHA 1a vb ciing quan trong nhiam dat duoc hiéu qua san xuat cao nhat. Hién nay, cong
nghé 1én men chim dwogc st dung phd bién trong nghién ciu va san xuat PHA. Cac
céng nghé 1én men chim cha yéu hién nay bao gom: (1) 1én men mé, (2) 1én men mé c6
bo sung dinh dudng, va (3) Ién men lién tyc. Trong 3 phuong phap 1én men nay thi
phuong phap 1én men mé va Ién men mé c6 bo sung dinh dudng thuong hay dugc sir
dung trong nghién ctru ciing nhu san Xuat PHA tir vi khuan.

1.4.1.1. San xudt PHA theo phwong phdp 1én men mé (batch fermentation)

Lén men mé 1a phuong phap c6 dién di va dang dugc sir dung trong nghién
ctu sinh tong hop PHA hién nay. Phuong phap 1én men mé dé tién hanh va phi hop
VGi cac nghién ciiu vé sinh truong va sang loc cac vi khuan phi hop cho tich lily
PHA. Viéc thiét ké moi truong cho 18n men mé ciing dé dang hon, bao gdm mot
yéu té dinh dudng (nguon N hodc P hoic S,...) can thiét cho sinh truong cua Vi
khuan duoc gigi han & ndng d6 thap trong khi cac ngudn dinh dudng khéc (dic biét
la ngudn C) duoc st dung du thira. TOy thudc vao vi sinh vat va ngudn co chat ma
thoi gian tién hanh 1én men thudng 1a 24 dén 48h. Trong 1én men me, vi khuan trai
qua tat ca cac pha bao gém: pha tiém phat, pha sinh truong cip sd, pha tich liy
PHA, pha can bang, pha suy vong. Su thay dbi lién tuc ciia moi trudong (dic biét Ia
nong do cac chat dinh dudng giam sut) do qué trinh trao d6i chat cua vi khuan
thuong khién cho sinh khéi thu dugc trong 1én men mé khéng cao. Bén canh do,
hiéu suét tich liiy PHA khoé dat cuc dai do su phan huy PHA néi bao trong diéu kién
thiéu hut ngudn C dbi véi céc chang dai.

Anh huong cia ngudn C, mdi lién hé giita cac ngudn dinh dudng trong moi
truong, va cac tién chat dén qua trinh san xuit PHA cua chung vi khuan
Pseudomonas oleovorans da dugc Durner va Cs (2000) xac dinh [61]. Viéc bd sung

cac axit béo bay hoi (VFA) khac nhau ciing nhu thoi gian bd sung trong nudi cay
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mé ¢ anh huong dén qua trinh sinh truéng va sinh tong hop PHA bai Ralstonia
eutropha JMP 134 ciing da duoc ghi nhan [26]. Céc théng sé nudi cay co ban tdi
thich cho sinh truong va sinh tong hop PHA cua chung vi khuan Bacillus sp. Ti3 da
duoc xac dinh khi st dung hinh thic 18n men mé. Ap dung cac thdng sé tdi thich
nay trong qué trinh 18n men mé chung vi khuan nay gitp ting hiéu suit tao PHA
cling nhu muc do tich lity PHA 1én twong tng 1,7 va 1,2 1an so véi ban dau [84].
Két qua twong tu voi mac d6 san xuat P(3HB) cua chung vi khuan Bacillus
megaterium SW1-2 khi duoc téi wu hoa cac thong sé ngudn N, ngudn C va phét
phat tang 1,8 1an so véi viéc nudi cay trén mai truong co so [28].

1.4.1.2. Sdn xudt PHA theo phwong phdp 1én men mé c6 bé sung dinh dwéng (fed-
batch fermentation)

Lén men mé c6 bd sung dinh dudng 1a mot hinh thuc thuong duoc sir dung
trong qua trinh nghién ctru san xuat PHA hién nay. Trong k§y thuat Ién men nay, mot
hoac nhiéu chat dinh dudng dugc bd sung vao méi trudng trong qua trinh tién hanh
lén men, va san pham chi duoc thu hoi khi qua tinh 18n men két thic. So véi nubi
cdy mé, pha sinh truong cip s6 cua vi sinh vat trong 1én men mé bo sung dinh
dudng duoc kéo dai hon bai viéc dam bao yéu té dinh dudng duoc cung cap mot
cach thuong xuyén, chinh vi vay mat do té bao thu dugc thudng dat cao hon so véi
trong 1én men mé. Bén canh dé, nguon C ciing dugc cung cap ludn & mic du thira
trong giai doan tich lily nén ham luong PHA trong té bao thudng dat mic cao hon
trong 1én men mé, qua d6 hiéu qua san xuat dat duoc trong Ién men mé c6 bo sung
dinh dudng duoc nang cao.

Quy trinh 1&n men mé c6 bo sung dinh dudng thuong duoc 4p dung trong
qué trinh san xuat sir dung cac chung vi khuan thudc nhom dau tién (tich liy PHA
khi bi gigi han mét nhén t6 dinh dudng nao d6). Theo d6 phuong phap 1én men hai
giai doan (two-stage fermentation) thuong dugc sir dung trong qué trinh san xuat.
Trong giai doan dau, sinh khdi cua chung san xut s& ting nhanh chéng do duoc
nudi cay trong diéu kién moi truong can bang (khong bi gidi han dinh dudng). Khi

sinh khéi ting dén gigi han nhat dinh thi viéc bd sung dinh dudng vai su gisi han
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mot nhan té can thiét nao d6 s& kich thich sy tich liiy PHA trong diéu kién nguon C
du thira. LGc ndy mat do té bao hau nhu git nguyén, su ting mat do (d6 hap phu &
budc song Agoonm N0dc ting sinh khbi khd) néu co chi 1a kich thudc va khdi luong té
bao ting 1én do viéc tich lily PHA noi bao gay ra. Pé qué trinh san xuit PHA dat
ning suat cao thi hdn hop ngudn C va ngudn dinh dudng can gigi han phai dugc bd
sung vai ti 18 toi vu. A. eutrophus da dugc nghién cau rong réi do kha nang tich lity
P(3HB) vai ham lugng cao trén cac nguon C don gian nhu glucose, fructose va axit
acetic [90, 95, 96]. Hang Imperial Chemical Industries (Anh) da san xuat P(3HB) &
quy md cdng nghiép tir ngudn glucose, va P(3HB-co-3HV) tir hdn hop glucose va
axit propionic bang phuong phap 1én men mé c6 bo sung dinh dudng sir dung ching
A. eutrophus. Ban dau cac té bao dugc sinh trudng trén méi trudng khoang glucose
c6 chira mot lugng phét phét nhat dinh dé thu duoc lwong té bao mong mudn. Sau
do, khi té bao gap diéu kién gidi han phdt phét va duoc bd sung glucose du thira ¢
thoi diém khoang 40 h dén 60 h sé tién hanh tich liiy P(3HB). Trong sudt qué trinh
nudi cdy, nong do6 glucose dugc duy tri & mie 10 g/L dén 20 g/L, két qua thu duoc
& tai thoi diém 50 h ham lwong té bao kho, ham luong P(3HB) va % P(3HB) dat
164 g/L, 121 g/L va 76 %, ning suat tao P(3HB) dat 2,42 g/L/h [35].

Pbi véi cac gidng san xuat thuoc nhom tha hai, chién luoc bod sung dinh
dudng la rat quan trong dé dat duoc hiéu suat PHA cao. Cac ngudn N hdn hop nhu
nudc ngam ngod (corn steep liquor), cao men, hoac pepton tur ca (fish peptone) cé
thé dugc bd sung nham nang cao kha ning sinh trudng ciing nhu muc do tich lity
polymer bai qua trinh sinh téng hop PHA & cac vi khuan nay khéng phu thudc vao
su han ché nguén dinh dudng [113]. Chinh vi thé trong Ién men san xuat, qué trinh
sinh truéng cua té bao va qua trinh tich liy PHA can phai can bang nham tranh tinh
trang tich lity PHA khong hoan toan hoic ding qué trinh 18n men sém khi mat do té
bao con thap. A. latus dai dién cho nhém vi sinh vat thir hai ¢ kha nang tich liy
PHA trong qua trinh sinh truéng ma khong can yéu té giéi han dinh dudng. Trong
diéu kién can bang dinh dudng, chung A. latus c6 kha ning tich liy P(3HB) dat 50

%wt. Khi tién hanh I8n men mé véi diéu kién gigi han ngudn N, kha nang tich liy
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P(3HB) cua chung nay ting 1én téi 80%. Két qua thu dugc con kha quan hon khi
tién hanh san xuat theo quy trinh 1én men mé c6 bé sung dinh dudng. Khi luong té
bao kho dat 76 g/L, ngudn N trong mdi trudng duoc gidi han trong khi ham luong
saccharose duoc giit & mic 5 g/L dén 20 g/L. Sau 8h gidi han ngudn N, céac két qua
thu dugc nhu sau: CDW — 111,7 g/L; ham lugng P(3HB) — 98,7 g/L; va %P(3HB) —
88 % voi nang suét dat 4,94 g/L/h. Nang suét cao nhat ghi nhan duoc dat 5,13 g/L/h
tai thoi diém 16 h khi diéu kién gisi han dinh dudng xay ra [197]. M6 hinh nubi cay
sir dung co ché bo sung dinh dudng duoc diéu khién dua trén ngudn saccharose da
dugc Yamane va Cs (1996) thiét ké. Trong nghién ciu nay, nong do té bao (142 g/L)
va P(3HB) (68,4 g/L) cao trong dich nudi cdy di dat dwoc véi thoi gian nudi cdy ngin
(18 h), tuy nhién ham lugng PHB tich lily noi bao dat thap (50 %wt) [214].

1.4.1.3. San xudt PHA theo phwong phdp 1én men lién tuc

Qua trinh tich liiy PHA ndi bao & vi sinh vat xay ra trong nhirng diéu kién
mat can bang dinh dudng. Vé mat Iy thuyét hinh thirc nudi cay lién tuc khéng
thich hop ddi véi tng dung san xuat PHA bagi sy doi mai lién tuc cua moi trueong
1én men. Pé c6 thé ap dung hinh thic nudi cay lién tyc trong san xuat PHA, mot
sb cai tién vé mit ki thuat da dugc &p dung nham nang cao kha ning san xuét
cua cac vi sinh vat.

Lén men lién tuc ciing di duoc nghién ctu sir dung trong san xuat PHA. M
hinh 1&n men lién tuc c6 thé dugc thuc hién qua hai (two-stage) hoac nhiéu giai
doan (multi-stage) 1én men. Trong giai doan dau tién (ndi 1én men dau), chung
gidng san xuat duoc nudi cay trong diéu kién moi trudng dinh dudng can bang tao
diéu kién cho té bao sinh truéng tbi da. Cac giai doan sau (cac ndi 16n men ké tiép),
mdi truong mat can bang dinh dudng duoc sir dung nham tao diéu kién cho viéc
tich lay PHA. M6 hinh nay da duoc Du va Cs (2001) sur dung trong qué trinh san
xuat P(3HB) tir chung vi khuan R. eutropha WSH3. O pha dau, vi khuan duoc nudi
ciy trén moi truong chta glucose va dat khdi luong té bao khd cuc dai 27,1 g/L.
Khi chuyén sang pha thi hai, 47,6g/L P(3HB) duoc tich liiy véi ham lwong P(3HB)
dat 72,1 %wt [59]. M6 hinh I&n men lién tuc san xuat P(3HB) dya trén diy céac thiét
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bi 16n men lién tiép da dugc A. Atlic va Cs (2011) &p dung ddi voi chung vi khuan
Cupriavidus necator DSM 545. Qua trinh 1én men duoc tién hanh mét cach lién tuc
trén day cac ndi 1én men lién tiép, trong d6 ndi 1én men dau tién chira méi trudng
can bang dinh dudng cho sy sinh truéng cua ching gidng. Khi d6, giéng vi khuan
lién tuc duoc cung cap cho cac binh 18n men tiép theo, noi moi trudng 18n men gioi
han nguén N, dé thyc hién tich liy P(3HB). Két qua ctia nghién ctru da dat sic san
xuat 1,85 g/L/h va 0,1 g/g/h véi ham luong P(3HB) dat 77 %wt [24].
1.4.2. Tach chiét — thu hoi PHA tir sinh khéi vi khudn

Sau qué trinh 18n men, sinh khéi vi sinh vat chira cac hat PHA duoc thu nhan
nho phuong phap ly tim hoac dung siéu loc. Thu nhan sinh khéi bang phuong phap
ly tam thuong duoc tién hanh ¢ quy mé phong thi nghiém do thiét bj phic tap va
hiéu suat thap. Trong khi sir dung phuong phép siéu loc ¢6 thé dugc thuc hién véi
thé tich Ion, don gian va hiéu suat cao hon. Bén canh d6, sinh khéi thu duoc biang
siéu loc co thé loai bo duoc cac thanh phan dinh dudng va mudi khoang con du
thira trong méi trudng nudi cay. Sinh khéi sau khi thu dugc s& duoc tach chiét dé
thu cac hat PHA. C6 nhiéu phuong phap c6 thé duoc sir dung dé tach chiét cac hat
PHA. Cac phuong phap nay déu cé cac thuan loi va kho khan riéng va dugc trinh
bay tom tat ¢ bang 1.3. Trong d6, hai nhém phuong phap (1) sir dung dung méi hiru
co Va (2) thuy phan céac thanh phan té bao khong phai polymer dugc st dung nhiéu
trong nghién ctru va san xuat PHA.
1.4.2.1. Tach chiét — thu hoi PHA nho siz dung dung méi hitu co

Thu nhan PHA tir sinh khéi té bao vi khuan nhd dung mdi hitu co 13 phuong
phap duoc st dung rong réi trong nghién ciu trong nhidu nim qua. Sir dung dung
mdi trong tach chiét PHA dwoc md ta lan dau boi Lemoigne (1923-1951) va Baptist
(1967) trén cac d6i twong Bacillus megaterium va Rhodospirillum rubum [86].
Phuong phap nay thuong dugc st dung trong diéu kién phong thi nghiém boi tinh
don gian va nhanh chéng cua chiing. Nguyén Iy cia phuong phap ndy bao gdm hai
budc co ban: (1) tinh thim ctia mang té bao vi khuan bi bién doi do d6 cho phép cac
hat polymer c6 thé giai phong va hoa tan trong dung mdi, va (2) qua trinh két taa
cac phan ti PHA trong mét dung méi khac.
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Bang 1.3. Uu diém va nhuwoc diém Ciia cdc phiong phdp tach chiét—thu hoi PHA [86]

Phuwong phap

Uu diém
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Str dung dung moi

Loai bo dugc cac endotoxin.
Do tinh sach cao.

Khéng gay su phd huy
polymer

C6 thé gay pha v& trang thai
hat polymer

Gié thanh cao va nguy co gay
6 nhiém moi trudng 16n

Hiéu qua thu hdi thap

Str dung chat hoat
dong bé mat

Xu ly duoc véi mat do té
bao cao.
Khéng gay pha huy polymer

Do tinh sach thap
Can loai bo chat hoat dong bé
mat trong nudc thai

Str dung NaOCl

Do tinh sach cao

Gay pha hay san pham
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Két hop NaOCI —
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Mtc d6 pha hay san pham
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Chét hoat dong bé
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Han ché sy pha huy san
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Chi phi van hanh thap

Can loai bo chat hoat dong bé
mat va NaOCI khoi nuéce thai

Két hop Chelate —
Chét hoat dong bé
mit

b6 tinh sach cao
Nguy co 6 nhiém mébi
truong thap
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Hoa tan cé chon loc

cac thanh  phan
khong phai PHA
nho proton

Hiéu qua thu hoi va do tinh
sach cao
Chi phi van hanh thap

C6 sy giam phan ti khdi néu
cac théng s6 khong duogc
kiém soat nghién ngat

Str dung enzyme

Hiéu qua thu hoi cao

Mtc d6 tinh sach thap
Gia thanh cao

Nghién bang hat

Khong sir dung hoa chat

Can thuc hién nhiéu lan

Pong hoéa nho ap
suat

Khong sir dung hoa chat

Mutc d6 pha v& té bao thip
khi mat d6 té bao lodng

Phuong phap dong
siéu téi han

Gia thanh thap
ft doc hai

Hiéu qua thu hdi thap

Phuong phap lam
suy yéu té bao

Str dung cac diéu kién tach
chiét nhe nhang

Hiéu qua thu hdi thap
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Céc dung méi phd bién hién nay duoc st dung trong qué trinh thu hoi phan
I6n 1 cac dan xuét chlo cua hydrocachon (chloroform; 1,2-dichloroethan) hoic cac
hop chét cachonate dang vong (ethylene cacbonate; 1,2-propylene cacbonate) [151].
Bén canh d6, cac hop chat ketone mach ngin (acetone, ethyl ketone, methyl
isobutyl ketone, ethyl acetate, butyl acetate) ¢ thé dugc dung nhu 13 cac dung moi
khong phai din xuét halogen cé hiéu qua cao khi dugc sir dung trong thu hdi céc
mcl-PHA [157]. Qua trinh két tia PHA thudng duoc gay ra boi cac dung méi nhu
methanol hoac ethanol.

Str dung dung méi trong tach chiét PHA cho mic d¢ tinh sach cia san pham
cao hon so v6i cac phuong phap khac. Bén canh d6 phuong phap nay con gitap viéc
loai bo cac endotoxin c6 mat trong sinh khoi té bao vi khuan ciing nhu it giy nén sy
pha huy ddi véi cau tric polymer, do d6 dam bao tinh toan ven cia san pham PHA
v6i khdi lugng phan tir cao thich hop véi nhiéu tng dung dic thd chang han nhu
trong linh vuc y té. Lee va Cs (1999) di chtrng minh viéc st dung chloroform trong
tach chiét P(3HB) tir sinh khdi E. coli cé thé gilp giam ham luong endotoxin xudng
muc quy dinh [114]. Tuy nhién, phuong phap ndy ciing c6 mot s nhuge diém 16n
nhu: van dé 6 nhiém moéi truong khi tién hanh ¢ quy mé I6n, pha hity hinh thai ty
nhién caa hat PHA (mét cau tric hitu ich cho (ng dung tao cac soi chiu lyc).
1.4.2.2. Tach chiét — thu hoi PHA bang phirong phdp thity phan cac thanh phdan
khong phai polymer

Nguoc lai v6i phuong phap thu hdi bang dung méi, cac thanh phan khang
phai polymer cua té bao (bao gdm axit nucleic, lipit, photpholipit, peptidoglycan,
va céc vat chat c6 ban chat protein khac) sé duoc thiy phan va hoa tan nho viéc
st dung cac hda chat hoic enzyme. Py 1a phuong phap di va dang duogc su
dung rong rai nham thay thé cho phwong phéap thu hoi va tinh sach bang dung
moi. Trong nhom phuong phéap nay cé thé dugc phan chia thanh 3 nhém chinh
dua theo tac nhan st dung (bang 1.3): (1) st dung hoa chat, (2) sir dung enzyme,
(3) str dung co hoc. Nhiéu hoa chat da duoc sir dung trong nghién ctu tach chiét
— thu hdi PHA tir sinh khéi céac loai vi khuan khac nhau nhu NaOCl, cac chat
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hoat dong bé mit,... Trong sé d6 nghién ciru tach chiét — thu hdi PHA tir sinh
khéi vi khuan st dung tac nhan 1a kiém duoc nhiéu tac gia gan diy quan tim boi
quy trinh don gian va hiéu qua.

Cac chat tay ria va kiém thay phan céc protein va xa phong hoa céc
lipopolysaccharide gitip ting tinh tham khéng chon loc ciia mang té bao tir d6 dan
dén su pha v té bao va giai phong céac thanh phan hoa tan ra méi truong [40, 79].
Do tinh sach cua san pham PHA dat 81 % véi hiéu suat thu hdi dat 88 % khi Anis
va Cs (2012) st dung 0,1 M NaOH dé xir ly dich 10 g/L té bao Cupriavidus necator
tai t6 hop & 30 °C. Khi nang nhiét d6 xu ly 18n 80 °C, d¢ tinh sach cua san pham
duoc nang 1én (dat 92 %) song hiéu suat thu hdi giam di dang ké (dat 57,7 %) [21].
1.5. Tinh hinh nghién ctu, san xuat va ing dung PHA
1.5.1. Nghién cru, san xudt va ieng dung PHA trén thé gidi

Mang nhiéu dic tinh giéng nhu nhya téng hop ¢6 nguon géc tir dau mo, véi
wu diém bi phan hay bai cac vi sinh vat dé tao thanh CO, (hoic CH,4) va H,0 khi
duoc thai ra moi truong, polyhydroxyalkanoates (PHA) da va dang la vat li¢u nhan
duoc nhiéu su quan tdm cta cac nha khoa hoc, nha san xuat va chinh phu cac nuéc
trén thé gigi. Trong nhitng nam gan day, s6 luong cac nghién ciru vé PHA di ting
l&n nhanh chong véi rat nhiéu cac phat minh va cong bé trén thé gigi.

Cac nghién ciru hién nay hau hét tap trung vao cac muc tiéu: cai tién cong
nghé 1én men nham nang cao ning suét, cai tién cong nghé thu hdi va tach chiét
dat hiéu suat — than thién véi méi truong, tan dung ngudn nguyén lidu du thira va
cac loai nguyén liéu phé thai tir néng nghiép va cong nghiép ché bién thuc pham
[15, 89]. Ngudn nguyeén liéu ré tién va dé kiém dang dugc quan tdm trong nghién
ctru san xuat PHA hién nay chinh 1a dau thuc vat. Nhiéu nghién ciu cho thiy wu
thé cua viéc str dung dau thuc vat so véi cac nguon C khac (hau hét 1a hop chat
saccharide) trong tich lily ciing nhu tao ra nhitng to6 hop PHA méi mang cac dic
tinh wu viét hon [14, 100, 115, 122].

San xuét polymer phan huy sinh hoc ciing da ting nhanh trong vai thap ky
qua. Theo cac bao cdo cua Hiép hoi nhua sinh hoc Chau Au nam 2015, san lugng
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nhya sinh hoc toan cau cé thé ting 1én toi khoang 7,8 triéu tan vao nim 2019 véi
téc do tang truong du kién cua linh vuc nay vao khoang 20 % - 25 % mdi nim
trong giai doan 2016-2020 [22]. Bugc khdm ph&a mudn hon so vdi PLA, song hién
nay PHA di va dang duoc nhiéu nha san xuat quan tam boi tinh da dang trong cau
trdc va nhitng thudc tinh wu viét ctia nd. Trong nam 2013, thi truong PHA trén toan
cau udc tinh chiém khoang 5 % thi truong nhua sinh hoc va khoang 0,05 % thi
truong nhya toan thé gidi [100]. Cho dén 2010 thi trén toan thé gidi co khoang 24
cong ty 16n hoat dong trong linh vic san xuat va tng dung PHA [41]. San xuét
PHA ¢ quy md cong nghiép duoc bit dau tir thap nién 90 cua thé ky trudc. Cong ty
Chemie Linz (Ao) da sir dung chang A. latus DSM 1124 trong san xuat P(3HB) voi
cong suat 1 tAn/ tuan trén ndi 1én men 15 m®. Industrial Usina da Pedra-Acucare
Alcool (Braxin) sir dung Burkholderia sp. trong san xuat P(3HB) véi san lugng 10
nghi tin/nam. Pac biét nguon nguyén lidu san xuat dugc tan dung tir cdng nghiép
mia duong va tich hop véi cong nghiép san xuat con. Bén canh P(3HB), cac
copolymer khéac ciing dugc san xuat & quy md cong nghiép. P(3HB-co-4HB) da
dugc Metabolix (M$) va Tianjin Green Bioscience (Trung Quéc) san xuat véi quy
m6 50 nghin tan va 10 nghin tan/nim. Trong twong lai P(3HB-c0-4HB) s& chiém
linh thi trudng do nhitng dac tinh noi troi cua né [41].

Trén thé gioi, PHA duoc str dung trong nhiéu linh vuc khac nhau cua doi
séng. Co thé ké dén 3 linh vuc tng dung chi yéu va ngay cang phét trién caa nhua
sinh hoc: (1) san xuat cc vat dung sinh hoat va do bao g6i, (2) ung dung trong y té,
(3) (tng dung cua cac don phan tir PHA trong mot sb linh vuc khac [41, 101].

Trong linh vyc san xuat cac vat dung phuc vu doi song, PHA di va dang cho
thdy vai trd to 16n caa minh. PHA duoc sir dung ban dau dé san xuat cac vat dung
hang ngay chang han nhu cac lo dung dau goi dau, dao cao rau, vo dién thoai, ....
Nhiéu san pham khac nhau c6 nguon gbc PHA da duoc phat trién bai cac cong ty
nhu Proctor & Gamble, Biomers, Metabolix, ... Cic san phim nhu binh chira dau
goi dau, san pham dudng tdc, hay dau boi tron cho xe mdy, dao cao ding mét lan
cling da duoc san xuit dua trén nén tang san pham PHA thuong mai BIOPOL® cua
Metabolix (My) [34, 38, 41, 101].
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Bén canh cac san pham gia dung than thién moi treong, cac san pham trong linh
vuc y té c6 ngudn gdc tir PHA da dugc san xuat. Véi tinh tuong thich sinh hoc cao, cac
san pham nhu dia xuong, vit, chi khau, nep, ... ngay cang duoc sir dung nhiéu hon.
Ngoai ra, PHA con dugc tng dung nhu 13 cac chét dan thude cling nhu 1a chat diéu
khién qua trinh giai phéng thuéc [41, 51, 101, 131].

Khi thay phan PHA s& tao ra nhiéu loai don phan khac nhau véi cau tric
mach C va chiéu quay quang hoc mang nhém chtic ning hydroxyl khac nhau. Cac
chat nay duoc ¢ng dung trong nhiéu linh virc khac nhau nhu san xuét cac hop chat
hoa hoc quy (pheromone, khang sinh, hop chat thom, vitamin) an toan vdi con
ngudi [101]. Ngoai ra, cac don phan tir PHA ¢6 thé duoc st dung nhu 13 mét sé loai
thudc trong qua trinh diéu tri [41].

1.5.2. Tinh hinh nghién cizu, sdn xudt va i#eng dung PHA 6 Viét Nam

Cong nghiép nhua & Viét Nam bat dau tir giita thé ky truéc va cé nhiing
budc phét trién manh trong thoi gian gan day, song viéc san xuat van con han ché
va nho 1é. biac biét cac san pham tir nhya sinh hoc chiém ti 16 v clng nho trong
téng san pham nganh nhya ca nuéc. Nhitng ndm gan day, cling vai xu thé hoi nhap,
nhu cau thyc té va nhitng van dé vé mai truong thi cac nha khoa hoc trong nudc da
bat dau cd nhitng cong trinh nghién cau vé san xuat, ché tao nhua sinh hoc nham
phuc vy doi sbng cong dong. Mot s nhom nghién ciru da thanh cong trong Viéc tong
hop céc loai nhira ¢6 kha ning phan hay sinh hoc nhu PLA [2, 3, 11], san pham phdi
tron gitra cac loai polymer c6 kha nang phan huy sinh hoc [6, 7, 8, 10, 12]. Bén canh
d6 cac huéng nghién ciru nham nang cao thudc tinh hda Iy, kha ning phan huy cua
polymer [5, 7], cling nhu ¢ng dung cua cac loai polymer nay trong bao quan thuc
pham va trong ndng nghiép ciing da duoc tién hanh. Phan 16n cac nghién ciu tap
trung vao polylactic axit (PLA) va mot sb loai polymer tu nhién khic nhu chitosan,
tinh bot, cellulose. Trong khi d6 polyhydroxyalkanoates (PHA) — mdét nhom
polyester mang cac dac tinh uu viét va duoc téng hop boi nhiéu loai vi sinh vat
trong ty nhién — van chwa nhan duoc nhiéu quan tam. C6 rat it cac dan liéu nghién

ctru vé vi khuan sinh tong hop PHA phan lap duoc tai Viét Nam da duoc cong bé.
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Niam 2010, Thanh Mai va Cs da phan 1ap dwoc chung vi khuan V23-X1.1 va dinh
danh dén loai Bacillus cereus [4]. Chung vi khuan Alcaligenes latus VN1-20 duoc
nhoém nghién ciu Vién Cong nghé Sinh hoc sir dung trong nghién cau san xuat
P(3HB) vao nam 2009 [1].

Puogc danh gia 1a nganh cong nghiép c6 muc do tang trudng cao trong giai
doan 2010-2015, nganh nhya Viét nam diat muc tiéu dén nam 2025 muc do6 tang
truong/ndm ciia nganh nhya ludn dat trén 10 % (theo quyét dinh 2992/QD-BCT).
Theo théng ké cua Hiép hoi nhya Viét Nam thi dén nam 2011 c6 khoang 2000 cbng
ty nhya dang hoat dong (80 % c& vira, nhé va do tu nhan mo), phan bé chi yéu ¢
c4c tinh phia Nam nhu thanh phé HO6 Chi Minh, Binh Duong, Pong Nai,... Cong
nghiép san xuat nhua phan hay sinh hoc va cac san pham tir nhya phan hay sinh hoc
& Viét Nam hién nay hau nhu chua c6 va nhé lé. Mot s6 san pham bao bi ¢é gan
nhan phan hay sinh hoc di xuat hién trén thi trudng do cac cong ty trong nudc san
Xuat nhu tai phan huay sinh hoc Alta (Céng ty Co phan Van Héa Tan Binh - Alta),
zero plastic (Cty TNHH va in an Bao bi Dinh Toan), tai phan hay sinh hoc D,W
(Cty TNHH SXTM Héng Tién Thanh). Hau hét cac san pham nay déu cé thanh
phan chu yéu 1a PE va PP duoc bd sung chét phu gia, do d6 qua trinh phan huy cua
chlng c6 ban chét 1a phan hiy do méi trudng ma khéng do sy tic dong cua hoat
dong vi sinh vat. Bén canh d6, hau hét nguén nguyén lidu cho cong nghiép nhya ty
hay caa Viét Nam dugc nhap khau tir nude ngoai vai chi phi cao. Chinh vi thé,
nghién ciru va san xuat nhya sinh hoc & Viét Nam can danh nhiéu sy quan tdm cua

cac nha khoa hoc va dic biét 1a sy thay doi trong chinh sach cua chinh pha hon nira.
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CHUONG 2. VAT LIEU - PHUONG PHAP

2.1. Vat liéu nghién ciru
2.1.1. Chang vi sinh vat

Céc chung vi khuan phan Iap duoc tir dat thu thap tai cac dia diém sau: ring
ngap man Mién Béc Viét Nam (Giao Thuy — Nam Pinh; Yén Hung — Quang Ninh),
lang ban Mach Trang — Pong Anh — Thanh phé Ha Noi.

2.1.2. Hoa chdt va méi trwomg nudi cay

Céc hoa chat duoc sir dung trong nghién ctru déu & mirc phan tich.

M@i truong phan 1ap va hoat héa vi khuan (g/L) [153]: MgS0,.7H,0 — 0,25;
CaCl,.2H,0 - 0,09; KCI — 0,5; KBr — 0,06; Peptone — 5; Cao nam men — 10;
glucose — 1; pH = 7,0. Dé phan 1ap céc vi khuan tir dat rirng ngap min can bo sung
NaCl dé dat d6 min 30 %o. Méi trudng ran duoc chuan bi bang cach hoa tan hoan
toan cé4c thanh phan véi ham lugng nhu trén, diéu chinh pH, bd sung thach - agar
(20 g/L), khtr trung ¢ 121 °C, 1 atm trong thoi gian 20 pht.

Moi trudng nghién ctu 18n men sinh téng hop PHA dugc xay dung dua trén
thanh phan moéi truong phan 1ap voi mot sb thay doi cu thé (g/L): MgS0,.7H,0 —
0,25; CaCl,.2H,0 — 0,09; KCI — 0,5; KBr — 0,06; KH,PO, — 0,25; cao nAm men — 1;
glucose — 20; pH = 7,0; khoang vi lugng — 1 ml. Déi vai cac vi khuan phan lap
dugc tir dat reng ngap man, moi truong dugc bd sung NaCl dé dat do man 30 %o.
Thanh phan khoang vi luong duoc trinh bay trong phu luc 2.

2.1.3. Thiét bi nghién cizu

Céc thiét bi duoc str dung trong nghién cau thudc cac phong thi nghiem: (1)
Bo modn Céng nghé Sinh hoc — Vi sinh, Pai hoc Su pham Ha Noi; (2) Vién Cong
nghé Sinh hoc va Vi sinh, Pai hoc Quéc Gia Ha Nai: (3) Phong nghién ciru vat liéu
sinh hoc, Pai hoc Sains, Malaysia.

Thiét bi nudi cdy: Ta nudi cay lac 6n nhiét Innova (New Brunswick, M¥),
budng thao tac vi sinh HeraSafe (Thermo Scientific, M¥), thiét bi thanh tring w6t
Tomy 45S (Nhat), thiét bi say thiang hoa Flexi-Dry (Kinetics, M¥) va YK118 (True
Ten, Bai Loan).
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Thiét bi phan tich: May quang pho kha kién UV-VIS (Shimadzu, Nhat), can
phan tich Precisa 320 (Thuy S¥), thiét bi khuéch dai gen Geneamp 9700 (Applied
Biosystem, M¥), hé théng sac ki khi 7890A (Agilent Technologies, M¥), hé thong
sac ki tham thau gel 1200 GPC (Agilent Technologies, M), hé théng quét nhiét vi
sai DSC-60A (Shimadzu, Nhat), thiét bi phan tich sac cing vat liéu EZTest
(Shimadzu, Nhat), thiét bi phan tich cong huong tir hat nhan Brucker ARX500
Spectrometer (Brucker, Sikertrifen, Buc).

2.2. Phwong phap nghién ciru
2.2.1. Phwong phap vi sinh vt hoc
2.2.1.1. Phurong phdp phdn 1gp vi khuan

Cac mau dat thu thap duoc tir cac vi tri nghién ctru duoc tién hanh pha loang
theo day s6 mil thap phan. Dung pipet hat 100 pl dich huyén phu ¢ 3 d6 pha lodng
cudi cuing nho 18n bé mit thach trong dia Petri, trang déu dich huyén phi pha loéng
lén bé mat moi truong thach dinh dudng. Sau d6 U cac dia Petri trong diéu kién 30
°C dén 32 °C, trong 24 h dén 48 h. Lua chon céac khuan lac riéng r& dé tach chung
thuan sang méi trudng giit gidng, phuc vu cho céc nghién ciu tiép theo.
2.2.1.2. Phurong phdp bao quan chuing giong vi khudn

Bao qudn chung giong trong glycerol: Cac chang giéng vi khuan can bao
quan duoc tién hanh nubi ciy trén méi truong dinh dudng phd hop. Sau d6 tién
hanh li tam loai bo dich méi trudng, sinh khéi té bao dugc hoa lai trong dung dich
20 % (v/v) glycerol vd tring. Cac mau duogc bao quan trong diéu kién nhiét do thap
(-15 °C dén -20 °C). Céc chung gidng duoc bao quan trong glycerol c6 thé duy tri
sic séng on dinh duoc trong khoang 6 thang dén 12 thang.

Bdo quan chung giong bang phwong phdp déng khé: Cac chung gidng vi
khuan can bao quan duoc tién hanh nudi ciy trén moi trudng dinh dudng phd hop.
Sinh khdi té bao dugc thu lai va hoa vao dung dich bao vé té bao (chua 10 % sira
gay, 1% glutamate) vo tring da duoc chuan bi sin. Dich huyén phu té bao duoc dua
vao céc ong chuyén dung va dugc tién hanh cip dong ¢ -50 °C trude khi tién hanh
lam khé. Quaé trinh déng kho duoc thuc hién trén thiét bi dong kho Flexi Dryer
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(Kinetics, M¥) & diéu kién -86 °C trong vong 24 h. Cac 6ng miu sau d6 duoc han
kin trong diéu kién chan khéng va duoc bao quan ¢ diéu kién mat (4 - 8 °C).
2.2.1.3. Phurong phdp sang loc so bé vi khuan sinh téng hop PHA

Vi khuan c6 kha ning sinh tong hop PHA dugc sang loc so b dua theo
phuong phap cua Spiekermann va Cs (1999) [180]. Méi truong chon loc dugc
chuan bi dua trén co sé méi trudng nghién ctu 18n men ¢é bo sung thube ther Nile
Blue A (pha trong dimethyl sulfoxide — DMSO) dé dat duoc nong d6 0,5 pg/L. Céc
dong vi khuan duoc nudi cy trén dia Petri chira moi trudng chon loc da chuén bi ¢
trén va duoc 1t & nhiét dd 30-35 °C trong 48 h cho dén khi khuan lac moc tét. Sau dé
cac khuan lac dugc dit dudi tia UV ¢ budc song 254 nm nham xac dinh sy c6 mit
ciia PHA trong té bao. Céc vi khuan c6 khuan lac tuong @ng phat ra mau cam sang
duoc lua chon cho céac nghién ctu tiép theo.
2.2.1.4. Nghién citu CAc yéu té dinh dweong dén sinh trieong va tich liiy PHA

& Anh huong cia nguon C

Thi nghiém duoc tién hanh trong cac binh tam giac 250 ml ¢ chira 100 ml moi
truong 1én men co so véi 20 g/ mdi nguon C khac nhau. Gidng vi khuan duoc hoat
hoa trén moi truong hoat hda vi khuan trong thoi gian 13 h dén 15 h dé dat mat do vi
khuan mong muén (gia tri mat do quang & budc song 600 nm dat 7,0 + 0,5). BS sung
10 % (v/v) giéng vao méi trudng 1én men vo trung dd dwoc chuan bi sin. Tién hanh
nudi cy & diéu kién 32 °C vai tée do lac 180 rpm. Sau 48 h, tién hanh phan tich cac gia
tri tong khdi luong té bao kho (CDW, g/L), ham lugng PHA (% PHA, %wt) ctia mbi 16
thi nghiém dé danh gia mirc 46 anh hudng cta cac nguon C dén sy sinh treong va tich
liiy PHA ctia vi khuan.

& Anh huong cua tién chat C

Thi nghiém duoc tién hanh trong cac binh tam giac 250 ml ¢ chira 100 ml modi
truong 1én men co so chira 10 g/L fructose. Gidng vi khuan duoc nudi ciy trén moi
truedng hoat hda trong thoi gian 13 h dén 15 h dé dat mat do vi khuan mong muén (gia
tri mat do quang ¢ bude song 600 nm dat 7,0 £ 0,5). Bo sung 10 % (v/v) giéng vao moi

treong 18n men vo tring da dwoc chuan bj san. Tién hanh nubi cay & diéu kién 32 °C
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Véi toe do lic 180 rpm. Sau 6 h nudi cdy, dung dich tién chat duoc bd sung vao moi
truedng nudi ciy dé dat duoc nong do 0,5 g/L. Tiép tuc nudi ciy dén 48 h, tién hanh
phan tich céc gié tri tong khéi luong té bao kho (CDW, g/L), ham luong PHA (%
PHA, %wt) ciia mdi 16 thi nghiém dé danh gid mirc d6 anh huong cia cac nguon tién
chit dén su sinh truéng va tich lity PHA cua vi khuan [17].

& Anh huong cua nguon N

Thi nghiém duoc tién hanh trong cac binh tam giac 250 ml ¢6 chira 100 ml moi
trudng 1én men co so V6i cac ngudn N khéc nhau. Gidng vi khuan dwoc nudi cay trén
mdi trudng hoat hda trong thoi gian 13 h dén 15 h dé dat mat do vi khuan mong muén
(gia tri mat d6 quang & bude séng 600 nm dat 7,0 + 0,5). BS sung 10 % (v/v) gidng vao
mdi trudng 1én men vo tring da dwoc chuan bi san. Tién hanh nubi cay ¢ diéu kién 32 °C
VGi toe do lac 180 rpm. Sau 48 h, tién hanh phan tich cac gia tri tong khdi luong té bao
kho (CDW, g/L), ham luong PHA (% PHA, %wt) cia méi 16 thi nghiém dé danh gia
mttc d6 anh huong ciia cac ngudn N dén sy sinh trudng va tich lily PHA cua vi khuan.
2.2.1.5. Phuong phdp nghién civu cdc ddc diém sinh hoa

Pé xac dinh kha ning sinh céc loai enzyme ngoai bao, chung vi khuan duoc
nudi cy trén cac moi trudong dinh dudng dic hiéu (phu luc 1). Sau 24 h tién hanh
kiém tra dya trén phan (tng mau cuia cac thudc thir twong wng [9].

Thir nghiém kha niang sinh indol duoc tién hanh trén méi truong nudc
tryptone (phu luc 1). Sau 48 h nudi cdy & 37 °C, b6 sung 1 ml ether vao dich nudi
cay dé tach 16p indol, sau d6 nho thudc thir, dé tinh vai phit va ghi nhan két qua.
Két qua duong tinh khi c6 sy xuét hién Iép mau do trén bé mat moi truong, trong
khi két qua am tinh duoc thé hién 12 16p mau vang cua thudc thir trén bé mat moi
treong [9].

Thir nghiém methyl d6 duoc tién hanh trén moi truong glucose-photphat
(phu luc 1). Sau 48 h nudi ciy ¢ 37 °C, nho vai giot thudc thir methyl do vao dich
nudi cdy va doc két qua. Két qua duoc xac dinh duwong tinh khi méi treong xuat
hién mau d6 sau khi b sung thuéc thu, trong khi két qua am tinh méi truong c6

mau vang [9].
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Thir nghiém Voges-Proskauer dugc tién hanh trén méi trudong glucose-
photphat (phu luc 1). Sau 48 h nudi ciy & 37 °C, b6 sung thudc thir truc tiép vao
moi trudng va doc két qua ngay. Két qua 1a dwong tinh khi xut hién mau do trén bé
mat moi truong, trong khi bé mat moi truong khong doi mau duoc xac dinh 1a am
tinh [9].

Kha ning st dung cac ngudn C duoc tién hanh trén méi truong khoang véi
cac nguodn C tuwong ung (phu luc 1). Sau 48 h, danh gia kha niang sir dung ngudn C
dua trén muac d6 sinh trudng cua vi khuan.
2.2.1.6. Phwong phdp quan sat hinh thdi té bao va phat hién thé an nhdp

& Phirong phdp quan sat hinh théi khuan lac.

Té bao cua chung vi khuan dugc tién hanh pha lodng va trang ciy Ién moi
truong thach dinh dudng. Sau 24 h, kiém tra kha nang hinh thanh cac khuan lac.
Tién hanh quan sat hinh thai va mau sac caa khuan lac trén kinh 1ap soi noi SZ61
(Olympus, Nhat) ¢ d6 phong dai 40 x.

& Phuwong phdp nhuém Gram va quan sat trén kinh hién vi quang hoc.

Mau té bao vi khuan duoc nudi cay trén méi truong dinh dudng cho dén khi
moc tét. Dich huyén phu té bao duoc sir dung dé tao tieu ban nhudém Gram theo
huong dan sir dung di kém cua bo Gram color kit (Sinh Viét, Viét Nam). Tiéu ban
nhudém Gram dugc quan sat trén kinh hién vi quang hoc & d6 phong dai 1000 x.

Mau té bao vi khuan duoc nudi cay trén moi trudng 1én men tich liy PHA
trong thoi gian 30 h duoc st dung dé quan sat phat hién thé an nhap (hat PHA)
trong té bao vi khuan. Tiéu ban quan sat thé an nhap duogc thuc hién theo cac budc
tuong tu nhu qua trinh nhuém gram. Tiéu ban sau khi hoan thanh duoc quan sat
trén kinh hién vi quang hoc & d6 phong dai 1000 x. Thé an nhap néu c6 s& dugc thé
hién 1a viing sang ndi bao khi dugc quan sat dudi kinh hién vi quang hoc.

& Phuong phdp quan sdt hinh thdi hat PHA trén kinh hién vi dién tir:

Té bao vi khuan duoc nudi cy trén moi truong tich lily PHA trong thoi gian
30 h, li tdm thu 14y can sinh khbi & 10000 rpm trong 5 phit. Qua trinh xir 1y té bao
va quan sét trén kinh hién vi dién tir quét (SEM) va kinh hién vi dién tir truyén qua
(TEM) duoc thuc hién tai Vién vé sinh dich t& Trung Uong.
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2.2.2. Cdac phwong phdp sinh hoc phan tir
2.2.2.1. Phuong phép tach chiét ADN tong sé cua vi khudn
Vi khuan duogc nudi trén méi trudng giau dinh dudng (moéi trudng hoat hoa)
& 30 °C trong thoi gian 15 h. Sinh khdi té bao duoc thu lai bang cach li tam trong
cac 6ng eppendorf vo tring ¢ diéu kién 15 000 rpm trong thoi gian 5 phat. D6 bo
dich trong, riza can sinh khéi bang nuée khir ion vo tring va tién hanh li tam loai bo
dich nhu trén. Can sinh khéi duoc sir dung dé tach chiét ADN téng s6. Qua trinh
tach chiét ADN tong sé dugc thuc hién theo cac budc huéng dan s dung bo kit
K3032 AccuPrep® Genomic DNA Extraction (Bioneer, Han Qudc). ADN téng sb
thu dugc duoc tién hanh kiém tra bang phuong phap dién di trén gel agarose (1 %)
trong dém TAE 1X trudc khi tién hanh khuéch dai doan gen 16S rADN.
2.2.2.2. Phwong phdp khuéch dai gen 16S rADN
Poan gen ma hoa cho ribosome 16S rADN duoc khuéch dai tir ADN tong s6
bang phuong phap PCR sir dung hai cip mdi véi trinh tu nhu sau:
314F (5-CCTACGGGAGGCAGCAG-3')
907R (5'-CCGTCAATTCCTTTGAGTTT-3")
Va: 27F (5-AGAGTTTGATCCTGGCTCAG-3")
1492R (5'-GGTTACCTTGTTACGACTT-3")
Hon hop phan tng khuéch dai (PCR) duoc chuan bi theo huéng dan cua bo
kit AccuPower® PCR Premix (Bioneer, Han Quéc). Chu trinh nhiét caa phan tung
PCR dugc thuc hién nhu sau:
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San pham cua phan tmg PCR duoc kiém tra bang phuong phap dién di trén
gel agarose (1%) trudc khi duwoc gui di giai trinh tu tai cong ty Bioneer (Han Quéc).
2.2.2.3. Xdc dinh trinh tir 16S rADN va xay ding méi quan hé phat sinh ching logi

Mau 16S rADN duoc tinh sach va giai trinh ty tai céng ty Bioneer (Han
Quéc). Dua vao co so dir liéu caa Genbank va co so dit liéu cua RDP (Ribosomal
Database Project) dé xac dinh mtc do gan giii cta cé4c trinh ty 16S rADN thu
duoc so voi cac dir lidu sin c6. Mbi quan hé phat sinh loai dwoc phan tich dua
trén phan mém Mega 5 [188] s dung phuong phap két ndi ho hang [158]. Dua
vao céc két qua thu dugc chdng toi tién hanh xay dung méi quan hé phat sinh
chung loai caa cac chang vi khuan phan lap duoc.

2.2.3. Phwong phdp nghién ciru 18n men trén thiét bi 1én men

Nghién ctru Ién men san xuat PHA duoc ching ti tién hanh trén thiét bi
MDL 1000 (B.E. Marubishi, Nhat Ban). Cac ky thuat nudi ciy dwoc sir dung
gom cd: (1) nudi cidy me, (2) nudi mé c6 bo sung dinh dudng, (3) nudi ciy hai
pha c6 bo sung dinh dudng.
2.2.3.1. Nghién cizu 18n men mé san xudt PHA

Gidng vi khuan duoc sir dung tir cac 6ng gidng bao quan trong glycerol hozc
6ng dong khoé nham dam bao sy dong déu vé ching gidng. Chung gidng bao quan
duoc hoat hoa trén méi trudng thach dinh dudng trong 24 h, sau khi kiém tra vé mat
hinh théai té bao, cac khuan lac moc tét dugc ciy chuyén sang méi trudng nhan
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gidng va dugc nudi cdy o diéu kién 30 °C, lic 180 rpm trong 13 h dén 15 h nham
dam bao dat dugc mat do té bao can thiét.

Moi truong 1€én men st dung trong nghién ciru dugc xay dung trén co s& moi
truong nghién ciru 1én men nhu trinh bay ¢ muc 2.1.2 & trén véi mot sé thay ddi cu
thé nhu sau (g/L): NaCl — 30; MgS0,.7H,0 — 1,7; CaCl,. 2H,0 — 0,18: KCI — 1,0:
KBr — 0,12; KH,PO, — 1,1; Peptone — 3; Cao nam men — 6; Fructose — 25; khoang
vi lwgng — 1 ml). Nguon KH,PO, va fructose dugc thanh tring riéng va bd sung
ngay trudc khi tién hanh 18n men. Thanh phan khoang vi luong duoc trinh bay chi
tiét trong phan phu luc 2.

Qua trinh 18n men mé duoc tién hanh & mac thé tich 3 lit moi trudng Voi
lwong giéng ban dau duoc bo sung 10 % (v/v) & nhiét d6 (32 °C). Gia tri pH = 7,0
duoc duy tri trong suét qua trinh 1én men maot cach tu dong thdng qua cam bién dién
cuc va sir dung cac dung dich diéu chinh 1a NaOH (5N) va HCI (5N). Téc do khuay
ban dau va luong suc khi duoc cai dit & mac 200 rpm va 1 L/phat. Cac théng sé toc
d6 khuay va luong suc khi s& duoc diéu chinh trong sudt qué trinh 18n men dua trén
cac théng s6 vé mat do té bao (dua trén gi tri mat do quang & buéc séng 600 nm)
va kiém tra hinh thai ciing nhu muc d¢ tich liy cac thé an nhap noi bao sau mdi lan
thu mau nham dam bao cung cip day di oxi cho sinh truong cua té bao vi khuan.
Mau dich duoc thu sau mdi 3 h nudi cay dé tién hanh phan tich cac thong sé dong
thai 1én men (CDW, % PHA, ham lugng fructose con lai trong méi truong).
2.2.3.2. Nghién cizu 1én men mé c6 bé sung dinh dwéng san xuat PHA

Gidng vi khuan duoc sir dung tir céc 6ng gidng bao quan trong glycerol hoic
dng dong kho nham dam bao sy ddng déu vé chang gidng. Chung gidng bao quan
duoc hoat hoa trén méi trudng thach dinh dudng trong 24 h, sau khi kiém tra vé mat
hinh thai té bao khuan lac moc tét dugc cay chuyén sang méi trudng nhan gidng va
duoc nudi cdy ¢ diéu kién 30 °C, 180 rpm trong 13 dén 15 h nham dam bao dat
dugc mat do té bao can thiét.

Moi truong 1€n men st dung trong nghién ciru dugc xay dung trén co s6 moi
truong nghién ctu 18n men mé nhu trinh bay phan 2.2.3.1. Dung dich dinh dudng

dam dic I va II dung dé bo sung vao maéi trudng c6 nong do gap 10 lan méi trudng
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l&én men (phan phu luc 3; 4).

Céc théng sb ban dau cua qué trinh [8n men ban lién tuc duoc cai dit trong
tu nhu qua trinh 1én men mé & muc 2.2.3.1. Dung dich dinh dudng dam dac I duoc
bd sung tir thoi diém 3 h cho dén 18 h nudi cdy nho str dung bom nhu dong vai toc
d6 ban dau 10 ml/h va ting dan 1&n 20 ml/h; 30 mi/h; 40 mi/h; 50 mi/h sau méi 3 h
nudi cdy nhim cung cdp mdi truong hoan chinh cho sinh truéng cua té bao vi
khuan. Sau 18 h dung dich dinh dudng dam dic sb II dugc bod sung véi tée do 10
ml/h nhaim dam bao cung cap day du ngudn khoang va cac nguyén té vi luong cho
qua trinh sinh tong hop PHA. Ham luong fructose trong méi truong nudi cay duoc
phan tich sau mdi 1,5 h cta qua trinh 1én men va dugc b sung thém tiy thudc vao
mdi chién luoc 18n men nhd bom nhu dong. Mau dich dwgc thu sau mdi 3 h nudi
cay dé tién hanh phan tich cac théng sé dong thai I1én men (CDW, % PHA).
2.2.3.3. Nghién c:zu 1én men hai pha c6 bé sung dinh dwéng san xuat PHA

Lén men hai pha c6 b6 sung dinh dudng dugc thyuc hién théng qua hai pha
nudi cay doc lap. Trong pha dau tién, qué trinh nudi ciy dugc thuc hién trong diéu
Kién méi truong giau dinh dudng tuong tu qua trinh 1én men fed-batch cho dén thoi
diém 24 h. Sinh khéi vi khuan dugc tién hanh loc, rira thong qua hé thong loc tiép
tuyén vo tring nham loai bo cac thanh phan co trong méi truedng. Toan bé sinh khéi
duoc chuyén sang pha nudi cay thir hai trong diéu kién méi truong nghéo dinh
dudng (khong chwa ngudn nito) véi ngudn C du thira nham kich thich qué trinh tich
lity PHA cua té bao vi khuan. Mau dich duoc thu sau mdi 3 h nudi ciy dé tién hanh
phan tich cac théng sé dong thai I1én men (CDW, %PHA)

2.2.4. Phwrong phdp tach chiét va thu hai PHA
2.2.4.1. Tach chiét va thu hoi PHA nho dung mdi chloroform

Sinh khdi té bao thu dugc sau 1én men duoc tién hanh 1am khd trén thiét bj dong
kho Flexi Dryer (Kinetics, M¥). Hoa sinh khéi té bao véi chloroform theo ty I¢ 1 : 100
(w/v) va khudy déu trén may khudy tir & nhiét do phong trong thoi gian 3 ngay. Dich
huyén pht duoc loc qua gidy loc Whatman No.l dé loai bo xéac té bado. Dich

chloroform chira PHA duoc c6 dic nhd may cat quay. PHA duoc két taa bing cach
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nhé tiing giot dich c¢6 dac vao dung dich methanol lanh véi ty 16 1 : 5 (v/v), & qua dém
va loc qua gidy loc. PHA két taa duoc 1am khé & nhiét d6 phong va luu giit cho cac
nghién cuu tiép theo [110, 209].

2.2.4.2. Tach chiét va thu hoi PHA nhe NaOH

Thi nghiém duoc tién hanh véi cac diéu kién khac nhau vé nhiét d6, ndong do
NaOH, va thoi gian 1, ndng do sinh khi.

Quié trinh thi nghiém duoc thuc hién nhu sau: Tron dich huyén phi sinh khéi
té bao chara PHA véi dung dich NaOH theo ty 18 1 :1 (v/v) dé dat duoc cac ndng do
sinh khéi va nong do NaOH theo yéu cau thi nghiém. Hon dich sau d6 duoc t & cac
diéu kién nhiét @6 thi nghiém khac nhau (30 °C, 40 °C, 50 °C). Sau khi xt ly hoan
thanh, hén dich duoc li tdm ¢ 15 000 rpm trong 5 phit dé thu phan can. Rua can
bang nudc cat va li tam loai bo hét tac nhan NaOH va céc thanh phan hoa tan khéc
(qua trinh nay duoc lap lai 3 1an). Phan can cudi cung duoc lam kho trén may Flexi
Dryer (Kinetics, M¥) trong 24 h. Tién hanh phan tich cac chi tiéu CDW, do sach
cuia PHA, hiéu suat thu hoi PHA cua cac mau thi nghiém [21].

D6 tinh sach (%owt) = 7’".(57ng khoi lfro'ng PHA. co trong. mau (mg) £ 100
Khoi luong mdu thi nghiém sau tinh sach (mg)
Hiéu suat thu hoi PHA (H, %) duoc x4c dinh theo cdng thirc sau:

Khéi lwuong PHA tdch chiét dwoc (mg)

; ; A x 100
Khoi luong PHA co trong sinh khoi ban dau (mg)

H (%) =

Khdi lugng xac té bao (RCM) duge xac dinh theo cong thuc sau:

RCM (g/L) = Téng CDW — Téong khéi lugng PHA
2.2.5. Cdac phwong phdp phin tich
2.2.5.1. Phuong phap xdc dinh ham lwong C trong dich 1én men

+ Xay dung dwong chuan cac nguon C

Puong chuan cac ngudn C (fructose tinh khiét, xiro ngd) dwoc xay dung dua
trén phuong phap dinh lugng duong khur cia Miller va Cs (1959) [132]. Thi nghiém
duoc tién hanh nhu sau: Chuan bi ngudn C trong nudc khir ion véi cac ham luong
khéc nhau tir 0,05 mg/ml dén 0,3 mg/ml. Sau d6 hat 0,5 ml mdi dung dich ngudn C
vao cac 6ng phan tng khac nhau, bd sung thém 0,75 ml dung dich thudc thir DNS.
Hon hop phan ung duge dun cach thay trong thoi gian 5 phat & 100 °C. Sau dé, cac
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6ng phan tng duoc 1am ngudi dén nhiét o phong. Tién hanh do gia tri d6 hap phu ¢
budc sdng 540 nm. Xay dung mdi twong quan gitra ham luong C va gié tri d6 hap
phu trong tng dua vao chuong trinh Microsoft Excel

016 - y = 0.0825x + 0.0206

0.14 1 R2 = 0.9955
0.12 -

0.1 4
0.08 -
0.06 -
0.04 -
0.02 -

0

g fructose

(mg/ml)

Ham lwon

0 05 1 15 2
OD 540nm
Hinh 2.1. 6 th; thé hién méi twong quan gitra ham heong fructose va gia tri mdr dé quang

0.14 +
y =0.0909x + 0.0272
R2? = 0.9906

0.12 -

Ham lwgng xiro ngo
(mg/ml)

0 0.2 0.4 0.6 0.8 1 12
OD 540nm
Hinh 2.2. 6 thi thé hién méi tuwong quan giiva ham lirong Xiro ngd va gia tri mat

do quang

* Xdc dinh ham Ivong nguén C cé trong dich Ién men

Ham lwong ngudn C c6 trong dich 1én men dwoc xac dinh dua trén phan
rng DNS va tinh toan dwa vao dudng chuan cua mdi ngudn C twong (ng. Quy
trinh tién hanh nhu sau: Li tAm dich 1én men dé thu Iy phan dich trong. Sau d6
hat 0,5 ml dich nay chuyén sang éng phan tng, bé sung 0,75 ml dung dich thudc
ther DNS. Tién hanh dun cach thuy hdn hop phan ¢ng trong thoi gian 5 phit &
100 °C. Lam ngudi hdn hop phan tng dén nhiét do phong va tién hanh do d6 hap



47

phu cua dich phan tng & buéc séng 540 nm. Dwa vao gié tri ¢6 hap phu thu dugc
dé tinh toan ham luong C thyuc té c6 trong mdi trudng 1én men theo phuong trinh
& hinh 2.1 va hinh 2.2.
2.2.5.2. Phuong phdp xdc dinh khoi lwong té bao khd (CDW)

Dich nudi ciy dugc hat vao 6ng mau di sy kho va can khéi luong ban dau
(my). Tién hanh li tim & 15 000 rpm (trong 5 phut), d6 bo dich trong, thu ldy phan
sinh khéi lang. B6 sung nudc vao sinh khéi thu duoc, tron déu trén may Vortex, tiép
tuc li tdm & 15 000 rpm (trong 5 phut), d6 bo dich trong (qua trinh nay duoc l3p lai
3 lan) dé loai bo céac thanh phan hoa tan cia méi truong con sot lai. Ong mau chira
sinh khéi duoc tién hanh lam khé dén khéi lwong khong ddi trén may dong kho
trong vong 24 h va can xac dinh lai khdi lugng (m,) [150]. Khéi luong khd té bao
(CDW) dugc tinh toan dua vao cbng thic sau:

m; —my
V
Trong d6:  CDW — Khdi lugng sinh khéi khd (g/L)

m; — Khéi lugng 6ng miu ban dau (gam)

CDW =

m,— Khéi luong 6ng mau sau li tdm va 1am kho (gam)
V — Thé tich dich nuéi cay dem 1i tam (lit)
2.2.5.3. Phwong phdp dinh lwong PHA c6 trong sinh khai té bao
£ Chudn bi mau
Mau sic ki khi duoc chuan bi theo phuong phap thiy phan trong methanol
(methanolysis) nhu trinh bay cua Braunegg va Cs (1978) [32]. Can khoang 10 mg
mau sinh khdi chita PHA vao dng pha mau, bé sung 1 ml chloroform va 1 ml dung
dich thiy phan methanolysis (85 % methanol; 15 % axit sulfuric) c6 chtra chat
chuan benzoic (0,4%). Tién hanh thuy phan mau ¢ 100 °C trong thoi gian 3 h. Bé
ngudi dén nhiét do phong, bd sung 0,5 ml nude khir ion va tién hanh tron déu trén
may Vortex trong thoi gian 30 gidy. Hon dich s& phan tach thanh hai pha khi dé
tinh: trong d6 pha dudi la chloroform chira cac methylester, pha trén 1a pha nudc va
cac thanh phan xac té bao. Dung pipet Pasteur hit liy pha duéi dua qua Na,SO,
khan dé loai bo hét phan nudc con lai, sau d6 chuyén vao cac 6ng mau dé tién hanh
phén tich trén may GC.
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* Chuwong trinh phan tich

Qué trinh phan tich mau duoc thuc hién theo phuong phap trinh bay boi Silva
va Cs (2000) [168] trén hé thdng sic ki khi 7890A (Agilent Technologies, M¥), sir
dung cot phan tich mao dan HP-5 (Agilent Technologies, M¥). P(3HB-co-12 mol%
3HV) (Sigma Aldrich, M¥) duoc st dung nhur 13 chat ngoai chuan. Mau phan tich (20
ul) duoc dwa vao dau caa cot phan tich (front inlet) va dugc hoa hoi & nhiét 46 220 °C,
sau d6 dugc dua vao cot boi dong khi mang N,. Nhiét d6 cot ban dau duge cai dat duy
tri & 50 °C trong 1 phut, sau d6 nhiét d6 duoc ting 1én 185 °C véi toe do 20 °C/pht va
duy tri tai diém nhiét do nay trong 2 phut. Cac hop chét khac nhau cé trong mau duoc
nhan dién bai dau do ion hda ngon hra (FID — flame ionization detector) va dugc thé
hién trén sic ki do.

10 +

8 - y = 0.0066x + 0.0769
R2=0.9991

Khoi lwgng 3-HB (mg)
I

0 200 400 600 800 1000 1200 1400
Dién tich dinh (pA*min)

1.2 - y =0.0042x + 0.0154
R2 =0.9987

Khéi lrgng 3-HV (mg)
o
D

0 50 100 150 200 250 300
Dién tich dinh (pA*min)

Hinh 2.3. Mdi twong quan giira khoi lwong phan doan 3-hydroxyalkanoic véi gia tri
dién tich pho sac ki khi
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+ Xay dung phwong trinh twong quan: Mau P(3HB-c0-12 mol% 3HV)
(Sigma) dugc sir dung 1am chat chuan trong qua trinh phan tich. Mau chat chuan
v6i cac khoi luong khic nhau dwoc chuan bj theo phuong phap thiy phan trong
methanol (methanolysis) nhu trinh bay & trén trude khi tién hanh phan tich sic ki
khi. Mbi twong quan giita ham luong mdi phan doan cau tric nén PHA chuan Vi
c4c gia tri dinh phé twong tng do duge dugc thé hién ¢ hinh 2.3.

+ Tinh toan ham /wrong PHA: Dua trén dién tich dinh thu duoc théng qua
qua trinh sic ki két hop véi phuong trinh trong quan caa chat chuan ban dau, phan
mém phan tich trén may sé& tu dong tinh todn dé dua ra khoi lugng mdi phan doan
ciia PHA c¢6 trong miu phan tich. Khéi lwgng PHA trong mau duoc tinh bing tong
khdi lwong cac phan doan. Tir d6 ham luong PHA c6 trong sinh khéi té bao duoc
tinh theo céng thurc sau:

Khéi lwong PHA cé trong mdu phdn tich (mg)

%PHA (%wt) = x 100 %

Khéi lwong mau dem phan tich (mg)
2.2.5.4. Phurong phdp phan tich céng hwong tir xdc dinh cau trac PHA

Mau té bao chira PHA duoc tach chiét nho phuwong phap dung moi sir dung
chloroform nhu trinh bay & muc 2.2.4.1. Mau PHA duoc hoa trong dung méi CDClj
trude khi duoc tién hanh phan tich phd cong hudng tir hat nhan proton (*H-NMR) &
tan s6 500 MHz trén thiét bi Brucker ARX500 Spectrometer (Brucker, Sikertrifen,
Puc) & didu kién nhiét do phong. Cau tric PHA dugc xac dinh théng qua phd thu
duoc nho phan mém Brucker UXNMR.
2.2.5.5. Cac phwong phap xac dinh thugc tinh ly héa cua vt lieu PHA

* Phuong phdp xdc dinh cac thudc tinh co hoc cua vat liéu PHA

- Chuan bi mau mang PHA: Hoa tan san pham PHA vao chloroform cho dén
tan hoan toan. Trai luong dich nay 1én dia Petri da duoc chinh thang bang va dat trong

diéu kién nhiét 46 phong cho dén khi thu dugc mang PHA kh.
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H‘Ir)h 2.4. Céc budc chudn bi mau va phd}:t tich co hoc vat lieu PHA
- Tién hanh phan tich: Mang PHA dugc cat theo hinh 2.4-A, cac gié tri kich

thudc bé ngang va do day ciia mang duoc xac dinh bang thiét bi Micrometer. Pt mau
mang PHA vao giita hai khung gidy da duoc chuan bi san (hinh 2.4-B, C). Thudc tinh
co hoc cua vat liéu PHA duoc kiém tra trén may phan tich strc cing Shimadzu EZTest
(Nhat). Pua mau 1én may, kep chat hai dau caa ban mau bang cac thanh kep va tién
hanh phan tich tu dong (hinh 2.4-D, E).

* Phuwong phadp xac dinh thugc tinh nhiét cua vat lieu PHA [30]

Thudc tinh nhiét cua vat liéu PHA dugc phéan tich trén may quét nhiét vi
sai DSC 60A (Shimadzu, Nhat). Can 0,3 mg mau PHA cho vao khay nhom, day
nap va ép chat nap véi khay bang thiét bi chuyén dung. Miu d6i chang l1a khay
nhom khong c6 PHA. Pua ca mau d6i chiing va thi nghiém 1én may va tién hanh
phan tich. Chu trinh nhiét duoc thuc hién nhu sau: (1) nhiét 36 mau duogc dua 1én
190 °C véi tbec do 10 °C/phat va gitr trong 2 phat, (2) nhiét 6 miu duoc ha
xubéng — 40 °C véi toc do -20 °C/phut, (3) nhiét ¢6 mau tiép tuc duoc ting 1én
190 °C véi téc do 10 °C/phdt. Dya trén dudng thay d6i mirc nang lugng trong
qué trinh bién thién nhiét d6 cia mau dé xac dinh cac gia tri nhiét d6 hda tinh thé

(Ty) va diém nhiét &6 nong chay (T).
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+ Phwong phdp sdc ki gel tham thau ( GPC)

Khéi luwgng phan ti trung binh (M,,), trung binh khéi luong phan tir (M,,), do
phan tan (PDI) ciia PHA dugc xac dinh dua trén phan tich sic ki gel tham thau
(GPC). Mau PHA dugc hoa vao chloroform dé dat dugc nong d6 1 mg/ml. Qua
trinh phan tich duoc tién hanh trén hé thdng sic ki 1200 GPC (Agilent, M¥) st
dung dau do khic xa (RI) va hé cot phan tich Shodex K-802 va K-806M (Showa
Denko, Tokyo, Nhat Ban) & 40 °C. Chloroform dugc sir dung lam pha dong vai toc
d6 dong 1 ml/phat [30]. Céc gié tri M,,, M,,, PDI dugc xac dinh dua trén phan mém
chuong trinh ctia may.

2.2.6. Nghién ciru kha nang phdn hiiy sinh heoc cua vt liéu PHA
2.2.6.1. Phurong phadp tao vat ligu mang PHA

San pham PHA dugc hoa trong chloroform cho dén tan hoan toan. Trai dich thu
duoc 1én dia Petri sach da duogc dit thang bang va cd dinh. Phit mot 16p mang nhém co
duc 156 nho 1én phia trén dia Petri va dé ¢ nhiét ¢ phong trong thoi gian 24 h. Mang
PHA thu dugc ¢6 mau trong, dai. Dé mang PHA 6n dinh ¢ nhiét d6 phong trong thoi
gian 7 ngay trudc khi tién hanh thi nghiém kiém tra phan hity sinh hoc [178].
2.2.6.2. Thi nghiém nghién cizu kha nang phan huy sinh hoc cua vat lieu PHA [178]

Mau mang PHA dugc cit thanh cac manh nho co kich thudce 1 x 2 cm. Céc
mau duoc can trudc khi tién hanh thi nghiém (m,) va duoc dit trong cac tai ludi
(hinh 2.5). Thi nghiém phan hay dugc tién hanh & 3 dia diém vai hai loai mau (thu
h6i nho chloroform — ki hiéu NT, thu hdi nhd NaOH — ki hiéu T) c6 d6 day khac
nhau (0,06 mm va 0,12 mm) trong diéu kién bé mit (S) hoic chén lap (B). Cac mau
duoc ki hiéu thdng nhat theo quy luat sau: Dia diém thi nghiém — Logi mdu thi
nghiém va do day — diéu kién thi nghiém. Vi du: L;-NT;-S la thi nghiém duoc thuc
hién & dia diém 1 voi mau PHA thu hdi nhd chloroform cé do day 0,06 mm va diéu
kién thi nghiém bé mat.

Céac mau duoc chon l4p & cac vi tri thi nghiém khac nhau véi cac do sau khéc
nhau. Sau cac khoang thoi gian khac nhau, cac tGi mau duoc thu thap, ria bang

nudéc cat. Cac mau PHA duoc sdy kho & nhiét d6 40 °C trong thoi gian 24 h.
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Hinh 2.5. M6 hinh thi nghiém nghién ci:u kha nang phdn hiy sinh hoc

Can khdi lwong mau sau khi sdy khd (m,) va xac dinh mirc d6 giam khdi lwong
cua mau. Sy thay doi trang thai bé mat cia mau mang thi nghiém duogc xac dinh trén
kinh hién vi dién tir quét (SEM). Thay ddi cau triic héa hoc cua soi PHA duogc xac dinh
dua trén phan tich sic ki gel tham thiu (GPC).
2.2.7. Phwong phap todn hgc

Céc s6 liéu phan tich duogc thu thap va xi ly thdng ké theo ham ANOVA dua
trén chuong trinh MS Excel. Céac gia tri thu dwgc dem so sanh chuan Fisher & mac y
nghia 95 %.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Phan 1ap va tuyén chen vi khuén sinh téng hep PHA
3.1.1. Két qud phan lgp va tuyén chen so b vi khudn sinh téng hep PHA

Cac mau dét, bun va nuéc thai thu thap tai cac diéu kién sinh thai khac nhau
chung t6i da tién hanh phan Iap va tach thuan duoc 869 chung vi khuan, trong d6 c6
300 chung tir ¢4t RNM Yén Hung — Quang Ninh, 425 chung thu dugc tir dat RNM
Giao Thuy — Nam Binh, va 144 chung tir ¢at — ban — nuéc thai tir lang nghé san
xuat bun Mach Trang. Tap hop cac vi khuan nay duoc sir dung lam nguén tuyén
chon chang gidng vi khuan c6 kha ning sinh tong hop PHA.

Nudi cay cac chung vi khuan nay trén méi truong sir dung glucose la ngudn
C duy nhat va c6 bd sung chat chi thi Nile Blue A. Sau 48 h, sang loc c&c chung c6
kha ning sinh téng hop PHA bing cach soi dudi tia UV & budc séng 254 nm (hinh
3.1) két hop véi quan sét cac thé an nhap trong té bao trén kinh hién vi quang hoc &
d6 phong dai 1000x. Két qua ching t6i thu duoc 50 ching vi khuan (chiém khoang
6 % tong sb cac chung phan lap dugc) c6 biéu hién duong tinh (khuan lac phat mau
cam sang khi duogc chiéu tia UV — hinh 3.1) va cd xuit hién cac thé an nhap khi
quan sat dudi kinh hién vi quang hoc, trong 6 17 chiing c6 ngudn tir dat RNM Yén
Hung — Quang Ninh (chiém 5,67 % tong sé chung phan lap tai khu vuc) (duoc ki
hiéu: QN71, QN83, QN84, QN102, QN124, QN126, QN131, QN142, QN187,
QN194, ON225, QN227, ON232, QN262, QN265, QN271, QN281), 13 chiing c6
nguon tir dat RNM Giao Thay — Nam Binh (chiém 3 % cac chang phan lap dugc tai
khu vuc) (duogc ki hiéu: ND97, ND145, NDP153, NB156, ND199, ND201, ND203,
ND210, ND218, ND240, NDP325, ND389, ND355), va 20 chung ¢ ngudn tir Mach
Trang — Pong Anh — Ha Noi (chiém 13,9 % téng s6 cac ching phan lap duoc taai
khu vuc) (dugc ki higu: MT15, MT21, MT29, MT33, MT56, MT65, MT70, MT71,
MT72, MT84, MT85, MT88, MT90, MT97, MT112, MT123, MT129, MT132,
MT133, MT144).
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Khuin lac
duongtinh
sinh téng hop
PHA

Hinh 3.1. Hinh dnh tuyén chon so bé céc ching vi khuan cé khd ndng sinh tong hop
PHA trén moi truong c0 chira Nile Blue A

(A — Céc vi khudn ter rirng ngdp man; B — Cac vi khudn tir 1ang san xudt bin Mach Trang)

Dua trén két qua thu duoc ching téi thdy rang chi khoang 6 % trong tong sé
869 chung vi khuan phan lap duoc thé hién kha ning tich lily PHA (khi st dung
glucose nhu 1a nguon C). Ty Ié xuat hién vi khuan c6 kha nang sinh tong hop PHA
dao dong tir 3 % dén 13,9 % tuy theo khu vuc ldy mau dat. Trong d6 khu vuc lang
bin Mach Trang (Péng Anh, Ha Noi) ¢6 ty Ié cao hon so véi hai khu vuc dat ngap
man (Yén Hung — Quang Ninh; Giao Thuay — Nam Dinh). Ham lugng dinh dudng
cao, dic biét 1a ngudn C doi dao, co thé 1a nguyén nhan chinh khién cho ty 1& cac vi
khuan c6 kha niang sinh tong hop PHA & khu vuc lang san xuat bun cao hon so Vi
hai khu vuc nghién ctu con lai. Két qua ty 1¢ vi khuan dat c6 kha niang sinh tong
hop PHA thu duoc trong nghién cau nay 1a kha twong dong véi mét sb cong bd
khac. Nghién ciu cua Kung va Cs (2007) cho thay c6 khoang 10 % trong tong s6
1027 chung vi khuan phan lap duoc & cac diéu kién sinh thai dat khac nhau c6 biéu
hién tich lity PHA [107]. Céc két qua thu duoc khi phan lap vi khuan c6 kha niang
sinh tong hop PHA & cac diéu kién sinh thai dit vuon va dat ngap man ven bién cua
Shrivastav va Cs (2010) ciing cho két qua tuong tu véi 23/160 chang (khoang 14
%) thé hién dwong tinh khi st dung ngudn phu pham cua cong nghiép san xuat
biodiesel [167]. Chi c6 4/42 (chiém 9,5 %) chung vi khuan phan lap duoc tir cac
viing ngap man khac nhau thé hién kha nang sinh tong hop PHA da duoc Arun va
Cs (2009) cong bé [23]. Trong khi d6 theo Wu va Cs (2000) ty 1é cac vi khuan c6
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kha niang sinh téng hop PHA trong dat c6 thé cao hon va 1én t&i 30 % [210]. Mic
di vay mét s6 nghién ctru ciing da chirng minh rang viéc sir dung cac k§ thuat phan
lap truyén théng thuong cho két qua phat hién vi khuan cé kha ning sinh tong hop
PHA thap hon nhiéu so Véi cac phuong phép st dung ki thuat phan tir nham phat
hién su c6 mat cua gen phaC & cac vi khuan phan lap tir dat [67].

3.1.2. Khd ndng sinh téng hop PHA ciia cac ching vi khudn tuyén chen

Céc chung vi khuan (50 chung) thu duoc théng qua qué trinh chon loc so bd
duoc nudi ciy trén moi trudng 1&n men tuyén chon véi nguon C 1a glucose. Sinh
khdi sau nudi cay duoc 1am kho va tién hanh phan tich dinh lugng nhiam xac dinh
chinh xé&c kha ning sinh tong hop PHA cua cac chung vi khuan nay. Két qua phan
tich cho thay hau hét cac chang vi khuan tuyén chon déu c6 kha nang tich liy PHA
véi cac mirc do khéac nhau (phu luc 5). Phan 16n cac ching vi khuan c6 mic dé tich
lity thap hon 20 %wt. Trong khi 10 chang vi khuan (véi cac ki hiéu NP97, NP153,
ND199, ND218§, ND240, QN187, QN194, QN271, MT15, va MT33) c6 kha nang
tich Ity PHA ndi bao trén 20 %wt nhu trinh bay ¢ bang 3.1.

Trong sb 10 ching vi khuan o trén, chang vi khuan ki hiéu ND153 thé hién
kha ning sinh tong hop polymer cao nhat véi ham luong tich lily dat 65 %wt. Trong
cung diéu kién nudi cay, cac chung vi khuan dugc ki hiéu ND97, QN187, QN271,
MT15, MT33 thé hién mac do tich liy PHA thap hon (48 %wt; 44 %wt; 48 %wt; 53
%wt; va 51 %wt, theo thir tw). Ba chung vi khuan con lai c6 ham lwong PHA trong té
bao dat dudi 35 %wt (bang 3.1). Tién hanh phan tich té bao caa 10 chung vi khuan
nay bang phuong phap nhuém soi trén kinh hién vi quang hoc & d6 phong dai 1000x
chung tdi thiy rang té bao cac chung vi khuan nay déu c6 chtra cac khoang sang noi
bao khong bit mau (phu luc 6). Tién hanh phan tich k§ hon trén kinh hién vi dién tir
truyén qua (TEM, Vién Vé sinh Dich t& Trung Uong) ching tdi thay rang té bao cac
chang vi khuin nay déu tich lity cac hat polymer phan bé ngau nhién trong té bao voi
s6 luong trung binh dao dong tir 2 - 5 hat/té bao va ¢ mau trang voi kich thude khac
nhau (hinh 3.2).



56

Bang 3.1. Khd ndng sinh triong va sinh tong hop PHA cia céc chung vi khudn

duroc tuyén chon (trich tir phu luc 5)

Ki hi¢u chung | CDW (g/L) Ham lwgng Thanh phan PHA (mol%)
PHA (%wt) 3HB 3HV
Nb97 3,1 48 100 0
Nb153 3,1 65 100 0
QN194 2,2 26 100 0
NDb199 2,6 34 98 2
NDb218 2,3 24 97 3
QN271 5,1 48 100 0
QN187 3,8 44 100 0
NDb240 3,2 28 100 0
MT15 3,1 53 98 2
MT33 4,2 51 97 3

Hinh 3.2. Anh chup kinh hién vi dién tii truyén qua (TEM) hat PHA duoc tich lity
ngi bao bai cac chung vi khuan tuyén chon
(A—NDP153; B—NDP199; C—-QN187; D - QN271; E - MT15; F — MT33)
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Hinh 3.3. Phé 500 MHz 1H-NMR cuia P(3HB) tach chict tur sinh khéi chiing QN194
(A) va ND199 (B) khi nudi cay trén nguon glucose

PHA duoc tong hop tir 10 chung vi khuan nay dwoc tach chiét va tién hanh
phén tich cong huong tir hat nhan proton 'H-NMR tai Vién Héa Hoc (Vién Han 1am
Khoa hoc & Cong nghé Viét Nam) nham xac dinh chinh xac thanh phan ciu tao cua
ching. Két qua cho thdy cac mau PHA duogc tong hop bai cac chang vi khuan
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ND199, NP218, MT15, va MT33 c¢6 phd twong dong véi pho cua loai copolymer
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV)] véi ham lugng
phan doan 3HV tir 2-3 mol%. Trong khi poly(3-hydroxybutyrate) [P(3HB)] duoc
téng hop bai cac chung vi khuan con lai (bang 3.1, hinh 3.3).

3.1.3. Pdc diém hinh thai té bao va khudn lac ciia cac chaiing vi khudn tuyén chen

10 chiang vi khuan tuyén chon duoc tién hanh phan tich cac dic diém vé hinh
thai té bao va khuan lac theo cic phuong phap duoc trinh bay ¢ muc 2.2.1.6
(chuong 2). Két qua phan tich dwoc trinh bay tém tit dudi day voi hinh anh duoc
trinh bay chi tiét trong phan phu luc 7.

Chung vi khudn NP97, khuan lac det, tring nga, bé mit gon, khong béng,
khuan lac khong tron, c6 mép ring cwa. Co6 cham ¢ gitta hoi 16i, mau sim. Pudng
kinh khuan lac d: 14,0-15,0 mm. T¢ bao hinh que ngan, kich thuéc dao dong 0,7-1,2
X 1,6-3,0 pm, c6 kha ning di déng. Pugc xac dinh thuéc nhém vi khuan Gram
duong c6 kha nang hinh thanh ndi bao tu.

Chung vi khudn NP153, khuan lac det, mau tring nga, bé mat ¢ gon. Khuan
lac khong tron c¢6 mép rang cua. CG cham & giira hoi 10i, mau sim. Puong kinh
khuan lac d: 8,0-10,0 mm. Té bao hinh que ngan, kich thuéc dao dong 0,8-1,2 x
2,0-3,5 um, ¢6 kha ning di dong. Pugc xac dinh thuoc nhém vi khuan Gram dwong
c6 kha nang hinh thanh ndi bao ti.

Chung vi khudn QN194, khuan lac det, hoi bong, mau tring nga. Bé mat gon,
khuan lac khong tron c6 mép rang cwa. C6 cham ¢ gitta hoi 16i. Puong kinh khuan
lac d: 9,0-14,0 mm. Té bao hinh que ngin, kich thuéc dao dong 0,5-0,7 x 1,0-2,5
um, c6 kha nang di dong. Pugc xac dinh thuoc nhém vi khuan Gram dwong c6 kha
nang hinh thanh ndi bao ta.

Chung vi khudn QN187, khuan lac tron, hoi 16i, mau vang sam. B&é mat bong,
tron nhan, nhay nhaét. Buong kinh khuan lac d: 5,0-7,0 mm. Té bao hinh que ngan,
c6 kha nang di dong, kich thudc té bao dao dong tu 0,4-0,7 x 1,5-3,0 um. Buogc xac
dinh thugc nhém vi khuan Gram &m khéng hinh thanh noi bao ti.

Chuing vi khudn NDP199, khuan lac tron, hoi 16i, mau vang sim. B& mat bong,
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tron nhan, nhay nhét, khdng vién. Puong kinh khuan lac d: 5,0-7,0 mm. Té bao
hinh que ngan, kich thudc dao dong 0,8-1,1 x 1,2-2,2 pum, c6 kha ning di dong.
Puoc x4c dinh thugc nhém vi khuan Gram am khéng hinh thanh noi bao ti.

Chung vi khudn NP218, khuan lac tron nho, hoi 16i, mau vang sim. Bé mat
bong, tron nhin, nhay nhét. Buong kinh khuan lac d: 2,5-3,0 mm. Té bao hinh que
ngén, kich thuéc dao dong tir 0,4-0,6 x 1,0-3,0 pum, c6 kha ning di dong. Puoc xac
dinh thugc nhém vi khuan Gram am khéng hinh thanh noi bao ti.

Chuing vi khudn ND240, khuan lac tron, hoi 16i, mau vang sim. B& mat bong,
tron nhan, nhay nhat, khdng vién. Puong kinh khuan lac d: 4,0-5,0 mm. Té bao c6
dang hinh que ngén, kich thuéc dao dong tir 0,3-0,5 x 1,5-3,5 um, ¢6 kha ning di
dong. Pugc xac dinh thuéc nhém vi khuan Gram am khéng hinh thanh noi bao ta.

Chung vi khudgn QN271, Khuan lac tron, hoi 16i, mau vang sam. Bé mat
bong, tron nhin, nhay nhét, khéng vién, khdng c6 cham & gitra. Puong kinh khuan
lac d: 4,0-5,0 mm. Té bao c6 dang hinh que ngén, kich thuéc dao dong tir 0,4-0,7 x
1,4-2,5 pm, ¢6 kha niang di dong. Puogc xac dinh thuoc nhém vi khuan Gram am
khdng hinh thanh néi bao tir.

Chung vi khudn MT15, Khuan lac tron déu, kho, mau trang nga, mép khuan
lac 6 vién ring cua. Puong kinh khuan lac d: 3,0-5,0 mm. Té bao c6 dang hinh que,
t& bao 16n kich thude dao dong tir 1,25-1,35 x 4,1-6,94 pm, c6 kha ning di dong.
Pugc xac dinh thuoc nhém vi khuan Gram duong c6 kha nang hinh thanh noi bao tu.

Chung vi khugn MT33, Khuan lac tron déu, mau vang nhat, 16i ¢ gitta, mép
khuan lac tron. Buong kinh khuan lac d: 4,0-6,0 mm. Té bao hinh que ngan, kich
thude dao dong tur 1,01-1,35 x 2,14-2,95 um, c6 kha nang di dong. Puoc xac dinh
thugc nhom vi khuan Gram duong c6 kha niang hinh thanh noi bao tu.

Két qua phan tich cho thay cac vi khuan c6 kha ning sinh tong hop PHA phén
lap tir dat ¢ ca 3 khu vuc thu thap mau phan bé ¢ ca hai nhom vi khuan Gram duong va
Gram am. Nhiéu nghién ciru da cong b vé cac vi khuan sinh tong hop PHA ciing cho

nhitng két qua tuong ty nhu trong nghién ctu cia chdng ti. Trong sé 15 chung vi
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khuan thé hién kha nang sinh tdng hop PHA phan lap duoc tir cac ngudn bun thai cua
cdng nghiép gidy duogc Bhuwal va Cs (2013) cong b thi c6 4 ching duoc xép vao
nhom Gram am va 6 chang con lai thudc vi khuan Gram duong [30].

Tong hop két qua phan tich cac dic diém hinh thai cing vai cac két qua phan
tich dinh luong thu dugc & trén (muyc 3.1.2) ching t6i két luan ca 10 chung vi khuan
tuyén chon dugc déu cd kha nang sinh truéng va tich lity PHA tét trén ngudn C 1a
glucose. Tuy nhién trong qué trinh thuc nghiém ching tdi nhan thay hai chang vi
khuan MT15 va MT33 phan lap duoc tir lang san xuat ban Mach Trang 1 cac vi
khuan thudc nhom Gram dwong, dong thoi ¢ hién tuong hinh thanh noi bao tir khéa
s&m trong qua trinh nudi cay tich liy PHA (hinh 3.1-E va 3.1-F). Pay 1a nhiing dic
diém bét loi d6i v6i qua trinh san xuat PHA bai: (1) su hinh thanh bao ta trong qué
trinh nudi cay anh hudng dén kha niang sinh truéng va tich liiy polymer cua té bao,
va (2) gdy khé khin trong qua trinh tach chiét-thu hoi va tinh sach san pham, (3) rat
it cac chang vi khuan Gram duong duoc nghién ctiru va str dung trong san xuét hién
nay boi khé khan trong qua trinh tach chiét-thu hoi san pham. Ngoai ra, trén thé gigi
da c6 nhiéu cong trinh nghién cau cdng bd vé cac vi khuan sinh tong hop PHA phan
lap tir c&c hé sinh thai nudc ngot, song lai ¢6 rét it cac nghién ctu vé nhém vi khuan
nay & hé sinh thai dat rirng ngap man. Vi vay ching toi quyét dinh lua chon 8 ching
vi khuan da tuyén chon duoc phan 1ap tir dat rimg ngap man dé tién hanh cac nghién
ctru sdu hon vé da dang va kha nang sinh tong hop PHA.

3.1.4. Pic diém sinh ly — héa sinh cia cac ching vi khudn tuyén chen phan lap
tir dét rieng ngdp mén

Tom tit cac dic diém sinh ly-hoa sinh cua 8 chang vi khuan tuyén chon duoc
trinh bay & bang 3.2. Ca 8 chung vi khuan tuyén chon phan lap duoc tir dat ring
ngap man déu cd kha ning sinh catalase va oxidase, khong tao indol. Piéu d6 chung
to6 rang ddy 1a cac vi khuan hiéu khi bat budc. Nhiét d6 téi thich cho sinh truéong cua
cac chung vi khuan nay nam trong khoang 30 °C dén 40 °C cho thay day 1a céc vi
khuan wa am. Trong khi phan Ién céac vi khuan tuyén chon c6 pH sinh truong ti
thich twong d6i trung tinh (6,0 dén 7,0) thi hai chung NDP218 va ND240 lai sinh

truong tét trong moi trudng bazo nhe (7,0 — 8,0).
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Phén tich tac dong cua nong d6 mudi NaCl dén kha ning sinh truong cua ca
8 chang vi khuan tuyén chon, ching tdi nhan thay 3 chang vi khuian Gram duong
(NDP97, NP153, QN194) c6 kha ning sinh truong tét nhat trong diéu kién néng do
mudbi tir 0-10 %o, chtng té day 1a cac chang vi khuan chiu man. Trong khi 5 ching
vi khuian Gram am con lai (v6i cac ki hiéu ND199, ND218, ND240, QN187,
QN271) lai sinh truong tot trong diéu kién d6 min cao hon nhiéu. Nong d6 NaCl
thich hop cho 5 chung nay dao dong tir 30 %o dén 70 %o (bang 3.2).

Rung ngap man la khu vuc giao thoa gitra méi truong nudc ngot va nudc
man, & d6 su thay d6i nong d6 mudi dugc dién ra mot cach rat thudng xuyén. Pay
c6 thé 1a nguyén nhan giai thich mirc do dép ung da dang véi cac nong do mudi
khac nhau cua cac vi khuan phan lap duoc tir khu vuc nay. Ngoai ra, viéc tich liy
PHA néi bao khéng chi thuc hién nhiém vu tich trir vat chat/nang luong, ma né con
dong mot vai trd gidp té bao vi khuan song sét trong nhitng diéu kién bat lgi cua
moi trudng [124-125]. Chinh vi thé cac chang vi khuan chiu mian ma ching toi
phan lap duogc van co thé ton tai duoc trong diéu kién ndng d6 mudi cao cua hé sinh
thai dat risng ngap man.

Chung t6i cling da tién hanh so sanh cac dic diém sinh ly — hoa sinh cia 8
chung vi khuan phan Iap tir da&t RNM véi voi hai chang vi khuan c6 ngudn gc tir
hé sinh thai ngap man di dwoc nghién ctu rat ki 1a Bacillus cereus va Yangia
pacifica [50, 102]. Hau hét cac dic diém hinh théai va sinh ly — héa sinh cua 3 ching
vi khuian Gram duong 13 kha twong ddng so véi & lodi B. cereus trir mot vai khac
biét nho. Két qua tuong tu thu dugc khi chung t6i d6i chiéu cac diac diém cua 5
chung vi khuan Gram am thu duoc voi ching vi khuan Yangia pacifica. Phan 16n
cac dic diém hinh théai va sinh ly — hoa sinh cua cac ching nay 1a twong tu nhau va
gidng vai o Y. pacifica. Bén canh d6 c6 mot vai diém khac biét vé kha nang sinh
téng hop céc enzyme thay phan casein, gelatin, tinh bot ciing nhu kha ning st dung

mot s6 nguon C (bang 3.2).
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Bang 3.2. Pdc diém sinh ly — hoa sinh ciia cac chung vi khudn sinh téng hop PHA phan Idp tir dat ring ngdp mén

bac diém ND97 ND153 | QN194 Cell?gus QN187 ND199 | ND218 | ND240 | QN271 pachl;ica
[102] [50]
1. bieu kién sinh truéng toi thich
Nhiét do (°C) 35-37 35-37 37-40 37 30-33 30-33 33-35 30-33 33-35 37
pH 6-7 6-7 6-7 6-8 6.5-7.5 6.5-7.5 7-8 7-8 6.5-7.5 7.5
NaCl (%o, W/v) 0-10 0-10 0-10 <20 20-30 40-50 60-70 40-50 40-50 50
Hiéu khi + + + + + + + + + n
2. Pac diém sinh ly
Catalase + + + + + + + + + +
Oxidase + + + + + + + + + +
Urease - - - - + + + + + +
Gelatinase + + + + - - - - - +
Caseinase + + + + - - - - - T
Amylase + + + + - - - - - +
Tao indol - - - - - - - - - -
Tht Methyl do + + - + - - - - - -
Thir Voges-Proskauer + + - + - - - - - -

3. Sir dung nguon C
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Citrate

NR

D-Galactose

NR

D-Gluconate

NR

D-Fucose

NR

L-Fucose

NR

L-Arabitol

NR

Tinh bot

D-Rafinose

NR

Maltodextrin

NR

Maltose

Mannitol

Lactose

Fructose

L-Rhamnose

NR

D-Xylose

NR

Inositol

Sorbitol

Inulin

NR

Salicin

NR

Glucose
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Saccharose + + + + -
Carboxyl methyl

ceIIqusi, ' . NR ) - NR
Cellobiose + + + + NR
a-Methyl-D-mannose - NR - - NR
a-Methyl-D-glucose - NR - - NR
Dextrin + NR + + NR
Glycerol + + + + NR
Ri duong + NR + + NR

(Ghi chti: +: duong tinh; - : &m tinh; NR : khdng nghién cuu)
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3.1.5. Méi quan hé phat sinh chiing logi ciia cac ching vi khudn tuyén chen

Vat liéu di truyén caa 8 chung vi khuan tuyén chon phan Iap tir ¢it RNM
duogc tach chiét dé tién hanh khuéch dai doan trinh tu gen 16S rADN bing phan tng
PCR (hinh 3.4), san pham duoc giri sang cdng ty Bioneer (Han Quéc) dé tién hanh
xac dinh trinh tu nucleotide. Dya trén viéc so sanh trinh tu nucleotide cta doan gen
16S rADN thu duoc tir cAc chung vi khuan véi céc trinh tyu luu trix trén GeneBank
chdng tdi thay ring cac chang vi khuan vai ki hiéu ND97, ND153, QN194 ¢6 mdi
quan hé gan giii véi cac loai thudc chi Bacillus. Trong d6 chung vi khuan ND97 va
NP153 ¢6 quan hé gan giii voi nhau (voi mie do twong dong dat 98,3 %) va gan
giii vai loai B. cereus (99,3 % va 98 %, theo thir tu). Trong khi mic d6 twong dong
trinh ty 16S rADN cua chung QN194 la 98,2 % so véi trinh ty cua hai chiang

Bacillus aryabhattaii va Bacillus megaterium (hinh 3.5-A).
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Hinh 3.4. Kiém tra két qua phdn iing khuéch dai trinh tir 16S rADN trén agarose
(Tha ty giéng tir 1-9 nhu sau: ND97; ND153; QN194; QN187; ND199; NP218; NP240; QN271; 1 kb ladder)
Tién hanh phan tich tuong tu véi cac ching vi khuan Gram am (QN187,
QN271, ND199, NP218, va ND240) ching t6i nhan thay rang chdng c6 méi quan
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hé gan giii v6i loai Yangia pacifica thugc nhém a-proteobacterium. Muc do tuong
ddng trinh tu 16S rADN cua cac chung nay véi Yangia pacifica dao dong tir 98,4 %
dén 98,9 %. Bén canh do, cac vi khuan nhdm o-proteobacterium khéc thugc cac chi
Citreicella va Roseivivax c6 mic d6 twong dong téi 97.4 % vai 5 chang vi khuan
noi trén (hinh 3.5-B).

A 94 — Strain ND153 (JQ691603)
53 Strain ND97 (JQ691602)

581L Bacillus cereus ATCC 14579 (AE016877)

100 Bacillus thuringiensis ATCC 10792 (AF290545)

Bacillus weihenstephanensis WSBC 10204 (AM747230)
Bacillus subtilis DSM 10 (AJ276351)
Strain QN194 (JQ691604)

100 Bacillus aryabhattai B8w22T (EF114313)
100 I:Bacrﬁus megaterium ATCC 145817 (GU252112)

0.005

B g5 [~ Strain QN187 (JQ691605)
%Strain QN271 (JQE91609)
Strain ND240 (JQ691608)

94

Strain ND199 (JQ691606)
ar 89 —i Strain ND218 (JQ691607)
49 Yangia pacifica DX5-107 (AJBTT265)

96 Citreicella thiooxidans CHLG1T (AYE39887)

&5 Citreicella marina CK-13-67 (EU928765)
Citreicella aestuari AD&T (FJ230833)

27 ——— Roseobacter litoralis ATCC 495661 (X78312)
wol Roseobacter denitrificans OCH 114 (M59063)
Pelagibaca bermudensis HTCC2607 (DQTEE60)

| | 497|— Salipiger mucescens A3 (AY527274)
Palleronia marisminoris B337 [AYSZG64G2)

60 Roseivivax halodurans OCh 2397 (D85829)
95 Raoseivivax halotolerans OCh 2107 {D85831)

0.005

Hinh 3.5. Moi quan h¢ phét sinh chung logi cua céc ching vi khuan sinh tong hop
PHA phén lgp ter dat rieng ngdp man

T6m lai, dua trén cac dic diém hinh thai, sinh ly - hoa sinh, két hop vai cac

phan tich di truyén chung toi da c6 thé dinh loai va dat tén cho cac chung vi khuan
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tuyén chon phan lap tir dat ring ngap mén nhu sau: Bacillus sp. ND97, Bacillus sp.
ND153, Bacillus sp. QN194, Yangia sp. ND199, Yangia sp. ND218, Yangia sp.
ND240, Yangia sp. QN187, Yangia sp. QN271. Cac trinh tu 16S rADN cua 8 chung
vi khuan nay da duoc chiing t6i diang ky trén co so dir liéu NCBI voi céc ki hiéu tir
JQ691602 dén JQ691609 (chi tiét trong phan phu lyuc 8).

Bacillus 14 chi vi khuan kha phé bién trong tu nhién, déng thoi day ciing 1a chi
tiém nang vai nhiéu loai da duoc bao céo c6 kha nang sinh tong hop PHA [166, 193].
P(3HB) Ia loai PHA phé bién duoc tich lily boi cac chung thudc chi nay trén ngudn
cachohydrate, ngoai ra mét s it chung co thé tich liy cac copolymer khi duoc bd sung
nguon tién chat C thich hop [193]. Cac két qua nghién ctu ciia ching t6i thu duoc doi
véi 3 chung vi khuan duoc xéac dinh thudc chi Bacillus (ND97, ND153, QN194) ciing
khéng phai ngoai 18 vai san pham PHA chi chira phan doan 3HB khi sinh trudng trén
nguon C la glucose. Nhiéu nghién ctu da dugc cong bd gan day ddi véi cac chung vi
khuan thudc chi Bacillus phan 13p tir méi truong ngap min ciing thu dugc nhitng két
qua tuong tu nhu trong nghién ctru ctia chung téi [54, 126, 159, 200].

Ngoai chi Bacillus, cac vi khuan cd kha ning sinh tong hop PHA dugc phan Iap tir
mdi truong ngap man 1a kha da dang thudc nhiéu chi nhu Staphylococcus, Micrococcus,
Rhodococcus, Methylobacterium [126],Paracoccus [126, 127], Vibrio [23, 140],
Pseudomonas [200], Shaccharophagus [71] d¢a dugc cong bé gan day. Bén canh
d6, nhiéu chang vi khuan wa min phan 1ap tai cac méi truong nudéc man thudc
chi Halomonas di dwgc chang minh c6 tiém ning trong san xuat PHA [36, 104,
149, 166]. Hau hét cac chi vi khuan nay ciing déu thuoc nhém vi khuan
proteobacteria. Bén canh do, cac két qua thu duoc cua nghién ctiru ndy cho thay kha
nang tich liy PHA da dang (ca P(3HB) va P(3HB-co-3HV)) cua cé4c vi khuan phan
lap tir dat rirng ngap man thudc chi Yangia. Trong khi d6, bén canh cac dan liéu vé
dic diém hinh thai, sinh ly — hoa sinh, thi chiing vi khuan Yangia pacifica DX5-10T
chi dwoc nhéc t6i kha nang tich liy P(3HB) [50].

Cho dén nay cac dan liéu dugc cong bd vé hé vi khuan sinh tong hop PHA &
Viét Nam con rat han ché. Chung vi khuan V23-X1.1 da duoc Mai va Cs (2010)

phan lap duoc tir vo X0ai cat c6 kha ning sinh téng hop P(3HB) khi str dung ngudn
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glucose va dugc dinh danh dén loai Bacillus cereus [4]. Nhém nghién cau Vién
Codng nghé Sinh hoc (Vién Han lam & Khoa hoc Viét Nam) da s dung chung vi
khuan dot bién Alcaligenes latus VN1-20 trong nghién cau san xuit P(3HB) [1].
Tuy nhién, chwa c6 nhom nghién cru ndo cdng bd kha ning sinh téng hop PHA tir
cac vi khuan phan lap tir dat thu thap ¢ Viét Nam. Két qua thu dugc trong nghién
ctru cta ching toi gép phan bé sung sb liéu vé sy da dang cua hé vi khuan dat c6
kha ning sinh PHA ¢ Viét Nam. Trong nghién ciru ndy, ngoai cac chung vi khuan
chiu man thudc chi Bacillus (ND97, ND153, QN194) c¢6 kha nang sinh tong hop
P(3HB) thi cac chung vi khuin wa min thudc chi Yangia c6 kha ning tich liy ca
P(3HB) (& ching ND240, QN187, QN271) va P(3HB-c0o-3HV) (ching ND199 va
ND218) cling da duoc chiing toi xac dinh.

Nhu vay, tir 50 ching vi khuan thé hién kha nang tich liiy PHA (30 ching tir
dat ring ngap man; 20 chung tir dat bun va nudc thai lang nghé san xuat bun),
chung t6i di tién hanh nghién ctu sau hon vé 8 ching vi khuan tiém ning nhat.
Trong s6 d6 chung vi khuan ND199 duogc ching tdi lua chon cho céc nghién ctu
sau hon vé 1én men va tinh sach polymer bagi cac i do sau: (1) thugc nhém vi khuan
Gram &m, (2) c6 kha nang tich lity copolymer P(3HB-c0-3HV). Bén canh d6 chung
vi khuan nay d3 dugc phan tich di truyén va dugc xac dinh rit gan giii véi loai
Yangia pacifica DX5-10T va dugc dinh tén la Yangia sp. ND199. Yangia la mét chi
kha méi trong hé thong phan loai véi sé lwong thanh vién dugc cong bd vo cing
khiém tén. Dac biét chua cé cong trinh nao trude day trén thé gidi va Viét Nam
nghién ciru mot cach hé thong va chi tiét vé kha nang tich lity PHA boi cac vi khuan
thuoc chi nay.
3.2. Nghién ctru cac diéu kién 1én men tich liiy PHA ciaia chiing vi khuin Yangia
sp. ND199
3.2.1. Anh hwéng ciia nquén dinh dwéng dén sinh truwéng va tich liiy PHA
3.2.1.1. Anh hwong cua cac nguon C

Déi vai cac vi khuan c6 kha nang sinh tong hop PHA thi nguon C khang chi

cung cap vat lidu va niang luong ciu trdc té bao ma day con 1a ngudn nguyén liéu
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chinh phuc vu cho qua trinh tich lily cac hat polymer ndi bao. Nguon C c6 anh
huong quan trong dén qua trinh trao d6i chat noi bao qua d6 chi phdi con dudng
sinh tng hop PHA cua té bao vi khuan.

Chung t6i dd tién hanh kiém tra anh huong cua mot sé6 ngudén C thong
thuong dén sinh truéng va mie do tich liy hat PHA caa chung vi khuan Yangia sp.
ND199. Két qua trinh bay ¢ bang 3.3 cho thiy rang trong s6 cac ngudn C thir
nghiém thi fructose thé hién nhu 13 nguén C phu hop nhét cho qua trinh tich liy
polymer noi bao cua ching vi khuan nay véi ham lugng PHA dat dugc 14 66,9 %wi.
Tiép dén la nguon xiro ngd (thanh tring va khong thanh tring) véi ham lweong PHA
dat lan luot 1a 58,3 %wt va 54,6 %wt. Trén nguon glucose, mac di muc do tich liy
PHA noi bao c6 cai thién hon so véi khi tuyén chon so bd, song gia tri nay chi dat
47,5 %wt thap hon kha nhiéu so véi khi nudi cay trén nguon fructose. Ri duong va
glycerol ciing 1a nhitng nguon C tiém ning cho san xuat PHA tir chung vi khuan
Yangia sp. ND199 véi ham luong polymer dat lan luot 12 35 % wt va 40,1 %wt.
Mtc d6 tich lity PHA ndi bao ciia chung vi khuan nay chi dat dudi 20 %wt khi nudi
cay trén nguon C la saccharose va maltose (bang 3.3).

Bang 3.3. Anh huong cia nguon C dén sinh trueng va sinh tong hop PHA cua
chung vi khuan Yangia sp. ND199

Thanh phan PHA
NgudnC | CDW (g/L) (;)"\'N’i) ?(fl'_\;' (Mol%)
g 3HB | 3HV

Ri duong 385+0,13 | 350+1,32 | 250+0,21 | 96,8 32
Glucose 378+01 | 475+32 | 1,98+007 | 96,9 3,1
Glycerol 361+053 | 40,1+1,8 | 2,16+0,11 | 93,9 6,1
Fructose 487+048 | 669+21 | 1,61+0,17 | >99 vét
Saccharose 3,43+0,06 | 18,2+0,43 | 2,81 +0,02 83,8 16,2
maltose 268+0,06 | 136 +1,52 | 232+0,05 | 79,5 20,5
Xiro ngd 424 +027 | 583+0,77 | 1,77+0,23 | 98,4 1,6
Xiro ng6 khong

413+0,17 | 546+1,36 | 1,88+0,08 | 98,6 1,4
thanh trung
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Ban chat cua qué trinh sinh tong hop PHA 1a mét qua trinh chuyén hoa vat
chat noi bao co lién quan mat thiét va anh huéng qua lai dén cac con duong trao doi
chat cua té bao vi khuan. D4i véi phan 16n céc vi khuan hiéu khi, cac loai duong
hexose 1a nguon C dé& duogc sir dung nham phuc vu cho qua trinh sinh truéng va trao
d6i chat. Trong trudng hop vi khuan sinh tong hop PHA, sy sinh truéng nhanh
chéng cua quan thé té bao co thé dan dén su suy giam nhanh cua cac thanh phan
moi trudng khac nhu nguon N va cac nguyén té khoang gay nén tinh trang mat can
bang dinh dudng. Chinh vi vay muc do tich lity PHA noi bao cua chang vi khuan
Yangia sp. ND199 trén cac ngudn glucose, fructose va xiro ngd cao hon so voi
nhitng ngudn C con lai. Bén canh d6, anh hwong qua lai gitta qua trinh sinh tong
hop PHA voéi cac hoat dong trao doi chat noi bao khac nham cau tric té bao vi
khuan con duoc thé hién ¢ chi s6 khéi lugng té bao con lai (residual cell mass —
RCM). Mirc do tich liiy PHA ndi bao dién ra cang manh mé khién cho mirc do sinh
tong hop cac thanh phan cau tric té bao tré nén yéu di. Két qua 1 sy ting sinh khoi
té bao ty I& nghich véi muc do tich lity PHA ndi bao (bang 3.3).

Mic du glucose dugc sir dung nhu 13 mot ngudn C théng dung trong nghién
ctru sinh tong hop PHA d4i véi nhiéu loai vi khuan d3 dugc cong bé [95, 97, 131,
164]. Tuy nhién trong nghién ciru ndy ching toi thay rang c6 su khac biét 16n veé
kha niang sinh truong va mac do tich liy PHA cua chang vi khuan Yangia sp.
ND199 trén hai ngudn co chét glucose va fructose (bang 3.3). O hau hét vi khuan
hiéu khi, qua trinh chuyén héa dudng hexose thanh axit pyruvic dugc thuc hién theo
con duong dudng phan. Theo con dudng nay, viéc st dung fructose cd thé gidp cho
té bao vi khuan chuyén héa co chat C nhanh chéng hon so véi khi str dung glucose.
Pay c6 thé nguyén nhan giai thich cho su chénh léch kha Ién vé mic do tich liy
PHA noi bao khi nudi ciy chung vi khuan Yangia sp. ND199 trén hai ngudn C nay.

Mot nguon C ré tién khac rat dang quan tdm 1a nguon ri duong tir cong
nghiép san xuat dudng mia va dudng cu cai. Két qua trinh bay & bang 3.3 cho thay,
mac di chang vi khuan Yangia sp. ND199 chi tich lily PHA ndi bao dat 35 %wt
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song phan tich cho thay gia tri RCM thu duoc cao gap 1,5 1an so véi khi sir dung
ngudn fructose. Bén canh thanh phan chinh 1a saccharose, ri dudng con chira mot
lwgng nho duong don (glucose va fructose). Boi vay mure d6 tich lily PHA thu duoc
cua chang vi khuan Yangia sp. ND199 khi nudi cay trén ri duong cao hon so véi khi
sir dung saccharose tinh khiét trong khi gia tri RCM dat duoc khong hé thua kém.
Cac két qua thu duoc & trén cho thay ri duong va xiro ngd hoan toan c6 thé 1a 1a
nhitng nguon C tiém nang giap giam chi phi san xuat PHA tir chung vi khuan nay
néu co céc cong nghé 1én men phu hop.

Trén cac ngudn C thar nghiém, san pham P(3HB-co-3HV) thu duoc ¢d thanh
phan phan doan 3HV thay doi tly vao timg trudng hop cu thé. Mic du luong PHA
tich ity cao nhét khi str dung fructose 1am nguén C, song ham lwong 3HV lai chiém
ty 1& thip (< 1 mol%). Trong khi nguoc lai ham lwong nay dat téi 20,5 mol% khi
maltose duoc sir dung lam nguén C trong moi truong nudi cdy. San pham PHA tir
nguon xiro ngd ciing chira phan doan 3HV dao dong tir 1,4 dén 1,6 mol%, ddng thoi
ham lugng polymer tich lity ndi bao thu dugc kha cao (trén 54 %).

San pham P(3HB-co-3HV) thuong duoc tong hop khi nudi cay cac chang vi
khuan trén nguon C két hop gitra glucose va propionate hoic valerate [94, 160,
186]. Tuy nhién mot s6 vi khuan ciing ¢6 thé sinh tong hop P(3HB-co-3HV) khi sir
dung cacbohydrate nhu 13 ngudén C duy nhét théng qua con duong sinh tong hop
mot s6 loai axit amin [128, 190]. Mot s6 cong bé ciing da cho thay cac ching vi
khuan Rhodococcus sp. NCIMB 40126 [78], Bacillus sp-256 [106], Bacillus sp.
88D [153], Halogranum amyloticum [219] c¢6 kha ning sinh tong hop P(3HB-co-
3HV) khi nudi ciy trén cac ngudn duong don. Dwa vao hé enzyme noi bao, vi
khuan sir dung cac con duong trao d6i chit khac nhau dé chuyén héa nguon C thanh
san pham PHA nhu trinh bay & muc 1.3.2. Kha ning sinh tong hop P(3HB-co-3HV)
cua chung vi khuan Yangia sp. ND199 khi dugc nudi ciy trén cac ngudn duong cho
thiy c6 thé qua trinh chuyén hda vat chit dé tao PHA dugc thuc hién theo céc con
duong H va K (hinh 1.5, muc 1.3.2). Tuy nhién dé xac dinh chinh xac con dudng
chuyén hda ngudn C thanh PHA cua chung vi khuan nay can cé nhitng nghién cau

phan tir sau hon nira V& cac qua trinh trao d6i chat noi bao.
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Kha ning tich lily PHA voi ham lwong cao va san pham polymer chaa cha
yéu phan doan 3HB (> 99 %mol) thu duoc khi nudi ciy ching vi khuan Yangia sp.
ND199 trén ngudn fructose. Vi vay ching tdi lya chon fructose nhu 13 ngudn C co
s& cho cac nghién ctru sau hon vé kha ning sinh téng hop ciing nhu nghién ciu 1én
men san xuat PHA tir chung vi khuan nay.
3.2.1.2. Anh hurong cua mét so tién chat d@én kha nang tich liiy va thanh phan PHA

Thanh phan ciu trdc va thudc tinh cua san pham PHA tir vi khuan phu thudc
vao nguon C ban dau, con dudng trao doi chat dé chuyén hoa nguon C dé thanh tién
chat c4u tric polymer, va tinh dic hiéu co chat cia PHA synthase. San pham P(3HB)
c6 tinh chat ciing va gion 1a loai PHA pho bién duogc tao ra tir hau hét cac loai vi
khuan. Céac loai PHA khic nhu P(3HB-co-3HV), P(3HB-co-4HB), P(3HB-co-
3HHX),... ¢6 tinh linh dong va dan hdi hon song it chung vi khuan cé thé tao ra cac
polymer nay khi nudi cay vi khuan trén ngudn cacbohydrate méa thuong phai duoc bo
sung cac tién chat vao mai truong [128]. Tién chat Ia cac hop chét c6 bo khung C gan
tuong d6ng voi cac don phan mong mudn, do d6 khi dugc bd sung vao maéi truong co
thé gitp da dang cac san pham PHA thu dugc trong qua trinh nudi cdy. Cac
copolymer nhu poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV)]
hay poly(3-hydroxybutyrate-co-4-hydroxybutyrate) [P(3HB-co-4HB)] c6 thé thu
duoc khi b sung mot s6 tién chat lién quan nhu propionic acid, valeric acid, 1,4-
Butanediol, y-Butyolactone trong qua trinh nudi ciy vi khuan [37, 52, 115, 173].
Chinh vi thé chiing t6i d tién hanh thi nghiém bd sung mét sé tién chat ¢ bd khung
cabon khac nhau (tir C4 dén C8) vao mai truong nudi cay chang vi khuan Yangia sp.
ND199 nhiam nghién citu sy anh hudng dén sinh truong va tich lily PHA, dong thoi
gi4 kha ning tao ra sy da dang san pham PHA tir chiing vi khuan nay.

Nhu trinh bay ¢ bang 3.4, CDW va ham luong PHA cao nhét (4,3 g/L va
61,6 %wt, theo thir tu) thu dugc khi fructose dugc sir dung nhu 1a ngudn C duy
nhat. O hau hét céc 16 thi nghiém con lai, khi cac tién chat duoc bd sung vao moi
treong thi CDW va ham lugng PHA bi giam dang ké. Két qua thu duoc chiing to su
sinh truong va kha nang tich lily PHA cua ching vi khuan Yangia sp. ND199 bj tc
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ché khi cac tién chit duoc b sung vao méi truong nudi cdy. Su suy giam muc do
sinh trudng ciing nhu kha ning sinh t6ng hop PHA cua vi khuan khi bé sung tién
chat vao méi trudng nudi cdy da dugc mot sé tac gia ghi nhan [116, 145].

Bang 3.4. Anh huong cuia CAc tien chat C dén sinh truong va sinh téng hop PHA
cua chung vi khuan Yangia sp. ND199

Nguén C CDW Ham lwong | Thanh phan PHA
(o/L) PHA (mol%)

(Yowt) 3HB | 4HB | 3HV

Fructose 4,32 +£0,03 61,6 +0.4 100 0

Fructose + 1,4-butanediol 237+0,1 | 546%0,7 | 943 57

Fructose + 1,5-pentanediol | 2,17+0,02 | 457172 100 0

Fructose + 1,6-hexanediol 217+0,03 | 433+16 100 0

ol O O] o] ©

Fructose + y-butyrolactone | 2,27+0,03 | 361+25 | 929 | 71

Fructose + natri 4-
hydroxybutyrate

247+0,09 [ 55,2+138 96,0 4,0 0

Fructose + natri valerate 208+0,12 | 39,3+29 91,9 0 8,1

Fructose + natri hexanoate | 2,22+0,03 | 43,7+0,1 100 0 0

Fructose + natri heptanoate | 2,61+0,06 | 555+11 95,1 0 4,9

Fructose + natri octanoate 1,67+0,03 | 331+19 100 0 0

Nhu thé hién & bang 3.4, khi fructose va t6 hop cua fructose véi cac tién chat
nhu 1,5-pentanediol, 1,6-hexanediol, natri hexanoate, va natri octanoate duocC Sir
dung nhu 13 ngudn C, san pham PHA thu duoc cd thanh phan 1a P(3HB) va duoc
xac dinh dya trén phan tich cong huong tir hat nhan proton (*H NMR) (hinh 3.6).
C4c tién chét 1,5-pentanediol, 1,6-hexanediol, natri hexanoate, va natri octanoate da
dugc sir dung dé tao ra cac phan doan 3-hydroxypropionate (3HP), 4-
hydroxybutyrate (4HB), va 3-hydroxyhexanoate (3HHXx) khi nudi ciy cac chang vi
khuan Alcaligenes eutrophus [56], Alcaligenes latus [198] hoic Bacillus sp. INT005

[186]. Tuy nhién két qua thu dwoc trong nghién ctu ndy cho thay rang chang vi
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khuan Yangia sp. ND199 khong c6 kha ning chuyén hda cac ngudn tién chét nay dé

tao cac phan doan twong duong trong polymer.

3
3
CH, (lil)
|
£CH—-CH,—C3%
1 2
3HB
CDCI3
2
1
l |1
T T T T T T
7 6 5 4 3 2 1 Pem

Hinh 3.6. Phé 1H NMR ciia PHA tach chiét tir ching Yangia sp NP 199 khi nudi trén
nguon fructose

Copolymer P(3HB-co-3HV) c¢d thé duoc sinh tong hop khi cac don phan
3HB va 3HV duoc tao ra trong qua trinh trao ddi chat noi bao. Mot sé vi khuan cé
kha niang sinh tong hop P(3HB-co-3HV) trén nhitng nguon C thong thudng nhu dau
thue vat [14, 137], glucose va glycerol [153]. Trong khi cac vi khuan khac can phai
duoc bd sung cac tién chat nhu propionate, valerate hodc heptanoate vao moi trudng
nudi cy dé cd thé tao ra P(3HB-co-3HV) [94, 160, 186]. Trong nghién citu nay khi
C4c tién chat nhu natri valerate va natri heptanoate dugc sir dung gidp té bao chung
vi khuan Yangia sp. NDP199 tich liiy P(3HB-c0-3HV) véi ham luong 3HV tuong
g dat duoc 12 8,1 mol% va 4,9 mol% dura trén phan tich sac ki khi. Két qua phan
tich phé *H NMR ciing cho thdy cac dinh twong ng cua loai copolymer P(3HB-co-
3HV) (hinh 3.7).
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Hinh 3.7. Phé 1H NMR ciia P(3HB-co-3HV) tach chiét tir Yangia sp. ND199 khi

nudi cay trén nguon fructose két hop véi tién chdt natri valerate

Bang 3.5. Anh hwong cua Cac Nong dé natri heptannoate dén sinh téng hop P(3HB-
co-3HV) cua ching vi khuan Yangia sp. ND199

Nong d¢ natri CDW Ham hrgng PHA Thanh phan PHA
heptanoate (/L) (Wt%o) (mol%o)
(9/L) 3HB 3HV
0,5 2,61 +0,06 555+ 1,1 95,1 4,9
1 2,42 £ 0,03 57,5+1,6 90,7 9,3
1,5 2,37 0,02 51,1+2,3 85,4 14,6
2 2,33 +0,02 52,3+ 1,3 82,3 17,7
2,5 2,32 +£0,03 54,0+ 1,5 81,2 18,8
3 2,03 £0,05 51,6 £2,0 80,7 19,3

Anh huéng cia ndng do natri heptanoate dén sinh truéng va sinh téng hop

P(3HB-co-3HV) bai chang vi khuan Yangia sp. ND199 ciing dwoc ching tdi kiém
tra va két qua duoc trinh bay o bang 3.5. Sinh khdi khé (CDW, g/L) thu dugc giam
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tir 2,61 g/L xudng 2,03 g/L khi nong do heptanoate b6 sung vao méi truong ting tir
0,5 g/L dén 3 g/L. Mic du kha nang tich liy P(3HB-co-3HV) dudng nhu khong
chiu tac dong cua viéc thay doi nong do heptanoate, song ty 1¢ phan doan 3HV c6
su sai khéc rd rét theo chiéu hudng tang dan tir 4,9 mol % lén 19,3 mol%. Két qua
thu dugc phu hop véi nhitng bao cdo trude day vé anh huéng cua tién chat caa 3HV
t6i ty 1¢ phan doan 3HV trong PHA, nhung c6 thé ¢ ché sy sinh trudng va tich liy
polymer [30, 45, 94]. Ty I¢ phan doan 3HV trong P(3HB-c0-3HV) tang 1én gitp
cho san pham PHA giam bét muc d6 két tinh va tro nén dan hoéi hon (bang 1.1). Cac
nghién ctru da chi ra raing mie d6 két tinh cua P(3HB-co-14 mol% 3HV) va P(3HB-
c0-20 mol% 3HV) & khoang 56 % va 50 %, theo thir tu, va thap hon nhiéu so voi
P(3HB) ddng hinh (dao dong khoang 60 dén 80 %) [20].
Poly(3-hydroxybutyrate-co-4-hydroxybutyrate) [P(3HB-co-4HB)] ciing la
mét trong nhitng PHA rit dang chd y vai cac thugc tinh quy (bang 1.1). Tuong tu
nhu P(3HB-co-3HV), dé co thé tong hop dugc P(3HB-co-4HB) ciing can ¢ céc
don phan twong tng. Mot vai cong bd cho thdy P(3HB-co-4HB) cd thé duogc tong
hop boi cac vi khuan tai to hop nhu E. coli tir nguon C thong thuong [119, 195].
Trong khi phan Ién céc vi khuan con lai (ké ca chung dai va tai to hop) can duoc bd
sung céc tién chat lién quan tuong Gng nhu 1,4-butanediol, y-butyrolactone, hozc
natri 4-hydroxybutyrate trong qué trinh nudi ciy dé c6 thé sinh téng hop copolymer
nay [16-17, 25, 81, 98, 133]. Két qua nghién ctru chung tdi thu dugc ciing cho thay
chang vi khuan Yangia sp. ND199 c6 kha ning tong hop P(3HB-co-4HB) khi cac
tién chat 1,4-butanediol, y-butyrolactone, hoic natri 4-hydroxybutyrate duoc b
sung trong quéa trinh nudi cay (bang 3.4, hinh 3.8). Nhu trinh bay & bang 3.4, phan
doan 4HB cao nhat (7,1 mol%) thu dwgc khi y-butyrolactone dwoc bd sung, tiép dén
la 1,4-butanediol (5,7 mol%) va natri 4-hydroxybutyrate (4,0 mol%). Nguoc lai,
CDW dat 2,47 g/L va ham luong polymer dat 55,2 %wt thu dugc khi natri 4-

hydroxybutyrate dugc bo sung lai cao hon so véi hai nguon tién chat con lai.



77

3
3
CH; 0 O
I Il [
£O0-CH-CH,-C3}£0-CH,-CH,-CH,-C3}
1 2 6 5 4
3HB 4HB
CDCI3
2
1
6 |5 |
] —— ,,_4'.\-- A ———————D U A e A i Rl N i
b it 4] (it cbbodind’] Naibg e SR it (50T P A h Sed Tl ] T\ SiBadidt) NogthdBoodfo i thdiockt i3 b Mo iiniiodt] Thelietidindiyabinidil)
7 6 - 4 3 2 1 ppm

Hinh 3.8. Pho 1H NMR ciia P(3HB-co-4HB) tach chiet tir Yangia sp. ND199 khi
nuoi cay trén nguon fructose ket hop vai natri 4-hydroxybutyrate

Mot s6 chung vi khuan wa man c6 kha ning sinh tong hop P(3HB) va P(3HB-
co-3HV) tir cac ngudn C khac nhau di duoc cong b [36, 93, 105, 152]. Tuy nhién
chua c6 bao cdo nao vé kha ning sinh tong hop P(3HB-co-4HB) boi cac vi khuan
ua man. Kha ning sinh tong hop P(3HB-co-4HB) trén ngudn co chat fructose két
hop véi mot so tién chét cho thay Yangia sp. ND199 1a mot chung vi khuan tiém
nang trong tuong lai bdi kha nang tng dung cao cua vat liéu P(3HB-co-4HB) trong
linh vuc y hoc va dugc pham.

Anh huéng cia ndng do cac tién chat cho don phan 4HB dén sinh trudng va sinh
tong hop P(3HB-co-4HB) boi chang vi khuan Yangia sp. NP199 da duoc ching toi
kiém tra. Két qua trinh bay & bang 3.6 cho thiy rang sy thay doi nong d6 1,4-
butanediol hau nhu it anh huong dén sy sinh truong, sinh tong hop polymer, va
thanh phan phan doan 4HB ¢ ching vi khuan nay. Két qua thu dugc tuong tu doi
v6i chang Cupriavidus sp. USMAA2-4 khi ting ndng do 1,4-butyrolactone. Tuy
nhién, phan doan 4HB c6 thé ting 1én khi ting ndng do6 hon hop 1,4-butyrolactone

va y-butyrolactone b6 sung vao méi trudng nudi cdy [195].
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Bang 3.6. Anh hirong ciia CAc nong dp 1,4-butanediol dén sinh tong hop P(3HB-co-
4HB) cua chung vi khuan Yangia sp. ND199

Tiénchat | Nongdd | CDW Ham lwgng | Thanh phan PHA
(g/L) (g/L) PHA (mol%)
(Wt%o) 3HB 4HB
0,5 2,37 +£0,1 54,6 £ 0,7 94,3 57
1 2,33+0,05 55,6 £0,6 94,7 53
1,5 2,34 £ 0,02 549+0,3 94,6 54
1,4-butanediol
2 2,27 £ 0,09 55,0+£2,5 95,2 4,8
2,5 2,30 £ 0,04 55,0x1,2 94,9 51
3 2,23 £0,02 54,4+ 17 95,0 5,0
0,5 2,27 0,04 36,1+25 92,9 7,1
1 2,2+0,01 24,8 £ 0,6 93,3 6,7
15 2,06 = 0,08 20515 93,7 6,3
v-butyrolactone
2 2,00x+0,14 19,7+ 2,3 94,1 59
2,5 1,85+0,01 17,6 £0,3 93,8 6,2
3 1,75 £ 0,02 183+1,1 94,2 58
0,5 2,47 0,09 55,2+1,8 96,0 4,0
1 2,43 £ 0,04 55,3+1,2 94,78 5,2
Natri 4- 15 2,39 £ 0,03 52,2 0,7 94,4 5,6
hydroxybutyrate 2 2,37 0,03 53,6 1,0 94,1 5,9
2,5 2,351 0,05 53,712 94,0 6,0
3 2,35 0,04 543+14 93,7 6,3

Trong khi @6 cac gia tri CDW, ham luong P(3HB-co-4HB), cling nhu ty 1&
phan doan 4HB giam di dang ké khi ndng d6 y-butyrolactone tang tir 0,5 g/L 1én 3
g/L. Su c6 mat cua y-butyrolactone véi ndng do cao trong méi trudng co thé da gay

doc ddi vai té bao vi khuan va vi thé ic ché manh sy sinh truéng ciing nhu sinh




79

téng hop polymer cua té bao. Céc két qua di cong bd ddi véi hai chang vi khuan
Cupriavidus sp. USMAA 1020 va Cupriavidus sp. USMAA2-4 ciing cho thay su
giam CDW va mirc do tich liy P(3HB-co-4HB) trong khi thanh phan phan doan
4HB lai ¢6 xu hudng ting khi ndng d6 y-butyrolactone bd sung vao méi truong nudi
cdy tang lén [17, 195]. Nguoc lai, mic di CDW va ham luong P(3HB-co-4HB)
khong c6 su sai khac gitra cac nong d6 bd sung natri 4-hydroxybutyrate, tuy nhién
phan doan 4HB lai c6 xu huéng ting nhe khi ndng do tién chat natri 4-
hydroxybutyrate dugc bo sung vao méi truong tang 1én (bang 3.6).

CAu trlic hoa hoc cua hau hét cac PHA da biét - ngoai trir P(3HB), P(3HB-
c0-3HV) va P(3HB-co-3HHX) - thuong khong thé dugc tong hop tir cac nguon C
thong dung. Do dé dé c6 thé tao dugc cac PHA chira don phan mong mudn thi céc
tién chat lién quan thudng duoc bd sung vao méi trudng trong qué trinh nudi cay.
Bén canh d6, mtrc do dic hiéu co chat cia PHA synthase ciing 1a mot yéu té quan
trong quyét dinh loai PHA duoc tao ra tir cac nguon C tién chat nay [128]. Két qua
nghién ctu thu duoc & trén cho thiy cac tién chat C4 (1,4-butanediol, v-
butyrolactone, natri 4-hydroxybutyrate) va C5 (natri valerate) va C7 (natri
heptanoate) c6 thé 1a ngudn tac nhan cam tng téng hop céc loai enzyme noi bao can
thiét ctia cac con dudng trao doi chat tao nguyén liéu cho qua trinh sinh tong hop
PHA ¢ chang vi khuan Yangia sp. ND199. Qua trinh sinh tong hgp PHA & chiang vi
khuan Yangia sp. ND199 trén cac ngudn co chat khac nhau mot 1an nira cho thay su
thich (ng ctia bo may di truyén & vi khuan trong ty nhién d6i véi ngudén C cd mat
trong moi truong song. Dua vao cac dit liéu thuc nghiém va Iy thuyét ching t6i co
thé tam thoi xay dung gia thuyét cac con dudng trao doi chat co ban trong qua trinh
sinh tong hop PHA cua chang vi khuan Yangia sp. ND199 nhu trinh bay & hinh 3.9.
Cac con duong gia thuyét ndy cd thé 1a co s¢ tién dé cho dinh huéng nghién ctu sau
hon vé di truyén ciing nhu tim hiéu co ché sinh Iy — hoa sinh cua qué trinh sinh tong

hop PHA & chang vi khuan nay trong tuong lai.
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Kha ning sir dung phd co chat rong bai PHA synthase 12 mot wu thé cua chung
vi khuan Yangia sp. ND19 cho phép tao ra cac loai polymer mong muén. Ty 1é cac
phan doan 3HV va 4HB trong san pham PHA c6 thé thay doi dugc bang cach diéu
chinh ndéng do cac tién chat bd sung trong qué trinh nudi ciy. Do d6 hoan toan c6
thé tao ra dugc cac PHA véi mol% cac don phan nay cao bang cach bo sung céc
tién chat twong ng nhu natri heptanoate (cho 3HV) hay natri 4-hydroxybutyrate
(cho 4HB) véi ndéng do cao vao mdi truong nudi cdy. Tuy nhién, nhu két qua thu
dugc ¢ trén thi phan I6n cac tién chat nay déu thé hién tac dong wc ché sinh truong
cua té bao chang vi khuan nay. Dac biét d6i véi y-butyrolactone con 1am giam kha
nang tich lily ciing nhu thanh phan 4HB trong copolymer.

Axitbéomach C lé

1,4-Butanediol
(vidu. Heptanoic o
acid, Valeric acid, \1, n
w) Pyruvate
‘1’ 4-Hydroxybutyrate
Acetyl-CoA l 5
1
Propyonyl-CoA Valeryl-CoA \ 4 4-Hydroxybutyryl-CoA
‘\ x Acetoacetyl-CoA \
10
2
3-ketoacyl-CoA Enoyl-CoA v
3-Hydroxybutyryl-CoA y-Butyrolactone
9 y
1 (S)-3-Hydroxyvaleryl—CoA 3 3 3
v ¥
(R)-3-Hydroxyvalery|—CoA ——) P(3-HB-co-3-HV) P(3-HB) P(3-HB-co-4-HB)
v / »

3-Ketovaleryl-CoA ——> 3-Hydroxyvaleryl-CoA
Hinh 3.9. Cdc con dwong gid thuyét qua trinh sinh téng hop PHA cua chuing Yangia
sp. ND199 tir cac nguon C khac nhau.
(1: p-Ketothiolase; 2: NADPH acetoacetyl-CoA reductase; 3: PHA synthase; 4: Alcohol
dehydrogenase; 5: Hydroxyacyl-CoA synthase; 6: Esterase; 7: Acyl-CoA dehydrogenase; 8:

Enoyl-CoA hydratase; 9: 3-hydroxyacyl-CoA dehydrogenase; 10: 3-Ketoacyl-CoA thiolase; 11:
Epimerase)



81

3.2.1.3. Mét so thugc tinh Iy hoc ciia PHA tir chung vi khudn Yangia sp. NP199

Str dung phuong phap tach chiét polymer nhd dung méi chloroform, ching

t61 da thu dwoc céc san pham PHA ¢ dang soi tring (phan phu luc 10). St dung

cac phuong phap phan tich nhu trinh bay & muc 2.2.5.5, ching t6i da xac dinh

duoc cac thuoc tinh 1y hoc cua san pham PHA thu dwoc tir chang vi khuan
Yangia sp. ND199.
Bang 3.7. Thugc tinh lyc ciia PHA tir ching vi khuan Yangia sp. ND199

Mau PHA Luc kéo Suat dan hoi Po dan téi | Tham khao
dan (Mpa) (Young’s Modulus, han (%0)
Mpa)
Doi, 1995
P(3HB 43 3,5 5,0 ’
(3HB) [57]
PHA tu
Yanglaf,p. 41 51 48 Nghlejn cuu
ND199 trén co nay
chat fructose

Bang 3.8. Thugc tinh héa-ly cia cac PHA thu duoc tir chung Yangia sp. ND199 khi
nudi cay trén cac nguon co chat khac nhau

Nguén C Loai PHA | M, M, PDI T T,
(x10°Da) | (x10° Da) (MJ/M,) (°C) (C)
Fructose P(3HB) 2,2 6,4 3,4 175 4
P(3HB-co-
y-butyrolactone 1,7 5,4 3,2 163 -20
5,2%4HB)
) P(3HB-co-
1,4-butanediol 1,3 4.2 3,1 157 -0
4,3%4HB)
Fructose
P(3HB-co-
Na 4-HB 1,8 55 3,2 155 -18
5,8%4HB)
P(3HB-co-
Na HP 1,8 6,9 2,6 173 -11
13%3HV)

(Ghi cha: Na-4-HB:

Natri 4-hydroxybutyrate; Na HP: Natri heptanoate)
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Két qua thé hién & bang 3.7 cho thady PHA tach chiét duoc tir sinh khi té bao
chung vi khuan Yangia sp. ND199 khi nuéi cdy trén nguon C Ia fructose mang cac
thudc tinh luc twong tw nhu d6i véi san pham P(3HB) do Doi (1995) cong bé [57]. Su
sai khac ¢ day co thé 1a boi nhitng sai khac trong cau trlic soi polymer ciing nhu sy
sap xép céc soi polymer trong hat PHA. Sy sai khac nay do nhiéu yéu tb tac dong
nhu: ngudn C, hoat dong ciia PHA synthase, diéu kién nudi cdy, ...

Mot sé dic diém hoa-ly cua cac san pham PHA thu dugc tir chung vi khuan
Yangia sp. NP199 trén cac nguon co chat khac nhau nhu téng khéi luong phan tu
trung binh (M,,), trung binh cua khéi lwgng phan tir (M,), mac d6 phan tan PDI da
dugc chdng t6i tién hanh kiém tra. Két qua thé hién ¢ bang 3.8 cho thay gié tri M,,
cta cac PHA thu duoc tir Yangia sp. ND199 trén cac ngudn C khac nhau dao dong
tir 1,3 x 10°dén 2,2 x 10° Da, va gi4 tri M, nim trong khoang 4,2 x 10° dén 6,9 x
10° Da. C6 thé néi rang céc gia tri M,,va M, ciia PHA tir ching vi khuin Yangia sp.
ND199 14 cao hon so voi san pham PHA tir mot s6 chung vi khuan da dwoc cong
bd, chang han nhu chang vi khuan Bacillus sp. INT005 [186], Paracoccus
denitrificans [214], Bacillus sp. MG12 [135], hay c4c chung vi khuan tai to hop
Ralstonia eutropha [90]. Gi4 tri M,, cia P(3HB) thu dugc khi nudi cay trén nguon
fructose 14 cao nhit dat 2,2 x 10° Da. Tuy nhién, san phim polymer nay ciing c6 do
phan tan cao nhat (PDI = 3,4). Trong khi viéc bd sung cac tién chat vao méi truong
nudi cay khién cho cac gia tri M,, va PDI ciia PHA giam. Piéu nay c6 thé Ia do hoat
dong sinh tong hop cua PHA synthase khi nudi cay trén ngudn fructose dién ra
manh mé& hon do khéng chiu su tac dong Gc ché cua céc tién chat da dan dén su
khong dong déu cua cac soi polymer trong hat PHA. Két qua nay la phu hop vai céc
két qua vé sinh truong ciing nhu sinh tong hop PHA cua ching vi khuan nay khi c6
tac dong cua cac tién chat nhu da trinh bay & trén (bang 3.4 - 3.7).

Nhiét d6 nong chay (melting point temperature, T,,) va nhiét do thay tinh hoa
(glass transition temperature, T) la hai thugc tinh vat ly quan trong cua bat ct loai
vt ligu polymer nao. T, 1a diém nhiét ¢ ma tai d6 polymer chuyén tir dang vat chat

ran, ciing sang dang vat chat mém déo, dan hoi va nguoc lai. Sy thay doi vé mat ly
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hoc cua cac san pham PHA thu dugc khi nudi ciy chang vi khuin Yangia sp.
ND199 trén cac ngudn co chat khac nhau c6 su sai khac co y nghia. San pham PHA
thu duoc trén moi truong chira fructose mang nhirng thudc tinh nhiét dac trung cua
P(3HB) vai gid tri Ty va Ty tuong tng khoang 175 °C va 4 °C theo tht ty. Do d6 san
phdm P(3HB) thuong tré nén cimg va gion trong diéu kién nhiét do thuong. Trong
khi d6 cac san pham P(3HB-co-3HV) va P(3HB-co-4HB) thu duoc trén moi trudng
c6 bo sung cac tién chat van co nhiét &6 nong chay cao tir 155 °C dén 173 °C, song
lai c6 gia trj T4rat thap (tr -20 dén 0 °C). Véi @i tri Tynhu vay nén cac san pham
nay cé muc do linh dong va dai hon so vai P(3HB) [37].

3.2.1.4. Anh hwong cia nguén nito (N)

Bén canh ngudn C thi ngudn nito (N) 1 yéu té anh huong Ion dén qué trinh
sinh trudng caa vi sinh vat ndi chung. Trong nudi cdy cac ching vi khuan sinh tong
hop PHA, nguén nito khong chi ¢6 vai trd quan trong d6i véi qua trinh sinh truéng
cua té bao ma nd con anh hudng dén qua trinh tich lily polymer. Anh hudng cua cac
ngudn N (N) v6 co va hitu co dén sinh truong va tich lity PHA boi chung vi khuan
Yangia sp. ND199 da duoc ching t6i tién hanh nghién ctu. Két qua thu dugc cho
thay tat ca cac nguon N déu cho thay anh huong tét dén mie do tich lity PHA cua
chung vi khuan Yangia sp. ND199 (ham lugng PHA > 40 %wt). Trong s6 d6, cao
nam men, KNO3, natri glutamate (MSG), va NaNOs la cac nguon N phdl hop hon ca
cho sy sinh trudng ciing nhu tich lity polymer cua té bao. Sinh khdi khd (CDW) va
ham luong PHA cao nhat, lan lugt 13 4,95 g/L va 67,7 %wt, thu duoc khi ngudn cao
nidm men duoc st dung. Tiép dén 1a KNO3 (CDW — 4,23 g/L; P(3HB) — 57,7 %wit),
MSG (CDW — 3,85 g/L; PHA — 47,8 %wt), v NaNO; (CDW — 3,16 g/L; PHA —
44,8 %wt) (bang 3.9). Trong khi d6 két qua thu dwoc cho thay cac gbc amoni
(NH,") khéng thich hop cho qua trinh sinh truéng dbi véi chung vi khuan nay
(CDW chi dat tir 0,64 dén 1,48 g/L) mic du ham luong PHA ndi bao 1a kha cao (43
%wt dén 58 %wt) (bang 3.9).
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Bang 3.9. Anh hwdng cua cac nguon N dén sinh trurong va sinh téng hop PHA cia

chung vi khudn Yangia sp. ND199

Nguon nito CDW Ham luwgng Nong dd RCM
(g/L) PHA PHA (g/L)
(%) (g/L)

Cao nAm men 495 +0,16 67,7+2,1 3,4 1,55
Natri glutamate (MSG) | 3,85+0,22 47,8+ 0,6 1,8 2,01
KNO; 4,23 + 0,06 57,7+13 2,4 1,83
NaNO; 3,16 £ 0,22 448 + 2,7 1,4 1,74
(NH,4),SO, 0,64 +£0,11 43,3%0,2 0,3 0,36
NH;,HCO; 1,48 + 0,07 58,4+23 0,9 0,62
NH,CI 0,67 + 0,05 45,7+0,8 0,3 0,36

Két qua nghién ctu anh huong cia cac nguon N ddi vai chung vi khuan
Bacillus sp. CFR67 cho thay nguén N hitu co c6 tac dong tot hon dén kha ning tich
lity PHA néi bao so véi cac nguon N vo co [177]. Trong khi cac nguon N hitu co c6
thé duoc té bao vi khuan st dung truc tiép cho qua trinh sinh tong hop cac thanh
phan cau tric té bao va enzyme khac thi cac ngudn N vé co can trai qua mot qua
trinh bién d6i héa hoc sau khi duoc té bao hap thu. Qua trinh sir dung amoni va
nitrate boi vi khuan noi chung déu phai trai qua qua trinh glutamine héa noi bao dua
trén hoat dong cua glutamine synthetase lam co sé cho sinh tong hop protein cau
trdc té bao va cac enzyme khéac. Tuy nhién ching t6i nhan thiy co su sai khéc rd rét
vé kha ning sinh truong cua chung vi khuan nay khi sir dung hai nguon N vé co. Sy
tiéu thy NH," dan dén pH mai truong tra nén axit hoa cd thé 1a nguyén nhan dan
dén uc ché su sinh truong caa chung vi khuan nay. Két qua trinh bay & bang 3.9
cling cho thay sy khac biét vé kha niang sinh truéng ciing nhu sinh téng hop PHA
cua hai nguon mubi nitrate. Piéu kién méi trudng co néng dd Na* cao (khoang 30

%o) c6 thé 1a nguyén nhan co ban dan dén kha nang sir dung NaNO; thap hon so Vi
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KNO;. Do d6 muc do sinh truéng va sinh tdng hop PHA cuaa chung vi khuan nay
trén nguén KNO; c6 vu thé hon.

O quy md cdng nghiép, sir dung cac méi trudng xac dinh cho phép kiém soat
chinh xac thanh phan va ham luong dinh dudng trong qua trinh san xuat, qua dé
dam bao su 6n dinh vé ning suat qua cac l1an Ién men. Vi céac két qua thu duoc ¢
trén ching tdi nhan thay rang nguén mudi nitrate (NO3") ¢6 thé 1a ngudn N thay thé
tiém ning cho cao nAm men nham giam chi phi trong qué trinh san xuat. Do d6 muc
d6 sinh truong cling nhu kha ning tich liy PHA cta chung vi khuan Yangia sp.
ND199 trong diéu kién ngudn cao nam men duoc thay thé mot phan/hoan toan boi
KNO; da dugc kiém tra.

Bang 3.10. Anh hueng cia nong dé KNO5 dén sinh triong va sinh téng hop PHA
ciia chung vi khuan Yangia sp. ND199

Nguon nito CDW Ham lwong | Nong do RCM
(/L) (g/L) PHA PHA (g/L)
(Yowt) (g/L)
) 2,0 451 +0,31 71,26 3,21 1,24
Cao nam men
0,5 3,78+ 0,04 69,87 2,65 1,14
0,5:0,25
3,69+0,12 58,54 2,16 1,53
0,5:05
4,38 +0,27 66,02 2,89 1,49
Cao nam men : 05:1.0 107201 e , ™
KNO, 270, 61,6 ,63 ,6
05:15
419 +0,22 53,91 2,26 1,93
0,5:2,0
435+0,11 48,63 2,12 2,24
2,0
KNO; 4,0320,12 55,85 225 1,78

Sy thay d6i ham lugng cao nam men (tir 2 g/L xuéng 0,5 g/L) anh hudng dén
sinh truéng cua vi khuan Yangia sp. ND199 véi CDW giam tir 4,51 g/L xudng 3,78
g/L va khéi luong xac té bao (RCM) giam tir 1,24 g/L xubng 1,14 g/L. Tuy nhién

khong thay su sai khac vé kha ning tich lily polymer noi bao trong ca hai truong
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hop (71,26 %wt so véi 69,87 %wt) (bang 3.10). Diéu d6 chiing té rang qué trinh
sinh tong hop PHA cua chang vi khuan Yangia sp. ND199 it bi chi phdi béi nong
d6 cao nAm men trong mdi truong.

Két hop giita ngudn cao nam men va KNO; cho két qua tac dong kha tbt ddi
Vvé6i sinh trudng va sinh tong hop PHA cua chung vi khuan Yangia sp. ND199 khi so
sénh véi viéc st dung chi ngudn cao nam men. Muc d6 tich liily PHA cua ching vi
khuan nay ting khi luong KNO; duoc bd sung vao mdi trudng ting tir 0,25 g/L 1én
0,5 g/L, sau d6 ham lugng tich lity PHA c6 xu hudng giam khi lugng KNO3; dugc
bd sung vao méi truong 1én men vuot qua 0,5 g/L trong khi gia tri sinh khéi té bao
(RCM) van c6 xu huéng ting (bang 3.10). Gia tri RCM thu duoc trong céc 16 thi
nghiém bd sung KNO; thu dugc cao hon so véi khi st dung ngudn cao nim men
chang to anh huong tét cua nguon N nay ddi véi sinh truong cua ching vi khuan
Yangia sp. ND199. Khéi lwong PHA dat toi 2,89 g/L trong 16 thi nghiém két hop
(0,5 g/L cao nam men va 0,5 g/L KNO,) la rat kha quan khi so sanh véi viéc sir
dung don thuan 2 g/L cao ndm men (dat 3,21 g/L) va 2 g/L KNOj; (dat 2,25 g/L).
Nhu vay, cac két qua thu duoc cho thiy KNO; cd thé 1a nguon N tiém ning giup
giam chi phi trong qua trinh san xuat PHA khi sir dung chung vi khuan Yangia sp.
ND199 ¢ quy md cong nghiép.
3.2.2. Két qud nghién cizu lén men tich liily PHA trén noi 1én men

Qua trinh san xuat PHA tir vi khuan can phai tién hanh qua hai giai doan
chinh: (1) Ién men thu sinh khéi tich Iiiy PHA, va (2) tach chiét — thu hoi PHA. Dé
tao co s cho san xuat trén quy mé cong nghiép thi viéc nghién ctu 1én men trong
diéu kién thiét bi 1én men quy md phong thi nghiém Ia v ciing quan trong. Chinh vi
vay chiing toi da tién hanh cac thi nghiém nghién ciu chang vi khuan Yangia sp.
ND199 str dung céc hinh thirc nudi cdy va cac ngudn C khac nhau trong diéu kién
thiét bi I&n men MDL 1000 (B.E. Marubishi, Nhat Ban).
3.2.2.1. Pong théi qua trinh 18n men mé san xuat PHA tir chiing vi khudn Yangia sp. ND199

Dua trén cac két qua thu dugc trong qua trinh nghién ciru nudi cay trong

diéu kién binh nén, chiing t6i da tién hanh 1&n men meé san xuat PHA tir chang vi
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khuan Yangia sp. ND199. Qué trinh nudi cdy duoc tién hanh trén thiét bi 1én men
MDL 1000 (B.E. Marubishi, Nhat) véi thé tich 3 lit. Hinh 3.10 thé hién dong thai
qua trinh 1én men mé cua chung vi khuan Yangia sp. ND199 véi nong d6 25 g/L
fructose duoc sir dung 1am ngudn C. Nhu thé hién trén hinh 3.10, pha sinh trueéng
cap sb cua qua trinh 18n men dién ra tir gio nudi cdy tht 3 cho dén thoi diém 15 h
véi tong khéi luong té bao khd (CDW) dat duoc tang tir 1,4 g/L 1én 7,8 g/L. Tiép
d6 pha can bang trong khoang thoi gian tir 18 h cho dén 30 h nudi cay véi CDW
thu dugc 6n dinh trong khoang 8,3 dén 8,8 g/L, va gia tri nay c6 xu hudéng giam

dan sau 33 h nudi cay.
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Hinh 3.10. Pgng thai 1én men mé san xuat PHA trén nguon fructose cua ching vi
khuan Yangia sp. ND199

Phan tich ham luong PHA c6 trong té bao & mdi thoi diém lay mau cho thay
qué trinh sinh tong hop polymer bai chung vi khuan Yangia sp. ND199 xay ra ngay tir
giai doan dau cua qua trinh 1én men véi ham luong dat toi 8 %wt & thoi diém lay mau
sau 3 h nudi cdy. Nong do fructose cao trong méi truong nudi cdy co thé 1a nguyén
nhan kich thich qué trinh sinh tong hop PHA cua té bao vi khuan ké ca trong diéu kién

khong c6 sy thiéu hyt cac ngudn dinh dudng khac. Ham lugng PHA tich lily dugc ciing
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tang manh trong giai doan sinh trudng cap sd cling véi su ting cua gia tri RCM (g/L) tir
1,29 g/L 1én 4,47 g/L. Bong thoi khi phan tich dinh dudng cho thay nong do fructose
trong giai doan nay ciing giam mét cach nhanh chong tir 25 g/L xudng 12,5 g/L. Hién
tuong trén ching to qué trinh sinh tong hop PHA va sinh truong té bao xay ra mot cach
ddng thoi trong qua trinh nudi cdy, ching toi du doan chung vi khuan Yangia sp.
ND199 ¢6 thé thuéc nhom vi khuan cé kha nang tich iy polymer ma khong phu thudc
vao diéu kién mat can bang dinh dudng [112-113].

Phan tich sac ki khi cac mau sinh khéi cho thdy ham lugng PHA cao nhat dat 49
%wt & thoi diém 27 h nudi cay, sau do giam xudng 44 %wt va 38 %wt & cac thoi diém
30 h va 33 h nudi cay, theo thir ty, ngay ca khi nong do fructose trong méi truong & cac
thoi diém nay ¢ muc 6,5 dén 7,0 g/L. Cac nghién ctru thuong cho thay su suy giam
ham lugng PHA trong diéu kién méi truong thiéu hut C, khi d6 ngudn polymer s& duoc
sir dung nham cung cap ning lugng va vat chat cho qua trinh cau tric té bao [173]. Tuy
nhién, két qua cong bd ctia mot sd tac gia cling cho thay sy suy giam dong thoi ca
CDW ciing nhu ham heong PHA do qua trinh thuy phén polymer xay ra ngay ca trong
diéu kién nguon C chua thyuc sy thiéu hut [72, 73, 82, 95].

Phan tich gia tri RCM (g/L) ching t6i thay rang gia tri nay thay doi theo cac
pha sinh truong cua quan thé té bao vi khuan. Tuy nhién & thoi diém 27 h nudi cay,
khi ham lwong PHA néi bao bat dau c¢6 xu huéng giam thi gia tri nay van co xu
hudng ting nhe. Diéu d6 chiing té da co su chuyén hoa noi bao san pham PHA thanh
nguon co chat phuc vu cho c4c qua trinh cau tric té bao trong diéu kién thiéu hut noi
chung vé cac ngudn dinh dudng khac (nito, khoang, vitamin, ...).

Trong qué trinh 1én men me, kha nang san xuat PHA cao nhat dat 0,078 g/L/h
va hiéu suat chuyén hoa PHA duoc cao nhat dat 0,22 g/g fructose thu duoc ¢ thoi diém
15 h nubi ciy, sau d6 cac gia tri nay c6 xu hudng giam dan cho dén két thic nudi cay.
Céc két qua thu duoc di véi ching vi khuan nay khi tién hanh 1én men mé 13 chwa cao
s0 véi mot s6 chiing vi khuan khac nghién ciru da cong bb trude day [72, 82, 95]. Ham

lwong dinh dudng thap trong 1én men mé khién cho mat do té bao thap ciing nhu cac
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qua trinh trao doi chat noi bao bj anh huwéng nghiém trong c6 thé 1a nguyén nhan
chinh khién cho hiéu suat 1én men khong dat duoc két qua cao.
3.2.2.2. Nghién cizu san xudt PHA siz dung ky thugt 18n men mé ¢ bé sung dinh dudng

a) Lén men s dung fructose

Két qua nghién ctru dong thai 18n men trong nudi cdy mé cho thay chung vi
khuan Yangia sp. ND199 c6 kha ning sinh tong hop PHA song song véi qué trinh
sinh truong cua té bao. Do dic diém cua cac vi khuan tich liy PHA khéng yéu cau
diéu kién mat can bang dinh dudng, boi vay viéc duy tri mot mai truong 1én men
phl hgp nham dam bao thu duoc ning suat cao 1a vo clng quan trong. Dua trén céac
thong s6 dong théi trong 1én men me, ching toi danh gia nguon C ¢ thé 1a yéu t6
cha dao anh huong dén hiéu qua san xuat PHA caa chung vi khuan nay. Chinh vi
thé chiing t6i da tién hanh cac thuc nghiém nudi cdy meé c6 bd sung dinh dudng voi
chién lugc duy tri ndng @6 fructose khac nhau ddi véi chung vi khuan nay nham xac
dinh diéu kién thich hop gitp nang cao niang suét san xuat PHA.

Trong chién lwoc 18n men thiz nhdt, nong do fructose trong méi truong duoc
chang t6i duy tri & mic 20 g/L trong sudt qua trinh nudi cay bang cach xac dinh
nong do dudng thuc té va bo sung mot cach thuong xuyén vao mai trudng 1én men
sau mdi 1,5 h nudi cdy. Nhu thé hién & hinh 3.11, dong thai tich lity PHA thu duoc
c6 dang gan tuong ty nhu trong qua trinh 1én men mé thu duoc & trén. Ham luong
PHA ting nhanh chéng tir 10,4 %wt 1én 32 %wt ngay trong giai doan dau cta qué
trinh nudi cay (tir 9 h dén 15 h nudi cay) ké ca trong diéu Kién méi truong giau dinh
dudng dugc cung cip mot cach lién tuc. Mic do tich liy tiép tuc ting on dinh trong

giai doan tiép theo va dat gia tri cao nhat 1 45,3 %wt & thoi diém 33 h nudi cay.
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Hinh 3.11. L&én men sdan xuat PHA tir ching vi khudn Yangia sp. NP199 véi nong do
20 g/L fructose

Vi viéc bd sung méi truong gidu dinh dudng trong giai doan dau (giai doan tir
3h dén 18 h nudi cay), CDW thu duoc cao gap 2,3 lan so véi trong qué trinh 1én men
mé & cung thoi diém nubi cdy. Tuy nhién sy ting CDW phan 16n 13 do Iuong sinh khoi
té bao (RCM) ting 1én, trong khi mirc do tich lity PHA ndi bao hau nhu khong cé su
sai khac so véi két qua thu duoc trong qua trinh 18n men mé mac du ndng do fructose
van duoc duy tri & mic cao. C6 thé su tich lity PHA sém va nhanh chong ¢ giai doan
nubi ciy dau tién da phan nao cé tac dong tc ché nguge dén ca sinh truong té bao ciing
nhu qua trinh sinh tong hop polymer & giai doan sau. Do d6 su thay déi nong do
fructose trong qué trinh 1én men duoc ching toi dat ra 1a phuong 4n giai quyét nham
cai thién qué trinh 18n men san xuat PHA tir chang vi khuan nay.

Chién lioc 18n men the hai, ching t6i tién hanh mot thay d6i nho vé nong do
fructose duy tri trong mdi trudng theo timg giai doan nudi ciy. Cu thé, néng do
fructose duoc duy tri xung quanh mirc 10 g/L trong giai doan dau tién (ban dau cho
dén 18 h nudi ciy), va sau d6 nang 1én murc 20 g/L trong giai doan sau cho dén khi

két thic qua trinh nudi cdy. Qua trinh duy tri va thay d6i nong do fructose dugc tién
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hanh bang cach xac dinh ndng d6 duong thuc té trong dich nudi cdy va bé sung lién

tuc nhu trinh bay o trén.
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Hinh 3.12. L&n men san xuat PHA tir ching vi khuan Yangia sp. ND199 véi su thay
dol nong do fructose hai giai doan

Nhu thé hién ¢ hinh 3.12, CDW cao nhét dat 49 g/L véi ham luong PHA
dat 54 %wt khi két thic qué trinh 1én men (thoi diém 36 h nudi cdy). Su thay doi
chién luoc bod sung ngudn C thé hién anh huong 16 qua dong thai sinh truong
cling nhu qua trinh tich liiy PHA. Véi nong d6 fructose khdng qué cao trong giai
doan dau, CDW thu duogc cao gap dbi khi so sanh vai gia tri nay trong chién lugc
lén men thtr nhat ¢ cung thoi diém ldy mau trong khi ham luong PHA tich lily
duoc thap hon. Diéu d6 ching toé c6 mot sy can bang nhat dinh gitra hai qué trinh
sinh trudng va tich lily PHA cua té bao. Mat do té bao cao la tién dé quan trong
dé nang cao hiéu qua san xuit PHA trong qua trinh 1én men [82]. Phan tich sic
ki khi cac mau sinh khéi té thu thap trong qué trinh 18n men, chdng tdi thay rang
qua trinh tich liiy polymer cling xay ra ngay ¢ giai doan sém véoi ham lugng PHA
dat khoang 32 %wt sau 18 h nudi ciy va hiéu suit chuyén héa kha cao dat 0,26 g
PHA /g fructose, tuy nhién ning suat san xuat thap (dat 0,2 g/L/h) (hinh 3.12). Diéu
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d6 chirng to véi ndng do 10 g/L fructose, mac du van c6 vai trd kich hoat qué trinh
sinh téng hop PHA cua té bao, tuy nhién mtc d6 ¢c ché sy sinh truéng cua té bao
d3 giam di rd rét. Qua trinh tich lily P(3HB) cao ngay ¢ pha sinh truéng cap sé da
duoc thdy & Azotobacter vinelandii UWD khi nudi cdy trong diéu kién 10 g/L
glucose [141]. Nguoc lai, hiéu suit chuyén héa thanh P(3HB) thap (0,08 g/g)
nhung hiéu suat chuyén héa thanh sinh khéi té bao cao (0,38 g/g) trong pha sinh
truang cap sé khi nudi cay chang vi khuan Alcaligenes eutrophus véi nong do
glucose dugc duy tri trong khoang 10 g/L dén 20 g/L da duoc bao cao bai Kim
va Cs (1994). Trong diéu kién ngudén amoni duoc cung cap day du, chung vi
khuan A. eutrophus tich lity P(3HB) véi ham luong rat thap (< 5 g/L) mic du
ngudn C trong méi trudng du thira [96].

Giai doan tht hai duoc tiép tuc sau 18 h nudi cay va két thic ¢ thoi diém 36
h khi gia tri mat d6 quang cua dich nudi cay do dugc & budc séng 600 nm hau nhu
khong thay d6i. Két thiic giai doan nay, gia tri CDW va ham luong PHA dat duoc
cao nhat song gia tri RCM lai c6 xu hudng giam. Hiéu suat chuyén hoéa ciing nhu
ning suat san xuat trong giai doan hai (dat 0,33 g PHA/g fructose va 0,73 g/L/h)
thu duoc cao hon so véi giai doan dau. Bén canh d6 mic du gia tri RCM van ting
nhung véi toc do cham dan va c6 xu huéng giam sau thoi diém 34 h (hinh 3.11),
chting to rang trong giai doan nay qua trinh sinh tong hop PHA chiém wu thé trong
té bao trong khi su ting sinh té bao dién ra cham. Khéc vai két qua ching tdi thu
duoc, trong nghién ciu cua Kim va Cs (1994) cho thay gia tri RCM khi nudi cay
A. eutrophus c¢6 xu hudng giam khi nguén amoni bo sung bi dung lai, tuy nhién
mutc d6 tich liy P(3HB) lai ting manh mé& [95]. St dung chién luoc nudi cay
twong tu d6i véi chung vi khuan Pseudomonas sp. EL-2, Son va Cs (2000) di thu
duoc céac két qua twong duong vé ham luong va kha ning san xuat PHA (53 %wt
va 0,84 g/L/h, theo thir ty), song CDW va hiéu suat chuyén hoa co chat (38 g/L va
0,2 g/g, theo tht ty) cua ching nay thip hon trong nghién ctru cua ching toi khi st
dung chung vi khuan Yangia sp. NP199 [173]. So sanh véi chang vi khuan wa

man khac 12 Halomonas boliviensis LC1 khi nudi cay trong diéu kién nong do
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glucose duy tri ¢ 20 g/L thi két qua CDW chiing t6i thu dugc 1a twong duong,
song mirc do tich liiy PHA lai thdp hon [150].

Céc két qua CDW, ham lugng PHA tich lily trong qua trinh 1én men mé bo
sung dinh dudng déi véi chung vi khuan Yangia sp. ND199 di duogc cai thién
thong qua thay d6i nhé ddi véi nguon C duy tri trong méi truong nudi cay. Tuy
nhién, ching t6i nhan thiy qué trinh sinh tong hop PHA cua ching vi khuan
Yangia sp. ND199 x4y ra manh mé khi nong d6 fructose cao ké ca trong diéu kién
moi truong gidu dinh dudng. Quéa trinh sinh tdng hop PHA 1a mét phan caa chudi
chuyén héa vat chat noi bao co lién quan dén céc qué trinh sinh ly khéc cua té bao
vi khuan théng qua vat chat trung gian 1a acetyl-coA. Do d6 hoat dong tich lily
PHA xay ra manh c6 thé anh huong dén kha niang sinh truong va ting sd lugng té
bao vi khuan trong qué trinh nudi cdy, qua do lam giam hiéu qua san xuat PHA
cua ching vi khuan nay. Vi li do d6, chiing toi tiép tuc diéu chinh chién luoc duy
tri nong do co chét fructose phi hgp nham han ché qua trinh sinh tong hop PHA &
giai doan sém cua qua trinh 1én men dé tao diéu kién cho qua trinh ting sinh khoi
té bao dién ra thuan lgi hon.

Chién lwoc 18n men thiz ba, véi muc dich han ché hoat dong sinh tong hop
PHA va tao diéu kién t6i wu cho sy sinh truéng cua té bao vi khuan. Nong do
fructose trong giai doan dau (18 h dau) cua qua trinh 1én men dwoc duy tri ¢
khoang 2 dén 3 g/L cung véi dung dich giau dinh dudng dam dic dugc bo sung
lien tuc (pha 1). Sau d6 ndng do fructose trong mdi truong duoc diéu chinh ting
dan va duy tri theo tirng néc tir 3 g/L 1én 15 g/L sau mdi khoang thai gian 3 h cho
dén thoi diém gio thtr 33. Bong thoi dung dich khoang dam dic khdng chara ngudn
nito duoc bd sung lién tuc véi toe @6 10 ml/h (pha 2). Qué trinh tich liy PHA
duoc ting cudng bang céch duy tri nong d6 fructose & mic 20 g/L sau 33 h cho

dén khi két thlic quéa trinh nudi cay.



94

—a-CDW —=a—RCM  —«Fructose —e—% PHA

90 - 80
.80 - 70
- —_
NS
3 60 <
£ - 50 «
S =
£z 50 | 40 c:n
s 40 £
3 i .
& 30 30 a—;
= 20 r 0=
o 10 - 10
0 T T T T 0
0 10 20 30 40 50
Thai gian (h)

Hinh 3.13. Lén men san xuat PHA bgi chuing vi khudn Yangia sp. ND199 véi nong

dé fructose tang dan

Nhu thé hién ¢ hinh 3.13, su thay d6i chién lugc duy tri ndng d6 fructose
trong 1én men thu duoc két qua vé cung kha quan. Mac di van c6 sy tich lily PHA
thap (dao dong 9 dén 15 %wt) khi nong do fructose duy tri thap trong suét pha 1,
tuy nhién sy sinh truéng cua té bao dat duoc rat cao véi gia tri RCM ting tir 2,6
g/L 1én 14 g/L thu duoc & cudi pha nudi cdy. Su ting mat d6 té bao mot cach
nhanh chéng ciing c6 thé theo ddi dugc thong qua viéc xac dinh gia tri mat do
quang ¢ budc séng 600 nm tai mdi thoi diém Idy mau. Trong suét 18 h nudi cay
dau tién hau nhu khong thy c6 sy ting 1én cua ham luong PHA noi bao, ching to
hoat dong sinh tong hop polymer cua té bao trong giai doan ndy hau nhu khong
xay ra. Luong fructose dugc duy tri ¢ ham luwong thap cha yéu duoc sir dung dé
cau truc té bao vi khuan. Két qua thu duoc cho thdy micc @6 man cam caa chung vi
khuan Yangia sp. ND199 d6i v6i nong do C trong méi trudng nudi cay. Pay la
mot diém kha dic biét cua chung vi khuan nay so véi mot sb loai khac. Trong pha
1 cua qua trinh nudi ciy bén lién tuc, chung vi khuan Pseudomonas putida BMO01

hau nhu khong tich liiy PHA ké ca trong diéu kién nong do glucose dugc duy tri
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lien tuc dao dong tir 10 dén 20 g/L [97]. Két qua twong ty ddi vai ching vi khuan
Pseudomonas sp. EL-2 ciing duoc Son va Cs (2000) céng bé [173]. Nguoc lai,
nong d6 glucose thap lai 1a diéu kién thich hop cho chung vi khuan Ralstonia
eutropha NCIMB 11599 sinh truéng va tich liiy polymer v&i nong do té bao dat
154 ¢/L va ham lugng P(3HB) dat 62 %wt [164].

Murc do nhay cam véi ngudn C cta ching vi khuan Yangia sp. ND199 thé hién
rd rang khi ndng do fructose ting dan trong pha thir hai cua qué trinh nudi cay. Hoat
dong sinh tong hop PHA xay ra manh mé trong pha nay véi ham luong polymer noi
bao ting nhanh chong tir 12 %wt Ién téi 51 %wt, cling V6i ning suét san xuat va hiéu
suat chuyén hoéa cao dat 0,85 g/L/h va 0,31 g PHA/g fructose, theo thir tu, ¢ thoi diém
33 h nudi cay. Bén canh d6 gia tri RCM ting gap doi tir 14 g/L Ién 27,16 g/L cho thay
su sinh truéng cua té bao hau nhu khong anh huong trong pha nay, day 1a tién dé gidp
cai thién qua trinh tich liy PHA ¢ giai doan sau cta qua trinh 1én men (hinh 3.13).

Khi néng do fructose tang 1én 20 g/L, hiéu suat chuyén hoa trong sudt giai
doan nay o6n dinh & mac 0,3 g/g co chit va ning suat san xuat dat 1 g/L/h. Ham
lugng PHA thu duoc ting tir 53,8 %wt 1én 67,5 %wt khi két thic qua trinh 1én men.
Trong khi @6 RCM gan nhu 6n dinh va c6 xu huéng suy giam vao cudi qua trinh Ién
men. Két qua thu duoc cua chang vi khuan Yangia sp. ND199 1a kha cao so véi mot
s6 vi khuan wa man da dugc cdng bd. Ning sudt san xuat P(3HB) tuong duong
nhung CDW thap hon (44 g/L) va ham luong polymer cao hon (81 %wt) thu duoc
boi Halomonas boliviensis LC1 trén ngudn glucose [150]. Str dung k§y thuat nudi
cay ban lién tuc mé d6i véi chung vi khuan Halomonas TD1 thu duoc CDW tuong
duong (80 g/L) véi ham lugng P(3HB) cao hon (80 %wt) trén ngudn co chat
glucose da dugc Tan va Cs (2011) cong bé [189]. Trong khi d6 cac nghién ctru dbi
vé6i ching vi khuan Haloferax mediterranei trén cac ngudn co chat khac nhau cho
két qua thap hon so vai trong nghién ciu nay [40, 58, 79].

b) Lén men st dung xiro ngo (high fructose corn syrup-HFCS)

Qua trinh 18n men ban lién tuc san xuat PHA tir chung Yangia sp. ND199 sir
dung ngudn xiro ngd dugc tién hanh dya trén chién luoc nudi cdy da duoc nghién

ctu & trén. Trong giai doan dau, CDW tang tir 2,7 g/L 1én 13,2 g/L ciing v&i Su ting
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cua giad tri RCM (tir 2,4 g/L 1én 11,6 g/L) trong khi ham lugong PHA tich liy duoc
chi dat 13,5 %wt sau 18 h nudi cay (hinh 3.14-A va 3.14-B). Nong do duong thap
trong khi ham luong cac nguén dinh dudng khac trong moéi truong cao di thuc day
sur sinh trudng cua té bao trong khi han ché qua trinh sinh tong hop PHA. Két qua
thu duoc trong giai doan nay la twong duong vai nghién ctru ¢ trén khi st dung
fructose tinh khiét 1am nguon C.

bong théi sinh truong va tich liy PHA trong cac giai doan sau cua qua trinh 1én
men Vé co ban dién ra twong tu nhu & thi nghiém sir dung fructose tinh khiét. Ham
lwong PHA thu duoc cudi giai doan hai dat 46,3 %wt va cao nhét dat 67 %wt & thoi
diém 51 h cta qua trinh nudi cay (hinh 3.14-A). Mic du hiéu suat chuyén héa cao hon
(dat 0,38 g/g) cung vai mie do tich 1y PHA dat duoc 1a tuong duong, tuy nhién nang
sut san xuat (0,73 g/L/h) va CDW (55,8 g/L) thu duoc 14 thap hon nhiéu khi so sanh
véi thi nghiém trén nguon C tinh khiét (hinh 3.14-A va 3.14-C).
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Hinh 3.14. Lén men san xuat PHA bai ching vi khuan Yangia sp. ND199 si dung
nguon xiro ngé khéng thanh trung
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Hinh 3.14. Lén men san xuat PHA bai chung vi khuan Yangia sp. ND199 si dung
nguon xiro ngé khdng thanh trung (tiep)
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San pham xiro ngd thuwong mai thudng duoc dung trong céng nghiép san
Xuat thuc pham, do d6 ludn c6 mot lwong nho chat bao quan dwgc bd sung nham
duy tri va bao quan san pham. Pay c6 thé 1a mot trong nhitng yéu té tac dong khdng
nhé dén hiéu qua st dung ngudn co chat nay boi ching vi khuan Yangia sp. ND199
trong qué trinh 1&n men. Mic du vay, nhu két qua nghién ciu & trén thi su c6 mat
cua thanh phan glucose trong xiro ngd gidp tao ra san pham polymer c6 gia tri hon.
Bén canh d6 xiro ngd 1a ngudn co chat dé kiém, ré tién, va c6 thé dugc st dung truc
tiép khong qua thanh tring bai ching vi khuan nay, do d6 c6 thé gilp giam gia
thanh san xuat PHA.

c) Lén men s dung ri dwong

Ri duong 12 ngudn phu pham cua cong nghiép san xuat duong. Bén canh
ham nguén C doi dao, n6 con chtra nhiéu loai vitamin va cac chat khoang. Pic biét
day 1a nguon dinh dudng dé kiém, ré tién cé tiém nang tré thanh ngudn nguyén lidu
gilp giam gia thanh san xuat PHA. Chung t6i di tién hanh thtr nghiém kha ning san
xuat PHA bai ching vi khuan Yangia sp. ND199 trén ngudn co chét nay bang céch
str dung phuong phap 1én men ban lién tuc hai giai doan nhu di trinh bay phan
phuong phép.

Nhu thé hién ¢ hinh 3.15, dong thai 1én men cua chang vi khuan Yangia sp.
ND199 khi str dung ri duong 1am nguon co chat kha tuong dong so vai cac ngudn C
da str dung & trén. CDW va ham luong PHA néi bao thu dugc cao nhat sau 54 h nudi
chy dat 54,8 g/L va 39,8 %wt, theo thir tu (hinh 3.15-A). Gid trji RCM (g/L) sau 54 h
nudi cay dat 33 g/L thu duoc khi sir dung ri duong 1a twong dwong so vai khi str dung
fructose tinh khiét (hinh 3.15-B). Tuy nhién muac do tich liiy PHA thap khién cho
hiéu qua 1én men caa chung vi khuan nay trén ngudn co chét ri duong la khong cao
V6i nang suit san xuat polymer chi dat 0,4 g/L/h. Két qua twong tu thu duoc di Véi
chung vi khuan Bacillus sp. JMa5 trén nguon ri dudng véi CDW dat 70 g/L nhitng
ham luong P(3HB) chi dat 30 %wt [211]. Nguoc lai, d6i véi chang vi khuan tai t6
hop E. coli lai c6 kha ning tich liiy P(3HB) rat cao (80 %wt) song CDW thu duoc
(39,5 g/L) thap hon so vai két qua thu duoc trong nghién cau nay [120].
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Hinh 3.15. Lén men san xuat PHA bai ching vi khuan Yangia sp. ND199 si dung
nguon ri dwong



100

A
-+ CDW & %PHA
60 60
Pha1l ! Pha 2 h -;=
1
50 I : 50
1
I oy
[ =
40 | 40 £
— 1 S’
G | =
= 30 | 30 B
1
8 - £
20 20 E
o3
=)
10 10
0 T I T T T I T T T T T T T T T T T T 0
6 9 1215182124 0 3 6 9 12 1518 21 24 27 30 33
Thi gian (h)
B .
-RCM -4-Nong do PHA
30 30
Pha 1 , Pha 2 /‘
]
25 1 25
1
1
] —~
=
= 20 1 20 @
y—
E z
15 15 ~
> iy
] =
= 5
10 10 'g
5 5
0 T T T T T T T T T T T T T T T T T T 0

6 9 1215182124 0 3 6 9 12 1518 21 24 27 30 33
Thai gian (h)

Hinh 3.16. Lén men hai pha san xgd’t PHA béi ching vi khuan Yangia sp. ND199
trén nguon ri duwong va glucose
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Ngudn saccharose 1a thanh phan C chinh trong ri duong c6 thé 1a nguyén nhan
chu yéu anh huong dén hiéu qua sinh tong hop PHA cua chang vi khuan nay. Bén
canh do, viéc bd sung lién tuc ri dudng vao moi truong ciing c¢é thé khién ham luong
c4c chét wc ché trong méi truong tang 1én da anh hudng khong nho dén sinh truong
va sinh tong hop PHA cua té bao vi khuan. Bé han ché anh huong khdng mong muébn
cua c4c thanh phan ri dudng ddi véi sinh tong hop PHA cua chung vi khuan Yangia
sp. ND199, ki thuat 1én men hai pha c6 b6 sung dinh dudng di duoc st dung két hop
Vi su thay doi nguon C dugc st dung cho qua trinh sinh truéng va sinh tong hop
PHA & mdi pha. O pha nudi ciy dau tién, dung dich dinh dudng chira nguén C 1a ri
duong duoc sir dung nham tdi uu su ting sinh té bao vi khuan. Sau 24 h nudi cay,
toan bo sinh khdi dugc loc, rira qua mang loc khuan dé loai bo céc thanh phan gay uc
ché ddi vai sinh tong hop polymer c6 trong méi truong. Tiép d6 sinh khéi dugc
chuyén sang pha nudi cay thi hai véi méi truong hoan toan méi. Dung dich dinh
dudng dung dé bd sung chira glucose nong d6 cao (ngudn C don gian, dé kiém) va
khong chira nguon nito nham ting kha nang tich lily PHA bai té bao vi khuan.

Két qua duogc thé hién trong hinh 3.16 cho thay sau 54 h 1én men (thoi diém
30 h ¢ pha 2), CDW dat 50 g/L thap hon so v&i két qua Ién men ban lién tuc (54,8
g/L). Tuy nhién, mtc d tich liiy PHA d3 duoc cai thién ting dang ké nho pha nubi
cay tht hai véi ham luong polymer dat 52,9 %wt va ning suat san xuat dat 0,48
g/L/h (hinh 3.16-A). Ham lugng PHA van c6 xu huéng ting va dat gia tri 54,3 %wt
sau 57 h nudi cay (thoi diém 33 h ¢ pha 2), nguoc lai gia tri RCM duoc duy tri ¢
muc 6n dinh (khoang 20 dén 22 g/L) trong sut thoi gian tién hanh pha 2 (hinh
3.16-B). Két qua thu duoc cho thiy qué trinh 18n men hai pha c6 bb sung dinh
dudng gidp cai thién kha nang san xuat PHA caa ching vi khuan Yangia sp. ND199
khi str dung ri duong 1am ngudn co chat chu yéu.

Qua cac két qua nghién ciu thu dugc ching t6i nhan thay chang vi khuan
Yangia sp. ND199 c6 kha ning sinh truéng trén nhiéu nguén C khac nhau va sinh
tong hop PHA da dang bao gom ca P(3HB) va copolymer cua nd. Kha ning sinh

trugng trén nhiéu ngudn C cho thay kha ning thich tng cao caa chung vi khuan nay
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trong nhirmg diéu kién mai tredng khac nhau. Ngoai ra, kha ning sinh tdng hop nhiéu
loai PHA trén cac ngudn C khac nhau chang to mirc do trao d6i chat noi bao da dang
cua chang vi khuan ndy. Kha ning sinh tong hop cac loai copolymer mang cac dic
tinh hda — 1y wu viét caa ching vi khuan Yangia sp. ND199 1a mot loi thé trong san
xuit PHA véi nhiéu tng dung khac nhau & quy md cong nghiép. Mot sb vi khuan ua
min dugc cong bd gan day cho thay san pham P(3HB) thu dugc khi nudi cy trén
nguon C thong thuong nhu carbohydrate hoic glycerol [92, 150, 152, 159, 189]. Phan
I6n cac vi khuan nay c6 kha nang sinh tong hop copolymer khi dugc bé sung nhiing
tién chat phu hop [83, 189]. Trong khi s6 khac lai dugc thdng bao ¢ kha nang sinh
tong hop copolymer trén cac nguon C thong thuong [104, 219].

Chung vi khuan Yangia sp. ND199 c6 thé dugc xép vao nhdm cac vi khuan
c6 kha nang sinh tong hop PHA khdng phu thudc vao diéu kién mat can bang dinh
dudng dua trén nhitng két qua nghién ciru thuc nghiém thu dwgc. Chinh vi thé, viéc
sir dung chién luoc 1én men hop 1y da giup kha nang san xuat caa chung nay dugc
cai thién dang ké. Kha ning san xuat cia mot chung vi khuan duge danh gid trén
nhiéu phuong dién khac nhau va tap trung vao mot sb gia tri cu thé nhuw CDW (g/L),
ham luong PHA (%Wwt) va ning suét (g/L/h) thu dugc trong qua trinh 1én men. Véi
k¥ thuat 18n men mé b sung dinh dudng véi chién luoc duy tri ham luong C ting
dan theo timg giai doan mot cach hop Iy, gia tri CDW cua chung vi khuan Yangia
sp. NDD199 thu duoc cao hon so véi cac chung vi khuan Halomonas boliviensis
LC1 véi nguon glucose [149] va tuong duwong vai chung vi khuan Halomonas TD1
khi nuéi trén ngudn glucose [189]. Tuy nhién ham lwong PHA tich lily va ning suit
thu dugc caa ching vi khuan nay thap hon so véi hai ching vi khuan trén (bang
3.11). Twong ty nhu chiing vi khuan Haloferax mediterranei [40, 79], hiéu qua san
Xuit cua chung vi khuan Yangia sp. ND199 ciing c6 su thay d6i dang ké khi san

Xuat trén cac nguon C khac nhau (bang 3.11).
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Bang 3.11. Khd ndng san xuat PHA cia mét so chung vi khudn wa man

ST | Vikhuan | Kiéulén | Nguon | Loai |CDW |%PHA | Nang | Tham
T men C PHA | (g/L) | (%wt) | suat khao
(g/L/h)
Halomonas | Mé b
1 | boliviensis | sung dinh | Glucose | P(3HB) | 44 81 1,1 [149]
LC1 dudng
Halomona Mébé.
2 sung dinh | Glucose | P(3HB) | 83 78 1,46 [189]
sTD1 N
dudng
Haloferax | M¢ bd Tinh bat | PGHB-
3 | mediterra | sung dinh din Cco- 39,4 | 50,8 - [40]
nei dudng 3HV)
q Cam va
Haloferax Me bo. tmt‘ b‘ot - 140 55,6 -
. sung dinh | ngé dun
4 | mediterra ~ : [79]
. dudng (1:8)
nel laplai | Tinh bot
o N - 62,6 | 38,7 -
ngd dun
Fructose | P(3HB) | 78 67,5 1
Xiro P(3HB-
Mé  bo a6 co- | 558 | 67 0,73
sung dinh g 3HV)
dudng , P(3HB- A
5 Yangia sp. cF;Llrc‘yn Cco- 548 | 39,8 0,4 Ng?rben
ND199 9 | 3HV) \
. nay
Hai pha Ri
bd  sun duong | P(3HB-
ginn 9| (pha 1), | co- | 50 | 529 | 048
dusn glucose | 3HV)
9 | (pha2)

3.3. Tach chiét va thu hoi PHA tir sinh khéi 1én men chiing vi khuan Yangia sp.
ND199
Trong s6 cac phuong phép tach chiét va thu héi hién nay, ching tdi luya chon

phuong phap thuy phan cac thanh phan khong phai polymer nham xay dung quy

trinh thu hdi va tinh sach PHA tryuc tiép tir sinh khdi 1én men chung vi khuan Yangia

sp. ND199 nhim dam bao cac yéu tb: (1) don gian, (2) hiéu qua cao, (3) it anh

huong dén moi truong, (4) ré tién. Dua trén cac nghién ciu khao sét ching toi ciing
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lya chon NaOH nhu 13 tic nhan chinh dé tién hanh cac nghién ctu thu hdi va tinh
sach PHA tryc tiép tir sinh khdi sau qua trinh 18n men caa chung vi khuan Yangia
sp.ND199.
3.3.1. Anh hwéng cia nhigt dé va néng dé NaOH dén hiéu qud tinh sech

Thi nghiém duoc thuc hién nham xac dinh s anh huéng cua diéu kién nhiét do
cling nhu ndng do cua tac nhan NaOH dén hiéu qua tinh sach va chat luong san pham
PHA thu duoc. M8 hinh thi nghiém duoc tién hanh nhw trinh bay ¢ bang 3.12. Su thay
d6i cac théng so trong qué trinh xa Iy ¢6 anh hudng dén do tinh sach va hiéu qua thu
hoi polymer [215]. Tuy nhién viéc sir dung nong d6 cao NaOH (0,2 M dén 0,5 M) dé
tach chiét PHA tir sinh khéi vi khuan déi khi khéng cho thiy su khac biét vé do sach
[134]. Ngoai ra, viéc sir dung nong d6 NaOH cao (0,5 M) trong tach chiét PHA tir té
bao c6 thé 1a nguyén nhan dan dén sy pha hay polymer [77]. Vi nhitng ly do trén, dai
nong do NaOH thap (0,05 M dén 0,2 M) dugc ching t6i sir dung nham thu hoi PHA
truc tiép tir sinh khéi ciia chung vi khuan Yangia sp. ND199.
Bang 3.12. Anh hwéng cua nhiét dé xir Iy va nong dé NaOH dén hiéu qud tinh sach

PHA tzr sinh khoi Yangia sp. ND199

Nong 30°C 40°C 50 °C

NSSH D¢ sach |Hi¢u suat| DPgsach | Higusuat| Dosach | Higu suat
M) | (%wt) | (%) (%owt) (%) (%owt) (%)
bC | 70+23 100 70+23 100 70+ 2,3 100
0,06 {69+0,73(96,6+0,9| 69+0,52 |957+09| 70+39 | 973+172
0,075 | 74+15 |96,2+35| 78+0,45 [100+0,55| 75+1,87 | 96,7+2,7
01 |76%0,72|981+1,2| 79+1,4 |957+28| 79+0,27 | 954+0,9
0,125 |79+0,45|982+16| 82+135 |980+0,4 | 84+185 | 983+25
0,15 |79+0,44|937+2,2| 84+0,79 [97,2+19 | 82+0,07 | 91,8+0,4
02 [82+112(942+13| 8+04 |952+0,7| 84+0,26 | 91,9+29
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Bang 3.13. Anh huéng cua nong dé NaOH (¢ 50 °C) dén mét so thugce tinh cuia san
pham PHA thu duwoc

Piéu kién My M, PDI Thudc tinh nhigt
Xt 1y (10° Da) (10° Da) (Mo/My) T (°C) T, (°C)
PC 18,6 4,79 3,9 173,21 3,59
0,05 11,7 3,65 3,2 168,48 7,23
0,075 10,2 4,48 2,3 174,54 6,56
0,1 9,7 3,9 2,5 173,03 6,33
0,125 9,1 3,62 2,5 173,29 6,19
0,15 7,8 2,65 2,9 171,05 6,26
0,2 6,5 1,73 3,7 168,05 4,28

Két qua trong bang 3.12 cho thay do tinh sach (%wt) cua cac mau xu 1y ting
khi néng d¢6 NaOH ting va dat cuc dai & néng do 0,2 M NaOH. B¢ tinh sach cao
nhat thu dugc 1a 85 + 0,4 %wt & diéu kién xtr ly 40 °C va 0,2 M NaOH, song hiéu
suat thu hoi polymer chi dat 95,2 + 0,7 %. D6 sach caa san pham PHA tuong duong
(84 %wt) ciing thu duoc Véi cac diéu kién xu Iy véi 0,125 M NaOH va 0,2 M
NaOH ¢ 50 °C véi hiéu suat thu hdi polymer lan Iuot 1a 98,3% va 91,9%. Qua trinh
xt Iy NaOH khong chi hoa tan mot sé thanh phan té bao ma con giup ting tinh
thAm cua thanh té bao dan dén su giai phong céac thanh phan hoa tan khoi té bao
duoc dé dang hon [77].

Do tinh sach ctia PHA ciing c6 xu hudng xu hudng tang nhe khi nhiét @6 xu
Iy tang tir 30 °C 1&n 40 °C, tuy nhién su thay d6i thé hién khéng rd rang khi ting
nhiét do tir 40 °C 1én 50 °C (bang 3.12). Nguoc lai véi do sach, hiéu suat thu hoi c6
xu huéng giam khi ting nhiét d6 va ndng d6 NaOH, hiéu suat thu hdi giam xubng
chi con 91 % & diéu kién xu Iy 50 °C va 0,2 M NaOH. Hiéu suat thu hoi PHA giam
khi ting ndng d6 NaOH hoic/va nhiét do xtr 1y cling da duoc théng bao trong nhiéu
nghién ciru trude day [21, 44, 215].
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Mau PHA thu duogc khi xir ly sinh khéi véi cac nong do NaOH ¢ 50 °C duoc
ching tai tién hanh kiém tra mot s6 chi tiéu hoa-ly. Két qua trinh bay & bang 3.13 cho
thdy c6 su suy giam nhe vé gié tri M,, ciia cac mau PHA thi nghiém, trong khi gia tri
d6 phan tan PDI lai c6 xu huéng giam di. Két qua thay d6i nay phi hop véi su thay
d6i cua hiéu suat thu hdi khi nong d6 NaOH duoc sir dung ting 1én. Day c6 18 1a hau
qua do tac dong bao mon cua NaOH ddi véi hat PHA trong qua trinh xu ly. Su suy
giam M,, cua PHA tir 4,8 kDa xudng 2,6 kDa ciing xay ra khi néng d6 NaOH dwoc st
dung tang tir 0,1 M Ién 0,3 M trong nghién ctru caa Anis va Cs (2012) ddi véi chang
C. necator tai to hop [21]. Bén canh d6 cac gia trj thudc tinh nhiét (T, va T,) cua Mmau
PHA thi nghiém trong nghién ctru nay déu khong thé hién su khac biét so véi mau
PHA téach chiét tir sinh khéi ban dau (bang 3.13). Biéu d6 chiing té chat lwgng cua
PHA thu héi tir sinh khéi ching vi khuan Yangia sp. ND199 nho xa ly NaOH 1
khong c6 sy thay doi dang ké. Do sach (Ywt) va hiéu suat thu hoi (%) 12 hai tiéu chi
quan trong trong quy trinh thu nhan PHA tir sinh khdi vi khuan. Bén canh d6 nong do
tac nhan xir 1y ciing 12 mot yéu té quan trong nham han ché luong hda chat thira thai
ra moi truong cling nhu dam bao chat lugng cua san pham PHA. Vi céc ly do trén
chung t6i quyét dinh lya chon diéu kién xu Iy & 50 °C véi tac nhan xir ly 0,125 M
NaOH d¢ tién hanh cac nghién ciru xt ly tiép theo.

3.3.2. Anh hwéng cua thoi gian xi Iy dén hiéu qud tinh sech

Anh huong cua thoi gian xir Iy dén do tinh sach, hiéu qua thu hoi va chat
lugng cua PHA duoc thé hién ¢ bang 3.14. Do tinh sach caa mau PHA tiang dan tir
72,2 %wt 18n 91,9 %wt khi thoi gian xir Iy mau tang tir 0 dén 5 h, trong khi d6 hiéu
suat thu hoi cua cac thoi gian xu ly khoéng c6 sy sai khac rd rét. Tién hanh thi
nghiém song song véi xir 1y chi bang nudc ching tdi thdy riang do tinh sach ciing
nhu hiéu qua thu hoi theo thoi gian cua mau ddi chieng 1a hau nhu khong cé su sai
khéc. Bén canh do6, phan tich DSC va GPC cac mau PHA thu hdi dugc nho xir ly
NaOH ciing cho thay sy dong déu ¢ cac chi tiéu va khdng co sy sai khac nhiéu so

VvGi mau ban dau (bang 3.14).
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Bang 3.14. Anh hirong ciia thoi gian xir 1Y t6i hiéu qua tinh sach PHA tir sinh khoi
vi khuan Yangia sp. NB199

';'i::‘;i D sach Higu suit M. M. oD Thugc tinh nhiét
(pht) (Yowt) (%) (10°Da) | (10°Da) (MJM,) ?-C”; (T;
0 72,2 +1,96 100 1,86 4,79 3,9 173,21 | 3,59
30 76,3+0,1 | 96,7266 | 1,14 3,02 3,8 171,11 | 5,42
60 |81,2+0,48| 96,2+3,14 | 0,95 4.4 2,15 170,03 | 5,18
90 846+05 | 97,6 +£3,0 0,92 3,87 2,4 172,14 | 4,36
120 | 876+11 | 988x+212 | 0,86 3,7 2,3 172,51 | 5,34
180 |875+0,21| 98,3+1/4 0,84 3,85 2,18 172,44 | 6,46
240 (90,7x0,01| 98,2+1,53 | 0,72 3,23 2,23 167,24 | 6,73
300 (91,9%x0,22| 97,7+2,76 | 0,68 3,07 2,21 169,15 | 8,62

Sy 6n dinh cua cac thudc tinh hda-ly ching to viec xir Iy kiém nhe (0,125 M)
sinh khéi thu duoc sau 1én men cua chung vi khuan Yangia sp. ND199 trong thoi gian
dai gitp ting do sach cta mau PHA nhung van dam bao hiéu qua thu hoi va chat
lwong caa polymer. So sanh véi cac két qua cong bd caa Anis va Cs (2012) trén dbi
tugng Cupriavidus necator [21] hay cong b ctua Yang va Cs (2011) trén dbi tugng
Ralstonia eutropha H16 [215] ching tdi thiy rang viéc st dung NaOH dé tach chiét
va thu hdi PHA tir sinh khéi chung vi khuan Yangia sp. ND199 c¢6 hiéu qua cao.
3.3.3. Anh hwéng ciia ham lwong sinh khéi dén hiéu quad tinh sach

O thi nghiém tiép theo ching toi tién hanh xu ly sinh khéi té bao vi khuan
(ham luwong khac nhau) vai 0,125 M NaOH ¢ 50 °C trong 5 h. Két qua trong bang
3.15 cho thiy, d6 tinh sach thu dugc dao dong tir 89,3 %wt dén 90,6 %wt Vi mic
d6 thu hoi dat xap xi 97% khi ham lwong sinh khdi trong dich xt ly tir 50 g/L dén
90 g/L. Céac bao cao cua Choi va Cs (1999) [44], Anis va Cs (2012) [21] lai cho
thiy khi ham luong sinh khéi duoc xir 1y vuot qua 30 g/L khién cho muc do tinh

sach giam dan trong khi hiéu suat thu héi tang trén cac d6i tuong E. coli tai té hop
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va Cupriavidus necator tai t hop. Do nhot tang trong qua trinh xtr Iy véi NaOH
gy kho khin trong qua trinh 1i tim va thu hdi san pham [78]. Pdng thoi ham lwong
NaOH du thira trong mau xir 1y ciing c6 thé 1a nguyén nhan dan dén su giam hiéu
suat thu hoi san pham [21]. Tuy nhién trong nghién cau nay ching t6i nhan thay
viéc xir 1y dich huyén phi té bao véi ham lugng sinh khéi ting dan hau nhu khong
gay ra su sai khac dbi véi @6 tinh sach va hiéu suat thu hdi vai céc gia tri tuong tng
khoang 90 %wt va trén 96 %, theo tha tu (bang 3.15, hinh 3.17).

Bang 3.15. Anh huéng cia ham heong sinh khai dén hiéu qud tinh sach PHA tzr sinh
khoi vi khuan Yangia sp. ND199

CDW ban dau P sach Hiéu suat
(9/L) (Yowt) (%)

50 89,3+1,0 97,2+15

70 90,6 + 2,8 96,6 £1,3

90 89,8+0,6 97,1 £ 1,05

(Ghi chii: Ham hrong PHA trong tat ca cac mau thi nghiém ban dau 1a 71,15 + 1,5 %wt)

ND 199 (1270).007
Print Mag: 3110x @ 51 mm 2 microns

Hinh 3.17. Anh chyp kinh hién vi dién ti truyén qua (TEM) cac hat PHA tir sinh khoi
Yangia sp. ND199 sau khi xu ly NaOH
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Két qua thu duogc 13 vo cung c6 ¥ nghia dbi véi quy md san xuat 16n bai viec
giam chi phi vé& hoa chat, thiét bi ciing nhu giam thiéu luong hoa chat thai ra moi
treong. Dac biét, mic d6 y nghia cua cac két qua trén cang duoc nang cao boi céc
thi nghiém cta ching t6i déu dugc tién hanh truc tiép trén ngudn sinh khéi té bao
tuoi (sinh khdi chua qua 1am kho) chwa qua bat ky qué trinh tién xu 1y nao.

3.4. Thir nghiém tao vat liéu PHA trong diéu kién phong thi nghiém

Dua trén cac két qua nghién cau & trén, qua trinh san xuat vat lieu PHA da
dugc ching t6i xay dung va van hanh thir nghiém & quy mé phong thi nghiém theo
mo hinh tom tat ¢ hinh 3.18. Dién giai chi tiét qué trinh nhu sau:

3.4.1. Nhan giéong

- Giong vi khuan Yangia sp. ND199 Iuu trir trong cac éng dong kho hoic
trong glycerol duoc sir dung cho san Xuat.

- Chung gidng duoc hoat hoa trén méi trudng nhan gidng HM trong vong 24
h. Lwa chon khuan lac moc tdt, kiém tra hinh thai bang nhuom Gram truéc khi ciy
chuyén sang mdi trudng nhan giéng cap 1.

- Gibng cap 1 dugc nudi cay trong thoi gian 13 h dén 15 h dé dat duoc gia tri
mat do quang tuong duong 7+0,5 & budc séng 600 nm.

3.4.2. Lén men

- Mbi truong 18n men san xuat st dung moi trudng voi thanh phan nhu trinh
bay & muc (phan Vat liéu — Phuong phap).

- Luong giéng duoc st dung: chiém 10 % (v/v) so vai thé tich 1én men.

- Thé tich 1én men 3 L. Toc do khudy dao ban dau duoc cai dat & mac 100
rpm véi mac suc khi la 0,5 L/L méi truong.

- Str dung k¥ thuat 1én men ban lién tuc hai gian doan nhu sau:

+ Giai doan tang sinh khéi té bao: (tir 3 h d¢én 18 h nudi cay) Dung dich dinh
dudng dam dic giau nito duoc sir dung dé bo sung vao moi trudng nudi cay véi tdc
d6 ban dau 10 ml/h va tang dan Ién cac mac 20 mi/h, 30 mli/h, 40 mi/h, 50 mi/h sau
mdi 3 h nudi cdy. Ham luong fructose duoc duy tri & muc 2 g/L dén 3 g/L bang

cach bo sung dung dich fructose ddm dic sau khi xac dinh duoc nong do fructose
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thuc té trong moéi trudng mdi 1,5 h nudi cdy. Toc do khudy dao duoc ting dan cho
dén muc t6i da dat 600 rpm voi mic do suc khi dat 1 L/L moi trudng.

+ Giai doan tich liiy PHA: (tir 18 h d&én 33 h) Dung dich dinh dudng khoéang
khong chira nito duoc duy tri bo sung véi tbe do 10 ml/phat cho dén cubdi qué trinh
1én men. Ham luong fructose trong méi truong duge ting dan tir 3 g/L 18n 15 g/L
sau mdi 3 h nudi cay. Toc do suc khi va khudy dao dwogc duy tri 6n dinh ¢ mac 3
L/phit va téc do khudy 600 rpm, theo thi ty. Sau 33 h, ham lugng duong trong moi
truong nudi cay duoc duy tri & mic 20 g/L cho dén khi két thiic 1én men.

3.4.3. Thu héi sinh khéi — Téch chiét PHA

Quié trinh thu héi va tinh sach dugc tién hanh theo cac budc sau:

- Thu héi va 1am sach sinh khéi té bao: Dich 1én men dugc tién hanh loc qua
hé thong loc tiép tuyén vai mang loc ¢& 0,2 um (GE Healthcare, M¥) va ria bang
nuéc nham loai bo cac thanh phan dinh dudng con sot lai trong méi trudong 18n men.

- Sinh khdi té bao sau d6 duoc xu Iy voi NaOH véi nong d6 cubi cing dat 0,125
N va duoc chay tuan hoan nho hé thdng loc tiép tuyén trong thoi gian 3 h vai toe d6
tuan hoan 100 L/h.

- Sinh khéi sau xtr Iy NaOH duogc tién hanh rira bang nudc trén hé thong loc
tiép tuyén nham loai bo hét cac thanh phan xéac té bao bi hoa tan va lwong NaOH
con ton du. C6 dic dich thu dugc dén thé tich cudi 2 lit va thu hoi.

3.4.4. Thu hsi PHA

San pham PHA c6 trong dich xt Iy cudi dugc thu hdi nho hai phwong phap:

- Lam khd bang nhiét néng: Gia nhiét & 80 °C cho dén khi san pham kho
hoan toan. San pham thu duoc c6 dang banh mau tring trong. Khi nghién min c6
mau trang sang.

- Pong kho: Tién hanh 1am kho trén may sy thing hoa thu duoc san pham
PHA dang bot c6 mau tring sang (phu luc 10).
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3.4.5. Tao vt ligu PHA

Mau nguyén liéu PHA duoc dua qua thiét bi dun nhiét voi nhiét do 180 °C
dé tao hat vat liéu c6 ban chat PHA. San pham thu dwgc ¢6 mau tring trong,
ctng (phu luc 10).

[ wan ]
{}

()
4

Thu héi -
Tinh sach

4

A

Thu nhan < uty -
PHA Vv v

g —
:V
! ! ! ,

Tao vat Vat liéu nhya phan
liéu nhya hy sinh hoc

Hinh 3.18. So' d6 quy trinh san xudt PHA quy md phong thi nghiém
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NDP199 trong diéu kién chon Iz"lp
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Kha ning phan hay sinh hoc cua vat liéu PHA thu duoc tir chung vi khuan

Yangia sp. ND199 trong diéu kién ty nhién da dwoc ching ti khao sat & mot sé dia

diém thudc dat ring (Penang, Malaysia) (phu luc 11) & diéu kién nhiét do trung

binh 30 °C véi d6 4m dit dao dong & mirc 80 % trong thoi gian thi nghiém.

Nhu thé hién & hinh 3.19 va 3.20, sau 4 tuan chdn u tit ca c4&c mau mang

PHA thi nghiém déu thé hién su giam khéi lwgng so véi thoi diém ban dau. Su giam

khoi lwong c6 xu hudng ting déu trong thoi diém 3 tuan thu mau dau tién va da sb

cac mau thé hién mac d6 giam khdi lwong manh mé ¢ tuan thi tu ca giai doan thi

nghiém. Két qua thu duoc ciing cho thay rang ¢ cung diéu kién sinh thai (cung vi tri

thi nghiém) cac mau duoc chén 1 (¢ ca hai loai mau NT va T) déu c6 muac do giam

khdi luong tot hon so voi cac mau dat trén mat dat.

A —+—LI-NT1-8
—=—1L2-NT2-S

—+—T1.3-NT3-S
e
E 4
E
e 3
oo
=14
g2
= 1
0
C —+—L1-NT2-8
8 —=—L2-NT2-§
ob ——L3-NT2-8
E 7
e 5
E a4
A;E 3
Moo
1
0

Ban diu 1 2 3 4

Khii lwong giam (mg)

Khéi lugng gidm (mg)
O = N W AR LW S X

B ——LI-NT1-B
—®—L2-NT1-B

Ban déu 1 2 3 4

D —+—L1-NT2-B
—=—12-NT2-B
——L3-NT2-B

Ban diu 1 2 3 4

Hinh 3.19. g giam khoi lwgng ciia cc mau PHA thu hoi nho CHCI, theo thoi gian
i ‘ _ khac nhau (tuan) ‘ N
(A)-Mdu NT1 bé mdt, (B)-Mdu NT1 chon, (C)-Mdu NT2 bé mdt, (D) mdu NT2 chén
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B —+—LI1-T1-B
—=—1.2-T1-B
——13-T1-B

A —+—L1-T1-S
—=—1.2-T1-8

——1.3-T1-8

Ban diu 1 2 3 4

Khbi lrong gidm (mg)

_- O = N W A W
Khdi lrong giam (mg)

_- o = N W A W

Ban diu 1 2 3 4
—+—L1-T2-8 —+—L1-T2-B
C —=—12-T2-S D —=—12-T2-B
10 ——L3-T2-S 10 —I3-T2-B
9 9
’? ] o 8
s 7 E 7
w © g 6
eo 5 x 5
E 4 E 2
= 3 = 3
<3 —=
= 2 g 2
= 1 S |
0 0 T
-1 ~“Ban diu 1 2 3 4

Ban diu 1 2 3 4

Hinh 3.20. B¢ giam khoi luwong cua cac mau PHA thu hoi nho NaOH theo thoi gian
i _khac nhau (tuan) i
(A)-Mdu T1 bé mat, (B)-Mdu T1 chén, (C)-Mdu T2 bé mat, (D) mau T2 chén

Két qua tuong tu ciing dugc Sridewi va Cs (2006) thong béo khi khao sat
kha ning phan huy sinh hoc ctia cic mau PHA trong diéu kién rirng ngap man nhiét
d6i [178]. Kha ning tiép xUc Vi vi sinh vat cao hon khi dugc chon Iap so véi cac
mau mang dat trén bé mit dat 1a mot If do. Bén canh do, vi sinh vat & céac 16p dat
véi d6 sAu tir 2 cm dén 10 cm thuong c6 mat do cao va da dang hon so vai trén bé
mit (do chiu anh hudng caa cac tia tir ngoai va su thay d6i mot cach lién tuc cua khi
hau) ciing 1a mot yéu té quan trong anh huéng dén qué trinh phan hay sinh hoc.

Chung tdi thay rang khdng c6 su sai khéc vé toc do phan hay sinh hoc khi do
day ciia mang PHA thay doi. Tuy nhién téc d6 phan hay cua cac mau PHA thu duoc
thong qua xir ly sinh khdi bang NaOH thap hon so voi cac mau PHA thu hoi bang
chloroform. D6 giam khdi lwong ciia cac mau PHA thu dugc nho chloroform dao
dong tir 20 % dén 25 %, trong khi ddi véi cac mau PHA thu hdi nho NaOH chi dat
trong khoang 14 % dén 18 %.
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Bang 3.16. Sir giam M,, sau 4 tuan thi nghiém cua cac mdu polymer

Ki hiéu M,, M, PDI Ki hi¢u M, M, PDI
mau (10° Da) (10° Da) (My/M,) mau (10°Da) | (10°Da) (MJ/M,)

Bandau | 1,36 3,75 3,47 |Bandau| 056 | 2,88 1,96
L1-NT1-S| 0,86 3,73 229 |L1-T1-S| 049 | 2,73 | 1,81
L1-NT1-B| 0,81 3,68 22 |L1-T1-B| 047 | 271 | 174
L1-NT1-S| 0,74 3,54 21  |L1-T2-S| 046 | 281 | 1,65
L1-NT1-B| 0,72 3,48 2,08 |L1-T2-B| 041 | 242 1,7
L2-NT1-S| 0,83 3,52 2,36 |L2-T1-S| 048 | 287 | 1,67
L2-NT1-B| 0,81 3,45 2,35 |L2-T1-B| 045 | 2,75 | 1,64
L2-NT2-S| 0,85 3,62 2,35 |L2-T2-S| 046 | 254 | 1,81
L2-NT2-B| 0,76 3,56 2,13 |L2-T2-B| 042 | 248 | 1,69
L3-NT1-S| 0,85 3,5 245 |L3-T1-S| 044 | 262 | 1,68
L3-NT1-B| 0,82 3,72 22 |L3-T1-B| 046 | 2,75 | 1,69
L3-NT2-S| 0,71 3,33 213 | L3-T2-S| 042 | 258 | 1,61
L3-NT2-B| 0,82 3,62 2,27 | L3-T2-B| 0,42 2,6 1,62

Cau trdc hda hoc cua cac sgi polymer c6 trong mau co thé 1a yéu té co ban
anh huong kha nang tac dong cua vi sinh vat dén PHA. Trong qua trinh tach chiét
va thu hoi, NaOH c6 18 di tic dong dén cac ving vo dinh hinh caa phan tir PHA
khién cho s6 luong cac ving nay giam di dang ké trong san pham thu dugc. Chinh
diéu nay da dan dén sy suy giam gia tri M,, nhu di trinh bay & trén. Trong khi ban
chat soi polymer gan nhu duoc bao toan khi st dung chloroform dé tach chiét va
thu héi. Ving vé dinh hinh ciing 13 ving d& bj tac dong nhit bai cac enzyme cua Vi
sinh vat trong diéu kién tu nhién.

Két qua phan tich sic ki gel tham thau (GPC) ciing cung ¢d quan diém nay
cta ching t6i. Nhu két qua duoc trinh bay trong bang 3.16, cac mau PHA thu hoi
bang dung mdi chloroform cé su giam M,va mic d6 phan tan caa polymer mot

cach rd rét so véi mau ban dau, trong khi sy thay ddi ndy & cac mau PHA con lai
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hau nhu khong c6 sy sai khac dang ké. Ngoai ra, khi phan tich mau mang phim
PHA trén kinh hién vi quang hoc va kinh hién vi dién ta quét (SEM) cho thay c6 su
khéc biét 16n vé mau sic ciing nhu cau triic bé miat gitra cac mau thi nghiém so voi
mau ddi chang. Cac mau thi nghiém chdn u sau mét thoi gian s& chuyén sang mau
vang xam, cing véi do 1a su xuat hién cia cac diém thung 16 chd trén bé mat mang
(hinh 3.21 va 3.22). Su khéc biét cang dugc thé hién rd khi quan sat duéi kinh hién
vi dién ta quét (SEM). B& mat mang PHA khong chon u (mau déi chang) co cau
trdc soi dong déu, trong khi c6 sy pha hiy manh mé cau trdc bé mat & cac mau thi
nghiém. Ddng thoi c6 su xuat hién caa cac té bao vi khuan va nam mdc tai cac vi tri
ph&n hay manh (hinh 3.23 va 3.24).

Hinh 3.21. Dién bién qué trinh phan iy sinh hoc ciia mau L3-NT1-B
(mau PHA thu hoi nho chloroform khi chén lap ¢ vi tri thi nghiém so 3)

CELGED

Hinh 3.22. Dién bién qué trinh phan iy sinh hoc ciia mau L3-T1-B
(mau PHA thu hai nho NaOH khi chén lap ¢ vi tri thi nghiém so 3)
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Hinh 3.23. Cdu trdc bé mat mang PHA thu hoi nho chloroform duwséi kinh hién vi
dien tir quét (SEM)
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Hinh 3.24. Cdu trtc bé mat mang PHA thu hoi nho NaOH duréi kinh hién vi dién tir
) quét (SEM) )
(C1, C2) —Mdu ddi chimg T1; (D1, D2) — Mdu L3-T1-B
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KET LUAN VA KIEN NGHI

1. KET LUAN

1.1. Tir cAc mau dat thu thap duoc chung toi da phan 1ap dwoc 869 chang vi
khuan va xac dinh duoc 50 chung cd kha ning sinh téng hop PHA. Trong sé d6 8
chang vi khuan phan lap duoc tir ddt RNM da duoc lya chon nghién ciu vé cac diac
diém hinh thai, sinh Iy — héa sinh, va giai trinh tu doan gen 16S rDNA. Cac chang
nay dugc xép vao hai chi Bacillus (3 chung NP97, NP153, va QN194) va Yangia
(5 ching bao gom NP199, NP218, ND240, QN187, va QN271. Trinh tu doan gen
16S rDNA cua 8 chung nay da duoc bdo céo trén GenBank véi cac ma sb tir
JQ691602 dén JQ691609.

1.2. Chung vi khuan Yangia sp. NP199 ¢6 kha ning sinh truéng va sinh tong
hop PHA da dang trén nhiéu ngudn C va tién chat C khac nhau. Trong d6, fructose
va cao nam men la nguon C va N phi hop nhét cho sinh truéng va sinh tong hop
PHA cua chiang vi khuan Yangia sp. ND199. Chung vi khuan Yangia sp. ND199 ¢6
kha ning sinh tong hop PHA d6ng thoi voi qua trinh sinh truéng ma khdng yéu cau
diéu kién mat can bang dinh dudng. Str dung k¥ thuat 1én men mé c6 bé sung dinh
dudng voi cac chién lugc duy tri ndng do C khac nhau da giup cai thién kha niang
san xuat PHA tir chang nay. Khi I8n men véi chién lugc chién lugc ting dan nong
d6 fructose trong mai trudng tir 3 g/L dén 20 g/L theo ting giai doan nudi ciy, sau
54 h nudi ciy chung toi thu dugc két qua tot nhat: CDW dat 78 g/L, ham luong
PHA dat 67,5 %wt va nang suat dat 1 g/L/h.

1.3. bi xac dinh dugc diéu kién tach chiét va thu hdi PHA truc tiép tur sinh
khdi chung vi khuan Yangia sp. ND199. Sir dung 0,125 M NaOH ¢ 50 °C trong 300
phut, d6 sach cua san pham PHA dat 92 %wt véi hiéu suat thu hoi dat trén 96 %.
Cac thuoc tinh hoa — Iy cua san pham PHA thu duoc hau nhu khong sai khac nhiéu

s0 vai san pham tach chiét — thu hdi nho phuong phap sir dung chloroform.
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1.4. San pham PHA thu duoc tir chung vi khuan Yangia sp. ND199 thé hién
kha nang phan hay sinh hoc tét trong diéu kién chdn 1 (30 °C vai do am >80 %).
Muc do giam khdi lugng cia cac mau mang PHA dao dong trong khoang 14 % dén
25 % sau 4 tuan thi nghiém.

2. KIEN NGHI

Nhitng két qua thu duoc trong qua trinh nghién ctu cho thay phan nao mic
d6 phong pht va tiém ning cua vi khuan c6 kha nang sinh tong hop PHA ¢6 trong
hé sinh thai dat ¢ Viét Nam. Dic biét, nhitng két qua nghién ciru thu dugc vé kha
nang san xuat, thu hoi san pham PHA, va chat luong san pham PHA tir chung vi
khuan Yangia sp. ND199 cho thay tiém ning phat trién rat Ion cua vat liéu nay &
Viét Nam. Tuy nhién dé c6 thé phat trién loai vat liéu nay thanh san pham thuong
mai trong twong lai thi van con nhiing van dé can duoc giai quyét sau day:

2.1. Can tiép tuc c6 nhiing nghién ciu thir nghiém va hoan thién quy trinh
san xuat & quy mé cong nghiép.

2.2. Canco nhiing nghién cau thir nghiém tng dung va danh gia loai vat liéu

ndy trong cac linh vuc khac nhau, dac biét 1a linh vyuc y té.
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