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Linh vwe k§ thuat dwgc dé cap

Sang ché dé cap dén phuong phap thity phan chon loc chat dong phéan déi anh S
cua axit alpha haloalkanoic bing céach st dung polypeptit c6 hoat tinh dehalogenaza
bao gém trinh tu axit amin nhu dugc néu trong SEQ ID NO. 1 hodc SEQ ID NO. 4
hodc trinh tu c6 mic twong déng trinh tu it nhat 80% v&i mot trong céac trinh tw néi

trén.
Tinh trang ky thuit cia sang ché

D3 biét 16 réng d6i khi c6 su khac biét rd rét vé céc tac dung cua cac chét déng
phan dbi anh cua cung mot chét hoa hoc trong cac hé sinh hoc nhu c4c sinh vat. Vi du,
& thude, thuong chi c6 mot trong s6 cac chét déng phan d6i anh cta thube chiu trach
nhiém cho cac tic dung sinh ly mong mudn, trong khi chit ddng phan d6i anh khac it
hoat dong hon, khong hoat dong hodc doi khi phan tac dung.

Do d6, ton tai cac phuong phap khac nhau dé chi thu dwgc chit dong phan ddi
anh mong mudén. Mot phuong phap duge goi 1a phan giai b4t dbi xtmg. Phuong phap
nay bao gdm viéc didu ché hop chit & dang raxemic, va tdch n6 thanh céc chét dong
phén d6i anh khac nhau. Phuong phép khac 1a tdng hop bét ddi ximg, tirc 14 st dung
cac k¥ thuat khac nhau dé didu ché hop chat mong mudn v6i lwong du chat ddng phan
d6i anh cao. |

Mot nhom cac phan tuo ton tai dudi dang hén hop raxemic la céc axit alpha
haloalkanoic. Chat ddng phan d6i anh R hodc S clia c4c axit alpha haloalkanoic dung
cho muc dich phan tich c6 thé duge tach bang sic ky khi mao dan nhu duge mo ta
trong US 5154738 chéng han. D6i véi cac muc dich téng hop, cach thiét thuc nhét dé
diéu ché axit alpha haloalkanoic bét dbi xtmg 14 bang cach phan giai raxemic st dung
mubi strychnin hodc bruxin hodc bang phuong phap brom hoéa chon loc 1ap thé axit R-
2-aminobutyric. Tuy nhién, cac tién chit hodc chit phan ung bit ddi cho cac phan tng
nay - vi dy, [axit R-2-aminobutyric] - khong hi€u qua vé chi phi. Ngoai ra, cic phan
tng nay 1a khé dé thuc hién trén quy md 16n hon hodc thdm chi 1a quy md cong

nghiép. Vi dy, qua trinh brom héa chon loc lap thé axit R-2-aminobutyric gay t6n thoi
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gian, doi hoi nhiét do thip (-10 dén 5°C) va kho theo ddi tién trinh phan ing. Hon nira,

khi nito dugc tao ra trong qua trinh phan Ung lién quan dén vAn dé an toan lao dong.
Ban chét k§y thuit ciia sang ché

Do d6, muc dich ctia sang ché 1a dé xuét phuong phép thay thé, hiéu qua hon vé
chi phi, tiét kiém thoi gian hon va an toan hon dé cho phép va/hogc tao diéu kién thuan
loi cho viéc tach cac chit déng phan d6i anh R va S cua axit alpha haloalkanoic c6

cong thic 1.

Sang ché dat dugc muc dich nay bing cach dé xuat phwong phap thuy phén

chon loc chit ddng phan dbi anh S cua axit alpha haloalkanoic theo cong thic I,

O

OH
X

trong d6 X 1a halogen va

R 1a mach alkyl ¢6 1 dén 6 nguyén ti cacbon, trong d6 mach alkyl nay c6 thé 1a
thing hodc phan nhanh tai cac nguyén tir cacbon y hodc 9,

phuong phép nay bao gbm cac budc:

- tao ra raxemat gdm chét dong phan dbi anh R va chét déng phéan db6i anh S cua

axit alpha haloalkanoic noi trén,

- tao ra polypeptit c6 hoat tinh dehalogenaza bao gbm trinh tw axit amin nhu
duogc néu trong SEQ ID NO. 1 hodc SEQ ID NO. 4 hodc trinh ty ¢6 mirc twong dong

trinh tu it nhat 80% v&i mot trong céc trinh tu ndi trén,
- cho raxemat phan ung trong 1-8 gio, trong do

d6 pH ndm trong khoang 9 - 10 va nhiét d nam trong khoang 15 - 35°C dbi
v6i polypeptit c6 hoat tinh dehalogenaza bao gdm trinh tu axit amin nhu dugc néu
trong SEQ ID NO. 1 hodc trinh ty ¢6 mirc tuong ddng trinh t it nhét 80% vé6i trinh

tu nay hodc

d6 pH nam trong khoang 9 - 10 va nhiét do nam trong khoang 55 - 65°C do6i
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vGi polypeptit c¢6 hoat tinh dehalogenaza bao gbm trinh ty axit amin nhu dugc néu
trong SEQ ID NO. 4 hodc trinh tyr ¢6 mirc tuong ddng trinh tu it nhét 80% véi trinh

tu nay,

- va trong d6 luong du cht ddng phan dbi anh cia chat ddng phan dbi anh R
nim trong khoang tir 90,0 dén 99,9% dat dugc sau 1-8 gio.

Phuong phap nay c6 wu didm & chd ddy 1a phuong phap thay thé, hiéu qua vé
chi phi va tiét kiém thoi gian hon dwa trén ddc tinh phan Gng khac nhau cta céac chat
ddng phan ddi anh R va S cua axit alpha haloalkanoic ¢6 cong thtrc I cho phép va/hodc
tao didu kién thuan loi cho viéc tach hai chit ddng phan ddi anh nay, vi polypeptit c6
hoat tinh dehalogenaza bao gbm trinh tir axit amin nhu duoc néu trong SEQ ID NO. 1
hoic SEQ ID NO. 4 hodc trinh ty ¢6 muc twrong dong trinh tu it nhat 80% véi mot
trong cac trinh ty ndi trén thiy phan chon loc chét ddng phan d6i anh S ctia axit alpha
haloalkanoic ¢6 cong thirc I mot cach rat hiéu qua trong cac diéu kién phan tng nhét
dinh, tc 1a dat dugc hiéu suét theo thoi gian khong gian cao. Tinh chon loc cua phan
tng thay phan dugc thé hién bang ty 1& luong du chét dbng phan dbi anh cia chét
ddng phan déi anh R con lai ndm trong khoang tir 90 dén 99%. N6i cach khac, da ngac
nhién phat hién ra ring cac diéu kién dugc chi dinh tao dicu kién thuan loi cho phuong
phap hiéu qua vé chi phi hon, tiét kiém thoi gian hon va an toan hon dé tao ra chat

d6ng phan dbi anh R.

Nhu néu trén, polypeptit c6 hoat tinh dehalogenaza bao gbm trinh tyr axit amin
nhu dugce néu trong SEQ ID NO. 1 hodc SEQ ID NO. 4 hodc trinh ty ¢6 mirc tuong
dbng trinh tur it nhét 80% v§i mot trong céc trinh tu néi trén thity phan chon loc chat
ddng phan dbi anh S cua axit alpha haloalkanoic ¢6 cong thirc I mot cach rt hiéu qua
trong céc diéu kién phan ung nhét dinh. Trong phan (g nay, chét ddng phan d6i anh
R vAn khong thay déi, trong khi chét ddng phan ddi anh S bi thily phan dusi sy chuyén

hoa ddng phan lap thé cia no.

Theo cac phuong 4n dugc vu tién cua phuong phap nay, polypeptit c6 hoat tinh
dehalogenaza bao gém trinh ty axit amin nhu dugc néu trong SEQ ID NO. 4 hodac
trinh tw ¢6 muc tuong ddng trinh tu it nhét 80% v&i trinh tw nay va X 1a flo trong axit
alpha haloalkanoic theo cong thirc 1. Lan dau tién, da ngac nhién phat hién ra rang

trong c4c diéu kién nay va st dung polypeptit co hoat tinh dehalogenaza bao gbm trinh
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tw axit amin nhu duge néu trong SEQ ID NO. 4 hodc trinh ty ¢6 mitc tuong dong trinh
tu it nhat 80% v6i trinh ty nay, chat ddng phan dbi anh S cua axit alpha haloalkanoic
chtra flo theo cong thirc I dugc thuy phan mdt cach chon loc, trong d6 luong du chét
ddng phan dbi anh ciia cht ddng phan déi anh R nim trong khoang tir 90,0 dén 99,9%

dat duoc sau 1-8 gio.
Mo ta vin tit cac hinh vé

Fig.1 cho thiy phan tng dugc thuc hién trong cac diéu kién t6i wu hoa déi voi
gia tri pH, ttrc 12 9,5 va nhiét do, tuc 1a 25°C. Trong trudong hop nay, 100 g/L axit 2-
bromobutyric dugc st dung lam chét nén, glyxin 20 mM c6 mat va 2 g/L dich dung
giai té bao, tirc 1a E. coli MG1655 chura plasmit pKA81a-HADH-PP-AJ duoc st dung
dé biéu hién enzym dehalogenaza. Dich dung giai té bao dwoc thém vao 3 lan, mdi
gi0.

Fig.2 chung minh rang d6 pH t8i wu ctia phan tmg trén Fig.1 nim trong khoang
pH & va pH 10.

Fig.3 chung minh rang thay vi str dung dich dung giai té bao (vo tring), toan bd
té bao biéu hién enzym dugc yéu cAu bao ho c6 thé dugc st dung cho phan Ung

chuyén hoa.

Fig.4 chiing minh rang hiéu qui cta phan tng chuyén hoéa dugc duy tri, néu

chat nén dugc cung cap va enzym dugc thém vao chat nén.

Fig.5 chiing minh rang hiéu qua cta phan Umg chuyén hoa dugc duy tri, néu

enzym dugc cung cap dudi dang canh truong 1én men va chat nén dugc thém vao.
M0 ta chi tiet sang che
Thuat ngit "bao gdom" dugc hicu 1a chi su c6 mat cua cac bd phan, cac bude

hoidc cac thanh phan di néu, nhung khong loai trir sy ¢6 mat cua mot hodc nhi€u bo

phén, budc hodc thanh phén bd sung.

Diéu nay dugc hidu rang khi dé cap dén mot tir & dang s6 it, thi s6 nhiéu ciing
duoc bao gém & day. Do do, viéc vién dan t6i mot yéu td boi mao tir khdng xac dinh
"mot" khong loai trir kha nang c6 mat nhiéu hon mot yéu t6, trir khi béi canh yéu cau
10 rang phai c6 mot va chi mot trong cac yéu t6. Do d6, mao tir khong xdc dinh "mot”

thuong c6 nghia 1a “it nhat mot”.
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Nhu dugce st dung trong tai liéu nay, thuat ngi ““ch4t ddng phan ddi anh” ding
dé chi mot trong hai chét ddng phan 1ap thé ciia mot phan ti nhéat dinh ma 1a cac anh
qua guong v6i nhau ma khong thé chong khit 1én nhau dugc (khong gidng nhau).
Nguyén tu bt dbi xing don hoic d4u hiéu ciu tric tuong tu trong mot hop chét lam
cho hop chét dé c6 hai cAu tric c6 thé, 13 anh qua guong cua nhau, khong thé chong
khit [én nhau.

Nhu duogc st dung ¢ day, thudt ngit “raxemat™ hodc “nén raxemic” dé cap dén
hon hop ¢6 lugng bing nhau cta hai chét ddng phan lap thé ciia mot phan ti bét d6i
xung.

Nhu néu trén, trong trudng hop polypeptit c6 hoat tinh dehalogenaza bao gbm
trinh tu axit amin nhu dugc néu trong SEQ ID NO. 1 hodc trinh ty ¢6 mirc tuong déng
trinh tu it nhat 80% véi SEQ ID NO. 1, X trong cong thirc I duge chon tir halogen
khac véi flo va phuong phap dugc md ta ¢ trén duoc thuc hién trong 1-8 gio, trong do

d6 pH nam trong khoang 9-10 va nhiét do nam trong khoang 15-35°C.

Bang cach s dung cic diéu kién nay, di ngac nhién phat hién ra rang
polypeptit c6 hoat tinh dehalogenaza bao gdm trinh tu axit amin nhu dugc néu trong
SEQ ID NO. 1 hogc trinh tw c6 muc twong dong trinh tur it nhat 80% dat duoc cic gia
tri ty 1& luong du chét déng phan ddi dnh déng tin cdy trén 99% (xem Fig.3) va hi¢u
suéit theo thoi gian khong gian 12 16,6 gsanphim L' gi0™! (& ndng do chét nén 1a 100 g/1).

Can luu y ring, do chét nén raxemic, hiéu suat t6i da cia chit dong phéan do6i
anh R 13 50%, do d6 hiéu sut tdi da st dung ndng do chit nén 100 g/l s& 1a 50 /1.
Hon nita, hiéu suit theo thoi gian khong gian s& con cao hon, néu st dung ndng do
chét nén thap hon - vi du, 50 g/l. Tuy nhién, ndng do chét nén cao hon c6 loi cho qua

trinh san xuét & quy md cong nghiép.

Theo céc phuong an duge wu tién, phuong phap néu trén trong trudong hop
polypeptit c6 hoat tinh dehalogenaza bao gdm trinh tu axit amin nhu dugc néu trong
SEQ ID NO. 1 hodc trinh tu ¢6 mirc twong déng trinh tu it nhat 80% véi né, duge thuc
hién trong 4-6 gio, trong d6 d6 pH 1a 9,5 va nhiét do nam trong khoang 20-30°C. Bing
cach sir dung cac diéu kién nay, c6 thé dat duoc su chuyén héa hoan toan, tirc 1a lwong

du chét ddng phan ddi anh 90% sau 3 gio.
Theo mdt phwong 4n dugc dac biét uu tién clia phan (g nay, nhiét do 1a 25°C.

5
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D6 pH t6t hon 1a nim trong khoang 9-10 va tét nhat 1a 9,5.

Nhiét do phan tng 25°C va pH 9,5 dat dugc sy chuyén hoa hoan toan, tirc 1a
luong du chit déng phan dbi anh 90% sau 1 gio. Do do, cac diéu kién nay dan dén
hiéu suét theo thoi gian khong gian dic biét cao. Trong truong hop polypeptit c6 hoat
tinh dehalogenaza bao gbm trinh tir axit amin nhu dugc néu trong SEQ ID NO. 1 hodc
trinh ty c6 mirc twong dong trinh tu it nhit 80% v&i né, dugc cung cip dudi dang sinh
khdi méi 1én men (tire 13 polypeptit duge chira trong toan b té bao), hiéu suit theo

thoi gian khong gian dat dugc 12 50 gsan phim L gio™.

Nhu néu trén, trong truomg hop polypeptit c6 hoat tinh dehalogenaza bao gdm
trinh tu axit amin nhu dugc néu trong SEQ ID NO. 4 hodc trinh tw ¢6 mirc tuong df”)ng
trinh tu it nhit 80% v&i phuong phap néu trén dugce thyc hién trong 1-8 gio, trong do
d6 pH nam trong khoang 9-10 va nhiét do nam trong khoang 55-65°C va luong du
chét ddng phan dbi anh ctia chét dong phan d6i 4nh R nam trong khoang tir 90% dén
99.9% dat dugc sau 1-8 gid. Theo mot phuwong an duge wu tién, phuong phap néu trén
trong truong hop polypeptit ¢6 hoat tinh dehalogenaza bao gbm trinh ty axit amin nhu
duoc néu trong SEQ ID NO. 4 hodc trinh tu ¢6 mic tuong déng trinh tu it nhit 80%
v6i n6, duge thue hién trong 4-6 giod, trong do do pH la 9,5 va nhiét do nam trong

khoang 59-61°C.
Theo mot phuong an dugc dic biét vu tién cua phan ng nay, nhiét do 1a 60°C.
Do pH t6t hon 1a nim trong khoang 9-10 va t6t nhat 12 9,5.

Theo mdt phuong 4n dugc wu tién cia polypeptit ¢6 hoat tinh dehalogenaza
dugc mo ta ¢ day, polypeptit ndy c6 mirc trong dong trinh tu it nhét 80%, tot hon nita
12 mirc twong dong trinh tur it nhét 85%, tot hon nita 1 mirc twong ddng trinh tur it nhét
90%, tt hon nita 13 mrc twong ddng trinh t it nhét 95%, t6t hon nita la it nhat 95%,
96%, 97%, 98%, 99%, va tot nhit 1a mirc twong dong trinh tw 100% véi SEQ ID NO. 1
hodac polypeptit nay c6 muic tuong dong trinh tu it nhét 80%, t6t hon nita 1a mirc twong
ddng trinh tu it nhét 85%, tét hon nita 1a mirc twong déng trinh ty it nhit 90%, tot hon
nita 12 mirc tvong dong trinh tw it nhit 95%, t6t hon nita 1a it nhat 95%, 96%, 97%,
98%, 99%, va tot nht 1a mirc twong dong trinh tw 100% v6i SEQ ID NO. 4.

Polypeptit c6 hoat tinh dehalogenaza bao gbm trinh ty axit amin nhu dugc néu

trong SEQ ID NO. 1 hoac SEQ ID NO. 4 cling co thé duoc xac dinh dic tinh thong

6
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qua céc trinh tu axit nucleic cta ching.

Do d6, trong truedng hgp polypeptit c6 hoat tinh dehalogenaza bao gbm trinh tur
axit amin nhu dugc néu trong SEQ ID NO. 1, polypeptit dugc dé xuét dugc chon tur
nhom

a) polypeptit bao gdm trinh ty axit amin nhu duge néu trong SEQ ID NO. 1
hoac trinh ty c6 muc twong dong trinh tur it nhét 80% véi trinh tu nay,

b) doan axit nucleic dugc t81 wu hoa bang codon dugc phéan 1ap bao gbm trinh
twr nucleotit c6 muc twong ddng trinh tu it nhit 80% véi SEQ ID NO. 2

¢) doan axit nucleic dugc phan lap bao gém trinh tu b tro cho SEQ ID NO. 2,

d) doan axit nucleic dugc phan l4ap bao gém trinh tu lai dic biét v4i doan axit
nucleic dugc phén 1dp ndi trén cia b) hoac phén bd tro néi trén cla ¢)

e) doan axit nucleic dugc phan lap bao gbm trinh tu nucleotit ¢6 muc twong
ddng trinh ty it nhat 80% véi SEQ ID NO. 3

f) doan axit nucleic dugc phan lap bao gbm trinh tur bd trg cho SEQ ID NO. 3,

g) doan axit nucleic dugc phan 14p bao gff)m trinh tu lai dic biét vdi doan axit

nucleic duge phan 14p néi trén cta e) hodc phan bo trg ndi trén cua f).

Do d6, trong trudng hop polypeptit co hoat tinh dehalogenaza bao gbm trinh tur
axit amin nhu duogc néu trong SEQ ID NO. 1, polypeptit co thé dugc ma hoa bang céc

trinh ty axit nucleic khac nhau. Day la két qua ctia su thoai hoa ma di truyén.

Do su thoai hoéa ma di truyén nay, cac axit amin co thé dugc ma hoa béi mot
hoac nhiéu codon. O cac sinh vat khac nhau, cidc codon ma héa cho mot axit amin
dugce st dung véi cac tan suét khac nhau. Viéc diéu chinh cac codon cua trinh ty axit
nucleic mi héa theo tin suit st dung cua chiing & sinh vat trong do trinh ty can dugc
biéu hién sé& dugce tich hgp ¢6 thé gop phan vao viéc tang lugng protein dich ma
va/hoic su 6n dinh cia mARN nghi vén trong cac té bao cu thé. Tan suét str dung cac
codon trong té bao chii hodc vat chu nghi van ¢6 thé dugc xac dinh bdi ngudi co hiéu
biét trung binh trong linh vuc nay béang cach kiém tra cang nhiéu trinh tur axit nucleic
ma hoa cua sinh vat nghi vAn vé tin suat ma cac codon nhit dinh dugc st dung dé ma
héa mot axit amin nhat dinh cang tdt. Tan suét sir dung codon ctia cac sinh vat nhat
dinh 13 d4 biét boi ngudi c6 hiéu biét trung binh trong linh vire nay (xem

http://www .kazusa.or.jp/codon/) va co thé dugc xac dinh theo cach don gian va nhanh
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chong béng céach str dung cac thuat toan dugc phat trién dic biét duoc cai dit vao cac
chuong trinh may tinh (vi du, Grote et al., 2005, Nucleic Acids Research 33, W526—
W531; doi: 10.1093/nar/gki376). Cac cong cu str dung céac thuat toan nhu vay co thé
truy cdp cong khai va dugc cung cAp mién phi duéi dang céc giao dién mang, khong
ké nhitng cong cu khac, trén mang ludi toan cau (World Wide Web) tir cac t chirc
khac nhau, nhu Vién Tin sinh hoc chau Au (EMBL-EBI) va cac cong cu khéc (vi du,
http://www.jcat.de; http://gcua.schoedl.de/; http://www kazusa.or.jp/codon/;
http://www.entelechon.com/eng/cutanalysis.html;
http://www.ebi.ac.uk/Tools/st/emboss_backtranseq/). Viéc diéu chinh c4c codon cia
trinh tw axit nucleic ma héa theo tan sudt sir dung ctia ching & sinh vat trong d6 trinh
tw duge du dinh dé duge biéu hién c6 thé duoc thuc hién bang phuong phap gay dot
bién in vitro hodc tdt hon 1a bang cach tong hop trinh ty gen de novo. Cac phuong
phép téng hop trinh ty axit nucleic de novo 1a da biét ddi v6i ngudi c6 hiu biét trung
binh trong linh vuc nay. Qua trinh tong hop de novo c6 thé duoc thuc hién, vi du, bang
cach ban dau tong hop céc oligonucleotit axit nucleic riéng 1€, lai ching véi cac
oligonucleotit bb tro cho chung, dé chiing tao thanh soi ADN kép, va sau do thit cac
oligonucleotit soi kép riéng l¢ dé thu duge trinh ty axit mong mudn. Qud trinh téng
hop de novo céc trinh ty axit nucleic bao gbm su diéu chinh tan sudt ma cc codon
dugc str dung theo sinh vat dich nhét dinh ciing c6 thé duge cung cap cho cic cong ty

cung cép dich vu nay (vi du, Eurofins MWG).

Céac doan axit nucleic dugc phan 1ap bao gém trinh tu nucleotit ¢ mirc tuong
ddng trinh tu it nht 80% véi SEQ ID NO. 2 hoge SEQ ID NO 3, tét hon 1a c6 mic
tuong ddng trinh ty it nhat 85%, t6t hon nita 12 muc twong dong trinh tu it nhit 90%,
t6t hon nita 1a mirc twong ddng trinh tu it nhat 95%, t6t hon nita 14 it nhat 95%, 96%,
97%, 98%, 99%, va tot nhét 1a murc twong dong trinh tu 100% voi SEQ ID NO. 2 hodc
SEQ ID NO 3, tuong tmeg.

Trong truong hop polypeptit c6 hoat tinh dehalogenaza bao gbm trinh tu axit
amin nhu duoc néu trong SEQ ID NO. 4, polypeptit dugc dé xuét dugc chon tir nhom

a) polypeptit bao gbm trinh tu axit amin nhu dugc néu trong SEQ ID NO. 4
hodc trinh tu ¢6 muc twong dong trinh ty it nhét 80% véi trinh tu nay,
b) doan axit nucleic dugc t8i wu hoa bang codon dugc phan 1ap bao gbm trinh
tu nucleotit c6 mirc twong dong trinh tu it nhét 80% vé6i SEQ ID NO. 5
8



47530

¢) doan axit nucleic dugc phén lap bao gém trinh tu bo tro cho SEQ ID NO. 5,

d) doan axit nucleic dugc phéan 14p bao gém trinh tu lai ddc biét véi doan axit
nucleic dugce phan 1ap ndi trén cia b) hoac phén bd tro noi trén clia )

e) doan axit nucleic dugc phén lap bao gbm trinh tu nucleotit c6 mirc tuong
ddng trinh tu it nhat 80% véi SEQ ID NO. 6

f) doan axit nucleic dugc phén 1ap bao gém trinh tw b tro cho SEQ ID NO. 6,

g) doan axit nucleic dugc phan lap bao gém trinh tu lai dic biét v6i doan axit

nucleic dugc phan 14p noi trén cia e) hodc phan bd trg noi trén cua f).

Tuong tu, polypeptit ¢6 hoat tinh dehalogenaza - & ddy polypeptit bao gdm
trinh tu axit amin nhu dugc néu trong SEQ ID NO. 4 - ¢6 thé duoc ma hoa béng cac
trinh tu axit nucleic khac nhau. Tuong tu, day la két qua cua su thoai hoa ma di truyén

nhu dugc giai thich & trén.

Tuong tu, cac doan axit nucleic dugc phén 1ap bao gbm trinh ty nucleotit ¢
mirc trong ddng trinh tu it nhit 80% véi SEQ ID NO. 5 hodc SEQ ID NO. 6, t6t hon
1a ¢6 muc twong dong trinh i it nhét 85%, t6t hon nita 1a muc tuong dong trinh tur it
nhat 90%, tét hon nita 1a mirc twong ddng trinh tu it nht 95%, tot hon nita 1a it nhat
95%, 96%, 97%, 98%, 99%, va tdt nhit 1a murc twong dong trinh tu 100% véi SEQ ID
NO. 5 hodac SEQ ID NO. 6, tuong ung.

Nhu dugce st dung & day, thudt ngit “thity phan” la sy phan cit thuy phan lién
két cacbon-halogen dugc xuc tac bing enzym, trong d6 halogen duoc thay thé bang
nhom hydroxyl. Mot s6 enzym xuc tdc quéa trinh loai halogen thiy phéan axit 2-

haloalkanoic dé tao ra axit 2-hydroxyalkanoic twong tng.

Nhu duge sir dung & dy, thudt ngit “thiy phan chon loc” d& cap dén thuc té 1a
mot s6 enzym (tirc 1a polypeptit) xtc tdc qua trinh thily phéan cho thay hoat tinh chon
loc 1ap thé. Noi cach khéc, thong qua qué trinh thiy phan chon loc, lugng du chét
dbng phan d6i anh ctia chét ddng phan ddi anh R hodc S dugc tao ra tuy thude vao su
uu tién clia enzym.

Nhu dugce st dung ¢ day, thuat ngit “lugng du chét ddng phan d6i anh” hoic
“gia tri luong du chit dong phan ddi anh™ nghia la dai luong do do tinh khiét cta cac
chat bat dbi xtmg. N6 phan 4nh mtrc d6 ma mot mAu chira mot chat dong phan doi anh

v6i luong 16n hon so v6i mau kia. Hoén hop raxemic ¢6 lugng du chét ddng phan ddi

9
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anh 13 0%, trong khi chét ddng phan ddi anh riéng r& hoan toan tinh khiét c6 lugng du
chit déng phan dbi anh 1a 100%. MAu v6i 70% mot chat ddng phan dbi anh va 30%
chét ddng phan déi anh khac ¢6 lwong du chit dong phan déi anh 1a 40% (70% - 30%).

Céc phuong phap dé xac dinh gia tri lwong du chét dng phan déi anh 1a da biét
trong linh vue nay. Vi dy, nd cé thé duoc xac dinh bang cach st dung cac thiét bi sic

ky khi, dugc trang bi ¢t bat ddi xtng.

Do do, cac polypeptit dugc mo ta ¢ day cho thay hoat tinh chon loc lap thé khi
xtic thc phan tng thity phan. Hoat tinh chon loc 14p thé nay c6 thé dwgc biéu thi dudi
dang gia tri luong du chét ddng phan ddi anh. Nhu néu trén, polypeptit c6 hoat tinh
dehalogenaza bao gbm trinh tr axit amin nhu duge néu trong SEQ ID NO. 1 hodc
SEQ ID NO. 4 hogc trinh ty c¢6 mirc trong dong trinh tur it nhét 80% véi mdt trong cac
trinh tu nay cho théy hoat tinh chon loc 1ap thé dat duoc gia tri luong du chét déng

phéan doi anh rat cao.

Su x4ac nhan dang tin cay vé tinh phu hop ctia mot enzym nhét dinh cho mot
phéan Ung nhat dinh c6 thé dugc thuc hién bang cach str dung cac tham s6: chuyén hoa
chét nén, tao thanh san pham, lugng du chét ddng phan ddi anh (enantiomeric excess-
ee) va hiéu suét theo thoi gian khong gian (space time yield-STY). Nhu duogc su dung
& day, thuat ngit “hi¢u suét theo thoi gian khong gian™ dé cap dén luong san pham
duogc tao ra tir ndng do chét nén nhét dinh véi thé tich cu thé trong mot thoi gian xac

dinh.

Trong mot s6 truong hop, cic gid tri hiéu suét theo thoi gian khong gian duoc
dua ra ¢ day cling dugc thiét 14p lién quan dén lwong cu thé cla chiét xuét té bao hodc

clia toan bd céac té bao dugce sir dung trong phéan tmg da néu (xem vi du 3 va 5).

Nhu duoc st dung & ddy, thuat ngit "gen" nghia la trinh tw ADN dugc tao thanh
tir cac nucleotit bao gdm mot ving (ving duge phién mé), ving nay dugc phién ma
thanh phén t&¢ ARN (vi dy, truc tiép thanh mARN khéng c6 trinh ty intron) trong té
bao, dugc lién két theo kiéu hoat dong v6i cac ving didu hoa c6 kha nang diéu hoa su
biéu hién cua polypeptit. Do d6, mot gen ¢ thé bao gdm mot s trinh tu dwoc lién két
theo kiéu hoat dong, nhu cac ving diéu hoa chua duoc dich ma (vi du, trinh tu khoi
dau, trinh tu tang cuong, trinh ty kim ham), trinh tu din dau 5’ bao g@)m cac trinh tu
lién quan dén su bat dau dich ma chéng han, ving ma héa (protein) (cADN hoac ADN

10



47530 11/42

bo gen) va trinh tu khong duoc dich ma 3’ bao gdm cac vi tri két thiic phién ma ching

han.

Nhu dugc st dung & day, thudt ngir "su biéu hién ciia gen" hoic "biéu hién gen"
chi qu4 trinh trong d6 ving ADN (ving ma hoa), dugc lién két theo kiéu hoat dong v6i
céc khu vuc didu hoa thich hop, dic biét 1a trinh tu khéi dau, duoc phién mé thanh
phin tt mARN. Sau d6, phan tr mARN duogc xtt ly thém (bing cac qué trinh sau
phién m#) trong té bao, vi du, bing cach bit dau dich ma va dich ma thanh chudi axit

amin (polypeptit), va két thiic dich ma bang cac codon ding dich ma.

Nhu duoc sir dung & ddy, thudt ngit "kiéu dai" chi mot dang dién hinh ciia

enzym hodc gen vi n6 thuong tdn tai trong tu nhién.

Nhu dugce st dung ¢ day, thudt ngit "polypeptit" dung dé chi peptit, polypeptit,
oligopeptit hodc protein bét ky. Polypeptit bao gdm céac axit amin lién tiép, duge lién
két boi cac lién két peptit. Polyme c6 thé 1a thang hodc phan nhanh, n6 c6 thé bao gdm
cAc axit amin cai bién, va n6 c6 thé bi gidn doan boi phi axit amin. Polypeptit c6 thé 1
cua nguoi, khong phai nguoi, va dang bat chude héa hoc hodc nhan tao cua axit amin
tén tai trong tur nhién twong Gng, cling nhu cac polyme axit amin tdn tai trong tw nhién
va polyme axit amin khong ton tai trong tw nhién. Thuat ngit nay cling bao gbm
polyme axit amin da dugc cai bién boi cac qua trinh tu nhién hodc bang cach cai bién
hoéa hoc; vi du, béng cach tao thanh lién két disulfua, glycosyl hoa, lipit hoa, axetyl
hoa, axyl hoa, phosphoryl hoa, hodc thao tac bét ky khac, nhu lién hgp v6i mot thanh
phan danh d4u, nhu nhung khong gidi han &, cac chét danh ddu huynh quang, hat,
biotin, hat, protein, chét danh déu phéng xa, thé phat quang héa hoc, chat danh dau

phat quang sinh hoc, va céc loai twong tu.

Nhu duoc st dung ¢ day, thuat ngit "mirc trong ddng trinh tu" cla hai trinh tu
nucleotit hodc axit amin lién quan, dugc biéu thi bing phén tram, dé cip dén sb luong
vi tri trong hai trinh tu dugc sip thang hang t6i ru ma c6 cac gbe giéng nhau (x 100)
chia cho sb lugng vi tri dugce so sanh. Khoang tréng, tare 1a, mot vi tri khi sép théng
hang trong d6 mot gbc c6 mit trong mot trinh tw nhung khong c6 trong trinh tu khac,
duoc coi la mdt vi tri co cac gbc khong gidng nhau. "Sip thing hang t61 wu" hai trinh
tu duge thiy bing cach sdp thing hang hai trinh tw trén toan bd chiéu dai. Noi cach

khac, néu hai trinh ty giéng nhau dugc sap thang hang, thi gia tri twong dong trinh tu
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s& 1a 100%.

Céc trinh tu dwgc sip thang hang cla cac gbc axit amin hodc nucleotit thudong
duoc biéu dién duéi dang cac hang trong mdt ma tran. Cac khoang trbng duoc chén
vao giira cac gde sao cho cac ky tu gidng hét hodc twong ty duge sap thang hang trong
cac cot lién tiép.

Pé xac dinh muc twong dong trinh tu, thuat toan sip thang hang toan cau
Needman va Wunsch (Needleman and Wunsch, 1970, J Mol Biol 48(3):443-53) cua
Goi phﬁn mém nguén m¢ sinh hoc phan tir chau Au (EMBOSS, Rice et al., 2000,
Trends in Genetics 16(6): 276— 277; vi du, xem
http://www.ebi.ac.uk/emboss/align/index.html) sir dung cai dat mac dinh (diém phat
m& khoang tréng = 10 (d6i v6i cac nucleotit) / 10 (d6i vai cac protein) va diém phat
mo rong khoang trbng = 0,5 (d6i véi cc nucleotit) / 0,5 (d61 v6i cac protein)) co thé
duoc str dung. Déi véi cac nucleotit, ma tran cho diém mic dinh duoc sir dung l1a

EDNAFULL va dbi véi céc protein, ma trén cho diém mic dinh 1a EBLOSUM62.

Thuat ngit "phan tr axit nucleic" dugc dy dinh dé chi phéan tr axit nucleic so1
don hodc kép bat ky bao gdm ADN (cADN va/hoic ADN bd gen), ARN (tét hon 1a
mARN), PNA, LNA va/hodc Morpholino.

Thuat ngit "vecto", nhu duoc su dung & day, dung dé chi chit dan phan tit duoc
sir dung dé chuyén vat liéu di truyén ngoai nhap vao té bao khac. Ban than vecto noi
chung 1a trinh ty ADN ma gdm doan chén (trinh ty quan tdm) va trinh ty 16n hon ma
¢6 tac dung nhu la “khung” cta vecto. Muc dich cua vecto dé chuyén thong tin di
truyén sang mot té bao khac thuong 1a dé phéan 1ap, nhan lén, hodc biéu hién su chén

vao trong té bao dich.

Thuat ngit “plasmit”, nhu duogc sir dung & day, dung dé chi cac vecto plasmit,
tire 12 trinh tw ADN vong c6 kha ning sao chép tu dong trong vat chu thich hop do
ngudn gbc sao chép (“ORI™). Hon nira, plasmit c6 thé bao gdbm chat danh déu c6 thé
chon loc dé chi ra su thanh cong ctia qua trinh bién nap hodc cac quy trinh khac c6
nghia la dua ADN ngoai lai vao té bao va vi tri da tach dong bao gdm nhiéu vi tri lién
ung enzym gidi han dé cho phép chén doan chén. Céc vecto plasmit dugc goi la vecto
tach dong hodc vecto cho dugc st dung dé dé dang tach dong va khuéch dai trinh tu

quan tam. Cac vecto plasmit dugc goi la vecto biéu hién hodc vecto nhan duoc danh
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riéng cho viéc biéu hién gen quan tAm trong t€ bao dich xac dinh. Cac vecto plasmit
nay thuong hién thi cat-xet biéu hién, bao gdm trinh tw khéi dau, vi tri gan két
ribosom, gen chuyén va trinh tu két thic. Dé kiém soat su biéu hién, cac plasmit nay
chtra trinh tu kim ham, dugc dinh vi trén khung plasmit. Cac plasmit biéu hién c6 thé
la cac plasmit con thoi chtra cac yéu td cho phép nhan gidng va chon loc trong céac té
bao chi khéc nhau.

Nhu duge st dung & day, thuat ngir “lai dac trung” hodc “lai chon loc”, dé cap
dén phan ung cua trinh ty axit nucleic quan tim trong dung dich lai chira dung dich
dém natri phosphat 0,5 M, pH 7,2 chira 7% SDS, EDTA 1 mM va 100 mg/ml ADN
tinh tring c4 hdi & 65°C trong 16 gid va rira hai lan & 65°C trong hai muoi phit trong

dung dich rira chtra 9,5 x SSC va 0,1% SDS.

Theo mot phwong 4n cta phuong phap dugc md ta & day, polypeptit ¢ hoat
tinh dehalogenaza bao gém trinh tu axit amin nhu dugc néu trong SEQ ID NO. 1 hodc
SEQ ID NO. 4 hodc trinh ty v6i mitc tvong dong trinh ty it nhat 80% véi mot trong
c4c trinh tw n6i trén dugc cung cdp dudi dang dich dung giai té bao va/hodc duge bao

gdm trong toan bd té bao.

Nhu duoc sit dung & ddy, thuat ngit “toan bd té bao”, d& cap dén thuc t€ 1a
polypeptit c6 hoat tinh dehalogenaza bao gdm trinh tu axit amin nhu dugc néu trong
SEQ ID NO. 1 hoac SEQ ID NO. 4 hofc trinh tu v6i mirc twong ddng trinh tw it nhét
80% v6i mot trong cac trinh tuy noi trén duoc cung cép o dang té bao, n6 duoc biéu
hién trong do, tuc la cac thanh té bao cua cac té bao noi trén khdng bi pha v mot cach

¢6 chu dich.

Toan bd té bao c6 thé 1a sinh khoi tuoi dugc tao ra trong qua trinh 1én men

chang han. Ngoai ra, toan b té bao c6 thé duoc dong lanh trude khi sir dung.

N6i cach khac, da ngac nhién phat hién ra rang mic du enzym, tic 1a polypeptit
c6 hoat tinh dehalogenaza bao gdm trinh tr axit amin nhu duge néu trong SEQ ID NO.
1 hodc SEQ ID NO. 4 hodc trinh tyr v6i mirc trong ddng trinh t it nhat 80% véi mot
trong cac trinh tu néi trén, duoc biéu hién bai toan bo té bao (tai t hop), chi c6 mat
trong té bao, song do sinh kha dung cta chét nén 1a di dé enzym c6 thé phan tmg véi

chét nén trong té bao.
D4 phat hién ra rang céc té bao E. coli dugc st dung dé tong hop enzym tao ra
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enzym mong mubn véi ty 1& ham lugng protein tbng khong ddi. N6i cach khac, lugng
protein té bao tbng nhat dinh (vi dy, 5 g) ludn bao gbm cing mot lugng ndng do
enzym hoa tan. Ciing vi ly do nay, toan bd cac té bao co6 thé duoc sir dung trong cac

thir nghiém thay vi dich dung giai té bao.

Viéc st dung toan bd té bao ¢6 mot vu diém 1a khong phai sir dung cac phuong

phap ton kém va mat thoi gian dé cung cép chiét xuit té bao.

Theo modt phuong an, toan bo t& bao noi trén 1a té bao E. coli duge chon tur

nhom MG1655, W3110, IM101, BL21DE3, DH5alpha.

Hon nfta, E. coli dugc chon tot hon 12 chira plasmit cia SEQ ID NO. 7 va biéu
hién enzym gém SEQ ID NO. 1 tir plasmit.

Theo cach khéc, E. coli duoc chon chira plasmit cuia SEQ ID NO. 8 va biéu
hién enzym gém SEQ ID NO. 4 tir plasmit.

Theo mdt phuong 4n cua phuong phap duge mo ta & day, polypeptit co hoat
tinh dehalogenaza bao gdm trinh ty axit amin nhu dugc néu trong SEQ ID NO. 1 hodc
SEQ ID NO. 4 hogc trinh tyr v61 mirc tuong ddng trinh tu it nhét 80% v&i mdt trong
céc trinh ty noi trén duoc thém vao raxemat cla axit alpha haloalkanoic theo cong
thire T luc bét dau phan (mg hodc polypeptit ¢6 hoat tinh dehalogenaza néi trén dugc
thém vao raxemat cua axit alpha haloalkanoic néi trén lic bt d4u phan mg va tai cac

thoi diém khac nhau trong sudt qua trinh phan Umg.

Pang ngac nhién 13, cac profin lidu lugng khic nhau khong anh huong dén higu
sudt ctia quy trinh. Do d6, ngudi c6 hiéu biét trung binh trong linh vurc ndy c6 thé chon
profin lidu lwong thich hop nhét cho quy trinh dugc dé cap. Pic tinh nay cua céc
enzym dugc yéu cau bao ho mang lai su linh hoat tdi da cho viéc sir dung enzym trong

quy trinh san xut nhét dinh.

Theo médt phuong an clia phuong phap duoc md ta & day, polypeptit c6 hoat
tinh dehalogenaza bao gdm trinh tu axit amin nhu dugc néu trong SEQ ID NO. 1 hodc
SEQ ID NO. 4 hogc trinh ty véi mitc trong dong trinh tw it nhat 80% véi mot trong
céc trinh tu noi trén duge thém vao raxemat cua axit alpha haloalkanoic n6i trén luc
bat ddu phan mg va tai céc thoi diém khac nhau trong subt qué trinh phén ung, trong

d6 ndng do ciia polypeptit dugc thém vao la giéng nhau tai mdi thoi diém.
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Theo mot phuwong 4n cua phuong phap duge mo ta ¢ day, polypeptit c6 hoat
tinh dehalogenaza bao gom trinh ty axit amin nhu dugc néu trong SEQ ID NO. 1 hogc
SEQ ID NO. 4 hodc trinh tu v61 mrc tuong ddng trinh tur it nhét 80% v&i mot trong
céc trinh tu noi trén dugc thém vao raxemat cua axit alpha haloalkanoic noi trén lac
bét diu phan tng va tai cac thoi didm khac nhau trong sudt qua trinh phan tng, trong

d6 nong dd ctia polypeptit dugc thém vao khac nhau tai cac thoi diém khéc nhau.

Theo mdt phuong 4n ctiia phuong phap dugc mo ta & day, raxemat dugc thém
vao polypeptit c6 hoat tinh dehalogenaza bao. gbm trinh tu axit amin nhu dugc néu
trong SEQ ID NO. 1 hodc SEQ ID NO. 4 hodc trinh ty c6 muc tuong dong trinh tr it
nhét 80% voi mot trong cic trinh ty ndy hodc polypeptit c6 hoat tinh dehalogenaza n6i

trén dugc thém vao raxemat.

Trong trudng hop raxemat cia axit alpha haloalkanoic theo cong thirc I n6i trén
dugce thém vao polypeptit ¢6 hoat tinh dehalogenaza bao gbm trinh ty axit amin nhu
duoc néu trong SEQ ID NO. 1 hodc SEQ ID NO. 4 hodc trinh ty ¢6 mirc tuong déng
trinh ty it nhat 80% véi mot trong céc trinh tu nay, t6t hon 1a tit ca raxemat cua axit
alpha haloalkanoic theo cdng thirc I néi trén dugc thém vao lic bit dau phan tmg,
trong d6 d6 pH cla raxemat duoc t5i wu hoa cho cac diéu kién phin tmg trude khi

thém.

Déang ngac nhién 1a, khong cé anh hudng nao d6i voi hiéu suit cia quy trinh
cho du raxemat cia axit alpha haloalkanoic theo cong thirc I n6i trén, tirc la chit nén
dugc thém vao polypeptit c6 hoat tinh dehalogenaza bao gdm trinh ty axit amin nhu
duogc néu trong SEQ ID NO. 1 hodc SEQ ID NO. 4 hodc trinh ty ¢6 murc twong dong
trinh ty it nhit 80% v&i mot trong céc trinh tw ndy hay cho du polypeptit c¢6 hoat tinh
dehalogenaza néi trén dugc thém vao raxemat cia axit alpha haloalkanoic theo cong

thirc I néi trén hay khong.

Theo mdt phuong 4n cia phuong phap duoc mod tid & diy, mot trong hai
polypeptit c6 hoat tinh dehalogenaza nhu duge mo ta ¢ day dugc cung cip duéi dang
toan bo té bao & do pH 9.5 va raxemat cia axit alpha haloalkanoic theo cong thac I noé1
trén dugc thém vao polypeptit, trong d6 raxemat cla axit alpha haloalkanoic theo cong
thire I cling dugc cung cap 6 pH 9,5 va pH 9.5 duoc giit khong d6i trong sudt qua trinh
phan g thdong qua viéc chuén d6 bing bazo thich hop.

15



47530 16/42

Vi du, bazo thich hgp c6 thé dugc chon tir nhém bao gém KOH hoac NaOH.

Theo mét sd phuong 4n cia phwong phap dugc mo ta o day, noéng do cua
raxemat cta axit alpha haloalkanoic theo cong thtrc I néi trén la tir 80 dén 200 g/L, tot
hon 12 tir 90 dén 150 g/L, t6t nhat 1a 100 g/L. Néi cach khac, ndng do ciia raxemat ciia
axit alpha haloalkanoic tdt hon 1a duoc chon theo cach co thé dat duoc su chuyén hoa

hoan toan.

Theo mét phuong 4n clia phuong phap dugc mo ta & day, polypeptit c6 hoat
tinh dehalogenaza bao gdm trinh tw axit amin nhu dugc néu trong SEQ ID NO. 1 hodc
SEQ ID NO. 4 hoéc trinh ty ¢6 mirc twong ddng trinh tur it nhét 80% v&i mot trong cac
trinh tu nay duoc cung cip dudi dang toan bd té bao hoat dong va sinh khéi ctia toan
bo té bao hoat dong ndi trén co ndng do nam trong khoang 15-200 g/L, t6t hon 14 nam

trong khoang 25-100 g/L.

Theo mot s6 phuong 4n cuia phuong phap dwge md ta ¢ day, ty 1€ cua raxemat
cuia axit alpha haloalkanoic theo cong thirc I trén sinh khéi cta toan bd té bao bao gdbm
polypeptit c6 hoat tinh dehalogenaza bao gdm trinh tu axit amin nhu dugc néu trong
SEQ ID NO. 1 hodc SEQ ID NO. 4 hodc trinh ty c6 mic tuong déng trinh tu it nhét
80% vo&i mot trong cac trinh ty noi trén nam trong khoang tir 2:1 dén 15:1, t6t hon 1a

nim trong khoang tir 3:1 dén 10:1, tot nhat 1a 4:1.

Vi polypeptit c6 hoat tinh dehalogenaza bao gbm trinh tur axit amin nhu dugc
néu trong SEQ ID NO. 1 hoac SEQ ID NO. 4 hodc trinh tu ¢6 mirc twong dong trinh tu
it nhat 80% v&i mot trong céc trinh tw noi trén dugc uc ché boi néng do chat nén cao
hon, ty 18 chat nén - trc 12 axit alpha haloalkanoic theo cong thirc I - trén enzym - tirc
1a polypeptit c6 hoat tinh dehalogenaza bao gbm trinh tu axit amin nhu dugc néu trong
SEQ ID NO. 1 hodc SEQ ID NO. 4 hoic trinh ty ¢6 mirc twong dong trinh tw it nhét
80% v6i mot trong cac trinh ty ndi trén duoc bao gdm trong toan bd té bao va do do
dwogc cung cdp duéi dang sinh khdi - tang v&i ndng do chat nén thap hon.

Theo mdt phwong 4n cia phuong phéap duge mé ta & day, halogen X cua axit

alpha haloalkanoic theo cong thtre I néi trén dugc chon tir nhém bao gb6m brom va clo.

Theo mét phwong 4n cia phuong phap dugc mé ta & day, nhém R cua axit
alpha haloalkanoic theo cong thuc I néi trén la mach alkyl gbm 1 dén 6 nguyén tir

cacbon, trong d6 mach alkyl noi trén la cac nguyén tir cacbon gama hodc delta, va
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trong d6 cac nguyén tir cacbon theo nhanh tai cic nguyén tit cacbon y hodc & la vong.

Theo mdt phuong 4n cta phuong phap duogc md ta ¢ diy, nhom R cia axit
alpha haloalkanoic theo cong thtrc I néi trén dugc chon tir nhém bao gdm etyl, butyl,

2-metyl-propyl va metyl-xyclopropyl.

Theo mot phuong 4n cua phuong phap dugc md ta & ddy, gia tri pH dugc gitt
khong d6i thong qua viée chuén d6 bing bazo thich hop nhu kali hydroxit hoac natri
hydroxit.

Thiy ring cac diéu kién phan ing c6 thé d& dang ting quy mo thé tich phan tng

trong khoang tir 1 ml dén vai 1000 lit 12 c6 thé.

Theo mot phuwong 4n cua phuong phap duge mo ta ¢ day, polypeptit c6 hoat
tinh dehalogenaza bao gOm trinh tw axit amin nhu duge néu trong SEQ ID NO. 1 hodc
SEQ ID NO. 4 hodc trinh ty ¢6 mirc twong d6ng trinh tu it nhit 80% véi mot trong cac

trinh tw noi trén 1a dehalogenaza haloaxit.

Theo mot phwong an dugc uu tién cia phuong phdp dugc md ta & day,
polypeptit c6 hoat tinh dehalogenaza bao gdm trinh ty SEQ ID NO. 1 va phan Gng v&i
chét nén raxemic duoc chon tir nhém gdm axit 2-clo butyric, axit 2-bromo-hexanoic,

axit 2-bromo-4-metyl pentanoic va axit 2-bromo-3-xyclopropyl-propanoic.

Theo mét phwong 4n duge vu tién khac cia phuwong phip dugc md ta & day,
polypeptit ¢6 hoat tinh dehalogenaza bao gdm trinh tr SEQ ID NO. 4 va phan tng vdi
chét nén raxemic dugc chon tir nhom gém axit 2-clo butyric, axit 2-flo butyric, axit 2-

bromo-hexanoic va axit 2-bromo-4-metyl pentanoic.

Sau qua trinh thuy phan chon loc chit ddng phan ddi anh S cua axit alpha
haloalkanoic dugc chon, chit ddng phan ddi anh R va chét ddng phan dbi anh da duoc
thiy phan c6 méat dudi dang hén hop. Di véi mot s6 tmg dung, c6 loi khi chi thu
duoc, tic 1a tinh ché chéat dong phan d6i anh R. Do d6, hdn hop gdbm chét @éng phan
d6i anh R va chét ddng phan ddi anh di dugc thiy phén cua axit alpha haloalkanoic

theo cong thic I dugce chon duoc xir ly tiép.

Khia canh khac dugc mé ta & day dé cap dén viéc st dung phuong phéap duoc
mé ta & day dé thuy phan chon loc chit dong phan dbi anh S cua axit alpha

haloalkanoic néi trén, trong d6 luong du chit déng phan ddi anh cta chat dong phén
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d6i anh R nim trong khoang tir 90,0 dén 99.9.

D3 ngac nhién phat hién ra rang bing cach st dung polypeptit c6 hoat tinh
dehalogenaza bao gbm trinh tu axit amin nhu duge néu trong SEQ ID NO. 1 hodc
SEQ ID NO. 4 hodc trinh ty c6 muc tuong ddng trinh tur it nhét 80% véi mot trong cac
trinh tu n6i trén dé tiép xic raxemat bao gbm chét dong phan d6i anh R va chat dong
phéan dbi anh S cia axit alpha haloalkanoic theo cong thitc I, trong d6 X 1a halogen,
trong truomg hop SEQ ID NO. 1, halogen khac véi flo, va R 1a mach alkyl chira ti da
6 nguyén tr cacbon trong d6 mach alkyl noi trén co thé thing hodc phan nhanh & cic
nguyén tir cacbon y hodc & trong 1-8 gio, trong d6 do pH nim trong khoang 9-10 va
nhiét d6 nam trong khoang 15-35°C d6i véi polypeptit bao gdm trinh ti axit amin nhu
dugc néu trong SEQ ID NO. 1 hodc do pH nam trong khoang 9-10 va nhiét 4o nam
trong khoang 55-65°C d6i vai polypeptit bao gbm trinh tu axit amin nhu dugc néu
trong SEQ ID NO. 4, polypeptit n6i trén s& thuc hién qua trinh thiy phén chon loc chét
dong phan dbi anh S cua axit alpha haloalkanoic néi trén, trong d6 lugng du chét dong

phan dbi anh cta chét dong phan dbi anh R nim trong khoang tir 90,0 dén 99,9.

Két qua nay la bét ngd vi ty 18 lugng du chét dong phan d6i anh cao nhu vay la
rit bat thuong, dic biét 1a do polypeptit c¢6 hoat tinh dehalogenaza bao gdm trinh tu
axit amin nhu dugce néu trong SEQ ID NO. 1 hodc SEQ ID NO. 4 dat dugc gia tri
lwong du chit ddng phan dbi anh 12 90-99 trong thoi gian phan tng rat ngin 1a 1-8 gio.

Do do6, da ngac nhién phat hién ra rang bang cach sir dung polypeptit c6 hoat
tinh dehalogenaza bao gom trinh tu axit amin nhu dugc néu trong SEQ ID NO. 1 hodc
SEQ ID NO. 4 hoc trinh tu c6 mitc twong dong trinh tyr it nhat 80% voi cac trinh tw
néi trén véi cac didu kién duge md ta cho phép mot phwong phép thay thé, an toan hon
vi hiéu qua hon vé chi phi va thoi gian dé cho phép va/hodc tao diu kién thuan loi
cho viéc tach chit ddng phan d6i anh R va S cua axit alpha haloalkanoic c6 cong thirc
I dua vio dic tinh phan Gng khac nhau cia hai chit dong phan dbi anh nay véi
polypeptit bao gbm trinh tr axit amin nhu dugc néu trong SEQ ID NO. 1 hodc SEQ ID
NO. 4 hoic trinh tu ¢6 mitc tuong dong trinh ty it nhét 80% v6i mdt trong c4c trinh ty
noi trén.

Theo mot khia canh khéc, sang ché d& cap dén phuong phap thuy phan chon loc

chét ddng phan ddi anh cta axit alpha haloalkanoic theo cong thirc II,
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OH
F

trong do

R 12 mach alkyl c6 1 dén 6 nguyén tir cacbon, trong d6 mach alkyl nay c6 thé 1a

thang hozc phan nhanh tai cic nguyén tir cacbon y hoac J,

bang cach st dung polypeptit c6 hoat tinh dehalogenaza bao gbm trinh tu axit
amin nhu duogc néu trong SEQ ID NO. 4 hodc trinh tu ¢6 muc tuong dong trinh tu it
nhét 80% vdi trinh tw nay.

Pa bat ngd phat hién ra rang polypeptit c6 hoat tinh dehalogenaza bao gom
trinh tw axit amin nhu dugc néu trong SEQ ID NO. 4 hodc trinh tu ¢6 mic twong dong
trinh tu it nhit 80% véi trinh tw néi trén thiy phan chon loc chat dong phan dbi anh S
cua axit alpha haloalkanoic c6 cong thirc II, tirc 1a bao gdbm mot nguyén ti flo, mot

cach rat hiéu qua va véi lugng du chat dong phan doi anh cao.

T6t hon 13, phuong phap dugc md ta ¢ trén st dung polypeptit c6 hoat tinh
dehalogenaza bao gbm trinh tu axit amin nhu dugc néu trong SEQ ID NO. 4 dugc
thue hién & 55-65°C va & do pH 9,5.

Do d6, trong truong hop polypeptit c6 hoat tinh dehalogenaza bao gdm trinh tu
axit amin nhu dugc néu trong SEQ ID NO. 4 hoéc trinh tu ¢6 mirc tuong dong trinh tr
it nhat 80% vai trinh tu noi trén, ngoai cac axit alpha haloalkanoic néu trén con c6 axit

2-flo butyric dugc dac biét wu tién.

Theo mot khia canh khéc, sang ché dé cap dén viéc st dung polypeptit c6 hoat
tinh dehalogenaza bao gdm trinh tu axit amin nhu dugc néu trong SEQ ID NO. 4 hodc
trinh tu c6 mic trong dong trinh tur it nhat 80% vdi trinh tw noi trén dé thiyy phan chon
loc chit dong phan ddi anh S cla axit alpha haloalkanoic ¢6 cong thirc II, trong do
lugng du cht ddng phan déi anh ciia chit dong phan déi anh R ndm trong khoang tir
90,0 dén 99.9.

Theo mot phuong an dugc vu tién, phuong phap nay duoc tién hanh nhu sau

19



47530 20/42

polypeptit c6 hoat tinh dehalogenaza bao gbm trinh tu axit amin nhu dugc néu trong
SEQ ID NO. 1 dugc thém vao axit 2-bromobutanoic & nhiét do trong phong ¢ pH 9.5.
Phan ing nay duogc phép tién hanh trong 4-6 gio, trong khi gié tri pH dugc giir khong
ddi thong qua viée chudn do bang kali hydroxit 3 M.

Theo mot phuong an dugc dac biét vu tién, phwong phap nay duogc tién hanh
nhu sau 10 mg/ml protein té bao tong & dang chiét xuét té bao chua polypeptit c6 hoat
tinh dehalogenaza bao gdm trinh tir axit amin nhu dugc néu trong SEQ ID NO. 1 dugc
thém vao 100 g/l axit 2-bromobutanoic ¢ nhiét do trong phong, ¢ pH 9,5 va trong thé
tich phan tng 1a 6L. Phan uimg nay duogc phép tién hanh trong 4-6 gio, trong khi gia tri
pH dugc giit khong dbi thong qua viéc chuén d6 bang kali hydroxit 3 M.

Theo mdt phuong an dugc uu tién khac, phuong phap nay dugc tién hanh nhu
sau polypeptit bao gdm trinh ty axit amin nhw dwoc néu trong SEQ ID NO. 4 dugc
thém vao axit 2-bromobutanoic & nhiét do 55°C, pH 9,5. Phan Gng nay dugc phép tién
hanh trong 4-6 gio, trong khi gia tri pH duoc giir khong d6i thong qua viéc chuén do
bang kali hydroxit 3 M.

Theo mot phuong 4n duge dic biét wu tién khac, phuwong phap nay duge tién
hanh nhu sau 10 mg/ml protein t€ bao tbng & dang chiét xuét t& bao chira polypeptit c6
hoat tinh dehalogenaza bao gdm trinh tu axit amin nhu duoc néu trong SEQ ID NO. 4
duge thém vao axit 2-flo butyric & nhiét d6 55°C, pH 9,5.

Vi du thwe hién sang ché
Vi du 1: Sang loc hoat tinh ciia dehalogenaza haloaxit dugc chon

Dehalogenaza haloaxit khac nhau tir P. putida AJ, P. putida 109 va S. tokodaii 7
(Jones et al., 1992 (J Gen Microbiol. 1992 Apr; 138(4):675-83, Kawasaki et al., 1994
Biosci Biotechnol Biochem. 1994 Jan; 58(1):160-3 va Bachas-Daunert et al., 2009
Appl Biochem Biotechnol. 2009 Nov; 159(2):382-93) dugc tich dong thanh E. coli
MG1655 va duge biéu hién qua mirc thong qua viée xir ly IPTG. 50 g/L axit 2-
bromobutyric dugc su dung lam chit nén va 2 x 1,6 g/L dich dung giai té bao dugc
thém vao lic bt dau phan tng va sau 3,5 gio, trong khi do pH la 9 va nhiét do duoc

dat 6 37°C.

Hoat tinh va tinh chon loc lap thé - tic 1a su thuy phéan vu ti€n cua chét déng
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phan dbi anh S - dugc ching minh dbi vé6i ca ba enzym thong qua phan tich bang cach
sit dung séc ky khi v6i enzym tix P. putida AJ (SEQ ID NO. 1) cho thay tinh chon loc

cao nhat dat dugc gia tri ee 16n hon 90%.

Vi du 2: Anh hudng cia do pH dén két qua phan tmg

Pé kiém tra khoang pH tdi uu, cic diéu kién phan tmg dugc dat la:

- 100 g/L axit 2-bromobutyric (chét nén)

- 1,5 g/LL dich dung giai té bao cua E. coli biéu hién dehalogenaza haloaxit P.
putida AJ (SEQ ID NO. 1) (6 lan, mdi gi®)

- Glyxin 20mM

- Nhiét do: 25°C

- pH: giir khong dbi & 8,0, 9,0, 10,0

Nhu dugc thé hién trén Fig.2, cac két qua tdt nhat dat duoc voi do pH nam
trong khoang 9-10.

Vi du 3: Téi vu hoa hon nita qua trinh loai halogen chon loc dé tao ra luong du
chét dbng phan ddi anh cao bing cach sir dung dehalogenaza haloaxit cua P. putida
AJ, tire 1a polypeptit c6 hoat tinh dehalogenaza bao gdbm SEQ ID NO. 1

Trong truong hgp thir nhat, 100g/1 rax-axit 2-bromobutyric trong glyxin 10 mM
duoc st dung lam chit nén. Phan tmg dugc thyce hién 6 25°C mac du nhiét do t6i wu
cho hoat tinh ctia enzym 1a 37°C do chit nén 6n dinh hon & 25°C so v6i 37°C va do d6
ngin chin qua trinh tu thity phéan (dit liéu khong dugc hién thi)

Enzym dugc cung cép dué6i dang dich dung giai té bao va dugc thém vao luc
b4t dAu phan tmg hodc mdi gio voi ndng do 2 mg/ml. Do pH duoc giit khong doi &
muc 9,5 thong qua viéc chuén d6 bing KOH 3 M cho dén khi hoan thanh phéan tng
sau khoang 4 gio. Sau do, pH dugc didu chinh thanh pH 1,5 bang H>SO4 ddc va méanh
t& bao dugc loc qua xelit. Viée chiét dugc thue hién véi MTBE va rira dé loai bo axit
2-hydroxybutyric con lai dugc thuc hién véi dung dich nude CuSOa. Cudi clng, viéc
¢ dac dugc thuc hién trong chan khong.

b3 ngac nhién phat hién ra rang phan tmg dat dugc gia tri ty 1€ luong du chét

ddng phan dbi anh dang tin cdy 16n hon 99% (dit liéu khong dugc hién thi).
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Céc ty 16 luong du chat dbng phan d6i anh cao nay, tirc 12 sau phan tng chi c6
mat chat ddng phan d6i anh R cia axit alpha haloalkanoic va san pham dugc hydroxyl
hoéa cua chit dong phan dbi anh S truée d6 cua axit alpha haloalkanoic, lam cho qua

trinh nay tr¢ nén thu hat dé sir dung trén quy mo cong nghiép 16n.
Vi du 4: Chuyén héa v6i toan bd té bao

Dang ngac nhién 13, da phat hién dugc rang thay vi chudn bi dich dung giai té
bao, toan bd cac té bao c6 thé dugce sir dung dé chuyén héa. Piéu nay co lgi thé 1a
budc tidu tén thoi gian d& chuin bi dich dung giai té bao (vo tring) c6 thé dugc bo

qua.

Trong truong hop thu nhét, axit 2-bromo butyric raxemic véi ndng dod 100 g/L
duoc st dung 1am chit nén. Céc thong s6 phan tng duoc duge dit & 150 ml, 25°C,
500 vong/phit, dm glyxin 20 mM va pH 9,5. Po pH duge giit khong déi bang cach
stt dung KOH 3 M. Binh phan tng dugc chuén bi v6i hon hop chét nén va phan tng
duoc bt diu bang cach thém enzym, tirc 1a thém toan bd té bao cia E. coli MG1655
biéu hién enzym dehalogenaza tr P. putida AJ, tuc 1a polypeptit c6 hoat tinh
dehalogenaza bao gébm SEQ ID NO. 1. C4c té bao duoc thém vao luc bit dau phan Gng
hodc timg budc sau 1, 2 va 3 gio, voi ndng d6 twong tng 1a 8,3 g/L (xem Fig.3). Nong
do cudi cia toan bo té bao chira enzym 1a 25g/L hodc 50 g/L. Phan mg dugc hoan
thanh sau 4 gio. Cac két qua duoc thé hién trén Fig.3 va bang dudi ddy chimg minh

rang ly tuéng nhét 13 phan tng dugc thyuc hién trong hon 1 gio, vi du, trong 4 gio.

Miu T|[giov] %ee
25 g/L sinh khdi 1 62
25 g/L sinh khdi 3 89
25 g/L sinh khéi (nap) | 1 52
25 g/L sinh khdi (nap) |3 90

Sau d6, phan ung dugc 1dp lai nhung sinh khéi bao gdm cac té bao E coli

MG1655 biéu hién enzym dehalogenaza tir P. putida AJ, tirc 1a polypeptit c6 hoat tinh
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dehalogenaza bao gbm SEQ ID NO. 1 dugc thém vao binh phan tng trude khi thém
chét nén. Céc két qua duoc thé hién trén Fig.4 va Bang dusi ddy. Cac két qua nay
ching minh rang trude tién c6 thé cung cp enzym dudi dang sinh khdi bao gdm toan

b0 t€ bao va thém chat nén vao sinh khoi noi trén.

t[gio] %ee
1 61
2 78
3 88

Hon nita, viéc chuyén hoa duoc thuc hién béng cach sir dung canh truong lén
men. Mot lan nira, E. coli MG1655 chta plasmit pKA8la-HADH-PP-AJ duoc su
dung dé biéu hién enzym dehalogenaza, tirc 1a polypeptit c6 hoat tinh dehalogenaza
bao gf)m SEQ ID NO. 1. Qua trinh tao enzym duoc thuc hién bﬁng cach 1én men E.
coli trong mdi trudng ti thidu bing cach st dung quy trinh chuén. Sau khi bicu hién
gen, dat dugc ndéng do té bao 1a 100 g/L. Sau do, cac bién d6i sinh hoc duge thuc hién
v6i canh truong 1én men khong dwgc xir ly. Canh truong 1én men dugc lam ngudi
xubng 25°C va @9 pH dugc diéu chinh thanh 9,5 bang cach thém KOH 3 M. Phan tmg
dehalogenaza dugc bt du bang cach thém hdn hop chit nén chira 100 g/L axit 2-
bromobutyric, 0,5 thé tich (thé tich/thé tich) dém glyxin & pH 9,5 va 2 thé tich (thé
tich/thé tich) KOH 5 M. Phan tng dat dugc su chuyén hoa hoan toan, tirc 1a 90% ee
sau 1 gio (xem Fig.5). '

Tur hon hop thu duge gdm axit hydroxybutyric va axit R-2-Bromobutyric,
khoang 30% axit R-2-Bromobutyric tinh khiét c6 thé thu duoc bang cach st dung céc

k¥ thuat chudn nhu axit hoa va chiét.
Vi du 5: Thir nghiém céc chét nén khac

Ngoai axit 2-bromobutyric, cac chat nén khac duge thir nghiém va cac két qua

dugc néu dudi day
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Chét nén Axit 2- | Axit2- | Axit 2- Axit 2-bromo- | Axit 2-bromo-
clo flo bromo- 4-metyl 3-xyclopropyl-

Enzym butyric | butyric | hexanoic | pentanoic propanoic

P. putida AJ Co Khong | Co; Co; Co;

SEQ ID NO. 1

P. putida 109 Co Khéng | Khong Co Cé

S. sulfolobus Co Co Co Cé Khong xac

SEQ ID NO. 4 dinh

Vi du 6: Tang quy mo

24/42

Diéu kién tién quyét dé tang quy mo phan Gng 1én 2000 lit 1a phat hién ra rang

cac enzym c6 thé dugce st dung duge bao gom trong toan bd t€ bao duge cung cap

dudi dang sinh khdi ma khong can phai chuan bi dich dung giai té bao. Do d6, cac

bude chuan bi ton thoi gian va ton kém nhu loc dich dung giai t€ bao, cac budc nay

khong kha thi vé mat kinh té trén quy md 16n, c6 thé dugc boé qua. Hon nita, viéc phat

hién ra ring phan Gmg c6 thé dugc bt diu bang cich thém chét nén (raxemat) hodc

sinh khéi chtra enzym trong toan bd té bao c6 nghia 14 thiét bi c6 thé duogc st dung voi

d6 linh hoat toi da. Dé diéu chinh thém cho qua trinh nay, KOH dugc sir dung dé

chuén d6 pH (xem & trén) duoc trao ddi v6i NaOH 50%, dung méi dé chiét san pham

dugc thay déi tir MTBE thanh MIBK va CuSO4 dugc sir dung dé loai bo cac san pham

phu dugc trao ddi cho CaCl2 dé loai bo chat thai d& dang hon va ré hon.
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YEU CAU BAO HO

1. Phuong phap thuy phan chon loc chit ddng phén d6i anh S cla axit alpha

haloalkanoic theo cong thirc I,

R%
OH
X

trong d6 X 1a brom hodc clo va

R 1a mach alkyl c6 1 dén 6 nguyén tir cacbon, trong d6 mach alkyl nay la thang hodc

phan nhanh tai cac nguyén tir cacbon y hodc 6,

phuong phap nay bao gbm cac bude:
- tao ra raxemat gom chét ddng phan dbi anh R va chét dong phan d6i anh S cta
axit alpha haloalkanoic noi trén,
- tao ra polypeptit c6 hoat tinh dehalogenaza bao gbm trinh ty axit amin nhu dugc
néu trong SEQ ID NO. 1,
- cho raxemat phan ung trong 1-8 gio, trong do
do6 pH nam trong khoang 9-10 va nhiét do nam trong khoang 15-35°C dbi véi
polypeptit c6 hoat tinh dehalogenaza bao gbm trinh ty axit amin nhu dugc néu trong
SEQ ID NO. 1,
va trong d6 luong du chat ddng phan déi anh ciia chét dong phan ddi anh R cua axit
haloalkanoic ndm trong khoang tir 90,0% dén 99,9% dat dugc sau 1-8 gid, va trong
d6 ndng do clia raxemat cta axit alpha haloalkanoic theo cong thirc I n6i trén nam
trong khoang tir 80 dén 200 g/L va polypeptit c6 hoat tinh dehalogenaza dugc bao

gbm trong toan bd té bao.

2. Phuong phép theo diém 1, trong d6 ty 1& clia raxemat cua axit alpha haloalkanoic
theo cong thuc I trén sinh khéi cia toan bd t& bao bao gdbm polypeptit c6 hoat tinh
dehalogenaza bao gdm trinh tu axit amin nhu dugc néu trong SEQ ID NO. 1 hodc
trinh ty ¢6 mirc twong dong trinh tu it nhit 90% véi trinh tu n6i trén nam trong khoang
tir 2:1 dén 15:1.
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3. Phuong phép theo diém 1, trong d6 nhém R cua axit alpha haloalkanoic c6 cong
thiec I noéi trén dugc chon tir nhom gom etyl, butyl, 2-metyl-propyl va metyl-
xyclopropyl.

4. Phwong phap theo diém 1 dé thiyy phan chon loc chat ddng phan doi anh S ca axit
alpha haloalkanoic c6 cong thirc I tir raxemat, trong d6 luong du chit dong phan doi
anh ctia chit ddng phan d6i anh R con lai cia axit alpha haloalkanoic nam trong

khoang tir 90,0% dén 99,9%.

5. Phuong phap thity phan chon loc chit dong phan ddi anh S cua axit alpha

haloalkanoic theo cong thirc II,

o L
OH
F

trong do
R 1a mach alkyl c6 1 dén 6 nguyén tir cacbon, trong d6 mach alkyl nay la thang hoic
phan nhanh tai cdc nguyén tir cacbon y hodc 8, va F 1a nguyén tir flo don,
phuong phép nay bao gdm cac budc:
- tao ra raxemat gdbm chét ddng phan ddi anh R va chit ddng phan dbi anh S cua
axit alpha haloalkanoic noi trén,
- tao ra polypeptit ¢ hoat tinh dehalogenaza bao gbm trinh ty axit amin nhu dugc
néu trong SEQ ID NO. 4,
- cho raxemat phan ung trong 1-8 gio, trong do d6 pH nam trong khoang 9-10 va
nhiét d6 nam trong khoang 55-65°C d6i véi polypeptit c6 hoat tinh dehalogenaza
bao gém trinh tu axit amin nhu dugce néu trong SEQ ID NO. 4,
trong d6 lugong du chit ddng phéan ddi anh cta chat ddng phan d6i anh R cua axit
haloalkanoic ndm trong khoang tir 90,0% dén 99,9% dat duoc sau 1-8 gio, va
trong d6 ndng do6 cia raxemat cla axit alpha haloalkanoic theo cong thirc II noi trén
nam trong khoang tir 80 dén 200 g/L va polypeptit c6 hoat tinh dehalogenaza dugc

bao gdm trong toan b té bao.
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6. Phuong phap theo diém 2, trong d6 ty 1€ nim trong khoang tir 3:1 dén 10:1.
7. Phuong phép theo diém 2, trong d6 ty 1& 1a 4:1.
8. Phuong phép theo diém 1, trong d6 X 1 brom.
9. Phuong phép theo diém 1, trong d6 X 1a clo.

10. Phuong phap theo diém 3, trong d6 nhém R cua axit alpha haloalkanoic c6 cong

thirc I noi trén 1a etyl.

11. Phuong phap theo diém 3, trong d6 nhém R cta axit alpha haloalkanoic c6 cong

thirc I noi trén 1a butyl.

12. Phuong phép theo diém 3, trong d6 nhém R ciia axit alpha haloalkanoic c6 cong
thire I noi trén 1a 2-metyl-propyl.

13. Phuong phap theo diém 3, trong d6 nhém R cua axit alpha haloalkanoic c6 cong

thirc I noi trén 1a metyl-xyclopropyl.
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<110>

<120>

<130>

<160>

<170>

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

<400>

47530

DANH MUC TRINH TU

Bayer Aktiengesellschaft

Phuong phap thuy phan chon loc chidt déng phan dbi anh S cua axit alpha
haloalkanoic

BTS173006

Patent phién ban 3.5

1
2

27

PRT
Pseudomonas Putida AJl

1

Met Lys Asn

1

Asp

Gly

Trp

Glu

65

Asp

Tyr

Pro

Val

Glu
145

Val

Asp

Leu

50

Asp

Glu

Ala

Leu

Thr

130

Asp

His

Ala
35

Arg

Ala

Thr

Asp

Gly

115

Asn

Val

Ile

Ser

20

Ile

Ser

Leu

His

Thr

100

Ile

Ser

Gln

Gln

Val

Ser

Leu

Arg

Gln

85

Ala

Ile

Glu

Val

Gly

Val

Arg

Met

Phe

70

Arg

Asp

Ser

Met

Phe
150

Ile

Gln

Leu

Gly

55

Thr

Leu

Ala

Asn

Asn

135

Lys

Val

Ala

Trp

40

Arg

Cys

Ser

Val

Gly

120

Trp

Pro

Phe

Cys

25

Arg

Tyr

Thr

Asp

Arg

105

Ser

Ala

Asp

Asp

10

Glu

Gln

Val

His

Ala

90

Arg

His

Phe

Ser

Leu

Glu

Lys

Asn

Leu

75

Tyr

Leu

Cys

Asp

Arg
155

Tyr

Val

Gln

Phe

60

Gly

Leu

Lys

Ser

Gln

140

Val

Gly

Tyr

Leu

45

Glu

Leu

His

Ala

Ile

125

Leu

Tyr

Thr

Pro

30

Glu

Lys

Ser

Leu

Ala

110

Glu

Ile

Ser

Leu

15

Gly

Tyr

Ala

Leu

Thr

95

Gly

Gln

Ser

Leu

Tyr

Gln

Thr

Thr

Asp

80

Pro

Leu

Val

Val

Ala
160
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Glu Lys Arg

Asn Ala Trp

Ile Asn

195

Trp

Thr His Val

210

Ser Leu

225

Asp

<210> 2

<211> 684
<212> ADN
<213>

<400> 2
atgaagaaca

gtcgttcaag
cgtcagaaac
gagaaagcga
gacgaaaccc
gccgatgcag
agtcattgca
ctgatttcgg
gagaaacgca
gcgtcagctg
tttgacgaac
tggcttgtga
<210> 3

<211> 684
<212> ADN

<213>

<400> 3

Met Gly

165

Asp Ala

180

Arg Gln

Val Arg

ttcagggcat
cgtgtgaaga
agctggaata
ctgaggatgc
atcaacgtct
ttcgtcggtt
gcattgaaca
tcgaagatgt
tgggctttcc
cctctaactt
tggatgccaa

acagtctgga

Phe

Ser

Asn

Asn

Pro Lys

Ala

Ala

Ala
200

Gly

Leu Ala

215

Pseudomonas Putida AJl

tgtgtttgac

agtttaccct

cacgtggttg

gttacgcttt

gagcgatgcc

aaaagccgca

ggtggtaacc

ccaggtgttc

gaaggagaac

tgggtttccg

accgacccat

ctaa

Pseudomonas Putida AJ1

47530

Glu Asn
170

Ile

Ser Asn Phe

185

Phe Asp Glu

Glu Met Ser

ctctatggta
ggtcaaggcg
cgttccttga
acctgtacgc
tatctccacc
ggcttaccac
aactcggaaa
aaacccgatt
atcctcttcg
gtttgctgga

gtggtacgca

Leu Phe Val

Pro
190

Gly Phe

Leu Asp Ala

205

Asn Trp Leu

220

cgctgtatga
atgcgatttc
tgggacgcta
acctgggtct
tgactccgta
tggggatcat
tgaactgggc
ctcgcgtgta
tgagttcgaa
tcaatcgcca

atctggcaga

Ser Ser

175

Val Cys

Lys Pro

Val Asn

cgtacacagc

ccgtttgtgg

tgtcaacttc

gtcccttgac

cgcagataca

cagcaatggc

tttcgatcag

ttcactggcg

tgcttgggat

gaatggtgcg

aatgagcaat

atgaaaaaca tccaaggtat cgttttcgat ttgtatggca cgctctacga cgtgcattcc

2

60

120

180

240

300

360

420

480

540

600

660

684

60
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gtggtgcaag
cggcaaaagc
gagaaagcaa
gatgaaaccc
gctgacgccg
tctcattgcet
ctgatcagcg
gagaagcgca
gcgagtgcag
tttgatgagc
tggctggtta
<210> 4

<211> 201
<212> PRT
<213>
<400> 4

Met Ile Ile

1

Thr Val Ile

Thr TIle

35

Leu

Thr Leu

50

Arg

Glu
65

Glu Leu

Tyr Leu Lys

Gly Ser Ile

cctgtgaaga
aattggaata
cagaggatgc
accagcgcct
ttcgecegttt
cgatcgagca
tcgaggatgt
tgggttttcce
ccagtaactt
tggatgcaaa

attcgctcga

Leu Ala

Gln
20

Glu

Met Gly

Tyr Ile Le

Tr
70

Asn Lys

Glu Ile

85

Se

Asn Glu

100

Phe

Phe

Lys

Val

ggtctatccg
cacctggctc
cttgcgettt
cagtgatgct
gaaagctgcg
agtcgtgact
gcaagtgttc
aaaggaaaac
tggtttccceg
gccgacacac

ttaa

Sulfolobus tokodaii 7

Asp Ile

Asn

Arg

Val
40

Tyr

u Lys Val

55

p Lys Asn

r Glu Ile

Lys Gln

47530

ggccaaggcg
aggagcctca
acctgcacgc
tatttgcacc
ggcctaccgce
aactctgaaa
aaacctgata
atcctcttég
gtttgctgga

gtcgtgcgta

Phe Gly Thr

10

Lys Gln Leu

25

Glu Phe Glu

Arg Gly Glu

Ala
75

Leu Lys

Ala Glu

90

Val

His Leu Glu

105

acgctatttc
tgggccgtta
atctgggctt
tcacccctta
taggcatcat
tgaattgggce
gtcgcgtcta
tttcgtcaaa
tcaatcggca

atctcgccga

Val Leu Asp

Glu Thr

30

Tyr

Glu Ile

45

Thr

Glu
60

Ser Lys

Tyr Glu Asp

Tyr Ala Leu

Arg Asn Gly

110

tcgectectgg

cgtgaacttt

gtcgctcgat

tgccgataca

ttcaaatggt

gttcgatcag

tagccttgcce

cgcgtgggat

gaacggcgceg

aatgtcgaac

Thr
15

Ser

Trp Leu

Lys Ile

Phe Asp

Thr Lys

80

Ser Asn

95

Leu Leu

120

180

240

300

360

420

480

540

600

660

684

35/42



47530

Arg Tyr Phe Lys Gly Ile Phe Ser Ala Glu Ser
115 120

Pro Ser Pro Lys Val Tyr Lys Tyr Phe Leu Asp

130 135
Glu Ala Phe Leu Val Ser Ser Asn Ala Phe Asp
145 150 155
Asn Ala Gly Met Arg Ser Ile Phe Val Asn Arg

165 170
Asp Pro Ile Gly Gly Lys Pro Asp Val Tle Val
180 185
Leu Tyr Glu Trp Ile Leu Arg Tyr Lys
195 200

<210> 5
<211> 606
<212> ADN
<213> Sulfolobus tokodaii 7
<400> 5
atgatcattc tggcctttga tatctttggt actgtactcg
gaatttcgca acaaacaact ggagtatact tggctgctga
gaatttgagg aaatcaccaa aattacgtta cgctatatcc
tcgaagtttg acgaagaact gaacaaatgg aagaacctga
taccttaaag agatttcgga aattgccgaa gtttatgcgce
gaagtgaaac agcatttgga acgtaatggg ttacttcggt
gcagaaagcg ttaaagagta caaaccgagt ccgaaagtgt
attggtgcga aagaagcctt cttggtatct agcaacgcat
aatgctggta tgcgttccat ctttgtcaat cgcaagaaca
ggaaaaccag acgtgatcgt caatgacttc aaagagctgt
aaataa
<210> 6
<211> 606
<212> ADN
<213> Sulfolobus tokodaii 7
<400> 6

Val Lys Glu

125

Ser Ile

140

Gly

Val Ile Gly

Lys Asn Thr

Phe
190

Asn Asp

atacatctac
cgattatggg
tgaaagttcg
aagcgtatga
tgtcaaatgg
acttcaaagg
ataagtactt
tcgatgtgat
ccattgtcga

atgagtggat

Tyr Lys

Ala Lys

Ala Lys

160

Ile
175

Val

Lys Glu

cgttatccag

caaatacgtg

tggtgaagaa

agataccaaa

gagtattaac

cattttctcc

tctggatagc

tggcgctaag

tcctatcgge

tctcecgetat

60

120

180

240

300

360

420

480

540

600

606
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atgatcattc
gagtttagga
gaatttgagg
agcaaatttg
tatttaaagg
gaggttaaac
gcagaaagtg
ataggagcta
aacgcgggta
ggcaaacctg
aagtga
<210> 7
<211>

<212>
<213>

ADN
<400> 7

ttagaaaaac
accatatttt
taggatggca
tattaatttc
tgaatccggt
gccattacgce
cgcctgagcg
atgcaaccgg
ttcttctaat
atcaggagta
tagtctgacc
caactctggc
attatcgcga
cctagagcaa

gtaagcagac

4515

tagcatttga tatcttcgga
ataagcaatt agagtataca
aaataacaaa gattacttta
atgaggagtt aaataagtgg
aaatatctga gatagccgag
aacatttaga gcgcaatggt
ttaaagaata taaaccttca
aagaagcatt cttagtttca
tgaggagtat attcgtaaat

atgttatagt aaatgacttc

plasmit pKA8la-HADH-PP-AJ

tcatcgagca tcaaatgaaa
tgaaaaagcc gtttctgtaa
agatcctggt atcggtctge
ccctcgtcaa aaataaggtt
gagaatggca aaagtttatg
tcgtcatcaa aatcactcgce
agacgaaata cgcgatcgct
cgcaggaaca ctgccagcgce
acctggaatg ctgttttccc
cggataaaat gcttgatggt
atctcatctg taacatcatt
gcatcgggect tcccatacaa
gcccatttat acccatataa
gacgtttccc gttgaatatg

agttttattg ttcatgacca

47530

acagttcttg
tggttactta
agatacatct
aagaatctta
gtctacgcgt
ttgttaagat
cctaaagtat
tcaaatgcat
aggaagaata

aaagagttat

ctgcaattta
tgaaggagaa
gattccgact
atcaagtgag
catttctttce
atcaaccaaa
gttaaaagga
atcaacaata
ggggatcgca
cggaagaggc
ggcaacgcta
tcgatagatt
atcagcatcc
gctcataaca

aaatccctta

atacatctac
caataatggg
taaaggtaag
aagcttatga
tatctaacgg
attttaaggg
acaaatattt
ttgacgtcat
caatagtcga

atgaatggat

ttcatatcag
aactcaccga
cgtccaacat
aaatcaccat
cagacttgtt
ccgttattca
caattacaaa
ttttcacctg
gtggtgagta
ataaattccg
cctttgccat
gtcgcacctg
atgttggaat
ccccttgtat

acgtgagttt

ggtaattcaa

gaaatatgtg

aggcgaagag

agatactaaa

gtctataaat

catatttagt

cctagactcg

aggagctaaa

tcctataggt

tttgcgatat

gattatcaat

ggcagttcca

caatacaacc

gagtgacgac

caacaggcca

ttcgtgattg

caggaatcga

aatcaggata

accatgcatc

tcagccagtt

gtttcagaaa

attgcccgac

ttaatcgcgg

tactgtttat

tcgttccact

60

120

180

240

300

360

420

480

540

600

606

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

37142



gagcgtcaga
taatctgctg
aagagctacc
ctgtccttct
catacctcgc
ttaccgggtt
ggggttcgtg
agcgtgagct
taagcggcag
atctttatag
cgtcaggggg
ccttttgcectg
accgtattac
gcgagtcagt
tgtgcggtat
gttaagccag
ccgccaacac
caagctgtga
cgcgcgaggce
gcctgttcat
ataaagcggg
gggggatttc
cgggttactg
gtatggatgc
cgaagtggcg
cacctgtgge
tacgttgaca
gagagtcaat
gccggtgtct

aaaacgcggg

ccccgtagaa
cttgcaaaca
aactcttttt
agtgtagccg
tctgctaatc
ggactcaaga
cacacagccc
atgagaaagc
ggtcggaaca
tcctgtcggg
gcggagccta
gccttttgcet
cgcctttgag
gagcgaggaa
ttcacaccgc
tatacactcc
ccgctgacgc
ccgtctccgg
agctgcggta
ccgcgthag
ccatgttaag
tgttcatggg
atgatgaaca
ggcgggacca
agcccgatct
gccggtgatg
ccatcgaatg
tcagggtggt
cttatcagac

aaaaagtgga

aagatcaaag
aaaaaaccac
ccgaaggtaa
tagttaggcc
ctgttaccag
cgatagttac
agcttggagc
gccacgcttc
ggagagcgca
tttcgccacc
tggaaaaacg
cacatgttct
tgagctgata
gcggaagagc
aatggtgcac
gctatcgcta
gccctgacgg
gagctgcatg
aagctcatca
ctcgttgagt
ggcggttttt
ggtaatgata
tgcccggtta
gagaaaaatc
tccccatcgg
ccggccacga
gtgcaaaacc
gaatgtgaaa
cgtttccecge

agcggcgatg

47530

gatcttcttg
cgctaccagc
ctggcttcag
accacttcaa
tggctgctgce
cggataaggc
gaacgaccta
ccgaagggag
cgagggagct
tctgacttga
ccagcaacgc
ttcctgegtt
ccgctcgcecg
gcctgatgeg
tctcagtaca
cgtgactggg
gcttgtctge
tgtcagaggt
gcgtggtcgt
ttctccagaa
tcctgtttgg
ccgatgaaac
ctggaacgtt
actcagggtc
tgatgtcggce
tgcgtccgge
tttcgcggta
ccagtaacgt
gtggtgaacc

gcggagctga
6

agatcctttt
ggtggtttgt
cagagcgcag
gaactctgta
cagtggcéat
gcagcggtcg
caccgaactg
aaaggcggac
tccaggggga
gcgtcgattt
ggccttttta
atcccctgat
cagccgaacg
gtattttctc
atctgctctg
tcatggctgce
tccecggeatce
tttcaccgtc
gaagcgattc
gcgttaatgt
tcactgatgc
gagagaggat
gtgagggtaa
aatgccagcg
gatataggcg
gtagaggatc
tggcatgata
tatacgatgt
aggccagcca

attacattcc

tttctgcgeg
ttgccggatc
ataccaaata
gcaccgccta
aagtcgtgtc
ggctgaacgg
agatacctac
aggtatccgg
aacgcctggt
ttgtgatgct
cggttcctgg
tctgtggata
accgagcgca
cttacgcatc
atgccgcata
gccccgacac
cgcttacaga
atcaccgaaa
acagatgtct
ctggcttctg
ctccgtgtaa
gctcacgata
acaactggcg
ctcatgagcc
ccagcaaccg
gagatccatt
gcgcccggaa
cgcagagtat
cgtttctgcg

caaccgcgtg

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700
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gcacaacaac
ctgcacgcgc
agcgtggtagg
aatcttctcg
gccattgctg
cagacaccca
catctggtcg
tcggcgegtce
atagcggaac
ctgaatgagg
gcaatgcgcg
tacgacgata
tttcgectge
gtgaagggca
gaaatcataa
gagcggataa
catétgaaga
agcgtcgttc
tggcgtcaga
ttcgagaaag
gacgacgaaa
acagccgatg
ggcagtcatt
cagctgattt
gcggagaaac
gatgcgtcag
gcgtttgacg
aattggcttg

gctgctaaca

tggcgggcaa
cgtcgcaaat
tgtcgatggt
cgcaacgcgt
tggaagctgce
tcaacagtat
cattgggtca
tgcgtctggce
gggaaggcga
gcatcgttcc
ccattaccga
ccgaagacag
tggggcaaac
atcagctgtt
aaaatttatf
caatttcaca
acattcaggg
aagcgtgtga
aacagctgga
cgactgagga
cccatcaacg
cagttcgtcg
gcagcattga
cggtcgaaga
gcatgggcett
ctgcctctaa
aactggatgc
tgaacagtct

aagcccgaaa

acagtcgttg
tgtcgcggceg
agaacgaagc
cagtgggctg
ctgcactaat
tattttctcc
ccagcaaatc
tggctggcat
ctggagtgcc
cactgcgatg
gtccgggetg
ctcatgttat
cagcgtggac
gcccgtctcea
tgctttgtga
catctagaaa
cattgtgttt
agaagtttac
atacacgtgg
tgcgttacgce
tctgagcgat
gttaaaagcc
acaggtggta
tgtccaggtg
tccgaaggag
ctttgggttt
caaaccgacc

ggactaactc

ggaagctgag

47530

ctgattggcg
attaaatctc
ggcgtcgaag
atcattaact
gttccggegt
catgaagacg
gcgctgttag
aaatatctca
atgtccggtt
ctggttgcca
cgcgttggtg
atcccgecegt
cgcttgcectge
ctggtgaaaa
gcggataaca
taattttgtt
gacctctatg

cctggtcaag

ttgcgttcct

tttacctgta

gcctatctece

gcaggcttac

accaactcgg

ttcaaacccg

aacatcctct

ccggtttgcet

catgtggtac

gagcaccacc

ttggctgctg

7

ttgccacctc
gcgccgatca
cctgtaaagc
atccgctgga
tatttcttga
gtacgcgact
cgggcccatt
ctcgcaatca
ttcaacaaac
acgatcagat
cggatatttc
taaccaccat
aactctctca
gaaaaaccac
attataatag
taactttaag
gtacgctgta
gcgatgcgat
tgatgggacg
cgcacctggg
acctgactcc
cactggggat
aaatgaactg
attctcgegt
tcgtgagttc
ggatcaatcg
gcaatctggc
accaccacca

ccaccgctga

cagtctggcc
actgggtgcc
ggcggtgcac
tgaccaggat
tgtctctgac
gggcgtggag
aagttctgtc
aattcagccg
catgcaaatg
ggcgctggge
ggtagtggga
caaacaggat
gggccaggceg
cctggcttga
attcaattgt
aaggagatat
tgacgtacac
ttccegtttg
ctatgtcaac
tctgtcecctt
gtacgcagat
catcagcaat
ggctttcgat
gtattcactg
gaatgcttgg
ccagaatggt
agaaatgagc
ctgagatccg

gcaataacta

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440
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gcataacccc ttggggectc taaacgggtc ttgaggggtt ttttgctgaa aggaggaact

atatccggat

<210> 8
<211>
<212>
<213>

ADN
<400> 8

ttagaaaaac
accatatttt
taggatggca
tattaatttc
tgaatccggt
gccattacgc
cgcctgagceg
atgcaaccgg
ttcttctaat
atcaggagta
tagtctgacc
caactctggce
attatcgcga
cctagagcaa
gtaagcagac
gagcgtcaga
taatctgctg
aagagctacc
ctgtccttct
catacctcgc
ttaccgggtt
ggggttcgtg
agcgtgagcect

taagcggcag

4437

aattc

tcatcgagca
tgaaaaagcc
agatcctggt
ccctcgtcaa
gagaatggca
tcgtcatcaa
agacgaaata
cgcaggaaca
acctggaatg
cggataaaat
atctcatctg
gcatcgggcect
gcccatttat
gacgtttccc
agttttattg
ccccgtagaa
cttgcaaaca
aactcttttt
agtgtagccg
tctgctaatc
ggactcaaga
cacacagccc
atgagaaagc

ggtcggaaca

tcaaatgaaa
gtttctgtaa
atcggtctgce
aaataaggtt
aaagtttatg
aatcactcgce
cgcgatcgcet
ctgccagcgc
ctgttttccc
gcttgatggt
taacatcatt
tcccatacaa
acccatataa
gttgaatatg
ttcatgacca
aagatcaaag
aaaaaaccac
ccgaaggtaa
tagttaggcc
ctgttaccag
cgatagttac
agcttggagce
gccacgcttc

ggagagcgca

ctgcaattta
tgaaggagaa
gattccgact
atcaagtgag
catttctttc
atcaaccaaa
gttaaaagga
atcaacaata
ggggatcgca
cggaagaggc
ggcaacgcta
tcgatagatt
atcagcatcc
gctcataaca
aaatccctta
gatcttcttg
cgctaccagc
ctggcttcag
accacttcaa
tggctgctgce
cggataaggc
gaacgaccta
ccgaagggag
cgagggagct

8

Vecto pKA8la-HADH v&i Dehalogenaza Haloaxit aus

ttcatatcag
aactcaccga
cgtccaacat
aaatcaccat
cagacttgtt
ccgttattca
caattacaaa
ttttcacctg
gtggtgagta
ataaattccg
cctttgccat
gtcgcacctg
atgttggaat
ccccttgtat
acgtgagttt
agatcctttt
ggtggtttgt
cagagcgcag
gaactctgta
cagtggcgat
gcagcggtceg
caccgaactg
aaaggcggac

tccaggggga

4500

4515

Sulfolobus tokodaii

gattatcaat
ggcagttcca
caatacaacc
gagtgacgac
caacaggcca
ttcgtgattg
caggaatcga
aatcaggata
accatgcatc
tcagccagtt
gtttcagaaa
attgcccgac
ttaatcgcgg
tactgtttat
tcgttccact
tttctgcgeg
ttgccggate
ataccaaata
gcaccgccta
aagtcgtgtc
ggctgaacgg
agatacctac
aggtatccgg

aacgcctggt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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atctttatag
cgtcaggggg
ccttttgctg
accgtattac
gcgagtcagt
tgtgcggtat
gttaagccag
ccgccaacac
caagctgtga
cgcgcgaggce
gcctgttcat
ataaagcggg
gggggatttc
cgggttactg
gtatggatgce
cgaagtggcg
cacctgtggc
tacgttgaca
gagagtcaat
gccggtgtcet
aaaacgcggg
gcacaacaac
ctgcacgcgc
agcgtggtgg
aatcttctcg
gccattgctg

cagacaccca

catctggtcg

tcggcgegte

atagcggaac

tcctgtcggg
gcggagccta
gccttttget
cgcctttgag
gagcgaggaa
ttcacaccgc
tatacactcc
ccgctgacgce
ccgtctcecgg
agctgcggta
ccgcgtccag
ccatgttaag
tgttcatggg
atgatgaaca
ggcgggacca
agcccgatct
gccggtgatg
ccatcgaatg
tcagggtggt
cttatcagac
aaaaagtgga
tggcgggcaa
cgtcgcaaat
tgtcgatggt
cgcaacgcgt
tggaagctgc
tcaacagtat
cattgggtca
tgcgtctgge

gggaaggcga

tttcgccacc
tggaaaaacg
cacatgttct
tgagctgata
gcggaagagc
aatggtgcac
gctatcgcta
gccctgacgg
gagctgcatg
aagctcatca
ctcgttgagt
ggcggttttt
ggtaatgata
tgcccggtta
gagaaaaatc
tcceccatcegg
ccggccacga
gtgcaaaacc
gaatgtgaaa
cgtttcccge
agcggcgatg
acagtcgttg
tgtcgcggeg
agaacgaagc
cagtgggctg
ctgcactaat
tattttctcc
ccagcaaatc
tggctggcat

ctggagtgcc

47530

tctgacttga
ccagcaacgc
ttcctgegtt
ccgctcgecg
gcctgatgceg
tctcagtaca
cgtgactggg
gcttgtctgc
tgtcagaggt
gcgtggtegt
ttctccagaa
tcctgtttgg
ccgatgaaac
ctggaacgtt
actcagggtc
tgatgtcggc
tgcgtccgge
tttcgcggta
ccagtaacgt
gtggtgaacc
gcggagctga
ctgattggcg
attaaatctc
ggcgtcgaag
atcattaact
gttccggegt
catgaagacg
gcgctgttag
aaatatctca

atgtccggtt
9

gcgtcgattt
ggccttttta
atcccctgat
cagccgaacg
gtattttctc
atctgctctg
tcatggctgc
tcccggceatce
tttcaccgtc
gaagcgattc
gcgttaatgt
tcactgatgc
gagagaggat
gtgagggtaa
aatgccagcg
gatataggcg
gtagaggatc
tggcatgata
tatacgatgt
aggccagcca
attacattcc
ttgccacctc
gcgccgatca
cctgtaaagc
atccgctgga
tatttcttga
gtacgcgact
cgggcccatt
ctcgcaatca

ttcaacaaac

ttgtgatgct
cggttcctgg
tctgtggata
accgagcgca
cttacgcatc
atgccgcata
gccccgacac
cgcttacaga
atcaccgaaa
acagatgtct
ctggcttctg
ctccgtgtaa
gctcacgata
acaactggcg
ctcatgagcc
ccagcaaccg
gagatccatt
gcgcccggaa
cgcagagtat
cgtttctgcg
caaccgcgtg
cagtctggcc
actgggtgcc
ggcggtgcac
tgaccaggat
tgtctctgac
gggcgtggag
aagttctgtc
aattcagccg

catgcaaatg

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240
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ctgaatgagg
gcaatgcgcg
tacgacgata
tttcgecectge
gtgaagggca
gaaatcataa
gagcggataa
catatgatca
caggaatttc
gtggaatttg
gaatcgaagt
aaatacctta
aacgaagtga
tccgcagaaa
agcattggtg
aagaatgctg
ggcggaaaac
tataaataac
aaggaagctg

tctaaacggg

gcatcgttcc
ccattaccga
ccgaagacag
tggggcaaac
atcagctgtt
aaaatttatt
caatttcaca
ttctggeccectt
gcaacaaaca
aggaaatcac
ttgacgaaga
aagagatttc
aacagcattt
gcgttaaaga
cgaaagaagc
gtatgcgttc
cagacgtgat
tcgagcacca
agttggctgc

tcttgagggg

cactgcgatg
gtccgggetg
ctcatgttat
cagcgtggac
gcccgtctceca
tgctttgtga
catctagaaa
tgatatcttt
actggagtat
caaaattacg
actgaacaaa
ggaaattgcc
ggaacgtaat
gtacaaaccg
cttcttggta
catctttgtc
cgtcaatgac
ccaccaccac
tgccaccgcet

ttttttgctg

47530

ctggttgcca
cgcgttggtg
atcccgeegt
cgcttgctge
ctggtgaaaa
gcggataaca
taattttgtt
ggtactgtac
acttggctgce
ttacgctata
tggaagaacc
gaagtttatg
gggttacttc
agtccgaaag
tctagcaacg
aatcgcaaga
ttcaaagagc
cactgagatc
gagcaataac

aaaggaggaa

10

acgatcagat
cggatatttc
taaccaccat
aactctctca
gaaaaaccac
attataatag
taactttaag
tcgatacatc
tgacgattat
tcctgaaagt
tgaaagcgta
cgctgtcaaa
ggtacttcaa
tgtataagta
cattcgatgt
acaccattgt
tgtatgagtg
cggctgctaa
tagcataacc

ctatatccgg

ggcgctggge

ggtagtggga

caaacaggat

gggccaggcg

cctggcttga

attcaattgt

aaggagatat

taccgttatc

gggcaaatac

tcgtggtgaa

tgaagatacc

tgggagtatt

aggcattttc

ctttctggat

gattggcgcect

cgatcctatc

gattctccgce

Caaagcccga

ccttggggcce

ataattc

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4437
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