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Linh vic k§ thuit dwoce dé cap

Sang ché d& cap dén linh vuc san xudt cac héa chit hitu co chuyén dung va
thong thuong bing cach sir dung chét xtc tac sinh hoc dd dugc cai bién dé ting kha
ning st dung nguyén lidu chira sucroza cia ching. Cu thé hon, sang ché dé cép dén su
bién d6i gen can cho sw van chuyén va chuyén hoa sucroza dé san xudt axit suxinic va

céc hoa chit khac bang phuong phap sinh hoc.
Tinh trang k§ thuit ciia sang ché

Mot sb lugng 16n hoa chét hitu co hién nay c6 ngudn gbc tir nguyén liéu hoa
dau. C6 su quan tAm ngdy cang ting vé viéc san xudt nhidu hop chit hitu co c6 ngudn
gbc hoa diu nay bang cac quy trinh 1én men sinh hoc bing cach st dung nguyén lidu
tai ché. Danh muc c4c hop chét hitu co c6 thé c6 ngudn gdce tir nguyén lidu tai ché bao
gém 1,4-diaxit (suxinic, fumaric, malic, glucaric, malonic, va maleic), axit 2,5-furan
dicarboxylic, axit propionic, axit 3-hydroxy propionic, axit aspartic, axit glucaric, axit
glutamic, axit itaconic, axit levulinic, 3-hydroxybutyrolacton, glyxerol, sorbitol,
xylitol, arabinitol. va cac butandiol nhu 1,4 butandiol, 1,3-butandiol, va 2,3-butandiol.
Bén canh cac hop chit nay, nhiéu loai hgp chét hitu co khac bao gdm, nhung khéng bi
gidi han trong, axit amin, vitamin, rugu (nhu etanol, n-propanol, isopropanol, n-
butanol, isobutanol, va rugu cao), axit béo, este cua axit béo, hydrocacbon, isoprenoit,
turpen, carotenoit, va amin ciing c6 thé duoc san xuét bang cach sir dung nguyén lidu
tai ché. Trong ban mod ta nay, hop chét bét ky nhu vay cé thé dugc goi 12 “hop chét
mong mudn”. Tuy nhién, di v6i hadu hét cac hop chit mong mubn nay, quy trinh 1én
men c6 ¥ nghia thwong mai s& dung sucroza 1am ngudn cacbon van chua duoc phét
trién.

Trong céc hop chét hitu co c6 thé c6 ngudn gde tir nguyén liéu tai ché nay, axit
suxinic ¢6 ¥ nghia dic biét. Nhidu loai vi sinh vt bao gdm Escherichia coli,
Corynebacterium  glutamicum  va  Brevibacteium  flavum,  Mannhemia
succiniproducens, Basfia succiniproducens va Anaerobiospirilum succiniproducens da

duge xtr ly di truyén d€ st dung lam chat xuc tac sinh hoc dé san xuat axit suxinic
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bang céach st dung nguyén li€u tai ché. Cac chat xic tdc sinh hoc nay da dugc ching
minh 14 tao ra axit suxinic véi hiéu suat va nang suat rat cao. Hién nay, su san xuat axit
suxinic bang cach sir dung cac chat xuc tic sinh hoc nay dugc thyc hién bang cach su

dung dextroza lam ngudn cacbon hitu co.

Cén phét trién cac quy trinh st dung nguyén liéu tai ché ré tién hon dé 1am cho
su san xuét sinh hoc axit suxinic tr& nén canh tranh dugc véi su san xuét axit suxinic
tir nguyén liéu hoa dau bang cach st dung céc quy trinh héa hoc thuan tay. Cac nd luc
duge thue hién dé st dung ngudn cacbon c¢6 ngudn gdc tir sy thiiy phan céc chét
xenluloza 1am nguyén liéu dé san xudt axit suxinic bang cach sir dung chét xtc tac sinh
hoc. Tuy nhién, k§ thuat san xuit nguyén liéu tir chét xenluloza ding cho 1én men sinh
hoc hién nay con rat chua hoan thién. Vi véy, c¢6 nhu ciu cp bach vé nguyén li€u co
hiéu qua thich hgp cho su sdn xuét sinh hoc axit suxinic. Gia thanh ctia cac loai dudng
khéc nhau thay dbi theo thoi gian va vi tri dia ly. O nhidu noi trén thé gidi, sucroza ré
hon glucoza trong hiu hét hodc tit ca thoi gian, dic biét 1a & cac ving nhiét d6i ma &

d6 cay mia phat trién tbt.

Mat ri dudng c6 ngudn gbc tir qua trinh ché bién c4y mia 14 nguyén liéu c6 hiéu
qua cho sy 1én men cong nghi€p bét ky. Mat ri dudng ré tién, c6 thé mua dé dang, va
c¢6 nhidu. M4t ri dudng gidu sucroza va c6 can phat trién chét xtc tac sinh hoc c6 kha
nang st dung sucroza lam ngudn cacbon dé san xuét axit suxinic bing 1én men. Trong
mot sb trudong hop, tdt hon 14 st dung sucroza tinh khiét 1am ngudn cacbon trong lén
men, vi dy, khi san phidm 1én men cin c6 phai c6 d¢ tinh khiét cao, va trong d6 13 c6
hiéu qua hon khi loai bd hop chét khong phai duong ra khoi mat ri dudng trude khi 1én
men. Sucroza tinh khiét & dang “duong dn” di dugc san xuét trong nhidu nim bang
cac phuong phép da duge biét rd, va chét twong duong véi né cling co thé dugc st
dung lam ngudn cacbon theo sing ché. Hon nita, sy st dung mat ri dudng hoic
sucroza bang chét xuc tac sinh hoc ¢ y nghia cong nghiép 16n hon vi mét ri duong
hodc sucroza c6 thé dugc sir dung dé san xuét nhidu loai hoa chét hitu co cling nhu
khbi nguyén bao. Vi viy, sang ché c6 ng dung rong hon trong cong nghiép 1én men
n6i chung ngoai sy san xuét axit suxinic bang 1én men. Mdi trudng chita sucroza co
thé bao gébm nudc ép hoic mat ri duong cb ngudn gbc tlr cAy mia, ci cai dudng, cao

luong duong, hodc nguyén liéu tir thye vét chira sucroza khac bét ky.
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Co ché van chuyén sucroza va cac duong khac thudng hay duge tim thdy & cac
vi khuén dwa vao hé phosphotransferaza (phosphotransferase system: PTS). PTS ciu
tao tir cac protein két hop hai murc niang lugng, enzym I va HPr, va mot s& protein ctia
enzym II dac hi€u voi duong hodc phuc cla protein, nd thudng dugce ciu tao tir ba
mién protein, EIIA, EIIB va EIIC. CAu tao cua mién EII khac nhau gitra cac vi khuAn.
EIl ¢6 thé duoc cu tao tir mot protein dung hop hozc mién dung hop va khong dung
hop khac nhau. Su di chuyén ciia dudong cu thé xuyén qua mang duoc hd trg boi mién
xuyén mang. Tuy nhién, n6 1a phtc cla ba mién hodic protein cia enzym, cliing hoat
dong, no tao ra sw van chuyén va su phosphoryl héa chit dudng, din dén sy tich liy

ndi bao cua hydrat cacbon dugc phosphoryl hoa (Neidhardt va Curtiss, 1996).

C6 céc co ché khac dé van chuyén sucroza vi khuin ngoai PTS. Cac permeaza
duong khéng phu thude vao PTS nay hd trg su tich lfly sucroza ma khong can cai bién
héa hoc. Chung bao gdm hé théng ddng vén chuyén cling chidu cation hoa tan, nhu tac
nhan ddng van chuyén ciing chiéu ScrT trong operon sucroza & Bifidobacerium lactis
va tac nhan vin chuyén CscB cta ching E. coli W. Céac hé van chuyén dic hiéu voi
sucroza nay thuong két tu véi gen di hoa va diéu hoa véi sy sép xép khac nhau & cac

vi khuan khéc nhau.

C6 mot sb vi dy trong tai liéu md ta qué trinh tach dong gen st dung sucroza va
su cdy ghép céc gen nhu vay vao sinh vat vé ban chit khong chira cac gen néu trén. C6
mot s6 vi du v& tach dong va chuyén ca gen st dung sucroza phu thudc vao PTS Ian
khéng phu thudc vao PTS. Tuy nhién, mdi vi du ndy ¢ it nhét mot dic diém lam cho
né trd nén khong mong mudn khi sir dung trong thiét dit thuong mai. Vi dy, sy duy tri
gen st dung sucroza trén plasmit sao chép (nhu plasmit pScrl dugc mo ta trong cong
bd don sang ché My sb 2008/0274526 Al) 1a khéng mong mubn do plasmid c6 thé
khong 6n dinh (Shukla va céng si, 2004) hodic bi mét di trong nhiéu thé hé sinh truéng
qui md 16m, va né thudng cin c6 khéng sinh dé duy tri. Ngoai ra, sy biéu hién gen ctia
plasmit ¢6 nhiu ban sao ¢ thé 1a qua mtc, din dén ton nang lugng va nguyén liéu,

hodc trc ché su sinh trudng.

Gen st dung sucroza khong phu thudc vao PTS ciia nhiém sic thé cscAKB cla
E. coli EC3132 d3 dwoc gin vao trong nhidm sic thé cta ching c6 ngudn gbe tir E.

coli K-12 (patent M§ s8 6.960.455). Nhung operon dic biét nay dugc biét 13 twong ddi
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khong ¢6 hiéu qua trong viéc tao ra su st dung sucroza, dic bi¢t l1a & cac néng do
sucroza thép, trong d6 thoi gian nhan d6i bang 20 gid (1200 phit) (Bockmann va céng
sw, 1992). Su so sanh tinh twong ddng cua trinh twy ADN ciia ving operon cscRAKB
cia EC3132 ma v6i né 13 nhén tb st dung sucroza c6 hidu qua, E. coli ATCC 9637
(Shukla va cong su, 2004) bang céch st dung chuong trinh Megalign cia phin mém
DNASTAR bdc 19 chi s6 do twong tu bing 98,1. Vi vay, c6 nhiéu khac biét gifta hai
operon csc, va cac khac biét nady la rai rac khip operon. Nhiéu dot bién diém trong
operon EC3132 gdy ra sy thay d6i khéng bao toan trong trinh tu protein, va mot sd dot
bién c6 trong ving khéi diu, do d6 né phai 1 trudng hop operon cua EC3132 bi
khuyét tat don gian do mot hodc hon mot dot bién nay. Thé dot bién ngau nhién sinh
trudng nhanh hon theo thoi gian nhén doi trén sucroza gidm xudng 50 phut c6 thé
dugc phan 1ap tir EC3132, nhung khi operon cscAKB dot bién duoc cdy ghép trong
chiing K-12, thoi gian nhin ddi trong moi trudng sucroza ting trd lai cao nhét trong 75
phuat (Jahreis va c¢dng su, 2002). Khong operon nao trong s& cac operon csc dot bién
ciia EC3132 1am thay ddi trinh ty ADN tr& thanh gidng operon hiéu dung ATCC 9637
hon. Nhu vy, c6 thé 1a operon duge bdc 10 boi Jahreis va cong sw (2002) khéng mong

mudn bang operon ATCC 9637.

Céch tiép can khéc d3 dugc dé xut dé cho phép su st dung sucroza 1a viéc thiét
ké mot cach don gian ching dé tiét ra invectaza (Lee va céng sw, 2010a). Trong truong
hop nay, invectaza clia Mannheimia succiniproducens dugc chimg minh la t6t hon
invectaza cua E. coli W, khong dwa vao ggi y tir viéc st dung invectaza E. coli W.
Hon nita, & vi khuén, cach tiép can nay vbn da it hiéu qua hon viéc nhap sucroza trude
khi phan tach nd, vi sau khi phan tach glucoza va fructoza bang invectaza, hai phén ti
duong phai dugc nhin chtr khong phai 1a chi mot, va viéc nay cén nhiéu ning lugng
hon dé thuc hién. Hon nita, trong vi du ctia k§ thuat truGe ddy nay, trong khi su bt
dau 1én men véi 20 g/l sucroza, fructoza ngoai dugc tich liiy 1én dén trén 10 g/, va mat
50 gid dé fructoza ngoai nay dugc st dung hoan toan (Lee va cdng sw, 2010b). Vi vay,
mic du chung st dung sucroza duoc boc 19, hé théng ¢ dic tinh thyc hién khong co y
nghia thuong mai. Su tiét ra fructoza béi chiing E. coli sinh truéng trong sucroza 1a
van dé chung, va fructoza con lai & cudi thoi gian 1én men mong mudn, né thudng

bang 48 gid hodc it hon, 1a khong mong muon. Vi vay, can c6 vi sinh vét c6 th€ 1én
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men sucroza thanh san phdm mong muén véi ham luong c6 y nghia thuong mai, né
thuong 16n hon 20 gam trén lit, ma khong cho phép 16n hon 2 gam trén lit fructoza con

lai sau thoi gian 1én men bang 48 gid hoic it hon.

Ching E. coli SZ63 va SZ85 dugc xir Iy trudc d6 dé tao ra D-lactat tinh khiét
v& mit quang hoc tir duong hexoza va pentoza. P& mo rong pham vi chét nén chira ca
sucroza, operon cscR’AKB dugc tach dong va duge dic trung béi E. coli KO11, dén
xuét cta E. coli W (Shukla va cong s, 2004). Operon sinh ra & plasmit thu duge dugc

bidu hién chirc ning trong SZ63, nhung khéng on dinh trong SZ85.

US 6,960,455 boc 10 phuong phap san xuét axit amin bang cach st dung chiing
c6 ngudn gbc tir E. coli K-12 dugc tai nap v6i operon cscRAKB cla ching EC3132
duoc dit & vi tri dsdA trong nhidm séc thé. Két qua cta viéc chén operon cscRKAB &
vi trf ndy trong nhiém sdc thé, chung thu dugc c6 thé khong di hoa D-serin dugc. Nhur
da chi ra & trén, gen csc dugce st dung trong k¥ thudt trudec day nay co ngudn gdc tir
operon EC3132 khiém khuyét, n6 sinh truéng kém hon trong ndng dd sucroza thip
(Bockmann va céng sw, 1992; Jahreis va cdng su, 2002). Ching thu dugc chira gen
cscR, n6 ma hoa gen kim hidm, do d6 chung dugc dy kién 13 gin t6i wu cho viéc sir
dung sucroza, dac biét 1a c6 glucoza, n6 c6 thé duoc du kién 12 gay ra sy kim ham gen
cscAKB (Jahreis va céng sw, 2002; Shukla va cdng sw, 2004). Mat ri duong thuong
chira mdt it glucoza. Khong c6 nd luc ndo duge d& cap dé hiéu chinh khiém khuyét bat
k¥ trong sb cac khiém khuyét vbn cé trong operon csc ctia EC3132 trong patent My sd
6.960.455. Hon ntita, su san xuét cac hoa chét khac véi axit amin, nhu suxinat khong

dwoc @& cap dén trong sang ché nay.

Patent M§ s& 7.179.623 boc 16 chiing cu tao tir chiing khong ddng héa sucroza
trong d6 ching néu trén chita gen sucroza PTS cia E. coli VKPM B-7915 (gen
scrKYABR), nhung mit khac, sang ché nay khong d& cap dén su san xut cac hoa chét
khéc v6i axit amin, va hé phu thudc vao PTS dugc bao h trong ban md ta nay khong
phai 1a t8i wu cho su san xut cac hoa cht c6 ngudn gbc tir phosphoenol pyruvat

(phosphoenol pyruvate: PEP).
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Ban chit ky thuit ciia sing ché

Sang ché dé xudt chat xac tac sinh hoc va phuong phép st dung nguyén liéu
sinh hoc t&i ché chira sucroza dé san xuét san phdm thuong mai quan trong bang lén
men, vi du, nhung khong bi gidi han trong hoa chét chuyén dung va thong thudng. Cu
thé 13, sang ché 14 hiru dung dé san xuét axit hitu co bing 1én men bang cach sir dung
nguyén liéu tai ché chta sucroza. Cu thé hon, sang ché 13 hitu dung dé san xut axit
suxinic bing 1én men tir nguyén liéu tai ché chira sucroza bing céach sir dung chét xtic
tac sinh hoc duge cu tao dé c6 sy sir dung sucroza dugc cai thién. Nguyén ly cua sang
ché ¢6 thé dugc 4p dung cho nhidu hop chit héa hoc can thiét khac c6 thé duogc san

xuat bang 1én men, cu thé 13 axit fumaric va axit malic.

Theo sang ché, gen mi héa protein c6 trong sy van chuyén va chuyén hoa
sucroza cé thé dugc dua vao trong nhiéu loai chit xtc tac sinh hoc dé tao ra kha ning
méi cho chit xuc tac sinh hoc dé s dung sucroza lam ngudn cacbon va ning lugng
trong moi truong 1én men, hodc dé tang hodc cai thién kha ning da c6 cla chét xuc tac

sinh hoc d€ su van chuyén va chuyéen hoéa sucroza.

Theo mot phuong 4n, sang ché céi thién kha ning nhan va chuyén héa sucroza
béng chét xtc tac sinh hoc da dwoc ciu tao trude do dé san xult hoa chit nhu axit
suxinic v6i lwong 16n vé thuwong mai, trong d6 chit xuc tac sinh hoc néu trén ban diu
khong c6 kha ning st dung c6 hiéu qua sucroza lam ngudn cacbon hitu co dé san xuét
hoéa chit c6 y nghia thwong mai bing 1én men nhu axit suxinic. Theo mot khia canh
ctia sang ché, sy khong c6 kha ning hogc kha nang kém cua chét xtc tac sinh hoc ban
dau st dung sucroza bat ngudn tir sy khong c6 gen ma hoéa sy vén chuyén va chuyén
hoéa sucroza. Theo khia canh khéc, su khong c6 kha ning cua chét xtc tac sinh hoc sir
dung sucroza 1a do hiu qua khong dinh trudc cla viéc xt ly di truyén nham cai thién
hidu sudt va ning suét tao ra axit suxinic trong méi truong 1én men trong d6 phin 16n
ngudn cacbon hitu co khic véi sucroza. Theo khia canh khac, sy khong c6 kha ning
ctia chét xtc tac sinh hoc st dung sucroza 1a do mdt hodc hon mot khiém khuyét trong
hé st dung sucroza ty nhién ma né lam cho hé théng khong c6 kha nédng dat duoc sy
sit dung sucroza cé y nghia thuong mai dé 1én men bing cach sir dung mdi trudng
chta sucroza. Sang ché dé xuit giai phép di truyén dé khic phuc khia canh bét ky

trong so cac khia canh nay vé su thiéu khuyét di truyén trong vig¢c sir dung sucroza.
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Theo phwong 4n khéc, sang ché nhdm ting kha ning st dung sucroza clia chét
xuc tac sinh hoc ding dé san xuét axit suxinic. Sang ché ting sit dung sucroza bing
chét xtc tac sinh hoc bang cach cai thién kha ning van chuyén va chuyén hoa sucroza
thong qua su xir Iy di truyén. Theo mot khia canh ctia séng ché, kha niang van chuyén
sucroza da c6 cia chat xuc tac sinh hoc dugc cai thién nho sy dua vao cla gen ma hoa
protein c6 trong co ché phu thudc vao PTS dé hép thu sucroza. Theo khia canh khac,
sang ché d& xudt gen bd sung ma hoéa protein lién quan dén hé sucroza permeaza
khong phu thugc vao PTS nhu hé sucroza permeaza ddng van chuyén cing chidu
cation dé tang kha ning vén chuyén sucroza da c6 clia chét xuc tac sinh hoc. Theo khia
canh khéc nita, sdng ché tdng st dung sucroza b%mg cach tao ra gen ma hoa sy chuyén

héa ctia sucroza dugc van chuyén vao trong té bao.

Theo khia canh khéc, sang ché dé xuat quy trinh san xuat axit suxinic trong moi
truong chira sucroza st dung chat xdic tdc sinh hoc ma né van gilt lai hé

phosphotransferaza phu thugc vao PTS chirc ning dé hép thu dudng.

Su str dung sucroza d8 san xuét axit suxinic bang chét xuc tac sinh hoc bao gém
su tham gia cia nhidu protein c6 nhiém vu bién ddi ciia sucroza thanh ba chét trung
gian chtra cacbon ma chiing c6 thé di vao trong chu trinh axit tricarboxylic va cudi
cung tao ra axit suxinic. Theo mot khia canh, sang ché ting cudng bang cach bién ddi
gen hoat tinh ciia mgt hodc hon mot enzym co trong su bién d6i cia sucroza thanh séu
chét trung gian chira cacbon ma chiing c6 thé con duoc chuyén hoa bing qua trinh héa
sinh thong thuong. Ngoai tac nhan van chuyén sucroza, dich ctia enzym thich hgp cho
viée xir Iy di truyén dugc lua chon tir danh muc gdm sucroza phosphorylaza, sucroza
hydrolaza (invectaza), sucroza-6-phosphat hydrolaza, glucoza kinaza (glucokinaza), va

fructoza kinaza (fructokinaza).

Theo phuong an khéc, sang ché dé xuat quy trinh san xuat axit suxinic bang
cach st dung sucroza lam nguyén li€u tai ché. Theo mot khia canh, sdng ché d€ xuit
quy trinh san xuét axit suxinic trong moi trudong chira sucroza sit dung chat xuc tac

sinh hoc ¢6 hoat tinh giam trong hé phosphotransferaza phu thudc vao PEP.

Theo mot khia canh, sang ché boc 10 sy bd sung gen cho sinh vat nhu céy ghép

hoi#c tdng hoat tinh clia mdt hodc hon mdt protein va/hodc enzym co trong sy nhén va
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su bién ddi cua sucroza thanh chét chuyén hoa trung gian nhu fructoza 1,6-bisphosphat
ma n6 ¢6 thé con dugce chuyén hoa nho té bao. Gen mi héa protein hodc enzym lién
quan thich hgp cho su xtr ly di truyén theo sang ché 13 mét gen, hodc sy két hop cta
hon mét gen dugc luya chon tir danh muc gém cac gen ma hda tdc nhan nhdp sucroza
phu thudc vao PTS (protein PTS thuong dugc goi la enzym II’*, hodc EII*", n6 hoat
dong cung vai cac protein PTS khac dé thuc hién su nhéan va phosphoryl héa sucroza
dé tao ra sucroza-6-phosphat té chit bao), sucroza-6-phosphat hydrolaza, sucroza
permeaza (permeaza khong phu thudc vao PTS véan chuyén sucroza vao trong té bao
ma khong can su phosphoryl héa di kém), invectaza hodc sucroza hydrolaza, sucroza
phosphorylaza, glucoza kinaza (glucokinaza), fructoza kinaza (fructokinaza), hexoza-

phosphat isomeraza, va phosphofructo kinaza (fructoza-1-phosphat kinaza).

Theo phuong 4n khéc, sang ché d& xuét quy trinh san xuét axit suxinic hodc cac
hoa chit khac bang cach st dung sucroza 1am nguyén liéu tai ché. Theo mot khia canh,
sang ché d& xudt quy trinh san xuét axit suxinic trong mdi trudng chita sucroza sit
dung chit xuc tac sinh hoc c¢6 hoat tinh gidm trong it nhét mot protein cia hé PTS
nguyén gdc cia sinh vat so v6i hoat tinh clia ching dng ba hodc cha me. Theo khia
canh khéc, sang ché d& xuit quy trinh san xudt axit suxinic hodc héa chét khac trong
moi truong chira sucroza st dung chit xuc tac sinh hoc ma né van giit lai hé

phosphotransferaza phu thudc vao PTS du chirc ndng dé hip thu duong.

Céc khia canh méi cua sang ché nay 13 gen cscABK cla tdc nhén st dung
sucroza khong giy bénh va manh khoe da dugc gin 6n dinh vao trong nhiém sic thé
ctia vi khuén, sao cho vi khuén dwoc cdu tao méi c6 thé tao ra san phdm thuong mai
theo quy trinh kha thi c6 tinh thwong mai. Ham lugng san phim tir sucroza it nhét
bang ham lugng dugc tao ra bdi sinh vat cha me tir glucoza, va hiéu sudt san xuit 16n
hon 0,8 g/g duong. Operon cscABK dugc gin & vi tri trong nhiém séc thé dé khoéng
anh huéng dén khia canh c6 lién quan b4t ky vé su sinh trudng hodc sy tao ra san

pham mong muon.

Céc loi the bo sung clia sdng ché ndy s€ trd nén rd rang ngay trén co s¢ phan

md ta dudi day.
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Mo ta van tat cac hinh vé

Fig.1 1a d6 thi dong luc hoc cta su sir dung sucroza va su san xudt axit suxinic
bing ching SD14 ciia E. coli sinh trudng trong mdi truong t6i thiéu dugc bd sung
10% sucroza (theo khéi lwong). Trén cac hinh v& tir 1 dén 5, sw 1én men dugc thuc
hién trong thiét bi 1én men sinh vt wa it oxy c& nhé nhu dugc md ta béi Jantama va
cdng su (2008a), ngoai trir mot diém 14 thé tich béng 300 ml va su trung hoa dugc thuc

hién bang dung dich chira 2,4 M kali cacbonat va 1,2 M kali hydroxit.

Fig.2 1a d6 thi dong lyc hoc cua sy st dung sucroza trong ba thir nghiém khac
nhau véi cac ndng do khac nhau ciia néng do sucroza ban diu. Nong d6 ban dau 100
g/l, 150 g/l va 200 g/l sucroza dugc s dung. Ching SD14 cua E. coli dugc st dung

trong cac thir nghiém nay.

Fig.3 1a dd thi dong luc hoc clia su thay dbi vé ndng dd glucoza trong mdi
truong sinh trudng trong sy san xuét axit suxinic bang 1én men. Moi trudng 1én men
chira sucroza 1am ngudn cacbon hiru co. Nong d9 ban dau 100 g/, 150 g/l va 200 g/l

sucroza dugc sit dung. Chiing SD14 ctia E. coli dugc st dung trong thir nghiém nay.

Fig.4 1a dd thi dong luc hoc cia sy thay dbi vé ndng do fructoza trong moi
treong sinh trudng trong su san xuét axit suxinic bing 1én men. Moi trudng 1én men
chira sucroza 1am ngudn cacbon hitu co. Nbdng d6 ban dau 100 g/1, 150 g/l va 200 g/l

sucroza dugc sit dung. Ching SD14 cua E. coli dugc st dung trong thir nghi€ém nay.

Fig.5 1a dd thi dong luc hoc cla sy tich lily axit suxinic trong mdi trudng sinh
truong. Nong do ban dau 100 g/1, 150 g/l va 200 g/l sucroza dugc st dung. Ching
SD14 cia E. coli dugce st dung trong thir nghiém nay.

Fig.6 1a dd thi dong luc hoc cia sy tich lily axit suxinic trong sy sinh trudng
bang 1én men cta ching SD14 cua E. coli trong thiét bi phan ung sinh hoc New
Brunswick 7.000 ml véi thé tich ban diu bﬁng 3.000 ml va su vi suc khi véi luu luong
bang 0,005 lit khéng khi trén phut.
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M5 ta chi tiét sang ché

Sang ché @& xuét chit xuc tac sinh hoc dé san xuét axit suxinic v6i ham luong,
hiéu suét va ning suit cao bing cich sir dung nguyén liéu chira sucroza. Sucroza la
disacarit ciing duoc biét nhu 13 sacaroza, 1-O-a-D-glucopyranosyl-B-D-
fructofuranosit, va a-D-glucopyranosyl-1,2-5-D-fructofuranosit. Thuat ngit “hiéu suét”
nhu duoc hidu trong sang ché nay 12 sb gam san phim (nhv axit suxinic) dwgc tao ra tir
mot gam dudng (nhu glucoza hodc sucroza) dugce st dung. Thudt nglt “ndng suat” nhu
duoc hidu trong sang ché nay 1a s6 gam san phém (nhu axit suxinic) dugc tao ra tir mot
lit dich nudi ciy trong mot giv. Thuat ngit “ham lugng” dugce hiéu 13 ndng d6 san
phdm (nhu axit suxinic) trong dich 1én men tinh theo gam trén lit. Hiéu sudt mong
mudn dbi véi axit suxinic nim trong khoang tir 0,7 dén 1,2 gam axit suxinic dugc tao
ra tr mot gam duong dugce st dung. Nang sudt mong mubn dbi véi axit suxinic theo
sang ché nay nim trong khoang 1 gam hodc hon 1 gam axit suxinic dugc tao ra tlir mot

lit trong mot gio.

Déi véi hop chét dinh trude bét ky, c6 thé thich hop hon khi tao ra mudi cia
hop chit néu trén, vi du nhu, axit suxinic c6 thé dugc tao ra & do pH gén béng 7 nhu
mudi cla natri, kali, canxi, magie, amoni, v.v., trong khi lysin c6 thé dugc tao ra nhu
mudi clorua, sulfat, bicacbonat, v.v. Nhu vy, bat ¢ luc nao hop chit dugc dit tén
trong ban mod ta nay, mudi bt ky cta hop chét néu trén duoc bao gém, va bét ctr luc

nao muoi duogc dit tén, axit tu do hoac bazo ty do ciing dugc bao gom.

Tbc do sinh trudng cta vi khudn duogc do theo téc do tang vé mét d6 quang &
550 hodc 600 nanomet cta dich nudi cdy dang 1éng thu dugc tir sy nhan vi khuén. Téc
do sinh truéng cta vi khuén cling duoc bidu hién theo thoi gian cin dé nhan doi té bao
ctia vi khuin. Té bao cua vi khudn E. coli kiéu dai da dugc biét 1a sao chép mc}tb 14n
trong mdi 20 phut. O té bao cla vi khuén thich hop cho su khdo sat nay, té bao cua vi
khudn dugc du kién c6 thoi gian nhan d6i bang it nhét 20 phit, nhung nhé hon 20 gio.

Theo sang ché, chét xtc tac sinh hoc dé san xudt axit suxinic c¢6 thé dugc phat
trién theo hai cach khac nhau. Theo cach tiép can tht nhét, loai vi khuén kiéu dai duoc
lva chon dugc xit Iy di truyén dé sinh truéng bang sucroza 1a ngudn cacbon duy nhét.

Tt hon 1a ching vi khuan da dugc xit 1y di truyén trong khi c6 kha ning sinh truéng
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t5t trong moi trudong chira sucroza 1a ngudn cacbon duy nhét, vin duy tri kha ning st
dung céc ngudn cacbon khic tdt trong tw. Mot khi ching vi sinh vat cu thé c6 kha
nang sinh tredng trong sucroza la ngudn cacbon duy nhét duoc dinh 18, sy xir ly di
truyén tiép theo dugc thuc hién theo cach chuyén hoa tiép sau cac phuong phap xtt 1y
di truyén da biét trong linh vuc k¥ thuét nay dé thu dugc chung vi khuén c6 thé sinh
trudng trong mdi trudng chira sucroza va tao ra axit suxinic voi higu sudt va ning sut
cao. Vi dy, cong bd don qubc té s6 WO 2010/115067 va cong b6 don sang ché My sb
US 20100184171 cung cip céc chi tiét vé cac k¥ thudt xit ly di truyén hitu dung dé tao
ra ching E. coli ¢6 kha ning tao ra axit suxinic dugc cai thién. Hai don sang ché nay

duge dua vao trong ban md ta ndy nhd vién dan.

Theo céch tiép can thir hai, ching vi khudn da duoc phat trién dé c6 hiéu suét
va nang sudt c6 y nghia thuong mai dé san xudt axit suxinic nhu dugc md ta trong
cong bd don sang ché My s6 US 20100184171 va WO 2010/115067 dugc st dung lam
ching cha me. Sy xt ly di truyén tiép duoc thuc hién véi ching nay dé thu duogc
chung vi khuin c6 kha ning sinh trudng trong moi trudng chira sucroza va tao ra axit

suxinic v6i ham lueong, hiéu suét, va nang suat c6 y nghia thwong mai.

Cu thé hon, sang ché nay tap trung phat trién chit xuc tac sinh hoc duy tri dugc
kha ning tao axit suxinic ban d3u ctia n6 v6i ham lugng va nang sudt du cao trong khi
vAn c6 kha ning m&i dé sinh truong trong mdi trudng chira sucroza la ngudn cacbon
chinh. Vi du, chiing KJ122 cua E. coli dugc md ta bdi Jantama va cong sw (2008 a, b)
¢6 thé duoc lua chon 1am ching ban ddu ding cho sang ché. Ching KJ122 cua E. coli
duoc biét 1a c6 kha ning tao axit suxinic trong mdi trudng glucoza ti thidu véi ham
lwong va ning suét cao. Thuat ngit “moi trudng t1 thiéu” nghia 12 mdi trudng chi chia
cac mudi khoang, ngudn cacbon (nhu glucoza hodc sucroza) va betain tinh khiét. “Mbi
truong tdi thiéu” khong chira céc thanh ph?m giau hodc khong xé4c dinh v& mit hoa hoc
nhu peptit hodc nucleotit, nhu dugc tim thiy trong chiét xuét ctia men, trypton, pepton,
dich ngdm ng0, hodc cac san pham thily phan khéc cta vat liéu sinh hoc phtre tap. Moi
trueong ti thiéu cé thé & dang 16ng hodic rin, nhu trong dia thach. Moi trudng t61 thidu
¢6 thé c6 mot hoic hon mot hop chat tinh khiét, nhur vitamin hogc axit amin, dwge bd
sung dé théa méin yéu cAu sinh truéng riéng ctia mot chiing cu thé. Chung KJ122 cua

E. coli ¢6 ngudn goc tir chiung E. coli C bang su loai bd gen va su tién hoa v€ mat
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chuyén héa nhu dugc mb ta trong cong bb don sang ché My sb US 20100184171 va
don quéc té cong bd vao ngay 7 thang 10 nam 2010 s6 WO 2010/115067 Al. Hai tai
liéu cong bd don sang ché nay cung cip chi tiét vé& cac thay d6i di truyén dn dén sy
phat trién cta ching KJ122 cia E. coli duge dua ra trong ban md ta nay nhd vién dan.
KJ122 khong c6 khé ning dang ké bét ky dé st dung sucroza lam ngudn cacbon dé san
xult axit suxinic. Thiéu khuyét nay v& sit dung sucroza dugc luu y & KJ122 ¢6 lién
quan dén su thiéu khuyét di truyén & ching cha me ctia né, cu thé 13 chung E. coli C

duoc biét 1a khiém khuyét di truyén vé sir dung sucroza.

Thuét ngit “stt dung sucroza” khi dugc str dung trong don ndy bao gbm ca su
vin chuyén sucroza tir mdi trudng sinh trudng vao trong té bao ciia vi khuin 1an su
chuyén hoa sucroza tiép theo trong té bao. Kha ning khong dang ké cta KJ122 vé van
chuyén va chuyén héa sucroza bét ngudn tir sy thiéu gen mi hoa ca su van chuyén 13n
su chuyén héa sucroza. Céc tic gia cla sang ché da phat hién cach tiép céan di truyén
c6 thé gitip KJ122 sir dung sucroza lam ngudn hydrat cacbon trong khi van duy tri
duoc kha nang tao axit suxinic ban d4u cta né véi ham luong, hidu suét, va ning suét

cao.

Thuit ngit “hydrat cacbon” khi dugc st dung trong sang ché nay bao gém
mono-sacarit nhu glucoza, fructoza, xyloza, va arabinoza, disacarit nhu sucroza,
melibioza, maltoza va lactoza, trisacarit nhu rafinoza va maltotrioza, va oligosacarot
cao, va san pham thay phan c6 ngudn gde tir sy tiéu hoa bing enzym hodc bing hoa

hoc polysacarit nhu tinh bot, xenluloza, va hemixenluloza.

Su van chuyén sucroza vao trong té bao cua vi khuén, va sy chuyén héa sucroza
tiép theo, c6 thé dugc didu tiét boi it nhit bén co ché khac nhau, bao gdm hé
phosphotransferaza (PTS) phu thudc vao phosphoenolpyruvat (phosphoenolpyruvate:
PEP) va ba hé khong phu thudc vao PTS, bao gdm hé sucroza permeaza ddng van
chuyén ciing chiéu cation. Theo sang ché, c6 thé bién ddi gen hé bit ky trong sd cac hé
vin chuyén va str dung sucroza ndy v6i myc dich tao ra kha ning méi dé st dung
sucroza hodc dé ting cudng kha ning str dung sucroza da c6. Thuft ngit “chirc ning st
dung sucroza” khi dugc st dung trong sang ché nay chi ca chirc ning hép thu sucroza

13n sy chuyén hda sucroza trong t€ bao. Su chuyén hoa sucroza trong t€ bao bao gom
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sy bién ddi cta sucroza thanh ba hop chit chira cacbon c6 thé nhép vao trong sy tong

hop céc hop chét hitu co quan trong ¢é ¥ nghia thuong mai.

Céc thuat ngit “sinh vat PTS™ hodc “vi khudn PTS* chi vi khuén c6 kha ning
van chuyén sucroza dua vao PTS. Thuit ngt “sinh vat khong PTS”, hodc “vi khuén
khong PTS” chi té bao ca vi khudn ma kha ning hép thu sucroza ctia né dwa vao céc
co ché van chuyén khac véi PTS. Tuong tu, thudt nglt “suy van chuyén sucroza khong
dwa vao PTS” chi sy van chuyén sucroza xuyén qua mang té bao caa vi khuén bing
cach st dung co ché khac véi PTS phu thude vao PEP. Thuét ngit “sinh vat PTS™ chi
sinh vat c¢6 su dot bién trong mdt hoic hon mot gen ma hoéa protein hoat dong trong
PTS, sao cho hoat tinh cia PTS giam so v&i hoat tinh cua PTS kiéu dai. Thuét ngit
“sucroza permeaza” khi dugce sit dung trong sang ché bao gdm protein c6 trong su hép
thu sucroza tir mdi trudng vao trong té€ bao. Protein c6 trong sy hép thu sucroza c6 thé

1a thanh phin ctia PTS hoic protein khong gén véi PTS.

Mot loai hé bit dau bé‘mg cach nhan sucroza vao trong t¢ bao nhd hé
phosphotransferaza (PTS) st dung phosphoenolpyruvat (PEP) lam ngudn ning luong
va phosphat, va n6 phosphoryl héa sucroza trong qu4 trinh vén chuyén. Ta can goi loai
hé nhan va chuyén héa sucroza nay la hé hodc co ché “phu thudc vao PTS”. Trong loai
hé thir nhét ndy, ¢ thanh ph'?m protein ¢6 &i lyc hitu dung hodc dic hiéu dbi véi
sucroza. Protein nay dugc goi 13, trong s6 céac tén khéac nhau, enzym II*. Enzym I
hoat dong ciing vai hai protein khac khong ddc hi€u dbi véi sucroza, duoc goi 1a ciu
tric siéu phan tt PTS thong thuong. Cac protein khac néu trén nay (protein thong
thuong so v6i hon mot PTS déc hiéu trong mot sinh vét cu thé) bao gbm céc protein
dugc goi 1a, trong s& céc tén khéac nhau, EI va Hpr. O Escherichia coli (E. coli), gene
ma hoa cac thanh phan protein théng thudng nay dugce goi 13, trong sd céc tén khac
nhau, ptsH va ptsl. Da sb vi khuan c6 mot s protein PTS khac véi enzym I15%, chung
khong ddc hiéu ddi véi sucroza, nhung chung ddc hiéu d6i véi cac duong khic (nhu
glucoza, manoza, v.v.), va ching co6 thé hoat dong ciing véi céc cdu triic siéu phan tir
PTS thong thuong dé nhan cac duong khac néu trén. Cac gen va protein tao thanh PTS
duoc tim thiy trong nhiéu gidng va loai vi khuén. Nhiéu gen va protein nhu vy twong
ddng vai cac gen va protein dugc tim thdy & E. coli, nhung mot sd gen va protein lai

khong twong dong lam, néu khong phai 1a tat ca, v6i cac ban doi chi€u E. coli cua
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ching. Vi du vé loai hé van chuyén sucroza (phu thude vao PTS) thi nhét nay 1a hé
duge ma hoa bdi gen scrKYABR cua, vi du, vi khudn giéng Klebsiella va plasmit gam
am pUR400 (Reid va Abratt, 2005). Trong céc operon nay, scrK ma héa fructokinaza,
scrY ma hoa porin mang ngoai dac hi€u vdi sucroza, scr4 mé hda protein van chuyén
PTS enzym I3, scrB ma héa sucroza-6-phosphat hydrolaza, va sc¥R ma héa gen kim

ham.

Loai hé van chuyén sucroza thr hai khong st dung truc tiép PEP lam nguE‘)n
ning luong hodc ngudn cho phosphat, ma thay vao d6 st dung proton (ho#c cation
khéc) ddng van chuyén cing chiéu lam ngudn ning luong dé chuyén sucroza vao
trong t€ bao ma khong can co su phosphoryl héa di kém. Ta c6 thé goi loai hé véan
chuyén va chuyén héa sucroza nay 1a hé “khoéng phu thudc vao PTS”. Vi du vé loai thtr
hai nay 12 hé dugc ma hoa bsi gen cscRAKB clia nhiém sic thé c6 trong mot sd, nhung
khong phai 1 tit ca, cac ching cia E. coli gan locus dsdA (deaminaza D-serin). Vi du
vé chang E. coli chira gen cscRAKB 14 EC3132 (Bockman va cdng sy, 1992) va ATCC
9637, ciing dwoc biét nhu 13 E. coli W hodc ching Waksman (Shukla va cong su,
2004). Luu ¥ 13, 6 mdt s6 nham 14n trong tai liéu nhu d6i v6i tinh ddng nhét vé ho cia
cac chung dugc md ta boi Shukla va cong su (2004). Trong 4n phdm cua Shukla va
cong sw (2004), chung cha me duge goi 18 KO11 duge mod ta 1a co6 nguén géc tor
ATCC 11303 hoic E. coli B, nhung trong thuc té ching nay c6 ngudn gbc tir ATCC
9637. Trong loai operon nay, cscA ma héa invectaza, cscB mé hoa tac nhan ddng van

chuyén cuing chiéu sucroza, cscK ma hoa fructokinaza, va cscR ma hoa gen kim ham.

Co ché sir dung sucroza thit ba, ma né cling khong phu thudc vao PTS, trong
mot sb trudong hop ¢b thé str dung mot sd gen hoic loai gen twong tu 1am mot hé khéc.
Theo co ché ndy, invectaza (vi dy, dugc ma héa bdi csc4) duge dua vao trong moi
trudng, mot cach tir tir hodc bing sy phéan giai té bao, & d6 né phén tach sucroza thanh
glucoza va fructoza. Sau d6, hai monosacarit ndy dugc nhin vao trong té bao va duogc
phosphoryl hoa theo cach thong thudng ddi véi cac monosacarit ndy. Loai hé nay duge
stt dung nh& men Saccharomyces cerevisiae, trong d6 invectaza dugc méd hoa boi gen,
vi du SUC2, va invectaza duogc tiét vao chit bao va khong gian ngoai bao. Sau do,
glucoza va fructoza thu dugc nhép bdi tdc nhin khuéch tan c6 hd trg, va sau d6 cac

duong nay duogc kinaza hoa bén trong té bao.
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Co ché sir dung sucroza thtr tw, ma né cling khdng phu thudc vao PTS, trong
mot sb trudng hop cling c6 thé sir dung mot s6 gen hoic loai gen twong tw 1lam mdt hé
khéc. Theo co ché ndy, sucroza dugc nhén bdi, vi du, permeaza dugc ma hoa bai cscB,
sau d6 n6 dugc phin tach nhd sy phédn gidi phospho dugc xlc tdc bdi sucroza
phosphorylaza. Sau d6, glucoza-1-phosphat va fructoza té chét bao thu dwoc duoc

chuyén hoa theo cach thong thudng d6i v6i cac chit chuyén hoa nay.

Mot bao céo dang tu liéu (Alaeddinoglu va Charles 1979) cho ring gen sir dung
sucroza duoc ma hoa vé mit nhiém sic thé cua E. coli dugc gén g?m vi tri dsdA (c6 thé
12 cscRAKB) cén c6 gene ptsI nguyén ven dé hoat dong. Pidu nady mau thuin véi phin
16n con lai cta tu lidu, ma n6 cho ring gen cscRAKB ma hoa hé khong phu thude vao
PTS. Mau thuin r5 rang dugc dua ra ndy, co thé 12 méot hé trong s6 cac hé ma ta d3 xac
dinh 1a hé “khéng phuy thudc vao PTS” trong thuc té ¢6 thé c6 mot sb phu thudc vao hé¢
PTS.

Theo mot khia canh, sang ché boc 10 sy bd sung gen vio sinh vat dé céy ghép
hodc ting hoat tinh ciia mdt hodc hon mdt protein va/hodc enzym c6 trong su nhén va
su bién dbi sucroza thanh céc chét chuyén héa trung gian nhu fructoza 1,6-bisphosphat
ma né c6 thé con dwoc chuyén hoa béi té bao. Gene ma hoa protein hodc enzym cd
lién quan (trong ban md ta nay dwgc goi 14 “chirc ndng sit dung sucroza”) thich hop
cho sy xit 1y di truyén theo sang ché dugce Iya chon tir danh muyc gdm céc gen ma héa
tdc nhan nhap sucroza phu thudc vao PTS (protein PTS thuong dugc goi 12 enzym II*,
hodc EII*, nd hoat dong cung véi protein PTS khac dé thuc hién sy nhan va su
phosphoryl héa sucroza 2 tao ra sucroza-6-phosphat té chit bio), sucroza-6-phosphat
hydrolaza, fructokinaza, sucroza permeaza (permeaza khong phy thugc vao PTS van
chuyén sucroza vao trong t& bao ma khoéng cdn c6 su phosphoryl héa di kém),
invectaza hoic sucroza hydrolaza, sucroza phosphorylaza, glucoza kinaza (cling dugc
biét nhu 1 glucokinaza), fructoza kinaza (cling dugc biét nhu 13 fructokinaza), hexoza-

phosphat isomeraza, va phosphofructo kinaza (fructoza-1-phosphat kinaza).

Theo phuong an khéc, sang ché @ xuét quy trinh san xuét axit suxinic ho#ic céc
hoa chit khac bing cach sit dung sucroza 1am nguyén liéu tai ché. Theo mét khia canh,
sang ché @& xudt quy trinh sén xuét axit suxinic tir moi truong chira sucroza sit dung

chit xuc tac sinh hoc cé hoat tinh giam trong it nhit mét protein cia hé PTS nguyén
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goc cua sinh vat so voi hoat tinh cta chiing 6ng ba hoéc cha me. Theo khia canh khac,
sang ché dé xuit quy trinh san xuat axit suxinic hodc hoa chét khéc trong mdi trudng
chtra sucroza st dung chit xuc tac sinh hoc van uy tri dugc hé phu thudc vao PTS tu

nhién ddy du chirc ning ding hép thu duong.

PTS ban dau duoc phat hién & E. coli va nay nd dugc biét 13 c6 vai trd quan
trong trong su van chuyén hydrat cacbon trong rat nhidu loai vi khudn. CAu tao phan ti
ctia PTS d3 dugc biét rat r5. Theo loai vi khudn, PTS duoc bao toan cao v& chu tao co
ban cua né. Sang ché dé xudt chit xic tac sinh hoc trong d6 cac thanh phan cia PTS
dugc chuyén gen tir vi khuén cho tht hai sang vi khuén nhan thi nhit @& gitp chét xuc
tac sinh hoc st dung tdt hon nguE‘)n hydrat cacbon du kién dé 1én men. Cu thé 1a, sang
ché d& xuét chit xtc tac sinh hoc ¢6 thé sir dung nguyén lidu téi ché chita sucroza aé
san xuét bing 1én men cé4c san phdm nhu axit suxinic. Cu th hon, sang ché d& xuit
chét xuc tac sinh hoc c6 thé sit dung sucroza va mat ri dudng cé ngudn gbe tir quéa
trinh ché bién ciy mia dé san xuét axit suxinic bang 1én men sinh hoc. Do trisacarit
rafinoza chtta sucroza, tit ca céc khia canh cia sang ché nay ap dung dugc cho sucroza
s& cling ap dung dugc cho rafinoza, mién 13 hé phan tach rafinoza c6 trong chét xuc tac

sinh hoc.

| Hop phén co ban cia PTS 1a gibéng nhau & tht ca cac loai vi khudn di dugc
nghién ctru cho dén nay. N6 chira ba thanh phén chinh cu thé 1a EI, HPr, va EIL Thanh
phén EI va HPr c6 trong té chit bao va duoc biét 1a thanh phan “thong thudng” vi
chung c6 thé hoat dong ciing véi nhidu thanh phéan EII dic higu véi hydrat cacbon.

Thanh phén EII chtra ba thanh phﬁn con cu thé 1a EIIA, EIIB va EIIC. Protein
EIIB v EIIC la lién két mang va thanh phin EIIA dugc dit trong té chit bao hodc mit
té chat bao cia protein mang. Enzym EII ¢ thé tao thanh mot protein c6 ba mién (A,
B, va C) hodc c6 thé dugc chia tach thanh tir hai dén bon protein riéng biét. EII dic
hiéu véi hydrat cacbon va E. coli dugc biét 1a c6 it nhat 15 phtrc EII khac nhau. Vi
véy, thanh phan EII dic hi¢u dé van chuyén glucoza xuyén qua mang dugc ky hiéu la
EITAC/EIICBCr,

Thuc chét, tAt ca cac thanh phén cua PTS la protein. Gen mé hda céc thanh

phan khéac nhau ctia PTS da dugc nhan dang. Gen ptsl & E. coli md hoa protein EI 63
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kDa. Histidin 10 kDa chita protein mang phospho HPr dugc ma héa boi gen ptsH ¢ E.
coli. Protein EITAS’ dugc ma héa bédi gen crr (carbonhydrate resistance repression
resistant: chéng lai sy kim ham tinh khéng hydrat cacbon). Protein EIICBY® duoc ma

héa bdi gen ptsG & E. coli.

Hé PTS khoéng chi ¢6 nhiém vu vén chuyén cac hydrat cacbon khic nhau xuyén
qua mang t& bao ma con lam xtlc téc cho sy bién d6i cac hydrat cacbon thanh cac
phosphoeste trong tng cuia ching trong khi van chuyén. Su van chuyén va phosphoryl
két hop cta hydrat cacbon béi PTS dat dugc nho sy twong tac gilta cdc thanh phin
protein EI, HPr, va EII.

Khi thily phan glucoza, bdn mol PEP dugc tao ra tir hai mol glucoza, va mot
nita PEP duoc sir dung dé tao ra ning lugng dé hap thu glucoza. Trong trudng hop
nhan sucroza, hai mol hexoza c¢6 dugc tr mot mol sucroza ciing tao ra bdn mol PEP,
nhung chi mdt mol PEP dugc st dung dé van chuyén sucroza, vi vay, lam tang 1,5 l4n
lrong PEP kha dung lam ngudn khung cacbon dung cho sy tbng hop sinh hoc trong té
bao khi sucroza dugc st dung lam nguén cacbon. C6 thé tiép tuc cai thién hi€¢u suét tao
ra axit suxinic va cac hoéa chét khéac bé’tng cach tao cho E. coli hé st dung sucroza
khong phu thudc vao PTS ma n6 khong st dung PEP dé nhan sucroza. Cach tiép can
nay dic biét co6 loi dé san xuéit céc héa chét c6 ngudn gbc it nhat mot phén tir hodc
thong qua PEP, nhu suxinat, malat, fumarat, lactat, etanol, butanol, propan diol, 3-
hydroxyaxit propionic, axit acrylic, axit propionic, axit lactic, axit amin nhu glutamat,

aspartat, methionin, lysin, threonin, va isoleuxin, va nhi€éu hop chat khac nira.

Sang ché dé xuét cach xir Iy PTS va tiép d6 1a kidu str dung hydrat cacbon cia
vi khudn. Do céc protein EI va HPr c6 dong vai tro 1a “thanh phan thong thudng” cia
hé PTS, su bat hoat ciia gen ptsI ma hoa protein EI hodc gen ptsH ma héa protein HPr
c6 thd din dén su bat hoat hoan toan cia PTS. S& g?m nhu c6 it hon su van chuyén
hydrat cacbon bang hé PTS trong t& bao cua vi khudn ma & d6 hoat tinh clia ptsH hodc
ptsI d3 bi giam. Khi PTS bi bt hoat mot phn hodc hoan toan, té bao cta vi khuén
phai phu thudc vao mdt hé permeaza hodc cic hé permeaza thay thé khac @ van
chuyén hydrat cacbon. Mit khac, khi gen mé héa thanh phén EII cu thé dic hiéu voi
hydrat cacbon bi bét hoat, chi sy van chuyén hydrat cacbon cu thé nay phu thudc vao

thanh phan EII bi b4t hoat c6 thé bi phong bé. Vi viy, su bat hoat ctia gen crr hodic
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ptsG c6 thé phong bé chi sy van chuyén glucoza bang PTS, va su vén chuyén céc

hydrat cacbon khac van c6 thé dién ra binh thudng.

Khi ¢6 sy van chuyén glucoza manh bang PTS, EII®° vin khong dugc
phosphoryl hoa vi c6 chét nén 1a hydrat cacbon dé nhan nhém phosphate ciia né. Tuy
nhién, khi khong c6 glucoza trong moi trudng, dang da duge phosphoryl hoéa cta EI16°
khong thé chuyén nhém phosphate cia né sang glucoza va vi vay né van & trang thai
duoc phosphoryl héa cia né. EIIS® chua dwgc unphosphoryl héa diéu tiét hién tuong
thuong dugce biét nhu 14 sy kim ham chét di héa cacbon (carbon catabolite repression:
CCR). Trong CCR, khi glucoza c6 trong mdi trudng sinh trudng, sy van chuyén va sir
dung céac hydrat cacbon khéac trong mdi trudng bi ngén ngira cho dén khi glucoza trong
moi truong dugce st dung hoan toan. Sy kim ham chét di hoa cacbon do tac dung trc
ché cua EI19° chwa dwoc phosphoryl héa 1én hé permeaza. Nhidu permeaza ¢6 trong sy
van chuyén hydrat cacbon duoc biét 1a bi tc ché boi by EIIC* chua duoc phosphoryl
héa. Hon nita, EII°' chua dugc phosphoryl hoa duge biét 1a co tac dung khong tot 1én
su phién ma cta nhiéu gen c6 trong su van chuyén va chuyén héa hydrat cacbon béi
su tac dung cua n6 1én h¢ adenylat xyclaza. Vi vy, trong diéu kién nhét dinh, 13 c6 loi
khi giam hoat tinh cta h¢ PTS déc hiéu véi glucoza dé giai phong té bao khéi su kim

ham chét di héa cacbon.

Trong san xuét axit suxinic bing 1én men, cin bao toan PEP trong té bao. PEP
¢6 thé hoat dong nhu chit nén dé cacboxyl héa cic enzym trong té bao. Sy cacboxyl
héa PEP tao ra axit oxaloaxetic ma nd nhdp vao trong vong axit tricarboxylic va gop
phén vio su tao ra axit suxinic. Tam quan trong cla su cacboxyl h6a PEP d& san xuét
sinh hoc axit suxinic d& dugc biét rit rd khi bing ching thuc té 13 mot s§ chit trong sb
cdc chét xtc tac sinh hoc thanh cong hon hién nay dugc st dung dé san xuét axit
suxinic, nhu KJ122, ¢6 PTS ma né it nhit bi giam mét phén v& hoat tinh va su van
chuyén hydrat cacbon it nhit dugc diéu tiét mot phan béi hé permeaza khong phu
thudc vao hé PTS. Su giam hoat tinh cia PTS gitip bao toan PEP. Hon nifa, chét xtc
tac sinh hoc d& san xudt axit suxinic nhu KJ122 ¢6 su bién dbi gen dan dén ting tbc do
cacboxyl hoa PEP (Zhang va cdng su, 2009 a, b). Vi vay, & ching KJ122 dugc phat
trién dé san xuét axit suxinic, PTS it nhét bi bit hoat mot phén boi su dot bién trong

gen ptsl. Hon nita, gen PEP carboxykinaza pck c6 sy dot bién gly ra sy ting vé hoat
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tinh ddc hiéu dbi voi su cacboxyl héa PEP. Trong khi 1a ¢6 lgi khi gidm hoat tinh cua
PTS khi glucoza dugc st dung lam ngudn cacbon v6 co dé san xuét axit suxinic bang
1én men, chién lugc tuong tu c6 thé 1a t6i wu dé phat trién ching ding dé san xuét axit

suxinic bang cach st dung sucroza lam ngudn cacbon hitu co chinh.

Theo mdt phwong 4n, sang ché dé xuit quy trinh @& tai hoat hoa “thanh phin
thong thuong” cua hé PTS & ching KJ122 va ddng thoi 1am bat hoat su hép thu
glucoza bang hé PTS. Gen ptsI dot bién & KJ122 dugc thay thé bsi gen prsI kiéu dai va
gen ptsG bi loai bo. Cac xtr ly di truyén nay 1lam cho su van chuyén hydrat cacbon
khéc véi glucoza bang PTS. Hon nita, sy loai bd gen ptsG loai bé sy kim ham chét di
hoa cacbon do protein EIIAY" chua dugc phosphoryl hoa. Trang thai nay trai ngugc
véi trang thai khi gen pts! bi dot bién. Trong té bao cta vi khuan c6 gene ptsI nguyén
ven va sy loai bd pisG, protein EIIACC dugc du kién & trong trang thai duoc
phosphoryl héa ciia né. Khi protein EIIA®" trong trang thai dugc phosphoryl héa cia
nd, nd khdng gy ra tdc dong trc ché bt ky ndo 1én cic permeaza khéc va 1én su sao

chép gen co trong sy chuyén hoa hydrat cacbon.

Khi sucroza dugc van chuyén bang PTS, né nhap vao trong té bao & dang da
dugc phosphoryl héa nhu sucroza-6-phosphat. Su chuyén hoa tiép sucroza-6-phosphat
trong t& bao bao gdm céc phan Gmg sinh hoéa sau. Trong budc dau tién, sucroza-6-
phosphat dugc thily phén bang enzym thiy phén thich hop nhu sucroza-6-phosphat
hydrolaza dé giai phong ra glucoza-6-phosphat va fructoza. Glucoza-6-phosphat dugc
bién ddi thanh fructoza-6-phosphat nhd tic dong cia enzym isomeraza. Trong céc
bude tiép theo, fructoza-6-phosphat dugc phosphoryl hoa tiép dé tao ra fructoza 1-6
bisphosphat ma tiép theo né bi phén tach thanh phosphoglyxeraldehit va
dihydroxyaxeton phosphat. Ca ba hop chit chira cacbon nay ¢6 ngudn gdc tir fructoza-
1,6-bisphosphat s& nhdp vao trong vong axit tricarboxylic va tao ra khung cacbon aé

san xudt axit suxinic.

Fructoza dugc giai phong tir sy thuy phdn sucroza-6-phosphat can duoc
phosphoryl hoéa truée khi né c6 thé di vao con dudng glycol phan. Sy phosphoryl hoa
fructoza duoc diéu tiét bai fructokinaza. Khi khong c6 fructokinaza ndi sinh hodc khi

hoat tinh ctia enzym noi sinh thap, cén tao ra nguon bd sung hoat tinh cua enzym
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fructokinaza bang céch dwa gen ngoai sinh ma hoa hoat tinh ctia enzym fructoza

kinaza.

Céch tiép can nay lam bét hoat gen ptsG va vén chuyén sucroza bang PTS chi
¢6 thé thuc hién dugc & cac ching ma & d6 c6 thanh phan EIIA/CB dic hiéu véi
sucroza cua PTS. Protein nay dugc goi 13, trong sb céc tén khac nhau, enzym II**. Khi
khong c6 thanh phan EITA/CB ndi sinh dic hiéu v6i sucroza nhu vay & ching da dugc
phat trién dé san xuét axit suxinic, cdn tao ra gen ngoai sinh ma héa thanh phan
EIIA/CB dac hiéu vdi sucroza, nd cO thé hoat dong ciung véi “thanh phén thong

thuong” ctia PTS da c6 trong chat xtic tac sinh hoc d€ san xuat axit suxinic.

Theo phuong an khic cua sang ché, khi can duy tri PTS & trang thai c6 hoat
tinh giam dung cho muc dich duy tri da quy PEP lam chét nén cho enzym carboxylaza
va/hodc carboxykinaza, sy vin chuyén sucroza c6 thé dugc hd tro bang cach st dung
sucroza permeaza khong phu thudc vao PTS. Trong diéu kién khi chit xuc tac sinh hoc
da dugc phat trién dé san xuét axit suxinic khong c6 gen ma hoa permeaza dic hi¢u
véi sucroza khong dya vao PTS, can dua gen ngoai sinh vao dé c6 thé didu tiét sy van
chuyén sucroza khong dya vao PTS vao trong té bao. Nhidu ching vi khuén nhu
chung E. coli W dugc biét 12 c6 operon ma hda cac protein c6 trong su van chuyén
sucroza khoéng dua vao PTS vao trong té bao. Operon bat ky trong sd cac operon
sucroza permeaza da biét nay cia cac chung vi khudn khac c6 thé duge dua vao trong
céc chung vi khudn khong c6 kha nang van chuyén sucroza khong dya vao PTS. Vi du
v& su hép thu sucroza khong dya vao dugc ma hoa boi gen cscRAKB cua nhidm séc
thé c6 & gan vi tri dsdA (D-serin deaminaza) trong mdt sb, nhung khong phai 1a tht ca,
céc chung cia E. coli. Vidu vé ching E. coli chita gen cscRAKB 1a ching EC3132 cua
E. coli va chung ATCC 9637 cua E. coli, cling dugc biét nhu 13 E. coli W hoic chiing
Waksman, Klebsiella pneumoniae, Salmonella ssp., Erwinia amylovora, va nhiéu
ching khéc nira.

Céc chung nhét dinh cta E. coli nhu ching W ctia E. coli (ATCC 9637) dugce
biét 12 c6 con duwdng chuyén héa van chuyén sucroza khong phy thudc vao PTS duoc
mi héa vé mit nhi®m séc thé. Ba gen khac nhau c6 trong sy vén chuyén va chuyén hoa
sucroza khong phu thudc vao PTS, cu thé 14 escB, escA, va cscK duge tao thanh trong

ADN ctia nhi®m séc thé nhu 13 operon. Gen cscB ma hoa sucroza: tac nhan dong van
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chuyén cing chidu H+. Gen cscA mi héa enzym invectaza phan tach sucroza dugc vén
chuyén vao trong té bao thanh glucoza va fructoza. Gen cscK ma hoa fructokinaza.
Operon csc bi kiém soat boi protein kim him dugc ma hoa boi gen cscR. Theo mot
phuong én cu thé ciia sang ché, cac gen cscA, cscB va cscK duge dua vao trong ching
tao suxinat KJ122, ma khong can c6 gen kiém soat didu hoa nguyén ven cscR. Ba gen
nay, cscABK, c6 thé duge dua vao trong ching KJ122 trong plasmit ty sao chép hodc,
t6t hon 13, c6 thé dugc gén vao trong nhidm sic thé chii. Theo phuong 4n wu tién, ba
gen, cscABK, duoc gin & ving khong thiét yéu cta nhiém sic thé chi (ving ma & d6
su chén gen bd sung gén nhu khong c6 tic dung khong tét 1én khia canh sinh trudng
hoic tao ra c¢6 lién quan bét ky cta san phdm du kién nhu suxinat trong quy trinh
thuong mai) va gen bd sung dugc biéu hién tir mot hode hon mot gen khéi dau co dinh

thich hop.

Ham lwong san phdm tir sucroza bang it nhit ham luong dugc tao ra béi sinh
vat cha me tr glucoza, va hi€u suat san xudt 16n hon 0,8 gam axit suxinic dugc tao
ra/gam sucroza dugc st dung. Gen ngoai sinh dugc dua vao trong t& bao co thé duoc
duy tri trong té bao trong plasmit ty sao chép. Plasmit c6 thé dugc duy tri bing su lya
chon khang sinh hodc su bd sung dot bién ctia nhidm sic thé. Tt hon 13, gen ngoai
sinh dugc gén vao trong nhiém sic thé chi sao cho khong cin bd sung khang sinh bét
ky nao dé duy tri plasmit trong té bao. C6 mdt sd vi tri c6 thé trong té bao dé gin gen
ngoai sinh. Vi tri vu tién dé gin gen ngoai sinh trong ADN cta nhiém séc thé E. coli
bao gdm cac ving c6 chic ning phu dbi véi su sinh trudng va sy tao ra san phim

trong diéu kién 1én men thuong mai.

Céc permeaza dudng khong phu thudc vao PTS hd trg cho sy van chuyén
sucroza vao trong t& bio ma khong cAn cai bién héa hoc bt ky ndo. HE sucroza
permeaza khong phu thudc vao PTS bao gbm hé ddng van chuyén cling chidu cation
hoa tan, nhu tic nhin ddng van chuyén cing chidu ScrT trong operon sucroza &
Bifidobacerium lactis va tdc nhan van chuyén CscB ctia E. coli. Cac hé van chuyén
dic hiéu vai sucroza ndy thuong duoc két hop véi gen di héa va didu hoa theo cic

trinh tu khac nhau & cac vi khuan khéc nhau.

Khi gen ngoai sinh thu dugc 1a operon, tdt hon 1a loai bd gen hoic protein didu

hoa 4m c6 thé c6 bit ky khoi operon. La ly tudng khi chi c6 gen va protein hoat dong
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¢6 loi trong sw van chuyén va chuyén hoa sucroza. Vi vdy, tot hon la sy bi€u hién cua
gen st dung sucroza khong bi ¢rc ché boi gen kim hdm hodc boi sy kim ham chét di

hoa cacbon.

Khi hé su van chuyén sucroza khong dya vao PTS dugc st dung lam co ché
van chuyén, sucroza nhap vao trong té bao van & dang chua dugc phosphoryl hoa va
can phosphoryl héa sucroza trude khi n6 c6 thé nhap vio trong qué trinh chuyén hoa
trong t& bao. Sucroza c6 thé duoc phosphoryl héa bang cach st dung sucroza kinaza
noi sinh da c6 trong té bao. Trong trudng hop khong cb sucroza kinaza ndi sinh trong
té bao, ADN ngoai sinh ma hda sucroza kinaza c6 thd dugc dua vao trong té bao. Mot
khi sucroza dugc phosphoryl hoa, sucroza-6-phosphat thu dugce c6 thé dwoc chuyén
héa bdi tac dong cia enzym sucroza-6-phosphat hydrolaza, glucoza-6-phosphat
isomeraza, fructokinaza, phophofructokinaza va fructoza 1,6-bisphosphat aldolaza nhu
duoc mo ta & trén. Hon nira, néu can, gen ma hoa cic enzym ndy co6 thé duoc dua vao
trong chit xic tac sinh hoc dang duoc phat trién. Nhu phuong 4n thay thé, sau khi
sucroza nhap vao té bao, né cé thé dugc phéan tach thanh glucoza va fructoza nho
invectaza. Glucoza va fructoza thu dugc c6 thé nhap vao trong sy chuyén héa lan luot

nho tac ddng clia enzym glucokinaza va fructokinaza.

Su phosphoryl hoéa sucroza cling co thé dugc thwc hién nho (sucroza
phosphorylaza (SPaza). Sucroza phosphorylaza lam xuc tac cho su bién dbi sucroza
(o-D-glucopyranosyl-1,2-5-D-fructofuranosit) va phosphat thanh D-fructoza va a-G-1-
P (a-D-glucoza 1-phosphat). Phan tmg phén giai chét phospho nay thuc hién hai budc
cin dé cacbon clia sucroza nhip vao trong sy chuyén héa trung tdm, 1) sy phén tach
disacarit thanh hai monosacarit, va 2) sy phosphoryl hoa it nhét mdt monosacarit. Lo¢i
ich khac ciia sy phin giai phospho nay 1a né khong st dung ATP dé phosphoryl hoa
nhu phan ing glucokinaza. Thay cho ning lugng tao thanh lién két phosphat c6 ngudn
gbc tir nang luong dugc gidi phong tir sy thiy phan. Nhu véy, sy cai thién v& hidu quai
str dung sucroza c6 thé duogc thuc hién bﬁng cach dua, vi du, ngoai gen cscAKB cua
chung E. coli W, gen mi hoa sucroza phosphorylaza vao trong té bao cua vi khudn
khong c6 kha ning st dung sucroza. Theo céch khac, gen invectaza, csc4 ¢6 thé dugc
thay thé bing gen mi héa sucroza phosphorylaza. Mot sb sucroza phosphorylaza da

dugc mo ta (Goedl va céng sw, 2007). Gen ma hoa sucroza phosphorylaza nhu vay bét
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ky c6 thé dugc tach dong va duogc biéu hién trong ching nhan bang cac phuong phap
d3 biét 15 trong linh vuc k¥ thuat nay. Theo phwong 4n uu tién, két cAu biéu hién bao

gdm gen sucroza phosphorylaza dugce gin vao trong nhiém sic thé cla ching nhén.

Cac hé permeaza phy thudc vao PTS va khong phu thudc vao PTS dé van
chuyén sucroza khong loai trir twong hd 14n nhau. C6 thé ¢6 PTS hoat ddng chirc ning
cung voi hé permeaza khong phu thudc vao PTS hoat dong chirc ning dé& van chuyén

sucroza trong mot t€ bao cta vi khuan.

Sang ché boc 16 viéc chuyén gen mot hodic hon mot hé vén chuyén va sir dung
sucroza tir mot hodic hon mdt sinh vit cho ma trong tw nhién c6 chira cac gen li€n quan
(vi du, scrKYABR, cscRAKB, scrP, spl, hodc su Kkét hop, hodc tép con cua ching) vao
trong sinh vat nhdn ma né v& ban chét khong chira gen c6 lién quan néu trén, dé tao
cho sinh vat nhan néu trén kha ning méi dé st dung sucroza hogc dé ting cudng kha
ning sur dung sucroza di c6. ScrP va Spl 1 cac gen ma hoa sucroza phosphorylaza. Vi
du v& sinh vat nh4n néu trén ma no vé ban chit khong chira gen van chuyén va sir dung
sucroza 6 lién quan bao gdm, nhung khong bi gi6i han trong, chung E. coli K-12 (nhu
EMG2, MG1655, W3110, W3350, C600, va DH5a), n6 1a co s6 vé chung dung cho
phin rat 16n cong trinh xir Iy di truyén dugc thyc hién & E. coli, ATCC 8739 (E. coli
C), ATCC 11303 (E. coli B), BL21 (xem New England Biolabs catalog, 2007-2008)
va dan xuit cta cac ching nay. Vi du khéc vé sinh v4t nhan néu trén bao gdm nhidu
loai vi khudn va vi khuén cd khac khong c6 kha ning st dung sucroza ty nhién, hodc
stt dung sucroza kém. Han ché duy nhét 13 sinh vat nhan phai c6 kha ning bién ddi gen
(bang ky thuat di truyén, giao phdi, truyén tinh trang, bién dbi, v.v.), sao cho gen sir
dung sucrozas theo sang ché c6 thé dugc cdy ghép trong chiing nhan. Sinh vét nhan
cling co thé 1a loai d3 dugc tao, dugc lva chon, duoc sang loc, dugc nhan giéng, hoac
duoc bién ddi theo cach khac sao cho n6 c6 thé tao dugc ngay hoa chét cAn quan tAm.
Vi du vé loai ching nhan nay 1a KJ122 (Jantama va cdng su, 2008 a, b) va vi du vé

héa chat can quan tadm 1a axit suxinic.

Vi du khac v& sinh vat nhén bao gf“)m, nhung khong bi giéi han trong:
Gluconobacter  oxydans,  Gluconobacter — asaii, ~Achromobacter  delmarvae,

Achromobacter viscosus, Achromobacter lacticum, Agrobacterium tumefaciens,
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Agrobacterium radiobacter, Alcaligenes faecalis, Arthrobacter citreus, Arthrobacter
tumescens,  Arthrobacter  paraffineus,  Arthrobacter  hydrocarboglutamicus,
Arthrobacter oxydans, Aureobacterium saperdae, Azotobacter indicus, Brevibacterium
ammoniagenes, divaricatum, Brevibacterium lactofermentum, Brevibacterium flavum,
Brevibacterium globosum, Brevibacterium fuscum, Brevibacterium ketoglutamicum,
Brevibacterium helcolum, Brevibacterium pusillum, Brevibacterium testaceum,
Brevibacterium roseum, Brevibacterium immariophilium, Brevibacterium linens,
Brevibacterium protopharmiae, Corynebacterium acetophilum, Corynebacterium
glutamicum,  Corynebacterium  callunae, Corynebacterium acetoacidophilum,
Corynebacterium acetoglutamicum, Enterobacter aerogenes, Erwinia amylovora,
Erwinia carotovora, Erwinia herbicola, Erwinia chrysanthemi, Flavobacterium
peregrinum, Flavobacterium fucatum, Flavobacterium aurantinum, Flavobacterium
rhenanum, Flavobacterium sewanense, Flavobacterium breve, Flavobacterium
meningosepticum, Micrococcus sp. CCM825, Morganella morganii, Nocardia opaca,
Nocardia rugosa, Planococcus eucinatus, Proteus rettgeri, Propionibacterium
shermanii, Pseudomonas synxantha, Pseudomonas azotoformans, Pseudomonas
fluorescens, Pseudomonas ovalis, Pseudomonas stutzeri, Pseudomonas acidovolans,
Pseudomonas mucidolens, Pseudomonas testosteroni, Pseudomonas aeruginosa,
Rhodococcus erythropolis, Rhodococcus rhodochrous, Rhodococcus sp. ATCC 15592,
Rhodococcus sp. ATCC 19070, Sporosarcina ureae, Staphylococcus aureus, Vibrio
metschnikovii,  Vibrio  tyrogenes,  Actinomadura  madurae,  Actinomyces
violaceochromogenes, Kitasatosporia  parulosa, Streptomyces coelicolor,
Streptomyces flavelus, Streptomyces griseolus, Streptomyces lividans, Streptomyces
olivaceus, Streptomyces tanashiensis, Streptomyces virginiae, Streptomyces
antibioticus,  Streptomyces cacaoi, Streptomyces lavendulae,  Streptomyces
viridochromogenes, Aeromonas salmonicida, Bacillus pumilus, Bacillus circulans,
Bacillus thiaminolyticus, Escherichia freundii, Microbacterium ammoniaphilum,
Serratia marcescens, Salmonella typhimurium, Salmonella schottmulleri, Bacillus

subtilis, Bacillus licheniformis, Bacillus amylolliquefaciens va Xanthomonas citri.

Duéi dy, sang ché s& dugc lam rd mot cach chi tiet. Vi khuan thudc vé giong

Escherichia theo sang ché 13 ching duoc ciu tao tir Escherichia coli khong ddng hoa
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sucroza 1a ching cha me, va nd sau khi tao thanh chtra gen sucroza, tot hon la gen

khong phu thudc vao sucroza PTS va c6 kha néng tao axit suxinic.

Nguyén lidu di truyén dé tao kha ning st dung sucroza cho chung vi khuén
nhan c6 thé thu dugc tir nhidu chung vi khuin cho. Tiy thude vao chung vi khuén cho
12 ngudn nguyén liéu di truyén dé tao kha ning st dung sucroza, ching nhén c6 dugc
kha ning st dung sucroza phu thudc vao PTS hodc kha ndng sit dung sucroza khong

phu thudc vao PTS.

Clostridium acetobutyllicum ATCC 824 va Clostridium beijerinickii dugc biét
1a van chuyén sucroza bang PTS. Operon @ van chuyén va chuyén hoéa sucroza trong
mdi sinh vat nay dwoc biét 1a d& ma hoa ba protein chirc ning va mdt protein diéu hoa.
Vi vay, & Clostridium acetobutylicum, operon van chuyén va chuyén héa sucroza chira
cac gen scrd, scrB, scrK va scrT lan lwot mad hoa enzym II cua PTS, sucroza-6-
phosphat hydrolaza, fructokinaza, va protein didu hoa chéng két thuc. Trong trudng
hop cua Clostridium beijerinickii, operon van chuyén va chuyén héa sucroza chira cac
gen scrd, scrB, scrK va scrR 1an lugt ma héa enzym II ctia PTS, sucroza-6-phosphat
hydrolaza, fructokinaza, va protein didu hoa. Khi cn bién ddi ching vi khuan khong
c¢6 kha ning st dung sucroza thanh chung st dung sucroza, chi cac gen scrd, scrB va
scrK thu dugc tir mot loai trong sb céc loai Clostridial dwgc dua vao trong ching am
sucroza-PTS. T4t ca ba gen nay c6 thé c6 ngudn gbc tir mdt loai Clostridium. Theo
cach khéac, mot hodc hai gen c6 thé c6 ngudn gdc tir mdt loai va céc gen con lai co thé

c6 nguon goc tir loai khéc.

Staphylococcus xylosus ¢ thé 1a ngudn gen scr4 ma hoéa protein PTS dic higu

vé6i sucroza va gen scrB ma hoa sucroza phosphat hydrolaza.

Mannheimia succiniproducens 1a ngudn gen khac dé m3 hoa protein PTS dic
hiéu v6i sucroza. Gen MS0784 clia M. succiniproducens gin day da duoc biét 1a dé
ma hoa protein cé chirc ndng PTS dic hidu véi sucroza. Gen MS0909 gin day da duge
biét 1a d& ma hoa protein c6 hoat tinh sucroza 6-phosphat hydrolaza. Corynebacterium
glutamicum 1a ngudn gen khéc nita hitu dung theo séng ché. Gen sucroza PTS mi héa
protein sucroza EIIBCA ciing nhu sucroza-6-phosphat hydrolaza c6 thé thu duoc tir

operon sucroza PTS cua C. glutamicum. Operon fructoza PTS cta C. glutamicum c6
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thé dugce st dung 1am ngudn gen fructoza-1-phosphat kinaza. Ca Corynebacterium
glutamicum 1an Mannheimia succiniproducens déu khong cé gen fructokinaza va
fructoza dugc giai phong tir sy thily phan sucroza-6-phosphat dugc dua vao trong moi
truong va dugc hép thu boi fructoza PTS. Mot cach dé cai thién su sir dung sucroza &
cac chung khdng ¢6 hoat tinh cia enzym fructoza kinaza 1a dua gen ngoai sinh mé héa

enzym fructoza kinaza vao.

Céc ngudn gen va protein sit dung sucroza khac nhu sau: protein PTS déc hiéu
véi sucroza ScrA c6 thé c6 ngudn gbc tir Erwinia chrysanthemi 3937. Tuong tu,
Bacillus subtilis ¢6 thé 13 ngudn protein PTS ddc hiéu véi sucroza SacP. Gen B.
subtilis sacP mi héa protein cua EIIBC* ¢¢ 1& 1a hoat dong clng véi EIIA#" dé van
chuyén sucroza. Gen sac4 ma hoa sucroza-6-phosphat hydrolaza thily phan sucroza-6-

phosphat ndi bao.

Trong operon scrARBK cua loai Clostridium, scrA ma hoa mién EIIBC** clia
sucroza PTS, ma né ¢ thé dugc bd sung bdi protein EIIAS®, scrB ma hoa sucroza
hydrolaza va scrK ma hoa fructokinaza. O Staphylococcus xylosus, scrA tach khoi
scrB va scrK. Gen scrdA ma hoa EIIBCS™. Gen scrB ma hda sucroza hydrolaza va scrK
m3 héa fructokinaza. O vi khuén tao axit lactic gam duong Pediococcus pentosaceus,
Lactobacillus plantarum, va Streptococcus mutans, scr4 ma héa protein sucroza PTS.
scrB ma hoa sucroza-6-P hydrolaza. scrK ma hoa fructokinaza. O vi khuén dudng rudt
Salmonella spp, plasmit lién hop va gen nhay lién hop c6 operon scrKYABR. scrK ma
hoa fructokinaza, scrY ma hoa porin mang ngoai, scr4 ma hoéa protein vén chuyén
EIl*, va scrB ma hoa sucroza-6-p hydrolaza. Erwinia amylovora ¢ cum gen
scrKYABR tuong tu nhu & Klebsiella pneumonia va pUR400. Vibrio alginolyticus c6
operon scrRAKB. Gen scrA ma hoa protein ciia EIIBC™ duge bd sung béi chu tric

siéu phan ti EIIA®"® E. coli va scrB ma hoa sucroza hydrolaza.

Thé phan 1ap kiéu dai E. coli EC3132 ¢6 thé str dung sucroza trong khi chiing
E. coli K12 khdng thé sir dung sucroza. Gen khong PTS c6 trong sw sit dung va
chuyén héa sucroza cu thé 13 cscB, cscK, cscA va cscR vé mit nhidm séc thé duoc dat
trong EC3132. Céc gen cscB, cscK, cscA va cscR nay cua ching E. coli EC3132 ¢6 thé
dugce dua vao trong ching E. coli K12 dé tao kha ning st dung sucroza cho ching E.
coli K12.
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Gen sucroza phosphorylaza c6 thé thu duogc tir Bifidobacterium longum,
Leuconostoc mesenteroides (vi du, ching DSM 20193), Pseudobutyrivibrio ruminis,
hodc ADN Bifidobacterium lactis. Gen scrP cua B. lactis va gen spl cia B. longum ma

hoéa sucroza phosphorylaza.

B. longum c6 thé 12 ngudn gen permeaza, phosphorylaza va fructokinaza. Trong
B. longum, gen permeaza (scrT) va phosphorylaza (scrP) xudt hién trong operon ciing
v6i gen ma hoa gen diéu hoa phién mi (scrR). Cling c6 trong B. longum 1a gen
fructokinaza (frk) co thé dugc tao ra bai fructoza va chiuh sy kim ham duge didu tiét
béi glucoza. Bing cach st dung cac tap hop doan mdi dic hiéu, cac khung doc md ciia
céc gen nay c6 thé thu duge va duge bidu hién trong chét xtc tac sinh hoc bang cach

sir dung gen khoi du thich hop.

Gen mia héa glucokinaza va fructokinaza co thé thu dugc tir Zymomonas
mobilis. Glucokinaza c6 tinh dac hiéu hexoza rong co thé thu dugc tir Bacillus
sphaericus C3-41. Glucokinaza cuia loai vi khudn nay da duogc biét 1a ¢é phosphoryl
hoa fructoza va ca manoza. Glucokinaza dugc mi héa bdi E. coli glk-thudc h¢ gen mot
cach riéng r& hoic két hop vé6i glucokinaza dugc ma hoa boi Zymomonas mobilis glk
ndm khoanh ving trong plasmit ciing 1am xdc tdc cho sy phosphoryl héa glucoza. Bén
canh d6, ban sao cia glk da c¢6 trong ADN hé gen cta E. coli, cac ban sao bd sung cia
gen glk dugc tao ra trong plasmit c6 s6 ban sao thip dudi su kiém soat cia gen khéi

dau cau trac nhat dinh, hodc dugc gén vao trong nhiem sac the.

Gen ngoai sinh dugc dua vao trong té bao c6 thé dugc duy tri trong té bao trong
plasmit tu sao chép. Plasmit c6 thé duoc duy tri bang su lya chon khang sinh hoic sy
b6 sung dot bién ciia nhiém séc thé. Tuy nhién, khi gen ngoai sinh dugc duy tri trong
chét xuc tac sinh hoc trong plasmit ty sao chép trong té bao, cAn bao dam 13 khong c6
su lang phi khéng cén thiét v& nang lugng va nguyén liéu din dén sy trc ché sinh
tredng, va su giam v& hiéu sudt hoic ning suét cta cht hitu co dugce san xuét b%mg
cach st dung chét xuc tac sinh hoc. Tét hon 13, gen ngoai sinh dugc gin vio trong
nhiém sic thé chu sao cho khong can bd sung khang sinh bat ky ndo dé duy tri plasmit
trong t& bao. C6 mot s& vi trf ¢6 thé trong té bao dé gin gen ngoai sinh. C4c vi tri uu
tién dé gén gen ngoai sinh trong ADN clia nhiém séc thé E. coli bao gdm céc ving c6

chtrc ning sinh truéng phu va tao ra san pham trong dicu kién Ién men thuong mai.
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Khi gen ngoai sinh thu dugc 1a operon, t6t hon 13 loai bé gen hoic protein diéu
hoa am c6 thé c6 bit ky khoi operon. La ly twdng khi chi c6 gene va protein hoat dong
¢6 loi trong su vin chuyén va chuyén héa sucroza. Vi vay, t6t hon 1a sy biéu hién gen
stt dung sucroza khong bi trc ché boi gen kim hidm hoic béi sy kim ham chit di hoa

cacbon.

Gen can cho sy sit dung sucroza c6 thé c6 ngudn gdc tir hai sinh vat cho riéng
r&. Vi du, gen scrK dung cho fructokinaza co thé c6 ngudn gbc tir K. pneuomoniae, va
gen cscsA va cscB ¢ thé ¢6 ngudn gdc tir ching E. coli W, va ba gen nay c6 thé dugc
két hop vao trong mdt ching nhan. DPbi véi vi du khac, gen md hoda sucroza
phosphorylaza cta Leuconostoc meseteroides ¢ thé dugc ciy ghép ciing véi gen cscB

va cscK cia ching E. coli W, c6 hodc khong c6 gen cscA.

Vi khuan bat ky khong dong hoa sucroza va c6 kha nang tao axit suxinic ¢ the

dugc cai thién theo sang ché.

Vi khudn theo sang ché c6 thé thu duge nho sy dua gen st dung sucroza nho hé
st dung sucroza phu thudc vao PTS hodc hé sir dung sucroza khdng phy thudc vao
PTS vao trong ching tao axit suxinic nhu KJ122. Theo céach khéc, vi khuén theo séng
ché c6 thé thu dugc bing cach tao kha ning tao axit suxinic cho vi khuén trong d6 hé
st dung sucroza phu thudc vao PTS hodc hé sir dung sucroza khong phu thude vao
PTS da c6. Phuong an thay thé sau nay co thé dugc thuc hién, vi du, tiép theo tat ca
cic budc duoc st dung dé tao ra KJ122 (duoc bdc 10 trong Janatama va cdng su,
2008), nhung bét dau bing ching ATCC 9637 thay vi b4t diu bang ching ATCC
8739.

Ngudn hé sir dung sucroza phu thudc vao PTS hodc hé st dung sucroza khdng
phu thudc vao PTS khong bi gi6i han cu thé mién 13 gen c6 lién quan c6 thé hoat dong

hodc dugc tao ra dé hoat dong trong t& bao cta vi khuén duoc quan tam.
Vi du thuc hién sang ché

Céac vi du dudi day dugc thuc hién dé minh hoa cho sing ché va khong nhim

gi61 han sang che.

-29.-



21847

Vidu 1: Tao SD14, dan xuét cua KJ122 chtra cum gen cscBKA cta E. coli W.

Cum gen cscBKA mi hoa cac gen quy dinh su hép thu va str dung sucroza, dugc
khuéch dai tir ADN hé gen cuia ching W ctia Escherichia coli (ATCC 9637) bang cach
st dung phan Gng trinh ty polymeraza. Doan mdi PCR duoc thiét ké theo cach sao cho
san phdm PCR thu dugc chi chira gen cscB, cscK, va cscA cia operon csc ban dau &
ching W va khdng chita gen cscR chtrc nang mé hoa protein kim ham. Ngoai céc trinh
ty twong ddng véi operon csc, doan mdi dé khuéch dai PCR bao gdbm 50 bazo (bp) tai
diu 5° cua trinh ty twong ddng véi vi tri @& gin vao trong nhiém sic thé E. coli KJ122.
Trinh tu doan mdi PCR duoc stir dung trong vi du nay dugc liét ké trong bang 1. Vi tri
dich dé gin 12 291 bp phia trén gen rrnC. Vi tri ndy khong ma héa gen da biét bét ky

nao vi vay ti thiéu héa kha ning phéd v& chirc nang di truyén E. coli quan trong.

San phidm PCR thu dugc bing cach sit dung doan mdi SD032 va SD033 va
ADN cia nhidm séc thé ATCC 9673 lam khudn duoc tinh ché bing cach st dung bd
tinh ché PCR Qiagen QIAquick nhu dugc chi din béi nha san xuét. Sau d6, cc manh
da duge tinh ché duoc bién d6i thanh KJ122 chta plasmit hd trg pKD46 theo phuong
phap duge mo ta boi Datsenko va Wanner. (Datsenko va Warner 2000). pKD46 co thé
mua dugce tir Coli Genetic Stock Center, Yale University, New Haven, CT. Sy lua
chon dimg vé phia sinh truéng trong dia sucroza tdi thiéu. Chang thu dugc duge thir
nghiém vé su gén chinh xéc gen csc ¢ vi tri dich du kién trude r7nC bdi PCR chuin
do4n bing cach st dung doan mdi tir SD033 dén SD036 trong cac két hop thich hop
khac nhau. Cac ching dung phat trién t6t trong moi trudong sucroza tbi thiéu va tao ra
cac cum mau do trong dia sucroza MacConkey. Dbi v6i tit ca cac moi trudng nudi
cdy, sucroza 1a siéu tinh khiét (vi du, s6 danh muc Sigma S 7903). Dung dich nguyén
liéu sucroza dugc pha 50% (khdi luwgng/thé tich) trong nudce cit va dugc khir tring
bing cach loc qua thiét bi loc bang mang nylon 0,2 miromet hi¢u Nalgene ding mot

14n. Mot thé phén 14p cu thé c6 tén 1a SD14 dugc st dung cho nghién ctru tiép theo.

Theo cach twong tw nhu cach duge mo ta & trén, trinh tw ADN bét ky ma hoéa
gen stt dung sucroza (khong phu thudc vao PTS hodc phu thudc vao PTS, vi du,
operon scrKYBA cla Klebsiella pneumoniae hogc pUR400) c6 thé dugc sao chép bai
PCR va duoc gén vao trong nhiém séc thé ctia ching nhan & dich twong ty dwge mo ta

& trén hodc ¢ dich khac thich hop bét ky. Vi du, bang c4ch st dung doan mdi SD038
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va SD039, operon cscBAK cua E. coli W ¢6 thé dugc gin ngay trudc gen dnad &
KJ122.

Céc hinh v& tir 1 dén 5 cung cp két qua clia cic thir nghiém dugc thyc hién
bing ching SD14 trong thiét bi 1én men sinh vét ua it oxy c¢& nho. Hinh v& 1 cung cap
dir liéu vé& dong luc hoc clia su sit dung sucroza, va dong lyc hoc cia su tich liy
glucoza, fructoza, va axit suxinic. Cling dugc thé hién trén hinh v& 1 13 dong luc hoc
cla su sinh trudng cta vi khuin. Hinh v& tir 2 dén 5 14n luot thé hién dong luc hoc cla
su sir dung sucroza, dong luc hoc cta su tich lity glucoza, dong luc hoc cta sy tich liy
fructoza, va dong luc hoc cua su tich liiy axit suxinic. Trong cac thir nghiém dugc md
ta trén hinh v& tir 2 dén 5, ba ndng d6 sucroza khic nhau (100 g/l, 150 g/l va 200 g/l)

duogc st dung.

Vi du 2: Phan tich su sinh trudng va st dung sucroza ¢ ching tai t6 hop SD14 trong

thiét bi 1én men 7 lit

Chung SD14 dugc sinh trudéng trong mdi trudng t6i thidu duoc bd sung 10%
sucroza. Dung dich nguyén liéu gbc chira ca amoni hydroxit 14n amoni bicacbonat (7
N NH4OH va 3M NH4HCO3) dugce sir dung dé trung hoa axit suxinic dugc tao ra trong
thiét bi 1én men & nhiét do 39° C. Thé tich ban d4u bang 3 lit chira kali phosphat
monobazo (18 mM) magie sulfat (2 mM), betain (1,33 mM), nguyén t6 vét (Jantama
va cong su, 2008a, b), chét chéng tao bot 204 (8 ppm) va sucroza dugc dinh mé véi
ndng d 98 g/l. Ban diu, d6 pH dugc didu chinh dén do pH 7,0 va sau d6 dwoc duy tri
& d6 pH 6,5 biang cach bd sung dung dich amoni hydroxit/amoni bicacbonat dugc mo
td & trén. Khong khi dwoc cip véi luu lugng 5 ml/phat. 150 ml chét cdy dugc sinh
trudng uva khi va chra moi trudng t6i thiéu véi 2% sucroza va dugc bd sung 0,1 mM
canxi clorua.

Dé so sanh, KJ122 duoc 1én men trong moi trudng twong tu véi dung dich trung
hoa tuong ty, ngoai trir mot diém 1a nguén cacbon 13 glucoza, nd dugc dinh mé voi
ndng d6 25 g/l va sau d6 dugc phan phéi theo ché do cép theo mé tir ndng d6 1a 220
g/l. Puong, suxinat, va san phidm phu dwoc phan tich bang HPLC, nhu dugc md ta

(Zhang va cong su, 2009 a,b; Jantama va cong su, 2008 a, b).

Cac két qua duoc so sanh v6i quy trinh cip theo mé tiéu bicu ciia chung cha me
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KJ122 duoc sinh trudng trong glucoza trong bang 2. Pdng luc hoc cla sy st dung
sucroza, su tich Iily glucoza, su tich Ity fructoza va sy tao ra suxinat trong khi 1én men
bing SD14 dugc thé hién trén hinh vé& 6. Sucroza duge sit dung hoan toan sau 50 gid
va ndng do axit suxinic trong mdi truong dat dén gi4 tri bang 83,08 gam trén mdt lit
canh 1én men sau 50 gid. Nong d6 glucoza va fructoza trong mdi trudng dat dén gia tri

dinh cua chiing sau khodng 25 gio.
Vi du 3: Su tach dong va su biéu hién sucroza phosphorylaza & SD14

Gen sucroza phosphorylaza cta ching Leuconostoc mesenteroides DSM 20193
(Goedl vé céng su, 2007) dugc tach dong nhdy sy khuéch dai PCR béng cach sir dung
doan mdi BY107 vA BY108 (xem bang 1) va ADN hé gen lam khudn. San phim PCR
1594 bp thu dugc dugce tinh ché trong cot tinh ché PRC Quiagen QIAquick, dugc phan
tach bang enzym gi6i han Xbal va BamHI (New England Biolabs), va dugc tinh ché
nhd sy dién di trén gel agaroza. Manh thu dugc dugc nbi thanh Xbal vao khung
BamHI ctia pOM324 (don sang ché My s6 2009/0311756) dé tao ra plasmit pRY801,
n6 dit gen sucroza phosphorylaza dudi su kiém soat cia gen khéi ddu co dinh manh.
Két cdu két thiic gen sucroza phosphorylaza khoi diu dugc cit khoi pRYS801 bing
cach cit béng Xhol va BamHI, va cac dau dinh cta két chu thu dugc dugce lam cun di
bang bo 1am cun Quick (New England Biolabs) va manh dugc lam cin duge thét thanh
pMH17F (SEQ ID NO. 13) ma n6 da dugc cit bing BstBI va dugc xit 1y bing
phosphataza rudt bé (New England Biolabs), dé tao ra plasmit pRY802F (SEQ ID 14).
O pRY802F, két ciu biéu hién sucroza phosphorylaza dugc kep suon & mdi diu bang
khoang 500 bp cuia trinh tw ADN tuong ddng véi trinh tu ngay phia dudi gen thr¥ cia
ching SD14. Két cdu va trinh ty bao quanh dugc khuéch dai bing PCR bang céach sit
dung pRY802F lam khuon va doan mdi BY83 va BY84 (xem bang 1). Manh 2,7
kilobazo thu duge dugc tinh ché trong cdt tinh ché PCR Qiagen QIAquick. Sau do,
manh nay duoc ciy ghép vao trong SD14 ngay canh vi tri th¥ nhd phuong phép thay
thé gen hai budc cla Jantama va cong sy (2008 a, b), bang cach sit dung két cdu cat-
sacB ¢6 thé chon dugc va khong c6 thé chon dugc voi trinh tu di kém tuong ty twong
ddng voi ving thrV d6i v&i budc thir nhit. DSi voi bude thir nhét, két ciu cat-sacB thu
duge 1a manh Eco ICRI cun cia pCA2 va dugc thit thanh BsrBI dugc phén tach, va

dugc xt Iy phosphataza rudt b€, pMHI17F nhu duoc mé ta & trén, dé tao ra plasmit
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pRY803F (SEQ ID NO 15). Két cAu cat-sacB c6 cac trinh ty bao quanh twong dong
v6i viung thrV duge khuéch dai bing PCR bang cach st dung doan mdi BY83 va
BY84. San phAm ADN dai 4 kb thu dugc dwoc st dung dé bién dbi SD14 thanh khéng
cloramphenicol dé tao ra chiing RY863. Trong budc thit hai, san phdm ADN dai 2,7
kb duge mo ta & trén (nd chira két ciu biéu hién sucroza phosphorylaza ciia RY802F)
duogc st dung dé bién d6i RY863 thanh khéang sucroza (Jantama va céng su, 2008 a, b)
dé tao ra chung RY864. Ching ding dugc xac nhén bang céach sir dung PCR chuén
doan v&i ADN ciia nhiém séc thé 1am khuén va BY83 va BY84 lam doan mdi. Chiing
thu dugc, RY864, c6 két cu sucroza phosphorylaza dugc gin gan thrV, va biéu hién
murc sucroza phosphorylaza dang ké, né cai thién hiéu qué st dung sucroza bing cach

tiét kiém mot ATP trén mot mol sucroza dugc phan tach.
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Bang 1. Poan mbi duoc sir dung trong PCR

SEQID NO. | Poan mdi Trinh tw doan mdi (tir 5° dén 3)
sO
SEQ ID NO. | SD032 taaatttcctcttgtcaggecggaataactcectataatgegecaccact
1 aggcgtttggattaggcgatt
SEQ ID NO. | SD033 ctcaggagaaccccgctgacceggeggegtgtttgecgttgticegtgte
2 gatccgttgttccacctgatatt
SEQ ID NO. | SD034 ttagtatgccaccaggaagt
3 cac doan mdi trong phin cai xen kep sudn rrnc (c6 1
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ghép d6i khong xtg véi trinh ty KJ122)

SEQ ID NO. | SD035 atgctcaaagaattaaactt
4 cac doan mdi trong phin cai xen kep sudn rruc (c6 1
ghép d6i khong xtng véi trinh ty KJ122)

SEQ ID NO. | SD036 cagttttcttcgcaatttcg

5 doan mdi bén trong ddi véi cscB

SEQ ID NO. | SD037 gacacgctcgccctaaggat

6 doan mdi bén trong ddi véi cscd

SEQ ID NO. | SD038 tggaaagtcctgtggataaatcgggaaaatctgtgagaaacagaagatct

7 gagcgactgtaccagaacatga

SEQ ID NO. | SD039 agatcctgcaaaacgatcgggaccgeggatcatagectaaactgegeaag

8 tcgecgtaatgggctttga

SEQID NO. | BY®3 ttacctagagagggtgagaattgccgaacat

9

SEQ ID NO. | BYg4 gatgagagaagattttcagcctgatacagatt

10

SEQ ID NO. | BY107 gggtctagaatagtggaggaataataatggaaattcaaaacaaag

11

SEQID NO. | BY108 cgeggatccttgtctgtcaatataatatttcccactatcagea

12

SEQ ID NO. | pMHI17F dong plasmit cta vung thrV, khéng spectinomyxin

13

SEQ ID NO. | pRY802F gen sucroza  phosphorylaza cua  Leuconostoc

14 mesenteroides chung DSM 20193 dugc di€u khién bédi

gen khoi dau co dinh, d€ gan & locus thrV’
SEQ ID NO. | pRY803F | két chu cat-sacB dé gin & locus thrV
15
Béng 2. Vi du vé 1én men

Chung Ngudn Ham luong | Hidu sult Ham Iugng | Thoi gian
cacbon suxinat g/l | suxinat g/g | fructoza g/l

SD14 Sucroza 83,1 0,85 1,80 45 gi¢
Me¢ 98 g/l

KJ122 Glucoza 82,6 0,86 0 48 gio
Mé chp lidu
106 g/l
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YEU CAUBAO HO

1. Vi khudn Escherichia coli duge bién ddi gen tao ra it nhit 20 gam trong mot lit
héa chét hitu co duge chon tir nhom bao gdm axit suxinic, axit fumaric, axit malic va
1,4-butandiol, trong mdi trudng ti thidu, vi khudn néu trén chura it nhat mot gen ngoai
sinh ma héa chirc ning st dung sucroza dugc chon tr nhom bao gdm sucroza: tac

nhan dong van chuyén cing chiéu H', va fructokinaza.

2. Vi khudn Escherichia coli duge bién ddi gen theo diém 1, trong d6 it nhit mot

gen ngoai sinh mi hoa chtrc néng st dung sucroza dugc chira trong plasmit sao chép.

3. Vi khudn Escherichia coli dugc bién dbi gen theo diém 1, trong d6 vi khuin

nay 1a ching vi khuan hé phosphotransferaza®.

4, Vi khudn Escherichia coli duge bién dbi gen theo diém 1, trong d6 vi khuin

nay 1 ching vi khuan hé phosphotransferaza'.

5. Vi khuén Escherichia coli dugc bién dbi gen theo diém 1, trong do it nhat mot
gen ngoai sinh m& hoéa chtrc néng st dung sucroza duoc tich hgp vao nhiém sic thé

cua vi khuan Escherichia coli.

6. Vi khuén Escherichia coli dugc bién d6i gen tao ra it nhat 20 gam trong mot lit
axit suxinic trong moi truong toi thi€u, vi khuan néu trén chira it nhat mot gen ngoai
sinh mi hoéa chirc ning st dung sucroza dugc chon tir nhém bao gom sucroza: tac

nhan dong van chuyén cung chiéu H', va fructokinaza.

7. Vi khuén Escherichia coli dugc bién dbi gen theo didm 6, trong d6 it nhat mot

gen ngoai sinh ma hoéa chtrc ning st dung sucroza dugc chira trong plasmit sao chép.

8. Vi khuln Escherichia coli duge bién dbi gen theo diém 6, trong d6 it nhét mot
gen ngoai sinh mi hda chirc nang st dung sucroza dugc tich hop vao nhiém sic thé
ctia vi khudn Escherichia coli.

9. Vi khuln Escherichia coli duoc bién dbi gen theo diém 6, trong d6 gen ngoai
sinh da néu mi hdéa enzym invertaza cé chitc nang st dung sucroza.

10. Vi khuan Escherichia coli dugc bién doi gen theo diém 6, trong d6 vi khuan

nay 1a chung vi khuén hé phosphotransferaza®.
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11. Vi khudn Escherichia coli duoc bién dbi gen theo diém 6, trong d6 vi khuin

nay 1a chung vi khuan hé phosphotransferaza™.
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Sw l1én men sucroza bang chiing SD14
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Sw 1én men sucroza bing chiing SD14 (cic ndng d9 sucroza ban
diu khéic nhau dwoc st dung nhw dwge thé hién)
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Sw 1én men sucroza bing chiing SD14 (ndng dd sucroza ban diu la
100g/L, 150g/L va 200g/L). Su tich liy glucoza dwoc thé hién dwoi day.
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Su 1én men sucroza bing chiing SD14 (cic ndng d9 sucroza ban diu 1a
100g/L, 150g/L va 200g/L). St tich tu fructoza dwoc thé hi¢n dwoi day.
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Sw 1én men sucroza bing chiing SD14 (cic ndng dd sucroza ban diu la 100g/L,
150g/L va 200g/L). Suxinat dwge tao ra dwoc thé hién dwéi day.
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o Axit suxinic

Sw 1én men sucroza bing chiing SD14. Nong d6 sucroza ban
dau 1a 100g/L
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<110> Myriant Corporation
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Yocum, R. Rogers
Hermann, Theron
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<120> VI KHUAN ESCHERICHIA COLI DUQC BIEN POI GEN SAN XUAT AXIT SUXINIC VA
cAc HOA CHAT KHAC

<130> MT2011-05PCT

<150> US 61/459,446
<151> 2010-12-13

<160> 15
<170> PatentIn version 3.5

<210> SEQ ID NO. 1

<211s> 71

<212> ADN

<213> ADN tdng hop

<220> D3c diédm: Poan mdi PCR SD032

<400> Trinh tu

taaatttcct cttgtcaggc cggaataact ccctataatg cgccaccact aggcegtttgg 60

attaggcgat t 71

<210> SEQ ID NO. 2

<211> 73

<212> ADN

<213> ADN tbéng hop

<220> Pic diém: Poan mdi PCR SD033

<400> Trinh tu

ctcaggagaa ccccgctgac ccggeggegt gtttgecgtt gtteegtgte gatccgttgt 60

tccacctgat att 73

<210> SEQ ID NO. 3

<211> 20

<212> ADN

<213> ADN tdng hop

<220> DP3c diém: Doan mdi PCR SD034

<400> Trinh tu

ttagtatgcc accaggaagt 20

<210> SEQ ID NO. 4

<211> 20

<212> ADN

<213> ADN téng hop

<220> Pic diém: Poan mdi PCR SD035

<400> Trinh tu

atgctcaaag aattaaactt 20

<210> SEQ ID NO. 5
<211> 20
<212> ADN
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<213> ADN tdéng hop

<220> Dic didm: Poan mdi PCR SDO036
<400> Trinh tu

cagttttctt cgcaatttcg

<210> SEQ ID NO. 6

<211> 20

<212> ADN

<213> ADN tdéng hop

<220> Dic diédm: DPoan mdi PCR SD037
<400> Trinh tu

gacacgctcg ccctaaggat

<210> SEQ ID NO.7

<211> 72

<212> ADN

<213> ADN téng hop

<220> Dic diém: Doan mdi PCR SD038

<400> Trinh tu

tggaaagtcc tgtggataaa tcgggaaaat ctgtgagaaa cagaagatct gagcgactgt

accagaacat ga

<210> SEQ ID NO. 8

<211> 69

<212> ADN

<213> ADN tdng hop

<220> Dic diém: Poan mdi PCR SD039

<400> Trinh tu

agatcctgca aaacgatcgg gaccgcggat catagcctaa actgegcaag tcgccgtaat

gggctttga

<210> SEQ ID NO. 9

<211> 31

<212> ADN

<213> ADN tdéng hop

<220> DPic didm: DPoan mdi PCR BY83
<400> Trinh tu

ttacctagag agggtgagaa ttgccgaaca t

<210> SEQ ID NO. 10

<211> 32

<212> ADN

<213> ADN tdng hop

<220> Dic diém: DPoan mdi PCR BY84
<400> Trinh tu

gatgagagaa gattttcagc ctgatacaga tt

<210> SEQ ID NO. 11

<211> 45

<212> ADN

<213> ADN tdng hop

<220> Dic diédm: Doan mdi PCR BY107

<400> Trinh tu

gggtctagaa tagtggagga ataataatgg aaattcaaaa caaag
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<210> SEQ ID NO. 12
<211> 43

<212> ADN

<213> ADN tdng hop
<220>

<400> Trinh tu
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Pic diém: Poan mdi PCR BY108

cgcggatcct tgtctgtcaa tataatattt cccactatca

<210>
<211>
<212>
<213>
<220>
<400>
gttgacagta

5772
ADN

agtctgaatg
gaactgctga
tgagaagccc
aaggcgcctg
aatgtcacga
gcgatttgcc
gtagaggagc
gtgagttata
tataaattat
cagagggtct
ccacaactca
gtgattaaaa
atgaactagc
gtgtggcact
tcacttataa
tagctaaagc
aaggctttga
tagtttttag
atctggaaca
taaaagaact
ttaagttcat
ttttgaaacc
agcgaggccg

tcgtaaccga

SEQ ID NO. 13

agacgggtaa
acctgtcacg
acagcaaaaa
gtgacgggct
tagtgccatt
aaaagacagc
cgagcttgcg
aaacagcgtt
cacagggctg
aaccacttga
agcagaattt
aaggaaaagg
tcacctagac
gattagtcgc
actcaacccc
ccaatacgct
aaccagagag
gattttccag
tgaagagata
tgttaagtct
aacacaaaag
gttaatgctt
aataagtaaa
cccgactgat

acttgagaac

ADN plasmit pMH17F
Pic diém: Ddng plasmit cua
Trinh tu

gcctgttgat
ggataatccg
gtcagatagc
tttcttgtat
tacccccatt
gactcaggtg
agggtgctac
tgcgacatcc
ggatctattc
atataaacaa
acaagttttc
actagtaatt
caattgagat
tatgacttaa
acgattgaaa
cagatgatga
ctgatgacga
tggacaaact
ttgccttatce
tttgaaaaca
aaaactcaca
gaaaataact
gatttaaaca
acgttgattt

aaccagataa

ving thrv,
gataccgctg
aagtggtcag
accacatagc
tatgggtagt
cactgccaga
cctgatggtce
ttaagccttt
ttttgtaata
tttttatctt
aaaaaacaca
cagcaaaggt
atcattgact
gtatgtctga
cggagcatga
accctacaag
acatcagtag
gaactgtgga
atgccaagtt
ttttccagtt
aatactctat
aggcaaatat
accatgagtt
cttacagcaa
tccaagttga

aaatgaatgg
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gca

khang spectinomyxin

ccttactggg
actggaaaat
agacccgcca
ttccttgeat
gccgtgageg
ggagacaaaa
agggttttaa
ctgcggaact
tttttattct
caaaggtcta
ctagcagaat
agcccatctc
attagttgtt
aaccaagcta
gaaagaacgg
ggaaaatgct
aatcaggaat
ctcaagcgaa
aaaaaaattc
gaggatttat
agagattagc
taaaaggctt
tatgaaattg
actagataga

tgacaaaata

tgcattagcce
cagagggcag
taaaacgccc
gaatccataa
cagcgaactg
ggaatattca
ggtctgtttt
gactaaagta
ttctttattc
gcggaattta
ttacagatac
aattggtata
ttcaaagcaa
attttatgct
acggtatcgt
tatggtgtat
cctttggtta
aaattagaat
ataaaatata
gagtggttat
cttgatgaat
aaccaatggg
gtggttgata
caaatggatc

CcCaacaacca

43

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500



ttacatcaga
caaaaattca
atctcaatgg
tggctaaata
agactaacaa
atatgcacag
ggtgcattta
acacctaata
ctgagacaac
cttatcgaat
tcatggcaat
ttctgataac
cttgtaaacc
attaattagt
cctgctcgeg
ccttgeecte
gcaaaccctc
cgccttecag
gccgcegacgg
tgccgtagaa
gctegttege
gacgcacacc
gtaagctgta
gcagcggtgg
tacagtctat
tgttatggag
tcatgaggga
tcgagcgceca
gcggcectgaa
aaacaacgcg
gcgagattct

gttatccagce

ttcctaccta
gctcaccagt
ttcgttctca
cggaaggatc
acaaaagtag
atgaaaacgg
aagctgttca
gaacaggtga
ttgttacagc
caaagctgcc
tctggaagaa
aaactagcaa
gttttgtgaa
aatataatct
caggctgggt
ccgcacgatg
actgatccgc
aaaaccgagg
ccgaggtctt
gaacagcaag
cagccaggac
gtggaaacgg
atgcaagtag
taacggcgca
gcctecgggca
cagcaacgat
agcggtgatc
tctcgaaccg
gccacacagt
gcgagctttg
ccgegetgta

taagcgcgaa
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cgtaacggac
tttgaggcaa
tggctcacgc
tgaggttett
aacaactgtt
tgtaaaaaag
ccatgaacag
aaccagtaaa
tcaacagtca
gacaacacgg
atagcgcettt
caccagaaca
aaaattttta
attaaaggtc
gccaagctcet
atcgtgccgt
atgcccgtte
atgcgaacca
ccgatctect
gcecgccaatg
agaaatgcct
atgaaggcac
cgtatgcgcect
gtggcggttt
tccaagcagc
gttacgcagc
gccgaagtat
acgttgctgg
gatattgatt
atcaacgacc
gaagtcacca

ctgcaatttg

taagaaaaac
aatttttgag
aaaaacaacg
atggctcttg
caccgttaga
atagatacat
atcgacaatg
acaaagcaac
cacatagaca
gagccagtga
cagccggcaa
gcecegtttge
aaataaaaaa
attcaaaagg
cgggtaacat
gatcgaaatc
catacagaag
cttcatcecgg
gaagccaggyg
cctgacgatg
cgacttcgcet
gaacccagtg
cacgcaactg
tcatggcttg
aagcgcgtta
agggcagtcg
cgactcaact
ccgtacattt
tgctggttac
ttttggaaac
ttgttgtgca

gagaatggca

-50 -

actacacgat
tgacatgcaa
aaccacacta
tatctatcag
tatcaaaggg
cagagctttt
taacagatga
tagaacatga
gcctgaaaca
cgecctecegt
acctgaagcc
gggcagcaaa
ggggacctct
tcatccaccg
caaggcccga
cagatccttg
ctgggcgaac
ggtcagcacc
cagatccgtg
cgtggagacc
gctgcccaag
gacataagcc
gtccagaacc
ttatgactgt
cgcecgtgggt
ccctaaaaca
atcagaggta
gtacggctcc
ggtgaccgta
ttcggcttec
cgacgacatc

gcgcaatgac

gctttaactg
agtaagcatg
gagaacatac
tgaagcatca
aaaactgtcc
acgagttttt
acagcatgta
aattgaacac
ggcgatgctg
ggggaaaaaa
ggatctgcga
acccgttatg
agggtcccca
gatcaattcc
tccttggage
acccgcagtt
aaacgatgct
accggcaagc
cacagcacct
gaaaccttgc
gttgccgggt
tgttcggttce
ttgaccgaac
ttttttgggg
cgatgtttga
aagttaaaca
gttggcgtca
gcagtggatg
aggcttgatg
cctggagaga
attccgtggce

attcttgcag

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

3300

3360

3420



gtatcttcga
aacatagcgt
aggatctatt
ctggcgatga
gcaaaatcgc
atcagcccgt
cctecgegege
tagtcggcaa
actcaagcgt
tgcttttatt
aaaggctggc
aaatctagcg
agattatatt
ttcacaaaac
tttceccgact
taggcacccc
tacctagaga
ggtcagcagc
tttgatgagc
attgggctgg
cgaaccgteg
cctgatgaat
atccattaat
cttgatttga
cttcgcaacg
caaacaacag
tctggcagtt
ttcacttctg
ttcttttcta
ggggacctca
ttgatgcctg

ggcgtttcac

gccagccacg
tgccttggta
tgaggcgcta
gcgaaatgta
gccgaaggat
catacttgaa
agatcagttg
ataatgtcta
tagatgcact
atttttaagc
tttttecttgt
agggctttac
actaattaat
ggtttacaag
ggaaagcggg
aggctttaca
gggtgagaat
aacgcgttge
caacgtcggc
cgcagtcggg
ctgaccgggt
tttttgcgca
tgaatgttag
tgtctggcag
ttcaaatccg
ataaaacaaa
ccctactcete
agttcggcat
atctgccgaa
cccttaccaa
gcagttcect

ttctgagttce

21847

atcgacattg
ggtccagcgg
aatgaaacct
gtgcttacgt
gtcgectgeeg
gctagacagg
gaagaatttg
acaattcgtt
aagcacataa
gtgcataata
tatcgcaata
taagctgatc
tggggaccct
catacgttgg
cagtgagcgce
ctttatgcectt
tgccgaacat
cattgcgcgt
gctcgatcect
tatgacaatg
aatttttatg
tcctaaatca
ttcgaaaagc
tttatggcgg
ctcceggegg
aggcccagtce
gcatggggag
ggggtcaggt
ctttaaccta
gggtgcgcete
actctcgcecat

ggcatggggt

atctggctat
cggaggaact
taacgctatg
tgtcccgeat
actgggcaat
cttatcttgg
tccactacgt
caagccgacg
ttgctcacag
agccctacac
gttggcgaag
cggtggatga
agaggtcccc
ccgattcatt
aacgcaatta
ccggctegta
gcgcataagt
tcgctgtgta
gagatggtga
ttgtgtgtaa
gatcgtgggg
gagcgtacga
aaaaaggcca
gcgtcctgece
atttgtccta
ttccgactga
accccacact
gggaccaccg
aaaagtggtg
taccaactga
ggggagaccc

caggtgggac

-5] -

cttgctgaca
ctttgatccg
gaactcgceg
ttggtacagc
ggagcgccetg
acaagaagaa
gaaaggcgag
ccgcttegeg
ccaaactatc
aaattgggag
taatcgcaac
ccttttgaat
ttttttattt
aatgcagctg
atgtgagtta
tgttgtgtgg
ttcceggaca
tgaagccgaa
aagaggtgct
cacatgagat
aaatagtgga
gggcattttt
tcectttegga
cgccacccte
ctcgggagag
gcettttgtt
accatcggceg
cgctactgcece
ctgataccca
gccatatcag
cacactacca

caccgecgcta

aaagcaagag
gttcctgaac
cccgactggg
gcagtaaccg
ccggcccagt
gatcgcttgg
atcaccaagg
gcgcggetta
aggtcaagtc
atatatcatg
atccgcatta
gacctttaat
taaaaatttt
gcacgacagg
gctcactcat
aattgtgagt
gatttcaggt
aattatgttg
ggatacgatg
ggggtttgca
gcaagctgca
atcgcaggta
tggcctttcg
cgggccgttg
tgttcaccga
ttatttgatg
ctacggcggt
gccagacaaa
gagtcgaact
cacgctaaat

tcggcgcetac

cggcecgecag

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340



gcaaattctg
tcttctctea
gctgtaccga
ggcgttaccce
gaagaggccc
ctgatgcggt
ctcagtacaa
gctgacgaat
<210>
<211>
<212>

<213>
<220>

7558
ADN

SEQ ID NO.

ttttatcaga
tceggataac
gctcgaattce
aacttaatcg
gcaccgatcg
attttctcct
tctgctcectga

tc

14

21847

ccgcettetge
aatttcacac
actggcegtce
ccttgcagea
ccetteccaa
tacgcatctg

tgccgcatag

ADN plasmit pRY802F
Pic diém: Gen sucroza phosphorylaza ctia chung Leuconostoc

gttctgattt
aggaaacagc
gttttacaac
catcccectt
cagttgcgca
tgcggtattt

ttaagccagce

aatctgtatc
tatgaccatg
gtcgtgactg
tcgccagetg
gcctgaatgg
cacaccgcat

cccgacaccce

aggctgaaaa
attacgccaa
ggaaaaccct
gcgtaatage
cgaatggcege
atggtgcact

gccaacaccc

5400

5460

5520

5580

5640

5700

5760

5772

mesenteroides DSM 20913 didu khién b3ng trinh tu khdi diu co ban dé tich
hop & locus thrV.
<400> Trinh tu

gttgacagta
agtctgaatg
gaactgctga
tgagaagccc
aaggcgcectg
aatgtcacga
gcgatttgcec
gtagaggagc
gtgagttata
tataaattat
cagagggtct
ccacaactca
gtgattaaaa
atgaactagc
gtgtggcact
tcacttataa
tagctaaagc
aaggctttga

tagtttttag

agacgggtaa
acctgtcacg
acagcaaaaa
gtgacgggct
tagtgccatt
aaaagacagc
cgagcttgcg
aaacagcgtt
cacagggctg
aaccacttga
agcagaattt
aaggaaaagg
tcacctagac
gattagtcgc
actcaacccc
ccaatacgct
aaccagagag
gattttccag

tgaagagata

gcectgttgat
ggataatccg
gtcagatagc
tttcttgtat
tacccccatt
gactcaggtg
agggtgctac
tgcgacatcc
ggatctattc
atataaacaa
acaagttttc
actagtaatt
caattgagat
tatgacttaa
acgattgaaa
cagatgatga
ctgatgacga
tggacaaact

ttgccttatc

gataccgctg
aagtggtcag
accacatagc
tatgggtagt
cactgccaga
cctgatggtce
ttaagccttt
ttttgtaata
tttttatctt
aaaaaacaca
cagcaaaggt
atcattgact
gtatgtctga
cggagcatga
accctacaag
acatcagtag
gaactgtgga
atgccaagtt

tttteccagtt

-52 -

ccttactggg
actggaaaat
agacccgcca
ttccttgeat
gccgtgageg
ggagacaaaa
agggttttaa
ctgcggaact
tttttattct
caaaggtcta
ctagcagaat
agcccatctc
attagttgtt
aaccaagcta
gaaagaacgg
ggaaaatgct
aatcaggaat
ctcaagcgaa

aaaaaaattc

tgcattagcc
cagagggcag
taaaacgccc
gaatccataa
cagcgaactg
ggaatattca
ggtctgtttt
gactaaagta
ttctttattc
gcggaattta
ttacagatac
aattggtata
ttcaaagcaa
attttatgct
acggtatcgt
tatggtgtat
cctttggtta
aaattagaat

ataaaatata

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



atctggaaca
taaaagaact
ttaagttcat
ttttgaaacc
agcgaggccg
tcgtaaccga
ttacatcaga
caaaaattca
atctcaatgg
tggctaaata
agéctaacaa
atatgcacag
ggtgcattta
acacctaata
ctgagacaac
cttatcgaat
tcatggcaat
ttctgataac
cttgtaaacc
attaattagt
cctgetegeg
ccttgcccté
gcaaaccctc
cgcctteccag
gccgegacgg
tgccgtagaa
gctegttege
gacgcacacc
gtaagctgta
gcagcggtgg
tacagtctat

tgttatggag

tgttaagtct
aacacaaaag
gttaatgctt
aataagtaaa
cccgactgat
acttgagaac
ttcctaccta
gctcaccagt
ttcgttctca
cggaaggatc
acaaaagtag
atgaaaacgg
aagctgttca
gaacaggtga
ttgttacagc
caaagctgcc
tctggaagaa
aaactagcaa
gttttgtgaa
aatataatct
caggctgggt
ccgcacgatg
actgatccgc
aaaaccgagg
ccgaggtcett
gaacagcaag
cagccaggac
gtggaaacgg
atgcaagtag
taacggcgca
gcctecgggcea

cagcaacgat

21847

tttgaaaaca
aaaactcaca
gaaaataact
gatttaaaca
acgttgattt
aaccagataa
cgtaacggac
tttgaggcaa
tggctcacge
tgaggttctt
aacaactgtt
tgtaaaaaag
ccatgaacag
aaccagtaaa
tcaacagtca
gacaacacgg
atagcgcettt
caccagaaca
aaaattttta
attaaaggtc
gccaagctct
atcgtgcegt
atgcccgtte
atgcgaacca
ccgatctecet
gccgecaatg
agaaatgcct
atgaaggcac
cgtatgcgct
gtggcggttt
tccaagcagce

gttacgcagc

aatactctat
aggcaaatat
accatgagtt
cttacagcaa
tccaagttga
aaatgaatgg
taagaaaaac
aatttttgag
aaaaacaacg
atggctcttg
caccgttaga
atagatacat
atcgacaatg
acaaagcaac
cacatagaca
gagccagtga
cagcecggcaa
gccegtttge
aaataaaaaa
attcaaaagg
cgggtaacat
gatcgaaatc
catacagaag
cttcatccgg
gaagccaggyg
cctgacgatg
cgacttcgcet
gaacccagtg
cacgcaactg
tcatggettg
aagcgcgtta

agggcagtcg

-53 -

gaggatttat
agagattagc
taaaaggctt
tatgaaattg
actagataga
tgacaaaata
actacacgat
tgacatgcaa
aaccacacta
tatctatcag
tatcaaaggg
cagagctttt
taacagatga
tagaacatga
gcctgaaaca
cgcctecegt
acctgaagcc
gggcagcaaa
ggggacctct
tcatccaccg
caaggcccga
cagatccttg
ctgggcgaac
ggtcagcacc
cagatccgtg
cgtggagacc
gctgcccaag
gacataagcc
gtccagaacc
ttatgactgt
cgeccgtgggt

ccctaaaaca

gagtggttat
cttgatgaat
aaccaatggg
gtggttgata
caaatggatc
ccaacaacca
gctttaactg
agtaagcatg
gagaacatac
tgaagcatca
aaaactgtcc
acgagttttt
acagcatgta
aattgaacac
ggcgatgctg
ggggaaaaaa
ggatctgcga
acccgttatg
agggtcccca
gatcaattcc
tccttggage
acccgcagtt
aaacgatgct
accggcaagc
cacagcacct
gaaaccttge
gttgccgggt
tgttecggttc
ttgaccgaac
ttttttgggg
cgatgtttga

aagttaaaca

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

2760

2820

2880

2940

3000

3060



tcatgaggga
tcgagcgcceca
gcggcctgaa
aaacaacgcg
gcgagattct
gttatccagc
gtatcttcga
aacatagcgt
aggatctatt
ctggcgatga
gcaaaatcgc
atcagcccgt
cctegegege
tagtcggcaa
actcaagcgt
tgcttttatt
aaaggctggc
aaatctagcg
agattatatt
ttcacaaaac
ttteccgact
taggcacccc
tacctagaga
ggtcagcagc
tttgatgagc
attgggctgg
cgaaccgtcg
cctgatgaat
atccattaat
cttgatttga
cttcgecaacg

ccaaaactgt

agcggtgatc
tctcgaaccg
gccacacagt
gcgagcetttg
ccgcgetgta
taagcgcgaa
gccagccacg
tgccttggta
tgaggcgcta
gcgaaatgta
gccgaaggat
catacttgaa
agatcagttg
ataatgtcta
tagatgcact
atttttaagc
tttttettgt
agggctttac
actaattaat
ggtttacaag
ggaaagcggg
aggctttaca
gggtgagaat
aacgcgttge
caacgtcggc
cgcagtcggg
ctgaccgggt
tttttgcgceca
tgaatgttag
tgtctggcag
ttcaaatccg

gctcagtacc

21847

gccgaagtat
acgttgctgg
gatattgatt
atcaacgacc
gaagtcacca
ctgcaatttg
atcgacattg
ggtccagcgg
aatgaaacct
gtgcttacgt
gtcgctgeeg
gctagacagg
gaagaatttg
acaattcgtt
aagcacataa
gtgcataata
tatcgcaata
taagctgatc
tggggaccct
catacgttgg
cagtgagcgce
ctttatgcett
tgccgaacat
cattgcgcegt
gctcgatcct
tatgacaatg
aatttttatg
tcctaaatca
ttcgaaaagc
tttatggcgg
tcgaggcetat

gccaatattt

cgactcaact
ccgtacattt
tgctggttac
ttttggaaac
ttgttgtgca
gagaatggca
atctggctat
cggaggaact
taacgctatg
tgtccecgeat
actgggcaat
cttatcttgg
tccactacgt
caagccgacg
ttgctcacag
agccctacac
gttggcgaag
cggtggatga
agaggtcccc
ccgattcatt
aacgcaatta
ccggetegta
gcgcataagt
tcgetgtgta
gagatggtga
ttgtgtgtaa
gatcgtgggg
gagcgtacga
aaaaaggcca
gcgtectgec
tgacgacagc

ctceccttgag

-54 -

atcagaggta
gtacggctcce
ggtgaccgta
ttcggcttcce
cgacgacatc
gcgcaatgac
cttgctgaca
ctttgatccg
gaactcgccg
ttggtacagc
ggagcgcctg
acaagaagaa
gaaaggcgag
ccgettegeg
ccaaactatc
aaattgggag
taatcgcaac
ccttttgaat
ttttttattt
aatgcagctg
atgtgagtta
tgttgtgtgg
ttceceggaca
tgaagccgaa
aagaggtgct
cacatgagat
aaatagtgga
gggcattttt
tcctttcecgga
cgccacccte
tatggttcac

gggtacaaag

gttggcgtca
gcagtggatg
aggcttgatg
cctggagaga
attccgtgge
attcttgcag
aaagcaagag
gttcctgaac
cccgactggg
gcagtaaccg
ccggceccagt
gatcgcttgg
atcaccaagg
gcgcecggetta
aggtcaagtc
atatatcatg
atccgcatta
gacctttaat
taaaaatttt
gcacgacagg
gctcactcat
aattgtgagt
gatttcaggt
aattatgttg
ggatacgatg
ggggtttgca
gcaagctgca
atcgcaggta
tggeccttteg
cgggccgttg
tgtccaccaa

aggtgtccct

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980



agaagagatc
tgtaataatt
taatggaaat
taaaagatgt
tgttgccttt
ttgatgccge
tgtttgactt
agaatcatga
aggccggcga
aggcaccaac
ttggtgaaga
caacccttga
atgcagttaa
tgaatgaagt
aacattactc
taccaatgac
tgaagatgtc
ttgatgcccg
aggttggcgc
accaaattaa
gtcgtgtctt
caggtgaaaa
attactatac
tgaagctatt
ttgacacgcc
aagctgtatt
ctgttatgag
actgtttcct
aggatcctcc
aacaaaaggc

actctcgcat

cggcatgggg

cacgctgtgt
taattacagg
tcaaaacaaa
tcatcaagtc
cttceccttca
atttggtgat
catgattaac
cgattcaaag
aaaccgtcca
gcaagaaatc
acaaattgac
agacatggta
aaaagttgac
acgtgaaatt
aatccctaaa
aacgctttac
accaatgaag
tgatattcta
gaatgtcaaa
ctcaacttat
ccaagtcttt
cgatatcgcg
gcgtgaagaa
gtcatggcgt
aactgataca
aacagccgat
cagtgataat
gagggaagca
cggcggattt
ccagtcttec
ggggagaccc

tcaggtggga

21847

aaaaatttta
cgggggcaac
gcaatgttga
ttgaaagaag
acaggtgatc
tgggcagatg
catatttctc
tataaagatt
acacaagccg
acttttgatg
attgatgtta
aaacatggtg
acaaatgact
ttgacaccat
aagatcaatg
acattgtatt
caattcacaa
actgatgatg
aagacatatt
tattcagcat
gcgcctggaa
cttttggagt
gttaagtcag
aatgaaagcc
acaattgtgg
gcggccaaca
ttgactcaga
gtttttttgce
gtcctactcg
gactgagcct
cacactacca

ccaccgeget

caaaaaggta
cccgectgtt
tcacttatgc
atattggaga
gcggttttge
tcgaagcatt
gtgaatcagt
tctttatteg
atgttgactt
atggcacaac
attcagccat
ctaacttgat
tcttegttga
taaaggctga
atcatggtta
caggtaagac
cattggacac
aaattgacta
catctgcttce
tgggaaatga
ttccacaaat
caactaaaga
aagttaagcg
ctgcatttga
tgacacgtca
aaacttttga
actaaactat
tgatagtggg
ggagagtgtt
tttgttttat
tcggecgcectac

actgcégcca

- 55 -

ttgactttcc
ctagaatagt
tgattcgttg
tgcgattggt
gccagccgat
gggtgaagaa
gatgtatcaa
ttgggaaaag
aatttacaag
agaaaacttg
tgccaaggaa
tcgtttggat
gccagaaatc
aattttacca
cttcacctat
aaatcaattg
gcatgatggt
cgcttctgaa
atacaacaac
tgatgcagca
ttattacgtt
aggtcgtaat
accagttgtt
tttggctggc
agatgaaaat
aatcgttgag
atttgaatca
aaatattata
caccgacaaa
ttgatgtctg
ggcggtttceca

gacaaattct

ctacagggtg
ggaggaataa
ggcaaaaact
ggggttcatt
tatactcgtg
tactatttga
gattttaaga
ttctgggcaa
cgtaaagata
tggaatactt
tttattaaga
gcctttgegt
tgggacactt
gaaattcatg
gactttgcat
gcaaagtggt
attggtgtcg
caactttaca
cttgatattt
tacttgttga
ggtttgttgg
attaaccgtc
gctaacttat
tcaatcacag
ggtcaaaaca
aatggtcaaa
atttctaaga
ttgacagaca
caacagataa
gcagttcecct
cttctgagtt

tttctaatct

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900



gccgaacttt
taccaagggt
ttccctacte
gagttcggca
atcagaccgc
gataacaatt
gaattcactg
taatcgecctt
cgatcgecect
tctcecttacg
ctctgatgcece
<210>
<211>
<212>
<213>
<220>
<400>
<221>

<222>
<223>

8998
ADN

<400>
gttgacagta

agtctgaatg
gaactgctga
tgagaagccc
aaggcgcctg
aatgtcacga
gcgatttgcc
gtagaggagc
gtgagttata
tataaattat
cagagggtct
ccacaactca
gtgattaaaa
atgaactagc

gtgtggcact

SEQ ID NO.

aacctaaaaa

gcgctctacce

tcgcatgggg

tggggtcagg

ttctgcgtte
tcacacagga
gccgtegttt
gcagcacatc
tcccaacagt
catctgtgeg

gcatagttaa

15

Trinh tu

agacgggtaa
acctgtcacg
acagcaaaaa
gtgacgggct
tagtgccatt
aaaagacagc
cgagcttgcg
aaacagcgtt
cacagggctg
aaccacttga
agcagaattt
aaggaaaagg
tcacctagac
gattagtcgce

actcaacccce

21847

gtggtgctga
aactgagcca
agaccccaca
tgggaccacc
tgatttaatc
aacagctatg
tacaacgtcg
cceccectttege
tgcgcagcect
gtatttcaca

gccagcceeg

ADN plasmit pRY803F
Dic didm: Catset cat-sacB d& tich hop
Trinh tu
Pac diém hdn hop
(5979) ..(5979)

n 13 a, ¢, g, hodc t

gcctgttgat
ggataatccg
gtcagatagc
tttcttgtat
tacccccatt
gactcaggtg
agggtgctac
tgcgacatcc
ggatctattc
atataaacaa
acaagttttc
actagtaatt
caattgagat
tatgacttaa

acgattgaaa

tacccagagt
tatcagcacg
ctaccatcgg
gcgetacggce
tgtatcaggc
accatgatta
tgactgggaa
cagctggegt
gaatggcgaa
ccgcatatgg

acacccgcecea

gataccgctg
aagtggtcag
accacatagc
tatgggtagt
cactgccaga
cctgatggtce
ttaagccecttt
ttttgtaata
tttttatctt
aaaaaacaca
cagcaaaggt
atcattgact
gtatgtctga
cggagcatga

accctacaag
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cgaactgggg
ctaaatttga
cgctacggeg
cgccaggcaa
tgaaaatctt
cgccaagctg
aaccctggeg
aatagcgaag
tggcgectga
tgcactctca

acacccgetg

acctcaccct
tgcctggcag
tttcacttct
attctgtttt
ctctcatceg
taccgagctc
ttacccaact
aggcccgcac
tgcggtattt
gtacaatctg

acgaattc

& locus thrv

ccttactggg
actggaaaat
agacccgcca
ttccttgcat
gccgtgageg
ggagacaaaa
agggttttaa
ctgcggaact
tttttattct
caaaggtcta
ctagcagaat
agcccatctce
attagttgtt
aaccaagcta

gaaagaacgg

tgcattagcc
cagagggcag
taaaacgccc
gaatccataa
cagcgaactg
ggaatattca
ggtctgtttt
gactaaagta
ttctttattc
gcggaattta
ttacagatac
aattggtata
ttcaaagcaa
attttatgct

acggtatcgt

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7558

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



tcacttataa
tagctaaagc
aaggctttga
tagtttttag
atctggaaca
taaaagaact
ttaagttcat
ttttgaaacc
agcgaggccg
tcgtaaccga
ttacatcaga
caaaaattca
atctcaatgg
tggctaaata
agactaacaa
atatgcacag
ggtgcattta
acacctaata
ctgagacaac
cttatcgaat
tcatggcaat
ttctgataac
cttgtaaacc
attaattagt
cctgctegeg
ccttgeecte
gcaaaccctc
cgccttecag
gccgcgacgg
tgccgtagaa
gctcgttege

gacgcacacc

ccaatacgcet
aaccagagag
gattttccag
tgaagagata
tgttaagtct
aacacaaaag
gttaatgctt
aataagtaaa
cccgactgat
acttgagaac
ttcctaccta
gctcaccagt
ttcgttctca
cggaaggatc
acaaaagtag
atgaaaacgg
aagctgttca
gaacaggtga
ttgttacagce
caaagctgcc
tctggaagaa
aaactagcaa
gttttgtgaa
aatataatct
caggctgggt
ccgcacgatg
actgatccge
aaaaccgagg
ccgaggtett
gaacagcaag
cagccaggac

gtggaaacgg

21847

cagatgatga
ctgatgacga
tggacaaact
ttgccttate
tttgaaaaca
aaaactcaca
gaaaataact
gétttaaaca
acgttgattt
aaccagataa
cgtaacggac
tttgaggcaa
tggctcacgce
tgaggttctt
aacaactgtt
tgtaaaaaag
ccatgaacag
aaccagtaaa
tcaacagtca
gacaacacgg
atagcgcttt
caccagaaca
aaaattttta
attaaaggtc
gccaagctcet
atcgtgcegt
atgcccgtte
atgcgaacca
ccgatctect
gccgccaatg
agaaatgcct

atgaaggcac

acatcagtag
gaactgtgga
atgccaagtt
ttttccagtt
aatactctat
aggcaaatat
accatgagtt
cttacagcaa
tccaagttga
aaatgaatgg
taagaaaaac
aatttttgag
aaaaacaacg
atggctcttg
caccgttaga
atagatacat
atcgacaatg
acaaagcaac
cacatagaca
gagccagtga
cagccggcaa
gcccgtttge
aaataaaaaa
attcaaaagg
cgggtaacat
gatcgaaatc
catacagaag
cttcatcecgg
gaagccaggyg
cctgacgatg
cgacttcgct

gaacccagtg

-57 -

ggaaaatgct
aatcaggaat
ctcaagcgaa
aaaaaaattc
gaggatttat
agagattagc
taaaaggctt
tatgaaattg
actagataga
tgacaaaata
actacacgat
tgacatgcaa
aaccacacta
tatctatcag
tatcaaaggg
cagagctttt
taacagatga
tagaacatga
gcctgaaaca
cgcctceegt
acctgaagcc
gggcagcaaa
ggggacctct
tcatccaccg
caaggcccga
cagatccttg
ctgggcgaac
ggtcagcacc
cagatccgtg
cgtggagacc
gctgcccaag

gacataagcc

tatggtgtat
cctttggtta
aaattagaat
ataaaatata
gagtggttat
cttgatgaat
aaccaatggg
gtggttgata
caaatggatc
ccaacaacca
gctttaactg
agtaagcatg
gagaacatac
tgaagcatca
aaaactgtcc
acgagttttt
acagcatgta
aattgaacac
ggcgatgctg
ggggaaaaaa
ggatctgcga
acccgttatg
agggtcccca
gatcaattcc
tccttggagce
acccgcagtt
aaacgatgct
accggcaagc
cacagcacct
gaaaccttgc
gttgccgggt

tgttceggttc

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

2760

2820



gtaagctgta
gcagcggtgg
tacagtctat
tgttatggag
tcatgaggga
tcgagcgcca
gcggcctgaa
aaacaacgcg
gcgagattct
gttatccagc
gtatcttcga
aacatagcgt
aggatctatt
ctggcgatga
gcaaaatcgc
atcagcccgt
cctegegegce
tagtcggcaa
actcaagcgt
tgcttttatt
aaaggctggce
aaatctagcg
agattatatt
ttcacaaaac
tttcecgact
taggcacccc
tacctagaga
ggtcagcagc
tttgatgagc
attgggctgg
cgaaccgtcg

cctgatgaat

atgcaagtag
taacggcgca
gcctegggcea
cagcaacgat
agcggtgatc
tctcgaaccg
gccacacagt
gcgagctttg
ccgegetgta
taagcgcgaa
gccagccacg
tgccttggta
tgaggcgcta
gcgaaatgta
gccgaaggat
catacttgaa
agatcagttg
ataatgtcta
tagatgcact
atttttaagc
tttttettgt
agggctttac
actaattaat
ggtttacaag
ggaaagcggg
aggctttaca
gggtgagaat
aacgcgttgce
caacgtcggc
cgcagtcggg
ctgaccgggt

tttttgcgca

21847

cgtatgeget
gtggcggttt
tccaagcagc
gttacgcagc
gccgaagtat
acgttgctgg
gatattgatt
atcaacgacc
gaagtcacca
ctgcaatttg
atcgacattg
ggtccagcgg
aatgaaacct
gtgcttacgt
gtcgctgceccg
gctagacagg
gaagaatttg
acaattcgtt
aagcacataa
gtgcataata
tatcgcaata
taagctgatc
tggggaccct
catacgttgg
cagtgagcgc
ctttatgett
tgccgaacat
cattgcgcgt
gctecgatcct
tatgacaatg
aatttttatg

tcctaaatca

cacgcaactg
tcatggcttg
aagcgcgtta
agggcagtcg
cgactcaact
ccgtacattt
tgctggttac
ttttggaaac
ttgttgtgca
gagaatggca
atctggctat
cggaggaact
taacgctatg
tgtccegeat
actgggcaat
cttatcttgg
tccactacgt
caagccgacg
ttgctcacag
agccctacac
gttggcgaag
cggtggatga
agaggtcccc
ccgattcatt
aacgcaatta
ccggetegta
gcgcataagt
tcgectgtgta
gagatggtga
ttgtgtgtaa
gatcgtgggg

gagcgtacga
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gtccagaacc
ttatgactgt
cgcecgtgggt
ccctaaaaca
atcagaggta
gtacggctcc
ggtgaccgta
ttcggcttcce
cgacgacatc
gcgcaatgac
cttgctgaca
ctttgatccg
gaactcgccg
ttggtacagc
ggagcgcctg
acaagaagaa
gaaaggcgag
ccgettegeg
ccaaactatc
aaattgggag
taatcgcaac
ccttttgaat
ttttttattt
aatgcagctg
atgtgagtta
tgttgtgtgg
ttceccggaca
tgaagccgaa
aagaggtgct
cacatgagat
aaatagtgga

gggcattttt

ttgaccgaac
ttttttgggg
cgatgtttga
aagttaaaca
gttggcgtca
gcagtggatg
aggcttgatg
cctggagaga
attcecgtggce
attcttgcag
aaagcaagag
gttcctgaac
cccgactggg
gcagtaaccg
ccggeccagt
gatcgecttgg
atcaccaagg
gcgcggctta
aggtcaagtc
atatatcatg
atccgcatta
gacctttaat
taaaaatttt
gcacgacagg
gctcactcat
aattgtgagt
gatttcaggt
aattatgttg
ggatacgatg
ggggtttgca
gcaagctgca

atcgcaggta

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

4500

4560

4620

4680

4740



atccattaat
cttgatttga
cttcgcaacg
ttctctagaa
ttcgcagaat
tggcgaaaat
agatcactac
atggagaaaa
cattttgagg
attacggcct
cacattcttg
gagctggtga
acgttttcat
tcgcaagatg
aatatgtttt
gccaatatgg
gacaaggtgc
gtcggcagaa
tttttttaag
ataagcggat
gggtcgttaa
cgcggaccgg
tatgatattt
aaaaaataca
gcaaatcctt
acgagagtct
aggcaagacc
tttaggtett
aagcagaccg
tgcaaaacaa
agcgtttgeg

tacacgccat

tgaatgttag
tgtctggcag
ttcaaatccg
agtataggaa
aaataaatcc
gagacgttga
cgggcgtatt
aaatcactgg
catttcagtc
ttttaaagac
ccegectgat
tatgggatag
cgctectggag
tggcgtgtta
tcgtctecagce
acaacttctt
tgatgccgcect
tgcttaatga
gcagttattg
gaatggcaga
atagccgett
atcccatcac
tctgaattgt
gagaatgaaa
ttatgatttt
aatagaatga
taaaatgtgt
tttttattgt
ctaacacagt
gcaacagtat
aaagaaacga

gatatgctgce

21847

ttcgaaaagc
tttatggcgg
ctcgaattcc
cttcgaattg
tggtgtccct
tcggcacgta
ttttgagtta
atataccacc
agttgctcaa
cgtaaagaaa
gaatgctcat
tgttcaccct
tgaataccac
cggtgaaaac
caatccctgg
cgccceegtt
ggcgattcag
attacaacag
gtgcccttaa
aattcgaaag
atgtctattg
atatacctgc
gattaaaaag
agaaacagat
ctatcaaaca
ggtcgaaaag
aaagggcaaa
gcgtaactaa
acataaaaaa
taacctttac
accaaaagcc

aaatccctga

aaaaaggcca
gcgtcctgec
cgcgecegat
tcgacaagct
gttgataccg
agaggttcca
tcgagatttt
gttgatatat
tgtacctata
aataagcaca
ccggaattcce
tgttacaccg
gacgatttcc
ctggectatt
gtgagtttca
ttcaccatgg
gttcatcatg
tactgcgatg
acgcctggtg
caaattcgac
ctggtttant
cgttcactat
gcaactttat
agatttttta
aaagaggaaa
taaatcgcgce
gtgtatactt
cttgccatcect
ggagacatga
taccgcactg
atataaggaa

acagcaaaaa

-59 -

tcctttegga
cgccacccte
gaattgatcc
agcatgtgac
ggaagccctg
actttcacca
caggagctaa
cccaatggca
accagaccgt
agttttatcc
gtatggcaat
ttttccatga
ggcagtttct
tcecctaaagg
ccagttttga
gcaaatatta
ccgtttgtga
agtggcaggg
ctacgcctga
ccggtegteg
cggtacccgg
tatttagtga
gcccatgcaa
gttctttagg
atagaccagt
gggtttgtta
tggcgtcacc
tcaaacagga
acgatgaaca
ctggcaggag
acatacggca

aatgaaaaat

tggccttteg
cgggccgttg
gaagttccta
ggaagatcac
ggccaacttt
taatgaaata
ggaagctaaa
tcgtaaagaa
tcagctggat
ggcctttatt
gaaagacggt
gcaaactgaa
acacatatat
gtttattgag
tttaaacgtg
tacgcaaggc
tggcttecat
cggggcgtaa
ataagtgata
gttcagggca
ggatcgcggce
aatgagatat
cagaaactat
cccgtagtcet
tgcaatccaa
ctgataaagc
ccttacatat
gggctggaag
tcaaaaagtt
gcgcaactca
tttcccatat

atcaagttcc

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660



tgaattcgat
cagctggcca
ctttgcatta
aaaagtcggc
cgacaaattc
agccacattt
ttacggcaaa
gaacatcaac
aaatgtacag
agatcctcac
aactgaagat
cacatcattc
tgagttagca
agtgatgaaa
ctttaaaatg
tgacggcatt
cccatacaag
tgtaaccttt
tacaagctat
cttectgcetg
aggacaatta
tttcttttat
tatgttggca
caccggtgcg
gctgagctce
aacaaaaggc
actctcgecat
cggcatgggg
gccgaacttt
taccaagggt
ttecectacte

gagttcggca

tcgtccacaa
ttacaaaacg
gccggagatc
gaaacttcta
gatgcaaatg
acatctgacg
caaacactga
ggtgtagagg
cagttcatcg
tacgtagaag
ggctaccaag
ttccgtcaag
aacggcgctc
ccgctgattg
aacggcaaat
acgtctaacg
ccgctgaaca
acttactcac
atgacaaaca
aacatcaaag
acagttaaca
ttcttccatt
ctgatgaggg
tcagcagaat
cggcggattt
ccagtcttcc
ggggagaccc

tcaggtggga

aacctaaaaa
gcgctctacce
tcgecatgggg

tggggtcagg

21847

ttaaaaatat
ctgacggcac
ctaaaaatgc
ttgacagctg
attctatcct
gaaaaatccg
caactgcaca
attataaatc
atgaaggcaa
ataaaggcca
gcgaagaatc
aaagtcaaaa
tcggtatgat
catctaacac
ggtacctgtt
atatttacat
aaactggcct
acttcgetgt
gaggattcta
gcaagaaaac
aataaaaacg
taaatggatg
tgtcagtgaa
atgtgataca
gtcctactcg
gactgagcct
cacactacca
ccaccgeget
gtggtgctga
aactgagcca
agaccccaca

tgggaccacc

ctcttectgea
tgtcgcaaac
ggatgacaca
gaaaaacgct
aaaagaccaa
tttattctac
agttaacgta
aatctttgac
ctacagctca
caaatactta
tttatttaac
acttctgcaa
tgagctaaac
agtaacagat
cactgactcc
gcttggttat
tgtgttaaaa
acctcaagcg
cgcagacaaa
atctgttgtc
caaaagaaaa
catgcgctag
gtgcttcatg
ggatatattc
ggagagtgtt
tttgttttat
tcggecgetac
actgccgeca
tacccagagt
tatcagcacg
ctaccatcgg

gcgctacggce
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aaaggcctgg
tatcacggct
tcgatttaca
ggccgcegtcet
acacaagaat
actgatttct
tcagcatcag
ggtgacggaa
ggcgacaacc
gtatttgaag
aaagcatact
agcgataaaa
gatgattaca
gaaattgaac
cgcggatcaa
gtttctaatt
atggatcttg
aaaggaaaca
caatcaacgt
aaagacagca
tgccaatatc
cggagtgtat
tggcaggaga
cgcttecteg
caccgacaaa
ttgatgtctg
ggcggtttca
gacaaattct
cgaactgggg
ctaaatttga
cgctacggcg

cgccaggcaa

acgtttggga
accacatcgt
tgttctatca
ttaaagacag
ggtcaggttc
ccggtaaaca
acagctcttt
aaacgtatca
atacgctgag
caaacactgg
atggcaaaag
aacgcacggc
cactgaaaaa
gcgcgaacgt
aaatgacgat
ctttaactgg
atcctaacga
atgtcgtgat
ttgcgccgag
tccttgaaca
ctattggcat
actggcttac
aaaaaggctg
ctcactgact
caacagataa
gcagttccct
cttctgagtt
tttctaatct
acctcaccct
tgcetggecag
tttcacttct

attctgtttt

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580



atcagaccgc
gataacaatt
gaattcactg
taatcgcecett
cgatcgecct
tctccttacg

ctctgatgcce

ttctgegtte
tcacacagga
gcecgtegttt
gcagcacatc
tcccaacagt
catctgtgcg

gcatagttaa

21847

tgatttaatc
aacagctatg
tacaacgtcg
cceetttege
tgcgcagcect
gtatttcaca

gccagceceg

tgtatcaggce
accatgatta
tgactgggaa
cagctggcgt
gaatggcgaa
ccgcatatgg

acacccgcca

-61 -

tgaaaatctt
cgccaagctg
aaccctggceg
aatagcgaag
tggcgcctga
tgcactctca

acacccgctg

ctctcatceceg
taccgagctc
ttacccaact
aggcccgeac
tgcggtattt
gtacaatctg

acgaattc

8640

8700

8760

8820

8880

8940

8998





