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nhung khéng chi gidi han ¢, bao tir vi khudn duoc cai bién chira mot hodc nhidu gen
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Linh vue ky thuit dwoc dé cap

Sang ché d& cap dén bao tir vi khudn duogc cai bién, va cu thé 1a & cap dén,
nhung khong chi gidi han &, bao tir vi khuén duoc cai bién chira mét hodc nhidu gen
khac loai, ma khong dua cac gen khang khang sinh vao. Sang ché con dé cap dén
phuong phép tao ra céc bao tir vi khudn duge cai bién nay, cic vecto va kit dé dua céc
gen khéc loai vao vi khuin tao bao ti.

Tinh trang ky thuit ciia sing ché

Céac ndi bao ti, hodc bao tir Bacillus 1 cac thuc thé ngl c6 cic dic tinh dé
khang da dugc biét 5 bao gdm ca tinh dn dinh nhiét, khi tiép XUc v&i cac hoa chat cé
hai va lam khé (tai liéu 1). Theo d6, cac bao tir mang lai nhiéu tmg dung. Ung dung
dAu tién va quan trong nhét 13 str dung ching lam vacxin dimg qua dudng niém mac
trong d6 cac khang nguyén cé thé dugc bidu hién trén bé mit clia bao tir bing cach
dung hop véi thanh phan gin ciia protein vo (tai liéu 2). Su tao mién dich ctia cac bao
tir tai t hop bang cach sir dung qua dudng niém mac (dudng miéng, dudi ludi hodc
miii) da cho thiy nhiu két qua hira hen va trong mét s6 truomg hop, mirc d6 bao vé co
thé ¢6 hidu quéa & nguoi hodc dong vat (cac tai liu 3-5). Trong trudng hop sau, khd
nang két hop vacxin vao thic dn 13 ddc biét hép din va d6i v&i mét sb dong vat, co thé
duoc cho 1a cach duy nhét @ st dung vacxin. Vi du, viéc sir dung vacxin cho tom nuodi
chéng lai cdc tic nhan gay bénh 14 virut, vi dy, virut gay hoi chimg ddm tring (White
Spot Syndrome Virus: WSSV) trong d6 céc bao tir tai tb hop bidu hién céc protein vo
VP26 va VP28 ciia WSSV di dugc chirng minh 1a tao ra sy bao vé€ & tdm (cac tai li€u
6-9).

Nhiéu loai vi khudn Bacillus dugc cho 1a ‘thudc loai thuc phém’, nghia 1a an
toan dé sir dung cho ngudi va duge ky hiéu 1a QPS (Qualified Presumption of Safety:
dat tiéu chuén vé do an toan nhu duogc xac dinh béi Co quan an tba‘ln thuc phém chau
Au (Buropean Food Safety Authority: EFSA)) (tai lidu 10). G My, mét sb ching &
trang thai néi chung duoc cong nhan la an toan ((Generally Recognized As Safe:

GRAS) nhu dugc x4c dinh boi Co quan quan ly thuc pham va dugc pham My). Trang
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thai QPS vi GRAS di chimg minh viéc sit dung nhiu ching Bacillus, bao gbm cé cac
chung B. subtilis, lam men vi sinh trong ca thirc dn cho nguoi va dong vat (tai liéu 11).
Khéi niém v& men vi sinh tai t3 hop (tai lidu 12) 1a budc tién logic tiép theo vé mit
khéi niém trong viéc khai thac cc dic tinh c6 loi ctia Bacillus (tai li€u 13).

Ngoai viéc dung lam vacxin, cac bao tir da dugc chimg minh 1a tao diéu kién
thuan loi cho sy biéu hién clia enzym trén bé mit ca bao tir, vi du, enzym phytaza
trong thitc &n cho dong vat (tai liéu 14). Kha nang st dung cac vi khuan 1am men vi
sinh d& cung cép cic enzym ma khong cAn tinh ché enzym va c6 thé mang lai nhiéu loi
thé dang ké cho nganh cong nghiép. Cudi cling, streptavidin da duoc biéu hién trén cac
bao tir B. subtilis cho phép cac khang thé don dong dugce lién hop voi bé mit bao tir va
su hudng dich cua céc bao tir duoc tai dugc chét khang ung thu dén céc té bao ung thu
(tai liéu 15).

Mic du c4c bao tit Bacillus c6 tinh hitu dung tiém ning cho cac tmg dung trong
cong nghiép, van con mot sé tr& ngai lién quan dén su giai phéng c6 chu y cua vi
khuan Bacillus da duoc cai bién di truyén. Trd ngai trude tién 1a viéc st dung cac gen
khéng khéng sinh (Ab®) dugc sir dung trong k¥ thuat di truyén ctia cac ching tai tb
hop 4n dinh. Lién quan dén AbR, phin 16n quy trinh can phai chén ADN khéc loai vao
B. subtilis ¢6 su chén léch vi tri b%xng cach st dung gen AbR dé chon loc duong tinh
(tai lidu 16). Céc vecto plasmit mang gen khang chloramphenicol hodc erythromycin
thuong dugc st dung & chén 1&ch vi tri & locus di truyén véi luong du cho su sinh
trudng cua t& bao, dién hinh 14 c4c gen alpha amylaza (amyE) hodc threonin C (¢hrC)
(tai liéu 17). Nguy co tiém tang clia viéc chuyén gen Ab® sau khi giai phéng da duoc
thira nhan va hién nay c6 it nht hai hé trong vi khuén B. subrilis d& duoc mo ta la c6

thé chén céc gen khéc loai ma khong dua gen AbR vao (tai liéu 18, 19).

Tr& ngai thit hai va ciing 14 théch thic 16n nhét 1a s phén cudi cling cla cac

bao tir tai td hop khi dugc giai phong, do cac bao tir da duge ching minh 1a con sdng
trong hang triéu ndm dudi dang thuc thé séng (tai liéu 20). DAt thuong duoc 1am giau
bing nhiéu bao tir ngi (tai liéu 21) va strc séng ndi tai clia ching lam cho kho chimg
minh dugc ring ching s& khong ton tai sau khi giai phong ¢6 chi y. Mot phuong phap
c6 thé tao céu tric cho cac bao tir khong c6 kha nang nay mam nhung t6t nhét 13 ty 1é
nay mam c6 thé dugc giam dén 0,0015% (tai ligu 22), diéu nay c6 thé khong dap mg

yéu cau cla cac co quan quén ly.
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Do d6, cAn c6 cac phwong phép cai tién dé dua gen khéc loai vao vi khuén tao
bao tir ma khong dua cac gen khang khéng sinh vao.
Ban chét kj thuit clia sang ché

Céc tic gia sang ché di chon phuong phap tao ra sy d6i thymin dan dén tinh
trang con duge goi la ‘chét vi khong c6 thymin’® (c4c tai liéu 23-25). Phén 1én céc sinh
vat ¢6 nhin nguyén thiy da duoc biét 14 mang modt enzym thymidylat synthaza duoc
ma héa bdi gen thyd va sinh vat c6 nhan nguyén thily mang gen thymidylat synthaza
dot bién khong thé sinh trudng véi ndng d6 ctia thymidin hodc thymin thip dén dén su
chét t& bao. Do d6, sy d6i thymin khac vé&i cac hiéu tng kim hdm sinh hoc thuong
duoc tim thiy véi su thiéu hut cac chét dinh dudng khéc. Tinh trang chét vi khong c6
thymin d& dugc chimg minh dbi v6i B. subtilis (tai lidu 26) va vi khuén nay khac biét &
chd né mang hai enzym thymidylat synthaza dugc ma@ hoa bdi cée gen thyA va thyB
(tai lidu 27).

Tuy nhién, mac du d& duoc biét tir nam 1954, khai niém vé tinh trang chét vi
khéng c6 thymin vin chua bao gitr duge 4p dung thanh cong vdi vi khudn tao bao tir
nhim muc dich dua céc gen khac loai vao ma khong dua cic gen khang khang sinh
vao.

Céc tac gia sang ché di chon thanh cong nguyén ly ‘chét vi khong c6 thymin’
dé khai thac cac vi khun tao bao tir, nhu Bacillus, dé dua cac gen khéc loai vao ma
khong dua cac gen khéng khéng sinh vao. D& lam phéi tir tai t6 hop, ching can phai
nay mam, ching s& chét ngay 1ap tirc va khong song sét hogc ting sinh (nghia 1 sinh
truéng) trong modi trudng do thiéu thymin hozc thymidin (hodc cac chét nay chi & nong
d6 thap). Phuong phép dugc phat trién nay 1 rit méi do né 1a qua trinh dinh gén gen
gbm hai budc cho phép chon loc dwong tinh d6i v6i nong d6 trimethoprim cao hon
lién tiép ma khong dua céc gen khang khang sinh bét ky vio.

Do @9, theo khia canh thi nhét, sang ché d& xuit quy trinh dua it nhét mot gen
khéc loai vao vi khuin tao bao tir va lam cho vi khudn nay khong c6 kha ning ting
sinh khi khéng c6 mat thymin hogc thymidin, quy trinh nay bao gbm cac budc:

(i) dua gen khéc loai vao gen thymidylat synthaza trong vi khuén tao bao tir; va

(ii) dé vi khuan tao bao t néu trén sinh truong véi su ¢6 mit cla trimethoprim.

Theo phuong an dugc uu tién, va c6 loi néu quy trinh duge tién hanh ma khong

dua gen khang khang sinh vao, va do d6 khac phuc dugc céc van dé da ban luén trén
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day.

Theo phuong 4n dugc uu tién, phuong phép nay con bao gém budc:

(iii) tao ra bao tir vi khudn tir vi khudn tao bao tir néu trén.

Can hiéu ring bao tir vi khudn c6 thé nay mam hozc c6 thé khong nay méam,
nhung néu n6 nay mam, né khong thé sinh trudng tir bao t dd nay mam va ting sinh.

Theo cach c¢6 loi, tac gid sang ché d3 tim ra cach thuan tién dé lam bét hoat tAt
ca c4c enzym thymidylat synthaza trong vi khuén, vi du, theo cac phuong é4n, trong dé
vi khudn mang hai hoc nhiéu gen thy, hodc trong d6 vi khudn mang gen thy4 va gen
thyB (vi du, Bacillus spp.), hodc trong d6 su bAt hoat tiyA khong thé anh husng dén su
sinh truéng ctia vi khudn trong céc diéu kién sinh 1y binh thuong.

Do d6, theo phuong an dugce uu tién, mot hodc nhiéu gen khic loai dugc dua
vao mdi gen thymidylat synthaza c6 mit trong vi khuin. Ching han, theo mdt phuong
4n, vi khuén tao bao tir ¢6 thé 1a Bacillus Spp. (vi khuén nay khéc biét & chd, da dugc
biét 14 c¢6 hai gen thymidylat synthaza 1a thyd va thyB). Tt hon, néu gen khéc loai
dwoc dua vao mdi gen trong sd hai gen thymidylat synthaza, vi du, gen thy4 va thyB
ctia vi khudn Bacillus spp. Vi khuan Bacillus spp. ¢6 thé 1a loai B. subtilis, B. cereus,
B. pumilus, B. amyloliquefaeceans, B. coagulans, B. clausii, B. licheniformis hodc B.
megaterium. Tuy nhién, t5t nhat néu vi khuan Bacillus spp. 1a loai B. subtilis.

Cén hiéu rdng su bat hoat thy4 chi & vi khuén Bacillus s& khong gy chét vi
khéng c6 thymin, va s& khong gdy hu hai hodc ngdn ngua su sinh trudng trong cac
didu kién sinh ly binh thuong.

Theo phuong 4n khéc, vi khudn tao bao tir c6 thé 1a Clostridium Spp. (Vi khuin
nay da dugc biét 12 c6 mot gen thymidylat synthaza). T4t hon néu theo phuong 4n nay,
gen khic loai dugc dua vao gen thymidylat synthaza. Vi khuan Clostridium spp. c6 thé
1a loai C. difficile, C. perfringens, C. tetani, C. botulinum, C. acetobutylicum, C.
cellulolyticum, C. novyi hodc C. thermocellum. Tét nhit néu vi khuan Clostridium spp.
14 loai Clostridium difficile.

Theo cac phuong an dugc uu tién quy trinh, vi khun tao bao tr ¢ mat trong
mdi trudng nudi cdy vi khuan.

Budc (ii) cia quy trinh c6 thé dugc thuc hién béng cach sir dung binh thich hop
bét ky, nhur dia Petri hoac binh nudi chy bang thuy tinh, chira méi truong sinh truéng

bét ky nhu duoc boe 16 & day. Mbi truong sinh truéng nay co thé chira trimethoprim
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v6i ndng do nim trong khoang tir 0,001 pg/ml dén 20 pg/ml, tir 0,01 pg/ml dén 15
ug/ml, tir 0,1 pg/ml dén 10 pg/ml, tir 1 pg/ml dén 5 pg/ml, tir 2 pg/ml dén 4 pg/ml,
hodc tbt hon 1a khoang 3 pg/ml.

Theo mdt phuwong 4n khéc, trong budc (ii), vi khudn c6 thé dugc sinh trudng
trong mdi truong chira chét chiét nAm men (yeast extract: YE) voi ndng d6 nho hon 2
mg/ml, hodc ndng do bét ky duge boc 16 & day. Theo mdt phuong én, mdi truong nay
khong chira YE.

Theo mot phuong an, trong budc (i), vi khuén c6 thé dugc sinh trudng trong
méi truong chira thymin hogc thymidin véi ndng do bat ky dwoc boc 16 & ddy, ching
han khoang 50 pg/ml.

Theo mdt phuong an, trong budce (i), vi khuln c6 thé dugc sinh truéng trong
méi trudng chia trimethoprim véi ndng do bét ky duge bdc 16 & day, ching han
khoang 3 pg/ml.

Theo mot phuong an, trong budce (ii), vi khuln c6 thé dugc sinh trudng trong
moi trudng chira axit casamino (casaxit amin: CAA) voi ndng d6 bat ky duge bdc 10 &
day, chéng han khoang 0,2% (trong luc,mg/thé tich).

Theo mét phuong 4n, trong budce (i), vi khuén c6 thé duge sinh trudng trong
mdi trudmg 6 bd sung it nhit mot axit amin hodc hdn hop axit amin bét ky nhu duoc
bdc 10 & day.

Theo mdt phuong 4n, cac té bio c6 su chén gen c6 thé duge xéc dinh theo kha
niang khong sinh truong trir khi duge bb sung thymin hodc thymidin. Phuong phép xac
dinh khéc hodc thay thé 1a khuéch dai bing phan tmg PCR ddi v6i su c6 mit ctia cdc
gen thé kham tir céc thé bién nap.

Theo phuong 4n dugc vu ti€n nhét, sang ché dé xuit hé tach dong thich hop dé
ngan chdn vé mit sinh hoc dbi véi Bacillus Spp. da duoc cai bién di truyén, nhu B.
subtilis.

Do d6, theo phuong 4n nay, sang ché d& xuét quy trinh dua it nhét mot gen khac
loai vao vi khudn Bacillus Spp. va 1am cho vi khuén nay khéng c6 kha nang tang sinh
khi khong c6 mit thymin hodc thymidin, quy trinh nay bao gdm cac budc:

(i) dua gen khac loai vao gen thy4 va gen thyB trong vi khuén Bacillus Spp.; va

(i) d& vi khudn Bacillus Spp. néu trén sinh truéng voi sy c6 mat cua

trimethoprim.
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Theo phuong 4n duge wu tién, gen khac loai duoc dua vao mdt trong s cac gen
thy, va sau d6 dua vao gen thy con lai. Do do, t6t hon néu sang ché dé xuét quy trinh
dua {t nhit mdt gen khac loai vao vi khuan Bacillus Spp. va lam cho vi khudn nay
khong c6 kha ning tang sinh khi khong cé mit thymin hodc thymidin, quy trinh nay
bao gdm cac budc:

(i) dua gen khac lodi vao gen thyd hodc gen thyB trong Vi khuén Bacillus Spp.;

(i) dé vi khudn Bacillus Spp. néu trén sinh trudéng véi sy c6 mit cua
trimethoprim;

(iii) dua gen khac loai vao gen con lai trong s6 gen thyA hodc gen thyB trong vi
khuén Bacillus Spp.néu trén; va

(iv) d& vi khudn Bacillus Spp. néu trén sinh truong vGi sy c6 mdt cua
trimethoprim.

Theo phuong 4n dugc wu tién, quy trinh nay con bao gébm budc:

(v) tao ra bao tir vi khun tir vi khudn Bacillus Spp néu trén.

Cén hiéu ring bao tir vi khudn c6 thé nay mam hodc c6 th8 khong nay mam,
nhung néu n6 nady méam, n6 khong thé sinh truéng tir bao tr d& nay mAm va ting sinh.
Theo phuong &n duge wu tién, qua trinh nay dién ra ma khong dua gen khang khang
sinh vao. Theo phuong an dugc wu tién, bude (i) la budc dua gen khac loai vao gen
thyA trong vi khuén Bacillus Spp. va bude (iii) la bude dua gen khéc loai vao gen thyB
trong vi khuan Bacillus Spp.

Theo phuong an dugc wu tién, vi khuln Bacillus Spp. 1a loai B. subtilis. Theo
cac phuong an dugc wu tién, vi khuln Bacillus Spp. hodc B. subtilis c6 mét trong moi
trudong nudi cdy vi khun.

Theo mét phuong 4n, khung doc md cua gen thyd co thé dugc ma hoa bing
trinh tu axit nucleic dugc dua ra & ddy dudi dang trinh tur SEQ ID NO: 1 nhu sau:

ATGACGCAATTCGATAAACAATACAATTCAATTATAAAGGATATTATCAATAATGGAATCTC
AGACGAAGAGTTTGATGTAAGAACCAAGTGGGACTCAGATGGAACACCGGCACATACTCTAA
GTGTAATCAGTAAGCAAATGAGATTCGACAACTCAGAGGTTCCGATTTTAACGACAAAARAAG
GTTGCCTGGAAAACAGCCATTAAAGAGTTGCTCTGGATTTGGCAGCTGARATCTAATGATGT
TAATGATTTAAACATGATGGGCGTCCATATTTGGGATCAGTGGAAACAAGAAGACGGARACCA
TCGGACATGCATATGGATTTCAGCTGGGGAAGAAAAACAGAAGTCTAAATGGAGAAAAAGTG
GATCAGGTAGACTATCTTCTTCATCAATTGAAGAACAATCCATCTTCACGCAGACACATTAC
AATGCTGTGGAATCCTGATGAATTAGACGCAATGGCCTTAACGCCATGTGTATACGAGACAC
AATGGTACGTTAAACATGGGAAACTCCACCTTGAGGTAAGAGCACGGAGCAATGATATGGCA
TTGGGAAATCCATTCAATGTATTCCAGTATAATGTGTTGCAGCGCATGATTGCTCAAGTGAC
TGGTTATGAGCTTGGTGAATATATCTTTAACATTGGGGATTGCCATGTGTACACACGTCATA
TAGACAATTTGAAAATTCAAATGGAAAGAGAACAGTTTGAAGCACCTGAACTATGGATCAAT
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CCTGAAGTGAAAGATTTTTATGACTTTACCATTGATGATTTCAAGTTAATCAACTATAAACA
TCGGGGACAAGCTTTTATTTGAGGTAGCGGTTTAA
[SEQ ID NO: 1]

Do d6, t6t hon néu quy trinh nay bao gdm budc dua gen khac loai vao trinh tu
axit nucleic v& co ban nhu duoc thé hién trong trinh ty SEQ ID NO: 1, hodc manh
hodc bién thé ciia né, trong vi khuln Bacillus Spp. Theo mdt phuong an khac, quy
trinh nay c6 thé bao gdm budc dua gen khac loai vao vi khuan Bacillus Spp. ma khéng
dua vao trinh tu SEQ ID NO: 1 hodc manh hodc bién thé cta nd, theo cach sao cho su
bidu hién cta trinh ty SEQ ID NO: 1 bj dit quing hodc giam di.

Theo mot phuong 4n, khung doc m& clia gen thy4 co thé dugc ma hoa bing
trinh tw axit nucleic, trinh ty ndy mé hoa trinh tu axit amin dugc dua ra ¢ ddy dudi
dang trinh tu SEQ ID NO: 18 nhu sau:

MTQFDKQYNSIIKDIINNGISDEEFDVRTKWDSDGTPAHTLSVISKQMRFDNSEVPILTTKK
VAWKTAIKELLWIWQLKSNDVNDLNMMGVHIWDQWKQEDGTIGHAYGFQLGKKNRSLNGEKV
DQVDYLLHQLKNNPSSRRHITMLWNPDELDAMALTPCVYETQWYVKHGKLHLEVRARSNDMA
LGNPFNVFQYNVLQRMIAQVTGYELGEYIFNIGDCHVYTRHIDNLKIQMEREQFEAPELWIN
PEVKDFYDFTIDDFKLINYKHGDKLLFEVAV

[SEQ ID NO: 18]

Céc trinh tu SEQ ID NO: 1 va 18 la cic trinh tu lam vi du tir vi khuin B.
subtilis, va do d6 bién thé clia céc trinh t nay bao gdm céc gen thyA lién quan tlr tat ca
cac vi khudn Bacillus Spp. Piéu quan trong can luu vy 12 giai phap theo sang ché co thé
ap dung cho gen thy4 bat ky cta vi khuén Bacillus Spp. va céc trinh ty SEQ ID NO: 1
va 18 dugc du dinh dé minh hoa va khong lam gi¢i han pham vi cua sang ché.

Theo mét phuong 4n, khung doc mé ctia gen thyB ¢6 thé duogc ma hoa bing
trinh tu axit nucleic dugc dua ra ¢ day dudi dang trinh tu SEQ ID NO: 2 nhu sau:

ATGAAACAGTATAAGGATTTCTGCAGACATGTTTTAGAGCATGGTGAGAAAAAGGGAGACCG
GACTGGGACCGGAACAATCAGCACTTTCGGATATCAAATGAGATTTAATTTACGGGAAGGCT
TTCCGATGCTCACCACTAAAAAACTCCACTTTAAATCAATTGCGCATGAACTGCTGTGGTTC
TTAAAAGGAGATACGAATGTACGCTATCTGCAGGAAAACGGAGTGCGAATCTGGAATGAGTG
GGCTGATGAAAACGGTGAACTTGGACCTGTATATGGCTCCCAATGGCGTTCTTGGCGGGGAG
CTGATGGAGAAACCATTGATCAAATTTCCCGTCTTATTGAAGATATTAAAACAAATCCGAAC
TCCAGACGCTTAATCGTCAGCGCCTGGAATGTTGGTGAAATTGATAAAATGGCGTTGCCGCC
GTGCCATTGCCTGTTCCAATTCTATGTGTCTGACGGCAAGCTGTCCTGTCAGCTGTATCAGC
GCTCTGCCGATGTTTTCTTAGGTGTGCCGTTTAATATTGCATCTTATGCCCTCCTAACCATG
ATCATTGCTCATGTGACTGGGCTTGAACCGGGCGAGTTCATCCATACGTTTGGTGATGTTCA
TATTTACCAAAATCATATTGAACAAGTCAATTTGCAGCTGGAAAGAGATGTTAGACCGCTTC
CGCAGCTTCGTTTCGCCAGAAAGGTTGATTCTATTTTTAACTTTGCATTTGAGGACTTTATC
ATCGAGGATTATGATCCGCATCCTCATATAAAAGGGGCGGTCAGCGTATGA

[SEQ ID NO: 2]
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Do d6, tét hon néu quy trinh theo sang ché bao gdm budc dua gen khac loai vao
trinh tu axit nucleic v& co ban nhu dugc thé hién trong trinh tw SEQ ID NO: 2, hodc
manh hoic bién thé ctia né, trong vi khuén Bacillus Spp. Quy trinh nay c6 thé bao gém
budc dua gen khéc loai vao Bacillus Spp. ma khéng dua vao trinh tyr SEQ ID NO: 2
hodic méanh hoic bién th ciia no, theo cach sao cho sy biéu hién tir trinh tu SEQ ID
NO: 2 bi dirt quang hodc giam di.

Theo mdt phuong 4n, khung doc m& cta gen thyB c6 thd duoc ma hoa bing
trinh tu axit nucleic, trinh tr ndy ma hoa trinh tir axit amin dugc dua ra ¢ diy dudi
dang trinh ty SEQ ID NO: 19 nhu sau:

MKQYKDFCRHVLEHGEKKGDRTGTGTIST FGYQMRFNLREGFPMLTTKKLHFKSIAHELLWE
LKGDTNVRYLQOENGVRIWNEWADENGELGPVYGSQWRSWRGADGETIDQI SRLIEDIKTNPN
SRRLIVSAWNVGEIDKMALPPCHCLFQFYVSDGKLSCQLYQRSADVFLGVPFNIASYALLTM
T IAHVTGLEPGEFIHTFGDVHIYQONHIEQVNLQLERDVRPLPQLRFARKVDSIFNFAFEDEFT
IEDYDPHPHIKGAVSV

[SEQ ID NO: 19]

Céc trinh ty SEQ ID NO: 2 va 19 1a céc trinh tu lam vi du tur vi khudn B.
subtilis, va do d6 bién thé ctia céc trinh ty ndy bao gdm céc gen thyB lién quan tir tat ca
céc vi khun Bacillus Spp. Piéu quan trong can luu y 13 giai phap theo sang ché c6 thé
ap dung cho gen thyB bét ky ctia vi khuan Bacillus Spp. va céc trinh tu SEQ ID NO: 2
va 19 duoc du dinh d& minh hoa va khong 1am giéi han pham vi cta sang ché.

Theo mot phuong 4n, budc (i) c6 thé duoc thuc hién b%mg cach bién nap vi
khuén Bacillus Spp. v6i plasmit, plasmit nay ¢ thé dugc tuyén tinh héa, co thé chira it
nhit mot phan nhénh trai cta gen thy4 cta vi khudn Bacillus Spp., gen khac loai, va it
nhét mét phin nhénh phai cia gen thy4 cta vi khuan Bacillus Spp.. Bude (i) ¢6 thé
duoc thuc hién véi vecto bét ky nhu duge boc 10 ¢ day. Su bién nap c6 thé duoc tién
hanh bing cach sir dung phuong phéap gy xung dién.

Budc (ii) va/hodc budce (iv) cd thé duoc thuc hién bang cich st dung binh thich
hop bit ky, nhu dia Petri hodc dia nudi cAy t€ bao, chira mdi trudng sinh trudng bét ky
nhu duoc boc 10 & day. Theo mot phuong 4n, trong bude (ii) va/hodc bude (iv), vi
khuén Bacillus Spp. c6 thé dugc sinh truong trong méi trudng chira chit chiét nim
men (YE) v6i ndng d nhd hon 2 mg/ml. Theo phuong an dugc wu tién, moi truong
niy ¢6 YE véi ndng d6 nho hon 1,5 mg/ml, 1 mg/ml, 0,5 mg/ml, 0,25 mg/ml, 0,125
mg/ml, 0,1 mg/ml, 0,01 mg/ml, 0,001 mg/ml, 0,0001 mg/ml, hodc 0 mg/ml. Theo mot
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phuong 4n, méi truong trong d6 vi khudn Bacillus Spp. duge sinh truong khong chira
YE.

Theo mdt phuong 4n, trong budc (ii) va/hodc bude (iv), vi khuén Bacillus Spp.
6 thé duoc sinh trudng trong mdi truong chira thymin hodc thymidin. Theo phuong
an duoc uu tién, thymin hodc thymidin c6 thé c6 mat véi néng d6 nim trong khoang tir
0,1 pg/ml dén 1000 pg/ml, tir 1 pg/ml dén 500 pg/ml, nhd hon hoc bang 300 pg/ml,
tir 10 pg/ml dén 200 pg/ml, tir 20 pg/ml dén 100 pg/ml, tir 30 pg/ml dén 80 pg/ml, tir
35 pg/ml dén 65 pg/ml, tir 45 pg/ml dn 55 pg/ml, hodc tt hon 1a khoang 50 pg/ml.

Theo mdt phuong 4n, trong bude (ii) va/hodc budc (iv), méi truong sinh truéng
la mbi trudng sinh truéng thich hop bat ky, ching han mdi trudng tdi thiéu cia
Spizizen (Spizizen’s Minimal Medium: SMM).

Theo mot phuong 4n, lugng trimethoprim ¢6 mit trong bude (iv) cao hon luong
trimethoprim cé mat trong budc (ii).

Theo mdt phuong 4n, trong budc (i), moi trudng nay co thé chira trimethoprim
v6i ndng d6 nam trong khoang tir 0,001 pg/ml dén 20 pg/ml, tir 0,01 pg/ml dén 15
ug/ml, tir 0,1 pug/ml dén 10 pg/ml, tir 1 pg/ml dén 5 pg/ml, tir 2 pg/ml dén 4 pg/ml,
hodc t6t hon 14 khoang 3 pg/ml. Theo phuong 4n dugc uu tién, ndng do trimethoprim
nho hon ndng dd trimethoprim trong bude (iv).

Theo mdt phuong an, bude (ii) co thé bao gdm hozc gdm thdi gian sinh truong
fir 12 gitr dén 168 givs, tir 24 gidy dén 144 gio, tir 48 gior dén 120 gio, tir 60 gios dén 108
gid, hoc tir 72 gity dén 96 gid.

Theo mdt phuong an, cac té bao co6 su chén gen & locus thyd co6 thé duoc xac
dinh b'ﬁlng kha ning sinh trudéng ¢ nhiét do 37°C khi c6 mét hodc khong cé mat thymin
hodc thymidin nhung khong c6 kha ning sinh truéng ¢ nhi€t do 46°C trur khi dugc bd
sung thymin hodc thymidin. Phuong phép x4c dinh khac hogc thay thé 1a khuéch dai
béng phan tmg PCR d6i véi su 6 mit cia gen thé kham tir cée thé bién nap bang cach
stir dung cac doan mdi gén v6i trinh tu thyA. Theo mot sb phuong an, cac khuén lac c6
thé duogc sang loc va tach thanh hai loai: i) cac khuén lac mo c6 kich thudce 16n (2-3
mm sau thoi gian sinh trudong tir 72 gio dén 96 giv), ii) cac khudn lac trong md, ¢6
kich thuéce nho hon (1 mm sau thoi gian sinh trudng tir 72 gio dén 96 gio). Theo mot
) phuong 4n, cac khuén lac loai (i) c6 thé dugc chon loc.

Theo mdt phuong an, budc (iii) c6 thé duoc thuc hién bﬁng cach bién nap
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Bacillus Spp. v6i plasmit, plasmit nay ¢ thé duoc tuyén tinh héa, c6 thé chira it nhat
mdt phin nhénh trai cta gen thyB cla vi khudn Bacillus Spp., gen khac loai, va it nhit
mdt phan nhdnh phai clia gen thyB cua vi khuén Bacillus Spp.. Budc (iii) c6 thé duoc
thuc hién v6i vecto bt ky nhur duoc boc 16 & day. Su bién nap ¢6 thé dugc tién hanh
bang cach sir dung phuong phép gdy xung dién.

Theo mét phuong én, vi khuén Bacillus Spp. ¢6 thé duoc tao ra hodc dugc tao
kha bién dién bang cach st dung phuong phap bao gdm budc nudi cdy vi khudn
Bacillus Spp. trong mdi trudng chira chét chiét xuét men (YE) v6i ndng d6 nho hon 2
mg/ml. Theo phuong én duge wu tién, moi trudng nay c¢6 YE voi ndng d6 nho hon 1,5
mg/ml, 1 mg/ml, 0,5 mg/ml, 0,25 mg/ml, 0,125 mg/ml, 0,1 mg/ml, 0,01 mg/ml, 0,001
mg/ml, 0,0001 mg/ml, hodc 0 mg/ml. Theo mét phwong an, moi trudong trong do vi
khuin Bacillus Spp. dugc sinh truéng khong chita YE. Theo phuong 4n duge wu tién
nhét, vi khun Bacillus Spp. 1a ching c¢6 su chén gen thy4 nhu dugc tao ra boi cac
bude (i) va (ii).

Theo mot phuong 4n, YE ¢6 mat vi ndng d6 nho hon 2 mg/ml, ndng d6 bat ky
duogc boc 16 ¢ day, hodc t5t hon 1a khong c6 mit trong moi truong duge st dung ¢ gial
doan bit ky ctia quy trinh nay.

Theo mot phuong an, budce (iv) ¢ thé duoc thuc hién bing cach st dung moi
truomg c6 thé chira trimethoprim véi noéng d6 nhé hon hodc bang 80 pg/ml, nho hon
hodic bing 40 pg/mi, nhé hon hodc bing 30 pg/ml, tir 0,01 pg/mi dén 30 pg/mi, tir 0,1
ug/ml dén 20 pg/ml, tir 1 ug/ml dén 15 pg/ml, tir 2 pg/ml dén 10 ug/ml, tir 5 pg/ml
dn 7 pg/ml, hodc tot hon 14 khoang 6 pg/ml. Theo phuong én dugc uu tién, ndng do
trimethoprim cao hon ndng d¢ trimethoprim trong bude (ii).

Cac axit casamino (CAA) dugc tao ra bang cach thuy phén casein bing axit.
Thanh phin dién hinh 13 nhu sau, mic du cic gia tri bang sb nay 1a gin ding va cac
thay d6i v& thanh phan 1a chép nhan duoc dé st dung v6i sang ché: Ala 2,8%, Arg
3,6%, Asp 6,3%, Xystin 0,3%, Glu 21,1%, Gly 2,2%, His 2,7%, Ile 5,6%, Leu 8,4%,
Lys 7,5%, Met 2,7%, Phe 4,6%, Pro 9,9%, Ser 5,6%, Thr 4,2%, Trp 1,1%, Tyr 6,1%,
Val 5,0%. Axit CAA khong thé chira tryptophan.

Theo mot phuong an, trong budc (iv), vi khuén Bacillus Spp. c6 thé dugce sinh
trudng trong moi trudng chira axit casamino (CAA). Moi trudng nay co thé chira CAA

v6i ndng d6 nim trong khoang tix 0,0001% dén 5%, tir 0,001% dén 2%, tir 0,01% dén
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1%, tir 0,05% dén 0,5%, tir 0,1% dén 0,3%, hodc t6t hon 14 khodng 0,2% (trong
luong/thé tich).

Theo mdt phuong 4n, trong budce (iv), vi khuan Bacillus Spp. c6 thé dugc sinh
trudng trong mdi trudng ¢ bd sung it nhat mot axit amin. Theo cdc phuong an khac,
moi trudmg nay c6 thé chira mot hoge nhiéu axit amin ¢6 trong ty nhién bét ky, va tuy
v tAt ca céc axit amin c6 trong tu nhién hodc tAt ca cac axit amin c6 trong ty nhién
ngoai trlr tryptophan. Moi truong nay c6 thé chira serin, glyxin, xystein, methionin, tb
hop bét ky cua ching, hodc ca bdn axit amin. Mdi trudng nay cé thé chra axit amin
riéng biét bat ky v6i ndng @9 twong duong véi moi trudng chira CAA véi ndng do nim
trong khoang tir 0,0001% dén 5%, tir 0,001% dén 2%, tix 0,01% dén 1%, tir 0,05% dén
0,5%, tir 0,1% dén 0,3%, hodc t&t hon la bing khoang 0,2% (trong luong/thé tich). Do
d6, theo phuong 4n dugc vu tién, méi trudng nay c6 thé chira serin, glyxin, xystein,
va/hodc methionin v&i ndng d6 twong duong véi mdi truong chira CAA v6i ndng d6
khoang 0,2% (trong lwong/thé tich). Theo phuong 4n duoc uu tién khac, moi trudng
nay c6 thé chira cing cac axit amin nhu mdi truong chira CAA v6i nong @ khoang
0,2% (trong lwong/thé tich).

Theo mdt phuong an, budce (iv) ¢b thé bao gdm hoic gbm thoi gian sinh trudng
fir 6 ity dén 144 gidy, tir 12 gidr dén 120 gio, tir 24 git dén 96 gid, tir 36 gid dén 72 gio,
hodc khoang 48 gio.

Theo mdt phuong an, cac t4 bao c6 hai su chén gen ¢6 thé duge x4c dinh theo
kha ning khéng sinh truéng ¢ nhiét do 37°C hodc 46°C trr khi dugc bd sung thymin
hodc thymidin. Phuong phép xac dinh khéc hodc thay thé 12 khuéch dai bang phan Umg
PCR d6i voi su ¢6 mit cla cic gen thé kham tir céc thé bién nap bang céch sur dung
c4c doan mdi gén véi trinh tu cia thy va thyB.

Gen khac loai bat ky c6 thé duge st dung dé chén gen vao hodc mdi gen
thymidylat synthaza. Theo céc phuong an cu thé, cac gen khéc loai dugc dung hop véi
gen mé hoa protein vo clia bao tu, chéng han CotA, CotB, CotC, CotD, CotE, CotF,
hodc CotG cuia B. subtilis. Protein clia bao tir duge str dung co thé dugc chon tiy thudce
vao vi khudn cu thé duoc cai bién va gen thich hop duoc str dung. Céc protein v cua
bao tir thich hop dé st dung v&i Clostridium Spp. bao gbém CotA, CotB, CotC, CotD,
CotE, CotF, CdeC, BclAl, BelA2, hodc BelA3 (tai ligu 53, 54, 55).

Theo mot s& phuong an, gen khac loai c6 thé duoc chén vao gen thyA va chinh

11



52978 12/104

gen khéc loai nay cé thé duoc chén vao gen thyB. Theo cac phwong an khdc, gen khac
Joai khéc c6 thé duge chén vao gen thy4 ma tir 46 gen nay dugc chén vao gen thyB.

Theo mdt sd phuong an, bao tir tao thanh duoc tao ra bang quy trinh ndy mang
protein khéc loai dé sir dung trong viéc tiém ching. Bao tir tao thanh c6 thé mang
protein khac loai duoc biéu hién dudi dang enzym c6 hoat tinh. Bao tir tao thanh c6
thé mang protein khéc loai cho phép su lién hop clia cdc protein vdi bé mit bao tir.

Sau khi tao ra va chon loc chung chita cac gen khic loai khong c6 kha néng
tang sinh khi khong c6 mat thymin hodc thymidin, quy trinh c6 thé bao gébm budc nudi
chy chung nay. Qua trinh nu6i cly c6 thé 13 trén moi truong bét ky chira thymin hodc
thymidin, YE v6i ndng d nho hon 2 mg/ml hodc khong c6 mat, va it nhét mot axit
amin hoic hdn hop bt k¥ nhu duge béc 16 & ddy. Cc ndng dd ¢6 thé 1a ndng do bét
ky nhu duge boc 10 & day.

Do d6, theo phuong an cu thé, séng ché @& xuit quy trinh dua it nhit mot gen
khéc loai vao vi khudn B. subrilis va 1am cho B. subtilis khong c6 kha ning téng sinh
khi khong ¢6 mét thymin hodc thymidin, t5t hon 14 trong d6 quy trinh nay khong lién
quan dén viéc dua gen khang khang sinh vao, bao gdm céc budc:

(i) dua gen khic loai vao gen thy4 hodc gen thyB trong vi khudn B. subtilis;

(i) d& vi khudn B. subtilis sinh trudng v6i su c6 mdt cua trimethoprim va
thymin hodc thymidin, va YE v6i ndéng d nho hon 2 mg/ml, tuy y trong d6 YE khong
¢6 mat;

(iii) dua gen khac loai vao gen con lai trong s6 gen thyA hodc gen thyB trong Vi
khuan B. subtilis néu trén; '

(iv) d& vi khudn Bacillus Spp. néu trén sinh truéng vOi sy c6 mit cua
trimethoprim va thymin hodc thymidin, va YE véi ndng d6 nhé hon 2 mg/ml, tiy y
trong d6 khong c6 mit YE.

Theo phuong 4n dugc uu tién, YE c6 mat véi né)ng do nho hon 2 mg/ml, tdt
hon la 0 mg/ml, trong tAt ca cac budc sau bude (i). Theo phuong an duge vu tién,
thymin hoéc thymidin c6 mat dbi véi tht ca cac moi trudong nudi cdy sau bude (i). Theo
phuong 4n duoc wu tién, gen khéc loai duge dua vao gen thy4 trong bude (i) va gen
khac loai dugc dua vao gen thyB trong budc (iii).

Do d6, theo phuong an cu thé, séng ché dé xuit quy trinh dua it nhit mot gen

khéc loai vao vi khudn B. subtilis va 1am cho B. subrilis khong c6 kha nang téng sinh

12



52978 13104

khi khéng c6 mit thymin hodc thymidin, t8t hon 13 trong d6 quy trinh nay khong lién
quan dén viéc dua gen khang khang sinh vao, bao gdm céc budc:

(i) dua gen khac lodi vao gen thy4 hodc gen thyB trong Vi khudn B. subtilis;

(ii) dé vi khudn B. subtilis néu trén sinh trudng vo6i su c6 mat cua trimethoprim,
va v6i sy ¢6 mit ciia hodc thymin hodc thymidin;

(iii) dua gen khac loai vao gen con lai trong sd gen thy4 hodc gen thyB trong Vi
khuin B. subtilis néu trén;

(iv) & vi khudn Bacillus Spp. néu trén sinh truéng véi sy c6 mat cua
trimethoprim va thymin hodc thymidin, va it nhat mot axit amin, tiy y trong d6 CAA
c6 mat.

Theo phuong 4n dugc uu tién, thymin hodc thymidin c6 mat ddi véi tat ca cac
mbi tredong nudi cdy sau bude (i). Theo phuong an duge uu tién, gen khac loai duogc
dua vao gen thyd trong budc (i) va gen khic loai dugc dua vao gen thyB trong budc
(iii).

Theo khia canh th{ hai, sang ché d& xuAt bao tir vi khudn thu duogc hodc cd thé
thu duoc bang quy trinh theo khia canh thir nhét.

Tt hon, néu bao t vi khuén 13 Bacillus spp. va chira cic gen thyd va thyB
khong c6 chirc nédng, &t hon 1a do viée dua céc gen khéc loai vao do.

Theo khia canh thir ba, sang ché d& xuéit bao tir vi khudn chira it nhat mot gen
khac loai va khong c6 kha ning tang sinh khi khoéng cd mét thymin hodc thymidin,
trong d6 bao tlr vi khudn dugc tao ra bang quy trinh bao gbm cac budc:

(i) dua gen khéc lodi vao gen thymidylat synthaza trong vi khuén tao bao tir;

(ii) @ vi khuAn tao bao tir néu trén sinh truéng véi sy c6 mét cla trimethoprim;
va

(iii) tao ra bao tir vi khudn tir vi khudn tao bao tir néu trén.

Theo phuong 4n dugc uu tién, bao tr vi khuén khong chtra gen khang khang
sinh.

Theo phuong 4n dugc wu tién, bio tir vi khuin c6 thé 1a Bacillus Spp. Vi khuan
Bacillus spp. c6 thé 13 B. subtilis, B. cereus, B. pumilus, B. amyloliquefaeceans, B.
coagulans, B. clausii, B. licheniformis hodc B. megaterium. Tét nhét 1 vi khudn
Bacillus spp. 1a B. subtilis. Theo phuong an duoc uu tién khac, bao tir vi khudn co thé

14 Clostridium Spp. Vi khuan Clostridium spp. c6 thé 1a C. difficile, C. perfringens, C.
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tetani, C. botulinum, C. acetobutylicum, C. cellulolyticum, C. novyi hoac C.
thermocellum. T6t nhit néu vi khuan Clostridium spp. 1a Clostridium difficile.

Theo mét phuong 4n, sang ché d& xuit bao tir vi khudn chira it nhat mot gen
khéc loai va khong c6 kha ning tang sinh khi khong c6 mit thymin hogc thymidin,
trong d6 bao tir vi khuin nay dugc tao ra bing quy trinh bit ky nhu dugc boc 16 & day,
hodc bing céch sit dung méi truong nudi cdy hodc céc diéu kién bat ky nhu duge bdc
15.

Theo phuong an cu thé, sang ché dé xuét bao tir Bacillus Spp. chira it nhit mot
gen khéc loai va khong c6 kha nang tdng sinh khi khong c6 mat thymin hodc thymidin,
trong d6 bao tt Bacillus Spp. dugc tao ra bang quy trinh bao gdm céc budc:

(i) dua gen khac loai vao gen thy4 hodc gen thyB trong vi khudn Bacillus Spp.;

(i) d8 vi khun Bacillus Spp. néu trén sinh truéng voi su co mat cua
trimethoprim va v6i sy c6 mét cta thymin hodc thymidin, tiy y v6i su c6 mét cua YE
véi ndng @ nhé hon 2 mg/ml, tot hon 1a trong d6 YE khong c6 mat;

(iii) dua gen khéac loai vao gen con lai trong s6 gen thyA hodc gen thyB trong vi
khudn Bacillus Spp. néu trén;

(iv) @& vi khudn Bacillus Spp. néu trén sinh truéng véi sy c6 mit cla
trimethoprim, tuy y véi ndng d6 cao hon so voi ndng d6 trong budc (ii), va voi su cd
mit ctia thymin hodc thymidin,

tly y voi su ¢b mét ctia YE v6i ndng d6 nhé hon 2 mg/ml, t5t hon 13 trong d6
YE khong c6 mit,

tly y v&i su ¢6 mit cua it nhit mét axit amin, tuy y trong d6 CAA c6 mit; va

(V) tao ra cac bao tir vi khuAn tir vi khuén Bacillus Spp. néu trén.

Theo phuong 4n duge wu tién, gen khic loai dugc dua vao gen rhy4 trong bude
(i) va gen khac loai duogc dua vao gen thyB trong budc (iii).

Theo khia canh tht tu, sang ché dé xuht vecto dé str dung trong viéc dua gen
khac loai vao gen thyA trong vi khuén tao bao t.

Theo mdt phuong an, vecto ¢ thé chua it nhit mot phén cua phén ddu 5’ cua
gen thyA cia vi khuén Bacillus Spp., gen khac loai, va it nhét mot phin ctia phan dau
3’ clia gen thyA cta vi khudn Bacillus Spp..

Theo mdt phuong an, vecto ¢o thé chira nhanh trai va nhanh phai cua gen thy4

ctia vi khudn Bacillus Spp.. Cac nhanh niy c6 thé nam ¢ ving ria cua vi tri da tach
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dong. Ching han, vecto c6 thé bao gdm nhénh tréi (vi du, 900 bp) va nhanh phai (vi
du, 950 bp) cua gen thyA cua vi khuin B. subtilis.

Chidu dai ciia nhénh viing ria c6 thé dugc diéu chinh theo chiéu dai cta trinh tw
khac loai cAn duoc chén vao. Cac nhanh ving ria dai hon (vi du, ~1500bp) c6 thé can
thiét cho su chén gen 16n.

Céc vecto c6 thé chira gen khac loai duge chén vao & vi tri da tach dong. Gen
khéc loai c6 thé 1a gen thé kham chira protein v cua bao tir duge dung hop voi gen
khac loai. Ching han, protein vé ctia bao tir ¢6 thé 1a CotB hogic CotC cta vi khudn B.
subtilis. Cac vecto ¢6 thé chira: nhanh trai cua gen thy4 cla vi khuén Bacillus Spp.,
protein vo clia bao ti, vi tri da tach dong cho phép chén gen khéc loai sao cho né dugc
dung hop v6i protein vo ctia bao tir, va nhédnh phai cua gen thy4 cua vi khuén Bacillus
Spp..

Theo mot phuong an chi nham muc dich minh hoa, nhanh trai ctia gen fy4 c6
thé dugc ma hoa bang trinh tu axit nucleic dugc dua ra & day dudi dang trinh tu SEQ
ID NO: 3 nhu sau:

CAGATCATATAAGGAATGAACCGCTGCCAAATATCATAAAAAAGTTGTTAATGATCAAATGA
ATGAAATTAGAGAGAATTTATTTTAAAGAAAGCCCAATTGCACATGGACAAATGACAATTGA
TATTGAGGTAAAATACAATGCATTAAATCAGAAAAAGCTATTGGAGGATTTAATGTGTTTAG
ACAATTTCCAATTTGGTATACACAAACACCTGACTATTTGAATTTTTATGTACCGCAATATC
AAACCATTTCGTATAATCCTCAACAATGTTATCAACGGTGTATGTACCAAACTGGCGGTAAC
TATGAGCTATGTGACAGACTATGTTATGGAGAAATACAGGTGTAAAAGAGGGGGATTAACTC
CTCTTTAAACACACAGTGAGTGGAATAAGATCCTCACTTTATCTGCAAGTGCTTAGTATTTG
CGATAATATTGCATTCGTAATAAATTATGCTTAGCAACTGAARATGAAAGAAGGATATGAAT
AGTCATGACGCAATTCGATAAACAATACAATTCAATTATAAAGGATATTATCAATAATGGAA
TCTCAGACGAAGAGTTTGATGTAAGAACCAAGTGGGACTCAGATGGAACACCGGCACATACT
CTAAGTGTAATCAGTAAGCAAATGAGATTCGACAACTCAGAGGTTCCGATTTTAACGACAAA
AAAGGTTGCCTGGAAAACAGCCATTAAAGAGTTGCTCTGGATTTGGCAGCTGARATCTAATG
ATGTTAATGATTTAAACATGATGGGCGTCCATATTTGGGATCAGTGGAAACAAGAAGACGGA
ACCATCGGACATGCATATGGATTTCAGCTGGGGAAGAAAAACAGAAGTCTAAATGGAGARAA
AGTGGATCAGGTAGACTATCTTCTTCATCAAT

[SEQ ID NO: 3]
Trinh ty in dAm thé hién trinh ty ma héa thyd, trinh tu khong in d4m thé hién
vung ngugc dong. Do do, t6t hon 13 vecto chia trinh tur axit nucleic vé co ban nhu
duoc thé hién trong trinh tir SEQ ID NO: 3, hogc manh hodc bién thé clia no.
Theo mdt phuong &n chi nham muc dich minh hoa, nhanh phai ctia gen thy4 co6
thé duoc ma hoa béng trinh tu axit nucleic duogc dua ra & day dudi dang trinh tu SEQ
ID NO: 4 nhu sau:

TGAAGAACAATCCATCTTCACGCAGACACATTACAATGCTGTGGAATCCTGATGAATTAGAC
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GCAATGGCCTTAACGCCATGTGTATACGAGACACAATGGTACGTTAAACATGGGAAACTCCA
CCTTGAGGTAAGAGCACGGAGCAATGATATGGCATTGGGAAATCCATTCAATGTATTCCAGT
ATAATGTGTTGCAGCGCATGATTGCTCAAGTGACTGGTTATGAGCTTGGTGAATATATCTTT
AACATTGGGGATTGCCATGTGTACACACGTCATATAGACAATTTGAAAATTCAAATGGAAAG
AGAACAGTTTGAAGCACCTGAACTATGGATCAATCCTGAAGTGAAAGATTTTTATGACTTTA
CCATTGATGATTTCAAGTTAATCAACTATAAACATGGGGACAAGCTTTTATTTGAGGTAGCG
GTTTAATGCTGCCTTTTTATTGTGCAGTGAATAGATAGCAGGTATCCTAATTTCATTAAGCA
ATCTGGAAGATGAATAAAAATTGAAGGACAAACACGTATAATACATAAAAAAGATTAACTCT
ACAGTTAATCTTTTTTATTCAGAAGAAAATATCCTAACTTTGAAACTAAATACAAAGTAAAA
GCAATCATTACAGTTCTAGATATTACAATTCCATGAATAGCTAGATCATATCCAGCAGGTAT
CAACGCATTTGTATTACACATAAAATATATAGATATTAGAAGTGCTACAATAACTAAAATCA
TTCCAAAAAGACTTGTTTTTTCATATTTCATACCAATTTCCACCCTTATTAAAGTTAGGTTT
AAACAAAAGAGCTGAAGAAACGAACTATGACCAGTATGCTCCAAGGAAAACCGCCAGACAAT
GCTGGCGGCTTTTTGCTGCTTCGTTTATTTATTAACAGAGATCGTAACGTTATTTCCTGCAA
CTGAAACCTTTGCGAAATCC
[SEQ ID NO: 4]

Trinh tr in ddm thé hién trinh tw ma héa rhy, trinh tu khong in d4m thé hién
vung xubi dong. Do do, tdt hon 1a vecto chira trinh tu axit nucleic vé co ban nhu duoc
thé hién trong trinh ty SEQ ID NO: 4 hoic manh hofc bién thé ciia n6.

Vi tri da tach dong thich hop bat ky ¢6 thé duoc sir dung trong vecto theo séng
ché. Chéng han, theo mdt phuong an, vi tri da tach dong co thé duoc mé hoa bing
trinh tu axit nucleic duge dua ra & déy dudi dang trinh tw SEQ ID NO: 5 nhu sau:

AGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCCGGGGGTACCGAGCTCGAATTC
[SEQID NO: 5]

Do d6, tdt hon 14 vecto chira trinh tu axit nucleic vé co ban nhu duogc thé hién
trong trinh tu SEQ ID NO: 5 hoic manh hogc bién thé clia no.

Theo mot phuong én chi nham muc dich minh hoa, vecto thy4 c6 thé chira trinh
tur axit nucleic, trinh tur nay c6 thé duge ma hoa bing trinh ty axit nucleic dugc dua ra
& day dudi dang trinh ty SEQ ID NO: 6 nhu sau:

CAGATCATATAAGGAATGAACCGCTGCCAAATATCATAAAAAAGTTGTTAATGATCAAATGA
ATGAAATTAGAGAGAATTTATTTTAAAGAAAGCCCAATTGCACATGGACAAATGACAATTGA
TATTGAGGTAAAATACAATGCATTAAATCAGAAAAAGCTATTGGAGGATTTAATGTGTTTAG
ACAATTTCCAATTTGGTATACACAARACACCTGACTATTTGAATTTTTATGTACCGCAATATC
AAACCATTTCGTATAATCCTCAACAATGTTATCAACGGTGTATGTACCAAACTGGCGGTAAC
TATGAGCTATGTGACAGACTATGTTATGGAGAAATACAGGTGTAAAAGAGGGGGATTAACTC
CTCTTTAAACACACAGTGAGTGGAATAAGATCCTCACTTTATCTGCAAGTGCTTAGTATTTG
CGATAATATTGCATTCGTAATAAATTATGCTTAGCAACTGAAAATGAAAGAAGGATATGAAT
AGTCATGACGCAATTCGATAAACAATACAATTCAATTATAAAGGATATTATCAATAATGGAA
TCTCAGACGAAGAGTTTGATGTAAGAACCAAGTGGGACTCAGATGGAACACCGGCACATACT
CTAAGTGTAATCAGTAAGCAAATGAGATTCGACAACTCAGAGGTTCCGATTTTAACGACAAA
AAAGGTTGCCTGGAAAACAGCCATTAAAGAGTTGCTCTGGATTTGGCAGCTGAAATCTAATG
ATGTTAATGATTTAAACATGATGGGCGTCCATATTTGGGATCAGTGGAAACAAGAAGACGGA
ACCATCGGACATGCATATGGATTTCAGCTGGGGAAGAAAAACAGAAGTCTAAATGGAGARAAA
AGTGGATCAGGTAGACTATCTTCTTCATCAATAAGCTTGCATGCCTGCAGGTCGACTCTAGA
GGATCCCCCGGGGGTACCGAGCTCGAATTCTGAAGAACAATCCATCTTCACGCAGACACATT
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ACAATGCTGTGGAATCCTGATGAATTAGACGCAATGGCCTTAACGCCATGTGTATACGAGAC
ACAATGGTACGTTAAACATGGGAAACTCCACCTTGAGGTAAGAGCACGGAGCAATGATATGG
CATTGGGAAATCCATTCAATGTATTCCAGTATAATGTGTTGCAGCGCATGATTGCTCAAGTG
ACTGGTTATGAGCTTGGTGAATATATCTTTAACATTGGGGATTGCCATGTGTACACACGTCA
TATAGACAATTTGAAAATTCAAATGGAAAGAGAACAGTTTGAAGCACCTGAACTATGGATCA
ATCCTGAAGTGAAAGATTTTTATGACTTTACCATTGATGATTTCAAGTTAATCAACTATAAA
CATGGGGACAAGCTTTTATTTGAGGTAGCGGTTTAATGCTGCCTTTTTATTGTGCAGTGAAT
AGATAGCAGGTATCCTAATTTCATTAAGCAATCTGGAAGATGAATAAAAATTGAAGGACAAA
CACGTATAATACATAAAAAAGATTAACTCTACAGTTAATCTTTTTTATTCAGAAGAAAATAT
CCTAACTTTGAAACTAAATACAAAGTAAAAGCAATCATTACAGTTCTAGATATTACAATTCC
ATGAATAGCTAGATCATATCCAGCAGGTATCAACGCATTTGTATTACACATAARATATATAG
ATATTAGAAGTGCTACAATAACTAAAATCATTCCAAAAAGACTTGTTTTTTCATATTTCATA
CCAATTTCCACCCTTATTAAAGTTAGGTTTAAACAAAAGAGCTGAAGAAACGAACTATGACC
AGTATGCTCCAAGGAAAACCGCCAGACAATGCTGGCGGCTTTTTGCTGCTTCGTTTATTTAT
TAACAGAGATCGTAACGTTATTTCCTGCAACTGAAACCTTTGCGAAATCC

[SEQ ID NO: 6]

Do d6, tdt hon 13 vecto chira trinh ty axit nucleic v& co ban nhu dugc thé hién
trong trinh ty SEQ ID NO: 6, hodc manh hogc bién thé cta n6. Céc i trf gén doan moi
lam vi du c6 thé duge sir dung dé x4c dinh su chén gen khéc loai, duoc thé hién & vi tri
in ddm va gach chén.

Theo khia canh tht ndm, séng ché d& xuét vecto dé str dung trong viéc dua gen
khéc loai vao gen thyB trong vi khudn tao bao tir.

Theo mdt phuong an, vecto ¢ thé chira it nhit mot phin ctia phan dau 5° cia
gen thyB cla vi khuén Bacillus Spp., gen khac loai, va it nhét mot phén ctia phin dau
3’ cuia gen thyB cla vi khuan Bacillus Spp..

Theo mdt phuong 4n, vecto ¢o thé chira nhanh trai va nhanh phai ctia gen thyB
cta vi khudn Bacillus Spp.. Céc nhanh nay c6 thé nim & ving ria cua vi tri da tach
dong. Chéng han, vecto ¢6 thé bao gdm nhanh trai (900bp) va nhanh phai (1,1 kb) ctia
gen thyB cua vi khudn B. subtilis..

Chidu dai ctia nhanh ving ria cé thé dugc diéu chinh theo chiéu dai cta trinh tw
khéc loai cin dugce chén vao. Cac nhédnh ving ria dai hon (vi du. ~1500bp) co6 thé cin
thiét cho su chén gen 16n.

Céc vecto c6 thé bao gém gen khac loai duge chén ¢ vi tri da tach dong. Gen
khac loai nay c6 thé 1a gen thé kham chtra protein vo clia bao tir dugc dung hop voi
gen khac loai. Chéng han, protein v6 cluia bao tir c6 thé 1a CotB hodc CotC cua vi
khudn B. subtilis. Céc vecto ¢ thé chita: nhénh trai ctia gen thyB cla Vi khuén
Bacillus Spp., protein vo cla bao tu, vi tri da tich dong cho phép chén gen khac loai

sao cho né duge dung hop véi protein vo cua bao tir, va nhanh phai cia gen 4yB cua
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vi khuén Bacillus Spp..

Theo mét phuong an chi nhim muc dich minh hoa, nhanh trai cua thyB ¢ thé
duoc ma hoa bang trinh tr axit nucleic dugc dua ra & déy dudi dang trinh tu SEQ ID
NO: 7 nhu sau:

CCAAATCTGCCGCTCAGTGTTTGCATGGAGAATGTAGARAAAAGTCCTGAACAAACGTGAAAT
TATTCATGCTGTTTTGACAGGCCTTGCACTCGATCAGCTTGCAGAACAGAAACTTCTCCCCG
AACCGCTGCAGCACCTTGTTGAAACGGATGAACCGCTTTACGGCATAGATGAAATTATCCCG
CTTTCAATCGTTAATGTGTACGGGTCGATCGGTTTGACCAATTTCGGTTATTTGGATAAAGA
GAAGATTGGAATTATTAAGGAACTTGATGAAAGTCCAGACGGTATTCACACCTTTTTGGATG
ATATTGTGGCAGCTCTTGCTGCAGCAGCGGCGAGCAGAATTGCACATACGCATCAGGATCTG
CAAGATGAAGAAAAAGAACAGGATGAAAAGCCTGTCGTCAGCTGACTATAAAAAAATCATTT
CTGGGTTCAGAAATGATTTTTTATTGTGTTACACTACTAGAAGACTACTTTTAAAGGATGAA
AAAAATGAAACAGTATAAGGATTTCTGCAGACATGTTTTAGAGCATGGTGAGAAARAGGGAG
ACCGGACTGGGACCGGAACAATCAGCACTTTCGGATATCAAATGAGATTTAATTTACGGGAA
GGCTTTCCGATGCTCACCACTAAAAAACTCCACTTTARATCAATTGCGCATGAACTGCTGTG
GTTCTTAAAAGGAGATACGAATGTACGCTATCTGCAGGAAAACGGAGTGCGAATCTGGAATG
AGTGGGCTGATGAAAACGGTGAACTTGGACCTGTATATGGCTCCCAATGGCGTTCTTGGCGGE
GGAGCTGATGGAGAAACCATTGATCAAATTTCCCGTCTTATTGAAGATATTAAAACARATCC
GAACTCCAGACGCTTAATCGTCAGCGCCTGGA

[SEQ ID NO: 7]
Trinh tu in ddm thé hién trinh tu ma héa thyB, trinh tu khong in ddm thé hién
vung ngugc dong. Do do, tot hon 1a vecto chira trinh tu axit nucleic vé co ban nhu
duoc thé hién trong trinh tr SEQ ID NO: 7, hodc manh hoc bién the ctia né.
Theo mét phuong an chi nhim muc dich minh hoa, nhanh phai cua thyB c6 thé
duoc mé hoa b%mg trinh tu axit nucleic duoc dua ra & ddy dudi dang trinh tu SEQ ID
NO: 8 nhu sau:

ATGTTGGTGAAATTGATAAAATGGCGTTGCCGCCGTGCCATTGCCTGTTCCAATTCTATGTG
TCTGACGGCAAGCTGTCCTGTCAGCTGTATCAGCGCTCTGCCGATGTTTTCTTAGGTGTGCC
GTTTAATATTGCATCTTATGCCCTCCTAACCATGATCATTGCTCATGTGACTGGGCTTGAAC
CGGGCGAGTTCATCCATACGTTTGGTGATGTTCATATTTACCAAAATCATATTGAACAAGTC
AATTTGCAGCTGGAAAGAGATGTTAGACCGCTTCCGCAGCTTCGTTTCGCCAGAAAGGTTGA
TTCTATTTTTAACTTTGCATTTGAGGACTTTATCATCGAGGATTATGATCCGCATCCTCATA
TAAAAGGGGCGGTCAGCGTATGATTTCATTCATTTTTGCGATGGATGCCAACAGGCTTATCG
GCAAAGACAATGATTTGCCGTGGCATTTGCCCAATGATCTTGCATACTTTAAGAAAATAACA
TCGGGCCATTCAATCATTATGGGCCGGAARACATTTGAATCGATCGGACGTCCGCTTCCAAA
TCGGAAAAATATTGTCGTTACCTCAGCGCCGGATTCAGARATTTCAGGGATGCACGGTTGTCA
GTTCATTAAAGGATGTACTGGACATTTGTTCAGGCCCTGAAGAATGCTTTGTGATCGGAGGG
GCTCAGCTCTATACGGACCTGTTCCCTTATGCGGACAGACTGTATATGACGAAAATTCATCA
CGAGTTTGAGGGTGACCGTCACTTTCCTGAATTTGATGAATCCAATTGGAAGCTGGTTTCTT
CTGAGCAGGGGACCAAAGACGAAAAAAACCCGTATGATTACGAATTTCTAATGTATGARRAA
AAGAAATCTTCTAAAGCGGGAGGATTTTAATTGGTTCGCTACAGCCTTCTAGTGGTTTATAT
TGTGTATATGCTGTTAAAAAATATGAAACAATTATTTAATCAAACAATGCTCGATCCCCGTC
TGTCATACAAAAAACAGATGGCTCTTGTGTACGAACAGCCAAAGGCGTTTTTAGAAGGCTGT
ATCGGCATCTCCGGTTCAGTTGTGACGATCCATCAGCCAGA
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[SEQ ID NO: 8]

Trinh tw in dam thé hién trinh tw m& hoa rayB, trinh tu khong in dam thé hién
vung nguoc dong. Do do, t6t hon 13 vecto chta trinh tr axit nucleic vé co ban nhu
duoc thé hién trong trinh ty SEQ ID NO: 8, hodc manh hodc bién thé ca nod.

Céc phuong 4n minh hoa trén ddy cua ca trinh tu thyd va thyB duoc du dinh
lam vi du. Nhu ngudi cé hiéu biét trung binh trong linh vuc nay da biét, cac trinh tu
nay c6 thé thay dbi gitta céc loai, cu thé 13 c6 su thay d6i 16n gifta trinh ty ngugce dong
va trinh tu xudi dong.

Vi tri da tach dong thich hop bit ky c6 thé duoc stir dung trong vecto cla sang
ché. Chang han, theo mot phwong 4n, vi tri da tach dong co thé duoc ma hoa bing
trinh tu axit nucleic duoc dua ra & day dudi dang trinh tw SEQ ID NO: 9 nhu sau:

AAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCCGGGGGTACCGAGCTCGAATTCTG
[SEQ ID NO: 9]

Do d6, tét hon 1a vecto chira trinh ty axit nucleic vé co ban nhu duogc thé hién
trong trinh tw SEQ ID NO: 9, hodc méanh hodc bién thé cta no.

Theo mdt phuong an, vecto thyB co6 thé chira trinh tu axit nucleic, trinh tu ndy
¢ thé duoc ma hoa bang trinh tu axit nucleic dugc dua ra ¢ day dudi dang trinh tu
SEQ ID NO: 10 nhu sau:

CCAAATCTGCCGCTCAGTGTTTGCATGGAGAATGTAGAAAAAGTCCTGAACAAACGTGAAAT
TATTCATGCTGTTTTGACAGGCCTTGCACTCGATCAGCTTGCAGAACAGAAACTTCTCCCCG
AACCGCTGCAGCACCTTGTTGAAACGGATGAACCGCTTTACGGCATAGATGARATTATCCCG
CTTTCAATCGTTAATGTGTACGGGTCGATCGGTTTGACCAATTTCGGTTATTTGGATAAAGA
GAAGATTGGAATTATTAAGGAACTTGATGAAAGTCCAGACGGTATTCACACCTTTTTGGATG
ATATTGTGGCAGCTCTTGCTGCAGCAGCGGCGAGCAGAATTGCACATACGCATCAGGATCTG
CAAGATGAAGAAAAAGAACAGGATGAAAAGCCTGICGTCAGCTGACTATAAAARARTCATTT
CTGGGTTCAGAAATGATTTTTTATTGTGTTACACTACTAGAAGACTACTTTTAAAGGATGAA
AAAAATGAAACAGTATAAGGATTTCTGCAGACATGTTTTAGAGCATGGTGAGAAAAAGGGAG
ACCGGACTGGGACCGGAACAATCAGCACTTTCGGATATCARATGAGATTTAATTTACGGGAA
GGCTTTCCGATGCTCACCACTAAAAAACTCCACTTTAARATCAATTGCGCATGAACTGCTGTG
GTTCTTAAAAGGAGATACGAATGTACGCTATCTGCAGGARAACGGAGTGCGAATCTGGAATG
AGTGGGCTGATGAAAACGGTGAACTTGGACCTGTATATGGCTCCCAATGGCGTTCTTGGCGG
GGAGCTGATGGAGAAACCATTGATCAAATTTCCCGTCTTATTGAAGATATTAAAACAAATCC
GAACTCCAGACGCTTAATCGTCAGCGCCTGGAAAGCTTGCATGCCTGCAGGTCGACTCTAGA
GGATCCCCCGGGGGTACCGAGCTCGAATTCTGATGTTGGTGAAATTGATAAAATGGCGTTGC
CGCCGTGCCATTGCCTGTTCCAATTCTATGTGTCTGACGGCAAGCTGTCCTGTCAGCTGTAT
CAGCGCTCTGCCGATGTTTTCTTAGGTGTGCCGTTTAATATTGCATCTTATGCCCTCCTAAC
CATGATCATTGCTCATGTGACTGGGCTTGAACCGGGCGAGTTCATCCATACGTTTGGTGATG
TTCATATTTACCAAAATCATATTGAACAAGTCAATTTGCAGCTGGAAAGAGATGTTAGACCG
CTTCCGCAGCTTCGTTTCGCCAGAARAGGTTGATTCTATTTTTAACTTTGCATTTGAGGACTT
TATCATCGAGGATTATGATCCGCATCCTCATATAAAAGGGGCGGTCAGCGTATGATTTCATT
CATTTTTGCGATGGATGCCAACAGGCTTATCGGCAAAGACAATGATTTGCCGTGGCATTTGC
CCAATGATCTTGCATACTTTAAGAAAATAACATCGGGCCATTCAATCATTATGGGCCGGAAA
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ACATTTGAATCGATCGGACGTCCGCTTCCAAATCGGAAAAATATTGTCGTTACCTCAGCGCC
GGATTCAGAATTTCAGGGATGCACGGTTGTCAGTTCATTARAGGATGTACTGGACATTTGTT
CAGGCCCTGAAGAATGCTTTGTGATCGGAGGGGCTCAGCTCTATACGGACCTGTTCCCTTAT
GCGGACAGACTGTATATGACGAAAATTCATCACGAGTTTGAGGGTGACCGTCACTTTCCTGA
ATTTGATGAATCCAATTGGAAGCTGGTTTCTTCTGAGCAGGGGACCAAAGACGAAAAARACC
CGTATGATTACGAATTTCTAATGTATGAAAAAAAGAAATCTTCTAAAGCGGGAGGATTTTAA
TTGGTTCGCTACAGCCTTCTAGTGGTTTATATTGTGTATATGCTGTTAAAAAATATGAAACA
ATTATTTAATCAAACAATGCTCGATCCCCGTCTGTCATACAAAAAACAGATGGCTCTTGTGT
ACGAACAGCCAAAGGCGTTTTTAGAAGGCTGTATCGGCATCTCCGGTTCAGTTGTGACGATC
CATCAGCCAGA

[SEQ ID NO: 10]

Do d4, tét hon 13 vecto chira trinh tu axit nucleic v& co ban nhu dugc thé hién
trong trinh ty SEQ ID NO: 10, hodc méanh hogc bién thé cta né. Vi du céc vi tri gz"m
doan mdi, c6 thé duoc st dung d& xéc dinh su chén gen khac loai, dugc thé hién trong
phén in ddm va gach chén.

Theo khia canh thir séu, sang ché dé xuéit kit chtra céc chét phan tmg dé sir dung
v6i quy trinh cla sang ché.

Theo mot phuong 4n, kit ¢ thé chira méi truomg bt ky nhu duge boc 16 & day,
chang han m6i trudong chira YE voi ndéng d6 nhé hon 2 mg/ml, hodc khong chira YE.
Kit c6 thé chtra trimethoprim. Kit c6 thé chita mdi trudng c6 chira trimethoprim, tlty y
hai méi trudong, mot moi trudng co ndng d6 trimethoprim cao hon mdi truong con lai.
Kit c6 thé chia CAA. Kit c6 thé chira mot hoic nhidu axit amin, hodc 6 hop hodc
ndng d6 bét ky nhur dugc boc 16 & day. Kit c6 thé c6 cac huong dan md ta viée sir dung
kit nay hodc mé ta quy trinh bat ky nhu duoc bde 16 & day. Kit ¢6 thé chira it nhit mét
d chira dé thyc hién quy trinh nhu duge boc 16 & day, chang han dia Petri.

Theo mot phuong an, kit ¢o thé chira m6t hodc nhiéu vecto cua sang ché. Kit c6
thé chira vecto d& st dung trong viéc dua gen khac loai vao gen thy4 trong vi khuén
tao bao ti va/hodc vecto dé sir dung trong viée dua gen khéc loai vao gen thyB trong vi
khun tao bao tir. Kit c6 thé chira trinh tu axit nucleic bao gbm gen khéc loai, nhu gen
dung cho vacxin, dé lién hop protein, hodc enzym. Kit c6 thé chira trinh tu axit nucleic
bao gdm ca protein vo clia bao tir. Protein v6 ctia bao tir ¢o thé duge tao cAu hinh dé c6
thé gén dé dang v6i gen khéc loai, chéing han gan véi vi tri da tach dong.

Cén hiéu ring sang ché m& rong dén axit nucleic hodic peptit bt ky hodc bién
thé, dan xuit hoic chét tuong tu clia ching, bao gém chu yéu 13 trinh tu axit amin hodc
axit nucleic ctia trinh tu bat ky trong sb céc trinh tur duoc dé cap & day, bao gdm ca cic

bién thé chic nang hodc cic manh chirc nang cua chung. Cac thudt ngit “chu yeu la

20



52978 21/104

trinh tur axit amin/nucleotit/peptit”, “bién thé chitc ning” va “manh chiic ndng”, c6 thé
1 trinh tu c6 tinh ddng nhat trinh tu it nhét 40% voi trinh tu axit amin/nucleotit/peptit
clia trinh tu bit ky trong sb céc trinh tu dugc dé cap o day, vi du, cé tinh dbng nhét
40% véi trinh tu duoc xdc dinh dudi dang cac trinh tr SEQ ID No: 1 - 19.

Céc trinh tu axit amin/polynucleotit/polypeptit c6 tinh ddng nhét trinh tw 16n
hon 50%, tt hon nita 1a 1én hon 65%, 70%, 75%, va van tot hon nita la c6 tinh ddng
nhét trinh tu 16n hon 80% véi trinh tu bét ky trong s6 cac trinh tu dugc dé cap & day
cling dugc du dinh. Tét hon 12 trinh tu axit amin/polynucleotit/polypeptit ¢6 tinh ddng
nhat it nhat 85% v6i trinh tw bAt ky trong sé céc trinh tw duoc d& cap & day, t6t hon
nita 13 ¢6 tinh ddng nhét it nhét 90%, 92%, 95%, 97%, 98%, va tbt nhét 12 c6 tinh ddng
nhit ft nhit 99% véi trinh tu bat k trong sb céc trinh tu dugc & cép & ddy. |

Ngudi ¢6 hidu biét trung binh trong linh vy nay s& biét céch tinh ty 18 % tinh
ddng nhit gifra hai trinh tyr axit amin/polynucleotit/polypeptit. Pé tinh toan ty 1& %
tinh ddng nhét giita hai trinh tur axit amin/polynucleotit/polypeptit, trudc tién, sy déng
thing hang cta hai trinh tu phai duoc chuan bi, sau d6 tinh toan gié trj cla tinh dong
nhét trinh tw. T 1€ % tinh ddng nhAt cta hai trinh tw c6 thé c6 gia tri khac nhau, tuy
thudc vao:- (i) phuong phap duoc st dung dé dong thang hang cac trinh tu, vi duy,
ClustalW, BLAST, FASTA, Smith-Waterman (dugc thuc hién trong cac chuong trinh
khéc nhau), hodc dong thing hang chu trac tir sy so sanh 3D; va (ii) cac thong s6 duoc
st dung b6i phuong phép déng thang hang, vi du, su déng thang hang cuc b so véi
tong thé, phuong phap ma trén diém sb theo cip duge st dung (vi du, BLOSUM62,
PAM250, Gonnet, v.v.), va diém phat-khoang tréng, vi du, dang chirc ndng va h'?lng $6.

Sau khi tién hanh déng thing hang, c6 nhidu cch khéc nhau d¢ tinh toan ty 1&
% tinh ddng nhét gitta hai trinh tw. Vi du, c6 thé chia s lwong gbc co tinh ddng nhat
cho: (i) chidu dai ctia trinh tw ngén nht; (ii) chiéu dai déng thang hang; (i) chidu dai
trung binh cua trinh tu; (iv) s6 luong vi tri khong c6 khoang trong; hodc (iv) s6 luong
vi tri twong duong loai trir phin nho ra. Ngoai ra, cin hiéu ring ty 1 % tinh ddng nhat
cling phu thudc dang ké& vao chiéu dai. Do d6, chiéu dai cta trinh tu cang ngan, tinh
dbng nhét trinh tu cang cao, diéu nay c6 thé xay ra tinh co.

Do d6, can hiéu rang su déng thr?mg hang chinh x4c trinh tu cta protein hodc
ADN 1 qu4 trinh phitc tap. Chuong trinh déng thing hang nhidu trinh tw phd bién
ClustalW (Thompson et al., 1994, Nucleic Acids Research, 22, 4673-4680; Thompson
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et al., 1997, Nucleic Acids Research, 24, 4876-4882) 13 cach dugc wu tién dé tao ra su
déng thing hang nhiéu trinh tu cia proteins hodc ADN theo sang ché. Cac thong sb
thich hop ctia chuong trinh ClustalW c6 thé 1a nhu sau: doi v6i su déng thing hang
ADN: Piém phat m& khoang tréng = 15,0, Piém phat m& rong khoang trbng = 6,66,
va Ma tran = Tinh ddng nhét. Déi véi su dong thing hang protein: Diém phat m&
khoang tréng = 10,0, Diém phat m& rong khoang trbng = 0,2, va Ma trén = Gonnet.
Déi véi su déng thing hang ADN va protein: ENDGAP =-1, va GAPDIST = 4. Nguoi
c6 hiéu biét trung binh trong linh vuc nay s€ hiéu réng c6 thé can thay dbi cac thong sb
nay va cac thong s6 khac dé dong thing hang trinh tu t61 .

T4t hon 13 sau d6 viéc tinh toén ty 1€ % tinh ddng nhat gifta hai trinh tur axit
amin/polynucleotit/polypeptit co thé duogc thuc hién tir sy dong thing hang theo cong
thire (N/T)*100, trong d6 N la s6 lwong vi tri ma & d6 cac trinh tu c6 chung mot gbc
gidng nhau, va T 1a tdng sd vi tri duoc so sanh bao gdm ca c4c khoang trbng va bao
gbm hozc khong bao gdm c4c phan nhd ra. Tét hon 1a c4c phan nho ra dugc bao gbém
trong viéc tinh toan nay. Do d6, phuong phap dugc uu tién nhét dé tinh toan ty 1& %
tinh ddng nhét gitta hai trinh tu bao gbm céc bude (i) chudn bi déng thing hang trinh
tu bing cach sir dung chuong trinh ClustalW sir dung tép hop cac thong s thich hop,
vi du, nhu dwoc néu trén day; va (ii) chén cac gié tri ciia N va T vao cong thirc sau:-
Tinh ddng nht trinh tw = (N/T)*100.

Céc phuong phép khac &2 x4c dinh céc trinh tu tuong tu s& duoc ngudi ¢b hidu
biét trung binh trong linh vuc nay biét r3. Vi du, trinh ty nucleotit gan nhu twong tu s&
dugc ma hoa béng trinh tu lai voi céc trinh tur duge thé hién hoic céc phén bd tro cua
chiing, trong cac diéu kién nghiém ngit. Cum tlr cac diéu kién nghiém ngit clia cac tac
gia séng ché ¢6 nghia 14 nucleotit lai v6i ADN hodc ARN dugc gén véi bo loc trong
3x natri clorua/natri xitrat (SSC) & nhiét do khoang 45°C, sau d6 rira it nhat mot lan
trong 0,2x SSC/0,1% SDS & nhiét d ndm trong khoang tir 20 dén 65°C. Theo cach
khéc, polypeptit gin nhu twong tw c6 thé khac biét boi it nhét 1, nhung it hon 5, 10, 20,
50 hoac 100 axit amin so v&i céc trinh tw duoc thé hién.

Do su suy bién ctia ma di truyén, rd rang 1a trinh tu axit nucleic bét ky duoc mod
ta & day co thé duoc bién ddi hodc thay dbi ma khong 1am anh huong ding ké dén
trinh tu cta protein dugc mé hoa, nh¢ do tao ra bién thé chirc ning cua no. Cac bién

thé nucleotit thich hop 12 céc bién thé c6 trinh tw dugc thay dbi bang céch thay thé cac
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codon khac nhau mi hoéa ciing axit amin trong trinh tu, do do tao ra su thay dbi cam.
Cac bién thé thich hop khéc 1 céc bién thé 6 trinh tu nucleotit tvong dong nhung
chira tit ca, hodc cac phan, ciia trinh tw, duoc thay dbi bang cach thay thé cac codon
Kkhac nhau m3 hoa axit amin c6 mach bén c6 dic tinh ly-sinh hoc tuong tu v6i axit
amin ma no thay thé, dé tao ra su thay dbi bao toan. Vi du, cac axit amin ky nudc,
khong phan cuc, kich thuéc nho bao gém glyxin, alanin, leuxin, isoleuxin, valin,
prolin, va methionin. Céc axit amin ky nudc, khong phan cuc, kich thudc 16n, bao gbm
phenylalanin, tryptophan va tyrosin. C4c axit amin trung tinh phén cuc bao gbm serin,
threonin, xystein, asparagin va glutamin. Céc axit amin (6 tinh bazo) mang dién tich
duong bao gdm lysin, arginin va histidin. C4c axit amin (co tinh axit) mang dién tich
Am bao gOm axit aspartic va axit glutamic. Do do, cAn hiéu ring céc axit amin c6 thé
duoc thay thé bing axit amin ¢6 céc dic tinh ly-sinh hoc tuong tu, va ngudi c6 hidu
biét trung binh trong linh vuc nay s& biét cé4c trinh tw nucleotit ma hoa cac axit amin
nay.

T4t ca cac diu hiéu duge mo ta & day (bao gdm ca phan yéu cAu bao ho, tom tat
va céc hinh v& kém theo), va/hodc tit ca cac budc cua phuong phdp hodc quy trinh bt
ky d& duoc boce 19, cb thé duoc két hop véi khia canh bét ky trbng sb cac khia canh
trén day theo cach két hop bét ky, ngoai trir sy két hop trong 4o it nhit mot sé du hiéu
va/hoac budc trong s6 cac diu hiéu va/hoic budce nay 1a loai trix 14n nhau.

MSJ ta vin tit cdc hinh vé

P& hidu 16 hon séng ché, va & chimg minh cac phuong 4n cla sang ché c6 thé
duoc tién hanh cé hiéu qua, phan sau day s& dé cap dén cac hinh vé kém theo, trong
doé:

Fig.1 thé hién so dd céu truc cia chung vi khuén. P& tao cu tric chén léch vi
tri & locus thyA va thyB cua vi khudn B. subtilis, can thuc hién hai budc. Trong budc 1,
plasmit pThyA mang gen thd kham duoc tuyén tinh héa (phéan giai bing enzym Apall)
va duoc dua vao cac té bao cla chung B. subtilis kiéu dai (trong truong hop nay la
ching PY79) bang cach bién nap qua trung gian ADN. Céc thé bién nap Tm® dugc
chon loc trén thach SMM chura trimethoprim (3 pg/ml) va thymin (50 pg/ml) va cé su
chén gen ADN thyA4 tuong ddng ciing v6i gen th8 kham, bang céach thay thé gen danh
d4u, nhu dugc thé hién. Trong budc thit hai, ADN plasmit d& tuyén tinh hoa cua vecto

pThyB mang gen thé kham giéng hodc khac nhau duoc dua vao cac té bao ctia ching

23



52978 241104

6 su chén gen thy4 dugc tao ra trong budc thir nhét. Viéc chon loc dbi vai TmR duoc
thue hién trén thach SMM + CAA chira trimethoprim (> 6 ug/ml) va thymin (50
png/ml);

Fig.2 1a @b thi thé hién su sinh truéng cua chung trong moéi truong t61 thidu.
PY79 kidu dai (hinh A), SH13 thyA::cotB-tcdAzs39 (hinh B) va SH14 thyA::cotB-
tcdAzs.39 thyB::cotC-tcdAzs.39 (hinh C) dugc sinh trudng trong moi truong SMM &
nhiét d6 37°C ¢6 bd sung (ky hidu bang hinh mau den) hodc khong bd sung (ky hiéu
bing hinh mau tréng) thymin (50 pg/ml);

Fig.3 th hién mirc d6 bidu hién protein v6 ctia bao tir. Cac ching B. subtilis ¢d
su chén gen & locus thyd va thyB duogc thir nghiém bing phuong phap thdm tach
Western dbi véi protein vo cua bao tir duoc chiét tir hon hop bao tir tinh Kkhiét. Mbi
hinh thé hién cac dai thu dugc trong chét chiét cia cac bao tir kieu dai (PY79) hodc
bao tir c6 su chén gen thyd va thyB (hinh AB) hodc, ngoai ra trén hinh D, céc bao tir
chi ¢4 su chén gen thy4 (hinh A). Céc hinh 4 va B thé hién két qua phan tich cua
SH12 thyA::cotB-vp26 thyB::cotC-vp28 v6i khang thé khang VP28 (hinh A) va khang
thé khéng VP26 (hinh B). Hinh C thé hién két qua phéan tich ctia SH14 thyd::cotB-
tedA26.39 thyB: :cotC-tcdA26.39. Hinh D thé hién két qua phan tich ctia SH16 thy4.:cotB-
SA thyB::cotB-SA. Céc dai twong (mg véi céc protein thé kham dugc ddnh dau (*) véi
thanh phin gén protein vo lién quan (CotB hogc CotC). Protein nay dugc tai vao mdi
13 turong tmg voi chét chiét tir 2 X 108 bao tir (xem phan phuong phap);

Fig.4 1a biéu dd thé hién muc do biéu hién bé mit duge xic dinh béng “thir
nghiém ELISA bao tt nguyén”. Hinh 4; Cac dia vi chuén dugc phu cac bao tir (2 X
10818) PY79 (spo*), PP108 (amyE::cotC-tcdAzs39 thrC::cotB-tcdA26.39), SHI13
(thyA::cotB-tcdAzs.39) va SH14 (thyA::cotB-tcdAz6-39 thyB::cotC-tcdA26.39) va sau do
duoc do bing PAb cua thd khang bao tir (theo ty 1€ 1:1000) hodc khang TcdAz6-39
(theo t 1& 1:500). PAD tht cép theo ty 1& 1:5000 va huyét thanh nguyén thé dugc sir
dung d8 so sénh, va mirc nén duoc trir di.

Hinh B; gibng nhu hinh A nhung sir dung céc bao tu PY79, ACO1 (thyA::cotB-
vp28) va ACO2 (thyA::cotB-vp28 thyB::cotB-vp28) dugc tao mdi bing PAb cua thd
khéng bao tir (theo ty 1€ 1:1000) hodc khdng VP28 (theo ty 1€ 1:300);

Fig.5 12 dd thi thé hién sy sinh truong cla cac ching trong moi trudng giau. Sy
sinh truéong & nhiét 4o 37°C cua PY79 (mw), SHI3 () va SH14 (A) dugc thuc hién
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trong: hinh A, LB + thymin (50 pg/ml); hinh B, LB; hinh C, DSM + thymin (50
ug/ml) va hinh D, DSM;

Fig.6 1a db thi thé hién ty 18 sdng trong duong da day ruét (GI) ctia chudt. Cac
con chudt (n= 5 con/nhém) dugc cho sir dung mot liéu duy nhét qua dudong miéng cua
cac bao tir (2 X 10°) SH14 c6 su chen gen 6 locus thyd va thyB hodac SH250, chung
kidu dai v& co ban dugc huéng dich bing gen dénh d4u khang chloramphenicol. S6
Juong bao tir chiu nhiét trong phan duoc xac dinh trong khoang thoi gian 12 gio sau
khi dung lidu. S6 luong bao tir SH14 duge xéac dinh trén aga 6 bd sung trimethoprim
va thymin (®). Khi khong c6 mat thymin, khong phat hién duoc CFU (A). S6 lugng
CFU cta SH250 duoc xéac dinh trén aga c6 bd sung chloramphenicol (®);

Fig.7 la bidu dd thé hién tinh sinh mién dich cta céc bao tir SH14 biéu hién
khang nguyén C. difficile TcdAze-30. Cac bao tir (5 X 10'9) gdm SH14 (thyA::cotB-
tcdAz6.39 thyB::cotC-tcdAz6.39), PP108 (amyE::cotC-tcdA 2639 thrC::cotB-tcdA26.39) Va
PY79 (spo™) dugc st dung cho chudt (n=4) bing 6ng x6ng qua dudong miéng vao cac
ngay 1, 14, 35 va 57. Nong d6 IgG trong huyét thanh (hinh 4) va IgA trong phan (hinh
B) dic hidu v6i TedAssas) duge xéc dinh bing thir nghiém ELISA va chuén d6 diém
cubi dugc thé hién. **, p < 0,005; *** p <0,0002;

Fig.8 14 anh chup minh hoa sy li€n hop cua cac khéng thé véi streptavidin va
enzym dugc biu hién trén bao tir. Hinh A thé hién hinh anh quan sét duoc vé su lién
hop céc khang thé khang TcdAze.30 v6i cac bao tir SH16 bang cach sit dung phuong
phap huynh quang mién dich. Dé lam déi chimg, c4c bao tir PY79 khong ¢6 SA khong
lién hop. Hinh anh twong phan pha khing dinh su c6 mit cta cac bao tit PY79. Hinh
B thé hién hoat tinh cta subtilisin E dugc biéu hién trén bé mjt clia bao tir. Thach
casein duoc stt dung d& quan st hoat tinh cia proteaza. Céac dia dugc tao vét bang
20ul hdn dich chira cac bao tir SH20 (thyd.:aprE thyB::MCS) hodc PY79. Trong mdi
truong hop, nguyén lieu chy mang 5 X 108 bao ti. Pé lam d6i chuing dwong, 0,02 don
vi Streptomyces griseus proteaza (Sigma P5147) duoc st dung. Sau khi 4 24 gio ¢
nhiét 6 37°C, cac dia dugc nhuém béng thudc nhuém Bromocresol green va dugc U
trong 30 phut & nhiét d6 trong phong dé lam hién mau cac ving thoai bién. Hinh C thé
hién c4c dia tinh bot duge nhudm béng dung dich Lugol. Hon dich chita cac bao ti
tinh khiét ctia SH18 (10° va 100 cfu) hodc PY79 (10" cfu) dugc tao vét trén dia va
dugc U trong 48 gid. Céac dia mang ba chit khang sinh dé ngén ngira su sinh truéng
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cua vi khun. Céc bao tir biéu hién amylaza c6 hoat tinh tao ra ving trong subt;

Fig.9 1a hinh vé& so d thé hién su chén gen #hy trong bao tir SH12 (thyA::cotC-
vp26 thyB: :cotB-vp28). Céc doan & dau gin (7) va & dAu xa (P) cua thyd va thyB nim &
vung ria cta vi tri chén gen thé kham duoc thé hién. Cac khung doc m& (ORF) duge
thé hién bao gém: hypo, ORF mi hoa theo gia dinh, dhfr, dihydrofolat reductaza, /irC
(protein C cin nhiét d¢ thip);

Fig.10 1a hinh v& so db thé hién su chén gen thy trong bao tir SH14 (thyd.cotB-
tcdA 2659 thyB::cotC-tedAz.39). Céc doan & dau gn (7) va & dau xa (°) clia thyd va thyB
ndm & ving ria cta vi tri chén gen thd kham dugc thé hién. Khung ORF dugc thé hién
bao gdm: hypo, ORF ma hoa theo gia dinh, dhfr, dihydrofolat reductaza, /trC (protein
C cAn nhiét do thap);

Fig.11 12 hinh v& so dd thé hién sy chén gen thy vao bao tir SH16 (thyA.::cotB-
SA thyB::cotB-SA). Céc doan & diu xa (*) va dau gan (°) cta thyd va thyB ndm & ving
ria cla vi tri chén gen thé kham duoc thé hién. Khung ORF dugc thé hién bao gém:
hypo, ORF ma hoa theo gia dinh, dhfr, dihydrofolat reductaza, /trC (protein C cin
nhiét d6 thap);

Fig.12 1a hinh v& so d6 thé hién su chén gen thy vao bao tir SH20 (thyA: . cotB-
aprE thyB::MCS). Céc doan & dau gin () va dau xa (P) cua thy4 va thyB nidm & ving
ria cta vi tri chén gen thé kham duoc thé hién. Khung ORF duoc thé hién bao gém:
hypo, ORT mé hoéa theo gia dinh, diifr, dihydrofolat reductaza, /trC (protein C can
nhiét d6 thép);

Fig.13 12 hinh v& so dd thé hién sy chén gen thy vao bao tir SH18 (thyA::cotB-
amyE thyB::MCS). Céc doan & dau gin () va dau xa (°) cta thyd va thyB nim & ving
ria cua vi tri chén gen thé kham duoc thé hién. Khung ORF dugc thé hién bao gém:
hypo, ORF mi hoéa theo gia dinh, dhfr, dihydrofolat reductaza, /trC (protein C can
nhiét d6 thip);

Fig.14 la so dd thé hién tac dung cta trimethoprim dbi v6i con duong folat hoa.
Trimethoprim trc ché enzym 1a axit dihydrofolic (DHFR), chét can thiét cho sy tao ra
dihyrofolat (DHF) tir dihydropterat (DHP) cling nhu cin thiét cho sy tong hop axit
tetrahydrofolic (THF). Chét ndy ngin nglra su tbng hop axit metylenterahydrofolic
(MTHF) va su téng hop ca purin va pyrimidin. Trong vi khudn B. subtilis, hai enzym
thymidylat synthetaza (TS), TSaza A va TSaza B su dung MTHF dé tao ra pyrimidin
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thymidin va thymin. Sy lam bAt hoat ca hai enzym TS déu gay chét trir khi bd sung
thymin (hodc thymidin) ngoai sinh. Axit para-aminobenzoic (PABA) ciing dugc thé
hién 1a mot thanh phan ctia axit folic va SHMT (serin hydroxymetyltransferaza);

Fig.15 1a biéu dd thé hién su sinh trudng clia bao tir SH14 (¢hyA::cotB-tcdAzs
397 thyB::cotC-tcdAze.39) trong moi truong chira thymin hodc thymidin. SH14 duoc
sinh trudng trong moi truong SMM chita CAA 0,2% v6i ndng d6 cta thymin hodc
thymidin khac nhau. Cac mdi truong nudi chy dugc U trong 18 gio & nhiét do 37°C,
sau d6 mat d6 quang OD dugc xac dinh;

Fig.16 1a @ thi th hién sy mét kha ning song sau khi loai bo thymin. SH14
(thyA::cotB-tcdAzs.39 thyB::cotC-tcdAzs.39) duge sinh truong (6 nhiét do 37°C) trong
mdi trudng SOC chira trimethoprim (6 pg/ml) va thymin (50 ug/ml) qua dém va sau
d6 duoc cdy chuyén vao moi truomg SOC méi duge bd sung thymin (50 pg/ml). O mat
d6 ODsoo ndm trong khoang tir 0,5 dén 0,6, cac t& bao dugc thu hoach bang cach ly
tam, rira 3 1in bing PBS va dugc tao hén dich trong 20ml méi trurdong SOC 4m. 10ml
h3n dich té bao ndy dwoc cho vao mdi binh trong s6 hai binh ma thymin duoc thém
vao d8 tao ra ndng d6 cubi bang 50 pg/ml. Cac moi truong nudi céy dugce 1 ¢ nhiét do
37°C kém theo lic trong bé nuée va sb lugng don vi tao khudn lac (cfu) con séng/ml
duoc x4c dinh & cac thoi diém bang cich pha logng theo bac va dan mong;

Fig.17 14 d0 thi thé hién sy sinh truéng cua chung trong moi truong giau. Su
sinh trudng ¢ nhiét do 37°C cua PY79 (hinh A4), va SH14 (thyA::cotB-tcdA26-39
thyB::cotC-tcdAzs.39) (hinh B) dugc thuc hién trong moi truong LB + thymin v&i ndng
d6 ctia chét chiét ndm men khac nhau (mg/ml);

Fig.18 thé hién cac loai khudn lac sau khi lai di truyén lan th nhit. Sau khi
bién nap, quan sat dugc hai loai khudn lac: loai mo-c6 kich thude 16n (Typ 1) va loai
trong mo-kich thuéce nhé (Typ 2). Chi cac khuan lac loai m& c6 thé dugc st dung dé
gay xung dién dé tao céu tric cia chiing dugc chén hai gen; va

Fig.19 1a dd thi thé hién sy sinh truéng cta chung dugc chén gen thyd thyB
trong moi truong SMM. Sy sinh trudng & nhiét do 37°C cla bao tir SH14 (thyA::cotB-
tcdA z6.30 thyB: :cotC-tcdAz6.39) trong moi trudng SMM bing cach st dung cac chét bd
sung khac nhau dugc thé hién (thymin 50pg/ml, CAA (0,2% trong luong/thé tich)
Adenin (20pg/ml). Cac mdi trudng duge bb sung trimethoprim (3pg/ml) trén hinh 4
va khong bd sung trimethoprim trén hink B. Pé 1am ddi chimg, chung B. subtilis PY79
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cling dugc danh gia vé& su sinh truéng trong moi trudng SMM ma khong c6 cac chét
b sung.
M35 ta chi tiét sang ché

Thao tac di truyén d6i v6i bao tir vi khuén cua giéng Bacillus da ching minh
kh& nang dung d tiém chung va cung cap duoc chit hodc enzym. Pang chu y 1a cac
protein dugc biéu hién trén bé mit cta bao tir van duy tri duoc hoat tinh va thuong la
khong bi thodi bién. Tinh én dinh nhiét ctia céc bao tir duoc két hop véi tinh chiu duoc
qua trinh 1am kho cta chung lam cho ching thich hop dé cung cép cho ngudi hodc
dong vét qua duong miéng. Mac du c6 cdc ddc tinh nay, vAn c6 mot tré ngai can giai
quyét li€n quan dén sb phan clia cac bao tir tai td hop duogc chuyén vao méi trudng
dudi dang céc bao tir con song. Céc tac gia sang ché da khic phuc su ngan chin v& mit
sinh hoc déi véi bao tir GMO béing céch sir dung khi niém ‘chét vi khong ¢6 thymin’,
hién tuong da dugc théng béo 1an dau tién vao séu thap ky trudc nhung chua timg
duoc thuc hién thanh cong trén thuc té dé dua céc gen khac loai vao vi khuén tao bio
tr. Bang cach st dung B. subtilis, cic tac gia sang ché da chen gen thé kham vao hai
gen thymidylat synthaza, 1a thy4 va thyB st dung quy trinh hai budc. Trudce tién la
chén & thyd, sau d6 1a chén & thyB ma ¢ d6 su chen nay tao ra tinh khang véi
trimethoprim d cho phép chon loc cac thé t4i td hop. Piéu quan trong la phuong phéap
nay yéu cAu khong dua cac gen khang khang sinh méi vao. Cac vi khuén tai t6 hop
hodc t€ bao sinh dudng b sy phu thudc dang ké vao thymin hodc thymidin va khi
trong khong c¢6 mét chung, cac t€ bao bi lam tan va chét. Céc vi tri chén gen ¢6 tinh 6n
dinh va khéng c6 bing chimg rd rang vé su e ché hoic su hodi bién. Bang céach st
dung hé thdng nay, cac tac gia sing ché di tao ra thanh cong mot s6 vacxin bao tir

cling nhu céc bao tu biéu hién enzym c6 hoat tinh.

Nguyén liéu va phwong phdp
Cdc chiing, méi truong va phwong phdp chung

PY79 la chiung nguyén dudng cua vi khudn B. subtilis c6 ngudn gbc tlr ching
chudn 168 (tai lidu 28). PP108 (amyE::cotC-tcdAzs.39 thrC ::cotB-tedA26.39) da duge mo
ta trong phin khac clia ban md ta nay (tai ligu 4). Bao tir SH250 la dAn xuét nguyén
dudng cia PY79 mang gen car (mé hoa tinh khang voi chloramphenicol) duoc chen &
locus amyE. Cac phuong phdp chung d tién hanh v6i vi khudn B. subtilis bao gbm

‘phuong phap bién nap theo hai budc’ duge thuc hién nhu da mo ta trude day (tai li€u
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29). Mbi truomg hinh thanh bao tir Difco (Difco Sporulation Medium: DSM) 1a mdi
trudng tiéu chudn cho sy sinh trudng va hinh thanh bao tir ctia vi khuén B. subtilis (tai
lidu 30). P& thim tach Western, céc bao tir da tinh ché duoc chuén bi va 2 X 108 bao
tir dugc tao hdn dich trong 40pl chét dém Bolt LDS (Life Tech.) va dugc u ¢ nhiét do
95°C trong 10 phat. Hon dich bao tir duge ly tam (10 phut, 18000g) va 20ul dich nbi
bé mit duge dién di trén gel SDS-PAGE 12%.

Cac vecto pThy

pThyA (4274 bp) mang doan co chiéu dai 1910 bp chira nhanh trai (900 bp) va
nhéanh phai (950 bp) cuia gen thy4 cua vi khuén B. subtilis xung quanh vi tri da tach
dong (multiple cloning site: MCS) dugc tach dong vao pMA-RQ (2556 bp; Genscript,
M3). Cé hai nhanh mang trinh tu ADN b sung & dau ghn va dau xa lién k& véi thyA.
Tuwong tu, pThyB1 (4973 bp) mang doan co chiéu dai 2057 bp chira nhanh trai (900bp)
va nhénh phai (1,1 kb) ctia gen thyB cua vi khuan B. subtilis bao quanh MCS duoc
tach dong vao pBluescript SK(+) (2958 bp). Céc plasmit mang gen bla va céc trinh tu
nucleotit cia cac doan thyd va thyB dugc thé hién trong trinh tw SEQ ID NO: 6 va
SEQ ID NO: 10 (twong tng) va dugc thé hién duéi dang so d6 trén Fig.1. Cac plasmit
pThyA va pThyB duoc tao chu triic va mang céc gen thé kham dugc chén vao & vi tri
MCS ciia mdi vecto. Céc gen thé kham (khong duoc t6i wu héa dé sir dung codon)
chita sy dung hop trong khung giita doan & dAu 5’ cta cotB hodc cotC ctia vi khuén B.
subtilis v&i cac khung ORF ma héa vp26, vp28, tedAz6.39 hodc SA duoc téng hop trudce
tién véi cac dau 5° va 3’ thich hop dé tach dong phu & vi tri MCS cta céc vecto pThyA
va pThyB. Pi v6i hai gen aprE va amyE, céc tac gia sang ché khuéch dai tir khudn
ADN clia nhidm séc thé va sau d6 dung hop v6i cotB. Gen aprE (ma héa subtilisin E)
duwoc khuéch dai bang phan ung PCR tir chung B. subtilis (SG115) trong bd suu tap
clia téc gia sang ché va doan ma héa duoc khuéch dai khdng c6 cac viung & dau tin
cung N lién quan dén su tiét ra protein (pre) va hoat héa protein (pro) (tai liéu 31). Gen
amyE (ma hoa alpha amylaza) dugc khuéch dai tir ching trong phong thi nghiém
Bacillus amyloliquefaciens va dugc tach dong khong c6 trinh tu tin hiéu. Su dung hop
gen duogc st dung cho qua trinh nay dugc thé hién trén cac hinh v& tir Fig.9 dén
Fig.13.

Tao céu tric ciia cdc ching B. subtilis mang sw chén gen thyA va thyB

Quy trinh dugc phat tridn & day gém hai budc. Trong giai doan thir nhét, cac té
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bio clia ching thé nhan kiéu dai (trong qud trinh dugc md ta & day, chung nguyén
dudng PY79 duoc st dung) dugc tao tinh kha bién bang cach st dung quy trinh ‘bién
nap hai bugce’ duge md ta béi Dubnau va Davidoff-Abelson (tai liéu 33) va st dung
phd bién trong cac phong thi nghiém Bacillus (ai liéu 33, 34). Cac plasmit pThyA
mang gen thé kham duoc tuyén tinh héa bang cach phan giai bang ApaLl hodc Scal va
céc té bao dugc dan mong trén thach SMM (mo6i trudng t8i thiéu ctia Spizizen) (tai
lieu 29) dugce bd sung thymin (50 pg/ml) va trimethoprim (3 pg/ml). Sau thoi gian
sinh trudng tir 72 gidy dén 96 gid, cac khudn lac don 1a khuén lac dugc tinh ché va danh
gia vé su sinh trudng & nhiét do 37°C va 46°C trén thach SMM + thymin (50 pg/ml) +
trimethoprim (3 pg/ml). Cac t& bao c6 su chén gen & locus thy4 s€ sinh trudng & nhiét
d6 37°C khi c6 mit hodc khong c6 mit thymin nhung khong thé sinh truong & nhiét do
46°C trir khi duoc bd sung thymin. Phuong phép xac dinh khéc la khuéch dai bang
phan tmg PCR d6i v6i su c6 mat cua gen thé kham tir cac thé bién nap bang cach st
dung cac doan mdi gin v6i céc trinh tu thyA. Tan sudt bién nap thong thudong la
khoang 2 X 10%/ug té bao kha bién véi khoang tir 15 dén 20% khuan lac c6 sy chén
gen ding (xem phin giai thich sau day). Trong giai doan thi hai, plasmit pThyB da
tuyén tinh héa (Apal.l hodc Scal) mang gen thé kham duoc dua vao céc t& bao clia
ching c6 su chén gen thyd bing cach giy xung dién. Cac té bao dd gy xung dién
duoc dan mong trén SMM+CAA (SMM chira céc axit casamino (CAA) 0,2% (trong
lugng/thé tich)) chira thymin (50 pg/ml) va trimethoprim (6 pg/ml) va dugc G & nhiét
do 37°C trong 48 gio. Pé khing dinh sy ¢6 mat cla ca hai khudn lac c¢6 su chén gen
thyA va thyB duoc cdy thanh vach trén thach SMM+CAA =+ thymin (50 pg/ml) va sinh
trudng ¢ nhiét do 37°C. Céc t€ bao c6 su chén hai gen khong thé sinh truéng & ca nhiét
do6 37°C va 46°C trir khi duoc bd sung thymin. Phuong phép xéac dinh cubi duoe thuc
hién bing cach st dung céc doan mdi PCR duoc khuéch dai hai vi tri chén gen. Bing
cach st dung phuong phép gy xung dién, tAn sudt dinh gén bing khoang 1 X 10%/ug
ADN mach thing v&i ~20% khuan lac khéng trimethoprim c6 su chen hai gen (thyA va
thyB).

Gay xung dién
Quy trinh duge st dung ¢ day duge cai bién tir phuong phap duoc thiét lap (tai
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lidu 35) dé gay xung dién trong Bacillus chu yéu bang viéc sit dung méi truomg SOC2
khong chira chét chiét ndm men. Mbi truomg SOC2 gdm trypton (2% trong lwong/thé
tich), NaCl (10mM), KCI (2,5mM), MgCl (5mM), MgSO4.7H0 (5mM) va glucoza
(20 mM). Mo6i truong nudi cdy qua dém cla chung c6 sy chén gen thyd dugc cly
chuyén trong 25ml méi truong SOC2 (dugc bd sung sorbitol 0,5M) dé tao ra mat do
ODego ban diu biing 0,2. Moi trudng nuéi ciy duge sinh truéng & nhiét do 37°C dén
mat d6 ODsoo bang 1,4, duge lam lanh trén nu6e da trong 10 phut va sau d6 dugc thu
hoach bing céch ly tAm & nhiét do 4°C (5000 x g, 5 phit). Céc t€ bao duoc rira 4 lan
trong dung dich gy xung dién duoc lam lanh bang nudce da (sorbitol 0,5M, manitol
0,5M, glyxerol 10% (theo thé tich)) va duoc tao hon dich trong 1,6ml cua chinh dung
dich duoc 1am lanh bing nudc d4 nay. Cac té bao dugc tao kha bién dién va sir dung
duoc ngay. Céac té bao duoc duy tri trén nude da va duge sir dung trong vong 30 phut
mic di cac phan phan uéce c6 thé duoc bao quan & nhiét 46 -80°C. 1pl (~50ng) ADN
plasmit da tuyén tinh héa duge cho thém vao 60yl t€ bao kha bién dién va hdén hop nay
duge chuyén vao chau thuy tinh d& dugc lam lanh tir trude (chiéu rong khe hé 1mm)
va duoc 0 trong thoi gian 1,5 phut trén nuée da. Sau do, chu thuy tinh nay duoc cho
vao bén trong dung cu tao xung dién (BioRad GenePulser Xcell) va cac thong s6 sau
day duoc sur dung dé gy xung dién: dién 4p 2100V, dién tr& 200W, thoi gian 5 mili
gidy va s 1an xung 1. Sau khi gdy xung dién, 1ml mdi trudong phuc hdi (modi truong
SOC?2 chira sorbitol 0,5M va manitol 0,38M) duge cho thém vao chau thiy tinh va hon
hop duoc chuyén vao 2ml Eppendorf va dugc u trong 3 gio & nhiét d6 37°C, sau do

c4c té bao duge pha lodng theo bac va dan mong trén mdi trudng chon loc thich hop.

Thir nghiém ELISA bao tir nguyén

Phuong phép ELISA duoc st dung dé phat hién céc protein bieu hién trén bé
mat nhu dd mo tir trude day (tai liéu 36). Cac 15 cua vi dia dugce phi 50pl hdn dich
chira c4c bao tir nguyén chét (2 X 10% bao t/16), duoc dé qua dém & nhiét d6 4°C. Cac
dia duoc phong bé biang BSA 2% (trong luong/thé tich) trong 1 gior & nhiét do 37°C.
Céc khang thé da dong cua thd nhén biét khang nguyén khac loai dugc biéu hién trén
bé mit ciia bao tir hodc bao tir B. subtilis nguyén duoc st dung lam khang thé so cip
kém theo 1 trong 2 gid ¢ nhiét d6 trong phong. Thé lién hop IgG-peroxidaza cla cdy
cli cai cay (horseradish peroxidase: HRP) khang tho (theo ty 1€ 1:5000 trong PBS cung

voi Tween-20 0,05%) dugc st dung lam khang thé thir cip kém theo 0 trong 1 gio &
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nhiét d6 trong phong. TMB (3, 3°, 5, 5°-tetrametylbenzidin) dugc st dung 1am co chét.

Cdc khdng thé

Céc khang thé da dong véi VP28 va TcdAssse duge tao ra ¢ tho béng céach str
dung bén lin tiém dusi da (Img/liéu, 14 ngay mét lan). Céc protein ti t6 hop duoc
tao phtrc véi ta duoc Freund va huyét thanh dugc tinh ché bang cach st dung phuong
phép sic ky protein A. Khang thé da dong VP26 dugc tao ra & chudt bang cach s
dung protein rVP26 di tinh ché (4 lidu ding qua dudng trong mang bung, mdi lidu

c4ch nhau 14 ngay, 10ug/liéu, cing véi ta dugc Freund).

Cdc nghién ciru trén dong vdt

Dbi v6i cac nghién ciru vé tinh sinh mién dich, chudt (C57 Black 6, chudt cai, 7
tudn tudi) duge cho sir dung lidu véi hén hop chira cac bao tir tinh khiét cia PY79
hodic SH14. Cac dap vng mién dich v&i TedAze-30 trong cac mAu huyét thanh va phén
duoc thuc hién nhu da mé ta truée day (tai liéu 4). D6 v6i cac nghién ciru vé tudi tho,
chudt Balb/c (chudt cai, 7-8 tudn tudi) duoc st dung. Chudt (n=>5) duge cho sir dung
lidu don ctia cac bao tir tinh khiét (2 X 10°) SH14 hoic SH250 bang ong x0ng qua
duong miéng. G céc thoi diém sau d6, phan moi bai tiét dugc thu gom (3-4 vién), duoc
]am ddng nhét va déi vé6i bao tir SH14, hé pha lodng theo bac cua phén duoc dan mong
trén cac dia thach (i) DSM va (iii) DSM + trimethoprim (6 ng/ml) + thymin (50
ng/ml). Cac hé pha lodng phén khi st dung SH250 dugc dan mong trén cac dia DSM
chira chloramphenicol (5 pg/ml). Cac khuin lac SH14 riéng biét duoc kiém tra ngiu

nhién vé sy c6 mit cua sy chén gen thy béng cach st dung phan ung PCR.

Su lién hop vdi streptavidin

Céc khang thé da dong (cta tho; 100pg) duoc tao ra voi protein rTcdAze-39
duoc biotinyl héa bang cach st dung kit lién hop biotin Lightning-Link Lipid typ A
(Innova Biosciences). Cac bao tir dé tinh ché (1 X 10°) ctia ching PY79 hodc céc bao
tr bidu hién CotB-SA (SH16) trong 200ul PBS dugc tron 1An v6i 1ug khang thé dugce
biotinyl hoa va dugc 0 qua dém & nhiét do 4°C. Sau dé, cac bao tir duge rira bdn lan
béng PBS va dugc tao hon dich trong 1ml PBS. ~3 X 108 bao tir da lién hop duoc st
dung dé phii cac 16 ctia vi dia, sau d6 dia nay dugc do bing thé lién hop IgG-cu cai cay
khéng tho (theo ty 1& 1:5000 trong PBS cling véi Tween-20 0,05%) kém theo u trong 1

gid & nhiét do trong phong, sau d6 rua ba 14n truéc khi lam hién mau bing TMB
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(3,3",5,5 -tetrametylbenzidin). Dé lam ddi chimg, cac bao tir PY79 dugc st dung theo
quy trinh tuong tu. Dé thir nghiém huynh quang mién dich, 5 X 10° bao tir da xr ly
cua SH16 hodc PY79 dugc cho vao céc tiéu ban hién vi va duoc dé kho trong khong
khi. Sau khi rira ba 1an bing PBS, céc tiéu ban dugc phong bé bang PBS chita BSA
2% (trong luong/thé tich) cling véi Tween-20 0,05% (theo thé tich) trong 45 phut &
nhiét d6 37°C. Cac khang thé khang TcdAze39 da biotinyl hoa (ty 1€ pha loang 1:300;
200pl) duoc cho thém vao céc tiéu ban, duge  trong 30 phit & nhiét d§ trong phong
va sau d6 duoc rira 3 14n biang PBS + Tween-20 0,05% (theo thé tich). Huyét thanh
FITC ctia tho (Sigma F0382 véi ty 1& pha lodng 1:200) dugc thém vao va cac tiéu ban
dugc G trong 30 pht & nhiét d trong phong. Tién hanh phén tich hinh anh bang kinh
hién vi EVOS fl LED.

Thir nghiém logi trir doc 16

Ching C. difficile RT176 (tcdA™ tcdB*) dugc sinh truong trong moi trudng
canh thang TY (tryptoza 3% (trong lwong/thé tich), chét chiét nAm men 2% (trong
luong/thé tich) va natri thiodlycolat 0,1% (trong lwong/thé tich)) trong 24 git' & nhiét
d6 37°C. Dich ndi bé mit khong chira t& bao dugc loc v6 khudn va duy tri & nhiét d
4°C cho dén khi thtr nghiém. Néng d6 gdy chét tdi thiéu (minimum lethal
concentration: MLC) cta dich ndi bé mit can thiét @& gay doc 100% cho céc t€ bao
HT29 duge xé4c dinh bing cach sir dung hé pha lodng 2 l4n va cho thém dich tan da
pha lodng vao cac té bao HT29, sau d6 danh gia doc tinh bang cach st dung thlr
nghiém 1am tron té bao (tai liéu 4). D& thir nghiém, 10° bao tir tinh khiét cac bao tir
SH16 duogc lién hgp véi cac khang thé da dong TcdAze.30 (xem phan trén day) duoc
cho vao 200ul mdi truong McCoy 2% chita ndng d6 MLC cua doc t6 (thudng 1a véi ty
1€ pha logng 1/4000). Hbn hop nay duoc U trong 5 phit ¢ nhiét d6 trong phong va sau
d6, tinh gay doc t& bao dugc danh gia bang céach sur dung cac té bao HT29 va u trong
24 git. D& lam d6i chimg, cc bao tr PY79 da tron lan véi cac khang thé TcdAze-39

(xem phan trén dy) dugc sir dung song song.

Hoat tinh enzym

Hoat tinh ctia proteaza dugc xac dinh bing cach sir dung thir nghiém hoat tinh
proteaza chung dugc mo ta boi Sigma Aldrich trén trang web cua ho bing cach sir
dung casein lam co chét. Thach casein gdm casein 1% (trong luong/thé tich), sita da

tich kem 1% (trong luong/thé tich), thach loai k¥ thuat s6 2, Oxoid 1% (trong
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luong/thé tich) va 1,2% (trong luong/thé tich)). Hoat tinh ctia amylaza trong chét long
duoc x4c dinh nhu duoc mo ta (tai liéu 37). Su tao ra amylaza c6 hoat tinh dugc thi
nghiém bing céch sir dung hdn dich ctia céc bao tir (thé tich 20pl) véi cac dia thach
chi mang tinh bot hoa tan (1% trong lugng/thé tich) va chét chiét tir thit bo (0,3% trong
luong/thé tich) va ba khang sinh (trimethoprim 10 pg/ml, chloramphenicol 30 pg/ml
va erythromycin 30 pg/ml). Cac khang sinh duge st dung dé ngin nglra su sinh trudng
ctia vi khuln bit ky trén céc dia dé dam bao hoat tinh chi duoc tao ra tir cic bao tr
ngt. Cac dia duge U trong 48 git ¢ nhi€t do 37°C, sau dé dia nay dugc lam ngap bang
dung dich Lugol (Sigma) trong 2 phut dé 1am hién mau c4c vung c6 sy thodi bién clia
tinh bot.
Vi du thuc hién sing ché
Vidul
Co sc Iy lugn

Yéu ciu bit budc dbi voi thymin trong B. subtilis cin c6 hai enzym thymidylat
synthaza (TSaza) duoc mé hoa bing céc gen thyd (TSazaA) va thyB (TSazaB) khong
lién k&t (tai lidu 27). Céc gen ndy dugc lién két voi con dudng folat héa va tao ra
pyrimidin ding cho su sinh truéng ctia té bao (Fig.14). TSazaB 1a enzym nhay nhiét
va chi duy tri dugc ~5-8% hoat tinh & nhiét do gi¢i han bang 46°C. Do d6, su bét hoat
& locus thyd can phai bd sung thymin (hodc thymidin) dbi vé6i su sinh trudng & nhiét
d6 46°C. TSaseA 14 enzym khong nhay nhiét va vi thé su bat hoat #hyB cho phép cdc té
bao sinh trudng & nhiét d6 cao. Tuy nhién, su bét hoat ca thyA va thyB, tao ra yéu cau
b4t budc déi voi thymin vé su sinh truéng & ca nhiét d6 37°C va 46°C. Nhu duge
chimg minh bodi Neuhard va cac ddng tac gia (tai lidu 27), su bét hoat cic gen rhy tao
ra tinh khang v&i duge chit chdng folat héa 14 trimethoprim (hodc aminopterin) do yéu
cau vé& dihydrofolat reductaza (DHFR), dich cla trimethoprim, dugc bd qua. Tuy
nhién, mic d6 khang thubc 13 khac nhau, v6i su chén gen & thy4 tao ra muc do khang
thuéc thip hon so véi mite d6 khang thude phét hién duoc & thé dot bién thy thyB (tai
liéu 27). Thudc tinh vé muc d6 khang véi trimethoprim khac nhau nay cho phép hé
tach dong 1éch vi tri méi, ¢ hai bude, duge thiét ké (Fig.1). Trong budc thir nhét, gen
duoc dua vao & locus thy4, sau do, trong budc thir hai, béng cach chén gen & thyB st
dung su khang vé&i ndng d6 ting cua trimethoprim dé chon loc duong tinh.

Pé ching minh bang ching vé khai niém d6i véi su tach dong léch vi tri &
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locus thy, cac tac gia sang ché @i chon mot sb gen khéc loai c6 cac san phdm d3 dugc
biéu hién trude d6 trén bé mit cua bao tir. Trong mdi trudong hop, su biéu hién dat
duoe bang cach dung hop v6i gen B. subtilis ma hoa protein vo clia bao tir d3 biéu hién
trén bé mit (CotB hoic CotC). Cac protein dugc chon 1a VP26 va VP28, ca hai protein
v6 clia virut WSSV (virut gdy hdi chimg dém tring) & tom. Khi duoc biéu hién trén
cdc bao tir B. subtilis va dugc dua vao thirc &n, cac bao tir tai td hop nay di dugc
chtg minh 12 tao ra su bao vé cho tom dugc thir nghiém bang virut WSSV (tai liéu 7,
8, 9). (ii) TcdAzsse mad hoa mién & diu tan clng C cla doc t6 A cta Clostridium
difficile (TcdA) duoc biéu hién trén bé mit ctia bao tir 3 dugc chimg minh 1a tao ra sy
bao vé ddi v6i bénh nhidm C. difficile infection (C. difficile infection: CDI) o chudt
(tai liéu 4, 38) duoc cho sir dung lidu ciia cac bao tir tai t6 hop ndy qua dudng miéng.
(i) Streptavidin (SA), khi dwoc bidu hién trén cdc bao ti, ¢6 thé duge lién hop véi
khang thé don dong Cetuximab cho phép huéng dich cac dong t€ bao ung thu rudt két
(tai liéu 15). (iv) cudi cting, ca hai enzym, subtilisin E (AprE), proteaza kiém va alpha
amylaza (AmyE) 12 enzym quan trong trong cong nghiép va thuong dugc dua vao thuc

an dung cho dong vt (tai liéu 32, 39).

Phwong phdp hai budc dé chén gen léch vi tri

Hai plasmit, pThyA va pThyB, dugc thiét ké va tbng hop mang cac gen thy4
hodc #hyB hoan chinh bi lam gi4n doan & diém giita bang vi tri da tach dong (MCS) aé
chén ADN khac loai vao (Fig.1, SEQ ID NO: 6, va SEQ ID NO: 10). DPé dam bao du
mirc d6 tuong ddng ADN d& c6 thé tién hanh su kién t4i t& hop chéo kép, méi nhanh
trai va nhanh phai mang cac doan thy lién quan cling nhu nam & ving ria ADN nguogc
dong hodc xudi dong (téng cong ~900 bp & du gin va dau xa). Sy dung hop trong
khung ctia cic gen cotB va cotC (mi hoa cac thanh phan gin két vo cia bao tir can
thiét @& biéu hién céc protein khac lodi) véi cac khung ORF vp26, vp28, tcdAzs-39, S4,
aprE hodc amyE (cac hinh v€ tir Fig.9 dén Fig.13) duoc tach dong sau d6 thanh céc
vecto pThyA hogc pThyB thich hop. Tiép theo, cac plasmit pThyA duoc tuyén tinh
héa va sir dung dé bién nap t& bao kha bién cua ching PY79 kiéu dai c6 su chon loc
dbi véi tinh khang trimethoprim trén cac dia duge bd sung trimethoprim (3 pg/ml) va
thymin & nhiét d6 37°C. Céc thé bién nap c6 su chén gen thyA c6 thé dwoc nhan biét
boi su khong sinh trudng ctia ching & nhiét d6 46°C néu khong c6 mat thymin. Trong

bude thi hai, @ dua su chén gen vao locus thyB, su bién nap qua trung gian ADN cd
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dién ctia cac t& bao kha bién véi plasmit pThyB da ching minh la khong hiéu qua véi
tAn suét dinh gin thip. Thay vao do, cac tac gid sing ché da phat trién phuong phap
gdy xung dién 1a phuong phap tin cdy va co thé 1ap lai cho phép dua cic plasmit
pThyB & locus thyB vao céac chiing thyd™ (xem phan phuong phép) bang cach st dung
su chon loc v&i ndng d6 trimethoprim cao hon (6 pg/ml). Cac ching c6 su cheén gen &
thyA va thyB duge xéac dinh theo kha nidng khong sinh trudng clia ching & ca nhiét do
37°C va 46°C khi khong c6 mat thymin. Bing cach st dung quy trinh hai budc nay,
céc tac gia sang ché di tao chu tric thanh cong nhiéu ching c6 su chén gen (vp26,
vp28, tedAze.30 va SA) & locus thyA va thyB (Béng 1). Ngoai ra, cac tac gia sang ché
cling tao ra cac chiing c6 mét su chén gen cla gen aprE va amyE & locus thyd. Dé tao
ra tinh phu thudc thymin tuyét ddi, céc tic gia sang ché chi tuyén tinh hoa plasmit
pThyB ‘réng’ va dua ADN nay vao thé dot bién thyA chon loc d6i v6i trimethoprim &
ndng d 6 pg/ml. Cac ching ma tic gia sang ché d3 tao cAu tric thanh cdng bao gbm
su biéu hién héa tri mot (VP28, TedAzs-30, streptavidin, subtilisin Eb va amylaza) cling
nhu sy bidu hién héa tri hai (su bidu hién cua VP26 va VP28 trén mdt bao tu) bang
cach dung hop véi mét hodc hai thanh phan gén vo cia bao tir khic nhau (CotB va
CotC). Déi v6i mdi ching duge tao cau tric trong Bang 1, céc tac gia sing ché da
khéng dinh bang cach phén tich trinh tu nucleotit, tinh toan ven cua su chén gen thyA
hoéc thyB.

Cac tac gia sang ché da danh gia su sinh trudng cua ching o sy chen gen trong
mbi truong SMM t6i thidu ¢ nhiét 6 37°C va Fig.2 thé hién céc vi du cta ching
(SH14) c6 su chén gen cotB-tedAzs-39 va cotC-tcdAz6.39 § locus thyA va thyB. Nhu du
doén, ching c6 su chén gen thyA sinh truong binh thuong khi c6 mat hodc khong co
mit thymin (Fig.2B) va khong khéc bi€t v&i chung PY79 kiéu dai (Fig.2A). Trai lai,
chung c6 su chén gen thyA thyB phu thudc thymin nhung v6i su ¢6 mat cua thymin da
bi giam tinh thich tmg nhu dugc thé hién tir cic mét d6 OD t6i da thip hon (Fig.2C).

Ngoai ra, bing céch st dung phuong phép giai trinh tu toan bd hé gen, céac tac
gia sang ché da khing dinh dugc ching SHI2 (thyA::cotC-vp26 thyB::cotB-vp28) va
SH14 (thyA::cotB-tcdAzs.39 thyA::cotC-tcdAz6.39) ¢ su chén gen dac hiéu ¢ locus thy
ma khong c6 su bt thuong nhidm sic thé bt ky (khong duge the hién). Sy biéu hién
ctia cac protein thé kham dugce khéng dinh bing phuong phép thAm tach Western dbi

v6i céc protein duoc chiét tir cac bao tir d4 tinh ché (Fig.3 thé hién cac vét phat hién
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thé kham VP26, VP28, TcdAas.30 va SA trong SH12, SH14 va SH16) chimg minh céc
dai trong lwong phan tir chinh x4c. Phuong phap thu hai 1a phuong phap phat hién
bing thir nghiém ELISA dbi voi céc bao tir nguyén bing cach sir dung cac khang thé
da dong v&i khang nguyén khac loai tuong Ung va Fig.4 thé hién su phét hién cac
khang nguyén trén bé mit ciia TedAssse (Fig.4A) va VP28 (Fig.4B) béng thir nghiém
ELISA d6i véi bao tir nguyén. Nhu du doan, ndng dd protein TcdAze.30 mang ca hai
locus thyd va thyB (SH14 trén Fig.4A) c6 muc d6 biéu hién cao hon & mét locus
(nghta 1a thy4, SH13). Ddng thoi, cac tic gia sing ché cling x4c dinh d6 phong phu
ctia TcdAzs30 trong cac bao tir ciia PP108 mang cung khang nguyén dugc dung hop
v&i CotB va CotC nhung duogc chén vao & locus thrC va amyE tuong ung (tai liéu 4).
Mitc d6 bidu hién thép hon mot chut nhung can hiéu rang viéc st dung PAb khang bao
tir dé xé4c dinh mirc do bidu hién cia protein vo cta bao tir dugc gidm di tuong Ung.

C4 thymin va thymidin déu c6 thé duoc st dung cho su sinh truéng cac chung
mang su chén gen & locus thyA va thyB. Biang cach st dung SH14, céc tac gia sang ché
di chimg minh duogc rang dé su sinh truong ti wu hoa, thymin 15 pg/ml hodc
thymidin 20 pg/ml 1a du (Fig.15). Gia tri nay thip hon dang ké so véi gid tri 50 pg/ml
d4 thong béo trude day (tai liéu 27) va gan nhu c6 the phan anh sy khéc biét v& muc
nén cta ching duge st dung. Tuy nhién, té bao mang su chén gen & locus thyd va
thyB c6 thé sinh trudng trong mdi truong dugc bd sung thymin bj mét dang ké kha
ning song cua té bao (~3 log trong 5 giv) khi thymin dugc loai bo, déu hiéu phan biét

ctia ‘su chét vi khong c6 thymin® (Fig.16).
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Cudi cling, bing cach st dung hé tach dong nay, cac tac gid séng ché co thé dua
sw chén gen vao, sy chén gen nay c6 tinh phan cuc phién ma cung chiéu hodc nguge
chidu voi gen thy tuong tng (cac hinh vé tir Fig.9 dén Fig.13) cho thdy khong c6 bang

chimg vé viéc doc hét tir dau den cudi cac trinh tw mi hoa thy & dau gan.

Vidu?2
Xem xét thie nghiém vé viéc sir dung sw chén gen léch vi tri & locus thy
a) Su sinh truéng trong moi truong giau

Trong mdi trudng gidu nhu LB va DSM, chung ¢6 mot su chén gen thyAd c6 thé
sinh trudng & nhiét d6 37°C ma khong cAn bd sung thymin, tuy nhién ching c6 hai su
chén gen thyA thyB khong c6 su sinh truong (Fig.5B va Fig.5D). B4t ngd 1a sy bd
sung LB hodc DSM cung véi thymin khong khéi phuc dugc mirc d6 sinh truong binh
thuomg. Trong LB, ching c6 hai sw chén gen khong sinh trudng (Fig.5A) trong khi
trong mdi truong DSM ¢6 bd sung thymin, quan s4t dugc su sinh truong bi gidi han
(Fig.5C). Tuy nhién, sau 24 gio sinh trudng trong DSM, su hinh thanh bao tir 43 duoc
chimg minh 14 c6 xay ra va s6 luong bao tr chiu nhiét 1a gin nhu tuong dwong v&i
PY79 (Bang 1).

Do ching c6 sy chén gen thyA thyB c6 thé sinh truong, mac du c6 sy giam tinh
thich tng, trong moi trudng tbi thidu duoc bd sung thymin (xem Fig.2C), céc tac gia
sang ché di chimg minh dugc ring mot hodc nhiu thanh phén ctia mdi trudong giau cb
thé e ché sy sinh trudng c6 thé 1a bang cach can thié¢p con dudng folat hoa. Chét thir
nghiém la chét chiét nAm men (YE) c6 mit trong mdi truong LB va DSM v6i ndng dd
tuong tmg 1a 5 mg/ml va 2 mg/ml va khong c6 mat trong moi truong SMM. YE da
duoc chimg minh 14 e ché thé dot bién thymin cta cc ching E. coli ma ¢ d6 thanh
phan vi khuAn c6 hoat tinh da duoc xac dinh 13 adenosin (tai ligu 40). Kha nang tha hai
1a axit p-aminobenzoic (tai liéu 41), thanh phén ciia YE va tham gia tryc tiép vao con
dudng folat héa (Fig.14) nhung ciing 1a chat diét khudn dbi v6i E. coli (tai liu 42).

Chc téc gia sang ché di dé cac chung (thy” va thyA thyB) phat trién trong moi
truomg LB + thymin v6i ndng d6 YE thay doi va da phat hién duoc rang néng d6 YE
>2 mg/ml e ché su sinh trudng cia céc ching co hai su chén gen (thyd + thyB)
(Fig.17). Do d6, hoat tinh tc ché ctia YE c6 thé giai thich viéc ching mang hai su
chen gen thyA thyB khong sinh truong trong moi truong LB v6i su c6 mat cia thymin

(Fig.5A). Tuong tu, trong moi truong DSM véi su ¢ mat cta YE ¢ nong do thap hon,
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quan sat dugc su sinh truong giam di (Fig.5C). Cubi cing, tac dung trc ché cua YE 1a
cAn thiét cho méi trudng sinh truong dugc cai bién (SOC2) khong chira YE dé tao ra
céc t& bao dung cho budc gy xung dién dugce st dung trong khi tao cAu tric cua
ching (xem phén phuong phép). BAt ngd 1a mic du YE c6 tac dung trc ché 1 rang, cac
tac gia sang ché khong thé cho ring diéu nay rd rang la do adenosin hodc axit p-
amnobenzoic (6 liéu khong duge thé hién).

b) Chuyén gen

Nhu d3 néu trén dy, phuong phap bién nap t& bao kha bién qua trung gian
ADN c6 thé duoc st dung dé dwa ADN plasmit vao cac té bao B. subtilis. Tuy nhién,
i dua ADN vao céc t& bao thyd trong bude thir hai, phuong phap gdy xung dién str
dung moi truong duoc cai bién khong c6 mat YE tao ra tAn suét dinh gin cao hon.

Céc tac gia sang ché d4 phat hién dugc rang sau khi lai di truyén lan thi nhét,
hai typ khudn lac, véi ty 1€ bang nhau, xuét hién trén thach SMM duoc bd sung thymin
va trimethoprim (3 pg/ml) (Fig.18). Typ 1 la cac khuin lac mo, c6 kich thude 16n (2-
3mm) va cac khun lac typ 2 14 loai trong mo, c6 kich thudc nho6 hon (1Imm) va sinh
truémg cham. T4t ca cac khudn lac c6 thé sinh truong & nhiét 4o 46°C v6i sy c6 mat
ciia thymin cho thdy rd rang su chén gen thy4. Tuy nhién, chi phat hién duoc khoang
mdt phan ba khuén lac typ 1 béng cach st dung phan tng PCR la mang su chén gen
thyA 6n dinh trong khi khong c6 khuén lac typ 2 ndo c6 su chén gen. Céc tac gid sang
¢hé cho ting céc khuén lac c6 kha ndng sinh irudng irén cac dia trimethoprim nay phai
mang mot sé dang dot bién bd sung, van khong dn dinh d cho phép sinh truéng voi
su ¢ mét cua chét khéng sinh.

Phét hién quan trong thit hai 1a phat hién déi véi céc thé tai t4 hop van chuyén
di truyén 14n thtr hai chi c6 thé dugc chon loc trén moi truong t6i thidu SMM duoc bd
sung thymin, trimethoprim (6 pg/ml) va CAA. Néu duoc dan mong truc tiép 1én thach
ma khong c6 mit mot luong nhé CAA (<1mm), cac khun lac sinh truéng chdm s&
duoc tao ra nhung sau khi nudi cly lai, cac khuén lac nay duge phat hién 1a bi mét su
chén gen thyB khi duoc xac dinh bang phwong phap PCR d6i voi khuédn lac. Ngay ca
khi c6 mat CAA, tAt ca cac khudn lac déu co kich thude nho va chi khoang 20% trong
sé chimng sinh truéng trén trimethoprim (6 pg/ml) co sy chén gen thyB 6n dinh. Tién
hanh thtt nghiém véi E. coli cling nhu B. subtilis d& cho thdy ring su gi4n doan cla

con dudng folat héa c6 thé dan deén su can ki€t cac axit amin quan trong cling nhu céc
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purin va pyrimidin (tai ligu 43, 44). Su bat hoat DHFR qua trung gian trimethoprim s&
lam can kiét ndng d6 THF, MTHF ciing nhu DHF trong té bao. Diéu nay s lai anh
huodng dén su bién dbi qua lai thuan nghich cua serin va glyxin voi axit tetrahydrofolic
(THF), phan ing quan trong trong qua trinh tbng hop purin va duge xuc tac boi serin
hydroxymetyltransferaza (SHMT hodc GlyA (tai lidu 45, 46)). MTHF ciing dugc sur
dung trong budc cudi cting ctia cc con dudng sinh tbng hop xystein va methionin (tai
liéu 47) va su gidn doan cta con duong nay boi cac alen thyA thyB c6 thé dua ra yéu
cAu vé& methionin.

Céac tac gia sang ché d xéc dinh mirc do sinh trudéng cia chung SH14 ¢c6 su
chén gen thyd thyB trong mdi truong SMM dugc bd sung CAA, adenin va thymin
(Fig.19). V6i sy ¢6 mit cta trimethoprim (6 pg/ml), sy sinh truong dat mirc t61 uu héa
véi ODgoo t6i da bing ~2 chi trong méi truong SMM chita CAA trong khi trong cac
mdi trudong khong chita CAA hodc chi chira adenin va/hodc thymin, muc 4 sinh
truedng bi giam dang ké. Khi khong c6 mit trimethoprim, su sinh truong cua SH14 van
yéu so v&i ching PY79 kiéu dai nhung i) cao hon so v6i sy sinh truong khi c6 mat
chét khang sinh, ii) su sinh trrong duoc khoi phuc dén tinh thich Umg binh thudng chi
khi c6 mit CAA. Do do, trimethoprim lam gian doan con duong folat hoa lam gidm
d4ng k& tinh thich (mg ctia chung va diéu nay khong the khoi phuc dugc béng cach bd
sung purin hodc pyrimidin ma chi v6i CAA.

Do d6, d6i voi bude van chuyén di truyén thir hai (nghia 1a @8 tao céu irGc cla
su chén gen kép thyA thyB), tbt hon 13 méi trudong chon loc ¢ thé cung cip tit ca cac
axit amin. Tuy nhién, khi dugc tao cAu trac, khong can phai st dung trimethoprim nita
va céc chiing c6 thé dugc nudi cdy trén moi trudng bt ky mién la ba tiéu chi duge dap
ung, tiéu chi thu nhét 12 mdi truong nay chira thymin hodc thymidin, ti€u chi thir hai la
YE khéng c¢6 mat hodc c6 mat voi néng d6 nho hon 2 mg/ml, va tiéu chi thr ba 1a cac
axit amin duoc cung cap trong mdi trudng sinh truéng.
¢) Lua chon mjt thanh phan gin protein vo

P4 biéu hién c4c protein khac loai trén bé mit ctia bao i, cac protein vo CotB
va CotC c¢6 thé dugce st dung cho ca su biéu hién héa tri mdt hodc héa tri hai. Nhu du
doan, khi st dung hai thanh phdn gén vo bao tir khac nhau, su biéu hién cta protein 1a
cao hon so voi khi st dung su biu hién tir chi mot thanh phﬁn nay. Vi thé, nhu duoc

thé hién trén Fig.4A, ndng d6 TcdAzs-30 cao hon trong céc bao tir SH14 c6 su chén gen
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thyA: :cotB-tcdA2s.39 V& thyB::cotC-tcdA26-39 SO véi trong céc bao tir SH13 chi c6 mot
su chén gen thyA::cotB-tcdA26.39. B4t ngo 13 viéc st dung su dung hop cta VP28 voi
CotB va su chén gen ctia thé kham nay & locus thy4 mot minh (ching ACO01) hodc ¢
c4 hai locus thyd va thyB (chimg AC02) dan dén muc dd bidu hién cao hon trong
trudmg hop c6 su chén gen & ca hai locus. Phat hién nay can phai xem xét & mirc do
nhét dinh do phai gia dinh rang mdi bao tr s& mang s6 luong monome CotB xac dinh
dé co6 thé lap rap trén bé mit cta bao tir va viéc chi lam ting sé luong s& khong dan
dén mirc do dua vao cao hon trong 16p vo. Tuy nhién, cic chung nay mang gen cotB
nguyén ven (cu tra & locus nhidm séc thé binh thudng cua no), vi thé trong céc té bao
c6 su chén gen thyA::cotB-VP28 (nghia 1a AC01) 50% protein CotB dugc biéu hién sé
c6 mit CotB kiéu dai va 50% CotB-VP28. Trong cac chiing c6 su chén gen kép thyAd
thyB (AC02), céc tc gia sang ché s& du doan ~ 66% protein CotB dugc biéu hién s&
c6 mit VP28 va ~33% CotB kidu dai. Ty 1& theo h¢ s6 ty luong nay cua CotB-VP28 va
CotB s& phu hop véi két qua phat hién VP28 bang thir nghiém ELISA nhu dugc thé
hién trén Fig.4B.

Vidu3
Su hoi bién

Su chén gen duoc tao ra bﬁng su kién tai td hop chéo-kép cAn ¢6 su On dinh von
c6 nhung van c6 kha nang thu dugc gen e ché bd sung hodc su dot bién phu. Dé giai
quyét vAn dé nay, cac tac gia sang ché d3 tién hanh tht nghiém dé x4c dinh xem khi
nudi cdy 1ap lai ma khong c¢é ap luc chon loc bét ky, su phu thudc thymin c6 thé mét di
hay khong. Nhu duoc thé hién trong Bang 2, mdi truong nudi cAy lap lai va sy nudi
cly lai ctia ching SH14 (thyd::cotB-tcdAzs.39 thyA::cotC-tedA2s39) khong lam mét di
st phu thudc thymin, diéu nay cho thiy su chén gen c6 tinh 6n dinh va goi ¥ ring su

thu duoc dot bién bo sung, néu chiing xuat hién, phai 1a sy kién rat hi€m.
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Bang 2: Sy hdi bién'

Méi trudng nudi CFU trong moi truong nuodi CFU trong mdi truong nuoi
cay cay 1 cay 2

DSM + thymin DSM DSM + thymin DSM
Lan thir 1 2,8 x 108 0 2,1x 108 0
Lan th 2 1,8 x 108 0 3,4x 108 0
Lan tht 3 1,85x 108 0 1,73 x 108 0
Lan thir 4 1,82 x 108 0 1,6 x 108 0
Lén th 5 1,54 x 108 0 2,4x 108 0

! Hai mdi truong nudi ciy 25ml SH14 (thyA.:cotB-tcdAz6-39 thyA::cotC-tcdAz6.39) duge
tao ra trong DSM + thymin (50 pg/ml). M6i truong nudi cdy nay duge sinh trudng
trong 24 gid & nhiét d6 37°C va mau dugc phén tich vé CFU trén aga DSM khi c6 mat
hodc khong c6 mt thymin (50 pg/ml). Maiu ciing dugc dung d8 cdy chuyén vao moi
trudomg méi (25ml) va qué trinh nay dugc 1ap lai bbn 14n. S& lugng CFU/ml d6i véi
mdi 1an nuéi cy lai dugc thé hién.
Vidu4
Sé phan ciia cdc bao tir thyA” thyB trong duong da day rugt (GI) in vivo

D3 ching minh duoc rang vi khuén E. coli tao khuén lac & duong GI ctia chudt,
sur téng hop purin va pyrimidin 12 cAn thiét (tai liéu 48). Picu nay c6 nghia 1 ndng do
purin va pyrimidin thAp c6 thé 1a do thuc &n duge ti€u hoa hodc do su phéan giai gia
ctia khu hé vi sinh vat cu tri & rudt s& khong di dé cho phép thé dot bién thyA thyB
clia B. subtilis sinh truong. O ngudi, ndng do thymidin trong ru¢t udce tinh duoc bing
0,075uM va ¢ lon béng ~1,0uM (tai liéu 49). Céc tac gia sang ché cho chudt st dung
qua dudng miéng lieu don 2 X 10° bao tir SH250 (thyA* thyB* Cm®) hodc cic bao tr
SH14 (thyA::cotB-tcdAzs.39 thyA::cotC-tcdA2.39) bing dng xéng vao da day. Sau do,
c4c bao tir chiu nhiét trong phan mdi duge bai tiét tach duge duge xac dinh. Déi véi
SH250, chung mang su chén cadm cua gen cat (chloramphenicol axetyltransferaza) nén
sau khi pha loing theo bac, CFU chiu nhiét dugec xac dinh trén céc dia
chloramphenicol. Cac bao tir SH14 tach duoc trong phén va chi ¢6 thé duoc phat hién

trén cac dia thach dugc bd sung thymin nhung khi dugc dan mong trén céac dia khong
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chtra thymin, khong thé phat hién dugc CFU (Fig.6). Sau 10 ngay, s6 luong bao tr
SH14 tach duoc trong phan & mirc ngudng phat hién (<10%/g phan). S ligu in vivo nay
cho thiy ring dic tinh dong hoc clia céc bao tir thyd™ thyB™ tach dugc bao tir khong
khéc biét so vai khi tach cc bao tir cia ching kiéu dai. Céc téc gia sing ché da khang
dinh duoc rang cc bao tir SH14 nay maAm hiru hidu va twong duong véi cac bao tu
kiéu dai (sb lidu khong dugc thé hién). Mac du khong thé x4c dinh o rang viéc cac
bao tir SH14 c6 thé ting sinh trong dudng GI hay khong, ¢6 thé chimg minh dugc ring
céc bao tir thyd thyB di qua dudng GI khong thé con sdng khi khéng ¢6 mit thymin.
Ngoai ra, khong c6 bang chimg vé su hdi bién hodc thu duge cac diu hiéu cho thiy
céc bao tir d3 nay mam cé thé con sbng.

Vidu5s

Tinh hitu dung cua sw biéu hién bao tir

Céc tac gia sang ché da st dung ba vi du dé chimg minh rang cac bao tlr c6 su
chén gen & locus #hyA va thyB la thich hop cho cac muc dich st dung, 1am chat dén
thudc giai phong vacxin, ding dé lién hop cac protein voi bé mit bao tir va cudi ciing
dé biéu hién cac enzym c6 hoat tinh. DPé 1am vacxin, cdc tac gia sang ché str dung céc
bao tr SH14 d8 bidu hién khéang nguyén TcdAzess cia C. difficile duge dung hop véi
hai thanh phan gén protein vo cua bao tir la CotB va CotC. SH14 twong duong véi
ching PP108 d3 duoc chung minh 1a tao ra su bao vé€ cho bénh nhiém C. difficile
(CDI) trong md hinh nhifm khuan & chudt va chudt ddng (tai lidu 4, 38). Cac tac gia
sang ché da gay mién dich cho chudt bang cac bao tir SH14 va PP108 béng cach st
dung qua duong miéng va sau tdng cong bon lidu, xac dinh nong d6 twong Gng cla
IgG dic hiéu TcdAze3 (Fig.7A) va IgA (Fig.7B) trong huyét thanh va phan. So véi
cac nhém ddi chimg (dong vat chua quen thi nghiém va chudt nhit dugc cho st dung
lidu véi chc bio tir PYT9 trin) khong c6 dap (mg, ca bao tir PP108 va SH14 déu tao ra
IgG va IgA voi chudn d6 cao va dua trén két qua thu duge trude do, cic tic gia sang
ché s& du doan céc ndng d6 nay cua khang thé s& c6 tac dung bao vé.

P& lién hop céc protein voi streptavidin dugc biéu hién trén bé mit bao ti,
trudc tién, cac tac gia sang ché biotinyl hoa khang thé da dong dic hiéu TcdAze.39 clia
tho va da chimg minh dugc ring khang thé nay duoc lién hop voi cac bao tir SH16
bing cach str dung phuong phap phat hién huynh quang mién dich (Fig.8A) va cling
khang dinh duge bang cach sir dung thir nghiém ELISA dbi véi bao tir nguyén (khong
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duoc thé hién). Bing cach sir dung cac bao tir da lién hop ndy, cac tac gia sang ché da
danh gia xem céc bao tir SH16 biéu hién IgG TedAazeso c6 thé loai trir doc t& C.
difficile ra khoi dich tan khong chira té bao dang thé hay khong. Nhu duoc thé hién
trong Bang 3, viéc u c4c bao tir da lién hop voi dich tan chtra doc t6 chi trong 5 phut
lam giam doc tinh 90%. B4t ngd 1a cac bao tir PY79 cling c6 kha ning nhit dinh trong
viec gén két cc khang thé TcdAasag va c6 thé 1am giam hoat tinh ctia doe t6 & mirc
vira phai (10-20%). Thir nghiém nay dugc sir dung lam vi du dé chimg minh rang cic
bao tir c6 thd ¢6 tiém ning cho muc dich diéu tri, vi du, trong viéc sir dung cac khang

thé qua dudng miéng.

Bang 3: loai trir doc o cua C. difficile’

Hbén hop Tinh gay doc té bao (%)
Chi c6 mdi truong 0
Chi c6 doc tb 100
Céc bao tir duge xt Iy bang PY79 + doc t6 80-90
Céc bao tr lién hop voi SH16 + ddc t6 10

IPoc tinh té bio & cc té bao HT29 duge xac dinh bing céch st dung doc t6 dang tho
thu duoc tir C. difficile hodc tlr ciing ddc t6 nay da dugc xu ly so bd bing cac bao tur
SH16 dugc lién hop voi khang thé da dong véi cc bao tir duge xtr ly bang TcdAze.30
hodc PY79.

Céac enzym thuong dugc dua vao thire &n cho ddng vat ma & do chung cai thién
su tiéu hoa va dinh dudng. Cic enzym proteaza va amylaza 1a cac vi du thich hop
duoc st dung ¢ day dé chimg minh rang c6 thé biu hién enzym trong khi van duy tri
hoat tinh trén b mit ciia bao tir. Céc bao tir SH18 biéu hién amylaza dugc phat hién la
c6 thé biu hién amylaza c6 hoat tinh trén bé mit cua ching (Fig.8B). Béng céch st
dung thach casein nay, céc tac gia sang ché da chimg minh dugc rang céc bao tir SH20
biéu hién proteaza kiém, subtilisin E, mang hoat tinh ctia enzym (Fig.8B). Trong hdn
dich long, céc tAc gia sang ché da phat hién dugc rang 10" bao tir SH20 c6 ~0,127 don

vi hoat tinh ctia proteaza.

Tom tht cac vi dutir 1 dén 5
Céc tac gia sang ché d3 mo ta phuong phap don gian dé thu duoc cac bao tir vi

khun dugc cai bién di truyén. Phuong phép theo sing ché phat trién cac vi khuan
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nhung khac véi cdc phuong phap duge mé ta d6i véi vi khuan Lactobacillus
acidophilus (tai liéu 51) va Lactococcus lactis (Steidler et al., 2003) dua vao su tu sat
tai chd do ‘chét vi khong c6 thymin’. Trong phuong phap thir nhét duogc mo ta vao
nim 1954 (tai liéu 23), sy phu thudc thymin khac vé6i céc sinh vat tu dudng khac & chd
khong c6 mat cia thymin 1a chét diét khudn va vi thé cac vi khuin mang khiém khuyét
vé gen thymidylat synthaza khong thé tich tu trong moi truong nay. Cac loai Bacillus
mang hai gen thymidylat synthaza (thy4 va thyB) cAn c6 su bat hoat cta ca hai locus
dé dat duoc su phu thudc hoan toan vao thymin. Cac tac gia sang ché da chimg minh &
day ring diéu nay co thé thuc hién va da xac dinh dugc quy trinh tach dong gbm hai
budc cin c6 su bat hoat chén gen & locus thyd va sau d6 1a locus thyB. Phuong phap
néu trén khong can dua cdc gen danh d4u khang khéng sinh vao dé chon loc ma dung
hon 1a phét trién muic @6 khang voi trimethoprim tang lén do su gian doan lién tuc cua
con duong folat hoa. Két hop v&i kiéu hinh nhay nhiét ctia sy chén gen ¢ locus thyA va
thyB, diéu nay tao ra phuong phap hitu ich cho ca viéc chon loc va sang loc su chén
gen, méc du vé& mit k§ thuat, co nhiéu han ché cin duoc xem xét. Cac tac gia sang ché
d4 chimg minh ring sy khong c6 mit cta thymin 1 chat diét khudn va khong quan sat
thiy bing chimg vé sy hoi bién hodc tc ché mic du ciy chuyén nhiéu 14n cic ching
nay. T4t nhién 1a myc dich ctia hé tach dong la d8 tao cu tric cdc ching d8 c6 thé bidu
hién céc protein ding cho cac muc dich Ung dung, vi du, d& bidu hién cdc khang
nguyén khéc loai hodc enzym. Cic téc gia sang ché &3 st dung cac vi du & day dé
chimg minh ring céc protein thé kham gdm protein ngoai lai dugc dung hop voi
protein vo ctia bao tir ¢b thé duoc biéu hién trén bé mit cua bao tir. Diéu nay ciing bao
gbm viéc cung cép hai enzym (subtilisin E va a-amylaza), cac khang nguyén bao vé
vacxin gia dinh cling nhu streptavidin dugc sir dung dé lién hop voi khang thé don
dong. Tuy nhién, 18 rang 1a hé théng nay cling c6 thé duoc st dung dé biéu hién cac

protein trong t& bio sinh dudng hodc su tiét ra tir té bao nay.
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YEU CAU BAO HQ
1. Quy trinh dua it nhit mot gen khac loai vao Bacillus Spp va lam cho Bacillus Spp.

ndy khong c6 kha ning ting sinh khi khong ¢6 mat thymin hogc thymidin, quy trinh

nay bao gdém cac budc:

(a)
(i) dua gen khdc loai vao gen thyA va gen thyB trong vi khuan Bacillus Spp.; va
(ii) dé Bacillus Spp. néu trén sinh truong véi sy ¢6 mat cua trimethoprim; hodc
(b)

(i) dua gen khéc loai vao gen thy4 hodc gen thyB trong vi khuén Bacillus Spp.;

(i1) dé vi khudn Bacillus Spp. néu trén sinh truong voi sy ¢d mat cua
trimethoprim;

(iii) dua gen khac loai vao gen con lai trong s6 gen thyA hodc gen thyB trong vi
khuin Bacillus Spp. néu trén; vi

(iv) dé vi khuidn Bacillus Spp. néu trén sinh trudng voi su ¢6 mat cua
trimethoprim,
¢ sinh vao.

=

trong d6 quy trinh nay dugc tién hanh ma khong dua gen khang khéan
2. Quy trinh theo diém 1, trong d6 Bacillus Spp. la B. subtilis.

3. Quy trinh theo dicm 1. trong d6 trong bude b:
bude (i) la bude dua gen khac lodi vao gen thyd trong vi khudn Bacillus Spp..
va

bude (iil) 1a bude dua gen khic lodi vao gen thyB trong vi Khuéan Bacillus Spp.

4. Quy trinh theo diém bat ky trong s& céc diém tir 1 dén 3. trong do:

trong sudt budc (i), Bacillus Spp. duge sinh truémng trong moi truong chua chét
chiét nAm men (veast extract: YE) voi nong do nho hon 2 mg/ml, 1,5 mg/ml, 1 mg/ml,
0,5 mg/ml, 0.25 mg/ml, 0,125 mg/ml, 0,1 mg/ml. 0.01 mg/ml, 0,001 mg/ml. 0.0001

mg/ml, hodc 0 mg/ml. tot hon la moi truong trong d6 Bacillus Spp. dugce sinh trudng

khong chtra YE.


CVH140
Textbox
Bacillus Spp

CVH140
Textbox
thymidin, quy trình


52978 £3/104

J

5. Quy trinh theo diém bat ky trong s cac diém tir 1. 2 hodc 3. trong d6 trong bude

(b):

trong sudt bude (iv), vi khuin Bacillus Spp. duge sinh trugng trong moi trudng
chira chét chiét nAm men (YE) véi nong d6 nho hon 2 mg/ml, 1.5 mg/ml, | mg/ml. 0.5
mg/ml. 0,25 mg/ml, 0,125 mg/ml, 0.1 mg/ ml, 0,01 mg/ml, 0,001 mg/ml, 00001
mg/ml, hodc 0 mg/ml. t&t hon 1a modi truong trong do vi khuan Bacillus Spp. duge sinh
trudmg khong chira YE.
6. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong do:

trong sudt budce (i), Bacillus Spp. dugc sinh trudng trong mdi truong chira

thymin hodc thymidin.

7. Quy trinh theo diém bt k¥ trong 6 cac diém 1. 2. 3 hodc 5, trong dé trong budgce b:
trong sudt bude (iv), vi khuén Bacillus Spp. duge sinh truong trong moi truomg

chira thymin hogc thymidin.

I3
A

&. Quy trinh theo diém bat k¥ trong s0 céc diém 1, 2.3, 5 hoac 7. trong do:
lwong trimethoprim ¢6 mét trong budc (iv) cao hon lugng trimethoprim ¢ mat

trong budce (ii).

9. Quy trinh theo diém 3, trong do céc té bao ¢6 su chén gen & locus thyd duge xac
dinh theo kha ning sinh truong © nhiét do 37°C khi ¢6 mét hodc khong ¢6 mat thymin
hodc thymidin nhung khong ¢6 kha niing sinh truong & nhiét do 46°C tru khi duge bd

sung thymin hodc thymidin.

10. Quy trinh theo diém bat ky trong 0 cac diem néu trén, trong do:
YE ¢6 mit v&i nong dd nhé hon 2 mg/ml. hodce tot hon la khong ¢6 mat, trong

moi trudmg duge st dung & giai doan bat ky cua quy trinh nay.

11. Quy trinh theo diém bat ky trong so cdc diém 1, 2, 3, 5. 7 hodc 8 trong do:
trong bude (iv), vi khuin Bacillus Spp. duge sinh trudng trong moi truong ¢d

bé sung it nhat mot axit amin.

N
[O%}
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12. Quy trinh theo diém 11, trong do:
trong bude (iv). vi khuén Bacillus Spp. duge sinh truong trong moi trurong chia

axit casamino (casamino acid: CAA).

13. Quy trinh theo diém bat ky trong so cac diém néu trén, trong do:
cac té bao ¢6 hai sy chén gen dugce xac dinh theo kha nang khong sinh trudng o

nhiét do 37°C hodc 46°C trir khi dugce bo sung thymin hogce thymidin.

14. Quy trinh theo diém bét ky trong so céc diém néu trén. trong do quy trinh nay duge

tién hanh ma khong dua gen khang khang sinh vao.

15. Quy trinh theo diém bat ky trong s cac diém néu trén, trong d6 quy trinh con bao

x
R

gdm budc:

tao ra bao t vi khuan tir vi khudan tao bao tir néu trén.

16. Bao tir vi khudn thu duoc hodic ¢6 thé thu duge bang quy trinh theo diém bat ky

trong so cac diém tur 1 dén 15.

17. Bao tir vi khudn theo diém 16, trong d6 bao tr vi khuén 1a Bacillus spp. va chira

cac gen thyd va thyB khong chire nang, tot hon la do viée dua cac gen khac loai vao.

18. Bao tir vi khuén chira it nhat mot gen khéc lodi va khong ¢6 kha ning tang sinh khi
khong ¢6 mit thymin hodc thymidin, trong do bao tu vi khuan nay duge tao ra bang
quy trinh bao gbm cac bude:

(i) dua gen khac loai vao cac gen thyA va thyB trong Bacillus spp.;

(ii) dé Bacillus spp. néu trén sinh trudng véi sy ¢6 mat cia trimethoprim: va

(iii) tao ra bao tir vi khuén tir Bacillus spp. néu trén,

trong do bao tir vi khudn khong bao gom gen khang khéang sinh.

19. Bao t vi khuin theo diém 18, trong d6 bao tr vi khuan nay duge tao ra bfmg quy

7 -

trinh theo diém bat k¥ trong 6 cac diém tir 1 dén 15.

h
SN
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20. Vecto dé str dung trong quy trinh theo diém bat k¥ trong s6 cac diém tir 1 dén 15.
trong d6 vecto nay chua it nhét mot phan cia phin dau 5° cta gen rhyd cia vi khudn
Bacillus Spp.. gen khac loai, va it nhat mdt phan cua phin dau 3° clia gen thyA cua Vi
khuan Bacillus Spp.. va con chira it nhdt mot phan cua phén dau 5°ctia gen rhyB cua vi
khuan Bacillus Spp., gen khac loai, va it nhéat mot phan cta phin dau 3’ cua gen thyB

cua vi khudn Bacillus Spp..

()
n
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atcagcgcetc
taaccatgat
gtgatgttca
ttagaccgct
ttgaggactt

tatga

nhanh trai cua

aaggaatgaa
agagagaatt
ggtaaaatac
tttccaattt
accatttcgt
tatgagctat
tcctctttaa
tttgcgataa
atgaatagtc

taatggaatc

52978

cagcactttc
taaaaaactc
gaatgtacgc
cggtgaactt
aaccattgat
cttaatcgtc
ttgcctgtte
tgccgatgtt
cattgctcat
tatttaccaa
tccgcagcett

tatcatcgag

Trinh tyu nhan tao

thyA

ccgctgccaa
tattttaaag
aatgcattaa
ggtatacaca
ataatcctca
gtgacagact
acacacagtg
tattgcattc
atgacgcaat

tcagacgaag

ggatatcaaa
cactttaaat
tatctgcagg
ggacctgtat
caaatttccc
agcgcctgga
caattctatg
ttcttaggtg
gtgactgggc
aatcatattg
cgtttcgcca

gattatgatc

atatcataaa
aaagcccaat
atcagaaaaa
aacacctgac
acaatgttat
atgttatgga
agtggaataa
gtaataaatt
tcgataaaca

agtttgatgt
2

tgagatttaa
caattgcgca
aaaacggagt
atggctccca
gtcttattga
atgttggtga
tgtctgacgg
tgccgtttaa
ttgaaccggg
aacaagtcaa
gaaaggttga

cgcatcctca

aaagttgtta
tgcacatgga
gctattggag
tatttgaatt
caacggtgta
gaaatacagg
gatcctcact
atgcttagca
atacaattca

aagaaccaag

tttacgggaa
tgaactgctg
gcgaatctgg
atggcgttct
agatattaaa
aattgataaa
caagctgtcc
tattgcatct
cgagttcatc
tttgcagctg
ttctattttt

tataaaaggg

atgatcaaat
caaatgacaa
gatttaatgt
tttatgtacc
tgtaccaaac
tgtaaaagag
ttatctgcaa
actgaaaatg
attataaagg

tgggactcag

57/104
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atggaacacc
aggttccgat
ggatttggca

gggatcagtg

agaaaaacag

<210> 4

<211> 950
<212> ADN
<213>

<220>
<223>

<400> 4
tgaagaacaa

acgcaatggc
tccaccttga
tccagtataa
atatctttaa
aaatggaaag
tttatgactt
tatttgaggt
ctaatttcat
ataaaaaaga
aaactaaata
ctagatcata
gaagtgctac
tttccaccct
tatgctccaa

taacagagat

<210> 5

ggcacatact
tttaacgaca
gctgaaatct
gaaacaagaa

aagtctaaat

tccatcttca

cttaacgcca

ggtaagagca
tgtgttgcag
cattggggat
agaacagttt
taccattgat
agcggtttaa
taagcaatct
ttaactctac
caaagtaaaa
tccagcaggt
aataactaaa
tattaaagtt
ggaaaaccgc

cgtaacgtta

52978

ctaagtgtaa
aaaaaggttg
aatgatgtta
gacggaacca

ggagaaaaag

Trinh ty nhén tao

nhanh phdi cua thyA

cgcagacaca
tgtgtatacg
cggagcaatg
cgcatgattg
tgccatgtgt
gaagcacctyg
gatttcaagt
tgctgccttt
ggaagatgaa
agttaatctt
gcaatcatta
atcaacgcat
atcattccaa
aggtttaaac
cagacaatgc

tttcctgcaa

tcagtaagca
cctggaaaac
atgatttaaa
tcggacatgc

tggatcaggt

ttacaatgct
agacacaatg
atatggcatt
ctcaagtgac
acacacgtca
aactatggat
taatcaacta
ttattgtgca
taaaaattga
ttttattcag
cagttctaga
ttgtattaca
aaagacttgt
aaaagagctg
tggcggcttt

ctgaaacctt

aatgagattc
agccattaaa
catgatgggc
atatggattt

agactatctt

gtggaatcct
gtacgttaaa
gggaaatcca
tggttatgag
tatagacaat
caatcctgaa
taaacatggg
gtgaatagat
aggacaaaca
aagaaaatat
tattacaatt
cataaaatat
tttttcatat
aagaaacgaa
ttgctgcttc

tgcgaaatcc

gacaactcag
gagttgctct
gtccatattt

cagctgggga

cttcatcaat

gatgaattag
catgggaaac
ttcaatgtat
cttggtgaat
ttgaaaattc
gtgaaagatt
gacaagcttt
agcaggtatc
cgtataatac
cctaactttg
ccatgaatag
atagatatta
ttcataccaa
ctatgaccag

gtttatttat

58/104

660
720
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120
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<211> 59
<212> ADN
<213>
<220>
<223>
<400> 5

52978

Trinh tu nhén tao

vi tri da tach doéng

agcttgcatg cctgcaggtc gactctagag gatcccccgg gggtaccgag ctcgaattc

<210> 6

<211> 1910
<212> ADN
<213>

<220>
<223>

<400> 6
cagatcatat

gaatgaaatt
ttgatattga
gtttagacaa
gcaatatcaa
tggcggtaac
ggggattaac
gtgcttagta
aaagaaggat
atattatcaa
atggaacacc
aggttccgat
ggatttggca
gggatcagtg
agaaaaacag
aagcttgcat
tgaagaacaa

acgcaatggc

vecto thyA

aaggaatgaa
agagagaatt
ggtaaaatac
tttccaattt
accatttcgt
tatgagctat
tcctctttaa
tttgcgataa
atgaatagtc
taatggaatc
ggcacatact
tttaacgaca
gctgaaatct
gaaacaagaa
aagtctaaat
gcctgcaggt
tccatcttca

cttaacgcca

Trinh tu nhan tao

ccgctgccaa
tattttaaag
aatgcattaa
ggtatacaca
ataatcctca
gtgacagact
acacacagtg
tattgcattc
atgacgcaat
tcagacgaag
ctaagtgtaa
aaaaaggttg
aatgatgtta
gacggaacca
ggagaaaaag
cgactctaga
cgcagacaca

tgtgtatacg

atatcataaa
aaagcccaat
atcagaaaaa
aacacctgac
acaatgttat
atgttatgga
agtggaataa
gtaataaatt
tcgataaaca
agtttgatgt
tcagtaagca
cctggaaaac
atgatttaaa
tcggacatgc
tggatcaggt
ggatcccccg
ttacaatgct

agacacaatg
4

aaagttgtta

tgcacatgga’

gctattggag
tatttgaatt
caacggtgta
gaaatacagg
gatcctcact
atgcttagca
atacaattca
aagaaccaag
aatgagattc
agccattaaa
catgatgggc
atatggattt
agactatctt
ggggtaccga
gtggaatcct

gtacgttaaa

atgatcaaat
caaatgacaa
gatttaatgt
tttatgtacc
tgtaccaaac
tgtaaaagag
ttatcfgcaa
actgaaaatg
attataaagg
tgggactcag
gacaactcag
gagttgctct
gtccatattt
cagctgggga
cttcatcaat
gctcgaattc
gatgaattag

catgggaaac

59/104
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tccaccttga
tccagtataa
atatctttaa
aaatggaaag
tttatgactt
tatttgaggt
ctaatttcat
ataaaaaaga
aaactaaata
ctagatcata
gaagtgctac
tttccaccct
tatgctccaa
taacagagat
<210> 7

<211> 900
<212> ADN

<213>

<220>
<223>

<400> 7
ccaaatctgc

attattcatg
cccgaaccgce
atcccgcettt
gataaagaga
tttttggatg
catcaggatc

taaaaaaatc

ggtaagagca
tgtgttgcag
cattggggat
agaacagttt
taccattgat
agcggtttaa
taagcaatct
ttaactctac
caaagtaaaa
tccagcaggt
aataactaaa
tattaaagtt
ggaaaaccgc

cgtaacgtta

nhanh trai cua

cgctcagtgt
ctgttttgac
tgcagcacct
caatcgttaa
agattggaat
atattgtggc
tgcaagatga

atttctgggt

52978

cggagcaatg
cgcatgattg
tgccatgtgt
gaagcacctg
gatttcaagt
tgctgccttt
ggaagatgaa
agttaatctt
gcaatcatta
atcaacgcat
atcattccaa
aggtttaaac
cagacaatgc

tttcctgcaa

Trinh tu nhdn tao

thyB

ttgcatggag
aggccttgceca
tgttgaaacg
tgtgtacggg
tattaaggaa
agctcttgct
agaaaaagaa

tcagaaatga

atatggcatt
ctcaagtgac
acacacgtca
aactatggat
taatcaacta
ttattgtgca
taaaaattga
ttttattcag
cagttctaga
ttgtattaca
aaagacttgt
aaaagagctg
tggcggcttt

ctgaaacctt

aatgtagaaa
ctcgatcagc
gatgaaccgc
tcgatcggtt
cttgatgaaa
gcagcagcgg
caggatgaaa

ttttttattg

5

gggaaatcca
tggttatgag
tatagacaat
caatcctgaa
taaacatggg
gtgaatagat
aggacaaaca
aagaaaatat
tattacaatt
cataaaatat
tttttcatat
aagaaacgaa
ttgctgctte

tgcgaaatcc

aagtcctgaa
ttgcagaaca
tttacggcat
tgaccaattt
gtccagacgg
cgagcagaat
agcctgtcgt

tgttacacta

ttcaatgtat
cttggtgaat
ttgaaaattc
gtgaaagatt
gacaagcttt
agcaggtatc
cgtataatac
cctaactttg
ccatgaatag
atagatatta
ttcataccaa
ctatgaccag

gtttatttat

caaacgtgaa
gaaacttctc
agatgaaatt
cggttatttyg
tattcacacc
tgcacatacg
cagctgacta

ctagaagact

60/104
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1200
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1620

b_.l
(o)
[e@)
(@]

1740

1800

1860

1910

60

120

180

240

300

360

420

480



acttttaaag
atggtgagaa
tgagatttaa
caattgcgca
aaaacggagt
atggctccca
gtcttattga
<210> 8

<211>

<212>
<213>

ADN
<220>
<223>

<400> 8
atgttggtga

tgtctgacgg
tgccgtttaa
ttgaaccggg
aacaagtcaa
gaaaggttga
cgcatcctca
caacaggctt
ctttaagaaa
cggacgtccg
tcagggatgc
agaatgcttt
actgtatatg
tgaatccaat
tgattacgaa

ggttcgctac

1095

gatgaaaaaa
aaagggagac
tttacgggaa
tgaactgctg
gcgaatctgg
atggcgttct

agatattaaa

nhanh phai cua

aattgataaa

caagctgtec

tattgcatct
cgagttcatc
tttgcagctg
ttctattttt
tataaaaggg
atcggcaaag
ataacatcgg
cttccaaatc
acggttgtca
gtgatcggag
acgaaaattc
tggaagctgg
tttctaatgt

agccttctag

52978

atgaaacagt
cggactggga
ggctttccga
tggttcttaa
aatgagtggy
tggcggggag

acaaatccga

Trinh tu nhén tao

thyB

atggcgttgce
tgtcagctgt
tatgccctcce
catacgtttg
gaaagagatg
aactttgcat
gcggtcageg
acaatgattt
gccattcaat
ggaaaaatat
gttcattaaa
gggctcagct
atcacgagtt
tttcttctga
atgaaaaaaa

tggtttatat

ataaggattt
ccggaacaat
tgctcaccac
aaggagatac
ctgatgaaaa
ctgatggaga

actccagacg

cgccgtgeeca
atcagcgcectc
taaccatgat
gtgatgttca
ttagaccgct
ttgaggactt
tatgatttca
gccgtggcecat
cattatgggc
tgtcgttacc
ggatgtactg
ctatacggac
tgagggtgac
gcaggggacc
gaaatcttct

tgtgtatatg
6

ctgcagacat
cagcactttc
taaaaaactc
gaatgtacgc
cggtgaactt
aaccattgat

cttaatcgtc

ttgcctgttc
tgccgatgtt
cattgctcat
tatttaccaa
tccgcagcett
tatcatcgag
ttcatttttg
ttgcccaatg
cggaaaacat
tcagcgccgg
gacatttgtt
ctgttccctt
cgtcactttc
aaagacgaaa
aaagcgggag

ctgttaaaaa

gttttagagc
ggatatcaaa
cactttaaat
tatctgcagg
ggacctgtat
caaatttccc

agcgcctgga

caattctatg
ttcttaggtg
gtgactgggc
aatcatattg
cgtttcgcca
gattatgatc
cgatggatgce
atcttgcata
ttgaatcgat
attcagaatt
caggccctga
atgcggacag
ctgaatttga
aaaacccgta
gattttaatt

atatgaaaca

61/104
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52978

attatttaat caaacaatgc tcgatccccg tctgtcatac aaaaaacaga tggctcttgt

gtacgaacag ccaaaggcgt ttttagaagg ctgtatcggc atctccggtt cagttgtgac

gatccatcag ccaga

<210> 9

<211> 62

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> vi tri da téch dong
<400> 9

aagcttgcat gcctgcaggt cgactctaga ggatcccccg ggggtaccga gctcgaattc

tg

<210> 10
<211>
<212>
<213>

ADN
<220>
<223>

<400> 10
ccaaatctgc

attattcatg
cccgaaccge
atcccgettt
gataaagaga
tttttggatg
catcaggatc
taaaaaaatc
acttttaaag
atggtgagaa
tgagatttaa

caattgcgca

2057

vecto thyB

cgctcagtgt
ctgttttgac
tgcagcacct
caatcgttaa
agattggaat
atattgtggc
tgcaagatga
atttctgggt
gatgaaaaaa
aaagggagac
tttacgggaa

tgaactgctg

Trinh tu nhé&n tao

ttgcatggag
aggccttgcea
tgttgaaacg
tgtgtacggg
tattaaggaa
agctcttgcet
agaaaaagaa
tcagaaatga
atgaaacagt
cggactggga
ggctttccga

tggttcttaa

aatgtagaaa
ctcgatcagc
gatgaaccgc
tcgatcggtt
cttgatgaaa
gcagcagcgg
caggatgaaa
ttttttattg
ataaggattt
ccggaacaat
tgctcaccac

aaggagatac

7

aagtcctgaa
ttgcagaaca
tttacggcat
tgaccaattt
gtccagacgg
cgagcagaat
agcctgtcgt
tgttacacta
ctgcagacat
cagcactttc
taaaaaactc

gaatgtacgc

caaacgtgaa
gaaacttctc
agatgaaatt
cggttatttg
tattcacacc
tgcacatacg
cagctgacta
ctagaagact
gttttagagc
ggatatcaaa
cactttaaat

tatctgcagg

62/104
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aaaacggagt
atggctccca
gtcttattga
aagcttgcat
tgatgttggt
tgtgtctgac
tgtgccgttt
gcttgaaccg
tgaacaagtc
cagaaaggtt
tcecgeatcect
gccaacaggc
tactttaaga
atcggacgtc
tttcagggat
gaagaatgct
agactgtata
gatgaatcca
tatgattacg
ttggttcget
caattattta
gtgtacgaac
acgatccatc
<210> 11

<211> 272
<212> PRT
<213>

<220>
<223>

gcgaatctygg
atggcgttcet
agatattaaa
gcctgcaggt
gaaattgata
ggcaagctgt
aatattgcat
ggcgagttca
aatttgcagc
gattctattt
catataaaag
ttatcggcaa
aaataacatc
cgcttccaaa
gcacggttgt
ttgtgatcgg
tgacgaaaat
attggaagct
aatttctaat
acagccttct
atcaaacaat
agccaaaggc

agccaga

CotC-VP26

52978

aatgagtggg
tggcggggag
acaaatccga
cgactctaga
aaatggcgtt
cctgtcagcet
cttatgccct
tccatacgtt
tggaaagaga
ttaactttgc
gggcggtcag
agacaatgat
gggccattca
tcggaaaaat
cagttcatta
aggggctcag
tcatcacgag
ggtttcttct
gtatgaaaaa
agtggtttat
gctcgatccc

gtttttagaa

Trinh ty nhé&n tao

ctgatgaaaa
ctgatggaga
actccagacg
ggatcccccg
gccgeegtge
gtatcagcgc
cctaaccatg
tggtgatgtt
tgttagaccg
atttgaggac
cgtatgattt
ttgccgtggce
atcattatgg
attgtcgtta
aaggatgtac
ctctatacgg
tttgagggtyg
gagcagggga
aagaaatctt
attgtgtata
cgtctgtcat

ggctgtatcg

[ole]

cggtgaactt
aaccattgat
cttaatcgtc
ggggtaccga
cattgcctgt
tctgccgatg
atcattgctc
catatttacc
cttccgcagce
tttatcatcg
cattcatttt
atttgcccaa
gccggaaaac
cctcagcgcec
tggacatttg
acctgttccc
accgtcactt
ccaaagacga
ctaaagcggg
tgctgttaaa
acaaaaaaca

gcatctccgg

ggacctgtat
caaatttccc
agcgcctgga
gctcgaattc
tccaattcta
ttttcttagg
atgtgactgg
aaaatcatat
ttcgtttcge
aggattatga
tgcgatggat
tgatcttgca
atttgaatcg
ggattcagaa
ttcaggccect
ttatgcggac
tcctgaattt
aaaaaacccg
aggattttaa
aaatatgaaa
gatggctctt

ttcagttgtg
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<400>

11

Met Gly Tyr

1

Thr

Asp

Asp

His

65

Ile

vVal

Asn

Met

Ala

145

Asp

Thr

Gly

Ala

Tyr

Tyr

Lys

50

Tyr

Ile

Ile

Tyr

Ser

130

Met

Leu

Gly

vVal

Gly

Tyr

Asp

35

Lys

Ala

Met

Asp

115

Ile

Lys

val

Ala

Asp

195

Asn

Tyr

Lys

20

Lys

Asp

Leu

Ile

Ile

100

Gln

Arg

Asn

Ile

Glu

180

Leu

Ile

Lys

Lys

Lys

Tyr

Met

Leu

85

Val

Met

Gly

Gly

Ser

165

Asn

Leu

Lys

Lys

Tyr

Tyr

Asp

Glu

70

Ser

Phe

Met

Glu

Leu

150

Thr

Ser

Ile

Gly

Tyr

Tyr

Asp

Tyr

55

Phe

Ile

Asn

Arg

Arg

135

Ser

Val

Asn

Asn

Asn

Lys

Glu

Asp

40

vVal

Gly

Ala

Thr

Val

120

Ser

Asp

Thr

Met

Asp

200

Thr

52978

Glu

Tyr

25

Tyr

val

Asn

Ile

Arg

105

Pro

Tyr

Lys

Ala

Thr

185

Ile

Met

Glu

10

Asp

Asp

Glu

Leu

Ile

90

vVal

Ile

Asn

Asp

Pro

170

Leu

Thr

Ser

Tyr

Lys

Lys

Tyr

Thr

75

Ala

Gly

Gln

Thr

Met

155

Arg

Lys

Val

Asn

Tyr

Lys

Lys

Lys

60

Asn

Leu

Arg

Arg

Pro

140

Lys

Thr

Ile

Arg

Thr

Thr

Asp

Tyr

45

Lys

Leu

Ile

Ser

Arg

125

Leu

Asp

Asp

Leu

Pro

205

Tyr

Val

Tyr

30

Tyr

His

Asp

val

Val

110

Ala

Gly

val

Pro

Asn

190

Thr

Phe

Lys

15

Asp

Asp

Lys

Val

Ile

95

val

Lys

Lys

Ser

Ala

175

Asn

Val

Ser

Lys

Cys

His

Lys

Ala

80

Met

Ala

val

val

Ala

160

Gly

Thr

Ile

Ser

64/104



210

Lys Asp Ile
225

Ser Lys Phe

Phe Thr Ser

<210> 12
<211> 481
<212> PRT
<213>

<220>
<223>

<400> 12
Met Ser Lys

1

Tyr Asn Phe

Gly Gly Pro
35

Tyr Ile Ala
50

His Val Lys
65

Glu Thr Glu

His Leu Ile

Lys Lys Gly
115

Lys

Glu

Lys
260

Trinh tu

CotB-VP28

Arg

Leu

20

Glu

Leu

Ser

Glu

Asn

100

Arg

Ser Ser
230

Asp Gly
245

Asn Val

215

Ser

Ala

Ile

nhan tao

Arg Met

His Ser

Ser Lys

Gln Ala

Ile Thr

70

Met Leu
85

Gln Ser

Leu Val

Lys

Met

Lys

Glu

55

Glu

Asp

Val

Trp

Ser

Ala

Asp

Tyr

Lys

Gly

40

Lys

Asp

Ala

Gln

Leu
120

52978

Lys

Phe

Ile
265

His

Asp

Lys

Lys

Thr

Asp

Phe

105

Gly

Ile

Glu

250

Lys

Ser

10

Lys

Leu

Ile

Asn

Asp

90

Asn

Asp

10

Thr
235

Ala

Asp

Asn

Ile

Thr

Ile

Asn

75

Phe

Gln

Asp

220

Leu

Thr

Glu

Asn

Val

Ala

Tyr

60

Ser

His

Gly

Tyr

Ile

Met

Ile

Glu

Thr

Val

45

Tyr

Thr

Ser

Gly

Ala
125

Asp

Asn

Lys
270

Ile

vVal

30

Lys

Gln

Thr

Leu

Pro

110

Ala

vVal

Ile

255

Lys

Ser

15

Tyr

Ser

Leu

Thr

Ile

95

Glu

Leu

Cys
240

Gly

Lys

Tyr

Arg

Asp

Glu

Ile

80

Gly

Ser

Asn

65/104



Thr

Ile

145

Gly

His

Ile

Glu

Pro

225

Glu

Tyr

Gln

Ala

Arg

305

Ile

Val

Asn

130

Ser

val

Lys

Leu

val

210

Lys

Asp

Ser

Ser

Ile

290

Tyr

Glu

Gly

Lys

Leu

Trp

Val

195

Leu

Gly

Asn

Ser

Ser

275

Leu

His

Thr

Ser

Asp

His

Glu

vVal

180

Asp

Arg

Ser

Asn

Ser

260

Lys

Ala

Asn

Asn

Gly

Gly

Glu

Ala

165

Ser

Asn

Ile

Tyr

Asp

245

Lys

Leu

Ile

Thr

Met

325

Tyr

Val

Pro

150

Asp

Ile

Ala

Tyr

Lys

230

Lys

Ser

Met

Thr

Val

310

Asp

Phe

Val

135

Asp

Asp

Asn

Asp

Pro

215

Lys

Asp

Ser

Asp

Ala

295

Thr

Glu

Lys

Tyr

Leu

Leu

Arg

Gly

200

Phe

Glu

Ser

Lys

Leu

280

Val

Lys

Asn

Met

52978

Phe

Lys

Ser

Gly

185

His

His

Asp

Asn

Arg

265

Ser

Ile

Thr

Leu

Thr

Asn

Ile

Glu

170

Gly

Tyr

Ile

Gln

Ser

250

Ser

Phe

Ala

Ile

Arg

330

Asp
11

Ile

Glu

155

val

Pro

Thr

Lys

Lys

235

Phe

Leu

Thr

Val

Glu

315

Ile

vVal

His

140

Glu

Phe

Glu

Ile

Ser

220

Asn

Ile

Lys

Leu

Phe

300

Thr

Pro

Ser

His

Gln

LysS

Ala

val

205

Ile

Glu

Ser

Ser

Ser

285

Ile

His

val

Phe

Ile

Thr

Ser

Ile

190

Lys

Ser

Gln

Ser

Ser

270

val

Val

Thr

Thr

Asp

Lys

Pro

Leu

175

Glu

Asn

Leu

Asn

Lys

255

Asp

Val

Ile

Gly

Ala

335

Ser

Ser

vVal

160

Thr

Gly

Gln

Gly

Gln

240

Ser

Asp

Ser

Phe

Asn

320

Glu

Asp
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Thr

Lys

Leu

385

vVal

vVal

Ser

vVal

Asn

465

Glu

Leu

Glu

370

Glu

Trp

Pro

Ser

Cys

450

Leu

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

<220>
<223>

<400>

Gly

355

Glu

Val

Asn

Lys

Phe

435

Gly

Phe

13
597
PRT

Trinh ty nhén tao

340

Lys

Asp

Thr

Asn

Ile

420

Thr

Thr

Asp

Ile

Ala

Val

Thr

405

Asn

Pro

Thr

Met

Lys

Asp

Gly

390

Ser

Pro

vVal

Phe

Tyr
470

CotB-TcdA26-39

13

Ile

Leu

375

Gln

Arg

Ser

Ser

Gly

455

val

Arg

360

Val

Asn

Lys

Lys

Ile

440

Ala

His

52978

345

Asn

Ile

Leu

Ile

Ala

425

Asp

Pro

Val

Gly

Thr

Thr

Asn

410

Phe

Glu

Ile

Thr

Lys

Pro

Phe

395

Ile

Val

Asp

Ala

Tyr
475

Ser

Val

380

Glu

Thr

Gly

Glu

Ala

460

Ser

Asp

365

Glu

Gly

Gly

Ser

Val

445

Thr

Gly

350

Ala

Gly

Thr

Met

Ser

430

Gly

Ala

Thr

Gln

Arg

Phe

Gln

415

Asn

Thr

Gly

Glu

Met

Ala

Lys

400

Met

Thr

Phe

Gly

Thr
480

Met Ser Lys Arg Arg Met Lys Tyr His Ser Asn Asn Glu Ile Ser Tyr

1

5

10

15

Tyr Asn Phe Leu His Ser Met Lys Asp Lys Ile Vval Thr Val Tyr Arg

20

25

12

30
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Gly

Tyr

His

65

Glu

His

Lys

Thr

Ile

145

Gly

His

Ile

Glu

Pro

225

Glu

Gly

Ile

50

vVal

Thr

Leu

Lys

Asn

130

Ser

Val

Lys

Leu

Val

210

Lys

Asp

Pro

35

Ala

Lys

Glu

Ile

Gly

115

Glu

Lys

Leu

Trp

val

195

Leu

Gly

Asn

Glu

Leu

Ser

Glu

Asn

100

Arg

Asp

His

Glu

Val

180

Asp

Arg

Ser

Asn

Ser

Gln

Ile

Met

85

Gln

Leu

Gly

Glu

Ala

165

Ser

Asn

Ile

Tyr

Asp

Lys

Ala

Thr

70

Leu

Ser

vVal

Val

Pro

150

Asp

Ile

Ala

Tyr

Lys

230

Lys

Lys

Glu

55

Glu

Asp

Val

Trp

val

135

Asp

Asp

Asn

Asp

Pro

215

Lys

Asp

Gly

Lys

Asp

Ala

Gln

Leu

120

Tyr

Leu

Leu

Arg

Gly

200

Phe

Glu

Ser

52978

Lys

Lys

Thr

Asp

Phe

105

Gly

Phe

Lys

Ser

Gly

185

His

His

Asp

Asn

Leu

Ile

Asn

Asp

90

Asn

Asp

Asn

Ile

Glu

170

Gly

Tyr

Ile

Gln

Ser
13

Thr

Ile

Asn

75

Phe

Gln

Asp

Ile

Glu

155

Val

Pro

Thr

Lys

Lys

235

Phe

Ala

Tyr

60

Ser

His

Gly

Tyr

His

140

Glu

Phe

Glu

Ile

Ser

220

Asn

Ile

Val

45

Tyr

Thr

Ser

Gly

Ala

125

His

Gln

Lys

Ala

vVal

205

Ile

Glu

Ser

Lys

Gln

Thr

Leu

Pro

110

Ala

Ile

Thr

Ser

Ile

190

Lys

Ser

Gln

Ser

Ser

Leu

Thr

Ile

95

Glu

Leu

Lys

Pro

Leu

175

Glu

Asn

Leu

Asn

Lys

Asp

Glu

Ile

80

Gly

Ser

Asn

Ser

vVal

160

Thr

Gly

Gln

Gly

Gln

240

Ser
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Tyr

Gln

His

Gly

305

Asn

Asn

Leu

Val

Asn

385

Lys

Lys

Asn

Leu

Ser

Ser

Phe

290

Pro

Ile

Gly

Arg

Ala

370

Thr

His

Gly

Asn

His
450

Ser

Ser

275

Tyr

Asn

Glu

Lys

Thr

355

Val

Asn

Phe

Pro

Ile

435

Asp

Ser

260

Lys

Phe

Gly

Gly

Lys

340

Ile

Thr

Thr

Tyr

Asp

420

Glu

Asn

245

Lys

Leu

Asn

Phe

Gln

325

Tyr

Asp

Gly

Ser

Phe

405

Gly

Gly

Ile

Ser

Ala

Thr

Glu

310

Ala

Tyr

Gly

Trp

Ile

390

Asn

Phe

Gln

Tyr

Ser

Ser

Asp

295

Tyr

Ile

Phe

Lys

Gln

375

Ala

Thr

Glu

Ala

Tyr
455

Lys

Thr

280

Gly

Phe

Leu

Gly

Lys

360

Thr

Ser

Asp

Tyr

Ile

440

Phe

52978

Arg

265

Gly

Ile

Ala

Tyr

Ser

345

Tyr

Ile

Thr

Gly

Phe

425

Arg

Gly

250

Ser

Tyr

Met

Pro

Gln

330

Asp

Tyr

Asn

Gly

Ile

410

Ala

Tyr

Asn

14

Leu

Thr

Gln

Ala

315

Asn

Ser

Phe

Gly

Tyr

395

Met

Pro

Gln

Asn

Lys

Ser

Ile

300

Asn

Lys

Lys

Asn

Lys

380

Thr

Gln

Ala

Asn

Ser
460

Ser

Ile

285

Gly

Thr

Phe

Ala

Thr

365

Lys

Ile

Ile

Asn

Arg

445

Lys

Ser

270

Asn

val

His

Leu

vVal

350

Asn

Tyr

Ile

Gly

Thr

430

Phe

Ala

255

Asp

Gly

Phe

Asn

Thr

335

Thr

Thr

Tyr

Ser

Val

415

Asp

Leu

Ala

Asp

Lys

Lys

Asn

320

Leu

Gly

Ala

Phe

Gly

400

Phe

Ala

Tyr

Thr
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Gly

465

Ala

Phe

Phe

Gln

Tyr

545

Asn

Gly

Gly

Trp

Met

Arg

Glu

Ala

530

Tyr

Gly

Gly

val

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

<220>
<223>

<400>

Val

Gly

Asn

Tyr

515

Ile

Phe

Lys

Leu

Lys

595

14
388
PRT

Trinh tyw nhé&n tao

Thr

Ala

Gly

500

Phe

Arg

Gly

vVal

Phe

580

Ala

Ile

Asn

485

Leu

Ala

Tyr

Asn

Tyr

565

Glu

Pro

Asp

470

Gly

Pro

Pro

Gln

Asn

550

Tyr

Ile

CotC-TcdA26-39

14

Met Gly Tyr Tyr Lys

1

5

Thr Tyr Tyr Lys Lys

20

Asp Tyr Asp Lys Lys

Gly

Tyr

Gln

Ala

Asn

535

Ser

Phe

Asp

52978

Asn

Lys

Ile

Asn

520

Arg

Lys

Met

Gly

Lys Tyr Lys

Tyr Tyr Glu

Tyr Asp Asp

Arg

Thr

Gly

505

Thr

Phe

Ala

Pro

val
585

Tyr

Ile

490

val

Asp

Leu

Val

Asp

570

Ile

Tyr

475

Asp

Phe

Ala

His

Thr

555

Thr

Tyr

Phe

Asn

Lys

Asn

Leu

540

Gly

Ala

Phe

Glu

Lys

Gly

Asn

525

Leu

Trp

Met

Phe

Glu Glu Tyr Tyr Thr

Tyr Asp Lys Lys Asp

25

10

Pro

Asn

Ser

510

Ile

Gly

Gln

Ala

Gly
590

Asn

Phe

495

Asn

Glu

Lys

Thr

Ala

575

val

Thr

480

Tyr

Gly

Gly

Ile

Ile

560

Ala

Asp

Val Lys Lys

15

Tyr Asp Cys

30

Tyr Asp Lys Lys Tyr Tyr Asp His

15
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Asp

His

65

Phe

Pro

Ile

Gly

Arg

145

Ala

Thr

His

Gly

Asn

225

His

Lys

50

Tyr

Tyr

Asn

Glu

Lys

130

Thr

Val

Asn

Phe

Pro

210

Ile

Asp

35

Lys

Lys

Phe

Gly

Gly

115

Lys

Ile

Thr

Thr

Tyr

195

Asp

Glu

Asn

Asp

Leu

Asn

Phe

100

Gln

Tyr

Asp

Gly

Ser

180

Phe

Gly

Gly

Ile

Tyr

Ala

Thr

85

Glu

Ala

Tyr

Gly

Trp

165

Ile

Asn

Phe

Gln

Tyr
245

Asp

Ser

70

Asp

Tyr

Ile

Phe

Lys

150

Gln

Ala

Thr

Glu

Ala

230

Tyr

Tyr

55

Thr

Gly

Phe

Leu

Gly

135

Lys

Thr

Ser

Asp

Tyr

215

Ile

Phe

40

Val

Gly

Ile

Ala

Tyr

120

Ser

Tyr

Ile

Thr

Gly

200

Phe

Arg

Gly

52978

vVal

Tyr

Met

Pro

105

Gln

Asp

Tyr

Asn

Gly

185

Ile

Ala

Tyr

Asn

Glu

Thr

Gln

90

Ala

Asn

Ser

Phe

Gly

170

Tyr

Met

Pro

Gln

Asn
250

16

Tyr

Ser

75

Ile

Asn

Lys

Lys

Asn

155

Lys

Thr

Gln

Ala

Asn

235

Ser

Lys

60

Ile

Gly

Thr

Phe

Ala

140

Thr

Lys

Ile

Ile

Asn

220

Arg

Lys

45

Lys

Asn

Val

His

Leu

125

Val

Asn

Tyr

Ile

Gly

205

Thr

Phe

Ala

His

Gly

Phe

Asn

110

Thr

Thr

Thr

Tyr

Ser

190

Val

Asp

Leu

Ala

Lys

Lys

Lys

95

Asn

Leu

Gly

Ala

Phe

175

Gly

Phe

Ala

Tyr

Thr
255

Lys

His

80

Gly

Asn

Leu

Val

160

Asn

Lys

Lys

Asn

Leu

240

Gly
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Trp Val

Met Gly

Arg Asn
290

Glu Tyr
305

Ala Ile

Tyr Phe

Gly Lys

Gly Leu
370

Val Lys
385

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

<220>
<223>

<400>

Met Ser
1

Tyr Asn

Gly Gly

Thr Ile
260

Ala Asn
275

Gly Leu

Phe Ala

Arg Tyr

Gly Asn
340

Val Tyr
355

Phe Glu

Ala Pro

15

436

PRT
Trinh tu
CotB-SA
15

Lys Arg

Phe Leu
20

Pro Glu

Asp

Gly

Pro

Pro

Gln

325

Asn

Tyr

Ile

Gly

Tyr

Gln

Ala

310

Asn

Ser

Phe

Asp

Asn

Lys

Ile

295

Asn

Arg

Lys

Met

Gly
375

nhdn tao

Arg

Thr

280

Gly

Thr

Phe

Ala

Pro

360

vVal

52978

Tyr

265

Ile

Val

Asp

Leu

val

345

Asp

Ile

Tyr

Asp

Phe

Ala

His

330

Thr

Thr

Tyr

Phe

Asn

Lys

Asn

315

Leu

Gly

Ala

Phe

Glu

Lys

Gly

300

Asn

Leu

Trp

Met

Phe
380

Pro

Asn

285

Ser

Ile

Gly

Gln

Ala

365

Gly

Asn

270

Phe

Asn

Glu

Lys

Thr

350

Ala

Val

Thr

Tyr

Gly

Gly

Ile

335

Ile

Ala

Asp

Ala

Phe

Phe

Gln

320

Tyr

Asn

Gly

Gly

Arg Met Lys Tyr His Ser Asn Asn Glu Ile Ser Tyr

5

10

15

His Ser Met Lys Asp Lys Ile Val Thr Val Tyr Arg

Ser Lys Lys Gly Lys Leu Thr Ala Val Lys Ser Asp

25

17

30
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Tyr

His

65

Glu

His

Lys

Thr

Ile

145

Gly

His

Ile

Glu

Pro

225

Glu

Ile

50

Val

Thr

Leu

Lys

Asn

130

Ser

Val

Lys

Leu

Val

210

Lys

Asp

35

Ala

Lys

Glu

Ile

Gly

115

Glu

Lys

Leu

Trp

val

195

Leu

Gly

Asn

Leu

Ser

Glu

Asn

100

Arg

Asp

His

Glu

Val

180

Asp

Arg

Ser

Asn

Gln

Ile

Met

85

Gln

Leu

Gly

Glu

Ala

165

Ser

Asn

Ile

Tyr

Asp
245

Ala

Thr

70

Leu

Ser

vVal

Val

Pro

150

Asp

Ile

Ala

Tyr

Lys

230

Lys

Glu

55

Glu

Asp

vVal

Trp

Val

135

Asp

Asp

Asn

Asp

Pro

215

Lys

Asp

40

Lys

Asp

Ala

Gln

Leu

120

Tyr

Leu

Leu

Arg

Gly

200

Phe

Glu

Ser

52978

Lys

Thr

Asp

Phe

105

Gly

Phe

Lys

Ser

Gly

185

His

His

Asp

Asn

Ile

Asn

Asp

90

Asn

Asp

Asn

Ile

Glu

170

Gly

Tyr

Ile

Gln

Ser
250

18

Ile

Asn

75

Phe

Gln

Asp

Ile

Glu

155

vVal

Pro

Thr

Lys

Lys

235

Phe

Tyr

60

Ser

His

Gly

Tyr

His

140

Glu

Phe

Glu

Ile

Ser

220

Asn

Ile

45

Tyr

Thr

Ser

Gly

Ala

125

His

Gln

Lys

Ala

val

205

Ile

Glu

Ser

Gln

Thr

Leu

Pro

110

Ala

Ile

Thr

Ser

Ile

190

Lys

Ser

Gln

Ser

Leu

Thr

Ile

95

Glu

Leu

Lys

Pro

Leu

175

Glu

Asn

Leu

Asn

Lys
255

Glu

Ile

80

Gly

Ser

Asn

Ser

val

160

Thr

Gly

Gln v

Gly

Gln
240

Ser
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Tyr

Gln

Ala

Thr

305

Glu

Tyr

Thr

Trp

Trp

385

Leu

Ile

Ala

Ser

Ser

Ala

290

Phe

Ser

Asp

Val

Ser

370

Leu

Val

Asp

val

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

<220>
<223>

Ser

Ser

275

Glu

Ile

Ala

Ser

Ala

355

Gly

Leu

Gly

Ala

Gln

435

16
552
PRT

Trinh ty nhan tao

CotB-Aprk

Ser

260

Ile

Ala

Val

Val

Ala

340

Trp

Gln

Thr

His

Ala

420

Gln

Lys

Gln

Gly

Thr

Gly

325

Pro

Lys

Tyr

Ser

Asp

405

Lys

Ser

Asp

Ile

Ala

310

Asn

Ala

Asn

vVal

Gly

390

Thr

Lys

Ser

Pro

Thr

295

Gly

Ala

Thr

Asn

Gly

375

Thr

Phe

Ala

Lys

Ser

280

Gly

Ala

Glu

Asp

Tyr

360

Gly

Thr

Thr

Gly

52978

Arg

265

Lys

Thr

Asp

Ser

Gly

345

Arg

Ala

Glu

Lys

Val
425

Ser

Asp

Trp

Gly

Arg

330

Ser

Asn

Glu

Ala

vVal

410

Asn

19

Leu

Ser

Tyr

Ala

315

Tyr

Gly

Ala

Ala

Asn

395

Lys

Asn

Lys

Lys

Asn

300

Leu

vVal

Thr

His

Arg

380

Ala

Pro

Gly

Ser

Ala

285

Gln

Thr

Leu

Ala

Ser

365

Ile

Trp

Ser

Asn

Ser

270

Gln

Leu

Gly

Thr

Leu

350

Ala

Asn

Lys

Ala

Pro
430

Asp

val

Gly

Thr

Gly

335

Gly

Thr

Thr

Ser

Ala

415

Leu

Asp

Ser

Ser

Tyr

320

Arg

Trp

Thr

Gln

Thr

400

Ser

Asp
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<400>

16

Met Ser Lys

1

Tyr

Gly

Tyr

His

65

Glu

His

Lys

Thr

Ile

145

Gly

His

Ile

Asn

Gly

Ile

50

val

Thr

Leu

Lys

Asn

130

Ser

vVal

Lys

Leu

Phe

Pro

35

Ala

Lys

Glu

Ile

Gly

115

Glu

Lys

Leu

Trp

val
195

Arg

Leu

20

Glu

Leu

Ser

Glu

Asn

100

Arg

Asp

His

Glu

Val

180

Asp

Arg

His

Ser

Gln

Ile

Met

85

Gln

Leu

Gly

Glu

Ala

165

Ser

Asn

Met

Ser

LysS

Ala

Thr

70

Leu

Ser

val

Val

Pro

150

Asp

Ile

Ala

Lys

Met

Lys

Glu

55

Glu

Asp

val

Trp

Val

135

Asp

Asp

Asn

Asp

52978

Tyr

Lys

Gly

40

Lys

Asp

Ala

Gln

Leu

120

Tyr

Leu

Leu

Arg

Gly
200

His

Asp

25

Lys

Lys

Thr

Asp

Phe

105

Gly

Phe

Lys

Ser

Gly

185

His

Ser

10

Lys

Leu

Ile

Asn

Asp

90

Asn

Asp

Asn

Ile

Glu

170

Gly

Tyr

20

Asn

Ile

Thr

Ile

Asn

75

Phe

Gln

Asp

Ile

Glu

155

Val

Pro

Thr

Asn

val

Ala

Tyr

60

Ser

His

Gly

Tyr

His

140

Glu

Phe

Glu

Ile

Glu

Thr

val

45

Tyr

Thr

Ser

Gly

Ala

125

His

Gln

Lys

Ala

vVal
205

Ile

Val

30

Lys

Gln

Thr

Leu

Pro

110

Ala

Ile

Thr

Ser

Ile

190

Lys

Ser

15

Tyr

Ser

Leu

Thr

Ile

95

Glu

Leu

Lys

Pro

Leu

175

Glu

Asn

Tyr

Arg

Asp

Glu

Gly

Ser

Asn

Ser

val

160

Thr

Gly

Gln

75/104



Glu

Pro

225

Glu

Tyr

Gln

Lys

Val

305

val

Asp

Asn

Ala

Ile

385

Met

Asp

Val

210

Lys

Asp

Ser

Ser

Ala

290

Ala

Arg

Gly

Asn

val

370

Asn

Ser

Lys

Leu

Gly

Asn

Ser

Ser

275

Pro

vVal

Gly

Ser

Ser

355

Lys

Gly

Leu

Ala

Arg

Ser

Asn

Ser

260

Lys

Ala

Ile

Gly

Ser

340

Ile

Val

Ile

Gly

Val
420

Ile

Tyr

Asp

245

Lys

Leu

Leu

Asp

Ala

325

His

Gly

Leu

Glu

Gly

405

Ser

Tyr

Lys

230

Lys

Ser

Ala

His

Ser

310

Ser

Gly

Val

Asp

Trp

390

Pro

Ser

Pro

215

Lys

Asp

Ser

Gln

Ser

295

Gly

Phe

Thr

Leu

Ser

375

Ala

Thr

Gly

Phe

Glu

Ser

Lys

Ser

280

Gln

Ile

val

His

Gly

360

Thr

Ile

Gly

Ile

52978

His

Asp

Asn

Arg

265

Val

Gly

Asp

Pro

vVal

345

val

Gly

Ser

Ser

Val
425

Ile

Gln

Ser

250

Ser

Pro

Tyr

Ser

Ser

330

Ala

Ala

Ser

Asn

Thr

410

Val

21

Lys

Lys

235

Phe

Leu

Tyr

Thr

Ser

315

Glu

Gly

Pro

Gly

Asn

395

Ala

Ala

Ser

220

Asn

Ile

Lys

Gly

Gly

300

His

Thr

Thr

Ser

Gln

380

Met

Leu

Ala

Ile

Glu

Ser

Ser

Ile

285

Ser

Pro

Asn

Ile

Ala

365

Tyr

Asp

Lys

Ala

Ser

Gln

Ser

Ser

270

Ser

Asn

Asp

Pro

Ala

350

Ser

Ser

Val

Thr

Ala
430

Leu

Asn

Lys

255

Asp

Gln

vVal

Leu

Tyr

335

Ala

Leu

Trp

Ile

val

415

Gly

Gly

Gln

240

Ser

Asp

Ile

Lys

Asn

320

Gln

Leu

Tyr

Ile

Asn

400

vVal

Asn

76/104



Glu

Pro

Ser

465

Ser

Thr

Ser

Ser

Ile
545

Gly

Ser

450

Phe

Ile

Ser

Lys

Thr

530

Asn

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

<220>
<223>

<400>

Ser

435

Thr

Ser

Gln

Met

His

515

Ala

vVal

17
903
PRT

Ser

Ile

Ser

Ser

Ala

500

Pro

Thr

Gln

Trinh tu

Gly

Ala

Ala

Thr

485

Thr

Thr

Tyr

Ala

nhé&n tao

CotB-AmyE

17

Ser

val

Gly

470

Leu

Pro

Trp

Leu

Ala
550

Ser

Gly

455

Ser

Pro

His

Thr

Gly

535

Ala

Met Ser Lys Arg Arg Met Lys

1

5

Tyr Asn Phe Leu His Ser Met

20

Gly Gly Pro Glu Ser Lys Lys

35

52978

Ser Thr Val
440

Ala Val Asn

Glu Leu Asp

Gly Gly Thr
490

Val Ala Gly
505

Asn Ala Gln
520

Asn Ser Phe

Gln

Gly
Ser
Val
475
Tyr
Ala

Val

Tyr

Tyr

Ser

460

Met

Gly

Ala

Arg

Tyr
540

Pro

445

Asn

Ala

Ala

Ala

Asp

525

Gly

Ala

Gln

Pro

Tyr

Leu

510

Arg

Lys

Lys

Arg

Gly

Asn

495

Ile

Leu

Gly

Tyr

Ala

Val

480

Gly

Leu

Glu

Leu

Tyr His Ser Asn Asn Glu Ile Ser Tyr

10

15

Lys Asp Lys Ile Val Thr Val Tyr Arg

25

Gly Lys Leu Thr Ala Val Lys Ser Asp

40

22

45

30

77/104



Tyr

His

65

Glu

His

Lys

Thr

Ile

145

Gly

His

Ile

Glu

Pro

225

Glu

Tyr

Ile

50

Val

Thr

Leu

Lys

Asn

130

Ser

val

Lys

Leu

val

210

Lys

Asp

Ser

Ala

Lys

Glu

Ile

Gly

115

Glu

Lys

Leu

Trp

vVal

195

Leu

Gly

Asn

Ser

Leu

Ser

Glu

Asn

100

Arg

Asp

His

Glu

Val

180

Asp

Arg

Ser

Asn

Ser
260

Gln

Ile

Met

85

Gln

Leu

Gly

Glu

Ala

165

Ser

Asn

Ile

Tyr

Asp

245

Lys

Ala

Thr

70

Leu

Ser

Val

Val

Pro

150

Asp

Ile

Ala

Tyr

Lys

230

Lys

Ser

Glu

55

Glu

Asp

Val

Trp

val

135

Asp

Asp

Asn

Asp

Pro

215

Lys

Asp

Ser

52978

Lys

Asp

Ala

Gln

Leu

120

Tyr

Leu

Leu

Arg

Gly

200

Phe

Glu

Ser

Lys

Lys

Thr

Asp

Phe

105

Gly

Phe

Lys

Ser

Gly

185

His

His

Asp

Asn

Arg
265

Ile

Asn

Asp

Asn

Asp

Asn

Ile

Glu

170

Gly

Tyr

Ile

Gln

Ser

250

Ser

23

Ile

Asn

75

Phe

Gln

Asp

Ile

Glu

155

Val

Pro

Thr

Lys

Lys

235

Phe

Leu

Tyr

60

Ser

His

Gly

Tyr

His

140

Glu

Phe

Glu

Ile

Ser

220

Asn

Ile

Lys

Tyr

Thr

Ser

Gly

Ala

125

His

Gln

Lys

Ala

val

205

Ile

Glu

Ser

Ser

Gln

Thr

Leu

Pro

110

Ala

Ile

Thr

Ser

Ile

190

Lys

Ser

Gln

Ser

Ser
270

Leu

Thr

Ile

95

Glu

Leu

Lys

Pro

Leu

175

Glu

Asn

Leu

Asn

Lys

255

ASp

Glu

Ile

80

Gly

Ser

Asn

Ser

Val

160

Thr

Gly

Gln

Gly

Gln

240

Ser

Asp

78/104



Gln

Ser

Asn

305

Ala

Asp

Gln

Cys

Ile

385

Arg

Asp

Asn

Arg

His

465

Asn

Ser

Ser

290

Thr

Ile

Lys

Ile

Ala

370

Asn

Ile

Arg

Thr

Ala

450

Ile

Ile

Ser

275

Val

Leu

Gln

Ser

Gly

355

Ala

His

Pro

Trp

Gln

435

Leu

Glu

Thr

Lys

Lys

Thr

Thr

Met

340

Asn

Ala

Thr

Asn

Asp

420

Asn

Asn

Leu

Asn

Leu

Asn

Gln

Ser

325

Arg

Arg

Glu

Thr

Trp

405

Val

Thr

Asp

Pro

Thr
485

Glu

Gly

Asn

310

Pro

Asn

Tyr

Lys

Ser

390

Thr

Thr

Glu

Gly

Asp

470

Ser

Thr

Thr

295

Met

Ile

Trp

Leu

Tyr

375

Asp

His

Gln

val

Ala

455

Asp

Ala

Ala

280

Ile

Lys

Asn

Tyr

Gly

360

Gly

Tyr

Gly

Asn

Gln

440

Asp

Gly

Glu

52978

Asn

Leu

Glu

Gln

Trp

345

Thr

Leu

Ala

Asn

Ser

425

Thr

Gly

Asn

Phe

Lys

His

Ile

val

330

Leu

Glu

Lys

Ala

Thr

410

Leu

Tyr

Phe

Tyr

Gln
490

24

Ser

Ala

Arg

315

Lys

Tyr

Gln

val

Ile

395

Gln

Leu

Leu

Arg

Gly

475

Tyr

Asn

Trp

300

Asp

Glu

Gln

Glu

Ile

380

Ser

Ile

Gly

Lys

Tyr

460

Ser

Gly

Glu

285

Asn

Ala

Gly

Pro

Phe

365

val

Asp

Lys

Leu

Gly

445

Asp

Arg

Glu

Val

Trp

Gly

Asn

Thr

350

Lys

Asp

Glu

Asn

Tyr

430

Phe

Ala

Phe

Ile

Ala

Ser

Tyr

Gln

335

Ser

Asp

Ala

Ile

Trp

415

Asp

Leu

Ala

Trp

Leu
495

Ala

Phe

Ala

320

Gly

Tyr

Met

val

Lys

400

Ser

Glu

Lys

Pro

480

Gln

79/104



Asp

Ala

Leu

Lys

545

Glu

vVal

Glu

Asp

Gln

625

Asn

vVal

Lys

Gln

Ala

Ser

Ser

Ser

530

Leu

Glu

Ile

Gly

Arg

610

Phe

Gly

Leu

Leu

val

690

val

Ala

Asn

515

Val

Val

Ser

Gly

Gly

595

Gly

His

Asn

Ala

Pro

675

Ala

Leu

Ser

500

Tyr

Ser

Thr

Thr

Ser

580

Gly

Ser

Asn

Asn

Asn

660

Asp

Asn

Tyr

Arg

Gly

Asn

Trp

Trp

565

Arg

Asn

Ala

vVal

Gln

645

Ala

Gly

Gly

Ser

Asp

His

Ile

Val

550

Met

Ser

Gly

Leu

Met

630

Ile

Gly

Arg

Lys

Asp

Thr

Ser

Ser

535

Glu

Ser

Gly

val

Phe

615

Ala

Phe

Ser

Tyr

Leu

695

Asp

Ala

Ile

520

His

Ser

Asp

Ser

Arg

600

Lys

Gly

Met

Ser

Asp

680

Thr

Ile

52978

Tyr

505

Arg

Tyr

His

Asp

Thr

585

Phe

Asp

Gln

Asn

Ser

665

Asn

Gly

Gly

Ala

Ser

Ala

Asp

Asp

570

Pro

Pro

Gln

Pro

Gln

650

vVal

Arg

Thr

Asn
25

Asn

Ala

Ser

Thr

555

Ile

Leu

Gly

Ala

Glu

635

Arg

Thr

Ala

Ile

Ala

Tyr

Leu

Asp

540

Tyr

Arg

Phe

Lys

Ile

620

Glu

Gly

Val

Gly

Asn

700

Pro

Met

Lys

525

Val

Ala

Leu

Phe

Ser

605

Thr

Leu

Ser

Asn

Ala

685

Ala

Gln

Asn

510

Asn

Ser

Asn

Gly

Ser

590

Gln

Ala

Ser

Lys

Thr

670

Gly

Arg

vVal

vVal

Arg

Ala

Asp

Ile

val

Asn

Gly

655

Ser

Ser

Ser

Phe

Thr

Asn

Asp

Glu

560

Ala

Pro

Gly

Asn

Pro

640

val

Thr

Phe

Ala

Leu

80/104



705

Glu

Val

Asn

Gly

Thr

785

Lys

Trp

Ile

Asn

Ala

865

Gln

Leu

Asn

Thr

Asn

Lys

770

Asn

Asp

Gly

Glu

Gly

850

Lys

Pro

Asn

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

52978

710

Tyr Gln Thr Gly Ala Val His Ser
725 730

Leu Arg Ala Asn Ala Lys Thr Thr
740 745

Gly Gln Gln Thr Ala Phe Lys Asp
755 760

Gly Asp Pro Ile Gly Thr Thr Tyr
775

Gly Glu Gly Ala Glu Arg Thr Gln
790

Pro Ala Gln Thr Asn Ile Ile Gly
805 810

Gln val Asn Ala Tyr Ile Tyr Lys
820 825

Leu Thr Gly Ser Trp Pro Gly Lys
835 840

Ile Tyr Thr Leu Thr Leu Pro Ala
855

Val Ile Phe Asn Asn Gly Ser Ala
870

Gly Phe Asp Tyr Val Gln Asn Gly
885 890

Gly Tyr Leu Pro His
900

18

279

PRT

Trinh tuy nhén tao

26

715

Phe

Lys

Gly

Asn

Glu

795

Tyr

His

Ala

Asn

Gln

875

Leu

Asn

Ala

Asp

Ile

780

Tyr

Gln

Asp

Met

Ala

860

Val

Tyr

Asp

vVal

Arg

765

Arg

Thr

Asn

Gly

Thr

845

Asp

Pro

Asn

Gln

Tyr

750

Leu

Leu

Phe

Pro

Gly

830

Lys

Thr

Gly

Asn

Leu

735

Gln

Thr

Thr

Val

Asp

815

Gly

Asn

Ala

Gln

Ser
895

720

Thr

Ile

Ile

Gly

Lys

800

His

Ala

Ala

Asn

Asn

880

Gly

81/104



220>
<223>

<400>

Met

1

Asn

Ser

Arg

Trp

65

Asn

Trp

Gly

Tyr

Thr

145

Cys

Glu

val

Thr

Asn

Asp

Phe

50

Lys

Asp

Lys

Lys

Leu

130

Met

Val

vVal

Phe

18

Gln

Gly

Gly

35

Asp

Thr

Val

Gln

Lys

115

Leu

Leu

Tyr

Arg

Gln

Phe

Ile

20

Thr

Asn

Ala

Asn

Glu

100

Asn

His

Trp

Glu

Ala

180

Tyr

khung doc md

Asp

Ser

Pro

Ser

Ile

Asp

Asp

Arg

Gln

Asn

Thr

165

Arg

Asn

cua

Lys

Asp

Ala

Glu

Lys

70

Leu

Gly

Ser

Leu

Pro

150

Gln

Ser

Val

thyA

Gln

Glu

His

val

55

Glu

Asn

Thr

Leu

Lys

135

Asp

Trp

Asn

Leu

Tyr

Glu

Thr

40

Pro

Leu

Met

Ile

Asn

120

Asn

Glu

Tyr

Asp

Gln

52978

Asn

Phe

25

Leu

Ile

Leu

Met

Gly

105

Gly

Asn

Leu

Val

Met

185

Arg

Ser

10

Asp

Ser

Leu

Trp

Gly

90

His

Pro

Asp

Lys

170

Ala

Met
27

Ile

vVal

Val

Thr

Ile

75

Val

Ala

Ser

Ala

155

His

Leu

Ile

Ile

Arg

Ile

Thr

60

Trp

His

Tyr

val

Ser

140

Met

Gly

Gly

Ala

Lys

Thr

Ser

45

Lys

Gln

Ile

Gly

Asp

125

Arg

Ala

Lys

Asn

Gln

Asp

Lys

30

Lys

Lys

Leu

Trp

Phe

110

Gln

Arg

Leu

Leu

Pro

190

val

Ile

15

Trp

Gln

Val

Lys

Asp

95

Gln

val

His

Thr

His

175

Phe

Thr

Ile

Asp

Met

Ala

Ser

80

Gln

Leu

Asp

Ile

Pro

160

Leu

Asn

Gly

82/104



Tyr

Thr

225

Glu

Phe

Leu

Glu

210

Arg

Ala

Thr

Leu

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

<220>
<223>

<400>

195

Leu

His

Pro

Ile

Phe
275

19
264
PRT

Gly

Ile

Glu

Asp

260

Glu

Trinh tu

Glu

Asp

Leu

245

Asp

Val

nhan tao

Tyr

Asn

230

Trp

Phe

Ala

Ile

215

Leu

Ile

Lys

Val

200

Phe

Lys

Asn

Leu

khung doc m& cua thyB

19

Met Lys Gln

1

Lys

Gln

Lys

Gly

65

Asn

Lys

Met

Leu

50

Asp

Glu

Gly

Arg

35

His

Thr

Trp

Tyr

Asp

20

Phe

Phe

Asn

Ala

Lys

Arg

Asn

Lys

Val

Asp
85

Asp

Thr

Leu

Ser

Arg

70

Glu

Phe

Gly

Arg

Ile

55

Tyr

Asn

Cys

Thr

Glu

40

Ala

Leu

Gly

52978

Asn

Ile

Pro

Ile
265

Arg

Gly

25

Gly

His

Gln

Glu

Ile

Gln

Glu

250

Asn

His

10

Thr

Phe

Glu

Glu

Leu
90

28

Gly

Met

235

vVal

Tyr

Val

Ile

Pro

Leu

Asn

75

Gly

Asp
220

Glu

205

Cys

Arg

Lys Asp

Lys

Leu

Ser

Met

Leu

60

Gly

Pro

His

Glu

Thr

Leu

45

Trp

Val

Val

His

Glu

Phe

Gly
270

His

Phe

30

Thr

Phe

Arg

Tyr

val

Gln

Tyr

255

Asp

Gly

15

Gly

Thr

Leu

Ile

Gly
95

Tyr

Phe

240

Asp

Lys

Glu

Tyr

Lys

Lys

Trp

80

Ser

83/104



Gln

Ser

Ile

Pro

145

Cys

Asn

Gly

Tyr

Arg

225

Asn

His

Trp

Arg

Val

130

Cys

Gln

Ile

Leu

Gln

210

Pro

Phe

Ile

Arg

Leu

115

Ser

His

Leu

Ala

Glu

195

Asn

Leu

Ala

Lys

Ser

100

Ile

Ala

Cys

Tyr

Ser

180

Pro

His

Pro

Phe

Gly
260

Trp

Glu

Trp

Leu

Gln

165

Tyr

Gly

Ile

Gln

Glu

245

Ala

Arg

Asp

Asn

Phe

150

Arg

Ala

Glu

Glu

Leu

230

Asp

vVal

Gly

Ile

Val

135

Gln

Ser

Leu

Phe

Gln

215

Arg

Phe

Ser

Ala

Lys

120

Gly

Phe

Ala

Leu

Ile

200

val

Phe

Ile

val

52978

Asp

105

Thr

Glu

Tyr

Asp

Thr

185

His

Asn

Ala

Ile

Gly

Asn

Ile

Val

Val

170

Met

Thr

Leu

Arg

Glu
250

29

Glu

Pro

Asp

Ser

155

Phe

Ile

Phe

Gln

Lys

235

Asp

Thr

Asn

Lys

140

Asp

Leu

Ile

Gly

Leu

220

Val

Tyr

Ile

Ser

125

Met

Gly

Gly

Ala

Asp

205

Glu

Asp

Asp

Asp

110

Arg

Ala

Lys

val

His

190

Val

Arg

Ser

Pro

Gln

Arg

Leu

Leu

v}
~ B
o

—
1

Val

His

Asp

Ile

His
255

Ile

Leu

Pro

Ser

160

Phe

Thr

Ile

Val

Phe

240

Pro

84/104



85/104

1/20

52978

| 14

pouiush | lea-vAy

usb ugya:iyAy;

(g) ywl
-
Ayy

= 61Ad 9} 9BS WaIUN (=
S o
On 3
>3

=
) e
T 3
N z
- S

teyd-yAyl | ren-yAur

_ v/q

_
vAuyLrd Bugp | edy _

(A=) | Tedy

85



86/104

52978

2/20

(oay; don) 1614

uab uayo:::gAy;

uab ugyo:iyAy}

o1 wur A

L_ aAyz _

] uab uayo:iyAy}

reud-gAy)

B

1eog L Tedy

gAyyd Buop 1 Tedy

p Bunx Aeg

3l
rey oy} uej re7

déu ugiq 2eoy u

7

X

86



52978

3/20

0,2 |
0 -
0

< OOQGO

0

Thoi gian (gi®)

Théi gian (i)

Thoi gian (gid)

Fig. 2

87/104



52978 88/104

4/20

.
[aa]
=

Q
O

PY A AB
o-SA

PY AB
OC-TCdA26_39

Fig. 3

o-VP26

CotB*

PY AB
o-VP28

88



89/104

52978

520

82dA bueyy .

c00v

£ oeq Bueyy

OOV 6LAd

AR

scozypo; bueyy [

VIHS €IHS

41 oeq bueyy

801ldd

6/Ad

89



90/104

52978

6/20

G 614

(016) ueib 1oy L

(Q1B) uelb 1oy L

g L 9 § v ¢ T 1 0

Wsa Ly uwAy) + WSd

(016) ueib 1oy L Q (Q16) ueib 1oy L

)
§ L 9 § ¥ £ T )

0 8 L 9 S v ¢
* e e () A
-l
4
O
&
-m w
14 -II-\
a1 " ulwAyy + g1

14

L G')

-9

OOQGO

90



52978

7/20

L

—h— kT &k

108

I 1 |
© <+ o
o o o

- R -

(B/(nyo) oB| uenu 0E} IA UOp)
ueyd Buosy 0} oeq Buon| 0S

91

100

11 12

10

Thei gian (ngay)

Fig. 6

91/104



92/104

52978

8/20

¥IHS 80}dd 6/Ad auy ughnbu
| I

pHilgE—o0'00—0
A v

00z
1 &
Qye
=
8
01 mmﬁ
A\ 4 w
vi¥ s
| -
U mv,

LR rOO@

EE)

ueyd Buouy yb)| ‘g

/B4

v IHS 80tdd 6.Ad 2y} ugAnbu
! _ panE——eodee—0

—+- boooz 9
c
A v WX
o
O
o
. o
0000y 3
(9]
o
On
'y O
A Y .
- 90009

yuey} 394Any Buoi 96| v

92



93/104

52978

9/20

00} 8IHS

00} 6ZAd

8 B4

60} BIHS

Bunyo 9@

93



94/104

52978

10/20

6 ‘614

¢L:ONalo3s

. JA1I1LOSALAH
AANGATINDDY LYVIdYDH4LLIDDA41OAIA3A ISADLASSINSSOAIVISANINAANOND LINIMHS INNMAMSLOTA LINOOALATTVHOIA
dLIATAVa3IINNOVASHONHIMIMNDTLASAS SAQLNMAADSOATVIAIHINIAWNLIIND LTHIFIMLALNHAHIAIAVIAV LIVIIVSAASTTL

4STANTISSOAASSHISHNSSHSSSASHSSIASNSANANNATONOINNOAINHASO X DTISISHIHAJAIYIATONIAILAHOAYNAATIOIIY
JdDOUNISAMMHLISHAAISTAAYITADAL LOFINTAd IHNSISHIHHINIAAADAINLINTYVAAADTMATHOMAST dODDONJOASONITHD
[ISHAAAVATNIILIILLLSNNLATLISHAHT TOAAIMNIVO IVIAGSHAV L IHOMNSTdOOHAALAAHNSH 4 NAASIINNSHAMNGEMSIN

82dA-9100

LL:ON QI O3S

SMYMIFAMIQIANNSLADINNLYIIVYOAIANSONAITLINSSSSHIANSSIALNSINLN OMINDVIALJHALIANITIAADLNNTIA
TLINNSNIVO LOVdALHdVLALSIATAYSAAINANAS TONINYAN D Td LNASHIDHISWANYHHOIdAHNWOAANVAASH OAHLNIAINIAN
INTVIVISTIVIIVATINLINDATNTHAHDHINAIAAATAOHAAHAAANNAAA AANAATDAATHATAIAANAAAINMALAATIHAMNAAON

92¢dA-0100

J7AY1

94



95/104

52978

11/20

o} B4

¥1:ON @l O3S

dVIADAADLHAINDA 134 TDOVYVINY LAdWIAAANDONILOMD LAVISNNDAAAINO TTHTIHNOAHIVOOIINNVA LNV JVIAIIONSOM
ADIOdTONHAAINYNAILHADNYONY LNIIAAENOALLAMD LY VHSNNOJAAINGHTATSY NOAHIVOOIINNVYALNYAVIATIDAdOMAADIONIOA
INAAIHIOSILADLSYISINLNAAAMNONI LOMOIAVAYINLNIAAMMOA ILHTOLAYMSASDAAANNONTLTINNOATIVOOIINNNHLINYAVIATAON
dOMAADIONIDALNAAIHMONIS LAD LSV INAHINHINAIAAAAATCHNA HAAAMMAAQAANNAATDAAAHANAATAANAAALANALAAIIHAMHAADN

8892y po | -010D

€L:ON alo3s

dYMADAADAAAINDAIFSTOOVYVINY LAdNAAAANDONI LOMO LAYHSNNOAAAIMO TIHTIHNOAL IVOOIINNVALNYAVHAATIONSOMAADIOG 1O
NYAAININGILIADNYONY LNDIIAAENDAILAMD LYYISNNDAAAINAHTATHHNOAHIVOOIINNYA LNVdVIAT4OAd OMHJADIONIDALNDALH
MOSIHLADLSVISLINLINAAAMMNONI LOMD LAVAVY LNLINAAAMMOAI LY DIAVISASDIAANNONTLIAMNOATIVODIINNNHLNYAVIAIIONIONAA
OIONIDALNAAIHIONIS LAD LSV INSSOAASSHISHISSHSSSASHSSIASNSANANNAIIONOINMOA AMNASONLDISISHIHAJAIHTAIONNALLA
HOAYNAATIDIIVIdODUNISAMMHLISHAAISTAAVITADAL LOTADNAdIHISISHIHHINAAAADAINLNTYVAQADTMAT OMMSAdODOONAOA

SONIHOIMSHAAAVATNII LTI LLLSNNLAT LISHAHITOAAIMMIVOIVIAGSHAVY L IHOMNSI DOHAALAIMANNSHTINAASIINNSHANNHHMSIN

869%ypo ) -910D

JVAY2

95



96/104

52978

L1 Bi4

GL:ON Al O3S

. DOAVATINONNADYINYVYAISY
0<mn_x>v_.rn_._bIO>|_hmz>><z<m_._|r®m._.4|_>>0._.z_m<m_<mu®>>00m>>t.<m1<zm>2Zv_>><>‘_.>>mu|_<h®wODP<n_<mm_>mO.r|_>>mmm_<20><wm_>._.muhu_<
MUD,«O<‘_,>_n_._.mO|_02>>>.rO._._O<m_<<m>0<v_m0v_,wn_n_O_m.wOm_Ommv_n_mm_v_mmv_mmm>mv_mm_n_mzwav_oZZGmOZOMZv_Omev;mOv_n_ DISISHIHAJAIET
— AJONMAILAHOAYNAATOT IVIdOOHNISAMMHLISHAATSTAAVITADAD LOITIN1Ad IHASISHIHHINGAAADAINLNIVVAAA HTMATHONNSIIDDO

Zu_O>mOZ_|_IO_Jm_._u_m_n_<n_;__2m_m_._.m_;.E.wZZ_.Dm‘_._wx>Im_|_O>>__xxm<04<_>omx><hqz6xxmmn_00m>>h>_v_ox_>_m_._._n_ NAASIINNSHAMNGYUMSIN

vS-g100

96



97/104

52978

13/20

2l b

9L:ON QI D3S

OVVYVYOANITOMDAAISND TALY LSTTHAHAOYNLM LAHMSTIVYVOVAHIL
<_>_m._.02><0>._.00n_|_.rmO_w>0n_<_>_>m_._m_m®<mmn_w<mOzmmz><®><_._.mo_>x<m>O>._.mwm0mw.wm_ZO<<<<>>_Omw><v_n_>>.§|~<._.mo._.n_OO._
SINNIAQINNNSIVMIIONI MSADDSOLSATANAYAISYSAVADTADISNNTVYILOVAHLOHSSDADAJNLIISIAISYOOHANTAd HSSAIODSAIAVANIA
NSDLADOSHIVAYMIOSIDAIASOYINSSOAASSHISUNSSHSSSASHSSIASNSAHANNAIONOINMOTIHHASON DISISHIHAJAIHTAIONMALL
AHDAYNAATIDIIVI4OOH NISAMMHLISHAAISTAAVITADAD LOFFINTIAdIHASISHIHHINGAAADAINLNIVVAAADTMATY DYMNSIIODONIOA
SONITHOIMSHAAAVATNIILIILLISNNLATLISHAHITOAAI DIMIAVOIVIAGSHAY LIHOMNSTdODYAALAINANNSHTINAASIINNSHANNEEMSN

N
3.dy-gi09




98/104

52978

14/20

gl B4

ZL:ON QI O3S

HJTADNTOSNNATO

NOAAQHDIONODIADYSONNLIANYNY LAYNY A TLTLAIONYNALNVHOdMSD L13IVODOA HMAIAYNADD MHAdNOADIINLOVJAMMALLATO LY
3vod Oz.rmu._.n_m_Z>._.._.O_n_0Gv_mu_._.l_mm_@Dv_n_<._.OO_OZZ_0>><v_h.rv_<2<.m|_._.>._.|_00Zm.mI>.<O._.O>Zm_|_n_>On_<ZO_Dn_m>4><<mm<z_._[0._.._x ON
VADASOVYOVHNAAY Om_n_'_v_._.w._.z>._.>mmm6<2<|_>>0v_m0m_OZS_U__OZZOZn_Zmn_m_m_n_O0<_>_>ZIH_OZ><._,_<OQKH_._<wOmDO_Omzwn_u_m>muzmu
HHIAJYSI4Td LSDSHSOIAYMOTHITAASA >>._.mm_m_m_n_Z<>._bImm_>>>._x>[_v_o<m>n_m<>_._m_Zw>m1_2mZvj<.wm__mIG>Zm<.r>Z§>Z<><.erw<m
AOTNTDADAIYSLNLIND MIHSHANDAAdTIIHAVYAAHAOAYOANTVHI S OMTALOATLNOLNMAA IO TISNOLAGMEAS MNAIOLNOHLMNJIY
MIZASIVVAASLLHNIAYAAIAY TOAMIVYVONANAFOT LD TAHNDIOAS LAOATMAMNENSHA DONDINAONIIS LOIVYADVAHIIMANOLTLNISM
NMVHTLLONYMASSYYAINSYMNY LI THSSOAASSHISHISSHSSSASHSSIHSNSANANNAIONOINHOAIHNASOMN DISISMIHAJATATAIONMALL
>IOD<ZQ>A__Om__<mm®®mz_m>>>z_._._.|_mwv_u_>mmu_oo<m_._>®>m._.0mm_vjn_n_m_Iv_m_w.v__IT__Zn_>>>On_m_Z._.Z|_<<>OQO._>>>|_mOXV_mMn_OOOZn_O>
SONIH O_n_qu_QQ<o|__>_m_m_l_.m__._.‘Frmzz._.am_.:mz>_._m_1_0>>__xzm<01_<_>owx><‘:x©v_xmm_n_O®m>>,r>_xox2w14m2>>w_m_zzw1>v_§m UMSN

FAwy-g109

<)
[®))



99/104

52978

15/20

AP
uund
(VA1) LWHS
uixhio AHLIN
\ w
\
m
B
. dNNP
gezes| m
vezesl |
m dNLP ———> (uipiwuAd)
m Nav doy buol
v
\\v\
. AHQ €= dHa
H4Ha H4HA
ﬁ 9110} XY
wudoyiawiul Jewejn|6-yavd-ulpusid

usw weu
1lyd Jeyd

99



52978

thymin (pg/ml)

thymin (ug/ml)

Fig. 15

100/104



101/104

52978

17/20

9} b4

(01B) uelb oy L

UIWAY] +

201

y01L

g0}

g0}

o0}

|w/njo

101



102/104

52978

18/20

(©1B) uelb 1oy L

JARGIE

VSiwyiOemzio e

(076U Ut TIgU T30 T840

PiHE

(016) uelb 10y L

g
-
Lz mm
Le
. %

102



52978 103/104

19/20

Fig. 18

103



104/104

52978

20/20

61"

6.LAd
NINS 1O
uluapy + UIWAY L

oenO

UIUBPY + YVO + UIWAYL
VYO + UlwAyL
uwAyl

<

(Qi16) uelb 10U 1L

6 8 £ 9 & ¥ € z v @

3,

o
’n.:q.e.i

\1§\~'tt

wdoylawing -

(Q1B) ueib 10y 1

wudoyowin +

104





