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Linh vwe k¥ thuat dwoe dé cap
Sang ché dé cap dén polypeptit c6 hoat tinh hydroxyl héa axit 4-aminobenzoic

va viéc sir dung polypeptit nay.

Tinh trang ky thuit ctia sang ché

Polybenzoxazole (PBO) dugc biét dén 13 loai nhwa ky thuat c6 kha ning chiu
nhiét va dd bén co hoc vuot troi, va dugc sir dung trong cic vat liéu soi va mang cach
dién cua cac thiét bi ban din, v.v. (Tai lidu phi sang ché 1).

Khung benzoxazole dugc tao thanh do sy ngung tu cta khung o-aminophenol
v6i axit cacboxylic. Do d6, ngudi ta ky vong rang cac axit 4-amino-3-hydroxybenzoic
(cac 4,3-AHBA) c6 cac nhém chirc nay trong cac phan tir cua chung sé€ hiru ich lam
cdc monome PBO. Trén thuc té, viéc téng hop va danh gid tinh chit vat ly cua
polybenzoxazole sir dung 4,3-AHBA da duoc nghién cuiru (Tai liéu phi sang ché 2).

Céc phuong phap san xuat cic hop chit bang cach 1én men vi sinh vat st dung
cic tai nguyén tai tao lam nguyén lidu ban du di dwoc cha y trong nhitg nam gin
day dé giam tai moi treomg toan cau, v.v.. Vi du, viéc san xuit vi sinh vat va polyme
hoéa axit 3-amino-4-hydroxybenzoic (3,4-AHBA), c6 cAu trac tuong tu nhu 4,3-AHBA,
da duoc nghién curu (Tai ligu sang ché 1).

Déi vé6i viéc san xuit 4,3-AHBA, vi du, phuong phap téng hop dé khir héa hoc
hop chét thom nitro da duogc biét dén cho dén nay (Tai liéu sang ché 2). Chién lugc
khé thi cho phép san xuit 1én men 4,3-AHBA bang phuong phap vi sinh 1 su
hydroxyl hoa & vi tri 3 cua axit 4-aminobenzoic (4-ABA) ¢6 thé dugc sinh téng hop
trong vi sinh vat. Tuy nhién, d6i véi phan Gmg nhur vy, da c6 béo céo don thuan rang
mot sb hydroxylaza axit 4-hydroxybenzoic c6 hoat tinh nhe (c4c Tai liéu phi sing ché

3va4d).
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[Tai liéu sang ché 1] JP-B-5445453

[Tai liéu sang ché 2] JP-B-3821350

[Tai liéu phi sang ché 1] Hiroki Murase, SENI GAKKAISHI (Seni To Kogyo,
Journal of Fiber Science and Technology), Vol. 66, No. 6 (2010)

[Tai liéu phi sang ché 2] Lon J. Mathias et al., Macromolecules, Vol. 18, No. 4,
pp. 616-622 (1985)

[Tai liéu phi sang ché 3] Barrie Entsch et al., The Journal of Biological
Chemistry, Vol. 262, No. 13, pp. 6060-6068 (1987)

[Tai liéu phi sang ché 4] Domenico L. Gatti et al., Biochemistry, Vol. 35, No. 2,
pp. 567-578 (1996)

Bin chit ky thudt ciia sang ché

Sang ché d& cap dén cac myc tir 1) dén 7) sau day.

1) Polypeptit c6 hoat tinh hydroxyl hoa axit 4-aminobenzoic, polypeptit nay
duoc chon tir nhom bao g(“)m A) dén C) sau day:

A) polypeptit ¢6 hoat tinh hydroxyl hoa axit 4-aminobenzoic, gbm trinh tu axit
amin duge thé hién bdi SEQ ID NO: 2 hodc trinh ty axit amin ¢6 do tuong ddng it nhét
47% v61 nd, va co géc axit amin & vi tri 47 cua trinh ty axit amin dugc thé hién boi
SEQ ID NO: 2 hodc vi tri twong tmg v6i no la leuxin;

B) polypeptit c6 hoat tinh hydroxyl héa axit 4-aminobenzoic, gdm trinh ty axit
amin dugc thé hién béi SEQ ID NO: 2 hogc trinh ty axit amin ¢6 d tuong ddng it nhét
51% v61 no, va co géc axit amin & vi tri 201 hodc 222 cua trinh ty axit amin dugc thé
hién boi SEQ ID NO: 2, hodc vi tri twong Gmg v6i vi tri 201 hoac 222 la phenylalanin;
va

C) polypeptit c6 hoat tinh hydroxyl héa axit 4-aminobenzoic, gbm trinh tu axit
amin duoc thé hién bai SEQ ID NO: 2 hodc trinh ty axit amin cé d¢ twong dong it nhat

90% v61 nod, va co géc axit amin & vi tri 47, 72, 210, 294 hodc 385 cua trinh ty axit

[\
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amin dugc thé hién béi SEQ ID NO: 2, hodc vi tri twong (mg véi vi tri 47, 72, 210, 294
hodc 385 la axit amin sau day:

(a) vi tri 47 hodc vi tri twong ung voi nd: isoleuxin, serin, threonin, Xystein,
methionin, hodc glutamin,

(b) vi tri 72 hodc vi tri twong Gng v6i n6: alanin hoac methionin,

(¢) vi trf 210 hodc vi tri twong tmg véi n6: methionin,

(d) vi tri 294 hodc vi tri twong Gmg voi né: alanin, glyxin, xystein, hodc serin, va

(e) vi tri 385 hodc vi tri tuong ung voi nod: valin, leuxin, isoleuxin, hodac
methionin.

2) Phuong phép san xuét polypeptit dot bién c6 hoat tinh hydroxyl hoa axit 4-
aminobenzoic, bao gdm budc thay thé gdc axit amin, budc thay thé nay duogc chon tir
nhom bao gdm A") dén C') sau day:

A") trong polypeptit gbm trinh ty axit amin duoc thé hién boi SEQ ID NO: 2
hoic trinh tw axit amin c6 d6 twong ddng it nhit 47% véi no, va c6 hoat tinh hydroxyl
hoa axit 4-aminobenzoic, thay thé gdc axit amin & vi tri 47 cua trinh ty axit amin dugc
thé hién béi SEQ ID NO: 2 hofc vi tri twong (mg v6i né bang leuxin;

B") trong polypeptit gbm trinh ty axit amin duoc thé hién bai SEQ ID NO: 2
hodc trinh tu axit amin c6 d§ tuong ddng it nhat 51% véi no, va co hoat tinh hydroxyl
hda axit 4-aminobenzoic, thay thé gbc axit amin & vi trf 201 hodc 222 ctia trinh ty axit
amin duoc thé hién béi SEQ ID NO: 2, hodc vi tri twong ung voi vi tri 201 hoac 222
bang phenylalanin; va

C") trong polypeptit gbm trinh ty axit amin dugc thé hién boi SEQ ID NO: 2
hodc trinh tu axit amin c6 d§ twong déng it nhat 90% v&i nd, va co hoat tinh hydroxyl
hoa axit 4-aminobenzoic, thay thé gbc axit amin & vi tri 47, 72, 210, 294 hogc 385 cua
trinh ty axit amin dugc thé hién boi SEQ ID NO: 2, hodc vi tri twong tmg véi vi tri 47,
72,210, 294 hodc 385 bang axit amin sau day:

(a) vi tri 47 hodc vi tri twong Gmg v6i no: isoleuxin, serin, threonin, Xxystein,
methionin, hodc glutamin,

(b) vi tri 72 hodc vi tri tuong (g voi n6: alanin hoac methionin,

-
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(¢) vi tri 210 hodic vi trf twong g v6i n6: methionin,

(d) vi trf 294 hodc vi tri twong (mg voi né: alanin, glyxin, xystein, hodc serin, va

(e) vi tri 385 hodc vi trf twong Gng véi no: valin, leuxin, isoleuxin, hoac
methionin.

3) Phuong phap cai thién hoat tinh hydroxyl hoa axit 4-aminobenzoic, bao gém
buéc thay thé gbe axit amin, buge thay thé nay duoc chon tr nhém bao gbm A') dén
C") sau day:

A") trong polypeptit gdm trinh tu axit amin dugc thé hién béi SEQ ID NO: 2
hodc trinh ty axit amin c6 do tuong ddng it nhat 47% véi no, va c6 hoat tinh hydroxyl
héa axit 4-aminobenzoic, thay thé géc axit amin & vi tri 47 cua trinh ty axit amin dugc
thé hién boi SEQ ID NO: 2 hodc vi tri twong tmg v6i nd bang leuxin;

B') trong polypeptit gdm trinh tyr axit amin duoc thé hién béi SEQ ID NO: 2
hodc trinh tu axit amin c6 4o tuong c’[éng it nhat 51% véi nod, va cb hoat tinh hydroxyl
hoa axit 4-aminobenzoic, thay thé gbc axit amin & vi tri 201 hogc 222 cua trinh ty axit
amin duoc thé hién béi SEQ ID NO: 2, hoac vi tri tuong tng voi vi tri 201 hodc 222
bang phenylalanin; va

C") trong polypeptit gdm trinh tu axit amin dugc thé hién boi SEQ ID NO: 2
hodc trinh tu axit amin c¢6 do twong déng it nhat 90% vdi nd, va co6 hoat tinh hydroxyl
hda axit 4-aminobenzoic, thay thé géc axit amin & vi tri 47, 72, 210, 294 hoac 385 cua
trinh tu axit amin dugc thé hién bai SEQ ID NO: 2, hodc vi tri twong tmg véi vi tri 47,
72,210, 294 hodc 385 bang axit amin sau day:

(a) vi tri 47 hodc vi tri twong mg vdi né: isoleuxin, serin, threonin, xystein,
methionin, hodc glutamin,

(b) vi tri 72 hodic vi tri twong ing véi nd: alanin hodc methionin,

(¢) vi tri 210 hodc vi tri twong Gng véi nd: methionin,

(d) vi tri 294 hoic vi tri twong ing v6i né: alanin, glyxin, xystein, hoac serin, va

(e) vi tri 385 hodc vi tri twong Umg véi no: valin, leuxin, isoleuxin, hodc
methionin.

4) Polynucleotit ma hoa polypeptit theo muc 1) hoéc 2).
4
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5) Vecto hodc manh ADN bao gdm polynucleotit theo muc 4).
6) Té bao duoc bién nap bao gém vecto hodc manh ADN theo muyc 5).
7) Phuong phap san xuit axit 4-amino-3-hydroxybenzoic, bao gdm budc nudi

chy té bao duoc bién nap theo muc 6).

M3 ta chi tiét sang ché

Sang ché dé cap dén viéc cung cap polypeptit c6 hoat tinh hydroxyl hoa axit 4-
aminobenzoic vuot troi va phuong phéap st dung polypeptit nay.

Céc tac gia sang ché da phat hién ra rang thé dot bién axit 4-hydroxybenzoic
hydroxylaza cé trinh twy axit amin cu thé c6 hoat tinh hydroxyl hoa axit 4-
aminobenzoic vuot trdi va hiru ich trong viéc san xuét axit 4-amino-3-hydroxybenzoic.

Vi polypeptit c¢6 hoat tinh hydroxyl hoa axit 4-aminobenzoic theo sang ché cé
hoat tinh hydroxyl hoa axit 4-aminobenzoic vuot trdi, viéc st dung chung cho pheép
axit 4-amino-3-hydroxybenzoic dugc san xuit mot cach hiéu qua tir axit 4-
aminobenzoic.

Trong ban mo td nay, 4o tuong déng cta trinh ty axit amin hodc trinh tu
nucleotit duoc tinh bang phwong phap Lipman-Pearson (Science, 1985, 227: 1435-
1441). Cu thé, do tuong ddng dugc tinh bing phan tich véi kich thudc don vi dé so
sanh (ktup) duoc dat thanh 2 bang cach sir dung chuong trinh phan tich tuong dong
(tim kiém tuong dong) ctia phan mém xtr 1y thong tin di truyén GENETYX Ver. 12.

Trong ban mo ta ndy, "vi tri twong Gng" trén trinh ty axit amin hodc trinh tur
nucleotit c6 thé duge xac dinh bang cach cin thang hang trinh tu quan tdm va trinh ty
tham chiéu (vi du, trinh ty axit amin duoc thé hién béi SEQ ID NO: 2) dé cung cép su
twong déng tdi da. Viéc can thang hang céc trinh ty axit amin hogc trinh tu nucleotit c6
thé duoc thuc hién bang cach sir dung thuét toan da biét trong linh vuc nay, va cac quy
trinh ctia chiing ma da biét dbi v6i nguoi co hiéu biét trung binh trong linh vuc ky
thuat. Viéc can théng hang trinh tu c6 thé dugc thuc hién, vi du, béng cach sir dung cai
dit mac dinh cta chuong trinh da cén chinh Clustal W (Thompson, J .D. et al., 1994,
Nucleic Acids Res. 22: 4673-4680). Ngoai ra, ¢6 thé sir dung Clustal W2 hodc Clustal

5
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omega, phién ban stra d6i cia Clustal W,. Clustal W, Clustal W2 va Clustal omega c6
sin trén, vi du, trang web cua Vién Tin sinh hoc chéu Au (EBI
[www.ebi.ac.uk/index.html]) hodc Ngin hang dir liéu ADN cua Nhat Ban (DDBJ
[www.ddbj.nig.ac jp/searches-j.html]) do National Institute of Genetics (Vién Di
truyén Qubc gia) diéu hanh. Vi tri cua trinh tu quan tAm dugc cin thang hang voi vi tri
tuy y cua trinh ty tham chiéu bang cach cin thang hang dugc dé cap ¢ trén duoc coi la
"vi tri twong Gmg" voi vi tri tuy y.

Ngudi co hiéu biét trung binh trong linh vuc ky thuét nay co thé tinh chinh thém
viéc can théng hang céc trinh ty axit amin thu dugc nhu da mo td & trén dé tdi wu hoa.
Viéc can thing hang toi wu nhu vay t6t hon 1a duge xac dinh xét dén su gidng nhau
gilra céc trinh ty axit amin, tAn suét cua khoang tréng dugc chén vao, v.v.. Trong bbi
canh nay, su giéng nhau gitra cc trinh tu axit amin dé chi ty 1& (%) cua ) luong vi tri
ma & d6 cac gbe axit amin gidng nhau hodc twong tw c6 mat trong ca hai trinh tw voi s6
lwong gbc axit amin c6 chiéu dai day du khi hai trinh ty axit amin nay thang hang. Cac
gbc axit amin tuwong ty c6 nghia 1a cac gbc axit amin c6 tinh chét twong tu nhau vé do
phan cuc hodc dién tich va gy ra hién tuong goi 1a su thay thé bao ton, trong sb 20
axit amin ciu thanh protein. C4c nhém bao gdm cac gbc axit amin twong tw nhu vy la
da biét ro déi v6i ngudi co hidu biét trung binh trong linh vyc k¥ thuat nay. Céc vi du
vé chung bao gém, nhung khéng gidi han &: arginin va lysin hodc glutamin; axit
glutamic va axit aspartic hodc glutamin; serin va threonin hodc alanin; glutamin va
asparagin hodc arginin; va leuxin va isoleuxin.

Trong ban mo ta nay, "gdc axit amin" c6 nghia la bat ky trong s6 20 gdc axit
amin cdu thanh protein, tirc 13, alanin (Ala hodc A), arginin (Arg hodc R), asparagin
(Asn hoic N), axit aspartic (Asp hoac D), xystein (Cys hoac C), glutamin (Gln hodc Q),
axit glutamic (Glu hodc E), glyxin (Gly hodc G), histidin (His hoac H), isoleuxin (Ile
hoic I), leuxin (Leu hodc L), lysin (Lys hodc K), methionin (Met hoac M),
phenylalanin (Phe hodc F), proline (Pro hodc P), serin (Ser hoéc S), threonin (Thr hoac

T), tryptophan (Trp hodc W), tyrosin (Tyr hodc Y) va valin (Val hoac V).

(@)Y
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Trong ban mo ta nay, "lién két hoat dong" cua gen v6i vang diéu khién ching
han nhu trinh tw khéi dong c6 nghia 1a gen duoc lién két véi vong diéu khién sao cho
gen cO thé biéu hién duogc dudi su kiém soat ciia ving diéu khién. Cac quy trinh cta
"lidn két hoat dong" ctia gen véi ving didu khidn 13 d& biét rd dbi véi ngudi c6 hiéu
biét trung binh trong linh vuc k¥ thuét.

Trong ban mo ta ndy, cac thuat nglt "ngugc dong" va "xudi dong" lién quan dén
gen dé chi qua trinh nguwoc dong va xudi dong theo huéng phién ma cua gen. Vi duy,
cum tir "gen nam xudi dong cua trinh tu khai dong" ¢ nghia la gen nim O phia 3' clia
trinh tw khai dong trong soi c6 nghia ADN, va cum tir "ngugc dong cua gen" c6 nghia
12 ving & phia 5' cua gen trong soi c6 nghia ADN.

Trong ban mo ta nay, thuit ngix "gdc" dugce sir dung cho chire nang, tinh chét,
hodc dac diém cua té bao duoc s dung dé chira ré‘mg chirc nang, tinh chét, hodc dic
diém 1a cung xuét x{r voi té bao. Nguoc lai, thudt nglr "ngoai lai" dugc st dung dé chi
ra rang chirc ning, tinh chét, hodc dic diém duogc dwa vao fir bén ngoai, khong phai
cung xuit xtr véi té bao. Vi du, gen hodc polynucleotit "ngoai lai" 1a gen hoac
polynucleotit dugc dua fir bén ngodi vao té bao. Gen hodc polynucleotit ngoai lai c6
thé ¢4 ngudn gbe tir sinh vat cung loai voi té bao chira né hodc c6 thé c6 nguon gbe tir
sinh vat thudc cac loai khac véi né (tire 1a, gen hodc polynucleotit khac loai).

<Polypeptit c6 hoat tinh hydroxyl hoa axit 4-aminobenzoic>

Polypeptit ¢6 hoat tinh hydroxyl héa axit 4-aminobenzoic theo sang ché (dugc
goi la "polypeptit theo sang ché") duoc chon tir nhém bao gdm A) dén C) sau day:

A) polypeptit gdm trinh tu axit amin dugc thé hién boi SEQ ID NO: 2 hodc
trinh ty axit amin c6 do trong dong it nhit 47% v6i nd, va ¢ gbe axit amin & vi tri 47
cua trinh tu axit amin dugc thé hién boi SEQ ID NO: 2 hodc vi tri twong mg véi nd la
léuxin;

B) polypeptit gdm trinh ty axit amin dwoc thé hién boéi SEQ ID NO: 2 hodc trinh
tir axit amin c6 do tuong ddng it nhat 51% véi nd, va co gbc axit amin & vi tri 201
hodc 222 cua trinh ty axit amin dugc thé hién boi SEQ ID NO: 2, hodc vi tri twong tng
v6i vi tri 201 hodc 222 la phenylalanin; va

7
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C) polypeptit gbm trinh fr axit amin dugc thé hién boi SEQ ID NO: 2 hodc trinh
ty axit amin c6 do tuong déng it nhat 90% véi nd, va co géc axit amin & vi tri 47, 72,
210, 294 hodc 385 cua trinh ty axit amin dugc thé hién boi SEQ ID NO: 2, hodc vi tri
twong tmg véi vi trf 47, 72, 210, 294 hodc 385 1a axit amin sau:

(a) vi tri 47 hodc vi tri twong Umg v6i nd: isoleuxin, serin, threonin, xystein,
methionin, hodc glutamin,

(b) vi tri 72 hodc vi tri twong Umg v6i no: alanin hoac methionin,

(c) vi tri 210 hodc vi tri twong Ung v6i nd: methionin,

(d) vi tri 294 hodc vi tri tuong tng voi no: alanin, glyxin, xystein, hodc serin, va

(e) vi trf 385 hodc vi tri twong dng véi néd: valin, leuxin, isoleuxin, hodc
methionin.

Polypeptit A) 1a polypeptit dot bién c6 hoat tinh hydroxyl hoéa axit 4-
aminobenzoic, bao gdm polypeptit dong vai tro 1a tham chiéu, tire 13, polypeptit gbm
trinh tu axit amin dugc thé hién bai SEQ ID NO: 2 hodc trinh ty axit amin ¢6 d§ twong
ddng it nhét 47% véi no, va trong do gbc axit amin & vi tri 47 cia trinh ty axit amin
dugc thé hién bai SEQ ID NO: 2 hodc vi tri twong ng voi n6 dugce thay thé bang
leuxin.

Polypeptit B) 1a polypeptit dot bién c6 hoat tinh hydroxyl héa axit 4-
aminobenzoic, bao gdm polypeptit dong vai trd 1a tham chiéu, tirc 13, polypeptit gdbm
trinh tu axit amin dugc thé hién bai SEQ ID NO: 2 hodc trinh ty axit amin c6 do tuong
déng it nhat 51% véi né, va trong do géc axit amin & vi tri 201 hodc 222 cua trinh tu
axit amin duoc thé hién bai SEQ ID NO: 2, hodc vi tri tuong tmg v6i vi tri 201 hoac
222 duoc thay thé bang phenylalanin.

Polypeptit C) la polypeptit dot bién c6 hoat tinh hydroxyl hoa axit 4-
aminobenzoic, bao gdm polypeptit déng vai trd 1a tham chiéu, tac 13, polypeptit gdm
trinh ty axit amin dugc thé hién béi SEQ ID NO: 2 hodc trinh ty axit amin c6 d¢ twong
ddng it nhat 90% voi no, va trong dé gbc axit amin ¢ vi tri 47, 72, 210, 294 hodc 385

cua trinh ty axit amin dugc thé hién boi SEQ ID NO: 2, hodc vi tri tuong trng véi vi tri
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47,72, 210, 294 hodc 385 dugc thay thé bing bét ky axit amin ndo trong sé cac axit
amin (a) dén (e) dugc néu § trén.

Trong sang ché, "hoat tinh hydroxyl hoa axit 4-aminobenzoic" c6 nghia Ia hoat
tinh xtic tac qua trinh hydroxyl héa cua axit 4-aminobenzoic, t6t hon 13 hoat tinh xuc
tac qua trinh hydroxyl hoa & vi tri 3 cua axit 4-aminobenzoic.

Hoat tinh hydroxyl héa axit 4-aminobenzoic ¢ thé duoc xac dinh, nhu duge thé
hién trong cac vi du duoc deé cap sau, bang cach nudi cAy vi sinh vat san xuét
polypeptit theo sang ché, va do luong axit 4-amino-3-hydroxybenzoic dugc san xut
bo1 HPLC hodc tuong tu.

Polypeptit A) theo sang ché ¢ thé duge san xuat bang cach thay thé gbc axit
amin & vi tri 47 cua trinh ty axit amin duoc thé hién bai SEQ ID NO: 2 hodc vi tri
trong ung voi nd bang leuxin, trong polypeptit gbm trinh tu axit amin dugc thé hién
béi SEQ ID NO: 2 hogc trinh ty axit amin c6 do twong dong it nhat 47% voi no, va ¢6
hoat tinh hydroxyl hoa axit 4-aminobenzoic.

Trong bdi canh nay, polypeptit gbm trinh ty axit amin dugc thé hién béi SEQ
ID NO: 2 hodc trinh ty axit amin c¢6 do tuong ddng it nhat 47% véi n6, va ¢ hoat tinh
hydroxyl hoa axit 4-aminobenzoic 1 polypeptit "me" cua polypeptit A) theo sdng ché.

Polypeptit me dung dé chi polypeptit tham chiéu tro thanh polypeptit A) theo
sang ché bang cach dwa dot bién xéc dinh trude vao gdc axit amin.

Polypeptit B) theo sing ché c6 thé duoc san xuit bang cach thay thé gbc axit
amin & vi tri 201 hodic 222 cia trinh ty axit amin dugc thé hién bsi SEQ ID NO: 2
hodc vi tri twong ung véi vi tri 201 hodc 222 bang phenylalanin, trong polypeptit gdm
trinh ty axit amin dugc thé hién boi SEQ ID NO: 2 hodc trinh ty axit amin ¢6 d§ twong
ddng it nhat 51% véi nd, va c6 hoat tinh hydroxyl héa axit 4-aminobenzoic.

Trong béi canh nay, polypeptit gom trinh ty axit amin duoc thé hién boi SEQ
ID NO: 2 hodc trinh tu axit amin c6 d§ tuong déng it nhét 51% v&i no, va co hoat tinh
hydroxyl hoa axit 4-aminobenzoic 13 polypeptit "me" ctia polypeptit B) theo sang ché.

Polypeptit me dung dé chi polypeptit tham chiéu tr& thanh polypeptit B) theo
sang ché bang cach dwa dot bién xac dinh trude vao gde axit amin.

9
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Polypeptit C) theo sing ché co thé duge san xuit bang cach thay thé gbc axit
amin & vi tri 47, 72, 210, 294 hodc 385 cua trinh ty axit amin dugc thé hién boi SEQ
ID NO: 2 hodc vi tri twong (mg véi vi tri 47, 72, 210, 294 hodc 385 béng axit amin sau,
trong polypeptit gdm trinh ty axit amin dugc thé hién bai SEQ ID NO: 2 hodc trinh tu
axit amin c6 do tuong ddng it nhat 90% véi nd, va c6 hoat tinh hydroxyl hoéa axit 4-
aminobenzoic:

(a) vi tri 47 hodc vi tri twong Ung véi nd: isoleuxin, serin, threonin, Xxystein,
methionin, hodc glutamin,

(b) vi tri 72 hodc vi tri tvong Umg v6i nd: alanin hodc methionin,

(¢) vi tri 210 hodc vi trf twong (g v6i nd: methionin,

(d) vi tri 294 hodc vi tri tuong Gmg vi n6: alanin, glyxin, xystein, hoac serin, va

(¢) vi tri 385 ho#c vi tri twong Ung véi nd: valin, leuxin, isoleuxin, hodc
methionin.

Trong bdi canh nay, polypeptit gbm trinh tyr axit amin dugc thé hién boi SEQ
ID NO: 2 hodc trinh tyr axit amin c6 do tuong ddng it nhat 90% vai nd, va c6 hoat tinh
hydroxyl héa axit 4-aminobenzoic 1a polypeptit "me" ctia polypeptit C) theo sang ché.

Polypeptit me dung dé chi polypeptit tham chiéu tr& thanh polypeptit C) theo
sang ché béng cach dua dot bién xac dinh truée vao gdc axit amin.

Theo sang ché, HFM122, polypeptit gdm trinh ty axit amin dugc thé hién boi
SEQ ID NO: 2 (Trinh tu tham chiéu NCBI: WP 010920262.1), dugc goi la axit 4-
hydroxybenzoic-3-monooxygenaza  (EC1.14.13.2).  Axit 4-hydroxybenzoic-3-
monooxygenaza l1a enzym c6 hoat tinh xuc tac ting tdc bat ky mot hodc ca hai phan
tng dé san xuét axit protocatechuic bang cach hydroxyl héa vi tri 3 cua axit 4-
hydroxybenzoic va phan tmg nghich dao ctua chung, va la enzym XUc tac qua trinh
hydroxyl hoa ctia axit 4-hydroxybenzoic (axit 4-hydroxybenzoic hydroxylaza).

HFM122 nay duogc phat hién c6 hoat tinh hydroxyl héa axit 4-aminobenzoic bdi
chi don (Don sang ché Nhat Ban s6 2018-171849).

<Polypeptit me cua polypeptit A)>
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Trong polypeptit A), cac vi du vé polypeptit gdom trinh ty axit amin c6 dd tuong
ddng it nhat 47% véi trinh tu axit amin dugc thé hién boi SEQ ID NO: 2, va c6 hoat
tinh hydroxyl hoa axit 4-aminobenzoic bao gbm polypeptit gbm trinh tu axit amin ¢
d6 tuong dong it nhét 47%, cu thé, c6 do trong dong 47% hodc cao hon, t6t hon nira 13
50% hoic cao hon, tdt hon nira 1a 60% hodc cao hon, tdt hon nita 13 70% hodc cao hon,
tdt hon nira 1a 80% hodc cao hon, ot hon nira 1a 90% hodc cao hon, tdt hon nira 13
95% hoac cao hon, tdt hon nira 13 96% hodc cao hon, tdt hon nita 12 97% hodc cao hon,
tdt hon nita 12 98% hodc cao hon, tdt hon nira 1a 99% hodc cao hon véi trinh tu axit
amin dugc thé hién boi SEQ ID NO: 2, va cé hoat tinh hydroxyl hoa axit 4-
aminobenzoic. Cac vi du cu thé cia ching bao g6m HFM388 (SEQ ID NO: 4; twong
ddng trinh fy axit amin véi SEQ ID NO: 2: 62%, Trinh ty tham chiéu NCBI:
WP_010976283.1), HFM339 (SEQ ID NO: 6; tuong ddng trinh ty axit amin véi SEQ
ID NO: 2: 61%, Trinh tu tham chiéu NCBI: WP_011157287.1), HFM77 (SEQ ID NO:
8: tuong ddng trinh ty axit amin véi SEQ ID NO: 2: 51%, Trinh ty tham chiéu NCBI:
WP _011089160.1), HFM737 (SEQ ID NO: 10; tuong ddng trinh tr axit amin véi SEQ
ID NO: 2: 51%, Trinh tu tham chiéu NCBI: WP_011519894.1), vd HFMss0-1 (SEQ
ID NO: 12; twong dong trinh tu axit amin véi SEQ ID NO: 2: 47%, Trinh ty tham
chiéu NCBI: WP_027494688.1). Trong s6 d6, HFM737 hoac HFMss0-1 dugc uu tién
tir quan diém hoat tinh hydroxyl hoa axit 4-aminobenzoic dugc s& hiru bai polypeptit
theo sing ché.

Céc vi du dugce wu tién cta polypeptit "me" bao gdm polypeptit gdm trinh tu
axit amin duoc thé hién boi SEQ ID NO: 2, ciing nhu polypeptit gém trinh tu axit
amin c6 do tuong dé‘)ng 90% hoac cao hon, t4t hon nita 13 95% hodc cao hon, tot hon
nira 1a 96% hoac cao hon, t&t hon nira 12 98% hodc cao hon véi trinh tu axit amin dugc
thé hién boi SEQ ID NO: 2 va c6 hoat tinh hydroxyl hoa axit 4-aminobenzoic. Cac vi
du khéc vé chung bao gbm polypeptit gbm trinh tu axit amin dugc thé hién bai SEQ
ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 hoic SEQ ID NO: 12, hoac

polypeptit g?)m trinh tu axit amin c6 do tuong ddng 90% hoic cao hon, t6t hon 14 95%
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hodc cao hon, t6t hon nita 13 96 % hodc cao hon, tdt hon nita 13 98% hodc cao hon véi
mdi trinh ty ndy, va c6 hoat tinh hydroxyl héa axit 4-aminobenzoic.

Tét hon 12 polypeptit me ¢é gbc valin & vi tri 47 cia trinh ty axit amin dugc thé
hién boi SEQ ID NO: 2 hodc vi tri twong tmg v6i nod. Péi véi polypeptit A) theo sang
ché, duogc wu tién hon 13 thay thé valin & vi trf 47 hodc vi tri twong (mg voi nod bz"mg
leuxin.

<Polypeptit me cua polypeptit B)>

Trong polypeptit B), cac vi du vé polypeptit gdm trinh ty axit amin ¢ do twong
ddng it nhat 51% voi trinh tyr axit amin duoc thé hién boi SEQ ID NO: 2, va ¢6 hoat
tinh hydroxyl hoa axit 4-aminobenzoic bao gdm polypeptit gdm trinh ty axit amin c6
d6 tuong dong it nhit 51%, cu thé, do twong doéng 51% hodc cao hon, t6t hon 13 60%
hoac cao hon, tdt hon nita 1a 70% hodc cao hon, tdt hon nita 1a 80% hodc cao hon, tbt
hon ntra 1a 90% hodc cao hon, tdt hon nira 1a 95% hodc cao hon, t5t hon nira 12 96%
hoac cao hon, t&t hon nita 1a 97% hodc cao hon, tdt hon nita 12 98% hodc cao hon, tdt
hon nita 13 99% hodc cao hon véi trinh tu axit amin dwgc thé hién boi SEQ ID NO: 2,
va ¢6 hoat tinh hydroxyl héa axit 4-aminobenzoic. Céc vi du cu thé cua ching bao
¢dm HFM388 (SEQ ID NO: 4; twong dong trinh ty axit amin véi SEQ ID NO: 2: 62%,
Trinh tir tham chiéu NCBI: WP_010976283.1), HEM339 (SEQ ID NO: 6; tuong dong
trinh ty axit amin véi SEQ ID NO: 2: 61%, Trinh ty tham chiéu NCBI:
WP _011157287.1), va HFM77 (SEQ ID NO: 8; tuong ddng trinh tu axit amin véi
SEQ ID NO: 2: 51%, Trinh ty tham chiéu NCBI: WP_011089160.1). Trong s6 do,
HFM388 hodc HFM339 dugc wu tién tur quan diém hoat tinh hydroxyl hoa axit 4-
aminobenzoic dugc s hitu béi polypeptit theo sang ché.

Cac vi du dugc uu tién vé polypeptit "me" bao gbdm polypeptit g6m trinh tu axit
amin duoc thé hién boi SEQ ID NO: 2 cling nhu polypeptit gdm trinh tu axit amin ¢
do tuong déng 90% hodc cao hon, tot hon nita 1a 95% hodc cao hon, t5t hon nira 1a
96% hodac cao hon, t&t hon nira 1a 98% hodc cao hon voéi trinh ty axit amin dugc thé
hién boéi SEQ ID NO: 2, va ¢6 hoat tinh hydroxyl hoa axit 4-aminobenzoic. Cac vi du
khac cta chiing bao gdm polypeptit gdm trinh ty axit amin dugc thé hién béi SEQ ID

12
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NO: 4, SEQ ID NO: 6 hodc SEQ ID NO: 8, hoac polypeptit gém trinh tu axit amin co
do tuong ddng 90% hoic cao hon, tdt hon 14 95% hodc cao hon, t5t hon nita 1a 96%
hoéc cao hon, tdt hon nira 13 98% hodc cao hon vé6i mdi trinh tw ndy, va cé hoat tinh
hydroxyl héa axit 4-aminobenzoic.

Polypeptit me t6t hon 13 c6 gbe tyrosin & vi tri 201 hodc 222 cia trinh tu axit
amin duoc thé hién boi SEQ ID NO: 2 hodc vi tri twong ng véi vi tri 201 hodc 222.
Polypeptit B) theo sang ché tét hon nira 1a polypeptit dot bién trong d6 tyrosin & vi tri
201 hodc 222 hodc vi tri twong Ung véi vi tri 201 hodc 222 dugc thay thé bang
phenylalanin. Débi voi vi tri twong tmg véi vi tri 201 hodc 222 cua SEQ ID NO: 2, vi
du, cac vi tri 201 va 222 trong SEQ ID NO: 4, cic vi tri 201 va 222 trong SEQ ID NO:
6, va cac vi tri 203 va 224 trong SEQ ID NO: 8 twong (g voi cdc vi tri nay.

Do d6, tot hon 13 polypeptit me c6 gbc tyrosin & vi trf 201 hodc 222 cua trinh tu
axit amin duoc thé hién béi SEQ ID NO: 4 hodc vi tri twong g vo1 Vi tri 201 hoac
222. Polypeptit B) theo sang ché tét hon nira 1a polypeptit dot bién trong d6 tyrosin &
vi trf 201 hodc 222 hodc vi trf twong ung véi vi tri 201 hodc 222 duge thay thé bang
phenylalanin.

Polypeptit me t6t hon 14 c6 gbc tyrosin & vi tri 201 hodc 222 cua trinh ty axit
amin duoc thé hién bai SEQ ID NO: 6 hodc vi tri tuong timg v6i vi tri 201 hoac 222.
Polypeptit B) theo sang ché tét hon nita 13 polypeptit dot bién trong d6 tyrosin & vi tri
201 hodc 222 hodc vi tri twong tmg voi vi tri 201 hodc 222 dugc thay thé bang
phenylalanin.

Polypeptit me t6t hon 1a c6 gbc tyrosin & vi tri 203 hodc 224 cua trinh ty axit
amin duoc thé hién béi SEQ ID NO: 8 hodc vi tri twong tmg voi vi tri 203 hoac 224.
Polypeptit B) theo sang ché tbt hon nita 13 polypeptit dot bién trong d6 tyrosin & vi tri
203 hodc 224 hodc vi tri twong Ung voi vi tri 203 hodc 224 duoc thay thé béng
phenylalanin.

<Polypeptit me cta polypeptit C)>

Trong polypeptit C), cac vi du vé polypeptit gom trinh tu axit amin c6 do twong
ddng it nhat 90% véi trinh ty axit amin dugc thé hién boi SEQ ID NO: 2, va ¢6 hoat

13



52733 14/119

tinh hydroxyl hoa axit 4-aminobenzoic bao gdm polypeptit gbm trinh tu axit amin ¢6
do tuong ddng it nhét 90%, cu thé, do twong ddng 90% hoic cao hon, t5t hon 13 95%
hodc cao hon, tét hon nita 1a 96% hodc cao hon, tét hon nita 13 97% hodc cao hon, tbt
hon nira 1a 98% hoéc cao hon, tdt hon nira 13 99% hoic cao hon véi trinh ty axit amin
dugc thé hién boéi SEQ ID NO: 2, va cd hoat tinh hydroxyl hoa axit 4-aminobenzoic.

Polypeptit me tot hon 1a ¢o géc valin & vi tri 47 cua trinh ty axit amin duoc thé
hién bai SEQ ID NO: 2 hodc vi tri twong tmg v6i n6, tot hon 1a cé goc histidin & vi tri
72 cua ching hodc vi tri twong tng véi no, t6t hon 13 c6 gde leuxin & vi trf 210 cta
chung hodc vi tri twong tng véi no, t6t hon 1a ¢6 gdc threonin & vi tri 294 cia chiing
hoac vi tri twong tmg vé1 no, hodc tt hon 1a c6 gbe tyrosin & vi tri 385 cua chung hodc
vi tri twong ing véi no. Dbi voi polypéptit C) theo séng ché, duoc uu tién hon la thay
thé valin & vi tri 47 hodc vi tri twong ‘mg voi nd bang isoleuxin, serin, threonin,
xystein, methionin hodc glutamin, thay thé histidin ¢ vi tri 72 hodc vi tri tuong (ng voi
no béng alanin hodc methionin, thay thé leuxin & vi tri 210 hodc vi tri twong Ung véi
né bing methionin, thay thé threonin & vi tri 294 hodc vi tri twong tmg Vi nd bang
alanin, glyxin, xystein hodc serin, hodc thay thé tyrosin & vi tri 385 hodc vi tri tuong
trng véi nod béng valin, leuxin, isoleuxin hodc methionin, duoc uvu tién hon la thay thé
threonin & vi tri 294 hodc vi tri tuong Gmg v6i1 no bang serin, thay thé valin & vi tri 47
hodc vi tri tuong (rng véi nod béng isoleuxin, threonin, methionin hodc glutamin, hodc
thay thé histidin & vi tri 72 hodc vi tri twong ung véi nd bang methionin, va dugc uu
tién hon nita 1a thay thé threonin & vi tri 294 hodc vi tri tuong (mg véi no bing serin
hoac thay thé valin & vi tri 47 hodc vi tri tuong (mg v6i nd bang isoleuxin.

<Polynucleotit ma hoa polypeptit theo sang ché>

Theo sang ché, bat ky k§ thuat gay dot bién nio da biét trong linh vyc nay déu
c6 thé duoc sir dung nhu mot phuong phap gy dot bién gbc axit amin cua polypeptit
me. Vi du, trinh tu nucleotit ma hoa géc axit amin bi dot bién trong polynucleotit ma
hoéa trinh ty axit amin cua polypeptit me (sau day, con duoc goi 1a gen me) co thé bi
dot bién thanh trinh ty nucleotit ma hoa gdc axit amin bj dot bién dé thu dugc
polynucleotit ma hoa polypeptit theo sang ché.

14
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Vé co ban, viéc dua dot bién quan tdm vao gen me coO thé duoc thuc hién béng
c4ch str dung phuong phap gy dot bién hudng vi tri khac nhau bat ky ma di biét 16
dbi voi ngudi c6 hiéu biét trung binh trong linh vuc k¥ thudt nay. Vi du, phuong phap
gdy dot bién huéng vi tri co thé dugc thuc hién, bing bét ky phuong phép nao ching
han nhu PCR nghich ddo hodc gin moi. C6 thé st dung kit ¢ sin trén thi truong dé
gy dot bién huoéng vi tri (vi du, QuikChange II Site-Directed Mutagenesis Kit hoac
QuikChange Multi Site-Directed Mutagenesis Kit cua Agilent Technologies, Inc.).

Su gay dot bién hudng vi tri ciia gen me co thé duoc thuc hién mot cach téng
quat nhat béng cach st dung cac doan mdi cho cac dot bién chira dot bién nucleotit
duge dura vio. Cac doan mdi cho cac dot bién co thé dugc thiét ké dé chira trinh tu
nucleotit duoc gin vao ving chira trinh ty nucleotit ma hoa gbc axit amin bi dot bién
trong gen me, va c6 trinh tu nucleotit (codon) ma hoa gbc axit amin bi dot bién thay
cho trinh tu nucleotit (codon) ma hoa géc axit amin bi dot bién. Cac trinh tu nucleotit
(cac codon) mi héa cc gbe axit amin khong bi dot bién hogc bi dot bién c6 thé duoc
nhan biét bai ngudi c6 hidu biét trung binh trong linh vyc ky thudt nay va lya chon
mdt cach thich hop dua trén cac tai liéu thong thuong hodc twong tur. Ngoai ra, viéc dot
bién diém truc tiép c6 thé sir dung phuong phap lién két cic manh ADN duoc khuéch
dai twong Ung tir phia nguoc dong va xudi dong cua vi tri dot bién bang cach sir dung
riéng ré hai doan moi bd sung chura dot bién nucleotit duoc dua vao, trong mdt manh
bang ky thuat PCR SOE (ghép néi bing su kéo dai chong chéo- splicing by overlap
extension) (Gene, 1989, 77 (1): p. 61-68).

ADN khudn chira gen me co thé duoc chuan bi bang cach chiét ADN bo gen
theo phwong phap thoéng thuong tir vi sinh vt san xuét axit 4-hydroxybenzoic
hydroxylaza duoc dé cap o trén, hodc bing cach chiét ARN tir d6 va téng hop cADN
bang cach phién mi ngugc. Ngoai ra, trinh ty nucleotit twong mg c6 thé duogc tong
hop hoa hoc trén co sé trinh tu axit amin cta polypeptit me, va dugc su dung lam
ADN khuén. Céc trinh tuw ADN chira céc trinh tu nucleotit md hoa HFM122, HFM3388,
HFM339, HFM77, HFM737, va HFMss0-1 da duoc dé cap 1a cac polypeptit c6 hoat
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tinh hydroxyl hoa axit 4-aminobenzoic néu trong SEQ ID NO: 1, SEQ ID NO: 3, SEQ
ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9 va SEQ ID NO: 11, tuong tmg.

Cac doan mdi cho cac dot bién co thé duogc chuén bi bing phuong phap tong
hop oligonucleotit dugc nhidu ngudi biét dén nhu phuong phép phosphoramidite
(Nucleic Acids Research, 1989, 17: 7059-7071). Viéc tong hop doan moi nhu vay c6
thé duoc thuc hién, vi du, bing céch st dung thiét bi téng hop oligonucleotit c6 sin
trén thi truong (do Applied Biosystems Inc. (ABI) san xuét, v.v..). Polynucleotit ma
hoa polypeptit theo sang ché c6 dot bién quan tdm co thé thu dugc bang cach gay dot
bién huéng vao vi tri nhu di md ta & trén voi gen me 1a ADN khuon bang céch su
dung bo moi chira cac doan moi cho cac dot bién.

Polynucleotit mad hoa polypeptit theo sang ché c6 thé chira ADN soi don hodc
soi kép, cADN, ARN hodc cac axit nucleic nhén tao khic. ADN, cADN va ARN cé
thé duoc téng hop hoéa hoc. Polynucleotit ciling c6 thé chira khung doc mé (ORF) cling
nhu trinh tu nucleotit ctia ving khong dich ma (UTR). Polynucleotit c6 thé dwoc tdi uu
hoa codon cho thé bién nap dé san xuét polypeptit dot bién theo sang ché. Thong tin vé
cac codon dugc st dung boi cac sinh vat khac nhau co san tr Co s& dit liéu st dung
Codon ([www.kazusa.or.jp/codon/]).

<Vecto hodc manh ADN>

Polynucleotit thu duge ma hoa polypeptit theo sang ché ¢o thé dugc chén vao
vecto. Vecto chira polynucleotit 1a vecto biéu hién. Tét hon 13, vecto 1a vecto biéu hién
c6 thé dua polynucleotit md hoa polypeptit theo sing ché vao vi sinh vat chu va cho
phép polynucleotit dugc biéu hién trong vi sinh vét chu. Tbt hon 13, vecto chira
polynucleotit ma hoa polypeptit theo sang ché, va vung didu khién dugc lién két hoat
dong vdi nd. Vecto co thé 12 vecto c6 kha ning sinh sdi va sao chép tir dong bén ngoai
nhiém sic thé (tc 13, trong plasmit), hodc co thé 1a vecto duogc hop nhit vao nhiém
sic thé.

Céc vi du cu thé vé vecto bao gbdm pBluescript IT SK(-) (Stratagene California),
cac vecto thudc hé pUC chang han nhu pUC18/19 va pUC118/119 (Takara Bio Inc.),
céc vecto thude hé pET (Takara Bio Inc.), céc vecto thugc hé pGEX (GE Healthcare

~
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Japan Corp.), cac vecto thugc hé pCold (Takara Bio Inc.), pHY300PLK (Takara Bio
Inc.), pUB110 (Mckenzie, T. et al., 1986, Plasmid 15 (2): 93-103), pBR322 (Takara
Bio Inc.), pRS403 (Stratagene California), pMW218/219 (Nippon Gene Co., Ltd.),
Céc vecto thudc hé pRI ché‘ing han nhu pRI909/910 (Takara Bio Inc.), cac vecto thudc
hé pBI (Clontech Laboratories, Inc.), cac vecto thude hé IN3 (Inplanta Innovations
Inc.), pPTR1/2 (Takara Bio Inc.), pDJB2 (D.J. Ballance et al., Gene, 36, 321-331,
1985), pAB4-1 (van Hartingsveldt W et al., Mol Gen Genet, 206, 71-75, 1987), pLeu4
(M.L.G. Roncero et al., Gene, 84, 335-343, 1989), pPyr225 (C.D. Skory et al., Mol
Genet Genomics, 268, 397-406, 2002), va pFGI (Gruber, F. et al., Curr Genet, 18,
447-451, 1990).

Polynucleotit ma hoa polypeptit theo sang ché c6 thé duoc tao ciu tric nhu
manh ADN chira polynucleotit twong tu. Cac vi du vé manh ADN bao gém céc manh
ADN duoc khuéch dai bang PCR va cidc manh ADN dugc phan cat bang enzym gi6i
han. Tét hon 13, manh ADN c¢6 thé 13 cat-xet biéu hién chira polynucleotit ma hoa
polypeptit theo sang ché, va ving diéu khién dugc lién két hoat dong voi no.

Vung diéu khién trong vecto hodc manh ADN la trinh tu cho phép polynucleotit
ma hoa polypeptit theo sang ché duoc bidu hién trong té bao chi trong d6 vecto hodc
manh ADN da dugc dua vao. Cac vi du vé chung bao gbdm céac ving didu chinh biéu
hién nhu céc trinh tu khoi dong va trinh tw két thic, va cée diém khoi dau sao chép.
Loai viing diéu khién co thé duoc lya chon mot cach thich hop tity theo loai vi sinh vat
chu trong d6 vecto hodc manh ADN di dugc dua vao. Néu can, vecto hoic manh
ADN c6 thé c6 thém chét chi thi chon loc nhu gen khang thube khang sinh hodc gen
lién quan dén tong hop axit amin (vi du, gen khang thudc nhu ampicillin, neomyecin,
kanamycin, hodc chloramphenicol).

Vecto hodc manh ADN c6 thé chira trinh tu polynucleotit ma héa polypeptit can
thiét cho qua trinh sinh téng hop axit 4-aminobenzoic. Cac vi du vé polypeptit can
thiét cho qué trinh sinh tong hop axit 4-aminobenzoic bao gbm 4-amino-4-

deoxychorismat synthaza (pabAB) va 4-amino-4-deoxychorismat lyaza (pabC).
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Lién két cua polynucleotit md hoa polypeptit theo sing ché voi ving didu khién
hodc trinh tu gen chi thi co thé duoc thuc hién béng phuong phap nhu SOE-PCR dugc
dé cap o trén. Cac quy trinh dua trinh tu gen vao vecto da dwoc biét dén nhiéu trong
linh vue k¥ thudt ndy. Loal viung diéu khién nhu ving trinh ty khoi dong, trinh tur két
thiic, hodc ving tin hiéu tiét khong bi gidi han cu thé, va trinh tw khoi dong hodc trinh
tur tin hiu tiét thuong dugc st dung co thé dugc lua chon va st dung mot cach thich
hop tuy theo vat chu tiép nhan.

Cac vi dy duoc wu tién vé ving diéu khién bao gdm, nhung khong chi gidi han
cu thé &, cac ving diéu khién manh c6 thé tang cuong su biéu hién so véi loai dai, vi
du, céc trinh tu khoi dong biéu hién cao di duoc biét dén trong linh vuc ndy chéng han
nhu trinh tu khéi dong T7, trinh ty khéi dong lac, trinh tu khoi dong tac, va trinh tu
khoi dong trp.

<Té bao duogc bién nap>

Té bao dugc bién nap theo séng ché c6 thé thu duogc béng cach dua vecto bao
gdm polynucleotit ma hoa polypeptit theo sang ché vao vit chi, hodc bang cich dua
manh ADN chira polynucleotit m3 hoa polypeptit theo sang ché vao hé gen cua vét
chu.

Té bao duoc bién nap la té bao chira polynucleotit md hoa polypeptit theo sang
ché mot cach rd rang, va cd thé 13 té bao c6 su biéu hién ting cudong cua polynucleotit,
va bang cich mo rong, 1a té bao co su biéu hién ting cuong cua polypeptit theo sing
ché.

Bt ky té bao nao cia nim, men, xa khuan, E. coli, Bacillus subtilis, hodc céc
loai twong tu cd thé duoc str dung lam té bao chu, va E. coli hodc xa khuén duge wu
tién. Cac vi du vé xa khuan bao gém vi khuan thudc chi Corynebacterium, Vi khuén
thuéc chi Mycovi khudn, vi khuan thudc chi Rhodococcus, Vi khuan thudc chi
Streptomyces, va Vi khudn thudc chi Propionivi hudn. Vi khuén thudc giong
Corynebacterium dugc wu tién, va Corynebacterium glutamicum duge uu tién hon.

Trong sb nhing loai khéc, vi sinh vat c6 thé cung cap axit 4-aminobenzoic dong
vai tro 13 cac chit nén trong qué trinh sinh tong hop axit 4-amino-3-hydroxybenzoic

18



52733 19/119

duoe wu tién, va vi sinh vat c6 kha nang cung chp axit 4-aminobenzoic ting cudng
dugc wu tién hon. Céc vi du vé phuong phap tang cudng kha ning cung cap axit 4-
aminobenzoic cua vi sinh vat bao gdm phuong phap dwa vao vi sinh vat, vecto chua
polynucleotit md hoéa polypeptit can thiét cho qua trinh sinh tong hop axit 4-
aminobenzoic, va ving didu khién dugc lién két hoat dong v6i nd, va phuong phap
thay thé ving diéu khién cta polynucleotit ma hoa polypeptit can thiét cho qua trinh
sinh téng hop axit 4-aminobenzoic, vbn ban dau duoc mang boi vi sinh vét, béang trinh
tu khéi dong biéu hién manh.

Céc vi du vé phuwong phap dua vecto hoac manh ADN vao vét chi bao gdm, Vi
du, tao 16 xung dién, bién nap, chuyén nap, lién hop, phuong phap nguyén sinh chét,
phuong phap siing bén hat hoic phuong phap vi khuin Agrobacterium.

Céc vi du vé phuong phap dwa polynucleotit vao by gen cia vat chu bao gom,
nhung khong gidi han cu thé &, phuong phap trao ddi chéo kép sir dung manh ADN
chira polynucleotit. Poan ADN c6 thé dugc dua vao xudi dong cua trinh ty khoi dong
cta gen c6 muc do biéu hién 16n trong té bao chu dugc dé cap ¢ trén, hodc mot doan
ctia manh ADN duoc lién két mot cach co thé hoat dong dugc véi ving diéu khién
duoc dé cap o trén cb thé duoc chuin bi truée, va doan lién két c6 thé duoc dua vao bd
gen cua vat chi. Poan ADN c¢6 thé duoc lién két thém trude véi mot chét chi thi (gen
khang thudc, gen bd sung dudng chat, v.v..) dé chon mot té bao chira polynucleotit
theo sang ché mét cach thich hop.

Té bao duoc bién nap chira vecto hodc manh ADN quan tam ¢o6 thé dugc chon
béng cach st dung chét chi thi chon loc. Vi du, khi chét chi thi chon loc 13 gen khing
thuéc khang sinh, t& bao dugc bién nap trong d6 vecto hodc manh ADN quan tdm da
duoc dua vao cé thé duge chon bang cach nudi cdy trong moi truong nudi cay c6 bd
sung khang sinh. Vi dy, khi chat chi thi chon loc 1 gen lién quan dén tong hop axit
amin, té bao duoc bién nap chira vecto hodc manh ADN quan tdm c6 thé dugc chon
béng cach st dung su c6 mit hodc khong c6 mit cua sinh vat khuyét dudng axit amin

nay lam chi s6 sau khi dua gen vao vi sinh vat chu can axit amin nay. Ngoai ra, viéc
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dua vecto hodc manh ADN quan tdm vao co thé dugc x4c nhan bang cach kiém tra
trinh tuv ADN cua té bao duoc bién nap béng PCR hodc tuong tu.

Té bao duge bién nap thu duge & trén dugc nudi céy trong moi trudng nudi céy
thich hop dé polynucleotit duge dwa vao t& bao dwoc bidu hién dé san xuat polypeptit
theo sang ché. Cu thé, té bao dugc bién nap c6 kha ning dong vai tro nhu mot vi
khudn san xuit polypeptit co hoat tinh hydroxyl héa axit 4-aminobenzoic. Trong
truong hgp nuoi céy té bao dugc bién nap theo sang ché, nhu duoc thé hién trong cac
vi du duge dé cap sau, ning suét cua axit 4-amino-3-hydroxybenzoic dugc cai thién so
véi truong hop sir dung té bao dugc bién nap san xuat polypeptit me.

Cu thé, trong polypeptit g(“)m trinh ty axit amin dugc thé hién boi SEQ ID NO: 2
hoic trinh tu axit amin c¢6 do tuong ddng it nhat 47% véi nd, va c6 hoat tinh hydroxyl
hoa axit 4-aminobenzoic, sy dot bién dé thay thé géc axit amin & vi tri 47 cta trinh tu
axit amin duogc thé hién bai SEQ ID NO: 2 hodc vi tri twong ng v6i n6 bang leuxin cé
ich trong viéc cdi thién hoat tinh hydroxyl hoa axit 4-aminobenzoic va ciing c6 ich
trong viéc cai thién nang suét cua axit 4-amino-3-hydroxybenzoic.

Trong mot polypeptit gdm trinh ty axit amin dugc thé hién boi SEQ ID NO: 2
hodc trinh tu axit amin c6 do tuwong déng it nhat 51% v&i nd, va c6 hoat tinh hydroxyl
hoa axit 4-aminobenzoic, sy dot bién dé thay thé gbc axit amin & vi tri 201 hoac 222
cta trinh tu axit amin dugc thé hién bai SEQ ID NO: 2 hodc vi tri tuong ung véi vi tri
201 hodic 222 bang phenylalanin c6 ich trong viéc cai thién hoat tinh hydroxyl hoa axit
4-aminobenzoic va ciing c6 ich trong viéc cdi thién nang suat cua axit 4-amino-3-
hydroxybenzoic.

Trong mdt polypeptit gdm trinh tyr axit amin duoc thé hién boi SEQ ID NO: 2
hodc trinh tu axit amin c6 do tuong ddng it nhat 90% vé&i no, va c6 hoat tinh hydroxyl
hoa axit 4-aminobenzoic, su dot bién dé thay thé géc axit amin & vi tri 47, 72, 210, 294
hodc 385 cua trinh ty axit amin dugc thé hién boi SEQ ID NO: 2 hodc vi tri twong tng
voi vi tri 47, 72, 210, 294 hodc 385 béng axit amin sau c6 ich trong viéc cai thién hoat
tinh hydroxyl hoa axit 4-aminobenzoic va ciing c6 ich trong viéc cai thién ning sut
clia axit 4-amino-3-hydroxybenzoic:

20



52733 21/119

(a) vi tri 47 hodc vi tri twong ung véi nd: isoleuxin, serin, threonin, Xystein,
methionin, hodc glutamin,

(b) vi tri 72 hodc vi trf tuong Umg v6i nd: alanin hodc methionin,

(¢) vi trf 210 hodc vi tri twong tmg v&i nd: methionin,

(d) vi tri 294 hodc vi tri twong Gmg véi né: alanin, glyxin, xystein, hodc serin, va

(e) vi tri 385 hodc vi tri twong Ung véi no: valin, leuxin, isoleuxin, hodc
methionin.

Hon nita, té bao dugc bién nap theo sang ché dong vai tro nhu mét vi khuén san
xuét polypeptit va c6 hoat tinh hydroxyl héa axit 4-aminobenzoic dugc cai thién va
déng vai trd nhu mot chung c6 ich san xuét axit 4-amino-3-hydroxybenzoic.

<San xuét axit 4-amino-3-hydroxybenzoic >

Phuong phép san xuét axit 4-amino-3-hydroxybenzoic theo sing ché bao goém
buéec nudi ciy té bao dugce bién nap theo sang ché, va axit 4-amino-3-hydroxybenzoic
c6 thé thu duoc bing cach thu gom axit 4-amino-3-hydroxybenzoic tir méi truong nudi
cy.

Theo sang ché, cac vi du cu thé vé axit 4-amino-3-hydroxybenzoic bao gdm cac

din xuét axit 4-amino-3-hydroxybenzoic c6 cong thirc (1) sau day:

R2
x1 COOH

trong d6 R! 1a nguyén tir hydro, nhém hydroxy (-OH), nhom metoxy (-OCHs),
nhém amin (-NHz), nguyén tir flo (-F), nguyén ti clo (-Cl), nguyén t brom (-Br),
nguyén tur i6t (-I), nhém cacboxy (-COOH), nhoém metyl (-CHs), hodc nhom etyl (-
CH>CH3), R? 1a nguyén tir hydro, nhém hydroxy (-OH), nhém metoxy (-OCH3s), nhom
amin (-NHa), nguyén tir flo (-F), nguyén tir clo (-Cl), nguyén tir brom (-Br), nguyén tr
it (-I), nhom cacboxy (-COOH), nhém metyl (-CHs) hoac nhom etyl (-CH2CHs), va
X! va X2 mdi loai 12 nguyén tir hydro hodc nhém hydroxy, it nhAt mot trong sé do 1a

nhom hydroxy.
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Nhém chirc R! t6t hon 14 nguyén tir hydro, nhém hydroxy (-OH), nhom metoxy
(-OCH3), nguyén tu flo (-F) hoac nhom metyl (-CHa).

Nhom chire R? t6t hon 1 nguyén tir hydro, nhém hydroxy (-OH), nhom metoxy
(-OCH3), nguyén ttr flo (-F) hodc nhom metyl (-CHs).

Tét hon nita 13, ca R! va R2 déu 1a nguyén tir hydro.

Ca X! va X2 déu co thé 1a nhém hydroxy, va mot trong sé X! hodc X t6t hon 1a
nhom hydroxy.

Moi trudong nudi cly c6 thé chira, néu cin, cac axit 4-aminobenzoic dong vai tro
1a co chat trong qué trinh sinh téng hop cac axit 4-amino-3-hydroxybenzoic.

Trong bdi canh ndy, cc vi du vé axit 4-aminobenzoic bao gbm céc dan xuét axit
4-aminobenzoic ¢6 ¢ong thirc (2) sau day:

R2
COOH

(2)
H,N R’

trong d6 R! va R? nhu dugc xac dinh & trén.

Bét ky moi truong nudi cdy tu nhién va moi truong nudi cdy tong hop nao ciing
6 thé duogc str dung 1am moi trudng nudi céy dé nudi céy té bao dugc bién nap mién
la moéi truong nuodi ciy chira ngudn cacbon, ngudn nito, mubi v6 co, v.v. va cho phép
nudi céy hiéu qua té bao duoc bién nap theo sang ché. Vi dy, cac sacarit nhu glucoza,
cac polyol nhur glyxerin, cac rugu nhur etanol, hodc cac axit hiru co nhu axit pyruvic,
axit suxinic hodc axit Xxitric cO thé duoc str dung lam nguén cacbon. Vi du, pepton,
chét chiét xudt tir thit, chit chiét xuit tir nAm men, chét thay phan casein, chit chiét
xuat kiém cta bot dau nanh, cac alkylamin ch?mg han nhu metylamin, hodc amoniac
hodc mudi ciia nd cé thé dugc sir dung lam nguén nito. Ngoai ra, phosphat, cacbonat,
sulfat, cdc mubi cia magie, canxi, kali, sat, mangan, kém, hodc tuong tu, mot axit
amin cu thé, mot loai vitamin cu thé, chét chéng tao bot, v.v. cd thé duoc sur dung, néu

can.
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Viéc nudi céy thuong co thé dugc thuc hién, néu cén, co khuéy hoic lic, & 10
°C @én 40 °C trong 6 gid dén 72 gis, tot hon 13 trong 9 git dén 60 gid, tot hon nira 1
trong 12 gio dén 48 gio. Trong qua trinh nudi cdy, co thé thém khang sinh ching han
nhu ampicillin hodc kanamycin vao méi trrong nudi chy, néu cén.

Céc phuong phap thu gom va tinh ché axit 4-amino-3-hydroxybenzoic tir moi
trudng nudi cay khong han ché cu thé. Cu thé, viéc thu gom va tinh ché co thé duoc
thwe hién bing cach két hop phuong phép nhya trao déi ion da biét dén rong rai,
phuong phap két tna, phuong phap két tinh, phuong phap két tinh lai, phuong phap cd
ddc va céc phuong phap khac. Vi du, sau khi loai bo céc té bao vi khuan bang cach ly
tam hodc cach tuong tu, cac chét ion dugc loai bo béng nhua trao ddi cation va anion,
va san phém tao thanh co thé duoc co dic dé thu dugc axit 4-amino-3-hydroxybenzoic.
AXxit 4-amino-3-hydroxybenzoic dugc tich iy trong moi trudng nudi ciy c6 thé duoc
stt dung tryc tiép ma khong can phan 1ap.

Sang ché ciing bao gdm cic chit, cac phuong phap san xuét, sir dung, cac
phuong phép, v.v.. sau ddy lam céc phuong an duoc ldy lam vi du. Tuy nhién, sing
ché khong bi giéi han boi cac phuong an nay.

<1> Polypeptit c6 hoat tinh hydroxyl hoa axit 4-aminobenzoic, polypeptit dugc
chon tir nhém bao gdm A) dén C) sau day:

A) polypeptit c6 hoat tinh hydroxyl hoa axit 4-aminobenzoic, gém trinh tu axit
amin duge thé hién béi SEQ ID NO: 2 hodc trinh ty axit amin ¢6 d tuong dbng it nhét
47% v61 nod, va co géc axit amin O vi tri 47 cua trinh ty axit amin duoc thé hién bai
SEQ ID NO: 2 hoic vi trf tuong tmg véi nd 1a leuxin;

B) polypeptit c6 hoat tinh hydroxyl héa axit 4-aminobenzoic, gom trinh tu axit
amin duge thé hién boi SEQ ID NO: 2 hodc trinh ty axit amin ¢ dg tuong déng it nhét
51% véi no, va co géc axit amin & vi tri 201 hodc 222 cua trinh ty axit amin dugc thé
hién boi SEQ ID NO: 2, hodc vi tri twong tng v6i vi tri 201 hodc 222 la phenylalanin;
va

C) polypeptit c6 hoat tinh hydroxyl héa axit 4-aminobenzoic, gbm trinh tyr axit
amin duge thé hién béi SEQ ID NO: 2 hodc trinh ty axit amin ¢6 d¢ tuong doéng it nhét
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90% v61 nod, va co géc axit amin & vi tri 47, 72, 210, 294 hodc 385 cua trinh tu axit
amin duoc thé hién bai SEQ ID NO: 2, hodc vi tri tuong Gmg voi vi tri 47,72, 210, 294
hodc 385 la axit amin sau day:

(a) vi tri 47 hodc vi tri twong ung véi nod: isoleuxin, serin, threonin, xystein,
methionin, hodc glutamin,

(b) vi tri 72 hodc vi tri twong (mg v6i nd: alanin hodc methionin,

(¢) vi tri 210 hodc vi tri twong tng véi nd: methionin,

(d) vi tri 294 hodc vi tri twong (mg voi né: alanin, glyxin, xystein, hoac serin, va

(e) vi tri 385 hodc vi tri twong Ung véi no: valin, leuxin, isoleuxin, hoac
methionin.

<2> Polypeptit c6 hoat tinh hydroxyl hoa axit 4-aminobenzoic, polypeptit dugc
chon tr nhom bao gom A") dén C") sau day:

A") polypeptit dot bién c6 hoat tinh hydroxyl hoa axit 4-aminobenzoic, gbm
trinh ty axit amin dugc thé hién bai SEQ ID NO: 2 hodc trinh ty axit amin c6 dg tuong
ddng it nhit 47% véi nd, trong d6 gbc axit amin & vi tri 47 cua trinh tyr axit amin dugc
thé hién boi SEQ ID NO: 2 hodc vi tri twong tmg v6i n6 duge thay thé béng leuxin;

B") polypeptit c6 hoat tinh hydroxyl héa axit 4-aminobenzoic, gom trinh tur axit
amin duge thé hién boi SEQ ID NO: 2 hodc trinh ty axit amin ¢ d§ tuong déng it nhat
51% vé6i nd, gbe axit amin & vi tri 201 hodc 222 cua trinh ty axit amin dugc thé hién
béi SEQ ID NO: 2, hoic vi trf twong ng véi vi tri 201 hoac 222 duoc thay thé bang
phenylalanin; va

C") polypeptit c6 hoat tinh hydroxyl hoa axit 4-aminobenzoic, gbm trinh tu axit
amin duge thé hién boi SEQ ID NO: 2 hodc trinh ty axit amin ¢ d§ tuong déng it nhat
90% v&1 nod, géc axit amin & vi tri 47, 72, 210, 294 hoac 385 cua trinh ty axit amin
duoc thé hién boi SEQ ID NO: 2, hodc vi tri tuong tng véi vi tri 47, 72, 210, 294 hoac
385 dugc thay thé bang axit amin sau day:

(a) vi tri 47 hodc vi trf twong Gmg v6i nd: isoleuxin, serin, threonin, xystein,
methionin, hodc glutamin,

(b) vi tri 72 hodc vi tri twong tng voi no: alanin hoac methionin,
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(c) vi tri 210 hodc vi tri twong ng v6i nd: methionin,

(d) vi tri 294 hoic vi tri twong tng v6i no6: alanin, glyxin, xystein, hodc serin, va

(e) vi tri 385 hodc vi tri twong mg véi nd: valin, leuxin, isoleuxin, hodc
methionin.

<3> Polypeptit dot bién theo <2>, trong do sy thay thé gdc axit amin trong A")
1 su thay thé cua valin bang leuxin, su thay thé gbc axit amin trong B") 13 sy thay thé
cua tyrosin bang phenylalanin, va sy thay thé gbc axit amin trong C") la su thay thé
chia threonin & vi tri 294 hodc vi tri twong ing voi no bang serin, su thay thé cia valin
& vi tri 47 hodc vi tri twong Ung véi nod bang isoleuxin, threonin, methionin hogc
glutamin, hoac su thay thé cua histidin & vi tri 72 hodc vi tri twong Gng véi nod béing
methionin.

<4> Phuong phap san xuat polypeptit dot bién c6 hoat tinh hydroxyl hoa axit 4-
aminobenzoic, bao gdm thay thé gbc axit amin, thay thé dwoc chon tir nhom bao gém
A'") dén C') sau day:

A") trong polypeptit gdm trinh ty axit amin dugc thé hién béi SEQ ID NO: 2
hodc trinh ty axit amin c6 d§ tuong ddng it nhat 47% véi nd, va co hoat tinh hydroxyl
hoa axit 4-aminobenzoic, su thay thé géc axit amin & vi tri 47 cta trinh ty axit amin
duoc thé hién boi SEQ ID NO: 2 hodc vi tri tuong Gmg v6i nd bang leuxin;

B') trong polypeptit gdm trinh tu axit amin dugc thé hién boi SEQ ID NO: 2
hodc trinh ty axit amin c6 d¢ tuong ddng it nhat 51% véi no, va co hoat tinh hydroxyl
hda axit 4-aminobenzoic, su thay thé géc axit amin & vi tri 201 hodc 222 cua trinh ty
axit amin duoc thé hién béi SEQ ID NO: 2, hodc Vi tri twong ng voi vi tri 201 hodc
222 bang phenylalanin; va

C") trong polypeptit gém trinh ty axit amin dugc thé hién boi SEQ ID NO: 2
hodc trinh tu axit amin c6 do trong dong it nhat 90% véi no, va cé hoat tinh hydroxyl
hoa axit 4-aminobenzoic, su thay thé géc axit amin & vi tri 47, 72, 210, 294 hoac 385
cua trinh tu axit amin dugc thé hién boi SEQ ID NO: 2, hodc vi tri twong tmg v6i vi tri

47,72, 210, 294 hodc 385 bang axit amin sau day:
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(a) vi tri 47 hodc vi tri twong ung véi nd: isoleuxin, serin, threonin, xystein,
methionin, hodc glutamin,

(b) vi tri 72 hodc vi trf twong (mg véi nd: alanin hodc methionin,

(c) vi tri 210 hodc vi tri twong trng véi nd: methionin,

(d) vi trf 294 hodc vi tri twong Gmg voi né: alanin, glyxin, xystein, hodc serin, va

(e) vi tri 385 hodc vi tri twong Ung vé6i nd: valin, leuxin, isoleuxin, hodc
methionin.

<5> Phuong phép theo <4>, trong d6 su thay thé gbc axit amin trong A'") 13 su
thay thé cua valin bang leuxin, su thay thé cua gbc axit amin trong B') 13 sy thay thé
cla tyrosin bang phenylalanin, va su thay thé gbc axit amin trong C') 1a sy thay thé cua
threonin & vi tri 294 hodc vi tri twong img v61 nd béng serin, su thay thé cua valin & vi
tri 47 hodc vi tri twong Gng véi nd bang isoleuxin, threonin, methionin hodc glutamin,
hodc su thay thé cna histidin & vi tri 72 hodc vi tri twong rng voi nd bang methionin.

<6> Phuong phap cai thién hoat tinh hydroxyl héa axit 4-aminobenzoic, bao
gbm thay thé gbc axit amin, thay thé dugc chon tir nhém bao gom A'") dén C'") sau day:

A") trong polypeptit gom trinh tu axit amin dugc thé hién bai SEQ ID NO: 2
hodc trinh tu axit amin c6 d tuong ddng it nhat 47% véi nd, va co hoat tinh hydroxyl
hoa axit 4-aminobenzoic, su thay thé gdc axit amin & vi tri 47 cta trinh tu axit amin
duoc thé hién bai SEQ ID NO: 2 hodc vi tri twong ing véi né béng leuxin;

B'") trong polypeptit gém trinh tu axit amin dugc thé hién boi SEQ ID NO: 2
hodc trinh ty axit amin c6 do twong déng it nhat 51% voi nod, va cé hoat tinh hydroxyl
héa axit 4-aminobenzoic, su thay thé géc axit amin & vi tri 201 hodc 222 cua trinh ty
axit amin duoc thé hién boi SEQ ID NO: 2, hodc vi tri twong tmg v6i vi tri 201 hodc
222 bang phenylalanin; va

C") trong polypeptit gbm trinh tu axit amin dugc thé hién boi SEQ ID NO: 2
hoac trinh tu axit amin c¢6 d§ twong ddng it nhat 90% véi no, va c6 hoat tinh hydroxyl
hoa axit 4-aminobenzoic, su thay thé géc axit amin & vi tri 47, 72, 210, 294 hodc 385
cua trinh tu axit amin dugc thé hién boéi SEQ ID NO: 2, hodc vi tri tuong Gmg v&i vi tri
47,772,210, 294 hoac 385 béng axit amin sau day:
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(a) vi trf 47 hodc vi tri twong tmg véi no: isoleuxin, serin, threonin, xystein,
methionin, hodc glutamin,

(b) vi tri 72 hodc vi trf twong Gmg v6i nd: alanin hodc methionin,

(c) vi tri 210 hodc vi tri twong Urng véi nd: methionin,

(d) vi tri 294 hodc vi tri twong g v6i no: alanin, glyxin, xystein, hodc serin, va

(e) vi tri 385 hodc vi tri twong ung véi no: valin, leuxin, isoleuxin, hoac
methionin.

<7> Phuong phap theo <6>, trong do su thay thé cua gbe axit amin trong A') 13
su thay thé cua valin bang leuxin, su thay thé gbc axit amin trong B') 1a sy thay thé cua
tyrosin bang phenylalanin, va sy thay thé gbe axit amin trong C') [a su thay thé cua
threonin & vi tri 294 hodc vi tri trong tng véi nd béng serin, su thay thé cta valin & vi
tri 47 hodc vi tri twong Gng véi nd béng isoleuxin, threonin, methionin hodc glutamin,
hoac su thay thé cua histidin & vi tri 72 hodc vi tri tuong tng véi no br?mg methionin.

<8> Phuong phép cai thién nang suét cua axit 4-amino-3-hydrozybenzoic, bao
g6m thay thé gdc axit amin, thay thé duogc chon tir nhém bao gém A") dén C") sau day:

A") trong truong hop san xuét axit 4-amino-3-hydroxybenzoic béng cach su
dung polypeptit gbm trinh tir axit amin dugc thé hién boi SEQ ID NO: 2 hodc trinh tu
axit amin c6 do twong ddng it nhat 47% véi nd, va c6 hoat tinh hydroxyl hoa axit 4-
aminobenzoic, su thay thé géc axit amin & vi tri 47 cua trinh ty axit amin duoc thé
hién bai SEQ ID NO: 2 hogc vi tri twong tmg véi no bang leuxin;

B') trong polypeptit gdm trinh ty axit amin duoc thé hién béi SEQ ID NO: 2
hodc trinh tur axit amin c6 do tuwong ddng it nhat 51% véi no, va ¢ hoat tinh hydroxyl
héa axit 4-aminobenzoic, sy thay thé gbc axit amin & vi tri 201 hodc 222 cua trinh tu
axit amin dugc thé hién boi SEQ ID NO: 2, hodc vi tri twong tmg voi vi tri 201 hodc
222 bang phenylalanin; va

C") trong polypeptit gdm trinh tu axit amin dugc thé hién bsi SEQ ID NO: 2
hodc trinh tu axit amin c6 46 tuong ddng it nhit 90% vé&i nod, va c6 hoat tinh hydroxyl

hoa axit 4-aminobenzoic, su thay thé géc axit amin & vi tri 47, 72, 210, 294 hodc 385
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cua trinh ty axit amin dugce thé hién boi SEQ ID NO: 2, hodc vi tri twong tmg v6i vi tri
47,172,210, 294 hoéc 385 béng axit amin sau day:

(a) vi tri 47 hodc vi tri twong tmg v6i no: isoleuxin, serin, threonin, xystein,
methionin, hodc glutamin,

(b) vi trf 72 hodc vi tri twong tmg véi no: alanin hoac methionin,

(¢) vi trf 210 hodc vi tri tuong tmg véi nd: methionin,

(d) vi tri 294 hodc vi tri tuong Gmg v61 no: alanin, glyxin, xystein, hodc serin, va

(e) vi tri 385 hodc vi tri twong ung véi nod: valin, leuxin, isoleuxin, hoac
methionin.

<9> Phuong phap theo <8>, trong do6 su thay thé gbc axit amin trong A') 13 su
thay thé ctia valin bang leuxin, su thay thé gbc axit amin trong B") 1a su thay thé cua
tyrosin bang phenylalanin, va sy thay thé gbc axit amin trong C') 13 sy thay thé cua
threonin & vi tri 294 hodc vi tri twong (mg v6i n6 bing serin, sy thay thé cta valin & vi
tri 47 hodc vi tri twong Gmg v61 nod bang isoleuxin, threonin, methionin hoac glutamin,
hoac su thay thé cua histidin & vi tri 72 hodc vi tri twong ung véi nd béng metionin.

<10> Polynucleotit ma hoa polypeptit theo bat ky tir <I> dén <3>.

<11> Vecto hodc manh ADN bao gbm polynucleotit theo <10>.

<12> Té bao duoc bién nap bao gdm vecto hodc manh ADN theo <11>.

<13> Té bao duge bién nap theo <12>, trong dd té bao dugc bién nap cé nguén
gbc tir E. coli hodc vi khuan thudc gibng Corynebacterium.

<14> Té bao duoc bién nap theo <12> hodc <13>, trong d6 té bao duoc bién
nap la vi sinh vét c6 kha nang cung cép axit 4-aminobenzoic.

<15> Té bao duoc bién nap theo <12> hodc <13>, trong do té bao duoc bién
nap da cai thién kha nang cung cép axit 4-aminobenzoic.

<16> Phuong phéap san xuit axit 4-amino-3-hydroxybenzoic, bao gom budc
nudi cay té bao duoc bién nap theo bat ky tir <12> dén <15>.

<17> Phuong phép theo <16>, trong d6 viéc nudi ciy duge thyuc hién trong moi

truong nudi cay chira sacarit lam nguon cacbon.
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<18> Phuong phap theo <16> hodc <17>, bao gbm thém budc thu gom axit 4-
amino-3-hydroxybenzoic tir méi truéng nuoi céy.

<19> Phuong phép theo bét ky tir <16> dén <18>, trong d6 viéc nudi ciy dugc
thuc hién véi su c6 mit cia axit 4-aminobenzoic. |

<20> Phuong phép theo bét ky tir <16> dén <19>, trong d6 axit 4-amino-3-
hydroxybenzoic 1a cic din xuét axit 4-amino-3-hydroxybenzoic c6 cong thirc (1) sau
day:

RZ

X! COOH

H,N R?
x2

trong d6 R! Ia nguyén tr hydro, nhom hydroxy, nhém metoxy, nhém amin,
nguyén tir flo, nguyén tir clo, nguyén tir brom, nguyen tir i6t, nhom cacboxy, nhom
metyl, hodc nhém etyl, R? 1a nguyén tir hydro, nhom hydroxy, nhom metoxy, nhom
amin, nguyén tir flo, nguyén tir clo, nguyén tir brom, nguyén tu i6t, nhom cacboxy,
nhém metyl, hodc nhém etyl, va X' va X2 mbi loai 1a nguyén tir hydro hodac nhom
hydroxy, it nhAt mot trong s6 d6 1a nhém hydroxy.

<21> Phuong phép theo <19> hodc <20>, trong d6 axit 4-aminobenzoic la cac
dAn xuét axit 4-aminobenzoic c6 cdng thic (2) sau day:

R2
COOH
(2)

HoN R?
trong d6 R! 12 nguyén tr hydro, nhom hydroxy, nhém metoxy, nhém amin,
nguyén tir flo, nguyén tir clo, nguyén tu brom, nguyén t i6t, nhom cacboxy, nhom
metyl, hodc nhém etyl, va R* 1a nguyén tir hydro, nhom hydroxy, nhém metoxy, nhom
amin, nguyén tir flo, nguyén tir clo, nguyén tu brom, nguyén tu i6t, nhom cacboxy,

nhém metyl, hodc nhém etyl.
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Vi du thye hién sing ché
Sau day, sang ché s& dwoc md ta chi tiét hon c6 tham chiéu dén cac vi du. Tuy
nhién, séng ché nay khong bi giéi han.
Vidy Al: San xut axit 4-amino-3-hydroxybenzoic
Trong vi du sau day, PCR dugc thuc hién bang PrimeSTAR Max Premix
(Takara Bio Inc.).
(1) Chuén bi plasmit chira gen ma héa enzym kiéu dai
(a) Chuan bi plasmit pECsf_gapS_pabABC
Manh ADN chia cic gen mi hoa 4-amino-4-deoxychorismat synthaza va 4-
amino-4-deoxychorismat lyaza dugc khuéch dai bang PCR sir dung bd gen dugc tach
chiét tr chung Corynebacterium glutamicum ATCC13032 bang phuong phép thong
thwong 1am khudén va su dung cac doan mdi GN14 127 (SEQ ID NO: 13,
TATTAATTAAATGCGCGTTTTAATTATTGATAATTATGATTC) va GN14_133
(SEQ ID NO: 14,
TTGCGGCCGCTTGTTTAAACCTCCTTACAGAAAAATGGTTGGGCG).  Poan
nay dugc chén vao gitta vi tri Pacl va vi tri Notl cia plasmit pECsf gapS (xem Don
sang ché Nhat Ban 56 2015-25491) dé thu dugc plasmit pECsf_gapS_pabABC.
(b) Chuén bj plasmit pECsf_gapS_pabABC_HFM122
Manh ADN cho mot vecto dugc tobng hop bang PCR st dung plasmit
pECsf gapS pabABC thu dwgc ¢ ftrén lam Kkhuodn va st dung cac doan moi
pabABCcory vec R (SEQ ID NO: 15,
AAATTTAAACCTCCTTTACAGAAAAATGGTTGG) va pabABCcory vec F (SEQ
ID NO: 16, GGAGGTTTAAACAAGCGGCCGCGATATC). Sau do, plasmit chira
gen (SEQ ID NO: 1) ma hoéa polypeptit HFM122 ¢6 hoat tinh hydroxyl hoa axit 4-
aminobenzoic dugc chudn bj bang cach téng hop gen nhén tao, va manh ADN cho
doan chén duoc tong hop bang PCR sir dung plasmit nay lam khuoén va st dung cac
doan moi pECsfD HFM122 F (SEQ ID NO: 17,
AGGAGGTTTAAATTTATGCGCACTCAGGTGGCTAT) va pECsfD HFMI22 R
(SEQ ID NO: 18, CTTGTTTAAACCTCCTTATACGAGTGGCAGTCCTA). Céc san
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phém PCR nay dugc xur 1y bang Dpnl (Takara Bio Inc.). Sau d6, cdc manh ADN tuong
g dugc tinh ché bang cach sir dung NucleoSpin Gel va PCR Clean-up (Takara Bio
Inc.) va duoc gén bang cach sir dung Kit tach dong In-Fusion HD (Takara Bio Inc.) dé
x4y dung plasmit pECsf gapS_pabABC_HFM122. Ching £. coli DH5a. cua ECOS
Competent (Nippon Gene Co., Ltd.) dugc bién nap bang dung dich plasmit thu duoc.
Dung dich té bao duoc ciy trén mdi truong thach LBKm (1 % Bacto Trypton, 0.5 %
yeast extract, 1 % NaCl, 50 pg/mL kanamycin sulfat, 1,5 % thach) va sau do dé yén
qua dém ¢ 37 °C. Cac khuén lac thu dugce phai chiu phan tng PCR sur dung Sapphire
Amp (Takara Bio Inc.) va cic doan moi pabABC+pobA cho CPCR F (SEQ ID NO: 19,
GCTATCAAAACATTCGGCACATTGGTTTTCC) va pabABC+pobA cho CPCR R
(SEQ ID NO: 20, GGAAGATGCGTGATCTGATCCTTCAACTC) dé chon mot thé
bién nap duoc xac nhan 1a chira manh ADN quan tam. Thé bién nap thu dugc duoc
chy vao 2 mL mdi trudng long LBKm (1 % Bacto Trypton, 0,5 % chiét xuat nim men,
1 % NaCl, 50 pg/mL kanamycin sulfat) va nudi cdy qua dém & 37 °C. Plasmit duoc
tinh ché tir dung dich nuéi ciy nay bang cach str dung NucleoSpin Plasmid EasyPure
(Takara Bio Inc.).

(¢) Chuén bj plasmit pECsf gapS_pabABC_tuD HFM122

Manh ADN cho vecto dugc téng hop bing PCR st dung plasmit
pECsf gapS pabABC_HFM122 thu dugc ¢ trén lam khuén va st dung céc doan moi
pabC last R (SEQ ID NO: 21, TTACAGAAAAATGGTTGGGCGCAA) va HFM122
F (SEQ ID NO: 22, ATGCGCACTCAGGTGGCTATCG). Sau d6, manh ADN (SEQ
ID NO: 23,
TACGTACCTGCAGGTAGCGTGTCAGTAGGCGCGTAGGGTAAGTGGGGTAG
CGGCTTGTTAGATATCTTGAAATCGGCTTTCAACAGCATTGATTTCGATGT
ATTTAGCTGGCCGTTACCCTGCGAATGTCCACAGGGTAGCTGGTAGTTTGA
AAATCAACGCCGTTGCCCTTAGGATTCAGTAACTGGCACATTTTGTAATGC
GCTAGATCTGTGTGCTCAGTCTTCCAGGCTGCTTATCACAGTGAAAGCAAA
ACCAATTCGTGGCTGCGAAAGTCGTAGCCACCACGAAGTCCAAAGGAGGA
TCTAAATTATGAATAATATAAAAGGAGGAATTAATTAA) chira trinh ty khoi
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dong gen tuf (cg0587) (sau day, duoc goi 12 trinh tu khoi dong tu) duge mang bot
ching Corynebacterium glutamicum ATCC13032 dugc chudn bi bang cach téng hop
gen nhén tao, va manh ADN cho doan chen dugc téng hop bang PCR st dung doan
nay lam khudén va st dung cic doan mdi pabC-Ptu F (SEQ ID NO: 24,
ACCATTTTTCTGTAATACGTACCTGCAGGTAGCGTG) va Ptu-HFM122 R (SEQ
ID NO: 25, CACCTGAGTGCGCATTTAATTAATTCCTCCTTTTA). Cac san pham
PCR nay dugc xtr ly bang Dpnl (Takara Bio Inc.). Sau d6, cic manh ADN tuong img
duoc tinh ché bé‘mg cach sir dung NucleoSpin Gel va PCR Clean-up (Takara Bio Inc.)
va dwoc gin bang cach sir dung Kit tach dong In-Fusion HD (Takara Bio Inc.) dé xay
dung plasmit pECsf gapS_pabABC_tuD_HFM122. Chung E. coli DH5a cua ECOS
Competent (Nippon Gene Co., Ltd.) dugc bién nap bang dung dich plasmit thu duoc.
Dung dich té bao dugc cAy trén moi truong thach LBKm va sau do dé yén qua dém &
37 °C. Cac khuin lac thu duoc di trai qua phan ing PCR sir dung Sapphire Amp
(Takara Bio Inc.) va ciac doan mdi Ptu seq 1 (SEQ ID NO: 26,
GCTTGTTAGATATCTTGAAATCGGCTTTC) va pabABC+pobA cho CPCR R
(SEQ ID NO: 20, GGAAGATGCGTGATCTGATCCTTCAACTC) dé chon thé bién
nap dugc xac nhén chira manh ADN quan tam. Thé bién nap thu duge duge céy vao 2
mL méi trudng 16ng LBKm va duge nudi cdy qua dém ¢ 37 °C. Plasmit dugc tinh ché
tir dung dich nudi cdy nay bang cach str dung NucleoSpin Plasmid EasyPure (Takara
Bio Inc.).

Trong plasmit dugc xdy dung, cic gen md hoa 4-amino-4-deoxychorismat
synthaza va 4-amino-4-deoxychorismat lyaza dugc lién két dudi su kiém soét cua trinh
tu khoi dong gap, va gen ma hoa HFM122 kiéu dai duoc lién két them dudi su kiém
soat cua trinh tu khdi dong tu.

(d) Chudn bj cac plasmit khac

Méanh ADN cho vecto dugc tong hop bing PCR st dung plasmit
pECsf_gapS pabABC_tuD_HFMI122 thu dugc & trén lam khuon va sir dung cac doan
mdi pGapABA tu vec F (SEQ ID NO: 27, GGAGGTTTAAACAAGCGG) va
pGapABA_tu vec R (SEQ ID NO: 28, AATTTAGATCCTCCTTTGGACTTCGTG).

5%e )
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Sau d6, plasmit chira gen (SEQ ID NO: 3, 5, 7, 9, hodc 11) ma héa mdi polypeptit c6
hoat tinh hydroxyl héa axit 4-aminobenzoic da dugc chuan bi bang cach tong hop gen
nhan tao, v manh ADN cho doan chen dugc tong hop bang PCR sir dung plasmit nay
lam khudn va st dung céc doan mdi dugc thé hién trong cot "Poan mdi" cia Bang Al.
Céc san phim PCR nay du’qc‘xfr 1y bang Dpnl (Takara Bio Inc.). Sau do6, cdc manh
ADN tuong ing duge tinh ché bang cach st dung NucleoSpin Gel va PCR Clean-up
(Takara Bio Inc.) va duoc gén bing cach str dung Kit tdch dong In-Fusion HD (Takara
Bio Inc.) dé xay dung plasmit dugc thé hién trong cot "Plasmit" cua Bang Al. Chung
E. coli DH5a. cua ECOS Competent (Nippon Gene Co., Ltd.) dugc bién nap bang
dung dich plasmit thu dugc. Dung dich té bao dugc cdy trén moi trudng thach LBKm
va sau d6 dé yén qua dém & 37 °C. Cac khuén lac thu duoc da trai qua phan img PCR
sir dung Sapphire Amp (Takara Bio Inc.) va cac doan mdi Ptu seq 1 (SEQ ID NO: 26,
GCTTGTTAGATATCTTGAAATCGGCTTTC) va pabABC+pobA cho CPCR R
(SEQ ID NO: 20, GGAAGATGCGTGATCTGATCCTTCAACTC) dé chon thé bién
nap duoc xac nhan chira manh ADN quan tam. Thé bién nap thu duge duge céy vao 2
mL méi trudng 1ong LBKm va dugce nudi cdy qua dém & 37 °C. Plasmit da dugc tinh
ché tir dung dich nudi cdy nay bang cich st dung NucleoSpin Plasmid EasyPure
(Takara Bio Inc.).

Trong cac plasmit dugc xay dung, cac gen ma hoa 4-amino-4-deoxychorismat
synthaza va 4-amino-4-deoxychorismat lyaza duoc lién két dudi su kiém soét cla trinh
tu khoi dong gap, va gen ma héa hydroxylaza kiéu dai dugc lién két thém dudi su

kiém soét cua trinh tu khoi dong tu.
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[Bang Al]
Plasmit DPoan mdi | Trinh tu (5'—3") SEQID
NO
pECsf gapS | HFM77 ins | AGGAGGATCTAAATTATGCGTAC 29
pabABC_tu_ F TCAGGTGGGAATC
HFM77
HFM?77 ins | CTTGTTTAAACCTCCTTAAGCAA 30
R GTGGCATGC
pECsf gapS_ | HFM339 | AGGAGGATCTAAATTATGCGCAC 31
pabABC_tu_ ins F TCAGGTGGCAATC
HFM339
HFM339 | CTTGTTTAAACCTCCTTAGTATGG 32
ins R CAGGCCTACG
pECsf gapS | HFM388 | AGGAGGATCTAAATTATGCGCAC 33
pabABC_tu_ ins F CCAAGTGGTCATC
HFM388
HFM388 | CTTGTTTAAACCTCCTITAGAACG 34
ins R GCAGACCCACGTAG
pECsf gapS | HFM737 | AGGAGGATCTAAATTATGCGCAC 35
pabABC_tu_ ins F TCAGGTTGGTATC
HFM737
HFM737 | CTTGTTTAAACCTCCTTAGTGGCT 36
ins R CAGTCCAACCATTC
pECsf gapS | HFMss0-1 | AGGAGGATCTAAATTATGCGTAC 37
pabABC_tu_ ms F CCAAGTGGCCATCATTG
HFMss0-1
HFMss0-1 | CTTGTTTAAACCTCCTTAGAAGCC 38
ins R AATCGGAAGGCC

34




52733 35/119

2) Chuén bi plasmit chira gen ma hoa enzym dot bién

Viéc chuén bi plasmit chira gen ma hoa dot bién enzym s& dugc dua ra dudi day
bang cach liy lam vi du, chuén bi plasmit chira gen ma héa enzym dot bién trong do
valin & vi tri 47 cia HFM77 duoc thay thé béng leuxin.

Plasmit pECsf gapS pabABC_tu HFM77_V47L dugc xay dung bang PCR sir
dung plasmit pECsf_gapS_pabABC_tu_HFM77 lam khudn va st dung cdc doan moi
bd sung HFM77 V47L F (SEQ ID NO: 39,
GCCGGGCTCCTGGAACAGTCTACGGTT) va HFM77 V47L R (SEQ ID NO: 40,
TTCCAGGAGCCCGGCGCGGATGGTCTG). San pham PCR dugc xit ly bang Dpnl
(Takara Bio Inc.). Ching E. coli DH5a cua ECOS Competent (Nippon Gene Co.,
Ltd.) da duogc bién nap béng dung dich do d6 da duge xtr ly. Dung dich té bao dugc
cdy trén moi truong thach LBKm va sau d6 dé yén qua dém & 37 °C. Céc khuén lac
thu duoc duoc chon 1am thé bién nap. Thé bién nap duogc céy vao 2 mL moi trudong
long LBKm va nudi ciy qua dém & 37 °C. Plasmit da duoc tinh ché tir dung dich nuéi
chy nay bang cach sir dung NucleoSpin Plasmid EasyPure (Takara Bio Inc.).

Theo céach tuong tu, plasmit chira gen ma hoa mdi dot bién enzym thu duoc
bang PCR sir dung plasmit dugc thé hién trong cot "Khudn" cta Bang A2 thay cho
plasmit pECsf gapS pabABC_tu_HFM77 va st dung cac doan mdi dwoc thé hién
trong cot "Poan moi" ciia Bang A2 thay cho cac doan mdi HFM77 V47L F va HFM77
V47L R.
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36/119
[Bang A2]
Khudn Poan mdi | Trinh tu (5'—3" SEQ
ID NO
pECsf gapS_pabABC tu | HFM122 | GCTGGTCTCCTGGAACGTATC | 41
D HFM122 V4TLF | ACGGTG
HFM122 | TTCCAGGAGACCAGCCCGAA | 42
V47LR | CTCGGCC
pECsf gapS_pabABC_tu | HFM339 | GCAGGCCTCCTGGAGCAGGG | 43
_HFM339 V4TLF | CATGGTT
HFM339 | CTCCAGGAGGCCTGCACGGA | 44
V4TLR | TGCGGGA
pECsf gapS pabABC tu | HFM388 | GCTGGACTCTTGGAACAGGG 45
_HFM388 V4TLF | CACCGTT
HFM388 | TTCCAAGAGTCCAGCGCGAA 46
V47LR | CTCGCCC
pECsf gapS_pabABC_tu | HFM737 | GCGGGTCTCCTGGAACAGGG | 47
_HFM737 V4TLF | CACCATG
HFM737 | TTCCAGGAGACCCGCCCGAA 48
V47LR | TCGTGGA
pECsf gapS_pabABC_tu | HFMss0-1 | GCCGGTCTCCTGGAGCACTCC | 49
_HFMss0-1 V47LF | ACGGTG
HFMss0-1 | CTCCAGGAGACCGGCACGGA | 50
V47TLR | TGCGTGA

(3) Pua plasmit vao té bao chu

Chung Corynebacterium glutamicum DRHG145 (xem Don sang ché Nhat Ban
s6 2014-523757) duoc bién nap véi mdi plasmit thu duge ¢ trén bang cong nghé tao 16
xung dién (Bio-Rad Laboratories, Inc.). Dung dich té bao duogc bién nap thu duoc
duoge cAy trén moi truong thach LBKm va sau d6 dé yén & 30 °C trong 2 ngay. Cac
khuan lac thu dugc nay dugc st dung lam thé bién nap.

(4) Nubi cdy thé bién nap
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MB&i thé bién nap thu dugc & trén duge cdy vao 1 mL méi truong CGYE (chira
50 ng/mL kanamycin sulfat) dugc thé hién trong Bang A3, va dugc nudi ciy qua dém
&30 °C. 100 pL dung dich nudi cdy thu dugc dugce cdy vao 10 mL mbi truong CGXII
(chtra 50 pg/mL kanamycin sulfat) dugc thé hién trong Bang A4, va dugc nudi ciy &
30 °C trong khoang 48 gio. Sau do, cac t& bao vi khuén duoc loai bo bang cach ly tim
dé thu dugc dich ndi nuoi cdy. Nong do cua axit 4-amino-3-hydroxybenzoic trong dich
néi nudi cy thu duoc duge dinh lugng theo phwong phéap cua Vi du tham chiéu 1. Ty
1€ cai thién kha nang san xuat axit 4-amino-3-hydroxybenzoic dugc tinh theo phuong
trinh dua ra dudi day. Trong phuong trinh, "WT" 1a "thé bién nap chira plasmit chira
gen ma hoa enzym kidu dai ", va "MT" 14 "thé bién nap chira plasmit chira gen ma héa
enzym dot bién va dugc chudn bi tir plasmit chira gen ma hda enzym kiéu dai da duoc
dua vao".

(Phuong trinh 1)

Ty 1& cai thién kha nang san xuat = Kha ning ctia MT san xuét axit 4-amino-3-

hydroxybenzoic/Kha nang cia WT san xuét axit 4-amino-3-hydroxybenzoic

~]
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[Bang A3]
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Thanh phan méi truong CGYE (mdi L)

Glucoza 50g
(NH4)2S804 20g
Ure S8
KH,PO4 lg
K>2HPO4 lg
MgSO47H>O 0,25¢g
CaCl»-2H,O 10 mg
FeSO47H>O 10 mg
MnSO4-5H>0 10 mg
ZnS04-7H>0 1 mg
CuSO4-5H20 0,2 mg
NiCL-6H>O 0,02 mg
Biotin (pH7) 0,2 mg
Dich chiét nAm men lg

38
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[Bang A4]
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Thanh phan méi trudng CGXII (mdi L)

Glucoza 50¢g
(NH4)2804 20¢g
Ure S8
KH,PO4 lg
KoHPO4 lg
MgSO4-7H,0 0,25¢g
CaCl»-2H>O 10 mg
FeSO47H>O 10 mg
MnSO4-5H>O 10 mg
ZnS04-7H>0 1 mg
CuSO04-5H20 0,2 mg
NiCl»-6H.O 0,02 mg
Biotin (pH7) 0,2 mg
Trypton 10 g
(5) Két qua

39/119

Nhu duoc thé hién trong Bang A5, ching vi khuén chira mdi enzym dot bién c6

kha niang san xuat axit 4-amino-3-hydroxybenzoic duoc cai thién nhiéu hon so vé1

chung vi khuan chira enzym kiéu dai.
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[Bang AS5]
Hydroxylaza ﬂ?n%ég%hﬁigijézigi Ty 1¢ cai t hién;khé nang
(g/L) san xuat
HFM77 wt 0,073 1,00
HFM77 V4TL 0,134 1,83
HFM122 wt 0,134 1,00
HFM122 V47L 0,372 2,77
HFM339 wt 0,016 1,00
HFM339 V47L 0,071 4,47
HFM388 wt 0,033 1,00
HFM388 V47L 0,100 3,02
HFM737 wt 0,112 1,00
HFM737 V47L 0,164 1,46
HFMss0-1 wt 0,112 1,00
HFMss0-1 V471 0,140 1,25

40
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Vi dy B1: San xuét axit 4-amino-3-hydroxybenzoic

Trong vi du sau, PCR dugc thyc hién s dung PrimeSTAR Max Premix (Takara
Bio Inc.).

(1) Chuén bi plasmit chira gen mi héa enzym kiéu dai

(a) Chuan bi plasmit pECsf gapS_pabABC

Manh ADN chira cic gen mi hoéa 4-amino-4-deoxychorismat synthaza va 4-
amino-4-deoxychorismat lyaza duoc khuéch dai bang PCR sir dung b gen chiét xuat
tir ching Corynebacterium glutamicum ATCC13032 bang phuong phép thong thuong
lam khuén va st dung cac doan modéi GN14 127 (SEQ ID NO: 13,
TATTAATTAAATGCGCGTTTTAATTATTGATAATTATGATTC) va GNI14_133
(SEQ ID NO: 14,
TTGCGGCCGCTTGTTTAAACCTCCTTACAGAAAAATGGTTGGGCG). Doan
nay duge chén vao gilra vi tri Pacl va vi tri NotI cua plasmit pECsf gapS (xem Don
sang ché Nhat Ban sb 2015-25491) d¢ thu duoc plasmit pECsf_gapS_pabABC.

(b) Chuén bj plasmit pECsf_gapS_pabABC_HFM122

Mot manh ADN cho vecto duoc tdng hop bing PCR st dung plasmit
pECsf gapS pabABC thu dugc & trén lam khuon va st dung céc doan mdi
pabABCcory vec R (SEQ ID NO: 15,
AAATTTAAACCTCCTTTACAGAAAAATGGTTGG) va pabABCcory vec F (SEQ
ID NO: 16, GGAGGTTTAAACAAGCGGCCGCGATATC). Sau do, plasmit chira
gen (SEQ ID NO: 1) ma hoa polypeptit HFM122 ¢4 hoat tinh hydroxyl hoa axit 4-
aminobenzoic duge chuin bi béng cach téng hop gen nhan tao, va mot manh ADN cho
doan chén duoc tong hop bang PCR st dung plasmit nay lam khudn va su dung cac
doan moi pECsfD HFM122 F (SEQ ID NO: 17,
AGGAGGTTTAAATTTATGCGCACTCAGGTGGCTAT) va pECsfD HFM122 R
(SEQ ID NO: 18, CTTGTTTAAACCTCCTTATACGAGTGGCAGTCCTA). Cac sin
phém PCR nay duogc xtr ly bang Dpnl (Takara Bio Inc.). Sau d6, cic manh ADN twong
tmg duoc tinh ché bang cach sir dung NucleoSpin Gel va PCR Clean-up (Takara Bio
Inc.) va duoc gin bang cach st dung Kit tach dong In-Fusion HD (Takara Bio Inc.) dé
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xay dyng plasmit pECsf gapS_pabABC_HFM122. Chung E. coli DH5a cua ECOS
Competent (Nippon Gene Co., Ltd.) dugc bién nap bang dung dich plasmit thu dugc.
Dung dich té bao duoc cAy trén mdi truomg thach LBKm (1 % Bacto Trypton, 0,5 %
chiét xudt nAim men, 1 % NaCl, 50 pg/mL kanamycin sulfat, 1,5 % aga) va sau do6 dé
yén qua dém & 37 °C. Cac khudn lac thu duogc phai chiu phan ung PCR st dung
Sapphire Amp (Takara Bio Inc.) va cac doan moi pabABC+pobA for CPCR F (SEQ
ID NO: 19, GCTATCAAAACATTCGGCACATTGGTTTTCC) va pabABC+pobA
cho CPCR R (SEQ ID NO: 20, GGAAGATGCGTGATCTGATCCTTCAACTC) dé
chon thé bién nap dugc xac nhén 1a chira manh ADN quan tam. Thé bién nap thu duoc
dugc ciy vao 2 mL mdi truong 1ong LBKm (1 % Bacto Trypton, 0,5 % chiét xut ndm
men, 1 % NaCl, 50 pg/mL kanamycin sulfat) va dugc nudi cdy qua dém & 37 °C.
Plasmit duge tinh ché tir dung dich nudi cdy nay su dung NucleoSpin Plasmid
EasyPure (Takara Bio Inc.).

(¢) Chuén bi plasmit pECsf_gapS_pabABC_tuD_HFM122

Manh ADN cho vecto dwgc téng hop bing PCR sir dung plasmit
pECsf gapS_pabABC_HFM122 thu dugc ¢ trén lam khudn va st dung cac doan moi
pabC last R (SEQ ID NO: 21, TTACAGAAAAATGGTTGGGCGCAA) va HFM122
F (SEQ ID NO: 22, ATGCGCACTCAGGTGGCTATCG). Sau do, mot manh ADN
(SEQ ID NO: 23,
TACGTACCTGCAGGTAGCGTGTCAGTAGGCGCGTAGGGTAAGTGGGGTAG
CGGCTTGTTAGATATCTTGAAATCGGCTTTCAACAGCATTGATTTCGATGT
ATTTAGCTGGCCGTTACCCTGCGAATGTCCACAGGGTAGCTGGTAGTTTGA
AAATCAACGCCGTTGCCCTTAGGATTCAGTAACTGGCACATTTTGTAATGC
GCTAGATCTGTGTGCTCAGTCTTCCAGGCTGCTTATCACAGTGAAAGCAAA
ACCAATTCGTGGCTGCGAAAGTCGTAGCCACCACGAAGTCCAAAGGAGGA
TCTAAATTATGAATAATATAAAAGGAGGAATTAATTAA) chira trinh ty khai
dong gen tuf (cg0587) (sau ddy, dwgc goi la trinh tu khoi dong tu) duge mang baéi
ching Corynebacterium glutamicum ATCC13032 dugc chuan bi bing cach tong hop
gen nhan tao, va manh ADN cho doan chen dugc téng hop bang PCR sir dung doan
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ndy lam khuén va st dung cac doan mdéi pabC-Ptu F (SEQ ID NO: 24,
ACCATTTTTCTGTAATACGTACCTGCAGGTAGCGTG) va Ptu-HFM122 R (SEQ
ID NO: 25, CACCTGAGTGCGCATTTAATTAATTCCTCCTTTTA). Cac san pham
PCR nay dugc xt ly bang Dpnl (Takara Bio Inc.). Sau d6, cic manh ADN tuong tmg
duoc tinh ché bing cach str dung NucleoSpin Gel va PCR Clean-up (Takara Bio Inc.)
va dugc géngén bang cach sir dung Kit tach dong In-Fusion HD (Takara Bio Inc.) dé
xay dung plasmit pECsf gapS_pabABC_tuD_HFMI122. Chung E. coli DH5a. cua
ECOS Competent (Nippon Gene Co., Ltd.) dugc bién nap bang dung dich plasmit thu
duoc. Dung dich té bao duge cAy trén moi truong thach LBKm va sau do dé yén qua
dém & 37 °C. Cac khuan lac thu duoc d3 trai qua phan ung PCR sir dung Sapphire
Amp (Takara Bio Inc.) va céac doan mdi Ptu seq 1 (SEQ ID NO: 26,
GCTTGTTAGATATCTTGAAATCGGCTTTC) va pabABC+pobA cho CPCR R
(SEQ ID NO: 20, GGAAGATGCGTGATCTGATCCTTCAACTC) dé chon thé bién
nap duoc xac nhén chira manh ADN quan tam. Thé bién nap thu dwge duge céy vao 2
mL méi trudng long LBKm va duoc nudi cdy qua dém & 37 °C. Plasmit dugc tinh ché
tir dung dich nudi ciy ndy sir dung NucleoSpin Plasmid EasyPure (Takara Bio Inc.).

Trong plasmit duge xdy dung, cic gen md hoa 4-amino-4-deoxychorismat
synthaza va 4-amino-4-deoxychorismat lyaza dugc lién két dudi su kiém soat clia trinh
tu khoéi dong gap, va gen ma hoa HFM122 kiéu dai duoc lién két théem dudi su kiém
soat cua trinh tu khéi dong tu.

(d) Chudn bi cac plasmit khac

Manh ADN cho vecto duoc téng hop bang PCR st dung plasmit
pECsf gapS pabABC_tuD_HFMI122 thu duogc & trén 1am khu6n va st dung cac doan
mdi pGapABA tu vec F (SEQ ID NO: 27, GGAGGTTTAAACAAGCGQG) va
pGapABA_tu vec R (SEQ ID NO: 28, AATTTAGATCCTCCTTTGGACTTCGTG).
Sau d6, plasmit chira gen (SEQ ID NO: 3, 5, hodc 7) ma hoa mdi polypeptit c6 hoat
tinh hydroxyl hoa axit 4-aminobenzoic dugc chuan bi bang cach tong hop gen nhan
tao, va mot manh ADN cho doan chén dugc téng hop béng PCR st dung plasmit nay
lam khuon va sir dung cac doan moi duge thé hién trong cot "Poan mdi" cua Bang BI.
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Céc san pham PCR nay dugc xir ly bang Dpnl (Takara Bio Inc.). Sau do, cic manh
ADN tuong tmg dugc tinh ché bang cach sir dung NucleoSpin Gel va PCR Clean-up
(Takara Bio Inc.) va dugc gin bang cach sir dung Kit tich dong In-Fusion HD (Takara
Bio Inc.) d xiy dung plasmit dugc thé hién trong cot "Plasmit" ctia Bang B1. Chiing
E. coli DH5a, cia ECOS Competent (Nippon Gene Co., Ltd.) dugc bién nap bang
dung dich plasmit thu dugc. Dung dich té bao duoc cdy trén méi trudng thach LBKm
va sau d6 dé yén qua dém & 37 °C. Cac khuén lac thu duge d trai qua phan tng PCR
str dung Sapphire Amp (Takara Bio Inc.) va cac doan mdi Ptu seq 1 (SEQ ID NO: 26,
GCTTGTTAGATATCTTGAAATCGGCTTTC) va pabABC+pobA cho CPCR R
(SEQ ID NO: 20, GGAAGATGCGTGATCTGATCCTTCAACTC) dé chon thé bién
nap dugc xac nhan chira manh ADN quan tam. Thé bién nap thu duge dugce céy vao 2
mL méi truong long LBKm va dugc nudi ciy qua dém & 37 °C. Plasmit dugc tinh ché
tir dung dich nudi ciy nay bang cach sir dung NucleoSpin Plasmid EasyPure (Takara
Bio Inc.).

Trong cac plasmit dugce x4y dung, cac gen md hoa 4-amino-4-deoxychorismat
synthaza va 4-amino-4-deoxychorismat lyaza dugc lién két dudi su kiém soét cta trinh
tir khéi dong gap, va gen ma héa hydroxylaza kiéu dai duoc lién két thém dudi su

kiém soat cua trinh tu khoi dong tu.
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[Bang B1]

Plasmit Poan moéi | Trinh ty (5'—3") SEQ
ID NO

pECsf gapS pabA | HFM77 ins F | AGGAGGATCTAAATTATGCGTA | 29
BC tu HFM77 CTCAGGTGGGAATC

HFM77 ins R | CTTGTTTAAACCTCCTTAAGCA 30
AGTGGCATGC

pECsf gapS pabA | HFM339 ins AGGAGGATCTAAATTATGCGCA 31
BC tu HFM339 F CTCAGGTGGCAATC

HFM339 ins | CTTGTTTAAACCTCCTTAGTATG 32
R GCAGGCCTACG

pECsf gapS pabA | HFM388 ins AGGAGGATCTAAATTATGCGCA 33
BC tu HFM388 F CCCAAGTGGTCATC

HFM388 ins | CTTGTTTAAACCTCCTTAGAAC 34
R GGCAGACCCACGTAG

(2) Chuén bi plasmit chira gen ma hoa enzym dot bién

Viéc chuan bi plasmit chira gen ma hoa dot bién s& duoc dua ra dudi day bang
cach ldy lam vi du, chuén bi plasmit chira gen ma hoa dot bién enzym trong dé tyrosin
o vi tri 201 cia HFM77 dugc thay thé bang phenylalanin.

Plasmit pECsf_gapS_pabABC_tu_HFM77_Y201F da dugc xdy dung bang PCR
str dung plasmit pECsf gapS pabABC_tu HFM77 lam khudn va str dung cac doan
mbi b sung HFM77 Y201F F (SEQ ID NO: 51,
CTCATCTTCGCACATCACGACCGCGGA) va HFM77 Y201F R (SEQ ID NO: 52,
ATGTGCGAAGATGAGCTCTTCGGATGA). San pham PCR dugc xit 1y bang Dpnl
(Takara Bio Inc.). Ching E. coli DH5a cua ECOS Competent (Nippon Gene Co.,
Ltd.) duoc bién nap bang dung dich do d6 da dwogc xir Iy. Dung dich té bao duoc cay
trén moi truong thach LBKm va sau do dé yén qua dém ¢ 37 °C. Cac khuan lac thu

duoc duogc chon lam thé bién nap. Thé bién nap duogc céy vao 2 mL mdi truong long
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LBKm va dugc nubdi ciy qua dém & 37 °C. Plasmit dugc tinh ché tir dung dich nudi
ciy nay bang cach sir dung NucleoSpin Plasmid EasyPure (Takara Bio Inc.).

Theo cach tuong tu, plasmit chira gen ma hoéa mdi dot bién enzym thu duogc
bang PCR sir dung plasmit dugc thé hién trong cot "Khudn" cia Bang B2 thay cho
plasmit pECsf gapS_pabABC_tu_HFM77 va st dung cac doan mdi dugc thé hién
trong ¢6t "Doan mdi" cua Bang B2 thay cho cac doan moi HFM77 Y201F F va
HFM77 Y201F R.

46



52733

47/119

[Bang B2]
Khuon DPoan méi | Trinh ty (5'—3") SEQ
ID NO
pECsf gapS pabABC tu | HFM77 | CGCATGTTCTTCCAGTGCGC 53
_HFM77 Y222FF | ACCTACC
HFM77 | CTGGAAGAACATGCGCTGGA | 54
Y222FR | TATTCGG
pECsf gapS_pabABC tu | HFMI122 |TTGATCTTCTCGAACCATGA 55
D _HFM122 Y201FF | TCGCGGT
HFM122 | GTTCGAGAAGATCAACTCGT | 56
Y201FR | GGTCACA
pECsf gapS pabABC tu | HFMI122 |CGCTATTTCGTGCAGTGCTIC 57
D_HFM122 Y222FF | ACTCGAC
HFM122 | CTGCACGAAATAGCGGGAG 58
Y222FR | CGTGTCGG
pECsf gapS_pabABC tu | HFM339 |CTGATCTTCGTCAACCACGA | 59
_HFM339 Y201FF | CCGAGGC
HFM339 | GTTGACGAAGATCAGTTCTG | 60
Y201FR | GGCTGAC
pECsf gapS_pabABC tu | HFM339 |CGGTACTTCGTCCAATGCCC 61
_HFM339 Y222FF | TTTGACC
HFM339 | TTGGACGAAGTACCGTGAAC | 62
Y222FR | GGTGCAT
pECsf gapS pabABC tu | HFM388 |CTCGTGTTCGCTAATCACCC 63
_HFM388 Y201FF | ACGCGGG
HFM3838 | ATTAGCGAACACGAGTTCAT | 64
Y201FR | GATCGAC
pECsf gapS pabABC tu | HFM388 |CGCTACTTCATCCAGTGCCC 65
_HFM?388 Y222FF | TTTGGAG
HFM388 | CTGGATGAAGTAGCGAGAA 66
Y222FR | CGGGTATG
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(3) Bua plasmit vao té bao chun

Ching Corynebacterium glutamicum DRHG145 (xem Pon sang ché Nhat Ban
s6 2014-523757) duoc bién nap v&i mdi plasmit thu dugc ¢ trén bang cong nghé tao 16
xung dién (Bio-Rad Laboratories, Inc.). Dung dich té bao duogc bién nap thu dugc nay
dugc céy trén moi truong thach LBKm va sau do dé yén ¢ 30 °C trong 2 ngay. Céc
khuan lac thu dugc dugc st dung lam thé bién nap.

(4) Nudi cay thé bién nap

MJi thé bién nap thu dugc & trén duge céy vao 1 mL mdi truong CGYE (chira
50 pg/mL kanamycin sulfat) dugc thé hién trong Bang B3, va dugc nudi cdy qua dém
&30 °C. 100 pL dung dich nudi cay thu duoc nay dugc ciy vao 10 mL méi trudng
CGXII (chtra 50 pg/mL kanamycin sulfat) dugc thé hién trong Bang B4, va dugc nudi
cdy & 30 °C trong khoang 48 gio. Sau do, cac t& bao vi khudn dugc loai bo bang cach
ly tim dé thu duoc dich ndi nudi cdy. Nong do cua axit 4-amino-3-hydroxybenzoic
trong dich ndi nudi ciy thu duge dugc dinh luong theo phuong phap cua Vi du tham
chiéu 1. Ty 1¢ cai thién kha ning sin xuit axit 4-amino-3-hydroxybenzoic dugc tinh
theo phuong trinh dua ra dudi day. Trong phuong trinh, "WT" 1a "thé bién nap chuia
plasmit chira gen ma hoéa enzym kiéu dai", va "MT" 13 "thé bién nap chita plasmit chira
gen ma hoa enzym dot bién va dugc chuén bi tir plasmit chira gen ma hoa enzym kiéu
da1".

(Phuong trinh 1)

Ty 1€ cai thién kha nang san xuat = Kha ning ctia MT san xuat axit 4-amino-3-

hydroxybenzoic/Kha nang cia WT san xuét axit 4-amino-3-hydroxybenzoic
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Thanh phin méi truéng CGYE (mdiL)

Glucoza 50g
(NH4)2SO04 20g
Ure Sg
KH>POg4 lg
K>HPO4 lg
MgSO47HxO 025¢g
CaCl-2H,O 10 mg
FeSO47HO 10 mg
MnSO4-5H>O 10 mg
ZnS04-7H,O 1 mg
CuSO4-5H20 0,2 mg
NiCl-6H.0 0,02 mg
Biotin (pH7) 0,2 mg
Yeast extract lg

[Bang B4]

Thanh phan méi truong CGXII (mdi L)

Glucoza 50g
(NH4)2S04 20 g
Ure 5g
KH>POy4 lg
KoHPO4 lg
MgS0O4-7TH20 025¢
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CaCl,-2H,O 10 mg
FeSO4-7TH20 10 mg
MnSO4-5H,0 10 mg
ZnS04-7TH20 1 mg
CuS04-5H-0 0,2 mg
NiCl,-6H-O 0,02 mg
Biotin (pH7) 0,2 mg
Trypton 10 g
(5) Két qua

Nhu duge thé hién trong Bang B5, chung vi khuéan chira mdi enzym dot bién co
kha ning san xuat axit 4-amino-3-hydroxybenzoic dugc cai thién nhiéu hon so véi

chung vi khuan chira enzym kiéu dai.
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[Bang B5]
Hydroxylaza Kha ndng san Xuét axit 4- Ty 1€ cai thién kha nang
amino-3-hydroxybenzoic san xuat
(g/L)
HEM77 wt 0,073 1,00
HFM77 Y201F 0,114 1,56
HFM77 Y222F 0,100 1,37
HFM122 wt 0,134 1,00
HFM122 Y201F 0,224 1,67
HFM122 Y222F 0,256 1,90
HFM339 wt 0,016 1,00
HFM339 Y201F 0,061 3,80
HFM339 Y222F 0,139 8,74
HFM388 wt 0,033 1,00
HFM388 Y201F 0,079 2,38
HFM388 Y222F 0,230 6,95

Vi du C1: San xuét axit 4-amino-3-hydroxybenzoic

Trong vi du sau, PCR dugc thuc hién str dung PrimeSTAR Max Premix (Takara
Bio Inc.).

(1) Chuan bi plasmit chira gen ma hoa enzym kiéu dai

(a) Chuén bi plasmit pECsf_gapS_pabABC

Manh ADN chita c4c gen mi héa 4-amino-4-deoxychorismat synthaza va 4-
amino-4-deoxychorismat lyaza dugc khuéch dai béng PCR str dung b gen chiét xuét
tir chang Corynebacterium glutamicum ATCC13032 bang phuong phap thong thuong
lam khuén va st dung cac doan mdéi GNI14 127 (SEQ ID NO: 13,
TATTAATTAAATGCGCGTTTTAATTATTGATAATTATGATTC) va GNI14_133

(SEQ ID NO: 14,
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TTGCGGCCGCTTGTTTAAACCTCCTTACAGAAAAATGGTTGGGCG).  Doan
nay duoc chén vao gilra vi tri Pacl va vi tri Notl cia plasmit pECsf_gapS (xem Don
sang ché Nhat Ban s6 2015-25491) dé thu duoc plasmit pECsf_gapS_pabABC.

(b) Chuén bi plasmit pECsf_gapS_pabABC_HFM122

Manh ADN cho vecto dugc téng hop bing PCR st dung plasmit
pECsf gapS pabABC thu duoc ¢ trén lam khuon va st dung cac doan moi
pabABCcory vec R (SEQ D NO: 15,
AAATTTAAACCTCCTTTACAGAAAAATGGTTGG) va pabABCcory vec F (SEQ
ID NO: 16, GGAGGTTTAAACAAGCGGCCGCGATATC). Sau d6, plasmit chira
gen (SEQ ID NO: 1) mé hoa polypeptit HFM122 ¢6 hoat tinh hydroxyl hoa axit 4-
aminobenzoic dugc chudn bi bing cach téng hop gen nhén tao, va manh ADN cho
doan chén duoc tong hop bang PCR sir dung plasmit nay lam khudn va sir dung cac
doan mdi pECsfD HFM122 F (SEQ ID NO: 17,
AGGAGGTTTAAATTTATGCGCACTCAGGTGGCTAT) va pECsfD HFMI122 R
(SEQ ID NO: 18, CTTGTTTAAACCTCCTTATACGAGTGGCAGTCCTA). Cac san
pham PCR nay dugc xu ly bang Dpnl (Takara Bio Inc.). Sau d6, cic manh ADN tuong
g duogc tinh ché bang cach str dung NucleoSpin Gel va PCR Clean-up (Takara Bio
Inc.) va duoc gén bang cach st dung Kit tach dong In-Fusion HD (Takara Bio Inc.) dé
xay dung plasmit pECsf gapS_pabABC HFM122. Chung E. coli DH5a cua ECOS
Competent (Nippon Gene Co., Ltd.) dugc bién nap bang dung dich plasmit thu dwoc.
Dung dich té bao duoc ciy trén moi truong thach LBKm (1 % Bacto Trypton, 0,5 %
chiét xuit ndm men, 1 % NaCl, 50 pg/mL kanamycin sulfat, 1,5 % aga) va sau do dé
yén qua dém ¢ 37 °C. Cac khuén lac thu duoc phai chiu phan img PCR st dung
Sapphire Amp (Takara Bio Inc.) va cac doan moi pabABC+pobA cho CPCR F (SEQ
ID NO: 19, GCTATCAAAACATTCGGCACATTGGTTTTCC) va pabABC+pobA
cho CPCR R (SEQ ID NO: 20, GGAAGATGCGTGATCTGATCCTTCAACTC) dé
chon thé bién nap dugc xac nhan la chira manh ADN quan tam. Thé bién nap thu duoc
duge chy vao 2 mL méi truong 1ong LBKm (1 % Bacto Trypton, 0,5 % chiét xuit nAm
men, 1 % NaCl, 50 pg/mL kanamycin sulfat) va dugc nudi cdy qua dém & 37 °C.
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Plasmit duogc tinh ché tir dung dich nudi cdy nay bing cach sir dung NucleoSpin
Plasmid EasyPure (Takara Bio Inc.).

(¢) Chuén bi plasmit pECsf gapS_pabABC_tuD_HFM122

Minh ADN cho vecto dugc tong hop bang PCR sir dung plasmit
pECsf gapS pabABC_HFMI122 thu dugc & trén lam khuén va str dung céc doan moi
pabC last R (SEQ ID NO: 21, TTACAGAAAAATGGTTGGGCGCAA) va HFM122
F (SEQ ID NO: 22, ATGCGCACTCAGGTGGCTATCG). Sau do, mot manh ADN
(SEQ ID NO: 23,
TACGTACCTGCAGGTAGCGTGTCAGTAGGCGCGTAGGGTAAGTGGGGTAG
CGGCTTGTTAGATATCTTGAAATCGGCTTTCAACAGCATTGATTTCGATGT
ATTTAGCTGGCCGTTACCCTGCGAATGTCCACAGGGTAGCTGGTAGTTTGA
AAATCAACGCCGTTGCCCTTAGGATTCAGTAACTGGCACATTTTGTAATGC
GCTAGATCTGTGTGCTCAGTCTTCCAGGCTGCTTATCACAGTGAAAGCAAA
ACCAATTCGTGGCTGCGAAAGTCGTAGCCACCACGAAGTCCAAAGGAGGA
TCTAAATTATGAATAATATAAAAGGAGGAATTAATTAA) chira trinh tu khoi
dong gen tuf (cg0587) (sau ddy, dugc goi la trinh tu khoi dong tu) dugc mang boi
chung Corynebacterium glutamicum ATCC13032 duogc chudn bi bing cach téng hop
gen nhan tao, va mot manh ADN cho doan chen dugce tdng hop bang PCR sir dung
doan nay lam khuén va st dung cac doan méi pabC-Ptu F (SEQ ID NO: 24,
ACCATTTTTCTGTAATACGTACCTGCAGGTAGCGTG) va Ptu-HFM122 R (SEQ
ID NO: 25, CACCTGAGTGCGCATTTAATTAATTCCTCCTTTTA). Cac san pham
PCR nay duogc xt ly bang Dpnl (Takara Bio Inc.). Sau d6, cic manh ADN tuong tng
duoc tinh ché bang cach st dung NucleoSpin Gel va PCR Clean-up (Takara Bio Inc.)
va dugc gin bang cach sir dung Kit tach dong In-Fusion HD (Takara Bio Inc.) dé xay
dung plasmit pECsf gapS_pabABC_tuD_HFM122. Chung E. coli DH5a cua ECOS
Competent (Nippon Gene Co., Ltd.) dugc bién nap bang dung dich plasmit thu dugc.
Dung dich té bao dugc cAy trén moéi truong thach LBKm va sau d6 dé yén qua dém &
37 °C. Cac khuén lac thu dugc di trai qua phan img PCR st dung Sapphire Amp
(Takara Bio Inc) va cic doan mdi Pt seq 1 (SEQ ID NO: 26,
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GCTTGTTAGATATCTTGAAATCGGCTTTC) va pabABC+pobA cho CPCR R
(SEQ ID NO: 20, GGAAGATGCGTGATCTGATCCTTCAACTC) dé chon thé bién
nap duoc xac nhan chira manh ADN quan tAm. Thé bién nap thu duge duge céy vao 2
mL méi truong 1ong LBKm va duoc nudi ciy qua dém & 37 °C. Plasmit dugc tinh ché
tr dung dich nudi ciy nay bang cach str dung NucleoSpin Plasmid EasyPure (Takara
Bio Inc.).

Trong plasmit dugc xiy dung, cic gen ma hoa 4-amino-4-deoxychorismat
synthaza va 4-amino-4-deoxychorismat lyaza dugc lién két dudi su kiém so4t ctia trinh
tr khoi dong gap, va gen ma hoa HFM122 kiéu dai dugc lién két thém dudi su kiém
soat cua trinh tir khéi dong tu.

2) Chuén bi plasmit chira gen ma héa enzym dot bién

Viéc chuan bi plasmit chira gen ma hoa enzym dét bién s& duogc dua ra dudi day
bing céch 14y vi du, chun bj plasmit chita gen ma héa enzym dot bién trong d6 valin
& vi tri 47 cia HFM122 dugce thay thé bang isoleuxin.

Plasmit pECsf gapS pabABC_tuD_HFM122_V47I dugc xay dung bing PCR
sir dung plasmit pECsf gapS_pabABC_tuD_HFM122 lam khuén va sir dung cac doan
mdi bé sung HFMI22 V471 F (SEQ ID  NO: 67,
GCTGGTATTCTGGAACGTATCACGGTG) va HFM122 V471 R (SEQ ID NO: 68,
TTCCAGAATACCAGCCCGAACTCGGCC). San phim PCR dugc xur Iy bang Dpnl
(Takara Bio Inc.). Chuing E. coli DH5a cua ECOS Competent (Nippon Gene Co.,
Ltd.) duoc bién nap bang dung dich do d6 da dwgc xir Iy. Dung dich té bao duoc cay
trén moi truong thach LBKm va sau do dé yén qua dém ¢ 37 °C. Cac khuén lac thu
duoc dugc chon lam thé bién nap. Thé bién nap duoc céy vao 2 mL moi trudng 16ng
LBKm va duge nudi cdy qua dém & 37 °C. Plasmit dugc tinh ché tir dung dich nu6i
chy nay bang cach st dung NucleoSpin Plasmid EasyPure (Takara Bio Inc.).

Theo céch tuong tu, plasmit chita gen ma hoa mdi dot bién enzym thu dugc
béng PCR st dung cac doan moi dugc thé hién trong cdt "Poan mdi" cia Bang C1

thay cho cac doan mdi HFM122 V471 F va HFM122 V47IR.
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[Bang Cl1]
Plasmit quan tam Poan mdi | Trinh tur (5'—3") SEQ
ID NO
pECsf gapS pabABC_tu | HFMI122 | GCTGGTTCTCTGGAACGTATC 69
D HFM122 V478 V47SF | ACGGTG
HFM122 | TTCCAGAGAACCAGCCCGAA 70
V47SR | CTCGGCC
pECsf_gapS pabABC_tu | HFM122 | GCTGGTACACTGGAACGTAT 71
D HFM122_V47T V4ITF | CACGGTG
HFM122 | TTCCAGTGTACCAGCCCGAA 72
V47TR | CTCGGCC
pECsf gapS pabABC_tu | HFM122 | GCTGGTTGTCTGGAACGTATC 73
D HFM122_V47iC V47CF | ACGGTG
HFM122 | TTCCAGACAACCAGCCCGAA 74
V47CR | CTCGGCC
pECsf gapS pabABC_tu | HFMI122 | GCTGGTATGCTGGAACGTAT 75
D HFM122_V47M V4IMF | CACGGTG
HFM122 | TTCCAGCATACCAGCCCGAA 76
V4IM R | CTCGGCC
pECsf gapS pabABC tu | HFMI122 | GCTGGTCAACTGGAACGTAT 77
D HFM122_V47Q V47QF | CACGGTG
HFM122 | TTCCAGTTGACCAGCCCGAA 78
V47QR | CTCGGCC
pECsf gapS pabABC_tu | HFM122 | TTGGTGGCAGCTGGCGCTAA 79
D HFMI122 _H72A H72AF | TCTTGCG
HAM122 | GCCAGCTGCCACCAAGCCCT 80
H72AR | CTCGGCG
pECsf gapS_pabABC tu | HFMI122 | TTGGTGATGGCTGGCGCTAAT 81
D HFM122 H72M H72MF | CTTGCG
HFMI122 | GCCAGCCATCACCAAGCCCT 82
H72M R | CTCGGCG

pECsf gapS pabABC_tu

HFM122

TTTGCCATGGCGTCGATGCGC

83
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D HFM122 L210M 1210MF | TCACCG
HFM122 | CGACGCCATGGCAAAACCGC | 84
1210MR | GATCATG
pECsf_gapS_pabABC tu | HFMI122 | CCACCCGCAGGAGCGAAAGG | 85
D HFM122_T294A T294AF | GATGAAC
HFM122 | CGCTCCTGCGGGTGGAACGA | 86
T294AR | TATGAGC
pECsf gapS_pabABC tu| HFM122 | CCACCCGGTGGAGCGAAAGG | 87
D HFM122 T294G T294GF | GATGAAC
HFM122 | CGCTCCACCGGGTGGAACGA | 88
T294G R | TATGAGC
pECsf gapS_pabABC_tu | HFM122 | CCACCCTGTGGAGCGAAAGG | 89
D HFMI122_T294C T294CF | GATGAAC
HFM122 | CGCTCCACAGGGTGGAACGA | 90
T294CR | TATGAGC
pECsf gapS_pabABC tu | HFM122 | CCACCCTCTGGAGCGAAAGG | 91
D HFM122_T294S T294SF | GATGAAC
HFM122 | CGCTCCAGAGGGTGGAACGA | 92
T294SR | TATGAGC
pECsf_gapS_pabABC tu | HFMI22 | GAGAACGTTGTAGGACTGCC | 93
D HFMI122_ Y385V Y385VF | ACTCGTA
HFM122 | TCCTACAACGTTCTCCGCCAG | 94
Y385VR | GGTGAC
pECsf gapS_pabABC tu | HFMI22 | GAGAACCTCGTAGGACTGCC | 95
D HFMI122_Y385L Y385LF | ACTCGTA
HFM122 | TCCTACGAGGTTCTCCGCCAG | 96
Y385LR | GGTGAC
pECsf gapS_pabABC tu | HEMI122 | GAGAACATTGTAGGACTGCC | 97
D HFM122 Y3851 Y385IF | ACTCGTA
HFM122 | TCCTACAATGTTCTCCGCCAG | 98
Y385IR | GGTGAC
pECst gapS_pabABC tu | HFM122 | GAGAACATGGTAGGACTGCC | 99
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D HFM122 Y385M Y385MF | ACTCGTA

HFM122 | TCCTACCATGTTCTCCGCCAG 100
Y385M R | GGTGAC

(3) PBua plasmit vao té bao chu

Chung Corynebacterium glutamicum DRHG145 (xem Don sang ché Nhat Ban
s6 2014-523757) dugc bién nap béng mdi plasmit thu duge ¢ trén bfmg cong nghé tao
16 xung dién (Bio-Rad Laboratories, Inc.). Dung dich té bao duoc bién nap thu duoc
nay dugc cdy trén moi truong thach LBKm va sau do dé yén & 30 °C trong 2 ngay.
C4c khuén lac thu dugc duoc sir dung 1am thé bién nap.

(4) Nudi céy thé bién nap

MBbi thé bién nap thu duoc & trén duoc ciy vao 1 mL mdi truong CGYE (chira
50 pg/mL kanamycin sulfat) duoc thé hién trong Bang C2, va dugc nudi cdy qua dém
&30 °C. 100 pL dung dich nuoi cay thu duge duge ciy vao 10 mL mdi truong CGXII
(chtra 50 pg/mL kanamycin sulfat) duoc thé hién trong Bang C3, va duoc nudi cly &
30 °C trong khoang 48 gio. Sau do, cac té bao vi khudn duoc loai bo bang cach ly tim
dé thu duoc dich ndi nudi ciy. Nong do ctia axit 4-amino-3-hydroxybenzoic trong dich
ndi nudi céy thu duoc duge dinh lugng theo phuong phap ctia Vi du tham chiéu 1. Ty
1é cai thién kha ndng san Xuat axit 4-amino-3-hydroxybenzoic dugc tinh theo phuong
trinh dwa ra dudi day. Trong bdi canh nay, "WT" 1a "thé bién nap chira plasmit chira
gen ma hoa enzym kiéu dai", va "MT" 1a "thé bién nap chira plasmit chira gen ma héa
enzym dot bién va dugc chuén bi tr plasmit chtra gen ma hoa enzym kiéu dai".

(Phuong trinh 1)

Ty 1é cai thién kha nang san xuit = Kha ning cua MT san xuét axit 4-amino-3-

hydroxybenzoic/Kha nang ctia WT san xuit axit 4-amino-3-hydroxybenzoic
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[Bang C2]
Thanh phan méi truong CGYE (mdi L)
Glucoza 50¢g
(NH4)2504 20g
Ure 58
KH>PO4 lg
K>HPO4 lg
MgSO4-7H>O 025¢g
CaCl,-2H,O 10 mg
FeS0O47H>O 10 mg
MnSO4-5H,0 10 mg
ZnS04-7H20 1 mg
CuS04-:5H20 0,2 mg
NiCl,-6H.O 0,02 mg
Biotin (pH7) 0,2 mg
Chiét xuat nAm men lg

[Bang C3]

Thanh phan méi truong CGXII (mdi L)
Glucoza 50g
(NH4)2SO4 20g

Ure S5¢g
KH,PO,4 lg

K>-HPO4 lg
MgSO4-7H20 025¢g
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CaCL-2H,O 10 mg
FeSO4-7TH20 10 mg
MnSO4-5H>O 10 mg
ZnS04-TH20 1 mg
CuSO04-5H20 0,2 mg
NiCl-6H.O 0,02 mg
Biotin (pH7) 0,2 mg
Trypton 10 g
(5) Két qua

Nhur dugc thé hién trong Bang C4, ching vi khuan chira mdi enzym dot bién c6
kha ndng san xuat axit 4-amino-3-hydroxybenzoic dugc cai thién nhiéu hon so v&i

ching vi khuan chira enzym kicu dai.

W
O
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[Bang C4]
Hydroxylaza ﬁ?ﬁ%ﬁj&ﬁigggc_ Ty 1¢ cai thién}ch 4 ndng san
o/L) Xuat
HFM122 wt 0,134 1,00
HFM122 V471 0,306 2,28
HFM122 V478 0,163 1,21
HFM122 V47T 0,202 1,50
HFM122 V47C 0,174 1,30
HFM122 V47TM 0,290 2,16
HFM122 V47Q 0,254 1,89
HFM122 H72A 0,164 1,22
HFM122 H72M 0,216 1,61
HFM122 L210M 0,173 1,29
HFM122 T294A 0,160 1,19
HFM122 T294G 0,187 1,39
HFM122 T294C 0,190 1,41
HFM122 T2948 0,378 2,81
HFM122 Y385V 0,157 1,17
HFM122 Y385L 0,168 1,25
HFM122 Y3851 0,186 1,38
HFM122 Y385M 0,167 1,24

Vi du tham chiéu 1: Dinh luong axit 4-amino-3-hydroxybenzoic

60/119

AXit 4-Amino-3-hydroxybenzoic dugc dinh luong bang HPLC. Dung dich phan

ing dua ra dé phan tich HPLC dugc pha loang thich hop voi 0,1 % axit phosphoric.
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Sau d6, chit khong hoa tan duoc loai bo bang cach st dung céc tdm loc AcroPrep 96

giéng (mang GHP 0,2 pm, Nihon Pall Ltd.).

Thiét bi HPLC duoc st dung 1a Chromaster (Hitachi High-Tech Science Corp.).
Cot phén tich duge st dung la c6t L- ODS (4,6 mm I.D. x 150 mm, Vién Nghién ciru
va Danh gia Hoa chat, Nhat Ban). Dung moi rira giai A la dung dich axit phosphoric
0,1 % cua kali dihydro photphat 0,1 M, va dung moi rira giai B 1a 70 % metanol. Rira
giai gradien dugc thuc hién trong cac diéu kién lién quan dén luu luong dong chay 1,0
mL/phut va nhiét do c6t 1a 40 °C. Mot may do UV (budc song do: 280 nm) duogc su
dung dé do axit 4-amino-3-hydroxybenzoic. Pudng chun nong do duogc chuan bi
bing khudn chuan [axit 4-amino-3-hydroxybenzoic (ma nha phén phdi A1194, Tokyo
Chemical Industry Co., Ltd.)]. Axit 4-Amino-3-hydroxybenzoic dugc dinh lugng

trén co s duong chuan nong do.
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YEU CAU BAO HQ
1. Polypeptit c6 hoat tinh hydroxyl héa axit 4-aminobenzoic, polypeptit duge chon tur
nhém bao gébm A) dén C) sau day:

A) polypeptit c6 hoat tinh hydroxyl hoa axit 4-aminobenzoic, gdm trinh fur axit
amin duoc thé hién boi SEQ ID NO: 2, 4, 6, 8, 10 hodc 12, hogc trinh tu axit amin co
do twong dong it nhit 90% véi chung, va cb gdc axit amin & vi tri 47 cua trinh ty axit
amin dugc thé hién bai SEQ ID NO: 2 hodc vi tri twong (mg v41 nod la leuxing

B) polypeptit ¢6 hoat tinh hydroxyl héa axit 4-aminobenzoic, gom trinh tu axit
amin dugc thé hién béi SEQ ID NO: 2, 4, 6 hodc 8, hodc trinh ty axit amin c6 do
twong dong it nhét 90% véi ching, va cb gbe axit amin & vi tri 201 hodc 222 cua trinh
tur axit amin dugc thé hién boi SEQ ID NO: 2, hodc vi tri twong (mg v6i vi tri 201 hoac
222 la phenylalanin; va

C) polypeptit ¢6 hoat tinh hydroxyl hoa axit 4-aminobenzoic, gdm trinh tur axit
amin duge thé hién béi SEQ ID NO: 2 hodc trinh tur axit amin co do tuong déng it nhat
90% V41 nod, va ¢cd géc axit amin & vi tri 47, 72, 210, 294 hodc 385 cua trinh ty axit
amin duoc thé hién béi SEQ ID NO: 2, hodc vi tri twong tng voi vi tri 47,72, 210, 294
hodc 385 la axit amin sau:

(a) vi tri 47 hodc vi tri twong Gng vo6i no: isoleuxin, serin, threonin, xystein,
methionin, hoac glutamin,

(b) vi tri 72 hodc vi tri trong ng véi n6: alanin hoac methionin,

(¢) vi tri 210 hodc vi tri twong tmg véi néd: methionin,

(d) vi tri 294 hoic vi tri twong ng v6i né: alanin, glyxin, Xystein, hodc serin, va

(e) vi tri 385 hodc vi tri twong Ung VOl nd: valin, leuxin, isoleuxin, hodc
methionin.

2. Phuong phap san xuét polypeptit dot bién c6 hoat tinh hydroxyl hoa axit 4-
aminobenzoic, bao gém thay thé gdc axit amin, thay thé dugc chon tir nhém bao gbdm
A'") dén C') sau day:

A") trong polypeptit gbm trinh tu axit amin dugc thé hién boi SEQ ID NO: 2, 4,

6, 8, 10 hodc 12, hodc trinh ty axit amin c6 do tuong déng it nhat 90% voi ching, va
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c6 hoat tinh hydroxyl hoa axit 4-aminobenzoic, thay thé gbc axit amin & vi tri 47 cua
trinh tu axit amin dugc thé hién bai SEQ ID NO: 2 hodc vi tri twong (ng vo1 nd béng
leuxin;

B') trong polypeptit gbm trinh ty axit amin duoc thé hién boi SEQ ID NO: 2, 4,
6 hodc 8, hodc trinh ty axit amin c6 dd tuong déng it nhét 90% véi chiing, va c6 hoat
tinh hydroxyl hoa axit 4-aminobenzoic, thay thé gbc axit amin ¢ vi tri 201 hodc 222
cta trinh ty axit amin dugc thé hién bai SEQ ID NO: 2, hodc vi tri twong ng v6i vi tri
201 hodc 222 bang phenylalanin; va

C") trong polypeptit gdm trinh ty axit amin dugc thé hién bai SEQ ID NO: 2
hodc trinh ti axit amin c¢6 do twong déng it nhat 90% vai nd, va co6 hoat tinh hydroxyl
hoa axit 4-aminobenzoic, thay thé géc axit amin & vi tri 47, 72, 210, 294 hoac 385 cua
trinh ty axit amin dugc thé hién boi SEQ ID NO: 2, hodc vi tri tuong tmg vdi vi tri 47,
72,210, 294 hodc 385 bing axit amin sau day:

(a) vi tri 47 hodc vi tri twong mg v6i nd: isoleuxin, serin, threonin, xystein,
methionin, hodc glutamin,

(b) vi tri 72 hodc vi tri twong Ung v6i no: alanin hodc methionin,

(¢) vi tri 210 hodgc vi tri twong Gmg v6i n6: methionin,

(d) vi tri 294 hodc vi tri twong ung v6i no: alanin, glyxin, xystein, hodc serin, va

(e) vi tri 385 hodc vi tri twong Gng vdi né: valin, leuxin, isoleuxin, hodc
methionin.
3. Phuong phap cdi thién hoat tinh hydroxyl hoa axit 4-aminobenzoic, bao gdm thay
thé gdc axit amin, thay thé duoc chon tir nhom bao gom A") dén C") sau day:

A) trong polypeptit gdm trinh ty axit amin duoc thé hién béi SEQ ID NO: 2, 4,
6. 8. 10 hodic 12, hodc trinh ti axit amin c6 do twong ddng it nhat 90% véi ching, va
¢6 hoat tinh hydroxyl hoa axit 4-aminobenzoic, thay thé gbc axit amin & vi tri 47 cua
trinh tu axit amin duoc thé hién boi SEQ ID NO: 2 hodc vi tri tuong mg v6i nd bang
leuxin;

B") trong polypeptit gém trinh tu axit amin dugc thé hién béi SEQ ID NO: 2, 4,
6, hodc 8, hodc trinh ty axit amin cé do tuong ddng it nhit 90% véi ching, va c6 hoat
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tinh hydroxyl hoa axit 4-aminobenzoic, thay thé gbe axit amin & vi tri 201 hodc 222
cta trinh ty axit amin dugc thé hién bai SEQ ID NO: 2, hodc vi tri twong tng vo1 vi tri
201 hodc 222 bang phenylalanin; va

C" trong polypeptit gdm trinh ty axit amin dugc thé hién bsi SEQ ID NO: 2
hodic trinh tw axit amin c6 do twrong dong it nhat 90% v&i nd, va c6 hoat tinh hydroxyl
hoa axit 4-aminobenzoic, thay thé géc axit amin & vi tri 47, 72, 210, 294 hodc 385 cua
trinh tu axit amin dugc thé hién boi SEQ ID NO: 2, hodc vi tri twong Umg vé6i vi tri 47,
72,210, 294 hodc 385 bang axit amin sau day:

(a) vi tri 47 hodc vi tri twong Ung vl no: isoleuxin, serin, threonin, xystein,
methionin, hoac glutamin,

(b) vi tri 72 hodc vi tri twong ing voéi nd: alanin hoac methionin,

(¢) vi tri 210 hodc vi tri twong vmg v&i no: methionin,

(d) vi tri 294 hodc vi tri twong mg v6i no: alanin, glyxin, xystein, hodc serin, va

(¢) vi tri 385 hodc vi tri twong Ung Vo1 no: valin, leuxin, isoleuxin, hodc
methionin.
4. Phuong phap theo diém 2 hodc 3, trong do6 su thay thé gbc axit amin trong A") 1a sy
thay thé valin bang leuxin, va sy thay thé gbc axit amin trong B') 1a sur thay thé tyrosin
bang phenylalanin.
5. Polynucleotit ma hoa polypeptit theo diém 1.
6. Vecto hoic manh ADN bao gom polynucleotit theo diém 5.
7. Té bao dugc bién nap bao gdm vecto hodc manh ADN theo diém 6.
8. Té bao duogc bién nap theo diém 7, trong do té bao dugc bién nap nay thu duge tir E.
coli hodc vi khuan thudc chi Corynebacterium.
9. Té bao dugc bién nap theo diém 7 hodc 8, trong do té bao duoc bién nap nay la vi
sinh vat c6 kha nang cung cép axit 4-aminobenzoic.
10. Phuong phap san XUét axit 4-amino-3-hydroxybenzoic, trong d6 phwong phap nay
bao gém budc nudi chy té bao duoc bién nap theo diém bat ky trong s6 cac diém tir 7

dén 9 trong su c6 mat cla axit 4-aminobenzoic.
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11. Phuong phép theo diém 10, trong d6 phuong phap nay con bao gbm bude thu gom
axit 4-amino-3-hydroxybenzoic tir moi trudng nuoi chy.
12. Phuong phép theo diém 10 hodc 11, trong do:
axit 4-amino-3-hydroxybenzoic 1la céc din xult cua axit 4-amino-3-
hydroxybenzoic c6 cong thirc (1) sau:
R2

x! COOH

HoN R
x2

trong d6 R! 1a nguyén tir hydro, nhom hydroxy, nhom metoxy, nhém amin,
nguyén tir flo, nguyén tir clo, nguyén tir brom, nguyén tir i6t, nhom cacboxy, nhom
metyl, hodc nhém etyl, R? 14 nguyén tir hydro, nhom hydroxy, nhom metoxy, nhom
amin, nguyén tir flo, nguyén tir clo, nguyén tir brom, nguyén fur i6t, nhom cacboxy,
nhém metyl, hodc nhom etyl, va X' va X2 mdi loai 13 nguyén ta hydro hodc nhom
hydroxy, it nhAt mot trong sé d6 12 nhém hydroxy, va

axit 4-aminobenzoic 13 cac din xuét cta axit 4-aminobenzoic ¢6 cong thirc (2)
sau:

RZ
COOH
(2)

HoN R!
trong d6 R! 1a nguyén to hydro, nhém hydroxy, nhom metoxy, nhom amin,
nguyén tir flo, nguyén tir clo, nguyén tir brom, nguyén tu i6t, nhom cacboxy, nhom
metyl, hoic nhém etyl, va R? 1a nguyén tir hydro, nhom hydroxy, nhom metoxy, nhom
amin, nguyén tir flo, nguyén tir clo, nguyén tur brom, nguyén tur i6t, nhom cacboxy,

nhom metyl, hodc nhom etyl.
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Danh muc trinh tw

tinh hydroxyl hoa

5

Caulobacter vibrioides

CDS

(1) ..(1173)

Oligonucleotit dugc tdéi uu hdéa cho codon

1

atg cgc act cag gtg gct atc

Met Arg Thr Gln Val Ala Ile

ttg ggc cat ctc ctc cgt caa

Leu Gly His Leu Leu Arg Gln

20

gta gga dgca

Val Gly Ala
10

gct ggt gtg

Ala Gly Val

25

66

ggc

Gly

gac

Asp

cca gct

Val Val

30

ggc

Gly

att

Ile

ctg

Leu

axit A-aminobenzoic va

48

96
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cgc aaa

Arg Lys

gac cgt

Asp Arg

35

gaa cgt

Glu Arg
50

atg cgc

Met Arg

ggc gag

Gly Glu

gtc atg

Val Met

gca gag

Ala Glu

atc acg

Ile Thr

cga gag

Arg Glu

atg ttc

Met Phe

gtt tac

Val Tyr
100

cag cgc

Gln Arg

115

ctg cac
Leu His
130

ggg gca

Gly Ala

tac cac

Tyr His

ttc gaa

Phe Glu

gat gtg

Asp Val

gaa cac

Glu His

gga gtt

Gly Val

gtg

Val

ggc
Gly

70
cgt

Arg

ggc

Gly

gat

Asp

gaa

Glu

cgc

Arg

tat

Tyr

gag

Glu

ttg

Leu

atc

Ile

caa

Gln

ggc

Gly
135

ctg

Leu

150

cagt

Arg

ccc

Pro

Leu Met

gtg cat

Val His

gac atg

Asp Met

52733

ggc

Gly

gag

Glu

gct

Ala

75

gca

Ala

90

cag gag

Gln Glu
105

cga att

Arg Ile

120

gaa cgt

Glu Arg

gac tgc

Asp Cys

gcg acc

gtg

Val

cct

Pro

gat

Asp

cgt

Arg

60

ggc

Gly

gag

Glu

atg

Met

ttt

Phe

cac

His

gct

Ala

ctc

Leu

aag

Lys

gac

Asp

125

atc

Ile

140

ttc

Phe

155

att

Ile

170

ttt ggg

Phe Gly

tgg

Trp

ccc

Pro

ttg

Leu

gat

Asp

aat

Asn

110

gcc

Ala

acc

Thr

gcc

Ala

aag

Lys

ctt

Leu

ggt

gat

Asp

tgg

Trp

ggec

Gly

Ala S

80

ggt

Gly

ttt

Phe

gca

Ala

cgc

Arg

tgc

Cys

160

gtg

Val

gac

Asp

Lys

gaa

Glu

ctg

Leu

cga

Arg

gca

Ala

cgt

Arg

Asp

ggc

Gly

gca

Ala

144

192

w
w
(@)

384

432

480

576
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gcc

Ala

tgc

Cys

225

gat

Asp

cgc

Arg

tcc

Ser

cat

His

gac

Asp

305

tct

Ser

tgg

ccg

Pro

tca

Ser

gaa

Glu

gca

Ala

gag

Glu

atc

Ile

290

gtc

Val

tcc

Ser

aag

180

tgt

Cys

O
w

Ala

ctc

Leu

gtt

Val

cct

Pro

Asp

tcg

Ser

tcc

Ser

260

cct

Pro

gtt

Val

atc

Ile

gct

Ala

gcg

atg

Met

cca

Q
ol
(@]

gat

Asp

gag

Glu

cgc

Arg

215

cgc

Arg

230

gtt

Val

ccc

Pro

ctag

Leu

cgc

Arg

tat

Tyr

act

Thr

295

tcc

Ser

310

atc

Ile

gat

Asp

ttg
Leu
200

tca

ctc

Leu

ctg

Leu

aag

Lys

ggce
Gly
280
gga

Gly

gaa

Glu

ggt t

185

atc

cgc

Arg

gcg

Ala

Gly Tyr

agc

tgg

52733

tac tcg

att gcc

Ile Ala

ctt ttc

Leu Phe

aaa ggg

Lys Gly

aac

gca

Ala

cca

Pro

ctc

Leu

285

atg

Met

300

ctg gtc

Leu Val
315

agc gca

Ser Ala

tgg ttt

68

gaa

acc

Asp

gcc

Ala

ctt

Leu

270

gcg

Ala

aac

Asn

cac

His

gaa

Glu

gct
Ala
255
cgc

Arg

ggt

Gly

tac

Tyr

cgc

Arg

tac

Tyr

cgg

Arg
240

cgg

Arg

tcc

Ser

gat

Asp

cac
His

320
gcc

Ala

act

atc

Ile

ttc

Phe

gcg

Ala

gta

Val

cac

ttt

7 Phe

cag

Gln

gtt

Val

cgc

Arg

672

720

816

864

912

1008

1056
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Lys Ala

Glu

340

cca gac

Pro Asp

355
atc

gca tac

Rla Tyr Ile
370
tac gta gga
Tyr Val Gly
385
<210> 2
<211> 391
<212> PRT
<213>
<400> 2
Met Arg Thr
1

Leu Gly His

Arg Lys Asp
35
Glu Arg Ile
50
Met Arg Arg
65

Gly Glu Met

Val Met Val

cag

Gln

aag

Lys

ctg

Leu

Gln

5

Leu

Arg

Thr

Glu

Tyr

cca

Pro

Phe

Gly

tct

Ser
375

ctc

Leu

390

Val

Leu

Ala

Val

Gly

70

Ala

Arg

Tyr

Glu

55

Leu

Ile

7 Gln

52733

ttc cgc

Phe Arg
360
cgc

gcc

Arg ARla Ala

gta taa

Val

Caulobacter vibrioides

Ile Val Gly
10
Gln Ala Gly
25
Val Glu Gly
40

Leu Met Glu

Val His Ala

w

Phe

cag

Gln

Thr

atg

Met

gtc

vVal

380

Ala

Val

Arg

Arg

60

Gly

Asp Met Ala Glu

90

Gln Glu Val

Met

69

Val

45

Leu

Ala

Lys

Ser Leu
350

caa gtc gcc
Gln Ala

acc ctg gcg

Thr Leu Ala

Pro Ala Gly
15

Val Val Ile

30

Arg Ala Gly

Gly Val Asp

Asn Leu Ala

80

Thr Gly Gly
95

Asp Leu Phe

His

gaa

Glu

Leu

Leu

Val

Glu

Ser

Ser

ttg

Leu

Glu

Leu

Arg

Asp

Thr

Ala

1104

1152

1176
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100

Ala Glu Gln
115
Leu His Asp
130
Gly Ala Glu
145
Tyr His Gly

Phe Glu Arg

Arg Asp Leu

Val Glu Gly
135
His Arg Leu
150
Val Ser Arg
165

Val Tyr Pro

180

Pro Pro Cys

195

Ala Leu Ala
210

Cys Ser Leu

225

Asp Glu Val

Arg Ala Pro

Asp His Glu

Ser Met Arg

215

Asp Asp Arg
230

Ser Val Arg
245

Phe

Ser Glu

260

Ser Glu Pro
275

His Ile Val

Asp Val Ile
305

Ser Ser Ala

Met Arg Tyr

Pro Pro Thr
295
Met Leu Ser
310
Gly Ile Asp

325

52733

105

110

Arg Ile Val Phe Asp Ala

120

Glu Arg Pro His

Asp Cy

w

Ala

Thr

170

Phe

185

Leu

200

Ser

Leu

250

Ile Tyrx

125

Ile Thr

140

Asp Phe Ile Ala

155

Ile Pro Asp Lys

Gly Trp Leu Gly Ile

190

Ser Asn His

205

Pro Thr Arg Ser Arg

220

Glu Asp Trp Ser Asp

235

Gly Pro Glu Ala Ala

Lys Ser Ile Ala Pro Leu

265
Gly Arg Leu
280
Gly Ala Ly

270

Phe Leu Ala

285

s Gly Met Asn

300

Glu Rla Leu Val Glu His

Gly Tyr

330

315

Ser Ala Arg Ala

Asp Ala

Trp Arg
Gly Cys

160
Val Leu

175

Leu Ala

Asp Arg

Tyr

Tyr

Glu Arg

240

Ala Arg

255

Ser

Arg

Gly Asp

Leu Ala

His

Tyr

320

Leu Ala

Val

Lys

Glu

Gly

Val

Phe

Ile

Phe

Ala

Val

Glu

Arg

Arg

Thr

Ala

Phe

Gln

Val

Ala

Ser

Val
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Trp Lys Ala Glu
340

Phe Pro Asp Gln

w
(@]
&)

Ala Tyr Ile Lys
370

Tyr Val Gly Leu

385

<210> 3

<211> 1173

<212> ADN

Arg

Asp

Gly

Phe

Gly

Ser

375

52733

Ser Trp Trp
345

Phe Asp Arg

Arg Ala Ala

Pro Leu Val

390

<213> Sinorhizobium meliloti

<220>
<221> CDS
<222> (1)..(1170)

Phe Thr Ser Leu Thr His Arg
350
Lys Met Gln Val Ala Glu Leu
365
Gln Val Thr Leu Ala Glu Asn

380

<223> Oligonucleotit dugc tdi uu héa cho codon

<400> 3
atg cgc acc caa

Met Arg Thr Gln

ctg gga cag ctt
Leu Gly Gln Leu
20
cgc gct acc aag
Arg Ala Thr Lys
35
gaa cag ggc acc
Glu Gln Gly Thr

50

gtg

Val

ctg

Leu

gcc

Ala

gtt

Val

gtc

Val

cgc

Arg

55

atc atc ggc
Ile Ile Gly
10
gag gca ggg
Glu Ala Gly
25

att ctc ggg
Ile Leu Gly
40

ctt

)
ot
Q
Q
)
)

Leu Met Glu

tca gga ccg tct ggc ctt ctt

Ser Gly Pro Ser Gly Leu Leu

atc gca aac gtc atc ctc gat

Ile Ala Asn Val Ile Leu Asp
30

cga gtt cgc gct gga gtg ttg

Arg Val Arg Ala Gly Val Leu

gag gct ggt tgt ggt gcg cga

Glu Ala Gly Cys Gly Ala Axg

~l
[u—

96

144
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atg cac

Met His

o))
@]

ggt cgg

Gly Arg

gta atg

Val Met

¢gc gag

Arg Glu

gca

Ala

atc

Ile

His

85

tat

Tyr

100

cg9

Arg

115

cce cgce
Pro Arg

130
ggt att

Gly Ile

ttc cat

Phe His

ttc gag

Phe Glu

cca ccg

Pro Pro

gat

Asp

gcg

Ala

ggc

Gly

aag

Lys

atc

Ile

180

gtc

Val

195

gca ttg

Ala Leu

tgc

Cys

gat

Asp

tct

Ser

gga
Gly
70

cgc

ggt

Gly

tcc

Ser

cat

His

att

Ile

cag

7 Gln

gca

Ala

cgt

Arg

gaa

Glu

cgt

Arg

acg

Thr

ctc

Leu

120

cgg

7 Arg

gac

Asp

cgt

g
I}
Q

ttt

Phe

52733

cac gac

His Asp

75

ctg ttc

Leu Phe
50

gag ctg

Glu Leu

105

tcc atc

Ser Ile

aca cct

Thr Pro

tgc gac

Cys Asp

ggc ttt

Gly Phe

ggc ctg

Gly Leu

aca cgg

Thr Arg

tac gaa

Tyr Glu

125

cac gtt

His Val

140

ttc atc

Phe Ile

155

tcec ctg

Ser Leu

170

gga tgg

Gly Trp

185

gtg tac

Val Tyr

cat acc

His Thr

cca gag

Pro Glu

ctc ggc

Leu Gly

gct aat

Ala Asn

cgt tct

Arg Ser

72

gac

Asp

110

gcg

Ala

gcg

Ala

gcc

Ala

aaa

Lys

atc

Ile

190

cac

His

ctg

Leu

ggt

Gly

95

ctg

Leu

gcc

175

ctg

Leu

cca

Pro

gca

Ala

80

ggc

Gly

atg

Met

gag

Glu

gca

Ala

cgc

Arg

ttc

Phe

cgt

Arg

gtc

Val

aag

Lys

gac

Asp

999

Gly

cat

His

)
ct
Q

Met

gac

Asp

gtc

Val

cag

Gln

336

384

432

480

576

672
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acc

Thr

gcc

Ala

cac

His

gac
Asp
305
agc

Ser

tgg

Trp

gaa

ggt

Gly

gaa

Glu

ttg

Leu

ctc

Leu

ccg

Pro

cgc cgt

Arg Arg

245

agc ttc

Ser Phe

260

cca

Pro

275

att

Ile

290

gtc

Val

aac

aaa

Lys

ccc

Pro

gtc

Val

cac

His

gca

Ala

gcc

Ala

atg cgc

Met Arg

cca cct

Pro Pro

tac ctg

Tyr Leu

cgt

Arg

ttc

Phe

[l
Q
Q

Thr

295

ttt

Phe

310

gtt cgc

Val Arg

340

gaa

Glu

355

acc tcc

Thr Ser

tat ctc acc cac

gac

Asp

ttc

Phe

52733

atc gaa gat tgg

Ile Glu Asp Trp

aag tcc att gca

Lys Ser Ile Ala
265

aac cgc ctg ttc

Asn Arg Leu Phe

280

ggt gct aaa ggc

Gly Ala Lys Gly

gag ggg ttg ctc

Glu Gly Leu Leu

gcc tat tcc gct
Ala Tyr Ser Ala
330
agc tgg tgg atg
Ser Trp Trp Met
345

ttt gac cag cgc
Phe Asp Gln Arg
360

cga gct gcc gca

cat gcg

His Ala

ccc ttg

Pro Leu

ttg gcg
Leu Ala
285

ctt aac

Leu Asn

gaa cac

Glu His

cgc gca

Arg Ala

acg act
Thr Thr

350
att caa

Ile Gln

cag

Gln

tac

Tyr

ctg

Leu

335

atg

Met

cgc
Arg

240

gat

Asp

gct

Ala

cag
Gln

320
gct

Ala

ctt

Leu

gcc

Ala

ttc

Phe

gct

Ala

Ala

gat

Asp

cgt

Arg

cac

His

gta

Val

Arg

gtg

Val

ctg

Leu

aac

720

~J]
(@)
o«

816

912

960

1008

1056

1104

1152
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Asp Tyr Leu Thr

370

tac gtg ggt ctg

Tyr Val Gly Leu

385

<210> 4
<211> 390
<212> PRT
<213>
<400> 4

Met Arg Thr

Leu Gly Gln
20
Arg Ala Thr
35
Glu Gln Gly
50

Met His Ala

[e)]
(@]

Gly Arg Asp

Val Met Ile

10

Pro Arg Asp
130

Gly Ile Ala

Gln

5

Leu

Lys

Thr

Glu

His

85

Tyr

0

Arg Val

Phe

Gln

His

ccg

Pro

Val

Leu

Gly

70

Gly

Asp

52733

Ser Arg Ala Ala Ala Thr Ala Leu Ala Glu Asn

375

ttc

Phe

Val

Thr

His

Arg

Leu

Ile

;7 Gln

Ala

Gly
135

Ile

taa

Sinorhizobium meliloti

Ile Ile Gly
10
Glu Ala Gly
25
Ile Leu Gly
40
Leu Met Glu
Pro His Asp
75
Asp Leu Phe
90
Thr Glu Leu
105
Leu Ser Ile
120
Arg Thr Pro

Asp Cys Asp

380

Gly

Ile Ala

Arg Val
45
Glu Ala
60

Phe

Gly

Gly Leu

Thr

Arg

Tyr Glu

125

His Val
140

Phe Ile

74

Pro Ser Gly
15

Asn Val Ile

30

Arg Ala Gly

Gly Cys Gly

Ser Leu Ala
80
Thr Gly Gly
95
Asp Leu Met
110
Ala

Ala Asn

Ala Tyr Glu

Ala Gly Cys

Leu

Leu

Val

Ala

Phe

Arg

Val

Lys

1173

Leu

Asp

Leu

Arg

Asp

Arg

His

Met

Gly
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52733

150 155

Phe His Gly Val Ser Arg Arg Ser Leu Pro Glu Lys

165

170

Phe Glu Lys Ile Tyr Pro Phe Gly Trp Leu Gly Ile

180

185 190

Pro Pro Val Asp His Glu Leu Val Tyr Ala Asn His

195

Ala Leu

Cys Pro

225

Asp Glu

Thr Gly

Ala Glu

Cys Ser Met

Leu Glu Glu

230 2

Leu Arg Arg

245

Pro Ser Phe

260

Pro Met Arg

275

His Ile

290

Trp Lys

Phe Pro

Val Pro Pro

His Tyr Leu

200 205
Arg Ser His Thr Arg Ser Arg
215 220
Lys Ile Glu Asp Trp Asp Asp

5

(9%}

Arg Leu Pro Ala His His Ala
250

Glu Lys Ser Ile Ala Pro Leu
265 270

Phe Asn Arg Leu Phe Leu Ala

280 285
Thr Gly Ala Lys Gly Leu Asn
295 300

Phe Glu Gly Leu Leu Glu His

310 315

Ala Gly Ile
325
Ala Val Arg
340

Glu Thr Ser

355

Asp Tyr

370

Leu Thr His

Asp Ala Tyr Ser Ala Arg Ala
330

Phe Ser Trp Trp Met Thr Thr
345 350

Lsp Phe Asp Gln Arg Ile Gln

360 365
Ser Arg Ala Ala Ala Thr Alsa
375 380

75

Ala

175

=
(0]
o

Pro

Tyr

Glu

255

Arg

Gly

Leu

Tyr

Leu

335

Met

Leu

160

Ile

Ala

Arg

Tyr I

Arg

240

Arg

Ser

Asp

Ala

Gln

w
[\
o

Ala

Leu

Ala

Ala

Phe

Val

Phe

Ala

Ala

Asp

Arg

His

Glu

Glu

Asn

Val

7 Phe

Gln

Val

Ala

Ser

Arg

Val

Arg

Leu

Asn
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Tyr Val Gly Leu Pro FPhe

385

<210>

<211>

<212>

<213>

<220>

<221>

<222>

<223>

<400>

390

52733

Rhodopseudomonas palustris

CDS

(1) ..(1170)

Oligonucleotit dugc tdi uu hdéa cho codon

5

atg cgc act cag gtg

Met Arg Thr Gln Val

ctc gga cag ctc ctt

Leu Gly Gln Leu Leu

20

cgc aaa gat ccc gat

Arg Lys Asp Pro Asp

35

gag cag ggc atg gtt

Glu Gln Gly Met Val

50

ttg cat cag gaa gcg

Leu His Gln Glu Ala

o))
(€]

70

ggc caa cgg cat ccc

Gly Gln Arg His Pro

85

gca

Ala

cac

His

tac

Tyr

gac

Asp

55

atc

Ile

aag

Lys

gtg

Val

40

gtt

Val

gat

Asp

att

Ile

ggt

Gly

10

tac

Tyr

25

ctt

ctg

Leu

cac

His

999

Gly

gac

Asp

ggt

Gly

~J

cgt

1 Arg

90

gcc

Ala

atc

Ile

cgc

Arg

gaa

Glu

60

ggt

Gly I

76

ggt

Gly

gac

Asp

atc
Ile

45
gct

Ala

ttc

Phe

cca tcc

Pro Ser

gcc gtc
Ala Val
30

cgt gca

Arg Ala

gaa atc

Glu Ile

acc gga
Thr Gly

95

ggt

Gly

atc

Ile

ggc

Gly

gcg

80

ggc

Gly

ctg

Leu

gct

Ala

ttc

Phe

Glu

ctg

Leu

96

144

240

N
[ee]
[e¢]
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cga tct

Arg Ser

115

ctg cat

Leu His
130

ggc acc

Gly Thr

145

ttc cac

Phe His

ttc gaa

Phe Glu

cct ccc

Pro Pro

gct ctc

Ala Leu
210

tgc cct

Cys Pro

225

gac gaa

Asp Glu

gac

Asp

act

Thr

gga

Gly

cgc

Arg

ttt

Phe

att

Ile

ggt

Gly

ggc

Gly

gaa

Glu

Glu

ggc

Gly

atc

Ile

150

tcg

Ser

165

gtg

=

Val

180

gtc

Val

tgc

Cys

ttg

Leu

Ser

tcg

Ser

Lys

tat

Tyr

cca

Pro

gac

Asp

230

tcc

cgc

Arg

ccg

Pro

gaa

Glu

cgc

Arg

215

gat

Asp

cgc

Ser Arg

acg

gtg

Val

caa

Gln

ttc

Phe

ctg

Ser

gtc

Val

ctc

Leu

tct

Ser

52733

gta

Val

g atc

Ile

cct

Pro

gat

s AsSp

acc

Thr

tat

Tyr

aag

Lys

O
Q
o)}

5
Q

gac

Asp

125

gtg

Val

140

ttc

Phe

155

gtg

Val

170

ggc

Gly

185

atc

Ile

Asp

tgg

Trp

tac

Tyr

ccg

Pro

cca

Pro

ttg

Leu

gtc

Val

cgt

Arg

att

Ile

gcg

Ala

gga

Gly

aac

Asn

)
o
(6]

tca

Ser

220

tgg

Trp

gaa

Glu

77

tct

Ser

cgt

Arg

gcg

Ala

tct

Ser

ctt

Leu

190

cgg

Arg

Asp

tac

Tyr

999

Gly

atg

Met

gat

Asp

tgt

Cys

160

gtt

Val

tcc

Ser

cga

Arg

tac

Tyr

cgc

Arg

240

aaa

Glu

gtt

aaa

cag

Gln

gat

Asp

ggc

Gly

ctc

Leu

acc

Thr

ttt

Phe

caa

Gln

gtg

Val

w
(8¢
sy

432

528

576

672

720

-
()}
[e¢]
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aca

Thr

gct

Ala

cac

His

gac

Asp

305

tcc

Ser

tgg

Trp

ttt

Phe

Asp

tac

ggc ccg

Gly Pro

245

tca

Ser

260

gaa cca

Glu Pro

275

att gtt

Ile Val

290

gtg tac

Val Tyr

gaa gcc

Glu Ala

aag gcg

Lys Ala

atg

Met

tac

Tyr

ggt

Gly

ctg

Leu

gag

Glu

ttt

Phe

310

Ile

325

gaa

Glu

340

cca gat

Pro Asp

355

tat ctg

Tyr Leu

370

gta ggc

Tyr Val Gly

385

<210> 6

tcc

Ser

Q
s
Q

Val

ctg

Leu

cgt

Asn

ccea

Pro

390

gac

Asp

ttc

Phe

gca

Ala

tcc

Ser

375

Tyr

ggt
Gly
280

gga

Gly

cgt

Arg

gct

Ala

Ser

ttc

Phe

aaa

Lys

taa

Arg

gca

Ala

gca

Ala

52733

ctt

Leu

aag

Lys

atg

Met

gca

Ala

ttc

Phe

ggc

Gly

cca ctg cgt

Pro Leu Arg

ctg gcc ggt

Leu Ala Gly

285

ttg aat ctg

Leu Asn Leu

300

cgg

Arg

315

tcg

Ser

330

tgg

Trp

agc

Ser

gca

Ala

tgg

Trp

caa

Gln

gcc

Ala

cgc

Arg

Ile

gag tac tat

Glu Tyr Tyr

tcc gcec ttg

Ser Ala Leu

act tct cag
Thr Ser Gln
350
atc cag act
Ile Gln Thr
365
acc tcc ttg

Thr Ser Leu

380

gat

Asp

gcg

Ala

ctg

Leu

gct

Ala

gcc

Tttt

Phe

gcc

Ala

Ala

gag

Glu

Arg

cac

His

gag

Glu

gag

Glu

gtc

Val

gct

Ala

tca

Ser

aag

aac

1173

912

960

1008

1056

1104

1152
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<211> 390
<212> PRT
<213>
<400> ©
Met Arg Thr
Leu Gly Gln

20
Arg Lys Asp

35

Glu Gln Gly
50

Leu His Gln

Gly Gln Arg

Val Thr Val

Gln Val
5
Leu

Pro Asp

Met Val

Glu Ala

70
His Pro
85

Tyr Gly

100

Arg Ser Ala
115

Leu His Asp
130
Gly Thr Thr
145
Phe His Gly
Arg
18

Pro Pro

Ala

Gly

Glu

Arg Glu

Ala

His

Tyr

Asp

55

Leu

Ile

Leu

Gly

135

Ile

150

Ile

Val

40

Leu

Val

Asp

Thr

Thr

120

Ala

Val

Ile Ser Arg Gln

165

Val Tyr Pro Phe

0

52733

Rhodopseudomonas palustris

Ile Gly Ala

10

Gly Ile

Leu Ser Arg

Leu Asp Glu
60

His Gly Gly
75

Leu Arg Gly

90

Glu Val Thr

105

Thr

Ile Tyr

His Pro

Gly

Asp

Ile

Ala

Arg

Asp

125

140

Cys Asp Phe
155
Ser Val Pro

170

Ile

Ala

Pro Ser Gly

15
Ala Val Ile
30

Arg Ala Gly

Glu Ile Ala
80

Thr Gly Gly

Asp Leu Met
110

Ala Ala Asp

Lys Val Arg Tyr Val

Ala Gly Cys
160
Ser Ala Val

175

Gly Trp Leu Gly Leu Leu Ser

185

79

Val Ser Pro Glu Leu Ile Tyr Val Asn

190

Leu

Val

Val

Ala

Phe

Lys

Glu

Lys

Asp

Gln

Leu

Leu

Arg

Ala

Ala

Ser

Gly

Ser

Thr
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52733

195 200
Ala Leu Cys Ser Met Arg Ser Met His
210 215

Cys Pro Leu Thr Asp Asp Val Ala Asp

205

Arg Ser Arg

220

Trp Ser Asp

225 230 235

Asp Glu Leu Lys Ser Arg Leu Asp Pro
245 250
Thr Gly Pro Ser Ile Glu Lys Ser Ile
260 265
Ala Glu Pro Met Arg Phe Gly Arg Leu
275 280
His Ile Val Pro Pro Thr Gly Ala Lys
290 295

Asp Val Tyr Tyr Leu Ser Arg Ala Met

Glu Thr Ala

Ala Pro Leu

Phe Leu Ala
285
Gly Leu Asn
300

Arg Glu Tyr

305 310 315

Ser Glu Ala Gly Ile Asp Ala Tyr Ser
325 330
Trp Lys Ala Glu Arg Phe Ser Trp Trp
340 345
Phe Pro Asp Ser Asp Ala Phe Ser Gln
355 360

Asp Tyr Leu Val Asn Ser Lys Ala Ala
370 375

Tyr Val Gly Leu Pro Tyr

385 390

<210> 7

<211> 1179

<212> ADN

<213> Bradyrhizobium diazocefficiens

Ala Ser Ala

Met Thr Ser

350

Arg Ile Gln

Ile Thr Ser

380

80

Tyr Tyr

Asp Arg

240
Gly Lys
255

Arg Ser

Gly Asp

Leu Ala

Tyr Ala

320

Leu Arg

335

Gln Leu

Thr Ala

Leu Ala

Val

Leu

Phe

Ala

Ala

Arg

His

Glu

Glu

Gln

Val

Val

Ala

Ser

Lys

Val

Arg

Leu

80/119



<220>

<221> CDS

<222>

<223>

(1) ..(1176)

<400> 7

atg cgt

Met Arg

ctc tecg

Leu Ser

tca cgt

Ser Arg

gaa cag

Glu Gln
50

atg aag

Met Lys

ggg cat

Gly His

atc aca

Ile Thr

cgce ttg

Arg Leu

act

Thr

cac

His

20

tcg

Ser

tct

Ser

Siele)

Arg

999

Gly

gtc

Val

cag

Gln

atg

Met

cag

Gln

acg

Thr

Glu

cac

tat

Tyr

100

Leu

Ala

gtt

Val

ggc
Gly

70
cgg

Arg

cca

Pro

Q
Q
t

Gly

gga

Gly

gaa

Glu

Asp
55
ttt

FPhe

atc

Ile

atc

Ile

atc

Ile

40

gtc

Val

gat

Asp

cac

His

caa

7 Gln

120

gtg

Val

52733

gga

Gly

10

tcc

Ser

[}
w

atg

Met

cat

His

gaa

Glu

105

atc

Ile

ggc

Gly

acc

Thr

ggt

Gly

75

cag

1 Gln

gcc

Ala

att

Ile

acc

Thr

gag
Glu

60

ggc

Gly

aac

Asn

Leu

ttt

Phe

81

gga

Gly

gag

Glu

atc

Ile
45

att

Ile

ttt

Phe

ctt

Leu

aag

Lys

Glu

125

Oligonucleotit dugc tdi uu héa cho codon

999

Gly

gag

Glu

atc

Ile

gct

Ala

ctc

Leu

aat

Asn

ggt

Gly

atc

Ile

999

Gly

ggc

Gly

cgc

Arg

80

att

Ile

ctg

Leu

atc

Ile

gta

Val

gat

Asp

ttt

Phe

gcc

acc t

ctc

Leu

gag

Glu

ctg

Leu

gca

Ala

acg

Thr

ttg

Leu

Ser

144

192

240

288

336

81/119



att gac
Ile Asp

130
caa ggt

Gln Gly

ggt ggc

Gly Gly

cgc gat

Arg Asp

aaa gcc

Lys Ala

gga ttc
Gly Phe

210
ttc cag

Phe Gln

att tgg

Ile Trp

Val Cys

ggt

Gly

gaa

Glu

tat

Tyr

tac

Tyr

9]
s
Q
o
Q
(]

Leu Thr

acc cgt

Thr Arg

agc

Ser

135

gaa

Glu

150

gga gcc

Gly Ala
165

ttc cga

Phe Arg

180

cca

Pro

gcg

Ala

tgc

Cys

aac

Asn

ccc tca

Pro Ser

gca cct

Ala Pro

gtg

Val

tcc

Ser

agc

Ser

215

acc

Thr

230

gag ttg

Glu Leu

245

cct atc

Pro Ile

260

gaa

Glu

ccc atg

Pro Met

ttc

Phe

caa

Gln

gat

Asp

ttg €

Leu

Q
Q
Qi

gaa

Glu

200

aca

Thr

gat

Asp

act

Thr

cag

Gln

cac

His

0
)
Q

Ser

gct

Ala

52733

gcg att

Ala Ile

170

Pro

185

gag

Glu

tcc

Ser

gga

Gly

ttc ggt

Phe Gly

ctc atc

Leu Ile

tct ccg

Ser Pro

ccg

Pro

Tyr

205

aat

Asn

220

gtt gac

Val Asp
235

gtt ggt

Val Gly

ggt atc

Gly Ile

cgg ctt

Arg Leu

82

aac

Asn

ggc

Gly

att

Ile

ttc

Phe

atc

Ile

tgg a

Trp

gat

Asp

cct

ttc

Phe

ggc

Gly

cat

His

cag

Gln

Ser

ggc
Gly
255

ctt

att

Ile

ggc

Gly
160

ctg

Leu

Ile

cac

His

cgc

Arg

gat
Asp
240
ttc

Phe

acc

Thr

Val

ctg

Leu

gac

Asp

atg

Met

gag

Glu

Asp

aaqg

Lys

Arg

gca

Ala

tac

Tyr

cgc

Arg

ctc

Leu

480

528

576

624

672

720

768

[ee]
N
[N
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52733 83/119

275 280 285

gca cac tct gtc cct ccc aca

Q
Q
ot
Q
0
o

aaa ggc ctc aac ctg gca gct 912

Ala His Ser Val Pro Pro Thr Gly Ala Lys Gly Leu Asn Leu Ala Ala

280 295 300
gca gac gtg tac gtc ctt gcc cgt geca ctt gcg age tac tac gct aag 960
Ala Asp Val Tyr Val Leu Ala Arg Ala Leu Ala Ser Tyr Tyr Ala Lys
305 310 315 320
cga tcc acc acc ctg ttg gac gecg tat tcc tet acc gea ttg cgt cgc 1008
Arg Ser Thr Thr Leu Leu Asp Ala Tyr Ser Ser Thr Ala Leu Arg Arg

325 330 335
gtg tgg cgt gcc caa cac ttc tcc tgg tgg atg acc tct atg ctg cat 1056
Val Trp Arg Ala Gln His Phe Ser Trp Trp Met Thr Ser Met Leu His
340 345 350
tgg ttt cac gaa gga acc gaa ttc gac ctg aag cgt caa ctg gcg gag 1104
Trp Phe His Glu Gly Thr Glu Phe Asp Leu Lys Arg Gln Leu Ala Glu
355 360 365

ctc gaa ttg gtc acg tcc tcc aaa gcg gct gca acc act ctg gcc gaa 1152
Leu Glu Leu Val Thr Ser Ser Lys Ala Ala Ala Thr Thr Leu Ala Glu

370 375 380
aac tac gta ggc atg cca ctt gct taa 1179

Asn Tyr Val Gly Met Pro Leu Ala

385 390
<210> 8

<211> 392

<212> PRT

<213> Bradyrhizobium diazoefficiens
<400> 8
Met Arg Thr Gln Val Gly Ile Val Gly Ala Gly Pro Ala Gly Leu Leu

1 5 10 15

83



Leu Ser His

20

Ser Arg Ser
Glu Gln
50
Met Lys Arg
65

Gly His

Gly

Ile Thr Val

Met Tyr

Gln Ala Glu

Thr Val

Glu Gly
70

His Arg Ile

85

Gln

Tyr Pro

100

Arg Leu Arg
115
Ile Asp Gly

130
Gln Gly Glu
145

Gly Gly Tyr

Arg Asp Tyr

Thr Gly Gly

Leu Thr Ser

135

Thr Arg

Glu
150
Gly Ala Ser
165

Phe Arg Val

180

Lys Ala Pro
195
Gly Phe Ala
210
Phe Gln
225

Ile Trp Asn

Pro Ser Ser

Ile

Leu

Ala

230

Glu Leu Gln

Ile Glu

52733

Gly Ile Glu

Gln Thr Ile

40
Leu Met

Val

Asp

90

His

105

Gln Ile
120

Asp Gln

Leu Ser Cys

Arg Ala Ala
170
Tyr Pro Phe
185
Glu Leu
200

Thr Arg Ser

140

s
(@]

Thr Glu Ile

Leu Gln Asn Leu

Glu Val Leu Lys

His Phe Glu

125

Pro Val Val Arg

Pro

Gly Trp

Ile

Pro Asn Ile

220

235

Thr Arg Val Gly Gly Asp

84

Tyr Ala

205

Ser Val Asp Asn Trp

Ser Ile Ile
30
Arg Ala Gly

Gly Ala Gly

Glu Leu Arg
80
Ala Asn Gly

95
Asp Leu Ile
110
Ala

Lys Ala

Phe Ile

Val Ala Gly
160
Glu Asp Leu
Phe Ile
190

His His

Gln Arg

Ser Asp
240

Gly Phe

Ile

Asp

Phe

Ala

Thr

Thr

Cys

Leu

Asp

Met

Glu

Glu

Leu

Arg

Ala

Thr

Leu

Ser

Lys

Asp

Arg

Ala

Arg

Tyr

Leu

84/119



52733

245 250

Lys Thr Gly Pro Ile Phe Gln Lys Gly Ile

Val Cys Glu Pro Met Gln Hi

260 265

9]

Gly Arg Leu

275 280

Ala His Ser Val Pro Pro Thr Gly Ala Lys

290

Ile Pro Leu Arg

Phe Leu Ala Gly
285

Gly Leu Asn Leu

295 300

Ala Asp Val Tyr Val Leu Ala Arg Ala Leu

305

310 315

Arg Ser Thr Thr Leu Leu Asp Ala Tyr Ser

325 330

Val Trp Arg Ala Gln His Phe Ser Trp Trp

340 345

Trp Phe His Glu Gly Thr Glu Phe Asp Leu

355 360

Leu Glu Leu Val Thr Ser Ser Lys Ala Ala

370

Ala Ser Tyr Tyr

320

Ser Thr Ala Leu
335

Met Thr Ser Met

Lys Arg Gln Leu

w
(o)}
(@)

Ala Thr Thr Leu

375 380

Asn Tyr Val Gly Met Pro Leu Ala

385

<210>

<211>

<212>

<213>

<220>

<221>

<222>

<223>

<400>

390

el

ADN

Cupriavidus metallidurans

CDSs

(L) ..(1176)

Oligonucleotit dugc tdi uu héa cho codon

el

Ser

Ala

Ala

Arg

Leu

Ala

Ala

Ala

Arg

His

Glu

atg cgc act cag gtt ggt atc att gga gct ggt cca gca ggc ttg ctc

85
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Met Arg

ctt tcc

Leu Ser

tct cgg

Ser Arg

gaa cag

Glu Gln
50

atg gtc

Met Val

ggc gaa

Gly Glu

acc gta

Thr Val

gtg gca

Val Ala

Thr

cat

His

20

aca

Thr

ggc

Gly

gcc

Ala

cgg

Arg

tac

Tyr

Gln

ctc

Leu

cgc

Arg

acc

Thr

gag

Glu

cat

His

85

gca

Ala

100

gct

Ala

gtg

Val

tgc

Cys

ggt

Gly

Glu

atg

Met

ggc
Gly

70
cgt

Arg

cag

Gln

999

Gly

att

Ile

150

Gly

cac

His

gag

Glu

gac

Asp

cac

His

aaa

Lys

acc

Thr

135

cac

His

52733

Ile Ile Gly

10

ctc aag ggt

Leu

atc

Ile

40

ctc

Leu

ctt

Leu

gat

Asp

gaa

@}
g
[9)]

Lys

25

gag

Glu

ttg

Leu

cac

His

ctc

Leu

Gly

cag

Gln

acc

Thr

20

atc

Ile

ttc

Phe

tcg

Ser

g
o
)

15

Ala

acg

Thr

gat

Asp

60

ggc

Gly

aag

Lys

ggc

Gly

att

Ile

att

Ile

45

gtt

Val

ttc

Phe

ctg

Leu

gat

Asp

gtt

Val

125

cgc

Arg

140

gtc

Val

(@]

86

atc

Ile

7 Pro

Arg

ggc

Gly

Glu

acg

Thr

Ala

ttg

Leu

gge

Gly

95

Gly

ggt

Gly

999

Gly

acc
Thr

80
cat

His

ctt gtg gca

Leu

110

tcg

Ser

tac

Tyr

999

Gly

Val

aac

Asn

gag

Glu

tgt

Cys

Ala

act

Thr

aag

Lys

gat

Asp

160

Leu

gta

Val

aat

Asn

ttt

Phe

Q
(9}
«Q

Q
Q
0

®
—
=

Leu

gaa

Glu

ctg

Leu

Arg

gag

Glu

atc

Ile

ctc

Leu

; Ser

96

144

192

288

336

384

480
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52733 87/119

caa gga cca tca cgc tct gca att ccc gaa gca gtc cgc aaa gac cat 528

Gln Gly Pro Ser Arg Ser Ala Ile Pro Glu Ala Val Arg Lys Asp His

cag cgc ttg tac ccc ttt gge tgg ttt ggc att ctg gtc gaa gct ccg 576
Gln Arg Leu Tyr Pro Phe Gly Trp Phe Gly Ile Leu Val Glu Ala Pro
180 185 190
cct tca tcc gac gag ctg atc tac gca cga cat gac cgc gga ttt gcc 624
Pro Ser Ser Asp Glu Leu Ile Tyr Ala Arg His Asp Arg Gly Phe Ala
195 200 205
ctg atc tcg act cgt agc cct acc gtc caa cgt atg tac ttc cag tgc 672
Leu Ile Ser Thr Arg Ser Pro Thr Val Gln Arg Met Tyr Phe Gln Cys
210 215 220

gat cca cgg gat agc gtt gag aac tgg tcc gac gat cgc atc tgg tcc 720
Asp Pro Arg Asp Ser Val Glu Asn Trp Ser Asp Asp Arg Ile Trp Ser

225 ‘ 230 235 240

gag ctc cac gca cga ttg gat caa gcc gat ggt tgg cgt gta act gag 768
Glu Leu His Ala Arg Leu Asp Gln Ala Asp Gly Trp Arg Val Thr Glu

245 250 255
ggc cgc att ttc cag aag aac atc gtt ggt atg cgc tcc ttc gtg agce 816
Gly Arg Ile Phe Gln Lys Asn Ile Val Gly Met Arg Ser Phe Val Ser
260 265 270
aat gtg atg cag cac ggt cgc ctg ttt ctg gct ggg gat tct gcc cac 864
Asn Val Met Gln His Gly Arg Leu Phe Leu Ala Gly Asp Ser Ala His
275 280 285
atc gtt ccg cct act ggc gcg aaa Jgga atg aac ctc gcc gtg aac gat 912
Ile Val Pro Pro Thr Gly Ala Lys Gly Met Asn Leu Ala Val Asn Asp
280 295 300
gtc aag atc ctg gct gaa ggt ctg gac tcc ttc tac aag aac ggt acc 960

Val Lys Ile Leu Ala Glu Gly Leu Asp Ser Phe Tyr Lys Asn Gly Thr



gac aag

Asp Lys

gcg gag cac

Ala Glu His
340

gat gcg acc

Ala Asp Ala Thr

355
tat gtc

acc tcg

Tyr Val Thr Ser
370
atg

gtg gga gtt

Val Gly Met
385
<210> 10
<211> 392
<212> PRT
<213>
<400> 10
Met Arg Thr Gln
1 5
Leu Ser His Leu
20
Ser Arg Thr Arg
35
Glu Gln Gly Thr

50

ttc

Phe

cca

Pro

tcc

Ser

gga

Val Gly Leu

52733

315

gcg acc gcc

Ala Thr Ala

330

tcc tgg tgg atg

Ser Trp Trp Met

345

ttc gac cag caa

Phe Asp Gln Gln

360
cgt ggc gct
Arg Gly Ala
cac taa

ctg

His

390

Val

Leu

Glu

Met

Cupriavidus metallidurans

Gly Ile Ile Gly
10
His Leu Lys Gly
25
Glu Ile Glu Ser
40

Asp Leu Leu Gln

(€]
(@]

acc

Thr

acc
Thr Ser
ctt
Leu

36
aca gct

Thr Ala

380

Ala Gly

Ile Asp

Thr Ile

45

Asp Val

gcec ¢

Ala Leu

tcc atg

cag gtg

Gln Val

5

(ns
Q

ttg

Met Leu

tcc

Ser

ctt

Leu

Pro Ala

15

Arg Ala

Gly Leu

W
N
(@)

cgt

Arg

cac

His

gag

Glu

Gly

vVal

Gly

Gly

atc

Ile

cgc

Arg

ctg

Leu

W)
Q
(@]

Asn

Leu

Val

Asn

tat

Tyr

Leu

Glu

Leu

Arg

1008

1056

1104

1152

1179

88/119



Met

(&)
w

Gly

Thr

Val

N

His

Asp

145

Gln

Gln

Pro

Leu

Gly

Asn

Val

Glu

Val

Ala

Ala Glu Gly
70

Arg His Arg

[e¢]
w

Tyr Ala Gln
100

Ala Gly Gly

115

Asp

130

Thr

Val Glu Ser

Cys Glu Ile

52733

Ala Leu His Gln Gly Phe Glu Leu Thr

75

Ile Asp Leu Thr Asp Leu Thr

His Glu Val Ile Lys Asp Leu
105 110
ys Leu Val Phe Gly Val Ser
120 125
Thr Lys Pro Ser Ile Arg Tyr
135 140

His Cys Asp Phe Val Ile Gly

150 155

Gly Pro Ser Arg Ser Ala Ile Pro Glu Ala Val

Arg

Ser

165

Leu Tyr Pro

180

Ser Asp Glu

195

Ile

210

Arg

Val

Ser Thr Arg

Arg Asp Ser
230
His Ala Arg
245
Ile Phe Gln
260

Met Gln His

275

170
Phe Gly Trp Phe Gly Ile Leu
185 190
Leu Ile Tyr Ala Arg His Asp
200 205
Ser Pro Thr Val Gln Arg Met
215 220
Val Glu Asn Trp Ser Asp Asp
235
Leu Asp Gln Ala Asp Gly Trp
250
Lys Asn Ile Val Gly Met Ar
265 270
Gly Arg Leu Phe Leu Ala Gly

280 285

Tle Val Pro Pro Thr Gly Ala Lys Gly Met Asn Leu

89

Asn

Glu

Cys

Arg

175

Val

Arg

Tyr

Arg

Arg

255

Ser

Asp

Ala

80

His ?

Ala

Thr

Lys

Asp

160

Lys

Glu

Gly

Phe

Phe

Val

Phe

Ala

Ser

Asp

Gly

Asp

Ala

Phe

Gln

Trp

Thr

Val

Ile

Leu

Asp

Ser

Pro

Ala

Glu

Ser

His

89/119



290

Val

Glu

Arg

310

Asp Lys Leu Asn

325

340

Ala

355

Tyr

370

Val Gly Met Val Gly Leu Ser

Ala Glu His Phe

Asp Ala Thr Pro

Val Thr Ser Ser

[\
e
w

52733

300

315

Ala Tyr Thr Ala Thr

330

Ser Trp Trp Met Thr

345

Phe Asp Gln Gln Leu

Arg

375

385 390
<210> 11

<211> 1176

<212> ADN

<213> Rhodococcus sp.
<220>

<221> CDs

<222> (1)..(1173)
<223>

<400> 11

atg cgt acc

Met Arg Thr

cac

cgc act

caa

Gln

ctc

Leu

cag

ctag

Leu

gcc

Ala

gat

Asp

360

Ala

His

atc att gga

Ile Ile Gly
10
gaa cag
Glu Gln Gly

gtt ctg

Gln Val Ser

365

Gly Ala Thr Ala Leu Ala

380

gcg

Ala

atc

Tle

cgc

90

Oligonucleotit dugc tdi wu héa cho codon

ggt

Gly

tca atc
Ser Ile
30

cgt gcc

Lys Ile Leu Ala Glu Gly Leu Asp Ser Phe Tyr Lys Asn

320

His

Glu

Glu

999

Gly

Gly

Arg

Leu

ctg

Leu

Thr

Phe

Arg

Tyr

ctg

Leu

ctg

48

96

90/119



Ser Arg Thr

gag

Glu

ctg

Leu

65

Glu

tgg

Trp

gag

Glu

cac

His

tct

Ser

35

cac

His

50

cat

His

gaa

Glu

gtg

Val

aaa

Lys

tcc

cgc

Arg

cga

Arg

tat

Tyr

Gln

cac

His

85

ggt

Gly

100

gcg

Ala

115

gac

Asp

ttc

Phe

gag

Glu

gta

Val

gcg

Ala

ggt

Gly

cgt

Arg

ggt

Gly

Glu

gtt

Val

gtg

Val

180

Glu

70

cac

His

Gln

caa

Gln

tcc

Ser

» Ser

tac

Tyr

Tyr

caa

Gln

55

gat

y Asp

Q
e
Q

Ile

acc

Thr

cag

Gln

cca

Pro

Val Leu
40

ctt ctg

gaa cat

Glu His

gac ttc

Asp Phe

gag gtg

Glu Val

atc tac
Ile Tyr
120

gca ccc

Ala Pro

gat gca

Asp Ala

gct gca

Ala Ala

52733

Ser Arg

gat gag

Asp Glu

60

cgc ggc

Arg Gly
75

cgg gac

Arg Asp

aca aag

Thr Lys

tac gat

Tyr Asp \

tac gtt

Tyr Val

45

cat

atc

Ile

ctg

Leu

gat

Asp

125

acc

Thr

140

acc gtt

Thr Val

155

atg cct

Met Pro

170

tat tcc

Tyr Ser

185

tgg ttg

Trp Leu

91

gac

Asp

tac

Tyr

gtc

Val

ctg

Leu

110

tcc

Ser

ttc

Phe

gtg

Val

[
Xe]
(@]

Ala

ttg

Leu

gat
Asp
95

gtc

gac

Asp

Thr

ggc

Gly

ctt

Leu

Gly

ggt

cgt

Arg

gtc

Val

acc

Thr

gac

Asp

tgt

Cys

160

cgt

Arg

Val

tgg

Trp

tcc

Ser

gca

Ala

aac

Asp

Leu

gtc

Val

Arg

ctt

Leu

acc

Thr

Val

192

288

w
w
(e}

384

480
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gtc

Val

gct

Ala

cct

Pro

tct

Ser

195

Pro

gct

Ala

ccc

Pro

cac

His

aac

Asn

ctg

Leu

ggc

Gly

tcc

Ser

999

Gly

Ala

act

Thr

- gag

Glu

cga

Arg

215

gac

Asp

230

ctc

Leu

245

ccg

Pro

260

act

Thr

275

cac

His

290

gat

Asp

Trp

atc

Ile

gtc

Val

cgc t

Arg

cca

Pro

att

Ile

CcCcC

Pro

ctc

Leu

cgt

Arg

acc

Thr

cct

Pro

295

ctc

Leu

310

gcc

Ala

cac

His

att

Ile

ctt

Leu

gag

Glu

cat

His

280

act

Thr

gat

Asp

ttc

Phe

aag

Lys

265

Gly

cCa

agc

Ser

agc

Ser

52733

tat gcc

Tyr Ala

acc gtt

Thr Val

220

acc tgg

Thr Trp

tcg gtg

Ser Val

aac ctt

Asn Leu

gct aag

Ala Lys

tcc

Ser

ttg

Leu

tat
Tyr
285

ggt

Gly

300

gcc ttg

Ala Leu
315

tac agc

Tyr Ser

tgg tgg

Trp Trp

92

gcg

Ala

cgce

Arg

gat

1 Asp

CcCa

Pro

270

ctg

Leu

ctg

Leu

caa

Gln

acg

Thr

cag

Gln

ctg

Leu

gac

Asp

ggc
Gly
255

atg

Met

gct

Ala

aac

Asn

aag

Lys

gac

Asp

tac

Tyr

cgc

Arg

240

tgg

Trp

cgc

Arg

ggt

Gly

ctg

Leu

atg

Met

ggt

Gly

atc

Ile

wn
0]
i

gat

Asp

aaa

Lys

cga

Arg

ctt

Leu

tgg

Trp

tac

Tyr

gca

Ala

Val

ggc

Gly

cac

His

624

@
[y
oN

864

912

960

1008
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340
aca gga gat gac
Thr Gly Asp Asp

355
tgg gtc gca tcc
Trp Val Ala Ser

370

gct ggc ctt ccg
Ala Gly Leu Pro
385

<210> 12

<211> 391
<212> PRT
<213>
<400> 12

Met Arg Thr Gln

Leu Ser His Leu
20

Ser Arg Thr Gln

35
Glu His Ser Thr
50

Leu His Arg Glu
Glu Glu Arg
85

Trp Val Tyr

Gly

100

tcc

Ser

Ile

390

Val

Leu

Glu

Val

Gln

ttt

Phe

375

ggc

Gly

Rhodococcus sp.

Ala

Asp

Tyr

Gln

55

] Asp

Ile

Thr

tte

Phe

Ile

Glu

Val

40

Leu

Glu

Asp

Glu

52733

Gln

gct atg

Gly Ala Met

350
cag ctt tcc cag

Gln Leu Ser Gln

ggc ttg gct gag

Gly Leu Ala Glu

380

taa

Ile Gly Ala
10
Gln Gly Ile
25

Leu Ser Arg

Leu Asp Glu

His Arg Gly

Phe Arg Asp

90

Val Thr Lys

105

O
(O8]

Gly Pro Ala Gly
15

Asp Ser Ile Leu

30
Ile

Arg Ala Gly

45
His

Gly Leu Gly

Ile Tyr Leu Gln

80

Leu Val Asp Arg
95

Asp Leu Val Val

110

ctc

Leu

aac

Asn

Leu

Ile

Val

Glu

Trp

Ser

Ala

aag

Leu

Glu

Leu

Val

1104

1152

~J
(o)}
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Glu Lys Ala
115
His Asp Val
130
Gly Asn Ala
145
Phe

Ser Gly

Trp Glu Arg

Gly Gln
Glu Ser Asp
135
Val Arg Ile
150
Pro Ser Arg
165

Val Tyr Pro

180

Ala Pro Ser

195

Ala Met His
210

Val Pro Asn

225

Asp Ala Leu

Asn Pro Gly

Val

Ala His Ile
290
Ala Asp Val

305

Asn Asp Ser

Val Trp Arg

Thr Asp Glu

Ser Met Arg

215

Gly Thr Asp
230

Ala Leu Arg
245

Ile

Pro Thr

t Arg

Val Pro Pro
295
Ala Leu Leu
310
Arg Alea Ala
325

Cys Thr His

120

Ala

Asp

Ala

Tyr

185

Ala

52733

12
Tyr Val Thr
140

Thr Val Val

Ala Met Pro Asp

170

Ser Trp Leu Gly

5

Tyr Tyr Asp Val Ser

Ser

Val

190

Leu Ile Tyr Ala Trp His

200

Ser

Ile

Leu

Glu

265

His

280

Thr

Ala

Asp

Phe

Gly His

Lys Ser

Gly Asn

Gly Ala

20

Ser Thr Val Ser

220

Asp Thr Trp Ser

235
Gly Gln
250

Val Leu
Leu Tyr
28

Lys

300

Pro Ala Leu Ala

w
=
wl

Ser Tyr Ser Asp

330

94

5

5

Arg

Asp

Asp

Gly Leu

Gln

Asp

Ser Trp Trp Met Thr

Asp Thr

Thr Asp

Gly Cys

160
Val Arg
175

Leu Ala

Gln Asp

Leu Tyr

Asp Arg

240
Gly Trp
255
Met

Arg

Ala Gly

Asn Leu
Leu

320

335

Thr Met

Ala

Ala

Asp

Asp

Gly

Leu

Thr

Ser

Ala

Lys

Leu

Gly

y Thr

Val

Phe

Gln

Trp

Leu

Tyr

Ala

Val

Gly

94/119
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340 345

98]
&)

Thr Gly Asp Asp Pro Phe Asp Ala Gln Leu Gln Leu Ser Gln Leu Lys

355 360 365

Trp Val Ala Ser Ser Glu Ala Gly Ala Met Gly Leu Ala Glu Asn Tyr

370 375 380

Ala Gly Leu Pro Ile Gly Phe

385 390
<210> 13

<211> 42

<212> ADN

<213> Trinh ty nhédn tao

<220>

<223> Oligonucleotit tdéng hop
<400> 13

tattaattaa atgcgcgttt taattattga taattatgat tc

<210> 14
<211> 45
<212> ADN

<213> Trinh ty nhén tao
<220>
<223> Oligonucleotit tdéng hop

<400> 14

ttgcggccge ttgtttaaac ctccttacag aaaaatggtt gggcg

<210> 15
<211> 33
<212> ADN

<213> Trinh tu nhén tao
<220>

<223> Oligonucleotit téng hop

95

42

45

95/119
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<400> 15

aaatttaaac ctcctttaca gaaaaatggt tgg

<210> 16
<211> 28
<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit téng hop
<400> 16

ggaggtttaa acaagcggcc gcgatatc

<210> 17
<211> 35
<212> ADN

<213> Trinh ty nhén tao

<220>

<223> 0Oligonucleotit téng hop
<400> 17

aggaggttta aatttatgcg cactcaggtg gctat

<210> 18
<211> 35
<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Oligonucleotit téng hop
<400> 18

cttgtttaaa cctccttata cgagtggcag tccta

<210> 19
<211> 31
<212> ADN

96

28

35

96/119
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<213> Trinh tu nhé&n tao

<220>

<223> Oligonucleotit tdéng hop
<400> 19

gctatcaaaa cattcggcac attggttttc c

<210> 20
<211> 29
<212> ADN

<213> Trinh tuy nhén tao

<220>

<223> O0Oligonucleotit tbéng hop
<400> 20

ggaagatgcyg tgatctgatc cttcaactc

<210> 21
<211> 24
<212> ADN

<213> Trinh tu nhédn tao

<220>

<223> Oligonucleotit tdéng hop
<400> 21

ttacagaaaa atggttgggc gcaa

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

<213> Trinh ty nhén tao

<220>

<223> Oligonucleotit tdéng hop
<400> 22

atgcgcactc aggtggctat cg

31

24

[N
[RS]
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<210> 23

<211> 342

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Oligonucleotit téng hop
<400> 23

tacgtacctg caggtagcgt gtcagtaggc
gatatcttga aatcggcttt caacagcatt
tgcgaatgtc cacagggtag ctggtagttt
gtaactggca cattttgtaa tgcgctagat
acagtgaaag caaaaccaat tcgtggctgce
aggatctaaa ttatgaataa tataaaagga
<210> 24

<211> 36

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit tdng hop
<400> 24

gcgtagggta
gatttcgatg
gaaaatcaac
ctgtgtgctc
gaaagtcgta

ggaattaatt

accatttttc tgtaatacgt acctgcaggt agcgtg

<210> 25
<211> 35
<212> ADN
<213>
<220>
<223>
<400> 25

Trinh tu nhé&n tao

Oligonucleotit tdng hop

cacctgagtg cgcatttaat taattcctecc tttta

98

agtggggtag
tatttagctg
gccgttgceccc
agtcttccag

gccaccacga

cggcttgtta

gccgttaccc

ttaggattca

gctgcttatc

agtccaaagg

36

w
w

98/119
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<210> 26

<211> 29

<212> ADN

<213> Trinh tyu nhé&n tao

<220>

<223> Oligonucleotit tdng hop
<400> 26

gcttgttaga tatcttgaaa tcggettte
<210> 27

<211> 18

<212> ADN

<213> Trinh ty nhéan tao

<220>

<223> Oligonucleotit téng hop
<400> 27

ggaggtttaa acaagcgg

<210> 28

<211>

3]
~J

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit téng hop
<400> 28

aatttagatc ctcctttoga cttcgtg

<210> 29
<211> 36
<212> ADN

<213> Trinh tu nhé&n tao

<220>

29

18

27

99/119



<223>

<400>

52733

Oligonucleotit téng hop

29

aggaggatct aaattatgcg tactcaggtg ggaatc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

30
32
ADN

Trinh tu nhén tao

Oligonucleotit téng hop

30

cttgtttaaa cctccttaag caagtggcat gc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

31
36
ADN

Trinh ty nhé&n tao

Oligonucleotit tdng hop

31

aggaggatct aaattatgcg cactcaggtg gcaatc

<210>

<211>

<212>

<213>

<220>

<223>

32
34
ADN

Trinh ty nhé&n tao

Oligonucleotit tdng hop

—t
()
o

100/119
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36

34



<212>

<213>

<220>

<223>

<400>

52733

ADN

Trinh tuy nhé&n tao

Oligonucleotit tdéng hop

33

aggaggatct aaattatgcg cacccaagtg gtcatc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

cttgtttaaa cctccttaga acggcagacce cacgtag

<210>

<211>

<212>

<213>

<220>

<223>

<400>

34
37
ADN

Trinh tu nhén tao

Oligonucleotit tdéng hop

34

35
36
ADN

Trinh tu nhédn tao

Oligonucleotit tdng hop

3

w

aggaggatct aaattatgcg cactcaggtt ggtatc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

36
38
ADN

Trinh ty nhdn tao

Oligonucleotit tdng hop

36

hd
o
[S—

37

w
[e)]
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cttgtttaaa cctccttagt ggctcagtec aaccattc
<210> 37

<211> 40

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Oligonucleotit téng hop

<400> 37

aggaggatct aaattatgcg tacccaagtg gccatcattg

<210> 38
<211> 36
<212> ADN

<213> Trinh ty nhan tao

<220>

<223> Oligonucleotit téng hop
<400> 38

cttgtttaaa cctccttaga agccaatcgg aaggcc

<210> 39
<211> 27
<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit tdéng hop
<400> 39

gccgggctcce tggaacagtc tacggtt

<210> 40
<211> 27
<212> ADN

<213> Trinh tu nhén tao

p—t
(e
[\ )

38

40

36

27
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<220>

<223> Oligonucleotit téng hop

<400> 40

ttccaggagc ccggcegcegga tggtcetg 27
<210> 41

<211> 27

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit tdéng hop

<400> 41

gctggtcetcee tggaacgtat cacggtg 27
<210> 42

<211> 27

<212> ADN

<213> Trinh ty nhédn tao

<220>

<223> Oligonucleotit tdng hop

<400> 42

ttccaggaga ccagcccgaa ctcggcec 27
<210> 43

<211> 27

<212> ADN

<213> Trinh ty nhé&n tao

<220>

<223> Oligonucleotit tdéng hop

<400> 43
gcaggcctcece tggagcacgg catggtt 27
<210> 44

103



<211>

<212>

<213>

<220>

<223>

<400>

52733

27
ADN

Trinh tu nhé&n tao

Oligonucleotit tdng hop

44

ctccaggagg cctgcacgga tgcggga

<210>

<211>

<212>

<213>

<220>

<223>

<400>

45
27
ADN

Trinh ty nhén tao

Oligonucleotit tdéng hop

gctggactct tggaacaggg caccgtt

<210>

<211>

<212>

<213>

<220>

<223>

<400>

46
27
ADN

Trinh ty nhén tao

Oligonucleotit téng hop

46

ttccaagagt ccagcgcgaa ctcgecc

<210>

<211>

<212>

<213>

<220>

<223>

47
27
ADN

Trinh ty nhé&n tao

Oligonucleotit téng hop

104

27

27

27
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<400>

47

gcgggtctce tggaacaggg caccatg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

48

[}
-]

ADN

Trinh ty nhén tao

Oligonucleotit téng hop

48

ttccaggaga cccgcccgaa tcgtgga

<210>

<211>

<212>

<213>

<220>

<223>

<400>

49
27
ADN

Trinh tyu nhén tao

Oligonucleotit téng hop

49

gccggtctcece tggagcactc cacggtg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

50
27
ADN

Trinh ty nhén tao

Oligonucleotit téng hop

50

ctccaggaga ccggcacgga tgcgtga

<210>

<211>

<212>

51

27

ADN

52733

105

-

27

27
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<213> Trinh ty nhé&n tao

<220>

<223> Oligonucleotit tdéng hop

<400> 51

ctcatcttcg cacatcacga ccgcgga 27
<210> 52

<211> 27

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Oligonucleotit tdng hop

<400> 52

atgtgcgaag atgagctctt cggatga 27
<210> 53

<211> 27

<212> ADN

<213> Trinh tuyu nhén tao

<220>

<223> Oligonucleotit tdéng hop

<400> 53

cgcatgttct tccagtgcgc acctacc 27
<210> 54

<211> 27

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Oligonucleotit téng hop
<400> 54

ctggaagaac atgcgctogga tattcgg 27

106



<210>

<211>

<212>

<213>

<220>

<223>

<400>

52733

55
27
ADN

Trinh tyu nhén tao

Oligonucleotit téng hop

55

ttgatcttct cgaaccatga tcgeggt

<210>

<211>

<212>

<213>

<220>

<223>

<400>

56
27
ADN

Trinh tu nhé&n tao

Oligonucleotit tdng hop

56

gttcgagaag atcaactcgt ggtcaca

<210>

<211>

<212>

<213>

<220>

<223>

<400>

57
27
ADN

Trinh tyu nhé&n tao

Oligonucleotit téng hop

57

cgctatttcg tgcagtgctc actcgac

<210>

<211>

<212>

<213>

<220>

58

ADN

Trinh tu nhén tao

107

27

27
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<223> Oligonucleotit tdng hop

<400> 58

ctgcacgaaa tagcgggagc gtgtcgg 27
<210> 59

<211> 27

<212> ADN

<213> Trinh tuy nhén tao

<220>

<223> Oligonucleotit tdéng hop

<400> 59

ctgatcttcg tcaaccacga ccgadggce 27
<210> 60

<211> 27

<212> ADN

<213> Trinh tuyu nhén tao

<220>

<223> Oligonucleotit tdng hop

<400> 60

gttgacgaag atcagttctg ggctgac 27
<210> o1

<211> 27

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit tdéng hop

<400> 61
cggtacttcg tccaatgccc tttgacc 27
<210> 62
<211> 27

108



<212>

<213>

<220>

<223>

<400>

52733

ADN

Trinh tyu nhé&n tao

Oligonucleotit tdng hop

62

ttggacgaag taccgtgaac ggtgcat

<210>

<211>

<212>

<213>

<220>

<223>

<400>

63
27
ADN

Trinh ty nhé&n tao

Oligonucleotit tdng hop

63

ctcgtgttcg ctaatcaccc acgcggg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

64
27
ADN

Trinh ty nhé&n tao

Oligonucleotit tdéng hop

64

attagcgaac acgagttcat gatcgac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

65
27
ADN

Trinh tuy nhén tao

Oligonucleotit tdéng hop

27

27

27

109/119



cgctacttca tccagtgcecce

<210>

<211>

<212>

<213>

<220>

<223>

<400>

52733

Q
+
o+
t+
Q
Q
@
Q

66
27
ADN

Trinh tu nhé&n tao

Oligonucleotit téng hop

66

ctggatgaag tagcgagaac gggtatg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

67
27
ADN

Trinh tyu nhé&n tao

Oligonucleotit tdng hop

67

gctggtattc tggaacgtat cacggtg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

68
27
ADN

Trinh tyu nhén tao

Oligonucleotit tdéng hop

68

ttccagaata ccagcccgaa ctcggcec

<210>

<211>

<212>

<213>

69

27

ADN

Trinh tu nhén tao

27

27

27

110/119
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<220>
<223> O0Oligonucleotit téng hop
<400> 69

gctggttctce tggaacgtat cacggtg

<210> 70
<211> 27
<212> ADN

<213> Trinh ty nhén tao

<220>

<223> O0Oligonucleotit tdéng hop
<400> 70

ttccagagaa ccagcccgaa ctcggcece

<210> 71
<211> 27
<212> ADN

<213> Trinh tuyu nhén tao

<220>

<223> Oligonucleotit tdéng hop
<400> 71

gctggtacac tggaacgtat cacggtg

<210> 72
<211> 27
<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Oligonucleotit tdéng hop
<400> 72

ttccagtgta ccagcccgaa ctcggec

<210> 73

[am—
[u—
[a—

27

27

27

27
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<211> 27
<212> ADN

<213> Trinh tu nhén tao

<223> Oligonucleotit tdng hop
<400> 73

gctggttgtce tggaacgtat cacggtg
<210> 74

<211> 27

<212> ADN

<213> Trinh tu nhé&n tao

<220>

<223> Oligonucleotit téng hop
<400> 74

ttccagacaa ccagcccgaa ctcggcec

<210> 75
<211> 27
<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Oligonucleotit téng hop
<400> 75

gctggtatgc tggaacgtat cacggtg

<210> 76
<211> 27
<212> ADN

<213> Trinh ty nhé&n tao
<220>

<223> Oligonucleotit tdng hop

27

27

27
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<400> 76

ttccagcata ccagcccgaa ctcggece

<210> 77
<211> 27
<212> ADN

<213> Trinh tuy nhén tao

<220>

<223> Oligonucleotit téng hop
<400> 77

gctggtcaac tggaacgtat cacggtg

<210> 78
<211> 27
<212> ADN

<213> Trinh ty nhédn tao

<220>

<223> O0Oligonucleotit téng hop
<400> 78

ttccagttga ccagcccgaa ctcggcec

<210> 79
<211> 27
<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit téng hop
<400> 79

ttggtggcag ctggcgctaa tcttgeg

<210> 80
<211> 27
<212> ADN

113

27

27

27
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<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit tdng hop

<400> 80

gccagctgcce accaagccct ctcecggeg 27
<210> 81

<211> 27

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit tdng hop

<400> 81

ttggtgatgg ctggcgctaa tcttgeg 27
<210> 82

<211> 27

<212> ADN

<213> Trinh ty nhé&n tac

<220>

<223> Oligonucleotit tbéng hop

<400> 82

gccagccatc accaagccct cteggceg 27
<210> 83

<211> 27

<212> ADN

<213> Trinh ty nhé&n tao

<220>

<223> Oligonucleotit tdng hop
<400> 83

tttgccatgg cgtcgatgcg ctcaccg 27

114
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<210> 84
<211> 27
<212> ADN

<212> Trinh ty nhén tao

<220>

<223> Oligonucleotit tdng hop
<400> 84

cgacgccatg gcaaaaccgc gatcatg

<210> 85
<211> 27
<212> ADN

<213> Trinh tu nhdn tao

<220>

<223> Oligonucleotit téng hop
<400> 85

ccacccgcag gagcgaaadgg gatgaac

<210> 86
<211> 27
<212> ADN

<213> Trinh tuyu nhédn tao

<220>

<223> Oligonucleotit tbéng hop
<400> 86

cgctcctgeg ggtggaacga tatgagce

<210> 87
<211> 27
<212> ADN

<213> Trinh tu nhén tao

<220>

[—
[
wn

27

27

27
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<223> Oligonucleotit téng hop
<400> 87

ccacccggtyg gagcgaaagg gatgaac

<210> 88
<211> 27
<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit tdéng hop
<400> 88

cgctccaccyg ggtggaacga tatgagce

<210> 89
<211> 27
<212> ADN

<213> Trinh tuy nhén tao

<220>

<223> Oligonucleotit tdng hop
<400> 89

ccaccctgtg gagcgaaagg gatgaac

<210> 90
<211> 27
<212> ADN

<213> Trinh ty nhén tao

<220>

<223> O0Oligonucleotit tdéng hop
<400> 90

cgctccacag ggtggaacga tatgagce
<210> 91

<211> 27

116

27

27

27

27
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<212>

<213>

<220>

<223>

<400>

52733

ADN

Trinh tu nhé&n tao

Oligonucleotit tdng hop

91

ccaccctctyg gagcgaaagg gatgaac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

92
27
ADN

Trinh ty nhé&n tao

Oligonucleotit téng hop

92

cgctccagag ggtggaacga tatgagce

<210>

<211>

<212>

<213>

<220>

<223>

<400>

93
27
ADN

Trinh ty nhé&n tao

Oligonucleotit téng hop

93

gagaacgttyg taggactgcc actcgta

<210>

<211>

<212>

<213>

<220>

<223>

<400>

94
27
ADN

Trinh tu nhén tao

Oligonucleotit téng hop

117

27

217

27
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<210>

<211>

<212>

<213>

<220>

<223>

<400>

95

o
-

ADN

Trinh tu nhén tao

Oligonucleotit téng hop

O
w

gagaacctcg taggactgcc actcgta

<210>

<211>

<212>

<213>

<220>

<223>

<400>

96
27
ADN

Trinh tyu nhé&n tao

Oligonucleotit tdéng hop

96

tcctacgagg ttctccgcca gggtgac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

97
27
ADN

Trinh ty nhédn tao

Oligonucleotit téng hop

97

gagaacattg taggactccc actcgta

<210>

<211>

<212>

<213>

98
27
ADN

Trinh tyu nhéan tao

52733

1

1

8
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52733

<220>
<223> Oligonucleotit téng hop
<400> ©8

tcctacaatg ttctccgecca gggtgac

<210> 99
<211> 27
<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Oligonucleotit tdéng hop
<400> 99

gagaacatgg taggactgcc actcgta

<210> 100
<211> 27
<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit téng hop
<400> 100

tcctaccatg ttctccgcecca gggtgac

27

27

27
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