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(54) PHUONG PHAP SAN XUAT ISOPRENOIT

(57) Sang ché dé xuat phuong phdp san xuat on dinh isoprenoit thong qua mot
hodc nhiéu qua trinh sinh téng hop. Sdng ché€ con dé xudt axit nucleic, enzym,
vecto biéu hién, va t&€ bao chli da duoc cai bién di truyén d€ thuc hién phuong
phép nay. Sang ch& con dé xuit phuong phdp 1én men cho san lugng isoprenoit

cao tlr t& bao chu da duoc cai bién di truyén nay.
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Linh vye ky thuét duec dé cap

Sang ché dé cap dén phuong phép san xuét dn dinh isoprenoit théng qua
mot hodc nhiéu qua trinh sinh tdng hop. Sang ché con dé cap dén phuong phép

1én men cho san lugng isoprenoit cao tir t& bao chi da dugc cai bién di truyén.
Tinh trang ky thuit ciia sang ché

Isoprenoit c6 & khip noi trong tw nhién. Ching bao gdm mdt ho da dang
gdm hon 40.000 san phim riéng r&, nhiéu loai trong s6 nay 1a rt quan trong ddi
v6i céc sinh vat séng. Isoprenoit giip duy tri tinh luu dong cua t€ bao, chuc
nang van chuyén dién tir, va cac chirc ning chuyén hoa khac. Mot luong 16n
cAc isoprenoit tw nhién va tong hop 14 hitu ich 1am thudc, m§ phdm, nudc hoa,
chit nhudém va chét tao mau, thudc diét ndm, thude chéng nhiém khuén, chit

dinh dudng, va san phim trung gian hoa hoc min.

San phdm isoprenoit thuong chita nim don vi cacbon isopentenyl
diphosphat (isopentenyl diphosphate - IPP) 1dp lai, mic du céc isoprenoit va
polyterpen bat quy tic da dugc bao cdo. Trong tw nhién, isoprenoit dugc tong
hop bing cach ngung tu lién tuc tién chit IPP ciia ching va dang ddng phan
dimetylalyl pyrophosphat (dimethylallyl pyrophosphate - DMAPP) cua né. Hai
qué trinh dbi vai céc tién chét nay la da biét. C4c sinh vat nhan chudn, trix thuc
vat, thuong st dung qué trinh phu thuéc mevalonat (mevalonate-dependent -
MEV) dé chuyén hoa axetyl coenzym A (axetyl-CoA) thanh IPP, chét nay sau
do duoc déng phan hoé thanh DMAPP. Sinh vét nhan so, trir mot sb ngoai 1€,
thuong chi st dung qué trinh khong phu thudc mevalonat hodc qué trinh
deoxyxyluloza-5-phosphat (deoxyxylulose-5-phosphate - DXP) dé san xuét IPP
va DMAPP. Thuc vit sir dung ca qué trinh MEV va qué trinh DXP. Xem 4n
phédm: Rohmer et al. (1993) Biochem. J. 295:517-524; Lange et al. (2000) Proc.
Natl. Acad. Sci. USA 97(24):13172-13177; Rohdich et al. (2002) Proc. Natl.
Acad. Sci. USA 99:1158-1163.
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Theo truyén thdng, isoprenoit da dugc san xut biang cach chiét tir cac
nguén tw nhi€n nhu thyc vat, vi sinh vat, va dong vat. Tuy nhién, san lugng thu
duoc bing cach chiét nay thuong rét thdp do c6 nhidu han ché dang ké. Thur
nhét, phin 16n isoprenoit tich lu§y trong tu nhién chi véi luong nhé. Thir hai, noi
chung cic ngudn sinh vét nay khong phi hop d nudi cdy & quy md lén cin
thiét dé san xuét luong isoprenoit mong muén khé thi v& mat thuong mai. Thi
ba, yéu cau vé& mét s6 dung moi doc dé chiét isoprenoit, doi hoi phai c6 céc quy
trinh xr 1y va tiéu hiy dic biét, va do d6 lam phirc tap quy trinh san xuét

isoprenoit & quy mo thuong mai.

Céc qué trinh chuyén hoda MEV va DXP dugc lam sang té khién cho
viéc san xuét sinh téng hop isoprenoit cé thé thuc hién dugc. Vi du, vi sinh vat
da duge thiét ké di truyén dé biéu hién qua mic mot phin hodc toan by qua
trinh mevalonat dé san xuét isoprenoit c6 tén 1a amorpha-4,11-dien (Patent M§y
s6 7,172,886 va 7,192,751). Céc nghién ctru khac tdp trung vao viéc lam cén
bing ngudn glyxeraldehyt-3-phosphat va pyruvat, hodc tap trung vao viéc lam
taing mic biéu hién cia 1-deoxy-D-xyluloza-5-phosphat synthaza (1-deoxy-D-
xylulose-5-phosphate synthase - dxs) va IPP isomeraza (IPP isomerase - idi).
Xem 4n phdm: Farmer et al. (2001) Biotechnol. Prog. 17:57-61; Kajiwara et al.
(1997) Biochem. J. 324:421-426; va Kim et al. (2001) Biotechnol. Bioeng.
72:408-415.

Tuy nhién, do nhu ciu cin c¢6 luong san phim isoprenoit rat 16n cho
nhiéu tng dung thuong mai, van cn c¢6 cac hé biéu hién va cac quy trinh 1én
men ma san xuét dugc nhidu isoprenoit hon so véi cac cong nghé hién tai. Viéc
dinh hudng lai t61 wu su chuyén ho4 vi sinh vt theo hudéng san xut isoprenoit
doi hoi 1 qua trinh sinh téng hop da dwa vao dugc cai bién di truyén thich hop
dé tap trung cacbon vao vi¢c vira san Xudt isoprenoit mot cach hi€u qua va vira
ngin ngira su tich lily cac mic gdy doc cua cic san phdm chuyén hoa trung
gian trong khoang thoi gian kéo dai. Sang ché giai quyét nhu ciu ndy va con co

cac uu diém.
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Ban chit ky thuit ciia sang ché

Séng ché d& xuét ché phim va phwong phap san xuit manh isoprenoit
bing cach sir dung cic enzym cia qué trinh isopentenyl pyrophosphat duoc
kiém soat boi it nhét mot yéu td didu hoa khac loai hoic cac diéu kién 1én men,
hoic riéng ré& hodc két hop. Vi du khong giéi han vé cac isoprenoit thich hop
bao gém: hemiterpen (duoc tao ra tr 1 don vi isopren) nhu isopren;
monoterpen (dugc tao ra tir 2 don vi isopren) nhu myrcen; sesquiterpen (dugc
tao ra tr 3 don vi isopren) nhu amorpha-4,11-dien; diterpen (dugc tao ra tir bdn
don vi isopren) nhu taxadien; triterpen (dugc tao ra tir 6 don vi isopren) nhu
squalen; tetraterpen (dugc tao ra tir 8 isoprenoit) nhu B-caroten; va polyterpen

(duogrc tao ra tir nhiéu hon 8 don vi isopren) nhu polyisopren.

Theo mot khia canh, phuong phép san xuét isoprenoit bao gdm céc budce
(a) thu nhidu t& bao chu chira qua trinh enzym dé tao ra isopentenyl
pyrophosphat trong do tit ca cac enzym clia qu4 trinh nay déu duoc kiém soat
boi it nhit mot yéu t6 didu hoa phién ma khéc loai; va (b) nuodi ciy té bao chu
nay trong moi trudng & cac diéu kién dudi diém cuc thudn so véi cac diéu kién
ma s& tao ra tc dd sinh trudng riéng tdi da déi véi té bao chi nay. Theo mot sb
phuong 4n, qué trinh ndy 1a qua trinh mevalonat. Theo phwong 4n khac, qua
trinh nay 12 qud trinh DXP. Theo c4c phuong 4n khéc, it nhit mot trinh ty didu
hoa phién ma khac loai ¢ thé cam tng duogc. Theo cac phuong an khac, céic
enzym cua qué trinh ndy dugc kiém soat bdi mot yéu té didu hoa phién ma duy
nhét. Theo phuong 4n khéc, cac enzym cla qua trinh ndy dugc kiém soat bi

nhi€u yeu to di€u hoa phién ma khac loai.

Theo mdt s6 phuong 4n, qué trinh nay bao gdm trinh ty axit nucleic ma
hoa enzym cua qué trinh mevalonat tir sinh vat nhén so ¢6 qua trinh mevalonat
ndi sinh. Vi du v& sinh vat nhan so ¢6 qué trinh mevalonat ndi sinh bao gém,
nhung khong bi gidi han & chi Enterococcus, chi Pseudomonas, va chi
Staphylococcus. Theo mot phuong 4n, enzym cia qué trinh mevalonat nay

dugc chon tir axetyl-CoA thiolaza, HMG-CoA synthaza, HMG-CoA reductaza,
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va mevalonat kinaza. Theo phuong an khéc, trinh ty axit nucleic khac loai ma

héa HMG-CoA reductaza 16p II.

Theo phuong 4n khéc, té bao chu dugc nudi cdy trong moi truong trong
d6 murc dinh dudng va/hodc nhiét d¢ dugc duy tri & mirc thép hon mtrc s& tao
ra tdc do sinh trudng riéng tbi da cho t& bao chi ndy. Theo phuong 4n khéc, té
bao chi dugce nudi ciy trong méi trudng trong d6 ngudn cacbon dugc duy tri &
mirc dé tao ra thap hon khoang 90%, 75%, 50%, 25%, 10%, hoic & ty 18 bét ky
nim trong khoang tir 90% dén 10% tdc do sinh truéng riéng tdi da. Theo
phuong 4n khac, té bao chu dugce nudi cdy trong mdi truong trong d6 ngudn
nito dugc duy tri-& mirc tao ra thip hon khoang 90%, 75%, 50%, 25%, 10%,
hodc & ty 1& bat ky ndm trong khoang tir 90% dén 10% tbc do sinh trudng riéng
t6i da. Theo phuong 4n khac, té bao chi duge nudi ciy trong mdi trudng trong
d6 nhiét d6 dugc duy tri & mirc dé tao ra thdp hon khoang 90%, 75%, 50%,
25%, 10% hogc & ty 1& bat ky nam trong khoang tir 90% dén 10% téc do sinh
trudng riéng tdi da. Theo phuong 4n khac, nhiét do moi truong dugc duy tri
thép hon it nhat 1a khoang 2°C, 4°C, 5°C, 6°C, 8°C, 10°C, 15°C, hoic 20°C so

v6i nhiét do s€ tao ra toc df sinh trudng riéng toi da.

Theo phuong an khéac nita, phuong phép san xuét isoprenoit hodc tién
chit isoprenoit bao gdm céc budce (i) tién hanh phan ng 1én men bao gdm moi
trudng 1én men va nhiéu t& bao chu da duge cai bién di truyén ma san xuét
isoprenoit trong diéu kién sao cho (a) moi truong lén men dugc gitt & nhiét do
thép hon nhiét d6 s& tao ra tc do sinh trudng ri€ng t8i da cua té bao chu nay;
(b) mdi trudng 1én men chira ngudn cacbon c6 mit véi luong thip hon lugng s&
tao ra toc do sinh trudng riéng tdi da cua té bao chu; va/hodc (c) moi trudong 1én
men chira ngudn nito c6 mit véi lwong thip hon luong s& tao ra tde do sinh
truéng riéng tdi da cua té bao chii; (ii) thu hdi isoprenoit dugc tao ra trong mot
hodic nhiéu didu kién néu trong muc tir (a) dén (c). Theo mot khia canh,
isoprenoit dwgc san xuét ra trong it nhét hai diéu kién néu trong muc tir (a) dén
(¢). Theo khia canh khéc, isoprenoit dugc san xuit ra trong tit ca cac didu kién

néu trong muc tir (a) dén (c).



21745

Mo ta van tat cac hinh vé

Fig.1A 13 so db biéu dién qué trinh mevalonat ("MEV") dé san xuét

isopentenyl pyrophosphat ("IPP").

Fig.1B 1a so db biéu didn qud trinh 1-deoxy-D-xyluloza S-diphosphat
("DXP") dé san xuit isopentenyl pyrophosphat ("IPP") va dimetylalyl
pyrophosphat ("DMAPP"). Dxs la 1-deoxy-D-xyluloza-5-phosphat synthaza;
Dxr 1a 1-deoxy-D-xyluloza-5-phosphat reductoisomeraza (con dugc goi I3
IspC); IspD la 4-diphosphoxytidyl-2C-metyl-D-erythritol synthaza; IspE 1a 4-
diphosphoxytidyl-2C-metyl-D-erythritol ~synthaza; IspF 1a& 2C-metyl-D-
erythritol 2,4-xyclodiphosphat synthaza; IspG la 1-hydroxy-2-metyl-2-(E)-
butenyl 4-diphosphat synthaza (IspG); va ispH 13 isopentenyl/dimetylalyl
diphosphat synthaza.

Fig.2 1 so d6 biéu dién qu4 trinh chuyén ho4 isopentenyl pyrophosphat
("IPP") va dimetylalyl pyrophosphat ("DMAPP") thanh geranyl pyrophosphat
("GPP"), farnesyl pyrophosphat ("FPP"), va geranylgeranyl pyrophosphat
("GGPP"), va qué trinh téng hop c4c isoprenoit khac nhau.

Fig.3 thé hién ban dd plasmit biu hién pMBIS-gpps.

Fig.4 thé hién ban dd plasmit biéu hién pAM408.

Fig.5 thé hién ban dd plasmit biéu hién pAM424,

Fig.6 thé hién ban dd plasmit bidu hién pTrc99A-ADS, pTrc99A-FSA,
pTrc99A-LLS, pTrc99A-LMS, pTrc99A-GTS, pTrc99A-APS, pTrc99A-BPS,
pTrc99A-PHS, pTrc99A-TS, pTrc99A-CS, pTrc99A-SS, va pAM373.

Fig.7A-C 1a so dd c4u tric ciia plasmit pAM489-pAM498 va pAM328.

Fig.8 thé hién hoat tinh dic hiéu cao hon va d6 6n dinh gia tang cua
HMGR-CoA reductaza (HMGR) & Enterococcus faecalis so vé6i HMG-CoA

reductaza bj cét cut tHMGR) & Saccharomyces cerevisiae.

Fig.9 thé hién mdi twong quan giita khdi luong té bao khod (dry cell
weight - "DCW") trén lit va ODsgo.
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Fig.10A-B thé hién nang suit san xuit amorpha-4,11-dien riéng va theo
thé tich gia ting cila cic chung chi mang cic gen HMGR va HMGS &
Staphylococcus aureus so vgi cac ching chu mang gen tHMGR va HMGS &

Saccharomyces cerevisiae.

Fig.11A-B thé hién anh hudng clia nhiét d thip hon dén nang suét san

xult amorpha-4,11-dien cia chiing chu Escherichia coli.

Fig.12A-D thé hién anh hudng clia mirc glucoza giam dén nang suit san

xuét amorpha-4,11-dien cta ching cht Escherichia coli.

Fig.13A-B thé hién anh hudng két hop ciia nhiét d6 thip hon va muc
glucoza giam dén niang sudt san xudt amorpha-4,11-dien cia chung chud

Escherichia coli.

Fig.14A-E va Fig.15A-E thé hién anh huéng két hop cua nhiét do thép
hon va murc glucoza va nito giam dén niang suit san xudt amorpha-4,11-dien

cta ching chu Escherichia coli.

Fig.16 thé hién qua trinh san xuét amorpha-4,11-dien qua qué trinh DXP

bdi ching chi Escherichia coli.
MG ta chi tiét sang ché
Céc dinh nghia

Trir khi c6 quy dinh khéc, tit ca cac thuét ngit khoa hoc va ky thuat
dugc ding & day c6 cling nghia nhu thuong dwoc hidu bdi nguoi ¢ hidu biét
trung binh trong linh vuc k¥ thuét nay. Céac thuat ngit dugc dung & day sé& dugc
dinh nghia nhu sau:

Thuat ngit "tuy chon" hodc "tuy y" dugc dung dé chi dic diém hoac ciu
tric da dugc md ta b thé c6 mit hodc c6 thé khong c6 mit, hodc su kién hoac
tinh huéng da duge mé ta c6 thé xudt hién hodc c6 thé khong xuét hién, va sy
mo ta ndy bao gdm ca cac trudng hop trong d6 dic diém hodic cu tric cu thé
c6 mit va cac trudng hop trong d6 dic diém hodc ciu trac khong c6 mit, hodc
cac truong hop trong dé su kién hodc tinh hudng xuét hién va cac vi du trong

d6 su kién hodc tinh huéng khong xuét hién.

-7-
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Thuat ngit "qua trinh chuyén hoa" dwoc ding & day dé chi qué trinh di
ho4 hodc qua trinh déng hoa. Qua trinh déng hoa lién quan dén qué trinh tao
ciu tric phéan tir 16n hon tir cdc phén tir nhd hon, 12 qué trinh doi hoéi nang
lugng. Qua trinh di ho lién quan dén viéc pha v& cac phén tir 16n hon, thudng

giai phéng nang lugng.

Thuit ngit "qué trinh mevalonat" hodc "qué trinh MEV" dugc dung &
day dé chi qua trinh sinh téng hop chuyén hoa axetyl-CoA thanh IPP. Qua trinh
MEYV dugc minh hoa duéi dang so dd trén Fig.1A.

Thuét ngit "qua trinh deoxyxyluloza 5-phosphat" hodc "qué trinh DXP"
dugc ding & day dé chi qua trinh chuyén hoa glyxeraldehyt-3-phosphat va
pyruvat thanh IPP va DMAPP. Qua trinh DXP dugc minh hoa dudi dang so db
trén Fig.1B.

Thuat ngit "pyrophosphat" c6 thé dugc dung thay thé 13n nhau véi
"diphosphat" trong bdn mo ta nay.

Thuét ngit "vecto biéu hién" hodc "vecto" duge dung dé chi axit nucleic
ma dugc tai nap, bién nap, hoic gay nhiém té bao chi, nhd dé lam cho té bao
ndy san xut ra cac axit nucleic va/hodc protein ngoai cac axit nucleic va/hoic
protein ty nhién dbi voi té bao nay, hogc 1am cho té bao nay biéu hién cac axit

nucleic va/hogc protein theo cach khong tu nhién ddi véi té bao nay.

Thuat ngit "ndi sinh" duge ding dé chi chéat hodc quy trinh xay ra mot

cach tu nhién, vi dy, trong té bao chu khong téi td hop.

Thuat ngit "qua trinh enzym dé san xuit isopentenyl pyrophosphat"
dugc ding dé chi qud trinh bit ky c6 kha ning san xuét isopentyl
pyrophosphat, bao gém, nhung khong bi gidi han &, qua trinh mevalonat ho#c
qué trinh DXP.

Thuit ngit "axit nucleic" dwgc ding d& chi dang polyme cua céc
nucleotit c6 chidu dai bit ky, hodc 1a ribonucleotit hodc 1a deoxynucleotit. Do
do, thuét ngit niy bao gbm, nhung khong bi gidi han &, ADN hodc ARN soi
don, s¢i kép, hoic da sgi, ADN cua hé gen, cADN, thé lai ADN-ARN, hoic
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polyme chira cic bazo purin va pyrimidin hodc cac bazo nucleotit ty nhién,
bazo nucleotit dd@ dugc cai bién v€ mat hoa hoc, hodc hoa sinh, cic bazo

nucleotit khong c6 trong tu nhién, hodc da dugc tao din xuit.

Thuat ngit “operon” dugc dung d¢ chi hai hodc nhi€u trinh ty nucleotit
lién k&, mdi trinh tw ma héa san pham gen nhu ARN hoic protein, va sy bidu
hién cta ching dugc dieu hoa mot cadch dong thoi bdi mot hodc nhiéu yéu td

kiém soat (vi dy, yeu to khai dau).

Thuét ngit "san phim gen" dugc ding dé chi ARN dwoc ma hod béi
ADN (hodc nguogc lai) hodc protein dugc méd hod bdi ARN hodc ADN, trong dé
gen thudng sé& chira mot hodc nhiéu trinh tu nucleotit ma héa protein, va cling

c6 thé chira céc intron va céc trinh tu nucleotit khdng ma héa khac.

Thuét ngit "protein" dugc dung d€ chi dang polyme cla axit amin ¢6
chiéu dai bat ky, ma c6 thé chtra céc axit amin dugc ma héa va khdong duge ma
hoa, cac axit amin d& dugc cai bien v€ mét hoa hoc hodc hoa sinh hodc cac axit

amin di dugc tao din xudt, va cic polypeptit c6 khung peptit da dwogc cai bién.

Thuat ngit "axit nucleic khéc loai" & ddy duoc dung dé chi axit nucleic
trong d6 it nhat mdt trong sé cac diéu kién sau duoc dap tng: (a) axit nucleic 1a
ngoai lai ("ngoai sinh") dbi vai (tirc 13, khong tim thy trong tu nhién &) té bao
cht da cho; (b) axit nucleic chita c4c trinh ty nucleotit ma tim thiy trong tu
nhién & (tirc 13, 12 "ndi sinh v6i") té bao chu da cho, nhung trinh tu nucleotit
nay duoc san xuét ra véi luong khéng binh thuong (vi du, 16m hon lugng mong
doi hodc 16n hon lugng duge tim thdy trong tw nhién) & t€ bao nay; (c) axit
nucleic chita cac trinh tu nucleotit khac biét vé trinh tw véi trinh ty nucleotit noi
sinh, nhung trinh tu nucleotit ndy ma hda cung mdt protein (cé trinh ty axit
amin giéng nhau hoic gin nhu giéng nhau) va dwoc san xut ra véi lugng
khong binh thuong (vi du, 16n hon lwgng mong dgi hodc 16n hon lugng tim
thdy trong tw nhién) & té bao nay; hodc (d) axit nucleic chira hai hodc nhiéu
trinh ty nucleotit khéng duogc tim thiy trong ciing mdi trong quan véi nhau

trong tu nhién (vi du, axit nucleic 1a ti t6 hop).
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Thuat ngit "gen chuyén" dugc ding dé chi gen dugc dua theo cach ngoai
sinh vao t& bao chi. N6 ¢6 thé chira axit nucleic ndi sinh hodc ngoai sinh, hoic

axit nucleic khac loai.

Thuét ngit "vat chi tai td hop" (con dugc goi 13 "té bao chu da duoc cai
bién di truyén" hogic "vi sinh vét chi da dugc cai bién di truyén") dugc ding dé

chi t€ bao chu chira axit nucleic khac loai theo sang ché.

Thuét ngit "axit nucleic ngoai sinh" dugc dung dé chi axit nucleic duogc
dua theo cach ngoai sinh vao té bao chu, va do vy khong dugc tim thdy mot
cach thong thudng hodc trong tu nhién trong va/hodc duoc san xuét béi té bao

da cho trong tu nhién.

Thuat ngit "yéu té diéu hoa" dugce dung dé chi c4c trinh ty kidm soat qua
trinh phién ma va dich mi, nhu yéu td khoi dau, yéu tb tdng cudng, tin hiéu
polyadenyl hod, yéu t& két thic, tin hiéu phan huy protein, va cic dang tuong
tu, ma tao ra va/hodc didu hoa sy biéu hién cta trinh te ma héa va/hodc viée

san xuét polypeptit dugc ma hoa & té bao chu.

Thuét ngit "bién nap" dugc dung dé chi su thay dbi di truyén vinh vién
ho#c tam thoi dugc giy ra & t& bao sau khi dua axit nucleic méi vao. Su thay
ddi di truyén ("su cai bién") c6 thd dugc thyc hién bing cach dua ADN méi
vao hé gen ctia t& bao chu, hodic bing cééh duy tri tam thoi hodc én dinh ADN
méi dé 1am yéu té episom. O té bao nhéan chuén, su thay d6i di truyén vinh vién
thudng dat duoc béng cach dua ADN vao hé gen cta té bao. O té bao nhan SO,
sy thay ddi di truyén vinh vién c6 thé dugc dwa vao trong nhidm sic thé hoic
qua cac yéu té ngoai nhidm sic thé nhu cac plasmit va vecto bidu hién, ma c6
thé chira mot hoac nhidu gen chi thi c6 kha ning chon loc d trg gitp viée duy
tri chiing & té bao chu tai td hop.

Thuét ngit "dwgc lién két chirc ning" duge ding dé chi su sip xép ké
nhau trong d6 cac thanh phan da duoc mé ta c6 mbi quan h¢ cho phép ching
thuc hién chirc ning theo cach mong mudn. Vi du, yéu t6 khoi ddu duge lign
két chtrc nang véi trinh ty nucleotit néu yéu té khéi dau nay tic dong dén qua

trinh phién ma hoic biéu hién cta trinh ty nucleotit nay.
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Thuat ngit “té bao chi” va “vi sinh vat chi” duge dung thay thé 14n nhau
& day dé chi té bao séng ¢b khudn, t& bao sdng vi khuén, hoic té bao sdng nhan
chudn ma axit nucleic khac loai ¢6 thé duge dua vao hodc dugc chén vao do.
Thuét ngit ndy con dé& cap dén thé hé con cua té bao ban diu, ma co thé khong
nhét thiét phai hoan toan giéng v& hinh théi hoc hoic v& hé gen hodc toan bd
ADN bd sung so voi té bao me ban dau, do su dot bién tw nhién, dot bién ngau
nhién, hogic dot bién c6 chu y.

Thuat ngtt "tbng hop" dugc dung lién quan t6i axit nucleic c6 nghia 1a
su gin mdi cua cac khdi cdu truc oligonucleotit dugc téng hop ho4 hoc dé tao
ra cac phan doan gen, sau d6, cac phan doan gen nay dugc lip rap nhd enzym
dé tao ra toan bo gen. Qua trinh téng hop axit nucleic bing "phuong phép hod

hoc" c6 nghia 13 cc nucleotit thanh phan duoc lap rap in vitro.

Thuat ngit "tw nhién" nhu dugc ap dung ddi vé6i axit nucleic, t& bao,
hozc sinh vat, dugc ding dé chi axit nucleic, t& bao, hodc sinh vat c6 trong tu
nhién. Vi du, trinh ty polypeptit hodc polynucleotit c6 mat & sinh vat khong gy
bénh (khéng bi bénh) c6 thé phan 1ap duge tir ngudn ty nhién va chua dugce con
ngudi cai bién c6 chu ¥ trong phong thi nghiém 1a tu nhién.

AN

Thuét ngit "c6 trong ty nhi€n" khi dugc ap dung ddi voi axit nucleic,
enzym, té bao, hodc sinh vat, dugc dung dé chi axit nucleic, enzym, té bao,
hodc sinh vat dugc tim thdy trong ty nhién. Vi duy, trinh tu polypeptit hodc
polynucleotit c6 mit trong sinh vét c6 thé dugc phan 14p tir ngudn ty nhién va
chua dugc con ngudi cai bién ¢6 chu ¥ trong phong thi nghiém la cé trong tu
nhién.

Thuét ngr "doan c6 hoat tinh sinh hoc" nhu dwgc 4p dung di véi
protein, polypeptit hodc enzym duge ding dé chi (cac) phin chirc nang cua
protein hodc polypeptit hodc enzym ndy. Cic dang tuwong duong vé mit chirc
nang co thé c6 trinh ty axit amin bién ddi c6 thé xuit hién, vi dy, 1a két qua cla
su du thira codon va sy twong duong v& mit chic nang dugc biét 1a xuét hién
tu nhién trong trinh ty axit nucleic va do d6 cac protein dugc ma hoa. Protein

hodc peptit twong dwong vé chirc ning c6 thé duoc tao ra theo cach khac bing
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cach 4p dung cong nghé ADN tai t6 hop, trong d6 cac thay ddi vé ciu triic
protein c6 thé duoc thiét ké di truyén, dua trén su xem xét vé& dic tinh cla axit

amin dang dugc trao doi.

Thuat ngit "isoprenoit", "hop chét isoprenoit”, "san phdm isoprenoit",
"terpen”, "hop chét terpen”, "terpenoit”, va "hop chét terpenoit" duge durig thay
thé 13n nhau & ddy. Céc thuét ngit nay dugc dung dé chi hop chét c6 kha ning

duoc tao ra tur IPP.

Trir khi ¢6 quy dinh khéc, cac dang mao tir s it bao gdm ca dé cap dén
s6 nhiéu. Nhu vay, vi duy, viéc dé cap dén "vecto biéu hién" bao gém mot vecto
biéu hién cling nhu nhiéu vecto biéu hién, va viéc dé cap dén "té bao chu" bao
gbm viée dé cap dén maot hodc nhiéu té bao chu, va cac dé cap tuong tu. Ciing
luuy réng cac diém yéu cAu bao hd c6 thé dugc soan thao dé loai trir ddu hiéu
tuy chon bét ky. Nhu véy, su trinh bay nay duge dung dé 1am co sé tién dé cho
viéc dung thuat ngit mang tinh chét loai trir nhu "chi ¢6" "chi" va céc thuét ngit
tuong tu ddi véi cac ddu hiéu cia yéu cau bio ho hoic str dung gi6i han "phi

dinh".

Trir khi ¢6 quy dinh khéc, sang ché khong bi gi6i han & cac trinh tu,
vecto biéu hién, enzym, vi sinh vat chu, hodc quy trinh cu thé, vi ching cé thé
thay ddi theo hiéu biét ciia ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuat
ndy. Thuét ngit dugc ding & ddy chi nhim muc dich mé ta sang ché theo céc

phwong 4n thuc hién cu thé va khong nham muc dich gidi han né.
Té bao chu

C6 thé st dung té bao chi thich hop bét ky dé thuc hién sang ché. Theo
mdt phuong 4n, té bao chu nay 1a vi sinh vat chi dd dugc cai bién di truyén
trong d6 cac phan tr axit nucleic dd dugc chén, dugc lam mat hodc duge cai
bién, (trc 1a duoc gay dot bién, vi du, béng cach chén, 1am mét, thay thé,
va/hodc déo céc nucleotit), dé san xuét ra hop chét isoprenoit hodc din xuét
isoprenoit mong mudn, hoic lam ting hiéu sult cia hop chét isoprenoit hodc
dan xuit isoprenoit mong mudn. Theo mdt phuong an khac, t& bao chii ¢6 kha

ning sinh trudng trong mdi trudng nudi cdy 1ong. Trai lai, "té bao ddi chimg" 14
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d6i twong hodc mau thay thé duoc sit dung trong thir nghiém nham muc dich so
sanh, va thuong 1 té bao me khong chtra (cac) cai bién duoc duge tao ra cho té

bao chu tuong Gng.

Vi du minh hoa vé té bao chu thich hop bao gdm té bao ¢ khuén, té bao
nhan so, hodc té bao nhan chuin bét ky. Vi du vé té bao cd khuén bao gém,
nhung khéng bi giéi han & cac té bao thudc loai: Aeropyrum, Archaeglobus,
Halobacterium, Methanococcus, Methanobacterium, Pyrococcus, Sulfolobus,
va Thermoplasma. Vi du minh hoa vé céc ching c¢b khuin bao gdm, nhung
khong bi giéi han &: Aeropyrum pernix, Archaeoglobus fulgidus,
Methanococcus  jannaschii, — Methanobacterium  thermoautotrophicum,
Pyrococcus abyssi, Pyrococcus horikoshii, Thermoplasma acidophilum,

Thermoplasma volcanium.

Vi du v& té bao nhan so bao gdm, nhung khong bi gidi han & cac té bao
thuoc chi:  Agrobacterium, Alicyclobacillus, Anabaena, Anacystis,
Arthrobacter, Azobacter, Bacillus, Brevibacterium, Chromatium, Clostridium,
Corynebacterium, Enterobacter, Erwinia, Escherichia, Lactobacillus,
Lactococcus, Mesorhizobium, Methylobacterium, Microbacterium,
Phomnidium, Pseudomonas, Rhodobacter, Rhodopseudomonas,
Rhodospirillum, Rhodococcus, Salmonella, Scenedesmun, Serratia, Shigella,

Staphlococcus, Strepromyces, Synnecoccus, va Zymomonas.

Vi du minh hoa v& cac chung vi khuén chua c6 nhan dién hinh bao gbm,
nhung khong bi giéi han &: Bacillus subtilis, Bacillus amyloliquefacines,
Brevibacterium ammoniagenes, Brevibacterium immariophilum, Clostridium
beigerinckii, Enterobacter sakazakii, Escherichia coli, Lactococcus lactis,
Mesorhizobium loti, Pseudomonas aeruginosa, Pseudomonas mevalonii,
Pseudomonas pudica, Rhodobacter capsulatus, Rhodobacter sphaeroides,
Rhodospirillum rubrum, Salmonella enterica, Salmonella typhi, Salmonella
typhimurium, Shigella dysenteriae, Shigella flexneri, Shigella sonnei,

Staphylococcus aureus, va cac ching vi khuan tuong tu.
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N6i chung, néu té bao chii vi khuin duge sir dung, thi ching khéng gay
bénh dugc wu tién. Vi du minh hoa vé céc ching khong gdy bénh bao gém,
nhung khong bi gi6éi han & Bacillus subtilis, Escherichia coli, Lactibacillus
acidophilus, Lactobacillus helveticus, Pseudomonas aeruginosa, Pseudomonas
mevalonii, Pseudomonas pudita, Rhodobacter sphaeroides, Rodobacter

capsulatus, Rhodospirillum rubrum, va cac chiing vi khuén tuong tu.

Vi du vé té bao nhan chuén bao gdm, nhung khong bi gi6i han & té bao
nam. Vi du v t& bao nim bao gdm, nhung khong bi gi¢i han & c4c té bao thude
chi:  Aspergillus, Candida, Chrysosporium, Cryotococcus, Fusarium,
Kluyveromyces,  Neotyphodium,  Neurospora,  Penicillium,  Pichia,

Saccharomyces, Trichoderma va Xanthophyllomyces (trudc ddy 1a Phaffia).

Vi du minh hoa v& cac ching sinh vét nhan chuin bao gdm, nhung
khong bi giéi han &: Aspergillus nidulans, Aspergillus niger, Aspergillus
oryzae, Candida albicans, Chrysosporium lucknowense, Fusarium
graminearum, Fusarium venenatum, Kluyveromyces lactis, Neurospora crassa,
Pichia angusta, Pichia finlandica, Pichia kodamae, Pichia membranaefaciens,
Pichia methanolica, Pichia opuntiae, Pichia pastoris, Pichia pijperi, Pichia
quercuum, Pichia salictaria, Pichia thermotolerans, Pichia trehalophila,
Pichia stipitis, Streptomyces ambofaciens, Streptomyces aureofaciens,
Streptomyces aureus, Saccaromyces bayanus, Saccaromyces boulardi,
Saccharomyces  cerevisiae,  Streptomyces  fungicidicus,  Streptomyces
griseochromogenes, Streptomyces griseus, Streptomyces lividans, Streptomyces
olivogriseus, Streptomyces rameus, Streptomyces tanashiensis, Streptomyces

vinaceus, Trichoderma reesei va Xanthophyllomyces dendrorhous (trudc day l1a

Phaffia rhodozyma).

Néi chung, néu té bao nhan chuin dugc st dung, thi ching khong gay
bénh dugce wu tién. Vi du minh hoa vé cic ching khong giy bénh bao gbm,
nhung khong bi giéi han 6: Fusarium graminearum, Fusarium venenatum,

Pichia pastoris, Saccaromyces boulardi, va Saccaromyces cerevisiae.
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Ngoai ra, cac ching nhét dinh da dugc Cuc quan ly Thyc phém va Dugc
phim Hoa ky chi dinh 1a GRAS hoic dugc danh gi4 chung la an toan. Cac
chiing ndy bao gdm: Bacillus subtilis, Lactibacillus acidophilus, Lactobacillus

helveticus, va Saccharomyces cerevisiae.
Céc qué trinh IPP

Té bao chu theo sang ché chua hodc st dung qua trinh MEV, qua trinh
DXP hogc ca hai qua trinh ndy dé tong hop IPP va dang ddng phén cua no,
DMAPP. Néi chung, céc sinh vat ¢6 nhan dién hinh khong phai thuc vat chi sir
dung qua trinh MEV isoprenoit dé chuyén ho4 axetyl-CoA thanh IPP, chit nay
sau d6 dugc dong phan hoa thanh DMAPP. Sinh vat nhan so, trlr mot s6 ngoai
1¢, sir dung qué trinh khong phy thudc mevalonat hodc qué trinh DXP dé san
xuat IPP va DMAPP mot cach riéng biét thong qua diém nhénh. Néi chung,
thuc vat st dung ca qua trinh MEV va DXP dé téng hop IPP.

Qua trinh MEV

Fig.1A 14 so db biéu dién qua trinh MEV. Néi chung, qua trinh nay bao

gom séu budc.

O buéc thi nhit, hai phan ti axetyl-coenzym A dugc két hop nho
enzym dé tao thanh axetoaxetyl-CoA. Enzym da biét dé xtc téc cho buéc nay
14, vi du, axetyl-CoA thiolaza (con dugc goi la axetyl-CoA axetyltransferaza).
Vi du minh hoa v& céc trinh tu nucleotit bao gbm, nhung khong bi gidi han &
cac s6 dang ky ngan hang gen va sinh vat ma tir d6 céc trinh ty nay thu duogc:
(NC_000913 REGION: 2324131..2325315; Escherichia coli), (D49362;

Paracoccus denitrificans), va (L20428; Saccharomyces cerevisiae).

0 bude thir hai ciia quéa trinh MEV, axetoaxetyl-CoA dugc ngung tu
bang enzym véi phan tir axetyl-CoA khéc dé tao ra 3-hydroxy-3-metylglutaryl-
CoA (3-hydroxy-3-methylglutaryl-CoA — (HMG-CoA)). Enzym d4 biét dé xuc
tac cho budc nay 13, vi du, HMG-CoA synthaza. Vi du minh hoa v& c4c trinh tu
nucleotit bao gém, nhung khong bi giéi han 6: (NC_001145. bd 19061..20536;

Saccharomyces cerevisiae), (X96617; Saccharomyces cerevisiae), (X83882;
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Arabidopsis thaliana), (AB037907; Kitasatospora griseola), (BT007302;
Homo sapiens), va (NC_002758, Locus tag SAV2546, Gene ID 1122571;

Staphylococcus aureus).

0 budc thor ba, HMG-CoA dugc chuyén hoa bing enzym thanh
mevalonat. Enzym da biét dé xuc tac cho budc nay la, vi du, HMG-CoA
reductaza. Vi du minh hoa v& céc trinh ty nucleotit bao gbm, nhung khong bi
gi6i han &: (NM_206548; Drosophila melanogaster), (NC 002758, Locus tag
SAV2545, Gene ID 1122570; Staphylococcus aureus), (NM 204485; Gallus
gallus), (AB015627; Streptomyces sp. KO 3988), (AF542543; Nicotiana
attenuata), (AB037907; Kitasatospora griseola), (AX128213, cung cép trinh tur
ma héa HMGR bi cit cut; Saccharomyces cerevisiae), va (NC_001145: b
sung (115734..118898; Saccharomyces cerevisiae).

0 budc thtr tu, mevalonat dugc phosphoryl hoa bing enzym dé tao
thanh mevalonat 5-phosphat. Enzym da biét dé xuc tac cho budc nay 1a, vi du,
mevalonat kinaza. Vi du minh hoa vé céc trinh tu nucleotit bao gbm, nhung
khong bi giéi han &: (L77688; Arabidopsis thaliana), va (X55875;

Saccharomyces cerevisiae).

0 bude tht ndm, nhom phosphat tht hai dugc bd sung bing enzym vao
mevalonat 5-phosphat dé tao thanh mevalonat 5-pyrophosphat. Enzym d3 biét
dé xuc tac cho budc nay 1, vi du, phosphomevalonat kinaza. Vi du minh hoa
vé cac trinh tu nucleotit bao gém, nhung khong bi giéi han &: (AF429385;
Hevea brasiliensis), (NM_006556; Homo sapiens), va (NC 001145. bd
712315..713670; Saccharomyces cerevisiae).

J budc thir sau, mevalonat 5-pyrophosphat dugc chuyén hoa bing
enzym thanh IPP. Enzym da biét dé xtic tic cho budc nay 1, vi du, mevalonat
pyrophosphat decacboxylaza. Vi du minh hoa vé& cac trinh ty nucleotit bao
gdbm, nhung khong bi gi6i han &: (X97557; Saccharomyces cerevisiae),
(AF290095; Enterococcus fdecium), va (U49260; Homo sapiens).

Néu IPP dugc chuyén hoa thanh DMAPP, thi cin phai c6 budc thir bay.

Enzym da biét d& xuc tac cho budc nay la, vi dy, IPP isomeraza. Vi du minh
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hoa vé cic trinh ty nucleotit bao gbm, nhung khong bi giéi han o:
(NC_000913, 3031087..3031635; Escherichia coli), va (AF082326;
Haematococcus pluvialis). Néu cn phai c¢6 su chuyén hoa thanh DMAPP, thi
su biéu hién IPP isomeraza dugc tdng lén dam bao réng viéc chuyén hoa IPP

thanh DMAPP khéng biéu thi budc gidi han téc do trong toan bd qué trinh nay.
Qua trinh DXP

Qué4 trinh DXP duoc thé hién bang so dd trén Fig.1B. N6i chung, qué
trinh DXP bao gém bay budc. O budc thir nhét, pyruvat duoc ngung tu véi D-
glyxeraldehyt 3-phosphat dé tao ra 1-deoxy-D-xyluloza-5-phosphat. Enzym da
biét @& xuc tic cho budc nay 13, vi du, 1-deoxy-D-xyluloza-5-phosphat
synthaza. Vi du minh hoa vé céc trinh tu nucleotit bao gém, nhung khoéng bi
gi6i han &: (AF035440; Escherichia coli), (NC_002947, locus tag PP0527;
Pseudomonas putida KT2440), (CP000026, locus tag SPA2301; Salmonella
enterica Paratyphi, xem ATCC 9150), (NC 007493, locus tag RSP 0254;
Rhodobacter sphaeroides 2.4.1), (NC 005296, locus tag RPA0952;
Rhodopseudomonas palustris CGA009), (NC 004556, locus tag PD1293;
Xylella fastidiosa Temeculal), va (NC 003076, locus tag ATS5G11380;
Arabidopsis thaliana).

O bude thi hai, 1-deoxy-D-xyluloza-5-phosphat duge chuyén hoa thanh
2C-metyl-D-erythritol-4-phosphat. Enzym d3 biét dé xuc tac cho bude nay la,
vi du, 1-deoxy-D-xyluloza-5-phosphat reductoisomeraza. Vi du minh hoa vé
céc trinh tuy nucleotit bao gdm, nhung khong bj giéi han &: (AB013300;
Escherichia coli), (AF148852; Arabidopsis thaliana), (NC_002947, locus tag
PP1597; Pseudomonas putida KT2440), (AL939124, locus tag SC0O5694;
Streptomyces  coelicolor A3(2)), (NC_007493, locus tag RSP _2709;
Rhodobacter sphaeroides 2.4.1), va (NC_007492, locus tag Pfl 1107,

Pseudomonas fluorescens PfO-1).

G budc thir ba, 2C-metyl-D-erythritol-4-phosphat dwoc chuyén hoa
thanh 4-diphosphoxytidyl-2C-metyl-D-erythritol. Enzym da biét dé xuc tac cho
budc nay la, vi du, 4-diphosphoxytidyl-2C-metyl-D-erythritol synthaza. Vi du
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minh hoa vé cac trinh tu nucleotit bao gdm, nhung khéng bi gi6i han &:
(AF230736; Escherichia coli), (NC_007493, locus tag RSP 2835;
Rhodobacter sphaeroides 2.4.1), (NC 003071, locus tag AT2G02500;
Arabidopsis thaliana), va (NC_ 002947, locus tag PP1614; Pseudomonas
putida KT2440).

0 budc thir tu, 4-diphosphoxytidyl-2C-metyl-D-erythritol dwgc chuyén
hod thanh 4-diphosphoxytidyl-2C-metyl-D-erythritol-2-phosphat. Enzym da
biét dé xtic tac cho budc nay l1a, vi du, 4-diphosphoxytidyl-2C-metyl-D-
erythritol kinaza. Vi du minh hoa v& cdc trinh tu nucleotit bao gbm, nhung
khong bi giéi han &: (AF216300; Escherichia coli) va (NC_007493, locus_tag
RSP_1779; Rhodobacter sphaeroides 2.4.1).

O budc thir nim, 4-diphosphoxytidyl-2C-metyl-D-erythritol-2-phosphat
dugc chuyén hod thanh 2C-metyl-D-erythritol 2,4-xyclodiphosphat. Enzym da
biét d& xtc tac cho budc nay 13, vi du, 2C-metyl-D-erythritol 2,4-
xyclodiphosphat synthaza. Vi du minh hoa vé cac trinh tuy nucleotit bao gdm,
nhung khong bi giéi han &: (AF230738, Escherichia coli), (NC 007493,
locus tag RSP_6071; Rhodobacter sphaeroides 2.4.1), va (NC 002947,
locus_tag PP1618; Pseudomonas putida KT2440).

0 budc tht sau, 2C-metyl-D-erythritol 2,4-xyclodiphosphat dugc
chuyén hoa thanh 1-hydroxy-2-metyl-2-(E)-butenyl-4-diphosphat. Enzym da
biét @& xac tac cho budc nay 13, vi dy, 1-hydroxy-2-metyl-2-(E)-butenyl-4-
diphosphat synthaza. Vi du minh hoa vé céc trinh tu nucleotit bao gdm, nhung
khong bi giéi han &: (AY033515, Escherichia coli), (NC 002947, locus_tag
PP0853; Pseudomonas putida KT2440), va (NC_007493, locus_tag RSP _2982;
Rhodobacter sphaeroides 2.4.1).

O budc thir bay, 1-hydroxy-2-metyl-2-(E)-butenyl-4-diphosphat duogc
chuyén ho4 thanh IPP hoic dang déng phéan ciia n6, DMAPP. Enzym da biét dé
xuc tac cho budc nay 1a, vi dy, isopentyl/dimetylalyl diphosphat synthaza. Vi

du minh hoa vé cac trinh tw nucleotit bao gdm, nhung khong bi gi6i han &:

-18-



21745

(AY062212; Escherichia coli) va (NC_002947, locus tag PP0606;
Pseudomonas putida KT2440).

Theo mét sb phuong 4n, "su giao tiép chéo" (hoic su gy nhifu) gitta
chinh cac qua trinh trao ddi chét ciia té bao chu va cac quy trinh khéc lién quan
dén viéc san xuét IPP nhu duge dé xuit theo séng ché dugc giam dén muc tbi
thiéu hodc dugc loai b hoan toan. Vi du, su giao tiép chéo dugc giam dén mirc
ti thidu hodic dugc loai bd hoan toan khi vi sinh vét cha chi dua trén qué trinh
DXP dé tdng hop IPP, va qua trinh MEV dugc dua vao dé tao ra IPP b sung.
Céc sinh vt chu nay s& khong duoc trang bi dé thay dbi su bidu hién coa cac
enzym ctia qua trinh MEV hodc xtr Iy cac san pham trung gian lién quan dén
qua trinh MEV. Sinh vt chi dua hodc chii yéu dwa vao qua trinh DXP 13, vi du,
Escherichia coli.

Theo mét sé phwong 4n, té bao chi san xuét ra IPP thong qua qu4 trinh
MEV, hodc mot cach duy nhit hoic két hop véi qua trinh DXP. Theo phuong
an khac, qua trinh DXP cta vat chi bi bét hoat vé mat chirc ndng sao cho té bao
chu san xuét ra IPP mot cach duy nhét thong qua qua trinh MEV dugc dua vao
theo cach khac loai. Qua trinh DXP cé thé bi bét hoat vé mat chirc nang béng
cach 1am bét hoat sy biéu hién gen hodc bét hoat chirc ndng cia mot hoac nhiéu
enzym cua qué trinh DXP.

Céc hop chét Cs

Céc hop chét Cs theo sang ché thuong dugc tao ra tir IPP hoic DMAPP.
Céc hop chét ndy con dugc goi 1a hemiterpen vi ching dugc tao ra tir mot don
vi isopren don (IPP hoic DMAPP).

Isopren

Isopren, c6 cdng thirc cau tao:

Ao

b
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duogc tim thdy trong nhiéu thuc vat. Isopren dugc san xuét tir [PP nho isopren
synthaza. Vi du minh hoa vé c4c trinh tu nucleotit thich hop bao gdm, nhung
khong bi gidi han &: (AB198190; Populus alba) va (AJ294819; Polulus alba x

Polulus tremula).
Céac hop chat Cio

Céc hop chdt Cio theo sang ché thudng duge tao ra tir geranyl
pyrophosphat (GPP) ma dugc tao thanh bing viéc ngung tu IPP v6i DMAPP.
Enzym di biét dé xuc tic cho budc nay 13, vi duy, geranyl pyrophosphat
synthaza. Céc hop chét Cio ndy con duge goi 1a monoterpen vi ching dugc tao

ra tir hai don vi isopren.

Fig.2 12 so dd thé hién cach IPP va DMAPP c6 thé san xuit ra GPP, chit

nay c6 thé dugc xir Iy tiép thanh monoterpen.

Vi du minh hoa vé céc trinh ty nucleotit ma héa geranyl pyrophosphat
synthaza bao gém, nhung khong bi giéi han &: (AF513111; Abies grandis),
(AF513112; Abies grandis), (AF513113; Abies grandis), (AY534686;
Antirrhinum majus), (AY534687; Antirrhinum majus), (Y17376; Arabidopsis
thaliana), (AE016877, Locus AP11092; Bacillus cereus; ATCC 14579),
(AJ243739; Citrus sinensis), (AY534745; Clarkia breweri), (AY953508; Ips
pini), (DQ286930; Lycopersicon esculentum), (AF182828; Mentha x piperita),
(AF182827;, Mentha x piperita), (MPI249453; Mentha x piperita),
(PZE431697, Locus CAD24425; Paracoccus zeaxanthinifaciens), (AY866498;
Picrorhiza kurrooa), (AY351862; Vitis vinifera), va (AF203881, Locus
AAF12843; Zymomonas mobilis).

Sau d6, GPP dugc chuyén hoa tiép thanh nhidu hop chét Cio khac nhau.

Vi du minh hoa vé cac hop chét Cio bao gdm, nhung khong bi gi¢i han &:
Caren

Caren, ¢4 cdng thuc cau tao:
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dugc tim thdy trong nhwa ciia nhiéu loai cay, dic biét 1a cay thong. Caren dugc
san xudt tir GPP nhd caren synthaza. Vi du minh hoa vé céc trinh tu nucleotit
thich hgp bao gdm, nhung khong bi giéi han &: (AF461460, REGION
43..1926; Picea abies) va (AF527416, REGION: 78..1871; Salvia stenophylla).

Geraniol

Geraniol (con dugc goi 1a rhodnol), c¢6 cong thirc ciu tao:

OH,

1a thanh phdn chinh ctia du hoa hdng va diu sa hoa hong. N6 ciing c6 mat
trong cdy phong lit, cAy chanh, va cdy sa. Geraniol dugc san xuét tir GPP nho
geraniol synthaza. Vi du minh hoa v& céc trinh tw nucleotit thich hop bao gom,
nhung khoéng bi giéi han 6&: (AJ457070; Cinnamomum tenuipilum),
(AY362553; Ocimum basilicum), (DQ234300; ching Perilla frutescens 1864),
(DQ234299; ching Perilla citriodora 1861), (DQ234298; ching Perilla
citriodora 4935), va (DQ088667; Perilla citriodora).

Linalool

Linalool, c6 cong thirc cau tao:

QOH

~ e

dugc tim thdy trong nhidu loai hoa va thyc vat lam gia vi nhu hat cdy rau mui.

Linalool dugc san xuét tir GPP nhd linalool synthaza. Vi du minh hoa vé céc
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trinh tu nucleotit thich hgp bao gém, nhung khong bi giéi han &: (AF497485;
Arabidopsis thaliana), (AC002294, Locus AAB71482; Arabidopsis thaliana),
(AYO059757; Arabidopsis thaliana), (NM_104793; Arabidopsis thaliana),
(AF154124; Artemisia annua), (AF¥067603; Clarkia breweri), (AF067602;
Clarkia concinna), (AF067601; Clarkia breweri), (U58314; Clarkia breweri),
(AY840091; Lycopersicon esculentum), (DQ263741; Lavandula angustifolia),
(AYO083653; Mentha citrate), (AY693647; Ocimum basilicum), (XM _463918,;
Oryza sativa), (AP004078, Locus BADO07605; Oryza sativa), (XM_463918,
Locus XP 463918; Oryza sativa), (AY917193; Perilla citriodora),
(AF271259; Perilla frutescens), (AY473623; Picea abies), (DQ195274; Picea
sitchensis), va (AF444798; gidng Perilla frutescens var. crispa sb 79).

Limonen

Limonen, c6 cdng thirc cau tao:

dugc tim thdy trong vé qua cdy c6 mui va ciy bac ha. Limonen dugc san xuét
tir GPP nh¢ limonen synthaza. Vi du minh hoa v& cé4c trinh tu nucleotit thich
hop bao gdm, nhung khong bi giéi han &: (+)-limonen synthaza (AF514287,
REGION: 47..1867; Citrus limon) va (AY055214, REGION: 48..1889;
Agastache rugosa) va (-)-limonen synthaza (DQ195275, REGION: 1..1905;
Picea sitchensis), (AF006193, REGION: 73..1986; Abies grandis), va
(MHCA4SLSP, REGION: 29..1828; Mentha spicata).

Myrxen

Myrxen, c6 cong thirc cau tao:
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PN

dugc tim thiy trong tinh diu & nhidu loai thuc vat bao gdm cdy nguyét qué, co
roi ngua, va cdy thanh mai ma tir loai cdy nay n6 c6 tén nhu vay. Myrxen dugc
san xuét tir GPP nhd myrxen synthaza. Vi du minh hoa v& céc trinh tu nucleotit
thich hop bao gdém, nhung khéng bi giéi han &: (U87908; Abies grandis),
(AY195609; Antirrhinum majus), (AY195608; Antirrhinum majus),
(NM_127982; Arabidopsis thaliana TPS10), (NM_113485; Arabidopsis
thaliana ATTPS-CIN), (NM_113483; Arabidopsis thaliana ATTPS-CIN),
(AF271259; Perilla frutescens), (AY473626; Picea abies), (AF369919; Picea
abies), va (AJ304839; Quercus ilex).

Ocimen

a- va B-Ocimen, lan lugt c6 cong thire cau tao:

va
LN ™ e :

dugc tim thdy & nhiéu loai ciy va qua bao gdm Ocimum basilicum va dugc san
xudt tr GPP nho ocimen synthaza. Vi du minh hoa v& céc trinh tu nucleotit
thich hop bao gdm, nhung khong bi gi6éi han &: (AY195607; Antirrhinum
majus), (AY195609; Antirrhinum majus), (AY195608; Antirrhinum majus),
(AK221024; Arabidopsis thaliana), (NM_113485; Arabidopsis thaliana
ATTPS-CIN), (NM _113483;  Arabidopsis  thaliana ~ ATTPS-CIN),
(NM_117775; Arabidopsis thaliana ATTPS03), NM_001036574; Arabidopsis
thaliana ATTPS03), (NM_127982; Arabidopsis thaliana TPS10), (AB110642;
Citrus unshiu CitMTSL4), va (AY575970; Lotus corniculatus var. japonicus).

o-Pinen

a-Pinen, ¢6 cdng thirc cau tao:
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dugc tim thdy trong cdy thong va bach dan. o-Pinen dugc san xut tir GPP nho
a-pinen synthaza. Vi du minh hoa vé céc trinh tw nucleotit thich hop bao gdm,
nhung khong bi giéi han &: (+) o-pinen synthaza (AF543530, REGION
1...1887, Pinus taeda), (-)a-pinen synthaza (AF543527, REGION 32...1921,
Pinus taeda), va (+)/(-)a-pinen synthaza (AGU87909, REGION 6111892,
Abies grandis).

o-Pinen

B-Pinen, cé cong thirc cau tao:

i;
dugc tim thdy trong cdy thong, cdy hwong thao, ciy mui tdy, cy thi 13, cay
hing qué, va cdy hoa hdng. B-Pinen duoc san xuit tr GPP nhd B-pinen
synthaza. Vi du minh hoa v& cac trinh tu nucleotit thich hop bao gdm, nhung

khoéng bi giéi han & (-) B-pinen synthaza (AF276072, REGION: 1..1749,
Artemisia annua) va (AF514288, REGION: 26..1834, Citrus limon).

Sabinen

Sabinen, cé cong thirc cau tao:
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duoc tim théy trong hat ti€u den, hat ca rét, cay x0 thom, va cdy ch¢. Sabinen
dugc san xuét tr GPP bdi sabinen synthaza. Vi du minh hoa vé c4c trinh tyu
nucleotit thich hgp bao gdm, nhung khéng bi gidi han & AF051901, REGION
26..1798 tir Salvia officinalis.

y-Terpinen

v-Terpinen, ¢ cong thirc cau tao:

1a thanh phén cia tinh diu tir qua cdy c6 mui. Bing qué trinh ho4 sinh, Y-
terpinen dugc san xudt tir GPP nhé y-terpinen synthaza. Vi du minh hoa vé cac
trinh tu nucleotit thich hop bao gdm: (AF514286, REGION: 30..1832 tit Citrus
limon) va (AB110640, REGION: 1..1803 tir Citrus unshiu)

Terpinolen

Terpinolen, cé cong thirc cau tao:

dugc tim thy trong cdy 1y chua, cdy béch, ciy 6i, cdy vai, cdy du du, cay
thong, va cdy che. Terpinolen dugc san xuit tir GPP nho terpinolen synthaza.
Vi du minh hoa vé céc trinh tu nucleotit thich hop bao gdm, nhung khong bi
gidi han & AY906866, REGION: 10..1887 tir Pseudotsuga menziesii.

Cac hop chét Cis
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Céc hop chit Cis theo séng ché thuong duoc tao ra tir farnesyl
pyrophosphat (FPP), chét ndy dugc san xudt bang cach ngung tu hai phéan tr
IPP v&i mot phan tir DMAPP. Enzym da biét dé xuc tac cho buéc nay 1a, vi du,
farnesyl pyrophosphat synthaza. Cic hgp chit Cis ndy con duge goi 1a

sesquiterpen vi chung dugc tao ra tir ba don vi isopren.

Fig.2 1a dd thé hién cach IPP va DMAPP c6 thé dugc két hgp dé san

xuét FPP, chét nay c6 thé dugc xir Iy tiép thanh sesquiterpen.

Vi du minh hoa v& cac trinh ty nucleotit ma hoa farnesyl pyrophosphat
synthaza bao gdm, nhung khéng bi giéi han & (ATU80605; Arabidopsis
thaliana), (ATHFPS2R, Arabidopsis thaliana), (AAU36376, Artemisia annua),
(AF461050; Bos taurus), (D00694; Escherichia coli K-12), (AE009951, Locus
AAL95523; Fusobacterium nucleatum subsp. nucleatum ATCC 25586),
(GFFPPSGEN; Gibberella fujikuroi), (CP000009, Locus AAW60034,
Glﬁconobacter oxydans 621H), (AF019892, Hehanthus annuus), (HUMFAPS;
Homo sapiens), (KLPFPSQCR, Kluyveromyces lactis), (LAU15777, Lupinus
albus), (LAU20771, Lupinus albus), (AF309508, Mus musculus),
(NCFPPSGEN; Neurospora crassa), (PAFPS1, Parthenium argentatum),
(PAFPS2, Parthenium argentatum), (RATFAPS; Rattus norvegicus),
(YSCFPP; Saccharomyces cerevisiae), (D89104; Schizosaccharomyces
pombe), (CP000003, Locus AAT87386; Streptococcus pyogenes), (CP000017,
Locus AAZ51849, Streptococcus pyogenes), (NC_008022, Locus YP_598856,
Streptococcus pyogenes MGAS10270), (NC_008023, Locus YP 600845,
Streptococcus pyogenes MGAS2096), (NC_008024, Locus YP 602832,
Streptococcus pyogenes MGAS 10750), va (MZEFPS, Zea mays).

Theo cach khac, FPP con ¢6 thé dugc san xuit b%mg cach cong IPP vao
GPP. Vi du minh hoa vé céc trinh tu nucleotit ma héa enzym c6 kha ndng tham
gia vao phan tng niy bao gdm, nhung khong bi gii han &: (AE000657, Locus
AACO06913, Aquifex aeolicus VF5), (NM_202836, Arabidopsis thaliana),
(D84432, Locus BAA12575; Bacillus subtilis), (U12678, Locus AAC28894;
Bradyrhizobium  japonicum USDA  110), (BACFDPS; Geobacillus
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stearothermophilus), (NC_002940, Locus NP_873754; Haemophilus ducreyi
35000HP), (142023, Locus AAC23087, Haemophilus influenzae Rd KW20),
(J05262, Homo sapiens), (YP_395294, Lactobacillus sakei subsp. sakei 23K),
(NC _005823, Locus YP_000273; Leptospira interrogans serovar Copenhageni
str Fiocruz 1.1-130), (AB003187; Micrococcus luteus), (NC 002946, Locus
YP 208768; Neisseria gonorrhoeae FA 1090), (U00090, Locus AAB91752,
Rhizobium sp. NGR234), (J05091; Saccharomyces cerevisae), (CP000031,
Locus AAV93568; Silicibacter pomeroyi DSS-3), (AE008481, Locus
AAK99890; Streptococcus pneumoniae R6), va (NC 004556, Locus NP
779706; Xylella fastidiosa Temeculal).

Sau d6 FPP dwoc chuyén ho4 tiép thanh nhidu hop chét Cis khac nhau.
Vi du minh hoa vé& céc hop chit C1s bao gdm, nhung khong bi gi6i han &:

Amorphadien

Amorphadien, cé cong thirc cau tao:

la tién chit ddi voi artemisinin duoc san xudt bdi Artemisia anna.
Amorphadien dugc san xuét tir FPP nhd amorphadien synthaza. Vi du minh
hoa vé cac trinh tu nucleotit thich hop 13 SEQ ID NO. 37 cua Patent My sb
7,192,751.

o-Farnesen

o-Farnesen, c6 cong thirc cdu tao:
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duoc tim thdy trong nhidu ngudn sinh hoc khéac nhau bao gdm, nhung khong bi
giéi han & tuyén Dufour cta kién va trong v tdo va vé 1&. a-Farnesen dugc san
xuét tir FPP nho a-farnesen synthaza. Vi du minh hoa v& céc trinh ty nucleotit
thich hop bao gdm, nhung khong bi gi¢i han & DQ309034 tir Pyrus communis
cultivar d'Anjou (1€; tén gen AFS1) va AY 182241 tr Malus domestica (t4o; gen
AFS]). Xem 4n phdm: Pechouus et al., Planta 219(1):84-94 (2004).

B-Farnesen

B-Farnesen, c6 cong thirc cau tao:

~ e o

dugc tim thdy trong nhiéu ngudn sinh hoc khac nhau bao gdm, nhung khong bi
gidi han & rép ving va tinh dau nhu tir tinh ddu bac ha. Trong mét sb thuc vat
nhu khoai tdy dai, B-farnesen dugc téng hop dé 1am chét diét con trung tu
nhién. B- Farnesen dugc san xuét tir FPP nhd B-farnesen synthaza. Vi du minh
hoa vé& c4c trinh ty nucleotit thich hgp bao gdm, nhung khéng bi gi6i han & s
dang ky ngéin hang gen AF024615 tir Mentha x piperita (bac ha; gen Tspa 11),
va AY835398 tir Artemisia annua. Xem 4n phdm: Picaud et al., Phytochemistry
66(9): 961-967 (2005).

Farnesol

Farnesol, ¢ cong thirc cau tao:

WGH ‘

duoc tim thy trong nhiéu ngudn sinh hoc khac nhau bao gbm con tring va tinh
dau nhu tir cdy sa chanh, dau hoa cam, cdy hoa anh thdo, céy sa, cdy hoa hu¢,
va cdy hoa hong. Farnesol dugc san xudt tir FPP nh& hydroxylaza nhu farnesol
synthaza. Vi du minh hoa v& c4c trinh tu nucleotit thich hgp bao gbm, nhung

khong bi giéi han & s ding ky ngin hang gen AF529266 tr Zea mays va
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YDR481C tir Saccharomyces cerevisiae (gen Pho8). Xem 4n phdm: Song, L.,
Applied Biochemistry and Biotechnology 128:149-158 (2006).

Nerolidol

Nerolidol, ¢6 cong thirc cAu tao:

con duge goi 1a peruviol, va duogc tim thdy ¢ nhidu ngudn sinh hoc khac nhau
bao gdm 1a tinh ddu nhu tir ddu hoa cam, cdy gimg, ciy hoa nhai, cdy odi
huong, cdy ché, va cdy sa. Nerolidol dugc san xuit tir FPP nhd hydroxylaza
nhu nerolidol synthaza. Vi du minh hoa vé& cac trinh ty nucleotit thich hop bao

gbm, nhung khong bi gi¢i han & AF529266 tlir Zea mays (ngd, gen tps1).

Patchoulol

OH

Patchoulol, c6 cong thirc ciu tao:

con duge biét dén 1 ruogu cdy hodc hwong va 1a thanh phin cua tinh dau cia
Pogostemon patchouli. Patchouliol dugc san xuit tir FPP nhd patchouhol
synthaza. Vi du minh hoa v& cac trinh ty nucleotit thich hop bao gdm, nhung

khong bi gidi han & AY508730 REGION: 1..1659 tir Pogostemon cablin.
Valencen

Valencen, c6 cong thirc cau tao:
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12 mét trong s& cac thanh phin hod hoc chinh cia mui va vi cia cdy cam va
dugc tim théy & vo qua cam. Valencen dugc san xuit tir FPP nhd nootkaton
synthaza. Vi du minh hoa v& cac trinh tu nucleotit thich hop bao gbém, nhung
khong bi giéi han & AF441124 REGION: 1..1647 ti Citrus sinensis va
AY917195 REGION: 1..1653 tir Perilla frutescens.

Céc hop chat Cao

Céc hop chét Cyo theo sang ché thuodng dugce tao ra tir geranylgeraniol
pyrophosphat (GGPP) ma dugc san xuét bing viéc ngung tu ba phan tt IPP véi
mdt phén tr DMAPP. Enzym di biét d& xtic tic cho budc nay 13, vi dy,
geranylgeranyl pyrophosphat synthaza. Céc hgp chdt Cz nay con dugc goi la

diterpen vi chiing dugc tao ra tir bén don vi isopren.

Fig.2 12 so d6 thé hién cach IPP va DMAPP c6 thé duoc két hop dé san
xuit GGPP, chit nay c6 thé duoc xir Iy tiép thanh diterpen, hodc ¢ thé dugc

Xt ly tiép d€ sén xuat carotenoit.

Vi du minh hoa vé cic trinh ty nucleotit ma hoa geranylgeranyl
pyrophosphat synthaza bao gdm, nhung khong bi gidi han &: (ATHGERPYRS,
Arabidopsis thaliana), (BT005328, Arabidopsis thaliana), (NM_119845,
Arabidopsis thaliana), (NZ_AAJM01000380, Locus ZP 00743052, Bacillus
thuringiensis serovar israelensis, ATCC 35646 sql563), (CRGGPPS,
Catharanthus  roseus), ~(NZ_AABF02000074, Locus ZP_00144509,
Fusobacterium nucleatum subsp. vincentii, ATCC 49256), (GFGGPPSGN,
Gibberella fujikuroi), (AY 371321; Ginkgo biloba), (AB055496; Hevea
brasiliensis), (AB017971: Homo sapiens), (MCI276129; Mucor circinelloides
[ lusitanicus), (AB016044; Mus musculus), (AABX01000298, Locus
NCUO01427; Neurospora crassa), (NCU20940; Neurospora crassa),
(NZ_AAKLO01000008, Locus ZP 00943566; Ralstonia solanacearum
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UWS551), (AB118238; Rattus norvegicus), (SCU31632; Saccharomyces
cerevisiae), (AB016095; Synechococcus elongates), (SAGGPS; Sinapis alba),
(SSOGDS; Sulfolobus acidocaldarius), (NC 007759, Locus_YP 461832;
Syntrophus aciditrophicus SB), va (NC_006840, Locus_ YP 204095; Vibrio
fischeri ES114).

Theo cach khic, GGPP con c6 thé dugc san xudt bang cach cong IPP
vao FPP. Vi du minh hoa vé c4c trinh tu nucleotit ma hoa enzym c6 kha ndng
tham gia phan tng nay bao gém, nhung khéng bi giéi han &: (NM_112315;
Arabidopsis thaliana), (ERWCRTE; Pantoea agglomerans), (D90087, Locus
BAA14124; Pantoea ananatis), (X52291, Locus CAA36538; Rhodobacter
capsulatus), (AF195122, Locus AAF24294; Rhodobacter sphaeroides), va
(NC_004350, Locus NP_721015; Streptococcus mutans UA159).

Sau d6, GGPP dugc chuyén hoa tiép thanh nhidu Cao isoprenoit khac
nhau. Vi du minh hoa vé& céc hop chét Cz bao gdm, nhung khong bi gidi han 6:

Geranylgeraniol

Geranylgeraniol, cé cong thirc cau tao:

AN AN AN NNon.

14 thanh phén ctia dau gb tir Cedrela toona va cta diu lanh. Geranylgeraniol c6
thé dwoc san xuét, vi dy, bang cach bd sung gen ma héa phosphataza vao cac

c4u trac biéu hién sau gen ma hoa GGPP synthaza.
Abietadien

Abietadien bao gém cac chit ddng phan sau:

b ‘ ""* va
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va dugc tim thdy & cdy nhu Abies grandis. Abietadien dugc san xuét boi
abietadien synthaza. Vi du minh hoa v& cé4c trinh tu nucleotit thich hgp bao
gbm, nhung khong bi gi¢i han &: (U50768; Abies grandis) va (AY473621;

Picea abies).
Céac hop chat Cao+

Céc hop chit Ca+ cling bao gdm trong pham vi cta sang ché. Vi du
minh hoa vé& cac hop chat nay bao gdm sesterterpen (hop chit Cas duge tao ra
tir nam don vi isopren), triterpen (hop chdt Cs dugc tao ra tir sdu don vi
isopren), va tetraterpen (hgp chit Cao dugc tao ra tir tam don vi isopren). Céc
hop chit nay dwoc tao thanh bang cach st dung céc phuong phép tuong tu
dugc néu & day va thay thé hodc bd sung céc trinh ty nucleotit ma hoa (céac)

synthaza thich hop.
Thao tac di truyén cac qua trinh

Séng ché str dung qua trinh MEV va/hoidc DXP duge thao tac di truyén
dé tac dong dén viéc san xudt cic isoprenoit & mic cao trong t& bao chil. Qua
trinh ndy thudng dugc thao tac di truyén thong qua cong nghé ADN tai td hop
b%mg cach biéu hién céc trinh tu khac loai ma hoa cac enzym trong it nhat mot

trong sO cac qua trinh nay.

Axit nucleotit cia di tugng c6 thé duge biéu hién bing vecto don hoic
da. Vi du, vecto biéu hién don c6 thé bao gdm it nhat hai, ba, bdn, nim, hoic
toan b céc trinh tu khéc loai ma hoa toan by enzym ciia qué trinh DXP hodc
MEV. Mic du viéc chon lwa vecto don hodc da c6 thé tuy thude vao kich thuée
clia céc trinh ty khac loai va kha ning cua vecto, nhung diéu nay s€ phu thudc
phan 16n vao tdng san lugng cuia isoprenoit thu dugc ma vecto ndy c6 kha nang
tao ra khi dugc biéu hién trong té€ bao chii da chon. Vecto cua dbi tuong c6 thé
giit dugc kha ning sao chép theo cach episom hoic 12 phan khong thé thiéu cua
hé gen cua té bao chui. Thong thuong, dic tinh tht hai nay duge wu tién cho sy

nhén giéng dugc duy tri lién tuc cia té bao chu.
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Trong cac té bao cht nhét dinh, mdt hodc nhiéu trinh ty khac loai ma
héa enzym ciia qué trinh MEV hoic DXP ¢6 thé dugc kiém soat bdi mot hodc
nhiéu operon. Trong mdt vai truong hop, hai hodc ba hé operon tao ra san

luong isoprenoit cao hon so véi mot hé operon. .

Khi cén, cac trinh ty axit nucleic cia dbi tuwong c6 thé duoc cai bién dé
mang lai sy wa thich codon cua té bao chi da duogc chon dé tic dong dén su
biéu hién cao hon cua céc trinh tu nay trong té bao chu. Vi dy, theo mot sb
phuong an, trinh ty nucleotit ctia dbi tugng s& duge cai bién sy va thich codon
clia nAm men. Xem, vi dy, 4n phidm: Bennetzen and Hall (1982) J: Biol. Chem
257(6): 3026-3031. Vi du khong gidi han khac 1a, theo cac phuong an khac, cac
trinh tw nucleotit s& dugc cai bién su wa thich codon cia E. coli. Xem, vi du, 4n
phim: Gouy and Gautier (1982) Nucleic Acids Res. 10(22) 7055-7074, Eyre-
Walker (1996) Mol. Biol. Evol. 13(6):864-872. Xem 4n phdm: Nakamura et al.
(2000) Nucleic Acids Res. 28(1) 292. Bang sir dung codon ding cho nhiéu sinh
vat 1a c6 sin, bang nay co thé dugc ding dé tham khao trong viée thiét két cac
trinh tu theo sang ché. Viéc st dung céc codon phé bién cua cac vi sinh vét chu
da cho thuong lam ting kha ning xay ra dich mi, va do d6 1am ting muc biéu

hién cla céc trinh ty mong muon.

Viéc san xuét céac axit nucleic cia dbi tuong cb thé duogc tién hanh béng
nhiéu k§ thuat tai t6 hop va quy trinh tdng hop thong thudong khéc nhau. Tém
lai, cdc axit nucleic cua dbi tugng co thé dugc san xudt tir cac doan ADN,
cADN, va ARN cua h¢ gen, tat ca cac loai nay cé thé dugc tach chiét truc tiép
tir té bao hodc dugc san xudt bing céach tai td hop bdi cac quy trinh khuéeh dai

khac nhau bao gdm, nhung khong bi gi¢i han & PCR va rt-PCR.

Viéc tdng hop axit nucleic truc tiép bing qua trinh hod hoc thudng bao
gém bude bd sung theo thtt tw cic monome nucleotit dau 3' bi chin va du 5' bi
chin vao nhém 5'-hydroxyl tan cling ctia chudi polyme nucleotit dang 16n dan
Ién, trong d6 mdi 14n bd sung duge tac dong bdi su tAn cong va nhan clia nhém
5'-hydroxyl tan cing ciia chudi dang 16n dan 18n nay 18n vi tri 3' cia monome

di dugc bd sung, monome niy thuong 1a din xuit cia phospho, nhu
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phosphotrieste, phosphoramidit, hodc cac chat twong ty. Hé phuong phap nay
1a da biét v6i ngudi c6 hidu biét trung binh trong linh vuc k¥ thuét nay va dugc
md ta trong cdc sach va tai liu thich hop (vi du, xem 4n phdm: Matteuci et al.
(1980) Tet. Lett. 521:719, Patent M§ sb 4,500,707 cép cho Caruthers et al., va
Patent M§ sb 5,436,327 va 5,700,637 cép cho Southern et. al.).

C6 thé 1am ting mirc phién ma cia axit nucleic trong vi sinh vat chu
bing nhiéu cach. Vi dy, diéu nay c6 thé dat dugc bing cach lam tang sb ban
sao cua trinh tw nucleotit ma héa enzym (vi du, bang cach st dung vecto biéu
hién sb ban sao cao hon chira trinh ty nucleotit ma hoa enzym nay, hodc béng
cach dua céc ban sao bd sung cua trinh tw nucleotit ma héa enzym vao hé gen
cua vi sinh vt chd, vi du, béng cach tai tb hop duogc diéu hoa bdi recA, st dung
vecto "tu sat", tai td hop st dung recombinaza cua thé thuc khudn lambda,
va/hodc chén qua yéu t§ gen nhay (transposon) hodc yéu té c6 thé chuyén vi).
Ng'oa‘li ra, didu nay c6 thé dwoc thuc hién bing cach thay dbi trat ty cia cac
vung ma hda trén mRNA da cistron cua operdn hodc pha v& operon thanh céc
gen riéng biét, mdi gen c6 yéu td diéu hoa riéng cua no, hodic lam taing kha
nang cua yéu t6 khoi dau (trinh ty kiém soat phién ma hodc trinh tu khai dau
phién m#) ma ving mi héa enzym duogc lién két mot cach linh hoat véi yéu td
khéi dau nay (vi dy, st dung yéu t& khéi ddu cam tng arabinoza hogc lactoza
lién tmg trong vi sinh vat cht Escherichia coli thay cho yéu t6 khéi ddu cam
ting lactoza di dugc cdi bién, nhu yéu t§ khoi ddu duge tim thdy trong céc
plasmit pBluescript va pBBRIMCS), hoic sir dung yéu t6 khéi dau cam ung va
cam ng yéu t6 khoi diu cam tng nay bang cach bd sung hoa chét vao mai
truong nudi cdy. Mirc dich m ciia trinh tu nucleotit trong vi sinh vét chu c6 thé
dugc gia ting theo nhiéu cach, bao gdm, nhung khéng bi gidi han &, tang do én
dinh cia mARN, cai bién trinh tw ciia vi tri lién két ribosom, cai bién khoang
céch hoic trinh tu gitta vi tri lién két ribosom va codon khéi diu cua trinh tu
ma héa enzym, cai bién toan bo ving gitra cac gen duoc dinh vi & “nguoc dong
ctia” hoic lién k& véi phia 5' ctia codon khoi ddu cia viing ma héa enzym, lam
4n dinh dau 3’ ctia san phdm phién ma mARN sir dung cic trinh ty hinh cap toc

va céc trinh ty chuyén hod, cai bién viéc st dung codon ctia enzym, cai bién su
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bidu hién ctia codon tARN hiém, duoc st dung trong qu4 trinh sinh tong hop
enzym, va/hoic 1am ting d6 dn dinh cia enzym, nhu, vi dy, thong qua dot bién
trinh ty ma hda cua nd. Viéc xac dinh codon dugce wu tién va codon tRNA hiém

¢6 thé dugc dya trén viéc phén tich trinh ty cac gen thu duogc tir vi sinh vat chu.

Hoat tinh cia MEV, DXP, hodc prenyltransferaza trong vat chi cé thé
dugc cai bién bang nhiu cach, bao gdm, nhung khong bi giéi han &, biéu hién
dang di dugc cai bién ciia enzym thé hién do hoa tan ting 1én trong té bao chu,
biéu hién dang cai bién cua enzym thiéu ving ma théng qua d6 hoat tinh cta
enzym bi trc ché, biéu hién dang da dugc cai bién cua enzym ma cé Kcat cao
hon hodac Km thép hon d6i véi co chit, hodc biéu hién dang cai bién cta enzym
ma khong bi anh huéng bai su diéu hoa nguoc hodc xudi bodi mdt phan tir khac
trong qué trinh chuyén hoa. Céc enzym bién thé nhu vay con c6 thé dugce phan
1ap thdng qua su phét sinh dot bién ngiu nhién ciia enzym dic hiéu rong hon,
nhu duoc mé ta dudi ddy, va trinh ty nucleotit ma héa enzym bién thé nay c6
thé dugc biéu hién tir vecto biéu hién hogic tir gen ti td hop dugc két hop vao

hé gen cua vi sinh vt chu.

Vecto ctia dbi tuong c6 thé duogc tao ciu tric dé san xuét ra sb luong
ban sao ciia enzym dugc ma hoé véi mirc mong mudn. Theo mdt s6 phuong én,
vecto cta ddi tuong san Xuét ra it nhat 10, tir 10 dén 20, tir 20 dén 50, tir 50 dén
100, hodc thadm chi nhiéu hon 100 ban sao cia HMG-CoA reductaza,
mevalonat kinaza, hoic c4 hai. Cac plasmit c6 sé luong ban sao thap thuong
tao ra thdp hon khoang 20 ban sao plasmit cho mét té bao; cac plasmit c6 sb
lwgng ban sao trung binh thuong tao ra tir khoang 20 ban sao plasmit cho mot
té bao dén khoang 50 ban sao plasmit cho maot t& bao, hodc tir khoang 20 ban
sao plasmit cho mét té bao dén khoéng 80 ban sao plasmit cho mdt té bao; va
plasmit ¢6 s§ lugng ban sao cao thudng tao ra tir khoang 80 ban sao plasmit
cho mot t& bao dén khoang 200 ban sao plasmit cho mot té bao, hodc nhiéu

hon.

Vecto biéu hién lugng ban sao thip thich hop dbi v6i Escherichia coli

bao gdm, nhung khong bi giéi han &, pACYC184, pBeloBacl1, pBR332,
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pBAD33, pBBRIMCS va cic dan xuit ctia n6, pSC101, SuperCos (cosmid), va
pWEI1S5 (cosmid). Vecto biéu hién lugng ban sao trung binh thich hop dbi voi
Escherichia coli bao gbm, nhung khong bi gi6i han & pTrc99A, pBAD24, va
vecto chita diém khéi dau sao chép ColEl va céc din xuét cua né. Vecto bidu
hién lugng ban sao cao thich hop dbi v6i Escherichia coli bao gbm, nhung
khong bi gi6i han &, vecto pUC, pBluescript, pPGEM, va pTZ. Vecto biéu hién
(thudc tdm dong) lugng ban sao thip thich hop dbi véi nAm men bao gbm,
nhung khong bi giéi han &, pRS415 va pRS416 (xem 4n phdm: Sikorski &
Hieter (1989) Genetics 122:19-27). Vecto biéu hién 2 micron lugng ban sao
cao thich hop & ndm men bao gdm, nhung khong bi gidi han &, pRS425 va
pRS426 (xem 4n phdm: Christainson et al. (1992) Gene 110:119-122). Vecto
biéu hién 2 micron khac bao gdm céc bién thé khong c6 tinh chon loc cta vecto
2 micron nay (xem 4n phdm: Bruschi & Ludwig (1988) Curr. Genet 15:83-90)
hodc plasmit 2 micron con nguyén ven mang catxet biéu hién (nhu dugc minh
hoa trong don xin cip patent My s6 20050084972) hodc plasmit 2 micron mang
gen chi thi chon loc khuyét nhur LEU2d (xem 4n phim: Erhantt et al. (1983) J.
Bacteriol. 156 (2): 625-635) hodc URA3d (Okkels (1996) Annals of New York
Academy of Sciences 782(1): 202- 207).

Céc yéu t§ diéu hoa bao gdm, vi duy, cic yéu t6 khoi dau va cac yéu tb
didu khién con c6 thé dugc thao tac dé lam tang dong chuyén hoéa ctia qua trinh
MEYV hoic DXP bing cach ting su biéu hién cia mot hodc nhidu gen dong vai
trd quan trong trong viéc quyét dinh san luong téng cla isoprenoit dugc san
xuét. Yéu t6 khoi déu 1a cac trinh tu nucleotit khéi dAu va kiém soat su phién
ma cua trinh ty axit nucleic boi enzym ARN polymeaza. Yéu t6 diéu khién 1a
trinh ty nucleotit lién ké v6i yéu t6 khoi ddu thuc hién chtrc ning kiém soét
phién mé cla trihh ty axit nucleic mong muén. Yéu t6 didu khién nay chtra
viing lién két protein ma tai d6 protein e ché dic hidu c6 thé lién két. Trong
diéu kién khéng c6 protein trc ché thich hop, su phién ma bit diu nho yéu tb
khéi dau. Trong didu kién c¢6 mit protein e ché thich hop, protein &rc ché nay

lién ket véi yeu to dicu khieén va bang cach nay e ché phién ma tir yéu to khéi
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ddu. Céc yéu té khéi ddu va cac yéu t§ didu khién con duge goi 13 cac yéu tb
diéu hoa phién ma.

Theo mét s& phwong 4n thuc hién sang ché, cac yéu t6 khéi dau duoge st
dung trong cac vecto biéu hién 1a c¢6 kha nang cam tng. Theo phuong an khac,
cac yéu td khéi diu dugc sir dung trong vecto biéu hién 1a c6 kha ning cu
triic. Theo mot sd phuong 4n, mot hodic nhiéu trinh ty axit nucleic dugc lién két
mot cach linh hoat v&i yéu t6 khoi ddu cam g, va mdt hodic nhiéu trinh ty axit

nucleic khac duogc lién két mot cach linh hoat véi yéu td khéi dau cau truc.

Vi du khong gidi han vé cac yéu t6 khdi dau thich hop dé st dung trong
té bao chi nhan so bao gdbm yéu t§ khoi diu ARN polymeaza ciia thé thuc
khuén T7; yéu t6 khoi dau trp; yéu td khoi diu lac operon, yéu t6 khéi ddu lai,
vi du, yéu t6 khéi dau lai lac/tac, yéu t6 khoi ddu lai tac/tre, yéu td khoi dau
trp/lac, yéu t6 khoi dau T7/lac, yéu td khoi diu tre, yéu tb khoi diu tac, va cac
yéu t6 khoi ddu tuong tu, yéu t6 khoi ddu araBAD; yéu tb khoi dau duge didu
hoa in vivo, nhu yéu té khoi diu ssaG hoidc yéu td khéi dau c6 lién quan (xem,
vi dy, Cong bd Patent My s& 20040131637), yéu té khéi ddu pagC (xem 4n
phim: Pulkkinen and Miller, J. Bactenol. (1991) 173(1):86-93; xem 4n phim:
Alpuche-Aranda et al. (1992) Proc. Natl. Acad. Sci. U S A. 89(21):10079-83),
yéu t6 khoi ddu nirB (xem 4n phdm: Harborne et al. (1992) Mol Micro. 6:2805-
2813), va cac yéu tb khoi diu tuong tw (xem, vi du, xem 4n phim: Dunstan et
al. (1999) Infect. Immun. 67,5133-5141; 4n phim: McKelvie et al. (2004)
Vaccine 22:3243-3255; va xem 4n pham: Chatfield et al. (1992) Biotechnol.
10:888-892); yéu tb khéi diu sigma70, vi du, yéu t6 khéi ddu sigma70 lién Gng
(xem, vi du, cic s6 ding ky ngin hang gen AX798980, AX798961, va
AX798183); yéu t6 khéi dau pha 6n dinh, vi du, yéu té khéi dau dps, yéu té
khoi dau Spv, va cac yéu t6 khoi dau tuong tu, yéu t§ khai dau duoc tao ra tur
dao sinh bénh SPI-2 (xem, vi du, W096/17951); yéu t6 khoi ddu actA (xem, vi
du, 4n pham: Shetron-Rama et al. (2002) Infect. Immun. 70: 1087-1096); yéu tb
khoi ddu rpsM (xem, vi dy, 4n phdm: Valdivia and Falkow (1996) Mol.
Microbiol 22:367 378); yéu t6 khéi dau tet (xem, vi duy, 4n phadm: Hillen et al.
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(1989) In Saenger W. and HeinemannU. (eds) Topics in Molecular and
Structural Biology, Protein-Nucleic Acid Interaction. Macmillan, London, UK,
Vol. 10, pp. 143-162); yéu t6 khéi déu SP6 (xem, vi duy, 4n pham: Melton et al.
(1984) Nucl. Acids Res. 12:7035-7056), va céc yéu té khoi dau tuong tu.

Theo mot sé phwong an, tdng hoat tinh cua enzym MEV hodc DXP khac
loai déng vai trd 16n hon trong tong san lwong isoprenoit so véi cac enzym
khac trong céc qua trinh chuyén hoa tuwong tmg dugc tang Ién bang cach biéu
hién enzym nay tir yéu t6 khoi ddu manh. Yéu t6 khoi diu manh thich hop dbi
v6i Escherichia coli bao gém, nhung khong bi gidi han & Trc, Tac, T3, T7, va
Prambda. Theo mot phuong an khac, hoat tinh téng ctia mdt hodc nhiéu enzym
cla qué trinh MEV trong vét chi duge ting 1én bang cach bidu hién enzym nay
tur yéu t6 khéi diu manh trén plasmit c¢6 sb luong ban sao cao. Cac vi du thich
hop, dbi v6i Escherichia coli bao gbm, nhung khong bi gi6i han & viéc st dung
yéu t§ khoi dau Tre, Tac, TS, T7, va PrLambda Véri vecto pBAD24, pBADI18S,
pGEM, pBluescript, pUC, va pTZ.

Vi du khong gi6i han vé yéu t6 khoi dau thich hop dé sir dung trong té
bao chi nhan chuin bao gdm, nhung khong bi giéi han &, yéu tb khoi dau ngay
sém CMYV, yéu té khéi diu HSV thymidin kinaza, yéu t§ khéi diu SV40 sém

hodc mudn, LTR tir retrovirut, va yéu t6 khoi diu metalothionem-I & chuot.

Vi du khong gi6i han vé yéu t6 khéi ddu c6 clu trac thich hop dé str
dung trong t& bao cht nhéan so bao gdm yéu té khéi diu sigma70 (vi du, yéu tb
khoi ddu sigma70 lién tng). Vi du khong gidi han vé yéu t6 khoi ddu cam ung
thich hgp dé str dung trong t& bao chi vi khudn bao gdm pL ciia thé thyc khudn
A; Plac; Ptrp; Ptac (yéu t§ khoi du lai Ptrp-lac); yéu t6 khéi ddu cam ung
isopropyl-beta-D44 thiogalactopyranosit (IPTG), vi dy, yéu t§ khai ddu lacZ;
yéu t6 khoi ddu cam tng tetraxyclin; yéu t6 khéi dau cam ung arabinoza, vi du,
PBAD (xem, vi du, 4n phdm: Guzman et al. (1995) J. Bacteriol. 177:4121-
4130); yéu t6 khoi ddu cam tmg xyloza, vi dy, Pxyl (xem, vi du, 4n phdm: Kim
et al. (1996) Gene 181:71-76); yéu t6 khoi diu GALIL; yéu t§ khoéi dau

tryptophan; yéu t6 khai dau lac; yéu t§ khéi ddu cam tmg ruou, vi du, yéu td
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khoi ddu cam mg metanol, yéu t& khéi diu cam mg etanol; yéu t§ khai du
cam Ung rafinoza; yéu t6 khoi ddu cam éng nhiét, vi du, yéu t& khoi dau
lambda PL c6 kha ning cam tng nhiét; yéu td khai dau duge kidm soét béi gen
trc ché nhay cam nhiét (vi dy, vecto biéu hién dua trén lambda tc ché CI857;
xem, vi du, 4n phdm: Hoffmann et al. (1999) FEMS Microbiol Lett.
177(2):327-34); va cac yéu t6 khoi dau tuong tu.

Vi du khong gi6i han vé yéu t6 khoi ddu cAu trac thich hop dé sir dung &
té bao chii ndm men bao gdm yéu t6 khoi ddu ADH1, ADH2, PGK, hodc
LEU2. Vi du khong gi6i han vé yéu t6 khéi ddu cam tng thich hop dé st dung
& té bao chii ndm men bao gbm, nhung khong bj giéi han &, yéu t6 khoi dau
cam Ung galactoza phan huéng nhu yéu td khéi diu GAL 1 hoiic GAL 10
(Xem 4n pham: West et al. (1984) Mol. Cell. Biol. 4(11):2467-2478), hoic yéu
t khoi ddu CUPI. Khi cin, vecto cta dbi tuong chira yéu t6 khéi ddu manh

hon yéu t6 khéi dau Lac bim sinh cta E. Coli.

Vi du khéng gi6i han vé cac yéu t6 didu khién dé st dung trong t& bao
chi1 vi khudn bao gdm yéu t§ diéu khién cua yéu t6 khéi dAu lactoza (protein trc
ché Lacl thay d6i hinh dang khi tiép xtic vdi lactoza, bang cach nay ngan chin
protein trc ché Lacl lién két véi yéu t§ didu khién nay), yéu t§ didu khién cta
yéu t khoi du tryptophan (khi phirc hop véi tryptophan, protein trc ché TrpR
c6 hinh dang lién két véi yéu t§ didu khién; trong diéu kién khong ¢6
tryptophan, protein tc ché TrpR c6 hinh dang ma khong lién két véi yéu tb
diéu khién), va yéu t6 diéu khién cia yéu t6 khoi dau tac (xem, vi du, 4n phém:

deBoer et al. (1983) Proc. Natl. Acad. Sci. U.S.A. 80:21-25.).

Céc gen trong vecto biéu hién thudng cling s& mai hod vi tri lién két
ribosom dé huéng sy dich ma (tuc 13, téng hop) cla san phim gen mARN da
dugc ma hod bat ky. Déi véi céc vi tri lién két ribosom thich hop dé st dung
trong Escherichia coli, xem 4n phim: Shine et al. (1975) Nature 254:34, va 4n
phim: Steitz, in Biological Regulation and Development: Gene Expression (ed.
R. F. Goldberger), vol. 1, p. 349, 1979, Plenum Publishing, N. Y. insertion of
the ribosome binding site encoding nucleotide sequence 5'-AAAACA-3'
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upstream of a coding sequence facilitates efficient translation in a yeast host
microorganism (4n phim: Looman et al. (1993) Nuc. Ac. Res. 21:4268-4271;
&n phdm: Yun et. al. (1996) Mol. Microbiol. 19:1225-1239).

Cac yéu t6 dicu hoa khac c6 thé dugc st dung trong vecto biéu hién bao
gbm cac y€u t0 ting cuong phién méa va yéu to két thuc phién ma. Xem, vi du,

Bitter et al. (1987) Methods in Enzymology, 153:516-544.

Vecto biéu hién c6 thé thich hop dé st dung trong céc loai vi sinh vat
cht cu thé va khong thich hop dé sir dung trong cac loai vi sinh v4t chu khac.
Tuy nhién, ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuat nay, c6 thé xac
dinh mot cach dé& dang bang thir nghiém thong thudng xem vecto biéu hién cu
thé d6 c6 thich hop cho vi sinh vét chi da cho hay khong. Vi du, vecto biéu
hién ¢6 thé dugce dua vao sinh vét chu, sau d6 duoc kiém tra v& kha nang ton tai

va bi€u hién cua cic gen bat ky chira trong vecto nay.

Vecto biéu hién nay c6 thé con chira mot hoic nhiéu gen chi thi ¢6 kha
ndng chon lgc ma, trong qué trinh biéu hién, tao ra mot hodc nhiéu tinh trang
kiéu hinh hitu dung cho viéc chon loc hoic nhan biét té bao chu mang vecto
biéu hién nay. Vi du khong gi¢i han v& gen chi thi thich hop c6 kha ning chon
loc dbi véi té bao nhan chudn bao gdm dihydrofolat reductaza va khéng
neomyxin. Vi du khong giéi han vé gen chi thj ¢6 kha ning chon loc thich hop
d6i voi té bao  nhan sobao gdbm gen khéng tetraxyclin, ampixilin,

cloramphenicol, carbenixilin, va kanamyxin.

bé se’in xuét isoprenoit trén quy md cdng nghiép, c6 thé khong thuc té
hodc qué tén kém néu st dung gen chi thi c¢6 kha ning chon loc ma cin phai bd
sung chit khang sinh vao mdi truong 1én men. Do d6, mot sb phuong én cua
sang ché st dung té bao chu ma khong cin phai st dung gen chi thi c6 kha
ndng chon loc tao ra tinh khang chét khang sinh dé dam bao su duy tri plasmit
(vecto biéu hién). Theo cac phuong 4n ctia sdng ché, vecto biéu hién chira hé
duy tri plasmit nhu plasmit IncP (RK2) 60kb, tuy y cung v6i hé sao chép
va/hoic phan tich RK2 plasmit, dé tac dong dén su duy tri plasmit trong diéu

kién khong c6 su chon loc chét khing sinh (xem, vi du, 4n phidm: Sia et al.

-40-



21745

(1995) J. Bacteriol. 177:2789-97; 4n phdm: Pansegrau et al. (1994) J. Mol.
Biol. 239:623-63). H¢ duy tri plasmit thich hgp cho muc dich ndy dugc ma hoa
bdi parDE operon clia RK2, ma mi héa doc t6 6n dinh va khang doc t6 khong
6n dinh. Khang doc t6 nay c6 thé wc ché tac dong gy chét cia doc td nho su
turong tac protein-protein mot cach truc tiép. Té bao mit vecto biéu hién chira
operon parDE nhanh chéng bi thiéu khéang doc tb khong 6n dinh, tao ra doc tb
6n dinh sau d6 lam chét té bao. Hé sao chép RK2 plasmit dugc ma hod béi gen
trfA, ma hoa protein sao chép ADN. H¢ phan tdich RK2 plasmit dugc ma ho4
bdi operon parCBA, ma hda céc protein thuc hién chirc ning tach cac multime

plasmit c6 thé xut hién tir qua trinh sao chép ADN.

Céac vecto cua dbi tugng co thé dugc dua vao té bao cha mdt cach 6n
dinh hogc tam thdi bing nhiéu k¥ thuat da dwoc thiét 14p. Vi du, phwong phap
lién quan dén viée xir Iy bang canxi clorua trong d6 vecto biéu hién dugc dua
vao thong qua sy két tiia canxi. Cac mudi khac, vi du canxi phosphat, cling cé
thé duogc st di_lng theo quy trinh twong tu. Ngoai ra, c6 thé sir dung phuong
phép dong dién dich chuyén (tirc 13, sir dung dong dién dé ting kha nang thdm
ctia té bao véi axit nucleic). Cac phuong phéap bién nap khac bao gdm vi tiém,
bién nap qua trung gian DEAE dextran, va sdc nhiét trong diéu kién c6 mit
lithi axetat. Phirc hop lipit, liposom, va dendrime cling c6 thé dugc sir dung dé

chuyén nhiém vao vi sinh vt chu.

Trong qué trinh bién nap, c6 thé thuc hién nhiéu phuong phap @& nhan
dang té bao chi ma vecto cia dbi twong da dugc dua vao d6. Mot phuong phép
chon loc 1am vi du bao gdm cdy truyén cac té bao riéng biét dé tao thanh cac
khuin lac ri€éng biét, sau do kiém tra sy biéu hién cua san phém gen mong
mubdn. Phuong phap khac doi hoi viée chon loc cac té bao chi di dwoc bién nap
dua trén tinh trang kiéu hinh dugc tao ra théng qua viéc biéu hién cua gen chi
thi c6 kha nang chon loc dugc chira trong vecto biéu hién. Nguoi c¢6 hidu biét
trung binh trong linh vuc k¥ thut nay c6 thé nhan biét té bao chi da dugc cai
bién di truyén bang cach st dung cic phuong phép niy hodc cac phuong phéap

khac da biét trong linh vuc k§ thuét nay.
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Viéc dua cic trinh tu clia qué trinh chuyén héa khac nhau theo sang ché
vao té bao chu ¢ thé dugc xac nhén bing cac phuong phap nhu PCR, phuong
phap lai thdm tach Southern blot hodc Northern blot. Vi du, axit nucleic c6 thé
duoc diéu ché tir té bao chu thu dugec, va céc trinh ty dic hi€u quan tdm c¢6 thé
duogc khuéch dai béng PCR trong do, sit dung céc mdi dic hiéu ddi véi cac
trinh tu quan tdm. San phim khuéch dai dwoc tién hanh dién di gel agaroza,
dién di gel polyacrylamit hodc dién di mao din, sau d¢6 nhudém bang ethidium
bromua, dung dich xanh SYBR hodc cac chét twong tu, hodc phéat hién ADN
béng cach do UV. Theo céach khac, cac mau do axit nucleic dic hiéu ddi véi cac
trinh ty quan tdm c6 thé dugc st dung trong phan tng lai. Sy biéu hién cia
trinh tu gen dic hiéu c6 thé dugce xac dinh bang cach phét hién mARN tuong
tng thong qua PCR cdp doi phién mi nguge, phuong phép lai thdm tach
Northern blot, hoic bing thir nghiém mién dich st dung céc khang thé phan
ing v&i san phdm gen da dugc ma hod. Cac thir nghiém mién dich lam vi du
bao gdm, nhung khong bi gi¢i han & ELISA, thir nghiém mién dich phéng xa,

va thir nghiém mién dich banh kep.

Hoat tinh enzym clia enzym ciia qua trinh chuyén héa nhit dinh c6 thé
dugc thir nghiém bing nhidu phuong phéap da biét trong linh vyuc k§ thliét nay.
No6i chung, hoat tinh enzym ¢6 thé duoc xac dinh bf?lng cach tao ra san phém
hodc chuyén hoa co chit ciia phan mg enzym cin kiém tra. Phén ung nay cé
thé xdy ra in vitro hodc in vivo. Vi dy, hoat tinh twong dbi cia HMG-CoA
reductaza va HMG-CoA synthaza & t& bao c6 thé duoc xdc dinh bing muc
trang thai can bang cia HMG-CoA trong t& bao. HMG-CoA ¢6 th duge chit
bing axit tricholoroaxetic (Tricholoroacetic Acid - TCA), sau d6 phén tich
nguyén liéu da dugc chiét bang sic ky 16ng/phd khéi. Hoat tinh ctia mevalonat
kinaza c6 thé dugc minh ching bing s tao thanh mevalonat 5-phosphat. Hoat
tinh twong d6i ciia mevalonat kinaza va HMG-CoA reductaza c6 thé dugc xac
dinh bing mirc trang thai cAn bang cua mevalonat, mirc nay c6 thé duoc xéac
dinh bang sic ky khi/phd khdi. Xem vi du, W005033287, dwoc dua vao day
bang cach tham khao.
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C6 thé 1am tiang san luong isoprenoit qua mdt hodc nhidu qué trinh
chuyén hoé dugc boc 1§ & ddy bang cach &rc ché phan Gtng ma lam tréch huéng
cac san pham trung gian tir cic budc san xuét tién tGi sy hinh thanh san phim
isoprenoit. Viéc trc ché cac phan g khong san xuét co6 thé dat dugc bing cach
lam gidm sy biéu hién va/hodc hoat tinh cua enzym lién quan dén mét hodc
nhiu phéan tmg khong san xuit. Cac phan Gmg nay bao gdm phan tmg phu cua
chu trinh TCA din dn sy sinh téng hop axit béo, sinh téng hop alanin, qua
trinh siéu chuyén hoa aspartat, sy hinh thanh glucoza trong co thé dong vat,
sinh tdng hop hem, va/hodc sinh tdng hop glutamat, & murc tac dong dén tong
san luong clia isoprenoit. Ngoai ra, viéc chuyén hoa axetyl-CoA thanh axetat
nh¢ tac dong cua phosphotransaxetylaza 1a vi du khac vé phan tng phu khong
san xudt. Vi vay, khi cin, "bit hoat" hodc "kim ham" gen pta ma hoa
phosphotransaxetylaza ciing c6 thé duogc thuc hién dé lam ting san luong
isoprenoit. Tuy thudc vao isoprenoit cu thé quan tdm, ngudi ¢ hiéu biét trung
binh trong linh vuc k¥ thuat nay cé thé chon nhim dich céc buéc khong san
xut bd sung. Vi du, néu carotenoit 1a isoprenoit duge chon lya, thi chuyén gia
c6 thé chon " bat hoat " hodc " kim hdm " mdt hodc nhidu gen dugc chon tir
nhom bao gdm gen gdhA, aceE, fdhF, yjiD, hnr hodc yjfP, ackA, appY, aspC,
clp, clpP, clpXP, crcB, csdA, cyaA, evgS, fdhA, fdhD, feoB, fumA, glnE,
gbxR, gntK, hycl, lipB, lysU, modA, moeA, nadA, nuoC, nuokK, pflB, pitA,
pst, pstC, pta, p-yjiD, sohA, stpA, yagR, yaiD, ybaS, ycfZ, ydeN, yebB, yedN,
yfcC, ygiP, yibD, yjfP, yjhH, hodc yliE, hodc cic gen bét ky khdc mdt minh
hodc & dang két hop, viéc e ché cac gen nay sé& tao ra san lugng carotenoit cao
hon nhu néu trong don xin cip patent M§ s6 20060121558, dugc dwa vao déy
dé tham khao.

C6 nhiéu phuong phap khac nhau da biét nhdm bét hoat hodc kim ham
gen quan tdm. Vi duy, ¢ thé 1am giam biéu hién gen béng cach x6a bo, dot bién,
va/hodc sip xép lai gen. Pidu nay con ¢ thé dugc thue hién bing cach sir dung
ARN dbi nghia, siARN, miARN, cac ribozym, ADN sgi ba, va chit tc ché
phién ma va/hodc dich ma. Ngoai ra, gen nhay (transposon) ¢6 thé dugc st

dung d€ pha v& su bicu hién gen, vi du, bang cach cai gen nhdy nay vao giita
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yeu to khéi dau va ving ma hoda, hodc gitta hai gen lién ké dé bat hoat mot hodc

cd hai gen nay.
Néng suat san xuat hop chat isoprenoit cao

Sang ché dé& xuit hop phan va phuong phép san xuit manh isoprenoit
bang cach st dung cic enzym cla qud trinh isopentenyl pyrophosphat duoc
kiém so4t boi it nhit mot yéu t6 didu hoa khac loai hodc cac diéu kién 1én men,

hoic riéng ré& hodc & dang két hop.

Theo mot khia canh, phuong phép san xuét isoprenoit bao gdm céc bude
(a) thu nhiéu té biao chu chwra qué trinh enzym dé tao ra isopentenyl
pyrophosphat trong d6 toan bd cic enzym ctia qué trinh nay dugc kiém soét boi
it nhat mot yéu t6 didu hoa phién ma khéc loai, va (b) nuéi ciy té bao chu nay &
moi trudng trong diu kién 1a dudi diém cuc thuén so véi didu kién ma sé& tao ra
tdc do sinh trudng riéng tdi da cho t& bao chi nay. Theo mot sb phuong an, qua
trinh nay la qu4 trinh mevalonat. Theo phuong an khéc, qua trinh nay 1a qua
trinh DXP. Theo phwong an khac, it nhit mot trinh ty diéu hoa phién ma khac
loai 1a c6 kha ning cdm tUng. Theo phuong &n khéc, cdc enzym cia qua trinh
ndy dugc kiém soat béi mot yéu td diéu hoa phién ma. Theo phuong an khac,
céc enzym cla qué trinh ndy dugc kiém soat béi nhiéu yéu t§ didu hoa khac

loai.

Theo mdt sd phuong 4n, qué trinh nay chira trinh tur axit nucleic ma hoa
enzym cua qué trinh mevalonat tir sinh vat nhan so cé qua trinh mevalonat ni
sinh. Vi du khong gi¢i han vé sinh vét nhan so thich hop bao gdm céc sinh vat
nhén so thudc cac chi: Actinoplanes, Archaeoglobus, Bdellovibrio, Borrelia;
Chloroflexus,  Enterococcus, Lactobacillus, Listeria, —Oceanobacillus;
Paracoccus; Pseudomonas, Staphylococcus; Streptococcus, Streptomyces,
Thermoplasma; va Vibrio. Vi du khong giéi han vé cac ching dic trung bao
gdm:  Archaeoglobus  fulgidus; Bdellovibrio bacterviovorus; Borrelia
burgdorferi; Chloroflexus aurantiacus; Enterococcus faecalis; Enterococcus
Jfaecium,; Lactobacillus johnsonii; Lactobacillus plantarum,; Lactococcus lactis,

Listeria innocua; Listeria monocytogenes, Oceanobacillus iheyensis,
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Paracoccus zeaxanthinifaciens;, Pseudomonas mevalonii; Staphylococcus
aureus,  Staphylococcus  epidermidis;  Staphylococcus — haemolyticus;
Streptococcus agalactiae;,  Streptomyces  griseolosporeus; Streptococcus
mutans; Streptococcus pneumoniae, Streptococcus pyogenes, Thermoplasma
acidophilum, Thermoplasma volcanium, Vibrio cholerae; Vibriopar

ahaemolyticus, va Vibrio vulnificus,

Theo m{t phuong 4n khdc, trinh ty axit nucleic ma héa enzym cia qua
trinh mevalonat dugc chon tir axetyl-CoA thiolaza, HMG-CoA synthaza,
HMG-CoA reductaza, va mevalonat kinaza. Theo mdt phuong an khac, trinh tu
axit nucleic méd héa enzym ctia qué trinh mevalonat dugc chon tir axetyl-CoA
thiolaza, HMG-CoA synthaza, HMG-CoA reductaza, va mevalonat kinaza va
la tir sinh vét nhan so thudc chi Enterococcus hoac chi Pseudomonas hodc chi
Staphylococcus. Theo mot phuong 4n khéc, trinh ty axit nucleic ma héa enzym
cua qud trinh mevalonat dugc chon tir axetyl-CoA thiolaza, HMG-CoA
synthaza, HMG-CoA reductaza, va mevalonat kinaza va 1a tir Enterococcus

faecalis hoac tur Staphyloccoccus aureus.

Theo mdt phuong an khéc, trinh ty axit nucleic ma hoa enzym cua qua
trinh mevalonat 14 HMG-CoA reductaza 16p II. HMG-CoA reductaza thuong
dugc phan loai thanh hai 16p, hai 16p nay c6 thé phan biét duge dua trén do
tuong déng trinh tw va/hodc dic tinh enzym (xem, vi du, 4n phdm: Hedl, et al.,
J. Bacteriology, 1927-1932, 2004, va 4n phém: Bochar, et al.,, Molec. Genet.
Metab, 66, 122-127, 1999).

HMG-CoA reductaza 16p II c6 thé dugc dic trung, mot phan, boi do
nhay cam cla ching dbi v6i mic statin thip, bao gbm, nhung khong bi gidi
han & Atorvastatin, Cerivastatin, Fluvastatin, Lovastatin, Pravastatin,
Simvastatin, theo mét s6 phwong 4n, HMG-CoA reductaza 16p 11 thé hién hing
sb rc ché statin 16n hon khoang 1 micromol, 10 micromol, hodc 100 micromol.
Theo phuong 4n khac, HMG-CoA reductaza 16p II c6 hing s trc ché ddi voi
Lovastatin 16n hon hang s6 tc ché d6i véi Lovastatin cia HMG-CoA 16p I bdi

hé sb it nhit khoang 10, 100, 1000, hogic 10.000. Theo phuong 4n khac, HMG-
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CoA reductaza 16p II c6 hang s6 (rc ché dbi v6i Lovastatin 16n hon hang s wc
ché d6i v6i Lovastatin cia HMG-CoA 16p I dwoc phén 1ap tir Homo sapien bdi
hé sb it nhét khoang 10, 100, 1000, hodc 10.000. Theo phwong 4n khac, HMG-
CoA reductaza 16p II 1a tir sinh vat nhan so. Theo phuong 4n khic, HMG-CoA

reductaza 16p II 1a tir cac vi khuan co khuan.

HMG-CoA reductaza 16p II nguyén thuy dugc tao ra tir Pseudomonas
mevalonii. Ciing dugc bao gdm theo sang ché 1a HMG-CoA reductaza 16p 11
bién thé thé hién it nhit khoang 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 80%, 90%, hodc 95% do tuong déng v6i trinh tu axit amin cia HMG-
CoA reductaza clia P. mevalonii. Cling dwgc bao gdm theo sang ché 14 cac bién
thé ¢6 thip hon khoang 40%, 35%, 30%, 25%, 20%, hoic it hon do tvong ddng
véi HMG-CoA reductaza ciia H. Sapiens. PO twong ddng trinh tu axit amin c6
thé dugc xac dinh bang phwong phap duge mo ta trong 4n pham: Bochar, et al.,
Molec Genet. Metab., 66, 122-127, 1999. |

Céc vi du khong giéi han vé HMG-CoA reductaza 16p II bao gbm cac
HMG-CoA reductaza l6p II duoc tao ra tr: HMG-CoA reductaza tu:
Archaeoglobus  fulgidus ~ (NC_000917),  Bdellovibrio  bacteriovorus
(BX842650); Borrelia burgdorferi (AE001169); Chloroflexus aurantiacus
(AJ299212); Enterococcus faecalis (AAO81155); Enterococcus faecium
(AF290094); Lactobacillus johnsonii (AE017204); Lactobacillus plantarum;
Lactococcus lactis (AE006387); Listeria innocua (CAC96053); Listeria
monocytogenes (AE017324);  Oceanobacillus  iheyensis (NC_000917),
Paracoccus  zeaxanthinifaciens  (AJ431696);  Pseudomonas  mevalonii
(M24015); Staphylococcus aureus (AF290086); Staphylococcus epidermidis
(AF290090); Staphylocoécus haemolyticus‘ (AF290088); Streptococcus
agalactiae  (CADA47046); Streptomyces  griseolosporeus (AB037907);
Streptococcus mutans (AANS58647); Streptococcus pneumoniae (AF290098);
Streptococcus pyogenes (AF290096); Thermoplasma acidophilum (CACI
1548), Thermoplasma volcanium (AL935253); Vibrio cholerae (AAF96622);
Vibrio parahaemolyticus (BAC62311); va Vibrio vulnificus (AAO07090).
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Cac phuong phap 1én men dugc néu & dy c6 lién quan dén viéc diéu
bién tc d6 sinh trudng riéng cua té bao chu. Thuong dugc dic trung bdi tham
sd u, téc d6 sinh trudng riéng bidu thi cho téc do sinh trudng cia té bao trén
mdt don vi sinh khdi trong mét don vi thoi gian. Tée do sinh trudng riéng cé
cac don vi thdi gian nghich do (1/t). Téc d6 sinh trudng riéng t6i da déi véi
céc té bao trong moi trudng nudi cdy c6 lién quan dén sy anh huéng ciia ndng
d6 co chét dén tdc do sinh trudng. No6i chung, t& bao s& sinh truéng chdm &
mitc co chét thap, va khi muc co chit trong moi trudng gia ting, thi tdc do sinh
truéng cla té bao ciing gia téhg. Tuy nhién, téc do sinh truéng té bao khong
tiép tuc tdng mot cach vo han, va & mirc co chit cao, viéc tang luong co chét da
cho s& lam ting cang ngay cang it toc do sinh trudng cia té bao. Vi vay, toc do
sinh truéng cudi cing sé& tién dén gi6i han, gi6i han nay thuong dugce ding dé
chi tdc d¢ sinh trudng riéng tbi da. Viéc nghién ctru vé mit 1y thuyét médi tuong
quan giita toc d9 sinh trudng trong mdi trudng nudi ciy 1a da biét dbi véi nguoi
c6 hiéu biét trung binh trong linh vurc k§ thuét nay, va dugc goi la phuong trinh
Monod. Xem, vi dy, 4n phém: Pirt, Principles of Microbe and Cell Cultivation,
Wiley, NY, 1975, céc trang 4-10. Trong nghién ctru vé& mit ly thuyét nay, tbc
do6 riéng t6i da 1a giGi han tiém c4n ma khong bao gid dat tdi cho dén khi muc
co chit vo han dat t6i. Tuy nhién, trén thuc té, tbc do sinh trudng riéng tdi da
c¢6 thé duge xem 12 dat duoc khi didu kién dang nghién ctru (vi dy, mirc co chét
hogc nhiét o) hd trg tdc d¢ sinh truéng khoi dAu nhanh nhit. Vi du, trong thiét
bi phan mg nap liéu theo mé, diéu kién ban déu trong d6 cac chét dinh dudng
dugc cung cdp du thira dwoc coi 1a didu kién cho tdc do sinh truéng tbi da.
Xem, vi du, 4n phdm: Lee et al. (1996) Trends Biotechnol. 14: 98-105 va Korz
et al. (1995) J Biotechnology 39 59-65. Pidu kién trong d6 co chét dugc bd
sung dé hd trg tbc do sinh trudng riéng t6i da doi khi con dugc dung dé chi su
sinh trudng khong gidi han. Ngoai ra, trong khi phwong trinh Monod mo ta cac
tinh chét vé téc do Iy thuyét d6i véi co chit ma tién gin mot cach tiém can dén
tbc do riéng t6i da, d6i voi nhidu co chét, dung hon 1a tién dén gia tri khi nhiéu

co chat hon dugc bod sung, quan sat thay su giam toc d0 & mirc co chat cao hon
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sau khi dat dugc tée do i da, tirc 13, dat dugc tdc do sinh trudng riéng t6i da

sau d6 la gidm toc d0 sinh trudng.

Téc d0 sinh trudng riéng t&i da con c6 thé duoc ap dung déi véi nhiét do
cling nhu dbi véi co chit. Noi chung, sinh vt s€ sinh trudng chdm & nhiét do
thép, va s€ sinh trudng voi tdc d6 nhanh hon khi nhiét dJ tang dén mot diém
nhit dinh, sau diém nay, tbc do sinh truéng s& giam xudng. S& c6 mot gia tri
nhiét 46 ma & d6 tdc do sinh trudng s& dat muc t6i da, day 1a nhiét d6 & do6 dat
dugc tée do sinh trudng tdi da. Tac gia sang ché da phat hién ra ring c6 thé lam
tang viéc san xuét isoprenoit bing cach ha nhiét do xudng thap hon nhiét o ma

hd tro tdc do sinh truéng riéng tbi da.

Téc @6 sinh trudng riéng tdi da con c6 thé duoc ap dung dbi voi cac chat
phu gia khac di véi qua trinh 1én men ngoai co chét. Vi du, ddi vé6i chét dinh
dudng, vitamin, va khoang chit, ¢ thé c6 tbc do thip & ham luong thdp cua
cac thanh phén nay, tbc do nay s€& dat cao hon khi n@)ng dd cua cac thanh phén'
nay tang, sau do, trong mdt sb trudng hop, ngay ca & ndng d6 cao hon cua cac
thanh phan nay, thi téc do s& giam xudng. Téc do sinh trudng riéng tdi da dat

dugc khi ndng do ciia cac thanh phin hd tro tde do cao nhAt.

Téc d¢ sinh truong riéng tdi da cia t& bao trong moi truong thuong
duoc x4c dinh & cac giai doan ban dau cua qué trinh 1én men trudc khi bi tc
ché boi san pham cubdi hodc cac san phim trung gian, mét d¢ t& bao, hoic cac
yéu t6 khac gop phan lam giam téc do sinh trudng. Vi du téc do sinh trudng tdi
da thudng dugc xéc dinh trong pha sinh truéng bung nd ngoai pha lag, pha
giam tdc @0, hodc pha dn dinh. Khai niém tdc do sinh trudng ri€ng tdi da con
c6 thé duoc 4p dung & cac giai doan sau cia qua trinh 1én men bang c4ch tinh
dén cac bién sb thich hop.

Nhu vay, theo mdt s§ phuong 4an, cac té bao chu duge nuoi ciy trong
diéu kién sao cho tdc do sinh trudng thip hon khoang 90% tdc do sinh trudng
riéng tdi da. Theo phwong 4n khdc, cac té bao chu duge nuéi cdy trong diéu

kién sao cho toc do sinh truéng thép hon khoang 80%, 75%, 60%, 50%, 40%,
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30%, 25%, 20%, 10%, 5%, hoic 1%, hoic thdp hon tdc do sinh truéng riéng tbi
da.

Theo phuong 4n khac, cac té bao chi dwgc nudi cdy & nhiét do moi
trudng thap hon it nhit 14 khoang 2°C, 4°C, 5°C, 6°C, 8°C, 10°C, 15°C, hoic
20°C s0 v6i nhiét o ma s& tao ra tdc do sinh trudng riéng tdi da. Bang cach ha
thdp nhiét do thi sy sinh truong s& giam, didu nay, lai 1am giam sy hinh thanh
san pham phu gy doc trong mdi truong va sinh ra nhiét trao ddi chat. Viéc ha
thdp nhiét d6 moi trudng nudi cdy con 1am giam nhu cdu oxy cua té bao lam

cho ¢6 thé thu dugc mat do té bao cao hon.

Nhiét o & d6 c6 thé dat dugc tde do sinh trudng riéng tdi da cua té bao
chu sé tuy thudc vao loai té bao chu dugc chon. C6 thé x4c dinh diéu nay béng
cach nudi dudng té bao chu trong cac diéu kién nhiét 4o khac nhau trong mot
khoang thoi gian x4c dinh dé thu dugc duong cong sinh truéng twong tng.
Nhiét d6 hd trg tdc d6 sinh trudng riéng t6i da c6 thé duge xac dinh béng cach
so sanh d6 ddc sinh trudng & dudng cong twong (mg ny. Trong trudng hop cua
E. Coli, nhiét d9 cho tbc d6 sinh truéng riéng t6i da 1a khoang 37°C. Nhu vay,
néu E. Coli 1a té bao chu dugc dung dé san xuét isoprenoit bang cach 1én men,
thi nhiét d6 cta qua trinh 1én men 13 dudi 37°C. Néu S. cerevisiae dugc st
dung, thi nhiét do cho tbc d6 sinh truéng riéng t6i da 1a khoang 30°C. Nhu vay,
néu S. cerevisiae 13 t& bao chi duge ding dé san xuét isoprenoit bing cach 1én
men thi nhiét d§ 1én men 1a duéi 30°C. N6i chung, nhiét 6 mong muén 1a thap
hon khoang 2°C, 4°C, 5°C, 6, 8, 10°C, 15°C, va 20°C so v6i nhiét dd ma & do

c6 thé dat duoc téc do sinh trudng riéng téi da cia té bao chu.

Theo cac phuong 4n khac, t& bao chu dwgc nudi cdy trong méi truong
1én men chira nguén cacbon c6 mit véi lwong thip hon lugng sé tao ra toc do
sinh trudng riéng t6i da. Theo cac phuong an nhét dinh, cac té bao chu dugc
nudi cdy trong méi trudng trong d6 ngudn cacbon dwoc duy tri & mirc dé tao ra
thip hon khoang 90%, 80%, 75%, 60%, 50%, 40%, 30%, 25%, 20%, 10%,
5%,1%, hodc thap hon, tdc d6 sinh trudng riéng tdi da. C6 thé st dung ngudn

chira cacbon bt ky ma vi sinh vét chuyén hod dugc. Cac vi du khong gidi han
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bao gébm hydrat cacbon nhu monosacarit, oligosacarit va polysacarit, axit hitu
co nhu axit axetic, axit propionic; va rugu nhu etanol va propanol, va polyol

nhu glyxerol.

Theo mot sO phuong an, ngudn cacbon chi yéu bao gdm monosacarit
hodc oligosacarit. Theo phuong an khic, ngudn cacbon v€ co ban bao gom
monosacarit va disacarit. Theo cdc phuong 4n khéac nita, ngudn cacbon vé co

ban khong chtra xenluloza.

Monosacarit 1 duong don déng vai tro 1a cac khbi xdy dung cua hydrat
cacbon. Chung dugc phén loai dua trén by khung xuong clia nguyén tir cacbon
(C) cua chiing: trioza cé ba nguyén tir cacbon, tetroza c6 bdn, pentoza c6 nim,
hexoza c6 séau, va heptoza c6 bay nguyén tir cacbon. Céc nguyén tlt cacbon nay
duogc lién két véi cac nguyén tir hydro (-H), cac nhém hydroxyl (-OH), va céc
nhém cacbonyl (-C=0), cic cach két hop, thir tw, va c4u hinh cta ching tao ra
luong 16n chit ddng phan 1ap thé 16n. Céac pentoza bao gdbm xyloza, dugc tim
thdy trong nguyén liéu gd, arabinoza, dugc tim thdy trong chit gém tir cdy 14
kim; riboza, 1a thanh phﬁn cia ARN va mot vai vitamin, va deoxyriboza, la
thanh phin cia ADN. Céc hexoza lam vi du bao gdm glucoza, galactoza, va
fructoza. Monosacarit két hop v6i nhau va véi cac nhom khac d& tao ra nhiéu
disacarit, va oligosacarit. Cac oligosacarit l1a polyme sacarit chira lugng nho
(thudng tir ba d¢én mudi) dudong don gian. Ching thuong dwoc tim thiy 1a dugc
lién két hodc O hoic N v&i chudi bén amino axit twong thich trong cac gbc
protein hodc lipit. Oligosacarit dugc wu ti€n dung trong phan tng 1€n men hién

nay la disacarit, bao gom vi du, sucroza, hodc trisacarit nhu rafinoza.

Néu mudn st dung xenluloza, glycan, tinh bdt, hodc cac polysacarit
khéc dé 1am ngudn cacbon co ban, thi cac polysacarit ndy dau tién c6 thé dugc
chuyén ho4 thanh monosacarit va oligosacarit bing qua trinh hoa hoc hoic
bing phuong phép enzym. Vi du, xenluloza c6 thé dugc chuyén hoa thanh
glucoza béi enzym xenlulaza. Nhu vdy, néu polysacarit nhu xenluloza dugc
tim thdy trong sinh khéi (bao gdm vi du, cdy cai dau canola, ¢é linh lang, cy

lta, cdy lua mach den, cdy cao luong, cdy hudéng duong, cdy lua mi, cdy déu
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tuong, cdy thudc 14, cdy khoai ty, cy lac, cdy bong, cdy khoai lang, cdy sin,
cdy ca phé, cdy dira, cdy c6 mi, cdy ca cao, cdy cheé, qua nhu: qua chudi, qua
sung, qua dra, qua bi, qua xoai, hat yén mach, hat lia mach, cdy rau, cay lam
canh, hodc cdy 14 kim) dugc dung lam nguén cacbon co ban, n6 ¢ thé dugc
phan giai bang xenlulaza dé tao ra cic duong don gian hon dung két hop voi
quy trinh 1&én men theo sang ché. Theo cic phuong an nhét dinh, sau su phén
hity polysacarit, thi monosacarit va/hodc oligosacarit cu thanh it nhit khoang
50% khdi lugng ngudn cacbon nhu duge xac dinh vao luc bét dau qué trinh Ién
men. Theo phuong 4n khac, monosacarit va/hodc oligosacarit ciu thanh it nhat
khoang 80% hodc tham chi 90% khéi lwong ngudn cacbon nhu duge xac dinh
vao lic bt ddu quaé trinh 1én men, dé cho méi truong 1én men vé co ban khong

chtra xenluloza.

Theo phwong 4n khéc, té bao chi dugc nudi cdy trong moi trudng 1én
men chita ngudn nito c6 mit véi lugng thép hon lugng ma s& tao ra tbc do sinh
trudng riéng tdi da. Khong bi rang budc bai ly thuyét cu thé bat ky, da biét rang
viéc thay ddi mirc do cua cac thanh phin nhu nito ma c6 sn déi véi té bao co
thé thay ddi dong lién quan thong qua nhidu qua trinh hoa hoc khéc nhau trong
t& bao. Céc tac gia sang ché da phat hién ra bang cach han ché muc nito c6 sén
d6i véi vi sinh vat, thi luong isoprenoit nhuw amorphadien dugc tao ra béi vi
sinh vat dugc tang 1én. Mirc nito theo sang ché 1am vi du bao gdm luong ma s&
hd trg khoang 90%, 80%, 75%, 60%, 50%, 40%, 30%, 25%, 20%, 10%, 5%,

1%, hodc thap hon téc do sinh trudng riéng tbi da.

Viéc han ché nito c6 thé dugce thuc hién & nhidu giai doan. Theo mot sb
phwong 4n, nito & dang amoniac dwogc cung cép vao lac khoi diu qué trinh 1én
men dé hd trg sy sinh trudng ban dau, tuy nhién & cac budc bd sung tiép theo
clia qué trinh 1én men 12 khong c6 nito, hodc 14 khong cé nito d& dam bao cho
mirc amoniac cin thiét dé duy tri 6 pH ciia qua trinh 1én men 13 7 bing dung
dich amoniac. Di véi phan chinh ctia qué trinh 1én men, mc nito duogc duy tri
& muc thip hon lugng ma s& tao ra tdc d6 sinh trudng riéng tbi da. Cac lugng

nhu vay c6 thé 12 lvong ma s& hd tro it nhit khoang 90%, 80%, 75%, 50%,
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40%, 30%, 25%, 20%, 10%, 5% hoic 1%, hodc thip hon tc do sinh trudng
riéng t&i da. Qué trinh 1én men theo sang ché ¢6 mirc nito ban diu trén 10mM
nhu dugc xac dinh trong méi trudng 1én men, dé hd trg sy sinh trudng ban dau,
va muc nito tiép theo trong méi truong 1én men dudi 50mM, 40mM, 30mM,
20mM, 10mM, hodc 4 mM.

Ngudn nito ¢6 thé ddng hod ma co thé duge st dung trong hdn hop phan
g 1én men thich hgp bao gdm, nhung khong bi gi6i han &, céc ngudn nito
don gian, cac ngudn nito hitu co, va cic ngudn nito phirc tap. Céc ngudn nito
nhu viy bao gdm amoniac khan, mubi amoni cua axit v6 co hodc axit hitu co
nhu amoni clorua, amoni sulfat, amoni axetat, amoni phosphat, cac hop chét va
co chét chtra nito khac ¢ nguén géc tir dong vat, thuc vat, va/hodc vi khuén.
Axit amin cling ¢c6 thé duoc st dung dé lam nguén nito, bao gém leuxin,

isoleuxin hodc valin, hoic hdn hop cua ching.

C6 thé ding phuong phap da biét bit ky dé cung cip co chét cho phén
g 1én men dé duy tri mtc co chit thdp hon mirc s& tao ra tdc do sinh trudng
riéng tdi da. Cac vi du minh hoa bao gdm phuong phép theo mé trong d6 tt ca
co chét cho qua trinh 1én men dugc thém vao tai thoi diém bit dau phéan g
1én men; phuong phép nap li€u lién tuc; va phuong phép téc d nap liéu thay
ddi, trong d6, vi dy, cung cip luong co chit khi qua trinh 1én men tiép dién dé
hd trg ting ndng do té bao trong mdi trudng. Viée két hop ba phuong phép nay
thudong dugce st dung. Vi duy, thuong c6 lugng co chit nhét dinh ¢6 mit lac ban
dau trong qua trinh lén men, dé cho vi sinh vat sir dung can kiét lugng co chét
ban diu nay, sau d6 bd sung co chit mot cach lién tuc hodc bd sung co chit
mdt cach thay dbi sau khi luong co chéit ban ddu da duge sir dung. Mot khia
canh theo sang ché d& xuit luong co chét cho té bao trong moi truong 1€n men,
lwgng co chit nay c6 thé co mit & mirc tuorng ddi cao, dé té bao chu gin nhu st
dung hét co chit ban diu, sau d6 cung clp co chét cho t& bao chi & muc dudi
diém cyc thuén so véi luong s& hd trg tbc do sinh trudéng tdi da béng tdc dd nap
liéu lién tuc hodc thay dbi. Ngudi c6 hiéu biét trung binh trong linh vuc ky

thuat nay s€ hi€u rang vi t€ bao co the sinh trudng & toc dd bung no, nén co6 thé
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¢6 1gi néu thay ddi téc do nap liéu & toc do buing n6 dé giit cho lugng co chét so
v6i muc t€ bao chi khong ddi. Do d6, theo cac phuong 4n nhét dinh, co chit
dugc b sung theo cach ting bung nd, tuy nhién van & muc thap hon muc sé&

tao ra toc do sinh trudng riéng toi da.

Theo mét sé phuong 4n, phan tmg 1én men duge cép ngudn cacbon giam
so v6i ngudn cacbon s& tao ra tbc d¢ sinh trudng riéng t6i da. Kh()ng bi rang
budc bdi ly thuyét cu thé, da biét ring viéc thay dbi cac mirc chét dinh dudng
c6 sén ddi véi té bao s& thay ddi dong lién quan thong qua nhiéu qu4 trinh hod
hoc khac nhau trong té bao. Vi du, mot sb enzym c6 tinh cadm Ung, va s& chi
hoat dong khi c6 mit cac chit dinh dudng nhét dinh. Cac tac gi4 sang ché da
quan sét thdy riang viéc ha thip tbc d6 nap liéu ngudn cacbon cho vi sinh vat c¢6
thé cai thién luong isoprenoit duge san xuét ra trong qud trinh 1én men. Thuc
té, nguén cacbon c6 thé dugc cung cép ban dau véi lugng da dé hd tro su sinh
truéng ban dau ciia t& bao chu cho dén khi ngudn cacbon ban diu nay gin nhu
bi can kiét, sau d6 nguén cacbon dugc thém vao & tbe do bung nd, tuy nhién &
tbc do thdp hon mirc s& hd trg sy sinh trudng riéng tdi da cua t& bao chi. Vi dy,
trong phwong phap theo sang ché, ngudn cacbon duge thém vao véi luong s
hd trg khoang 90%, 80%, 75%, 60%, 50%, 40%, 30%, 25%, 20%, 15%, 10%,

hoc thdp hon téc do sinh truéng riéng tdi da.

Theo phwong 4n khac, phan (g 1én men dugc cép vién chira ngudn
cacbon ban dau du dé sinh truéng & tbc do sinh truéng riéng t6i da hodc tiém
can tdc d6 sinh trudng riéng téi da (sinh trudng khong bi gisi han) sau dé tée
d6 nap liéu giam, & mirc thdp hon muc cin d hd tro tdc do sinh trudng ri€ng
t6i da, dbi v6i phan con lai ctia qua trinh 1én men. Trong mot sé truong hop,
thoi diém thyc hién téc d6 nap liéu ngudn cacbon giam 12 thoi didm dat dugc
tdc do nap liéu da dugc dinh truéc. Theo cac phuong 4n nhét dinh, vi sinh vat
dugc cung cdp ngudn cacbon du dé sinh truéng bung nd dén téc d6 nap lidu
khoang 15 g/l/gi®, sau d6 tdc do nap liéu giam xudng con 5,7g/l/gi¢ va gilr

khong doi & toc dg nay doi vdi phan con lai cuia qua trinh 1én men.
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Theo céc phuwong 4n nhit dinh, mot hodc nhidu enzym cua qué trinh
mevalonat hodc DXP khéac loai 1a c¢6 kha ndng cdm Ung va dugc cam tng sau
khi téc dd nap lidu ngudn cacbon dd dugc lam giam xudng dén mirc thdp hon
mirc can cho sy sinh trudng riéng t6i da. Vi du, néu vi sinh vat da duoc thiét ké
di truyén chira yéu t6 khai ddu cam tmng, thi qué trinh 1én men dau tién duoc
tién hanh bang cach bd sung ngudn cacbon dé dat duge sy sinh truéng bung nd,
tuy nhién vin & mirc thdp hon mirc hd trg sinh trudng riéng t6i da, thi tde do
nap liéu ngudn cacbon bi giam xubng mirc tham chi thip hon ddi véi phén con
lai ctia qu4 trinh 1én men, va chit cam tmg dugc bd sung sau khi téc do nap li¢u
ngudn cacbon nay giam. Theo mét sé phwong 4n, vi sinh vat dugc cam ung
bing isopropylthio-beta-D-galactosit (IPTG) sau khi bt diu giam nap ngudén

cacbon.

Theo phuong é4n khéc, phan tng 1€n men dugce thuc hién theo céch tranh
tao ra cac chat doc 1am giam tdc do6 sinh trudng té bao. Vi du, da bibt rfmg khi
bd sung qua nhidu glucoza vao mdi trudng, thi cac san phdm ddc nhu axetat c6
thé tao ra trong sinh vat. Xem, vi du, 4n phém: Kortz et al. (1995) J. Biotechnol
39:59-65. Do d6, bang cach cung cép ngudn cacbon véi mirc cao, bang lugng
hoic tiém can lugng s& hd tro tbc do sinh trudng tbi da (sinh truong khong bi
giGi han), thi sy sinh trudng ban dau cia cac t& bao c6 thé cao hon, tuy nhién
su sinh truéng nay sé& bi ham lai do s tich lu§ cac chit doc. Mitc ngudn cacbon
dugc thém vio thdp hon mirc ma & d6 khong tich lu§ cac san phdm doc duge
ding dé chi muec toi han hodc ngudng e ché. Do d6, theo cac phuong 4n nhét
dinh, phan ing 1én men dugc thuc hi€n sao cho nguén cacbon dugc giit & dudi
mirc t61 han déi véi viée tao thanh cac chét doc. Nguoi c6 hiéu biét trung binh
trong linh vuc k¥ thudt nay s& hiéu ring ndng do co chét toi han sé thay dbi
theo chung va moéi trudong duge st dung.

Hdn hop phan ting 1én men hitu hiéu c6 thé chira cac hop chét khac nhu
mudi vd co, vitamin, kim loai vi lugng, hodc chét thac déy sinh truong. Cac
hop chit khac nay ciing c6 thé c6 mit trong ngudn cacbon, nito hodc khoang

chét trong hdn hop phan tng hitu hiéu hoidc c6 thé duge bd sung mot cach riéng

-54-



21745

biét vao hdn hgp phan tng. Mot phuong 4n theo sang ché d& xuit viéc cung
cap céac hop chat ndy & mic dudi diém cuc thudn so véi mirc s& hd trg tde do

sinh trudng toi da cla t€ bao chi d€ tang viéc san xuat isoprenoit.

Hon hop phan tng 1én men con c6 thé chira ngudn phosphat thich hop.
Ngudn phosphat nhu vdy bao gdém ca cic ngudn phosphat v co va ngudn
phosphat hitu co. Vi du khong gi6i han vé cac ngudn phosphat bao gdm, nhung
khong bi giéi han &, mudi phosphat nhuy mono hoic dibazo natri va kali
phosphat, amoni phosphat, polyphosphat, va hdn hop ctia ching. Hon hop phan
ting 1én men thich hop ciing c6 thé chira ngudén magie. Theo mot sb phuong én,
magie & dang mubi chdp nhan dugc vé mat sinh ly, nhu magie sulfat
heptahydrat, mic du cac ngudn magie khéc & ndng d6 dong g6p lugng magie
tuong tu c¢é thé duge sir dung. Ngoai ra, trong mot sd truong hop c6 thé mong
muén & cho hdn hop phan tmg 1én men tr& nén bi can kiét ngudn magie trong
qua trinh 1én men. Theo mot s& phuong 4n, ngudn phospho dugc cung cip voi
lwgng duéi diém cyc thuan so véi lugng s& hd tro tée do sinh truéng riéng tdi
da.

Hon hop phan ng 1én men con c6 thé chira chit tao chelat chdp nhan
dugc vé mat sinh hoc, nhu dihydrat cda trinatri xitrat va axit
etylendiamintetraaxetic. Hon hop phan tmg 1én men nay ban du con c6 thé
chira axit hodc bazo chép nhin dugc vé mit sinh hoc dé duy tri d6 pH mong
mubn cta hdn hop phan tmg 1én men. Axit chip nhan dugc v& mit sinh hoc
bao gém, nhung khéng bi gi6i han &, axit clohydric, axit sulfuric, axit nitric,
axit phosphoric va hdn hop cta chung. Bazo chip nhan dugc vé& mit sinh hoc
bao gém, nhung khong bi gidi han &, amoni hydroxit, natri hydroxit, Kkali

hydroxit va hdn hop ctia ching.

Hon hop phan tmg 1én men con c6 thé chira ngudn canxi chip nhén
duoc vé mit sinh hoc, bao gém, nhung khong bi giéi han &, canxi clorua. Hon
hop phan mg 1én men con c¢6 thé chira natri clorua. Hdn hop phan tng 1én men
con c6 thé chira kim loai vi luong. Kim loai nay co thé dugc bd sung vao hdn

hop phan tng lén men dudi dang dung dich géc ma, dé thuén tién, co6 thé dugc
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chuin bi mot cach riéng biét tir phn con lai ciia hdn hop phan Gng 1én men.
Dung dich kim loai thich hop c6 thé bao gdm, nhung khéng bi giéi han & natri
selenat, sit sulfat, heptahydrat, cupic sulfat, pentahydrat, kém sulfat,
heptahydrat, natri molybdat, dihydrat, coban clorua, dung dich selen hoic
crom, hexahydrat, va mangan sulfat monohydrat. Axit clohydric ¢6 thé dugc bd

sung vao dung dich gbc dé gitr mubi cia kim loai trong dung dich.

Néu chét trung gian cta qué trinh chuyén hoa hodc hop chit ma co6 thé
dugc chuyén hoa thanh chét trung gian cta qué trinh chuyén hoa dugc bd sung
vao moi trudng 1én men, thi chat trung gian hodc hop chit nay thudong cé mit

véi lugng du.

Qua trinh 18n men c6 thé dugc tién hanh trong didu kién yém khi (thiéu
oxy) hodc hao khi (dugc oxy hod). Trong diéu kién hao khi, vi sinh vat ¢ thé
phén hiy cac loai dudong thanh céc san phdm cudi nhu CO; va HO. Trong diéu
kién yém khi, té bao chu st dung qué trinh thay thé dé san xuit CO, va etanol.
Qua trinh 1&n men con c6 thé dugce ding dé chi su sinh truéng & mac 16n cia vi
sinh vt trong méi truedng nudi ciy trong d6 khong c6 su khéc biét gitta trao doi
chat hao khi va yém khi. No6i chung, qua trinh 1én men hao khi dugc thuc hién

de san xuat cac isoprenoit.

Quy trinh 1én men theo sang ché c6 thé dugc thuc hién theo quy trinh
theo mé, nap liéu theo mé hogc lién tuc. Quy trinh theo mé thuong 14 quy trinh
kin trong d6 toan bo nguyén liéu thd duge bd sung vao luc bit ddu qua trinh 1én
men. Quy trinh nap li€u theo mé thudng 1a quy trinh kin trong d6 ngudn cacbon
va/hodic cac co chit khac dugc bd sung véi luong gia ting trong subt quy trinh.
Quy trinh nap liéu theo mé cho phép kiém soat t&t hon mdi truong va sy sinh
truc’mg clia vi sinh v4t. Quy trinh lién tuc c6 thé dugc coi 1a hé théng ma trong
dé mdi trudng dugce bd sung mot cach lién tuc va san phim dugc léy ra mot
cach ddng thoi. Quy trinh két hop ba loai nay ciing c6 thé dugc st dung. Vi duy,
theo mét phuong 4n, quy trinh 1én men bit dau 13 quy trinh nap liéu theo mé,
va 16p hitu co, nhu dodecan dugc dét tiép xuc véi moi trudng 1€n men trong khi

qué trinh 1én men tiép din. Isoprenoit, thuong cé d6 hoa tan trong moi trudng
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hitu co 16n hon so véi trong mdi trudng 1én men chira nuée, duoe chiét khoi
moi trudng 1én men vao 16p hitu co. Néu isoprenoit dugc san xuét vuot qué
diém bdo hoa va hinh thanh 16p c6 thé tach riéng khoi moi trudng, thi c¢6 thé
thyc hién sy phan tach don gian bang cach théo rut hogc hut 16p pha riéng biét.
Quy trinh ndy c6 dic diém cua ci quy trinh nap liéu theo mé va quy trinh lién
tuc, do viéc 14y san phdm khoéi mdi trudng va viée tién hanh qud trinh 1€n men.
Quy trinh nap liéu theo mé va quy trinh lién tuc cho phép kiém soat s bd sung
céc thanh phan cta qué trinh 1én men trong qué trinh 1én men. Quy trinh nap
liéu theo mé, quy trinh lién tuc, hodc két hop ctia cic quy trinh nay thuong
dugc wu tién trong viée thuc hién sang ché. Céac quy trinh nay cho phép kiém
soat tdt hon téc dd bd sung nguyén liéu clp va cac thanh phin khéc cia qua
trinh 1én men theo thoi gian. Viéc thu 1y san phim trong qu4 trinh 1én men c6
thé c6 loi, ddc biét 1a khi san phdm dugc tich lu§ din dén su Gc ché qué trinh

san xuat.

Luong vi sinh vt trén mot lit méi treong 1€n men, hodc méat dd vi sinh
vit, ¢6 thé duge x4c dinh bing cach xéc dinh khdi lwgng vi sinh vat dugc phéan
1ap tir thé tich mdi trudng 1én men da cho. Théng sb phé bién 1a khdi lugng kho
clia té bao trén mot lit mdi trudng 1én men. C6 thé sir dung phuong phép khac
dé gidm sat qud trinh 1én men dang tiép dién la do mat do quang cua moi
truong. Phuong phap phd bién 1a do mat d6 quang & bude séng 600nm, duge
goi 1a ODeoo, hodc OD. OD co6 thé twong quan v4i mat do cda loai sinh vat cu
thé trong moi trudng cu thé, tuy nhién quan hé cu thé giira OD va lugng vi sinh
vét trén don vi thé tich thuong s& khong thé 4p dung dwoc d6i véi tat ca céc loai
sinh vat trong tat ca cac loai mdi truong. Pudng cong dinh chudn c6 thé duoc
tao ra bang cach do OD va khdi luong té bao kho theo mot khoang mat do té
bao. Trong mdt sb trudng hop, cac mdi tvong quan nay c6 thé dugc sir dung
trong cdc qud trinh 1én men khac nhau cda cung vi sinh vat hodc vi sinh vt

tuong tu trong ciing moi tredng hodc moi truong tuong ty.

Theo mdt khia canh khéc, sang ché dé xudt phuwong phéap bao gdm cac

bude (i) tien hanh phan tng 1én men bao gom moéi trudng 1én men va nhiéu té
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bao chu da dugc cai bién di truyén san xudt ra isoprenoit & cac didu kién sao
cho (a) méi trudng 1én men dugc gitt & nhiét d6 thip hon nhiét do s& tao ra te
d6 sinh trudng riéng t6i da cua té bao chi nay; (b) méi trudng 1én men chira
ngudn cacbon c6 mit véi lugng thdp hon lugng s& tao ra tdc d6 sinh trudng
riéng tdi da cuia t& bao chui; va/hodc (c) mdi trudng 1én men chira ngudn nito ¢6
mit v6i luong thip hon lugng s& tao ra tbc @ sinh trudng riéng tbi da cua té
bao chi; (ii) thu hdi isoprenoit dugc tao ra trong mot hodc nhidu didu kién néu
trong céc muc tir (a) &n (c). Theo mdt phwong an, phan tng 1én men duge tién
hanh trong diéu kién (a). Theo mot phwong 4n khac, phan tmg 1én men dugc
tién hanh trong diéu kién (a) va (b). Theo mot phuong an khac nita, phan tng
1én men dugc tién hanh trong diéu kién (a), (b), va (c), hoic dang két hop bt

ky cta chung.

Bing cach sir dung phuong phap duge mé ta & ddy, cc té bao chu san
xuét ra nhidu hon khoang 10 gam isoprenoit trén mot lit hdn hop phan ung 1én
men (10g/1). Theo cac phuong an khéc, san xuét ra nhiéu hon khoang 15g/l,
nhiéu hon khoang 20g/l, nhiéu hon 25g/l, hoic nhiéu hon khoang 30g/l

isoprenoit.

Theo mdt phwong 4n khéc, cic té bao chu san xuét ra nhiéu hon khoéng
50mg isoprenoit trén mdt gam té bao chi khd (50mg trén mot gam khébi luong
té bao kho) duoc san xuét ra. Theo cac phwong 4n khac, nhidu hon khoang
100mg trén mot gam khdi lwong té bao khd, nhiéu hon khoang 150mg trén mot
gam khéi luong té bao kho, nhiéu hon khoang 200mg trén mét gam khéi luong
té bao kho, nhiéu hon khoang 250mg trén mot gam khéi lugng té bao kho,
nhidu hon khoang 500mg trén mdt gam khdi lwong té bao kho, nhidu hon
khoang 750mg trén mot gam khéi luong té bao kho, hodc nhiéu hon khoang
1000mg trén mdt gam khéi lwong té bao khd cia isoprenoit duge san xuit ra.

Theo céc phuong 4n khéac, mirc san xuét, dii & mirc gam trén mot lit hay
mg trén mot gam khdi lugng té bao kho dat dugc trong khoang thoi gian thip
hon 150 gid, tot hon 14 thap hon khoang 96 gid, hogc tham chi thdp hon khoang
72 gid.
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Vi du khong giéi han vé isoprenoit thich hgp bao gdm: hemiterpen
(dugc tao ra tir 1 don vi isopren) nhu isopren; monoterpen (dugc tao ra tir 2
don vi isopren) nhu myrxen; sesquiterpen (dugce tao ra tir 3 don vi isopren) nhu
amorpha-4,11-dien; diterpen (dugc tao ra tir bbn don vi isopren) nhu taxadien;
triterpen (dugc tao ra tir 6 don vi isopren) squalen; tetraterpen (dugc tao ra tir 8
isoprenoit) &-caroten; va polyterpen (dugc tao ra tir nhidu hon 8 don vi isopren)
nhu polyisopren. Theo mét s phwong 4n, isoprenoit khong phai 14 carotenoit.

Theo cac phuong 4n khéc, isoprenoit 1a Cs-Cyo isoprenoit.

Mic di sang ché da duoc mo ta két hop véi cac phuong 4n cu thé cua
n6, nhung phan mo ta trén ddy chi nhim muc dich minh hoa va khong nhim
gidi han pham vi cta sang ché. Cac khia canh, cdc wu diém va céc cai bién
khac ciing nim trong pham vi cta sang ché s& dugc ngudi c6 hidu biét trung

binh trong linh vuc k§ thuét nay biét rd.
Vi du thye hién sang ché

Trir khi ¢6 quy dinh khéc, viéc thuc hién sang ché c6 thé sur dung céc
phwong phép thong thuong ctia nganh cong nghiép sinh téng hop va cic nganh
khéac thudc Iinh vuc k§ thuét nay. Trong trudng hop céc phuong phdp nay
khong dugc md ta mot cach ddy di & ddy, co thé tham khao cic phwong phép

d6 mot cach déy dud trong céc tai liéu khoa hoc.

Trong céc vi du sau, mic du da cb géng dé dam bao do chinh xac dbi véi
céac con sb dugc st dung (vi duy, khdi lugng, nhiét d9, va céc thong s6 tuong
ty), tuy nhién do bién thién va do léch c6 thé dugc xem xét, va trong trudng
hop tdn tai sai sb ghi chép trong cac con s§ duge ding & ddy, ngudi c6 hidu
biét trung binh trong linh vuc k¥ thuét nay c6 thé suy ra tri sd dung khi xem xét
phén bdc 10 con lai ¢ day. Trir khi c6 quy dinh khac, nhiét d dugc bdo céo 1a
do C, va ap suét 1a tai hodic gan 4p suét khi quyén & muc nudc bién. Trir khi ¢6
quy dinh khéc, cac chit phan Gng dugc mua tir thi trudng. Cac vi du sau chi
nhim muc dich minh hoa va khéng nhim giéi han pham vi ctia sang ché theo

cach bat ky.

Vidul
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Vi du ndy md ta cac phuong phép tao ra plasmit biéu hién ma hoa
enzym bao gdm enzym ctia qué trinh MEV tir Saccharomyces cerevisiae dugc

sdp X€p trong cac operon.

Plasmit biéu hién pMevT dugc tao ra bing cach chén operon MevT
(SEQ ID NO: 1) vao vecto pBAD33. Operon MevT mé héa tép hop cic enzym
clia qué trinh MEV ma cling nhau chuyén héa tién chét thuong gip axetyl-CoA
thanh (R)-mevalonat, cu thé 12 axetoaxetyl-CoA thiolaza, HMG-CoA synthaza,
va HMG-CoA reductaza. Operon MevT duoc tao ra bang cach khuéch dai PCR
tir ADN h¢ gen ctia Escherichia coli trinh tw ma hoa clia gen atoB (s6 dang ky
ngan hang gen NC 000913 REGION: 2324131..2325315) (mé hoa axetoaxetyl-
CoA thiolaza), tir ADN hé€ gen clia Saccharomyces cerevisiae trinh ty ma hoa
ctia gen ERGI3 (sb ding ky ngén hang gen X96617, REGION: 220..1695) (ma
hoéa HMG-CoA synthaza), va tt ADN h¢ gen cia Saccharomyces cerevisiae
doan ctia ving ma hoa cia gen HMG1 (sé ding ky ngén hang gen M22002,
REGION: 1660..3165) (md héa HMG-CoA reductaza bi cit cut (tHMGR)).
Poan mdi PCR ngugc dong duge ding dé khuéch dai doan gen HMG! chira
codon khéi d4u nhan tao. Céc doan da dugc khuéch dai nay duogc gén v6i nhau
bang cach sir dung k¥ thuat kéo dai chdng lap (SOEing), trong qua trinh nay
cac vi tri lién két ribosom dugc dua vao sau céc trinh tw ma3 hoéa afoB va
ERG13. Sau khi bd sung ddu treo 3' A, operon MevT ch gén vao vecto tach
dong TA pCR4 (Invitrogen, Carlsbad, CA), va dugc giai trinh tu dé dam bao do
chinh x4c. Operon MevT sau d6 dugc gin vio vi tri enzym giéi han Xmal Pstl
ctia vecto pBAD33 (xem 4n phdm: Guzman et al. (1995) J. Bacteriol. 177(14):
4121-4130). Dé dit operon nay dudi su kiém soét cia yéu t& khoi ddu Pra,
doan araC-Pp4pNsil-Xmal cia pBAD33 dugc thay thé bing doan Nsil-Xmal
cia pBBRIMCS, tao ra plasmit biéu hién pMevT (xem Patent My sb
7,192,751).

Plasmit biéu hién pAM36-MevT66 dugc tao ra bang cach chén operon
MevT66 vao vecto pAM36. Vecto pAM36 dugc tao ra bing cach chén catxet
oligonucleotit chira vi tri enzym giéi han Ascl-Sfil-AsiSI-Xhol-Pacl-FsII-Pmel
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vao vecto pACYC184 (sb dang ky ngan hang gen X06403), va bang cach loai
bd gen khéng tet trong pACYC184. Operon MevT66 dugc tao ra bang cich
tbng hop nho st dung trinh tu nucleotit SEQ ID NO: 1 lam khuédn, khudn nay
chira gen atoB tir Escherichia coli (sb ding ky ngan hang gen NC_000913
REGION 2324131..2325315), gen ERGI3 tt Saccharomyces cerevisiae (sd
ding ky ngan hang gen X96617, REGION: 220..1695), va kiéu cét cut ciia gen
HMG tir Saccharomyces cerevisiae (s6 ding ky ngan hang gen M22002,
REGION 1777..3285), ca ba trinh tu nay dugc tdi uu hod codon dé biéu hién
trong Escherichia coli. Operon MevT66 di dwgc tao ra bang cach téng hop
dugc gén vao bén sudn béi vi tri enzym gidi han 5 ' EcoRI va vi tri enzym gidi
han 3’ Hind III, va do d6 c6 thé dugc tach dong vao céc vi tri enzym gigi han
tuong thich clia vecto tach dong nhu vecto gbc pUC hodc pACYC chuén. Tur
cAu tric ndy, operon MevT66 dugc khuéch dai bing PCR v6i céc vi tri enzym
gidi han Sfil va AsiSI gén vao bén sudn, doan ADN da dugc khuéch dai nay
duoc cit dé hoan thanh bing cach sir dung céc enzym gidi han Sfil va AsiSI,
hén hop phan tmg dwgc phan tach bang phuong phap dién di gel, doan ADN
khoang 4,2 kb duoc tach bing gel co sir dung bod kit tinh ché gel Qiagen
(Valencia, CA), va doan ADN d3 phan 1ap dugc nay dugc gén vao vi tri enzym
giéi han Sfil AsiSI cua vecto pAM36, tao ra plasmit bidu hién pAM36-
MevT66.

Plasmit biéu hién pAM25 duoc tao ra bang cach chén operon MevT66
vao vecto pAM29. Vecto pAM29 dugc tao ra bang cach 1ip rap gbc sao chép
pl5A va gen khang kan tir pZS24-MCS1 (xem 4n phdm: Lutz and Bujard
(1997) Nucl Acids Res. 25 1203-1210) véi yéu t6 khéi ddu lacUVS5 duge tao ra
boi oligonucleotit-. C4u tric tbng hgp ADN chira operon MevT66 (xem & trén)
duoc cit hoan toan bang cach sir dung cac enzym gii han EcoRI va Hind III,
hén hop phan mg dwoc phén tich biang phuong phap dién di gel, doan ADN
4.2kb duoc chiét gel, va doan ADN da phan 1ap dugc nay duoc gén vao vi tri
enzym gi6i han EcoRI HindIIl ciia pAM29, d& thu dwgc plasmit biéu hién
pAM?2S.
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Plasmit biéu hién pMevB-Cm dugc tao ra bang cach chén operon MevB
vao vecto pPBBRIMCS-1. Operon MevB méd hoéa tdp hgp cac enzym ma cung
nhau chuyén hoa (R)-mevalonat thanh IPP, cu thé 13 mevalonat kinaza,
phosphomevalonat kinaza, va mevalonat pyrophosphat cacboxylaza. Operon
MevB duogc tao ra béng cach khuéch dai bing PCR tir ADN hé gen cua
Saccharomyces cerevisiae cac trinh twv ma héa ciia gen ERGI2 (sb ding ky
ngan hang gen X55875, REGION 580 1911) (mi héa mevalonat kinaza), gen
ERGS (sb dang ky ngén hang gen 749939, REGION: 3363..4718) (mi hoéa
phosphomevalonat kinaza), va gen MVDI (s6 ding ky ngan hang gen X97557,
REGION:544 1734) (mi hoa mevalonat pyrophosphat cacboxylaza), va bang
céch gén cac doan PCR véi nhau sir dung k¥ thuat kéo dai chdng 14p (SOEing).
Bing cach chon cic trinh ty mdi thich hop, codon két thuc cia ERGI2 va
ERGS dugc chuyén tir TAA thanh TAG trong qu4 trinh khuéch dai dé dua vao
céc vi tri lién két ribosom. Sau khi bd sung ddu treo 3' A, operon MevB dugc
gén vio vecto tach dong TA pCR4 (Invitrogen, Carlsbad, CA). Operon MevB
dugc cit bé bang cach phan giai ciu tric tach dong nay dén hoan toan bang
cach st dung enzym gi6i han Pszl, phan tich hdn hop phan tng niy baing
phuong phap dién di gel, chiét bang gel doan ADN 4,2kb, va gén doan ADN da
dugc tach riéng nay vao vi tri enzym giéi han Pst/ cia vecto pBBRIMCS-1
(xem 4n phadm: Kovach et al., Gene 166(1) 175-176 (1995)), d thu dugc
plasmit biéu hién pMevB-Cm.

Plasmit biéu hién pMBI dugc tao ra bang cach chén operon MBI vao
vecto pBBRIMCS-3. Operon MBI méa hoéa cung enzym nhu operon MevB,
cling nhu isopentenyl pyrophosphataza isomeraza, ‘enzym ndy xuac tac sy
chuyén hoa IPP thanh DMAPP. Operon MBI dugc tao ra bang cach khuéch dai
bang PCR tir ADN hé gen cua Escherichia coﬁ' trinh ty ma héa cia gen idi (s6
dang ky ngan hang gen AF 119715) st dung cdc mdi chira vi tri enzym gidi
han Xmal & déu 5' cta ching, cit doan ADN da dugce khuéch dai nay dén hoan
toan bang cach str dung enzym giéi han Xmal, phan tach hdn hop phan tmg nay
bang phwong phéap dién di gel, chiét bing gel doan 0,5kb, va gén doan ADN da

dugc tach riéng nay vao vi tri enzym giéi han Xmal cia plasmit bi€u hi¢n
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pMevB-Cm, bing cach nay dit idi & dau 3' cia operon MevB. Operon MBI
dugc tdch dong phu vao vi tri enzym gidi han Sall va Sacl cia vecto
pBBRIMCS-3 (xem 4n phdm: Kovach et al., Gene 166(1) 175-176 (1995)), dé
thu dugc plasmit biéu hién pMBI (xem Patent M§ sb 7, 192,751).

Plasmit biéu hién pMBIS dugc tao ra bing cach chén gen ispA vao
pMBI. Gen ispA mad hoa farnesyl pyrophosphat synthaza xuc tac cho viéc
ngung tu ctia hai phan tir IPP v6i mot phan tr DMAPP dé tao ra farnesyl
pyrophosphat (FPP). Trinh tu ma héa ciia gen isp4 (sd dang ky ngén hang gen
D00694, REGION 484 1383) duoc khuéch dai bang PCR tir ADN cta hé gen
Escherichia coli st dung mdi xudi véi vi tri enzym gi6i han Sacll va mdi
ngugc véi vi tri enzym gidi han Sacl. San phim PCR d3 dugc khuéch dai duoc
phan giai hoan toan bing céc enzym gidi han Sacll va Sacl, hdn hop phan tng
dugc phan tach bing phuong phép dién di gel, va doan ADN 0,9 kb dugc tach
bang gel. Poan ADN di dugc tach riéng dwoc gin vao vi tri enzym gidi han
Sacll Sacl ciia pMBI, bang cach nay dit gen ispd & dau 3' cla idi va operon
MevB, va tao ra plasmit biéu hién pMBIS (xem Patent M§ s 7, 192,751).

Plasmit biéu hién pMBIS-gpps duge tao ra tir plasmit biéu hién pMBIS
bang cach thay thé trinh tu ma héa isp4 bing trinh ty nucleotit ma héa geranyl
diphosphat synthaza ("gpps"). Doan ADN cha trinh ty nucleotit ma hoa
geranyl diphosphat synthaza nay dugc tao ra bang cach téng hop st dung trinh
tuw ma héa ciia gen gpps cta Arabidopsis thaliana (sb ding ky ngan hang gen
Y17376, REGION 52..1320), dugc t&i wu hoa codon dé bidu hién trong
Escherichia coli, & 1am khuon. Trinh tr nucleotit dugc gin bén sudon bing vi
tri enzym gi6i han Sacll ddn dau va vi tri enzym gi6i han Sacl cubi cing, va c6
thé duogc tach dong vao céc vi tri enzym gidi han tuong thich cia vecto tach
dong nhu vecto gbc pUC hosc pACYC chudn. Trinh tu geranyl diphosphat
synthaza dd dugc tao ra bang cach tdng hop nay duge phén 14p bang cach phan
giai cdu tric tng hop ADN dén hoan toan bing cach sir dung céc enzym gi6i
han Sacll va Sacl, phan tach hdn hop phan ung nay bang phwong phap dién di
gel, tach bang gel doan ADN khoang 1,3kb, va gin doan ADN da dugc tach

-63-



21745

riéng vao vi tri enzym gidi han Sacll Sacl cta plasmit biéu hién pMBIS, dé thu

duoc plasmit biéu hién pMBIS-gpps (xem Fig.3 1a ban dd plasmit).

Plasmit biéu hién pAM45 duoc tao ra bang cach chén operon MBIS vao
pPAM36-MevT66 va bd sung yéu t6 khéi diu lacUV5 vao truée hai operon nay.
Operon MBIS dugc khuéch dai bang PCR tir pMBIS st dung cac mdi chta vi
tri enzym giéi han 5'Xhol va vi tri enzym gi6i han 3’ Pacl. San phdm PCR d3
dugc khuéch dai nay duge phéan giai hoan toan bing cach sir dung cac enzym
gi6i han Xhol va Pacl, hdn hop phan tmg dugc phan tach b_éng phuong phap
dién di gel, doan ADN 5,4kb dugc tach béng gel, va doan ADN d3 duoc tach
riéng duogc gin vao vi tri enzym gi6i han Xhol Pacl ciia pAM36-MevT66, dé
thu dugc plasmit pAM43. Poan ADN chira trinh tu nucleotit ma héa yéu tb
khéi dau lacUVS dugce tong hop tir oligonucleotit va duoc tich dong phu vao vi
tri enzym gi6i han Ascl Sfil va AsiSI Xhol clia pAM43, dé thu dugc plasmit
bidu hién pAM45.

Vidu2

Vi du ndy mo ta phuwong phép tao ra vecto bidu hién ma hoa enzym bao
gdm enzym ctia qué trinh MEV tir Staphylococcus aureus dugc sip xép trong

céc operon.

Plasmit biéu hién pAM41 duoc tao ra tir plasmit biéu hién pAM25 bing
cach thay thé trinh tw ma hoéa cia gen HMGI/, gen ndy ma hoéa HMG-CoA
reductaza cta Saccharomyces cerevisiae, bang trinh ty ma héa cua gen mvaA,
gen nay ma héa HMG-CoA reductaza ctia Staphylococcus aureus (sb dang ky
ngan hang gen BA000017, REGION: 2688925..2687648). Trinh ty ma hoa cua
gen mvad dugc khuéch dai bing PCR tir ADN hé gen cua Staphylococcus
aureus subsp. aureus (ATCC 70069) st dung cac mdi 4-49 mvaA Spel (SEQ
ID NO: 2) va 4-49 mvaAR Xbal (SEQ ID NO: 3), doan ADN da duogc khuéch
dai nay duoc phan giai hoan toan bang cach sir dung enzym gi6i han Spel, hdn
hop phan tmg duoc phan tich bing phuong phap dién di gel, va doan ADN
khoang 1,3kb dugc tach bang gel. Trinh tw ma héa HMGI dugc loai bé khoi

pAM25 bang cach phan giai plasmit dén hoan toan st dung enzym gi6i han
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HindIlIl. Piu treo tan cing ctia doan ADN mach thing tao thanh dugc cit cun
bang cach st dung T4 ADN polymeraza. Sau d6, doan ADN nay dugc phéan
gidi mét phan st dung enzym giéi han Spel, hdn hop phan tng dugc phén tach
bang phuong phép dién di gel, va doan ADN 4,8kb dugc tach bing gel. Poan
ADN d3 duoc tach riéng dugc gin v6i san phdm PCR mvad da duge phén giai
béng Spel, dé thu dugc plasmit biéu hién pAM41. Trinh tu nucleotit cia operon
atoB(opt):ERG13(opt):mvaA dugc chira trong pAM41 1a SEQ ID NO: 41.

Plasmit biéu hién pAM52 dugc tao ra tir plasmit biéu hién pAM41 bing
céch thay thé trinh tuy ma hoa cia gen ERGI3, gen nay ma héa HMG-CoA
synthaza clia Saccharomyces cerevisiae bang trinh tw ma hoéa cia gen mvas,
gen ndy ma hoa HMG-CoA synthaza clia Staphylococcus aureus (s§ dang ky
ngan hang gen BA000017, REGION: 2689180..2690346). ERG13 con dugc
goi 1a HMGS hodc HMG-CoA synthaza. Trinh ty ma héa ctia gen mvaS dugc
khuéch dai bing PCR tir ADN hé gen ciia Staphyloccoccus aureus subsp.
aureus (ATCC 70069) sir dung cac mdi HMGS 5' Sa mvaS-S (SEQ ID NO: 4)
va HMGS 3' Sa mvaS-AS (SEQ ID NO: 5), va doan ADN da khuéch dai nay
dugc dung 1am mdi PCR dé thay thé trinh tu ma hoa cua gen HMGI trong
pAMA41 theo phuong phép cia Geiser et al (BioTechniques 31:88-92 (2001)),
dé thu dugc plasmit biéu hién pAMS52. Trinh tu nucleotit cia operon

atoB(opt):mvaS:mvaA dugce chira trong pAMS2 1a SEQ ID NO: 42.

Plasmit biéu hién pAM97 dugc tao ra tir plasmit biéu hién pAM45 béng
céch thay thé operon MevT66 bang operon (atoB(opt):mvaS:mvaA) cua plasmit
biéu hién pAMS2. Plasmit biéu hién pAM45 dugc phan giai hoan toan bang
cach stt dung cac enzym gii han AsiSI va Sfil, hdn hop phan tng dugc phan
tach bing phwong phap dién di gel, va doan ADN 8,3kb khuyét operon
MevT66 dugc tach bang gel. Operon (atoB(opt):mvaS:mvad) cua PAMS2 dugce
khuéch dai bing PCR st dung cic mdi 19-25 atoB Sfil-S (SEQ ID NO: 6) va
19-25 mvaA-AsiSI-AS (SEQ ID NO: 7), san phdm PCR nay duoc phan giai
hoan toan st dung cic enzym gi6i han Sfil va AsiSI, hdn hop phan tmg dugc

phan tach bang phuong phap dién di gel, doan ADN 3,7kb dwoc tach bang gel,
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va doan ADN d4 dugc tach riéng nay dugc gin vao vi tri enzym gidi han AsiSI

Sfil cta plasmit biéu hién pAM45, d& thu dwogc plasmit biéu hién pAMI7.

Plasmit biéu hién pAMY97-MBI dugc tao ra tir plasmit biéu hién PAM97
va pAM45 bing cach thay thé operon MBIS cia pAMO97 bing operon MBI cua
pAM45. Operon MBI dugc khuéch dai bang PCR tir pAM45 sir dung cc mdi
9-70C (SEQ ID NO: 8) va 26-39B (SEQ ID NO: 9), hdn hop phan ung dugc
phén tach bing phuong phép dién di gel, doan ADN 4,5kb duoc tach bang gel,
va doan ADN di dugc tach riéng ndy dugc phén giai hoan toan st dung enzym
gi¢i han Sacl va Xhol. Plasmit biéu hién pAM97 dugc phan gidi hoan toan st
dung enzym gi6i han Sacl va Xhol, hdn hop phan mg dugc phan tach bing
phuong phap dién di gel, doan 7,6kb duogc tach bing gel, va doan ADN da
dugc tach riéng nay dugc gin véi san phdm PCR operon MBI, d& thu dugc
plasmit biéu hién pAM97-MBI.

Plasmit biéu hién pAMY97-MevB duogc tao ra .tl‘r plasmit biéu hién
PAM97 va pAM45 bang cach thay thé operon MBIS clia pAMO97 bing operon
MevB clia pAM45. Operon MevB dugc khuéch dai bang PCR tir pAM45 st
dung mdi 9-70C (SEQ ID NO:8) va 26-39A (SEQ ID NO: 10), hdén hop phan
ttng dugc phén tach bang phuong phap dién di gel, doan ADN 3,9kb dugc tach
bing gel, va doan ADN di dugc tach riéng nay dugc phén giai hoan toan su
dung enzym gi6i han Sacl va Xhol. Plasmit biéu hién pAM97 dugc phén giai
hoan toan st dung enzym gi6i han Sacl va Xhol, hdn hop phéri mg dugc phan
tach bang phuqng phép dién di gel, doan 7,6kb duoc tach bang gel, va doan
ADN di dugc tich riéng nay dugc gin véi san phdm PCR cua operon MevB,

dé thu dugc plasmit biéu hién pAM97-MevB.

Plasmit biéu hién pAMI128 duoc tao ra bing cach chén cac operon
(atoB(opt). mvaS:mvaA) va MBIS ctia plasmit biéu hién pAM97 vao vecto chira
hé duy tri, phén tach va sao chép cla plasmit RK2, hé nay ngin ngira nhu ciu
lién'tuc dbi vé6i viéc chon chét khang sinh cia thé bién nap té bao chi. Plasmit
RK2 dugc phan giai hoan toan st dung enzym gi6i han PstI, hdn hop phan ing
dugc phéan tach bang phuong phap dién di gel, doan ADN khoang 6,3kb chira
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toan bo locus par duge tich bing gel, va doan ADN da dugc tach riéng nay
dugc tach dong phu vao vi tri enzym giéi han Pst/ cia mini RK2 replicon
pRR10 (xem 4n phdm: Roberts et al. (1990) J Bacteriol. 172(11): 6204-6216),
dé thu duge vecto pAM132. Plasmit biéu hién pAM97 dugc phén gidi hoan
toan sir dung enzym gii han Ascl va Sacl, hdn hop phan tng dugc phén tach
bang phuong phap dién di gel, doan ADN khoang 9,4kb dugc tich bing gel, va
doan ADN da dugc tach riéng ndy dugc gin vao vi tri enzym giéi han Miul

Sacl ciia pAM132, dé thu dugc plasmit biéu hién pAM128.
Vidu3

Vi du ndy md ta phuong phép tao ra vecto biéu hién ma hoa enzym bao
gdm enzym cua qué trinh MEV tit Enterococcus faecalis dugc sip xép trong

cac operon.

Plasmit pAM16 dugc tao ra bang cach chén trinh tr ma héa cua gen
mvaE cla Enterococcus faecalis (s6 ding ky ngén hang gen AF290092
REGION: 1479..3890) (md hoa axetyl-CoA axetyltransferaza/HMG-CoA
reductaza (HMGR)) vao vecto pBlueScripIlI-KS(+). Trinh ty ma héa cta gen
mvaE dugc khuéch dai bing PCR tir ADN hé gen cua Enterococcus faecalis
(ATCC 700802) st dung cac mdi dugc phosphoryl hod ddu 5' 4-40 mvaEF
BamHI (SEQ ID NO: 11) va 4-40 mvaERHindIII (SEQ ID NO: 12). (Luu y
ring mdi 4-40 mvaEF BamHI chuyén codon khéi ddu cua gen mvaE tr TTG
thanh ATG trong san phém PCR di dugc khuéch dai). San phim PCR tao ra
ndy dugc gin vao vi tri enzym gi6i han Smal cia pBlueScripII-KS(+)

(Stratagene, La Jolla, CA), dé thu dugc plasmit bidu hién pAM16.

Plasmit pAM18 duoc tao ra bang cach chén trinh tu ma hoa cua gen
mvaS cia Enterococcus faecalis (sb ding ky ngan hang gen AF290092
REGION: 142..1293) (m3@ héa HMG-CoA synthaza (HMGS)) vao vecto
pBlueScriplI-KS(+). Trinh tw mé héa ctia gen mvaS dwgc khuéch dai bing PCR
tir ADN hé gen cta Enterococcus faecalis (ATCC 700802) sir dung cac mdi
duoc phosphoryl hoa déu 5' 4-40 mvaSF Bglll (SEQ ID NO: 13) va 4-39
mvaSR BamHI (SEQ ID NO: 14), va san phdm PCR nay duogc gin vao vi tri
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enzym giéi han Smal cia pBlueScriplI-KS(+) (Stratagene, La Jolla, CA), dé
thu dugc plasmit biéu hién pAM18.

Plasmit biéu hién pAM22 dugc tao ra bﬁng cach chén trinh ty ma hoa
ctia gen mvaE cua plasmit biéu hién pAM16 vao vecto pZE21-Pr,_jaco1. Vecto
pZE21-PLuscor 12 din xudt ctia vecto pZE21-MCS-1 trong d6 yéu té khoi dau
tet dugc thay thé bing yéu t6 khéi déu Pracor (xem 4n phim: Lutz and Bujard
(1997) Nucl Acids Res. 25:1203-1210). Plasmit biéu hién pAM 16 duoc phan
giai hoan toan st dung enzym giéi han BamHI va HindIII, hdn hop phan tng
dugc phan tach biang phuong phap dién di gel, doan ADN khoang 2,4kb chua
trinh ty ma héa mvaE duogc tach béng gel, va doan ADN da dugc tach riéng nay
duoc chén vao vi tri enzym gi6i han BamHI HindIII cia pZE21-Pr1aco1, dé thu
duoc plasmit bidu hién pAM22.

Plasmit biéu hién pAM33 duogc tao ra bang cach chén trinh ty ma hoa
clia gen mvaS cla plasmit biéu hién pAM18 vao plasmit biéu hién pAM22.
Plasmit biéu hién pAM18 dugc phan giai hoan toan sir dung enzym gii han
BglII va BamHI, hdn hop phan (mg dugc phan tach bing phwong phép dién di
gel, doan ADN khoang 1,2kb chtra trinh tu md hda cta gen mvaS dugc tach
bang gel, va doan ADN di duogc tach riéng niy dugc chén vao vi tri BamHI cla

plasmit biéu hién pAM22, dé thu dugc plasmit biéu hién pAM33.

Plasmit biéu hién pAM34 dugc tao ra bang cach chén operon mvasS-
mvaE cta plasmit biéu hién pAM33 vao vecto pAM29. Operon mvaS-mvaE
duoc phén 14p bang cach phan giai mot phdn pAM33 bang cach st dung enzym
gidi han EcoRI, phan giai doan ADN mach thing tao ra bing cach st dung
enzym gi¢i han Mlul, phan tach hdn hop phan Gmg nay bang phuong phép dién
di gel, va tach bang gel doan ADN khoang 3,6kb. Khung vecto clia pAM29 thu
dugce biang cach phan giai hoan toan vecto biéu hién pAM?25 sir dung enzym
gi&i han Mlul va EcoRI, phan tach hdn hop phan tmg ndy bing phuong phép
dién di gel, va tach bang gel doan ADN khoang 2,1kb. Hai doan ADN d3 dugc
phan 1ap nay duoc gin, dé thu dugc plasmit biéu hién pAM34.

Vidu4
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Vi du ndy mé ta phwong phép tao ra plasmit biéu hién ma hoa enzym,
bao gdm enzym clia qué trinh DXP tir Escherichia coli dugc sip xép trong cac

operon.

Plasmit biéu hién pAM408 duogc tao ra bing cach chén gen ma héa
enzym cda qud trinh DXP "dinh" vao vecto pAM29. Enzym cuia qué trinh DXP
"dinh" bao gdbm 1-deoxy-D-xyluloza-5-phosphat synthaza (duvgc ma hoa béi
gen dxs cua  Escherichia  coli), 1-deoxy-D-xyluloza-5-phosphat
reductoisomeraza (dugc md hod bdi gen dxr cua Escherichia coli), 4-
diphosphoxytidyl-2C-metyl-D-erythritol synthaza (dugc ma hoéd badi gen ispD
cua Escherichia coli), va 4-diphosphoxytidyl-2C-metyl-D-erythritol synthaza
(dwgc ma hoa bdi gen ispE cua Escherichia coli), cing nhau chuyén hoa
pyruvat va D-glyxeraldehyt-3-phosphat thanh 4-diphosphoxytidyl-2C-metyl-D-
erythritol-2-phosphat. Cac doan ADN chtra trinh tu nucleotit ma héa enzym
clia qué trinh DXP "dinh" nay duoc tao ra bing cach khuéch dai bang PCR
trinh tu ma héa cua cic gen dxs (s6 ding ky ngan hang gen U00096 REGION
437539.. 439401), dxr (sb ding ky ngin hang gen U00096 REGION
193521..194717), ispD (s6 dang ky ngan hang gen U00096 REGION 2869803..
2870512), va ispE (sb ding ky ngin hang gen U00096 REGION
1261249..1262100) tir chiing Escherichia coli DH1 (ATCC #33849) bang cac
trinh tu Shine Dalgarno t6i uu dugc bd sung va vi tri enzym giéi han dau 5' va
3' str dung mdi PCR duoc thé hién trong SEQ ID cac s§ 15-18. Céc san phim
PCR nay duoc phan tach bing phuong phap dién di gel, duoc tach bang gel sir
dung b kit tinh sach gel Qiagen (Valencia, CA), dugc phan gidi hoan toan sur
dung enzym gi6i han thich hop (Xhol va Kpnl d6i v6i san phdm PCR chira gen
dxs, Kpnl va Apal d6i véi san phdm PCR chitra gen dxr, Apal va Ndel d6i véi
san pham PCR chtta gen ispD, Ndel va Mlul dbi v6i san pham PCR chira gen
ispE), va dugc tinh ché bing cach st dung bd kit tinh ché PCR Qiagen
(Valencia, CA). Sau d6, luong xdp xi ddng mol cia mdi san phim PCR duoc
bd sung vao phan tmg ghép nbi dé lap rap cic gen riéng ré vao trong operon.
Tir phén tng ghép ndi nay, 1ul hdn hgp phan tng thudng ding dé khuéch dai
bang PCR 2 catxet gen riéng biét, cu thé 13 catxet gen dxs-dxr va ispD-ispE.
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Catxet gen dxs-dxr duge khuéch dai bang PCR bing cach sir dung cac mdi 67-
1A-C (SEQ ID NO 15) va 67-1D-C (SEQ ID NO 18), va catxet gen ispD-ispE
dugc khuéch dai bang PCR st dung cac mdi 67-1E-C (SEQ ID NO 19) va 67-
1H-C (SEQ ID NO: 22). Hai san phdm PCR nay dugc phan tach bing phuong
phép dién di gel, va dugc tach bing gel. San pham PCR chira catxet gen ds-
dxr dugc phén giai hoan toan st dung enzym gidi han Xhol va Apal, va san
phdm PCR chtra catxet gen ispD-ispE dugc phan giai hoan toan sir dung enzym
gi6i han Apal va Miul, va hai san phim PCR nay duoc tinh ché. Vecto pAM29
duogc phan gidi hoan toan st dung enzym giGi han Sall va Miul, va hai san
phdm PCR d4 dugc phan giai chira operon cila qua trinh DXP "dinh" dugc gin
vao vi tri enzym gi6i han Sall MIul cta vecto pAM29, dé thu dugc plasmit biéu
hién pAMA408 (xem Fig.4 vé ban dd plasmit).

Plasmit biéu hién pAM409 dugce tao ra br?tng cach cheén gen ma hoéa
enzym cua qué trinh DXP "day" vao vecto pAM369. Enzym cua qua trinh DXP
“day” bao gdbm 2C-metyl-D-erythritol 2,4-xyclodiphosphat synthaza (dugc ma
hod bdi gen ispF clia Escherichia coli), 1-hydroxy-2-metyl-2-(E)-butenyl-4-
diphosphat synthaza (dugc ma hoa bdi gen ispG cua Escherichia coli), va
isopentenyl/dimetylalyl diphosphat synthaza (dugc ma hod bédi gen ispH cua
Escherichia coli), cing nhau chuyén héa 4-diphosphoxytidyl-2C-metyl-D-
erythritol-2-phosphat thanh IPP va DMAPP. IPP ciing dugc chuyén hoa thanh
DMAPP nh¢ hoat ddng cia isopentyl diphosphat isomeraza (dugc ma hoa bai
gen idi cta Escherichia coli). DMAPP c6 thé dugc chuyén hoa tiép thanh FPP
nho hoat dong cua farnesyl diphosphat synthaza (dugc ma hod béi gen ispA4 cia
Escherichia coli). Operon ma hda enzym cia qué trinh DXP “day” cling nhu
isopentyl diphosphat isomeraza va farnesyl diphosphat synthaza dugc tao ra
bang cach khuéch dai bang PCR cic gen ispF (s6 dang ky ngin hang gen
U00096 REGION: 2869323..2869802), ispG (s6 ding ky ngin hang gen
U00096 REGION: 2638708..2639826), ispH (s6 ding ky ngin hang gen
U00096 REGION: 26277..27227), idi (sb dang ky ngén hang gen AF 119715),
va ispA (sb dang ky ngan hang gen D00694 REGION: 484..1383) tir ching
Escherichia coli DH1 (ATCC #33849) bang cac trinh tur Shine Dalgarno t6i vu
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dugc bd sung va vi tri enzym gidi han ddu 5' va 3' sir dung cac modi PCR dau 5'
va 3'. San phdm PCR nay duoc phén tach bing phuong phép dién di gel, duoc
tach bang gel, dugc phén giai bing enzym gidi han thich hop (BamHI va Apal
ddi v6i san phim PCR chira gen ispF; Kpnl va Apal dbi véi san phdm PCR
chita gen ispG; Sall va Kpnl dbi véi san phdm PCR chira gen ispH; Sall va
HindIII d5i v6i san phdm PCR chita gen idi; HindlIIl va Neol d6i voi san phdm
PCR chtra gen) isp4, va dugc tinh ché. Sau do, lwong xép xi ding mol ciia mdi
san phdm PCR dugc bd sung vao phan g ghép nbi dé 1p rap cac gen riéng r&
trong operon. Tir phan tng ndi nay, 1 ul hdn hop phan tmg thuong dung dé
khuéch dai bing PCR 2 catxet gen riéng biét, cu thé 1a catxet gen ispF-ispG va
ispH-idi-ispA. Catxet gen ispF-ispG dugc khuéch dai bing PCR st dung céac
mdi 67-2A-C (SEQ ID NO: 23) va 67-2D-C (SEQ ID NO: 26), va catxet gen
ispH-idi-ispA dugc khuéch dai bing PCR st dung cc mdi 67-2E-C (SEQ ID
NO: 27) va 67-2J-C (SEQ ID NO: 32). Hai san phdm PCR nay dugc phén tach
bing phuong phap dién di gel, va dugc tich bing gel. San phdm PCR chira
catxet gen ispF-ispG dugc phan gidi hoan toan stt dung enzym giGi han BamHI
va Kpnl, va san pham PCR chira catxet gen ispH-idi-ispA dugc phén giai hoan
toan st dung enzym giéi han Kpnl va Ncol, va hai san phim PCR nay dugc
tinh ché. Vecto pAM369 dugc tao ra bang cach lip rép gbe sao chép pl15A tir
pAM29 va gen beta-lactamaza khéng ampixilin tir pZE12-luc (xem 4n phim:
Lutz and Bujard (1997) Nucl Acids Res. 25:1203-1210) véi oligonucleotit-yéu
t6 khoi dau lacUVS da dugce tao ra. Vecto pAM369 duoc phén gidi hoan toan
str dung enzym gidi han BamHI va Ncol, va 2 san phdm PCR da dugc phan lap
chira operon clia qué trinh DXP “day” dugc gin vio vi tri enzym gi6i han

BamHI Ncol ctia vecto pAM369, dé thu dugc plasmit biéu hién pAM409.

Plasmit biéu hién pAM424, 1a din xuit cta plasmit bidu hién pAM409
chira gdc sao chép RK2 phd vt chu rong, dugc tao ra bang cach chuyén yéu t6
khéi dau lacUV5 va operon ispFGH-idi-ispA ciia pAM409 vao vecto pAM257.
Vecto pAM257 duge tao ra nhu sau: locus RK2 par duoc khuéch dai tir ADN
plasmit RK2 (xem 4n phdm: Meyer et al. (1975) Science 190 1226-1228) str
dung cidc mdi 9-156A (SEQ ID NO: 33) va 9-156B (SEQ ID NO. 34), san

-71-



21745

phidm PCR 2,6 kb dugc phén giai hoan toan st dung enzym gi6i han Aarll va
Xhol, va doan ADN dugc gén vao plasmit chira gbc sao chép p15 va gen khang
cloramphenicol tir vecto pZA31-luc (xem 4n phdm: Lutz and Bujard (1997)
Nucl Acid Res 25-1203-1210), dé thu dugc plasmit pAM37-par, pAM37-par
duogc phan gidi hoan toan st dung enzym gi6i han Sacl va HindlIll, hdn hop
phan ung dugc phan tach bang phuong phép dién di gel, doan ADN chtra locus
RK2 par va gen khéng cloramphenicol dugc tach bﬁmg gel, va doan ADN da
duoc tach riéng dwoc gén vao vi tri Sacl HindIII cia mini-RK2 replicon pRRlO
(xem 4n pham: Roberts et al. (1990) J Bacteriol. 172:6204-6216), dé thu duoc
vecto pAM133; pAM133 dugc phan gidi hoan toan st dung enzym gidi han
BglII va HindlIII, hdn hop phan img duoc phan tich bing phuong phap dién di
gel, doan ADN khoang 6,4 kb khuyét gen khang ampixilin va gdc tiép hop oriT
dugc tach bang gel, va doan ADN d4 duoc tach riéng nay duoc gén véi doan
ADN duoc tao ra bang cach tong hop chitra nhidu vi tri tach dong ma chira vi tri
enzym giéi han Pcil va Xhol, & thu dugc vecto pAM257. Plasmit biéu hién
pAM409 duge phan giai hoan toan st dung enzym giéi han Xhol va Pcil, hdn
hop phan tmg dwgc phén tach bing phuong phép dién di gel, va doan ADN
khoang 4,4 kb dugc tach bang gel. Vecto pAM257 dugc phén giai hoan toan sir
dung enzym gi6i han Xhol va Pcil, va doan ADN d3 dugc tach riéng chua yéu
t6 khoi ddu lacUV5 va operon ispFGH-idi-ispA dugc gén vao vi tri enzym gidi
han Xhol Pcil cia vecto pAM257, @& thu duogc plasmit biéu hién pAM424
(xem Fig.5 thé hién ban dd plasmit).

Vidu$

Vi du ndy mé ta phuong phap tao ra plasmit biéu hién ma héa enzym
chuyén ho4 FPP hoic GPP.

Plasmit biéu hién pTrc99A-ADS dugc tao ra béng cach chén trinh tu
nucleotit mad héa amorpha-4,11-dien synthaza ("ADS") vao vecto pTrc99A.
Trinh tw amorpha-4,11-dien synthaza duoc tao ra bang cach tdng hop, sao cho
trong qué trinh dich ma, trinh ty axit amin sé& gidng véi trinh ty duge md ta

trong 4n phim Merke et al. (2000) Ach. Biochem. Biophys. 381:173-180, sao
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cho trinh tu nucleotit md héa amorpha-4,11-dien synthaza dugc t6i wu héa dé
biéu hién trong Escherichia coli, va sao cho trinh tu nucleotit tao suon béi vi tri
enzym gi6i han 5' Ncol va 3' Xmal (xem Patent My s6 7,192,751). Trinh tu
nucleotit dugc phan giai hoan toan sit dung enzym giGi han Ncol va Xmal, hdn
hop phan tmg dugc phan tich bing phuong phap dién di gel, doan ADN
khoang 1,6 kb dugc tich bang gel, va doan ADN da duoc tach riéng nay dugc
chén vao vi tri enzym giéi han Ncol Xmal cia vecto pTrc99A (xem 4n phim:
Amman et al. (1985) Gene 40:183-190), dé thu duwgc plasmit biéu hién
pTrc99A-ADS (xem Fig.6 thé hién ban dd plasmit).

Plasmit biéu hién pAMI113 1a din xuit khang cloramphenicol cia
pTrc99A-ADS. Plasmit nay dugc tao ra bang cach khuéch dai bing PCR gen
khang cloramphenicol tir vecto pZA31-luc (xem 4n phim: Lute and Bujard
(1997) Nucl Acids Res 25: 1203-1210) sir dung céc mdi duge phosphoryl hoa
dau 5' 19-137 cm1-pAM37-AS (SEQ ID NO: 35) va 19-137 cml-pAM37-S
(SEQ ID NO: 36), va chén san phim PCR 920bp vao vi tri enzym giéi han
Fspl cia plasmit biéu hién pTrc99A-ADS, dé thu dugc plasmit biéu hién
pAMI113.

Plasmit biéu hién pC9 dugc tao ra béng cach cheén doan ADN h¢ gen clia
Bacillus subtilis 6051 chira trinh ty ma hoa ctia gen nudF va céc trinh ty hé gen
nguoc dong (sb dang ky ngan hang gen 799116 REGION: 49364..48548) vao
vecto pTrc99A (xem 4n phdm: Amann et al. (1988) Gene 69:301-315). Plasmit
biéu hién pNudF-H duoc tao ra bang cach chén trinh ty ma héa cia gen nudF
cta Bacillus subtilis 6051 (sb ding ky ngdn hang gen 799116 REGION:
49105..48548) vao vecto pTrc99A. Plasmit biéu hién pyhfR duoc tao ra bing
cach chén trinh tw ma héa ctia gen yAfR clia Bacillus subtilis 6051 (sb dang ky
ngén hang gen 299109 REGION: 97583..97002) vao vecto pTrc99A.

Plasmit biéu hién pAM373 duge tao ra béng cach chén trinh tu nucleotit
ma héa B-farnesen synthaza ("FSB") clia Artemisia annua (sb dang ky ngin
hang gen AY835398), duoc tdi wu hod codon dé biéu hién trong Escherichia

coli, vao vecto pTrc99A. Trinh tu nucleotit mad hoa B-farnesen synthaza nay
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duoc tao ra bang cach tong hop, va duge khuéch dai bang PCR tir cdu trac téng
hop ADN ctia né nho st dung cac moi thich hop. Dé tao ra vi tri enzym gioi
han Ncol din diu trong sin phdm PCR chita trinh ty md hoa P-farnesen
synthaza, codon mi héa axit amin tht hai trong trinh tu polypeptit ban dau
(TCG ma hoa serin) dugc thay thé bing codon ma héa axit aspartic (GAC)
trong mdi PCR d4u 5' (SEQ ID NO: 37). San phidm PCR tao ra ndy dwoc phan
giai mot phan bang cach sir dung enzym gii han Ncol, va dugc phan giai hoan
toan st dung enzym gii han Sacl, hdn hop phan tng dugc phan tach bing
phuong phap dién di gel, doan ADN khoang 1,7 kb chtra trinh ty ma hoéa p-
farnesen synthaza dugc tach bing gel, va doan ADN d3 dugc tach riéng dugc
gin vao vi tri enzym gi6i han Ncol Sacl cta vecto pTrc99A, dé thu duoc

plasmit biéu hién pAM373 (xem Fig.6 14 ban d6 plasmit).

Cac plasmit biéu hién pTrc99A-FSA, pTrc99A-GTS, pTrc99A-PS,
pTrc99A-TS duge tao ra b%mg cach chén doan ADN chira trinh tu nucleotit ma
héa o-farnesen synthaza ("FSA"), y-terpinen synthaza ("GTS"), oa-pinen
synthaza ("APS"), hodc terpinolen synthaza ("TS") vao vecto pTrc99A. Poan
ADN chén dugce tao ra bang cach tong hop, dung 1am khudn, vi du, trinh ty ma
hoa ctia gen o-farnesen synthaza ciia Picea abies (s6 ding ky ngan hang gen
AY473627, REGION: 24..1766), trinh ty m& hoéa cia gen B-farnesen synthaza
clia Artemisia annua (sb dang ky ngan hang gen AY835398), trinh ty ma héa
cia gen y-terpinen synthaza cta Citrus limon (s6 ding ky ngén hang gen
AF514286 REGION: 30..1832), trinh ty ma hoa clda gen a-pinen synthaza cuia
Abies grandis (sb dang ky ngan hang gen U87909, REGION: 6..1892) hoic clia
Pinus taeda (s dang ky ngén hang gen AF543530 REGION: 1..1887), hoic
trinh ty ma héa cuia gen terpinolen synthaza ctia Ocimum basilicum (s6 dang ky
ngan hang gen AY693650) hodc cia Pseudotsuga menziesii (s6 dang ky ngan
hang gen AY906866 REGION: 10..1887) hoidc cta Abies grandis (sb dang ky
ngan hang gen AF 139206), tt c4 céc trinh tu nucleotit nay duogc tbi uvu hod
codon dé biéu hién trong Escherichia coli. Cac doan ADN cho FSA dugc

khuéch dai bang PCR tir ciu tric tbng hop ADN cuia n6 sit dung céc trinh ty
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mdi SEQ ID NO: 39 va SEQ ID NO: 40. San phim PCR tao ra nay duogc phan
giai hoan toan st dung enzym giéi han Ncol va Sacl, hdn hop phan tmg dugc
phan tach bang phwong phap dién di gel, doan ADN khoang 1,7kb chtra trinh
tu mi hoa o-farnesen synthaza dugc tach bing gel, va doan ADN da dugc tach
riéng dugc gin vao vi tri enzym gi6i han Neol Sacl cia vecto pTrc99A, dé thu
dugc plasmit biéu hién pTrc99A-FSA (xem Fig.6 thé hién ban dd plasmit). Cac
doan ADN cho GTS, APS, va TS duoc thiét ké dé tao sudom béi vi tri enzym
gi¢i han Xmal din ddu va vi tri enzym giéi han cudi cing, va dugc tach dong
vao céc vi tri enzym gi6i han tuong thich clia vecto tich dong nhu vecto gbc
pUC hogic pACYC chudn, tir vecto nay chiing c6 thé lai dwoc giai phong bing
cach phan giai hoan toan ciu tric tdng hop ADN sir dung enzym giéi han Xbal
va Xmal, phan tach hdn hop phan @ng nay bang phuong phép dién di gel, va
tach bing gel doan ADN ma hoa tir terpen synthaza 1,7 dén 1,9. Céac doan
ADN da duoc phan tach duoc gén vao vi tri enzym gi6i han Xmal Xbal coa
vecto pTrc99A (xem 4n phdm: Amman et al., Gene 40:183-190 (1985)), dé thu
dugc plasmit pTrc99A-GTS, pTrc99A-APS, hodc pTrc99A-TS (xem Fig.6 thé
hién ban dd plasmit).

Céc plasmit biéu hién pRS425-FSA va pRS425-FSB dugc tao ra bing
cach chén 1an luot trinh tu nucleotit ma hoa a-farnesen synthaza ("FSA") hodc
B-farnesen synthaza ("FSB"), vao vecto pRS425-Gall (xem 4n phim:
Mumberg et. al. (1994) Nucl Acidts Res 22(25): 5767-5768). Poan chén trinh
tu nucleotit dugc tao ra béng cach téng hop, st dung dé 1am khuén, vi du, trinh
tu ma hoa cia gen o-farnesen synthaza ctia Picea abies (s6 ding ky ngan hang
gen AY473627, REGION:24..1766) hodc cua gen B-farnesen synthaza cua
Artemisia annua (s dang ky ngan hang gen AY835398), dwoc téi wu hoa
codon dé biéu hién trong Saccharomyces cerevisiae. Trinh tu nucleotit da dugc
tao ra bang cach téng hop tao suon bdi vi tri 5' BamHI va vi tri 3' Xhol, va do
d6 ¢ thé dugc tach dong vao céc vi tri enzym gidi han tuwong thich cia vecto
tach dong nhu vecto gbc pUC hodc pACYC chuén. Trinh ty nucleotit da dugc

tao ra bang cach tdng hop duoc phan 1ap biang cach phan giai hoan toan ciu

-75-



21745

tric tbng hgp ADN sir dung enzym gi6i han BamHI va Xhol. Hn hop phan
g nay dugc phan tach bang phwong phép dién di gel, doan ADN khoang
- 1,7kb chura trinh tu ma hoéa o-farnesen synthaza hodc p-farnesen synthaza dugce
tach bing gel, va doan ADN di duoc tach riéng nay duogc gin vao vi tri enzym
gi6i han BamHI Xhol cia vecto pRS425-Gall, dé thu dugc 14n luot plasmit
biéu hién pRS425-FSA hoic pRS425-FSB.

Céc plasmit biéu hién pTrc99A-LLS, pTrc99A-LMS, pTrc99A-BPS,
pTrc99A-PHS, pTrc99A-CS, va pTrc99A-SS duge tao ra bang cach chén trinh
ty nucleotit ma hoa linalool synthaza ("LLS"), limonen synthaza ("LMS"), -
pinen synthaza ("BPS"), B-phellandren ("PHS"), caren synthaza ("CS"), hoic
sabinin synthaza ("SS") vao vecto pTrc99A. Poan cheén trinh ty nucleotit nay
duoc tao ra bang cach tdng hop, ding lam khuén, vi du, trinh tu ma héa cta
gen linalool synthaza cta Artemisia annua (s6 ding ky ngén hang gen
AF154124; REGION: 13.. 1764), trinh tuy ma hoa ctia gen limonen synthaza cta
Abies grandis (s6 dang ky ngan hang gen AF006193 REGION: 73..1986), trinh
tu mi hoa cla B-pinen synthaza clia Artemisia annua (s6 dang ky ngan hang
gen AF276072 REGION: 1..1749), trinh ty ma hda cia gen B-phellandren
synthaza cta Abies grandis (sb dang ky ngan hang gen AF139205 REGION:
34..1926), trinh tu ma hoa clia gen caren synthaza cta Salvia stenophylla (sb
dang ky ngin hang gen AF527416 REGION:78..1871), hodc trinh ty ma hoa
clia gen sabinen synthaza cta Salvia officinalis (s6 ding ky ngén hang gen
AF051901 REGION: 26..1798). Trinh tu nucleotit ma héa B-pinen, sabinin, va
B-phellandren synthaza tao sudn béi vi tri enzym gi6i han Xmal dan dau va vi
tri enzym gi6i han Xbal cubi cing, trinh tu nucleotit ma hoa linalool va caren
synthaza tao suon boi vi tri enzym giéi han Ncol dan dau va vi tri enzym gidi
han Xmal cudi cing, va trinh ty nucleotit ma hoéa limonen synthaza tao sudn
béi vi tri enzym gidi han Neol din ddu va vi tri enzym giéi han PstI cubi cing.
Céc cAu truc tdng hgp ADN duoc phan giai hoan toan st dung enzym gi6i han
12 Xmal va Xbal (d6i véi céc cdu tric P-pinen, sabinin, va B-phellandren

synthaza), enzym giéi han 12 Ncol va Xmal (d8i v6i cac cAu truc linalool va
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caren synthaza), hodc enzym Xbal va PstI (d6i v6i chu tric limonen synthaza).
Hdn hop phan tmg dugc phan tach bang phuong phép dién di gel, cic doan
ADN khoang tir 1,7 dén 1,9 kb dugc tach bang gel, va cac doan ADN da dugc
phan 14p dugc gin vio vi tri enzym giéi han Xmal Xbal (d6i v6i doan chén B-
pinen, va B-phellandren synthaza), vi tri enzym gi6i han Ncol Xmal (d6i véi
doan chén linalool va caren synthaza), hodc vi tri enzym giGi han Xbal Pst]
(d6i véi doan chén limonen synthaza) cta vecto pTrc99A, dé thu duge cac
plasmit biéu hién pTrc99A-LLS, pTrc99A-LMS, pTrc99A-BPS, pTrc99A-
PHS, pTrc99A-CS, va pTrc99A-SS (xem Fig.6 14 ban dd plasmit).

Vidu6

Vi du nay mé ta viéc tao ra cac chuing chi Escherichia coli dé si dung
theo séng ché.

Nhu duge néu chi tiét trong Bang 1, cic chung chi nay dwgce tao ra bing
cach bién nap biang qua trinh hoa hoc té bao Escherichia coli cha me c6 kha
nang bi bién nap v6i mét hodc nhidu plasmit biéu hién cua céc Vi du tir 1 dén

5.

Béang 1. Cac chiung chu E. coli

Chung chu Chuing E.coli cha me Céc plasmit biéu hién Chon chat khang sinh
B32 DH1 pMevT 100pg/ml carbenixilin
B292 B pMBIS Spg/ml tetraxyclin
B210 DP pTrc99A-ADS 34pg/ml
cloramphenicol
B153 DHI1 pAMO97 100pg/ml carbenixilin
B282 DP pTrc99A-ADS 34pg/ml
cloramphenicol
B255 DHI1 pAM128 100pg/ml carbenixilin
B256 DP pAM113 34pg/ml
cloramphenicol
B86 DH1 pAMS52 50pg/ml kanamyxin
pMBIS 100pg/ml carbenixilin
pTrc99A-ADS 5pg/ml tetraxyclin
B61 DHI1 pAM25
pBBRIMCS-3
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pTrc99A
B62 pAM34
pBBRIMCS-3
pTrc99A
B003 DH10B pTrc99A-ADS 100pg/ml carbenixilin
B617 pAM408 100pg/ml carbenixilin
pTrc99A-ADS- 50pg/ml kanamyxin
B618 pAM424 100pg/ml carbenixilin
pTrc99A-ADS 35ug/ml cloramphenicol
B619 pAM408 100pg/ml carbenixilin
pAMA424 50pg/ml kanamyxin
pTrc99A-ADS 35pg/ml cloramphenicol
B650 DH10B pAM373 100pg/ml carbenixilin
B651 pAM408 100pg/ml carbenixilin
pAM373 50pug/ml kanamyxin
B652 pAM424 100pg/ml carbenixilin
pAM373 35ug/ml cloramphenicol
B653 pAMA408 100pg/ml carbenixilin
pAMA424 50pg/ml kanamyxin
pPAM373 35pug/ml cloramphenicol
B286 DH1 pAM97-MevB 100png/ml carbenixilin
pC9 34pg/ml
B287 pAM97-MevB cloramphenicol.
pnudF-H
B288 pAM97-MevB
pyhfR
B291 pAM97-MBI
pyhfR
B592 DH1 pMevT 100pg/ml carbenixilin
pMBIS 34pg/ml
pTrc99A-FSA cloramphenicol
B552 pMevT Spg/ml tetraxyclin
pMBIS
pAM373
Té bao chu ciia vi pMevT
du 21 (san xuét pMBIS-gpps
GTS, APS, TS) pTrc99A-GTS hodc —
APS hoac -TS
Té bao chi cia vi pMevT 100pg/ml carbenixilin
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du 21 (san xuat pMBIS-gpps 34pg/ml
LLS, LMS, BPS, pTrc99A-LLS hodc — | cloramphenicol
PHS, CS, SS) LMS hodc —BPS hodc — | Sug/ml tetraxyclin
' PHS hodc —-CS hoic -
SS

Céc thé bién nap té bao chi dugc chon trén thach Luria Bertoni (LB)
chtra thude khang sinh nhu dugc néu chi tiét trong Bang 1. Cac khuén lac don
dugc chuyén tir thach LB sang dng nudi cdy chira Sml moi truong LB 1éng va
thudc khang sinh. Céc thé bién nap té bao chit B003, B617, B618, B619, B650,
B651, B652, va B653 dugc G & nhiét d6 30°C trén thiét bi lic xoay tron véi toc
d6 250 vong/phut trong 30 gid. TAt ca cac thé bién nap té bao chi khac dugc G
& nhiét d6 37°C trén thiét bi lic xoay tron véi tde dd 250 vong/phut cho dén khi
su sinh truéng dat toi pha dn dinh. Cac té bao nay dugc lam thich nghi véi moi
truong toi thidu bing cach chuyén céac t& bao nay qua tir 4 dén 5 vong lién tiép
ctia méi trudng M9-MOPS chira glucoza 0,8% va thube khang sinh (xem Béng
2 md ta thanh phan ciia moi trudng M9-MOPS). Céc té bao dugce bao quan &
nhiét do -80°C trong lo bao quan lanh sdu véi lwong nho gidng nudi ciy gbc
1ml duge didu ché tir 400ul glyxerol 50% vo tring va 600ul dich nudi ciy

16ng.

Bang 2 — Thanh phén ctia méi truong nudi cdy M9-MOPS

Thanh phan Khéi luong (trén mot lit)
Na,HPO4 7H,0O 12,8¢
KH2PO4 3g

NaCl 0,5¢g
NH4Cl lg
MgSO4 2mmol
CaCl, 0,1mmol
Thiamin 0,1pg
bém MOPS pH 7,4 100mmol
(NH3)6Mo07024 4H20 3,7ug
H3BO4 25ug
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CoCl2 7,1ng

CuSOq4 2,4ug

MnCl, l6ug

ZnSOq4 29ug

FeSO4 0,28ug
Vidu7

Vi dy nay ching minh do 4n dinh cta plasmit biéu hién trong diéu kién
khong c6 thude khang sinh trong ching chi Escherichia coli chira plasmit biéu

hién chira hé duy tri, phan tach va sao chép ctua plasmit RK2.

Gibng nudi cdy mdm cua chung chu duge tao nén bing cach bd sung
lwong nhé gidng nudi cdy gbc ciia ching nay vao binh 125ml chira 40ml M9-
MOPS, glucoza 2%, dich chiét nAm men 0,5%, va thubc khéng sinh nhu dugc

néu chi tiét trong Bang 1, va bang cach nudi céc dich nudi cay nay qua dém.

Gidng nudi ciy mam nay duoc sir dung dé cdy truyén & gia tri ODsoo ban
dau khoang 0,05, vao hai binh 250ml, mdi binh chtra 40 ml moi truong M9-
MOPS, glucoza 2%, va dich chiét ndm men 0,5%. Dich nudi céy #1 con chra
100pg/ml carbenixilin va 34pg/ml cloramphenicol. Dich nudi cdy #2 khong
nhan bét ky thudc khang sinh nao. Ca hai dich nuéi cdy nay dugc 4 & nhiét do
37°C trén thiét b lic xoay tron véi tbe d 250 vong/phut cho dén khi chung dat
t61 ODgoo khoang 0,2, & thoi diém nay viéc san xudt amorpha-4,11-dien & té
bao chu dugc cam tng bing cach bd sung 40pl IPTG 1M vao mdi trudng nudi
cdy. Tai thoi diém cam @ng, cac dich nudi cdy nay duoc phi bing 8ml chit pha
hiru co dé thu amorpha-4,11-dien. Cac miu dugc ldy dinh ky trong thoi gian
tbng cong khoang 72 gid. Viéc san xuit amorpha-4,11-dien béi ching chu
trong 2 dich nudi céy duoc xac nhan b%mg GC/MS nhu néu trong Vi du 10.

Dé danh gia do 6n dinh ctia plasmit trong hai dich nudi ciy té bao, mau
ciia mdi dich nuéi cdy duge léy ra & thoi diém 72 gio va duoc céy thanh vach
vao dia thach LB (khong chtra thube khang sinh). Sau khi i qua dém & nhiét do

37°C, 50 khudn lac riéng r& thu dugc tir mdi dich nuéi ciy dwoc cy lap lai trén
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dia thach LB chira thudc khang sinh (34 pg/ml cloramphenicol, 100 pg/ml
carbenixilin) va dia thach LB trir thudc khang sinh (khong chira chit khang
sinh). Sau khi 0 qua dém thém 14n nita & nhiét 46 37°C, mdi dia thach LB chra
thube khéng sinh va dia thach LB khong chira thudc khéang sinh dugc phat hién
thdy chtta khoang 50 khudn lac, chimg t6 ring sy luu giit plasmit ca trong diéu
kién chira va khéng chira thudc khang sinh trong méi trudng nudi cay Ia

khoang 100%.
Vidu 8

Vi du nay ching minh hoat tinh dic hiéu va d6 én dinh cia HMGR cua
Enterococcus faecalis ting lén so véi cua tHMGR ciua Saccharomyces

cerevisiae & ching chu Escherichia coli.

Gibdng nudi cdy mam ciia cac ching chiit B61 va B62 dugce tao nén bang
cach bd sung luong nhé gibng nudi cdy gbe ciia mdi chung vao cac binh 125 ml
chita 20ml mdi truong M9-MOPS, glucoza 0,8%, va thubc khang sinh nhu
dugc néu chi tiét trong Bang 5, va bing cach nubdi cdy cac dich nubdi ciy nay
dén bdo hoa. Cac giéng nudi cdy mam dugc pha lodng ti 16 1 : 100 vao 140ml
moi trudng méi trong binh 500ml, va lai dwgc sinh truéng dén gia tri ODsso
khoang 0,1, & thoi diém nay viéc san Xuét amorpha-4,11-dien dugc cam ung
bang cach bd sung 140ul IPTG 1M vao mbi dich nudi cdy. Tai thoi diém 4, 12,
20, 28, 36, va 49 gid sau khi cam Ung, cidc méiu duge léy ra tr mdi dich nuoi
céy, va céc té bao dugc két hat béng cach ly tdm. Céc hat nhé té bao dugc lam

déng lanh nhanh trén d4 kho, va sau do dugc bao quan & nhiét d6 -80°C.

Dé tién hénh thr nghiém enzym, cac hat nho té bao dugc 1am tan dong
trén d4, va sau d6 dugc cho dung giai bang cach sir dung Bugbuster (Novagen,
Madison, WI) chita hén hop chét e ché proteaza #3 (Calbiochem, San Diego,
CA), benzonaza (20 pL oer5 ml bugbuster; Novagen, Madison, WI), va
lysozym (30 pg/ml). Hoat tinh enzym cia tHMGR & Saccharomyces cerevisiae
dugc thir nghiém trong Tris HCI 50 mM (d6 pH bang 7,5), NADPH 0,2mM
(Sigma, St. Louis, MO), va mudi natri DL-3-hydroxy-3-metylglutaryl coenzym
A (DL-3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)) 0,3 mM
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(Sigma, St. Louis, MO). Thir nghiém nay dugc bit diu bang cach bd sung dich
giai té bao, va kiém soat sy bién mit cia NADPH bang cach do do hip thu &
340nM. Dé giai thich v& su bién mét khéng dic hidu cia NADPH, céc két qua
thu duoc trong thir nghiém déi chimg khuyét HMG-CoA duoc trir di két qua
thu dugc trong mau thir nghiém. Hoat tinh enzym cia HMGR & Enterococcus
faecalis dugc‘xéc dinh mdt cach twong tu chi khic 1a dung dich dém thir
nghiém chtra dém kali phosphat 100mM (d6 pH bing 6,5), NADPH 0,4mM,
EDTA 1,0mM, va KCl 100mM.

Thir nghiém protein dugc tién hanh bang phwong phép Bradford ((1976)
Anal Biochem. 72:248-254). Hoat tinh dac hiéu dugc tinh 14 Anmol
NADPH/phut/mg protein.

Nhu dugc thé hién trén Fig.8, HMGR & Enterococcus faecalis thé hién
hoat tinh dac hiéu cao hon va do dn dinh tang so véi tHMGR & Saccharomyces

cerevisiae.
Vidu9

Vi du nady mé ta mdi twong quan gitta ODsoo v6i khéi luong t& bao khod
(Dry Cell Weight ("DCW")).

Dé thu duoc mdi twong quan gitta DCW va ODgoo, ching dai dién, B32,
duogc sinh trudng trong cac quy trinh mét do té bao cao twong ty véi cac quy
trinh dugc md ta trong céc vi du tir 10 dén 14. Cac mau dugc l4y trong toan bd
qua trinh chay, va ODego va DCW dugc x4ac dinh ddi véi mdi miu. Dé x4c dinh
DCW, céc té bao dugc két hat va dich ndi duoc loai bo. Cac hat nhé té bao
dugc rira mot 14n bang nudc, va sau d6 duge séy kho trong 10 & nhiét do 80°C
trong it nhét 3 ngay. Cac éng nghi€ém chira céc hat nhé té bao dugc can, khébi
lugng cua 6ng nghiém dugc tru di khdi lwong da dugc xéc dinh, va khéi luong
con lai duge chia cho thé tich ban dau cia mdi mau (0,00151) dé thu duogc
DCW. |

Fig.9 thé hién twong quan gitta DCW va ODgoo dwgc xé4c dinh trong cac

thir nghiém nay.
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Vidu 10

Vi du ndy chitng minh viéc san xuit amorpha-4,11-dien ting trong céc
ching chi Escherichia coli biéu hién HMGR va HMGS & Staphylococcus
aureus so v6i cac ching chii biéu hién tHMGR va HMGS & Saccharomyces

cerevisiae.

Gidng nudi cdy mam cua cac chung chu B32, B153, B210, B282, B292,
B86, B255, va B256 dugc tao nén bing cich bd sung lugng nhé gidng nudi cdy
gbc cia mdi chiing vao cac binh 125ml riéng biét chira 25ml mdi trudong M9-
MOPS, 0,8% glucoza, va thudc khang sinh nhu dugc néu chi tiét trong Bang 1,

va bang cach nuoi céc dich nudi cay nay qua dém.

Gidng nudi ciy mam duoc sir dung dé ciy truyén vao cac binh 250ml
riéng biét c6 gi4 tri ODeoo ban dau khoang 0,05 chira 40ml mdi trudong M9-
MOPS, glucoza 2%, va thubc khang sinh. Céc dich nuéi cdy nay dugc 0 & nhiét
d6 30°C trén thiét b lac xoay tron véi tde d6 250 vong/phit cho dén khi chung
dat t&i ODsoo vao khoang 0,2, & thoi diém nay viée san xudt amorpha-4,11-dien
& t& bao chu dwoc cam ung bang cach bd sung 40pl IPTG 1M vao mdi truong
nudi cdy. Dich nudi cdy dugc phi bing 8ml chit phi hitu co (vi dy, dodecan,
metyl oleat hodc isopropyl myristat). Mau ctia chat phi hitu co va nudc ding
nudi cdy duoc 14y mot 14n mbi ngay trong 72 gidr. Cac miu canh nudi chy duoc
xé4c dinh ODgoo. Nong d6 amorpha-4,11-dien dugc xéc dinh bang cach chuyén
5ul chét phi hitu co vao binh thuy tinh sach chira 500 pl etyl axetat duoc gin

beta hoic trans-caryophylen vao dé 1am tiéu chuin bén trong.

Céc mau chat phu hitu co/etyl axetat dugc phén tich trén séc ky khi/may
do phd khdi Hewlett-Packard 6890 (GC/MS) bang cach chi quét dbi véi hai
ion, ion phan tir (204 m/z) va ion 189 m/z, nhu néu trong 4n phém Martin et al.
(2001) Biotechnol. Bioeng. 75:497-503. Pé xuc tién thoi gian tién hanh,
chuong trinh nhiét d6 va ma tran cot duoc bién d6i dé dat duoc do phén giai
dinh t6i wu va tdng thoi gian tién hanh ngén nhit. 1 ul miu dugc phan tach trén
GC st dung cdt DB-XLB (c6 sin tir Agilent Technologies, Inc., Palo Alto, CA)
va sir dung khi chit mang heli. Chwong trinh nhiét d6 cho phép phan tich la
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nhu sau: 100°C trong 0,75 phut, ting nhiét d6 véi tbc dd 60°C/phut dén nhiét
do khoang 300°C, va duy tri & nhiét do 300°C trong 0,5 phit. Cac miu da dugc
phan tach dugce phén tich bang may do chon loc khdi 5973 mé hinh Hewlett-
Packard ma kiém tra cac ion 189 va 204 m/z. Phd khéi tru6c ching t6 ring san
phdm amorpha-4,11-dien synthaza 1a amorpha-4,11-dien, v chung to rang
amorpha-4,11-dien c6 thoi gian luu 1a 3,7 phit bang cach sir dung Protocol GC
nay. Beta- hoic trans-caryophylen dugc sir dung dé lam tiéu chudn bén trong
cho viéc dinh luong. Do chuin amorpha-4,11-dien dugc tinh toan béng cach st
dung ty 1& ctia dién tich tiéu chuin bén trong so véi amorpha-4,11-dien dya trén
dudong cong dinh chudn dinh lwong ciia amorpha-4,11-dien tinh khiét (0,63-
10mg/l1 KIF17- 109-3) trong etyl axetat dugc gin caryophylen.

Nhu dugc thé hién trén cac Fig.10A va 10B, céc ching B153 va B282,
biéu hién HMGR va HMGS & Staphylococcus aureus, mirc amorpha-4,11-dien
cao dirqc san xudt ra so véi céc éhﬁng B32, B210, B255, B256, va B292, biéu
hién tHMGR va HMGS & Saccharomyces cerevisiae. |

Vidull

Vi du nay chimg minh viéc san xuit amorpha-4,11-dien ting béi chung

chu & Escherichia coli dugc sinh trudng & nhiét do dudi di€m cuc thuén.

Gidng nudi cdy mam cta ching chii B32 dwogc tao nén bang cach bd
sung 0,5ml lwong nho gidng nudi cdy gbc cta chung vao binh 250ml chia
50ml méi truong M9-MOPS va thube khang sinh nhu duoc néu chi tiét trong
Bang 1, va bang cach nudi cac dich nudi cdy nay qua dém & nhiét do 37°C trén

thiét bi lic xoay tron véi tde do 250 vong/phiit.

Gidng nudi cdy mam dugc sir dung dé ciy truyén vao bdn binh 250ml
c6 gia tri ODgoo ban dau khoang 0,05, mdi binh chira 40ml moi trudong 1€n men
theo mé (xem Béang 6 vé thanh phén moi trudong), dém MOPS 100 mM pH 7,1,
va thudc khéng sinh. Dich nubi céy duoc  trén thiét bi lac xoay tron voi tbe do
250 vong/phit & nhiét do 30°C hodc 37°C cho dén khi chiing dat téi ODeoo ndm
trong khoang tir 0,18 dén 0,22, & thoi diém nay vi€c san Xuét amorpha-4,11-

dien & té bao chii dwoc cam Ung bang cach bd sung 40ul IPTG 1M vao mdi
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truong nudi cdy. Vao thoi diém cam tmg, dich nudi cy duge pht bing 8ml
chét phu hitu co dé thu amorpha-4,11-dien. Cac mau duoc 14y mot 1an mdi

ngay, va dugc phén tich nhu néu trong Vi du 10.

Nhu dugc thé hién trén Fig.11A va 11B, qua trinh 1én men & nhiét do
30°C khong anh huéng dén sy sinh truéng té bao, tuy nhién lai lam tang
khoang 50% viéc san xult dic trung amorpha-4,11-dien béi ching chu

Escherichia coli.
Vidu 12

Vi du nay ching minh viéc san xut lugng amorpha-4,11-dien tang 1én
boi chiing chu Escherichia coli duge sinh truéng trong didu kién ngudn cacbon

bi han ché.

Gidng nubi cdy mam cia ching chi B32 cho cic mé 1én men 050608-1
va 050629-1 dugc tao nén bang cach bd sung 0,25ul lwong nhéd giéng nudi chy
gbc cia ching vao binh 250ml chtra 50ml méi trudng M9-MOPS va thudc
khang sinh nhu dugc néu chi tiét trong Bang 1, va bang cach U dich nudi ciy
ndy & nhiét do 37°C trén thiét bi lac xoay tron véi tdc d6 250 vong/phut cho

dén khi né dat t6i ODgoo nim trong khoang tir 1 dén 2.

Gibng nudi cdy mam cia ching chi B32 cho cic mé 1én men 060403-3
duoc tao nén bang cach bd sung lugng nhé gidng nudi cdy gbe cia ching vao
binh 250ml chira 50 ml méi truong M9-MOPS va thudc khang sinh nhu duoc
néu chi tiét trong Bang 1, va bang cach & dich nudi cdy qua dém & nhiét do
37°C trén thiét bi lac xoay tron véi tbe do 250 vong/phut. Gidng nudi ciy mam
duogc st dung dé cy truyén vao trong céc binh 250ml gi4 tri ODgoo ban dau
khoang 1 chira 40ml mdi trudng M9-MOPS va thubc khang sinh, va dich nudi
chy nay lai duoc 0 & nhiét ¢ 37°C trén thiét bi lic xoay tron véi tbe do 250

vong/phut cho dén khi né dat téi ODsoo ndm trong khoang tir 3 dén 5.

Péi véi tit ca cac quy trinh 1én men, KH,PO4, K;HPO43H,0, EDTA,
axit xitric, va (NH4)2SO4 dugc vo tring bang nhiét trong binh phan tng sinh
hoc (2L Applikon Bioconsole ADI 1025s chira bd diéu khién ADI 1010,
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Applikon Biotechnology, Foster City, CA). C4c thanh phin mdi trudng con lai

duogc vo tring bang cach loc dé 1am dung dich gbe va duge tiém thong qua dia

do. Bang 3 thé hién thanh phan moi truong cudi cung d6i véi mé 1én men

050608-1 va 050629-1. Bang 4 thé hién thanh phin méi truong cudi cing dbi
v6i mé 1én men 060403-3. Thé tich ban diu dbi voi mé 050608-1 14 0,8 1, thé

tich ban ddu d6i voi mé 050629-1 1a 1,21 va thé tich ban dau ddi véi me

060403-3 1a 11. T4t ca cac mé déu dugc cdy truyén bing cach nhim 50ml cia

giong nudi cdy mam thong qua dia do.

Bang 3 — Thanh phan méi truong 1én men cta qu4 trinh 1én men

Me¢ 050608-1 va 050629-1

Thanh phan MBbi trudng theo mé (cho | Dung dich cdp (cho mdt
mot lit) 1)
Glucoza 5g 590-650g
KH>PO4 42 ¢ -
K>HPO4 3H,O 15,7g -
AXit xitric 1,7¢g -
(NHa4)2S04 2¢g -
MgSO4 TH20 1,2g 12¢g
EDTA 8,4mg 13g
CoC_lz 6H>0 0,25mg 0,4mg
MnCl, 4H20 1,5mg 2,35mg
CuCl; 2H,0 0,15mg 0,25mg
H3BO4 0,3mg 0,5mg
NaxMoO4 2H>0 0,25mg 0,4mg
Zn(CH3COQO)2 2H,0 1,3mg 1,6mg
Sat (II)xitrat hydrat 10,0mg 4,0mg
Thiamin HCI 4,5mg -
Carbenixilin 100pg 100pg
Tetraxyclin Sug Sug
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Cloramphenicol

34ug

34pg

- Bang 4 — Thanh phan méi trudng 1én men ciia qua trinh 1én men 060403-3

Thanh phan Moi trudng theo mé | Dung dich cdp (cho
(cho mot lit) mdt 1)
Glucoza 15¢g 650 g
KH2PO4 42 ¢ -
K>HPO4 3H,0 15,7 g -
Axit xitric 1,7g -
(NH4)2804 2g -
MgSO4 TH20 12 ¢g 12¢g
EDTA 84 ¢g 13 mg
CoCl; 6H20 2,5 mg 4 mg
MnCl; 4H,O 15 mg 23,5 mg
CuCl,; 2H0 1,5 mg 2,5 mg
H3BO4 3 mg 5 mg
NaxMoO4 2H,0 2,5 mg 4 mg
Zn(CH3COO), 2H,O 13 mg 16 mg
Sat (ID)xitrat hydrat 100 mg 40 mg
Thiamin HC1 4,5 mg -
Carbenixilin 100 pg 100 pg
Tetraxyclin S5ug 5ug
Cloramphenicol 34 ug 34 ug

Pbi véi mé 1én men 050608-1 (du cacbon), sy nap liéu dugc bat dau &

sy cam ung, va toc do nap liéu dugc di€u chinh bang tay d€ cung cap glucoza &

cac nong do duoc thé hién trén Fig.12C. Dbi v6i mé 1én men 050629-1 (han

ché cacbon), su nap liéu duogc phan phéi vao binh 1én men theo quy trinh dugc

thé hién trong Bang 5. Pdi véi mé 1én men 060403-3 (cacbon thip nhét), su
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nap liéu dugc bét dau mot cach tu dong khi vién glucoza ban dau (15 g) duogc su
dung hét va oxy hoa tan hét. Pén gia tri téc do tdi da 27,6g/gid, tbc dd nap
duogc tinh theo phuong trinh sau:

my (1) = S(to)petty)

p=0,12

S(to) =15 g

trong d6 to 1a thoi gian & d6 glucoza ban du bj lam can kiét. Trong qué
trinh tién dén tdc do tdi da, viéc nap glucoza bi giéi han & tdc do 9,5g/gio, va
duoc giit khdng ddi & toc dd nay ddi voi phan con lai ctia qua trinh.

Béang 5 — Quy trinh nap' lidu d6i véi mé 1én men 050629-1

Thoi gian tién hanh (gid) | Toc d6 nap liéu glucoza
(g/gi0)

0 0

7 0,37
10 0,74
12 1,11
14 1,48
16 2,22
18 2,96
20 3,69
22 4,80
24 591

31 7,39
33 5,54
47 3,69

Cac mé 050608-1 va 050629-1 duoc tién hanh & nhiét do 37°C. Dong
khi trong binh phan ng sinh hoc dugc dit & 1-21/phat; tri sb do pH dugc duy
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tri & 7 bang céch sir dung amoni hydroxit va/hodc natri hydroxit; tc do 1ic ban
diu 14 500-600 vong/phit; bot dugc kiém soat bing chit chéng tao bot B
(Sigma-Aldich, St. Louis, MO); ndng d6 oxy hoa tan duoc duy tri trén 30%
bang cach sir dung ting khudy. Sau 5-6 gidr nudi cdy, viéc san xuét amorpha-
4,11-dien béi té bao chi dwgc cam tmg bing cach bd sung 0,8 ml IPTG 1M vao
mé 050608-1 va 1,2ml IPTG vao mé 050629-1. Trong qua trinh cam &ng, nhiét

dd nuodi cdy dugce giam xudng 30°C.

M¢ 060403-3 duoc thuc hién & nhiét 4o 30°C. Dong khi trong binh phéan
ung sinh hoc dugce dat & 1-2 lit/phat; pH dugc duy tri & 7 béng cach st dung
amoniac hydroxit. Oxy hoa tan dugc duy tri trén 30% bang ting khudy va lam
giau oxy. O gi4 tri ODeoo khoang 28 (19 gid sau khi cdy truyén), viéc san xuit
amorpha-4,11-dien bai té bao chi dugc kich thich bang cach bd sung 1ml
IPTG IM. |

Amorpha-4,11-dien dugc thu va dugce chiét theo hai quy trinh khac
nhau. Déi véi cdc mé 050608-1 va 050629-1, amorpha-4,11-dien dé& bay hoi c6
mit trong khi thai dugc thu bing céch thai khi thai thong qua thiét bi rira khi
chtra 200ml heptanol. Sau d6, heptanol dugc pha lodng vao etyl axetat cho dén
khi néng d6 amorpha-4,11-dien trong mau ndm trong khoang tir 0,63mg/l dén
20mg/l. Pbi véi mé 060403-3, amorpha-4,11-dien dugc thu trong binh phan
g sinh hoc bing cich bd sung 200ml chét phu hitu co vao binh 1én men &
thoi diém cam tng. Nong do san phdm dugc x4c dinh bang cach két hop 25ul
ca hai mé cong véi chit phu hitu co v6i 975pl axetonitril, 1ic mau & téc do 16n
nh4t trén thiét bi tron Fisher Vortex Genie 2™ (Scientific Industries, Inc.,
Bohemia, NY) trong it nhat 3 phut, loai té bao khéi mau bing cach ly tdm, va
pha lodng dung dich axetonitril vao etyl axetat cho dén khi ndng do amorpha-
4,11-dien trong miu nam trong khoang tir 0,63 dén 20mg/l. C4c miu etyl axetat

dugc phan tich bing GC/MS nhu néu trong vi du 10.

Nhu duge thé hién trén cac Fig.12A va 12B, mé 1én men 050608-1 (du
cacbon) tao ra mat do té bao tbi da thép va viéc san xuét amorpha-4,11-dien

thip, mot cach lan luot, trong quan it nht mdt phan véi sy tang tuwong dbi
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nhanh céc muc axetat (Fig.12D). Pé so sanh, mé 1én men 050629-1 (han ché
cacbon) tao ra viéc san xudt amorpha-4,11-dien gia tang (Fig.12B), va lam
cham sy bt dau san xuét axetat. Cac két qua nay théng nhit véi gia thuyét ring
viéc nap glucoza du din dén viéc san xuét axetat nhanh va viéc chét t& bao

som.

Viéc han ché glucoza khac nhu thu dugc bdi mé 1én men 060403-3
(cacbon thip nhét) tao ra viéc san xudt axetat thip trong khoang hon 100 gio
(Fig.12D), va mat do té bao tbi da va viéc san xuét amorpha-4,11-dien cao hon
mdt cach dang ké (cac Fig.12A va 12B).

Vidu 13

Vi du nay ching té viéc san xudt amorpha-4,11-dien b&i chung chu
Escherichia coli dugc sinh truéng trong diéu kién ngudn cacbon bi han ché va

0 nhié€t do dudi diém cuc thuan.

Gidng nudi ciy mam cia ching chu B153 dugc tao ra bing cach bd
sung luong nhé gidng nudi cdy gbe cuia chiing vao binh 250ml chira 50ml moi
truong M9-MOPS va thudc khang sinh nhu dwoc néu chi tiét trong Bang 1, va
nuoi dich nudi cdy nay & nhiét o 37°C trén thiét bi lic xoay tron véi tbe do

250 vong/phut dén ODseoo ndm trong khoang tir 3,5 dén 4,5.

Binh phan Ung sinh hoc loai 21 (Thiét bi kiém soat sinh hoc
Biocontroller ADI 1010 cé Bioconsole ADI 1025, Applikon Biotechnology,
Foster City, CA) dugc thiét 1ap va dugc thyc hién theo cung cach nhu néu
trong Vi du 12 ddi v6i mé 060403-3, ngoai trir 1a chung va thoi gian cam ung

dugc thay doi.

Viéc san xuit amorpha-4,11-dien & té bao chu dugc cam g bang cach
bd sung 1 ml IPTG 1 M vao mdi truong nudi cy. Trong mé 1én men dugc thé
hién trén Fig.13A, viéc tdng hop amorpha-4,11-dien dugc cam ung & gia tri
ODsoo khoang 2, trong khi binh 1én men vin chtra glucoza du. Trong mé 1én

men duogc thé hién trén Fig.13B, viéc tdng hop amorpha-4,11-dien dwgc cam
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tng & gid tri ODgoo Khodng 33, gia tri ndy 1a sau khi bit dAu nap glucoza han

ché.

Amorpha-4,11-dien dugc thu va dugc chiét theo hai quy trinh khac
nhau. Pdi véi mé 1én men duoc thé hién trén Fig.13 A, amorpha-4,11-dien dé
bay hoi c6 mit trong khi thai dugc thu bang cach thai khi thai dén thiét bi rira
khi chira 200ml heptanol. Sau d6, heptanol dugc pha lodng vao etyl axetat cho
dén khi ndng dd amorpha-4,11-dien trong miu ndm trong khoang tir 0,63 dén
20 mg/l. Péi voi mé 18n men duoc thé hién trén Fig.13B, amorpha-4,11-dien
dugc thu bang cach bd sung 200ml chét pha hitu co vao binh 1&n men & thoi
diém cam vmng.

Amorpha-4,11-dien dwgc chiét tir moi truong nudi cdy bing cach két
hop 25ul ca hai mé véi 975l axetonitril, 1ic mau & tc do 16n nhét trén thiét b
tron Fisher Vortex Genie 2™ (Scientific Iridustries, Inc., Bohemia, NY) trong it
nhat 3 phut, loai t& bao khéi mau bing cach ly tdm, va pha lodng dung dich
axetonitril vao etyl axetat cho dén khi ndng d6 amorpha-4,11-dien trong mau
nam trong khoang tir 0,63 dén 20mg/l. Mau etyl axetat dugc phan tich bang
GC/MS nhu néu trong vi du 10. Di v6i mé 16n men dugc thé hién trén Fig.13
A, tdng lugng amorpha-4,11-dien thu dugc bang cach cong cac luong c6 mat
trong khi thai va trong mdi trudng nudi cy, va chia tdng nay cho thé tich binh

1én men.

Qua trinh 1én men duoc thé hién trén Fig.13 A dat téi gid tri ODsqo tbi da
12 93 va ndng d6 amorpha-4,11-dien tbi da 1a 3,2g/1. Trong khi d6, qua trinh 1én
men dugc thé hién trén Fig.13B dat t6i gia tri ODsoo toi da 1 245 va néng do
amorpha-4,11-dien t6i da 1a 15g/1. Su giai thich phit hop vé su khac nhau trong
su sinh trudng cua gibng nudi cdy va muc san xuét amorpha-4,11-dien dugc
quan st thiy & hai gidng nuéi cdy 1a & chd trong mé 1én men duoc thé hién trén
Fig.13A viéc san xuit amorpha-4,11-dien dugc cam tng trude khi glucoza du
dugc tiéu thy, va & chd tinh sin c6 khong bi han ché cua glucoza gay chét té
bao béi kha ning hinh thanh cac muc doc t6 ciia cic san phdm trung gian cua

qua trinh mevalonat. Trong mé 1én men dugc thé hién trén Fig.13B, viéc cam
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Ung x4y ra sau khi viéc phan phdi glucoza bi gidi han, di€u nay ngan ngira su
hinh thanh cdc san pham trung gian ctia qué trinh, din dén mat do té bao va

murc san xuat amorpha-4,11-dien cao hon.

Vidu 14

Vi du nay chimg t6 viéc san xuit amorpha-4,11-dien ting boi ching chu
Escherichia coli dugc sinh truéng trong diéu kién ngudn cacbon va ngudn nito

bi han ché & nhiét d6 dudi diém cuc thuan.

Gidng nudi cdy mam cua ching chi B86 dugc tao ra bang cach b sung
lwong nho gibng nudi cdy gbec cia chung vao binh 250ml chira 50 ml moi
truong M9-MOPS va thudc khang sinh nhu dwgc néu chi tiét trong Bang 1.
Dich nudi cdy duoc sinh trudng qua dém & nhiét d6 37°C trén thiét bi 1ic x0ay
tron véi tbe d6 250 vong/phut, duge cdy truyén vao sang hom sau vao cing
moi tredng & ODeoo khoang 1, va lai dugc sinh truong & nhiét do 37°C va 250
vong/phiit dén ODgeo nam trong khoang tir 3 dén 5.

Bén binh phan ung sinh hoc loai 21 (thiét bi didu khién sinh hoc -
Biocontroller ADI 1010 ¢6 Bioconsole ADI 1025, Applikon Biotechnology,
Foster City, CA) duoc thiét 1ap va duoc thuc hién theo cing cich nhu néu
trong vi du 12 dbi v6i mé 060403-3, ngoai trir 1a cdc mé bi ban ché nito khong
chira amoniac sulfat trong nguyén li€u nap.

Viéc nap lidu glucoza ting theo ham sé mii véi thoi gian gép doi 1a 6 gidy
dugce bit diu mot cach tu dong khi vién glucoza ban dau (15 g) dugc st dung
hét va oxy hoa tan hét. Dén gia tri tdi da 30,4 g/giv, téc dd nap dugc tinh theo
phuong trinh sau: |

ms (t) = SopeHtto)

n=0,12min’!

So:15g
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trong d6 p 1a téc dd sinh trudng riéng, va to 1 thoi gian ¢ do vién
glucoza ban déu bi 1am suy kiét. Trong qué trinh tién t6i tbe @0 toi da, viec nap
glucoza dugc 1am giam dén tdc do 11,4 g/giv, va giir khong dbi & tbe do nay
dbi voi phén con lai cia mé. Trong mé lén men 060710-4, 060724-5, va
060619-5 (cacbon va nito bi giéi han), viéc nap glucoza bi lam giam tiép khi

viéc han ché amoniac din dén su tich lu§ glucoza trong mdi truong.

Qua4 trinh 1€n men dugc thuc hién & nhiét d§ gidm khoang 30°C. Luu
lugng khi trong binh phan tng sinh hoc dwoc dit & 1 vvm; khudy ban dau & tde
do6 700 vong/phiit; bot duoc kiém soat bing chat chdng tao bot B (Sigma-
Aldich, St. Louis, MO); va 4p luc oxy hoa tan dugc kiém soat & n6ng d6 40%
st dung ting khudy (700-1200 vong/phat) va 1am gidu oxy. Trong mé 1én men
060327-3 (bi han ché cacbon), pH duogc duy tri & 7 béng cach str dung NHsOH
20%; trong mé 1én men 060710-4, 060724-5, va 060619-5 (cacbon va nito bi
han ché), pH duoc duy tri & 7 bang cach ban du st dung NH4OH 20%, va bit
ddu & 72 gid sir dung hdn hop 50/50 chita NaOH 2,5 N va NH4OH 10 N, dé

han ché tiép lwong amoniac dua vao binh 1én men.

Viéc san xuét amorpha-4,11-dien & té bao chu dugc kich thich & gia tri
ODg¢oo khoéng 30 bang cach bd sung 1ml IPTG 1M vio méi truong nudi cdy.

Amorpha-4,11-dien dugc thu bang cach phii méi truong bing 10% (theo
thé tich) chit phu hitu co.

Amorpha-4,11-dien sau d6 duge chiét bang cach két hop 25l ca hai mé
v6i 975 pl metanol, lic mAu & tbc dd 16n nhét trén thiét bi tron Fisher Vortex
Genie 2™ (Scientific Industries, Inc., Bohemia, N. Y.) trong it nhét 15 phut,
loai t& bao khéi mau bang cach ly tAm, va bd sung 10pl dung dich metanol vao
990ul etyl axetat chira 10ul/1 trans-caryophylen.

M3u dugc phén tich bing GC/MS nhu néu trong vi du 10.

Céc Fig.14A-E thé hién dit liéu tr mé 1én men 060327-3 (han ché
cacbon). Qua trinh 1&n men tao ra ndng do amorpha-4,11-dien t6i da 1a 16g/l

(Fig.14A). Hiéu suét thé tich t6i da cta ching chu 1a cao hon 200mg/l/gid
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(Fig.14B). Hiéu suét riéng t6i da cta ching chu 1a >2mg/1/gio/ODsoo (Fig.14C).
Nong d9 ciia amoniac trong méi truong nudi cdy 1a khoang 30mM vao lic bit
d4u cia mé 1én men, ting khoang 76mM trong qu4 trinh bd sung dung dich clp
trong pha sinh truéng bing nd, va giit & mirc trén 60mM dbi v6i phan con lai
ctia mé (Fig.14D). ODsoo tdi da dat téi 12 khoang 290 (Fig.14D), twong tng véi
116g DCW/L. Nong d6 glucoza trong méi truong nudi cdy giam tir 15g/1 xubng
dué6i 1g/1 trong it hon 20 gid, va vin gitt mirc thép (Fig.14E). Mirc axetat thip
trong qua trinh 1én men (Fig.14E).

Céc Fig.15A-E thé hién dit lidu tir mé 1én men 060710-4, 060724-5, va
060619-5 (cacbon va nito bi han ché). Qué trinh 1€n men tao ra néng do
amorpha-4,11-dien t6i da nim trong khoang tir khoang 20g/l dén 30g/l
(Fig.15A). Hiéu suét thé tich téi da ciia ching chu 14 cao hon 400mg/l/giy & ca
ba mé 1én men (Fig.15B), cao hon mét cach dang ké so véi hidu suét thé tich
t6i da thu dugc trong qua trinh 1én men khong han ché nito (Fig.14B). Hiéu
suét riéng t6i da ciia ching chu 1a >2mg/l/gid/ODseo d6i voi tit ca cac mé, va
duy tri & muc cao trong sudt cac mé (Fig.15C). Noéng dd cta amoniac trong
moi trudng nudi cdy nim trong khoang tir 35mM dén 50mM vao luc bit dau
cia mé 1én men, giam trong qua trinh bd sung dung dich nap trong pha sinh
truéng bung nd, va gitt & mirc duéi 10mM dbi véi phan con lai ciia mé
(Fig.15D). (Mtric amoniac bi gidm so v&i mé 1én men 060327-3 (Fig.14D) 1a do
thiéu amoniac trong dung dich nap va amoniac giam in bazo duoc st dung dé
duy tri do0 pH. Mé 1én men 060710-4 va 060619-5 thé hién su hét n(‘A)ng do
amoniac vao cudi mé, tuy nhién sy hét nay xuét hién giai doan chinh cua viéc
san xuét amorpha-4, 11-dien). Gi4 tri ODeoo tdi da dat dugc nim trong khoang
tir 170 dén 220 (Fig.15D), tuong tmg véi tir 68g dén 88g DCW/L. Nong do
glucoza trong mdi truong nudi cdy giam tir 15g/1 xudng dudi 1g/1 trong it hon
20 gid, va van giit & mirc thdp (Fig.15E). Mirc axetat thdp trong toan bd cac

qué trinh 1én men (Fig.15E).

Vidu 15
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Vi du nay mb ta viéc san xudt amorpha-4,11-dien qua qud trinh DXP

trong chung chu Escherichia coli.

Giéng nuoi céy mam cua céc chung chu B003, B617, B618, va B619
dugc tao ra bing cich bd sung lugng nho gidng nudi ciy gbe cua mdi ching
vao c4c binh 125ml riéng biét chira 25ml M9-MOPS va thudc khang sinh nhu

dugc néu chi tiét trong Bang 1, va nudi dich nudi cay qua dém.

Gidng nudi cdy mam duoc st dung dé ciy truyén trong binh 250ml
riéng biét c6 gi tri ODeoo ban ddu khoang 0,05 chira 40ml mdi trudng M9-
MOPS, thiamin 45pg/ml, chét vi dinh dudng, FeSO4 1,00E-5 mol/l, MOPS 0,1
M, dich chiét ndm men 0,5%, D-glucoza 20g/1, va thubc khang sinh. Dich nudi
cdy dugc 0 & nhiét do 30°C trong thiét bi lic & dugc lam dm & tbe do 250
vong/phut cho dén khi ching dat t6i gia tri ODgoo nam trong khoang tir 0,2 dén
0,3, & thoi diém nay viéc san Xuét amorpha-4,11-dien & té bao chu dugc kich

thich bang cach bd sung 40ul IPTG 1M vao méi truong nudi cdy.

Vao thoi diém cam ung, dich nudi cdy dugc phit bing 8ml chét pht hitu
co dé thu amorpha-4,11-dien. Cac miu duoc léy tai cac thoi diém khéc nhau,
va amorpha-4,11-dien duoc chiét va dwoc phan tich bing GC/MS nhu néu
trong vi du 10. Céc thtt nghiém dugc thuc hién béng cach str dung 2 dong vo
tinh doc 14p ciia mdi ching chil, va cac két qua duoc tinh gié tri trung binh. Do

1éch gitra cac mau dugc thdy 12 nhd hon 10%.

Nhu dugc thé hién trén Fig.16, chung chl Escherichia coli B619, chung
nay chtra trinh ty nucleotit md héa enzym cua qua trinh DXP dugc thao tac di

truyén day du, tao ra khoang 45mg/g DCW amorpha-4,11-dien.
Vidu 16

Vi du ndy mé ta viéc san xuét 3-metyl-but-3-en-1-o0l va 3-metyl-but-2-
en-1-ol trong cac ching chu Escherichia coli.

Giéng nudi céy maim cla céc chung chu B286, B287, B288, va B291
dwoc tao ra bang cach cdy thanh vét lwong nhé giéng nudi cdy gbe cua mdi

ching nay trén thach LB chira thudc khang sinh nhu duoc néu chi tiét trong
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Bang 1. Ba khudn lac doc lap duge chon cho mdi chiing, va mdi khuén lac
dugc cdy truyén vao 7 ml mdi truong LB chira thudc khang sinh. Dich nudi chy
dugc sinh truéng qua dém & nhiét do 37°C trén thiét bi lic xoay tron véi tde do
250 vong/phiit dén tan pha bung nd mudn. Sau d6, dich nudi cdy nay duoc ciy
truyén & gia tri ODeoo 13 khoang 0,05, vao binh 250ml chira 40ml M9-MOPS,
glucoza 2%, dich chiét nAm men 0,5%, va thudc khang sinh. Dich nudi cdy nay
duoc sinh trudng qua dém & nhiét do 37°C trén thiét bi lic xoay tron véi toe do
250 vong/phiit cho dén khi ching dat ti gia tri ODeoo 1a khoang 0,2, & thoi
diém nay ching dwoc cam tng bang cach bd sung 40ul IPTG 1M. Dich nudi
cdy dugc sinh trudng trong 72 gid & nhiét d§ 30°C trén thiét bj lic xoay tron
véi toe do 250 vong/phit. Gia tri ODeoo ciia mdi dich nudi cdy dwoc do mét dén
hai 14n mot ngay, va 700ul mau dugc 14y ra. D& chiét 3-metyl-but-3-en-1-ol va
3-metyl-but-2-en-1-ol tir nuéc ding nudi cdy, 600ul etyl axetat duge bd sung
vao 300 pl cia mdi miu da dugc iy ra. Sau d6 cac méiu duogc tron trong 15
phut, va 400pl cia pha etyl axetat phia trén dugc chuyén sang lo thuy tinh sach
dé phan tich.

Cac miu dugc phén tich trén thiét bi séc ky khi/méy do phé khéi
Hewlett-Packard 6890 (GC/MS). 1ul miu dugc phan tach trén GC bing cach
st dung cot DB-5 (Agilent Technologies, Inc., Palo Alto, CA) va khi mang
heli. Chuwong trinh nhiét d9 cho viéc phén tich 1a nhu sau: nhiét 4§ 60°C trong 3
phut, ting nhiét 6 vé6i tbe do 60°C/phut dén nhiét do 1a 300°C, va gitr & nhiét
d6 300°C trong 2 phit. Tong thoi gian tién hanh 13 9 phat. Cac mau da duogc
phéan tach dwoc phan tich bing may do chon loc khéi 5973 miu Hewlett-
Packard. Phd khéi truéc chimg to rang 3-metyl-3-buten-1-0l va 3-metyl-2-
buten-I-ol ¢6 thoi gian luu 14 2,067 phut bang cach sir dung quy trinh GC nay.
Pé do tiéu diém trén 3-metyl-but-3-en-1-ol va 3-metyl-but-2-en-1-ol, st dung
phuong phép kiém soat ion chon loc, phurong phép nay chi kiém soét céc ion 56

va 68 trong 3-metyl-but-3-en-1-o0l va 3-metyl-but-2-en-1-ol.

Vidu 17
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Vi du nidy md tid viéc san xudt amorpha-4,11-dien béi chung chu

Saccharomyces cerevisiae.

Viéc tao ra ching chit EPY224 dwgc md ta trong 4n phim Ro et al.
(Nature 440 940-943, 2006) va trong W0O2007/005604. Ching chi EPY224
dugc xir ly plasmit biéu hién pRS425ADS bing cach cho sinh trudng trong moi
truong YPD (xem 4n phdm: Methods in Yeast Genetics: A Cold Spring Harbor
Laboratory Course Manual, 2005 ed., ISBN 0-87969-728-8), dan moéng céc
khuén lac don trén thach YPD, va sau d6 tao dém céac khuin lac don Ién trén
thach CSM-Met His va thach CSM-Met Leu. Céc dong vo tinh sinh trudng trén
thach CSM-Met His nhung khong sinh trudng trén thach CSM-Met Leu duoc
xir ly (tc 13, mat plasmit pRS425ADS). Mot dong vo tinh nhu vay duogc chi
dinh 1a EPY300. EPY300 dugc bién nap voi plasmit biéu hién pRS425-ADS-
LEU2d, 12 plasmit giéng v6i pRS425-ADS ngoai trir 13 thay vi chita LEU2, nd
lai chira gen chi thi chon loc LEU2d (xem 4n phém: Erhart and Hollenberg
(1983) J Bacteriol. 156 625-635) dé thu dugc ching chi Y185.

Thé bién nap t& bao chi Y185 duoc chon trén méi trudng tdng hop xéc
dinh, chira glucoza 2% va tAt ca céc axit amin trir histidin, leuxin, va methionin
(CSM-glucoza, MP Biomedicals, Solon, OH). Ching chi EPY300 c6 tinh dinh
dudng thu dong dbi voi sy sinh tdng hop leuxin (Jeu2), nhung plasmit biéu hién
pRS425-ADS-LEU2d trong Y185 lai khoi phuc lai nguyén dudng leuxin
(LEU2). Céc khuén lac don dugc tao ddm trén moi truong chon loc (CSM-
ghicoza-histidin, leuxin, methionin), va dugc sinh trudng trong 2 ngay. Cac té
bao dugc cao khoi dia va duge chuyén vao 1ml glyxerol 25% (theo thé tich)
trong éng nghiém nhiét d6 thip. Dich huyén phi duoc tron, va sau d6 duge bao
quan & nhiét do -80°C.

Binh gidng mim cia ching chi Y185 dwoc tao ra bang cach bd sung
lwong nhé gidng nudi cdy gbc cia ching vao binh 125ml chira 25ml CSM-
glucoza khuyét leuxin va methionin, va bang cach nuéi dich nuéi cdy qua dém.
Dich nudi cdy dugc sir dung dé cdy truyén trong binh c6 vach ngin dung tich

250ml c6 gia tri ODsoo khoang 0,05 chita 40ml mdi truong tdng hop xac dinh
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thiéu leuxin, va chtra glucoza 0,2%, galactoza 1,8%, va methionin 1mM. Dich
nudi cdy nay dwoc @ & nhiét do 30°C trén thiét bi lic xoay tron & 200
vong/phut. Vi viéc c6 mit glucoza trong mdi trudng ngan chin sy cdm Ung cla
yéu tb khéi ddu GALI béi galactoza, viéc san xuit amorpha-4,11-dien khong
dwgc cam mg cho dén khi té bao da sir dung hét glucoza trong mdi trudng va
chuyén sang st dung galactoza d& 1am ngudn cacbon chinh cia chung. Tai thoi
diém cdy truyén, dich nudi cdy dugc phi bing 8 ml chit pha hiru co dé thu
amorpha-4,11-dien. Cac miu dugc ldy tai thoi diém 72 gid bang cach chuyén 5
pl cta 16p dung modi hitu co vao lo thuy tinh sach chira 500ul etyl axetat chira

beta- hoic trans-caryophylen véi ndng do di biét d 1am tiéu chuin bén trong.

Céac mau chét phu hitu co/etyl axetat duoc phan tich trén thiét bj séc ky

khi/phd khéi Hewlett-Packard 6890 (GC/MS) nhu néu trong vi du 10.

Sau 72 gi¢ sinh trudng, 3 dich nudi cdy ndm men dugc phat hién thay 1a

tao ra 60,68, 54,48, va 59,25 mg/l amorpha-4,11-dien.
Vidul8

Vi du nidy mé ta viéc san xudt amorpha-4,11-dien trong ching chu
Saccharomyces cerevisiae trong d6 ching chi chira quéd trinh mevalonat
nguyén thé cling nhu qua trinh mevalonat khéc loai dugc kiém soat béi chét
kiém soét diéu hoa khéc loai.

Céac ching nim men CEN.PK2-1C (Y002) (MATA; ura3-52; trp1-289;
leu2-3,112; his3Al, MAL2-8C, SUC2) va CEN.PK2-1D (Y003) (MATalpha;
ura3-52; trp1-289; leu2-3,112; his3Al; MAL2-8C; SUC2) (xem 4n phém: J. P.
van dijken et al., Enzyme Microb Technol 26, 706 (Jun 1, 2000) duoc nudi ciy
trong méi trwong chudn giau dinh dudng (YPD) hoic trong mbi trudng téng
hop x4c dinh (xem 4n pham: . D. Rose, F. Winston, P. Heiter, Methods in yeast
genetics, a laboratory course manual. (Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N. Y., 1990) khuyét cac chit dinh dudng thich hop cho
phép chon cac thé bién nap nguyén, viéc giit lai plasmit, va thé hé con giam

phan.

-98-



21745

Su bién nap qua trung gian ADN vao S. cerevisiae dugc thuc hién béng
cach sir dung quy trinh lithi axetat nhu dugc mo ta bdi R. H. Schiestl, R. D.
Gietz, Curr Genet 16, 339 (Thang 12, 1989). T4t ca cac thay thé va pha v& gen
dugce xac nhan bang phan tich kiéu hinh, phan tmg chudi polymeaza ("PCR")
va doc trinh ty ADN cia hé gen da duogc khuéch dai. Plasmit pAM489-
pAM498 dugc cu tric bang cach sir dung pCR 2,1 (Invitrogen, Carlsbad CA)
va dugc thé hién bang so dd trén Fig.7A-C va Bang 6. Céac trinh tu gen chi thi
HISMX dugc md ta trong 4n phidm M. S. Longtine ef al., Yeast 14, 953 (Thang
7, 1998). Su nhédn 1én cua ADN plasmit dugc thuc hién trong ching
Escherichia coli DH5a.

Bang 6
Ching |5’HR |Gen#1 |Yéu t6|Yéu t6|Gen#2 |Chiat |3’HR

khéi khéi danh

dau dau diu di

Crick Watson truyén
pAM489 | TRP1 | tHMGR | GAL1 GAL10 | ERG20 | TRPI TRP1
pAM490 | TRP1 | tHMGR | CUPI CUP1 ERG20 | TRP1 TRP1
pAN491 | URA3 | tHMGR | GAL1 GAL10 | ERGI3 | URA3 |URA3
pAM492 | URA3 | IDII CUP1 CUP1 tHMGR | URA3 | URA3
pAM493 | ADE1 | tHMGR | GAL1 GAL10 |IDI1 ADEl1 | URA3
pAM494 | ADE1 | tHMGR | CUPI CUP1 IDI1 ADEl | ADEIl
pAM495 | HIS3 | ERG12 | GALI GAL10 | ERG10 | HISMX | HIS3
pAM496 | HIS3 | ERGI12 | CUP1 CUP1 ERGI10 | HISMX | HIS3
pAM497 | LEU2 | ERG19 | GALI GAL1 ERG8 | HISMX | LEU2
pAM498 | LEU2 | ERG19 | CUPI CUP1 ERG8 | HISMX | LEU2

Cac ching S. cerevisiae Y002 va Y003 dugc chuén bj cho viéc dua cac
gen cla qua trinh mevalonat ¢6 kha ndng cdm Ung bang phuong phap sau. Yéu
t6 khéi ddu ERG9 dugc thay thé bing yéu td khoi ddu MET3 & S. cerevisiae
bang cach khuéch dai bing PCR ctia ving KanMX-PMET3 tr pAM328 (SEQ
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ID NO: 43) st dung cac mdi 50-56-pw100-G (SEQ ID NO:44) va 50-56-
pwl101-G (SEQ ID NO: 45) chira 45 cdp bazo twong dong véi yéu té khéi diu
ERGY nguyén. 10ug san phdm PCR tao ra duoc bién nap vio cic ching Y002
va Y003 dang sinh trudng bung nd bang cach st dung polyetylen glycol 3350
40% theo khdi luong (Sigma-Aldrich St Louis, MO), lithi axetat 100mM
(Sigma), 10ug ADN se ca hdi (Invitrogen) va G & nhiét do 30°C trong 30 phut
sau d6 gy sbc nhiét & nhiét do 42°C trong 30 phut (nhu duge md ta béi
Schiest] & Gietz, Curr. Genet. 16: 339 (1989)). Thé tai t6 hop duong tinh dwoc
nhén biét nhd kha ning sinh trudng ctia chiing trén mdi trudng gidu dinh dudng
chira 0,5pug/ml genetixin (Invitrogen Co, Carlsbad, CA) va dugc x4ac nhan bang
PCR chén doan. Céc dong v tinh tao ra dugc chi dinh 1a Y93 (MAT A) va
Y94 (MAT alpha). Tiép theo, khung doc m& ADEI dugc thay thé bang gen
LEU2 & Candida glabrata (CgLEU?2). Locus hé gen CgLEU2 3,5kb dugc
khuéch dai tr ADN cua hé gen C. glabrata (ATCC, Manassas, VA) st dung
cac mdi 61-67-CPK066-G (SEQ ID NO: 46) va 61-67-CPK067-G (SEQ ID
NO: 47) chira 50 cip bazo c6 do twong ddng bén véi khung doc md (ORF)
ADEI. 10pg san phdm PCR tao ra dugc bién nap vao Y93 va Y94 dang sinh
truéng bung nd nhu duge md ta & trén. Céc ching adel dugc chon dé sinh
truéng trong didu kién khong bd sung leuxin va duoc x4c nhan bang PCR chén
doan. Cac dong vo tinh tao ra dugc chi dinh 12 Y176 (MAT A) va Y177 (MAT
alpha).

Pé tao ra chung S. cerevisize Y188, 2ug ADN plasmit tr pAMA491
(SEQ ID NO: 48) va pAM495 (SEQ ID NO:49), mdt cach lan lugt, dwgc phan
gidi bang Pmel qua dém (New England Biolabs, Beverly, MA) va dugc dua
vao Y176 dang sinh truéng bung nd nhu dwgc md ta & trén. Thé tai td hop
duong tinh dugc chon cho sy sinh trudng trén moi truong khuyét uraxil va
histidin. Sy hop nhét vao locus hé gen chinh x4ac dugc xac nhén bﬁng PCR chén

doan.

Pé tao ra ching S. cerevisiae Y189, 2ug ADN plasmit tr pAM489
(SEQ ID NO: 50) va pAM497 (SEQ ID NO: 51), mét cach 1an lugt, dugc phan
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giai bang Pmel qua dém va dugc dua vao Y177 dang sinh trudng bung nd nhu
dugc mb ta & trén. Thé tai t6 hop dwong tinh dwoc chon cho sy sinh trudng trén
moi trudng khuyét tryptophan va histidin. Sy hop nhit vao locus hé gen chinh

xac dugc xac nhan bang PCR chan doan.

Khoang 1 x 10’ té bao tir Y188 va Y189 dugc tron trén dia chira moi
trudng YPD trong 6 gio & nhiét do phong dé lai. Sau d6, t& bao nudi cdy da
dugc tron duge dan moéng vao mdi truong khuyét histidin, uraxil va tryptophan
dé chon sy sinh trudng cua cac té bao ludng bdi. 2ug ADN plasmit tir pAM493
(SEQ ID NO: 52) dwoc phén giai qua dém bang Pmel va duoc dua vao cac té
bao ludng boi dang sinh trudng bing nd nhu duge mo ta & trén. Thé i t hop
duong tinh dugc chon sinh trudng trén mdi trudng thiéu adenin. Sy hop nhét
vao locus hé gen chinh xac dugc xac nhan bang PCR chin doan. Ching tao ra
dugc chi dinh 1a Y238. | |

Pé tao ra cac ching don bodi chira sgi bd sung day du ciia gen dﬁ. duoc
dua vao, Y238 dugc tao bao tr trong mdi trudng long chira kali axetat 2% va
rafinoza 0,02%. Bo bon khoang 200 gen (bo bon 1a san pham giam phan bén
bao tr) dugc phan 1ap béng cach st dung thiét bi vi thao tac loai Singer
Instruments MSM300 (Singer Instrument Co, LTD. Somerset, UK). Céac thé
phén lap gen doc l4p chira soi bd sung thich hop clia nguyén liéu di truyén da
dugc dua vao duge nhéan biét nho kha ning sinh trudng cia chung trong diéu
kién khuyét adenin, histidin, uraxil, va tryptophan. Su hop nhét cia tit ca céc
ADN d3a dugce dua vao dugc xac nhan béng PCR chén doan. Cac ching tao ra

dugc chi dinh 1a Y210 (MAT A) va Y211 (MAT alpha).

2ug ADN plasmit tr pAM426 (SEQ ID NO:53), chira Amdrphadein
Synthaza (ADS) dugc t61 wvu hod codon ctia S. cerevisiae dugc biéu hién tir yéu
t6 khoi ddu GALI S. cerevisiae, duge dua vao Y210 va Y211 dang sinh truéng
bung nd nhu duge mé ta & trén. Céc chiing S. cerevisiae chira plasmit pAM426
dugc chon vé kha nang sinh trudng clia ching trong diéu kién khong bd sung
leuxin. Cac chung tao ra dugc chi dinh 1a Y225 (MAT A) va Y227 (MAT
alpha).
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2ug ADN plasmit tr pAM322 (SEQ ID NO: 54), chita Amorphadein
Synthaza (ADS) dugc t&i wu hoa codon ctia S. cerevisiae va cytocrom P450
monooxygenaza (AMO) dugc biéu hién tir GALI & S. cerevisiae va cytocrom
P450 oxidoreductaza (CPR) duoc biéu hién tir yéu td khoi ddu GAL10 cia S.
cerevisiae, dugc dua vao Y210 va Y211 dang sinh truéng bing nd nhu dugc
mo ta & trén. Cac chiing S. cerevisiae chira plasmit pAM322 dugc chon vé kha
ning sinh trudng cua ching trong diéu kién khong bd sung leuxin. Cac ching
tao ra dugc chi dinh 12 Y222 (MAT A) va Y224 (MAT alpha).

Vidu 19

Vi du nay md t4 vi€c sdn xuat o-farnesen hodc B-farnesen trong cac

chuing chu Escherichia coli.

Gidng nudi cdy mam cua cac chung chi B552 va B592 dugc tao ra bang
cach bd sung luong nhé gidng nudi cdy gde ciia mbi ching vao binh 125 ml
chira 25 ml M9-MOPS, glucoza 0,8%, dich chiét ndm men 0,5%, va thuéc

khang sinh nhu dugc néu chi tiét trong Bang 1, va nudi dich nudi cdy qua dém.

Céc gidng nudi ciy mam duoc sir dung dé ciy truyén vao binh 250ml ¢6
gia tri ODegoo ban dau khoang 0,05 chira 40ml M9-MOPS, glucoza 2%, dich
chiét ndm men 0,5%, va thubc khang sinh. Dich nudi cdy dugc @ & nhiét do
30°C trén thiét bi lic xoay tron vdi tbe d6 250 vong/phut cho dén khi chiing dat
t6i ODgoo khoang 0,2, & thoi diém ndy viéc san xudt a-farnesen hoic P-
farnesen & té bao chu dugc cam tng bang cich bd sung 40pl IPTG 1 M. Vao
thoi diém cam ung, dich nudi cdy dwoc phi bing 8 ml chét phii hitu co dé thu
a-farnesen. Cac miu duoc 14y 24 gid mot 1an dén 120 gid (téng 13 5 thoi diém)
bing cach chuyén tir 2ul dén lOul 16p chat pha hitu co vao lo thuy tinh sach
chira 1ml etyl axetat c6 gén trans-caryophylen dé lam tiéu chuén bén trong.
Ngoai ra, Iml lvgng nhé dich nuoi céy dugc quay tron, cac hat nhd té bao duoc
tai tao huyén phu trong 250ul nuée vo tring, va huyén phu té bao duoc chuyén
vao lo thuy tinh chira Iml etyl axetat c6 gin trans-caryophylen dé lam tiéu
chuin bén trong. Ngoai ra, 0,5ml lugng nhd cia toan bd canh nudi céy dugc bd

sung vao lo thuy tinh chira 1ml etyl axetat c6 gén trans-caryophylen dé 1am tiéu
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chudn bén trong. Toan bd cic miu canh nudi cdy mau déu duge chiét trong etyl
axetat bang cach xoay lo thuy tinh trong 10 phut, sau d6 600l dich chiét etyl

axetat dugc chuyén sang lo thuy tinh sach.

Céac mau chit phu hitu co/etyl axetat va toan bd cac mau canh nudi cy
duge chiét bing etyl axetat dugc phan tich trén sic ky Agilent 6890N dugc
trang bi may do phd khéi Agilent 5975 (GC/MS) vé6i phuong phép quét day du
(50-500 m/z). D& xuc tién thoi gian tién hanh, chuong trinh nhiét d§ va ma tran
cdt duogc bién dbi d& dat duoc do phan giai dinh t6i wu va tong thoi gian tién
hanh ngin nhit. 1pl mAu dugc phén tich bing cach st dung cot HP-5MS
(Agilent Technologies, Inc., Palo Alto, CA) va khi chit mang heli. Chuong
trinh nhiét d0 cho phép phén tich 1a nhu sau: nhiét 4§ 150°C dugc duy tri trong
khoang 3 phut, tdng nhiét d voi tdc dd 25°C/phut dén nhiét do6 200°C, ting
nhiét d6 véi tée do 60°C/phit dén nhiét do 300°C, va giit & nhiét do 300°C
trong 1 phut. Phd khéi trudc ching to rﬁng san phdm B-farnesen synthaza 1a -
farnesen, va ching td rang B-farnesen c6 thoi gian lwu 1a 4,33 phut bing cach
st dung quy trinh GC nay. Do chudn farnesen dugc tinh toén bang cach so sanh
dién tich dinh dugc tao ra so véi dudng cong dinh chudn dinh lugng cia B-
farnesen da duoc tinh ché (Sigma-Aldrich Chemical Company, St. Louis, MO)

trong etyl axetat c6 gén trans-caryophylen.

Chung cha B592 san xuét ra khoang 400mg/l o-farnesen tai thoi diém
120 git (dugc tinh trung binh qua 3 dong vo tinh ddc 1ap), va cé ndng suét
riéng t6i da khoang 46mg/l/ODsoo). Chiing chii B552 san xuét khoang 1,1g/1 -
farnesen tai thoi diém 120 gid (duoc tinh trung binh qua 3 ddng vO tinh doc
13p), va cé nédng sudt riéng toi da khoang 96mg/l/ODeoo (1 dong vo tinh dai
dién).

Vidu 20

Vi du ndy md ta viéc san xult p-farnesen qua qua trinh DXP & ching

chu Escherichia coli.
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Gidng nudi cdy mam cua cac ching chi B650, B651, B652, va B653
duogc tao ra biang cach bd sung lugng nhé gidng nudi cdy gbc cia mdi ching
vao céc binh dung tich 125ml riéng biét chita 25ml M9-MOPS va thudc khang

sinh nhu dugc néu chi tiét trong Bang 1, va nudi dich nudi ciy nay qua dém.

Gidng nudi cdy mam dugc sir dung dé cdy truyén trong binh 250ml
riéng biét c6 gia tri ODgoo ban diu khoang 0,05 chtta 40ml moi trudng M9-
MOPS t6i thiéu, thiamin 45pg/ml, chit vi dinh dudng, FeSO4 1,00E-5mol/l,
MOPS 0,1M, dich chiét nAm men 0,5%, D-glucoza 20g/1, va thudc khang sinh.
Dich nudi cdy nay dugc u & nhiét d6 30°C trong may lic i dwgc lam 4m & tée
d6 250 vong/phiit cho dén khi ching dat t6i gia tri ODgoo ndm trong khoang tir
0,2 dén 0,3, tai thoi diém ndy viéc san XuAt B-farnesen & té bao chu dugc cam
{ng bing cach bd sung 40ul IPTG 1M vio moi trudng nudi cdy. Vao thoi diém
cam tng, dich nudi cdy duoc phii bing 8 ml chét phu hitu co dé thu B-farnesen.
Céac mau duge 14y tai cac thoi diém khac nhau bang cach chuyén IAOOul mau
chira 16p chét phi hitu co phia trén vao 6ng nghiém sach. Ong nghiém nay
duoc ly tam d& tach riéng t& bao hodc méi trudng bat ky con lai, va 10ul miu
chét phu hitu co dugc chuyén vao 500ul etyl axetat c6 gin beta- hodc trans-
caryophylen dé 1am tiéu chudn bén trong trong céac lo thuy tinh GC sach. Hon
hop dugc trdn trong 30 gidy, va sau d6 dugc phén tich nhu néu trong vi du 18.

Chung chu Escherichia coli B653 san xuit khoang 7mg/g DCW pB-farnesen.
Vidu21

Vi du ndy md ta viéc san xuat o-farnesen hodc B-farnesen & chung chu

Saccharomyces cerevisiae.

Chung EPY300 dwoc tao ra bang cach loai bo plasmit biéu hién tir
ching Saccharomyces cerevisiae EPY224 (xem 4n phim: Ro et al. (2006)
Nature 440 940-943, W02007/005604) bang cich nudi ciy trong mdi trudng
gidu dinh dudng. Sau d6, ching EPY300 dugc bién nap vé6i plasmit biéu hién
pRS425-FSA hodc pR425-FSB, dé thu dugc cac ching chu Y166 va Y164

tuong Ung.
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Thé bién nap té bao chii duge chon trén mdi trudng tdng hop xac dinh,
chtra glucoza 2% va tit ca céc axit amin trir leuxin (SM-glu). Chung chu
EPY300 c6 tinh dinh dudng thu dong dbi véi sinh téng hop leuxin (Leu2),
nhung plasmit bidu hién pRS425-FSA hodc pRS425-FSB lai khoi phuc lai
nguyén dudng leuxin (LEU2). Céc khuén lac don duoc chuyén vao lo dich nuéi
cdy chira 5Sml SM-glu 16ng khuyét leuxin. Dich nudi ciy nay dugc u bang cach
lic & nhiét 4o 30°C cho dén khi su sinh trudng dat &én pha 6n dinh. Céc té bao
dugc bao quan & nhiét do -80°C trong cac lo bao quan lanh siu trong lugng nhd

dong bang 1 ml duge 1am tir 400pl1 glyxerol 50% va 600ul dich nubdi cdy 1ong.

Gidng nudi cdy mam duoc tao ra bing cach bd sung luong nhoé gidng
nudi cdy gbc vao binh 125ml chira 25ml SM-glu khuyét leuxin, va nudi dich
nudi cdy ndy qua dém. Chung giéng nubi cdy duoc sir dung dé ciy truyén vao
trong binh c¢6 vich ngin dung tich 250ml c6 gia tri ODsoo ban dau khoang 0,05
chita 40ml moi truong téng hop xac dinh thiéu leuxin, glucoza 0,2%, va
galactoza 1,8%. Dich nudi céy dugc U & nhiét do 30°C trén thiét bi lic xoay
tron & tdc dd 200 vong/phit. Vi sy ¢6 mit clia glucoza trong mdi trudong ngin
can su cam ung cua yéu td khéi ddu Gall boi galactoza, nén viée san xuét
farnesen khong duogc cam tmg cho dén khi té bao sir dung hét glucoza trong
moi trudng va chuyén sang st dung galactoza 1am ngudn cacbon chi yéu cua
chung. Dich nuéi cdy duwoc duoc phi bing 8ml metyl oleat hodc isopropyl
myristat. Cac mau dugc 14y 24 gio mét 1an bang cach chuyén 2-10ul 16p dung
moi hitu co vao lo thuy tinh sach chira 500pl etyl axetat chira beta- hodc trans-
caryophylen d3 biét ndng do dé lam tiéu chuin bén trong. Ngoai ra, lugng nhod
0,5ml cta toan bd canh nudi ciy duge bd sung vao lo thuy tinh chra 1ml etyl
axetat c6 gén trans-caryophylen dé 1am tiéu chuén bén trong. Toan bd cic mau
canh nudi cdy dugc chiét trong etyl axetat bang cach tron lo thuy tinh trong 10
phut, sau d6 600pl cia dich chiét etyl axetat dugc chuyén sang lo thuy tinh

sach.

Chung cht Y166 san xuit khoang 9,8mg/l a-farnesen tai thdi diém 120

gio (dugc tinh trung binh qua 3 dong vo tinh doc 1ap), va c6 ning suét riéng tbi
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da khoang 3 mg/l/ODeoo (1 dong vo tinh dai dién). Ching cha Y164 san xuét ra
khoang 56mg/l p-farnesen tai thoi diém 120 gid (duoc tinh trung binh qua 3
dong vo tinh doc 14p), va c6 ning sudt riéng t6i da khoang 20 mg/l/ODsoo (1

dong vo tinh dai dién).
Vidu22

Vi du nay mo td viéc san xuat y-terpinen, o-pinen, va terpinolen trong

cac chung chu Escherichia coli.

Gidng nudi cdy mam cua cac ching chu dé san xuét y-terpinen (E. coli
DHI1-T1r [pMevT, pMevB-Gpps, pAM445]), oa-pinen (E. coli DHI1-Tlr
[pMevT, pMevB-Gpps, pAM443 hodc pAM442]) hodc terpinolen (E. coli
DHI-TI1 [pMevT, pMevB-Gpps, pAM444] dugc tao ra bang cach bd sung
lwong nhé gidng nudi cdy gbe ciia mdi chiing vao cac binh riéng biét dung tich
125 ml chtra 25 ml M9-MOPS, glucoza 2%, dich chiét ndm men 0,5%, va
thudc khang sinh nhu duge néu chi tiét trong Bang 1, va nudi dich nudi ciy nay

qua dém dén pha sinh truéng theo ham mii.

Gibng nudi cy mam duge sir dung dé cy truyén vao trong binh 250ml
c6 gia tri ODsoo ban dau khoang 0,05 chtra 40ml M9-MOPS, glucoza 2%, dich
chiét nAm men 0,5%, va thudc khang sinh. Tai thoi diém cAy truyén, dich nudi
cdy con duoc phu bing 4ml hexadecan. Dich nuéi ciy nay dugc G ¢ nhiét do
30°C trén thiét bi l4c xoay tron & tde d 200 - 250 vong/phut cho dén khi ching
dat t6i gia tri ODeoo khoang 0,2, tai thoi diém nay viéc san xuét hop chét quan
tdm (’r'té' bao chu duge cam tng bing cach bd sung 40ul IPTG 1M. C4c miu
dugc 14y mot 14n mdi ngiy trong 96 gid biang cach chuyén 200pul 16p
hexadecan vao 0,6ml dng vi ly tim. D& phén tich, 16p pha hexadecan dugc pha
lodng theo ty 18 1:1 hodc 1:10 vdi etyl axetat di dwgc gén trans-caryophylen dé
lam tiéu chuén bén trong trong lo GC 1,8 ml. Ngoai ra, lugng nhé 1 ml cia
dich nuéi cdy duogc xoay tron, cic hat nho té bao duoc tai tao huyén phu trong
250p] nuée vo tring, va hdn dich té bao dugc chuyén vao lo thuy tinh chira

Iml etyl axetat c6 bong trans-caryophylen dé 1am tiéu chudn bén trong. Céc hat
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nho té bao dugc chiét trong etyl axetat bang cach tron cac lo thuy tinh trong 15

phut, sau d6 500ul dich chiét etyl axetat dugc chuyén sang lo thuy tinh sach.

Cac mAu hexadecan/etyl axetat va cdc miu hat nhé té bao da duoc chiét
bang etyl axetat dugc phan tich trén sic ky khi Agilent 6890N duoc trang bi
may do phd khdi Agilent 5975 (GC/MS) theo cach quét day du (50-500 m/z).
Dé xuc tién thoi gian tién hanh, chuong trinh nhiét d6 va ma trén cot dugc bién
d6i dé dat dugc do phan giai dinh t8i wu va tdng thoi gian tién hanh ngin nhit.
1 ul miu dugc tach (ty 18 tach ndm trong khoang tir 1:2 dén 1:50 dugc chon
dwa trén ndng do miu) va sau d6 dugc phan tach biang cach st dung cot HP-
5MS (Agilent Technologies, Inc., Palo Alto, CA) va khi chit mang heli.
Chuong trinh nhiét d¢ cho phép phan tich 1a nhu sau: nhiét 4§ 75°C dugc duy
tri trong 3 phut, ting nhiét do véi toe do 20°C/phat dén nhiét do 115°C, tdng
nhiét d6 véi te dd 60°C/phut dén nhiét d6 300°C, va giit & nhiét do 300°C
trong 0,5 phut. Cac san phdm khac nhau, y-terpinen, o-pinen, va terpinolen 1an
lugt dugc quan sat théy 654,4,1,5,4, va 5,9 phat. bo chudn duoc tinh toan
bflng cach so sanh dién tich dinh duoc tao ra véi duong cong dinh chudn dinh
luong cta cic chudn dd dugc tinh ché trong etyl axetat dugc gin trans-

caryophylen.
Vidu 23

Vi du nay mo ta viéc san xuat linalool, limonen, B-pinen, f-phellandren,

caren, hodc sabinin trong cac ching chu Escherichia coli.

Gidng nudi cdy mam duoc tao ra bang cach bd sung lwong nhd gidng
nudi cdy gdc ciia mdi chung vao céc binh riéng biét dung tich 125ml chua 25
ml M9-MOPS, dich chiét ndm men 0,5%, glucoza 2%, v thudc khang sinh nhu

duogc néu chi ti€t trong Bang 1, va nudi dich nudi cay nay qua dém.

Gidng nudi cdy mam dugc sir dung dé cdy truyén vao trong binh c¢6 vach
ngan dung tich 250ml c6 gi4 tri ODeoo ban dau khoang 0,05 chira 40ml M9-
MOPS, dich chiét nAm men 0,5%, glucoza 2%, va thube khéang sinh. Dich nu6i

chy dugc 0 & nhiét 6 30°C trén thiét bi lac xoay tron véi te dd 250 vong/phut
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cho dén khi chung dat t6i gia tri ODsoo khoang 0,2, vao thoi diém nay viée san
xuét hop chét quan tdm & t& bao chi dwoc cam tng bang cach bd sung 40 pl
IPTG 1M vao mdi truong nudi cdy. Hop chét quan tdm dugc tach khoi méi
truomg nudi cdy qua su chiét dung moi-dung méi, hodc bang cach ling va gan
néu do chuén cua hop chit quan tdm 13 du 16n dé bao hoa mé trudng va dé tao

thanh pha thir hai.
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YEU CAU BAO HQ
1. Phuong phép san xuét isoprenoit bao gdm céc budc:

(a) thu nhidu té bao chu vi khudn, ndm hoic ndm men chtra qua trinh
mevalonat hodc deoxyxyluloza 5-phosphat (DXP) dé tao ra isopentenyl
pyrophosphat va trong d6 mot hodc nhidu enzym cta qua trinh nay dugc kiém

soat bdi it nhat mdt yeu to dieu hoa phién ma khac loai; va

(b) nudi cay cac té bao chu trong moi trudong & cac di€u kién dudi di€m
cuc thuén so v6i cac di€u kién s€ tao ra toc dd sinh trudng riéng toi da cho té

bao chu nay,

trong d6 cac di€u kién dudi diém cuc thudn bao gdm nudi cay trong moi
trudng cd nguon cacbon, nhiét d9, nguodn nito, hodc su ket hop bat ky cua
chung, 1a thap hon murc s€ tao ra toc dJ sinh trudng riéng toi da cho té bao chu,

va

trong do viéc nudi cay té bao chu trong modi truong & céc dicu kién dudi
diém cuc thuin nay din dén lam ting san xuat isoprenoit so véi viéc nudi cy
té bao chu & cac di€u kién s€ tao ra toc d9 sinh trudng riéng toi da cho t€ bao

chu nay.
2. Phuong phép theo diém 1, trong d6 qua trinh nay 13 qué trinh mevalonat.
3. Phwong phép theo diém 1, trong d6 qua trinh nay 13 qua trinh DXP.

4. Phwong phap theo diém 1, trong d6 it nhit mot yéu td diéu hoa phién ma

khac loai nay c6 thé cdm Uing dugc.

5. Phuong phap theo diém 1, trong d6 cdc enzym clia qua trinh ndy duoc kiém

soat boi yeu to diéu hoa phién ma don.

6. Phuong phép theo diém 1, trong d6 cic enzym ciia qua trinh ndy dugc kiém

so4t boi yéu td didu hoa phién ma da thanh phan.
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7. Phuong phap theo diém 1, trong d6 té bao chu nay 1a Escherichia coli.
8. Phuong phép theo diém 1, trong d6 té bao chii nay 12 nim.

9. Phuong phép theo diém 1, trong d6 té bao chi nay 1a Saccharomyces

cerevisiae.

10. Phwong phép theo diém 2, trong d6 qua trinh niy chira trinh ty axit nucleic
ma héa enzym ciia qué trinh mevalonat tir vi khun ¢6 qua trinh mevalonat ndi

sinh.

11. Phuong phép theo diém 10, trong d6 vi khuan nay 14 vi khudn thudc chi

duoc chon tir nhém bao gom Enterococcus, Pseudomonas, va Staphylococcus.

12. Phwong phép theo diém 11, trong d6 trinh tw axit nucleic ma hoa enzym cua
qua trinh mevalonat nay dugc chon tir nhém bao gdm axetyl-CoA thiolaza,

HMG-CoA synthaza, HMG-CoA reductaza, va mevalonat kinaza.

13. Phuong phap theo diém 10, trong d6 trinh tw axit nucleic ndy ma hoa HMG

reductaza 16p 1I.

14. Phuong phap theo diém 1, trong d6 té bao chi duge nudi cdy trong moi
truémg trong d6 dinh dudng hodc nhiét do hoac ca hai dugc duy tri & mirc thép

hon murc s€ tao ra toc d9 sinh trudng ri€ng toi da cho té bao chui nay.

15. Phuong phap theo diém 1, trong d6 nhiét dd ctia mdi trudng nay thip hon it
nhét khoang tir 2 dén 20°C so vé6i nhiét d6 sé tao ra tée do sinh trudng riéng tbi
da.

16. Phuong phap theo diém 15, trong d6 té bao chii dugce nudi cdy & nhiét do

thAp hon it nhit 12 5°C so vé6i nhiét do sé& tao ra tbc do sinh trudng riéng t6i da.

17. Phuong phap theo diém 15, trong d6 nhiét d6 ciia mdi trwong nay thap hon

it nhét 12 10°C so v6i nhiét d6 s& tao ra tdc dd sinh trudng riéng tdi da.
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18. Phuong phap theo diém 1, trong d6 mdi trudng nay chira ngudn cacbon va
luong ngudn cacbon nay sé& tao ra khoang 90% hodc thdp hon 90% téc do sinh

trudng riéng toi da.

19. Phuong phap theo diém 18, trong d6 lugng ngudn cacbon nay s& tao ra

khoang 75% hoic thap hon 75% téc d6 sinh trudng riéng tbi da.

20. Phuong phap theo diém 18, trong d6 luong ngudn cacbon nay s& tao ra

khoang 50% hoic thap hon 50% téc d6 sinh trudng riéng tbi da.

21. Phuong phép theo diém 18, trong d6 lwgng ngudn cacbon nay s& tao ra

khoang 25% hoic thap hon 25% tc d6 sinh trudng riéng t6i da.

22. Phuong phap theo diém 18, trong d6 luwgng ngudn cacbon nay s& tao ra

khoang tir 75% dén 10% tc do sinh trudng riéng tdi da.

23. Phuong phép theo diém 1, trong d6 méi truong nay chira ngudn nito b mit
v6i lugng thip hon luong s& tao ra khoang 90% hodc thap hon 90% téc do sinh

truong riéng toi da.

24. Phuong phép theo diém 23, trong d6 lwong ngudn nito nay s& tao ra khoang

75% hodc thip hon 75% téc do sinh trudng riéng t6i da.

25. Phuong phap theo diém 23, trong d6 lugng ngudn nito nay s& tao ra 50%

hoc thip hon 50% tdc do sinh truéng riéng t6i da.

26. Phuong phép theo diém 23, trong d6 lwong ngudn nito nay sé& tao ra khoang

25% hodc thip hon 25% tdc d9 sinh trudng riéng t6i da.

27. Phuong phép theo diém 23, trong d6 lwong ngudn nito nay s& tao ra khoang

tir 75% dén 10% tdc do sinh trudng riéng téi da.

28. Phuong phap theo diém 1, trong d6 isoprenoit dugc san xuit ra voi luong

16n hon 10 gam trén mdi lit moi trudng.
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29. Phuong phép theo diém 1, trong dé isoprenoit dugc san xut ra voi lugng

16n hon khoang 50 mg trén mdi gam khéi lwgng té bao khd.

30. Phuong phap theo diém bat ky trong s cac diém 28 hodc 29, trong d6

lwong isoprenoit dugce san xuat ra trong khoang thoi gian nhé hon 150 gid.

31. Phuong phép theo diém bét ky trong sb cac diém 28 hoic 29, trong d6

lwong isoprenoit dwoc san xuét ra trong khoang thoi gian nhé hon 96 gid.

32. Phuong phép theo diém bét ky trong sb cac diém 28 hoic 29, trong d6

luong isoprenoit dugc san xuat ra trong khoang thoi gian nhé hon 72 gid.

33. Phuong phép theo diém 1, trong d6 té bao chii ndy dugc nudi cdy & nhiét do
thip hon nhiét do sé& tao ra tbc d6 sinh trudng riéng tdi da, va trong d6 té bao
chu dugc nudi cdy & méi truong trong d6 ngudn cacbon dwoc duy tri & mirc

thip hon murc s& tao ra tdc do sinh trudng riéng tdi da nay.

34. Phuong phap theo diém 1, trong d6 isoprenoit ndy dwgc chon tir nhém bao

gbdm hemiterpen, monoterpen, diterpen, triterpen, tetraterpen, va polyterpen.
35. Phuong phép theo diém 1, trong d6 isoprenoit nay khong phai 14 carotenoit.

36. Phuong phap theo diém 1, trong d6 isoprenoit nay 1a Cs-Cao isoprenoit.

37. Phuong phép theo diém 1, trong d6 isoprenoit nay dugc lya chon tir nhém
bao gém abietadien, amorphadien, caren, a-farnesen, PB-farnesen, farnesol,
geraniol, geranylgeraniol, isopren, linalool, limonen, myrcen, nerolidol,

ocimen, patchoulol, B-pinen, sabinen, y-terpinen, terpinolen va valencen.
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Danh muc trinh ty

SEQIDNO: 1
Operon MevT66
GAATTCAAAGGAGGAAAATAAAATGAAGAACTGTGTGATTGTTTCTGCGGTCCGCACGGCGATCGGC
AGCTTTAACGGCTCTTTAGCGAGCACCTCTGCAATCGATCTGGGTGCGACGGTCATTAAGGCCGCCATT
GAACGCGCCAAAATCGACAGCCAGCACGTTGATGAGGTGATCATGGGCAATGTGTTACAAGCCGGCC
TGGGTCAAAACCCAGCGCGTCAAGCACTGTTAAAATCTGGTCTGGCCGAGACCGTGTGTGGCTTCACC
"GTCAATAAGGTTTGCGGCTCTGGCCTGAAGAGCGTGGCCCTGGCAGCACAAGCGATTCAAGCCGGTCA
GGCACAAAGCATCGTTGCGGGTGGCATGGAGAACATGTCTCTGGCGCCGTACTTATTAGATGCCAAAG
CCCGCAGCGGTTATCGCCTGGGCGATGGTCAGGTGTACGACGTCATCTTACGCGATGGCTTAATGTGC
GCGACCCACGGTTACCACATGGGTATTACGGCCGAAAACGTGGCGAAAGAATACGGCATTACGCGCG
AGATGCAGGATGAATTAGCACTGCACTCTCAGCGCAAAGCAGCAGCCGCGATCGAGTCTGGTGCGTTT
ACGGCGGAAATCGTGCCAGTTAACGTGGTCACGCGCAAGAAGACGTTCGTTTTCAGCCAGGACGAGTT
CCCGAAGGCAAACAGCACCGCGGAGGCCTTAGGTGCCTTACGCCCAGCCTTTGACAAAGCGGGCACG
GTCACCGCCGGTAATGCGAGCGGCATCAATGATGGTGCAGCGGCACTGGTCATCATGGAAGAGAGCG
CCGCATTAGCAGCGGGTCTGACCCCATTAGCGCGCATTAAATCTTATGCCAGCGGCGGCGTCCCACCA
GCCCTGATGGGCATGGGTCCGGTCCCAGCCACGCAAAAAGCCCTGCAATTAGCGGGCCTGCAACTGGC
CGACATTGATCTGATCGAGGCGAACGAGGCGTTTGCAGCGCAGTTCCTGGCGGTGGGTAAGAATCTGG
GCTTCGACAGCGAGAAAGTCAATGTGAACGGTGGCGCGATTGCGTTAGGCCATCCGATTGGTGCAAGC
GGCGCACGCATCTTAGTGACGTTACTGCACGCCATGCAGGCACGCGACAAGACCTTAGGCCTGGCGAC
CTTATGTATTGGTGGCGGTCAAGGTATCGCCATGGTGATCGAACGCCTGAACTGAAGATCTAGGAGGA
AAGCAAAATGAAACTGA GCACCAAGC'I:GTGCTGGTGTGGCATCAAGGGTCGCCTGCGCCCACAAAAG
CAGCAACAGCTGCACAACACGAACCTGCAAATGACCGAGCTGAAAAAGCAGAAGACGGCCGAGCAA
AAGACCCGCCCGCAGAACGTTGGCATCAAGGGCATCCAGATTTATATCCCGACGCAGTGTGTCAACCA
ATCTGAGCTGGAGAAATTCGATGGCGTCAGCCAGGGTAAGTACACCATCGGCCTGGGCCAGACCAAC
ATGAGCTTCGTGAACGACCGTGAGGACATCTATTCTATGAGCCTGACGGTGCTGTCTAAGCTGATCAA
GAGCTACAACATCGACACGAATAAGATCGGTCGTCTGGAGGTGGGTACGGAGACGCTGATTGACAAG
AGCAAAAGCGTGAAGTCTGTCTTAATGCAGCTGTTCGGCGAGAACACGGATGTCGAGGGTATCGACAC
CCTGAACGCGTGTTACGGCGGCACCAACGCACTGTTCAATAGCCTGAACTGGATTGAGAGCAACGCCT
GGGATGGCCGCGATGCGATCGTCGTGTGCGGCGATATCGCCATCTATGACAAGGGTGCGGCACGTCCG
ACCGGCGGTGCAGGCACCGTTGCGATGTGGATTGGCCCGGACGCACCAATTGTCTTCGATTCTGTCCG
CGCGTCTTACATGGAGCACGCCTACGACTTTTACAAGCCGGACTTCACGAGCGAATACCCGTACGTGG
ACGGCCACTTCTCTCTGACCTGCTATGTGAAGGCGCTGGACCAGGTTTATAAGTCTTATAGCAAAAAG
GCGATTTCTAAGGGCCTGGTCAGCGACCCGGCAGGCAGCGACGCCCTGAACGTGCTGAAGTATTTCGA
CTACAACGTGTTCCATGTCCCGACCTGCAAATTAGTGACCAAATCTITATGGCCGCCTGTTATATAATGA
TTTCCGTGCCAACCCGCAGCTGTTCCCGGAGGTTGACGCCGAGCTGGCGACGCGTGATTACGACGAGA
GCCTGACCGACAAGAACATCGAGAAGACCTTCGTCAACGTCGCGAAGCCGTTCCACAAAGAGCGTGT
GGCCCAAAGCCTGATCGTCCCGACCAACACGGGCAACATGTATACCGCGTCTGTCTACGCGGCATTCG
CGAGCCTGCTGAATTACGTCGGTTCTGACGACCTGCAGGGCAAGCGCGTTGGCCTGTTCAGCTACGGT
AGCGGCTTAGCGGCCAGCCTGTATAGCTGCAAAATTGTCGGCGACGTCCAGCACATCATCAAGGAGCT
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GGACATCACCAACAAGCTGGCUGAAGCGCATCACCGAGACGCCGAAAGATTACGAGGCAGCGATCGAG
TTACGCGAGAATGCGCATCTGAAGAAGAACTTCAAGCCGCAAGGTAGCATCGAGCACCTGCAGAGCG
GCGTCTACTACCTGACGAACATTGACGACAAGTTCCGCCGTTCTTATGACGTCAAAAAGTAACTAGTA
GGAGGAAAACATCATGGTGCTGACGAACAAAACCGTCATTAGCGGCAGCAAGGTGAAGTCTCTGAGC
AGCGCCCAAAGCTCTAGCAGCGGCCCGTCTAGCAGCAGCGAGGAGGACGACAGCCGTGACATTGAGT
CTCTGGACAAGAAGATCCGCCCGCTGGAGGAGTTAGAGGCCCTGCTGAGCAGCGGCAACACCAAGCA
GCTGAAGAACAAGGAAGTTGCAGCGCTGGTGATCCACGGTAAGCTGCCACTGTATGCGCTGGAAAAG
AAACTGGGCGATACGACGCGTGCGGTCGCGGTGCGTCGCAAAGCCTTAAGCATCTTAGCGGAGGCCCC
GGTGTTAGCCAGCGACCGCCTGCCGTACAAGAACTACGACTACGACCGCGTGTTTGGCGCGTGCTGCG
AGAATGTCATTGGCTACATGCCGTTACCGGTTGGTGTGATCGGCCCGCTGGTCATTGATGGCACGAGC
TATCACATTCCAATGGCGACCACGGAAGGTTGCTTAGTCGCCAGCGCCATGCGTGGCTGTAAGGCGAT
TAACGCCGGCGGTGGCGCGACGACCGTGTTAACCAAGGATGGTATGACGCGCGGTCCGGTCGTCCGCT
TCCCAACGCTGAAGCGCAGCGGCGCGTGTAAGATTTGGCTGGATTCTGAGGAGGGCCAAAACGCGAT
CAAGAAAGCCTTCAACTCTACGAGCCGTTTCGCGCGTTTACAGCATATCCAGACCTGCCTGGCCGGCG
ACCTGCTGTTCATGCGCTTCCGCACCACCACGGGCGATGCGATGGGCATGAACATGATCAGCAAGGGC
GTCGAATATAGCCTGAAACAAATGGTGGAAGAATATGGCTGGGAGGACATGGAGGTTGTCTCTGTGA
GCGGCAACTATTGCACCGACAAGAAGCCGGCAGCCATTAACTGGATTGAGGGTCGCGGCAAAAGCGT
CGTGGCAGAAGCGACCATCCCAGGCGACGTGGTCCGTAAGGTTCTGAAGAGCGACGTCAGCGCCCTG
GTTGAGTTAAATATCGCGAAAAACCTGGTCGGCAGCGCGATGGCGGGCAGCGTGGGTGGCTTTAACGC
ACATGCAGCGAATCTGGTTACGGCGGTTTTCTTAGCCTTAGGTCAGGACCCAGCCCAAAATGTCGAGA
GCAGCAACTGCATTACCTTAATGAAAGAGGTTGACGGTGACCTGCGCATCAGCGTTTCTATGCCGTCT
ATCGAGGTCGGCACGATCGGCGGCGGCACCGTTTTAGAACCGCAAGGTGCGATGCTGGATCTGCTGGG
CGTGCGCGGCCCACATGCAACGGCCCCAGGCACCAATGCCCGCCAACTGGCCCGTATCGTGGCCTGCG
CGGTTCTGGCGGGTGAGCTGAGCCTGTGCGCCGCATTAGCCGCGGGCCATTTAGTTCAATCTCACATG
ACCCACAACCGCAAGCCGGCAGAACCAACCAAGCCAAATAACCTGGACGCAACCGACATTAACCGTC
TGAAGGATGGCAGCGTCACGTGCATTAAAAGCTGAGCATGCTACTAAGCTT

SEQID NO: 2

Gen khoi d4u 4-49 mvaA Spel
5'-GCTACTAGTAGGAGGAAAACATCATGCAAAGTTTAGATAAGAATTTCCG-3’

SEQID NO: 3

Gen khéi diu 4-49 mvaAR Xbal
5. GCTTCTAGACTATTGTTGTCTAATTTCTTGTAAAATGCG-3’

SEQ ID NO: 4
Gen khéi ddu HMGS 5° Sa mvaS-S
5. GAACTGAAGATCTAGGAGGAAAGCAAAATGACAATAGGTATCGACAAAATAAACT-3’

SEQID NO: 5

Gen khéi diu HMGS 3’ Sa mvaS-AS
5 TTGCATGATGTTTTCCTCCTACTAGTTACTCTGGTCTGTGATATTCGCGAAC-3’
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SEQ ID NO: 6
Gen khéi dau19-25 atoB Sfil-S
5’-GCTAGGCCATCCTGGCCATGAAGAACTGTGTGATTGTTTCIG-3’

SEQ ID NO: 7
Mbdi 19-25 mvaA-AsiSI-AS
5’.GCTTGCGATCGCCGGCGGATTTGTCCTACTCAG-3’

SEQ ID NO: 8
Gen khéi dau 9-70C
5’-CCACCTCGAGATGTCATTACCGTTCTTAACTTCTG-3’

SEQID NO: 9
Gen khéi dau 26-39B8
5. TGGTGGAGCTCTTATTTAAGCTGGGTAAATGCAGATAATCG-3’

SEQ ID NO: 10
Gen khéi du 26-39A ,_
5*-TTCTTGAGCTCTTATTCCTTTGGTAGACCAGTCTTTGCG-3’

SEQID NO: 11

Gen khéi dAu 4-40 mvaEF BamHI
5 _ TATGGATCCTAAGGAGGATATTTAGATGAAAACAGTAGTTATTATTGATGC -3’

SEQ ID NO: 12
Gen khéi dau 4-40 mvaER HindIH
5°- AGCTAAGCTTTTATTGTTTTCTTAAATCATTTAAAATAGC - 3°

SEQID NO: 13

Gen khéi dau 4-40 mvaSF BgllI
5 _ TATAGATCTTAAGGAGGATATTTAGATGACAATTGGGATTGATAAAATTAG ~3’

SEQ ID NO: 14

Gen khéi diu 4-39 mvaSR BamHI

5’ — TTTGGATCCTTAGTTITCGATAAGAGCGAACGG -3’

SEQ ID NO: 15

Gen khéi dau 67-1A-C dé khuéch dai PCR trinh tu ghi ma cta gen dxs

5'- ACA CTC GAG GAG GAA TAA ATG AGT TET GAT ATT GCC AAA TAC CCG -3’

SEQ ID NO: 16
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Gen khéi dau 67-18-C d& khuéch dai PCR trinh ty ghi mi coa gen dxs
5'- TGA TGG TAC CTT ATG CCA GCC AGG CCT TGA TTT TGG C -3'

SEQID NO: 17
Gen khéi dau 67-1C-C d khuéch dai PCR trinh tu ghi ma ctia gen dxr
5'-ACT AGG TAC CAG GAG GAA TAA ATG AAG CAACTC ACCATT CTG GGC -3'

SEQID NO: 18
Gen khéi ddu 67-1D-C dé khuéch dai PCR trinh tu ghi ma ciia gen dxr
5- AAT TGA TGG GCC CTC AGC TTG CGA GAC GCA TCA CCT C -3

SEQ ID NO: 19
Gen khéi dau 67-1E-C dé khuéch dai PCR trinh tur ghi mi cta gen ispD
5- CAT AAA GGG CCC AGG AGG AAT AAA TGG CAA CCA CTC ATT TGG ATG -3’

SEQ ID NO: 20
Gen khéi dau 67-1F-C ¢ khuéch dai PCR trinh tu ghi m3 ciia gen ispD
5'-TAT TGT TCA TAT GTT ATG TAT TCT CCT GAT GGATGGTTC G -3'

SEQ ID NO: 21
Gen khéi du 67-1G-C dé khuéch dai PCR trinh tu ghi mj cia gen ispE
5'- AAC TAA CAC ATA TGA GGA GGA ATA AAT GCG GAC ACA GTG GCC CTC -3'

SEQ ID NO: 22
Gen khéi ddu 67-1H-C d& khuéch dai PCR trinh tw ghi ma cia gen ispE
5-TGT TAG TTA CGC GTT TAA AGC ATG GCT CTG TGC AAT GG -3'

SEQID NO: 23
Gen khéi diu 67-2A-C dé khuéch dai PCR trinh tu ghi mé cia gen ispF
5'- ACG GGA TCC AGG AGG AAT AAA TGC GAA TTG GAC ACG GTT TTG ACG -3’

SEQ ID NO: 24
Gen khéi d4u 67-2B-C @& khuéch dai PCR trinh tu ghi mi cta gen ispF
5-TTT AGT TGG GCC CTC ATT TTG TTG CCT TAA TGA GTA GCG CC -3'

SEQ ID NO: 25
Gen khéi diu 67-2C-C ¢ khuéch dai PCR trinh tu ghi m3 ctia gen ispG
5'- TAC TAA GGG CCC AGG AGG AAA TAA TGC ATA ACC AGG CTC CAA TTC AAC G-3'

SEQ ID NO: 26

Gen khéi dau 67-2D-C dé khuéch dai PCR trinh tw ghi m3 clia gen ispG
5. TCC GGG TAC CTT ATT TTT CAA CCT GCT GAA CGT CAATTCG -3
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SEQ ID NO: 27
Gen khéi dau 67-2E-C @8 khuéch dai PCR trinh tu ghi mé cia gen ispH
5'- AAC AGG TAC CAG GAG GAA ATA ATG CAG ATCCTG TTGGCCAACC -3'

SEQ ID NO: 28
Gen khéi dau 67-2F-C d& khuéch dai PCR trinh tu ghi ma ciia gen ispH
5'-TGG ATG AAG TCG ACT TAA TCG ACT TCA CGA ATA TCG ACA CGC AGC -3"

SEQ ID NO: 29
Gen khéi dAu 67-2G-C dé khuéch dai PCR trinh tw ghi ma cia gen idi
5'- CAT CAA GTC GAC AGG AGG AAA TAA TGC AAA CGG AAC ACG TCA TTT TAT TG -3'

SEQ ID NO: 30
Gen khéi dau 67-2H-C d8 khuéch dai PCR trinh tw ghi m3 cta gen idi
5'- TAA TGC AAG CTT ATT TAA GCT GGG TAA ATG CAG ATAATC G -3

SEQ ID NO: 31
Gen khéi déu 67-21-C @& khuéch dai PCR trinh tu ghi m# cita gen ispA
5- CAG TAA AGC TTA GGA GGA AAT AAT GGA CTT TCC GCA GCA ACT CG -3'

SEQ ID NO: 32

Gen khéi du 67-2-C dé khuéch dai PCR trinh tw ghi mé cia gen ispA
5'-TAG TTC CAT GGT TAT TTA TTA CGC TGG ATG ATG TAG TCC GC -3’

SEQID NO: 33
Gen khoi d4u 9-156A d& khuéch dai PCR ctia locus RK2 par
5. ACATAGACGTCGGGAAAGCGAGGATCTAGGTAGGG -3'

SEQID NO: 34

Gen khéi déu 9-156B d& khuéch dai PCR ctia locus RK2 par
5’- TTCCCGCTCGAGGTGGCGGACCATATAGGCAGATCAG -3'

SEQ ID NO: 35
Gen khoi dau19-137 cml-pAM37-AS
5" - GACGTCGATATCTGGCGAAAATG — 3’

SEQID NO: 36

Gen khoi dau 19-137 cml-pAM37-8
5’ - TACTAGTGCTTGGATTCTCACC - 3
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SEQ ID NO: 37

Gen khéi dau ¢é khuéch dai PCR trinh tu nucleotit ma hoé cho B-famesen synthaza
5’-CCATGGACACTCTGCCGATCTCTTCCGTAAGC-3’

SEQ ID NO: 38

Gen khéi dau ¢& khuéch dai PCR trinh tu nucleotit ma ho cho B-famesen synthaza
5-GAGCTCTCATACGACCATAGGGTGTACG-3’

SEQID NO: 39

Gen khi dau ¢é khuéch dai PCR trinh tu nucleotit ma hoé cho a-farnesen synthaza
5"-CCATGGACCTGGCAGTAGAAATTGGC-3’

SEQID NO:; 40

Gen khéi dau d& khuéch dai PCR trinh tu nucleotit ma ho4 cho e-faresen synthaza
5-GAGCTCTTACATCGGTACCGGCTCCAG-3’

SEQ ID NO: 41

Operon atoB(opt): HMGS(opt):mvad
ATGAAGAACTGTGTGATTGTTTCTGCGGTCCGCACGGCGATCGGCAGCTTTAACGGCTCTTTAGCGAG
CACCTCTGCAATCGATCTGGGTGCGACGGTCATTAAGGCCGCCATTGAACGCGCCAAAATCGACAGCC
AGCACGTTGATGAGGTGATCATGGGCAATGTGTTACAAGCCGGCCTGGGTCAAAACCCAGCGCGTCAA
GCACTGTTAAAATCTGGTCTGGCCGAGACCGTGTGTGGCTTCACCGTCAATAAGGTTTGCGGCTCTGGC
CTGAAGAGCGTGGCCCTGGCAGCACAAGCGATTCAAGCCGGTCAGGCACAAAGCATCGTTGCGGGTG
GCATGGAGAACATGTCTCTGGCGCCGTACTTATTAGATGCCAAAGCCCGCAGCGGTTATCGCCTGGGC
GATGGTCAGGTGTACGACGTCATCTTACGCGATGGCTTAATGTGCGCGACCCACGGTTACCACATGGG
TATTACGGCCGAAAACGTGGCGAAAGAATACGGCATTACGCGCGAGATGCAGGATGAATTAGCACTG
CACTCTCAGCGCAAAGCAGCAGCCGCGATCGAGTCTGGTGCGTTTACGGCGGAAATCGTGCCAGTTAA
CGTGGTCACGCGCAAGAAGACGTTCGTTTTCAGCCAGGACGAGTTCCCGAAGGCAAACAGCACCGCG
GAGGCCTTAGGTGCCTTACGCCCAGCCTTTGACAAAGCGGGCACGGTCACCGCCGGTAATGCGAGCGG
CATCAATGATGGTGCAGCGGCACTGGTCATCATGGAAGAGAGCGCCGCATTAGCAGCGGGTCTGACCC
CATTAGCGCGCATTAAATCTTATGCCAGCGGCGGCGTCCCACCAGCCCTGATGGGCATGGGTCCGGTC
CCAGCCACGCAAAAAGCCCTGCAATTAGCGGGCCTGCAACTGGCCGACATTGATCTGATCGAGGCGA
ACGAGGCGTTTGCAGCGCAGTTCCTGGCGGTGGGTAAGAATCTGGGCTTCGACAGCGAGAAAGTCAAT
GTGAACGGTGGCGCGATTGCGTTAGGCCATCCGATTGGTGCAAGCGGCGCACGCATCTTAGTGACGTT
ACTGCACGCCATGCAGGCACGCGACAAGACCTTAGGCCTGGCGACCTTATGTATTGGTGGCGGTCAAG
GTATCGCCATGGTGATCGAACGCCTGAACTGAAGATCTAGGAGGAAAGCAAAATGAAACTGAGCACC
AAGCTGTGCTGGTGTGGCATCAAGGGTCGCCTGCGCCCACAAAAGCAGCAACAGCTGCACAACACGA
ACCTGCAAATGACCGAGCTGAAAAAGCAGAAGACGGCCGAGCAAAAGACCCGCCCGCAGAACGTTGG
CATCAAGGGCATCCAGATTTATATCCCGACGCAGTGTGTCAACCAATCTGAGCTGGAGAAATTCGATG
GCGTCAGCCAGGGTAAGTACACCATCGGCCTGGGCCAGACCAACATGAGCTTCGTGAACGACCGTGA
GGACATCTATTCTATGAGCCTGACGGTGCTGTCTAAGCTGATCAAGAGCTACAACATCGACACGAATA
AGATCGGTCGTCTGGAGGTGGGTACGGAGACGCTGATTGACAAGAGCAAAAGCGTGAAGTCTGTCTT
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AATGCAGCTGTTCGGCGAGAACACGGATGICGAGGGTATCGACACCCIGAACGLGTUGTTACGGLGEC
ACCAACGCACTGTTCAATAGCCTGAACTGGATTGAGAGCAACGCCTGGGATGGCCGCGATGCGATCGT
CGTGTGCGGCGATATCGCCATCTATGACAAGGGTGCGGCACGTCCGACCGGCGGTGCAGGCACCGTTG
CGATGTGGATTGGCCCGGACGCACCAATTGTCTTCGATTCTGTCCGCGCGTCTTACATGGAGCACGCCT
ACGACTTTTACAAGCCGGACTTCACGAGCGAATACCCGTACGTGGACGGCCACTTCTCTCTGACCTGCT
ATGTGAAGGCGCTGGACCAGGTTTATAAGTCTTATAGCAAAAAGGCGATTTCTAAGGGCCTGGTCAGC
GACCCGGCAGGCAGCGACGCCCTGAACGTGCTGAAGTATTTCGACTACAACGTGTTCCATGTCCCGAC
CTGCAAATTAGTGACCAAATCTTATGGCCGCCTGTTATATAATGATTTCCGTGCCAACCCGCAGCTGTT
CCCGGAGGTTGACGCCGAGCTGGCGACGCGTGATTACGACGAGAGCCTGACCGACAAGAACATCGAG
AAGACCTTCGTCAACGTCGCGAAGCCGTTCCACAAAGAGCGTGTGGCCCAAAGCCTGATCGTCCCGAC
CAACACGGGCAACATGTATACCGCGTCTGTCTACGCGGCATTCGCGAGCCTGCTGAATTACGTCGGTT
CTGACGACCTGCAGGGCAAGCGCGTTGGCCTGTTCAGCTACGGTAGCGGCTTAGCGGCCAGCCTGTAT
AGCTGCAAAATTGTCGGCGACGTCCAGCACATCATCAAGGAGCTGGACATCACCAACAAGCTGGCGA
AGCGCATCACCGAGACGCCGAAAGATTACGAGGCAGCGATCGAGTTACGCGAGAATGCGCATCTGAA
GAAGAACTTCAAGCCGCAAGGTAGCATCGAGCACCTGCAGAGCGGCGTCTACTACCTGACGAACATT
GACGACAAGTTCCGCCGTTCTTATGACGTCAAAAAGTAACTAGTAGGAGGAAAACATCATGCAAAGTT
TAGATAAGAATTTCCGACATTTATCTCGTCAACAAAAGTTACAACAATTGGTAGATAAGCAATGGTTA
TCAGAAGATCAATTCGACATTTTATTGAATCATCCATTAATTGATGAGGAAGTAGCAAATAGTTTAATT
GAAAATGTCATCGCGCAAGGTGCATTACCCGTTGGATTATTACCGAATATCATTGTGGACGATAAGGC
ATATGTTGTACCTATGATGGTGGAAGAGCCTTCAGTTGTCGCTGCAGCTAGTTATGGTGCAAAGCTAGT
GAATCAGACTGGCGGATTTAAAACGGTATCTTCTGAACGTATTATGATAGGTCAAATCGTCTTIGATG
GCGTTGACGATACTGAAAAATTATCAGCAGACATTAAAGCTTTAGAAAAGCAAATTCATAAAATTGCG
GATGAGGCATATCCTTCTATTAAAGCGCGTGGTGGTGGTTACCAACGTATAGCTATTGATACATTTCCT
GAGCAACAGTTACTATCTTTAAAAGTATTTGTTGATACGAAAGATGCTATGGGCGCTAATATGCTTAAT
ACGATTTTAGAGGCCATAACTGCATTTITAAAAAATGAATCTCCACAAAGCGACATTTTAATGAGTATT
TTATCCAATCATGCAACAGCGTCCGTTGTTAAAGTTCAAGGCGAAATTGACGTTAAAGATTTAGCAAG
GGGCGAGAGAACTGGAGAAGAGGTTGCCAAACGAATGGAACGTGCTTCTGTATTGGCACAAGTTGAT
ATTCATCGTGCTGCAACACATAATAAAGGTGTTATGAATGGCATACATGCCGTTGTTTTAGCAACAGG
AAATGATACGCGTGGTGCAGAAGCAAGTGCGCATGCATACGCGAGTCGTGACGGACAGTATCGTGGT
ATTGCAACATGGAGATACGATCAAAAACGTCAACGTTTAATTGGTACAATAGAAGTGCCTATGACATT
GGCAATCGTTGGCGGTGGTACAAAAGTATTACCAATTGCTAAAGCTTCTTTAGAATTGCTAAATGTAG
ATTCAGCACAAGAATTAGGTCATGTAGTTGCTGCCGTTGGTTTAGCACAGAACTTTGCAGCATGTCGC
GCGCTCGTTITCCGAAGGTATCCAGCAAGGCCATATGAGCTTGCAATATAAATCTTTAGCTATTGTTGTA
GGTGCAAAAGGTGATGAAATTGCGCAAGTAGCTGAAGCATTGAAGCAAGAACCCCGTGCGAATACAC
AAGTAGCTGAACGCATTTTACAAGAAATTAGACAACAATAG

SEQ ID NO: 42

Operon atoB(opt):mvaS(opt):mvad
ATGAAGAACTGTGTGATTGTTTCTGCGGTCCGCACGGCGATCGGCAGCTTTAACGGCTCTTTAGCGAG
CACCTCTGCAATCGATCTGGGTGCGACGGTCATTAAGGCCGCCATTGAACGCGCCAAAATCGACAGCC
AGCACGTTGATGAGGTGATCATGGGCAATGTGTTACAAGCCGGCCTGGGTCAAAACCCAGCGCGTCAA
GCACTGTTAAAATCTGGTCTGGCCGAGACCGTGTGTGGCTTCACCGTCAATAAGGTTTGCGGCTCTGGC
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CTGAAGAGCGTGGCCCTGGCAGCACAAGCGATTCAAGCCGGTCAGGCACAAAGCATCGTTIGCGGGETG
GCATGGAGAACATGTCTCTGGCGCCGTACTTATTAGATGCCAAAGCCCGCAGCGGTTATCGCCTGGGC
GATGGTCAGGTGTACGACGTCATCTTACGCGATGGCTTAATGT GCGCGACCCACGGTTACCACATGGG
TATTACGGCCGAAAACGTGGCGAAAGAATACGGCATTACGCGCGAGATGCAGGATGAATTAGCACTG
CACTCTCAGCGCAAAGCAGCAGCCGCGATCGAGTCTGGTGCGTTTACGGCGGAAATCGTGCCAGTTAA
CGTGGTCACGCGCAAGAAGACGTTCGTTTTCAGCCAGGACGAGTTCCCGAAGGCAAACAGCACCGCG
GAGGCCTTAGGTGCCTT,ACGCCCAGCCT’ITGACAAAGCGGGCACGGTCAC CGCCGGTAATGCGAGCGG
CATCAATGATGGTGCAGCGGCACTGGTCATCATGGAAGAGAGCGCCGCATTAGCAGCGGGTCTGACCC
CATTAGCGCGCATTAAATCITATGCCAGCGGCGGCGTCCCACCAGCCCTGATGGGCATGGGTCCGGTC
CCAGCCACGCAAAAAGCCCTGCAATTAGCGGGCCTGCAACTGGCCGACATTGATCTGATCGAGGCGA
ACGAGGCGTTTGCAGCGCAGTTCCTGGCGGTGGGTAAGAATCTGGGCTTCGACAGCGAGAAAGTCAAT
GTGAACGGTGGCGCGATTGCGTTAGGCCATCCGATTGGTGCAAGCGGCGCACGCATCTTAGTGACGTT
ACTGCACGCCATGCAGGCACGCGACAAGACCTTAGGCCTGGCGACCTTATGTATTGGTGGCGGTCAAG
GTATCGCCATGGTGATCGAACGCCTGAACTGAAGATCTAGGAGGAAAGCAAAATGACAATAGGTATC
GACAAAATAAACTTTTACGTTCCAAAGTACTATGTAGACATGGCTAAATTAGCAGAAGCACGCCAAGT
AGACCCAAACAAATTTTTAATTGGAATTGGTCAAACTGAAATGGCTGTTAGTCCTGTAAACCAAGACA
TCGTTTCAATGGGCGCTAACGCTGCTAAGGACATTATAACAGACGAAGATAAAAAGAAAATTGGTATG
GTAATTGTGGCAACTGAATCAGCAGTTGATGCTGCTAAAGCAGCCGCTGTTCAAATTCACAACTTATT
AGGTATTCAACCTTTTGCACGTTGCTTTGAAATGAAAGAAGCTTGTTATGCTGCAACACCAGCAATTCA
ATTAGCTAAAGATTATTTAGCAACTAGACCGAATGAAAAAGTATTAGTTATTGCTACAGATACAGCAC
GTTATGGATTGAATTCAGGCGGCGAGCCAACACAAGGTGCTGGCGCAGTTGCGATGGTTATTGCACAT
AATCCAAGCATTTTGGCATTAAATGAAGATGCTGTTGCTTACACTGAAGACGTTTATGATTTCTGGCGT
CCAACT GGACATAAATATCCAT’I‘AG’I‘TGATGGTGCATTATCTAAAGATGCTT ATATCCGCTCATTCCAA
CAAAGCTGGAATGAATACGCAAAACGTCAAGGTAAGTCGCTAGCTGACTTCGCATCTCTATGCTTCCA
TGTTCCATTTACAAAAATGGGTAAAAAGGCATTAGAGTCAATCATTGATAACGCTGATGAAACAACTC
AAGAGCGTTTACGTTCAGGATATGAAGATGCTGTAGATTATAACCGTTATGTCGGTAATATTTATACTG
GATCATTATATTTAAGCCTAATATCATTACTTGAAAATCGTGATTTACAAGCTGGTGAAACAATCGGTT
TATTCAGTTATGGCTCAGGTTCAGTTGGTGAATTTTATAGTGCGACATTAGTTGAAGGCTACAAAGATC
ATTTAGATCAAGCTGCACATAAAGCATTATTAAATAACCGTACTGAAGTATCTGTTGATGCATATGAA
ACATTCTTCAAACGTTTTGATGACGTTGAATTTGACGAAGAACAAGATGCTGTTCATGAAGATCGTCAT
ATTTTCT ACTTATCAAATATTGAAAATAACGTTCGCGAATATCACAGACCAGAGTAACTAGTAGGAGG
AAAACATCATGCAAAGTTTAGATAAGAATTTCCGACATTTATCTCGTCAACAAAAGTTACAACAATTG
GTAGATAAGCAATGGTTATCAGAAGATCAATTCGACATTTTATTGAATCATCCATTAATTGATGAGGA
AGTAGCAAATAGTTTAATTGAAAATGTCATCGCGCAAGGTGCATTACCCGTTGGATTATTACCGAATA
TCATTGTGGACGATAAGGCATATGTTGTACCTATGATGGTGGAAGAGCCTTCAGTTGTCGCTGCAGCT
AGTTATGGTGCAAAGCTAGTGAATCAGACTGGCGGATTTAAAACGGTATCTTCTGAACGTATTATGAT
AGGTCAAATCGTCTTTGATGGCGTTGACGATACTGAAAAATTATCAGCAGACATTAAAGCTTTAGAAA
AGCAAATTCATAAAATTGCGGATGAGGCATATCCTTCTATTAAAGCGCGTGGTGGTGGTTACCAACGT
ATAGCTATTGATACATTTCCTGAGCAACAGTTACTATCTTTAAAAGTATTTGTTGATACGAAAGATGCT
ATGGGCGCTAATATGCTTAATACGATTTTAGAGGCCATAACTGCATTTTTAAAAAATGAATCTCCACA
AAGCGACATTTTAATGAGTATTTTATCCAATCATGCAACAGCGTCCGTTGTTAAAGTTCAAGGCGAAA
TTGACGTTAAAGATTTAGCAAGGGGCGAGAGAACTGGAGAAGAGGTTGCCAAACGAATGGAACGTGC
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TTCTGTATTGGCACAAGTTGATATTCATCGTGCTGCAACACATAATAAAGGTGITATGAATGGCATACA
TGCCGTTGTTTTAGCAACAGGAAATGATACGCGTGGTGCAGAAGCAAGTGCGCATGCATACGCGAGTC
GTGACGGACAGTATCGTGGTATTGCAACATGGAGATACGATCAAAAACGTCAACGTTTAATTGGTACA
ATAGAAGTGCCTATGACATTGGCAATCGTTGGCGGTGGTACAAAAGTATTACCAATTGCTAAAGCTTC
TTTAGAATTGCTAAATGTAGATTCAGCACAAGAATTAGGTCATGTAGTTGCTGCCGTTGGTTTAGCACA
GAACTTTGCAGCATGTCGCGCGCTCGTTTCCGAAGGTATCCAGCAAGGCCATATGAGCTTGCAATATA
AATCTTTAGCTATTGTTGTAGGTGCAAAAGGTGATGAAATTGCGCAAGTAGCTGAAGCATTGAAGCAA
GAACCCCGTGCGAATACACAAGTAGCTGAACGCATTTTACAAGAAATTAGACAACAATAG

SEQ ID NO: 43

pAM328 — ERG9-KANMX-gen khéi diu MET3-ERG9 (khong ké khung vecto)
CAATACCGACTTACCATCCTATTTGCTTTGCCCTTTTTCTTTTCCACTGCATGGCGGCGTTAGTATCGAA
TGGATGGCGGCGTTAGTATCGAATCGACAGCAGTATAGCGACCAGCATTCACATACGATTGACGCATG
ATATTACTTTCTGCGCACTTAACTTCGCATCTGGGCAGATGATGTCGAGGCGAAAAAAAATATAAATC
ACGCTAACATTTGATTAAAATAGAACAACTACAATATAAAAAAACTATACAAATGACAAGTTCTTGAA
AACAAGAATCTTTTTATTGTCAGTACTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTT
ATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATA
CAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGA
ATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTC
GTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATA
CGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAG
CGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTGCCGGGGAT
CGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATA
AATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGT
TTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGAC
ATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAAAC
GTGAGTCTTTTCCTTACCCATGGTTGTTTATGTTCGGATGTGATGTGAGAACTGTATCCTAGCAAGATT
TTAAAAGGAAGTATATGAAAGAAGAACCTCAGTGGCAAATCCTAACCTTTTATATITCTCTACAGGGG
CGCGGCGTGGGGACAATTCAACGCGTCTGTGAGGGGAGCGTTTCCCTGCTCGCAGGTCTGCAGCGAGG
AGCCGTAATTTTTGCTTCGCGCCGTGCGGCCATCAAAATGTATGGATGCAAATGATTATACATGGGGA
TGTATGGGCTAAATGTACGGGCGACAGTCACATCATGCCCCTGAGCTGCGCACGTCAAGACTGTCAAG
GAGGGTATTCTGGGCCTCCATGTCGCTGGCCGGGTGACCCGGCGGGGACGAGGCAAGCTAAACAGAT
CTGATCTTGAAACTGAGTAAGATGCTCAGAATACCCGTCAAGATAAGAGTATAATGTAGAGTAATATA
CCAAGTATTCAGCATATTCTCCTCTTCTTTTGTATAAATCACGGAAGGGATGATTTATAAGAAAAATGA
ATACTATTACACTTCATTTACCACCCTCTGATCTAGATTTTCCAACGATATGTACGTAGTGGTATAAGG
TGAGGGGGTCCACAGATATAACATCGTTTAATTTAGTACTAACAGAGACTTTTIGTCACAACTACATAT
AAGTGTACAAATATAGTACAGATATGACACACTTGTAGCGCCAACGCGCATCCTACGGATTGCTGACA
GAAAAAAAGGTCACGTGACCAGAAAAGTCACGTGTAATTTTGTAACTCACCGCATTCTAGCGGTCCCT
GTCGTGCACACTGCACTCAACACCATAAACCTTAGCAACCTCCAAAGGAAATCACCGTATAACAAAGC
CACAGTTTTACAACTTAGTCTCTTATGAAGTTACTTACCAATGAGAAATAGAGGCTCTTTCTCGAGAAA
TATGAATATGGATATATATATATATATATATATATATATATATATATGTAAACTTGGTTCTITTTITAGCT
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TGTGATCTCTAGCTTGGGTCTCTCTCTGTCGTAACAGITGIGATATCGGCIGCCTICATCICGACCGGAT
GCAATGCCAATTGTAATAGCTTTCCCATGTTAATTATACTTTATTCTT

SEQ ID NO: 44
GAGTGAACCTGCTGCCTGGCGTGCTCTGACTCAGTACATTTCATAGTGGATGGCGGCGTTAGTATC

SEQ ID NO: 45
CGTGTATACGTTTTCCGCTTCTGCTCTTCGTCTTTTCTCTTCTTCCGATATCACAACTGTTACGA

SEQ ID NO: 46
GGTAAGACGGTTGGGTTTTATCTTTTGCAGTTGGTACTATTAAGAACAATCACAGGAAACAGCTATGA
cC

SEQ ID NO: 47
TTGCGTTTTGTACTTTGGTTCGCTCAATTTTGCAGGTAGATAATCGAAAAGTTGTAAAACGACGGCCAG
T

SEQ ID NO: 48

Trinh tu pAM491 (khéng ké khung vecto)
GTTT_AAACTTGCTAAATTCGAGTGAAACACAGGAAGACCAGAA.AATCCTCATTTCATCCATATTAACA
ATAATITCAAATGTITATTTGCATTA'ITTGAAACTAGGGAAGACAAGCAACGAAACGmTGAAAATTT
TGAGTATITTCAATAAATTTGTAGAGGACTCAGATATTGAAAAAAAGCTACAGCAATTAATACTTGAT
AAGAAGAGTATTGAGAAGGGCAACGGTTCATCATCTCATGGATCTGCACATGAACAAACACCAGAGT
CAAACGACGTTGAAATTGAGGCTACTGCGCCAATTGATGACAATACAGACGATGATAACAAACCGAA
GTTATCTGATGTAGAAAAGGATTAAAGATGCTAAGAGATAGTGATGATATTITCATAAATAATGTAATT
CTATATATGTTAATTACCTTTTITGCGAGGCATATTTATGGTGAAGGATAAGTTTTGACCATCAAAGAA
GGTTAATGTGGCTGTGGTTTCAGGGTCCATACCCGGGAGTTATGACAATTACAACAACAGAATTCTTTC
TATATATGCACGAACTTGTAATATGGAAGAAATTATGACGTACAAACTATAAAGTAAATATTTTACGT
AACACATGGTGCTGTTGTGCTTICITTTTCAAGAGAATACCAATGACGTATGACTAAGTTTAGGATTTAA
TGCAGGTGACGGACCCATCTTTCAAACGATITATATCAGTGGCGTCCAAATTGTTAGGTITTGTTGGTT
CAGCAGGTTTCCTGTTGTGGGTCATATGACTTTGAACCAAATGGCCGGCTGCTAGGGCAGCACATAAG
GATAATTCACCTGCCAAGACGGCACAGGCAACTATTCTTGCTAATTGACGTGCGTTGGTACCAGGAGC
GGTAGCATGTGGGCCTCTTACACCTAATAAGTCCAACATGGCACCTTGTGGTTCTAGAACAGTACCAC
CACCGATGGTACCTACTTCGATGGATGGCATGGATACGGAAATTCTCAAATCACCGTCCACTTCTTTCA
TCAATGTTATACAGTTGGAACTTTCGACATTTTGTGCAGGATCTTGTCCTAATGCCAAGAAAACAGCTG
TCACTAAATTAGCTGCATGTGCGTTAAATCCACCAACAGACCCAGCCATTGCAGATCCAACCAAATTC
TTAGCA.ATGTTCAACTCAACCAATGCGGAAACATCACTTITTAACACTTTTCTGACAACATCACCAGGA
ATAGTAGCTTCTGCGACGACACTCTTACCACGACCTTCGATCCAGTTGATGGCAGCTGGTTTTTTGTCG
GTACAGTAGTTACCAGAAACGGAGACAACCT CCATATCTTCCCAGCCATACTCTTCTACCATTTGCTTT
A.ATGAGTATTCGACACCCTTAGAAATCATATTCATAC_CCATTGCGTCACCAGTAGTTGTTCTAAATCTC
ATGAAGAGTAAATCTCCTGCT. AGACAAGTTTGAATATGTTGCAGACGTGCAAATCTTGATGTAGAGTT
AAAAGCTTTTTTAATTGCGTTTTGTCCCTCTTCT GAGTCTAACCATATCTTACAGGCACCAGATCTTTTC
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AAAGTTGGGAAACGGACTACIGGGCCICITGTICATACCATCUCTTAGTTAAAACAGTTIGTTUGCACCACC
GCCAGCATTGATTGCCTTACAGCCACGCATGGCAGAAGCTACCAAACAACCCTCTGTAGTTGCCATTG
GTATATGATAAGATGTACCATCGATAACCAAGGGGCCTATAACACCAACGGGCAAAGGCATGTAACC
TATAACATTTTCACAACAAGCGCCAAATACGCGGTCGTAGTCATAATTTTTATATGGTAAACGATCAG
ATGCTAATACAGGAGCTTCTGCCAAAATTGAAAGAGCCTTCCTACGTACCGCAACCGCTCTCGTAGTA
TCACCTAATTTTTTCTCCAAAGCGTACAAAGGTAACTTACCGTGAATAACCAAGGCAGCGACCTCTTTG
TTCTTCAATTGTTTTGTATTTCCACTACTTAATAATGCTTCTAATTCTTCTAAAGGACGTATTTTCTTATC
CAAGCTTTCAATATCGCGGGAATCATCTTCCTCACTAGATGATGAAGGTCCTGATGAGCTCGATTGCGC
AGATGATAAACTTTTGACTTTCGATCCAGAAATGACTGTTTTATTGGTTAAAACTGGTGTAGAAGCCIT
TTGTACAGGAGCAGTAAAAGACTTCTTGGTGACTTCAGTCTTCACCAATTGGTCTGCAGCCATTATAGT
TTTTTCTCCTTGACGTTAAAGTATAGAGGTATATTAACAATTTTTTGTTGATACTTTTATGACATTTGAA
TAAGAAGTAATACAAACCGAAAATGTTGAAAGTATTAGTTAAAGTGGTTATGCAGCTTTTGCATTTAT
ATATCTGTTAATAGATCAAAAATCATCGCTTCGCTGATTAATTACCCCAGAAATAAGGCTAAAAAACT
AATCGCATTATTATCCTATGGTTGTTAATTTGATTCGTTGATTTGAAGGTTTGTGGGGCCAGGTTACTG
CCAATTTTTCCTCTTCATAACCATAAAAGCTAGTATTGTAGAATCTTTATTGTTCGGAGCAGTGCGGCG
CGAGGCACATCTGCGTTTCAGGAACGCGACCGGTGAAGACCAGGACGCACGGAGGAGAGTCTTCCGT
CGGAGGGCTGTCGCCCGCTCGGCGGCTTCTAATCCGTACTTCAATATAGCAATGAGCAGTTAAGCGTA
TTACTGAAAGTTCCAAAGAGAAGGT’I‘T’ITTTAGGCTAAGATAATGGGGCT CTTTACATTTCCACAACAT
ATAAGTAAGATTAGATATGGATATGTATATGGTGGTATTGCCATGTAATATGATTATTAAACTTCTTTG
CGTCCATCCAAAAAAAAAGTAAGAATTTTTGAAAATTCAATATAAATGAAACTCTCAACTAAACTTTG
TTGGTGTGGTATTAAAGGAAGACTTAGGCCGCAAAAGCAACAACAATTACACAATACAAACTTGCAA
ATGACTGAACTAAAAAAACAAAAGACCGCTGAACAAAAAACCAGACCTCAAAATGTCGGTATTAAAG
GTATCCAAATTTACATCCCAACTCAATGTGTCAACCAATCTGAGCTAGAGAAATTTGATGGCGTTTCTC
AAGGTAAATACACAATTGGTCTGGGCCAAACCAACATGTCTTTTGTCAATGACAGAGAAGATATCTAC
TCGATGTCCCTAACTGTTTTGTCT. AAGTTGATCAAGAGTTACAACA.TCGACACCAACAAAATTGGTAG
ATTAGAAGTCGGTACTGAAACTCTGATTGACAAGTCCAAGTCTGTCAAGTCTGTCTTGATGCAATTGTT
TGGTGAAAACACTGACGTCGAAGGTATTGACACGCTTAATGCCTGTTACGGTGGTACCAACGCGTTGT
TCAACTCTTTGAACTGGATTGAATCTAACGCATGGGATGGTAGAGACGCCATTGTAGTTTGCGGTGAT
ATTGCCATCTACGATAAGGGTGCCGCAAGACCAACCGGTGGTGCCGGTACTGTTGCTATGTGGATCGG
TCCTGATGCTCCAATTGTATTTGACTCTGTAAGAGCTTCTTACATGGAACACGCCTACGATTTITTACAA
GCCAGATTTCACCAGCGAATATCCTTACGTCGATGGTCATTTTTCATTAACTTGTTACGTCAAGGCTCT
TGATCAAGTTTACAAGAGITATTCCAAGAAGGCTATTTCTAAAGGGTTGGTTAGCGATCCCGCTGGTTC
GGATGCTTTGAACGTTTTGAAATATTTCGACTACAACGTTTTCCATGTTCCAACCTGTAAATTGGTCAC
AAAATCATACGGTAGATTACTATATAACGATTTCAGAGCCAATCCTCAATTGTTCCCAGAAGTTGACG
CCGAATTAGCTACTCGCGATTATGACGAATCTTTAACCGATAAGAACATTGAAAAAACTTTTGTTAAT
GTTGCTAAGCCATTCCACAAAGAGAGAGTTGCCCAATCTTTGATTGTTCCAACAAACACAGGTAACAT
GTACACC GCATCTG’I"ITATGCC.GCC’iTTGCATCTCTATTAAACTATGTTGGATCTGACGACT TACAAGG
CAAGCGTGTTGGTTTATTTTCTTACGGTTCCGGTTTAGCTGCATCTCTATATTCTTGCAAAATTGTTIGGT
GACGTCCAACATATTATCAAGGAATTAGATATTACTAACAAATTAGCCAAGAGAATCACCGAAACTCC
AAAGGATTACGAAGCTGCCATCGAATTGAGAGAAAATGCCCATTTGAAGAAGAACTTCAAACCTCAA
GGTTCCATTGAGCATTTGCAAAGTGGTGTTTACTACTTGACCAACATCGATGACAAATTTAGAAGATCT
TACGATG’ITAAAAAATAATCTTCCCCCATCGATTGCATCTTGCTGAACCCCCTTCATAAATGCTT’I‘A’I‘TT
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TTTTGGCAGCCTGCTTTTTTITAGCTCTCATITAATAGAGTAGITTTITAATCIATATACIAGGAAAACIC
TTTATTTAATAACAATGATATATATATACCCGGGAAGCTTITTCAATTCATCTTTTITTITTTTITGTTCTTTT
TTTTGATTCCGGTTTCTTTGAAATTTTTTTGATTCGGTAATCTCCGAGCAGAAGGAAGAACGAAGGAAG
GAGCACAGACTTAGATTGGTATATATACGCATATGTGGTGTTGAAGAAACATGAAATTGCCCAGTATT
CTTAACCCAACTGCACAGAACAAAAACCTGCAGGAAACGAAGATAAATCATGTCGAAAGCTACATAT
AAGGAACGTGCTGCTACTCATCCTAGTCCTGTTGCTGCCAAGCTATTTAATATCATGCACGAAAAGCA
AACAAACTTGTGTGCTTCATTGGATGTTCGTACCACCAAGGAATTACTGGAGTTAGTTGAAGCATTAG
GTCCCAAAATTTGTTTACTAAAAACACATGTGGATATCTTGACTGATTTTTCCATGGAGGGCACAGTTA
AGCCGCTAAAGGCATTATCCGCCAAGTACAATTTTTTACTCTTCGAAGACAGAAAATTTGCTGACATTG
GTAATACAGTCAAATTGCAGTACTCTGCGGGTGTATACAGAATAGCAGAATGGGCAGACATTACGAAT
GCACACGGTGTGGTGGGCCCAGGTATTGTITAGCGGTTTGAAGCAGGCGGCGGAAGAAGTAACAAAGG
AACCTAGAGGCCTTTTGATGTTAGCAGAATTGTCATGCAAGGGCTCCCTAGCTACTGGAGAATATACT
AAGGGTACTGTTGACATTGCGAAGAGCGACAAAGATTTTGTTATCGGCTTTATTGCTCAAAGAGACAT
GGGTGGAAGAGATGAAGGTTACGATTGGTTGATTATGACACCCGGTGTGGGTTITAGATGACAAGGGA
GACGCATTGGGTCAACAGTATAGAACCGTGGATGATGTGGTCTCTACAGGATCTGACATTATTATTGTT
GGGTTTAAAC

SEQ ID NO: 49

Trinh ty pAM492 (khong k& khung vecto)
GTTTAAACTTGCTAAATTCGAGTGAAACACAGGAAGACCAGAAAATCCTCATTTCATCCATATTAACA
ATAATTTCAAATGTTTATITGCATTATTTGAAACTAGGGAAGACAAGCAACGAAACGTTTTTGAAAATT
TTGAGTATTTTCAATAAATTTGTAGAGGACTCAGATATTGAAAAAAAGCTACAGCAATTAATACTTGA
TAAGAAGAGTATTGAGAAGGGCAACGGTTCATCATCTCATGGATCTGCACATGAACAAACACCAGAG
TCAAACGACGTTGAAATTGAGGCTACTGCGCCAATTGATGACAATACAGACGATGATAACAAACCGA
AGTTATCTGATGTAGAAAAGGATTAAAGATGCTAAGAGATAGTGATGATATTTCATAAATAATGTAAT
TCTATATATGTTAATTACCTTTTTTGCGAGGCATATTTATGGTGAAGGATAAGTTTTGACCATCAAAGA
AGGTTAATGTGGCTGTGGTTTCAGGGTCCATACCCGGGTATATATATATCATTGTTATI‘AAATAAAGAG
'ITTTCCTAGTATATAGATTAAAAAACTACTCTATTAAATGAGAGCFAAAAAAAGCAGGCTGCCAAAAA
AATAAAGCATTTATGAAGGGGGTTCAGCAAGATGCAATCGATGGGGGAAGATTATTTTTTAACATCGT
AAGATCTTCTAAATTTGTCATCGATGTTGGTCAAGTAGTAAACACCACTTTGCAAATGCTCAATGGAAC
CTTGAGGTTTGAAGTTCTTICTTCAAATGGGCATTTTCTCTCAATTCGATGGCAGCTTCGTAATCCTTTGG
AGTTTCGGTGATTCTCTTGGCTAATTTGTTAGTAATATCTAATTCCTTGATAATATGTTGGACGTCACCA
ACAATTTTGCAAGAATATAGAGATGCAGCTAAACCGGAACCGTAAGAAAATAAACCAACACGCTTGC
CTTGTAAGTCGTCAGATCCAACATAGTTTAATAGAGATGCAAAGGCGGCATAAACAGATGCGGTGTAC
ATGTTACCTGTGTTTGTTGGAACAATCAAAGATTGGGCAACTCTCTCTITIGTGGAATGGCTTAGCAACA
TTAACAAAAGTTTTTTCAATGTTCTTATCGGTTAAAGATTCGTCATAATCGCGAGTAGCTAATTCGGCG
TCAACTTCTGGGAACAATTGAGGATTGGCTCTGAAATCGTTATATAGTAATCTACCGT’ATGATTTTGTG
ACCAATTTACAGGTTGGAACATGGAAAACGTTGTAGTCGAAATATTFCAAAACGTTCAAAGCATCCGA
ACCAGCGGGATCGCTAACCAACCCTTTAGAAATAGCCTTCTTGGAATAACTCTTGTAAACTTGATCAA
GAGCCTTGACGTAACAAGTTAATGAA.AAATGACCATCGACG’TAAGGATATTCGCTGGTGAA.ATCTGGC
TTGTAAAAATCGTAGGCGTGTTCCATGTAAGAAGCTCTTACAGAGTCAAATA CAATTGGAGCATCAGG
ACCGATCCACATAGCAACAGTACCGGCACCACCGGTTGGTCTTGCGGCACCCTTATCGTAGATGGCAA
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TATCACCGCAAACTACAATGGCGTCTCTACCATCCCATGCGTTAGATTCAATCCAGTICAAAGAGTTGA
ACAACGCGTTGGTACCACCGTAACAGGCATTAAGCGTGTCAATACCTTCGACGTCAGTGTTTTCACCA
AACAATTGCATCAAGACAGACTTGACAGACTTGGACTTGTCAATCAGAGTTTCAGTACCGACTTCTAA
TCTACCAATTTTGTTGGTGTCGATGTTGTAACTCTTGATCAACTTAGACAAAACAGTTAGGGACATCGA
GTAGATATCTTCTCTGTCATTGACAAAAGACATGTTGGTTTGGCCCAGACCAATTGTGTATTTACCTTG
AGAAACGCCATCAAATTTCTCTAGCTCAGATTGGTTGACACATTGAGTTGGGATGTAAATTTGGATAC
CTTTAATACCGACATTTTGAGGTCTGGTTTTTIGTTCAGCGGTCTTTTGTTITTTTAGTTCAGTCATTTGC
AAGTTTGTATTGTGTAATTGTTGTTGCTITTGCGGCCTAAGTCTTCCTTTAATACCACACCAACAAAGTT
TAGTTGAGAGTTTCATTTTATGTGATGATTGATTGATTGATTGTACAGTTTGTTTTTCTTAATATCTATT
TCGATGACTTCTATATGATATTGCACTAACAAGAAGATATTATAATGCAATTGATACAAGACAAGGAG
TTATTTGCTTCTCTTTTATATGATTCTGACAATCCATATTGCGTTGGTAGTCTTTTITTGCTGGAACGGTT
CAGCGGAAAAGACGCATCGCTCTTTTTGCTTCTAGAAGAAATGCCAGCAAAAGAATCTCTTIGACAGTG
ACTGACAGCAAAAATGTCTTTTTCTAACTAGTAACAAGGCTAAGATATCAGCCTGAAATAAAGGGTGG
TGAAGTAATAATTAAATCATCCGTATAAACCTATACACATATATGAGGAAAAATAATACAAAAGTGTT
TTAAATACAGATACATACATGAACATATGCACGTATAGCGCCCAAATGTCGGTAATGGGATCGGCTTA
CTAATTATAAAATGCATCATAGAAATCGTTGAAGTTGACGCAGCGACTCGAGATCCATAGGAGCAACT
CATGTCTGAACTTCAACGATTTCTATGATGCATTTTATAATTAGTAAGCCGATCCCATTACCGACATTT
GGGCGCTATACGTGCATATGTTCATGTATGTATCTGTATTITAAAACACTTITGTATTATTTITTCCTCATA
TATGTGTATAGGTTTATACGGATGATT'I‘AA’I‘TATTAC’I‘TCACCACCCTTTATTTCAGGCTGATATCTTAG
CCTTGTTACTAGTTAGAAAAAGACATTTTTGCTGTCAGTCACTGTCAAGAGATTCTTTTGCTGGCATTT
CTTCTAGAAGCAAAAAGAGCGATGCGTCTTTTCCGCTGAACCGTTCCAGCAAAAAAGACTACCAACGC
AATATGGATTGTCAGAATCATATAAAAGAGAAGCAAATAACTCCTTGTCTTGTATCAATTGCATTATA
ATATCTTCTTGTTAGTGCAATATCATATAGAAGTCATCGAAATAGATATTAAGAAAAACAAACTGTAC
AATCAATCAATCAATCATCACATAAAATGGCTGCAGACCAATTGGTGAAGACTGAAGTCACCAAGAA
GTCTTTTACTGCTCCTGTACAAAAGGCTTCTACACCAGTTTTAACCAATAAAACAGTCATTTCTGGATC
GAAAGTCAAAAGTTTATCATCTGCGCAATCGAGCTCATCAGGACCTTCATCATCTAGTGAGGAAGATG
ATTCCCGCGATATTGAAAGCTTGGATAAGAAAATACGTCCTTTAGAAGAATTAGAAGCATTATTAAGT
AGTGGAAATACAAAACAATTGAAGAACAAAGAGGTCGCTGCCTTGGTTATTCACGGTAAGTTACCTTT
GTACGCTTTGGAGAAAAAATTAGGTGATACTACGAGAGCGGTTGCGGTACGTAGGAAGGCTCTTTCAA
TTTTGGCAGAAGCTCCTGTATTAGCATCTGATCGTTTACCATATAAAAATTATGACTACGACCGCGTAT
TTGGCGCTTGTTGTGAAAATGTTATAGGTTACATGCCTTTGCCCGTTGGTGTTATAGGCCCCTTGGTTAT
CGATGGTACATCTTATCATATACCAATGGCAACTACAGAGGGTTGTTTGGTAGCTTCTGCCATGCGTGG
CTGTAAGGCAATCAATGCTGGCGGTGGTGCAACAACTGTTITTAACTAAGGATGGTATGACAAGAGGCC
CAGTAGTCCGTTTCCCAACTTTGAAAAGATCTGGTGCCTGTAAGATATGGTTAGACTCAGAAGAGGGA
CAAAACGCAATTAAAAAAGCTTITAACTCTACATCAAGATIT GCACGTCTGCAACATATTCAAACTTGT
CTAGCAGGAGATTTACTCTTCATGAGATTTAGAACAACTACTGGTGACGCAATGGGTATGAATATGAT
TTCTAAGGGTGTCGAATACTCATTAAAGCAAATGGTAGAAGAGTATGGCTGGGAAGATATGGAGGTTG
TCTCCGTTTCTGGTAACTACTGTACCGACAAAAAACCAGCTGCCATCAACTGGATCGAAGGTCGTGGT
AAGAGTGTCGTCGCAGAAGCTACTATTCCTGGTGATGTTGTCAGAAAAGTGTTAAAAAGTGATGTTTC
CGCATTGGTTGAGTTGAACATTGCTAAGAATTTGGTIGGATCTGCAATGGCTGGGTCT GTTGGTGGATT
TAACGCACATGCAGCTAATTTAGTGACAGCTGTTTTCTTGGCATTAGGACAAGATCCTGCACAAAATG
TCGAAAGTTCCAACTGTATAACATTGATGAAAGAAGTGGACGGTGATTTGAGAATTTCCGTATCCATG
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CCATCCATCGAAGTAGGTACCATCGGTUGTIGGTIAC l'U'1'1'(.:1'AUAAUL)ACAAUU’I'UUUA’lU‘l'l'U(.J'AUl'J'
ATTAGGTGTAAGAGGCCCACATGCTACCGCTCCTGGTACCAACGCACGTCAATTAGCAAGAATAGTTG
CCTGTGCCGTCTTGGCAGGTGAATTATCCTTATGTGCTGCCCTAGCAGCCGGCCATTTGGTTCAAAGTC
ATATGACCCACAACAGGAAACCTGCTGAACCAACAAAACCTAACAATTTGGACGCCACTGATATAAAT
CGTTTGAAAGATGGGTCCGTCACCTGCATTAAATCCTAAACTTAGTCATACGTCATTGGTATTCTCTITG
AAAAAGAAGCACAACAGCACCATGTGTTACGTAAAATATTTACTTTATAGTTITGTACGTCATAATTTCT
TCCATATTACAAGTTCGTGCATATATAGAAAGAATTCTGTTGTTGTAATTGTCATAACTCCCGGGAAGC
TTTTCAATTCATCTTTTTTTITTITTGTICTTTTITITGATTCCGGTTTCTTTGAAATTTTTTTGATTCGGTA
ATCTCCGAGCAGAAGGAAGAACGAAGGAAGGAGCACAGACTTAGATTGGTATATATACGCATATGTG
GTGTTGAAGAAACATGAAATTGCCCAGTATTCTTAACCCAACTGCACAGAACAAAAACCTGCAGGAA
ACGAAGATAAATCATGTCGAAAGCTACATATAAGGAACGTGCTGCTACTCATCCTAGTCCTGTTGCTG
CCAAGCTATTTAATATCATGCACGAAAAGCAAACAAACTTGTGTGCTTCATTGGATGTTCGTACCACC
AAGGAATTACTGGAGTTAGTTGAAGCATTAGGTCCCAAAATTTGTTITACTAAAAACACATGTGGATAT
CTTGACTGATTTTTCCATGGAGGGCACAGTTAAGCCGCTAAAGGCATTATCCGCCAAGTACAATTTTTT
ACTCTTCGAAGACAGAAAATTTGCTGACATTGGTAATACAGTCAAATTGCAGTACTCTGCGGGTGTAT
ACAGAATAGCAGAATGGGCAGACATTACGAATGCACACGGTGTGGTGGGCCCAGGTATTGTTAGCGG
TTTGAAGCAGGCGGCGGAAGAAGTAACAAAGGAACCTAGAGGCCTTTTGATGTTAGCAGAATTGTCAT
GCAAGGGCTCCCTAGCTACTGGAGAATATACTAAGGGTACTGTTGACATTGCGAAGAGCGACAAAGA
TTTTGTTATCGGCTTTATTGCTCAAAGAGACATGGGTGGAAGAGATGAAGGTTACGATTGGTTGATTAT
GACACCCGGTGTGGGTTTAGATGACAAGGGAGACGCATTGGGTCAACAGTATAGAACCGTGGATGAT
GTGGTCTCTACAGGATCTGACATTATTATTGTTGGGTTTAAAC

SEQ ID NO: 50

Trinh tu pAMA489 (khong ké khung vecto)
GTTTAAACTACTATTAGCTGAATTGCCACTGCTATCGTTGTTAGTGGCGTTAGTGCTTGCATTCAAAGA
CATGGAGGGCGTTATTACGCCGGAGCTCCTCGACAGCAGATCTGATGACTGGTCAATATATTTTTGCAT
TGAGGCTCTGTTITGGAATTATATTTTGAGATGACCCATCTAATGTACTGGTATCACCAGATTTCATGTC
GTTTITTAAAGCGGCTGCTTGAGTCTTAGCAATAGCGTCACCATCTGGTGAATCCTTTGAAGGAACCAC
TGACGAAGGTTTGGACAGTGACGAAGAGGATCTTTCCTGCTTTGAATTAGTCGCGCTGGGAGCAGATG
ACGAGTTGGTGGAGCTGGGGGCAGGATTGCTGGCCGTCGTGGGTCCTGAATGGGTCCTTGGCTGGTCC
ATCTCTATTCTGAAAACGGAAGAGGAGTAGGGAATATTACTGGCTGAAAATAAGTCTTGAATGAACGT
ATACGCGTATATTTCTACCAATCTCTCAACACTGAGTAATGGTAGTTATAAGAAAGAGACCGAGTTAG
GGACAGTTAGAGGCGGTGGAGATATTCCTTATGGCATGTCTGGCGATGATAAAACTTTTCAAACGGCA
GCCCCGATCTAAAAGAGCTGACACCCGGGAGTTATGACAATTACAACAACAGAATTCTTTCTATATAT
GCACGAACTTGTAATATGGAAGAAATTATGACGTACAAACTATAAAGTAAATATTTTACGTAACACAT
GGTGCTGTTGTGCTTCTITTTT CAAGAGAATACCAATGACGTATGACTAAGTTTAGGATITAATGCAGGT
GACGGACCCATCTTTCAAACGATTTATATCAGTGGCGTCCAAATTGTTAGGTTTTGTTGGTTCAGCAGG
mCCTGTTGTGGGTCATATGACTTTGAACCAAATGGCCGGCTGCTAGGGCAGCACATAAGGATAATT
CACCTGCCAAGACGGCACAGGCAACTATTCTTGCTAATTGACGTGCGTTGGTACCA_GGAGCGGTAGCA
TGTGGGCCTCTTACACCTAATAAGTCCAACATGGCACCTTGTGGTTCTAGAACAGTACCACCACCGAT
GGTACCTACTTCGATGGATGG_CATGGATACGGAAATTCTCAAATCACCGTCCACTTCTTTCATCAATGT
TATACAGTTGGAACTTTCGACATTTTGTGCAGGATCTTGTC CTAATGCCAAGAAAACAGCTGTCACTAA
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ATTAGCTGCATGTGCGTTAAATCCACCAACAGACCCAGCCATIGCAGATCCAACCAAATICITAGCAA
TGTTCAACTCAACCAATGCGGAAACATCACTTTTITAACACTTTTCTGACAACATCACCAGGAATAGTAG
CTTCTGCGACGACACTCTTACCACGACCTTCGATCCAGTTGATGGCAGCTGGTITTTTGTCGGTACAGT
AGTTACCAGAAACGGAGACAACCTCCATATCTTCCCAGCCATACTCTTCTACCATTTGCTTTAATGAGT
ATTCGACACCCTTAGAAATCATATTCATACCCATTGCGTCACCAGTAGTTGTTCTAAATCTCATGAAGA
GTAAATCTCCTGCTAGACAAGTTTGAATATGTTGCAGACGTGCAAATCTTGATGTAGAGTTAAAAGCT
TTTTTAATTGCGTTITTGTCCCTCTTCTGAGTCTAACCATATCTTACAGGCACCAGATCTTTTCAAAGTTG
GGAAACGGACTACTGGGCCTCTTGTCATACCATCCTTAGTTAAAACAGTTGTTGCACCACCGCCAGCA
TTGATTGCCTTACAGCCACGCATGGCAGAAGCTACCAAACAACCCTCTGTAGTTGCCATTIGGTATATG
ATAAGATGTACCATCGATAACCAAGGGGCCTATAACACCAACGGGCAAAGGCATGTAACCTATAACA
TTTTCACAACAAGCGCCAAATACGCGGTCGTAGTCATAATTTTTATATGGTAAACGATCAGATGCTAAT
ACAGGAGCTTCTGCCAAAATTGAAAGAGCCTTCCTACGTACCGCAACCGCTCTCGTAGTATCACCTAA
TTTTTTCTCCAAAGCGTACAAAGGTAACTTACCGTGAATAACCAAGGCAGCGACCTCTTTGTTCTTCAA
TEGTTTTGTATTTCCACTACTTAATAATGCTTCTAATTCTTCTAAAGGACGTATTTTCTTATCCAAGCTTT
CAATATCGCGGGAATCATCTTCCTCACTAGATGATGAAGGTCCTGATGAGCTCGATTGCGCAGATGAT
AAACTTTTGACTTTCGATCCAGAAATGACTGTTTTATTGGTITAAAACTGGTGTAGAAGCCTTTTGTACA
GGAGCAGTAAAAGACTTCTTGGTGACTTCAGTCTTCACCAATTGGTCTGCAGCCATTATAGTTITTTCT
CCTTGACGTTAAAGTATAGAGGTATATTAACAATTTTITGTTGATACTTTTATGACATTTGAATAAGAA
GTAATACAAACCGAAAATGTTGAAAGTATTAGTTAAAGTGGTTATGCAGCTTTTGCATTTATATATCTIG
TTAATAGATCAAAAATCATCGCTTCGCTGATTAATTACCCCAGAAATAAGGCTAAAAAACTAATCGCA
TTATTATCCTATGGTTGTTAATTTGATTCGTTGATTTGAAGGTTITGTGGGGCCAGGTTACTGCCAATTTT
TCCTCTTCATAACCATAAAAGCTAGTATTGTAGAATCTTTATTGTTCGGAGCAGTGCGGCGCGAGGCAC
ATCTGCGTTTCAGGAACGCGACCGGTGAAGACCAGGACGCACGGAGGAGAGTCTTCCGTCGGAGGGC
TGTCGCCCGCTCGGCGGCTTCTAATCCGTACTTCAATATAGCAATGAGCAGTTAAGCGTATTACTGAAA
GTTCCAAAGAGAAGGTTITITTAGGCTAAGATAATGGGGCTCTTTACATTTCCACAACATATAAGTAA
GATTAGATATGGATATGTATATGGTGGTATTGCCATGTAATATGATTATTAAACTTCTTTGCGTCCATC
CAAAAAAAAAGTAAGAATTTTITGAAAATTCAATATAAATGGCTTCAGAAAAAGAAATTAGGAGAGAG
AGATTCTTGAACGTTITTCCCTAAATTAGTAGAGGAATTGAACGCATCGCTTTTGGCTTACGGTATGCCT
AAGGAAGCATGTGACTGGTATGCCCACTCATTGAACTACAACACTCCAGGCGGTAAGCTAAATAGAG
GTTTGTCCGTTGTGGACACGTATGCTATTCTCTCCAACAAGACCGTTGAACAATTGGGGCAAGAAGAA
TACGAAAAGGTTGCCATTCTAGGTTGGTGCATTGAGTTGTTGCAGGCTTACTTCTTGGTCGCCGATGAT
ATGATGGACAAGTCCATTACCAGAAGAGGCCAACCATGTTGGTACAAGGTTCCTGAAGTTGGGGAAAT
TGCCATCAATGACGCATTCATGTTAGAGGCTGCTATCTACAAGCTTITGAAATCTCACTTCAGAAACGA
AAAATACTACATAGATATCACCGAATTGTTCCATGAGGTCACCTTCCAAACCGAATTGGGCCAATTGA
TGGACTTAATCACTGCACCTGAAGACAAAGTCGACTTGAGTAAGTTCTCCCTAAAGAAGCACTCCTTC
ATAGTTACTTTCAAGACTGCTTACTATTCTITCTACTTGCCTGTCGCATTGGCCATGTACGTTGCCGGTA
TCACGGATGAAAAGGATTTGAAACAAGCCAGAGATGTCTTGATTCCATTGGGTGAATACTTCCAAATT
CAAGATGACTACTTAGACTGCTTCGGTACCCCAGAACAGATCGGTAAGATCGGTACAGATATCCAAGA
TAACAAATGTTCTTGGGTAATCAACAAGGCATTGGAACTTGCTTCCGCAGAACAAAGAAAGACTTTAG
ACGAAAATTACGGTAAGAAGGACTCAGTCGCAGAAGCCAAATGCAAAAAGATTTTCAATGACTTGAA
AATTGAACAGCTATACCACGAATATGAAGAGTCTATTGCCAAGGATTTGAAGGCCAAAATTTCTCAGG
" TCGATGAGTCTCGTGGCTTCAAAGCTGATGTCTTAACTGCGTTCTTGAACAAAGTTTACAAGAGAAGC
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AAATAGAACTAACGCTAATCGATAAAACATTAGATIICAAACTAGATAAGGACCATGTIATAAGAACTA
TATACTTCCAATATAATATAGTATAAGCTTTAAGATAGTATCTCTCGATCTACCGTTCCACGTGACTAG
TCCAAGGATTITTTTTAACCCGGGATATATGTGTACTTTGCAGTTATGACGCCAGATGGCAGTAGTGGA
AGATATTCTTTATTGAAAAATAGCTTGTCACCTTACGTACAATCTTGATCCGGAGCTTTTCTTTTTTTGC
CGATTAAGAATTCGGTCGAAAAAAGAAAAGGAGAGGGCCAAGAGGGAGGGCATTGGTGACTATTGAG
CACGTGAGTATACGTGATTAAGCACACAAAGGCAGCTTGGAGTATGTCTGTTATTAATTTCACAGGTA
GTTCTGGTCCATTGGTGAAAGTTTGCGGCTTGCAGAGCACAGAGGCCGCAGAATGTGCTCTAGATTCC
GATGCTGACTTGCTGGGTATTATATGTGTGCCCAATAGAAAGAGAACAATTGACCCGGTTATTGCAAG
GAAAATTTCAAGTCTTGTAAAAGCATATAAAAATAGTTCAGGCACTCCGAAATACTTGGTTGGCGTGT
TTCGTAATCAACCTAAGGAGGATGTTTTGGCTCTGGTCAATGATTACGGCATTGATATCGTCCAACTGC
ATGGAGATGAGTCGTGGCAAGAATACCAAGAGTTCCTCGGTTTGCCAGTTATTAAAAGACTCGTATTT
CCAAAAGACTGCAACATACTACTCAGTGCAGCTTCACAGAAACCTCATTCGTTTATTCCCTTGTTTGAT
TCAGAAGCAGGTGGGACAGGTGAACTTTITGGATTGGAACTCGATTTCTGACTGGGTTGGAAGGCAAGA
GAGCCCCGAAAGCTTACATTTTATGTTAGCTGGTGGACTGACGCCGTTTAAAC

SEQ ID NO: 51

Trinh ty pAM497 (khong k& khung vecto)
GTTTAAACTTTTCCAATAGGTGGTTAGCAATCGTCTTACTTTCTAACTTTTCTTACCTTTTACATTTCAG
CAATATATATATATATATTTCAAGGATATACCATTCT AATGTCTGCCCCTAAGAAGATCGTCGTTTITGC
CAGGTGACCACGTTGGTCAAGAAATCACAGCCGAAGCCATTAAGGTTCTTAAAGCTATTTCTGATGTT
CGTTCCAATGTCAAGTTCGATTTCGAAAATCATTTAATTGGTGGTGCTGCTATCGATGCTACAGGTGTT
CCACTTCCAGATGAGGCGCTGGAAGCCTCCAAGAAGGCTGATGCCGTTTTGTTAGGTGCTGTGGGTGG
TCCTAAATGGGGTACCGGTAGTGTTAGACCTGAACAAGGTTTACTAAAAATCCGTAAAGAACTTCAAT
TGTACGCCAACTTAAGACCATGTAACTTTGCATCCGACTCTCTTITTAGACTTATCTCCAATCAAGCCAC
AATTTGCTAAAGGTACTGACTTCGTTGTTGTCAGAGAATTAGTGGGAGGTATTTACTTTGGTAAGAGA
AAGGAAGACGTTTAGCTTGCCTCGTCCCCGCCGGGTCACCCGGCCAGCGACATGGAGGCCCAGAATAC
CCTCCTTGACAGTCTTGACGTGCGCAGCTCAGGGGCATGATGTGACTGTCGCCCGTACATTTAGCCCAT
ACATCCCCATGTATAATCATTTGCATCCATACATTTTGATGGCCGCACGGCGCGAAGCAAAAATTACG
GCTCCTCGCTGCAGACCTGCGAGCAGGGAAACGCTCCCCTCACAGACGCGTTGAATTGTCCCCACGCC
GCGCCCCTGTAGAGAAATATAAAAGGTTAGGATTTGCCACTGAGGTTCTTCTTTCATATACTTCCTTTT
AAAATCTTGCTAGGATACAGTTCTCACATCACATCCGAACATAAACAACCATGGCAGAACCAGCCCAA
AAAAAGCAAAAACAAACTGTTCAGGAGCGCAAGGCGTTTATCTCCCGTATCACTAATGAAACTAAAAT
TCAAATCGCTATTTCGCTGAATGGTGGTTATATTCAAATAAAAGATTCGATTCTTICCTGCAAAGAAGGA
TGACGATGTAGCTTCCCAAGCTACTCAGTCACAGGTCATCGATATTCACACAGGTGTTGGCTTTTTGGA
TCATATGATCCATGCGTTGGCAAAACACTCTGGTTGGTCTCTTATTGTTGAATGTATTGGTGACCTGCA
CATTGACGATCACCATACTACCGAAGATTGCGGTATCGCATTAGGGCAAGCGTTCAAAGAAGCAATGG
GTGCTGTCCGTGGTGTAAAAAGATTCGGTACTGGGTTCGCACCATTGGATGAGGCGCTATCACGTGCC
GTAGTCGATTTATCTAGTAGACCATTTGCTGTAATCGACCTTGGATTGAAGAGAGAGATGATTGGTGA
TTTATCCACTGAAATGATTCCACACTTTTTGGAAAGTTTCGCGGAGGCGGCCAGAATTACTTTGCATGT
TGATTGTCTGAGAGGTTTCAACGATCACCACAGAAGTGAGAGTGCGTTCAAGGCTTTGGCTGTTGCCA
TAAGAGAAGCTATTTCTAGCAATGGCACCAATGACGTTCCCTCAACCAAAGGTGTTTTGATGTGAAGT
ACTGACAATAAAAAGATTCTTGTTTTCAAGAACTTGTCATTTGTATAGTITTITTTATATTGTAGTTGTTC
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TATTTTAATCAAATGTTAGCGTGATITATATIITTTTTCGCCICGACATCATCTIGCCCAGATGCGAAGTT
AAGTGCGCAGAAAGTAATATCATGCGTCAATCGTATGTGAATGCTGGTCGCTATACTGCTGTCGATTC
GATACTAACGCCGCCATCCACCCGGGTTTCTCATTCAAGTGGTAACTGCTGTTAAAATTAAGATATTTA
TAAATTGAAGCTTGGTCGTTCCGACCAATACCGTAGGGAAACGTAAATTAGCTATTGTAAAAAAAGGA
AAAGAAAAGAAAAGAAAAATGTTACATATCGAATTGATCTTATTCCTTTGGTAGACCAGTCTTTGCGT
CAATCAAAGATTCGTTTGTTTCTTGTGGGCCTGAACCGACTTGAGTTAAAATCACTCTGGCAACATCCT
TTTGCAACTCAAGATCCAATTCACGTGCAGTAAAGTTAGATGATTCAAATTGATGGTTGAAAGCCTCA
AGCTGCTCAGTAGTAAATTTCTTGTCCCATCCAGGAACAGAGCCAAACAATTTATAGATAAATGCAAA
GAGTTTCGACTCATTTTCAGCTAAGTAGTACAACACAGCATTTGGACCTGCATCAAACGTGTATGCAA
CGATTGTTTCTCCGTAAAACTGATTAATGGTGTGGCACCAACTGATGATACGCTTGGAAGTGTCATTCA
TGTAGAATATTGGAGGGAAAGAGTCCAAACATGTGGCATGGAAAGAGTTGGAATCCATCATTGTTITCC
TTTGCAAAGGTGGCGAAATCTTTTTCAACAATGGCTTTACGCATGACTTCAAATCTCTITGGTACGACA
TGTTCAATTCTTTCITTAAATAGTTCGGAGGTTGCCACGGTCAATTGCATACCCTGAGTGGAACTCACA
TCCTTTTTAATATCGCTGACAACTAGGACACAAGCTTTCATCTGAGGCCAGTCAGAGCTGTCTGCGATT
TGTACTGCCATGGAATCATGACCATCTTCAGCTTTTCCCATTTCCCAGGCCACGTATCCGCCAAACAAC
GATCTACAAGCTGAACCAGACCCCTTTCTTGCTATTCTAGATATTTCTGAAGTTGACTGTGGTAATTGG
TATAACTTAGCAATTGCAGAGACCAATGCAGCAAAGCCAGCAGCGGAGGAAGCTAAACCAGCTGCTG
TAGGAAAGTTATTTTCGGAGACAATGTGGAGTTTCCATTGAGATAATGTGGGCAATGAGGCGTCCTTC
GATTCCATTTCCTTTCTTAATTGGCGTAGGTCGCGCAGACAATTTTGAGTTCTTTCATTGTCGATGCTGT
GTGGTTCTCCATTTAACCACAAAGTGTCGCGTTCAAACTCAGGTGCAGTAGCCGCAGAGGTCAACGTT
CTGAGGTCATCTTGCGATAAAGTCACTGATATGGACGAATTGGTGGGCAGATTCAACTTCGTGTCCCTT
TTCCCCCAATACTTAAGGGTTGCGATGTTGACGGGTGCGGTAACGGATGCTGTGTAAACGGTCATTAT
AGTTITTTCTCCTTGACGTTAAAGTATAGAGGTATATTAACAATTTTTTGTTGATACTTTTATGACATTT
GAATAAGAAGTAATACAAACCGAAAATGTTGAAAGTATTAGTTAAAGTGGTTATGCAGCTTTTGCATT
TATATATCTGTTAATAGATCAAAAATCATCGCTTCGCTGATTAATTACCCCAGAAATAAGGCTAAAAA
ACTAATCGCATTATTATCCTATGGTTG'ITAAT’I'TGA'ITCG’ITGA’I)'TTGAAGGT'ITGTGGGGCCAGGTTA
CTGCCAATTTTTCCTCTTCATAACCATAAAAGCTAGTATTGTAGAATCTTTATTGTTCGGAGCAGTGCG
GCGCGAGGCACATCTGCGTTTCAGGAACGCGACCGGTGAAGACCAGGACGCACGGAGGAGAGTCTTC
CGTCGGAGGGCTGTCGCCCGCTCGGCGGCTTCTAATCCGTACTTCAATATAGCAATGAGCAGTTAAGC
GTATTACTGAAAGTTCCAAAGAGAAGGTITTTTTAGGCTAAGATAATGGGGCTCTTTACATTTCCACAA
CATATAAGTAAGATTAGATATGGATATGTATATGGTGGTATTGCCATGTAATATGATTATTAAACTTCT
TTGCGTCCATCCAAAAAAAAAGTAAGAATTTTTGAAAATTCAATATAAATGTCAGAGTTGAGAGCCTT
CAGTGCCCCAGGGAAAGCGTTACTAGCTGGTGGATATTTAGTTTTAGATCCGAAATATGAAGCATTTG
TAGTCGGATTATCGGCAAGAATGCATGCTGTAGCCCATCCTTACGGTTCATTGCAAGAGTCTGATAAG
TTTGAAGTGCGTGTGAAAAGTAAACAATTTAAAGATGGGGAGTGGCTGTACCATATAAGTCCTAAAAC
TGGCTTCATTCCTGTTTCGATAGGCGGATCTAAGAACCCTTTCATTGAAAAAGTTATCGCTAACGTATT
TAGCTACTTTAAGCCTAACATGGACGACTACTGCAATAGAAACTTGTTCGTTATTGATATTTTCTCTGA
TGATGCCTACCATTCTCAGGAGGACAGCGTTACCGAACATCGTGGCAACAGAAGATTGAGTTTTCATT
CGCACAGAATTGAAGAAGTTCCCAAAACAGGGCTGGGCTCCTCGGCAGGTTTAGTCACAGTTTITAACT
ACAGCTTTGGCCTCCTTTTTTGTATCGGACCTGGAAAATAATGTAGACAAATATAGAGAAGTTATTCAT
AATTTATCACAAGTTGCTCATTGTCAAGCTCAGGGTAAAATTGGAAGCGGGTTTGATGTAGCGGCGGC
AGCATATGGATCTATCAGATATAGAAGATTCCCACCCGCATTAATCTCTAATTIGCCAGATATTGGAA
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GTGCTACI'TACGGCAGITAAACTGGUCGCATTIGG T TAATGAAGAAGAUTGUAATATAACUATTAAAAGT
AACCATTTACCTTCGGGATTAACTTTATGGATGGGCGATATTAAGAATGGTTCAGAAACAGTAAAACT
GGTCCAGAAGGTAAAAAATTGGTATGATTCGCATATGCCGGAAAGCTTGAAAATATATACAGAACTCG
ATCATGCAAATTCTAGATTTATGGATGGACTATCTAAACTAGATCGCTTACACGAGACTCATGACGATT
ACAGCGATCAGATATTTGAGTCTCTTGAGAGGAATGACTGTACCTGTCAAAAGTATCCTGAGATCACA
GAAGTTAGAGATGCAGTTGCCACAATTAGACGTTCCTTTAGAAAAATAACTAAAGAATCTGGTGCCGA
TATCGAACCTCCCGTACAAACTAGCTTATTGGATGATTGCCAGACCTTAAAAGGAGTTCTTACTTGCTT
AATACCTGGTGCTGGTGGTTATGACGCCATTGCAGTGATTGCTAAGCAAGATGTTGATCTTAGGGCTC
AAACCGCTGATGACAAAAGATTTTCTAAGGTTCAATGGCTGGATGTAACTCAGGCTGACTGGGGTGTT
AGGAAAGAAAAAGATCCGGAAACTTATCITGATAAATAACTTAAGGTAGATAATAGTGGTCCATGTG
ACATCTTTATAAATGTGAAGTTTGAAGTGACCGCGCTTAACATCTAACCATTCATCTTCCGATAGTACT
TGAAATTGTTCCTTTCGGCGGCATGATAAAATTCTTTTAATGGGTACAAGCTACCCGGGAAAGATTCTC
TTTTTTTATGATATTTGTACATAAACTTTATAAATGAAATTCATAATAGAAACGACACGAAATTACAAA
ATGGAATATGTTCATAGGGTAGACGAAACTATATACGCAATCTACATACATTTATCAAGAAGGAGAAA
AAGGAGGATGTAAAGGAATACAGGTAAGCAAATTGATACTAATGGCTCAACGTGATAAGGAAAAAGA
ATTGCACTTTAACATTAATATTGACAAGGAGGAGGGCACCACACAAAAAGTTAGGTGTAACAGAAAA
TCATGAAACTATGATTCCTAATTTATATATTGGAGGATTTTCTCTAAAAAAAAAAAAATACAACAAAT
AAAAAACACTCAATGACCTGACCATTTGATGGAGTTTAAGTCAATACCTTCTTGAACCATTTCCCATAA
TGGTGAAAGTTCCCTCAAGAATTTITACT CTGTCAGAAACGGCCTTAACGACGTAGTCGACCTCCTCTTC
AGTACTAAATCTACCAATACCAAATCTGATGGAAGAATGGGCTAATGCATCATCCITACCCAGCGCAT
GTAAAACATAAGAAGGTTCTAGGGAAGCAGATGTACAGGCTGAACCCGAGGATAATGCGATATCCCT
TAGTGCCATCAATAAAGATTCTCCTTCCACGTAGGCGAAAGAAACGTTAACACGTTTAAAC

SEQ ID NO: 52

Trinh ty pAM493 (khéng ké khung vecto)
GTTTAAACTACTCAGTATATTAAGTTTCGAATTGAAGGGCGAACTCTTATTCGAAGTCGGAGTCACCAC
AACACTTCCGCCCATACTCTCCGAATCCTCGTTTCCTAAAGTAAGTTTACTTCCACTTGTAGGCCTATTA
TTAATGATATCTGAATAATCCTCTATTAGGGTTGGATCATTCAGTAGCGCGTGCGATTGAAAGGAGTCC
ATGCCCGACGTCGACGTGATTAGCGAAGGCGCGTAACCATTGTCATGTCTAGCAGCTATAGAACTAAC
CTCCTTGACACCACTTGCGGAAGTCTCATCAACATGCTCTTCCTTATTACTCATTCTCTTACCAAGCAG
AGAATGTTATCTAAAAACTACGTGTATTTCACCTCTTTCTCGACTTGAACACGTCCAACTCCTTAAGTA
CTACCACAGCCAGGAAAGAATGGATCCAGTTCTACACGATAGCAAAGCAGAAAACACAACCAGCGTA
CCCCTGTAGAAGCTTCTTITGTTTACAGCACTTGATCCATGTAGCCATACTCGAAATTTCAACTCATCTG
AAACTTTTCCTGAAGGTTGAAAAAGAATGCCATAAGGGTCACCCGAAGCTTATTCACGCCCGGGAGTT
ATGACAATTACAACAACAGAATTCTTTCTATATATGCACGAACTTGTAATATGGAAGAAATTATGACG
TACAAACTATAAAGTAAATATTTTACGTAACACATGGTGCTGTTGTGCTTCTTTTTCAAGAGAATACCA
ATGACGTATGACTAAGTTTAGGATTTAATGCAGGTGACGGACCCATCTTTCAAACGATTTATATCAGTG
GCGTCCAAATTGTTAGGTTTTGTTGGTTCAGCAGGTTTCCTGTTGTGGGTCATATGACTTTGAACCAAA
TGGCCGGCTGCTAGGGCAGCACATAAGGATAATTCACCTGCCAAGACGGCACAGGCAACTATTCTTGC
TAATTGACGTGCGTTGGTACCAGGAGCGGTAGCATGTGGGCCTCTTACACCTAATAAGTCCAACATGG
CACCTTGTGGTTCTAGAACAGTACCACCACCGATGGTACCTACTTCGATGGATGGCATGGATACGGAA
ATTCTCAAATCACCGTCCACTTCTTT CATCAATGTTATACAGTTGGAACTTTCGACATTTTGTGCAGGAT
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CTTGTCCTAATGCCAAGAAAACAGCTGTCACTAAATTAGCTGCATGTGCGTTAAATCCACCAACAGAC
CCAGCCATTGCAGATCCAACCAAAT
TCTTAGCAATGTTCAACTCAACCAATGCGGAAACATCACTTTTTAACACTTTTCTGACAACATCACCAG
GAATAGTAGCTTCTGCGACGACACTCTTACCACGACCTTCGATCCAGTTGATGGCAGCTGGTTTTTITGT
CGGTACAGTAGTTACCAGAAACGGAGACAACCTCCATATCTTCCCAGCCATACTCTTCTACCATTTGCT
TTAATGAGTATTCGACACCCTTAGAAATCATATTCATACCCATTGCGTCACCAGTAGTTGTTCTAAATC
TCATGAAGAGTAAATCTCCTGCTAGACAAGTTTGAATATGTTGCAGACGTGCAAATCTTGATGTAGAG
TTAAAAGCTTTTTTAATTGCGTTTTGTCCCTCTTCTGAGTCTAACCATATCTTACAGGCACCAGATCTTT
TCAAAGTTGGGAAACGGACTACTGGGCCTCTTGTCATACCATCCTTAGTTAAAACAGTTGTTGCACCAC
CGCCAGCATTGATTGCCTTACAGCCACGCATGGCAGAAGCTACCAAACAACCCTCTGTAGTTGCCATT
GGTATATGATAAGATGTACCATCGATAACCAAGGGGCCTATAACACCAACGGGCAAAGGCATGTAAC
CTATAACATTTTCACAACAAGCGCCAAATACGCGGTCGTAGTCATAATTTTITATATGGTAAACGATCA
GATGCTAATACAGGAGCTTCTGCCAAAATTGAAAGAGCCTTCCT ACGTACCGCAACCGCTCTCGTAGT
ATCACCTAATTTTTTCTCCAAAGCGTACAAAGGTAACTTACCGTGAATAACCAAGGCAGCGACCTCTTT
GTTCTTCAATTGTTTTGTATTTCCACTACTTAATAATGCTTCTAATTCTTCTAAAGGACGTATTTTCTTAT
CCAAGCTTTCAATATCGCGGGAATCATCTTCCTCACTAGATGATGAAGGTCCTGATGAGCTCGATTGCG
CAGATGATAAACTTTTGACTTTCGATCCAGAAATGACTGTTTTATTGGTTAAAACTGGTGTAGAAGCCT
TTTGTACAGGAGCAGTAAAAGACTTCTTGGTGACTTCAGTCTTCACCAATTGGTCTGCAGCCATTATAG
TTTTTTCTCCTTGACGTTAAAGTATAGAGGTATATTAACAATTTTTITGTTGATACTTTTATGACATTTGA
ATAAGAAGTAATACAAACCGAAAATGTTGAAAGTATTAGTTAAAGTGGTTATGCAGCTTTTGCATTTA
TATATCTGTTAATAGATCAAAAATCATCGCTTCGCTGATTAATTACCCCAGAAATAAGGCTAAAAAAC
TAATCGCATTATTATCCTATGGTTGTTAATITGATTCGTTGATTTGAAGGTTTGTGGGGCCAGGTTACTG
CCAATTTTTCCTCTTCATAACCATAAAAGCTAGTATTGTAGAATCTTTATTGTTCGGAGCAGTGCGGCG
CGAGGCACATCTGCGTTTCAGGAACGCGACCGGTGAAGACCAGGACGCACGGAGGAGAGTCTTCCGT
CGGAGGGCTGTCGCCCGCTCGGCGGCTTCTAATCCGTACTTCAATATAGCAATGAGCAGTTAAGCGTA
TTACTGAAAGTTCCAAAGAGAAGGTTTTTITAGGCTAAGATAATGGGGCTCTTTACATTTCCACAACAT
ATAAGTAAGATTAGATATGGATATGTATATGGTGGTATTGCCATGTAATATGATTATTAAACTTCTITTG
CGTCCATCCAAAAAAAAAGTAAGAATTTTTGAAAATTCAATATAAATGACTGCCGACAACAATAGTAT
GCCCCATGGTGCAGTATCTAGTTACGCCAAATTAGTGCAAAACCAAACACCTGAAGACATTITGGAAG
AGTTTCCTGAAATTATTCCATTACAACAAAGACCTAATACCCGATCTAGTGAGACGTCAAATGACGAA
AGCGGAGAAACATGTTTTTCTGGTCATGATGAGGAGCAAATTAAGTTAATGAATGAAAATTGTATTGT
TTTGGATTGGGACGATAATGCTATTGGTGCCGGTACCAAGAAAGTTTGTCATTTAATGGAAAATATTG
AAAAGGGTTTACTACATCGTGCATTCTCCGTCTTTATTTTCAATGAACAAGGTGAATTACTTTTACAAC
AAAGAGCCACTGAAAAAATAACTTTCCCTGATCTTTGGACTAACACATGCTGCTCTCATCCACTATGTA
TTGATGACGAATTAGGTTTGAAGGGTAAGCTAGACGATAAGATTAAGGGCGCTATTACTGCGGCGGTG
AGAAAACTAGATCATGAATTAGGTATTCCAGAAGATGAAACTAAGACAAGGGGTAAGTTTCACTTITT
AAACAGAATCCATTACATGGCACCAAGCAATGAACCATGGGGTGAACATGAAATTGATTACATCCTAT
TTTATAAGATCAACGCTAAAGAAAACTTGACTGTCAACCCAAACGTCAATGAAG’ITAGAGACTTCAAA
TGGGTTTCACCAAATGATTTGAAAACTATGTTTGCTGACCCAAGTTACAAGTTTACGCCTTGGTTTAAG
ATTATTTGCGAGAATTACTTATTCAACTGGTGGGAGCAATTAGATGACCTTTCTGAAGTGGAAAATGA
CAGGCAAATTCATAGAATGCTATAACAACGCGTCAATAATATAGGCTACATAAAAATCATAATAACTT
TGTTATCATAGCAAAATGTGATATAAAACGTTTCATTTCACCTGAAAAATAGTAAAAATAGGCGACAA
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AAATCCTTAGTAATATGTAAACTTTATITICITTATITACCCGGGAGTICAGICIGACICITGCGAGAGA
TGAGGATGTAATAATACTAATCTCGAAGATGCCATCTAATACATATAGACATACATATATATATATAT
ACATTCTATATATTCTTACCCAGATTCTTTGAGGTAAGACGGTTGGGTTTTATCTTTTGCAGTTGGTACT
ATTAAGAACAATCGAATCATAAGCATTGCTTACAAAGAATACACATACGAAATATTAACGATAATGTC
AATTACGAAGACTGAACTGGACGGTATATTGCCATTGGTGGCCAGAGGTAAAGTTAGAGACATATATG
AGGTAGACGCTGGTACGTTGCTGTTTGTTGCTACGGATCGTATCTCTGCATATGACGTTATTATGGAAA
ACAGCATTCCTGAAAAGGGGATCCTATTGACCAAACTGTCAGAGTTCTGGTTCAAGTTCCTGTCCAAC
GATGTTCGTAATCATTTGGTCGACATCGCCCCAGGTAAGACTATTTTCGATTATCTACCTGCAAAATTG
AGCGAACCAAAGTACAAAACGCAACTAGAAGACCGCTCTCTATTGGTTCACAAACATAAACTAATTCC
ATTGGAAGTAATTGTCAGAGGCTACATCACCGGATCTGCTTGGAAAGAGTACGTAAAAACAGGTACTG
TGCATGGTTTGAAACAACCTCAAGGACTTAAAGAATCTCAAGAGTTCCCAGAACCAATCTTCACCCCA
TCGACCAAGGCTGAACAAGGTGAACATGACGAAAACATCTCTCCTGCCCAGGCCGCTGAGCTGGTGG
GTGAAGATTTGTCACGTAGAGTGGCAGAACTGGCTGTAAAACTGTACTCCAAGTGCAAAGATTATGCT
AAGGAGAAGGGCATCATCATCGCAGACACTAAATTGTITAAAC

SEQ ID NO: 53

Trinh tu pAM426 ‘
TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGT
CTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGG
GCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATCGACTACGTCGTAAGG
CCGTTTCTGACAGAGTAAAATTCTTGAGGGAACTTTCACCATTATGGGAAATGCTTCAAGAAGGTATT
GACTTAAACTCCATCAAATGGTCAGGTCATTGAGTGTTTTTTATTTGTTGTATTTTTTTTTTTTTAGAGA
AAATCCTCCAATATCAAATTAGGAATCGTAGTTTCATGATTTTCTGTTACACCTAACTTTTTGTGTGGTG
CCCTCCTCCTTGTCAATATTAATGTTAAAGTGCAATTCTTTTTCCTTATCACGTTGAGCCATTAGTATCA
ATTTGCTTACCTGTATTCCTTTACTATCCTCCTTTTTCTCCTTCTTGATAAATGTATGTAGATTGCGTATA
TAGTTTCGTCTACCCTATGAACATATTCCATTTTGTAATTTCGTGTCGTTTCTATTATGAATTTCATTTAT
AAAGTTTATGTACAAATATCATAAAAAAAGAGAATCTTTTTAAGCAAGGATTTTCTTAACTTCTTCGGC
GACAGCATCACCGACTTCGGTGGTACTGTTGGAACCACCTAAATCACCAGTTCTGATACCTGCATCCA
AAACCTTTTTAACTGCATCTTCAATGGCCTTACCTTCTTCAGGCAAGTTCAATGACAATTTCAACATCA
TTGCAGCAGACAAGATAGTGGCGATAGGGTCAACCTTATTCTTTGGCAAATCTGGAGCAGAACCGTGG
CATGGTTCGTACAAACCAAATGCGGTGTTCTTGTCTGGCAAAGAGGCCAAGGACGCAGATGGCAACA
AACCCAAGGAACCTGGGATAACGGAGGCTTCATCGGAGATGATATCACCAAACATGTTGCTGGTGATT
ATAATACCATTTAGGTGGGTTGGGTTCTTAACTAGGATCATGGCGGCAGAATCAATCAATTGATGTTG
AACCTTCAATGTAGGGAATTCGTTCTTGATGGTTTCCTCCACAGTTTTTCTCCATAATCTTGAAGAGGC
CAAAAGATTAGCTTTATCCAAGGACCAAATAGGCAATGGTGGCTCATGTTGTAGGGCCATGAAAGCGG
CCATTCTTGTGATTCTTTGCACTTCTGGAACGGTGTATTGTTCACTATCCCAAGCGACACCATCACCAT
CGTCTTCCTTTCTCTTACCAAAGTAAATACCTCCCACTAATTCTCTGACAACAACGAAGTCAGTACCTT
TAGCAAATTGTGGCTTGATTGGAGATAAGTCTAAAAGAGAGTCGGATGCAAAGTTACATGGTCTTAAG
TTGGCGTACAATTGAAGTTCTTTACGGATTTTTAGTAAACCTTGTTCAGGTCTAACACTACCGGTACCC
CATTTAGGACCAGCCACAGCACCTAACAAAACGGCATCAACCTTCTTGGAGGCTTCCAGCGCCTCATC
TGGAAGTGGGACACCTGTAGCATCGATAGCAGCACCACCAATTAAATGATTTTCGAAATCGAACTTGA
CATTGGAACGAACATCAGAAATAGCTTTAAGAACCTTAATGGCTTCGGCTGTGATTTCTTGACCAACG
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TGGTCACCTGGCAAAACGACGATCTTCTITAGGGGCAGACATTACAATGGTATATCCITGAAATATATA
TAAAAAAAGGCGCCTTAGACCGCTCGGCCAAACAACCAATTACTTGTTGAGAAATAGAGTATAATTAT
CCTATAAATATAACGTTTTTGAACACACATGAACAAGGAAGTACAGGACAATTGATTTTGAAGAGAAT
GTGGATTTTGATGTAATTGTTGGGATTCCATTTTTAATAAGGCAATAATATTAGGTATGTGGATATACT
AGAAGTTCTCCTCGACCGTCGATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGC
ATCAGGAAATTGTAAACGTITAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTIT
TAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGT
GTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAAC
CGTCTATCAGGGCGATGGCCCACTACGTGGAAGATCCGAGGCCTAGCTITAACGAACGCAGAATTTTC
GAGTTATTAAACTTAAAATACGCTGAACCCGAACATAGAAATATCGAATGGGAAAAAAAAACTGCAT
AAAGGCATTAAAAGAGGAGCGAATTTITTTTTITAATAAAAATCTTAATAATCATTAAAAGATAAATAAT
AGTCTATATATACGTATATAAATAAAAAATATTCAAAAAATAAAATAAACTATTATTITAGCGTAAAG
GATGGGGAAAGAGAAAAGAAAAAAATTGATCTATCGATTTCAATTCAATTCAATTTATTTICTTTTCGG
ATAAGAAAGCAACACCTGGCAATTCCTTACCTTCCAATAATTCCAAAGAAGCACCACCACCAGTAGAG
ACATGGGAGACCCGGGCCATGGTTAGATAGACATAGGGTAAACTAGCAATGATTTGATCAAATGCTTG
TATTCATCTCCCATTCTCGTAAAATTGTCTTTACCTGCATATTGGACCTCTAAAAATTGGCAAAGATAT
ATAACAGCCATAAGTAAAGGTCTTGGGATATTCTTTGTTGTTAAATACTCTCTGTTTATGTCTTTCCAA
ACGTCCTCCACTTCCTTATAAATCAGTGTCTGAGCATATTCTTCGTTGACATTGTATTCCTTCATGTAAG
ATTCTAAAGAGCTTGAACTATGTTTTCTCTCCTGTTCCGCTTTATGAGTCATCAGGTCATTTAATCTCCT
ACCCAGAATACCACTGTAACGGAATAAAGGCGGAGCAGATACAGCCCACTCAACTGATTCCTTAGTGA
AAATATCGCTCATTCCTAGATAACAGGTAGTTGTTAGCAAGTTTGCACCACCAGTGATAATAACTACG
GGATCGTGCTCTTCAGTTGTCGGTATGTGTCCTTCATTAGCCCATTTCGCTTCTACCATTAGATTCCTTA
CGAATTCTTTAACGAACTCCTITCCCACAGTTGAATAAATCAGTTCTACCTTCTTTGGCCAGAAACTCCT
CCATTTCTGTGTAGGTATCCATGAATAATTTGTAAATAGGCTTCATGTATTCCGGCAACGTGTCTAAGC
AGGTGATCGACCATCTTTCCACGGCTTCAGTGAAAATCTTTAACTCCTCGTAAGTTCCATATGCGTCAT
ACGTGTCATCAATAAGTGTTATCACAGCAACTGCCTTAGTGAAAAAAACTCTAGCTCTTGAATACTGG
GGTTCGTAACCAGAACCTAAACCCCAAAAATAGCATTCAACGATACGATCTCTCAGACATGGGGCATT
TTTCTTAATATCAAATGCCTTCCACCACTTGCATACGTGACTCAACTCTTCCTTATGTAGGCTCTGCAAT
AGATTGAACTCCAGTTTAGCTAACTTTAGCAGAGTTTTATTATGGGAGTCTTGTTGCTGATAGAAGGGT
ATGTACTGGGCGGCCTCGATCCTTGGCAATCTCTTCCACAATGGTTGCTTTAAAGCTCTCTGGATTTCA
GTGAATAAAGCGGGGTTTGTACTAAACGCGTCCTTTGTCATAATCGATAGCCTTGATCTTGTGAATCCC
AGGGCATCTTCAAGAATTATTTCGCCCGGAACTCTCATGGACGTAGCCTCATATAATTCCAACAATCCT
TCAACATCATTCGCTAACGATTGTTTAAAAGCACCATTCTTGTCTTTATAGTTATTAAACACATCACAC
GTGACATAGTATCCTTGTTTACGCATCAGCCTAAACCATAAGCTAGACCTGTCGCCATTCCAATTATCA
CCATAGGTCTCGTAAATACATTGCAATGCATGATCAATTTCACGTTCAAAATGATACGGAATACCTAA
ACGTTGAATCTCGTCAATCAGCTTCAACAAATTTGCATGTTITCATAGGAATATCCAATGCTTCCTTTAA
CAACTGTCTTACTTCCTTCTTTAGATCGTITACTATTITGCTCCACACCCTGTTCAACTTGTTTCTCATAA
ATCAAAAATTGATCGCCCCAAATAGAAGGTGGGAAATTTGCAATTGGCCTTATAGGTTTCTCTTCAGTC
AAGGCCATTGTTITTCTGCAGATCCGGGGTTTTTTCTCCTTGACGTTAAAGTATAGAGGTATATTAACAA
TTTTTIGTTGATACTTTTATTACATTTGAATAAGAAGTAATACAAACCGAAAATGTTGAAAGTATTAGT
TAAAGTGGTTATGCAGTTTTTGCATTTATATATCTGTTAATAGATCAAAAATCATCGCTTCGCTGATTA
ATTACCCCAGAAATAAGGCTAAAAAACTAATCGCATTATCATCCTATGGTTGTTAATTTGATTCGTTCA
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TTTGAAGGTTTGTGGGGCCAGGTTACIGCCAATTITICCICITCATAACCATAAAAGCIAGIATIGLIAG
AATCTTTATTGTTCGGAGCAGTGCGGCGCGAGGCACATCTGCGTTTCAGGAACGCGACCGGTGAAGAC
GAGGACGCACGGAGGAGAGTCTTCCTTCGGAGGGCTGTCACCCGCTCGGCGGCTTCTAATCCGTACTA
AGATCTGCTTTAATTTGGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGC
GCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCC
GCTACAGGGCGCGTCGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGG
CCTCTTCGCTATTACGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATT
GGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCA
GCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAG
CAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTITTTCCATAGGCTCCG
CCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAA
AGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGA
TACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTT
CGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCC
TTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCAC
TGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACT
ACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGA
GTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTITITIGTTTGCAAGCAGCAG
ATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTT! CTACGGGGTCTGACGCTCAGTG
GAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT
TAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAA
TGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCC
GTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGA
CCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAG CCGGAAGGGCCGAGCGCAGAAGT
GGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCG
CCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGT
ATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAA
AGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTFATCACTCATGGT
TATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTITTCTGTGACTGGTGAGTA
CTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGG
ATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTICTTCGGGGCGAAAA
CTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCA
GCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGG
AATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCA
GGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGC
GCACATTTCCCCGAAAAGTGCCACCTGAACGAAGCATCTGTGCTTCATTTTGTAGAACAAAAATGCAA
CGCGAGAGCGCTAATTTTTCAAACAAAGAATCTGAGCTGCATTTTTACAGAACAGAAATGCAACGCGA
AAGCGCTATTTTACCAACGAAGAATCTGTGCTTCATTTTTGTAAAACAAAAATGCAACGCGAGAGCGC '
TAATTTTTCAAACAAAGAATCTGAGCTGCATTTTTACAGAACAGAAATGCAACGCGAGAGCGCTATTT
TACCAACAAAGAATCTATACTTCTTTTTTGTTCTACAAAAATGCATCCCGAGAGCGCTATTTTTCTAAC
AAAGCATCTTAGATTACTTTTTTTCTCCTTTGTGCGCTCTATAATGCAGTCTCTTGATAACTTTITTGCAC
TGTAGGTCCGTTAAGGTTAGAAGAAGGCTACTTTGGTGTCTATTTTCTCTTCCATAAAAAAAGCCTGAC
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TCCACTTCCCGCGTTTACTGATTACTAGCGAAGCTGCGGGTGCATTTTTTCAAGATAAAGGCATCCCCG
ATTATATTCTATACCGATGTGGATTGCGCATACTTTGTGAACAGAAAGTGATAGCGTTGATGATTCTTC
ATTGGTCAGAAAATTATGAACGGTTTICTTCTATTTTGTCTCTATATACTACGTATAGGAAATGTTTACA
TTTTCGTATTGTTTTCGATTCACTCTATGAATAGTTCTTACTACAATTTITTTTGTCTAAAGAGTAATACT
AGAGATAAACATAAAAAATGTAGAGGTCGAGTTTAGATGCAAGTTCAAGGAGCGAAAGGTGGATGGG
TAGGTTATATAGGGATATAGCACAGAGATATATAGCAAAGAGATACTTTTGAGCAATGTTTGTGGAAG
CGGTATTCGCAATATTTTAGTAGCTCGTTACAGTCCGGTGCGTTTTTGGTTTTITGAAAGTGCGTCTTCA
GAGCGCTTTTGGTTTTCAAAAGCGCTCTGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAG
GAACTTCAAAGCGTTTCCGAAAACGAGCGCTTCCGAAAATGCAACGCGAGCTGCGCACATACAGCTCA
CTGTTCACGTCGCACCTATATCTGCGTGTTGCCTGTATATATATATACATGAGAAGAACGGCATAGTGC
GTGTTTATGCTTAAATGCGTACTTATATGCGTCTATTTATGTAGGATGAAAGGTAGTCTAGTACCTCCT
GTGATATTATCCCATTCCATGCGGGGTATCGTATGCTTCCTTCAGCACTACCCTTTAGCTGTTCTATATG
CTGCCACTCCTCAATTGGATTAGTCTCATCCTTCAATGCTATCATTTCCTTTGATATTGGATCATACTAA
GAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

SEQ ID NO: 54

Trinh tuy pAM322
TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGT
CTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGG
GCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATCGACTACGTCGTAAGG
CCGTTTCTGACAGAGTAAAATTCTTGAGGGAACTTTCACCATTATGGGAAATGCTTCAAGAAGGTATT
GACTTAAACTCCATCAAATGGTCAGGTCATTGAGTGTTTTTTATTTGTTGTATTTTTTTTTTTTTAGAGA
AAATCCTCCAATATCAAATTAGGAATCGTAGTTI‘CATGATI’ITCTGTTACACCTAACT’I"I"ITGTGTGGTG
CCCTCCTCCTTGTCAATATTAATGTTAAAGTGCAATTCTTTTTCCTTATCACGTTGAGCCATTAGTATCA
ATTTGCTTACCTGTATTCCTTTACTATCCTCCTTTTTCTCCTTCTTGATAAATGTATGTAGATTGCGTATA
TAGTTICGTCTACCCTATGAACATATTCCATITTGTAATTITCGTGTCGTTTICTATTATGAATTTCATTTAT
AAAGTTTATGTACAAATATCATAAAAAAAGAGAATCTTITITAAGCAAGGATTTTCTTAACTTCTTCGGC
GACAGCATCACCGACTTCGGTGGTACTGTTGGAACCACCTAAATCACCAGTTCTGATACCTGCATCCA
AAACCTTTTTAACTGCATCTTCAATGGCCTTACCTTCTTCAGGCAAGTTCAATGACAATTTCAACATCA
TTGCAGCAGACAAGATAGTGGCGATAGGGTCAACCTTATTCTTTGGCAAATCTGGAGCAGAACCGTGG
CATGGTTCGTACAAACCAAATGCGGTGTTICTTGTCTGGCAAAGAGGCCAAGGACGCAGATGGCAACA
AACCCAAGGAACCTGGGATAACGGAGGCTTCATCGGAGATGATATCACCAAACATGTTGCTGGTGATT
ATAATACCATTTAGGTGGGTTGGGTTCTTAACTAGGATCATGGCGGCAGAATCAATCAATTGATGTTG
AACCTTCAATGTAGGGAATTCGTTCTTGATGGTTTCCTCCACAGTTTTTCTCCATAATCTTGAAGAGGC
CAAAAGATTAGCTTTATCCAAGGACCAAATAGGCAATGGTGGCTCATGTIGTAGGGCCATGAAAGCGG
CCATTCTTGTGATTCTTTGCACTTCTGGAACGGTGTATTGTTCACTATCCCAAGCGACACCATCACCAT
CGTCTTCCTTTCTCTTACCAAAGTAAATACCTCCCACTAATTCTCTGACAACAACGAAGTCAGTACCTT
TAGCAAATTGTGGCTTGATTIGGAGATAAGTCTAAAAGAGAGTCGGATGCAAAGTTACATGGTCTTAAG
TTGGCGTACAATTGAAGTTCTTITACGGATTTTTAGTAAACCTTGTTCAGGTCTAACACTACCGGTACCC
CATTTAGGACCAGCCACAGCACCTAACAAAACGGCATCAACCTTCTTGGAGGCTTCCAGCGCCTCATC
TGGAAGTGGGACACCTGTAGCATCGATAGCAGCACCACCAATTAAATGATTTTCGAAATCGAACTTGA
CATTGGAACGAACATCAGAAATAGCTTTAAGAACCTTAATGGCTTCGGCTGTGATTTCTTGACCAACG
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TGGTCACCTGGCAAAACGACGATCTTCTTAGGGGCAGACATTACAATGGIATATCCITGAAATATATA
TAAAAAAAGGCGCCTTAGACCGCTCGGCCAAACAACCAATTACTTGTTGAGAAATAGAGTATAATTAT
CCTATAAATATAACGTTTTTGAACACACATGAACAAGGAAGTACAGGACAATTGATTTTGAAGAGAAT
GTGGATTTTGATGTAATTGTTGGGATTCCATTTITTAATAAGGCAATAATATTAGGTATGTGGATATACT
AGAAGTTCTCCTCGACCGTCGATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGC
ATCAGGAAATTGTAAACGTTAATATTITGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTIT
TAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGT
‘GTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAAC
CGTCTATCAGGGCGATGGCCCACTACGTGGAAGATCCGAGGCCTAGCTTTAACGAACGCAGAATTTTC
GAGTTATTAAACTTAAAATACGCTGAACCCGAACATAGAAATATCGAATGGGAAAAAAAAACTGCAT
AAAGGCATTAAAAGAGGAGCGAATTTTTTTTTAATAAAAATCTTAATAATCATTAAAAGATAAATAAT
AGTCTATATATACGTATATAAATAAAAAATATTCAAAAAATAAAATAAACTATTATTITTAGCGTAAAG
GATGGGGAAAGAGAAAAGAAAAAAATTGATCTATCGATTTCAATTCAATTCAATTTATTTICTTTTCGG
ATAAGAAAGCAACACCTGGCAATTCCTI‘ACCTTCCAATAA’I.‘TCCAAAGAAGCACCACCACCAGTAGAG
ACATGGGAGACCCGGGCCATGGTTAGATAGACATAGGGTAAACTAGCAATGATTTGATCAAATGCTTG
TATTCATCTCCCATTCTCGTAAAATTGTCTTTACCTGCATATTGGACCTCTAAAAATTGGCAAAGATAT
ATAACAGCCATAAGTAAAGGTCTTGGGATATTCTTTGTTGTTAAATACTCTCTGTTTATGTCTTTCCAA
ACGTCCTCCACTTCCTTATAAATCAGTGTCTGAGCATATTCTTCGTTGACATTGTATTCCTTCATGTAAG
ATTCTAAAGAGCTTGAACTATGTTTTCTCTCCTGTTCCGCTTTATGAGTCATCAGGTCATTTAATCTCCT
ACCCAGAATACCACTGTAACGGAATAAAGGCGGAGCAGATACAGCCCACTCAACTGATTCCTTAGTGA
AAATATCGCTCATTCCTAGATAACAGGTAGTTGTTAGCAAGTTTGCACCACCAGTGATAATAACTACG
GGATCGTGCTCTTCAGTTGTCGGTATGTGTCCTTCATTAGCCCATTTCGCTTCTACCATTAGATTCCTTA
CGAATTCTTTAACGAACTCCTTCCCACAGTTGAATAAATCAGTTCTACCTTCTTTGGCCAGAAACTCCT
CCATTTCTGTGTAGGTATCCATGAATAATTTGTAAATAGGCTTCATGTATTCCGGCAACGTGTCTAAGC
AGGTGATCGACCATCTTTCCACGGCTTCAGTGAAAATCTTTAACTCCTCGTAAGTTCCATATGCGTCAT
ACGTGTCATCAATAAGTGTTATCACAGCAACTGCCTTAGTGAAAAAAACTCTAGCTCTTGAATACTGG
GGTTCGTAACCAGAACCTAAACCCCAAAAATAGCATTCAACGATACGATCTCTCAGACATGGGGCATT
TTTCTTAATATCAAATGCCTTCCACCACTTGCATACGTGACTCAACTCTTCCTTATGTAGGCTCTGCAAT
AGATTGAACTCCAGTTTAGCTAACTTTAGCAGAGTTTTATTATGGGAGTCTTGTTGCTGATAGAAGGGT
ATGTACTGGGCGGCCTCGATCCTTGGCAATCTCTTCCACAATGGTTGCTTTAAAGCTCTCTGGATTTCA
GTGAATAAAGCGGGGTTTGTACTAAACGCGTCCTTTGTCATAATCGATAGCCTTGATCTTGTGAATCCC
AGGGCATCTTCAAGAATTATTTCGCCCGGAACTCTCATGGACGTAGCCTCATATAATTCCAACAATCCT
TCAACATCATTCGCTAACGATTGTTTAAAAGCACCATTCTTGTCTTTATAGTTATTAAACACATCACAC
GTGACATAGTATCCTTGTTTACGCATCAGCCTAAACCATAAGCTAGACCTGTCGCCATTCCAATTATCA
CCATAGGTCTCGTAAATACATTGCAATGCATGATCAATTTCACGTTCAAAATGATACGGAATACCTAA
ACGTTGAATCTCGTCAATCAGCTTCAACAAATTTGCATGTTTCATAGGAATATCCAATGCTTCCTTITAA
CAACTGTCTTACTTCCTTCTTITAGATCGTTTACTATTTGCTCCACACCCTGTTCAACTTGTTTCTCATAA
ATCAAAAATTGATCGCCCCAAATAGAAGGTGGGAAATTTGCAATTGGCCTTATAGGTTTCTCTTCAGTC
AAGGCCATTGTTTTCTGCAGATCCGGGGTTTTTICTCCTTGACGTTAAAGTATAGAGGTATATTAACAA
TTTTTTGTTGATACTTTTATTACATTTGAATAAGAAGTAATACAAACCGAAAATGTTGAAAGTATTAGT
TAAAGTGGTTATGCAGTTTITTGCATTTATATATCTGTTAATAGATCAAAAATCATCGCTTCGCTGATTA
ATTACCCCAGAAATAAGGCTAAAAAACTAATCGCATTATCATCCTATGGTTGTTAATTTGATTCGTTCA

-156-




21745

TTTGAAGGTTTGTGGGGCCAGGTTACTGCCAATTTTTCCTCTTCATAACCATAAAAGCTAGTATTGTAG
AATCTTTATTGTTCGGAGCAGTGCGGCGCGAGGCACATCTGCGTTTCAGGAACGCGACCGGTGAAGAC
GAGGACGCACGGAGGAGAGTCTTCCTTCGGAGGGCTGTCACCCGCTCGGCGGCTTCTAATCCGTACTA
AGATCTGCTTTAATTTGGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGC
GCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCC
GCTACAGGGCGCGTCGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGG
CCTCTTCGCTATTACGCCAGCTGAATTGGAGCGACCTCATGCTATACCTGAGAAAGCAACCTGACCTA
CAGGAAAGAGTTACTCAAGAATAAGAATTTTCGTITTAAAACCTAAGAGTCACTTTAAAATTTGTATA
CACTTATTTTTTTTATAACTTATTTAATAATAAAAATCATAAATCATAAGAAATTCGCTTATTITAGAAG
TGTCAACAACGTATCTACCAACGATTTGACCCTTTTCCATCTTTITCGTAAATTTICTGGCAAGGTAGACA
AGCCGACAACCTTGATTGGAGACTTGACCAAACCTCTGGCGAAGAATTGTTAATTAAGAGTCAGTCGA
CTTAAAAACTAGGGACCAATAGCAATTCTGTTTTACGTTGCATTGTTGCACCTGAACTTTCCGTCATGT
CAATTTGATCATATGAAACTCCATTGGGCAACTTCCAGTTGAAATGATAAAGAATGTTGGCTAGTGGC
AGTTGAACATTGGCCAAACCTAACGCAGCGCCAGGACACATACGACGTCCAGCCCCAAATGGTAAAT
ATTCATATTCGGCGCCCATCACTGTTGCCGAAGAGTTTTCAAATCTTTCAGGTATAAACGCTTCTGCAT
CCTTCCAGTATTCAGGATCTCTATTGATCGCAAACACATTAACGATTAATTTCGTTTTGTTAGGGATAT
TATAACCAGCCAAGTTTACTGGCTGACGACATTCTCTAGGTAGCACTAACGGCAAGGGTGGGTGTAGT
CTAAGAGTCTCTTTGATGACCATATTCAAGTAGGACAATTCTTGTATATCTITCTTCATGTATTTTTTCIT
TCCCATTCAAGGCCTTACGTAATTCAGCCTGAACCTTTTICCATTGCTTTCGGACATTTTATTAGCTCGCT
TATAGCCCATTCTATGGTAGAACTTGAAGTGTCGGTCCCTGCACCGAACATGTCCAAAATTATTGCTTT
GATATTATCCGAAGTCAGAGGAAACTCAGCAGAATCCTTTAATCTAAGTAATACATCTAATAGGGTTT
CGTTGGTTTTGGATGACGTATTTACGGTATGTTCAGCTACCAAATTGTCAATTAAGTTATCAATCTTTTT
ACGTAGGCTAGTTAATCTTGCTCTCTTACCGCTCAAGTGATGCAAGAACTTTTTAGATGGGAAAATATC
GGCAACATCGAAACCGCCTGTTTGTCTCAGTATTTCTTTAACAATTTCAGTAAGTTCCTTTTGATCTTTA
ATTCCCTTACCAAACGCAGCACGGGATAGTATAGTGGCAATTAGTTTAAAAACGTTTTCACTTAAATTT
ACTGGTCTACCACTACCTGAAGCCTTTATTTCCTGGACTAAATTCCAACATTCTTCTTCCCTCAACGATT
GAAATGACTTAACCTTTTTTACAGACAACAATTCAAGAGTACAAATCTTCCTTAATTGTCTCCAGTATT
CCCCATATGGAGCAAGGACAACATCAGTGTTATGATATAAAACTATTTCCCCAGTTAAAGTTTCGGGT
CTATTAGCGAAAGTAATATCGTAGGTTGTAAGAATTTCCTTAGCCCACTTAGGACTCGACACGACTATT
GTGGGTACCTCTCCCAATTGAAGGTGCATTAGCGAACCATATTTTCTCGCTAAATCCCTTACACCCCTG
TGTGGTGTGGTTCCGATCAAATGGTGCATGTGACCAATGATGGGTAGCCTCCAAGGTTCCGGCAAGGA
CTTTTTAGTTGACTTACTTCTAGTGGCAAATTTGTACACGAACAACAAAATAGTTGCTAAAGCAATTGA
TGTAGTTAAAGATAGTGCCATAGCCTTTAAAATTGACTTCATTGTTTTCCTAGGCCTTTAGTGAGGGTT
GAATTCGAATTTTCAAAAATTCTTACTTTTTTTTTGGATGGACGCAAAGAAGTTTAATAATCATATTAC
ATGGCATTACCACCATATACATATCCATATACATATCCATATCTAATCTTACTTATATGTTGTGGAAAT
GTAAAGAGCCCCATTATCTITAGCCTAAAAAAACCTTCTCTTTGGAACTTTCAGTAATACGCTTAACTGC
TCATTGCTATATTGAAGTACGGATTAGAAGCCGCCGAGCGGGTGACAGCCCTCCGAAGGAAGACTCTC
CTCCGTGCGTCCTCGTCTTCACCGGTCGCGTTCCTGAAACGCAGATGTGCCTCGCGCCGCACTGCTCCG
AACAATAAAGATTCTACAATACTAGCTTTITATGGTTATGAAGAGGAAAAATTGGCAGTAACCTGGCCC
CACAAACCTTCAAATGAACGAATCAAATTAACAACCATAGGATGATAATGCGATTAGTTTTTTAGCCT
TATTTCTGGGGTAATTAATCAGCGAAGCGATGATTTTTGATCTATTAACAGATATATAAATGCAAAAA
CT GCATAA_CCACTTI‘AACTAATACTIT CAACATTTTCGGTTTGTATTACTTCTTATTCAAATGTAATAAA
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AGTATCAACAAAAAATIGITAATATACCICIATACITTAACGICAAGUGAGAAAAAACCUCAAGULTTCC
CGGGAAAACAATGCAATCGACAACTTCCGTTAAACTATCACCTTTCGATCTTATGACTGCCTTGTTAAA
TGGTAAAGTTAGTTTCGACACGTCCAATACTTCCGATACAAATATACCACTGGCGGTTTTCATGGAAA
ACAGGGAATTGCTTATGATATTAACAACCAGTGTGGCCGTTITAATTGGTTGTGTGGTTGTATTGGTAT
GGAGAAGATCATCAAGTGCCGCTAAGAAGGCCGCCGAATCACCAGTCATTGTCGTCCCAAAGAAAGT
CACTGAAGATGAGGTTGATGACGGCAGAAAGAAAGTTACTGTATTTTTCGGGACACAAACGGGGACT
GCGGAAGGTTTTGCGAAAGCTCTAGTTGAAGAAGCCAAGGCAAGGTACGAAAAAGCAGTATTCAAAG
TTATTGATTTAGATGACTACGCCGCAGAAGATGATGAATACGAAGAAAAGCTAAAGAAAGAATCTTTG
GCATTCTTCTTTTTAGCTACCTATGGTGACGGAGAACCAACAGATAACGCCGCTAGATTCTATAAATGG
TTTACTGAAGGAGAAGAAAAAGGTGAGTGGTTAGATAAGTTACAATACGCTGTCTTTGGATTGGGAAA
TCGTCAATATGAACACTTCAATAAGATTGCAAAAGTGGTCGATGAAAAATTAGTTGAGCAGGGGGCTA
AAAGGTTAGTGCCTGTCGGTATGGGTGATGACGATCAATGTATCGAAGATGATTTTACTGCTTGGAAG
GAATTGGTTTGGCCAGAATTAGATCAGCTATTGAGGGACGAAGATGACACAAGTGTCGCTACTCCGTA
CACCGCCGCTGTTGGCGAATATCGTGTTGTTTTTCACGATAAACCTGAAACTTACGATCAAGATCAATT
GACCAACGGACACGCAGTTCACGACGCCCAACACCCATGCAGATCGAACGTTGCGGTCAAGAAAGAA
TTACACAGTCCCTTATCCGATAGGAGTTGTACTCATTTAGAATTTGATATTTCCAATACTGGACTATCG
TATGAAACTGGCGACCATGTCGGTGTATATGTGGAAAACCTGTCTGAAGTTGTAGATGAAGCCGAAAA
ATTGATTGGGCTTCCTCCACATACATACTTTTCTGTGCATACAGATAATGAAGATGGTACTCCACTTGG
CGGAGCCTCGTTACCACCTCCCTTTCCACCATGTACACTTAGAAAAGCTCTT GCATCTTATGCAGATGT
ACTTTCTTCACCAAAGAAAAGTGCATTACTAGCTCTAGCCGCCCATGCTACCGACTCTACTGAAGCTGA
CCGTTTGAAATTCTTTGCTTCACCTGCTGGCAAAGACGAGTACGCACAGTGGATTGTGGCATCTCACAG
ATCATTGCTGGAAGTGATGGAAGCCTTCCCATCGGCAAAGCCACCATTAGGCGTGTTTTTCGCATCTGT
TGCCCCACGTTTACAGCCTAGATACTATTCCATATCTTCTAGCCCAAAATTTGCCCCCAATCGTATTCA
TGTGACGTGTGCGCTGGTGTATGAACAAACTCCATCAGGAAGGGTACATAAAGGTGTCTGTAGTACAT
GGATGAAAAACGCGGTGCCAATGACT GAATCTCAAGA'I‘TGTTCGTGGGCACCAAT'I‘TATG’ITCGTACT
TCTAATTTTAGACTACCTAGTGACCCTAAAGTACCAGTGATTATGATCGGGCCTGGGACAGGACTAGC
GCCATTCAGAGGTTTCTTACAAGAAAGATTGGCCCAAAAGGAAGCAGGTACGGAATTAGGAACCGCA
ATTCTATTCTTTGGTTGTCGTAATAGAAAAGTTGACTITATATACGAAGATGAGTTAAACAACTTCGTT
GAAACTGGAGCGTTATCAGAATTAGTGACAGCATTCTCTAGGGAAGGTGCAACAAAAGAATACGTCC
AACATAAAATGACCCAAAAGGCCAGCGATATATGGAATTTGCTGTCCGAGGGTGCCTATTTGTACGTT
TGTGGTGATGCAAAGGGAATGGCTAAAGATGTTCACAGGACATTGCATACAATTGTTCAGGAACAAG
GTTCCTTGGATTCCTCTAAGGCAGAACTTTATGTTAAAAACCTTCAGATGGCTGGTAGATATTTGCGTG
ATGTTTGGTGAGCTAGCTAAGATCCGCTCTAACCGAAAAGGAAGGAGTTAGACAACCTGAAGTCTAGG
TCCCTATTTATTITTTTATAGTTATGTTAGTATTAAGAACGTTATTTATATTTCAAATTTTTCTTTTITTTT
CTGTACAGACGCGTGTACGCATGTAACATTATACTGAAAACCTTGCTTGAGAAGGTTTTGGGACGCTC
GAAGATCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTT
CCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAA
AGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCA
GCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACG
AGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGC
GTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGC
CTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGT
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CGTTCGCICCAAGCIGUUCIGTUIGCACGAACCCLCLUTTCAGLCCUAUCULUCTULGUCCTTATCCGGTAA
CTATCGTCTITGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGA
TTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACT
AGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTC
TTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCA
GAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAAC
TCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAA
TGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGT
GAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATA
ACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACC
GGCT CCAGATTTATCAGCAATAAACCAGCCAGéCGGAAGGGCCGAGCGCAGAAGTGGTCCT GCAACT
TTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGT
TTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTC
AGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTC
CTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACT
GCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTC
ATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGC
CACATAGCAGAACTTTAAAAGTGCT CATCATTGGAAAACGTTCTTCGGGGCGAAAACT CTCAAGGATC
TTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACT
TTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGA
CACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCT
CATGAGCGGATACATATTTIGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCC
GAAAAGTGCCACCTGAACGAAGCATCTGTGCTTCATTTTGTAGAACAAAAATGCAACGCGAGAGCGCT
AATTTTTCAAACAAAGAATCTGAGCTGCATTTTTACAGAACAGAAATGCAACGCGAAAGCGCTATTTT
ACCAACGAAGAATCTGTGCTTCATTTTTGTAAAACAAAAATGCAACGCGAGAGCGCTAATTTTTCAAA
CAAAGAATCT GAGCTGCATTTTTACAGAACAGAAATGCAACGCGAGAGCGCTA’I'ITTACCAACAAAGA
ATCTATACTTCTTTTTTGTTICTACAAAAATGCATCCCGAGAGCGCTATTTTTCTAACAAAGCATCTTAG
ATTACTTTTTTTCTCCTTITGTGCGCTCTATAATGCAGTCTCTTGATAACTTITTTGCACTGTAGGTCCGTTA
AGGTTAGAAGAAGGCTACTTTGGTGTCTATTTTCTCTTCCATAAAAAAAGCCTGACTCCACTTCCCGCG
TTTACTGATTACTAGCGAAGCTGCGGGTGCATTTTTTCAAGATAAAGGCATCCCCGATTATATTCTATA
CCGATGTGGATTGCGCATACTTTGTGAACAGAAAGTGATAGCGTTGATGATTCTTCATTGGTCAGAAA
ATTATGAACGGTTTCTTCTATTTTGTCTCTATATACTACGTATAGGAAATGTTTACATTTTCGTATTGTT
TTCGATTCACTCTATGAATAGTTCTTACTACAATTITTTTGTCTAAAGAGTAATACTAGAGATAAACAT
AAAAAATGTAGAGGTCGAGTTTAGATGCAAGTTCAAGGAGCGAAAGGTGGATGGGTAGGTTATATAG
GGATATAGCAC.IAGAGATATATAGCAAAGAGATACTTTTGAGCAATGTTTGTGGAAGCGGTATTCGCAA
TATTTTAGTAGCTCGTTACAGTCCGGTGCGTTTTTGGTITTTTGAAAGTGCGTCTTCAGAGCGCTTTTIGG
TTTTCAAAAGCGCTCTGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGGAACTTCAAAG
CGTTTCCGAAAACGAGCGCTTCCGAAAATGCAACGCGAGCTGCGCACATACAGCTCACTGTTCACGTC
GCACCTATATCTGCGTGTTGCCTGTATATATATATACATGAGAAGAACGGCATAGTGCGTGTTITATGCT
TAAATGCGTACTTATATGCGTCTATTITATGTAGGATGAAAGGTAGTCTAGTACCTCCTGTGATATTATC
CCATTCCATGCGGGGTATCGTATGCTTCCTTCAGCACTACCCTTTAGCTGTTCTATATGCTGCCACTCCT
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CAATTGGATTAGTCTCATCCTTCAATGCTATCATTTCCTTTGATATTGGATCATACTAAGAAACCATTAT
TATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC
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