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MO DAU
1. Tinh cép thiét caa dé tai

Vi khuan lam thudc nhém vi khuan Gram 4m c6 kha ning quang ty dudng, da
xuat hién trén trai dat tir 3,8 ti nam trudc. Ching dong vai trd quan trong trong hé
sinh thai tu nhién nho kha ning quang hop tao oxy, ¢b dinh nito va sinh téng hop
nhiéu hop chit tht cip c6 hoat tinh sinh hoc nhu kha ning gay doc té bao, khang
khuan, khang nam, khang virus, chong oxy héa, .... Trong nhirng nim gan day, vi
khuan lam tré thanh d6i tuong dugc cac nha khoa hoc quan tdm nghién ctru va ung
dung trong nhiéu linh vuc nhu cong ngh¢ sinh hoc, dugc hoc, nong nghié¢p bén ving
va nhién liéu sinh hoc.

Mic du vay, mot trong nhiing thach thirc 16n trong nghién ctru vi khuan lam
hién nay 1a han ché trong viéc xac dinh danh phap khoa hoc cua chiing. Cac phuong
phap phan loai truyén thong dwa vao dic diém hinh thai thuong thiéu tinh chinh xéac
do hinh théi ciia vi khuan lam dé bi thay doi dudi tic dong ciia moi trudng va céc giai
doan sinh truéng khac nhau. Sy phat trién cta sinh hoc phan tr hién dai da mé ra
huéng tiép can méi giai quyét nhitng han ché nay. Phuong phap tiép can da chiéu
(polyphasic approach) 14 phuong phap két hop dir liéu hinh thai, sinh thai va cac chi
thi phan tr (trinh tu gen 16S rRNA, vung ITS, cidc marker phan tir). Phuong phap nay
d3 duoc chimg minh 13 cong cu hiéu qua va can thiét trong phan loai vi khuan lam
mot cach chinh xac va xac dinh duge méi quan hé tién hoa gitta cac don vi phén loai
(taxon).

Viét Nam 1a qubc gia c6 nén ndng nghiép trong laa nude lau doi véi dién tich
dat tré)ng laa chiém khoang 22% dié¢n tich ca nudc tao sinh canh thuan lgi cho sy phat
trién cua cac loai vi khuan lam dic biét 1a vi khuan lam c6 kha nang c¢d dinh dam.
Nhiéu nghién ctru trong nuée cho thay su da dang cua cac loai vi khuan lam phan 1ap
tir dat rudng laa. Tuy nhién, cac nghién ciru nay chu yéu ding lai & mirc mé ta hinh
thai ma it di sdu vé dinh danh dya trén phwong phap tiép can da chiéu. Mit khac, gia
tri vé ngué)n hop chit ¢6 hoat tinh sinh hoc do cac chung vi khuan lam ban dia sinh

tong hop van chua duoc khai thac day du nhu tiém ning cia ching. Piéu nay din



dén nguy co bo sot nhidu ngudn tai nguyén vi khuan lam quy gia c6 thé phuc vu trong
linh vuc thuc pham chtic ning, ché pham sinh hoc va giai phap bén vitng cho ndng
nghiép va dic biét 1a ing dung trong nghién ctru va phat trién thuéc méi trong linh
vuc y - dugc.

Chinh vi vay, nghién ctru sinh da thuc hi¢n dé tai “Nghién ciru dinh danh vi
khuin lam phan lap tai mgt sé dia phwong & Viét Nam va danh gia hoat tinh
sinh hoc ciia cac chiing tiém niing”.

2. Muc tiéu nghién ciru cia dé tai

v’ Phan 1ap va dinh danh cac chung vi khuan lam tai mét sb dia phuong ¢ Viét Nam.

v/ Panh gia hoat tinh khang khuan va tc ché té bao ung thu ctia mot sd ching vi
khuan lam tiém ning.

3. Poi twong va pham vi nghién ctru

Nghién ctru tap trung vao viéc dinh danh cac ching vi khuan lam dang soi phan
lap tir mau dat & cac tinh/ thanh phé Ha Noi, Hung Yén, Thanh Hoa, Hué va bak Lak
dura vao phuong phép tiép can da chiéu; dong thoi, danh gia hoat tinh @rc ché vi khuan
va hoat tinh gay ddc té bao cta cao chiét tir cac ching vi khuan lam d3 phan lap dé
lya chon ching tiém nang phuc vu dinh hudng nghién ctru va phat trién thudc.

4. Noi dung nghién ciru

Noi dung 1. Phan 1ap va dinh danh cac ching vi khuin lam tai mot sb tinh/
thanh phd & Viét Nam.

Noi dung 2. Panh gia hoat tinh trc ché vi khudn va hoat tinh gay doc té bao cia
cao chiét tong s6 tir cac chung vi khuan lam d4 phan lap.

Noi dung 3. Panh gia co ché tac dong cla cao chiét ciia ching Scyfonema
bilaspurense NK13 1én té bao HeLa.

Noi dung 4. Phan tach va xac dinh thanh phan hoat chit ¢c ché té bao HeLa

trong cao chiét tong s tir chung Scytonema bilaspurense NK13.
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5. Y nghia khoa hoc va thyec tién ciia dé tai luin an

* Y nghia khoa hoc:

- Luéin 4n cung cip bang chung vé tinh da dang cua vi khuan lam tai Viét Nam
thong qua viéc phan 1ap, dinh danh céc ching bang phwong phép tiép can da chiéu;
bd sung ngudn dit liéu quan trong vé trinh ty doan gen 16S rRNA cua vi khuan lam
vao ngan hang gen thé gidi (GenBank) lam cac trinh tu tham khao cho cac nghién
ctru tiép theo vé vi khuan lam;

- Pong thoi luan 4n con cung cap dit liéu moi vé co ché tic dong cta cao chiét
tir chiing Scytonema bilaspurense NK13 trong tac dong wc ché té bao ung thu HeLa.

* Y nghia thuwc tién: Nghién ciru mo ra tiém niang ung dung cac ching vi khuan
lam ban dia trong phat trién nguén duogc liéu ty nhién, dac biét la cac hop chét c¢6 hoat
tinh khang khuan va chéng ung thu, phuc vu nghién ctru va san xuat thudc c6 nguén
gbc tu nhién.

6. Nhirng dong gop méi cia luan an

v' Két qua cta ludn an di cung cap co so dir liéu phan loai dén cip d6 loai cuia 34/50
chung vi khuan lam ¢ Viét Nam theo phuong phap phan loai hoc hién dai. Pong
thoi, luan an da phat hién 16/50 chung vi khuan lam chua duoc dé xuat dén tén
loai trong hé thong phan loai ctia vi khuan lam. Két qua nay gop phan bd sung co
s& dit liéu mai vé ngu@m tai nguyén vi sinh vat ban dia & Viét Nam va cdp nhat
trinh ty doan gen 16S rRNA trong ngan hang gen thé gi¢i (GenBank).

v Két qua cua ludn an da chi ra hai chung vi khuén lam c6 hoat tinh sinh hoc manh,
trong d6 chung Desmonostoc sp. CAVN8204 e ché vi khuan Bacillus cereus
ATCC 14579 véi duong kinh vong vo khuan dat 19,0 mm va ching Scytonema
bilaspurense NK13 thé hién doc tinh cao trén té bao ung thu HeLa véi gia tri ICso
1a 3,8 pg/ ml. Bén canh do, mot phan doan (F6) dugc phan tach tir dich chiét téng
sd ctia chung Scytonema bilaspurense NK13 ¢6 kha ning trc ché té bao HeLa voi
gid tri ICso 12 3,5 pg/ ml. Két qua nay mé ra hudng nghién ciru va phat trién thude

di€u tri ung thu c6 ngudn goc tir vi khuan lam ban dia cua Viét Nam.
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v' Két qua cta ludin 4n d3 1am sang to co ché gy chét cua cao chiét tong sb tir chung
S. bilaspurense NK13 1én dong té bao ung thu HeLa thong qua kich hoat con
duong apoptosis, 1am dirng chu trinh té bao va e ché kha ning di cu cua té bao
HeLa. Pay 1a 1an dau tién cac hop chit c6 hoat tinh &rc ché té bao ung thu cta chi

Scytonema duge nghién ctru twong dbi day du vé co ché tac dong.
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CHUONG 1. TONG QUAN TAI LIEU
1.1. Gi6i thiéu chung vé vi khuin lam
L.1.1. Pic diém ciu tao té bao

Vi khuan lam (VKL) 13 mot trong nhitng nhom sinh vat nhan so nguyén thay
nhat trén trai dat xuat hién cach day khoang 3,5 - 3,8 ty ndm, c6 kha nang thuc hién
qua trinh quang tu dudng. Ching dugc tim thay ¢ hau hét cac moi truong duge chiéu
sang va dong vai trd quan trong trong viéc chuyén ddi bau khi quyén trai dat tir trang
thai khir, thiéu oxy thanh mét bau khi quyén oxy héa. Sy kién nay 13 budc ngoat 16n
gitip da dang hoa cac dang séng va gop phan vao qua trinh tién hoa sinh hoc toan cau
[SchopfJ.W., 1987].

Trude day, VKL dugc xép vao nhom tao do ching ¢ co ché quang hop gidng
ta0 nhan chuan va thuc vat chtra luc lap. Nam 1971, Stanier va cdng su da dé xuat
d6i tén thanh “vi khuan lam” (cyanobacteria) dé nhidn manh hai dic diém tiéu biéu
ctia chung 13 sinh vat nhan so (bacteria) c6 mau xanh lam (cyano). Tht nhat 13 ciu
tric va thanh té bao cuia VKL mang dic diém dién hinh cua sinh vat nhan so hon so
v6i cac sinh vat nhan chuin nhu té bao khéng c6 mang nhan va DNA khéng lién két
v6i protein histone. Thir hai 13 trong té bao c6 mang thylakoid chira cac sac t6 thuc
hién chirc nang quang hop (trir bd Gloeobacter) va ribosome 70S phan bd rai rac trong
té bao chat. Tuy nhién, té bao chat lai thiéu mot s6 bao quan nhu bd may golgi, mang
lu6i nodi chat, ty thé, lap thé [Stanier R.Y, 1971].

Khi quan sat dudi kinh hién vi, thanh té bao VKL mang dic diém tuong ty thanh
té bao vi khuan Gram 4m bao gdm bén 16p 13 16p mang ngoai (outer membrane) chira
lipopolyschaccarides (LPS), 2 khoang chu chat (periplasmic space) va 16p
peptidoglycan nim sat mang sinh chét. Tuy nhién so véi cac vi khuan Gram am, 16p
peptidoglycan cia VKL day hon dang ké tir 10 nm (chi Synechococcus) dén hon 700
nm (loai Oscillatoria princeps) (Hinh 1.1) [Sciuto K, 2015].
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Té bao vi khuan Gram dwong Té bao vi khuan lam

Khoang chu chét
» Khoang chu chat

Lép peptidoglican

Té bao chat

Té bao chat

Té bao chéat Lé&p peptidoglican

Khoang chu chét Va

Lép peptidoglican

Mang ngoai Mang ngoai

Té bao vi khuian Gram am

Hinh 1.1. C4u tao thanh té bao vi khuin Gram duong, Gram am va VKL
(Nguon: Sciuto K. va céng su, 2015)
Bén canh d6, VKL sir dung cic sic t6 chinh trong qua trinh quang hop 1a
chlorophyll a. Ngoai ra, & mot sé loai VKL con chira chlorophyll d nhu loai
Acaryochloris marina hay chlorophyll f & loai Halomicronema hongdechloris giup
ching c6 thé quang hop duge ¢ diéu kién anh sang yéu [Allakhverdiev S.I., 2016].
Thém vao d6, mau xanh lam dic trung ciia chung 1a két qua tir su két hop gitra diép
luc va céc sic td phycobiliprotein nhur phycocyanin, allophycocyanin va déi khi 1a
phycoerythrin - sic té do khién té bao c6 mau do hodc den. Cac sac td nay tap trung
trong phycobilisome nam trén mang thylakoid, déng vai trd nhu chiéc anteen hap thu
anh sang va truyén ning luong dén quang hé II (photosystem II - PS II), tir 46 chuyén
tiép dén quang hé I (photosystem II - PS I), dong thoi giai phong oxy. Tai quang hé
I, ning lugng 4nh sang duoc chuyén héa thanh ning lwong hoa hoc dudi dang ATP,
NADPH va H* phuc vu cho pha téi (chu trinh Calvin) tong hop carbohydrate tir CO-.
Hau hét VKL quang hop trong diéu kién hiéu khi, st dung H-O 1am chét cho dién ttr

va giai phong oxy. Tuy nhién, mot sé loai c¢6 kha niang thich nghi véi méi truong yém
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khi bang cich chi dung quang hé I va thay thé H.O bang cac chat khac nhu H.S, H»
hodc cac hop chat hitu co 1am ngudn dién ti.

Ngoaira, nhiéu loai VKL chira 16p bao nhﬁy dac biét bao quanh cac té bao hodc
cac soi goi 1a 16p ngoai bao (Hinh 1.2). Thanh phan chinh ciia 16p ngoai bao 1a cac
exopolysaccharides (EPS) gdm cac polysaccharide lién két véi protein. Cac EPS duogc
chia thanh 3 loai 1a bao nhiy (sheaths), bao nhon (slimes) hodc bao nang (capsules)
[Kumar D., 2018]. Lép EPS ctia VKL c6 chic ning bao vé té bao chdng lai cac diéu
kién bat loi ctia mdi truong nhu tia cyc tim, n6ng do mudi cao, pH moi truong, nhiét

do, ... va tao thanh mot 16p rao can co hoc doi véi hau hét cac phan tur co kich thudce

16n gitip VKL c6 thé ton tai trong mdi truong séng cuc doan [Xiao Y., 2020].

Hinh 1.2. Cac dang bao nhay ctia mét s6 loai VKL

a, Aphnanothece saxicola; b, Aphanocapsa gravillei; ¢, Gloeocapsa caldariorum; d, Gloeothece
rupestris, e, Asterocapsa submerse; f, Porphyrosiphon notarisii. Thudc do: 10 um.

(Nguon: Kumar D. va céng suw, 2018)

O mot sb loai VKL thudc bo Nostocales khi séng trong diéu kién moi truong
thiéu nito co thé biét hoa té€ bao sinh dudng (vegetative cell) thanh té bao di hinh
(heterocyst). Pay 1a mot loai té bao dic biét co kha ning ¢ dinh nito khi quyén (N2)

thanh dang amoni (NH4") nho sur c6 mét ciia enzyme nitrogenase. Ching c6 hinh dang
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16n, thanh té bao day va chira 16p glycolipid va polysaccharide dic biét giup ngin
oxy xam nhép, bao vé enzyme nitrogenase khoi bi phan hity. Trong té bao di hinh,
quang hé II bi bat hoat dé ngin san sinh oxy, duy tri diéu kién ky khi cho qu4 trinh
cd dinh nito. Enzyme nitrogenase gom hai thanh phan 1 dinitrogenase va
dinitrogenase reductase dugc phién ma boi ho gen nif [Zehr J.P., 2003].

Khi diéu kién moi truong tré nén bat lo1 nhu han han, nhiét d§ cuc doan, thiéu
anh sang hay dinh dudng, mét sb loai VKL trong bd Nostocales c6 thé biét hoa té bao
sinh dudng thanh té bao nghi (akinetes cell). Pay 1a cac té bao c6 16p thanh day, kich
thugc 16n hon té bao sinh dudng, chira nhiéu chat du trit nhu glycogen va
cyanophycin, cing voi lugng DNA ting dé gitip té bao chuan bi nay mam khi diéu
kién moi truong duoc cai thién. DU ¢ trang thai nghi, cac té bao nghi van duy tri qua
trinh trao d6i chat & murc thap. Ching c6 thé ton tai trong thoi gian dai tir 18 dén 64
nim. Tham chi, té bao nghi cta loai Anabaena cylindrica c6 thé ton tai trong moi
truong trén Sao Hoa [Olsson-Francis K., 2009].

1.1.2. Pic diém hinh thdi va sw phin bé

Hinh théi cia VKL ¢6 mitc d6 da dang cao. Ching c6 thé ton tai ¢ dang don
bao, tap doan dén dang so¢1 da bao vai sy bi¢t hoa té bao phtrc tap (Hinh 1.3). Kich
thude té bao VKL thay ddi tir 0,2 um (ddi v6i cac loai thude chi Picosynechococcus)
dén hon 100 pm (d6i véi mot s6 loai thudce chi Oscilatoria phan bd & ving nhiét d6i)
[Flombaum P., 2013, Whitton B.A., 2007].

VKL don bao 1a nhitng té bao doc lap, thuong c6 hinh cau, hinh trimg hodc hinh
try, co kich thuéde tir 0,2 - 40 um, phan bd rong rai ¢ thuy vuc nudc ngot, nude lo va
nude min. Té bao ciia VKL dang don bao thudng co thanh té bao diay va bao nhay
bao vé, mot s6 loai ¢6 thé di chuyén bang cach truot trén bé mat nudc.

Céc loai VKL dang tap doan bao gom nhiéu té bao lién két bai 16p bao nhay
cAu tao tir polysaccharide (EPS), gitip bao vé chiing khoi diéu kién khic nghiét. Tuy
diéu kién moi truong, mdi tap doan co thé chira tir vai té bao dén hang nghin té bao,

véi kich thude thay doi tir vai tram micromet dén milimet. Hinh dang va cau tric ctua
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cic tap doan da dang, co thé phan bd déu (nhu Merismopedia), theo cum

(Microcystis) hoac dang gia soi (Cyanodictyon) [ Whitton B.A., 2007].

Hinh 1.3. Cac dang hinh thai ctia vi khuan lam

VKL dang don bao: Chroococcus subnudus (a), Chroococcus limneticus (b), Cyanothece aeruginosa

(c), Snowella litoralis (d); VKL dang tdp toan: Microcystis aeruginosa (e), Pleurocapsa minor (f);

VKL dang soi: Planktothrix agardhii (g), Limnothrix redekei (h), Arthrospira jenneri (i),
Johanseninema constricum (j), Phormidium sp. (k), Oscillatoria sp. (I, m), Schizothrix sp. (n),
Tolypothrix sp. (o), Katagnymene accurate (p), Dolichospermum planctonicum (q), Dolichospermum
sp. (r), Nostoc sp. (s), Nodularia moravica (t), Stigonema sp. (u, v)

(Nguon: Dvoidk P. va cong suw, 2015)

VKL dang s¢i dugc cAu tao tir cac chudi té bao nbi tiép nhau goi 1a trichomes.

D6i khi cac chudi ¢6 thé duge bao boc trong 16p bao nhay hinh thanh soi. Céac té bao
ctia cac loai vi khuan lam dang soi c6 hinh dang da dang (hinh try, hinh thung, hinh

cau hay v dinh hinh). Trong qu4 trinh sinh trudng, cac chudi c6 thé phan manh thanh
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c4c tao doan (hormogonia) hodc tach roi nho sy hinh thanh 16p nhdy hay té bao hoai
ttr (necridic cells), tir @6 hinh thanh chudi méi. Dya trén dic diém phan nhanh, VKL
dang soi dugc chia thanh ba nhom la soi khong phan nhanh; soi phan nhanh gia
(Scytonema-like, Tolypothrix-like) va sgi phan nhanh that [Komarek J., 2015]

Chinh sy da dang vé hinh thai d& gép phan giup VKL thich nghi véi nhiéu diéu
kién moi truong khac nhau. Chung dugc tim thay ¢ hau hét cac moi truong duoc
chiéu sang trén trai dat tir cac thuy vuc nudc ngot, nudc man, nudoc lg dén dat lién
tham chi ¢ ca nhitng noi c6 diéu kién vo cing khic nghiét nhu sa mac khé nong, ving
cuc lanh hay sudi nudc néng téi 72°C [Bennett A.C., 2020; Vincent W.F., 2000]. Kha
nang ton tai trong diéu kién khic nghiét 1a két qua ctia qua trinh tién hoa lau dai va
dic diém sinh 1y dac biét nhu: chiu duoc néng do oxy thép, st dung H2S lam chét
khu, chéng tia cuc tim. CAu trac té bao cua ching thudc nhom vi khuan Gram am,
nhung lai chira khong bao giup ching co thé ndi trén mat nudce; luc lap dé quang hop
va té bao di hinh dé ¢ dinh nito khi quyén. Nhitng dic diém nay khong chi gitp VKL
thuc hién nhiéu chuc nang sinh hoc ma con thich nghi véi cac diéu kién moi truong
khac nhau. Thém vao d6, su linh hoat dic diém sinh 1y va kha ning thich nghi nhanh
vo1 thay d6i méi truong, khi hau va diéu kién séng gitp chung tdn tai duoc tir sa mac,
rimg nhiét d6i, dén cac dai duong hay ving cuc, thé hién tinh da dang sinh hoc va
kha nang sinh tdn vuot troi [Gaysina L.A, 2018].

1.2. Phan loai vi khuan lam bing phwong phap tiép cin da chiéu

Vi khuan lam 13 nhém cb sinh vat mang dac diém cua ca sinh vat nhan so va
sinh vat nhan chuén c6 kha ning quang hop nhu tao nhin chuén hay thuc vat. Diéu
nay khién viéc phéan loai chiing trd nén phirc tap. Cac phuong phap phan loai truyén
thdng chi yéu dua vao cac dic diém hinh thai cia VKL dé dan dén kha ning phan
loai thiéu chinh x4ac do hinh thai ctia chiung thudng bi thay doi boi diéu kién moi
truong hay giai doan sinh truéng khac nhau. Phuong phép tiép can da chiéu
(polyphasic approach) dugc dé xuat bai Hoffman va cong sy nim 2005 khong chi
giup cai thién d¢ chinh xac trong dinh danh khoa hoc cho céc loai VKL, ma con cung

cAp cai nhin toan dién vé sy da dang va tién hoa cta ching. Day 1a phuong phap két
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hop nhiéu phuong phap phan loai bao gdm danh gia dic diém hinh thai, siéu ciu tric
té bao, sinh thai, sinh hoa va phan tir. Viéc két hop cac dit liéu tir nhiéu ngudn khac
nhau trong phuong phép tiép can da chiéu khong chi gitip cai thién do chinh xéac cta
hé théng phan loai, ma con cung cip cai nhin toan dién vé su da dang va tién hoa cta
VKL. biéu nay dac biét quan trong trong viéc phan loai cac nhém VKL c6 dac diém
hinh thai tvong ty nhung lai c6 quan hé tién hoa khac nhau, giup xay dung mot hé
théng phan loai phan anh ding sy da dang sinh hoc va cac mbi quan hé tién hoa cta
chung [Hoffmann L., 2005]. Hién nay, phuong phép tiép can da chiéu da duoc cac
nha phan loai hoc trén thé giéi chdp nhan rong rai. Nam 2023, Strunecky va cong sy
da xay dyng mot hé thong phan loai VKL chi tiét dén cip d6 chi bao gom 20 bo va
65 ho, 601 chi [Strunecky O., 2023].

1.2.1. Phén logi dwa vao diic diém hinh thdi va siéu ciu tric té bao

Céc dic diém hinh thai nhu hinh dang va cach sap xép té bao (don bao, da bao,
chudi phan nhanh, khéng phan nhanh gia, phan nhanh that), kich thudc té bao, mau
sdc, su hién dién cua cac té bao chuyén biét nhu té bao di hinh, té bao nghi; dic diém
bao nhay va hinh thirc sinh san van 1a mot trong céc tiéu chi quan trong dé phan loai
VKL [Dvoiak P., 2015]. Pay 1a phuong phap phan loai truyén théng dua trén viéc
quan sat dudi kinh hién vi quang hoc [Komarek J., 2014].

Tir nhitng nam 1960, kinh hién vi dién tir truyén qua (TEM) di duoc str dung
dé nghién ctru cAu trac siéu hién vi cia VKL. Bén nhitng ndm 1980, cac dac diém
siéu cu trac nay da duoc mo ta chi tiét. Hé thong phan loai do Rippka va cong su
(1979) dé xuat hé thong phan loai VKL dua trén hinh thai, dic biét 1a cdu trac noi
bao. Cac dic diém siéu cau tric thudng duge dung trong phan loai gdm: cach sap xép
mang thylakoid, sy hién dién ctia carboxysome, tai khi, té bao di hinh, té bao nghi va
cac ciu trac dic trung khac [Gonzalez-Esquer C.R., 2016].

1.2.2. Phén logi dwa vao dic diém sinh thdi

Trong phuong phép tiép can da chiéu, phan loai VKL dwa vao dic diém sinh

thai dong vai trd bd trg quan trong nham xac dinh mdi quan hé giita cac loai VKL véi

moi trudng sdng. Tiéu chi nay phan anh rd kha nang thich nghi da dang cua ching
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v6i nhiéu diéu kién méi truong khac nhau, tir cac hé sinh thai nudc ngot, bién cho
dén nhimg ving cuc doan khic nghiét.

Sy phan bb kiéu gen ctia cac loai VKL lién quan chit ché véi hé sinh thai caa
chung. Khi phan loai VKL theo dic diém sinh thai va su phan b cua chung can dugc
danh gia trong mdi lién quan dén moéi trudng va vi tri dia 1y noi ching dugc phan lap.
Nhiéu loai ¢6 hinh thai va méi trudng sdng twong tw nhung lai khac biét vé dac diém
di truyén néu phan bd ¢ diéu kién dia 1y cach xa nhau. Vi du 3 chung VKL dang
Phormidium phan 1ap & Bac Cyc va Nam Cuyc ¢6 hinh thai gidng nhau nhung lai c6
su khac biét vé kiéu gen [Comte K., 2010]; hay mot s6 loai thudce chi Microcoleus
phan 1ap ¢ Bic My va chau Au déu c6 dang soi tuong ty nhau lai thudc cac nhanh
tién hoa khac nhau [Dvoiak P., 2012]. Tuong ty, bay loai médi thudc chi Oculatella
phan 1ap ¢ nhiéu noi trén thé gidi cling cho thay sy da dang di truyén mic du c6 dic
diém hinh thai va 6 sinh thai twong déng [Osorio-Santos K., 2014].

1.2.3. Phan loai dwa vao trinh tu gen

Su tién bo cta cac k¥ thuét sinh hoc phan tir da dem lai cudc cach mang trong
viéc phan loai phan tir VKL. Cac nghién ctru vé mdi quan hé phat sinh ching loai ctia
céc nhom, loai va chi VKL khac nhau chi duoc quan tdm nhiéu vao nhiing thap nién
cudi ctia thé ky 20 dua trén phén tich trinh ty gen 16S rRNA. Cho dén nay, phan tich
gen 16S rRNA duoc xem 1a “tiéu chuan vang” dé dinh danh VKL do tinh “bao thu
cao” clia gen nay. Pay 1a gen phién mi cho ribosome 16S - mot thanh phén trén tiéu
don vi nho 30S cua ribosome & vi khuan tham gia vao qué trinh tong hop protein.
Gen 16S rRNA c¢6 kich thuée khoang 1500 bp, bao gom céc ving bao thi (conserved
regions) va ving bién d6i (variable regions) (Hinh 1.4). Ving bao thi dong vai trd
thiét yéu trong chitrc ning ctia ribosome va thudng duoc dung dé thiét ké moi dic hiéu
dé PCR trong qua trinh khuéch dai gen. Cac ving bién doi tir V1 dén V9 chira thong
tin ddc trung gitp phan biét va dinh danh cac loai vi khuin khac nhau. Téc do tién
hoa chim va ciu trac bao thu ciia gen 16S rRNA gitp chang trd thanh chi thi phan
tir dang tin ciy trong phan loai vi khuan [Fukuda K., 2016].
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Hinh 1.4. Cau trac gen 16SrRNA ¢ vi khuan lam

(Nguon: Fukuda K. va céng su, 2016)

Hién nay, trinh tu nucleotide cua doan gen 16S rRNA cua nhiéu loai VKL da
dugc bo sung vao co so dit liéu ciia ngan hang gen thé gidi (Genbank), gop phan cung
cap cac trinh tu tham khdo hitu ich dé nghién ctru mdi quan hé phat sinh ching - loai
va hé théng phan loai ctia ching. Cac ching VKL ¢6 do tuong dong trinh tir doan gen
16S rRNA trén 98,65% va nam cung nhanh don phét sinh trén cay phat sinh ching -
loai s€ duoc Xép cung mot loai [Kim M., 2014]. Tuy nhién, dé xac dinh mét ching
VKL 1a loai méi can két hop phan tich dic diém hinh thai va cac chi thi phan tir khac
nhu phan tich trinh tu cia vang ITS (Internal Transcribed Spacer Region). Pay 1a
doan trinh ty dém nam gitta hai gen 16S rRNA va 23S rRNA c¢6 chtra hoac khong
chira trinh tu gen tRNA™ (Isolecine) va tRNAA? (Alanine) c6 kich thudc tir 283 bp -
545 bp. Cac doan trinh ti bao thu trén ving ITS 13 muc tiéu dé thiét ké moi cho phan
g PCR nham phat hién va xac dinh cac ching VKL méi & cac cip do phan loai
khac nhau. Dya vao trinh ty nucleotide ctia doan ITS cho phép du doan cAu tric bac
hai ctia phan tir RNA, qua do6 so sanh vdi cac trinh ty bao thu dac trung nhu box B,

D1 - D1’ va V3 véi nhitng loai tham chiéu gan dé x4c dinh loai méi [Iteman L., 2000].
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Ngoai ra, trinh ty nucleoitide cia mot s gen chirc ning nhu gen rbcL, nifH, ...
cling duoc str dung trong phan loai VKL. Gen rbcL 1a gen ma héa tong hop tiéu phan
16n ciia enzyme RuBisCO - mot loai enzyme thiét yéu chiu trach nhiém quang hop
va quang ho hap ¢ sinh vat c6 chira diép luc. Poan gen ndy c6 tinh chat twong dbi bao
thu duoc st dung dé danh gia mdi quan hé giita cac loai ¢ sinh vét c6 kha ning quang
hop [Singh P., 2015]. Gen nifH ma hoa téng hop enzyme nitrogenase & VKL. Trinh
tu gen nifH phan anh sy tién hoa cua qua trinh ¢ dinh dam & céac loai VKL ¢6 kha
nang cd dinh nito [Zehr J.P., 2003]. Gen rpoC mi héa tiéu don vi P’ clia enzyme
RNA polymerase dong vai trd quan trong trong qua trinh tong hop RNA. Phan tich
trinh ty doan gen rpoC dugc st dung nhu mot trong nhitng marker phan tir thuong
dugc dung dé phén loai cac chung VKL do tinh bao tha va su da dang cua chung gitra
cac nhom VKL khac nhau. Trinh tu gen rpoC c6 su khac biét ro rét gitta cdc nhom
VKL c6 kha ning quang hop va cic nhom séng trong cic mdi truong dic thu
[Bergsland K.J., 2011].

Maic du gen 16S rRNA dugc sur dung rong rai trong phan loai vi khuan lam nho
tinh bao thu, d& khuéch dai va co bo co sd dir liéu tham chiéu 16n, nhung ddi véi cac
nhém VKL c6 mdi quan hé gin, gen nay thuong chwa du do phan giai dé phan loai
sau hodc tach biét cac nhom nay. Do do, viéc bo sung cac marker c6 muc bién thién
cao hon nhu ITS, rpoC1 va rbeL, nifH gitp gia ting d6 chinh xac trong suy luan méi
quan h¢ phat sinh chung - loai déc biét 1a cdc nhom co mbi quan h¢ tién hoa gén. Viéc
sit dung két hop phan tich trinh tu cac gen nay cing vdi gen 16S rRNA gitp phan
loai chinh x4c hon cac loai vi khuan lam va cung cp cai nhin sdu sic vé su tién hoa
cua chung.

So v&i phan loai dua vao phan tich dic diém hinh thai va sinh thai thi phan loai
dua vao sinh hoc phan tur cé nhiéu vu diém hon, gitp qua trinh xac dinh cac loai tro
nén chinh x4c hon va phan anh duoc mdi quan hé tién hoa giita cac nhom. Muyc tiéu
chinh cua phan loai hoc phan tir 13: (i) Xac dinh mdi quan hé tién hoa giira cac loai
dura trén ngudn gdc to tién chung - cac loai c6 quan hé tién hoa gan giii s& duogc nhom

lai véi nhau; (ii) Udc tinh thoi diém phan ky gitra cac loai, tirc 1 thoi gian ton tai clia
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t6 tién chung gan nhat. Cac phuwong phap phan tich phan tir 33 mo rong cach tiép can
truyén thong, cho phép tai hién chinh x4c hon mdi quan hé tién hoa giita cac sinh vat.
Pic biét, trong nghién ctru VKL, dit liéu phan tir khong chi hd trg mo ta dic diém
loai ma con gitp xdy dung cdy phat sinh chung - loai mot cach chi tiét. Nho vay, dir
li¢u sinh hoc phan tir da tr¢ thanh tiéu chi nén tang trong h¢ théng phan loai hién dai
cua VKL [Komarek J., 2014].

Cung véi sy tién bo trong cong nghé gen dic biét 1a cong nghé giai trinh tu gen
thé hé mdi (Next-Genration Sequencing - NGS) va cong nghé giai trinh tu thé hé tht
ba (Third-Genration Sequencing) da cho phép phan tich b gen hoan chinh cia VKL
mot cach nhanh chong va chinh xac hon. Phén tich toan bd hé gen gdp phan bd sung
nhing hiéu biét vé mdi quan hé tién hoa, kha nang trao ddi chat, cac co ché sinh hoc
ctia cac loai VKL va xac dinh cac loai méi tiém nang. Trinh ty bd gen VKL dau tién
dugc cong bd 1a trinh ty cua chung Synechocystis sp. PCC 6803 vao nim 1996 boi
nhém nghién ciru ciia Kaneko va cong sy [Kaneko T., 1996]. Tinh dén thang 2/2026,
d3 c6 khoang gan 8.400 b gen cua cac chung VKL duogc cap nhat vao co sd dit lidu
cua GenBank [https://www.ncbi.nlm.nih.gov].

1.2.4. Phén logi dwa vao moi quan hé phdt sinh chiing - logi

Cay phat sinh chiing - loai (phylogentic tree) 1a mot biéu d6 thé hién cac méi
quan hé tién hoa gifra céac loai, cdc nhoém sinh vét hodc cac gen c6 chung to tién dua
trén phén tich dit liéu gen, protein. Pay 13 cong cu cbt 15i trong nghién ctru sinh hoc
tién hoa va phan loai hoc. Qua trinh xay dung cdy phat sinh chung - loai bao gom céc
budc: thu thap cac trinh ty tham khao tir co s¢ dir liéu co s&n, tién hanh can chinh,
sau d6 4p dung cac phuong phap phan tich dé suy ludn méi quan hé tién hoa. Cay
phat sinh chung - loai d4u tién duoc Haeckel E. va cong su xdy dung nam 1866 [Kapli
P., 2020].

Trude khi xay dung cay phat sinh chuing - loai vi¢c thu thap cac trinh tu tham
khao hay con goi 1a nhém ngoai (outgroup) cé vai trd rat quan trong trong viéc xac
dinh hudng tién hoa va dam bao cac nhanh trong ciy phan loai dugc sip xép chinh

xé4c. Viéc lua chon trinh tu tham khao can dam bao hai tiéu chi: (1) phai c6 quan hé
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tién hoa gan nhung du khac biét dé khong gay nham 13n vi tri phan loai voi cac loai
trong nhom nghién ctru; (2) can dai dién cho mot nhanh tién hoa rd rang, di dugc xéac
dinh tir truée. Nho ¢ nhom ngoai, cdy phat sinh c6 thé tao "gdc nhanh" (rooted),
gitip xac dinh duoc chiéu hudng cia tién hoa, phan biét duoc dau 1a diac diém t6 tién
va dau 1a dic diém tién hoa méi. Viéc lua chon nhom ngoai phu hop 1a mdt budc
quan trong trong phan tich quan hé tién hoa cua cac chung VKL. Sau d6, cac trinh tu
nghién ctru va trinh tu tham khao s& duoc tién hanh cin chinh, giéng hang sao cho
cac vi tri tuong déng vé mit tién hoa dugc dat cung mot cot. Diéu nay giup xac dinh
dugc vi tri vung bao thu va vi tri vung bién ddi ctua doan gen. Pay 1a budc bét budc
va quyét dinh chat luong cua cay phat sinh chung - loai. Lya chon ding phan mém
va thong s6 can chinh phu hop s& gitp dam bao rang cac vi tri trén cdy phan anh dung
moi quan hé tién hoa giita cac sinh vat [Kapli P., 2020].

Cay phat sinh chung - loai dugc xay dung dua trén hai nhoém phuong phap chinh
l1a phuong phéap dua trén khoang cach (distance-based methods) hoac phuong phép
dua trén dic diém (character-based methods). Cac phuong phap dwa khoang cach nhu
phuong phap UPGMA va két ndi lang giéng (Neighbor Joining - NJ) sé& tinh toan
khoang cach ctia mdi trinh tu dé tap hop thanh mot ma tran khoang cach di truyén va
két hop cac thuat toan phan cum dé phan tich va dung cdy phat sinh. Mic du phuong
phap nay ¢ vu diém vé téc do xir Iy nhung thuong lam mét thong tin do dir liéu bi
nén va khong xét dén sy phan bd cua trang thai ky tu. Nguoc lai, cac phuong phap
xdy dung cdy phat sinh dya trén dic diém nhu phuong phép tiét kiém ti da
(Maximum Parsimony - MP), phuong phép hop 1y t6i da (Maximum Likelihood -
ML) hay phuong phap suy luan Bayes (Bayesian Inference - BI) s& phan tich ting vi
tri trong trinh tu bang cach so sanh dong thoi gitra cic chudi; sir dung xac suat dé
danh gia sy thay doi tién hoa nham xay dung dugc cay phat sinh thé hién it thay doi
vé dic diém di truyén nhit va co xac suit xdy ra cao nhat. Tuy nhién, cic phuong
phéap nay doi hoi thoi gian xur Iy 1au va kha nang tinh todn cao, dic biét khi xur 1y bo
dir liéu phan tir c6 kich thuée 16n. Trong khi phurong phap tiét kiém toi da (MP) xay

dung cy phat sinh chung - loai dua trén nguyén tic tién hoa xay ra don gian nhat, thi
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phuong phap hop 1y t6i da (ML) lai dung ciy phat sinh chung - loai theo mé hinh tién
héa xac xuat dé tinh toan kha ning xuat hién cta dit lidu trinh tu 13 cao nhat, con
phuong phap Suy luan Bayes (BI) lai wdc tinh phan bd xac suit ciia cdy cé thé theo
dinh ly Bayes dya vao xac suét hau kiém [Van de Peer Y., 2003]. Mdi thuat toan sé
¢6 vu diém va nhugc diém riéng, trong d6, phuong phap Hop 1y tbi da (Maximum
likelihood method) va Suy luan Bayes (Bayesian Inference - BI) duoc st dung rong
rii va c6 kha ning ap dung cho nhiéu mé hinh tién hoa khac nhau [Felsenstein
J.,1981].

Murc do tin cdy ciia cdy phat sinh ching - loai dugc kiém tra bang gia tri
boostrap. Pay 1a chi s quan trong trong khi xay dung cdy phat sinh ching - loai thé
hién tan s6 xuat hién ciia mot nhom (cluster) trén s6 lan cay phan loai dugc thiét lap
tinh theo ty 1¢ %. Gia tri bootstrap 1a mdt cong cu hd tro cho viéc xay dung cay phat
sinh loai thé hién do tin cay vé mdi quan hé tién hoa cua cac thanh vién trong nhém
cua cay pha hé [Felsenstein J., 1985]. Gia tri nay chi udc tinh dugc do tin cdy cua
ting cum nho cht khong wée tinh duge d6 tin cay tong thé cua cdy phan loai. Néu
gia tri bootstrap 16n hon hoic bang 70% dugc coi la ¢ ¥ nghia thong ké va trén 95%
dugc xem la ¢6 do tin cdy cao [Stamatakis A., 2005].

Dé xdy dung cic cdy phat sinh ching - loai, cac nha nghién ctru str dung nhiéu
phan mém nhu phin mém MEGA (Molecular Evolutionary Gentics Analysis),
BEAST (Bayesian Evolutionary Analysis Sampling Trees), [Q-TREE, MrBayes, ....
Moi phén mém déu co nhiing wu diém, nhuoc diém riéng. Do do6, viéc lya chon phén
mém phu hop phu thudc vao loai dir liéu, phwong phap phan tich mong muén va muc
dich nghién ctru. Cac cong cu nay khong chi hd trg viée xay dung ciy phét sinh chiing
- loai ma con cung cap cac cong cu phan tich manh mé dé hiéu rd hon vé cic qua
trinh tién hoa giira cac loai. Trong d6, phan mém MEGA 1a mdt trong nhiing phan
mém pho bién nhat dé phan tich dir liéu trinh tu va xay dung cy phat sinh ching -
loai. Phan mém nay duogc xdy dung boi Kumar va cong su nim 1994, gitp cung cip
cac cong cu va phuong phap dé phan tich dir liéu di truyén, bao gdm céc trinh ty DNA

va protein, nham xay dung cay phat sinh chiing - loai, xac dinh mbi quan hé tién hoa
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giita cac loai va hiéu rd hon vé cac qué trinh tién héa & muc phan tir. Phin mém
MEGA ciing hiru ich trong cac nghién ctru y hoc, dac biét la trong viéc phan tich cac
bénh di truyén va nghién ciru tién hoa cla cic tic nhan gy bénh. N6 hd trg nhiéu
phuong phap xdy dung cdy nhu la phuong phdp Neighbor-Joining, Maximum
Likelihood hay Maximum Parsimony. Cho dén nay, phan mém MEGA d3 trai qua
nhiéu 1an nang cip va hién nay da cap nhat dén phién ban MEGA XII [Kumar S.,
2024].

1.3. Cac hop chit c6 hoat tinh sinh hoc tir vi khuin lam

Kha nang phan b rong rii va hinh thai da dang cua VKL 1a két qua cia qua
trinh tién hoa 1au dai, gitp ching hinh thanh cac co ché thich nghi hi¢u qua, dac biét
1a kha nang tong hop luong 16n cac hop chat thir cip. Cac hop chat nay dong vai tro
quan trong trong viéc gitip chung ton tai trong diéu kién méi truong khic nghiét va
chéng lai su canh tranh tir cac sinh vat khac [Mazard S., 2016]. Tinh dén nam 2019,
d3 c6 hon 1630 hop chat thir cap dwoc phan 1ap tir VKL, thudc 260 ho hop chat thé
hién 14 loai hoat tinh sinh hoc khac nhau (Hinh 1.5). Trong d6, n6i bat nhat 13 hoat
tinh gay doc té bao (cytotoxicity) vai 110 ho chét chiém 30,4%; tiép theo 14 hoat tinh
gay chét (lethality activities) va hoat tinh khang khuén (antibacterial) 1an luot c6 54
va 43 ho hop chat (tuong Gng 14,9% va 11,9%). Cac hop chét nay dugc xép vao 10
16p hoa hoc khic nhau bao gbém alkaloid, depsipeptide, lipopeptide,
macrolide/lactone, peptide, terpen, polysacarit, lipid, polyketide va cac nhom khac.
Phan 16n cac hop chit thir cap tir VKL duoc téng hop theo bdn con dudng sinh héa
chinh gdm: con dudng shikimate, con dudng malonate, con duong mevalonate va con
duong methylerythritol-phosphate (MEP). Céc con duong nay dong vai trd quan
trong trong qua trinh sinh tong hop cac hop chat ¢ hoat tinh sinh hoc cao cia VKL
[Demay J., 2019].

Nam 2021, Jones va cong su da xay dung co s¢ dir liéu CyanoMetDB tap hop
2.010 hop chat thir cap duoc sinh ra tir VKL c6 khoi lwong phan tir giao dong tir 0,12
- 2,71 kDa [Jones M.R., 2021]. Cap nhat dén thang 9 nim 2024, co s dit liéu trén
CyanoMetDB phién ban 3 d4 ghi nhan gan 3.200 hop chét tir VKL. Diéu d6 cho thiy
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tdc d6 phat hién cac hop chat méi tir nhém sinh vat ndy ngdy cang gia ting [Janssen

E.M.-L., 2024].
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Hinh 1.5. Céc hoat tinh sinh hoc ting dung trong y duogc cia VKL

(Nguén: Demay J. va céng su, 2019)
Bén canh do, hon 90 trong s 300 chi VKL di dinh danh trong hé thong phan
loai cia Komarek va cong su (2014) c6 kha ning tong hop cac hop chét c6 hoat tinh
sinh hoc. Trong d6, c6 153 ho hogp chat duoc sinh ra tir cac loai VKL thudc bod
Oscilatoriales chiém ty 1 cao nhat dat 46,5%, tiép theo 12 bd Nostocales tong hop
duoc 98 ho hop chat chiém 29,7%. O cap do chi, Lyngbya 1a chi ndi bat nhat véi 78
ho hop chét da dugc phan 1ap, tinh riéng loai L. majuscula di phan 1ap duoc 48 ho
hop chét; chi Nostoc ciing 14 chi tiém ning thir hai voi 50 ho hop chat ¢ hoat tinh da
duoc cong bd [Demay J., 2019]. Anjum va cong sy (2017) da chi ra rang c¢6 khoang
450 hop chit di duoc phat hién tr VKL & bién cha yéu tr cac chi
Lyngbya, Oscillatoria, va Symploca, trong d6 ¢6 58% hop chat dugc phéan lap tir chi

Oscillatoria va 35% hop chat dugc phan 1ap tir chi Lyngbya [Anjum K., 2017].
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1.3.1. Cdc hoat chit tvc ché vi khuin

Sy bung nd cua cac ching vi sinh vét da khang thudc trong nhitng thap nién gan
day di lam ting nhu ciu tim kiém va phat trién cac hop chat méi khang vi sinh vat
theo cac co ché tac dong riéng. Simplkin va cong sy (2017) di chi ra rang chi c6 33%
céc loai thudc khang sinh dugc nghién ciru ¢ thé phat trién thanh cic san pham
thuong mai trén thi trudng [Simpkin V.L., 2017]. Hién nay, VKL dang nbi 1én nhu
mot ngudn nguyén liéu méi san sinh ra nhidu hop chit tht cip tiém ning c6 hoat tinh
chdng lai nhiéu loai vi sinh vat giy bénh. Swain va cong su (2017) da théng ké duoc
121 hop chét thudc cac 16p cau trac hoa hoc khac nhau c6 kha ning khang khuan,
khang nim manh dic biét 1a khang cac ching vi khuan da khang thudc, co tiém ning
sir dung trong viéc phat trién thudc khang sinh méi [Swain S.S., 2017].

Trong s6 260 ho hop chét phat hién tir VKL, c6 43 ho hop chét &c ché duoc vi
khuan Gram am, Gram duong hay vi khuan da khang thudc, chiém 11,9% tong s6 ho
hop chat [Demay J., 2019]. Trong d6, c6 dén 81% sb hop chat khang khuan duoc
phat hién tir cac chung VKL thudc bd Nostocales va 70% s hop chat khang khuan
thudc nhom alkaloid va polyketide [Carpine R., 2021]. Hop chit malyngolide mot
loai khang sinh thudc nhom polyketide dau tién dugc phan lap tir loai Lyngbya
majuscula e ché manh vi khuan Mycobacterium smegmatis and Streptococcus
pyogenes [Cardllina J.H., 1979]. Ho hop chét eucapsitrione phan 1ap tir Eucapsis sp.
la dan xuat cua anthraquinone c6 kha ning @c ché vi khuan Mycobacterium
tuberculosis v&i ndng d6 tc ché t6i thiéu 1a 3,1 uM [Sturdy M., 2010]. Trong khi do,
ho hop chat kulolide thudc 16p depsipeptide bao gom 44 hop chat, duoc phan lap tir
mdt sd loai VKL thude bd Nostocales, Osilatoricales khong chi thé hién hoat tinh
khéng khuan ma con c6 hoat tinh (e ché ddi véi dong vat nguyén sinh, doc tinh té
bao va doc tinh gy chét [Demay J., 2019]. Bén canh d6, c6 khoang 80 hop chét thudc
ho hapalindole - like thugc nhom alkaloid dugc phan lap tir cac loai VKL phan nhanh
that thudc chi Westiella, Westiellopsis, Fischerella va Hapalosiphon thé hién kha
nang uc ché 27 chung vi khuén khéc nhau, cung v&i hoat tinh khang nam, khang tao,

ddc tinh té bao, diét con trung, tham chi 1a ddo nguogc tinh trang khang thubc cua mot
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s6 dong té bao ung thu thong qua kha niang diéu hoa kénh natri cia té bao [Cagide E.,
2014]. Hop chét scytoscalarol va cybastacine A, B (thuc nhom terpen sesterterpen)
phat hién tor mot s6 1oai thudc chi Scytonema va Nostoc c6 kha nang uc ché manh
mot s6 loai vi khuan véi ndng d6 tre ché téi thiéu thip hon 32 pg/ml [Cabanillas A.H.,
2018; Mo S., 2009]. Cac hop chét crossbyanol polybrominated A- E (thuéc nhom
polyhalogenated (PHC) duoc phan 1ap tir loai Leptolyngbya crossbyana tc ché vi
khuan Staphylococcus aureus khang methicillin (MRSA) & nong d6 tc ché tdi thiéu
tir 2,0 dén 3,9 pug/ml [Choi H., 2010].
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Hinh 1.6. Co ché trc ché vi khuan cua cac chit thir cip tir VKL
(Nguon: Kar J. va cong su, 2022)
Céc hop chat thir cAp tir VKL trc ché vi khuan gay bénh theo nhiéu co ché khac
nhau (Hinh 1.6). Mot trong nhiing co ché pho bién 14 &rc ché hé théng quorum sensing
- hé thdng truyén tin giita cac té bao vi khuan, dong vai tro quan trong trong viéc diéu
hoa doc lyc va hinh thanh mang sinh hoc. Mot s6 hop chét thudc nhom alkaloid va
lipit nhu honaucin A-C, doscadenamide A, malyngolide, lyngbyoic acid phan 1ap tir

VKL ¢ bién c6 thé tc ché hé thong cdm nhén quorum ctua mot s6 vi khuan V. harveyi,
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E. coli va P. aeruginosa [Choi H., 2012; Dobretsov S., 2010; Liang X., 2019; Kwan
J.C.,2011]. Trong khi d6, mét s6 hop chat thudc nhom lipit va peptide tir mot s loai
VKL trc ché vi khuan bang cach pha v tinh toan ven cia mang té bao vi khuan, giy
ra sy 1o ri cic chat trong té bao chit ra ngoai bao, pha v& chudi van chuyén dién tir
va trc ché cac enzym quan trong cua té bao vi khuén [Kar J., 2022].

Mot s6 hop chét lai tac dong 1én mot s6 con duong trao ddi chat quan trong cua
té bao vi khuan nhu con dudng Shikimate, chudi van chuyén dién tir va sinh tong hop
thanh té bao. Hop chét anaephenes A - C phan lap tir loai Hormoscilla sp. (tc ché qua
trinh tong hop ATP va véan chuyén tich cuc cia vi khuan B. cereus va S. aureus
[Brumley D., 2018]. Buong 7-deoxy-sedoheptulose phan lap tur loai Synechococcus
elongates ¢ cau tric tuong tw NADPH s& thay thé NAPDH trong con dudng
Shikimate, tir d6 cac phan ng khir s& bi dung dan dén lam gian doan con duong
Shikimate, tir 6 té bao khong tong hop dugc axit amin thom va giy trc ché sy sinh
truong ctia vi khuan [Brilisauer K., 2019]. Ngoai ra, mot s6 hop chit thir cap cua
VKL ciing ¢6 kha ning tc ché enzyme DNA polymerase va RNA polymerase tham
gia qué trinh téng hgp DNA, RNA va protein nhu hop chat 12-epi-hapalindole E
isonitrile phan 1ap tir loai Fischerella sp. va calothrixin A phan 1ap tu loai Calothrix
sp. tc ché RNA polymerase trong qué trinh phién md mRNA, tir d6 ngin can qua
trinh tong hop protein cua vi khuan B. subtilis [Doan T.N., 2000]. Nhém hop chat
macrolides, thudc 16p polyketide tac dong 1én qua trinh gin aminoacyl tRNA-
ribosome vao mRNA, tir d6 ngin chin tong hop céac protein méi [Kar J., 2022].
1.3.2. Cdc hoat chit trc ché té bao ung thuw

Vi khudn lam 13 ngudn san sinh dbi dao cac hop chit co hoat tinh gay doc té
bao, dic biét tiém nang trong nghién ctru phat trién thudc diéu tri ung thu. Theo
Demay va cong su (2019), cac hop chit gay doc té bao chiém ty 1é cao nhat trong cac
hop chat di dugc phan 1ap tir VKL vé6i 110 ho chat twong g 30,4% s6 ho hop chat.
Nhirng hop chat nay thudc 4 16p hoa hoc chinh bao gom nucleoside, depsipeptide,
macrolide va lipopeptide [Demay J., 2019]. Cac chi Symploca, Lyngbya, Scytonema

va Oscillatoria cling 1a ngudn tong hop cac hop chat macrolide c6 doc tinh manh dbi
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v6i té bao ung thu [Wang M., 2017]. Pang cha ¥, chi riéng chi Lyngbya di phat hién
dugc 144 hop chét e ché t& bao ung thu [Swain S.S., 2015]. Mot s6 hop chat tc ché
té bao ung thu duoc phat hién tir mot sé loai VKL tiéu biéu nhu hop chét scytophycin
A - E duoc phan lap tir loai Scytonema pseudohofinanni c6 kha nang trc ché manh dbi
v6i té bao ung thu biéu bi va ung thu phdi da duoc Bo Thuong mai Hoa ky cip bang
sang ché nim 1994 [Furusawa E., 1994]; hop chit ambiguine I isonitriles phan l4p tir
mot s6 loai VKL dang phan nhanh that nhu Fischerella ambigua, Hapalosiphon
hibernicus, Westiellopsis prolifica c6 doc tinh manh v6i dong té bao ung thu két rudt
HT-29 va té bao ung thu vt MCF7 véi gia trji ECso 1an luot 13 4,35 pM va 1,7 uM
[Acufia U.M., 2015]. Nam 2020, Kawaguchi va cong su di tinh sach dugc hop chat
neo-aplysiatoxin A - mot dan xudt méi cua aplysiatoxin tir loai Moorea producens
thé hién doc tinh trén té bao ung thu hach L1210 ctia chudt manh hon so véi cac hop
chat da biét trong ho chét aplysiatoxin [Kawaguchi M., 2020].

Cho dén nay, ngay cang c6 nhiéu hop chat phan lap tir cac chung VKL da dugc
nghién ctru va phat trién thanh thudc diéu trj ung thu va duge Co quan quan 1y thuc
pham va thuéc Hoa Ky (FDI) va Co quan quan 1y duoc pham Chau Au (EMA) cip
phép cho luu hanh trén thi truong hodc trong cac giai doan thir nghiém lam sang.
Trong d6, ndi bat nhat 1 cac hop chét trong ho Dolastatin da dugc thir nghiém 1am
sang ¢ pha 2 va duoc danh gia 1a co hiéu qua chira tri cao hon thudc chdng ung thu
Taxol tir 100-1000 1an. Hién nay, da cé 5 loai thudc san xuét tir dolastatin10 duoc
FDA cip phép luu hanh trén thi truong 13 brentuximab vedotin, polatuzumab vedotin,
enfortumab vedotin, disitamab vedotin, va tisotumab vedotin dé diéu tri ung thu
[Kallifidas D., 2024]. Bén canh d6, hop chat cryptophycin phan 1ap tir chiing Nostoc
sp. GSV 224 c6 kha ning trc ché cac dong té bao ung thu da khang thudc véi gia tri
ICsonho hon 50pM, 14 thanh phan cta thudc khang thé lién hop trong liéu phap diéu
tri ung thu moi. Dan xuat cryptophycin-52 da duoc dua vao thir nghiém pha II trong
diéu tri ung thu budng tring khang platinum [Weiss C., 2017]. Ty 1é phat hién cac
hop chét cé ciu tric méi ngay cang ting, cho thiy VKL c6 tiém nang tré thanh nguon

dugc liéu thay thé cho ngudn cdy duoc liéu truyén thong hay cac loai vi sinh vét kinh
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dién nhu nam soi1 va xa khuan.

1.3.3. Co ché tic ding Ién té bao ung thw béi cdc hoat chit tir vi khudn lam

Céc hoat chat tir VKL c6 kha ning twong tic voi cac phan tir dich quan trong
va kich hoat qua trinh chét té bao ung thu theo chuong trinh mét cach co kiém soat
(apoptosis). Mot s6 co ché tic dong chinh 1én té bao ung thu cia cac hoat chat tir
VKL bao gdm: giy ngimg chu ky té bao; kich hoat con dudng apoptosis cua té bao
thong qua diéu hoa biéu hién ho enzyme caspase, thay d6i biéu hién ho protein Bcl-

2 va e ché kha nang di cu cua té bao ung thu.
1.3.3.1. Lam ngirng (bt gitk) chu trinh té bao

Chu trinh té bao 13 qua trinh sinh hoc thiét yéu diéu khién sy ting truéng, nhan
d6i DNA va phan chia té bao. Viéc 1am gian doan qua trinh nay c6 thé dan dén suy
giam kha ning séng din dén kich hoat su chét theo churong trinh (apoptosis) cua té
bao. Nhiéu hop chat tir VKL da duoc chimg minh ¢6 kha ning lam ngimg (bat gitr)
chu trinh té bao, dic biét thong qua tac dong 1én cac protein tham gia hinh thanh bo
khung té bao nhu soi tubulin va actin hay pha v& ciu trac thoi vo sic. Tiéu biéu 1a
cac hop chit trong ho dolastatin va dan xuat ciia né nhu symplostatin 1 thuéc nhom
peptide phan 1ap tir mot sé chung VKL sbng ¢ bién gay dimg chu ky té bao tai pha
G2/M [Luesch H., 2000; Mooberry S.L., 2003]. Tuong tu, cryptophycin 52
(depsipeptide vong phan 1ap tir ching Nostoc sp.) gdy rdi loan sy hinh thanh thoi vo
sdc va dan dén 1am dung chu ky té bao & pha G2/M hay hop chit calothrixin A - mot
indole phenanthridine pentacyclic - c6 kha ning gdy nging chu trinh té bao tai pha S
cla té bao ung thu bach ciu [Drew L., 2002; Xu S., 2016]. Ngoai ra, hop chét
hectochlorin va lyngbyabellin gy bét giit chu trinh té bao ung thu lypho Burkitt bang
cach 1am ting d6 day bo khung té bao (g0m soi actin, vi dng va soi trung gian), dong
thoi 1am ting dang ké ty 1¢ té bao hai nhén, tir d6 1am ding chu trinh té bao & pha
G2/M [Luesch H., 2000; Ramaswamy A.V., 2007]. M6t s6 hop chét khac tac dong
1én pha G1 nhu apratoxin A (tir Lyngbya sp.) gdy ngimg chu trinh tai pha G1 trén té
bao ung thu co tir cung HeLa & nong d6 50 nM, hay largazole phan lap tir loai
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Symploca sp. giy dung chu trinh t& bao tai pha Gl va kich hoat sy thoai héa
proteasome cua E2F1 & mot sb dong té bao ung thu phéi [Ma D., 2006; Wu L.C.,
2013].

Bén canh d0, protein trc ché khdi u p53 (duoc ma héa boi gen TP53) dong vai
trod then chét trong qua trinh kiém soat chu trinh té bao thong qua cam tng vdi cac tin
hiéu stress ndi bao dic biét la ton thuong DNA. Khi DNA bi ton thuong, p53 tac dong

tang muc dong bicu hién gen CDKNIA (p21) ma héa protein p21WAF/CIPI

, protein
nay gan véi cyclin-dependent kinases (CDK) va tic ché qua trinh phosphoryl héa Rb,
dan dén ngimg chu trinh té bao tai pha G1/S [Vogelstein B., 2000]. Pong thoi, p53
con kiém soat biéu hién gen GADD450 ma héa protein GADD45a ¢ vai diéu hoa
chu trinh té bao tai diém kiém soat G2/M va tham gia sira chita DNA [Vogelstein B.,
2000; Wang X.W., 1999]. Ngoai ra, khi DNA khong dugc stra chita, p53 con c6 kha
nang hoat hoa céac protein tién apoptosis nhu BAX va PUMA, lam tang tinh tham
mang ty thé, giai phong cytochrome ¢ va kich hoat chudi caspase dan dén qua trinh
apoptosis cia té bao [Vogelstein B., 2000]. Nhd nhitng co ché nay, p53 duoc xem
nhu mot “ngudi gac cong” di truyén, ngan chin sy nhan doi cua cac té bao c6 DNA
bi ton thuong, tr d6 han ché su tién trién 4c tinh cua té bao ung thu. Trong khi do,
gen CDKN2A4 (p16) ma hoa protein pl6™&* ¢ ché thy thé CDK4/6, ngin sy
phosphoryl hda Rb tir d6 cling gdy ngirng chu trinh ¢ pha G1 [Serrano M., 1993; Kim
W.Y., 2006]. M6t s6 hop chat phan 1ap tir vi khuan lam c6 kha ning ting mirc d6
biéu hién gen mi hoa p53, p21 va pl6 tir d6 giy ngimg chu trinh té bao nhu
cylindrospermopsin, cryptophycin 52, largazole [Bain P., 2007; Drew L., 2002; Hu
Z.,2006, Wu L.C., 2013].
1.3.3.2. Kich hoat con duwong apoptosis

Apoptosis 13 qué trinh t& bao chét mot cach ¢ kiém soat. N6 1a co ché thiét
yéu duoc dic trung boi nhitng thay doi sinh hoa va hinh thai té bao nham duy tri cin
bang ndi moi va loai bo cac té bao bat thuong. Qua trinh nay duoc dién ra thong qua
hai con dudng tin hi€u: noi sinh (intrinsic pathway) va ngoai sinh (extrinsic pathway).

Trong d6 con duong ndi sinh dugc kich hoat boi céc stress ndi bao nhu tdn thuong
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DNA, thiéu oxy, stress noi bao (rdi loai chirc ning ty thé), ... Qua trinh nay chu yéu
lién quan dén rdi loan chirc nang ty thé dan dén viéc thay doi tinh ban thim ctia mang
ty thé va giai phong cytochrome C vao bao twong. Song song do6, con dudng ngoai
sinh (extrinsic pathway) co thé duoc kich hoat bai su gén két cua cac ligand dac hi¢u

vao thu thé chét trén bé mit té bao [Cavalcante G.C., 2019].
* Diéu hoa biéu hién ho enzyme caspase

Caspase thugc nhom enzyme protease cysteine dong vai tro quan trong trong
viéc kich hoat qua trinh apoptosis cua té bao duoc ma hoa boi ho gen CASP. Ho
enzyme caspase dugc chia thanh 3 nhom chinh 1a nhoém caspase khoi phat (initiator
caspase); caspase thuc thi (executioner caspases) va caspase viém (inflamatory
caspase). Trong d6 caspase 8 va caspase 9 dong vai trd nhu hai “céng tic” chinh trong
nhom caspase khoi phat co vai tro nhan tin hiéu gy chét dé khoi dong qua trinh
apoptosis. Caspase 8 dugc kich hoat boi tin hi€u ngoai bao nhu FasL - Fas, TNF -
TNFR, TRAIL - DR4/5 d kich hoat con dudng apoptosis ngoai sinh con caspase 9
duoc kich hoat boi cac tin hiéu ndi bao nhu tén thuong ty thé tir d6 kich hoat con
duong apoptosis ndi sinh. Enzyme caspase 3 1a “caspase chinh” trong nhém caspase
thuc thi dugc hoat hoa bdi cac caspapse khéi phat, dong vai trd trung tdm tham gia
vao ca con duong apoptosis ndi sinh va ngoai sinh [Fan T.J., 2005].

Mot s6 hop chat thir cAp c6 ngudn gde tir VKL ¢6 kha ning diéu hoa chudi phan
g caspase, qua d6 kich hoat con duong apoptosis hiéu qua trén nhiéu dong té bao
ung thu. Cao chiét tir mot sb loai VKL thudc chi Anabaena c6 kha nang kich hoat
qua trinh apoptosis trén dong té bao bach cau cip tay (AML) thong qua co ché hoat
hoa enzyme caspase, tir d6 lam ting dang ké so luong té bao chét theo chuong trinh
so v6i miu dbi chimg. Ngoai ra, cic cao chiét ndy con trc ché tic dung bao vé cua
protein LEDGF (p75) khi protein nay duogc biéu hién qua muc trong té bao AML gitp
té bao ung thu khang lai v6i hoa trj [Oftedal L., 2010].

Céc hop chat nhu symplostatin 1, biselyngbyaside, cryptophycin, dolastatin 10,
dolastatin 15 va curacin A tac dong hoat hda enzyme caspase-3 tur do kich hoat con

duong apoptosis ctia nhiéu dong té bao ung thu nhu ung thu vi MDA-MB-435, ung
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thu biéu mé budng trimg SKOV3, ung thu phdi A549 [Catassi A., 2006; Mooberry
S.L., 1997; 2003; Yonezawa T., 2012]. Drew va cong su (2002) da chi ra réng hop
chét cryptophycin 52 c6 vai trd hoat héa ca enzyme caspase-1va caspase-3 tir d6 khoi
dong qua trinh apoptosis cia mot s6 dong té bao ung thu tuyén tién liét LNCaP, PC-
3 va DU-145 [Drew L., 2002]. Bén canh do, hop chét somocystinamide A, mot
lipopeptide phan 14p tir loai Lyngbya majuscula c6 kha ning trc ché su tang sinh khoi
u trén nhiéu dong té bao ung thu nhu Jukrat, ung thu bach cau CEM, ung thu phdi
A549, ung thu via MCF-7 va ung thu tuyén tién liét PC-3 thong qua kich hoat enzyme
caspase-8 [Wrasidlo W., 2008].

* Piéu hoa biéu hién ho protein Bcl-2

Ho protein Bcl-2 12 nhom protein ndm trén mang ngoai ty thé, dong vai trd quan
trong trong diéu hoa qua trinh apoptosis ctia t& bao theo con dudong nodi sinh. Ho
protein ndy gdm hai nhom 14 protein tién apoptosis (pro-apoptotic) gdm cac protein
Bad, Bax, Bak c6 chiic ning ting tinh thim mang ty thé dé giai phong cytochrome C
kich hoat qu4 trinh apoptosis theo con duong ndi sinh. Nhom protein trc ché apoptosis
(anti-apoptotic) gdm céc protein Bcl-2, Bel-xL gitp bao vé tinh toan ven mang, tc

ché qué trinh chét té bao.

Nhiéu nghién ctru chi ra ring mot s6 hop tir VKL ¢6 kha nang &rc ché manh hoat
tinh cta protein Bcl-2 va Bel-xL trong té bao ung thu. Cac hop chét nay thuong tac
dong thong qua co ché phosphoryl hoa, tir d6 lam giam hoat tinh ctia cic protein
chdng apoptosis. Chang han, hop chat symplostatin 1 c6 kha ning trc ché sy sdng sot
ciia té bao ung thu va ngudi thong qua viéc phosphoryl hoa va tc ché Bcl-2
[Mooberry S.L., 2003]. Tuong tu, cryptophycin 52 lam tdng phosphoryl héa Bel-2 va
Bcl-xL, ting murc do biéu hiéu cua gen BAX tir d6 kich hoat con dudng apoptosis ciia
dong té bao ung thu tién liét tuyén nguoi LNCaP [Drew L., 2002]; dolastatin 10 ciing
kich hoat phosphoryl hoa Bel-2 trén dong té bao bach cau [Kalemkerian G.P., 1999].

Ngoai ra, mot s6 hop chat phan lap tir VKL con c6 tac dong hoat hoa protein

tién apoptosis. Catassi va cong sy (2006) di chi ra ring cic hop chit curacin,
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dolastatin 10 va 15 ¢6 thé rc ché qua trinh phosphoryl hoa protein Bad tai vi tri serine
136 & dong té bao ung thu phdi A549, tir d6 hoat hoa protein Bad, di chuyén vao ty
thé va giai phéng cytochrome C, dan dén apoptosis té bao théng qua hoat hoa caspase-

3 [Catassi A., 2006].
1.3.3.3. Uc ché kha nang di cw cua té bao

Kha ning di cu 1a mot trong nhitng dic diém dién hinh cta té bao ung thu phan
biét so véi té bao thuong. N6 phan dnh kha nang xam nhép, di chuyén cia té bao ciing
nhu méi lién hé chit chd véi qua trinh di can cua té bao ung thu. Vi vay, trc ché duoc
qua trinh di cu cta té bao dong vai trd quan trong trong diéu tri ung thu [Ohgami N.,
2015]. Co ché diéu hoa qua trinh nay dugc kiém soat boi nhiéu con dudng tin hiéu
khac nhau vo1 sy tham gia ctia cac phan tur then chét nhu Integrin, N-cadherin, FAK,
PI3K va AKT [Ohgami N., 2015; Thang N.D., 2015;]. Sy ting biéu hién N-cadherin
thuc day tuong tac véi integrin, kich hoat enzyme focal adhesion kinase (FAK). Sau
d6, FAK hoat héa enzyme phosphoinositide 3 — kinase (PI3K), din dén tao PIP3 va
hoat hoa enzyme kinase B (AKT). AKT hoat héa gitp tai to chitc bd xuwong actin,
hinh thanh cdu trac lamellipodia va filopodia, dong thdi bao vé té bao khoi anoikis,

tir d6 tang kha ning di cu va xam lan cua té bao ung thu (Mitra S.K., 2006).

Mic du VKL dugc xem 1a ngudn phong phi cta cic hop chat tu nhién c6 hoat
tinh sinh hoc, nhung cac nghién ciru vé kha nang trc ché su di cu cia té bao ung thu
tir cao chiét hodc hop chét phan lap tir nhém sinh vét ndy van con han ché. Mot s6
nghién ctru da cho thdy hop chét coibamide A trc ché kha ning di cu ciia dong té bao
ung thu ndo U87-MG; majusculamide D e ché su di cu va ting sinh cua té bao ung
thu tuyén tuy [Serrill J.D., 2016; Zhao X., 2024]. Bén canh do, hop chét
Isomalyngamide A va A1 phan lap tir loai Lyngbya majuscula c ché sy di cu cia
dong té bao ung thu vi MDA-MB-231 & ndng do 0,06 va 0,337 uM bang cach bat
hoat cac phan tir p-FAK, FAK, p-AKT va AKT thong qua con dudng trc ché integrin
B1[Chang T.T., 2011]. Polysaccharide ttr chung Nostoc commune NVPS c6 kha nang
trc ché manh su di chuyén té bao ung thu phdi té bao nho (SCLC) thong qua tc ché
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tin hiéu integrin p1/FAK, ngin chin EMT, giam MMP-9, va tc ché JAK1/STAT3
[Guo M., 2016].

1.4. Ung dung cia vi khuin lam trong linh vue dwgc phim

Vi khuan lam 13 nhém vi sinh vat quang ty dudng c6 kha ning tong hop nhiéu
hop chét c6 hoat tinh sinh hoc gitp chung thich nghi v6i diéu kién méi truong khic
nghiét va chéng lai su canh tranh tir cac sinh vat khac [Mazard S., 2016]. Bén canh
d6, v6i uu diém téc do sinh truong nhanh, dé nudi cdy va chi phi thap, VKL c6 tiém
nang 16n dé san xuat & quy mo cong nghiép. Nho vao nhitng dic tinh sinh hoc va hoa
hoc doc d4o nay, chiing dugc coi 1a ngudn nguyén liéu méi tiém ning thay thé cac

ngudn nguyén lidu truyén théng trong nganh duge, my pham.

Céc hop chét scytonemin va mycosporine-like amino acids (MAAs) duoc tong
hop tir nhiéu loai VKL gitip bao vé té bao khoi ton thuong do birc xa UV duogc dung
dé san xuat kem dudng da, kem chéng nang hiéu qua [Derikvand P., 2017]. Khong
chi vay, VKL con dugc coi 1a ngudn cung cip doi dao cac chit dinh dudng co gia tri
nhu polysaccharide, protein, axit amin, axit béo thiét yéu, enzyme, vitamin va khoang
chat. Noi bat 1a cac loai VKL thudc chi Athrospira chang han Arthrospira maxima,
A. platensis (voi tén thuong mai 1a tao xoan - spirulina) c6 chtra ham luong protein
rat cao tir 51 - 71% sinh khéi kho, vitamin B12 va sét - nhiing vi chat thiét yéu cho
hé than kinh, qué trinh tao DNA va huyét sdc tb [Khan Z., 2005]. Ngoai ra, cac sdc
t6 ty nhién tr VKL nhu carotenoid (beta-carotene, zeaxanthin, canthaxanthin) va
phycobiliprotein (phycocyanin) vira dugc ding 1am chat tao mau thuc pham, vira ¢6
tac dung chong oxy hoa, phong ngira ung thu, bénh tim mach va thoai héa diém vang

[Torregrosa-Crespo J., 2018].

Bén canh d6, nhiéu loai VKL con san sinh lugng 16n cac hop chat thir cap co
hoat tinh sinh hoc cao nhu giy doc té bao, khang khuan, khang nam, khang virus,
chéng oxy héa, chong viém, wc ché lipoprotein mat d6 thip (LDL - Low-Density
Lipoprotein) va tac dung ha triglyceride ing dung trong nganh dugc pham. Tir 1500

nim trude Cong nguyén, loai Nostoc sp. di duoc st dung dé diéu tri bénh Gout va
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mot 86 loai ung thu [Liu X.J., 2003]. Tuy nhién, cac nghién ctru vé hop chat co hoat
tinh sinh hoc tor VKL chi dugc quan tam nhiéu tir nam 1982 sau khi cac nha khoa hoc
tai truong Dai hoc & Hawaii phén l4p dugc hop chit lyngbyatoxin A va aplysiatoxin
tir loai Lyngbya majuscule c6 hoat tinh (¢ ché t& bao ung thu manh [Moore R.E.,
1982]. Tir ndm 1983 dén 1994, khoang 80% thudc khang khuan va chong ung thu
dugce phé duyét c6 ngudn gde tir nguyén lidu ty nhién. Bén canh d6, cac hop chat
chiét xuat tir VKL con c6 tac dung hd trg diéu hoa huyét ap, cai thién viém mii di
ing, ting cudng mién dich, kiém soat duong huyét, hd trg stc khoe tim mach va ting
cudng co bap. Mot s6 hop chat co tac dung diéu hoa mién dich thiic day su phat trién
cua h¢ vi sinh vat c6 lgi cho duong rudt [Furmaniak M. A., 2017].

Khong nhitng vay, nhiéu chét thir cdp tir VKL da dugc tng dung thuong mai
rong rai, dic biét trong nganh my pham va thuc phdm chirc nang. Dy kién dén nam
2026, thi trudng tao toan cau s& dat 6,09 ty USD véi tc do ting truong 6,7% moi
nam, riéng thi truong VKL duoc dy bao ting truong gap doi trong giai doan 2018 -
2025. Trong d6, cac san pham san xuat tir sic to phan 1ap tir VKL nhu phycocyanin
va phycoerythrin chiém ty trong 16n trong cac san pham thuong mai, dién hinh 1a cac
san pham C-Phycocyanin, PhycoLink®, PhycoPro™, Lightning Link® C-PE va
Streptavidin C-Phycoerythrin. Gan day, hop chat Methylsilanolspirulinat chiét xuat
tur Arthrospira platensis va Limnospira maxima da dugc dua vao co s¢ dir liéu thanh
phan my pham cta Lién minh Chau Au (EU) dung cho san pham chiam soc da. Bén
canh do6, sinh khéi tir loai Aphanizomenon flos-aquae (tao Klamath) duoc sir dung
lam thanh phan chinh trong nhiéu loai m§ phadm nhu mit na phuc hdi toc “Blue Green
Algae” do cong ty Aubrey Organics (M) san xuat. Diéu nay cho thiy tiém ning 16n
ciia VKL trong cong nghiép my pham.

Ngoai ra, nhiéu hop chat ty nhién tir VKL di duoc nghién ctru va phat trién
thanh thudc chdng virus va diéu tri ung thu da dugc thuong mai (Bang 1.1). Tir 1992
dén nam 2020, trén thé gii da co 21 bang sang ché dugc cap cho nhiéu hop chét co

hoat tinh sinh hoc sinh ra ttr VKL [Verma S., 2022].
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Bang 1.1. Cac hop chit khang virus va té bao ung thu tir VKL d3 duoc thwong mai

Hoat tinh | Ching VKL Tén san pham thwong mai Cong ty
Thudc Spirulina Apogen®  Children Granules, | Far East Bio-
khang Apogen® Children Chewables, | Tec. Co. Ltd.
virus Apogen® Lozenges 400 mg | (FEBICO)
Tablets, Apogen® capsules, (Nangang, bDai
Arthrospira ApoX Surface Anti-Viral Spray Bic, Dai Loan)
FEM-101
Spirulina Apogen® Liquid Tincture
Spirulina (hoat | Apomivir® (thuéc khang virus
chat FB-1603) | méi)
Aphanizomenon | Blue - Green Algae from Klamath | Source Naturals,
flos-aquae Lake Inc. (California,
My)
Aphanizomenon | Blue - Green Algae from Klamath | Sunny  Greens
flos-aquae Lake - 1000 MG (Utah, My)
Thudc tri | Symploca Brentuximab vedotin 63 | Seattle Gentics
ung thu hydnoides, (Adcetris™) (dang thudc lién hop | (Bothell, WA,
Lyngbya khang thé) My)
majuscula
Lyngbya sp. Glembatumumab vedotin Celldex
Therapeutics,
Inc.
(Phillipsburg,

New Jersey, My)

Nostoc sp. GSV
224

Cryptophycin 1

Merck Pvt. Ltd.
(My)

(Nguon: Verma S. va cong su, 2022)
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1.5. Cac nghién ctru vé vi khuén lam tai Viét Nam
1.5.1. Cdc nghién civu vé da dang vi khudn lam

Viét Nam 1a qudc gia nam trong khu vure khi hau nhiét d6i gié mia am véi tiém
nang da dang sinh hoc cao trong do c6 da dang VKL. Cac nghién ctru phan loai VKL tai
Viét Nam duogc thuc hién tir nhitng nam 1960 véi nghién ctiru cia Cao Ngoc Phuong va
cong su (1964) va Hortobagyi (1967 - 1969). Pang cht ¥, nim 1996, Duong Dirc Tién
lan dau tién x4y dung hé thong phan loai VKL tai Viét Nam ghi nhan 262 loai va dudi
loai thudc 61 chi tir méi truong dat rudng lua va nudc ngot [Duong Purc Tién, 1996].
Sau d0, nhiéu nghién ctru khac tiép tuc bo sung dit liéu vé da dang VKL tai cac hé sinh
thai khac nhau. Chang han, V& Hanh va cong su (2006) da phan loai duoc 26 loai VKL
c6 té bao di hinh tir dat nong nghiép tinh Pak Lak, trong khi Nguyén Thi Thu Lién (2007)
ghi nhan 33 loai tir cac thiy vuc & thanh phd Hué, trong d6 ¢6 18 loai méi duoc ghi nhan
tai Viét Nam [VS Hanh, 2006, Nguyén Thi Thu Lién, 2017]. Ngé Thi Trang va cong
su (2012) phat hién dugc 6 chiung VKL thudc cac chi Jaaginema, Phormidium va
Microcystis tr thity vuc Ha N§i [Ngd Thi Trang, 2012]; Pham Thi Binh Nguyén va
cong su (2020) xac dinh 47 loai tir cac thuy vuc & Tra Vinh [Pham Thi Binh Nguyén,
2020]. Piac biét, Nguyén Puc Dién va cong su (2018) cong bd danh luc gdm 75 loai va
dudi loai VKL ¢6 té bao dj hinh phan lap tir dat tréng tai Viét Nam, trong do 32 loai dac
hitu viing nhiét d6i [Nguyén Dtrc Dién, 2018]. Nhin chung, cic nghién ctru d phan anh
16 sy da dang va phong phu ctia VKL tai Viét Nam, dong thoi cho thay tiém ning 1on
trong viéc phat hién cac loai VKL méi ¢ nudc ta. Tuy nhién, phan 16n cac nghién ctru
trén van dua trén ddc diém hinh thai, d& gay thiéu chinh xé4c trong dinh danh céc loai

VKL.

Cung v6i su phat trién ctia cong nghé sinh hoc, cac nha khoa hoc trong nudc da ap
dung céc k¥ thuat sinh hoc phan tir hi¢n dai trong phan loai VKL ¢ Viét Nam. Hoang
Phuong Ha va cong su (2003) da phén loai dugc 3 ching VKL thudc chi Anabeana bang
phuong phap phéan loai truyén thong két hop phan loai phén tir duya trén trinh tuy gen 16S
rRNA [Hoang Phuong Ha, 2003]. Sau d6, H5 S§ Hanh va cong su (2006) di st dung
k¥ thuat RAPD-PCR dé phan tich tinh da dang di truyén ciia 5 loai VKL thudc chi
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Calothrix phan 1ap & dat trong lta tinh Dak Lak [H6 S§ Hanh, 2006]. Dén nim 2017,
nhom nghién ctru ciia Pham Thi Luong Hang va cong s 1an dau tién cong bd vé da dang
cta 13 chung VKL thudc ho Nostocaceae phan lap tir dat ruéng lua & Thira Thién Hué
dwa trén phuong phap tiép can da chiéu [Pham H.T.L., 2017]. Bén canh d6, Nguyén
Puc Bach va cong su (2021) cling da thanh cong dinh danh chung Arthrospira platensis
VQ-VN béng danh gié trinh tyr doan gen 16S rRNA két hop phan tich dic diém hinh thai
[Nguyén Puc Bach, 2021]. Maltseva va cong su (2022) cong bd duoc loai Aliinostoc
vietnamicum - 1oai VKL méi duoc phan 1ap tir dat rimg & vuon Qudc gia Cat Tién, gop
phan khang dinh tiém ning trong viéc phat hién va mé ta cac loai VKL méi & nudc ta
[Maltseva S., 2022].

1.5.2. Cdc nghién ciru vé hoat chit sinh hoc tiv vi khudn lam

Trong nhirng nim gan day, nghién ctru vé hop chat ¢ hoat tinh sinh hoc tir VKL
¢ Viét Nam da duoc cac nha khoa hoc quan tam nhiéu. Nam 2011, Nguyén Tién Pat
va cong sy 1a nhom dau tién cong bd kha ning sinh hop chét (e ché dong té bao ung
thu cia 4 chiung VKL thudc chi Microcystis va Anabeana phan 1ap tai thuy vuc nudc
ngot Viét Nam. Nghién ctru di cho thiy cao chiét tong s tir ca 4 ching nay déu co
doc tinh té bao dbi voi té bao ung thu ¢o tir cung HeLa. Hop chat Ergosterol phan lap
tir ching M. aeruginosa TC-3 @c ché manh si hoat hoa NF-BB véi gia tri ICso 12 0,91
ng/ml [Nguyen T.D., 2011]. Nam 2017, Pham Thi Luong Hang va cong su ciing
cong bd vé kha ning wrc ché dong té bao ung thu vt (MCF7), ung thu dai truc tring
(HCT116) va ung thu gan (HepG2) cua 26 cao chiét tong s tir 13 ching VKL phan
lap tir dat rudng lua ¢ tinh Thira Thién Hué véi gia tri ICso tir 47,8 pg/ml dén 232
pg/ml [Pham H.T.L., 2017].

Bén canh do, cac nghién ctru vé hoat tinh khang vi sinh vat cta cao chiét VKL
cling dugc quan tdm nhiéu hon. Lé Thi Anh Tuyét va cong su (2011) thanh cong phan
tach duoc hop chét flourensandiol tir loai Anabaena sp. phan 1ap tai tinh Pak Lik co
hoat tinh khang khuin manh [Lé Thi Anh Tuyét, 2011]. Nguyén Thi Thu Lién va
cong su (2017) di sang loc duge 11 trong s6 20 ching VKL phén 1ap tir dat rudng

lta tinh Thira Thién Hué Grc ché dugc céc chung vi sinh vat gay bénh trén nguoi voi
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duong kinh vong khang khuén tir 4,5 - 9,0 mm [Nguyén Thi Thu Lién, 2017]. Cing
nam d6, Pham Thi Lwong Hang va cong sy (2017) ciing d3 thanh cong sang loc duoc
11 trong s6 13 chung VKL thudc ho Nosctocaceae thé hién kha ning tong hop dugc
hop chat co hoat tinh khang cac chiing vi khuan Gram dwong, Gram am, trong d6 cao
chiét methanol tir ching Nostoc sp APD4 trc ché manh nhét ching vi khun Bacilus
subtilis v6i duong kinh vong khang khuén 1a 23,3 mm [Pham T.L.H, 2017]. Cao Thj
Hué va cong sy (2017) da cho thdy cao chiét tir chung tao xodn S. platensis BM thé
hién hoat tinh khang 3 ching vi khuan Gram dwong 13 E. faecalis, S. aureus va B.
cereus va mot chung nam C. albicans v&i ndng do tc ché tdi thiéu tir 16 - 64 pl/ ml
[Cao Thi Hu¢, 2020]. Nam 2022, Nguyén Vin Kién va cong sy 1an dau tién cong bd
kha nang wc ché vi khuan Vibrio parahaemolyticus giy bénh chét sém trén tom cia
mot s6 chung VKL phén 1ap tai Viét Nam. Két qua cho thay, ching NK1111 thudc
ho Nostocaceae c6 kha nang lam giam 95,6% nong do vi khuan V. parahaemolyticus
sau 96 gid cung nudi va cao chiét MeOH tir chung nay da e ché dugc 83,9% vi
khuan & nong d6 2,5 mg/ ml. Piéu d6 chimg té chimg NK1111 ¢6 kha nang san sinh
hop chét c6 hoat tinh trc ché vi khuan gy bénh trén tom [Nguyén Vin Kién, 2022].
Nhom da thanh cong tao ra mang sinh hoc ty dudng két hop gitta chung vi khuan lam
NK 1111 véi vi tao tre ché duoc 99,6% vi khuan V. parahaemolyticus sau 120 gid thir
nghiém [Pham Thi Luong Hang, 2025]. Cac két qua nghién ctru cho thay tiém ning
ung dung hop chit c6 hoat chat sinh hoc tir VKL & Viét Nam rét 16n va can duoc

nghién ctru sau hon.

42



CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong nghién ctru
2.1.1 Chiing vi khudn lam

Bdén muoi bay chung VKL duogc phan 14p tir dat rudng laa, dat ven séng & cac
tinh/ thanh phd Ha Noi (kinh do 21°00'N - 21°14'N, vi do 105°37'E - 105°51'E),
Hung Yén (20°20'N kinh d9, vi d0 106°15'E) va Thanh Hoa (kinh d§ 19°43'N -
20°27'N, vi @6 105°12'E - 105°50'E). Mau dat duoc thu & ba vi tri khac nhau trong
thoi gian tir thang 4 nam 2019 dén thang 12 nam 2021.

Bén canh d6, ba ching DL1, DL12 va PM3 di ¢ trong bo suu tap chung giéng
VKL cta nhém. Chung DL1, DL12 dugc phén lap bdi VO Hanh va cong su (2006)
tir mau dat trong lta va dat trong bong tinh Pak Lik [V Hanh, 2006]; ching PM3
dugc phan 1ap tir dat rudng laa huyén Pha Vang, TP. Hué boi PGS.TS. Nguyén Thi
Thu Lién, Vién Cong ngh¢ Sinh hoc, Pai hoc Hué.

Céc chung VKL thuan khiét dugc nudi giit trong méi truong BG11 (Phu luc 1)
[Rippka R., 1979] va luu trit tai BO mon Chuyén Sinh, Truong THPT Chuyén, Pai
hoc Khoa hoc Tu nhién, PHQG Ha Noi.

2.1.2. Chiing vi khudn kiém dinh

Bén chung vi khuan thir nghiém dung trong nghién ctru gom: Bacillus cereus
ATCC 14579, Staphylococcus aureus ATCC 25923, Streptococcus pneumoniae
ATCC 49619, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC
27852 dugc cung cép bo1 BO mon Vi sinh vat hoc, Khoa Sinh hoc, Trudong Pai hoc
Khoa hoc Tu nhién.

Céc chung vi khuan duoc bao quan ¢ -80°C s& dugc hoat hoa trong moi trudng
LB léng va nudi lic véi tbe dd 200 vong/ phut/ 37°C trong thoi gian 24 gio.

2.1.3. Dong té bao

Nim dong té bao A549 ATCC CCL - 185(té bao ung thu phoi), HeLa ATCC
CCL-2 (té bao ung thu ¢6 tir cung), OVCAR-8 ATCC CVCL-1629 (té bao ung thu
vi1), HaCaT ATCC CVCL-0038 (té bao tao sung da ngudi), HEK293 ATCC CRL-
1573 (t& bao than phoi nguoi) duge cung cip bai PTN nudi cay Té bao dong vat
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(Trung tdm Nghién cru Khoa hoc Sy séng, Khoa Sinh hoc). Cac dong té bao dugc
nudi ciy trong moi trudng DMEM hoidc RPMI 1640 b6 sung 10% huyét thanh thai
b0, 1% khang sinh Penicillin/Streptomycin trong tii nudi cy té bao duy tri & 37°C va
5% COa.

2.2. Hoa chit, thiét bi

Céc hoa chit chinh st dung trong nghién ciru gdm: Dung moi n-hexane, ethyl
acetate (EtOAc), methanol (MeOH) (Fisher- Han Qudc); khang sinh Ceftriaxone (Bio
industries - M¥), sac ky ban mong silica gel 60F254 (Merck- Ptc), Sephadex - LH20
(Merck- Duc), Silica gel 60 (0,040 - 0,063 mm, Merck- Ptic), PrepMan® Ultra
Sample Preparation Reagent (Applied Biosystems - M§), DMEM Low Glucose,
RPMI 1640 Low Glucose (Pan Biotech - DPuc), Penicillin/Streptomycin (Cytiva -
My), Fetal Bovine Serum (FBS, Gibco - M¥), kit MTT (Invitrogen - M¥), kit tach
RNA tong s6 (Gen JET RNA Purification Kit - Thermo Scietific - M¥), kit tong hop
cDNA (RevertAid First Strand cDNA Synthesis - Thermo Scietific - M), kit
Annexin V (Invitrogen - My), Propidium lodide (Invitrogen - My), RNase A (Merck
- M), ...

Céc thiét bi chinh str dung trong thi nghiém tai phong thi nghiém Hoa sinh va
sinh hoc phan tir, trung tim Khoa hoc su song, phong thi nghiém Trong diém Cong
ngh¢ Protein va Enzyme (KLEP), Dai hoc Khoa hoc va Cong ngh¢ Ha N6i (USTH)
bao gdm: Bé rtra siéu am (Elmasonic S40 - Puc); ta an toan sinh hoc (Esco -
Singapore), may c¢d quay chan khong; ti 4m nudi vi khuan (Incubator - Han quéc);
ta sdy (Memmert - Pirc); may lic; can dién tir (VNS - Trung Quéc); may ly tim lanh
Sigma 3K (Pc); bé 6n nhiét sinh hoc (Memmert - Dirc); may do quang pho ; may
do Nanodrop, may dong kho, kinh hién vi Zeiss Axioplan I, ti nudi té bao 37°C c6
diéu chinh CO» va 6 4m 5%, kinh hién vi, may realtime PCR, Tt 4m sau (-80°C), hé
théng do Flow Cytometer (BD FACSCanto II), hé théng sic ky long cao ap
(Shimazu), hé thong Acquity UPLC I-Class Plus két hop véi khéi pho ké Xevo G3
ESI/QTOF mass spectrometer (Waters Corporation - My).
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2.3. Phwong phap nghién ciru
Quy trinh thi nghiém duogc thyuc hi¢n theo so dd Hinh 2.1.

[ Thu mau dat ]

[ Phan lap VKL ]

Chung thuan

I}
Phan tich doan gen Nudi sinh khéi,
- 16S rRNA thu dich chiét téng sé
banh gia dac diém T T
hinh thai Xay dung cay phat Panh gia hoat tinh
sinh chung - loai cua cac dich chiét

]
Cao chiét co hoat
Danh phap khoa hoc tinh manh nhat

l !

Panh gia co ché tac Phan tach, tinh sach
dong cua cao chiét phén doan
Phan doan
c6 hoat tinh

Xac dinh thanh phan
hoat chat

Nhém hoat chat
tiém nang

Hinh 2.1. So d6 quy trinh thi nghiém

2.3.1. Cic phwong phdp phan lip va phén logi vi khudn lam
2.3.1.1. Phwong phdp thu mdu vi khudn lam

Céac mau vi khudn lam ngoai tu nhién duogc thu theo huéng dan ctia Graham va
cong su (2008). Mau dat duoc thu ¢ ting mat (0 - 2 cm), dién tich 10 x 10 cm. Mu
duoc 1€iy tai 3 vi tri khac nhau tai mdi diém thu mau cho vao mdi tdi nilon da ghinhan
vé dia diém, thoi gian va ngudi thu mau [Graham J.L., 2008].
2.3.1.2. Phuong phdp phan Idp vi khudn lam

Vi khan lam dugc phan lap theo phuwong phap cay trai trén dia thach theo mo ta
cua Andersen va cong su (2005) [Andersen R.A., 2005]. Pau tién, 1 g mdi mau dat
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dat rudng lta, dit ven song chira VKL dugc hoa trong mdi trudng BGo thanh dang
huyén phu, sau d6 hat 0,5 ml hdn hop nudi trong cac dia petri chira méi trudng thach
BGo (mdi truomg BG11 thiéu nitrate) theo phuong phap cdy vach. Cac dia duoc nudi
& diéu kién chiéu sang 12 gid sang/ 12 gio tdi, voi cuong do chiéu sang 10 pmol.m"
2 1. Céc khuén lac VKL moc sau 2 tudn s& duoc nhat ngau nhién va quan sat cac dic
diém vé mau sic, hinh dang soi, hinh thai té bao sinh dudng, té bao di hinh, té bao
nghi dudi kinh hién vi quang hoc. Budc nay duoc 13p lai nhidu 1an dé thu dugc dong
thuan (chung thuan). Cac chung thuan s& duoc nudi trong méi truong BG11 ¢6 bd
sung khéng sinh augmetin néng d6 10 pg/ml dé thu dugc cac ching thuan khiét khong
nhiém cac loai vi sinh vat khéc.
2.3.1.3. Quan sat va phan tich hinh thai

Céc ching VKL thuan khiét duwoc danh gia dic diém hinh thai dudi kinh hién
vi huynh quang Zeiss Axioplan II dugc két nbi véi may anh ky thuat s6 BUCSF-
2000C. Cac dic diém hinh thai dugc quan sat bao gdm hinh dang, mau sic soi, hinh
thai ctia té bao dau soi, su hién dién cta té bao di hinh, t& bao nghi va bao nhay. Hinh
thai cia mdi ching duoc quan sat va chup anh lap lai 3 ngay/ lan trong thoi gian 10
tuan. Kich thudc cua té bao sinh dudng, té bao di hinh, té bao nghi (chiéu rong, chiéu
dai) dugc do 13p lai 30 1an trén mau té bao séng theo mo ta cia Pham Thi Luong
Hang va cong sy (2017) [Pham T.L.H., 2017].
2.3.1.4. Tach chiét DNA tong sé, khuéch dai va gidi trinh tw doan gen 16S rRNA

Quy trinh tach chiét DNA téng s6 cac chung VKL duogc thyc hién theo mo ta
cua Boyer S.L. va cong su (2001; 2002). Moi chung duogc nuoi 2 tuan trong moi
truong BG11 dé thu sinh khéi tuoi. Sau d6, 50 mg sinh khi twoi dugc chuyén sang
ong eppendorf 1,5 ml va b sung 100 ul dung dich PrepMan (Applied Biosystems,
USA). Mau duoc 0 & 96°C trong 5 phut va ly tim & toc do 12.000g/ 4°C trong 10
phut. Tiép theo, dich ndi duwoc chuyén sang dng eppendorf méi va duoc pha loang 5
1an bang dung dich tris-HC1 10 mM, pH = 8,0. Mau DNA tdng s6 duoc bao quan ¢ -
20°C va str dung tryc tiép 1am khudn mau trong phan tmg PCR khuéch dai doan gen
16S rRNA [Boyer S.L., 2001; 2002].
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Mot phan ctia gen 16S rRNA dugce khuéeh dai thong qua k¥ thuat PCR 16ng st
dung ba mdi 1R, 2F va 6R theo Boyer va cong su (2001; 2002) [Boyer S.L., 2001;
2002]. Pau tién, cap mdi 2F/1R duge st dung dé khuéch dai doan gen 16S va vung
ITS véi kich thude khoang 1600 bp; sau d6, san pham cta phan tng PCR 1an 1 duoc
dung lam khuén dé thue hién phan tng PCR 14n 2 v6i cip mdi 2F/ 6R nham khuéch
dai mot phan doan gen 16S rRNA c6 kich thude khoang 991 bp (xap xi 1000 bp).
Trinh ty cac mdi, vi tri gan moi va thanh phan phan tmg PCR duoc thé hién ¢ Bang
2.1 va 2.2. Chu ky nhiét PCR goém 3 budc chinh nhu sau: (1) budc bién tinh ban dau
& 95 °C trong 2 phut; (2) 40 chu ky 13p lai (bién tinh & 95 °C trong 20 gidy, gan moi
& 56 °C trong 20 gidy, kéo dai ¢ 72 °C trong 1 phit 30 gidy); va budc (3) kéo dai cudi
cung ¢ 72 °C trong 10 phat [Pham T.L.H., 2017].

Bang 2.1. Trinh tw mdi cho phan tmg PCR

Mbi Trinh tw (3’ - 5°) Vi tri TLTK

2F | GGG GGA TTT TCC GCA ATG GG 359-78 [Boyer S.L.,

IR | CTC TGT GTG CCT AGG TAT CC 2645 | 20012002
6R | GAC GGG CCG GTG TGT ACA 1334-50
Béng 2.2. Thanh phan phan tmg PCR
Thanh phin Thé tich (ul) Nong do
Master mix 2X (GoTaq®, Promega, US) 15
Moi xubi (F) 1 0,3 M
Moi nguoc (R) 1 0,3 uM
DNA tong sd 1 5 ng/ ul
H>O (free DNAase) 12
Tong thé tich 30
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San pham cta phan tng PCR dugc dién di kiém tra chit luong trén gel agarose
1% (pha trong dém TAE, b6 sung 1 pl thudc nhudém redsafe) chay trong dém TAE
1X véi thoi gian 25 phat & hiéu dién thé 100V. Kich thuée cua cac bang DNA dugc
quan sat dudi dén UV va so sanh voi thang chuan (DNA ladder 1kb - Cleaver
Scientific Ltd, Anh) dé xac dinh kich thuéc bang. Cac san phim PCR khuéch dai
thanh cong (bang DNA sang 13, kich thudc gan 1000 bp) dugc gui t6i cong ty First
Base, Malaysia dé giai trinh ty hai chiéu theo phuong phap Sanger.
2.3.1.5. Xay dung cay phat sinh chung - loai

Trinh tu doan gen 16S rRNA cua cac chung VKL sau khi giai trinh tu s€ dugc
trich xuat bang phan mém Snapgene Viewer va tim kiém céc trinh tu tham chiéu trén
co s& dir liéu cua ngan hang gen thé giéi (GenBank) bing cong cu BLAST
[http://blast.ncbi.nlm.nih.gov/Blast.cgi]. Cac trinh tu tham chiéu dugc lua chon khi

c6 d6 twong dong vé trinh ty doan gen 16S rRNA 16n hon 98,65% - chi s6 gii han
dé xép cac chung vi khuan lam vao cing mot loai theo Kim va cong su (2014) [Kim
M., 2014]. Bén canh do, trinh tu doan gen 16S rRNA ctia mot s6 loai chuan (type
species) thudc cac bo Synechococcales, Spirulinales, Pleurocapsales, Oscillatoriales,

Gloeobacterales, Chroococcales, Chroococcidiopsidales trong co s¢ dir liéu cua

https://www.algaebase.org/ dugc st dung lam nhom ngoai (outgroup) khi xay dung
cay phat sinh chung - loai.

Trinh tu doan gen 16S rRNA cua cdc chung trong nghién clru va cac trinh tu
tham chiéu duoc giong hang trinh ty bang cong cu MAFFT v7 [Katoh K., 2013]. Cac
trinh tu ¢6 d6 dai khic nhau s& dugc cin chinh, loai bo nhitng phan khong tring khép
& hai dau. Két qua giong hang trinh ty dugc trich xuét thanh tép luu trit & dinh dang
“ FASTA”. Sau d6, dit liéu trinh ty sau khi giong hang dugc dung dé xay dung cay
phat sinh chiing - loai bang phan mém phan tich MEGA 12 (Molecular Evolution
Gentic Analysis ver.12.0) theo phuong phap Maximum Likelihood (ML) v4i m6 hinh
tién hoa K2+G+I (K2: Kimura 2 parameter, G+I: Gamma distributed with Invariant

sites) va gia tri bootstrap 1a 1.000 1an lap lai [Kumar S., 2024].
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2.3.2. Cdc phwong phdp nuéi sinh khéi va thu cao chiét tong sé
2.3.2.1. Nuéi va thu sinh khoi vi khuan lam

Céc chung VKL dugc nudi riéng 1€ trong 2 lit moéi truong BG11, ¢ nhiét do 25
+2 °C, theo chu ky chiéu sang/tdi 12:12 gid voi anh sang huynh quang tring c6 cudng
d6 20 pmol m2 s'. Cac binh nuéi duoc lic nhe hai ngdy mot 1an dé ting luong CO»
trong moi trudng. Sinh khdi tuoi ciia mdi ching duge thu sau 7 tudn nudi cay bang
cach ly tAm ¢ 6.000 g/ 10 phat ¢ 20°C. Sinh khéi twoi dugc sdy thing hoa hoi nudc
dé chuyén thanh sinh khéi kho bang hé thong may dong kho Operon FDTAS5025 (Han
Quéc) va bao quan & nhiét d6 - 20°C [Pham T.L.H., 2017].

Bén canh d6, sau khi sang loc dugc ching VKL thé hién hoat tinh sinh hoc 4n
tuong nhét s& duoc nudi vai thé tich 16n. Mdi mé nudi tir 10 - 20 lit va 1ap lai nhiéu
lan dé dam bao co du sinh khéi kho cho thi nghiém phan tach hop chat ¢ hoat tinh
sinh hoc.
2.3.2.2. Tach chiét va thu cao chiét tong sé

Céc hop chét tht cp tir sinh khéi ctia cac chung VKL dugce tach chiét theo mo
ta boi Pham va cong su (2017) véi mot sd diéu chinh. Pau tién, lugng sinh khbi kho
ciia mdi ching duoc nghién nat trong mot it hdn hgp dung méi hiru co (EtOAc -
MeOH, 1:1, v/v) bang cdi, chay st. Sau d6, b sung luong hon hop dung moéi theo ty
16 100 ml cho 2 g sinh khéi. Té bao dugc pha v bang siéu am trong thoi gian 30
phut. Tiép theo, hdn hop dugc lic ¢ 120 vong/ phut trong thdi gian 30 phit ¢ nhiét
d6 phong va ly tdm & 5.000 g véi thoi gian 10 phat & nhiét do 20° C dé thu dich nbi.
Dich ndi duoc loc qua giéy loc dé thu dich loc. Phan cin té bao duoc chiét thém hai
lan nita trong 100 ml hdn hop dung maéi theo quy trinh trén. Phan dich loc ctia 3 lan
chiét duoc gop thanh dich chiét tong sb. Tiép theo, dung mdi hitu co duoc lam bay
hoi hoan toan bang phuong phap c6 quay chan khong va sdy kho dé thu duoc cao
chiét tong sd. Cao chiét tong s6 cua mdi chung duoc xac dinh khéi lugng va bao quan

& -20° C cho dén khi str dung [Pham T.L.H., 2017].
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2.3.3. Phuwong phap danh gia hoat tinh va co ché tac dong
2.3.3.1. Ddnh gid hoat tinh khdng khudn

Cao chiét tong s6 tir cac chung VKL dugce st dung dé danh gia hoat tinh khang
khuin theo mé ta ctia Bui H.T. va cong su (2007). Ban dau, 2 mg cao chiét caa mdi
chung vi khuan lam dwogc hoa tan trong 40 pl hdn hop dung méi (EtOAc - MeOH, 1:
1) va tra 1én dia gidy thir hoat tinh c6 duong kinh 6 mm. Dung méi MeOH (40 pl/dia
gidy) duoc st dung lam ddi ching am; khang sinh cefotaxim (ham lwong 10 pg/ 40
ul) duoc ding 1am ddi chting duong. Sau khi dé bay hoi hoan toan dung méi trong ta
ciy vo trung, cac dia gidy da thim cao chiét duoc dat 1én bé mit dia thach peptri chua
cac chung vi khuan thtr nghiém tuong ing va duge gitt & 4°C trong thoi gian 3 gio dé
cao chiét khuéch tan vao thach. Cudi cung, cac dia thir hoat tinh dugc dédt & nhiét 4o
37°C trong thoi gian 24 gio. Ving trc ché 1 ving khong mau (trong sudt) bao quanh
dia gidy. Thi nghiém duogc lap lai 3 1an, dudng kinh vong tc ché (D) ciia mdi cao
chiét/khang sinh dugc do bao gdm ca duong kinh cua dia gidy [Bui H.T., 2007]. Sb
liéu dugc xtr Iy bang phan mém GraphPad Prism 8.
2.3.3.2. Bdanh gid déc tinh té bao

Ban dau, phuong phap limit test duoc st dung dé sang loc so bo kha ning giy
doc ctia cao chiét tong sb tir cac chung VKL trén dong té bao ung thu HeLa. Cao chiét
mdi ching VKL sé& dugc pha lodng trong dung méi DMSO ¢ 4 nong d6 1a 1, 10, 50,
100 pg/ml. Té bao HeLa dugc nudi trong dia 96 giéng dén khi dat nong do khoang
5.000 té bao/ giéng s& dugc U voi cac cao chiét & 4 ndng do trén trong thoi gian 48
gio. Sau do, hinh thai té bao duogc quan sat dudi kinh hién vi soi nguoc dé xac dinh
khoang ndng d6 gy anh hudng dén ty 18 sdng sot ca té bao HeLa ¢ bon mirc d tac
dong 1a khong tac dong; gy chét té bao dudi 10%; tir 10 - 60% va trén 60%. Cao
chiét dwoc danh gia co “tiém nang” khi bt dau gay chét té bao & nong do 10 pug/ ml;
“it tiém ndang” khi tic dong gdy chét t& bao tir nong do 50 pg/ ml va “khong tiém
nang” khi bat dau gay chét té bao ¢ ndng do 100 pg/ ml.

Céac cao chiét VKL tiém nang va it tiém nang s€ dugc lya chon danh gia doc

tinh trén dong té bao ung thu HeLa bang kit MTT (Invitrogen, M§) theo mé ta cia
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Mosmann T. (1983). Sau khi té bao HeLa nudi trong mdi giéng cua dia 96 giéng dat
mat do khoang 5.000 té bao s& dugc bd sung 50 pl dich chiét VKL di pha lodng &
cac nong d6 khac nhau. Dai ndng d6 phu hop cho thi nghiém MTT duoc tinh toan
dua vao két qua thi nghiém limit test. Taxol (Invitrogen, USA) 1a thuéc dugc FDA
phé duyét dé diéu tri nhiéu loai ung thu nhw ung thu vaa, budng trimg, phdi, cd tir cung
duogc sir dung lam d6i ching duwong va pha & dai nong d6 tir 0,1 nM dén 1259 nM
theo nghién ctru ciia Nguyen T.B.L va cong su (2021) [Nguyen T.B.L, 2021]. Cac té
bao dugc nudi trong moi trudng bo sung 0,1% DMSO duoc sir dung lam d6i ching
am. Sau 48 gid U vai dich chiét/ taxol/ DMSO, 10 pl dung dich MTT (ndng d6 10
mg/ml) dugc bo sung vao mdi giéng va tiép tuc u & 37°C trong 4 gid. Sau do, dung
dich chtta MTT dugc loai bé va 100 ul DMSO dugc thém vao mdi giéng dé hoa tan
tinh thé formazan hinh thanh [Mosmann T., 1983]. Ty 1¢ té bao sdng duoc tinh dua
trén gia tri do mat d6 quang hoc bang may ELISA SpectraMax Plus384 (Molecular
Devices, USA) tai hai budc song 540 nm va 630 nm. Ty 1& sdng sot cua té bao dugc
tinh theo cong thure:
Gia tri trung binh (As4o - Ae30) mau

Ty 1é séng (%) = , x 100%
Gia tri trung binh (As40 - Ae30) do1 chung am

Mdi ndng d6 duoc lap lai 3 1an va mdi thi nghiém duoc Idp lai 3 1an. Gia tri ICso
(ndng d6 cao chiét gay trc ché 50% sy phat trién té bao) dugc tinh toan bang phan
mém GraphPad Prism 8.

Cao chiét c6 doc tinh manh nhéat trén dong té bao HeLa s& duogc danh gia doc
tinh trén 2 dong té bao ung thu (A549, OVCAR-8) va hai dong té bao thuong (HaCaT,
HEK293) bang phuong phap MTT theo quy trinh nhu trén.
2.3.3.3. Xdc dinh ty 1¢ té bao chét theo con dwong apoptosis

Ty 1é té bao chét theo con dudng apoptosis boi tac dong ciia cao chiét tir ching
¢4 doc tinh manh nhat trén té bao HeLa duoc xac dinh theo mé ta ciia Schutte va cong
su (1998). Phuong phdp nay duoc thuc hién dua trén nguyén ly phat hién sy c6 mat
ctia phosphatidylserine (PS) ¢ mit ngoai mang té bao cta nhitng té bao trong giai

doan apoptosis bang cach st dung Annexin V gin véi thuéc nhuém FITC huynh
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quang. Dau tién, té bao HeLa dugc nudi ciy trong dia peptri duong kinh 6 cm dén
khi dat ty 1& bao phu bé mit khoang 30 - 40%. Sau 24 gid, méi trudng nudi cdy duoc
thay thé bang méi truong méi co chira dich chiét NK13 ndng do 3.8 pg/ ml (gia tri
ICs0); hodc Taxol ndong d6 13,5 ng/ ml (gia tri ICso - d6i chting duong); hoic DMSO
0,1% (d6i chimg 4m); hodc khong xir Iy (PCSH). Té bao dugc tiép tuc nudi trong
thoi gian 24 gio. Tiép theo, cin té bao duoc thu bang cach ly tim va hoa trong dém
annexin 1X (annexin binding buffer) & ndng do 1 x 10° té bao/ml. Sau d6, cac té bao
dugce nhudém véi thude thir PI (propidium iodide) & nong do 4 pg/ml va 1 pl Annexin
V-FITC trong thoi gian 15 phit ¢ diéu kién 4°C va tranh anh sang dé danh dau cac té
bao séng, hoai tir (necrosis) hodc apoptosis. Cudi cling, cidc mau té bao dugc bo sung
150 pl dém Annexin binding 1X [Schutte B., 1998]. Ty 1¢ cac té bao bi apoptosis
dugc danh gia bang cach xac dinh theo ty 18 té bao gan voi annexin V theo phuong
phap do té bao theo dong chay (flow cytometry) trén hé thong FACSCanto II (BD
Biosciences).
2.3.3.4. Xéc dinh pha bi bdt giir trong chu trinh té bdao

Phuong phéap nay dua trén nguyén Iy DNA té bao dugc nhuém bang propidium
iodide (PI). Cudng d6 tin hiéu cua PI twong ung v&i khoi luong DNA duge do bang
phuong phép do té bao theo dong chay trén hé théng FACSCanto II va dugc thuc
hién theo mé ta cuia Darzynkiewicz va cong su (2017). Cac té bao HeLa sau khi 1 24
gio voi cao chiét NK13/Taxol/hoic DMSO 0,1% s& duoc rira trong dém PBS lanh
(pH 7,4) va thu riéng &, rdi duge bo sung hai 1an thé tich ethanol 100% lanh dé ¢
dinh té bao trong thoi gian 2 gio. Tiép theo, t& bao dugc thu lai bang cach ly tim &
400 g trong 5 phut va rua lai méot lan béng dém PBS (pH 7,4). Sau do, té bao duoc
huyén phu trong dém PBS & nong do 1x10° té bao/ml va dugc bd sung 50 pg/ml
RNase A vao mdi giéng, i & 37°C trong 30 phat. Sau khi 1, 20 pg PI duge bo sung
vao mdi 6ng té bao va giir trong 45 phit & diéu kién 4°C va tranh anh sang dé nhudém
nhan té bao [Darzynkiewicz Z., 2017]. Ty 1¢ té bao tai cac pha sub-G1, GO/G1, S va
G2/M trong chu trinh té bao dugc xac dinh bang phuong phap do té bao theo dong
chay trén hé thong FACSCanto II.
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2.3.3.5. Ddnh gid kha nang di cu ciia té bao ung thu
Kha ning di cu cua té bao ung thu dugce danh gia bang phuong phap tao vét
xuéc (would healing) theo md ta ctia Grada va cong sy (2017). Pau tién, cac té bao
HeLa duoc nudi trong moi trudng DMEM c6 bd sung 10% huyét thanh bd (FBS)
v6i dich chiét trong dia 24 giéng cho dén khi dat d6 phu bé mit trén 95%. Vét xudc
dugc tao trén 16p té bao don bang dau pipet vo trung loai c6 thé tich 200 pl. Tiép
theo, dia nudi cdy duogc rira nhiéu lan bang dung dich PBS 10% dén khi loai bo hét
cac té bao bj bong. Sau dé, té bao dugc nudi tiép trong méi truong c6 dich chiét NK 13
& nong d6 1,2 pg/ ml (gia tri IC10) hodc Taxol ndng do 1,8 ng/ ml (gié trj ICo - d6i
chtng duong) hoic DMSO 0,1% (d6i chimg am). Theo thoi gian, té bao HelLa tir
vung lan can sé& di cu lan sang khoang trong vira dugc tao ra do xudc [Grada A.,
2017]. Dién tich té bao HeLa di cu s& duoc danh gia bang phan mém ImageJ phién
ban 17154 ban mién phi tai cac thoi diém 0 gio, 6 gio, 12 gio va 21 gio va tinh toan
theo cong thuec:
) Dién tich vét xwéc _ Dién tich xwéc con lai
Ty 1€ dién tich vét xwéc dwoc ban dau (pixel) tai thei diém T (pixel)

che phu tai th&i diém T (%) = — —_—— - X100%
Dién tich xw&c con lai tai thei diem T (pixel)

2.3.3.6. Bdnh gid mirc dé biéu hién ciia cdc gen

Mirc d6 biéu hién ctia 12 gen TP53, Caspase-3 (CASP-3), Caspase-8 (CASP-
8), BAX, CDKNI1A (p21), CDKN2A (p16), Integrin 1o, Integrin 15, FAK, AKT, PI3K
va N-cadherin dugc danh gid thong qua phuong phdp RT- qPCR theo mo ta cua
Nguyén Thi Bich Loan va cong su (2021) [Nguyen T.B.L., 2021]. Mitc do biéu hién
clia cac gen trong nghién ctiru dugc so sanh véi gen ndi chuan TBP. Trinh tu cac cip
moi ddc hiéu duge thé hién ¢ phu lyuc 2.

Quy trinh thuc hién phan tng RT - qPCR nhu sau: trude tién, RNA tong sb cla
té bao HeLa duoc tach béng kit Gen JET RNA Purification Kit. N6ng do RNA duoc
do bang may Nanodrop. Sau d6, cDNA duoc tong hop tir 1ug RNA tong sb theo quy
trinh cta bo kit RevertAid First Strand cDNA Synthesis cho phan tng thé tich 20 pl.
Thanh phan phan tng bao qém 10 pl master mix 2X (power SYBRI Green -

Enzymnonics, Han Quéc); 0,5 ul méi xudi (ndng dd 10 pM); 0,5l mdi nguoc (ndng
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d6 10 pM); 2 pl cDNA va 7 pl H2O (tong thé tich phan tmg 20 pl). Phan tng RT-
gPCR dugc thuc hién trén may Realtime PCR LightCycler @ 96 (Enzymnonics, Han
Quéc) véi quy trinh nhur sau: bién tinh ban dau & 95°C trong 15 phit, tiép theo 1a 40
chu ky lip lai gdm bién tinh & 95°C trong 15 gidy, gan moi & 58°C trong 10 gidy va
kéo dai cudi cung & 72°C trong 30 giay.

Mirc d6 biéu hién ctia cac gen trong nghién ctiru duoc tinh toan dua trén phuwong
phap Ct va so sanh véi gen ndi chuan TBP [Nguyen T.B.L., 2021]. Gen TBP 1a gen
ndi chuan ma hoa cho protein TATA-binding (TBP) - mdt yéu t6 phién ma co ban,
dong vai trd then chdt trong qua trinh khéi dau phién ma ¢ sinh vat nhan thyc.

2-[Ct-Ct]

Mitc biéu hién gen (Fold-change) = 2
Cti: chu ky ngudng cua gen muc tiéu
Cta: chu ky ngudng cia gen nodi chuin (TBP)

Céc thi nghiém déu duogc 1ap lai ba lan. Két qua thi nghiém duoc thé hién gia tri
trung binh va sai s bang phuwong phap phan tich phuong sai (ANOVA), két hop véi
kiém dinh hau nghiém Student-Newman-Keuls (SNK). Phan mém SPSS phién ban
18 (SPSS Japan Inc.) dugc str dung dé xtr Iy s lidu thong ké, véi mirc ¥ nghia thong
ké lap <0,05.

2.3.4. Cac phwong phap phan tach va xac dinh thanh phin hoat chit
2.3.4.1. Chiét phdn I6p long - long

Phuong phéap chiét phan 16p 16ng - 16ng duoc ap dung dé phan tach cao chiét
tong thanh cac phan doan c6 do phan cyuc khac nhau, dya trén nguyén 1y vé kha ning
khong tron lan gilra cac dung moi c6 do phan cuc khac biét. Cu thé, mot dung moi cé
dd phan cuc cao (nhu nudc) s€ khong duge hoa véi mot dung moéi ¢6 d§ phan cuc
thap hon (nhu EtOAc hodc n-hexane), tir 46 cho phép phan tach duoc cac hop chat
duoc tan trong mdi pha dung mdi tiy theo dic tinh phan cuc cua chung [Mazzola
P.G., 2008]. Quy trinh tién hanh phwong phap chiét phan 16p long - 1ong dugc thyuc
hién theo so @6 Hinh 2.2. Cao chiét tong s6 NK 13 duoc phan tach thanh 4 phan 16p
n-hexane, EtOAc, MeOH va H>O. Sau do, cac phan 16p dugc c6 quay chan khong va
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sdy & 37°C dén khi loai bé hoan toan dung moi dé xac dinh khéi luong, thanh phan

veét chat va danh gia doc tinh trén t€ bao HelLa ciia moi cao chiét.

Cao chiét tdng sb
NK13 +V ml H,0
(19:5ml)

+ 2\{ ml n-Hexane
Lac 120 vong/ phut/ 24 gio

AL Pha nwéc
n- Hex
+ 2V ml EtOAc

Lac 120 vong/ phat/ 24 gio

Phan I&p .
EtOAC Pha nwoc

1 Pong khoé

Can

+ 2V ml MeOH
Ngam tinh trong 24 gi¢
Ly tam & 5000 g/ 5 phut

Phan Iép
H,0

Hinh 2.2. Quy trinh chiét phan 16p léng - long

2.3.4.2. Phan tach cdc chat bang sdc ky cét thiiy tinh

Sic ky cot dugc lya chon dé phan tach tiép cac hop chét thir cép tir cac cao chiét
thu dugc sau khi chiét 1ong - 10ng. Vat liéu pha tinh duoc st dung trong cac cot sic
ky bao gom silica gel va sephadex LH20, twong (mg véi hai hé dung méi khac nhau

(pha dong) nham t6i uu hiéu qua phan tach.
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* Sdc ky cot silica gel

Séc ky cot sir dung silica gel 1am pha tinh dé phén tach cac hop chit thir cip dua
trén d phan cuc ctia cac hop chat. Nhitng hop chét co d6 phan cuc thap co kha ning
ai luc yéu voi hat silica gel, do d6 di chuyén nhanh ra khoi cot; trong khi d6, cac hop
chit c6 do phan cuc cao tao ai luc manh hon véi silica gel va bi giilr lai trong cot 1au
hon s€ dugc rira giai ra sau trong hé dung moi c6 do phan cuc cao.

Cao chiét n-Hexane dugc phan tach thanh phan hop chét c6 hoat tinh bang sic
ky cot silica gel theo mo ta cua Bui H.H. va cong su (2007) c¢6 sy diéu chinh ty 1¢ hé
dung moi pha dong [Bui H.H., 2007]. Pau tién, 60g silica gel dugc truong nd hoan
toan trong 200 ml hé dung méi dau (n-hexane - EtOAc, 7:3, v/v), sau d6 hdon hop
dugc chuyén vao cot sic ky thaty tinh c6 kich thude 1,2 cm x 120 cm va giit 6n dinh
trong khoang 60 phut. Sau khi c¢ot dugc 6n dinh, 500 mg cao chiét duoc hoa tan trong
2 ml dung méi hé 1 dén khi tan hoan toan va nhe nhang tra 1én bé mit gel bang pipet.
Céc hop chat thi cip trong cao chiét duogc rira giai bang cac hé dung moi c6 do phan
cuc tang dan (Bang 2.3) véi toc d6 dong khoang 0,5 ml/ phat. Cac phan doan rira giai
duogc thu vao cac dng nghiém véi thé tich tir 3-5 ml.

Bang 2.3. Hé dung méi cho chay séc ky cot silicagel

H¢ dung moi Thanh phan Thé tich (ml)
1 n-hexane - EtOAc (7: 3, v/v) 200
2 n-hexane - EtOAc (5: 5, v/v) 200
3 n-hexane - EtOAc (2: 8, v/v) 200
4 EtOAc - MeOH (9: 1, v/v) 200
5 EtOAc - MeOH (7:3, v/v) 200
6 EtOAc - MeOH (5:5, v/v) 200
7 EtOAc - MeOH (2: 8, v/v) 200
8 MeOH 200

Sau d6 thanh phan hop chat trong cac phin doan s& dugc phan tich bang phuong
phap sic ky @6 TLC & hai budc song 254 nm va 365 nm. Cac phan doan c6 so lugng
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va thanh phr:in vét chat twong tu nhau sé dugc gop lai, loai bo dung mdi va xac dinh
khéi luong.
* Phirong phdp sdc ky cét sephadex LH20

Séac ky cot sir dung gel sephadex LH20 duogc st dung dé phan tach cac hop
chét dua trén kich thuée phan tu. Sephadex LH20 Ia vat liéu c6 kich thudc hat rat
nho, ciu tao tir cic chudi dextran da duoc hydroxypropyl héa va lién két chéo dé tao
thanh mang 1u6i polysaccharide. Trong qua trinh sic ky, cac phan tir 16n khong tham
nhap vao bén trong hat gel ma chi di chuyén quanh bé mit bén ngoai, do d6 duoc rira
gidi ra khoi cot nhanh hon. Nguoc lai, cac phan tir nhé hon co thé xam nhap vao cAu
tric ludi cia gel voi téc do khac nhau tiy thudc vao khdi lwong va hinh dang phan
tir; phan tir cang nho thi cang dé bi giir lai 1au trong pha tinh do thoi gian di chuyén
qua gel kéo dai.

Khoang 60g sephadex LH20 dugc trrong nd trong 400 ml MeOH trong vong
30 phut. Sau khi truong nd hoan toan, gel duoc chuyén nhe nhang vao cot sac ky thiy
tinh va duogc gilt 6n dinh trong khoang 60 phut. Sau d6, 500 mg cao chiét da hoa tan
trong 2 ml MeOH duoc tra 1én bé mit gel va rira giai bang dung moi MeOH viéi toc
do dong 0,5 ml/ phat. Cac phan doan thu dugc sau rira giai dugc tiép tuc phan tich
bang phuong phap TLC dé danh gia so bo thanh phan hoéa hoc. Nhitng phan doan co
thanh phan va vi tri vét chat twong tu nhau khi quan sat & budc séng 254 nm va 365
nm s€ duoc gdp lai [Ngo6 T.T., 2021].
2.3.4.3. Sdc ky méng (TLC)

Céc phan doan thu dugc sau khi chiét phan 16p va sic ky cot thay tinh s& duoc
phan tich thanh phan chat bang phuwong phap TLC str dung bén silica gel 60 Fas4 theo
mo td cua Ngbd T.T. va cong su (2021) [Ngo T.T., 2021]. Trudc ti€n, ban TLC silica
gel 60F2ss duoc chuan bi co kich thuée 6,5 x 7 cm hodc 4 x 7 cm; vach xuat phat
dugc danh ddu cach mép dudi 1 cm va vach két thic cach mép trén 0,5 cm tuong ing
v6i khoang cach di chuyén cua chit trén ban TLC lan luot 13 5 cm va 2.5 cm. Céc
cao phan doan s& duoc hoa tan trong dung mdi tuong Gng véi ndong d6 0,1 pg/ 10pl,

sau d6 s& duoc tra 1én vach xuét phat bang ong mao dan, dé & nhiét d6 phong trong 5
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- 10 phut cho dung méi bay hoi hoan toan. Tiép theo, ban TLC duoc dit vao hop kin
chtra 5 ml hé dung méi gébm n-hexane - EtOAc - MeOH (65: 35: 5, v/v) (goi 1a pha
dong). Ban TLC duoc ldy ra khi mtrc dung méi chay dén vach két thic va duoc quan
sat, phat hién thanh phan céc vét chit & budc song 254 nm va 365 nm. Nhitng phan
doan co6 thanh ph?m vét chét tuong tu nhau s€ dugc gop lai va danh gia hoat tinh.
2.3.4.4. Sdc ky Iong hiéu ning cao (HPLC)

Céc phan doan dugc hoa tan trong dung moéi MeOH vé6i ndng d6 10 mg/ml va
dugc tinh sach bang hé théng sic ky HPLC pha dao (reversed-phase HPLC) sir dung
cot C18 (C18-80A, 250 x 10 mm, 4um, Water, M) trong gradient dung moi cuia
MeOH tir 30% - 100% trong nudc khir ion, tbc d6 dong 0,8 ml/ phiit (Bang 2.4). Thoi
gian chay toan b chu trinh phan tich 13 35 phit. Cac hop chit khac nhau dwgc phat
hién trong khoang budc séng tir 190 nm dén 400 nm sé& dugc thu lai dé danh gia hoat
tinh va xac dinh thanh phan hoat chat bang phuong phap sic ky long két hop do pho
khéi lugng d6 phan giai cao (LC- HRMS).

Bang 2.4. Gradient ndng d6 MeOH trong phén tich HPLC

Thoi gian (phtt) | 0,2 | 5 | 8 | 12 | 28 | 30 | 35

MeOH (%) 30 | 70 | 90 | 100 | 100 | 30 | 30

2.3.4.5. Xdc dinh thanh phan hop chat bang LC-HRMS

Phan doan c6 hoat tinh sau khi tinh sach bang phuong phap HPLC dugc phan
tich thanh phan hoat chit bang phuong phap sic ky 16ng phd khdi phan giai cao (LC-
HRMS) ¢ hai ché d6 ion hoa duwong [M+H]* va ché d6 ion héa 4m [M+H] trén hé
thdng Acquity UPLC I-Class Plus két hop vai khdi pho ké Xevo G3 ESI/QTOF mass
spectrometer (Waters Corporation - My) dugc thuc hién boi PGS.TS. Nguyén Thi
Kiéu Oanh, truong Dai hoc Khoa hoc va Cong ngh¢ Ha Noi.

Quy trinh thi nghi¢m dugc thyc hién theo moé ta ciia Phan va cong su (2024).
Trudc tién, phan doan c6 hoat tinh dugc hoa tan trong dung m6i1 MeOH véi ty 1€ 1,0

mg/ml, sau d6 loc qua mang loc ¢6 kich thudc 16 0,22 um trude khi tiém vao hé thong
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ACQUITY UPLC I-Class Plus. Cac hop chét dugc phan tach bang c6t UPLC BEH
C18 130 A, 1,7 pm, 2,1 mm % 100 mm, v&i pha dong 1a thanh phén cua dung moi A
(0,1% axit formic trong H20) va dung méi B (acetonitrile - ACN). Cac hop chat dugc
rira giai trong hé dung moi gradient bat dau véi 1% dung moi B tai thoi diém 0,5
phut, sau d6 ting tuyén tinh 1én 35% trong khoang thoi gian 15,5 phut, tiép tuc ting
1én 100% trong vong 2 phit, cudi ciing cot duge can bang & 1% dung méi B trong 5
phut trudce khi tiém mAu tiép theo. Toc do dong cua pha dong dugc duy tri & mic 0,6
ml/phiit va thé tich mau duoc tiém vao cot 1a 10 pl [Phan U.T.T., 2024].

Céc thong s cuia hé thong QTOF dugc thiét 1ap & ché 46 MSe véi dai quét khoi
luong dién tich (m/z) tir 100 dén 1500, tan suat mdi lan quét 1a 0,1 gidy. O ché do
nang luong thap, dién ap duoc thiét 1ap & mirc 6 V, trong khi & ché do ning lugng
cao, dién 4p duogc ting dan tir 15 V dén 40 V. Dit liéu vé khdi luong dién tich (m/z)
va sic ky d6 LC, pho khdi luong duoc thu thap va phan tich bang phadn mém Masslynx
4.2 va UNIFI (Waters Corporation). Cac KLPT do dugc (observed mass) va tra ciu

trén co s¢ dir liéu http://dnp.chemnetbase.com/ va https://pubchem.ncbi.nlm.nih.gov/

dé xac dinh CTCT va tén cua cac hop chat thu duoc.
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CHUONG 3. KET QUA NGHIEN CUU
3.1. Phan lap va dinh danh cac chiing vi khuin lam
3.1.1. Két qud phan ldp ciia cdc chiing vi khudn lam
Quy trinh phan l4p cac chung VKL dugc thé hién ¢ Hinh 3.1. Qua nhiéu lan cay
chuyén lién tuc, nghién ctru da phan 1ap dugc 47 ching VKL thuan khiét. Cac chung
nay duoc nudi gitt trong moi truong BG11 dé dinh danh cac chung dya theo phuong
phap tiép can da chiéu bang cach phan tich dic diém hinh thai trén kinh hiém vi quang

hoc va trinh ty doan gen 16S rRNA.

CAVN2513
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CAVN2438

Hinh 3.1. Quy trinh phan 1ap vi khuan lam

3.1.2. Dic diém hinh thdi ciia cic chiing vi khudn lam

Pic diém hinh thai ctua 47 chung VKL di phan 1ap va 3 chung c6 trong b suu
tap dugc danh gia dua trén hinh dang, mau sac chudi, kich thude, hinh dang cua té
bao sinh dudng, té bao nghi va té bao di hinh dudi kinh hién vi quang hoc. Két qua
cho thiy hinh thai ctia cic chung VKL nay duoc chia thanh 3 nhém khéc nhau. Trong
d6, nhom I bao gom 41 ching VKL dang thang khong phan nhanh; nhém II gdom c6
3 chung VKL dang soi phan nhanh gia va nhoém III bao gdm 6 ching VKL dang soi
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phan nhanh that. Dac diém hinh thai va kich thudc té bao mdi chung VKL duoc thé
hién & Phu luc 3.

4 oo |

]
p IH

44
4 V‘c\.

CAVNZg

Ak

10pm CAVN2442

Hinh 3.2. Hinh théi ciia 20 chiing vi khuan lam thudc nhém I
Ak: Akinete cell (Té bao nghi); BH: Basal heterocyst (Té bao dj hinh géc); Ho: Hormogonia (Téo
doan); IH: Intercalary heterocyst (Té bao di hinh xen ké); TH: Terminal heterocyst (Té bao di hinh
dau chudi); Sh: Sheath (Lép mang nhady); VC: Vegetative cell (Té bao sinh dudng)

61



 ——

| CAVN9301

CAVN2438

J cavs|

o . 4
'l', ‘:

N~

Hinh 3.3. Hinh théi cta 21 ching vi khuin lam thudc nhom I
Ak: Akinete cell (Té bao nghi); BH: Basal heterocyst (Té bao di hinh goc); Ho: Hormogonia (Tdo
doan); IH: Intercalary heterocyst (Té bao di hinh xen ké); TH: Terminal heterocyst (Té bdo di hinh
dau chudi); Sh: Sheath (Lép mang nhay); VC: Vegetative cell (Té bdo sinh dudng)
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Hinh thai ctia 41 ching VKL thudc nhéom I déu co dic diém chung la ciu tao
dang so1 dai, khong phan nhéanh, théng hodc hoi cong, d61 khi cac sgi dugce cudn trong
bao nhiy trong sudt (Hinh 3.2; 3.3). Quan sat du6i kinh hién vi, cac chung nay co
mau sic da dang tor mau xanh xdm, xanh - o liu, xanh lam, mau xam nhat hoac mau
nau thim. Chung c6 16p mang nhay phéan tin hodc mong, trong sudt bao quanh soi.
Té bao sinh dudng trong cac soi non thudng c6 dang hinh tru, kich thudc dong déu,
xép chit v6i nhau, ¢ kha nang truot trong moi truong. Tuy nhién, khi truong thanh,
cac soi ¢6 xu hudng bi cudn gap soi trong bao nhay, té bao sinh dudng tré' nén 16n
hon va c6 hinh dang thay doi tir dang hinh thung, hinh cau hoac hinh tru, doé1 khi cé
hinh dang khong c¢6 dinh, kich thudc khong dong déu, co vach ngan o giita cac té
bao, hoi thit lai & vach. Cac té bao di hinh c6 kich thudc 16n, chit yéu ¢ hinh ciu
hodc hinh bau duc, c6 thé xuat hién don doc (chung CAVNG6515) hodc thanh chudi
tir 2 dén 3 té bao & dau soi (ching CAVN2441, CAVNS8202), nam xen k& trong chudi
(CAVNS241), hay & gbc soi (ching CAVNO0801), doi khi chung xuét hién & trong
chudi trude cac té bao nghi (chung CAVNS8233). Té bao nghi chil yéu c6 dang hinh
bau duc, hinh ciu, hodc hinh tru, kich thude 16n hon nhiéu so véi té bao sinh dudng.
Chung c6 thé xuat hién thanh chudi khoang 10 - 20 té bio nam xen k& trong soi
(chung CAVN2502), hodc & dau soi (CAVNS8233), doi khi chung tao thanh chudi
lién két roi rac (CAVNS241) hay xuét hién don doc tach khoi sgi (CAVNS204). Cac
té bao nghi duoc quan sat thidy & hau hét cac chung VKL thudc nhom I co vai trd
quan trong trong qua trinh sinh san bén canh hinh thirc sinh san bang tao doan.

Nhom II bao gom ba ching 1a DL1, DL12 va NK13 ¢6 dang sgi phan nhanh
gia, mau xanh lam d¢am pha xanh luc, cau tric dang huéng hodc di hudng trong 16p
bao nhiy mong khong mau (Hinh 3.4). Té bao sinh dudng & cac soi trudong thanh
thudng c6 hinh try hogc hinh thiing xép sat nhau, khong ré vach ngan giira cac té bao.
Déi véi cac soi non, té bao sinh dudng gan nhu c6 dang hinh vudng; cac té bao sinh
dudng ¢ dau mut soi thudng thuén nhon tao thanh hinh nén. Cac té bao di hinh cha
yéu xuét hién don doc ¢ xen k& trong soi hodc ¢ ddu mut soi, hiém khi thanh cip o

giita chudi hay ¢ gbc nhanh. Céc té bao di hinh ¢ dau soi thudng thudn dai, hinh nén
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tron con té bao di hinh & gitta chudi thuong c6 hinh tru dai. O ba ching nay con quan
sat théy su hinh thanh cua dia hoai tir va tao doan dé phan chia hinh thanh s¢i méi;
khong quan sat thiy sy xudt hién cua té bao té bao nghi. Hai ching DL1 va NK13 ¢6
hinh thai dién cta chi Scytonema voi dang soi phan nhanh gia don hodc kép. Trong
khi @6, ching DL12 mang dic diém hinh thai dién hinh cta chi Calothrix v6i dang
so1 thuon nhon ro6 rét & phﬁn ngon, phﬁn géc so1 phinh rong, té bao di hinh chu yéu

xuat hién & gdc soi ¢6 hinh cau hodc ban cau.

Hinh 3.4. Hinh théi cia 3 ching vi khuan lam thudc nhom II

BH: Basal heterocyst (Té bao di hinh géc); Ho: Hormogonia (Téao doan); IH: Intercalary
heterocyst (Té bdo di hinh xen ké); TH: Terminal heterocyst (Té bao di hinh dau chudi); Sh: Sheath
(Lép mang nhay); VC: Vegetative cell (Té bao sinh dwéng); Nec: Necridia (Té bao hoai tit); FB:
False branching (Phdn nhanh gid)
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Hinh 3.5. Hinh théi cta 6 ching vi khuan lam thudc nhom III

BH: Basal heterocyst (Té bao dj hinh géc); Ho: Hormogonia (Tdo doan); IH: Intercalary heterocyst
(Té bao di hinh xen ké); TH: Terminal heterocyst (Té bao di hinh dau chudi); Sh: Sheath (Lép mang
nhay); VC: Vegetative cell (Té bao sinh dwdng); Nec: Necridia (Té bao hoqi tiz); TB: True
branching (Phdan nhanh that); LT: Lateral trichome (Nhanh bén); MT: Main trichome (nhanh chinh)

Nhom 111 g(:f)m c6 6 chiung VKL la MD2411, CAVN2404, CAVN2443,
CAVN2505, CAVN4301 va CAVN4303 (Hinh 3.5). Pay la cac chung VKL c6 ciu
tao dang soi phan nhanh that kiéu chit T hodc chit Y, mau xanh lam; nhanh bén c6

thé phat trién tir mot phia hay ca hai phia so véi nhanh chinh. Cac soi duoc ndm trong
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bao nhdy mong, trong sudt. Té bao sinh dudng c6 hinh dang da dang tir hinh thung,
hinh cau dén hinh try, vach ngin rd rang va bi that canh ¢ gitta cac té bao. Cac té bao
sinh dudng & cudi soi thuong c6 hinh cau hodc hinh tru c6 phﬁn cudi thuén nhon. Té
bao di hinh chi yéu c6 dang thung, hinh ciu hodc hinh try, thudng xuat hién don doc
o géc so1, xen k& trong sgi va dau mt soi & ca nhanh chinh va nhanh bén, déi khi né
nam xen k& giita cac té bao nghi hay thanh chudi hai té bao. Khong quan sat thiy té
bao nghi. Hinh thtrc sinh sén cua cac chiung VKL thudc nhoém III 1a hinh thanh tido

doan.

3.1.3. Phan tich trinh tw doan gen 16S rRNA ciia cdc chiing vi khudn lam
3.1.3.1. Khuéch dai va giai trinh ty doan gen 16S rRNA

Két qua dién di san pham PCR khuéch dai doan gen 16S rRNA cua 50 chung
VKL trong nghién ctru cho thay, doan gen 16S rRNA ciia cac ching thu dugc déu co
kich thudc xap xi 1000 bp véi bang sang, nét (Phu luc 4). San pham PCR duoc giai
trinh tu tai cong ty First Base (Malaysia). Trinh ty doan gen 16S rRNA ctia mdi
chung duoc trich xuat va phan tich bang phan mém SnapGene Viewer cho kich thudc
khoang 950 bp (Phu lyuc 5). Két qua thu duoc dap tng duoc cac tiéu chuan can thiét
vé kich thudc va khéi luong thong tin phit hop cta doan gen 16S rRNA dé xay dung
ciy phat sinh ching - loai va danh gia muc d6 trong dong vé trinh tu doan gen 16S
rRNA ciia cac ching VKL trong nghién ciru so véi cac chung tham chiéu trén co so
dir liéu cua GenBank.
3.1.3.2. M6i quan hé tién héa ciia cdc chiing vi khudn lam

Céc chiing duoc xac dinh vi tri va mdi quan hé tién hoa trén cay phét sinh ching
- loai dya vao trinh ty doan gen 16S rRNA. Két qua cho théy 50 chung VKL trong
nghién ctru duge xép vao 10 chi, trong d6 nhom I bao gom 5 chi 1a Aulosira (4 ching),
Ahomia (1 chung), Desmonostoc (16 chung), Desikacharya (4 chung) va Aliinostoc
(16 ching); nhom II bao gdm 2 chi 1a Dulcicalothrix (1 ching) va Scytonema (2
chung); nhoém 111 gom 3 chi 13 Hapalosiphon (2 chiing), Neowestiellopsis (2 ching)
va Westiellopsis (2 chung) (Hinh 3.6).
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52

75

33— Compactonostoc shennongjiaense CHAB5781 (MH598843.1)
Violetonostoc minutum CHAB 5840 (MN400069.1)
Parakomarekiella sesnandensis C0100088998 (MT044191.1)
Komarekiella atlantica CCIBt 3483 (KX638487.1)
Mojavia pulchra JT2-VF2 (AY577534.1)

Dendronalium phyllosphericum CENA369 (,KR1 37590.1)

Atlanticothrix silvestris CENA357 (KR137578.1)
2 Roholtiella edaphica JOH39 (KM268878.1)
Aulosira (4 trinh tw)
Ahomia (1 trinh tw)

Dapisostemon apicaliramis CCIBt 3536 (KJ566945.1)
Amazonocrinis nigriterrae CENA67 (MW326972.1)
Desmonostoc (16 trinh tw)

Desikacharya (4 trinh tw)

Nostoc neudorfense ARC8 (MK300544.1;
Neowgllea manoromense NUACC12 (LC474825.1)
Aliinostoc (16 trinh tw)

88— Ps
Hassallia byssoidea CCALA 823 (AM905327.2)

Kryptousia macronema CENA336 (KY508609.1)
Tolypothrix distorta ACOI 731 (HG970652.1)

Heteroscytonema crispum $SC1014.02 (MG970547.1)

[ o, Calothrix elsteri CCALA 953 (FR822750.1)

7 L Fulbrightiella bharadwajae 18G-PS (OK083627.1)
| L‘E Sherwoodiella mauiensis HA4860-CV1 (KT336444.1)
37 Dulcicalothrix (1 trinh tw)
' ' )

p6

Mastigocladus ambikapurensis TA-9 (MN966421.1)
Reptodigitus chapmanii SJR-DC (KF761556.1)
Pelatocladus maniniholoensis HA4357-MV3 (JN385293.1)
Hapalosiphon (2 trinh tw
Neowestiellopsis (2 trinh tw)
Westiellopsis (2 trinh tw)

S0

m
75

92 Brasilonema bromeliae SPC 951 (DQ486055.1)
-qr|7—< Scytonema (2 trinh tw)
D

Chakia ciliosa 3 (KC875343.1)
I Chroococcidiopsis lichenoides .

0.02

Nhém I: cac ching vi khudn lam dang khéng phdan nhanh; nhém II: cdc ching VKL dang phdn

Sau khi x4c dinh dugc vi tri cua cadc nhom hinh thai trén cay phat sinh ching -
loai, trinh tu doan gen 16S rRNA cua tung chung trong mdi chi s& dugc phan tich chi
tiét hon trong cac ciy phat sinh chung - loai riéng dua trén phuong phap Maximun
Likelihood v&i 1000 1an lap lai dé co thé xac dinh duoc danh phap khoa hoc. Mot
chung c6 thé duoc dinh danh dén loai khi dam bao ca hai tiéu chi sau: thir nhét 1a

ching hinh thanh mgt nhanh don phat sinh v&i chung chuan/chiung tham chiéu trén
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NHOM 1

NHOM 2

NHOM 3

NHOM 2

Gloeobacter violaceus PCC 7421 6NR.074282.1)

® Coleofasciculus chthonoplastes SAG 2209 (EF654055.1)
42 Halospirulina tapeticola (Y18791.1)
34 Johannesbaptistia floridana BLCC-M67 (MT321576.1)
88 Odorella benthonica CalAq792 (MH702368.1)

Hinh 3.6. Vi tri 3 nhom hinh thai trén cay phat sinh ching - loai

nhanh gida; nhom Ill: cac ching VKL dang phdn nhanh that
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cay phat sinh chung - loai; thr hai 1a ching c6 trinh ty doan gen 16S rRNA tuong
dong trén 98,65% so voi chiing chuan/ chung tham chiéu [Kim M., 2014].
A. Nhom hinh thdi 1.

Nhom I bao gdm 41 chung VKL c6 dang soi thiang khong phin nhanh thudc 5
chi lan luot 1a Aulosira gdbm 4 ching (nhém Aul.), Ahomia gdbm 1 ching (nhém Aho.),
Desmonostoc gdm 16 ching (nhém Dem.), Desikacharya gdbm 4 chung (nhém Dei.)
va Aliinostoc gobm 16 ching (nhom Ali.) (Hinh 3.6).

1. Chi Aulosira

Bén ching VKL bao gdom CAVN0801, CAVN2460, CAVN8202, XN 1103 nam
¢ ba nhanh don phéat sinh thudc chi Aulosira trén cay phat sinh ching - loai (Hinh
3.7) va mirc d6 twong dong vé trinh t doan gen 16S rRNA so vé6i chung Aulosira
laxa NIES-50 (14 chung tham chiéu cta loai chuan thudc chi Aulosira) dat tir 98,7%
dén 99,6% (Bang 3.1) [Hauer T., 2014].

Trong d6, chung CAVN2460 thudc nhanh Aul. 2 c6 d6 twong dong dat 99,6%
vé trinh ty doan gen 16S rRNA va ndm cing nhanh don phat sinh so vi chiing tham
chiéu Aulosira laxa NIES-50 véi gia tri bootstrap 1a 94% (Hinh 3.7, Bang 3.1). Hon
nita, hinh thai cia chung CAVN2460 c6 nhiéu diém twong dong so véi chung A. laxa
NIES-50 nhu: ca hai ching déu dang soi théng, doi xung hai dau duoc bao boc boi
16p bao nhay khong mau; té bao sinh dudng c6 hinh tru hodc hinh thing, mau xam
xanh pha nau xam. Céc té bao di hinh chu yéu hinh cau, bau duc hodc hinh try. O céc
soi non, té bao di hinh c6 hinh cau hinh thuong xut & dau mut cua soi. Ngoai ra, hai
chung nay déu duoc phén lap tir mau dat trong laa [Hauer T., 2014; Guiry, 2023]. Vi
vay, co thé xac dinh ching CAVN2460 thudc loai Aulosira laxa va dugc dat tén 1a
chung A4. laxa CAVN2460.

Mat khac, ba chung CAVN0801, CAVNS8202 (nhéanh Aul. 1) va XN1103
(nhanh Aul. 3) c6 muc d6 twong dong vé trinh tw doan gen 16S rRNA so véi chung
tham chiéu 4. laxa NIES-50 dat tir 98,7% dén 99,4%, nhung lai nam & hai nhanh don
phat sinh tach biét so vo1 chung 4. laxa NIES-50 ¢ trén cady phdat sinh chung - loai,

cho thay chiing thudc 2 loai khac nhau cé quan hé gan giii voi lodi 4. laxa (1a loai
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chuén cua chi Aulosira) va duoc xép vao loai chwa xac dinh 13 Aulosia sp. (Hinh 3.7;

Béang 3.1).

Aulosira sp. CAVN8202
233.f]._ Aulosira sp. SG5-PS (PP165366.1) - Aul. 1
Aulosira sp. CAVN0801 ]
50 Aulosira laxa NIES-50 (KJ920353.1)
N Aulosira laxa CAVN2460
27 Calothrix sp. NIES-2099 (LC455619.1) L Aul. 2

B Calothrix marchica MBDU602 (KC971090.1)
Tolypothrix tenuis PCC 7101 (AB326535.1) |
Aulosira sp. CENA291 (MN551918.1)
Aulosira sp. CENA295 (MN551921.1)
Aulosira sp. CENA288 (MN551917.1

Tolypothrix sp. CACIAM 22 (MG272379.1)
Aulosira sp. 18R-PS 2 (PP503366.1)
% Microchaete diplosiphon KSU-AQIQ-10 (LN997859.1)
- Tolypothrix sp. PCC 7504 (FJ661000.1)
Calothrix sp. NIES-2098 (LC215281.1)

Microchaete diplosiphon CCALA 811 (HE797729.1)
4 Tolypothrix sp. PCC 7504 (FJ660997.1)

Tolypothrix sp. PCC 7601 (JX827161.1)

Tolypothrix sp. 9k (KU668914.1)

— Calothrix linearis MBDU005 (KP096228.1)
Bj;[L Calothrix membranacea SAG 1410-1 (KM019924.1)
73 Microchaete sp. CENA541 (KX458488.1)
e Mojavia aguilerae ATA2-1-KO23 (KU161650.1)
84 Mojavia puichra JT2-VF2 (AY577534.1)
— Komarekiella gloeocapsoidea PJ101 (M2160908.1)
5 Desmonostoc muscorum Lukesova 1/87 (AM711523.1)
100 I Desmonostoc muscorum Lukesova 2 91 (AM711524.1)
Nostoc desertorum CM1-VF14 (AY577537.1)
31 —:95 Nostoc neudorfense ARC8 (MK300544.1)*
Compactonostoc shennongjiaense CHAB5781 (MH598843.1)
19 Dendronalium phyllosphericum CENA369 (KR137590.1)
Ahomia kamrupensis ASM11-PS (NR 191021.1)
Ahomia kamrupensis ASM11-PS (0OQ690031.1)**
Ahomia purpurea NP-KLS-5A-PS (0Q690032.1)
Ahomia soli RAN-4C-PS (0Q690028.1)*
92 Ahomia soli CAVN2432
—
0.01

Hinh 3.7. Cay phat sinh chung - loai cia chi Aulosira va Ahomia
* biéu thi ching chudn, ** biéu thi loai chudn
Tom lai, 4 ching thudc chi Aulosira dugc dinh danh lan luot 1a: ching
CAVN2460 thudc loai Aulosira laxa voi tén goi la A. laxa CAVN2460, ba chung
CAVNO801, CAVNS8202 va XN1103 thudc hai loai chua dugc xac dinh véi tén goi
lan luot 1 Aulosira sp. CAVNO801, Aulosira sp. CAVN8202 va Aulosira sp.
XNI1103.
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Bang 3.1. Ty 18 twong ddng (%) vé trinh tu doan gen 16S rRNA cia cac ching
thudc chi Aulosira va Ahomia

Chiing 4 5 6 7 8 9 |10 |11
1 |[CAVNO0801
2 |CAVN2460
3 |CAVNS8202 99,2
4 [XN1103 99,2 198,8(98,3
5 |Aulosira laxa NIES-50 (KJ920353.1) 99,5 199,6(98,9(98,7
6 |Aulosira sp. SG5-PS (PP165366.1) 99,5 199,4199,4|98,7

7 |Aulosira sp. CENA272 (MN551913.1) 99,0 198,9(98,9199.4

\Nostoc carneum 1AM M-35
8 98,9 199,0(98,6(99,5
(AB325906.1)

9 |Tolypothrix sp. NQAIF319 (KJ636968.1) [98,9 | 99 198,3(99,5

10 |[CAVN2432 96,8 196,7(96,6|97,3

11 |Ahomia soli RAN-4C-PS (0Q690028.1)* 96,9 96,7(96,7(97,4

* biéu thi ching chudn

1. Chi Ahomia

Chung CAVN2432 ¢6 trinh ti doan gen 16S rRNA tuong dong dén 99,9% so
v6i chiing tham chiéu Ahomia soli RAN-4C-PS (Bang 3.1). Trén cay phat sinh chiing
- loai, chiing nam ciing nhanh véi cac chiing tham chiéu thudc chi Ahomia va c6 quan
hé tién hoa gan nhat véi chung Ahomia soli RAN-4C-PS véi gia tri bootstrap dat 92%
(Hinh 3.7). Bén canh d6, hinh thai cua chung Ahomia soli RAN-4C-PS ¢6 nhiéu diém
tuong dong so v6i ching CAVN2432 vé kich thuéce va hinh dang cac dang té bao.
Cu thé ca hai ching déu c6 dang sgi mau nau, doi xtng hai dau, té bao sinh dudng
c6 dang hinh try hoac hinh thung thét lai & hai dau, duoc xép long 1€o véi nhau thanh
chudi; té bao dj hinh hinh cdu hodc bau duc xuét hién don 1¢ ndm & c4 dau sgi va xen
ké trong soi; sinh san bang hinh thirc nay mam ciia té bao nghi c6 dang hinh bau duyc.
Hon nira, ca hai chung déu duoc phan 1ap tu bé mat dit Am [Pal S., 2024]. Dua vao

su twong dong vé trinh ty doan gen 16S rRNA, vi tri phan loai trén cdy phat sinh
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chung - loai va cac dac diém hinh thai, sinh thai c6 thé xac dinh chiung CAVN2432
thudc loai Ahomia soli va dugc dat tén la chung Ahomia soli CAVN2432.
1ii. Chi Desmonostoc

Mudi sau ching VKL bao gdm CAVN8204, CAVN2503, CAVNS8233,
CAVN2441, CAVN2440, CAVN2442, CAVN6212, CAVN2522, CAVNS5500,
CAVN2403, CAVN2513, CAVN2525, CAVNS8213, CAVN2560, CAVN6515 va
NK1813 duoc xép vao nhanh don phét sinh cung cac ching tham chiéu thudc chi
Desmonostoc voi gia tri bootstrap 1a 68% va dugc phan tach thanh 7 nhdnh don phét
sinh twong tng v&i 7 loai (Hinh 3.8) cho thay 16 ching nay thudc 7 loai trong chi
Desmonostoc.

Pau tién, chung CAVN5500 (nhanh Dem. 2) nam cing nhanh don gdc véi
cac chung tham chiéu thudc loai Desmonostoc lechangense voi gia tri bootstrap 1a
93% (Hinh 3.8). Ngoai ra trinh tu doan gen 16S rRNA cua ching CAVNS5500 tuong
dong 100% so voi ching chuan D. lechangense CF01 (Bang 3.3) [Pecundo M.H.,
2021]. Vi vay, chung CAVNS5500 c6 thé dinh danh thuoc loai D. lechagense va dugc
goi tén 1a chung D. lechagense CAVNS5500. Bén canh d6, chung CAVN2522 (nhanh
Dem. 3) duogc xé&c dinh thudc loai Desmonostoc linckia do chiung nam cung nhanh
don phét sinh cung chung Desmonostoc linckia IAM M-251 and Desmonostoc linckia
NIES 28 véi gia tri bootstrap dat 80%, va c6 ty 1& twong dong vé trinh ty doan gen
16S rRNA dat 99,8% so v&i chung tham chiéu Desmonostoc linckia NIES 28
[Hrouzek P., 2013]. Chung CAVN6212 thudc nhanh Dem. 4 nam cung nhanh don
phat sinh v&i hai chung tham chiéu thudc loai D. meilinense véi gia tri bootstrap dat
96% & trén cdy phat sinh chiing - loai va c6 ty 1 tvong dong vé trinh tw doan gene
16S rRNA so vé6i ching chuan D. meilinense CSM 017-N dat 99,5% (Hinh 3.8; Bang
3.1) [Pecundo M.H., 2023]. Do vay, chung CAVN6212 dugc xéac dinh thudc loai D.

meilinense va dugc dat tén 1a chung D. meilinense CAVN6212.
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o o

— 86

98
87 99
—
[ —
0.01

Desmonostoc entophytum |AM M-267 (AB093490.1) 7
Desmonostoc sp. CAVN2403(1)

Desmonostoc sp. CCM-UFV080 (OP035737.1) - Dem. 1
Desmonostoc salinum (NR177798.1)

Desmonostoc salinum CCM-UFV059 (KX787933.1)*
Desmonostoc sp. PCC 8306 (HG004584.1)
Desmonostoc lechangense CSM 015-B (OM746701.1)
Desmonostoc lechangense CF01 (M2263177.1)* - Dem. 2
Desmonostoc lechangense CAVN5500 ]
Desmonostoc linckia CAVN2522
Desmonostoc linckia var. arvense |1AM M-251 (AB074503. 1) Dem. 3
Desmonostoc linckia NIES-28 (LC215283.1)

Desmonostoc meilinense CAVNG6212 1

Desmonostoc meilinense CSM 017-N (OM746704.1)* - Dem. 4
Desmonostoc meilinense CSM 018-N2 (OM746703.1) ]
Desmonostoc magnisporum AR6-PS (MH497066.1) 7
Desmonostoc punense MCC 2741 (KT166436.1)

Desmonostoc alborizicum 1387 (OM800960.1) " Dem. 5
Desmonostoc sp. CAVN8204 J
Desmonostoc danxiaense CHAB5868 (MH291266.1)
Desmonostoc sp. MN-11A 165 (OM836199.1)
Desmonostoc danxiaense CHAB5869 (MH291267.1)
Desmonostoc sp. V15 (ON197212.1)

Desmonostoc sp. CENA383 (KR137604.1)
Desmonostoc sp. NK1813

Desmonostoc aggregatum CSM 019-B (OM746707.1)
Desmonostoc persicum SA14 (MF642332.1)*

Desmonostoc persicum CAVN2440(2 Dem. 7
Desmonostoc persicum CAVN8233

Desmonostoc geniculatum HA4340-LM1 (KU161660.1)
Desmonostoc muscorum Lukesova 1/87 (AM711523.1)**

Dem. 6

Nostoc desertorum CM1-VF14 (AY577537.1)
—W‘j Nostoc neudorfense ARC8 (MK300544.1)

Compactonostoc shennongjiaense CHAB5781 (MH598843.1)
Komarekiella gloeocapsoidea PJ101 (M2160908.1)

Ahomia soli RAN-4C-PS (0Q690028.1)

Aulosira laxa NIES-50 (KJ920353.1)

Aulosira sp. CENA288 (MN551917.1)

Aliinostoc morphoplasticum NOS (KY403996.1)

Aliinostoc vietnamicum VP225 (ON133560.1)

Aliinostoc alkaliphilum CENAS513 (KX458483.1)
Pseudoaliinostoc soli ZH1(3) PS (MH497065.1)

Desikacharya constricta SA10 (MK354274.1)

Desikacharya kailashaharensis KLS-BP-3A PS (OM791824.1)
Desikacharya sp. CAVN24900C) Dei. 1
Desikacharya sp. NPA1 (KY818310.1) J .
Desikacharya sp. CAVN8242

Desikacharya nostocoides BHU1-PS (MH036167.2)*
Desikacharya soli BHU2-PS (MH036168.2)

Desikacharya sp. NP-KLS-6-PS (OR640954.1)

Desikacharya sp. TH01-PS (PP151635.1)

Desikacharya sp. APM3 (KY818312.1) }Dei 3
Desikacharya sp. PM3

Hinh 3.8. Cay phat sinh chiing - loai ctia chi Desmonostoc va Desikachary

@ bao gom cdc ching CAVN2513, CAVN2525, CNVN2560, CAVN6515 va CAVNS213;
@ bao gom cdc chiing CAVN2441, CAVN2442 va CAVN2503; ¥ bao gom chiing NS2000;

* biéu thi chung chudn, ** biéu thi loai chudn
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Bang 3.2. Ty 18 twong ddng (%) vé trinh tu doan gen 16S rRNA cua cac chung thudc chi Desmonostoc va Desikacharya

27

28

4 5 6 7 8 9 | 10| 11 [ 12| 13 | 14| 15| 16| 17 | 18 | 19 | 20 | 21 | 22| 23| 24| 25| 26
1 |CAVN2403®
2 |Desmonostoc entophytum IAM_M-267 (AB093490.1) | 99,9
3 |Desmonostoc salinum (NR177798.1) 99,81 99,6
4 |CAVNS5500 99,51 99,4 99,3
5 |Desmonostoc lechangense CFO1 (MZ263177.1)* 99,51 99,41 99,3| 100
6 |CAVN2522 98,51 98,4 98,2| 98,7| 98,7
7 |Desmonostoc linckia NIES-28 (LC215283.1) 98,81 98,6| 98,5( 99,0| 99,0
8 |CAVN6212 98,6/ 98,5|98,4| 98,9| 98,9
9 |D. meilinense CSM018-N2 (OM746703.1)* 98,81 98,6/ 98,5[ 99,0{ 99,0
10 |CAVN8204 98,1198,0(97,9] 98,4| 98,4
11 |D. magnisporum AR6-PS (MH497066.1) 98,1198,0(97,9] 98,4| 98,4
12 |D. punense MCC2741 (KT166436.1) 98,11 98,0(97,9] 98,4| 98,4| 98,6 99,5
13 |D. alborizicum 1387 (OM800960.1) 98,11 98,0(98,1]97,9| 97,9 98,1| 98,4| 98,0 98,1| 99,0| 99,0
14 |NK1813 98,71 98,6 98,5] 98,2| 98,21 98,2| 98,5| 98,1| 98,2| 98,5| 98,5| 98,5| 98,5
15 |Desmonostoc sp. CENA383 (KR137604.1) 98,41 98,2(98,1]98,4| 98,4|98,4| 98,6| 98,2 98,4| 98,7| 98,9 98,7| 98,2 99,3
16 |CAVN8233 99,01 98,9 98,7] 99,0| 99,0| 98,7| 99,0| 98,6| 98,7 | 98,6| 98,6| 98,6 98,1 | 99,0| 99,0
17 |CAVN2440® 99,1199,0(98,9]99,1|99,1|98,9(99,1| 98,7 98,9 98,7| 98,7| 98,7| 98,2| 99,1| 99,1 99,9
18 |D. persicum SA14 (MF642332.1)* 99,1199,0(98,9( 99,1 99,1|98,9]99,1|98,7| 98,9| 98,7| 98,7 98,7| 98,2] 99,1 99,1| 99,9| 100
19 |D. danxiaense CHAB5868 (MH291266.1) 98,71 98,6 98,5| 98,7| 98,7 98,7| 99,0| 98,6| 98,7 98,7| 98,7| 98,7 98,2 | 99,3| 99,3 99,1| 99,3| 99,3
20 |D. muscorum Lukesova 1/87 (AM711523.1)** 97,91 97,7|97,6| 97,91 97,9| 98,4| 98,6| 98,2| 98,4| 98,5| 98,2 98,2| 98,0| 98,0( 97,9( 97,9]| 98,0| 98,0| 98,2
21 |Nostoc neudorfense ARC8 (MK300544.1) 95,51 95,41 95,2| 95,5 95,5 95,8 96,0| 95,9 96,0| 96,4| 96,2 | 96,4| 95,9 96,6 96,3| 96,0| 96,2 | 96,2| 96,3 | 97,1
22 |[CAVN2490® 94,3194,2(194,31 94,21 94,2| 94,51 94,6| 94,5| 94,6 94,4| 94,7| 94,2| 93,9 | 94,7| 94,4| 94,3| 94,5| 94,5| 94,7| 95,8| 95,1
23 |CAVNS8242 94,51 94,3(94,51 94,31 94,3| 94,6| 94,7| 94,6| 94,7| 94,6| 94,8| 94,3 | 94,0 | 94,8| 94,6| 94,4| 94,6 94,6| 94,8 95,9 94,7( 99,6
24 |PM3 94,71 94,6 94,5| 94,7 94,7| 94,9] 95,0| 94,9 95,0| 94,8| 95,1 | 94,6| 94,3 | 95,1| 94,8| 94,7| 94,8 | 94,8| 95,1 96,2 95,4|99,0| 99,1
25 |Nostoc sp. NPA1 (KY818310.1) 94,31 94,2| 94,31 94,2 94,2| 94,5| 94,6| 94,5| 94,6| 94,4| 94,7| 94,2| 93,9| 94,7| 94,4| 94,3| 94,5| 94,5| 94,7| 95,8 95,1| 100 | 99,6 99,0
26 |Desikacharya nostocoides BHU1-PS (MH036167.2)** | 94,6 94,4| 94,3| 94,6| 94,6 94,4| 94,6| 94,4| 94,6 93,9| 94,4| 93,9| 93,6 | 94,8| 94,4| 94,8 95,0( 95,0| 94,8 95,1 | 94,8|98,0( 98,1 | 98,5| 98,0
27 |Desikacharya soli BHU2-PS (MH036168.2) 94,71 94,6 94,4| 94,7| 94,7| 94,6| 94,7| 94,6| 94,7| 94,0| 94,6| 94,0( 93,8 95,0| 94,6 95,0| 95,1| 95,1 | 95,0| 95,2 95,0( 98,1 |98,2| 98,6| 98,1 | 99,9
28 |Nostoc sp. APM3 (KY818312.1) 94,71 94,6 94,5 94,7| 94,7| 94,9] 95,0 94,9 95,0| 94,8| 95,1| 94,6| 94,3 | 95,1| 94,8| 94,7| 94,8 | 94,8| 95,1 96,2 95,4 99 [99,1| 100 | 99,0

@ bao gom cdc ching CAVN2513, CAVN2525, CNVN2560, CAVNG6515 va CAVNS213; @
CAVN2503; ® bao gé‘m chung NS2000; * biéu thi chung chudn; ** biéu thi loai chudn
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Nam chung CAVN2440, CAVN2441, CAVN2442, CAVN2503 va CAVNS8233
thugc nhanh Dem. 7 (Hinh 3.8) ¢6 mirc d6 tuong ddng vé trinh tyr doan gen 16S rRNA
so voi chung chudn D. persicum SA14 dat tir 99,9 - 100% (Bang 3.2). Hon nita, trén
ciy phat sinh chung - loai, 5 chung ndy ndm cing nhanh don phat sinh véi ching
tham chiéu D. persicum SA14 véi gié tri bootstrap 1a 85% (Hinh 3.8). Khong chi vay,
chung tham chiéu D. persicum SA14 dugc Kabirnataj va cong sy phan 1ap tir dat
rudng lua & mién Béc Iran tuong tu h¢ sinh thai phan 1ap duoc 5 chung VKL thudc
nhanh nay. Ching D. persicum SA14 ciing mang cac dic diém hinh théi twong ty 5
chung trong nghién ctru nhu c6 cdu chudi chudi dai mau xanh lam pha luc sang dén
thAm, céc soi trudng thanh voi xu hudng cudn gap nhe; té bao sinh dudng chi yéu co
dang hinh thing, hinh cau dén cau det, 16p phan tan khong mau bao quanh soi; té bao
sinh dudng hinh thung hoac hinh try; té bao di hinh gan nhu hinh cau véi hai ndt cuc
c6 thé nhin thay r6 rang nam xen k& giita soi hodc ¢ dau sgi, mau vang hoic khong
mau [Kabirnataj S., 2020]. Sy trong dong vé dic diém hinh thai, sinh thai ciing nhu
trinh tu doan gen 16S rRNA cho thay 5 chiing & nhanh Dem.7 thudc loai D. persicum
va duoc dinh danh lan luot 1a cac chung D. persicum CAVN2440, D. persicum
CAVN2442, D. persicum CAVN2441, D. persicum CAVN2503 va D. persicum
CAVNS8233.

Pong thoi, 8 chung VKL bao gdm CAVN2403, CAVN2525, CAVN2560,
CAVN2513, CAVN6515 va CAVN8213 (nhanh Dem. 1), CAVN8204 (nhanh Dem.
5) va NK 1813 (nhanh Dem. 6) khong tao thanh nhanh don phat sinh véi bat ky chiung
tham chiéu ndo & trén cdy phat sinh chung - loai (Hinh 3.9). Hon nita, cac chung nay
¢ ty 1& twong dong vé trinh ty doan gen 16S rRNA so véi ching Desmonostoc
muscorum Lukesova 1/87 tir 97,9 dén 98,5%, 16n hon gi61 han xac dinh hai chung
cing mot chi theo Yaza va cong su (2014) [Yarza P., 2014]. Py 1a chung chuin
thudc loai Desmonostoc muscorum (1a 1oai chuan cta chi Desmonostoc) [Hrouzek P.,
2013]. Vi vay, 8 chung trén dugc dinh danh thudc ba loai chua xac dinh trong chi
Desmonostoc véi tén goi 1an luot 1a Desmonostoc sp. CAVN2403, Desmonostoc sp.

CAVN2525, Desmonostoc sp. CAVN2560, Desmonostoc sp. CAVN2513,
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Desmonostoc sp. CAVN6515, Desmonostoc sp. CAVNS8213, Desmonostoc sp.
CAVNS204 va Desmonostoc sp. NK1813.

Tom lai, 16 chung VKL thudc chi Desmonostoc dugc xac dinh thudc 7 loai bao
gdm loai D. lechangense (1 ching), D. meilinense (1 chung), D. persicum (5 ching),
D. linckia (1 chung) va 3 loai chua xac dinh goi tén la Desmonostoc sp. (8 chung).
tv. Chi Desikacharya

Dua vao vi trf trén cdy phat sinh ching - loai thdy ring bén chung CAVN2490,
NS2000, CAVN8242 va PM3 nam cung nhanh don phét sinh v6i cac ching tham
chiéu thudc chi Desikacharya (Hinh 3.8). Phan tich trinh tw doan gen 16S rRNA cho
thay cac chiing ndy c6 muc do tuong dong tir 98,1% dén 98,5% so véi ching chuan
BHU1-PS cua loai Desikacharya nostocoides (1a 10ai chuan cta chi Desikacharya)
(Bang 3.2) [Saraf A.G., 2019]. Ty I¢ nay 16n hon gia tri giéi han chi nhung lai nho
hon gié tri giéi han loai [Kim, 2014; Yarza P., 2014]. Khong chi vdy, ca bn ching
nay c6 dic diém dic trung cia chi Desikacharya theo mo ta cta Saraf va cong sy
(2019) nhu té sinh dudng ¢ dau mut soi c6 dang hinh cau, t& bao sinh dudng chu yéu
c6 dang thung kich thudc déu nhau, thit lai ¢ giita cac té bao; soi ¢6 ciu tric ding
huéng, rat dai, mau xanh lam dam [Saraf A.G., 2019]. Dua vao vi tri trén cay phat
sinh chung - loai, ty 1& trong dong cta ddng vé doan gen 16S rRNA va dic diém hinh
thai, cho théy ca bbn chung nay déu thudc chi Desikachary va dugc dat tén lan luot
1a Desikacharya sp. CAVN2490, Desikacharya sp. CAVNS8242, Desikacharya sp.
NS2000 va Desikacharya sp. PM3.

Bén canh d0, chi Desikacharya dugc Saraf va cong su cong bd nim 2019 tach
tir chi Nostoc dya vao phuong phéap tiép can da chiéu. Do d6, nhitng chiing tham khao
dugc cong bd trude d6 thude chi Nostoc ma ndm cung nhanh vé6i chi Desikacharya
trén cay phat sinh chung - loai nhu chung Nostoc sp. NPA1, Nostoc sp. PCC 9426 va
Nostoc sp. APM3 can dugc dinh danh lai thudc chi Desikacharya [Papaefthimiou D.,
2008, Pham T.L.H., 2017].

v. Chi Aliinostoc

Trén cdy phat sinh ching - loai, 16 ching VKL bao gom CAVN2402,

CAVN2424, CAVN2435, CAVN2436, CAVN2437, CAVN2438, CAVN2439,
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CAVN2463, CAVN2489, CAVN2501, CAVN2502, CAVN2512, CAVN 8232,
CAVNB8235, CAVN9301 VA CAVN8241 duoc xép vao 4 nhanh don phat sinh thuc

chi Aliinostoc tuong ung véi 4 loai (Hinh 3.9).

Aliinostoc magnakinetifex SA18 (MK503791.2)*

Aliinostoc magnakinetifex CAVN2402(

Aliinostoc sp. SA9 (MK503790.1)

57 86 Aliinostoc sp. SA46 (MK503795.1)

Nostoc sp. PCC 8112 (AM711537.1) . Ali. 1

Aliinostoc magnakinetifex CAVN8232

Aliinostoc magnakinetifex CAVN8241

Aliinostoc sp. BACA0035 (MT176709.2)

Aliinostoc sp. PCC 8976 (AM711525.1)

Aliinostoc elgonense TH3S05 (AM711548.1)

Aliinostoc vietnamicum VP225 (ON133560.1)

Aliinostoc catenatum CAVN2435

Aliinostoc sp. Ay1375 (ON751925.1)

Aliinostoc sp. 2 (KT763390.1)

Aliinostoc catenatum CAVN2434 - Ali. 2

Aliinostoc sp. HA4241-MV4 (MW344116.1)

Aliinostoc sp. SA43 (MK503794.1)

Aliinostoc catenatum SA24 (MK503792.1)" i

Nostoc entophytum 1SC 32 (JN605002.1)

Aliinostoc sp. CENA175 (KC695867.1)

Nostoc entophytum MBDU 679 (KT818634.1) "Ali. 3

Aliinostoc sp. CAVN8235

Aliinostoc sp. CENA543 (KX458489.1)

Aliinostoc morphoplasticum NOS (KY403996.1)**

Aliinostoc morphoplasticum CAVN25015}

Aliinostoc alkaliphilum CENAS513 (KX458483.1)

Aliinostoc alkaliphilum CENA514 (KX458484.1)

Aliinostoc bakau USMNA (MH182619.1)

Pseudoaliinostoc jiangxiense CHABS5870 (MW829373.1)

Pseudoaliinostoc soli ZH1(3) PS (MH497065.1)

- Neowollea manoromense NUACC12 (LC474825.1)

91 Aulosira laxa NIES-50 (KJ920353.1)

Aulosira sp. CENA288 (MN551917.1)

Atlanticothrix silvestris CENA35T (KR137578.1)

66 gsl Desmonostoc mus'corum Lukesova 1/87 (AM711523.1)
Desmonostoc geniculatum HA4340-LM1 (KU161660.1)

— Compactonostoc shennongjiaense CHAB5781 (MH598843.1)

98 Nostoc neudorfense ARCS (MK300544.1)
Bl o Nostoc desertorum CM1-VF14 (AY577537.1)
73 Ahomia soli RAN-4C-PS (0Q690028.1)
Desikacharya kailashaharensis KLS-BP-3A PS (OM791824.1)

o
99 Desikacharya soli BHU2-PS (MH036168.2)

Ali. 4

93

77

0.02

Hinh 3.9. Cay phat sinh chung - loai cta chi Aliinostoc

@D bao gém cdc chiing CAVN2437, CAVN2438, CAVN2489 va CAVN9301,; @ bao g&m chiing CAVN2436,
“ bao gém cac chiung CAVN2502, CAVN2512, CAVN2439, CAVN2436 va CAVNS235;

* biéu thi chung chudn, ** biéu thi loai chuan
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Nhanh Ali. 1 gdom c6 bay ching CAVN2402, CAVN2438, CAVN2437,
CAVN2489, CAVN8232, CAVN8241 va CAVN9301 dugc nam cung nhanh don
phat sinh vé&i chiung Aliinostoc magnakinetifex SA18 (1a chung chuin cta loai A.
magnakinetifex) ¢ trén cay phat sinh chung - loai véi gia tri bootstrap dat 88% (Hinh
3.9). Pong thoi, 7 chiing nay c6 muc do twong dong trinh tu doan gen 16S rRNA dat
98,8% - 100% so voi chung A. magnakinetifex SA18 (Bang 3.3). Két hop sy twong
ddng vé cac dic diém hinh thai ctia cac ching ndy so v&i ching A. magnakinetifex
SA18 nhu: té bao sinh dudng thuong c6 dang hinh cau, vudng hoac hinh try, hoi thét
& vach té bao, cac soi non co dang thrfmg, so1 gia c6 xu hudng cudn lai; té bao di hinh
thuong c6 dang hinh cau, xuit hién & dau mat soi hay xen k& trong soi; té bao nghi
chu yéu c6 hinh cau 16n, nim xen k& hay tach roi khoi soi, chira nhiéu hat hat du tri;
tao doan co thé xuat hién té bao di hinh ¢ dau mat [Kabirnataj S., 2020]; cho thay 7
chung nay déu thudc loai A. magnakinetifex va goi tén l1an luot 13 4. magnakinetifex
CAVN2402, A. magnakinetifex CAVN2437, A. magnakinetifex CAVN2438, A.
magnakinetifex CAVN2489, A. magnakinetifex CAVNS8232, A. magnakinetifex
CAVNRS241 va A. magnakinetifex CAVN9301.

Tiép theo, nhanh Ali. 2 bao gdm ba ching 1a CAVN2434, CAVN2435 va
CAVN2436 nam cung nhanh don phat sinh v6i chiung Aliinostoc catenatum SA24 (1a
chung chuan cua loai Aliinostoc catenatum) voi gia tri bootstrap 1a 70% (Hinh 3.9).
Ba chiing nay c6 ty 1é twong dong vé trinh ty doan gen 16S rRNA tir 99,8 dén 99,9%
so vOi chung A. catenatum SA24 (Bang 3.3) [Kabirnataj S., 2020]. Dya vao cac dac
diém hinh thai twong ddéng ctia 3 ching ndy voi chung Aliinostoc catenatum SA24
nhu: t& bao sinh dudng thuong cé hinh try hodc hinh thung, xép 1ong 1éo thanh dang
sQ1 vo1 vach 1o rang gilra cac té bao; cac soi non ¢ mau nau nhat pha xanh luc, sau
d6 chuyén dan vé mau nau; cac té bao di hinh c6 hinh cau hay bau duc; té bao nghi
c6 kich thudce 16n, chtra nhidu hat du trir, cht yéu c¢6 hinh bau duc, xuat hién don 1&
hodc thanh chudi [Kabirnataj S., 2020]. Cho nén c6 thé xép 3 ching nay thudc loai
A. catenatum voi tén goi lan luot 13 A. catenatum CAVN2434, A. catenatum

CAVN2435 va A. catenatum CAVN2436.
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Bang 3.3. Ty 1é twong ddng (%) vé trinh tu doan gen 16S rRNA cua cac chung thudc chi Aliinostoc

Chiing 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1. | CAVN2402®
2. | CAVNS232 99,9
3. | CAVNS8241 98,8 | 98,7
4. | Aliinostoc magnakinetifex SA18 (MK503791.2)* 100 | 99,9 | 98,8
5. | CAVN2435 98,9 | 98,8 | 98,7 | 98,9
6. | CAVN2434/ 98,8 | 98,7 | 98,8 | 98,8 | 99,9
7. | Aliinostoc catenatum SA24 (MK503792.1)* 98,7 | 98,6 | 98,7 | 98,7 | 99,8 | 99,9
8. | CAVNS8235 98,0 | 97,9 | 98,5 | 98,0 | 98,6 | 98,7 | 98,8
9. | Aliinostoc sp. CENA175 (KC695867.1) 9741 972 1 97,6 | 97,4 | 98,2 | 98,3 | 98,5
10. | Nostoc entophytum MBDU 679 (KT818634.1) 98,1 | 98,0 | 98,6 | 98,1 | 98,7 | 98,8 | 98,9
11. | CAVN2501® 97,91 98,0 | 97,4 | 97,9 | 98,2 | 98,1 | 98,0
12. | Aliinostoc morphoplasticum NOS (KY403996.1)** 98,2 | 98,1 | 97,7 | 98,2 | 98,6 | 98,5 | 98,3
13. | Aliinostoc elgonense TH3S05 (AM711548.1) 97,31 97,41 96,8 |97,3|97,4|97,2|97,1
14. | Aliinostoc vietnamicum VP225 (ON133560.1) 98,3 98,5]97,8 |98,3|98,9 | 98,8 98,9
15. | Aliinostoc alkaliphilum CENAS13 (KX458483.1) 96,6 | 96,5 | 96,4 | 96,6 | 96,6 | 96,8 | 96,9

@ bao gom cdc ching CAVN2437, CAVN2438, CAVN2489 va CAVN9301; @ bao gom ching CAVN2436; © bao gom cdc ching CAVN2502,
CAVN2512, CAVN2439, CAVN2436 va CAVNS235; * biéu thi ching chudn, ** biéu thi lodi chudn
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Nhanh Ali.4 bao gém 5 ching la CAVN2501, CAVN2502, CAVN2439,
CAVN2512, CAVN2463 c6 trinh ty doan gen 16S rRNA tuong déng 100% so voi
nhau va 98,9% so véi chiing Aliinostoc morphoplasticum NOS (13 ching chuén cua
loai A. morphoplasticum) (Bang 3.4). Trén cdy phat sinh chung - loai dya vao trinh
tu doan gen 16S rRNA, cac chung nay cing ndm mot nhanh don phat sinh vé6i gia tri
bootstrap 1a 73% (Hinh 3.9). Loai A. morphoplasticum 13 loai chuan thudc chi
Aliinostoc duoc Bagchi va cong su cong bd vao nam 2017 [Bagchi S.N., 2017]. Thém
vao d6, naim chung ndy c6 nhiéu dic diém hinh thai twong dong so véi ching A.
morphoplasticum NOS duoc miéu ta boi Bagchi va cong su (2017) nhu 1a té bao sinh
dudng chil yéu c6 dang hinh thung, hinh tru, vach ngin gitra cac té bao rd rang; té
bao di hinh c6 hinh dang da dang, céac 16 cuc 16n c6 thé quan sat r0 rang; té bao nghi
¢6 thé xuat hién don 1& hodc thanh dang chudi, thanh dﬁy, bén trong c6 hat du trit mau
nau, bén ngoai c6 mau xanh luc [Bagchi S.N., 2017]. Do d6, nam chung CAVN2501,
CAVN2502, CAVN2439, CAVN2512, CAVN2463 dugc dugc xac dinh thude loai
Aliinostoc morphoplasticum.

Cubi cung, chung CAVNS235 (thudc nhanh Ali. 3) xuat hién trong nhanh don
phéat sinh cung 2 chung tham khao Aliinostoc sp. CENA175 va Nostoc entophytum
MBDU 679 voi gia tri bootstrap 1a 94% (Hinh 3.9). Chung CAVN8235 c6 ty I¢ tuong
ddng vé trinh ty doan gen 16S rRNA cao nhit so voi chung Nostoc entophytum
MBDU 679 cho thdy ddy 14 2 chung thudc cting 1 loai trong chi Aliinostoc (Bang 3.3)
do chung c6 ty 1& twong ddng vé trinh ty doan gen 16S rRNA so v6i chung Aliinostoc
morphoplasticum NOS (chung chuan ctia chi Aliinostoc) 1an luot 1a 97,9 va 98,0%
(cao hon so véi tiéu chi xép 2 ching cung chi) [Yarza P., 2014]. Vi vay chung
CAVNS8235 dugc xac dinh thudc loai chua xac dinh trong chi Aliinostoc véi tén goi
1a Aliinostoc sp. CAVNS8235. Pong thoi chung Nostoc entophytum MBDU 679 nam
cung nhanh v&i cac chiing tham chiéu thudc chi Aliinosotoc & trén cay phat sinh chiing
-kmhﬁncmmgn%uﬁnmmmdmhdmmlmtmmcdﬁAhMQ%mM[AndwsAA&R,

2018].
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Tom lai, 16 chung VKL thudc chi Aliinostoc dugc dinh danh thudc 5 loai khac
nhau, trong d6 c¢6 3 chung duoc xép vao loai 4. catenatum, 5 chung duoc xép vao
loai A. morphoplasticum, 7 ching dugc xép vao loai A. magnakinetifex va 1 chung
thudc loai chua xac dinh Aliinostoc sp.

B. Nhom hinh thai 11

Trén cay phét sinh chiing - loai, nhom hinh thai I gdm c6 ba ching DL12, DL1
va NK13 dugc xép vao 2 nhanh 1 Dul. va Scy. (Hinh 3.10). Trong d6, chung DL12
(nhanh Dul) nam cing nhanh don phat sinh v&i ching chuan Dulcicalothrix
necridiiformans V13 v&i1 gid tri bootstrap 1a 91% & trén cay phat sinh chung - loai
(Hinh 3.10) va c6 ty 1& d6 twong dong vé trinh ty doan gen 16S rRNA dat 99,8%
(Bang 3.4). Hon nita, hai chung nay con c6 c6 nhiéu nét twong dong vé dic diém hinh
thai nhu cac sgi mau xanh luc ¢ cau trac di cuc v6i mot dau thudn nhon (dinh), té
bao di hinh hinh cau xuét hién & dau con lai cua soi, c¢6 su hinh thanh dia hoai ttr va
xuat hién 16p bao nhiy kha day, khong mau bao quanh soi, hd ¢ hai dau trong giai
doan sinh san; cac té bao sinh dudng thuong co hep dan vé phia cubi soi. Khong chi
vay, chung lai duoc phan 1ap tir miu dat & canh dong lta va canh dong bong [Saraf
A., 2019]. Tur su tuong doéng vé dic diém hinh thai, su trong dong vé trinh ty doan
gen 16S rRNA va vi tri trén cdy phat sinh ching - loai cling nhu khu hé sinh thai cho
théy chung DL12 duogc xac dinh thudc loai D. necridiiformans va dugc goi tén la
chung Dulcicalothrix necridiiformans DL12.

Hai chung DL1 va NK13 (nhanh Scy.) da tao thanh nhanh don phat sinh cung
cac chung tham chiéu thudc chi Scytonema véi gia tri bootstrap 13 90% va c6 mbi
quan h¢ tién hoa gan gili nhat véi hai ching Scytonema bilaspurense 10C-PS va
Scytonema sp. 1f (Hinh 3.10). Phan tich vé trinh ty doan gen 16S rRNA thay rang,
hai chung DL1 va NK13 tuong dong 99,3% véi nhau va co ty 1¢ twong dong cao nhat
(99,4% va 99,9%) so vo1 chung Scytonema bilaspurense 10C-PS va Scytonema sp.
1f (Bang 3.4). Chung S. bilaspurense 10C-PS dugc Singh va cdng su phan 1ap nam
2016 tai mdt thuy vuc nude ngot & Bilaspur, Chhattisgarh, An Do c6 dic diém tuong

dé)ng voi chung DL1 va NK13 vé dic diém chudi, hinh dang, kich thudc cua té bao
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sinh dudng, té bao di hinh [Singh P., 2016]. Vi viy, hai ching DL1 va NK13 dugc
xac dinh cung thudc loai Scyfonema bilaspurense va dugc dit tén la Scytonema

bilaspurense DL1 va Scytonema bilaspurense NK13.

Neowestiellopsis persica (NR 177714.1)
Neowestiellopsis persica SA33(MF066912.1)**

96 Neowestiellopsis bilateralis SA16 (MF066911.1) L Neo.
Neowestiellopsis persica CAVN2505/ CAVN4301
82 Neowestiellopsis sp. DII-PS (0Q149981.1)

Neowestiellopsis persica A1387 (MZ2327713.1) i
Westiellopsis akinetica SNS 3 (MN402498.1)
Westiellopsis prolifica CAVN4303 y
ga| 95 Westiellopsis prolifica str. E| Farafra (KX863667.1) | wes
| 97 Westiellopsis prolifica CAVN2443 [ i
Westiellopsis prolifica SAG 23.96 (AJ544087.1)
Pelatocladus maniniholoensis HA4357-MV3 (JN385293.1)
100 Westiella intricata UH HT-29-1 (KJ767016.1) |
64 Hapalosiphon welwitschii CAVN2404
Hapalosiphon sp. IAM M-264 (AB093485.1)
99 Hapalosiphon welwitschii MD2411
75 Hapalosiphon sp.SAMA 45 (GQ354274.1)
Hapalosiphon welwitschii UH I1C-52-3 (KJ767019.1) |
- Reptodigitus chapmanii SJR-DC (KF761556.1)
64 Brasilonema bromeliae SPC 951 (DQ486055.1)
Brasilonema santannae P608A Bo (OR210293.1)
Ewamiania_thermalis TS0513 (KX781313.1)
Scytonema pachmarhiense 10A1 PS (MH260366.1) ]
06 8:1|_L Scytonema bilaspurense 10C-PS (KT222810.1)"

- Hap.

72

72 Scytonema sp. 1f (KU668900.1)
Scytonema bilaspurense NK13
— Scytonema bilaspurense DL1 - Scy.
9 Scytonema sp. HKAR-16 (MW403992.1)
Scytonema sp. R7T7DM (KM063575.1)
95 ﬂ| Scytonema foetidum NUACCO06 (LC633740.1)
Scytonema foetidum NUACCO06 (LC633742.1) i
— Aetokthonos hydrillicola B3 (KF934176.1)
{Fufbrfghrfeﬂa oahuensis HA4248-MV3 (ON706997.1)
— 98 Sherwoodiella mauiensis HA4860-CV1 (KT336444.1)
— Calothrix elsteri CCALA 953 (FR822750.1)
98 Calothrix sp. YK-03 (AB694930.1))
Dulcicalothrix sp. Zw1-PS clone 2 (OK138873.1)
100{| 100 Dulcicalothrix adhikaryi ZW1-PS 1 (OK138871.1)
- Dulcicalothrix alborzica str. Alborz (MH014811.1) [ Dul.
59 Dulcicalothrix necridiiformans DL12
91 Dulcicalothrix necridifformans V13 (KY863521.1)*

92

90

0.02

Hinh 3.10. Cay phat sinh chung - loai cua 5 chi Neowestillopsis, Westillopsis,
Hapalosiphon, Scytonema va Dulcicalothrix

* biéu thi chung chuan, ** biéu thi loai chuan
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Bang 3.4. Hé s6 twong dong vé trinh tir doan gen 16S rRNA cua 5 chi Neowestillopsis, Westillopsis, Hapalosiphon,

Scytonema va Dulcicalothrix

Nhom Chung
1 II | DL12
2 Dulcicalothrix necridiiformans V13 (KY863521.1)**
3 DL1
4 NK13
5 Scytonema bilaspurense 10C-PS (KT222810.1)*
6 Scytonema sp. 1f (KU668900.1)
7 | 1T | MD2411
8 CAVN2404
9 Hapalosiphon welwitschii UH 1C-52-3 (KJ767019.1)
10 CAVN2443
11 CAVN4303
12 Westiellopsis prolifica SAG 23.96 (AJ544087.1)**
13 CAVN2505/ CAVN4301
14 Neowestiellopsis persica SA33 (MF066912.1)**

* biéu thi chung chudn, ** biéu thi loai chuan
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C. Nhom hinh thai 111

Dua vao vi tri trén cdy phat sinh chung - loai thay rang 6 chiung VKL thudc
nhom I1I duoc xép vao 3 nhanh don phat sinh twong tmg v6i 3 chi 1a Neowestiellopsis
(2 chung), Westiellopsis (2 chung) va Hapalosiphon (2 ching).

Daiu tién, nhanh Neo. gom c6 2 ching 13 CAVN2505 va CAVN4301 duoc xé4c
dinh thudc loai Neowestiellopsis persica do chung duoc nim cing nhanh don phat
sinh cung chung Neowestiellopsis persica SA33 & trén cay phat sinh chung - loai v6i
gia tri bootstrap 1a 96% va c6 do twong dong 100% vé trinh tu doan gen 16S rRNA
so voi ching chuan SA33 (Hinh 3.10 va Bang 3.5). Loai N. persica 14 1oai chuan cua
chi Neowestillopsis. Ngoai ra chung N. persica SA33 dugc Kabirnataj va cong su
phan 1ap tir mau dat rudng lua & tinh Mazandaran, Iran c6 nhiéu nét tuong dong vé
dic diém hinh théi, sinh thai so v&i hai chiing trong nghién ciru [Kabirnataj S., 2018].

Thi hai, nhanh Wes. bao gdm 2 chung CAVN2443 va CAVN4303 dugc nam
cung nhanh don phat sinh cic chiing tham chiéu thudc loai Westiellopsis prolifica (1a
loai chuén cua chi Westiellopsis) voi gia tri bootstrap dat 97%. Dong thoi, trinh tur
doan gen 16S rRNA cua hai chung nay twong dong dén 99,9 % va 100% so véi hai
chung tham chiéu W. prolifica SAG 23.96 (Hinh 3.10, Bang 3.5) [Gugger M.F.,
2004]. Biéu d6 cho thiy chung CAVN2443 va CAVN4303 thudc loai W. prolifica va
dugc dat tén tuong Ung la chung W. prolifica CAVN2443 va W. prolifica
CAVN4303.

Cubi cung, hai ching CAVN2404 va MD2411 (nhanh Hap.) ndam cing nhanh
phét sinh loai véi ba chung tham khao thudc chi Hapalosiphon (Hapalosiphon
welwitschii UH 1C-52-3, Hapalosiphon sp. IAM M-264 va Hapalosiphon sp. SAMA
45) voi gié tri bootstrap dat 99% (Hinh 3.10). Trong d6, chung H. welwitschii UH 1C-
52-3 ciing duoc phan 1ap tir mau dat & Uc, cho thdy c6 méi truong séng twong dong
v6i cua chung CAVN2404 va MD2411 [Stratmann K., 1994]. Hon nira, trinh ty doan
gen 16S rRNA ciia ching CAVN2404 va MD2411 tuong dong tir 99,9% dén 100%
so v6i chung tham chiéu H. welwitschii UH 1C-52-3 (Bang 3.4) cho nén hai chung
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nay duogc xdc dinh thudc loai Hapalosiphon welwitschii voi tén chung la H.
welwitschii CAVN2404 va H. welwitschii MD2411.

Bén canh do6, trén ciy phat sinh chung - loai, chung Westiella intricata UH HT-
29-1 ¢6 quan hé gin giii v6i v6i cac chung tham khao thudc chi Hapalosiphon (Hinh
3.11). Bong thoi, Casamatta va cong su (2020) ciing chi ra rang nhiéu chung VKL
thudc ho Hapalosiphonaceae dugc dinh danh sai chi do thiéu co s& dit liéu vé trén
GenBank va cac tai liéu khoa hoc lién quan. Vi vay, dua trén mbi quan h¢ tién hoa
cua chung Westiella intricata UH HT-29-1 trén cay phat sinh chung - loai, ching to1
dé xuat ching nay can dugc dinh danh lai thudc loai Hapalosiphon welwitschia
[Casamatta D.A., 2020].

Téng két lai, 50 ching vi khuan lam trong nghién ctru dugc dinh danh vao 24
loai thudc 10 chi. Trong d6 cé 34 chung duoc xac dinh danh phap dén cap do loai
thuoc 14 loai bao gém Aulosira laxa CAVN2460, Ahomia soli CAVN2432,
Desmonostoc lechangense CAVNS5500, D. meilinense CAVNG6212, D. linckia
CAVN2522, D. persicum CAVN2440, D. persicum CAVN2441, D. persicum
CAVN2442, D. persicum CAVN2503, D. persicum CAVNSE233, Aliinostoc
magnakinetifex CAVN2402, A. magnakinetifex CAVN2437, A. magnakinetifex
CAVN2438, A. magnakinetifex CAVN2489, A. magnakinetifex CAVN8241, A.
magnakinetifex CAVN9301, A. magnakinetifex CAVN8232, A. catenatum
CAVN2434, A. catenatum CAVN2435, A. catenatum CAVN2436, A.
morphoplasticum  CAVN2501, A.  morphoplasticum  CAVN2502, A.
morphoplasticum  CAVN2512, A.  morphoplasticum  CAVN2439, A.
morphoplasticum CAVN2463, Dulcicalothrix necridiiformans DL12, Scytonema
bilaspurense DL1, S. bilaspurense NK13, Neowestiellopsis persica CAVN2505, N.
persica CAVN4301, Westiellopsis prolifica CAVN2443, W. prolifica CAVN4303,
Hapalosiphon welwitschii CAVN2404 va Hapalosiphon welwitschii MD2411. Bén
canh d6, 16 chung con lai dugc xép vao 10 loai chua xac dinh thudc 4 chi 1a Aulosira,
Desmonostoc, Desikacharya va Aliinosotoc do thiéu trinh ty tham chiéu cua cac loai

chuan. Két qua nay cho thay tiém ning da dang sinh hoc cao cia VKL phan lap tir
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mau dit rudng lua, dat ven séng & nudc ta, ddng thoi dit nén tang cho cac nghién ciu
sau hon vé phan loai, hoat tinh sinh hoc va ing dung sau nay.
3.2. Panh gia hoat tinh sinh hoc ciia cao chiét tong so tir vi khuin lam
3.2.1. Khoi lwong sinh khéi va cao chiét

Két qua thé hién trong Bang 3.5 cho thy sinh khdi kho cia 50 chung VKL
trong nghién ctru dao dong tir 1.000 mg dén 2.200 mg, trong d6 chung CAVN2512
c6 sinh khi thap nhét, con chiing XN1103 thu duoc luong sinh khdi nhiéu nhat (Bang
3.5).

Bang 3.5. Sinh khéi kho, khéi luong cao chiét va hiéu suat tach chiét

STT | Chiing Sinh khoi (mg) | Khoi lwgng cao chiét (mg)
1. |CAVNO80I 1.900 302
2. | CAVN2460 1.900 172
3. | CAVNS202 1.400 250
4, XN1103 2.200 202
5. | CAVN2432 1.700 186
6. | CAVN2403 1.200 256
7. | CAVN2513 1.700 245
8. | CAVN2525 1.300 203
9. | CAVN2560 1.100 197
10. | CAVNG6515 2.000 260
11. |CAVNS213 1.700 166
12. | CAVN5500 2.100 224
13. | CAVN2522 1.000 132
14. | CAVNG6212 1.700 308
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STT Chung Sinh khdi (mg) Khéi lwrgng cao chiét (mg)
15. | CAVNS204 1.300 162
16. NK1813 1.100 217
17. | CAVN2440 1.100 101
18. [ CAVN2441 2.100 445
19. | CAVN2442 1.000 77
20. [CAVNS233 1.200 198
21. | CAVN2503 2.100 349
22. | CAVN2490 2.000 325
23. NS2000 1.900 296
24. | CAVNS8241 1.700 262
25. PM3 2.100 325
26. | CAVN2437 1.800 172
27. | CAVN9301 1.800 273
28. [ CAVN2438 1.100 239
29. | CAVN2489 1.400 270
30. | CAVN2402 1.600 281
31. | CAVNSg232 1.300 167
32. | CAVNRg241 1.400 131
33. | CAVN2434 2.000 172
34. | CAVN2435 1.600 205
35. | CAVN2436 1.800 198
36. | CAVNS235 2.000 290
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STT Chung Sinh khdi (mg) Khéi lwrgng cao chiét (mg)
37. | CAVN2512 1.000 99
38. | CAVN2439 1.400 159
39. | CAVN2501 2.000 261
40. | CAVN2502 1.900 247
41. | CAVN2463 1.900 167
42. NK13 2.000 270
43. DL1 1.100 214
44. DL12 1.600 190
45. MD2411 1.400 260
46. | CAVN2404 1.200 223
47. | CAVN2443 1.100 192
48. | CAVN4303 1.100 250
49. [ CAVN2505 1.200 202
50. [CAVN4301 1.100 122

Sau d6, sinh khéi kho cua cac ching s& duoc tach chiét trong hd hop dung moi
EtOAc va MeOH (theo ty 1& 1:1) dé thu dich chiét tong s6. Sau d6, cac dich chiét
dugc co quay dé loai bo dung méi dé thu cao chiét tong s cuia mdi chung. Khéi luong

cao chiét tong cua cac chung c6 do dao dong 10n tir 77 mg (ching CAVN2442) dén

445 mg (CAVN2441) (Bang 3.5).

3.2.2. Hoat tinh khdng khuén ciia cdc cao chiét

Cao chiét tong sb tir 50 chung VKL duoc danh gia kha ning Gc ché d6i véi 5
chung vi khuan gdy bénh trén nguoi bao gdm Bacillus cereus ATCC 14579,
Staphylococcus aureus ATCC 25923, Streptococcus pneumoniae ATCC 49619,
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27852 bang phuong
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phap khuéch tan dia thach ¢ ham luong 2 mg cao chiét/ dia gidy. Két qua danh gia
hoat tinh khang khuan cta cao chiét tong s tir cac ching VKL duoc thé hién ¢ biéu
dd Hinh 3.11 va Phy luc 7.
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Hinh 3.11. Hoat tinh khang khuan ctia cao chiét tong so tir 12 chung VKL
Hoat tinh yéu: 6 mm <D < 10 mm; Hoat tinh trung binh: 10 mm <D < 15 mm;
Hoat tinh manh: D > 15 mm [Pham T.L.H., 2017]

Trong s6 50 cao chiét tong sd ¢6 12 cao chiét (twong ung ty 1& 24%) thé hién
kha ning trc ché duoc it nhat mot chung vi khuan kiém dinh véi duong kinh vong vo
khuan dao dong tur 6,8 dén 19,0 mm. Ty 1€ nay cao hon 1,7 lan so véi ty 1€ 14% cac
chung VKL c6 hoat tinh khang khuan duoc ghi nhan trong nghién ctru ctia Ghasemi
va cong su (2003), khi sang loc hoat tinh khang khuan cua 150 chang VKL phén lap
tr mau dat rudng lua tai Iran [Ghasemi Y., 2003]. D@)ng tho1i, n6 cling cao hon 1,2 lan
so v6i két qua nghién ciru cta Jaki va cong su (1999) khi sang loc dugc 18 trong sb
86 cao chiét tir 43 chiing VKL phan lap tir cdc hé sinh thai khac nhau & Thuy Dién c6
hoat tinh khang khuén (chiém 20,9%) [Jaki B., 1999].

Trong s6 12 cao chiét c6 hoat tinh khang khuan, cao chiét tir chiing Westiellopsis
prolifica CAVN4303 ¢ kha ning trc ché phd rong trén 4 chung vi khuin kiém dinh
v6i dudng kinh vong vo khuan tir 8,5 - 14,5 mm; tiép theo cao chiét tir 5 chung VKL
Desmonostoc persicum CAVN2440, D. persicum CAVN2442, Scytonema
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bilaspurense NK13, Hapalosiphon welwitschii CAVN2404 va Neowestiellopsis
persica CAVN4301 tic ché duoc 3 chung vi khuan kiém dinh; cao chiét tir 4 chung
bao gdm chung Desmonostoc sp. CAVN8204, Desikacharya sp. NS2000;
Desikacharya sp. PM3 va Aliinostoc magnakinetifex CAVN2437 tc ché duoc 2
chung vi khuin va 2 cao chiét A. magnakinetifex CAVN2438, Hapalosiphon
welwitschii MD2411 chi trc ché yéu vi khuan S. aureus v6i duong kinh vong vo khuan
1a 8,3 mm (Hinh 3.11).

Pong thoi, két qua Hinh 3.11 ciing chi ra ring cao chiét tong sb tir cac ching
VKL thé hién kha ning trc ché vi khuan Gram dwong manh hon so véi vi khuan Gram
am. Cu thé, co dén 10 cao chiét tc ché duoc vi khuan S. aureus, 8 cao chiét (rc ché vi
khuan B. cereus va 7 cao chiét tc ché vi khuan S. pneumonia. Dang chu ¥ 1a cao chiét
tir chung Desmonostoc sp. CAVNE204 thé hién hoat tinh rc ché manh nhét vi khuan
B. cereus v6i duong kinh vong vo khuan dat 19,0 mm, cao chiét tir chung
Desikacharya sp. PM3 tc ché manh hai loai vi khuan S. aureus va B. cereus v6i
duong kinh vong vo khuan tr 15,5 d&én 18,0 mm. Nguoc lai, chi ¢6 cao chiét tur 2
chung VKL ¢6 hoat tinh trc ché yéu d6i véi vi khuan P. aeruginosa voi dudng kinh
vong vo khuan tir 8,5 mm - 10,5 mm va 1 cao chiét rc ché vi khuéan E. coli v6i duong
kinh vong vo khuan dat 8,3 mm (Hinh 3.11). Két qua nay hoan toan twong dong véi
nghién cuou cua Jaki (1999), Ghasemi (2003), Soltani (2005) [Jaki B., (1999);
Ghasemi Y., 2003; Soltani N., 2005]. Theo Soltani va cong sy (2005), vi khuan Gram
duong thudng nhay cam hon véi cac hop chat khang khuan do cdu trac thanh té bao
ctia chiing chil yéu bao gdm 16p peptidoglycan day, nhung khong c6 16p mang ngoai
chtra LPS bao v¢ [Soltani N., 2005]. Nguoc lai, té bao cta vi khuan Gram am c6 16p
mang ngoai chira LPS, gitip bao vé té bao khoi tac dong cua nhiéu loai khang sinh va
hop chit khang khuan [Sciuto K., 2015]. Ngoai ra, mot sé hop chat khang khuan tir
VKL c6 thé trc ché sy phat trién cua vi khuan thong qua co ché pha v tinh toan ven
ctia mang té bao, tac dong truc tiép 1én 16p peptidoglycan hodc mang té bao. Do khong
¢ 16p mang ngoai bao vé nén vi khuan Gram duong d& bi tac dong hon so véi vi

khuan Gram am [Kar J., 2022].
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3.2.3. Hoat tinh irc ché té bao ung thw ciia cdc cao chiét

Cao chiét tong s tir 50 chung VKL dugce danh gia muic d6 tac dong 1én ty 18
song cua té bao HeLa bang phuong phép limit test. Két qua cho thay trong s6 50 cao
chiét téng s6 ¢6 7 cao chiét thé hién hoat tinh gay doc lén té bao HelLa, trong do co 4
cao chiét tiém ning 13 CAVNS204, NK 13, CAVN4301, CAVN4303; 1 cao chiét it
tiém ning (MD2411) va 2 cao chiét khong giy chét dang ké ddi véi té bao HeLa
(CAVN2440 va NS2000) (Bang 3.6). Pong thoi, 43 cao chiét con lai khong anh
huong dén kha nang séng cua té bao HeLa ¢ ndng d6 100 pg/ml (Phu luc 7). Sau do,
5 cao chiét tiém ning va it tiém ning duoc pha lodng ¢ cac dai ndng do thich hop dé
danh gia doc tinh trén dong té bao HeLa bang thir nghiém MTT dé xac dinh gié tri
ICso ctia mdi cao chiét.

Bang 3.6. Kha ning giy doc cia cao chiét tir 7 chung VKL 1én té bao HeLa

STT Cao chiét Nong d cao chiét (ng/ml) Danh gia
1 | 10 | 50 | 100
1. |NKI3 ++ | +++ | +++ | +++ | Tiém ning
2. CAVN4301 - + | +++ | +++ | Tiém ning
3. CAVN4303 - + | +++| +++ | Tiém ning
4. CAVNS8204 - + | +++| +++ | Tiém ning
5. MD2411 - - + ++ | ft tiém nang
6. CAVN2440 - - - + | Khong tiém ning
7. | NS2000 - - - + | Khong tiém ning

-: khong tac dong; +: < gdy chét 10% tong té bao; ++: gdy chét 10 - 60% tong s6 té bao;
+++: gdy chét > 60% tong so té bao
Két qua thir nghiém MTT cho thdy, ca 5 cao chiét déu gay doc cho té bao HeLa
v6i gid tri ICso dao dong tir 3,8 pg/ml dén 91,1 pg/ml (Bang 3.8; Hinh 3.12). Poc tinh
ctia Taxol 1én té bao HeLa & gia tri ICso1a 12 ng/ml, két qua nay phu hop voi két qua
da duoc cong bd trong cac nghién ciru ciia Nguyen B.L.T. (2021) va Sun (2019).
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Déng chu y 12 biéu dd dudng cong dap tmg liéu cua cao chiét tir ching S. bilaspurense

NK13 Ién té bao HeLa c6 xu huéng twong tu nhu Taxol (Hinh 3.12).

Taxol

0.0

120+

D100+
c

sb

% té bao

05 10 15 20
Log [n6éng dd (ng/ ml)]

CAVN4303

1
25

% té bao séng

120+

1004

@
=)
Lo

% t& bao séng
(-2}
o
1

40-

20

0 1 2
Log [néng dé (ug/ ml)]

CAVN8204

% té bao séng

0.0

0?5 1 :0 1 :5 2.0
Log [nong d6 (ug/ ml)]

2.5

NK13

0 T T T

-4 -2 . 0 2 4
Log [n6ng d6 (pg/ ml)]
CAVN4301

120
1004 .

80+

60

404

20

0 T 1

1 I 1
0.0 0.5 i 1.0 1.5 2.0 25
Log [n6ng d6 (pg/ ml)]

MD2411
1204

1004
804
604
40

20

T T

015 1 70 1 .'5 2.0 2.5
Log [nong dé (ug/ ml)]

Hinh 3.12. Pdc tinh cta cao chiét tir 5 ching VKL 1én té bao HeLa

Theo hudng dan phén loai cip do gy ddc cta hop chit ciia Hé théng hai hoa

toan cau vé phan loai va ghi nhan hoa chat (GHS) ctia Lién hiép qudc ban hanh nim

2023 [UN, 2023] thdy rang cao chiét tong sb tir hai ching Desmonostoc sp.
CAVNS8204 va H. welwitschii MD2411 dugc xép vao nhom doc tinh cap 3 (mirc do
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gy doc trung binh) trén té bao HeLa véi gia tri ICso 1an luot 12 67,9 va 91,1 pg/ml;
cao chiét tir 2 chung W. prolifica CAVN4303, N. persica CAVN4301 dugc xép vao
nhom doc tinh cép 2 (muc do gady doc manh) véi gid tri ICso 1an luot dat 34,5 va 40,7
ng/ml; dic biét cao chiét tir chung S. bilaspurense NK13 duoc xép vao nhom doc tinh
cap 1 (muc do gay doc cuc manh) véi gia tri ICso1a 3,8 pg/ ml (Bang 3.8). Pong thoi,
theo tiéu chuan ctia Vién Ung thu Qudc gia Hoa Ky (NCI), mot cao chiét dugc danh
gia 1a c6 doc tinh manh khi gia tri ICso < 20 pg/ ml [Suffness M., 1990], cho thiy cao
chiét tur chung S. bilaspurense NK13 thé hién doc tinh té bao rat manh Ién té bao
HeLa.

Bang 3.7. Gi4 tri ICso cua cao chiét tir 5 chung VKL 1én té bao HeLa

STT | Cao chiét ICso(ng/ ml) | Phan loai GSH
1. Taxol 0,012 (14,05 nM) Cat. 1
2. | NK13 3,8+0,7 Cat. 1
3. | CAVN4303 345+ 1,5 Cat. 2
4. | CAVN4301 40,7 + 1,4 Cat. 2
5. | CAVNS204 67,9+5,5 Cat. 3
6. | MD2411 91,1 £5,7 Cat. 3

Cat. 1: ICsy < 5 ug/ ml; Cat. 2: 5 ug/ ml < ICso < 50 pg/ m;
Cat. 3: 50 ug/ ml <1Cso <300 ug/ ml.

Sau d6, cao chiét tir chung S. bilaspurense NK13 (goi tit 1a cao chiét NK13)
tiép tuc duge lya chon dé danh gia doc tinh trén hai dong té bao ung thu OVCAR-8
(ung thu budng trimg), A549 (ung thu phdi) va hai dong té bao thuong 1a HaCaT va
HEK293 d¢ xac nhan lai hoat tinh gdy doc manh ctia cao chiét nay. Két qua doc tinh
ctia cao chiét NK 13 1én 4 dong té bao dugc thé hién ¢ Hinh 3.13 va Bang 3.8.

Két qua & Hinh 3.13 va Bang 3.8 chi ra rang, cao chiét NK13 déu c6 kha ning
gy doc trén ca 4 dong té bao & nhém nguy co cap 1 va nguy co cip 2 dua theo thang
phan loai ctia GHS vdi gia tri ICso dao dong tir 0,6 dén 34,2 pg/ml. Didu d6 cho thay
cao chiét tir ching S. bilaspurense NK13 c6 kha nang sinh hoat chat giy doc manh
trén pho rong v6i nhiéu dong té bao. Pang chu y 14 cao chiét NK 13 gay doc cue manh

1én té bao HEK293 voi gia tri ICso 1 0,6 pg/ml nhung trong khoang ndng dd tir 0,7 -
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30,0 pug/ml, ty 1& sdng sot cua té bao HEK293 ludn duy tri & muc 42% cho thay cao
chiét NK13 c6 thé gay ra tac dong 1én su ting sinh cta té bao HEK293 trong khoang
ndng d6 nay (Hinh 3.13).

Bang 3.8. Gi4 trj ICso ctia cao chiét NK 13 1én 5 dong té bao

Dong té bao |  ICsp (ug/ml) Phin loai GSH
HeLa 3.8+0,7 Cat. 1
HEK293 0,6+ 0,5 Cat. 1
A549 8,3+0,9 Cat.2
HaCaT 21,6 £3,2 Cat. 2
OVCAR-8 342 +2,7 Cat. 2

Cat. 1:1Cso <5 ug/mi; Cat. 2: 5 ug/ ml < ICsg < 50 ug/ mi;
Cat. 3: 50 ug/ ml <1Cso <300 ug/ ml.
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Hinh 3.13. Pdc tinh cua cao chiét NK13 1én 4 dong té bao
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Két qua trén cho thiy hoat tinh giy doc té bao cia cao chiét tir chung S.
bilaspurense NK13 chua thé hién rd tinh tac dong chon loc gitra t& bao ung thu va té
bao thuong. Cu thé, cao chiét NK13 giy doc manh trén té bao HeLa (ICso = 3,8
ng/ml), déng thoi cling e ché dang ké cac dong té bao ung thu khac nhu A549 va
OVCAR-8 véi gi tri ICso lan luot 14 8,3 va 20,6 ug/ml; nhung cao chiét ndy ciing
gay doc manh trén cac dong té bao thuong HEK293 va HaCaT véi ICso twong Gng 12
0,6 va 21,6 ng/ml. Piéu nay cho thay cao chiét NK13 ¢ phd tac dong giy doc té bao

rong, song chua chimg minh dugc kha nang wu tién tiéu diét té bao ung thu.

Trén co s dir liéu cia CyanoMetDB phién ban 3 (cip nhat dén thang 9 nim
2024), dén nay da c6 hon 3.000 hop chét dwgc phat hién tir VKL, trong d6 c6 hon
400 hop chat phan 1ap tir cac chung VKL thudc chi Noctoc; khoang hon 100 hop chét
phan 1ap tir hai chi Hapalosiphon va Westiellopsis va 75 hop chat phan lap tir chi
Scytonema [Janssen E.M.-L., 2024] cho thay tiém ning phat hién hop chat c6 hoat
tinh sinh hoc méi tir cac chung VKL thudc nhitng chi nay. Nhiéu hop chat nhu
scytophycin, tolytoxin, tubercidin, nostodione A, scytonemide A, B va scytoscalarol
thé hién doc tinh manh trén mot s dong té bao ung thu khac nhau duoc phan 1ap tir
mot sb loai thude chi Scytonema nhu S. saleyeriense, S. ocellatum, S. mirabile, S.
burmanicum va S. hofmannii [Carmeli, S., 1990; Furusawa E., 1994; Patterson G.M.,
1993; 1994; Shim S.H., 2008]. Thém vao do, nghién ctru ciia Gigova va cong su
(2011) d3 chi ra ring cao chiét tong sb tir ching Scytonema ocellatum c6 kha ning
trc ché t& bao HeLa véi gia tri ICso < 30 pg/ml [Gigova L., 2011]. Nghién ctru cta
Nehul va cong su (2024) cho thay cao chiét nude tir chung VKL thudc loai Scytonema
schmidtii phan 1ap & mau dat tinh Ahmednagar, An D6 thé hién doc tinh trén dong té
bao HeLa voi gia tri ICso 13 55 pg/ml [Nehul J.N., 2024]. Tuy nhién, cho dén nay
chua c6 nghién ctru ndo danh gia hoat tinh gay doc té bao tir loai S. bilaspurense dugc
cong bd. Trong khi d6 cao chiét tong sb tir chung S. bilaspurense NK13 trong nghién
ctru c6 doc tinh trén té bao ung thu HeLa & gia tri ICso 14 3,8 pg/ ml manh hon so véi

cac cao chiét tir cac loai khac thudc chi Scytonema da cong bo.

Ngoai ra, nhiéu nghién ctru & Viét Nam di cho thay tiém ning phat hién cac
chung VKL c6 kha ning sinh tong hop cac hop chét ¢ hoat tinh khang khuén, khang

ung thu manh. Ching han, nghién ctru cia Pham Luong Hang va cong su (2017) da
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sang loc dugc 11 trong 13 ching VKL thudc ho Nostoc phan 1ap tir dat rudng lta cé
kha nang e ché duoc ca vi khuan Gram duong va Gram am va 3 chiing e ché dong
té bao ung thu va va ung thu dai tryc trang véi gia tri ICso tir 47,8 pug/ml dén 232
ng/ml [Pham T.L.H., 2017]. Nhém hop chit Carbamidocyclophanes phat hién tir
chung Nostoc sp. CAVN2 va Nostoc sp. CAVNI10 phan lap ¢ Viét Nam thé hién hoat
tinh khang khuan va giy doc té bao manh [Bui H.T., 2007; Preisitsch M., 2015; 2016]
cho thiy tiém ning phat hién nhitng hop chat mai c6 hoat tinh sinh hoc tir cac chung
VKL ban dia.

Tong hop lai, nghién ciru da phat hién duoc 12 ching tir 50 ching VKL di phan
1ap c6 kha ning tong hop duge hop chat e ché it nhat mot trong bdn ching vi khuan
gy bénh pho bién trén nguoi, trong d6 cao chiét tong sb tir chung Desmonostoc sp.
CAVNS8204 thé hién kha ning trc ché manh nhét trén ching vi khuan B. cereus voi
duong kinh vong vo khuan dat 19,0 mm. Ca bay cao chiét c6 doc tinh trén té bao ung
thuy HeLa déu thé hién hoat tinh khang khuan. Cao chiét tong sb tir 5 ching VKL
Desmonostoc sp. CAVN8204, H. welwitschii MD2411, N. persica CAVN4301, W.
prolifica CAVN4303 va S. bilaspurense NK13 gay doc té bao ung thu HeLa ¢ nhom
doc tinh cap 1 dén cap 3. Noi troi nhat 1a cao chiét tong s6 tir ching S. bilaspurense
NK13 gay ddc trén té bao HeLa véi gia tri ICso 1a 3,8 pg/ ml, dong thoi khang duoc
ca vi khuan Gram duwong va Gram am vé&i dudng kinh vong vo khuan tr 9,5 - 11,3
mm. Cao chiét NK13 dugc lua chon dé tiép tuc nghién ctru lam sang to co ché gay
chét d6i v6i té bao HeLa & cap d6 phén tir va té bao. Pong thoi, chung S. bilaspurense
NK 13 duoc nudi sinh khoi véi thé tich 1on dé dam bao thu du lugng sinh khoi kho
cho thi nghiém phan tach va xac dinh thanh phan hop chat gay doc trén té bao ung
thu HeLa.

3.3. Co ché tac dong ciia cao chiét NK13 1én té bao HeLa
3.3.1. Tdc déng 1én chu trinh té bao HeLa

Két qua vé ty 1& phan trim té bao & cac pha sub-G1, GO/G1, S va G2/M va ty 18

phan trim té bao phan b ¢ mdi pha trong chu trinh té bao trong quan thé singlet (tip

hop céc té bao don 1¢) dugc thé hién & Hinh 3.14.
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Hinh 3.14. T4c dong ciia cao chiét NK13 1én chu trinh té bao HeLa

Ty 1¢ té bao HeLa trong cdc pha ciia chu trinh té bao ¢ mau DCSH (A), 1t véi DMSO 0,1% (B), i

véi Taxol nong do 13,5 ng/ ml (C), 1t véi cao chiét NK13 ¢ nong do 3,8 ug/ml (D); so sanh ty 1é té

bao trong cdc pha G0/G1, S va G2/M giita cic mau (E)

Két qua cho thdy cao chiét NK13 gy bt giit chu trinh t& bao rd rét tai pha S
v6i ty 18 té bao bi giit sau 48 gio dat 24,6%. Trong khi do, ty 1¢ té bao tai pha S & cac
nhom DCSH (té bao khong xir 1y), xir Iy voi DMSO 0,1% va Taxol ndng d6 13,5 ng/
ml (gid tri ICso) 1an luot 1a 11,5%; 15,3% va 2,0%. Nguoc lai, Taxol lai gay trc ché
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qua trinh phan bao bang cach gy bit giit té bao tai pha G2/M vdi ty 18 té bao bi git
lai dat 82,6% cao hon han so v&i cac nhom con lai. Ngoai ra, ty 1¢ té bao tai pha sub-
Gl trong mau té bao 1 v&i cao chiét NK13 dat 22,2% - cao hon dang ké so v&i nhom
té bao khong xur 1y (2,0%) va té bao 1 véi DMSO (3,3%) (Hinh 3.14). Mic du sy ting
ty 1¢ té bao & pha sub-G1 khong thé sir dung truc tiép lam chi thi dé xac dinh té bao
chét theo chwong trinh (apoptosis), nhung két qua niy goi ¥ kha ning qua trinh

apoptosis dang dién ra.
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Hinh 3.15. Mtc d6 biéu hién gen diéu hoa chu trinh té bao HeLa
NC: doi chitng am; PC: Taxol 1,8 ng/ml (Péi chitng dwong);

5" make do tin cdy véi gid tri P <0,05; 0,01, 0,001

Bén canh d0, két qua phan tich muc do biéu hién cua céac gen diéu hoa chu trinh

té bao cho thay rang mirc d6 biéu hién cua cac gen CDKNIA (p21) va CDKN2A (p16)
tang 1én dang ké & thoi diém 12 gio va 24 gid sau khi té bao 0 vai cao chiét NK13 &
noéng d6 0,12 pg/ ml (gi tri IC10) twong Gmg 1an lugt 12 1an va 1,5 1an (tai thoi diém
12 gio) va 27 1an va 5,7 lan (tai thoi diém 24 gio) so véi mau té bao o véi DMSO
0,1% (dbi ching am) (Hinh 3.15). Trong khi d6, mirc d6 biéu hién cua gen TP53
khong co su khac biét & thoi diém 12 gio gitta nhom té bao duogc xir 1y v6i cao chiét
NK13 va té bao xtr Iy voi DMSO 0,1%; tuy nhién, sau 24 gio, muc do biéu hién cua
gen TP53 & miu té bao 1 v4i cao chiét NK 13 ting 1,4 1an so véi mau d6i ching (Hinh
3.15). Bén canh do, biéu hién cta céc gen nay o mau duoc U v&i Taxol (déi ching
duong) & nong d6 1,8 ng/ml khong thiy co sy khac biét so véi mau ddi ching am

(NC) tai thoi diém 12 gio. Tuy nhién, dén thoi diém 24h u thube (Taxol), mirc do
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phién mi ctia gen CDKNIA (p21) va CDKN2A (p16) cao hon so v6i mau dbi ching
am twong Gng 13 28 1an va 2.8 1an; tuy nhién khong thiy sy khac biét vé biéu hién cua
gen TP53 (Hinh 3.15). Két qua nay hoan toan phu hop véi két qua danh gia vé ty 18
té bao HeLa bj bét giit cic pha ctia chu trinh té bao. Qua d6 c6 thé chimg minh cao
chiét NK13 c6 tac dong diéu hoa chu trinh té bao thong qua viéc kich hoat cac gen
trc ché tang sinh té bao nhu gen CDKNIA (p21) va CDKN2A (p16). Sy khac biét vé
murc d6 biéu hién cua TP53 giira cac thoi diém va gitta cic miu cling cho thdy kha
nang cao chiét NK13 c6 thé diéu hoa chu ky té bao thong qua co ché riéng, khong

hoan toan phu thudc vao 7P53.

Mic du p53 thuong gdy ngimg chu trinh té bao thong qua cam tng ton thuong
DNA, trong nghién ctru ndy, cao chiét NK13 va Taxol lai khong anh huéng dén mirc
d6 biéu hién ctia gen nay. Tuy nhién, ca hai chit nay déu lam ting manh biéu hién
cia gen CDKNIA (p21) va CDKN2A (p16) 14 hai gen mi héa protein rc ché kinase
phu thudc cyclin (CDK), qua d6 gay ngimng chu trinh té bao. Cac protein cyclin va
CDK ciing dong vai trd quan trong trong diéu hoa chu trinh té bao, dic biét trong qua
trinh phan bao, va viéc cam tmg p21 va p16 co6 thé dan dén bat hoat CDK, gy ngimng
chu trinh tai pha sdm (pha S). Mot sé nghién ctru trude day da chi ra rang gen
CDKNIA c6 thé duoc hoat hoa va gay nging chu ky té bao tai pha G1 thong qua co
ché khong phu thudc gen T7P53 [Ho C.J.,2019, Jeong J.H., 2010]. Bén canh do, Koster
va cong su (2011) ciing cho thay Taxol c6 kha ning gay chét té bao theo chwong trinh
khéng phu thude p53 [Koster R., 2011]. Vi vdy, tir két qua nghién ctru nay c6 thé dua
gia thuyét rang cao chiét NK 13 diéu hoa chu trinh té bao thong qua viéc ting mirc do
biéu hién gen CDKNIA va CDKN2A theo co ché khong phu thudc TP53. Hai gen nay
c6 kha bét hoat cac kinase phu thudc cyclin (CDK), tir 6 1am gian doan hoat dong
ctia cac cyclin can thiét cho cac pha trong chu trinh té bao, dic biét 1a ngin can qua

trinh nguyén phan, ddn dén ngimg chu trinh té bao ¢ pha S.

3.3.2. Tdc déng lén con dwong apoptosis ciia té bao HeLa
Két qua danh gia tac dong cua dich chiét NK13 1én su chét theo chuong trinh
cta té bao HeLa duoc thé hién ¢ Hinh 3.16.
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Hinh 3.16. Tac dong cta cao chiét NK 13 1én con dudng apoptosis cta té bao HeLa
A: Khéng xir Iy; B: té bao dwoc it véi DMSO 0,1% (PC dm); C: Taxol nong dé 13,5 ng/ml; D: Cao
chiét NK13 nong do 3,8 ug/ ml; E: So sanh ty Ié té bao chét & cdc giai doan khi i véi cao chiét
NK13 so véi mdu doi chieng, * mikc d¢ tin cdy véi gid tri P < 0,05

Cao chiét NK 13 duogc danh gid 1a c6 hiéu qua gy nén su chét theo chuong trinh
(apoptosis) ctia t& bao HeLa & nong d6 3,8 pg/ ml (gia tri ICso). Két qua phan tich
dong chay té bao cho thay ty 1é té bao bi hoai tir (Q1), té bao bi apoptosis mudn (Q2),
apoptosis som (Q3) va té bao séng (Q4) cua té bao HeLa khi dugc 1 véi cao chiét

NK13 lan luot 12 11,1%; 10,8%:; 1,7% va 76,3% (Hinh 3.18). Cao chiét NK13 thé
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hién tac dong gy ra su chét theo chuong trinh (apoptosis), thé hién & ty 18 té bao
HeLa trong giai doan apoptosis (Q2 va Q3) dat 12,5% cao gip 3 va 4 1an so v6i nhom
PCSH (té bao khong xtr 1y) va nhom té bao i DMSO 0,1%. Bén canh d6, Taxol lai
thé hién tac dong giy apoptosis manh trén t& bao HeLa & ca pha apoptosis sém va
apoptosis mudn; dac biét, ty 1& té bao & pha apoptosis mudn cao hon lan luot 1a 3,2;
13,1 va 9,8 1an so v&i cac mau té bao 1 voi cao chiét NK13, DMSO 0,1% va khong
xur ly (Hinh 3.16).

Qua trinh apotosis dugc dién ra theo hai con dudng 13 noi sinh va ngoai sinh.
Con duong apoptosis ndi sinh dugc khoi phat boi su hoat hoa cia protein tién
apoptosis BAX, din dén su giai phong cytochrome C tir ty thé. Trong khi do, con
duong apoptosis ngoai sinh chu yéu duong kich hoat béi cac tin hiéu ngoai té bao, tir
d6 hoat hoa enzyme CASPASE- 8. Ca hai con duong nay déu dan dén sy hoat hoa
cia CASPASE - 3 (caspase thyc thi) - ¢6 chitc ning phan giai DNA cia té bao, din
dén su chét té bao. Vi vay, dé 1am rd co ché tac dong cua cao chiét NK13 1én con
duong apoptosis ciia dong té bao HeLa, mtc do phién mi cia cic gen BAX,
CASPASE-3, va CASPASE-8 dugc phan tich bang ky thuat RT - qPCR.

BAX Caspase 3 Caspase 8

30— 3—
* %k

o
=)
1

Fold change
Fold change
Fold change

-
=)
1

SR S S 53 S o
&S \,5-3' P 0,@ U~ S
- & As ] & K Q()

v Vv 'Ls‘o
O QO )
& v &

Hinh 3.17. Mitc do biéu hién ctia gen diéu hoa con duong apoptosis cta té biao HeLa
NC: doi chitng am; PC: Taxol 1,8 ng/ml (Doi chiing dirong);
*ORE EEE e do tin cdy voi gia tri P < 0,05, 0,01; 0,001
Két qua cho thiy mirc d6 biéu hién ctia cac gen nay trén té bao HeLa déu ting
1én khi dugc 0 véi cao chiét NK13 va sy ting biéu hién nay c6 xu hudng phu thudc

vao thoi gian 1 mau. Tai thoi diém 12 gio sau khi 1 mau, mure phién ma cta cac gen
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BAX, CASPASE-3, CASPASE-8 tang lan luot 12,5; 0,9 va 1,4 1an so véi nhom té bao
xtr Iy voi DMSO 0,1%. Dén thoi diém 24 gio, mic do phién ma cac gen nay ting lén
lan luot 1a 23,2; 1,3 va 3,8 1an so v&i mau dbi chirng am; va gép 1,5 dén gﬁn 2,0 1an
so v6i thoi diém 12 gio. Pang cha ¥ 13 cao chiét NK13 da kich hoat con duong
apoptosis ctia té bao HeLa chil yéu thong qua viéc kich hoat gen BAX va CASPASE-
8 tai thoi diém 12 gi0. Nguoc lai, Taxol hau nhu khong tac dong dén biéu hién & cac
gen ndy & thoi diém 12 gio, nhung lai lam ting mirc d6 phién ma cia chung sau 24
gid (Hinh 3.17). Céc két qua nay cho thay cao chiét NK13 c6 kha nang kich hoat ca
hai con dudng apoptosis ndi sinh va ngoai sinh ctia té bao HeLa thong qua viéc ting
biéu hién ciia cac gen diéu hoa kich hoat con dudng chét theo chuong trinh cia té
bao. Tuy nhién, cao chiét NK13 cho thiy tac dong rd rang hon 1én con dudng
apoptosis ndi sinh thong qua sy gia ting rat nhanh mitc d6 phién ma ctia gen BAX.
Mot s6 nghién ctru da chimg minh dich chiét/ hoat chat phan lap tir VKL c6 tac
dong diéu hoa mirc d6 bicu hién gen lién quan kich hoat qua trinh apoptosis cta té
bao ung thu. Chang han nghién ciru ctia Goshtasbi va cong su (2025) cho thiy dich
chiét MeOH tir chiing Chroococcus turgidus KANI phan 1ap ving dat ngap nudc &
Iran d3 ting biéu hién cuia BAX tir d6 kich hoat qua trinh apoptosis ctia dong té bao
ung thu dai trang SW-480 [Goshtasbi H., 2025]. Bén canh d6, nghién ctru cua
Heisnam va cong sy (2022) chi ra ring phycocyanin tir ching Westiellopsis sp. kich
hoat con duong apoptosis ctia dong té bao ung thu vt MDA MB 231 thong qua hoat
hoa protein CASPASE - 3 [Heisnam R., 2022]. Hop chat Scytonemin phan lap tir
chung Nostoc commune kich hoat con dudng apoptosis ndi sinh dong té bao bach cau
(HL-60 va Jurrket) thong qua viéc lam ting tinh tham cua mang ty thé, giai phong
cytochrome ¢ va kich hoat caspase-9 din dén kich hoat protein caspase-3/7 chi sau 6
gid i mau [Zilakova S., 2025]. Mic du vay, chua c6 nghién ciru nao danh gia tac
dong cua dich chiét hay hop chat phan lap tir vi khuan lam thudc chi Scytonema 1én

muc do biéu hién cua cac gen diéu hoa con duong apoptosis cia t€ bao ung thu.
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3.3.3. Tdc dpng irc ché kha néing di cw ciia té bao HeLa
Két qua danh gia tic dong ciia cao chiét NK 13 1én kha ning trc ché su di cu cua
té bao HeLa tai thoi diém 6 gio, 12 gio va 21 gio dugc thé hién ¢ Hinh 3.18 va 3.19.

NC PC NK13

0 gio

6gio |

21 gior |

Hinh 3.18. Tac dong ciia cao chiét NK 13 1én kha ning di cu cta té bao HeLa
NC: déi chitng ém (DMSO 0,1%); PC: Poi chitng dwong (Taxol)

Két qua chi ra rang, cao chiét NK13 di wc ché dang ké kha ning di cu cua té
bao HeLa. Tai thoi diém 6 gio, 12 gio va 21 gio, ving dién tich vét xudc duoc che
phi1 béi té bao HeLa khi 1 véi cao chiét NK13 nho hon 1an luot 2,1; 1,4 va 1,7 lan so
v6i miu dbi chimg Am. Pang chu ¥ 13 hidu qua e ché su di cu té bao cia té bao HeLa
khi duoc U v6i cao chiét NK13 tot hon so véi mau té bao u voi Taxol (d6i ching
duong - PC) thé hién & dién tich té bao HeLa di cu nhé hon khoang 1,4 1an so véi

mau ddi ching dwong tai thoi diém 21 gio (Hinh 3.18; 3.19).
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Két qua danh gia tic dong cia cao chiét NK13 1én mirc do biéu hién cua 6 gen
Integrin lo, Integrin 1p, N-cadherin, FAK, PI3K va AKT dugc thé hién & Hinh 3.19
va 3.20.
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Hinh 3.19. Mirc d6 biéu hién cac gen diéu hoa qua trinh di cu cua té bao HeLa

NC: doi chitng agm (DMSO 0,1%); PC: Péi chitng dwong (Taxol)
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Hinh 3.20. Biéu dd so sanh dién tich té bao HeLa di cu
NC: doi chitng am (DMSO 0,1%); PC: Péi chitng dwong (Taxol)

* ¥ maure do tin cgqy voi gia tri P < 0,05, 0,01
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Tir hinh 3.19 va 3.20 thdy rang muc do biéu hién gen Integrin-15 va N-cadherin
& cac té bao HeLa 0 v6i cao chiét NK13 d giam déng ké sau 6 gio va 12 gio. Tir d6
dan dén sy giam biéu hién cia cac phan tir tin hiéu FAK, PI3K va AKT (Hinh 3.19).
Péng cha ¥, té bao sau 6 gid U voi cao chiét NK13, mirc phién mi ciia cic gen
Integrin-1p, N-cadherin, FAK, PI3K va AKT giam chi con lan luot 1a 50%, 30%,
70%, 50% va 60% so voi nhom ddi chimg am. Trong khi d6, mirc d6 biéu hién cia
gen Integrin-1o khong bi anh hudng. Dic biét, hiéu qua e ché ndy van duoc duy tri
dén thoi diém 12 gio sau xit 1y, cho thay tic dong 6n dinh cua cao chiét NK13 trong
viéc trc ché bicu hién cac gen nay. Nguoc lai, Taxol khong gy ra su thay doi dang
ké ndo trong biéu hién cac gen trén sau 6 gio xtr Iy. Tuy nhién, dén thoi diém 12 gio,
bat dau cho thdy hiéu qua trc ché cia Taxol 1én kha ning di cu cua té bao thong qua
viéc 1am giam muc biéu hién cia cac gen Integrin-18, N-cadherin, FAK, PI3K va
AKT 1an lugt con 50%, 45%, 80%, 75% va 90% so véi nhom d6i ching (Hinh 3.19).
Mot s nghién ctru trude day da chimg minh rang qua trinh di cu cta té bao ung thu
duogc diéu hoa thong qua con dudng tin hiéu Integrin/ N-cadherin/ FAK/ PI3K/ AKT
[Lien L.T., 2015; Ohgami N., 2015; Weinberg F., 2010]. Do d¢, tic ché duge mirc do
biéu hién ciia gen ma héa cho cac protein nay co vai tro quan trong diéu tri té bao ung
thu. Cho dén nay, chua c6 nhiéu nghién ctru dé cip dén kha ning tc ché di cu cua
cac hop chét hodc cao chiét tir vi khuan lam [Miao C., 2016; Zhao X., 2024]. Do do,
két qua nghién ctru nay cung cap thém thong tin dang cha ¥ vé co ché tin hiéu trong
viéc tre ché su di cu cua té bao HeLa boi cao chiét tir chung Scytonema bilaspurense
NK13.
3.4. Phan tach hoat chit irc ché té bao HeLa tir cao chiét tong so NK13
3.4.1. Phén tich thanh phan cao chiét NK13 bang phwong phdp chiét long - long

Chung S. bilaspurense NK13 dugc nudi sinh khdi 4 1an vé6i tong thé tich 100 lit
trong mdi truong BG11 trong thoi gian 7 tudn, sinh khéi twoi dugc thu bang phwong
phap loc qua tai loc. Luong sinh tuoi duoc loai nuwéc bang phuong phap dong kho

thu dugce 90g sinh khdi kho. Sau do, sinh khéi kho duge chiét 5 1an trong hdn hop
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dung mdi EtOAc va MeOH (ty 1¢ 1:1, v/v). Dich chiét tong s6 duoc co quay dé loai

b6 dung méi, thu dugc 13,9 g cao chiét tong sb.

Bang 3.9. Khdi lugng, hi¢u suat chiét, doc tinh trén té bao HeLa cua 4 cao chiét

STT | Cao chiét | Khoi luong | Hi¢u suit ICso Phan loai
(mg) chiét (%) | (pug/ml) GHS
1 |n-hexane 7.100 51,1 12,0+ 1,1 Cat. 2
2 | EtOAc 2.300 16,5 22+04 Cat. 1
3 |MeOH 3.900 32,4 1332+ 2,1 Cat. 3
4 |H0O 600 4,3 - -
Cat. 1:1Csp <5 ug/mi; Cat. 2: 5 ug/ ml < ICsp < 50 ug/ ml;
Cat. 3: 50 ug/ ml <ICso <300 ug/ ml.
-H
100- n- Rexane 100+ EtOAcC
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Hinh 3.21. Pgc tinh cua 3 phan 16p n-hexane, EtOAc, MeOH lén té bao HeLa

Cao chiét NK13 dugc phan tach thanh phan hop chat theo phuwong phap chiét

long - 10ng trong cac dung mdi c6 d phan cyc ting dan dé thu dugc 4 cao chiét tuong
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g 1a n-hexane, EtOAc, MeOH va nudc. Khéi luong va hiéu suat phan tach cua cac
cao chiét thé hién & Bang 3.9 chi ra rang cao chiét n-hexane chiém khéi luong 16n
nhit dat 7.100 mg véi hiéu suat phan tach 13 51,1% cao gap 1,8 1an so vdi cao chiét
MeOH, gip 3 1an so vdi cao chiét EtOAc. Piéu d6 chimg t6 rang, cac hop chét trong
cao chiét NK13 chii yéu thudc nhom hop chét co do phan cuc thap duoc hoa tan hau
hét trong dung moi n-hexane.

Pong thoi, 10 mg mdi loai cao chiét dugc hoa tan trong DMSO 100% & nong
d6 100 mg/ml dé danh gia doc tinh trén dong té bao HeLa bang thir nghiém MTT.
Két qua cho théy, cao chiét EtOAc va n-hexane thé hién hoat tinh gay doc manh trén
dong té bao HeLa dwa theo tiéu chudn cua Vién ung thu quéc gia Hoa Ky (NCI) véi
gia tri ICso 1an luot 13 2,2 va 12,0 pg/ml [Suffness M., 1990]; tiép theo 1 cao chiét
MeOH thé hién ddc tinh trung binh trén dong té bao HeLa vai gid tri ICso 1a 133,2
ng/ml, trong khi phan 16p H2O khong gy doc cho té bao HeLa (Bang 3.9; Hinh 3.21).
Theo phén loai GHS, cao chiét EtOAc dugc xép vao nhom ddc tinh cip 1; cao chiét

n-hexane va MeOH lan lugt dugc xép vao nhom doc tinh cip 2 va cap 3 [UN, 2023].

A B

R;~0,6

n-hexane EtOAc MeOH n-hexane EtOAc MeOH

Hinh 3.22. Sic ky dd TLC cua ba cao chiét n-hexane, EtOAc, MeOH
quan sat ¢ buoc song 254 nm (A) va buéc song 365nm (B)
Thém vao d6, thanh phan hop chét trong mdi cao chiét dugc phan tich bang

phuong phép sic ky ban méng (TLC). Két qua sic ky dd TLC cua 3 loai cao chiét
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khi quan sat & hai budc song 254nm va 365 nm thay rang sé luong vét chit co xu
huéng giam dan trong nhitng cao chiét ¢ do phan cyc ting dan, trong d6 cao chiét
n-hexane c6 nhiéu vét chat nht cho thiy dung méi nay da hoa tan dwgc phan 16n hop
chat thi cap trong cao chiét NK13. Ngoai ra, cao chiét n-hexane va EtOAc xut hién
vét chat mau tim va mau tring sang & vi tri Rr khoang 0.6 trén sic ky do TLC khi
quan sat & bude song 254 nm va 365 nm (Hinh 3.22). Theo Bladt (2009), hop chit
nay co thé thudoc nhom alkaloid [Bladt S., 2009]. Bén canh do, Demay va cong sy
(2019) da chi ra rang c6 24 trong s6 260 ho hop chat phan lap tir VKL thudc nhom
alkaloids thé hién hoat tinh sinh hoc [Demay J., 2019]. Trong do6 ti€u biéu 1a nhém
hop chét hapalindoles phan 1ap tir nhiéu loai VKL thudc ho Hapalosiphonaceae ¢
kha ning trc ché nhiéu loai vi khuan, va giy doc té bao; hop chat didehydromirabazole
phan 1ap tir Scytonema mirabile c6 hoat tinh khang nim va gay doc té bao manh; hop
chét laucysteinamide A phan lap tir Caldora penicillata giy doc doi v6i dong té bao
ung thu phdi H-460 [Demay J., 2019; Pattenden G., 1992; Zhang C.; 2017]. Pong
thoi, trong cac thi nghiém thir hoat tinh gay doc té bao ung thu, ching t6i nhan thay
cac cao chiét chira vét chat mau tim khi quan sat & bude séng 254 nm (trén ban TLC)
déu thé hién hoat tinh gay doc té bao manh. Vi vay, chung t61 xac dinh cac vét chat
mau tim nay (c6 thé thudc nhom alkaloid) 13 myc tiéu dé phan tach hoat chat trong
cao chiét n-hexane va EtOAc bang cac phuong phap sac ky cot.
3.4.2. Phan tach phdn I6p cé hoat tinh bang sdic ky cjt
3.4.2.1. Phdn doan cao chiét n-hexane bang sdc ky cét silica gel

Cao chiét n-hexane chira cac hop chit c6 d6 phan cuc thip nén duoc phan tach
bang cot sic ky véi pha tinh 13 hat silica gel (kich thudc hat 0,04 - 0,063 mm, Merck).
Khoang 7.100 mg cao chiét n-hexane duoc bang phan tach bang cot sic ky siligea
gel, dugc rira giai trong 8 hé dung moi dé thu duoc 8 phan doan tuwong tng ky hiéu 1a
Al - A8 v¢i khéi luong duogc thé hién ¢ Bang 3.10. Trong d6, hai phan doan A2 va
A3 xuét hién vét chat mau tim khi quan sat & budc song 254 nm véi hé sé Ry khoang
0,6 (Hinh 3.23). Vi vay, hai phan doan nay dugc gop lai thanh phan doan A».3 co
khéi luong 500 mg.
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Bang 3.10. Khi lwong cac phan doan (A1-A8) tir cao chiét n-hexane
Phan doan Al | A2 | A3 | A4 | A5 A6 A7 | A8
Khéi lugng (mg) | 1.100 | 300 | 200 | 200 | 1.100 | 1.500 | 900 | 500

Al A2 A3 A4 A5 A6 A7 A8 A1 A2 A3 A4 A5 A6 A7 A8

Hinh 3.23. Sic ky @5 TLC cta cac phan doan (A1- A8) tir cao chiét n-hexane
quan sat & bucc song 254 nm (4) va 365 nm (B)

Phan doan A3 tiép tuc dugc phan tach thanh phan hop chét thi cap bang cot
sac ky silica gel 1an 2. Tong s 140 phan doan rira giai (thé tich tir 3,0 - 4,0 ml/ phan
doan) duoc thu lai va phan tich thanh phan chét bang sac ky TLC. Dua vao két qua
quan sat dugc trén sic ky do TLC & budc song 254 nm va 365 nm, 140 phan doan
dugc gop lai dé thu con 10 phan doan ki hiéu 1an luot 1a B1 - B10 (Hinh 3.24). Khéi
luong mdi phan doan thé hién & Bang 3.11.

A B

B1 B2 B3 B4 B5 B6 B7 B8 B9B10 B1B2 B3 B4B5 B6 B7 B8 B9 B10

Hinh 3.24. Sac ky d6 TLC cua cic phan doan (B1 - B10) tir phan doan A,
quan sat o buoc song 254 nm (A) va 365 nm (B)
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Bang 3.11. Khéi lwong cta cac phan doan (B1 - B10) tir phan doan Az

Phan doan H¢é dung méi rira giai Khéi lrgng (mg)
Bl 14,1
B2 n-hexane - EtOAc (7:3, v/v) 42,3
B3 89,5
B4 n-hexane - EtOAc (5:5, v/v) 269,0
B5 n-hexane - EtOAc (2:8, v/v) 27,1
B6 EtOAc - MeOH (9:1, v/v) 11,0
B7 EtOAc - MeOH (7:3, v/v) 9,7
B8 EtOAc - MeOH (5:5, v/v) 15,1
B9 EtOAc - MeOH (2:8, v/v) 21,9

B10 MeOH 5,1

DPong thoi, két qua tir sic ky dd TLC ciing cho thdy di phéan tach duoc phan
doan B4 xuat hién vét chat mau tim & vi tri khoang 0,6 khi quan sat & budc song 254
nm v&i khdi lugng 13 269 mg (Bang 3.11). Bén canh do6, phan doan B4 dugc rira giai
trong hé dung modi n-hexane - EtOAC (5:5, v/v) cho thiy vét chat mau tim thudc
nhom hop chét it phan cuc va duge hoa tan tét nhat trong hé dung méi nay.
3.4.2.2. Phdn tach phan 16p EtOAc bang sdc ky cot sephadex LH20

Céc hop chat thir cap trong cao chiét EtOAc ¢ d6 phan cyuc cao hon so véi cac
hop chit trong phan 16p n- hex nén s& dugc phan tach bang sic ky cot véi pha tinh 1a
gel sephadex LH20 thay vi silica gel. Tir 2.300 mg cao chiét EtOAc duoc phan tach
bang cot sac ky sephadex LH20, mdi cot c6 khdi lugng 500 mg va duge rira giai trong
dung moéi MeOH. Céc phan doan thu hdi sau rira giai dugc phan tich thanh phan hop
chat bang sic ky TLC.

Dua trén két qua quan sat tir sic ky do TLC & budc song 254 nm va 365 nm,
cac phan doan c6 thanh phan va vi tri vét chit twong tu nhau s& duoc gop lai. Két qua
da thu dugc 15 phan doan gop tir 160 phan doan sau rtra giai ky hi¢u tuong ung la C1
- C15 (Hinh 3.25). Trong d6, hop chit chtra vét chat mau tim tai vi tri Ry khoang 0,6
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duoc quan sat thiy ¢ phan doan C2, C3 véi khdi luong 1an luot 1a 70 mg va 110 mg
(Bang 3.12).
Bang 3.12. Khéi luong ciia cac phan doan (C1 - C15) tir cao chiét EtOAc

STT | Phian doan | Khoi lwgng (mg) | STT | Phéan doan | Khdi lwong (mg)
1 Cl 88,2 9 C9 23,6
2 C2 70,0 | 10 C10 35,2
3 C3 110,0 | 11 Cl11 89,6
4 C4 30,7 | 12 Cl12 77,5
5 C5 443 | 13 Cl13 8,9
6 C6 38| 14 Cl4 15,6
7 C7 85| 15 Cl15 7,6
8 C8 7,1

R~ 0,6

C1C2C3C4C5C6C7 C8 C9C10C11 C12C13 C14 C15

R~ 0,6

C1C2 C3 C4 C5C6C7 C8C9C10 C11C12C13C14C15

Hinh 3.25. Sic ky dd TLC cua cic phan doan (C1 - C15) tir phan 16p EtOAc
quan sat o budc song 254nm (A) va 365 nm (B)
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Ba phan doan bao gé)m B4 duogc rira giai tir cao chiét n-hexane va C2, C3 duoc
rira giai tir cao chiét EtOAc c6 chtra hop chat hién vét mau tim trén sic ky d6 TLC
khi quan sat & budc song 254 nm voi hé sb Rekhoang 0,6 duoc gop lai thanh phan
doan BCy voéi tong khéi lwong dat 449 mg. Tir két qua trén sic ky do TLC cho thay
céc phan doan ndy van con chtra nhiéu tap chét. Vi vay, phan doan BC tiép tuc dugc
phan tach tiép bang cot sic ky silica gel 1an 3.
3.4.2.3. Phan tach phin doan BCy bang sdc ky cét silica gel

Phan doan BCy dugc rira giai trong h¢ dung moéi n-hexane - EtOAc (5:5, v/v).
Pong thoi hinh anh trén sic ky d6 TLC & bude song 254 nm cho thdy vét chat mau
tim xuét hién & vi tri Rr khoang 0,6. Piéu nay chi ra rang day 1a hop chét c6 d6 phan
cuc yéu. Cho nén hé dung moéi rira giai dugc str dung dé phan tach hop chat trong cot
sac ky silica gel 1an 3 thay ddi c6 do phan cuc thdp hon nham muc dich ting kha ning
phan tach duogc cac hop chat c6 do phan cuc yéu (Bang 3.13).

Dau tién, 449 mg phan doan BCy dugc hoa trong 2,0 ml h¢ dung méi 1 (n-
hexane - EtOAc, 8:2, v/v), nap 1én cot silica gel va rira giai trong 9 hé dung méi dé
thu dugc 121 phan doan. Dya trén sy tuong déng vé thanh phﬁn va vi tri cac vét chét
ctia cac phan doan khi quan sat sic ky d6 TLC & budc song 254 nm va 365 nm, 121
phan doan da gop lai con 12 phan doan ky hiéu tir D1 dén D12 (Hinh 3.26). Khéi

lugng cua mdi phan doan duogc thé hién & Bang 3.13.

R~ 0,6

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12

Hinh 3.26. Sic ky d6 TLC cua cac phan doan (D1 - D12) tir phan doan BCo
quan sat o buoc song 254 nm (A) va 365 nm (B)
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Bang 3.13. Khéi luong cac phin doan (D1- D12) tir phan doan BCo

9. MeOH

STT H¢é dung méi rira giai Phin doan | Khéi lwong (mg)
1. | n-hexane - EtOAc (8:2, v/v) D1 21,2
2. | n-hexane - EtOAc (6: 4, v/v) D2 11,5

D3 33,0
D4 87,7
3. | n-hexane - EtOAc (4:6, v/v) D5 31,2
D6 23,1
D7 13,0
4. | n-hexane - EtOAc (2:8/ v/v) D8 47,4
5. | EtOAc - MeOH (9:1, v/v) D9 19,8
6. | EtOAc - MeOH (7:3, v/v) D10 7,6
7. | EtOAc - MeOH (5:5, v/v) D11 14,1
8. | EtOAc - MeOH (2:8, v/v) D12 20,2

Két qua trén sac ky dd TLC quan sat & budce song 254 nm va 365 nm chi ra ring
phén doan D3 c6 khéi luong 33 mg xuat hién vét chat mau tim & vi tri Re khoang 0,6
va it tap chat nén phan doan nay duoc dung dé tinh sach hop chat chira vét chat mau

tim & budc song 254 nm bang phuong phép sac ky 1ong hiéu ning cao (HPLC) (Hinh

3.26; Bang 3.13).

3.4.3. Két qud tinh sach phin doan D3 bang phwong phip HPLC

Két qua tinh sach thanh phan hoat chét trong phan doan D3 bang phuong phap

HPLC duoc thé hién & 3.27.
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Hinh 3.27. Sic ky ¢6 HPLC cua phan doan D3 (A) va TLC caa phan doan F5, F6 (B, C)
quan sat o budc song 212 nm (A); 254 nm (B), 365 nm (C)

Duya vao sic ky d6 HPLC thiy rang cac hop chat chinh trong phan doan D3
quan sat & budc song 212 nm da thu dugc 6 phan doan sau rira giai ky hi¢u 1a F1 -
F6, trong d6 phan doan F5, F6 dugc rira gidi ¢ thoi gian luu 18,0 - 18,4 phut va 18,4
- 18,8 phiit cho dinh cao nhat vé&i khdi luong twong Gng 1a 1,1 mg va 2.4 mg (Hinh
3.27A; Bang 3.14). Diéu d6 chi ra rang, day 14 hai hop chit chinh c6 trong phan doan
D3. Sau d6, phan doan F5 va F6 duoc phan tich thanh phan chat bang sic ky TLC.
Két qua trén sac ky d6 TLC cho thdy vét chat mau tim va mau trang sang tai vi tri Ry
khoang 0,6 khi quan sat & budc song 254 nm va 365 nm xuét hién & ca hai phan doan
FS5, F6 (Hinh 3.27 B, C).

Bang 3.14. Thoi gian luu, khoi lugng va doc tinh cua phan doan F5, F6

Phéan doan | Thoi gian luu (phat) | Ty 16 MeOH (%) | Khéi luong (mg)

F5 18,0 - 18,4 100 1,1
F6 18,4 - 18,8 100 2.4

Sau d6, phan doan F5 va F6 duoc danh gia hoat tinh giy ddc trén té bao HeLa,
tuy nhién do khéi lwong cta phan doan F5 thu dugc it khéng du dé thir hoat tinh, vi

vay chi c¢6 phan doan F6 dugc danh gia doc tinh trén té bao HeLa.

113

Rf~ 0,6



100~

(o]
o
1

D
o
1

Ty Ié té bao séng (%)

I
=)
L

20 1 | | 1

1 1 1
1.5 10 -05 0.0 0.5 1.0 1.5
Log [n6ng do (ug/ ml)]

Hinh 3.28. Bdc tinh ctia phan doan F6 1én té bao HeLa

Két qua cho thay, phan doan F6 tic ché té bao HeLa véi gia tri ICso1a 3,5 pg/
ml, dugc xép vao nhom doc tinh cép 1 theo thang phéan loai cia GHS (Hinh 3.28).
DPong thoi quan sat dudi kinh hién vi thiy rang hinh thai cua té bao HeLa khi u voi
phan doan F6 ¢ nong d6 0,1 pg/ml da bi thay ddi hinh dang, khoang 30% - 40% té
bao bi co cum, anh hudng dén kha ning tang sinh cua ching (Hinh 3.28). Bén canh
do, ty 1& song sot cua té bao duy tri tir 43% dén 45% trong khoang nong do tir 1,0 dén
20 pg/ml; cho thiy ring phan doan F6 c6 kha ning tac dong 1én hinh thai té bao ¢ dai
ndéng d6 dang thir nghiém ma khong 1am thay d6i ty 18 séng sot ciia té bao. Piéu nay
c6 thé 1y giai 1a do ty 16 tang sinh va ty 1& chét ctia té bao can bang nhau hodc c6 thé
do phan doan F6 tac dong 1én bo khung té bao 1am té bao bi rc ché phan chia ¢ khoang

ndng do nay. Diéu nay phu hop vé6i hinh thai té bao HeLa ¢ Hinh 3.28.
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Hinh 3.29. Tac dong ctia phan doan F6 1én hinh thai té bao HeLa

Mat khac, doc tinh ctia phan doan F6 trén té bao HeLa tuong duong voi doc
tinh cta cao chiét tong s tir chung Scytonema bilaspurene NK13. Piéu nay c6 thé
dugc giai thich hién twong nay do trong cao chiét tong s6 ¢6 chira nhiéu nhom hoat
chét gay doc té bao khac nhau c6 kha ning thé hién tac dong hiép dong giita cac nhom
hoat chat trong cao chiét tong sd. Trong khi d0, cac phan doan thu dwgc sau qua trinh
tinh sach dé loai bo di nhiéu tap chét trong cao chiét tong, dan dén hoat chét trong
phan doan tinh sach thé hién hoat tinh hoat tinh don 1¢, phan anh duoc co ché tac

dong cua mot chit hodc nhom chét.
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3.4.5. Phén tich thanh phan hoat chit trong phin doan F6 bang LC-HRMS
Thanh phan cac hoat chét trong phan doan F6 dugc phan tich bang phuong phap
sdc ky 1ong - khoi phd c6 d6 phan giai cao (LC-HRMS) & hai ché d6 ion hoa duong
[M+H]" va ché d6 ion hoa am [M+H]". Két qua sic ky d6 tong ion (TIC) ¢ Hinh 3.30
va 3.31 chi ra rang céc dinh sic ky c6 cuong d6 tin hiéu manh chi yéu tap trung trong
khoang thoi gian tir 8,5 - 11,5 phit & ché do ion hoa duong, trong d6 dinh sic ky ¢
10,18 phut c6 cuong do tin hi¢u manh nhét, phan anh sy hién dién ctia mgt hodc mot
s6 hop chét chiém ty 1& chinh trong phan doan F6. Trong khi d6, & ché d6 ion hoa am,
cac dinh sic ky chu yéu duoc phat hién trong khoang thoi gian tir 9 - 12 phut.
Nhiing khdi lugng dién tich (mass-to-charge, m/z) ¢6 cuong do tin hiéu (TIC)
16n hon 10* s& dugc phan tich dé xac dinh KLPT do duoc. Két qua do phd khéi luong
cho thiy c6 46 KLPT do duoc (Observed masses) & ché do ion hoa [M+H]* va 28
KLPT do duoc & ché do ion hoa [M+H] trong phan doan F6 (Bang 3.15 va 3.16).
Céc hop chét trong phan doan F6 dugc xac dinh dua vao KLPT do dugc (observed

mass) va so sanh voi co s& dir liéu http://dnp.chemnetbase.com/ va

https://pubchem.ncbi.nlm.nih.gov/ cap nhat vao thang 10 nam 2025. Két qua ¢ Bang

3.15 va 3.16 chi ra rang, phan doan F6 gdm c6 46 va 28 hop chét chinh duoc phat
hién 1an luot & ché do ion hoa [M+H]* va [M+H]". Cac hop chét nay thudc nhiéu
nhom chat nhu lipopeptide, phospholipid, polyketide/alkaloid, hop chat chira nhom
halogen, diterpenoid, glycoside chtra Ivu huynh.

Trong 74 KLPT da do duoc, c6 26 hop chit thé hién hoat tinh gay ddc trén té
bao da duogc phat hién ¢ hai ché d6 ion hoa duong va ion hoa dm bao gém
phytosphingosine; aristolochic acid Va/ Via/ D/ E/ Vlla; cathestatin A; achyrophenol
E; epopromycin A; 6-Docosenamide; erucylamide; latespinoside D; 14-
Bromoreticulatine; kobusine; dysideanone B; phomopoxide C/ D/ E; plakorstatin 1/
2; manadoperoxide B/ isomanadoperoxide B; photeroid B; ochocinone A; ophiobolin
T; knepachycarpanol C (Hinh 3.30; 3.31). Trong d6, n6i bat mot s6 hop hop chit c6
doc tinh manh trén mot s6 dong té bao ung thu nhu hop chét dysideanone B phan lap

tir loai bot bién Dysidea avara va hop chit Phomopoxide C/ D/ E phan lap tir nAm
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men Phomopsis sp. YE3250 trc ché manh trén mot s6 dong té bao ung thu ¢ ngudi
nhu HelLa, HepG2, H460, MCF7 [Jiao W.H., 2014; Huang R., 2018], hop chét
Ophiobolin T trc ché manh té bao ung thu HepG2 va KB véi gia tri ICso 1an luot 1a
0,24 uM va 3,01 uM, dong thoi co kha nang khang vi khuan Bacillus subtilis,
Staphylococcus aureus khang meticillin (MRSA) va vi khuan lao BCG [Wang Q.X.,
2013]; hop chit 6-Docosenamide c¢6 ddc tinh manh trén té bao A549, MCF-7 va HT-
29 véi gia tri LCso < 3,16 pg/ ml (ndng d6 gy chét 50%). Tuy nhién nhitng hop chat
nay chua timg duoc phat hién o bat ky loai vi khuan lam nao. Cho thay tién nang phat

hién nhitng hop chit gay doc té bao méi c6 ngudn gbc tir chung S. bilaspurene NK13.

Bén canh d6, c6 03 hop chat bao gdom Methyl 2-oxooctadecanoate c6 CTPT:
C19H3603 (STT: 32, Bang 3.15); semiplenamide F ¢6 CTPT 1a C22H43NO (STT: 39,
Bang 3.15) va 20-Nor-3a-acetoxy-12-hydroxy-abieta-5,7,9,11,13-pentaene co
CTPT: C21H260 (STT 20, Bang 3.16) da dugc phat hién & cac loai vi khuan lam khac
nhu Arthrospira platensis, Lyngbya semiplena, Microcoleus lacustris (Hinh 3.30;
3.31) [Mohammed H., 2025; Han B., 2003; Pérez Gutiérrez R.M., 2008]. Hop chét
Semiplenamide F duoc phan lap tir loai Lyngbya semiplena thé hién doc tinh yéu trén
dong té bao ung thu nguyén bao than kinh chuét N18TG2 [Han B., 2003]. Hai hop
chat con lai chi thé hién hoat tinh khang khuan, khang oxy hoa ma khong thé hién
doc tinh trén té bao ung thu. So sanh véi gid tri ICso 12 3,5 pg/ml ctia phan doan F6
1én té bao HeLa c6 thé suy luan rang phan doan F6 c6 thé chira cac hop chat khang
ung thu ¢ cong thirc ciu tao khac vai 03 chét c¢6 cung khdi lugng phan tir néu trén.

Daiy c6 thé 1a cac hop chit chua timg duoc ghi nhan & vi khuan lam.

Ngodi ra, 2 hop chat c6 CTPT do duge C12H14NsOsP (STT: 22, Bang 3.15) va
Ci11H19NO10S2 (STT: 23, Bang 3.15) duogc phat hién ¢ thoi gian luu 10,19 phut co
cuong do tin hidu 16n nhat trong phan doan F6 cho thay day 1a hai hop chat chiém ty
1& cao nhat trong phan doan F6. Tuy nhién, chua xac dinh dugc hop chit nao c6 hoat
tinh gay doc té bao tir hai CTPT do dugc ndy. Vi vy c6 thé du doan rang day 14 hai
hop chét trong phan doan F6 c6 CTPT la C12H14NsOsP va C11Hi19NO10S2 nhung ¢6
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cong thirc cAu tao khac so véi nhiing hop chét tu nhién d3 duoc phat hién. Co thé du
doan kha ning gay doc manh trén té bao HeLa cta phan doan F6 1a két qua tac dong
hiép déng ctia nhiéu hop chét thir cép chua duge xéac dinh. Pé x4c dinh dugce rd hop
chat gay doc chinh trong phan doan F6 can tiép tyc tinh sach va xac dinh cong thirc

cAu tao bang phuong phap cong hudng tir (NMR).
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Hinh 3.30. Sic ky db téng ion ctia phan doan F6 ¢ ché d6 ion hoa [M+H]*

* biéu thi hop chat dwoc phdn ldp tir vi khudn lam
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Hinh 3.31. Sic ky db téng ion ctiia phan doan F6 & ché do ion hoa [M+H]

* biéu thi hop chat dwoc phdn ldp tir vi khudn lam
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Bang 3.15. Thanh phan hop chit trong phan doan F6 ¢ ché d6 ion hoa [M+H]*

STT CTPT Thoi | Pém dau | Cuwongdd | KLPTIy KLPT do | Sokhdéi | Saisd |Hop chitcohoat| Ngudn goc TLTK
gian do tin hiéu thuyét duge (Da) (m/z) KLPT | tinh giy doc té
luu (Detector | (Response) | (Expected (Mass |bao hoic da phat
(phut) counts) mass) (Da) error) hién ¢ VKL
(ppm)
1 | CisHuNO 6,60 12.562 12.562 239,2249 239,2236 | 240,2314 -5,5 N/A
2 | CigH3sNO, 6,73 38.619 38.619 273,2668 2732646 | 274,2724 8,0 N/A
3 | CisH3NO3 6,82 55.203 55.203 317,2930 317,2883 | 318,2962 14,7 N/A
4 | CigH3sNO;3 6,90 18.919 18.919 289,2617 289,2602 | 290,2680 ) N/A
5 | CaoHasNOy 6,90 16.976 16.976 361,3192 361,3165 | 362,3244 1.5 N/A
6 | CisH3N4O7 7,67 59.244 59.244 4142114 414,2038 | 4152116 18,5 N/A
7 | CasH2ClO; 7,67 11.998 11.998 452,1602 452,1585 | 453,1663 3,8 N/A
8 | CigH17NOyS; 8,60 20.305 20.305 359,0345 359,0437 | 360,0515 | 256 N/A
Aristolochic
9 | Ci7HuNOs 8,60 23.220 23.220 357,0485 357,0435 | 358,0514 | -13,8 | acid Va; Via; Aristolochia | Michl J. 2014
D; E VIl a
10 CisH16BrN;O2 9,01 | 126.959 126.959 387,0337 387,0366 | 388,0445 7,5 Discorhabdin Y| Latrumeutia Perry N.B.,
CisH16BrN; O 9,01 | 125.002 125.002 385,0426 385,0400 | 386,0478 -6,8 1986
11 | C17H;5CI5NO; 9,01 23.091 23.091 389,0352 389,0369 | 390,0447 43 N/A
b Ci1sH16BrN;O2 9,26 35.723 35.723 387,0337 387,0363 | 388,0442 67 | Discorhabdin Y | Latrunculia Perry N.B.,
Ci1sH16BrN;O2 9,26 43.509 43.509 385,0426 385,0207 | 386,0285 1986
C1sH12BrN;0, 9,41 91.326 91.326 383,0092 383,0058 | 384,0136 -8,9 N/A
P C1sH12BrN;0, 9,41 88.296 88.296 381,0113 381,0074 | 382,0152 | -10,2 N/A
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14 | C1sH27N304 9,47 48.206 48.206 313,2002 313,2022 314,2101 6,6 N/A
Ci6H23Bra2NO» 9,62 247.960 175.487 421,0075 420,9965 422,0043 -1,5 N/A
b Ci6H23Bra2NO» 9,62 137.381 137.381 419,0096 418,9992 420,0071 -24,7 N/A
C12H14BrNsOsS 9,89 41.347 41.347 421,0025 420,9919 421,9997 -25,1 N/A
0 C12H14BrNsOsS 9,89 55.824 55.824 418,9899 418,9893 419,9971 -1,5 N/A
17 | Cu1H21N30; 10,11 314.067 218.255 347,1634 347,1637 348,1715 0,9 N/A
18 | C17H23N3Os 10,11 58.442 58.442 349,1638 349,1624 350,1702 -4,0 Cathestatin A Penicillium Woo LT,
citrinum 1995
19 | CisH24N20:5 10,11 37.592 37.592 348,1685 348,1669 349,1747 -4,7 N/A
20 | Ca3HioN3O2 10,15 22.057 22.057 369,1477 369,1461 370,1539 -4,5 N/A
21 | Ci7H24BrClO; 10,19 135.404 135.404 390,0597 390,0606 391,0684 2,2 N/A
22 | Ci2H14NsOgP 10,19 | 2.396.936 902.979 387,0580 387,0571 388,0649 -2,3 N/A
23 | CiiH19NO10S2 10,19 | 1.072.294 936.891 389,0450 389,0531 390,0609 20,7 N/A
24 | CioHi1605S 10,19 150.593 150.593 388,0617 388,0610 389,0688 -1,8 N/A
25 | CiiH21NO10S2 10,19 275.592 275.592 391,0607 391,0525 392,0603 -21,0 N/A
26 | CioH7ClO; 10,19 22.999 22.999 392,0663 392,0620 393,0698 -11,0 N/A
27 | C24H3604 10,19 22.311 22.311 388,2614 388,2601 389,2679 -3,3 | Achyrophenol E Achyroctine Wang 5,
satureioides 2021
28 | CasHss 10,19 33.398 33.398 390,4226 390,4281 391,4359 14,1 N/A
29 | Cx4H37/NO3 10,19 29.148 29.148 387,2773 387,2758 388,2836 -4,0 N/A
30 | CxH3307 10,19 40.506 40.506 390,2618 390,2597 391,2675 -5,3 N/A
31 | C21H35N50; 10,19 37.015 37.015 389,2791 389,2786 390,2864 1,2 N/A
32 | Ci9H3603 12,75 49.455 49.455 312,2664 312,2643 313,2722 -6,7 Methyl 2- Arthrospiva | Mohammed,
oxooctadecanoate| platensis* H., 2025
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33 | C30H52010S2 12,81 102.209 93.808 636,3002 636,2993 637,3072 -1,3 N/A
34 | CaHaoO3 14,31 242.559 213.727 340,2977 340,2959 341,3037 -5.4 N/A
35 | CyH3NOs3 14,32 28.874 28.874 341,2930 341,2974 342,3053 12,9 N/A
36 | CsH405 15,12 24.851 24.851 148,0160 148,0138 149,0217 -15,1 N/A

Streptomyces | Tsuchiya K.,
37 | CuH36N206 15,12 80.994 80.994 412,2573 412,2579 413,2657 1,2 Epopromycin A

sp. NK04000 1997
38 | C4HeO4P 15,14 30.135 30.135 662,4464 662,4471 663,4549 1,1 N/A

Semiplenamide Lyngbya
P yneoy Han B., 2003
F semiplena*
Asimina Ratnayake
39 | CxHsNO 15,28 127.722 115.644 337,3345 337,3341 338,3420 -0,9 | 6-Docosenamide
parvifloa S., 1992
. Penicillium El-Gazzar,
erucylamide

chrysogenum N., 2025
40 | C4Hs304P 15,36 33.691 33.691 662,4464 662,4483 663,4561 2,9 N/A
41 | CuHezO4P 15,52 108.447 108.447 662,4464 662,4486 663,4564 33 N/A
42 | C33HeoN4O1o 15,57 34.630 34.630 684,4309 684,4304 685,4382 -0,8 N/A
43 | CxH33015 17,32 99.327 89.100 609,1819 609,1780 610,1859 -6,4 N/A

Asteropecten Higuchi R.,
44 | CxsH33013S2 17,32 10.236 10.236 610,1754 610,1792 611,8706 6,3 Latespinoside D

latespinosus 1996
45 | Cx3H3305 17,59 28.656 28.656 609,1820 609,1770 610,1848 -8,1 N/A
46 | CagH37Ns507 17,91 27.381 27.381 555,2693 555,2704 556,2782 2,0 N/A

* bidu thi thuéc nhém vi khudn lam
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Bang 3.16. Thanh phan hop chat trong phan doan F6 & ché do ion hoa [M+H]

STT CTPT Thoi | Pém ddu | Cuwongdd | KLPTIly | KLPT | Sokhdi | Saiso | Hop chit cé hoat Nguon gbc TLTK
gian do tin hiéu thuyét | dodwoe | (m/z) | KLPT | tinh giy déc té bao
luu (Detector | (Response) | (Expected (Da) (Mass | hodc da phat hién &
(phut) | counts) mass) error) VKL
(Da) (ppm)
1 C12H2606 8,51 82.088 82.088 266,1729 | 266,1718 | 265,1640 | -4,2 N/A
2 C12H14N5sOgP 8,99 55.332 55.332 387,0580 | 387,0529 | 386,0450 | -13,3 N/A
3 CisH23CLLINO 8,99 54.593 54.593 385,0534 | 385,0537 | 384,0459 0,9 N/A
6 Ci16H26N204 9,32 31.849 31.849 310,1893 | 310,1877 | 309,1799 | -4,9 N/A
7 Ci3H24N6O3 9,32 166.512 166.512 312,1910 | 312,1898 | 311,1820 | -3,9 N/A
8 C19H14BrN:0> 9,40 46.224 46.224 383,0218 | 383,0310 | 382,0232 24,1 |14-Bromoreticulatine | Fascaplysinopsis Segraves
reticulata; N.L., 2003
C19H14BrN:202 9,40 45.360 45.360 381,0239 | 381,0328 | 380,0250 | 23,4 Didemnum sp.
9 C20H27NO2 9,45 15.657 15.657 313,2042 | 313,2089 | 312,2011 15,0 Kobusine Aconitum Yamashita
yesoense var. H., 2020
macroyesoense

10 | C13H24NgO3 9,49 98.640 98.640 312,1910 | 312,1898 | 311,1820 | -3,8 N/A
11 CisH23BroaNO; 9,60 91.176 91.176 421,0075 | 421,0141 | 420,0062 | 15,6 N/A
Ci6H23BraNO; 9,60 66.082 66.082 419,0096 | 419,0185 | 418,0106 | 21,3 N/A
12 | CoH14BrN3O;3 9,61 32.191 32.191 423,0219 | 423,0119 | 422,0041 | 23,5 N/A

13 | C23H3003 9,74 17.265 17.265 354,2195 | 354,2237 | 353,2159 | 12,0 Dysideanone B Dysidea avara Jiao W.H.,

2014
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14 | Ci3H2aN6Os3 9,75 83.012 83.012 312,1910 | 312,1904 | 311,1826 | -1,9 N/A
15 | CioHisBrNsOsS | 9,88 17.724 17.724 421,0025 | 421,0041 | 419,9963 3,8 N/A
C12H14BrNsOsS | 9,88 32.273 32.273 418,9899 | 418,9892 | 417,9814 | -1,7 N/A
17 | CisH2sN304 10,10 | 178.705 130.108 347,1845 | 347,1814 | 346,1736 | -8,9 N/A
18 | CnH24N20, 10,10 19.124 19.124 348,1838 | 348,1816 | 347,1738 | -6,1 N/A
19 C18H3005 10,22 449.671 406.394 326,2093 | 326,2084 | 325,2005 -2,9 Phomopoxide C/D/E Phomopsis sp. Huang R.,
YE3250 2018
20 C21H260 10,34 62.460 62.460 294,1984 | 294,1988 | 293,1909 1,3 20-Nor-3a-acetoxy- Microcoleus Pérez
12-hydroxy-abieta- lacustris* Gutiérrez
5,7,9,11,13-pentaene R.M., 2008
21 C18H3005 10,43 192.601 192.601 326,2093 | 326,2083 | 325,2005 -3,2 Phomopoxide C/D/E Phomopsis sp. Huang R.,
YE3250 2018
22 | CisH300s 10,74 | 158.798 158.798 326,2093 | 326,2088 | 325,2009 | -1,7 | Phomopoxide C/D/E | Phomopsis sp. Huang R.,
YE3250 2018
23 | C19H3205 11,21 | 603.003 520.711 340,2250 | 340,2235 | 339,2156 | -4,4 Plakorstatin 1/ 2 Plakortis nigra Pettit G.
R., 2004
manadoperoxide B/ | Plakortis cfr. lita | Fattorusso
isomanadoperoxide B C., 2010
24 | C3H300: 11,27 30.822 30.822 338,2246 | 338,2263 | 337,2185 5,1 Photeroid B Phomopsis tersa Chen S.,
2020
25 | C5H3403 11,78 15.968 15.968 382,2508 | 382,2516 | 381,2438 2,1 Ochocinone A Scyphocephalium | Foundikou
ochocoa H., 2018
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Ophiobolin T Ulocladium sp. | Wang Q.X.,
2013
Knepachycarpanol |Knema pachycarpa | Giap T.H.,
C 2019
26 | C19H320:5 11,84 | 160.017 160.017 340,2250 | 340,2238 | 339,2160 | -3,4 Plakorstatin 1/ 2 Plakortis nigra Pettit G.
R., 2004
manadoperoxide B/ | Plakortis cfr. lita | Fattorusso
isomanadoperoxide B C., 2010
27 | CssHs40118 12,77 23.120 23.120 682,3387 | 682,3392 | 681,3314 0,8 N/A
28 | CyeH3sN2O 14,29 12.037 12.037 394,2984 | 394,2989 | 393,2911 1,2 N/A
29 | Ci9H3,05 16,15 65.114 65.114 340,2250 | 340,2241 | 339,2163 | -2,6 Plakorstatin 1/ 2 Plakortis nigra Pettit G.
R., 2004
manadoperoxide B/ | Plakortis cfr. lita | Fattorusso
isomanadoperoxide B C., 2010

* bidu thi thuoc nhom vi khudn lam
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KET LUAN

Di dinh danh dén cap do loai cua 34 ching vi khuan lam trong sé 50 chung
phan 1ap tai mot s6 dia phuong & Viét Nam thude 14 loai: Aulosira laxa;, Ahomia
soli; Desmonostoc lechangense; D. meilinense; D. persicum; Aliinostoc
magnakinetifex; A. catenatum; A. morphoplasticum; Dulcicalothrix
necridiiformans;,  Scytonema  bilaspurense;  Neowestiellopsis  persica;

Westiellopsis prolifica va Hapalosiphon welwitschia; 16 chung con lai dugc
dinh danh dén cﬁp do chi thudc 4 chi 1a Aulosira, Desmonostoc, Desikacharya
va Aliinostoc, trong d6 chung thudc 10 loai chua dugc dét tén trong h¢ théng vi
khuan lam.

Pi phat hién duoc cao chiét tong sd ciia 12 trong 50 chung vi khuan lam c6
hoat tinh khang khuan, trong d6 cao chiét tir ching CAVN8204 {rc ché manh vi
khuan Bacillus cereus véi dudong kinh vong vo khuan dat 19,0 mm. Cao chiét
ctia 7 trong s6 12 ching vi khuan lam nay thé hién hoat tinh trc ché té bao ung
thu, trong d6 cao chiét cta chung Scytonema bilaspurense NK13 thé hién doc
tinh manh trén té bao ung thu HeLa véi gia tri ICso1a 3,8 pug/ ml.

Cao chiét tong s tir ching Scytonema bilaspurense NK13 ¢6 kha nang giy chét
té bao ung thu ¢d tir cung HeLa thong qua kich hoat apoptosis, gdy ngimg chu
ky té bao tai pha S (theo co ché khong phu thudce p53) va e ché qua trinh di cu
(v6i su diéu hoa biéu hién cua cac gen BAX, CASP, CDKN, N-cadherin,
Integrin, FAK, PI3K, AKT). Pdng thoi, di phan tich mot phan doan c6 kha
nang wc ché manh té bao HelLa v&i gia tri ICso 1 3,5 pg/ ml. Phan doan nay
dugc dat tén 1a F6 chira 2,4 mg tir 13,9 g cao chiét tong sb tir ching S.
bilaspurense NK13 va da duoc phan tich thanh phan chat dya vao phuong phap
khéi phd d6 phan giai cao.
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KIEN NGHI

Tinh sach va xéc dinh céu triic ciu tao cta hoat chét trong phan doan F6 ctia chiing
Scytonema bilaspurense NK13 bang phuong phap cong huong tir hat nhan (NMR).
Daénh gia co ché tic dong cua cac chat tinh sach trong phan doan F6 1én té bao ung

thu Hel a.
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PHU LUC



Phu luc 1. Thanh phan méi treong BG11 [Rippka, 1979]

STT Thanh phin Stock (g/100mL) ThE tich can trong 1L
moi trweomng (mL)
1 NaNO3 15 10
2 MgS0O4.7H,0 7,5 1
3 K>HPO4.3H,0 4 1
4 CaCl2.2H>0 3,6 1
5 Na2COs 2 1
6 CeHsFeNO; 0,6 1
7 Acid Citric 0,6 1
8 Na:Mg-EDTA 0,1 1
9 *['Vi lugng A5+Co] 1
10 H>O 982
* Thanh phan vi lwong A5+Co
STT Thanh phin Stock Thé tich can trong 1L
(mg/100mL) moi trweong (mL)
1 H3BO3 286
2 MnSO4.H,0 154,5
3 NaxMo04.2H,0 39
4 ZnS04.7H>0 22,2 1
5 CuS04.5H,0 7,9
6 Co(NO3)2.6H20 4,04
7 H>O 100mL




Phu luc 2. Danh siach mdi sir dung cho phan tich RT- gPCR

Gen Moi Trinh ty (5°-3)
Xudi (Fw) 5-CCTCAGCATCTTATCCGAGTGG-3
193 Ngugce (Rv) 5-TGGATGGTGGTACAGTCAGAGC-3
Xudi (Fw) 5-GGAAGCGAATCAATGGACTCTGG-3
cASES Ngugce (Rv) 5-GCATCGACATCTGTACCAGACC-3
CASPS Xudi (Fw) 5-AGAAGAGGGTCATCCTGGGAGA-3
Ngugce (Rv) 5-TCAGGACTTCCTTCAAGGCTGC-3
Box Xudi (Fw) 5-TGACGGCAACTTCAACTGGG-3
Ngugce (Rv) 5-AGCACTCCCGCCACAAAGA-3
CDKNIA Xudi (Fw) 5-AAGTCAGTTCCTTGTGGAGC-3
(p21€P?) Nguoc (Rv) 5-ATTAGCGCATCACAGTCGCG-3
CDKN2A Xudi (Fw) 5- CAACGCACCGAATAGTTACG-3
(p16™K*)  Nguge (Rv) 5- TGCCCATCATCATGACCTGG-3
Integrin-1- Xudi (Fw) 5-CCGAAGAGGTACTTGTTGCAGC-3
Nguge (Rv) 5-GGCTTCCGTGAATGCCTCCTTT-3
Integrin-1.5 Xudi (Fw) 5-GGATTCTCCAGAAGGTGGTTTCG-3
Nguge (Rv) 5-TGCCACCAAGTTTCCCATCTCC-3
Xubi (Fw) 5-GCCTTATGACGAAATGCTGGGC-3
Fak Nguge (Rv) 5-CCTGTCTTCTGGACTCCATCCT-3
Xubi (Fw) 5-TGGACTACCTGCACTCGGAGAA-3
ART Ngugce (Rv) 5-GTGCCGCAAAAGGTCTTCATGG-3
Xubi (Fw) 5-GAAGCACCTGAATAGGCAAGTCG-3
PRk Ngugce (Rv) 5-GAGCATCCATGAAATCTGGTCGC-3
Ncadherin Xubi (Fw) 5-CCTCCAGAGTTTACTGCCATGAC-3
Ngugce (Rv) 5-GTAGGATCTCCGCCACTGATTC-3
TBP (gen  Xudi (Fw) 5-CACGAACCACGGCACTGATT-3
ndi chuan)  Nguoc (Rv) 5-TTTTCTTGCTGCCAGTCTGGAC-3

1



Phu luc 3. Pic diém hinh thai va kich thwéc té bao ciia cac chiing vi khuin lam da phan 1ap

ST | Nhém Tén chiing Ky hi¢u Mau | Ciu Bao Pic diém té bao H¢ sinh
T hinh trén sicsgi | triic nhay Té bao sinh dudng Té bao di hinh Té bao nghi thai
thai Genebank chudi Dai | Rong | Hinh | Dai | Rong | Hinh | Vitri | Dai | Rong | Hinh
(um) | (um) | dang | (pm) | (um) | dang (um) | (pm) | dang
1. I CAVN2403 | PQ538921 | Xanh I | Mong, |3,1-]43- I 43-13,6-|0/S| I/T | 43-|53-|0/S | batcat
lam trong 6,4 5,0 7,6 5,7 9,3 7,9 ven song
nhat sudt
2. CAVN2560 | PQ538923 | Xanh I | Mong, |2,5-]3,8- I 31-(38-]0/S| T |46-|53-|0/S |Pit
lam trong 6,3 5,0 6,2 6,2 6.9 6,9 rudng laa
nhat subt
3. CAVNG6515 | PQ538919 | Xanh I |Mong, |25-[38-|B/S|38-[38-|0/S|UT |40-|40-|0/S |Pitcat
lam trong 6.5 5,0 6.0 5,0 7.5 10 ven song
nhat subt
4. CAVNS5500 | PQ538917 [ Xanh | 1 | Day, 25-143-| B [25-]35-|0/S|UT |[70-]55-|0/S | Ditcat
lam trong 5,0 5,0 5,6 5,0 14,5 10 ven song
nhat subt
5. CAVNS213 | PQ538920 | Xanh I |Mong, |24-|40-| BI [3,8-[43-|0/S| UT |48-]4,5-| 0/S |Pat
lam trong 6,7 6,2 7,1 5,0 5,5 6,7 rudng laa
nhat sudt

111




ST | Nhém Tén chiing Ky hiéu Mau | Ciu Bao Pic diém té bao H¢ sinh
T hinh trén sacsoi | triic nhay Té bao sinh dudong Té bao di hinh Té bao nghi thai
thai Genebank chudi Dai | Réng | Hinh | Dai | Rong | Hinh | Vitri | Dai | Réng | Hinh
(um) | (um) | dang | (um) | (um) | dang (um) | (um) | dang
6. I CAVN2513 | PQ538918 | Xanh I |Moéng, |29-{3,6-|B/S|30-[39-|0/S|VUT |42-]50-]| O/1 |bat
lam trong 6,1 5,0 6,3 6,1 8,2 8,2 rudng laa
nhat subt
7. CAVN2440 | - Xanh I |Moéng, |3,1-|57-|B/T1 |75 |75-|0/S| UT |62-] 8,6- O | Pit
xam trong 8,8 10 10,6 10 94 | 11,3 rudong laa
sudt
8. CAVN2442 | - Xanh I |Mobng, |44-]50-|B/C|76-]|67-| O UT | 7,5-14,7- I | Pat
Xam trong 11,3 | 6,3 11,7 | 83 15 12,5 rudong laa
sudt
9. CAVN2441 | PQ538914 | Xanh I |Mong, |3,7-]56-| B |[67-[67-|0/S| UT |67-]63-| O |Pit
Xam trong 7,4 6,3 14,8 | 10,4 11,1 | 9,6 rudng laa
sudt
10. CAVN2503 | PQ538913 | Xanh I |Mong, |[4,0-[63-| B [50-[50-|0/S | UT [75-]69-| O |Pit
xam trong 6,5 7,0 9,7 10 12,5 | 11,3 rudgng laa
subt
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ST | Nhém Tén chiing Ky hiéu Mau | Ciu Bao Pic diém té bao H¢ sinh
T hinh trén sacsoi | triic nhay Té bao sinh dudong Té bao di hinh Té bao nghi thai
thai Genebank chudi Dai | Rong | Hinh | Dai | Rong | Hinh | Vitri | Dai | Réng | Hinh
(um) | (um) | dang | (um) | (um) | dang (um) | (um) | dang
11. I CAVNS8233 | PQ538912 | Xanh I |Moéng, |25 ({63-| B |50-]63-|0/S| IUT |50-]|63-| O/B |bat
0 liu trong 10 7.5 8,8 10 12,5 | 13,8 rudng laa
sudt
12. CAVNS8204 | PQ538915 | Xanh I | Modng 38-150-| B |30-|40-]|0/S| IUT |75-|45-| C |Pat
Xam trong 8,0 6,0 9,0 7.5 15 6,9 rudong laa
sudt
13. CAVNG6212 | - Xanh I | Mong, |2,1-]33- I 32-136-10/S| IUT |48-|43-|0/S |Patcat
lam trong 5,2 5,2 5,2 5,6 7,2 5,0 ven song
sudt
14. NK1813 OP106434 | Xanh I | Mong, |52-|50-|BO/| 10-]83-|] O UT | 11,8 |52-| O |Pat
0 liu khong 7,2 7,1 S 13,5 | 10,8 - 9,6 rudng laa
mau 18,6
15. CAVN2525 | PQ538922 | Xanh I | Mong, | 2,7- | 4,5- I 4,1- | 4,5- | O/S | UT | 4,5- | 5,4- I |Pat
lam khong 4,5 5,4 5,4 5,4 5,4 6,4 rudgng laa
nhat mau




ST | Nhém Tén chiing Ky hiéu Mau | Ciu Bao Pic diém té bao H¢ sinh
T hinh trén sacsoi | triic nhay Té bao sinh dudong Té bao di hinh Té bao nghi thai
thai Genebank chudi Dai | Rong | Hinh | Dai | Rong | Hinh | Vitri | Dai | Réng | Hinh
(um) | (um) | dang | (um) | (um) | dang (um) | (um) | dang
16. I CAVN2522 | PQ538916 | Xanh I Day, 2,5- | 4,0- I 2,7- | 2,7- S /T | 43- | 3,9- S bat
lam khong | 4.5 | 6,4 45 | 54 72 | 5,7 rudng lta
nhat mau
17. CAVNS242 Xanh I Mong, 3,1- | 3,5- | B/C/|3,5-35-]0/S/| UT |39-|43- O | bat
lam phan 5,9 4,0 S 7.5 5,7 P 12,1 | 8,6 rudong laa
dam tan
18. PM3 Xanh I Mong, | 2,8- 1] 2,5- I 50-145-|10/S | IUT [49-]|46- O | bat
lam phan 5,0 5,0 6,3 6,3 5,7 5,7 rudong laa
dam tan
19. CAVN2490 Xanh I Mong, | 3,2-|34-|B/C/| 3,1- | 45- | O/S/ | UT - - Dat cat
lam phan 6,5 4,5 S 6,2 5,5 P ven song
dam tan
20. NS2000 OP106435 | Xanh I Phan 30-134-|B/C/|52-(45-|0/S/| I/T - - Dt
lam tan, 5,3 49 S 7.3 6,2 P rudgng laa
dam mong
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ST | Nhém Tén chiing Ky hiéu Mau | Ciu Bao Pic diém té bao H¢ sinh
T hinh trén sacsoi | triic nhay Té bao sinh dudong Té bao di hinh Té bao nghi thai
thai Genebank chudi Dai | Rong | Hinh | Dai | Rong | Hinh | Vitri | Dai | Réng | Hinh
(um) | (um) | dang | (um) | (um) | dang (um) | (um) | dang
21. I CAVN2437 | PQ538897 | Xam I Mong, |2,2-|3,0-| B/C |3,7-]3,7-| O/S | I/T |59-|59-| O |Dbat
nhat phan 5,9 4.4 7,4 5,9 10 7,0 rudng laa
tan
22. CAVNO301 | PQ538902 | Xam I Mong, |2,3-|33-| B/C|20-]35-]0/S| IUT |3,0-|3,0- O | Patven
phan 5,0 3,8 5,0 5,0 5,0 4,0 song
tan
23. CAVN2402 | PQ538899 | Xam I Phan 30-125-|B/IC [4,0-]35-]0/S| UT |43-|43-| O/S | Patven
nhat tan 5,0 3,5 6,0 4,5 7,1 5,0 song
24. CAVN2438 | PQ538898 | Xam I Mong, | 3,7-13,3-| B/C [3,0-]30-|0/S | UT |3,7-|44-| O/S | Pbit
nhat trong 7,0 3,7 7,7 6,7 9,6 8,9 rudng laa
subt
25. CAVN2489 | PQ538900 | Xam I Mong, |2,3-|28-|B/C/|3,0-]30-|0/S | IUT |50-]|60-| O/S | Pitven
nhat trong 5,0 3,5 S 5,0 4,0 7,5 7,0 song
subt
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ST | Nhém Tén chiing Ky hiéu Mau | Ciu Bao Pic diém té bao H¢ sinh
T hinh trén sacsoi | triic nhay Té bao sinh dudong Té bao di hinh Té bao nghi thai
thai Genebank chudi Dai | Rong | Hinh | Dai | Rgng | Hinh | Vitri | Dai | Rgng | Hinh
(um) | (um) | dang | (um) | (um) | dang (um) | (um) | dang
26. I CAVNE8232 | PQ538901 | Xam I |Mong, |20-|3,0-|B/C |35-|35-]0/S| IUT |45-]3,5-] O/S |DPat
phan 5,0 4,0 6.0 4,5 6.5 4,0 rudng laa
tan
217. CAVNS8241 | PQ538896 | Xam I |Mong, |2,0-[30-|B/C|[28-[35-|0/S | UT [45-]33-| 0/S |Pit
nhat phan 5,0 4,8 6,5 5,3 6.0 4,5 rudong laa
tan
28. CAVN2435 | PQ538893 | Xam I |Mong, |22-|24-|B/C|[3,7-[24-|0/S/| UT |44-]3,7-| O/S | Pit
phan 6,1 3,7 7,8 5,2 P 6,5 4.4 rudong laa
tan
29. CAVN2434 | PQ538894 | Xam I |Mong, | 3,7-|32-|B/C|26-[29-|0/S| IUT |59-]50-| O |Pit
phan 7,6 3,8 4.4 3.4 6,5 5,3 rudng laa
tan
30. CAVN2436 | PQ538895 | Xam I |Mong, | 32-[26-|B/C |24 |24-|0/S| UT | 59-|4,1-| SO | Pit
phan 7,4 4,1 6.8 3.8 9,3 5,3 rudgng laa
tan
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ST | Nhém Tén chiing Ky hiéu Mau | Ciu Bao Pic diém té bao H¢ sinh
T hinh trén sacsoi | triic nhay Té bao sinh dudong Té bao di hinh Té bao nghi thai
thai Genebank chudi Dai | Rong | Hinh | Dai | Rong | Hinh | Vitri | Dai | Réng | Hinh
(um) | (um) | dang | (um) | (um) | dang (um) | (um) | dang
31. I CAVN2501 | PQ538905 | Nau I Mong, 2,8- | 2,3- B 2,6- | 2,7- | O/S | UT | 4,6- | 3,0- S | bat
nhat phan 6.8 3,7 4,7 39 6.5 4,9 rudng laa
tan
32. CAVN2502 | PQ538904 | Nau I Mong, | 2,6-|24-| B/l |24-]24-| O/S | /T |48-|26-]| S/O Dat
nhat phan 6,7 3,6 4,8 4,0 6.7 5,2 rudong laa
tan
33. CAVN2439 | PQ538908 | Nau I Phan 1,7-129-| BI [ 2,1-]29-|0/S| IUT |3,8-[29-|S/0O |bat
nhat tan 43 33 5,2 4.3 4.8 4.8 rudong laa
34, CAVN2463 | PQ538910 | Nau I Mong, |2,3-1]2,7-| BI |3,6-]|27-|0/S | IUT | 55-|5)5- S | bt
nhat phan 7,7 3,6 7,7 4,5 7,3 6,4 rudng laa
tan
35. CAVN2512 | PQ538909 | Nau I Phan 24-13,1-| BT [ 43-]38-] O/S| I/T |81-|4,0- I Dt
nhat tan 4.8 43 9,5 6,0 114 | 6,2 rudng laa
36. CAVNS8235 | PQ538903 | Xam I Phan 28-138-|B/IC |57-38-]0/S/| /T |76-|52-] S/O |bat
tham tan 6,9 | 4,8 86 | 6,7 | P 10,4 | 7.1 rudng lta
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ST | Nhém Tén chiing Ky hiéu Mau | Ciu Bao Pic diém té bao H¢ sinh
T hinh trén sacsoi | triic nhay Té bao sinh dudong Té bao di hinh Té bao nghi thai
thai Genebank chudi Dai | Rong | Hinh | Dai | Rong | Hinh | Vitri | Dai | Rong | Hinh
(um) | (um) | dang | (um) | (um) | dang (um) | (um) | dang
37. I CAVN2432 | - Xam I Mong, |3,5-]34-| B 31-142-| O/S | /T |54-]|46-| O/S | bat
nhat phan 8,5 5,4 10,8 | 6,2 9,2 9,2 rudng laa
tan
38. XNI1103 OP106433 | Xam H/F | Day, 42-145-|C/B/|50-|55-| S/H B - - Dat
khong 7,1 7,2 P 7,6 6,6 S rudong laa
mau
39. CAVNS8202 | PQ538892 | Xanh I/F | Day, 20-140-|C/B |20-|44-| S'H | B/l - - Dat
lam khong 9,0 | 7,5 7,5 7,0 | S/C rudong laa
mau
40. CAVNO801 | PQ538890 | Xam H | Day, 20-140-|CB |20-|25-| S'H | B/l - - Dat
khong 10,5 | 6,8 7.5 7,8 | S/C rudng laa
mau
41. CAVN2460 | PQ538889 | Xanh H | Day, 38-150-|C/B/|23-]55-] S/H| B/l - - Dt
6 liu khong | 11,1 | 11,8 | S | 10,5 | 8,0 | S/C rudng lua
mau




ST | Nhém Tén chiing Ky hiéu Mau | Ciu Bao Pic diém té bao H¢ sinh
T hinh trén sac sgi | tric nhay Té bao sinh dudng Té bao di hinh Té bao nghi thai
thai Genebank chudi Dai | Rong | Hinh | Dai | Rong | Hinh | Vitri | Dai | Réng | Hinh
(um) | (um) | dang | (um) | (um) | dang (um) | (um) | dang
42. 11 DL12 Xanh | H/F | Day, 23-145-| C/P |41-]41-| S/H | B/I - - bat trong
lam phan 6,8 | 10,9 7,7 | 11,4 | S/C bong
dam tan
43. DL1 Xanh | I/F | Mong, | 63-|43-| B/C |87-]68-| C B/1/ - - Pit
lam khong 18,8 | 7,6 17,5 | 13,3 T rudong laa
mau
44, NK13 MZ593485 | Xanh | I- |Mong, |55-|52-| B/C |83-]67-| C |BW | - - DAt
lam H/F | khong 6,7 7,1 12,7 | 8,2 T rudong laa
mau
45. 1 | MD2411 OP106432 | Xanh | H/T | Moéng, | 3,3-] 3,3- I 30-1]3,2-| HS/ | B// - - Pit
lam trong 11,7 | 7,7 11,1 | 5,0 | S/C T rudng laa
sudt
46. CAVN2404 Xanh | H/T |[Méng, |32-[3,5-] 1 [3,0-]32-|HS |BW | - - Dt
lam trong 10,7 | 7,4 11,5 | 54 | S/C T rudgng laa
subt
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ST | Nhém Tén chiing Ky hiéu Mau | Ciu Bao Pic diém té bao H¢ sinh
T hinh trén sacsgi | tric nhay Té bao sinh dudng Té bao di hinh Té bao nghi thai
thai Genebank chudi Dai | Rong | Hinh | Dai | Rong | Hinh | Vitri | Dai | Réng | Hinh
(um) | (um) | dang | (um) | (um) | dang (um) | (um) | dang
47. I | CAVN2443 Xanh | H/T | Méng, | 4,5- 3,6- I 6,4- | 4,1- I B/l/ - - - | bat
lam trong 15,9 | 10,9 15,5 | 10,9 T rudng laa
sudt
48. CAVN4303 Xanh | H/T | Méng, | 43-129- I 43-129-| HS/ | B/ - - - | Pat
lam trong 13,6 | 7,1 11,4 | 10 S/C T rudong laa
sudt
49. CAVN2505 Xanh | H/T | Méng, | 42-|3,4- I 39-|44- I B/l/ - - - | Pt
lam trong 16,2 | 7,6 18,6 | 8,8 T rudong laa
sudt
50. CAVN4301 Xanh | H/T | Méng, | 2,0-1| 2,5- I 25-134- I B/l/ - - - | Pt
lam trong 12,3 | 7,8 16,2 | 6,4 T rudng laa
sudt

Chii thich: Ciu triic chudi: H (Heteropolar) - Chudi phan cuc, I (Isopolar) - chudi ding cuc; F (False-branching) - phan nhanh gia, T (True-
branching) - phan nhanh thét;

Hinh dang: B (Barrel-shaped) hinh thung, C (Cylindrical) hinh try, I (Irregular) khong dong déu, S (Spherical) hinh cau, O (Oval) bau duc; Vi
tri: B (Basal) gdc, I (Intercalar) xen k&, T (Terminal) tan clng.
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Phu luc 4. Két qua dién di san pham PCR doan gen 16S rRNA ciia 50 chiing VKL

M (9 10 1 12 13 14 15 16 17 18 19
—
~ 1000 bp
30 (9 M () 31 32 33 34 35 36
—
~ 1000 bp
48 49 50
—
~1000 bp

M 20 21 22 23 24 25 26 27 28 29

M () 37 38 39 40 41 42 43 44 45 46 47

3kb —

1kb _
750 bp —
500 bp —

250 bp —

Chii thich: M: marker 1kb; (-) Poi chirng am; 1: CAVN2512, 2: CAVN2439, 3: CAVN2501, 4: CAVN2463, 5: CAVN2432; 6: CAVN2435; 7:
CAVN2436; 8: CAVNS237; 9: CAVN2438; 10: NS2000; 11: NK13; 12: DL1;13: CAVN2440;14: CAVN2441;15: CAVN2403;16: CAVN5500;
17: CAVNS213;18: CAVN2505; 19: MD2411; 20: CAVN2560; 21: CAVN6515; 22: CAVN2513; 23: CAVN2503; 24: CAVN2442; 25:
NK1813;26: CAVN2525; 27: CAVNS8233; 28: CAVNSE204; 29: CAVN6212; 30: CAVNS242; 31: PM3; 32: CAVN2490; 33: CAVN2522; 34:
XN1103;35: CAVNS235; 36: CAVN2502; 37: CAVNSE202; 38: CAVNOS8O1; 39: DL12; 40: CAVN2460; 41: CAVN2404; 42: CAVN4303; 43:

CAVN4303; 44: CAVN4301; 45: CAVN4301; 46: CAVN2402; 47: CAVN2489; 48: CAVNSE232; 49: CAVNSE241; 50: CAVN2434.
xiil



Phu luc 5. Trinh tr doan gen 16S rRNA ciia 50 chiing vi khuin lam

STT

Tén chiing

Trinh tw doan gen 16S rRNA

CAVN2403

CCCAAGGAATCCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAACCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATCAGC
ATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTG
TGTAAGTCTGCTGTCAAAGAGCAAAGCTCAACTTTGTAAAGGCAGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCC
TGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAA
GCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCTGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCG
TAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAG
TATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGCGAACTCTTCTGAAAGGAAGAGGTGCCTTCGGGAGC
GCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTG
CCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGCC
TTGGGCTACACACGTACTACAATGCTACGGACAGAGGGCAGCAAGCTAGCGATAGCAAGCTAATCCCATAAACCGTGGCTCAGTTCAGAT
CGAAGGCTGCAACTCGCCTTCGTGAAGGAGGAATCGCTAGTAATTGCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGGCCTTGTACAC
ACCGCCCGTCACACCATGGAAGCTGGCAACGCCCGAAGTCATTACTCCAACCTTTCGAGGGGGAGGATGCCTAAGGCAGTGCTGGTGACT
GGGGTGAAGTCGTAACAAGGTAGCCGTACCGGAAG

CAVN2560

TGGGACAACCACTGGAAACGGTGGCTAATACCGGATGTGCCGGAAGGTGAAAGGCTTGCTGCCTGAAGATGAGCTCGCGTCCGATTAGCT
AGTAGGTGGGGTAAGAGCCTACCTAGGCGACGATCGGTAGCTGGTCTGAGAGGATGACCAGCCACACTGGGACTGAGACACGGCCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTT
GTAAACCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGA
GGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCAAAGCTCAACTTTGTA
AAGGCAGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACA
CCGGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCT
AGCTGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCAC

X1V




STT

Tén chiing

Trinh tw doan gen 16S rRNA

GCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCA
AGGCTTGACATGTCGCGAACTCTTCTGAAAGGAAGAGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGT
CGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTG
ACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTACACACGTACTACAATGCTACGGACAGAGGG
CAGCAAGCTAGCGATAGCAAGCTAATCCCATAAACCGTGGCTCAGTTCAGATCGAAGGCTGCA

CAVNG6515

ATTTTTCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAAGAAC
ACAATGACGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATT
GGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCAAAGCTCAACTTTGTAAAGGCAGTGGAAACTACACGGCTAG
AGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAGGCGCTCTGCTAGG
CCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCTGTAAACGATGGATACTAGGCGT
GGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTG
ACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGCGAACTCTTCT
GAAAGGAAGAGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCA
ACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGA
CGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTACACACGTACTACAATGCTACGGACAGAGGGCAGCAAGCTAGCGATAGCAAGCTAAT
CCCATAAACCGTGGCTCAGTC

CAVN5500

TTTGGGGGATTTTTCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAG
GGAAGAACAAAATGACGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCG
GAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCGAAGCTCAACTTCGTAAAGGCAGTGGAAACTAC
ACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAGGCGCT
CTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCTGTAAACGATGGATA
CTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAA
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STT

Tén chiing

Trinh tw doan gen 16S rRNA

AGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGCGA
ACTTTTCTGAAAGGAAGAGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAG
TCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTG
GGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTACACACGTACTACAATGCTACGGACAGAGGGCAGCAAGCTAGCGATAGCA
AGCTAATCCCATAAACCGTGGCTC

CAVNRS213

GAAGTCGGTCTGGGAAACCACTGGAAACGGTGGCTAATACCGGATGTGCCGGAAGGTGAAAGGCTTGCTGCCTGAAGATGAGCTCGCGT
CCGATTAGCTAGTAGGTGGGGTAAGAGCCTACCTAGGCGACGATCGGTAGCTGGTCTGAGAGGATGACCAGCCACACTGGGACTGAGACA
CGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGG
CTCTTGGGTTGTAAACCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCG
GTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCAAAGCT
CAACTTTGTAAAGGCAGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATC
AGGAAGAACACCGGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACC
CCAGTAGTCCTAGCTGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGG
GGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAA
GAACCTTACCAAGGCTTGACATGTCGCGAACTCTTCTGAAAGGAAGAGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCG
TCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAG
ACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTA

CAVN2513

GTCTGGGCAACACTGGGAACGGTGGCTAATACCGGATGTGCCGGAAGGTGAAAGGCTTGCTGCCTGAAGATGAGCTCGCGTCCGATTAGC
TAGTAGGTGGGGTAAGAGCCTACCTAGGCGACGATCGGTAGCTGGTCTGAGAGGATGACCAGCCACACTGGGACTGAGACACGGCCCAG
ACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGT
TGTAAACCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGG
AGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCAAAGCTCAACTTTGT

Xvi




STT

Tén chiing

Trinh tw doan gen 16S rRNA

AAAGGCAGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAAC
ACCGGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCC
TAGCTGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCA
CGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACC
AAGGCTTGACATGTCGCGAACTCTTCTGAAAGGAAGAGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTG
TCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGT
GACAAACCGGAGGAAGGGGGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTAC

CAVN2440

CCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATCAGCATCGGCTAAC
TCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTG
CTGTCAAAGAGCGAAGCTCAACTTCGTAAAGGCAGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCG
GTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAG
CGAATGGGATTAGATACCCCAGTAGTCCTAGCTGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGC
GTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTA
ATTCGATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGCGAACCCTGCTGAAAGGTGGGGGTGCCTTCGGGAGCGCGAACACAG
GTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAG
TTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTACAC
ACGTACTACAATGCTACGGACAGAGGGCAGCAAGCTAGCGATAGCAAGCTAATCCCAGAAACCGTGGCTCAGTTCAGATCGAAGGCTGCA
ACTCGCCTTCGTGAAGGAGGAATCGCTAGTAATTGCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGGCC

CAVN2442

AGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCC
GCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCGAA
GCTCAACTTCGTAAAGGCAGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAG
ATCAGGAAGAACACCGGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATA
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CCCCAGTAGTCCTAGCTGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCT
GGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCG
AAGAACCTTACCAAGGCTTGACATGTCGCGAACCCTGCTGAAAGGTGGGGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGT
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAG
AGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTACACACGTACTACAATGCTA
CGGACAGAGGGCAGCAAGCTAGCGATAGCAAGCTAATCCCAGAAACCGTGGCTCAGTTCAGATCGAAGGAGTTCAGATCGAAGGCTGCA
ACTCGCCTTCGTGAAGGAGGAATCGCTAGTAATTGCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGGCCTTGTAC

CAVN2441

CCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAACCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATCAGCATCGGCTAACT
CCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGC
TGTCAAAGAGCGAAGCTCAACTTCGTAAAGGCAGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGG
TGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGC
GAATGGGATTAGATACCCCAGTAGTCCTAGCTGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCG
TTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAA
TTCGATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGCGAACCCTGCTGAAAGGTGGGGGTGCCTTCGGGAGCGCGAACACAGG
TGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGT
TGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTACACA
CGTACTACAATGCTACGGACAGAGGGCAGCAAGCTAGCGATAGCAAGCTAATCCCAGAAACCGTGGCTCAGTTCAGATCGAAGGCTGCAA
CTCGCCTTCGTGAAGGAGGAATCGCTAA

10.

CAVN2503

GGACAACCACTGGAAACGGTGGCTAATACCGGATGTGCCGAAAGGTGAAAGGCTTGCTGCCTGAAGATGAGCTCGCGTCTGATTAGCTAG
TTGGTGGGGTAAAAGCCTACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGACCAGCCACACTGGGACTGAGACACGGCCCAGACT
CCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGT
AAACCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGG
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ATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCGAAGCTCAACTTCGTAAA
GGCAGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACC
GGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAG
CTGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGC
AAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAG
GCTTGACATGTCGCGAACCCTGCTGAAAGGTGGGGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCG
TGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGAC
AAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTACACACGTACTACAATGCTACGGACAGAGGGCA
GCAAGCTAGCGATAGCAAGCTAATCCCAGAAACCGTGGCTCAGTTCAGATCGAAGGCTGCA

11.

CAVNS233

GAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTG
AGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCG
CAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCGAAGCTCAACTTCGTAAAGGCAGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAG
AGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGA
GGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCTGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCG
AGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACA
AGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGCGAACCCTGCTGAAAGGTGGGGGTGC
CTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCG
TTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCC

CCTTACGCCTTGGGCTACACACGTACTACAATGCTACGGACAGAGGGCAGCAAGCTAGCGATAGCAAGCTAATCCCAGAAACCGTGGCTC
ATTTCA

12.

CAVNR204

ATTTAGCTTCAGGTCTAGGACAACCACTGGAAACGGTGGCTAATACTGGATGTGCCGGAAGTGAAAGGCTTGCTGCCTGAAGATGAGCTC
GCGTCTGATTAGCTAGTAGGTGGGGTAAGAGCCTACCTAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGA
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GACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGG
AAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGC
CGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCGA
AGCTCAACTTCGTAAAGGCAGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGA
GATCAGGAAGAACACCGGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGAT
ACCCCAGTAGTCCTAGCTGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCC
TGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGC
GAAGAACCTTACCAAGGCTTGACATGTCGCGAATCTGATTGAAAGGTCAGAGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTG
TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGA
GAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTACACACGTACTACAATGCT
ACGGACAGAGGGCAGCAAGATAGCGATGTCAAGCTAATCCCATAAACCGTGGCTCAGTTCAGATCGAAGGCTGCATTCT

13.

CAVNG6212

GTAGCTGGTCTGAGAGGATGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAA
TGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAAGAACACAATGACGG
TACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAG
CGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCGAAGCTCAACTTCGTAAAGGCAGTGGAAACTACACAGCTAGAGTGCGTTCG
GGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGA
CACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCTGTAAACGATGGATACTAGGCGTGGCTTGTATCG
ACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCC
GCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGCGAACTTTCTTGAAAGAGAAG
GATGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAC
CCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGC
ATGCCCCTTACGCCTTGGGCTACACACGTACTACAATGCTACGGACAGAGGGCAGCAAGCTAGC
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14.

NK1813

CCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATG
CAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCAAAGCTTAACTTTGTAAAGGC
AGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGT
GGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCTG
TAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAG
TGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGGCTT
GACATGTCGCGAATCCTGGTGAAAGCTGGGAGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAG
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAAC
CGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTACACACGTACTACAATGCTACGGACAGAGGGCAGCAA
GCTAGCGATAGCAAGCAAATCCCATAAACCGTGGCTCAGTTCAGATCGAAGGCTGCAACTCGCCTTCGTGAAGGAGGAATCGCTAGTAAT
TGCAGGTCAGC

15.

CAVN2525

TGGGACAACCACTGGAAACGGTGGCTAATACCGGATGTGCCGGAAGTGAAAGGCTTGCTGCCTGAAGATGAGCTCGCGTCCGATTAGCTA
GTAGGTGGGGTAAGAGCCTACCTAGGCGACGATCGGTAGCTGGTCTGAGAGGATGACCAGCCACACTGGGACTGAGACACGGCCCAGAC
TCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTG
TAAACCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAG
GATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCAAAGCTCAACTTTGTAA
AGGCAGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACAC
CGGTGGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTA
GCTGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACG
CAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAA
GGCTTGACATGTCGCGAACTCTTCTGAAAGGAAGAGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTC
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGA
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CAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTACACACGTACTACAATGCTACGGACAGAGGGC
AGCAAGCTAGCGATAGCAAGCTAATCCCATAAACCGTGGCTCAGTTCAGATCGAAGGCTGCA

16.

CAVN2522

CCTCTTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATG
CAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTCAAAGAGCGAAGCTCAACTTCGTAAAGGC
AGTGGAAACTACACGGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGT
GGCGAAGGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCTG
TAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAG
TGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGGCTT
GACATGTCGCGAACCTTCTTGAAAGAGAAGGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAG
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAAC
CGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGCCTTGGGCTACACACGTACTACAATGCTACGGACAGAGGGCAGCTAA
CTAGCGATAGCAAGCTAATCCCATAAACCGTGGCTCAGTTCAGATCGAAGGCTGCAACTCGCCTTCGTGAAGGAGGAATCGCTAGTAATTG
CAGGTCAGCATACTGCAGTGAATTCGTTCCCGGGCCTTGT

17.

CAVNR&242

TGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAAGGAATAAGTTCTGAAGGTA
CTTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCG
TCCGCAGGTGGCTGTGTAAGTCTGCTGTTAAAGAGTCTAGCTTAACTAGATAAAAGCAGTGGAAACTACATAGCTAGAGTGCGTTCGGGGT
AGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAGGCGCTCTACTAGGCCGCAACTGACACT
GAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTTGCGAGTATCGACC
CTCGCAGTGCCGGAGCCAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCA
CAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTCGCGAGTCCTCTTGAAAGGGAGGAGT
GCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT
CGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATG
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CCCCTTACGTCTTGGGCTACACACGTACTACAATGCTCCGAACAGAGGGCAGCGAGCTAGCGATAGCAAGCAAATCCCGGAAATCGGAGC
TCAGTCAGATCGAA

18.

PM3

GAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAAGGAAGAAGAATGACGGTACTTGA
GGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGC
AGGTGGCTGTGTAAGTCTGCTGTTAAAGAGTCTAGCTTAACTAGATAAAAGCAGTGGAAACTACATAGCTAGAGTGCGTTCGGGGTAGAG
GGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAGGCGCTCTACTAGGCCGCAACTGACACTGAGG
GACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTTGCGAGTATCGACCCTCGC
AGTGCCGGAGCCAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGC
GGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTCGCGAATCCTCTTGAAAGGGAGGAGTGCCTT
CGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTT
TTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCC
TTACGTCTTGGGCTACACACGTACTACAATGCTCCGAACAGAGGGCAGCGAGCGTGCGAACGCAAGCAAATCCCGGAAATCGGAGCTCA
GTTCAGATCGAAGGCTGCAACTCGCCTTCGTGAAGGAGGAATCGCTAGTAATTGCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGG

19.

CAVN2490

AAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAAGGAATAAGTTCTGAAGGTACTTGAG
GAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCA
GGTGGCTGTGTAAGTCTGCTGTTAAAGAGTCTAGCTTAACTAGATAAAAGCAGTGGAAACTACATAGCTAGAGTACGTTCGGGGTAGAGG
GAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAGGCGCTCTACTAGGCCGTAACTGACACTGAGGG
ACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTTGCGAGTATCGACCCTCGCA
GTGCCGGAGCCAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTCGCGAATCCTCTTGAAAGGGAGGAGTGCCTTC
GGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTT
TAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCT
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TACGTCTTGGGCTACACACGTACTACAATGCTCCGAACAGAGGGCAGCGAGCTAGCGATAGCAAGCAAATCCCGGAAATCGGAGCTCAGT
TCAGATCGAAGGCTGCAACTCGCCTTCGTGAAGGAGGAATCGCTAGTAATTGCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGGCTTGT

20.

NS2000

ACTACTGGGAACGGTGGCTAATACCGGATGTGCCGAAAGGTGAAAGGCTTGCTGCCTGAAGATGAGCTCGCGTCTGATTAGCTAGTTGGT
GTGGTAAGAGCGCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTAC
GGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACC
TCTTTTCTCAAGGAATAAGTTCTGAAGGTACTTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAA
GCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTGTGTAAGTCTGCTGTTAAAGAGTCTAGCTTAACTAGATAAAAGCAGTG
GAAACTACATAGCTAGAGTACGTTCGGGGTAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCG
AAGGCGCTCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAAC
GATGGATACTAGGCGTTGCGAGTATCGACCCTCGCAGTGCCGGAGCCAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTG
AAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGAC
ATGTCGCGAATCCTCTTGAAAGGGAGGAGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGA
GGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTCCGAACAGAGGGCAGCGAGCTAG
CGATAGCAAGCAAATCCCGGAAATCGGA

21.

CAVN2437

CCTCTTTTCTCAGGGAATAAGAACTGAAGGTACCTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGC
AAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCCTTGTAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAAAGCA
GTGGAAACTACAAAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTG
GCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTA
AACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGT
GTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTT
GACATGTCGCGAATCCTCTTGAAAGGGAGGAGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAG
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ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAAC
CGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTAC
ACAGCGATGTGATGCAAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGCTTGCAACTCAGCTTCGTGAAGGAGGAATCGCTAGTAATT
GCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGG

22.

CAVN9301

GCGAAGCTGACGAAGCAATACCGCGTGAGGGAGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAATAAGAACTGAAGGTACCTGA
GGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGC
AGGTGGCCTTGTAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAAAGCAGTGGAAACTACAAAGCTAGAGTGCGTTCGGGGTAGCA
GGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGG
GACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAG
CCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAG
CGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTCGCGAATCCTCTTGAAAGGGAGGAGTGCCT
TCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTT
TTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCC
CTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTACACAGCGATGTGATGCAAATCTCAGAAACCGTAGCTCA
GTTCAGATCGAAGCTTGCACTCAGCTTCTGAGAA

23.

CAVN2402

CCACTGGAAACGGTGGCTAATACCGGATGAGCCGAAAGGTAAAAGATTTATTGCCTAGAGATGAGCTCGCGTCTGATTAGCTAGTAGGTGT
GGTAAGAGCGCACCTAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGG

GAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTC
TTTTCTCAGGGAATAAGAACTGAAGGTACCTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGC
GTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCCTTGTAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAAAGCAGTGG

AAACTACAAAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGA
AAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACG
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ATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGA
AACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACAT
GTCGCGAATCCTCTTGAAAGGGAGGAGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTG
GGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGG
AAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTACACAGCG
ATGTGATGCAAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGCTTGCA

24.

CAVN2438

CCTCTTTTCTCAGGGAATAAGAACTGAAGGTACCTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGC
AAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCCTTGTAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAAAGCA
GTGGAAACTACAAAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTG
GCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTA
AACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGT
GTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTT
GACATGTCGCGAATCCTCTTGAAAGGGAGGAGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAG
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAAC
CGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTAC
ACAGCGATGTGATGCAAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGCTTGCAACTCAGCTTCGTGAAGGAGGAATCGCTAGTAATT
GCAGGTCAGC

25.

CAVN2489

TTTGGGGGATTTTTCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAG
GGAATAAGAACTGAAGGTACCTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGG
AATGATTGGGCGTAAAGGGTCCGCAGGTGGCCTTGTAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAAAGCAGTGGAAACTACAA
AGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGTGCT
ACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACT
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AGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAG
GAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTCGCGAAT
CCTCTTGAAAGGGAGGAGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTC
CCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGG
GATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTACACAGCGATGTGATG
CAAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGCTTGCAACTCAGCTTCGTGAAGGAGGAATCGCTAGTAATTGCAGGTCAGCATAC
TGCAGTGAATTCGTTCCCGGGCCTTGTACCACCCGGC

26.

CAVNS232

GCGAAGCCGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAATAAGTACTGAAGGTACCTGA
GGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGC
AGGTGGCCTTGTAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAAAGCAGTGGAAACTACAAAGCTAGAGTGCGTTCGGGGTAGCA
GGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGG
GACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAG
CCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAG
CGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTCGCGAATCCTCTTGAAAGGGAGGAGTGCCT
TCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTT
TTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCC
CTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTACACAGCGATGTGATGCAAATCTCAGAAACCGTAGCTCA
GTTCAGATCGAAGCTTGCAACTCAGCTTCGTGAAGGAGGAT

27.

CAVNR&241

GGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAAGGAATAAAAAAATGAAGGTA
CTTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGGG
TCCGCAGGTGGCACTGTAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAGAGCAGTGGAAACTACAGAGCTAGAGTGCGTTCGGGG
TAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGTGCTACTAGGCCGTAACTGACGC
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TGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTGGCTTGTATCGAC
CCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGC
ACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTCGCGAATCCTCTTGAAAGGGAGGAG
TGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
TCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCAT
GCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTACACAGCGATGTGATGCAAATCTCATAAACCGTAGC
TC

28.

CAVN2435

CCTCTTTTCTCAAGGAATAAGAACTGAAGGTACTTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGC
AAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCCCTGTAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAAAGCA
GTGGAAACTACAGAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTG
GCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTA
AACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGT
GTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTT
GACATGTCGCGAATCCTTCTGAAAGGAAGGAGTGCCTTAGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAG
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAAC
CGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTAC
ACAGCGATGTGATGCTAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGGCTGCAACTCGCCTTCGTGAAGGAGGAATCGCTAGTAATT
GCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGGCC

29.

CAVN2434

CCTCTTTTCTCAAGGAATAAGAAAGTGAAGGTACTTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATG
CAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCCCTGTAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAAAGC
AGTGGAAACTACAGAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGT
GGCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGT
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AAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAG
TGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTT
GACATGTCGCGAATCCTTCTGAAAGGAAGGAGTGCCTTAGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAG
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAAC
CGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTAC
ACAGCGATGTGATGCTAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGGCTGCAACTCGCCTTCGTGAAGGAGGAATCGCTAGTAATT
GCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGGCC

30.

CAVN2436

CCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAAGGAATAAGAAAGTGAAGGTACTTGAGGAATAAGCATCGGCTAAC
TCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCCCTGTAAGTCTG
CTGTTAAAGAGTGAGGCTTAACCTCATAAAAGCAGTGGAAACTACAGAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGG
TGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGC
GAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCG
TTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAA
TTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTCGCGAATCCTTCTGAAAGGAAGGAGTGCCTTAGGGAGCGCGAACACAGG
TGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGT
TGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACA
CGTACTACAATGCTACGGACAAAGGGCAGCTACACAGCGATGTGATGCTAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGGCTGCAA
CTCGCCTTCGTGAAGGAGGAATCGCTAGTAAT

31.

CAVN2501

AGGTCGGGGACAACCACTGGAAACGGTGGCTAATACCGGATAAGCCGTGAGGTAAAAGATTTATTGCCTAGAGATGAGCTCGCGTCTGAT
TAGCTAGTTGGTGTGGTAAGAGCGCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTT
GGGTTGTAAACCTCTTTTCTCAAGGAATAAGTTCTGAAGGTACTTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATAC
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GGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCATTGAAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTC
ATAAAAGCAGTGGAAACTACAAAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGA
ACACCGGTGGCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGT
CCTAGCCGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACG
CACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTA
CCAAGACTTGACATGTCGCGAACTTTTCTGAAAGGAAGAGGTGCCTTAGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCG
TGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTCTTTAGTTGCCAGCATTAAGATGGGAACTCTAGAGAGACTGCCG
GTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAG
GGCAGCTACACAGCGATGTGATGCAAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGCTGCACTCC

32.

CAVN2502

TAGGTCGGGGACAACCACTGGAAACGGTGGCTAATACCGGATAAGCCGTGAGGTAAAAGATTTATTGCCTAGAGATGAGCTCGCGTCTGA
TTAGCTAGTTGGTGTGGTAAGAGCGCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGG
CCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCT
TGGGTTGTAAACCTCTTTTCTCAAGGAATAAGTTCTGAAGGTACTTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATA
CGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCATTGAAAGTCTGCTGTTAAAGAGTGAGGCTTAACCT
CATAAAAGCAGTGGAAACTACAAAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAG
AACACCGGTGGCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAG
TCCTAGCCGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTAC
GCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTT
ACCAAGACTTGACATGTCGCGAACTTTTCTGAAAGGAAGAGGTGCCTTAGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTC
GTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTCTTTAGTTGCCAGCATTAAGATGGGAACTCTAGAGAGACTGCC
GGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAA
GGGCAGCTACACAGCGATGTGATGCAAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGGCTGCACTCGCTTCTGA
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33.

CAVN2439

CCTCTTTTCTCAAGGAATAAGTTCTGAAGGTACTTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCA
AGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCATTGAAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAAAGCAG
TGGAAACTACAAAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGG
CGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAA
ACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTG
TGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTG
ACATGTCGCGAACTTTTCTGAAAGGAAGAGGTGCCTTAGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGAT
GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTCTTTAGTTGCCAGCATTAAGATGGGAACTCTAGAGAGACTGCCGGTGACAAACCG
GAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTACAC
AGCGATGTGATGCAAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGGCTGCAACTCGCCTTCGTGAAGGAGGAATCGCTAGTAATTGC
AGGTCAGCATACTGCAGTGAATTCGTTCCCGGG

34.

CAVN2463

CGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAAGGAATAAGTTCTGAAGGTACTTGAGGAATAAGCA
TCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCATT
GAAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAAAGCAGTGGAAACTACAAAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTG
GTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCT
AGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGA
GCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTA
TGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTCGCGAACTTTTCTGAAAGGAAGAGGTGCCTTAGGGAGCGC
GAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTCTTTAGTTGCC
AGCATTAAGATGGGAACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTT
GGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTACACAGCGATGTGATGCAAATCTCAGAAACCGTAGCTCAGTTCAGATCG
AAGGCTGCAACTCGCCTTCGTGAAGGAGGAATCGCTAGTAATTGCAGGTCAGC
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35.

CAVN2512

GGGACAACCACTGGAAACGGTGGCTAATACCGGATAAGCCGTGAGGTAAAAGATTTATTGCCTAGAGATGAGCTCGCGTCTGATTAGCTAG
TTGGTGTGGTAAGAGCGCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACT
CCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGT
AAACCTCTTTTCTCAAGGAATAAGTTCTGAAGGTACTTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGAT
GCAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCATTGAAAGTCTGCTGTTAAAGAGTGAGGCTTAACCTCATAAAAG
CAGTGGAAACTACAAAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGG
TGGCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCG
TAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAA
GTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGAC
TTGACATGTCGCGAACTTTTCTGAAAGGAAGAGGTGCCTTAGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGA
GATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTCTTTAGTTGCCAGCATTAAGATGGGAACTCTAGAGAGACTGCCGGTGACAAA
CCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTA
CACAGCGATGTGATGCAAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGGCTGCA

36.

CAVNR235

TTAGGTCGGGGACAACCACTGGAAACGGTGGCTAATACCGGATGAGCCGAAAGGTAAAAGATTAATTGCCTAGAGATGAGCTCGCGTCTG
ATTAGCTAGTTGGTGTGGTAAGAGCGCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACG
GCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTC
TTGGGTTGTAAACCTCTTTTCTCAAGGAATAAGAAAGTGAAGGTACTTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTA
ATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCACTGAAAGTCTGCTGTTAAAGAGTGAGGCTCAA
CCTCATAAGAGCAGTGGAAACTACAGAGCTAGAGTGCGTTCGGGGTAGCAGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGA
AGAACACCGGTGGCGAAAGCGTGCTACTAGGCCGTAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGT
AGTCCTAGCCGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGT
ACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACC
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TTACCAAGACTTGACATGTCGCGAATCTTTCTGAAAAGGAGGAGTGCCTTAGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCT
CGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTCTTTAGTTGCCAGCATTAAGATGGGAACTCTAGAGAGACTGC
CGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAA
AGGGCAGCTACACAGCGATGTGATGCAAATCTCAGAAACCGTAGCTCAGTTCAGATCGAAGGCTGCA

37.

CAVN2432

CCTCTTTTCTCAAGGAAGAACACAATGACGGTACTTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATG
CAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCGATGTAAGTCTGCTGTTAAAGAGTGAGGCTCAACCTCATAAGAGC
AGTGGAAACTACATAGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGT
GGCGAAAGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCG
TAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAG
TGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTT
GACATGTCGCGAACTTTGGTGAAAGCTAAAGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAG
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAAC
CGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTTTGGACAGAGGGCAGCAA
GCCGGCAACGGCAAGCAAATCCCGTAAACCAAAGCTCAGTTCAGATCGCAGGCTGCAACTCGCCTGCGTGAAGGAGGAATCGCTAGTAA
TTGCAGGTCAGCA

38.

XN1103

CCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAAGAACATAATGACGGTACCTGAGGAATAAGCATCGGCTAAC
TCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTATGTAAGTCTG
CTGTTAAAGAGTGAGGCTCAACCTCATAAGAGCAGTGGAAACTACATAGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGG
TGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGC
GAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCG
TTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAA
TTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTCGCGAACTTTTCTGAAAGGAAAAGGTGCCTTCGGGAGCGCGAACACAGG
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TGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGT
TGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACA

CGTACTACAATGCTACGGACAAAGGGCAGCGAGCTAGCGATAGCAAGCAAATCTCATAAACCGTGGCTCAGTTCAGATCGCAGGCTGCAA
CTCGCCTGCGTGAAGGAGGAATCGCTAGTAATTGCAGGTCAGCA

39.

CAVNSg202

CTGGAAACGGTGGCTAATACCGGATGTGCCGAGAGGTAAAAGGCTTGCTGCCTGAAGATGAGCTCGCGTCTGATTAGCTAGTAGGTGTGG
TAAGAGCGCACCTAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGA
GGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTT
TTCTCAAGGAAGAAGAGATGACGGTACTTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGT
TATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTATGTAAGTCTGCTGTTAAAGAGTGAGGCTCAACCTCATAAAAGCAGTGGAA
ACTACATAGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAA
GCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGAT
GGATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAA
CTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGT
CGCGAACCCTCTTGAAAGGGAGGGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGG
GTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGA
AGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCGAGCTAGTGA
TAGCAAGCAAATCTCATAAACCGTGGCTCAGTTCAGATCGCAGGCTGCA

40.

CAVNO0801

CTGGAAACGGTGGCTAATACCGGATGTGCCGAAAGGTGAAAGATTTATTGCCTGAAGATGAGCTCGCGTCTGATTAGCTAGTAGGTGTGGT
AAGAGCGCACCTAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAG
GCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTT
CTCAGGGAAGAACATAATGACGGTACCTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTT
ATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTATGTAAGTCTGCTGTTAAAGAGTGAGGCTCAACCTCATAAGAGCAGTGGAAA
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CTACATAGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAG
CGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATG
GATACTAGGCGTGGCTTGTATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAAC
TCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTC
GCGAACCCTCTTGAAAGGGAGGGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGG
TTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAA
GGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCGAGCTAGCGAT
AGCAAGCAAATCTCATAAACCGTGGCTCAGTTCAGATCGCAGGCTGC

41.

CAVN2460

CGCATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAAGAAAAAAATG
ACGGTACCTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGT
AAAGCGTCCGCAGGTGGCAATGTAAGTCTGCTGTTAAAGAGTGAGGCTCAACCTCATAAGAGCAGTGGAAACTACATAGCTAGAGTGCGT
TCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGCTCTGCTAGGCCGCAAC
TGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTGGCTTGT
ATCGACCCGAGCCGTGCCGGAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGG
GCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGACTTGACATGTCGCGAACCCTCTGGAAAGG
GAGGGGTGCCTTCGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTCGTTTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAA
GTCAGCATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCGAGCTAGCGATAGCAAGCAAATCTCATAA
ACCGTGGCTCAGTTCAGATCGCAGGCTGCAACTCGCCTGCGTGAAGGAGGAATCGCTAGTAA

42.

DL12

AAAGCCTGACGGAGCAATACCGCGTGAGGGACGAAGGCTTTTGGGTCGTAAACCTCTTTTCTCAAGGAAGAAGTAGACGGTACTTGAGG
AATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAG
GTGGTTTTGTAAGTCTGCTGTTAAAGCGTTAGGCTCAACCTAATAAGGGCAGTGGAAACTATGAGACTAGAGTATGTTAGGGGTAGAGGGA

XXXV




STT

Tén chiing

Trinh tw doan gen 16S rRNA

ATTCCCAGTGTAGCGGTGAAATGCGTAGAGATTGGGAAGAACACCGGTGGCGAAAGCGCTCTGCTAGGACAATACTGACACTGAGGGAC
GAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTTGCCCGTATCGACCCGGGCATT
GTCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGT
GGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAGGACTTGACATGTCGCGAATCCTTGTGAAAGCAGGGTGTGCCTTCGG
GAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTTTTA
GTTGCCAGCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTA
CGTCCTGGGCTACACACGTACTACAATGCGACGAACAAAGGGCAGCTAGTTAGCAATAACATGCAAATCTCAGAAATCGTCGCTCAGTTC
AGATTGAAGGCTGCAACTCGCCTTCATGAAGTCGGAATCGCTAGTAATTGCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGGCCTTGTA

43.

DL1

GAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAAGGAATAATAAGTTGAAGGTACTTG
AGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCG
CAGGTGGTTTGTCAAGTCTGCTGTCAAAGCGTCTGGCTTAACTAGATAAAGGCAGTGGAAACTGAGAGACTGGAGTATGGTAGGGGTAGA
GGGAATTCCCGGTGTAGCGGTGAAATGCGTAGAGATCGGGAAGAACACCGGTGGCGAAAGCGCTCTGCTGGACCATAACTGACACTGAG
GGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTTACGCGTATCGACCCGC
GTAGTGCCGGAGCCAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAGGGCTTGACATGTCGCGAATCCCGATGAAAGTTGGGAGTGCC
TTAGGGAGCGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGT
ACTTAGTTGCCATCATTAAGTTGGGAACTCTAAGAAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCC
CTTACGTCCTGGGCTACACACGTACTACAATGCTGTGGACAGAGGGCAGCAAGCTAGTGATAGCAAGCAAATCTCACAAACCACGGCTCA
GTTCAGATCGCAGGCTGCAACTCGCCTGCGTGAAGGTGGAATCGCTAGTAATTGCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGGGCT
TGTA

44,

NK13

GACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAACCTCTTTTCTCAGGGAATAATAAGTTGAAGGTACCTGAGGAATAAG
CATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGTT
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TATCAAGTCTGCTGTCAAAGCGTCTGGCTTAACTAGATAAAGGCAGTGGAAACTGAGAGACTGGAGTATGGTAGGGGTAGAGGGAATTCC
CGGTGTAGCGGTGAAATGCGTAGAGATCGGGAAGAACACCGGTGGCGAAAGCGCTCTGCTGGACCATAACTGACACTGAGGGACGAAAG
CTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTTACGCGTATCGACCCGCGTAGTGCCGG
AGCCAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGT
ATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAGGGCTTGACATGTCGCGAATCTCTCTGAAAGGAGAGAGTGCCTTAGGGAGCG
CGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTACTTAGTTGC
CATCATTAAGTTGGGAACTCTAAGAAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCCT
GGGCTACACACGTACTACAATGCTGTGGACAGAGGGCAGCAAGCTAGTGATAGCAAGCAAATCTCACAAACCACGGCTCAGTTCAGATCG
CAGGCTGCAACTCGCCTGCGTGAAGGTGGAATCGCTAGTAATTGCAGGTCAGCATACTGCAGTGAATTCG

45.

MD2411

ACCACTGGGAACGGTGGCTAATACCGGATGTGCCTGTGGGTGAAAGGTTAACTGCCTGGAGATGAGCTCGCGTCTGATTAGCTAGTTGGT
GGTGTAAGGGACTACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTAC
GGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACC
TCTTTTCTCAAGGAAGAATGATGACGGTACTTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAG
CGTTATCCGGAATGATTGGGCGTAAAGCGTCCGTAGGTGGCTGTGTGTGTCTATTGTTAAAGAGTTTGGCTCAACCAAATAAGGGCGGTAG
AAACTACACAGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGA
AAGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAAC
GATGGATACTAGGCGTTGAGAGTATCGACCCTCTCAGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGA
AACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAGGGCTTGACAT
GTCTGGAATCTCTGGGAAACTAGAGAGTGCCTTCGGGAGCCAGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTG
GGTTAAGTCCCGCAACGAGCGCAACCCTCGTACTTAGTTGCCAGCATTTAGGATGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAG
GAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCCTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCGAGACTGC
GAAGTTAAGCAAATCTCAGAAACCGTGGCTCAGTTCAGATCGCAG
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46.

CAVN2404

CGGTGGCTAATACCGGATGTGCCTGTGGGTGAAAGGTTAACTGCCTGGAGATGAGCTCGCGTCTGATTAGCTAGTTGGTGGTGTAAGGGA
CTACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCA
GTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAAG
GAAGAATGATGACGGTACTTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAA
TGATTGGGCGTAAAGCGTCCGTAGGTGGCTGTGTGTGTCTATTGTTAAAGAGTTTGGCTCAACCAAATAAGGGCGGTAGAAACTACACAG
CTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGCTCTGC
TAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAG
GCGTTGAGAGTATCGACCCTCTCAGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGA
ATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAGGGCTTGACATGTCTGGAATCT
CTGGGAAACTAGAGAGTGCCTTCGGGAGCCAGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCC
GCAACGAGCGCAACCCTCGTACTTAGTTGCCAGCATTTAGGATGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGG
ATGAC

47.

CAVN2443

CGGTGGCTAATACCGGGTATGCCGAGAGGTGAAAGGTTAACTGCCTGGAGATGAGCTCGCGTCTGATTAGCTAGTTGGTGGTGTAAGGGA
CTACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCA
GTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGG
GAATAAGCAAGTGAAGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGG
AATGATTGGGCGTAAAGCGTCCGTAGGTGGCTGTGTGTGTCTATTGTTAAAGAGTTTGGCTCAACCAAATAAGGGCGGTAGAAACTACACA
GCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGCTCTG
CTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTA
GGCGTTGAGAGTATCGACCCTCTCAGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGG
AATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAGGGCTTGACATGTCTGGAACT
CTGGGGAAACTCGGAGGTGCCTTCGGGAGCCAGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTC
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CCGCAACGAGCGCAACCCTCGTACTTAGTTGCCAGCATTTCGGATGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAAGGAAGGTG
GGGATGAC

48.

CAVN4303

CGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTT
CCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAATAAGCAAG
TGAAGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGC
GTAAAGCGTCCGTAGGTGGCTGTGTGTGTCTATTGTTAAAGAGTTTGGCTCAACCAAATAAGGGCGGTAGAAACTACACAGCTAGAGTGC
GTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGCTCTGCTAGGCCGCA
ACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTTGAGA
GTATCGACCCTCTCAGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGG
GGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAGGGCTTGACATGTCTGGAACTCTGGGGAAAC
TCGGAGGTGCCTTCGGGAGCCAGAACACAGGTGGTGCATGGCTGTCGTCAGCTTGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTCGTACTTAGTTGCCAGCATTTCGGATGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCA
AGTCAGCATGCCCCTTACGTCCTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCGAGACTGCGAAGTCAAGCAAATCTCAG
AAACC

49.

CAVN2505

CGCGTGAGGGAGGAAGGCTCTTGGGTTGTAACCTCTTTTCTCAGGGAATAAGCAAGTGAAGGTACCTGAGGAATCAGCATCGGCTAACTC
CGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGTAGGTAGCAGTGTGTGTCTATTG
TTAAAGAGTTTGGCTTAACCAAATAAAGGCGGTAGAAACTACACAGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGA
AATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAA
TGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTTGAGAGTATCGACCCTCTCAGTGCCGTAGCTAACGCGTTA
AGTATCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTC
GATGCAACGCGAAGAACCTTACCAGGGCTTGACATGTCTGGAATCTTGGGGAAACTCAAGAGTGCCTTCGGGAGCCAGAACACAGGTGG
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTACTTAGTTGCCAGCACTTCGGGTG
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GGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCCTGGGCTACACACG
TACTACAATGCTACGGACAAAGGGCAGCGAGACTGCGAAGTTAAGCAAATCTCAGAAACCGTAGCTCAGTTCAGATCGCAGGCTGCAACT
CGCCTGCGTGAAGGAGGAATCGCTAGTAATTGCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGGCC

50.

CAVN4301

AGGAGGCTCTTGGGTTGTAAACCTCTTTTCTCAGGGAATAAGCAAGTGAAGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCA
GCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGTAGGTAGCAGTGTGTGTCTATTGTTAAAGAGTT
TGGCTTAACCAAATAAAGGCGGTAGAAACTACACAGCTAGAGTGCGTTCGGGGCAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGA
GATCAGGAAGAACACCGGTGGCGAAAGCGCTCTGCTAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGAT
ACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTTGAGAGTATCGACCCTCTCAGTGCCGTAGCTAACGCGTTAAGTATCCCGCC
TGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGC
GAAGAACCTTACCAGGGCTTGACATGTCTGGAATCTTGGGGAAACTCAAGAGTGCCTTCGGGAGCCAGAACACAGGTGGTGCATGGCTG
TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTACTTAGTTGCCAGCACTTCGGGTGGGCACTCTA
AGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGCCCCTTACGTCCTGGGCTACACACGTACTACAAT
GCTACGGACAAAGGGCAGCGAGACTGCGAAGTTAAGCAAATCTCAGAAACCGTAGCTCAGTTCAGATCGCAGGCTGCAACTCGCCTGCG
TGAAGGAGGAATCGCTAGTAATTGCAGGTCAGCATACTGCAGTGAATTCGTTCCCGGCCTGANCCCC

x1




Phu luc 6. Hoat tinh khang khuin ciia cao chiét tong so tir cac chiing VKL

L. Staphylococcus aureus ATCC 25923

(2);
(5);

CAVN2513
CAVN8213
CAVN2489 (8); CAVN2441 (7); CAVN2490 (9); PM3
(10); CAVN9301 (11); CAVN2402 (12); CAVN2438 (13);
CAVN2525 (14); BC dwong (+); BC am (-)

CAVN2403  (1);
CAVN6515  (4);

CAVN2560
CAVNS5500

(3);
(6);

CAVN2501 (1); CAVN2502 (2); CAVN2443 (3); CAVN2442
(4); DL1 (5); DL12 (6); NK13 (7); NK1813 (8); CAVN2512
(9); CAVN2522 (10); CAVN2434 (11); CAVN2435 (12);
CAVN2436 (13); CAVN2505 (14); CAVNO801 (15);
XN1103 (16); BC dwong (+); DC am (-)

xli

JLI;

a

E
!:v
Es
=
=8
CAVN2503 (1); CAVN8233 (2); CAVN8242 (3);
CAVNS235 (4); CAVNS202 (5); CAVNS204 (6); BC

dwong (+); BC am (-)

CAVN2404 (1); MD2411 (2); CAVN2439 (3) CAVN4301
(4); CAVN2437 (5); NS2000 (6); CAVN2432 (7);
CAVN2460 (8); CAVN2463 (9); CAVN6212 (10);
CAVNS232 (11); CAVNS241 (12); CAVN2440 (13);
CAVN4303 (14); BC dwong (+); BC am (-)



1. Bacillus cereus ATCC 14579

CAVN2403 (1); CAVN2560 (2); CAVN2513 (3); CAVN2503 (1); CAVNS8233 (2); CAVNS8242 (3);
CAVN6515 (4); CAVN5500 (5); CAVN8213 (6); CAVN8235 (4); CAVNS8202 (5); CAVN8204 (6); BC
CAVN2489 (8); CAVN2441 (7); CAVN2490 (9); PM3 (10); dwong (+); BC am (-)

CAVN9301 (11); CAVN2402 (12); CAVN2438 (13);
CAVN2525 (14); BC dwong (+); BC am (-)

CAVN2501 (1); CAVN2502 (2); CAVN2443 (3);

CAVN2404 (1); MD2411 (2); CAVN2439 (3) CAVN4301

CAVN2442 (4); DL1 (5); DL12 (6); NK13 (7); NK1813 (4); CAVN2437 (5); NS2000 (6); CAVN2432 (7);
(8); CAVN2512 (9); CAVN2522 (10); CAVN2434 (11); CAVN2460 (8); CAVN2463 (9); CAVN6212 (10);
CAVN2435 (12); CAVN2436 (13); CAVN2505 (14); CAVNS232 (11); CAVN8241 (12); CAVN2440 (13);
CAVN0801 (15); XN1103 (16); BC dwong (+); BC am (-) CAVN4303 (14); BC dwong (+); BC am (-)

xlii



III. Streptococcus pneumoniae ATCC 49619

* peaag i
L N

LY

; 4
N

LR S
4

CAVN2403 (1); CAVN2560 (2); CAVN2513 (3);
CAVN6515 (4); CAVNS5500 (5); CAVN8213 (6);
CAVN2489 (8); CAVN2441 (7); CAVN2490 (9); PM3 (10);
CAVN9301 (11); CAVN2402 (12); CAVN2438 (13);
CAVN2525 (14); BC dwong (+); BC am (-)

CAVN2501 (1); CAVN2502 (2); CAVN2443 (3);
CAVN2442 (4); DL1 (5); DL12 (6); NK13 (7); NK1813
(8); CAVN2512 (9); CAVN2522 (10); CAVN2434 (11);
CAVN2435 (12); CAVN2436 (13); CAVN2505 (14);
CAVN0801 (15); XN1103 (16); BC dwong (+); BC am (-)

s

U LI
a

LT

CAVN2503 (1); CAVNS8233 (2); CAVN8242 (3);
CAVNB8235 (4); CAVN8202 (5); CAVN8204 (6); BC
dwong (+); DC am (-)

CAVN2404 (1); MD2411 (2); CAVN2439 (3) CAVN4301
(4); CAVN2437 (5); NS2000 (6); CAVN2432 (7);
CAVN2460 (8); CAVN2463 (9); CAVN6212 (10);
CAVN8232 (11); CAVNS241 (12); CAVN2440 (13);
CAVN4303 (14); BC dwong (+); DC am (-)

xliil



IV. Escherichia coli ATCC 25922

CAVN2403 (1); CAVN2560 (2); CAVN2513 (3);
CAVNG515 (4); CAVN5500 (5); CAVNS213 (6);
CAVN2489 (8); CAVN2441 (7); CAVN2490 (9); PM3 (10);
CAVN9301 (11); CAVN2402 (12); CAVN2438 (13);
CAVN2525 (14); BC dwong (+); BC am ()

CAVN2502
CAVN2512 (5);
CAVN2435 (7); NK1813 (8); NK13 (9); (10); CAVN2434
(11); DL12 (12); CAVN2436 (13); CAVN2505 (14);
CAVNO0801 (15); XN1103 (16); BC dwong (+); BC am (-
) DL1

CAVN2443 (3);
CAVN2522 (6);

CAVN2501 (1);
CAVN2442 (4);

(2);

xliv

N

CAVN8204 (1); CAVNS8233 (2); CAVN8242 (3);
CAVN8235 (4); CAVN8202 (5); CAVN2503 (6); BC
dwong (+); BC am (-)

CAVN2437

CAVN2404 (1); (2); CAVN2439 (3);
CAVN2432 (4); CAVN2460 (5); CAVN2463  (6);
CAVN2440 (7); CAVN4301 (8); CAVN4303 (9);

CAVN6212 (10); CAVNS232 (11); CAVN8241 (12);
MD2411(13); NS2000 (14); BC dwong (+); DC am ()



V. Pseudomonas aeruginosa ATCC 27852

(2);
(5);

CAVN2513
CAVNS8213
CAVN2439 (8); CAVN2441 (7); CAVN2490 (9); PM3 (10);

(3);
(6);

CAVN2560
CAVN5500

CAVN2403
CAVN6515

(1);
(4);

CAVN9301 (11); CAVN2402 (12); CAVN2438 (13);
CAVN2525 (14); BC dwong (+); BC am (-)

— o

CAVN2443
CAVN2522
CAVN2435 (7); NK1813 (8); NK13 (9); CAVN2434 (10);
DL1 (11); DL12 (12); CAVN2436 (13); CAVN2505 (14);
CAVN0801 (15); XN1103 (16); DC dwong (+); BC am (-)

CAVN2502
CAVN2512

(3);
(6);

CAVN2501
CAVN2442

(2);
(5);

(1);
(4);

xlv

CAVN8204 (1); CAVNS8233 (2); CAVN8242 (3);
CAVN8235 (4); CAVN8202 (5); CAVN2503 (6); BC
dwong (+); BC am (-)

CAVN2437 (4);
CAVN2432 (6); CAVN2460 (7); CAVN2463  (8);
CAVN2440 (9); CAVN4301 (10); CAVN4303 (11);
CAVN6212 (12); CAVN8232 (13); CAVN8241 (14);
MD2411(15); NS2000 (16); BC dwong (+); BC am (-)

CAVN2439 5);

CAVN2404 (3);



Phu luc 7. Két qua Limit test ciia cao chiét tong s6 tir 50 chiing VKL

STT Cao chiét Nong dd cao chiét Danh gia
(ng/ml)

1 10 | 50 | 100
1. NK13 ++ | +++ | +++ | +++ | Tiém ning
2. CAVN4301 - |+ [ +++|+++ | Tiém nang
3. CAVN4303 |- |+ |+++ | +++ | Tiém ning
4. CAVN8204 |- |+ |+++ |+++ | Tiém ning
5. MD2411 - |- + | ++ | Ittiém nang
6. CAVN2440 |- |- - + Khéng tiém ning
7. | NS2000 - |- - + Khong tiém ning
8. CAVN2403 - - - - Khoéng anh huong
0. CAVN2560 - - - - Khoéng anh huong
10. | CAVNG6515 - - - - Khoéng anh huong
11. | CAVNS5500 - - - - Khong anh huong
12. | CAVNS8213 - - - - Khoéng anh huong
13. | CAVN2513 - - - - Khong anh huong
14. | CAVN2442 - - - - Khoéng anh huong
15. | CAVN2441 - - - - Khong anh huong
16. | CAVN2503 - - - - Khoéng anh huong
17. | CAVN&233 - - - - Khong anh huong
18. | CAVNG6212 - - - - Khoéng anh huong
19. | NK1813 - - - - Khong anh huong
20. | CAVN2525 - - - - Khoéng anh huong
21. | CAVN2522 - - - - Khong anh huong
22. | CAVNS&242 - - - - Khoéng anh huong
23. | PM3 - - - - Khong anh huong
24. | CAVN2490 - - - - Khoéng anh huong
25. | CAVN2437 - - - - Khong anh huong
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26. | CAVNO9301 - Khong anh huong
27. | CAVN2402 - Khong anh huong
28. | CAVN2438 - Khong anh huong
29. | CAVN2489 - Khoéng anh huong
30. | CAVNg232 - Khong anh huong
31. | CAVNg241 - Khong anh huong
32. | CAVN2435 - Khong anh huong
33. | CAVN2434 - Khoéng anh huong
34. | CAVN2436 - Khong anh huong
35. | CAVN2501 - Khong anh huong
36. | CAVN2502 - Khong anh huong
37. | CAVN2439 - Khong anh huong
38. | CAVN2463 - Khoéng anh huong
39. | CAVN2512 - Khoéng anh huong
40. | CAVNS235 - Khoéng anh huong
41. | CAVN2432 - Khong anh huong
42. | XN1103 - Khoéng anh huong
43. | CAVNS8202 - Khong anh huong
44. | CAVNO0801 - Khoéng anh huong
45. | CAVN2460 - Khong anh huong
46. | DLI12 - Khoéng anh huong
47. | DL1 - Khong anh huong
48. | CAVN2404 - Khong anh huong
49. | CAVN2443 - Khong anh huong
50. | CAVN2505 - Khoéng anh huong

-: khéng tac dong; +: < gdy chét 10% tong té bao; ++: gdy chét 10 - 60% tong

$0 té bao,; +++: gdy chét > 60% tong so té bao
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