(12) BAN MO TA GIAI PHAP HUU iCH THUQC BANG PQC QUYEN

GIAI PHAP HU'U iCH
RO s et b un R | 1111111
CUC SO HUOU TRI TUE
2-0003451

(51) C12N 1/20; C12R 1/125; A61K 35/742 (13) 'Y

2022.01
(21) 2-2023-00240 (22) 08/06/2021
(67) 1-2021-03378
(45) 25/12/2023 429 (43) 25/08/2021 401

(73) Truong Dai hoc Phenikaa (VN)
Phé Nguyen Van Trac, phuong Yén Nghla quan Ha Bong, Ha Noi
(72) Nguyén Hong Minh (VN); V& Hoai Hiéu (VN); Pinh Thi Ngoc Mai (VN).

(54) CHUNG BACILLUS SUBTILIS SUBSP. STERCORIS PU10100 THUAN KHIET VE
MAT SINH HOC CO KHA NANG SINH ENZYM, CHIU BUGC MUOI MAT VA
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(57) Giai phap hitu ich dé xuat ching Bacillus subtilis subsp. stercoris PU10100 thuan
khiét vé& mat sinh hoc dugc phan 1ap tir qua dau tay tréng tai ba Lat, Viét Nam. Chung nay
c6 doan gen ma hoa 16S rARN voi kich thudc 1488 bp nhu néu trong SEQ ID NO:1, dugc
dang ky trén Ngén hang gen DDBJ v6i ma s LC634053. Chung nay ciing ¢ cac dac tinh
bao gdm: c6 kha ning sinh tong hop cdc enzym a-amylaza, proteaza, va carboxymetyl
xenlulaza (CMCaza); chiu dugc muoi mat; va c6 hoat tinh khang cac loai nam gay bénh
thwe vat bao gdm Botrytis cinerea, Fusarium proliferatum, Collectotrichum
gloeosporioides, Mucor nidicola.
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Linh vue k¥ thuit dwge dé cip
Giéi phéap hitu ich dé cap dén ching Bacillus subtilis subsp. stercoris PU10100
thuan khiét vé mat sinh hoc c6 kha ning sinh enzym a-amylaza, proteaza,

carboxymetyl xenlulaza (CMCaza), chiu mudi mét va khang nim bénh.

Tinh trang k¥ thuat cta gidi phap hiru ich

Céc thanh vién cua chi Bacillus bao gdm céc ching vi khuin Gram dwong, c6 ty
1€ G+C thép, thudc ho Bacillaceae, bd Bacillales, 16p Bacilli, nganh Firmicutes, gidi
Bacteria. Ching c6 kha nang sinh trudng & nhiéu loai méi truong séng khac nhau,
ké ca nhitng noi c6 didu kién nhiét do, d6 man va pH cuc han. Céc dic diém hinh
thai va sinh ly ctia cac thanh vién chi Bacillus cling rat da dang, bao gdm ca nhing
loai tu dudng, di dudng, can hoic khong can su c6 mit cua oxy va mot s6 khéc sinh
trudng khi cé mat cac chat nhén dién tir thay thé nhu sét hay arsenat. Bén canh do,
ban chét khong gy bénh, d& dang phan lap, thao tdc va bao quén d& mang lai nhimg
tiém ning Gmg dung quan trong cho cac chiing Bacillus, ddc biét trong linh vuc thuc
phim, thyc phdm chitc ning va ndng nghiép.

Bacillus subtilis subsp. stercoris 1a dudi loai cia Bacillus subtilis. Nam 1999,
Nakamura va cdng su 1an d4u tién phan chia Bacillus subtilis thanh hai duéi loai 13
Bacillus subtilis subsp. subtilis va Bacillus subtilis subsp. spizizenii. Dudi loai thur 3
Bacillus subtilis subsp. inaquosorum dugc Rooney va cong sy mo ta vao nam 2009.
Nam 2016, Adelskov va cong sy m6 ta phan nhoém th 4 1a Bacillus subtilis subsp.
stercoris.

Té bao sinh dudng cta chiing Bacillus subtilis subsp. stercoris ¢6 hinh que, kich

thude 0,5 x 2-3 pm, don 1é hodc xép chudi. Gram duong. Chuyén dong. Bao tr c6
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hinh tru dén bau duc, ky khi tly tién, catalaza duong tinh. Chiing c6 kha nang sinh
truéng & dai nhiét do tir 14-50°C, t61 uu & 45°C; dai pH tir 5-9, t6i wu & pH 7; ching
c6 kha ning chiu mudi 1én dén 7% NaCl. Thiy phan tinh bt va casein, khir nitrat
thanh nitrit.

Adelskov va cong su 1an dau tién phan 1ap dugc ching Bacillus subtilis subsp.
stercoris strain D7XPN1 nim 2016 tir bé phan tmg phan hity thyc phim thai. Cac
phén tich hé gen cho thdy chiing nay c6 chira mot sd luong 16n cac gen phan hiy
carbohydrat nhu  a-amylaza, pullulanaza, glucosidaza, galactosidaza,
glucuroxylanaza, arabinogalactan endo-1,4-beta-galactosidaza. Bén canh dd, chung
D7XPN1 ¢6 chita mot sb gen lién quan dén kich thich sinh trudng thuc vat va hoat
tinh khang nim tuwong tu nhu chiing Bacillus sp. strain JS phan 14p tir d4t bao quanh
ré cAy Miscanthus sp. Chiing Bacillus sp. strain JS cling dugc Kim va cong su, 2015
ching minh 13 c6 khé ning 1am giam bénh nhiém khuén trén cdy thudc 14. Do do,
ching Bacillus subtilis subsp. stercoris strain D7ZXPN1 c6 tiém ning 16n tng dung
lam phén bon kich thich sinh trudng va bao vé thuc vat. Nam 2021, Nair va cong su
phén 18p duogc ching Bacillus stercoris MBTDCMFRI Ba37 tr rung ngdp man va
chiing ndy c6 phd khang rong véi céc vi khun gy bénh trong nudi trong thiy san
nhu Vibrio va Aeromonas.

Céc nghién ctru vé dic tinh va tng dung khéc ctia chiing Bacillus subtilis subsp.
stercoris van con rat han ché. Dic biét, & Viét Nam, hién chua c6 nghién cru nao vé

phén 1dp cling nhu dac tinh cua chung Bacillus subtilis subsp. stercoris.
Ban chit k§ thuét caa giai phap hitu ich
Giai phap hitu ich d& xut ching Bacillus subtilis subsp. stercoris PU10100 thuan

khiét v€ mat sinh hoc c¢6 kha nang sinh enzym, chiu muoi méat va khang nam bénh

giai quyét cac han ché néu ra & trén.
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Cu thé, giai phép hitu ich dé xudt chung Bacillus subtilis subsp. stercoris
PU10100 thuén khiét vé& mit sinh hoc duoc phén 1p tir qua dau tay tréng tai Ba Lat,
Viét Nam, c6 cac dic tinh sau:

- ¢6 kha nang sinh tong hop céc enzym a-amylaza, proteaza, va carboxymetyl
xenlulaza (CMCaza);

- chiu duoc mudi mat;

- ¢6 hoat tinh khang céc loai nim gdy bénh thuc vat bao gdm Botrytis cinerea,
Fusarium proliferatum, Collectotrichum gloeosporioides, Mucor nidicola; va

- chung nay c¢6 doan gen ma hoa 16S rARN véi kich thudc 1488 bp nhu néu trong
SEQ ID NO:1, va duoc dang ky trén Ngan hang gen DDBJ v6i ma s6 LC634053
(https://www.ddbj.nig.ac.jp/ddbj/index-e.html) va dugc luu gift tai Trung tdm nghién

ciru nguon gen, truong Dai hoc Phenikaa.

MO ta van tit cac hinh vé

Hinh 1: thé hién hinh anh té bao va khudn lac ctia chung Bacillus subtilis subsp.
stercoris PU10100. (A) hinh anh té bao chup dudi kinh hién vi ¢6 d6 phong dai 1000
lan. (B) hinh anh khuén lac cta chung Bacillus subtilis subsp. stercoris PU10100
nudi cay ¢ 37°C sau 2 ngay trén moi truong thach LB.

Hinh 2: thé hién cay phat sinh chung loai dwa vao trinh tw 16S rARN chi ra mdi
lién hé gitta chang PU10100 va cac loai gan gili trong chi Bacillus. Trinh tu 16S
rARN duoc phan tich bing phuong phip Neighbour-joining théng qua MEGA7.
Phan trim bootstrap dugc dua trén 1000 lan 1ap lai.

Hinh 3: thé hién hoat tinh enzym cta ching Bacillus subtilissubsp. stercoris
PU10100. (A) vong phén giai tinh bot thé hién hoat tinh a-amylaza. (B) vong phan
giai protein thé hién hoat tinh proteaza; (C) vong phan giai xenluloza thé hién hoat
tinh carboxymetyl xenlulaza (CMCaza).

Hinh 4: thé hién kha ning d6i khéng ctia chung Bacillus subtilis subsp. stercoris
PU10100 dbi v6i cac loai nAm gay bénh. (A) kha ning dbi khang ddi véi ndm Botrytis
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cinerea; (B) kha ning d6i khang dbi v6i ndm Fusarium proliferatum; (C) kha nang
dbi khang d6i v6i ndm Collectotrichum gloeosporioides; (D) kha nang d6i khang db6i

v&i nam Mucor nidicola.

MO té chi tiét giai phap hiru ich

Giéi phép hitu ich dugc mé ta chi tiét dusi day cé dua vao cac hinh vé kém theo,
c4c hinh v& nay nhdm muc dich minh hoa cdc phuong 4n ctia giai phap hiru ich ma
khong lam gidi han pham vi bao hg cta giai phap hitu ich.

Theo khia canh tht nhét, giai phap hiru ich d& xuét chiing Bacillus subtilis subsp.
stercoris PU10100 thudn khiét v& mit sinh hoc ¢6 kha ning sinh enzym, chiu mubi
mét va khang ndm bénh bao gdm:

- Chung Bacillus subtilis subsp. stercoris PU10100 c6 doan gen ma hda 16S
rARN véi kich thuée 1488 bp, duoc ding ky trén ngin hang gen DDBJ v6i mé s6
LC634053 (https://www.ddbj.nig.ac.jp/ddbj/index-e.html) va dugc luu giit tai Trung
tAm nghién ciru ngudn gen, trudng Pai hoc Phenikaa.

Dic diém tht nhit ctia chung Bacillus subtilis subsp. stercoris PU10100 thudn
khiét vé& mit sinh hoc theo phuong 4n nay la:

- chiing nay duoc phan lap tir qua dau tay trong tai Pa Lat, Viét Nam;

- ¢6 kha ning sinh tdng hop céc enzym tiéu héa bao gém enzym a-amylaza,
proteaza, carboxymetyl xenlulaza (CMCaza);

- chiu dugc mudi mat;

- va ching nay c6 hoat tinh khang céc loai ndm gy bénh thuc vét bao gdm
Botrytis cinerea, Fusarium proliferatum, Collectotrichum gloeosporioides, Mucor

nidicola.

Vi du thwe hién giai phap hiru ich
Vidu 1: Phan 1ap ching PU10100
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Ching PU10100 duoc phén 18p tir qua dau tay tuoi trdng tai Pa Lat, Viét Nam.
Qué dau tay khi mang vé duoc rira sach bing nudc cit vo tring, c4t mot miéng dudng
kinh 1,5x1,5 cm chuyén vao moéi trudng LB (NaCl — 5 g/L, Cao nidm men — 5 g/L,
Pepton — 10 g/L), i & 37°C trong 15 phtt. Mu phén 13p dugc U trong bé 6n nhiét &
80°C trong 10 phat. Mau duoc pha lodng dén ndng d6 10 va 107 va duoc cy trai
trén moi truong LB & 37°C trong 24 gid. Lua chon khuén lac dién hinh va lam tinh
sach.

Chung PU10100 14 vi khuén Gram dwong; hinh que (Hinh 1A); sinh bao t; ky
khi tily tién. Trén méi truong LB khuén lac PU10100 c6 dang hinh tron, mép vién,
bé mit khé mau tring stta va c6 duong kinh tir 2 — 2,5 mm sau 2 ngay u & 37°C (Hinh
1B). Chung duoc luu gitt tai Trung tAm Nghién ctru ngudn gen, trudng Pai hoc
Phenikaa.

Vi du 2: Pinh danh chung PU10100

Tur ching PU10100 phén 1ap dugc & trén, thuc hién tach chiét ADN va nhan gen
16S rARN str dung cip mdi 27F (5'-AGAGTTTGATCCTGGCTCAG-3")/1492R (5'-
TACCTTGTTACGACTT-3"). San phidm PCR duoc giai trinh tu bang phwong phap
Sanger. K&t qua giai trinh t 16S rARN dugc str dung dé dung ciy phan loai dua trén
phuong phép thdng ké Neighbor-Joining (NJ) théng qua chuong trinh MEGA7. Gia
tri bootstrap xuét hién & mdi nhanh dugc thiét lap tur sau 1000 lan 1ap lai. Cay phat
sinh chiing loai dugc thé hién ¢ hinh 2. Két qua x4c dinh duogc trinh ty gen 16S rARN
c6 kich thudc 1488 nucleotide, ma dang ky trén ngan hang gen thé giéi DDBJ la
LC634053 (https://www.ddbj.nig.ac.jp/ddbj/index-e.html). Chung PU10100 c6 do
twong dong 100% vdi ching Bacillus subtilis subsp. stercoris JCM 300517,

Vi du 3: Dac tinh sinh ly, sinh héa cia chung PU10100

Kha nang sinh enzym o-amylaza, proteaza, carboxymetyl xenlulaza (CMCaza)
cta ching PU10100 duogc kiém tra bang cach bd sung 1% co chét trong tGng 1a tinh

bot, protein va xenluloza vao mdi truong thach nudc. Sau 24 gid 0 & 37°C, dia nudi
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cdy duoc nhudém véi thudc thir Lugol 1% dé kiém tra hoat tinh a-amylaza, congo do
0,1% dé x4c dinh hoat tinh carboxymetyl xenlulaza (CMCaza) va quan sat vong phén
giai déi voi hoat tinh proteaza. Két qua cho thay ching PU10100 c6 kha nang sinh
ca ba enzym ngoai bao 1a o-amylaza (Hinh 3A), proteaza (Hinh 3B) va carboxymetyl
xenlulaza (CMCaza) (Hinh 3C).

Chung PU10100 c6 kha nédng sinh truéng & dai pH 3-9, t61 wu & pH7. V& kha
néng chiu nhiét, chung PU10100 c6 kha nang sinh truéng & dai nhiét do thi nghiém
tir 20-50°C, t6t nhat & 37-45°C. V& kha ning chiu mudi, ching PU10100 sinh truéng
duge trong dai ndng d6 mubi rong, tir 0-9%, tét nhat & & ndng d6 NaCl 0-1%.

Vi du 4: Dac tinh probiotic cuia chung PU10100

Thong thuong, mubi mat trong dich tiéu héa ciia dong vat c6 vii dao dong tir 0,1-
0,3%. Do do, cac chung vi sinh vat hitu ich mudn khu trG va phat huy tac dung duoc
trong dudng tidu héa ciia dong vat phai c6 kha ning ton tai va phat trién trong ndng
d6 mudi mat tuong ung. Nhu vay, kha nidng chiu dugc mudi mat & cac néng do khac
nhau 13 tiéu chi quan trong dé danh gia cac déc tinh probiotic ctia chung vi sinh. Theo
Gilliland va cong su (1984), ndng d6 0,3% duogc coi la ndng d6 quan trong dé sang
loc céac chung chiu duoc mudi mét.

Kha ning khang mubi mat cua ching PU10100 dugc khao sat thong qua kha
nang phat trién cta ching & cac néng d6 mudi mat 0; 0,1; 0,3; 0,5%. Mai trudng
ding dé thir kha ning khang mudi mat 1a méi trudng MRS (Pepton — 10 g/L, Cao
thit — 5 g/L, Cao ndm men — 5 g/L, Glucose — 20 g/L, Tween 80 — 1 g/L, Sodium
acetate — 5 g/L, Amonium acetate — 2 g/L, MgSO, — 2 g/L, MnSO4 — 0,05 g/L) ¢ bd
sung mudi mat cé cac ndng d6 thay dbi tir 0 - 0,5%. Sinh trudng ctia ching vi khuén
duoc theo d5i & cac thoi diém 1, 2, 3, 4 va 24 gio bang cach do OD & budce song 600
nm.

Bang 1: Két qué do ODgg cta chung PU10100 & cac néng do mubi mat khac
nhau
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Nong d6 mubi |
mat (%) 0 0,1 0,3 0,5
Thoi gian (gio) | |
0 0,355 | 0,367 0,762 1,013
1 0,443 0,331 0,471 0,771
2 0,448 0,291 | 0,327 0,768
3 0,453 | 0,326 0,359 0,765
4 0,461 0,377 0,365 0,782
24 0,728 0,531 0,445 - 0,868

K&t qua cho thdy, mat d6 vi khuin giam dan trong 2 gid dau tai ndng d6 mubi
mét 0,1% va 0,3%, giam trong 3 gid diu tai ndng d6 mudi mat 0,5%. Sau d6 vi khuan
thich nghi va bét dau ting trudng trd lai. Nhu véy, c6 thé khing dinh rang ching
PU10100 c¢6 kha nang chiu mudi mat tot va do d6 cé thé phat trién tét trong dudong
tiéu hoa cia dong vat.

Vi du 5: Kha ning khang nim cia chung PU10100

Ching PU10100 duoc nudi cy trong cac 6ng nghiém chira 5 mL mdi trudng LB,
tdc do lac 160 vong/phut, nhiét d§ 37°C trong 24 gi¢. Dich nuoi céy vi khudn duoc
xac dinh hoat tinh khang cdc chung ndm gdy bénh thuc vat Botrytis cinerea,
Fusarium proliferatum, Collectotrichum gloeosporioides, Mucor nidicola theo
phuong phép khuéch tan trén dia thach. Phuong phap niy dugc thuc hién nhu sau:
Céc chung ndm duoc nudi ciy trén dia thach PDA (Himedia) trong 7 ngdy & 25°C.
Thoi thach ndm (® = 5 mm) duoc dit vao tAm dia petri (® = 6 cm) chitra méi trudng
PDA. 50 pl dich nuéi cdy vi khudn sau ly tim & 10000 vong/phut trong 10 phut dé
loai b6 té bao duoc nhd vao trong giéng thach (@ = 5 mm) d& dugc duc sin cach tim
dia 2 cm. U dia trong 3 ngdy & 25°C. Ti 18 khang ndm cua chung vi khuén duoc tinh
theo cong thic: S = (R-r)/R x 100%. Trong d6, S: Phan trim @c ché, R: ban kinh
khuén lac ndm & phia dbi dién vi tri giéng nhé dich nuéi vi khudn, r: ban kinh khuin

lac nam & phia c6 giéng nho dich nudi vi khuan.
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Kha ning di khang ctia ching PU10100 véi cac chung nam gay bénh thuc vat dugc
thé hién trong hinh 6, 7, 8, 9. T¥ 18 tic ché ndm Botrytis cinerea cta ching PU10100
dat 52% (Hinh 4A). Ty 1€ tic ché ndm Fusarium proliferatum dat 16% (Hinh 4B). Ty
1& (rc ché ndm Collectotrichum gloeosporioides dat 33% (Hinh 4C). Ty 1€ tc ché nim
Mucor nidicola dat 42% (Hinh 4D).

Hiéu qua dat dwgce cia gidi phap hiru ich

Giai phép hitu ich d3 phén 14p va dinh danh thanh cdng chung Bacillus subtilis
subsp. stercoris PU10100. Lan dau tién, ching ndy dugc phan 14p tir qua dau tiy
trdng tai Pa Lat, Viét Nam. Chiing Bacillus subtilis subsp. stercoris PU10100 c6 kha
ning san sinh cic enzym o-amylaza, proteaza, carboxymetyl xenlulaza (CMCaza)
v6i hoat tinh cao, chiu duogc mubi mét va c6 hoat tinh khang véi céc nam gdy bénh
thuc véat. Hoat tinh khang nidm gay bénh thuc vat ciing 1a dic tinh dugc phat hién lan
dAu tién dbi véi chung Bacillus subtilis subsp. stercoris. Do vy, chung Bacillus
subtilis subsp. stercoris PU10100 13 d6i tuong tiém ning dé phat trién cac san pham
probiotics, phat trién cac ché phim vi sinh trong bdo quan hoa qua va bao vé thuc

vat.
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YEU CAU BAO HO

1. Chung Bacillus subtilis subsp. stercoris PU10100 thudn khiét vé mit sinh hoc
dugc phén 1ap tir qua dau tay tréng tai Da Lat, Viét Nam, c6 cac dac tinh sau:

- ¢6 kha nang sinh tong hop céc enzym a-amylaza, proteaza, va carboxymetyl
xenlulaza (CMCaza);

- chiu duge mudi mat;

- ¢6 hoat tinh khang céc loai ndm gay bénh thuc vat bao gdm Botrytis cinerea,
Fusarium proliferatum, Collectotrichum gloeosporioides, Mucor nidicola; va

- ching nay c¢6 doan gen ma hoéa 16S rARN véi kich thude 1488 bp nhu néu trong
SEQ ID NO:1, va dugc dang ky trén Ngan hang gen DDBJ v4i ma s6 LC634053.

-10-
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Hinh 1

Bacillus cabrialesii TE3T (MK462260)
Bacillus inaquosorunm KCTC 134297 (AMXN01000021)

85

LBacilIus halotolerans ATCC 250967 (LPVF01000003)

4 Bacillus mojavensis RO-H-1T (JH600280)

[ Bacillus tequilensis KCTC 136227 (AYT001000043)
Bacillus spizizenii NRRL B-23049T (CP002905)
PU10100

%' Bacillus subtilis susbp. stercoris JCM 300517 (MN536904)

Bacillus subtilis NCIB 3610T (ABQL01000001)

Bacillus vallismortis DV1-F-3T (JH600273)

Bacillus nakamurai NRRL B-41091T (LSAZ01000028)
Bacillus amyloliquefaciens DSM 7* (FN597644)

1

50

Bacillus velezensis CR-502T (AY603658)

Bacillus siamensis KCTC 136137 (ATJVF01000043)

Bacillus atrophaeus JCM 90707 (AB021181)

Bacillus glycinifermentans GO-13T (LECW01000063)
Bacillus paralicheniformis KJ-16T (KY694465)

Bacillus swezeyi NRRL B-41294T (MRBK01000096)
Z{jcfllus licheniformis ATCC 145807 (AE017333)

83

Bacillus aerius 24KT (AJ831843)
52 {_ Bacillus haynesii NRRL B-41327T (MRBL01000076)
Bacillus sonorensis NBRC 101234T (AYTN01000016)
s Bacillus altitudinis 41KF2bT (ASJC01000029)
-{ Bacillus xiamenensis HYC-10T (AMSH01000114)
s Bacillus safensis subsp. safensis FO-36bT (ASTD01000027)
Bacillus safensis subsp. osmophilus BCO9T (K'Y990920)
%\ Bacillus pumilus ATCC 70617 (ABRX01000007)
8L Bacillus zhangzhouensis DW5-4T (JOTP01000061)

100

0.02

Pseudomonas putida ATCC 126337 (AF094736.1)

Hinh 2

-11-



Hinh 3

(D)

©

(B)

inh 4

H
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Danh muc trinh tw

<110> Truong Pai hoc Phenikaa . o
<120> Ching Bacillus subtilis subsp. stercoris PU10100 thuan khiét vé mat sinh hoc ¢6 kha
nang sinh enzym, chiu dugc mudi mat va khdng nam gay bénh

<130>

<160> 1

<170>

<210> 1

<211> 1488

<212> ADN

<213> Bacillus subtilis subsp. stercoris PU10100

<220>

<223> 16S rARN

<400> 1
CATGGCTCAG GACGAACGCT GGCGGCGTGC CTAATACATG CAAGTCGAGC GGACAGATGG 60
GAGCTTGCTC CCTGATGTTA GCGGCGGACG GGTGAGTAAC ACGTGGGTAA CCTGCCTGTA 120
AGACTGGGAT AACTCCGGGA AACCGGGGCT AATACCGGAT GCTTGTTTGA ACCGCATGGT 180
TCAAACATAA AAGGTGGCTT CGGCTACCAC TTACAGATGG ACCCGCGGCG CATTAGCTAG 240
TTGGTGAGGT AATGGCTCAC CAAGGCGACG ATGCGTAGCC GACCTGAGAG GGTGATCGGC 300
CACACTGGGA CTGAGACACG GCCCAGACTC CTACGGGAGG CAGCAGTAGG GAATCTTCCG 360
CAATGGACGA AAGTCTGACG GAGCAACGCC GCGTGAGTGA TGAAGGTTTT CGGATCGTAA 420
AGCTCTGTTG TTAGGGAAGA ACAAGTACCG TTCGAATAGG GCGGTACCTT GACGGTACCT 480
AACCAGAAAG CCACGGCTAA CTACGTGCCA GCAGCCGCGG TAATACGTAG GTGGCAAGCG 540
TTGTCCGGAA TTATTGGGCG TAAAGGGCTC GCAGGCGGTT TCTTAAGTCT GATGTGAAAG 600
CCCCCGGCTC AACCGGGGAG GGTCATTGGA AACTGGGGAA CTTGAGTGCA GAAGAGGAGA 660
GTGGAATTCC ACGTGTAGCG GTGAAATGCG TAGAGATGTG GAGGAACACC AGTGGCGAAG 720
GCGACTCTCT GGTCTGTAAC TGACGCTGAG GAGCGAAAGC GTGGGGAGCG AACAGGATTA 780
GATACCCTGG TAGTCCACGC CGTAAACGAT GAGTGCTAAG TGTTAGGGGG TTTCCGCCCC 840
TTAGTGCTGC AGCTAACGCA TTAAGCACTC CGCCTGGGGA GTACGGTCGC AAGACTGAAA 900
CTCAAAGGAA TTGACGGGGG CCCGCACAAG CGGTGGAGCA TGTGGTTTAA TTCGAAGCAA 960
CGCGAAGAAC CTTACCAGGT CTTGACATCC TCTGACAATC CTAGAGATAG GACGTCCCCT 1020
TCGGGGGCAG AGTGACAGGT GGTGCATGGT TGTCGTCAGC TCGTGTCGTG AGATGTTGGG 1080
TTAAGTCCCG CAACGAGCGC AACCCTTGAT CTTAGTTGCC AGCATTCAGT TGGGCACTCT 1140
AAGGTGACTG CCGGTGACAA ACCGGAGGAA GGTGGGGATG ACGTCAAATC ATCATGCCCC 1200
TTATGACCTG GGCTACACAC GTGCTACAAT GGACAGAACA AAGGGCAGCG AAACCGCGAG 1260
GTTAAGCCAA TCCCACAAAT CTGTTCTCAG TTCGGATCGC AGTCTGCAAC TCGACTGCGT 1320
GAAGCTGGAA TCGCTAGTAA TCGCGGATCA GCATGCCGCG GGTGAATACG TTCCCGGGCC 1380
TTGTACACAC CGCCCGTCAC ACCACGAGAG TTTGTAACAC CCGAAGTCGG TGAGGTAACC 1440
TTTTAGGAGC CAGCCGCCGA AGGTGGGACA GATGATTGGG GTGAAGTC 1488
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