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(57) Sang ché dé cap dén cac phuong phap diéu ché terephtalat 1,2-cis-dihydrodiol, axit

protocatechuic va axit galic. Cu thé la terephtalat 1,2-cis-dihydrodiol (TPA-DHD) co6 thé

duogc san xuit bang cach su dung mudi cia axit terephtalic ma chira 0,5 lan dén 2 lan lugng
mol kali tinh theo tat ca cac axit terephtalic chtra trong mudi ctia axit terephtalic va bang
cach sir dung vi sinh vat biéu hién terephtalat 1,2-dioxygenaza lam nguyén liéu. Hon nifa,

TPA-DHD c¢6 thé duoc chuyén hoa thanh axit protocatechuic bang dehydrogenaza TPA-

DHD va axit protocatechuic c6 thé duoc chuyén hoa thanh axit galic bang para-

hydroxybenzoat hydroxylaza. Ngoai ra, bang cach xir Iy nhiét cac polyeste thai trong dung

moi etylen glycol hoic dung méi 1-butanol chtra kali hydroxit, cac polyeste nay cé thé bi
khir trang hop mot cach hiéu qua, va co thé tao ra kali terephtalat thich hop cho viéc san
xuat hoa chat nho vi sinh vat nay.
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Linh vwe ky thuat dugc dé cap

Sang ché @& cap dén phuong phap diéu ché terephtalat 1,2-cis-dihydrodiol (duéi
day dugc viét tit 1a TPA-DHD, néu cin) tir nguyén liéu mudi kali cia axit terephtalic
st dung vi sinh vét biéu hién terephtalat 1,2-dioxygenaza, phuong phép chuyén hoa
tiép TPA-DHD thanh axit protocatechuic hodc axit galic, va phuong phap thu dugc
kali terephtalat dé 1am nguyén liéu bang cach khir tring hop céc polyeste thai. Luu y
rang, theo sing ché, kali terephtalat lién quan dén hop chét trong d6 axit terephtalic
trong dikali terephtalat, 1-kali 4-natri terephtalat, 1-kali 4-amoni terephtalat, hodc
tuong tu tao thanh mudi vé6i ion kali théng qua it nhdt mdt nhém carboxyl con lai cia

axit terephtalic.
Tinh trang ky thuat cia sang ché

Axit terephtalic 1 hoa chat gia thap dugc san xuit véi s6 lwong 16n chu yéu 1am
nguyén liéu dé san xudt polyeste trén co s& axit terephtalic bao gdm polyetylen
terephtalat (dudi day dugc viét tit 1a PET), polytrimetylen terephtalat (dudi day dugc
viét tét 1a PTT), va polybutylen terephtalat (dudi day dugc viét tit 12 PBT). Béi vi axit
terephtalic 14 hoa chét gid thip, cac k¥ thudt san xuit cic hoa chét hitu ich nhur TPA-
DHD, 2-pyron-4,6-axit dicarboxylic, axit protocatechuic, hodc axit galic tir nguyén
liéu axit terephtalic, st dung céc vi sinh vat da duoc phat trién (cac tai lidu tir 1 dén 5).
D3 biét ring axit 2-hydroxy terephtalic 12 nguyén liéu dé san xuit cac dugc phdm hoic
cac vat liéu nhya c6 thé duoc san xuit bang phan tmg tach nu¢c TPA-DHD (céc tai

liéu sang ché 1 va 2).

Trong cac trudong hop trong do6 céac hoa chét hiru ich dugce tao ra tir nguyén liéu
axit terephtalic st dung céc vi sinh vat, cin phai bd sung mudi cta axit terephtalic ma
¢6 do tan trong nudc tt, chir khéng phai chinh axit terephtalic, vao méi truong nudi
cdy. Boi vi natri hydroxit khong dit nhu kali hydroxit, nén céc mudi natri cia axit
terephtalic thuong duge st dung 1am nguyén liéu. Khong ¢6 bao cao nao mo ta vé viée
san xuét cac hoa chit hitu ich v6i nguyén lidu mudi kali cta axit terephtalic st dung
céc vi sinh vAt hodc khong c6 bao cédo cho thdy rang kha ning cla mudi natri ciia axit

-2-



23700

terephtalic trong viéc san xuét hop chit mong mudn 13 t6t hon so véi kha ning cta

mudi kali cia axit terephtalic.

V& viéc tai ché polyeste trén co so axit terephtalic, s& cong nghé téi ché d4 phat
trién ddc biét tap trung vao viée tai ché cac chai PET thai va dang tién t&i viéc thuong
mai héa. Tuy nhién, chi phi cho viéc tai ché cao, va doi hoi phai c6 cong nghé tai ché
sinh lgi nhiéu hon. Nhu néu trén, viéc sir dung axit terephtalic thu duge tir cdc polyeste
thai lam nguyén liéu trong viéc san xuit hoa chit 1a giai phap cho cac vin d& moi
trudng va giam chi phi san xuit, va do d6 1a vén @ nghién ciru va trién khai quan

trong.

Nhu mot phuong phép tai ché cac polyeste thai, ngoai phuong phép tdi ché
nguyén liéu ma nhd d6 thu duge céc polyeste ban dAu, da biét dén phuong phap tai ché
héa hoc ma nh¢ d6 thu duogc axit terephtalic, bis-2-hydroxyetyl terephtalat, hodc twong
tu thong qua phan ing khir tring hop hda hoc polyeste (céc tai li€u sang ché tir 6 dén
11). Da biét rang phan tmg khtr tring hop 1a kha thi bing cach gia nhiét cac polyeste
nhu PET trong dung méi phan ng etylen glycol hodc dung mdi phan ng rugu chira
hydroxit ctia kim loai kiém nhu natri hydroxit. Trong trudong hop nay, vi natri hydroxit
1a hoa chét gia thip, nén natri hydroxit thudng duge ding nhu hydroxit cia kim loai
kiém. Nhung hién khong c6 c4c tmg dung dé sir dung terephtalat ctia kim loai kiém thu
dugc, nén hoat dong tai ché tat yéu 1a tiép tuc xtr 1y terephtalat ctia kim loai kiém bing
axit @ thu duoc axit terephtalic. Tuy nhién, hoat déng tai ché nhur vay khoé thuc hién

duogc vi chi phi san xudt ngay cang cao va axit terephtalic thu dugc 1a hoa chét gi4 thép.

Mic do da biét ring PET c6 thé duge khir tring hop trong dung méi etylen
glycol chira kali hydroxit (tai li¢u phi sdng ché 1), nhung khong c6 bao cdo vé cac két
qua so sanh sy khac biét trong phan g khir trung hop PET giita kali hydroxit va natri
hydroxit trong dung mdi etylen glycol. Hon nita, khong c6 bdo cédo vé cac cong nghé
tai ché polyeste thai trong d6, sau khi PET, PTT, hodc PBT bi khit trung hop trong
dung mdi phan Gng etylen glycol chtra kali hydroxit dé nho @6 thu duoc cac kali
terephtalat, cac kali terephtalat dugc chuyén hoa thanh cac hoa chét hitu ich khéc sur

dung céc vi sinh vit.

Vi du ctia mot thir nghiém da dugce bao céo, trong d6 thu dugc axit terephtalic
bang cach khir tring hgp PET thai trong dung mdi phan tng 1-butanol chira natri
hydroxit va bd sung axit sulfuric (tai liéu sang ché 12). Cho dén nay, khong c¢6 bao cdo
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nao cho thay PET thai bi khir tring hop trong dung mdi phan tng 1-butanol chira kali
hydroxit, va su khéac biét di voi phan tng khir tring hop polyeste trong dung méi

phan tmg 1-butanol chira kiém duge so sanh gitra kali hydroxit va natri hydroxit.

Trong céc trudng hop néu cac polyeste thai bi khir tring hop trong etylen glycol
chira kali hydroxit, néu c6 géng dé thu dwoc kali terephtalat c6 d¢ tinh khiét cao, chi
phi cho viéc tai ché tang. Vi vay, khi sir dung kali terephtalat c6 do tinh khiét thip
chira etylen glycol 1am nguyén liéu, mong muén 1a chuyén hoéa ching thanh cac hoa
chit hitu ich st dung céc vi sinh vat. Tuy nhién, khéng c6 bo cdo vé viéc san xuét cac
hoa chét st dung cac vi sinh vét trong didu kién trong d6 terephtalat va etylen glycol
~ ¢6 mat cing nhau. Luu y ring Escherichia coli (duéi ddy, néu can, duoc goi 1a E.coli)
dong K-12 ma thuong dugce st dung trong linh vire nghién clru co ban va linh vye sén
xudt cong nghiép duogc biét dén 1a c6 kha ning chuyén hoa etylen glycol thanh axit
glycolic nho lactaldehyt reductaza va lactaldehyt dehydrogenaza ciia n6. Hon thé nita,
viée dua dot bién vao lactaldehyt reductaza dugc bdo cdo 1 lam ting cudng kha ning

trao d6i chét etylen glycol (céc tai lidu phi sang ché tir 2 dén 4).
Danh muc tai liéu trich dan
Tai lidu sang ché

Tai liéu sang ché 1: Patent My s 5,068,414

Tai lidu sang ché 2: Patent My s 5,124,479

Tai lidu sang ché 3: Cong bd don yéu ciu cdp patent Nhat Ban chua xét nghiém
56 2007-104942

Tai liéu sang ché 4: Cong bd don yéu cau cip patent Nhat Ban chua xét nghiém
56 2009-65839

Tai lidu sang ché 5: Cong bd don yéu cau cép patent Nhat Ban chwa xét nghiém
56 2009-213392

Tai liéu sang ché 6: Patent s6 3715812

Tai liéu sang ché 7: Cong bd don yéu ciu cap patent Nhat Ban chua xét nghiém
56 2000-169623
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Tai liéu sang ché 8: Patent My sb 3,544,622

Tai lidu sang ché 9: Cong bb don yéu ciu cAp patent Nhat Ban chua xét nghiém
56 2002-60542

Tai lidu sang ché 10: Cong bd don yéu cdu cdp patent Nhat Ban chua xét
nghiém s611-21374

Tai liéu sang ché 11: Patent My sb 4,542,239
Tai liéu sang ché 12: W02005/082826
Céc tai liéu phi sang ché
Tai liéu phi sang ché 1: Polym.-Plastics Tech. Eng., 43, 369 (2004)
Tai liéu phi sang ché 2: J. Bacteriol., 153, 134 (1983)
Tai liéu phi sang ché 3: J. Bacteriol., 171, 6097 (1989)
Tai liéu phi sang ché 4: J. Biol. Chem., 273, 8308 (1998)
Ban chit ky thuit ciia sang ché

Muc dich cia sang ché 12 d& xuét phuong phap diéu ché TPA-DHD sir dung cic
mubi terephtalat cia kim loai kidm lam nguyén liéu va, phuong phap chuyén héa
TPA-DHD thanh axit protocatechuic st dung céc vi sinh vét va ting cuong kha ning
tao ra cac hop chét nay; va sang ché con dé xuit phuong phap thu dugc cac terephtalat

ctia kim loai kidm nhu vy bang cach khir tring hop cic polyeste thai.

Dé giai quyét cac muc dich néu trén, trong qud trinh tién hanh cac nghién ciru
vé phan tmg khtr tring hop polyeste trén co s& axit terephtalic PET trong dung dich
kiém dé thu duoc axit terephtalic, cac tAc gia sdng ché da so sanh kha ning ctia thé tai
td hop Escherichia coli trong viéc san Xuét axit protocatechuic va dd nhan thdy ring
kha ning trong viéc tao ra axit protocatechuic khi sir dung nguyén li€u kali terephtalat
(dikali terephtalat, mubi 1-kali 4-amoni hogc 1-kali 4-natri terephtalat) 1a cao hon so

véi khi s dung dinatri terephtalat, vi thé da tap trung vao viéc str dung kali terephtalat.

Khi do tan trong nudc clia mudi cta axit terephtalic can sir dung 1dm nguyén
liéu thép, thé tich 1éng duoc cAp tir thing chtra nguyén liéu ting va vi thé luong hop
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chit mong muén dugc tao ra cho thing nudi cdy giam. Do d6, t&t hon néu st dung
mudi cta axit terephtalic c6 d6 tan trong nudc cao lam nguyén liéu. Xét vé diéu nay,
do tan cla dinatri terephtalat, 1-kali 4-natri terephtalat, va dikali terephtalat trong nudc
& nhiét d6 30°C duoc danh gia; va da phat hién ra réng do tan cua dikali terephtalat
khoang 1,0 M; d0 tan cuia 1-kali 4-natri terephtalat khoang 0,96 M; do tan ctia dinatri
terephtalat khoang 0,63 M; va kali terephtalat c6 do tan trong nudc cao. Hon nita, cling
phat hién ra ring kali terephtalat nhu dikali terephtalat hodc 1-kali 4-natri terephtalat
da tao ra kha nidng cia vi sinh vit nhu Escherichia coli trong viéc san xuét hop chét

mong mudn, so véi dinatri terephtalat.

Hon nita, trén thuc té, gid ciia mot mol amoniac 1a thap hon gia cia mot mol
kali hydroxit hodc natri hydroxit, d§ tan clia cdc amoni terephtalat khac nhau trong
nuée & nhiét do 30°C dugce danh gid; va da phat hién ra rang do tan ciia 1-kali 4-amoni
terephtalat khoang 0,85 M; d9 tan cta 1-natri 4-amoni terephtalat khodng 0,61 M; do
tan cua diamoni terephtalat khoang 0,51 M; va 1-kali 4-amoni terephtalat c6 d¢ tan
trong nudc cao. Ngoai ra, cling phat hién ra ring kha ning ca vi sinh vat nhu
Escherichia coli trong viéc san xudt hop chit mong mudn 13 tuyét voi khi sir dung 1-

kali 4-amoni terephtalat dugc, do d6 giai quyét dugc muyc dich clia sang ché.

Tiép theo, céc tac gia sang ché nghién ciru chuyén siu vé phan tmg khir tring
hop cua tung PET, PTT va PBT trong dung dich kiém bang cach gia nhiét dé tim ra
rang, khi phan @ng khir tring hop dwgc thuc hién trong dung méi phéan tng etylen
glycol chira hydroxit ciia kim loai kiém, viéc st dung kali hydroxit nhu hydroxit ctia
kim loai kiém din dén tdc do khir tring hop ciia polyeste nhanh hon va hon thé nita,
hiéu qua thu gom mudi cuia axit terephtalic cao hon, so véi viéc st dung natri hydroxit.
Két qua, ho da phat hién ra ring phan tng khir tring hop san xudt polyeste trén co s
axit terephtalic trong dung moi phan Ung etylen glycol chira kali hydroxit 1a tuy€t voi
nhu phuong phap diéu ché mudi cia axit terephtalic bang cach khir tring hop cac

polyeste thai.

Hon nita, c4c tic gia sang ché da nhén ra rang, su thay ddi dung modi phan tGng
dung cho phan tng khir tring hgp tir etylen glycol sang 1-butanol cho phép lam giam
nhiét d0 phan Gng cia phan ng khir tring hgp va bét ngd mang lai hiéu qua thu mubi
cla axit terephtalic tuyét voi. Hon thé nita, & phan (mg khtt trung hop trong 1-butanol,

viéc khong st dung natri hydroxit ma st dung kali hydroxit lam hydroxit cua kim loai
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kidm bat ngd mang lai hidu qua khir tring hop mudi ciia axit terephtalic tuyét voi.

Nhu néu trén, cac tic gia sang ché da nhan ra riang viéc khong sir dung natri ma
1a kali 1am kim loai kiém duoc st dung duge wu tién khong chi trong viéc san xut hop
chét mong mudn béng vi sinh vit st dung mudi kim loai kiém cua axit terephtalic 1am
nguyén liéu ma ca trong phan tng khir truing hop céac polyeste trong dung moi etylen

glycol hodc dung moi 1-butanol nham thu dugc kali terephtalat 1am nguyén liéu.
Do d6, sang ché @& xudt cac khia canh tir (1) dén (24) dudi day.

(1) Phuong phép didu ché terephtalat 1,2-cis-dihydrodiol bao gdm viéc cho vi sinh vat
hodc san phidm gidng nudi cdy di dugc xtt Iy clia né phan ng véi axit terephtalic
trong moi trudng nudc chira mudi cha axit terephtalic dé tao ra terephtalat 1,2-cis-
dihydrodiol, trong do mudi clia axit terephtalic chtra 0,5 lan dén 2 14n luong mol kali
tinh theo tAt ca cac axit terephtalic chira trong mudi ctia axit terephtalic: va trong d6 vi
sinh vat c6 ADN dugc néu & cac muc (a), (b), (c), hoac (d) duéi day; ADN dugc néu &
cac muc (e), (f), (g); hoic (h) dudi ddy, va ADN duogc néu & cdc muc (i), (j), (k), hodc
(1) duéi ddy; va c6 thé tao ra terephtalat 1,2-cis-dihydrodiol tir axit terephtalic;

(a) ADN ma hod protein chtra trinh ty axit amin néu trong SEQ ID NO: 2;

(b) ADN chtra trinh ty axit amin néu trong SEQ ID NO: 2 trir m§t hodc mot vai
axit amin dugc 1am mat doan, thé doan, va/hoic thém doan; va ma hod protein ¢6 chire
ning lién quan dén viéc chuyén hoa tir axit terephtalic thanh terephtalat 1,2-cis-
dihydrodiol;

(¢) ADN chira trinh ty nucleotit néu trong SEQ ID NO: 1;

(d) ADN ma c6 thé lai v6i ADN chia trinh tu b trg v6i toan bo hodc mot phin
trinh tu cua trinh tu nucleotit néu trong SEQ ID NO: 1 dudi céac didu kién nghiém
ngat; va ma hoa protein c¢6 chtrc ndng li€n quan dén viéc chuyén hoa tir axit terephtalic

thanh terephtalat 1,2-cis-dihydrodiol;
(e) ADN ma hoa protein chira trinh ty axit amin néu trong SEQ ID NO: 4;

(f) ADN chtra trinh ty axit amin gidng nhu néu trong SEQ ID NO: 4 trir mjt
hodc mdt vai axit amin duge lam mét doan, thé doan, va/hodc thém doan; va ma hoa
protein c¢6 chirc ndng lién quan dén viéc chuyén hoa tir axit terephtalic thanh
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terephtalat 1,2-cis-dihydrodiol;
(g) ADN chira trinh ty nucleotit néu trong SEQ ID NO: 3;

(h) ADN ma c6 thé lai v6i ADN chira trinh tu bd trg v6i toan by hodc mét phan
trinh tu cua trinh ty nucleotit néu trong SEQ ID NO: 3 duéi cac diéu kién nghiém
ngat; va ma hod protein cé chirc ning lién quan dén viéc chuyén hoa tir axit terephtalic

thanh terephtalat 1,2-cis-dihydrodiol;
(i) ADN mai hoa protein chira trinh ty axit amin néu trong SEQ ID NO: 6;

(j) ADN chtra trinh ty axit amin gidng nhu néu trong SEQ ID NO: 6 trir mot
hodc mdt vai axit amin dugc lam mét doan, thé doan, va/hodc thém doan; va mi hod
protein c¢6 chic ndng lién quan dén viéc chuyén hoa tir axit terephtalic thanh

terephtalat 1,2-cis-dihydrodiol;
(k) ADN chra trinh ty nucleotit néu trong SEQ ID NO: 5;

(1) ADN ma c6 thé lai v6i ADN chira trinh tu bd trg v6i toan bd hoic mot phan
trinh tu cua trinh tu nucleotit néu trong SEQ ID NO: 5 duéi céc didu kién nghiém
ngit; va ma hod protein c¢6 chirc ning li€én quan dén viéc chuyén hoa tir axit terephtalic

thanh terephtalat 1,2-cis-dihydrodiol.

(2) Phuong phap diéu ché terephtalat 1,2-cis-dihydrodiol theo muyc (1), trong d6 moi
trrong nudc chua mudi cta axit terephtalic 1a dung dich nuéc chita mot hodc nhiéu
kali terephtalat dugc chon tir nhom bao gdm dikali terephtalat, 1-kali 4-natri

terephtalat, va 1-kali 4-amoni terephtalat.

(3) Phuong phap didu ché terephtalat 1,2-cis-dihydrodiol theo myc (1) hodc (2), trong
d6 mubi cua axit terephtalic dugc bd sung duéi dang dung dich nuéc, dang bdt hodc
dang hdn dich, véi vi sinh vét hodc san phém giéng nudi céy da duogc xtr ly ctia nd aé

vi sinh vat hodc san phim da dwogc xi Iy ndy phan (mg véi axit terephtalic.

(4) Phuong phap diéu ché terephtalat 1,2-cis-dihydrodiol theo muc bét ky trong sb céac
muc tir (1) dén (3), trong d6 vi sinh vat néu trong muc (1) con ¢6 kha ning vén chuyén
ndi bao axit terephtalic dwgc ting cuong bang cach dua vao ADN duoc néu & cdc muc
(m), (n), (0), hodc (p) dudi day:
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(m) ADN ma hod protein chira trinh tu axit amin néu trong SEQ ID NO: &;

(j) ADN chira trinh ty axit amin giéng nhu néu trong SEQ ID NO: 8 trir mot
hodc mot vai axit amin duoc 1am mit doan, thé doan, va/hodc thém doan; va ma hod

protein c¢6 hoat tinh van chuyén axit terephtalic;
(0) ADN chira trinh tu nucleotit néu trong SEQ ID NO: 7;

(p) ADN ma cé thé lai voi ADN chta trinh tr b trg véi toan bd hodc mét phin
trinh tuy cda trinh tu nucleotit néu trong SEQ ID NO: 7 dudi céac didu kién nghiém

ngit; va ma hod protein ¢ hoat tinh van chuyén axit terephtalic.

(5) Phwong phép diéu ché axit protocatechuic bao gdm viéc tao ra terephtalat 1,2-cis-
dihydrodiol tir mubi cuia axit terephtalic bang phwong phéap theo muyc bat ky trong sb
cac muc tir (1) dén (4) va sau d6 chuyén hoa terephtalat 1,2-cis-dihydrodiol thanh axit
protocatechuic, trong do6 vi sinh vét con c6 ADN néu & muc (q), (1), (s), hodc (t) dudi

day va co thé tao ra axit protocatechuic tlr axit terephtalic:
(q) ADN ma hoa protein chira trinh ty axit amin néu trong SEQ ID NO: 10;

(r) ADN chtra trinh ty axit amin gidng nhu néu trong SEQ ID NO: 10 trir mot
hodc mot vai axit amin dugc lam mét doan, thé doan, va/hodc thém doan; va ma hoa
protein c6 hoat tinh chuyén hoa terephtalat 1,2-cis-dihydrodiol thanh axit

protocatechuic;
(s) ADN chira trinh ty nucleotit néu trong SEQ ID NO: 9;

(t) ADN ma c6 thé lai véi ADN chtra trinh ty bd trg v6i toan bd hoic mét phan
trinh tu cda trinh tu nucleotit néu trong SEQ ID NO: 9 duéi céc didu kién nghiém
ngdt; va ma hod protein c6 hoat tinh chuyén hoa terephtalat 1,2-cis-dihydrodiol thanh

axit protocatechuic.

(6) Phuong phép diu ché axit protocatechuic bao gdm viéc tao ra terephtalat 1,2-cis-
dihydrodiol tir mudi cua axit terephtalic bing phwong phép theo muc bét ky trong sd
cac muc tir (1) dén (4), va sau d6 chuyén ho4 terephtalat 1,2-cis-dihydrodiol thanh axit
protocatechuic bang cach sir dung vi sinh vt thu dugc bang cach dua vao ADN dugc
thé hién & cac muc (q), (r), (s), hoidc (1) béng cach bién nap, hodc san phim gidng nudi
cdy da duoc xir ly ctia no.

-0-



23700

(7) Phuong phép didu ché axit galic bao gdbm viéc tao ra terephtalat 1,2-cis-dihydrodiol
tir mudi cta axit terephtalic bing phwong phéap theo muc bat ky trong sb cac muc tir
(1) dén (4) va sau d6 chuyén hoa terephtalat 1,2-cis-dihydrodiol thanh axit galic, trong
d6 vi sinh vat con ¢c6 ADN néu & muc (q), (1), (s), hodc (t) dudi day, ADN néu & muc

(), (v), (w), hodc (x) dudi day va cod thé tao ra axit galic tir axit terephtalic:
(q) ADN ma ho4 protein chira trinh ty axit amin néu trong SEQ ID NO: 10;

(r) ADN chira trinh tu axit amin giéng nhu néu trong SEQ ID NO: 10 trlr mot
hodc mdt vai axit amin duge lam mAt doan, thé doan, va/hoic thém doan; va ma hoa
protein c¢6 hoat tinh chuyén hod terephtalat 1,2-cis-dihydrodiol thanh axit

protocatechuic;
(s) ADN chira trinh ty nucleotit néu trong SEQ ID NO: 9;

(t) ADN ma c6 thé lai v6i ADN chtta trinh tu bd tro v6i toan bo hodc mét phan
trinh tu cda trinh tu nucleotit néu trong SEQ ID NO: 9 duéi céac diéu kién nghiém
ngdt; va ma hod protein c6 hoat tinh chuyén ho4 terephtalat 1,2-cis-dihydrodiol thanh

axit protocatechuic;
(u) ADN mai hoa protein chira trinh tu axit amin néu trong SEQ ID NO: 12;

(v) ADN chura trinh ty axit amin gidng nhu néu trong SEQ ID NO: 12 trir mot
hodc mot vai axit amin dugc lam mét doan, thé doan, va/hoic thém doan; va ma hod

protein c¢6 hoat tinh chuyén ho axit protocatechuic thanh axit galic;
(w) ADN chira trinh ty nucleotit néu trong SEQ ID NO: 11;

(x) ADN ma cé thé lai v6i ADN chira trinh tu bd trg véi toan bd hodc mot phén
trinh tu cta trinh tu nucleotit néu trong SEQ ID NO: 11 duéi cac diéu kién nghiém

ngét; va ma hod protein c6 hoat tinh chuyén hoa axit protocatechuic thanh axit galic.

(8) Phwong phép diéu ché axit galic bao gdm viéc tao ra terephtalat 1,2-cis-dihydrodiol
tir mudi cua axit terephtalic bang phwong phép theo muc bét ky trong sd cac muc tir
(1) dén (4), va sau @6 chuyén ho4 terephtalat 1,2-cis-dihydrodiol thanh axit galic bang
cach str dung vi sinh vét thu dugc bang cach dwa vao ADN néu & muc (u), (v), (W),
hodc (x), ngoai ADN néu & muc (q), (r), (s), hodc (t) bang cach bién nap, hoic sin
phdm giéng nudi ciy da dugc xir Iy cia no.
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(9) Phuong phap diéu ché terephtalat 1,2-cis-dihydrodiol theo muc bét ky trong s6 cac
muc tir (1) dn (4) con bao gdm bude thu duge mudi ciia axit terephtalic theo cac bude
tir (A) dén (D) dudi day:

(A) gia nhiét vat liéu thai bang polyeste chuira polyetylen terephtalat,
polytrimetylen terephtalat, hoic polybutylen terephtalat nhu thanh phan chinh va chira
tap chit trong dung mdi phan tng etylen glycol chira kali hydroxit hoic trong dung
moi phan Ung etylen glycol chira ca kali hydroxit va natri hydroxit & nhi¢t do nam
trong khoang tir 100°C dén 196°C trong 10 phut hozc 1au hon d& nh& d6 lam bay hoi
nude trong dung dich phan tmg va ddng thdi khir tring hop polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat chira trong vét liéu thai nay;

(B) loai bd tap chét rdn ndi ra khéi dung dich phan tng khir tring hop vat ligu
thai thu duge & bude (A) bing phuong phéap tuyén ndi cac tap chét rin chira trong

dung dich;

(C) thu gom c4c chét rin khong phai tap chét ndi tir dung dich da xir ly & bude

(B) bang phwong phép tach rin-long;

(D) xir Iy cac chit rédn thu gom duge & bude (C) bing cach sdy nhiét, sdy dudi
&p sudt giam, hodc ly tdm dé nho d6 1am giam ham luong glycol trong cac chét rin nay

va thu duoc chat rin con lai 1a muoi cda axit terephtalic.

(10) Phuong phép didu ché terephtalat 1,2-cis-dihydrodiol theo muc (9) bao gdm viéc
thu gom dung mdi phan Ung etylen glycol sau khi thu gom céc chét rin bang phuong
phap tach rin-léng & budc (C), va st dung dung méi ndy 1am dung mdi phan tng

etylen glycol & budce (A).

(11) Phuong phép didu ché axit protocatechuic theo muc (5) hodc (6) con bao gbm

budc thu duge mubi cia axit terephtalic theo céc budce tir (A) dén (D) dudi day:

(A) gia nhiét vit lidu thai bing polyeste chita polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat nhu thanh phén chinh va chira
tap chét trong dung mdi phan tng etylen glycol chira kali hydroxit hodc trong dung
mdi phan tng etylen glycol chita ca kali hydroxit va natri hydroxit & nhi€t do nam
trong khoang tir 100°C dén 196°C trong 10 phut hoic lau hon dé nh¢ d6 1am bay hoi
nudc trong dung dich phan ung va ddng thoi khir tring hop polyetylen terephtalat,
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polytrimetylen terephtalat, hodc polybutylen terephtalat chira trong vat li€u thai;

(B) loai b tap chit rdn ndi ra khoi dung dich phan tng khir tring hop vat liéu
thai thu duge & bude (A) bang phuong phap tuyén ndi céc tap chét rin chira trong

dung dich;

(C) thu gom c4c chit rén khong phai tap chét ndi tir dung dich da xtr ly & budc
(B) bang phuong phap tach rin-16ng;

(D) xtt Iy cac cht rén thu gom duge & bude (C) bang cach sdy nhiét, sy dudi
ap suét giam, hodc ly tAm dé nhor d6 1am giam ham lugng glycol trong cac chét rin nay

va thu dugce chat rdn con lai 1a mudi cla axit terephtalic.

(12) Phuong phép diéu ché axit protocatechuic theo myc (11) bao gdm viéc thu gom
dung moi phan tng etylen glycol sau khi thu gom cac chét rén bang phuong phéap tach
ran-16ng & budc (C); st dung dung moi nay lam dung méi phan mg etylen glycol &
budc (A); va nhd d6 sir dung mudi ciia axit terephtalic thu dugce bang cach st dung lai,

ma khong b di, dung moi phan tng etylen glycol.

(13) Phuong phép didu ché axit galic theo muc (7) hodc (8) con bao gbm bude thu

duoc mudi cia axit terephtalic theo cdc budc tir (A) dén (D) duéi day:

(A) gia nhiét vat liéu thai bang polyeste chita polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat nhu thanh phén chinh va chtra
tap chét trong dung moi phan Ung etylen glycol chira kali hydroxit hogc trong dung
moi phan ung etylen glycol chira ca kali hydroxit va natri hydroxit & nhiét do nam
trong khoang tir 100°C dén 196°C trong 10 phiit hogc 1au hon @ nho d6 1am bay hoi
nude trong dung dich phan ung va ddng thoi khir tring hop polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat chira trong vét li¢u thai;

(B) loai bo tap chét rin ndi ra khéi dung dich phan tmg khtr tring hop vét liéu
thai thu dugc & bude (A) bing phuong phép tuyén ndi céc tap chét rin chta trong

dung dich;

(C) thu gom cac cht ran khong phéi tap chét ndi tir dung dich da xir Iy & bude

(B) bang phuong phap tach ran-16ng;

(D) xtr ly cac chét rin thu gom duge & bude (C) bang céach sy nhiét, sdy duéi
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ap suét giam, hogc ly tAm dé nh¢ d6 lam gidm ham lugng glycol trong cac chét rin nay

va thu dugc chét rin con lai 1a mudi cua axit terephtalic.

(14) Phuong phap diéu ché axit galic theo muc (13) bao gbdm viéc thu gom dung moi
phan Ung etylen glycol sau khi thu gom céc chét rin bing phuong phap tach rin-1ong
& budce (C); sir dung dung moi nay ldm dung moi phan ing etylen glycol & budc (A);
va nho d6 str dung mubi cia axit terephtalic thu duge bang cach sir dung lai, ma khong

b di, dung moi phan ing etylen glycol.

(15) Phuong phéap didu ché terephtalat 1,2-cis-dihydrodiol theo muc (9) hodc (10),
trong do6 vi sinh vat néu & muyc (1) hodc (4) c6 thé phan huy etylen glycol chtta trong
mudi cia axit terephtalic thu dugc tir cac bude tir (A) dén (D) bang cach ting cudng

lwong biéu hién cua lactaldehyt reductaza va lactaldehyt dehydrogenaza.

(16) Phuong phap diéu ché axit protocatechuic theo myc (11) hodc (12), trong do vi
sinh vat néu & muc (5) c¢6 thé phan huy etylen glycol chtra trong mudi cla axit
terephtalic thu dugc tir cac budc tir (A) dén (D) bang cach ting cuong lwong biéu hién

cua lactaldehyt reductaza va lactaldehyt dehydrogenaza.

(17) Phuong phap didu ché axit galic theo muc (13) hodc (14), trong d6 vi sinh vét néu
& muc (7) c6 thé phan huy etylen glycol chita trong mudi ca axit terephtalic thu dugc
tir cac bude tr (A) dén (D) bing cach ting cuong lwong biéu hién clia lactaldehyt

reductaza va lactaldehyt dehydrogenaza.

(18) Phuong phap didu ché terephtalat 1,2-cis-dihydrodiol theo muc bét ky trong sb
céc muc tir (1) dén (4) con bao gdm bude thu dugce mudi cta axit terephtalic theo céc
bude tir (E) dén (H) dudi day:

(E) gia nhiét vat li¢u thai bing polyeste chtra polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat nhu thanh phan chinh va chira
tap chat trong dung mdi phan ing 1-butanol chtra kali hydroxit hodc trong dung mdi
phan ung 1-butanol chira ca kali hydroxit va natri hydroxit & nhi€t do nim trong
khoang tir 100°C dén 116°C trong 10 phiit hoic 1au hon dé nho d6 1am bay hoi nude
trong dung dich phéan Uing va ddng thoi khir tring hop polytrimetylen terephtalat hodc
polybutylen terephtalat chira trong vét liéu thai;

(F) loai bo tap chat rdn ndi ra khéi dung dich phin tng khit tring hop vt lidu
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thai thu duge & bude (E) bing phuong phép tuyén ndi céc tap chét réin chira trong dung
dich;

(G) thu gom cac chét rin khong phai tap chit ndi tir dung dich da xir Iy & buédc
(F) bang phuong phép tach rin-10ng;

(H) cho céc chét rén thu gom dugc & bude (G) xit 1y sdy nhiét, xtr ly sdy dudi
ap sudt giam, hodc xir Iy ly tdm dé nhd d6 lam gidm ham lugng 1-butanol va cic

glycol trong cac chét rén va thu dwogc chit rin con lai 1a mubi ciia axit terephtalic.

(19) Phwong phap diéu ché terephtalat 1,2-cis-dihydrodiol theo muc (18) bao gbdm
budce thu gom dung moi phan tng 1 butanol sau khi thu gom cac chét rin bang phuong
phap tach rin-long & bude (G); st dung dung mdi ndy lam dung mdi phan tng 1-
butanol & budc (E); va nhd d6 st dung mudi clia axit terephtalic thu dugc bing céch

str dung lai, ma khong bo di, dung moi phan ung etylen glycol.

(20) Phuong phép diéu ché axit protocatechuic theo muc (5) hodc (6) con bao gém

buéc thu duge mudi cia axit terephtalic theo céc budc tir (E) dén (H) dudi day:

(E) gia nhi¢t vat li€u thai bang polyeste chira polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat nhu thanh phan chinh va chira
tap chét trong dung mdi phan tng 1-butanol chtra kali hydroxit hodc trong dung moi
phan Ung 1-butanol chira ca kali hydroxit va natri hydroxit ¢ nhiét do nim trong
khoang tir 100°C dén 116°C trong 10 phut hogc 14u hon dé nhd d6 lam bay hoi nuée
trong dung dich phan ung va ddng thoi khir tring hop polytrimetylen terephtalat hodc
polybutylen terephtalat chira trong vét liéu thai;

(F) loai bo tap chit rdn ndi ra khoi dung dich phan tng khir tring hop vt liéu
thai thu dugce & bude (E) bang phuong phap tuyén ndi cac tap chét rin chira trong dung
dich;

(G) thu gom céc chét rin khong phai tap chit ndi tir dung dich da xir Iy & bude
(F) bang phuong phép tach rin-16ng;

(H) cho céc chét rén thu gom duge & budc (G) xtt Iy sdy nhiét, xir Iy sdy dudi
ap suét giam, hodc xtr ly ly tdm dé nho d6 1am giam ham luwong 1-butanol va céc

glycol trong céc chat ran va thu duge chat ran con lai 1a mudi cua axit terephtalic.
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(21) Phuong phap diéu ché axit protocatechuic theo muc (20) bao gbdm bude thu gom
dung mdi phan tng 1 butanol sau khi thu gom céc chét rin bing phuong phép tach
ran-1éng & bude (G); sit dung dung mdi ndy 1am dung méi phan ng 1-butanol & budc
(E); va nhd d6 str dung mudi cia axit terephtalic thu dugc bang cach sir dung lai, ma

khong bo di, dung moi phan rng etylen glycol.

(22) Phuong phép diéu ché axit galic theo muc (7) hodc (8) con bao gbém budc thu

duge mudi ciia axit terephtalic theo céc bude tir (E) dén (H) dudi day:

(E) gia nhiét vat liéu thai bang polyeste chita polyetylen terephtalat,
polytrimetylen terephtalat, hogc polybutylen terephtalat nhu thanh phén chinh va chta
tap chét trong dung moi phan tmg 1-butanol chira kali hydroxit hodc trong dung moi
phan tmg 1-butanol chtra ca kali hydroxit va natri hydroxit & nhiét do nidm trong
khoang tir 100°C dén 116°C trong 10 phat hodc 1au hon dé nho d6 lam bay hoi nuéce
trong dung dich phan ung va ddng thoi khir tring hop polytrimetylen terephtalat hodc
polybutylen terephtalat chira trong vat li¢u thai;

(F) loai bo tap chét ran ndi ra khoi dung dich phan tng khtr tring hop vat liéu
thai thu dugc & bude (E) bang phuong phép tuyén ndi cac tap chét ran chua trong dung
dich;

(G) thu gom céc chit rin khong phai tap chét ndi tir dung dich da xt ly & buée
(F) bang phuong phap tach rin-16ng;

(H) cho cac chit rin thu gom dugc & bude (G) xir ly sdy nhiét, xir Iy sdy duéi
ap suét giam, hodc xr Iy ly tdm dé nho d6 1am giam ham lugng 1-butanol va cac

glycol trong céc chat ran va thu dugc chat ran con lai 1a mudi cla axit terephtalic.

(23) Phwong phap diéu ché axit galic theo muc (22) bao gdm budc thu gom dung mai
phan tng 1 butanol sau khi thu gom cac chit rin bang phuong phép tach rin-long &
bude (G); st dung dung mdi nay lam dung mdi phan tmg 1-butanol & budc (E); va nho
do6 str dung mudi cia axit terephtalic thu duqc béng cach sir dung lai, ma khong bd di,

dung méi phan tng etylen glycol.

(24) Phuong phép san xuét theo muc bt ky trong sd cac muc tir (1) dén (23) trong d6

vi sinh vét la Escherichia coli.
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Theo sang ché, khi mudi cia axit terephtalic cha 0,5 lan dén 2 14n lugng mol
kali tinh theo tit ca cac axit terephtalic chira trong mudi cua axit terephtalic dwge sir
dung lam nguyén li¢u, TPA-DHD c6 thé dugc tao ra mdt cach hiéu qua br?mg cach s
dung vi sinh vat. Ngoai ra, theo sang ché, TPA-DHD thu dugc c6 thé duge chuyén hoa
mot cach hiéu qua thanh axit protocatechuic hogic axit galic. Hon nita, bing cach khir
triung hgp céac polyeste thai, kali terephtalat thich hgp dé 1am nguyén liéu dé tao ra cac

dan xuét terephtalat nhd vi sinh vt c¢6 thé dugc tao ra.
MO ta vin tit cac hinh vé

Fig.1 12 hinh v& thé hién qu4 trinh ma axit protocatechuic va axit galic dugc tao
ra tir axit terephtalic thong qua TPA-DHD.

Fig.2 1a dd thi thé hién hiéu sut tao ra axit terephtalic khi PET thai bi khit trung
hop trong dung moi etylen glycol chira kali hydroxit va/hodc kali hydroxit.

Fig.3 14 d thi thé hién hiéu suét tao ra axit terephtalic khi phan tng khir tring
hop dugc thyc hién trong dung moi etylen glycol chira hat kali hydroxit hodc dung
dich natri hydroxit.

M3 ta chi tiét sang ché
Sau ddy, sang ché s& duoc md ta mot cach chi tiét.

Nhu mot phuong phép diéu ché axit terephtalic dugc sir dung lam nguyén liéu
d8 san xuét hop chét bing vi sinh vat, cac mudi cha axit terephtalic thudng dugc wu
tién hon so véi chinh axit terephtalic vi chung c6 d9 tan trong nude cao hon. Cac vi du
vé cac mubi cua axit terephtalic dugc sit dung cho muc dich nay bao gdm dikali
terephtalat, 1-kali 4-natri terephtalat, 1-kali 4-amoni terephtalat, dinatri terephtalat, 1-

natri 4-amoni terephtalat, va diamoni terephtalat.

Trong ban md ta ndy, dikali terephtalat lién quan dén mubi trong d6 nhoém
carboxyl con lai & cac vi tri s6 1 va 4 cua axit terephtalic dugc lién két ion véi céc ion
kali.

1-kali 4-natri terephtalat 1ién quan dén mudi trong d6 nhém carboxyl con lai &
vi tri s& 1 cua axit terephtalic dugc lién két ion v6i ion kali va nhom carboxyl con lai &
vi tri s6 4 cua axit terephtalic duoc lién két ion v6i ion natri.
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1-kali 4-amoni terephtalat lién quan dén muodi trong d6 nhém carboxyl con lai &
vi tri s6 1 cua axit terephtalic dugc lién két ion vé&i ion kali va nhém carboxyl con lai &

vi tri s6 4 cta axit terephtalic dugc lién két ion véi ion amoni.

Dinatri terephtalat lién quan dén mudi trong d6 nhém carboxyl con lai & céc vi

tri sO 1 va 4 cua axit terephtalic dugc li€n két ion véi cac ion natri.

1-natri 4-amoni terephtalat 1ién quan dén muodi trong d6 nhom carboxyl con lai
& vi tri s0 1 cda axit terephtalic dugc lién két ion v6i ion natri va nhom carboxyl con

lai & vi tri sO 4 cua axit terephtalic dugc lién ket ion véi ion amoni.

Diamoni terephtalat lién quan dén mudi trong d6 nhém carboxyl con lai & céac vi

tri sO 1 va 4 cla axit terephtalic dugc lién két ion véi cac ion amoni.

Dung dich nuéc cua mdi mudi cua axit terephtalic, cu thé 1a dikali terephtalat,
1-kali 4-natri terephtalat, 1-kali 4-amoni terephtalat, dinatri terephtalat, 1-natri 4-
amoni terephtalat, va diamoni terephtalat, c6 thé thu duoc biang cach bd sung, tinh theo
axit terephtalic dang bot, hai 14n lugng kali hydroxit tinh theo ty s6 mol, mot 14n lwgng
kali hydroxit va mdt lan lugng natri hydroxit tinh theo ty sé mol, mot 14n lwong kali
hydroxit va dung dich amoni chira mdt 14n lugng amoniac tinh theo ty s6 mol, hai lan
lwrong natri hydroxit tinh theo ty s6 mol, mot 14n lugng natri hydroxit va dung dich
amoni chira mot 1an lugng amoniac tinh theo ty s6 mol, va dung dich amoni chtta hai
lan lwgng amoniac tinh theo ty s6 mol, twong g, vao mdt lugng nude thich hop; va
sau d6 khudy dong thoi gia nhiét. Bot mudi cta axit terephthalalic c6 thé thu dugc
béng cach sdy bang nhiét, sdy dudi 4p suat giam, hogc két tinh dung dich mubi cua axit

terephthalalic.

Mubi ctia axit terephthalalic dugc st dung theo sang ché lién quan dén mubi
cta axit terephthalalic ma chwra 0,5 lAn dén 2 14n lrgng mol kali tinh theo tAt ca cac
axit terephtalic chtra trong mudi cta axit terephthalalic. TSt hon néu 13 mudi cia axit
terephthalalic chira 0,6 14n dén 2 1an luong mol kali tinh theo tit ca cac axit terephtalic

chira trong mubi cia axit terephthalalic.

Trong ban md ta ndy, luong kali dugc xac dinh 1a chira 0,5 1an dén 2 lan lugng
mol tinh theo tit ca céc axit terephtalic chira trong mudi cia axit terephthalalic lién
quan dén lugng kali thu dugce tir kali terephtalat, tirc 13, kali tao ra lién két ion véi

nhém carboxyl con lai cla axit terephtalic. Ttrc 14, trong cdc trudong hop sir dung mudi
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cla axit terephtalic thd, ngay ca khi kali thu dugc tir kali hydroxit hodc tuong tu dugc
chira trong d6 nhu tap chét, lwong kali dugc tinh bing cach loai trir kali ndy. Luc phén
tng, kali (ion) thu duogc tir kali terephtalat chi can chtra 0,5 14n dén 2 1an lugng mol

tinh theo tt ca cdc axit terephtalic trong dung méi nuéc.

P&i v6i mudi cua axit terephthalalic, dang bit ky cta bdt mudi cla axit
terephthalalic, dung dich nudc trong do mudi cua axit terephthalalic dugc hoa tan,
hodc hdén dich cla mudi cia axit terephthalalic trong d6 bot mudi cla axit
terephthalalic dugc tron va tdn tai trong dung dich mudi cuia axit terephthalalic & trang
thai huyén phu dic c6 thé duogc st dung theo sang ché. Sau ddy, mubi coa axit
terephthalalic, trir khi c6 quy dinh khéc, s& bao gbm dang bt ky ctia mudi cia axit

terephthalalic.

Tt hon, theo sang ché, néu sir dung mudi cla axit terephthalalic ma chtra mot
hodic nhiéu kali terephtalat dugc chon tr nhom bao gﬁ“)m dikali terephtalat, 1-kali 4-
natri terephtalat, va 1-kali 4-amoni terephtalat; va chira 0,5 lan dén 2 14n lwong mol

kali tinh theo tt ca c4c axit terephtalic chira trong mudi ctia axit terephthalalic.

Theo sang ché, mudi cua axit terephthalalic dugc chon tir dikali terephtalat, 1-
kali 4-natri terephtalat, va 1-kali 4-amoni terephtalat nhu thanh phin riéng 1& c6 thé
duoc st dung. Mat khac, mudi cia axit terephthalalic dugc st dung theo sang ché c6
thé chtra, ngoai kali terephtalat néu trén, dinatri terephtalat, 1-natri 4-amoni terephtalat,

diamoni terephtalat va trong tw mién 1a thod mén ham lugng kali néu trén.

Vi du, trong cac truong hgp néu hdn hop gdm hai loai mudi cua axit
terephthalalic, 1-kali 4-natri terephtalat va dinatri terephtalat, thi 1-kali 4-natri
terephtalat chira mgt hodc nhiéu 14n luong tinh theo dinatri terephtalat tinh theo ty s6
mol, c6 thé dugc str dung. Hon nita, trong cdc trudng hop néu hdn hop gdm hai loai
terephtalat, dikali terephtalat va dinatri terephtalat, thi dikali terephtalat chira 1/3 l4n
ho#ic 16n hon lugng tinh theo dinatri terephtalat tinh theo ty s6 mol ¢6 thé dugc sir

dung.

Theo sang ché, hdn hop gdm 3 loai hoic nhiéu hon mudi cta axit terephthalalic
cling c¢6 thé dugc st dung. Trong trudng hop nay, hdn hop nhu vy can chira 0,5 1an
dén 2 14n lugng mol kali tinh theo tat ca cdc axit terephtalic chtra trong mudi cta axit

terephthalalic. Tt hon, néu mudi cua axit terephthalalic chira mot hodc nhiéu loai kali
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terephtalat dwgc chon tir nhém bao gdm dikali terephtalat, 1-kali 4-natri terephtalat, va
1-kali 4-amoni terephtalat; va 2 hodc 1én hon 2 loai mudi cta axit terephthalalic duoc
chon tir nhém bao gdm dinatri terephtalat, 1-natri 4-amoni terephtalat va diamoni
terephtalat c6 thé dugc str dung. Céc vi du cu thé ctia chung bao gbém dung dich nudc
duoc tao ra béng cach tron dikali terephtalat, dinatri terephtalat, va diamoni terephtalat
voi ty 18 1:2:1 tinh theo ty sé mol. Dung dich nuéc nhu viy chia 0,5 lan luong kali
cho tdng lugng céc axit terephtalic, va cling c6 thé thu dugc bang cach b sung, tinh
theo 1 mol axit terephtalic, 0,5 mol kali hydroxit, 1,0 mol natri hydroxit, va 0,5 mol

amoniac vao nudc dé hoa tan.

Theo sang ché, mubi clia axit terephthalalic chira dikali terephtalat hogc 1-kali
4-natri terephtalat thu dugc bing cach kht triing hop céc polyeste thai trong dung mdi
etylen glycol hodc dung moi 1-butanol chtra kali hydroxit hodc hén hop gébm kali
hydroxit va natri hydroxit c6 thé dugc sir dung 1am nguyén liéu dé san xuét hop chit

bang vi sinh vét.

Trong trudng hop ndy, vi gid cia mdt mol natri hydroxit hodc dung dich amoni
14 thdp hon gia ctia kali hydroxit, nén chi phi san xuét trong mot s trudong hop c6 thé
thdp hon khi sir dung mubi ctia axit terephthalalic dugc tao ra bang cach bd sung axit
terephtalic c6 dd tinh khiét cao va natri hydroxit hoiic dung dich amoni vao mudi cia
axit terephthalalic thu dugc bing cach khir tring hop cac polyeste thai. Céac vi du cu
thé cta chiing bao gdm sir dung dung dich mudi cta axit terephthalalic thu dugc bing
cach tron 1an luot dikali terephtalat thu dugc bang cach khir tring hop cdc polyeste
thai, axit terephtalic c6 dd tinh khiét cao, va dung dich amoni vdéi ty 1€ 6:4:8. Do d6
dung dich mudi cta axit terephtalic thu dugc twong dwong véi dung dich nude thu
duoc bing cach tron dikali terephtalat va diamoni terephtalat v6i ty 1€ 6:4 tinh theo ty

sO mol.

Trong céc trudng hop néu kali terephtalat dugc tao ra tir cac polyeste thai bing
cach st dung phuong phap theo sang ché, ngoai céac ion kali, cac ion natri, va c4c ion
amoni, cac ion kim loai khac nhu céc ion canxi hodc céc ion lithi c6 thé bi 13n vao nhu
céc tap chét. Trong truong hop nay, mién 13 mudi cua axit terephthalalic dugc sir dung
theo sang ché 12 mudi cta axit terephthalalic chtra 0,5 lan dén 2 14n lwgng mol kali tinh
theo tAt ca céc axit terephtalic chira trong mudi ciia axit terephthalalic, s& c6 vén dé gi

ngay ca khi mgt lugng nho mudi cla axit terephtalic nhu canxi terephtalat hodc lithi
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terephtalat dugc tron 14n.

Sau ddy, cac budc san xuit TPA-DHD, axit protocatechuic, va axit galic tir axit
terephtalic theo sang ché s& dugc md ta. Nhu dugc thé hién trén Fig.1, axit terephtalic
bi oxy hod bai terephtalat 1,2-dioxygenaza dé chuyén hoa thanh TPA-DHD. Hon nita,
TPA-DHD c¢6 thé dugc chuyén hoa thanh axit protocatechuic bsi dehydrogenaza TPA-
DHD. Hon thé niva, axit protocatechuic c6 thé duge chuyén ho4 thanh axit galic béi
para-hydroxybenzoat hydroxylaza hodc para-hydroxybenzoat hydroxylaza da cai tién
(vi du, thé dot bién c6 clng trinh ty axit amin nhu para-hydroxybenzoat hydroxylaza
trir leuxin & vi tri $6 199 hodc leuxin & Vi tri 6 200 duogc thé béng valin hodc glyxin;

va tyrosin & vi tri s6 385 hodc 386 dugc thé phenyl alanin, valin, hodc alanin).

Terephtalat 1,2-dioxygenaza dugc sit dung trong sang ché bao gdm thanh phén
oxygenaza va thanh phan reductaza. Hon nita, thanh phéan oxygenaza bao gbm hai
nhém con: céc nhém 16n va nhé. Cac vi du vé protein nhém con oxygenaza 16n bao
gbm protein c6 trinh ty axit amin néu trong SEQ ID NO: 2, trong d6 trinh tu axit amin
thu dugc tt Comamonas testeroni dong 72W2. Dong vi khuédn duoc luu trit quéc té tai
Incorporated Administrative Agency National Institute of Technology and Evaluation,
Patent Microorganisms Depositary (NPMD) (2-5-8, Kazusakamatari, Kisarazu-shi,
Chiba 292-0818, Japan) dud¢i mi luu gitt NITE ABP-1209 ngay 24/01/2012 va san c6
d& cung cip. Hon nita, cac vi du vé protein nhém con oxygenaza 16n duge st dung
trong sang ché bao gdm protein c6 trinh ty axit amin néu trong SEQ ID NO: 2 trir mét
hodc mot vai axit amin duoc lam mét doan, thé doan, hoic thém doan, va c6 chitc ning
lién quan dén viée chuyén ho4 tir axit terephtalic thanh TPA-DHD. Ngoai ra, céc vi du
vé protein nay bao gdm protein ¢6 trinh tu axit amin gidng 75% hoic 16n hon, t6t hon
12 90% hodc 16n hon, dic biét tdt hon 13 95% hoic 16n hon véi trinh tu axit amin cla
SEQ ID NO: 2, va c¢6 chtrc ndng li€én quan dén viéc chuyén hoa tir axit terephtalic
thanh TPA-DHD. Trong ban md ta nay, "chtrc ning lién quan dén sy chuyén hoa tir
axit terephtalic thanh TPA-DHD" c6 nghia 1a chirc ndng ma nhd d6 TPA-DHD ¢6 thé
dugc tao ra khi axit terephtalic phan {(rng véi protein nhdm con nho terephtalat 1,2-

dioxygenaza oxygenaza va protein terephtalat 1,2-dioxygenaza reductaza.

Céc vi du v& protein nhém con nhé terephtalat 1,2-dioxygenaza oxygenaza bao
gdm protein c6 trinh ty axit amin néu trong SEQ ID NO: 4, trong d6 trinh ty axit amin

thu dugc tt Comamonas testeroni dong 72W2 néu trén. Hon nita, cac vi du v€ protein
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nhém con nho terephtalat 1,2-dioxygenaza oxygenaza dugc st dung trong sang ché
bao gém protein cé trinh ty axit amin néu trong SEQ ID NO: 4 trr mdt hodc mdt vai
axit amin dugc lam mét doan, thé doan, hodc thém doan, va chtrc ning lién quan dén
viéc chuyén hoa tir axit terephtalic thanh TPA-DHD. Ngoai ra, cic vi du vé protein
nhu vdy bao gém protein c6 trinh tu axit amin gidng 75% hoic 16n hon, tét hon 1a
90% hodc 16n hon, dic biét tét hon 13 95% hodc 16n hon véi trinh tw axit amin cia
SEQ ID NO: 4, va ¢6 chirc nang lién quan dén viéc chuyén ho4 tir axit terephtalic
thanh TPA-DHD. Trong ban md ta nay, "chtrc ning lién quan dén su chuyén hoa tir
axit terephtalic thanh TPA-DHD " c6 nghia 1a chirc ndng ma nho d6 TPA-DHD ¢6 thé
duoc tao ra khi axit terephtalic dugc cho phan Gng véi protein nhéom con l6n
terephtalat 1,2-dioxygenaza oxygenaza va protein terephtalat 1,2-dioxygenaza

reductaza.

Cac vi du vé protein nhom con nhd terephtalat 1,2-dioxygenaza oxygenaza
duoc st dung trong sang ché bao gbm protein co trinh ty axit amin néu trong SEQ ID
NO: 6, trong d6 trinh ty axit amin thu dugc tir Comamonas testeroni dong 72W2 néu
trén. Hon nita, cac vi du vé protein terephtalat 1,2-dioxygenaza reductaza dugc st
dung trong sang ché bao gdm protein ¢6 trinh tu axit amin néu trong SEQ ID NO: 6
trir mOt hodc mdt vai axit amin dugc lam mAt doan, thé doan, hodc thém doan, va churc
ning lién quan dén viéc chuyén hod tlr axit terephtalic thanh TPA-DHD. Ngoai ra, cac
vi du v& protein nhu vdy bao gdm protein c6 trinh ty axit amin gidng 75% hoic 16n
hon, t6t hon 12 90% hodc 16n hon, dic biét tot hon 1a 95% hogc 16n hon v6i trinh tur
axit amin cia SEQ ID NO: 6, va cd chuc ndng li€n quan dén viéc chuyén hoa tir axit
terephtalic thanh TPA-DHD. Trong ban mo td nay, "chuc nadng lién quan dén su
chuyén hod tir axit terephtalic thanh TPA-DHD " ¢6 nghia la chirc ning ma nho d6
TPA-DHD c¢6 thé duoc tao ra khi axit terephtalic dwgc cho phén tng v6i protein nhém
con 16n terephtalat 1,2-dioxygenaza oxygenaza va protein nhém con nhé terephtalat

1,2-dioxygenaza oxygenaza.

Céc vi du v& protein van chuyén axit terephtalic dugc st dung trong sang ché
bao gdm protein c6 trinh ty axit amin néu trong SEQ ID NO: 8, trong d6 trinh tur axit
amin thu duoc tir Rhodococcus jostii dong RHA1. Hon nita, cac vi du vé protein van
chuyén axit terephtalic dugc st dung trong sang ché bao gdém protein c6 trinh tu axit
amin néu trong SEQ ID NO: 8 trir mdt hodc mdt vai axit amin dugc lam mét doan, thé
doan, hodc thém doan, va cé kha nang vén chuyén ndi bao axit terephtalic. Ngoai ra,

-21-



23700

cac vi du vé protein nhur vay bao gdm protein c6 trinh ty axit amin gidng 75% hoic 16m
hon, t&t hon 13 90% hoic 16n hon, dic biét tdt hon 12 95% hodc 16n hon véi trinh tu
axit amin cta SEQ ID NO: 8, va c6 hoat tinh van chuyén axit terephtalic vao trong té

bao.

Céc vi dy vé protein dehydrogenaza TPA-DHD dugc st dung trong sang ché
bao gdm protein ¢ trinh ty axit amin néu trong SEQ ID NO: 10, trong d¢ trinh ty axit
amin ndy thu dugc tr Comamonas testeroni dong 72W2 néu trén. Hon nita, cac vi du
vé protein dehydrogenaza TPA-DHD dugc sir dung trong sang ché bao gdm protein c6
trinh tu axit amin néu trong SEQ ID NO: 10 trir mdt hodc mdot vai axit amin dugc lam
mét doan, thé doan, hodc thém doan, va c6 hoat tinh chuyén hoa TPA-DHD thanh axit
protocatechuic. Ngoai ra, cac vi dy vé protein nhu vay bao gbm protein c6 trinh tu axit
amin giéng 75% hoc 16n hon, tdt hon 12 90% hodc 16n hon, dic biét tt hon 1a 95%
hodc 16n hon véi trinh ty axit amin cia SEQ ID NO: 10, va c6 hoat tinh chuyén hoa
TPA-DHD thanh axit protocatechuic.

Céc vi du vé para-hydroxybenzoat hydroxylaza dugc sir dung trong sang ché
bao gdm protein ciia GenBank (dudi ddy, GenBank dugc viét tit 14 GB) c6 mi luu giit
GB 1a AAG03636 dbi voi Pseudomonas aeruginosa dong PAO, protein ¢ ma luu gitt
GB 1a AAN69138 dbi voi Pseudomonas putida dong KT2440, va protein c6 trinh tur
axit amin néu trong SEQ ID NO: 12, trong d6 trinh ty axit amin ndy thu dugc tir
Corynebacterium glutamicum dong ATCC13032. Hon nira, cdc vi du vé protein para-
hydroxybenzoat hydroxylaza dugc sir dung trong sang ché bao gbdm protein ¢6 trinh tu
axit amin néu trong SEQ ID NO: 12 trir mt hodc mot vai axit amin dugc lam mét
doan, thé doan, hoic thém doan, va hoat tinh chuyén ho4 axit protocatechuic thanh axit
galic. Dic biét, thé dot bién co trinh tw axit amin nhw ma luu gitt GB 1a AAG03636 trir
leuxin & vi tri & 199 dugc thé bang valin hodc glyxin va tyrosin & vi tri s6 385 dugc
thé béng phenyl alanin, valin, hodc alanin; thé dot bién ¢ trinh ty axit amin nhui luu
gitt GB 1a AANG69138 trir leuxin ¢ vi tri s6 199 dugc thé bang valin hodc glyxin va
tyrosin & vi tri s6 386 dugc thé béng phenyl alanin, valin, hodc alanin; hodc thé dot
bién ¢6 trinh tu axit amin nhu ma luu gitt GB 1a BAB98470 trir leuxin & vi tri s6 200
duoc thé bang valin hodc glyxin va tyrosin & vi tri s6 385 duoc thé bang phenyl alanin,
valin, hodc alanin dugc vu tién sir dung. Ngoai ra, cic vi du vé protein nhu vady bao
gdm protein cé trinh ty axit amin gidng 75% hoic 16n hon, t6t hon 12 90% hoic 16n
hon, dic biét tét hon 13 95% hodc 16n hon véi trinh ty axit amin cua SEQ ID NO: 12,
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va ¢ hoat tinh chuyén ho4 axit protocatechuic thanh axit galic.

Cac vi du vé lactaldehyt reductaza dwgc st dung trong sang ché bao gdm
protein c6 ma luu gitt GB 1a AAB40449 d6i voi Escherichia coli ddng K-12. Hon nita,
cac vi du vé protein lactaldehyt reductaza dugc st dung trong sing ché bao gdm
protein ¢ trinh ty axit amin cua ma luu gitt GB 1a AAB40449 trir mot hodc mot vai
axit amin duoc lam mét doan, thé doan, hodc thém doan, va c6 hoat tinh chuyén hoéa
etylen glycol thanh glycoaldehyt. Ngoai ra, cdc vi du vé protein nhu vy bao gdm
protein co trinh ty axit amin gidng 75% hoic 16n hon, t6t hon 1a 90% hoic 16n hon,
ddc biét tét hon 1a 95% hodic 16n hon véi trinh ty axit amin cia ma luu gitt GB 1a

AAB40449, va c6 hoat tinh chuyén hod etylen glycol thanh glycoaldehyt.

Céac vi du vé lactaldehyt dehydrogenaza dugc st dung trong sang ché bao gdm
protein c¢6 ma luu gitt GB 1a AAC74497 dbi voi Escherichia coli dong K-12. Hon nita,
céc vi du vé& protein lactaldehyt dehydrogenaza dugc sir dung trong sang ché bao gdm
protein ¢ trinh ty axit amin cua ma luu gitt GB 14 AAC74497 trir mdt hodc mot vai
axit amin duoc 1am mét doan, thé doan, hodc thém doan, va c6 hoat tinh chuyén hoa
glycoaldehyt thanh axit glycolic. Ngoai ra, cic vi du vé protein nhu viy bao gdm
protein cé trinh ty axit amin gidng 75% hoic 16n hon, t6t hon 12 90% hoic 16n hon,
dic biét tot hon 1a 95% hodc 16n hon véi trinh ty axit amin cia ma luu gitt GB 1a
AAC74497, va c¢6 hoat tinh chuyén hoé glycoaldehyt thanh axit glycolic.

Céac dong vi khudn nay c6 thé thu duoc tt ATCC, Incorporated Administrative
Agency National Institute of Technology and Evaluation, Biological Resource Center
(du6i day duoc viét tit 13 NBRC), Incorporated Administrative Agency RIKEN
Tsukuba Campus, Biological Resource Center, National Institute of Genetics, National
BioResource Project (dudi ddy dugc viét tit 1a NBRP), The Coli Genetic Stock Center

(du6i day duoc viét tit 1a CGSC, néu can), hogic tuong ty.

Protein bao gdm trinh tu axit amin nhu protein nhém con 16n terephtalat 1,2-
dioxygenaza oxygenaza, protein nhom con nhd terephtalat 1,2-dioxygenaza oxygenaza,
protein terephtalat 1,2-dioxygenaza reductaza, protein dehydrogenaza TPA-DHD,
protein vdn chuyén axit terephtalic, protein lactaldehyt reductaza, hodc protein
lactaldehyt dehydrogenaza trir mot hogc mdt vai axit amin dugc lam mAt doan, thé
doan, hoic thém doan néu trén va c6 mot trong sb cac hoat tinh cua enzym mong
mudn c6 thé thu dugc bing cach cho cac dot bién diém dic hiéu vao ADN vi thé ma
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su mat doan, thé doan, ho#ic thém doan duoc vao céc vi tri ddc hiéu trong mdi protein
bang cach st dung phwong phap gdy dot bién diém dic hidu dugc mo ta trong
Molecular Cloning, A Laboratory Manual, Second Edition, Cold Spring Harbor
Laboratory Press (1989) (du6i ddy dugc viét gon 1a Molecular Cloning Second
Edition), Current Protocols in Molecular Biology, John Wiley & Sons (1987-1997)
(duéi day duoc viét gon 1a Current Protocols in Molecular Biology), Nucleic Acids
Res., 10, 6487 (1982), Proc. Natl. Acad. Sci., USA, 79, 6409 (1982), Gene, 34, 315
(1985), Nucleic Acids Res., 13, 4431 (1985), Proc. Natl. Acad. Sci., USA, 82, 488
(1985) hoic twong ty. S6 luong axit amin trong cum tir "mdt hodc mot vai axit amin
dugce 1am mét doan, thé doan, hodc thém doan" khong bi gidi han mdot cach cu thé
mién 12 timg hoat tinh enzym duoc duy tri. mong muén 14 sé Iwgng axit amin khéc véi
trinh tu axit amin ban dau; va tét hon 1a nam trong khodng tur 1 dén 20, tbt hon nira 1a

nim trong khoang tir 1 dén 10, va dic biét 1a nim trong khoang tir 1 dén 5.

Céac vi du vé ADN ma ho4 protein nhém con 16n terephtalat 1,2-dioxygenaza
oxygenaza dugc sir dung trong sang ché bao gbm ADN c6 trinh tuy nucleotit néu trong
SEQ ID NO: 1.

Céac vi du v& ADN mi hod protein nhom con nhé terephtalat 1,2-dioxygenaza
oxygenaza dugc st dung trong sang ché bao gdm ADN c6 trinh tyr nucleotit néu trong
SEQ ID NO: 3.

Céac vi du vé ADN ma ho4 protein terephtalat 1,2-dioxygenaza reductaza dugc

sir dung trong sang ché bao gdm ADN c6 trinh ty nucleotit néu trong SEQ ID NO: 5.

Céc vi du v& ADN ma hoa protein van chuyén axit terephtalic dwgc sir dung

trong sang ché bao gdm ADN c6 trinh tu nucleotit néu trong SEQ ID NO: 7.

Céac vi du vé ADN mid hoa protein dehydrogenaza TPA-DHD dugc st dung
trong sang ché bao gdbm ADN c6 trinh tu nucleotit néu trong SEQ ID NO: 9.

Céc vi du v& ADN mi hoa protein para-hydroxybenzoat hydroxylaza dugc st

dung trong sang ché bao gdm ADN c6 trinh tw nucleotit néu trong SEQ ID NO: 11.

Céc vi du v& ADN ma ho4 protein lactaldehyt reductaza duoc st dung trong
séng ché bao gdm ADN c6 trinh tu nucleotit & céc vi tri tir 13420 dén 14571 cua ma
luu gitt GB 1a U2958.
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Céac vi du v& ADN ma hoa protein lactaldehyt dehydrogenaza dugc st dung
trong sang ché bao gdm ADN c6 trinh tw nucleotit & cac vi tri tir 1486256 dén
1487695 ctia ma luu gitt GB 1a NC_000913.

ADN duogc sir dung trong sang ché con bao gdm ADN trong d6 dot bién nhu
dot bién thé doan, dot bién mét doan, hoac dot bién thém doan dugc dua vao cho dén
khi protein dugc mi hod béi mdi ADN khong lam mét hoat tinh enzym mong muén;
va ADN ma c¢6 thé lai vdi toan bd hodc mot phe‘in ADN néu trong, vi du, SEQ ID NO:
1,3, 5,7, 9 hodc 11 nhu mdt doan do dudi cac diu kién nghiém ngit bing phuong
phép lai. Cu thé, ADN ma c6 thé lai dudi cac didu kién nghiém ngit c6 nghia la ADN
¢6 thé dugc nhan dang br?mg cach, stir dung bd loc duogc ¢ dinh v6i ADN, rira bo loc &
nhiét d9 65°C trong dung dich SSC ¢6 ndng d6 nim trong khoang tlr 0,1 14n ndng 4o
dén 2 14n ndng do (thanh phin cta dung dich SSC ¢6 1 1in ndng do 1a NaCl 150 mM
va natri xitrat 15 mM) sau khi tién hanh lai trong su ¢ mit ciia NaCl 0,7 dn1,0Mo
nhiét do 65°C. Luu y ring cic phuong phép lai thir nghiém dugec md ta trong
Molecular Cloning: A laboratory manual, Second Edition (xuét ban bdi Sambrook,

Fritsch, va Maniatis, Cold Spring Harbor Laboratory Press, 1989).

V& vi sinh vat dugc st dung trong sang ché dé tao ra TPA-DHD st dung mubi
cla axit terephthalalic chtra 0,5 1an dén 2 1an luvong mol kali tinh theo tit ca cac axit
terephtalic chira trong mudi ciia axit terephthalalic 1am nguyén liéu, vi sinh vat bét ky
c¢6 thé dugc str dung mién 1a vi sinh vat ¢c6 ADN ma hoa nhém con 16n terephtalat 1,2-
dioxygenaza oxygenaza néu trén, ADN ma hod nhém con nhé terephtalat 1,2-
dioxygenaza oxygenaza néu trén, va ADN md hod terephtalat 1,2-dioxygenaza
oxygenaza reductaza néu trén; va c6 kha ning tao ra TPA-DHD tir axit terephtalic.
Ttre 13, c6 thé sir dung vi sinh vt c6 ADN dugc md ta trong tai liéu (1) néu trén va c6
kha ning tao ra TPA-DHD tir axit terephtalic. Vi sinh vét c6 tinh chit nhu viy c6 thé
1a thé bién nap thu dugc bang cach cho mét hoic nhiéu ADN trong sb cac ADN duge
mo ta trong tai li¢u (1) néu trén vao céac té bao cha bing cach st dung k§ thuat tai tb
hop.

Hon nita, khi TPA-DHD dugc tao ra str dung mudi cia axit terephthalalic 1am
nguyén li€u str dung vi sinh vat néu trén, t6t hon néu str dung, vi sinh vat c6 ADN ma
hoé tac nhan van chuyén axit terephtalic va kha nang van chuyén axit terephtalic cua

no tang. Vi sinh vat c6 tinh chit nhu vay ¢0 thé 1a thé bién nap thu duoc béng céach cho,
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ngoai mdt hodc nhiéu ADN trong sb cac ADN dugc md ta trong tai liéu (1) néu trén,
mdt hodc nhiéu ADN trong sb cic ADN dugc md ta trong tai lidu (4) néu trén vao cic

té bao chu bing cach sir dung k¥ thuét tai t& hop.

V& vi sinh vat dugc sit dung trong sang ché dé tao ra axit protocatechuic, vi sinh
vét bat ky co thé dugc str dung mién 12 vi sinh vat ndy c6 ADN ma ho4 protein c¢6 hoat
tinh ctia dehydrogenaza TPA-DHD va c6 kha néng tao ra axit protocatechuic tir TPA-
DHD, ngoai kha ning tao ra TPA-DHD néu trén tir axit terephtalic. Ttrc 14, vi sinh vat
dugc md ta trong tai li€u (1) hodc (4) néu trén, vi sinh vat c6 ADN dugce mo ta trong
tai liéu (5) néu trén va cd kha nang tao ra axit protocatechuic tir TPA-DHD c6 thé
dugce st dung. Vi sinh vat c6 tinh chét nhu vay c6 thé 1a thé bién nap thu dugc bing
cach cho, ngoai mdt hodc nhidu ADN trong s6 cdc ADN duge mo ta trong tai ligu (1)
néu trén, mot hodc nhiéu ADN trong sé cac ADN dugce md ta trong tai liu (5) néu trén
vao cac t& bao chu bing cach st dung ky thuat tai t6 hop. Hon nita, khi axit
protocatechuic dugc tao ra sir dung mudi cia axit terephthalalic 1am nguyén liéu bang
cach st dung vi sinh vat néu trén, tbt hon néu st dung, vi sinh vit c6 ADN ma hoa tac
nhan van chuyén axit terephtalic va kha ning van chuyén axit terephtalic ciia né ting.
V& vi sinh vét ¢ tinh chét nhu vay, thé bién nap thu dugc bang cach cho, ngoai cac
ADN dugc md ta trong tai li€u (1) va (4) néu trén, mot hodc nhidu ADN trong sd céc
ADN dugc mo ta trong tai li€u (5) néu trén vao cac té bao chu bang cach sir dung k¥

thuat tai td hop c6 thé duoc str dung.

V& vi sinh vat dugc sir dung trong sang ché dé tao ra axit galic, vi sinh vt bét
ky ¢6 thé dugce st dung mién 13 vi sinh vat ndy c6 ADN ma hod protein c6 hoat tinh
cua dehydrogenaza TPA-DHD va ADN ma hod protein c6 para-hydroxybenzoat
hydroxylaza; va c¢6 kha ning tao ra axit galic tr TPA-DHD, ngoai kha nédng tao ra
TPA-DHD néu trén tir axit terephtalic. Ttre 13, vi sinh vat cd, ngoai ADN dugc mo ta
trong tai liéu (5) néu trén, ADN dugc mo ta trong tai li¢u (7) néu trén va c¢6 kha nang
tao ra axit galic tir axit terephtalic c6 thé duoc st dung. Vi sinh vat ¢6 tinh chit nhu
véy c6 thé 1a thé bién nap thu dugc bing cach cho, ngoai mot hodc nhiéu ADN trong
sb cac ADN dugc md ta trong tai liéu (1) va (5) néu trén, mot hodc nhiéu ADN trong
sé cac ADN duoc mé ta trong tai lidu (7) néu trén vao cac té bao chii bang cach si
dung k§ thuét tai t& hop. Hon nita, khi axit galic dugc tao ra st dung terephtalat lam
nguyén liéu bang cach sir dung vi sinh vat néu trén, t6t hon néu st dung, vi sinh vt co
ADN ma hoa tdc nhén vén chuyén axit terephtalic va kha ning van chuyén axit
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terephtalic cia n6 tdng. Vi sinh vét c6 tinh chét nhu vdy co6 thé 13 thé bién nap thu
duge biang cach cho, ngoai cac ADN duge mo ta trong tai lidu (1), (4), va (5) néu trén,
mot hodc nhiéu ADN trong sb cac ADN duoc md ta trong tai li€u (7) néu trén vao cac

té bao chu bang cach sir dung k§ thuét tai td hop.

V& vi sinh vét dugc sir dung trong sang ché ma phan huy etylen glycol 12n trong
mudi cta axit terephtalic khi cdc polyeste bi khit tring hop trong dung moéi etylen
glycol, loai c6 thé dugc sir dung 13 vi sinh vt ma c6 kha ning phan huy etylen glycol
ting bang cach dua dot bién vao lactaldehyt reductaza va lactaldehyt dehydrogenaza,
va/hodc tang cuong lugng biéu hién cia lactaldehyt reductaza va lactaldehyt
dehydrogenaza trong vi sinh vt néu trén ma tao ra TPA-DHD, axit protocatechuic,

hodc axit galic tir axit terephtalic.

Sau day, viéc tach dong ADN va phuong phap didu ché dong bién nap s& duoc

md ta mot cach chi tiet.

Vi khuén nhu Escherichia coli ddng K-12 néu trén, Comamonas testeroni dong
72W2, Rhodococcus jostii dong RHAL, hodc Corynebacterium glutamicum dong
ATCC13032 duge nudi cdy dudi cac didu kién nudi cdy dugc dua ra bdi vién luu trix
vi sinh vat hoac phuong phap da biét ma thuong duoc str dung. Sau khi nuoi cdy, ADN
nhidm séc thé ctia vi sinh vét nhu vay dugc phan 1ap va tinh ché bing phuong phép da
biét (vi dy, phuong phap duge mo té trong Current Protocols in Molecular Biology).
Manh chira ADN ma hod protein mong mudn ¢6 thé thu duogc tir ADN nhidm sic thé
nay bang cach sir dung ADN tbng hop bang phwong phap lai, phwong phap PCR, hodc

tuong tu.

ADN ma ho4 protein mong muén ciing ¢6 thé thu dwoc bing phuong phap tong
hop hoa hoc. ADN téng hop nhu vay co thé dugc thiét ké trén co so, vi dy, trinh tur
nucleotit néu trong SEQ ID NO: 1 md hoa protein nhém con l6n terephtalat 1,2-
dioxygenaza oxygenaza thu dugc tr Comamonas testeroni dong 72W2, trinh ty
nucleotit néu trong SEQ ID NO: 3 mé hoa protein nhom con nhé terephtalat 1,2-
dioxygenaza oxygenaza thu dugc tir Comamonas testeroni dong 72W2, va trinh tu
nucleotit néu trong SEQ ID NO: 5 ma hod protein terephtalat 1,2-dioxygenaza

reductaza thu dugc tir Comamonas testeroni dong 72W2.

ADN téng hop mi hod protein van chuyén axit terephtalic c¢6 thé dugc thiét ké
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trén co so trinh tu nucleotit néu trong SEQ ID NO: 7 cia ADN ma hod protein van

chuyén axit terephtalic thu dugc tir Rhodococcus jostii dong RHAL,

ADN tdng hop ma hod dehydrogenaza TPA-DHD c6 thé dugc thiét ké trén co
s trinh tu nucleotit néu trong SEQ ID NO: 9 ctia ADN ma hod protein dehydrogenaza
TPA-DHD thu dugc tir Comamonas testeroni dong 72W2.

ADN tdng hop ma hoé para-hydroxybenzoat hydroxylaza c6 thé duoc thiét ké
trén co s¢ trinh tu nucleotit néu trong SEQ ID NO: 11 cia ADN md ho4 protein para-
hydroxybenzoat hydroxylaza (protein trong do tyrosin & vi tri s6 385 dugc thé bang

phenyl alanin) thu dugc tir Corynebacterium glutamicum dong ATCC13032.

ADN tbng hop ma hod lactaldehyt reductaza c6 thé duoc thiét ké trén co so
trinh ty nucleotit & cac vi tri tir 13420 dén 14571 cta ma luu gitt GB 1a U2958 cla
ADN mi ho4 protein lactaldehyt reductaza thu duoc tir Escherichia coli dong K-12.

ADN tong hop mi hoa lactaldehyt dehydrogenaza c6 thé duoc thiét ké trén co
s¢ trinh tu nucleotit & cac vi tri tir 1486256 dén 1487695 ctia ma luu gitt GB la
NC 000913 cia ADN md hod protein lactaldehyt dehydrogenaza thu dugc tu
Escherichia coli dong K-12.

V& vecto ma and néu trén dugc lién két, vecto bat ky bao gdm vecto plasmit va
vecto thé thue khuin c6 thé duoc stir dung mién 13 vecto ndy c6 kha ning tw sao chép
trong Escherichia coli dong K12 hodc twong tu. Cu thé, pUC19 (Gene, 33, 103 (1985)),
pUCI18, pBR322, pHelix1 (dwoc san xudt boi Roche Diagnostics), ZAP Express (duogc
san xuét boi Stratagene, Strategies, 5, 58 (1992)), pBluescript IT SK(+) (dugc san Xudt
boi Stratagene, Nucleic Acids Res., 17, 9494 (1989)), pUCI118 (dugc san xuét boi

Takara Bio Inc.), hodc tuong tu co thé duoc st dung.

V& Escherichia coli duge st dung 1am vat chi cho ADN tai t6 hop thu duge
bing céach lién két ADN thu dugc néu trén v6i vecto nhu véy, vi sinh vat bét ky c6 thé
dugc st dung mién 1a vi sinh vat ndy thudc Escherichia coli. Cac vi du cu thé cta
ching bao gdm Escherichia coli XL1-Blue MRF' (dugc san xuit boi Stratagene,
Strategies, 5, 81 (1992)), Escherichia coli C600 (Genetics, 39, 440 (1954)),
Escherichia coli Y1088 (Science, 222,778 (1983)), Escherichia coli Y1090 (Science,
222, 778 (1983)), Escherichia coli NM522 (J. Mol. Biol., 166, 1 (1983)), Escherichia

coli K802 (J. Mol. Biol., 16, 118 (1966)), Escherichia coli IM105 (Gene, 38, 275
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(1985)), va Escherichia coli IM109, Escherichia coli BL21.

Khi ADN néu trén dugc dua vao vi sinh vat duoc dua vao gidng Rhodococcus,
gidng Comamonas, gibng Corynebacterium, gidng Pseudomonas, gidng Polaromonas,
gidng Ralstonia, hodc gidng Burkholderia, vecto c6 kha ning ty sao chép trong cac vi
sinh vat ndy duoc st dung. T6t hon, néu str dung vecto con thoi c6 kha ning ty sao
chép trong ca céc vi sinh vat bat ky trong sb cac vi sinh vat nay va Escherichia coli
dong K12, ADN tai td hop 6 thé duge dua vao vi sinh vét nhu vay c6 vai trd nhu vt

chu.

V& phuong phap dua ADN téi td hop, c6 thé st dung phwong phap bat ky mién
1a phuong phép nay dua ADN vao cac té bao chil néu trén, va céc vi du ciia né bao
gdbm phuong phép sit dung cac ion canxi (Proc. Natl. Acad. Sci., USA, 69, 2110
(1972) ), phuong phap mé 15 bang dién (Nucleic Acids Res., 16, 6127 (1988)), phuong
phap chuyén tiép hop (J. G. C. Ottow, Ann. Rev.Microbiol., Vol.29, p.80 (1975)), va
phuong phép dung hop té bao (M.H. Gabor, J. Bacteriol., Vol.137, p.1346 (1979)).

ADN téi tb hop dugce chiét tir thé bién nap thu duoc nhu néu trén, va trinh tur
nucleotit cia ADN str dung theo sang ché ma chira trong ADN t4i t6 hop nhu vay c6
thé dugc xac dinh. P& xac dinh trinh ty nucleotit, phwong phép phan tich trinh try
nucleotit thuomg duge sir dung bao gém, vi du, phuong phap ngit mach dideoxy (Proc.
Natl. Acad. Sci. USA, 74, 5463 (1977)); hoic thiét bi phan tich trinh ty nucleotit
3730x! loai thiét bi phan tich ADN (dugc san xuét bdi Applied Biosystems) c6 thé

duogc st dung.

Hon nita, trén co sé trinh tu nucleotit cia ADN dugc xac dinh trén ddy, ADN
mong mudn ciing c¢6 thé dugc tao ra bang phuwong phap tbng hop hod hoc bang céach sir
dung thiét bi tdng hop ADN loai 8905 dugc san xuit boi PerSeptive Biosystems hoic

tuong tu.

Thé bién nap néu trén bidu hién protein nhém con 16n terephtalat 1,2-
dioxygenaza oxygenaza, protein nhom con nhd terephtalat 1,2-dioxygenaza oxygenaza,
protein terephtalat 1,2-dioxygenaza reductaza, protein vén chuyén axit terephtalic,
protein dehydrogenaza TPA-DHD, protein para-hydroxybenzoat hydroxylaza, protein
lactaldehyt reductaza, va/hodc protein lactaldehyt dehydrogenaza ¢ thé thu dugc bang

cach bidu hién ADN néu trén trong cac té bao chu sir dung phwong phap sau.
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Khi str dung ADN ma hod protein néu trén, madnh ADN véi d¢ dai thich hgp ¢
thé dugc tao ra, néu can, trong d6 manh ADN chira phén ma hod protein dugc st dung
trong sang ché. Hon nita, cic nucleotit c6 thé dugc thé vi thé ma trinh tw nucleotit ciia
phén ma hoa protein nhu vy ¢6 condon tdi wu cho viée biéu hién trong vét chu dé nho
do tang cuong tdc d6 tao ra protein nhu vay. Thé bién nap ma biéu hién ADN duoc st
dung trong sang ché c6 thé thu dugc bing cach bd sung manh ADN néu trén sau gen
khoi dau ciia vecto bidu hién thich hop dé tao ra ADN tai t6 hop va dua ADN tai td

hop ndy vao cac té bao chu thich hgp 1am vecto biéu hién nhu vay.

V& vit chu trong d6 protein duge st dung trong sang ché duoc biéu hién, vat
chi bt k¥ bao gdm vi khudn, ndm men, t€ bao dong vat, té bao con tring, va té bao
thuc vét c6 thé duge st dung mién 13 vat chii nay c6 kha nang biéu hién gen mong
mudn. Tt hon, néu vi sinh vit ma ban chit khong c6 kha ning trao dbi chit TPA-
DHD c¢6 thé duge st dung. Cac vi du dugc vu tién hon bao gdm vi khuin thudc gidng
Escherichia hodc vi khuan thudc gibng Pseudomonas, c4 hai giéng nay ban chit khong
¢6 kha ning trao dbi chdt TPA-DHD. Céc vi du con dugc wu tién hon bao gdm

Escherichia coli dong K-12 va Pseudomonas putida dong K'T2440.

Vé vecto bi€u hién, vecto c6 kha nang tu sao chép trong céc t€ bao chi néu trén
hodc c6 thé duoc két hgp trong nhiém sic thé clia nd, va c¢6 kha niang chira gen khoi

dAu & vi tri trong d6 ADN dugc sir dung trong sang ché c6 thé duge phién ma.

Trong c4c trudng hop néu céc sinh vét chua ¢6 nhan dién hinh nhu vi khudn
duoc st dung 1am céc té bao chi, ADN téi t5 hop bao gdm ADN duge st dung trong
sang ché t6t hon 14 ADN tai tb hop chira gen khoi déu, trinh tu bam ribosom, ADN
duoc sir dung trong sang ché, va trinh tw ngit phién ma dong thoi c6 kha ning tu sao
chép sinh vat chua c6 nhan dién hinh. Gen ma kiém soat gen khoi dau c6 thé bi kiém

7
A

ché.

Vecto @& dua ADN maé hoa protein duge sit dung trong sang ché hozc protein
dung hogp cua protein nhu vay véi protein khéac vao vi sinh vat nhu Escherichia coli dé
bidu hién tét hon 1a dugc goi 14 loa sao chép nhiéu 14n; va cac vi du ctia n6 bao gdbm
cac plasmit c6 c6 ngudn gde sao chép thu duge tir ColE1 bao gdm, vi du, céc plasmit
trén co s& pUC va cic plasmit trén co sé pBR322; va cac dan xult ciia né. Trong ban
md ta nay, "dan xuit" c6 nghia 1 plasmit trong d6 gbc bi cai bién bing cach thé doan,
lam mét doan, chén doan, bd sung doan, dao doan, va/hodc tuong tu. Viéc cai bién
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duoc sir dung trong ban mo ta nay bao gém xir Iy gy ddt bién bsi tac nhan gay dot
bién, chiéu xa tia t& ngoai, hodc tuong tu; va cai bién béng dot bién tu nhién hodc
twong tw. P& cu thé hon, pUC19 (Gene, 33, 103 (1985)), pUC18, pBR322, pHelix1
(dugc san xudt béi Roche Diagnostics), pKK233-2 (duoc san xuit bdi Amersham
Pharmacia Biotech), pSE280 (duoc san xudt bdi Invitrogen), pPGEMEX-1 (duogc san
xuit béi Promega), pQE-8 (duogc san xuit bdi QIAGEN), pET-3 (dugc san xuét bsi
Novagen), pBluescript IT SK(+), pBluescript IT KS(+) (duge san xuét boi Stratagene),
pSTV28 (dugc san xuét boi Takara Bio Inc.), pUC118 (dugc san xuét boi Takara Bio

Inc.), hodc tuong tu c6 thé, vi dy, duoc st dung lam vecto.

vé gen khéi diu, c6 thé sir dung gen khoi dau bat ky mién 13 gen khoi diu nay
¢6 kha nang biéu hién trong cac té bao chit nhw Escherichia coli. Vi du, cac gen khéi
dAu thu duoc tir Escherichia coli, thé thuc khuén, hodc twong ty nhu gen khéi dau trp
(Ptrp), gen khéi déu lac (Plac), gen khoi ddu PL, den khéi ddu PR, gen khoi diu T7,
hodc twong tu, hodc gen khoi diu tac; cic gen khdi ddu ma duge thiét ké va bién dbi
gia tao gidng nhu gen khoi dau lacT7; hodc gen khoi ddu Pm ma duge kiém soat boi

protein XylS cua plasmit TOL trong Pseudomonas putida c6 thé duoc sir dung.

Tét hon, néu sir dung plasmit trong d6 khoang cach giita trinh tw Shine-
Dalgarno ma 14 trinh ty bam ribosom va condon khéi dau dugc didu chinh véi khoang
cach thich hop (vi du 5 dén 18 gbc). O ADN tai té hop duge st dung trong sang ché,
mic du trinh tu ngét phién ma khong can thiét d& biéu hién ADN str dung trong sing

ché, t&t hon néu b tri trinh tw ngét phién ma ngay sau gen cau tric.

Vi sinh vét trong d6 lrong san xudt moét hodc nhiéu protein bat ky néu trén ctia
né ting, so voi ban sao cia dong bd me, c6 thé duge tao ra bang cach st dung k§ thuat
ADN tai t§ hop hoic twong ty dé lam ting lwong sin xudt TPA-DHD, axit
protocatechuic, hodc axit galic. Cu thé, cac vi du bao gdm viéc sir dung gen khoi dau
ma c6 hoat tinh phién ma manh hon so v&i gen khéi dau ty nhién lam gen khéi dau
cho viéc biu hién gen ma hod protein bit ky trong sd cac protein néu trén, sir dung
nhan t& két thiic ma c6 hoat tinh ngét phién m& manh hon so v4i nhan td két thuc tu
nhién 1am nhan t6 két thic cho viéc két thuc phién ma ctia gen ma hoa protein nhur vy,
st dung vecto ¢6 sb lwong ban sao nhidu lam vecto biéu hién, hoic két hop vao nhiém

séc thé bang phuong phap tai té hop tuong dong.

Bing cach st dung vi sinh vét biéu hién protein nhém con 16n terephtalat 1,2-
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dioxygenaza oxygenaza, protein nhém con nhé terephtalat 1,2-dioxygenaza oxygenaza,
va protein terephtalat 1,2-dioxygenaza reductaza, ma thu duoc nhu néu trén, TPA-
DHD c¢6 thé duge san xudt tir mudi cua axit terephtalic. Vi du, bang cach nudi cly vi
sinh vat nhu vay trong moi truong long va sau do bb sung mudi cua axit terephtalic
chira 0,5 14n dén 2 14n lwong mol kali tinh theo tit ca céc axit terephtalic chira trong
mudi cua axit terephtalic vao dung dich nu6i cdy vi sinh vét nhu vay sao cho ndng do
clia nd nam trong khoang tir 0,1 mM dén 1 M, TPA-DHD c6 thé dugc tao ra va dugc
tich lai, va sau d6 TPA-DHD c6 thé duogc gom lai tir dung dich nudi céy nhu vay. Vé
phuong phép nudi cdy vi sinh vét duge st dung trong sang ché trong moi trudng, viee
nudi cdy c6 thé dugc thue hién theo phuong phap thuong duoc sir dung trong linh vuc

nudi cay vi sinh vét.

Hon nita, TPA-DHD ciing c6 thé dugc tao ra bing cach nuodi céy vi sinh vat néu
trén va sau d6 bd sung cac t& bao vi khudn di nuéi ciy cua vi sinh vat nhu vay hoic
san phdm da qua x{r Iy cia cic té bao vi khudn da nudi cdy nhu vdy vao mdi trudng
nuée chira mudi cua axit terephtalic chira 0,5 1an dén 2 1an lvong mol kali tinh theo tit
ca cac axit terephtalic chura trong mudi cla axit terephtalic dé tao ra va tich lai TPA-

DHD va sau d6 thu gom TPA-DHD tir moéi truong nhu vay.

Bing cach str dung vi sinh vat biéu hién protein nhém con 16n terephtalat 1,2-
dioxygenaza oxygenaza, protein nhém con nho terephtalat 1,2-dioxygenaza oxygenaza,
protein terephtalat 1,2-dioxygenaza reductaza, va dehydrogenaza TPA-DHD, axit
protocatechuic ¢o thé dugc san xuét tir terephtalat. Vi duy, bang cach nudi ciy vi sinh
vét nhu vy trong mdi truong 16ng va sau do bd sung mubi cia axit terephtalic chira
0,5 1an dén 2 1an lwong mol kali tinh theo tAt ca cac axit terephtalic chira trong mubi
cua axit terephtalic trong dung dich nudi cAy ctia vi sinh vét nhu vay sao cho ndng do
ctia n6 ndm trong khoang tir 0,1 mM dén 1 M, axit protocatechuic c6 thé dugc tao ra
va duoc tich lai, va sau d6 axit protocatechuic ¢ thé dugc gom lai tir dung dich nudi
ciy nhu vay. V& phuong phép nudi ciy vi sinh vat stt dung trong sang ché trong mbi
truong, viéc nuoi cdy c6 thé dugc thuc hién theo phuong phép thuong duge sir dung

trong linh vyc nudi cay vi sinh vét.

Hon nita, axit protocatechuic cling c¢6 thé dugc tao ra bang cdch nuoi cay vi sinh
vat néu trén va sau d6 bo sung céc t€ bao vi khudn dd nudi cay cua vi sinh vt nhu vay

hodic san pham dd qua xr ly cta cac t€ bao vi khuan da nudi cay nhu vay trong moi
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trrdng nude chira mudi cia axit terephtalic chira 0,5 14n dén 2 1an lugng mol kali tinh
theo tAt ca c4c axit terephtalic chtra trong mubi ciia axit terephtalic dé tao ra va tich lai

axit protocatechuic va sau d6 thu gom axit protocatechuic tr moi tredng nhu vay.

Hon nita, axit protocatechuic ciing c6 thé dugc tao ra bing cach tao ra TPA-
DHD tir mudi cta axit terephtalic bang phuong phap dwgc md ta trong tai lidu tir (1)
dén (4) néu trén, sau d6 chuyén hod TPA-DHD thanh axit protocatechuic bang cach sir
dung gidng nudi ciy cuia vi sinh vat khac thu dugce bang cach dua ADN néu trong muc
(q), (), (s) hodc (t) néu trén bing phuong phap bién nap hogc sin pham da qua xtt ly
cta gibng nudi ciy nhu vy, va thu lai axit protocatechuic tir dung dich nudi ciy nhu

vay hodc moi truong nhu viy.

Bing cach sir dung vi sinh vat biéu hién protein nhém con 16n terephtalat 1,2-
dioxygenaza oxygenaza, protein nhom con nhd terephtalat 1,2-dioxygenaza oxygenaza,
protein terephtalat 1,2-dioxygenaza reductaza, dehydrogenaza TPA-DHD, va para-
hydroxybenzoat hydroxylaza, axit galic c6 thé dugc san xuédt tr mubi cla axit
terephtalic. Vi du, bang cach nudi cdy vi sinh vat nhu vy trong méi truong 1ong va
sau d6 bd sung mubi clia axit terephtalic chwra 0,5 lan dén 2 1an lwong mol kali tinh
theo tit ca céc axit terephtalic chia trong mudi cla axit terephtalic vao dung dich nudi
ciy ctia vi sinh vat nhu vay sao cho ndng d6 ciia né nam trong khoang tr 0,1 mM dén
1 M, axit galic c6 thé duoc tao ra va duoc tich lai, va sau do axit galic ¢6 thé dugc
gom lai tir dung dich nu6i cdy nhu vdy. Vé phuong phap nudi cdy vi sinh vt st dung
trong sang ché trong moi truong, viéc nudi chy c6 thé duoc thuc hién theo phuong

phép thuong dugce st dung trong linh vuc nudi cdy vi sinh vt.

Hon nita, axit galic cfing c6 thé dugc tao ra bing cach nudi cdy vi sinh vat néu
trén va sau d6 bd sung céc té bao vi khuin da nuoi cdy ctia vi sinh vat nhu vy hogc
san phdm di qua xir Iy clia cac té bao vi khuin da nubi cdy nhu vay vao mdi truong
nuéc chira mudi cta axit terephtalic chtra 0,5 lan dén 2 14n lugng mol kali tinh theo tAt
ca cac axit terephtalic chira trong mudi cta axit terephtalic dé tao ra va tich lai axit

galic va sau d6 thu gom axit galic tir mdi trudng nhu vay.

Hon nita, axit galic ciing c6 thé dugc tao ra bing céach tao ra TPA-DHD tir mudi
clia axit terephtalic bang phuong phap dugc mo ta trong tai liéu tir (1) dén (4) néu trén,
sau d6 chuyén hoa TPA-DHD thanh axit galic bang cach sir dung gibng nudi cly cua
vi sinh vat khac thu dugc bang cach dua ADN néu trong muc (q), (1), (s), hodc (t) néu
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trén va ADN néu trong muc (u), (v), (w), hodc (x) néu trén bing phuong phap bién nap
hodc san phdm da qua xir Iy cua gidng nudi cdy nhu vay, va thu lai axit galic tir dung

dich nudi cay nhu vay hodc mdi trudng nhu vay.

La mudi cua axit terephtalic chtra 0,5 1an dén 2 14n lwong mol kali tinh theo tt
c4 cac axit terephtalic chtra trong mudi clia axit terephtalic, mudi cla axit terephtalic
c6 do tinh khiét cao chua kali terephtalat nhu dikali terephtalat, 1-kali 4-natri
terephtalat, hodc 1-kali 4-amoni terephtalat co thé dugc st dung. Mudi thu duge tir cac
polyeste thai cling c6 th8 dugc st dung. Sau ddy, phuong phap thu dugc mubi cia axit
terephtalic chira 0,5 lan dén 2 1an lwong mol kali tinh theo t4t ca céc axit terephtalic
chira trong mudi cia axit terephtalic that duge sit dyng 1am nguyén liéu dé tao ra hop

chét str dung vi sinh vat tir cac polyeste thai s& dugc mo ta.

V& dang polyeste thai, c6 thé st dung polyeste & dang bét ky bao gdbm 6ng,
mang, tAm, phén, SOi, san phém duoc nghién thanh hat, va san phém duoc nghién
thanh bot. Vat li¢u polyeste thai cd cac »polyeste nay 1am thanh phan chinh (Iam thanh
phén chinh c6 nghia 14 chua, vi du, 80% PET va/hodc PTT va/hodc PBT hodc 16n hon)
va chira cac chét ngoai lai (céc thanh phan chinh ctia né bao gdm polyetylen va
polypropylen) dugc thu lai. Tap chit nhu kim loai va chét déo khong phai cac polyeste
duoc loai bo, néu cin va sau d6 vat liéu polyeste thai duge nghién bing méy nghién.
V& san phdm nghién cta vat lidu polyeste thai, cac vdy cla chai PET ¢6 thé dugc sir
dung lam nguyén liéu dau, trong d6 cac vay duoc ché bién va xir 1y bdi ngudi cung
cép tai ché chai PET. Bang cach xtt ly san phim nghién thu dugc nhu vay tir vat liéu
polyeste thai biang phwong phép phén loai bang trong luc, phuong phap tach kim loai
bang nam cham, phuong phép ria bang nude, phuong phép loai bé céc chét ngoai lai
ndi b%mg nudc, hodc tuwong tu, cac chét ngoai lai va’hodc cac tap chit nhu kim loai,
thuy tinh, d4, thirc an hodc dd ubng thira, chit déo khong phai tdm polyeste, hoic

polyetylen hodc polypropylen dugc tach ra khoi san phim polyeste nghién.

San pham polyeste nghién thu duge dugc can dé do ham luong (s6 mol) ciia
axit terephtalic va dugc cho vao thung phéan ng bang kim loai. Hon nita, kali hydroxit
hodc hdn hop gdm kali hydroxit va natri hydroxit, va dung mdi phan tmg chira hoac
etylen glycol hodc 1-butanol dugc bd sung vao thing phan mg; sau d6 gia nhiét hdn
hop thu dugc chi trong mdt khoang thoi gian thich hop dé nhd d6 thuc hién phan (mg

khtr trung hop san pham polyeste nghién. Viéc tinh ca lugng nuéc thich hop trong
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dung dich ctia phan g khtr tring hop lam cho phan ing x4y ra nhanh hon, va, trén

hét, lam nang hi¢u suat tao ra muoi cua axit terephtalic.

Kali hydroxit hodc natri hydroxit bd sung c6 thé dugc bd sung & dang hoic 14
hat rén hodc dung dich; va t6t hon 14 bd sung khoang hai 1an theo lwgng mol, tt hon 1a
tdng lugng bd sung nam trong khoang tir 2 dén 2,2 14n theo lwgng mol tinh theo lugng
mol cia axit terephtalic trong san pham polyeste nghién cho vio thing phéan tng. Tt
hon, néu téng lwong kidm bd sung c6 thé 1a 2,10 1an theo lwgng mol tinh theo ham

lugng cua axit terephtalic trong san phim polyeste nghién.

Etylen glycol hodc 1-butanol duogc bd sung t6t hon 13 voi lugng nim trong
khoang tir 3 dén 10 1an thé tich ctia san phdm polyeste nghién nhu vay. Tét hon, néu
luong dung mdi b sung 14 5 1an. Mong mudn bd sung mdt luong nude thich hop vao
dung dich cta phan tng khtr tring hgp nhu vay. Téng lwong nudc chira trong dung
dich ctia phan Gng khtr tring hop nhu vay can ndm trong khoang tir 1 dén 5 1an s6 mol

clia axit terephtalic trong san phdm polyeste nghién.

Ap suét trong thiing phan (g tt hon 14 ap suét gin vai ap sudt khi quyén, vi du,
0,9 dén 1,1 atm (91,193 dén 111,458 kPa). Nhiét dd phan tng khi etylen glycol dugc
stt dung lam dung modi phan Gng la nhiét d0 ma ¢ d6 nudc bay hoi trong khi etylen
glycol khong bay hoi. Khi ap suét trong thung phéan tmg bang 1 atm, nhiét do t6t hon
1a ndm trong khoang tir 100 dén 196°C. Khi phan tmg dugc thyc hién & ap suét thép
hon 1 atm, phan ing dugc thyc hién ¢ nhiét d ma & d6 nudce bay hoi trong khi etylen
glycol khong bay hoi nim trong khoang tir 100 dén 196°C. Hon nita, khi phan tng
dugc thuc hién & ap suét cao hon 1 atm, phan tmg dugc thyc hién & nhi¢t 4 ma & do
nuGc bay hoi trong khi etylen glycol khong bay hoi ndm trong khoang tir 100 dén
196°C. Nhiét dd phan tng khi 1-butanol dugc st dung lam dung mdi phan ng la nhiét
ddo ma & d6 nude bay hoi trong khi 1-butanol khong bay hoi. Khi ap suit trong thing
phan Gng bing 1 atm, nhiét do nay t5t hon 12 ndm trong khoang tir 100 dén 116°C. Khi
phén ing dugc thuc hién ¢ 4p suit thép hon 1 atm, phan trng dugc thuc hién & nhiét do
ma & do nude bay hoi trong khi 1-butanol khong bay hoi nim trong khoang tir 100 dén
116°C. Hon nita, khi phan tmg dugc thuc hién & ap sudt cao hon 1 atm, phan tng dugc
thuc hién & nhiét d0 ma & d6 nude bay hoi trong khi 1-butanol khong bay hoi nam
trong khoang tir 100 dén 116°C.

Thoi gian gia nhiét tt hon 12 khoang thoi gian phén huy hoan toan san phim
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polyeste nghién, va thuong nim trong khoang tir 10 dén 240 phit. Cho dén nay, vi tbc
d6 phan huy tir cao nhat dén thip nhit 1a PET, PTT, va PBT, nén, khi PTT hoic PBT
bi khir tring hop, mong mubn 14 1am ting thoi gian gia nhiét va phan huy. Céac chit dé
bay hoi nhu nudc ma bay hoi trong phan ung gia nhiét duoc thu lai nho thiét bi ngung

tu.

Sau khi két thuc phan tng khtr trung hop, khi tap chét 1a chit déo khong phai
polyeste bao gbém, vi duy, polyetylen, polypropylen, polystyren, va vinyl clorua, ngoai
dung dich etylen glycol hodc 1-butanol va céc chét rin thu duge tir cac terephtalat, c6
mit nhu cac chét ndi, cac chit nbi nay s€ dugc loai bo. Sau do, chét rin cua céc axit
terephtalic duoc tach ra khdi dung mdi etylen glycol hodc dung méi 1-butanol bang

phuong phap tach rin-16ng nhu loc hodc ly tim.

Vi luong dang ké cic mudi cua axit terephtalic bi hoa tan trong dung mdi etylen
glycol dugc tach bang phuong phép tach rdn-16ng néu trén, nén tét hon néu str dung
dung moi nhu vdy lam dung mdi cho phan tng khtr trung hop PET, PTT, hodc PBT
néu trén. Hon nita, mic di do tan clia mudi cla axit terephtalic trong dung mdi 1-
butanol thip, viéc tai st dung dung méi 1-butanol diing trong phan ng khir tring hop
lam dung mo6i cho phan ung khir truing hop PET, PTT, hodc PBT néu trén dugc uvu ti€n
vi chi phi san xuét c6 thé giam nhiéu hon. Nhu néu trén, dung mdi etylen glycol va
dung méi 1-butanol dung trong phan tng khir trung hop PET, PTT, hodc PBT c6 thé
duoc dung lai trong phan tmg khtr tring hop polyeste bing cach tach cic terephtalat

dugec tao ra.

Sau do, trong céc trudng hop néu mot luong 16n tap chit chira trong céc phan
chit rén cia cdc mudi cua axit terephtalic, cdc phan chit rin cla cac mubi ciia axit
terephtalic thu dugc c6 thé dugc rira bang mot lugng etylen glycol hodc 1-butanol
thich hop. Cu thé 13, trong céc truong hop néu vat lidu polyeste thai chira PTT hodc
PBT bj khir tring hop, 1,3-propandiol hodc 1,4-butandiol dugc tron trong céc phan
chét rdn nay va do d6 tét hon 14 rira bang etylen glycol hodc 1-butanol. Hon nita, trong
céc trudong hop néu nhya PET bi khtr tring hop trong dung méi phan tmg 1-butanol,
etylen glycol dugc tron cic phin chit rdn nay. Mic du etylen glycol c6 thé dugc loai
b6 bang cach sy dudi ap sudt giam ma duge md ta dudi day, nhung etylen glycol c6

thé dugc loai bo bang cach rira bing 1-butanol.

Vi cac phan chit rin cia cdc mudi cia axit terephtalic thu duge chira mot lugng
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dang ké etylen glycol hodc 1-butanol, nén viée xir Iy d& 1am giam etylen glycol hoic 1-
butanol trong phan chat rin cta cac mudi clia axit terephtalic ndy bang cach sir dung
may sdy giam 4p hodc twong tu, hodc viéc tach cac chit léng bing cach sir dung
phuong phép ly tim hodc tuong tw dugc thuc hién, néu cin. Mudi ctia axit terephtalic
chta 0,5 14n dén 2 14n luong mol kali tinh theo tt ca cac axit terephtalic chua trong
cac mubi cia axit terephtalic thu duogc c6 thé duoc sir dung trong viée san xuét TPA-
DHD, axit protocatechuic, hodc axit galic. Hon nita, trong céac trudng hop néu céc tap
chét rin ¢6 do tan trong nudc kém dugc trén vao mudi ciia axit terephtalic nay, dung
dich mudi cua axit terephtalic thu dugc bang cach hoa tan mudi cta axit terephtalic
nay trong mét lugng nudce thich hgp va sau d6 loai bd tap chét bang phuong phép loc

c6 thé duoc st dung trong viéc san xuadt hgp chat st dung vi sinh vat.

Luu y rang, dé phan huy etylen glycol tron trong céc mubi ciia axit terephtalic
thu dugc bang cach khir tring hop cac polyeste thai trong dung mdi etylen glycol,
bang cach nudi cdy vi sinh vat str dung trong séng ché ma luong biéu hién lactaldehyt
reductaza va lactaldehyt dehydrogenaza ctia né dugc ting cudng trong moi trudng
16ng va sau d6 bd sung mudi ctia axit terephtalic chira etylen glycol va chira 0,5 lan
dén 2 14n lwong mol kali tinh theo tit ca cic axit terephtalic chira trong mubi cia axit
terephtalic trong dung dich nudi cdy sao cho ndng d6 ctia n6 nam trong khoang tir 0,1
mM dén 1 M, TPA-DHD, c6 thé tao ra axit protocatechuic, hodc axit galic trong khi
phén huy etylen glycol.

Béng cach nudi cdy vi sinh vat duge sir dung trong sang ché va sau d6 bd sung
cac té bao vi khuin da nudi cdy cta vi sinh vat nhur vay hoc san phim da qua xir Iy
ctia céc té bao vi khudn da nudi cdy nhu vy trong méi truong nude chira mudi cta
axit terephtalic chira 0,5 lan dén 2 1dn lugng mol kali tinh theo tdt ca cac axit
terephtalic chira trong mudi cua axit terephtalic, TPA-DHD, axit protocatechuic, hogc
axit galic cling co thé dugc tao ra va duge tich lai va sau d6 TPA-DHD, axit

protocatechuic, hodc axit galic c6 thé duoc gom lai tir mdi trudng nhur vy.

Viéc nudi cdy vi sinh vat duge st dung trong sédng ché c6 thé dugc thuc hién
trong mudi treong dinh dudng thong thuong chira cac ngudn cacbon, cic ngudn nito,
cac mudi vd co, cac vitamin khac nhau hodc tuong tu. Vé nguén cacbon, vi du, cac
duodng nhu glucoza, sucroza, hodc fructoza, cac rugu nhu etanol hodc metanol, céac axit

hitu co nhu axit xitric, axit malic, hodc axit suxinic, ri duong blackstrap, hodc tuong ty
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dugce str dung. Vé nguén nito, vi du, amoniac, amoni sulfat, amoni clorua, amoni nitrat,
ure, hodic twong ty duge st dung riéng ré&; hodc hdn hop ctia n6 dugc str dung. Ngodi ra,
vé mudi vo co, vi dy, kali monohydro phosphat, kali dihydro phosphat, magie sulfat,
hoic twong tw dugc st dung. Ngoai ra, cac chét dinh dudng bao gdm pepton, nuée thit,
nude men, nude ngd ngdm, axit casamino, va cac vitamin khac nhau nhu biotin ¢6 thé
duoc bd sung vao mdi trwdng ndy. V& nguyén lidu dé tao ra TPA-DHD, axit
protocatechuic, hodc axit galic, mudi cta axit terephtalic chtra 0,5 1dn dén 2 1in luong
mol kali tinh theo t4t ca cdc axit terephtalic chira trong mudi cua axit terephtalic, dugc

chuan bi nhu néu trén, dugce bo sung.

Viéc nudi céy duoc thuc hién dudi cac didu kién wa khi nhy khuéy hoc lic suc
khi. Nhiét d6 nudi cdy khong bi gioi han mot cach cu thé mién 1a nhiét d6 ma & d6 vi
sinh vat sir dung trong sang ché c6 thé sinh trudong. Hon nita, dd pH trong qué trinh
nudi cdy ciing khong bi gi6i han mot céch cu thé mién 1a do pH ma & d6 vi sinh vt sir
dung trong sang ché c6 thé sinh truéng. Viée didu chinh d6 pH trong qua trinh nuoi

cdy c6 thé dugc thuc hién bang cach bd sung axit hozc kiém.

Dbi véi san phdm da qua xtt Iy clia cac té bao vi khudn da nudi cdy nhu vay, san
phdm thu dugc bang cach c¢b dinh vi sinh vét dugc sit dung trong sang ché vio chét
mang c6 thé duoc st dung. Trong trudng hop do, cac té bao vi khudn duoc thu lai tir
dich nuéi cy co thé duoc sir dung y nhu vay; hodc céc té bao vi khuin duoc rira bing
chit dém thich hop nhu dung dich dém phosphat 0,02 dn 0,2 M (dd pH tir 6 dén 10)
¢6 thé duoc sir dung. Hon nita, san phdm nghién thu dugc bing cach nghién cac té bao
vi khudn duoc thu tir dich nubi céy béng song si€u am hodc nén; dich chiét chira
protein dugc st dung trong sang ché, ma 1a dich chiét thu dugc bing cach chiét san
phim nghién béng nudc; hodc dich chiét thu duge bing cach c¢b dinh thanh phén duoc
tinh ché mét phin hodc tuong tw chira protein duge st dung trong séng ché vao chét
mang, thanh phan dugc tinh ché mot phan nay thu dugce bang céach tiép tuc xir Iy dich
chiét nay nhu két tia bing amoni sulfat hoic phép sic ky cot, cling c6 thé duoc str

dung trong viéc san xudt TPA-DHD, axit protocatechuic, hodc axit galic theo sang ché.

Viéc ¢ dinh céc té bao vi khudn, cac san phém nghién chira céc té bao vi khudn,
cac dich chiét hodc cac enzym da tinh ché nay c6 thé dugc thyc hién, theo phwong
phap da biét rd va thudong duoc st dung, bing phuong phap c¢b dinh cac t& bao vi

khuén hodc twong tu vao chit mang thich hgp nhu monome acrylamit, axit alginic,
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hodc tdo caragen.

Dbi v6i méi truong nude can ding trong phan tmg, dung dich nude hodc dung
dich d&€m thich hop, vi du, dung dich d&m phosphat 0,02 dén 0,2M (Ao pH tr 6 dén 10),
ma chira cic mudi cia axit terephtalic c6 thé duge st dung. Khi tinh thAm ctia mang
plasma cua céc té bao vi khudn can duogc tang 1€n, toluen, xylen, chét hoat dong bé mit
khong ion, hodc twong tw ¢ thé dugc bd sung vao moi truong nude nay & nong do

nim trong khoang tir 0,05 dén 2,0% (w/v).

Tt hon, néu ndng d6 clia mudi cua axit terephtalic ma c6 vai trd nhu nguyén
liéu cho phan tmg trong mdi trudng nuée ndm trong khoang tir 0,1 mM dén 1 M. Nhiét
do va d6 pH cua phan Gng enzym trong moi truong nudc néu trén khong bi gidi han
mdt cach cu thé. Tét hon, néu nhiét d6 nay thuong nam trong khoang tir 10 dén 60°C
va t6t hon 13 ndm trong khoang tir 15 dén 50°C; va do pH cua dung dich phan tmg c6
thé thiét 1ap nim trong khoang tir 5 dén 10 va t6t hon 12 nim trong khoang tir 6 dén 9.

Viéc diéu chinh do pH ¢co thé duoc thuc hién béng cach bd sung axit hodc kiém.

Enzym dugc dung trong sang ché c6 thé thu duoc bang cach tao hdn dich dich
chi chiét t& bao vi khudn hoic enzym thu dugc béng cach ly tdm, loc hodc tuong tu
dich chiét t& bao vi khuln trong nude hogc dung dich dém. Enzym thu dugc duge cho
phan Umg trong su ¢6 mdt cua céac mubi cia axit terephtalic. T6t hon, néu ndéng do cia
mudi cta axit terephtalic trong dung dich phin tng duoc thiét 14p cao c6 thé trong
khoang trong d6 hoat tinh ctia enzym khong bi giéi han. Phan ing nay cé thé dugc
thye hién bing phuong phap bét ky nhu d& yén, khudy, va lic. Hon nita, phwong phap
bao gdm nap enzym ma dugc c¢b dinh vao chit mang thich hgp vao cot va cho chay
dung dich chtra cic terephtalat nay cling co thé duge st dung. Phan tmg duoc thuc
hién & nhiét do thudong ndm trong khoang tir 10 dén 60°C va t6t hon 13 ndm trong
khoang tir 15 dén 50°C, d6 pH ndm trong khoang tir 5 dén 9 va tét hon 14 d6 pH nim
trong khoang tir 6 dén 9.

Hon nita, viéc bd sung chét chéng oxy hoa hodc chat khir vao mdi truong nudce
néu trén khi phan tng trong mot sé trudng hop c6 thé ting cudng hon hiéu suét tao ra
TPA-DHD, axit protocatechuic, hodc axit galic. Cac vi du vé chit chéng oxy hoa/chat
khir bao gdm axit ascorbic, axit isoascorbic, cystein, cdc sulfit nhu natri sulfit hodc
natri hydrosulfit, va cdc mudi thiosulfat nhu natri thiosulfat. Nong d6 bd sung thay ddi

tuy theo loai cht chdng oxy hoa/chit khir. Mong mudn bd sung tai ndng d6 ma & do
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tao ra TPA-DHD, axit protocatechuic, hodc axit galic khong bi gidi han. Nong d6 nay
thuong ndm trong khoang tir 0,001 dén 5% (w/v) va t5t hon 13 nim trong khoang tir
0,005 dén 1%.

Hon nita, viéc bd sung chét oxy hoa vao méi truong nudc néu trén khi phan tng
trong mot s trudng hop co thé ting cudong hon hidu suit tao ra TPA-DHD, axit
protocatechuic, hodc axit galic. Cac vi du v& chit oxy ho4 nay bao gdm nitrat nhur natri
nitrit hodic kali nitrit, cac mudi kim loai nhu sit (IIT) clorua hoic sit (III) sulfat,
halogen, va axit peroxy. T&t hon 1a natri nitrit, sit (III) clorua, hodc sét (III) sulfat.
Ndng d6 bd sung thay ddi tuy theo loai chét oxy hoa. Mong mudn b sung tai ndng do
ma & do tao ra TPA-DHD, axit protocatechuic, hodc axit galic khong bi gidi han. Nong
d6 nay thudong nim trong khoang tir 0,001 dén 0,05% (w/v) va tét hon 13 nim trong
khoang tir 0,005 dén 0,02%.

TPA-DHD, axit protocatechuic, hodc axit galic trong dung dich nudi céy sau
khi két thic viéc nudi céy hodc dung dich phan ung cé thé, sau khi loai bo, néu cn,
cac chét khong hoa tan nhu céc té bao vi khuén khoi dung dich nudi cdy nhu vy bing
cach ly tAm hodc tuong tu, dugc xtr ly béng cac phuong phép bao gdm, vi du, phuong
phap chiét bing dung moi hitu co nhu etyl axetat, phuong phap sir dung cacbon hoat
tinh, phuong phép str dung nhya trao d6i ion, phuong phap két tia nhu phuong phép
két tinh hodc khir bé bang mubi, va phwong phap chung luyén theo céch riéng r& hodc
két hop @& nho d6 thu lai TPA-DHD, axit protocatechuic hodc axit galic. Khi TPA-
DHD, axit protocatechuic, hodc axit galic can dugc thu lai khong phai & dang mubi ma
& trang thai axit, axit carboxylic ma tao ra mudi ¢6 thé trd thanh dang axit tu do trong
d6 bang cach bd sung axit sulfuric, axit clohydric, hodc twong tw & bude tinh ché néu

trén dé 1am giam do pH.

Sau day, phuong phép theo sang ché s& duge md ta mot cach cu thé thong qua

céc vi du. Tuy nhién, sing ché khong bi gi6i han béi cac vi du nay.
Vi du thyc hi€n sang ché
Vidu 1. Do dd tan ctia céc mubi ctia axit terephtalic khac nhau

2,99¢ (0,018 mol) axit terephtalic (dang bot, dugc san xudt boi Sigma-Aldrich
Japan; sau day, trir khi c¢6 quy dinh khdc, cac thubc thtr duge st dung 1a thube thir

duoc san xuét bdi Sigma-Aldrich Japan) va 0,036 mol kali hydroxit (dang hat) dwgc
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cho vao cbc mé bing thuy tinh dung tich 50 mL. Rét nude tinh khiét vao dé thu duge
thé tich khoang 15 mL. P4y hdn hop tao thanh bang 14 nhém nhu chiée nép, gia nhiét
& nhiét d6 50°C trong 60 phut trong khi khudy bing méay khudy néng (dugc san xuéit
bdi AS ONE Corporation), va cho lam ngudi dén nhiét d6 30°C. Sau khi khuéy & nhiét
do 30°C trong 120 phat hodc 14u hon va xac nhén két ta con lai trong dung dich, 14y 1
mL dung dich nay va cho ly t4m bing cach sir dung may ly tdm vi lwong toc d6 cao
(duogc san xudt béi Tomy Seiko Co., Ltd.) (30°C, 14000 rpm (17800 g), 30 gidy) dé

thu phan nodi & trén.

Ndng d6 axit terephtalic trong phan ndi nay duge do va dugc xem 14 do tan cua
dikali terephtalat. V& viéc do ndng d¢ axit terephtalic, miu dugc pha losing 16,000 lan
bang dung dich nudc axetonitril 2,5% va dugc phéan tich dudi cac didu kién riéng r&
néu & Bang 1 bang cach st dung phép sdc ky 1ong tinh ning cao (Waters Corporation,
LCT Premier XE). Sau dy, ndng d6 nay dugc tinh tinh theo ty 1¢ dién cua céc dinh
clia axit terephtalic bang cach st dung dung dich axit terephtalic ¢6 nong do da biét

lam ddi chimg.

Bang 1. Piéu kién phan tich HPLC bang céch st dung LCT Premier XE

Cot tach HPLC ~ ACQUITY UPLC HSS T3 (duoc san xudt boi Nudes, dudng kinh
trong 2,1 mm, chi€u dai 50 mm)

Nhiét do cot 40°C

Luu lugng 0,4 ml/phut
dung mdi

Pha dong A Nudce

Pha dong B Axetonitril
Diéu kién 0 phiit (bat d4u) 2% pha dong B
gradien

0,75 phtt 5% pha dong B

1,75 phat 30% pha dong B
1,76 phut 5% pha dong B
2,50 phut 5% pha dong B
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& phwong phap twong ty nhu phwong phép didu ché dung dich dikali terephtalat
néu trén, bd sung 0,036 mol natri hydroxit (dang hat); 0,036 mol dung dich amoni
28%; 0,018 mol kali hydroxit va 0,018 mol natri hydroxit; 0,018 mol kali hydroxit va
0,018 mol dung dich amoni 28%; ho#c 0,018 mol natri hydroxit va 0,018 mol dung
dich amoni 28% vao 2,99g (0,018 mol) axit terephtalic (dang bot) dé& diéu ché dung
dich nudc cua dinatri terephtalat, diamoni terephtalat, 1-kali 4-natri terephtalat, 1-kali
4-amoni terephtalat, hodc 1-natri 4-amoni terephtalat va sau d6 do d¢ tan cua ting

mudi cla axit terephtalic.

Do tan cia timg mudi cta axit terephtalic thu duge duge thé hién & Bang 2. Tir
cac két qua néu & Bang 2, nhan thdy rang do tan trong nudc theo thi ty tir cao nhit dén
thdp nhit 1a: dikali terephtalat, 1-kali 4-natri terephtalat, 1-kali 4-amoni terephtalat,
dinatri terephtalat, 1-natri 4-amoni terephtalat, va diamoni terephtalat; va mubi trong
d6 it nhdt mot nhoém carboxyl con lai cla axit terephtalic tao ra mudi cing véi kali c6

do tan tuyét voi.

Bang 2. D6 tan ctia mudi clia axit terephtalic trong nudc

Loai terephtalat Kiém Do tan(mol/L)
Dikali terephtalat Kali hydroxit 1,011
Dinatri terephtalat Natri hydroxit 0,630
Diamoni terephtalat Amoniac 0,512

1-kali 4-natri terephtalat ~ Kali hydroxit, natri hydroxit 0,956
1-kali 4-amoni terephtalat Kali hydroxit, amoniac 0,845

1-natri-amoni terephtalat  Kali hydroxit, amoniac 0,612

Vi du 2. Su khéac nhau vé kha ning trong viéc tao ra TPA-DHD theo sy khac nhau

gifra cac mudi cla axit terephtalic

Tinh theo cac két qua ctia Vi du 1, trén co s& axit terephtalic, kali hydroxit, natri
hydroxit, dung dich amoni 28% va nudc ct, chuén bi riéng r& 500 ml dung dich dikali
terephtalat 0,6 M, dung dich 1-kali 4-natri terephtalat 0,6 M, dung dich 1-kali 4-amoni
terephtalat 0,6 M, va dung dich dinatri terephtalat 0,6 M. Tron 30 ml cta cac dung
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dich mubi cua axit terephtalic nay véi 7g glucoza dé diéu ché glucoza va dung dich da

tron chat nén.

Plasmit san xuit TPA-DHD pUXPEaLT tphA2A3A1 tpaK duogc tao cdu tric &
Vi du tham khado 3 duogc dua vao Escherichia coli dong M7032 (thu dugc trt CGSC
thudc Yale University) bang phuong phap bién nap dé thu duoc tai to hop Escherichia
coli dong M7032 (pUXPEaLT tphA2A3A1_tpaK).

Thé bién nap nay duoc nudi cdy trong 1 ml méi truomg long LB (10 g/l trypton
(duoc san xudt bsi Difco), 5 g/l nuéc men khd (duge san xuét bai Difco), 10 g/l natri
clorua) chira ampixilin & ndng do cudi bang 100 mg/l qua dém. Tiép theo, chi 1% dich
nudi cdy qua dém nay dugc cdy vao 10 ml mdi trudng F6,6 W/P100/G2 chira ampixilin
& ndng do cudi bing 100 mg/l va nudi cly & nhiét o 30°C trong 24 gid. Luu ¥ ring
mdi truong F6,6W/P100/G2 lién quan dén dung dich nuée chira kali dihydro phosphat
13,6 g/L, axit xitric monohydrat 2,1 g/L, amoni sulfat 9,9 g/L, sat sulfat (II)
heptahydrat 1,703 g/L, glucoza 20 g/L, magie sulfat heptahydrat 246 mg/ml, canxi
clorua dihydrat 12,9 mg/L, thiamin hydroclorua 10 mg/L, magie oxit 10,75 mg/L,
canxi cacbonat 2 mg/L, kém sulfat heptahydrat 4,5 mg/ml, mangan sulfat (II)
tetrahydrat 1,12 mg/L, ddng sulfat (II) pentahydrat 0,25 mg/L, coban sulfat (II)
heptahydrat 0,28 g/L, va axit boric 0,06 mg/L.

Tiép theo, dé thuc hién nudi céy chinh tinh theo dich nudi céy trudce nay, 65 ml
moi truong F6,6 W/P10/G1 ma 14 moi truong nudi cdy chinh duge cho vao thiét bi lén
men octuple mini jar (dugc san xudt bdi ABLE Corporation) va dugc diéu chinh &
nhiét d6 30,2°C+0,2 va d6 pH 6,9+0,1. Luu y réng moi truong F6,6W/P10/G1 lién
quan dén dung dich nuéc chira kali dihydro phosphat 1,36 g/L, axit xitric monohydrat
2,1 g/L, amoni sulfat 9,9 g/L, sét sulfat (II) heptahydrat 1,703 g/L, glucoza 20 g/L,
magie sulfat heptahydrat 246 mg/ml, canxi clorua dihydrat 12,9 mg/L, thiamin 10
mg/L, magie oxit 10,75 mg/L, canxi cacbonat 2 mg/L, kém sulfat heptahydrat 4,5
mg/ml, mangan sulfat tetrahydrat 1,12 mg/L, ddng sulfat pentahydrat 0,2 Smg/L,
coban sulfat heptahydrat 0,28 g/L, va axit boric 0,06 mg/L.

Diéu kién suc khi trong dich nudi céy trong thiét bi 1én men dang vai duoc didu
chinh & 1 vvm va viéc didu chinh d pH ctia qud trinh nuo6i cdy duogc thyc hién bing
cach sir dung dung dich amoni va axit sulfuric. Hon nita, oxy hoa tan trong dung dich
nudi cdy duoc didu chinh khi ndng d§ oxy bio hoa bang 100% va duoc didu chinh

-43-



23700

bang tdc do quay ctia canh khudy sao cho oxy hoa tan dugc duy tri & ndng do 15%,

trong d6 oxy hoa tan giam khi cac t€ bao vi khuan sinh trudng.

Trong mdi trudng nudi 4y chinh, 0,1% dich nudi cdy trude duge cdy va nudi
cdy trong diéu kién néu trén. Khi d6 duc cia té bao vi khudn dat khoang 7 & hé sb hip
thy 600 nm, tac nhan gdy cam Gng, axit m-toluic dugc bd sung sao cho ndéng do cudi
ctia n6 bang 1 mM dé biéu hién protein terephtalat 1,2-dioxygenaza, protein terephtalat
1,2-dioxygenaza reductaza, va protein van chuyén axit terephtalic. Nong do glucoza
dugc do theo thoi gian. Khi ndng do glucoza dat 0, glucoza va dung dich da tron chét

nén dugc st dung.

Viéc léy mau dugc thuc hién 48 gid sau khi bét d4u viéc nudi cdy chinh. Mbi
mAu ndy dugc phan tich dudi cac diéu kién duogc thé hién ¢ Bang 1 bang méy phan
tich khdi phd loai LC-TOF (Waters Corporation, LCT Premier XE). Viéc x4c dinh axit
terephtalic dugc thuc hién véi s két hop thoi gian luu ctia phép sic ky 16ng tinh ning
cao va gia tri khdi lugng chinh x4c tir may phan tich khéi phd, so v6i miu axit
terephtalic tiéu chuin. Trong s6 cac chat xuat hién khi axit terephtalic gidm, TPA-
DHD dugc xac dinh tinh theo gia tri khéi luong chinh x4c da du doan cua TPA-DHD.
Hon nita, viéc dinh luong TPA-DHD dugc thuc hién tinh theo duong chudn dugc tao

ra tir lugng axit terephtalic giam va su tang dién tich dinh cia TPA-DHD.

Két qua, nhan thdy ring TPA-DHD ting khi axit terephtalic giam. Bang 3 cho
thdy ty 1& voi luong TPA-DHD dugc tao ra tir ting mubi cta axit terephtalic 48 gid
sau khi bit ddu viéc nudi cdy 1a 100%. Tir cac két qua duge thé hién & Bang 3, 16 rang
r%mg ca 3 loai kali terephtalat c6 kha néng trong viéc tao ra TPA-DHD dé tao ra dinatri

terephtalat cao hon.

Bang 3. Su khic nhau vé kha ning trong viéc tao ra TPA-DHD gitta cac mudi cla axit

terephtalic
TPA- .
Terephtalat duge sir dung lam nguyén DHD Ty 1€ vé kha néng trong vi€c tao
liéu ra
(ZL)
Dinatri terephtalat 9,7 100%
Dikali terephtalat 11,3 116%
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1-kali 4-natri terephtalat 10,7 110%

1-kali 4-amoni terephtalat 12,2 126%

Vi du 3. Sy khac nhau vé kha ning trong viéc tao ra TPA-DHD trong sb cac ndng d6

cta ion kali trong cdc mudi cda axit terephtalic.

Céc két qua ciia Vi du 2 da cho thdy rang viée st dung kali terephtalat 1am
nguyén liéu da dem lai kha ndng tuyét voi trong viéc san xudt TPA-DHD. Dé khéng
dinh didu ndy, tac dung cla ndng do coa ion kali trong mudi ciia axit terephtalic d6i
v6i TPA-DHD duge kiém tra nhu sau:

Dau tién, dung dich dikali terephtalat 0,6 M va dung dich dinatri terephtalat 0,6
M, déu duoc diéu ché & Vi du 2, dugc tron v6i nhau theo ty 18 0:100, 20:80, 25:75,
30:70, 35:65, va 50:50 dé didu ché timg dung dich mudi ctia axit terephtalic. Tron 30
ml cac dung dich mudi ciia axit terephtalic nay véi 7g glucoza dé thu dugc glucoza va

cac dung dich da tron chét nén.

Bing cach st dung glucoza va cac dung dich da trdn chét nén nay, kha ning cta
tai t& hop Escherichia coli ddng M7032 (pUXPEaLT_tphA2A3A1_tpaK) trong viée
san xudt TPA-DHD duoc kiém tra bing phuong phéap giéng nhu phuong phép ctia Vi

du 2. Cac két qua kiém tra dugc thé hién & Bang 4.

Két qua, nhu dugc thé hién & Bang 4, thiy ring hién tugng trong d6 kha ning
trong viéc tao ra TPA-DHD ting khi ham lugng ion kali trong mudi cla axit
terephtalic tang; va didu do6 cho thdy ring kha ning trong viéc tao ra TPA-DHD la cao
hon khi mubi cia axit terephtalic chtra 0,5 14n hodc 16n hon luong mol kali tinh theo
tAt ca cac axit terephtalic chira trong mubi ciia axit terephtalic dwgc st dung, so véi

kha nang trong viéc tao ra khi dinatri terephtalat dugc sir dung 1am nguyén li€u.

Bang 4. Su khac nhau vé kha ning trong viéc tao ra TPA-DHD giita cac ndng do cia

ion kali trong cac mudi cla axit terephtalic
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51 gid sau khi bat dau viée 73 gior sau khi bét dau viéc

nudi cdy chinh nudi cdy chinh

Ty 1€ tron gitta dikali

Eerepﬁ‘ia}a: va dinatri EI;IAS Ty 16 v& kha Bl;{ﬁg Ty 16 v& kha

erephtala ndng trong viéc nang trong viéc
(/L) taora (/L) taora

0:100 15,2 100% 17,4 100%

20:80 15,0 99% 18,1 104%

25:75 15,6 103% 18,0 103%

30:70 16,5 109% 19,6 113%

35:65 16,9 111% 19,4 111%

50:50 17,2 113% 20,5 118%

Vi du 4. Sy khac nhau vé kha ning trong viéc tao ra axit protocatechuic theo sy khac

nhau gifta cdc mudi cia axit terephtalic

Plasmit tao ra axit protocatechuic pUXPEaLT tphA2A3BAl_tpaK dugc tao
chu trac & Vi du tham khao 2 dugc dwa vao Escherichia coli dong M7032 bing
phuong phép bién nap dé thu dugc Escherichia coli dong M7032 tao ra axit
protocatechuic (pUXPEaLT tphA2A3BA1_tpaK).

Sau do, & phuong phap tuong ty nhu duge mo td & Vi du 2, dich nubi cly trudc
ctia vi khudn tao ra axit protocatechuic dugc chuén bi va sau d6 chi 2% dich nu6i cdy
nay duoc cdy vao méi trudng nudi cdy chinh dé thue hién viée nudi cdy chinh. Khi do
duc cta té bao vi khun dat khoang 7 & hé sb hap thu 600 nm, tdc nhin gy cim Ung
axit m-toluic dugc bd sung sao cho ndng d6 cudi ciia n6 bing 1 mM dé biéu hién
protein terephtalat 1,2-dioxygenaza, protein terephtalat 1,2-dioxygenaza reductaza,
protein terephtalat dihydrodiol dehydrogenaza, va protein van chuyén axit terephtalic.
Nbéng d6 glucoza duge do theo thoi gian. Khi ndng do glucoza bing 0, glucoza va

dung dich da tron chét nén dugce str dung.

Viéc 14y miu duoc thuc hién 48 gid sau khi bat dau viéc nudi cay chinh. Mdi

miu ndy duge phan tich bing may phén tich khéi phd loai LC-TOF (Waters
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Corporation, LCT Premier XE). Viéc x&c dinh axit terephtalic va axit protocatechuic
duoc thue hién véi su két hop thoi gian luu cia phép sic ky 16ng tinh ning cao va gia
tri khéi lugng chinh x4c tir may phan tich khéi phd, so véi miu axit terephtalic tiéu

chuan va axit protocatechuic.

Két qua, nhén thiy ring axit protocatechuic tang khi axit terephtalic giam. Bang
5 cho thiy ty 1& v6i luong axit protocatechuic dugc tao ra tir ting terephtalat 48 gidy
sau khi bat ddu viéc nudi cdy 1a 100%. Tir cac két qua dugc thé hién & Bang 5, ro rang
rang ca 3 loai kali terephtalat ¢6 kha ning trong viéc tao ra axit protocatechuic dé tao

ra dinatri terephtalat cao hon.

Bang 5. Su khac nhau vé kha ning trong vigc tao ra axit protocatechuic gilta cac

terephtalat
Axit L Ty levikni
Terephtalat dugc sir dung lam nguyén liéu protocatechuic nang trong
(¢/L) viéc tao ra
Dinatri terephtalat 5.0 100%
Dikali terephtalat 8.3 166%
1-kali 4-natri terephtalat 7.7 154%
1-kali 4-amoni terephtalat 7.1 142%

Vi du 5. Su khéc nhau vé kha ning trong viéc tao ra axit galic theo sy khéc nhau giita

cac mudi cua axit terephtalic

Plasmit tao ra axit galic pUXPEaLT HFM145_tphA2A3BAI1_tpaK dugc tao
cAu trac & Vi du tham khao 2 dugc dwa vao Escherichia coli dong M7032 b%mg
phuong phap bién nap dé thu dugc Escherichia coli dong M7032 tao ra axit galic
(pUXPEaL T HFM145 tphA2A3BA1_tpaK). Sau d6, & phwong phdp tuong ty nhu
dugc mo ta & Vi du 2, dich nudi cdy trudc cua vi khuén tao ra axit galic nay duoc
chudn bi va sau d6 chi 2% dich nudi cdy truée ndy dugc cdy vao méi trudong nudi cdy
chinh @ thuc hién viéc nudi cdy chinh duéi diéu kién néu trén. Khi do duc cia té bao
vi khudn dat khoang 7 & hé sé hdp thu 600 nm, tac nhan gy cam (ng axit m-toluic

duoc bd sung sao cho néng dd cubi clia n6 bing 1 mM dé biéu hién protein terephtalat
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1,2-dioxygenaza, protein terephtalat 1,2-dioxygenaza reductaza, protein terephtalat
dihydrodiol dehydrogenaza, protein vén chuyén axit terephtalic va para-
hydroxybenzoat hydroxylaza da ci tién. Nong do glucoza dugc do theo thoi gian. Khi

ndng d6 glucoza bing 0, glucoza va dung dich d3 tron chét nén duoc st dung.

Viéc 14y mAu dugc thuc hién 48 giv sau khi bat dau viéc nudi cdy chinh. Mdi
méu ndy dwoc phan tich bing mdy phan tich khéi phd loai LC-TOF (Waters
Corporation, LCT Premier XE). Viéc xac dinh axit terephtalic va axit galic dugc thyc
hién véi su két hop thoi gian luu cia phép sic ky 1éng tinh ning cao va gia tri khéi
luong chinh xac tir mdy phén tich khéi phd, so v6i miu axit terephtalic tiéu chudn va

axit galic.

Két qua, nhan thdy ring axit galic ting khi axit terephtalic giam. Bang 6 cho
thdy ty 1& v6i luong axit galic duge tao ra tir ting mudi cia axit terephtalic 48 gid sau
khi bét dau viéc nudi cdy 1a 100%. Tir cac két qua duge thé hién & Bang 6, rd rang
rang ca 3 loai kali terephtalat c6 kha nang cao hon trong viéc san xuét axit galic so véi

viéc san xuét st dung dinatri terephtalat.

Bang 6. Sy khéac nhau vé kha ning trong viéc tao ra axit galic theo axit terephtalic

Ty 1& vé kha
Terephtalat dugc st dung lam nguyén liéu Axit galic (g/L) néng trong
viéc tao ra
Dinatri terephtalat 7,6 100%
Dikali terephtalat 8,6 113%
1-kali 4-natri terephtalat 8,4 111%
1-kali 4-amoni terephtalat 8,5 112%

Vi du 6. Phan tng khit truing hop PET thai trong dung mdi etylen glycol

(1) Su khac nhau v& tdc d6 khir tring hop va hiéu sudt khir tring hop PET thai theo

loai hydroxit ctia kim loai kiém

Thu gom 22 kg chai PET thai. Sau khi loai b6 nhan va ndp cla no, chai dugc

rira va sdy kho. Chai PET thai da rira duoc nghién thanh vién c6 kich c¢& di dé di qua
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sang 16 vuéng 5 mm, hoat dong ma Nippon Coke & Engineering Co., Ltd. dugc yéu
cdu dé 1am. San phidm d3 nghién nay duoc st dung & cac budc sau nhu san phdm

nghién tir chai PET thai.

Cho vao cbc mo bang thép khong gi dung tich 200 mL (duge mua tir Sansyo
Co., Ltd.) 12g san phdm nghién tir chai PET thai va 60g etylen glycol. Sau d6, 0,13
mol kali hydroxit (dang hat), 0,13 mol natri hydroxit (dang hat), hodc 0,066 mol kali
hydroxit, va 0,066 mol natri hydroxit dugc cho vao d6 va dugc, trong khi khqu manh

bang cach sir dung mdy khudy néng, xir Iy nhiét & nhiét 6 160°C trong 120 phut.

Luc nay, thu khoang 200 pl. dung dich phan Umg & thoi gian 0 phut, 5 phut, 10
phat, 20 phat, 30 phut, 60 phut, hogc 120 phut sau khi nhiét 4§ bén trong dung dich
bing 160°C; va do ndng d6 cuia terephtalat tai mdi md&c thoi gian. Fig.2 thé hién ndng

do cua terephtalat dugc tao ra trong khoang thoi gian phéan ung.

Tir cac két qua trén Fig.2, nhan thiy rang viéc bd sung kali hydroxit din dén toc
d5 tao ra mudi cua axit terephtalic cao hon tir san phim nghién tir chai PET thai va
hon thé nita hiéu suét tao ra cao hon. Hon nira, giita truong hop chi bd sung kali
hydroxit va truong hop bd sung ca kali hydroxit va natri hydroxit véi lugng mol bing

nhau, khong c6 sy khac nhau v& hiéu suét phan tmg.
(2) Phén tich phan chit ran con lai sau phan tmg khit tring hop PET thai

Trong cb¢ mé bang thép khong gi dung tich 500 mL (dwgc mua tir Sansyo Co.,
Ltd.), cho vao 30g san phdm nghién tir chai PET thai va 150g etylen glycol. Va sau do,
0,33 mol kali hydroxit (dang hat), 0,33 mol natri hydroxit (dang hat), hodc 0,17 mol
kali hydroxit, va 0,17 mol natri hydroxit dugc cho vao d6 va dugc, trong khi khudy
manh bang cach st dung may khudy néng, xtt Iy nhiét & nhiét do 160°C trong 60 phut.
Sau d6, hdn hop thu duge duge 1am lanh mdt cach tu nhién, va khi nhiét d¢ bén trong

cta né bang 40°C hodc thip hon, dung dich nay dugc l4y ra.

Hdn hop nay duge loc bing bang gidy loc (Grade 540 dugc san xuét boi
Whatman) dé tach phan cin ra khéi dich loc va sau d6 cén ting phén cin nay va do

tdng lwong axit terephtalic trong phén cin. Cac két qua dwge thé hién & Bang 7.

Ngoai ra, d0 tan cua dikali terephtalat, dinatri terephtalat, va 1-kali 4-natri

terephtalat trong etylen glycol dugc kiém tra bing phuong phap gidng nhu duge mo ta
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& Vidu 1 va c6 gié tri 1an luot bang 231 mM, 109 mM, va 205 mM.

Nhén thdy ring, vi d6 tan cia mudi cla axit terephtalic cao hon trong etylen
glycol, so v6i viée bd sung natri hydroxit, viéc bd sung kali hydroxit din dén hiéu suét
tao ra mudi cua axit terephtalic cao hon, trong khi lugng axit terephtalic dugc thu gom
13 bing nhau (tinh theo mol) giita truong hop bd sung kali hydroxit va truong hop bd

sung natri hydroxit (xem Bang 7).

Béang 7. Su khac nhau vé lugng axit terephtalic dugc tao ra gitta cac hydroxit ctia kim

loai kiém trong phan tmg khir tring hop PET trong dung moi etylen glycol

. Lugng cén .
Hydroxit ctia kim loai ki€ém dung thu duoc Tong lugng axit terephtalic
trong phan trng khtr trung hop PET trong phan cdn (mmol)
(2
Kali hydroxit 43,0 142,0
Natri hydroxit 62,8 143,6
Kali hydroxit va natri hydroxit 45,4 120,6

(3) Phan ng khr trung hop PET thai bang cach st dung dung moi etylen glycol bio

hoa muoi ctia axit terephtalic

3 bude khir trung hop PET thai, mong mudn tai st dung dung moi etylen
glycol thu duoc bang cach tach cic phén cin rin bing cac mudi cia axit terephtalic
lam thanh phan chinh sau phan tmg khtt tring hop két thuc. Viéc cho ring mdi mubi
cua axit terephtalic dugc hoa tan, & trang thai bdo hoa, trong dung moi etylen glycol
ma da tham gia phan Gng khir trung hop PET thai, phan Gng khir tring hop PET thai
bang cach sir dung dung méi etylen glycol bdo hoa mudi cia axit terephtalic dugc thuc

hién nhu sau:

Cho 4,15g axit terephtalic (0,025 mol) vao trong cbc mo bang thuy tinh dung
tich 200 mL va sau dé cho vao d6 0,050 mol kali hydroxit (dang hat), 0,050 mol natri
hydroxit (dang hat), hodc 0,025 mol kali hydroxit, va 0,025 mol natri hydroxit. Loc
etylen glycol dé thu dugc thé tich khoang 100 mL. P4y hdn hop tao thanh bang 14
nhdm nhu chiéc nip, gia nhiét & nhiét do 100°C trong 60 phut trong khi khudy bing
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may khudy néng, va cho 1am ngudi dén nhiét d6 30°C hoic thip hon. Cac dung dich
nay duoc loc bing gidy loc (Grade 540 dugc san xuit béi Whatman) dé thu duge dung

mdi etylen glycol béo hoa terephtalat.

Nong d6 ctia mdi terephtalat chtra trong dung méi nay 1a 0,23 M trong dung
dich bdo hoa dikali terephtalat, 0,11 M trong dung dich bdo hoa dinatri terephtalat, va
0,20 M trong dung dich bdo hoa 1-kali 4-natri terephtalat.

Cho vao cbc mo bang thép khong gi dung tich 200 mL (duge mua tir Sansyo
Co., Ltd.) 12g san phdm nghién tir chai PET thai. Va sau d6 dung moi etylen glycol
bdo hoa chira 65g dikali terephtalat va 0,13 mol kali hydroxit, dung mdi etylen glycol
bdo hoa chira 65g dinatri terephtalat va 0,13 mol natri hydroxit, hodc dung mdi etylen
glycol bdo hoa chira 65g 1-kali 4-natri terephtalat, va 0,066 mol kali hydroxit va 0,066
mol natri hydroxit dugc cho vao d6 va dugc, trong khi khudy manh bing cich st dung
may khudy néng, xir Iy nhiét & nhiét do 160°C trong 60 phut. Dung dich thu duoc
duoc cho lam lanh; va khi nhiét d§ bén trong ctia n6d bang 40°C hoic thip hon, dung

dich nay duoc 14y ra.

Hén hop nay dugce loc bang bﬁng giéy loc dé tach ph?ln cdn ra khoi dich loc va
sau d6 can timg phén cin nay va do tdng lwong axit terephtalic trong phan can. Tir cac
két qua dugc thé hién & Bang 8, nhan thdy rang tong lwong axit terephtalic trong phén
can sau khi loc theo thir tw tir cao nhit dén thip nhét 1a kali hydroxit, hdn hop gbm kali

hydroxit va natri hydroxit, va natri hydroxit.

Béang 8 Sy khac nhau vé lugng axit terephtalic dugc tao ra trong phan tmg khir tring

hop PET trong dung mdi etylen glycol bdo hoa mudi cta axit terephtalic

Dung mdi dung trong  Hydroxit cua kim loai Luong can Tdng lugng axit

phan tmg khir tring ~ kiém dung trong phan thu dugc terephtalic trong
hop PET ung khtr tring hgp PET  (g) phan can (mmol)
Etylen glycol bdo hoa . .

dikali terephtalat a1 hydroxit 21.8 63.9

Etylen glycol bdo hoa . .

dinatri terephtalat Natri hydroxit 28,0 54,6

Etylen glycol bdo hoa . s .

1kali 4-natri Kali hydroxit va natri 24,1 59.9

terephtalat hydroxit
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(4) Phan tmg khtr tring hop san phdm nghién tir chai PET thai trong dung moi chira

nudc

Trong cbc mo bing thép khong gi dung tich 200 mL, cho vao 10g san pham
nghién tir chai PET thai va 50g etylen glycol. va sau d6, 0,083 mol, 0,090 mol, hoic
0,11 mol kali hydroxit (dang hat), hodc 0,083 mol, 0,090 mol, hodc 0,11 mol dung
dich kali hydroxit 34% dugc bd sung vao do.

Sau d6, hdn hop tao thanh dugc, trong khi khudy manh bing cach st dung may
khudy néng, xtt Iy nhiét & nhiét d6 160°C trong 60 phit. Két qua la 1am bay hoi gin
nhu hoan toan ham luong nudc trong dung dich phan ung trung hop duoc bd sung
dung dich kali hydroxit 34%, thé tich 16ng cta né s& gin bing véi thé tich cua dung
dich phan Ung khtr tring hop duoc bd sung kali hydroxit (dang hat). Dung dich nay
dugc cho lam lanh ty nhién; va khi nhiét d§ bén trong cua no béng 40°C hoic thép hon,
dung dich nay dugc 1iy ra. Hdn hop ndy duge loc bing bang gidy loc dé tach phén cin
ra khoi dich loc. Ham lugng terephtalat trong céac phan can nay duoc thé hién trén
Fig.3.

Tir cac két qua dugc thé hién trén Fig.3, nhan thdy rang, khi kali hydroxit dugc
cho vao v6i lugng bang 0,090 mol hodc 0,11 mol, phan tmg khir tring hop trong dung

mdi chira nu6e din dén hiéu sut tao ra cac mudi cla axit terephtalic tuyét voi.
Vi du 7. Phan tng khir trung hop PTT trong dung méi etylen glycol

13g mén bong duoc lam bang PTT (dugc san xuét boi Nishikawa Sangyo Co.,
Ltd., FINE SMOOTH SOLOTEX batting refill package RC7954); va 130g dung moi
etylen glycol bdo hoa dikali terephtalat, ma dwgc diéu ché & Vi du 6(3) va 0,13 mol
kali hydroxit; 130g dung dich bdo hoa dinatri terephtalat va 0,13 mol natri hydroxit;
hodc 130g dung dich bdo hoa 1-kali 4-natri terephtalat, 0,066 mol kali hydroxit va
0,066 mol natri hydroxit dugc cho vao cbc mo bang thép khong gi dung tich 200 mL
va duge, trong khi khudy manh bang cach st dung may khudy néng, xtr ly nhiét &
nhiét do 160°C trong 60 phut dé dugc thuy phan. Dung dich thu duge duge cho lam
lanh; va khi nhiét d§ bén trong cia no bang 40°C hoc thap hon, dung dich nay dugc
ldy ra. Hon hop nay dugc loc bing bang gidy loc (Grade 540 dugc san xult boi
Whatman) dé tach phan cin ra khoi dich loc va sau d6 can ting phén cin nay va do

tbng luong axit terephtalic trong phén can. Tir cac két qua duoc thé hién & Bang 9,
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nhan thiy ring tdng lwong axit terephtalic trong phan cin sau khi loc theo thit ty tlr cao
nhit dén thp nhét 13 kali hydroxit, hdn hop gom kali hydroxit va natri hydroxit, va

natri hydroxit.

Bang 9. Su khac nhau v& lugng axit terephtalic duoc tao ra trong phén tng khir tring

hop PTT trong dung moi etylen glycol bdo hoa mudi ctia axit terephtalic

Dung mdi dung trong  Hydroxit cta kim loai I;lqug cqn Tbng lugng axit

phan g khtr tring kiém dung trong phan thu duge terephtalic trong
hop PTT ung khtr trung hop PTT (@) phan cdn (mmol)
Etylen glycol bdo hoa . .

dikali terephtalat Kali hydroxit 20,7 64,8

Etylen glycol bdo hoa . .

dinatri terephtalat Natri hydroxit 21,6 59,4

Etylen glycol bédo hoa . o .

1-kali 4-natri Kalt hydroxitvanatrl s 3 60,5

terephtalat y

Vi du 8. Phan tng khit tring hgp PBT trong dung mdi etylen glycol

B sung 15g san phim nghién tir thia theo phong céch Trung Quéc (PBT
Chinese-style spoon 103TW white (RLVHO00) dugc mua tir Amazon.com, Inc.) vao
cbc mo bang thép khong gi dung tich 200 mL. B& sung tiép 75g dung méi etylen
glycol bdo hoa dikali terephtalat, ma dugc diéu ché & Vi du 6(3), va 0,15 mol kali
hydroxit, 75g dung mdi etylen glycol bdo hoa dinatri terephtalat va 0,15 mol natri
hydroxit, hodc 75g dung moi etylen glycol bdo hoa 1-kali 2-natri terephtalat salt va
0,075 mol kali hydroxit; va 0,075 mol natri hydroxit.

Sau d6, dung dich tao thanh dugc, trong khi khuéy manh béng cach st dung
may khudy néng, xir Iy nhiét & nhiét o 160°C trong 120 phut dé dugc thuy phén.
Dung dich thu dugc dugce cho 1am lanh; va khi nhiét d6 bén trong cua nd béng 40°C

hoic thip hon, dung dich ndy dugc 14y ra.

Hon hop nay duoc loc bing bang gidy loc dé tach phan cin ra khéi dich loc va
sau d6 can timg phén cin nay va do tdng lwong axit terephtalic trong phén can. Tir cac

két qua dugc thé hién & Bang 10, nhén thy ring tong lugng axit terephtalic trong phan
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can sau khi loc theo thir tu tir cao nhit dén thép nhét 13 kali hydroxit, hdn hop gbm kali

hydroxit va natri hydroxit, va natri hydroxit.

Bang 10, Sy khac nhau vé lugng axit terephtalic dugc tao ra & phan (g khtt tring hop

PBT trong dung méi etylen glycol bdo hoa mudi ctia axit terephtalic

Dung méi dung trong Hydroxit cua kim loai I;lqug can Téng lugng axit .
phéan ing khir trung  ki€ém dung trong phan ung thu duge terephtalic trong phan
hop PBT khtr trung hgp PBT (@) cdn (mmol)

Etylen glycol bﬁo hoa . .

dikali terephtalat Kali hydroxit 25,8 53,0

Etylen glycol bdo hoa . .

dinatri terephtalat Natri hydroxit 26,8 41,4

Etylen glycol bdo hoa . s .

1-kali 4-natri Kali hydroxitvanatri ¢ ¢ 49,7

terephtalat hydroxit

Vi du 9. Su khic nhau gifta kali hydroxit va natri hydroxit & phan g khtr tring hop
PET thai trong 1-butanol

D0 tan cuia dikali terephtalat va dinatri terephtalat trong 1-butanol dugc kiém tra
theo cach giéng nhu duoc mo ta & Vidu 1 va cb gia tri 1an lwot 14 0,2 mM va 1,9 mM.
Nhu néu trén, nhan thiy ring, khong gidng nhur viéc hoa tan trong etylen glycol, viéc

hoa tan trong 1-butanol 14 rat kém.

Do d6, ¢6 sy khac biét 16n vé hiéu suét thu gom mudi cla axit terephtalic dugc
tao ra & phan Gng khir tring hop gitta dung moi cho phan ng khtr tring hop st dung
1-butanol tinh khiét va dung méi 1-butanol ma truéc ddy duge dung trong phéan Ung
khtt truing hop PET thai. Do d6, chi c6 nhiing vi du st dung 1-butanol tinh khiét s&

duoc thé hién & cac vi du sau ma str dung 1-butanol.

Cho vao cbe mo bang thép khong gi dung tich 200 mL 13g san phim nghién tir
chai PET thai va 80g 1-butanol. Va sau d6, 0,14 mol kali hydroxit (dang hat) hoac 0,14
mol natri hydroxit (dang hat) dugc cho vao d6 va dugc, trong khi khuéy manh béng
cach st dung may khudy nong, xir ly nhiét & nhiét do 100°C lan luot trong 60 phit

hoic 90 phut. Cac dung dich nay dugc cho lam lanh tu nhién; va, khi nhiét d6 bén
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trong ctia né bing 40°C hoic thap hon, duge loc bing gidy loc (Grade 540 dugc san
xuit bdi Whatman) dé tach phén can ra khai dich loc. Phan cin nay dugc rira béng
metanol 50 mL trén phdu va sau d6 duge sdy bang cch st dung mdy sdy chan khong
(dugc san xuét béi AS ONE Corporation) & nhiét dd 60°C cho dén khi trong luong
giam dén dudi 0,1 g/gid. Trong lugng cla phén c3n nay va ham lugng axit terephtalic
trong cac phén cin nay duge thé hién & Bang 11. Nhu dugc thé hién & Bang 11, nhan
thdy ring viéc sir dung kali hydroxit din dén hiéu suét tao ra mudi cua axit terephtalic

cao hon véi viéc str dung natri hydroxit.

Bang 11. Su khéc nhau vé luong axit terephtalic dugc tao ra giita cac hydroxit cta kim

loai kiém & phan tng khir tring hop PET trong dung mdi 1-butanol

Thoi gian gia Lugng cén thu

Hydroxit ciia kim loai Téng luong axit

kiém dung trong phan nhiét dugo terephtalic trong phan
ung khtr trung hop PET (phut) (@) can (mmol)

Kali hydroxit 60 17,1 67,5

Kali hydroxit 90 16,1 67,3

Natri hydroxit 60 14,5 59,2

Natri hydroxit 90 14,5 63,9

Vi du 10. Sy khac nhau gitra kali hydroxit va natri hydroxit & phén tmg khtt trung hop
PTT trong 1-butanol

Cho vao cbc mo bing thép khéng gi dung tich 200 mL 13g bong 1am bang PTT
(duoc san xudt boi Nishikawa Sangyo Co., Ltd., FINE SMOOTH SOLOTEX cotton
refill package RC7954) va 130g 1-butanol; va sau d6 0,13 mol kali hydroxit (dang hat)
ho#c 0,13 mol natri hydroxit (dang hat) dugc cho vao d6. Dung dich tao thanh dugc,
trong khi khudy manh bang céch st dung mdy khudy néng, xir Iy nhiét & nhiét do
100°C trong 90 pht trong trudng hop kali hydroxit va nhiét d¢ 100°C trong 120 phut
trong truong hop natri hydroxit.

Sau khi gia nhiét, dung dich nay duogc cho 1am lanh tu nhién; va khi nhiét do
bén trong clia n6 bang 40°C hogc thap hon, dung dich nay duoc 14y ra. Hon hop nay
dugce loc bang bing gidy loc (Grade 540 duoc sén xuét béi Whatman) dé tach phéan cin
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ra khéi dich loc va sau d6 cén timg phén cin nay va do tdng luong axit terephtalic

trong phan can.

Tir cac két qua dugc thé hién & Bang 12, nhéan thdy rang, khi kali hydroxit dugc
st dung, mic du khoang thodi gian gia nhiét cang ngin, tdng luwong axit terephtalic

trong phan cin cang 16n, so vé6i khi natri hydroxit dwoc sir dung.

Bang 12. Sy khac nhau vé lugng axit terephtalic dugc tao ra gitta cac hydroxit cta kim

loai kiém & phan tmg khir tring hop PTT trong dung méi 1-butanol

Hydroxit ctia kim loai kiém Thoi gian I;luqélg can Tbng lugng axit .
dung trong phan tng khtr gia nhiét thu duge terephtalic trong phan
trung hop PTT (phut) (@) cdn (mmol)

Kali hydroxit 60 26,1 60,2

Natri hydroxit 120 22,2 543

Vi du 11. Su khac nhau gitra kali hydroxit va natri hydroxit & phan Gng khir trung hop
PBT trong 1-butanol

Cho vao cbc mé bang thép khong gi dung tich 200 mL 15g san pham nghién tir
thia theo phong cach Trung Qubc (Chinese-style spoon) 1am bang PBT thai, ma dugc
diéu ché & Vi du 7, va 75g 1-butanol; va tiép tuc cho vao d6 0,15 mol kali hydroxit
(dang hat) hodc 0,15 mol natri hydroxit (dang hat). Dung dich tao thanh dugc, trong
khi khudy manh bang cach sir dung may khudy néng, xir ly nhiét & nhiét d6 100°C
trong 240 phut, sau d6 dugc cho lam lanh ty nhién, v, khi nhiét d6 bén trong ctia n6

bang 40°C hoic thap hon, dung dich nay dugc 13y ra.

Hdn hop nay duoc loc bing bing gidy loc dé tach phan cin ra khoi dich loc va

sau d6 can timg phan cin nay va do tdng lwong axit terephtalic trong phan can.

Nhu duoc thé hién & Bang 13, nhén thdy rang tong lwong axit terephtalic trong

phén cin 16m hon khi sir dung kali hydroxit, so v6i khi sir dung natri hydroxit.

Bang 13. Su khac nhau vé luong axit terephtalic dugce tao ra giita cac hydroxit ctia kim

loai kiém & phan ting khir tring hop PBT trong dung moi 1-butanol
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. Luong can .
Hydroxit cda kim loai ki€ém dung thu duoc Tong lugng axit terephtalic
trong phan mg khir tring hgp PBT trong phan cdn (mmol)
(2
Kali hydroxit 26,0 44,5
Natri hydroxit 25,0 43,3

Vi du 12. Sy phan huy etylen glycol khi tao ra TPA-DHD tir mudi ctia axit terephtalic
chura etylen glycol

DPbi v6i vi khuén tao ra TPA-DHD c6 kha ning phan huy etylen glycol,
pUXPEALT tpaA_tpaK_Pm_fucO I7L _aldA dugc tao cdu tric & Vi du tham khao 3
duoc dua vao Escherichia coli K-12 dong M7032 bang phwong phap bién nap, nho d6
tao ra Escherichia coli dong M7032 (pUXPEaLT tpaA tpaK Pm_ fucO _I7L aldA).

Sau d6, & phuong phap tuong tu nhu dugc mod td & Vi du 1, Escherichia coli
dong M7032 (pUXPEaLT tpaA tpaK Pm_fucO I7L_aldA) va Escherichia coli K-12
dong M7032 ma dong vai trd 1am dbi chimg dugc nudi ciy trong thiét bi 1én men dang
vai nhé. 0,278 ml (ndng dd cubi 72 mM) etylen glycol duge cho ddng thdi véi viee

cho dikali terephtalat ma déng vai trd lam nguyén li€u.

Viéce 14y mau duge thuc hién 48 gid sau khi bit ddu viée nudi cdy chinh. Mdi
mAu nay dugc phan tich dudi cac diu kién duge thé hién & Bang 1 bing may phin
tich khdi phd loai LC-TOF (Waters Corporation, LCT Premier XE). Viéc xé4c dinh axit
terephtalic dugc thuc hién voi sy két hop thoi gian luu ctia phép sdc ky 16ng tinh ning
cao va gia tri khéi lugng chinh xdc tir may phan tich khdi phd, so véi mau axit
terephtalic tiéu chudn. Trong s& cac chit xudt hién khi axit terephtalic giam, TPA-
DHD dugc xéc dinh tinh theo gid tri khéi lwgng chinh xac da du doan ctiia TPA-DHD.
Hon nita, viéc dinh lwgng TPA-DHD dugc thyc hién tinh theo duong chudn duogc tao

ra tir lvgng axit terephtalic gidm va sy tdng di¢n tich dinh ciia TPA-DHD.

Két qua, nhan thdy ring TPA-DHD ting khi axit terephtalic giam. Péi véi
lwong TPA-DHD dugc tao ra 48 gid sau khi bt dau viéc nudi céy, lugng TPA-DHD

duoc tao ra 48 gid sau khi bat ddu viéc nudi cdy Escherichia coli dong M7032
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(pUXPEaLT tpaA tpaK Pm_fucO_I7L_aldA) va Escherichia coli K-12 dong M7032
lan lwot 12 10,5 g/L va 11,1 g/L.

Sau d6, lugng etylen glycol 48 gid sau khi bit dAu viéc nudi ciy trong dung
dich nudi cdy duoc phén tich dudi cac diéu kién dwoc thé hién & Bang 14 bang cach sir
dung may phén tich khbi phd loai sic ky khi (GC) (GC: Agilent 7890A, mass
spectrometer: Agilent 5975C). Etylen glycol dugc xéc dinh bang cach thuc hién két
hop viée do thoi gian luu cta phép séc ky khi va viée do tir may phan tich khéi phd c6
m/z62 lam ion muc tiéu, so v&i miu etylen glycol tiéu chudn. Két qua, ndng do cuia
etylen glycol 48 gi& sau khi bt ddu viéc nudi cdy Escherichia coli dong M7032
(pUXPEaLT tpaA tpaK Pm_fucO_I7L _aldA) va Escherichia coli dong M7032 ¢6
gi4 tri 1an lugt 12 37,1 mM va 0,0 mM; va phat hién ra rang su ting cudng luong biéu
hién cua lactaldehyt reductaza va lactaldehyt dehydrogenaza cho phép phin huy etylen
glycol chira trong terephtalat.

Béang 14. Diéu kién phén tich bang cach st dung may phan tich khéi phd loai séc ky
khi

Cot DB-WAX (duong kinh trong: 0,25 mm, chidu dai:
30 m, d0 day mang: 0,25 um, J&W Scientific)

Nhiét do phun 250°C

Nhiét do mét phan cach 250°C

Ché d6 phun Khong chia nhod

Thé tich phun 1l

Chuong trinh mé 1 ml/phtt

Ché d6 MS 4Q°C (5 phat), sau d6 nang nhiét do dén 230°C &
toc do 10°C/phut

Hat phat hién EI (70 eV)

Ché do do SIM

Vi du 13. San xudt axit protocatechuic tir mudi ctia axit terephtalic thu dugc bang phan

ung khtr trung hgp PET
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Biang cach sur dung Escherichia coli dong M7032
(pUXPEaLT tphA2A3BA1 tpaK) tao ra axit protocatechuic dugc tao ra & Vi dy tham
khao 2, & phuong phdp tuong ty nhu dugec md td & Vi du 2, viéc nudi cdy trude vi
khudn tao ra axit protocatechuic nay duoc chuén bi va sau d6 chi 2% dich nudi cdy nay
dugc cdy vao méi truong nudi ciy chinh dé thyc hién viéc nudi cdy chinh. Khi d6 duc
ctia t& bao vi khuén dat khoang 7 & hé s hip thu 600 nm, tac nhan gdy cam {mg axit
m-toluic dugc bd sung sao cho ndng dd cudi clia n6 bang 1 mM dé biéu hién protein
terephtalat 1,2-dioxygenaza, protein terephtalat 1,2-dioxygenaza reductaza, protein
terephtalat dihydrodiol dehydrogenaza, va protein van chuyén axit terephtalic. Nong
do glucoza dugc do theo thoi gian. Khi ndng do glucoza bing 0, mudi cua axit
terephtalic thu duogc tir PET, ma duogc diéu ché & Vi du 6, dugc hoa tan sao cho néng

do cua no6 bang 0,6M, dugc tron véi glucoza, va duge dua vao thiét bi nudi cdy.

Viéc chuédn bi mau dugc thuc hién 52 gio sau khi bat dau viéc nudi céy chinh.
Mdi miu ndy dugc phan tich bing may phan tich khéi phd loai LC-TOF (Waters
Corporation, LCT Premier XE). Viéc x4c dinh axit terephtalic va axit protocatechuic
duge thyuc hién voi su két hop thoi gian luu ctia phép séc ky 16ng tinh ning cao va gia
tri khdi lwong chinh xé4c tir may phén tich khéi phd, so v6i miu axit terephtalic tiéu

chuén va axit protocatechuic.

Két qua, nhén thiy ring axit protocatechuic ting khi axit terephtalic giam. Bang
15 cho théy ty 1& voi lugng axit protocatechuic dugc tao ra tir ting mubi cia axit
terephtalic 52 gio sau khi bét dau viéc nuéi cdy 12 100%. Tir cac két qua duge thé hién
& Bang 15, ro rang rang ca 2 loai kali terephtalat c6 kh& ning cao hon trong viéc san

Xuat axit protocatechuic so véi viéc san xuat str dung dinatri terephtalat.

Bang 15. San xuét axit protocatechuic tir mudi cta axit terephtalic thu dugc bang phan

ung khr trung hgp PET
Muéi clia axit terephtalic dugc .
str dung Axit protocatechuic Ty 1¢ v€ kha néng trong
(g/L) viéc tao ra
lam nguyén liéu
Dinatri terephtalat 10,2 100%
Dikali terephtalat 11,5 113%
1-kali 4-natri terephtalat 11,1 108%
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Vi du 14. San xudt TPA-DHD tir mudi cta axit terephtalic thu duge bang phan Gng
khtt trung hgp PTT

Béng cach st dung tai td hop Escherichia coli strain M7032 san xuét TPA-
DHD (pUXPEaLT tphA2A3A1_tpaK) dugc tao cdu trac & Vi du tham khao 2, &
phuong phap tuong ty nhu duge mo ta & Vi du 2, viéc nudi cly trude vi khuén tao ra
TPA-DHD nay dugc chudn bi va sau d6 chi 2% dich nuéi cdy nay dugc cdy vao moi
truong nudi céy chinh @& thyuc hién viéc nudi céy chinh. Khi dd duc cua té bao vi
khuén dat khoang 7 & hé s6 hap thu 600 nm, tc nhan gdy cadm Ung axit m-toluic dugc
bd sung sao cho ndng do cudi ciia n6 bing 1 mM dé biéu hién protein terephtalat 1,2-
dioxygenaza, protein terephtalat 1,2-dioxygenaza reductaza, va protein van chuyén
axit terephtalic. Néng do glucoza dugc do theo thoi gian. Khi ndng dd glucoza bang 0,
mubi cla axit terephtalic thu dugc tir PTT, ma dugc diéu ché & Vi du 7, duge hoa tan
sao cho ndng do cta né bang 0,6M, duoc tron véi glucoza, va duge dua vao thiét bi

nudi cay.

Viéc 14y mAu duoc thuc hién 48 gid sau khi bit ddu viéc nudi cdy chinh. M&i
mau ndy dugc phan tich dudi céac didu kién dugc thé hién & Bang 1 biang may phan
tich khéi phé loai LC-TOF (Waters Corporation, LCT Premier XE). Viéc x4c dinh axit
terephtalic dugc thuc hién véi su két hop thoi gian Iuu cla phép sic ky 1ong tinh ning
cao va gid tri khdi lwgng chinh x4c tir mdy phan tich khéi phd, so v6i miu axit
terephtalic tiéu chudn. Trong s cac chit xuit hién khi axit terephtalic giam, TPA-
DHD dugc xac dinh tinh theo gié tri khéi Iwgng chinh xac dd du doan cia TPA-DHD.
Hon nita, viéc dinh lvong TPA-DHD dugc thyc hién tinh theo duong chuén duoc tao

ra tir luong axit terephtalic gidm va sy tang dién tich dinh cia TPA-DHD.

Két qua, nhan thiy ring TPA-DHD ting khi axit terephtalic giam. Bang 16 cho
thdy ty 1& v6i lugng TPA-DHD dugce tao ra tir timg mudi cta axit terephtalic 48 gidy
sau khi bt diu viéc nudi cdy 1a 100%. Tir cac két qua duge thé hién & Bang 16, rd
rang rang ca 2 loai kali cac mudi cua axit terephtalic c6 kha ning cao hon trong viéc

san xuat TPA-DHD so v6i viéc san xudt str dung dinatri terephtalat.

Bang 16. San xuit TPA-DHD tir mudi ctia axit terephtalic thu dwgc bang phan {mg
khtr trung hgp PTT
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Terephtalat dugc st dung lam TPA-DHD Ty 1€ vé kha ning trong viée
nguyén li€u (g/) taora
Dinatri terephtalat 12,8 100%
Dikali terephtalat 17,7 138%
1-kali 4-natri terephtalat 14,3 112%

Vi du 15. San xudt axit protocatechuic tir mudi clia axit terephtalic thu dwgc bang phan

ung khir trung hop PTT

Bing cach sit dung Escherichia coli dong M7032 tao ra axit protocatechuic
(pUXPEaLT tphA2A3BA1 tpaK) dugc tao ra & Vi du tham khdo 2, & phuong phap
tuong ty nhu dwgc md t& & Vi du 2, dich nubi cly trudc cia vi khuén tao ra axit
protocatechuic duge chuin bi va sau d6 chi 2% dich nudi cdy nay dugc cdy vao moi
trudng nudi cdy chinh @& thyc hién viéc nudi cdy chinh. Khi do duc cta té bao vi
khudn dat khoang 7 & hé sb hap thu 600 nm, tic nhan gdy cam ting axit m-toluic dugc
bd sung sao cho ndng d6 cudi ctia né bang 1 mM dé biéu hién protein terephtalat 1,2-
dioxygenaza, protein terephtalat 1,2-dioxygenaza reductaza, protein terephtalat
dihydrodiol dehydrogenaza, va protein vén chuyén axit terephtalic. Nong do glucoza
dugc do theo thoi gian. Khi ndng d6 glucoza bang 0, mudi cua axit terephtalic thu
duoc tr PBT, ma dugc diéu ché & Vi du 8, dugc hoa tan sao cho néng do cta nod béng

0,6M, duogc tron véi glucoza, va duge dua vao thiét bi nudi cdy.

Viée 14y mAu duogc thuc hién 48 gio sau khi bit dau viéc nudi cdy chinh. Mdi
miu nay dugc phan tich bing may phin tich khéi phd loai LC-TOF (Waters
Corporation, LCT Premier XE). Viéc xac dinh axit terephtalic va axit protocatechuic
duge thuce hién voi su két hop thoi gian luu ciia phép sic ky 16ng tinh nang cao va gia
tri khéi lwong chinh xac tir may phén tich khéi phd, so véi miu axit terephtalic tiéu

chuan va axit protocatechuic.

Két qua, nhan thy rang axit protocatechuic ting khi axit terephtalic giam. Bang
17 cho thdy ty 1& véi lugng axit protocatechuic duge tao ra tr ting mudi cla axit
terephtalic 48 gi®r sau khi bét d4u viéc nudi cdy 1a 100%. Tir cac két qua duge thé hién
& Bang 17, 16 rang ring ca 2 loai kali terephtalat c6 kha ning cao hon trong viéc san

Xudt axit protocatechuic so véi viéc san xuét str dung dinatri terephtalat.
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Bang 17. San xuét axit protocatechuic tir mudi cia axit terephtalic thu dwgc bang phan

ung khtr traing hop PBT

) Axit .
Muoi ctia axit terephtalic dugc sir dung  protocatechuic Ty I¢ v€ kha nédng trong
lam nguyén li€u viéc tao ra

(g/L)

Dinatri terephtalat 10,2 100%
Dikali terephtalat 11,6 114%
1-kali 4-natri terephtalat 11,0 108%

Vi du 16. San xudt TPA-DHD tir mudi cta axit terephtalic thu duoc bang phan tng
khtr tring hop PET trong dung méi 1-butanol

Bing cach st dung téi td hop Escherichia coli ddng M7032 tao ra TPA-DHD
(pUXPEaLT tphA2A3A1 tpaK) dugc tao ra & Vi du tham khao 2, & phuong phap
twong tu nhu dugc md ta & Vi du 2, viée nudi céy trude vi khudn tao ra TPA-DHD nay
dwoc chudn bi va sau d6 chi 2% dich nudi cdy nay dugc cdy vao mdi truong nudi ciy
chinh @& thuc hién viéc nudi cdy chinh. Khi o duc cta té bao vi khudn dat khoang 7 &
hé s& hip thy 600 nm, tic nhan gy cam tng axit m-toluic dugc bd sung sao cho ndng
d6 cudi cia n6 bing 1 mM dé biéu hién protein terephtalat 1,2-dioxygenaza, protein
terephtalat 1,2-dioxygenaza reductaza, va protein van chuyén axit terephtalic. Nong do
glucoza dugc do theo thoi gian. Khi ndng do glucoza bang 0, mudi ctia axit terephtalic
thu duge tir PET ma thu duogc bang phan tng khir tring hop trong 1-butanol, trong d6
mudi cia axit terephtalic dugc chudn bi & Vi du 9, dugc hoa tan sao cho ndng do cua

n6 bing 0,6M, dugc tron véi glucoza, va duge dua vao thiet bi nuoi céy.

Viéc chuén bi mau duge thuc hién 35 gio sau khi bat dau viéc nudi céy chinh.
Mbdi mau nay dugc phan tich dudi cac didu kién dugc thé hién & Bang 1 bing may
phan tich khéi phd loai LC-TOF (Waters Corporation, LCT Premier XE). Viéc xéc
dinh axit terephtalic dugc thuc hién véi sy két hop thoi gian luu cta phép sic ky 16ng
tinh ndng cao va gia tri khbi lugng chinh xéc tr mdy phén tich khéi phd, so v6i mau
axit terephtalic tiéu chuin. Trong s6 cac chét xuét hién khi axit terephtalic gidm, TPA-
DHD dugc xac dinh tinh theo gié tri khéi lvong chinh x4c da dw doan cia TPA-DHD.

Hon nfta, viéc dinh lugng TPA-DHD dugc thyc hién tinh theo dudng chuén dugc tao
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ra tir lugng axit terephtalic gidm va su tdng dién tich dinh cua TPA-DHD.

Két qua, nhan thiy ring TPA-DHD ting khi axit terephtalic gidm. Bang 18 cho
thdy ty 1& v6i lugng TPA-DHD duogc tao ra tir ting mudi cla axit terephtalic 35 gid
sau khi bit dau viéc nudi cdy 1a 100%. Tir cac két qua duge thé hién & Bang 18, rd
rang ring ca 2 loai kali cdc mubi ctia axit terephtalic ¢6 kha ning cao hon trong viéc

san xuat TPA-DHD so v6i viée san xuét sir dung dinatri terephtalat.

Béang 18. San xuit TPA-DHD tir mubi cua axit terephtalic thu duge biang phan tng
khtr tring hgp PET trong 1-butanol

Mudi cta axit terephtalic duge st dung TPA-DHD Ty 1& vé kha ning trong

lam nguyén liéu (g/L) vi€c tao ra
Dinatri terephtalat 12,8 100%
Dikali terephtalat 17,4 136%
1-kali 4-natri terephtalat 14,8 116%

Vi du tham khao 1. Tao cAu tric vecto biéu hién pUXPEaLT19

Pé thuc hién viée biéu hién c6 hiéu qua tinh ddc 14p cuia tac dung phién ma va
dich ma gen st dung Escherichia coli, viéc tao cAu trac hé théng biéu hién dugc thuc
hién, trong d6 viéc phién ma gen mong mudn phu thudc vao gen gid va gen mong
mudn ciing dwge dich ma & trang thai duy tri tdc dung dich ma gen gia. Cu thé, dé xen
trinh ty két thic vao pUC19 (duge sin xuét béi Takara Bio Inc.), séu ADN tdng hop
néu trong cac SEQ ID NO: 13 dén 18 dugc téng hop.

Cac ADN téng hop nay dugc xen giita vi tri Kpnl va vi tri EcoRI cta pUC19 dé
tao céu tric plasmit pUC1LT1. Vung gitra vi tri Pvull va vi trf HindIII ctia pUCILT1
sau d6 duoc lam mét doan dé tao céu tric pULTDLI. D& xen trinh ty gen khéi dau T7
va vi tri Pacl dé lién két gen gia v6i gen mong mubn vao pULTDLI, sau ADN téng
hop néu trong Cac SEQ ID NO: 19 dén 24 dugc téng hop. Céc ADN tdng hop nay
dugc xen gitra vi tri Sphl site va vi tri Sall cia pULTDLI1 d8 tao ciu tric plasmit biéu
hién pUTPELT19. Va sau do, bing phuong phap PCR st dung PrimeSTAR ADN
polymeraza (dugc san xuét boi Takara Bio Inc.; sau day, trir khi ¢6 quy dinh khéc,

enzym nady dugc st dung lam enzym khuéch dai ADN dung trong c4c phén tng PCR),
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vung gitra vi tri BglII va vi tri Pacl ctia pUTPELT19 dugc thé bang trinh tw néu trong
SEQ ID NO: 25 d& tao cu truc plasmit biéu hién pUTPEaLT19.

Hon nita, d tao cdu trac hé théng biéu hién cam tng bing cach sir dung gen
khéi ddu XylS-Pm, ADN ctia viing gen khéi dau XylS-Pm thu duge. Ving gen khéi
diu XylS-Pm duogc khuéch dai bing phan tmg PCR véi plasmit pJB866 ma thu duoc
tir National Institute of Genetics 1am mAu sir dung 2 loai doan mdi ADN (cac SEQ ID
NO: 26 va 27). Géc A dugc thém vao déu 3° ctia manh ADN da khuéch dai nhd Taq
ADN polymeraza va manh ADN da khuéch dai nay duge tinh ché bing phuong phap
dién di trén gel va dugc két hop vao vecto pT7Blue-T (dwgc sén xuét boi Novagen),
nho d6 tao ciu tric plasmit pT7-xylS_Pm ma gift lai toan bd vang gen khoi dau XylS-

Pm.

Ving gen khoi ddu XylS-Pm dugc cét ra khoi plasmit pT7-xylS_Pm bing
enzym gidi han Sbfl va enzym gi6¢i han BamHI va dugc két hop giira vi tri Sbfl va vi
tri BgIII cia pUTPEaLT19, nho do tao ra vecto biéu hién pUXPEaLT19.

Vi du tham khao 2. Tao cAu trac plasmit tao ra axit protocatechuic
(1) Tach Comamonas testeroni dong 72W2 tir ty nhién

Comamonas testeroni dong 72W2 thu dugc dudi dang dong vi khudn sinh
trudng bing axit terephtalic nhu ngudn cacbon duy nhét tir d4t 14y tir Itabashi Ward,

Tokyo.

Cu thé, miu dét 14y dugc dugc thém 5 ml mdi trudng long W chua axit
terephtalic 10 mM dugc cho vao dng Falcon dung tich 15 mL va dugc nudi ciy dong
thoi 1ic & nhiét d6 30°C. Luu ¥ ring thanh phan ctia mdi trudng 16ng W 14 kali dihydro
phosphat 0,85 g/L, dinatri hydrogen phosphat 4,9 g/L, amoni sulfat 0,5 g/L, magie
sulfat heptahydrat 9,5 mg/L, sit sulfat (I) heptahydrat 9,5 mg/L, magie oxit 10,75
mg/L, canxi cacbonat 2 mg/L, k&m sulfat heptahydrat 4,5 mg/ml, mangan sulfat (II)
tetrahydrat 1,12mg/L, ddng sulfat (II) pentahydrat 0,25 mg/L, coban sulfat (II)
heptahydrat 0,28 g/L, va axit boric 0,06 mg/L.

Dung dich nudi cdy dugc rai trén tdm thach chira mdi trudng 1ong W chura axit
terephtalic 10 mM va dugc nudi céy & nhiét do 30°C dé nhd d6 lya chon dong vi

khudn sinh trudng bing axit terephtalic nhu ngudn cacbon duy nhit. Cac khuén lac
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trén tAm thach dugc nudi cdy trong SmL mdi trudng 16ng W chira axit terephtalic 10
mM trong 3 ngdy. Bang cach xéc dinh trinh ty 16S rDN cta dong vi khuén nay, dong

vi khun nay duge xac dinh 12 Comamonas testeroni va dugc dit tén dong 72W2.
(2) Phan 14p gen tr Comamonas testeroni dong 72W2

Comamonas testeroni dong 72W2 dugc nudi cdy va cac té bao dugc thu lai.
ADN hé gen dugc chiét bing cach sir dung hé gen vi khuén minh hoa Prep Mini Spin
Kit (dugc mua tir GE Healthcare Japan Corporation).

Tiép theo, trinh tw nucleotit cia operon ma hod cum gen trao d6i chat axit -
terephtalic cia Comamonas testeroni dong YZW-D thu duoc nhu ma luu gitr GB 1a
AY923836 tir co s& dit liéu GB cua the National Center for Biotechnology Information
(du6i day duoc viét tit 1a NCBI). Hon nita, trinh ty nucleotit ciia hai operon ma hod
cum gen trao ddi chét axit terephtalic dwgc s& hitu béi Comamonas dong E6 thu duge
t co s¢ dir liéu GB cua NCBI. Cu thé, dbi v6i Comamonas testeroni dong YZW-D,
trinh tu cda cac nucleotit tir 8242 dén 11908 c6 ma luu gitt GB 1a AY923836 duoc st
dung lam trinh ty nucleotit ctia operon ciia cum gen trao d6i chit axit terephtalic. Vi vi
khudn Comamonas dong E6 c¢6 2 operon cla cum gen trao dbi chét axit terephtalic,
trinh tu cta céc nucleotit tir 3260 dén 6926 c6 ma luu gitt GB 12 AB238678.1 va trinh
ty ctia cac nucleotit tir 4911 dén 8577 ¢6 ma luu gitt GB 1a AB238679.1 déu dugc skt

dung lam trinh ty nucleotit ctia operon cua cum gen trao dbi chit axit terephtalic.

Tinh theo céc trinh ty nay, cdc doan mdi thodi hoa dugc tao ra dé tach dong
ADN ma hoa cum gen trao ddi chit axit terephtalic cia Comamonas testeroni dong
72W2. Trong sb cac doan mdi thoai hoa nay, vi tri nhan biét Pacl dugc thém vao doan
mdi 5’ (SEQ ID NO: 28) va vi tri nhan biét Sgfl va vi tri nhan biét Notl duge thém vao
doan mdi 3' (SEQ ID NO: 29).

Bing cach sit dung 2 loai doan mdi thoai héa nay, véi ADN hé gen cua
Comamonas testeroni dong 72W2 1am mAu, ving operon clia cum gen trao d6i chét
axit terephtalic (gen tphA2-gen tphA3-gen tphB-gen tphAl; dudi ddy dugc viét tat 1a
gen tphA2A3BA1) dugc khuéch dai bing phan tmg PCR. Méanh ADN dé khuéch dai
duoc thu hdi bing cach st dung kit tinh ché QIAquick PCR (dugc san xudt boi
QIAGEN; sau day, trir khi c6 quy dinh khéc, kit nay dugc sir dung lam kit tinh ché cho
phan tmg PCR). Sau khi trinh ty nucleotit cla manh ADN da khuéch dai nay duoc xac
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dinh, da khing dinh dugc ring AND ndy dd md héa gen tphA2 ma hoa protein nhém
con 16n terephtalat 1,2-dioxygenaza oxygenaza (SEQ ID NO: 1), gen tphA3 ma hoa
protein nhém con nho terephtalat 1,2-dioxygenaza oxygenaza (SEQ ID NO: 3), gen
tphB méa hod protein dehydrogenaza TPA-DHD (SEQ ID NO: 9), va gen tphAl ma
hod protein terephtalat 1,2-dioxygenaza reductaza (SEQ ID NO: 5).

Operon cua gen tphA2A3BA1 (SEQ ID NO: 30) dugc cit ra khoi san phdm cia
phan tmg PCR bing enzym gi6i han Pacl va enzym gi6i han Notl va duge két hop
gitta vi tri Pacl va vi tri Notl cua vecto biéu hién pUXPEalLT19 dugc mo ta & Vi du
tham khao 1, nho do tao ra plasmit pUXPEaLT tphA2A3BAl biéu hién nhém enzym

lién quan dén viéc chuyén héa tir axit terephtalic thanh axit protocatechuic.

(4) Tach dong tac nhan vén chuyén axit terephtalic va tao cdu triic plasmit tao ra axit

protocatechuic

Vi kha ndng cia Escherichia coli Dong K-12 dé van chuyén axit terephtalic yéu,
nén can ting cudng kha ning van chuyén axit terephtalic ctia n6 bang cach biéu hién

tac nhan vén chuyén axit terephtalic ma ddy manh viéc van chuyén axit terephtalic.

Cu thé, da thu dugc ADN mi hoa tic nhan van chuyén axit terephtalic tpaK
Rhodococcus jostii dong RHA1 c6 tac dung d4y manh viéc vén chuyén axit terephtalic
véi cac té bao vi khuén. Trinh tu nucleotit ctia gen tpaK thu dugc tr co s¢ dit liéu GB
ctia NCBI 1am trinh tu ctia cac nucleotit tir 175046 dén 176425 (SEQ ID NO: 7) ¢6 ma
luu gitr CP000432. V&i ADN nhiém sic thé (100 ng) Rhodococcus jostii dong RHA1
thu dugc tir Professor Masao Fukuda, Nagaoka University of Technology 1am mau, st
dung 2 loai doan mdi ADN (SEQ ID NO: 31 va SEQ ID NO: 32), toan bd vung gen
tpaK ma hod protein véin chuyén axit terephtalic (SEQ ID NO: 8) dugc khuéch dai
bang phan tmg PCR.

Manh ADN da khuéch dai dwoc thu hdi bing cach st dung kit tinh ché ding
cho phan ung PCR. Gen tpaK dugc cit ra khoi san phdm cia phan tng PCR bang
enzym giGi han Pacl va enzym giéi han Notl va dugc két hop giira vi tri Sgfl va vi tri
Notl cua plasmit pUXPEaLT tphA2A3BA1 néu trén, nho d6 tao ra plasmit tao ra axit
protocatechuic pUXPEaL T tphA2A3BAI_tpak.

Vi du tham khao 3. Tao céu tric plasmit tao ra TPA-DHD

-66-



23700

Véi pUXPEaL T tphA2A3BAL1 tpaK (100 ng) duoc tao cdu trac & Vi dy tham
khao 2(4) 1am mau, va str dung 2 loai doan moi ADN (SEQ ID NO: 28 va SEQ ID
NO: 33), ving gen tphA2-gen tphA3 duoc khuéch dai bing phan tng PCR. Hon nita,
bang céach sir dung 2 loai doan mdi ADN (SEQ ID NO: 29 va SEQ ID NO: 34), ving
gen tphAl dugc khuéch dai bing phan img PCR. Cac manh ADN da khuéch dai nay
duoc thu hoi bing cach st dung kit tinh ché ding cho phan tmg PCR. Sau d6, véi
manh da khuéch dai cia ving gen tphA2-gen tphA3 va manh da khuéch dai gen gen
tphAl, ma déu duoc thu hdi, [am mau, va béng cach st dung 2 loai doan modi ADN
(SEQ ID NO: 28 va SEQ ID NO: 29), viing gen tphA2-tphA3-tphAl dugc khuéch dai
bing phan tng PCR. Méanh ADN da khuéch dai duoc thu hdi bang céach st dung kit
tinh ché dung cho phan tng PCR. Manh da khuéch dai bi phan hiy bing enzym giéi
han Pacl va enzym gidi han HindIIl, va sau d6 dugc két hop gitta vi tri Pacl va vi tri
HindIlI cta vecto biéu hién pUXPEaLT tphA2A3BA1 dugc tao ra & Vi du tham khao
2(3), nho d6 tao cdu trac pUXPEaLT tphA2A3A1_tpaK.

Vi du tham khéo 4. Tao cAu tric plasmit tao ra axit galic

Véi muc dich chuyén héa mdt cach hiéu qué axit protocatechuic thanh axit galic,
plasmit biéu hién gen para-hydroxybenzoat hydroxylaza cling v6i cum gen tao ra axit

protocatechuic dugc tao cau truc nhu sau:

Cu thé, v6i ADN (SEQ ID NO: 11) m& hoéa para-hydroxybenzoat hydroxylaza (SEQ
ID NO: 12) dugce boc 16 trong Coéng bd don yéu cdu cép patent Nhat Ban chua xét
nghiém s6 2009-213392 lam mAu, va bing cach st dung 2 loai doan mdi ADN (SEQ
ID NO: 35 va SEQ ID NO: 36), ADN mi hod protein para-hydroxy benzoat
hydroxylaza duoc khuéch dai bing phan ing PCR. Manh ADN d4 khuéch dai dugc
thu hdi bang céach sir dung kit tinh ché dung cho phan tmg PCR. AND nay bi phén hiy
bing enzym gidi han Pacl va enzym gi6i han Sgfl, va sau d6 dugc két hop vao vi tri
Pacl ctia pUXPEaLT tphA2A3BA1_tpaK tao ra trén ddy, nho d6 tao ciu triic plasmit
tao ra axit galic pUXPEaLT HFM145_tphA2A3BA1_tpak.

Vi du tham khao 5. Tao vi khun phén hity etylen glycol
(1) Tach dong gen fucO cua Escherichia coli dong K-12

Trinh tu nucleotit cua gen fucO ma hoa protein lactaldehyt reductaza thu dugc

tir Escherichia coli dong K-12 MG1655 thu dugc dudi dang trinh tu céc vi tri tir 13420
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dén 14571 cua trinh tu nucleotit (M3 luu gitt GB 1a U29581) thu dugc tir NCBI thong
qua Internet. Bing cach st dung 2 loai doan mdi ADN (SEQ ID NO: 37 va SEQ ID
NO: 38) dugc téng hop tinh theo trinh tir ndy, v6i ADN nhiém sic thé (100 ng) cia
Escherichia coli dong K-12 MG1655 thu dugc tir NBRP lam mau, toan b ving gen
fucO dugc khuéch dai bang phan tmg PCR. Manh ADN d4 khuéch dai nay dugc cét ra
khoi san phdm cua phan tmg PCR bing enzym giéi han Pacl va enzym gi6i han Notl
va duge két hop vao vecto biéu hién pUXPEaLT19 dugc tao ra & Vi dy tham khao 1,
nho do tao ra plasmit pUXPEaLT fucO I7L.

(2) Tach dong gen aldA cta Escherichia coli dong K-12

Trinh tu nucleotit cia gen aldA ma hod protein lactaldehyt dehydrogenaza thu
dwoc tir Escherichia coli dong K-12 MG1655 thu dugc dudi dang trinh tw cac vi tri tir
1486256 dén 1487695 cua trinh tu nucleotit (ma luu gitt GB 1a U00096.2) thu dugc tir
NCBI thong qua Internet. Bang cach sir dung 2 loai doan mdi ADN (SEQ ID NO: 39
va SEQ ID NO: 40) dugc tdng hop tinh theo trinh tu ndy, véi ADN nhiém séc thé (100
ng) cua Escherichia coli dong K-12 MG1655 thu dugc tr NBRP lam mau, toan bd
ving gen aldA dugc khuéch dai bing phan tmg PCR. Manh ADN da khuéch dai nay
duoc cit ra khoi san phdm cta phan tng PCR bing enzym gi6i han Swal va enzym
gidi han Notl va dugce két hop vao plasmit pUXPEaLT fucO_I7L, nhd d6 tao ra
plasmit pUXPEaLT fucO_I7L_aldA.

Manh duoc cit khéi ADN tdng hop c6 trinh ty néu trong SEQ ID NO: 41 bing
enzym gi¢i han Notl va enzym giéi han Ascll va dugc két hop gitra vi tri NotI va vi tri
Ascl ctia plasmit pUEPEaLT fucO I7L_aldA, nho d6 tao ra plasmit
pUXPEaLTEk fucO_I7L_aldA.

Sau d6, bing cach sit dung 2 loai doan mdi ADN (SEQ ID NO: 42 va SEQ ID
NO: 43), don vi biéu hién chira gen fucO va gen aldA (duéi ddy dugc viét tit 1a don vi
bidu hién fucO-aldA) dugc khuéch dai tir plasmit pUXPEaLTEX fucO_I7L_aldA
bang phan tmg PCR. Manh dugc cét ra khoi san phdm ctia phan tmg PCR bing enzym
gi6i han Ascl va dugc két hop vao vecto biéu hién pUXPEaLT tphA2A3A1 tpaK tao
ra trén ddy (vi du tham khdo 3), nhd do tao cAdu trac plasmit
pUXPEaLT tpaA tpaK PmfucO_I7L_aldA.
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Kha nidng ing dung trong cong nghiép

Sang ché da d& xudt phuong phap diéu ché terephtalat 1,2-cis-dihydrodiol sir
dung kali terephtalat 1am nguyén liéu bang cich st dung vi sinh vat biéu hién
terephtalat 1,2-dioxygenaza, phuong phap chuyén hoa TPA-DHD thanh céc axit
phenol nhu axit protocatechuic hodc axit galic, va phuong phép thu dugc kali

terephtalat dé 1am nguyén lidu bang cach khir tring hop céc polyeste thai.
M6 ta danh muc trinh ty

SEQ ID NO: 1: ADN mi hoa protein nhdm con 16n terephtalat 1,2-dioxygenaza

oxygenaza
SEQ ID NO: 2: Protein nhom con 16n terephtalat 1,2-dioxygenaza oxygenaza

SEQ ID NO: 3: ADN mid hod protein nhéom con nho terephtalat 1,2-

dioxygenaza oxygenaza
SEQ ID NO: 4: Protein nhom con nho terephtalat 1,2-dioxygenaza oxygenaza
SEQ ID NO: 5: ADN ma3 hoa protein terephtalat 1,2-dioxygenaza reductaza
SEQ ID NO: 6: Protein terephtalat 1,2-dioxygenaza reductaza
SEQ ID NO: 7: ADN m4 ho4 protein van chuyén axit terephtalic
SEQ ID NO: 8: Protein van chuyén axit terephtalic
SEQ ID NO: 9: ADN mai hod protein dehydrogenaza TPA-DHD
SEQ ID NO: 10: Protein dehydrogenaza TPA-DHD
SEQ ID NO: 11: ADN ma ho4 protein para-hydroxybenzoat hydroxylaza
SEQ ID NO: 12: Protein para-hydroxybenzoat hydroxylaza
SEQ ID NO: 13: ADN tdng hop ding dé tao cu triic nhan t6 két thuc
SEQ ID NO: 14: ADN tdng hop ding dé tao c4u tric nhan t6 két thiic
SEQ ID NO: 15: ADN tbng hop ding dé tao ciu triic nhan t4 két thic
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SEQ ID NO: 16: ADN téng hop ding @& tao cdu triic nhén t6 két thiic
SEQ ID NO: 17: ADN téng hop ding dé tao cdu tric nhan tb két thic
SEQ ID NO: 18: ADN tdng hop ding dé tao ciu triic nhan t6 két thuc
SEQ ID NO: 19: Téng hop dé tao ciu triic gen khai ddu ADN T7 va gen gia
SEQ ID NO: 20: Téng hop dé tao cdu truc gen khoi ddu ADN T7 va gen gia
SEQ ID NO: 21: Téng hop dé tao céu triic gen khéi dau ADN T7 va gen gia
SEQ ID NO: 22: Téng hop dé tao chu trac gen khoi ddu ADN T7 va gen gia
SEQ ID NO: 23: Téng hop dé tao céu triic gen khéi dau ADN T7 va gen gia
SEQ ID NO: 24: Téng hop dé tao cdu tric gen khoi diu ADN T7 va gen gia

SEQ ID NO: 25: Trinh ty giita enzym gidi han vi tri BgIII va enzym gidi han vi
tri Pacl cta plasmit pUTPELT19

SEQ ID NO: 26: Doan mbi phén img PCR dé thu dwgc ADN ciia gen khéi dau
ving XylS-Pm

SEQ ID NO: 27: Poan mbi phan tmg PCR d thu dugc ADN clia gen khéi dau
vung XylS-Pm

SEQ ID NO: 28: Poan mdi phan tmg PCR thoai hoa dé tach dong cum gen trao

doi chat axit terephtalic cia Comamonas testeroni

SEQ ID NO: 29: Poan mdi phan tmg PCR thoai hoa dé tach dong cum gen trao

doi chat axit terephtalic cia Comamonas testeroni

SEQ ID NO: 30: ADN méa hod cum gen trao d6i chét axit terephtalic ctia

Comamonas testeroni dong 72W2

SEQ ID NO: 31: Doan mdi phan tng PCR dé tich dong tac nhan van chuyén

axit terephtalic

SEQ ID NO: 32: Poan mdi phan tmg PCR d& tach dong tac nhan van chuyén
axit terephtalic
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SEQ ID NO: 33: Doan mdi phan tng PCR dé tach dong viing gen tphA2-gen
tphA3

SEQ ID NO: 34: Poan mdi phan tmg PCR dé tach dong viing gen tphAl

SEQ ID NO: 35: Poan mdi phan tmg PCR dé tach dong para-hydroxybenzoat

hydroxylaza da cai tién

SEQ ID NO: 36: Poan mdi phan img PCR dé tach dong para-hydroxybenzoat

hydroxylaza da cai tién

SEQ ID NO: 37: Poan mdi phan tng PCR dé tich dong Escherichia coli
lactaldehyt reductaza

SEQ ID NO: 38: Poan mdi phan tmg PCR dé tich dong Escherichia coli

lactaldehyt reductaza

SEQ ID NO: 39: Doan mdi phan ung PCR d tich dong Escherichia coli
lactaldehyt dehydrogenaza

SEQ ID NO: 40: Doan mdi phan ung PCR d tich dong Escherichia coli
lactaldehyt dehydrogenaza

SEQ ID NO: 41: Trinh ty gitta vi tri Notl va vi tri Ascl cua plasmit
pUXPEaLTEk fucO I7L aldA

SEQ ID NO: 42: Doan mdi phan tng PCR d tach dong don vi biéu hién chta
gen fucO va gen aldA

SEQ ID NO: 43: Doan mdi phan tng PCR dé tach dong don vi biéu hién chta
gen fucO va gen aldA
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YEU CAU BAO HQ

1. Phuong phép diéu ché terephtalat 1,2-cis-dihydrodiol bao gdm budc cho vi sinh vét
hodic san phdm gidng nudi cdy da duge xit Iy cia né phan tng véi axit terephtalic
trong modi truong nude chira mudi cla axit terephtalic dé tao ra terephtalat 1,2-cis-
dihydrodiol, trong do mudi cta axit terephtalic chira 0,5 1an dén 2 1an lugng mol kali
tinh theo téng s6 mol cia axit terephtalic chira trong mudi cua axit terephtalic: va
trong d6 vi sinh vt c6 ADN dugce néu & cac muc (a), (b), (¢), hodc (d) dudi day; ADN
dugc néu & cac muc (e), (), (g); hodc (h) duédi ddy, va ADN duogc néu & cac myc (i),
(4, (k), hodc (I) dudi day; va cé thé tao ra terephtalat 1,2-cis-dihydrodiol tir axit
terephtalic;

(a) ADN mai hod protein chira trinh ty axit amin néu trong SEQ ID NO: 2;

(b) ADN chtra trinh tu axit amin néu trong SEQ ID NO: 2 trir mdt hodc mdt vai
axit amin dugc lam mét doan, thé doan, va/hodc thém doan; va ma hoa protein c6 chirc
ning lién quan dén viéc chuyén hod tir axit terephtalic thanh terephtalat 1,2-cis-
dihydrodiol;

(c) ADN chira trinh ty nucleotit néu trong SEQ ID NO: 1;

(d) ADN ma c6 thé lai v6i ADN chtta trinh ty bd trg véi toan bd hodc mdt phén
trinh tu cda trinh tu nucleotit néu trong SEQ ID NO: 1 dudi cac diéu kién nghiém
ngit; va ma hod protein ¢ chtrc ndng li€én quan dén viéc chuyén hoa tir axit terephtalic

thanh terephtalat 1,2-cis-dihydrodiol;
(e) ADN ma hod protein chira trinh ty axit amin néu trong SEQ ID NO: 4;

(f) ADN chtra trinh ty axit amin gidng nhu néu trong SEQ ID NO: 4 trir mot
hodc mot vai axit amin duge lam mét doan, thé doan, va/hodc thém doan; va ma hoa
protein c6 chirc ning lién quan dén viéc chuyén hod tir axit terephtalic thanh

terephtalat 1,2-cis-dihydrodiol;
(g) ADN chtra trinh tu nucleotit néu trong SEQ ID NO: 3;

(h) ADN ma c6 thé lai v6i ADN chtra trinh tu b trg v6i toan bd hodc mot phan
trinh tu cta trinh ty nucleotit néu trong SEQ ID NO: 3 dudi cac didu kién nghiém

ngit; va ma hoa protein c6 chirc nang lién quan dén viéc chuyén hoa tir axit terephtalic
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thanh terephtalat 1,2-cis-dihydrodiol;
(i) ADN ma hod protein chira trinh ty axit amin néu trong SEQ ID NO: 6;

(j) ADN chua trinh ty axit amin gidng nhu néu trong SEQ ID NO: 6 trir mot
hodic mot vai axit amin dugc 1am mat doan, thé doan, va/hodc thém doan; va mi hoa
protein c6 chuc ndng lién quan dén viéc chuyén hoa tlr axit terephtalic thanh

terephtalat 1,2-cis-dihydrodiol;
(k) ADN chra trinh tu nucleotit néu trong SEQ ID NO: 5;

(1) ADN ma c6 thé lai véi ADN chtra trinh tu bd trg v6i toan bo hodc mdt phan
trinh ty cta trinh ty nucleotit néu trong SEQ ID NO: 5 duéi cac diéu kién nghiém
ngit; va ma hod protein c6 chirc ndng lién quan dén viéc chuyén hoa tir axit terephtalic

thanh terephtalat 1,2-cis-dihydrodiol.

2. Phuong phap diéu ché terephtalat 1,2-cis-dihydrodiol theo diém 1, trong d6 moi
trudng nude chira mudi clia axit terephtalic 12 dung dich nude chira mot hoac nhiéu
kali terephtalat dugc chon tr nhém bao gdbm dikali terephtalat, 1-kali 4-natri

terephtalat, va 1-kali 4-amoni terephtalat.

3. Phuong phap didu ché terephtalat 1,2-cis-dihydrodiol theo diém 1 hoic 2, trong d6
mudi cua axit terephtalic duoc bd sung duéi dang dung dich nudc, dang bot hodc dang
hdn dich, vao vi sinh vat hoic san phdm giéng nudi cy da duogc xir ly ctia n6 aé vi

sinh vét hodc san phdm da dugc xir ly nay phan ung voi axit terephtalic.

4. Phuong phép diéu ché terephtalat 1,2-cis-dihydrodiol theo diém bét ky trong sb cac
diém tir 1 dén 3, trong d6 vi sinh vét néu trong diém 1 con c6 kha ning van chuyén ndi
bao axit terephtalic dugc tdng cuong bang cach dua vao ADN dugc néu & cac muc (m),
(n), (0), hoac (p) dudi day:

(m) ADN ma hod protein chira trinh tir axit amin néu trong SEQ ID NO: 8;

(j) ADN chura trinh ty axit amin gidng nhu néu trong SEQ ID NO: 8 trr mot
hodc mot vai axit amin dugc lam mét doan, thé doan, va/hoic thém doan; va ma hoa

protein c6 hoat tinh vén chuyén axit terephtalic;
(o) ADN chura trinh ty nucleotit néu trong SEQ ID NO: 7;
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(p) ADN ma c6 thé lai véi ADN chira trinh tw bd trg véi toan bo hodc mot phan
trinh ty cua trinh ty nucleotit néu trong SEQ ID NO: 7 dudi céc diéu kién nghiém

ngat; va ma hod protein c6 hoat tinh van chuyén axit terephtalic.

5. Phuong phap didu ché axit protocatechuic bao gdm buéc tao ra terephtalat 1,2-cis-
dihydrodiol tir mudi ctia axit terephtalic bing phuong phap theo diém bt ky trong sb
cac didm tir 1 dén 4 va sau d6 chuyén hoa terephtalat 1,2-cis-dihydrodiol thanh axit

protocatechuic, trong d6 vi sinh véat con c6 ADN néu & muc (q), (1), (s), hodc (t) duéi

day va c6 thé tao ra axit protocatechuic tir axit terephtalic:
(q) ADN ma hod protein chira trinh ty axit amin n€u trong SEQ ID NO: 10;

(r) ADN chtra trinh tu axit amin gidng nhu néu trong SEQ ID NO: 10 trir mt
hodc mdt vai axit amin dugc lam mét doan, thé doan, va/hodc thém doan; va mi hoa
protein c6 hoat tinh chuyén hoa terephtalat 1,2-cis-dihydrodiol thanh axit

protocatechuic;
(s) ADN chira trinh ty nucleotit néu trong SEQ ID NO: 9;

(t) ADN ma c6 thé lai véi ADN chira trinh tu bd trg véi toan bd hogc mot phan
trinh tu cua trinh ty nucleotit néu trong SEQ ID NO: 9 du6i céc diéu kién nghiém
ngdt; va ma hod protein c6 hoat tinh chuyén hod terephtalat 1,2-cis-dihydrodiol thanh

axit protocatechuic.

6. Phuong phap didu ché axit protocatechuic bao gdm budc tao ra terephtalat 1,2-cis-
dihydrodiol tir mudi cua axit terephtalic biang phuong phép theo diém bét ky trong sb
cac didm tir 1 dén 4, va sau d6 chuyén ho4 terephtalat 1,2-cis-dihydrodiol thanh axit
protocatechuic bang cach sir dung vi sinh vat thu dugc bang cach dua vao ADN duoc
thé hién & cac muc (q), (r), (s), hoic (1) bing cach bién nap, hoic san phim giéng nudi

cay da dugc xr ly cua nd.

7. Phuong phép diéu ché axit galic bao gdm budc tao ra terephtalat 1,2-cis-dihydrodiol
tir mudi clia axit terephtalic bang phuong phap theo diém bat ky trong sb cc diém tir 1
dén 4 va sau d6 chuyén hoa terephtalat 1,2-cis-dihydrodiol thanh axit galic, trong d6 vi
sinh vat con ¢4 ADN néu & muc (q), (1), (s), hodc (t) duédi day, ADN néu & muc (u),

(v), (W), hodc (x) dudi day va co thé tao ra axit galic tir axit terephtalic:
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(q) ADN ma ho4 protein chtra trinh ty axit amin néu trong SEQ ID NO: 10;

(r) ADN chira trinh tu axit amin gidng nhu néu trong SEQ ID NO: 10 trir mét
hoic mdt vai axit amin duge lam mét doan, thé doan, va/hodc thém doan; va ma hoa
protein c6 hoat tinh chuyén hod terephtalat 1,2-cis-dihydrodiol thanh axit

protocatechuic;
(s) ADN chira trinh ty nucleotit néu trong SEQ ID NO: 9;

(t) ADN ma c6 thé lai v6i ADN chira trinh ty bd trg v6i toan bo hodic mot phan
trinh ty cla trinh tu nucleotit néu trong SEQ ID NO: 9 duéi cac diéu kién nghiém
ngit; va ma hod protein c6 hoat tinh chuyén ho4 terephtalat 1,2-cis-dihydrodiol thanh

axit protocatechuic;
(u) ADN mai ho4 protein chira trinh ty axit amin néu trong SEQ ID NO: 12;

(v) ADN chira trinh ty axit amin gidng nhur néu trong SEQ ID NO: 12 trir mot
hodc mot vai axit amin dugc lam mét doan, thé doan, va/hodc thém doan; va ma hod

protein c6 hoat tinh chuyén ho4 axit protocatechuic thanh axit galic;
(w) ADN chra trinh ty nucleotit néu trong SEQ ID NO: 11;

(x) ADN ma c6 thé lai v6i ADN chira trinh ty bd trg v6i toan bo hodc mot phan
trinh tu cta trinh tu nucleotit néu trong SEQ ID NO: 11 duéi cac diéu kién nghiém

ngit; va ma hod protein ¢6 hoat tinh chuyén ho4 axit protocatechuic thanh axit galic.

8. Phuong phép didu ché axit galic bao gdm budc tao ra terephtalat 1,2-cis-dihydrodiol
tir mudi cua axit terephtalic bing phuong phép theo diém bét ky trong sb cac diém tir 1
dén 4, va sau d6 chuyén ho4 terephtalat 1,2-cis-dihydrodiol thanh axit galic bang cach
str dung vi sinh vat thu dugc bing cach dua vao ADN néu & muc (u), (v), (W), hodc (x),
ngoai ADN néu ¢ muc (q), (1), (s), hodc (t) bing cach bién nap, hoic san phém gidng

nudi cay da dugce xtr ly cua no.

9. Phuong phap diéu ché terephtalat 1,2-cis-dihydrodiol theo diém bét ky trong so céc
didm tr 1 dén 4, trong d6 phuong phap ndy con bao gbém budc thu duge mudi cia axit
terephtalic theo cac budec tir (A) dén (D) dudi day:

(A) gia nhiét vat li¢u thai bing polyeste chita polyetylen terephtalat,

-75-



23700

polytrimetylen terephtalat, hodc polybutylen terephtalat nhu thanh phan chinh va chira
tap chét trong dung mdi phan tng etylen glycol chtra kali hydroxit hodc trong dung
mdi phan ung etylen glycol chira ca kali hydroxit va natri hydroxit & nhiét d6 nim
trong khoang tir 100°C dén 196°C trong 10 phit hoic 1au hon dé nho d6 1am bay hoi
nuée trong dung dich phan ung va ddng thoi khir tring hop polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat chira trong vat li€u thai;

(B) loai bo tap chét rin ndi ra khéi dung dich phan tmg khir tring hop vat lidu
thai thu duge & bude (A) bing phuong phép tuyén ndi cic tap chét ran chira trong

dung dich nay;

(C) thu gom céc chat rin khong phai tap chét ndi tir dung dich da xt 1y & budc
(B) bang phuong phép tach rén-long;

(D) xi Iy céc chit rédn thu gom dugc & bude (C) bang cach sdy nhiét, sdy dudi
ap sut giam, hosc ly tAm dé nho d6 1am giam ham luong glycol trong céc chét rin nay

va thu dugce chat ran con lai 1a muoi cla axit terephtalic.

10. Phuong phéap didu ché terephtalat 1,2-cis-dihydrodiol theo diém 9, trong d6
phuong phép nay con bao gbm viéc thu gom dung moi phéan g etylen glycol sau khi
thu gom céc chit rin bing phuong phap tich rin-16ng & budc (C), va st dung dung

moi nay lam dung mdi phan ing etylen glycol & budc (A).

11. Phuong phap didu ché axit protocatechuic theo diém 5 hoic 6, trong d6 phuong
phap nay con bao gdm budc thu duge mudi cla axit terephtalic theo cdc budc tir (A)
dén (D) dudi day:

(A) gia nhi¢t vat liéu thai bang polyeste chira polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat nhu thanh phén chinh va chira
tap chét trong dung moi phan tng etylen glycol chira kali hydroxit hodc trong dung
mdi phan Gng etylen glycol chira ca kali hydroxit va natri hydroxit ¢ nhiét do nim
trong khoang tir 100°C dén 196°C trong 10 phut hoic lau hon dé nhd d6 lam bay hoi
nude trong dung dich phan tmg va dong thdi khir tring hop polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat chira trong vat li€u thai,

(B) loai bé tap chit rdn nbi ra khoi dung dich phan tmg khir trung hop vat liéu
thai thu dugc & bude (A) bing phuong phap tuyén ndi cac tap chit rin chira trong

-76-



23700

dung dich nay;

(C) thu gom céc chét ran khong phai tap chét ndi tr dung dich da xtr ly & bude
(B) bang phwong phép tach rén-long;

(D) xit Iy cac chét rén thu gom dugc & bude (C) bang cach sdy nhiét, sy duéi
ap suat giam, hogc ly tAm dé nho d6 1am giam ham luong glycol trong cac chét rén nay

va thu duoc chat rin con lai la mudi cla axit terephtalic.

12. Phuong phép didu ché axit protocatechuic theo diém 11, trong d6 phuwong phap nay
con bao gdm viéc thu gom dung méi phén g etylen glycol sau khi thu gom céc chét
rén bang phuong phap tach rin-16ng & budc (C); st dung dung mdi nay lam dung mdi
phan tng etylen glycol & bude (A); va nho do6 sir dung mudi cua axit terephtalic thu

duoc bing cach sir dung lai, ma khong bo di, dung moi phan tng etylen glycol.

13. Phuong phép diéu ché axit galic theo diém 7 hoic 8, trong d6 phuong phap nay
con bao gdm bude thu duge mubi cia axit terephtalic theo cac budc tir (A) dén (D)

dudi day:

(A) gia nhiét vat liu thai bing polyeste chira polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat nhu thanh phén chinh va chira
tap chét trong dung mdi phan ung etylen glycol chira kali hydroxit hodc trong dung
moi phan tng etylen glycol chira ca kali hydroxit va natri hydroxit ¢ nhi€t d nam
trong khoang tir 100°C va 196°C trong 10 phut hodc lau hon dé nho d6 1am bay hoi
nudc trong dung dich phén ung va ddng thoi khir tring hop polyetylen terephtalat,
polytrimetylen terephtalat, hodic polybutylen terephtalat chita trong vét liéu thai;

(B) loai b6 tap chét ran ndi ra khoi dung dich phan tng khir tring hop vat liu
thai thu duge & bude (A) bing phuong phap tuyén ndi céc tap chét rin chira trong

dung dich;

(C) thu gom céc chét ran khong phai tap chit ndi tir dung dich da xtt 1y & bude
(B) bang phwong phap tach ran-16ng;

(D) xit Iy cac chét ran thu gom dugc & bude (C) bing cach sdy nhiét, sy dudi
ap sudt giam, hoc ly tm dé nho @6 1am giam ham lugng glycol trong céc chét ran nay

va thu dugce chit ran con lai 1a muodi cla axit terephtalic.
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14. Phuong phap diéu ché axit galic theo diém 13, trong d6 phwong phép nay con bao
gdm viéc thu gom dung méi phan ung etylen glycol sau khi thu gom céc chét rén bang
phuong phép tach rin-16ng & bude (C); sir dung dung mdi ndy 1am dung méi phan tng
etylen glycol & bude (A); va nho d6 st dung mudi cia axit terephtalic thu dugc bang

céach sir dung lai, ma khong bé di, dung moi phan ung etylen glycol.

15. Phwong phap diéu ché terephtalat 1,2-cis-dihydrodiol theo diém 9 hoic 10, trong
d6 vi sinh vat theo didm 1 hodc 4 c6 thé phan huy etylen glycol chira trong mubi clia
axit terephtalic thu dugc tir cac budc tir (A) dén (D) bing cach ting cudng lugng bidu

hién cua lactaldehyt reductaza va lactaldehyt dehydrogenaza.

16. Phuong phép diéu ché axit protocatechuic theo diém 11 hodc 12, trong d6 vi sinh
vét theo diém 5 c¢6 thé phan huy etylen glycol chira trong mudi cta axit terephtalic thu
duogc tir cac budce tir (A) dén (D) bang cach ting cuong lugng biéu hién cta lactaldehyt

reductaza va lactaldehyt dehydrogenaza.

17. Phuong phap diéu ché axit galic theo diém 13 hodc 14, trong d6 vi sinh vat theo
dim 7 c6 thé phan huy etylen glycol chira trong mudi cta axit terephtalic thu dugc tr
cac budc tr (A) dén (D) biang cach ting cudng lugng biéu hién cta lactaldehyt

reductaza va lactaldehyt dehydrogenaza.

18. Phuong phép diéu ché terephtalat 1,2-cis-dihydrodiol theo diém bét ky trong sb cac
diém tir 1 dén 4, trong d6 phwong phéap nay con bao gbém buéde thu duge mudi cia axit

terephtalic theo cac buéec tir (E) dén (H) dusi day:

(E) gia nhiét vat li¢u thai bang polyeste chita polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat nhu thanh phén chinh va chtra
tap chét trong ‘dung mdi phan g 1-butanol chtra kali hydroxit hodc trong dung moi
phan tGng 1-butanol chta ca kali hydroxit va natri hydroxit ¢ nhiét do nim trong
khoang tir 100°C dén 116°C trong 10 phut hogc 1au hon dé nhd d6 1am bay hoi nudc
trong dung dich phan Ung va dong thoi khir tring hop polytrimetylen terephtalat hogc
polybutylen terephtalat chira trong vat li€u thai;

(F) loai bo tap chét rén ndi ra khoi dung dich phéan tng khir trung hop vt li¢u
thai thu dugc & bude (E) bing phuong phap tuyén ndi cac tap chét rin chira trong dung
dich;
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(G) thu gom céc cht rin khéng phai tap chit ndi tir dung dich da xtr Iy & budc
(F) bang phuong phap tach ran-1dng;

(H) cho cac chit rin thu gom duogc & bude (G) xi ly sdy nhiét, xir ly say dudi
ap sudt giam, hodc xtr ly ly tim dé nho d6 1am giam ham luong 1-butanol va cac

glycol trong céc chét rin va thu duoc chét rén con lai 1a mudi clia axit terephtalic.

19. Phuong phép didu ché terephtalat 1,2-cis-dihydrodiol theo diém 18, trong do
phuong phép nay con bao gdm viéc thu gom dung moi phan tng 1- butanol sau khi thu
gom cac chét rin bang phwong phap tich ran-1ong & budc (G); sir dung dung mdi nay
lam dung modi phan Ung 1-butanol & buée (E); va nhd d6 s dung mudi cua axit
terephtalic thu duge bing cach st dung lai, ma khong b6 di, dung mdi phéan tung etylen

glycol.

20. Phuong phép didu ché axit protocatechuic theo diém 5 hodc 6, trong d6 phuong
phap nay con bao gbm bude thu dugc mudi cla axit terephtalic theo cc bude tir (E)
dén (H) dudi day:

(E) gia nhiét vat liéu thai bang polyeste chira polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat nhu thanh phén chinh va chira
tap chét trong dung moi phan ng 1-butanol chtra kali hydroxit hodc trong dung moi
phan (mg 1-butanol chtra ca kali hydroxit va natri hydroxit ¢ nhi€t do nim trong
khoang tir 100°C dén 116°C trong 10 phat hogc 1au hon dé nh¢ d6 1am bay hoi nude
trong dung dich phén tng va ddng thoi khir tring hop polytrimetylen terephtalat hodc
polybutylen terephtalat chira trong vat liéu thai;

(F) loai b tap chit rin ndi ra khéi dung dich phén ung khir tring hop vét liu
thai thu duge & bude (E) bing phuong phap tuyén ni cac tap chét rén chira trong dung
dich;

(G) thu gom cac chét ran khong phai tap chét ndi tir dung dich da xtr ly & budc
(F) bang phuong phap tach rin-16ng;

(H) cho c4c chit rdn thu gom dugc & budce (G) xi ly sdy nhiét, xir ly sdy duéi
ap sudt giam, hodc xr ly ly tdm dé nho d6 1am giam ham lugng 1-butanol va cac

glycol trong céc chit rin va thu dugc chét rén con lai 1a mudi ciia axit terephtalic.
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21. Phuong phap diéu ché axit protocatechuic theo diém 20, trong d6 phuong phap nay
con bao gdm viéc thu gom dung méi phén tng 1- butanol sau khi thu gom cac chét rén
bang phuong phép tich rin-léng & bude (G); st dung dung moi ndy 1am dung méi
phan tng 1-butanol & budce (E); va nho d6 st dung mudi cta axit terephtalic thu dugc

bang cach sir dung lai, ma khong bo di, dung mdi phan Gmg etylen glycol.

22. Phuong phap diéu ché axit galic theo diém 7 hodc 8, trong d6 phwong phép nay
con bao gdm buéde thu duge mudi cla axit terephtalic theo cdc bude tir (E) dén (H)

dudi day:

(E) gia nhiét vat liéu thai bing polyeste chita polyetylen terephtalat,
polytrimetylen terephtalat, hodc polybutylen terephtalat nhu thanh phén chinh va chira
tap chét trong dung moi phan Gng 1-butanol chira kali hydroxit hodc trong dung moi
phan tng 1-butanol chira ca kali hydroxit va natri hydroxit & nhi¢t do nim trong
khoang tir 100°C dén 116°C trong 10 phut hogc 1au hon dé nho d6 1am bay hoi nuée
trong dung dich phéan ting va ddng thoi khir tring hop polytrimetylen terephtalat hodc
polybutylen terephtalat chira trong vat li€u thai;

(F) loai bo tap chit ran ndi ra khoi dung dich phan tng khi tring hop vét liéu
thai thu duge & budce (E) bang phuong phép tuyén nbi céc tap chét ran chta trong dung
dich;

(G) thu gom céc chét rdn khong phai tap chét ndi tir dung dich d xt ly & budce
(F) bang phuong phap tach rin-16ng;

(H) cho céc chét rin thu gom dugc & bude (G) xt ly sdy nhiét, xir Iy sdy duéi
ap sudt giam, hodc xt ly ly tAm dé nho @6 lam giam ham luong 1-butanol va céc

glycol trong cac chét rén va thu dugc chit rin con lai 1a mubi clia axit terephtalic.

23. Phuong phép didu ché axit galic theo diém 22, trong d6 phwong phép nay con bao
gdm viéc thu gom dung mdi phan tng 1- butanol sau khi thu gom cac chét rin bang
phuong phap tach ran-1ong & budc (G); st dung dung moi ndy lam dung mdi phin ng
1-butanol ¢ budc (E); va nho d6 st dung mudbi cua axit terephtalic thu dugc bang cich

str dung lai, ma khong b di, dung moi phén ng etylen glycol.

24, Phuong phap diéu ché theo diém bt ky trong s céc diém tir 1 dén 23, trong d6 vi

sinh vat 14 Escherichia coli.
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Fig.1
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DANH MUC TRINH TU
<110> KAO CORPORATION

<120> Phuong phap diéu ché terephtalat 1,2-cis-dihydrodiol, axit protocatechuic
va axit galic tir mubi kali clia axit terephtalic

<130> GP1102-11321
<160> 43

<170> PatentIn version 3.3

<210> 1
<211> 1242
<212> ADN

<213> Comamonas testosteroni

<220>
<221> CDs
<222> (1)..(1242)

<400> 1
atg caa gaa tcc att atc cag tgg cat ggg gcc act aat aca cgc gtg 48
Met Gln Glu Ser Ile Ile Gln Trp His Gly Ala Thr Asn Thr Arg Val

cct ttc ggt atc tac act gac aca gcc aat gct gat caa gaa cag cag 96
Pro Phe Gly Ile Tyr Thr Asp Thr Ala Asn Ala Asp Gln Glu Gln Gln
20 25 30
cgc atc tat cgc ggc gag gtc tgg aac tac ctg tgc ctg gaa tct gaa 144
Arg Ile Tyr Arg Gly Glu Val Trp Asn Tyr Leu Cys Leu Glu Ser Glu
35 40 45
atc ccc gag gct ggt gat ttc cgt act acc ttt gcc ggt gaa aca ccg 192
Ile Pro Glu Ala Gly Asp Phe Arg Thr Thr Phe Ala Gly Glu Thr Pro
50 55 ' 60
ata gtt gtc gta cgg gat gcc gac cag gaa atc tac gcc ttc gag aac 240
Ile Val Val Val Arg Asp Ala Asp Gln Glu Ile Tyr Ala Phe Glu Asn
65 70 75 80
cgc tge gcg cat cgc ggc gct ctc atc gect ctg gag aaa tcg gga cgt 288
Arg Cys Ala His Arg Gly Ala Leu Ile Ala Leu Glu Lys Ser Gly Arg
85 90 95
acg gat agt ttc cag tgc gtc tat cac gcc tgg agc tac aac cga cag 336
Thr Asp Ser Phe Gln Cys Val Tyr His Ala Trp Ser Tyr Asn Arg Gln
100 105 110
gga gat ctg acc ggc gtt gcc ttc gag aaa ggt gtc aag ggc cag ggt 384
Gly Asp Leu Thr Gly Val Ala Phe Glu Lys Gly Val Lys Gly Gln Gly
115 120 125
ggc atg ccg gcc tca ttc tgc aaa gaa gag cat ggc ccg cgc aag ctc 432
Gly Met Pro Ala Ser Phe Cys Lys Glu Glu His Gly Pro Arg Lys Leu
130 135 140
cgc gtg gct gtc ttt tgce ggt ttg gtc ttt ggc agt ttt tcc gag gac 480
Arg Val Ala Val Phe Cys Gly Leu Val Phe Gly Ser Phe Ser Glu Asp
145 150 155 160
gta ccc agc att gag gat tac ctt ggc cct gag att tgc gag cgc ata 528
Val Pro Ser Ile Glu Asp Tyr Leu Gly Pro Glu Ile Cys Glu Arg Ile
165 170 175
gag cgc gtg ctg cac aag ccc gta gaa gtc atc ggt cgc ttc acg caa 576
Glu Arg Val Leu His Lys Pro Val Glu Val Ile Gly Arg Phe Thr Gln
180 185 190
aag ctg cct aac aac tgg aag ctc tac ttc gag aac gtg aag gac agc 624
Lys Leu Pro Asn Asn Trp Lys Leu Tyr Phe Glu Asn Val Lys Asp Ser
195 ' 200 205
tat cac gcc agc ctc ctg cat atg ttc ttc acc acc ttc gag ctg aat 672
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Tyr His Ala Ser Leu Leu His Met Phe Phe Thr Thr Phe Glu Leu Asn
210 215 220
cgc ctc tca caa aaa ggc gga gtc atc gtc gac gag tcg ggt ggc cac 720
Arg Leu Ser Gln Lys Gly Gly Val Ile Val Asp Glu Ser Gly Gly His
225 230 235 240
cat gtg agc tat tcc atg att gat cgt agc gcc aaa gac gac tcg tac 768
His Val Ser Tyr Ser Met Ile Asp Arg Ser Ala Lys Asp Asp Ser Tyr
245 250 255
aag gac cag gcc atc cgc tcc gac aac gag cgt tac cgg ctc aaa gat 8l6
Lys Asp Gln Ala Ile Arg Ser Asp Asn Glu Arg Tyr Arg Leu Lys Asp
260 265 270
ccc agce ctt cta gag ggc ttc gag gag ttc gag gac ggc gtg acc ctg 864
Pro Ser Leu Leu Glu Gly Phe Glu Glu Phe Glu Asp Gly Val Thr Leu
275 280 285
cag atc ctt tct gtg ttc cct ggc ttt gtg ctg cag cag att cag aac 912
Gln Ile Leu Ser Val Phe Pro Gly Phe Val Leu Gln Gln Ile Gln Asn
290 295 300
agc atc gcec gtg cgt cag ttg ttg ccc aag agc atc tcc age tcg gaa 960
Ser Ile Ala Val Arg Gln Leu Leu Pro Lys Ser Ile Ser Ser Ser Glu
305 310 315 320
ctc aac tgg acc tat ctt ggc tat gca gat gac agt gca gag cag cgc 1008
Leu Asn Trp Thr Tyr Leu Gly Tyr Ala Asp Asp Ser Ala Glu Gln Arg
325 330 335
aag gtc aga ctc aaa cag gcc aac ctc atc ggc cct gca gga ttt att 1056
Lys Val Arg Leu Lys Gln Ala Asn Leu Ile Gly Pro Ala Gly Phe Ile
340 345 350
tcc atg gag gac gga gct gtc ggt gga ttc gtg cag cgt ggc atc gca 1104
Ser Met Glu Asp Gly Ala Val Gly Gly Phe Val Gln Arg Gly Ile Ala
355 360 365
ggc gct gcc aac ctt gat gcg gtc atc gag atg ggc gga gac cac gaa 1152
Gly Ala Ala Asn Leu Asp Ala Val Ile Glu Met Gly Gly Asp His Glu
370 375 380
ggc tct agc gag ggc cgc gcc aca gaa acc tcg gta cgc gge ttt tgg 1200
Gly Ser Ser Glu Gly Arg Ala Thr Glu Thr Ser Val Arg Gly Phe Trp
385 390 395 400
aag gcc tac cgc aag cat atg gga cag gag atg caa gca tga 1242
Lys Ala Tyr Arg Lys His Met Gly Gln Glu Met Gln Ala
405 410

<210> 2

<211> 413

<212> PRT

<213> Comamonas testosteroni

<400> 2
Met Gln Glu Ser Ile Ile Gln Trp His Gly Ala Thr Asn Thr Arg Val
1 5 10 15
Pro Phe Gly Ile Tyr Thr Asp Thr Ala Asn Ala Asp Gln Glu Gln Gln
20 25 30
Arg Ile Tyr Arg Gly Glu Val Trp Asn Tyr Leu Cys Leu Glu Ser Glu
35 40 45
Ile Pro Glu Ala Gly Asp Phe Arg Thr Thr Phe Ala Gly Glu Thr Pro
50 55 60
Ile Val Val Val Arg Asp Ala Asp Gln Glu Ile Tyr Ala Phe Glu Asn
65 70 75 80
Arg Cys Ala His Arg Gly Ala Leu Ile Ala Leu Glu Lys Ser Gly Arg
85 90 95
Thr Asp Ser Phe Gln Cys Val Tyr His Ala Trp Ser Tyr Asn Arg Gln
100 105 110
Gly Asp Leu Thr Gly Val Ala Phe Glu Lys Gly Val Lys Gly Gln Gly
115 120 125
Gly Met Pro Ala Ser Phe Cys Lys Glu Glu His Gly Pro Arg Lys Leu
130 135 140
Arg Val Ala Val Phe Cys Gly Leu Val Phe Gly Ser Phe Ser Glu Asp
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145 150 155 160
Val Pro Ser Ile Glu Asp Tyr Leu Gly Pro Glu Ile Cys Glu Arg Ile
165 170 175
Glu Arg Val Leu His Lys Pro Val Glu Val Ile Gly Arg Phe Thr Gln
180 185 190
Lys Leu Pro Asn Asn Trp Lys Leu Tyr Phe Glu Asn Val Lys Asp Ser
195 200 205
Tyr His Ala Ser Leu Leu His Met Phe Phe Thr Thr Phe Glu Leu Asn
210 215 220
Arg Leu Ser Gln Lys Gly Gly Val Ile Val Asp Glu Ser Gly Gly His
225 230 235 240
His Val Ser Tyr Ser Met Ile Asp Arg Ser Ala Lys Asp Asp Ser Tyr
245 250 255
Lys Asp Gln Ala Ile Arg Ser Asp Asn Glu Arg Tyr Arg Leu Lys Asp
260 265 270
Pro Ser Leu Leu Glu Gly Phe Glu Glu Phe Glu Asp Gly Val Thr Leu
275 280 285
Gln Ile Leu Ser Val Phe Pro Gly Phe Val Leu Gln Gln Ile Gln Asn
290 295 300
Ser Ile Ala Val Arg Gln Leu Leu Pro Lys Ser Ile Ser Ser Ser Glu
305 310 315 320
Leu Asn Trp Thr Tyr Leu Gly Tyr Ala Asp Asp Ser Ala Glu Gln Arg
325 330 335
Lys Val Arg Leu Lys Gln Ala Asn Leu Ile Gly Pro Ala Gly Phe Ile
340 345 350
Ser Met Glu Asp Gly Ala Val Gly Gly Phe Val Gln Arg Gly Ile Ala
355 360 365
Gly Ala Ala Asn Leu Asp Ala Val Ile Glu Met Gly Gly Asp His Glu
370 375 380
Gly Ser Ser Glu Gly Arg Ala Thr Glu Thr Ser Val Arg Gly Phe Trp
385 390 395 400
Lys Ala Tyr Arg Lys His Met Gly Gln Glu Met Gln Ala
405 410

<210> 3

<211> 465

<212> ADN

<213> Comamonas testosteroni

<220>
<221> CDS
<222> (1)..(465)

<400> 3
atg atc cat gaa att caa atc gcg gcc ttc aat gcc gct tac gcg aag 48
Met Ile His Glu Ile Gln Ile Ala Ala Phe Asn Ala Ala Tyr Ala Lys

acc ata gac agt gac gtt atg gag caa tgg cca acc ttc ttc acg aag 96
Thr Ile Asp Ser Asp Val Met Glu Gln Trp Pro Thr Phe Phe Thr Lys
20 25 30
gat tgc cat tat cgc gtc acc aat gtc gac aac cat gct gaa gga ctt 144
Asp Cys His Tyr Arg Val Thr Asn Val Asp Asn His Ala Glu Gly Leu
35 40 45
gct gct gge att gtc tgg gca gat tcg cag gac atg ctc acc gac cga 192
Ala Ala Gly Ile Val Trp Ala Asp Ser Gln Asp Met Leu Thr Asp Arg
50 55 60

att tct gcg ctg cgc gaa gcc aat atc tac gag cgc cac cgc tat cgc 240
Ile Ser Ala Leu Arg Glu Ala Asn Ile Tyr Glu Arg His Arg Tyr Arg

65 70 75 80

cat atc ctg ggt ctg cct tcg atc cag tca gcc gat gca aca cag gcc 288
His Ile Leu Gly Leu Pro Ser Ile Gln Ser Ala Asp Ala Thr Gln Ala

85 90 95
agt gct tcc acg cca ttc ctg gtg ctg cgc atc atg cat acc ggg gaa 336
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Ser

aca
Thr

gat
Asp

gtg
Val
145

Ala

gag
Glu

gga
Gly
130
acg
Thr

<210> 4

<211>
<212>
<213>

<400> 4

Met
1
Thr
Asp
Ala
Ile
65
His
Ser
Thr
Asp

Val
145

Ile
Ile
Cys
Ala
50

Ser
Ile
Ala
Glu
Gly

130
Thr

<210> 5
<211> 1

<212>
<213>

<220>

<221>

<222>

<400> 5

atg

aac

Ser

gtc
Val
115
aag
Lys

gac
Asp

154
PRT
Comamonas testosteroni

His
Asp
His
35

Gly
Ala
Leu
Ser
Val
115
Lys

Asp

011

ADN
Comamonas testosteroni

CDS
1)..

cac

Met Asn His

1

gcg
Ala

ctg
Leu

ctg
Leu

gaa
Glu

cct
Pro

ccc
Pro

ctc
Leu
50

ctc
Leu

999
Gly

tat
Tyr
35

gac
Asp

tgc
Cys

Thr
100
ttt
Phe

tta
Leu

acg
Thr

Glu
Ser
20

Tyr
Ile
Leu
Gly
Thr
100
Phe

Leu

Thr

Pro

gcc
Ala

cgt
Arg

ctg
Leu

Ile
Asp
Arg
Val
Arg
Leu
85

Pro
Ala
Arg

Leu

(1011)

cag
Gln

caa
Gln
20

tcc
Ser

gga
Gly

acc
Thr

atc
Ile

tcc
Ser

tgc
Cys

aat
Asn

tcg
Ser

Phe

agc
Ser

ctg
Leu

atg

Met
150

Gln
Val
Val
Trp
Glu
70

Pro
Phe
Ser

Leu

Met
150

cat
His

gta
Val

cgc
Arg

att
Ile

gag
Glu

Leu

ggt
Gly

caa
Gln
135
tca
Ser

Ile
Met
Thr
Ala
55

Ala
Ser
Leu
Gly
Gln

135
Ser

atc
Ile

ctg
Leu

aaa
Lys

act
Thr
55

cag
Gln

Val

gag
Glu
120

gag
Glu

ttg
Leu

Ala
Glu
Asn
40

Asp
Asn
Ile
Val
Glu
120
Glu

Leu

cac
His

gat
Asp

ggt
Gly
40

tcc
Ser

gta
Val

23700

Leu
105
tac
Tyr

cgc
Arg

ccg
Pro

Ala
Gln

25
Val

Ser
Ile
Gln
Leu
105
Tyr

Arg

Pro

gac
Asp

gca
Ala
25

agc
Ser

ttc
Phe

ttg
Leu

Arg

cac
His

gtc
Val

cta
Leu

Phe
10

Trp
Asp
Gln
Tyr
Ser
90

Arg
His
Val

Leu

tct
Ser
10

gcc
Ala

tgt
Cys

aat
Asn

ctg
Leu
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Ile

gac
Asp

gcg
Ala

tga

Asn
Pro
Asn
Asp
Glu
75

Ala
Ile

Asp

Ala

gat
Asp

ctg
Leu

ggc
Gly

ggc
Gly

tgc
Cys

Met

aaa
Lys

gtt

Val
140

Ala
Thr
His
Met
60

Arg
Asp
Met
Lys

Val
140

atc
Ile

cag
Gln

aac
Asn

atg
Met
60

ggc
Gly

His

ttc
Phe
125
tgc
Cys

Ala
Phe

Ala
45
Leu

His
Ala
His

Phe
125
Cys

gcg
Ala

gcc
Ala

tgt
Cys
45

gcc
Ala

tgc
Cys

Thr
110
acc
Thr

gac
Asp

Tyr

Phe
30
Glu

Thr
Arg
Thr
Thr

110
Thr

Asp

ttc
Phe

ggc
Gly
30

gcg
Ala

gtg
Val

acc
Thr

Gly

acg
Thr

agc
Ser

Ala
15
Thr

Gly
Asp
Tyr
Gln
95

Gly

Thr

Ser

ccc
Pro
15

atc
Ile

agt
Ser

cgc
Arg

gcc
Ala

Glu

atc
Ile

acg
Thr

Lys
Lys
Leu
Arg
Arg
Ala
Glu
Ile

Thr

tgc
Cys

gag
Glu

acg
Thr

agc
Ser

gcc
Ala

384

432

465

48

96

144

192

240



65

agc.

Ser

gcc
Ala

ccc
Pro

aaa
Lys

agc
Ser
145
aca
Thr

cag
Gln

agc
Ser

gga
Gly

aaa
Lys
225
ccc
Pro

tgg
Trp

cct
Pro

ttt
Phe

ctc
Leu
305
caa
Gln

taa

gat
Asp

cgc
Arg

gat
Asp

ttt
Phe
130
cgc
Arg

ttg
Leu

cag
Gln

atc
Ile

ggc
Gly
210
cgc
Arg

tct
Ser

ccg
Pro

gcg
Ala

gac
Asp
290
gtt
Val

gac
Asp

<210>
<211>
<212>
<213>

<400>
Met Asn His Gln Ile His Ile His

1

6
3
P

ata
Ile

aaa
Lys

gtc
Val
115
gaa
Glu

agc
Ser

cat
His

ttg
Leu

gcg
Ala
195
acc
Thr

aag
Lys

ggc
Gly

cag
Gln

gat
Asp
275
aac
Asn

caa
Gln

ttt
Phe

36
RT

cgt
Arg

cgt
Arg
100
tcg
Ser

gcc
Ala

tac
Tyr

atc
Ile

aag
Lys
180
ttg
Leu

gga
Gly

gta
Val

ctg
Leu

ttt
Phe
260
gct
Ala

cta
Leu

tct
Ser

cat
His

atc
Ile
85

ttt
Phe

cta
Leu

ggc
Gly

tct
Ser

agg
Arg

165
tct
Ser

aag
Lys

ttt
Phe

cag
Gln

tat
Tyr
245
cgc
Arg

cac
His
cac

His

gtg
Val

gcg
Ala
325

70
cag
Gln

acg
Thr

ctg
Leu

caa
Gln

atg
Met
150
cat
His

ggt
Gly

cct
Pro

gca
Ala

cgc
Arg
230
ctt
Leu

tac
Tyr

gcc
Ala

gat
Asp

cgc
Arg
310
gat
Asp

ccg
Pro

gcc
Ala

cgc
Arg

tac
Tyr
135
gcc
Ala

gta
Val

gac
Asp

gac
Asp

ccc
Pro
215
gac
Asp

cct
Pro

att
Ile

ggt
Gly

cat
His
295
aca
Thr

gtg
Val

agc
Ser

aag
Lys

ctg
Leu
120
ctg
Leu

aac
Asn

ccg
Pro

aca
Thr

gac
Asp
200
atc
Ile

atc
Ile

agc
Ser

gca
Ala

cgg
Arg
280
gtt
Val

gca
Ala

ttc
Phe

Comamonas testosteroni

6

5

Ala Pro Gly Gln Ser Val Leu Asp

20

23700

tce ttt
Ser Phe
90

gtg tac
Val Tyr
105

cgc ctg
Arg Leu

ctg att
Leu Ile

cca ccc
Pro Pro

ggt ggt
Gly Gly
170
ttg gat
Leu Asp
185
agc aga
Ser Arg

aag tcc
Lys Ser

acg ctg
Thr Leu

gcc atc
Ala Ile
250
gcc atc
Ala Ile
265
gtg gat
Val Asp

gtc cac
Val His

gcc tcc
Ala Ser

gct aca
Ala Thr
330

75
cgc
Arg

agc
Ser

cct
Pro

cac
His

cat
His
155
cgc
Arg

atc
Ile

ccc
Pro

gtt
Val

att
Ile
235
gac
Asp

act
Thr

gac
Asp

tgc
Cys

aat
Asn
315
gac
Asp

cgt
Arg

aat
Asn

gtg
Val

ctc
Leu
140
gag
Glu

ttc
Phe

gaa
Glu

cta
Leu

ctg
Leu
220
tgg
Trp

aag
Lys

gac
Asp

gcg
Ala

tgt
Cys
300
atg
Met

ccg
Pro

Asp Ser Asp Ile

10

Ala Ala Leu Gln

25

Leu Pro Tyr Ser Cys Arg Lys Gly Ser Cys Gly Asn

35

40

-87-

ctc
Leu

aca
Thr

ggc
Gly
125
gac
Asp

agc
Ser

agc
Ser

ctg
Leu

gtt
Val
205
gat
Asp

ggt
Gly

tgg
Trp

cta
Leu

cta
Leu
285
ggc
Gly

ggc
Gly

act
Thr

Ala

Ala

gac
Asp

ctg
Leu
110
aag
Lys

ggc
Gly

gat
Asp

act
Thr

cca
Pro
190
tgc
Cys

gac
Asp

gct
Ala

cgc
Arg

agc
Ser
270
cgc
Arg

tca
Ser

ctg
Leu

ggc
Gly

Phe

Gly Ile Glu

30

ccg
Pro
95

gcg
Ala

cgc
Arg

999
Gly

ggc
Gly

atc
Ile
175
ttc
Phe

gtt
Val

ctg
Leu

cgc
Arg

aaa
Lys
255
aac
Asn

atg
Met

cca
Pro

cta
Leu

cac
His
335

Pro
15

80
gaa
Glu

gca
Ala

gcc
Ala

gaa
Glu

atc
Ile
160
gtt
Val

ggc
Gly

gca
Ala

gcc
Ala

aac
Asn
240
gct
Ala

gtg
Val

cac
His

gcc
Ala

gca
Ala
320
cac
His

Cys

Cys Ala Ser Thr

45

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1011
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Leu Leu Asp Gly Asn Ile Thr Ser Phe Asn Gly Met Ala Val Arg Ser
50 55 60
Glu Leu Cys Thr Ser Glu Gln Val Leu Leu Cys Gly Cys Thr Ala Ala
65 70 75 80
Ser Asp Ile Arg Ile Gln Pro Ser Ser Phe Arg Arg Leu Asp Pro Glu
85 90 95
Ala Arg Lys Arg Phe Thr Ala Lys Val Tyr Ser Asn Thr Leu Ala Ala
100 105 110
Pro Asp Val Ser Leu Leu Arg Leu Arg Leu Pro Val Gly Lys Arg Ala
115 120 125
Lys Phe Glu Ala Gly Gln Tyr Leu Leu Ile His Leu Asp Gly Gly Glu
130 135 140
Ser Arg Ser Tyr Ser Met Ala Asn Pro Pro His Glu Ser Asp Gly Ile
145 150 155 160
Thr Leu His Ile Arg His Val Pro Gly Gly Arg Phe Ser Thr Ile Val
165 170 175
Gln Gln Leu Lys Ser Gly Asp Thr Leu Asp Ile Glu Leu Pro Phe Gly
180 185 190
Ser Ile Ala Leu Lys Pro Asp Asp Ser Arg Pro Leu Val Cys Val Ala
195 . 200 205
Gly Gly Thr Gly Phe Ala Pro Ile Lys Ser Val Leu Asp Asp Leu Ala
210 215 220
Lys Arg Lys Val Gln Arg Asp Ile Thr Leu Ile Trp Gly Ala Arg Asn
225 230 235 240
Pro Ser Gly Leu Tyr Leu Pro Ser Ala Ile Asp Lys Trp Arg Lys Ala
245 250 255
Trp Pro Gln Phe Arg Tyr Ile Ala Ala Ile Thr Asp Leu Ser Asn Val
260 265 270
Pro Ala Asp Ala His Ala Gly Arg Val Asp Asp Ala Leu Arg Met His
275 280 285
Phe Asp Asn Leu His Asp His Val Val His Cys Cys Gly Ser Pro Ala
290 295 300
Leu Val Gln Ser Val Arg Thr Ala Ala Ser Asn Met Gly Leu Leu Ala
305 310 315 320
Gln Asp Phe His Ala Asp Val Phe Ala Thr Asp Pro Thr Gly His His
325 330 335

<210> 7

<211> 1380

<212> ADN

<213> Rhodococcus jostii

<220>
<221> CDS
<222> (1)..(1380)

<400> 7
atg tcc tta gca cca tcg cgc gtg aca ctg ccg gat ttc atc gat tcg 48
Met Ser Leu Ala Pro Ser Arg Val Thr Leu Pro Asp Phe Ile Asp Ser
1 5 10 15
cgg cca gtg agt cga tac cag tac atc gtg atc gcc ctg tgt ggg gtg 96
Arg Pro Val Ser Arg Tyr Gln Tyr Ile Val Ile Ala Leu Cys Gly Val
20 25 30
gtc atg ttc atc gac ggc ttc gac acc cag agc atc agc tac atg gcg 144
Val Met Phe Ile Asp Gly Phe Asp Thr Gln Ser Ile Ser Tyr Met Ala
35 40 45
ccc cac atc gcc gag gag tgg ggc ctg tcg aaa cag gtg ctc ggg ccc 192
Pro His Ile Ala Glu Glu Trp Gly Leu Ser Lys Gln Val Leu Gly Pro
50 55 60
atc ttc tcc gcc gect ctc geec ggt ctc atg gtc gge tat ctg geg ctc 240
Ile Phe Ser Ala Ala Leu Ala Gly Leu Met Val Gly Tyr Leu Ala Leu
65 70 75 80
tcg ccg ctg tcc gag cgg ttc gge cac cgc cgg atg atc ctc acg agc 288
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Ser Pro Leu Ser Glu Arg Phe Gly His Arg Arg Met Ile Leu Thr Ser

85 90 95
acg gtc atc ttc gcg ctc ggc acg ttg gcg gcg gcecc tgg tca cag aac 336
Thr Val Ile Phe Ala Leu Gly Thr Leu Ala Ala Ala Trp Ser Gln Asn
100 105 : 110
gtc acc gaa ctg atg gcg ttg cgc ttc atc acc gga atg ggg ctc ggt 384
Val Thr Glu Leu Met Ala Leu Arg Phe Ile Thr Gly Met Gly Leu Gly
115 120 125
gcc gcc gcg ccg agt gec atc gca ctg acg ggc gaa ttc agce ccc aag 432
Ala Ala Ala Pro Ser Ala Ile Ala Leu Thr Gly Glu Phe Ser Pro Lys
130 135 140
cgt ctt cga gca acc ttc gtc ctg gtg atc tat tgc ggc ttc tcc ctc 480
Arg Leu Arg Ala Thr Phe Val Leu Val Ile Tyr Cys Gly Phe Ser Leu
145 150 155 160
gga ttc gtc gcg gca ggg ctg gtc tcecc ggt tgg ctg atc ccg atc ctc 528
Gly Phe Val Ala Ala Gly Leu Val Ser Gly Trp Leu Ile Pro Ile Leu
165 170 175
ggc tgg cgg tcg gta ctc gtc gtc ggc gca gta gca ccg ctg cte ctg 576
Gly Trp Arg Ser Val Leu Val Val Gly Ala Val Ala Pro Leu Leu Leu
180 185 190
ctc ccg gcg ttg ctg cge tac ctg ccg gac tca ctc acc tca atg atc 624
Leu Pro Ala Leu Leu Arg Tyr Leu Pro Asp Ser Leu Thr Ser Met Ile
195 200 205
aac cga ggc gcg gag ccc aac aga atc cag gcg atc ttc cgc aaa atg 672
Asn Arg Gly Ala Glu Pro Asn Arg Ile Gln Ala Ile Phe Arg Lys Met
210 215 220
gat ccc gcc ctc gecc gtc ggc ccc gac atc acc tac gag gcc gag aag 720
Asp Pro Ala Leu Ala Val Gly Pro Asp Ile Thr Tyr Glu Ala Glu Lys
225 230 235 240
cgg acc gac gga caa cgc act gca ctg agg agc ctg ttc acc cgt gac 768
Arg Thr Asp Gly Gln Arg Thr Ala Leu Arg Ser Leu Phe Thr Arg Asp
245 250 255
cgg gtc ttg gga acc ctg ctg ctg tgg ctg gtc ttc gtc atc aac ctc 816
Arg Val Leu Gly Thr Leu Leu Leu Trp Leu Val Phe Val Ile Asn Leu
260 265 270
ggc gag ttt tac gcg ctg cag agc tgg cta ccg tcg atc atg acg agc 864
Gly Glu Phe Tyr Ala Leu Gln Ser Trp Leu Pro Ser Ile Met Thr Ser
275 280 285
ctg gac tac gac atg ggt acg gtg gtc acc gcc acc acc ctc acg act 912
Leu Asp Tyr Asp Met Gly Thr Val Val Thr Ala Thr Thr Leu Thr Thr
290 295 300
gtc ggc ggc atc gcc gct gca ttt gtc acc ggg ccc tgt atg gac cga 960
Val Gly Gly Ile Ala Ala Ala Phe Val Thr Gly Pro Cys Met Asp Arg
305 310 315 320
ctc ggc gcg tac gtc acc ctc gga acc gtt tat gtc gtc gga ttc gca 1008
Leu Gly Ala Tyr Val Thr Leu Gly Thr Val Tyr Val Val Gly Phe Ala
325 330 335
ttc gtt gcg ctg acc ggt gtc gcc ttt acg gcg ccg ttg tgg gtc cta 1056
Phe Val Ala Leu Thr Gly Val Ala Phe Thr Ala Pro Leu Trp Val Leu
340 345 350
ttg acg gcc aat ttt ttt gcg ggg gtc tgc atc agc ggt gga cag aag 1104
Leu Thr Ala Asn Phe Phe Ala Gly Val Cys Ile Ser Gly Gly Gln Lys
355 360 365
agc ctc atc gecg ctg tcc geg gtg ttc tat ccg aca ccg atg cgg tcc 1152
Ser Leu Ile Ala Leu Ser Ala Val Phe Tyr Pro Thr Pro Met Arg Ser
370 375 380
acc ggg gtt gga tgg gcg ttg ggt gtt ggc cgc ctc gge ggc atc gtc 1200
Thr Gly Val Gly Trp Ala Leu Gly Val Gly Arg Leu Gly Gly Ile Val
385 390 395 400
ggg ccg atc gcg gtc gga gcg gca ctc ggc atg ggc tgg tcc gee agt 1248
Gly Pro Ile Ala Val Gly Ala Ala Leu Gly Met Gly Trp Ser Ala Ser
405 410 415
gca gtc ttc tac gca atg tca gtc ccc atg ctc gtc gcec gga gct geg 1296

Ala Val Phe Tyr Ala Met Ser Val Pro Met Leu Val Ala Gly Ala Ala
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gtc
Val

aag
Lys

ttc
Phe

tcg
Ser
450

<210>
<211>
<212>
<213>

<400>

Met
1
Arg
Val
Pro
Ile
65
Ser
Thr
Val
Ala
Arg
145
Gly
Gly
Leu
Asn
Asp
225
Arg
Arg
Gly
Leu
Val
305
Leu
Phe
Leu

Ser

Thr
385

Ser
Pro
Met
His
50

Phe
Pro
Val
Thr
Ala
130
Leu
Phe
Trp
Pro
Arg
210
Pro
Thr
Val
Glu
Asp
290
Gly
Gly
Val
Thr
Leu

370
Gly

ctc
Leu
435
gca
Ala

8
459
PRT

420
ctc
Leu

gaa
Glu

ggc
Gly

agt
Ser

cgc
Arg

cat
His

tgg
Trp

tcg
Ser
455

Rhodococcus jostii

8
Leu

Val
Phe
35

Ile
Ser
Leu
Ile
Glu
115
Ala
Arg
Val
Arg
Ala
195
Gly
Ala
Asp
Leu
Phe
275
Tyr
Gly
Ala
Ala
Ala
355
Ile

Val

Ala
Ser
20

Ile
Ala
Ala
Ser
Phe
100
Leu
Pro
Ala
Ala
Ser
180
Leu
Ala
Leu
Gly
Gly
260
Tyr
Asp
Ile
Tyr
Leu
340
Asn

Ala

Gly

Pro
Arg
Asp
Glu
Ala
Glu
85

Ala
Met
Ser
Thr
Ala
165
Val
Leu
Glu
Ala
Gln
245
Thr
Ala
Met
Ala
Val
325
Thr
Phe

Leu

Trp

Ser
Tyr
Gly
Glu
Leu
70

Arg
Leu
Ala
Ala
Phe
150
Gly
Leu
Arg
Pro
Val
230
Arg
Leu
Leu
Gly
Ala
310
Thr
Gly
Phe

Ser

Ala
390

Arg
Gln
Phe
Trp
55

Ala
Phe
Gly
Leu
Ile
135
Val
Leu
Val
Tyr
Asn
215
Gly
Thr
Leu
Gln
Thr
295
Ala
Leu
Val
Ala
Ala

375
Leu

gtc
Val
440
ctc
Leu

Val
Tyr
Asp
40

Gly
Gly
Gly
Thr
Arg
120
Ala
Leu
Val
Val
Leu
200
Arg
Pro
Ala
Leu
Ser
280
Val
Phe
Gly
Ala
Gly

360
Val

23700

425 430

cga agc gac aat cac ccc gat cgc

Arg Ser Asp Asn His Pro Asp Arg
445

gcc cgc aag tag

Ala Arg Lys

Thr Leu Pro Asp Phe Ile Asp Ser
10 15
Ile Val Ile Ala Leu Cys Gly Val
25 30
Thr Gln Ser Ile Ser Tyr Met Ala
45
Leu Ser Lys Gln Val Leu Gly Pro
60
Leu Met Val Gly Tyr Leu Ala Leu
75 80
His Arg Arg Met Ile Leu Thr Ser
90 95
Leu Ala Ala Ala Trp Ser Gln Asn
105 110
Phe Ile Thr Gly Met Gly Leu Gly
125
Leu Thr Gly Glu Phe Ser Pro Lys
140
Val Ile Tyr Cys Gly Phe Ser Leu
155 160
Ser Gly Trp Leu Ile Pro Ile Leu
170 175
Gly Ala Val Ala Pro Leu Leu Leu
185 190
Pro Asp Ser Leu Thr Ser Met Ile
205
Ile Gln Ala Ile Phe Arg Lys Met
220

Asp Ile Thr Tyr Glu Ala Glu Lys'

235 240

Leu Arg Ser Leu Phe Thr Arg Asp

250 255

Trp Leu Val Phe Val Ile Asn Leu

265 270

Trp Leu Pro Ser Ile Met Thr Ser

285
Val Thr Ala Thr Thr Leu Thr Thr
300

Val Thr Gly Pro Cys Met Asp Arg
315 320

Thr Val Tyr Val Val Gly Phe Ala

330 335

Phe Thr Ala Pro Leu Trp Val Leu

345 350

Val Cys Ile Ser Gly Gly Gln Lys

365
Phe Tyr Pro Thr Pro Met Arg Ser
380

Val Gly Arg Leu Gly Gly Ile Val

395 400
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Gly Pro Ile Ala Val Gly Ala Ala Leu Gly Met Gly Trp Ser Ala Ser
405 410 415
Ala Val Phe Tyr Ala Met Ser Val Pro Met Leu Val Ala Gly Ala Ala
420 425 430
Val Phe Leu Leu Gly Arg Trp Val Arg Ser Asp Asn His Pro Asp Arg
435 440 445
Lys Ser Ala Glu Ser His Ser Leu Ala Arg Lys
450 455

<210> 9
<211> 948
<212> ADN

<213> Comamonas testosteroni

<220>
<221> CDS
<222> (1)..(948)

<400> 9
atg aca ata gtg cac cgt aga ttg gct ttg gcc atc ggc gat ccc cac 48
Met Thr Ile Val His Arg Arg Leu Ala Leu Ala Ile Gly Asp Pro His
1 5 10 15
ggc att ggc cca gaa atc gca ctg aaa gct ctt cag cag ttg tct gcc 96
Gly Ile Gly Pro Glu Ile Ala Leu Lys Ala Leu Gln Gln Leu Ser Ala
20 25 30
acc gaa aga tcc ctg atc aag gtc tat gga ccg tgg agce gct ctt gaa 144
Thr Glu Arg Ser Leu Ile Lys Val Tyr Gly Pro Trp Ser Ala Leu Glu
35 40 45
caa gca gcg cag atc tgc caa atg gag tcc ctt ctt caa gac ctc att 192
Gln Ala Ala Gln Ile Cys Gln Met Glu Ser Leu Leu Gln Asp Leu Ile
50 55 60
cat gag gaa gcc ggc tcg ctt gca caa cca gtg caa tgc gga gag atc 240
His Glu Glu Ala Gly Ser Leu Ala Gln Pro Val Gln Cys Gly Glu Ile
65 70 75 80
acc ccg cag gca ggc cta tcc acg gtg caa tcc gca aca gca gcc atc 288
Thr Pro Gln Ala Gly Leu Ser Thr Val Gln Ser Ala Thr Ala Ala Ile
85 90 95
cgg gcg tgc gaa agc ggc gag gtc gat gcc gtc att gcc tgc ccc cac 336
Arg Ala Cys Glu Ser Gly Glu Val Asp Ala Val Ile Ala Cys Pro His
100 105 110
cat gag acg gcc att cac cgt gca ggc ata gcg ttc agc ggc tac cca 384
His Glu Thr Ala Ile His Arg Ala Gly Ile Ala Phe Ser Gly Tyr Pro
115 120 125
tct ttg ctc gcc aat gtt ctt ggc atg aac gaa gac gag gta ttc ctg 432
Ser Leu Leu Ala Asn Val Leu Gly Met Asn Glu Asp Glu Val Phe Leu
130 135 140
atg ctg gta ggg gct gga ctg cgc atc gtg cat gtc acc ttg cat gag 480
Met Leu Val Gly Ala Gly Leu Arg Ile Val His Val Thr Leu His Glu
145 150 155 160
agc gtg cgt agc gca cta gag cgg ctc tca cct cag ttg gtt atc aac 528
Ser Val Arg Ser Ala Leu Glu Arg Leu Ser Pro Gln Leu Val Ile Asn
165 170 175
gcg gtg gat gce gec gtg cag aca tgce acc cta ctc ggg gtg cct aaa 576
Ala Val Asp Ala Ala Val Gln Thr Cys Thr Leu Leu Gly Val Pro Lys
180 185 190
ccg caa gtc gct gta ttc ggg atc aac cct cat gca tcc gaa gga cag 624
Pro Gln Val Ala Val Phe Gly Ile Asn Pro His Ala Ser Glu Gly Gln
195 200 205
ttg ttc ggc ctg gag gac tcg cag atc acc gtt cct gcc gtc gag aca 672
Leu Phe Gly Leu Glu Asp Ser Gln Ile Thr Val Pro Ala Val Glu Thr
210 215 220
ctg cgc aag cgc ggc ctg acg gta gac ggc ccc atg gga gca gac atg 720
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Leu Arg Lys Arg Gly Leu Thr Val Asp Gly Pro Met Gly Ala Asp Met

225 230 235 240

gtt ctg gca cag cgc aag cac gac ttg tat gtg gcc atg ctg cat gac 768
Val Leu Ala Gln Arg Lys His Asp Leu Tyr Val Ala Met Leu His Asp

245 250 255
caa ggg cac att ccc atc aag ctg ctg gct cct aac gga gcc agt gcg 816
Gln Gly His Ile Pro Ile Lys Leu Leu Ala Pro Asn Gly Ala Ser Ala
260 265 270
ctc tcc atc gge ggc agg gtg gtg ctt tcc agc gtg ggc cat ggc agce 864
Leu Ser Ile Gly Gly Arg Val Val Leu Ser Ser Val Gly His Gly Ser
275 280 285
gcc atg gac att gecc ggc cgt ggc gtg gct gac gcc acg gcc ctc cta 912
Ala Met Asp Ile Ala Gly Arg Gly Val Ala Asp Ala Thr Ala Leu Leu
290 295 300

cgc aca atc gcc cta ctc gga gcc caa ccg gtc tga 948
Arg Thr Ile Ala Leu Leu Gly Ala Gln Pro Val

305 310 315

<210> 10

<211> 315

<212> PRT

<213> Comamonas testosteroni

<400> 10
Met Thr Ile Val His Arg Arg Leu Ala Leu Ala Ile Gly Asp Pro His
1 5 10 15
Gly Ile Gly Pro Glu Ile Ala Leu Lys Ala Leu Gln Gln Leu Ser Ala
20 25 30
Thr Glu Arg Ser Leu Ile Lys Val Tyr Gly Pro Trp Ser Ala Leu Glu
35 40 45
Gln Ala Ala Gln Ile Cys Gln Met Glu Ser Leu Leu Gln Asp Leu Ile
50 55 60
His Glu Glu Ala Gly Ser Leu Ala Gln Pro Val Gln Cys Gly Glu Ile
65 70 75 80
Thr Pro Gln Ala Gly Leu Ser Thr Val Gln Ser Ala Thr Ala Ala Ile
85 90 95
Arg Ala Cys Glu Ser Gly Glu Val Asp Ala Val Ile Ala Cys Pro His
100 105 110
His Glu Thr Ala Ile His Arg Ala Gly Ile Ala Phe Ser Gly Tyr Pro
115 120 125
Ser Leu Leu Ala Asn Val Leu Gly Met Asn Glu Asp Glu Val Phe Leu
130 135 140
Met Leu Val Gly Ala Gly Leu Arg Ile Val His Val Thr Leu His Glu
145 150 155 160
Ser Val Arg Ser Ala Leu Glu Arg Leu Ser Pro Gln Leu Val TIle Asn
, 165 170 175
Ala Val Asp Ala Ala Val Gln Thr Cys Thr Leu Leu Gly Val Pro Lys
180 185 190
Pro Gln Val Ala Val Phe Gly Ile Asn Pro His Ala Ser Glu Gly Gln
195 200 205
Leu Phe Gly Leu Glu Asp Ser Gln Ile Thr Val Pro Ala Val Glu Thr
210 215 220
Leu Arg Lys Arg Gly Leu Thr Val Asp Gly Pro Met Gly Ala Asp Met
225 230 235 240
Val Leu Ala Gln Arg Lys His Asp Leu Tyr Val Ala Met Leu His Asp
245 250 255
Gln Gly His Ile Pro Ile Lys Leu Leu Ala Pro Asn Gly Ala Ser Ala
260 265 270
Leu Ser Ile Gly Gly Arg Val Val Leu Ser Ser Val Gly His Gly Ser
275 280 285
Ala Met Asp Ile Ala Gly Arg Gly Val Ala Asp Ala Thr Ala Leu Leu
290 295 300
Arg Thr Ile Ala Leu Leu Gly Ala Gln Pro Val
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305 310 315
<210> 11

<211> 1188

<212> ADN

<213> Corynebacterium glutamicum ATCC13032

<220>
<221> CDS
<222> (1)..(1188)

<400> 11

atg aac cac gta cca gtg gca att att ggc gca gga cca gca gga cta 48
Met Asn His Val Pro Val Ala Ile Ile Gly Ala Gly Pro Ala Gly Leu

acc ctc gcc cac ctc ctc cac ctt caa ggt gtg gaa tca atc gtc ttt 96
Thr Leu Ala His Leu Leu His Leu Gln Gly Val Glu Ser Ile Val Phe
20 25 30
gaa tcc cgc acc cgc aag gac gtc gaa gaa acc gtc cga gca ggc atc 144
Glu Ser Arg Thr Arg Lys Asp Val Glu Glu Thr Val Arg Ala Gly Ile
35 40 45
ctg gaa caa ggc acc ctg aat ctg atg cgc gaa acc gga gtc ggc gca 192
Leu Glu Gln Gly Thr Leu Asn Leu Met Arg Glu Thr Gly Val Gly Ala
50 55 60
cgc atg gaa gca gaa gcc gat cac gat gaa gca atc gac atc tcc atc 240
Arg Met Glu Ala Glu Ala Asp His Asp Glu Ala Ile Asp Ile Ser Ile

aac aat gag cgc acc cgc att ccg ctg acc gaa ctc acc ggc cac aag 288
Asn Asn Glu Arg Thr Arg Ile Pro Leu Thr Glu Leu Thr Gly His Lys
85 90 95
gtt gcg atc tac ccg cag cac gaa tac ctc aaa gat ttc att gcc aag 336
Val Ala Ile Tyr Pro Gln His Glu Tyr Leu Lys Asp Phe Ile Ala Lys
100 105 110
cgc atc gaa gat ggc ggc gaa ctc ctt ttc acc acc act gtt gat tcc 384
Arg Ile Glu Asp Gly Gly Glu Leu Leu Phe Thr Thr Thr Val Asp Ser
115 120 125
gta gaa aac tac gaa ggc gac ctc gcc aag gtg acc tac acc gaa gcc 432
Val Glu Asn Tyr Glu Gly Asp Leu Ala Lys Val Thr Tyr Thr Glu Ala
130 135 140
gat ggt tcc tcc acc acc atc acc gcc gac tac gtc atc gca gct gac 480
Asp Gly Ser Ser Thr Thr Ile Thr Ala Asp Tyr Val Ile Ala Ala Asp
145 150 155 160
ggc tcc aac tcc cct tac cge aag ctg atc acc gaa gac ggt ggc gtg 528
Gly Ser Asn Ser Pro Tyr Arg Lys Leu Ile Thr Glu Asp Gly Gly Val
165 170 175
cgc gcc cgc cat gaa tac cct tac gca tgg ttc ggc att ttg gtg gaa 576
Arg Ala Arg His Glu Tyr Pro Tyr Ala Trp Phe Gly Ile Leu Val Glu
180 185 190
gca cca aaa acc caa aag gaa ctc atc tac gca acc cac cct gag ggc 624
Ala Pro Lys Thr Gln Lys Glu Leu Ile Tyr Ala Thr His Pro Glu Gly
195 200 205
ttt gcg ctg atc tcc acc cgt acc gat gaa atc cag cgc tac tac ctg 672
Phe Ala Leu Ile Ser Thr Arg Thr Asp Glu Ile Gln Arg Tyr Tyr Leu
210 215 220
cag tgc aac cct gac gac acc cca gac atg tgg ccc gat gac cgc att 720
Gln Cys Asn Pro Asp Asp Thr Pro Asp Met Trp Pro Asp Asp Arg Ile
225 230 235 240
tgg gaa cag ctg cac ctg cgt gcg gac tcc cct gge atc acc gtg tct 768
Trp Glu Gln Leu His Leu Arg Ala Asp Ser Pro Gly Ile Thr Val Ser
245 250 255
gaa ggg cgc atc ttt gac aag gcc gtg ctg cgt ttc cge tcc geg gtc 816
Glu Gly Arg Ile Phe Asp Lys Ala Val Leu Arg Phe Arg Ser Ala Val
260 265 270
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acc gaa cca atg caa aag gga cgc ctc ttc ctt gct ggc gat gct gca 864
Thr Glu Pro Met Gln Lys Gly Arg Leu Phe Leu Ala Gly Asp Ala Ala
275 280 285
cac acc gtg ccg cca acc gga gct aag ggc ctc aac ttg gct gtt gecc 912
His Thr Val Pro Pro Thr Gly Ala Lys Gly Leu Asn Leu Ala Val Ala
290 295 300

gat gtc tca gta ctc gcg cca gca ctg gtt cgt gcc ctg aag aag aag 960
Asp Val Ser Val Leu Ala Pro Ala Leu Val Arg Ala Leu Lys Lys Lys

305 310 315 320

gac acc ggc ttg ctc gat agc tac acc tcc ctg gca gtc ccc cgc atc 1008
Asp Thr Gly Leu Leu Asp Ser Tyr Thr Ser Leu Ala Val Pro Arg Ile

325 330 335
tgg aaa gca cag cac ttc tcc tac tgg atg agc tcc atg ctc cac gca 1056
Trp Lys Ala Gln His Phe Ser Tyr Trp Met Ser Ser Met Leu His Ala
340 345 350
gta ccc ggc gaa gat cac ttt gcc acc cag cgc cga ttc gct gaa ttg 1104
Val Pro Gly Glu Asp His Phe Ala Thr Gln Arg Arg Phe Ala Glu Leu
355 360 365
cgc tcc gtc cta gaa tcc caa tcc ggc caa cgc tac ctc gca gag cag 1152
Arg Ser Val Leu Glu Ser Gln Ser Gly Gln Arg Tyr Leu Ala Glu Gln
370 375 380

ttc gtt ggg cgc gac cta cca cgc ttc gag gta taa 1188
Phe Val Gly Arg Asp Leu Pro Arg Phe Glu Val

385 390 395

<210> 12

<211> 395

<212> PRT

<213> Corynebacterium glutamicum ATCC13032

<400> 12
Met Asn His Val Pro Val Ala Ile Ile Gly Ala Gly Pro Ala Gly Leu
1 5 10 15
Thr Leu Ala His Leu Leu His Leu Gln Gly Val Glu Ser Ile Val Phe
20 25 30
Glu Ser Arg Thr Arg Lys Asp Val Glu Glu Thr Val Arg Ala Gly Ile
35 40 45
Leu Glu Gln Gly Thr Leu Asn Leu Met Arg Glu Thr Gly Val Gly Ala
50 55 60
Arg Met Glu Ala Glu Ala Asp His Asp Glu Ala Ile Asp Ile Ser Ile
65 70 75 80
Asn Asn Glu Arg Thr Arg Ile Pro Leu Thr Glu Leu Thr Gly His Lys
85 90 95
Val Ala Ile Tyr Pro Gln His Glu Tyr Leu Lys Asp Phe Ile Ala Lys
100 105 110
Arg Ile Glu Asp Gly Gly Glu Leu Leu Phe Thr Thr Thr Val Asp Ser
115 120 125
Val Glu Asn Tyr Glu Gly Asp Leu Ala Lys Val Thr Tyr Thr Glu Ala
130 135 140
Asp Gly Ser Ser Thr Thr Ile Thr Ala Asp Tyr Val Ile Ala Ala Asp
145 150 155 160
Gly Ser Asn Ser Pro Tyr Arg Lys Leu Ile Thr Glu Asp Gly Gly Val
165 170 175
Arg Ala Arg His Glu Tyr Pro Tyr Ala Trp Phe Gly Ile Leu Val Glu
180 185 190
Ala Pro Lys Thr Gln Lys Glu Leu Ile Tyr Ala Thr His Pro Glu Gly
195 200 205
Phe Ala Leu Ile Ser Thr Arg Thr Asp Glu Ile Gln Arg Tyr Tyr Leu
210 215 220
Gln Cys Asn Pro Asp Asp Thr Pro Asp Met Trp Pro Asp Asp Arg Ile
225 230 235 240
Trp Glu Gln Leu His Leu Arg Ala Asp Ser Pro Gly Ile Thr Val Ser
245 250 255

-94-
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Glu Gly Arg Ile Phe Asp Lys Ala Val Leu Arg Phe Arg Ser Ala Val
260 265 270
Thr Glu Pro Met Gln Lys Gly Arg Leu Phe Leu Ala Gly Asp Ala Ala
275 280 285
His Thr Val Pro Pro Thr Gly Ala Lys Gly Leu Asn Leu Ala Val Ala
290 295 300
Asp Val Ser Val Leu Ala Pro Ala Leu Val Arg Ala Leu Lys Lys Lys
305 310 315 320
Asp Thr Gly Leu Leu Asp Ser Tyr Thr Ser Leu Ala Val Pro Arg Ile
325 330 335
Trp Lys Ala Gln His Phe Ser Tyr Trp Met Ser Ser Met Leu His Ala
340 345 350
Val Pro Gly Glu Asp His Phe Ala Thr Gln Arg Arg Phe Ala Glu Leu
355 360 365
Arg Ser Val Leu Glu Ser Gln Ser Gly Gln Arg Tyr Leu Ala Glu Gln
370 375 380
Phe Val Gly Arg Asp Leu Pro Arg Phe Glu Val
385 390 395

<210> 13
<211> 33
<212> ADN

<213> Trinh ty nhén tao

<220>
<213> ADN tdng hop

<400> 13
cgagctcgaa ttcgcggccg ctaatagtac ctg

<210> 14
<211> 33
<212> ADN

<213> Trinh ty nhén tao

<220>
<223> Sythetic DNA

<400> 14
tgaagtgaaa aatggcgcac attgtgcgac att

<210> 15
<211> 37
<212> ADN

<213> Trinh ty nhén tao

<220>
<213> ADN tdng hop

<400> 15
ttttttgtct gcegtttace ggcgcgccge gatcgece

<210> 16
<211> 37
<212> ADN

<213> Trinh tuy nhén tao

<220>
<213> ADN tdng hop

-95-
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<400> 16
aattggcgat cgcggcgcgc cggtaaacgg cagacaa

<210> 17
<211> 32
<212> ADN

<213> Trinh ty nhén tao

<220>
<213> ADN tdng hop

<400> 17
aaaaaatgtc gcacaatgtg cgccattttt ca

<210> 18
<211> 42
<212> ADN

<213> Trinh tyu nhén tao

<220>
<213> ADN tdng hop

<400> 18
cttcacaggt actattagcg gccgcgaatt cgagctcggt ac

<210> 19
<211> 38
<212> ADN

<213> Trinh tyu nhén tao

<220>
<213> ADN tdng hop

<400> 19
tggccggcect gcaggtaata cgactcacta tagggttce

<210> 20
<211> 41
<212> ADN

<213> Trinh ty nhén tao

<220>
<213> ADN téng hop

<400> 20
ctggcgttac ctaaggagat ctaaattatg actaatataa a

<210> 21
<211> 39
<212> ADN

<213> Trinh tuyu nhén tao

<220>
<213> ADN téng hop

<400> 21
taaggaggtc cttaattaat aagcttgcat gcctgcagg

-96-

37

32

42

38

41

39



23700

<210> 22
<211> 37
<212> ADN

<213> Trinh tu nhén tao

<220>
<213> ADN tbéng hop

<400> 22
tcgacctgca ggcatgcaag cttattaatt aaggacc

<210> 23
<211> 42
<212> ADN

<213> Trinh tu nhén tao

<220>
<213> ADN tdng hop

<400> 23
tccttattta tattagtcat aatttagatc tccttaggta ac

<210> 24
<211> 47
<212> ADN

<213> Trinh ty nhén tao

<220>
<213> ADN tdng hop

<400> 24
gccaggaacc ctatagtgag tcgtattacc tgcaggccgg ccacatg

<210> 25
<211> 43
<212> ADN

<213> Trinh tu nhan tao

<220>
<213> ADN tdéng hop

<400> 25
agatctaaaa attatgaata atataaaagg aggaattaat taa

<210> 26
<211> 31
<212> ADN

<213> Trinh tu nhén tao

<220>
<213> ADN tdng hop

<400> 26
ttggatcctc ctttattatt gtttctgttg c

<210> 27
<211> 30
<212> ADN

<213> Trinh tu nhén tao

-97-

37

42

47

43

31



<220>
<213> ADN
<400> 27

téng hop

ttcctgcagg ttaagccact tcctttttge

<210> 28
<211> 43
<212> ADN
<213>
<220>
<213> ADN
<400> 28

téng hop

Trinh ty nhé&n tao

23700

ggatccgcga tcgctaaatg cargaatcya tyatycartg gca

<210> 29
<211> 41
<212> ADN
<213>
<220>
<213> ADN
<400> 29

téng hop

Trinh ty nhén tao

tctagagcgg ccgctagcta cttctartgg ykrccagtcg g

<210>
<211>
<212>
<213>

30
3667
ADN

<400> 30

atgcaagaat
tacactgaca
aactacctgt
ggtgaaacac
cgctgcgege
cagtgcgtct
gagaaaggtg
ccgcgcaagce
gtacccagca
cacaagcccg
tacttcgaga
ttcgagctga
catgtgagct
atccgcetceceg
gagttcgagg
cagattcaga
ctcaactgga
aaacaggcca
ggattcgtgce
ggagaccacg
aaggcctacc
cggccttcaa
ccttcttcac
ttgctgetgg
tgcgcgaagc
tccagtcagc

ccattatcca
cagccaatgc
gcctggaatc
cgatagttgt
atcgcggcegce
atcacgcctg
tcaagggcca
tccgegtgge
ttgaggatta
tagaagtcat
acgtgaagga
atcgcctctce
attccatgat
acaacgagcg
acggcgtgac
acagcatcgce
cctatcttgg
acctcatcgg
agcgtggcat
aaggctctag
gcaagcatat
tgccgcecttac
gaaggattgc
cattgtctgg
caatatctac
cgatgcaaca

Comamonas testosteroni

gtggcatggg
tgatcaagaa

tgaaatcccce
cgtacgggat
tctcatcget
gagctacaac
gggtggcatg
tgtcttttge
ccttggcect
cggtcgcttc
cagctatcac
acaaaaaggc
tgatcgtagce
ttaccggctc
cctgcagatc
cgtgcgtcag
ctatgcagat
ccctgcagga
cgcaggcgct
cgagggccge
gggacaggag
gcgaagacca
cattatcgcg
gcagattcgc
gagcgccacc
caggccagtg

gccactaata
cagcagcgca
gaggctggtg
gccgaccagg
ctggagaaat
cgacagggag
ccggcctceat
ggtttggtct
gagatttgcg
acgcaaaagc
gccagcctce
ggagtcatcg
gccaaagacg
aaagatccca
ctttctgtgt
ttgttgccca
gacagtgcag
tttatttcca
gccaaccttg
gccacagaaa
atgcaagcat
tagacagtga
tcaccaatgt
aggacatgct
gctatcgcca
cttccacgcc

-98-

cacgcgtgcce
tctatcgcgg
atttccgtac
aaatctacgc
cgggacgtac
atctgaccgg
tctgcaaaga
ttggcagttt
agcgcataga
tgcctaacaa
tgcatatgtt
tcgacgagtce
actcgtacaa
gccttctaga
tccctggett
agagcatctc
agcagcgcaa
tggaggacgg
atgcggtcat
cctcggtacg
gatccatgaa
cgttatggag
cgacaaccat
caccgaccga
tatcctgggt
attcctggtg

tttcggtatc
cgaggtctgg
tacctttgcce
cttcgagaac
ggatagtttc
cgttgeccttce
agagcatggc
ttccgaggac
gcgegtgcetg
ctggaagctc
cttcaccacc
gggtggccac
ggaccaggcc
gggcttcgag
tgtgctgcag
cagctcggaa
ggtcagactc
agctgtcggt
cgagatgggc
cggcttttgg
attcaaatcg
caatggccaa
gctgaaggac
atttctgcge
ctgccttcga
ctgcgcatca

30

43

41

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560



tgcataccgg
tcgatggaaa
cgctgatgtc
tcceccacggce
aagatccctg
ccaaatggag
agtgcaatgc
agccatccgg
gacggccatt
tcttggcatg
gcatgtcacc
tatcaacgcg
agtcgctgta
ctcgcagatc
ccccatggga
gcatgaccaa
catcggcggce
ccgtggegtg
ggtctgagga
ctgcgcgect
ttcctgeege
ttccttcaat
cggctgcacc
ggaagcccgce
ctcgctactg
cctgctgatt
tgagagcgat
cgttcagcag
gttgaagcct
catcaagtcc
ttggggtgcet
agcttggccg
tgctcacgce
tgttgtccac
tatgggccectg
ccactaa

<210>
<211>
<212>
<213>

31
48
ADN

<220>
<213> ADN

<400> 31

ggaaacagag
gttacgtctg
attgccgcecta
attggcccag
atcaaggtct
tceettette
ggagagatca
gcgtgcgaaa
caccgtgcag
aacgaagacg
ttgcatgaga
gtggatgcecg
ttcgggatca
accgttcctg
gcagacatgg
gggcacattc
agggtggtge
gctgacgcca
ctctctatga
gggcaatccg
aaaggtagct
ggcatggcecg
gccgccagcg
aaacgtttta
cgcctgcgcece
cacctcgacg
ggcatcacat
ttgaagtctg
gacgacagca
gttctggatg
cgcaacccct
cagtttcgct
ggtcgggtgg
tgctgtggcet
ctagcacaag

téng hop

gtctttgcca
caagagcgcg
tgacaatagt
aaatcgcact
atggaccgtg
aagacctcat
ccececgcaggce
gcggcgaggt
gcatagcgtt
aggtattcct
gcgtgcegtag
ccgtgcagac
accctcatgce
ccgtcgagac
ttctggcaca
ccatcaagct
tttccagcegt
cggccctect
accaccagat
tactggatgc
gtggcaactg
tgcgcagcga
atatacgtat
cggccaaggt
tgcctgtggg
gcggggaaag
tgcatatcag
gtgacacatt
gacccctagt
acctggccaa
ctggcctgta
acattgcagc
atgacgcgct
caccagccct
actttcatgce

Trinh ty nhédn tao

23700

gcggtgagta
tcgcggtttg
gcaccgtaga
gaaagctctt
gagcgctctt
tcatgaggaa
aggcctatcce
cgatgccgtc
cagcggctac
gatgctggta
cgcactagag
atgcacccta
atccgaagga
actgcgcaag
gcgcaagcac
gctggctcct
gggccatgge
acgcacaatc
ccatatccac
agccctgcag
tgcgagtacg
actctgcacc
ccagccgagce
gtacagcaat
caagcgcgcce
ccgcagctac
gcatgtaccg
ggatatcgaa
ttgcgttgca
acgcaaggta
tcttecctage
catcactgac
acgcatgcac
cgttcaatct
ggatgtgttc

ccacgacaaa
cgacagcacg
ttggctttgg
cagcagttgt
gaacaagcag
gccggctcge
acggtgcaat
attgcctgcee
ccatctttgc
ggggctggac
cggctctcac
ctcggggtge
cagttgttcg
cgcggcctga
gacttgtatg
aacggagcca
agcgccatgg
gccctactcg
gactctgata
gccggcatcg
ctgctcgacg
tcggagcagg
tcctttecgece
acactggcgg
aaatttgaag
tctatggcca
ggtggtcget
ctgccattcg
ggaggcaccg
cagcgcgaca
gccatcgaca
ctaagcaacg
tttgacaacc
gtgcgcacag
gctacagacc

aatttaatta aggaggatta ataaatgtcc ttagcaccat cgcgcgtg

<210> 32
<211> 49
<212> ADN
<213>
<220>
<213> ADN
<400> 32

tédng hop

Trinh tyu nhdn tao

aagcggccge gatcgcattc atttacttgc gggcgagcga atgactttce

<210> 33
<211> 37
<212> ADN

-99-

ttcaccacga
gtgacggaca
ccatcggcga
ctgccaccga
cgcagatctg
ttgcacaacc
ccgcaacagc
cccaccatga
tcgccaatgt
tgcgcatcgt
ctcagttggt
ctaaaccgca
gcctggagga
cggtagacgg
tggccatgct
gtgcgctctc
acattgccgg
gagcccaacc
tcgcgttcce
agctgcccta
gaaatattac
tattgctgtg
gtctcgaccc
cacccgatgt
ccggccaata
acccacccca
tcagcactat
gcagcatcgc
gatttgcacc
tcacgctgat
agtggcgcaa
tgcctgcgga
tacacgatca
cagcctccaa
cgactggcca

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3667

48

49



<213>

<220>
<213>

<400>

23700

Trinh tu nhédn tao

ADN tdng hop

33

ggtggttcat agcggcaatg acatcagcgt gtccgtc

<210>
<211>
<212>
<213>

<220>
<213>

<400>

34

37

ADN

Trinh tu nhdn tao

ADN tdng hop

34

cattgccgct atgaaccacc agatccatat ccacgac

<210>
<211>
<212>
<213>

<220>
<213>

<400>

35

44

ADN

Trinh ty nhén tao

ADN tdéng hop

35

aatttaatta aggaggataa ataaatgaac cacgtaccag tggc

<210>
<211>
<212>
<213>

<220>
<213>

<400>

36
47
ADN
Trinh tu nhén tao

ADN tdng hop

36

aagcggccge gatcgcattc atttatacct cgaagcgtgg taggtcg

<210>
<211>
<212>
<213>

<220>
<213>

<400>

aattaattaa atgatggcta acagaatgct tttaaacgaa acggcatgg

<210>
<211>
<212>
<213>

<220>
<213>

37

49

ADN

Trinh tu nhén tao

ADN tdng hop

37

38

50

ADN

Trinh ty nhén tao

ADN tdéng hop
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37

44

47

49
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<400> 38
tgcggccget tgtttaaacc tccttatttt accaggcggt atggtaaagc

<210> 39
<211> 35
<212> ADN

<213> Trinh tu nhén tao

<220>
<213> ADN tbdng hop

<400> 39
tgatttaaat ttatgagtgt acccgttcaa catcc

<210> 40
<211> 50
<212> ADN

<213> Trinh ty nhan tao

<220>
<213> ADN tdng hop

<400> 40
tgcggccget tgtttaaacc tccttatttt aagactgtaa ataaaccacc

<210> 41
<211> 66
<212> ADN

<213> Trinh ty nhén tao

<220>
<213> ADN tdng hop

<400> 41

gcggccgcga tatcgttgta aaaaaccccg ctccggeggg gttttttgta tctggecagg

cgcgece
<210> 42
<211> 28
<212> ADN

<213> Trinh tuy nhén tao

<220>
<213> ADN tdng hop

<400> 42
aaggcgcgec gtgtccggtt tgataggg

<210> 43
<211> 18
<212> ADN

<213> Trinh tu nhén tao

<220>
<213> ADN tdéng hop

<400> 43
tgtaaaacga cggccagt

-101-

50

35

50

60

66

28

18





