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Linh vuc k§ thuit dwoc dé cip

Sang ché d& cap dén sinh téng hop thubc khing sinh, cu thé 13, ché phdm va

phuong phap dé ting cuong san xuét enduracidin.
Tinh trang k§ thuit ciia sang ché

Céc bénh nhiém tring do vi khuén khang nhiéu thuc xuét hién trén toan cau kéo
theo chi phi cuc 16n cho viéc cham séc strc khoe va tré thanh mbi de doa chinh d6i véi
sttc khoe cong ddng. D& don diu sy phat trién cla tinh trang khang lai thudc chdng vi
khuAn, cin tim ra cc loai thudc khang sinh méi ciing nhu céc phwong phap san xuét cac

thudc khang sinh nay theo huéng dat hidu qua vé chi phi hon.
Ban chit kj thuit ciia sing ché

-Séng ché khéc phuc céc vAn dé néu trén két hop véi viée san xuit enduracidin
(enramycin) ¢6 gidi han & cac ching Streptomyces fungicidicus kiéu dai, ciing nhu viéc
san xut gi¢i han & cac chiing cong nghiép duge phat trién bing cach birc xa va dot bién
qua trung gian hoa chét thong thudng dbi véi nhidm sic thé va nhiéu vong chon loc dot
bién lién tiép dé san xult cic mirc ting ciia thudc khang sinh enduracidin peptit mong
mubn. Sang ché boc 16 thao tac di truyén clia cac gen didu hoa orf24 va orfl8 két hop
v6i cum gen sinh tong hop enduracidin (enramycin) tix Streptomyces fungicidicus dé tao
ra vecto va chung tai t6 hop tao ra hiéu suat thudc khang sinh peptit 16n hon. Céc chung
t4i t6 hop duoc tao ciu triic & ca hai ngudn kiéu dai, Streptomyces fungicidicus B-5477
(ATCC 21013), va Streptomyces fungicidicus BM38-2 (ATCC PTA-122342), ¢6 ngudn
gbc tir chung kiéu dai va thuong dugc st dung d& san xuit enduracidin cong nghiép.
Trong sinh vat kiéu dai, su hop nhét dic hidu vi tri ciia plasmit pXY152-endorf24, dan
dén sy biéu hién qud mic cua ban sao tht hai cua orf24, tao ra ching

SfpXY152endorf24. Sy hop nhit fosmid pXYF24D3 giy dot bién vao nhiém sdc thé
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kiéu dai thay thé orfI8 nguyén thé bang ban sao dirt doan ciia gen va tao ra dot bién
SfpXYF24D3. Hoat dong trong ngudn Streptomyces fungicidicus BM38-2 (ATCC PTA-
122342) thuong pham, sy hop nhét plasmit pXY152-endorf24 tao ra chung Streptomyces
fungicidicus BM38-2.24/16 t4i t& hop. Dé tao ra chiing ¢6 ngudn gdc BM38-2 (ATCC
PTA-122342) thiéu orfI8 chiic ning, plasmit pKS-T-orf18pfrd-AmR dugc tao cAu tric
dé x6a orfI8 va cac ving hai bén cla nd, thay thé ving nay bang chét chi thi khang
apramycin va tao ra chiing Streptomyces fungicidicus BM38-2.18pfrd-AmR tai t6 hop.
Céc chung thao tac vé mit di truyén duoc chimg minh 13 tao ra higu sudt enduracidin cao
hon khoéng tir 1,2 dén 4,6 14n so véi céc chung gbc twong tng. Hidu suat enduracidin

tdng tlr c4c ching tai to hgp tao ra sy san xuat enduracidin hi¢éu qua hon vé mat chi phi.

Cac dau hiéu va vu diém néu trén va cac dau hi€u va vu diem khac cia sang che

s& tr& nén o rang hon tir phan mé ta chi tiét dudi day c6 dya vao céc hinh v& kém theo.
MBS ta vin tit cac hinh vé

FIG. 1 14 céu trac hoa hoc cia cac enduracidin A va B.

FIG. 2 12 ban db sy biéu hién hop nhit cia plasmit pXY152-endorf24.

FIG. 3 12 ban db x6a doan gen ctia plasmit pXY300-orfl8ifd.

FIG. 4 12 ban dd x6a doan gen cta plasmit pKS-T-orf18ifd.

FIG. 5 1a ban db x6a doan gen ctia plasmit pKS-T-orfl8pfrd-AmR.

FIG. 6 12 ban dd x6a doan gen cua plasmit pKS-orfl18ifd-T-AmR(NS).

FIG. 7 1a ban dd sy biéu hién hop nhét ctia plasmit pXY 152-endorf24-camtsr.

FIG. 8 12 ban dd sy biéu hién hop nhét cia plasmit pXY152-endorf24-blatsr.

FIG. 9 1a sy sép xép chét hoat héa streptomycin StrR protein (SEQ ID NO: 25)
véi Orf24 (SEQ ID NO: 26).
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Céc FIG. 10A va 10B 1a cac ban db cia qua trinh cai xen céc plasmit pKS-T-
orf18pfrd-AmR (a) va pXY300-orf18ifd (b). Trong céu tao pX'Y30-orfl18ifd, trinh ty bén
trong cta orfI8 tr vi tri nucleotit 25795 dén 26450 (S6 hiéu lru gitt Ngan hang gen
DQ403252) dugce x6a va dugc thay thé bang vi tri gidi han Pacl (TTAATTAA, FIG.
10B). Orfl8 di x6a doan khong lam léch khung dich maé thu duoc
(GTGTTTAATTAATGA (SEQ ID NO: 27)) ¢c6 thé dugc dich ma thanh peptit ba axit
amin (VFN). Né6i chung, viéc x6a doan khong lam léch khung dich ma bén trong bat ky
theo chidu dai ctia orf18 din dén chirc ning ciia Orf18 bi bt hoat do tinh khong ddy du

cua no.

FIG. 11 1a su sip xép orf24 véi sau protein gen truc giao (ortholog) hoat hoéa dic
hidu con dudng giéng StR dic trung v& mit chirc ning tir actinomycetes. Orf24 (Sé hiéu
luu gitt Ngan hang gen DQ403252; SEQ ID NO: 26) tir cum gen sinh tbng hop
enduracidin S. fungicidicus; StrR (S6 hiéu Iuu gift Ngan hang gen Y00459; SEQ ID NO:
25) tir cum gen sinh tong hop streptomycin S. griseus; Teil 5* (S6 hiéu hru gitt Ngan
hang gen AJ632270; SEQ ID NO: 32) tir cum gen teicoplanin Actinoplanes
teichomyceticus; Bbr (S6 hiéu luu giit Ngan hang gen Y16952; SEQ ID NO: 28) tir cum
gen sinh tdng hop balhimycina DSM 5908 ching Amycolatopsis; KasT (S6 hiéu lvu gitr
Ngan hang gen BAF79690; SEQ ID NO: 29) tir cum gen kasugamycin S. kasugaensis;
NovG (S6 hiéu luu giit Ngan hang gen AF170880; SEQ ID NO: 30) tir cym gen sinh
tong hop novobiocin NCIMB 9219 chung S. niveus; SgcR1 (S6 hiéu luwu gift Ngan hang
gen AY048670; SEQ ID NO: 31) tlr cum gen sinh tbng hop C-1027 S. globisporus. Cac
axit amin déng nhét (*), cAc axit amin bao toan (.) va sy thay thé céc axit amin bao toan
cao (:). Bic diém motip chu tric dang xoén-ngoit-xoan (helix-turn-helix: HTH) bao toan

cua protein lién két ADN gidng nhu StrR duge gach dudi.

FIG. 12 13 su sép xép Orf18 (SEQ ID NO: 36) véi cac gen tryc giao didu hoa dap
{mg khac dic trung v& mit chirc ning. SCO1745/AbrA2: Chét diéu hoa dép (g hai
thanh phin A3(2) S. coelicolor (S6 higu luu gitt Ngan hang gen CAB50960; SEQ ID
NO: 33). SCO3226/AbsA2: chit diéu hoa dap g hai thanh phin A3(2) S. coelicolor
(S6 hiéu luu giit Ngan hang gen AAB08053; SEQ ID NO: 34). SCO3818: chit diéu hoa
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phién ma dap Gng hé thdng hai thanh phan A3(2) S. coelicolor (S6 hiéu luu gitr Ngan
hang gen CAB46941; SEQ ID NO: 35).

Danh muc trinh ty

Trinh tu axit nucleic va axit amin dugc 1iét ké & day va trong danh muyc trinh ty
kém theo dugc thé hién bang cach sir dung cc chit viét tat chun ddi véi cac gbc
nucleotit, va ma ba ky ty d6i v6i cac axit amin, nhw duge x4c dinh trong 37 C.F.R. 1.822.
Chi mot s¢i cua trinh tu axit nucleic dugce thé hién, con soi bd sung duoc hiéu 12 bao
gdm bang cach tham chidu dén sgi dugc thé hién. Trong danh muyc trinh tw kém theo

day:

Céac SEQ ID NO: 1 va 2 1a doan mdi oligonucleotit duoc sir dung dé tao ra cai

xen plasmit pXY152-endorf24.
SEQ ID NO: 3 1a trinh ty axit nucleic cta plasmit pXY152-endorf24.

Cac SEQ ID NO: 4-7 1a doan moi oligonucleotit dugc st dung dé tao ra cai xen

plasmit pXY300-orfl8ifd.
SEQ ID NO: 8 1a trinh ty axit nucleic ctia plasmit pXY300-orfl8ifd.

Cac SEQID NO: 9 va 10 14 doan moi oligonucleotit dugc st dung dé tao ra manh
oriT cua plasmit pKS-T-orfl8pfrd.

SEQ ID NO: 11 1a trinh ty axit nucleic cta plasmit pKS-T-orf18pfrd.

Cac SEQ ID NO: 12 va 13 1a doan mdi oligonucleotit dugce sir dung dé tao ra
manh amR cua plasmit pKS-T-orf18pfrd-AmR.

SEQ ID NO: 14 1a trinh ty axit nucleic cua plasmit pKS-T-orfl18pfrd-AmR.

Cac SEQ ID NO: 15-18 1a doan mdi oligonucleotit duge st dung dé tao ra cac
manh oriT vd amR cia plasmit pKS-orfl 8ifd-T-AmR(NS).

SEQ ID NO: 19 1a trinh ty axit nucleic cia plasmit pKS-orf18ifd-T-AmR(NS).
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SEQ ID NO: 20 1a trinh ty axit nucleic cta plasmit pXY 152-endorf24-camtsr.

Cac SEQ ID NO: 21 va 22 1a doan mdi oligonucleotit dugce sir dung dé tao ra
manh bla cla plasmit pXY152-endorf24-blatsr.

SEQ ID NO: 23 1a trinh ty axit nucleic ctia plasmit pXY 152-endorf24-blatsr.

SEQ ID NO: 24 1a doan moi oligonucleotit trong tmg véi ving gen khang

apramycin.
SEQ ID NO: 25 1a trinh ty axit amin ctia protein StrR hoat héa streptomycin.
SEQ ID NO: 26 1a trinh ty axit amin dugc ma héa bai ORF24.

SEQ ID NO: 27 1a trinh ty axit nucleic minh hoa vi¢c x6a doan khong lam léch
khung dich ma & orf18.

SEQ ID NO: 28 1a trinh ty axit amin cia cai xen Bbr.
SEQ ID NO: 29 1a trinh ty axit amin cta cai xen KasT.
SEQ ID NO: 30 1a trinh ty axit amin cta cai xen NovG.
SEQ ID NO: 31 1a trinh ty axit amin cta cai xen SgcR1.
SEQ ID NO: 32 1a trinh ty axit amin cua cai xen Teil5*.

SEQ ID NO: 33 1a trinh ty axit amin cia gen tryc giao didu hoa dap ung
SCO1745/AbrA2 tix S. coelicolor A3(2) (S6 hiéu luu giit Ngan hang gen CAB50960).

SEQ ID NO: 34 1a trinh ty axit amin cua gen tryc giao didu hoa dap ung
SCO/3226/AbsA2 tit S. coelicolor A3(2) (S hiéu lvu giit Ngan hang gen AAB08053).

SEQ ID NO: 35 la trinh ty axit amin cua gen tryc giao diéu hoa dap tmg SCO3818
tir S. coelicolor A3(2) (S6 hiéu luu gitt Ngan hang gen CAB46941).

SEQ ID NO: 36 1a trinh ty axit amin dugc ma héa béi ORF18.

SEQ ID NO: 37 la trinh ty axit nucleic cua orfI8.
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SEQ ID NO: 38 la trinh tu axit nucleic cta orf24.

SEQ ID NO: 39 1 trinh tu axit nucleic ctia fosmid pXYF148 véi orf24 dugce dit
& vi tri nucleotit 23109 dén 24044).

SEQ ID NO: 40 1a trinh ty axit nucleic ctia fosmid pXYF24 véi orfl8 dugc dit ¢
vi tri nucleotit 31091-31753).

M5 té chi tiét sang ché
L. Gidi thieu

Enduracidin (FIG. 1), con goi la enramycin, 1a thudc khéang sinh 17 axit amin
lipodepsipeptit dugc san xut bing vi khuin trong dit S. fungicidicus B-5477 (ATCC
21013). Peptit dugc phan 14p tir moi truong canh 1én men va thé sgi cha yéu 1a hdn hop
enduracidin A va B, khéc biét & mdt cacbon theo chidu dai cua chubi lipit gén vao. V&
mit cdu tric, cac enduracidin dugc phan biét béng nhom axit béo Ci2 hodc Ci13 mach
nhanh 2Z,4F dugc gén Vao béng lién két amit véi géc axit aspartic, va c6 mat nhiéu géc
axit amin khong sinh protein nhu enduracididin (End), 4-hydroxyphenylglyxin (Hpg),
3,5-diclo-4-hydroxyphenylglyxin (Dpg), citrulin (Cit) va ornithin (Orn) (xem FIG. 1).
Bay trong s6 17 axit amin c6 c4u hinh D va s4u axit amin con lai 13 Hpg hoic Dpg dan

xuit dugce clo hoéa.

Enduracidin (cac peptit s& dugc goi mot cach don gian) boc 1 hoat tinh khang
khudn in vitro va in vivo hiéu nghiém chéng lai phé rong cac sinh vat Gram duong, bao
gdm Staphylococcus aureus khang methixilin (methicillin-resistant Staphylococcus
aureus: MRSA) va Enterococcus khang vancomycin (vancomycin-resistant
Enterococcus: VRE). Nong d6 trc ché t6i thiéu (minimum inhibitory concentrations:
MICs) 13 ndng d6 thép bing 0,05 pg/mL va hiéu qua 1a diét khuan. Nghién ciru 100
chung S. aureus thu dugc tir cac san phim bénh Iy khic nhau, va bao g6m 40% MRSA,
thiét 14p MIC ndm trong khoang tir 0,09 dén 0,56 pg/mL thi khong ching nao c6 the
sdng sot khi tiép xtc véi 1 pg/mL. Pé 5o sanh, cac MIC thong thudng ddi véi cac ching

S. aureus nhay vancomycin nim trong khoang tix 0,5 dén 2 pg/mL. Ngoai ra, enduracidin
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c6 profin dgc tinh rat tbt. Trong nghién ctru & chudt nhét, thd, ché va khi, cac LD50 cép
tinh 1a: trong tinh mach, 30-125 mg/kg; trong mang bung, 750-910 mg/kg; dudi da, trong
co (intramuscular: i.m.) hodc qua dudng miéng, >5-10 g/kg. Trong nghién ctru tuong tu,
khi nhan enduracidin i.m. trong 6 thang va chudt céng ma duge dinh lidu trong tu trong
12 thang dugc phat hién chi c6 viém cyc b ¢ vi tri tiém. 0 nguoi, enduracidin dugc
ding i.m. (100 mg mdi 12 gi®) cho 20 bénh nhén 1a nguoi trudng thanh nhap vién bi
nhiém MRSA. Peptit dugc bao céo 1a khong c6 tac dung phu va con c6 hiéu qua cao dé
didu tri bénh 1ay nhiém qua dudng tiéu va da do MRSA giy ra, nhung khong phai db6i
v6i bénh 14y nhiém & xwong man tinh (Peromet et al., Chemotherapy 19:53-61, 1973).

Enduracidin e ché sinh tong hop thanh té bao vi khuén peptidoglycan biang cach
tao phurc voi Lipit II ngoai bao, tidn chét ctia cAu triic thanh t& bao vi khudn. Vi tri cla
phirc Lipit IT khac véi vi tri duge nhan dién bang vancomycin va giai thich tic dung ctia
enduracidin chdng lai vi khudn khang vancomycin. Dén nay, khong c6 tai liéu nao vé su
khéng chéo cua enduracidin véi thudc khang sinh dwgc st dung vé mit lam sang bét ky
va khong c6 diu hiéu vé co ché khang phat trién, khang mic phai hoic khang chuyén.
Khong c6 dang da biét bat ky cua co ché khang chuyén, thiéu sinh kha dung qua dudng
miéng, doc tinh thap, va hoat tinh cta Clostridium spp. rat tdt dé tao ra enduracidin 1a
khéng sinh peptit throng phim quan trong dugc st dung lam chét phu gia thirc an cho

gia cam d€ kiém soat bénh viém rudt do vi khuan clostridial.

Dé thu dugc ching cua vi khuén san xudt ma cé thé cung cAp s6 lwong peptit can
dé sit dung thuong mai, Japan Takeda Animal Health (hi¢n la mot phan cua
Intervet/Merck Animal Health) dua S. fungicidicus B-5477 vao cac phuong phap cai
thién ching truyén théng va lya chon cac dot bién tao ra hiéu suit enduracidin cao hon.
Thi trudong trén toan thé gidi c6 nhu cau vé enduracidin ting dan dén nd luc dé cai thién
hon nita hiéu suét cua thudc khang sinh nay trong BM38-2 (ATCC PTA-122342). Véi
trinh tu di truyén cua cum gen sinh téng hop enduracidin c6 sén (S6 hiéu lvu gitt Ngan
hang gen DQ403252 dugc két hop & day dé tham khao & dang c6 sén trén trang tin dién
tlr toan cau vao ngay 3 thang 10 nim 2006, BM38-2 (ATCC PTA-122342) dugc dung

lam ching bit dAu dé thao tac di truyén huéng dich cac gen didu hoa két hop véi cum
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gen va tao thanh co s& cua sang ché nay. O day, sang ché boc 16 san phdm cia orfI8 cb
tac dung ti€u cuc dén su san xuét enduracidin va san phém gen orf24 c6 tac dung tich
cuc dén su san xuét enduracidin va cac ching tai to hop c6 ngudn gde tir ca sinh vat kidu
dai S. fungicidicus va BM38-2 (ATCC PTA-122342) ma l¢i dung céc tac dung diéu hoa
nay dé tao ra hidu suét enduracidin cao. Ngoai ra, sang ché boc 19 sy thay thé gen méi

va vecto biéu hién hop nhét 1an lugt dua vao pBluescript IT KS va pSET152.
II. Chir viét tit va thuat ngit

a. Chir viét tat

AA: axit amin

Am: apramycin

AmR: chét chi thi khdng apramycin

amRp: gen khoi dau khang apramycin nguyén thé
ATCC: bd suu tap giéng chuan ctia My

bla: gen khang ampixilin

BLAST: cong cu tim kiém trinh ty twong ddng cuc bd

cam: gen khang cloramphenicol

CFU don vi hinh thanh khuln lac

CTAB: Xetyl Trimetyl Amoni Bromua

Cit: L-citrulin

Dpg: 3,5-diclo-L-4-hydroxyphenylglyxin
EDTA: dinatri EtylenDiaminTetra-Axetat
End: enduracididin



Enradin:
EPM:
Hpg:
HPLC:
HTH:
IM:
ISP2:
ISP4:
LB:

LD50:

MAH:
MeOH:
MICs:
MRSA:
nm:
NRPS:
ORF:
Orn:
PCP:

PCR:

39342

Enduracidin, Enramycin

mdi trudng san xuat enduracidin

D- va L- 4-hydroxyphenylglyxin

Séc ky 1ong hiéu ning cao
xoén-ngoeflt-xoén

trong co

phuong phéap phan loai xa khuén qudc té 2
phuong phép phan loai xa khuén qudc té 4
moi trrong canh Luria-Bertani

liéu gay chét, LD50 thé hién lidu riéng 1& can dé diét 50 phan

tram s luong dong vat thir nghiém

strc khoe dong vat Intervet/Merck
metanol

néng dd uc ché t6i thiéu,

Staphylococcus aureus khang methicillin
nanomet

peptit synthetaza khong phai thé ribosom
khung doc m&

D-ornithin

protein mang peptidyl

phan tng chudi polymeraza

-10-
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Pfrd: x6a vung sudn cong (Plus Flanking Region Deletion)
SDS: Natri Dodexyl Sulfat

SNP: hién trgng nhidu dang nucleotit don

SPD: quang phd diot

TFA: axit trifloaxetic

TSB: MOi truong canh tuong tripsin

tsr: gen khang thiostrepton

UVv: tia cuc tim

VRE: enterococci khang vancomycin

b. Thuat ngtt

Trur khi ¢6 quy dinh khac, cdc thudt ngit ky thuat dugc st dung theo cach dung
thong thudong. Pinh nghia vé cic thuat ngit thong thudng trong linh vyre sinh hoc phéan
tr ¢6 thé duge tim thiy trong tai liéu cliia Benjamin Lewin Genes V dugc Oxford
University Press xuét ban nim 1994 (ISBN 0-19-854287-9); Kendrew et al. (eds.) The
Encyclopedia of Molecular Biology, dugc Blackwell Science Ltd. xuét ban nim 1994
(ISBN 0-632-02182-9); va Robert A. Meyers (ed.) Molecular Biology and
Biotechnology: a Comprehensive Desk Reference, dugc VCH Publishers, Inc. xuét ban
nim 1995 (ISBN 1-56081-569-8).

Duéi day 1a cac gidi thich vé cac thuat ngir cu the dé thuan tién cho viéc xem xét

cac phuong an khac nhau cua sang ché:

Céach dung: Viéc dung theo con duong bat ky cho dong vat. Khi dugc sir dung &

day, cach dung thuong 1a dung qua dudong miéng.

-11-
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Bién thé alen: Dang thay thé ctia polypeptit ma dic trung & chd c6 sy thay thé,
x6a doan, hodc bd sung mdt hosc nhidu axit amin. Theo mét vi du, bién thé khong lam

thay dbi chirc ning sinh hoc ctia polypeptit.

Su khuéch dai: Khi st dung cho cac axit nucleic, cac k¥ thuat 1am ting sb luong
ban sao ctia phan tlr axit nucleic trong mAu vat hodc tiéu ban. Vi du vé su khuéch dai nay
14 phan Gng chudi polymeraza, trong 6 mau sinh hoc thu dugc tir d6i twgng duge tiép
xuc v&i cip doan mdi oligonucleotit, trong didu kién cho phép lai héa cac doan mdi véi
khuon mau axit nucleic trong mau. Cac doan moi duge mo rong trong cac didu kién thich
hop, dugc phéan ly ra khoi khuon mau, va sau d6 u lai, m& rong, va phan ly dé khuéch dai
s6 lwong ban sao clia axit nucleic. San phém ctia sy khuéch dai in vitro c6 thé duoc dic
trung boi hién tuong dién di, mau phan cét endonucleaza giéi han, lai héa hodc thét
oligonucleotit, va/hodc x4c dinh trinh ty axit nucleic, sit dung cac ky thuat chudn. Céc vi
du khéac vé cac k¥ thuat khuéch dai in vitro bao gém su khuéch dai thay thé soi (xem
U.S. Patent No. 5,744,311); sy khuéch dai déng nhiét khong phién ma (xem U.S. Patent
No. 6,033,881); su khuéch dai phan g chudi stra 18i (xem WO 90/01069); sw khuéch
dai phan vmg chudi ligaza (xem EP-A-320 308); su khuéch dai phan Gng chudi ligaza lap
diy khoang tréng (xem U.S. Patent No. 5,427,930); x6a doan ligaza ghép cip va PCR
(xem U.S. Patent No. 6,027,889); va su khuéch dai khong phién m3d ARN NASBA™
(xem U.S. Patent No. 6,025,134).

Chét tuong ty, din xuét hodc chat bét chuée: Dang twong tu 12 phan ti khéc veé
cu triic héa hoe so v6i hop chat gbe, vi du chit dong dang (khac vé su gia ting cAu tric
héa hoc, nhu su khac biét vé d6 dai cia mach alkyl), manh phan ti, cAu tric ma khac
mot hodc nhidu nhém chirc, va/hoic su thay ddi v& viéc ion hoéa. Chét twong tu vé chu
trac thudng dwoc tim thiy bang cach st dung mdi quan hé dinh lugng gifta hoat tinh-cau
triic (quantitative structure activity relationships: QSAR), bing cac k¥ thuat nhu dugc
bdc 16 trong tai lidu Remington (The Science and Practice of Pharmacology, 19th
Edition (1995), chapter 28). Khi su thay dbi ciia hop chét gbc 1a dang ké, hogc nhiéu sy
thay dbi tang dugc két hop lai, thi hop chét khong con 14 chét twong tw. Vi dy, ramoplanin

& day khong dugce coi 1a chat tuong ty cia enduracidin: ramoplanin khong c6 axit amin
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enduracididin, bao gém cac axit amin khac nhau, va di né c6 mach bén lipit, thi chiéu
dai mach vé co ban 12 ngén. Céc chét teong ty cua enduracidin cé thé dugc tao ra b?mg
cach bd sung hodic x6a nhém chirc trén cac axit amin c4u thanh lipodepsipeptit, bang
cach thay thé axit amin nay cho axit amin kia (ngoai trir c4c axit amin enduracididin)
hogc su két hop cta viée bién dbi nhém chire va thay thé axit amin. Cac chat twong tur
enduracidin 1am vi dy bao gdm tetrahydorenduracidin A, tetrahydroenduracidin B,

deschloroenduracidin A, va deschloroenduracidin B.

DAn xuit 12 phan tir c6 hoat tinh sinh hoc ¢6 ngudn gbc tir cau triic gbc. Chét bt
chudc 14 phan tir bat chude hoat tinh ctia phan tir khac béng cach bit chude ciu tric cia
phan tir @6, nhu phan tir ¢6 hoat tinh sinh hoc. Do d6, thuat ngi "bit chudc" chi cAu trac
xéc dinh lién quan dén hoat tinh.

Thudc khang sinh: Chat, vi du enduracidin, penixilin hodc streptomycin, thudng
dugc san xuat bang hodc ¢6 nguodn goc tr mdt so loai nam, vi khuan nhat dinh, va cac

sinh vat khéc, ma c6 thé pha huy hodc e ché sy phat trién cla cac vi sinh vat khac.

Déi nghia, c6 nghia, va d6i gen: ADN sgi d6i (double-stranded DNA: dsADN)
¢6 hai soi, sgi 5'— 3’, 1a & dang soi cdng, va sgi 3'— 5’ (bé sung ngugc), 1a & dang soi
trir. B&i vi ARN polymeraza thém céc axit nucleic theo huéng 5’ — 3’, nén sgi ADN trur
ding 1am khu6n mau cho ARN trong qua trinh phién ma. Do d6, ARN tao thanh s& c6
bd sung trinh tw vao sgi trir va giéng hét sgi cong (ngoai trr U duge thay thé cho T). Céc
phan tir ddi nghia 13 c4c phén tir c6 thé lai hoa diic hidu hogc bd sung dic higu vao ARN
hodc ADN sgi cong. Cac phan tir c6 nghia la cac phén tir co thé lai héa dic hiéu hodc bd
sung ddc hiéu vao sgi ADN trir. Céc phan tir d6i gen 1a cac phan tir dbi nghia hodc c6
nghia bd sung vao dich dSADN. Theo mot phuong 4n, phén tir d6i nghia lai héa dic hiéu
véi mARN dich va tc ché sy phién md mARN dich.

Lién két hozc lién két bén: Phan tir, nhu oligonucleotit hodc protein, lién két hodc
lién két bén v6i phan tir dich, nhu axit nucleic hogc protein dich, néu lién két c6 thé duge
phat hién. Theo mdt vi du, oligonucleotit lién két hogc lién két bén véi axit nucleic dich

néu lugng oligonucleotit di dé tao thanh cac cip bazo hodc dugc lai hoa thanh axit
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nucleic ctia nd, cho phép phat hién ra lién két. Lién két c6 thé duge phat hién béi cac dic
didm vat 1y hodc chic ning cua dich: phtrc oligonucleotit. Lién két gitta dich va
oligonucleotit ¢6 thé dwgc phat hién bing phuong phép bét ky di biét ddi véi ngudi c6
hiéu biét trung binh vé linh vie k§ thuat niy, bao gdm ca thir nghiém lién két chirc ning
vavatly. Lién két c6 thé dugc phat hién v& mit chirc ning béng cach xac dinh xem lién
két d6 c6 tac dung dang ké trong quy trinh sinh tong hop nhu sy biéu hién gen, sao chép
ADN, phién m3, dich mi va cac quy trinh twong tu hay khong.

Cac phuong phép vat ly phét hién lién két cta soi ADN hoic ARN bd sung da
biét rd trong linh vuc nay, va bao gdm cac phuong phap nhu DNase I hodc in dau chan
héa hoc, thir nghiém chuyén gel va thir nghiém phan cét 4i lwc, phuwong phap lai thdm
tach Bic (Northern blotting), phwong phép lai diém (dot blotting) va phuong phap phét
hién dua vao do hép thu 4nh sang. Vi du, mot phuong phép ma dugc st dung rong réi,
vi n6 rat don gian va dang tin cdy, bao gdm bude quan sat sy thay d6i d6 hip thy anh
sang cua dung dich chira oligonucleotit (hodc chét twong tw) va axit nucleic dich & 220
dén 300 nm khi nhiét d6 ting cham. Néu oligonucleotit hodc chét tuong tu li€n két voi
dich cua no, thi do hép thu ting dot ngdt & nhiét d¢ dac trung khi oligonucleotit (hodc

chét tuong tu) va dich cta no tach ra khoi nhau, hodc tan ra.

Lién két giita oligome va axit nucleic dich cua n6 thudng xuyén dugc déc trung
béi nhiét d§ (Tm) tai d6 50% oligome tan ra khoi dich ciia né. Tm cao hon nghia la phirc

manh hon hojic bén hon so v6i phitc ¢6 Trm thip hon.

Lién két gifta protein va protein dich ctia n6, nhu khang thé cua khang nguyén
thuong xuyén dugc dic trung boi sy xac dinh ai lyc lién két. Theo mot phuong an, ai lyc
duoc tinh bing sy thay dbi ciia phwong phap Scatchard dugce md ta boi Frankel et al.,
Mol. Immunol., 16:101-106, 1979. Theo phuong an khac, ai luc lién két duge do bang
téc do phan tach thu thé chét lien két dic hisu. Theo phuong an khac nita, 4i lyc lién két
cao dugc do bang thir nghiém mién dich phéng xa canh tranh. Trong mét vai vi duy, ai
luc lién két cao bing it nhat 1a khoang 1 x 10" M. Theo c4c phuong 4n khac, 4i lyc lién

két cao béng it nhét 14 khoang 1,5 x 108, it nhét 14 khoang 2,0 x 108, it nhét 1a khoang
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2,5 x 103, it nhAt 12 khoang 3,0 x 104, it nhét 1a khoang 3,5 x 10°%, it nhit 1a khoang 4,0
x 1078, it nhat 12 khoang 4,5 x 108, hoc it nhat 1a khoang 5,0 x 108 M.

Chuc ning sinh hoc: (Céac) chitc néng cia polypeptit trong cac té bao trong d6

polypeptit c6 mét ty nhién. Polypeptit co thé c6 nhidu hon mét chirc ning sinh hoc.

cADN (ADN bb sung: complementary DNA): Mot phan ADN thiéu cac phan
khong ma héa, bén trong (intron) va trinh tyr didu hoa phién ma. cADN ciing c6 thé chira
cac ving khong dich mi (untranslated regions: UTRs) chiu trach nhiém didu chinh dich
mai trong phan tit ARN twong tng. cADN dugc tdng hop trong phong thi nghiém bang

cach phién ma nguge tr ARN thong tin dugc chiét xuét tir té bao.

Thay thé bao toan: Sy thay thé axit amin gin nhu khong 1am thay dbi hoat tinh
(tinh dZc hiéu hodc 4i lyc lién két) cta phéan tir. Sy thay thé axit amin bao toan dién hinh
bao gém su thay thé axit amin nay cho axit amin khac ¢6 cung déc diém hoéa hoc (vi du,

dién tich hodc tinh ky nudc). Bang sau thé hién su thay thé axit amin bao toan lam mau:

Géc ban dau Su thay thé bao toan
Ala Ser
Arg Lys
Asn Gln; His
Asp Glu
Cys Ser
Gln Asn
Glu Asp
Gly Pro
His Asn; Gln
Ile Leu; Val
Leu Ile; Val
Lys Arg; Gln; Glu
Met Leu; Ile
Phe Met; Leu; Tyr
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Géc ban dau Sy thay thé bao toan
Ser Thr
Thr Ser
Trp Tyr
Tyr Trp; Phe
Val Ile; Leu

Ching Streptomyces fungicidicus dbi chimg: Ching kiéu dai xuét hién tw nhién,
Streptomyces fungicidicus ATCC21013.

ADN (axit deoxyribonucleic): Polyme mach dai chira vat li¢u di truyén cua hiu
hét sinh vat séng (mot s6 virut c6 gen chira axit ribonucleic (ARN)). Cac don vi 1ap lai
trong c4c polyme ADN 1a bon nucleotit khac nhau, mdi nucleotit chira mét mot trong s6
bdn bazo, adenin, guanin, Xytosin va thymin lién két v6i dudng deoxyriboza ma nhém
phosphat gin vdo. Bo ba céc nucleotit (goi 1a codon) mé hoéa mdi axit amin trong
polypeptit. Thuét ngit codon con dugc st dung dbi vé6i cac trinh tu twong g (va bd

sung) cta ba nucleotit trong mARN vao vi tri ma trinh ty ADN dugc dich ma.

Trix khi ¢6 quy dinh khéc, sy tham chiéu bat ky dén phan tr ADN dugc dy tinh
bao gdm phin bd sung nguoc clia phan tr ADN d6. Ngoai trir trang thai soi don duge
yéu cAu trong sang ché nay, cac phan tir ADN, du chi dé mo ta soi don, bao gdm ca hai
soi ciia phan tr ADN sgi kép. Do do, khi tham chiéu dén phén tr axit nucleic ma héa
protein dic hiéu, hodc manh cia né, thi bao gf“)m ca sgi c6 nghia va phén bd sung ngugc
cua nd. Do do, chéng han nhu thich hop dé tao ra doan do ho#c doan mdi tir trinh tu bd

sung ngugc cua cic phan tir axit nucleic da boc 19.

Mién: M6t phan cua phén tir nhu cac protein hodc axit nucleic khac v€ mat cau

trac va/hodc chitc nang vGi phan khéac cua phén ti.

M3 héa: Polynucleotit dugc goi la "ma héa" polypeptit néu, & trang thai nguyén
thé ctia né hodc khi duge thao tac bang cac phwong phap ma ngudi c6 hiéu biét trung

binh v& linh vuc k§ thuat nay biét 1o, thi c6 thé duge phién mé vi/hode dich ma dé tao

-16-



39342

ra mARN cho vd/hodc polypeptit hodc manh cua né. Soi d6i nghta 1 phan bd sung clia

axit nucleic ndy, va trinh ty ma hoa c6 thé dugc tao ra tir do.

Enduracidin: C4c enduracidin A va B 1a 17 lipodepsipeptit axit amin dugc tim ra
vao cudi nhitng ndm 1960 tir viéc 1én men vi khudn trong dit Streptomyces fungicidicus
B-5477 (ATCC 21013). Céc peptit A va B 1a cac chit ddng dang khac nhau bdi mot
cacbon theo chidu dai cua chudi lipit gin vao. V& mit ciu tric, cac enduracidin duge
phan biét bing gbc axit béo Ci» hogc Ci3 mach nhanh 2Z,4E va c6 mit nhiéu gde axit
amin khong sinh protein nhu enduracididin (End), 4-hydroxyphenylglyxin (Hpg), 3,5-
diclo-4-hydroxyphenylglyxin (Dpg), citrulin (Cit) va ornithin (Orn). Bay trong s6 17 axit

amin ¢6 cAu hinh D va sau axit amin con lai 13 Hpg hodc Dpg twong tu dugc clo hoa.

Céc ménh chirc ning va bién thé cia polypeptit: Bao gdm céc manh va bién thé
ndy duy tri mot hodc nhiéu chirc ning ciia polypeptit gbc. Nhan ra rang gen hogic cADN
ma héa polypeptit c6 thé bi bién ddi dang k& ma chi yéu khong lam thay dbi chirc ning
ctia mdt hodc nhidu polypeptit. Thir nhit, ma di truyén c6 tinh thoai héa, va do d6 céc
codon khéc nhau ma héa céc axit amin giéng nhau. Thit hai, ngay c& khi dua vao sy thay
thé axit amin, thi dot bién c6 thé 12 bao toan va khdng c6 tac dong dang ké dén (cac)
chitc néing cin thiét cta protein. Xem tai liéu cua Stryer Biochemistry 3rd Ed., (c) 1988.
Thtt ba, mét phan ctia chudi polypeptit c6 thé bi x6a ma khéng lam giam hogc loai bo tat
ca cac chirc ning cta nd. Thir tu, viée cai xen hodc bd sung co thé dwgc thyc hién trong
chudi polypeptit, vi du, bd sung cac dudi epitop, ma khong lam giam hogc loai bo cac
chitc ning ctia né (Ausubel et al. J. Immunol. 159(5): 2502-12, 1997). Céc bién dbi khéc
¢6 thé duoc thuc hién ma chu yéu khong 1am giam mdt hodc nhiéu chirc ning cla
polypeptit bao g0m, vi du, cac bién ddi héa hoc va hoa sinh in vivo hodc in vitro hodc su
két hop céc axit amin khic thudong. Céc bién d6i nay bao gbm, vi du, axetyl hoa, carboxyl
héa, phosphoryl hoa, glycosyl héa, ubiquitin héa, danh dAu, vi du, bang nuclit phéng xa,
va chc bién ddi enzym khéc nhau, s& d& dang dat duoc bai ngudi c6 hidu biét trung binh
vé linh vuc k¥ thuat nay. Cac phuong phap khac nhau dé danh dau polypeptit, va cac ky
hiéu dénh d4u 13 hiru dung cho cic myc dich nay, bao gdm céc chit dong vi phéng xa

nhu 32P, c4c phéi tir ma lién két v6i hodc dugc lién két bing cac thanh phan lién két ddc
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hidu dugc danh diu (vi du, khang thé), thuéc nhuém huynh quang (fluorophore), chat
phat quang hoa hoc, enzym, va khang phdi tir. Cac méanh chirc ning va céc bién thé c6
thé c6 chidu dai thay ddi. Vi du, mot s6 manh c6 it nhat 10, 25, 50, 75, 100, 200 gdc axit

amin, hodc thAm chi nhi€u hon.

Luong c6 hi€u qua: Luong hodc ndng d6 cia hop chit hodc ché phém dic hiéu
du dé dat duge hiu qua mong mudn & ddi twong. Lugng c6 hidu qua c6 thé phy thudc it
nhit mot phan vao cac lodi dong vt can didu tri, kich thuéc cta dong vat, va/hodc ban

chat cua hiéu qua mong muodn.

Cum gen: Tap hop c4c thanh phan di truyén duge nhém véi nhau trén nhiém sdc
thé, cac san pham protein cua tip hop nay c6 chic ning lién quan, nhu tao thanh con

dudng sinh tdng hop san phim tu nhién.

Khéc loai: Khi d& cap dén céc trinh tu axit nucleic nhu trinh ty m& hoa va trinh tur
kiém soét, thi “khac loai” chi céc trinh tu thudng khéng duge két hop véi ving cau tric
tai tb hop, va/hogdc thuong khong duge két hop véi té bao cu thé. Do d6, ving “khac
loai” cua céu tric axit nucleic 13 doan axit nucleic nhan biét duoc trong hoic dugc gén
vGi phén tir axit nucleic khac ma khong tim thay khi két hop vé6i phan tir khac trong tu
nhién. Vi dy, viung khac loai cia c4u tric c6 thé bao gdm trinh tw ma hod dwge tao bén
sudn bing cac trinh ty khong tim thay khi két hop véi trinh tw ma hoé trong tw nhién. Vi
du khac v trinh tw ma hoa khéc loai 14 cu tric trong d6 ban than trinh tw ma hod khong
duoc tim thdy trong ty nhién (vi du, trinh tw tong hgp c6 cac codon khic so véi gen
nguyén ban). Tuong tu, té bao chi dugce bién nap v&i cdu tric ma thudng khong c6 mit

trong t€ bao chu s& dugc coi 1a dang khac loai d6i véi cac muc dich ciia sng che.

Trinh ty axit amin twong ddng: Polypeptit bat ky ma dugc ma hoa, toan bd hodc
mot phan, boi trinh tir axit nucleic lai hoa véi phan bit ky cta trinh tu axit nucleic ving
m4 ho4. Trinh ty axit amin twong dong 13 trinh tw khac véi trinh ty axit amin thé hién
trong danh muyc trinh ty & mdt hodc nhiéu su thay thé axit amin bao toan. Trinh tu nay
con bao gdm cac bién thé alen (dwgc x4ac dinh & trén) cling nhu céc trinh ty chira sy x04

doan hoiic cai xen ma giit cac dic tinh chirc ning cta polypeptit. TSt hon 13, trinh ty nay
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ddng nhét it nhét 12 75%, tét hon nita 13 80%, t5t hon nita 12 85%, tot hon nita 1a 90%,
t6t hon nita 1a 95%, t6t nhét 12 98% véi trinh ti bat ky trong s cAc trinh ty axit amin.

Céc trinh tw axit amin twong ddng bao gdm cac trinh tw dong nhét hodc gin nhu
d0ng nhét v&i cac trinh ty axit amin ctia danh myc trinh ty. "Trinh ty axit amin gn nhu
ddng nhat" nghia 13 trinh ty ddng nhét it nhit 12 90%, tot hon 1a 95%, tét hon nita 13 97%,
t6t nhit 13 99% véi trinh tu axit amin tham chiéu va t6t hon 13 khéc trinh tu tham chiéu
chii 'yéu & su thay thé axit amin bao toan. Phit hop véi khia canh nay cia sang ché, cac
polypeptit ¢6 trinh tw twong dong véi trinh tu bét ky trong s céc trinh tyr axit amin cia
danh muc trinh tu bao gém céc bién thé alen xuét hién ty nhién, cling nhu céc dot bién
hogic cac bién thé c6 khéng tu nhién khac bat ky ma giit dugce dic tinh von cé cua
polypeptit bat ky cta céc trinh ty dugce boc 19 & day. Do tuwong déng c6 thé dugc xéc
dinh bang phin mém phan tich trinh ty nhu G6i phin mém phan tich trinh tu ctia The
Genetics Computer Group, University of Wisconsin Biotechnology Center, 1710
University Avenue, Madison, W1 53705. Céc trinh ty axit amin ¢ thé dugc s:flp xép dé
t6i da hoa d6 ddng nhit. Cac khoang tréng ciing c6 thé duge dua vao trinh ty bang cach
nhan tao dé dat dugc sy sép xép t81 vu. Khi sy sép xép tdi wu dugc cai dat, mie d6 twong
ddng duge thiét 1ap bang cach ghi lai tat ca céac vi tri trong d6 céc axit amin cta ca hai
trinh tw 12 ddng nhét, so v6i tdng s vi tri. Cac trinh ty polynucleotit twong dong duoc
x4c dinh theo cach twong ti. Tét hon 13, trinh tu tuong ddng 14 trinh ty dong nhét it nhét
14 45%, 50%, 60%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% véi trinh ty bt ky trong s6 céc trinh ty mé hoa.

Lai hoa: Cac oligonucleotit va cac axit nucleic khac lai hoa béng cach lién két
hydro, ma bao gbém lién két Watson-Crick, lién két hydro Hoogsteen hoic lién két hydro
Hoogsteen ngugc, gilta cac bazo bd sung. Néi chung, axit nucleic bao gdm céc bazo nito
13 pyrimidin (xytosin (C), uraxil (U), va thymin (T)) hodc purin (adenin (A) va guanin
(G)). Céc bazo nito nay tao thanh lién két hydro gitta pyrimidin va purin, va lién két giita
pyrimidin v6i purin dugc goi 1a cép bazo. Déc bi¢t hon, A s& lién két hydro v&i T hosc
U, va G s& lién két v6i C. Phn bd sung 14 ciip bazo xuat hién gitta hai trinh ty axit nucleic

riéng biét hodc hai ving riéng biét ctia cung trinh ty axit nucleic.
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Phén bd sung c6 thé lai hoa dic hidu va phin bd sung dic hiéu 14 cic thuat ngit
cho thAy mirc d6 bd sung du @& xuét hién lién két bén va dic hidu gifta axit nucleic thi
nhit (nhu, oligonucleotit) va dich ADN hogc ARN. Axit nucleic tht nhét (nhu,
oligonucleotit) khong cin bd sung 100% vao trinh tw dich cua nd dé c6 thé lai hod dic
hidu. Axit nucleic thir nhét (nhw, oligonucleotit) ¢6 thé lai hoa dic hiéu khi c6 mirc do
b sung du dé tranh lién két khong dic hiéu clia axit nucleic thir nhét (nhu, oligonucleotit)
v6i céc trinh tu khong phai dich trong cac didu kién ma lién két dic hidu duoc mong

muon. Lién két nay dugce goi 1a sy lai hoa dac higu.

Céc didu kién lai hod din dén cac mirc do dic biét nghiém ngit s& thay dbi phu
thudc vao ban chit ctia phuong phép lai héa lya chon va ché phdm va chidu dai cia trinh
tu axit nucleic lai hod. N6i chung, nhiét d§ cta sy lai hoa va cuong do ion (dic biét 1a
n6ng do Na*) ciia dém lai hoa s& xac dinh mic d§ nghiém ngét cla sy lai hoa, du thoi
gian rira van anh huong dén su nghiém ngit. Sy tinh toén lién quan dén cac didu kién lai
hoa dugc yéu cAu dé dat dén cdc mic d6 dic biét nghiém ngit dugc thao luan boi
Sambrook et al. (ed.) Molecular Cloning: A Laboratory Manual, 2nd ed., vol. 1-3, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989, chapters 9 and 11.

Sau day la tap hop cac diéu kién lai hoa lam vi du va khong nhdm muc dich lam

gi6i han sang che.

Mirc d6 nghiém ngit rit cao (phat hién c4c trinh tw c6 chung do ddng nhét trinh
tu 90%)

Lai hoa: 5x SSC ¢ 65EC trong 16 gi¢
Rira hai 1an: 2x SSC & nhiét do trong phong (RT) trong mdi 1an 15 phiit
Rira hai lan: 0,5x SSC & 65EC trong mdi 1an 20 phut

Mirc 6 nghiém ngit cao (phat hién cac trinh ty ¢6 chung do ddng nhét trinh ty
80% hodc 16n hon)

Lai hoa: 5x-6x SSC & 65EC-70EC trong 16-20 gi¢
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Ruira hai lan: 2x SSC & RT trong mdi 14n 5-20 phut
Rira hai lan: 1x SSC & 55EC-70EC trong mdi 1an 30 pht

Mite @9 nghiém ngjt thip (phat hién céc trinh tu ¢6 chung d6 ddng nhét trinh tu
16n hon 50%)

Lai hoa: 6x SSC & RT ddi véi SSEC trong 16-20 gidy
Rira it nhét hai 1An: 2x-3x SSC & RT d6i v6i 55EC trong mdi 1an 20-30 phiit.

Phén 1ap: Thanh phan sinh hoc phén 1ap (nhu phan ti axit nucleic hodc protein)
12 thanh phin v& co ban duoc tach hodc tinh ché ra khoi cac thanh phan sinh hoc khac
trong t& bao cua sinh vat trong d6 thanh phﬁn nay xuit hién ty nhién, nhe ADN va ARN
ngoai nhidm sic thé va nhiém sic th8 khéc, protein va co quan té bao. Pdi véi cac axit
nucleic va/hodc polypeptit, thudt ngit nay co thé d& cap dén cac axit nucleic hoic
polypeptit ma khong con dugce gin bén suon béi cac trinh ty thudng gén suon ching
trong tu nhién. Céc axit nucleic va protein dugc phin 14p bao gdm céc axit nucleic va
protein duoc tinh ché bang cac phuong phap tinh ché chudn. Thuat ngit nay con bao gdm
cac axit nucleic va protein dugc tao ra béng cach biéu hién tai to hgp trong t& bao chu

cling nhu céc axit nucleic dugc tong hop vé mit hod hoc.

Pot bién: Quy trinh gay ra su thay ddi vé trinh ty cua vat ligu di truyén (thuong
12 ADN hosdc ARN) ciia té bao hodc sinh vét. Dot bién c6 thé ¢ tinh duge dua vao vat
liéu di truyén bang cach sir dung cac k¥ thuat phén ti da biét 18 trong linh vuc nay (vi

du, gay dot bién vi tri, gdy dot bién PCR va céc k¥ thuat khéc).

Peptit khong phai ribosom (Nonribosomal peptide: NRP): Nhom chit chuyén hoa
thir cAp, thudng tao ra béi vi sinh vat, nhu vi khuén va ndm. Khéng gidng cac polypeptit
duge tdng hop trén ribosom, cac peptit nay dugc tdng hop bang peptit khong phai

ribosom synthetaza (nonribosomal peptide synthetases: NRPS) tir cac axit amin.
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B phan khung chinh peptit khong phai ribosom: Budc thi hai trong quy trinh
sinh tdng hop peptit khong phai ribosom, bao gdm sy hinh thanh (két tu) lién két amit
cua trinh tu peptit.

Peptit khong phai ribosom synthetaza (NRPS): Protein da chirc ning 16n ma téng
hop polypeptit bing co ché khong phai ribosom, thudng duge biét dén 13 quy trinh tdng
hop thiotemplat (Kleinkauf and von Doehren 4nn. Rev. Microbiol. 41: 259-289, 1987).
Céac polypeptit khong phai ribosom nay c6 thé c¢6 cau triic mach thang, vong, hodc vong
¢6 nhanh va thuong chira cac axit amin khong c6 mit trong protein hodc axit amin bi

bién dbi do qua trinh metyl hoé hoic epime hoa. Vi du cu thé, NRPS tao ra dipeptit.

Su bién ddi peptit khong phai ribosom: Budc thit ba trong quy trinh sinh tdng hop
peptit khong phai ribosom. C6 nhiéu axit amin tién chit méi dugc tim thay trong peptit
khong phai ribosom va nhidu don thé duge tao ra hodc duge bién déibtrong khi gén véi
cac mién PCP ciia protein dic hiéu hoic NRPS. Su bién d6i sau khi tong hop c6 thé xuit
hién sau khi hinh thanh 1ién két amit ciia khung chinh peptit. Cac bién dbi lam vi du bao
gdm epime hoa a-cacbon, N-metyl ho4, tao di vong clia cic gbc Cys hoic Ser/Thr véi
thiazolin va oxazolin, va halogen hoa hodc hydroxyl hod mach bén. Cac bién ddi khac
nhu oxy ho4, alkyl hoa, axyl hoa va glycosyl hoa c6 thé xuat hién sau khi gidi phéng
peptit mdi sinh ra khoi phirc NRPS va thuong can cho toan bd hoat tinh sinh hoc.

Sinh tdng hop axit amin tién chét khong phai ribosom: Budc thir nhat trong quy
trinh sinh tong hop peptit khéng phai ribosom. Peptit khong phai ribosom thudng c6 cac
axit amin khong tim thiy trong cAc peptit va protein duge gan trén cic ribosom. Cac axit
amin khong sinh protein gép phan vio sy da dang clia cic peptit ndy va thudng déng vai
trd trong hoat tinh sinh hoc cta ching. Qué trinh sinh tdng hop cac axit amin nay c6 thé

x4y ra qua chét trung gian lién két protein hodc & dang céc loai hoa tan, ty do.

Axit nucleic: Polyme deoxyribonucleotit hodc ribonucleotit & dang s¢i don hoac
soi doi, va trir khi c6 gidi han khac, bao gém cac chét tewong ty nucleotit ty nhién da biét

ma lai hod véi céc axit nucleic theo cach twong tu nhu cac nucleotit xuat hién tu nhién.
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Nucleotit: Thuét ngit ndy bao gém, nhung khong bi gidi han &, monome chira
bazo lién két v6i dudng, nhu pyrimidin, purin hodc cac chat twong ty tong hop ciia chiing,
hodc bazo lién két v6i axit amin, nhu trong axit nucleic peptit. Nucleotit 1 mdt monome

trong polynucleotit. Trinh ty nucleotit 1a trinh tu cua céc bazo trong polynucleotit.

Oligonucleotit: Nhiéu nucleotit ndi dwoc nbi bing cac lién két phosphodieste
nguyén thé, c6 chiéu dai nim trong khoang tir 6 dén 300 nucleotit. Chit twong tu
oligonucleotit 1a cac gbe c6 chirc ning trong tw véi cac oligonucleotit nhung c6 cac phan
xult hién khong tw nhién. Vi du, cc chét twong ty oligonucleotit ¢6 thé bao gdm céc
phan xuit hién khong tw nhién, nhwr cc gbe dudng thay thé hoic lién két giita cac duong
(inter-sugar), nhu phosphorothioat oligodeoxynucleotit. Cac chat twong tu chirc nang
cua polynucleotit xuét hién ty nhién c6 thé lién két véi ARN hoic ADN, va bao gdm céc

phén tir axit nucleic peptit.

Céc oligonucleotit cu thé va cac chit trong tu oligonucleotit c6 thé bao gdm céc
trinh tu mach thang c6 chiéu dai 1én dén khoang 200 nucleotit, vi du, trinh tu (nhw ADN
hogc ARN) dai it nhét 12 6 bazo, vi dy, it nhat 1a 8, 10, 15, 20, 25, 30, 35, 40, 45, 50, 100
hodc tham chi 1a 200 bazo, hodc nam trong khoang tir 6 dén 50 bazo, vi du, khoang tir
10 dén 25 bazo, nhu 12, 15, hogc 20 bazo.

Khung doc m& (ORF): Mot day b ba nucleotit (cac codon) ma hod cac axit amin
ma khong c6 cac codon két thic bén trong bét ky. Céc trinh tu ndy thuong c6 thé dich
ma thanh peptit. Vi du, ORF, khung doc mé&, va enduracidin ORF 1a khung doc m¢ trong
cum gen sinh tong hop enduracidin vi dwgc phan 1ap t Streptomyces fungicidicus. Thuat
ngit nay con bao gdm cac ORF giéng nhau c6 mit trong c4c sinh vt t6ng hop bang
enduracidin khac. Thuét ngit ndy con bao gdm céc bién thé alen va hién tugng nhiéu
dang nucleotit don (single nucleotide polymorphisms: SNPs). Trong mdt sd trudng hop
nhét dinh, thuét ngfr enduracidin ORF duge st dung dong nghia véi polypeptit duge ma
hoéa boi enduracidin ORF va c6 thé bao gdm sy thay thé bao toan trong polypeptit do.

Viéc sir dung cu thé s€ dugc 1lam rd theo ngit canh.
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Khung doc m& ma da bi bat hoat 12 khung doc mé duge 1am cho khong c6 chirc
nidng thong qua viéc xoa doan, cai xen hodc gy dot bién mot hodc nhidu nucleotit trong

trinh ty mé hoa.

Streptomyces fungicidicus bao gdm khung doc md-18 (orf 18) giam 1 sinh vat bi
giam, nhu gidm 2 14n, hodc thAm chi mét hoan toan chirc nang sinh hoc cua san phém
gen orf18, so v6i Streptomyces fungicidicus kidu dai, vi du, théng qua su bién dbi gen
ctia orf18, bao gdm orfI8 bi bt hoat nhu duge minh hoa bang vi du duéi ddy, va/hoic
thong qua thao tac diu hoa, vi du, bién ddi, cai xen vao, loai bo, va/hoic thay thé cac
ving khong ma ho4 clia gen mi hoa ORF18 din dén giam sy biéu hién cla san phim
gen orf18. Vi dy, gen khdi dau kiéu dai cta orfI18 c6 thé duogc bién ddi sao cho vé co ban

lam giam sy phién ma cua orf18.

Streptomyces fungicidicus bao gdém khung doc mo-24 (orf24) ting 13 sinh vét
tang, nhu gp 2 14n hodc nhidu hon, vé chirc ning sinh hoc cla san pham gen orf24, so
véi Streptomyces fungicidicus kidu dai, vi du, théng qua sy bién dbi gen cla orR24 aé
tang cudng chirc ning sinh hoc cta san phim gen o724 va/hoic bang cach thao tac diéu
hoa, vi du, bién d6i, cai xen vao, loai bd, va/hoic thay thé cac vung khong mé hoa cia
gen mi hoa ORF24 din dén ting su biéu hién cla san pham gen orf24. Vi du, gen khoi
du kidu dai ddi voi orf24 dugc thay thé bang gen khoi du co dinh manh gitp ting

cudng su phién mi cua orf24, nhu dugc minh hoa bang vi du duéi day.

Gen bién ddi: Trinh tw gen bao gdm s bién d6i khi so sanh véi trinh tu gen dugc

tim thy trong gen xuét hién tu nhién (kiéu dai).

Lién két theo cach c6 didu khién: Trinh tu axit nucleic thir nhat dwgc lién két theo
cach c6 diéu khién véi trinh ty axit nucleic tht hai khi trinh ty axit nucleic thir nhét duge
d3t trong mdi lién hé chitc ning véi trinh tu axit nucleic tht hai. Chéng han, gen khoi
diu duge lign két theo cach c6 didu khién véi trinh ty ma hod néu gen khéi d4u anh
huwong dén sy phién ma hodc su biéu hién cua trinh ty ma hoa. N6i chung, trinh ty ADN
lien két theo cach c6 didu khién 13 lién tuc va, khi cin thiét dé ndi hai ving mi hoa

protein, trong cung khung doc.
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Gen truc giao: Hai trinh tu axit nucleic hodc axit amin 1a gen tryc giao cia nhau
néu chiing ding chung trinh tyr di truyén théng thuong va phan ky khi cac loai mang trinh
tu di truyén tach thanh hai loai. Trinh ty gen tryc giao ciing 1a trinh tw twong dong.

Polypeptit: Polyme trong d6 c4c monome 13 céc gbc axit amin duge ndi véi nhau
qua lién két amit. Khi cac axit amin 13 axit amin alpha, thi c6 thé str dung chét ddng phan
quang L hodc chét ddng phin quang D, cac chat dong phan L dwgc uu tién trong mot s
trudng hop. Thuat ngit polypeptit hodc protein nhu dugc str dung & diy bao gom trinh
tu axit amin bt ky va bao gdm c4c trinh ty bién ddi nhu glycoprotein. Dic biét, thuat
ngit polypeptit duge du tinh bao gdm céc protein cé trong tu nhién (du dwgc san xudt
bang co ché ribosom hay khong phai ribosom), ciing nhu céc protein dwgc san Xuét ti

t6 hop hoic tong hop.

Thuét ngit manh polypeptit 13 mot phan ciia polypeptit biéu hién it nhit mét epitop
hiru dung. Cum tir manh chirc niing ctia polypeptit 14 tit ca cdc manh polypeptit giit lai
hoat tinh (nhu hoat tinh sinh hoc), hodac phﬁn do duogc cua hoat tinh, cua polypeptit ma
maénh duge 1y tir d6. Vi dy, cac manh c6 thé thay d6i kich thudce tir manh polypeptit nho
bing epitop c6 kha ning lién két phan tir khang thé véi polypeptit 16n c6 kha niing tham

gia vao sy cam tng dic trung hodc 1ap chuong trinh thay @61 kiéu hinh trong t& bao.

Thuét ngit polypeptit gn nhu tinh khiét nhu dwgc st dung & ddy 1 polypeptit gn
nhu khong chira cac protein, lipit, carbohydrat khac hodc vat li¢u khac ma dugc két hop
tw nhién véi polypeptit ndy. Theo mdt phwong an, polypeptit khong chira it nhét 13 50%,
vi du, khdng chua it nhét 1 80% protein, lipit, carbohydrat khac hodc vat liéu khac ma
dwoc két hop ty nhién véi polypeptit ndy. Theo phuwong én khac, polypeptit khong chira
it nhat 1a 90% protein, lipit, carbohydrat khac hodc vat li¢u khac ma dugc két hop tu
nhién véi polypeptit nay. Theo phwong an khac nita, polypeptit khong chira it nhét 13
95% protein, lipit, carbohydrat khac hodc vat liéu khac ma dugc két hop ty nhién véi
polypeptit nay.

Poan do va doan moi: Doan do va doan mdi axit nucleic c6 the dé dang duoc diéu

ché dira vao cac phan tir axit nucleic duge dé xult trong ban md ta nay. Poan do bao
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gdm axit nucleic dugc phan 14p gén véi chat danh dau c6 thé phat hién hoic phan tur
thong bo. Cac chét danh ddu dién hinh bao gdm chit dong vi phong xa, chit nén enzym,
céc ddng yéu t, phdi tir, chat phat quang hoa hoc hodc chat huynh quang, ban khang
nguyén (hapten), va enzym. Céc phwong phap danh du va huéng din lwa chon chét
d4nh d4u thich hop cho cac muyc dich khac nhau dugc thdo luan, vi duy, trong tai li€u ctia
Sambrook et al. (Trong Molecular Cloning: A Laboratory Manual, CSHL, New York,
1989) va Ausubel et al. (Trong Current Protocols in Molecular Biology, Greene Publ.
Assoc. and Wiley-Intersciences, 1992).

Cé4c doan mdi 14 cac phan tir axit nucleic ngén, t6t hon 14 ADN oligonucleotit, dai
10 nucleotit hodic hon. Tét hon nita 14, ADN oligonucleotit dai hon c6 thé 1a dai khoang
15, 17, 20, hodc 23 nucleotit hodc hon. Cac doan méi c6 thé dwge 1 véi sgi ADN dich
b sung bing cach lai hod axit nucleic dé tao ra thé lai gitta doan mdi va sgi ADN dich,
va sau d6 md rong doan mdi doc theo sgi ADN dich bing enzym ADN polymeraza. Cac
cap doan moi c6 thé duge sir dung dé khuéch dai trinh tu axit nucleic, vi du, béng phan
ting chudi polymeraza (PCR) hoic bing céc phwong phéap khuéch dai axit nucleic khac

da biét trong linh vuc nay.

Céc phuong phéap @& diéu ché va sir dung doan do va doan mdi duge md ta, vi dy,
trong tai liéu cua Sambrook et al. (Trong Molecular Cloning: A Laboratory Manual,
CSHL, New York, 1989), Ausubel et al. (Trong Current Protocols in Molecular Biology,
Greene Publ. Assoc. and Wiley-Intersciences, 1998), va Innis et al. (PCR Protocols, A
Guide to Methods and Applications, Academic Press, Inc., San Diego, CA, 1990). Cac
cap doan mdi PCR c6 thé c6 nguén géc tir trinh ty d4 biét, vi du, bang cach st dung céc
chuong trinh may tinh nhdm muc dich d6 nhu Primers (Version 0.5, © 1991, Whitehead
Institute for Biomedical Research, Cambridge, MA). Tinh déc hi€u cta doan do hoac
doan mdi cu thé ting theo chidu dai cia né. Do d6, dé thu duge tinh dic hidu tot hon,
doan do va doan mdi c6 thé dugc chon dé bao gém it nhat 17, 20, 23, 25, 30, 35, 40, 45,

50 hodc hon 50 nucleotit lién tuc cua trinh ty nucleotit mong mudn.

Protein: Phén tir sinh hoc dugc bi€u hi€n bang gen va bao gom cac axit amin.
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Tinh ché: Thuat ngit tinh ché khong yéu ciu do tinh khiét tuyét ddi; ding hon 1a,
d6 12 thuét ngit twong dbi. Do 6, vi dy, viéc diéu ché protein tinh ché 13 quy trinh trong
d6 protein dugce dé cap dén 1a tinh khiét hon protein trong méi trudng tu nhién clia né

trong té bao.

Tai t6 hop: Axit nucleic ¢6 trinh tw ma khong xuét hién tw nhién hodc ¢6 trinh tu
ma duge tao ra bang su két hgp nhan tao cla hai doan trinh ty phéan tach khac. Sy két
hgp nhéan tao nay cé thé duoc thue hién béng cach téng hop hoé hoc hodc, thong thuong
hon, b?lng cach thao tic nhan tao cac doan phan lap cla axit nucleic, vi du, béng cac ky
thuat thiét k& di truyén. “T4i td hop” con duge sir dung dé mo ta cac phan tir axit nucleic
dugc thao tic nhan tao, nhung chira cac trinh tu dbi chimg va cac ving ma hoa giéng

nhau duge tim thiy trong sinh vat ma gen duwgc phan lap tir sinh vat ndy.

Diéu chinh sy san xuét khang sinh: Dé tao ra su thay dbi, nhu lam tang hoac giam,
vé luong, loai hodc chét lrong san xut khang sinh. Pugc mé ta & day 1a cdc chung tai

t0 hop cua Streptomyces fungicidicus v&i sy san xuat enduracidin ting cuong.

Do ddng nhét trinh tu: Su gidng nhau giita hai trinh ty axit nucleic hogc giita hai
trinh tu axit amin duge bidu hién vé muc do déng nhét trinh ty chung gitta cAc trinh tu.
Do ddng nhét trinh ty thudng duge biéu hién theo phan trim ddng nhét; phan trim cang
cao thi hai trinh ty cang gidng nhau.

Céc phuong phap sip xép trinh tyr dé so sanh 13 da biét trong linh vuc ndy. Cac
chuong trinh va thuat toan sip xép khac nhau dugc md ta trong tai liéu cua: Smith and
Waterman, Adv. Appl. Math. 2:482, 1981; Needleman and Wunsch, J. Mol. Biol. 48:443,
1970; Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85:2444, 1988; Higgins and
Sharp, Gene 73:237-244, 1988; Higgins and Sharp, CABIOS 5:151-153, 1989; Corpet et
al., Nucleic Acids Research 16:10881-10890, 1988; Huang, et al., Computer
Applications in the Biosciences 8:155-165, 1992; Pearson et al., Methods in Molecular
Biology 24:307-331, 1994; Tatiana et al., (1999), FEMS Microbiol. Lett., 174:247-250,
1999. Altschul et al. m ta sy nghién ctru chi tiét v& cac phuwong phap sép xép trinh tur va
tinh d6 twong ddng (J. Mol. Biol. 215:403-410, 1990).
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Cong cu tim kiém trinh ty tvong ddng cuc bd (BLAST™, Altschul et al.. J. Mol.
Biol. 215:403-410, 1990) ctia Trung tAm thong tin sinh hoc quéc gia (The National Center
for Biotechnology Information: NCBI) ¢6 s&n tir mdt s6 ngudn, bao gdm trung tam thong
tin sinh hoc qudc gia (NCBI, Bethesda, MD) va trén Internet, dé st dung trong viéc két
ndi v6i cac chuong trinh phan tich trinh tu blastp, blastn, blastx, tblastn va tblastx. M
ta vé cach x4c dinh d6 ddng nhét trinh tu sir dung chuong trinh niy 13 ¢6 sin trén internet

& phan tro gitp cia BLAST™,

Dé so sanh céc trinh ty axit amin 16n hon khoang 30 axit amin, chitc ning “Blast
2 sequences” cua chuong trinh BLAST™ (Blastp) dugc dung bang cach sir dung ma trn
BLOSUMSG2 thiét 14p dé mic dinh c4c thong sb (phi & md khoang tréng [mic dinh = 57;
phi @& mo rong khoang tréng [mic dinh=2]; hinh phat cho sy khéng khép [mic
dinh = -3]; phan thudng cho sy ghép khép [mic dinh = 1]; gia tri mong doi (E) [mic
dinh = 10,0]; ¢& tir [méc dinh = 3]; s6 lugng mo ta mot dong (V) [mic dinh = 100]; s6
lugng sip xép dé hién thi (B) [mic dinh = 100]). Khi sip xép céc peptit ngéan (it hon
khoang 30 axit amin), sy sip xép can duge thuc hién bang cach str dung chirc ning "Blast
2 sequences", dung ma tran PAM30 thiét lap dé mic dinh cc thong s6 (diém phat khoang
tréng mé 9, khoang tréng mé rong 1). Protein (hogc axit nucleic) ¢6 mirc do gidng véi
trinh ty tham khéo 16n hon s& thé hién phin trim ddng nhét ting khi d4nh gia bing
phuong phap nay, nhu d6 ddng nhét trinh ty it nhét 13 50%, it nhat 14 60%, it nhat 1a 70%,
it nhét 12 80%, it nhat 12 85%, it nhit 1a 90%, hodc it nhat 1a 95%.

Dé so sanh céc trinh ty axit nucleic, chirc ning “Blast 2 sequences” clia chuong
trinh BLAST™ (Blastn) duoc ding bing cach sir dung ma train BLOSUMG62 thiét lap dé
mac dinh céc thong s (phi m& khoang trong [mic dinh = 11]; phi m& rong khoang trong
[mic dinh = 1]; gid tri mong doi (E) [méc dinh = 10,0]; c& tir [mdc dinh = 11]; sb lugng
md ta mot dong (V) [mic dinh = 100]; sé lugng sép xép dé hién thi (B) [mic dinh =
100]). Trinh ty axit nucleic c6 muc do giéng véi trinh tu tham khao 16n hon sé& thé hién
phn trim ddng nhét ting khi d4nh gi4 bang phuong phép nay, nhu do ddng nhét trinh tuy
it nhét 12 60%, it nhét 1a 70%, it nhat 13 75%, it nhat 1a 80%, it nhat 1a 85%, it nhét 1a
90%, it nhét 1a 95%, hogc it nhét 1a 98%.
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Déu hiéu khéc cho thiy hai phan tir axit nucleic c6 lién quan mat thiét 13 hai phan

tir lai hod v6i nhau trong cac didu kién nghiém ngit (xem phan “Lai hod” & trén).

Tuy nhién, trinh ty axit nucleic khong thé hién mirc d6 dong nhét cao c6 thé ma
hod c4c trinh tu axit amin gidng nhau, do su thoai hoa ma di truyén. Can hiéu ring c6 thé
tao ra su thay ddi vé trinh tu axit nucleic bang cach sir dung su thoai hod nay dé tao ra

nhiéu phan tt axit nucleic ma tat ca déu ma hod vé co ban cung protein.

Chuyén nap: Quy trinh dwa phan tir axit nucleic vao té bao, ching han bang cac
k¥ thuat sinh hoc phan tir, dAn dén té bao duoc chuyén nap (hoic dugc bién nap). Khi
duogc st dung & ddy, thuat ngit chuyén nap bao gdm tit ca cac k¥ thuat ma c6 thé dua
phan tr axit nucleic vao t& bao nay, bao gém su tai nap vdi vecto virut, chuyén nap voi
vecto plasmit, va dua vao ADN bﬁng cach dién di, chuyén nap lipit, va tang tde sung ban

hat.

Bién nap: Té bao bién nap 12 t& bao ma phan tir axit nucleic dugc dua vao d6 bing
cac k¥ thuét sinh hoc phan tir. Thuat nglt nay bao gOm tat ca cac k¥ thuat dé c6 thé dwa
phén tir axit nucleic vao té bao, bao gdm chuyén nap véi vecto virut, bién nap véi vecto

plasmit, va dua vao ADN tran bang c4ch dién di, bién nap lipit, va ting tdc sing ban hat.

Gen nhdy: Yéu t6 di truyén di dong c6 trinh tu lip lai gin nhu dong nhét & mot
trong hai du, va chira it nhat mot gen ma hoa transposaza (enzym can dé cai xen gen
nhay trong trinh ty ADN). C4c gen nhdy co6 thé duoc hop nhat vao cac vi tri khac nhau
trong bd gen ciia té bao, hoic qua mau AND plasmit, cosmid, hodc fosmid phan 1ap in

vitro. Gen nhay con ¢6 thé chira cac gen khac khong phai gen can cho su cai xen.

Vecto: Phan tir axit nucleic khi dugc dwa vao té bao chi, tir d6 tao ra té bao chu
dugc chuyén nap. Céc vecto ADN tai td hop 14 céc vecto c6 ADN tai td hop. Vecto ¢6
thé bao gdm céc trinh ty axit nucleic cho phép vecto nay sao chép trong té bao chu, nhur
ban sao chép gbe. Vecto ciing ¢6 thé bao gdm mdt hoic nhidu gen danh dau c6 thé chon
loc va cac thanh phdn di truyén khac d4 biét trong linh vuc ndy. Vecto virut 1a vecto
ADN tai tb hop co it nhit mét sd trinh ty axit nucleic c6 nguén géc tr mot hodic nhidu

virut. Plasmit 1a vecto.
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Trir khi c6 giai thich khac, tit ca cac thuét ngir k¥ thuat va khoa hoc dugc sir dung
& day c6 cing nghia nhu duge hidu thong thuong boi ngudi ¢6 hiu biét trung binh vé
linh vyc k§ thuat ndy. Cac thuét ngit s it bao gdm ca sd nhiéu trir khi ¢6 quy dinh khac.
Tuong tu, tr “hodc” duge du dinh dé bao gém “va” trir khi c6 quy dinh rd rang khac.
Con dugce hiéu 12 tit ca cac kich thudc bazo hodc kich thude axit amin, va tat ca gia tri
trong lwong phéan tir hodc khdi lwgng phén tir, dua ra ddi vdi cac axit nucleic hodc
polypeptit 14 x4p xi, va dugc d& xuat trong ban mé ta. Mic dii cac phuong phap va vt
liéu twong tu hodc twong duong vGi cac phuong phap va vat liéu duge md ta & day co
thé duoc st dung trong thyuc t& hogic thir nghiém cia sang ché, cac phwong phap va vét
liéu thich hop dwgc mo ta dudi ddy. Thuat ng “gdm” nghia 13 “bao gdm”. Trong trudng
hop xung dot, ban mo ta séng ché, bao gdm céc giai thich vé thuat ngit, s& quyét dinh.
Ngoai ra, vat liéu, phuwong phép, va cac vi du chi minh hoa ma khong lam gi6i han sang

che.

Céc phuong phap va vat lidu thich hop dé thuc hién cac phuong an dugce boc 19
cua sang ché dugc mé ta dudi ddy. Ngoai ra, phuong 4n hogc k¥ thuat thich hop bat ky
da biét d6i v6i ngudi 6 hidu biét trung binh v& linh vuc niy c6 thé duge sit dung trong
viéc thyc hién cac phuong 4n cua sang ché. Mot s6 phuong phap va k§ thuat thong
thudng c6 thé ap dung cho sang ché dugc md ta, vi dy, trong tai liéu cia Sambrook et
al., Molecular Cloning: A Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory
Press, 1989; Sambrook et al., Molecular Cloning: A Laboratory Manual, 3d ed., Cold
Spring Harbor Press, 2001; Ausubel et al., Current Protocols in Molecular Biology,
Greene Publishing Associates, 1992 (and Supplements to 2000); Ausubel et al., Short
Protocols in Molecular Biology: A Compendium of Methods from Current Protocols in
Molecular Biology, 4th ed., Wiley & Sons, 1999; Harlow and Lane, Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, 1990; Harlow and Lane,
Using Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1999;
and Kieser, T., Bibb, M.J., Buttner, M.J., Chater, K.F., and Hopwood, D.A.: Practical
Streptomyces genetics, John Innes Centre, Norwich Research Park, Colney, Norwich

NR4 &UH, England, 2000.
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TAt ca cong bd, don sang ché, bang sang ché, va cac tai liéu tham khao khac néu
& day dugc két hop dé tham khao theo toan bo ndi dung cla ching. Trong trudng hop
xung dot, ban md ta sang ché, bao gdm céc giai thich v& thuat ngit, s& quyét dinh. Ngoai

ra, vét liéu, phwong phap, va céc vi du chi minh hoa ma khong lam gi6i han séng ché.
III.  CAc vecto biéu hién tai td hop duoc thiét ké ciia Streptomyces fungicidicus

Séang ché boc 16 cac vecto plasmit biéu hién Streptomyces fungicidicus tai t6 hop
dugc thiét ké. Trong mét s6 phwong an, vecto Streptomyces fungicidicus tai t6 hop duge
thiét ké bao gdm it nhit mot khung doc mé chon loc ctia Streptomyces fungicidicus.
Trong mdt s6 phuong an, vecto Streptomyces fungicidicus ti t6 hop duogc thiét ké bao
gdm it nhit mot khung doc mé chon lgc ctia Streptomyces fungicidicus dugc biéu hién
trong diu kién kiém so4t ctia gen khdi dAu. Trong mot sé vi du, gen khéi diu 12 gen
khoi ddu Streptomyces co dinh manh din dén ting cudng san xuat enduracidin khi vecto
dugc bidu hién & chung Streptomyces fungicidicus. Trong mot s6 phwong an, khung doc
mé dugce lién két theo cach c6 didu khién v6i gen khoi dau khac loai thay vi gen khéi
dAu nguyén thé cua nd. Vi du, ¢6 thé dugc lién két theo cach c6 diéu khién v6i gen khoi
dAu co dinh, nhu gen khoi ddu bidu hién co dinh manh hogic gen khéi dau cam tng dugc.
Trong nicf)t s vi dy, gen khoi ddu co dinh manh 13 ermE*p tir ngudn san sinh
erythromycin. Trong mét s vi du, gen khoi dau cam tmg duoc 12 tip4. Trong mot s6 vi
du, hé théng P(nitd)-NitR (Herai S, Hashimoto Y, Higashibata H, Maseda H, Ikeda H,
Omura S, Kobayashi M, Proc Natl Acad Sci U S A.2004. 101(39):14031-5) hodc gen
khoi dau streptomycete SF14 duge dung. Trong mot s6 vi du, gen khoi dAu nguyén thé
cua gen khang apramycin (amRp) dugc dung. Trong mot s6 vi du, Paras, Prpsso, Psris,

Perme* va/hoac Prneos duge dung.

Trong mot s6 phuong 4n, vecto tai tb hop duge thiét ké bao gébm khung doc mé
orf 24 (SEQ ID NO: 38) va/hodc khung doc m& orf18 (SEQ ID NO: 37) ma da bi bét
hoat. Trong mdt s6 vi du, khung doc mé& orf18 (SEQ ID NO: 37) bi bét hoat bang cach

x6a doan khong 1am 1éch khung dich ma, dich khung va/hodc dot bién diém.

-31-



39342

Trong mdt s6 phuwong 4n, vecto tai t& hop dugc thiét ké bao gdbm khung doc mé
orf24 tir cum gen enduracidin cua Streptomyces fungicidicus. Trong mot s6 vi dy, khung
doc m& orf24 (SEQ ID NO: 38) duogc lién két theo cach c6 didu khién véi gen khoi diu
khéc loai. Vi dy, duoc lién két v6i gen khoi dau co dinh manh nhu ermE*p. Trong cac
vi du khéc, khung doc mé& orf24 dugce lién két theo cach c6 didu khién vé6i gen khoi dau

tipA, SF14, amRp, Prrap, Picps3o, Psri4, Perme* va/hodc Preos.

Theo phwong 4n khac, vecto tai tb hop duge thiét ké bao gdm khung doc mé orf18
ma tip trung vao ving ngugc dong cia cum gen enduracidin. Khung doc mé orf18 (SEQ
ID NO: 37) bi bat hoat béng cach pha v cai xen, x6a doan khong lam 1éch khung dich
ma, dich khung va/hodc dot bién diém. Trong mdt s6 vi du, khung doc mé& orf18 bi bét
hoat bang cach x6a doan khong lam 1éch khung dich md, nhu x6a doan khong lam 1éch
khung dich m3 nhu dugc minh hoa trén FIG. 9B. Theo mét vi du, khung doc mé orf18
(SEQ ID NO: 37) bi bat hoat bing cich x6a doan khong lam léch khung dich ma. Vi dy,
khung doc mé orf18 (SEQ ID NO: 37) bi bét hoat bang cach x6a doan khong 1am 1&ch
khung dich mi cla cac axit nucleic tir 5 dén 660 cua orf18 (SEQ ID NO: 37). Néi chung,
viéc x6a doan khong 1am 16ch khung dich ma bén trong bét ky qua orfI8 dan dén chirc
nang cua Orf18 bi bét hoat do sy khong day du ciia n6. Trong mot s6 vi du, sy x6a doan
khong lam 1&ch khung dich mé bao gdm viéc xo4 it nhat 3 axit nucleic trong orf18 (SEQ
ID NO: 37), nhu it nhét 3 axit nucleic, bao gém 3,6,9,12,15, 18,21, 24,27,30, 33, 36,
39,42, 45,48, 51, 54, 57, 60, 63, 66, 69, 72, 75, 78, 81, 84, 87, 90, 93, 96, 99, 102, 105,
108,111,114,117, 120, 123,126, 129, 132, 135, 138, 141, 144, 147,150, 153, 156, 159,
162,165,168,171,174,177,180, 183, 186, 189, 192, 195, 198, 201, 204, 207, 210, 213,
216,219,221,224,227,230, 233, 236,239, 242, 245,248,251, 254, 257, 260, 263, 266,
269,272,275,278, 281,284, 287,290,293, 296, 299, 302, 305, 308, 311, 314,317, 320,
323,326,329, 332, 335,338,341, 344,347,350, 353,356,359, 362, 365, 368,371, 374,
377,380,383,386,389,392,395,398,401,404,407,410,413,416,419, 421,424,427,
430, 433, 436,439, 442,445,448, 451,454,457,460,463, 466,469, 472,475,478, 481,
484, 487,490, 493, 496, 499, 502, 505, 508, 511, 514, 517, 520, 523, 526, 529, 532, 535,
538,541, 544,547,550, 553, 556, 559, 562, 565, 568, 571,574,577, 580, 583, 586, 589,
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592,595,598, 601, 604,607,610, 613, 616,619, 621, 624, 627, 630, 633, 636, 639, 642,
645, 648, 651, hodc 654 axit nucleic ndm trong khoang céc axit nucleic tir 5 dén 660 cua
orf18 (SEQ ID NO: 37).

Trong céc phuong 4n c6 1ién quan, vecto plasmit tai td hop dwoc thiét ké bao gdm
hai hodc nhiéu khung doc mé tir cum gen enduracidin va/hodc cac ving hai bén suon
cua cum gen hogc tir cac chung actinomycete khac. Hai hodc nhidu khung doc mé c6 thé
duoc lién két vi gen khoi ddu don. Theo cach khac, ching ¢6 thé dwgc lién két theo
cach c6 didu khién v6i hai gen khoi ddu khac nhau. Hai gen khoi dau c6 thé 1a gen khoi

dAu cing loai. Theo cach khac, ching c6 thé 13 hai loai gen khai ddu khic nhau.

Theo céc phuong an khac, cac khung doc md bd sung hogc thay thé ma c6 thé
ting cuwong san xuat enduracidin c6 thé dugc dua vao, hoic lam bét hoat, & ching

Streptomyces fungicidicus dugc thiét ké.

Trong mot sb vi du, plasmit tai t6 hop 12 pXY152-endorf24 (SEQ ID NO:3).
Trong mot s& vi dy, plasmit tai to hop 1a pXY300-orf18ifd (SEQ ID NO: 8). Trong mdt
s6 vi du, plasmit t4i t& hop 1a pKS-T-orf18ifd (SEQ ID NO: 11). Trong mdt sé vi dy,
plasmit tai t5 hop 13 pKS-T-orf18pfrd-AmR (SEQ ID NO: 14). Trong mdt sb vi dy,
plasmit téi td hop 14 pKS-orf18ifd-T-AmR(NS)(SEQ ID NO: 19). Trong mét s6 vi du,
plasmit téi t& hop 1a pXY152-endorf24-camtsr (SEQ ID NO: 20). Trong mét sd vi du,
plasmit tai t6 hop 12 pXY152-endorf24-blatsr (SEQ ID NO: 23).

IV.  Céc chung tai td hop dwoc thiét ké ctia Streptomyces fungicidicus

Sang ché md ta cac ching Streptomyces fungicidicus tai t6 hop duoc thiét ké c6
kha ning san xuét ting cuong enduracidin so véi ching d6i chimg (nhu ching
Streptomyces fungicidicus kiéu dai hogc ching gbc cong nghiép). Trong mdt s6 phuong
4n, chung Streptomyces fungicidicus tai to hop dugc thiét ké bao gdm it nhat mot khung
doc m& chon loc tir Streptomyces fungicidicus duge dua 1én nhiém sic thé va dugc biéu
hién trong diéu kién kiém soat ctia gen khéi dAu, nhu gen khoi dau Streptomyces co dinh
manh, ma dan dén san sinh ting cudng enduracidin & ching dugc thiét ké. Trong mot sd

phuong 4an, sy biéu hién cua khung doc mé duge dua vao trong Streptomyces
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fungicidicus duge din boi gen khoi ddu khéc loai thay vi gen khai diu nguyén thé cua
né. Vi dy, n6 c6 thé dugc lién két theo cach c6 didu khién véi gen khéi dau co dinh, nhur
gen khoi dau bidu hién co dinh manh hodc gen khoi diu cam g dugce. Trong mot s6 vi
du, gen khoi dau co dinh manh 13 ermE*p tir ngudn san sinh erythromycin. Trong mét
s6 vi du, gen khoi ddu cam tng dugce 13 fipA. Trong mét s6 vi du, hé thdng P(rnit4)-NitR
(xem Herai S, Hashimoto Y, Higashibata H, Maseda H, Ikeda H, Omura S, Kobayashi
M, Proc Natl Acad Sci U S A., 2004. 101(39):14031-5) hodc gen khéi dAu streptomycete
SF14 dwgc dung. Trong mot sb vi du, gen khéi déu biéu hién co dinh 13 amRp. Trong

mot 50 vi du, cac gen khéi dau Prras, Pipsso, Psri4, Permex va/hodc Preos duge dung.

Trong mot s phuong an, ching thiét ké bao gdm khung doc m& orf24 tir cum
gen enduracidin cia Streptomyces fungicidicus. Trong mot s6 vi du, khung doc mé orf24
duogc lién két theo cach c6 didu khién véi gen khoi dAu khéc loai. Vi du, né duge lién két
v6i gen khéi ddu co dinh manh nhu ermE*p. Trong céc vi du khac, khung doc mé orf24
duoc lién két theo cach c6 diéu khién véi gen khoi dau tipA, SF14, amRp, Pura, Picpsso,

Psri4, Perme* va/hodc Preos.

Theo phuong 4n khac, chung thiét ké lién quan dén khung doc mé orf18 tap trung
& ving ngugc dong ciia cum gen enduracidin. Khung doc mé orf18 bi bét hoat bang cach
pha v cai xen, x6a doan khong lam 1éch khung dich ma, dich khung va/hodc dot bién
diém. Trong mot s6 vi du, khung doc mé orf18 bi bt hoat bﬁng cach xo6a doan khong
lam 1éch khung dich m3, nhu x6a doan khong lam 1éch khung dich ma nhu duwgc minh
hoa trén FIG. 9B. Theo mdt vi du, khung doc m& orf18 (SEQ ID NO: 37) bi bat hoat
béng cach x6a doan khoéng lam 1éch khung dich ma. Vi du, khung doc m& orf18 (SEQ
ID NO: 37) bi bt hoat bang cach x6a doan khong 1am léch khung dich ma cta céc axit
nucleic tir 5 dén 660 cua (SEQ ID NO: 37). Néi chung, viéc x6a doan khong 1am 1éch
khung dich m3 bén trong bat ky qua orfI8 dan dén chirc ning cta Orfl8 bi bat hoat do

su khong day du ctia né.

Theo cac phuong 4n c6 lién quan, ching thiét ké bao gdm hai hoic nhiéu khung

doc mé& tir cum gen enduracidin va/hodc cic vung hai bén suon ciia cum gen hodc tir cac
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ching actinomycete khac. Hai hoic nhiéu khung doc mé c6 thé duoc lién két véi gen
khai dau don. Theo cach khac, ching c6 thé duoc lién két theo cach c6 didu khién véi
hai gen khoi dAu khac nhau. Hai gen khoi du c6 thé 13 gen khoi dAu cing loai. Theo
cach khéc, chung c6 thé 13 hai loai gen khoi dau khac nhau.

Theo cac phuong an khac, cac khung doc mo bb sung hoic thay thé ma c6 thé
tang cudng san xuét enduracidin ¢6 thé dugc dua vao, hodc 1am bat hoat, & chung thiét

ké cua Streptomyces fungicidicus.

Trong mot s& phuong 4n, chung thiét ké clia Streptomyces fungicidicus c6 ngudn
gbc tir ching gdc kiéu dai, nhu, nhung khong bi giéi han &, Streptomyces fungicidicus
cong ty nudi ciy moé M§ (American Tissue Culture Company: ATCC) 21013. Theo cac
phuong 4n khéc, ching thiét ké cua Streptomyces fungicidicus ¢b ngudn gbc tir ching
gbc cong nghiép, nhur, nhung khong bi gi6i han & BM38-2 (ATCC PTA-122342). Theo
c4c phuong 4n khac, ching thiét ké ctia Streptomyces fungicidicus c6 ngudn gbc tir cac
ching dot bién thong thuong, nhu, nhung khéng bi gi6i han & Streptomyces fungicidicus
ATCC 31729, Streptomyces fungicidicus ATCC 31730 va Streptomyces fungicidicus
ATCC 31731.

Trong mdt s6 phwong 4n, viéc san xuat ting cudng enduracidin 1a ting glp it nhét
1,2 1an, nhu it nhAt 1,5 14n, it nhat 2 14n, it nhét 2,5 1An, it nhat 3 14n, it nhat 3,5 1an, it
nhét 4 1n, it nhat 4,5 14n, bao gém, nhung khong bi gidi han & ting gép 1,2 dén 10 1an,
tang gAp 1,2 dén 4,6 lan, tang gip 2 dén 5 lan, nhu tang gdp 1,2, 1,3, 1,4, 1,5, 1,6, 1,7,
1,8,1,9,2,0,2,1,2,2,2,3,24,2,5,2,6,2,7,2,8,29, 3,0, 3,1, 3,2, 3,3, 3,4, 3,5, 3,6, 3,7,
3,8,3,9,4,0,4,1,4,2,4,3,4,4,4,5,4,6,4,7,4,8,49,5,0, 5,5, 6,0, 6,5, 7,0, 7,5, 8,0, 8,5,
9,0, 9,5 va 10 14n khi san xuit enduracidin so v6i chiing Streptomyces fungicidicus d6i
chimg. Trong mdt sb phuong 4n, ching Streptomyces fungicidicus d6i ching 13 ching
Streptomyces fungicidicus kidu dai, bao gdm, nhung khong bi giéi han &, Streptomyces
fungicidicus cong ty nudi cdy moé M§ (ATCC) 21013 hogc ching gbc cong nghiép, nhu,
nhung khong bi giGi han &, BM38-2 (ATCC PTA-122342), hodc chung dot bién thong
thudng, nhu, nhung khong bi gidi han & Streptomyces fungicidicus ATCC 31729,
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Streptomyces fungicidicus ATCC 31730 va Streptomyces fungicidicus ATCC 31731.
Theo mot vi dy, dbi chimg 13 Streptomyces fungicidicus ATCC 21013 va ting su san
xuét enduracidin ting cudng gip it nhit 1,2 1dn, nhu gip ting 1,2 dén 4,6 1an. Theo mot
vi du, @6i chimg 13 Streptomyces fungicidicus BM38-2 (ATCC PTA-122342) va ting su

san xuAt enduracidin ting cudng gp it nhét 1,2 1dn, nhu ting gip 1,2 dén 4,6 lan.
V. Chu tric ctia cac chung tai t6 hop duoc thiét ké ctia Streptomyces fungicidicus

Theo cc phuong 4n, cac ching tai tb hop clia Streptomyces fungicidicus c6 thé
dugc tao chu tric bing cach hop nhét plasmit tai tb hop chua it nhét mot sy san xuit
enduracidin tang cudng khung doc md vao nhidm sic thé cia ching gdc Streptomyces
fungicidicus. Vecto lién hgp hop nhat ¢6 thé c6, hodc c6 thé dugc thiét ké dé co, gen
khoi ddu Streptomyces co dinh manh. Trong mét sb phuong an, plasmit c6 thé thiéu
replicon cia streptomycete va c6 thé dugc hop nhét vao nhidm sic thé bang cach tai t6
hop tuong d@)ng giao nhau ¢ vi tri ddc hi€u don. Theo cac phuong &n khéc, plasmit c6
thd c6 mat & dang plasmit tw do. Trong mdt s6 phuong 4n, vecto lién hop c6 thé duogc
thiét k& trong d6 sy cai xen plasmit mang mdt phan hosc toan by gen di xo4 doan quan
tam, va cac vung hai bén cua nd, ma co thé dugc hop nhét vao nhidm sic thé sau khi téi
t hop tuong ddng giao nhau kép dé tao ra dot bién x6a doan khong lam 1éch khung dich

~

ma.

VI. Sén xuét enduracidin tir cic chung tai t& hop dugc thiét ké cua Streptomyces
fungicidicus

Céc chung tai td hop dwoc thiét ké cua Streptomyces fungicidicus dugce tao ra theo

1
A

sang ché d& xuét phuong phéap san xuit cac mirc enduracidin ting cuong. Su tién bo vé
mat k§ thuat trong linh vire nay cho phép tiét kiém chi phi d4ng ké két hop véi viée san
xuit enduracidin. Trong mot sb vi du, cac phuong phép san xuat enduracidin bao gdm
budc nudi cy chung Streptomyces fungicidicus tai to hgp trong cac didu kién du dé san
xuét enduracidin. Trong mét sd vi du, phuong phép ndy con bao gbém budc phan 1ap
enduracidin tir moi trudng nudi cdy sau khi nudi cdy. Trong mot s6 vi dy, phuong phép

nay con bao gdm bude xac dinh hoat tinh khang khuan cuia enduracidin dugc san xuat,
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nhu bé“mg cach phan tich HPLC hoac thtr nghi€ém sinh hoc st dung S. aureus ATCC
29213 hodc Bacillis subtilis ATCC 6633 lam vi sinh vat chi thi.

Trong mot sd vi du, enduracidin dwgc sin xudt bing ching Streptomyces
fungicidicus da boc 10 béng cach dung céc diéu kién 1én men nhu dugc mé ta trude do
dé san xuit enduracidin (Higashide et al. J. Antibiot. 21: 126-137, 1968). Sau khi san
xudt, cac hop chat c6 thé dugce tinh ché va/hodc duge phén tich bao gdm phuong phap
phan tich HPLC nhu dugc mo ta trong Vi du 1. Cac phuong phéap san xuét enduracidin
va thu hoach hop chét nay tir méi trudng sinh truong ¢ thé dugc tim thdy & Patent M§

s6 4,465,771, toan b ndi dung cia tai liu nay duoc két hop & day dé tham khao.

Trong mdt sé vi du, chung Streptomyces fungicidicus duge nudi cdy trong mdi
trudng canh twong tripsin (TSB) trén may khudy (nhw & 225 vong/phit (rounds per
minute: rpm) va 30°C trong 48 gid) va sau d6 chuyén dén moi trudng san xut
enduracidin (EPM, bang 1 duéi ddy) trong khoang thoi gian 1én men lién tuc, nhu trong
it nhat nam ngay va dén mudi mot ngay, bao gém 5,6,7,8,9, 10 hodc 11 ngay 1én men
lién tuc. Trong maot s6 vi du, su san xuét enduracidin bang cac ching kiéu dai va dan

xuét duge thuc hién trong cac thiét bi 1én men tu dong.

Béang 1. Ché phAm méi trudng san xuat enduracidin (Enduracidin Production Medium:

EPM) (d6 pH 6,7)

Thanh phan Nong do (%)
Tinh bt tan 1,5

Glucoza 1,0

Bot ngd 2,5

Bot gluten ngo 2,0

Dich ngdm ng6 0,25

Natri clorua 0,25
NaH;POq 1,3

KH2POq4 0,05
(NHs4)2S04 0,15
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CaCOs 0,5
Lactoza 0,5
ZnCl, 0,005
Dau g 0,7

Trong mot s6 vi du, sinh khéi Streptomyces fungicidicus dugc tao ra b%tng quy
trinh 1&n men trong thiét bi 16n men cong nghiép dwoc thiét ké dang bé sau d& vé sinh
v6i cac hé théng dé giam sat va kiém so4t &6 pH, nhiét do, oxy, su thong khi, khqu tron.
Vi du, mdi mé S. fungicidicus 1én men dugc bit dau tir kho hat gidng ché bién dugc dinh
15 dic diém va duge kidm soét ciia hat gidng san xuét duge bao quan & noi an toan va

gift trong méi trudng nhiét do thap.

Trong mot so vi du, quy trinh lén men dién ra theo mot hodc nhiéu giai doan, nhu

ba giai doan sau va c6 thé tuy ¥ theo sau 1 quy trinh xit Iy xu6i dong tiép theo:
Giai doan I:

Mbi trudng nudi cdy hat gidng ché bién duge thiét 1ap dic diém duogc st dung dé
bét dAu mé 1én men. M6t dén nam 1o trong sd céc 1o hat gidng dong lanh duoc 14y tir kho
chira nhiét d6 thip va 1am tan gi4 tw nhién hodc dit trong bé nude & 28°C- 32°C cho dén
khi tan hét cac thanh phan. (Cac) mbi trudng nudi cy tan gia dugc chuyén vo tring vao
nude vo trung gitt & nhiét d§ trong phong va khudy nhe dé tai huyén phi mdi trudng

nuoi cay.
Giai doan II:

Mbi trudng nudi cdy tai huyén phi duge chuyén vo tring vao mdi trudng hat
gidng 0,005 m3-0,05 m3. Mdi trudng hat gidng bao gbém glucoza (0,1-1,0 g/L), Dextrin
(0,1-3 g/L), dich ngAm ngd (0-5.0 mL/L), bdt dau twong (1-5,0 g/L), amoni sulfat (0,1-
0-0,5 g/L), mono-kali phosphat (0,13-0,54 g/L), st (II) sulfat (0,00-0,5 g/L), kali
hydroxit (0,13 mL/L), canxi carbonat (1-2 g/L), chét khtr tao bot géc silicon (0,1 mL/L),

nude thém vira di. Moi trudong duge vo trung ¢ 125°C-128°C trong 30-45 phut va sau
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d6 1am maét dén 28°C-32°C. Thé tich méi trudng duoc didu chinh bang cach sir dung

nuée vo trung dén thé tich ché bién mong mudn. P6 pH duge didu chinh dén 6,5-7,0.

Céc thong sb hoat dong cia chu trinh gieo hat gidng & quy mo 16n bao gom: Nhiét
d5 nudi ciy bing 28°C+2°C, 4p suit bén trong bang 1,0+0,5 kg/cm2, téc d6 thong khi
bing 3+2 Nm3/phut, va tdc d9 khudy tron xap xi 80 vong/phut, phu thude vao kich thuée
cAu hinh cua binh. Do pH, mirc tiéu thu oxy va d6 nhét dwoc gidm sat nhung khong kiém
so4t. Moi trudng nudi cdy dugc sinh truong trong 40-80 gid trude khi chuyén vao thiét
bi 1&n men san xuét chinh. D6 nhét & thoi diém chuyén can nam trong khoang tir 200-
600 centipoazo (centipoise - cps), va do pH can <6,0, va can ting mic d9 tiéu thu oxy.
Mbi trudng nudi cy hat giéng dwgc chuyén vo tring vao méi truong 1én men chinh dé

hoan thanh chu trinh 1én men.
Giai doan III:

Ché phim moéi trudng 18n men sén xuét (10 m3-250 m3) bao gdm céc thanh phan
tu nhién va hod hoc nhu bdt ngd (13,0-15,0% trong lwong/thé tich), bot gluten ngd (3,0-
6,0% trong lugng/thé tich), bot hat bong (0,1-0,3% trong luqng/thé tich), dich ngdm ng6
(0,1-0,6% thé tich/thé tich), natri clorua (0,3% trong luc_mg/thé tich), amoni sulfat (0,25-
0,6% trong hang/thé tich), axit lactic (0-0,5% thé tich/thé tich), kém clorua (0,01% trong
luqng/thé tich), sét (IT) sulfat (0,0-0,02% trong luqng/thé tich), kali hydroxit (0,20-0,5%
thé tich/thé tich), canxi sulfat (0,0-0,5% trong luqng/thé tich), canxi carbonat (0,5%
trong lwong/thé tich), amylaza (0,02-0,06% trong lugng/thé tich), kali hydroxit (0,05%
thé tich/thé tich), diu thuc vat (0,5-2,0% thé tich/thé tich), chat khir tao bot, va nuéc dén
lugng vira di. Cac thanh ph?m dugce thém vao theo thi tu dugc liét ké. Thém nudc vao
c4c thanh phin nay sau d6 gia nhiét dén 70-90°C dé cho phép enzym pha v& phirc
carbohydrat trong 15 phut & nhiét d6 nay. Thém cac thanh ph?m con lai, didu chinh do
pH dén 6,6-6,8, va thém nudc dén lugng vira du, vo tring & 125°C-128°C trong 25-50
phiit d v6 tring méi trudng. Lam mat mdi trudng dén 25°C-32°C, va thém nudc vira di

dén thé tich ché bién.
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Chuyén c4c thanh phan tir thiét bi 1én men hat gidng vio moi trudng 1én men
chinh va cai dat thibt bi 1én men theo cac didu kién sau: nhiét 46 28°C+3°C, toc d¢ thong
khi 20-60 Nm3/phut, ap suit bén trong 0,1-1,0 kg/cm2, tdc dd khqu tron twong duong
v6i khoang 1,85 kW/m3. Téc d¢ thong khi, ap sut bén trong va tdc do khudy trén dugc
didu chinh dn tdc @5 cAn dé dam bao oxy hoa tan khong phai 12 téc do gidi han xéac
dinh. Kiém so4t tao bot cAn than trong sudt chu trinh dé tranh nhidm ban hoic tranh that
thoat. Bat diu kidm soat d6 pH sau khi nhu cau oxy ting 1én. C4c thong s6 sau duoc
kidm soat va/hodc dwoc gidm sat trong sudt chu trinh 1én men: d pH, su thong khi, oxy
hoa tan, CO2, 0 nhét, do tinh khiét, toc dd khqu tron, ap suét bén trong, va dudng du.
Duy tri d6 pH & 6,8 cho dén khi vi khuén dimg phat trién, sau d6 cho phép d6 pH thay
dbi tw nhién cho dén khi thu hoach. Chu trinh 1én men dién hinh 14 210-300 gid. Mai
tredng nudi cdy san sang dé thu hoach khi higu lyc 16n hon 5000 pl/L, d6 pH ting lén

dén 7,5 hodc cao hon, do nhét gidm, va nhu ciu oxy dirng.

Thu hoach qua trinh 1én men bang cach gia nhiét méi trudng nudi cay dén 70°C

trong 30 phut dé bt hoat vi khuén, va sau d6 1am nguéi dich thu hoach dén 25°C-32°C.

Trong mot so vi dy, viée xir Iy xudi dong bao gom viéc loai nuéce ra khoi sinh

khéi, 1am kho sinh khdi va tao cong thirc sinh khdi kho thanh dang tron trude.
Nop Iuu vat liéu sinh hoc

Céc vat lidu sinh hoc sau dugce ndp luu theo Hi€p ude Budapest véi Trung tim

luu gift gidng nudi cdy Hoa Ky (American Type Culture Collection), va c6 cac s6 hiéu

luu gift sau:

Vat nop luu S4 hiéu dang ky Negay ndp luu
BM38-2-18pfrd PTA-124007 02-03-2017
BM38-2-24/16 PTA-124006 02-03-2017

Céc chung ¢ trén da dugce ndp luu trong cac didu kién nhim dam bao rang c6 thé
tiép can dwoc quy trinh nudi cdy trong qua trinh chua xit Iy don patent nay cho nguoi
duoc quyét dinh béi Uy vién hoi ddng Sang ché va Nhan hiéu (Commissioner of Patents

and Trademarks) dugc trao quyén theo diu 37 C.F.R. §1.14 va 35 U.S.C. §122. Céc vat
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nop lru thé hién quy trinh nudi cdy gn nhu tinh khiét so véi cac ching duge ndp luu.
Céc vat ndp luu c6 gia tri theo yéu ciu clia ludt patent ngude ngoai & cac nudce trong d6
cac don ddng dang, hodc don tich cua né duge ndp. Tuy nhién, can hiéu rﬁng tinh kha
dung cua vat ndp luu khong tao ra li-xdng dé thyc hién sang ché trong viéc xam pham

quyén patent do chinh pht cép.

Céc vi du khong gidi han sau duge dua ra nham minh hoa cac dau hi¢u va/hodc
phuong 4n cu thé xac dinh. Céc vi du nay khong dugc coi 1a lam gi6i han séng ché & cac

dAu hidu va phuong 4n cu thé duge md t nay.
Vi du thyce hién sang ché
Vidul
Vit lidu va phuong phap dé san xut Enduracidin ting cudong
Vi dy ndy dé xuét phuong phap dién hinh dé san xuit enduracidin ting cudng.
Chung vi khuén, plasmit, fosmit va diéu kién nudi céy.

Streptomyces fungicidicus B-5477 (ATCC 21013) va Escherichia coli S17-1
(ATCC 47055) duge mua tr ATCC. Ching S. fungicidicus BM38-2 (ATCC PTA-
122342) va cac mau chudn enduracidin A va B duge cung cap boi Intervet/Merck
Animal Health (MAH). C4c chung E. coli DH50 (Life Technologies, Inc.), EPI300
(Epicentre) va XL10-Gold (Stratagene) dugc st dung lam vat chii cho plasmit, fosmit
E. coli va vecto con thoi E. coli-Streptomyces. Cac plasmit pSET152 (Bierman et al.,
Gene 116: 43-49, 1992, toan bd ndi dung cua tai lidu nay dugc két hop & day dé tham
khao) va plJ773 dugc cung cap boi Gido su Keith Chater (JIC, Norwich, UK). Plasmit
pWHMS860 mang gen khéi diu ermE*p duge cung cip boi Gido su Bradley Moore
(UCSD, San Diego). ISP2 (M#i trudng ISP Difco™?2 - Difco™ ISP Medium 2), ISP4
va TSB (Mbi trudng canh dau twong trypsin Bacto™-Bacto™ Tryptic Soy Broth) dugc
mua tt VWR. Céc doan mdi duge sir dung cho PCR va x4c dinh trinh ty ADN duoc

tdng hop tir Fisher and Sigma-Aldrich. Méi truong va didu kién nudi cdy dé sinh truong
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S. fungicidicus dugc md ta boi Higashide et al. (Journal of Antibiotics, 21:126-137,
1968). T4t ca cac quy trinh E. coli déu dugc thuc hién theo protocol chuén.

Phén 1ap va thao taic ADN

DPé didu ché ADN bd gen tir S. fungicidicus B-5477, BM38-2 (ATCC PTA-
122342) va cc chung din xuét tai td hop va dot bién dé xac dinh trinh ty, cau tric thu
vién fosmit, tach dong phu va PCR, céc bao tir vira thu hoach dugc tir cic ching riéng
& dugce U va sinh truong trong 100 mL mdi trudng 1éng TSB ¢o6 bd sung 5 mM MgCl,
va 0,5% glyxin. Quy trinh nudi ciy dién hinh dugc thuc hién trong binh Erlenmeyer
500 mL trén thiét bi & 4c tron & 225 rpm va 30°C trong 48 dén 72 gid. TE bao s¢i ndm
duge thu hoach bang cach ly tAm & 4000 rpm va 4°C trong 15 phut. Dich nbi duoc loai
b6 va vién can lan luot duge rira mot lan béng 10,3% sucroza va hai lan br?mg 10 mM
Tris-HCI va 1 mM dinatri EtylenDiaminTetra-Axetat (EDTA), pH 8,0 (dung dich dém
TE). Té bao uét, twong dwong véi thé tich 80 uL nudc duge phan bd vao dng vi ly tam
v6 tring 1,5 mL. Sau khi b6 sung 300 pL dung dich phén giai chira 200 pL Tris-HCI
10 mM va EDTA 1 mM, pH 8,0 va sucroza 0,3 M (dung dich dém TES), 50 uLL EDTA
0,5 M, 50 uL lysozym (50 mg/mL), dng dugc i & 37°C trong khoang tir 30 dén 60 phut
cho dén khi dung dich tré nén nhét. Tiép theo, 5 uL proteinaza K (20 mg/mL) va 180
uL natri dodexyl sulfat (SDS) 10% dugc bd sung vao mbi dng. Sau khi tron nhe ma k§
ludng, dung dich duge G ¢ 37°C trong 90 phut. Tiép theo, 80 uL Xetyl Trimetyl Amoni
Bromua (CTAB) 10% duge b sung. Sau khi tron k¥, 6ng dugc 1 6 65°C trong 10 phut.
Dung dich dugc chiét hai 1an bang 600 uL phenol/clorofom/rugu isoamylic (25/24/1).
ADN hé gen trong cic pha nude phia trén dugce thu hdi va duge két tua béng 0,6 thé
tich isopropanol. ADN hé gen da thu hoach dugc rira hai 14n bang 70% etanol. Sau khi
sdy kho & nhiét d§ trong phong trong 10 phit, ADN hé gen dugc hoa tan trong 50 dén
100 pL nudc vo trung. Chét lugng cao cua ché phém ADN hé gen dugc xac nhan bf?mg
cach cat bang HindIII va Sau3 Al cho thiy cét hoan toan va khong c6 sy phan hity ADN
hé gen khong cit nhd dién di trén gel agaroza 0,8%. ADN hé gen hén hop duoc cit tiép
bing RNaza dé loai b6 ARN 14n vao. D§ tinh khiét va lugng ADN hé gen dugc xéc
dinh bing quang phd ké Nanodrop. C4c thao tdc ADN streptomycete chung bao gém
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dién di trén gel agaroza dugc thyc hién va kit QIAprep Spin Miniprep (Qiagen) dugc
stt dung dé didu ché plasmit va fosmit tir cac ching E. coli. Cac endonucleaza gidi han,
ADN ligaza, ADN polymeraza, transposaza, enzym Klenow, phosphataza kiém va
ligaza dugc mua tir Biolabs, Invitrogen, Epicentre and Roche, va dugc st dung theo
khuyén cdo ciia nha san xuat. Cac manh ADN dugc tinh ché bang cach st dung kit

QIAquick Gel Extraction.
PCR

PCR khuén lac duge thuc hién nhu sau: bao ti tix cac khuén lac tuyén chon dot
bién ddc 1ap duoc G trong moi trudng nudi ciy 1ong TSB. Sau khi sinh trudng trong 48
dén 72 gio, hé soi ndm dugc thu hoach béang cach ly tim va dugce rira hai 14n bang dung
dich dém TE (10 mM Tris, 1 mM EDTA), pH 8,0. Hé s¢i nim dugc tao huyén phu lai
trong H>O v tring va dugc sit dung 1am khudn trong hén hop phan tmg PCR véi thé
tich cubi 100 uL chira 60 uL hé soi nam, 150 pmol mdi moi, 20 uL dung dich dém A
gidu GC 5X AccuPrime (Invitrogen), va 1 uL Polymix (dugc bd sung & 80°C) tir hé
théng Expand long template PCR (Roche). PCR dugc thuc hi¢n nhu sau: 1 chu ky ¢
95°C trong 3 phut, 30 chu ky & 95°C trong 1 phut, 6 55°C trong 1 phut, va & 72°C trong
2 phut. Phan ung dugc két thic bang mdt chu ky kéo dai & 72°C trong 10 phut. San
phédm PCR duoc tinh ché trén gel va dugc x4c dinh trinh tw. PCR tong quét dugc thyc
hién twong tu nhu d3 mo ta & trén, chi khac & chd ADN hé gen, ADN plasmit/fosmit
phan 13p dugc duge st dyng lam khuon thay vi st dung tryc tiép ADN giai phong tir

cac khudn lac hé soi nAm ma khong tinh ché trude.
Chu trtic plasmit biéu hién hop nhét pXY152-endorf24

Dé biéu hién 16ch vi gen diéu hoa gia dinh o724 tr cum gen enduracidin & cac
ching S. fungicidicus kiéu dai va BM38-2 (ATCC PTA-122342), orf24 dugc tich
dong trong plasmit hgp nh4t pXY152 c¢6 ngudn gbe tir pXY152aR20 (Yin et al., J.
Natural Products, 73: 583-589, 2010, toan bd ndi dung cua tai liéu nay dugc két hop
& day dé tham khao) orf24 dugc khuéch dai bang PCR tir ADN hé gen S. fungicidicus
bang cach sir dung doan moi xudi (End24Ndpf: 5'-
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CCACCACATATGGAAATAAGTTCGCTCTCCA-3' (SEQ ID NO:1, vi tri Ndel
duoc in dam) va doan mdi ngugc (End24ERpr:5'-
GTGTGTGAATTCCTCGTTCACCCGGCCAGATG-3'(SEQ ID NO: 2, vi trf
EcoRI dugce in ddm). San pham PCR duoc cét bing Ndel va EcoRI. Tiép theo, manh
orf24 da tinh ché trén gel dugc gén véi vecto gidi han twong tu pXY152. Plasmit thu
duogc duge ky hidu 12 pXY152-endorf24 (FIG. 2; SEQ ID NO: 3). Manh cai xen orf24
dugce xac nhan 1a khong co 161 béng cach xac dinh trinh ty.

Chu trtc plasmit pXY300-orf18ifd d& x6a doan khong lam 1éch khung dich ma orf18

pXY300-orf18ifd dugc tao céu tric bang cach tach dong hai manh nam hai bén
orfl8 va dung dé x6a doan thanh pXY300, mdt vecto con thoi nhay nhiét kiéu tiép hop
E. coli-Streptomyces chlta gen khang thiostrepton (tsr) dé chon loc trong S. fungicidicus.
Trinh tu ndm hai bén “nguge” 2 kb va “xudi” 2 kb, 1an lugt duge ky higu 1a orfl 8ifdNP
va orfl18ifdPH, nim hai bén orfI18 dugc tao ra b%ng PCR bé‘mg cach st dung ADN hé gen
S. fungicidicus 1am khuon va hai bd doan mdi. Manh orf18ifdPH dwge khuéch dai bang
cach st dung céc doan mdi xubi va nguoc (Ifdenorfl8pfl, 5'-

TTATTGAAGCTTGCCGGGGCCGACGCGGCGGGCGGCCT-3'

(SEQ ID NO: 4), Ifdendorf18prl, 5'-
GTTGTTTTAATTAAACACCAGGCCTCCTGGGGTG-3’

(SEQID NO: 5), cac vi tri HindIII va Pacl dugc in ddm). Méanh orf18ifdNP dugc khuéch

dai bing cach st dung cac mdi xudi va nguge (Ifdendorfl 8pf2, 5’
-TTTATATTAATTAATGACCCTTCCGTCCCGCCCCCGAT-3'
(SEQ ID NO: 6), Ifdendorf18pr2, 5'

- TTTGGTGCTAGCTGGTCGTGGCGCTGTTCC-3'

(SEQ ID NO: 7), céc vi tri Pacl va Nhel dugc in ddm). Hai manh PCR nay duge gisi
han thich hop va dugc gan ddng thdi véi vecto pXY300 didu ché duoc bing cach cat
bang Nhel va HindIll, thu duge plasmit pXY300-orfl8ifd (FIG. 3; SEQ ID NO: 8). Doan
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cai xen x6a doan khong lam 1éch khung dich ma khong 16i pX'Y300-orfl8ifd dugc xéac
nhan b'fmg céach xac dinh trinh tu.

Chu trac plasmit pKS-T-orf18pfrd-AmR dé x6a doan orf18 va cac vung hai bén cta

no.

Manh oriT duge khuéch dai bing PCR tir plasmit pIJ773 bang cach st dung mdi
xudi (Oritnhexbahd3f, 5’

-AGCACAGCTAGCTTCTAGAAGCTTCATTCAAAGGCCGGCA-3' (SEQ ID NO:

9), vi tri HindIII dugc in dam) va mdi nguge (Oriterlpstxhor, 5’

-GCCAGTGAATTCTGCAGCTCGAGCAGAGCAGGATTCCCGTTGA-3' (SEQ ID
NO: 10), vi tri Xhol duge in ddm). Ménh oriT dugce cit bang HindIIl va Xhol, dugc tinh
ché trén gel va tiép theo dugc gan vio vecto gi6i han twong tu dan xuét pBluescript II
KS thu dwgc plasmit pKS-T (Alting-Mees and Short, Nucleic acids Research, 17: 9494,
1989). Manh cai xen ciia plasmit pXY300-orfl8ifd dugc cit ra bing cach cat bng Nhel
va HindIIl, duge tinh ché trén gel va tiép theo dugc gin véi plasmit pKS-T da chuyén
thanh mach thang nhd N#el va HindIII thu dugce plasmit pKS-T-orfl8ifd (FIG. 4; SEQ
ID NO: 11). Manh 1 kb mang aac(3)IV, gen khang apramycin (amR), dugc khuéch dai
tr plJ773 bang cach st duyng doan mdi xudi (ApraNcolpf, 5’-
GAATGGCCATGGTTCATGTGCAGCTCCAT-3’ (SEQ ID NO: 12), vi tri Ncol dugc
in dam) va doan mdi nguoc (ApraBamHIpr, 5°-
TCTCGAGGATCCGAATAGGAACTTCGGAAT-3’ (SEQ ID NO: 13), vi tri BamHI
dugc in dam). Viée cit manh AmR va plasmit pKS-T-orf18ifd b%ng Ncol va BamHI tao
ra cd manh cai xen va vecto dung dé gén. Plasmit thu duogc duge ky hiéu 1a pKS-T-

orf18pfrd-AmR (FIG. 5; SEQ ID NO: 14).

CAu tric plasmit pKS-T-orfl8ifd-AmR(NS) dé x6a doan khong 1am 1éch khung dich
ma orf18.

Manh cai xen pXY300-orf18ifd dugc cét ra bing cach cét bang Nhel va HindIll,

duoc tinh ché trén gel va tiép theo duge gén véi vecto pBluescript IT KS da chuyén
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thanh mach thing nho Spel va HindIlI tao ra plasmit pKS-orf18ifd. Manh oriT duge
khuéch dai bing PCR bing céch st dung doan mdi xudi (Oritnhexbahd3f, 5°-
AGCACAGCTAGCTTCTAGAAGCTTCATTCAAAGGCCGGCA-3’ (SEQ ID NO:
15), vi tri Hindlll dugc in ddm) va doan moéi nguoc (oriTXhNdSpr, 5°-
AGGCAGCTCGAGCATATGACTAGTCAGAGCAGGATTCCCGTTGA-3’(SEQ
ID NO: 16), c4c vi tri Xhol, Ndel va Spel dugc in dam). Manh oriT dugc cht béng Xhol
and HindITl, dugc tinh ché trén gel va tiép theo dugc gan véi plasmit gisi han twong tu
pKS-orf18ifd thu dugc plasmit pKS-orf18ifd-T. Méanh 1 kb mang gen aac(3)IV tao tinh
khang apramycin (AmR) dugc khuéch dai tir pII773 bang PCR bang cach sir dung doan
moi xudi (ApraNdepf, 5’- GAATGGCATATGGTTCATGTGCAGCTCCAT-3" (SEQ
ID NO: 17), vi tri Ndel dugc in ddm) va doan mdi ngugc (ApraSpelpr, 5°-
TCTAGAACTAGTGAATAGGAACTTCGGAAT-3’ (SEQ ID NO: 18), vi tri Spel
duoc in dam). Plasmit pKS-orf18ifd-T dugc chuyén thanh mach thing bing céch cat
bing Ndel va Spel va tiép theo dwoc gin véi manh giéi han twong ty AmR tao ra plasmit
pKS-orf18ifd-T-AmR(NS) (FIG. 6; SEQ ID NO: 19).

Céc quy trinh tiép hop lién giéng, 1am dit quang gen trén co s& pXY300 va trén co s&
pKS.

Céc plasmit dat quing gen duge dua riéng 1€ vao E. coli S17-1 béng cach bién
nap va tiép theo dwgc chuyén sang S. fungicidicus hodc dan xuét ctia né nhd tiép hop.
No6i vén tét, cac bao tit S. fungicidicus vira thu hoach duge cho nay mam trudc va té
bao E. coli S17-1 dugc sinh truéng qua dém & 37°C trong moi truong canh Terrific.
Céc dung dich pha lodng theo bac ciia huyén phi bao tir nay mam duoc tao ra va 100
mL mdi dung dich pha lodng ndy dugc tron voi thé tich bang nhau cta E. coli S17-1
mang plasmit dut quing trén co sé pXY300. Cac dung dich dugc cdy 1én dia thach
ISP4 ¢6 bd sung 10 mM MgCl, va dugc U trong 22 gidr & 30 hodc 37°C. MBbi dia duoc
pht 3 mL thach dinh dudng mém chta natri nalidixat va apramycin (0,5 mg/mL) va
duge U tiép ¢ 30°C trong khoang 1 tuln. Céc thé tiép hop ngoai phan 1ap dugc ma song
sét qua viéc chon loc bang chit khang sinh dwoc tinh ché bang cich cAy vach trén dia

thach ISP4 ¢ bd sung natri nalidixat va apramycin (50 pg/mL each).
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Dé thuc hién nghién ctru 1am dut quing gen bang plasmit trén co s pX'Y300,
céc thé tiép hop ngoai trudc hét dugc nudi cdy trong méi truong léng TSB chira
apramycin (5 pg/mL) & 30°C trong 24 gio ma tai thoi diém d6 hé soi ndm dugc thu
hoach, dugc 1am ddng nhét va duoc sir dung dé 0 mdi trudng long TSB c6 bd sung
apramycin (5 pg/mL). Sau 3-6 ngay 0 6 40°C, hé s¢i nim dugc lam ddng nhét va duoc
ciy 1én dia thach ISP4 chia apramycin (50 pg mL) va duge u ¢ 30°C trong 1 tuan.
ADN hé gen dugc phan 1ap tir cac khuan lac sdng sot riéng 1& dugc chon loc ngiu nhién
va dugc phan tich br?mg PCR hojc thAm tach Southern dé x4c nhan rang sy dit quing
chéo don hodc kép di xay ra. Ddi véi cac plasmit dit quing gen trén co s pKS va xo6a
doan khong lam 1éch khung dich ma, cac thé tiép hop ngoai dugc cho qua ba vong
lién tiép trén dia thach ISP4 dé tao bao tir ma khong bd sung bude chon loc khang sinh
bit ky dé kich thich qué trinh chuyén héa thanh cac thé tai td hop chéo kép. Céc thé
tiép hop ngoai trén co s& pKS khong duge cho qua budc chon loc nhigt d§ 40°C. Céu
tric chinh x4c cua tat ca cac thé dot bién déu duge xac nhan béng PCR va/hodc phan

tich thAm tich Southern.

Céu trac plasmit biéu hién hop nhét pXY152-endorf24-camtsr va pXY152-endorf24-
blatsr.

Dé bidu hién 1éch vi orf24 trong thé dot bién khang apramycin mang doan x6a
orf18 va cac vung hai bén cua no, plasmit biéu hién hop nhit pXY152-endorf24-blatsr
dugc thiét ké. D& tao cAu tric plasmit ndy, casset (camtsr) mang gen khéng
cloramphenicol va gen khéang thiostrepton (ts7) duge cét ra tir dan xuét plasmit pUC57
bing cach cit bang Sacl va Nhel. Tiép theo, casset camtsr dugc gén véi plasmit
pXY152-endorf24 da chuyén thanh mach thing bang Sacl va Nhel thu dugc cAu tric
méi pXY152-endorf24-camtsr (FIG. 7; SEQ ID NO: 20). Gen khang ampicillin (bla)
duoc khuéch dai bang PCR tir pBluescript KS bing cach st dung doan mdi xudi
(amp2956Swalpf, 5'-GTGGCAATTTAAATGGAAATGTGCGCGGAA-3' (SEQ ID
NO: 21), vi tri Swal dugc in dam) va doan mdi nguoe (ampl1973Saclpr, 5'-
TATATAGAGCTCAACTTGGTCTGACAGTTAC-3' (SEQ ID NO: 22), vi tri Sacl

dugce in dam). bla tiép theo duogc tach dong vao cac vi tri Sacl va Swal cta pXY152-
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endorf24-camtsr dé thay thé casset camtsr bang blatsr. Plasmit bidu hién tiép hop thu
duoc duge ky hiéu 1a pXY152-endorf24-blatsr (FIG.8; SEQ ID NO: 23).

CAu trtc casset TnSAT dé gay dot bién gen nhay in vitro

Casset TnSAT duge thiét ké dé két hop ba yéu t6 di truyén: gen nhay TnS, oriT
va aac3(IV). Tn5 duge nhan biét dic hiéu va duy nhét bang Tn5 transposaza (Epicentre)
va d& dang cai xen vao ADN giau G + C cua Streptomyces da tach dong trong plasmit
va fosmit cua E. coli (cling tham chiéu dén patent M s6 8,188,245 duoc dua vao dé
tham khao). oriT can cho viéc chuyén tiép hop ADN tir E. coli S17-1 sang Streptomyces
va aac(3)IV 1a chit danh dau chon loc hai chitc ning E. coli-Streptomyces tao tinh
khang apramycin. Ca oriT va aac3(1V) déu dugc cdt ra tir plasmit plJ773 duéi dang
ménh Xbal va tiép theo duge tach dong vao plasmit cho gen nhay pMOD™-2(MCS)
(Epicentre), dugc chuyén thanh mach thing truéc d6 bang Xbal. Plasmit thu dugc
pXYTn5ATa va pXYTn5SATb chi khac nhau boi huéng clia manh Xbal va dugc su
dung dé didu ché casset TnSAT bing cach cét bang Pvull theo huéng din ciia nha san

xuat.

Dot bién gen nhay in vitro va chon loc fosmit duge giy dot bién pXYF24D3 va
pXYF148D12

D& tao ra thu vién fosmit duge gy dot bién nghu nhién mang céc doan cta
cum sinh téng hop enduracidin cho nghién ctru thay thé gen, nghién ctru dot bién cai
xen gen nhay in vitro clia fosmit pXYF24 va pXYF148 duoc thuc hign. Hai gen didu
hoa sinh téng hop enduracidin gia dinh, orf18 va orf24, 14n lwot ndm trén cac doan cai
xen cua fosmit pXYF24 va pXYF148 (s§ hiéu luu giit Ngan hang gen DQ403252).
Phan g gen nhay in vitro dugc thyc hién ¢ 37°C trong 2 gio sau khi tron 10 pL (0.5
ug) ADN khuén fosmit, 2 pL (20 ng) ADN casset TnSAT, 2 pL 10 x dung dich dém
phan tng, 1 uL TnS transposaza va 5 puL nudc vo trung. Bién nap té bao c6 hiéu luc
ctia E. coli EPI300™-T1R (Epicentre) bang hdn hop phan ting gen nhay dugce thyc hién
bang dién di. Fosmit dugc gy dot bién duoc chon loc trén dia thach LB c6 bd sung

100 pg/mL apramycin. Dia dugc U qua dém & 37°C va cac khuin lac sdng sét dugc
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chon ngAu nhién va dugce sinh trudng trong méi treong 16ng LB ¢6 b sung 100 pg/mL
apramycin. ADN fosmit duoc gy dot bién tir cac khudn lac nay va fosmit d6i chimg
pXYF24 hoic pXYF148 dugc cht bing HindIII va duge phan tich bang dién di trén gel
agaroza 1%. Casset TnSAT chua vi tri HindIII duy nh4t ma hitu ich khi sang loc mot
so voi nhiéu sy kién dut quing qua doan cai xen fosmit. Khong ¢6 vi tri HindIII nao ¢
mit trong c4c doan cai xen fosmit pXYF24 hay pXYF148, va chi c6 mdt vi tri HindIII
c6 mit trong vecto fosmit. Do d6, viéc cét bang HindIIl dé dang nhan dién fosmit c6
doan cai xen TnSAT duy nhét bang su c6 mit clia hai bing trong gel. Céc khuén lac
mang fosmit dugc gay dot bién c6 doan cai xen gen nhay duy nhit duge chon ngiu
nhién va dugc sinh truéng trong moi trudong long LB cho phép phén 1ap va nhén dién
fosmit c6 gen dut quang. Viée sang loc dugce thyc hién bang cach phan tich trinh ty
bing cach sir dung doan mdi 5'- AAGGAGAAGAGCCTTCAGAAGGAA-3' (SEQ ID
NO: 24), twong tmg véi ving gen khang apramycin. Theo cach nay, fosmit pXYF24D3
va pXYF148D12 duge phat hién 1a ¢6 TnSAT duge cai xen 1an lugt vao orfl18 & vi tri
nucleotit 26386 va orf24 & vi tri nucleotit 34333 (s6 hiéu luu gitt Ngin hang gen
DQ403252).

Dt quang doan cai xen orf18 va orf24 trong S. fungicidicus kiéu dai ATCC 21013.

Fosmit thay thé gen pXYF24D3 va pXYF148D12 dugc bién nap riéng 1& vao
E. coli S17-1 bing c4ch dién di va tiép theo dugc dua vao S. fungicidicus bang tiép hop
lién giéng (Mazodier et al., J. Bacteriology 171: 3583-3585, 1989, toan bd noi dung
clia tai lidu nay duge két hop & ddy dé tham khao). Cac khuén lac tiép hop ngoai séng
s6t sau qua trinh chon loc apramycin dugce cho qua ba vong tao bao tr lién tiép ma
khong chon loc khang sinh trén dia thach ISP2 d? tao ra chiing dot bién 6n dinh thong
qua sy tai to hop tuong ddng chéo kép. Cac bao tir thu duge dugc gom lai, pha lodng
va cdy lén dia thach ISP2 ¢6 bd sung 50 pg/mL apramycin dé xac nhan tinh khang
apramycin va dé dung trong nudi cy hat gidng va 1én men san xuét enduracidin. Chiing
dot bién c6 dit quang doan cai xen orf18 trong S. fungicidicus kiéu dai dwogc ky hiéu 1a
SfHpXYF24D3 va ching 4ot bién c6 dut quang doan cai xen orf24 trong S. fungicidicus
kiéu dai dugc ky hidu 1a SfpXYF148D12.
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San xut enduracidin trén quy mé phong thi nghiém va trong binh 1én men 10 L.

CAc didu kién 1én men trong binh lic phong thi nghiém cho qué trinh san Xuét
enduracidin & S. fungicidicus kiéu dai, BM38-2 (ATCC PTA-122342) va céc ching
din xuét 13 nhu duoc mb ta boéi Higashide et al. (J. Antibiotics, 21: 126-137, 1968)
ngoai trir moi trudng san xut enduracidin dugc bdc 16 trong patent (Patent M§ s
4465771). D& 1én men trén quy md phong thi nghiém, 5 mL TSB duoc sir dung dé ciy
gidng hat c6 bao tit streptomycete vira thu hoach. Thuong l1a tir 5 dén 10 mL gidng hat
duogc  trén thiét bi lac quay tron véi tdc do 225 rpm va & 30°C trong 48 gid va tiép
theo dugc chuyén sang moi truong san xuét enduracidin 50 mL trong 10 ngdy 1én men
lién tuc. Viéc san xut enduracidin bang cac ching kidu dai va din xuét trong cac diéu

kién kiém soat chit ché ciing dugc thyc hién trong thiét bi 1én men ty dong 10 L.

Bang 2: So sanh hiéu sudt enduracidin (enramycin) & cac ching Streptomyces

fungicidicus kiéu dai, dot bién va dwoc thao tc di truyén

Chung S. fungicidicus Diéu kién 1én men Hiéu sudt (HPLC)
Kiéu dai (ATCC21013) | Binh lac 5-30 mg/L
BM38-2 Binh lic 60-90 mg/L
SfpXY52endorf24 Binh lic 60 mg/L
SfpXYF24D3 Binh lic 40 mg/L
BM38-2.0rf18pfrd-AmR | Binh lc 67 mg/L
BM38-2.24/16 Binh lic 30-130 mg/L
BM38-2 Thiét bj 1én men 10L | 80-145 mg/L
BM38-2.24/16 Thiét bi 1én men 10L | 375 mg/L

Chiét enduracidin tir san phdm 1én men cho phén tich HPLC.
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Dé chiét cc chit chuyén héa cho phan tich HPLC v& su san xuat enduracidin,
hé sgi ndm méi duge thu hoach bang cach ly tim va dugc rira bang nudc di loai ion va
duogc tao huyén phu lai trong 5x thé tich (ty 1& metanol trong nudc (mL) so v6i trong
lrgng hé sgi nim uét (g)) 70% metanol trong nude (pH duge diéu chinh dén 3,5 bing
1 N HCI). Huyén phu duoc lac véi toe dd 200 rpm & nhiét do trong phong qua dém va
tiép theo dugc ly tAm véi tdc @6 4000 rpm va & 4°C trong 20 phut. Tiép theo, 1,4 mL
dich ndi tir mdi mau duoc chuyén sang céc 6ng vi ly tim 1,5 mL riéng r& va dugc ly
tam vé&i toc do 13000 rpm & nhiét d§ trong phong trong 10 phut. Phéan loc duge cho qua
b6 loc dng tiém 0,22 pm va tiép theo duge phan tich bing HPLC. Viéc chiét chit chuyén
héa tir hé soi nAm thu dugc trong thiét bi 1én men 10 L duogc thuc hién trén quy mo nho

twong duong v6i 1én men trong phong thi nghiém.
Phén tich HPLC va x4c dinh hi¢u suat enduracidin.

50 uL mAu HPLC didu ché nhu ¢4 mo ta & trén dwgc bom 1én cot Gemini Cis (5
um, 4,6x150 mm, Phenomenex, Torrance, CA) gén v6i Shimadzu HPLC. Viéc tach dat
dugc bang cach sir dung gradien tuyén tinh theo bac 18 phit véi dung médi A: nude +
0,1% TFA va dung mi B: axetonitril. Luru lrong 13 1 mL/phtt bat dau bang 10% B,
gia ting dén 40% B trong 10 phut, va tiép theo gia tang tiép dén 95% B trong 8§ phit.
Ving UV tir 200 dén 300 nm duge quét béng bo do mang diot phat quang SPD M20A.
Hiéu sut enduracidin duoc tinh béng cach so sanh véi dudng cong chuin dugc v8 tir
dung dich géc enduracidin chudn trong 70% metanol. Loat bom bao gém 2,4,6,8,10
va 12 pg enduracidin dugc st dung dé v& duong cong chuin bang cach sir dung tbng
dién tich hip thu d6i v6i cac enduracidin A va B ¢ 230 nm. Phwong trinh hdi quy duogc

tao ra tir dudng cong chuan va dugc sit dung dé tinh hiéu suét enduracidin.
Danh gi4 hoat tinh khang khuén.

Staphylococcus aureus (ATCC 29213) duge str dung lam vi sinh vét chi thi trong
thir nghiém sinh hoc. Cac té bao duoc sit dung dé céy moi truong canh LB, dugce sinh
tredong & 37°C qua dém, va tiép theo 100 xL mdi trudng nudi cay duoc tron véi 5 mL

16p thach trén cting (hdn hop gdm c4c thé tich bing nhau cua thach dinh dudng va méi
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trudmg canh dinh dudng). Lép thach trén ciing duge phu 1én dia thach dinh dudng trong
d6 céc giéng c6 khoang céach thich hgp dugc tao ra bang cach cit cac niit thach. Céc
mAu chuén enduracidin va cac ph?m mAu chiét nudi céy dugce hoa tan hodc dugc pha
lodng trong MeOH 50% & ndng d 20 yg/mL, va 100 uL mdi dung dich dugc nap vao
céc giéng. Sau khi i dia & 37°C trong 16 giv, cac vung trc ché duoc quan sat va so sanh,

va cac dia dugce chup anh hodc duge bao quan ¢ 4°C.
Vidu2

Lam dt quing orf18 va orf24 trong S. fungicidicus kidu dai va anh huong dén viée san

xuat enduracidin

Vi du ndy mé ta viéc lam dut quing orf18 va orf24 trong S. fungicidicus kiéu dai

va anh hudng dén viéc san xuat enduracidin.

Trinh tu ADN 116000 bp ttr S. fungicidicus kiéu dai ATCC 21013 mang cym gen
sinh téng hop enduracidin va cac ving hai bén cta n6 (Patent My s6 8,188,245, toan b
ndi dung cua tai liéu nay dwgc két hop & ddy dé tham khao) duoc nhén dién trude d6 va
c6 thé sir dung trong Ngan hang gen (s6 hiéu luu gitt DQ403252). Trong s6 48 orf duoc
chu thich ¢6 8 gen didu hoa gia dinh: orf3, orf12, orf18, orf22, orf24, orf41, orf42 va
orf43. Dé giai ma vai trd cia mdi san phim gen trong san xuét enduracidin, cac doan cai
xen fosmit mang cic doan cua cum enduracidin chira cac gen didu hoa gia dinh nay dugc
gdy dot bién ngiu nhién bang cach sir dung phuong phap cai xen qua trung gian gen

nhay gen chi thi khang apramycin nhu dwgc mo ta trong Vi du 1.

Budce sang loc tiép theo v& tinh khang apramycin va vi tri cai xen trong s6 cac
khuén lac E. coli mang cac fosmit duge gy dot bién nhan dién pXYF24D3 mang orf18
dat quiang va pXYF148D12 mang orf24 dut quang. Dot bién cai xen duy nhét trong mdi
fosmit nay va vi tri cai xen dugc xac nhan béng cach xac dinh trinh ty. Tiép theo, hai
fosmit dugc gdy dot bién nay dwgc dwa riéng 1& vao ching S. fungicidicus kiéu dai bang
cach tiép hop. Tiép theo, cac thé tiép hop ngoai thé hién tinh khang apramycin dugc cho
qua ba vong tao bao tr trén thach ISP2 ma khong bd sung budc chon loc khang sinh bét
ky d& thiic ddy su chuyén héa cia qué trinh tai t6 hop twong dong chéo don thanh dot
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bién chéo kép. Cac ching dot bién 6n dinh thu dwgc SfpXYF24D3 va SfpXYF148D12
duoc 1én men trong méi trudng san xuit enduracidin (EPM) trén quy mé phong thi
nghiém trong binh lac. Phan tich HPLC d6i v6i hé soi nAm chiét bang metanol 70% tir
10 ngay 1én men cho thay higu suét enduracidin bdi ching SfpXYF24D3 c6 orf]8 bi dut
quang gia ting 1,3 1an va sy sin xuét enduracidin boi ching SfpXYF148D12 ¢6 orf24
bi dtt quing 1a mét hoan toan. Phén chiét hé soi ndm cling dugc danh gié vé hoat tinh
d6i v6i S. aureus. SfpXYF24D3 c6 orfl8 bi dit quang van gift dugce hoat tinh trong khi
StpXYF148D12 cé orf24 bi dirt quang mét hoan toan hoat tinh d6i véi S. aureus.

Vidu3

Chu trc cua chung tai to hop SfpXY152-endorf24 va anh hudng dén viéc san xuét

enduracidin

Vi du ndy mo ta viéc céu tric cla ching téi t6 hop SfpXY152-endorf24 va kha

ning ching nay tao ra enduracidin.

Viéc mat kha ning san xuét enduracidin & chung dot bién SfpXYF148D12 chi
ra vai trd didu hoa c6 thé ¢ ddi véi orf24. Tim kiém BLAST trén co s& dit lidu cta
Ngéan hang gen bang cach st dung trinh ty protein orf24 cho thiy muc gidng nhau cao
v& trinh tu so véi protein diéu hoa dic hiéu véi con dudng, StrR, protein ndy tham gia
vao qué trinh sinh téng hop streptomycin. Viée sap hang trinh tu gitta Orf24 va StrR
cho thdy céc protein nay c6 mirc gibng nhau dang k& (d6 ddng nhét axit amin 54% ,
FIG. 9). Viéc mat kha ning san xuét enduracidin khi dit quang orf24 va su gidng véi
StrR chi ra ring Orf24 c6 thé déng vai trd 1am yéu t6 hoat héa dic hiéu véi con dudng

trong san xuét enduracidin.

Dé nghién ctru vai trd ctia orf24 1am dich didu hoa duong dbi véi vide cai thién
chiing, plasmit biéu hién hop nhét pXY152-endorf24 (FIG. 2) dugc tao cAu tric (Vi du
1). Plasmit pXY152-endorf24 dugc dua vao S. fungicidicus kidu dai bang cach tiép hop
va céc thé tiép hop ngoai dugc sang loc vé kidu hinh khang apramycin, din dén nhéan
dién chiing t&i td hop méi STpXY152-endorf24. ft nhat 10 khuén lac tiép hop ngoai dc

lap tir ching nay dugc chon ngiu nhién va dugc tinh ché. Cac ching khuén lac nay
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mang plasmit pXY152-endorf24 dugc hop nhat vao vi trf a#B trén nhidm sic thé S,

fungicidicus bang cach tai t6 hop tuong ddng chéo don véi vi tri a#tP trén plasmit nay.

Dé nghién ctru cac chat chuyén héa duge san xuét boi cac ching tai td hop, cac
bao ttt tir hai chung khuin lac dugc i trong méi trudng nudi chy gidng TSB va tiép theo
duwoc chuyén sang mdi trudng san xuét enduracidin dé 1én men quy md phong thi
nghiém. Phan tich HPLC ddi v6i hé soi nim chiét bang metanol 70% cho thdy mirc san
xuit enduracidin ting hai 1an (60 mg/L) boi ca hai chung téi t6 hop so véi chung kiéu
dai (30 mg/L). Hiéu sut enduracidin gia ting quan sat dwoc & hai ching khuén lac nay
¢6 kha ning biéu hién qua mutc orf24 1a bing chimg khac v& vai trd didu hoa dwong
gen nay c6 dugc trong san xuét enduracidin va cac két qua nay 1 phit hgp véi cac két

qua thu dugc tir sy dit quang orf24 din dén mAit kha ning san xuét enduracidin.
Vidy 4

Chu trac clia ching BM38-2.24/16 biéu hién qua muc orf24 trong S. fungicidicus
BM38-2 (ATCC PTA-122342) va dnh huéng dén viéc san xuét enduracidin

Vi du ndy mé ta cdu tric cta ching BM38-2.24/16 (Nop luu ATCC s6 PTA-
124006), biéu hién qua mitc orf24 trong S. fungicidicus BM38-2 (ATCC PTA-122342)

va anh hudng dén viéc san xuat enduracidin.

Dé nghién ctru tiép vai trd didu hoa duong cia Orf24, plasmit pXY152-endorf24
duogc hop nhit vao nhiém séic thé cua chiing san xut thwong mai S. fungicidicus BM38-
2 (ATCC PTA-122342), nhu dugc md ta & trén d6i véi sinh vat kiéu dai. Viéc chon cac
thé tiép hop ngoai bidu hién kiéu hinh khang apramycin thu dugc mot s6 chung khuin
lac t4i td hop, bao gdm S. fungicidicus BM38-2.24/16, ¢6 kha ning san xuét enduracidin
& mic cao lén dén 200 mg/L (ting 3,3 14n so v6i BM38-2 (ATCC PTA-122342)) trong
céc quy trinh nudi cay binh l4c phong thi nghiém. S. fungicidicus BM38-2-24/16 dugc
chon dé danh gié tiép vé kha ning san xuét enduracidin trén co s& hiéu suét trong qui

trinh sang loc so bd.
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Su san xuét enduracidin boi ching tai to hop S. fungicidicus BM38-2.24/16
trong cac quy trinh nudi cly trong binh lic phong thi nghiém cho thy rd kha ning cai
thién dang ké so v6i BM38-2 (ATCC PTA-122342) va hiéu sut cling duoc ghi nhan
12 thay ddi 16n. D& kiém soat chit ch hon céc diu kién nudi cdy trong khoang thoi
gian sinh trudng 10 ngay, bao gdm d6 pH va oxy hoa tan ma khong dé kiém soét trong
binh l4c, sy san xut dugc danh gia qua nhiéu mé trong cac binh 1én men 10L. Trong
céc didu kién dugc kiém soét chit ché hon nay, hiéu suit 1a 6n dinh hon va trung binh
ctia ba mé 1én men 10L 12 375 mg/mL (gp 4,6 1an BM38-2 (ATCC PTA-122342)).
Hiéu suit enduracidin gia ting & ching ti td hop S. fungicidicus BM38-2.24/16 (Nop
Iwu ATCC s6 PTA-124006) ciing cb thém vai trd diéu hoa duong ting cua Orf24 trong

san xuat enduracidin.
Vidu5

Chu tric cta chimg dot bién mat doan BM38-1.18pfrd-AmR va anh huéng dén viée

san xuat enduracidin

Vi du nay mé ta cAu tric chung dot bién méat doan BM38-2.18pfrd-AmR (Nop
lru ATCC s6 PTA-124007) va anh huong dén viée san xuit enduracidin.

orf18 nim & ving ngugce dong ciia cum gen sinh tbng hop enduracidin (s6 hiéu
lwu gift Ngan hang gen DQ403252). Orfl18 duong nhu c6 vai tro 4m trong san Xut
enduracidin do sy dut quang cai xen cta gen & chung dot bién SfpXYF24D3 lam gia
tang hiéu suét enduracidin. Trén co s¢ quan st ndy, cac cAu triic dugce thiét ké dé xéa
doan orf18 mot minh va orfI8 va cac phan cla c4c ving hai bén cia né. Nham muc
dich nay, plasmit pKS-T-orfl8pfrd-AmR dugc tao cu trac (FIG. 5). Plasmit ¢6 ngudn
gbc tir vecto pKS niy khong c6 replicon cua streptomycete cling nhu khong phai yéu
t6 dé hop nhét vao nhiém sic thé cua streptomycete. N6 chi c6 thé trao d6i doan cai
xen ciia né v6i doan x4c dinh ciia ADN trong nhiém sic thé vat cha nho tai tb hop
tuong ddng chéo kép. Ban dd cai xen ctia plasmit nay dugc thé hién trén FIG. 10. orf18
va cac vung hai bén ctia n6 chtra toan b orf79 va ving ma héa phén dau tan cling N

ctia orfl7 bi x6a trong plasmit pKS-T-orf18pfrd-AmR. Nhanh trai 1-kb chira ving ma
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héa phin du tAn cing C clia orf17 va ving xudi dong ciia n6 va nhanh phai 1-kb chira
mdt phan doan orf20 ma hoa ving d4u tan cing N. Do d6, viéc x6a doan sau tai t6 hop
tuong dong chéo kép tao ra chung tai td hop ma trong d6 toan bd orf18 + orf19 va ving

ma héa phin dau tan cting N cua orf17 bi x6a va dugc thay bang gen khang apramycin.

Plasmit pKS-T-orf18pfrd-AmR dugc dua bang cach tiép hop vao S. fungicidicus
BM38-2 (ATCC PTA-122342) va téi t6 hop twong ddng chéo don va kép duge thic
ddy trén dia thach ISP4 ma khéng bd sung apramycin. Céc thé tiép hop ngoai ma c6
kha ning sbéng sét trude viée chon loc apramycin tiép theo dugc tinh ché va chiing tai
td hop méi nay dwoc ky hiéu 1a BM38-2.18pfrd-AmR (Nop luu ATCC s6 PTA-
124007). Bao tir tir ching nay dugc cdy vao méi truong TSB dé nuodi cdy hat va tiép
theo dugc chuyén vao mdi trudng san xuit enduracidin. Sau 10 ngay 1én men, hé soi
ndm duoc thu hoach, duge xtt ly va duge phén tich bang HPLC. So véi ching gbc
BM38-2 (ATCC PTA-122342), mic san xuit enduracidin ting 1,2 1dn dugc ghi nhén
tr cac mé 1én men quy mo6 phong thi nghiém nay. Hi¢u suét ting tuong d6i 14 gidng véi
hiéu suét ghi nhan dugc véi chung c6 ngudn gdc tir kiéu dai SfpXYF24D3 va két qua
chi ra rang orf19 va orfl7, nam hai bén orfI8 va bi tac dong trong cAu triic ctia BM38-
2.18pfrd-AmR, it hodc khdng anh hudng dén viéc san xuét enduracidin. Do d6, muc
san xudt enduracidin gia ting & chung tai t6 hop BM38-2.18pfrd-AmR 1a do viéc loai

bo vai tro diéu hoa am cua Orf18.

Lién quan dén viéc x6a doan orf18 mot minh véi plasmit pX'Y300-orf18ifd trong
BM38-2 (ATCC PTA-122342), cac kho khan gip phai khi chon loc dwong céc thé tiep
hop ngoai va cac thé dot bién don/kép véi gen danh diu khéng thiostrepton. Do do,
vecto thay thé pBluescript KS II dugc sir dung @2 cu trtc plasmit phan phdi thay thé
gen khong danh dAu nhu pKS-T-orf18ifd (FIG. 4) hodc pKS-orfl18ifd-T, pKS-orfl 8ifd-
T-AmR(NS) (gen khang apramycin dugc thuc hién trén vecto ny thay vi cai vao orfl8,
xem FIG. 6).
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Vidu6
Phat trién loat vecto bat hoat gen c6 ngudn gbc tir pKS, vecto pKS-T-orfl8pfrd-AmR

Vi du ndy mé ta viéc phat trién loat vecto bat hoat gen c6 ngudn gdc tir pKS

pKS-T-orf18pfrd-AmR.

Loat vecto bat hoat gen c6 ngudn gde tir pKS da dugc phat trién (FIG. 4, 5 va
6) c6 chirc ndng tiép hop va khong can qua céc thé bién nap nhd chon loc nhiét d6 cao
dé loai bo plasmit nhu cic vecto dirt quing gen khac nhit dinh can dén. Céc vecto c6
ngudn gbe tir pK'S ndy mang replicon phi-streptomycete cho phép sao chép & E. coli va
c6 thé duy tri va dugc chon loc bang gen déanh diu khang apramcyin & Streptomyces va
E. coli hodc ampicillin & E. coli. Ching san xut nhidu ban sao plasmit tai t6 hop on
dinh & E. coli cho viéc tiép hop va ching da dugc thiét ké véi mot vai vi tri gii han
hiém va duy nhit dugc tim thdy trong ADN cta streptomycete, nhw Pacl, HindIII, Nhel,
va Xbal, céc vi tri ndy c6 thé dugc sir dung thich hop dé lap rap ADN dich vao plasmit

cho céc nghién ciru dit quing gen cai va x6a doan khong 1am 1éch khung dich mé.
Vidu7

Phat trién céc vecto biéu hién gen hop nhit c6 ngudn gbc tir pSET152, pXY152-
endorf24-camtsr va pXY 152-endorf24-blatsr

Vi dy ndy mé ta viéc phat trién céc vecto bidu hién gen hop nhét c6 ngudn gbc
tir pSET152, 1a cac vecto pXY152-endorf24-camtsr (SEQ ID NO: 20) va pXY152-
endorf24-blatsr (SEQ ID NO: 23).

Hai vecto méi, pXY152-endorf24-camtsr (FIG. 7) va pXY152-endorf24-blatsr
(FIG. 8) dwoc phat trién. Ching c6 chitc ning tiép hop va hop nhét giéng nhu vecto
pSET152, vecto hop nhét duogc st dung rong rai nhét cho viéc biéu hién va bd tro gen
streptomycete. Ca hai vecto nay d&u mang mot vai vi tri gidi han hiém trong ADN cua
Streptomyces thich hgp cho viéc tach dong va 1&p rép céu tric biéu hién. Vecto
pXY152-endorf24-camtsr ¢6 thé dugc duy tri va chon loc & E. coli bing

cloramphenicol & ndng d6 12,5 pg/mL va & Streptomyces béng thiostrepton & ndng do
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50 pg/mL. Vecto pXY152-endorf24-blatsr co thé dugc duy tri va chon loc & E. coli

bang ampicillin va & Streptomyces bang thiostrepton.
Tém t&t cac vi dy tir 1 dén 6:

Thao tac di truyén cic gen didu hoa va sinh tbng hop cua Streptomyces cho viéc cai

thién ching

Trong sb céc vi sinh vét san xuét san phdm tu nhién, khoang 75% chat khéng
sinh cua vi sinh vét 1a dugc san xuét boi actinomycetes. Streptomyces, vi khuin dét
Gram duong dang soi, 13 thanh vién ctia ho actinomycete va dugc biét 14 vo dich vé
kha nang tao ra vo sb chét chuyén hoa bac hai cé hoat tinh dugce 1y va sinh hoc, da dang
vé chu truc. Polyketit duoc san xuét bing polyketit synthaza (PKS) va céc san pham tyr
nhién peptit dwoc san xuit bang peptit synthetaza ngoai ribosom (NRPS) 14 cac dai

dién.

Nghién ctru v& sinh téng hop chét khang sinh ty nhién c6 thach thitc chung nhét
dinh: truée hét, cach khic phuc mtrc san xuit thudng thip cua cac hop chit gbe hoic
duge cai bién cAu trac duoc san xuit boi cac chung kiéu dai hodc duoc thao tac di
truyén; th hai, cich hoat héa nhiéu con dudng sinh tdng hop chit chuyén héa bac hai
bi 4n hodic md cdi nhan dang duge tir c4c trinh tw hé gen dé c6 thé nghién ctru chic
nang sinh hoc cua cac san phdm nay. Tién bg trong nghién ctru sinh tdng hop chit
khéang sinh ty nhién trong hang thap ky qua chi ra rang viée san xuat chit chuyén héa
bic hai dugc didu hda boi nhidu con dudng. Vi dy, cic gen sinh téng hop tién chét va
14p rap céu triic (nhu PKS va NRPS), céc gen didu hoa va cac gen tu khang c6 thé dugc
tao cum trén nhiém sic thé vi khudn. Viéc san xuét chit khang sinh c6 thé dugc didu
hoa boi cac gen didu hoa dic hidu véi con dudng, bao gdm cac gen hoat héa va/hodc
céc gen Gic ché, cac gen didu hoa léch vi da hudng, va cac hé thng didu hoa hai thanh
phan. Cac dot bién xay ra trong gen hoic hé thong bat ky trong s6 cac gen hoic hé
théng diéu hoa nay déu c6 thé 1am gia ting, 1am giam hoic loai bo hoan toan viéc san
xuét chit khang sinh. Con dudng sinh tdng hop da hudng c6 thé duge hoat hda béi dot

bién khong dy doan duwgc din dén viéc san xuat san pham chua ting bict den trudce do.
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Viéc cai thién ching dong vai trd quan trong trong san xuét chit khang sinh hoic
céc chit chuyén héa béc hai khéac clia vi sinh vt & quy md cong nghiép c6 hidu qua
kinh t&. Céc chiing dot bién c6 thé gia ting hidu sut chat chuyén héa cu thé c6 thé dugc
tao ra nhd cac dot bién nglu nhién hodc bing cach 1am dit quang c6 chu dich cic gen
dic hiéu hoic bang cach dua (cac) gen loai bo cac diém nghén vao con dudng sinh tong
hop. Thao tac di truyén cac gen didu hoa dwong va 4m, ciing nhu cic gen sinh téng
hop, tao ra mirc san xuét chét chuyén héa béc hai dich cao hon d4 dwgc chitng minh 13

chién lugc manh mé va rat thanh cong trong cai thién ching actinomycete.

Trong ban md ta ndy, vai trd didu hoa dwong cia orf24 va vai trd didu hoa 4m
cua orf18 d6i v6i viec san xuét enduracidin di dugc chitng minh. Viéc bét hoat doan
cai xen ¢6 chu dich orf24 din dén lam mat hoan toan sy san xuit enduracidin & ching
t4i t& hop SfpXYF148D12. Viéc bidu hién qué mitc 0r/24 sau d6 dudi sy kiém soat cia
gen khoi diu co dinh manh ermE*p & céc ching tai td hop SfpXY152-endorf24 va
BM38-2.24/16 din dén hiéu suét enduracidin ting gép khoang 2 dén 4,6 lan. Viéc x6a
doan orf18 va cac ving hai bén ciia no, bao gdm toan bd orf19 va mot phén cua orfl7,
1am ting hiéu suit enduracidin 1,2 1an. Céc két qua nay cung cip bang chimg di truyén
manh mé cing ¢b vai trd cta orf24 va orfI8 lan lugt lam gen hoat héa duong va gen

trc ché 4m, trong sinh téng hop enduracidin.

Céc gen tryc giao orf24 da dugc xac nhin v& mit chte ning tir cic con dudng sinh tong
hop chét khang sinh khac

Truy van BLAST véi trinh ty protein Orf24 theo co s& dit liéu ngén hang gen
chi ra hang trim két qua ding (s6 hiéu luu gift ngan hang gen DQ403252). Nhiéu két
qua thé hién mirc giéng nhau v& axit amin rét cao (d6 ddng nhét tir 60% dén 99%) va
duge chi giai 1a cac yéu té didu hoa phién ma trong sinh tdng hop chat khang sinh
aminoglycosit streptomycin. Tuy nhién, khong c6 gen nao trong nhém gen nay c6 chirc
nang duogc xac nhan bang thuc nghiém. Phan tich két qua BLAST nhan dién dugc mét
vai protein c6 lién quan c6 chung mirc gidng nhau thap hon (d6 ddng nhét axit amin

16n hon 40% nhung nhoé hon 60%) véi Orf24 d3 duge xac dinh chirc nang. Cac protein
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ndy bao gdm protein StrR di biét rd c¢6 chung mirc gibng nhau thap hon nhung déng ké
(d6 ddng nhét axit amin 54% & 311 axit amin chdng 14p) véi Orf24. StrR d4 dugc ching
minh v& mat di truyén va sinh héa 13 hoat dong dudi dang yéu t6 hoat héa duong dic
hidu véi con dudng trong viéc biéu hién céc gen sinh tong hop streptomycin &
Streptomyces griseus. StrR dai dién cho ho yéu t6 hoat héa dic hiéu véi con dudng,
mot sb it trong s6 nay duoc xac dinh béng thao tac di truyén hoic nghién ciru sinh héa.
FIG. 11 thd hién su sép xp Orf24 véi sau protein kiéu StrR clia actinomycete da dugce
x4c dinh chirc ning. Mién lién két v6i ADN xodn-ngoit-xoan (helix-turn-helix: HTH)
dién hinh va bao toan cao c6 mit trong ca bay protein nhu duge gach chén trén FIG.
11. Orf24 ciing c6 chung mirc giéng nhau vé trinh ty ddng ké (d6 ddng nhat axit amin
54%) véi Teill5*, yéu t6 hoat hoa dic higu véi con dudng didu tiét qua trinh sinh tong
hop ciia chat khang sinh glycopeptit dugc tao ra ngoai ribosom teicoplanin. Teil5* diéu
hoa duwong qua trinh phién ma cua it nhét 17 gen trong cum teicoplanin. Actinoplanes
teichomyceticus kiéu dai tao ra khoang 100 mg/L teicoplanin trong khi cac ching tai tb
hop di truyén, c6 ngudn gbc tir A. teichomyceticus gbc va mang teil 5* duge biéu hién
dudi su kiém soét ctia cac gen khoi dau khac nhau, gia ting hiéu suét teicoplanin dén
1 g/L trong trudng hop cia gen khoi diu ermE*p va dén 4 g/L trong trudng hop cua

gen khoi diu khang apramycin nguyén ban.

Nhu duge minh hoa trén FIG. 11, Orf24 cling ¢6 chung mirc gidng nhau vé trinh
tu dang k& (46 ddng nhét axit amin 54%) véi Bbr, tir cum sinh tbng hop chét khang
sinh glycopeptit balhimycin; véi KasT (do ddng nhét aixt amin 50%) didu tiét sy bidu
hién cta c4c gen sinh tong hop chét khang sinh aminoglycosit kasugamycin; va yéu t6
hoat héa dic hiéu véi con duong NovG (d9 ddng nhat axit amin 45%) tham gia vao
qué trinh sinh tong hgp novobiocin. Thé @6t bién AnovG chi tao ra 2% novobiocin so
v6i kidu dai va sw biéu hién qué mirc novG tir plasmit nhiéu ban sao & chiing tai td hop
din @n lam ting mirc san xult novobiocin 1én 3 1in. Orf24 ciing ¢6 chung d6 dong
nhét axit amin 42% véi SgeR1, mét trong bén gen didu hoa (sgcRI, sgcR2, sgcR3 va
sgcR) duge xéac nhan bang thuc nghiém 13 tham gia vao qua trinh san xuét chit khang

sinh khang u C-1027 & S. globisporus. Sy biéu hién quéa mitc sgcR1 & S. globisporus
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SB1022 lam ting hidu suét C-1027 khoang 7 1in so véi chung kiéu dai. Sy biéu hién
qué mirc gen didu hoa duong sgcR3 & chung tai t6 hop dan dén 1am ting mtrc san xuét
C-1027 1&n 30-40%. Trai lai, sy bt hoat gen diéu hoa 4m sgcR dan dén lam ting san
xuAt ca C-1027 va heptaen. Hon nita, sy bidu hién qua mirc sgcRI & ching dot bién
AsgcR dAn dén 1am ting mirc san xudt C-1027 khoang 7 1an. sgcR3 diéu hoa & mic cao
hon do su kiém soét ctia sgcRI va sgcR2 trong diéu hoa phan cép d6i v6i su san xuit
C-1027. Tém lai, c4c tac dung lam dit quing va biéu hién clia orf24 va viéc so snh
Orf24 véi cac gen tryc giao di xac dinh chirc ndng khac cho thiy Orf24 déng vai trd

1am gen diéu hoa/hoat héa duwong dic hiéu voi con dudng trong san xuat enduracidin.

Orf18 12 gen didu hoa dap tmg md coi khong dién hinh gia dinh va sép thing hang véi

céc gen tryc giao dd xac nhén chirc nang

Viéc san xudt chét khang sinh & loai Streptomyces dugc diéu hoa chit ché béi
mang lu6i di truyén phiic tap 1am gi6i han kha nang cua nhidu loai san xuét chit khang
sinh kiéu dai tir viéc tao ra san luong can cho san xuét cong nghiép quy md 16n, c6 hidu
qua kinh té. M6t co ché diéu hoa quan trong 1 hé théng dan truyén tin hiéu hai thinh
phin. Hé thdng hai thanh phin bao gdém kinaza cam bién va yéu té diéu hoa dap tng
cing ngudn. Kinaza cam bién d4p tmg véi céc yéu t6 kich thich/tin higu ctia méi trudng
bén ngoai cu thé nhu cing thing, dinh dudng va héa chét, v.v., va tiép theo chuyén tiép
tin hiéu nay dén yéu td diéu hoa déap tmg t& bao chét 1am khoi dong va hoat héa qua
trinh phién m# cia cac gen dich. Yéu té didu hoa déap tmg khong bét cip véi kinaza

cam bién duoc goi 1a yéu t6 diéu hoa dap tmg mo coi.

Hé théng hai thanh phan va yéu t6 diu hoa dap tng md cbi c6 mit trong hé gen
cua streptomycete va co thd ¢4 chirc ning &c ché qua trinh san xuét chit chuyén hoéa
bac hai. Trong cum gen enduracidin tr S. fungicidicus, orf18 ma hoa yéu t§ diéu hoa
d4ap tmg md cbi gia dinh c6 chung muc giéng nhau vé trinh ty tir thip dén vira phai véi
ba yéu té diéu hoa dap img khac dd dugc x4c dinh cua Streptomyces bao gdm mdt yéu
t§ didu hoa dap tmg md coi, SCO3818, tir S. coelicolor (FIG. 12). Orfl8 c6 trinh ty dau

tan cung N dai hon so vdi cac protein sép thang hang khac va dudng nhu 12 yéu to diéu

-61-



39342

hoa dap img md coi khong dién hinh do lysin bao toan cao & vi tri 118 (twong ng véi
vi tri 105 thong thuong) khong c¢6 mat trong Orf18 va dugc thay bang threonin. Lysin

nay dugc cho 1a cin cho viéc tao ti phosphoryl héa.

Chi ¢6 mdt s6 yéu t6 didu hoa dap tmg ciia streptomycete dugc xéac dinh chirc
ning. Hé gen cua S. coelicolor chira tdng cong nam yéu té didu hoa dap tng md cbi
khong dién hinh va bay yéu t6 didu hoa dap Gng md cbi dién hinh. Orf18 c6 chung do
ddng nhit axit amin 26% trong 191 axit amin chdng 14p v&i AbsA2. Viéc xo4 doan
AbsA2 & S. coelicolor dAn dén gia ting san xuat hai chét khang sinh, actinorhodin va
undecylprodigiosin. Orf18 c6 dd ddng nhét axit amin 32% trong 176 axit amin chong
14p v6i SCO3818. Viée xo4 doan sco3818 din dén ting cudng sin xudt actinorhodin.
Orf18 ¢6 chung d6 dong nhat axit amin 29% trong 166 axit amin chdng 14p véi
SCO1745 (AbrA2). Viéc xoa doan AbrA2 chira operon didu hoa dép tng dan dén ting
100% chét khang sinh khang u oviedomycin & ching tai td hop S. coelicolor M145 so
vé6i chung san xuét kiéu dai. Vai tro didu hoa 4m quan sat duge nay cua Orfl8 trong
san xuét enduracidin 12 phi hop véi cac hoat tinh d& dugce chimg minh cta cac yéu té
didu hoa am lién quan (FIG. 12). Ngoai ra, luu y rang Orf18 ¢6 chung mitc giéng nhau
v& trinh tu protein cao nhat véi cc thanh vién ctia ho LuxR 14 cac yéu t6 didu hoa phién

ma trong phép tim kiém BLAST.
Khéng c6 tac dung phin cyc & BM38-1.0rf18pfrd-AmR dot bién

Vung bi x6a bo trong chung BM38-1.18pfrd-AmR d6t bién bao gdm ba gen,
orfl18, vung ma hoa phan dau tan cing N cua orl7 nam xudi dong orfI18, va toan bd
orf19 ndm ngugc dong orf18 (FIG. 5 va 10). orf17 dugc du doan 12 ma hoa ribonucleaza
duong nhu khong cé chirc ndng nao lién quan dén qua trinh sinh téng hop hoidc didu
hoa enduracidin. Twong tu, gen khang apramycin thay thé orfI8 va ving hai bén n6

dugc phién ma phén ky véi orf17 va khong thé tao ra cac su kién doc hét bat ky tir gen
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khoi dau khang apramycin. Do d6, khong c6 tac dung phan cyc nao tao ra tir viéc x0a

mdt phan orfl7.

orfl19 dugc phién méa va dich ma theo hudng gidng nhu orf18. Gen ndy dugc
chti giai 12 ma hoa protein chua biét chirc ndng. Chung d6t bién SfpXYF24D3 mang
gen dit quing orf18 mot minh va BM38-1.18pfrd-AmR ddt bién mang doan mat orf18
va orfl9 cung nhau c6 cac tac dung ting cudng gibng nhau di véi viée san xuat
enduracidin 4m chi rang orf19 khong c6 vai trd hogic ¢6 vai trdo khong dang ké trong
san xut enduracidin. Gene orf20 ndm nguoc dong orf19 duge phién ma va dich ma
theo hudng gidng nhu gen chi thi khang apramycin dugc cai xen vao (FIG. 10) orf20
van nguyén ven trong BM38-1.18pfrd-AmR va san phim nay duong nhu khong c6 vai
tro trong san xuit enduracidin. Do d6 tac dung phan cuc bét ky dén viéc biéu hién cua
orf20 khong dugc tin 1a c6 vai tro ting cudng san xuét enduracidin & BM38-1.18pfrd-
AmR.

Vidyu7

Céac ing dung va thao tic khac doi vé6i orf24 va/hodc orf18 d6i véi cac chung san xuat

enduracidin ting cuong

Ngoai cic vi du néu trén, c6 thé c6 mot s6 cach khac d€ sir dung vai tro dieu hoa

cta orf24 va orfl8 dé cai thién murc san xuat enduracidin.

1. Biéu hién orf24 duéi gen khoi dau thay thé, co dinh hodc biéu hién qua

muc cam ing dugc

pXY152-endorf24 (dugc thé hién trén FIG. 2) duoc tao cdu triic dé bidu hién lac
vi hop nhét orf24 duéi sy kidm soét ciia ermE*p, mot gen khéi dau biéu hién co dinh
manh cua streptomycete duge sit dung rong rdi. Sy biéu hién qué muc clia orf24 cling
¢6 thé duge didu khién boi cac gen khoi dau co dinh hogc cam tng dugc khac. Gen
khéi du tip4 1a gen khoi dau cua streptomycete bidu hién qua mirc c6 thé cam tmg béi
thiostrepton. Plasmit con thoi E. coli-Streptomyces chira gen khai d4u tipA nhidu ban

sao, pXY200, dugc phat trién ma d3 dugc st dung thanh cong dé biéu hién qué mirc

-63-



39342

gen streptomycete. Ddi véi cac ing dung lién quan dén sang ché, gen khéi dau tipd c6
thé duoc cét tr pXY200 va dugc tach dong vao pXY152 dé thay thé ermE*p va dicu
khién qua trinh biéu hién ciia orf24. Tuong tu, orf24 ¢6 thé d& dang dugc chuyén tir
pXY152-endorf24 sang pXY200 cho vigc biéu hién trén co so plasmit. C4c tity chon
gen khoi diu khac bao gdm, nhung khong gi6i han &, hé théng P(nitd)-NitR va gen
khéi dau streptomycete SF14. Méi day, plasmit hop nhit pKC1139 va gen khéi dau
nguyén béan cla gen khang apramycin da dugc st dung thanh cong @8 bidu hién céac gen
diu hoa dé tang san xuét chit khang sinh peptit teicoplanin. Gen diéu hoa sanG ma
hoa yéu té hoat héa dic higu véi con dudng d8 san xuét nikkomycin. Viéc biéu hién
ban sao phy cia sanG dudi su kidm soét ciia 5 gen khoi dau khic nhau (Prras, Prepsso,
Psri4, Perme* va Preos) dan dén gia ting hi¢u suét nikkomycin 1an luot dén 69%, 51%,
26%, 22%, va 13% (xem Du et al., Applied Microbiology and Biotechnology 97: 6383-
6396, 2013).

ii.  Chuing dotbiénkép S. fungicidicus c6 x6a doan orfI8 va sy biéu hién qua

muc orf24

Vi ca hai ching dot bién x6a doan orf/8 va bidu hién qua mtrc orf24 biéu hién
mrc san xuit enduracidin gia ting, ching d6t bién kép chira ca hai c6 thé duoc tao ra
va quan sat xem li€u c6 tdc dung phu nao dén hiéu suét cta chét khang sinh peptit nay
hay khong. Ching dot bién kép c6 thé duogce tao ra bang cach dua plasmit pXY152-
endorf24-blatsr biéu hién qué mtc (FIG. 8) vao BM38-2.18pfrd-AmR ddt bién.
pXY152-endorf24-blatsr 1a plasmit hop nhét tiép hop mang gen khang thiostrepton
(tsr) dé chon loc & streptomycetes va gen khang ampicillin (bla) dé chon loc & E. coli.
Do chung E. coli S17-1 dung dé tiép hop 1a khang cloramphenicol (cam) mét cach tu
nhién, nén gen danh dau khang cloramphenicol trong pXY152-endorf24-camtsr (xem
& trén) da duge thay thé bing khang ampicillin (bla) dé chon c4c thé bién nap S17-1.
Theo cach khac, pXY152-endorf24-camtsr va cac din xuét c6 thé dwoc dwa vao

streptomycetes bang cach sit dung ching E. coli tiép hop khac, ET12567/pUZ8002.
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Bing cach str dung plasmit pXY152-endorf24-blatsr hodc pXY152-endorf24-
camtsr d& dua ban sao thit hai ctia orf24 vao thé dot bién khuyét orfl8, c6 thé chon
duoc thé dot bién kép boi tinh khang thiostrepton. Dé tao ra thé dot bién xéa doan
khong 1am 16ch khung dich ma orfI8 bat hoat BM38-2 (ATCC PTA-122342), plasmit
pXY300-orf18ifd (FIG. 3) va pKS-orfl8ifd-T-AmR(NS) (FIG. 6) duoc tao cau tric
nhim muc dich nay. pXY300-orf18ifd cho phép chon thé dot bién x6a doan khong lam
1éch khung dich mé orf/8 bing thiostrepton trong khi pKS-orf18ifd-T-AmR(NS) sir
dung apramycin dé chon céc thé d6t bién x6a doan khong 1am 1&ch khung dich ma. Mic
di cac ching dot bién S. fungicidicus kiéu dai d& dang chon dugc bing céch sir dung
gen danh diu khang thiostrepton, nhung dé gap phai cac khé khén do sir dung gen danh
d4u khang nay & chung BM38-2 (ATCC PTA-122342). Do d9, hai plasmit, pXY300-
orfl18ifd va pKS-orfl8ifd-T-AmR(NS), dugc tao cAu tric nhim muc dich twong tur.

Do nhidu phuong 4n c6 thé c6 ma cac quy téc theo sang ché c6 thé duge ap dung,
can hiéu ring cac phuong 4n dwgc minh hoa chi 1a cdc vi du wu tién theo sang ché va
khong lam gidi han pham vi cia sang ché. Hon nita, han pham vi ctia sang ché dugc x4c
dinh boi yéu cau bao ho kém theo. Do d6, toan bd séng ché déu ndm trong pham vi va

tinh than cua yéu cau bao hd nay.
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YEU CAU BAO HQ
1. Chiing Streptomyces fungicidicus tai t6 hop @8 tang cudng san xuit enduracidin, bao
gdm mot hodc nhiéu gen bién dbi dwoc chon tir nhém bao gdm khung doc m&-24 (07/24)
ting ma ma hoéa trinh ty axit amin SEQ ID NO: 26, khung doc md-18 (o7f18) gidm, va
ca orf24 tang va orf18 giam; trong do su san xuét ting cudng enduracidin thu dwge bang
chung Streptomyces fungicidicus tai t6 hop dwoc so sanh v6i su san xuét ting cudng thu

duoc bang ching Streptomyces fungicidicus kiéu dai d6i ching.

2. Chiing t4i td hop theo didm 1, trong d6 orfI8 giam dugc giam di béi vi né da bi bét
hoat.

3. Chiing t4i td hop theo diém 2, trong d6 orfI8 giam di bi bit hoat bang quy trinh dugc
chon tir nhém bao gdm x6a doan khong 1am 1&ch khung dich mé, dot bién dich khung,

d6t bién didm, va su két hop bat ky cua ching.

4. Chung t4i td hop theo diém 3, trong d6 orf18 giam da bi bét hoat bang cach x6a doan
khong lam 1€ch khung dich ma.

5. Chung t4i td hop theo diém 4, trong d6 sy x6a doan khong 1am 1éch khung dich ma 1a
x6a doan cac nucleotit tir 5 dén 660 cua orf18 (SEQ ID NO: 37).

6. Chung tai td hop theo diém bét ky trong sb cac diém tir 1 dén 5, trong d6 orf24 ting

duge lién két theo cach cb didu khién véi gen khoi d4u khac loai.
7. Chung t4i t& hop theo diém 6, trong d6 gen khoi dAu khac loai 14 gen khoi déu co dinh.
8. Chiing t4i t& hop theo diém 7, trong d6 gen khéi dau co dinh 13 ermE*p.

9. Chiing i t& hop theo diém bat ky trong s6 cac diém tir 1 dén 8, trong d6 orf24 ting

dugc tang 1én bai vi n6 déd duge bicu hién qua mic.

10. Chuing t4i t hop theo diém bt ky trong s6 cac diém tir 1 dén 9, trong d6 Orf24 chira
trinh tu axit nucleic SEQ ID NO: 38.
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11. Chung tai td hop theo diém bat ky trong s6 cac diém tir 1 dén 10, trong d6 Orf18
chtra trinh ty axit nucleic SEQ ID NO: 37.

12. Chung tai t6 hop theo diém bit ky trong s6 cac diém tir 1 dén 11, trong d6
Streptomyces fungicidicus kiéu dai 1a Streptomyces fungicidicus ATCC 21013.

13. Chung t4i td hop theo diém bt ky trong s céc diém tir 1 dén 12, trong d6 viéc san
xuét enduracidin bing chung tai td hop ting it nhét 13 gap 1,2 14n so véi viée san xuét

enduracidin bing chung Streptomyces fungicidicus kiéu dai d6i ching.
14. Chung tai td hop theo diém bét ky trong s6 cac diém tir 1 dén 13, trong d6 viéc san

xuét enduracidin bing ching tai t6 hop ting gap 1,2 dén 4,6 14n so v6i viée san xuét

enduracidin bang ching Streptomyces fungicidicus kiéu dai d6i ching.

15. Chung tai td hop theo diém 1 1a BM38-2.24/16 dugc chi dinh ndp luu ATCC s6
PTA-124006.

16. Chung t4i td hop theo diém 1 12 BM38-2.18pfrd-AmR dugc chi dinh ndp lvu ATCC
s6 PTA-124007.

17. Phuong phap san xuét enduracidin, trong d6 phwong phap nay bao gbém budc nudi
ciy chiing Streptomyces fungicidicus tai td hop theo diém bt ky trong s6 cac diém tir 1

dén 16 trong moi trudng nudi cdy trong cc dieu kién san xuat enduracidin.

18. Phuong phéap theo diém 17, trong d6 phuong phap nay con bao gdém budc phan 1ap

enduracidin tir moi treong nudi cay.
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<400> 3
gaattcgtaa

cacaacatac
ctcacattaa
ctgcattaat
gcttectege
cactcaaagg
tgagcaaaag
cataggctcc
aacccgacag
cctgttccga
gecgetttctce
ctgggctgty
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtttgea
ttttctacgg
agattatcaa
aaggggatga
atcgactgat
agctcatcgg
gcteccttecg
gtgectgegcet
agccgttcga

tctggegect

tcatgtcata
gagccggaag
ttgegttgeg
gaatcggcca
tcactgactc
cggtaatacg
gccagcaaaa
gccccectga
gactataaag
ccctgeceget
atagctcacg
tgcacgaacc
ccaacccggt
gagcgaggta
ctagaagaac
ttggtagctc
agcagcagat
ggtctgacgc
aaaggatctt
taagtttatc
gtcatcagcg
tcagcttctc
tagcgtccgg
gggtccggga
tcctgeccacg

gccaaatgta
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gctgtttect
cataaagtgt
ctcactgccc
acgcgegese
gctgcgetceg
gttatccaca
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
ccccgttcag
aagacacgac
tgtaggeggt
agtatttggt
ttgatccggc
tacgcgcaga
tcagtggaac
cacctagatc
accaccgact
gtggagtgca
aaccttgggg
cccctcgaag

gggacgctcg

tcgececegtta

aagcgcagcg

gtgtgaaatt
aaagcctggg
gctttccagt
agaggeggtt
gtcgttcggce
gaatcagges
cgtaaaaagg
aaaaatcgac
tttcccecctg
ctgtccgect
ctcagttcgg
cccgaccgcet
ttatcgccac
gctacagagt
atctgcgctc
aaacaaacca
aaaaaaggat
gaaaactcac
cttttggttc
atttgcaaca
atgtcgtgca
ttacccccgg
atgggccact
tcatgccctc
caccggacct

cccatccatt

-81-

gttatccgcet
gtgcctaatg
cgggaaacct
tgcgtattgg
tgcggegage
ataacgcagg
ccgegttget
gctcaagtca
gaagctccct
ttctececttc
tgtaggtcgt
gcgecttatce
tggcagcagc
tcttgaagtg
tgctgaagcc
ccgctggtag
ctcaagaaga
gttaagggat
atgtgcagct
gtgccgttga
atacgaatgg
cggtgtgetg
tggactgatc
gtggtcaggt
tggagttgtc

tgecctttgeg

cacaattcca
agtgagctaa
gtcgtgccag
gecgectcettcec
ggtatcagct
aaagaacatg
ggegtttttc
gaggtggcga
cgtgcgcetcet
gggaagcegtg
tcgctccaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttc
cggtggtttt
tcctttgatc
tttggtcatg
ccatcagcaa
tcgtgctatg
cgaaaagccg
ctggtccaca
gaggccctgc
ctggacgacg
tctgacacat

gcagcgggec

60
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240

300

360

420
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600

660

720
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200

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560



cacaggcaga
cggtcgececg
ccaacacgac
actgcaccat
gctgtgageg
gtccagtcgg
tgggtcaact
aatgcgatgc
ggaggggcaa
tcttcagctc
tcccgceattt
tcgtcegges
ccagctagct
atgtacttca

gcaatcacgc

gcggaccacg
cagggcgage
tttcagcagg
ctcatagtcc
caggctcatg
gtacaccttg

gccctcatct

gcagatcatc
tgtccatgaa
gctgcatctt
tcttcaggat
ctttgecttg
tcatgeccttt
gggccgagat
cgctcgecag
ggtcgegetg
gctgatgata
ggacggctga
gcaatgagat
agagtcgacc
ccagctccgc
gcaccccccg
cccatcatga
atcgtggcat
ccgecccaggce
acgacgcccg
ccggeegeeg
ataggtggec

gttacgccgg

caccgccagg tgcgaataag

ttcacctatc
ttggcaaaat

gaccccgaag

ctgceceggcet
cctgtatatc

cagggttatg

agcgattcca gacgtcccga
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tctgatccat
ctcgatgggc
gccgagttga
ggcaagttgg
gcggacaggt
gctcggttga
ccgttgatct
tcgattggcet
attgctgges
tgctgacgct
tccgattggc
atgaaaaagc
tgcaggtccc
gaagtcgctc
gcecgttttag
ccttgccaag
caccgaaccg
ggcccaggtc
tgattttgta
ccgeecttttce
tgcccttect
cggtagccegg
ggacagtgaa
gacgccgttg
gtgcgaaaaa
cagcggaaaa

aggcgtgecs

tgcccctgcec
aggtacttct
tggcaaaggt
tacgcgtcga
ggctcaagga
tccgetececg
tcctgeatcc
gagctcatga
caacacgtgg
caatgccgtt
acggeggacg
ctgaactcac
cggggatcgg
ttcttgatgg
cggctaaaaa
ctcgtcectgce
cgeegtgegce
gccattgatg
gcecctggeceg
ctcaatcgct
ggttggcttg
ccagcctcgce
gaaggaacac
gatacaccaa
ggatggatat
gatccgtcga

cggcttcccc

-82-

acctcactcg
cctcggegtg
tccctatggg
ttatctcgag
gaagagcctt
cgacattgtg
gccagaggesg
gcggagaacg
agcggatcgg
tggcctccga
gcgaatggeg
cgcgacgtat
tcttgecttg
agcgcatggg
agtcatggct
ttctcttcga
gggtcgtcgg

cgggccaget

acggccagca
cttcgttcgt
gtttcatcag
agagcaggat
ccgctcgegg
ggaaagtcta
accgaaaaaa

cctgcaggca

gtgccggagc

cctgcaagcc
ggacacgatg
gtgccgagac
aatgaccact
cagaaggaag
gcgacagcecc
ggatgcgaag
agatgacgtt
ggattgtctt
ctaacgaaaa
gagcagacgc
cgggeectgg
ctcgtcggtg
gacgtgcttg
ctgcectcegg
tcttcgeccag
tgagccagag
cgcggacgtg
ggtaggccga
ctggaaggca
ccatccgcett
tcccgttgag
gtgggcctac
cacgaaccct
tcgctataat
tgcaagctct

aatcgccctg

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180



ggtggettac

caaccctcag
gtagtgcccc
atgacacaag
cgcgagegeg
aaggeggeceg
catttcagcg
cgcatcctga
cgecttcetegce
ggcgtgacga
attcacctga
attctcgaca
tacggcttcg
gtcgtcatca
cccgacgtaa
ccgggeagtc
gctgacgcecg
gacccggcaa
gtgatctaca
cagcgcgacc
gctgagtggt
cggggegcaag
acttcgaagc
gtcgacccgt
gacaagttcg

acgttggcegc

acgacgcccc
cggatgcccc
aactggggta
gggttgtgac
agaactcgag
accttcagceg
aagcgcceggs
acgaatgccg
gcctgaaggt
ttgtttccac
ttatgecggcet
cgaagaacct
agcttgtttc
acaagcttgc
tccggtgete
aagccgccat
tgccgacccg
ccgttatgceg
agaagaagcc
cgatcacgct
atgagcttca
ccattctgtc
gcgggegaaga
ccgcacctgg
ttgcggaacg

ttctgtggga
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tctatggccc
ggggcttcac
acctttgagt
cggggtggac
cgcagcaagc
cgaagtcgag
cacgtcggceg
cgeegggesg
catggacgcg
tcaggaaggc
cgacgcgtcg
tcagcgcgaa
ggagacgaag
gcactcgacc
gtggcgtgag
tcacccgggc
gggcgagacg
aatccttcgg
ggacggcacg
ccggecggtc
ggcgtggttg
cgccatggac
atcgatcaag
gcagcacgaa
catcttcaac

agccgeccga

gtactgacgg
gttttcccag
tctctcagtt
acgtacgcgg
ccagcgacac
cgcgacgeeg
ttcgggacgg
ctcaacatga
attccgattg
gtcttccggc
cacaaagaat
ttgggeggst
gagatcacgc
actcccctta
atcaagacgc
agcatcacgg
attgggaaga
gacccgegta
ccgaccacga
gagcttgatt
gacggcagegs
aagctgtact
gactcttacc
ggcacgtgca
aagatcaggc

cgcttcggea
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acacaccgaa
gtcagaagcg
ggegecgtag
gtgcttacga
agcgtagcgc
gccggttcag
cggagcgcecc
tcattgtcta
tctcggaatt
agggaaacgt
cttcgctgaa
acgtcggegg
gcaacggecg
ccggaccctt
acaaacacct
ggctttgtaa
agaccgcttc
ttgegggett
agattgaggg
gcggaccgat
ggcgeggceaa
gcgagtgtgg
gctgeegtceg
acgtcagcat
acgccgaagg

agctcactga

geeeeggegsg
gttttcggga
ggtcgccgac
ccgtcagtcg
caacgaagac
gttcgtcges
ggagttcgaa
tgacgtgtcg
gctcgeectg
catggacctg
gtcggegaag
gaaggcgcct
aatggtcaat
cgagttcgag
tcccttcaag
gcgcatggac
aagcgcctgg
cgccgetgag
ttaccgcatt
catcgagccc
ggggcetttcc
cgccgtcatg
ccggaaggtg
ggcggcactc
cgacgaagag

ggcgecctgag

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740



aagagcggeg
gagctgtacg
cggaagcaac
cttgaagccg
gctgacccga
ttcgtcggsgc
ggaacgccca
gaagacgacg
gtggcaccgc
ataagttcgc
gaaatgctgg
cgggtcatcg
gcggtgaggt
atcgcgcacg
gccacccatc
acggtcgccg
ggccgggacg
atgatcgtcc
ccggagaccg
ccgeggecgce
gcegeegege
gatccggcgc
acggtccggc
acggtggesc
gaaagcaacg

<210> 4
<211> 38

aacgggcgaa
aagaccgcgc
aggcagcgct
ccgaagcccc
ccggccctaa
tcttcgtaga
tcgagaagcg
cccaggacgg
gatgctgttg
tctccaccga
ccgeegecga
acggcatgca
tcttcgacgg
gactgccgcet
cccggtggtc
agatccgccg
gcagggtacg

gcgacccggsg

tcagggacgt
ggaccctggt
cgtgegggac
tgcgtctcaa
tggaggactg
agctggcacg

catcacatct
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ccttgttgeg
ggcaggegeg
gacgctccgg
gaagcttccc
gtcgtegtes
caagatcgtt
cgcttcgatc
cacggaagac
tgggcacaat
cggctccccg
caccgcegcett
ccggetgcegc
caccgaggag
gtccgecegece
ggaccggatg
cgacgccggc
gcecegtcegac
cctgtcgetg
cagacaccgg
ggagcgegsc
ggagecgecg
cgagaacgga
gaaccgcatt

ctcctgcgec

ggccgggtga

gagcgegecg
tacgacggac
cagcaaggeg
cttgaccaat
gggcegegegt
gtcacgaagt
acgtgggcga
gtagcggegt
cgtgeeggtt
cggatcgacg
ccaccgatca
gccgegatge
gacgccttcg
gaccgceggce
atcgcctcgg
geegeegges
gtgagcgage
cgccaggtcg
atgctccgceg
gcggaccgec
cccgecegteg
cgcgacctgce
atcgaaagcg

gacaaatggt

acgccctgaa
ccgttggeag
cggaagagceg
ggttccccga
cagtagacga
cgactacggg
agccgccgac
aggtgagtga
ggtaggatcc
gggagagtcc
tggtgcaccg
tgacgggeceg
tcctegecgt
gggeccgeegs
tggtcggcac
cgggeggagcec
gccgcagact
ccecgegecge
gtgaggaccc
gggcgegagece
tgatgaagcg
tgcggettcet
tgccgecgea

ccgagatcgc

cgcecttgaa
gaagcacttc
gcttgccgaa
agacgccgac
caagcgcgtg
caggggscag
cgacgacgac
agatctagac
acatatggaa
cgagcacgtg
ccgcaccggg
tacgacgatc
gaagtcgaac
gcgcatcatg
ctccgecagg
cacccgcatc
ggcccacgac
cgggatctcg
ggtgcecegeg
ggccgggaag
gctgagggec
ggatatccac
ccgtctggag

gtcacgcatc

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6210



39342

<212> ADN
<213> Trinh ty nhan tao

220>
<223> Poan mdi oligonucleotit téng hgp

<400> 4
ttattgaagc ttgccgggge cgacgeggeg ggeggect

<210> 5

<211> 34

<212> ADN

<213> Trinh ty nhan tao

220>
<223> Poan mdi oligonucleotit téng hgp

<400> 5
gttgttttaa ttaaacacca ggcctcctgg ggtg

<210> 6

<211> 38

<212> ADN

<213> Trinh ty nhan tao

220>
<223> Poan mdi oligonucleotit téng hap

<400> 6
tttatattaa ttaatgaccc ttccgtcccg cccccgat

210> 7

<211> 30

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> Doan mdi oligonucleotit téng hgp

<400> 7
tttggtgcta getggtcgtg gegetgttcce

<210> 8

<211> 10670

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> Plasmit pXY300-orfl8ifd téng hop

-85-

38

34

38

30



<400> 8
ccgeggetcec

ccggagccag
cccaggtccg
tgagaccgcc
gcgaccgcetg
ggggcgagcet
ttgacgtcga
atcgcctcect
gcctegttgg
aacctcatct
tccaggacgt
aggccgtacg
gcgatgtatc
tcgtcggtga
cggttcaggt
cggtacttct
tcgcccaggt
gccagctcca
tagcgggect
tcggtgecegt
gtgtagccgc
gcctgggegt
cagccggagc
tcgtcgegca
tgcaagaccg

tcgaagtggc

tgcccgecga
gtgaaaagcg
ccggecacct
acccggatgt
tgtcgacgcg
tgcccttgea
cggtgaccgg
tcttcggetg
cctteceggeg
ggtcagcgtc
ccttgecccca
tctcggegac
ggtaccagat
tctcctectce
tctgecgaccg
cgacgaacgg
cgagcggtcc
ggccgatctt
gcttgcccgce
ggcccttgcec
ccgeggattc
ccgggeegag
cccagccgaa
tcgtgegcac
cgaccaggcc

gcaacgtgtt
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acgcgtcgtc
ccggeggacg
cacggcaggc
ccggggtggc
gaggcagtct
geggegegeac
ctteggcettc
acgcactcgg
cgcctecgegg
aaggtcgccc
caccaggccc
cttgatgagg
gtaggccges
ggtgcggacg
gtagtgcttg
geegggecega
catgcggtcg
ggcgacgecg
atcgccgtca
ctcacaggag
gaccccggeg
cacctcgegg
ggtgtcctcg
geggegeecsg
gtgccgeatt

cgtgccaagg

gtcgacggcc
ctcggactgg
agaccctcgg
ggtctcatgg
ccggggagec
acgggegacg
aggcgcttcec
tcgagcgaag
aaagcagctt
ggcgegececyg
caggactcga
tcgaggtcga
atgaccgcga
tcctgetgga
cggacctgga
cgaagccgct
tcgecgegac
cccttggtct
geggegtecg
caaccgggcc
gcccaggcetc
gtgacccaga
aaggcccgcet
gacgagccgt
cccttgegga

tgcagcccgt

-86-

tggtgctcat
gegegggatt
ctttcgcgcec
cggtccctca
ggccccaggg
cggegecgeg
gaaggctgat
cggccagctc
cctcctcgga
gcgettccgg
cgagccgecg
ggcgacgtcc
tggcgaccag
tgccgagttc
agacgccgaa
gcagctcggc
cggccttgaa
tgtcgecgtc
cgececgttgag
ggtcgcacgt
cggcgagtgc
gecgtgtgcca
cgtagccgat
acgcgceccctt
cggtgccgaa

acccggcegtc

cgacgagcac
ccagcagtaa
gggaccgcca
gcggeccctac
ctggagtacc
cgggggagtc
cgtcgggege
ctccgtgegg
catgacctcg
88cgegcees
gacgcccggt
ggcgacgegs
gcccteggtg
cttgatcagc
ctcgegctceg
ggeegeegesg
gttctgtccg
cttgtagagg
tgggcgeacg
ctcgctgacg
gtcgcggaac
gtgcaggtgc
gatcccgaag
ccagccgtcg
cgccatgcegc

cgcgagaccg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560



tcggeggega
caggtgtgga
atcagctcgc
caccgtctgg
tgtcgcggca
ggacggagat
tgctacgcetg
gcagtagatt
cggtccggeg
aaacgtcctc
gggctegtge
agcgtccgag
gcagcgcgat
tggaaaccga
cgaacagcaa
ccgccttgag
gaccggagag
ggtccgegat
gcgacgtgeg
cgtccccacg
cgaatgtctt
ggcggaccgg
tgtcgctgcec
cgacgtcctc
tccgctgceac

taccggctgc

gctgcacgtt
cgttgttgca
ggtccggeag
tgeceggtcecc
ccctegtttg
tttcccttac
cgtgactggt
ttggggegcet
gggegegety
actcggcatg
catttctggg
gaacagaggc
tccgagggaa
ggcggaagac
ggccagecga
cgtcatcagc
aacgacggga
gctggtgatg
tactatcgcg
ccggetegeg
ggccttccge
tatgttctgc
gtagacctcg
gatcaacgtt
cgcgggatcg

tgtgttcagt
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cgagccccgt
geggcacgtg
tgagccegggt
gcegggegaa
gggtagaacc
tactaaagcc
ccgcaatgag
tccecggggat
gtgtcgacgc
ctgcgeceggt
tcctgttgat
gcttatcggt
acggaaacgt
gcctectcega
tccggattgt
tgcataccgc
agggagaaga
tcactgtcga
ccgatgttcc
atatcgccga
tccececttga
cgcccgceaca
atgaactcca
gtctttatgt
gacggatttg

gacgcgattc

acggccagga

ttgccccacg
cccgeagecc
ccgctcgtceg
cgttccagtt
cgcgtccgga
acgctttgcg
gtggacgatc
gctgttctct
tcgggeseces
catcactgac
tggccgegag
tgagagactc
acaggtcgga
ccccgagttc
tgtcccgaat
cgtaacctcg
ccaggatgat
cgacgatctt
acctggeccgg
acaactggtt
gatccagcaa
cceceggecege
tggatcgcga
cgatggtgtc

ctggggtetg
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tgcggctcat
tcgectcegec
ttgaacgcct
cggegggtcec
acagcgctct
ttacccgectg
cgetttcgge
ggggtgccege
cgtacgcctc
cgagcceggga
gaatcgaggt
attcctgtcg
ggtctggctc
aggcccaccc
cttcacggaa
gaaggcgatg
gctggeectt
ccccgacgcet
caccccgtceg
gcgagggacg
gacgatcgag
ctcagatgga
gatgctgtgc
cggcttggty
caactcagtc

acaccctacg

gcaccacggg

cggcttccac
cgttcagcga
tcccgeecge
gacctgcagt
tagtcgtgct
aggcgtccga
agtggcactt
gtcacagagc
ggccaatccc
cgaggaaccg
atcctctcgt
atcatgggga
ttttcgetgc
atgtcgccat
gcctectegce
tggagacgcc
ccgagcgcega
agaacgacga
cgggegatgce
gagtcgatga
aaaggactgc
atgaggggct
acatcgatga

atggtcgtcc

cgacgatggc

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120



ggatggctgc
ctccccegcetc
gtacaatctg
acgcgccctg
ccgggagetg
gcctcgtgat
caggtggcac
attcaaatat
aaaggaagag
tttgecttcc
agttgggtgc
gttttcgcecc
cggtattatc
agaatgactt
taagagaatt
tgacaacgat
taactcgect
acaccacgat
ttactctagc
cacttctgeg
agecgtgggtc
tagttatcta
agataggtgc
tttagattga
ataatctcat
tagaaaagat

aaacCaaaaaa

cctgaccggc
ttcceegtcec
ctctgatgcc
acgggecttgt
catgtgtcag
acgcctattt
ttttcgggga
gtatccgctc
tatgagtatt
tgtttttget
acgagtgggt
cgaagaacgt
ccgtattgac
ggttgagtac
atgcagtgct
cggaggaccg
tgatcgttgg
gcctgtagca
ttcceggcaa
ctcggeectt
tcgeggtatc
cacgacgggsg
ctcactgatt
tttaaaactt
gaccaaaatc
caaaggatct

accaccgcta
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aatcaccaac
gggacccgeg
gcatagttaa
ctgctcccgg
aggttttcac
ttataggtta
aatgtgcgceg
atgagacaat
caacatttcc
cacccagaaa
tacatcgaac
tttccaatga
gccgggeaag
tcaccagtca
gccataacca
aaggagctaa
gaaccggagc
atggcaacaa
caattaatag
ccggetgget
attgcagcac
agtcaggcaa
aagcattggt
catttttaat
ccttaacgtg

tcttgagatc

ccagcggtgs

gcaagggegaa
cggtcgatcc
gccagccececg
catccgctta
cgtcatcacc
atgtcatgat
gaacccctat
aaccctgata
gtgtcgecect
cgctggtgaa
tggatctcaa
tgagcacttt
agcaactcgg
cagaaaagca
tgagtgataa
ccgetttttt
tgaatgaagc
cgttgcgcaa
actggatgga
ggtttattgc
tggggccaga
ctatggatga
aactgtcaga
ttaaaaggat
agttttegtt
ctttttttcet

tttgtttgcec
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gtcgtcgctc
ccgcatatgg
acacccgcca
cagacaagct
gaaacgcgcg
aataatggtt
ttgtttattt
aatgcttcaa
tattcccttt
agtaaaagat
cagcggtaag
taaagttctg
tcgeccgceata
tcttacggat
cactgcggcc
gcacaacatg
cataccaaac
actattaact
ggcggataaa
tgataaatct
tggtaagccc
acgaaataga
ccaagtttac
ctaggtgaag
ccactgagcg
gecgegtaatc

ggatcaagag

tctggcaaag
tgcactctca
acacccgctg
gtgaccgtct
agacgaaagg
tcttagacgt
ttctaaatac
taatattgaa
tttgcggcat
gctgaagatc
atccttgaga
ctatgtggcg
cactattctc
ggcatgacag
aacttacttc
ggggatcatg
gacgagcgtg
ggcgaactac
gttgcaggac
ggagcceggtg
tccegtatceg
cagatcgctg
tcatatatac
atcctttttg
tcagaccccg
tgetgettgc

ctaccaactc

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740



tttttccgaa
agccgtagtt
taatcctgtt
caagacgata
agcccagctt
aaagcgccac
gaacaggaga
tcgggtttcg
gcctatggaa
ttgctcacat
ttgagtgagc
aggaagcgsga
aatgcagctg
atgtgagtta
tgttgtgteg
acgccaagct
acgccgacga
ccgaagtgga
ggcagcaccg
tgcacggcecg
aggcggtcga
tcgtacgtac
gcgaaaccga
acgtaggaga
accggctgct

ttgagcggga

ggtaactggc
aggccaccac
accagtggct
gttaccggat
ggagcgaacg
gcttcccgaa
gcgeacgagg
ccacctctga
aaacgccagc
gttctttect
tgataccgct
agagcgccca
gcacgacagg
gctcactcat
aattgtgagc
tgccggggcec
tgtccgegec
tgecgegggac
aacgccggta
aggcgeceggce
gcaggtcggc
gggacggecc
tcagegggst
cgtcctecgg
cgacgaccgg

cgacgatgtc
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ttcagcagag
ttcaagaact
gctgccagtg
aaggcgcagc
acctacaccg
gegagaaagg
gagcttccag
cttgagcgtc
aacgcggcect
gcgttatccc
cgeccgeagec
atacgcaaac
tttcccgact
taggcacccc
ggataacaat
gacgcegsces
ggcctcgecc
gecegtggecg
gtcggagges
ccggatctgg
ccagagctcg
gccctcgacg
ggacccgagc
ggtcaggtcg
gccgatgecg

gctgaagtag

cgcagatacc
ctgtagcacc
gcgataagtc
ggtcgggctg
aactgagata
cggacaggta

ggggaaacgc

gatttttgtg
ttttacggtt
ctgattctgt
gaacgaccga
cgectctecc
ggaaagcges
aggctttaca
ttcacacagg
gcggectegt
atgagcccca
gccaccgege
gcgagegege
acgtcgagga
gggtcgeegt
aggtaactcg
tcacgggtca
cgcageceggg
ggcttgatgt

atcgccgegt

-890-

aaatactgtc
gcctacatac
gtgtcttacc
aacgggggst
cctacagcegt
tccggtaage
ctggtatctt
atgctcgtca
cctggecttt
ggataaccgt
gcgcagcgag
cgecgegttgg
cagtgagcgc
ctttatgcett
aaacagctat
ccatcgggac
gcagctcgcc
ggaacacctt
cggcccagga
aggccgcecegt
acatcatcgc
caagggtgaa
gcatgccgat
cgaggtcggc
cgaggtcgat

cgacgtggtg

cttctagtgt
ctcgetetgce
gggttggact
tcgtgcacac
gagctatgag
ggcagggtcg
tatagtcctg
ggegesceea
tgctggectt
attaccgcect
tcagtgagcg
ccgattcatt
aacgcaatta
ccggctcegta
gaccatgatt
gcgccagtcg
ggtgccgacg
cgecgaggeg
gtcgaagagc
gatgtcggeg
cttggegttc
cggggegecc
ggcctcggtg
gecgggtgegc
gccgatggcc

gcggegeacc

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300



ggctggages
ccctcgegea
ggcgtgtgeg
tcgttcttga

ctcacaccgg

ggcgesgccg
cggggeeccsg
ggegetgges
ccteccgeegce
atcgaggtgg
gecggegsgteg
ccggeceggac
ctggageegs
ggcgegetgg
agttcgcact
gcctcgtgga
gegtggtccg
tccgtggtga
gtcccgacga
cgacgcagac
ttgttactca
ctgtgacctt
ccccaggagg
ccgatccgcec
cccaccggeg
ttgacaggtg

cgctectecg

tgatctcggt
ccttgeggta
gcaccggctc
cggeeteges
ccagtctcgc
cggtgcagga
ttccgecttaa
gaatggacga
ccttcegggce
agacggtgcc
tcgacggcga
acgacgcctg
agatggcgsc
cggegegesg
acttcggegg
cgeecgegtga
atctgctggce
cgctgeccgca
ccggectect
cgaaaccgtt
tcacttcgtg
gaaagcacgg
cctggtgttt
cgcccacggce
cccgtcacgg

accgacgccc

gacgacggcg

39342

gaccagctcg
ctccggcagt
gcgeeggeac
ggtcgeggta
acgacccgtc
tccggacagc
tcttccegge
accgaaggag
cgctgtcgag
cgcgecgaaa
ggaggatctg

gegggegacc

ggatccgectg
cctgtcgtac
gctgtecegeg
gggtctgggc
gcaggtcgceg
gceggagegess
gcatctctct
cgatcttcga
atcattcgtt
ttcgtcccge
aattaatgac
caagcgaaca
agcacaaccg
acgacaccgc

gatcttctgt

ggccgeatgce
gagcgececegg
gccttgagga
ggegtctggc
cgccgeececg
geeggecesc
atggctgegg
g8Ccgeesees
gcgectgeaga
cggctcgecc
gccgacggec
ttcegtctgg
ctgccggacg
ggcgagecga
cggcecgecg
ggggttccgg
gggctgeege
ccgcagtcgce
ttgtcgatac
atgatcgatc
aaaggacacc
cttcaccccc
ccttecgtcc
cgttctttca
tcgacgggcg
agcagacagt

tacggaggceg

-90-

aggagtcgag
cctgccgeat
aggctgattc

cctteggget

gaccccaggg
gegggtgtcec
ctcagggacg
atcccgggcea
gcgeeegget
cgtacgcgca
ggctggtgct
tgacgctggt
tgtgetggtc
gecggeacggt
cctcccagat
acacggecgc
cggccgctcec
gctgagcectc
ggccactttc
gtgcgtccga
aggtttgcetg
acgagccggce
cgcccccgat
ctcttctgac
ccttcgeggce
tcactgcgca

ccgaccccect

catcccgatg
gaaccacacc
ccggacgscsg
cgtgttggca
gecgtecggeg
ctccctgcegce
actgtcggac
cggaggtgcg
geggeegeag
cgcgetggag
gctgtgcgac
gcgegecgag
ctggctgacc
gacgcgggcg
cgagatccgt
ccatctggtc
ggeggacgcg
ccgetgeggg
ggaagcgttg
attgcccgga
ccgaagacga
ccgtcccgea
ccgeccgtcec
cggaatacga
acggataccc

ccaccggagg

tgctggaacc

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920



ccgcgaggsc
cttcgeggec
cggccagcegce
cccegtggec
gctgcacgcc
cctcttecgac
gatggtcgag
cacccgtccg
cgatctgegg
gcaggagttc
ccgcacctcec
gtgggagacc
cgacgcggeg
gctcaacggg
cgaccgegeg
ccctccegecg
ggeecgegeg
caccccggac
cgcecgeggceg
gctggtggec
tggaggaaca
gtctcccagt
aggtcctcgg
tttacgatca
acggtgaacg

cggatgaact

attccgcccg
ggcageggac
gcctacctceg
tgccccgacc
gccacccagg
accgagctgg
aacgtgctcg
ctgcccgagc
gacgccctgg
gacgcgatcg
ggcatgcaca
cgcgaccgga
atcgtggagg
ttcgggcagce
aaggcgctga
ccgegegect
ggggtcgeeg
acggtgcgca
ctgacggcegc
gcgetggceta
ggaagacgat
gcgegecgaa
agggcatgta
ccaccgtegc
cgttggcgec

gcaggaagac

39342

tgatagcgga
ccgtcgecegt
tccagectgceg
tgtccgecect
acctgccctg
ccggccgect
gcttegtect
cctggetgeg
agaaggagct
cctcggeccc
aggtgcgccg
tcgcceggeg
ccgegetege
gggtggescg
gcgaggcecca
gggcggacaa
aactcgccga
gggtctgctg
acggggcacg
cttcgtcgcc
caaggtgggc
ggggcccttg
gaggaagges
gatcgccggc
gtccaggcgc

gtagatcgag

cgaggccgcc
ggacgccgag
ccgegagggt
cggcgagsecs
tctgcgegag
tgccgggttc
ggagaaggsc
gtacgccgcc
ggaccgccag
geegeeggag
gcgecgecag
ccgtgacgtc
gctgeccgcec
gcgccagetg
gctgeccgeag
ggaccccgtt
gcggcetgaac
ggagcegecg
cgcgtggcag
ccccgeatga
aggatgacca
aagcggaaca
atgtagaagt
ttgagcagcg
gccgectegt

acgatgtccg

-01-

ctcgccgagg
cgcgectcecg
gecgggtaccg
ctgtccggceg
ataggcatgg
ccccgegtceg
cactccgecg
ctcgacgtcg
ggcaagctgg
ccccgcaagg
atggcggtesg
tcccecggea
aacctgcacg
gagcagtggc
cccggecage
gecegeggecc
atgccgccgg
gggeecgacg
gtcgaccagg
acccgttgta
ggaccgcgcc
gggacgtcga
cgttgtagac
ggaagatcac
ccagggagac

tgcccatgta

cggtcgecgce
ggtaccgcta
cgctgatcga
tcgagtgggt
tgccctcecg
ggcteggege
tcgactggtc
aactgctggt
actgggcccg
acccctggeg
tgcgggagcet
aggtgctttc
ccatggccgc
aggcggeegt
cggtgaccgg
ggctgtcgge
agaacctgat
agcggtccgt
tcactcccgt
gatgaagcgc
cgccgagatce
gatgaccccc
gttgatcccc
cttgcggtag
ggggatggag

gagggcgatc

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480



ggcgcccaca
gtggtcaccc
cctgcaggtc
gcgaagtcgc
cggeegtttt
gaccttgcca
atcaccgaac
geggeecagg
cgtgattttg
cgecegecttt
gctgeecttce
ggcggtagec
agggacagtg
ctgacgeccegt
tcgtgcgaaa
tgcagcggaa
tggggctcegg
gecgtgecact
atggcagagg
tcttgtgegg
<210> 9
<211> 40
<212> ADN
<213>

220>
223>

<400> 9

ggctgtcgaa
cggggaccag

cccggggatc

tcttettgat
agcggctaaa
agctcgtcct
cgegecegtge
tcgccattga
tagccctggce
tcctcaatceg
ctggttggcet
ggccagectc
aagaaggaac
tggatacacc
aaggatggat
aagatccgtc
ggccgeeggt
cgtggteceg
cggagacgcc

getgeeeees

39342

catgccgaag
cgcggecagce
ggtcttgect
ggagcgceatg
aaagtcatgg
gcttctcttc
gecgggtegtc
tgcgggecag
cgacggccag
ctcttecgttc
tggtttcatc
gcagagcagg
acccgctcegc
aaggaaagtc
ataccgaaaa
gacctgcagc
gagctggtag
gtacttccgg
gttccgegcec

cgccggegga

Trinh ty nhan tao

ctgttgacga
aggaacagcg
tgctegtegg
gggacgtgct
ctctgccctc
gatcttcgcc
ggtgagccag
ctcgcggacg
caggtaggcc
gtctggaagg
agccatccgc
attcccgttg
gggtgggect
tacacgaacc

aatcgctata

ccgggggatc
acgaaggcgc
cgcaacgtgc
tttcgtcgge

cccggtgegce

Poan moi oligonucleotit téng hop

agcacagcta gcttctagaa gcttcattca aaggccggcea

-02-

tctggaaggt
ccacgaccag
tgatgtactt

tggcaatcac

gggcggacca
agcagggcga
agtttcagca
tgctcatagt
gacaggctca
cagtacacct
ttgcectcat
agcaccgcca
acttcaccta
ctttggcaaa
atgaccccga
cccgggtacc
ccgagtctcc
tgtcgtccat

gcccgtaggg

ccggegtegce

cgccacctgg
ctagcgaatt
caccagctcc
gcgcaccccce
cgcccatcat
ggatcgtggc
ggccgeccag
ccacgacgcc
tgccggecgc
tgataggteg
ctgttacgcc
ggtgecgaata
tcctgeecgg
atcctgtata
agcagggtta
gagctcgggc
ttcgttcact

gggcggceatc

tttcggacat

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10670

40



<210>
<211>
212>
<213>

<220>
<223>

<400>

39342

10
43
ADN
Trinh tu nhén tao

Ppoan mdi oligonucleotit téng hop

10

gccagtgaat tctgcagctc gagcagagca ggattcccgt tga

<210>
<211>
212>
<213>

220>
<223>

<400>

11

7173

ADN

Trinh ty nhén tao

Plasmit pKS-T-orfi8pfrd téng hap

11

gtggcacttt tcggggaaat gtgcgeggaa cccctatttg tttatttttc

caaatatgta tccgctcatg agacaataac cctgataaat gcttcaataa

ggaagagtat gagtattcaa catttccgtg tcgcccttat tececctttttt

gccttecetgt ttttgetcac ccagaaacge tggtgaaagt aaaagatgct

tgggtgcacg agtgggttac atcgaactgg atctcaacag cggtaagatc

ttcgccccga agaacgtttt ccaatgatga gcacttttaa agttctgceta

tattatcccg tattgacgcc gggcaagagc aactcggtcg ccgcatacac

atgacttggt tgagtactca ccagtcacag aaaagcatct tacggatggc

gagaattatg cagtgctgcc ataaccatga gtgataacac tgcggccaac

caacgatcgg aggaccgaag gagctaaccg cttttttgca caacatgggg

ctcgecttga tcgttgggaa ccggagctga atgaagccat accaaacgac

ccacgatgcc tgtagcaatg gcaacaacgt tgcgcaaact attaactggc

ctctagcttc ccggcaacaa ttaatagact ggatggaggc ggataaagtt

ttctgegetc ggeecttecg getggetggt ttattgetga taaatctgga

gtgggtctcg cggtatcatt gcagcactgg ggccagatgg taagccctcc

ttatctacac gacggggagt caggcaacta tggatgaacg aaatagacag

-03-

taaatacatt
tattgaaaaa
gcggeatttt
gaagatcagt
cttgagagtt
tgtggcgees
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaccac
gceggtgage
cgtatcgtag

atcgctgaga

43

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



taggtgcectc
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tcctgttacc
gacgatagtt
ccagcttgga
gcgccacgcet
caggagagcg
ggtttcgcca
tatggaaaaa
ctcacatgtt
agtgagctga
aagcggaaga
gcagctggca
tgagttagct
tgtgtggaat
ccaagcgcgc
agcagagcag
cacccgctcg
caaggaaagt
tataccgaaa
cacggtaact

gaaaatgccg

actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc
ccaccacttc
agtggctgct
accggataag
gcgaacgacc
tcccgaaggg
cacgagggag
cctctgactt
cgccagcaac
ctttecctgeg
taccgctcege
gcgcccaata
cgacaggttt
cactcattag
tgtgagcgga
aattaaccct
gattccecgtt
cgggtggscc
ctacacgaac
aaatcgctat
gatgccgtat

gcctttgaat

39342

cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
geggtggttt
agcagagcgc
aagaactctg
gccagtggesg
gecgeageggt
tacaccgaac
agaaaggcgg
cttccagggg
gagcgtcgat
gcggeetttt
ttatcccctg
cgcagccgaa
cgcaaaccgc
cccgactgga
gcaccccagg
taacaatttc
cactaaaggg
gagcaccgcc
tacttcacct
cctttggcaa
aatgaccccg
ttgcagtacc

gaagcttgcc

tgtcagacca
aaaggatcta
tttcgttcca
tttttctgeg
gtttgccgga
agataccaaa
tagcaccgcc
ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctg
ttttgtgatg
tacggttcct
attctgtgga
cgaccgagcg
ctctccccgce
aagcgggeag
ctttacactt
acacaggaaa
aacaaaagct
aggtgcgaat
atcctgcccg
aatcctgtat
aagcagggtt
agcgtacggce

ggggecgacg

-94-

agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta
tactgtcctt
tacatacctc
tcttaccggg
geggesettceg
acagcgtgag
ggtaagcggc
gtatctttat
ctcgtcaggg
ggeccttttgce
taaccgtatt
cagcgagtca
gegttggeeg
tgagcgcaac
tatgcttccg
cagctatgac
gggtaccges
aagggacagt
gctgacgccg
atcgtgcgaa
atgcagcgga
ccacagaatg

cggcgesces

tatatacttt
ctttttgata
gaccccgtag
tgcttgcaaa
ccaactcttt
ctagtgtagc
gctctgctaa
ttggactcaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtcctgtcg
gggcggagec
tggecttttg
accgcctttg
gtgagcgags
attcattaat
gcaattaatg
gctcgtatgt
catgattacg
ccccccecteg
gaagaaggaa
ttggatacac
aaaggatgga
aaatgcagct
atgtcacgct

cctcgtccat

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580



cgggacgcesgc
ctcgcceggtg
caccttcgcc
ccaggagtcg
cgececgtgatg
catcgccttg
ggtgaacggg
gccgatggcec
gtcggegegg
gtcgatgccg
gtggtggces
gtcgagcatc
ccgcatgaac
tgattcccgg
cgggctcgtg
ccaggggegt
gtgtccctec
gggacgactg
cgggcacgga
ccggetgegg
cgcgcacgeg
ggtgctgctg
gctggtgegce
ctggtcctgg
cacggtgacg

ccagatcgag

cagtcgacgc
ccgacgcecga
gaggeggecea
aagagctgca
tcggecgaggce
gegttctcegt
gecgeecgega
tcggtgacgt
gtgcgcaccg
atggccttga
cgcaccggcet
ccgatgccct
cacaccggceg
acggegtcegt
ttggcactca
ccggeggecg
ctgecgeceggg
tcggacgecg
ggtgegectc
ccgcagatcg
ctggaggces
tgcgacccgg
gccgagetgg
ctgaccggceg
cgggcgagtt

atccgtgect

39342

cgacgatgtc
agtggatgcg
gcaccgaacg
cggecgagsc
ggtcgagcag
acgtacggga
aaccgatcag
aggagacgtc
gctgctcgac
gegggacgac
ggagggtgat
cgcgecacctt
tgtgcggceac
tcttgacggg
caccggccag
gggccgeggt
ggccegttcc
ctggcggaat
cgcegecectt
aggtggagac
cggtcgtcga
ccggacacga
agccggagat
cgctggeggc
cgcactactt

cgtggacgcc

cgcgeceggcec
cgggacgecg
ccggtagtcg
geeggeecegsg
gtcggcccag
cgggecegecc
cggggtggac
ctccggggtc
gaccgggcecg
gatgtcgctg
ctcggtgacc
gcggtactcc
cggctcgege
gtcgggggtc

tctcgcacga

gcaggatccg
gcttaatctt
ggacgaaccg
ccgggecegcet
ggtgeecegeg
cggcgaggag
cgectggegg
ggcggeggat
gcgeggectg
cggegggctg

gcgtgaggst

-05-

tcgecccatga

tggeccggeca
gaggegegcea
atctggacgt
agctcggggt
tcgacgaggt
ccgagctcac
aggtcgcgca
atgccgggcet
aagtagatcg
agctcgggcc
ggcagtgagc
cggcacgcct
gcggtaggceg
cccgtceccgcec
gacagcgcecg
cccggeatgg
aaggageggecs
gtcgaggcgc
ccgaaacggc
gatctggccg
gggaccttcc
ccgectgetgce
tcgtacggeg
tccgegeggce

ctggecgees

gccccageag
ccgecgeggaa
gegegeegsce
cgaggaaggc
cgcecgtacat
aactcgcaag
gggtcagcat
geegggegasg
tgatgtcgag
ccgegtcgac
gcatgcagga
gcceggectg
tgaggaaggc
tctggecectt
gccecggacc
ggcggegees
ctgeggctca
ggggggatcc
tgcagagcgc
tcgccccgta
acggccggct
gtctggtgac
cggacgtgtg
agccgagegg
ccgeegectc

ttccggacac

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140



ggccgceccat
cgctcegges
agcctcccgce
actttcggaa
gtccgaattg
ttgctgccga
gcecggececegt
cccgatccgce
tctgaccgga
cgeggeacgg
tgcgcaccac
cccccttget
ccgaggeggt
cctccgggta
gtaccgcgct
ccggegtcega
gcatggtgcc
gecgtegggcet
ccgecegtcega
acgtcgaact
agctggactg
gcaaggaccc
cggtggtgcy
ccggcaaggt
tgcacgccat
agtggcaggc

gccageceggt

ctggtcgegt
gacgcgtccg
tgcggggtcc
gecgttgegac
cccggattgt
agacgactgt
cccgeacccce
ccgtccccga
atacgaccca
atacccttga
cggaggegcet
ggaaccccgc
cgcecgecttce
ccgctacggc
gatcgacccc
gtgggtgctg
ctccegectc
cggegegatg
ctggtccacc
gctggtcgat
ggceeggeag
ctggegecegce
ggagctgtgg
gctttccgac
ggeccgegetce
ggccegtcgac

gaccggccct

39342

ggtccgatct
tggtgacgct
cgacgaccgg
gcagaccgaa
tactcatcac
gaccttgaaa
aggaggcectg
tccgeecgec
ccggegeecg
caggtgaccg
cctccggacg
gagggcattc
geggeeggea
cagcgcegect
gtggcctgcec
cacgccgceca
ttcgacaccg
gtcgagaacg
cgtccgetge
ctgecgggacg
gagttcgacg
acctccggca
gagacccgeg
gecggegatcg
aacgggttcg
cgcgcgaagg

ccgeegecege

gctggegeag
geegeagegeg
cctecctgeat
accgttcgat
ttcgtgatca
gcacggttcg
gtgtttaatt
cacggccaag
tcacggagca
acgcccacga
acggcggatc
cgccecgtgat
gcggacccegt
acctcgtcca
ccgacctgtc
cccaggacct
agctggeegg
tgctcggett
ccgagccctg
ccctggagaa
cgatcgcctc
tgcacaaggt
acéggatcgc
tggaggecgc
ggcageggst
cgctgagcga

gcgectgggc

-06-

gtcgegegsec
aggggeccsc
ctctctttgt
cttcgaatga
ttcgttaaag
tccecgecttc
aatgaccctt
cgaacacgtt
caaccgtcga
caccgcagca
ttctgttacg
agcggacgag
cgccgtggac
gctgecgecegce
cgccctceggc
gcecctgtetg
ccgecttgcec
cgtcctggag
gctgcggtac
ggagctggac
ggcecccgecg
gcgeeggcege
ccggegecegt
gctcgegetg
g8g8gcgecec
ggcccagetg

ggacaaggac

tgccgecegge
agtcgcgcectg
cgatacggcc
tcgatcgtgc
gacaccaggt
acccccacga
ccgtcccgcec
ctttcactct
cgggegectt
gacagttcac
gaggcgecega
gcegeecteg
gecgagegesg
gagggtgces
gaggcgetgt
cgcgagatag
gggttccccc
aagggccact
gccgecectceg
cgccagggca
ccggageccc
cgccagatgg
gacgtctccc
cccgccaacc
cagctggagc
ccgcagccecg

cccgttgecg

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760



cggeeccegget
cgccggagaa
ccgacgagcg
accaggtcac
gttgtagatg
cgecgeecegec
cgtcgagatg
gtagacgttg
gatcaccttg
gegagacgges
catgtagagg
gaaggtcgcc
gaccagctag
tcgtattacg
gttacccaac
gaggcccgcea
taagcgttaa
accaataggc
tgagtgttgt
aagggcgaaa
gttttttggg
ttagagcttg
gagcggscsc
ccgegettaa
<210>

<211>
<212>

12
29
ADN

gtcggeggcc
cctgatcacc
gtccgtcgec
tccegtgetg
aagcgctgga
gagatcgtct
acccccaggt
atccccttta
cggtagacgg
atggagcgga
gcgatcggeg
acctgggtgg
ttctagagcg
cgecgctcact
ttaatcgect
ccgatcgccc
tattttgtta
cgaaatcggc
tccagtttgg
aaccgtctat
gtcgaggtgc
acggggaaag
tagggcgetg

tgcgecegceta

39342

cgegegsess
ccggacacgg
gcggegetga
gtggccgcegce
ggaacaggaa
cccagtgcsgc
cctcggaggs
cgatcaccac
tgaacgcgtt
tgaactgcag
cccacaggct
tcaccccggg
gccgecaccg
ggcegtegtt
tgcagcacat
ttcccaacag
aaattcgcgt
aaaatccctt
aacaagagtc
cagggcgatg
cgtaaagcac
ccggcgaacg
gcaagtgtag

cagggcgcegt

tcgccgaact
tgecgeagggt
cggegeacgg
tggctacttc
gacgatcaag
gccgaaggsg
catgtagagg
cgtcgcgatc
ggcgecgtcec
gaagacgtag
gtcgaacatg
gaccagcgcg
cggtggagcet
ttacaacgtc
cccccttteg
ttgcgcagcc
taaatttttg
ataaatcaaa
cactattaaa
gcccactacg
taaatcggaa
tggcgagaaa
cggtcacgct

cag

-97-

cgecgagegg
ctgctgggag
ggcacgegeg
gtcgcccccc
gtgggcagga
cccttgaagc
aaggggatgt
gcecggettga
aggegegecg
atcgagacga
ccgaagctgt
gccagcagga
ccaattcgcc
gtgactggga
ccagctggceg
tgaatggcga
ttaaatcagc
agaatagacc
gaacgtggac
tgaaccatca
ccctaaaggg

ggaagggaag

gcgcgtaacc

ctgaacatgc
ccgeegggsc
tggcaggtcg
gcatgaaccc
tgaccaggac
ggaacaggga
agaagtcgtt
gcagcgggaa
cctcgtccag
tgtcegtgcc
tgacgatctg
acagcgccac
ctatagtgag
aaaccctggc
taatagcgaa
atggaaattg
tcatttttta
gagatagggt
tccaacgtca
ccctaatcaa
agcccccgat
aaagcgaaag

accacacccg

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7173



39342

<213> Trinh tu nhan tao

220>
<223> Doan mdi oligonucleotit téng hagp

<400> 12
gaatggccat ggttcatgtg cagctccat

<210> 13

<211> 30

<212> ADN

<213> Trinh tv nhan tao

220>
<223> Doan mdoi oligonucleotit téng hagp

<400> 13
tctcgaggat ccgaatagga acttcggaat

<210> 14

<211> 6034

<212> ADN

<213> Trinh ty nhan tao

220>

<223> Plasmit pKS-T-orfl18pfrd-AmR téng hgp

<400> 14
gtggcacttt tcggggaaat gtgcgeggaa cccctatttg

caaatatgta tccgctcatg agacaataac cctgataaat
ggaagagtat gagtattcaa catttccgtg tcgcccttat
gcecttectgt ttttgetcac ccagaaacge tggtgaaagt
tgggtgcacg agtgggttac atcgaactgg atctcaacag
ttcgccccga agaacgtttt ccaatgatga gcacttttaa
tattatcccg tattgacgcc gggcaagagc aactcggtceg
atgacttggt tgagtactca ccagtcacag aaaagcatct
gagaattatg cagtgctgcc ataaccatga gtgataacac
caacgatcgg aggaccgaag gagctaaccg cttttttgcea
ctcgecttga tcgttgggaa ccggagetga atgaagccat

ccacgatgcc tgtagcaatg gcaacaacgt tgcgcaaact

-08-

tttatttttc
gcttcaataa
tccetttttt
aaaagatgct
cggtaagatc
agttctgcta
ccgcatacac
tacggatggc
tgcggecaac
caacatgggg
accaaacgac

attaactggc

taaatacatt
tattgaaaaa
gcggeatttt
gaagatcagt
cttgagagtt
tgtggegegs
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca

gaactactta

29

30

60

120

180

240

300

360

420

480

540

600

660

720



ctctagcttc
ttctgcegcetce
gtgggtcteg
ttatctacac
taggtgcctc
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tcctgttacc
gacgatagtt
ccagcttgga
gcgccacgcet
caggagagcg
ggtttcgcca
tatggaaaaa
ctcacatgtt
agtgagctga
aagcggaaga
gcagctggcea
tgagttagct
tgtgtggaat
ccaagcgcgce

agcagagcag

ccggcaacaa
ggcccttecg
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc
ccaccacttc
agtggctgct
accggataag
gcgaacgacc
tcccgaaggsg
cacgagggag
cctctgactt
cgccagcaac
ctttcctgeg
taccgctcgce
gcgecccaata
cgacaggttt
cactcattag
tgtgagcgga
aattaaccct

gattcccgtt

39342

ttaatagact
gctggetggt
gcagcactgg
caggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
geggtggttt
agcagagcgc
aagaactctg
gccagtggeg
gcgcageggt
tacaccgaac
agaaaggcegg
cttccagggsg
gagcgtcgat
geggeetttt
ttatcccctg
cgcagccgaa
cgcaaaccgc
cccgactgga
gcaccccagg
taacaatttc
cactaaaggg

gagcaccgcc

ggatggaggc
ttattgctga
ggccagatgg
tggatgaacg
tgtcagacca
aaaggatcta
tttcgttcca
tttttctgeg
gtttgccgga
agataccaaa
tagcaccgcc
ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctg
ttttgtgatg
tacggttcct
attctgtgga
cgaccgagcg
ctctccccgce
aagcggscag
ctttacactt
acacaggaaa
aacaaaagct

aggtgcgaat

-90-

ggataaagtt
taaatctgga
taagccctcc
aaatagacag
agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta
tactgtcctt
tacatacctc
tcttaccggg
ggggegttcg
acagcgtgag
ggtaagcggc
gtatctttat
ctcgtcaggg
ggeettttge
taaccgtatt
cagcgagtca
gecgttggecg
tgagcgcaac
tatgcttccg
cagctatgac
gggtaccggg

aagggacagt

gcaggaccac
gccggtgage
cgtatcgtag
atcgctgaga
tatatacttt
ctttttgata
gaccccgtag
tgcttgcaaa
ccaactcttt
ctagtgtagc
gctctgctaa
ttggactcaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtcctgtcg
gggcggagcec
tggeecttttg
accgcctttg
gtgagcgagg
attcattaat
gcaattaatg
gctcgtatgt
catgattacg

cccccccteg

gaagaaggaa

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280



cacccgctceg
caaggaaagt
tataccgaaa
cacggtaact
gaaaatgccg
cgggacgcgce
ctcgeceggtg
caccttcgcc
ccaggagtcg
cgeecgtgatg
catcgccttg
ggtgaacggg
gccgatggcec
gtcggegesge
gtcgatgccg
gtggtggcgs
gtcgagcatc
ccgcatgaac
tgattcccgg
cgggctegtg
ccaggggegt
aacttcatga
tggcggatgce
gtcgegggag
cttctccttg
ataatcgacg

gggaaccttt

cgggtgggcc

ctacacgaac
aaatcgctat
gatgccgtat
gcctttgaat
cagtcgacgc
ccgacgecga
gaggcgggca
aagagctgca
tcggegaggc
gecgttctcegt
gcgeecgega
tcggtgacgt
gtgcgcaccg
atggccttga
cgcaccggct
ccgatgccect
cacaccggcg
acggecgtcegt
ttggcactca
ccggeggecs
gctcagccaa
aggaagatca
cggatcaacc
agccacctgt
cgtaccaact

gccatcaact

39342

tacttcacct
cctttggcaa
aatgaccccg
ttgcagtacc
gaagcttgcc
cgacgatgtc
agtggatgcg
gcaccgaacg
cggeccgaggc
ggtcgagcag
acgtacggga
aaccgatcag
aggagacgtc
gectgctcgac
gegggacgac
ggagggtgat
cgcgcacctt
tgtgcggcac
tcttgacggg
caccggccag
gggcegeggt
tcgactggceg
acggatctcg
gagcaaaggc
ccgccaaggce
tgccatcectg

cggcaagatg

atcctgecccg
aatcctgtat
aagcagggtt
agcgtacggc
ggggecgacyg
cgecgeeggcec
cgggacgecg
ccggtagtcg
geeggeeegg
gtcggcccag
cgggeccegcecc
cggggtggac
ctccggggtc
gaccgggecg
gatgtcgctg
ctcggtgacc
gcggtactcc
cggctcgegce
gtcgggggtc
tctcgcacga
gcaggatccg
agcggcatcg
gcccagttga
atgaccgact
aaagcgctca
aagaatggtg

cagcgtcgtg

-100-

gctgacgecg
atcgtgcgaa
atgcagcgga
ccacagaatg
cggcgescss
tcgcccatga
tggcecggceca
gagggescea
atctggacgt
agctcggggt
tcgacgaggt
ccgagctcac
aggtcgcgca
atgccgggcet
aagtagatcg
agctcgggcc
ggcagtgagc
cggcacgect
gcggtaggceg
cccgtcecgec
aataggaact
cattcttcgc
cccagggcetg
ggaccttcct
cagcagtggt
cagtgtctcg

ttggcatcgt

ttggatacac
aaaggatgga
aaatgcagct
atgtcacgct
cctcgtccat
gccccagceag
ccgegeggaa
gegegeegsc
cgaggaagsc
cgccgtacat
aactcgcaag
gggtcagceat
gecegggegag
tgatgtcgag
ccgegtcgac
gcatgcagga
gcececggectg
tgaggaaggc
tctggecctt
gcecccggacc
tcggaatagg
atcccgectc
tcgccacaat
tctgaaggct
cattctcgag
gcaccccata

gtcccacgcc

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900



gaggagaagt
aggtggcagg
ggcaaatgga
tccaaggtcc
ccacgaggsgc
tccaagtggc
accgeegggsg
gtattgcacg
gcactgttgce
acatgaacca
cagtggcagg
ggccagecegg
gecggeecggc
ccgecggaga
cccgacgagc
gaccaggtca
cgttgtagat
ccgegeecge
acgtcgagat
tgtagacgtt
agatcacctt
gggagacgeg
ccatgtagag
ggaaggtcgc
cgaccagcta

gtcgtattac

acctgcccat
ggcaatggat
tgggegetge
ggtgtaacgg
atgacgagcg
ccatcttcga
gtaaccccaa
acattgcact
aaatagtcgg
tggecegegcet
cggeccgtcega
tgaccggecec
tgtcggceggce
acctgatcac
ggtccgtcgce
ctccegtget
gaagcgetgg
cgagatcgtc
gacccccagg
gatccccttt
gecggtagacg
gatggagcgg
ggcgatcggc
cacctgggtg
gttctagagc

gecgegcetcac

39342

cgagttcatg
cagagatgat
gctttacatt
gecgacgtggc
tccctceccegg
gegggecgegac
ggttgagaag
ccaccgctga
tggtgataaa
caacgggttc
ccgecgegaag
tccgecgecg
ccgegegess
cccggacacg
cgeggegetg
ggtggeegeg
aggaacagga
tcccagtgceg
tcctcggagg
acgatcacca
gtgaacgcgt
atgaactgca
gcccacaggce
gtcaccccgg
ggccgecacc

tggccgtegt

gacacgggcg
ctgctctgec
tggcaggcgc
aggatcgaac
acccagcgca
gctacggaag
ctgaccgatg
tgacatcagt

cttatcatcc

gggcageges
gcgetgageg
cgegeetgeg
gtcgccgaac
gtgcgeagee
acggcgceacg
ctggctactt
agacgatcaa
cgccgaaggg
gcatgtagag
ccgtcgegat
tggcgeegtc
ggaagacgta
tgtcgaacat
ggaccagcgce
gcggtggage

tttacaacgt

-101-

accgggcecttg
tgtggccccg
cagaatgtgt
ggctcgtcegt
gcacgeaggsg
gagctgtgga
agctcggcett
cgatcatagc
ccttttgetg
tgggecesce
aggcccagct
cggacaagga
tcgccgageg
tctgctggga
gggcacgege
cgtcgecccc
ggtgggcags
gcccttgaag
gaaggggatg
cgceggettg
caggcgcegcec
gatcgagacg
gccgaagcetg
ggccageagg

tccaattcgc

cgtgactggg

caggcgagtg
ctgccgcaaa
cagagacaac
ccagacctga
cctcgatcag
ccagcagcac
ttecgecattc
acgatcaacg
atggagctgc
ccagctggag
gcecgecagecc
ccccgttgcec
gctgaacatg
geegeegges
gtggcaggtc
cgcatgaacc
atgaccagga
cggaacaggg
tagaagtcgt
agcagcggga
gcctegtcca
atgtccgtgce
ttgacgatct
aacagcgcca
cctatagtga

aaaaccctgg

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460



cgttacccaa
agaggcccgc
gtaagcgtta
aaccaatagg
ttgagtgttg
aaagggcgaa
agttttttgg
tttagagctt
ggagcggece
gcecgegcetta
<210>
<211>

212>
<213>

15
40
ADN

220>
223>

<400> 15

cttaatcgcc
accgatcgcc
atattttgtt
ccgaaatcgg
ttccagtttg
aaaccgtcta
ggtcgaggte
gacggggaaa
ctagggcegct

atgcgccgcet

39342

ttgcagcaca
cttcccaaca
aaaattcgcg
caaaatccct
gaacaagagt
tcagggcgat
ccgtaaagca
gccggegaac
ggcaagtgta

acagggegcs

Trinh tu nhan tao

tcccecttte
gttgcgcagc
ttaaattttt
tataaatcaa
ccactattaa
ggcccactac
ctaaatcgga
gtggcgagaa
gcggtcacgc

tcag

Poan mdi oligonucleotit téng hop

agcacagcta gcttctagaa gcttcattca aaggccggcea

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

16
44
ADN

<220>

<223>

<400> 16

Trinh tu nhén tao

Poan mdi oligonucleotit téng hagp

gccagctggc
ctgaatggceg
gttaaatcag
aagaatagac
agaacgtgga
gtgaaccatc
accctaaagg

aggaagggaa

tgcgcgtaac

aggcagctcg agcatatgac tagtcagagc aggattcccg ttga

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

17
30
ADN

220>

Trinh tu nhan tao

<223> Doan mdi oligonucleotit téng hgp

-102-

gtaatagcga
aatggaaatt
ctcatttttt
cgagataggg
ctccaacgtc
accctaatca
gagcccccga
gaaagcgaaa

caccacaccc

5520

5580

5640

5700

5760

5820

5880

5940

6000

6034

40

44



<400> 17
gaatggcata

<210> 18
<211> 30
<212> ADN
<213> Trin

<220>

<223> boan

<400> 18
tctagaacta

<210> 19

<211> 8113
<212> ADN
<213> Trin

<220>
223>

<400> 19
gtggcacttt

caaatatgta
ggaagagtat
gcctteetgt
tgggtgceacg
ttcgccccga
tattatcccg
atgacttggt
gagaattatg
caacgatcgg
ctcgeccttga
ccacgatgcc
ctctagcttc

ttctgcgcetc

tgtagcaatg

39342

tggttcatgt gcagctccat

h tu nhan tao
moi oligonucleotit tdng hop

gtgaatagga acttcggaat

h ty nhan tao

tcggggaaat gtgcgcggaa cccctatttg

tccgctcatg agacaataac cctgataaat

gagtattcaa catttccgtg tcgcccttat

ttttgctcac ccagaaacgc tggtgaaagt

agtgggttac atcgaactgg atctcaacag

agaacgtttt ccaatgatga gcacttttaa

tattgacgcc aactcggtcg

gggcaagagc

tgagtactca ccagtcacag aaaagcatct

cagtgctgcc ataaccatga gtgataacac

gagctaaccg cttttttgca

aggaccgaag
tcgttgggaa ccggagctga atgaagccat
gcaacaacgt tgcgcaaact
ccggcaacaa ttaatagact ggatggaggc

ggcccttceg getggetggt ttattgetga

-103-

Plasmit pKS-orf18ifd-T-AmR(NS) téng hgp

tttatttttc
gcttcaataa
tccectttttt
aaaagatgct
cggtaagatc
agttctgcta
ccgcatacac
tacggatggc
tgcggccaac
caacatgggg
accaaacgac
attaactggc
ggataaagtt

taaatctgga

taaatacatt
tattgaaaaa
gcggeatttt
gaagatcagt
cttgagagtt
tgtggegees
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta

gcaggaccac

gccggtgagc

30

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840



gtgggtctcg

ttatctacac
taggtgcctc
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tcctgttacc
gacgatagtt
ccagcttgga
gcgccacgcet
caggagagcg
ggtttcgcca
tatggaaaaa
ctcacatgtt
agtgagctga
aagcggaaga
gcagctggcea
tgagttagct
tgtgtggaat
ccaagcgegc
agcatatgtt
tatttgcaac
aatgtcgtgc

gttacccccg

cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc
ccaccacttc
agtggctgct
accggataag
gcgaacgacc
tcccgaaggg
cacgagggasg
cctctgactt
cgccagcaac
ctttcctgeg
taccgctcgc
gcgcccaata
cgacaggttt
cactcattag
tgtgagcgga
aattaaccct
catgtgcagc
agtgccgttg
aatacgaatg

gcggtgtgct

39342

gcagcactgg
céggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
gcggtggttt
agcagagcgc
aagaactctg
gccagtggesg
gcgcageggt
tacaccgaac
agaaaggcgg
cttccagggs
gagcgtcgat
gecggeetttt
ttatcccctg
cgcagccgaa
cgcaaaccgc
cccgactgga
gcaccccagg
taacaatttc
cactaaaggg
tccatcagca
atcgtgctat
gcgaaaagcc

gctggtccac

ggccagatgg
tggatgaacg
tgtcagacca
aaaggatcta
tttcgttcca
tttttctgeg
gtttgccgga
agataccaaa
tagcaccgcc
ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctg
ttttgtgatg
tacggttcct
attctgtgga
cgaccgagcg
ctctccccgce
aagcgggceag
ctttacactt
acacaggaaa
aacaaaagct
aaaggggatg
gatcgactga
gagctcatcg

agctccttcc

-104-

taagccctcc
aaatagacag
agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta
tactgtcctt
tacatacctc

tcttaccggg

geegeetteg
acagcgtgag
ggtaagcggc
gtatctttat
ctcgtcaggg
ggecttttge
taaccgtatt
cagcgagtca
gegttggecg
tgagcgcaac
tatgcttccg
cagctatgac
gggtaccges
ataagtttat
tgtcatcagc
gtcagcttct

gtagecgtccg

cgtatcgtag
atcgctgaga
tatatacttt
ctttttgata
gaccccgtag
tgcttgcaaa
ccaactcttt
ctagtgtagc
gctctgctaa
ttggactcaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtcctgtcg
gggcggagec
tggeettttg

accgcctttg

gtgagcgags:

attcattaat
gcaattaatg
gctcgtatgt
catgattacg
ccccccecteg
caccaccgac
ggtggagtgc
caaccttggg

gcccctcgaa

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460



gatgggccac

gtcatgccct
acaccggacc
gcccatccat
ttgccectgce
caggtacttc
atggcaaagg
gtacgcgtcg
tggctcaagg
atccgctccc
ttcctgceatc
tgagctcatg
gagcaccgcc
tacttcacct
cctttggcaa
aatgaccccg
ttgcagtacc
gaagcttgcc
cgacgatgtc
agtggatgcg
gcaccgaacg
cggccgaggc
ggtcgagcag
acgtacggga

aaccgatcag

aggagacgtc

ttggactgat
cgtggtcagg
ttggagttgt
ttgcctttge
cacctcactc
tccteggegt
ttccctatgg
attatctcga
agaagagcct
gcgacattgt
cgccagaggc
aagttcctat
aggtgcgaat
atcctgecccg
aatcctgtat
aagcagggtt
agcgtacggc
ggggccgacg
cgegeeggec
cgggacgecg
ccggtagtcg
geeggeeegg
gtcggcccag
cgggeegecec

cggggtggac

ctccggggtc

39342

cgaggccctg
tctggacgac
ctctgacaca
ggcagegess
gcctgcaagc
gggacacgat
ggtgccgaga
gaatgaccac
tcagaaggaa
ggcgacagcec
gggatgcgaa
tccgaagttc
aagggacagt
gctgacgeceg
atcgtgcgaa
atgcagcgga
ccacagaatg
cggcgeecgs
tcgcccatga
tggccggcca
gagggescsa
atctggacgt
agctcgggst
tcgacgaggt
ccgagctcac

aggtcgcgca

cgtgetgegce
gagccgttcg
ttctggegcec
ccacaggcag
ccggtcgcecc
gccaacacga
cactgcacca
tgctgtgagc
ggtccagtcg
ctgggtcaac
gaatgcgatg
ctattcacta
gaagaaggaa
ttggatacac
aaaggatgga
aaatgcagct
atgtcacgct
cctegtccat
gccccagceag
ccgegeggaa
gcgegeeggce
cgaggaagsc
cgccgtacat
aactcgcaag

gggtcagcat

geeggecegag

-105-

tgggtccggg

atcctgccac
tgccaaatgt
agcagatcat
gtgtccatga
cgctgeatct
ttcttcagga
gctttgectt
gtcatgecctt
tgggccgaga
ccgctcgceca
gtcagagcag
cacccgctcg
caaggaaagt
tataccgaaa
cacggtaact
gaaaatgccg
cgggacgcegce
ctcgeceggtg
caccttcgcc
ccaggagtcg
cgccgtgatg
catcgccttg
ggtgaacggg
gccgatggcc

gtcggcgeeg

agggacgctc
gtcgcecegtt
aaagcgcagc
ctctgatcca
actcgatggg
tgccgagttg
tggcaagttg
ggcggacagg
tgcteggttg
tccgttgatc
gtcgattggc
gattcccgtt
cgggtgggec
ctacacgaac
aaatcgctat
gatgccgtat
gcctttgaat
cagtcgacgc
ccgacgcecga
gaggcegggea
aagagctgca
tcggegagsc
gegttctegt
gcgeecgega
tcggtgacgt

gtgcgcaccg

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020



gctgectcgac
gcgggacgac
ggagggtgat
cgcgcacctt
tgtgcggcac
tcttgacggg
caccggccag
gggccgeggt
ggccegttcc
ctggcggaat
cgcecgecectt
aggtggagac
cggtcgtcga
ccggacacga
agccggagat
cgctggeggce
cgcactactt
cgtggacgcc
ggtccgatct
tggtgacgct
cgacgaccgg
gcagaccgaa
tactcatcac
gaccttgaaa
aggaggcctg

tcecgeccgec

ccggegeccg

gaccgggcecg
gatgtcgcetg
ctcggtgacc
geggtactcc
cggectcgege
gtcgggggtc
tctcgcacga
gcaggatccg
gcttaatctt
ggacgaaccg
ccgggecegcet
ggtgccegeg
cggcgaggag
cgeetggegs
ggcggeggat
gcgeggectg
cggeggectg
gecgtgagget
gctggegceag
geegeagegg
cctcctgeat
accgttcgat
ttcgtgatca
gcacggttcg
gtgtttaatt
cacggccaag

tcacggagca

39342

atgccgggct
aagtagatcg
agctcgggcc
ggcagtgagc
cggcacgcect
gcggtaggeg
cccgtccgcec
gacagcgcecg
cccggeatgg
aaggagegecs
gtcgaggegce
ccgaaacggc
gatctggccg
gggaccttcc
ccgectgetgce
tcgtacggcg
tccgegeggce
ctgggcgees
gtcgegggsc
agggggcecec
ctctctttgt
cttcgaatga
ttcgttaaag
tccegecttc
aatgaccctt
cgaacacgtt

caaccgtcga

tgatgtcgag
ccgegtcegac
gcatgcagga
gcececggecetg
tgaggaaggc
tctggecectt
gcecccggacc
ggcggceces
ctgecggctca
ggggggatcc
tgcagagcgc
tcgccccgta
acggccggct
gtctggtgac
cggacgtgtg
agccgagegg
ccgecgectc
ttccggacac
tgccgeeggc
agtcgcgcetg
cgatacggcc
tcgatcegtge
gacaccaggt
acccccacga
ccgtcccgcec
ctttcactct

cgggegectt
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gtcgatgccg
gtggtegeces
gtcgagcatc
ccgcatgaac
tgattcccgg
cgggctegtg
ccaggggest
gtgtccctcc
gggacgactg
cgggcacgga
ccggetgegg
cgcgcacgceg
ggtgetgetg
gectggtgegc
ctggtcctgg
cacggtgacg
ccagatcgag
ggccgeccat
cgcteccggeg
agcctcccgce
actttcggaa
gtccgaattg
ttgctgccga
gceggececegt
cccgatccgce

tctgaccgga

cgcggcacgsg

atggccttga
cgcaccggct
ccgatgccect
cacaccggcg
acggcgtcegt
ttggcactca
ccggegeeces
ctgecgecggg
tcggacgges
ggtgcgectc
ccgcagatcg
ctggaggegsg
tgcgacccgg
gccgagetgg
ctgaccggceg
cgggcgagtt
atccgtgect
ctggtcgegt
gacgcgtccg
tgcggggtec
gecgttgegac
cccggattgt
agacgactgt
cccgeacccc
ccgtccccga
atacgaccca

atacccttga

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640



caggtgaccg
cctccggacg
gagggcattc
geggeceggea
cagcgcegect
gtggcctgcc
cacgccgcca
ttcgacaccg
gtcgagaacg
cgtccgetge
ctgcgggacg
gagttcgacg
acctccggca
gagacccgeg
gcggegatcg
aacgggttcg
cgegegaags
ccgeegecegce
cgegegsees
ccggacacgg
gcggegetga
gtggcegcegc
ggaacaggaa
cccagtgcgc

cctcggaggg

cgatcaccac

acgcccacga
acggcggatc
cgcccgtgat
gcggacccgt
acctcgtcca
ccgacctgtc
cccaggacct
agctggeegg
tgcteggett
ccgagccctg
ccctggagaa
cgatcgectc
tgcacaaggt
accggatcgc
tggaggecege
ggcagegggt
cgctgagcega
gcgeetgggce
tcgecgaact
tgcgcagggt
cggegeacgg
tggctacttc
gacgatcaag
gccgaagesse
catgtagagg

cgtcgcegatc

39342

caccgcagca
ttctgttacg
agcggacgag
cgccgtggac
gctgegecegce
cgcccteggce
gccctgtetg
ccgecttgec
cgtcctggag
gctgeggtac
ggagctggac
ggccecgecg
gecgeeggegce
ccggegecegt
gctcgegetg
ggggcgecec
ggcccagcetg
ggacaaggac
cgecgagegg
ctgctgggag
ggcacgegeg
gtcgcccccc
gtgggcagga
cccttgaagc

aaggggatgt

gccggettga

gacagttcac
gaggcgecega
gccgecectceg
gccgagegceg
gagggtgces
gaggcgctgt
cgcgagatag
gggttccccc
aagggccact
gccgecectceg
cgccaggsgca
ccggageccc
cgccagatgg
gacgtctccc
cccgccaacc
cagctggagc
ccgcageccg
cccgttgecg
ctgaacatgc
ccgeegggsc
tggcaggtcg
gcatgaaccc
tgaccaggac
ggaacaggga
agaagtcgtt

gcagcgggaa
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tgcgcaccac
ccccettget
ccgaggeggt
cctccgggta
gtaccgcgct
ccggegtcga
gcatggtgcc
gcgtegggcet
ccgececgtcga
acgtcgaact
agctggactg
gcaaggaccc
cggtggtecs
ccggcaaggt
tgcacgccat
agtggcaggc
gccageeggt
cggcccggcet
cgccggagaa
ccgacgagcg
accaggtcac
gttgtagatg
cgecgeccgece
cgtcgagatg
gtagacgttg

gatcaccttg

cggaggeget
ggaaccccgc
cgecegecttc
ccgctacggc
gatcgacccc
gtgggtgctg
ctcccegectc
cggcgegatg
ctggtccacc
gctggtcgat
ggceccggeag
ctggcgecegce
ggagctgtgg
gctttccgac
ggccgegcetce
ggccgtcgac
gaccggccct
gtcggeggec
cctgatcacc
gtccgtcgcec
tccegtgetg
aagcgctgga
gagatcgtct
acccccaggt

atccccttta

cggtagacgg

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200



tgaacgcgtt
tgaactgcag
cccacaggcet
tcaccccggg
gccgccaccg
ggccgtegtt
tgcagcacat
ttcccaacag
aaattcgegt
aaaatccctt
aacaagagtc
cagggcgatg
cgtaaagcac
ccggecgaacg
gcaagtgtag
cagggcgegt
<210>
<211>

<212>
<213>

20

ADN
<220>
<223>

<400> 20
gaattcgtaa

cacaacatac
ctcacattaa
ctgcattaat
gcttcctege

cactcaaagg

7120

ggcgecegtcec
gaagacgtag
gtcgaacatg
gaccagcgeg
cggtggagcet
ttacaacgtc
cccccttteg
ttgcgcagcec
taaatttttg
ataaatcaaa
cactattaaa
gcccactacg
taaatcggaa
tggcgagaaa
cggtcacgct

cag

tcatgtcata
gagccggaag
ttgecgttgeg
gaatcggcca
tcactgactc

cggtaatacg

39342

aggcgegecg
atcgagacga
ccgaagcetgt
gccagcagga
ccaattcgcc
gtgactggga
ccagctggceg
tgaatggcga
ttaaatcagc
agaatagacc
gaacgtggac
tgaaccatca
ccctaaaggg

ggaagggaag

gcgcgtaacc

Trinh ty nhan tao

gctgtttect
cataaagtgt
ctcactgccc
acgegegges
gctgegetceg

gttatccaca

cctcgtccag
tgtccgtgcc
tgacgatctg
acagcgccac
ctatagtgag
aaaccctggc
taatagcgaa
atggaaattg
tcatttttta
gagatagggt
tccaacgtca
ccctaatcaa
agcccccgat
aaagcgaaag

accacacccg

gtgtgaaatt
aaagcctggg
gctttccagt
agaggcggtt
gtcgttcggc

gaatcagggg

-108-

ggagacgges
catgtagagg
gaaggtcgcc
gaccagctag
tcgtattacg
gttacccaac
gaggcccgca
taagcgttaa
accaataggc
tgagtgttgt
aagggcgaaa
gttttttggg
ttagagcttg
gagcggecec

ccgecgcttaa

Plasmit pXY152-endorf24-camtsr téng hgp

gttatccgct
gtgcctaatg
cgggaaacct
tgcgtattgg
tgcggcegagce

ataacgcagg

atggagcgga
gcgatcggeg
acctgggtgg
ttctagagcg
cgecgctcact
ttaatcgcct
ccgatcgccc
tattttgtta
cgaaatcggc
tccagtttgg
aaccgtctat
gtcgaggtgc
acggggaaag
tagggegetg

tgcgecgcta

cacaattcca
agtgagctaa
gtcgtgccag
gecgectcettcec
ggtatcagct

aaagaacatg

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8113

60

120

180

240

300

360



tgagcaaaag
cataggctcc
aacccgacag
cctgttccga
gecgetttctce
ctgggctgty
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtttgca
ttttctacgg
agattatcaa
aaggggatga
atcgactgat
agctcaataa
taattcatta
cgccagegsgc
ggcgaagaag
attggctgag
accgtaacac
ttcactccag
aacactatcc
attcatcagg
tacggtcttt

aactgactga

gccagcaaaa
gcccccctga
gactataaag
ccctgecget
atagctcacg
tgcacgaacc
ccaacccggt
gagcgaggta
ctagaagaac
ttggtagctc
agcagcagat
ggtctgacgc
aaaggatctt
taagtttatc
gtcatcagcg
ctgccttaaa
agcattctgc
atcagcacct
ttgtccatat
acgaaaaaca
gccacatctt
agcgatgaaa
catatcacca
cgggcaagaa
aagaaggccg

aatgcctcaa

39342

ggccaggaac

cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
ccccgttcag
aagacacgac
tgtaggeggt
agtatttggt
ttgatccggc
tacgcgcaga
tcagtggaac
cacctagatc
accaccgact
gtggagtgca
aaaattacgc
cgacatggaa
tgtcgecttg
tggccacgtt
tattctcaat
gcgaatatat
acgtttcagt
gctcaccgtc
tgtgaataaa
taatatccag

aatgttcttt

cgtaaaaagg
aaaaatcgac
tttccccctg
ctgtccgect
ctcagttcgg
cccgaccgcet
ttatcgccac
gctacagagt
atctgcgctc
aaacaaacca
aaaaaaggat
gaaaactcac
cttttggttc
atttgcaaca
atgtcgtgca
cccgecectgce
gccatcacaa
cgtataatat
taagtcaaaa
aaacccttta
gtgtagaaac
ttgctcatgg
tttcattgcc
ggccggataa
ttgaacggtc

acgatgccat

-109-

ccgegttgcet
gctcaagtca
gaagctccct
ttctcccttc
tgtaggtcgt
gcgecttatc
tggcagcagc
tcttgaagtg
tgctgaagcc
ccgctggtag
ctcaagaaga
gttaagggat
atgtgcagct
gtgccgttga
atacgaatgg
cactcatcgc
acggcatgat
ttgcccatcg
ctggtgaaac
gggaaatagg
tgccggaaat
aaaacggtgt
atacgaaatt
aacttgtgct
tggttatagg

tgggatatat

ggegtttttc
gaggtggcga
cgtgegctct
gggaagegtg
tcgctccaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttc
cggtggtttt
tcctttgatc
tttggtcatg
ccatcagcaa
tcgtgctatg
cgaaaagccg
agtactgttg
gaacctgaat
tgaaaacggg
tcacccaggg
ccaggttttc
cgtcgtggta
aacaagggtg
ccggatgagc
tatttttctt
tacattgagc

caacggtggt

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920



atatccagtg
aaaaaatacg
ccgatcaacg
accaggattt
tcatggagcg
taccgcecgegg
cttgegttgg
cccaggaatc
catcgcaaat
atccaacata
cggggtggag
ggatctgtgc
gttgttcaag
caggttcggc
cgtcgggaac
cctggtcgac
ttacgtcttc
ggacagcggt
cggggacaat
cctgttcgag
tctcaacgtt
ggccaaccga
ctcgtcggtg
gacgtgcttg
ctgcecctcegg

tcttcgccag

tgagccagag

atttttttct
cccggtagtg
tctcattttc
atttattctg
gcgtaaccgt
gtcccggacg
tgattgccgg
gcgtcactga
ccgtecgatc
aagacaacgt
ttcatcgagg
gggcgecaga
ggggageega
gacatcgcga
atcggcgcega
agtgacatca
tccctteecg
atgcaactga
ccggatcggce
gaggegtctt
tcegtttccc
taagctagct
atgtacttca
gcaatcacgc
gcggaccacg

cagggcgagg

tttcagcagg

39342

ccattttagc
atcttatttc
gccaaaagtt
cgaagtgatc
cgcacaggaa
gegaagagcg
tcagggcagc
acacagcagc
cggcggtgea
tgatcgagga
tctacggcag
acataccggt
aggccaagac
gceggegtgg
tagtacgcac
ccagcatcgc
tcgttctctc
tgacgctcaa
tggecttgcet
ccgectceggt
tcggaatcgc
agagtcgacc
ccagctccgc
gcaccccccg
cccatcatga
atcgtggcat

ccgcecaggc

ttccttaget
attatggtga
ggcccaggsc
ttccgtcaca
ggacagagaa
gggagctttg
catccgccat
cggtaggacg
gcggatcatc
cgtcgagccc
cgacagcagt
ccgcctcatc
attcggcatc
ggacgtcgtc
gtcgctcgeg
ggaccggegt
cggtcgcgag
ggcggatggc
gttcggcagc
ttccatcccc
gctgcacgag
tgcaggtccc
gaagtcgctc
gcegttttag
ccttgccaag

caccgaaccg

ggcccaggtc

-110-

cctgaaaatc
aagttggaac
ttcccggtat
ggtatttatt
agcgeggaag
ccagagagcg
cgtcgegtag
accatgactg
gatgtcacca
ctcatgcaca
ccttttccat
gactcctcga
gccegegtcc
gttctcgacg
ctcggagcegt
ctccaaaggg
gaggccatcg
gacatttccg
gaaaagggtg
atgatgagcc
aggatcgaca
cggggatcgg
ttcttgatgg
cggctaaaaa
ctcgtcctgc
cgeccgtgegc

gccattgatg

tcgataactc
ctcttacgtg
caacagggac
cgcgataagc
cttatttaaa
acgacttccc
ggtgtcacac
agttggacac
agccgtcgeg
gcatcgcggc
ctgagttgct
tcgtcaacca
ctcgcccggce
gggtgaagat
cggggatcat
ccagccgagg
ccttcattcg
tgaaggaact
ggccttccga
agaccgagtc
ggaatctcgc
tcttgecttg
agcgcatggg
agtcatggct
ttctcttcga
gggtecgtcgg

cgggccagcet

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540



cgcggacgtg
ggtaggccga
ctggaaggca
ccatccgcett
tcccgttgag
gtgggcctac
cacgaaccct
tcgctataat
tgcaagctct
aatcgccctg
geceeggegs
gttttcggga
ggtcgecgac
ccgtcagtcg
caacgaagac
gttcgtcges
ggagttcgaa
tgacgtgtcg
gctcgeectg
catggacctg
gtcggcgaag
gaaggcgcect
aatggtcaat
cgagttcgag
tcccttcaag

gcgcatggac

ctcatagtcc
caggctcatg
gtacaccttg
gccctcatcet
caccgccagg
ttcacctatc
ttggcaaaat
gaccccgaag
agcgattcca
ggtgggttac
caaccctcag
gtagtgcccc
atgacacaag
cgcgagegeg
aaggegegecg
catttcagcg
cgcatcctga
cgcttctcge
ggcgtgacga
attcacctga
attctcgaca
tacggcttcg
gtcgtcatca
cccgacgtaa

ccgggeagtc

gctgacgecg

39342

acgacgcccg
ccggeegeceg
ataggtgggc
gttacgccgg
tgcgaataag
ctgccecggcet
cctgtatatc
cagggttatg
gacgtcccga
acgacgcccc
cggatgcccc
aactggggta
gggttgtgac
agaactcgag
accttcagcg
aagegeeggs
acgaatgccg
gcctgaaggt
ttgtttccac
ttatgcggcet
cgaagaacct
agcttgtttc
acaagcttgc
tccggtgete
aagccgccat

tgccgacccg

tgattttgta
ccgectttte
tgceccttect
cggtageccgg
ggacagtgaa
gacgccgttg
gtgcgaaaaa
cagcggaaaa
aggegtggeg
tctatggccc
ggggcttcac
acctttgagt
cggggtggac
cgcagcaagc
cgaagtcgag
cacgtcggceg
cgeeggsgees
catggacgcg
tcaggaaggc
cgacgcgtceg
tcagcgcgaa
ggagacgaag
gcactcgacc
gtggcgtgag

tcacccgggc

gggcgagacg
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gcecctggeceg
ctcaatcgct
ggttggcttg
ccagcctcgc
gaaggaacac
gatacaccaa
ggatggatat
gatccgtcga
cggcttcccc
gtactgacgg
gttttcccag
tctctcagtt
acgtacgcgg
ccagcgacac
cgcgacgess
ttcgggacgg
ctcaacatga
attccgattg
gtcttccggc
cacaaagaat
ttgggegest
gagatcacgc
actcccctta
atcaagacgc
agcatcacgg

attgggaaga

acggccagca
cttcgttcgt
gtttcatcag
agagcaggat
ccgectecgegg
ggaaagtcta
accgaaaaaa
cctgcaggcea
gtgceggage
acacaccgaa
gtcagaagcg
gggggcgtag
gtgcttacga
agcgtagegc
gceggttcag
cggagcgcecc
tcattgtcta
tctcggaatt
agggaaacgt
cttcgctgaa
acgtcggegg
gcaacggcecg
ccggaccctt
acaaacacct
ggctttgtaa

agaccgcttc

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100



aagcgcectgg
cgcecgetgag
ttaccgcatt
catcgagccc
ggggctttcc
cgcegtcatg
ccggaaggtg
ggcggcactc
cgacgaagag
ggcgectgag
cgececcttgaa
gaagcacttc
gcttgeccgaa
agacgccgac
caagcgcgtg
cagggggcag
cgacgacgac
agatctagac
acatatggaa
cgagcacgtg
ccgcaccggg
tacgacgatc
gaagtcgaac
gcgcatcatg
ctccgccagg
cacccgcatc

ggcccacgac

gacccggcaa
gtgatctaca
cagcgcgacc
gctgagtggt
cggggegcaag
acttcgaagc
gtcgacccgt
gacaagttcg
acgttggcegc
aagagcggcg
gagctgtacg
cggaagcaac
cttgaagccg
gctgacccga
ttcgtcgggc
ggaacgccca
gaagacgacg
gtggcaccgc
ataagttcgc
gaaatgctgg
cgggtcatcg
gecggtgaggt
atcgcgcacg
gccacccatc
acggtcgeccg
ggeccggeacg

atgatcgtcc

39342

ccgttatgceg
agaagaagcc
cgatcacgct
atgagcttca
ccattctgtc
gcggggaaga
ccgcacctgg
ttgcggaacg
ttctgtggga
aacgggcgaa
aagaccgcgc
aggcagcgct
ccgaagcccc
ccggccctaa
tcttcgtaga
tcgagaagcg
cccaggacgg
gatgctgttg
tctccaccga
ccgeegecga
acggcatgca
tcttcgacgg
gactgccgct
ccecggtggtc
agatccgccg
gcagggtacg

gcgacccggs

aatccttcgg
ggacggeacg
ccggeeggtc
ggcgtggtty
cgccatggac
atcgatcaag
gcagcacgaa
catcttcaac
agccgccecga
ccttgttgceg
ggcaggegeg
gacgctccgg
gaagcttccc
gtcgtggtes
caagatcgtt
cgcttcgatc
cacggaagac
tgggcacaat
cggctccccg
caccgecgctt
ccggetgegce
caccgaggag
gtccgecegcec
ggaccggatg
cgacgccggc
gcccgtcegac

cctgtcgcetg

-112-

gacccgcgta
ccgaccacga
gagcttgatt
gacggcages
aagctgtact
gactcttacc
ggcacgtgca
aagatcaggc
cgcttcggcea
gagcgegeceg
tacgacggac
cagcaagggsg
cttgaccaat
gggcgegegt
gtcacgaagt
acgtgggcga
gtagcggegt
cgtgceggtt
cggatcgacg
ccaccgatca
gcecgegatge
gacgccttcg
gaccgecggce
atcgcctcgg
geegeeggee
gtgagcgagg

cgccaggtcg

ttgecgggett
agattgaggg
gcggaccgat
ggcgegegcaa
gcgagtgtgg
gctgeegtceg
acgtcagcat
acgccgaagg
agctcactga
acgccctgaa
ccgttggcag
cggaagageg
ggttccccga
cagtagacga
cgactacggg
agccgecgac
aggtgagtga
ggtaggatcc
gggagagtcc
tggtgcaccg
tgacgggccg
tcctecgecgt

ggeccgeegs

tggtcggcac
cgggggagcc
gccgcagact

cccgegecgc

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720



cgggatctcg
ggtgceeges
ggccgggaag
gctgagggcec
ggatatccac
ccgtctggag
gtcacgcatc
<210>
<211>

<212>
<213>

21
30
ADN

220>

223>

<400> 21

ccggagaccg
ccgeggecegce
gcecgecegegce
gatccggegc
acggtccggc
acggtggegce

gaaagcaacg

39342

tcagggacgt
ggaccctggt
cgtgegggac
tgcgtctcaa
tggaggactg
agctggcacg

catcacatct

Trinh tu nhan tao

gtggcaattt aaatggaaat gtgcgcggaa

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

22
31
ADN

<220>

223>

<400> 22

Trinh tu nhan tao

cagacaccgg
ggagcgegec
ggagcegecg
cgagaacgga
gaaccgcatt

ctcctgcgcec

ggccgggtga

Poan mdi oligonucleotit téng hop

Poan mdi oligonucleotit téng hgp

tatatagagc tcaacttggt ctgacagtta c

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

23
7162
ADN

<220>
223>

<400> 23

Trinh ty nhan tao

pXY152-endorf24-blatsr tong hop

atgctccgeg
gcggaccgcc
cccgecgtceg
cgcgacctgce
atcgaaagcg

gacaaatggt

gtgaggaccc
gggcgegagec
tgatgaagcg
tgcggettct
tgccgecgea

ccgagatcgc

6780

6840

6900

6960

7020

7080

7120

30

31

gaattcgtaa tcatgtcata gctgtttcct gtgtgaaatt gttatccgct cacaattcca 60

cacaacatac gagccggaag cataaagtgt aaagcctggg gtgcctaatg agtgagctaa 120

-113-



ctcacattaa
ctgcattaat
gcttectegce
cactcaaagg
tgagcaaaag
cataggctcc
aacccgacag
cctgttccga
gecgetttctce
ctgggctgtg
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtttgca
ttttctacgg
agattatcaa
aaggggatga
atcgactgat
agctcaactt
tgtctatttc
gagggcttac
ccagatttat
actttatccg
ccagttaata
tcgtttggta

cccatgttgt

ttgegttgeg
gaatcggcca
tcactgactc
cggtaatacg
gccagcaaaa
gcccccctga
gactataaag
ccctgecgcet
atagctcacg
tgcacgaacc
ccaacccggt
gagcgaggta
ctagaagaac
ttggtagctc
agcagcagat
ggtctgacgc
aaaggatctt
taagtttatc
gtcatcagcg
ggtctgacag
gttcatccat
catctggccc
cagcaataaa
cctccatcca
gtttgcgcaa
tggcttcatt

gcaaaaaagc

39342

ctcactgccc
acgegegess
gctgegetceg
gttatccaca
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
ccccgttcag
aagacacgac
tgtaggegst
agtatttggt
ttgatccggc
tacgcgcaga
tcagtggaac
cacctagatc
accaccgact
gtggagtgca
ttaccaatgc
agttgcctga
cagtgctgca
ccagccagcc
gtctattaat
cgttgttgcec
cagctccggt

ggttagctcc

gctttccagt
agaggcggtt
gtcgttcggc
gaatcagggg
cgtaaaaagg
aaaaatcgac
tttcccectg
ctgtccgect
ctcagttcgg
cccgaccgct
ttatcgccac
gctacagagt
atctgcgctc
aaacaaacca
aaaaaaggat
gaaaactcac
cttttggttc
atttgcaaca
atgtcgtgca
ttaatcagtg
ctccccgtceg
atgataccgc
ggaagggccg
tgttgccgesg
attgctacag
tcccaacgat

ttcggtectc

-114-

cgggaaacct
tgcgtattgg
tgcggcgagce
ataacgcagg
ccgegttgcet
gctcaagtca
gaagctccct
ttctcccttc
tgtaggtcgt
gcgecttatce
tggcagcagc
tcttgaagtg
tgctgaagcc
ccgctggtag
ctcaagaaga
gttaagggat
atgtgcagct
gtgccgttga
atacgaatgg
aggcacctat
tgtagataac
gagacccacg
agcgcagaag
aagctagagt
gcatcgtggt
caaggcgagt

cgatcgttgt

gtcgtgccag
gcgctcettcec
ggtatcagct
aaagaacatg
ggegtttttc
gaggtggcga
cgtgegetcet
gggaagcgtg
tcgctccaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttc
cggtggtttt
tcctttgatc
tttggtcatg
ccatcagcaa
tcgtgctatg
cgaaaagccg
ctcagcgatc
tacgatacgg
ctcaccggct
tggtcctgea
aagtagttcg
gtcacgctcg
tacatgatcc

cagaagtaag

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740



ttggccgcag
ccatccgtaa
tgtatgcggc
agcagaactt
atcttaccgc
gcatctttta
aaaaagggaa
tattgaagca
aaaaataaac
cggggaagag
ggtcagggca
gaacacagca
tccggeggtg
gttgatcgag
ggtctacggc

gaacataccg

gaaggccaag
gagccggegt
gatagtacgc
caccagcatc
cgtegttctc
gatgacgctc
gctggecttg
ttccgectceg
cctcggaatc

ctagagtcga

tgttatcact
gatgcttttc
gaccgagttg
taaaagtgct
tgttgagatc
ctttcaccag
taagggcgac
tttatcaggg
aaataggggt
cggggagctt
gccatccgec
gcecggtagga
cagcggatca
gacgtcgagc
agcgacagca
gtccgectca
acattcggca
ggggacgtcg
acgtcgctceg
gcggaccgsc
tccggtegeg
aaggcggatg
ctgttcggca
gtttccatcc
gcgetgeacg

cctgcaggtc

39342

catggttatg
tgtgactggt
ctcttgcccg
catcattgga
cagttcgatg
cgtttctggg
acggaaatgt
ttattgtctc
tccgcgcaca
tgccagagag
atcgtcgegt
cgaccatgac
tcgatgtcac
ccctcatgca
gtccttttcc
tcgactcctc
tcgeeegegt
tcgttctcga
cgctcggagc
gtctccaaag
aggaggccat
gcgacatttc
gcgaaaaggs
ccatgatgag
agaggatcga

cccggggatc

gcagcactgc
gagtactcaa
gcgtcaatac
aaacgttctt
taacccactc
tgagcaaaaa
tgaatactca
atgagcggat
tttccattta
cgacgacttc
agggtgtcac
tgagttggac
caagccgtcg
cagcatcgceg
atctgagttg
gatcgtcaac
ccctcgeccg
cggggtgaag
gtcggggatc
ggccagcecga
cgccttcatt
cgtgaaggaa
tgggccttcc
ccagaccgag
caggaatctc

ggtcttgect

-115-

ataattctct
ccaagtcatt
gggataatac

cgeggcgaaa

gtgcacccaa
caggaaggca
tactcttcct
acatatttga
aataccgcgce
cccttgegtt
accccaggaa
accatcgcaa
cgatccaaca
gceggeetes
ctggatctgt
cagttgttca
gccaggttcg
atcgtcggga
atcctggtcg
ggttacgtct
cgggacageg
ctcggggaca
gacctgttcg
tctctcaacg
gcggecaacc

tgctcgtcgg

tactgtcatg
ctgagaatag
cgcgeccacat
actctcaagg
ctgatcttca
aaatgccgca
ttttcaatat
atgtatttag
gggtcccgga
ggtgattgcc
tcgegtcact
atccgtccga
taaagacaac
agttcatcga
gcggegegsea
aggeggageg
gcgacatcgc
acatcggcgc
acagtgacat
tctcccttcec
gtatgcaact
atccggatcg
aggaggcgtc
tttccgtttc
gataagctag

tgatgtactt

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300



caccagctcc
gcgcaccccc
cgcccatcat
ggatcgtggc
ggccgeccag
ccacgacgcc
tgccggecegc
tgataggtgg
ctgttacgcc
ggtgcgaata
tcctgeecgg
atcctgtata
agcagggtta
cagacgtccc
acacgacgcc
agcggatgcc
ccaactgggg
aggggttgty
cgagaactcg
cgaccttcag
cgaagcgcecg
gaacgaatgc
gcgectgaag
gattgtttcc
gattatgcgg
cacgaagaac

cgagcttgtt

gcgaagtcgc
cggeegtttt
gaccttgcca
atcaccgaac
geggeecagg
cgtgattttg
cgeecgecttt
gctgeecttce
ggcggtagec
agggacagtg
ctgacgccgt
tcgtgcgaaa
tgcagcggaa
gaaggcgtee
cctctatggc
ccggggette
taacctttga
accggggteg
agcgcagcaa
cgcgaagtcg
ggcacgtcgg
cgegeeggsc
gtcatggacg
actcaggaag
ctcgacgcegt
cttcagcgceg

tcggagacga

39342

tcttcttgat
agcggctaaa
agctcgtect
cgegecegtge
tcgccattga
tagccctggce
tcctcaatceg
ctggttggcet
ggccagcctc
aagaaggaac
tggatacacc
aaggatggat
aagatccgtc
cgeggettcec
ccgtactgac
acgttttccc
gttctctcag
acacgtacgc
gcccagcegac
agcgegacgg
cgttcgggac
ggctcaacat
cgattccgat
gcgtcttceg
cgcacaaaga

aattgggcegsg

aggagatcac

ggagcgceatg
aaagtcatgg
gcttctettc
gcgggtcegtc
tgcgggccag
cgacggccag
ctcttegttc
tggtttcatc
gcagagcagg
acccgcetcegce
aaggaaagtc
ataccgaaaa
gacctgcagg
ccgtgecegga
ggacacaccg
aggtcagaag
ttgggggcset
gggtgcttac
acagcgtagc
gggccggttc
ggcggagegce
gatcattgtc
tgtctcggaa
gcagggaaac
atcttcgctg
gtacgtcggc

gcgcaacggce

-116-

gggacgtgct
ctctgccctc
gatcttcgcc
ggtgagccag
ctcgecggacg
caggtaggcc

gtctggaagg

agccatccgc
attcccgttg
gggtgggect
tacacgaacc
aatcgctata
catgcaagct
gcaatcgccc
aagccccggce
cggttttcgg
agggtcgecg
gaccgtcagt
gccaacgaag
aggttcgtcg
ccggagttcg
tatgacgtgt
ttgctcgccc
gtcatggacc
aagtcggcga
gggaaggcgc

cgaatggtca

tggcaatcac

gggcggacca
agcagggcga
agtttcagca
tgctcatagt
gacaggctca
cagtacacct
ttgcectcat
agcaccgcca
acttcaccta
ctttggcaaa
atgaccccga
ctagcgattc
tgggtgggtt
ggcaaccctc
gagtagtgcc
acatgacaca
cgecgegageg
acaaggcggc
ggcatttcag
aacgcatcct
cgegettctce
tgggcgtgac
tgattcacct
agattctcga
cttacggctt

atgtcgtcat

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920



caacaagctt
aatccggtgg
tcaagccgcec
cgtgccegacc
aaccgttatg
caagaagaag
cccgatcacg
gtatgagctt
agccattctg
gcgeggeggaa
gtccgcacct
cgttgcggaa
gcttctgtgg
cgaacggecg
cgaagaccgc
acaggcagcg
cgccgaagcec
gaccggccct
gctcttcgta
catcgagaag
cgcccaggac
gcgatgetgt
gctctccacc
ggecegecegcec
cgacggcatg

gttcttcgac

gcgcactcga
tggtggcgts
attcacccgg
cggggegaga
cgaatccttc
ccggacggcea
ctccggecegg
caggcgtggt
tccgecatgg
gaatcgatca
gggcageacg
cgcatcttca
gaagccgcecec
aaccttgttg
gcggeagecg
ctgacgctcc
ccgaagcettc
aagtcgtggt
gacaagatcg
cgegettcga
ggcacggaag
tgtgggcaca
gacggctccc
gacaccgcgce
caccggctgc

ggcaccgagg

39342

ccactcccct
agatcaagac
gcagcatcac
cgattgggaa
gggacccgeg
cgccgaccac
tcgagcttga
tggacggcag
acaagctgta
aggactctta
aaggcacgtg
acaagatcag
gacgcttcgg
cggagcgcgc
cgtacgacgg
ggcagcaagsg
cccttgacca
gegescecec
ttgtcacgaa
tcacgtgggc
acgtagcggc
atcgtgccgg
cgcggatcga
ttccaccgat
gcgecegegat

aggacgcctt

taccggaccc
gcacaaacac
ggggctttgt
gaagaccgct
tattgcgggc
gaagattgag
ttgcggaccg
gggegcecesc
ctgcgagtgt
ccgectgecegt
caacgtcagc
gcacgccgaa
caagctcact
cgacgccctg
acccgttggce
ggcggaagag
atggttcccc
gtcagtagac
gtcgactacg
gaagccgecg
gtaggtgagt
ttggtaggat
cggggagagt
catggtgcac
gctgacggsgc

cgtcctcgec

-117-

ttcgagttcg
cttcccttca
aagcgcatgg
tcaagcgcect
ttcgeegetg
ggttaccgca
atcatcgagc
aaggggcttt
ggcgecegtca
cgeccggaagg
atggcggcac
ggcgacgaag
gaggcgcctg
aacgcccttg
aggaagcact
cggcttgeceg
gaagacgccg
gacaagcgcg
ggcagegessc
accgacgacg
gaagatctag
ccacatatgg
cccgagcacg
cgccgeaccg
cgtacgacga

gtgaagtcga

agcccgacgt
agccgggceag
acgctgacgc
gggacccgsc
aggtgatcta
ttcagcgcga
ccgctgagtg
cceggeggecea
tgacttcgaa
tggtcgaccc
tcgacaagtt
agacgttggc
agaagagcgg
aagagctgta
tccggaagca
aacttgaagc
acgctgaccc
tgttcgtcgg
agggaacgcc
acgaagacga
acgtggcacc
aaataagttc
tggaaatgct
ggcgggtceat
tcgeggtgag

acatcgcgca

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480



cggactgeceg
tcceceggtgg
cgagatccgc
cggcagggta
ccgecgacccg
cgtcagggac
gcggaccctg
gcegtgeggs
gctgegtctce
gctggaggac
gcagctggca
cgcatcacat
<210>
<211>

<212>
<213>

24
24
ADN

220>

223>

<400> 24

ctgtccgecg
tcggaccgga
cgcgacgeceg
cggececegteg
ggcctgtcgce
gtcagacacc
gtggagcgeg
acggagccgc
aacgagaacg
tggaaccgca
cgctectgeg

ctggecegggt

39342

ccgaccgecg
tgatcgectc
gegeegeegg
acgtgagcga
tgcgecaggt
ggatgctccg
gegeggaccg
cgcccgecegt
gacgcgacct
ttatcgaaag

ccgacaaatg

ga

Trinh ty nhan tao

aaggagaaga gccttcagaa ggaa

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

25
321
PRT

<400> 25

S. griseus

gegggecegece
ggtggtcgec
ggcgggegag
gggccgeaga
cgccegegec
cggtgaggac
ccgggeggag
cgtgatgaag
gctgeggcett
cgtgccgecg

gtccgagatc

Poan méi oligonucleotit téng hgp

gggcgceatca
acctccgcca
cccacccgea
ctggcccacg
gccgggatct
ccggtgeccg
ccggeeggsa
cggctgageg
ctggatatcc
caccgtctgg

gcgtcacgca

tggccaccca
ggacggtcgc
tcggeeggsa
acatgatcgt
cgccggagac
cgecegeggec
aggccgecgce
ccgatccggc
acacggtccg
agacggtggc

tcgaaagcaa

Met Asp Pro Thr Arg Val Asp Ile Phe Ala Leu Pro Ala Val Glu Ile

1

5

10

15

Glu Leu Ser Arg Leu Ser Ser Ala Ser Ser Pro Arg Thr Ser Gly Glu

20

25

30

Asp Pro Glu His Val Glu Thr Leu Leu Ser Ala Glu Gly Glu Leu Pro

-118-

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7162

24



Pro

Arg

65

Leu

Asn

Ala

Ala

Arg

145

Val

Ile

Gly

Gly

His

225

Asp

Ile

50

Leu

Val

Ile

Val

Ser

130

Ala

Arg

Arg

Ile

Glu

210

Pro

Arg

35

Leu

Lys

Asp

Arg

Gln

115

Ala

Gly

Pro

Ser

Ser

195

Ser

Leu

Leu

Val

Val

Ala

His

100

Ile

Thr

Glu

Ser

Asp

180

Pro

Pro

Arg

Ala

His

Ala

Thr

85

Gly

Ile

Gly

Asp

Asp

165

Pro

Glu

Thr

Leu

Leu
245

Arg

Arg

70

Glu

Leu

Gly

Ile

Gly

150

Gly

Gly

Thr

Pro

Ser

230

Leu

Pro

55

Val

Ser

Pro

Thr

Ser

135

Thr

Ser

Leu

Val

Asp

215

Glu

Glu

39342

40

Thr

Arg

Asp

Leu

His

120

Ala

Glu

Glu

Ser

Arg

200

Gly

Pro

Arg

Met

Gly

Ala

Ser

105

Pro

Gly

Ala

Arg

Leu

185

Asp

Thr

Asp

Leu

-119-

Gln

Asp

Phe

90

Leu

Gln

Thr

Arg

Arg

170

Arg

Val

Arg

Phe

Lys
250

Val

Thr

75

Val

Ala

Trp

Val

Ile

155

Arg

Gln

Arg

Arg

Gly

235

Ser

Leu

60

Lys

Leu

Asp

Ser

Ala

140

Gly

Leu

Val

Gly

Leu

220

Arg

Asp

45

Asp

Ile

Ala

Arg

Asp

125

Asp

Arg

Ala

Ala

Arg

205

Pro

Ala

Pro

Gly

Leu

Val

Lys

110

Arg

Leu

Asp

Ala

Lys

190

Leu

Ala

Val

Ala

Leu

Ala

Glu

95

Arg

Arg

Arg

Gly

Glu

175

Gln

Glu

Lys

Asp

Leu
255

His

Arg

80

Ala

Ala

Val

Arg

Arg

160

Leu

Val

Arg

Pro

Gln

240

Arg



Leu Asn

Met Asp

Leu His
290

Ala Glu
305

Gly

<210>
<211>
<212>
<213>
<400>
Val Glu
1

Glu Ser

Pro Pro

His Arg
50

Arg Phe
65

Ser Asn

Glu Val Gly
260

Gly Gln Glu
275

Gly Vval Ile

Phe Ala Asp

26

311

PRT
Streptomyces
26

Ile Ser Ser

Pro Glu His
20

Ile Met Val
35

Leu Arg Ala

Phe Asp Gly

Ile Ala His
85

39342

Arg Ile Leu Leu
265

Trp Glu Arg Ile
280

Ala Gly Phe Ala
295

His Leu Glu Ser
310

fungicidicus

Leu Ser Thr Asp

Val Glu Met Leu
25

His Arg Arg Thr
40

Ala Met Leu Thr
55

Thr Glu Glu Asp
70

Gly Leu Pro Leu

-120-

Arg

Leu

Arg

Arg

Gly

10

Ala

Gly

Gly

Ala

Ser
90

Met

Gln

Asp

Ala
315

Ser

Ala

Arg

Arg

Phe

75

Ala

Leu

Gly

His

300

Thr

Pro

Ala

Val

Thr

60

Val

Ala

Thr

Val

285

Ala

Glu

Arg

Asp

Ile

45

Thr

Leu

Asp

Met

270

Pro

Arg

Leu

Ile

Thr

30

Asp

Ile

Ala

Arg

His

Pro

Val

Ala

Asp

15

Ala

Gly

Ala

Val

Arg
95

Ser

His

Trp

Ala
320

Gly

Leu

Met

Val

Lys

80

Arg



Ala

Ile

Arg

Asp

145

His

Arg

Met

Val

Ala

225

Arg

Arg

Ile

Arg

Asn

Ala

Ala

Asp

130

Gly

Asp

Ala

Leu

Glu

210

Pro

Ala

Leu

Glu

Ser

290

Ala

Gly

Ser

115

Ala

Arg

Met

Ala

Arg

195

Arg

Cys

Asp

Leu

Ser

275

Cys

Ser

Arg

100

Val

Gly

Val

Ile

Gly

180

Gly

Gly

Gly

Pro

Asp

260

Val

Ala

His

Ile

Val

Ala

Arg

Val

165

Ile

Glu

Ala

Thr

Ala

245

Ile

Pro

Asp

Leu

Met

Gly

Ala

Pro

150

Arg

Ser

Asp

Asp

Glu

230

Leu

His

Pro

Lys

Ala

Ala

Thr

Gly

135

Val

Asp

Pro

Pro

Arg

215

Pro

Arg

Thr

His

Trp

295

Gly

39342

Thr

Ser

120

Ala

Asp

Pro

Glu

Val

200

Arg

Pro

Leu

Val

Arg

280

Ser

His

105

Ala

Gly

Val

Gly

Thr

185

Pro

Ala

Pro

Asn

Arg

265

Leu

Glu

-121-

Pro

Arg

Glu

Ser

Leu

170

Val

Ala

Glu

Ala

Glu

250

Leu

Glu

Ile

Arg

Thr

Pro

Glu

155

Ser

Arg

Pro

Pro

Val

235

Asn

Glu

Thr

Ala

Trp

Val

Thr

140

Gly

Leu

Asp

Arg

Ala

220

Val

Gly

Asp

Val

Ser
300

Ser

Ala

125

Arg

Arg
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Leu

Val

Ile

135

Val

Ala

Glu

Leu

Val
215

Met Ile Arg Val Leu Leu Ala

1

5

val Arg Ser Ile Leu Thr Thr

20

Ala Ser Asp Gly Arg Glu Ala

35

39342

Leu

His

120

Glu

Leu

Arg

Ala

Arg

200

Leu

Asp

Glu

Val
40

Lys

105

Ala

Asp

Ala

Gly

Thr

185

Asp

Pro

Asp

Pro
25

Glu

-132-

90

Asp Ala

Gly Glu

Tyr Ala

Gly Leu

155

Leu Ser

170

Val Lys

Arg Ala

Gly Gly

Glu Thr
10

Gly Ile

Leu Ala

Ser

Ala

Thr

140

Thr

Asn

Ser

Gln

Thr
220

Ile

Glu

Arg

Arg

Leu

125

Arg

Pro

Pro

His

Ala

205

Gly

Ile

Val

Lys
45

Asp
110

Leu

Ala

Arg

Glu

Val
190

Val

Arg

Val
30

His

95

Arg

Ser

Ala

Glu

Ile

175

Gly

Val

Ala
15

Ala

Arg

Leu

Pro

Pro

Arg

160

Ala

Ser

Phe

Gly

Glu

Pro



Asp

Ala

65

Leu

Gly

Ser

Val

Ser

145

Glu

Gln

Ile

Ala

Val

50

Ala

Thr

Val

Gly

Ala

130

Glu

Val

Arg

Phe

Tyr
210

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

<400>

Ala

Gly

Thr

Ala

Val

115

Arg

Val

Leu

Leu

Thr

195

Glu

35
218
PRT
S.

35

Leu

Glu

Phe

Gly

100

Arg

Arg

Ser

Gly

His

180

Gln

Ala

Leu

Met

Gly

85

Phe

Ala

Leu

Gly

Met

165

Leu

Leu

Gly

coelicolor

Asp

Arg

70

Glu

Leu

val

Met

Glu

150

Leu

Val

Glu

Leu

Ile

55

Thr

Asp

Leu

Ala

Thr

135

Arg

Gly

Glu

Val

Val
215

39342

Arg

Thr

Arg

Lys

Ser

120

Glu

Thr

Ala

Gly

Arg

200

Lys

Met

Asn

Tyr

Ala

105

Gly

Leu

Thr

Gly

Thr

185

Asn

Asp

Pro

Pro

Ile

90

Ser

Gly

Arg

Leu

Leu

170

Ile

Arg

Ala

Glu

Asp

75

Glu

Asp

Ser

Arg

Leu

155

Ser

Lys

Val

Asp

Met

60

Thr

Arg

Pro

Cys

Ala

140

Thr

Asn

Thr

Gln

Leu
220

Asp

Ala

Ala

Arg

Leu

125

Pro

Lys

Ala

Tyr

Ala

205

Asn

Gly

Val

Leu

Asp

110

Ser

Ser

Arg

Glu

Val

190

Ala

Arg

Leu

Val

Asp

95

Leu

Pro

Pro

Glu

Ile

175

Ser

Ile

Thr

Val

80

Gln

Ile

Leu

Arg

Gln

160

Ala

Ala

Ile

Met Arg Glu Asp Gly Lys Ile Arg Val Phe Leu Leu Asp Asp His Glu

-133-



Val

Glu

Thr

Gly

65

Val

Asp

Gly

Leu

Gly

145

Arg

Gly

Ser

Phe

Val

Val

Ala

50

Ser

Arg

Ala

Ala

Leu

130

Gly

Arg

Glu

Leu

Val
210

Arg

Val

35

Thr

Gly

Cys

Ile

Glu

115

Asp

Ala

Ile

Arg

Leu

195

Ala

Arg

20

Gly

Arg

Val

Leu

Met

100

Leu

Pro

Arg

Leu

Leu

180

Gly

Arg

Gly

Glu

Pro

Glu

Met

85

Ala

Leu

Ala

Pro

Glu

165

His

Lys

Leu

Val

Ala

Asp

Val

70

Leu

Gly

Gly

Ala

Asp

150

Leu

Leu

Leu

Glu

His

Gly

Val

55

Cys

Thr

Ala

Ala

Thr

135

Asp

Ile

Ala

Gly

Ala
215

39342

Asp

Thr

40

Ala

Arg

Ser

Ser

Val

120

Ala

Arg

Gly

Glu

Met

200

Glu

Leu

25

Ala

Val

Asp

Phe

Gly

105

Arg

Arg

Leu

Glu

Lys

185

Gln

Asn

-134-

10

Leu

Ala

Leu

Ile

Ala

90

Tyr

Glu

Val

Ala

Gly

170

Thr

Arg

Arg

Ser

Glu

Asp

Arg

75

Asp

Val

Val

Leu

Arg

155

Leu

Ile

Arg

Gly

Ala

Val

60

Ser

Asp

Leu

Ala

Glu

140

Leu

Thr

Lys

Ser

Glu

Gln

45

Arg

Arg

Glu

Lys

Ala

125

Arg

Thr

Asn

Asn

Gln
205

Ala

30

Ala

Leu

Asp

Ala

Asp

110

Gly

Leu

Glu

Arg

Tyr

190

Ala

15

Asp

Arg

Pro

Glu

Leu

95

Ile

Lys

Arg

Gln

Ala

175

Val

Ala

Ile

Val

Asp

Ser

80

Phe

Arg

Ser

Gly

Glu

160

Ile

Ser

Ala



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

<400>
Val Ser
1

Asn Lys

Thr Val

Ala Ser
50

Ile Cys
65

Leu Ser

Ala Ala

Lys Gly

Arg Pro
130

Arg Pro
145

Gly Arg

36
220
PRT

Streptomyces

36

Val

Pro

Thr

35

Ser

Val

Glu

Asp

Tyr

115

Gly

Pro

Glu

Leu

Thr

20

Arg

Val

Ala

Thr

Asp

100

Val

Ala

Gly

Val

Leu

Ala

His

Ala

Glu

Arg

Ile

Val

Ala

Ala

Glu
165

39342

fungicidicus

Glu Gln Pro Ala Ser
10

Met Val Val Val Ala
25

Leu Trp Ala Leu Gly
40

Glu Ala Arg Pro Arg
55

Val His Leu Pro Asp
70

Ala Ala Gly Trp Pro
90

Gly Ala Val Arg Asn
105

Thr Gly Thr Arg Thr
120

Pro Ile Gly Ala Ala
135

Pro Ser His Pro Gly
150

Val Leu Arg Leu Val
170

-135-

Leu

Asp

Val

Ile

Gly

75

Asn

Ala

Asn

Ala

Gly

155

Ala

Val

Pro

Arg

Gly

60

Ser

Gly

Leu

Leu

Ala

140

Tyr

Glu

Ala

Arg

Asp

45

Asn

Gly

Leu

Ala

Gly

125

Arg

Arg

Gly

Tyr

Val

30

Val

Pro

Leu

Ala

Gly

110

Leu

Leu

Glu

Gln

Arg

15

Arg

Ile

Arg

Thr

Leu

95

Gly

Pro

His

Leu

Ser
175

Pro

Ser

Glu

Asp

Leu

80

Ser

Val

Thr

Arg

Ser

160

Asn



39342

Lys Ala Ile Gly Val Ser Met Gly Leu Ser Ala Leu Thr Val Lys Ser

180

185

190

His Leu Ala Arg Ile Ala Arg Lys Leu Gly Thr Gly Asp Arg Ala Gly

195

200

205

Met Val Ala Val Ala Leu Arg Thr Gly Ile Ile His

210

210> 37
<211> 663
<212> ADN
<213>

<400> 37
gtgtccegttc

gccatggtgg
ctcggegtac
aacccccgeg
ctctccgaga
atcggcgecg
cgcaccaacc
cgectgcacc
ggccgegagg
gtctcgatgg

ctcggcacgg

tga

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

38
936
ADN

<400> 38

tcctcgagcea
tcgtggecga
gcgacgtcat
acatctgegt
cccgegecge
tgcgcaacgc
tcgggctccc
gecegeececcc
tggaggtgct
gcctgtcecegce

gcgaccgegce

215

Streptomyces fungicidicus

gcccgcaagce
cccececgegtc
cgaggcctcg
cgccgaagtc
gggctggecec
cctcgegggc
cacccggecg
gggtgecccg
gcggctggty
actgaccgtc

cggcatggtg

Streptomyces fungicidicus

gtggaaataa gttcgctctc caccgacggce

cacgtggaaa tgctggccge cgeccgacacc

ctggtcgect
cgttcgaccg
tccgtcgcgg.
catctgccgg
aacggcctcg
ggagtcaagg
ggtgccgcetc
agccacccgg
gcggaaggec
aagagccacc

gecegtggecc

220

accgcccgaa
tcacccgcca
aggctcgtcc
atggttccgg
ccctctccge
gctacgtcgt
ccatcggegce
gcggctaccg
agtcgaacaa
tggcccggat

tgcgcaccgg

caagccgacc
cctgtgggeg
ccgcatcggce
cctcaccctc
ggcggacgac
caccggcacc
cgcecgeegeg
cgagctgtcc
ggcgatcggc
cgcccgcaag

catcatccac

tccccgegga tcgacgggga gagtcccgag

gcgcttccac cgatcatggt gcaccgecegce

-136-

60

120

180

240

300

360

420

480

540

600

660

663

60

120



accggsceges
acgatcgcegg
tcgaacatcg
atcatggcca
gccaggacgg
cgcatcggcc
cacgacatga
atctcgccgg
cccgegecge
gggaaggecg
agggccgatc
atccacacgg
ctggagacgg
cgcatcgaaa
<210> 39

<211>

<212>
<213>

ADN
<220>
<223>

<400> 39
atcgaatata

ccattgttca
tttcagcacc
tgacgaagaa
gaggtcgcecg
atcatctaca
acgcaggtat

caaatcagcg

tcatcgacgg
tgaggttctt
cgcacggact
cccatccccg
tcgccgagat
gggacggeag
tcgtccgega
agaccgtcag
ggecegeggac
ccgegecegtg
cggegetgeg
tccggetgga
tggcgecagcet

gcaacgcatc

39331

acttcgtata
ttccacggac
tgtegtttcc
gaacggaaac
ccccgtaacc
tatcacaacg
cgtattaatt

acactgaata

39342

catgcaccgg
cgacggcacc
gccgetgtcc
gtggtcggac
ccgeegegac
ggtacggccc
cccgggectg
ggacgtcaga
cctggtggag
cgggacggag
tctcaacgag
ggactggaac
ggcacgctcc

acatctggcc

Trinh ty nhan tao

Téng hgp fosmid pXYF148

atgtatgcta
aaaaacagag
tttcttttca
gccttaaacc
tgtcggatca
tgcgtggagg
gatctgcatc

cggggcaacc

ctgcgegeceg
gaggaggacg
gcecgecgacc
cggatgatcg
geeggegecg
gtcgacgtga
tcgectgegcec
caccggatgc
cgeggegege
ccgecgececg
aacggacgcg
cgcattatcg
tgcgecgaca

gggtga

tacgaagtta
aaaggaaacg
gagggtattt
ggaaaatttt
ccggaaagga
Ecatcaaacc
aacttaacgt

tcatgtccga

-137-

cgatgctgac
ccttegtect
geegegegeec
cctcggtggt
ccgegecgss
gcgaggsgecyg
aggtcgcccg
tccgeggtga
accgecggsc
ccgtegtgat
acctgctgceg
aaagcgtgcc

aatggtccga

ttagcgatga
acagaggcca
taaataaaaa
cataaatagc
cccgtaaagt
acgtcaaata
aaaaacaact

gctcgegagc

gggcegtacg
cgccgtgaag
cgecegggesgc
cggcacctcc
ggagcccacc
cagactggcc
cgeegeegeg
ggacccggtg
ggageceggcec
gaagcggcetg
gcttctggat
gccgcaccgt

gatcgcgtca

gctcggactt
aaaagctcgc
cattaagtta
gaaaacccgc
gataatgatt
atcaattatg
tcagacaata

tcgtcgacag

180

240

300

360

420

480

540

600

660

720

780

840

900

936

60

120

180

240

300

360

420

480



cgacacactt
attttgtcca
cagcaggcat
atacttgccc
atacaagtgg
gtcccagact
agaccgacga
gggaccgtgg
ctaataatca
gatacgagtg
ggtcccagac
cagaccgacg
tctggectgt
catcagggtg
gttggaacac
gctccaggag
agcacagaag
tgctcatgaa
tgaagtgcat
gatttaggca
gcatcagcca
tgaccacgtt
atctgctcat
gctttacgac
gceggtgtct

gtaagcagct

gcatcggatg
cataaccgtg
acaaccgcac
ttgacaggca
gaccgtggtc
aataatcaga
tacgagtggg
tcccagacta
gaccgacgat
ggaccgtggt
taataatcag
atacaagtgg
aacaaaggac
ctggettttc
gagacctgtc
caaactgatg
ttaaaagagt
ggttagatgc
cacctgaccg
atttggeggt
gcgcagaaat
cataagcact
catccagctc
ggcgactccc
gttgaccagt

cctggtcacg

39342

cagcccggtt
cgcaaaatgt
accgaggtta
ttgatggaat
ccagaccgat
ccgacgatac
accgtggttc
ataatcagac
acgagtggga
cccagactaa
accgacgata
aacagtggsgc
attaagtaaa
aagttcctta
caggttaagc
tcgtgagctt
gataacttct
ctgctgctta
ggcagatagt
gttgatacag
atttccagca
tgttgggcga
gccaaccaga
atcggcaatt
cagtagaaaa

ttcattacct

aacgtgccgg
tgtggataag
ctccgttcta
cgtagtctca
aatcagaccg
gagtgggacc
cagactaata
cgacgatacg
ccgtggtccc
taatcagacc
cgagtgggac
ccagagagaa
gacagataaa
agaatggcct
accattttat
aaactagttc
tcagcttcaa
agtaattcct
tcaccggggt
cgggtaataa
aattcattct
taatcgttac
acacgataat
tctatgacac
gaagggatga

gaccataccc

-138-

cacggecctgg
caggacacag
caggttacga
cgctgatagt
acaacacgag
gtggtcccag
atcagaccga
agtgggacca
agtctgatta
gacgatacga
cgtggtccca
tattcaggcc
cgtagactaa
caattttctc
cgcccttata
ttgatgcaga
atatcacccc
ctttatctgt
gagaaaaaag
tcttacgtga
gcaatcggct
ccaatctgga
cactttcggt
cagatactct
gatcatccag

gagaggtctt

gtaaccaggt
cagcaatcca
cgacatgtca
ctgatcgaca
tgggatcgtyg
actaataatc
cgatacgagt
tggtcccaga
tcagaccgac
gtgggaccgt
gtctgattat
agttatgctt
aacgtggtcg
tatacactca
caatactgtc
tgacgtttta
agcttttttc
aaaggctttt
agcaacaact
aatattttcc
tgcataacgc
taatgcagcc
aagtgcagca
tcgaccgaac
tgcgtcctca

ctcaacacta

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040



tcaccccgga
gcattaccgc
ggtgtcgata
ggcgcacgct
tgcagacagg
caatggcctg
cacgtacaac
acggggactg
cgaacccttt
cggaggtgta
cgacattaat
catgagcaac
cttcatcaaa
taatgtcaag
caagatagaa
gatacattga
tcagagccag
gggcagcaac
acacatcacg
ctcgaatttc
gagaagaaac
tcgettecgg
cagcgtttat
tgctttgegt
gtcatcaaaa

gagcacatac

agcgagcgaa

gcacttcaag
gagccattac
acgaagtatc
tcattatcta
ttcccaaata
ttcaaaaaca
attttttaga
agagccatta
aagatcaacg
gtcaaacaac
cgtgccgata
agtttcaatg
tttgcccatt
cccecggecag
aggcaggaga
ggectgttccc
atcctgagca
cccgatcacc
catatgatta
catatccggg
cccaactaaa
gctgtcatca
gcactggtta
ttttttatta
aaccgcaaag

ctcagtcact

ctggcgagga

39342

agtaaacttc
tcctacgegce
ttcaaccggt
atctcccage
gaaagagcat
gttctcatcc
accatgcttc
ctattgctgt
ttcttgagca
tcagcaggcg
cccaggttag
gccagtcgga
aactcagttt
caagtgggct
gtgtcttctg
tgggggtegt
agatgaacag
ggtggaaata
atttgttcaa
tgcggtagtc
tcecgetgett
ttaaactgtg
agtgtttcca
aatcttgcaa
ttgtttaaaa
tattatcact

agcaaagaag

acatcccgac
gcaattaacg
tgagtattga
gtggtttaat
ttctccagge
ggatctgacc
cccaggcatc
atttggtaag
gatcacgaag
tgggaacaat
gcgegetgtc
gcatcaggtg
caatacggtg
ttattgcata
catgaatatg
taccttccac
aaactgaggt
cgtcttcagc
ttgtataacc
gccctgettt
cacctattct
caatggcgat
tgagtttcat
tttactgcaa
taagagcaac
agcgctcgcc

aactgttctg

-139-

cacatacagg
aatccaccat
gegtatgttt
cagacgatcg
accagttgaa
tttaccaact
ccgaatttgc
caaaatacgt
catatcgaaa
cagcacatca
aataactatg
tggatcggtg
cagagccaga
agtgacatcg
aagatctggt
gagcaaaaca
tttgtaaacg
acgtcgcaat
aacacgttgc
ctcggcatct
ccagcgecegg
agccttcgtc
tctgaacatc
agcaacaaca
actacaaaag
gcagecegtgt

tcagatagct

caaagtaatg
cggggcagct
tggaataaca
aaaatttcat
gagcgttgat
tcatccgttt
tcctccatcc
acatcaggct
aactgcagtg
gcagcacata
acatcatagt
ggcagtttac
caggaaggaa
tccttttcecc
acccatccgt
cgtagcccct
ccacctttat
cgecgtaccaa
tcaacccgtc
ctgatagcct
gttattttcc
atttcatgac
ctttaatcat
aaatcgcaaa
gagataagaa
aaccgagcat

cttacgctca

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660



gcgcaagaag
caattcagag
atatcaggtc
atttggcttc
aaacagcaaa
tcaaatctgt
ggaaaatacg
tggagttctg
catacgctgg
gacgatgcct
atacggattg
cccgataaag
actgtgcgca
ctcttcaggg
atccttactg
ctcgcagata
cagatacagc
tgactggacg
catgacagat
tcaataagca
gttaagggca
ggcaatttgt
aaaaaagaag
ggataacccc

tccctggtgce

cggegtgcegc

aaatatccac
taataaactg
acatgacgaa
cttaaaaatt
actgtgacaa
gacagataac
atatgagtcg
ctgttgatct
taactttgag
gagccatccg
gtgatttctt
aagggaatga
cgtttgataa
cgataaaaaa
gcttccgeag
ccgtcatgtt
atacgttttt
attcgcgggc
ccatgtgaag
gggataactt
atttgtcaca
cacaacacct
atctaaaaac
aagggaagtt

ttcctcegcetc

ggtcacgcgc

39342

cgtgggaaaa
tgataatcaa
gggaaagaga
acagttcaaa
attaccctca
cctcagacta
tctggeggcc
cattaacaca
gcagctggta
gcttacgata
ttgtttcact
gatatgggtt
accaaggaaa
ccacttcctt
aggtcaatcc
cctgtagggt
gatcccggga
tatttttacg
tgtgacaagt
tgtgaaaaaa
gacaggactg
tctctagaac
tataaaaaaa
ttttcaggca

actcgaccgg

acagggcgca

actccaggta
ccctcatcaa
aggaaatcaa
aagtatgaga
gtaggtcaga
tcctgtegtc
tttetttttc
gacctgcagg
acgctctatg
ctgacacagg
aagccgaaac
gatatgtaca
agattcatag
ccccgegaaa
gaatatttca
gccatcagat
gagactatat
tttcttgtga
ttttagattg
cagcttcttc
tcatttgagg
cagcatggat
ataattataa
tcgtgtgtaa
gagggttcga

gccctggtta

-140-

gaggtacaca
tgatgacgaa
ctgtgacaaa
aaatccatgc
acaaatgtga
atggaagtga
tcaatgtatg
aageggegsc
atccagtcga
gattcgtata
tgcgtaaacc
ctgtaaagcc
cctttttcat
ctcttcaatg
gcatatttag
tttctgatct
gccgectcag
ttgataaccg
tcacactaaa
tgagggcaat
gtgatttgtc
aaaggcctac
aaatatcccc
gcagaatata

gaaggegeses

aaaacaaggt

cgcggatagc
ctaacccccg
ctgccctcaa
aggctgaagg
cgaaccaccc
tatcgcggaa
agaggcgcat
ggaagtcagg
ttttcagaga
aacgcatggc
ggttctgtaa
ctctggatgg
cgccggcatc
cctgecgtat
caacatggat
ggtcaacgaa
tgaggtcgtt
ctgtttccgce
taaaaaagag
ttgtcacagg
acactgaaag
aaggcgctct
gtggataagt
taagtgctgt
cacccccctt

ttataaatat

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220



tggtttaaaa
gcaaatgctg
tctgtcagca
gcccctcaag
gaaactcgcg
cggccgaaat
agtgtcaacg
acgccggegg
cagggccata
tcgctcegact
ttcattaggt
cgaagatttc
tcatgacaga
tctctacgat
agcttctctg
ggccaaggca
atcgcaaact
tccgttgaac
gcatacagca
aacgtcacac
ctgtccgtca
tccatgagct
tcctggtgtce
tgatcggcac
attttttgag
tggatatacc

gtcagttgct

gcaggttaaa
gattttctgc
ctctgeccct
tgtcaatacc
taaaatcagg
cgagcctgcc
tccgeccectce
ccggeegegg
gacggccgcec
gcggegagea
tgttctgtcc
tattgttcct
acactacttc
aatgggagat
tttaacagac
tttattctca
gcacccggtg
tgatggactt
tgtgcatcgc
cgtcagcagc
cttcccagat
tatcgcgaat
cctgttgata
gtaagaggtt
ttatcgagat
accgttgata

caatgtacct
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agacaggtta
ctgtggacag
caagtgtcaa
gcagggcact
cgttttcgcec
cctcatctgt
atctgtcagt
tgtctcgcac
agcccagegg
ctactggctg
attgctgaca
gaaggcatat
ctataaacgc
tttcccgact
aaaaacagca
ggataattgt
ccgggeagec
atgtcccatc
ataggaatgg
agcggceggea
ccgegetttce
aaatacctgt
ccgggaagcec
ccaactttca
tttcaggagc
tatcccaatg

ataaccagac

gecggtggecg
cccctcaaat
ggatcgcgcec
tatccccagg
gatttgcgag
caacgccgeg
gagggccaag
acggcttcga
cgagggcaac
taaaaggaca
taatccgctc
tcaaatcgtt
tacacaggct
gtttegttceg
tatccactca
ttcagcatcg
acatccagcg
aggctttgcea
cggaacgtat
accgcctccc
tctgtccttc
gacggaagat
ctgggccaac
ccataatgaa
taaggaagct
gcatcgtaaa

cgttcagctg
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aaaaacgggc
gtcaataggt
cctcatctgt
cttgtccaca
gctggcecagc
ccgggtgagt
ttttccgcega
cggegtttct
cagccgaggg
gaccacatca
cacttcaacg
ttcgttaccg
cctgagatta
cttctcagtg
gttccacatt
caaccgcatc
caaaaacctt
gaactttcag
gtggtgtgac
caatccaggt
ctgtgecgacg
cacttcgcag
ttttggcgaa
ataagatcac
aaaatggaga
gaacattttg

gatattacgg

ggaaaccctt
gcgeccctcea
cagtagtcgc
tcatctgtgg
tccacgtcgc
cggcccctcea
ggtatccaca
ggcgegtttg
cttcgccectg
tggttctgtg
taacaccgca
cttgcaggca
ataatgcgga
gataacagcc
tccatataaa
agactccggc
cgtgtagact
cggtataccg
cggaacagag
cctgaccgtt
gttacgccgc
aataaataaa
aatgagacgt
taccgggcegt
aaaaaatcac
aggcatttca

cctttttaaa

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840



gaccgtaaag
gatgaatgct
tagtgttcac
gagtgaatac
ttacggtgaa
agccaatccc
cttcgccccc
gctggcegatt
tgaattacaa
ttggtgecect
cagaaattcg
ggggttcgeg
cgggcagtga
tacactttat
caggaaacag
agcttgcatg
gcccggaagt
agcccgacct

accaggacgc

cgggeggecc
gecggttcggc
gcctccgaca
gegegegegs
gctccacgca

ccccgatggt

cggggtccag

aaaaataagc
catccggaat
ccttgttaca
cacgacgatt
aacctggcct
tgggtgagtt
gttttcacca
caggttcatc
cagtactgcg
taaacgcctg
atgataagct
ttggeccgatt
gcgcaacgcea
gcttecegget
ctatgaccat
cctgcaggtc
ccaccaggat
cctectecegg
tctccacccc
ggcagaccgc
tcggcgccca
gccegggett
cgacgtccct

gtacagggcg

cacctgttcc

ccggteggcec
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acaagtttta
ttcgtatggc
ccgttttcca
tccggeagtt
atttccctaa
tcaccagttt
tgggcaaata
atgccgtttg
atgagtggca
gttgctacgc
gtcaaacatg
cattaatgca
attaatgtga
cgtatgttgt
gattacgcca
gactctagag
cgagccgecg
gectgegceacc
ggagatgaac
gagacccacc
ccccagctcc
ccggttgaag
gatggtgacg
gaacggeces
ccggggagea

tggagcagca

tccggecttt
aatgaaagac
tgagcaaact
tctacacata
agggtttatt
tgatttaaac
ttatacgcaa
tgatggcttc
g88cgLLLCE
ctgaataagt
agaattggtc
gctggcacga
gttagctcac
gtggaattgt
agctatttag
gatcccacca
atctgccgcc
agccgcagca
tccatgtaga
acgtccaccc
cgecgeegecce
gcgagggaca
cgaggggtcg
tgtccgggtc
gggtcaccag

ggtcccgtac
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attcacattc
ggtgagcetgg
gaaacgtttt
tattcgcaag
gagaatatgt
gtggccaata
ggcgacaagg
catgtcggca
taattttttt
gataataagc
gacggeecegg
caggtttccc
tcattaggca
gagcggataa
gtgagactat
ccgcecggacg
cgcgccacca
gcagcgagca
acggctccag
gcgacccggce
ggaagatgcg
cggegecectt
gegttgeegt
cggagtcttc

ccccecggteg

gagggtgces

ttgececegect
tgatatggga
catcgctctg
atgtggcegtg
ttttcgtctc
tggacaactt
tgctgatgcc
gaatgcttaa
aaggcagtta
ggatgaatgg
gcggecgcaa
gactggaaag
ccccaggcett
caatttcaca
agaatactca
ggggtcgecg
cgactccatc
ggaccgctcc
gccgagcagc
cagcgtgcgc
gtcccgggtc
ggacacgccg
catcgagtgg
cacccccgea
gceegegecce

gcecgtgaccg

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400



tgatcccgtc
ccggegeegg
ggcegteegg
ccagcgcegg
gecgttccecg
ccgegegeac
tctcccgecc
gccagaccac
ccaccgcacg
gcacggcgaa
ggtggtgcag
gegtggegty
gccggtagtc
ccggatcgtt
gecgtcegggtc
aggagtcccc
tgttgccgtt
cctecgectce
ggaagtcctg
cgtagatccc
geceggtgecg
tgacgccccg
cgtcggecga
gcgectegte
cgcgeggeca
cgacccgcegce

cccgggages

cggcgegags
gaagtgccac
cagcagttcg
ggccgectcec
ccagtcctcc
ggtcagcagc
gtcccecgtceg
cgtgcccgeg
cgecectggttg
gtggcgeece
catgccgggg
cgegggagsc
ggcgtagtcg
ggggtggtec
cagctccgeg
ggcgageccc
ccacagcacc
cacctccccg
ccagaccagc
gcecgececcag
gtagcgctcc
cgcgaacagc
ggtgtccagc
accgtgggac
ccacaggcgg
ccgggegegce

ctccacgtcg
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gcgacctcga
gcececgeaccce

accgggacct

gecgatcgggs
gcggactggt
cggtccgegt
atcgcggccc
cacaccggcc
acctgcgtca
aggccgegcet
gagtccggeg
gcctgccagce
gecgeggttcec
cgccaggaac
accacccgceg
tgctcccagt
agggagggst
cgcagcggct
agccccaact
acccggacca
cgggtgatcc
cgctcaccgt
tcaaccgtcc
aacgtcagct
acgtccggca
acgcccccgg

accgccagct

actccggegg
cgtccgegtc
cgaccacggc
cgccgtcgac
tgaccgccgc
acagccggceg
acgacgtcac
agtgcgagcg
gatagtgcca
ccagcttgcec
cggggtcctc
cgaactcggc

acacctccca

cggaccaggg
gcaggacgcc
cccagtcccg
gcggceatcag
gctccteggg
cgtcgcaggc
ggtccacccc
gggacgggaa
tgacgaccag
ggaacccggt
cgacgtcgta
cccggagecg
cgctcgectc

cgatctgccc
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gggetagges
ggcgaccagg
caccgtccgc
ggacatccgg
caccaccaga
cagctcgtgg
cggccagcag
ccagtgctcg
gecggtcgaag
gttgeccgtcc
cccgggeage
cacgaagcgc
ggagtgetegg
actgcccgcc
gaggtagtag
gaacccccac
ccgtacgacg
gtaggcgecg
gtcgtagaag
cgecgeeggec
cacgtcgtcc
ggtgaacccg
cctgegecgc
cagcggcetgt
cacggtcccg
cagggtgagc

caccccgtcc

atctcccggt
aactccccgg
cccccggegt
cgcagccgca
ccgtcaccgt
tagagcggct
tcgttgagct
acaccggcecg
tcgcecctcecg
tcecgecttcet
gceccgecgea
gggacgtcgc
gtgeegtgeg
gtgtacggcc
ccctegeccc
aggttctcgt
ttctecccggg
cacgcgaacg
tcectegtect
gcctgetceca
gggatccagt
gtgecegtgeg
caggcgtcca
tcgccgtatc
gccgtcccat
ggtgcctcga

tcgacggtga

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020



ccageggscsg
agatcccggc
gcaggtactg
cctccgecte
cgtcgaagcg
ggatctcggc
tcccggeggt
tctegttgeg
cacaccccgg
atcccteggt
ctgaagagtg
ccagagtgcc
gcatctgaac
cgectgcacg
gtcaaaggtc
gacgatgaag
cgacggcctc
cgacgtcctc

cctgggcacc

cggcaaggtc
ggtgtggagc
cctgaaggcg
gtggcegetg
cacgaagctc

cctgctccac

ggagggctcc

cacccgggcg

cgtcaccagc
gtacggctcg
ggcgtacgeg
gtacgagcgg
gacggtgtcg
cagctccgtc
gccgaggaac
caccgaggcg
gagcggtgtg
gtctggceatc
gaatcagcca
cgccgtacga
ggcacggess
aaggggtccc
aagtacgccg
accgactacg
atgatcccgg

aaggccgaac

tacgggcaga
gaggeegecg
atccggtcga
acccagtgga
gccgaggecs
gacatcgtgc

aagcccaagc
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atccgegeceg
gtcggcecccc
gcgtacgcetc
gaggcgaacc
tgcatgttcc
agaccgtcga
tcgtacgtcc
ggatcgggga
gggagggcegt
acctgacgca
gttggecgega
tcccactcegt
cactcaccgg
gttcctcgaa
tcacggtcct
ccgagttcaa
agggcgaggt
cggtcgtcga
gcgecgecaa
gccecegtegg
tcaccgactg
agaccgacgc
ccaacgtcaa
acccgtgggc
gecggeggact

tggccaaggg

tcgaccagcg
agtcccagcc
cggggegetc
gcaccgtgag
gcgteccggec
agacgaggtc
actcccgccg
tcagcccgge
cccececgtgec
tgcacactcc
ttgcgacttt
gctcgtecgt
atcgctcgcc
gggegeggac
cacccaccgg
cgagacctat
caagatccgt
gaagaaggac
gtaccggttc
cgtcgtcccc
gcccaccacc
ggtgccgtac
cggctccgtc
cgaggegecc
cgccgagaag

cgagatcgcc
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ctccagecgce
gaacgagcag
gcccagectg
ccggecgcetce
cagtggccgsg
cgtctgetcg
gcccacccag
cgccagcaga
gtccgggtgt
ctaaaccggt
accggttcag
cccgtgaacg
ctgctcgecc
gccaaggctc
accgatctgg
cccggggtga
atgaacacgg
tacccgaagt
accgactact
gggttcatct
cccgccgagt
tacaccaact
ggctgcgacc
gacctgcgcg
gacccgacca

accatgtggc

accggccgcec
gccatcttcc
ccgcgeaccg
agtcccgtca
ccgtcgagca
tgcgggececg
gccacctcgg
tcggtgtgca
cgcaggatcc
tgagccttct
ttcagggctg
gagccgtgat
tcctggectc
ccgacgaccc
tgcaggacgg
aggtggagtt
agaactacgg
tcttcgectc
ccaccgtcga
acaacaagcg
tcctggacga
tcaaggacat
cgcacgccac
tgggcgacac
ccaccaactg

tgggctectg

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580



ggccgtegtg
cttcatgccc
ccagcaggcg
gttcaccgac
cccgetgecc
ggacagcaag
gcccgactac
cgactacctc
atgacggaca
ggccgegeges
ttcctggecg
ggtcgegtac
cgggaactac
ctactacctc
cagcttcgac
caacggggtg
ctccgtactg
cgcgaacacc
cttcctceggce
cgcgaaccgc
cctgagegtg
gaccggcegsc
gttcaacaag
ggtcacctgg
cgtaccgcegg
ctgecegeteg

agcggagegc

cagatgcggg
ttcceccgceac
gtcaacgtca
aagtccggct
gcegtectceg
ggcgecgageg
cgccaggaac
ggcggeeteg
ccacccgcaa
cgcecggececc
caccgctggc
agcttcaccg
accgaactcc
gtcgcctecg
gtcecgettcec
gccatcggcet
ggecectgetceg
tcgectggecg
gcgatccagt
tggcagcagt
atcctctcgg
gccaccggea
acgggactcg
gtgcagcggc
cacgcgccct
ccgtggtcett

tgacgccgcc
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acgcggcegaa
agcgggacsgg
actccgacaa
acgccgaggc
agccctacga
tgaagtccct
tcgtcgacct
gcgagegetg
ggcgegeegces
gcgecegeacc
cctgectectg
actgggacgg
tcacccgctc
cggtgcagat
ggaacttctt
tcgtcttect
gcgtcgagac
gegtcteegt
ccatcccggg
tccggcacat
tctceggcetc
cggagacctt
cctcggecegce
gcatcgtccc
ggtcctgacg
cctgacctcg

cgacgacccg

gcaggceceggce
cacgttctgc
caaggaggcc
caacctcgcc
gaaggcecgec
cgacaaccgc
cgcecegeggce
ggccgagecesg
ccggttcccc
cggetgtege
accttcacct
cgtgagcccg
cgagctgttc
cgtgctcgec
caagggcgtg
ctacttcttc
cgaccacgcc
ctggcgctac
cgagctgtac
catcgcgccc
gctgteggtc
cgtgatccag
cgececgtegtc
cgacgagaag
tccctgatcec
ctgaagtcct

ctgaacttcg
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gccgaccccg
gecggtgacct
gccecgegect
ctatcccccc
gtgaagctcc
tccgaggtcg
gcccgcaagg
cgcagegcegce
cggeegegec
gccgectceac
acgcgceccga
gagctgaact
gaggtcttct
ctctacttcg
ctgttcttcc
caggacggcg
tggctgggca
ctcggactga
gaggcgscecsg
ggcatcagac
ttcgagatcc
accgtgaagc
ctgctgctga
gtggacctcg
tggcgacgct
ccgaggagat

gcaactacgt

ccgacatcgg
ccccggacta
ggatcgactg
tgaaggacgc
tggacctcga
gcatctacaa
gcggectgga
tgggggectyg
cgeegggecg
cccgtggetg
tcgccaacat
ggacgggcac
tcgtcagcegg
ccacggtcect
cgtacctcat
gcaccctcga
cgecegttctce
acttcgtcect
agatcgacgg
ccgtgectgag
cgtacatcat
tggcgttcca
tcgtectggc
tatgacccgc
ggtggtgcetg
ggcgaacggce

gacggcgttc

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200



cgggacggcc
gegcggaacga
ttcaagaagc
caggtggcga
atcgccctcet
tccatccccg
taccgcaagg
gggatcaacg
ggggtcatct
atctcggegg
cgcttcatcet
cgggagtgac
cggaccgctc
tcaggttctc
ccgacagcecg
cggtcaccgg
cggececgectg
cggccatggce
aaagcacctt
gctcccgceac
gccaggggtc

gggcccagtc

ccagcagttc
accagtcgac
cgecgagecc

gggagggceac

agatgctgtc
tcctgatcgg
tggtcgtggc
ccttccagat
acatgggcac
tctcectgga
tgatcttccc
tctacaacga
cgacgtccct
gecgeggtect
acaacgggtt
ctggtcgacc
gtcgggcccc
cggeggeatg
ggccgeggea
ctggeeggsc
ccactgctcc
gtgcaggtty
gccggggeag

caccgccatc

cttgcgessc
cagcttgccc
gacgtcgagg
ggcggagteg
gacgcgggess

catgcctatc
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cgegttegge
ctcgatgacg
gctgttectg
cgtcaacagc
ggacatcgtc
Cgaggcgecy
gctgctcaag
cttctacatc
gttccgcettce
ggtcatcctg
catgcgggss
tgccacgcegce
ggcggctccce
ttcagccgct
acggggtcct
tgcggeagcet
agctggcgcec
gecgggeages
acgtcacggc
tggcggegcc
tccggegecs
tggcggtcca
gcggegtacc
cccttctceca
aacccggcaa

tcgcgcagac

aacacggccg
gcgtacgcega
ctggecegegce
ttcggecatgt
tcgatctacg
cgcctggacg
ccggegatceg
cccttectcet
aagggcccct
cccaccttga
gcgacgaagt
gtgcccegtg
agcagaccct
cggcgagttc
tgtccgecca
gggccteget
gccccacccg
cgagcgegsgc
gcecgggegat
ggcgcacctt
gggccgagec
gctccttctce
gcagccaggs
ggacgaagcc
ggcggecegece

agggcaggtc
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tcatcctggt
tcgaccgcett
tggtccccgg
tcgacagcct
tcttectgea
gcgccaacgce
cgacggtggt
acatgccctc
tcggcgegea
tcgtcttect
agccagegceg
cgccgtcagce
gcgcaccgtg
ggcgaccccc
ggcgegeggc
cagcgcecttc
ctgcccgaac
ctccacgatc
ccggtegegg
gtgcatgccg
gatcgegtcg
cagggcegtcc
ctcgggcagc
gagcacgttc
cagctcggtg

ctggetgecs

cgtggecgtc
ccggttccgce
ggtgaccacc
gtgggcgeceg
gttcatccgc
gttcaccgtc
gatcgtaaag
cgaggacctg
ctgggagacg
gttcctccag
gccaccagca
gcecgeggega
tccggggtga
gegeggececg
ggcggageec
gecgeggtcega
ccgttgageg
gcegegtegg
gtctcccaca
gaggtgcggc
aactcctgcc
cgcagatcga
ggacgggtgg
tcgaccatcg
tcgaagaggc

gcgtgcagca

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760



cccactcgac
cgatcagcgc
agcggtaccc
cggcgaccgc
gttccagcaa
ctccggtggt
ggtatccgtg
cgtattccgg
gacgggcgga
ggccaccatg
cttgacggtc

cgccaccagc

gctcggggca
acccggeegg
tccgececgeg
gttgggccag
atggacttcg
ggacgaggcc
acggacgcegg
caggcttgceg
ggctcgtges
caaacctggt
gacgcacgat
agtggccgta
gctcagcegceg
gecggeegeeg

gcegtgtcecg

gccggacagc
ggtacccgca
ggaggcgesc
ctcggegagg
gggggteggc
gcgcagtgaa
ccgcgaaggce
tcagaagagt
tcggeegcee
ccggegeggt
agtgcggaca
cgcagcacct
cceggegesc
gtggggagcc
agggegttgc
cccgeggegce
gcgacgcaga
tcgatgacgt
gggtcggecea
ggctgetcga
ggtgaaggcg
gtcctttaac
cgatcattcg
tcgacaaaga
actgcggccc
gcagccccgc

gaaccccgcec

39342

gcctcgecga
ccctcgeggce
tcggcgtcca
gecggectegt
gcctecgtaa
ctgtctgcetg
gcccgtcgac
gaaagaacgt
gacggaagsgg
cgececcgtgcec
ggcccatcga
ccacctcgeg
ggcggtgcag
cgaggttggt
gcacggcgcc
gggtctcgga
tgtcgegsss
cgcgtacgcec
cgaccaccat
ggagaacgga
ggacgaaccg
gaatgatcac
aagatcgaac
gagatgcagg
cctecegetgce
gacctgecgcc

cagaccctca

gggcggacag
gcagctggac
cggcgacgsgs
ccgctatcac
cagaagatcc
cggtgtcgtg
ggttgtgctc
gttcgettgg
tcagtggatg
gagcttgegg
gacgccgatc
gccggacagc
gegegegeceg
gecgggtgecg
gatgtcgtcc
gaggagggtg
gttgccgatg
gagcgcccac
ggcggtegec
caccaggcect
tgctttcaag
gaagtgatga
ggtttcggtc
aggccggtcg
ggcagcgtca
agcagatcgg

cgeggegtcec
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gtcggggcag
gaggtaggcsg
tcecgetgecg
gggcggaatg
gcecgtcegtcc
ggcgtceggtc
cgtgacgggc
ccgtgggces
atgccggtgc
gcgatccggg
gcecttgttceg
tcgeggtagce
gcggegecega
gtgacgacgt
geegeggaga
aggccggaac
cggggacgag
aggtggcees
ttgttcgggc
cctggggtsgc
gtcacagtcg
gtaacaatcc
tgcgtcgcaa
tcgggacccc
ccacggacgc

accacgcgac

acgaggcacg

gccacggggt
cgctggecegt
geegegaagsg
ccctcgeggg
ggaggagegc
acctgtcaag
geceggtggst
gcggatcggs

gcagggccac

ccaggtggct
actggccttc
cgeceegggty
tgggagcggc
agcccttgac
gggcgaggec
catccggcag
cctccgcegac
tgacggtcga
ggtaggcgac
gggacgggcc
tcttcggcag
gggcaattcg
cgcttccgaa
gcagegggag
gtcccccgga
cagatgggcg

gatctcgatc

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380



tgggagecses
gtgcecgctcg
cagcacacgt
agcgtcacca
accagccggc
gcgtacgges
cgggegetct
ccgggatccc
ccctgagecg
cacccgcgec
tggggtccgg
ccgaagggcc
tcagccttcc
cggcaggeeg
gactcctgca
cacgtcgacg
gacctcgaca
gacctcgccc
ggcatgctga
acccttgega
atgatgtacg
gcggecttcec
tgggccgecs
gtgttccgeg
gagctgetgg

ccgatggacg

cgggeegege
gctcgecgta
ccggcagceag
gacggaaggt
cgtcggccag
cgagccgttt
gcagcgcectc
cceccgecctce
cagccatgcc
gccecggeget
ggcggegegac
agacgcctac
tcaaggegtg
ggcgctcact
tgcggececga
cggcgatcta
tcaagcccgg
ggctgegega
cccgtgagcet
gttacctcegt
gcgaccccga
tcgacgtcca
cgectcgeccc
cggtggecegg
ggctcatggg

aggccgeecg
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ggacagcccg
cgacaggccg
cggatccgcc
cccccgecag
atcctcctcg
cggegegesc
gacagcggcc
cttcggttcg
gggaagatta
gtccggatcc
gggtcgtgeg
cgcgaccccc
ccggegegag
gccggagtac
gctggtcacc
cttcagcgac
catcggcccg
cctgaccccg
cgggtccacc
cgagggcesc
gctctgggcc
gatccgggcc
ctccgactac
ccacggcgtc
cgaggeeggc

ccgegteggce

ccgaagtagt
cgcgeegecea
gccatctccg
gecgtegtgte
ccgtcgacga
accgtctcca
cggaaggece
tccattecge
agcggaacgg
tgcaccgegg
agactggccg
gaccccgtca
ccggtgecge
cgcaaggtgc
gagatcaccc
atcgtcgtcc
gtcgtcgagc
gaggacgtct
ccgctgatcg
ccgtceccgta
gacctgctcg
ggegectegg
cggegttegg
ccgegeatcc

gcggacatcg

cccggcaagg
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gcgaactcegce
gcgegeceggt
gctccagctc
cggeegggtc
ccgccgectce
cctcgatctg
gcggagsgcegce
cagcgccgtc
gcceceeggeg
ccececgeecge
gtgtgagtgc
agaacgacgc
acacgccggt
gcgagggeat
tccageceggt
cgctcaaggc
agccggtgcg
cctacgtcac
gtttcgeges
cgtacgagaa
accgcctcegce
ccgtgcagct
tgctgecccgce
acttcggegt
tcggegtcga

cgctccaggg

ccgegtcacc
cagccaggac
ggcgegeacc
gcacagcagc
cagcgcgtgc
cggccgeagce
acctccgtgc
cgacagtcgt
cagggaggsga
cggacgccecc
caacacgagc
cgtccgggaa
gtggttcatg
cgggatgctc
gcgeegecac
catcggcatc
cacccgcegec
cgaggccatc
cgeccccgttc
cgccaaggceg
cgacatcacg
cttcgactcc
ctcggcgaag
cggcaccggc
ctggcgcegtc

caacctggac

16440

16500

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940



ccgaccgtgc
accgccegegg
gacccggacg
accgctcacg
accacgttca
ccgeccecgat
ccgtctaccg
ccgacctcgc
ccgaggtggt
ggcgctactt
tcggegtgat
ccgaggageg
tggtgtggst
tgaccgggca
acgaccgcgce
ggatccacac
ccgegeccegt
agcgggaatg
ccggcatcgce
tcgccgacaa
cgctgaccac
accacgagga
cgctccactt
agccctggat
ccaccgeccgce
agatcggcct

agtaccagcg

tgttcgccgg
gcctggageg
ccctcacccg
cgccggacgce
cccecegggta
cggegtegtg
ggagaccttc
gcagtccggc
caccgeggtg
cacgttcagc
cgtggaggtg
ccgeegegeg
ggcggacgec
gacctgggag
cgecctceggtce
ctaccggctg
gecgegacggg
gcaggaggsc
geggetggac
ctgcaccatc
cgaacgcgtc
gcacctgegg
cgtcttcccg
ggccgaggac
cctggtcgcec
gctgcagaca

cacccggcag
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ccgggagsgcc

ccacatcttc
tctcgtggag
gagtcggaat
cgggcaggtg
ttcacccagg
ggcgaccgec
tacttcgaca
cccctcgacc
atctcccgeg
accgcgcagg
ctgcagcgct
aagggccegga
gagttccgeg
gaggcgtggc
cggectggeceg
aacacggtga
cgccgtacgg
gagatgctcg
cacctcctgce
gcecgeggtcea
cccggeagec
cccggegagce
gtcaacagcg
gtctccacca

ctcctggaac

gtggecectgg

gtcgagacga
aacctcggtc
tacgtccaca
ccgggescss
gaggccccat
ggccggagea
cgctggeecg
tcttcgaccg
tgatctaccc
ccacgatgag
tgaccgeccgc
accgcagcct
tcaccgagcc
gcgagggctg
ggcggegcegac
ccggegggta
tcgaatgggt
aactgctggc
ccgecectggce
cgcaggcecect
ccecgeeceggg
cgectggeccg
cgceggecga
tcgtgetget
geggegeecg
gcgeccacac

ccctgcagaa
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aggcgcegcega
acggagtgat
cgcagacggc
ggtactgggc
gaggctcgag
ccggcectcgeg
gacgatccgc
ggtcctcacc
cggctccacg
cgacggecegg
ggaacggatc
ggtgaacgcc
gagccccgge
gatgaacgcc
gaccgaacag
ccggcacttce
gggcacctgc
gegggecegec
cgatgtgatc
gcaccgtctg
gctcccggac
cgeccgecgac
cctcgectcecg
gcecegtcegtce
cccgeccecte
ccccctcagce

cagcctgctc

ggtcctggac
gccctccacc
gcgctgaccc
acgggtgccc
atgttcgacc
tacaccaacg
gaggccttcc
acggsgcscgs
ggcgaggeca
ccgggagtgce
cgtgtgctgg
ggaacgcaga
tgggaacgeg
gtccaccccg
gtgeecgeget
gtcgtcgacg
acggacatcg
accgccacgt
gtgcccgaca
ccgggceaccc
ctgcccccgce
cgccgeagec
ctcgacggcg
gtcgacggca
ggccagegces
aacgccctgg

accgacccgce

18000

18060

18120

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560



cggacgcgec
tcggeggeea
gcgacgtctc
tgegegggct
tcgecgtgea
gcccggactc
tcgtcgaggce
tcgtccccgce
tgctgtacac
ggctgeggea
tgctcaccgg
ggtaggageg
ttcgttctcc
ccggaattcc
cgecggtgatg
tggacatcgt
cacgttgccc
ctcatagggg
caaggtgccg
acagttcaga
aaccacgtcg
aagacgatgc
cagacgatcg
cgggagaacg
cgcatcatcg

ggggcgaaga

cggectggac

ctggtacgac
cggccacgac
cacgctggac
gaccctctat
cggeggegtc
ggacggctcc
gccggagtac
cgacgggctg
ccacgcctceg
ccagctcacc
tgccgaggag
ggatttcccg
cgcctecgec
aattggctcg
cacgagcgct
atcagcggtt
gaactgcaat
ttcggecgec
tagecgtegtt
cggcactcgc
gggtcgtcga
aggccgaact
tggtgcacgg

tgtcccaccc

ccgtegeggce
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atcgccgtcc
gcgttcegtgce
ctgccggecg
cgccaggaac
acggagtgca
cggctgcact
gcgegettcec
tcgagcgcca
gtggagcgcc
gaggcggtca
gtcgacaacg
cgccactcetg
atccggegec
accgttgggc
gtgceggtcg
tgtgattctt
atcggcggtc
gaattactca
gecgegtcegtc
attaccgggt
ggaggtagac
cgggatgcac
gttcgacgga
actcccgcetg

gcatctgtcg

cgtgcggesgc

gctaccggcec
tgcgegacgg
ccgtcaccat
cgaccggcac
ccgeccacctg
actccgtcegc
tgaccgggec
tggaaccgct
gcgacgagga
gcecgececegcet
acgacgacgt
gccgatttta
gacggcgaga
agcgacggat
cgceceggetg
ggtcctgtac
caccggegceg
aaagcagcga
cgtgaaagtc
gagtcgctgc
gecgecegcettce
cggctcctceg
accgcggatg
tcgcaggees
gacagggcga

agttcaactg
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cagcaccgcc
cgccaccgtc
gagccagctg
catcctgege
cgtgetggec
cggtcacccg
gcggtccccg
gcegeeeggce
tctcaccgtg
gcaggacttc
ggcgatgctg
cccttgettt
ccgttgggat
cctgtgatat
tagcagttct
acgcaagccg
acggtgaccg
gaggaatgcc
cggcggaatc

gctcgaaagg

cgcccatact
cggctctgcet
agggattcct
accgccgggc

tcgececcgggce

ccgtcgtgcc

geegeegagsg
ctcaccatcg
cgcaacatgc
cggctggaca
cgggtggaac
ccgecegcetgce
atgctcgggc
tccaccctge
ggcctggage
tgcgacacac
gtcctgegcc
tccatcggga
caccaatacc
ttcgactacg
ggagcgcegtc
gcgcaacgtc
cgggegggta
gacagccgga
agaaacggtc
gatcgagcag
ggtggaccgg
caacggacgg
gcgegecegtce
cgeccgetgeg
gtccgggcetce

gcagttgaac

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120



acccgggtgg
gccatggegg
ggggtgtcege
ctgececgtcga
agcttcgtgg
aaggagegeceg
ctgatggagc
cagcagtacc
tgtcccgggt
gcgttcacgg
gacccgggcec

ccaccgggag

ctggtcctga
cgtgaacagt
ctccgtccegg
caacagctcc
gecgegeasgc
cacggccgtg
ccgggtgacg
cagccgegeg
gtggtegtgc
cagggcggty
cccctcgaag
atggcttcect
cttcttgacg
gagcacgcegt

cggtctctcec

gccaggacgg
tactggccga
ccgecgacggt
gacgggaacc
atcccgtccc
gcecgecagcet
tgtccgacgc
gggacgectg
gacgaacggg
cgecgeegecg
cgggeggecc
agctccgecg
ccgtgctcga
tcggeccagge
cgcgtaccgg
tcgagctcct
gcgeegacgg
gcgttggaac
tcggcgacgc
gcgagcagegg
acaccggegt
ttcagcacgt
aggtccgccc
atgtagctgg
ctggcgacat
ccgacctgtg

agggatcccg
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cagggtccgg

acaccccgac
cagcgacgta
ggccgaaccg
ggtgctggag
gctccagetg
cgtgecgtcec
gcagtccttc
cggcacggac
gcactcccac
ggattcagcg
ccgagtcctt
tgcggacgtc
cgeecgggett
gtttgcgcac
cctgegegeg
cccggeccag
gcaggatgtc
cctgcccecgce
aggagagccg
ccatgaccac
cctgcccggt
gggcgecgag
ccgggteggc
cgaggtaggc
ccgggggeac

cgcccatcegce

ccgctgaacg
gcgtccctge
cgeceggeggce
cggacggece
aagctgctgc
ctccgccaga
cactgcaggt
gcggagaagce
ccgttcaccg
ggcacccgga
ggcggegecc
gcgcacgacc
ctcgatgttg
gtcggagatg
gatcctggceg
gcggeggacc
geeggeggesg
cccccagagc
cagccggacg
atggggcgcg
cggcatgecg
cagctccgac
cggccecggaa
ccgcatcgeg
tcgggccagc
ggccagcacc

ctccgecegtc
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ggeegcegages
gcgaggtege
tggcegeegg
ccgactccca
gcgacccctc
acgeggtcgg
ccctggtgat
tggacgagcc
gacatgaccg
ccaccgecgce
caggtgccac
agttcgacga
acgcccaagt
gtcaccgaga
cacccccggt
agcgggtcgg
agggagtcga
cgggegtcac
ctgtcctccg
tgcgagacga
tcgcacaacg
ggggtgagca
cgctcggtgce
cgcacgtcegt
ccgctctect
gccaggtcga

ctggeggegt

gcggegeagg
ccgtectgtcc
cgagtcgccc
ccgcaaccag
tctgeggceac
cgtgcaggac
ccatctcgceg
cgcctgegcec
gcgeegegece
gtatccggceg
ccgattccag
ggcegegggt
cgccgatcga
cggtcgegag
tccecctceecg
cgtcggagac
gaacgtccgc
cggccgegat
ccgegtgcetc
gggccaccgce
acaccatctc
cccagggecsg
cggecagegg
cgtgegggac
gtgcgegegc
cctgacggtc

tccggtcgac

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740



gtcctccagg
ggccccggty
aatcggctcg
gccgecaatt
gtagcggtac
cgccggaatc
tagaagaagt
gtcccgagca
accgccgceac
gccgtacgac
ccgtgaagtc
ccgggegeat
gcacctccgc
agcccacccg
gactggccca
ccgeccgggat
acccggtgcec
ageceggecegg
agcggcetgag
ttctggatat
cgcaccgtct
tcgcgtcacg
atccttcgag
caatggagat

ccggcaggct

gactgcgcgg

tgcacgccega
ccgatgactg
gacaagtgcc
taacgcttcg
accggaccat
cgaggagttg
ggaaataagt
cgtggaaatg
cgggegggtc
gatcgcggts
gaacatcgcg
catggccacc
caggacggtc
catcggccgg
cgacatgatc
ctcgccggag
cgegeegegg
gaaggccgcc
ggccgatcceg
ccacacggtc
ggagacggtg
catcgaaagc
gagccgtegg
acggtcgaté
gtgcgactcc

ctgcgagtcc
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ccccgeggeg
tggtggtcct
gtgcccggcea
gcgecgeatgt
tgaggcatcg

acgttgcagt

tcgctctcca

ctggeccgecg
atcgacggca
aggttcttcg
cacggactgc
catccccggt
gccgagatcc
gacggcaggg
gtccgcegacc
accgtcaggg
ccgeggaccc
gcgeegtgeg
gecgetgegtc
cggctggage
gcgcagetgg
aacgcatcac
agaaagcggg
gatcacgtcg
ttcggettcg

gtcctgetgce

ggtcagegeg
caacgcgcgc
cgggaaaagg
tcaactgegg
tgctcagttg
cagcgctgag
ccgacggctc
ccgacaccgc
tgcaccggcet
acggcaccga
cgctgtccgce
ggtcggaccg
gcecgegacgce
tacggcccgt
cgggecetgtce
acgtcagaca
tggtggagceg
ggacggagcc
tcaacgagaa
actggaaccg
cacgctcctg
atctggccgg
acggcccgtc
aattgttcgt
tccgegtggsg

gccagaacga
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agagcgacgg
ccccaggtgce
gaattcccat
cgtcgcagceg
gcgacaccgg
acacgacgac
cccgeggatc
gcttccaccg
gecgegeegeg
ggaggacgcc
cgeccgaccgce
gatgatcgcc
cggecgecegcec
cgacgtgagc
gctgecgeccag
ccggatgctc
cggegegsgac
gcecgeeegece
cggacgcgac
cattatcgaa
cgccgacaaa
gtgaacgagsg
ggaacaccct
cgaggacgcc
ccgeggegec

catcgccctg

acgtgccgat
ggtgatccga
ggcgecegtgc
gtcgaacaca
gtcggataaa
ctgcatccga
gacggggaga
atcatggtgc
atgctgacgg
ttcgtcctceg
cggeggececyg
tcggtggtcg
g888CeL8LEs
gagggccegea
gtcgcccgeg
cgcggtgagg
cgeeggscesg
gtcgtgatga
ctgetgeggc
agcgtgccgc
tggtccgaga
aaacacacga
tgtggagees
caggacacgg

gggaccaccg

ctgctgacca

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300



cggccaccga
cggtgatcgg
gagccgtccc
cctcggtggc
cgecegttege
gggtcgacca

accaggaggt

ccatggactc
cggacaccac
gtgtgcagca
ggcgegggst
tgggcceceggt
acccgtccgg
tctgggaact
tgtacgaggc
ccccgeagac
ccagcgtcegg
catggccggc
agagggcgag
aggcgaccag
tgtgcgccag
ccgacgcctc
gagcgagccg
actgecttggg
cgaacgggca
ccgagaaccg

aggtggcgaa

cgccgaccac
catcggggtg
ggtcgeegeg
gggattcggc
gcccttcatce
cttcgeggtc
gttcggectc
caaggtcgtg
ccgegeaccc
cgtecgegttc
ccgecttcectce
cggegtaccc
gatcatgctg
gatcgaccgc
cgtggagcgc
gegtgtggac
ctacgccccg
ccccacctcc
ccggecgesa
gcggggecegt
cgggacgtcg
ggcggtgagc
tgagcccgcc
catgccctgg
gcgegcecatc
gcagacggcc

cacggcggcc
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cgtgccgecg
gacgacgcgc
cccgaggagt
gacgtggagc
gaggagaccg
tgcgtceegg
agccagacct
cagagcgacc
ggccagatcg
ctcactgagg
accacgccgc
gtggaggagc
cagatcttca
cgeggegcegc
cagcaggcgg
ccggaggaca
aggagccggc
acgggcgega
ccgctccaga
ggcggggegt
tgcagcgegg
cggeegtgga
cggecgacgg
acccagccgc
ggccggecect

gggtcggeca

gcecgeacccg

agtacgtgaa
gcgecegecta
tcgggececge
accgcttcegt
gcgeccacgg
ccggcgaact
tcgaggagcg
gecggegeggt
acgcgttcegt
acatcaccac
cgagctacta
tcagecgegct
ccgagtcgac
agaccttcgg
cggaggcegsc
cgccctecgg
cgccgtgeag
gcagtgccag
ccggtgagaa
cggacggcac
gecggecegcetc
cggagagcgc
tcaccggcct
gcaccatcgg
cgaacgcgca
gctccgegcc

gatccgctcc

-153-

gcagcacggsg
cgccgaggcec
cggegececegt
ctcccgggag
ctccggggsc
cgacgggacc
gatcgtcgtc
gacgttcacc
ggcctcccac
cgecggtgegce
cgagatgcetg
caacatcctg
gcacccgagg
cagcaacaac
cgaccaggaa
gtccacacgc
cgtctccccg
atccgtgccc
ctcgacgccg
ccaccgcegga
ggagcggcgce
gccgtcgaag
ggtctggteg
cacgggctgg
cccgaggagg
gtcctcggag

cgecgtccagg

gacggggtcg
gtgcggegeg
gtcgtcttcg
gaccccggag
atgctgaagc
gtccgecgcet
ggctcgeagg
gtcatcgagc
ggcgegsccg
acctgcaccg
ccgggecgsc
gccgaccgceg
cggaccctgt
atccaggccc
tgaggaagct
gtctgegges
tacgcgaaca
ggacggecegsg
ctcacctccg
aggacgagac
tcgaccgtga
cggeccceegg
atggcgccga
tcgacccagg
atcaggaact

caccactgcc

cccggeggea

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860

25920



ggaaacgccg
agtgccacgg
agccgatggg
tggccgtceat
cagccgtcga
gctcggetece
cgecacggecg
cccgecectcece
gagggegtcg
gccgtceggac
gcggaacagce
cagccggagc
tccggegags
gtaggegtcg
ccggegcetcec
gaacgcggtg
gagcgcctcc
gtccccgagg
gggcctegeg
cacgtgctcc
gcgeaggegece
cagcgcgegt
gcegggececc
ccgecgegtg
ggtcatcagc

gacgcccgsgs

tgcggegteg
cggaggegtg
cccggeggec
gggttccctc
gcggegegtt
cgtgtgecgce
agcagttcgt
ggacggctga
cgcecgegecc
agcagccctg
ccgtgegacg
ccecggeccca
gccgecagtg
tcctcgacga
agcggeatgg
cggeceggtgce
ggcaccatgc
atgcgctgcec
agggtggtcg
ggcccgeacg
agggcegeeceg
gcgtaggegt
aggtcgagga
tgcgacaacg
ggggtgtcag

cgagcgccag
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gggtcgacac
agcatcgacg
ccggecgegt
cgatctgccg
cgagcagcgg
cgaagcgcega
cctcgeccgag
tccgecaccgg
tcagacccgc
cgacggcgag
cgatccgttc
gggtcttgga
gcgecgeesc
ccaggacgcc
tggecgeecgt
cgecttcegec
ccgacgcegtc
cgaggtcgta
ccagcaggtg
gggaccgecc
gatcgtgtcc
cccgcaccag
cgeeegegeg
ggcgggecegt
cacatggcgc

gecgeagegtg

ggtagtcgac
cctgccccga

ccggatccgt

gtccggeges
gggcggattg
acccgcggtg
cccggtgecg
gaggtccgcc
ccgcaacatt
cgaggtgatg
ggccagtgcc
gaagctgccc
cgggggaccyg
gtgctccgcc
cggattgtgg
gcececegegeg
gagggcgacc
gccgaggecc
gagcgecetgg
ccgcacggtg
gtagcccagt
ccccaccggce
ggcgacctcc
gccgtacgge
aacgcccgta

cggtcgecgce
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catgaggatc

aggggacagg
cggatgtgtg
ccgeeggacc
aagctgtagg
acgcgcacac
caccggagcc
gcctcccgcea
tccagatgcc
tggtigageg
ggctccgtca
agccgcacca
tccgtcaggce
gccgectcca
tgggtcgees
gtcccggega
cgcctcaggc
tccacgagca
gacgtgcccg
geeegeeces
gccgecegcetce
agcagcgecg
tgcaccacac

agggtcccect

cgcactgggc

gggcggggtc

tcgccggaga
ggaaggctgt
tgcceggteg
atgcctgggt
ccaggcgcac
ccgececgctce
agaggaagaa
gcgegtcgag
ggtcgtagcc
acccgecgct
ccagccagcc
cgcccceggtg
ccagttcgcc
gcagccgceag
tgaggtacac
gggegegeeg
gcagcgcegcea
ccgtgtcgcc
ccgtgacgac
ccagctcggc
cgtactcctc
gttcgaggta
cgcgacgceca
cgccggeage
cagcggeecse

agcccagtag

25980

26040

26100

26160

26220

26280

26340

26400

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480



aaggcacggc
ccggtcagat
ccggtggtcg
tcgtgcagct
aggatcagcg
aggttctcgg
gtgtcctcga
tgggcecess
gcgcactgcec
ttcggegtegs
gcgtgceageg
gcgatgttgt
cgggagagga
gacgggtagc
tgctcgacgg
ctctggecgg
agtgcgagga
gcecttgettt
agcggagegg
tcttettttce
cgccgtatcg
tgacctgagg
ggceccgggea
aagccgtgaa
gaacggctgg
ctcgeccegega

gegggeagece

agggcaggec

gcctgatcag
acaggtccgc
ccgtcagccc
gggagacgcc
agtggaccag
tgacgaccca
tgtcgaagcc
cggccagecg
tgacgaagac
gatcctcctc
cgaaggtggg
tctccatggce
ggtgetggec
ggecgettcetce
gagtgagcgg
attccagttg
gcagtgttcc
acgtaaatga
ggcaccgtgt
gccggacatc
gcgeagttgg
cgcgaaagtg
gtggggectt
acccggecegt
acaccgceggce

cgcacaccgg
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gtacacatgg
cacccgctcc
cagcccggceg
geeggegeeg
cagcaggatg
catgccgacc
gcgcacatcg
gcggaaggac
gcgcagecgce
acagcccacg
caggggcacc
gtggaccagc
caccgacgag
gagggccttg
gcecgtectcg
ctgeccgggcea
ggtgaggttc
ggacacaggt
gcggeccact
tcaactgegg
gcgtteccgac
acgggccacc
gacgtgcges
gatggaattg
ctgggatttc
attcgaccgc

caccacgatc

tgctcgegcea
acactggccc
cgcaccaccg
gcgtcctcgg
tcggagtaga
ttgaggtcga
ctggcegtcga
gtgtcgaggs
tccgecgaca
gactcgagca
agacccaggc
gccacggagt
gagtagcagc
aagaaggccg
aaaagcagcg
tgccegtegg
tccgegectg
atgcctctct
ctacggcctt
tggtgcggcea
ggtgacgcgc
ggcacacggc
atctgtgttc
tcgctcgatg
atcgaaggcg
gtcccgetgce

ctcgggcgga
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gcgectccca
ggctgtccgg
accgctggsc
agaagcggceg
tcttctccac
gggtcggceca
ggatctcgta
cgaggatcac

cgacccggcece

gctccgeggg
ggttgccgcg
ccgtgaccga
tcagcacacg
cgtgggcectc
ggagatcatt
cgatgttgaa
atccggegtg
gggatgtgag
cgcccteegg
gtcgaacgag
gtgcggttcc
cgcccgatcc
cgececgeceggt
aattcgegtc
gcgecggaga
ggcegteggt

cgtgggacgc

gacctcggtc
gtcgggcacc
ggcgatgaac
gaccatcccg
cggcaggccc
gagcttgccc
gtggtcgtac
gcecgtgecegt
cgtcgggttg
caggtcgtcg
caacaggtcg
cgccagggceg
gecegggtgesg
gecgttcgagc
gacgatcttg
ctcgctgttg
cgcagcgtgg
ggtttccaga
ctgaaatgcc
ccgtctcgec
cgtgtccaac
ttgtcggacg
gtctcttegt
gctcgeccegg
ggaacgcacg
gctgegeggc

gccecctegeg

27540

27600

27660

27720

27780

27840

27900

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100



gtcgcccegg
ggaacggcgs

gaggacatcg

cgctccctcea
ctcacggtcg
ctgcccgecg
cactcccgeg
gtctccgaac
geegaggecg
gtgccggcca
gtcctcectceg
gccgacgegsg
ggggtgaccg
ggcctgagga
cgccgaagca
ggageggeccyg
accatgaact
ggacggccct
ctcgaccacc
tacggtccgt
ggcatcgacg
ctgacgctgc
tacgtgggea
ggcgaggacsg
ggcaggegec

atgccgctcg

tggcctacca
ccgeegeegg
ccgccgaggce
cccgaggect
acgcgecgea
gcacggtccc
ccgacttcga
tgcegttget
gggtggaceg
ccctecgacgt
acggcgggst
ccctegtegg
gecgtcectctce
ccctcgecga
ccgtggacgc
ggctgegect
tcctcaacga
acgcggagtt
tggccgagcea
ccgeecggtgt
tgtcgcccga
gcgegctcat
tcaccggggc
gcectgtegtg
cgegggecegt

aggcccggaa

39342

cacgctcgceg
actcccggtc
caccgtcccg
catcgaacgc
cctecggecgc
cgccaacctc
ccccggectg
cgtcaagggs
cgtcatggtc
cctgcccgag
ccgeegggss
ccgeeccggtg
cgtcctectg

catcggcccc

cgggaaggsc
cgcggacctg
ggtgacactg
cttcgagacc
gggccgttcg
gatccgcgag
gtcgatcgtg
gtccggececg
cgececeggetg
cgacgccctc
ctacgtggtc

gtccctcctg

gacccggecg
gtcgtcagca
ctctggctcc
gccgagaacg
cggetgeggg
ccggtggacg
gactggtcgg
atcctcaccg
tccaaccacg
gtcgcegage
cgggacatcc
ctgcacggcc
gaggagctga
tcactcgtcg
gcgegegagesg
cacccgagtg
cgctaccccg
gagcaggtct
cccgegeagg
ctgatcgccc
gtgacggtcg
gacgacgtgc
ctggacgtcg
gaggecgecg
ccggaccact

gagctggegc
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gtgaggtcgc
ccttcgeggg
aggtgtactg
cgggcttcga
acctgcgcaa
gattcgcgga
tggtggagte
gecgecgacgce
ggegeegecea
cggtcgecege
tggeggegcet
tcgeggecegs
cggacgcgat
gecegggcetcec
accggcgcac
tcgeccgaccc
aggcggtgtc
tccgecatct
tgcgcgacgc
actcgctgceg
gctgccagga
tgctegtctc
cggtgaccgc
tctcggegga
cgaacccgtc

agcggctcga

caccgtccgg
ccgcacgttc
cctgecgggac
ggccctggtce
cggectteegg
ccccgeggeg
gctgegetceg
ggtgcgegeg
gctcgacgga
acgcctcccc
cgecgcteggce
cgggeccesc
gtccecttgeg
tgaccacccc
cgececgeeggg
ggtcatggac
cttcgecccc
gcgecegctac
gctgttccag
ggtggacgag
ggcgatgttc
cagcccctgc
cgtcgaggag
geggeegegce
cggecgegacc

cgtcctegtc

29160

29220

29280

29340

29400

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

- 30540

30600

30660



ctggaggaca
ctcgaccgga
gcacgcctcg
ctgectggegg
agccaggecg
gcccgcaacg
gagttcccgg
ttcttcctca
caggacttcg
cacaccctca
cggctggeceg
acgaagggcc
cggctectcec
gtcctcgecg
cgceccggcetc
catgtcgtcg
ctcggegtceg
ctccagctcg
gtcgacgtgc
gtaccgggcc
gttgagggag
gacggggtcg
cgtgtggteg
ccgggtgscg
cgecgctctcec
gctggtcagce

gaggatgttg

gcccgtaccg
cacggcgagt
ggttcgeggt
acgaactcgc
cggtggeges
ccgcccacta
ccgegeggeg
ccctccaggt
gggtcatctg
ggctctccac
ggttcatcga
ccggeegege
cagaacatgc
gcgtactctc
accgccgacg
acggegtegg
gagaggtcga
gcgtggetgce
atgtcgtaga
tcgaactcegt
cgggeggeea
acgaagcacg
tacgagtagt
tccgecaggt
gggtcgecect
gtggagctga

ccggegtagg
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gcacgtcagc
gatccacctc
cgccgaccag
caagatcaag
cgcgetgetg
cggggagscc
gacccggctc
gcegttcecgce
gacgccgatg
cagctacctg
gttcgagtgc
cggegeescc
tgtcggacga
ccagctgcgc
accggaacag
cgaactccgc
agtccgtgcet
tccgggtgac
acgaggtcag
cgaaggcccg
gcagcgegcet
ccgcgtcacc
ccttgcgcac
actccttgat
gcaccttggce
gcgggatgta

gcgececggeat

ccgggeacgc
ggttcctacg
ccggtgetgg
agcatggtca
gagtcgggcg
atgcgcttca
ggcgteccgcet
gcggacaact
tcgtacttct
acccacgcecg
ggggacccgg
cttcgtcggt
ggcgacgaga
ccgggtcetgce
cggggccatg
cgactgcectgce
ggacatgccc
cttcttcgcec
gaactcgtag
ccgctegtceg
gtaggtggec
gacgagcacc
ccgcagctgce
catcgggcat
cgegtectcec
ccagaaccag

ccgecttgecg
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aggtggegtc
ccaagaccgt
cgecggacgsg
cggtcaacac
gecegtgtctce
ccctgeagtg
ggaacgcgcc
ccgegetggce
atccgcaggg
acatcgagaa
tggcctgaac
cgecgacgctc
ccgeccgtcega
acctgcgagc
ttctcctect
ttgagccgca
gccaccagct
gtccagaagt
aagacgccgt
atccgccccg
agatggaccc
atccccggcec
ccgtactgac
tcgtcgatga
cggcggacga
ccgctgecga

ttctcgaagt

cctgaaggcc
cttccceggg
cggcacgagt
ctcgccgcetc
ggagctcaac
cctggagegg
cagcggegsse
ccggteccgeg
cggeggectg
gggcatctcc
cgececgegacg
aggacggatg
agagcgggac
cctcctgeat
gcecgeecgge
ggacgctcga
ccacgaacga
aggagtcctc
actcccgecg
ccagcacgct
cggaggagaa
gccagaaggt
cggtcgtgac
ggeegegeag
ccgegecgac
acgccacaca

agccgaacag

30720

30780

30840

30900

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280



cgccaggcetc
gctggtgtty
cgggteggts
cgtgeggtcc
gaatttgctc
ggagaaggag
gtgcggaaaa
aatggtcgac
cagcagcaca
gcecgececacg

cacgcactga

ggggccaaag
aaggcgecegc
actcacccgg
atagatcgcg
gtcgacgtgc
gceggtettg
gtccgeggty
caccccgeceg
ctcggecegtc
cgggaagaag
ccgeccgeagce
cggggegatg
gaagggccgg
cgcgecgatg

caccagccga

ttgaagaagt
cccgaggegt
taccgcagcc
tggcggacca
cgctccacct
aaattccacg
ccggegscgs
ggcagaageg
ctgtgcccct
accacgacgt
tgcggtcatce
ggtggacgac
cggggaattc
cgeccggatcc
gtctccagcec
aggtcgtgtt
ggcgggtegt
cgcagcggac
atgacggatc
atcgccagcg
aactggaagg
aggagcccga
ttgecgegcac
gcecgeccagg

agcaggatct

tgggtgecegt
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ccgagtacgt
ccaccacgta
cgeggegeecg
cgacaccctt
gataggcgaa
gcttggggct
cgagttcgtc
actcgcctat
gcatggccac
cgaattcctc
gcgectggtga
attccgtgaa
ccggegecesce
gccacacccc
actggaacgc
cggcgaggea
cgaggcagcc
tggtctcgge
cgccgecgat
tcgtectgtc
cgatgaagac
cgacggtgcc
cgaacacgaa
tgagcagggc
tgctgagcag

tctcgagttc

gegegageceg
ccgggecgac
cccgteggeg
gcggeecegeg
cgaggtcggt
cgcaccccac
ggtgacaccg
ctggtacctg
cagggtcgag
gtgctgtect
ctcttttgtc
tggacagccg
ccggaccggce
gaacaccgtg
ccagtagcgg
caccgeggtg
gttgaactcg
gatccacgcg
actgcccagg
cggeggeatc
caccagcgtc
gaacgtgaag
ggtgtcgaac
cgeggecgea
ccagcgeggc

cctggcegatc
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ccgacccgct
acctcgtgct
tcgtccacga
ttgtccagca
ccggagacct
cggaacgtcc
agcagatggc
gggaaggtct
agcgtcgacc
gtactcattc

agggttccac

ggcecggecs
gtcgggtgag
aggattccgc
ctgctgggst
tcgccgaacg
ctggaggcga
tccggegegt
ttctgcgecg
aggctgggcc
accgccatcg
geccagegegs
tgctecttga
ccggtcacga
cgggtgacgc

aggggagegce

tgtggatgeg
ccgtgecgtc
catcggtgac
ggatcttgtc
tggacgagac
caccgcgctt
agatgccgtg
ccttttcgag
ccgaagggcec

ggcctcecegg

aggactcaaa
cgcgcacgca
acgggggtca
tgagtgccac
ggtacaggac
tgcccceege
gggtcctgcec
ccgggatccg
agttgatcgc
gcaccacgtt
cgggcagggt
cgtagccgat
cgacgtcgtc
tcaccgaggc
tctggttcca

cccagaaggt

32340
32400
32460
32520
32580
32640
32700
32760
32820
32880
32940
33000
33060
33120
33180
33240
33300
33360
33420
33480
33540
33600
33660
33720
33780

33840



gccgatgagc
ggtgctgegg
gtagacgtca
ggcecagegeg
catcgggtes
gtcatgtagg
tcggtegegs
atcacctcga
tgcccggceca
atgagatagt
gcgecgagcet
tccagggcecg
gtcagcgcaa
agccccacct
gcgecgaact
acgaacccca
agtgagccgg
gcceegttceg
ctcagggcga
ggaggggagt
gtccaaagca
ctggtggecg
gtcgtgggts
ctggatggty
gagggcececsgc
gacgacgatc

gccggacagce

gcggggatca

aactggctcc
tgggecgtcac
ccggegecega
ccccccaggce
cgagcacgag
cgeeggtgeg
tceceggeges
gcagctcccg
cgcagacctg
ccagcacgaa
ccgeeggetce
gctgegegeg
ggctgatgeg
tcaggtgctc

cccgggecag

acgtcggttc
ggccgaccag
gcttgecgeg
ctgegtgtgg
cggttcecgt
aactgggtgc
ccccgetect
gacagccggt
tggatggcca
ggaggcgact

cggtagccgc
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gggccaggcc

tggcctgggc

ggatgtcccc
acagggcctg
tgcggectcg
ttcctcgagg
gacgaccgcg
cggctggtceg
ggtgtcgecg
ctccacgtca
ctccatcagg
gtcgaagatc
ctggccaccc
ccgectctgcc
cgccacggtg
gtgcgacgceg
ggtcagcccg
tccgatgaca
gcggecgtac
catgactcca
tgccggegsc
ggtacagctc
ggatccgccc
gcgcgatgac
gctcggactc
tgagcaggag

ggtcgccgac

ggtcgccagg
gcagttggcc
gcccaggtag
gacgcggaac
gtgcggsces
gtgaccggct
ctgectgtgcet
aactcgccgc
gcgacctgca
ccgaggaggt
ttctgcagga
agcagctccg
gagagctgcc
aggaccgggt
aacgcgcecgt
ttggccgecg
caggccaggt
cggecgsgees
ttcttcgtca
tcctcgaatt
cgtactttcg
ggagtagaga
gtcgtcgatg
gagcgaggtg
ggagtccagg
ccgggegatg

gaccgtgtcg
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aacagcaggg
gagttgtcgc
agcaggtaga
tgccgecagce
cgggaacgsc
cggaccggta
tgcecgetgtg
gggeegegac
cccgggegtc
gcgaggagag
acccccggeg
gcegettggce
cggeccttctg
cccagcccgg
acaccggegt
gacgcgagcc
gcaggagggt
ggacgctgag
agccctccgce
ccgeeecgtt
geceggteggce
ccgecgeegg
acgaggatct
cgcccggtca
tgcgeegtceg
gccagecgct

agaccgtccg

tgttctggaa
agttggecctg
cggcgatcac
tgagccacat
ggeegeecegg
gggcagtgec
ctcgaccgag
cagccggsceg
gcacagcacg
gacggegetg
cgccaggese
cgccgegatg
cccggegetg
gttcatcttc
gttctgegeg
gaggacgctc
cgatttgccg
gtgcacgtcg
gtgaagcacg
cacggcatca
cacggccctg
ccagcagctg
ggteggegtc
gggeggtctt
cctcgtccag

gcttctcacc

ggagctggga

33900

33960

34020

34080

34140

34200

34260

34320

34380

34440

34500

34560

34620

34680

34740

34800

34860

34920

34980

35040

35100

35160

35220

35280

35340

35400

35460



gatcgtcggc
cgggcgesceg
gaccacgccg
gatccgcacc
cttgccecgeg
cacgtcgttg
cagtgaggsc
gacggsgsga
gggacgctcg
cagcgeggtc
cagcagcagg
ccagccgecg
gaacagcagc
cttggagaac
ggagatgttg
gcgggecage
catgatcagc
gaccagcgtc
gcccacgatg
cgccaccggc
ctggccgacc
cagtccggceg
gtcatcgatg
cgtcgccacc
cttgaacgtg

cgtgccecatc

cagatccgcg
tacagcaggt
accgtgttct
gttcccgagg
ccggacggsc
aggaccagcg
agggacactt
gecggtgeegt
gtgatcagcg
atgacgtcgc
gcgaccatgg
aagccgtaca
cgtgcgtgcea
tcggeggact
aaccgctcgg
ttcteccagcc
gcecgecacgg
agcagcgtcg
tcggtgttga
tgccgetgga
cttccggaga
acgagcccgg
atcattttga
atgaccatcg

ccggacctga

gtcgggtcegt
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ccgectcegea
tggcccggat
gcagcgagcc
tggcgtcgta
cgaccagcgc
cgeegggecc
cctcggegcet
cgeegttcegce
gcttcaggtc
tctggatgtt
ccaccagcgt
ccatcgecgt
cgtccatcga
cgtccteccgg
tcatcatcga
gctgggegat
tgatcggcca
acagcgactg
tccggcetgac
tgtgggagaa
accacgtctg
cgaggccgaa
gggtcagcgg
ccatggcccg
ccggetgegg

gtcccacggt

cgecctggacg
ggtgtcgteg
gagggtcagg
gagccgtggc
cgtgagccgg
ctgctcgetc
ggggtagegg
cgaggcgegs
cagcacctcg
cgtcagctgg
gccgatctgce
ggtgacggty
gatcgcgatg
acggccgtag
gcccagettg
gatcttcccg
cgagaggtag
cgacagcagc
cagcgacccg
caccgecggtc
cgtgtagacc
cacgacggac
gatcgacacc
gcggtagege
gtccaccagt

cacggagact

-160-

atctcgggct
aacaggtgcg
tcgeggacgt
accaggtggg
ccggeegges
ttgcgctgeg
aaggcgacct
geeggeaggs
aagacgcecggt
ttgacgggsc
agcgagecgt
gtgagcageg
tcccggacga
agcttgacga
gegtegttcet
gggatgaaga
agcatcgccg
gaggtgaggsg
gtctgggtec
cgcaggtcga
gccacgacgt
gtcttcccgg
gtgatcaggg
atggcgtagg
ccttcgaccc

ctcctcagtg

cggaggcegtc
cgtcctgggt
cgtggeccgcec
tgatcgtggt
cgtggaagct
gcatcaactc
ggtcgaactc
ggcggsgceecc
cgaagctgac
cgtacagcat
cgatgacgaa
tgacgaggat
ggcccgectt
gcatcgegece
gcatgccggc
acagcgggat
cgagcaccag
cctgttgggc
gggtgaagaa
agatgaggcc
tcagcagggc
ggatgatgcc
agtcgacgat
gaatgatccg
gcagtccgat

tgtgtcgegt

35520

35580

35640

35700

35760

35820

35880

35940

36000

36060

36120

36180

36240

36300

36360

36420

36480

36540

36600

36660

36720

36780

36840

36900

36960

37020



cgctatgtgt
gcttgtcgag
ggtgcccgca
cgcccaggtg
ccacccggeg
gcgectceccc
cgttgagcegt
gcagccgcac
cgtccgcacg
tcgccagctc
gatccagggc
ccggeggesc
ccgtgtgcag
tgatcatgag
cggtgacgaa
gtcgtcgegg
cggecacggg
caactgcggt
cggttgatcc
caagtccccg
ccaccttgtc
ggctcgtcga
tcccgetcege
aggacggcct
agctcaccga
tgcgtcgaaa

agctcgaacc

cgegtcegetg
gaactcgacg
gtccgggatc
cggcgegests
cagcgeeggs
gcccccggac
cgeggegcegag
cccgetcetec
ggcceggets
ctgecgcegatc
ctcgatcagg
gtcggacggc
cgceggegtc
caccggttcg
gtgcgeeece
gggcegececg
gcgeggeagt
gatgccctca
gctgtgtega
cgcttettcec
agcttccgac
ccgggtcegec
gcactacgga
cggectegtc
ccatctcgcc

ggacctggag

cctgagcccc
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tgtggegegt
atcgccgegt
tccacgagat
atgaggtcgt
cggeggtegt
agctcgaaga
aacatccgga
accagtgccg
gcgatgagca
atcgccccca
cccttggegt
gggacacccc
tggtgcages
cceccggeecg
cgeceggeccg
gtggtaccgg
gtgcgegees
gttggacacc
gctgagccat
gcaccggecg
cttccagcca
tactacgcca
ctggactcgg
gtcgagcccg
gaactgacag
aggctgacgt

gtgtacaaca

cgctgtgtgt
tgaccgcegtc
cgcagtcggg
cggcgaaggt
ccatgatgtc
cgtccagcca
acaccgtcga
tctccgececg
ccgecgeaccg
gggaggtgcc
cggeggtcat
ggtggtcgaa
tccaggcatg
cacgctggta
cggtgtggtc
ccggeeecgg
cacgtccatg
ggececggecege
attgggcecgce
cctggegegc
cccggcetgac
ggctgeccecgce
tgtacgcctt
tcctgetetg
ccgactgagg
ccggtcagcet

tcgccgagta
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cgtcggescg
gggccegeteg
aacggcctcg
cacgacgcga
ggcecaggesg
ggecggtcacc
cgeggegteg
cgtctgggcec
cacgagttcg
cacgatccgg
gtccagcagc
gacgaccgtg
geeggeegag
ggcgatgegg
catgccgect
gggcggcetca
gacacccccc
gtccaagcag
cgtgagccac
ccgtcgegcec
acccgagaag
cgaggagatc
cgcectgtgce
ggacgtcgac
gccttcgagg
cggegtctgg

cgtggagatc

tcgegtcagt
aagtacccga

gcgacctcca

caggeegecee
tgcecgggect
gcctggtegt
tacgcggcecg
cgeecgegegg
ggatgcccga
cacggcgcca
gagtacctgc
gagtagcccg
cccgagcecca
acgcccccca
ctccctectc
ctatcgcacg
ggcccgegtc
gccecggecga
tgacgcccac
gagggageea
atccggtcct
ggcgecgacg
ggagacatcg
accatcaccg
gggaggacga
tacgcgcagc

cgcggcegacsg

37080

37140

37200

37260

37320

37380

37440

37500

37560

37620

37680

37740

37800

37860

37920

37980

38040

38100

38160

38220

38280

38340

38400

38460

38520

38580

38640



tggacgtcgg
ggcteccgett
ttccegtcca
ggatgaccgc
ccgtgttccg
tcgacgggac
gccctatagt
aaaccctggc
taatagcgaa
tggcgectga
tgcactctca
acacccgctg
<210>
<211>

<212>
<213>

40

ADN
<220>
<223>

<400> 40
atcgaatata

ccattgttca
tttcagcacc
tgacgaagaa
gaggtcgecg
atcatctaca
acgcaggtat
caaatcagcg

cgacacactt

gcttctggtg
ccggeaggag
cgtcgecgac
cgacctggac
gctgggaccc
cagcctctcc
gagtcgtatt
gttacccaac
gaggcccgcea
tgcggtattt
gtacaatctg

acgcgaaccc

40551

acttcgtata
ttccacggac
tgtcgtttcc
gaacggaaac
ccccgtaacc
tatcacaacg
cgtattaatt
acactgaata

gcatcggatg

39342

tcggecgetge
gacgccggec
ctcggctccg
cgececeegegsg
ggccatgtcc
gtgttcgcecg
acaattcact
ttaatcgcct
ccgatcgcecc
tcteccttacg
ctctgatgec

cttgeggecg

Trinh ty nhan tao

Fosmid pXYF24 téng hop

atgtatgcta
aaaaacagag
tttcttttca
gccttaaacc
tgtcggatca
tgcgtggagg
gatctgcatc

cggggcaacc

cagcccggtt

ggtctgecect
ccggacagta
caggggaccc
accccctcac
tctggtacca
gtgggatccc
ggcegtegtt
tgcagcacat
ttcccaacag
catctgtgcg
gcatagttaa

C

tacgaagtta
aaaggaaacg
gagggtattt
ggaaaatttt
ccggaaagga
ccatcaaacc
aacttaacgt
tcatgtccga

aacgtgccgg
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cgacgaggcc
cgtcgacgac
gegegeegeg
cggececegetg
gecgtgeccac
cgggtaccga
ttacaacgtc
ccccctttceg
ttgcgecagcet
gtatttcaca

gccagecccg

ttagcgatga
acagaggcca
taaataaaaa
cataaatagc
cccgtaaagt
acgtcaaata
aaaaacaact
gctcgcegagc

cacggecctgg

cagacctacc
tcgetggagc
gcecgtggagt
gcegeccacg
cacctcgtcc
gctcgaattc
gtgactggga
ccagctggceg
gaatggcgaa
ccgcatatgg

acacccgcca

gctcggactt
aaaagctcgc
cattaagtta
gaaaacccgc
gataatgatt
atcaattatg
tcagacaata
tcgtcgacag

gtaaccaggt

38700

38760

38820

38880

38940

39000

39060

39120

39180

39240

39300

39331

60

120

180

240

300

360

420

480

540



attttgtcca
cagcaggcat
atacttgccc
atacaagtgg
gtcccagact
agaccgacga
gggaccgtgg
ctaataatca
gatacgagtg
ggtcccagac
cagaccgacg
tctggectgt
catcagggtg
gttggaacac
gctccaggag
agcacagaag
tgctcatgaa
tgaagtgcat
gatttaggca
gcatcagcca
tgaccacgtt
atctgctcat
gctttacgac
gcecggtgtcet
gtaagcagct
tcaccccgga

gcattaccgc

cataaccgtg
acaaccgcac
ttgacaggca
gaccgtggtc
aataatcaga
tacgagtggg
tcccagacta
gaccgacgat
ggaccgtggt
taataatcag
atacaagtgg
aacaaaggac
ctggettttc
gagacctgtc
caaactgatg
ttaaaagagt
ggttagatgc
cacctgaccg
atttggcggt
gcgcagaaat
cataagcact
catccagctc
ggcgactccc
gttgaccagt
cctggtcacg
gcacttcaag

gagccattac

39342

cgcaaaatgt
accgaggtta
ttgatggaat
ccagaccgat
ccgacgatac
accgtggttc
ataatcagac
acgagtggga
cccagactaa
accgacgata
aacagtgggc
attaagtaaa
aagttcctta
caggttaagc
tcgtgagcett
gataacttct
ctgctgctta
ggcagatagt
gttgatacag
atttccagca
tgttgggcega
gccaaccaga
atcggcaatt
cagtagaaaa
ttcattacct
agtaaacttc

tcctacgegce

tgtggataag
ctccgttcta
cgtagtctca
aatcagaccg
gagtgggacc
cagactaata
cgacgatacg
ccgtggtccc
taatcagacc
cgagtgggac
ccagagagaa
gacagataaa
agaatggcct
accattttat
aaactagttc
tcagcttcaa
agtaattcct
tcaccggggt
cgggtaataa
aattcattct
taatcgttac
acacgataat
tctatgacac
gaagggatga
gaccataccc
acatcccgac

gcaattaacg

-163-

caggacacag
caggttacga
cgctgatagt
acaacacgag
gtggtcccag
atcagaccga
agtgggacca
agtctgatta
gacgatacga
cgtggtccca
tattcaggcc
cgtagactaa
caattttctc
cgcccttata
ttgatgcaga
atatcacccc
ctttatctgt
gagaaaaaag
tcttacgtga
gcaatcggct
ccaatctgga
cactttcggt
cagatactct
gatcatccag
gagaggtctt
cacatacagg

aatccaccat

cagcaatcca
cgacatgtca
ctgatcgaca
tgggatcgtg
actaataatc
cgatacgagt
tggtcccaga
tcagaccgac
gtgggaccgt
gtctgattat
agttatgctt
aacgtggtcg
tatacactca
caatactgtc
tgacgtttta
agcttttttc
aaaggctttt
agcaacaact
aatattttcc
tgcataacgc
taatgcagcc
aagtgcagca
tcgaccgaac
tgcgtcctca
ctcaacacta

caaagtaatg

cggggcagcet

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160



ggtgtcgata
ggcgcacgct
tgcagacagg
caatggcctg
cacgtacaac
acggggactg
cgaacccttt
cggaggtgta
cgacattaat
catgagcaac
cttcatcaaa
taatgtcaag
caagatagaa
gatacattga
tcagagccag
gggcagcaac
acacatcacg
ctcgaatttc
gagaagaaac
tcgettccgg
cagcgtttat
tgetttgegt
gtcatcaaaa
gagcacatac
agcgagcgaa

gcgcaagaag

acgaagtatc
tcattatcta
ttcccaaata
ttcaaaaaca
attttttaga
agagccatta
aagatcaacg
gtcaaacaac
cgtgccgata
agtttcaatg
tttgcccatt
cccecggecag
aggcaggaga
ggctgttccc
atcctgagca
cccgatcacc
catatgatta
catatccggg
cccaactaaa
gctgtcatca
gcactggtta
ttttttatta
aaccgcaaag
ctcagtcact
ctggcgagga

aaatatccac

39342

ttcaaccggt
atctcccagce
gaaagagcat
gttctcatcc
accatgcttc
ctattgctgt
ttcttgagca
tcagcaggcg
cccaggttag
gccagtcgga
aactcagttt
caagtgggct
gtgtcttctg
tgggggtegt
agatgaacag
ggtggaaata
atttgttcaa
tgcggtagtc
tccgetgett
ttaaactgtg
agtgtttcca
aatcttgcaa
ttgtttaaaa
tattatcact
agcaaagaag

cgtgggaaaa

tgagtattga
gtggtttaat
ttctccaggc
ggatctgacc
cccaggcatc
atttggtaag
gatcacgaag
tgggaacaat
gcgegetgtce
gcatcaggtg
caatacggtg
ttattgcata
catgaatatg
taccttccac
aaactgaggt
cgtcttcagc
ttgtataacc
gcecectgettt
cacctattct
caatggcgat
tgagtttcat
tttactgcaa
taagagcaac
agcgctcgcc
aactgttctg

actccaggta
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gcgtatgttt
cagacgatcg
accagttgaa
tttaccaact
ccgaatttgce
caaaatacgt
catatcgaaa
cagcacatca
aataactatg
tggatcggtg
cagagccaga
agtgacatcg
aagatctggt
gagcaaaaca
tttgtaaacg
acgtcgcaat
aacacgttgc
ctcggceatct
ccagcgecegg
agccttcegtc
tctgaacatc
agcaacaaca
actacaaaag
gcagccgtgt
tcagatagct

gaggtacaca

tggaataaca
aaaatttcat
gagcgttgat
tcatccgttt
tcctecatcc
acatcaggct
aactgcagtg
gcagcacata
acatcatagt
ggcagtttac
caggaaggaa
tecettttccc
acccatccgt
cgtagcccct
ccacctttat
cgcgtaccaa
tcaacccgtc
ctgatagcct
gttattttcc
atttcatgac
ctttaatcat
aaatcgcaaa
gagataagaa
aaccgagcat
cttacgctca

cgecggatagc

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720



caattcagag
atatcaggtc
atttggcttc
aaacagcaaa
tcaaatctgt
ggaaaatacg
tggagttctg
catacgctgg
gacgatgcct
atacggattg
cccgataaag
actgtgcgca
ctcttcaggg
atccttactg
ctcgcagata
cagatacagc
tgactggacg
catgacagat
tcaataagca
gttaagggca
ggcaatttgt
aaaaaagaag
ggataacccc
tccectggtgce
cggegtgege
tggtttaaaa

gcaaatgctg

taataaactg
acatgacgaa
cttaaaaatt
actgtgacaa
gacagataac
atatgagtcg
ctgttgatct
taactttgag
gagccatccg
gtgatttctt
aagggaatga
cgtttgataa
cgataaaaaa
gcttccgcag
ccgtcatgtt
atacgttttt
attcgcgggc
ccatgtgaag
gggataactt
atttgtcaca
cacaacacct
atctaaaaac
aagggaagtt
ttcctegetc
ggtcacgcegc
gcaggttaaa

gattttctgce

39342

tgataatcaa
gggaaagaga
acagttcaaa
attaccctca
cctcagacta
tctggeggcec
cattaacaca
gcagctggta
gcttacgata
ttgtttcact
gatatgggtt
accaaggaaa
ccacttcctt
aggtcaatcc
cctgtagggt
gatcccggga
tatttttacg
tgtgacaagt
tgtgaaaaaa
gacaggactg
tctctagaac
tataaaaaaa
ttttcaggca
actcgaccgg
acagggcgca
agacaggtta

ctgtggacag

ccctcatcaa
aggaaatcaa
aagtatgaga
gtaggtcaga
tcctgtegte
tttetttttc
gacctgcagg
acgctctatg
ctgacacagg
aagccgaaac
gatatgtaca
agattcatag
ccccgegaaa
gaatatttca
gccatcagat
gagactatat
tttcttgtga
ttttagattg
cagcttcttc
tcatttgagg
cagcatggat
ataattataa
tcgtgtgtaa
gagggttcga
gccctggtta
gcggtggecg

cccctcaaat
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tgatgacgaa
ctgtgacaaa
aaatccatgc
acaaatgtga
atggaagtga
tcaatgtatg
aagcggegsc
atccagtcga
gattcgtata
tgcgtaaacc
ctgtaaagcc
cctttttcat
ctcttcaatg
gcatatttag
tttctgatct
gccgectcag
ttgataaccg
tcacactaaa
tgagggcaat
gtgatttgtc
aaaggcctac
aaatatcccc
gcagaatata
gaaggegeses
aaaacaaggt
aaaaacgggc

gtcaataggt

ctaacccccg
ctgccctcaa
aggctgaagg
cgaaccaccc
tatcgcggaa
agaggcgcat
ggaagtcagg
ttttcagaga
aacgcatggc
ggttctgtaa
ctctggatgg
cgccggcatc
cctgecgtat
caacatggat
ggtcaacgaa
tgaggtcgtt
ctgtttccgc
taaaaaagag
ttgtcacagg
acactgaaag
aaggcgctct
gtggataagt
taagtgctgt
cacccccctt
ttataaatat
ggaaaccctt

gcgeccctcea

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340



tctgtcagca
gcccctcaag
gaaactcgcg
cggccgaaat
agtgtcaacg
acgecgegcegs
cagggccata
tcgctcgact
ttcattaggt
cgaagatttc
tcatgacaga
tctctacgat
agcttctctg
ggccaaggca
atcgcaaact
tccgttgaac
gcatacagca
aacgtcacac
ctgtccgtca
tccatgagct
tcctggtgtc
tgatcggcac
attttttgag
tggatatacc
gtcagttgct

gaccgtaaag

ctctgeccect
tgtcaatacc
taaaatcagg
cgagcctgcc
tccgeccectce
ccggeegegg
gacggccgcc
geggegagea
tgttctgtcc
tattgttcct
acactacttc
aatgggagat
tttaacagac
tttattctca
gcacccggtg
tgatggactt
tgtgcatcgc
cgtcagcagc
cttcccagat
tatcgcgaat
cctgttgata
gtaagaggtt
ttatcgagat
accgttgata
caatgtacct

aaaaataagc

39342

caagtgtcaa
gcagggcact
cgttttcgec
cctcatctgt
atctgtcagt
tgtctcgcac
agcccagegg
ctactggctg
attgctgaca
gaaggcatat
ctataaacgc
tttcccgact
aaaaacagca
ggataattgt
ccgggeagcec
atgtcccatc
ataggaatgg
agecggeggea
ccgecgetttce
aaatacctgt
ccgggaagcec
ccaactttca
tttcaggagc
tatcccaatg
ataaccagac

acaagtttta

ggatcgcgcc
tatccccagg
gatttgcgag
caacgccgceg
gagggccaag
acggcttcga
cgagggcaac
taaaaggaca
taatccgctc
tcaaatcgtt
tacacaggct
gtttcgttcg
tatccactca
ttcagcatcg
acatccagcg
aggctttgca
cggaacgtat
accgcctccc
tctgtecttc
gacggaagat
ctgggccaac
ccataatgaa
taaggaagct
gcatcgtaaa
cgttcagctg

tccggecttt
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cctcatctgt
cttgtccaca
gctggccagc
ccgggtgagt
ttttccgcga
cggegtttct
cagccgaggg
gaccacatca
cacttcaacg
ttcgttaccg
cctgagatta
cttctcagtg
gttccacatt
caaccgcatc
caaaaacctt
gaactttcag
gtggtgtgac
caatccaggt
ctgtgcgacg
cacttcgcag
ttttggcgaa
ataagatcac
aaaatggaga
gaacattttg
gatattacgg

attcacattc

cagtagtcgc
tcatctgtgg
tccacgtcgce
cggcccctcea
ggtatccaca
ggegegtttg
cttcgccctg
tggttctgtg
taacaccgca
cttgcaggca
ataatgcgga
gataacagcc
tccatataaa
agactccggc
cgtgtagact
cggtataccg
cggaacagag
cctgaccgtt
gttacgccgc
aataaataaa
aatgagacgt
taccgggegt
aaaaaatcac
aggcatttca
cctttttaaa

ttgcccgect

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900



gatgaatgct
tagtgttcac
gagtgaatac
ttacggtgaa
agccaatccc
cttcgcecccc
gctggegatt
tgaattacaa
ttggtgecect
cagaaattcg
ggggttcgeg
cgggcagtga
tacactttat
caggaaacag
agcttgcatg
ccggttecegg
cggcttcacc
cgtgatcgtc
cttccgcacg
gatgctgaac
cgtcgtctac
acggacgtcg
cgecegececgce
ggcgecgeag
ccaggtcgac
ccgactccac

gacccggcac

catccggaat
ccttgttaca
cacgacgatt
aacctggect
tgggtgagtt
gttttcacca
caggttcatc
cagtactgcg
taaacgcctg
atgataagct
ttggccgatt
gcgcaacgea
gcttccgget
ctatgaccat
cctgecaggtc
acgccgtacc
ccgctgaacg
gcgatcagceg
ccctgggtgce
ctgeceggeceg
ttcctgtaca
tcctgaggcc
gggccgeacc
ctcgeggtceg
catgcggtcg
ccecgegggec

gceccteegeg

39342

ttcgtatggc
ccgttttcca
tccggeagtt
atttccctaa
tcaccagttt
tgggcaaata
atgccgtttg
atgagtggca
gttgctacgc
gtcaaacatg
cattaatgca
attaatgtga
cgtatgttgt
gattacgcca
gactctagag
ggccgacgat
agctcgecggc
tgatcatcct

ccgtgetgcec

‘agacctgggt

gccgcaaaca
ggcgectcecc
gcgegegegsc
gccgtgacca
tcgecegetgce
gcccectegg

gccageceggt

aatgaaagac
tgagcaaact
tctacacata
agggtttatt
tgatttaaac
ttatacgcaa
tgatggcttc
g88CELL8ECe
ctgaataagt
agaattggtc
gctggcacga
gttagctcac
gtggaattgt
agctatttag
gatcccacgg
cctgectcggce
gctggtgaac
ccgcaggacc
gatcgtctcg
ccgcttcggce
cagccgtctg
ggcgctaccc
cggtgacgtc
ccaggaccgg
ccgggecceg

tcaccaggac

cgcgeagecg
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ggtgagctgg
gaaacgtttt
tattcgcaag
gagaatatgt
gtggccaata
gegcgacaagg
catgtcggca
taattttttt
gataataagc
gacggcececgsg
caggtttccc
tcattaggca
gagcggataa
gtgagactat
ttcttctecc
gtcgccatcg
atcggcaccc
cggceccgacc
gtcgccgegt
atctggatgg
gecgaggage
gtcccgecegce
agcgcccagg
geggtcgecc
gtccacccgg
gatctccacc

ttccgeggeg

tgatatggga
catcgctctg
atgtggcgtg
ttttegtctc
tggacaactt
tgctgatgcc
gaatgcttaa

aaggcagtta

ggatgaatgg
gcggecgcaa
gactggaaag
ccccaggctt
caatttcaca
agaatactca
gggtccaccc
cgatcctcgc
tgttcgectt
tgcccegegce
ccctgtgget
cggtcggegt
gcggegegea
ggcgeccagg

gacgtcaccc
gcctecgeca
acaccgggga

gggceegget

ccccggeggt

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520



cccgecacca
ggcceggtgtc
ggtgcgaccg
tcgagtttca
tgcggagaag
agcaccggga
gceggetgac
tgggtggecc
cggtggctca
ccgactccac
tcagcgactg
ccgtgecggt
acggagggct
tgggcggcgs
aggtctgegt
acttcaccgg
agaccggtcc
cctggegggc
cggtgctecg
acggcacggc
acgcgctgac
tggtgatgec
acggcctctc
gaggtcagcc
ggatcgectt

tcttgtcgta

tcegtcgggc
atccatggceg
cgegegeees
gecgttcccgce
gtcggcgesc
ggcegegtcec
gctgtacgtc
cggctggagc
gggagccaac
gecegggegty
geggtcecectce
cggggeggtc
gatgctgegg
cggecgeegge
ggccgecgag
geccecggggt
gggeeggecc
ggggecetes
cacgtcgctg
cgtgetceggc
cgagtcctgc
gctgatcggce
gctcacccgg
gceccgtegeg

ccacagctgg

cgccacggsgs

39342

accgacccga
tcagggtccc
aggacgcccg
gtcggtgacg
cccgtggscg
ggggeegecce
cccaccgacg
ggtccgcact
ggctacgtcc
gacatcgtgc
ggcaacccgc
geeegggacsg
cgcgaggecc
gcccagececg
acgggcgtgc
ttctcgetge
acgttcttct
cccgtcgegc
gacggctacg
atgggcggca
cagggcgctc
gccgacggca
tgggacgtcc
ggcgacttct
tcggectgeg

agcatgacgg

ccacgttggc
acgcggegcec
ggaacacatg
cggeggeccg
cctcecgtcaa
acggtgactg
gecggtectget
tcgtcceggt
acttcctcgg
acgcgatcca
accgggtccc
gcaccgtgca
cgaacggcaa
cggegcetcegce
tggegtggag
gcccegtgcec
ggacggacgc
tgggceggtac
actgtgtcgt
cggagaacga
cggccctggce
ggcccagggt
tcgggeecteg
tcgeggactc
ggtgcgegec

tctccatgga
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ggcgtcgacg
ccggecegtec

aacgatcgac

caggaaggss
ggacggacgt
gctcacccgc
gecgetggacg
ggccegggctg
ccgcagggag
gtaccagacc
ggaggagcecc
cgtgttcgtg
gtggaagecg
gctcaccgac
ccagtccaag
gggcacggtc
cgagagcggc
cccggecgag
cctecgectac
ggecegeceggc
cctggacges
cgcccgecag
agcgcgecgt
ggggatctcc

caccacccgg

cgeccgggtceg

atcacgagca
gggtecgeggs
atatgatgtg
cacctggcga
geegeegges
ggcaaggacg
gagaccgccg
acgcacctgg
cgcgaggecg
ggactcgcect
ggaccgctcg
cgggecgesc
tgggaggacc
gggcggatcg
cccggeggceg
gcggecectgg
ggtgcggces
cggeegtgeg
cgtgaccagg
ttctggtggt
cggggeegeg
gaggacggcs
cgececgtgeceg
gecgtcggage
ttcgggtegg

accccgttca

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080



tgectgegegce
ccgaggtcag
tcttcacctc
cgectgecegtc
gettgtgegt
cggtgaccgt
ccatgtagtg
ggceggecegt
cgtccgectt
cggectgecg
ccaccttgcec
gcacgttctg
ggtcgacccc
cggcgagcac
geeggegeesg
gcgtcatggt
ggggggagac
cggcacatcc
cttgaccact
ctttcacgag
aaggggtegs
agtacgagtt
tgtacctcgc
tcctggtcga
ccgaccgecg
ccggactgceg

tcatccccga

gaagtccgcc
ggtgteggeg
gctcagcagg
gccgacgecg
ccecggegetc
gacgccgeceg
gtccatgcegg
cgagtacacg
ggtgcactcc
gecggecectcece
ggtgcccagg
tccggaggtc
gtcgatgttc
gacggccagc
tccgecgeceg
tcttgggttc
cggtccacag
tgcacgggts
cttaaggctg
gtcggaggts
cgtccggtgt
ggtggttcag
cgagtgtctg
cgacggctcc
tttccggetg
gaacacgcac

gtacgcctac
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aggctggtca
atcttgtacg
gcgatcatga
tgccgggtcc
aggtccaggc
atcgcgtcga
acgccggaca
gagttgaaca
gggcggetga
gggatgtgca
ccggegttgt
ggcagcttct
ccgttcaggt
agggacagca
gactcgggct
ctctcctcac
atgcgttcac
gaattagcac
gaataagatg
ctggtggesc
ggacgatttg
ccgegtctga
gaatcgatcg
accgacgggt
gtccgecagce
ccegegsesg

gaactcctgg

gcgaggeceag
tcttggtees
actgctgcetg
ggacgaacgc
cgctegtget
ccagcccctt
tcttctcecac
tgacgcgctc
cgagggtgtc
tgaccagcgc
ctccggcacg
cggggeggtc
cgctgtagag
ggacgatgcg
gcgcacgecg
gggctccgeg
gtcagtggga
ggctcagcega
tgtcgggect
ggagceggecg
gtgtcccggc
gtattgtcgt
cgecggcagtc
ccgtgeggat
acgcccacgg
agttcctcgce

tgcgecacgcet
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ctcggagtcg
gctgecgaac
gaggcctatg
cagggagtcg
gtccttgatg
gaagccggeg
ggtcttgacc
ggcctgegga
gecgegggatg
ggtgtccgac
cgagtccgag
ctcgccgagg
ccagtagccg
tccccagegce
ggactccgtg
cggcggagtg
gaactatagg
tgaatgccac
gtgaccgtcg
gaagccgcega
gggcgaaatg
gcccttccag
gttccgcgac
cgeggegsac
accgggccac
cttcgtggac

cgaggagtcc

gtggtcaggs

aggtcctgcet
cggcccaggt
gtgccgtcca
ggctcgtcga
aagtcgatct
acgcaggcecg
agggcggasc
ctcacggcga
cgggegeeceg
ccgaggacca
gcctcgtceca
gtgccccccg
cggegettceg
gtggegetgt
gggcccgggt
cagcggtcca
atgaaccgac
tggagggees
agcctcacat
tcttggtagg
gacgtcgagg
ttcgaggtca
ttectgcegeceg
gcgegcaaca
ggtgacgacg

gagtcggact

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700



tcgtcteggg
agggccccat
acgaccgcac
ggttccccga
ccgccaaggt
cggcgecctce
ccgtgcagtc
agcggaagta
cggacgegga
agacggatct
tgcgcgagga
ccatgcccegt
gggtgggect
tgtccggagc
tccgettcat
agaagcaggg
aggacagtaa
ccacccgect
tcctcagecg
ccaacccgcec
gcaaactcaa
gcgaccagct
tccgegtcac
gcggtgages
cccgegtceca

gctggaagac

caacgtgcag
gcagaagaac
cgtctggaac
aggegtgetg
cgacgtcatc
catcacccag
ggtgagccgc
cgatctcgcc
cgaggagtac
caccatcatc
geggetggec
gcagcggegt
cgacaagaag
ccgctggagce
caacgtgcac
gcgcatgcag
gcagaatcgt
caagcgcaag
gggactgttc
ctaccgctac
gctgegegtc
ggagctgegce
cagcatgagc
ctggtgcacc

ggcgggaacc

caccttccac
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atgatgaact
cggegegegsa
aaactcttcc
tacgaggact
acggacgtcg
cgccactcecg
ttccteggeg
tgcctgaagt
cagcacgcct
gacgagctgc
gaactgctcg
ttccggegcet
gcctaccggce
accggctccg
aagaagcaca
atcacgacgg

tactgctatg

ggccagtggg
cgctaccggg
gtcgacaaga
gagatcgtgc
ggcgtctacc
ggcgegggac
ttcteccgcca
gacgcggacsg

gtcgagggcc

ccaccaagaa
cgcacatcac
ggcgctectt
cgtgggtcaa
tctatttctg
aactgtcgaa
accggcgctc
ccgacctcect
tcatgaagtg
ccgeggactc
aggtcatcga
acctgaacta
tggacaagga
acctgctcac
tgtcggtgaa
cgaagaccgt
actgggeegg
tcgagggcac
gcatcgaccg
acacccgcat
gctgecggat
tcggccccaa
gccacgacgce
agctccccect

tccegeagtc

gcaagtcggce
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gtggcagtca
gaagttcgac
ctggaaccag
catgtacgcc
gegeegecegsg
cctccgggac
gcgtgagtac
gctccatctg
ggccaacgag
ccgcgtcaag
gttcgagcgc
cccgtacctc
gctctegetg
cctcaccgga
ggcgatcgcec
ctacgcgccg
cttcgaggcg
ctgggacgtg
g88cgececsy
cctcccggtc
caccaagcac
ggtcccggag
acgcgtccac
gagccgtctg
ctggggcatg

catctatccc

ccgectgceaca
gcgetgatct
aactccatca
cacttccgceg
gacggcggag
cgggtecgegg
gcggacagca
aaggtgctcc
ttcctcgacg
tggectectgg
cgeggeggtc
ggggaccgss
cacggctcgc
acggcgtacg
ctgcggaaca
caggcgaccg
cgcatcgaca
gecegeeggtg
ggcagegecg
ttcctccagg
cgtgtcgtcg
tggggcaagc
ttcaccccgg
gtgcccaagt
ggcagcaacg

gtgatggcge

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260



aggagacccc
gggagatcgt
tgcececetgge
acctggccgc
cgcgegececa
gecgtectggce
ggtgggactt
aagacctcat
gaaacgaacg
actcggcegat
cctaccccga
gcacccagta
gcctggaaca
ccgtccgceat
ccaacaacca
ggcacggcac
agcgctatct
acagcttctce
gcggctaccc
tccgecgceag
gcgacgacca
ccgegegtgce
tggacccggt
tggccgacct
actacgtgaa

acaccctgeg

cgtccgagga

ggacgggcac
cgtgcaccgc
gacccggtgce
ggaccagctg
cggecgeggaa
ccececgeegeg
cttcctgcge
ggtgaagatc
ccgctacgag
gcccgaccac
cgceeggegce
ctcggacagc
cctectgggtg
gtggtcgeeg
cctceceggac
gccgetgaag
ggaacgcgtc
caccccgatc
gcgcaacgac
catcgggctg
gttctacgceg
gcagctcggce
geegggegec
ctcgctgatc

caccggeces

cgggttctac

actggtggceg
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tactccatgc
aacggctccg
gactggcagg
accccggagc
cgctccgtac
atgcggaccc
cgccaggacc
gagcaggatc
acgcaggcecg
gceccgeggece
cggeeggtgc
cceccgegecc
gtgcgcgacg
gagtggtacg
tggttcaaga
aagatcggcc
gagaaggagsg
ctcaagcgcg
atcctgcgcc
ccggaggsca
cccggcaagt
cccgaccacg
ggcgacggat
accgacgtga
cccatcctgt

ttcgacttcg

gcgatccegtg

cgtcctccect
gctatctcegt
aggacggctc
agtaccgctc
cgctcacctg
tggcegggea
tgtcggecegt
tcatcgaggce
aggcctacga
cctaccggca
gtgacgccegt
tgcacgagga
accaggtgca
aggccctcegce
agcggegacgg
acgacatcga
tgcagaactg
cctteggett
ggccggacac
agcgggtgst
acaagctgga
tcctcatggt
tcgtcttcga
tgatcaccga
tcttcaccta
agggcagegce

acatcgacgc
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gcagaccccg
gctcttcgaa
getgtggatc
cgcccacctc
ggacgggceac
catcccgetg
ggcecgegag
gttcccgcag
ccggetgtceg
gaagctcctg
gectgttcgac
actcgtgcsgc
ggtgccgcecc
caccagccgc
acaggtcgtc
gtccatccac
ggacatgctg
ccccggegag
cggegcecgg
gctgtacgceg
cttccggatc
gcgecegecac
cgtgtccgac
ctactcctcc
cgacctggac

gcegggececc

catccaggac

gagcgcgacc
cgagcgaccc
cagggccgtt
gtggtgegcet
gagttccgct
geggeeggac
gaccggctcg
gagtacgaga
ctgctcegtcec
aggaccaagg
gccttcaagg
cgccgcaccg
acggcgacgce
tacgtcgtcg
gtgcagacct
ttcgccgacc
gtgtcgccca
atggtggaga
gagcaggaga
ccgacctggc
gacctggccg
cccaacgtcg
tacccggaca
ctgatgttcg
cactaccggg
ctcctctaca

ctctacgccg

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760

14820

14880



agcggtaccg
ggctcgecga
cggeegtegg
ggaactcgga
cccagceccgce
cccecgececge
cggegegags
gtgececgttceg
ggcgegtect
cccggtgtceg
gtggtgcgag
ccggtgegtg
cggatccacg
ggccttcagce
ggtcagatgc
gcgetgeacc
cgccgacagce
geggegeecg
gaggegageceg
ggccccggat
gccctcgeag
gtcccecggtg
gagccccgeg
gggcgaccgg
caaaaccacc

ccgtcgtcca

ctggttccag
ccggatgetg
cgcggtcgac
gtggttcgcc
cccggegtac
cggcgaccgc
tccececggegt
ccacgcgggc
cagccggtgc
ctcacccggc
acgtgegtcg
ccgtaaggct
ttgaggtcgc
tgtccggege
gecggtgcaca
ccgaccgegg
agggcgtagc
tcacggceccegc
cgcaccgect
tcecgeggega
ttccattccc
gcggageggt
aggecgeces
gttcggttcc
cggegeecagg

agtacctctg
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cgggagttct
gtcgeggsce
acccggceaca
ggcceccgece
gacgccgtac
agctacgaag
gecegegeggt
geceggecegcec
cggtgtccac
acccgagcac
geegggeegs
ggtcgggcca
cgccgtagac
ggaactcgcg
ccgtgaggtc
gctggeecsc
ccgeggagcc
gccaggtgta
cgacgtccgc
ggecgtteegt
tgaccccgea
ccgctccatt
ccgecgtgac
tgagcacccg
cgccttccgg

agagtggagt

gcgacctgga
gcgacctcegce
ccggaaggcc
cgecgeceges
cgcagcacca
gcgtgatcgc
gccggaagsc
gctgeeggtce
ccggatcagc
gggcagccecg
ccggagggsa
gacccgggag
ggtgcgecege
gtccggatgc
gtgcgeegeg
gggcaccgeg
ccggeeggsc
ggccctgaac
cgecgeaggtc
ccggecegegce
catgttccag
gcecgctcecgce
ggcggegage
gccatcatga
caggtgtcct

ccgtacatgt
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cgacggttac
ccccgggeag
gatgaccccc
tctcgtcgac
ggcgggtecg
gtgacgccgc
cccggeeccc
cgtcgtccegg
agcgcgeggt
gtgaagaggt
ccgggegtcce
agcgggttgce
tcgggcaccg
gccagatcgc
acgaacgcgc
cgcacggacg
gcceccgceagce
tccgegtgec
tcctgcagga
ttggcgtect
gtcgccacgg
tcgtgggtca
aggcgccgtc
ccgatccgcec
ccccctgecc

ccaaggcacc

gcecgeggecec
gcgcacgcgc
ctccagtggg
gcecgtgececg
ttcggccata
cgaccccgcec
gatgaccgcc
cggecegeecg
ggtcggagac
agtccagctt
cgtcgcactc
gctctccegg
cgtccaccag
cgccgegegg
agagtattcc
acagcggata
gcaccgeggt
acgacgcccc
acagcacccg
cgccgeccegt
tcagtgtccg
ccacggceggc
cgegeggeceg
gctgaccagce
gcgcacccgce

ctcgaacggg

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440



cggcagctgc
cacgccaaga
gactacggct
gaccggttcg
gactcggtgc
gtcacgctct
ggctaccgga
cggcacccga
atcctggacg
tacgtgctct
atgttccacg
cacgccacgg
gacggctacg
cggtcggaca
gegeegeegs
ttcaccggga
gecgtegeccc
gcegggaage
gtcgagatcc
gcaccggtgt
gcgtcacagg
gacggcacct
atcgtcgcegg
ctcggeccacg
gacgacacac

gatcaccggg

geggggcaac

tcaacggcat

gcggcaaccg
ggtcgaacgg
acgggatgaa
agaccctgat
ggggeggctc
acatcgtcgc
aggtctccgc
cgctcctgcec
cctccccgcea
gctacgagaa
cgacccggeg
cccceegget
tcaacgccta
tggtgaccac
cggcccacgg
aggtcgegsc
acatcgtcaa
ccttcaccgt

ccgggceagea

tcggettecg
ggggctgegga
tcgacgegta
cggtgcecge
cacgagtggg
atcgacacct

cggcacctcg
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cgaagcctcg
gcacctcgtg
cgtcttcgac
cgcctactac
cgcgaacgtc
caagggcegsc
catcgtcccg
gtacatgctc
cgacctggtg
ggacgagcat
cttcaatttc
gaacgtcccg
gggcttcacc
cctcgectceg
cccgggcettce
agcggtgegs
cgacggcacc

gatcttcgeg

ggtcgaccgg
gaccggageg
ggagaacggc
cccecggeegg
cggcatggag
cggacacttc
aagcagacat
ccggegegta

tcgtcgtgtt

ggaacgttcc
gtggtcttcg
aacgtccgtg
ctgtgeccgga
accgggecsc
agcgeccegcegce
cagttcctca
ggcgaagess
cgcgecaagg
tacgccgtgc
ctgtacagcg
gegetggteg
cgccacgecg
acctccaagg
aacagcgagg
gtgagcatgt
tggtcctgge
gtggacccgg
gatcccgtcc
gcggtegggt
gtgctcctcg
ccctggeccg
tccgcgeccg
acgccgeggt
gccgaaagaa
tcccgtcegag

cgccaacttc
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cggtggagta
ccaacttctc
ccaacatcct
acatggactt
tcgggetgac
tgtacttcgg
tcggcgacgc
cgcaggcegcea
ccaacccggg
aggtcgagcc
agtcgccgac
gcctgctcaa
ccgaggactt
tccagggcgc
tcccgegceac
gecgcaacgg
agccgaccgg
cgggcttcca
ctgccccgcec
tccacggcag
gecgeggtgec
aggggcagea
ccgeegeegg
actgaccgac
gcgecgacaa
taccggttca

gcggtcaagg

ccggttcacc
ggcacccgag
gtggatccgt
cggtctggeg
gccggaccaa
cctgeggtac
cctggagaag
caacgcgegg
cgccaacatc
gttcctceggce
catcacgggsg
cctgcetcegcec
cgaccacgac
cgacgcegttc
cggaccgtgg
caagttcgtg
gcecgtgggag
ctccgeccegg
ggtcgtctcc
cgegeeggega
cgtcgecgccc
cctggtcgag
cttcaccgtg
ggcccaggac
cacgcgagct
cgcacgccaa

acgactacgg

16500

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060



ctggtccaac
ccgcgacatg
gatcgggctc
gtgggecesc
caacatcgtc
caaggttgcc
cgecgctcatc
ctcctcgecg
ggggtacgac
cgtcacccgg
gtccccgegg
catcgagggc
ggtgacgcat
ggccccecggc
ggtggegeceg
tctggtcaag
gttcaccacg

ggegeeegegg

caccggcacg
ggcgegeesc
ctccggetgg
gggatccgag
ctcgecgttc
atctccagga
tccaggaacc

atgccgccca

ggcgtcctca
aacagctact
atctccaagg
tcgaagggcg
tccatcgtgce
cggttcatgce
ccggacctgg
caggacgagc
aacttcaact
cgcaacgtcc
ctgggectgg
ttcctggegg
ccgcttccgce
gecggtgeges
gacggcacct
gcegteggcet
gtcgeeggeg
cagccgcetgce
gcegtgegcet
accctccttg
ccctggcagg
tcgeeegtgg
gcctactgac
gcccttecgce

gcttcecegtt

ggtggaages
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acccggtgcg
acctgtgcga
tgatgaacgc
gcagcgecgce
cgcagttcct
tgggcgaggc
cccgttceggg
agtaccagga
tcgtgttcag
ccttcctgat
tgcgcaacgg
ccacttcggc
acatggaact
tgagcctgtg
ggtcctggaa
gggacgegsga
cgaacgcecgc
cggegecgac
tcagecggcett
gcacgagccg
cgggcatgca
cgeccecggtgcec
cggtcgccac

ggtctacggg

cacccgctcg

ccagccggceg

ggccaacatc
ggggatggac
cctggaactc
gctctacttc
cgtcggceacc
ggtgccggag
cgtcgeccegg
gcaggtcgag
cgagtccccc
gggectegty
gtacgaggag
ggagcggcecc
gcccacggac
ggagcacggce
gcgggacaag
gaagcgcecegce
cgegeeegeg
ggtccacacg
cgeceeegggc
ggtcgeggcec
caccgtggag
cttcgacgtc
gegeggaags
gactaggegg
gagacgccct

ccggtgatca
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ctgtggatcc
ttctccctgg
accccggagce
ggcatgegcet
tatgtgaagc
gagaacgtcc
cactccaaca
cctttcctceg
cacatcaccc
aacatgctcg
ccggaccgeg
agcgccatcc
ggcgtgtact
aagttcctgg
ccgtggagca
accaagggca
gcaccggecg
ccgggggcst
gccgeccagg
gacggaacgt
gtgttcgccg
atgcacgcca
gctcctggag
gcacgctcgc
cgecggtccag

ggcacaggtc

gtgaccggtt
agcagtccgt
aggtcacgat
acggcttcgg
gggtgcaccc
gcgeggtcga
tctatctgcet
gactgttcca
gtcactcgga
ccgacgggat
acaggtccgc
cgatgcccgt
tcacagggac
gttcgccgtc
agggcgacca
ccgtggtccc
ccgegeccct
acgagcagat
tgggattcag
gggcctggga
tggacgccgc
cggegsggesc
atcgccggceg
cgtgcccggce
gtacggegtg

gatgtcctgg

18120

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620



gcctcggega
acgcgggegc
acctccgggt
tcgacgaccg
gtctcggaca
atcggcaggc
atgacgttct
gcgtccttga
agcgecgegt
gggttgaaga
gagacggaga
acctccgcga
tcggegtecg
ttggccttgt
tagcccacac
aggcggcegea
accttggtga
ttctgcacca
gcgagcegcect
atgatgtcca
aagcggccct
atccggatct
gcgecectcga
ttgttctggt
ttcggcagca
gagaacgccg

ccaccgcecca

cgacgccctc
ggacctgctc
ccagctcggg
ccctgaggtt
cgtgcagacc
cgagcggctc
ggatctcgcc
ccaggaccgc
cgtcggtccg
agtggaagcc
gcgaggaggt
acacctgctg
cgaagccctce
cctggttgat
ccttgtcgat
ggaacagcag
ccgeggeessc
ggttgaacgc
ggtcctceggce
gggcgeggta
tggcgacgec
cgtccttgag
agatcgcgtc
tgaggctgtt
gcgtgcagcc
ggagggceec

tcgcecgegec
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gtcgagcatg
ctcggtgagg
cttgccgcetg
cggggagacc
gatcgcgges
gacggccttc
catgaagcgg
ggtcttcttc
ctcgecgegg
gacgacccgc
gttggtggcg
cttgacgccc
ggccttgtcc
ccggeecttg
gegegecetgg
cgcgagetgg
cagcgacttg
gtagatgccg
gtcgtagccc
ggcggeceges
ctggtcccag
gacggeegeg
cgcgatgecg
ctcgatgatg
gccccagecg
cgacaccgtg

gttgtagtac

agcccgatct
acggtgtcgc
tcgtagaggt
gtgaagcgct
ccgaccagct
tccgegacct
gtcaggatgc
agcttcttgg
acgatctcca
tcggggtgct
aggatcgcgt
atctcctcga
agcacaccgg
ccgagcagct
tcgatgtcgg
gaggccatca
tccggggcec
gagcgcagtt
tgctggaggt
gecggegecegt
gcctcgecge
gtccagatca
agttcgaaga
accgagacgg
gggacgagac
cggtaggtgc

gcgaaggtcg

-175-

cctgggccac
cctgcttcag
agaagccacg
ccgggaacgc
ccagcagcac
cgaccggggt
ggttcacgac
cgacaccgaa
ggagcggceag
tcagcttcga
gegeegggec
agacggcctc
tgaccagggc
tgtcgatctc
tcagcacgac
gaccggcgcc
cggeeggecg
caccgcccat
cgeegttcett
gcaccttgga
ggtcgatcac
gcgactgctc
cctgegcegcec
ccttctcggce
cgaggaagac
agtgcagacc

gcacggccag

cgcgtccagg
gagcgeggeg
cttgccggcec
cctgttgagg
cagcggggac
gccctcgtceg
gaacgccggsg
cgeegtggec
gatcgcgacc
cgccatctceg
gaccgcctcg
gatcacgaag
cttgaggcgg
ggcgtggacg
cggcacctcg
gaccacgccc
cttgccgcgce
gatcaggtcg
ggcgeceecse
gtcggegatg
cgggegeteg
caggaagtcc
cttgagctgc
gccgatcagg
ctcggggagc
gacctcgacg

cgtcgacagc

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240



cgcttgaaga
agctcgacgc
acgccgacga
ttcgccageg
gtgatgagcg
gtgacgacct
acttgtcccc
cgcacatggt
gcgtcatcag
actggttgac
ggacggcgaa
gggcgagesc
cggcgaagga
cctegetcegce
tgacccggcc
ccgggegeat
tggtgcgecs
tggcggectt
ggtagcggtc
gcttctcgga
tgtgctcgac
ccgtggtgac
aggtggecag
tctgegtggt
ggcgeageag

tgceccttegg

cgtegtggcc
ccttgaggtc
tctcgecegtc
actgcgggcc
cgaagcgcecc
cgecgggegaa
ctcgaagtgc
ggtgaggccg
acggacgcecg
gecgegegtceg
ggcctegttg
cttctccgtg
gtaggagacc
gatgaccgag
gtggacgegg
cggctcgtcg
caccgagacc
ctcctgggag
gtgcaggttc
gacgaagcgc
gcegeecegeg
ggcggtcagg
geeegegagg
cgeggegacg
ctccecggatc

gcecegecettg

39342

gceecttgeceg
ggcgeegacg
cgeggectcec
gagcgtggtc
ggcgeecagg
cagctcggcc
gggttctccc
taacggacct
gaggaggcca
tcgtcggega
atctcgaaca
gcegggatcg
aggcgcatct
gecggtggege
aagggggtct
gcggtgacca
gggaccaggt
cgcacggegt
tccgeggtca
gggttggest
atggcgacgt
gcgeeggegc
atgccggecg
gcgacctcgt
gccttcacga

ccgaacggss

atggccagceg
gcgaagatga
ttctcgaccc
ggcttggtgt
gggaggtcga
gcacccttca
agatgaccgt
gecggetgcetce
gecgggtggec
tgccgtagtg
gaccgatgtc
ggccgtagcc
tgaccgggag
cgtcgttcag
tcaggccggce
ggccccagec
cggectggat
actcgtcggc
tgcccatgaa
cgacgccctc
cgtacgcgcc
acatgcggtc
tgcggecgat
cgatcttcett
ccaggtcgtc

tacggacgcc

-176-

cgtcctcgtg
acggcttgcc
ggtcgatcgc
ggtcgtggcc
agtggcgcac
gaagctctgc
cgcgeccatg
ctcgaactgg
gaacgcgatg
ctccaggaag
ggagatggac
catgacctcg
gcegttctceg
accggeegeg
caggttctcc
ggtctcaccg
cttgecgttg
gecgetgettg
cagggcggac
gcccatcggg
gaaggcgacg
gatggagtag
ggtcaggccc
cgggtcgaga
ggcgegggtc

gtcgacgaag

ccgecttcagce
ggtgacgccg
ggcgtcgatg
gttgtccagg
gtgcgegetg
ggtggtgctc
ccgaagccga
cgggccagcet
gcgecgecegt
gccagcacct
agccccgect
ggctccacgce
cgggcgaagt
ttgceggegs
agggtggtgc
gcctectegt
gcgtaggcect
gtgatcgagg
tcgtcgacca
tggcggecca
gagccggcega
cccgggaccg
tggtcgccga
ccggggttge
tcgtggtaga

acgacgtccc

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800



tgacggtacg
gccatgctac
cacgtacggc
aggagceggsa
taccgggtsgc
ctccgecccg
gcacagctgc
ctccgecgcec
gggecegttcc
cgagaagtcc
gtcgaacgcc
gatccgccgg
gtccgtccac
cagcccgagc
cgagccgecg
gctgegeacc
ggagatgaac
gagacccacc
ccccagctcc
ccggttgaag
gatggtgacg
gaacggegcge
ccggggagca
tggagcagca
gcgacctcga
gcccgcaccc

accgggacct

aggcacgatg
ttatgagtaa
ggecgeecegec
acccctcacg
gaccccggcet
aacccgtgca
gagtcgtccc
accgacagcc
ccecggegesg
gtggeccegtcet
gcegtgegga
tgcccgageg
acggaggtga
cgctccgeca
atctgccgcec
agccgcagca
tccatgtaga
acgtccaccc
cgecgecegecc
gcgagggaca
cgaggggtcg
tgtccgggtc
gggtcaccag
ggtcccgtac
actccggegg
cgtccgegtc

cgaccacggc

39342

gctctcctcc
cgtgactgcc
aaacgccgga
gtggagccgt
gctcctcccc
catcgtgact
acgccagcag
ccgecaccgce
ccgccagcag
gccacgeccg
tcgaggtgtg
ccgccagata
gceccgececegt
ccgeceggacg
cgcgecacca
gcagcgagca
acggctccag
gcgacccggce
ggaagatgcg
cggegeectt
gegttgeegt
cggagtcttc
ccceceggteg
gagggtgcees
ggggtagees

ggcgaccags

caccgtccgc

cagggtgegg
cagtcccggc
ggggctggaa
ggagcctcegce
ggtgatgacg
catcgcggac
cgacacgtcg
catgatgtcg
cgaacgcgtc
cgeggecgsc
cccgagegcec
ccgcacggcc
cagcgceggg
ggggtegeeg
cgactccatc
ggaccgctcc
gccgagcagc
cagcgtgcegc
gtcccgggtc
ggacacgcecg
catcgagtgg
cacccccgcea
gceccgegecc
gcecgtgaccg
atctcccggt
aactccccgg

cccccggegt

-177-

gacgctgagc
cccccgageg
tcagccccect
ggggtcagga
ccgaacagcg
agcgtcggat
tccggcaccc
ttgtcgtaca
gcecegegecc
tccagegccc
gccgegecge
t;cgtcacgg
tgcccgacgg
gcccggaagt
agcccgacct
accaggacgc
cgggeggecc
geggtteggc
gcctccgaca
gecgegegegs
gctccacgca
ccccgatggt
cggggtccag
tgatcccgtc
ccggegeegsg
ggccgtcegg

ccagcgeegg

gecttgcttac
gcgaacatca
ccggegtttg
ccggggtegg
tgcgcgcecac
gcgtcagecg
gcagccccat
cgatcgccgt
ccgegtcccc
ggaccgcctc
ccacccggsgc
ccgtggegtc
ccaccgecgg
ccaccaggat
cctccteccgg
tctccacccc
ggcagaccgc
tcggcgecca
gccegggett
cgacgtccct
gtacagggcg
cacctgttcc
ccggteggcec
cggegegagg
gaagtgccac
cagcagttcg

ggccgectcece

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300

24360

24420



gcgatcggss
gcggactggt
cggtcegegt
atcgcggccc
cacaccggcc
acctgcgtca
aggccgegct
gagtccggeg
gcectgccagce
gcgeggttcc
cgccaggaac
accacccgeg
tgctcccagt
agggaggest
cgcagceggcet
agccccaact
acccggacca
cgggtgatcc
cgctcaccgt
tcaaccgtcc
aacgtcagct
acgtccggea
acgccccegg
accgccagct
atccgcgecg

gtcggccccc

cgeecgtcgac
tgaccgccgc
acagccggeg
acgacgtcac
agtgcgagcg
gatagtgcca
ccagcttgcc
cggggtectc
cgaactcggc
acacctccca
cggaccaggg
gcaggacgcc
cccagtcccg
gcggcatcag
gctcctcggg
cgtcgcaggce
ggtccacccc
gggacgggaa
tgacgaccag
ggaacccggt
cgacgtcgta
cccggagecg
cgctegectce
cgatctgccc
tcgaccagcg

agtcccagcec

39342

ggacatccgg

caccaccaga
cagctcgtgg
cggccagcag
ccagtgctcg
gcggtcgaag
gttgccgtcc
cccgggeagce
cacgaagcgc
ggagtggtegg
actgcccgcec
gaggtagtag
gaacccccac
ccgtacgacg
gtaggcgscs
gtcgtagaag
cgecgeeggec
cacgtcgtcc
ggtgaacccg
cctgegeege
cagcggctgt
cacggtcccg
cagggtgagc
caccccgtcec

ctccagccgc

gaacgagcag

cgcagccgcea
ccgtcaccgt
tagagcggct
tcgttgagct
acaccggccg
tcgcectecg
tccgecttcet
gccegecgea
gggacgtcgc
gtgccgtgeg
gtgtacggcc
ccctegeccc
aggttctcgt
ttctcceggg
cacgcgaacg
tcctegtect
gcctgctcca
gggatccagt
gtgecegtgceg
caggcgtcca
tcgccgtatc
gcegtceccat
ggtgcctcga
tcgacggtga
accggecegcec

gccatcttcc

-178-

gecgttccccg
ccgegegeac
tctcccgecc
gccagaccac
ccaccgcacg
gcacggcgaa
ggtggtgcag
gcgtggegtyg
gcecggtagtc
ccggatcgtt
gcgtcegggtc
aggagtcccc
tgttgecgtt
cctecgectc
ggaagtcctg
cgtagatccc
geceggtgeeg
tgacgccccg
cgtcggcecga
gecgectcegtce
cgecgeggeca
cgacccgcgce
cccggegagesg
ccagegggcs
agatcccggc

gcaggtactg

ccagtcctcc
ggtcagcagc
gtcccegtceg
cgtgecccgeg
cgecctggttg
gtggeggscs
catgccggeg
cgeggeagsc
ggcgtagtcg
ggggtggtec
cagctccgceg
ggcgagcccc
ccacagcacc
cacctccccg
ccagaccagc
gccgecccag
gtagcgctcc
cgcgaacagc
ggtgtccagc
accgtgggac
ccacaggcegg
ccgggegesc
ctccacgtcg
cacccgggeg
cgtcaccagc

gtacggctcg

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860

25920

25980



gcgtacgctc
gaggcgaacc
tgcatgttcc
agaccgtcga
tcgtacgtcc
ggatcgggga
gggagggcst
acctgacgca
gttggcgcga
tcccactcegt
cactcaccgg
gttcctcgaa
tcacggtcct
ccgagttcaa
agggcgaggt
cggtcgtcga
gcgecgecaa
gceceegtegg
tcaccgactg
agaccgacgc
ccaacgtcaa
acccgtgggc
gcggeggact
tggccaaggg
acgcggcgaa
agegggacgs

actccgacaa

cggggegcetc
gcaccgtgag
gecgtccggec
agacgaggtc
actcccgecg
tcagcccggc
cccecegtgec
tgcacactcc
ttgcgacttt
gctegtecgt
atcgctcgcc
gggegeggac
cacccaccgg
cgagacctat
caagatccgt
gaagaaggac
gtaccggttc
cgtcgtcccc
gcccaccacc
ggtgeccgtac
cggctccgtc
cgaggggscc
cgccgagaag
cgagatcgcc
gcaggeegsc
cacgttctgce

caaggaggcc

39342

gcccagectg
ccggecgcetce
cagtggeegg
cgtctgectcg
gcccacccag
cgccagcaga
gtccgggtgt
ctaaaccggt
accggttcag
cccgtgaacg
ctgctcgccc
gccaaggctc
accgatctgg
cccggggtga
atgaacacgg
tacccgaagt
accgactact
gggttcatct
cccgecgagt
tacaccaact
ggctgcgacc
gacctgcgcg
gacccgacca
accatgtggc
gccgacccecg
gcggtgacct

gccecgegect

ccgcgeaccg
agtcccgtca
ccgtcgagca
tgcgggeecg
gccacctegg
tcggtgtgca
cgcaggatcc
tgagccttct
ttcagggcetg
gagccgtgat
tcctggectc
ccgacgaccc
tgcaggacgg
aggtggagtt
agaactacgg
tcttcgectc
ccaccgtcga
acaacaagcg
tcctggacga
tcaaggacat
cgcacgccac
tgggcgacac
ccaccaactg
tgggctectg
ccgacatcgg
ccccggacta

ggatcgactg

-179-

cctccgectc
cgtcgaagceg
ggatctcggc
tcccggeggt
tctegttgeg
cacaccccgg
atccctcggt
ctgaagagtg
ccagagtgcc
gcatctgaac
cgcctgeacg
gtcaaaggtc
gacgatgaag
cgacggcectc
cgacgtcctc
cctgggcacc
cggcaaggtc
ggtgtggagc
cctgaaggcg
gtggeegetg
cacgaagctc
cctgctccac
ggagggctcc
ggcegtegtg
cttcatgccc
ccagcaggcg

gttcaccgac

ggcgtacgeg
gtacgagcgg
gacggtgtcg
cagctccgtc
gccgaggaac
caccgaggcg
gagcggtgtg
gtctggcatc
gaatcagcca
cgccgtacga
ggcacggess
aaggggtccc
aagtacgccg
accgactacg
atgatcccgg
aaggccgaac
tacgggcaga
gaggecgeeg
atccggtcga
acccagtgga
gccgagegecsg
gacatcgtgc
aagcccaagc
cagatgcggg
ttccccgcac
gtcaacgtca

aagtccggcet

26040

26100

26160

26220

26280

26340

26400

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600



acgccgaggc
agccctacga
tgaagtccct
tcgtcgacct
gcgagegcetg
gecgececss
gcgeegeacc
cctgctectg
actgggacgg
tcacccgctc
cggtgcagat
ggaacttctt
tcgtcttect
gcgtcgagac
gecgtcteegt
ccatcccggg
tccggcacat
tctececggctc
cggagacctt
cctecggecgce
gcatcgtccc
ggtcctgacg
cctgacctcg
cgacgacccg
cgcgttcggg

ctcgatgacg

caacctcgcc
gaaggccegsc
cgacaaccgc
cgceccgegge
ggccgageceg
ccggttcccc
cggetgtcgce
accttcacct
cgtgagcccg
cgagctgttc
cgtgectcgcc
caagggegtg
ctacttcttc
cgaccacgcc
ctggegcetac
cgagctgtac
catcgcgccc
gctgteggtc
cgtgatccag
cgeegtegtc
cgacgagaag
tccctgatcec
ctgaagtcct
ctgaacttcg

aacacggccg

gcgtacgega

39342

ctatcccccc
gtgaagctcc
tccgaggtcg
gcccgcaagg
cgcagcgegc
cggeegegec
gccgectcac
acgcgccecga
gagctgaact
gaggtcttct
ctctacttcg
ctgttcttcc
caggacggcg
tggctgggca
ctcggactga
gaggecgseccg
ggcatcagac
ttcgagatcc
accgtgaagc
ctgctgctga
gtggacctcg
tggcgacgct
ccgaggagat
gcaactacgt
tcatcctggt

tcgaccgctt

tgaaggacgc
tggacctcga
gcatctacaa
gecggectgga
tgggggcctg
cgeegggecg
cccgtggcetg
tcgccaacat
ggacggsgcac
tcgtcagegg
ccacggtcct
cgtacctcat
gcaccctcga
cgeegttctce
acttcgtcct
agatcgacgg
ccgtgectgag
cgtacatcat
tggecgttcca
tcgtectgge
tatgacccgc
ggtggtgctg
ggcgaacggc
gacggecgttc
cgtggecgtc

ccggttccegce

-180-

cccgctgecc
ggacagcaag
gcccgactac
cgactacctc
atgacggaca
ggeegegegs
ttcctggeceg
ggtcgegtac
cgggaactac
ctactacctc
cagcttcgac
caacggggts
ctccgtactg
cgcgaacacc
cttcctcggce
cgcgaaccgc
cctgagcegtg
gaccggeggc
gttcaacaag
ggtcacctgg
cgtaccgcegg
ctgececgcectceg
agcggagcgc
cgggacggcec
ggcggaacga

ttcaagaagc

gcecgtectceg
ggcgeegagsg
cgccaggaac
ggcggectceg
ccacccgcaa
cgeceggececc
caccgctggc
agcttcaccg
accgaactcc
gtcgecctcecg
gtccgettcc
gccatcggct
ggcctgetceg
tcgetggeceg
gcgatccagt
tggcagcagt
atcctctcgg

gccaccggea

acgggactcg
gtgcagcggc
cacgcgccct
ccgtggtcett
tgacgccgcc
agatgctgtc
tcctgatcgg

tggtcgtgge

27660

27720

27780

27840

27900

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100

29160



gctgttcctg
cgtcaacagc
ggacatcgtc
cgaggceece
gctgctcaag
cttctacatc
gttccgettc
ggtcatcctg
catgcggess
tgccacgcegc
ggcggctccc
ttcagccgct
acggggtcct
tgcggcagct
agctggcegcc
gcgggeageg
acgtcacggc
tggcggcgcec
Tccggegsces
tggcggtcca
gcggegtacc
cccttctceca
aacccggcaa
tcgecgcagac
gcctcgecga
ccctegegge

tcggegtcca

ctggccgcegc
ttcggecatgt
tcgatctacg
cgectggacg
ccggegatceg
cccttectcet
aagggcccct
cccaccttga
gcgacgaagt
gtgccecegtg
agcagaccct
cggecgagttc
tgtccgecca
gggccteget
gccccacccg
cgagcgeggc
gccgggegat
ggcgcacctt
gggccgaggce
gctecttctce
gcagccagege
ggacgaagcc
ggcggecegsce
agggcaggtc
gggcggacag
gcagctggac

cggegacgeg

39342

tggtccccgg
tcgacagcect
tcttcctgea
gcgccaacgc
cgacggtggt
acatgccctc
tcggcgegea
tcgtcttect
agccagcegeg
cgccgtcagc
gcgcaccgtg
ggcgaccccc
gecgegegsc
cagcgccttc
ctgcccgaac
ctccacgatc
ccggtcegegg
gtgcatgecg
gatcgcgtcg
cagggegtcc
ctcgggcagc
gagcacgttc
cagctcggtg
ctgggtgecg
gtcgggecag
gaggtaggeg

tccgetgecg

ggtgaccacc
gtgggegecg
gttcatccgc
gttcaccgtc
gatcgtaaag
cgaggacctg
ctgggagacg
gttcctccag
gccaccagcea
geegeggega
tccggggtea
gcgegeggecg
ggcggagesc
gecgeggtcega
ccgttgagceg
gcecgegtegg
gtctcccaca
gaggtgcggc
aactcctgcc
cgcagatcga
ggacgggtes
tcgaccatcg
tcgaagaggc
gcgtgcagca
gccacgggst
cgectggecegt

gcegegaagg

-181-

caggtggcga
atcgccctct
tccatccecg
taccgcaagg
gggatcaacg
ggggtcatct
atctcggegg
cgcttcatct
cgggagtgac
cggaccgctc
tcaggttctc
ccgacagccg
cggtcaccgg
cggeecgectg
cggccatggc
aaagcacctt
gctcccgceac
gccaggggtc

gggcccagtc

ccagcagttc
accagtcgac
cgccgagecc
gggagggcac
cccactcgac
cgatcagcgc
agcggtaccc

cggcgaccgce

ccttccagat
acatgggcac
tctccctgga
tgatcttccc
tctacaacga
cgacgtccct
gcgeggtect
acaacgggtt
ctggtcgacc
gtcgggcccc
cggeggeatg
ggecegeggea
ctggceggsc
ccactgctcc
gtgcaggttg
gccgggegag
caccgccatc
cttgecgggec
cagcttgccc
gacgtcgagg
ggcggagtgs
gacgcgegess
catgcctatc
gccggacagc
ggtacccgca
ggaggcgegce

ctcggegags

29220

29280

29340

29400

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600

30660

30720

30780



gecggectegt
gcctccgtaa
ctgtctgcetg
gcecegtcgac
gaaagaacgt
gacggaaggg
cgeecgtgec
ggcccatcga
ccacctcgceg
ggcggtgceag
cgaggttggt
gcacggcegcc
gggtctcgga
tgtcgegees
cgcgtacgcec
cgaccaccat
ggagaacgga
ggacgaaccg
gaatgatcac
aagatcgaac
gagatgcagg
ccteccgetgce
gacctgcgcc
cagaccctca
ggacagcccg

cgacaggccg

ccgctatcac
cagaagatcc
cggtgtegtg
ggttgtgctc
gttcgettgg
tcagtggatg
gagcttgegg
gacgccgatc
gceggacagc
gegegegecg
gecgggtgeeg
gatgtcgtcc
gaggagggts
gttgccgatg
gagcgceccac
ggcggtegec
caccaggcct
tgctttcaag
gaagtgatga
ggtttcggtc
aggccggtcg
ggcagcgtca
agcagatcgg
cgeggegtcc
ccgaagtagt

cgcgeegeca

39342

gggcggaatg
gcecgtcegtcc
ggcgteggtc
cgtgacgggc
ccgtggeces
atgccggtgc
gcgatccggg
gccttgttcg
tcgeggtagce
gcggegecega
gtgacgacgt
geegeggaga
aggccggaac
cggggacgag
aggtggcges
ttgttcgggc
cctggggtec
gtcacagtcg
gtaacaatcc
tgcgtcgcaa
tcgggacccc
ccacggacgc
accacgcgac
acgaggcacg
gcgaactcgc

gcgegeeggt

ccctegeggg
ggaggagcgc
acctgtcaag
geceggtggst
gecggatcggs
gcagggccac
ccaggtggct
actggccttc
cgceegggtg
tgggagcgec
agcccttgac
gggcgagscc
catccggcag
cctccgcegac
tgacggtcga
ggtaggcgac
gggacgggcc
tcttcggcag
gggcaattcg
cgcttccgaa
geageggegag
gtccccegga
cagatgggcg
gatctcgatc
ccgegtcacc

cagccaggac

-182-

gttccagcaa
ctccggtggt
ggtatccgtg
cgtattccgg
gacgggcegga
ggccaccatg
cttgacggtc
cgccaccagc
gctcggggca
acccggecegg
tccgecegeg
gttgggccag
atggacttcg
ggacgagsgcc
acggacgegg
caggcttgeg
ggctegtggg
caaacctggt
gacgcacgat
agtggccgta
gctcagcecgceg
gcggeegscy
gcegtgtccg
tgggageces
gtgececgetceg

cagcacacgt

gggggtcggc
gcgcagtgaa
ccgcgaaggce
tcagaagagt
tcgggggces
ccggegeggt
agtgcggaca
cgcagcacct
ccecggesesc
gtggggagcc
agggegttgc
cccgeggegc
gcgacgcaga
tcgatgacgt
gggtcggeca
ggctgctcga
ggtgaaggcg
gtcctttaac
cgatcattcg
tcgacaaaga
actgcggccc
gcagccccgc
gaaccccgcc
cgggeegege
gctcgecgta

ccggcagcag

30840

30900

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340



cggatccgcc
ccccecgecag
atcctcctcg
cggegegesc
gacagcggcc
cttcggttcg
gggaagatta
gtccggatcc
gggtecgtgeg
cgcgacccecc
ccggegegag
gccggagtac
gctggtcacc
cttcagcgac
catcggcccg
cctgaccccg
cgggtccacc
cgaggecegsc
gctctgggcec
gatccgggcc
ctccgactac
ccacggcegtc
cgaggecegsc
ccgegteggce
ccgggaggcec
ccacatcttc

tctcgtggag

gccatctecg
gegtegtgtc
ccgtcgacga
accgtctcca
cggaagescs
tccattccge
agcggaacgsg
tgcaccgegg
agactggcecg
gaccccgtca
ccggtgecegce
cgcaaggtgc
gagatcaccc
atcgtcgtcc
gtcgtcgagc
gaggacgtct
ccgectgatcg
ccgtecccgta
gacctgctcg
ggcgeetegg
cggegttcgg
ccgegcatcc
gcggacatcg
cccggeaagg
gtcgagacga
aacctcggtc

tacgtccaca

39342

gctccagctc
cggeegggtc
ccgeegectce
cctcgatctg
gecggagegcgce
cagcgccegtc
gcceeeggeg
ccececgececge
gtgtgagtgc
agaacgacgc
acacgccggt
gcgagggcat
tccagecceggt
cgctcaaggc
agccggtgesg
cctacgtcac
gtttcgeges
cgtacgagaa
accgcctcgc
ccgtgcagct
tgctgececgce
acttcggegt
tcggegtcega
cgctccaggg
aggcgegega
acggagtgat

cgcagacggc

ggcgegeacc
gcacagcagc
cagcgcegtgc
cggccgeagce
acctcecgtge
cgacagtcgt
cagggaggea
cggacgcccc
caacacgagc
cgtccgggaa
gtggttcatg

cgggatgctc

gcgeegecac

catcggcatc
cacccgegcec
cgaggccatc
cgecececegttc
cgccaaggceg
cgacatcacg
cttcgactcc
ctcggcgaag
cggcaccggc
ctggegegtc
caacctggac
ggtcctggac
gccctccacc

gcgctgaccc
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agcgtcacca
accagccggc
gcgtacgges
cgggegcetct
ccgggatccc
ccctgagecg
cacccgcegcec
tggggtccgg
ccgaagggcc
tcagccttcc
cggcaggeeg
gactcctgca
cacgtcgacg
gacctcgaca
gacctcgccc
ggcatgctga
acccttgcga
atgatgtacg
gcggecttcec
tgggccgecsg
gtgttccgcg
gagctgctgg
ccgatggacg
ccgaccgtgc
accgeccgegg
gacccggacg

accgctcacg

gacggaaggt
cgtcggccag
cgagccgttt
gcagcgcctc
ccccgececte
cagccatgcec
gceccggegcet
ggcggeggac
agacgcctac
tcaaggcgtg
ggcgctcact
tgcggeecga
cggcgatcta
tcaagcccgg
ggctgegega
cccgtgagcet
gttacctcgt
gcgaccccga
tcgacgtcca
cgctcgeccc
cggtggeegg
ggctcatggg
aggccgececg
tgttcgecgg
gcctggaggs

ccctcacccg

cgceggacgc

32400

32460

32520

32580

32640

32700

32760

32820

32880

32940

33000

33060

33120

33180

33240

33300

33360

33420

33480

33540

33600

33660

33720

33780

33840

33900

33960



gagtcggaat
cgggcaggtg
ttcacccagg
ggcgaccgece
tacttcgaca
cccctcgacc
atctcccgeg
accgcgeagg
ctgcageget
aagggccgga
gagttccgceg
gaggcgtggc
cggctggeceg
aacacggtga
cgccgtacgg
gagatgctcg
cacctcctgc
gccgeggtcea
cccggeagcc
cccggegagce
gtcaacagcg
gtctccacca
ctcctggaac
gtggccctgg
atcgccgtcc

gcgttegtge

ccggegescse
gaggccccat
ggccggagea
cgectgggecg
tcttcgaccg
tgatctaccc
ccacgatgag
tgaccgccgc
accgcagcect
tcaccgagcc
gcgagggetg
ggcgggegac
ccggegggta
tcgaatgggt
aactgctggc
ccgecectgge
cgcaggecct
cccgeeeggg
cgectggececg
cgecggecga
tcgtgetgct
geggegeecg
gcgeccacac
ccctgcagaa

gctaccggcc

tgcgecgacgg
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ggtactgggc
gaggctcgag
ccggetegeg
gacgatccgc
ggtcctcacc
cggctccacg
cgacggeegg
ggaacggatc
ggtgaacgcc
gagccccggce
gatgaacgcc
gaccgaacag
ccggcacttc
gggcacctgc
gegggeegec
cgatgtgatc
gcaccgtctg
gctcccggac
cgcegecgac
cctecgectecg
gccecgtegtc
cccgeccctce
ccccctcagce
cagcctgcetc
cagcaccgcc

cgccaccgtc

acgggtgccc
atgttcgacc
tacaccaacg
gaggccttcc
acggecgegg
ggcgaggeca
ccgggagtgc
cgtgtgctgg
ggaacgcaga
tgggaacgcg
gtccaccccg
gtgccgegcet
gtcgtcgacg
acggacatcg
accgccacgt
gtgcccgaca
ccgggceaccc
ctgcccccgce
cgccgeagec
ctcgacggceg
gtcgacggca
ggccageceg
aacgccctgg
accgacccgc
geegecgageg

ctcaccatcg
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accacgttca
ccgececccgat
ccgtctaccg
ccgacctcgc
ccgaggtggt
ggcgctactt
tcggegtgat
ccgaggagesg
tggtgtggst
tgaccgggca
acgaccgcgce
ggatccacac
ccgegececgt
agcgggaatg
ccggcatcgce
tcgccgacaa
cgctgaccac
accacgagga
cgctccactt
agccctggat
ccaccgecgce
agatcggcct
agtaccagcg
cggacgcgcc
tcggegeesa

gcgacgtctc

cccccgggta
cggegtcegtg
ggagaccttc
gcagtccggce
caccgeggtg
cacgttcagc
cgtggaggtg
ccgeegegeg
ggcggacgec
gacctgggag
cgcctceggtc
ctaccggctg
gcgegacgssg
gcaggaggsc
gecggctggac
ctgcaccatc
cgaacgcgtc
gcacctgegg
cgtcttcccg
ggccgaggac
cctggtcgcc
gctgcagaca
cacccggcag
cggectggac
ctggtacgac

cggccacgac

34020

34080

34140

34200

34260

34320

34380

34440

34500

34560

34620

34680

34740

34800

34860

34920

34980

35040

35100

35160

35220

35280

35340

35400

35460

35520



ctgcecggecg
cgccaggaac
acggagtgca
cggctgcact
gcgegettcec
tcgagcgcca
gtggagcgec
gaggcggtca
gtcgacaacg
cgccactcetg
atccggcgcc
accgttgggc
gtgceggteg
tgtgattctt
atcggcggtc
gaattactca
gcgegtegtce
attaccgggt
ggaggtagac
cgggatgcac
gttcgacgga
actcccgetg
gcatctgtcg
cgtgeggesc
cagggtccgg
acaccccgac

cagcgacgta

ccgtcaccat
cgaccggcac
ccgeccacctg
actccgtcgc
tgaccggggc
tggaaccgct
gcgacgagga
gcecgececegcet
acgacgacgt
gccgatttta
gacggcgaga
agcgacggat
cgceceggetg
ggtcctgtac
caccggegeg
aaagcagcga
cgtgaaagtc
gagtcgctgce
gecgecegettc
cggctcctceg
accgcggatg
tcgcaggegs
gacagggcga
agttcaactg
ccgctgaacg
gcgtccctgce

cgeeggegec
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gagccagctg
catcctgcgce
cgtgetggcec
cggtcacccg
gcggtccccg
gcecgeecgge
tctcaccgtg
gcaggacttc
ggcgatgetg
cccttgettt
ccgttgggat
cctgtgatat
tagcagttct
acgcaagccg
acggtgaccg
gaggaatgcc
cggcggaatc

gctcgaaagg

cgcccatact
cggctctgcet
agggattcct
accgeccggsc
tcgeceegggc
ccgtcegtgcec
geggcgages
gcgaggtcgc

tggccgeegg

cgcaacatgc
cggctggaca
cgggtggaac
ccgecgetge
atgctcgggc
tccaccctgce
ggcctggage
tgcgacacac
gtcctgcgcec
tccatcggga
caccaatacc
ttcgactacg
ggagcgcegtc
gcgcaacgtc
cgggcgggta
gacagccgga
agaaacggtc
gatcgagcag
ggtggaccegg
caacggacgg
gecgegeegtce
cgeecgetgeg
gtcecgggcetc
gcagttgaac
gcggegeagg
ccgtectgtcc

cgagtcgccc
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tgecgegggct
tcgeegtgea
gccecggactc
tcgtcgaggc
tcgtcceccge
tgctgtacac
ggctgeggcea
tgctcaccgg
ggtaggagcg
ttcgttctcc
ccggaattcc
cgcggtgatg
tggacatcgt
cacgttgccc
ctcatagggg
caaggtgccg
acagttcaga
aaccacgtcg
aagacgatgc
cagacgatcg
cgggagaacg
cgcatcatcg
ggeggcgaaga
acccgggtgg
gccatggegs
ggggtgtcgc

ctgccgtcega

cacgctggac
gaccctctat
cggeggegtce
ggacggctcc
gccggagtac
cgacgggcetg
ccacgcctcg
ccagctcacc
tgccgaggag
ggatttcccg
cgcctccgcec
aattggctcg
cacgagcgct
atcagcggtt
gaactgcaat
ttcgggegsc
tagcgtcgtt
cggcactcgc
gggtcgtcga
aggccgaact
tggtgcacgg
tgtcccaccc
ccgtcgeggce
gccaggacgs
tactggccga
ccgcgacggt

gacgggaacc

35580

35640

35700

35760

35820

35880

35940

36000

36060

36120

36180

36240

36300

36360

36420

36480

36540

36600

36660

36720

36780

36840

36900

36960

37020

37080

37140



ggccgaaccg
ggtgctggag
gctccagctg
cgtgecgtcec
gcagtccttc
cggcacggac
gcactcccac
ggattcagcg
ccgagtcctt
tgcggacgtc
cgcegggett
gtttgcgcac
cctgegegeg
cccggeccag
gcaggatgtc
cctgececcgce
aggagagcecg
ccatgaccac
cctgcecggt
gegcggcegag
ccgggteggc
cgaggtaggc
ccggggsceac
cgecccatcegce
cccegeggeg

tggtggtcct

cggacggecs
aagctgctgc
ctccgccaga
cactgcaggt
gcggagaagc
ccgttcaccg
ggcacccgga
ggcgesggecc
gcgcacgacc
ctcgatgttg
gtcggagatg
gatcctggceg
geggeggacc
gceggegecsg
cccccagagce
cagccggacg
atggggcgcg
cggcatgccg
cagctccgac
cggcccggaa
ccgcatcgeg
tcgggcecagce
ggccagcacc
ctcecgecegtc
ggtcagegeg

caacgcgcgc
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ccgactccca
gcgacccctc
acgeggtcgg
ccctggtgat
tggacgagcc
gacatgaccg
ccaccgecgce
caggtgccac
agttcgacga
acgcccaagt
gtcaccgaga
cacccccggt
agcgggtcgg
agggagtcga
cgggcegtcac
ctgtcctcecg
tgcgagacga
tcgcacaacg
ggggtgagca
cgcteggtgce
cgcacgtcgt
ccgctctect
gccaggtcga
ctggeggegt
agagcgacgg

ccccaggtgc

ccgcaaccag
tctgcggcac
cgtgcaggac
ccatctcgceg
cgcctgegec
gecgeegegec
gtatccggceg
ccgattccag
ggccgegggt
cgccgatcga
cggtcgcegag
tccecteecg
cgtcggagac
gaacgtccgc
cggeccgegat
ccgegtgcetc
gggccaccgce
acaccatctc
cccagggece
cggecagegg
cgtgegggac
gtgcgegege
cctgacggtc
tccggtcgac
acgtgccgat

ggtgatccga
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agcttcgtgg
aaggaggecs
ctgatggagc
cagcagtacc
tgtccegggt

gcgttcacgg

gacccgggec
ccaccgggag
ctggtcctga
cgtgaacagt
ctccgtccgg
caacagctcc
ggcgegeage
cacggccgtg
ccgggtgacg
cagccgegeg
gtggtcgtgc
cagggcgets
cccctcgaag
atggcttcct
cttcttgacg
gagcacgcegt
cggtctctcc
gtcctccagg

ggccceggtg

aatcggctcg

atcccgtccc
gccgecagcet
tgtccgacgc
gggacgcectg
gacgaacggg
cgegeegeceg
cgggeggecc
agctccgecg
ccgtgctcga
tcggecages
cgcgtaccgg
tcgagctcct
gegeegacgs
gecgttggaac
tcggcgacgc
gcgageaggsg
acaccggegt
ttcagcacgt
aggtccgccc
atgtagctgg
ctggcgacat
ccgacctgtg
agggatcccg
tgcacgccga
ccgatgactg

gacaagtgcc

37200

37260

37320

37380

37440

37500

37560

37620

37680

37740

37800

37860

37920

37980

38040

38100

38160

38220

38280

38340

38400

38460

38520

38580

38640

38700



gtgcccggea
gcgegeatgt
tgaggcatcg
acgttgcagt
tcgctctcca
ctggcecgecg
atcgacggca
aggttcttcg
cacggactgc
catccccggt
gccgagatcc
gacggcaggg
gtccgcgacc
accgtcaggg
ccgecggaccc
gcgeegtgeg
gcgetgegtce
cggctggagg
gcgecagetgg
aacgcatcac
agaaagcggg
gatcacgtcg
ttcggettceg
gtcctgetgce
cgtgccgecg
cgggtaccga

ttacaacgtc

cgggaaaagsg

tcaactgcegg
tgctcagttg
cagcgctgag
ccgacggctc
ccgacaccgc
tgcaccggcet
acggcaccga
cgectgtecgce
ggtcggaccg
gccgegacgce
tacggccecegt
cgggecetgtc
acgtcagaca
tggtggageg
ggacggagcec
tcaacgagaa
actggaaccg
cacgctcctg
atctggccgg
acggcccgtce
aattgttcgt
tccgegtgeg
gccagaacga
agtacgtgaa
gctcgaattc

gtgactggga
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gaattcccat
cgtcgcagceg
gcgacaccgg
acacgacgac
cccgeggatc
gcttccaccg
gecgegeegceg
ggaggacgcc
cgeccgaccgce
gatgatcgcc
cggegeegece
cgacgtgagc
gctgcgcecag
ccggatgctc
cggegeggac
gcegeecgec
cggacgcgac
cattatcgaa
cgccgacaaa
gtgaacgagg
ggaacaccct
cgaggacgcc
ccgeggegec
catcgccctg
geagcacggs
gccctatagt

aaaccctggc

ggcgecegtgce
gtcgaacaca
gtcggataaa
ctgcatccga
gacggggaga
atcatggtgc
atgctgacgg
ttcgtcctcg
cggegesgecg
tcggtggtceg
8888cgeLes
gagggccgea
gtcgcccgeg
cgeggtgagg
cgecgeseee
gtcgtgétga
ctgectgcggce
agcgtgecgce
tggtccgaga
aaacacacga
tgtggagees
caggacacgg
gggaccaccg
ctgctgacca
gacggggtcg
gagtcgtatt

gttacccaac
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gccgeccaatt
gtagcggtac
cgccggaatc
tagaagaagt
gtcccgagca
accgccgcac
gccgtacgac
ccgtgaagtc
ccgggegeat
gcacctccgce
agcccacccg
gactggccca
ccgeccgggat
acccggtgcec
agecggeegg
agcggctgag
ttctggatat
cgcaccgtct
tcgegtcacg
atccttcgag
caatggagat
ccggcaggct
gactgcgegg
cggccaccga
cggtgatcgg
acaattcact

ttaatcgect

taacgcttcg
accggaccat
cgaggagttg
ggaaataagt
cgtggaaatg
cgggegggtc
gatcgeggtg
gaacatcgcg
catggccacc
caggacggtc
catcggccgg
cgacatgatc
ctcgccggag
cgegeegegg
gaaggccgcc
ggccgatccg
ccacacggtc
ggagacggtg
catcgaaagc
gagccgtcegg
acggtcgatc
gtgcgactcc
ctgcgagtcc
cgccgaccac
gtgggatccc
ggccgtegtt

tgcagcacat

38760

38820

38880

38940

39000

39060

39120

39180

39240

39300

39360

39420

39480

39540

39600

39660

39720

39780

39840

39900

39960

40020

40080

40140

40200

40260

40320
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ccccctttecg ccagetggeg taatagcgaa gaggcccgea ccgatcgecc ttcccaacag
ttgcgcaget gaatggecgaa tggegectga tgeggtattt tctccttacg catctgtgeg
gtatttcaca ccgcatatgg tgcactctca gtacaatctg ctctgatgec gcatagttaa

gccagecccg acacccgeca acacccgetg acgecgaacce cttgeggeeg ¢
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40380

40440

40500

40551





