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Linh vye k§ thujt dugce dé cip

Sang ché dé cap dén céc vi sinh vat duge st dung dé san xuat cac chat hitu
ich, nhu céc axit hitu co hodic cac axit amin, va phuong phép san xuat cac chat hiru

ich c6 sir dung cac vi sinh vét nay.
Tinh trang ky thuit ciia sang ché

Cac k¥ thuat dé thu céc vi sinh vat ma c6 thé san sinh mdt cich hiru hiéu
cac hop chét hitu ich, nhu céc axit hitu co, c4c axit amin, cac axit nucleic, hodc cac
vitamin, nho, vi du, dua vao sy dot bién khuyét dudng hodc dot bién hudng chuyén
héa hodic k§ thuat ADN ti t6 hop da duoc phét trién. Nhu dugc thé hién trén Fig.1,
phuong phéap thu cac thé khuyét dudng trong d6 hoat tinh cta enzym X dé chuyén
hoéa hop chit P thanh san phém chuyén héa M da duoc loai bé thuong dugc su
dung dé tao ra mot cach hitu hiéu hop chét P trong chu trinh sinh téng hop hoic
chu trinh trao ddi chét trong d6 san phdm chuyén héa M 1a khong thé thiéu cho su
phat trién duge tao ra tir ngudn cacbon qua hgp chit P 1am san pham chuyén héa
trung gian. Tuy nhién, khi hop chit P hitu ich duoc tao ra véi thé dot bién, su bd
sung san pham chuyén héa M hoic san phim cudi duoc tao ra tir san phdm chuyén
héa M vao mdi trudng 13 can thiét, va chi phi san xuét bi gia ting.

Vi du, d ¢6 béo cdo ring axit shikimic 13 san pham chuyén héa trung gian
trong chu trinh axit shikimic dugc thé hién trén Fig.2 c6 thé dugc tao ra mdt cach
hitu hiéu v&i viée st dung Escherichia coli trong d6 hoat tinh shikimat kinaza da
dugc loai bo (tai liéu sang ché 1 va tai liéu phi sang ché 1). Tuy nhién, néu céc vi
sinh vat nay dugc st dung, su khuyét dudng axit parahydroxybenzoic, su khuyét
dudng axit p-aminobenzoic, va sli khuyét dudng axit 2,3-dihydroxybenzoic dugc
phat trién ngoai sy khuyét dudng tryptophan, sy khuyét dudng tyrosin, va su
khuyét dudng phenylalanin. Piéu nay doi hoi su bd sung 6 loai hop chét nay vao
mbi trudng. Pong thoi, da c6 bao cdo rang axit 3-dehydroshikimic dudi dang san
phim chuyén hoa trung gian trong chu trinh axit shikimic c6 thé dugc tao ra véi

viée st dung Escherichia coli trong d6 hoat tinh shikimat dehydrogenaza da duogc
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loai bo, bét 1oi 13, cac vi sinh vt cling can 6 loai hop chit néu trén (tai lidu sang
ché 2 va tai liéu phi sang ché 2).

Thong qua sy dua cac dot bién nhd, vi du, xtt ly béng céc chét gy dot bién,
nhu N-metyl-N’-nitro-N-nitrosoguanidin hogc etyl metansulfonat, su chiéu tia UV
hodc Ung dung buc xa, hodc sy dot bién tu phét, su dot bién 1am giam luong
enzym X ma chuyén héa hop chét P thanh san phdm chuyén héa M c6 thé duoc
dua vao dé lam giam luong san phim chuyén héa M duogc tao ra. Nhu vy, lugng
hop chét P ¢6 thé duogc gia ting. Trong trudng hop nay, hoat tinh clia enzym X van
con, va mot phan cia hop chét P dugc chuyén hoa thanh san phim chuyén héa M
nhu mot hé qua. Do vay, cac didu kién dé t6i da hoa luong hop chét P dugc tao ra
khong dugc xac dinh mot cach dé dang.

Sang ché boc 160 phuong phép tao ra hop chit P mot cach hiéu qua ma
khong can bd sung san phim chuyén héa M hoic san phim cudi duoc tao ra tlr san
phim chuyén héa M vao moi trudng bing céch cho phép chat kim ham hudng dén
sy phién m3 gen x mé héa enzym X, d2 didu hoa luong san pham chuyén héa M
duoc tao ra. Tuy nhién, chua cé truong hop nao bao cao rang trong d6 hiéu sudt
ctia hop chat P da dugc nang cao bing céch didu hoa sy phién mé ciia gen x bang
viéc sir dung doan khoi dau khac, sy phién mi bi Gc ché boi chit kim ham, thay vi
doan khéi ddu c6 ngudn gbc tir gen x.

Khi tao ra cac hop chét hiru ich béng cach st dung céc vi sinh vat, cac hop
chét hitu ich thuong duge tao ra nhd chu trinh duoc tach ra tir hop chét P trong chu
trinh sinh téng hop hodc chu trinh trao dbi chat trong d6 san phdm chuyén héa M
khong thé thiéu cho sy sinh truéng dugc tao ra tir ngudn cacbon nhd hgp chét P
lam san _}phém chuyén héa trung gian. Trong truong hop nay, phuong phap thu céc
th8 khuyét dudng trong d6 hoat tinh enzym X da duoc loai b thuong duoc su
dung. Tuy nhién, phuong phdp nay can bd sung san phdm chuyén héa M hoic san
phdm cudi duge tao ra tir sén phim chuyén héa M vao méi truong, va chi phi san
xuét gia ting mot cach bat 1oi.

Lién quan dén sy san xuét cac chét dich bang cach sir dung chu trinh axit
shikimic c6 nhiéu chu trinh dugc phan nhanh (Fig.2), vi du, nhidu ching san sinh
tryptophan dugc biét 12 ¢6 su khuyét dudng tyrosin va phenylalanin dé ngan chin

axit chorismic, 1am san phim chuyén héa trung gian, tir sy di vao trong chu trinh
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tbng hop tyrosin ho#c phenylalanin (tai liéu sang ché 3 va céc tai lidu phi sang ché
3 va 4). Ngoai ra, cac chiing san sinh phenylalanin dugc biét 14 c6 su khuyét dudng
tyrosin (cac tai liéu sang ché 4 va 5 va tai liéu phi sang ché 5). Do vy, khi tao ra
axit amin thom htru ich, cdn bao gdém loai axit amin thom khac nita vao moi
truong.

Ciing da c6 béo céo rang khoang 40g/L axit protocatechuic c6 thé duoc tao
ra bang céch tao ra thé dot bién trong d6 enzym ma chuyén héa axit
3-dehydroshikimic (sau day dugc viét tit 1a “DHS”) thanh axit shikimic (ttc 1a,
san phim chuyén héa M) da duoc loai bo va luong
3-deoxy-D-arabino-heptulosonat-7-phosphat (sau déy dugc viét tat 1a “DAHP”)
lam nguyén li¢u khoi dau trong chu trinh axit shikimic d& dugc gia téng (tai liéu
phi sang ché 6). Tuy nhién, néu thé dot bién nay dugc sir dyng, ngoai su khuyét
dudng tryptophan, sy khuyét dudng tyrosin, va sy khuyét dudng phenylalanin, sy
khuyét dudng axit p-hydroxybenzoic, su khuyét dudng axit p-aminobenzoic, va sy
khuyét dudng axit 2,3-dihydroxybenzoic dwgc phat trién. Do vy, su bd sung 6 loai
hop chét ndy vao mdi trudng la cAn thiét, nhung lai khong c6 loi. Ngoai ra, cac
chting san sinh axit protocatechuic da thu dugc béng cach dua sy dot bién vao
trong vi khuan Corynebacterium (tai liéu sing ché 6) hodc Brevibacterium (céc tai
liéu sang ché 7 va 8). Chiing nay cin cac ngudn dinh dudng nhu tyrosin, dé san
sinh axit protocatechuic. Hon nita, lugng axit protocatechuic tdi da dugc tao ra bédi
thé dot bién nay 13 khoang 13g/L, va lugng nay la nhé hon lugng duogc sinh ra bdi
sinh vat dinh dudng thu dong axit amin thom (tai liéu sang ché 8).

Ikeda 2006 (tai liéu phi sang ché 7) dé cap dén uvu diém trong k¥ thuét
chuyén hoa d8 san xuét cac axit amin thom va cac chit trung gian thom hitu ich
trong Corynebacterium glutamicum va Escherichia coli.

Bongaerts et al., 2001 (tai liéu phi sang ché 8) dé cap dén k¥ thuat chuyén
héa dé san xuét vi sinh vat cia céc axit amin thom va cac hop chit c6 ngudn gdc tir
Escherichia coli va Corynebacterium glutamicum.

Yi et al., 2003 (tai li€u phi sang ché 9) dé cap dén su vén chuyén glucoza
bién d6i va san lugng sén pham chu trinh shikimat trong E. coli.

Yi et al., 2002 (tai liéu phi sang ché 10) dé cap dén sy biéu hién duoc bién

d6i cua phosphoenolpyruvat ma gia tdng san lugng san phdm chu trinh shikimat
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trong E. coli.

JP 2010/207094 A (tai liéu sang ché 9) dé cép dén phuong phap san xuét
axit protocatechuic bao gdbm budc tao ra axit protocatechuic tir tidn chét axit
protocatechuic béng cach st dung chét bién dbi cta vi sinh vat ma thudc ching
Corynebacterium.

Li et al., 1999 (tai liéu phi sang ché 11) @ cap dén phuong phép san xuét
axit 3-dehydroshikimic bing céch sit dung chét bién doi Escherichia coli va md ta
vAn d& cai thién hidu qua sén xuét axit protocatechuic bang phuong phép nay.

JP 2000/295996 A (tai liéu sang ché 10) d& cap dén phuong phép san xuat
purin nucleotit bang cach nubi cdy vi sinh vét, vi du Corynebacterium
ammoniagenes, ma c6 kha ning san xuét tién chit cua purin nucleotit va ADN
duoc dua vao trong d6, ma ADN ¢o thé cam mg va biéu hién enzym ma co thé
téng hop purin nucleotit tir tién chat.

WO 2011/138006 Al (tai lidu sang ché 11) dé cap dén phuong phép tao ra
t& bao ma duoc cai bién tai t6 hop trén kidu dai ctia n6 va biéu dién ning suét tbi
wu cta chét chuyén héa cu thé.

JP 2006/508684 A (tai liéu sang ché 12) dé cap dén phuong phap sir dung
chét kim him d& didu chinh céc biéu hién gen trong céc vi sinh vét ma thudc ching
Corynebacterium.

Teramoto et al., 2009 (tai li¢u phi sang ché 12) dé cap dén cac hé thong
chuyén héa ma bao gdbm chu trinh axit shikimic bao gdm viéc tao ra axit
protocatechuic trong Corynebacterium glutamicum.

US 5,272,073 A (tai liéu sang ché 13) dé cap dén cac hé théng chuyén hoa
ma bao gdm chu trinh axit shikimic bao gdm viéc tao ra axit protocatechuic trong
cac vi sinh vat thudc ching Corynebacterium.

Céac tai liéu k§ thuat da biét

Tai liéu séng ché

Tai liéu séng ché 1: Patent My 6,472,169

Tai liéu sang ché 2: Patent My 5,821,266

Tai liéu sang ché 3: Patent Nhat Ban 4,305,184
Tai liéu sang ché 4: JP H05-49489 A (1993)
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Tai lidu séng ché 5: JP H05-304971 A (1993)
Tai lidu séng ché 6: JP $45-39036 B (1970)
Tai liéu sang ché 7: JP S50-89592 A (1975)
Tai liéu sang ché 8: JP $60-98989 A (1985)
Tai lidu séng ché 9: JP 2010/207094 A (2010)
Tai liéu sang ché 10: JP 2000/295996 A (2000)

Tai liéu sang ché 11: WO 2011/138006 A1 (2011)
Tai liéu sang ché 12: JP 2006/508684 A (2006)

Tai liéu sang ché 13: US 5,272,073 A (1993)
Tai lidu phi sang ché
Tai liéu phi sang ché 1: Biotechnol. Prog., 19, 808, 2003
Tai liéu phi sang ché 2: Biotechol. Bioeng., 64, 61, 1999
Tai lidu phi sang ché 3: Agric. Biol. Chem., 39, 343, 1975
Tai liéu phi sang ché 4: Appl. Environ. Microbiol., 65, 2497, 1999
Tai liéu phi séng ché 5: Agric. Biol. Chem., 37,2013, 1973
Tai liéu phi sang ché 6: J. Am. Chem. Soc., 127, 2874, 2005
Tai liéu phi séng ché 7: Applied Microbiology and Biotechnology, 69, 615, 2006
Tai liéu phi séng ché 8: Metabolic Engineering, 3, 289, 2001
Tai liéu phi séng ché 9: Biotechnology Progress, 19, 1450, 2003
Tai liéu phi sang ché 10: Biotechnology Progress, 18, 1141, 2002
Tai li€u phi sang ché 11: Biotechnology Progess, 15, 876, 1999
Tai liéu phi séng ché 12: Appl. Environ. Microbiol., 75, 3461, 2009
Ban chat k§ thuit cta sang ché
Céc van d@ can giai quyét boi sang ché
Muc dich cua sang ché 13 dé xuat phuong phép thu ching vi khudn ma c6
thé lam giam luong hop chét P dugc chuyén hoéa thanh sén phim chuyén héa M va
tich ty mot cach hiéu qua hop chét P trong mdi trudng ma khong dugc bd sung san
phim chuyén héa M hodc san phdm cubi dugc tao ra tir sén phdm chuyén héa M
khi san xuét hop chét P béng cach st dung vi sinh vat c6 chu trinh sinh téng hop

hodc chu trinh trao d6i chét trong d6 san pham chuyén héa M khéng thé thiéu cho
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su sinh trudng duogc tao ra tr ngudn cacbon nhd hop chét P 1am san pham chuyén
héa trung gian (Fig.1). Muc dich nita cta sang ché 14 d& xuét phuong phép san Xuét
hop chét Q tir hop chat P dugc tich tu véi su trg gitp cla enzym Y (Fig.3).
Céach thuc giai quyét vin dé

Cac tac gia sang ché di nd luc dé dat dugc cac muc dich néu trén nho céc
nghién ctru nhim tao ra chung vi khudn ma c6 thé san sinh mot cach hiéu qua chét
dich (tac 13, DHS) tir ching Corynebacterium glutamicum ATCC13032 (sau day
duge viét tit 1a “ching ATCC13032”). Ban du, ho tao ra chiing NSHAaroE3 bing
cach dua sy dot bién khuyét doan vao trong gen aroE3 (cgl835) ma ma hoda
shikimat dehydrogenaza (enzym X) thuc ddy su chuyén héa DHS thanh axit
shikimic (san phdm chuyén héa M) tir ching NSH trong do6 su bidu hién cta nhiéu
enzym li€n quan dén chu trinh sinh tdng hop tir glucoza thanh DHS (Hop chét P)
d3 dugc gia ting va sy phién ma gen qsuB (cg0502) mé hoa DHS dehydrataza
(Enzym Y) thuc day su chuyén hoéa DHS thanh axit protocatechuic dugc chi dinh
bdi gen khoi dau tuf (cg0587) (sau day dugc viét tit 1a “doan khoi diu Tu”). Két
qua 1a, cac tac gia sang ché d3 x4c nhén rang téc do sinh trudng cia ching
NSHAaroE3 s€ bi giam dang k& ma khong can bd sung 3 loai axit amin thom (tlrc
13, tryptophan, phenylalanin, va tyrosin). Céc téc gia sang ché cling x4c nhan rang
ching NSHAaroE3 nay s& san sinh 0,5g/L axit protocatechuic nho sy nudi cy
chiing nay trong moi truong dugc bd sung 3 loai axit amin thom va axit shikimic.
Pé didu hoa mirc biéu hién cua gen shikimat dehydrogenaza hoat héa (gen aroE3)
bang chat kim him dugc ma hda boi gen vanR (cg2615) (sau day dugc viét tat 1a
“gen kim hdm VanR”), hdu qua la, ching NSHAaroE3 vanE3 duoc sinh ra tu
ching NSHAaroE3 bang céach két hop gen aroE3 dugc gén voi gen khéi dau vanA
(cg2616) (sau day dugc viét tit 12 “doan khoi ddu vanA”) vao trong nhiém séc thé.
Céc tac gia sang ché dd phat hién ra rang ching NSHAaroE3_vanE3 c6 thé sinh
truéng trong moi trudng tbng hop ma khong dugc bd sung 3 loai axit amin thom
va axit shikimic va chiing nay san sinh 16,6g/L axit protocatechuic. Diéu nay da
dan dén sy hoan thanh sang ché. Ngoai ra, cic tic gia sang ché d3 tao ra ching
trong dé mirc biéu hién gen aroE3 dugc didu chinh b&i chat kim hdm dugc ma hoa
boi gen rheR (cgl308) (sau day duoc viét tat 1a “gen kim ham RhcR”) tlr ching
NSHAaroE3. Két qua 13, dat dugc ning sult cua axit protocatechuic & mure 11,2g/L,
va cac tac gia sang ché di nhén thiy rang cé thd dat dugc ning sudt axit
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protocatechuic tuyét voi bing cach sir dung chét kim him khéc véi gen kim him
VanR.

Ngoai sy dot bién khuyét doan ctia gen aroE3 ¢ ching NSHAaroE3 thi
ching NSHAaroE3AqsuBAqgsuD dugc tao ra bing cach dua céc sy dot bién khuyét
doan vao trong gen gsuD (cg0504) ma hoa shikimat dehydrogenaza ma d4y nhanh
mirc chuyén héa ctia DHS thanh axit shikimic (san pham chuyén héa M) va gen
qsuB mi héa DHS dehydrataza. Két qua 13, cac tac gia sang ché d& xé4c nhan ring
chiing NSHAaroE3AqsuBAqsuD s& khong phat trién ma khéng cé sy bb sung 3
loai axit amin thom, vitamin K2, va axit p-aminobenzoic. Céc tac gia sang ché
cling xac nhén rang ching NSHAaroE3AqsuBAqsuD nay s€ san sinh 7,7g/L DHS
nhd sy nudi cdy ching nay trong mdi truong duge bd sung cac chét phu gia néu
trén. Theo cach gibng nhu trong truong hop tao ra chung
NSHAaroE3AqsuBAgsuD, ching NSHAaroE3_vanE3AgsuBAqsuD duogc tao ra tr
from chung NSHAaroE3_vanE3 bang céach dua sy dot bién khuyét doan vao trong
gen gsuD va gen gsuB, va ching Pben-vanR dugc tao ra tur chung
NSHAaroE3_vanE3AqsuBAgsuD béng cach két hop ADN gdm c6 gen khoi déu
benA (cg2637) dugc ndi v6i gen vanR ma ma hoéa gen kim hdm VanR vao trong
nhidm sic thé. Két qua 13, cac tc gia sang ché d3 phat hién ra rang ching
Pben-vanR ¢6 thé phat trién trong mdi trudng tdng hop ma khong duoc bd sung
céc chét phu gia va ching nay s& san sinh 15,4g/L DHS. Didu nay dan dén sy hoan
thanh sang ché.

Sang ché dé cap dén cac myc (1) dén (16) dudi day.

(1) Sinh vét chua c6 nhan dién hinh c6 tit ca cac ddu hi¢u (a) dén (d) sau day
d8 tich tu hop chét P bang cach didu chinh muc biéu hién ctia enzym X ma chuyén
héa hop chit P duéi dang sén phdm chuyén héa trung gian thanh san pham chuyén
héa M trong chu trinh sinh téng hop trong d6 san phim chuyén héa M khong thé
thiéu cho su sinh truéng dugce tao ra tr nguén cacbon:

(a) hoat tinh cia mdt hodc nhiéu enzym dugc chon tir cdc enzym lién quan
dén su sinh tong hop hop chét P tir ngudn cacbon ma ¢ thé duoc sir dung béi sinh
vat chua c6 nhan dién hinh dugc gia ting so vdi sinh vat chua cé nhan dién hinh
kiéu dai;

(b) hoat tinh clia enzym X bj mat hogc bi giam béi sy dot bién thé doan,
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khuyét doan, hodc xen doan cuia mt hodc nhiéu nucleotit & vung dich ma cia gen
kiéu dai x m3 hoa protein clia enzym X, ving diéu hoa su dich ma cta gen, hodc
ving khéi diu ma thic dAy su phién mi clia gen X;

(c) su phién m3 of DNA mé hoéa enzym hoat tinh X duoc didu chinh boéi
doan khoi dau A, doan khéi d4u nay khac véi doan khdi diu vén c6 ma thic diy su
phién mi cla gen x va trong d6 sy phién méd bi kim hdm nho sy tro giup cua
protein kim hdm R; va

(d) su phién ma ctia mgt hodc nhiéu ban sao ctia gen z ma hoa protein kim
ham R dugc diéu chinh béi doan khdi dau co san cho gen va/hodc doan khéi dau
cam Umg B ma khac véi doan khoi dau vén co;

trong d6 sinh vat chua c6 nhén dién hinh tdt hon 13 Corynebacterium
glutamicum hodc Escherichia coli.

(2) Sinh vit chua c6 nhan dién hinh theo muc (1), trong d6 su dot bién thé
doan & vung khoi dau ma thuic déy su phién m3 cta gen X nhu duge xac dinh & diu
hiéu (b) 1a sy dot bién thé doan cua toan bd hodc mot phé‘in cua vung khéi dau c6
ADN cua doan khéi d4u A nhu duoc x4c dinh & déu hiéu (c).

3) Sinh vét chua cé nhén dién hinh theo muc (1) hodc (2), trong dé hoat tinh
ctia mdt hodc nhiéu enzym chuyén héa khac véi enzym X trong s6 cac enzym cua
sinh vét chua c6 nhan dién hinh ma chuyén héa hop chét P bi mit hodc giam.

(4) Sinh vat chua cé nhan dién hinh theo muyc bét ky trong s6 cac muc tir (1)
dén (4), trong d6 gen z ma hoa protein kim hém R la gen vanR (cg2615), gen pcaR
(cg2624), hodc gen rhcR (cgl308) clia chung Corynebacterium glutamicum
ATCC13032 va, trong d6 doan khéi dAu A t6t hon 14 gen khéi dau vanA (cg2616),
gen khéi diu pobA (cg1226), gen khéi dau pcaH (cg2631), hodc gen khdi dau
rhcH (cg1309) ctia chiing Corynebacterium glutamicum ATCC13032.

(5)  Phuong phép san xut hop chét P tir ngudn cacbon, trong d6 hop chét P 13
san pham chuyén hoa trung gian dugc chuyén hoa bang enzym X thanh san phim
chuyén héa M trong chu trinh sinh tbng hop trong d6 san phim chuyén héa M
khong thé thiéu cho su sinh truéng, phuong phap nay bao gbém budc nudi cdy sinh
vat chua c6 nhan dién hinh theo muc bat ky trong s6 cac muc tir (1) dén (4) trong
mdi trudong ma khong dugc bd sung san phdm chuyén héa M hoic sén phim cudi
dugc tao ra tur san phim chuyén héa M, phuong phap nay bao gbm hai giai doan
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nudi ciy:

i) giai doan nudi cdy som, trong d6 muc biéu hién cua enzym X cho phép su
chuyén hoa ctia hop chét P 13 san phidm chuyén hoa trung gian thanh san phim
chuyén héa M trong chu trinh sinh tbng hop ma trong d6 san phdm chuyén héa M
khong thé thiéu cho sy sinh trudng;

ii) giai doan nudi cdy muon, trong d6 sy biéu hién ctia enzym X dugc e ché bang
céch (e ché sy phién ma doan khai dau A véi sy co6 mit cua nguén cacbon, va tbt
hon 1& cam Ung su phién mi doan khoi ddu B dé gia ting mirc bicu hién cla
protein kim hdm R, nho d6 lam gidm luong san pham chuyén héa M dugc tao ra,

va hgp chit P duoc tao ra dugc tich tu.

(6) Phuong phép san xut hop chit P tir ngudn cacbon, trong d6 hop chat P 13
san phim chuyén héa trung gian dugc chuyén héa bang enzym X thanh san phim
chuyén héa M trong chu trinh sinh téng hop trong d6 san phim chuyén héa M
khong thé thiéu cho su sinh trudéng, phuong phap nay bao gdm budc nudi cdy sinh
vat chua c6 nhan dién hinh theo muc bét ky trong sé cac muc tir (1) dén (4) trong
mdi truong ma khong dugc bd sung san phim chuyén héa M hoic san pham cubi
duoc tao ra tir san pham chuyén héa M, phuong phap ndy bao gbm hai giai doan
nudi ciy:
i) giai doan nudi cay som, trong d6 mirc biéu hién cia enzym X cho phép su
chuyén héa cta hop chét P 13 san phdm chuyén hoa trung gian thanh san phim
chuyén héa M trong chu trinh sinh tbng hop trong d6 san pham chuyén héa M
khong thé thiéu cho sy sinh trudng;
ii) giai doan nuéi ciy muon, trong d6 su biéu hién cta enzym X dugc trc ché bang
cach giai ché su phién ma doan khai dau A véi su c6 mit cua nguén cacbon, va
cam tng sy phién ma doan khoi diu B dé gia ting muc biéu hién cta protein kim
ham R, nho d6 lam giam lugng san phim chuyén héa M duoc tao ra, va hop chét P
duoc tao ra duoc tich tu.
(7) Phuong phap san xudt hop chéat P theo muc (5) hodc (6), trong do6 su két
hop cua hop chat P va san phim chuyén héa M 1a su két hop bét ky trong sb céc su
két hop ctia cac myc tir (£) dén (i) dudi day:

(f) hop chat P 1a 3-dehydroaxit shikimic va san phim chuyén héa M la axit
“shikimic;
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(¢) hop chit P la axit glutamic va sin phim chuyén héa M la
N-axetylglutamat hodc y-glutamyl phosphat;

(h) hop chat P 1 axit aspartic va san phdm chuyén héa M 1a B-aspartyl
phosphat; va

(i) hop chét P 14 serin va san phdm chuyén héa M 1a glyxin.

(8) Sinh vét chua c6 nhan dién hinh theo muc bét ky trong s6 cac muc tur (1)
dén (4) c6 d4u hiéu (e) sau day ngoai cac dAu hiéu (a) dén (d), dé chuyén hoa hop
chét P dugc tich tu thanh hop chéat Q véi su trg gitp clia enzym Y:

(e) hiéu sudt chuyén héa hop chét P thanh hop chit Q dugc gia ting hodc
mirc bidu hién gen y duoc didu chinh khéc véi gen kiéu dai béi vi sy dot bién thé
doan, khuyét doan, hoic xen doan cia mét hogc nhiéu nucleotit & ving dich ma
clia gen y ma hoa protein ciia enzym Y, vung diéu hoa su dich mi cia gen, hodc
ving khoi dau ma thiic dAy su phién ma clia gen y.

9) Sinh vt chua c¢6 nhan dién hinh theo muc (8), trong d6 hoat tinh ctia mot
hodc nhiéu enzym chuyén hoa trong s6 c4c enzym cua sinh vét chua c6 nhan dién
hinh ma chuyén héa hop chét Q bi mat hodc giam.

(10)  Sinh vat chua c6 nhan dién hinh theo muc (8) hoic (9), trong d6 sw dot bién
thé doan & ving khoi dau ma thic déy su phién m3 cla gen y nhu dugc xéac dinh 6
déu hiéu (e) 1a su dot bién thé doan cla toan bd hodc mot phﬁn cua vung khdi dau
véi ADN cua doan khéi diu C ma khéac voi doan khoi dau von cé thic déy Sur
phién m3 gen hodc doan khoi dau A.

(11)  Sinh vat chua c6 nhan dién hinh theo muyc (10), trong d6 doan khdi dau C
la giéng doan khoi dau B hodc su phién ma doan khoi dau C duoc diéu chinh béang
protein diéu hoa sy phién ma protein B, trong d6 doan khoi ddu C tt hon 1a doan
khoi ddu cam g, trong d6 dac biét 1a doan khai dau C dugc cam Ung véi su bb
sung hop chit dugc chon tir nhém bao gém axit ferulic, axit vanilic, vanilin, axit
benzoic, axit 3-hydroxybenzoic, resorxinol, axit 4-hydroxybenzoic, axit
2,4-dihydroxybenzoic, fructoza, va sucroza.

(12) Phuong phap san xut hop chit Q bao gbém budc nudi cAy sinh vét chua co
nhén dién hinh theo muc bat ky trong sé cac muc tir (8) dén (11) ddng thoi e ché
sy phién ma doan khéi dau A véi sy c6 mit cla nguén cacbon, va tét hon 13 cam
Umg su phién méa doan khéi diu B dé gia ting murc biéu hién cua protein kim ham
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R, nho d6 lam giam lugng san phim chuyén héa M dugc tao ra va gia tang luong
hop chit Q duoc tao ra.
(13) Phuong phap san xuét hop chat Q bao gbm budc nudi cdy sinh vat chua c6
nhan dién hinh theo muc bt ky trong sé cdc muc tir (8) dén (11) dong thoi giai G
ché su phién mé& doan khéi dau A véi sy co mit cla nguén cacbon, va cam Ung sy
phién mé& doan khai diu B dé gia ting mic biéu hién cta protein kim hdm R, nho
do6 lam giam lugng san phim chuyén héa M duoc tao ra va gia tang lugng hop chat
Q dugc tao thanh.
(14) Phuong phap san xuét hop chit Q theo muc (12) hodc (13), trong do
phuong phap nay bao gbém budc nudi cdy sinh vat chua ¢4 nhén dién hinh theo
muc bét ky trong s& cac muc tir (8) dén (11) v6i sy c6 mét clia ngudn cacbon va
sau d6 cam Ung su phién mé cta doan khoi ddu C dé gia ting muc biéu hién
enzym Y, bang cach d6 gia taing lugng hop chét Q duoc tao ra.
(15)  Phuong phap sén xuét hop chit Q theo myc bét ky trong s cac mye tir (12)
dén (14), trong d6 su két hop ctia hop chét P, hop chit Q, va san phim chuyén hoa
M 1a su két hop bét ky trong sb céc su két hop ctia cdc muc tir (j) dén (w) sau day:

() hop chét P 13 axit 3-dehydroshikimic, hop chit Q 13 axit protocatechuic,
va san phdm chuyén hoa M 1a axit shikimic, va trong do t6t hon 13 enzym X 12
shikimat dehydrogenaza va enzym Y 14 3-dehydroshikimat dehydrataza;

(k) hop chat P 13 axit chorismic, hop chét Q 13 axit anthranilic, va san phim
chuyén héa M 1a axit prephenic;

(1) hop chét P 13 axit prephenic, hop chét Q 14 axit 4-hydroxyphenylpyruvic,
va san phim chuyén héa M 1a axit phenylpyruvic;

(m) hop chét P 13 axit prephenic, hgp chit Q 14 axit arogenic, va san phdm
chuyén héa M 1a axit phenylpyruvic;

(n) hop chit P 14 axit prephenic, hgp chéit Q 13 axit phenylpyruvic, va san
phim chuyén héa M la axit 4-hydroxyphenylpyruvic hogc axit arogenic;

(o) hop chét P 13 axit 2-oxoisovaleric, hop chét Q 1 axit 2-isopropylmalic,
va san pham chuyén héa M 1a valin;

(p) hop chit P 13 axit 2-oxoisovaleric, hop chét Q 13 valin, va san pham

chuyén héa M 12 axit 2-isopropylmalic;
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(q) hop chat P 1a axit glutamic, hop chét Q 13 y-glutamyl phosphat, va san
phdm chuyén héa M la N-axetylglutamat;

(r) hop chat P 13 axit glutamic, hop chit Q 13 N-axetylglutamat, va san
phdm chuyén hoa M 13 y-glutamyl phosphat;

(s) hop chét P 13 axit aspartic, hgp chét Q 14 asparagin, va san phim chuyén
hoa M 1a B-aspartyl phosphat;

(t) hop chit P 1i aspartat B-semialdehyt, hop chdt Q 1a axit
2,3-dihydrodipicolinic, va san pham chuyén héa M 1a homoserin;

(u) hop chat P 1a homoserin, hop chét Q 14 o-axetylhomoserin, va san phim
chuyén hoa M 12 homoserin phosphat;

(v) hop chét P 13 homoserin, hop chit Q 1a homoserin phosphat, va san
pham chuyén hoa M 1a o-axetylhomoserin; va

(w) hop chét P 13 serin, hop chét Q 13 o-axetylserin, va san phim chuyén
héa M 1a glyxin.
(16) Phuong phap san xuét axit protocatechuic nhu dwgc mo ta trong muc (j)
ctia muc (15), trong d6 hoat tinh chuyén hoéa axit protocatechuic bi mét hoic bi
giam nho qué trinh dua sy dot bién thé doan, khuyét doan, hodc xen doan ciia mot
hosic nhidu nucleotit vao trong ving dich ma hodc sy phién mé/vung diéu hoa sy
dich m3 cia mot hodc nhiéu gen duoc chon tir nhém bao gc‘A)m gen mad hoa
protocatechuat 2,3-dioxygenaza, gen mé hoa protocatechuat 3,4-dioxygenaza, gen
mi héa protocatechuat 4,5-dioxygenaza, va gen md hoa protocatechuat
decarboxylaza.
Hiéu qua dat dugc cua sang ché

Theo séng ché, ¢6 thé thu duoc céc vi sinh vat ma co thé san sinh mot cach
hiéu qua céc hop chét hiru co hitu ich nhu DHS hodc axit protocatechuic, tur ngudn
cacbon nhu glucoza. Bing cach st dung céc vi sinh vt theo sang ché, thi DHS
hodc axit protocatechuic co thé duoc tao ra mot cach hitu hiéu béng cach st dung
mdi truong ma khong duoc bd sung cac axit amin thom.
MO ta vin tit cac hinh vé

Fig.1 thé hién phwong phap san xudt hop chét P hitu ich, hop chét nay 1a

san phdm chuyén hoa trung gian trong chu trinh sinh tbng hop tir ngudn cacbon
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cho san phidm chuyén héa M khong thé thiéu cho sy sinh trudng, bang cach d6 cho
phép chit kim ham R, 14 san phim cua gen z, didu chinh muc biéu hién clia enzym
X (tlc 13, enzym dong vai tro trong qué trinh chuyén hoéa hop chét P thanh san
phdm chuyén héa M).

Fig.2 thé hién chu trinh axit shikimic lién quan dén su sinh tong hop axit
amin thom tir ngudn cacbon.

Fig.3 thé hién phuong phép didu hoa muc bidu hién clia enzym nho chét
kim ham R, 12 san phdm cta gen z, d8 tao ra hop chét P hitu ich trong chu trinh
sinh tdng hop tir ngudn cacbon cho san phim chuyén héa M khong thé thiéu cho
su sinh trudng va biéu hién enzym Y ma dong vai tro trong qud trinh chuyén héa
hop chét P thanh hop chét Q, biang cach d6 tao ra hop chét Q hiru ich.

Fig.4 biéu hién réng hop chét P c6 thé duoc tao ra mdt cach hitu hiéu béi vi
murc bidu hién enzym X thap va lugng dugce didu chinh coa san phdm chuyén hoa
M duoc tao ra do su tc ché su phién ma doan khoi dAu A boi chit kim hdm R.

Fig.5 biéu hién ring su tc ché sy phién ma doan khai diu A boi chét kim
him R duoc giam bét va enzym X dugc tao ra mot cach thong thudng O giai doan
nuodi céy sém, sy phién méd doan khoi dau A bi tai Gc ché béi chat kim hdm R, muc
biéu hién enzym X bi giam dang ké, va hop chét P dugc tich tu & giai doan nudi
cdy mudn.

Fig.6 giai thich sy phién ma doan khéi dau A xay ra va enzym X dugc tao
ra mot cach thong thudng badi vi lugng nho cua chit kim hdm R & giai doan nudi
cly som, murc biéu hién enzym X bi giam dang ké boi vi sy gia ting lugng chét
kim ham R, va hop chét P 14 duoc tich ty nhu vay & giai doan nudi cay mudn.

Fig.7 giai thich sy phién ma doan khdi diu duge kim hdm béi chét kim
ham R duoc ma hda boi gen z dugce dinh vi & dong dudi clia doan khoi d4u B, murc
biéu hién enzym X bi giam dang Kké, hop chit P duoc tich ty, va hop chit P sau d6
duoc chuyén héa thanh hop chét Q véi sy trg gitp ctia enzym Y, 1a san pham cla
gen Z.

Fig.8 giai thich su Grc ché phién ma doan khoi ddu A béi chét kim ham R
duoc giam bét va enzym X dugce tao ra nhu vdy mot cach binh thuong & giai doan
nudi cdy sém, sy phién mé doan khoi dAu A bi tai trc ché bai chit kim hdm R, mirc

bidu hién enzym X bi gidm déng ké, va hop chét P duge tich ty dugc chuyén hoa
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thanh hop chit Q véi sy tro gitp clia enzym Y & giai doan nudi cy muon.

Fig.9 giai thich sy phién méa doan khoi ddu A xay ra va enzym X dugc tao
ra mot cach binh thuong bdi vi lugng nho cia chét kim hdm R & giai doan nu6i cy
sém, mic bidu hién enzym X bi giam déang ké boi vi lugng gia tang cua chit kim
ham R, va hop chit P dugc tich tu duoc chuyén hoa thanh hop chit Q véi su trg
gitip clia enzym Y & giai doan nudi cdy mudn.

Fig.10 giai thich sy phién ma doan khoi ddu A bi tre ché béi chét kim ham
R, mirc biéu hién enzym X dugce duy tri & muc thip dé didu chinh lugng san phim
chuyén héa M dugc tao ra, va lugng nhé hop chit P duoc tao ra nhu vy trong khi
cho phép cac vi sinh vat dé phat trién & giai doan nudi cay som. Fig.10 cling giai
thich rdng enzym Y ma chuyén héa hop chét P thanh hop chét Q dugc cam tng dé
bidu hién nhim gia ting murc biéu hién enzym Y, va lugng hop chéit Q duoc gia
ting & giai doan nudi cay mudn.

Fig.11 giai thich sy phién ma doan khéi diu A bi trc ché b chat kim ham
R, murc biéu hién enzym X dugc duy tri & mirc thip dé diéu chinh lugng sén phim
chuyén héa M duoc tao ra, va lugng nhé hop chét P duoc tao ra nhu vy trong khi
cho phép céc vi sinh vat dé phat trién & giai doan nuoi ciy sém. Fig.11 cling giai
thich réng chit kim him R dugc cam Ung dé bidu hién nham gia ting lugng hop
chét P duoc tich tu, enzym Y ma chuyén hoa hop chét P duoc tich tu thanh hop
chit Q dugc cam (g d& biéu hién nhdm gia ting mirc biéu hién enzym Y, va luong
hop chét Q duogc tao ru dugc gia ting nhu vy ¢ giai doan nudi ciy mudn.

M0 ta chi tiét sang ché

Sau ddy, sang ché duge md ta chi tiét v6i sy tham khao Fig.1 va Fig.3.

Céc vi sinh vat theo sang ché dugc st dung dé tao ra mdt cach hitu hiéu
hop chét P hitu ich, hop chét nay 13 sin phim chuyén héa trung gian trong chu
trinh sinh téng hop tur ngudn cacbon cho san pham chuyén héa M khéong thé thiéu
cho su sinh trudng va cac vi sinh vat nay ¢o céc dAu hiéu (a) dén (d) duge néu dudi
day. Tt hon 13, cdc vi sinh vét 1a sinh vat chua c6 nhén dién hinh trong d6 hé
théng didu hoa phién ma béi chét kim him R da duoc phét trién nhan diéu chinh sy
biéu hién gen:

(a) hoat tinh ctia m¢t hodc nhiéu enzym duoc chon tlr cic enzym lién quan
dén su sinh téng hop hop chét P tir ngudn cacbon ma cé thé duoc str dung béi sinh
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vat chua ¢4 nhan dién hinh dugc gia ting so v6i ngudn cacbon duge st dung bdi
sinh vat chua c6 nhan dién hinh kiéu dai;

(b) hoat tinh ciia enzym X bi mét hodc bi giam bdi sy dot bién thé doan,
khuyét doan, hodc xen doan cua mot hodc nhiéu nucleotit & ving dich ma cta gen
kiéu dai x ma hoéa protein cia enzym X ma chuyén héa hop chit P thanh san pham
chuyén héa M, ving diéu hoa sy dich ma ctia gen, hodc ving khoi diu ma thic day
su phién ma cua gen X;

(¢) sy phién md ADN mé héa enzym hoat tinh X dugc diéu chinh béi doan
khoi dau A, ma khac véi doan khoi diu vén c6 ma thuc ddy sy phién ma cia gen x
va trong d6 sy phién ma bi Urc ché véi su trg gitp cta protein kim hdm R; va

(d) su phién ma ctia mot hodc nhiéu ban sao ciia gen z mi hda protein kim
him R dugc diéu chinh bdi doan khai dau c6 sén ddi véi gen va/hodc doan khoi
dau cam ung B ma khéc véi doan khéi dau vén co.

V& mot hodc nhidu enzym dugc chon tir cic enzym lién quan dén chu trinh
sinh téng hop tur ngudn cacbon, nhu glucoza, cho hop chét P, hoat tinh enzym c6
thé dugc gia ting va/hodc lugng enzym protein co thé dugc gia ting theo cach
duoc md ta dudi day. Nhu vay, cc vi sinh vét dugc st dung trong séng ché co thé
duoc tao ra co d4u hiéu (a). Dic biét, hoat tinh enzym c6 thé duoc ting cuong
va/hodc luong enzym protein co thé dugc gia ting béng cach, vi du, dua sy dot
bién vao trong diém khéi dau su dich mi cla gen m3 hoa enzym protein, dua sy
dot bién vao trong ving khéi dau cia gen, thay thé doan khéi dau bang doan khéi
diu khoe manh khéc, khuéch dai gen bing cach nhin dong thanh nhidu ban sao
plasmit, gia ting mtc biéu hién ciia protein ma diéu hoa duong tinh sy phién ma
ciia gen, va/hodc lam gidm hodc xda bo sy biéu hién cua ma diéu hoa am tinh su
phién ma cia gen. Nhu vay, lugng hop chét P duoc tao ra co thé dugc gia ting,
Trong trudong hop cua enzym ma trdi qua sy Uc ché phan hdi béi san phim chuyén
héa nam & dong dudi, theo cach khac, su dot bién axit amin ma lam giam sy Gc
ché phan hoi c6 thé dugc dua vao trong enzym protein, dé gia ting lugng hop chét
P duogc tao ra. Sy dua dot bién vao trong ADN hodc protein ¢ thé duoc thuc hién
bai sy gdy dot bién, cong nghé ADN tai t6 hop, k¥ thuat tai t6 hop tuong dong,
hodc céc k¥ thuat khac.

D#4u hiéu (b) c6 thé dugc tao ra bang céach loai bd hoat tinh ciia enzym X
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nho sur gy dot bién, cong nghé ADN tai td hop, hodc cée k¥ thuat khac. Tét hon 13,
su dot bién khuyét doan dugc dua vao trong vung dich ma cua gen kiéu dai x nho
k¥ thuat tai t5 hop tuong ddng. Néu toan bo ving dich ma bj loai bo, sy biéu hién
ctia gen dong dudi co thé duoc kim him bdi cac tdc dung phan cyc. Nhu vay, t6t
hon 12 sy dot bién khuyét doan trong khung dugc dua vao trong vung dich ma & vi
trf khac voi ddu 5° va dau 3’ cta vung dich ma. Theo cach khéc, hoat tinh cua
enzym X cO thé dugc loai bod bing cach dua sy dot bién thé doan, khuyét doan,
hodc xen doan cia mQt hodc nhidu nucleotit vao vi tri lién ké diém khoi ddu sy
dich m3 cua gen x hodc ving khoi dAu ma thic ddy su phién ma clia gen x. Ngoai
ra, ving khoi du sin c6 ma thuc dAy sur phién ma cia gen x c6 thé duoc thay thé
bing ADN ciia doan khéi ddu A nhu dugc x4c dinh & déu hi¢u (c), dé dong thoi tao
ra d4u hiéu (b) va dau hiéu (c).

D4u hiéu (c) c6 thd duge truyén bang cach dua ADN mé hoa protein cia
enzym hoat tinh X vao vi tri dong dudi cia doan khoi ddu A, su phién ma bj trc ché
boi chét kim ham R. Poan khéi diu A 1a khac véi doan khéi dau von co ma thue
déy sy phién ma cua gen X, va bét ky doan khoi dau c6 thé duogc st dung, véi didu
kién su phién ma tir d6 bi trc ché boi chat kim ham R. Céc vi du wu tién vé doan
khéi ddu A bi kim ham boi chit kim him R & ching Escherichia coli K-12 bao
gbm doan khoi dau pL hogic doan khoi dau pR, su phién ma tir d6 b trc ché bai san
phim gen cI857 cla thé thuc khudn ), doan khoi dau lac, sy phién ma tlr d6 bi rc
ché boi san phim gen lacl, va doan khéi d4u operon gal, sy phién mé tir d6 bi
ché boi san phim gen galR. Céc vi du vé doan khéi dau A, sy phién ma tir d6 bi e
ché bdi chat kim hdm R & ching ATCC13032 bao gém: doan khéi dau vanA, su
phién ma tir 46 bi e ché béi san phdm gen vanR (cg2615) (sau ddy dugc goi 1a
“gen vanR”) (sau day dugc viét tit 13 “chat kim ham VanR”); doan khoi du cla
gen rhcH (cg1309) (sau ddy duge goi la “gen rhcH”), sy phién ma tir d6 bi e ché
b&i san phdm gen rheR (cg1308) (sau day dugc goi la “gen rhcR”) (sau day dugc
viét tht 12 “chét kim ham RhcR”) (sau day duoc viét tht 14 “doan khéi dau rheH”);
va doan khoi dau ctia gen peal (cg2623) (sau day duoc goi 1a “gen pca ”), su phién
ma tr d6 bi tc ché bdi sin phdm gen pcaR (cg2624) (sau day duoc goi la “gen
pcaR”) (sau day duoc viét tht 13 “chit kim ham PcaR™). Dé lam gen X, gen c6
nguén géc tir vi sinh vat theo sang ché ¢6 thé duge st dung, hodc gen thu duogc tir
sinh vat ¢6 nhan dién hinh hodc chua c6 nhan dién hinh, ma khac véi vi sinh vét
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theo sang ché, ¢6 thé duoc st dung.

Dudi céc didu kién thong thuong, mire biéu hién enzym X 14 thap do c6 dau
hiéu (b) va dAu hiéu (c) & céc vi sinh vat clia séng ché. Tuy nhién, céc vi sinh vét
ndy cb sy dot bién dé gia tang lugng hop chét P 1a do cé dau hiéu (a). Nhu véy, cic
vi sinh vat nay cé thé tao ra lugng san phdm chuyén héa M ma can thiét cho sy
sinh truong. Khi lugng hop chét P dugc tao ra 13 rdt nhd va cac didu kién sinh
trudng 13 kém, sy phién ma bi tc ché duoc giy ra béi chit kim ham R c6 thé dugc
giam bat, va muirc biéu hién enzym X c6 thé duoc gia ting. Nhu viy, cac diéu kién
sinh trudng cua cac vi sinh vét ¢6 thé duoc cai thién.

DAu hiéu (d) c6 thé dugc tao ra bang cach hinh thanh don vi biéu hién gen z -
trong d6 gen z dugc dat & dong dudi clia doan khoi dau cam ung B ma khac voéi
gen z doan khoi déu, ngoai don vi biéu hién kiu dai ctia gen z ma héa chét kim
ham R. Ngoai don vi biéu hién gen kiéu dai z, don vi biéu hién gen z dugc dinh vi
& dong dudi clia doan khoi diu cam tmg B c6 thé dugc két hop vao trong céc vi
sinh vat theo sang ché. B4t ky chéat kim him thu dugc tir sinh vét chua c6 nhéan
dién hinh c6 thé dugc st dung lam chat kim him R. tdt hon 13 st dung chét kim
haim, su tc ché cta chat ndy c6 thé duoc giam bét khi, vi dy, bd sung chét gdy cam
ung hodc su thay d6i nhiét d6. Khi chung Escherichia coli K-12 dugc st dyng lam
vi sinh véat theo sang ché, cac vi du cu thé ctia chit kim him ma c6 thé duoc st
dung bao g@)m céc chat kim him dugc ma hoa bai gen cI857 thé thuc khuén A dugc
cam Ung bdi sy nudi cAy & nhiét do 38°C hodc nhiét do cao hon, cac chat kim ham
duoc ma hoa boi gen lacl duge cam ung bang su bd sung lactoza, cic chét kim
hdm dugc ma hoa bai gen galR dugc cam Gng bing su bd sung galactoza, va cac
chit kim hdm duoc ma hoa badi gen tetR dugc cdm ng béng su b sung tetraxyclin.
Khi ching ATCC13032 dugc sir dung lam vi sinh vét theo sang ché, vi dy, chét
kim him VanR, su @c ché cua chit nay cé thé duoc giam nhe véi sy bd sung axit
ferulic, axit vanilic, ho#c vanilin, chit kim hdm RhcR, su uc ché cta chat nay co
thé dugc giam nhe véi su bd sung resorxinol hodc axit 2,4-dihydroxybenzoic, hodc
chét kim hdm PcaR, sy tc ché cia chit nay c6 thé duoc giam nhe voi sy bd sung
axit 4-dihydroxybenzoic c6 thé dugc st dung.

Bét ky doan khoi ddu c6 thé dugc sit dung 13 doan khéi dau B, véi didu

kién né 13 doan khéi dau cam ung thu duge tir sinh vat chua c6 nhan dién hinh.
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Néu gen z duoc biéu hién trong ching Escherichia coli K-12, cu thé, doan khai
dAu pL thé thuc khudn A hoic doan khoi dau pR, doan khéi dAu lac, doan khéi dau
gal operon, doan khéi d4u trp operon, doan khoi dau araBAD, hoidc cac doan khoi
du khac c6 thé duoc st dung. Néu gen z dugc biéu hién & ching ATCC13032, vi
du, doan khoi diu vanA duoc cam Ung boi sy bd sung axit ferulic, axit vanilic,
hodc vanilin, doan khéi d4u rheH duoc cam tmg boi sy bd sung resorxinol hodc
axit 2,4-dihydroxybenzoic, doan khoi dau peal dugc cam ung boi sy bd sung axit
4-hydroxybenzoic, gen khoi dAu nagl (cg3351) (sau day duoc goi la "gen nagl”)
duoc cam ung boi su bd sung axit 3-hydroxybenzoic (sau ddy dugc viét tit 1a
“doan khoi dau nagl”), gen khoi dau benA (cg2637) (sau déy dugc goi la gen
benA) dugc cam Ung bdi su bd sung axit benzoic (sau ddy dugc viét tit 12 “doan
khéi dau benA”), hodc gen khoi d4u cg2118 hodc gen khai dau ptsS (cg2925) (sau
day duoc goi la “gen ptsS”) dugc cdm Ung boi su bd sung fructoza hodc sucroza c6
thé duoc st dung.

Néu vi sinh vat theo séng ché c6 hoat tinh enzym dé chuyén hoa hop chét P
khac véi hoat tinh enzym X va lugng hop chét duoc tich tu co thé duoc giam khi
tao ra hop chét P, hoat tinh ctia mdt hodc nhiéu enzym chuyén hoa dé chuyén hoa
hop chét P clia vi sinh vt t6t hon 13 c¢6 thé bi bién mét hodc bi gidm do sy gdy dot
bién hodc cong nghé ADN tai t6 hop.

Tét hon 13, céc vi sinh vat theo sang ché 1a sinh vét chua c6 nhan dién hinh
cia  Corynebacterium,  Brevibacterium, Arthrobacter,  Nocardioidaceae,
Microbacterium, Streptomyces, Amycolatopsis, Rhodococcus, Kineococcus,
Acinetobactor. Pseudomonas, Pantoea, Klebsiella, hodc Escherichia. Tét hon nita
13, cac vi sinh vét theo sang ché 13 Corynebacterium glutamicum ma thudng dugc
st dung d8 san sinh axit amin nhd sy 18n men hodc Escherichia coli, cac ddc tinh
ctia chiing da dugc phan tich mot cach cAn thén.

Vi du vé phuong phap san xult hop chat P sir dung vi sinh vt theo sing
ché 13 phuong phép trong d6 hop chét P hiru ich dugc tao ra bang cach tién hanh
nudi cdy trong mdi trudng chira ngudn cacbon ddng thoi tc ché su phién ma doan
khéi diu A. Vi mirc phién mé cia doan khoi diu A ma didu hoa sy biéu hién
enzym X dugc duy tri & mic thap boi chét kim ham R trong vi sinh vét theo sdng

ché, luong san phém chuyén hoa M duoc tao ra dugc diéu chinh, va hop chit P co
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thé duoc tao ra mdt cach hitu hiéu (Fig.4).

Trong phuong phép san xudt theo sang ché, néu sy sinh trudng cla vi sinh
vat 1a chdm do muc phién ma thép cua doan khoi diu A ma diéu hoa mirc biéu hién
enzym X, quy trinh san xuét hop chét P c6 thé duoc tach thanh hai giai doan; tic 1a,
giai doan nudi cdy som va giai doan nudi cdy mudn. Nhu vay, hop chét P hiru ich
¢6 thé duoc tao ra. Cu thé, moi truong dugce bd sung ngudn cacbon cd thé duoc cdy
cac vi sinh vét, su phién ma dugc giai uc ché béng cach b sung chéit giy cam (g
hodc gia ting/lam giam nhiét do nudi céy theo cac dic tinh cua chét kim him R,
mirc bidu hién enzym X duoc gia tdng, va sau d6 qua trinh nudi cly dugc tiép tuc.
Tiép theo, sw phién ma lai b ttc ché boi chét kim ham R & thoi diém thich hop, dé
kim ham murc biéu hién enzym X. Nhu vay, luong hop chét P dugc tao ra ¢ thé
duoc gia tang (Fig.5). Néu doan khéi ddu A ma duge cdm Gng voi su b sung chét
gdy cam ung dugc sir dung, lugng chét gdy cam Ung cin dugc bd sung dugc diéu
didu chinh d& 1am suy kiét chit gdy cam (mg & giai doan nudi cay mudn. Nhu vy,
sw phién ma co thé lai bj {rc ché boi chét kim ham R. Néu doan khoi ddu A ma
duoc cam ung béng cach ting/giam nhiét 4 nuoi céy duoc st dung, nhiét do nudi
cdy ¢ thé quay tré lai muc tai d6 sy phién ma bi e ché boi chat kim hdm R. Nhu
vay, sy phién ma co thé duogc (e ché lai boi chét kim ham R.

Bing cach st dung vi sinh vét theo sang ché trong d6 su biéu hién chét kim
hiam R dugc huéng bdi doan khoi dAu cam ung B, tot hon 13, quy trinh san xudt
hop chét P dugc chia thanh hai giai doan: tc 13, giai doan nudi cdy som va giai
doan nuodi céy mudn. Nhu vay, hop chét P hitu ich dugc tao ra. Cu thé, moi truong
chira ngudn cacbon duge cly céc vi sinh vat, cdc vi sinh vét nay phat trién, va chat
gdy cam ung dugc bd sung hodc nhiét o nudi ciy duoc ting hodc giam theo céac
diic tinh ctia doan khoi ddu cam tng B d€ hoat hoa doan khoi dau cam tmg B va
gia tang luong chit kim ham R duoc tao ra. Nhu vay, su san sinh san phém chuyén
héa M bi trc ché, va lugng hop chit P duoc tao ra dugce gia tang (Fig.6).

Theo phuong phép san xuét bang cach st dung vi sinh vét theo sang ché,
nhu néu trén, lugng hop chit P duoc tao ra co thé dugc toi da hoa mot cach dé
dang nho phuong phap nudi cly khéc béng céach st dyng céc vi sinh vt theo sang
ché, theo didu kién sinh truéng cua céc vi sinh vat hodc tdc dung cua hop chat P

do1 voi cac vi sinh vat.
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Nguén cacbon bét ky co thé duoc str dung, véi diéu kién vi sinh vt theo
sang ché ¢ thé st dung cac ngudn cacbon nay. Céc vi du vé ngudn cacbon ma ¢6
thé duoc st dung bao gém: cac sacarit nhu glucoza, sucroza, va fructoza; cac rugu
nhu etanol va metanol; c4c axit hitu co, nhu axit xitric, axit malic, va axit sucxinic;
glyxerol; va mat duong den.

Hop chit P c6 thé 1a hop chét hitu co bt ky, voi didu kién n6 14 san pham
chuyén hoéa trong chu trinh sinh tdng hop trong d6 sén phim chuyén héa khong thé
thiéu cho su sinh truéng dugce tao ra tir ngu(‘Sn cacbon. Cac vi du bao gé)m DHS,
axit glutamic, axit aspartic, va serin.

DHS ¢6 thé duge tao ra b%tng cach didu hoa muc biéu hién cla shikimat
dehydrogenaza (enzym X) ma tao ra axit shikimic (san pham chuyén hoa M).
Trong khi DHS 12 hitu ich 1am chét chong oxy héa (Patent My 5,821,266), n6 c6
thé duogc st dung lam nguyén liéu khai dau dé tao ra axit protocatechuic, axit
shikimic, hodc céc chét khac béang céch st dung céc vi sinh vit.

Axit amin hitu ich; tic 14, axit glutamic, co thé duoc tao ra b?lng cach diéu
hoa mirc biéu hién cua axit amin-N-axetyltransferaza (enzym X) ma tao ra
N-axetylglutamat (san phim chuyén héa M) hogc y-glutamylkinaza (enzym X) ma
tao ra y-glutamyl phosphat (san phim chuyén héa M).

Axit amin hitu ich; tic 13, axit aspartic, c6 thd duoc tao ra bang cich diéu
hoa mirc biéu hién cua aspartokinaza (enzym X) ma tao ra B-aspartyl phosphat (san
phim chuyén héa M) hodc asparagin synthetaza (enzym X) ma tao ra asparagin
(san pham chuyén hoa M).

Axit amin hitu ich; tic 13, serin, co thé duoc tao ra bang cach diéu hoa muc
biéu hién cta serin hydroxymetyltransferaza (enzym X) ma tao ra glyxin (san
phim chuyén héa M) hoic serin transferaza (enzym X) ma tao ra o-axetylserin (san
phénlchuyénhéahd)

V& vi du cu thé, ching thu dugc tir ching ATCC13032 tao ra mot cach hiéu
qua DHS dugc md ta chi tiét. Trinh tw hé gen cla chung ATCC13032 c6 thé thu
duoc tir co s& dir lidu cia Ngan hang gen (GenBank) (sau day duoc viét tat 1a
“GB”) cua National Center for Biotechnology Information (sau day dugc viét tit 1a
“NCBI”) duéi s truy cap GB BX927147. Pong thoi, trinh ty hé gen ma vé co ban
gidng nhu trinh ty néu trén cé thé thu dugc dudi sb truy cap GB NC_003450, &
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ban mo ta ndy, cac vi tri nucleotit va danh phép di truyén duge mo ta voi sy tham
khao cac sb nucleotit va danh phép di truyén cua s6 truy cap GB BX927147.

Céac ching thu dugce tir chung ATCC13032 ma tao ra DHS 1a cac vi sinh véat
c6 diu higu (aa) dén (dd) dugc néu dudi day.

(aa) trong sb c4c enzym lién quan dén sy sinh téng hop DHS (Hop chét P)
tir ngudn cacbon ma cé thé duoc str dung béi chung dugc x4c dinh ¢ trén, hoat tinh
ctia mot hodc nhidu enzym dugc chon tlr 6 dugc gia tang so voi chung kiéu dai.

(bb) Hiéu sudt chuyén hoa DHS thanh axit shikimic bi hao hut hodc bi giam
boi sy co mét cia su dot bién thé doan, khuyét doan, hodc xen doan ciia mot hodc
nhiéu nucleotit & ving dich ma hodc vung diéu hoa su dich ma cta gen kiéu dai
(gen X) mi hoéa protein cia shikimat dehydrogenaza (enzym X) ma chuyén hoa
DHS thanh axit shikimic (san phdm chuyén héa M) hodc vung khéi dau ma thic
ddy su phién mi cia gen. Ching ATCC13032 bao gbm, dudi dang gen mi hoa
shikimat dehydrogenaza hoat tinh, gen aroE3 (cg1835) (doan ADN bao gém cac
nucleotit 1.726.078 dén 1.726.908 cia sgi bo trg), gen aroE1 (cg1283) (doan ADN
bao gdm céc nucleotit 1.182.337 dén 1.183.143 cla soi bd trg), va gen qsuD
(cg0504) (doan ADN bao gdm céc nucleotit 446.537 dén 447.388). Su dot bién
duoc dua vao trong gen aroE3 ma dong vai tro chinh trong qua trinh chuyén héa
DHS thanh axit shikimic, sy biéu hién shikimat dehydrogenaza hoat tinh cua gen
bi hao hut hoac giam, va d4u hiéu (bb) c6 thé duoc truyén nhu mot hé qua. Ngoai
su dot bién gen aroE3, sy dot bién ma dan dén su hao hut hodc giam mirc biéu hién
shikimat dehydrogenaza hoat tinh c6 thé duogc dua vao trong gen qsuD va/hodc gen
aroE1. Nhu vay, déu hiéu (bb) c6 thé dugc truyén.

(cc) Su phién ma ciia ADN mé hoa enzym hoat tinh X duoc didu chinh béi
doan khoi ddu A ma khéc v6i doan khéi ddu vén cé ma thuc day su phién mé cia
gen x va trong do sy phién mé bi uc ché véi su tro gitip cua protein kim hdm R.

(dd) Mot hoac nhiéu ban sao ciia gen z mi hda protein kim hdm R c6 mat,
va sy phién mi gen nay duoc didu chinh bang doan khéi diu vd co cla gen
va/hodc doan khoi dau cam tmg B ma khac v&i doan khoi dau vén co.

Nhu néu trén, dbi voi chét kim hdm VanR, sy Gc ché cia chit nay c6 thé
dugc giam nhe b%mg cach bd sung axit ferulic, axit vanilic, hodc vanilin, chit kim

ham RhcR, su Gc ché cia chat nay c6 thé duoc giam nhe bang céach bd sung
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resorxinol hodc axit 2,4-dihydroxybenzoic, hodc chit kim ham PcaR, su trc ché cua
chit nay c6 thé duoc gidm nhe bang cach bd sung axit 4-dihydroxybenzoic ¢6 thé
dugc str dung lam chét kim ham R.

Céc vi du vé& doan khéi dau A ma bi tc ché bai chét kim him R & ching
ATCC13032 bao gém doan khéi dau vanA, sy phién ma tir doan khoi dau nay bi
trc ché boi chét kim him VanR, doan khoi déu rheH, su phién ma tir doan khéi dau
nay bi tc ché boi chit kim him RheR, va doan khoi dau ctia gen peal, sy phién ma
tir doan khoi dau nay bi tc ché béi chit kim hdm PcaR.

Céc vi du v& doan khéi ddu B ma c6 thé duge sir dung bao gom doan khoi
diu vanA dugc cam Ung béng céch bbd sung axit ferulic, axit vanilic, hodc vanilin,
doan khoi dau rhcH duoc cam Ung béng céach b sung resorxinol hodc axit
2,4-dihydroxybenzoic, doan khoi d4au peal dugc cam Gng bang cach bd sung axit
4-hydroxybenzoic, doan khai ddu nagl duge cam Ung bing cach bd sung axit
3-hydroxybenzoic, doan khéi dAu benA dugc cam tng bang cich bd sung axit
benzoic, va gen khéi dau cg2118 hodc doan khoi dau ptsS dugc cam Ung bing
céch bd sung fructoza hodc sucroza.

Vung khéi diu vén c6 ma thic ddy sy phién ma cia gen aroE3 (gen x) mé
hoa protein ciia shikimat dehydrogenaza (enzym X) c6 thé duoc thay thé bang
ADN cua doan khéi diu A nhu dugc md ta lién quan dén dau hiéu (co), nham
truyén ddng thoi déu higu (bb) va déu hiéu (cc).

P& truyén déu hiéu (aa), sy dot bién ma c6 kha nang thuc day chu trinh
hinh thanh DHS tir DAHP hoac su dot bién ma gia ting luong DAHP duoc tao ra
6 thé duge dua vao theo k¥ thuat thong thuong.

DAHP duoc chuyén héa thanh axit 3-dehydroquinic (sau déy dugc viét tat
12 “DHQ”) nhd 3-dehydroquinat syntaza, va DHQ tiép tuc dugc chuyén hoa thanh
DHS nhd DHQ dehydrataza. Nhu vay, su dot bién c6 thé duoc dua vao trong ving
didu hoa phién mé/dich ma clia gen aroB (cg1827) m& héa DHQ synthetaza (sau
day dugc goi 1a “gen aroB”) va/hodc gen aroD (cg0503) ma hdéa DHQ dehydrataza
(sau day dugc goi la “gen aroD”), dé ting cuong muc biéu hién ctia DHQ
synthetaza va/hoic DHQ dehydrataza va gia tang luong DHS. Vi dy, doan khoi
d3u vén c6 ma thic day su phién ma ctia gen aroB va/hodc gen aroD c¢6 thé dugc

thay thé bang doan khéi dAu Tu v6i hoat tinh doan khéi dau cao hon, dé gia tang

-23-



26020

lugng DHS.

Theo cach khéc, lugng DAHP c6 thé dugc gia ting, dé gia tang luong DHS.
Luong DAHP c6 thé dugc gia ting béng cach 1am giam mirc e ché phan hoi cta
DAHP syntaza nh¢ céc axit amin thom, ting cuong murc biéu hién DAHP syntaza,
hodc gia ting lugng erythroza 4-phosphat (sau day dugc viét tit 13 “E4P”) hoic
axit phosphoenolpyruvic (sau day dugc viét tét 1a “PEP”), lam chét nén DAHP
syntaza.

Tryptophan, tyrosin, hodc phenylalanin thuong gy ra sy tc ché phan hoi
dbi v6i DAHP syntaza. Vi da bidt ring sy e ché phan hdi c6 thé dugc giam nhe
bang cach dua sy dot bién, nhu sy thay thé axit amin, vao trong DAHP syntaza, sy
dot bién nay c6 thé duge dua vao trong gen DAHP syntaza nhu gen aroF (cgl129)
(sau day dugc goi 1a “gen aroF”) hodc gen aroG (cg2391) (sau day duoc goi la
“gen aroG”), dé gia tang lugng DAHP.

Mtic biéu hién DAHP syntaza c6 thd duoc ting cudng bang cach dua sy dot
bién vao trong ving diéu hoa phién ma/dich mé cuia gen ma héa DAHP syntaza. Vi
du, doan khoi dau vén c6 ma thic déy su phién mé cua gen md héa DAHP syntaza
c6 thé duoc thay thé bang doan khoi dAu Tu, dé gia ting luong DAHP.

Vi duy, luong E4P, 1a chit nén DAHP syntaza, co thé dugc gia ting bing
cach dua su dot bién vio trong ving diéu hoa phién ma/dich mi cua gen enzym
lién quan dén chu trinh pentoza phosphat, nhu gen tkt (cgl774) ma hoa
transketolaza (sau ddy dugc goi 1a “gen tkt”), gen tal (cgl776) md hoa
transaldolaza (sau ddy dugc goi 1a “gen cgl776”), hodc gen zwf (cgl778) ma hoa
glucoza-6-phosphat-1-dehydrogenaza, dé gia tang mirc biéu hién clia gen nay.

Luong PEP, 1a chét nén DAHP syntaza, c6 thé duoc gia ting bang cich dua
su dot bién vao trong ving didu hoa phién ma/dich ma cta gen pps (cg0644) ma
héa PEP synthetaza hogic gen pek (cg3169) mé héa PEP carboxykinaza, dé gia tang
murc biéu hién clia gen nay.

Hon nita, su dot bién co thé dugc dua vao trong ving dich ma hodc gen
didu hoa phién ma/dich ma cta, vi dy, gen pyk (cg2291) ma hoa pyruvat kinaza,
gen ppc (cg1787) ma hoa PEP carboxylaza, hodc gen mé hoa phosphotransferaza
lién quan dén su hép thu dudng nhu glucoza, (vi du, cac gen cg2117). Nhu vay, su

chuyén héa PEP ¢6 th8 bi rc ché, va luong PEP ¢6 thé duoc gia ting.
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Su dot bién c6 thé duoc dua vao vao trong mot gen duy nhét dé truyén diu
hiéu (aa). Pé tiép tuc gia ting luong DHS dugc tao ra, tbt hon 13 cac su dot bién
dugc dua vao trong nhiéu gen néu trén.

Chung thu duoc tir ching ATCC13032 ¢6 cac dAu hiéu (aa) dén (dd) néu
trén c6 thé san sinh DHS tir ngudn cacbon nhy glucoza. Gen aroD ma hoa DHQ
dehydrataza tao ra operon cé gen qsuB (cg0502) ma héa DHS dehydrataza ma
chuyén héa DHS thanh axit protocatechuic (sau day duoc goi la “gen qsuB”). Néu
mure biéu hién gen aroD dugc gia ting nho sy thé doan khoi du dé truyén du hiéu
(aa), do vay, muc bidu hién gen qsuB ciing dugc ting cuong, va mot phén cta
DHS dugc tich tu dugce chuyen hoa mot cach bét lgi thanh axit protocatechuic. Pé
kim ham su chuyén héa DHS thanh axit protocatechuic, tdt hon 1 su dot bién duoc
dua vao trong vung dich ma hodc vung diéu hoa phién ma/dich ma cta gen qsuB.

Néu cac vi sinh vt theo sang ché c6 diu hiéu (e) duogc néu dudi day ngoai
cac dau hiéu (a) dén (d) néu trén, hop chat P trong chu trinh sinh tbng hop tir
ngudn cacbon cho san pham chuyén héa M khong thé thiéu cho sy sinh trudng cd
thd duge chuyén hoa thanh hop chét Q bang céch sir dung vi sinh vat ndy. Nhu vay,
hop chit Q hitu ich c6 thé duogc tao ra mot cach hitu higu.

(e) Hiéu sudt chuyén hoa hop chit P thanh hop chit Q dugc gia tdng hodc
muc biéu hién gen y duoc diéu chinh khéc véi gen kiéu dai bdi vi sy dot bién thé
doan, khuyét doan, ho#c xen doan ciia mdt hodc nhidu nucleotit & vung dich ma
clia gen y mi hda protein ciia enzym Y, viung diéu hoa su dich ma cla gen, hoic
ving khoi dau ma thic déy sy phién ma ctia gen y.

V& diu hiéu (e), muc bidu hién enzym Y thuong khéng di & dang ching
kiéu dai. Nhu vay, su dot bién thé doan, khuyét doan, hodc xen doan ctia mdt hodc
nhiu nucleotit duge dua vao trong vung diéu hoa su dich mi cta gen y hodc vung
khoi ddu ma thuc day sy phién m3 cua gen vy, dé gia ting mirc biéu hién enzym Y
hoic diéu hoa sy phién ma gen y theo cach khac véi doan khoi dau kiéu dai. Nhu
vy, diu hiéu () c6 thé duoc truyén. Enzym thi nhit & chu trinh phan nhanh
thuong trai qua sy e ché phan hdi béi san pham cudi. Do vy, sy dot bién dugc
dua vao trong ving dich mé cia gen y, dé 1am giam muc Gc ché phan héi va gia
tang hoat tinh ciia enzym Y. Nhu vay, dAu hiéu (e) c6 thé dugc truyén.

Tt hon 13, mdt phan hogic toan by ving khoi d3u ma thic dy gen y su
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phién ma duoc thay thé bing ADN cta doan khéi dau C, ma khac véi doan khoi
d3u vén co6 va doan khoi ddu A ma thuc d4y su phién ma gen y. Nhu vdy, du hiéu
(e) c6 thé duoc truyén.

Poan khoi ddu ma khac véi doan khoi dAu gianh cho gen y hodc doan khoi
diu A ¢6 thé duoc sir dung 1am doan khoi diu C. DPdng thoi doan khéi dau bicu
hién két cau cling co thé duoc str dung lam doan khoi dau C, viéc str dung doan
khéi ddu cam tng 13 dugc wu tién. Bét ky doan khoi ddu dugc lay 1am vi dy lam
doan khoi dau B duoc dung dé truyén d4u hiéu (d) & trén c6 thé dugc st dung lam
doan khoi dau cam tng.

Céc vi du vé doan khéi dau C ma co thé duoc sir dung bao gém doan khoi
dau pL thé thuc khuén X\ hodic doan khéi dau pR, doan khoi diu lac, doan khéi dau
gal operon, doan khoi dau trp operon, doan khoi dAu araBAD, doan khéi dau vanA
duoc cam tmg bing cach bd sung axit ferulic, axit vanilic, hoge vanilin, doan khoi
ddu rthcH duoc cam ung bing cach bd sung resorxinol hodic axit
2,4-dihydroxybenzoic, doan khoi du pcal dugce cam Ung bang cach bd sung axit
4-hydroxybenzoic, doan khoi dau nagl dugc cam Ung bing cach bd sung axit
3-hydroxybenzoic, doan khoi dAu benA dugc cam ung bang cach bd sung axit
benzoic, va gen khoi d4u cg2118 hodc doan khoi dau ptsS dwgc cam Ung bang
céch bd sung fructoza hodc sucroza.

Doan khéi déu C duoc st dung d8 truyén déu hidu (e) c6 thé 14 giéng nhu
doan khoi ddu B duge st dung dé tryén du hiéu (d). Su phién ma ctia doan khdi
diu C c6 thé duoc didu hoa nhd protein ma diéu hoa sy phién ma doan khoi dau B.

Néu lugng hop chét P d3 tich tu c6 thé duoc giam trong quy trinh sén XUt
hop chét nay béi vi hoat tinh enzym cta vi sinh vét theo sang ché dé chuyén hoa
hop chéit Q, hoat tinh cua mét hodc nhiéu enzym chuyén héa hop chét P ctia vi sinh
vat t&t hon 12 bi hao hut ho#c bi gidm nho sur gdy dot bién hodc cong nghé ADN tai
t6 hop.

Theo phuong phép san xuét hop chét Q sir dung vi sinh vét theo sang ché,
vi du, sy nudi cay dugc tién hanh trong moi truong chira ngudn cacbon ddng thoi
trc ché sur phién m& doan khéi dau A. Nhu vy, hop chét Q 1a dugc tao ra. Trong vi
sinh vt theo sang ché, mirc phién mé ctia doan khéi dAu A ma didu hoa mirc biéu

hién enzym X dugc duy tri ¢ muc thap boi chit kim hdm R. Nhu viy, luong san
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phim chuyén héa M dugc tao ra dugce didu chinh, va hop chit Q c6 thé duoc tao ra
mot cach hitu hiéu tir hop chét P (Fig.7).

Néu vi sinh vat phét trién cham boi vi mtc phién mé thip ctia doan khéi
d3u A ma didu hoa muc biéu hién enzym X trong quy trinh san xuét theo sang ché,
quy trinh san xut hop chét Q t6t hon 13 duge chia thanh hai giai doan; tic 13, giai
doan nuoi céy sém va giai doan nudi céy mudn. Cu thé, méi truong chira nguén
cacbon c6 thé dugc ciy céc vi sinh vat, sy phién mé dugc gidi tc ché bing cach bd
sung chit gdy cam tng hodc ting/giam nhiét d6 nudi cdy theo céc dic tinh cia chit
kim hdm R, méc biéu hién enzym X dugc gia ting, va sy nudi ciy dugc tiép tuc.
Sau do, sy phién ma lai b kim ham boi chét kim hdm R & thoi diém thich hop dé
kidm ché muc biéu hién enzym X. Nhu vy, luong hop chit Q dugc tao ra tir hgp
chat P ¢6 thé dugc gia ting (Fig.8). Néu doan khéi ddu A ma dugc cam tng bing
céch bd sung chét gay cam Umg dugc s dung, luong chét giy cam Umg dugc bd
sung duoc didu chinh d8 1am tiéu hao hét chit gy cam Ung & giai doan nudi cy
muodn. Nhu vy, sy phién ma co thé duoc Ge ché lai béi chét kim ham R. Néu doan
khoi ddu A ma duge cam Ung bang cach ting/giam nhiét d6 nudi cay dugc str dung,
nhiét d6 nuéi cdy c6 thé duge dua trd lai mic & do sy phién mé bj e ché bdi chét
kim ham R. Nhu vay, su phién ma cé thé duoc e ché lai boi chét kim him R.

Bing cach sir dung vi sinh vt theo sing ché trong d6 su biéu hién chat kim
him R duoc dinh hudng bdi doan khoi dAu cam Ung B, tot hon 13, quy trinh san
xut hop chit Q dugc tach thanh hai giai doan: tirc 13, giai doan nudi cdy sém va
giai doan nudi cdy mudn, dé tao ra hop chit Q. Cu thé, moi truong chira ngudn
cacbon dugc cdy céc vi sinh vat, cac vi sinh vat dugc cho sinh truong, va chét gy
cam Ung dugc bd sung hozc nhiét dd nudi cdy dugc ting hodc giam theo céc ddc
tinh ctia doan khéi dau cam (mg B dé hoat hoa doan khéi dau cam ung B. Nhu vy,
luong chat kim hdm R duoc tao ra dugc gia ting, béng cach d6 kim ham su tao ra
san pham chuyén hoéa M va gia tang luong hop chit Q duoc tao ra tir hop chét P
(Fig.9).

Néu hop chit Q anh hudng dén sy sinh trudng cta vi sinh vét theo sang ché
trong phuong phép san xuit theo sang ché, tdt hon 13 hop chit Q duoc tao ra bang
cach st dung vi sinh vat theo sang ché trong d6 su biéu hién enzym Y duoc dinh vi

& dong dudi cua doan khéi diu cam tmg C bing cach chia quy trinh san xuét hop
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chat Q thanh hai giai doan: tic la, giai doan nudi cAy som va giai doan nudi chy
muon. Cu thé, moi truong chura nguén cacbon dugc céy cac vi sinh vét, cac vi sinh
vat dugc cho sinh trudng, va chét gay cam ung dugc bd sung hodc nhiét do nudi
cdy dugc ting hodc giam theo cac dic tinh cua doan khéi ddu cam ung C dé hoat
hoa doan khéi ddu cam ung C va gia ting lugng enzym Y dugc tao ra. Nhu vay,
lugng hop chit Q dugc tao ra tir hop chét P c6 thé duoc gia ting (Fig.10). Hon nita,
su phién ma cia doan khoi d4u cam ung C dugc hoat hoa ¢ giai doan nudi cay
mudn dé gia ting luong enzym Y duoc tao ra, va doan khoi dau cam tmg B cling
duoc hoat héa dé gia ting lugng chit kim hdm R dugc tao ra. Nhu vay, su tao ra
san phdm chuyén héa M c6 thé dugc kim ham, va lugng hop chat Q dugc tao ra tir
hop chét P co thé dugc gia ting (Fig.11).

Trong trudng hop nay, cac doan khoi dau dugc st dung lam doan khéi dau
C va doan khoi dau B, sao cho doan khoi dau C va doan khéi dau B c6 thé duogc
cam ung & cung mdt thoi diém. Néu doan khoi dau C va doan khoi dau B dugc
chon tir cac doan khoi dau néu trén, su phién ma cia cac doan khai dau nay duoc
diéu chinh boi protein diéu hoa, doan khoi dau C va doan khoi dau B c6 thé dugc
cam ung & cung mot thoi diém ngay ca khi chiing khéc nhau.

Theo phuong phép san xuét bing cach sir dung vi sinh vét theo sang ché,
nhu néu trén, lugng hop chat Q duoc tao ra cd thé duoc téi da héa mot cach dé
dang nhd phuong phap nuoi cdy khéc béng cach st dung céc vi sinh vét nay, theo
didu kién sinh truéng clia cdc vi sinh vét hodc anh hudng cua hop chét Q ddi véi
cac vi sinh vat.

Bt ky hop chét c6 thé duoc tao ra dudi dang hop chit Q ma c6 thé dugc
tao ra béng cach str dung vi sinh vat theo sang ché, voi diéu kién hop chat Q ¢ thé
duoc tao ra thong qua chu trinh dugc phan nhéanh tir hop chét P trong chu trinh sinh
tbng hop hodc chu trinh trao dbi chét trong d6 san pham chuyén héa M khong thé
thiéu cho su sinh trudng dugc tao ra tlr ngudn cacbon théng qua hop chét P.

Hop chét P ¢6 thé 1a hop chét hiru co bat ky, voi dieu kién ddy 1a sin pham
chuyén héa trong chu trinh sinh téng hop trong d6 san phim chuyén hoa khong thé
thiéu cho su sinh trudng dugc tao ra tir ngu(‘“)n cacbon. Céc vi du ctia n6 bao gbm
DHS, axit chorismic, axit prephenic, axit 2-oxoisovaleric, axit glutamic, axit

aspartic, aspartat B-semialdehyt, homoserin, va serin. Hop chit Q c6 thé 1a hop
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chét hiru co bat ky, véi diéu kién né co thé dugc chuyén hoa tir hop chét P véi su
trg gip cua enzym Y. Céac vi duy ctia nd bao gbdm axit protocatechuic, axit
anthranilic, axit 4-hydroxyphenylpyruvic, axit arogenic, axit phenylpyruvic, axit
2-isopropylmalic, valin, y-glutamyl phosphat, N-axetylglutamat, asparagin, axit
2,3-dihydrodipicolinic, va o-axetylhomoserin. _

Néu hop chit P 1a DHS, axit shikimic (san phim chuyén héa M) duogc tao
ra vi sy trg gitp cua shikimat dehydrogenaza (enzym X), va axit protocatechuic
(Hop chét P) c6 thé dugc tao ra véi sy trg gitp cia DHS dehydrataza (enzym Y).
Pdng thoi, axit protocatechuic c¢6 vai trd lam nguyén liéu khoi dAu cho dugc phim,
san phdm ndng nghiép, hodc hop chit thom, né cling c6 thé duge sir dung lam
nguyén liéu khai dAu dé tao ra axit 2-pyron-4,6-dicarboxylic, ma duoc trong mong
14 chét liéu déo méi, bang cach st dung vi sinh vét. |

Néu hop chét P 13 axit chorismic, axit prephenic (sin phim chuyén héa M)
duoc tao ra vOi su trg gilp cla axit chorismic mutaza (enzym X), va axit
anthranilic (hop chit P) c6 thé dugc tao ra véi sy tro giup cia axit anthranilic
synthetaza (enzym Y). Axit anthranilic c6 vai tro la nguyén liéu thd dé tong hop
tryptophan, la axit amin thom. Néu vi sinh vat c¢é chu trinh sinh tbng hop
tryptophan, tryptophan c6 thé duoc tao ra mdt cach truc tiép.

Néu hop chét P 13 axit prephenic, axit phenylpyruvic (san pham chuyén hoa
M) dugc tao ra véi sy trg gitip cla axit prephenic dehydrataza (enzym X). Néu vi
sinh vit theo sang ché 1a ching Escherichia coli K-12, vi du, axit
4-hydroxyphenylpyruvic (hop chét Q) c6 thé duoc tao ra véi sy tro gitip cla axit
prephenic dehydrogenaza (enzym Y). Axit 4-hydroxyphenylpyruvic cé vai tro la
nguyén liéu tho dé tdng hop tyrosin, 13 axit amin thom. Néu vi sinh vat c6 chu
trinh sinh tdng hop tyrosin tir axit 4-hydroxyphenylpyruvic, do vy, tyrosin ¢6 thé
dugc tao ra mot cach tryc tiép.

Néu hop chét P 13 axit prephenic, axit phenylpyruvic (san phim chuyén héa
M) duoc tao ra véi sy trg gitip cla axit prephenic dehydrataza (enzym X). Néu vi
sinh vat theo sang ché 13 Corynebacterium glutamicum, vi dy, axit arogenic (hop
chat Q) ¢6 thé duoc tao ra voi su tro giup cua axit prephenic aminotransferaza
(enzym Y). Axit arogenic dong vai trd 12 nguyén liéu tho dé téng hop tyrosin, 13

axit amin thom. Néu vi sinh vét ¢6 chu trinh sinh téng hop tyrosin tir axit arogenic,
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theo do, tyrosin co thé duoc tao ra mot cach truc tiép.

Néu hop chat P 13 axit prephenic va vi sinh vét theo sang ché 1a ching
Escherichia coli K-12, vi duy, axit 4-hydroxyphenylpyruvic (san phim chuyén héa
M) duoc tao ra véi sy trg giup cla axit prephenic dehydrogenaza (enzym X). Néu
vi sinh vat theo sang ché 1a Corynebacterium glutamicum, vi dy, axit arogenic (san
phim chuyén héa M) dugce tao ra véi sy trg gitp cla axit prephenic dehydrogenaza
(enzym X), va axit phenylpyruvic (hop chét Q) cling c6 thé duoc tao ra voi sy trg
gitip cia axit prephenic dehydrataza (enzym Y). Axit phenylpyruvic dong vai tro la
nguyén li¢u tho dé tdng hop phenylalanin, 1 axit amin thom. Néu vi sinh vat ¢
chu trinh sinh tdng hop phenylalanin, theo d6, phenylalanin c6 thé dugc tao ra mot
cach truc tiép. .

Néu hop chét P 13 axit 2-oxoisovaleric, valin (san phim chuyén héa M)
duoc tao ra v6i su trg gitp cla axit amin mach nhanh aminotransferaza (enzym X),
va axit 2-isopropylmalic (hop chét Q) co thé dugc tao ra véi sy trg gilp cua axit
2-isopropylmalic synthetaza (enzym Y). axit 2-isopropylmalic dong vai tro la
nguyén liéu thd dé tong hop loxin. Néu vi sinh vt c6 chu trinh sinh tdng hop loxin, |
theo do, loxin co thé duoc tao ra mot cach truc tiép.

Néu hop chét P 13 axit 2-oxoisovaleric, axit 2-isopropylmalic (san phdm
chuyén héa M) dugc tao ra véi su trg gilip cla axit 2-isopropylmalic synthetaza
(enzym X), va valin (hop chat Q) co thé duoc tao ra véi sy trg gitp cla axit amin
mach nhanh aminotransferaza (enzym Y).

Néu hop chét P 13 axit glutamic, N-axetylglutamat (san phim chuyén héa
M) duoc tao ra vdi su trg gilip cua axit amin-N-axetyltransferaza (enzym X), va
v-glutamyl phosphat (hop chit Q) c6 thé dugc tao ra véi sy trg gilp cia
y-glutamylkinaza (enzym Y). y-Glutamyl phosphat déng vai tro la nguyén li¢u thd
dé tdng hop prolin. Néu vi sinh vat cé chu trinh sinh tdng hop prolin, theo do,
prolin co thé duoc tao ra mot cach tryc tiép.

Néu hop chéat P 1a axit glutamic, y-glutamyl phosphat (san phim chuyén
héa M) duogc tao ra voi sy trg gilp cua y-glutamylkinaza (enzym X), va
N-axetylglutamat (hop chit Q) c6 thé dugc tao ra véi sy trg gilp cua axit
amin-N-axetyltransferaza (enzym Y). N-axetylglutamat déng vai tro 1a nguyén liéu

tho dé tong hop arginin. Néu vi sinh vat c6 chu trinh sinh tdng hop arginin, theo do,
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arginin c¢6 thé dugc tao ra mot cach truc tiép.

Néu hop chit P 13 axit aspartic, B—ﬁspartyl phosphat (san phim chuyén hoa
M) duogc tao ra véi sy trg gilip cua aspartokinaza (enzym X), va asparagin (hop
chét Q) c6 thé duoc tao ra véi sy trg gitp cua asparagin synthetaza (enzym Y).

Néu hop chét P 13 aspartat B-semialdehyt, homoserin (sin phim chuyén héa
M) dugc tao ra véi sy trg gitip cua homoserin dehydrogenaza (enzym X), va axit
2,3-dihydrodipicolinic (hop chit Q) c6 thé dugc tao ra véi sy trg gilp cia
dihydroxypyrophosphat synthetaza (enzym Y). Axit 2,3-dihydrodipicolinic doéng
vai trd 1a nguyén liéu thd dé tdng hop lysin. Néu vi sinh vét c6 chu trinh sinh téng
hop trong d6 lysin dugc téng hop tir axit 2,3-dihydrodipicolinic, theo do, lysin co
thé duoc tao ra mot céch truc tiép.

Néu hop chét P 14 homoserin, homoserin phosphat (san pham chuyén héa
M) dugc tao ra voi sy trg giup cla homoserin kinaza (enzym X), va
o-axetylhomoserin (hop chét Q) c6 thé dugc tao ra véi sy tro gilip cua homoserin
axetyltransferaza (enzym Y). o-Axetylhomoserin dong vai tro la nguyén liéu thd dé
tdng hop methionin. Néu vi sinh vat ¢6 chu trinh sinh tdng hop methionin, theo do,
methionin ¢é thé duoc tao ra mot cach tryc tiép.

Néu hop chét P 13 homoserin, o-axetylhomoserin (san phdm chuyén héa M)
duoc tao ra véi su trg gilp cua homoserin axetyltransferaza (enzym X), va
homoserin phosphat (hop chét Q) c6 thé duge tao ra véi sy trg gitip ctia homoserin
kinaza (enzym X). Homoserin phosphat dong vai tro 1a nguyén lidu tho dé tong
hop threonine hoéc isoloxin. Néu vi sinh vat ¢6 chu trinh sinh tbng hop isoloxin,
theo d6, threonin hodc isoloxin c6 thé duoc tao ra mot cach truc tiép.

Néu hop chét P 14 serin, glyxin (san phim chuyén héa M) dugc tao ra voi
su trg giup cua serin hydroxymetyltransferaza (enzym X), va o-axetylserin (hop
chit Q) c6 thé dugc tao ra véi su trg gilip cua serin transferaza (enzym Y).
o-axetylserin dong vai tro la nguyén liéu tho dé téng hop xystein. Néu vi sinh vat
c¢6 chu trinh sinh téng hop xystein, theo do, xystein c6 thé duoc tao ra mdt cach
tryc tiép.

Gen ma héa enzym Y lién quan dén sy tao ra hop chit Q c6 thé thu duoc tir
vi sinh vt theo séng ché hoic ¢6 thé thu duoc tur sinh vt ¢6 nhan dién hinh hodc

chua c6 nhan didn hinh ma khéc voi vi sinh vat theo séng ché. Khi tao ra axit
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protocatechuic bang cach sit dung vi sinh vat theo sing ché, vi du, ching
ATCC13032 c6 gen DHS dehydrataza, va, do viy, san phim gen clia né c6 thé
dugc st dung dé tao ra axit protocatechuic. Nguoc lai, ching Escherichia coli
K-12 khoéng c6 gen DHS dehydrataza. Piéu ndy can phai st dung gen DHS
dehydrataza thu dugc tir vi sinh vét khac.

Pé 1am vi du cu thé hon, ching c¢6 kha ning tao ra mdt cach hiéu qué axit
protocatechuic, ching nay co thd duoc tao ra bang cach truyén déu hiéu (ee) cho
chiing san sinh DHS thu dugc tir ching ATCC13032, duoc mo6 ta chi tiét.

Ching thu dugc tir ching ATCC13032 c6 kha néng san sinh axit
protocatechuic co diu hiéu (ee) dugc md ta dudi déy, ngoai cac du hiéu (aa) dén
(dd) & trén.

(ee) Su phién mi cua gen qsuB dugc didu chinh boi doan khéi déu C, ma
khac véi doan khoi déu vén co thuc diy su phién ma cia gen qsuB (gen y: cac
nucleotit 444.184 dén 446.040) ma hoa protein cua DHS dehydrataza (enzym Y)
chuyén hoa DHS thanh axit protocatechuic, va khéc véi doan khoi dau A.

Chung thu dugce tir ching ATCC13032 ¢6 cac d4u hiéu (aa) dén (ee) néu
trén c6 kha ning san sinh axit protocatechuic tir ngudn cacbon nhu glucoza; tuy
nhién, ching ndy c6 axit protocatechuic dioxygenaza. Nhu véy, axit protocatechuic
ma da dugc tao ra co thé bi suy bién, va lugng axit protocatechuic c6 thé duoc
giam. Do vy, t5t hon 1a su dot bién thé doan, khuyét doan, hodc xen doan clla mot
hodc nhiéu nucleotit dugc dua vao trong ving dich ma hodc ving diéu hoa phién
ma/dich m4 cta gen pcaG (cg2630) ma hoa protein co cAu tric siéu phan ti alpha
protocatechuat 4,5-dioxygenaza (sb nucleotit cla soi bd trg: 2.511.382 dén
2.511.996) va/hodc gen pcaH (cg2631) ma hoéa protein co cAu tric siéu phan ti
beta protocatechuat 4,5-dioxygenaza (s6 nucleotit cta sgi bd tro: 2.512.008 dén
2.512.700), dé loai bé hodc lam giam hoat tinh clia enzym d8 suy bién.

Ngoai ra, ching c6 axit p-hydroxybenzoic hydroxylaza ma hydroxyl héa vi
tr{ 5 cua axit protocatechuic va xuc tac sy chuyén héa ctia n6 thanh axit gallic. Nhu
vay, mot phén clia axit protocatechuic dugc tao ra co thé dugc chuyén hoa thanh
axit gallic. Do véy, tSt hon 14 sy dot bién thé doan, khuyét doan, hodc xen doan cua
mot hodc nhidu nucleotit dugc dua vao trong vung dich mé hodc vung diéu hoa

phién ma/dich ma cta gen pobB (cg1226) (s6 nucleotit ctia sgi bd tro: 1.126.301
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dén 1.127.488) ma héa protein axit p-hydroxybenzoic hydroxylaza, dé loai bo hoic
1am giam hoat tinh hydroxyl hoa cta axit p-hydroxybenzoic hydroxylaza.

Sau day, cac phuong phap nhan dong ADN va séan xuét cac thé dot bién
dugc md ta v6i sy tham khéo qua trinh san xuét vi sinh vét theo sang ché. Néu vi
sinh vat theo sang ché thudc Corynebacterium, Brevibacterium, Arthrobacter,
Nocardioidaceae, Microbacterium, Streptomyces, Amycolatopsis, Rhodococcus,
Kineococcus, Acinetobactor, Pseudomonas, Pantoea, Klebsiella, hodc Escherichia,
nhu néu trén, bat ky vi sinh vit ndo trong s& vi sinh VAt néu trén c6 thé dugc st
dung. Phuong phap gy dot bién trong ching ATCC13032 dugc md ta chi tiét.
Chuing Escherichia coli K-12 duge dem di nhan dong ADN hogc gy dot bién 1am
ching chu.

Chung Escherichia coli K-12 va chung ATCC13032 dugc nudi cdy theo k¥
thuat thong thuong ma thuong duge su dung dé nudi cdy vi khudn Escherichia coli
va Corynebacterium. Sau khi nudi céy, c4c ADN nhidm sic thé ctia cac vi sinh vét
duoc phén tach va tinh loc theo k¥ thuét thong thuong (vi du, phuong phép dugc
md t& trong Current Protocols in Molecular Biology). Nho cac k§ thudt nhu cét
bing cac enzym giGi han, phan tmg chudi polymerazas (PCR), hodc su lai bang
cach st dung ADN tdng hop, cac doan chira cdc ADN ma héa cac doan khoi dau
hodc cac enzym chuyén hoa c6 thé thu duoc tir cac ADN nhiém séc thé.

D& lam vat truyén Escherichia coli dugc st dung dé ghép ndi ADN nham
nhan dong ADN hoac gdy dot bién, vat truyén plasmit, vat truyén thé thuc khuén,
hodc vat truyén khac c6 thé duoc st dung, véi diéu kién nd c6 kha ning sao chép
tu tri trong, vi du, chung Escherichia coli K-12. Cac vi du cu thé vé cac vat truyén
ma c6 thé duoc st dung bao gém pUC19 (Gene, 33, 103, 1985), pUCIS, va
pBR322.

Bét ky vi sinh vat Escherichia coli c6 thé duoc str dung 1am vét chu cho vét
truyén. Céc vi du cu thé bao gdbm Escherichia coli XL1-Blue MRF’ (do Stratagene
san xuét, Strategies, 5, 81, 1992), Escherichia coli IM109, va Escherichia coZ_i
BL21.

Néu ADN dugc dugc dua vao trong vi sinh vat Corynebacterium,
Brevibacterium, Arthrobacter, Nocardioidaceae, Microbacterium, Streptomyces,

Amycolatopsis, Rhodococcus, Kineococcus, Acinetobactor, Pseudomonas, Pantoea,
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Klebsiella, hodc Escherichia, vat truyén ma c6 kha ning sao chép ty tri trong do
duoc st dung. Tét hon 13, vat truyén hinh thoi ma c6 kha ning sao chép tu tri ca
trong vi sinh vat bét ky néu trén 1dn trong ching Escherichia coli K-12 dugc sur
dung dé dua ADN tai t6 hop vao trong vi sinh vat chu.

Céc vi du vé& vat truyén hinh thoi c6 kha nang sao chép tur tri trong céc vi
sinh vat Corynebacterium bao gdbm pAM330 (JP S58-67699 A (1983)) va
pHM1519 (JP S58-77895 A (1983)). Ngoai ra, doan ADN ma cho phép plasmit sao
chép tu tri trong Corynebacterium dugc liy ra khéi vat truyén ndy va xen vao
trong VAt truyén hinh thoi Escherichia coli-Corynebacterium. VAt truyén thu dugc
¢6 thé duoc sir dung lam vét truyén ma c6 kha ning sao chép tu tri ca trong
Escherichia coli va Corynebacterium. Vi du, ving sao chép clia plasmit pHM15 19
cta ching Corynebacterium glutamicum ATCC13058 dugc xen vao trong véat
truyén Escherichia coli, pHSG298 (Takara Bio Inc.), 1am vung sao chép ma cho
phép plasmit dugc sao chép trong ching Corynebacterium. Nhu vay, vat truyén
hinh thoi ¢6 thé dugc tao ra va dugc bao toan. Ching ATCC13032 va chung
Corynebacterium glutamicum ATCC13058 ¢ thé thu dugc tir Biological Resource
Center, the National Institute of Technology va Evaluation (sau déy duogc vidt tat 1a
“NITE”).

ADN ¢6 thé duge dua vao bing phuong phép bét ky dwa ADN vao trong té
bao chi. Céc vi du v& phuong phép bao gbém phuong phép lién quan dén viéc st
dung ion canxi (Proc. Natl. Acad. Sci. U.S.A., 69, 2110, 1972) va phuong phap
xung dién (Nucleic Acids Res., 16, 6127, 1988). ADN c6 thé dugc dua vao trong
Corynebacterium glutamicum nho phuong phap cia van der Rest et al. (Appl.
Microbiol. Biotechnol., 52, 541, 1999).

ADN c6 thé dugc chiét tir thé bién nap thu dugc nhu viy, va trinh tu
nucleotit cua ADN theo sang ché c6 thé duoc xac dinh. Trinh tu nucleotit c6 thé
duoc x4c dinh bang phuong phép phan tich trinh ty nucleotit thong thuong nhu
phuong phép dideoxy (Proc. Natl. Acad. Sci. U.S.A., 74, 5463, 1977), hoic bang
cach st dung may phan tich trinh ty nucleotit nhu méay phén tich 3730x1 DNA (do
Applied Biosystems san xuét).

Trén co s& trinh tu nucleotit cia ADN dugc xac dinh & trén, ADN dich co

thd dugc tong hop theo cach hoda hoc bang cach st dung thiét bi tdng hop 8905
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DNA (do PerSeptive Biosystems, Inc. san xuét).

Chiing ¢6 kidu hinh c6 ich c6 thé thu dwgc bing cach dua sy dot bién vao
thong qua, vi dy, qua trinh x1r ly lién quan dén viéc st dung cac chét gay dot bién
nhu N-metyl-N’-nitro-N-nitrosoguanidin hodc etylmetan sulfonat, ung dung tia
UV hoi#c blrc xa, hodc sy dot bién tu phét. Theo cach khac, ching co thé thu dugc
bing cach nhan dong ADN cua ving ma sy dot bién dugc dua vao va dua sy dot
bién vao trong ADN in vitro. Néu murc dot bién thé doan dugc dua vao 1a 1om,
plasmit mang ADN dugc thé bang vt truyén c6 kha ning sao chép trong ching
duoc tao ra déu tién, va plasmit dugc dua vao trong ching nay, hodc plasmit va
ADN nhidm séc thd duoc dem di xir ly bang k¥ thuat tai t6 hop twong ddng dé dua
sur dot bidn thé doan vao. Mian 1a xudt hién kiéu hinh c6 1o, sy dot bién duoc dua
vao c6 thé 13 sy thé doan, khuyét doan, hodc xen doan cua cac nucleotit, hodc ¢6
thé 1a sy dot bién thé doan béng doan va 16n. Ngoai ra, sy dot bién cua mot hodc
nhiéu nucleotit 13 du. Sau day, sy dot bién dugc dua vao theo cach néu trén, trir phi
duoc chi dinh khac.

Néu can didu hoa murc biéu hién gen khac véi doan khéi d4u hodc protein
diéu hoa phién ma & vi sinh vét theo sang ché, khoang cach gifta chudi lién két
ribosom va codon khéi diu dich ma c6 thé dugc didu chinh, chui nim gan ké
codon khoi dau dich ma cé thé duoc cai bién, hodc trinh ty nucleotit & vung dich
mi c6 thé duoc cai bién. Nhu vay, hidu suat cua su khoi dau dich ma gen c6 thé
duoc diéu chinh.

No6i chung, ADN dugc stir dung dé dua vao sy dot bién thu duoc nhu vay
duoc xen dau tién vao trong plasmit c6 kha néng sao chép trong Escherichia coli
va sau d6 duoc dua vao trong chung chu, Corynebacterium glutamicum, bang
phuong phdp dua ADN vao néu trén. Néu plasmit 1a vat truyén man cam nhiét do,
thé bién nap thu dugce tir k§ thuat tai t6 hop tuong ddng trao d6i chéo don dugc lya
chon nho sy nubi cdy & nhiét do cao. Néu plasmit c6 gen dénh d4u khéang khang
sinh nhu gen dénh d4u khang kanamyxin, ma c6 thé duogc biéu hién trong ching
chu, thé bién nap thu duge tir k§ thuét tai t6 hop tuong ddng trao ddi chéo don
dugc chon dua vao tinh khang khéng sinh. Dé thu dugc thé dot bién trong d6 ADN
da duoc thay thé nhd k§ thuét téi t6 hop twong dong trao doi chéo kép & ving

nhi®m sic thé twong ddng véi doan ADN, noi chung, phuong phép lién quan dén
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viée st dung gen levansucraza (gen sacB) cua chung Bacillus subtilis 168 dugc
phat trién boi W. Jager et al. (J. Bacteriol. 174, 5462, 1992) ¢6 thé duge st dung.
Ching duoc chon dya vao tinh khidng sucroza. Theo phuong phép nay,
Corynebacterium glutamicum trong d6 gen sacB cua chung Bacillus subtilis 163
duoc biéu hién c6 kha nang giy chét trong moi trudong chira sucroza. Nhu vy, thé
dot bién ma bi mit gen levansucraza nho k¥ thuat ti t6 hop tuong déng trao ddi
chéo kép c6 thé duge chon dya vao tinh khang sucroza.

Vi sinh vét theo sang ché c6 thé duge nudi cdy trong mdi trudng dinh
dudng chung chira ngudn cacbon, ngudn nito, mudi v6 co, cac vitamin khac nhau,
va cac chét khac. Cac vi du vé& ngudn cacbon bao gdm: sacarit nhu glucoza,
sucroza, va fructoza; rugu nhu etanol va metanol; axit hitu co nhu axit xitric, axit
malic, va axit sucxinic; glyxerol; va méat duong den. Cac vi du vé nguén nito bao
g(‘A)m amoniac, amoni sulfat, amoni clorua, amoni nitrat, va ure, va cac chét nay co
thé dugc sir dung riéng biét hodc két hop v6i nhau. Céc vi du v& mubi v6 co bao
gbm kali monohydro phosphat, kali dihydro phosphat, va magie sulfat. Ngoai ra,
cac chit dinh dudng nhu pepton, dich chiét thit, dich chiét ndm men, nudc ngd,
axit casamin, va cac vitamin khac nhu biotin, ¢6 thé duoc bd sung vao mdi truong.

Su nuéi ciy duge tién hanh duéi céc diéu kién hiéu khi nhu nudi cay thong
khi va sy nudi ciy c6 khudy hoic didu kién nudi cdy rung lic. Nhiét do nudi cdy
khong bi giéi han mot cach cy thé, véi diéu kién vi sinh v4t theo sang ché c6 thé
phat trién. Trong khi nu6i cay, mic pH khong bi gii han mot cach cu thé, v6i diéu
kién vi sinh vét theo sang ché ¢6 thé phat trién. Trong khi nudi cly, murc pH c6 thé
dugc diéu chinh véi sy bd sung axit hodc kiém.

Sau khi két thiic qué trinh nudi cdy, dung dich nudi cay dugc dem di li tam
hodc dugc xtr ly bang cc qua trinh khéc, néu cén, dé loai bod cac thanh phan khéng
hoa tan nhu vi khuén, khoi dung dich nudi cdy. Sau d6, dung dich nudi cly dugc
dem di, vi du, chiét bang dung méi hitu co nhu etyl axetat, phuwong phép bao gbm
viée str dung than hoat tinh, phuong phép bao gdm viéc st dung nhya trao dbi ion,
két tia nhd su két tinh hodc sy két tia bang mubi, hodc pha loang. Cic phuong
phap nay co thé duoc st dung mot cach riéng r& hodc két hop véi nhau. Nhu Vefiy,

¢6 thé thu dugc hop chét hitu co hitu ich.

Vi du thwe hién sang ché
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Sau ddy, su tao ra vi sinh vat theo sang ché, 1a chung ATCC13032 san sinh
mot cach hiéu qua DHS lam hop chét P, va phuong phap san xuét DHS béng cich
st dung vi sinh vét nay dugc mo ta chi tiét hon véi sy tham khao céc vi du. Ngoai
ra, su tao ra vi sinh vat theo sang ché, 1a ching ATCC13032 san sinh mét cach hi¢u
qua axit protocatechuic lam hop chit Q, va phuong phép san xult axit
protocatechuic béng cach st dung vi sinh vat ndy dugc mo ta chi tiét hon véi sy
tham khaéo cac vi dy.

Vi du 1: So sanh kha ning sdn sinh DHS gifta ching Pben-vanR va ching
NSHAaroE3AgqsuBAgsuD

Theo cach duoc mé ta dudi diy, chung Pben-vanR, ma da mét kha ning
chuyén héa DHS thanh axit protocatechuic do sur dot bién khuyét doan trong khung
clia gen qsuB va trong d6 mic biéu hién gen aroE3 bi tc ché boi chit kim him
VanR duoc md hoa bdi gen vanR dugc dinhrvi & dong dudi ciia doan khdi dau
benA (tirc 13, Vi du tham khdo 11), va ching NSHAaroE3AqsuBAgsuD, ma da mét
khé nang chuyén héa DHS thanh axit shikimic va kha néng chuyén héa DHS thanh
axit protocatechuic do su dot bién khuyét doan trong khung cia gen qsuB, gen
qsuD, va gen aroE3 (trc 14, Vi dy tham khao 10), dugc nubi ciy trong binh 1én
men c6 dung tich 3 lit, va kha ning san sinh DHS dugc thtr nghiém. Lugng DHS
~ duoc tao ra boi chiing nay dugc cai thién so voi kiéu dai ching bdi vi sy phién ma
ctia 4 kidu gen (tic 13, cac gen aroF, aroG, aroB, va aroD) lién quan dén sy tong
hop DHS tir DAHP dugc diéu chinh béi doan khoi dau Tu.

V& méi truong dugce st dung dé nudi ciy so bd va sy nudi chy so bd cac
chiing nay, méi trudng CGXII (20g/L amoni sulfat, Sg/L ure, 1g/L kali dihydro
phosphat, 1g/L dikali hydro phosphat, 0,25g/L magie sulfat heptahydrat, 10mg/L
canxi clorua, 10mg/L sét sulfat heptahydrat, 10mg/L. mangan sulfat pentahydrat,
Img/L kém sulfat heptahydrat, 0,2mg/L ddéng sulfat, 0,02mg/L niken clorua
hexahydrat, 0,2mg/L biotin, 20g/L glucoza, va 30mg/L axit protocatechuic, 46 pH
= 7,0) dugc su dung. 1% dung dich nudi cly so bd cla cac chung duge chy vao
dung dich tién nuoi céy, va sau do qua trinh nubi céy duogc thyuc hién & nhiét do
30°C trong 24 gio. Sau khi dung dich tidn nudi cdy dugc pha lodng bang moi
truong CGXII d8 didu chinh mirc hip thu & 600nm dén 3,0, 1% dung dich nay

duoc cdy co chon lgc vao trong méi trudng cho qua trinh nuoi cay chinh (0,9L)
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trong binh 1én men c6 dung tich 3 lit (BMS-03NP2, do ABLE Corporation san
xuAt). V& moi truong cho qué trinh nuéi cdy chinh, méi truong CGCF la moi
trudng CGXII chira 2,1g/L axit xitric khan va 1,0g/L sét sulfat 7H,0, dugc st dung.
Sau day, cac thir nghiém v& su san xudt DHS va axit protocatechuic dugc thuc hién
theo cach néu trén, trr phi dugc chi dinh khac.

Vi ching NSHAaroE3AqsuBAgsuD phat trién rat kém trong méi trudng
CGXII va méi trudng CGCF, 0,5g/L tryptophan, 0,4g/L phenylalanin, 0,45 g/L
tyrosin, 17mg/L axit shikimic, 45mg/L vitamin K2, va 14mg/L axit
p-aminobenzoic dugc bd sung vao cac moi trudng ndy, va qud trinh nudi chy dugc
tién hanh trong d6. Sau khi b4t ddu qué trinh nudi cay chinh, dung dich nu6i chy
dugc 14y mau & thoi gian thich hop, dugc pha loéng 1000 14n bing dung dich nude
axetonitril 5%, va sau d6 dugc phan tich bing cach sic ki 16ng hiéu ning cao (LCT
Premier XE, do Waters san xuét) dudi céc didu kién phén tach dugc thé hién &
bang 1. Sau d6, ty 1¢ ctia ving dinh DHS so véi dung dich nudc DHS voéi ndng do
da biét (DHS bén tai Sigma) duge xac dinh. Sau day, quantification of DHS was
carried out theo cach néu trén.

V& chung Pben-vanR, axit benzoic (ndng dd cudi: 5mM) dugce bd sung khi
qua trinh nudi cdy chinh dugc bét dAu, sy bd sung glucoza & tbe d6 4,0g/gid duge
béat dau 38 gid sau khi bét ddu qua trinh nudi ciy chinh, va qué trinh nudi cay duoc
tién hanh trong 48 gid nita. Vé ching NSHAaroE3AqsuBAqsuD, su bd sung
slucoza & tdc do 6,0g/gi duge khoi dau 45,5 giv sau khi bt ddu qua trinh nudi
cAy chinh, va qua trinh nu6i cly dugc tién hanh trong 16,5 gid tiép nita. Céc lugng
DHS duoc tao ra boi ching Pben-vanR va ching NSHAaroE3AgsuBAgsuD dat
muc t6i da 86 gidr va 62 gio sau khi bét dau nudi cdy, va lugng DHS 16n nhit dugc
tao ra boi cac chiing nay 1a 15,4g/L va 7,7g/L. Céc két qua nay cho thiy rang, ngay
ca khi ching Pben-vanR trong d6 mirc biéu hién gen aroE c6 th8 duoc didu chinh
nh& chat kim hdm VanR duoc nudi ciy trong moi trudng khong chira axit amin
thom, ching nay thé hién kha ning san sinh DHS t6t hon so v6i hiéu suét thu dugce
boi ching NSHAaroE3AqsuBAqgsuD ma dd duge nudi cdy trong moi trudng chira

axit amin thom va tuong tu.
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[Bang 1]

Béang 1: Cac diéu kién phan tich HPLC cho LCT Premier XE
Cot phan tach Acquity UPLC HSS Tc (i.d.: 2,1 mm; chiéu dai:
HPLC 50mm, Waters)
Nhiét do cot 40°C |

Téc @6 dong dung 0,4 ml/phit

moi

Pha dong A Nudce

Pha dong B Axetonitril

Céc diéu kién 0 phut (b4t dau) 2% Pha dong B
gradien

0,75 phuat 5% Pha dong B

1,75 phuat 30% Pha dong B

1,76 phut 5% Pha dong B

2,50 phuat 5% Pha dong B

Vi du 2: San xuit axit protocatechuic bang cach st dung chung NSHAaroE3 va
ching NSHAaroE3_vanE3

Theo cich dugc md ta dudi day, chung NSHAaroE3 c6 sy dot bién khuyét
doan trong khung & gen aroE3 (xem Vi du tham khao 7) va chung
NSHAaroE3 vanE3 dugc cai bién trong d6 mirc biéu hién gen aroE3 dugc didu
chinh bdi chit kim hdm VanR (xem Vi du tham khéao 8) dugc nu6i cdy trong binh
16n men c6 dung tich 3 lit, va cac luong axit protocatechuic duogc tao ra dugc so
sanh.

Dung dich nu6i cdy thu duoge tr qua trinh nudi cAy céc ching nay trong mdi
truong CGXII duge pha lodng bing mdi trudng CGXII dé didu chinh muc hip thu
& 600nm dén 3,0, va 1% moi trudng duoc cdy c6 chon loc vao trong moi trudng
CGCF (0,9L) trong binh 1én men c6 dung tich 3 lit. Béi vi sy dot bién khuyét doan
gen aroE3, ching NSHAaroE3 phat trién rat kém trong moi trudong CGXII va moi
trudng CGCF. Nhu véy, 50mg/L tryptophan, S0mg/L phenylalanin, 50mg/L tyrosin,
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va 17mg/L axit shikimic duoc bd sung vao cac moi trudng nay, va qua trinh nudi
chy duoc tién hanh trong d6. Sy bb sung glucoza & tbc dd 2,0g/gitr dugce bét dau 24
gid sau khi bt ddu qué trinh nudi ciy chinh, va qué trinh nudi cay dugc tién hanh
trong 62,5 gio nita. Sau khi bét ddu qua trinh nudi cdy chinh, dung dich nubi cay
duoc 14y mau & thoi gian thich hop, dugc pha loéng 1000 14n bang dung dich nudc
axetonitril 5%, va sau d6 dugc phan tich bang cach sic ki 1éng hiéu nang cao (LCT
Premier XE, do Waters san xuét) dudi céc diéu kién phan tich duoc thé hién o
bang 1. Sau dé, ty 1é cta ving dinh axit protocatechuic so vdi dung dich nudc axit
protocatechuic voi néng do da biét (axit protocatechuic dugc ban tai Wako Pure
Chemical Industries, Ltd.) dugc xdc dinh. Sau day, su dinh lugng axit
protocatechuic duoc thyc hién theo cach néu trén. Cac két qua cho thdy ring cac
luong axit protocatechuic dugc tao ra boi ching NSHAaroE3 va ching
NSHAaroE3 vanE3 dat murc t6i da 48 gid va 62,5 gid sau khi bit dAu nudi cdy, va
luong axit protocatechuic 1on nhét duoc tao ra bdi cac ching nay la 0,5g/L va
16,6g/L. Néu chung trong d6 murc biéu hién gen aroE dugc didu chinh bing chit
kim ham VanR duoc nudi cdy trong mdi truong khong chira axit amin thom hodc
axit shikimic, theo d6, ching ndy dugc phat hién san sinh axit protocatechuic voi
lugng gip khoang 33 lin so véi lugng axit protocatechuic dugc tao ra ching
NSHAaroE3, ma dugc nudi cdy trong mdi trudng chira axit amin thom va axit
shikimic.

Vi du 3: San xuét axit protocatechuic bang cach st dung ching

NSHAaroE3 vanE3, ching NSHAaroE3_vanE3 AqsuB_Pben-qsuB, va ching
NSHAaroE3 vanE3AqsuB_Pben-qsuB-vanR

Theo cach dugc md ta dudi diy, ching NSHAaroE3_vanE3 (xem Vi du
tham khao 8), chung NSHAaroE3_vanE3AgsuB_Pben-qsuB ma d3 duogc cai bién
dé cam tng su biéu hién gen qsuB bang cach bd sung axit benzoic (xem Vi du

tham khao 12), va ching NSHAaroE3_vanE3 AgsuB_Pben-qsuB-vanR ma da dugc
~ cai bién dé cam tng sy biéu hién gen qsuB va gen vanR bang cach bd sung axit
benzoic (xem Vi dy tham khao 13) dugc nubi cAy trong binh 1én men c6 dung tich
3 1it, va céc luong axit protocatechuic duge tao ra dugc so sanh. Dbi véi ching
NSHAaroE3_vanE3AqsuB_Pben-qsuB, axit benzoic (ndng do cudi: 5SmM) dugc bd
sung 14,5 gio¢ sau khi bét d4u qua trinh nudi cAy chinh dé cam tng su biéu hién
gen qsuB. Péi voi ching NSHAaroE3_vanE3AqsuB_Pben-qsuB-vanR, axit
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benzoic (ndng do cudi: SmM) duoc bd sung 15,5 gid sau khi bt ddu qué trinh nubi
cdy chinh dé cam tng sy biéu hién gen qsuB va gen vanR. Dbi véi ching
NSHAaroE3 vanE3AqsuB_Pben-qsuB, ching
NSHAaroE3_vanE3AgsuB_Pben-qsuB-vanR, va chiing NSHAaroE3_vanE3, su bd
sung glucoza & tbc d6 3,5g/gid 1An luot duoc bit dau 14,5 gio, 15,5 gio, va 18,5
gio sau khi bét d4u qua trinh nuo6i cdy chinh, va qu4 trinh nudi cdy duoc két thiic
62 gio sau khi bét dau qua trinh nudi chy chinh. Céc két qué cho thay ring cac
luong axit protocatechuic dugc tao ra bdi ching NSHAaroE3_vanE3, chung
NSHAaroE3_vanE3AqsuB_Pben-qsuB, va ching
NSHAaroE3 vanE3AqsuB_Pben-qsuB-vanR dat muc t6i da & 43,8 gio, 43,8 gio,
va 38,5 gio sau khi bt dAu nudi cdy, va lugng axit protocatechuic 16n nhét dugc
tao ra bdi cac ching nay 1a 8,5g/L, 8,6g/L, va 15,2g/L. Két qua 13, chung trong do
mirc biéu hién gen aroE3 dugc didu chinh béi chét kim hdm VanR duge phat hién
13 c6 kha ning tich tu lugng axit protocatechuic dang ké. Ngoai ra, kha nang san
sinh axit protocatechuic dugc nhan thiy 1a duoc cai thién béng cach kim ham mtrc
biéu hién gen aroE3 nho gia téng luong chét kim hdm VanR.
Vi du 4: San xuét axit protocatechuic bang cach ching
NSHAaroE3 vanE3AqsuB_Pben-gsuB-vanR va chung tkt

Theo cach dugc md ta dudi day, chung
NSHAaroE3_vanE3AqsuB_Pben-gsuB-vanR (Vi du tham khao 13) va ching tkt
duogc cai bién nho gia ting mirc biéu hién transketolaza (Vi du tham khéo 14) dugc
nudi cdy trong binh 1én men c6 dung tich 3 lit, va cac lugng axit protocatechuic
dugc tao ra dugc so sanh. Déi vi ca hai ching, axit benzoic (néng do cudi: 5mM)
dugc bd sung & 17 gid sau khi bét dau qua trinh nudi cdy chinh, sy bd sung
glucoza véi tdc 46 4,5g/gid dugc bét dau 24 gid sau khi bét ddu qué trinh nudi cy
chinh, va qua trinh nubi cly dugc két thuc & 64 gid sau khi bét dAu nudi cdy. Cac
két qua cho thdy rang céc lugng axit protocatechuic dugc tao ra bdi ching
NSHAaroE3_vanE3AgsuB_Pben-gsuB-vanR va chung tkt dat muc tdi da & 40 gid
va 45 gio sau khi bét dAu nuoi cdy, va lugng axit protocatechuic 16n nhét dugc tao
ra boi cac chiing nay 1a 14,8g/L va 20,0g/L. Két qua 13, hidu sudt axit
protocatechuic dugc nhin thdy 12 dugc cai thién nho gia ting sy biéu hién

transketolaza, ngodi sy diéu hoa muc biéu hi¢n gen aroE bdi chat kim ham VanR.
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Vi du 5: San xuét axit protocatechuic béng céch sir dung hé didu hoa chit kim him
RhcR

Trong céac tht nghiém san xuét duge tién hanh & cac vi du néu trén, mirc
biéu hién gen aroE3 duoc didu chinh béi chat kim hdm VanR. Trong vi dy ndy, cac
su chénh 1énh v& hiéu sut axit protocatechuic dugc xem xét dua vao sy cam Ung
su phién mé& doan khoi d4u nagl theo cach dugc md ta dudi day, bang cach sir dung
chiing Pnag-qsuB-rhcR (Vi du tham khéo 17) trong d6 muc biéu hién gen aroE3
duoc didu chinh béi chit kim hdm RhcR thay cho chét kim hdm VanR va su biéu
hién gen gsuB va gen rhcR dugc didu chinh béi doan khéi dau nagl. Néu sy phién
mi doan khoi du nagl cla ching Pnag-gsuB-rhcR dugc tién hanh, axit
3-hydroxybenzoic dugc bd sung dén ndng d6 SmM & thoi diém 16,5 gid sau khi
bt dau qua trinh nudi cdy chinh, su bd sung glucoza & tbc do 4,9g/gid duge bt
dau 20,5 gid sau khi bét dau qué trinh nudi cdy chinh, va qua trinh nubi cay dugc
két thac & 62,5 gid sau khi bét dau nudi cdy. néu sy phién ma doan khoi d4u nagl
ctia ching Pnag-qsuB-rhcR khéng dugc thuc hién, axit 3-hydroxybenzoic khong
duoc bd sung, va qua trinh nudi cly dugc két thic & thoi diém 62,5 gid sau khi bt
dAu nudi cly. Céc két qua cho thdy ring cac luong axit protocatechuic dugc tao ra
b6i ching Pnag-qsuB-theR trong d6 sy phién ma doan khai d4u nagl da dugce tién
hanh va ching Pnag-qsuB-rhcR trong d6 sy phién mi doan khai dau nagl khong
duoc thuc hién dat muc t6i da & 47,5 gio va 43,5 gio sau khi bét dAu nudi céy, va
lugng axit protocatechuic 16n nhét dugc tao ra béi cac ching nay 1a 11,2g/L va
8,4g/L. Cac két qua cho thdy rang luong axit protocatechuic dang ké duoc tao ra
khi su biéu hién gen aroE3 va qsuB duoc didu chinh béi chit kim him RhcR.
Ngoai ra, hiéu suét axit protocatechuic dugce nhin thdy 1a dugc nang cao nho gia
tang lugng chit kim hdm RhcR & giai doan nudi cy mudn.
Vi du tham khéo 1: Tao ra vat truyén hinh thoi pHCG298 E. coli-Corynebacterium

Chung Corynebacterium glutamicum ATCC13058 mang plasmit pHM1519
thu duge tir NITE va plasmit pHM1519 dugc tach theo k¥ thuét thong thudng. Sau
d6, hai loai ADN (cac SEQ ID NO: 1 va 2) dugc tdng hop d€ thém céc vi tri enzym
gidi han BglIl va Ncol vao vat truyén pHSG298 E. coli (do Takara Bio Inc. san
xuét) mang gen khang kanamyxin c6 chirc ning trong ching ATCC13032. Cac
ADN nay dugc chén vao vi tri & gilta vi tri Kpnl va vi tri Pstl ciia pHSG298, dé tao
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ra plasmit pHSG298BN. Sau d6, doan BgllI c6 kich ¢& khoang 3,1kb chia vung
sao chép plasmit dugc cét tir plasmit pHM1519 nho sy cit bing Bglll, va doan
duoc cit duoc chén vao trong vi tri Bglll cia pHSG298BN, dé tao ra plasmit
pHCG100. Sau khi pHCG100 duoc cit bang cac enzym gidi han BglII va Ncol,
cac diu duoc cét bing cac enzym gidi han nay dugc lam bing dau bang cach st
dung bd Blunting High Kit (do Toyobo Co., Ltd. san xuét). Sau d6, doan BgllI
(duogc lam béng d4u)-Ncol (dugc lam bing du) c6 kich c& khoang 1,9kb thu dugc
tir pHCG100 dugc tinh loc, va doan nay dugc chén vao vi tri Stul cia pHSG298,
sao cho vat truyén hinh thoi pHCG298 E. coli-Corynebacterium dugc hinh thanh.

Vi du tham khao 2: Tao ra plasmit pHKPsacB1 @8 biéu hién chu yéu levansucraza

Plasmit pHKPsacB1 bidu hién chi yéu gen levansucraza dugc st dung khi
két hop doan ADN dich vao ving nhiém séc thé cu thé cta vi khuén thudc gidng
Corynebacterium nho k¥ thuét tai td hop tuong ddng trao ddi chéo kép dugc tao
thanh theo cach dugc mo ta dudi day.

1. Nhan dong gen levansucraza

D& chon chung trong d6 doan ADN dich da dugc két hop vao trong ving
nhidm séc thé cu thé nho k§ thuét tai td hop tuong ddng trao dbi chéo kép, gen
sacB ctia chung Bacillus subtilis 168 méd héa levansucraza trg nén doc dbi véi té
bao chi duoc st dung dudi dang gen danh dAu chon loc. Chung Bacillus subtilis
168 thu duge dudi dang ching TAM2118 tir Japan Collection of Microorganisms,
the Institute of Physical va Chemical Research. Ngoai ra, thong tinh trinh ty hé gen
ctia chung Bacillus subtilis 168 (sb truy cap GB: NC_000964) thu dugc tir NCBI
nhd mang internet. ADN nhidm séc thé cta chung Bacillus subtilis 168 dugc tinh
loc bing kit chiét tich ADN nhiém séc thé (do RBC Bioscience san xuét). PCR
duogc tién hanh béng cach st dung 100ng ADN nhidm séc thé lam khudén miu va
hai kidu doan mdi ADN (c4c SEQ ID NO: 3 va 4) dé thu doan ADN dugc khuéch
dai chtra gen sacB. Sau do, gbc A duogc bd sung vao dau 3’ ciia doan ADN duogc
khuéch dai bang cach st dung Taq ADN polymeraza. Poan ADN dugc khuéch dai
dugc dem di dién di gel, thu hdi, tinh ché, va sau d6 két hop vao trong vat truyén
pT7Blue-T. Nhu vy, plasmit pPTBSACB1 mang gen sacB dugc tao ra.

2. Tao ra plasmit pHKPsacB1

Sau 8 ADN tdng hop dugc thé hién trong cac SEQ ID NO: 5 dén 12 duoc
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tbng hop, cic ADN tbng hop thu duoc dugc két hop vao trong vét truyén
pT7Blue-T. Nhu vay, plasmit pTRKD2 biéu hién chu yéu gen sacB duoc tao ra.
Sau d6, doan gen sacB trén plasmit pTBSACBI thu dugc ¢ bude 1. néu trén dugc
c4t bang cac enzym gi6i han HindIII va Kpnl, va c4c enzym gidi han Kpnl va Xbal,
va thu duoc doan HindIII-KpnI c6 kich ¢& 1,0-kb va doan KpnlI-Xbal c6 kich c&
0,4-kb thu duoc tir cac gen sacB. Hai doan ADN nay dugc chén vao vi tri nim gifta
vi tri Sphl va vi tri Xbal cta vét truyén nhan dong E. coli pHSG298 (Takara Bio.,
Co. Ltd.) cting véi doan HindIII-Sphl c6 kich c& 0,2-kb thu duge tir pTRKD2 thu
duoc ¢ trén. Nhu vay, plasmit pHKPsacB1 dé biéu hién chu yéu gen sacB dugc tao
ra. Néu plasmit pHKPsacB1 vén chuyén ADN ma cé do tuong ddng cao v6i ADN
nhidm séc thé cta vi khudn thudc giéng Corynebacterium, k§ thudt tai t6 hop
tuong ddng dugc tién hanh gitta ADN nhiém sic thé va plasmit, va toan bd plasmit
duoc két hop vao trong nhiém séc thé. Nhu vay, ching thu dugc thé hién cac kiéu
hinh tinh kanamyxin va kidu hinh min cam sucroza. Sau d4, doan ADN thu dugc
tir plasmit duge 14y ra khoi nhidm séc thé dya vao k¥ thuat tai tb hop twong dong
trao dbi chéo kép. Két qua 13, chung thé hién c4c kiéu hinh nhay kanamyxin va
khang sucroza.
Vi du tham khéo 3: Tao ra chung HT23 béng cach 1am dut gdy gen cal bién
ADN/enzym giéi han cua ching ATCC13032
1. Tao ra plasmit lam dut gdy gen cai bién ADN/enzym gidi han

Theo cach dugc mé ta dudi diy, ching HT23 dugc tao ra tir ching
ATCC13032 nho sy lam dat gdy gen cai bién ADN/enzym gi6i han. Chung
ATCC13032 thu duoc la ching NBRC12168 tu NITE. S8 nucleotit dugc thé hién
trong cac vi du dudi day la sb nucleotit cta trinh tu hé gen cua chiing ATCC13032,
va thong tin trinh ty hé gen thu duoc dudi sd truy cap NC_006958 tlr co s¢ dit liéu
NCBI GB nho mang internet. Vi khudn thudc giéng Corynebacterium bao gdm
ching ATCC13032 dugc nudi cdy trong moi truong CGYE (20g/L amoni sulfat,
5g/L ure, 1g/LL KH,PO,, 1g/L K,HPO;, 0,25g/L MgS0, 7H,0, 1g/L dich chiét ndm
men, 10mg/L CaCl,, 10mg/L FeSO47H,0, 10mg/L MnSO,-5H,0, 1mg/L
ZnSO,7H,0, 0,2mg/L CuSO,, 0,02mg/L NiCl,-6H,0, 0,2mg/L biotin, va 20g/L
glucoza, 0 pH = 7), trir phi dugc chi dinh khac.

Gen cglIM (cg1996) méa hoa enzym cai bién ADN cua chiing ATCC13032
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(sb nucleotit: 1.879.784 dén 1.880.875) va gen cglIR (cgl997) (s6 nucleotit:
1.880.884 dén 1.881.960) va gen cgllIR (cg1998) (sb nucleotit: 1.881.962 dén
1.883.860) ma hoa hai enzym gidi han c6 mat trén hé gen. Dé loai bo su biéu hién
cia 3 gen nay, mot phan cia ADN nhidm séc thé cta chung (s6 nucleotit:
1.879.784 dén 1.883.860) dugc lam dut gdy theo cach duge md ta dudi day.

Pé khuéch dai ving canh sudn 5’ clia gen cai bién ADN/enzym gi6i han (sb
nucleotit: 1.878.625 dén 1.879.745), hai kiéu doan mdi (c4c SEQ ID NO: 13 va 14)
duge tdng hop. PCR duoc tién hanh bang cach s dung ADN nhidm sic thé cta
ching ATCC13032 lam khudn miu va cdc doan mdi dugc chuén bi & trén, dé
khuéch dai ving canh sudn 5°. Sau khi gbc A duge bd sung vao diu 3’ cua doan
ADN duoc khuéch dai béng cach st dung Taq ADN polymeraza, doan ADN duoc
khuéch dai duoc tinh loc bing cach dién di gel, va phén thu dugc dugc két hop vao
trong vat truyén pT7Blue-T. Nhu vay, plasmit pTUSRIF mang vung canh suon 5’
duoc tao ra. Pé khuéch dai ving canh sudn 3’ clia gen ci bién ADN/enzym gidi
han (sé nucleotit: 1.883.891 dén 1.885.298), sau do, hai kiéu doan mdi (cac SEQ
ID NO: 15 va 16) duoc tong hop. PCR duoc tién hanh béng cach st dung ADN
nhiém séc thé cta ching ATCC13032 lam khuo6n mau va cac doan mdi duge chuin
bi & trén, d& khuéch dai ving canh suon 3°. Sau khi gbc A duge b sung dén dau 3’
cua doan ADN duogc khuéch dai bing cach st dung Taq ADN polymeraza, doan
ADN duoc khuéch dai dugc tinh loc bing cach dién di gel, va doan thu duge dugc
két hop vao trong vét truyén pT7Blue-T. Nhu vy, plasmit pTDSRIR mang vung
canh sudn 3’ dugce tao ra. Do d6, doan BamHI-Xhol ¢o kich c¢& khoang 1,1kb chura
vung canh suon 5° dugc tao ra tir plasmit pTUSRIF. Ngoai ra, doan Xbal-Xhol c6
kich ¢& khoang 1,4kb chira ving canh sudn 3’ dugc tao ra tir plasmit pTUSRIR.
Hon nita, doan BamHI-Sphl ¢6 kich ¢& khoang 1,6kb chita vung biéu hién chii yéu
gen sacB dugc tao ra tlr plasmit pHKPsacB1 (Vi du tham khao 2-2). Ba doan nay
duoc chen vao vi tri nam gitta vi tri BamHI va vi trf Xbal ctia vt truyén nhan dong
E. coli pHSG298. Nhu vay, plasmit pHKSD0977-9 dé lam duat giy gen cai bién
ADN/enzym gidi han dugc tao ra.

2. Tao ra thé dot bién chiing nhd sy lam dut gdy gen cai bién ADN/enzym giGi han

Thong qua k§ thuéat bién nap bing phuong phép xung dién, plasmit
pHKSD0977-9 duoc dua vao trong ching ATCC13032, va ching SCR dugc chon
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trén co sé tinh khang kanamyxin. Chung SCR duoc phén tich béng PCR sir dung
c4c doan mdi (cac SEQ ID NO: 13 va 16) va cac doan mdi nhin dang gen sacB
(cac SEQ ID NO: 3 va 4), va dat dugc cac két qua nhu mong mudn. Nhu vay,
chiing SCR dugc nhan thiy 1a thé bién nap thu duoc tir k¥ thuat téi t6 hop tuong
ddng trao ddi chéo don trong dé plasmit pHKSD0977-9 da dugc dua vao trong
ving cuia gen cai bién ADN/enzym gidi han.

Ching SCR dugc nuoi cly trong ImL méi truong long LB (10g/L trypton,
5¢g/L dich chiét nAm men, va 10g/L natri clorua) trong 24 gi¢, mot phén ctia dung
dich nudi cdy dugc phi 1én moi truong thach LB chira 10% sucroza, va qua trinh
nudi cdy dugc tién hanh trong méi truong d6. Nhu véy, thu duge ching HT23.
Théng qua qué trinh PCR s dung cac doan mdi (cac SEQ ID NO: 13 va 14),
chiing HT23 duge phat hién 1a thé bién nap thu dugc tir k§ thuét tai t6 hop tuong
ddng trao d6i chéo kép ma dd bi liy di gen cai bién ADN/enzym gi¢i han, nhu
mong mudn.

Vi du tham khao 4: Tao ra thé dot bién ching bang cach lam dit gdy gen
pcaH-pcaG

Theo cach dugc md ta dudi ddy, chung DRHG khuyét mot phén ctia ADN
nhidm séc thd ctia ching ATCC13032 (s6 nucleotit ctia soi bd trg: 2.511.382 dén
2.512.700) dugc tao ra tr ching HT23 dugc tao ra & vi du tham khao 3, dé lam dut
gdy gen pcaH-pcaG mé héa protocatechuat 4,5-dioxygenaza.

1. Tao ra plasmit dé 1am dat gay gen pcaH-pcaG

Pé khuéch dai ving canh suon 5’ clia gen pcaH-pcaG clia chung HT23 (sb
nucleotit: 2.512.743 dén 2.513.990), hai kiéu doan méi (cac SEQ ID NO: 17 va 18)
duge tdong hop. Qua trinh PCR duogc tién hanh st dung ADN nhiém sic thé
(100ng) ctia chung HT23 1am khuo6n m3u va cic doan mdi dugc diéu ché & trén, dé
khuéch dai vung canh sudn 5°. Sau khi gbe A dugc bd sung dén dau 3’ ctia doan
ADN dugc khuéch dai bang céch st dung Taq ADN polymeraza, thi doan ADN
duoc khuéch dai dugc tinh loc béng cach dién di gel, va doan thu dugc dugc két
hgp vao trong vét truyén pT7Blue-T (do Novagen san xuét). Nhu viy, plasmit
pTPCAUSRIF mang vung canh suon 5’ duge tao ra. Tuong tu, hai kiéu doan moi
(cac SEQ ID NO: 19 va 20) dé khuéch dai ving canh suon 3’ cua ching HT23 (sb
nucleotit ctia soi b trg: 2.510.015 dén 2.511.377) duoc téng hop. Qua trinh PCR
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duoc tién hanh c6 sir dung ADN nhiém sic thé duoc tinh ché ctia ching HT23 1am
khuén miu va céc doan mdi dugc didu ché & trén, dé khuéch dai ving canh suon
3°. Sau khi gbc A dugc bd sung dén dAu 3’ ctia doan ADN duoc khuéch dai bang
cach st dung Tag ADN polymeraza, doan ADN dugc khuéch dai duogc tinh loc
bang cach dién di gel, va doan thu dugc dugc két hop vao trong vét truyén
pT7Blue-T. Nhu vdy, plasmit pTPCADSRIR mang ving canh suon 3’ dugce tao ra.
Tiép d6, doan EcoRI-Mlul ¢6 kich ¢& khoang 1,3kb chira viing canh suon 5° duge
tao ra tt pTPCAUSRIF bing céch cit bang cic enzym giéi han. Ngoai ra, doan
Mlul-BamHI ¢6 kich ¢& khoang 1,4 kb chita ving canh sudn 3’ dugc tao ra tur
pTPCADSRIR bing cach cét bing cic enzym giéi han. Hon nira, doan
BamHI-Sphl ¢6 kich c¢& khoang 1,6kb chira doan gen sacB dugc tao ra tir plasmit
pHKPsacB1 (xem Vi duy tham khéo 2) bing cach cit bang cic enzym gidi han. Sau
do, 3 doan nay dugc cheén vao vao trong vung nam gitra vi tri EcoRI va vi tri Sphl
cla vat truyén nhan dong E. coli pHSG298. Nhu vdy, plasmit pHKSDPHGI lam
dut gdy gen dugc tao ra.
2. Tao ra chuing DRHG

Thong qua ky thuat bién nap bang phuwong phép xung dién, plasmit
pHKSDPHG! duogc két hop vao trong ching HT23, va ching SCRHG dugc chon
trén co s tinh khang kanamyxin. Chung SCRHG dugc phén tich bang k¥ thuat
PCR st dung cac doan mdi (cac SEQ ID NO: 21 va 22) va céc doan mdi dé nhan
dién gen sacB (cac SEQ ID NO: 3 va 4), va dat dugc cac két qua nhu mong mubn.
Nhu vay, ching SCRHG duoc nhéan thiy 14 thé bién nap thu dugc tir k§y thuét ti tb
hop twong dong trao ddi chéo don trong d6 plasmit pHKSDPHG! d& duoc dua vao
trong doan gen pcaH-pcaG.

Chung SCRHG dugc nubi cdy trong 1mL moi trudng 16ng LB trong 24 gio,
mdt phan ctia dung dich nudi cdy duoc phil 1én méi trudng thach LB chia 10%
sucroza, va qué trinh nudi ciy duoc thuc hién trong mdi truong d6. Nhu vy, thu
dugc ching DRHG. Thong qua k¥ thuat PCR st dung mot bd gbm céc doan mdi
(cac SEQ ID NO: 23 va 24), ching DRHG duoc nhén thdy 1 thé bién nap thu
duoc tir k¥ thuat tai t5 hop tuong dong trao ddi chéo kép ma da bi lay di gen
pcaH:-pcaG nhu mong mudn. Mot cach khéc, k§ thuat PCR duge tién hanh bang
cach st dung céc doan mdi (cac SEQ ID NO: 25 va 26), va khong thu duge doan
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ADN duoc khuéch dai. Nhu vay, ching DRHG ciing duoc nhén thy 1a khuyét gen
sacB.
Vi dy tham khéo 5: Tao ra thé dot bién ching bang cach 1am dut gy gen pobB

Dé lam dat gdy gen pobB md hoa p-hydroxybenzoat hydroxygenaza va uc
ché su san xuét axit gallic tir axit protocatechuic, chung DRHG145 khuyét mot
phin ADN nhiém sic thé (s6 nucleotit ctia sgi bd tro: 1.126.301 dén 1.127.488h)
duoc tao ra tir ching DRHG dugc tao ra & vi du tham khao 4 theo cach dugc mo ta
dudi day.
1. Tao ra plasmit dé lam dat gy gen pobB

P& khuéch dai ving canh sudn 3’ ciia gen pobB (sb nucleotit: 1.125.101
dén 1.126.300) va bd sung cac vi tri enzym gi6i han Sphl va Xbal dén ca hai dau
cua doan dugc khuéch dai, hai kidu doan mdi ADN (cac SEQ ID NO: 27 va 28)
duoc tong hop. K§ thuat PCR dugc tién hanh st dung ADN nhidm séc thé cia
chiing DRHG lam khuén miu va céc doan mdi duogc diéu ché & trén, dé khuéch dai
viung canh sudn 3’ clia gen pobB. Pé khuéch dai ving canh sudn 5’ ciia gen pobB
(sb nucleotit: 1.127.505 dén 1.128.687) va bd sung cic vi tri enzym giéi han Xbal
va Sall vao ca hai dau ciia doan dugc khuéch dai, sau d6, hai kiéu doan mdi ADN
(cac SEQ ID NO: 29 va 30) duge tdng hop. K§ thuat PCR dugc tién hanh st dung
ADN nhiém sic thé ctia ching DRHG lam khuon mau va cac doan mdi duoc didu
ché & trén, dé khuéch dai ving canh sudn 5° ctia gen pobB. Poan ADN duoc
khuéch dai cia ving canh sudn 3’ duoc cit bang cac enzym gidi han Sphl va Xbal,
doan ADN dugc khuéch dai cta ving canh suon 5° duoc cat bang cac enzym gidi
han Xbal va Sall, va cic doan ADN nay dugc dua vao trong vi tri ndm gitta vi trf
Sphl va vi tri Sall & vi tri da nhan dong cta plasmit pHKPsacB1 (xem Vi du tham
khao 2). Nhu vay, thu dugc plasmit pHKPsacBApobB.
2. Tao ra thé dot bién chiing béng cach 1am durt gy gen pobB

Thong qua k§y thuat bién nap bing phuong phdp xung dién, plasmit
pHKPsacBApobB dugc két hop vao trong ching DRHG, va chung DRHG_Km
~ duge chon trén co s6 tinh khdng kanamyxin. Chung DRHG_Km dugc phan tich

bang k¥ thuat PCR sir dung cc doan mdi (cac SEQ ID NO: 27 va 30) va cac doan

mdi dé nhan dién gen sacB (c4c SEQ ID NO: 3 va 4), va thu dugc cac két qua nhu
mong mudn. Nhu viy, ching DRHG_Km dugc nhén thay 1a thé bién nap thu duge
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tr ky thuat tai t6 hop twong ddng trao ddi chéo don trong dé plasmit
pHKPsacBApobB d4 dugc dua vao trong doan gen pobB.

Chiing DRHG_Km dugc nudi cay trong 1mL mdi trudng long LB trong 24
gid, mot phan cua dung dich nudi cdy dugc phd 1én moi truong thach LB chia
10% sucroza, va qua trinh nuoi cAy dugc thuc hién trong méi truong d6. Nhu vay,
thu duge chung DRHG145. Thong qua k¥ thuat PCR st dyng b doan mdi (cac
SEQ ID NO: 27 v4 30), ching DRHG145 dugc nhén thdy 14 thé bién nap thu duge
tir k§ thudt t4i t hop tuong ddng trao dbi chéo kép ma da bj lay di gen pobB, nhu
mong mudn.

Vi du tham khao 6: Tao ra ching NSH trong d6 sy phién ma cia cac gen aroF,
aroG, aroB, va aroD dugc dinh hudng boi doan khoi dau Tu

Trong 4 quy trinh dugc néu sau ddy, sy phién méa cua 4 kiéu gen lién quan
dén su tdng hop DHS tir DAHP (tic 13, cac gen aroF, aroG, aroB, va aroD) dugc
dinh huéng boi doan khéi diu Tu cua ching ATCC13032 (sb nucleotit: 526.013
dén 526.374). Nhu viy, tao ra chung NSH ¢6 hiéu sudt DHS dugc nang cao.

1. Tao ra ching NUA bing cach thay thé cac doan khoi dau clia gen qsuB, gen
aroD, va gen qsuD, béng Tu doan khdi dau

Gen gsuB, gen aroD, va gen qsuD ctia chiing ATCC13032 tao thanh operon
(sau day dugc goi la aro operon), va cac muc biéu hién cia chiing dugc diéu hoa
bdi cung mot chit diéu hoa (tuc 13, san phim gen cg0500). Trén co s& chung
DRHG145 duoc tao ra & vi du tham khao 5, ching NUA dugc tao ra béng cach
thay thé ving khéi d4u cla aro operon (s6 nucleotit: 441.597 dén 442.756) biang
Tu doan khoi dau c6 hoat tinh phién mé cao theo cach dugc mo ta dudi day.

(1) Tao ra plasmit dé thay thé doan khéi déu aro ctia gen cg0500 bang doan khéi
dau Tu

Pé khuéch dai vung canh suon 5’ ciia gen cg0500 (s6 nucleotit: 440.437
dén 441.596) va bd sung cac vi tri enzym gidi han Sphl va Rsrll vao ca hai du ctia
doan dugc khuéch dai, hai kiéu doan mdi (cac SEQ ID NO: 31 va 32) duogc téng
hop. Pé khuéch dai ving canh suon 3’ cta doan khéi dau aro (s6 nucleotit:
442757 dén 443.916) va bd sung cac vi tri enzym gidi han Pfol va Sbil vao ca hai
dau cua doan duoc khuéch dai, hai kiéu doan mdi (cac SEQ ID NO: 33 va 34)

duoc tdng hop. Pé khuéch dai doan khéi dau Tu va bo sung cac vi tri enzym gioi
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han RsrlI va Pfol vao c4 hai dau cta doan dugc khuéch dai, hai kiéu doan mdi (cac
SEQ ID NO: 35 va 36) duoc tong hop. K§ thudt PCR dugc tién hanh sir dung ADN
nhidm séc thé cua chung DRHG lam khuén mau va 3 bd doan mdi, dé khuéch dai
ving canh sudn 5’ cua gen ¢g0500, ving canh sudn 3’ cua doan khoi dau aro
operon, va doan khoi dau Tu.

Doan ADN duoc khuéch dai cia ving canh sudn 5° ciia gen c¢g0500 dugc
cit bang cac enzym giéi han Sphl va Rsrll, doan ADN dugc khuéch dai cuia ving
canh sudn 3’ cia doan khéi déu aro operon dugc cét bang cac enzym gidi han Pfol
va Sbfl, va doan ADN dugc khuéch dai cua doan khoi dau Tu dugc cat béng cac
enzym gidi han RsrIl va Pfol. Sau do, 3 kidu cta cac doan ADN thu dugce nho sy
xtr ly bang enzym gi6i han dugc dua vao trong vi tri & gitta vi tri Sbfl va vi tri Sphl
& vi tri da nhan dong cia plasmit pHKPsacB1 (xem Vi du tham khao 2). Nhu vay,
thu dugc plasmit pHKPsacB_aro-Ntu.

(2) Taora thé tai td hop tuong ddng bang cach st dung plasmit
pHKPsacB_aro-Ntu

Thong qua ky thult bién nap bang phuong phép xung dién,
pHKPsacB_Ntu-aro dugc két hop vao trong ching DRHGI145, va ching
DRHG145 Km dugc chon trén co s& tinh khang kanamyxin. Chung
DRHG145 Km dugc phén tich bang k¥ thuat PCR st dung cic doan mdi (cac
SEQ ID NO: 31 va 34) va céc doan mdi dé nhén dién gen sacB (cac SEQ ID NO: 3
va 4), va cac két qua nhu mong mudn thu dugc. Nhu vay, chung DRHG145_Km
duoc nhan thiy 1a thé bién nap thu duoc tir k§ thuét tai td hop tuong ddng trao d6i
chéo don trong d6 plasmit pHKPsacB_Ntu-aro dd dugc dua vao trong doan gen
cg0500.

Ching DRHG145_Km dugc nubi chy trong 1mL mdi trudng long LB trong
24 gid, mot phan ctia dung dich nudi cdy dugc phu 1én mdi trudong thach LB chua
10% sucroza, va qua trinh nuoi ciy dugc thuc hién trong mdi trudng d6. Nhu vay,
thu duoc ching NUA. Doan mdi duge thé hién trong SEQ ID NO: 37 duoc téng
hop. K§ thuat PCR dugc tién hanh st dung bd doan moi (cac SEQ ID NO: 37 va
36) va by doan moi (cac SEQ ID NO: 31 va 34), va chung DRHG145 duoc nhén
thay 1a thé bién nap thu duge tir k§ thuét tai td hop tuong ddng trao d6i chéo kép
trong d6 gen cg0500 va doan khoi dAu aro da dugc thay thé bing doan khdi dau Tu,
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nhulnongrnuén.
2. Tao ra NDSGU chung bing cach thay thé gen khoi dau aroG bang doan khoi
dau Tu

Vung khoi déu cta gen aroG ma héa DAHP syntaza dugc thay thé bang
doan khoi ddu Tu dé tao ra ching NDSGU tir ching NUA theo céch dugc md t&
dudi day.

(1) Tao ra plasmit d8 thay thé doan khoi dau aroG

Dé khuéch dai ving canh suon 5’ cua gen khoi dAu aroG (s nucleotit cua
soi b trg: 2.280.842 dén 2.282.206) va bd sung céc vi tri enzym gidi han Sphl va
RstIl dén c4 hai dau cua doan duoc khuéch dai, hai kiéu doan mdi (cac SEQ ID
NO: 38 va 39) duoc tong hop. DPé khuéch dai ving canh sudn 3’ ciia gen khoi déu
aroG (sé nucleotit cta soi bd trg: 2.279.366 dén 2.280.754) va bd sung cac vi tri
enzym gi6i han Pfol va Sbfl dén ca hai dau ciia doan dugc khuéch dai, hai kiéu
doan mdi (cac SEQ ID NO: 40 va 41) dugc tbng hop. Hon nita, k§ thuit PCR duoc
tién hanh st dung ADN nhiém sic thé cia ching DRHG lam khuén mau va céc
doan mdi duogc didu ché & trén, d& khuéch dai ving canh sudn 5° va ving canh
swon 3° clia gen khoi dau aroG. Theo céch khac, PCR dugce tién hanh str dung ADN
nhidm séc thé cua ching DRHG lam khuén mau va cic doan mdi (cac SEQ ID
NO: 35 va 36), d& khuéch dai doan khoi dau Tu.

Doan ADN dugc khuéch dai cta viing canh sudn 5’ cia gen khdi dau aroG
duoc cét bang cic enzym gidi han Sphl va RstIl, doan ADN dugc khuéch dai cua
viung canh suon 3’ ciia gen khoi d3u aroG dugc cit bang cac enzym gi6i han Pfol
va Sbfl, va doan ADN duogc khuéch dai cua doan khéi d3u Tu duge cit bang cac
enzym gidi han RsrlI va Pfol. Sau do, 3 kiéu cta cac doan ADN thu dugce nho qué
trinh xtt ly béng enzym giéi han dugc dua vao trong vi tri & gitta vi tri Sbil va vi tri
Sphl & vi tri da nhan dong cua plasmit pHKPsacB1 (xem Vi dy tham khao 2). Nhu
vdy, thu dugc plasmit pHKPsacB_aroG-Ntu.

(2) Taora thé tai td hop tuong dong bang cach str dung plasmit
pHKPsacB_aroG-Ntu

Thong qua ky thuat bién nap bing phuong phdp xung dién, plasmit
pHKPsacB_aroG-Ntu duoc két hop vao trong chung NUA, va ching NUA_Km
duoc chon trén co so tinh khang kanamyxin. Ching NUA_Km dugc phén tich nho

-51-



26020

k¥ thudt PCR st dung cac doan moi (cac SEQ ID NO: 38 va 41) va céc doan mdi
dé nhan dién gen sacB (cac SEQ ID NO: 3 va 4), va thu duoc cic két qua nhu
mong mudn. Nhu vy, ching NUA_Km dugc nhén thiy 1a thé bién nap thu duoc
tr k§ thuat tai t6 hop tuong ddng trao ddi chéo don trong d6 plasmit
pHKPsacB_aroG-Ntu di dugc dua vao trong doan gen aroG.

Chung NUA_Km duogc nu6i ciy trong ImL mdi trudng long LB trong 24
gi, mdt phan ctia dung dich nudi ciy dugc phll 1én méi trudng thach LB chira
10% sucroza, va qua trinh nuoi cdy duogc thyuc hién trong mdi truong d6. Nhu vy,
thu dugc ching NDSGU. K§ thuat PCR dugc tién hanh st dung cac doan moi (cac
SEQ ID NO: 38 va 41) va cac doan mdi (cac SEQ ID NO: 35 va 36), va chiing
NDSGU duoc nhan thdy 14 thé bién nap thu dwoc tir k§ thuat téi tb hop twong dong
trao d6i chéo kép trong d6 doan khoi d3u aroG d3 dugc thay thé bing doan khéi
dau Tu, nhu mong muén. Hon nita, doan mdi ADN dugc dinh vi bén ngoai vung
canh suon 5’ (SEQ ID NO: 42) va doan mdi ADN dugc dinh vi bén ngoai ving
canh suon 3’ (SEQ ID NO: 43) cua gen aroG duoc tdbng hop. Theo cach khac, ky
thuat PCR duoc tién hanh béng cach sir dung cac doan mdi duoc didu ché & trén,
va chung NDSGU duoc nhan thy 1a thé bién nap thu duge tir ky thuat tai t6 hop
tuong ddng trao d6i chéo kép trong d6 doan khoi dAu aroG da duoc thay thé bang
doan khoi dau Tu.

3. Tao ra chung NSU bang c4ch thay thé gen khoi dau aroB bang doan khéi dau Tu

Chang NSU dugc tao ra tir chung NDSGU theo cach duge mé ta dudi day
bang céach thay thé vung khéi dau ctia gen aroB ma hda DHQ synthetaza béng
doan khoi dau Tu.

(1) Tao ra plasmit dé thay thé doan khoi dau aroB

Pé khuéch dai ving canh sudn 5° cua gen khoi dAu aroB (sd nucleotit clia
soi bd tro: 1.720.573 dén 1.721.670) va bd sung cac vi trf enzym gii han Sphl va
Rsrll dén ca hai diu cta doan duoc khuéch dai, hai kiéu doan mdi (cac SEQ ID
NO: 44 va 45) duoc téng hop. Pé khuéch dai ving canh sudn 3’ clia gen khoi dau
aroB (sd nucleotit cla soi b trg: 1.719.404 dén 1.720.501) va bd sung céc vi tri
enzym gidi han Pfol va Sbfl dén ca hai diu cua doan duoc khuéch dai, hai kiéu
doan mdi (cac SEQ ID NO: 46 va 47) dugc tbng hop. Hon nita, PCR dugc tién

hanh st dung ADN nhiém séc thé cua ching DRHG lam khudn mau va cac doan
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mdi dugc didu ché & trén, dé khuéch dai ving canh sudn 5’ va vung canh sudn 3’
cia gen khéi dau aroB. Theo cach khéc, k§ thudt PCR dugc tién hanh st dung
ADN nhiém séc thé ctia ching DRHG lam khudn mau va cac doan mdi (cac SEQ
ID NO: 35 va 16), dé khuéch dai doan khéi dau Tu.

DPoan ADN duoc khuéch dai ctia ving canh sudn 5° ctia gen khoi dau aroB
dugc cét bang cac enzym gidi han Sphl va RsrIl, doan ADN dugc khuéch dai cia
ving canh sudn 3’ cia gen khoi dau aroB dugc cit bing cac enzym gidi han Pfol
va Sbfl, va doan ADN duogc khuéch dai cua doan khéi dau Tu duoc cét bang cac
enzym giéi han Rsrll va Pfol. Sau do, 3 kiéu cia cac doan ADN thu dugc béang
cach xir Iy bing enzym gi6i han duoc dua vao trong vi tri ¢ gilta vi tri Sbfl va vi tri
Sphl & vi tri da nhan dong cua plasmit pHKPsacB1 (xem Vi du tham khao 2). Nhu
vay, thu duoc plasmit pHKPsacB_aroB-Ntu.

(2) Taora thé ti t6 hop tuong ddng bing cach sit dung plasmit
pHKPsacB_aroB-Ntu

Thong qua k¥ thuét bién nap bing phwong phdp xung di¢n, plasmit
pHKPsacB_aroB-Ntu duoc két hop vao trong ching NDSGU, va chung
NDSGU Km duge chon trén co s¢ tinh khang kanamyxin. DPé xéc nhan rang
ching NDSGU_Km 1a thé bién nap hitu ich thu dugc tlir k§ thudt tai t6 hop tuong
ddng trao dbi chéo don, hai kidu doan mdi (c4c SEQ ID NO: 48 va 49) dugc téng
hop dua vao doan dong trén cla ving canh suon 5’ va doan dong dudi cla vung
canh sudn 3’ ciia gen khai dau aroB. Ching NDSGU_Km dugc phén tich bang k¥
thuat PCR st dung ADN nhiém sic thé cua ching NDSGU_Km lam khudn mau,
cac doan mdi (cac SEQ ID NO: 48 va 49), cac doan mdi (cac SEQ ID NO: 35 va
36), va cac doan mdi dé nhén dién gen sacB (cac SEQ ID NO: 3 va 4), va cac két
qua nhu mong mudn thu duge. Nhu vdy, ching NDSGU_Km dugc nhén thy 1a
thé bién nap thu duge tir k§ thuat tai t6 hop tuong ddng trao d6i chéo don trong do
plasmit pHKPsacB_aroB-Ntu d dugc dua vao trong doan gen aroB.

Chung NDSGU_Km dugc nudi cdy trong 1mL méi trudong long LB trong
24 gid, mot phén ctia dung dich nuéi cdy duoc phu 1én méi truong thach LB chira
10% sucroza, va qua trinh nu6i cdy dugc thyuc hién trong méi truong d6. Nhu vy,
thu duoc ching NSU. K¥ thuat PCR dugc tién hanh st dung cac doan mdi (céc
SEQ ID NO: 44 va 47), cac doan mdi (cac SEQ ID NO: 48 va 49), va cac doan
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mdi (cdc SEQ ID NO: 35 va 36), va ching NSU duoc nhén thy 13 thé bién nap thu
duge tir k§ thust tai tb hop tuong ddng trao d6i chéo kép trong d6 doan khoi dau
aroB da duoc thay thé bang doan khéi dAu Tu, nhu mong mudn.

4. Tao ra chiing NSH bang céch thay thé gen khéi dau aroF bing doan khéi dau Tu

Ching NSH duoc tao ra tir chung NSH theo cach dugc md ta dudi déy
bing cach thay thé viing khéi d4u ctia gen aroF ma héa DHQ synthetaza bing ving
khéi dau Tu.

(1) Tao ra plasmit dé thay thé doan khéi d4u aroF

Dé khuéch dai ving canh sudn 5’ clia gen khai dAu aroF (sb nucleotit ctia
soi bd tro: 1.046.619 dén 1.047.863) va bd sung cac vi tri enzym gi6i han Sphl va
Rsrll dén ca hai diu cta doan dugc khuéch dai, hai kiéu doan mdi (cac SEQ ID
NO: 50 va 51) duoc téng hop. Pé khuéch dai ving canh suon 3’ clia gen khoi dau
aroF (s6 nucleotit ctia soi bd tro: 1.046.619 dén 1.047.863) va bd sung cac vi tri
enzym gi6i han Pfol va Sbfl dén ca hai dAu cta doan duge khuéch dai, hai kiéu
doan mdi (cac SEQ ID NO: 52 va 53) dugc tong hop. Hon nita, k§ thuat PCR dugce
tién hanh st dung ADN nhiém sic thé cua ching DRHG lam khudn miu va cac
doan mdi duoc didu ché & trén, dé khuéch dai ving canh sudn 5° va vung canh
suon 3’ cua gen khoi dau aroF. Theo céach khac, k¥ thudt PCR duoc tién hanh st
dung ADN nhiém sic thé cta chung DRHG lam khuén mAu va cac doan mdi (cac
SEQ ID NO: 35 va 36), dé khuéch dai doan khoi dau Tu.

Poan ADN duoc khuéch dai ctia ving canh sudn 5° ciia gen khoi d4u aroF
dugc cit bing cac enzym gidi han Sphl va Rsrll, doan ADN duge khuéch dai cua
vung canh suon 3’ cua gen khoi dau aroF dugc cét bang cac enzym gidi han Pfol
va Sbfl, va doan ADN duoc khuéch dai cua doan khoi dhu Tu duge cét béng cac
enzym giGi han Rsrll va Pfol. Sau do, 3 kidu cta cac doan ADN thu dugc bing
cach xir Iy bang enzym giéi han duge dua vao trong vi tri & gitta vi tri Sbil va vi tri
Sphl & vi tri da nhan dong cua plasmit pHKPsacB1 (xem Vi du tham khao 2). Nhu
vy, thu dugc plasmit pHKPsacB_aroF-Ntu.

(2) Tao ra th8 tai t hop twong dong béng cach str dung plasmit
pHKPsacB_aroF-Ntu

Thong qua k¥ thuat bién nap bang phuong phdp xung dién, plasmit
pHKPsacB_aroF-Ntu dugc két hop vao trong ching NSU, va ching NSU_Km
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dugc chon trén co sé tinh khang kanamyxin. Pé x4c nhén rang ching NSU_Km la
thé bién nap hitu ich thu dugc tr k§ thuat tai t hop twong dong trao ddi chéo don,
hai kiéu doan mdi (cac SEQ ID NO: 54 va 55) dugc téng hop dua vao doan dong
trén cua ving canh sudn 5’ va doan dong dudi cia vung canh sudn 3’ cua gen khoi
dau aroF. Ching NSU Km duge phén tich bing k¥ thuat PCR st dung ADN
nhidm sic thé cia ching NSU _Km lam khudn mAu, cac doan mdi (cac SEQ ID
NO: 54 va 55), chc doan mdi (cac SEQ ID NO: 35 va 36), va cac doan mdi dé nhan
dién gen sacB (cac SEQ ID NO: 3 va 4), va cac két qua nhu mong mubn thu dugc.
Nhur vdy, ching NSU_Km dugc nhan thiy 14 thé bién nap thu dugc tir k§ thuét tai
t6 hop tuong ddng trao dbi chéo don trong d6 plasmit pHKPsacB_aroF-Ntu da
duogc dua vao trong doan gen aroF.

Ching NSU Km dugc nudi ciy trong ImL mdi truong long LB trong 24
gid, mot phan ctia dung dich nuéi cdy dugc pht 1én mdi trudong thach LB chira
10% sucroza, va qua trinh nu6i ciy duogc thuc hién trong méi truong d6. Nhu vay,
thu duoc ching NSH. K§ thuat PCR dugc tién hanh st dung cdc doan mdi (cac
SEQ ID NO: 50 va 53), cac doan moi (cac SEQ ID NO: 54 va 55), va cac doan
mdi (cac SEQ ID NO: 35 va 36), va chiing NSU dugc nhén thiy 14 thé bién nap thu
dugc tur k§ thuat tai td hop twong ddng trao ddi chéo kép trong d6 doan khai dau
aroB da dugc thay thé bang doan khéi dAu Tu, nhu mong mubn.

Vi du tham khao 7: Tao ra thé dot bién chung nho sy lam dut gdy trong khung cia
gen aroE1 va gen aroE3 mé hoa shikimat dehydrogenaza

Su dot bién khuyét doan trong khung duoc két hop vao trong gen aroE1 va
gen aroE3, ma co thé anh huéng dén su sinh truéng, trong s6 3 kiéu cua shikimat
dehydrogenaza dugc mang béi ching ATCC13032, d8 tao ra chung dot bién theo
cach dugc mo ta duédi day (sau day, chung dot bién duoc goi 1a “ching ¢ sy lam
dat gdy trong khung”). Thuét ngit “su dot bién khuyét doan trong khung;” tic 14,
thuit nglt “sy lam dut gdy trong khung,” d8 chi sy dot bién thu dugc tir sy dua sy
khuyét doan mot sé nucleotit 1 boi s6 ba vao trong ving dich ma.

1. Tao ra plasmit dé lam dat gdy trong khung cla gen aroE1

DPé khuéch dai ving canh sudn 5° cia gen aroEl (s6 nucleotit: 1.183.128
dén 1.184.160), hai kiéu doan mdi ADN (cac SEQ ID NO: 56 va 57) duge téng
hop. Vi tri enzym gidi han Sphl dugc két hop vao trong doan mdi duoc thé hién
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trong SEQ ID NO: 56. K§ thuat PCR dugc tién hanh str dung ADN nhiém sic thé
cia ching DRHG lam khu6n miu va cac doan mdi dugc didu ché & trén, dé
khuéch dai ving canh suon 5° cua gen aroE1. Sau d6, hai kidu doan mdi ADN (cac
SEQ ID NO: 58 va 59) duoc téng hop dé khuéch dai ving canh suon 3’ clia gen
khoi dAu aroE1 (s6 nucleotit: 1.181.390 dén 1.182.365). Vi tri enzym giéi han Sbfl
duoc két hop vio trong doan mdi duoc thé hién trong SEQ ID NO: 59.

ADN duoc khuéch dai cua ving canh suon 5° va ADN dugc khuéch dai cta
vung canh sudn 3’ clia gen aroE1 thu duge nhu v@y dugc tron 13n v6i nhau. Hon
hop thu duge lam khuén miu duge khuéch dai nhd qud trinh PCR 13p st dung
doan moi ADN (cac SEQ ID NO: 56 va 59), va doan thu duoc sau do dugc cht
bing céc enzym gi6i han Sphl va Sbfl. Doan ADN thu dugc duge két hop vao
trong vi tri & gifta vi trf Sbfl va vi tri Sphl & vi tri da nhan dong cua plasmit
pHKPsacBl (xem Vi dy tham khao 2). Nhu vay, thu dugc plasmit
pHKPsacBAaroE1. Plasmit pHKPsacBAaroE1 dugc 14y ra khoi doan bao gdm céc
nucleotit tir 1.181.390 dén 1.184.160 cta soi bd trg tir doan gen aroEl.

2. Tao ra ching dot bién bang cach lam dut gy trong khung ctia gen aroE]

Thong qua ky thuat bién nap bing phwong phép xung dién, plasmit
pHKPsacBAaroE1 dugc két hop vao trong ching NSH, va ching NSH_Km dugc
chon trén co s& tinh khang kanamyxin. P& x4c nhan ring ching NSH_Km 1a thé
bién nap hitu ich thu dugc tir k§ thuat t4i tb hop tuong ddng trao doi chéo don, hai
kiéu doan moi (cac SEQ ID NO: 60 va 61) dugc téng hop dua vao doan dong trén
cta ving canh sudn 5’ va doan dong dudi clia ving canh suon 3’ ctia gen aroEl.
Ching NSH_Km dugc phan tich bang k¥ thuat PCR st dung cac doan mdi (cac
SEQ ID NO: 56 va 59) va cac doan mdi dé nhan dién gen sacB (cac SEQ ID NO: 3
va 4), va thu dugc céac két qua nhu mong muén. Nhu vay, chung NSH_Km duogc
nhan thiy la thé bién nap thu duge tir k¥ thuat tai td hop twong ddng trao ddi chéo
don trong d6 plasmit pHKPsacBAaroE1 da dugc dua vao trong doan gen aroE1.

Ching NSH_Km dugc nudi ciy trong ImL moi trudng long LB trong 24
gio, mot phan cta dung dich nudi cdy dugc pht 1én moi truong thach LB chira
10% sucroza, va qua trinh nudi ce"ly duogc thuc hién trong moi truong d6. Nhu vay,
thu dugc ching NSHAaroE1. Ky thuat PCR dugc tién hanh str dung cac doan moi
(cac SEQ ID NO: 60 va 61), va chung NSHAaroE1 dugc nhan thay 1 thé bién nap
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thu duoc tir k§ thuét tai t5 hop twong ddng trao ddi chéo kép ma da bi 14y di gen
aroE1, nhu mong mubn.
3. Tao ra plasmit dé lam dut gdy trong khung cuia gen aroE3

Pé khuéch dai ving canh suon 5° clia gen aroE3 (s6 nucleotit: 1.726.887
dén 1.727.845), hai kidu doan mdi ADN (céc SEQ ID NO: 62 va 63) dugc tong
hop. Vi tri enzym gidi han Sphl duoc két hop vao trong doan mdi dugc thé hién
trong SEQ ID NO: 62. K§ thuat PCR dugc tién hanh sir dung ADN nhiém séc the
cia chung DRHG lam khuén mau va céc doan mdi duoc didu ché & trén, dé
khuéch dai ving canh sudn 5° cia gen aroE3. Sau d6, hai kiéu doan mdi ADN (céc
SEQ ID NO: 64 va 65) dugc téng hop dé khuéch dai ving canh sudn 3’ cua gen
aroE3 (sb nucleotit: 1.725.101 dén 1.726.094). Vi tri enzym gi6i han Sbfl duoc két
hop vao trong doan mdi duoc thé hién trong SEQ ID NO: 65. ADN dugc khuéch
dai ciia ving canh suon 5’ va ADN duogc khuéch dai cua ving canh sudn 3’ cua
gen aroE3 thu duoc nhu vay dugc tron 13n vé6i nhau. Hon hop thu dugc lam khudn
mAiu dugc khuéch dai bing k§ thuat PCR 13p st dung doan moi ADN (cac SEQ ID
NO: 62 va 65), va doan thu dugc sau do dugc cét bang céc enzym gi6i han Sphl va
Sbfl. Poan ADN thu dugc dugc két hop vao trong vi tri & gitra vi tri Sbfl va vi trf
Sphl & vi tri da nhan dong cua plasmit pHKPsacB1 (xem Vi dy tham khao 2). Nhu
vay, thu duoc plasmit pHKPsacBAaroE3. Plasmit pHKPsacBAaroE3 dugc liy ra
khoi doan bao gdm cac nucleotit 1.726.095 dén 1.726.886 cla soi bd tro tlir doan
gen aroE3.

4. Tao ra ching dot bién béng cach lam dut gdy trong khung ctia gen aroE3

Thong qua k¥ thuét bién nap bang phuwong phdp xung dién, plasmit
pHKPsacBAaroE3 dugc két hop vao trong chiing NSH, va ching NSH_Km?2 dugc
chon trén co sé tinh khang kanamyxin. Pé x4c nhan rang ching NSH_Km2 la thé
bin nap hitu ich thu duoc tir k§ thuat téi t8 hop tuong ddng trao d6i chéo don, hai
kiéu doan mdi (cac SEQ ID NO: 66 va 67) dugc tdng hop dua vao doan dong trén
clia ving canh suon 5° va doan dong dudi cta ving canh sudn 3’ cua gen aroE3.
Chung NSH_Km duoc phéan tich bang k¥ thuat PCR st dung cac doan mdi (cac
SEQ ID NO: 62 va 65), cac doan moi (cac SEQ ID NO: 66 va 67), va cac doan
moi dé nhéan dién gen sacB (cac SEQ ID NO: 3 va 4), va thu duge céc két qua nhu
mong mudn. Nhu véy, ching NSH_Km2 dugc nhan thiy 1a thé bién nap thu dugc
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te ky thuat tai td hop twong ddng trao ddi chéo don trong d6 plasmit
pHKPsacBAaroE3 dad dugc dua vao trong doan gen aroE3.

Ching NSH_Km?2 dugc nudi cdy trong 1mL moéi truong long LB trong 24
gi0, mot phﬁn cua dung dich nuoi ce"ly duoc phi 1én méi truong thach LB chua
10% sucroza, va qua trinh nudi cdy dugc thuc hién trong méi truong d6. Nhu vay,
thu dugc chang NSHAaroE3. K§ thuat PCR dugc tién hanh sir dyng céc doan moi
(chc SEQ ID NO: 66 va 67), va chiing NSHAaroE3 dugc nhan théy 13 thé bién nap
thu dugc tir k¥ thuat tai t6 hop tuong ddng trao ddi chéo kép ma da bi liy di cta
gen aroE3, nhu mong mubn.

5. Tao ra chung dot bién nho su lam dut giy kép gen aroEl va gen aroE3

Theo céch gidng nhu dugc néu & phan “Tao ra ching dot bién bang cich
lam dut gdy trong khung ctia gen aroE3” ¢ trén, chung c6 sy lam dut gy kép duoc
tao ra tr ching NSHAaroE1 nh¢ sy lam dut gdy trong khung cia gen aroE3 (chung
thu dugc dugce ki hidu 1a “chung NSHAaroE1AaroE3”).

6. Thir nghiém vé su khuyét dudng axit amin thom cua ching NSHAaroE1, chung
NSHAaroE3, va ching NSHAaroE1AaroE3

Ching NSH, ching NSHAaroEl, ching NSHAaroE3, va chung
NSHAaroE1AaroE3 duoc tao ra theo cach néu trén duge thir nghiém vé sy khuyét
dudng axit amin thom theo cach duge mo ta dudi day.

Céc chung néu trén dugc cdy vao trong mdi trudng LB d8 nudi cdy so bo,
qua trinh nudi cly dugc tién hanh & nhiét dd 30°C qua dém, va 2% san phém nudi
cay duoc chuyén dén méi trudng CGXIL Thir nghi¢ém nudi cdy khac dugc tién
hanh ddng thoi trong mdi trudng duoc diéu ché bang cach bd sung axit shikimic,
tryptophan, phenylalanin, va tyrosin vao moéi truong CGXII & ndng do cudi
50mg/L cho mdi chét. Két qua 13, ching NSH va ching NSHAaroE1 dugc phat
hién 1 sinh truéng binh thudong trong mdi truong CGXIIL trong khi chung
NSHAaroE3 va ching NSHAaroE1AaroE3 khong phat trién trong mdi trudng nay.
Ngoai ra, ching NSHAaroE3 va ching NSHAaroE1AaroE3 dugc nhan thay 1a c6
kha nang sinh trudng trd lai voi su bd sung axit shikimic, tryptophan, phenylalanin,
va tyrosin vao mdi truong CGXIL Nhu véy, gen aroE3 dugc nhén thdy 1a gen

chinh m4 hoa shikimat dehydrogenaza.
Vi du tham khao 8: Tao ra ching NSHAaroE3_vanE3 ma san sinh axit
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protocatechuic trong d6 muc biéu hién gen aroE3 dugc diéu chinh bang doan khoi
dau vanA

Céc gen mi héa axit vanilic demetylaza clia ching ATCC13032 1a gen
cg2616 (sau day duogc viét tit 13 “gen vanA;” sb nucleotit 2.496.775 dén
2.497.905; kich ¢& 1,131bp) va gen cg2617 (sau day dugc viét tit 13 “gen vanB;”
s& nucleotit 2.497.909 dén 2.498.886; kich c& 978bp). Poan bao gdm céc nucleotit
2.496.775 dén 2.498.886 dugc viét tht 1a “doan gen vanAB.” Chéit kim ham da biét
ma diéu hoa gen vanA va gen vanB 13 gen cg2615 (sau day duogc viét tit 12 “gen
vanR:” sb nucleotit 2.496.013 dén 2.496.591 clia si bd trg; kich c& 579bp). Gen
aroE3 duoc két hop vio trong doan gen vanA va doan gen vanB vOi su trg giup
ciia gen vanR, va gen aroE3 dugc thay thé & doan phia dudi cia gen vanR. Ching
NSHAaroE3 nhu duge néu trong vi du tham khao 7 duge st dung 1am ching cha
me.

1. Tao ra vét truyén dé thay thé vanAB gene region with‘ gen aroE3

Dé thay thé doan gen vanAB cua chiing ATCC13032 bing gen aroE3, vét
truyén cho su thay thé duoc tao ra theo cach duge mo ta dudi day. Pau tién, hai
kidu doan mdi ADN (cac SEQ ID NO: 68 va 69) dugc tdng hop, dé khuéch dai
ving canh sudn 5’ cla doan gen vanAB (s6 nucleotit: 2.495.799 dén 2.496.774;
kich ¢& 976kp) trén co s trinh ty hé gen cua chung ATCC13032. Dé khuéch dai
ving canh sudn 3’ cua doan gen vanAB (s6 nucleotit: 2.498.887 dén 2.499.870;
kich c& 984kp), hai kidu doan mdi (cac SEQ ID NO: 70 va 71) duoc tdng hop. k§
thuiat PCR dugc tién hanh st dung céc doan mdi duge didu ché & trén va ADN
nhidm séc thé cua ching NSH lam khudn mAu, dé khuéch dai viing canh suon 5’
ctia gen vanAB va ving canh suon 3’ clia gen vanAB. Ving canh sudn 5’ cua gen
vanAB duoc khuéch dai, va vi tri enzym gi6i han Sphl dugc két hop vao trong
doan mdi ADN (SEQ ID NO: 68). Vung canh suon 3’ clia gen vanAB duoc khuéch
dai, va vi tri enzym gidi han Sbfl duoc két hop vao trong doan mdi ADN (SEQ ID
NO: 71). Ngoai ra, hai kidu doan mdi (cac SEQ ID NO: 72 va 73) duoc tdng hop
dé khuéch dai gen aroE3. Gen aroE3 duoc khuéch dai, doan c6 dau két thic 3’ kich
¢& 15-bp cia ving canh sudn 5’ ctia doan gen vanAB dugc bd sung cho doan mdi
ADN (SEQ ID NO: 72), va doan ¢ dau cudi 5’ kich ¢& 15-bp clia vung canh sudn
3’ ctia doan gen vanAB duoc bd sung cho doan moi ADN (SEQ ID NO: 73), sau
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d6 12 khuéch dai. Vung canh sudn 5> dugc khuéch dai dwoc tron véi gen aroE3.
Poan va thu dugc dugc khuéch dai bang ky thuat PCR lip st dung doan mdi ADN
(cdc SEQ ID NO: 68 va 73), 1am khuon mau. Theo cach khéc, ving canh suon 3’
dugc khuéch dai duge tron véi gen aroE3, va doan ADN thu dugc 1am khudn mau
duoc khuéch dai bing k§ thuat PCR lap sir dung doan méi ADN (cac SEQ ID NO:
72 va 71). Cac doan ADN dugc khuéch dai dugc cét bang enzym gii han Sphl két
hop v6i vi tri enzym gi6i han bén trong, Ascl, ciia gen aroE3 va enzym gi6i han
Sbfl két hop véi vi tri enzym gidi han bén trong, Ascl, ctia gen aroE3. Céac doan
thu dugc duge dua vao trong vi tri & gitta vi tri Sbl va vi tri Sphl & vi tri da nhén
dong cta plasmit pHKPsacB1 (xem Vi du tham khao 2). Nhu véy, thu duoc
plasmit pHKPsacB_vanR_Pvan-aroE3.
2. Tao ra chung dot bién bang cach thay thé doan gen vanAB bing gen aroE3
Thong qua ky thuét bién nap bang phuong phép xung dién, plasmit
pHKPsacB_vanR_Pvan-aroE3 dugc két hop vao trong chung NSHAaroE3, va thu
duogc ching NSHAaroE3 khang kanamyxin. Pé x4c nhén rang doan bao gdm cac
nucleotit 2.496.775 dén 2.498.886 trong mdt ving (sb nucleotit: 2.495.799 dén
2.499.870; kich c& 4071bp) trén ADN nhiém sic thé cua chung khang kanamyxin
thu duge di duogc thay thé bang gen aroE3, thit nghiém sau ddy duoc thuc hién.
Poan mdi ADN (céc SEQ ID NO: 74 va 75) dugc tao ra ¢ doan c6 kich ¢& 112-bp
ndm bén ngoai vung canh sudn 5’ va doan c6 kich c& 106-bp ndm bén ngoai viing
canh suon 3’ cua gen vanAB. Bing cach st dung céac doan mdi ADN va doan mdi
ADN duogc str dung dé khuéch dai viing canh sudn 5’ va vung canh sudn 3’ clia gen
vanAB (cac SEQ ID NO: 68 va 71), ky thuat PCR dugc tién hanh st dung, 1am
khuon mAu truc tiép, khuédn lac cta ching NSHAaroE3 khéng kanamyxin. Kich c&
cua doan ADN duoc khuéch dai thu duoc béng k¥ thuét PCR trong d6 ADN nhiém
sic thé ciia chiing NSHAaroE3 khang kanamyxin lam khudn mau dugc khuéch dai
véi sy trg gitp cia doan mdi ADN (cac SEQ ID NO: 74 va 71) 1a 4194bp, va kich
¢& cta doan ADN duoc khuéch dai thu dugc bang k§ thuat PCR trong dé su
khuéch dgi duoc thuc hién bang cach st dung doan moi ADN (cac SEQ ID NO: 68
va 75) & 2905bp. Hoic, kich c& ctia doan ADN duge khuéch dai thu dugc bing
PCR trong d6 sy khuéch dai duogc thuc hién béng céach st dung doan mdi ADN
(cac SEQ ID NO: 74 va 71) 1a 2913bp, va kich.c& cua doan ADN dugc khuéch dai
thu dugc bing k¥ thuat PCR trong do6 sy khuéch dai dugc thuc hién véi sy tro giup
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ctia doan mdi ADN (céc SEQ ID NO: 68 va 75) 1a 4186bp. Vi doan gen sacB duoc
do bang k¥ thuat PCR hodc phwong phép phan tich khéc, chuing NSHAaroE3 dugc
nhan thdy 1a thé bién nap thu dugc tr k§ thuat tai t6 hop tuong ddng trao d6i chéo
don.

Thé bién nap thu duoc tr k¥ thuat tai t hop tuong dong trao d6i chéo don
ciia chung NSHAaroE3 dugc nudi cay trong 1mL méi trudng 1ong LB trong 24 gid,
lvong san phdm nuoi cdy nhé dugc phi 1én mdi trudng thach LB chira 10%
sucroza, va qua trinh nu6i cdy duoc thuc hién trong méi truong dé. Trong nhiém
séc thé ADN cua chiing NSHAaroE3 da phat trién, du doan ring doan gen sacB,
doan gen khang kanamyxin, va doan gen vanAB duogc thay thé bang gen aroE3, va
chiing nay duogc ki hiéu la ching NSHAaroE3_vanE3. Chung NSHAaroE3 vanE3
dugc dem di PCR st dung hai kidu doan mdi ADN (cac SEQ ID NO: 74 va 75) va
duoc nhén thiy 13 thé bién nap thu dugc tir k¥ thuét tai t5 hop twong dong trao doi
chéo kép trong d6 doan gen vanAB da duoc thay thé bang gen aroE3, nhu mong
mubn.

3. Xac nhéan sy phat trién ctia chung NSHAaroE3_vanE3

Bing cach st dung mdi truong CGXII dugc bd sung 17,5mg/L axit
shikimic, 50mg/L tryptophan, 50mg/L phenylalanin, 50mg/L tyrosin, 10mg/L axit
p-hydroxybenzoic, va 10mg/L axit p-aminobenzoic (sau day dugc goi la “6 loai
chit phu gia”) va mdi trudng CGXII khong dugce bd sung 6 loai chét phu gia, cac
diéu kién sinh trudng ctia chiing NSHAaroE3_vanE3 va ching NSHAaroE3 duoc
danh gia. Trong khi ching NSHAaroE3_vanE3 duoc nhén thdy 14 phét trién binh
thudng trong moi trudng dugc bd sung 6 loai chét phu gia, tdc @ sinh trudng 12
cham & giai doan nudi cay luc giita trong moi trudng khong dugce bd sung 6 loai
chit phu gia. Trong khi ching NSHAaroE3 dugc nhén thay la phat trién duoc trong
moi truong dugc bd sung 6 loai chét phy gia, nhung n6 khong phat trién trong moi
truong khong dugc bd sung 6 loai chét phu gia. Néu ching NSHAaroE3_vanE3
duoc nudi cdy trong méi trudong dugc didu ché bing cach bd sung axit ferulic, axit
vanilic, hodc vanilin & luong bang hodc 1én hon 50uM vao mdi truong CGXII
khong duoc bd sung 6 loai chét phu gia, ching NSHAaroE3_vanE3 dugc nhén
thdy 1a phét trién mdt cach binh thuong.

Vi du tham khéo 9: Tao ra ching dot bién bang cach lam dut gy trong khung gen
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DHS dehydrataza

Su dot bién khuyét doan trong khung dugc két hop vao trong gen qsuB cla
ching NSH, ching NSHAaroE3, va chung NSHAaroE3_vanE3 dugc néu trong cac
Vi du tham khao 6, 7, va 8, 1am chung cha me, va cic ching trong do sy chuyén
héa DHS thanh axit protocatechuic bi ngdn chin duoc tao ra theo cach dugc néu
dudi day.
1. Tao ra plasmit dé lam dat gdy gen qsuB

Pé khuéch dai ving canh sudn 5° clia gen qsuB (sb6 nucleotit: 443.184 dén
444.207) va bd sung cic vi tri enzym gidi han Sbfl va Xbal dén ca hai dau cla
doan duoc khuéch dai, hai kiéu doan mdi ADN (cac SEQ ID NO: 76 va 77) dugc
tbng hop. P& khuéch dai ving canh sudn 3’ clia gen qsuB (s6 nucleotit: 446.032
dén 447.053) va thém céc vi tri enzym gi6i han Xbal va Sall dén cé hai dau cta
doan duogc khuéch dai, ngodi ra, hai kidu doan moi ADN (cac SEQ ID NO: 78 va
79) duoc tong hop. K§ thuat PCR duge tién hanh st dung ADN nhidm sic thé cla
ching NSH lam khudn mau va cac doan mdi duoc didu ché & trén, dé khuéch dai
ving canh sudn 5’ va ving canh sudn 3’ cla gen qsuB. San phim duoc khuéch dai
cla vung canh sudn 5’ dugc cit bang cac enzym gidi han Sbfl va Xbal, va san
phim dugc khuéch dai cia ving canh sudn 3’ duoc cit bing cac enzym gidi han
Xbal va Sall. Sau d6, cac doan ADN nay dugc dua vao trong vi tri & gifra vi tri
Sbfl va vi tri Sall & vi tri da nhan dong cta plasmit pHKPsacB1 (xem Vi du tham
khao 2). Nhu vdy, thu dugc plasmit pHKPsacBAqsuB dé lam dut gdy gen qsuB.
2. Tao ra chung dot bién bang cach lam dut gy gen qsuB

Plasmit pHKPsacBAqsuB dugc két hop vao trong ching NSH, ching
NSHAaroE3, va chung NSHAaroE3 vanE3, va ching NSH_gsuB_Km, ching
NSHAaroE3 _gqsuB_Km, va ching NSHAaroE3_vanE3_gsuB_Km dugc chon trén
co sé tinh khdng kanamyxin. Pé phan tich cac chung thu duoc bang k¥ thuat PCR,
doan mdi ADN gidng véi chudi dong trén clia vung canh suon 5° (SEQ ID NO: 80)
va doan mdi ADN gidng véi chudi dong duéi cia ving canh suon 3’ (SEQ ID NO:
81) cua gen gqsuB dugc tdng hop. K§ thuit PCR dugc tién hanh str dung bd doan
mdi (cac SEQ ID NO: 79 va 80) va by doan mdi (cac SEQ ID NO: 76 va 81). Céc
két qua nhu mong mudn thu duoc nhd su phéan tich PCR st dung mét trong hai bo

doan mdi. Nhu vdy, cdc ching nay dugc nhén thiy 1a céc thé bién nap thu duogc tir
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ky thuat taii t& hop tuong ddng trao ddi chéo don trong d6 plasmit
pHKPsacBAgsuB da dugc dua vao trong doan gen qsuB.

Ching NSHAgsuB Km, ching NSHAaroE3AqsuB_Km, va ching
NSHAaroE3 vanE3AqsuB_Km dugc nubi cdy trong 1mL méi trudng long LB
trong 24 gir, mot phan clia san phim nudi cdy duge phii 1én méi trudng thach LB
chtra 10% sucroza, va qua trinh nudi céy duoc thuc hién trong méi truong do. Nhu
vdy, thu dugc ching NSHAgsuB, ching NSHAaroE3AqsuB, va chung
NSHAaroE3_vanE3AqsuB. K¥ thudt PCR dugc tién hanh st dung céc doan mdi
(cac SEQ ID NO: 80 va 81) va cac doan moi dé nhan dién gen sacB (cac SEQ ID
NO: 3 va 4), va cac ching nay dugc nhan thy 13 céc thé bién nap thu duoc tr k§
thuat tai t6 hop twong dong trao ddi chéo kép ma di bi liy di doan bao gdm céc
nucleotit 444.208 dén 446.031 trong gen qsuB.

Vi du tham khao 10: Tao ra ching dot bién bang cach 1am dut gy trong khung cia
gen axit shikimic dehydrataza

Céc chung dot bién duogc tao ra nhu dugc md ta dudi ddy tur ching
NSHAaroE3AqgsuB va chiing NSHAaroE3_vanE3AqsuB bang cach dua sy dot bién
khuyét doan trong khung vao trong gen qsuD mé hoa axit shikimic dehydrataza, aé
lam gidm hoat tinh cua axit shikimic dehydrataza con lai.

1. Tao ra plasmit dé lam dut gdy trong khung cua gen gsuD

Dé khuéch dai ving canh swon 5’ cia gen qsuD (sb6 nucleotit: 443.644 dén
446.553; doan bao gdm cac nucleotit 444.199 dén 446.031 1a doan dut gdy trong
khung cua gen qsuB), hai kidu doan mdi ADN (cac SEQ ID NO: 82 va 83) dugc |
téng hop. Vi tri enzym gidi han Sbfl duoc két hop vao trong doan mdi duoc thé
hién trong SEQ ID NO: 82. K¥ thuat PCR dugc tién hanh st dung ADN nhiém sic
thé ctia ching NSHAgsuB 1am khudn mau va cac doan mdi duge didu ché & trén,
dé khuéch dai ving canh suon 5 clia gen qsuD. Sau d6, hai kidu doan mdi ADN
(cac SEQ ID NO: 84 va 85) duoc tdng hop dé khuéch dai ving canh sudn 3’ cla
gen qsuD doan khéi d4u (s nucleotit: 447.385 dén 448.441).Vi tri enzym gi6i han
Xhol dugc két hop vao trong doan mdi duge thé hién trong SEQ ID NO: 85. ADN
dugc khuéch dai ctia ving canh sudn 5 va ADN dugc khuéch dai cta ving canh
sudn 3’ cua gen aroE thu dugce nhu vy dugc tron 13n v&i nhau. Hon hop thu dugce
lam khudn miu duoc khuéch dai nho ky thust PCR 13p st dung doan mdi ADN
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(cac SEQ ID NO: 82 va 85), va doan thu dugc ndy sau do dugc cit bang cac
enzym gidi han Sbfl va Xhol. Boan ADN thu dugc duoc két hop vao trong vi tri &
gifta vi tri Sbfl va vi tri Sphl & vi tri da nhan dong cla plasmit pHKPsacB1 (xem
Vi du tham khao 2). Nhu viy, thu duge plasmit pHKPsacBAgsuD. Plasmit
pHKPsacBAqsuD duoc ldy ra khoi doan bao gdm céc nucleotit 446.554 dén
447.384 tir doan gen qsuD.

2. Tao ra ching dot bién biang cach lam dut gy trong khung cua gen qsuD

Thong qua k¥ thuat bién nap bing phuong phép xung dién, plasmit
pHKPsacBAqsuD dugc két hop véo trong ching NSHAaroE3AqsuB va ching
NSHAaroE3_vanE3AqsuB, va ching NSHAaroE3AgsuB_Km va chung
NSHAaroE3_vanE3AgsuB_km dugc chon trén co so tinh khang kanamyxin. Pé
x4c nhan rang ching NSHAaroE3AgsuB_Km va chiing
NSHAaroE3 vanE3AqsuB_km la cac thé bién nap hiru ich thu dugce tir k§ thuat tai
t6 hop tuong ddng trao dbi chéo don, hai kiéu doan mdi (cac SEQ ID NO: 86 va
87) duoc tdng hop dua vao doan dong trén clia ving canh sudn 5° va doan dong
dudi clia ving canh sudn 3’ cia gen gsuD. Ching NSHAaroE3AgsuB_Km va
chung NSHAaroE3_vanE3AqsuB_km dugc phén tich bang k¥ thuat PCR st dung
cac doan moi (cac SEQ ID NO: 86 va 85), cac doan mdi (cac SEQ ID NO: 82 va
87), va cac doan mdi dé nhan dién gen sacB (cdc SEQ ID NO: 3 va 4), va thu dugc
cac két qua nhu mong mudn. Nhu vay, chiing NSHAaroE3AgsuB_Km va chung
NSHAaroE3 vanE3AqsuB_km dugc nhan thay 1a cac thé bién nap thu dugc tir k§
thuét tai td hop twong dong trao ddi chéo don trong d6 plasmit pHKPsacBAqsuD
da dugc dua vao trong doan gen qsuD.

Ching NSHAaroE3AqsuB_Km va chung NSHAaroE3 vanE3AqsuB_km
duoc nudi ciy trong ImL mdi trudng léng LB trong 24 gio, mot phan cua sin
pham nudi cdy duogc phu 1én méi trudng thach LB chira 10% sucroza, va qua trinh
nudi cdy duoc thuc hién trong méi truong d6. Nhu viy, thu dugc chung
NSHAaroE3AqsuBAgsuD va ching NSHAaroE3_vanE3AqsuBAqsuD. K¥ thuat
PCR dugc tién hanh st dung céc doan mdi (cac SEQ ID NO: 86 va 87), va ching
NSHAaroE3AqsuBAaroE va ching NSHAaroE3_vanE3AqsuBAgsuD dugc nhan
thy 1a cac thé bién nap thu dugc tir k§ thuat tai t6 hop tuong déng trao dbi chéo

kép ma da bi 14y di gen aroE, nhu mong mudn.
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3. Thr nghiém vé& su khuyét dudng axit amin thom cta chiing
NSHAaroE3AqsuBAgsuD

Ching NSH, ching NSHAaroE3, ching NSHAaroE3AgsuB, ching
NSHAaroE3AqsuBAaroE1, ching NSHAaroE3_vanE3AqsuB, va chung
NSHAaroE3AqsuBAgsuD dugc tao ra theo cach néu trén dugce thir nghiém vé su
khuyét dudng axit amin thom theo cach dugc md ta dudi day.

Cac ching dugc cdy vao trong moi truong CGXII tidn nudi cdy dugc b
sung 17,5mg/L axit shikimic, 50mg/L tryptophan, 50mg/L phenylalanin, va
50mg/L tyrosin, qué trinh nudi ciy dugc tién hanh & nhiét dd 30°C qua dém, va cac
chung dugc nudi cdy duoc rira hai 1in va sau d6 duoc chuyén sang mdi trudng
CGXII d& nudi cdy chinh, ddng thoi diéu chinh OD 600 & khoang 0,05. Thu
nghiém nuoi cly khac ddng thoi dugc tién hanh trong moi trudng duge didu ché
bing cach bd sung 17,5mg/L axit shikimic, 50mg/L tryptophan, 50mg/L
phenylalanin, va 50mg/L tyrosin vao moéi truong CGXII cho qua trinh nu6i cay
chinh. Két qua 13, chi c6 ching NSHAaroE3AqsuBAqsuD trong s6 ching NSH,
chung NSHAaroE3, ching NSHAaroE3AqsuB, chung NSHAaroE3AqsuBAaroEl,
chiing NSHAaroE3_vanE3AqsuB, va chung NSHAaroE3AgsuBAqsuD dugc nhén
thdy 1 chi phét trién khi axit shikimic, tryptophan, phenylalanin, va tyrosin dugc
bd sung. Piéu nay chi ra rang hoat tinh cla axit shikimic dehydrataza con lai vé co
ban 1a khong con nho sy loai b gen gqsuD.

Vi du tham khao 11: Tao ra chung san sinh DHS c6 kha nang didu hoa mic biéu
hién gen aroE3 béng cach cam Ung sy bidu hién cta chit kim him VanR

Poan gen benABCD cua ching NSHAaroE3_vanE3AqsuBAqsuD duogc tao
ra & vi du tham khao 10 dugc thay thé bang gen vanR. Nhu viy, ching dot bién
trong do su biéu hién gen vanR duoc didu chinh bdi doan khoi ddu benA dugc tao
ra.

1. Tao ra plasmit dé thay thé doan gen benABCD bang gen vanR

Pé khuéch dai viung canh sudn 5’ cuia doan gen benABCD (s6 nucleotit:
2.515.963 dén 2.516.969), hai kiéu doan mdi ADN (cac SEQ ID NO: 88 va 89)
duoc tong hop. Dé khuéch dai ving canh sudn 3’ ctia doan gen benABCD (sb
nucleotit: 2.521.372 dén 2.522.498), ngoai ra, hai kiéu doan mdi ADN (cic SEQ
ID NO: 90 va 91) duoc tong hop. Cac doan mdi duge thé hién trong cac SEQ ID
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NO: 88 va 91, mdi trinh tu ¢6 céc vi tri enzym gidi han Sall va Sbfl. K§ thuét PCR
duoc tién hanh st dung ADN nhidm sic thé cua ching HT23 (Vi du tham khao 3)
1am khuon mau va cac doan mdi dugc didu ché & trén, dé khuéch dai ving canh
suon 5’ va vung canh sudn 3’ ciia gen benABCD. Hon nita, dé khuéch dai gen
vanR, hai kidu doan mdi ADN (c4c SEQ ID NO: 92 va 93) dugc tbng hop. K§
thudt PCR duoc tién hanh st dung ADN nhiém sic thé ctia chung HT23 1am khun
mau va cac doan moi (cac SEQ ID NO: 92 va 93), dé khuéch dai doan gen vanR.
ADN dugc khuéch dai clia viing canh sudn 5 ciia gen benABCD thu dugc nhu vay
va ADN duoc khuéch dai ctia doan gen gsuB dugc tron 13n v6&i nhau. Hon hop thu
duge lam khuon mau duge khuéeh dai nho k¥ thudt PCR 1ap st dung cdc doan moi
(c4c SEQ ID NO: 88 va 93), va doan thu dugc sau do dugc c4t bang cac enzym
gi6i han Sall va Narl. Nhu vy, thu dugc doan ADN dugc cét bang vi tri Sall trong
doan moi (SEQ ID NO: 88) va vi tri Narl & gen vanR. Ngoai ra, ADN duoc khuéch
dai cua doan gen vanR dugc két hop v6i ADN duge khuéch dai cia ving canh
sudn 3’ cua gen benABCD. Hon hop thu duge 1lam khudn mau duoc khuéch dai
bang k¥ thuat PCR lap st dung cac doan mdi (cac SEQ ID NO: 91 va 92), va doan
thu dugc sau d6 dugc cat bing c4c enzym giéi han Narl va Sbfl. Nhu véy, thu
dugc doan ADN duoc cit béng vi trf Narl & gen vanR va vi tri Sbfl & doan mdi
(SEQ ID NO: 91). 2 loai doan ADN nay dugc dua vao trong vi tri & gifta vi tri Sall
va vi tri Sbfl & vi tri da nhan dong ctia plasmit pHKPsacB1 (xem Vi du tham khao
2). Nhu vay, thu duge plasmit pHKPsacB_Pben-vanR.
2. Tao ra ching dot bién bang cach thay thé doan gen benABCD bing gen vanR

Thoéng qua k¥ thuat bién nap bang phuong phap xung dién, plasmit
pHKPsacB_Pben-vanR dugc két hop vao trong ching
NSHAaroE3 vanE3AqsuBAgsuD, va thu duge ching
NSHAaroE3_vanE3AqsuBAqsuD_Km khéng kanamyxin. Dé phan tich chiing
NSHAaroE3 vanE3AqsuBAgsuD_Km béng k¥ thuat PCR, thi doan mdi gidng véi
chudi dong trén ciia viing canh suon 5’ (SEQ ID NO: 94) va doan mdi gidng véi
chudi dong duéi ciia ving canh sudn 3’ (SEQ ID NO: 95) cua gen vanR dugc tong
hop. Sau d6, ching NSHAaroE3_vanE3AgsuBAqsuD_Km dugc phén tich béang k¥
thuat PCR st dung cac doan mdi (cac SEQ ID NO: 94 va 91) va céac doan mdi (cac
SEQ ID NO: 88 va 95). Cac két qua nhu mong mudn thu dugc bing cach phan tich
PCR st dung cac bo doan mdi. Nhu vy, chung
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NSHAaroE3 vanE3AqsuBAqsuD_Km dugc nhén thiy 1a thé bién nap thu dugc tir
k¥ thuét tai tb hop tuong ddng trao dbi chéo don trong do plasmit
pHKPsacB_Pben-vanR d4 dugc dua vao trong doan gen benABCD.

Ching NSHAaroE3_vanE3AgsuBAqsuD_Km duge nubi cdy trong 1mL
mdi truong long LB trong 24 gio, mot phén ciia san pham nuoi cay dugc phli 1én
mdi truong thach LB chira 10% sucroza, va qud trinh nudi cdy duoc thyc hién
trong mdi trudng d6. Nhu vay, thu duoc ching Pben-vanR. Ky thuat PCR duogc
tién hanh str dung cc doan mdi (cac SEQ ID NO: 94 va 95), va chiing Pben-vanR
duoc nhan thy 1a thé bién nap thu dugc tir k¥ thuét tai td hop tuong ddng trao ddi
chéo kép trong d6 doan gen benABCD da dugc thay thé bang gen vanR.
Vi du tham khéo 12: Tao ra ching NSHAaroE3_vanE3AqsuB_Pben-qsuB san sinh
axit protocatechuic trong do sy biéu hién gen qsuB dugc didu chinh béi doan khoi
dau benA

Theo cach duoc méd ta dudi diy, doan gen operon benABCD cua ching
NSHAaroE3_vanE3AqsuB dugc tao ra & vi dy tham khao 9 duoc thay thé bang gen
gsuB. Nhu vay, ching dot bién trong d6 su biéu hién gen gsuB dugc didu chinh boi
doan khoi dau benA duogc tao ra.
1. Tao ra plasmit dé thay thé doan gen benABCD bang gen qsuB

P& khuéch dai ving canh sudn 5’ cia doan gen benABCD, hai kiéu doan
mdi ADN (c4c SEQ ID NO: 88 va 89) dugc sir dung, va hai kiéu doan mdi ADN
(cac SEQ ID NO: 90 va 91) dugc st dung dé khuéch dai ving canh sudn 3’ cua
doan gen benABCD. K¥ thuat PCR dugc tién hanh st dung ADN nhidm sic thé
ctia ching HT23 (Vi du tham khao 3) lam khuon mau va cac doan mdi dugc didu
ché & trén, dé khuéch dai ving canh suon 5 va ving canh suodn 3’ cia gen
benABCD. Ngoai ra, hai kiéu doan mdi ADN (cdc SEQ ID NO: 96 va 97) dugc
téng hop dé khuéch dai gen gqsuB. K§ thuit PCR duoc tién hanh st dung ADN
nhidm séc thé cua ching HT23 1am khu6n mau va cac doan mdi duoc didu ché ¢
trén, dé khuéch dai doan gen qsuB. ADN dugc khuéch dai cia vung canh suon 5’
ciia gen benABCD va ADN duoc khuéch dai ctia doan gen gqsuB thu dugc nhu vay
dugc trén 1an véi nhau. Hon hop thu duge 1am khudn mAu dugc khuéch dai nho k¥
thuat PCR lap st dung céc doan mdi (cac SEQ ID NO: 88 va 97), va doan thu

duoc sau d6 duogc cét bing cac enzym gidi han Sall va Narl. Nhu vy, thu dugc
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doan ADN duogc cit bang vi tri Sall & doan mdi (SEQ ID NO: 88) va vi tri Narl ¢
gen gsuB. Ngoai ra, ADN dugc khuéch dai cua doan gen qsuB dugc tron véi ADN
duoc khuéch dai clia ving canh sudn 3° ciia gen benABCD. Hon hop thu duge 1am
khuén miu duoc khuéch dai nho k¥ thuat PCR 1ap st dung cac doan mdi (cac SEQ
ID NO: 91 va 96), va doan thu dugc sau d6 dugc c4t bang cac enzym gidi han Narl
va Sbfl. Nhu vy, thu dugc doan ADN duogc cét bang vi tri Narl & gen gsuB va vi
tri Sbfl & doan mdi (SEQ ID NO: 91). 2 kiéu doan ADN nay dugc dua vao trong vi
tr{ & gifta vi tri Sall va vi tri Sbfl & vi tri da nhan dong cua plasmit pHKPsacB1
(xem Vidu tham khao 2). Nhu vay, thu dugc plasmit pHKPsacB_Pben-qsuB.
2. Tao ra ching dot bién bang cach thay thé doan gen benABCD béng gen qsuB
Thong qua k¥ thuét bién nap bang phuwong phap xung dién, plasmit
pHKPsacB_Pben-qsuB duoc két hop vao trong chung NSHAaroE3_vanE3AqsuB,
va thu dugc chung NSHAaroE3 vanE3AqsuB_Km khéng kanamyxin. Pé phan
tich ching NSHAaroE3_vanE3AqsuB_Km béng k§y thuat PCR, doan mdi gidng véi
chudi dong trén cta viing canh sudn 5’ (SEQ ID NO: 98) va doan mdi gibng voi
chudi dong dudi clia ving canh suon 3’ (SEQ ID NO: 99) cta gen qsuB duoc téng
hop. Sau d6, chiing NSHAaroE3_vanE3AqsuB_Km dugc phan tich bang k¥ thuat
PCR sir dung cic doan mdi (cac SEQ ID NO: 88 va 99) va cac doan moi (c4c SEQ
ID NO: 91 va 98). Céac két qua nhu mong muédn thu duoc bang cach phan tich PCR
sir dung bd doan mdi néu trén. Nhu vay, ching NSHAaroE3_vanE3AqsuB_Km
duoc nhan thdy 1a thé bién nap thu dugc tir k§ thuét tai td hop twong ddng trao ddi
chéo don trong d6 plasmit pHKPsacB_Pben-qsuB da dugc dua vao trong doan gen
benABCD.

Ching NSHAaroE3_vanE3AqsuB_Km dugc nudi cAy trong 1mL mdi
truong 16ng LB trong 24 gio, mot phan cla san pham nuoi cay dugc pht 1én mdi
truong thach LB chtra 10% sucroza, va qua trinh nudi céy duogc thuc hién trong
mdi trudng d6. Nhu vy, thu duge ching NSHAaroE3_vanE3 AgsuB_Pben-qgsuB.
K§ thuat PCR dugc tién hanh st dung céc doan moi (cac SEQ ID NO: 88 va 99) va
c4c doan mdi (cac SEQ ID NO: 91 va 98), va ching
NSHAaroE3_vanE3AqsuB_Pben-qsuB duoc nhén thay 1a thé bién nap thu dugce tlr
k¥ thuat tai t6 hop tuong ddng trao ddi chéo kép trong d6 doan gen benABCD da
duoc thay thé bang gen qsuB.
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Vi du tham khao 13: Tao ra ching NSHAaroE3_vanE3AqsuB_Pben-qsuB-vanR
san sinh axit protocatechuic trong do su biéu hién gen gsuB va vanR dugc diéu
chinh béi doan khoi dau benA

Gen vanR duoc két hop vao trong chiing
NSHAaroE3_vanE3AqsuB_Pben-qsuB dugc tao ra ¢ vi du tham khéo 12 trong khi
cho phép gen vanR tao ra operon véi gen qsuB. Ching dot bién trong d6 su bidu
hién gen gsuB va vanR dugc didu chinh béi doan khoi dAu benA béi vi operon
duogc tao ra véi gen qsuB duogc tao ra theo cach duge md ta dudi day.
1. Tao ra plasmit dé chén gen vanR vao dong dudi cia gen qsuB

Pé khuéch dai ving canh sudn 5’ cia ving cheén gen vanR (s6 nucleotit:
2.520.333 dén 2.521.374), hai kiéu doan mdi ADN (cac SEQ ID NO: 100 va 101)
duoc tdng hop. Dé khuéch dai viing canh suon 3’ cuia ving chén gen vanR (sb
nucleotit: 2.521.372 dén 2.522.498), ngoai ra, hai kidu doan méi (cac SEQ ID NO:
102 va 103) dugc téng hop. Céac doan mdi duoc thé hién trong cdc SEQ ID NO:
100 va 103 déu c6 céc vi tri enzym giéi han Sall va Sbfl. K§ thuat PCR duoc tién
hanh str dung ADN nhiém sic thé cua chiing
NSHAaroE3_vanE3AqsuB_Pben-qsuB lam khudn mau va cac doan mdi dugc diéu
ché & trén, dé khuéch dai ving canh sudn 5’ va viing canh suon 3’ cua ving chen
gen vanR. Hon nta, dé khuéch dai gen vanR, hai kiéu doan mdi ADN (cac SEQ ID
NO: 104 v& 105) dugc tdng hop. K§ thust PCR duoc tién hanh st dung ADN
nhidm séc thé cta ching HT23 (Vi du tham khao 3) 1am khudn mau va cac doan
moi duoc didu ché & trén, dé khuéch dai doan gen vanR. ADN dugc khuéch dai
ctia ving canh suon 5’ ctia ving chén gen vanR va ADN duoc khuéch dai ctia doan
gen vanR thu dugc nhu vay dugc tron 13n v&i nhau. Hon hop thu dugce lam khudn
mau duoc khuéch dai bing k§ thust PCR 13p sir dung cc doan mdi (cac SEQ ID
NO: 100 va 105), va doan thu duoc sau d6 duogc c4t bang cac enzym gidi han Sall
va BamHI. Nhu viy, thu dugc doan ADN dugc cét béng vi tri Sall trong doan moi
(SEQ ID NO: 100) va vi tri BamHI & gen vanR. Ngoai ra, ADN dugc khuéch dai
ctia doan gen vanR duogc tron voéi ADN duge khuéch dai ctia ving canh suon 3’
cta ving chén gen vanR. Hon hgp thu dugc 1am khudn mau dugc khuéch dai bang
k¥ thuat PCR 14p str dung cac doan moi (cac SEQ ID NO: 104 va 103), va doan thu

duge sau d6 duoc cit béng cac enzym gi6i han BamHI va Sbfl. Nhu vay, thu dugc
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doan ADN dugc cit bang vi tri BamHI & gen vanR va vi tri Sbfl & doan mdi (SEQ
ID NO: 103). 2 kiéu doan ADN nay duoc dua vao trong vi tri ¢ gitta vi tri Sall va
vi tri Sbfl & vi tri da nhan dong cla plasmit pHKPsacB1 (xem Vi du tham khéo 2).
Nhu vay, thu dugc plasmit pHKPsacB_Pben-qsuB-vanR.

2. Tao ra ching dot bién nho sw chén gen vanR vao dong dudi clia gen qsuB

Thong qua k§ thuat bién nap bang phuong phap xung dién, plasmit
pHKPsacB_Pben-qsuB-vanR dugc két hop vao trong ching
NSHAaroE3 vanE3AqsuB_Pben-qsuB, va ching
NSHAaroE3 vanE3AqsuB_Pben-qsuB_Km khéng kanamyxin thu dugc. Dé phan
tich ching NSHAaroE3_vanE3AqsuB_Pben-qsuB_Km bang k§ thuit PCR, doan
mdi gidng v6i chudi dong trén clia ving canh sudn 5° (SEQ ID NO: 106) va doan
mdi gidng v&i chudi dong dudi ciia ving canh suon 3’ (SEQ ID NO: 107) cua
vung chén gen vanR dugc téng hop. Sau d6, chung
NSHAaroE3_vanE3AqsuB_Pben-qsuB_Km dugc phén tich bang k¥ thuat PCR str
dung céc doan moi (cac SEQ ID NO: 100 va 103). Céc két qua nhu mong mubn
thu duoc biang cach phan tich PCR st dung cac bo doan moi néu trén. Nhu vay,
ching NSHAaroE3_vanE3AqsuB_Pben-qsuB_Km dugc nhén thy 1a thé bién nap
thu duge tir k§ thuat tai to hop twong ddng trao ddi chéo don trong d6 plasmit
pHKPsacB_Pben-qsuB-vanR da dugc dua vao trong vung chén gen vanR.

Chung NSHAaroE3_vanE3AqsuB_Pben-qsuB_Km dugc nubi cdy trong
1mL moi trudng 1ong LB trong 24 gid, mot phén ciia san pham nuoi céy duogc phu
1én moi truong thach LB chra 10% sucroza, va qud trinh nudi ciy dugc thuc hién
trong mdi truong d6. Nhu vay, thu dugc chung
NSHAaroE3_vanE3AqsuB_Pben-qsuB-vanR. K§ thugt PCR duoc tién hanh st
dung cac doan mdi (cac SEQ ID NO: 106 va 107). Nhu vay, ching
NSHAaroE3 vanE3AqsuB_Pben-qsuB-vanR dugc nhén thay 13 thé bién nap thu
duoc tur k¥ thuét tai t6 hop tuong ddng trao dbi chéo kép trong d6 gen vanR da
duoc dua vao trong doan dong dudi ciia gen qsuB trong doan gen benABCD.

Vi du tham khao 14: Tao ra tkt ching sén sinh axit protocatechuic ma biéu hién
chu yéu gen tkt

Bang cach st dung chung NSHAaroE3_vanE3AqsuB_Pben-qsuB-vanR

duoc tao ra trong vi du tham khao 13 lam chiing cha me, by phién mé bao gém gen
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tkt lién quan dén su tong hop erythroza-4-phosphat dugc néi v6i doan khoi dau Tu
(Vi du tham khao 6) (sau day, dugc viét tit 13 “bd phién ma Ptu-tkt”) dugc chén
vao trong vi tri 1am dut gdy gen cai bién ADN/enzym giéi han dé tao ra chung tkt
theo cich dugc mo ta dudi day.
1. Tao ra plasmit ¢é hinh thanh bd phién ma Ptu-tkt

Pé khuéch dai ving canh suon 5° cua vi tri 1am dat gdy gen cai bién
ADN/enzym gi6i han (sb6 nucleotit: 1.885.120 dén 1.883.861), hai kidu doan mbi
ADN (c4ac SEQ ID NO: 108 va 109) dugc téng hop. Pé khuéch dai ving canh
suon 3’ cta vi tri 1am dat gdy gen cai bién ADN/enzym gi¢i han (s6 nucleotit:
1.879.744 dén 1.878.664), ngoai ra, hai kidu doan mdi ADN (c4c SEQ ID NO: 110
va 111) duogc tdbng hop. Hon nita, doan mdi ADN (cac SEQ ID NO: 112 va 36)
dugc tdng hop dé khuéch dai doan khoi d3u Tu, va hai kiéu doan mdi ADN (céc
SEQ ID NO: 113 va 114) dugc tong hop dé khuéch dai gen tkt. Cac doan mdi dugc
thé hién trong cac SEQ ID NO: 108 va 111 déu c6 cac vi tri enzym giGi han Sbil
va Sall.

K§ thuat PCR dugc tién hanh sir dung ADN nhiém sic thé cta ching HT23
(Vi du tham khao 3) lam khudn mau va céc doan mdi duge didu ché & trén, dé
khuéch dai ving canh suon 5° va ving canh suon 3’ cua vi tri 1am dat gdy gen cai
bién ADN/enzym gi6i han. ADN duoc khuéch dai ctia ving canh sudn 5’ duoc
tron voi ADN duogc khuéch dai cta gen tkt. Hon hop thu dugce lam khudn mau
duoc khuéch dai bang k¥ thuat PCR 13p sir dung cac doan mdi (cac SEQ ID NO:
108 va 113), va doan thu dugc sau do duge cét bang céc enzym gidi han Sbfl va
Pfol. Nhu vay, thu dugc doan ADN dugc c&t bang vi tri Sbfl trong doan mdi (SEQ
ID NO: 108) va vi tri Pfol trong doan mdi (SEQ ID NO: 113). Ngoai ra, ADN
duoc khuéch dai cia doan khoi dau Tu dugc tron 1an véi ADN duge khuéch dai
clia ving canh suon 3°. Hn hop thu dugc 1am khuén mau duge khuéch dai bang
k¥ thuat PCR lap sir dung cac doan mdi (cac SEQ ID NO: 36 va 111), va doan thu
duoc sau d6 dugc cat béng cic enzym gidi han Pfoi va Sall. Nhu vay, thu dugc
doan ADN duogc c4t bang vi tri Pfol trong doan mdi (SEQ ID NO: 36) va vi tri Sall
trong doan mdi (SEQ ID NO: 111). 2 kiéu doan ADN nay dugc dua vao trong vi tri
& gitra vi tri Sbfl va vi tri Sall ¢ vi tri da nhén dong cua plasmit pHKPsacB1 (xem
Vi du tham khao 2). Nhu vay, thu dugc plasmit pHKPsacB_Ptu-tkt.
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2. Tao ra chiing dot bién chira by phién ma Ptu-tkt dugce két hop trong d6

Thoéng qua k¥ thuat bién nap bing phuong phép xung dién, plasmit
pHKPsacB_Ptu-tkt dugc két hop vao trong ching
NSHAaroE3 vanE3AqsuB_Pben-qsuB-vanR, va thu dugc ching
NSHAaroE3 vanE3AqgsuB_Pben-qsuB-vanR_Km khéng kanamyxin. Dé phan tich
chung NSHAaroE3_vanE3AqsuB_Pben-qsuB-vanR_Km bang k¥ thuat PCR, thi
doan moi gidng véi chudi dong trén cta ving canh suon 5’ (SEQ ID NO: 115) va
doan mdi gibng v6i chudi dong dudi clia ving canh suon 3’ (SEQ ID NO: 116)
dugc téng hop. Sau d6, chiing NSHAaroE3_vanE3AqsuB_Pben-qsuB-vanR_Km
duogc phén tich bang k¥ thuat PCR si dung céc doan mdi (cac SEQ ID NO: 115 va
116) va cac doan mdi (cac SEQ ID NO: 108 va 111). Cac két qua nhu mong mubn
thu dugc nho sy phan tich PCR sir dung cdc by doan moi. Nhu vay, chiing
NSHAaroE3 vanE3AqgsuB_Pben-qsuB-vanR_Km dugc nhén thiy 13 thé bién nap
thu duoc tir k§ thudt tai td hop twong ddng trao ddi chéo don trong dé plasmit
pHKPsacB_Ptu-tkt dd dugc dua vao.

Chung NSHAaroE3_vanE3AqsuB_Pben-qsuB-vanR_Km dugc nudi cdy
trong 1mL méi truong long LB trong 24 gid, mot phén cla sin pham nuoi chy
duoc phi 1én méi trudng thach LB chira 10% sucroza, va qua trinh nudi ciy dugc
thuc hién trong méi truong d6. Nhu vay, thu duge chiing tkt. Nho k§ thuét PCR su
dung cac doan mdi (cac SEQ ID NO: 115 va 116) va cac doan moi (cac SEQ ID
NO: 108 va 111) va cit doan dugc khuéch dai bing céc enzym gidi han, ching
duoc nhan thay 1a thé bién nap thu duoc tir k§ thuét tai td hop tuong dong trao d6i
chéo kép trong d6 bo phién ma Ptu-tkt dd duge két hop vao trong vi tri lam dut gay
gen cai bién ADN/enzym gi6i han.

Vi du tham khao 15: Tao ra ching dot bién trong d6 mirc biéu hién gen aroE3 dugc
didu chinh bing doan khéi dau rheH

Doan tir gen cg1309 dén gen cgl311 (sau day, dugc viét tét 1a “doan gen
rhcHMD”) duogc thay thé bang gen aroE3 dé tao ra chung dot bién theo cach duoc
mo ta dudi day.

1. Tao ra plasmit lam dut gdy gen genH

Dé khuéch dai ving canh suon 5’ (sb nucleotit: 3.201.424 dén 3.202.403)

clia gen cg3354 ma hoa 3-hydroxybenzoat 6-hydroxylaza (sau day duogc goi la gen
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genH) va bd sung céc vi tri enzym gidi han Kpnl va Sbfl cho ca hai dau cta doan
duoc khudch dai, hai kidu doan mdi ADN (cac SEQ ID NO: 117 va 118) dugc tong
hop. K§ thuédt PCR duoc tién hanh stt dung ADN nhiém séc thé ciia ching DRHG
Jam khudn mau va cic doan mdi dugc didu ché & trén, dé khuéch dai ving canh
suon 5’ cia gen genH. Pé khuéch dai ving canh suon 3’ clia gen genH (sb
nucleotit: 3.203.894 dén 3.204.901) va bd sung céc vi tri enzym gidi han Sbfl va
Sall dén ca hai diu cua doan dugc khuéch dai, thi hai kiéu doan mdi ADN (céc
SEQ ID NO: 119 va 120) dugc tbng hop. K§ thudt PCR duoc tién hanh st dung
ADN nhiém séc thé cta ching DRHG lam khuén mAu va cac doan mdi dugc diéu
ché & trén, dé khuéch dai vung canh suon 3’ cua gen genH. Doan ADN duoc
khuéch dai ctia viing canh suon 5° duge cit biang cac enzym gidi han Kpnl va Sbfl,
va doan ADN dugc khuéch dai ctia ving canh sudn 3’ dugc cét bing cac enzym
gi6i han Sbfl va Sall. Sau d6, cac doan ADN nay dugc dua vao trong vi tri & gifta
vi trf Kpnl va vi tri Sall & vi tri da nhén dong cua plasmit pHKPsacB1 (xem Vi du
tham khéo 2). Nhu vy, plasmit pHKPsacBAgenH thu duoc.
2. Tao ra ching dot bién bing cach 1am dit gdy gen genH

Thong qua k¥ thuét bién nap bing phuong phdp xung dién, plasmit
pHKPsacBAgenH duoc két hop vao trong ching NSHAaroE3, va ching
NSHAaroE3 Km dugc chon trén co s& tinh khang kanamyxin. Chung
NSHAaroE3 Km dugc phén tich bang k¥ thuat PCR st dung céc doan mdi (céc
SEQ ID NO: 117 va 120) va c4c doan mdi dé nhan dién gen sacB (cac SEQ ID
NO: 3 va 4), va cac két qua nhu mong mudn thu duge. Nhu viy, ching
NSHAaroE3 Km dugc nhéan thy 1a thé bién nap thu duoc tir k§ thuat tai td hop
tuong dong trao dbi chéo don trong d6 plasmit pHKPsacBAgenH da dugc dua vao

trong doan gen genH.

Chung NSHAaroE3_Km dugc nudi cdy trong 1mL moéi truong long LB
trong 24 gid, mot phan ctia san phim nudi cdy dugc phu 1én mdi trudong thach LB
chira 10% sucroza, va qua trinh nudi cdy duogc thuc hién trong méi trudng d6. Nhu
vay, thu dugc chung NSHAaroE3AgenH. Nho k§ thudt PCR st dung céac doan moi
(cac SEQ ID NO: 117 va 120), ching NSHAaroE3AgenH dugc nhan thy 1a thé
bién nap thu duge tir k§ thuét tai td hop tuong ddng trao ddi chéo kép ma da bi 14y

di gen genH, nhu mong mudn.
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3. Tao ra vat truyén dé thay thé doan gen thcHMD béng gen aroE3

Pé khuéch dai ving canh sudn 5° (s6 nucleotit: 1.213.341 dén 1.214.736)
cua doan gen rhcHMD, hai kiéu doan mdi ADN (cac SEQ ID NO: 121 va 122)
duoc téng hop. Vi tri enzym giéi han Sbfl duoc két hop vao trong doan mdi dugc
thé hién trong SEQ ID NO: 121. K§ thudt PCR dugc tién hanh s dung ADN
nhiém séc thé cia chung NSH lam khudén miu va céc doan mdi duge didu ché &
trén, dé khuéch dai ving canh sudn 5° cia doan gen rhcHMD. Pé khuéch dai ving
canh suon 3’ (sb nucleotit: 1.218.296 dén 1.219.545) ctia gen theHMD, thi hai kiéu
doan mdi ADN (cac SEQ ID NO: 123 va 124) dugc tong hop. Vi tri enzym gidi
han Sall dugc két hop vao trong doan mdi duge thé hién trong SEQ ID NO: 124.

Dé khuéch daigen aroE3, ngoai ra, doan mdi ADN (cac SEQ ID NO: 125
va 126) duoc téng hop. ADN dugc khuéch dai céc doan ciia ving canh suon 5° clia
doan gen rthcHMD va gen aroE3 1am khu6n mau duoc khuéch dai bang k¥ thuat
PCR l3p sir dung doan mdi ADN (cac SEQ ID NO: 121 va 126). ADN duogc
khuéch dai cac doan ciia viing canh sudn 3° va gen aroE3 lam khudn mau dugc
khuéch dai bang k¥ thuat PCR lgp str dung doan moi ADN (cac SEQ ID NO: 125
va 124). Céac doan ADN dugc khuéch dai duoc cét b%ng c4c enzym giéi han, Sbil
két hop véi Avrll hodc Avrll két hop voi Sall, va cac doan dugc dua vao trong vi
tri & gitta vi tri Sbfl va vi tri Sall & vi tri da nhan dong ctia plasmit pHKPsacB1
(xem Vi du tham khao 2). Nhu vay, thu dugc plasmit
pHKPsacB_rhcR_Prhc-rheE3.
4. Tao ra chung dot bién béng cach thay thé doan gen thcHMD béng gen aroE3

Thong qua ky thuét bién nap bing phuong phdp xung dién, plasmit
pHKPsacB_rhcR_Prhc-rhcE3 duge két hop vao trong chung NSHAaroE3AgenH,
va ching NSHAaroE3AgenH_Km duoc chon trén co s¢ tinh khang kanamyxin.
Ching NSHAaroE3AgenH_Km dugc phén tich bang k¥ thuat PCR st dung doan
mdi ADN (cac SEQ ID NO: 127 va 128), cdc doan moi (céc SEQ ID NO: 121 va
124), va cac doan mdi dé nhan dién gen sacB (cac SEQ ID NO: 3 va 4), va cac két
qua nhu mong mudn thu duge. Nhu vay, ching NSHAaroE3AgenH Km duogc
nhan thiy 1a thé bién nap thu duoc tir k¥ thuét tai t6 hop tuong ddng trao d6i chéo
don trong d6 plasmit pHKPsacB_rhcR_Prhe-rheE3 dd dugc dua vao trong doan
gen thcHMD.
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Thé bién nap thu duge tir k§ thuat tai td hop tuong ddng trao ddi chéo don
cua ching NSHAaroE3AgenH dugc nudi cdy trong 1mL mdi trudng l6ng LB trong
24 gid, mot phan cia san phdm nudi cdy dwoc pht 1én méi trudong thach LB chira
10% sucroza, va qua trinh nudi cAy dugc thuc hién trong méi truong d6. Nhu vay,
thu dugc ching NSHAaroE3AgenH_rhcE3. Nho ky thuat PCR st dyng cac doan
moi (cac SEQ ID NO: 127 va 128), sy thay thé doan gen rhcHMD bang gen aroE3
dugc do tim trong ching NSHAaroE3AgenH_rhcE3, va ching duge nhén thdy 1
thé bién nap thu dugc tir k¥ thult tai t6 hop tuong ddng trao ddi chéo kép, nhu
mong mudn.

5. Thir nghiém vé su khuyét dudng axit amin cua ching NSHAaroE3_vanE3 va
chiing NSHAaroE3AgenH_rhcE3

Chang NSH, ching NSHAaroE3, ching NSHAaroE3_vanE3, va ching
NSHAaroE3AgenH_rhcE3 dugc tao ra theo cach néu trén dugc thr nghiém vé su
khuyét dudng axit amin thom theo cach duge m6 ta dudi déy.

Céac ching duoc cdy vao trong mdi trudng CGXII cho qué trinh tién nuoi
cdy, qua trinh nuoi cdy nay duoc tién hanh & nhiét dd 30°C qua dém, va cac ching
duge nudi cdy dugc rira hai ]in va sau d6 duoc chuyén sang moi trudng CGXII dé
nuéi cdy chinh, ddng thoi didu chinh OD600 dén khoang 0,1. Thir nghi¢m nudi chy
khéc dong thoi duge tién hanh trong moi trudng duge diéu ché bang cich bd sung
17,5mg/L axit shikimic, 50mg/L tryptophan, 50mg/L phenylalanin, va 50mg/L
tyrosin vao moi truong CGXIIL. Céc két qua cho thdy rang ching NSH phat trién
binh thudng trong moi truong CGXII nhung chiing NSHAaroE3 phat trién rat
cham. DPdi vé6i chiing NSHAaroE3_vanE3 va chiing NSHAaroE3AgenH rhcE3, sy
sinh trudng cia chiing trd nén cham tir giai doan nu6i cdy sém dén giai doan nudi
cdy giita, va kha nang sinh truong cla ching dugc hdi phuc & giai doan nudi chy
mudn. Ngoai ra, ching NSHAaroE3 vanE3 va ching NSHAaroE3AgenH_rhcE3
duoc nhan thiy 1a hdi phuc kha nang sinh trudng véi su bd sung axit shikimic,
tryptophan, phenylalanin, va tyrosin vao mdi truong CGXIL Nhu vy, chéat kim
him VanR va chét kim hdm RhcR dugc nhan thdy 14 c6 kha nang diéu hoa mirc
biéu hién gen aroE3.

Vi du tham khao 16: Tao ra ching dot bién trong d6 su biéu hién gen rheR duogc
didu chinh boi doan khéi dau nagl
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Pé hinh thanh hé di'éu chinh sy phién méi gen aroE3 nh¢ chit kim ham
RhcR dugc m3 héa bdi gen rheR, ching dot bién trong d6 mirc biéu hién gen rhcR
dugc didu chinh bdi doan khdi dau nagl dugc tao ra theo cach dugc mé ta dudi
day.
1. Tao ra vit truyén dé thay thé doan operon gen nagIKL bang gen rhcR

Poan operon gen naglKL cua ching NSHAaroE3AgenH dugc tao ra g trén
duoc thay thé bang gen rheR theo cach dugc md ta dudi day. Nhu vy, chung dot
bién trong d6 sur biéu hién gen rhcR dugc diéu chinh boi doan khéi dau nagl duoc
tao ra.

Pé khuéch dai ving canh sudn 5’ (s6 nucleotit cta soi bd tro: 3.199.996
dén 3.200.904) ctia doan operon gen nagIKL, hai kidu doan mdi ADN (céc SEQ ID
NO: 129 va 130) duoc tong hop. Vi tri enzym giéi han Sbil dugc két hop vao
trong doan mdi dugc thé hién trong SEQ ID NO: 129. K§¥ thuat PCR duoc tién
hanh st dung ADN nhiém sic thé cua ching NSH 1am khuén mau va céc doan mdi
duoc diéu ché & trén, dé khuéch dai ving canh sudn 5° cua doan operon gen
naglKL. Pé khuéch dai ving canh suon 3’ (sb6 nucleotit clia soi bd tro: 3.196.321
dén 3.197.306) ctia doan operon gen nagIKL, sau do, hai kidu doan mdi ADN (céc
SEQ ID NO: 131 va 132) duogc tbng hop. Vi trf enzym gidi han Sall dugc két hop
vao trong doan mdi duge thé hién trong SEQ ID NO: 132.

Ngoai ra, dé khuéch dai gen rheR, doan mdi ADN (cac SEQ ID NO: 133 va
134) duoc téng hgp. Cac doan ADN dugc khuéch dai cia ving canh sudn 5’ cla
doan operon gen nagIKL va gen rhcR 1am khudn mAu dugc khuéch dai bang k¥
thuat PCR 13p st dung doan mdi ADN (cac SEQ ID NO: 133 va 134). Cac doan
ADN duoc khuéch dai ctia viing canh sudn 3’ va gen rheR 1am khudn mau duge
khuéch dai bang k¥ thuat PCR 1dp sir dung doan moi ADN (cac SEQ ID NO: 132
va 133). Cac doan ADN duoc khuéch dai dugc cit bing cac enzym gidi han, Sbfl
két hop v&i Avrll hodc Avrll két hop véi Sall, va cac doan duge dua vao trong vi
tri & gitta vi tri Sbfl va vi tri Sall ¢ vi tri da nhén dong cta plasmit pHKPsacB1
(xem Vi du tham khao 2). Nhu véy, thu dugc plasmit pHKPsacB_Pnag-rhcR.
2. Tao ra ching dot bién trong d6 su biéu hién gen rhcR duogc didu chinh bang
doan khéi dau nagl

Théng qua ky thuét bién nap bang phuong phdp xung dién, plasmit
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pHKPsacB_Pnag-rhcR dugc két hop vao trong chiing NSHAaroE3AgenH_rhcE3,
va ching NSHAaroE3AgenH rhcE3_Km dugc chon trén co so tinh khang
kanamyxin. Chiing NSHAaroE3AgenH_rhcE3_Km dugc phén tich bang k¥ thuat
PCR st dung doan modi ADN (cac SEQ ID NO: 135 va 136), cac doan mdi (céc
SEQ ID NO: 129 va 132), va cac doan moi dé nhan dién gen sacB (cdc SEQ ID
NO: 3 va 4), va cac két qua nhu mong mudn thu dugc. Nhu vdy, ching
NSHAaroE3AgenH rhcE3 Km dugc nhén thdy 13 thé bién nap thu dugc tr k§
thuat tai t6 hop tuong ddng trao ddi chéo don trong d6 plasmit
pHKPsacB_Pnag-rhcR dd dugc dua vao trong doan operon gen naglKL.

Thé bién nap thu duoc tir k¥ thuét tai td hop tuong ddng trao d6i chéo don
ctia ching NSHAaroE3AgenH_rhcE3 duoc nudi cdy trong ImL mdi trudng long
LB trong 24 gio, mot phan clia san phim nudi cly dugc phti 1én mdi trudng thach
LB chita 10% sucroza, va qua trinh nudi cdy duoc thyc hién trong moi truong do.
Nhu véy, thu dugc ching Pnag-rhcR. Nho k§ thuét PCR su dung cac doan mbi
(cac SEQ ID NO: 135 va 136), su thay thé doan gen nagIKL béng gen rhcR duge
do tim trong ching Pnag-rhcR, va ching dugc nhén thy 1a thé bién nap thu duoc
tir k§ thuat tai t8 hop twong dong trao dbi chéo kép, nhu mong mudn.

Vi du tham khao 17: Tao ra ching Pnag-qsuB-rhcR sén sinh axit protocatechuic
trong d6 su biéu hién gen qsuB va rheR dugc didu chinh bing doan khoi d4u nagl

Chung dot bién trong d6 gen qsuB da duoc dua vao dudi sy didu khién cta
doan khéi ddu nagl ctia ching Pnag-rhcR dugc tao ra theo cach dugc mo ta dudi
day.

1. Tao ra plasmit dé chén gen qsuB vao dong dudi clia doan khoi d4u nagl

D& khuéch dai ving canh sudn 5’ (s6 nucleotit: 3.199.996 dén 3.200.904)
cuia ving chén gen qsuB, hai kiéu doan mdi ADN (cac SEQ ID NO: 137 va 138)
duoc téng hop. Pé khuéch dai ving canh sudn 3’ (sé nucleotit: 3.198.925 dén
3.199.995; doan nay da duoc thay thé bang gen rhcR) clia ving cheén gen qsuB,
ngoai ra, hai kiéu doan mdi ADN (cac SEQ ID NO: 139 va 140) duoc tbng hop.
Céc doan mdi duoc thé hién trong cac SEQ ID NO: 137 va 140 déu chura céc vi tri
enzym giéi han Sbfl va Sphl. K¥ thuat PCR dugc tién hanh st dung ADN nhiém
séc thé ctia chung Pnag-rhcR (Vi dy tham khao 16) lam khudn mau va cac doan

mdi dugc didu ché & trén, dé khuéch dai ving canh sudn 5’ va vung canh suon 3’
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cia vung chén gen qsuB. Hon nira, dé khuéch dai gen qsuB, hai kiéu doan mdi
ADN (cac SEQ ID NO: 141 va 142) dugc tbng hop. K§ thuat PCR duoc tién hanh
str dung ADN nhiém sic thé ctia chiing HT23 (Vi dy tham khao 3) 1am khudn mau
va cac doan mdi duogc didu ché & trén, dé khuéch dai doan gen qsuB. ADN dugc
khuéch dai ciia ving canh sudn 5° clia ving chén gen gsuB va ADN duoc khuéch
dai ctia doan gen gsuB thu dugc nhu vay dugc tron 13n v6i nhau. Hoén hop thu
duoc 1am khuén mau duge khuéch dai bing k¥ thuat PCR l3p si dung cac doan
mdi (cac SEQ ID NO: 137 va 142), va doan thu dugc sau dé duge c4t bang céc
enzym giéi han Sbfl va Xhol. Nhu viy, thu dugc doan ADN dugc cht b&ng vi tri
Sbfl trong doan mdi (SEQ ID NO: 137) va vi trf Xhol & gen gsuB. Ngoai ra, ADN
dugc khuéch dai ctia doan gen qsuB dugc tron véi ADN duge khuéch dai ctia ving
canh sudn 3’ cia ving chén gen qsuB. Hon hop thu duge 1am khudn mau dugc
khuéch dai bang k¥ thuat PCR 13p sir dung doan mdi ADN (cac SEQ ID NO: 140
va 141), va doan thu dugc sau d6 dugc cit bing cac enzym gi6i han Xhol va Sphl.
Nhu vay, thu duge doan ADN dugc cét béng vi tri Xhol trong gen qsuB va vi tri
Sphl trong doan mdi (SEQ ID NO: 140). 2 kiéu doan ADN nay dugc dua vao trong
vi trf & gifta vi tri Sbfl va vi trf Sphl ¢ vi tri da nhan dong cua plasmit pHKPsacB1
(xem Vi du tham khao 2). Nhu véy, thu dugc plasmit pHKPsacB_Pnag-qsuB-rhcR.
2. Tao ra ching dot bién trong d6 su biéu hién gen gsuB va rhcR dugc diéu chinh
béi doan khoi dau nagl

Thong qua k¥ thuét bién nap bing phuong phép xung dién, plasmit
pHKPsacB_Pnag-qsuB-rhcR duogc két hop vao trong chung Pnag-rhcR, va thu
dugc chung Pnag-thcR Km khang kanamyxin. Pé phan tich chung
Pnag-rhcR_Km bang k¥ thuat PCR, thi doan mdi gidng v&i chudi dong trén cla
viing canh sudn 5° (SEQ ID NO: 143) va doan mdi gidéng v6i chudi dong dusi cla
ving canh suon 3’ (SEQ ID NO: 144) ctia vung chén gen gsuB duge tdng hop.
Ching Pnag-rhcR_Km sau d6 duoc phén tich béang k¥ thuat PCR st dung céc doan
mdi (cac SEQ ID NO: 137 va 140). Cac két qua nhu mong muén thu dugc nho sy
phan tich PCR st dung céc by doan mdi néu trén. Nhu vay, ching Pnag-rhcR_Km
duoc nhan thay 13 thé bién nap thu duoc tir k§ thuét tai t6 hop twong ddng trao ddi
chéo don trong d6 plasmit pHKPsacB_Pnag-qsuB-rhcR d& dugc dua vao trong

doan dong dudi cia doan khoi d4u nagl.
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Chung Pnag-rhcR_Km dugc nudi cdy trong 1mL méi trudng 1ong LB trong
24 gid, mdt phan cia san phdm nudi cdy duoc phl 1én mdi truong thach LB chira
10% sucroza, va qua trinh nu6i cdy duogc thyc hién trong méi truong dé. Nhu vay,
thu dugc ching Pnag-qsuB-rhcR. Nho tién hanh k¥ thuat PCR bang cach st dung
cac doan mdi (cac SEQ ID NO: 143 va 144), ching dugc nhén thay 1a thé bién nap
thu duoc tir k§ thuat téi tb hop twong ddng trao dbi chéo kép trong d6 gen qsuB da

dugc dua vao trong doan dong dudi cuia doan khoi dau nagl.
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YEU CAU BAO HQ
1. Sinh vt chua c6 nhan dién hinh c6 tat ca cac d4u hiéu (a) dén (d) sau day dé tich
tu hop chét P bang cach didu hoa mirc biéu hién cla enzym X ma chuyén hoa hop
chit P 13 san phdm chuyén héa trung gian thanh san phim chuyén héa M trong chu
trinh sinh tdng hop trong d6 san phdm chuyén héa M khong thé thidu cho sy sinh
trudng dugc tao ra tur ngudn cacbon:

(a) hoat tinh ctia m¢t hodc nhiéu enzym dugc chon tir cac enzym lién quan
dén su sinh tdng hop hop chét P tir ngudn cacbon ma c6 thé dugc str dung bdi sinh
vat chua c6 nhan dién hinh dugc gia ting so v6i sinh vat chua c6 nhén dién hinh
kiéu dai;

(b) hoat tinh cta enzym X bi mét hodc bi giam boi sy dot bién thé doan,
khuyét doan, ho#c xen doan cua mdt hodc nhiéu nucleotit & ving dich mi cta gen
kiéu dai x mi hoa protein cia enzym X, vung diéu hoa sy dich ma cia gen, hodc
ving khoi du ma thtic dAy su phién ma cua gen X;

(¢) sy phién ma ADN m hoéa enzym hoat tinh X dugc diéu chinh béi doan
khéi dau A, ma khac voi doan khoi diu vén c6 thuc ddy su phién ma cia gen x va
trong do6 sy phién mé bi tc ché véi su tro gitp cla protein kim hdm R; va

(d) su phién mé& cta mét hodc nhiéu ban sao ciia gen z ma hoa protein kim
him R dugc didu chinh boi doan khéi ddu danh cho gen va/hodc doan khoi dau
cim tmg B ma khéc vdi doan khéi dau vén c6;

trong d6 sinh vét chua cé nhén didn hinh t6t hon 1a Corynebacterium

glutamicum hodc Escherichia coli.

2. Sinh vat chua c6 nhan dién hinh theo diém 1, trong d6 sy dot bién thé doan &
ving khéi dau ma thic d4y sy phién ma clia gen x nhu dugc xic dinh ¢ du hiéu
(b) 1a sy dot bién thé doan cia toan bd hodc mot phén cua vung khoi dau véi ADN
cua doan khoi dau A nhu duoc xé4c dinh & du hiéu (c).

3. Sinh vat chua c6 nhan dién hinh theo diém 1 hodc 2, trong d6 hoat tinh ciia mot
hodc nhiéu enzym chuyén héa khac véi enzym X trong s6 c4c enzym cua sinh vét
chura ¢6 nhan dién hinh ma chuyén héa hop chét P bj méit hodc giam.

4. Sinh vat chua c6 nhan dién hinh theo diém bét ky trong s6 cac diém tir 1 dén 3,

trong d6 gen z ma hoa protein kim him R 1a gen vanR (cg2615), gen pcaR
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(cg2624), hoic gen rhcR (cgl308) cua ching Corynebacterium glutamicum
ATCC13032 va trong d6 doan khéi du A tét hon 12 gen khdi dau vanA (cg2616),
gen khoi dau pobA (cgl1226), gen khoi dau pcaH (cg2631), hodc gen khai dau
rhcH (cg1309) ctia ching Corynebacterium glutamicum ATCC13032.

5. Phuong phép séan xult hop chit P tir ngudn cacbon, trong d6 hop chét P 13 san
phdm chuyén héa trung gian dugc chuyén hoa bang enzym X thanh san phdm
chuyén héa M trong chu trinh sinh tbng hop trong d6 san phim chuyén héa M
khong thé thiéu cho sy sinh trudng, phwong phap nay bao gbm bude nudi cdy sinh
vat chua cé nhén dién hinh theo diém bét ky trong sé cac diém tir 1 dén 4 trong
mdi trudng ma khong dugc bd sung san phim chuyén héa M hoic sén phim cubi
duge tao ra tir san pham chuyén héa M, phuong phép nay bao gdm hai giai doan
nudi ciy:

i) giai doan nudi cdy sém, trong d6 mirc biéu hién cia enzym X cho phép su
chuyén héa ctia hop chit P 14 san phim chuyén héa trung gian thanh san phdm
chuyén héa M trong chu trinh sinh tdng hop ma trong d6 san phim chuyén héa M
khong thé thiéu cho sy sinh trudng;

ii) giai doan nudi cy mudn, trong d6 sy biéu hién cta enzym X dugc uc ché bang
cach trc ché su phién ma doan khai dau A voi su c6 mit cia nguén cacbon va tot
hon 13 cam Ung su phién mad doan khdi diu B dé gia ting muc biéu hién cua
protein kim him R, nho d6 lam gidm luong san phim chuyén héa M duogc tao ra,

va hop chit P dugc tao ra dugc tich tu.

6. Phuong phép san xuét hop chét P tir ngudn cacbon, trong d6 hop chét P 1 san
phim chuyén héa trung gian duoc chuyén hoéa bing enzym X thanh san phim
chuyén héa M trong chu trinh sinh tbng hop trong d6 san pham chuyén héa M
khong thé thiéu cho sy sinh truéng, phuong phéap nay bao gbm budc nudi cdy sinh
vat chua c6 nhén dién hinh theo diém bét ky trong sb cac diém tir 1 dén 4 trong
mdi trudng ma khong dugce bd sung san phdm chuyén héa M hoic san phim cudi
dugc tao ra tu san phim chuyén héa M, phuong phép nay bao gbm hai giai doan
nudi cay:

i) giai doan nuoi cdy som, trong d6 mirc biéu hién ctia enzym X cho phép su
chuyén hoa cua hop chét P 13 san phim chuyén héa trung gian thanh san phim
chuyén héa M trong chu trinh sinh téng hop trong d6 san pham chuyén héa M
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khong thé thiéu cho sy sinh truéng;

ii) giai doan nuoi cAy mudn, trong d6 sy biéu hién cta enzym X duogc e ché bing
cach giai uc ché sy phién ma doan khoi dau A véi sy co mat clia ngudn cacbon, va
cam ung sy phién mé doan khoi dau B dé gia ting mirc biéu hién cia protein kim
hém R, nho d6 1am giam lugng san phdm chuyén héa M dugc tao ra, va hop chat P

duoc tao ra duge tich tu.

7. Phuong phap san xuét hop chét P theo diém 5 hoic 6, trong d6 sy két hop clia
hop chét P va san phdm chuyén héa M 1 sy két hop bat ky clia cac muc tir () dén
(i) dudi day:

(f) hop chit P 13 axit 3-dehydroshikimic va san phdm chuyén hoa M la axit
shikimic;

(g) hop chit P 13 axit glutamic vd san phim chuyén héa M 1a
N-axetylglutamat hodc y-glutamyl phosphat;

(h) hop chat P 1 axit aspartic va sén phim chuyén héa M la B-aspartyl
phosphat; va

(i) hop chéat P 1a serin va sén phim chuyén héa M 1a glyxin.

8. Sinh vat chua ¢ nhén dién hinh theo diém bAt ky trong s6 céc diém tir 1 dén 4,
trong do sinh vat chua cé nhan dién hinh ndy c6 d4u hiéu (e) sau ddy ngoai cac dau
hidu (a) dén (d), dé chuyén héa hop chét P dugc tich tu thanh hop chét Q véi sy trg
gilp cua enzym Y:

(e) hiéu sudt chuyén héa hop chit P thanh hop chit Q dugc gia ting hodc
mutc biéu hién gen y duoc diéu chinh khéc véi gen kiéu dai boi vi sur dot bién thé
doan, khuyét doan, ho#c xen doan cua mot hodc nhiéu nucleotit & ving dich m&
clia gen y mi hoa protein clia enzym Y, vung diéu hoa su dich ma ctia gen, hodc
ving khdi dau ma thuc d4y su phién ma cia gen y.

9. Sinh vét chua c¢é nhén dién hinh theo diém 8, trong d6 hoat tinh cua mot hodc
nhiéu enzym chuyén hoa trong s6 cac enzym cia sinh vét chua c6 nhan dién hinh
ma chuyén héa hop chét Q bj mét hozc giam.

10. Sinh véat chua cé nhan dién hinh theo diém 8 hoic 9, trong d6 su dot bién thé
doan ¢ vung khoi dAu ma thic ddy sy phién ma cua gen y nhu dugc xac dinh & dau
hiéu (e) la sy dot bién thé doan cua toan bd hodc mot phﬁn cta vung khoi dau co
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ADN cta doan khoi dau C ma khac véi doan khoi dau von c6 thic day sy phién

ma gen hodc doan khai dau A.

11. Sinh véat chua c6 nhan didn hinh theo diém 10, trong d6 doan khoi dau C 1a
gidng doan khéi dau B hodc su phién ma doan khoi diu C duogc diéu chinh bai
protein ma diéu chinh su phién mi protein B, trong d6 doan khéi dau C tét hon 1a
doan khéi dau cam ung, trong d6 dic biét 1a doan khai diu C duge cam Ung bing
cach bd sung hop chit dugc chon tir nhém bao gbm axit ferulic, axit vanilic,
vanilin, axit benzoic, axit 3-hydroxybenzoic, resorxinol, axit 4-hydroxybenzoic,

axit 2,4-dihydroxybenzoic, fructoza, va sucroza.

12. Phuong phap san xuét hop chét Q bao gdm budc nudi cdy sinh vt chua co
nhan dién hinh theo diém bét ky trong sé cac diém tir 8 dén 11, ddng thdi tc ché sy
phién ma doan khoi dau A véi sy c6 mit cia nguén cacbon, va tot hon 13 cam Ung
su phién ma doan khéi d4u B @ gia ting mic biéu hién cia protein kim hdm R,
nho do6 lam gidm lugng san phim chuyén hoéa M dugc tao ra va gia tang lugng hop

chét Q duoc tao ra.

13. Phuong phép san xuét hop chit Q bao gbm budc nuodi cdy sinh vat chua cé
nhén dién hinh theo didm bt ky trong s6 céc diém tir 8 dén 11, ddng thoi gidi tc
ché su phién ma doan khéi dau A v6i su ¢6 mit cla ngué)n cacbon, va cam Gng sy
phién mé doan khai diu B dé gia ting muc biéu hién cta protein kim hdm R, nho
do lam giam lugng san pham chuyén héa M duoc tao ra va gia ting lugng hop chit

Q duoc tao ra.

14. Phuong phap san xuét hop chit Q theo diém 12 hoic 13, trong d6 phuong phap
nay bao gdm budc nudi cdy sinh vét chua c6 nhén dién hinh theo diém bét ky trong
sb cac didm tir 8 dén 11 véi sy c6 mit cia ngudn cacbon va sau d6 cam ung sy
phién ma cua doan khoi ddu C d gia taing muc biéu hién enzym Y, béng cach d6
gia tang luong hop chét Q duoc tao ra.
15. Phuong phap san xuét hop chit Q theo didm bat ky trong sb cac diém tir 12 dén
14, trong do su két hop ctia hop chit P, hop chét Q, va san phim chuyén hoa M 1a
su két hop bat ky ctia cac muc tur (j) dén (w) sau day:

() hop chit P 13 3-dehydroaxit shikimic, hop chét Q 13 axit protocatechuic,

va san phim chuyén hoa M 14 axit shikimic, va trong do6 t5t hon 13 enzym X la
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shikimat dehydrogenaza va enzym Y 1a 3-dehydroshikimat dehydrataza;

(k) hop chét P 14 axit chorismic, hop chét Q 13 axit anthranilic, va san phém
chuyén hoéa M 13 axit prephenic;

(1) hop chét P 13 axit prephenic, hop chét Q 13 axit 4-hydroxyphenylpyruvic,
va san phdm chuyén héa M 14 axit phenylpyruvic; |

(m) hop chét P 13 axit prephenic, hgp chat Q 14 axit arogenic, va san phdm
chuyén hoa M 13 axit phenylpyruvic;

(n) hop chét P 13 axit prephenic, hop chit Q 13 axit phenylpyruvic, va san
phadm chuyén héa M 12 axit 4-hydroxyphenylpyruvic hogc axit arogenic;

(0) hop chét P 13 axit 2-oxoisovaleric, hop chat Q 1a axit 2-isopropylmalic,
va san phim chuyén héa M 12 valin;

(p) hop chit P 13 axit 2-oxoisovaleric, hop chét Q 14 valin, va san phdm
chuyén héa M 1a axit 2-isopropylmalic;

(q) hop chét P 13 axit glutamic, hop chét Q 13 y-glutamyl phosphat, va san
phim chuyén héa M 1 N-axetylglutamat;

(r) hop chit P 13 axit glutamic, hop chit Q 13 N-axetylglutamat, va san
phim chuyén héa M 14 y-glutamyl phosphat;

(s) hop chét P 13 axit aspartic, hop chét Q 13 asparagin, va san phim chuyén
héa M la B-aspartyl phosphat;

(t) hop chdt P 1a aspartat B-semialdehyt, hop chdt Q 1a axit
2,3-dihydrodipicolinic, va san pham chuyén héa M 1a homoserin;

(u) hop chét P 13 homoserin, hop chét Q 13 o-axetylhomoserin, va san phdm
chuyén héa M 12 homoserin phosphat;

(v) hop chét P 13 homoserin, hop chit Q 1a homoserin phosphat, va san
phim chuyén hoéa M 14 o-axetylhomoserin; va

(w) hop chét P 12 serin, hop chét Q 13 o-axetylserin, va san phim chuyén
héa M la glyxin.
16. Phuong phép san xuét axit protocatechuic nhu dugc mé ta trong myc (j) cua
diém 15, trong d6 hoat tinh chuyén héa axit protocatechuic bi mét hozc bi giam
nho dua su dot bién thé doan, khuyét doan, hodc xen doan cua mét hodc nhiéu
nucleotit vao trong vung dich ma hodc ving diéu hoa phién ma/dich ma ctia mot
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hodc nhiéu gen dugc chon tir nhéom bao gém gen mi hoda protocatechuat
2,3-dioxygenaza, gen mad hoa protocatechuat 3,4-dioxygenaza, gen ma hoa

protocatechuat 4,5-dioxygenaza, va gen ma hoa protocatechuat decarboxylaza.
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DANH MUC TRINH TUY'

<110> Genaris

<120> Sinh vét chua c6 nhan dién hinh d& san xut hop chét chuyén héa trung
gian (P) va phuong phap san xuét hop chit chuyén héa trung gian (P)
<130> 131493A

<160> 144

<170> PatentIn version 3.5

<210> 1

<211> 27

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> ADN tbng hop

<400> 1

catgggatcc tctagatctg acctgea 27
<210> 2

<211> 27

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> ADN tdng hop

<400> 2

ggtcagatct agaggatccc atggtac 27
<210> 3

<211> 36

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> ADN tdng hop

<400> 3

aagcttaaat gaacatcaaa aagtttgcaa aacaag 36
<210> 4

<211> 30
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<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN téng hop
<400> 4

gegtttttat ttgttaactg ttaattgtce
<210> 5

<211> 45

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> ADN téng hop
<400> 5

ttcgatttat tcaacaaage cacgttgtgt ctcaaaatct ctgat
<210> 6

211> 42

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tbng hop
<400> 6

gttacattgc acaagataaa aatatatcat catgaacaat aa
<210> 7

<211> 40

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN téng hop
<400> 7

aactgtctgc ttacataaac agtaatacaa ggagctcaca
<210> 8

<211> 42

<212> ADN

<213> Trinh tu nhén tao
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<220>

<223> ADN tdng hop

<400> 8

catgactatc aacaaattgg aagcttaaat gtggtagcat ga
<210> 9

<211> 41

<212> ADN

<213> Trinh tu nhéan tao

<220>

<223> ADN tdng hop

<400> 9

agattttgag acacaacgtg gctttgttga ataaatcgaa a
<210> 10

<211> 40

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> ADN tdng hop

<400> 10

tcatgatgat atatttttat cttgtgcaat gtaacatcag
<210> 11

<211> 41

<212> ADN

<213> Trinh tu nhéan tao

<220>

<223> ADN tdng hop

<400> 11

ctccttgtat tactgtttat gtaagcagac agttttattg t
<210> 12

<211> 47

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> ADN tbng hop
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<400> 12

catgctacca catttaagcet tccaatttgt tgatagtcat gtgtgag
<210> 13

<211> 22

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tdng hop

<400> 13

gcattgacag aggcgaagaa tg
<210> 14

<211> 32

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN tdng hop

<400> 14

ctcgagtgtg tctattacac aggtaccgat gg
<210> 15

<211> 31

<212> ADN

<213> Trinh ty nhéan tao
<220>

<223> ADN téng hop
<400> 15

ctcgagccac caccaaaaaa catacaaaca ¢
<210> 16

<211> 27

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN téng hop
<400> 16

agcagacaat gaaatcgtct ctgtaga
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<210> 17

<211> 32

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop
<400> 17

ttgaattcaa tccagagagt cacatcaact tc
<210> 18

<211> 28

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tdng hop
<400> 18

ataacgcgtg atgattgagg ccgttgac
<210> 19

<211> 31

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> ADN tdng hop
<400> 19

ataacgcgta cccgatcttt atactccgac ¢
<210> 20

<211> 25

<212> ADN

<213> Trinh ty nhéan tao
<220>

<223> ADN tong hop
<400> 20

aaggatcccg atggtttect gatce
<210> 21

<211> 20
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<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tong hop
<400> 21

tccegtggaa tcatgaaagce
<210> 22

<211> 36

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN tdng hop
<400> 22

aagcttaaat gaacatcaaa aagtttgcaa aacaag
<210> 23

<211> 46

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop
<400> 23

ttgacgtccg gaccgaaacg atctgttcta aacagecgee atgage
<210> 24

<211> 31

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN tdng hop
<400> 24

aagcatgcaa gttttcgacg ccgacatcat ¢
<210> 25

<211> 27

<212> ADN

<213> Trinh tu nhan tao
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<220>

<223> ADN tbng hop
<400> 25

catgggatcc tctagatctg acctgea
<210> 26

<211> 27

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tong hop
<400> 26

ggtcagatct agaggatcce atggtac
<210> 27

<211> 29

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN téng hop
<400> 27

ttgcatgegt tggcactgac aagcagacce
<210> 28

<211> 28

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN téng hop
<400> 28

aatctagaac gctegtgtca acgaccac
<210> 29

<211> 29

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN téng hop
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27

27

29

28
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<400> 29

tttctagatg acccactgga ggtgaagtc
<210> 30

<211> 31

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop

<400> 30

ttgtcgaccg tagaaacgcece ctcatcagaa ¢
<210> 31

<211> 31

<212> ADN

<213> Trinh tu nhan tao
<220> |

<223> ADN tdng hop

<400> 31

aagcatgcaa gttttcgacg ccgacatcat ¢
<210> 32

<211> 46

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop

<400> 32

ttgacgtceg gaccgaaacg atctgttcta aacagecgee atgage
<210> 33

<211> 46

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN tdng hop

<400> 33

aagacgtctc caggaggaca tacaatgagc gaacaacttc agggtg
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<210> 34

<211> 32

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 34

aacctgcagg gcgaaaccaa tctgagttce aa
<210> 35

<211> 21

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN téng hop
<400> 35

ttcggtccga aggaaaacgt ©
<210> 36

<211> 21

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN tdng hop
<400> 36

ccteetggac ttegtggtgg ©
<210> 37

<211> 22

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tong hop
<400> 37

ggtgaactcg atgetgtgat gc
<210> 38

<211> 29
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<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN téng hop
<400> 38

aagcatgcac ctacgccaga agcaattge
<210> 39

<211> 47

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN téng hop
<400> 39

ttgacgtccg gaccgaaacg atctctaaga gacgcegatec cttttac
<210> 40

<211> 47

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN téng hop
<400> 40

aagacgtctc caggaggaca tacagtgagt tggacagttg atatccce
<210> 41

<211> 28

<212> ADN

<213> Trinh ty nhéan tao
<220>

<223> ADN tdng hop
<400> 41

ttctcgagcet aagagacgceg atcccttt
<210> 42

<211> 21

<212> ADN

<213> Trinh ty nhan tao
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<220>

<223> ADN téng hop
<400> 42

tccacgcaca gattggttag
<210> 43

<211> 22

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN téng hop
<400> 43

‘ gctgacaaca attgttgtca gc
<210> 44

<211> 27

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tbng hop
<400> 44

ttgcatgctg attgttgaag geetgee
<210> 45

<211> 49

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN téng hop
<400> 45

ttgacgtccg gaccgaaacg atctttaate gatttctaga tgatgcaac

<210> 46
<211> 45
<212> ADN
| <213> Trinh tu nhan tao
<220>
<223> ADN téng hop
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<400> 46

aagacg‘ictc caggaggaca tacaatgagc gcagtgcaga ttttc
<210> 47

<211> 34

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tdng hop
<400> 47

ttcctgecagg ttagtggctg attgectcat aage
<210> 48

<211> 23

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN téng hop
<400> 48

aagacgctga agaatccatg atc
<210> 49

<211> 22

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> ADN tong hop
<400> 49

tatcagccaa agccatgttc tc
<210> 50

<211> 30

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN téng hop
<400> 50

aagcatgcat gaaacacgtg agtggtctac
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<210> 51

<211> 46

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> ADN tbng hop

<400> 51

ttgacgtccg gaccgaaacg atctttaaag gaagceccttt ttggac 46
<210> 52

<211> 45

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> ADN téng hop

<400> 52

aagacgtctc caggaggaca tacaatgagt tctccagtct cacte 45
<210> 53

<211> 31

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> ADN téng hop

<400> 53

aacctgcagg acacatgatg gcaacgtgac ¢ 31
<210> 54

<211> 21

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> ADN téng hop

<400> 54

aatcgagttg gtcacctata ¢ 21
<210> 55

211> 22

-08-



<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 55

acgtctacat catcacacca gc
<210> 56

<211> 30

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN téng hop
<400> 56

ttgcatgetg cggtagatca gttcacgtge
<210> 57

<211> 21

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN téng hop
<400> 57

cgacgtagtt gaccatgaca g
<210> 58

<211> 37

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop
<400> 58

26020

22

30

21

tggtcaacta cgtcgtcatt getgeggagg agttetce 37

<210> 59
<211> 33
<212> ADN

<213> Trinh tu nhan tao
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<220>

<223> ADN tong hop

<400> 59

ttcctgecagg tgattacggt gaatgaggtg age 33
<210> 60

<211> 20

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> ADN téng hop

<400> 60

tgctcaggta gcaaggaacce 20
<210> 61

<211> 23

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> ADN tong hop

<400> 61

aagtatctcc ggtatttccg age : 23
<210> 62

<211> 28

'<212> ADN

<213> Trinh tu nhéan tao

<220>

<223> ADN tdng hop

<400> 62

aagcatgcaa ctcagcgttc caaacagc 28
<210> 63

<211> 20

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> ADN téng hop
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26020

<400> 63

ggtgagtgat gtgagaaccc
<210> 64

<211> 35

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop
<400> 64

tcacatcact cacctctcag aagaacacta agtce
<210> 65

<211> 31

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN tdng hop
<400> 65

ttcctgecagg tacatcatcg ttttacacag ¢
<210> 66

<211> 22

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 66

tctatatcgg tgtagcecacc tc
<210> 67

<211> 20

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN tdng hop
<400> 67

tttcgcagac caatccgaac
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<210> 68

<211> 28

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop
<400> 68

aagcatgcac aaggtcacgt tgaagaac
210> 69

<211> 21

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 69

catggtgaac tcctaaagaa C
<210> 70

<211> 20

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN tdng hop
<400> 70

aggagcctgg catggatatc
<210> 71

<211> 32

<212> ADN

<213> Trinh ty nhéan tao
<220>

<223> ADN tong hop
<400> 71

ttcctgcagg tgaaggtcat cagtgtgttt cg

<210> 72
<211> 36

26020

28

21

20

32

-102-



26020

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN tdng hop
<400> 72

ctttaggagt tcaccatggg ttctcacatc actcac
<210> 73

<211> 36

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN téng hop
<400> 73

ccatgccagg ctectttagt gttcttetga gatgee
<210> 74

<211> 22

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 74

aacctggata agctgctcat gc
<210> 75

<211> 22

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop
<400> 75

acacaaccat tgatcagcat gc
<210> 76

<211> 32

<212> ADN

<213> Trinh ty nhéan tao
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<220>

<223> ADN téng hop

<400> 76

aacctgcagg agtccagtge gatttcegtt tc
<210> 77

<211> 29

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tbng hop

<400> 77

aatctagaaa cagtggcaat ggatgtacg
<210> 78

<211> 31

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> ADN téng hop

<400> 78

aatctagacc aaactagcat cccgaactag ¢
<210> 79

<211> 30

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tbng hop

<400> 79

ttgtcgactg ttgatgacat ctgccagtge
<210> 80

<211> 21

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop

26020
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<400> 80

atcaggtcgg ttacttggct ¢
<210> 81

<211> 22

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 81

ttcagtttcg atgggcatgt ac
<210> 82

<211> 31

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tdng hop
<400> 82

aacctgcagg actgattgeg attcctttgt ¢
<210> 83

<211> 25

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 83

agaatactgt cgttcatatt tttgg
<210> 84

<211> 40

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN tdng hop
<400> 84

gaacgacagt attctctaaa agagtcagta aaacctcgac
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<210> 85

<211> 29

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tbng hop
<400> 85

aactcgagaa atggcagagt gatgtgtcc
<210> 86

<211> 20

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 86

ttgctggttc cagttgtige
<210> 87

<211> 22

<212> ADN

<213> Trinh tuy nhén tao
<220>

<223> ADN tbng hop
<400> 87

acggtcgaat ccaacaggta gc
<210> 88

<211> 30

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 83

ttgtcgactg cagggtcttg atcttgtage
<210> &9

<211> 24

26020
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<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN téng hop
<400> 89

gtgaacctcc aagagagtga aaag
<210> 90

<211> 22

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN téng hop
<400> 90

taacccttgg tcaatcttag gg
<210> 91

<211> 32

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN tdng hop
<400> 91

ttcctgeagg tttggatcaa ttgecagceaaa tg
<210> 92

<211> 37

<212> ADN

<213> Trinh tuy nhén tao
<220>

<223> ADN tdng hop
<400> 92

ctcttggagg ttcacatgac tctacgatct geattac
<210> 93

<211> 35

<212> ADN

<213> Trinh ty nhéan tao
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<220>

<223> ADN tdng hop

<400> 93

gattgaccaa gggttaaagg gtatcgagta gtttc 35
<210> 94

<211> 22

<212> ADN

<213> Trinh tuy nhan tao

<220>

<223> ADN téng hop

<400> 94

atcatgaggg atctggtaag gc 22
<210> 95

<211> 21

<212> ADN

<213> Trinh tuy nhén tao

<220>

<223> ADN téng hop

<400> 95

agtcctaccc aacgcatatc ¢ 21
<210> 96

<211> 37

<212> ADN

<213> Trinh ty nhéan tao

<220>

<223> ADN tong hop

<400> 96

ctcttggagg ttcacatgeg tacatccatt geeactg 37
<210> 97

<211> 34

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> ADN tong hop
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<400> 97

gattgaccaa gggttagttt gggattccee gete

<210> 98

<211> 22

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 98

atcatgaggg atctggtaag gc
<210> 99

<211> 21

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN tdng hop
<400> 99

agtcctaccc aacgcatatc ¢
<210> 100

<211> 33

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tdng hop
<400> 100

ttcctgecagg ttgggtgate ttgacgatac tge
<210> 101

<211> 39

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tdng hop
<400> 101

ggtgcagttt agctattagt tttcgaacac gtccgtate

34

22

21

33

39
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<210> 102

<211> 37

<212> ADN

<213> Trinh ty nhéan tao
<220>

<223> ADN tdng hop
<400> 102

gaagcaggtt taacgatggg ttctcacatce actcacc
<210> 103

<211> 31

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN tdng hop
<400> 103

ttgcatgetg atatctcgac attgetgtgt ¢
<210> 104

<211> 22

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop
<400> 104

tagctaaact gcaccactta cc
<210> 105

<211> 23

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 105

cgttaaacct gettecttgt tac
<210> 106

<211> 21
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26020

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> ADN tong hop

<400> 106

ttggttggaa gatcagacct g 21
<210> 107

<211> 21

<212> ADN

<213> Trinh ty nhéan tao

<220>

<223> ADN téng hop

<400> 107

agtcctaccc aacgcatate ¢ 21
<210> 108

<211> 33

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> ADN tong hop

<400> 108

ttcctgecagg tgcetetactg gttcataggt tge 33
<210> 109

<211> 37

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> ADN téng hop

<400> 109

ggtcttaage acatctgtgt ctattacaca ggtaccg 37
<210> 110

<211> 38

<212> ADN

<213> Trinh tu nhan tao
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<220>

<223> ADN tdng hop

<400> 110

cttcggatct aaacgatacc tcgecaccac caaaaaac 38
<210> 111

<211> 30

<212> ADN

<213> Trinh tu nhéan tao

<220>

<223> ADN tdng hop

<400> 111

ttgtcgactc aggtgagega catgttgtac 30
<210> 112

<211> 22

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> ADN tdng hop

<400> 112

atcgtttaga tccgaaggaa aa 22
<210> 113

<211> 38

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> ADN téng hop

<400> 113

aagtccagga ggacatacaa tgaccacctt gacgetgt 38
<210> 114

<211> 23

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> ADN tbng hop
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<400> 114

gatgtgctta agaccctttg tac
<210> 115

<211> 21

<212> ADN

<213> Trinh ty nhéan tao
<220>

<223> ADN tong hop
<400> 115

atcttgtcga aacggtgacg ¢
<210> 116

<211> 23

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tbng hop
<400> 116

acgaggggat aaggtgtttc tgc
<210> 117

<211> 27

<212> ADN

<213> Trinh tuy nhan tao
<220>

<223> ADN tdng hop
<400> 117

aaggatcctg tgcatttgct ccaaacc
<210> 118

<211> 28

<212> ADN

<213> Trinh tu nhéan tao
<220> |

<223> ADN téng hop
<400> 118

aacctgcagg ttgaaaaagg gggttagc

26020

23

21

23

27
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<210> 119

<211> 29

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> ADN tdng hop
<400> 119

aacctgcagg agcttgaggt attggaacc
<210> 120

<211> 25

<212> ADN

<213> Trinh ty nhéan tao
<220>

<223> ADN tdng hop
<400> 120

aagtcgacaa aaacatgctc cctgce
<210> 121

<211> 33

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tdng hop
<400> 121

ttcctgecagg agcetcatcaa catagaacge gac
<210> 122

<211> 29

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tbng hop
<400> 122

aaccatggga tctaaccctt cttgaatag
<210> 123

<211> 25
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26020

<212> ADN

<213> Trinh tuy nhén tao
<220>

<223> ADN téng hop
<400> 123

ttccatgggt tctcacatca ctcac
<210> 124

<211> 37

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN téng hop
<400> 124

ctacttagac attgccttag tgttcttctg agatgec
<210> 125

<211> 25

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN téng hop
<400> 125

ttccatgggt tctcacatca ctcac
<210> 126

<211> 37

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop
<400> 126

ctacttagac attgccttag tgttcttctg agatgec
<210> 127

<211> 21

<212> ADN

<213> Trinh ty nhén tao
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<220>

<223> ADN tbng hop
<400> 127

agagcgttct tgacaacctg ¢
<210> 128

<211> 21

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop
<400> 128

ttggcaacca tcgtgatggt ¢
<210> 129

<211> 31

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop
<400> 129

aacctgcagg cgtgactctg gaagtttgac ¢
<210> 130

<211> 20

<212> ADN

<213> Trinh tw nhan tao
<220>

<223> ADN téng hop
<400> 130

tgttggagtc ctectttacg
<210> 131

<211> 23

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN téng hop

26020
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<400> 131

ctggctgtag tttccacaca ttc
<210> 132

<211> 28

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tdng hop
<400> 132

tagtcgacat catcttgecg ctgattge
<210> 133

<211> 32

<212> ADN

<213> Trinh tuy nhan tao
<220>

<223> ADN tdng hop
<400> 133

ggaggactcc aacaatgccc acgecttcge ag
<210> 134

<211> 34

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN tdng hop
<400> 134

ggaaactaca gccagttact geggtttgac tggg

<210> 135

211> 22

<212> ADN

<213> Trinh tu nhéan tao
<220>

<223> ADN tdng hop
<400> 135

tgtcgacatt gcattgcage tc
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<210> 136

<211> 21

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> ADN tdng hop

<400> 136

acacttttga cactgtggtg ¢ 21
<210> 137

<211> 31

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> ADN tong hop

<400> 137

aacctgcagg cgtgactctg gaagtttgac ¢ 31
<210> 138

<211> 20

<212> ADN

<213> Trinh tuy nhan tao

<220>

<223> ADN tdng hop

<400> 138

tgttggagte ctectttacg 20
<210> 139

<211> 36

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> ADN tong hop

<400> 139

aaaaaaagga tttgattcat gcccacgcect tcgeag 36
<210> 140

<211> 30
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<212> ADN

<213> Trinh ty nhén tao
<220>

<223> ADN téng hop
<400> 140

aagcatgcac accttggaac acctagtage
<210> 141

<211> 36

<212> ADN

<213> Trinh tu nhan tao
<220>

<223> ADN tdng hop
<400> 141

26020

30

ggaggactcc aacaatgegt acatccattg ccactg 36

<210> 142

<211> 35

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> ADN tdng hop
<400> 142

caaatccttt ttttattagt ttgggattcc ccgcet
<210> 143

<211> 22

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> ADN téng hop
<400> 143

tgtcgacatt gcattgcage tc
<210> 144

<211> 20

<212> ADN

<213> Trinh tu nhan tao

35

22
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<220>

<223> ADN tdng hop
<400> 144
atgacgcatt gcgtcatacc

26020
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Fig. 1

(Chét cam Umg/qué trinh cdm (mg)
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Fig. 2
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Fig. 3

(Chét cam mg/qua trinh cdm tng)
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Fig. 5

(Giai doan nudi ciy som)
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Fig. 6

(Giai doan nubi chy som)
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Fig. 8

(Giai doan nudi cay sém) (Giai doan nudi cay mudn)
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