BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

cmeesmonmeroe YRR I
CUC SO HUU TRi TUE
1-0025356
(517 C1ZN15/09; CI2N 1/19; CI2N 9/00; (13) B
CI2N 1/15; CI2N 1/21
(21) 1-2014-00442 (22) 13/07/2012

(86) PCT/CA2012/000656 13/07/2012 (87) WO 2013/006953 17/01/2013
(30) 61/507,331 13/07/2011 US
(45) 25/09/2020 390 (43) 27/10/2014 319A
(73) 1. National Research Council of Canada (CA)
1200 Montreal Road, Ottawa, Ontario K1A OR6, Canada
2. University of Saskatchewan (CA)
Industry Liaison Office, University of Saskatchewan, Suite 501, 121 Research Drive,
Saskatoon, Saskatchewan, S7TN 1K2, Canada
(72) PAGE, Jonathan E. (CA); STOUT, Jason M. (CA).
(74) Cong ty TNHH Tam nhin va Lién danh (VISION & ASSOCIATES CO.LTD.)

(54) PHAN TU AXIT NUCLEIC, VECTO CHUA PHAN TU AXIT NUCLEIC NAY,
QUY TRINH TONG HOP ALKANOYL-COA VA QUY TRINH BIEN POl HAM
LUQNG CUA HQP CHAT CANABINOIT

(57) Sang ché dé cap dén phan tir axit nucleic dugc phan 1ap hodc duogc tinh ché. Ngoai ra,

sang ché con dé cap dén polypeptit dugc phan lap, vecto chira phéan tir axit nucleic, hé biéu

hién chtra phan tir axit nucleic, cau trac chira phan tur axit nucleic, té bao chi dugc bién
nap, quy trinh tong hop alkanoyl-CoA, quy trinh bién d6i ham lugng cia hop chat
canabinoit va quy trinh tong hop hop chét canabinoit.

i PDAL

i

B4 hap thy (163 nm)




25356

Linh vie k§ thuit dwoc dé cap

Sang ché d& cap dén phan tir axit nucleic va protein c6 lién quan dén qua
trinh tdng hop alkanoyl-CoA thioeste, va cac tmg dung clia phan tit axit nucleic
va protein nay dé bién dbi di truyén qua trinh sinh tong hop canabinoit & cay, vi
sinh vat hodc trong hé théng khong c6 té bao va dé tao ra ciy gai diu v6i ham

lugng canabinoit dugc ting cuong hodc lam gidm.
Tinh trang k§ thuit ciia sang ché

Cannabis sativa L. (cannabis, hemp, marijuana) 1a mot trong s6 cac cay
trong dugc trdng 1au nhét va nhiéu tac dung nhét, ma hién nay dugc st dung
lam ngudn san phim thudc, thuc phdm, m§y phdm va san phim cong nghiép.
Ciing da biét rd viéc sir dung cy trong nay lam thudc trai phép do ham luong
canabinoit tic dong dén tam thin cta né (vi dy, A’-tetrahydrocanabinol, A’-
THC). Canabinoit va céc thudc khdc ma tic dong thong qua thu thé canabinoit
& dong vét c6 va dang dwoc nghién ctru dé diéu tri cAc tinh trang bénh khéc

nhau nhu chirng dau man tinh, bénh xo cting rai rac va bénh dong kinh.

Canabinoit ¢6 ngudn gdc sinh tng hop clia n6 & ca co ché chuyén héa
polyketit va terpenoit va dugc goi la terpenophenolic hodc polyketit dugc
prenyl héa (Page J., Nagel J. (2006) Biosynthesis of terpenophenolics in hop
and cannabis. In JT Romeo, ed, Integrative Plant Biochemistry, Vol. 40.
Elsevier, Oxford, pp 179-210.). Qué trinh sinh tdng hop canabinoit xay ra chi
yéu trong cac tim 16ng tuyén bao phil hoa cdi & mat do cao. Canabinoit dugc
tao thanh bdi qua trinh sinh tdng hop gdm ba budc: tao thanh polyketit, prenyl
hoa thom va déng vong (xem Fig.1).

Budc enzym tht nhét trong qué trinh sinh téng hop canabinoit 13 sy

tao thanh axit olivetolic bdi enzym polyketit syntaza xtic tdc sy ngung tu ciia

hexanoyl-coenzym (CoA) v6i ba phan tir malonyl-CoA. Céc canabinoit chinh,
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ké ca axit Atetrahydrocanabinolic va axit canabidiolic, duoc tao thanh tir tién
chit hexanoyl-CoA, tién chit nay 13 axyl-CoA béo mach trung binh (xem
Fig.1). Cac canabinoit khac v&i cac mach bén bién ddi duoc tao thanh tir cac
CoA béo c6 chiéu dai khac nhau (vi du, axit A’-tetrahydrocanabivarinic dugc

tao thanh tir doan mdi n-butyryl-CoA).

Hexanoyl-CoA va cac axyl-CoA thioeste khic & cdy duoc téng hop boi
enzym hoat hda axyl (AAE, con dugce goi 1a axyl-CoA synthetaza), enzym nay
xtc tac su hoat hoa ctia co chit axit carboxylic st dung ATP. Cac enzym nay
tac dong trén nhidu axit cacboxylat khac nhau bao gdm axit béo mach ngén,
trung binh, dai va rdt dai, tién chit jasmonat, axit c6 ngudn gbc tir
phenylpropanoit (vi duy, axit xinnamic) va cdc axit hitu co khac nhu malonat,
axetat va xitrat. R4t it axyl CoA synthetaza mach trung binh duoc nhén dién
trude day trong tu nhién. O cdy, ba enzym tir A. thaliana, AAET, At4g05160 va
At5g63380 da cho thiy 14 tao thanh hexanoyl-CoA tir hexanoat (Schneider K et
al. (2005) A new type of peroxisomal acyl-coenzyme A synthetase from
Arabidopsis thaliana has the catalytic capacity to activate biosynthetic
precursors of jasmonic acid. The Journal of Biological Chemistry 280:13962-
72; Shockey JM, Fulda MS, Browse J (2003) Arabidopsis contains a large
superfamily of acyl-activating enzymes. Phylogenetic and biochemical analysis
reveals new class of acyl-coenzyme a synthetases. Plant Physiology 132:1065-
76.) Acyl-CoA synthetaza tir Pseudomonas spp. da cho thdy 1a tic dong trén
cac axit béo mach trung binh nhu hexanoat (Fernandez-Valverde M, Reglero
A, Martinez-Blanco H, Luengo JM (1993) Purification of Pseudomonas putida
acyl coenzyme A ligase active with a range of aliphatic and aromatic

substrates. Applied Environmental Microbiology 59:1149-1154.)

Canabinoit 13 san phdm ti nhién c6 gia tri. Gen ma hoéa cho céc enzym
¢6 lién quan dén qua trinh sinh téng hop canabinoit s& hitu dung trong viéc bién
dbi di _jtruyén su trao ddi chét cua ciy gai ddu dé tao ra cdy chira murc rat thap,
hodc mirc zero, cuia THCA va cac canabinoit khac thong qua su phét sinh dot

bién ¢6 dich (vi dy, TILLING) hodc cac k¥ thuat bt hoat gen khac. Cac gen
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nay ciing c6 thé ching t6 1a hitu dung dé tao ra, thong qua su chon loc duge hd
trg boi chét danh diu, cic gidng cdy gai diu dic trung dé san xuét duoc phim
trén co s& canabinoit, hosic dé khdi phuc lai qua trinh sinh téng hop canabinoit
trong céc sinh vat khéac lodi nhu vi khudn hodc ndm men, hodc dé san xuét

canabinoit trong hé théng khong c6 té bao ma sir dung cac protein tai td hop.

Gen mi héa cho cac enzym ciia qua trinh sinh tdng hop canabinoit cling
c6 thé dugc sir dung trong téng hop céc chét twong tu canabinoit va tong hop
céc chit tuong tu cla tién chit canabinoit. C4c chit trong tu canabinoit trudce

day da duoc téng hop va c6 thé hitu ich ding 1am san phim duoc.

Van c6 nhu cau trong linh vue k¥ thuat nay dé nhan dién cac enzym c6
lién quan dén qué trinh téng hop polyketit thom, va trinh tu nucleotit ma héa

cho céc enzym nay.
Ban chat ky thuat cta sang che

Hai gen mdi tir ciy gai ddu hién nay da dugc phat hién, hai gen nay ma
hoa alkanoyl-CoA synthetaza chua duogc biét trudc ddy. Hai alkanoyl Co-A
synthetaza mdi nay dugc goi 1a Cannabis sativa hexanoyl-CoA synthetaza 1

(CsHCS1) va Cannabis sativa hexanoyl-CoA synthetaza 2 (CsHCS2).

Nhu vy, theo khia canh thir nhét, sang ché d& xuét phan tir axit nucleic
duoc phan 14p hodc dugc tinh ché chua trinh tu nucleotit c6 it nhit 75% do
ddng nhét trinh ty vi SEQ ID NO: 1, hoic trinh ty thoai héa codon clia né.

Theo khia canh tht hai, sang ché d& xuit phan tir axit nucleic dugc phan
1ap hodc dugc tinh ché chtra trinh tu nucleotit ¢6 it nhit 75% do d@)ng nhét trinh
tu voi SEQ ID NO: 3, hodc trinh tur thoai héa codon cda no.

Theo khia canh thir ba, sang ché d& xuit polypeptit dugc phan 1ap hodc
duge tinh ché chua trinh ty axit amin ¢6 it nhit 85% d6 dong nhét trinh tu véi
SEQ ID NO: 2, hoic trinh ty axit amin dugc thé bao toan cia né.

Theo khia canh thi tu, sang ché dé xuét polypeptit dugc phan 1ap hodc
duge tinh ché chua trinh ty axit amin c6 it nhit 85% d6 ddng nhét trinh ty voi

SEQ ID NO: 4, hodc trinh ty axit amin dugc thé bao toan cia né.
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Theo khia canh tht ndm, sdng ché dé€ xuat vecto, cau truc hodc h¢ biéu

hién chira phén tir axit nucleic theo sang ché.

Theo khia canh thtr sdu, sdng ché d¢ xuat t€ bao chu dugc bién nap véi

phéan tir axit nucleic theo sang ché.

Theo khia canh thir bay, sang ché dé& xuit quy trinh téng hop alkanoyl-

CoA trong su ¢6 mat cua enzym theo sang che.

Theo khia canh thir tim, sang ché d& xuit quy trinh bién d6i ham luong
cua hop chét canabinoit & sinh vat, t& bao hodc mo bao gc‘“)m st dung phén t
axit nucleic theo sang ché, hodc mot phén clia né, dé lam bit hoat & sinh vét, té

bao hodic md ndy gen ma héa enzym xtc tac su tong hop alkanoyl-CoA.

Theo khia canh thi chin, sang ché dé xuét quy trinh bién ddi ham lwong
ctia hop chét canabinoit & sinh vat, t& bio hodic md bao gdm lam dot bién gen &
sinh vat, té bao hodc md nay, va st dung phan tir axit nucleic theo sang ché dé
lua chon sinh vat, t& bao hodic mé chira cac thé dot bién hoic cac bién thé cua

gen ma hda enzym xuc tac sy tdng hop alkanoyl-CoA.

Theo khia canh thi mudi, sang ché d& xuét quy trinh bién dbi ham lugng
cua hop chit canabinoit & sinh vat, té bio hodc md bao gém biéu hién hoic
biéu hién qua mtc phan tr axit nucleic theo séng ché & sinh vat, t& bao hoic
md nay so v6i gidng sinh vat, té bio hoic m tuwong tu sinh truéng trong cac
didu kién tuong tu nhung khong c¢6 sy biéu hién hodc su biéu hién qua cia

phan tr axit nucleic nay.

Theo khia canh thtr mudi mot, sang ché dé xuét quy trinh bién ddi ham
lwong ctia hop chét canabinoit & sinh vat, t& bao hoic md bao gdm biéu hién
hodc biéu hién qua muc phan tir axit nucleic ma hoa cho polypeptit theo sdng
ché & sinh vat, té bao hodic mé nay so voi giéng sinh vat, t& bao hoic md tuong
tu sinh trudng trong cac diéu kién twong tu nhung khong c6 su biéu hién hodc

su bi€u hién qua cia phéan tir axit nucleic nay.

Theo khia canh th@t mudi hai, sang ché dé xut quy trinh téng hop hop

chét canabinoit ¢6 trong tu nhién hodc chét twong tw khong c6 trong tu nhién
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ctia hop chat canabinoit & sinh vat, t€¢ bao hodc mod bao gdm bicu hi¢n phéan tu
axit nucleic theo sang ché & sinh vat, t€ bao hodc md nay trong dicu kién co

mat axit carboxylic va CoA.

Theo khia canh thir mudi ba, sang ché dé xudt quy trinh téng hop
alkanoyl-CoA trong phéan tmg khong c6 t& bao in vitro, quy trinh ndy bao gom:
cho axit carboxylic v&i phan ing coenzym A trong su ¢ mdt cia enzym theo

sang che.

Céc polypeptit 1a enzym xuc tac sy téng hop alkanoyl-CoA, va trinh tu
nucleotit ma hda cho céc enzym nay, hién nay da dugc nhén dién va xé4c dinh
dic diém. Céc trinh tu nucleotit nay c6 thé duoc sir dung dé tao ra, thong qua
qué trinh nhéan gidng, chon loc hodic bién ddi di truyén, ciy gai dau san xuét
qué mic hodc san xudt dudi mirc hop chit canabinoit, chit twong tw ctia hop
chét canabinoit hodic hdn hop ciia chiing. Céc trinh tu nucleotit nay ciing c6 thé
dugc st dung, mdt minh hodc két hop véi cac gen ma hda cho céc bude khac
trong con dudng tdng hop canabinoit, dé bién ddi di truyén qua trinh sinh tdng
hop canabinoit & cac cdy khac hodc & céac vi sinh vat (vi du, ndm men, vi
khudn, ndm) hoic céc sinh vat khong c6 nhan dién hinh hozc c¢6 nhan dién hinh
khac hodc trong hé théng khong c6 té bao. Ngoai ra, viéc phong bé hodc lam
giam su biéu hién ciia cic gen ndy trong cdy gai dau c6 thé duoc str dung dé
phong bé qué trinh sinh tbng hop canabinoit va bang cach d6 lam giam sy san

xuat canabinoit.

Cac dac diém khac nfta cua sang ché s&€ dugc md ta hodc s€ trd nén rd
rang tr phan mo ta chi tiét sau day.
M6 ta van tat cac hinh vé

Dé hiéu sang ché mdt cach rd rang hon, cdc phuong an cua sdng ché bay
gid s€ dugc mo ta chi tiét bang cach vi du, dya vao cac hinh vé& kém theo, trong
do:

Fig.1 mé ta con dudng duge dé xuat din dén tao ra cic loai canabinoit

chinh trong Cannabis sativa. Céc tu viét tit: THCA syntaza la A’-
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tetrahydrocanabinolic axit syntaza; CBDA syntaza la canabidiolic axit syntaza;

CBCA syntaza la canabichromenic axit syntaza.

Fig. 2A-2F m ta phan tich khdi phd-sic ky 1ong/khbi phd (LC-MS/MS)
hoat tinh enzym cta Cannabis sativa hexanoyl-CoA syntaza. Mdi trong s cac
Fig. 2A-2F cho thdy do du ion (m/z 866>359) trén truc tung va thdi gian (pht)
trén truc hoanh. Fig.2A va 2B mb ta thoi gian luu ctia chudn hexanoyl-CoA tin
cdy. Fig.2C mo td tht nghiém cua CsHCS1 protein, CoA, MgCly, natri
hexanoat, ATP, va dém HEPES, trong d6 hexanoyl-CoA dugc san XUt va
dugc phat hién. Fig.2D mo t4 thtr nghiém ctia CsHCS2 protein, CoA, MgCla,
natri hexanoat, ATP, va d¢m HEPES, trong d6 hexanoyl-CoA dugc san Xut.
Fig.2E mo ta thir nghiém trong d6 CsHCS1 protein dd dugc lam bét hoat trudc
béng cach dun s6i & nhiét d6 95°C trong 15 phut, CoA, natri hexanoat, ATP, va
dém HEPES, trong d6 khong c¢6 hexanoyl-CoA dugc san xuét. Fig 2F mb ta
thir nghiém trong d6 CsHCS2 protein dd dugc lam bét hoat trudc bang cach
dun s6i & nhiét do 95°C trong 15 phut, CoA, natri hexanoat, ATP, va dém

HEPES, trong d6 khong c6 hexanoyl-CoA dugc san Xuét.

Fig.3 mo t4 hai dd thi minh hoa co chit axit carboxylic dugc st dung
boi cac enzym theo sang ché. Fig.3A mo ta co chét axit carboxylic dugc st
dung bdi CsHCSI1. Fig.3B md ta co chét axit carboxylic dugc st dung boi
CsHCS2.

Fig.4 md ta phén tich sic ky 1ong tinh ning cao ciia cc san pham duoc
san xuét boi thir nghiém enzym lién hop gdm Cannabis sativa hexanoyl-CoA
synthetaza CsHCS2, malonyl-CoA synthetaza (MCS), Cannabis sativa
“olivetol syntaza”/polyketit syntaza, va Cannabis sativa olivetolic axit syntaza.
Hop chit da duoc rira giai duogc phat hién béi do hép thu & 263 nm va dugc
nhin dién ca do c6 cung thoi gian luu nhu céc chudn d3 dugc phéan 1ap, va do
khdi lugng cia ching sir dung bd do khdi luong bdn cuc don. Viée phat hién
olivetol va axit olivetolic cho thiy ring CsHCS2 c6 kha ning tao ra di co chat
hexanoyl-CoA cho su tong hop axit olivetolic. Cac thit nghiém khdng c6

CsHCS2, CoA, hodc hexanoat thi khong san xudt bat ky san phim polyketit
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nao. HTAL = hexanoyltriaxetic lacton, PDAL = pentyldiaxetic lacton, OA =

axit olivetolic, OL = olivetol.

Fig.5 mo ta dd thi thé hién su san xuét axit olivetolic & t€ bao ndm men
duoc bién ddi di truyén dé san xuét axit olivetolic bang cach st dung CsHCS1
va CsHCS2 dé tdng hop hexanoyl-CoA, va sy dung hop “olivetol
syntaza”/polyketit syntaza (PKS) va olivetolic axit syntaza (OAS) cua ciy gai

dau dé tao thanh axit olivetolic.

Fig.6 mo ta phéan tich qRT-PCR su biéu hién ctia CsHCSI, CsHCS2 va
CBDA Syntaza & cic mo khac nhau ctia cdy gai dau ‘Finola’. Cac gié tri biéu
hién gen so véi actin dugc vé d6 thi dudi dang s6 14n chénh 1éch so véi 14,
trong d6 sy biéu hién & 14 duoc gan gid tri bing 1. Cac ban dd 1dng mo ta su
biéu hién gen & hoa cai c6 va khong c6 céc tim 18ng, trong d6 cac gia tri cling
dugc biéu thi dudi dang sb 14n chénh léch so véi 14. R, ré; S, than; L, 14; FF+,
hoa cai ¢6 cac tim 16ng; FF-, hoa cai dugc loai bo céc tim 1ong bdi phuong
phéap Beadbeater; T, cac tim 10ng; MF, hoa duc. Céc gia tri 1a gia tri trung binh
+ SD, n=3.

MO ta chi tiét sang ché

Thu vién cADN dic hiéu tum 16ng cdy gai ddu deom duoc giai trinh tu
dé tao ra 9157 thé gin trinh tu rd (“EST”) ma lip rép thanh 4113 trinh tu don
nhét (1227 contig, 2886 singleton). C4c unigen dugc chu thich béi sy so séanh
véi co s& dir liéu protein UniProt™ st dung tra clru truc tuyén va cOng cu so
sanh duoc goi 1a blastx. Cac protein enzym hoat hoa axyl & cdy gai dau duge
nhén dién bang cach st dung trinh tu enzym hoat héa axyl ctia Arabidopsis dé
truy van cac EST & cdy gai dau da dugc 14p rép st dung tra ctru truc tuyén va
cong cu so sanh dugc goi 1a tblastn. 11 enzym hoat hoéa axyl dugc nhén dién va
duoc dat tén theo dd ddi dao phién mi cia ching trong thu vién cADN.
CsHCSI1 1a enzym hoat hda axyl ddi dao nhéit dya trén murc phién ma (42 EST);
CsHCS2 ¢6 d6 ddi dao thdp hon (5 EST). Dya trén muic phién ma cao cua no
trong cac tim 16ng va sy dinh vi cuia CsHCS1 & bao lap, dudng nhu enzym nay

la enzym hoat hoa axyl c6 lién quan dén viéc cung cip hexanoyl-CoA cho con



25356

duong canabinoit. CsHCS2, dugc dinh vi & peroxisom, c6 1€ khong c6 li€n
quan dén su tao thanh canabinoit. Tuy nhién, c4c tinh chét dong luc hoc clia n6
lam cho enzym ndy la enzym hitu dung dé tong hop hexanoyl-CoA trong cac

vat cht khac loai hodc trong hé thdng khong c6 té bao.
Trinh tu cda gen CsHCS1 14 nhu sau:

Cannabis sativa CsHCSI — 2163 bp (SEQ ID NO: 1)

ATGGGTAAGAATTACAAGTCCCTGGACTCTGTTGTGGCCTCTGACTTCATAGCCCT
AGGTATCACCTCTGAAGTTGCTGAGACACTCCATGGTAGACTGGCCGAGATCGTG
TGTAATTATGGCGCTGCCACTCCCCAAACATGGATCAATATTGCCAACCATATTCT
GTCGCCTGACCTCCCCTTCTCCCTGCACCAGATGCTCTTCTATGGTTGCTATAAAG
ACTTTGGACCTGCCCCTCCTGCTTGGATACCCGACCCGGAGAAAGTAAAGTCCAC
CAATCTGGGCGCACTTTTGGAGAAGCGAGGAAAAGAGTTTTTGGGAGTCAAGTAT
AAGGATCCCATTTCAAGCTTTTCTCATTTCCAAGAATTTTCTGTAAGAAACCCTGA
GGTGTATTGGAGAACAGTACTAATGGATGAGATGAAGATAAGTTTTTCAAAGGAT
CCAGAATGTATATTGCGTAGAGATGATATTAATAATCCAGGGGGTAGTGAATGGC
TTCCAGGAGGTTATCTTAACTCAGCAAAGAATTGCTTGAATGTAAATAGTAACAA
GAAATTGAATGATACAATGATTGTATGGCGTGATGAAGGAAATGATGATTTGCCT
CTAAACAAATTGACACTTGACCAATTGCGTAAACGTGTTTGGTTAGTTGGTTATG
CACTTGAAGAAATGGGTTTGGAGAAGGGTTGTGCAATTGCAATTGATATGCCAAT
GCATGTGGATGCTGTGGTTATCTATCTAGCTATTGTTCTTGCGGGATATGTAGTTG
TTTCTATTGCTGATAGTTTTTCTGCTCCTGAAATATCAACAAGACTTCGACTATCA
AAAGCAAAAGCCATTTTTACACAGGATCATATTATTCGTGGGAAGAAGCGTATTC
CCTTATACAGTAGAGTTGTGGAAGCCAAGTCTCCCATGGCCATTGTTATTCCTTGT
AGTGGCTCTAATATTGGTGCAGAATTGCGTGATGGCGATATTTCTTGGGATTACTT
TCTAGAAAGAGCAAAAGAGTTTAAAAATTGTGAATTTACTGCTAGAGAACAACC
AGTTGATGCCTATACAAACATCCTCTTCTCATCTGGAACAACAGGGGAGCCAAAG
GCAATTCCATGGACTCAAGCAACTCCTTTAAAAGCAGCTGCAGATGGGTGGAGCC
ATTTGGACATTAGGAAAGGTGATGTCATTGTTTGGCCCACTAATCTTGGTTGGAT
GATGGGTCCTTGGCTGGTCTATGCTTCACTCCTTAATGGGGCTTCTATTGCCTTGT
ATAATGGATCACCACTTGTTTCTGGCTTTGCCAAATTTGTGCAGGATGCTAAAGTA
ACAATGCTAGGTGTGGTCCCTAGTATTGTTCGATCATGGAAAAGTACCAATTGTG
TTAGTGGCTATGATTGGTCCACCATCCGTTGCTTTTCCTCTTCTGGTGAAGCATCT
AATGTAGATGAATACCTATGGTTGATGGGGAGAGCAAACTACAAGCCTGTTATCG
AAATGTGTGGTGGCACAGAAATTGGTGGTGCATTTTCTGCTGGCTCTTTCTTACAA
GCTCAATCATTATCTTCATTTAGTTCACAATGTATGGGTTGCACTTTATACATACT

-0
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TGACAAGAATGGTTATCCAATGCCTAAAAACAAACCAGGAATTGGTGAATTAGC
GCTTGGTCCAGTCATGTTTGGAGCATCGAAGACTCTGTTGAATGGTAATCACCAT
GATGTTTATTTTAAGGGAATGCCTACATTGAATGGAGAGGTTTTAAGGAGGCATG
GGGACATTTTTGAGCTTACATCTAATGGTTATTATCATGCACATGGTCGTGCAGAT
GATACAATGAATATTGGAGGCATCAAGATTAGTTCCATAGAGATTGAACGAGTTT
GTAATGAAGTTGATGACAGAGTTTTCGAGACAACTGCTATTGGAGTGCCACCTTT
GGGCGGTGGACCTGAGCAATTAGTAATTTTCTTTGTATTAAAAGATTCAAATGAT
ACAACTATTGACTTAAATCAATTGAGGTTATCTTTCAACTTGGGTTTACAGAAGA
AACTAAATCCTCTGTTCAAGGTCACTCGTGTTGTGCCTCTTTCATCACTTCCGAGA
ACAGCAACCAACAAGATCATGAGAAGGGTTTTGCGCCAGCAATTTTCTCACTTTG
AATGA

Trinh tu ctia gen CsHCS2 1a nhu sau:

Cannabis sativa CsHCS2 — 1547 bp (SEQ ID NO: 3)

ATGGAGAAATCTTTTTCAGAAACTCATCTTCATACCCACAAAAGCCAGCTCTCAT
TGATTCCGAAACCAACCAAATACTCTCCTTTTCCCACTTCAAATCTACGGTTATCA
AGGTCTCCCATGGCTTTCTCAATCTGGGTATCAAGAAAAACGACGTCGTTCTCAT
CTACGCCCCTAATTCTATCCACTTCCCTGTTTGTTTCCTGGGAATTATAGCCTCTG
GAGCCATTGCCACTACCTCAAATCCTCTCTACACAGTTTCCGAGCTTTCCAAACAG
GTCAAGGATTCCAATCCCAAACTCATTATCACCGTTCCTCAACTCTTGGAAAAAG
TAAAGGGTTTCAATCTCCCCACGATTCTAATTGGTCCTGATTCTGAACAAGAATCT
TCTAGTGATAAAGTAATGACCTTTAACGATTTGGTCAACTTAGGTGGGTCGTCTG
GCTCAGAATTTCCAATTGTTGATGATTTTAAGCAGAGTGACACTGCTGCGCTATTG
TACTCATCTGGCACAACGGGAATGAGTAAAGGTGTGGTTTTGACTCACAAAAACT
TCATTGCCTCTTCTTTAATGGTGACAATGGAGCAAGACCTAGTTGGAGAGATGGA
TAATGTGTTTCTATGCTTTTTGCCAATGTTTCATGTATTTGGTTTGGCTATCATCAC
CTATGCTCAGTTGCAGAGAGGAAACACTGTTATTTCAATGGCGAGATTTGACCTT
GAGAAGATGTTAAAAGATGTGGAAAAGTATAAAGTTACCCATTTGTGGGTTGTGC
CTCCTGTGATACTGGCTCTGAGTAAGAACAGTATGGTGAAGAAGTTTAATCTTTC
TTCTATAAAGTATATTGGCTCCGGTGCAGCTCCTTTGGGCAAAGATTTAATGGAG
GAGTGCTCTAAGGTTGTTCCTTATGGTATTGTTGCTCAGGGATATGGTATGACAG
AAACTTGTGGGATTGTATCCATGGAGGATATAAGAGGAGGTAAACGAAATAGTG
GTTCAGCTGGAATGCTGGCATCTGGAGTAGAAGCCCAGATAGTTAGTGTAGATAC
ACTGAAGCCCTTACCTCCTAATCAATTGGGGGAGATATGGGTGAAGGGGCCTAAT
ATGATGCAAGGTTACTTCAATAACCCACAGGCAACCAAGTTGACTATAGATAAGA
AAGGTTGGGTACATACTGGTGATCTTGGATATTTTGATGAAGATGGACATCTTTA
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TGTTGTTGACCGTATAAAAGAGCTCATCAAATATAAAGGATTTCAGGTTGCTCCT
GCTGAGCTTGAAGGATTGCTTGTTTCTCACCCTGAAATACTCGATGCTGTTGTGAT
TCCATTTCCTGACGCTGAAGCGGGTGAAGTCCCAGTTGCTTATGTTGTGCGCTCTC
CCAACAGTTCATTAACCGAAAATGATGTGAAGAAATTTATCGCGGGCCAGGTTGC
ATCTTTCAAAAGATTGAGAAAAGTAACATTTATAAACAGTGTCCCGAAATCTGCT
TCGGGGAAAATCCTCAGAAGAGAACTCATTCAGAAAGTACGCTCCAACATGTGA
CsHCS1 va CsHCS2 duoc khuéch dai bing PCR nhur duge néu trong Vi
du 1 va hoat tinh alkanoyl-CoA synthetaza hodc CoA-ligaza dugc xéac dinh nhu
néu trong Vi du 2. Nhu duoc thé hién trén Fig.2, CsHCS1 va CsHCS2 xuc tac

su san xuit alkanoyl-CoA tir axit carboxylic va CoA.

Theo mdt sé phwong 4n, sang ché @& cap dén phan tir axit nucleic duge
phan 1ap hogic duge tinh ché c6 SEQ ID NO: 1 hodc c6 it nhit 75%, it nhét
76%, it nhit 77%, it nhit 78%, it nhat 79%, it nhit 80%, it nhit 81%, it nhat
82%, it nhit 83%, it nhit 84%, it nhit 85%, it nhit 86%, it nhit 87%, it nhat
88%, it nhit 89%, it nhat 90%, it nhit 91%, it nhit 92%, it nhit 93%, it nhat
94%, it nhat 95%, it nhat 96%, it nhit 97%, it nhit 98% hodc it nhat 99% do
d6ng nhat véi SEQ ID NO: 1.

Theo mdt s6 phwong 4n, sang ché dé cap dén phan tir axit nucleic duoc
phan 1ap hoic dugc tinh ché c6 SEQ ID NO: 3 hodc ¢6 it nht 75%, it nhit
76%, it nhit 77%, it nhit 78%, it nhit 79%, it nhit 80%, it nhit 81%, it nhit
82%, it nhat 83%, it nhit 84%, it nhit 85%, it nhit 86%, it nhat 87%,'it nhét
88%, it nhat 89%, it nhit 90%, it nhit 91%, it nhit 92%, it nhit 93%, it nhét
94%, it nhét 95%, it nht 96%, it nhit 97%, it nhit 98% hoic it nhit 9% d0
ddng nhat v6i SEQ ID NO: 3.

Ciing dugc bao gém 14 phan tir axit nucleic lai vdi trinh tu axit nucleic
da dugce bdc 1§ & trén. Diéu kién lai héa c6 thé 1a nghiém ngit trong d6 su lai
hoéa s& xay ra néu c6 it nhat 90%, 95% hodc 97% do ddng nhét trinh ty véi phan
tr axit nucleic ma héa enzym theo sang ché. Diéu kién nghiém ngit ¢6 thé bao
gbm céc diéu kién dugc st dung cho phép lai héa Southern da biét nhw, vi du, 4
qua dém & nhiét 4o 42°C trong dung dich cé formamit 50%, 5x SSC (NaCl 150
mM, trinatri xitrat 15 mM), natri phosphat 50 mM (pH 7,6), 5x dung dich
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Denhardt, dextran sulfat 10%, va 20 microgam/mililit ADN tinh tring c4 hdi da
duoc cit, duge lam bién tinh, sau d6 13 rira gia lai héa trong 0,1x SSC & nhiét
d0 khoang 65°C. Céac diéu kién lai héa da biét khac 1a da duogc biét 16 va dugc
mo ta trong Sambrook et al., Molecular Cloning: Laboratory Manual, Third
Edition, Cold Spring Harbor, N.Y. (2001).

Ngudi ¢6 hiéu biét trung binh vé linh vuc k§ thuat nay s& hiéu ring céc
thay d6i khong d4ng ké trong trinh tw axit nucleic khong nhét thiét 1am bién d6i
trinh tu axit amin cua polypeptit d& dugc ma héa. Nguoi co hiéu biét trung binh
v& linh vyc k¥ thuét nay s& hiéu ring céc thay dbi trong do dong nhét cua céac
nucleotit trong trinh ty gen dic hiéu ma thay dbi trinh tu axit amin cta
polypeptit d& dugc ma hoa co6 thé dan dén tinh hiéu qua giam hoic ting ciia cic
gen va, trong mot s6 ung dung (vi du, dbi nghia, Gc ché déng thoi, hodc ARNI),
céc trinh tw mot phin thuong hoat dong hidu qua nhu cic kidu chiu dai day du.
Céc cach thuc trong d6 trinh tu nucleotit c6 thé dugc 1am thay dbi hodc dugc
lam ngén 1a da biét 15 v6i nguoi c6 hidu biét trung binh v& linh vuc k¥ thuat
nay, nhu 1a cic cach thr nghiém tinh hiéu qua cla cic gen da dugc lam bién
d6i. Theo cac phuong 4n nhét dinh, tinh hiéu qua c6 thé duogc thir nghiém mot
cach d& dang béi, vi du, séc ky khi thong thudng. Do do, tht c4 cac bién dbi nhu

vay clia cac gen déu dugce bao gdm la mot phan cia phéan boc 10 nay.

Ngudi ¢6 hiéu biét trung binh v& linh vuc k¥ thuét nay s& hidu ring
chidu dai cua phén tir axit nucleic néu trén ddy s& tuy thudc vao Umg dung da
dinh. Vi du, néu ung dung da dinh 1a dé 1am doan mdi hodc miu do, vi du, dé
khuéch dai bang PCR hoic dé sang loc thu vién, chidu dai cua phén tir axit
nucleic s& nho hon trinh tu chiu dai déy du, vi du, 15-50 nucleotit. Theo céac
phuong 4n nay, doan mdi hosic miu do c6 thé vé& co ban gidng vdi ving duoc
bao toan cao cua trinh ty axit nucleic hodc ¢6 thé vé& co ban gidng véi dau 5'
hodic 3' ctia trinh tw ADN. Trong mdt sd trudng hop, cac doan mdi hodc mau do
nay c6 thé st dung céc bazo chung & mot s6 vi tri @ 'vé co ban giéng' nhung
van tao ra tinh linh hoat trong viéc nhén biét trinh tw. Can luu ¥ rang didu kién

lai héa doan mdi va mau do thich hop 14 da biét rd trong linh vuc k¥ thuat nay.
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Sang ché con bao gdm enzym CsHCS1. Trinh tu axit amin ctia CsHCS1

(SEQ ID NO: 2) 1a:

MGKNYKSLDSVVASDFIALGITSEVAETLHGRLAEIVCNYGAATPQTWINIANHILSP

DLPFSLHQMLFYGCYKDFGPAPPAWIPDPEKVKSTNLGALLEKRGKEFLGVKYKDPI

SSFSHFQEFSVRNPEVYWRTVLMDEMKISFSKDPECILRRDDINNPGGSEWLPGGYLN
SAKNCLNVNSNKKLNDTMIVWRDEGNDDLPLNKLTLDQLRKRVWLVGYALEEMGL
EKGCAIAIDMPMHVDAVVIYLAIVLAGYVVVSIADSFSAPEISTRLRLSKAKAIFTQDH
INRGKKRIPLYSRVVEAKSPMAIVIPCSGSNIGAELRDGDISWDYFLERAKEFKNCEFTA
REQPVDAYTNILFSSGTTGEPKAIPWTQATPLKAAADGWSHLDIRKGDVIVWPTNLG

WMMGPWLVYASLLNGASIALYNGSPLVSGFAKFVQDAKVTMLGVVPSIVRSWKST

NCVSGYDWSTIRCFSSSGEASNVDEYLWLMGRANYKPVIEMCGGTEIGGAFSAGSFL
QAQSLSSFSSQCMGCTLYILDKNGYPMPKNKPGIGELALGPVMFGASKTLLNGNHHD
VYFKGMPTLNGEVLRRHGDIFELTSNGYYHAHGRADDTMNIGGIKISSIEIERVCNEV

| DDRVFETTAIGVPPLGGGPEQLVIFFVLKDSNDTTIDLNQLRLSFNLGLQKKLNPLFKV
TRVVPLSSLPRTATNKIMRRVLRQFSHFE

Mot sb phuong 4n dé cap dén polypeptit duoc phan 1ap hodc duge tinh
ché ¢6 SEQ ID NO. 2 hoic ¢6 it nhit 85%, it nhat 86%, it nhat 87%, it nhat
88%, it nhit 89%, it nhit 90%, it nhit 91%, it nhit 92%, it nhit 93%, it nhit
94%, it nhat 95%, it nhit 96%, it nhit 97%, it nhit 98% hoic it nhit 99% do
ddng nhat v6i trinh ty axit amin nhu dugc néu trong SEQ ID NO: 2,

Sang ché con bao gdbm enzym CsHCS2. Trinh ty axit amin ctia CsHCS2
(SEQID NO: 4) la:

MEKSGYGRDGIYRSLRPPLHLPNNNNLSMVSFLFRNSSSYPQKPALIDSETNQILSFSH
FKSTVIKVSHGFLNLGIKKNDVVLIYAPNSIHFPVCFLGIIASGAIATTSNPLYTVSELSK
QVKDSNPKLIITVPQLLEKVKGFNLPTILIGPDSEQESSSDKVMTFNDLVNLGGSSGSE
FPIVDDFKQSDTAALLYSSGTTGMSKGVVLTHKNFIASSLMVTMEQDLVGEMDNVFL
CFLPMFHVFGLAIITYAQLQRGNTVISMARFDLEKMLKDVEKYKVTHLWVVPPVILA
LSKNSMVKKFNLSSIKYIGSGAAPLGKDLMEECSKVVPYGIVAQGYGMTETCGIVSM
EDIRGGKRNSGSAGMLASGVEAQIVSVDTLKPLPPNQLGEIWVKGPNMMQGYFNNP
QATKLTIDKKGWVHTGDLGYFDEDGHLY VVDRIKELIKYKGFQVAPAELEGLLVSHP
EILDAVVIPFPDAEAGEVPVAYVVRSPNSSLTENDVKKFIAGQVASFKRLRKVTFINSV
PKSASGKILRRELIQKVRSNM
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Mot s6 phuong 4n d& cip dén polypeptit dugc phan 14p hodc duge tinh
ché c6 SEQ ID NO. 4 hoic c6 it nhat 85%, it nhat 86%, it nhit 87%, it nhét
- 88%, it nhit 89%, it nhit 90%, it nhat 91%, it nhit 92%, it nhit 93%, it nhit
94%, it nhat 95%, it nhit 96%, it nhat 97%, it nhit 98% hodc it nhat 99% dd

ddng nhét véi trinh ty axit amin nhu duge néu trong SEQ ID NO: 4,

Mbt sd phuong an dé cap dén vecto, ciu trac hodc hé bidu hién chira
polynucleotit dugc phan 1ap hodc dugc tinh ché c6 trinh tu ctia SEQ ID NO: 1
hodc SEQ ID NO: 3, hoc it nhit 75%, it nhét 76%, it nhét 77%, it nhat 78%, it
nhét 79%, it nhit 80%, it nhat 81%, it nhit 82%, it nhit 83%, it nhat 84%, it
nhét 85%, it nhit 86%, it nhit 87%, it nhat 88%, it nhit 89%, it nhat 90%, it
nhét 91%, it nhit 92%, it nhat 93%, it nhat 94%, it nhat 95%, it nhat 96%, it
nhét 97%, it nhit 98% hoic it nhit 99% d6 ddng nhat véi SEQ ID NO: 1 hoic
SEQ ID NO: 3. Ngoai ra, sang ché ciing dé xuit phuong phap didu ché vecto,
cAu trac hodc hé biéu hién bao gff)m trinh ty nay, hodc mot ph?m cia no, dé dua
trinh ty hodc mot phan trinh ty ndy theo huéng c6 nghia hoic d6i nghia, hoic

phan bo sung clia nd, vao té bao.

Theo mét sb phwong 4n, phan tir axit nucleic dwgc phan 1ap va/hoic
duoc tinh ché, hoic vecto, cAu tric hodc hé biéu hién chua phan tir axit nucleic
dugc phan 18p va/hodc duge tinh ché nay, c6 thé dugc sir dung dé tao ra sinh
vat hodc t& bao cia sinh vat chuyén gen san xudt cac polypeptit xtc tac sy tong
hop cuta polyketit thom. Do vay, theo mdt phuong 4n, sang ché dé cap dén sinh
vat chuyén gen, t& bao hosic md phoi ctia sinh vat ndy chira phan ti axit nucleic
dugc phan lap va’hodc dugc tinh ché c6 SEQ ID NO: 1 hoic SEQ ID NO: 3

c6 it nhét 75%, it nhét 76%, it nhat 77%, it nhat 78%, it nhat 79%, it nhét
80%, it nhit 81%, it nhat 82%, it nhit 83%, it nhit 84%, it nhét 85%, it nhét
86%, it nhat 87%, it nhat 88%, it nhit 89%, it nhit 90%, it nhat 91%, it nhat
192%, it nhAt 93%, it nhit 94%, it nht 95%, it nhit 96%, it nhit 97%, it nhit
98% hoic it nhat 99% do ddng nhit véi SEQ ID NO: 1 hodc SEQ ID NO: 3.

Tét hon 1, sinh vat 1a cdy, vi sinh vat hodc con trung. Cay tdt hon néu

thudc giong Cannabis, vi du Cannabis sativa L., Cannabis indica Lam. va
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Cannabis ruderalis Janisch. Dac biét duoc wu tién 1a Cannabis sativa. Vi sinh
vat tot hon néu 1a vi khuan (vi du, Escherichia coli) hodc ndm men (vi du

Saccharomyces cerevisiae). Con trung t6t hon néu 1a Spodoptera frugiperda.

Sinh vét, t& bao va mo6 phdi theo phuwong 4n nay cé thé c6 ham luong
hop chit canabinoit thay doi. Lién quan dén Fig.1, ngudi c6 hiéu biét trung
binh v& linh vuc k§ thuét nay s& hiéu ring su biéu hién hoic biéu hién qua mirc
cuia phan tr axit nucleic theo sang ché s& din dén sy biéu hién hoic biéu hién
quad mtc cua enzym xuc tac su tdng hop ctia hexanoyl-CoA, enzym nay khi két
hop v6i cac enzym khac, c6 thé dan dén sy san xuit hodc san xuét ting hop
chit canabinoit nhu axit canabigerolic (CBGA), axit A’-tetrahydrocanabinolic
(THCA), axit canabidiolic (CBDA), axit canabichromenic (CBCA), A’-
tetrahydrocanabinol (THC), canabidiol (CBD), canabichromen (CBC), v.v..
Tuong tu, phu thudc vao co chit dugc st dung, su biéu hién hoic biéu hién qua
muc cliia phan t axit nucleic theo sdng ché din dén su biéu hién hoic biéu hién
quéa cua enzym xuc tic su tdng hop cua hexanoyl-CoA, c6 thé din dén su san
xuét hodc san xuit ting chit twong tu cta hop chét canabinoit, hodc chit twong

tu cua tién chat cua cac hop chat nay.

Viéc 1am bat hoat gen & sinh vat, t& bao hodic md s& dan dén sy biéu hién
duéi mitc ctia enzym ma c6 thé din dén sy tich lity ctia cic tién chit nhu axit
hexanoic (s4u cacbon), axit octanoic (tAm cacbon), axit nonanoic (chin cacbon),
axit valeric (ndm cacbon), axit heptanoic (bay cacbon) hodc céc axit carboxylic
khéc, va/hodc su giam canabinoit nhu THCA (tién chét cua THC) hoac CBDA
(tién chit cia CBD).

Sang ché bao gdm quy trinh bién ddi ham luong ctia hop chit canabinoit
& sinh vat, t& bao hodc mé bang cach biéu hién hoic biéu hién qua mirc enzym
ngoai sinh theo sang ché & sinh vat, té bao hodc mo nay, so véi gidng sinh vit,
té bao hodc mé twong tu sinh trudng trong cic diéu kién twong tw nhung khong
c6 enzym ngoai sinh theo sang ché duoc biéu hién hodc dugce biéu hién qua

muc.
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Su biéu hién hodic biéu hién qua muc cia phan tir axit nucleic theo sang
ché c6 thé dugc thuc hién két hop v6i su biéu hién hoidc biéu hién qué cia mdt
hodc nhiéu axit nucleic khac ma hoa mot hodc nhiéu enzym trong con dudng
sinh téng hop canabinoit. Mot s6 vi du vé cac axit nucleic khic bao gdm céc
axit nucleic ma hoa: polyketit syntaza loai III, polyketit xyclaza,
prenyltransferaza thom va oxidoxylaza tao thanh canabinoit. Vi du cu thé vé
cac enzym niy bao gdm “olivetol syntaza”/polyketit syntaza, olivetolic axit

syntaza, geranylpyrophosphat:olivetolat geranyltransferaza, A°-
| tetrahydrocanabinolic ~ axit syntaza, canabidiolic axit syntaza hodc
canabichromenic axit syntaza. Su téng hop alkanoyl-CoA trong diéu kién c6
mit enzym polypeptit theo sang ché c6 thé duoc thuc hién in vivo hodc in vitro.
Nhu dugc d& cap trude dy, cac tong hop nhu vay in vivo c6 thé dwoc thuc hién
bang cach biéu hién hosc biéu hién qua mirc phan tir axit nucleic theo sdng ché

¢ sinh vat, t€ bao hodc mo.

Su téng hop alkanoyl-CoA in vitro c6 thé xay ra trong hé khong c6 té
bao. P& 1am mot phan ciia hé khong c6 té bao in vitro, axit carboxylic va
enzym theo sang ché ¢6 thé duoc trdn ciing nhau trong binh phén tng thich hop

dé thuc hién phan tng.

In vitro, céc polypeptit theo sang ché co thé dugc st dung két hop véi
cac enzym khéc dé thuc hién su tong hop hoan toan hop chét canabinoit tir tién
chét. Vi du, cac enzym khac nhu vay c6 thé c6 lién quan trong con dudng sinh
tbng hop canabinoit nhu dugc néu trén Fig.l (nhu “olivetol syntaza™/PKS,
olivetolic axit syntaza, prenyltransferaza thom, THCA syntaza, CBDA syntaza,

CBCA syntaza).

Céc polypeptit theo sang ché c6 thé duogc sir dung, in vivo hodc in vitro,
dé tdng hop chat twong tu clia hop chét canabinoit khong cé trong tw nhién &
loai cht. Cac chat twong tu nhu vy c6 thé duge san xuét bang cach st dung
hop chét axit carboxylic khac véi cac hop chit duge str dung dé san xuét hop

chat canabinoit tu nhién & cdy. Vi duy, axit axetic, axit butyric, axit octanoic,
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axit decanoic, axit lauric, axit myristic, axit palmitic; axit mach nhanh nhu axit

isovaleric; va axit hydroxyxinnamic nhu axit xinnamic.
Cdc thudt ngik:

Dé thuén tién cho viéc xem xét cac phuong an ctia phan boc 19 nay, cac

thuat ngit cu thé duoc giai thich sau day:

Alkanoyl-CoA: alkanoyl-CoA 14 hgp chat cacbonyl béo c6 gbc coenzym
A dugce lién két v6i nguyén ti cacbon ctia nhém cacbonyl thong qua ciu sulfua.
Hop chit alkanoyl-CoA dugc wu tién chira tir 2 d&én 10 nguyén ti cacbon trong
phéan cacbonyl béo ctia hop chét nay. Tét hon nita néu, alkanoyl-CoA 1a CoA-
S-C(0)-(CHz)a-CHs, trong d6 n 14 s§ nguyén nim trong khoang tir 0 dén 8. Mot
s6 vi du vé hop chit alkanoyl-CoA 14 axetyl-CoA, butyryl-CoA, hexanoyl-CoA
va octanoyl-CoA. Viéc su dung axetyl-CoA tao ra mach bén metyl cho
polyketit thom thu duogc; viéc st dung butyryl-CoA tao ra mach bén propyl; va
viéc st dung hexanoyl-CoA tao ra mach bén pentyl. Hexanoyl-CoA dugc dic
biét vu tién. Canabinoit v&i mach bén ngén hon tn tai trong ciy gai dau (vi du,
axit tetrahydrocanabivarinic c6 mach bén propyl thay vi mach bén pentyl cua

THCA).

Su thoai héa codon: Can phai hiéu ring phin bdc 16 ndy bao gom su
thodi hoa stt dung codon nhu s& duge hidu bai ngudi ¢6 hiéu biét trung binh vé

Iinh vuc k§ thudt ndy va nhu duge minh hoa trong Bang 1.

Bang 1 Su thodi héa codon

Axit amin Codon

Ala/A GCT, GCC, GCA, GCG

Arg/R CGT, CGC, CGA, CGG, AGA,
AGG

Asn/N AAT, AAC

Asp/D GAT, GAC

Cys/C TGT, UGC

GIn/Q CAA, CAG

GIwE GAA, GAG
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Gly/G GGT, GGC, GGA, GGG

His/H CAT, CAC

Te/I ATT, ATC, ATA

Leuw/L TTA, TTG, CTT, CTC, CTA, CTG

Lys/K AAA, AAG

Met/M ATG

Phe/F TTT, TTC

Pro/P CCT, CCC, CCA, CCG

Ser/S TCT, TCC, TCA, TCG, AGT,
AGC

Thr/T ACT, ACC, ACA, ACG

Trp/W TGG

Tyr/Y TAT, TAC

Val/V GTT, GTC, GTA, GTG

BAT PAU ATG

KET THUC TAG, TGA, TAA

Trinh tu nucleotit bo sung: “Trinh tu nucleotit bd sung” cila mot trinh tw
duoc hiéu nghia 14 phan tr axit nucleic bat ky ma céc nucleotit ciia n6 1a bo
sung v4i nucleotit cia trinh ty dugc néu trong ban mo ta nay, va hudng ctia nd

dugc dao nguogce (trinh tu ddi song song).

Su thay thé bao toan: Ngudi c6 hiéu biét trung binh vé& linh vuc k§ thuat
nay sé hiéu réng su thay thé béo toan c6 thé duoc thuc hién trong trinh tu axit
amin cua polypeptit ma khong pha v& cdu tric ba chiéu hojc chirc ning ciia
polypeptit nay. Nhu viy, sang ché bao gdm céc polypeptit chira CsHCS1 va
CsHCS2 duoc thé bao toan. Su thay thé bao toan dugc thuc hién bdi nguoi c6
hiéu biét trung binh vé linh vuc k§ thuat nay bang cach thay thé axit amin c6
“tinh ky nudc, dd phéan cuc, va chiéu dai mach R tuong tu cho axit amin khéc.
Ngoai ra, bing cach so sanh trinh tu duoc sdp hang cua céc protein twong dong
tir c4c loai khac nhau, su thay thé bao toan c6 thé duoc nhén dién bang cach dit

cac goc axit amin di dugc lam dot bién gitta cdc loai ma khong lam bién doi

-18-



25356

chirc ndng co ban cda céc protein dd dugc ma hda. Bang 2 dua ra danh sach

néu lam vi du vé su thay thé béo toan.

Bang 2 Su thay thé bao toan

Loai Axit amin Axit amin c6 thé thay thé

Ua nudc Ala, Pro, Gly, Glu, Asp, Gln, Asn, Ser,
Thr

Sulphydryl Cys

Béo Val, Ile, Leu, Met

Bazo Lys, Arg, His

Thom Phe, Tyr, Trp

Mirc d hodc ty 16 phin trim cta do twong ddng trinh tw: Thuat ngit
"muc dd hodc ty 1¢ phén tram cta do twong dong trinh tu" chi mic d6 hoic ty
16 phén trim ctia d6 twong dong trinh tu gitta hai trinh tw sau khi sdp hang tdi

uu.

Trinh ty dugc phan 1dp va/hodac dugce tinh ché tuong déng: “Trinh tu
duoc phan 1ap va/hodc duoc tinh ché tuong déng” duge hiéu 1a ding dé chi
trinh tu duoc phén 1ap va/hodc duge tinh ché c6 do df”)ng nhét tinh theo phén
" tram vé&i cac bazo cua trinh tu nucleotit, hodc axit amin cla trinh tu polypeptit,
it nhét khoang 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, 99,5%, 99,6%, hodc 99,7%. Ty I¢ phén trdm nay la hoan toan cé tinh chit
théng ké, va c6 thé xép loai do khac biét giira hai nucleotit hodc trinh tu axit
amin ngdu nhién va trén toan b chiéu dai ciia ching. Do ddng nhét trinh tu c6
thé dwoc x4c dinh, vi du, bdi cac chuong trinh mdy tinh dugc thiét ké dé thuc

hién mdt hodic nhiéu 14n sdp hang trinh ty.

Viéc lam tdng, giam, didu bién, bién d6i hodc cac thuét nglt tuong tu:
Ngudi ¢6 hidu biét trung binh vé linh vuc k¥ thut ndy s& hiéu ring céc thuat
ngit nhu vay chi sy so sédnh voéi gidng hodc ching tuong tu sinh truéng trong
cac diéu kién tuwong tw nhung khdng c6 su cai bién din dén sy ting, giam, diéu

bién hoic bién ddi. Trong mot sb trudng hop, giéng hodc ching nay c6 thé 1a
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doi ching chua dugc bién nap, doi chimg dugce bién nap gia, hodc doi ching

dugc bién nap vecto.

Pugc phan 1ap: Ngudi c6 hiéu biét trung binh v& linh vuc k¥ thuét nay
s& hiéu rang “dugc phan lap” chi cic polypeptit hodc axit nucleic ma da “duge

phéan 14p” tr modi trudng tw nhién cua ching.

Trinh tu nucleotit, polynucleotit, hodc axit nucleic: “trinh tu nucleotit,
polynucleotit, hodc axit nucleic” s& dugc hiéu 14 chi ca dang soi kép hoic soi

don & dang monome va dime (d6i) va san pham phién ma cta chiung.

Do dong nhét trinh ty: Hai trinh ty axit amin hodc hai trinh tu nucleotit
duoc goi 1a "déng nhét" néu trinh tu ca axit amin hodc nucleotit trong hai trinh
tu nay 13 giéng nhau khi duoc sip hang twong tng tdi da nhu dugc néu dudi
day. Ty 1& phin trim cta d6 dong nhét trinh ty (hodc mic do ddng nhit) duogc
x4c dinh bang cach so sanh hai trinh tu dd duge sip hang tbi vu trén ctra s6 so
sanh, trong d6 mdt phan cua trinh tu peptit hoic polynucleotit trong ctra 56 so
sanh ¢6 th bao gdm phén bd sung hodc phan khuyét (tic 13, cac khoang trbng)
so v6i trinh ty tham chiéu (khong bao gdm phin bd sung hodc phin khuyét) aé
sip hang t6i wu hai trinh tu. Ty 18 phin trim duogc tinh toan bang cach x4c dinh
s6 lugng cua cac vi tri tai do géc axit amin hodc bazo axit nucleic déng nhét
xuét hién trong ca hai trinh tur dé tao ra s luong cac vi tri duoc lam phit hop,
chia s lugng cac vi tri d duoce 1am phu hop cho tbng sb lwong céc vi tri trong
ctta s& so sanh va nhan két qua nay v6i 100 dé thu dugc ty 1& phan trim cia do

d6ng nhét trinh tu.

Su sép hang t6i wu ca cac trinh tu dé so sanh c6 thé dugce tién hanh nho
thuat toan do twong ddng cuc bo ciia Smith and Waterman, Ad. App. Math 2:
482 (1981), thuat toan sip hang tuong dong clia Needleman and Wunsch, J.
Mol. Biol. 48: 443 (1970), phwong phap tim kiém d9 tuong tu clia Pearson and
Lipman, Proc. Natl. Acad. Sci. (U.S.A.) 85: 2444 (1988), su thuc hién bing
may tinh cda cac thudt toan nay (GAP, BESTFIT, FASTA, va TFASTA trong
Wisconsin Genetics Software Package, Genetics Computer Group (GCG), 575

Science Dr., Madison, Wis.), hodc béi sy kiém tra bang mit thuong.
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Dinh nghia vé 46 dbng nhét trinh tu duoc dwa ra & trén 13 dinh nghia
duoc ngudi ¢6 hidu biét trung binh vé linh vuc k§ thuat nay st dung. Pinh
nghia nay tu n6 khong can su hd tro cta thuit toan bét ky, cac thuat toan nay
chi giup ich dé dat dugc sy sdp hang t6i vu cia céc trinh tw, ding hon 13 tinh

toan d6 dong nhét trinh ty.

T dinh nghia dua ra trén déay, c6 mot gid tri dd dugce x4c dinh 13 va chi
mot gia tri d6i voi dd ddng nhét trinh tu gitta hai trinh ty duoc so sanh, gi tri

nay twong Gng vdi gid tri thu duoc ddi vai su sap hang tot nhat hoic tbi wu.

Lai nghiém ngat: Lai trong cac diéu kién nghiém ngit véi trinh tu
nucleotit dugc hiéu 1a chi viéc lai trong diéu kién nhiét d6 va ndng do ion duoc
chon theo céch sao cho ching cho phép duy tri su lai gitta hai ménh cia céc

phén tlr axit nucleic bo sung.

‘Céc thé trong ddng clia cac gen méi néu trong ban md ta nay thu duge
tir cdc sinh vat khéc, vi du, cdy, ¢ thé thu duoc bang cach sang loc céc thu
vién thich hop bao gdm cac thé twong ddng do, trong d6 viée sang loc dwgc tién
hanh v&i trinh ty nucleotit ciia cic gen cu thé theo sang ché, hodc céc phin
hodc mau do cta ching, hodc duge nhan dién béi tra ctru do tuong déng trinh
tu sit dung céc chwong trinh tra ctru sip hang trinh tw nhu BLAST hoic
FASTA.

Viéc phén 14p axit nucleic va tich dong 1a da duoe biét 3. Twong tu, gen da
duoc phén 1ap co thé dugc cai xen vao vecto va dugc bién nap vao té bao bai
e ky thudt thong thuong da biét 13 v6i ngudi ¢6 hidu bidt trung binh vé linh
vuc k¥ thudt ndy. Phén tr axit nucleic c6 thé duoc bién nap vao sinh vét. Nhu
da biét trong linh vic k¥ thuat nay, c6 nhiéu cach ma nhd d6 gen, vecto, ciu
triic va hé bidu hién c6 thé duoc dua vao sinh vat, va su két hop thanh cong cua
céc k¥ thuat nudi cdy mé va bién nap dem lai cac phuong phép hitu hi¢u dé tao
ra cac sinh vat chuyén gen. Cac phwong phép nay cé thé dugc st dung trong
sang ché va da duoc mo ta trong mot sd tai liéu khac (Potrykus I (1991) Gene
transfer to plants: Assessment of published approaches and results. Annu. Rev.

Plant Physiol. Plant Mol. Biol. 42: 205-225; Vasil I K (1994) Molecular
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improvement of cereals. Plant Mol. Biol. 25: 925-937. Walden R, Wingender R
(1995) Gene-transfer and plant regeneration techniques. Trends in
Biotechnology 13: 324-331; Songstad DD, Somers DA, Griesbach RJ (1995)
Advances in alternative DNA delivery techniques. Plant Cell Tissue Organ Cult.

40:1-15), va da biét rd v6i ngudi co hiéu biét trung binh vé linh vuc k¥ thuat
nay.

Céc vecto thich hop 14 da biét r5 v6i ngudi ¢b hiéu biét trung binh vé
linh vuc va duwgc mo ta trong cic tai liéu tham khao vé k¥ thuédt chung nhu
Pouwels et al., Cloning Vectors. A Laboratory Manual, Elsevier, Amsterdam
(1986). Cac vecto dic biét thich hop bao gdbm vecto Ti plasmit. Vi du, ngudi c6
hiéu biét trung binh v& linh vuc k§ thudt ndy chic chin s& biét ring, ngoai su
bién nap qua trung gian Agrobacterium clia Arabidopsis béi su ngdm loc chan
khong (Bechtold N, Ellis J, Pelletier G (1993) In planta Agrobacterium-
“mediated gene transfer by infiltration of adult Arabidopsis thaliana plants. C R
Acad Sci Paris, Sciences de la vie/Life sciences 316: 1194-1199.) hodc su cy
nhiém vét thuong (Katavic V, Haughn GW, Reed D, Martin M, Kunst L (1994)
In planta transformation of Arabidopsis thaliana. Mol. Gen. Genet. 245: 363-
370.), ciing c6 thé bién nap cac loai cdy khac, sit dung su bién nap qua trung
gian Ti-plasmit Agrobacterium (vi du, tru duédi 14 mam (DeBlock M,
DeBrouwer D, Tenning P (1989) Transformation of Brassica napus and
Brassica oleracea using Agrobacterium tumefaciens and the expression of the
bar and neo genes in transgenic plants. Plant Physiol. 91: 694-701) hodc cudng
14 mdm (Moloney MM, Walker JM, Sharma KK (1989) High efficiency
transformation of Brassica napus using Agrobacterium vectors. Plant Cell Rep.
8: 238-242.) phwong phap 1ay nhiém vét thuong, k¥ thuét bin phé bing hat/bin
" gen (Sanford JC, Klein TM, Wolf ED, Allen N (1987) Delivery of substances
into cells and tissues using a particle bombardment process. J. Part. Sci.
Technol. 5: 27-37.) hodc phuong phéap bién nap thé nguyén sinh duge hd tro
bing polyetylen glycol (Rhodes CA, Pierce DA, Mettler 1J, Mascarenhas D,
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Detmer JJ (1988) Genetically transformed maize plants from protoplasts.

Science 240: 204-207).

Nhu ciing s& 15 rang v6i ngudi ¢é hiéu biét trung binh vé linh vuc k§
thudt nay, va nhu dugc néu trong céc tai li€u khac (Meyer P (1995)
“ Understanding and controlling transgene expression. Trends in Biotechnology
13: 332-337; Datla R, Anderson JW, Selvaraj G (1997) Plant promoters for
transgene expression. Biotechnology Annual Review 3: 269-296.), c6 thé su
dung gen khoi ddu duoc lién két theo cach c6 diéu khién véi phan tir axit
nucleic dé diéu khién su diéu hoa ting hodc giam bt ky nhu da dugc du dinh
sir dung cac gen khoi dau khong dugc diéu hoa (tirc 13, gen khoi dau co dinh)
(vi du, cac gen khoi dau dua trén CaMV35S), hoic biang cach sir dung cic gen
khéi ddu ma c6 thé nhdm dich su biéu hién gen & té bao cu thé, mo (vi du, gen
khoi ddu napin @& bidu hién gen chuyén dé phat trién cac 14 mdm cua hat), co
quan (vi du, 18), & giai doan phat trién cu thé, hogic dé dap ting véi kich thich cu

thé tir bén ngoai (vi du, sc nhiét).

Gen khoi ddu dé st dung theo sang ché ¢6 thé 1a gen khoi ddu cam ung,
gen khoi dau co dinh, hoic gen khoi d4u dic hiéu m6 hodc nhiéu td hop khac
nhau cta cc dic tinh nay. Gen khoi ddu hitu dung bao gdm, nhung khong gidi
han & gen khoi ddu co dinh nhu gen khéi du virut vong &n mon & cdy cam
chuéng (CERV), gen khéi ddu 35S virut kham & stp lo (CaMV), hoic cu thé
hon, gen khéi dau virut kham & stp lo dugc ting cudng kép, bao gdm hai gen
khéi ddu CaMV 35S ndi tiép (duge goi 13 gen khoi ddu "35S kép"). Co6 thé
mong mubdn st dung gen khdi d4u dic hiéu mo hoic duge diéu hoa theo cach
phat trién thay cho gen khoi dau co dinh trong mot s6 truong hop nhét dinh.
Gen khéi dau dic hiéu md cho phép su biéu hién quéa mic & mot s6 md nhat
dinh ma khong anh huéng dén sy biéu hién & cdc mo khéc.

‘Gen khéi ddu va ving didu hoa két thic s& ¢6 chirc ning trong t& bao
~cht va c6 thé 1a khac loai (tirc 13, khong cé trong tu nhién) hodc tuong dong

(thu dugce tix loai cht) véi té bao va gen.
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Ving didu hoa két thic c6 thé thu dugc tir ving 3' cia gen tir d6 gen
khéi ddu thu duoc hodc tir gen khic. Ving két thuc thich hop c6 thé dugc sir
dung da duoc biét 15 trong linh vuc k§ thuat ndy va bao gdm gen két thuc
Agrobacterium tumefaciens mnopalin syntaza (Tnos), gen két thic 4.
tumefaciens mannopin syntaza (Tmas) va gen két thuc CaMV 35S (T35S).
Ving két thiic duoc dic biét uu tién dé st dung theo sang ché bao gém ving
két thuc ciu tric siéu phan tir nhé ribuloza bisphosphat carboxylaza & cdy dau

"Ha Lan (TrbeS) hodc ving két thiic Tnos. Cac ciu tric gen dé st dung theo
sang ché c6 thé duoc sang loc modt cach thich hop v& hoat tinh béi, vi du, su
bién nap vao cdy chu thdng qua Agrobacterium va sang loc miic canabinoit da

duoc bién doi.

Phén tr axit nucleic theo séng ché, hoic manh cua ching, c6 thé duoc st
dung dé phong bé qué trinh sinh tdng hop canabinoit & sinh vat ma san xudit
mot cach tu nhién hop chit canabinoit. Viéc 1am bét hoat st dung phan tir axit
nucleic theo sang ché c6 thé dwoc thuc hién theo nhidu cach nhin chung da biét
trong linh vuc k¥ thudt nay, vi du, k§ thudt ARN can thiép (ARNi), k¥ thuat
microARN nhan tao, k§ thuat bat hoat gen duge cam tng béi virut (VIGS), k¥
thut d6i nghia, k§ thuat ddng trc ché ¢6 nghia va k¥ thuat phét sinh dot bién co

dich.

K§ thuét ARNi bao gdm su bién nap 6n dinh bing cich st dung chu truc
plasmit ARN can thiép (ARNi) (Helliwell CA, Waterhouse PM (2005)
Constructs and methods for hairpin RNA-mediated gene silencing in plants.
Methods Enzymology 392:24-35). Cac plasmit nhu vdy dugc tao thanh tur
manh gen dich dugc lam bét hoat trong céu trac lip ddo nguoc. Cac doan lip
dao nguoc dugc phan cich bdi dém, thudong 1a intron. CAu tric ARNi dugc
didu khién bodi gen khoi dau thich hop, vi du, gen khéi dau 35S virut kham &
stp lo (CaMV), duge két hgp vao hé gen cia cdy va tiép theo 1a su phién ma
clia gen chuyén din dén phan td ARN gip nép nguoc trén chinh nd dé tao
thanh ARN kep téc sg¢i kép. CAu trac ARN soi kép ndy duoc nhan ra béi cdy va
duoc cét thanh cac ARN nhé (chiéu dai khoang 21 nucleotit) duge goi 1a ARN
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can thiép nhé (siARN). siARN két hop véi phirc hop protein (RISC) ma tiép
tuc diéu khién qua trinh thoéi hoa cia mARN ddi véi gen dich.

K¥ thudt microARN nhan tao (amiARN) loi dung con dudng microARN
(miARN) ma thuc hién chirc ning dé 1am bat hoat cic gen ndi sinh & cdy va cac
sinh vat c¢6 nhan dién hinh khac (Schwab R, Ossowski S, Riester M,
Warthmann N, Weigel D (2006) Highly specific gene silencing by artificial
microRNAs in Arabidopsis. Plant Cell 18:1121-33; Alvarez JP, Pekker I,
Goldshmidt A, Blum E, Amsellem Z, Eshed Y (2006) Endogenous and
synthetic microRNAs stimulate simultaneous, efficient, and localized
regulation of multiple targets in diverse species. Plant Cell 18:1134-51). Trong
phuong phap nay, cdc manh c¢6 chidu dai 21 nucleotit ctia gen cin dugc lam bt
hoat dugc dua vao gen pre-miARN dé tao thanh cdu tric pre-amiARN. Céu
trac pre-amiARN dugc chuyén vao hé gen sinh vat sit dung cac phuong phép
bién nap di dugc cic nguoi co hiéu biét trung binh v& linh vuc k¥ thuat nay
biét 5. Sau khi phién ma pre-amiARN, xtr Iy tao ra amiARN ma nhém dich cac

gen c6 chung d6 ddng nhat nucleotit v6i trinh tw amiARN 21 nucleotit.

Trong k¥ thuat bit hoat ARNI, hai yéu td c6 thé anh huéng dén viéc lwa
chon chiéu dai ctia manh. Manh cang ngén, su bét hoat hiéu qua dat duoc
thuong it hon, nhung cac kep toc rat dai lam ting co hoi tai t6 hop & céc ching
vi khuén chu. Tinh hiéu quéa ctia viée 1am bat hoat dudng nhu cling phu thude
vao gen va c6 thé phan 4nh kha ning tiép can cia mARN dich hogc do ddi dao
tuong ddi cia mARN dich va ARN hinh kep téc trong cac té bao trong d6 gen
hoat dong. Chiéu dai manh nim trong khoang tr 100 dén 800 bp, tot hon néu
nim trong khoang tir 300 dén 600 bp, nhin chung la thich hop dé t6i da hoa
hidu qué bit hoat thu duge. Mbi quan tim khac 1a phan gen duoc nhim dich. 5’
UTR, vung ghi ma, va manh 3’ UTR ¢c6 thé duogc st dung véi cac két qua tdt
nhu nhau. Vi co ché bét hoat tiiy thudc vao do tuong dbng trinh tu, c¢6 kha ning
6 su bat hoat chéo cac trinh ty mARN ¢6 lién quan. Khi diéu nay khong duogc
mong mubn, viung véi do tuong tu trinh tu thép v0i cac trinh tu khac, nhu 5’

hodic 3' UTR, phai dugc chon. Nguyén tic dé tranh su bét hoat twong ddng chéo
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~duodng nhu la st dung céc trinh ty khdng c6 cac khéi ddng nhét trinh ty 16n hon
20 bazo gifta cAu tric va céc trinh tw gen khong phai dich. Nhiéu nguyén tic
gibng nhu vay dwoc 4p dung dé chon loc cac ving dich dé thiét ké céac

amiARN.

K thuat bat hoat gen dugc cam tng boi virut (VIGS) 1a su bién ddi ky
thuat ARNi ma loi dung hang rao khang virut ndi sinh ciia cdy. Sy lay nhiém
clia cAy véi cac virut VIGS tai td hgp chira manh ADN chu dan dén su bét hoat
gen sau phién ma d6i voi gen dich. Theo mot phuong 4n, hé VIGS dya trén
virut hinh khuc chudng & cy thudc 14 (TRV) ¢6 thé duoc st dung véi trinh tur

nucleotit theo sang ché.

K§ thuat d6i nghia bao gdm duwa vao ciy oligonucleotit d6i nghia ma sé&
lien két véi ARN thong tin (mARN) dugc san xuit bdi gen quan tim.
" Oligonucleotit "ddi nghia" c6 trinh tu bazo bd sung v6i ARN thong tin
(mARN) cua gen, ma dugce goi 14 trinh tu "c6 nghia". Hoat tinh ctia méanh c6
nghia cia mARN bi phong bé béi manh mARN ddi nghia, bang cach d6 bat
hoat mdt cach hiéu qua su biéu hién gen. Viéc ap dung d6i nghia dé lam bét
hoat gen & cay dugc mo ta chi tiét hon boi Stam M, de Bruin R, van Blokland
R, van der Hoorn RA, Mol JN, Kooter JM (2000) Distinct features of post-
transcriptional gene silencing by antisense transgenes in single copy and

inverted T-DNA repeat loci. Plant J. 21:27-42.

K§ thuat dong e ché c6 nghia bao gbm viéc dua gen chuyén c6 nghia
duoc biéu hién cao vao cdy din dén su biéu hién giam cua ca gen chuyén va
gen ndi sinh (Depicker A, Montagu MV (1997) Post-transcriptional gene
silencing in plants. Curr Opin Cell Biol. 9: 373-82). Hiéu qua thu dugc tuy

1 thudc vao do ddng nhét trinh tu gitta gen chuyén va gen ndi sinh.

K¥ thuét phat sinh dot bién c6 dich, vi du, TILLING (Targeting Induced
Local Lesions IN Genomes) va “khuyét gen” st dung su bén phé notron nhanh,
¢6 thé dugc st dung dé 1am bét hoat chirc ning gen & sinh vat (Henikoff' S, Till
BJ, Comai L (2004) TILLING. Traditional mutagenesis meets functional
genomics. Plant Physiol 135:630-6; Li X, Lassner M, Zhang Y. (2002)
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Deleteagene: fast neutron deletion mutagenesis-based gene knockout system
for plants. Comp Funct Genomics. 3: 158-60). TILLING bao gbm viée xir Iy
chAt mAm hoic céc t& bao riéng r& bang chit gy dot bién dé gay ra cac dot bién
didm ma sau d6 duoc phat hién trong céc gen quan tidm bang cach s dung
" phuong phéap nhay dé phat hién dot bién don nucleotit. Viéc phat hién cac dot
bién mong mubn (vi du, cac dot bién din dén sy bit hoat san phim gen quan
tam) c6 thé dugc thuc hién, vi du, boi phuong phap PCR. Vi duy, cé thé didu
ché doan mdi oligonucleotit thu dugc tir gen quan tdm va co thé sir dung PCR
dé khuéch dai cac ving gen quan tAm tir sinh vét trong quan thé da dugc lam
dot bién. Céc gen dot bién da dugc khuéch dai co thé duoc 0 véi cac gen kiéu
dai dé phat hién céac bat cip sai giita cac gen dot bién va gen kiéu dai. Cac sai
1éch da dugc phat hién ¢ thé duoc truy nguge dén sinh v4t ma c6 gen dot bién
nh¢ d6 phét hién sinh vat da dugc lam dot bién nao s& c6 su bidu hién mong
muén (vi du, bit hoat gen quan tim). Sau d6, c4c sinh vat nay c6 thé dugc nhan
giéng mét cach chon loc dé tao ra quén thé co6 su biéu hién mong mudn.
TILLING ¢6 th8 tao ra day alen bao gdm cac dot bién sai nghia va cac dot bién
"lam bAt hoat, ma thé hién sy biéu hién gidm cta gen di dugc nhim dich.
TILLING dugc xem 13 phuong phap thich hop dé bét hoat gen ma khong lién
quan dén viéc dwa vao gen chuyén, va do d6 c6 thé d& duogc chip nhan hon dbi
v6i ngudi tiéu ding. Sy bin pha notron nhanh sé& kich thich céc dot bién, tuc 13,
khuyét doan, trong hé gen sinh vat, cac khuyét doan nay ciing c¢6 thé dugc phat

hién bang céach st dung PCR theo c4ch twong ty v6i TILLING.

Ngudi ¢6 hiéu biét trung binh vé linh vuc k¥ thuat ndy s& hiéu ring cc
quy trinh theo sdng ché ciing ¢6 thé dugc tién hanh trong mai truong khong c6

té bao trong di€u kién c6 mit mdt hodc nhicu axit carboxylic.

Céc phuong an theo sang ché ¢ thé ¢ céac cai bién va cic dang thay the
khac ngoai cac vi du cu thé dugc bao gom trong ban mo t4 nay. Nhu viy, cac

. phuong 4n theo sang ché khong bi giéi han & cac dang cu thé da duoc boc 19.
Vi du thwe hién sang ché

Vi du 1: Khuéch dai va tach dong CsHCS1 va CsHCS2
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CsHCS1 va CsHCS2 duoc khuéch dai bang PCR tir cic dong cADN
plasmit st dung cic doan mdi dugc liét ké trong Bang 3 va Phusion™
polymeraza (Finnzymes). C4c san phidm PCR duoc tinh ché va duge tach dong
vao vecto tiép nhan pCR8/GW/TOPO (Invitrogen). Sau khi bién nap vao té bao
E. coli TOP10 (Invitrogen), cac dong riéng r& dugc kiém tra bang cach giai
trinh tu. Gen CsHCS!I va CsHCS2 duoc tai t6 hop vao vecto dich pHIS8/GW

sir dung LR recombinaza (Invitrogen). San phdm phan tng LR duoc bién nap

vao cac té bao TOP10 va dugc kiém tra bang cach giai trinh tu.

Bang 3: Oligonucleotit

Tén Trinh ty (5°-3°)
CsHCS1 xudi (SEQ IDNO: 5) |ATGGGTAAGAATTACAAGTCCCT

CsHCS1 ngugce (SEQ ID NO: 6) | GAGCTCTCATTCAAAGTGAGAAAAT
TGCTG

CsHCS2 xudi (SEQ ID NO: 7) |ATGGAGAAATCTGGGTATGGAAG
CsHCS2 nguogc (SEQ ID NO: 8) | TCACATGTTGGAGCGTACTTTC
MCS xu6i (SEQ ID NO: 9) ATGAGCAACCATCTTTTCGACG
MCS nguoc (SEQ ID NO: 10) |TTACGTCCTGGTATAAAGATCGGC

pHIS8/GW-CsHCS1 va pHIS8/GW-CsHCS?2 dugc bién nap vao cic té
" bao E. coli Rosetta 2 (Merck). Céc khuan lac riéng r& dugc st dung dé cdy cac
gidng cdy quy mo nho clia mdi truong LB 1dng chta cloramphenicol va
kanamyxin, cic gidng cdy nay dugc st dung dé cdy 500 mL méi truong LB
16ng khong c6 chat khang sinh. Sau khi sinh truéng dén ODgoo bang 0,6, su
bidu hién dugc cam tng bing cach bd sung IPTG dén néng d6 0,2 uM. Sau d6,
cac giéng céy biéu hién CsHCS1 duogc sinh trudong & nhiét d6 12°C ¢c6 lic trong
24 gid, trong khi d6 céc gibng cdy CsHCS2 dugc sinh truéng & nhiét d§ 37°C
trong 16 gid. Céc nhiét d0 khac nhau dugc st dung vi quan sat thdy ring

CsHCS1 khong san xuét protein hoa tan & nhiét d§ cao hon.

" Céc té bao duoc thu hoach bing cach ly tAm va dugc tai tao huyén phu
trong 10 mL dém tan His-tag (Tris-HCI 50 mM pH 7, NaCl 500 mM, imidazol
2,5 mM, glyxerol 10% theo thé tich, B-mercaptoetanol 10 mM, Tween™ 20 1%
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theo thé tich, va lysozym 750 pg/mL. Céac té bao da duogc tai tao huyén phu
duoc U trén dé trong 1 gid sau d6 duge 1am tan bang cach khudy 4m. Sau khi ly
tdm trong 20 phut & tdc d6 12.000 g & nhiét do 4°C, phan doan protein hoa tan
duoc bd sung vao 160 uL nhya Talon™ (Clontech) di dugc rira trude bing
dém rta His-tag (HWB; Tris-HC] 50 mM pH 7, NaCl 500 mM, imidazol 2,5
mM, glyxerol 10%, B-mercaptoetanol 10 mM). Céc mau dugc G c6 lic nhe &
nhiét do 4°C, sau d6 nhua duogc tach riéng bing cach ly tAm (700 g trong 5
phit). Nhya duoc tai tao huyén phu trong dém HWB va dugce rira ¢6 lic nhe &
nhiét dd 4°C sau do dugc ly tdm. Sau d6, budce rira duogc 1ap lai hai 14n va nhya
~da duoc tai tao huyén phi dwoc nap 1én trén cot sic ky va duge dé rdo nudc.
Sau khi rtra nhya bang 10 mL dém HWB, protein da dugc gin thé His duoc ria
gi4i bang cach bd sung 2,5 mL dém rira giai His-tag (Tris-HCI 50 mM pH 7,
NaCl 500 mM, imidazol 250 mM, glyxerol 10% theo thé tich, pB-
mercaptoetanol 10 mM). Nudce giai hip duoc trao ddi dém vao dém bao quan
(HEPES 50 mM pH 9, glyxerol 10% theo thé tich, MgCl, 2 mM, va
dithiothreitol 2 mM) st dung cdt PD10 (Amersham Bioscierices). D6 tinh khiét
ctia cac protein da dugc tach riéng duoc kiém tra béi SDS-PAGE, va ndng do

protein duoc xé4c dinh bang thir nghiém Bradford.
Vi du 2: Phéan tich hoat tinh hexanoyl-CoA synthetaza

Hoat tinh hexanoyl-CoA synthetaza dugc xac dinh bang cach @ 0,1 ug
enzym trong 20 puL hdn hgp phan Gng chira HEPES 50 mM pH 9, ATP 8 mM,
| MgCl 10 mM, CoA 0,5 mM, va natri hexanoat 4 mM. Cac phan tng duoc U
trong 10 phut & nhiét do 40°C, duge két thic bing 2 puL HCI 1 N va dugc bao
quén trén da cho dén khi phan tich.

Hon hop phan tng dugce pha lodng 1:100 v6i nude va sau d6 duge tach
riéng bang cach sir dung hé Waters Acquity UPLC duge 1ap cdt Acquity UPLC
BEH C18 (¢ hat 1,7 um, ¢6t 2,1 x 50 mm), va dugc phan tich bédi MS/MS st
dung khdi phé ké ba-bdn cuc Micromass Quattro Ultima. H& dung moi duoc sit
dung 1a dém A: TEA 5 mM va axit axetic 3 mM trong nudc, va dém B: TEA 5
mM va axit axetic 3 mM trong 95:5 metanol:nuéc. Chuong trinh dong chay
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- dwoc thé hién trong Bang 4. Cac thiét 1ap ctia khdi phd ké 1a: Kiéu duong ESI,
ning luong va cham 27 V, dién 4p hinh nén 135 V, quét trong 866>359 lan

chuyén tiép.

Bang 4: Chuong trinh dong chay ddi véi sic ky chit 1ong

Thoi gian | Tbéc d6 dong chay %A %B
(phut) (mL/phut)
0 0,2 94,7 53
1 0,2 94,7 53
6 0,2 85,0 15,0
10 0,2 0,1 50,0
21 0,2 0,1 99,9
22 0,8 0,1 99,9
24 0,8 0,1 99,9
24,1 0,4 94,7 53
27 0,4 94,7 53
27,1 0,2 94,7 53

Nhu duoc thé hién trén Fig.2, CsHCS1 va CsHCS2 xtc tic su tao thanh
hexanoyl-CoA tir hexanoat va CoA. Fig. 2A va 2B thé hién su rira giai cia
chuin hexanoyl-CoA tin cdy. Fig.2C thé hién miu thir nghiém ddy du bao gdbm
CsHCS1, HEPES 50 mM pH 9, ATP 8 mM, MgCl, 10 mM, CoA 0,5 mM, va
natri hexanoat 4 mM. Hop chét c6 cing su chuyén tiép khéi luong va thoi gian
rira giai nhu chuén hexanoyl-CoA tin cdy c6 thé dwgc quan sat thiy tai thoi
diém 9,25 phut. Fig.2D thé hién miu thir nghiém ddy di bao gdbm CsHCS2,
HEPES 50 mM pH 9, 8§ mM ATP, MgCl 10 mM, CoA 0,5 mM, va natri
hexanoat 4 mM. Hop chét c6 cing sy chuyén tiép khéi lwong va thoi gian rira
giai nhu chudn hexanoyl-CoA tin cdy c6 thé duge quan sat thiy tai thoi diém
9,25 phut. Fig. 2E va 2F thé hién cac dbi chimg 4m véi cdc enzym CsHCS1 va

- CsHCS2 dugc 1am bat hoat (duge dun soi). Nhu ¢6 thé duoc thiy trén cac Fig.
2F va 2F, céc thir nghiém nay cho thay khong c6 su tdng hop hexanoyl-CoA.

Ca CsHCS1 va CsHCS2 déu thé hién sy t6i wu cta nhiét do va do pH
tuong Gng 1a 40°C va pH 9. Trong thir nghiém khoang cation hda tri hai,
CsHCS1 st dung mot cach t6i vu Mg?* va st dung Mn?* va Co®" & mirc thép
hon. Hoat tinh CsHCS2 13 cao nhit khi sir dung Co?", nhung cling dugc quan

sat thiy 13 cao ddi véi Mg?*, Mn?*, va & murc thap hon d6i véi Ca**. Moi lién
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quan vé mit sinh hoc ctia hoat tinh cao doi v6i Co?" lakhong 12 13 rang va Mg?*

duoc st dung cho tht ca cac thir nghiém tiép theo.

V61 hexanoat, CsSHCS1 ¢c6 K béng 6,1 £ 1,0 mM, Vmax bﬁng 15,6 £1,7
pKat va kea bing 4,5 gidy!. CSHCS2 ¢6 K bing 320 nM, Vimax bing 1,7 pKat,
va kea bing 57,6 gidy™.

Vi du 3: Thir nghiém véi cac axit carboxylic khéc nhau

Pé thir nghiém khoang axit carboxylic ma CsHCS1 va CsHCS2 c6 thé
hoat hoa, cac tht nghiém enzym dugc tién hanh vé6i khoang réng cia axit
carboxylic va ATP han ché. Cac didu kién thu nghiém duogc st dung 1a tuong
tu v4i Schneider K et al. (2005). A new type of peroxisomal acyl-coenzyme A
synthetase from Arabidopsis thaliana has the catalytic capacity to activate
biosynthetic precursors of jasmonic acid. The Journal of Biological Chemistry,
280:13962-72. N6i mdt cach ngén gon, enzym HCS da duoc tinh ché (1 ug)
dugce U v6i co chét axit carboxylic 500 pM va CoA 100 uM trong mau thi
“nghiém chta HEPES 100 mM pH 9, MgCl> 250 uM, ATP 50 uM va DTT 1
mM. T4t c& céc co chit axit carboxylic déu dugc hoa tan trong 2% theo thé tich
Triton™ X-100, dan dén ndng d6 cudi cing 14 0,05% Triton X-100 trong mau
thir nghiém. Sau khi cho phan ung trong 3 gi¢ & nhiét d¢ 29°C, cac lugng nhd
10 pL cta cac phan tmg dugc chuyén sang dia c6 96 15 dé xac dinh ATP chua
dudc tidu thu dua trén luxiferin/luxiferaza. Cac dia dugc phén tich bing méy
dém 1420 Multilabel (PerkinElmer). 90 pL dung dich chita Tris 100 mM pH
7,8, MgCla 1 mM, 2,3 pg luxiferin, va 0,5 g luxiferaza dugc dua vao mdi 16,
va sau khi lic trong 2 gidy, su phat quang duoc xdc dinh trong 15 giéy ma
khéng c6 bo loc tai chd. Cac chi s6 thap hon, so v6i phan ting khong ¢6 co chit
axit carboxylic, thé hién lwong hoat tinh enzym cao hon va do d6 viéc su dung
co chét cao hon. Két qua dugc thé hién trén Fig.3, trong d6 thanh béo 15i bidu
" thi % muc d6 sai sb, n=3.

" Nhu duoc thé hién trén Fig.3A, CsHCS1 duge quan sat thdy 1a sir dung

hexanoat (sdu cacbon), octanoat (tdm cacbon), va nonanoat (chin cacbon), va
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sir dung & muec it hon valerat (ndm cacbon) va heptanoat (bay cacbon), lam co
chét. Trai lai, nhu duoc thé hién trén Fig.3B, CsHCS2 thé hién sy hén tap 16n
hon, va c6 thé st dung khoang co chét rong, tir propanoat (C3) dén arachidoat
(C20), va nhiéu phenylpropanoit (xinnamat, ferulat, va & mic it hon p-

coumarat).

Trong thir nghiém riéng €, céc tinh chét dong luc hoc ciia CsHCS1 va
CsHCS3 dugc xac dinh mdt cach chinh x4ac hon dbi véi CoA va céc axit béo
mach ngin (butanoat), trung binh (hexanoat va decanoat), va mach dai
(palmitat) dai dién (Béang 5). Nong d6 CoA cao uc ché CsHCSI. Sir dung mo
hinh thtt nghiém sy &c ché co chit hdi quy phi tuyén tinh, K; ctia CSHCS1 dugc
wéc tinh 1a 5,101 + 1,8 mM. CoA khéng trc ché CsHCS2 & cac ndng do duoc
thir nghiém. Axit decanoic trc ché CsHCS2 (Ki = 120,8 £ 47,9 uM) va tGic ché
khong dang k& CsHCS1 & cac néng dd 16n hon 4 mM (K; khong duge xé4c
dinh). Cac sb liéu nay cho thiy xu huéng gidng nhu sd liéu dong luc hoc da

duoc dua ra trén day.

Béang 5: Cac tinh chit dong luc hoc ciia CSHCS1 va CsHCS2.

Co chat | CsHCSI CsHCS2
Km Vmax Km Vmax kcat
(pKat) (pKat) (gidy™h)
CoA 0,26 +0,05 - 0,16 £0,01 uM | - -

uM

butanoat | >10 mM >10 mM

hexanoat |3,7+0,7mM |6,8+0,7 |261+37 uM 1,8+ 0,05 | 57,6

decanoat | 1,7+ 0,2 mM 1,8+0,7 |16,1+58uM |1,6=0,1 10,0

palmitat |n.d.? - 1,3+0,5 uM 0,4+0,01 |24

2 khong duge xac dinh do thiéu hoat tinh xuc tac
Vi du 4: Tong hop axit olivetolic st dung CsHCS2

CsHCS2 dugc sir dung dé tdng hop héa enzym axit polyketit olivetolic
thom. Axit olivetolic 12 tién chét thich hop ddu tién cho qua trinh sinh téng hop
canabinoit. Quy trinh téng hop in vitro ndy duge tién hanh bang cach st dung

bdn enzym tai t& hop: CsHCS2, malonyl-CoA synthetaza (MCS) tir Rhizobium

-32-




25356

leguminosarum, “olivetol syntaza”/polyketit syntaza tir cdy gai diu, va

olivetolic axit syntaza tir cdy gai dau.

Malonyl-CoA synthetaza (MCS) dugc khuéch dai tir ADN hé gen clia
Rhizobium leguminosarum v6i doan mdi MCS xudi va MCS nguoc (xem Bang
3). San phdm PCR dugc tach dong vao vecto pCR8/GW/TOPO (Invitrogen)
duoc tai td hop vao vecto pHIS8/GW. Sau khi kiém tra bang cach giai trinh tu,
plasmit duge bién nap vao E. coli Rosetta II (DE3). MCS tai t6 hop duogc biéu

hién va duogc tinh ché nhu duoc néu ddi v6i enzym CsHCS.

Viéc tach dong, bidu hién va tinh ché “olivetol syntaza“/polyketit
syntaza va olivetolic axit syntaza dugc tién hanh nhu sau. Pé biéu hién trong
cac t& bao E. coli, khung doc mé cua polyketit syntaza/olivetol syntaza va
olivetolic axit syntaza dugc khuéch dai béi PCR, dugc tich dong vao
pHIS8/GW dbi véi polyketit syntaza/olivetol syntaza hodc pET100 (Invitrogen)
d6i voi olivetolic axit syntaza va dwoc bién nap vao E. coli BL21 (DE3)

(Invitrogen). Viéc tach dong duoc kiém tra bing cach giai trinh tur.

Olivetolic axit syntaza duoc biéu hién trong méi truong nudi cdy canh
16n dung tich 200 mL trong khi polyketit syntaza/olivetol syntaza dugc sinh
trudng trong moi trudong nudi cdy dung tich 1 L. Ca hai méi truong nudi cly
déu duoc U & nhiét d6 30°C/l4c 150 vong/phut, dugc cdm Ung b'fmg IPTG 0,5
uM va duoc sinh trudng qua dém. Cidc moi trudng nudi cdy duogc ly tdm & tdc
~d6 16.000 g trong 20 phit, va cac vién tron dugce 1am tan bang cach xir ly bing
lysozym va khliéy am. Cac dich tan dd dugc lam trong dugc trdn véi nhya
Talon (200 pL d6i vé6i olivetolic axit syntaza, 1 mL dbi véi polyketit
syntaza/olivetol syntaza; Clontech), rtra bang 5 mL dém ria His-tag (Tris-HCI
50 mM (pH 7), NaCl 150 mM, imidazol 20 mM, B-mercaptoetanol 10 mM) va
cac protein tai t6 hop duge ria gidi bang cach st dung dém rira gidi His-tag
(Tris HCI 20 mM (pH 7), NaCl 150 mM, imidazol 100 mM, B-mercaptoetanol
10 mM). Nudc giai hap duoc co bang cach st dung thiét bi c6 YM10 va duge
trao d6i dém véi dém bao quan (HEPES 20 mM (pH 7,5), NaCl 25 mM,
glyxerol 10%, DTT 5 mM). Dung dich protein cudi cing dugc dinh lugng bing
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“céch st dung bo kit thir nghiém protein RC/DC (Bio-Rad) ma phat hién thdy
ndng do protein bang 0,5 mg/mL (olivetolic axit syntaza) va 5,6 mg/mL
(polyketit syntaza/olivetol syntaza). Phan tich gel SDS-PAGE x4c nhéan d¢ tinh

khiét ctia cd hai protein.

Kha ning két hop su tdng hop hexanoyl-CoA véi su tong hop polyketit
thom st dung cac chit phan ung khong dit tién dwoc thir nghiém bing cch
thuc hién cdc miu tht nghiém enzym gém hexanoat 4 mM, malonat 8§ mM,
CoA 0,4 mM, ATP 0,4 mM, MgCl> 5 mM, DTT 2 mM, HEPES 20 mM pH 7,5,
0,3 ng CsHCS2, 12 pg MCS, 8 ng “olivetol syntaza”/PKS va 10 pg OAS. Phan
mg duoc U ¢ nhiét do trong phong trong 16 gid, duoc axit héa va duoce chiét
trong etyl axetat. Phan doan phan cuc dugc thu hdi, dugc 1am bay hoi cho dén
kho6 va duogc téi tao huyén phu trong 50 pL metanol. Lwgng nhé (5 uL) duoc
phén tich bing LCMS, va céc san phim dugc xac dinh boi thoi gian luu va

khdi luong cia ching (xem Fig.4).

Vi du 5: Téng hop axit olivetolic trong nAim men st dung CsHCS1 va

CsHCS2

N4m men (Saccharomyces cerevisiae) dugce bién dbi di truyén dé san
xuét axit olivetolic bing cach st dung CsHCSI1 va CsHCS2 dé téng hop
hexanoyl-CoA, va thé dung hop “olivetol syntaza”/polyketit syntaza (PKS) va

olivetolic axit syntaza (OAS) ctia cdy gai ddu dé tao thanh axit olivetolic.

OAS duoc tach dong trong khung véi “olivetol syntaza”/PKS sir dung
trinh twr lién két thng hop md hoa cho axit amin
AATSGSTGSTGSTGSGRSTGSTGSTGSGRSHMYV (SEQ ID NO: 11) trong
‘ vecto bidu hién cia ndm men pESC-Trp (Stratagene) dudi su kiém soat clia gen
khéi ddu GAL10. Khung doc mé ctiia CsHCS1 duoc tach dong vao vecto biéu
hién cta ndm men pYESDEST52-Ura (Invitrogen) st dung cong nghé
Gateway. Khung doc mé ciia CsHCS2 dugc tach dong vao vecto biéu hién cua

ndm men pESC-Trp (Stratagene) dudi su kiém soat ciia gen khéi dau GALI.
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Céc té bao nAm men (InVSc I, Invitrogen) dugc bién nap voi cac cAu
trac néu trén (thé dung hop OAS:“olivetol syntaza”/PKS mot minh, thé dung
- hgp OAS:“olivetol syntaza”/PKS va CsHCSI; thé dung hop OAS:“olivetol
syntaza”/PKS va CsHCS?2) va cac thé bién nap dugc sinh truong trén dia SD-
Trp trong 3 ngay & nhiét do 28°C. f)éi v6i mbi thé bién nap, khuin lac don
dugc ca“'ty vao 3 mL mdi trudng SD-Trp glucoza va dugc u cd lic & nhiét do
28°C trong 2 ngdy. Luong nho 0,5 mL cia gidng cdy mdi dwoc st dung dé cdy
10 mL moi truong SD-Trp galactoza chira natri hexanoat 1 mM va dugc U &
nhiét d6 20°C trong 4 ngdy. Gidng cdy hoan toan dugc chiét véi etyl axetat,
duge 1am kho va phan cin duoc tii tao huyén phu trong 100 pL cta 30%
axetonitril/70% nuéc/0,05% axit formic. Cac san pham dwgc phan tich biang

cach stt dung LCMS (xem Fig.5).

Vi du 6: Vai trd cia CsHSC1 va CsHSC2 trong qué trinh sinh téng hop

canabinoit & cay

Thong qua phan tich dua trén trinh tu cda tdp dit liéu EST tim long va
thir nghiém héa sinh ctia nim AAE, hai AAE c6 hoat tinh hexanoyl-CoA
synthetaza dugc xéc dinh (CsHSC1 va CsHSC2). Pé x4c dinh AAE nao trong
s hai AAE nay c6 kha niang c6 lién quan dén con dudng sinh téng hop

canabinoit, tién hanh qRT-PCR va thir nghiém dinh vi duéi té bao.
qRT-PCR ctia sy biéu hién CsHSC1 va CsHSC2

Céc cay ‘Finola’ dugc phat trién tir hat cho dén giai doan giita thoi ky ra
hoa. R&, than, 14, hoa cai (v6i cdc tim 16ng va sau khi tach riéng cac tim long
str dung Beadbeater), cac té bao tim 16ng va hoa duc dugc ldy mau tir ba cay.
ARN tdng cong dugc tach riéng nhu néu trén. ARN c¢6 Absze:Abszso >1,9 va
thé hién céc bang ribosom riéng biét trén gel bién tinh. cADN soi thir nhét dugc
- téng hop bing céch st dung 0,5 ug ARN véi bd kit tong hop cADN QuantiTect
(Qiagen). Mdi 20 pL miu cADN dugc pha lodng 1:4 véi nude, va 1 pL dugce
str dung lam khuon PCR. Cac doan mdi dic hidu gen duogc thiét ké dé san xudt
c4c don vi siéu sao chép cé kich thudc 90-200 bp. Cac phan tmg PCR (20 pL)

duoc tién hanh trong dia c6 96 16 st dung thir nghiém dua trén SYBR mau luc
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(QuantiFast SYBR Green kit, Qiagen) véi thiét bi StepOne Plus (Applied
Biosystems). Céc thong sb cta chu ky duge st dung 1a nhiét d§ 95°C trong 5
phut sau d6 1a 40 chu ky & nhiét 4§ 95°C trong 10 gidy, 60°C trong 30 gidy, va
protocol phén ly chudn (95°C 15 gidy, 60°C trong 1 phut, 60-95°C vdi s gia
0,3°C trong 15 gidy). Céac thtr nghiém dugc tién hanh bang cach st dung cADN

tir ba cdy vo6i hai ban sao k¥ thuat. Actin, ma duogc théy 14 ¢6 sy biéu hién 6n
| dinh trong tit ca mo dugc thu nghiém, dugc st dung lam gen tham_chiéu. Hiéu
qua d6i vai tit ca cac cap doan mdi 12 90-110% nhu duge tinh toan b?ing cach
st dung phwong phap dudng cong chuin. Céc gia tri C; dugc tinh todn bing
cach sir dung phén mém StepOne Software (Applied Biosystems). Phuong

phap 224Ct dugc sir dung dé phan tich su biéu hién gen tuong dbi.
Su dinh vi duéi té bao ctia CsHSC1 va CsHSC2

Céac thé dung hop YFP:CsHSCI va YFP:CsHSC2 dugc tao cdu tric
béng cach tai td hop vao pEARLYGATE104 (Earley, K.W., Haag, J.R., Pontes,
O., Opper, K., Juehne, T., Song, K. and Pikaard, C.S. (2006). Gateway-
compatible vectors for plant functional genomics and proteomics. Plant J. 45,
616-629.) st dung LR recombinaza (Invitrogen). Dé tao ra cdu trac OLS:CFP,
* OLS thiéu codon két thuc dugce tach dong vao pCR8/GW/TOPO trude khi téi to
hop vao pEARLYGATEIL02 st dung LR recombinaza. Gen danh dau
peroxisom PX-CK (Nelson, B.K., Cai, X. and Neb_enﬁihr, A. (2007).
Multicolored set of in vivo organelle markers for co-localization studies in
Arabidopsis and other plants. Plant J. 51, .11'26-1136.) la tr ABRC
(www.arabidopsis.org). Céc plasmit duoc bién nap vao Agrobacterium
tumefaciens GV3101 bing phuong phap duc 18 dién va dugc lya chon trén dia
LB chua 10 pg/mL rifampaxin va 50 pg/mL kanamyxin. L4 cta céac cdy
Nicotiana benthamiana hai tuén tudi dugc ngdm loc dung dich Agrobacterium
& ODsoo béng 0,02 (Sparkes, I.A., Runions, J., Kearns, A. and Hawes, C.
(2006). Rapid, transient expression of fluorescent fusion proteins in tobacco
plants and generation of stably transformed plants. Nat. Protocol. 1, 2019-

* 2025.). Hai ngay sau khi ngdm loc, céc té bao biéu bi 14 duoc hién thi héa bang
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céch st dung kinh hién vi ddng tu Zeiss LSM510. CFP dugc hién thi hoa véi
su kich thich & 458 nm va thu thdp hinh anh véi b loc léy dai 475-525 nm;
YFP & 514 nm v6i bd loc léy dai 530-600 nm. Cac hinh anh dugc thu gom va

dugc phan tich biang cach st dung géi phin mém Zeiss LSM.

S lidu chimg t6 ring CsHSCI 1 enzym c6 lién quan dén qua trinh sinh
tdng hop canabinoit. CsHSC1 14 thé phién ma doi diao nhét trong danh muc
EST, va sb litu qRT-PCR cho thiy rang sy biéu hién cta né 16n hon 100 lin
trong cac té bao tum 16ng so v&i cac md khac (Fig.6). Ngoai ra, CsHSC1 dugc
" dinh vi & phan bao tan nhu duge ching t6 béi thir nghiém dinh vi dudi té bao,
trong cung ngin ma enzym canabinoit gid dinh OLS dugc dinh vi. Sy uu tién
co chit cia CsHSC1 cung cdp bang ching bd sung v& vai trd ctia né trong qua
trinh sinh téng hop canabinoit vi n6 thé hién tinh dic hiéu d6i v6i hexanoat va

cac axyl CoA béo mach ngén khac 16n hon so véi CsHSC2 (Fig.3).

Mic du CsHSC1 1a enzym c6 kha ning c6 lién quan dén qua trinh sinh
tbng hop canabinoit & cdy, CsHSC2 1a hiéu qua hon so véi CsHSCI d6i véi
viée tong hop hexanoyl-CoA. Tuy nhién, CsHSC2 dugc dinh vi & peroxisom va
khong 13 cach hexanoyl-CoA duoc tao thanh trong ngdn nay cé thé duoc xuét
dén bao lap & d6 pha téng hop polyketit clia con dudng canabinoit dugc dinh
vi. CsHSC2 chép nhén khoang co chat rit rong, cho thdy ring né 1a axyl-CoA
_ synthetaza phd bién hon ma c6 thé thuc hién chirc ning trong qué trinh B-oxy

hoa peroxisom.

Ca CsHSC1 va CsHSC2 déu 1a cong cu cong nghiép c6 gia tri. Viéc lam
bét hoat CsHSC1 & cay gai diu c6 thé din dén sy giam dang ké mic canabinoit
& cdy, didu nay 13 rat mong mudn dbi véi cac nha nhén gidng cdy gai dau. Su
biéu hién qua mirc ctia CsHSC1 & cdy gai ddu c6 thé din dén muc canabinoit
cao, diéu nay la hitu ich cho muc dich dugc phém. Mait khéac, CsHSC2 s& dac
biét hﬁu ich dé thiét 1ap lai su tao thanh canabinoit & c4c vi sinh vét hodc trong
hé in vitro. o

Vi du 7: Tao ra céc thé dot bién trong cac gen CsHSC1 va CsHSC2 st
dung céc tén thuong cuc bo cam tmg dich trong hé gen (TILLING)
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Viéc nhén dién cdy gai dau c6 cac thé dot bién trong céc gen CsHSC1
hodc CsHCS2 c6 thé duoc thuc hién béng cach sit dung TILLING. Quén thé
cdy gai dau da dugc lam dot bién duoc sang loc béng cach st dung doan moi
oligonucleotit va PCR dé khuéch dai céc gen quan tdm. Cac gen dot bién da
duge khuéch dai duoc G v6i cac gen kiéu dai dé phat hién cac bit cip sai gifta
cac gen dot bién va cac gen kiéu dai. Cac sai khac da dugc phat hién duogc su
dung dé nhan dién cdy chtra dot bién trong mot trong hai gen CsHSC1 hoac
CsHCS2. Cay chta dot bién ma din dén cac axit amin dugc bién d6i & cac vi
tri can thiét cho dd dn dinh hodc hoat tinh alkanoyl-CoA synthetaza cua cac
protein CsHSC1 hodc CsHCS2 khong c6 khd nang san xuét tién chat alkanoyl-
CoA cho qua4 trinh sinh tdng hop canabinoit. Cac cdy thu dugc chira mirc giam

" hoac muc dugc lam bién ddi cua san pham canabinoit.

Sang ché dé xut gen ma hoa hai enzym alkanoyl CoA synthetaza tir ciy
gai dau. Cac gen nay c6 thé dugc st dung dé tao ra, théng qua viéc nhan gibng,
phat sinh dot bién c6 dich hoic bién déi di truyén, cdy gai diu vé6i sy san xuat
canabinoit duoc ting cudng. Ngoai ra, viéc 1am bit hoat hoic gdy cam gen theo
sang ché trong cdy gai ddu c6 thé duoc sir dung dé phong bé qué trinh sinh tong
hop canabinoit va bing cich d6 lam gidm su sin xuét cac canabinoit nhu
THCA, tién chét cia THC, trong cy gai ddu (vi du, cy gai dau coéng nghiép).
Céc gen theo sang ché c6 thé duoc st dung, két hop véi gen ma hoa cho céc
enzym khac trong con dudng canabinoit, & bién dbi di truyén qué trinh sinh
tdng hop canabinoit & cac ciy khac hodc & cic vi sinh vat hodc trong hé théng
khong c6 té bao, hoidic dé san xudt chit twong tw clia hop chat canabinoit hoic
chat tuong tu cla tién chat canabinoit.

Trong toan bd ban md ta nay, cdc tai li€u cong bd dugc dua vao ban md
ta nay bang céch vién dan.

Céc vu diém khac vén c6 ciia sang ché 14 ro rang v6i ngudi 6 hidu biét
trung binh vé linh vire k§ thuat nay. Céc phuong an dugc md ta trong ban md ta
nay nhim muc dich minh hoa va khong nhim muc dich giéi han pham vi cta

sang ché nhu dugc yéu cau bao hg. Céc bién doi cia cac phuong an néu trén s&
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rd rang voi ngudi ¢6 hi€u biét trung binh ve linh vyc k¥ thudt nay va dugce du

dinh d€ bao gom trong cac diém yéu cau bao ho sau day.
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YEU CAU BAO HO
1. Phén tr axit nucleic dugc phan 1ap hodc dugc tinh ché chua trinh tu nucleotit
c6 it nhit 85% d6 ddng nhéat trinh tu v6i SEQ ID NO: 1, va mi héa polypeptit
¢6 hoat tinh alkanoyl-CoA synthetaza.

- 2. Phan tr axit nucleic theo diém 1, trong d6 trinh ty nucleotit 1a trinh tu

nucleotit thoai héa codon ciia SEQ ID NO: 1.

3. Phan tr axit nucleic dugc phan 1dp hodc dugc tinh ché, trong d6 trinh tu
nucleotit 1a nhu dugc néu trong SEQ ID NO: 1 hodc trinh tu nucleotit thodi héa

codon cua no.

4. Phan tlr axit nucleic dugc phan 1ap hodc dugc tinh ché chira trinh tu nucleotit
c6 it nhat 85% d6 ddng nhét trinh tu véi SEQ ID NO: 3, va ma hoa polypeptit
c6 hoat tinh alkanoyl-CoA synthetaza.

5. Phan tt axit nucleic theo diém 4, trong d6 trinh tu nucleotit 13 trinh tu

nucleotit thoai héa codon ciia SEQ ID NO: 3.

6. Phéin tr axit nucleic dugc phan 1ap hodc dugc tinh ché, trong d6 trinh tu
" nucleotit 13 nhu duge néu trong SEQ ID NO: 3 hodc trinh ty nucleotit thoai hda

codon cua né.

7. Polypeptit duoc phan 1ap hodc dwgc tinh ché chtra trinh tw axit amin c6 it
nhét 85% d6 ddng nhat trinh tu véi SEQ ID NO: 2 va c6 hoat tinh alkanoyl-
CoA synthetaza.

8. Polypeptit theo diém 7, trong d6 trinh tu axit amin 1a trinh ty axit amin duoc
thé bao toan ciia SEQ ID NO: 2.

9. Polypeptit dwoc phén 1ap hogc dugc tinh ché chita trinh ty axit amin c6 it
nhét 85% d6 dong nhét trinh ty véi SEQ ID NO: 4 va c6 hoat tinh alkanoyl-
CoA synthetaza.

10. Polypeptit theo diém 9, trong d6 trinh ty axit amin 14 trinh ty axit amin
* duge thé bao toan ctia SEQ ID NO: 4.
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11. Hé biéu hién chira phan tir axit nucleic theo diém bét ky trong s cac diém
tir 1 dén 6.

12. Té bao cha dugc bién nap véi phan tir axit nucleic theo diém bat ky trong
s& cac diém tir 1 dén 6.

13. Quy trinh téng hop alkanoyl-CoA bao gdm bude cho axit béo phan Gng véi
CoA trong su c¢6 mit ctia polypeptit theo diém bét ky trong s6 cac diém tir 7

dén 10.
" 14. Quy trinh theo diém 13, trong d6 axit béo ¢ tir 2 dén 10 nguyén tir cacbon.

15. Quy trinh theo diém 13, trong d6 axit béo 13 axit hexanoic va alkanoyl-CoA

bao gdm hexanoyl-CoA.

16. Quy trinh bién dbi ham lwong cta hop chit canabinoit & cdy, t& bao hodc
mo san xuét cahabinoit bao g@)tﬁ bude st dung phén tir axit nucleic theo diém
bét ky trong s6 cac diém tir 1 dén 6, hoic mot phén clia n6, dé lam bét hoat &
cdy, té bao hodic md san xuét canabinoit ndy gen ma hoa enzym xtc tic su téng
hop alkanoyl-CoA va 1a CsHCS1 hodc CsHCS2, so véi gibng cdy, té bao hoic
md sén xudt canabinoit twong tu sinh truéng trong cac didu kién twong tu

nhung khong st dung phén tir axit nucleic ndy dé lam bat hoat.

17. Quy trinh bién dbi ham luong ctia hop chét canabinoit & cay, té bio hodc
- md san xuét canabinoit bao gdm budc 1am dot bién gen & cy, té bao hoic mo
san xuét canabinoit ndy, va st dung phén tir axit nucleic theo diém bat ky trong
s6 cac diém tir 1 dén 6 dé lua chon cdy, t& bao hosic md san xuét canabinoit
chira cac thé dot bién hodc cac bién thé cia gen ma hoa enzym xuc téc su tong

hop alkanoyl-CoA va la CsHCS1 hodc CsHCS2.

18. Quy trinh bién dbi ham luong cia hop chéit canabinoit & sinh vat, té bao
hodc md khéc véi cay, té bao hojc mé san xuét canabinoit, trong d6 sinh vat
nay khong phai la ngudi, bao gbm bude biéu hién hoic biéu hién qua mirc phan
tit axit nucleic ngoai sinh theo diém bat ky trong s6 céc didm tir 1 dén 6 & sinh
vat, té bao hodc mé nay trong sy c¢6 mdt cua axit hexanoic va CoA SO vOi giéng

sinh vét, t& bao hodc md twong ty sinh trudng trong cac dieéu kién tuwong tu
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nhung khong c6 sy bi€u hién hodc bi€u hién qua mirc cuia phén tir axit nucleic

ngoai sinh nay,

trong d6 phén tir axit nucleic ngoai sinh dugc biéu hién hodc bicu hién qua mirc
két hop vé6i su bi€u hién hodc biéu hién qua muc cla céc axit nucleic khdc ma
hoéa “olivetol syntaza”/PKS, olivetolic axit syntaza, prenyltransferaza thom, va

enzym dugc chon tr THCA syntaza, CBDA syntaza, hodc CBCA syntaza.

19. Quy trinh bién ddi ham luong ciia hop chét canabinoit & sinh vat, t& bao
hodc md khac voi ciy, t& bao hodc md san xuit canabinoit, trong d6 sinh vat
nay khong phéi 12 ngudi, bao gdm budc biéu hién hozic biéu hién qua muc phan
_tur axit nucleic ngoai sinh ma hoa polypeptit theo diém bt ky trong s6 cac diém
tr 7 dén 10 & sinh vat, té bao hodc mé nay trong sy c6 mat cua axit hexanoic va
CoA so vé6i gibng sinh vat, té bao hodc md tuwong tu sinh trudng trong cac didu
kién twong tw nhung khong c6 su biéu hién hogc biéu hién qui mérc ctia phan ti

axit nucleic ngoai sinh nay,

trong d6 phén tir axit nucleic ngoai sinh dugc biéu hién hodc dugc biéu hién
qué murc két hop véi su biéu hién hodc biéu hién qua muc cla cac axit nucleic
khac ma hod “olivetol syntaza”/PKS, olivetolic axit syntaza, prenyltransferaza
thom va enzym dugc chon tr THCA syntaza, CBDA syntaza, hodic CBCA

syntaza.

20. Quy trinh theo diém 18 hoic 19, trong d6 ham lugng cua hop chét

canabinoit dugc lam ting.

21 Quy trinh theo diém 16 hoic 17, trong d6 ham lugng cta hop chét

canabinoit dugc lam giam.

22. Quy trinh tong hop hop chét canabinoit & sinh vat, t& bao hoic md khac vai
cdy, té bao hoic mo san xuét canabinoit, trong d6 sinh vat nay khong phai 1a
ngudi, bao gdm bude bidu hién phan tir nucleic ngoai sinh theo diém bat ky
trong sé cac didm tir 1 dén 6 & sinh vat, t& bao hodc md nay trong su c6 mit clia

axit hexanoic va CoA,
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trong d6 phan tir axit nucleic ngoai sinh dugc bicu hi¢n hodc bi€u hién qua muc
két hop véi su bi€u hién hodc biéu hién qua mirc clia cac axit nucleic khac ma
héa “olivetol syntaza”/PKS, olivetolic axit syntaza, prenyltransferaza thom va

enzym dugc chon tir THCA syntaza, CBDA syntaza, hodc CBCA syntaza.

23. Quy trinh 1am tdng sy san xuat hgp chét canabinoit & cdy, t€ bao hodc mo
san xuat canabinoit bao gom budc bi€u hién phén ti nucleic ngoai sinh theo
diém bat ky trong so cac diém tir 1 dén 6 ¢ cdy, te bao hodc md nay trong sw co

mit cia axit béo va CoA.

24. Quy trinh theo diém bét ky trong sb cac diém tir 18 dén 20 va 22, trong d6

sinh vat, t€ bao hodc mo 1a tir vi sinh vat.

25. Quy trinh theo diém 24, trong d6 vi sinh vat 1a nidm men Saccharomyces

cerevisiae hodc E. coli.

26. Quy trinh theo didm bt ky trong sb cac diém tir 16 dén 25, trong d6 hop
chit canabinoit 1a mdt hodc nhidu trong sb axit canabigerolic, axit A°-
tetrahydrocanabinolic, axit canabidiolic, axit canabichromenic, A’-
tetrahydrocanabinol, canabidiol, canabichromen hodc chét tuwong tu cia ching

chira mach bén c6 chiéu dai tir 1 dén 9 nguyén tir cacbon.

27. Quy trinh téng hop alkanoyl-CoA trong phan tng khong c6 té bao in vitro,
quy trinh nay bao gdm bude cho axit béo phan tmg vdi coenzym A thong qua
tac dong cua polypeptit theo diém bét ky trong s6 céc diém tir 7 dén 10.

28. CAu tric chira phan tir axit nucleic theo didm bét ky trong sb cac diém tir 1
dén 6.

29. Vecto chira phan tir axit nucleic theo diém bét ky trong s6 cac diém tir 1

dén 6.
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<110>

<120>Phan tu axit nucleic, vecto ch@ta phédn tu axit nucleic nay, quy
trinh téng hop alkanoyl-coA va quy trinh bién déi ham lugng cua

hop ché&t canabinoit

<130> 12416-98

<150> US 61/507,331

<151> 2011-07-13

<160> 11

<170> PatentIn version 3.5

<210> 1

<211> 2163

<212>ADN

<213> Cannabis sativa

<400> 1

atgggtaaga attacaagtc cctggactct gttgtggcct ctgacttcat agccctaggt
60 :
atcacctctg aagttgctga gacactccat ggtagactgg ccgagatcgt gtgtaattat
120

ggcgctgcca ctccccaaac atggatcaat attgccaacc atattctgtc gecctgacctce
180

cccttctecee tgcaccagat gctcttctat ggttgctata aagactttgg acctgcecccct
240

cctgcttgga tacccgaccce ggagaaagta aagtccacca atctgggegce acttttggag
300

aagcgaggaa aagagttttt gggagtcaag tataaggatc ccatttcaag cttttctcat
360

ttccaagaat tttctgtaag aaaccctgag gtgtattgga gaacagtact aatggatgag
420

atgaagataa gtttttcaaa ggatccagaa tgtatattgc gtagagatga tattaataat
480

ccagggggta gtgaatggct tccaggaggt tatcttaact cagcaaagaa ttgcttgaat
540

gtaaatagta acaagaaatt gaatgataca atgattgtat ggcgtgatga aggaaatgat
600

gatttgcctc taaacaaatt gacacttgac caattgcgta aacgtgtttg gttagttggt
660

-49-



tatgcacttg
720

catgtggatg
780

attgctgata
840

gccattttta
900

gttgtggaag
960

gcagaattgc
1020

aaaaattgtg
1080

tcatctggaa
1140

gcagctgcag
1200

actaatcttg
1260

tctattgect
1320

gctaaagtaa
1380

tgtgttagtg
1440

aatgtagatg
1500

tgtggtggca
1560

ttatcttcat
1620

tatccaatgc
1680

ggagcatcga
1740

acattgaatg
1800

aagaaatggg

ctgtggttat

gtttttctge

cacaggatca

ccaagtctece

gtgatggcga

aatttactgc

caacagggga

atgggtggag

gttggatgat

tgtataatgg

caatgctagg

gctatgattg

aatacctatg

cagaaattgg

ttagttcaca

ctaaaaacaa

agactctgtt

gagaggtttt

25356

tttggagaag

ctatctagcet

tcctgaaata

tattattcgt

catggccatt

tatttcttgg

tagagaacaa

gccaaaggca

ccatttggac

gggtccttyg

atcaccactt

tgtggtccct

gtccaccatc

gttgatgggg

tggtgcattt

atgtatgggt

accaggaatt

gaatggtaat

aaggaggcat

ggttgtgcaa

attgttcttg

tcaacaagac

gggaagaagc

gttattcctt

gattactttc

ccagttgatg

attccatgga

attaggaaag

ctggtctatg

gtttctgget

agtattgttc

cgttgetttt

agagcaaact

tctgectgget

tgcactttat

ggtgaattag

caccatgatg

ggggacattt
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ttgcaattga

cgggatatgt

ttcgactatc

gtattccctt

gtagtggctc

tagaaagagc

cctatacaaa

ctcaagcaac

gtgatgtcat

cttcactcct

ttgccaaatt

gatcatggaa

cctettetgg

acaagcctgt

ctttcttaca

acatacttga

cgcttggtec

tttattttaa

ttgagcttac

tatgccaatg

agttgtttct

aaaagcaaaa

atacagtaga

taatattggt

aaaagagttt

catcctcette

tcctttaaaa

tgtttggcec

taatggggct

tgtgcaggat

aagtaccaat

tgaagcatct

tatcgaaatg

agctcaatca

caagaatggt

agtcatgttt

gggaatgcct

atctaatggt



tattatc
1860

tccatag
1920

attggag
1980

gattcaa
2040

cagaaga
2100

agaacag
2160

tga
2163

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

<400>

Met Gly
1

Ile Ala

Leu Ala

Ile Asn

50

His Gln

65

Pro Ala

Ala

Leu

Asp Pro

atg

aga

tgc

atg

aac

caa

2

719

PRT
Cannabis

2

Lys Asn

Leu Gly

20

Glu Ile

35

Ile Ala

Met

Leu

Trp Ile

Glu
100

Leu

Ile Ser

cacatggtcg

ttgaacgagt

cacctttggg

atacaactat

taaatcctct

ccaacaagat

25356

tgcagatgat acaatgaata

ttgtaatgaa gttgatgaca
cggtggacct gagcaattag
tgacttaaat caattgaggt
gttcaaggtc actcgtgttg

catgagaagg gttttgcgcc

sativa

Ser Val

10

Tyr Lys Ser Leu Asp

vVal Ala

25

Ile Thr Ser Glu Glu

Val Cys Asn Tyr Gly Ala Ala

40

Ile Ser Pro

55

Asn His Leu Asp

Phe Tyr Gly Lys

70

Cys Tyr Asp

75

val
90

Pro Pro Glu

85

Asp Lys Lys

Glu Phe

105

Lys Arg Gly Lys Leu

Ser Phe Ser His Phe Gln Glu
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ttggaggcat

gagttttcga

taattttctt

tatctttcaa

tgcctctttc

agcaattttc

Val Ala Ser

His
30

Thr Leu

Thr Pro Gln

45

Leu Pro Phe

60

Phe Gly Pro

Ser Thr Asn

Gly Vval Lys

110

Phe Ser Val

caagattagt

gacaactgct

tgtattaaaa

cttgggttta

atcacttccg

tcactttgaa

Asp Phe

15

Gly Arg

Thr Trp

Ser Leu

Ala Pro

80

Leu
95

Gly
Lys

Tyr

Arg Asn



Pro
Phe
145
Pro
Asn
vVal
Leu
Glu
225
His
Val
Arg
Ile
Lys
305

Ala

Ala

Glu

130

Ser

Gly

Cys

Trp

Asp

210

Met

Val

vVal

Leu

Arg

290

Ser

Glu

Lys

115

Val

Lys

Gly

Leu

Arg

195

Gln

Gly

Asp

Val

Arg

275

Gly

Pro

Leu

Glu

Tyr

Asp

Ser

Asn

180

Asp

Leu

Leu

Ala

Ser

260

Leu

Lys

Met

Arg

Phe
340

Trp

Pro

Glu

165

vVal

Glu

Arg

Glu

val

245

Ile

Ser

Lys

Ala

Asp

325

Lys

Arg

Glu

150

Trp

Asn

Gly

Lys

Lys

230

Val

Ala

Lys

Arg

Ile

310

Gly

Asn

Thr

135

Cys

Leu

Ser

Asn

Arg

215

Gly

Ile

Asp

Ala

Ile

295

Val

Asp

Cys
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120

val

Ile

Pro

Asn

Asp

200

val

Cys

Tyr

Ser

Lys

280

Pro

Ile

Ile

Glu

Leu

Leu

Gly

Lys

185

Asp

Trp

Ala

Leu

Phe

265

Ala

Leu

Pro

Ser

Phe
345
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Met

Arg

Gly

170

Lys

Leu

Leu

Ile

Ala

250

Ser

Ile

Tyr

Cys

Trp

330

Thr

Asp

Arg

155

Tyr

Leu

Pro

val

Ala

235

Ile

Ala

Phe

Ser

Ser

315

Asp

Ala

Glu

140

Asp

Leu

Asn

Leu

Gly

220

Ile

val

Pro

Thr

Arg

300

Gly
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