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LOT1 CAM POAN

Toi xin cam doan luan an: "Nghién ciru phdn Igp vi nim ndi sinh tiv cay dwoc ligu
| Bat Gidgc Lién va danh gia khd ning sinh hoat chiit podophyllotoxin va cdc din
'. xudt" 12 cong trinh nghién ctru cua chinh minh dudi sy hudng din khoa hoc cia tép
thé huéng din. Luan 4n sit dung théng tin trich dén tir nhidu nguon tham khéo khac
nhau va cdc thong tin trich dan duge ghi 1o ngudn gbe. Cac két qua nghién ctru cia
t8i duge cdng bd chung véi cac tac gia khac da duge sy nhét tri cua dong tic gid khi
dura vao ludn an. Cac sd liéu, két qua duge trinh bay trong ludn én 14 hoan toan trung
thue va chua timg duge cong bd trong bAt ky mot cong trinh ndo khic ngoai cac cong
trinh céng bd cia tic gia. Luan an duge hoan thanh trong théi gian t6i 1am nghién
ctru sinh tai Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc va Cong nghe
Viét Nam.
Ha Noi, ngay 09 thang 02 nim 2026
Téc gid lufn an

(Ky va ghi ré ho tén)

Trin Thi Hoa



LOI CAM ON

Pé hoan thanh duoc ludn an nay, toi xin giri 101 cdm on siu sdc nhét téi hai
thﬁ,y huéng din TS. Tran H6 Quang va PGS.TS. Pham Bich Ngoc di tao moi didu
kién thuén lgi nhdt dé 6i nghién ctru va hoan thanh tét chuong trinh hoc ctia minh.
Hai thdy da dinh hudng nghién ciru, sira ban thao vé két qua va cho t8i nhiing 181
khuyén quy bau, ding dén trong sudt qué trinh nghién cirm va hoan thanh luin 4n.

T6i xin chan thanh cam on GS.TS. Chu Hoang Ha, TS. P Tién Phat, ThS.
Nguyén Thi Hdng Ha, ThS. Nguyén Thu Giang, ThS. Tran Thi I-Iuyén va tap thé can
bo Phong Cong nghé t& bao thye vat, Vién Sinh hoc di luén gitip dd, chia sé nhimg
kién thite hitu ich va tao nhitng diéu kién t6t nhét cho téi trong sudt qua trinh thuc
hién ludn an.

Téi xin trin frong cam on dén tip thé can b nghién ctru Phong Thir nghiém
sinh hoc, Phong Thi nghiém trong diém Cong nghé Gen, Trung tAm Gibng va Béo
tdn ngudn gen Vi sinh vat, Phong Dugc lidu bién, Vién Han lam Khoa hoc va Cong
nghé Viét Nam. Luén é4n duoc thyce hién nho sy hé tro kinh phi tir dé tai TDCNSH
cép Vién Han 1am Khoa hoc va Cong nghé Viét Nam, ma sé TBCN.01/20-22 do TS.
Tran H6 Quang lam chil nhigm.

T6i xin chan thanh cam on dén Ban Linh dao, phong Pao tao, cac phong chirc
nang cua Khoa Céng nghé sinh hoc - Hoc vién Khoa hoc va Céng nghé, cac phong
chirc ning cta Vién Sinh hoc di hwéng dan va gitp do toi trong sudt thoi gian hoc
tap va hoan thanh luén an.

Bic bidt, toi vo cung biét on bb, me, chdng, cée con va tat ca cc thanh vién
trong dai gia dinh than yéu cua t6i. Nho nhitng dong vién, khich 1€, déng hanh va chia
sé kho khan ctia nhitng ngudi than trong gia dinh ma téi thye sy quyét tim va nghi

luc cao trong qud trinh nghién ctru dé hoan thanh ludn an nay.
Ha N¢i, ngay 09 thang 02 nam 2026

Téac gia ludn dn

(Ky va ghi ro ho tén)

Trin Thi Hoa
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. . . . Tén khoa hoc cua cay
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NMR Nuclear Magnetic Pho cong hudng tir hat nhan
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OD Optical Density Mat do quang
PTOX Podophyllotoxin Mot ligAnanAs, C(’). nguon Agéc tr
mot sO loai thuc vat
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MO DAU

Cay Bat Giac Lién voi tén khoa hoc 1a Dysosma difformis (Hemsl & E.H.
Wilson) T.H.Wang, dugc biét dén nhu mét loai thao mdc dic biét thudc ho
Berberidaceae. N6 da dugc nguoi dan Viét Nam st dung rong rai nhu mot phuong
thudc dan gian dé diéu tri nhiéu bénh 1y khac nhau nhu rin cin, sung tdy, ap xe vi,
nhot doc, ho dom va tham chi 1a ung thu vi. Viéc st dung thao dugc nay dugc ghi
nhan 1 rt hiéu qua va it hodc khong gay ra tac dung phu dang ké [1]. Hon nita, hiéu
qua chira bénh cuia n6 da dugc cac nghién ctru khoa hoc chirng minh r6 rang, xac dinh
duoc bay hop chat chinh c6 hoat tinh sinh hoc bao gém podophyllotoxin (1) va cac
dan xudt khac nhu quercetin (2), rutin (3), kaempferol (4), nicotiflorin (5), a-
peltatin (6), deoxypodophyllotoxin (7), tit ca déu duoc phan 1ap tir phan than ré dudi
mit dat cua cdy Bat Giac Lién [2], hau hét cac hop chat nay déu c6 hoat tinh dugc 1y
pho rong. Do c6 nhitng hoat tinh quy nay nén viéc khai thac quy mé 16n c6 thé dan
dén suy thoai d6i voi loai cdy nay trong hé sinh thai. Hién nay, loai Bat Giac Lién
duoc dua vao nhom thuc vat dang nguy cap trong sach do Viét Nam 2007 [3]. Bé bao
ton va thay thé ngudn nguyén liéu quy hiém ndy, cac nha khoa hoc dang hudng dén
viéc nghién ctru cac gen lién quan dén qua trinh trao d6i chét, dic biét 1a cac gen trong
con duong tong hop cac hop chat ¢ hoat tinh 1am thudc. Pong thoi, ho ciing tim
kiém cac phuong phap nham ting cudng san luong cac hop chat nay.

Podophyllotoxin (PTOX) 1a mot chat chuyén hoa ¢ hoat tinh sinh hoc phd
rong, dugc tim théy trong ca thyc vat va nam ndi sinh. PTOX 1a chét gay doc té bao
va duogc str dung lam chat, tién chét trong qua trinh sinh tong hop thudc chong ung
thu it doc hon cac hop chat nhu teniposide, etoposide [4]. Chat ndy duoc ching minh
str dung hiéu qué cho ung thu phdi, u tinh hoan, u nguyén bao than kinh, u gan va céc
khéi u khac [5], [6], v.v. Viéc diéu trj bang deoxypodophyllotoxin (DPTOX) - mdt
dan xuat cia PTOX - d3 duoc chimg minh 1am giam dang ké su gia ting cua té bao
DU-145. DPTOX dat dugc hiéu qua nay thong qua viéc kich hoat caspase-3 (mot
protease quan trong trong qua trinh phan hily DNA), din dén tang cudng qua trinh
chét té bao theo chuong trinh (apoptosis). Ngoai ra, DPTOX con tac dong dén con
dudng truyén tin higu trong té bao, lam giam mirc phosphoryl héa Akt va kich hoat
con dudng Bax/PTEN trong cac té bao DU-145 [7]. Gan day, PTOX di dugc tim thay
trong dich chiét ethanol ciia D. difformis (Hemsl. & E.H. Wilson) T.H. Wang, cho
thiy hoat dong chdng oxy hoa va/hoic tri dai thao dudng déang ké [1]. Ngoai ra, mot
sb nghién ctru chi ra réng cc dan xuat cua PTOX duoc chiét xuét tir mot so loai thude
chi Dysosma c6 kha nang trc ché sy nhan 1én cuia virus HIV thong qua viéc ngan chin

enzyme sao chép nguogc [8]. Trong mot nghién ctru ciia Macrae va cong su, ho da thu



nghi¢m hoat tinh khéng virus cua PTOX, a-peltatin va diphyllin trén hai loai virus:
Cytomegalovirus murin (MCMYV, virus DNA) va virus Sindbis (virus ARN). Két qua
cho thdy PTOX & ndng do 241 nM va o-peltatin & ndng d6 250 nM c¢6 tac dung e
ché manh mé& virus MCMV (lan luot 14 74% va 85%), trong khi d6, hiéu qua trc ché
d6i voi virus Sindbis lai rat kém (chi 3% va 5% tuwong ung). Tuy vay, su tong hop
héa hoc ciia PTOX duoc coi 1a rat phtrc tap va khong hi¢u qua boi vi sy c6 mat cua
4 trung tAm bét d6i ciing voi mot C lactone va mitc d6 oxy hoa cao [9]. Hon nita,
viée sir dung cong nghé nudi cdy sinh khdi té bao hodc nudi cdy co quan thuc vit &
cac loai c¢6 kha nang san sinh PTOX khé kha thi do ham lugng PTOX thu dugc rat
thap. Pé tim kiém mot ngudn thay thé cho viéc san xuat aryl tetralin lignin nay, vi
sinh vat ndi sinh da dugc phan 1ap va nghién ctu.

Céc nghién ctru trude day da chi ra kha ning san xuat PTOX thanh cong tir
céc loai nAm ndi sinh. Cu thé, cac nha khoa hoc da phan lap nim nhu Phialocephala
fortinii tot Podophyllum peltatum [4], Fusarium sp. (WB5121) tir D.Versipellis [10],
Fusarium solani th Podophyllum hexandrum [11], Aspergillus fumigatus tu
Juniperus communis [12], Alternaria tenuissima tt Sinopodophyllum emodi (Wall.)
Ying [13], Monilia sp., Penicillium tit Dysosma veitchii [14], déu c6 kha ning san
xudt PTOX. Piéu d6 cung cip bang chimg khoa hoc cho thay nim noi sinh c6 tiém
nang thay thé nguon tai nguyén dang dan can kiét. Tiém ning thu nhan cac hop chat
¢ hoat tinh sinh hoc cao, dic biét 1a PTOX va cac din xuét tir vi nAm ndi sinh
Dysosma difformis (hemsl & E.H. Wilson) T.H.Wang 1a huéng di méi va hi€u qua
trong viéc khai thac, phat trién va bao ton loai dugc liéu quy hiém nay.

Xuit phat tir co s khoa hoc va thuc tién trén, NCS thuc hién luan an: “Nghién
ciru phén ldp vi ndm néi sinh tiv cdy dwoc ligu Bdt Gidc Lién va ddnh gid khd ning
sinh hoat chit podophyllotoxin va cdc din xuit’.

Muc tiéu nghién ciru ctia luin an:

Phan 13p va tuyén chon dugc cac chung vi nam noi sinh cay Bat Giac Lién c6
kha ning sinh tong hop podophyllotoxin va cac din xuat ¢ hoat tinh sinh hoc.

Giai ma hé gen chiing vi nAm noi sinh tuyén chon.

Xac dinh cac diéu kién thich hop sinh tong hgp podophyllotoxin va cac dan
xudt ctia chung vi nam ndi sinh tuyén chon & quy mé phong thi nghiém.

Tinh ché va xac dinh duoc cdu triic ciia chat/tién chat podophyllotoxin tir
ching vi nAm ndi sinh tuyén chon.

Céac ndi dung nghién ctru ciia ludn an:

- Phan lap, dinh danh va sang loc chung ndm ndi sinh san sinh hoat chat



podophyllotoxin

- Giai ma hé gen ching vi ndm néi sinh tuyén chon va dé xuat con duong sinh
téng hop chat/tién chat podophyllotoxin.

- Nghién ctru mét sé diéu kién thich hop cho san sinh podophyllotoxin va céc
dan xuét ciia ching vi nAm ndi sinh lya chon bang cong nghé 1én men.

- Lén men, thu hdi, xac dinh ciu trac va danh gia hoat tinh sinh hoc cua cac
hop chét tir vi nAm néi sinh tuyén chon.

Y nghia khoa hoc va thye tién ciia luin an:

N4m néi sinh ton tai bén trong cac mé khde manh cua cay Bat Giac Lién, viéc
phan l1ap va xéac dinh duoc kha ning sinh hoat chat podophyllotoxin va cac din xuét
tuong ty cla cdy dd mod ra huéng di tiém ning nhim tao ra ngudn san xuét
podophyllotoxin va cac din suat ¢ hoat tinh sinh hoc cho nganh cong nghiép duoc.
Két qua nghién ctru cia luan an cho théy, viéc lua chon dugce cac diéu kién thich hop
nham nang cao kha niang sinh tong hop podophyllotoxin va cac dan xuat ciia ching
vi ndm ndi sinh Penicillium. herquei HGN12.1R (P. herquei HGN12.1R) da tao ra 02
hop chét 1a cac ing vién trién vong dinh hudng ting dung lam tién chat dé tong hop
thudc chong ung thu.

Nhirng dong gop maéi cua luan an:

Luan 4n 1a nghién ctru m&i c6 hé thong vé phan 1ap, dinh danh va danh gia kha
nang sinh hoat chat podophyllotoxin va cac dan xuat clia cdc chiing vi nAm ndi sinh
phan 1ap tir cdy duoc liéu Bat Giac Lién. Két qua nghién ctru cua dé tai bude dau cho
thdy viéc tao ra ngudn nguyén liéu thay thé khong chi gitip giam ap luc 1én nguon tai
nguyén thién nhién ma con thé hién tiém nang tng dung thyc tién cao, tao tién dé cho
viéc phat trién cac quy trinh san xuat podophyllotoxin hiéu qua phuc vu nganh dugc
pham, luan 4n tap trung vao cac diém chinh sau:

- Pa phan lap dugc 6 ching vi ndm ndi sinh tir cac mau cdy Bat Giac Lién & Viét
Nam c6 kha ning giy doc té bao ung thu manh. Pong thoi da danh gia dugc su da
dang vé vi ndm ndi sinh & cay Bat Giac Lién ban dia.

- Tuyén chon duogc chung vi nim noi sinh & cay Bat Giac Lién P. herquei HGN12.1R
c6 kha niang tong hop PTOX va giai trinh ty hé gen bang cong nghé PacBio, chu giai
gen va dy doan con dudng sinh tong hop podophyllotoxin va cac dan xuat.

- Tach chiét, tinh sach va xac dinh duogc ciu tric cua 02 hop chét a-peltatin va [3-
peltatin 12 din xuat ciia podophyllotoxin tir ching vi nim ndi sinh P. herquei
HGN12.1R va chirng minh dugc hoat tinh cua chung.



Chuong 1. TONG QUAN NGHIEN CUU
1. Tong quan vé cay Bat Giac Lién va vi nAm ndi sinh lién quan
1.1. Giéi thiéu chung vé ciy Bat Giac Lién va vi nAm néi sinh
1.1.1. Pic diém sinh hoc va phéan bo

Theo Danh luc céac loai thyc vat Viét Nam, Cay Bat Giac Lién thude chi
Podophyllum (Dysosma) c6 hai loai 1a Podophyllum tonkinense Gagnep, 1938 (hay
Dysosma difformis) va Podophyllum versipelle Hence, 1883 (hay Dysosma
versipellis), phan bd chi yéu ¢ cac tinh phia Bic nhu Lai Chau, Lao Cai, Ha Giang

(nay thudc tinh Tuyén Quang), Lang Son [15].

Bo: Ranunculales
Ho:Berberidaceae
Chi:Podophyllum
(Dysosmay)
Loai: tonkinense

Hinh 1.1. Bat Giac Lién - Podophyllum tonkinense Gagnep [3]

Theo tong hop ciia Man Thanh Long, cdy Bat Giac Lién con goi 1a cay doc
cudc lién, doc diép nhit chi hoa, cudc diép... c6 tén khoa hoc 13 Dysosma difformis
(tén ddng nghia 1a Podophyllum tonkinense Gagnepain) thudc ho Hoang Lién gai,
phan b cha yéu & mot sé tinh cua Trung Qudc (Quang Tay, Quy Chau, H6 Nam, ...)
va Viét Nam (Lai Chau, Lao Cai, Tuyén Quang...) [16].

Cay Bat Giac Lién (Podophyllum tonkinense Gagnep.), dugc mo ta trong Sach
do Viét Nam, 1a mdt loai cay than thao séng lau nam, thuong dat chiéu cao tir 30-50
cm. Pic trung cta loai ndy 1a c6 than ré dang chudi véi nhicu ddt va cac cii moc
ngang. Cay thuong c6 1-2 14 c6 cudng, phién 14 rong 20-30 cm, xé thity hinh tam giac
hodc trimg v4i 6-8 thily nong, mép 1a ¢ ring cua nho. Cudng 14 thudng dinh gan
giita phién. Cum hoa cua Bét Giac Lién bao gdm 5-9 hoa mau nau tim, c6 cudng,

thudng moc gan gbe 14 va ra xudng. Mdi hoa c6 6 14 dai phu 16ng ngoai, 6 canh hoa



hinh thuén dau tron, 6 nhj ng:fm hon céanh hoa, va bau thudn véi dau nhuy to. Qua cia
cdy 1a qua mong hinh bau duc hoic tring, chira nhiéu hat nho. Cay ra hoa vao khoang
thang 3-5 va két qua tir thang 5-8. Loai nay nhan gidng tw nhién chu yéu tir hat. Phan
trén mit dat ciia cdy Bat Giac Lién thuong tan lui vao mua dong, va chdi non méi sé
moc 1én tir than r& vao dau xuan. Loai cdy nay wa thich méi trudng 4m udt va bong
ram, thuong sinh truéng trén dat mun 4m gin khe sudi, dudi tan rumg kin thuong
xanh. Pac biét, Bat Giac Lién thuong dugc tim thfiy O rung nai da voéi cé do cao tir
800-1200 m. Hién nay, do nhiing dac diém sinh thai va gia tri cua minh, Bat Giac

Lién duoc xép vao nhom nguy cip (EN Ala, ¢, d) trong Sach do Viét Nam 2007 [3].
1.1.2. Thanh phin héa hoc va tic dung dworc Iy ciia cdy Bat Giac Lién

Nhom nghién ctru cia Nguyén Thi Dung nam 2018 di tién hanh chiét tich va
phan 1ap cac thanh phan héa hoc tir phan dudi mat dat (bao gom ré va than ré) cia
cay Bat Giac Lién (Podophyllum tonkinense Gagnep.). Két qua nghién ciru, ho di xac
dinh dugc 7 hop chét tir mau thu thap tai Sa Pa (Lao Cai), bao gom quercetin (1),
rutin (2), kaempferol (3), nicotiflorin (4), a-peltatin (5), deoxypodophyllotoxin (6),
va podophyllotoxin (7). Pang chu y, ddy 1a lan dau tién hai hop chét a-peltatin va
nicotiflorin dugc phat hi¢n trong loai Podophyllum tonkinense Gagnepain [2].

Showkat Ahmad Ganie va cOng sy da thuc hi€én mot nghién ctru in vitro cho
thdy chiét xuit n-hexan tir cdy Dysosma emodi (Podophyllum hexandrum) c6 kha
nang loai bo hiéu qua nhiéu loai gbc tu do, bao gdbm DPPH, superoxit (O2-), hydroxyl
(OH-) va hydro peroxit (H202). Tac dung chéng oxy hoa cta chiét xuit nay duoc
danh gia la tuong duong véi vitamin E [17].

Trong mdt nghién ctru tiép theo, Ganie va cong su cling chirng minh dugc tac
dung bao vé gan cta chiét xuat n-hexan tir Dysosma emodi trén chudt thi nghiém bi
gy stress oxy hoa bang CCls. Bing cach do cac chi s6 sinh hoa (nhu alanin
aminotransaminase, aspartate aminotransaminase, lactate dehydrogenase) va cac
enzym chéng oxy hoa huyét thanh, ho nhan thiy chiét xuit n-hexan & cac liéu luong
20, 30 va 50 mg/kg/ngdy gitp giam hoat tinh cta cic enzym marker ton thuong gan.
DPdng thoi, nd ciing 1am ting dang ké mirc d6 ciia cic enzyme chdng oxy hoa quan
trong nhu glutathione (GSH), glutathion peroxidase (GPx), glutathion reductase
(GR), superoxid dismutase (SOD) va glutathion-S-transferase (GST), voi hi¢u qua
phu thudc vao lidu luong [17].

Theo mot nghién ctru khac cua De Long Yang va cong su thi than ré cla
P.hexandrum chira mot s6 lignans c6 hoat tinh chdng khéi u. PTOX 1a san pham tu

nhién giy doc t& bao manh. N6 duoc sir dung 1am hop chat khoi dau dé tong hop



thudc chéng ung thu etoposide va teniposide. PTOX hoat dong nhu mét chat e ché
qua trinh 13p rap vi dng. Nhing loai thudc nay duoc st dung cho ung thu phdi, ung
thu tinh hoan, u nguyén bao than kinh, u gan va cac khdi u khac. Bén canh dé, né
cling cho thiy cac hoat dong chéng vi rut bang cach can thiép vao mot sé qua trinh
vi rat quan trong [17].

Trong qua trinh tim kiém cac hop chat trir sdu tir thue vat, RuigeYang va cong
su d phat hién ra raing PTOX va cac dan xuit ctia nd c6 hoat tinh diét con tring tét.
Céac hop chat nay dugc phan 1ap tir dich chiét cua than ré& cac loai Podophyllum

hexandrum va Juniperus Sabina [18].
1.1.3. Ung dung ciia ciy Bat Giac Lién trong Y hoc ¢o truyén

Cay Bat Giac Lién (Dysosma difformis), mdt thanh vién ctia ho Hoang Lién
Gai (Berberidaceae), tir 1au da duoc xem 1a mot loai thiao moc quy gia trong y hoc ¢b
truyén Viét Nam. Céc tai liéu nhu Tir dién cay thudc Viét Nam [15], [19] va Sach do
Viét Nam [3] déu khang dinh gia tri y hoc ctia lodi cdy nay, dic biét 1a ré va than ré
chira hoat chit berberin voi kha nang chita tri da dang cac bénh ly tr mun nhot, 16
ngira, trang nhac, sung yét hau cho dén vét thuong do ran doc cin. Mot nghién ciru
khac, theo truyén théng, chung dugc ap dung phé bién dé diéu tri viém hong, mun
nhot, ran can, 4p xe va va ung thu v [1]. Ngoai ra, toan cdy Bat Giac Lién con dugc
sir dung rong rii trong dan gian dé giai doc, tiéu viém, tiéu phu, va sat tring. Mic du
so hitu nhitng cong dung quy gia, hién trang ciia hai loai chi Bat Giac Lién dang rat
dang bao dong. Pay 1a ngudn gen quy hiém co gia tri cao, loai cdy nay hién nay bi
khai thac rat nhiéu dé 1am thudc hodc bi mat di do nan tan pha rimg nén sé lugng con
rat it, vi vay can c6 nhitng bién phap bao vé phu hop dé bao ton ngudn gen quy phuc

vu cho cong tac nghién ctru va bao ton [15].
1.2. Vi nam ndi sinh va mdi quan hé véi cdy chi
1.2.1. So lwge vé vi nAm ndi sinh

N4m noi sinh thue vat la nhiing loai nam séng toan by hoac mot phé“m vong
doi bén trong cdc mo khoe manh cua cay chu, bao gém 14, than, ré, canh, ma thuong
khong gay ra céc tridu chimg bénh 5 rét [20]. R& 1a diém x4m nhap chinh cta nhiéu
vi sinh vat noi sinh. Sau khi xdm nhép, vi nAm c6 thé tap trung tai mot vi tri hodc di
chuyén khip cac mé dan dén ré, than, 14, tir d6 thuc ddy qué trinh trao d6i chat, ting
cudng phat trién 16ng ré va han ché su kéo dai cua ré [21]. Trong sudt thoi gian dai
ddng tién hoa mot sb vi sinh vat ndi sinh ciing ton tai voi cac cdy chu cia chung, da
thiét 1ap mot mbi quan h¢ dac biét véi nhau va cé thé anh huong dang ké dén sy hinh

thanh cac san ph'flm trao ddi chat trong thuc vat. Mat khac cac vi sinh vat ndi sinh s€



san xuat mot s6 hop chit hoat tinh sinh hoc dé gitip cdy ky chii chdng lai cac cing
th'fmg sinh hoc va phi sinh hoc bén ngoai, ddi lai mang lai loi ich cho sy phat trién
ctia vat chu [22], [23]. M6t s6 loai ndm noi sinh dd phat trién kha ning san xuit cac
chét c6 hoat tinh sinh hoc twong ty nhu cac chit c6 ngudn gde tir cay ky chu. Diéu
nay c6 loi cho chung ta khi nghién ctru cac méi quan hé giira cac vi sinh vat ndi sinh
va cdy ky chu cta ching, phat trién mot cach tiép cAn méi c6 thé thay thé dé san xuat
hiéu qua cac hop chit hoat tinh sinh hoc khan hiém va c6 gia tri [24]. Nhiing vi sinh
vat nay san xudt khang sinh, enzyme va cac hop chat hoat tinh sinh hoc khac cho
phép chiing t6n tai trong moi trudng canh tranh véi cac vi sinh vat khic. Ngoai ra,
cac chat chuyén héa thtr cap mang lai kha ning bao vé cho cdy chu ciia chung chéng
lai cac tac nhan gy bénh do vi khuan va nam khac va/hodc co thé thiic day su phat
trién cia cAy. Nam ndi sinh dugc xem 14 ngudn san pham ty nhién c6 hoat tinh sinh
hoc day hira hen, c6 thé duoc tdi wu hoa thong qua nhitng thay d6i trong diéu kién
trong trot. Viéc kham pha cac phan tir hoat tinh sinh hoc méi do cac vi sinh vét nay
tao ra da thu hut sy chi y cia cac nha nghién ctru. Su da dang vé hoa hoc va chuc
nang cua cac san phém tu nhién tir nAm ndi sinh thé hién mot loat cac ung dung trong
y hoc, nong nghi¢p, cong nghiép va méi truong [25].

Trong hai thap ky qua, nhiéu hop chat ty nhién c6 hoat tinh sinh hoc cao da
dugc kham phé thanh cong tir nAm ndi sinh. Cac hop chat nay thé hién tiém ning tng
dung rong rai trong néng nghiép, y hoc va cong nghiép thuc pham, nho vao cac dic
tinh nhu khang khuan, diét con trung, gay doc té bao, chong ung thu, giam thiéu oxy
hoa, khang tiéu dudng, giy e ché mién dich, khang huyét khéi, khang viém, khang
lai bénh Alzheimer va mot sb bénh 1y khac [26], [27]. Cho dén nay, hang trim loai
thuc vat da dugc nghién ctru vé nam ndi sinh va hau hét chung déu da duoc chirng
minh 13 ¢6 hé ndm ndi sinh da dang [28], [29].

Bang chimg tir cic md hoa thach ctia than va 1a cho thay sy ton tai ctia vi sinh
vat lién quan dén thuc vat tir khi thuc vat bac cao xuat hién trén trai dat hang trim
triéu nam trude [30], goi y vé lich str phat trién 1au dai cta vi sinh vat ndi sinh. Mic
du vay, cong tac phan 1ap va tdi uu cac diéu kién nudi cdy nham tim kiém céc chung
nam ndi sinh c6 kha nang tong hop cac hop chat cé hoat tinh van con han ché. Do do,
can c6 thém cac nghién ctru chuyén sau hon trong linh vuc nay [31].

1.2.2. Mbi quan h¢ giira vi nam ndi sinh va cy chii

Mot sb vi sinh vat xuat hién tich cuc xAm nhép vao cac mo thyc vat thong qua
xam nhap ho hodc vét thuong, cling nhu chu dong sir dung cac enzym thuy phan nhu
cellulase va pectinase [32]. Trong thoi gian dai dong tién hoa, cac loai ndm ndi sinh

da dan thich nghi véi méi trudng vi md dic biét ciia chung bang bién thé di truyén,



bao gém ca viéc hép thu mot s6 doan DNA cua thuc vat vao hé gen cua chung, cling
nhu chén cac doan DNA ctia ndm vao hé gen cua vat chu. Piéu nay co thé dan dén
mot s6 vi sinh vat noi sinh c6 kha ning tong hop mét sb hoat chét thuc vat” ¢ ngudn
gbc tir cdy ky chu cua chung [32], [33].

M&i loai thuc vat chira mot hodc nhiéu loai nAm ndi sinh. Nam ni sinh 14 céc
nhom vi sinh vat da nganh va c6 thé phat trién ma khong c6 triéu ching trong cac mo
khée manh khac nhau cua thuc vat séng & trén hodc dudi mat dat, bao gém ca than,
14, r&. Udc tinh c6 hon mot triéu loai nAm ndi sinh trong tu nhién [34]. Céac hop chét
¢6 hoat tinh sinh hoc do ndm noi sinh tao ra la rat quan trong dé tang kha nang thich
ing cla ca nAm nodi sinh va cdy chil ciia chung, chang han nhu kha niang chiu dung
cac ap luc sinh hoc va phi sinh hoc. Ngoai ra, cac hop chat ndy c6 thé tao ra viéc san
xudt rat nhiéu chat chuyén hoa th cap c6 hoat tinh sinh hoc méi [23] ma con ngudi
c6 thé khai thac va (mg dung nhu nhimng nguon duoc lidu quan trong. Mot sé nghién
ctru cho thay cac co ché phan tir ¢ thé phat sinh thong qua qué trinh dong tién hoa
cua VSV ndi sinh v6i vat chu thuc vat trong qua trinh thiét lap mbi quan h¢ cong sinh
[35], [36]. Qua trinh tong hop cac hop chét hoat tinh sinh hoc ctia nAm ndi sinh co
thé duoc diéu chinh theo nhitng thay doi vé méi trudng va nhu cau cu thé trong cac
giai doan phat trién ctia nudi cdy nam [37]. Nhiing thay doi vé cac thong sd nudi ciy
(vi du: thanh phan méi trudng, nhiét 4o, pH, anh sang) c6 thé anh huong dén dic
diém chuyén hoa cia nAm ndi sinh vat [38]. Axit 3-hydroxypropionic (3-HPA) khang
khuan do néi sinh Diaphorte phaseolorum phan 1ap tir rimg ngap man Brazil tao ra
cho thay hoat tinh in vitro chong lai ca Staphylococcus aureus va Salmonella typhi
[39]. Gan day, Rajini va cong su dd xac dinh san xuat cellulase 1a mot trong nhitng
dic diém cta ndm nodi sinh Trichoderma asperellum, Epicoccum nigrum va
Alternaria longipes lién quan dén qua trinh xAm chiém cta Sorghum bicolor va tic
ché sy phat trién in vitro ctia Fusarium thapsinum, Epicoccum sorghinum, Alternaria
alternata va Curvularia lunata bang cach thuy phan thanh té bao [40]. Cac enzyme
phan giai do ndm noi sinh san xuat thuong on dinh hon céc enzyme do chat xuc tac
hoa hoc truyén théng san xuét va thuong hoat dong trong diéu kién pH, nhiét 6 va
ap sudt vira phai [41]. Hoat tinh phan giai lignin ngoai bao cua Ceratobasidum
stevensii n01 sinh phan 1ap tr Bischofia polycarpa da dugc chiing minh b1 [42].

Trong nghién ctru nay, NCS tap trung vao viéc khao sat nAm noi sinh trén cay
Bat Giac Lién (chi Podophyllum) nham muc dich thu nhan hop chét co hoat tinh sinh
hoc PTOX va cac dan xuét lién quan. Pong thoi, nghién ciru nay ciing huéng dén
viéc x4c dinh mbi quan hé giira cac loai ndAm ndi sinh nay va cay chi, dé hiéu rd hon

va tan dung loi thé cia nam ndi sinh thuc vat va day ciing 1la mét chién lugce dé thuc



day san xuat mot cach hiéu qua cac hop chat hoat tinh sinh hoc nay thong qua qua

trinh 1én men.

Bang 1.1. Nam ndi sinh san sinh podophyllotoxin va cdy ky chu cua ching [29]

NAm ndi sinh | Ky hi¢u | Cay chi Ham lugng TLTK
ching podophyllotoxin
Alternaria sp. | - Sinopodophyllum - [14]
hexandrum(=Podophyll
um hexandrum)
Alternaria sp. | SCI13 Sabina vulgaris - [43]
Alternaria Ty Sinopodophyllum 2.4 ng/L [44]
neesex hexandrum
Fusarium JRE1 Sabina recurva 28 ng/L [45]
oxysporum (=Juniperus recurva)
Monilia sp. - Dysosma veitchii - [14]
Penicillium sp. | - Sinopodophyllum - [14]
hexandrum
Penicillium sp. | - Diphylleia sinensis - [14]
Penicillium sp. | - Dysosma veitchii - [14]
Phialocephala | PPES, Sinopodophyllum 0.5-189 pg/L [4]
fortinii PPE7 peltatum
Trametes - Sinopodophyllum 30 ug/L [46]
hirsuta hexandrum

1.2.3. Pa dang vi nAm ndi sinh thye vat

Nam néi sinh (VNNS) c6 su phan bd rong rii trong thé gi6i thuc vat, dugc cong
nhan la nguén ddi dao céac san phém hoat tinh sinh hoc déy htra hen. Sy da dang sinh
hoc ctia VNNS gitip kham pha cac loai ndim méi hodc it dugc nghién ciru, tir d6 gop
phan tim kiém cac hop chat c6 tiém ning 16n trong y hoc (khang sinh, chéng ung thur,
khang viém), ndng nghiép va cong nghiép.

Viéc phan 1ap VNNS tir cac cdy thudc dd mang lai nhimng két qua quan trong,
dic biét 1a cac cay san sinh podophyllotoxin (PTOX) — mot hop chéit chéng ung thu

quan trong c6 trong cay Bat Giac Lién. Cac nghién ctru da chiing minh kha nang dac
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biét ciia nhiéu chung nim ndi sinh trong viéc téng hop hodc chuyén hoa dé san xuét
PTOX, cho thiy su da dang cua cac chi ndm lién quan.

Su phan bd rong rai cua nam ndi sinh trong thuc vat bac cao dugc cong nhan la
ngudn ddi dao cac san pham hoat tinh sinh hoc day hira hen. Nhitng loai nAm nay
tong hop cac 16p ciu tric da dang cua cac chat chuyén hoa thir cip o tiém ning diéu
tri. Nadeem va cong su da phan lap dugc mot loai nam tir ré cay Podophyllum
hexandrum. Loai nAm nay c6 kha ning san xuat 29 ug g—1 podophyllotoxin dya trén
trong lwong kho theo phan tich HPLC. Viéc khuéch dai va giai trinh ty DNA ribosome
16S da cho thay sy dong nhat 99% véi trinh ty rDNA 16S twong Ung ciia nam
Fusarium solani [11]. Ching nAm ndi sinh Fusarium oxysporum duoc tim thay trong
ciy Juniperus recurva ciing san xuit podophyllotoxin thong qua qua trinh chuyén
hoa cua chinh n6 [45]. Gan diy, mot bao cdo da dua ra bang chimg vé viéc san xuat
podophyllotoxin boi cac ching ndm Fusarium ndi sinh. Hai ching ndm Fusarium
phan lap tir Dysosma versipellis (mot loai cay thudc Trung Quéc) di duoc danh gia
vé san luong podophyllotoxin, ching cho thiy kha nang san xuat 277 va 1,25 pg g—1
ctia hop chét twong tng [47]. Cac nha nghién ctru da phén tich cac chat chuyén hoa
tht cdp cia mot s6 loai ndm nodi sinh khic phan lap tir cac cdy san sinh
podophyllotoxin. Aspergillus fumigatus, mot loai ndm ndi sinh thu duoc tir
Juniperous communis, san sinh ra deoxypodophyllotoxin, ¢ thé duoc chuyén hoa
thanh podophyllotoxin hodc 6-methoxypodophyllotoxin va cac glycoside ctia chung
[12]. M6t loai ndm noi sinh khac, cu thé 13 Phialocephala fortinii phan 1ap tir than r&
ctia cay Podophyllum peltatum, san sinh ra lugng podophyllotoxin thdp hon theo bao
céo cua [4]. Liang va cong su dd bao cdo rang ndm ndi sinh Alternaria tenuissima
phan lap tir ré va than ré cla cdy Sinopodophyllum emodi, c6 kha ning san sinh
podophyllotoxin nhu d4 nghién ciru thong qua phan tich sic ky 1ong khoi phd [13].
Mot s6 lodi Penicillium dugc tim thdy dudi dang nam ndi sinh bén trong cdy
Diphylleia sinensis, dugc bao cao l1a c6 kha nang san sinh podophyllotoxin [48].
Eyberger va cong sy di tim thdy vi nAm ndi sinh Trametes hirsuta tr mau ré kho cia
cdy Podophyllum hexandrum & Himalaya, An Do. Twong ty, hai chung ndm
Phialocephala fortinii phan 1ap tir ré cia cdy Podophyllum peltatum ciing c6 kha ning
san xuit podophyllotoxin [49].

Céc nghién ctru da thanh cong trong viéc phan 1ap nhiéu ching ndm noi sinh méi
tir cac chi khac nhau, chimg minh kha ning san xuét cac hop chat hoat tinh tuong tu
thuc vat. Diéu nay ddc biét quan trong vi ndm noi sinh rat phong pht va hién dién

trong gan nhu tit ca cac loai thyc vat [50]. Viéc phan lap VNNS, dic biét tir cac loai
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cay co6 dic diém sinh hoc va sinh thai dgc dao hodc cac cay thuoc quy, 1a mdt chién
lugce hi¢u qua dé tim kiém cac hoat chat md1 hodc nguon thay thé bén virng cho cac

hoat chat quan trong.

2. Podophyllotoxin, ciac din xuét va vi nAm ndi sinh
2.1. Téng quan vé podophyllotoxin va cac din xuét
2.1.1. Gi6i thiéu vé podophyllotoxin va cac din xuét

PTOX 13 mot chit hoé hoc ndi tiéng trong ) hang tram chét tir thuc vat, duoc
phan 1ap chi yéu tir ré va than ctia mot s6 loai thudc chi Podophyllum (hay Dysosma).
PTOX duogc sir dung 1am tién chat dé tong hop thude chong ung thu etoposide va
teniposide va etopophose phosphate [5], [45]. Aryl tetralin lignans tu nhién nay dugc
st dung nhu mdt tdc nhan hoa tri liéu cho nhiéu loai ung thu [51]. PTOX lan dau tién
dugc phan 1ap tir Podophyllum peltatum bdi Podwyssotzki [52], nhung ciu triac hoa
hoc ciia chat nay méi duoc xac dinh vao nam 1951 [53]. Vo cudi ndam 2010 da phan
lap duoc PTOX tir cac loai thuc vat khac nhau nhu mét s6 cay thudc chi Podophylum
(Podophyllum hexandrum), cay Téao ma (Podophyllum peltatum) thanh phan chinh
ctia cay 1a podophylloxin hay mot sé cay thudc chi Juniperus nhu Juniperus sabina,

Juniperus thurifera, Juniperus chinensis...), va mot s6 loai thudc chi Linum [54].
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Hinh 1.2. Ciu trac hoa hoc cia podophyllotoxin [53]
PTOX hién duoc thu nhan chu yéu tur thue vat, su té)ng hop hoéa hoc cia PTOX
duogc coi 1a rat phuc tap va khong hiéu qua boi vi sy ¢6 mit cia 4 trung tim bét ddi
cung véi mot C lactone va mirc do oxy hoa cao [46], [55]. Dé tim kiém mot ngudn

thay thé cho viéc san xuét aryl tetralin lignans nay, vi sinh vat noi sinh di duoc phan
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1ap va nghién ctru. Gan diy PTOX di duoc bao cdo 1a duoc san xuat boi vi sinh vat
ndi sinh tr Podophyllum hexandrum [46] va Podophyllum peltatum [4].

PTOX, cung v6i cac din xuat va ddng phan khac nhau ciia né dugc cong nhan
rong rdi 14 cac hop chét ¢ hoat tinh dugc 1y phd rong. Etoposide 13 mot acetal mach
vong dugc diéu ché tir 4-demethylepipodophyllotoxin P-d-glucopyranoside va
acetaldehyde (dudi dang dimethyl acetal cua nd), trong khi teniposide 1a acetal mach
vong duoc diéu ché bang cach thay thé 2-thiophenecarboxaldehyde cua acetaldehyde.
Hai loai thudc nay khong hoa tan trong nude, nhung hoa tan trong dung méi hitu co
dugc sir dung trong bénh bach cau cap tinh, ung thu hach Hodgkin va khéng Hodgkin,
ung thu phoi té bao nho, tinh hoan ung thu, ung thu biéu mo té bao gan, u nguyén
bao than kinh va Kaposi sarcoma lién quan dén AIDS [56].

HC Yo
0

H,CO OCH, H,CO OCH,
OH OH
Etoposide Teniposide

Hinh 1.3. Céu tric hoa hoc cta etoposide va teniposide [56]

Kha ning chuyén héa mot luong 16n 2,7'-cyclolignan DPTOX thanh 6-
methoxypodophyllotoxin 7-O-glucoside da dugc chimg minh trong nudi cdy té bao
Linum flavum [57]. Ngoai vai tro 1a tién chét tiém ning cia PTOX chdng ung thu,
DPTOX ban thian né 1a mot lignans quan trong c6 tic dung chita bénh hiéu qua chéng
lai rat nhiéu khéi u ac tinh. DPTOX d3 dugc chimg minh chong lai mot sé dong té
bao khéi u bao gdbm A549, SK-OV-3, SK-MEL-2, HCT15, BI6F10 va K562 [58].
Hon nira, DPTOX da dugc ghi nhan thé hién hoat dong két tap tiéu cau [59], hoat
tinh chéng hen trong co thé séng [60] va co phd diét con trung rong [61], [62]. Gan
day, DPTOX di dugc bao céo la chdng di tng béi vi né khong chi tre ché phan tng
phan vé thu dong ¢ da (PCA) ma con cdé mot cyclooxygenase kép (COX)-2 hoat tinh
trc ché chon loc 5-lipoxygenase (LOX) [63], [64]. Thém vao d6, tiém ning sir dung
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DPTOX trong diéu tri tang sac to gay ra boi bire xa tia cuc tim hoac boi roi loan séc
t6 da d3 duoc bao cao [65].

Hién nay, nhiéu din xuat PTOX d3 duoc phét trién bang cach cai thién cau
tric héa hoc hodc bang cach lién hop vai cac phan tir khac, do d6 cho phép dat dugc
céc dic tinh sinh hoc t6t hon [66]. Viét Nam hién nay cac nghién clru vé PTOX méi
chi dirng lai & viéc phan lap vé thanh phan céc chat tir phan dudi mat dat cua Dysosma
difformis ((hemsl & E.H. Wilson) T.H.Wang) [2]. Dysosma versipelle theo truyén
théng duoc ap dung phd bién dé diéu tri viém hong, mun nhot, rin cin, ap xe vl va
ung thu via [1]. Nhu vdy, viéc kham pha san xuét hiéu qua PTOX va cac din xuit ma
khong can thu thap cac loai cay nay trong tu nhién 1a mot dic quyén cho viée st dung

PTOX trong twong lai cling nhu bao ton loai thuc vat dang bi de doa nay.
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Hinh 1.4. Cu tric hoa hoc ciia (A) Deoxypodophyllotoxin;
(B) Epipodophyllotoxin; (C) PTOX derivative [59], [66]

2.1.2. Hoat tinh sinh hoc ciia podophyllotoxin va cac din xuat

PTOX mdt hop chit tir Bat Giac Lién, c¢6 kha ning gay doc té bao va tc
ché qua trinh 13p rap cac vi éng, da duoc ching minh 13 hiéu qua trong diéu tri
nhiéu loai ung thu (phoi, tinh hoan, u nguyén bao than kinh, u gan) va cac khoi
u khac [6], [67].

PTOX 1a mdt chat chuyén hoa thur cép quan trong vé mat y hoc cua thyc vat va
cling c6 ngudn gbc ndi sinh. N6 1a mot hop chat chéng ung thu tuy nhién tiém ning
(véi mot s6 dac tinh chita bénh khac) dugc tim théy trong mat s6 loai thudc chi
Podophyllum nhu P. hexandrum, P. peltatum, P. emodi, v.v. N6 khong chi gidi han
& chi Podophyllum ma con dugc tim thdy & mot sd chi khac chang han nhu
Jeffersonia, Diphylleia va Dysosma (Berberidaceae), Catharanthus (Apocynaceae),
Polygala (Polygalaceae), Anthriscus (Apiaceae), Linum (Linaceae), Hyptis

(Verbenaceae), Teucrium, Nepetaand Thymus (Labiaceae), Thuja, Juniperus,
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Callitrisand  Thujopsis (Cupressaceae), Cassia (Fabaceae), Haplophyllum
(Rutaceae), Commiphora (Burseraceae), Hernandia (Hernandiaceae) [68] va nhiéu
loai khac. Tuy nhién, cac bién phéap canh tic ¢ nhitng ciy san xuit PTOX phai ddi
mat voi nhitng han ché nhét dinh vé méi truong lam han ché viéc san xuét hop chét
vO cung quy gid ndy [69]. San xuit nong nghiép cua Podophyllum di khong thanh
cong vi cdy khong thé canh tac trong trudng hop khong cé didu kién khi hau thich
hop [70], [71]. Cac phuong phap in vitro ciing da khong thé thyuc hién dugc do toan
bd qua trinh sinh hoa, con dudng chuyén hoa lién quan dén cc enzyme chinh, bién
thé di truyén tham gia vao qua trinh sinh tong hgp PTOX, van chua dugc biét dén.
Phuong phap nudi cdy md ciing khong mang lai két qua mong mudn [9], [55].
DPTOX mot dan xuat cia PTOX, dugc biét dén véi kha nang khang virus,
chdng oxy hoa, khang khuan, kich thich mién dich va chdng thap khép. Céc hoat tinh
nay chil yéu dugc tim thdy & cac chi Juniperus va Podophyllum [14], [45], [46]. Vé
mg dung ctia PTOX lam tién chét tong hop thudc chong ung thw, mot nghién ctu
ctia Paul con chi ra rang DPTOX va B-peltatin c6 hoat tinh khang virus d6i véi virus
so1 (virus ARN) va virus Herpes simplex I (HSV-I, virus DNA) [72]. Ngoai ra, mot
s6 dan xuat PTOX chiét xuét tir mot sb loai thudc chi Dysosma da dugc chirng minh
6 kha nang trc ché su nhan 1én cta virus HIV bang cach ngin chin enzyme sao chép
nguoc [8]. Nghién ctru cua Macrae va cong su da danh gia hoat tinh khang virus ctia
PTOX, a-peltatin, va diphyllin trén virus Cytomegalovirus murin (MCMYV, virus
DNA) va virus Sindbis (virus ARN). Két qua cho thdy PTOX (241 nM) va a-peltatin
(250 nM) ¢6 kha ning trc ché MCMV mét cach hiéu qua (1an luot 1a 74% va 85%),
nhung lai ¢6 tac dung rc ché kém dbi v6i virus Sindbis (twong tmg 3% va 5%). [20].
Kha nang chdng hoat dong khdi u ciia PTOX twong tu nhu cia paclitaxel [73].
Ngoai ra, cac xét nghiém huyét hoc va thi nghiém sinh hoa kiém tra cho thdy PTOX
khong c6 dgc tinh ndi tang trong mo hinh dong vat [74]. Trong mot thir nghiém 1am
sang, anh hudéng cia PTOX ddi v&i mun coc sinh duc dugc so sanh véi kem
imiquimod 5%, két qua cho thiy tac dung @c ché manh ddi voi sy phat trién ciia mun
coc trong nhom duge diéu tri bang PTOX so véi nhom dugce diéu tri bang kem
imiquimod [75]. Nhiéu nghién ctru 1am sang cho thiy rang sy hip thu qua da cua
PTOX la gi¢i han va PTOX trong co thé trai qua chuyén héa & gan va than [76].
Dua trén nghién ctru cia Sheng Hu va cong su, DPTOX cho thay tiém ning
chéng ung thu tuyén tién liét trén té bao PCa ngudi DU-145. Dir liéu chi ra ring
DPTOX lam giam dang ké sy ting trudng té bao va kich hoat caspase-3, mot enzyme

quan trong trong qué trinh apoptosis & t& bao DU-145. Hon nita, viéc diéu trj bang



15

DPTOX con lam giam dang ké mirc phosphoryl hoa Akt va kich hoat con dudng tin
hiéu XEN (Bax)/PTEN trong cic té bao nay [7].

Trong diéu tri 1am sang, cac din xuit PTOX nhu etoposide (VP-16) va
teniposide (VM-26) dugc st dung lam tac nhan hoa tri li¢u, chéng han nhu kiém soét
ung thu phoi té bao nho [77], [78]. Tuy nhién, nhitng han ché cta cac loai thudc nay
noi bat 1a tac dung sinh hoc chua cao va khang thudc, doi hoi phai phat trién cac loai
thude chéng ung thu mai dua trén PTOX. Hién nay, nhiéu dan xuit PTOX di duoc
phat trién bang cach cai thién cdu triic hoa hoc hoic bang cach lién hop véi cac phan
tir khac, do do cho phép dat dugc cac dac tinh sinh hoc t6t hon.

Trong mot nghién ctru khac, dn xuat PTOX cho thiy kha ning gay doc té bao
day htra hen chdng lai cac dong té bao ung thu ngudi HL-60, A-549, HeLa va HCT-
8 [79].

2.1.3. Con dwong sinh tong hop podophyllotoxin trong thwe vat

PTOX la tién chat san phém tu nhién cta etoposide hoa tri li¢u, tuy nhién chi
mot phan cta con dudng sinh tong hop ctia PTOX dugc biét, didu nay can tré cac
nghién ctru tiép can tao cac vat chii dé san xuét chat nay. PTOX 1a mot hop chat quan
trong nhat cta con dudng sinh tong hop lignans, cho dén nay con duong sinh tong
hop cua PTOX ¢ thuc vat dugc nghién ctru ngay mat 1o rang hon [30]. That vay, mot
s6 nghién ctru vé& mot sb loai Forsythia, Linum va Podophyllum d3 buéc dau tong hop
PTOX. Ngudi ta di ching minh ring axit ferulic va axit cinnamic thay thé
methylenedioxy la nhiing enzym quan trong tham gia vao qua trinh sinh téng hop
PTOX [31], [80].

D3 c6 bao cdo rang qua trinh sinh tong hop PTOX dugc bat dau tir rugu
coniferyl dugc chuyén thanh pinoresinol thong qua qua trinh dime héa mét chat trung
gian géc dic hiéu véi su co6 mit cua chat oxy hoéa. Sau d6, pinoresinol bi khir thanh
secoisolariciresinol thong qua chat trung gian lariciresinol nhd hoat dong cua chat
khtr pinoresinol-lariciresinol. Sericoisolariciresinol dehydrogenase xuc tdc qua trinh
lacton hoa secoisolariciresinol dé tao ra matairesinol, cudi cung dan dén sy hinh thanh

PTOX [81]. PTOX mang bdn trung tdm bat ddi lién tiép véi bon vong hop nhat, né
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c6 mot s6 nhom churc chira oxy, tuc 1a rugu, lactone, acetal va ba nhoém methoxy. Su

téng hop cac dan xuét dién ra do tinh chat da dang cua cac vong [82].
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Hinh 1.5. Con duong sinh tong hop podophyllotoxin [83].
Cac duong dut nét 1a cac budc sinh tong hop céc chat duy kién.

Lau and Sattely (2015) da nghién ctru hé phién ma trong Podophyllum
hexandrum (mayapple) dé xac dinh cac gen sinh tong hop trong con dudng PTOX 1a
tién chit cuia etoposide, chat trc ché topoisomerase tiém ning. Két qua da xac dinh
su enzyme moi x(c tac cac budc chinh san xuat PTOX (Hinh 1.5). Trinh tu cic
enzyme gop phan vao qué trinh sinh tong hop PTOX 1a dirigent protein (DIR), thanh
rugu coniferyl, thanh (+)-pinoresinol, sau d6 du¢i tdc dong cua pinoresinol-
lariciresinol reductase (PLR) dugc chuyén d6i thanh (-)-secoisolariciresinol, chat nay

tiép tuc dugc chuyén d6i thanh (-)- matairesinol bdi tic dong cua
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sericoisolariciresinol dehydrogenase (SDH). Matairesinol s& tiép tuc dugc chuyén doi
bdi CYP719A23 thanh (-)-pluviatolide. Pluviatolide c6 kha ning dugc chuyén dbi
boi Phex13114 (OMT1) thanh (-)-yatein, tiép tuc dugc chuyén ddi boi Phex30848
(2-ODD) thanh (-)-deoxypodophyllotoxin [83].

Nghién curu trén loai Dysosma versipellis (Hance) M. Chang, Palaniyandi va
Jun di chi ra ring phén tich biéu hién mRNA cta cac gen con dudng chuyén hoa
podophyllotoxin secoisolariciresinol dehydrogenase va pinoresionol lariciresinol
reductase mutrc d6 biéu hién phu thudc vao nhiét do [84]. Trén thuc té, cay tréng o
nhiét do thép 1am ting rd rét sy tich ty PTOX trong than ré cua D. versipellis 1én 3,49
lan so véi nhiét d6 nha kinh. Tir két qua nay cho thdy rang su tich tu PTOX trong
than ré ctia D. versipellis & nhiét do thap biéu hién gen trong con dudng sinh tong
hop PTOX.

2.2. Nghién ciru vé podophyllotoxin tir vi nAm néi sinh
2.2.1. Tinh hinh nghién ciru thu nhan podophyllotoxin va cac din xuat tir vi
nam ndi sinh trén thé gii

PTOX 1a mdt hop chét hiru co tu nhién thudc nhom lignans khong phai
alkaloid co nguén géc thuc vat duoc tim théy trong mot sb loai Podophyllum va mot
s6 chi khac nhu Sinopodophyllum, Juniperus, Dysosma, Diphylleia, Linum,
Lithospermum v.v. Mgt s6 loai nAm noi sinh tao ra PTOX nhu chét chuyén hoa thu
cép dugc nghién ctru va bao cdo trong mot sb tai liéu. Viéc chiét xuit chét chuyén
hoéa ciia chiing ¢6 thé duoc thyc hién bang cac phuong phap sic ky 16p mong (TLC)
va sic ky mang 1ong hiéu ning cao (HPLC) [85].

PTOX, mdt chét ty nhién noi tiéng aryltetralin lignans xuat hién & mot sd loai
thuc vat dugc st dung 1am tién chét cho qua trinh tong hop hoa hoc ctia thude chdng
ung thu nhu etoposide, teniposide va etopophose phosphate. Diéu nay bao cio lan
dau tién vé viéc san xuit PTOX do mot loai nAm nodi sinh Fusarium oxysporum phan
1ap tur cay thude Juniperus recva & An Do. Viéc dinh luong PTOX duogc thuc hién
bi HPLC, LC-MS va LC-MS / MS, theo d6 nhém tac gia di chuan héa cac diéu kién
nudi cdy dé dat duoc sy ting truong toi uu va san xuat PTOX. Thoi gian ting trudng
ctia ndm duoc quan sat 1én dén9 ngay, sinh khdi soi nAm cao nhét duoc ghi nhan vao
ngay tht 7, tuy nhién hoat chat PTOX do duoc cao nhét vao ngay tht 4 dat 28ug/g
trong luong kho té bao [45].

Yang Xianzhi va cong sy dd 1én men 92 chung ndm néi sinh duoc phan lap tir
Sinopodophyllum hexandrum, Diphylleia sinensis va Dysosma veitchii, phan tich
bang TLC, HPLC. Két qua cho thdy 6 chung ndm ndi sinh c6 thé tao ra PTOX chiém


https://europepmc.org/search?query=AUTH:%22Yang%20Xianzhi%22

18

khodng 6,5% tong s6 ching da dugc phan 1ap. Trong d6 7% nam ndi sinh dwoc phan
lap tu S. hexandrum, 3% tr D. sinensis va 10% tur D. veitchii [14].

Eyberger va cOng su thu dugc thanh cong hai chung Phialocephala fortinii noi
sinh 12 PPE5 va PPE7 tir than ré cua Sinopodophyllum peltatum ma c6 thé tao ra
PTOX véi nang suat 0,5-189 pg /1 trong nudi cdy 1én men sau 4 tuan [4].

Mot s6 nghién ciru trén thé gidi vé cach xac dinh PTOX thong qua vi nam noi
sinh, bang k¥ thuat phan tich sic ky 16p 16ng (TLC) va sic ky 1ong hiéu ning (HPLC)
cac nha khoa hoc da phan lap va xéac dinh duoc nhiéu chung vi nam ndi sinh trong
mot sb chi  Sinopodophyllum, Juniperus, Dysosma, Diphylleia, Linum,
Lithospermum...san sinh PTOX va cac dan xuét (Bang 1.2). Pay 1a co s¢ cho nghién
ctru cia NCS tap trung phéan 1ap vi ndm trong hai loai Bat Giac Lién & Viét Nam 13
Dysosma difformis va Dysosma versipelle, trong céac tai liéu ddi v6i hai loai ndy chua
thay c6 cong bd viéc thu nhan PTOX thong qua vi nAm noi sinh.

Céc hop chét thir cap c6 ngudn goc thuc vat, du thuong chi duoc san xuat véi
ham luong rat thép, lai s& hitu hoat tinh sinh hoc manh m¢&, mang y nghia to 16n dbi
v6i con ngudi trong ca nganh thuc pham va y té. Nhiéu hop chit trong sb ndy, nhu
vincristin, vinblastin, taxol, PTOX, d4 chimg minh hiéu qua trong diéu trj ung thu.
Tuy nhién, viéc phan tach va tinh ché cac hop chat thit cip nay giap nhiéu kho khin
va tén kém thoi gian, dac bi¢t khi chung chi ton tai véi néng dd cuc ky nho trong té
bao thuc vat. Viéc chiét xuat cac chét chuyén hoa dugc thuc hi¢n dya trén nguyén tac
chiét xuat dung méi bang cach sir dung chii yéu 1a metanol va etyl axetat lam dung
moi hitu co. Sau d6, dung moi duoc 1am bay hoi véi su tro gitp cia thiét bi ¢ quay,
can thu dugc hoa tan lai trong dung moi thich hgp nhu dimethyl sulphoxide [46]. Mt
s6 tac gia dd str dung hdn hop dung méi metanol-dichloromethane-etyl axetat theo
mot ty 18 nhat dinh [86], [87]. Phat hién va dinh luong thong qua phéan tich HPLC,
LC-MS, GC-MS, v.v. 1a bude cubi cung cua xac nhan dac tinh cta cac hop chat thu
duoc.

Mot nghién ciru ctia nhom S. Kusari [12] di thanh cong trong viéc tach chiét
thu nhan DPTOX tir Aspergillus fumigatus Fresenius, mot loai ndm nodi sinh
Juniperus communis L. Horstmann bang hé dung méi CHC13-MeOH (4:1, v4) (Hinh
1B, phu lyc B). Tuong tw, nhom tac gia [45] da dé xuat mot phuong phap tach chiét
va nhan biét PTOX don gian, hi¢u qua tu nam Fusarium oxysporum ndi sinh
Juniperus recurva (Hinh 2B, phu luc B).
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Bang 1.2. Ham lugng cua podophyllotoxin (PTOX), demethylpodophyllotoxin (Dm
PTOX) va deoxypodophyllotoxin (DPTOX) ¢ cac loai khac nhau cua chi Juniperus

[12]
Cay chii Dia diém lay Mo Khéi Miia Dich chiét PDT DmPDT DPDT
méu lugng (théng) (ng100g1)  (ug100g") (nug100g")
(€3]
Juniperus Rombergpark,  Twigs 10 June Organic 623 <LOQ 17235
communis L. Germany Aqueous <LOQ <LOQ 484
Horstmann
Juniperus Rombergpark,  Twigs 10 June Total 623 <LOQ 17719
communis L. Germany Organic <LOQ <LOQ 8248
M
eyer Aqueous <LOQ <LOQ 389
Juniperus Rombergpark,  Twigs 10 June Total <LOQ <LOQ 8637
communis L. Germany Organic 1492 <LOQ 13 306
Wilsed
tisedet Aqueous <LOQ <LOQ 943
Berg
Juniperus Rombergpark, Twigs 10 June Total 1492 <LOQ 14 249
communis Germany Organic <LOQ <LOQ 7886
Hiberni
ermiea Aqueous <LOQ <LOQ 355
(irischer
Sa“ulenwachh
older)
Juniperus Rombergpark,  Twigs 10 June Total <LOQ <LOQ 8241
blaaws Germany Organic <LOQ <LOQ 29
Aqueous <LOQ <LOQ 33
Juniperus Rombergpark,  Twigs 10 June Total <LOQ <LOQ 62
procumbens Germany Organic <LOQ <LOQ 168
T .
remonta Aqueous <LOQ <LOQ 20
Juniperus x- Rombergpark, Twigs 10 June Total <LOQ <LOQ 25006
media Germany Organic 97030 <LOQ 2534
Pfitzeri
feeriana Aqueous 3070 <LOQ 348
Juniperus Rombergpark, Twigs 10 June Total 100100 <LOQ 25006
squamata Germany Organic 4611 <LOQ 2534
Wilsonii
Hsont Aqueous <LOQ <LOQ 348
Juniperus Yarika, ] & K, Twigs 10 June Total 4611 <LOQ 2882
recurva India Organic 819 106 1683
Aqueous <LOQ <LOQ 19
Juniperus Bonera, ] & Twigs 10 June Total 819 106 1702
recurva K, India Organic 5522 214 91
Aqueous <LOQ <LOQ 123
Juniperus Sonamarg, J Twigs 10 June Total 5522 214 214
recurva &K, India Organic 3230 288 11269
Aqueous <LOQ <LOQ 32
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Phuong phap ciia M. Yousefzadi va cong su [88] khi t6i wu hoa chiét xuit
PTOX cho thiy hé dung moi metanol chiét xuat PTOX 1a cho két qua tot nhat, két
hop véi dinh lwgng HPLC ¢6 thé xac dinh mét lugng nhé PTOX trong nudi cay té
bao. Mot nghién ctru khac [13] cling chi ra viéc chiét xudt PTOX tir vi nAm ndi sinh
thong qua viéc ngdm cin té bao trong dung mdi methanol, tiép d6 chiét cin voi
isopycnic chloroform va n-butyl alcohol, siéu 4m pha v té bao, c¢6 quay bay hoi dung
moi, can con lai xac dinh PTOX boi1 TLC, HPLC...vv

Trén ddy 1a mot s cac phuong phap tach chiét PTOX va dan xuét tir ndm noi
sinh cho hi€u qua cao, do 1a co s& cho nghién ctru hién tai khi lya chon hé dung moéi
chiét xuat PTOX nhanh, an toan.

2.2.2. Cac nghién ciru vé gen va hé gen lién quan dén chuyén héa lignan ¢ vi
nam

Céc nghién ciru vé toan bo hé gen (WGS) dong vai tro cdt 15i trong viée giai ma co
ché sinh tong hop phtc tap ctia lignan, bao gdm ca PTOX, & cac chung nam noi sinh. WGS
cung cép dit liéu co so di truyén dé xac dinh cac gen tham gia vao con dudng sinh tong hop
PTOX va lignan. Lam rd tinh da dang sinh hoc: Sy da dang cta cac dan xuét lignan ma vi
nam tao ra phu thudc vao sy biéu hién va hoat tinh cta cac cum gen CYP450 va cac enzyme
khac nhu methyltransferases va reductases. Viéc phan tich hé gen chi tiét cho phép xac dinh
cac cum gen nay, tir 46 mo ra huéng nghién ctru va téi uu hoa kha nang san xuat lignan ciia
vi ndm ndi sinh. Theo d6, Lignan, bao gdm ca PTOX, 14 san pham cua con dudng sinh
tong hop phirc tap, bat dau bang viéc chuyén hoa cic tién chat trong con dudng
Shikimate va Phenylpropanoid. Cac monolignol (nhu coniferyl alcohol) dugc tao ra
va sau do trai qua budc dimer hoa oxy hda (oxidative coupling) quan trong, xuc tac
bdi cac enzyme laccase hoac peroxidase, dugc ma hda boi cac gen tuong ng trong
hé gen nam. Co ché hinh thanh cac lignan phtic tap doi hoi su tham gia ciia cac
enzyme chuyén biét, ndi bat 1a ho gen cytochrome P450 monooxygenases (CYP450).
Cac enzyme nay chiu trach nhiém cho céc phan ung hydroxyl hoa, methylen héa
vong, va tuan hoan (cyclization), tao nén cdu tric vong methylenedioxy dic trung
ctia PTOX. Sy da dang cta cac dan Xuét lignan ma vi nam tao ra phu thudc vao su
biéu hién va hoat tinh ciia cac cum gen CYP450 va cic enzyme khic nhu
methyltransferases va reductases. Viéc phan tich hé gen chi tiét cho phép xac dinh
cac cum gen ndy, tir 46 mo ra huéng nghién ctru va t6i vu hoa kha ning san xuét
lignan cua vi ndm ndi sinh. Nhidu nghién ctru WGS di dugc thyc hién trén cac chi ndm
quan trong, dic biét 1a Penicillium va Aspergillus, mang lai cac két qua dang cha y.

Chi Penicillium, voi 536 loai dugc cong nhan, 1a mot trong nhitng chi nAm phd
bién va quan trong nhat [89], [90]. Céc loai Penicillium ndi tiéng v6i kha ning san

xuat nhiéu loai chat chuyén hoa thir cip da dang, bao gom céc dan xuat phenalenone
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[91], [92], polyene chudi dai [93], dAn xuit acetaminophen [94] va din xuét triene
[95]. Tuy nhién, cac nghién ctru tap trung vao giai trinh ty hé gen, khai thac va tim
kiém cac gen lién quan dén qua trinh sinh téng hop cac hop chat hoat tinh sinh hoc
trong Penicillium herquei van con han ché.

Céc h¢ gen Penicillium dugc nghién ctru trudc day da udc tinh kich thude hé
gen, dao dong tir 25 Mb dén 36 Mb [96]. Cac loai Penicillium thudng c6 tir bon dén
tam nhiém sac thé [97], [98]. Trong twong lai, cic phuong phép giai trinh tw hé gen
bd sung nhu PacBio hodc cic phuong phap giai trinh ty doc dai khac co thé gitp lip
rap hé gen chinh xac hon [99]. Dit liéu ciia nhém Guohua Yin va cong sy cho biét
kha ning trao d6i chat thir cap phuic tap ctia Penicillium spp., dc biét lién quan dén
co so di truyén ciia doc tb ndm méc [100]. Theo co sé dit liéu GenBank, cac hé gen
ty thé Penicillium thuong co kich thudc khoang 26-28 kb. Mot nghién ctru da phan
tich hé gen ty thé 15i ctia 15 hé gen ty thé ctia Aspergillus va Penicillium, x4c dinh
dugc 14 gen ma hoa protein 15i, tat ca déu nam trén mach thang [101].

Céc nghién ctru gin day di mo rong hiéu biét vé hé gen cua chi Penicillium.
Visagie va cong su di cong bd hé gen du thao cua ba loai Penicillium khac nhau P.
brevicompactum 18316 (31,00 Mb), P. biforme 15300 (35,45 Mb), va P. solitum
18327 (34,18 Mb) [90]. Nhom nghién ctiru cia Huong Mai Pham da giai trinh ty hé
gen cua chung Penicillium oxalicum 11R1 phan lap tir ré cay Ixora chinensis da duoc
giai trinh ty bang cong nghé Pacbio Sequel, Hé gen hoan chinh c¢6 kich thudc 30,8
Mb, dugc lap rap thanh 8 nhiém sic thé, cing v&i mot mitogenome 26 kb. Phén tich
chtrc ning da tiét 10 cac gen ma hoa cytochrome P450 va cac enzyme lién quan dén
sinh tong hop chit chuyén hoa thir cap. Phan tich so sanh cho thiy hé gen 16n va khép
kin cta P. oxalicum chtra 9.500 nhom orthologous, cung cip dir lidu gia tri cho cac
nghién ctru phat sinh loai va quan thé trong tuong lai [102]. Wenfeng Guo va cong
su d4 gii trinh ty va lap rap hé gen cua chung P. herquei bang cong nghé thé hé mai
(NovaSeq & Nanopore) di thiét 1ap mét co so dit liéu di truyén phuc vu cho céac
nghién ctru vé chuyén héa thir cap, hé gen c6 kich thude 40.25 Mb (vuot trdi hon so
v6i cac chung chuan thong thudng). Phan tich BUSCO khang dinh do hoan thién dat
muc t6i vu, dam bao tinh dai dién cho toan bo cac dic tinh sinh hoc cta loai. Hé gen
du doén chtra 14.532 gen, trong d6 hon 60% da dugc chu gidi chirc nang rd rang. Pac
biét, hé thong diéu hoa di truyén v6 cting phic tap voi hon 49.000 exon, tao tién dé
cho su da dang hoa protein. Phan tich KEGG cho thiy chung nay sé hiru mot mang
1u6i chuyén hoa d6 so véi 338 con duong chuyén hoa khac nhau. Trong d6, cac nhom
gen lién quan dén chuyén héa axit amin, carbohydrate va truyén tin hi¢u chiém wu

thé, minh ching cho kha ning thich nghi manh mé& va tiém nang sinh tong hop céc
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hop chat t nhién quy gia. Nhiing thong s6 trén khing dinh day 1a mot hé gen "giau"
thong tin, cung cdp nén tang viing chic dé khai thac cic cum gen chirc ning (nhu
OMTS3) trong cong nghé sinh hoc va dugc pham [103].

Ngoai ra, khi nghién ctru hé gen cua Aspergillus sojae NBRC4239, str dung cong
nghé giai trinh tu pyrosequencing 454 va nghién ciru hé gen vé cac enzyme va cac
chat chuyén héa tht cip so v6i cac loai Aspergillus khac di dugc giai trinh ty da tao
ra mot trinh ty khong trung 1ap dai 39,5 Mb. Dt licu h¢ gen A. sojae NBRC4239 s¢
hitu ich dé m6 ta cac dic diém chirc ning ctiia ndm nay duoc st dung trong cac nganh
cong nghiép Nhat Ban [104]. H¢ gen cua chung Fusarium solani MC503 ndi sinh cdy
anh tuc (Macleaya cordata), bang cach sir dung phan mém BUSCO va CEGMA dé
danh gia chat luong lip rap hé gen, kich thudc hé gen cia ching MC503 la
61.238.035 bp, né cung cip thong tin vé cac gen tiém ning lién quan dén qua trinh
sinh tong hop cac chat chuyén hoa tht cap, bao gom ca ancaloit va kha ning tuong
tac voi cay chi. Pay 1a mot vi du vé viée giai trinh tu hé gen dé kham pha tiém ning
sinh hoc cia ndm noi sinh [105].

Nhirng két qué giai trinh tw hé gen nay 1a nén tang quan trong dé hiéu rd hon vé
tiém ning sinh tong hop cta Penicillium herquei va cac loai vi nAm khac. Chiing mé
ra hudng di cho viéc khai thac cac gen lién quan dén san xuét cac hop chat hoat tinh
sinh hoc, gop phan vao phat trién dugc pham va cac tng dung cong nghé sinh hoc
khac.

2.2.3. Cac gen chirc nang tham gia con duwong chuyén hoa podophyllotoxin va
cac din xuit & vi nAm

Vi sinh vat noi sinh déng vai trd quan trong trong viéc thuc diy su ting trudng,
phat trién thuc vat va bao vé vat chii khoi cac tic nhan gay bénh [106], [107]. Mdi
quan hé tuong tac sinh 1y, dinh dudng va di truyén phuc tap giita cong dong vi sinh
vat noi sinh va vat cha cho thdy sy dong tién hoa. Diéu nay cho phép chung trao doi
vat liéu di truyén thong qua chuyén gen ngang va chia sé cac con duong tong hop
chét chuyén hoéa tht cap [108], [109].

Trong cac h¢ sinh thai ty nhién, vi sinh vat ndi sinh va vat chu cua chung cung
ton tai trong cic mdi quan hé di truyén va sinh thai phirc tap. Cac nghién ctru trude
day dd mé ta cac con dudng sinh téng hop ctia PTOX va x4c dinh cac gen, protein
lién quan & thuc vat [110], [111]. Cu thé, & Podophyllum hexandrum, it nhit tdm gen
bao gom DIR, PLR, SDH, CYP719A13, OMT3, CYP71CU1, OMT]1 va 2-ODD duoc
cho 1a dong vai trd quan trong trong viéc chuyén doi coniferyl alcohol thanh DPTOX

va etoposide [75]. Cac gen nay ma hoa cho cac enzyme thyc hi¢n céc loai phan tng
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khac nhau nhu oxy héa, khir, methyl hoa va téng hop, timg budc xdy dung nén phan
tr PTOX tir cac tién chat ban dau.

Tuy nhién, cac co ché sinh héa va phan tir chi phdi qua trinh san xudt PTOX
ctia ndm van chua dugc kham pha rong rai, dac biét ddi véi cac ndm nodi sinh nhu
Penicillium herquei. D& 1am sang to diéu nay, nhiéu cong cu va phuong phap tin sinh
hoc da dugc st dung dé xac dinh, cha thich va so sanh hé gen vi khuan. Cac cong cu
nay bao gom phan tich trinh ty khoang cach phién ma noi bo (ITS), giai trinh tu hé
gen, hé gen so sanh, mang vi md, giai trinh tu thé hé tiép theo, metagenomics va
metatranscriptomics [94]. Nhitng cong cu nay cho phép phat hién hé gen nam ciing

nhu hi€u dugc moi lién hé chat ch€ gitta vi sinh vat ndi sinh va vat chu thuc vat cua

ching
Bang 1.3. Vai tro xuc tac cta cac gen trong chuyén doi coniferyl alcohol thanh PTOX
Gen
STT | Ma dinh Mo ti Vai tro
danh
Xic tac bude: Chuyén d(;)iq
secoisolariciresinol. Cu the hon,
trong con duong sinh tong hop
Secoisolariciresinol lignan, enzyme dehydrogenase nay
1 SDH \ o s .
dehydrogenase thuong xuc tac qua trinh oxy hda

secoisolariciresinol thanh
matairesinol. Pay 1a mgt budc quan
trong trong viéc chuyén dbi cac
lignan.
Xuc tac budc: Tong hgp Desmethyl-
deoxy-podophyllotoxin. La mdt
enzyme cytochrome P450, n6 tham
gia vao cac phan ing hydroxyl hoa
Desmethyl-deoxy- hoic cac bién doi oxy hoa khac dé
podophyllotoxin synthase | tao ra desmethyl-deoxy-
podophyllotoxin tir mot tién chat nao
d6 (chang han nhu
deoxypodophyllotoxin hodc mdt
lignan lién quan).
Xdc tac budc: Tong hop
Demethylepiodophpyllotoxin.
Tuong tu nhu enzyme CYP P450
Demethylepipodophyllotoxin | khac, né xuc tac mot bude chuyén
synthase hoa oxy hoa dé tao ra
demethylepipodophyllotoxin tir mdt
tién chét. Epi- thuong chi mot dong
phan ciu hinh.
Xuc tac budc: Tong hop
4 | CYP719A23 Pluviatolide synthase Pluviatolide. Enzyme nay xtc tac
phan Ung tao ra pluviatolide, mot

2 | CYP71BES54

3 CYP82D61
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STT

Gen

Ma dinh
danh

Mo ta

Vai tro

lignan vong, tir cac tién chat tuyén
tinh.

CPY719A24

Pluviatolide synthase

Xic tac bude: Tong hop
Pluviatolide. Tuong tu nhu
CYP719A23, n6 cling xuc tac phan
{ng tao ra pluviatolide. C6 thé ¢6 su
du thtra chire nang hodc ching hoat
dong ¢ cac diéu kién khac nhau.

CYP71CU1

Desmethylyatein synthase

Xtc tac bude: Tong hop
Desmethyllyatein. Xtic tdc phan ung
tao ra lignan desmethyllyatein tur
mot tién chit

VdtD*

Inactive carboxylesterase-
like protein VdtD

Khéng tryc tiép xtic tic mot budc
sinh tong hop podophyllotoxin. Mic
du c6 "carboxylesterase-like", nhung
dugc mo ta 1a "inactive" (khong hoat
dong). N6 c6 thé 1a mot protein co
ciu trac tuong tu enzyme nhung
khong c6 hoat tinh xtc tac, hoac co
vai tro khac khong phai xuc tac tryc
tiép (vi du: diéu hoa, van chuyén).

OMT3

Pluviatolide O-
methyltransferase

Xuc tac budce: O-methyl hoa
Pluviatolide. Enzyme nay xUc tac
phan img thém mdt nhém methyl (-
CH3) vao mdt nguyén tir oxy trén
phan tir pluviatolide. Bay la mot
budc bién d6i quan trong trong
nhiéu con duong sinh téng hop.

OMTI

Desmethyl-yatein O-
methyltransferase

Xuc tac budc: O-methyl hoa
Desmethyl-yatein. Tuong tu OMT3,
enzyme nay xuc tac phan ung thém
nhom methyl vao nguyén tur oxy trén
phan tor desmethyl-yatein.

10

2-ODD

Deoxyodophyllotoxin
spynthase

Xdc tac budc: Tong hop
Deoxypodophyllotoxin. Enzyme nay
chiu trach nhiém xuc tac phan ing
tao ra deoxypodophyllotoxin, mot
tién chat truc tlep va rat gan voi
podophyllotoxin.

11

PLR

Bifunctional pinoresinol-
lariciresinol reductase

Xuc tac bude: Khir pinoresinol va
lariciresinol. Enzyme nay xuc tac
phan ing khtr (thém hydro) trén hai
lignan tién chat 1a pinoresinol va
lariciresinol, chuyén chung thanh
cac dang khac trén con duong sinh
tong hop.
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3. Céc yéu té anh huéng dén qua trinh sinh téng hep podophyllotoxin va cac
din xuét ciia né tir vi n4dm ndi sinh

Hiéu suét thu nhan PTOX tir vi nAm noi sinh trong qua trinh 1én men bi chi
phdi boi nhiéu yéu té nhu thoi gian, pH moéi trudng, nhiét do, ngudn carbon va nito.
Viéc x4c dinh mét chu trinh 1én men tdi vu cho tung chung vi sinh vat 1a vo cung
quan trong dé dat duoc san luong chét chuyén hoa cao nhét, do sy khac biét vé giai
doan phat trién va san xuét chit chuyén héa giita cac chung. Piém chung & hiu hét
céc chiing 14 kha nang san sinh cac hgp chat chuyén héa thir cap chi yéu dién ra trong
giai doan gifta va cudi pha cin bang ctia qué trinh 1én men.

3.1. Anh huéng ciia nhiét do

Trong bao cdo cia J.-X. Huang va nhom nghién ctru [112] vé cac chung vi
nam noi sinh sinh tong hop PTOX c6 dai nhiét d6 tir 22-32 °C, nhiét do dudi 22 °C
chuing phat trién kém va do dé anh huong t61 ham lugng PTOX sinh ra, & nhiét do
trén 35 °C- 37 °C chung khong sinh truong. Két qua nghién ciru [13], [113], cho thiy
nhiét d6 t6i wu sinh hoat chit PTOX trung binh tur 26 °C- 28 °C. Nhu vay, nhi¢t do
1én men c6 tac dong 16 rét dén su sinh trudng va sinh tong hop PTOX. Céac nghién
ctru cho thdy khoang nhiét thich hgp cho san sinh PTOX 1a khong rong.

3.2. Anh hwéng ciia pH

Kha ning sinh truong ctia vi ndm dién ra trong mot khoang pH rong, tir 2 dén
9, v6i didu kién t6i uu thuong 1a khoang 5 dén 7. Trong qua trinh phat trién, sy thay
d6i pH mai truong c6 thé 1am bién ddi hoat dong trao d6i chat ciia vi nAm, bao gdm
viéc hap thu chét dinh dudng va bai tiét cac chat chuyén hoa. Cu thé, viée giai phong
céc axit hitu co nhu axit oxalic ¢6 xu huéng lam giam pH, trong khi qua trinh dong
hoéa axit hiru co hodc thuy phéan uré lai lam tang pH.

Do pH 12 mot yéu td then chdt anh huong dén tinh tham cta thanh va mang té
bao nam, tir d6 tac dong truc tiép dén sy van chuyén ion va cac chat khac qua mang
té bao. Do d6, pH clia méi truong nudi cay cé vai tro quyét dinh déi v6i qua trinh trao
d6i chat va dac biét 1a sy sinh tong hop cac hop chat chuyén hoa, dong thoi anh hudng
1d rét dén sy phat trién ciia vi sinh vat noi sinh [87].

M3i loai vi sinh vat déu c6 mot khoang pH sinh trudng dic trung va mot gia
tri pH tdi uu cho su phat trién. Dua vao pH t61 wu, cac vi sinh vat duoc phan loai
thanh wa axit (pH 0-5,5), ua trung tinh (pH 5,5-8,0) va ua kiém (pH 8,5-11,5). Mot
sO loai co thé phat trién t6t nhat & pH 10 tro 1én. Cac nghién ciru cho thay rang pH t6i
wu cho sy phét trién va sinh tong hop PTOX cila vi ndm thudng nam trong khoang
axit yéu, cu thé 1a tir 5,6-6,5 [49]. Diéu nay cho thay pH méi truong nudi ciy nén

dugc dic¢u chinh dé phu hgp véi cac ching nam ndi sinh, nham dat duoc san lugng
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mong mudn. Do dé, cic nghién ctru vé anh hudng cua pH 1a rat can thiét dé t6i vu
hoa hiéu suét sinh tong hop PTOX.
3.3. Anh huéng ciia toc dd lic va thé tich dich 1én men

Su dao dong vé toc do lac ¢ tac dong dén sinh trudng cua soi nam trong moi
truong dich thé. Khi lic, oxy hoa tan duoc dua vao méi truong tot hon va soi ndm
dugc dao tron déu, gitip ching tiép xtc dong déu véi moi trudng tir trén xudng dudi.
Thé tich dich 1én men trong thiét bj nuéi cdy ciing rat quan trong dé cung cép du
lugng oxy hoa tan va tdc do thong thoang, tao diéu kién cho vi sinh vat phat trién va
tong hop cac hop chit thir cAp quan trong.

Céc nghién ctru thudng t6i wu téc do lac trong khoang 100 dén 250 vong/phut,
v6i ty 18 the tich moi truong nudi/thé tich binh 1a 5-30% (v/v). Chang han, mot bao
céo cia S. Kusari va cong su [12] da chi ra rang chung ndm Aspergillus fumigatus
Fresenius san sinh PTOX hiéu qua duéi diéu kién lic 200 vong/phit va thé tich dich
nudi cay 20%. Twong tw, mot nghién ctru khac [11] cho thay ching Fusarium solani
c6 thé san xuat PTOX khi duoc lic & 100 vong/phut, vai thé tich dich nudi cay 40%.
Véi ndm Phellinus linteus tang truong t6t nhat & 150 vong/ phut, & 200 vong/ phut

mat d6 nim giam [114].

3.4. Anh huéng ciia thoi gian
(G

Mycelial extract
6 -

Hg)

Deoxypodophyliotoxin (
w

0 24 48 72 96 120 144 168 192 216
Time (h)

Hinh 1.6. Thoi gian 1én men Aspergillus fumigatus Fresenius sinh tong hop
deoxypodophyllotoxin [12]

Nhiéu nghién ctru dd chimg minh kha ning san xuit thanh cong cac hop chat
¢6 hoat tinh sinh hoc tir nAm ndi sinh. Mohammad Nadeem va cong su da nudi céy
nam Fusarium solani trén méi trudng PDB trong 15 ngdy, thu duoc san lugng PTOX
14 29,0 pg/g trong luong kho té bao ¢ 28 °C va pH 6,5, voi toe do lic 100 vong/phit
[11]. Tuong tw, Mucor fragilis Fresen tong hop dugc 49,3 pg/g PTOX sau 7 ngay
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nudi cdy ¢ 26 °C, pH 6,5 va 180 vong/phut [113]. Nam 2009, S. Kusari va cong sur
cling bao céo san lwong DPTOX tir niAm Aspergillus fumigatus Fresenius 1a 4 + 2
ng/100 g trong lwong kho té bao, sau 9 ngay 1én men & 28 + 2 °C, pH 5,6 va 200
vong/phtit [12]. Mot nghién ctu khac di nudi cdy ching TG9 trong 300 ml méi
truong 1ong PDA ¢ 28 °C, pH 6,0 va 120 vong/phut trong mdt tudn, sau dé xac dinh
su hién dién cia PTOX bang phuong phap HPLC [13]. Nhitng nghién ctru nay da
chtrng minh rang thoi gian t6i wu cho qua trinh sinh tong hop PTOX va cac dan xuét
cua no la khac nhau, tuy thudc vao déc tinh sinh hoc cua ting ching nam va diéu kién
nudi cdy cu thé.
3.5. Anh huéng ciia ngudn carbon va nito

Theo Gogoi va cong su, nghién ctru cua ho da di sau vao tdc dong cla cac
ngudn carbon va nito d6i voi su phat trién va kha nang san xuat chit chuyén hoa thir
cAp cta chung ndm Fusarium sp. DF2. Vi nAm nay dat sinh khdi va san lugng chat
chuyén héa cao nhat khi méi trudng 1én men chira 0,1% dextrose, tiép theo 1a glucose,
sucrose va glycerol. Nguoc lai, viéc sir dung tinh bdt, lactose va mannitol lam gidm
dang ké ca sinh khdi va luong chat chuyén hoa

Khi nghién ctru vé nguén nito, cac nha khoa hoc nhan théy dich chiét nAm men
c6 kha niang thuc day sy tich lily chat chuyén héa thr cap, trong khi dich chiét bo,
pepton va (NH4)2SO4 chu yéu 1am ting sinh khbi nhung khong hiéu qua trong viéc
san xudt cac hoat chit sinh hoc [115]. Trong bao cao cta [26] khi b6 sung 1% duong
glucose; 1% cao ndm men; 0.5 % pepton; 0.5% tryton trong mdi truong 1én men
chung Penicillium reticulisporum tsp41 sinh tong hop Huperzin A cao nhat 0,0341
mg/L dich 1€én men. Phan lap tr méi trudng nudc ¢ ring ngadp man Yung Shue O,
Hong Kong, ching vi nam bién A. saccharicola phat trién tdi uu trong méi trudng co
b6 sung 0,5% pepton va 0,5% dich chiét nAm men. Trong khi glucose khong tac dong
dén sy ting trudng, no lai 1a yéu td quan trong ddi véi qua trinh sinh tong hop céc
hop chat khang khuan cta chung vi ndm nay [116].
3.6. Anh hwéng ciia ty 1¢ giong

Bén canh cac yéu td méi trudng dinh dudng, ty 16 tiép giéng ban dau ciing 1a
mot yéu td quan trong can xac dinh dé dam bao qua trinh sinh truong dién ra hiéu
qua. Ty 1& ndy anh huodng truc tiép dén sy canh tranh cta vi sinh vat vé dinh dudng
va oxy. Ca khi mat do t& bao qua cao hodc qua thip déu co thé lam giam kha ning
sinh truong [117]. Néu mat d6 ban dau qua thap, pha sinh trudng log c6 thé bi kéo
dai, trong khi mat do ban dau qua cao c6 thé nhanh chéng dan dén pha tir vong [118].
O hau hét cac nghién ctru ty 16 tiép gidng thuong dao dong trong khoang 1-15%, tiy

thudc vao qua trinh khao sat ban dau.
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3.7. Anh hwéng ciia ngudn co chit cam ing

Mot s6 nghién ciru gan day da chimg minh tam quan trong ciia viéc téi wu hoa
qua trinh 1én men cung véi viée sit dung cac ngudn co chat cam tmg dé t6i da hoa
viéc san xuit cac hop chat cé loi ich kinh té tir nAm noi sinh. Theo nghién ciru ciia
[26] ngudn ethanol va methanol dugc bd sung vao mdi truong nhu ngudn carbon dat
néng dd cudi 0,5-2% di kich thich su phat trién ctia nAm va lam tdng kha nang san
xuat Huperzin A. Ciing lién quan dén viéc lam ting cuong kha niang sinh tong hop
Huperzin A, [119] d3 b6 sung vao méi trudng 1én men mot sb chat cam tng HSE (H.
serata extracts- tach chiét tir 14 thach ting rang cua), L-Lysine va axit acetic vdi cac
noéng do 1én men khac nhau. Két qua cho thdy L-Lysine va HSE di kich thich kha
nang sinh Huperzin A va hé soi nAm. Trén co s& d6, NCS di bo sung cao chiét tir cay
Bat Giac Lién dé nghién ctru nang cao hoat tinh PTOX tur nam ndi sinh. Dya vao con
duong sinh tong hop PTOX va cac dan xuat cho thay axit ferulic va axit cinnamic 1a
nhing enzyme quan trong tham gia vao qud trinh sinh téng hop PTOX,
phenylananine nhu mét nguén nito va cac gbe alcohol can duoc xem xét dua vao

nghién cuu.
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Chuwong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU

2.1.1. Vat liéu nghién ciru

Mau cay duoc lieu Bat Giac Lién (Loai Dysosma difformis
(hemsl.&E.H.Wilson) T.H.Wang) khoé¢ manh duoc thu thap ngiu nhién vao thang
06/2020 tai Thon Phin Sang, Xa Minh Tan, Huyén Vi Xuyén, Tinh Ha Giang. Toa
d6: 23°0'40.14"N 104°53'6.92"E, d6 cao 1074 m va Ban Ngai Thau, Xa Khun Ha,
Huyén Tam Duong, tinh Lai Chau. Toa d9: 22°13 2.55”N 103°35'0.58”E, do cao
1890m. Nhiét d6 trung binh dao dong khoang 18-27 °C.

Chung vi sinh vat: Gram am (Escherichia coli DHS) va Gram duong
(Staphylococcus sp., Bacillus TTM11, Bacillus 2TM6, Enterobacter 14RM7-1) dugc
lwu giit tai Phong Cong nghé té bao thuc vat, Vién Sinh hoc.

Céc dong té bao ung thu ¢ ngudi: SK-LU-1 (té bao ung thu phoi); HepG2 (té
bao ung thu gan); HL-60 (té bao bach cau cap tinh) do GS. TS. J. M. Pezzuto, Trudng
bPai hoc Long-Island, US va GS. Jeanette Maier, truong Dai hoc Milan, Italia cung
cp.

2.1.2. Thiét bi va héa cht nghién ciru
Thiét bi, dung cu nghién cuu:

Box cdy (Esco), ti say (Selecta 52 L), ti 4m nudi cdy trong toi, may lic on
nhiét (WiseCube), may PCR, may dién di, may voltex, may li tim, may si€éu am pha
v té bao, ndi hap tiét trung (ALPMC-40DP), Kinh hién vi quang hoc (Carl Zeiss),
ta hat Streamline Class II (ESCO,Troisdorf, Dtic); ELISA Plate Reader (Biotek,
USA); Tu lanh sau -20 °C, -80 °C; Tu lanh 4 °C; Binh nito long; Can ky thuat
(SHINKO GS 600G), May loc nudc; Hé thong 1én men Bioflo 10 L (New
Brunswick); Hé thong 1én men Blue Fer 100 L(Blue Fer 100, Vilab — Viét Nam);
May do pH (Hanna); T lanh 4 °C giir giéng (Jeio Tech); May c¢6 quay R300 (Buchi,
Flawil, Switzerland).

Sic ky 16p mong duogc thuc hién trén ban mong nhom trang sin silicagel 60
F254 Merk (day 0,25mm) véi h¢ dung moi dichloromethane:methanol ty 1€ (9:1, v/v).
Quan sat cac vét sic ky duoc thuc hién bang dén UV & budce song 365nm, tiép theo
13 hién mau bang dung dich H2SO4 10%.

Céc dung cu nhu cbi, chay stu, pank, dia céy, giéy thdm, dao, kéo, dia petri,
que cdy, que trang, phién kinh, lamen, pipetman, binh tam giac 250ml, 500ml; Binh
pyrex 500ml, bong khong thim nudc, gidy bac, can k¥ thuat. Dung cu dugc hap tiét
trung ¢ 121 °C, latm trong 30 phut.
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Héa chat nghién ciru

Céc hoa chat sir dung: podophyllotoxin (Sigma, CAS No. 518-28-5); D-
glucose (Germany); TCA 20% (Sigma, Germany); G-spinTM Total DNA Extraction
kit (INtRON Biotechnology, Sangdaewon, Korea); Methanol hitu co (India); Ethanol
70%, Sodium thiosulfat 2,5% (MERCK), Sodium hypoclorit 5% (MERCK);
Ellipticine (Sigma, Germany); DMSO 1% (Sigma, Germany); Cefotaxime
(Invitrogen, Carlsbad, CA, My).

Mot s6 hoa chit khac: Nito 10ng, CTAB, NaCl, NaOH, Tris-HCI, EDTA, H,O
deion, Isopropanol, Ethanol, Chloroform, Isoamyl alcohol, RNase, dém rura, dém
tach, javen, con 75°,...

Cap moi ITS1/ITS4 khuéch dai vang ITS [120]:

ITS1 (5'-CCGTAGGTGAACCTGCGG-3") va
ITS4 (5'-TCC TCCGCTTATTGATATGC-3")

MOoi trudong nudi cdy nim: Thach khoai tay glucose (PDA): Khoai tay, 20 g/l;
glucose, 20 g/I; thach, 20 g/l; nudc cat 1 lit; pH 6,5 £0,2. Céach tién hanh, khoai tay
got vo, rtra sach, cit thanh dang hat lyuu, bd sung 500 ml nudc cAt va dun sdi trong 20
phut, sau d6 loc chiét 1y nudc trong, hoa tan glucose va thém nudc cat dén 1000 ml.

MBoi trudng nudi cdy khuan: Moi truong thach Lysogeny Broth (LB): Peptone,
10 g/l; cao nam men, 5 g/l; NaCl, 5 g/l; thach, 20 g/l; nudc cat 1 1it; pH 7,0 £0,2.
Pia diém thuc hién nghién curu

Vi¢c xac dinh loai Dysosma difformis (Bat Giac Lién) do Trinh Ngoc Bon,
Vién Khoa hoc LAm nghiép Viét Nam va Nguyén Thi Thanh Huong, phong Thuc vat
hoc, Vién Sinh thai va Tai nguyén sinh vat xac dinh.

Hoat tinh gay doc té bao ctia mau nghién ciru dd duoc thir nghiém tai Phong
thir nghi¢m sinh hoc, Vién Sinh hoc, Vién Han lam Khoa hoc va Cong nghé Viét
Nam.

Viéc phan lap va xac dinh cAu tric phan tor dugc thuc hién tai Phong Duogc
liéu bién, thudc Vién Héa Hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

Phan lap, tach chiét va nghién clu céac diéu kién nudi céy nam ndi sinh, hoat
tinh khang khuan duge thuc hién tai Phong Cong ngh¢ té bao thuc vat, Vién Sinh
hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Phwong phap thu thip miu ciy dwoc li¢u

Mau cay Bat Giac Lién thudc chi Podophyllum (Dysosma) dugc thu thap tai
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khu béo tdn tu nhién tai Lai Chau, Ha Giang. Lya chon cac cay khoe manh, khong
c01 coc, khong bi sau hai hay biéu hién bénh nhu dom 14, vang cay... thu thdp vao ti
bong vo trung va bao quan ¢ 8-10 °C cho t61 khi thi nghiém trong vong 24h.

2.2.2. Phwong phap dinh danh méiu dwoc liéu nghién ciru

- Phuong phép truyén théng: Mau sau khi thu thip duoc phan loai dua trén
phuong phap hinh thai truyén thdng phan loai thyc vat [15], [19].

- Phuong phap sinh hoc phan tir: DNA 14 non ctia mau cay dugc lidu nghién
ctru duoc tach chiét va tinh sach theo phuong phap CTAB cta Doyle va cs. ¢6 cai
tién [121].

Kiém tra san pham DNA sau tach chiét duoc dién di trén gel agarose 1%. Nong
do va do tinh sach cia DNA téng s6 ctiia mau thé hién qua thong s6 A260/280 (1,6-
2,0 duoc coi la mau tinh sach).

Thuee hién phan iing PCR: Thanh phan phan ing PCR bao gdm
Bang 2.1. Thanh phan ciia phan ing PCR/tong thé tich miu

Thanh phan Thé tich
DNA (100 ng/ul) 4l
Mdi xudi (100 pM) 2 ul
Moi nguge (100 pM) 2 ul
Buffer (10X) Sul
MgCl12 (25mM) Sul
dNTP (2,5mM) 5ul
Tag polymerase (1 U/ pul) 2ul
H>O 25 ul
Téng 50 ul

Chu trinh nhiét cho gen rbcL: 94°C/5 phat; 1ap lai 35 chu ki voi (94°C/30 gidy,
50-54 °C/60 giay, 72°C /50 gidy); 72°C /10 phut va gitr ¢ 4°C.
Ciap moi khuéeh dai gen dich rbeL [122]:

rbcL -F 5°- ATGTCACCACAAACAGAAAC -3
rbcL -R 5°- TCGCATGTACCTGCAGTAGC -3’
San pham PCR duoc kiém tra bang cach chay dién di trén gel agarose 1% &

dién ap 60-80 V trong 45 phut, sau d6 nhudém bang ethidium bromide dé hién thi cac
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bang. Kich thudc tuong dbi ciia cac bang khoang 600-700 bp dugc so sanh voi thude
DNA 1 kb (GeneRuler 1kb DNA Ladder SM0311, Thermo Scientific). Sau khi tinh
sach, cac san phém PCR duoc giai trinh tu trén hé théng ABI PRISM ® 3100 Avant
Genetic Analyzer (Applied Biosystems) theo nguyén Iy cua Sanger.

Phan tich két qua: Trinh tu cac phan doan gen ciia mau thyuc vat duoc so sanh
v6i trinh tu cua cac loai tham chiéu trén ngan hang Genbank (NCBI) théng qua phan

mém Bioeddit
2.2.3. Phwong phap chiét xuét thwe vat tir miu ré cAy Bat Giac Lién

Tuong tu nhu chiét xuit nAm, miu cay Bat Giac Lién duoc rira sach nhiéu lan
v6i nude cat, khir tring bé mit voi ethanol 70 % trong 5 phut, cit ré thanh cac doan
nho 1 cm trong diéu kién vo tring, nghién nat va siy kho dén trong lwong khong doi.
Bt kho sau d6 dugc ngam trong 100 ml metanol trong 24 gio va si€u am trong 1 gio,
tan s6 20 kHz, lap lai 3 1an dé thu duoc dung dich chiét xuét ré cdy. Sau khi loc, dich
loc chiét xuat ré cay duoc bay hoi bang thiét bi ¢6 quay R300 & 30 °C dé thu cao chiét
phuc vu cac nghién ctru tiép theo [13] v6i mot sb bd sung.

2.2.4. Phwong phap phan lap va dinh loai vi nAm ndi sinh
2.2.4.1. Quy trinh khir triing bé mdt mau véi mot sé bo sung [123], [124]

Nham dam bao chéic chan ndm thu dugc 1a ndm ndi sinh, nhom nghién ctru da
thuc hién cac budc xu ly bé mat mau cay Bat Giac Lién dé loai bo hoan toan vi nAm
va vi khuan ngoai sinh. Cac mau ré, than, 14 dugc rira sach dudi voi nudc dé loai bo
dét va sau d6 dé khé tu nhién. Tiép theo, cac mau nay duoc ria lai béng nude cat vo
tring roi cit thanh cac doan c6 kich thudce 1 cm dit trén gidy thim vo trung, dé kho
trong box cdy v trung. Tién hanh khir tring bé mat bang cén 70% trong 3 phut (d6i
v6i mau 1a) hodc 5 phut (d6i voi mau ré va than), sau do6 rira bang natri hypochlorit
5% cho 2 phut (d6i v6i mau 14) hodc 3 phut (d6i véi ré va than), ngdm trong dung
dich natri thiosulfat 2,5% trong 5 phut, tiép theo rira sach trong ethanol 75%. Miu
duogc trang lai bang nude cat vo tring vai 1an, thAm kho bang gidy tham vo trung, sau
d6 dat mau trén cac dia chira méi truong thach LB. Cac dia petri dugc u ¢ 25 °C va
kiém tra hang ngay. Sau 5 ngdy, mau nao khong c6 ddu hiéu phat trién cta vi khuan
hodc vi nAm xung quanh vung céy s& duoc xac nhan 1a sach va du diéu kién cho viéc
phan 1ap vi ndm noi sinh.
2.2.4.2. Phan ldp ndm néi sinh

Budc 1. Cac mAu than, 14 va ré sau khi duoc khir tring bé mit, nghién nat bang
cdi va chay st vo trung.

Budc 2. Mau nghién duoc phét 1én thach dia PDA ¢ bd sung chloramphenicol



33

(0,2%), mdi mau dugc 13p lai it nhat 3 1an va dugc u ¢ 25+2 °C trong 1-2 tudn. Tir
mo thuc vat sau khi duoc nghién nat xuat hién cac khuén lac nAm duoc coi 1a vi nAm
ndi sinh. Nhirng loai nam nay dugc thuan khiét thém trén cac dia PDA méi dé thu
dugc cac chung nam sach.

Céc chung ndm ndi sinh thu dugc, dugc ma hoa theo vi tri va mo ban dau (ma
hoéa HG, LC cho cac mau tir Ha Giang va Lai Chau; ma hoa L, T, R cho cac mau tir
14, than, r& tuong tng). Cac ndm noi sinh ndy dugc cdy trong cic dng thach nghiéng
PDA va luu trit thoi gian ngén ¢ nhiét do 4 °C, giir 14u dai trong mdi trudng PDA
long co bo sung 40% glycerol ¢ -80 °C tai BO suu tap vi sinh vat thuéc Vién Sinh
hoc.
2.2.4.3. DBinh danh vi nam so bo bang phwong phdp truyén thong va bdo qudn

Nhéan dang ching nam qua mau sdc, hinh dang, kich thuéc, bé mat khuan lac,
dang mép khuan lac, mau sic khuan ty khi sinh, mau sic khuan ty co chat, giot tiét,
sac tO khuéch tan ra moi trudng va cac dic diém vi thé nhu vach ngan soi nam, bao
tr va cudng bao ti, ... theo cac khoa phan loai [125], [126], [127] dé so bd nhan
dang, phan loai cac ching nAm dén chi.
2.2.4.4. DBinh danh vi ndm so bo bang phwrong phdp sinh hoc phén tir [128]

*Tdch chiét DNA: Nghién khoang 10-50 mg méu sinh khdi ndm trong nito
l6ng va tach chiét DNA tong sb theo kit tach chiét DNA genom G-spinTM Total DNA
Extraction kit (INtRON, Korea).

*Thyee hién phan iing PCR: DNA tong s6 cta ching duoc sir dung trong phan
tmg PCR nham nhan dong céc gene quan tam thong qua cip moi dic hiéu

ITS1 (forward): 5’>-TCCGTAGGTGAACCTGCGG-3’

ITS4 (reverse): 5’-TCCTCCGCTTATTGATATGC-3’

Thé tich phan ing PCR (50ul) bao gdm 300 ng DNA khuon, 25 ul hdn hop
Big Dye Terminator sequencing, 1,5 pmol/l mdi méi va nudc khir ion. Chu trinh nhiét
bao gdm: 95 °C trong 1 phut; sau d6 1 36 chu ky nhiét: 94 °C trong 30 gidy, 53 °C
trong 20 gidy, 72 °C trong 30 gidy; kéo dai & 72 °C trong 5 phut; giit ¢ 15 °C cho dén
khi 14y miu. Sau khuéch dai, dién di san pham PCR trén gel agaroza 1%, doan DNA
co kich thudc khoang 490 bp 1a phu hop.

Tiép theo, doan gen dugc xac dinh trinh tu nucleotit bing may giai trinh tyr
AEI PRISM @ 3700 Genetic Analyzer. Trinh ty nucleotit dd duoc phan tich bang
phan mém BioEdit sequence Alignment Editor. Sau do, trinh tir viing nay dugc so
sanh v6i co s¢ dir lidu trén Genebank (NCBI) sir dung cong cu BLAST SEARCH.
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Do ddng nhit trinh ty 16n hon 99%, gitra 95% va 99%, <95% twong ng v6i phin
loai cép loai, chi, ho.
2.2.4.5. Phuong phap xay dung cdy phdn loai
Tat ca cac trinh t di duoc didu chinh bang cach loai bo cac khoang tréng va

dir liéu bi thiéu trong phan mém Chromas 2.5 truéc khi duoc st dung dé phan tich
phat sinh loai trong phan mém MEGA7. Phuong phap Neighbor-Joining di dugc sir
dung dé suy ra lich sir tién hoa. Khoang cach tién hoa dd duoc chirng minh bang
phuong phap Maximum Composite Liability. Cac gia tri Bootstrap nhé hon 50 khong
duogc hién thi trén phat sinh loai [129].
2.2.4.6. Phwong phdp phdn tich chi sé da dang

Su da dang cua ndm ndi sinh d3 dugc phan tich béng cach st dung céc chi sb
khac nhau nhu chi s6 wu thé Simpson (D), chi s6 da dang Simpson (1- D), chi s6 da
dang Shannon (H”), chi sé giau c6 Margalef (Dmg), chi s6 giau c6 Menhinick (Dmn),
chi s6 uu thé Camargo (1/Dmn) va chi s dong déu Pielou (P). Chi s6 twong dong cho
cac quan thé ndm noi sinh gitta cac mo duoc thir nghiém va vi tri 14y mau ciing duoc
danh gia bang cach sir dung chi sd Sorensen (S) [130], [131], [132]. Theo d6, cong
thirc tinh cac chi s6 nhu sau:

Chi s vu thé D=Y% (ni/N)?

Simpson (D) Trong do:

ni: SO lugng ca thé (hodc khuan lac) cua loai thir 1.
N: Tong s6 ca thé (hoac khuan lac) cia tat ca cac loai trong
mau.

S: Téng s6 loai (hoic OTU) tim thiy trong mau.

Chi s6 da dang 1-D=1-Y7 (ni/N)?
Simpson (1- D)

Shannon (H”) Trong d6:
« pi: Ty 1¢ c4 thé cua loai thir i trong quan x4 (ni/N).

e In: Logarit tu nhién.

Chi s6 gidu co Dmg=(S—1)/InN
Margalef (Dmg) Trong do:

« S: Tong s loai (hoic OTU) tim thiy trong mau.
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e N: Tong s0 ca thé (hoac khuan lac) cua tat ca cac

loai trong mau.

Chi s6 giau c6
Menhinick (Dmn)

Dmn = S\/F
Trong do:
« S: Tong sb loai (hoic OTU) tim thiy trong mau.
« N: Tong sb ca thé (hodc khuan lac) cua tt ca cac

loai trong mau.

Chi s uu thé

Camargo (1/Dmn)

1/Dmn = VN /S

Chi s6 dong déu
Pielou (P)

P(hodcJ')=H'/In S
Trong do:
« H': Chi s da dang Shannon.
« S: Tong s loai (hoic OTU) tim thay trong mau.

Chi s6 Sorensen (S)

8=2C/(A+ B)
Trong do:
« A:S6 luong loai (hodc OTU) chi ¢6 trong quan
xa/mau thur nhat.
« B: S6 luong loai (hodc OTU) chi ¢o trong quin
x4/mau thir hai.
o C: S6 luong loai (hoic OTU) ¢6 mit & ca hai quan

Xa/mau.

2.2.4.7. Phirong phdp xdc dinh ddc diém sinh hoc

- Phirong phdp xdc dinh cdc ddc diém sinh 1y sinh hod bao gom pH, nhiét dg, kha
nang sinh cac enzyme ngoai bao [133], [134]. Khao sat dai pH tir 5-8 hoac dai nhiét
d6 22 °C - 37 °C, cac yéu td co ban khac giit nguyén. Xac dinh hoat tinh enzyme
cellulase tac dong 1én co chét 1a cellulose 0,2% trong moi truong thach. Co chét bi
phan hay 1am d6 duc cua méi trudng bi giam va tré nén trang duc khi nhuom bang
dung dich Lugol. B9 16n cua vong phan gidi phan anh hoat tinh ciia enzyme cellulase.
- Phuong phap xdc dinh hoat tinh enzyme ngoai bao chitinase [114]. Chitinase tac
dong 1én co chat 1a chitin 0,2% trong mdi trudng thach. Co chat bi phan hiy lam do

duc clia moi trudong bi giam va trd nén trong sudt khi nhuém bang dung dich Lugol.

D¢ 16n cua vong phan gidi phan anh hoat tinh ciia enzyme chitinase.
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2.2.5. Phwong phap sang loc cac chiing nim néi sinh sinh hoat chit
podophyllotoxin va cac din xuit
2.2.5.1. Phuong phdp nudi cdy chiing ndm

Chung vi nAm duoc nudi cdy trong binh tam giac c6 dung tich 500 ml chira
100 ml méi trudng PDA, pH 7. Qu4 trinh nudi cdy dién ra trén may lic toc do 150
vong/phiit & nhiét d6 25 °C. Sau thoi gian > 120 gid tuy chung, sinh khéi s& dugc thu
hoach.
2.2.5.2. Phirong phdp thu chiét xudt nam [13] véi mét s6 bé sung

N4m noi sinh duge nudi cdy trong 100 ml PDA, pH 7, lac 150 vong/phiit & 25
+ 2 °C trong 5 ngay. Sinh khéi va dich loc nudi ciy dugc thu thap riéng biét thong
qua gidy loc. Sinh khéi twoi sau d6 duogc rira voi nudce cat hai 1an va sy kho & 45 °C
—60 °C dén khéi lugng khong doi trong thiét bi sdy dbi luu dé dam bao dong déu nhiét
d6, thoi gian 24-48 gio tuy vao luong mau. Sinh khéi khé duge ngam trong 100 ml
dung méi hitu co methanol trong 24 gid, siéu am phéa v té bao trong 1 gio 1ap lai 3
14n dé thu duoc chiét xuat sinh khéi nAm. Sau khi loc, dich loc 1én men duoc bay hoti
dé thu dugc cao chiét dich loc. Chiét xuat sinh khéi nim va cao chiét dich loc nudi
ciy dugc tron va sau d6 ¢b quay ¢ 30 °C trong may bay hoi R300 loai dung méi, thu
chiét xuit ndm cho céc nghién ciru tiép theo.
2.2.5.3. Phwong phdp xdc dinh hoat chat podophyllotoxin va dan xudt

Phwong phdp phdt hién nhanh bang sdc ky ban méng TLC (Thin layer
Chromatography) theo [113] véi mot s6 bo sung: Chiét xuit nim duogc hoa trong
metanol (ndng d6 1 mg/ ml). Phan tich 5 pL dich chiét 1én men trong methanol (ndng
do 1 mg/ml) trén ban silica gel 0,25 mm va duogc thyc hién trong h¢ dung moéi
Diclomethan:methanol (9:1, v/v). Chét chuin podophyllotoxin (1 mg/ml metanol)
duogc sir dung nhu d6i ching duwong. Ban silica gel dugc phun H2SOs 10 % dé phat
hién PTOX hoic duoc soi dudi tia UV budc song 254 nm dé phat hién cac chat trong
chiét xuat theo nghién ctru caa [135].

Phwong phdp phdn tich mdu bang sdc ky léng hiéu ning cao HPLC (High-
performance liquid chromatography) nhu mé ta cua [136] v6i mot sé bd sung, PTOX
trong chiét xuat nAm duoc phan tich trong diéu kién sau:

Hé thong HPLC Agilent 1200 duoc trang bi dau do detector (DAD) (Agilent
Technologies, PaloAlto, CA, Hoa Ky).

Pham vi budc song phat hién tir 210 nm dén 365 nm, thu thap sic ky duoc xac
dinh ¢ 210 nm.

Cot sic ky Eclipse XDB-C18 (kich thuéc hat 250 mm x 4,6 mm, 5 pm)
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(Agilent Technologies) ¢ nhiét do 25 °C.
Pha dong 12 H>O (A)/acetonitril (B) (Merck), tbc do dong 0,5 ml/phit
Nong d6 mau (Chiét xuit nAm va thuc vét trong methanol): 10 mg/ml
Nong d6 chat chuan (podophyllotoxin trong metanol): 1 mg/ml
Thé tich tiém mau 10 pl.
Pha dong ACN-H>O, chuong trinh rtra giai gradient dung moi:
Thoi gian (phut): 0 10 23 35 60
ACN (% thétichy: 10 20 50 90 90

Viéc xac dinh PTOX va cac dan xuat duoc thuc hién bing cach so sanh thoi
gian luu (Rt) va pho UV véi PTOX chuan.
2.2.6. Phwong phap xac dinh hoat tinh giy ddc té bao ciia chiét xuat nAim
Ouy trinh nudi cdy té bdo in vitro
Dé nudi cay cac dong té bao ung thu HL-60 va SK-LU-1 theo phuong phap don
16p, NCS sir dung mdi truong DMEM (Hyclone, Logan, UT, Hoa Ky) c6 bo sung 2
mM L-glutamine, 10 mM HEPES, 1 mM sodium pyruvate va 10% FBS (GIBCO).
Déi v6i dong té bao HepG2, méi truong nudi cdy 1a DMEM chira 10% FBS (Huyét
thanh bo thai nhi), 100 mg/ml penicillin, 100 mg/ml streptomycin (Sigma,
Roedermark, Puc), cing vai 1% insulin. Té bao duge cdy chuyén sau mdi 3 ngay véi
ty 1& 1:3 va duoc U trong ti am CO2 ¢ diéu kién 37°C va 5% CO2.
Quy trinh thuc hién
Phuong phap thir doc té bao in vitro, dugc Vién Ung thu Quéc gia Hoa Ky (NCI)
cong nhan 1a mot xét nghiém chuan dé sang loc va nhan dién cac hop chét c6 hoat
tinh trc ché hodc tiéu diét té bao ung thu trong maoi truong in vitro, da dugc ap dung.
NCS da danh gia doc tinh té bao cua chiét xuat nam bang cach sir dung xét nghiém
sulforhodamine B (SRB), v&i mét sd cai tién so voi phuong phap gde duogc trinh bay
boi [144]. Trong xét nghiém ndy, ham luong protein té bao tong sé duoc xac dinh
dura trén mét d6 quang hoc (OD) do duoc sau khi nhudém protein bang SRB. Vi gia
tr1 OD ty 1¢ thuan véi luong SRB gén két voi protein, OD cao hon s& phan anh )
luong té bao va protein 16n hon. Diéu kién thuc hién xét nghiém nhu sau:
- Chiét xuat nam (mau) dugc dua vao giéng ctia khay 96 giéng dé c6 nong d6 0,032;
0,16; 0,8; 4; 20; 100 pg/ml.
- Céc té bao ung thu sau d6 dugc tach roi bang trypsin va dém dé diéu chinh mat
do khoang 10* té bao/ml. Cac té bao di diéu chinh mat do s& duoc céy vao cac

giéng da chwra chiét xuat nam. Trén cung mot dia thur, bo tri mot s6 giéng dé lam
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d6i ching ngay 0 (khong co chiét xuat nim, chi c6 té bao ung thu). Sau 1h, cac
giéng dbi chimg 0 ngay s& duoc ¢b dinh té bao biang axit Trichloroacetic (TCA
20%) (Sigma, Deisenhofen, Dirc) trong khi cac dia con lai tiép tuc duoc nudi cay
trong ti 4am CO2 & 37°C, 5% CO; trong 72 gio.

- Sau 72 gio, té bao duoc ¢ dinh vao day giéng bang TCA trong 1 gid, sau do rira
sach va 1am khé & nhiét d6 phong. Tt ca cc giéng tiép theo duge nhudm bang
SRB trong 30 phit ¢ 37°C. Sau d6, chiing duoc rira 3 1an bang axit axetic va sdy
kho & nhiét d6 phong. Dé hoa tan lwong SRB con lai, 10 mM Tris base khong
dém duoc thém vao. Céc dia duge lic nhe trong 10 phut trude khi doc két qua
mat d§ quang hoc (OD) ¢ budce song 540 nm trén May doc dia ELISA (Biotek,
Hoa Ky). Kha ning tc ché té bao sng khi c6 mit chiét xuat nim s& dugc xac

dinh bang cong thirc sau:

[OD (mdu) -  OD (ngay 0)] x 100

% té bao sdng sot =
OD (dbi ching 4m) - OD (ngay 0)

% trc ché té bao = 100% - % té bao séng sot

DMSO 1% duoc sir dung nhu dbi chimg am.

Ellipticine (Sigma, Deisenhofen, Ptrc) ¢ ndng d6 10 pg /ml; 2 pg /ml; 0,4 pg
/ml; 0,08 pg /ml va podophyllotoxin & ndng d6 0,032 pg /ml; 0,16 pg /ml; 0,8 pg /ml;
4; 20 pg /ml; 100 ug /ml duoc sir dung nhu dbi chimg duong.

Gia tri IC50 (ndng dd trc ché 50% su phat trién) dugc xac dinh bang phan mém
may tinh Table Curve 2Dv4.

Pé dam bao tinh chinh xéc, céac thi nghiém dugc 1ap lai 3 lan. Gia trj IC50 caa
chiét xuat nam, chiét xuat D. difformis va dbi chimg dwong (podophyllotoxin va
ellipticine) duoc danh gia theo tiéu chuin cua Vién Ung thu Quéc gia Hoa Ky (NCI)
[137].

2.2.7. Phwong phap xac dinh hoat tinh khang khuin ciia chiét xuat nam

Hoat tinh khang khuan cta chiét xuat nAm duoc danh gia bang phuong phap
khuéch tan trén dia thach [12] voi mot s6 bd sung. Chiét xuit ndm hoa trong methanol
dé c6 noéng d6 1 mg/ml. Vi khuan Gram am (Escherichia coli DH5) va Gram duong
(Staphylococcus sp., Bacillus TTM11, Bacillus 2TM6, Enterobacter 14ARM7-1) dugc
nudi long trong moi trudng LB & 37 °C trong 24-48 gid sao cho mat do dat khoang
107-10% cfu/ml. Sir dung 100 pL vi khuan trai déu bé mit dia thach. Gidy thAm vo
tring c¢6 duong kinh 6 mm dwoc nhung vao 40 pL chiét xuit nam, dé kho va dit 1én
dia thach. Pia thach duoc dit trong 4 °C, 2 gid, sau d6 chuyén vao ti 37 'C trong 48
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gid. Str dung 04 d6i chung, trong d6 01 gidy thim vo trung tim méi trudng, 01 gidy
thAm vo tring tim dung méi methanol, 01 gidy thdm vé trung tdm khang sinh
Cefotaxime (1 mg/ml), 01 gidy thdm vo tring tim cao chiét r& cay Bat Giac Lién.
Puong kinh khang khuan duoc do bang mm, thi nghiém dwoc lip lai 3 1an.

2.2.8. Phuwong phap nghién ciru h¢ gen ciia nAm ndi sinh c6 kha ning sinh tong
hgp podophyllotoxin

Chiét xuit DNA h¢ gen, chudn bj thuw vign va gidi trinh tu hé gen

DNA hé gen ndm duge chiét xuat bang bo kit DNA nim E.Z.N.A.® Fungal
DNA Mini (OMEGA, Hoa Ky) theo hudng dan cua nha san xuét. SO lugng va chat
lugng san pham DNA dugc danh gia bang bo kit xét nghiém Qubit™ dsDNA HS
(May do huynh quang QUBIT 3.0) va dién di gel agarose 0,8%. DNA hé gen nim
dugc pha lodng dén nong do 4 ng pL-1 v6i dém EB, sau d6 duoc cit thanh cac doan
nho khoang 10 kb bang g-TUBE™ (Covaris), va dugc kiém tra bing may Bioanalyzer
Agilent 2100 vé1 B kit Agilent DNA 12000 (5067-1508-Agilent).

Viéc chuin bi thu vién duoc thuc hién béng Bo dung cu Chuén bi Mau
SMRTbell Express 2.0 (100-938-900-PacBio), sau d6 gin polymerase va tinh sach
bang bd dung cu Lién két Sequel va Kiém soat Noi bo 3.0 (101626-600-PacBio).
Trudc khi nap vao Dia Mau (000-448-888-PacBio), néng do DNA h¢ gen da dugc
xac dinh (9 pM) va thiét 1ap bang phan mém thiét 14p mau trong cong thong tin
SMRTLink, phién ban 9.0.

Cudi cung, hé gen HGN12.1R dugc giai trinh t bang PacBio SEQUEL voéi
chip Khay Sequel SMRT Cell 1M v3 (101-531-001—PacBio) va B¢ dung cu Giai
trinh ty Sequel 3.0 (101-597-900—PacBio).
chp rap De novo, danh gia chit lwong va chu thich gen churc ning

Ldp rdp De novo

Céc trinh tu tho (raw reads) tir hé gen nim da duoc lap rap de novo bang cach
st dung quy trinh Hierarchical Genome-Assembly Process (HGAP) phién ban 4
(Chin et al., 2013). C4c trinh tu ldp lai trong h¢ gen HGN12.1R da dugc che (masked)
bang cong cu RepeatMasker trén nén tang truc tuyén Galaxy (https://usegalaxy.cu/)
dé tao diéu kién thuan lgi cho cac phan tich tiép theo (The Galaxy Community, 2022).
Vi¢c du doan cac gen tRNA va rRNA dugc thyc hién béng cach st dung tRNAscan-
SE (phién ban 2.0, http://lowelab.ucsc.edu/tRNAscan-SE/, truy cap ngay 22 thang 7
nam 2023) va cong cu barrnap trén may cha Galaxy Australia
(https://usegalaxy.org.au/, truy cap ngay 6 thang 9 nam 2023).

Xdac dinh va danh gia gen


https://usegalaxy.eu/
http://lowelab.ucsc.edu/tRNAscan-SE/
https://usegalaxy.org.au/

40

Viéc xac dinh gen ab initio cho trinh ty h¢ gen HGN12.1R da dugc tién hanh
bang AUGUSTUS (phién ban 3.4.0) trong OmicsBox phién ban 3.0
(https://www.biobam.com/omicsbox/), v&1 Penicillium chrysogenum dong vai tro la
loai tham chiéu c6 quan hé gan giii. Mtrc d6 hoan chinh ctia qua trinh lap rap hé gen
HGN12.1R sau d6 dugc danh gia bang chuong trinh BUSCO (phién ban 5) dugc trién
khai trén may chu web gVolante (https://gvolante.riken.jp/analysis.html, truy cap
ngay 7 thang 9 nim 2023) so véi co s& dit liéu ndm.

Chu thich chuc nang gen
Céc chu thich chirc ndng gen dugc thuc hién vdi OmicsBox (phién ban 3.0) st dung
Blast2GO so véi cac co s¢ dir liéu nonredundant (Nr) cia NCBI, Gene Ontology
(GO) va Kyoto Encyclopedia of Genes and Genomes (KEGG), v&1 ngudng gia tr1 E
la e—05. InterProScan5 trong OmicsBox dugc st dung dé xé4c dinh cac trinh tu c6 su
tuong dong dang ké vai cac trinh ty protein da biét (gia tri E-value duoc dit 1a e—10).
Sau d6, phan loai thir bac cua cac thut ngit Gene Ontology (GO), bao gdm thanh
phan té bao (CC), chirc ning phan tir (MF) va qu4 trinh sinh hoc (BP), di dugc phan
tich va truc quan hoa bang cong cu OmicsBox.
Xdc dinh cdc gen lién quan dén qud trinh sinh tong hop PTOX ¢ Penicillium
herquei

Pé xac dinh cac gen twong dong tiém ning (putative homologs) trong hé gen
ndm ndi sinh Penicillium herquei, nghién ctu da st dung chién luoc sang loc dua
trén tinh twong dong trinh tu (homology-based screening) véi bd dit lidu truy van
gom 11 trinh ty protein tham chiéu theo cac budc sau day:

Bude 1. Chuan bi dit liéu truy van (Query dataset): Bo dit liéu bao gom 10
enzyme tham gia vao con duong sinh tong hgp PTOX da dugc mé ta chirc ning &
thuc vat Podophyllum hexandrum va 01 enzyme tham chiéu tir nAm (VdtD - tham gia
sinh téng hop viriditoxin). Cac trinh tu dugc thu thap tir co s¢ dir liéu UniProtKB
(https://www.uniprot.org) v6i ma truy cap chi tiét nhu sau: DIR (Q1ZZU9), PLR
(BOLL23), SDH (A3F5F0), 2-ODD (AOAON9HQ36), OMT1 (AOAON9HTAI),
OMT3 (AOAON9HMNG6), CYP719A23 (L7T8H2), CYP71BE54 (AOAON9HT29),
CYP71CU1  (AOAON9HTUI1), CYP82D61 (AOAON7F297) va  VdtD
(AOA443HKS2).

Budc 2. Tim kiém va sang loc (Search and Filtering Strategy): Qua trinh tim
kiém duogc thyc hién thong qua cong cu BLASTP (phién ban BLASTP ver 2.15.0+)

dé so sanh tim kiém trinh ty protein twong dong cta 10 gen lién quan PTOX c6 mit


https://www.biobam.com/omicsbox/
https://gvolante.riken.jp/analysis.html
https://www.uniprot.org/
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trong hé gen cua ching P. herquei. Dé dam bao do tin cay va loai bo cac két qua
duong tinh gia, cac tng vién duoc lwa chon phai thoa man dong thoi ba tiéu chi nhu
sau:
(i) Gia tri E-value <le™'* (dam bao do y nghia thng ké);
(ii) Po phu trinh tu (Query coverage) >60% (dam bao do twong dong vé ciu trac toan
ven);
(iii) Chénh léch kich thudc trinh tu (Size difference) <30% so vdi trinh tu tham chiéu.
(iiii) Dya trén phan tich vi tri bat dau va két thuc trén trinh tu amino axit, cac doan
tuong dong cuc bo (HSPs) dugce danh gia vé tinh lién tuc va nbi mach. Cac vung c6
toa do tinh tién déng thoi trén ca trinh tu thuc vat va vi ndim duoc hop nhat dé xac
dinh mot locus gen duy nhat, tir 6 loai bo cac két qua duong tinh gia va dam bao
tinh toan ven cua ciu trac gen Gmg vién.

Budc 3. Xéc thuc mién chirc ning (Domain Validation): Cac trinh tu thoa man
diéu kién sang loc tho tiép tuc dugc phan tich cdu tric mién bao thu (conserved

domains) bang co s¢ dit liéu Pfam (http:/pfam.xfam.org/) va InterProScan dé xac

nhén su hién dién ctia cac mién xuc tac dic trung cho tung ho enzyme."
2.2.9. Phwong phap xac dinh diéu kién 1én men thich hop cho nam sinh tong
hop podophyllotoxin va cic din xuat [138]
2.2.9.1. Phwong phdp hoat héa giong

Giéng dugc bao quan ¢ 4 °C can duoc hoat hoa lai truge khi st dung cho cac
thi nghiém tiép theo. Cidy mdt miéng nam kich thudc khoang 1x1 cm trén dia thach
PDA va U & ti 4m 25-28 °C. Sau 5-7 ngay, khi soi nam lan déu, moc tdt thi duoc céy
chuyén tir méi truong thach sang méi truong 1ong cho cac muc dich tiép theo. Véi
gidng duogc cit gitt & -20 °C hay nito 16ng ciing duoc hoat hoa theo phwong phap
tuong tu.
2.2.9.2. Phuong phdp xdc dinh khoi lwong sinh khéi té bao
Sinh khoi twoi: Tién hanh thu nhan sinh khdi té bao ndm sau thoi gian nudi cy 3-5
ngay tuy muc dich thi nghiém bang cach ly tim & toc d6 6.000 vong/phut trong 10
phut. Sau d6, dich n6i duoc loai bo va thu sinh khdi ndm ling & day ong ly tam.
Sinh khoi khé: Say kho sinh khoi nam tuoi dén khéi lugng khong doi & 80-105°C va
can xac dinh khdi lugng kho cua sinh khdi nam.
2.2.9.3. Phuong phap khao sat moi trueong lén men

Nghién ctru anh hudng ctia moi trudng 1én men NCS tién hanh trén 05 moi
truong c6 thanh phan dinh dudng khac nhau: PDA, YMA, PGA, Sabouraud broth,


http://pfam.xfam.org/
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Zhao, Czapek-Dox dugc tham khao tir nhiéu tic gia khac nhau, tir d6 danh gia sinh

trudng ciia nam va sy san sinh PTOX va cac dan xuat.

e MOoi truong 1én men PDA (g/1): Khoai tay 200 g, dextrose 20 g, nudc cat 1
lit; pH= 6.

e Moi truong 1én men YMA (Yeast Malt Agar) (g/1): Peptone 5g; Yeast extract
3g; Malt extract 3g; Dextrose 10g; Agar 20g; nude cat 1 lit; pH=6 — 6,5.

e MOoi truong 16n men PGA (g/1): Khoai tay 200 g, glucose 20 g, nudc cit 1 lit;
pH=6.

e Moi truong Sabouraud broth (g/1): Dextrose 40 g/l; peptone 10g/1, pH=6,5.

e (Czapek-Dox (g/l): Saccharose 30g; NaNOsz 3g; KoHPO4 1g; KCI 0.05g;
MgS04.7H>0; FeSO4.7H20 0.1g; Nudc cat 1 lit; pH=6.

e Moi truong 1én men cua Zhao (Zhao et al., 2013) (g/1): Potato (soup extract)
200 g/1; peptone 5 g/l; glucose or sucrose 10 g/l; KoHPO4 1 g/1; KC1 0.5 g/l;
MgS04.7H20 1 g/1; pH= 6.

2.2.9.4. Phwong phdp khdo sat anh hiong ciia thoi gian nhdn giong va ty 1é giong

Thoi gian va ty 1¢ tiép giéng 1a hai yéu t6 thiét yéu anh hudng dén hiéu suét
ctia qua trinh 1én men, boi 18 chung tac dong truc tiép dén su phét trién cua vi sinh
vat, tr d6 quyét dinh hiéu qua 1én men. Pé tdi vu hoéa qua trinh nay, can xac dinh
chinh xéc thoi gian va ty 18 tiép gidng phu hop. Trong nghién ctru hién tai, sau khi
nhan gidng trong moi trudng 1ong PDA ¢ 25 °C, 48 gio NCS da khao sat cac ty 18
tiép gibng 1%, 3%, 5%, 7%, 9% sau va cac mdc thoi gian nhan gidng tai 24, 36, 48,
60, va 72 gio.
2.2.9.5. Phuong phap khao sat anh huong cua pH va nhiét do

Trén co s& lya chon duge moi truong thich hop, ty 18 giéng phu hop, cac binh
nhan sinh khéi duge nuéi lic 150 vong/phut trong thoi gian 3-5 ngay. Panh gia toc
dod sinh trudng ¢ dai nhiét d 22-32 °C, pH tur 5-8
2.2.9.6. Phirong phdp khdo sdt dnh hwong cia dé thong khi (toc dé ldc va thé tich
méi truong/ thé tich binh)

Thé tich dich 1én men trong thiét bi nudi cy ciing rat quan trong dé cung cap
ham lugng oxi hoa tan, toc do lic gitip cho VSV tiép xtic dugc cac chat dinh dudng
day du hon va tong hop duoc nhiéu hop chét thir cip c6 gia tri kinh té cao. Thong
thuong cac nghién ctru voi nam da sd tdi vu toc d6 lac trong khoang 100, 120, 150,
180, 200 va 220 vong/phut, thé tich moi truong nudi/ thé tich binh 1a 5; 10; 15; 20;
25 va 30 % (v/v).
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2.2.9.7. Phirong phdp khdo sdt anh hwdng nguon cacbon, nito, mudi khodng

Pé nghién ctru anh hudng ngudn cacbon, nito, mudi khoang d6i voi ching
nam nghién ctru, sau khi lya chon dugc moi trudng 1én men phu hop tir nghién ctu
trude sé& duge bo sung thay dbi cac ngudn dinh dudng cacbon gdm tinh bot tan,
dextrose, sucrose, D-maltose, mannitol, inositol [139]. Cac ngudn dinh dudng nito
khao sat gdm cao nim men, peptone, cao thit, cao thit bd, NHsNO3 (NH4)2SO4 [140]
va c6 bd sung mot trong 03 loai mudi khoang MgSOa4. 7TH20, KoaHPO4 va KC1 [139]
dugc dung dé khao sat theo phuong phap mot bién mot luc [141].
2.2.9.8. Phuong phdp khdo sdt dnh huwdng cia tién chdt dén sinh tong hop Chdt/tién
chdt podophyllotoxin

Muc dich dé tim ra tién chat c6 thé 1am ting kha ning sinh tong hop Chét/tién
chat PTOX, cac chat duoc sit dung trong nghién ciru gom phenylalanine [142] va
chiét xuat ré cay Bat Giac Lién [143].
2.2.9.9. Nghién civu dong thai qud trinh 1én men sinh tong hop Chat/tién chat
podophyllotoxin va céc dan xudt

Tir cac két qua nghién ctru vé diéu kién, thanh phan moi truong 1én men NCS
tién hanh nghién ctru dong thai 1én men sinh tong hop Chat/tién chat PTOX trén thiét
bi 1én men 5-10 lit/mé dé xac dinh thoi diém thu hdi san pham. Day 14 giai doan quan
trong can xac dinh duoc ding thot diém két thic 1én men trude khi vi nAm bi phan
huy 1am giam ham luong Chat/tién chat PTOX tao thanh. Thi nghiém duogc tién hanh
trong 192 gio va cir sau mdi 12 gid 1én men, tién hanh 1y mau xac dinh pH, sinh khéi
nam va sy hinh thanh Chat/tién chat PTOX thong qua phuong phap TLC, HPLC.
2.2.10. Phuwong phap phén lap chit podyphyllotoxin bing sic ky cot (Colum
chromatography - CC)

Dich chiét metanol kho tir cdc chiing nam dugc phan bb déu trong nudce (500
ml) va duoc chiét xuat lién tiép 1an luot véi n-hexan, methylene clorua va etyl axetat
(3 x 500 ml cho mdi dung méi) dé thu dugc dich chiét tuong tmg va 16p nudc con lai.
Phan methylene clorua dugc dua vao cot silica-gel pha dao (ODS-A, YMC), rira giai
v6i gradient MeOH-HO (1/2, v/v) 1én dén 100% MeOH dé thu dugc cac phan doan.
Céc phan doan cho thiy c6 bang twong ty trén tim TLC dugc két hop sau dé dugc
tinh ché thém bang HPLC (Agilent 1260 Infinity II). Rta giai bang cac hdn hop
acetonitril-H,O  66/34, acetonitril-HO 65/35v/v) va Prep-HPLC (dong phéan
acetonitril-H,O 57/43, v/v) dé thu duoc cac hop chét tiép theo [144].



44

2.2.11. Phwong phap xac dinh ciu tric héa hoc

Céu trac hoa hoc cia cic hop chit duge xac dinh bang cach két hop céc
phuong phap pho hién dai, bao gdm pho khi (ESI-, HR-ESI-MS) va phd cong hudng
tir hat nhan (NMR) mét chiéu ('H-, > C-NMR, DEPT) va hai chiéu (HSQC, HMBC,
'H-'H-COSY). Cu thé nhu sau:

Sau khi tinh ché bang cac phuong phap sic ky, cac hop chit thu duoc s& dugc
do phé proton NMR (H1-NMR) dé x4c dinh db tinh sach. Tiép theo, cu tric héa hoc
ctia chiing s& dugc xac dinh théng qua pho C13-NMR va cac pho NMR hai chiéu nhu
HSQC, HMBC va COSY. Cong thirc phéan tir ctia hop chét sau d6 sé& duoc khang dinh
bang phd khdi (MS). Cudi cung, dua trén cdu tric di xac dinh, tén va tinh méi cia
cac hop chit s& duoc kiém tra bing cach dbi chiéu véi cac co sd dir liéu hoa hoc
chuyén nganh, vi du nhu SciFinder ciia Chemical Abstracts Service (CAS) [144].
2.2.12. Phwong phap danh gia tic dung chong oxy hoa

Hoat tinh chéng oxy hoa ciia cao chiét da duogc xac dinh bang cach do kha
nang trung hoa goc tu do DPPH theo phwong phéap cua [145] ¢ chinh stra.

Mau thir dugc pha stock trong DMSO ¢ ndng d6 2 mg/ml. Sau d6, pha loang
bing nudc cat khir ion dé tao dai ndng do thir gom: 100; 20; 4; 0,8 pg/ml. DPPH
pha trong methanol (100%) néng d6 0,25 uM. Hat 1ml mau nghién ctru ¢ ting nong
d6 vao cac dng thuy tinh. Mdi ndong do dugc 13p lai 3 1an. Thém 1ml dung dich DPPH
d3 chuén vao mdi dng c6 mau nghién ciru.

Ong d6i chimg am: Chira 1ml DMSO 2 mg/ml va 1ml dung dich DPPH.

Ong dbi chting dwong: Chi chira Iml nuéc va lml DPPH. Khong c¢6 mau thu
Sau khi ¢ & nhiét 6 phong trong 30 phut, d6 hip thu quang duoc do & bude song 517
nm trén may doc ELISA.

Kha ning trung hoa gbc tu do dugc tinh theo cong thirc:

DPPH (%) — ODd6i chitng duwong ~ (ODmSu thr = ODdé’i ching ém) < 100

ODd6i chirng duong

Trong d6: OD i chimg duong: PO hdp thu tai giéng khéng chira chat thir
OD s ching im: PO hdp thy tai giéng chira dung méi DMSO
ODniu i DS hdp thu tai giéng chira chdt thir
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Gia tri ECso (Effective Concentration at 50% - néng d6 dich chiét cho kha
nang trung hoa 50% gbc tu do DPPH) s& dugc xac dinh theo phan mém TableCurve.
Mau nao c6 gia tri ECso cang thap thi hoat tinh chdng oxy hoa cang cao.

2.2.13. Phuwong phap xir Iy so liéu

Dé dam bao tinh tin cay, cac s liéu phén tich trong nghién ctru ndy dugc thu
thap it nhat ba lan. Sau d6, phuong phap phan tich phuong sai hai chiéu (two-way
ANOVA) va so sanh nhiéu nhom (Tukey's multiple comparisons test) da duoc sir dung

dé xtr Iy théng ké cac dir liéu nay tai mirc y nghia P <0,05.
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2.2.14. So d6 nghién ciru tong quat trong luin an

THU THAP MAU CAY VA PHAN
LAP CAC CHUNG NAM NOI SINH

A

DINH DANH CAC CHUNG NAM NOI SINH DUA
TREN HiNH THAI VA SINH HQOC PHAN TU

A

| DUNG CAY PHAT SINH CHUNG LOAI |

v

| PHAN TICH CHi SO DADANG |

l

SANG LOC, KHU TRU CAC CHUNG NAM CO KHA NANG
SINH HOAT CHAT PODOPHYLLOTOXIN VA CAC DAN XUAT

—— Sang loc hoat tinh khang té bao ung thw

Sang loc chat dwa trén TLC , (sk-lu-1, hl 60 va hepg2)
va HPLC

TUYEN CHON 01 CHUNG NAM
HGN12.1R

. < Xac dinh dac diém
Xac dinh dac diem hé gen sinh hoc

va dw doan con dwdng > |

chuyén hoa - n ——
XAC DINH DIEU KIEN LEN MEN
THICH HOP

A 4

LEN MEN O’ QUY MO PHONG THi
NGHIEM TREN HE THONG 10 LIiT

ThuHéi |
J Phan tach trén sac ky cot
S dung cac ) va HPLC
phwong phap phé >
MS va NMR

|\ TINH CHE TIEN CHAT \|

DANH GIA HOAT TiNH CHONG OXY HOA,
HOAT TiNH GAY BQC TE BAO

Hinh 2.1. So do nghién ctru tong quat trong luan an
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Chuong 3. KET QUA
3.1. Phan lip, dinh danh va sang loc chiing nim ndi sinh san sinh hoat chit
podophyllotoxin
3.1.1. Thu thip miu ciy Bat Giac Lién
Mau cdy khoé manh duoc thu thap tai 2 dia diém: (1) thon Phin Sang, x3 Minh
Tan, Huyén Vi Xuyén, tinh Ha Giang, (2) ban Ngai Thau, xd Khun H4, huyén Tam
Puong, tinh Lai Chau.

Lai Chau

Hinh 3.1. Than va ré cay Bat Giac Lién, mau thu tai Ha Giang va Lai Chau
Cac mau thu dugc moc dudi tan rimg nguyén sinh, bi tac dong manh vi tréng
thao qua. TAng cdy gb bao gdm cac loai: Dé gai trung qudc, Dé mac, Sdi dia, Ro de
qua to, M&, Khao nham, L4 dwong do. Tang cay bui: Khong cd, do bi phat hang nam.
Tham tuoi: Thao qua, Cao hung, Mua ngudn, nhuc thap, Quyén ba. Tang dat day
>1,2m.
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Bang 3.1. Thong tin sb lugng miu cay thu nhan duwgc

R So cay
Tén khoa Loz x
STT h Dia diém thu mau GPS thu
oc
) dwoc
Thon Phin Sang, xa
. A .| 23°0'40.14"N 104°53'
Dysosma Minh Tan, huyén Vi )
1 . . 6.92"E, B¢ cao 1 30
difformis Xuyeén, tinh Ha
) 074m.
Giang.
Béan Ngai Thau, Xa | 22°132.55"N 103°35'
Dysosma ] A R
2 ‘ ‘ Khun H4, huyén Tam 0.58"E, D9 cao: 11
difformis . L
Puong, Lai Chau 1890m

Két qua so sanh trinh ty viing gen rbcL ctia mau nghién ctru voi 5 trinh ty gen

rbcL clia cac loai trong chi Dysoma da cong bd trén Genbank cho thay d6 twong dong
rat cao dao dong tir 98,25% dén 99,77% (Bang 3.2). Mirc d6 sai khac chi tir 0,23%
dén 1,75%. Cu thé, trinh tu vung gen rbcL cua mau nghién ctru c6 do tuong déng
99,77% so v6i trinh tr ma sé NC_037906.1 (Dysoma difformis). Két qua nay da
khang dinh ddi twong nghién ciru chinh 13 loai Dysoma difformis.

Bang 3.2. Muc d6 twong dong ctia ving rbcL cia mau nghién ctru véi mot sb trinh
tu trén Genbank

Mai s0 tra ciru Loai GiatriE Do twong dong
trén Genbank

NC 037906.1 Dysosma difformis 0 99,77
MG593056.1 Dysosma difformis 0 99,51
MWO927475.1 Dysosma difformis 0 99,39
MN604379.1 Dysoma versipellis 0 98,28

NC 037898.1 Dysoma versipellis 0 98,25

3.1.2. Phan lap, dinh danh, xay dung cay phat sinh chiing loai va phan tich chi

s0 da dang cuia cac chiing nam ngi sinh

3.1.2.1. Phan lap ndm ngi sinh

Tur hai mau vat liéu Dysosma difformis dugc thu tir Ha Giang va Lai Chau, nhom

nghién ctru da phan lap duoc 53 ching vi nAm ndi sinh trén méi truong PDA, ¢ 25°C
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Hinh 3.3. Phan 1ap vi nam ndi sinh

Trong d6 28 chiing dugc phan lap tir mau cdy Bat Giac Lién thu duoc tai Ha
Giang, 25 ching tir mau Lai Chau. O Ha Giang, phan 16n ndm néi sinh duoc phan lap
tir & (hodc ct) voi 82% (23 chung), tiép theo 1a 14 véi gan 11% (3 chung) va than 7%
(2 chiing). Nguoc lai, tir caic mau ¢ Lai Chau, chi c6 bén chung dugc tim thdy & ré
(hoic cit) (14%) trong khi s liéu & 14 va than 1an luot 1a muoi mot va mudi (44% va
40%). Tong cong, ty 1& phan 1ap cao nhét 1a tir ré, chiém 50,94%, trong khi 14 va than
v6i 26,42% va 22,64% (Bang 3.3). Vi vi nAm ndi sinh dugc phan 1ap tir ci ky hiéu
(C), vi nAm ndi sinh dugc phan 1ap tir ré ky hiéu (R). Dé thuén tién cho viéc nhan biét
va quan 1y, nhém quy udc chuyén ky hiéu (C) thanh ky hiéu (R) va ky hiéu (R) thanh
ky hiéu (.1R), vi du: HGN3C — HGN3R; HGN3R — HGN3.1R (chi tiét giai trinh
tai phu luc A).

Bang 3.3. Két qua phén lap vi ndm ndi sinh trén cdy BGL theo khu vuc 1dy mau

Khu vue Loai cay Ki hiéu vi S6 lwgng Ti 1€ (%)
thu miu BGL nimndi | viniam N
sinh La Than |Re (Cu)
Ha Giang Dysosma HGN 28 11% 7% 82%
difformis
Lai Chau Dysosma LCN 25 44% | 40% | 14%
difformis

Ca nim muoi ba ching phan 1ap déu dugc xac dinh bang quan sat hinh thai
duoc néu chi tiét & (Bang 3.4, Hinh 3.4, Hinh 3.5). Sau khi quan sat cac dic diém
hinh thai, cac chung ndm d duogc dinh danh loai bang phuong phap giai trinh tu gen
vung ITS.
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Bang 3.4. M6 ta hinh thai cia ndm noi sinh phan 1ap tir cac mo khac nhau ctia cdy BGL (Dysosmis difformis)

tai Ha Giang va Lai Chau

STT Ténching  Vitri mé Pic diém hinh thai

phan lap Khuin lac Soi dinh duéng Soi co chat
1 HGN6.1R Ré Khéng can dbi, mép lién Tring vang Vang nhat
2 HGN6.2R Ré Can ddi, mép lién Tréang sita, soi li nhu nhung Trang
3 HGNI3R RE Can ddi, long bong Trang, tim vang Vang nhat
4 LCN9R Ré Trang tinh, soi dai manh Trang sira Trang sita
5 LCN21T Théan Can ddi, mép lién Xanh dam Xanh 14 cay
6 HGNIR Ré Soi ngan khong can d6i Xanh réu dam, vién cam Xanh 14 cay, cam
7 LCN7L La Can d6i, soi dai véi cac vong tron s ‘ C s
XA Do, trang, vang Vang hong
dong tam
8 HGNS8R Ré Khong can d‘01, mép rang cua voi Xanh 14 cdy Vang nhat
cac vong dong tam
9 LCNIR RéE Can ddi, soi dai manh véi cac vong o .
N aA A Vang nau Vang
tron dong tam
10  HGNIIL.IR Ré Can ddi, sgi nam lan toa Vang nhat Vang nhat
11 LCN3L La Can ddi, soi ndm dai Tam xanh 14, vién tring Trang xanh 14 cay
12 LCNI9T Than Tron, soi1 nam, mong dai, tAm mau Xém, tim nhat Xém, tim nhat
tim nhat
13 LCNS.3L La Tron déu can dbi Bot min nhu phdn mau xam Xam
14  HGN7.1R RéE Can d6i, soi li mit thach, xép nép o o
. Trang stra Trang stra
kin dia
15 HGN7R RE Can dbi, mép lién Trang xop Trang
16 HGNS5L La Can d6i, bui phan bén ra nhu tia L t
. Trang stra Trang stra

nang

0¢
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STT Ténching  Vitri mé Pic diém hinh thai

phan lap Khuén lac S¢i dinh duéng Soi co chat

17 LCNIL La Khong déu, lfhén% 6 vién, tim Tréng <anh Tréng anh
dang bot, vién xanh
18 LCN3T Than Tron, soi ndm ngén tir tim toa ra < N L
nhu mit tri. Trang stra Trang stra
19 LCNIT Thén Khéng can d6i X4m nhat X4am
20 LCNST Théan Can d6i, soi nAm ngan min Trang sira Trang sita
21  HGN2.IR Ré Khong déu, khong o vién Xanh 14 cay, dang bot Xanh 14 cay
22 HGN3R Ré Can d6i, mép lién Tréng trong sudt Trang sira
23 HGN7.2R Ré Can d6i, soi nAm dai. Trang Trang
24 LCNI6L La Can doi, soi ném dfli, cO cac vong Tréng a6 I éng dam
dong tam

25  HGNI4R RéE Can d6i, mép lién Trang vang Vang nhat
26 HGNSR Ré Can ddi, mép lién Trang do, soi dai bong Hong
27 LCN7R RE Can dbi, mép lién Trang vang Vang nhat
28 HGN6R Ré Khong can dbi, vién xé Trang Trang
29  HGNI3.1R Ré Can d6i, soi nAm ngan min Xanh 14 cay Xanh 14 cay
30 HGNI2.IR RéE Khéng can d6i, khong vién Xanh 14 cdy, mép tring Vang be
31 LCNI15L La Tron, sgi nam c6 do x6p ngan Trang, vang Vang nhat
32 LCNI2.IL L4 Vién lién, bot min Ghi Ghi
33 HGNIT Thén Khéng can d6i, khong vién I\ISE:;; gz?’ Nau den
34 LCNI12T Than Vién lién, cac vanh tron déng tim Tring duc Trang duc
35 HGNI4.1R RE Can d0i, sgi nam sat mat thach Ghi Ghi
36 HGN3L La Can d6i, tAm mau ghi Ghi Ghi
37 HGNIL La Can d6i Trang duc Trang duc

IS
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STT Ténching  Vitri mé Pic diém hinh thai
phan lap Khuén lac S¢i dinh duéng Soi co chat
38 LCNS5L La Can qéi, béng I, bé mét xut hién Xanh den Xanh den
giot ti€t. Vién trang trong
39 HGN3T Than Can ddi, mép lién Tring bong Tring
40 LCN14L La Can ddi, sc_gi ngin day Xé)p: 1Am tAm Xanh I4, tring Xanh 14
trang xanh xen k€
41 LCN6T Than Can ddi, soi dai manh Ghi nhat Ghi nhat
42 LCNI13T Théan Can ddi, mép lién Xanh den, trang x6p Xanh trang
43 LCNI17T Than Can ddi, soi dai manh Tréng tim nhat Tréng tim nhat
44 LCN4T Than Can ddi, sgi manh sat mat thach, ’ )
16p 16p trong veo. Tam tim nhat. Trang, tdm tim nhat Tim trang
Bé mat 1am tam hat trang
45 HGNI11R Ré Khéng can d6i, khong vién Trang Trang
46  HGNI2.2R RéE Can dbi, bong x6p Trang Tring
47 HGN3.1R RE Can dbi, xoi nim xép nép Trang Tring
48 LCNI11L La Khéng can d6i, khong vién Trang duc, soi li Trang
49  LCNI3L La Can d6i, soi ngan toa déu, co cac . S
vanh déng tim Do, vang nhat Hong vang
50 HGN2R Ré Khong can d6i, mép lién Xanh trang Xanh 14 nhat
51  HGNS.IR RE H¢ soi dai Den Den
52 LCN3R Ré Cénqd(*)i, so1 ménh c!a‘li 1ap tod mep , )
khuan lac: Bé mat lam tém cac hat Trang duc Trang duc
trang nhu bui phan
53  HGNIOR RéE Khong can ddi, khong vién Pen vang Pen

43
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Hinh 3.4. Hinh thai khuan lac cua 28 ching dugc phan 1ap tir ciy BGL (Dysosma
difformis) thu thap tai Ha Giang
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LCNSL
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LCNI11L

LCN8.3L CLONIGL LCN15L LONI4L | LON6T
Hinh 3.5. Hinh thai khuan lac cta 25 ching dugc phan 1ap tir ciy BGL
(Dysosma difformis) thu thap tai Lai Chau

3.1.2.2. Két qua gidi trinh tw cdc chiing vi ndm dwa trén ving ITS

53 chung ndm d3 duoc xéac dinh thudc 27 chi khac nhau, dya trén két qua phan
tich trinh tu cac miu nim (Bang 1C, phu luc C), trong d6 hau hét cic mau phén lap
thudc nganh ndm Ascomycota, cing véi ba nganh ndm Basidiomycota, mdt nganh
nam Mucormyccota va mot nganh nam chua xac dinh. Tan sudt xam chiém cua mdi
loai nidm phéan 1ap d3 duoc tinh toan, cho thdy Fusarium 1a chi phd bién nhét
(11,11%), tiép theo 1a Trametes (9,26%) va Penicillium (7,41%). Trinh ty gen cia
cac chung vi ndm d3 duogc so sanh véi cac trinh tir twong Gng trén Ngan hang Gen
(Genebank) thong qua cong cu BLAST ctia NCBI dugc thé hién ¢ (Phu luc D).

3.1.2.3. Xdy dwng cdy phat sinh loai vi sinh vat
Cay phat sinh loai da dugc xay dung tur dir li¢u phan tich BLAST thong qua

phuong phap maximum Composite Liability.
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Hinh 3.6. Cay phat sinh loai ctia cac ndm noi sinh phan 1ap tir mau cay
Dysosma difformis_Ha Giang.

Lich sir tién hoa duogc suy ra bang phuong phap Neighbor-Joining. Gia tri tin cdy cho
tirng nhanh riéng 1 duoc xac dinh bang phép kiém tra bootstrap v6i 1000 1an 1ap lai. Gia tri
bootstrap nho hon 50 khong dugc hién thi trén cdy phat sinh loai. Khoang cach tién hoa duoc
tinh toan bang phuong phap Maximum Composite Likelihood. Phan tich phat sinh loai dugc
thyc hién trong MEGA 7.
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Hinh 3.7. Cay phat sinh loai ctia cac nAm ndi sinh phan 1ap tir mau cay
Dysosma difformis_ Lai Chau.

Cay phat sinh loai duogc suy ra biang phuong phap Neighbor-Joining. Gia tri tin cay
cho timg nhanh riéng 1¢ duoc xac dinh bang phép kiém tra bootstrap véi 1000 lan lap lai.
Gi4 tri bootstrap nho hon 50 khong duoc hién thi trén cy phat sinh loai. Khoang cach tién
hoa dugc tinh toan bang phuong phap Maximum Composite Likelihood. Phan tich phat sinh
loai dugc thuc hién trong MEGA 7.

Phén tich phat sinh chung loai stt dung phin mém MEGA 7 duoc thuc hién
nham xé4c nhan danh tinh va danh gia tinh da dang cua céac chung ndm ndi sinh duoc
phén 1ap. Cay phat sinh loai dugc xay dung tir dit 1iéu trinh tw DNA (Hinh 3.6 va 3.7)
d4 phan loai thanh cong cac chung ndm vao cic nganh va chi khac nhau. Két qua cho
thiy cac chung nim ndi sinh thu dugc c6 mirc do da dang rat cao, phan bd trén ca ba
nganh nim 16n 13 Ascomycota, Basidiomycota, va Mucoromycota. Cac ching nim tir
Ha Giang (Hinh 3.6) dugc phan chia thanh hai nhanh chinh (nhanh 1 va nhanh 2).
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Nhanh 1 bao gém phin 16n cac chi thudc nganh Ascomycota (nhu Fusarium,
Penicillium, Trichoderma, Colletotrichum, Aspergillus), trong khi Nhanh 2 chu yéu
bao gdm cac chi thudc nganh Basidiomycota (Trametes) va Mucoromycota (Mucor).
Céc chung nim tir Lai Ch4u (Hinh 3.7) cho thdy cu triic phan bd twong ty. Nhanh 1
chu yéu 1a cac chi Ascomycota, nhanh 2 13 cac chi Mucoromycota va Basidiomycota.
bac biét, chung Penicillium herquei 50SG10 (LCN12.1L) thudc nganh Ascomycota
lai nim trong mot cum riéng biét (Nhanh 3). Gia tri bootstrap nho hon 50 khong duoc
hién thi trén cay phét sinh chiing loai cho thiy tinh chinh x4c cao clia viéc gan tén
chi/loai cho cac chung nam phan lap, phuc vu muc dich phan loai dé tién hanh cac

nghién ctru chirc ning tiép theo.
3.1.2.4. Phan tich chi sé da dang VSV

Khi phan tich cac chi sé da dang, buc tranh ndm ndi sinh phan bd thong qua
céc chi sd da dang khac nhau da dugc lam 1. Cu thé, chi s6 Shannon cho théy tinh
da dang cao nhat ¢ r& (H' = 2,673), tiép theo 1a than (H' = 2,162) va 14 (H' = 2,054).
Tuong ty nhu vdy, tinh da dang loai cao nhat & r& (Dmg = 4,551; Dmn = 3,079) va
than (Dmg = 4,024; Dmn = 3,175) va thap nhat ¢ 14 (Dmg = 3,41; Dmn = 2,405). Tuy
nhién, chi s6 da dang Simpson cho thay quan thé nim ndi sinh c6 nhiéu nhét & 14 (1-
D =0,911), tiép theo la than (1-D = 0,897) va ré (1-D = 0,867) (Bang 3.5). Cubi cung,
chi s6 twong tur 1a cao nhét (S = 0,538) d6i véi so sanh 14 so v&i ré, diéu nay cho thiy
sb lugng céc loai ndm ndi sinh duoc phan bd & 14 va ré cao hon so véi 14 va than
(0,286) hodc than va ré (0,148) (Bang 3.6). Ngoai ra, chi s6 Sorensen 14 0,615 cho
thdy mirc d6 twong dong trung binh vé thanh phan loai giita hai dia diém, Ha Giang
va Lai Chau (Bang 3.7). Py 1a bao cao dau tién vé su da dang ctia ndm noi sinh dugc
phan lap tir D. difformis tai Viét Nam, mé ra mdt huong di tiém nang dé sang loc cac

chung nam ndi sinh c¢6 kha ndng san xuat cac hop chat thir cap quan trong.

Bang 3.5. Cac chi s6 da dang dic trung cia ndm ndi sinh phan 1ap tir cac mé
cua D. difformis.

Chi sb da dang Ré La Théan

Chi s6 uu thé Simpson (D) 0,133 0,089 0,103
Chi s6 da dang Simpson (1-D) 0,867 0,911 0,897
Chi s6 da dang Shannon (H') 2,673 2,054 2,162
Chi sb d6 giau Margalef (Dmg) 4,551 3,410 4,024
Chi s6 d6 giau Menhinnick (Dmn) 3,079 2,405 3,175
Chi s6 vu thé Carmago (Cm) 0,325 0,416 0,315

Chi s6 6 dong déu Pielou (P) 0,964 0,892 0,902
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Bang 3.6. Chi s twong tu Sorenson cho ndm s6i sinh cua D. difformis.

Chi s twong tw Sorenson

(S) Ré La Than
Ré 1,000 0,538 0,148
La 0,538 1,000 0,286
Than 0,148 0,286 1,000

Bang 3.7. Cac chi s6 da dang dic trung cho vi tri 14y mau cila cac loai

nam noi sinh phan lap tir D. difformis.

Chi s6 da dang Ha Giang Lai Chau
Chi s6 uu thé Simpson (D) 0,064 0,059
Chi s6 da dang Simpson (1-D) 0,936 0,941
Chi s6 da dang Shannon (H') 2,849 2,921
Chi s6 do giau Margalef (Dmg) 5,402 5,903
Chi s6 @6 giau Menhinnick (Dmn) 3,591 4,000
Chi s6 vu thé Carmago (Cm) 0,279 0,250
Chi s6 d6 dong déu Pielou (P) 0,968 0,975
Chi s6 twong tu Sorenson (S) 0,615 0,615

3.1.3. Sang loc va tuyén chon chiing P. herquei HGN12.1R ¢6 kha ning sinh

hoat chit podophyllotoxin va din xuit
3.1.3.1. Chiét xudt nam

Trong nghién ctru nay, cic ching nim duoc nudi lac trong 100 ml moi truong
PDA, pH 7 véi téc do 150 vong/phut, 25+2 °C trong 5 ngay. Sau khi két thuc nudi
cdy, sinh kh6i ndm va dich 1én men dugc thu bang phuong phép loc. Khéi lugng sinh
khéi tuoi (SKT): 23,12 + 0,11 g, sinh khbi kho (SKK): 0,86 + 0,06 g. Tiép theo, SKK
dugce ngam trong 100 ml dung méi methanol dé tién hanh chiét rat cac chat ¢ hoat
tinh. Cac budc chiét xuat duoc thuc hién theo phuong phap cua [13/. Két qua thu
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dugc chiét xuit ndm thod véi khédi lwong xap xi 0,03 g. Chiét xuit nay duoc str dung

cho céc nghién ctru tiép theo vé kha ning sinh hoat chat podophyllotoxin va din xuat.

Hinh 3.8. Lén men va chiét xuit nim (1: 1én men; 2: loc thu sinh khdi ndm tuoi; 3:
sinh khoi kho; 4: dich chiét methanol tong; 5: chiét xuat nam)

3.1.3.2. Pdanh gid kha néing gdy déc té bao ciia cdc chiét xudt ndm ndi sinh

Hoat tinh gay doc té bao in vitro cia chiét xuat nim da duoc khao sat trén ba
dong té bao ung thu gom SK-LU1, HL 60 va Hep2. Dé so sanh, cac nha nghién ctru
da str dung chiét xuat D. difformis va cac d6i ching duwong nhu PTOX va ellipticine.
Két qua chi ra rang 28 chiét xuit co hoat tinh gdy doc té bao trén té bao SK-LU-1,
v6i gia tri ICso nam trong khoang tir 0,036 dén 80,23 pg/ml. Pang cha y, c6 21 chiét
xudt thé hién doc tinh té bao manh véi ICso tir 0,036 dén 18,75 pg/ml. (Bang 3.8).

Nham danh gia sdu hon tiém nang chéng ung thu, hai muoi mét chiét xuat c6
hoat tinh manh trén SK-LU-1 nay tiép tuc duoc thir hoat tinh trén HL-60 (Bénh bach
cau cip tinh ¢ ngudi) va HepG2 (ung thu biéu mo té bao gan ¢ ngudi). Tuy nhién,
trong s6 21 chiét xuat duoc thu nghiém chi c6 séu chiét xuat nAm cho théy hoat dong
gy doc té bao rat manh dang ké trén ca HL-60 va HepG2 véi ICso tir 0,073 dén 0,31
ng /ml va tir 1,60 dén 10,84 pg /ml, twong tmg (Bang 3.9). Céc chiét xuat nay thudc
vé cac chi Penicillium (hai chung), Trametes, Purpureocillium, Aspergillus, va
Ganoderma. Céc chiét xuat con lai (15 chiét xuat) da khong cho thay hoat tinh gay
doc té bao dang ké trén cac dong té bao HL-60 va HepG2 (dit liéu chi tiét vé& 15 chiét

xuit nay khong duoc hién thi trong tai licu).
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Bang 3.8. Hoat tinh gay doc té bao ICso ctia 53 chiét xuat ndm gay doc trén dong té
bao SK-LU-1

Chiét xudt Hoat tinh giy doc Hoat tinh giy doc té

STT. ""14m  té bao ICs (ug/mpy S11  Chiétxuatnam 5 5 (ug/mi)
I HGNG6.IR ~100 29 HGNI13.1R 4,030 £ 0,600
2 HGN62R 802302420 30  HGNI2IR 1,190 0,110
3 HGNI3R  0,036+0001 31 LCN15L 80,220 + 1,740
4 LCN9R 016320012 32 LCN12.1L 0,195 + 0,027
5 LON2IT  1,770£0,150 33 HGNIT >100
6 HGNIR  7529+2580 34 LCNI2T 2,230 + 0,290
7 LCNIL 64400410 35 HGN14.1R >100
§ HGNSIR  3,030£0300 36 HGN3L 100
9  LCNIR =100 37 HGNIL 100
10 HGNILIR >100 38 LONSL >100
11 LON3L >100 39 HGN3T >100
12 LCNIOT  5580+0450 40 LCNI14L >100
13 LCN8AL ~100 41 LCN3T 2,040 + 0,190
14 HGNT.IR >100 4 LCNI3T 28,660 + 1,500
15 HGNTR >100 43 LCN17T 3,900 £ 0,260
16  HGNSL ~100 44 LCNAT ~100
17 LCNIL 137040140 45 HGNI1IR 63320 + 6,410
18  LCN6T >100 46 HGN12.2R 2,060+ 0,310
19  LONIT  18750+1,110 47 HGN3.IR 9,590 = 0,150
20 LONST 24900220 48 LCNIIL 0.110 = 0,036
21 HGN2IR  0,550£0,050 49 LCNI3L ~100
22 HGN3R >100 50 HGN2R 0,069 = 0,004
23 HGN7.2R ~100 51 HGNS5. IR 76,670 + 2,680
24 LCNI6T >100 52 LCN3R 72,010 + 6,430
25 HGNI4R >100 53 HGN10R ~100
26 HGNSR 100 54 D, difformis extract 0,160 % 0,020
27 LCN7R >100 55 Podophyllotoxin 0,054 £ 0,006
28 HGN6R  2,090+0,120 56 Ellipticine 0,430 = 0,040

Podophyllotoxin, Ellipticine dugc str dung lam dbi chimg duong



Bang 3.9. Hoat tinh gay doc té bao ICso cta cac chiét xuat ndm trén hai dong té

bao ung thu HL-60 va HepG2

STT Chiét xudt nam  Chi phan loai

Hoat tinh giy ddc té bao ICs (ug/ml)

HL-60 HepG2
1 HGNI12.1R Penicillium 0,013 +£0,004 0,071 £ 0,011
2 HGN12.2R Trametes 0,056 + 0,009 0,200 + 0,030
3 HGN13R Aspergillus 0,310+ 0,030 1,600 = 0,150
4 HGNI13.1R Penicillium 0,073 £ 0,006 10,840 +1,190
5 LCN3T Purpureocillium 0,028 + 0,005 0,013 + 0,003
6 LCNST Ganoderma 0,046 £ 0,007 2,020 £ 0,160
;D dijormis i 0.840 £0,0800 1,110 0,150
extract
8 Podophyllotoxin - 0,008 + 0,001 0,180 + 0,020
9 Ellipticine - 0,280 + 0,030 0,370 + 0,040

Podophyllotoxin, Ellipticine duoc sir dung 1am ddi chimg duong
3.1.3.3. Phat hién podophylplotoxin trong chiét xudt nam néi sinh bang phirong
phadp TLC (sdc ky ban mong) va HPLC (sdc ky Iong hiéu sudt cao)
Dua trén két qua sang loc, sau chiét xuat nAm da duge xéac dinh c6 hoat tinh
gy doc té bao rat manh trén ca ba dong té bao ung thu, nhém nghién ciru da tién
hanh phan tich sy hi¢n dién cia PTOX.

p  HGN HGN HGN
12.1R 12.2R 13.1R

HGN13R LCN8T LCN3T

Hinh 3.9. Phan tich TLC cua chiét xuit nAm ndi sinh

HGN13R, LCN8T, LCN3T, HGN12.1R, HGN12.2R va HGN13.1R;
podophyllotoxin dugc str dung 1am chuén, di chimg duong (P); méi truong khong

c6 nam duogc st dung lam doéi ching am (N)
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Két qua phén tich sic ky 16p méng (TLC) cho thiy sy hién dién cia PTOX
trong sau chiét xuat nAm: HGN13R, LCN8T, LCN3T, HGN12.1R, HGNI12.2R va
HGN13.1R. Diéu ndy duogc xac nhan khi so sanh véi PTOX chuén (d6i chimg duong)
va moi truong khong chira nAm (ddi chimg am) (Hinh 3.9). Do d6, cac chung nim
nay sé tiép tuc duoc chon dé nghién ctru thém.

Séu chiét xuit ndm va dich chiét Bat Giac Lién di dugc thir nghi¢m dé tim su
hién dién cia PTOX béng cach st dung phan tich HPLC, thoi gian luu cia chit chuin
PTOX (Sigma) di duogc sir dung dé so sanh.

Trong lan phan tich HPLC dau tién, cac pic sic ky cua chiét xuat HGN13R,
HGN12.2R, LCN3T va LCNS8T cho thay dinh c6 thoi gian luu (Rt) tvong tng 13
37.164, 37.209, 37.197 va 37.202 phut twong tu nhu cia chat chuan (Rt = 37.130
phut). Trong 1an phan tich HPLC thi hai, cac chiét xuat tr HGN12.1R, HGN13.1R,
chiét xuét thuc vat cho théy thoi gian luu lan luot 1a 37,359; 37,378; 37,353 cling co
thoi gian luu gan voi PTOX chuan (Rt = 37.365 phut) (Bang 3.10).

Bang 3.10. Dit liéu HPLC dé xac dinh PTOX

Tén hop chat Thoi gian luu (Rt) (phut)
Podophyllotoxin' (Tiéu chuan) 37.13
HGNI13R 37.164
HGNI12.2R 37.209
LCN3T 37.197
LCNST 37.202
Podophyllotoxin? (Tiéu chuan) 37.365
HGNI12.1R 37.359
HGN13.1R 37.378

Chiét xut thuc vat (Chiét xuat D.difformis) 37.353
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Hinh 3.10. Xac dinh PTOX bang HPLC-DAD
Quan sat phd UV cuia cac chiét xuat HGN13R, HGN12.2R, LCN3T, LCNST

cho thiy céc pic thu dugc rd rang va c6 thé tach chung khoi cac loai hop chat khac.
Ngoai ra, viéc so sanh phd UV cua cac pic sic ky d6 HPLC ndi trén véi phd UV cia
PTOX chuén cho thay su tring khdp, didu nay xac nhan su hién dién cia PTOX trong
dich chiét ndm (Hinh 3.10) va (Hinh 1E, phy luc E). Tuong tur, phd UV cua dich chiét
HGN12.1R, HGN13.1R va dich chiét thuc vat thé hién mé hinh twong ty nhu PTOX
chuan.

Céc phan tich duoc thyc hién hai 1an v&i hai PTOX chuén tach biét. 1. Sac ky
dd (A, C, E, G) va phd UV (B, D, F, H) lan luot cia PTOX1 chuan (Sigma); dich
chiét HGN12.2R; dich chiét LCN3T; dich chiét LCNST; 2. Sic ky do (I, K, M, O) va
phdé UV (J, L, N, P) lan luot cia PTOX2 chuén; dich chiét HGN12.1R; dich chiét
HGN13.1R; va dich chiét BGL.
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Sau qué trinh sang loc dit liéu, chung P. herquei HGN12.1R ndi bat véi hoat
tinh gy doc té bao twong db6i manh trén ca ba dong té bao ung thu, phd UV tring
khdp v6i phd cua hop chat PTOX chuan trong phan tich HPLC. Piéu d6 cung cip
béng chtirng manh mé vé su hién dién cua hop chét hoat tinh muc tiéu va P. herquei
HGN12.1R duoc chon dé khai thac cac hoat chét sinh hoc trong cac nghién ctru tiép
theo.

3.1.4. Pic diém sinh hoc ciia chiing P. herquei HGN12.1R da tuyén chon
3.1.4.1. Bdc diém hinh thdi, dinh danh ching tuyén chon

Pic diém hinh thai nhu hé soi, bao tu, cuéng bao tir va vach ngan la nhiing
yéu td quan trong trong viéc phan loai vi ndm theo phuong phép truyén théng. Ching
nam HGN12.1R, sau khi nuéi cdy trén méi truong PDA ¢ 25°C trong 5 ngdy, dd duoc
quan sat va ghi nhén cac dac diém sau: khuén lac c6 mau xanh réu, vién tréng, dang
tron khong déu. B& mat soi ndm khi sinh min, ngén, phan nhanh, moc day dac sat mat
thach. Khi quan sat dui kinh hién vi quang hoc, chiing nam nay cho thay cudng sinh
bao tir thé binh ¢ nhiéu tang. Bao tir khi con non c¢6 hinh cau, nhung khi gia di s& bi

xé rach va tao thanh cac chudi dai (Bang 3.11).

Bang 3.11. Bic diém hinh thai chang HGN12.1R

Pic diém hinh thai dai thé Piic diém hinh thai vi thé

- Mau xanh réu, tron khong déu, - Bao tir dwoc san xuét véi sb lwong 16n, tao
duong kinh 6-8 mm thanh cdc cdt cd clu trac dang "chdi" dic
- Bé mat sqi,khuén ti khi sjnh mjn trung cua Penicillium
nhu bui phan, tdm hoi 161, vién _ Cubng sinh bao tor phan nhanh. B&é mat
lién trang duc. cudng rap. Co té bao sinh san thé binh nhiéu
- Khong tiét sic t6 hoa tan tang.
- Bao tir Iic non hinh cau, xé rach tao dang
chudi bao tir dai khi gia.

Dua trén nhiing dac diém hinh thai dai thé va vi thé nay, viéc nhan dang so bo
theo cac khoa phan loai [125], [126] cho thiy ching HGNI2.IR thudc chi
Penicillium. Két hop phan tich va so sanh trinh tw gen ving ITS/18S rRNA cua chung
vi ndm v&i cac trinh ty trén Ngan hang Gen thong qua cong cu BLAST cua NCBI,
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két qua cho thay chung HGN12.1R ¢6 d6 twong dong cao (99,80%) véi trinh ty gen
cta chung Penicillium herquei BCC, ma s6 MF537646.1 (Bang 1C, phu luc C) da
dua dén két qua dinh danh HGN12.1R 1a P. herquei HGN12.1R. Chung P. herquei
HGN12.1R duoc dang ky trén ngan hang gen v6i ma s6 MZ462047.

3.1.4.2. Ddc diém sinh Iy, sinh hod ciia ching nam tuyén chon

Nghién ctru anh huéng ciia nhiét d6 ddi véi kha ning sinh trudng cua chung
nam P. herquei HGN12.1R. di chi ra su thay doi rd rét trong téc do sinh trudng cia
hé soi nAm. Hé soi ndm sinh trudng tot nhit ¢ 25 °C véi 0,87 + 0,07 g SKK/100 ml)
sau 72h nudi cdy. Tuy nhién, khi nhiét d6 ting, téc do sinh truong giam dan, xudng
con 0,28 + 0,02 g SKK /100 ml & 35 °C va ¢ 37 °C chiing nAm khong phat trién.

Bang 3.12. Dac diém sinh hoc cua P. herquei HGN12.1R

Toc do sinh trwéng ciia nam

Piéu kién thich hop pH (6-7) Nhiét d6 (25 °C)
Don vi g/100 ml g/100 ml
Chi sb 0,79+ o(,)og " 0.75% (874007

Hoat tinh enzyme ngoai bao (D-d)mm

Chitinase Cellulase

V& anh hudng cua pH, ching P. herquei HGN12.1R c6 kha ning sinh truéng
& tat ca 6 thang pH thir nghiém. Tdc do sinh trudng hé sgi ndm cao nhat sau 72 gio
nudi cay ¢ pH 6 (0,79 = 0,02 g SKK/100 ml) va pH 7 (0,75 + 0,04 g SKK/100 ml).
Téc d6 sinh truong cham nhéat duoc ghi nhan & pH 4 (0,16 + 0,04 g SKK/100 ml).

Khéo sat hoat tinh enzyme ngoai bao cua chung P. herquei HGN12.1R cho
thidy kha ning phan giai chitinase, cellulase. Vong phan giai trung binh dbi véi
chitinase 12 6,3 + 0,08 mm va ddi véi cellulase 1a 8,5 + 0,05 mm (Bang 3.12)

3.1.4.3. Khao sdt hoat tinh khdang vi sinh vt kiém dinh ciia chung nam tuyén chon

Hoat tinh khang khuan in vitro cia chiét xuat nAam HGN12.1R duoc khao sat
bang phuong phap khuéch tan trén dia thach ddi voi cac chung Escherichia coli DH5,
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Staphylococcus sp., Bacillus TTM11, Bacillus 2TM6, Enterobacter 14RM7-1. Cac
chung vi sinh vat nay dai dién cho nhém vi khuan Gram 4m, Gram dwong. Két qua

khang khuan cta chiét xuit nAm HGN12.1R dugc trinh bay trong (Bang 3.13).
Bang 3.13. Hoat tinh khang khuan cta chiét xuit nAm HGN12.1R

Puwong kinh ving e ché (mm)

Yéu to Staphylococcus | Bacillus | Escherichia | Enterobacter | Bacillus
khao sat sp. 7TM11 coli DH5 14RM7-1 2TM6

HGNI2.1R | 10,67+0,58 | 14,33+0,58 | 2,33+0,29 | 12,83+0,76 | 12,37+0,6

Methanol - - -

Cefotaxime 35+0,37 33,3£0,25 | 31,3+0,17 26,3+0,29 | 31,7+0,33

Chiét xuat 1,7+0,12 9,0+0,08 | 3,4+0,05 7,7+0,17 | 6,7+0,21
BGL

16.00

14.00

12.00
10.00
8.00
6.00
4.00
2.00
0.00

Staphylococcus sp.  Bacillus 7TM11 Escherlchla coli Enterobacter Bacillus 2TM6
14RM7-1

Viing tc ché (mm)

Hinh 3.11. Biéu d6 hoat tinh khang khuan ctia chiét xuat nim HGN12.1R

Hinh 3.12. Hoat tinh khang khuan trén dia thach cta chiét xuat nAm HGN12.1R (a:
Bacillus 2TM6; b: Bacillus TTM11; ¢: Enterobacter 14RM7-1; d: Staphylococcus
sp; e: Escherichia coli DH5; 1: Chiét xuit nAm HGN12.1R; 2: Méi trudong; 3: Dung
moi methanol; 4: Khang sinh Cefotaxime; 5: Chiét xuét r& Bat Giac Lién)

Két qua cho thay chiét xuat nAm HGN12.1R c6 tac dung trc ché cac ching vi
khuan Gram am va Gram duong. Ving trc ché dao dong tir 2-14 mm. Chiét xuét thé
hién hoat tinh khang khuén rd rét trén Bacillus 7TM11, Enterobacter 14RM7-1, va
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Bacillus 2TM6, tac dung giam déan trén Staphylococcus sp., va khong co hodc rat it
tac dung trén Escherichia coli DH5. Tuong ty nhu vay hoat chit cao chiét tir ré ciing
cho két qua khang khuan twong d6i dong nhat véi cao chiét nim HGN12.1R.

3.2. Pic diém hé gen ciia chiing P. herquei HGN12.1R

3.2.1. Két qua tach chiét DNA

DNA t6ng s cta ching P. herquei HGN12.1R da duoc tach chiét. Kiém tra
bang dién di trén gel agarose 1% cho thdy DNA c¢6 bang kich thudc 16n va rd rang
(Hinh 3.13). Nong d6 va do tinh sach cia DNA duoc trinh bay trong (Bang 3.14).
Két qua thu dugc DNA co néng d6 kha cao va do tinh sach rat tot, tiép tuc st dung

cho nhitng nghién ctru tiép theo.

PC () HGNIZIR M

Kb

Hinh 3.13. Két qua dién di kiém tra san pham tach DNA tong s6
(M: Marker 1kb, Thermo Scientific)

Bang 3.14. Nong d6 va do tinh sach mau DNA tong sb ctia nAm

MAiu Nong do Do tinh sach

HGNI2.IR 89,8 ng/ul 1,91

3.2.2. Giai trinh ty va phan tich hé gen

Hé gen cua ndm P. herquei HGN12.1R d3 duoc lap rap va chu thich (Bang
3.15). Tong kich thudc hé gen dat 34.960.691 bp, véi sb luong contig (kich thudc
>1000 bp) 1a 8. Gia tri N50 ctia hé gen 1a 6.172.464 bp va ti 16 GC 1a 46,38%. Tong
s6 gen du doan trong hé gen 1a 12.871, trong d6 c6 12.593 gen ma héa mRNA, 263
gen tRNA va 15 gen rRNA.
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Danh gia mirc d6 hoan chinh cua hé gen biang BUSCOs cho thdy hé gen hoan
chinh va c6 mét ban sao duy nhét 12 97,9%, véi 0,4% gen trung lap, 1,1% gen bi phan
manh, va 0,6% gen bi thiéu.

Bang 3.15. Dic diém hé gen va sb liéu lap rap hé gen cia P. herquei HGN12.1R

Cic tham sé lip rdp va chii gidi Gia tri
Téng kich thudc hé gen lap rap (bp) 34.960.691
S6 luong scaffold (chi tinh cac scaffolds > 1000 bp) 8*
S6 luong scaffold (chi tinh cac scaffolds > 50000 bp) 7
S6 bod gen bao quan dugc nhan dang 1
Scaffold c6 kich thudc 16n nhét (bp) 8.398.835
Ham lugng GC (%) 46,38
Do dai N50 cua scaffold (bp) 6.172.464
S6 lugng L50 scaffold/contig tai do dai N50 3
Tong s6 gen dugc dy doan 12.871
Do phu hé gene 195.0x
Ddnh gid mirc dp hoan chinh hé gen lip rdp (%)
Do hoan chinh toan phan 98.3
BUSCO hoan chinh va ban sao don 97,9
BUSCO hoan chinh va ban sao nhan ban 0,4
BUSCO phan manh 1,1
BUSCO thiéu khuyét 0,6
Chu gidi trinh tw lap trong hé gen
Loai trinh ty 1dp khong xéac dinh (%) 0
Lap don gian (%) 0,59
Lip c6 do phirc tap thap (%) 0,14
Téng kich thude trinh tu 1ap (bp) 254.455
Chu giadi gen ma hoa ARN
S6 gen ma hoa mRNA 12,593
s6 gen ma hoa tRNA 263
s6 gen ma hoa rRNA 15

*Bdn ldp rdp gom 7 contig/scaffolds dwoc nhdn dinh & cdp nhiém sdc thé

(chromosome-level) va 1 scaffold chwa dwoc gan vi tri (unplaced scaffold).

3.2.3. Két qua chu giai h¢ gen

Muc tiéu x4c dinh vi tri va chirc ning ciia cac gen va cac yéu té di truyén khac
trong hé gen. Cung cap thong tin chi tiét vé cic gen tham gia vao qua trinh sinh tong
hop PTOX.
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Chu giai hé gen chung HGN12.1R da duoc thuc hién stir dung nhiéu co s dir
lidu. Két qua chu giai cho thay téng sb 7401 gen duy nhat duoc chu giai (tirc 13 tong
s6 tit ca cac gen xuét hién trong it nhét mot co sé dir li¢u). Cu thé, sd lugng gen duoc
chu giai bdi cac co s¢ dir liéu riéng 1€ nhu sau: 7.452 gen qua Uniprot, 11.201 gen
qua RefSeq, 3.852 gen qua Gene Ontology, 4.464 gen qua KEGG va 9.491 gen qua
PFAM.

Biéu d6 Venn (Hinh 3.14) biéu dién sy giao nhau giita cac tap hop gen duoc

chu giai. Két qua chi ra rang c6 2474 gen duoc chu giai boi ca Refseq va Uniprot;
1789 gen boi Refseq va PFAM; va 1467 gen chi dugc chu giai boi Refseq. Chi co6 2

Hinh 3.14. Biéu d6 Venn chu giai gen chirc ning trén cac CSDL RefSeq, Uniprot,
Gene Onology, Pfam va KEGG cua ndm P. herquei HGN12.1R

3.2.4. Dy doan cac nhém gen lién quan dén sinh tong hop podophyllotoxin &
ching P. herquei HGN12.1R

Mic du PTOX di duogc tim thay ¢ nhiéu loai thyc vat, con dudng sinh tong hop
ctia n6 van chua duge kham phd mot cach day du. Theo Kumar [146] c6 it nhat 26
gen lién quan dén 69 budc phan tng tong hop PTOX bat du tir D-erythrose-4-phos-
phate dén PTOX. Tuy nhién phan 16n cac nghién ctru déu cho thay chi cé 33 budc
phan trng véi sy tham gia cua 26 gen/enzyme dugc phan tich, nhan dién mét cach rd

rang.
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Trong giai doan dau tién chét chinh 14 coniferyl alcohol dwgc hinh thanh tir
phenylalanine qua 9 budc phan ing. Giai doan sau tur coniferyl alcohol trai qua mot
s6 phan tmg dimer hoa, dehyro hoa va methyl hoa dé hinh thanh mét s chat trung
gian chuyén hoa quan trong nhu pluviatolid va yatein. Cudi ciing tir chét trung gian
yatein dugc chuyén hoa thanh deoxypodophyllotoxin va sau cung 1a PTOX [147],
[148]. Trong nghién ctru nay, cac enzyme lién quan t6i giai doan dau hinh thanh
coniferyl alcohol (monolignol) tir phenylalanine dugc x4c nhan bang con dudng sinh
tong hop phenylpropanoid (KEGG) (Hinh 1F, phu luc F) va dugc tém tat bang so dd
sau (Hinh 3.15)

ik o o< PLR
»OOH = o
Pmnoresinol

ol

O° Coniferv
HOYOY© slcohol
ﬂ%o;@\?\oﬂ
? 1.1.1.195
cinnamyl-alcohol
HO dehydroge?ase
?%QEC.LLLL&]
* 1.2.1.44
1.14.13.11 cinnamoyl-CoA

reductase

9O ., [EC:1.2.1.44]
o ,Nixorggg —
e Sk Ogon
00

p-coumarate 3-
hydroxylase

2.1.1.68 caffeic acid 3-O-methyltransferase
/ acetylserotonin O-
methyltransferase

Hinh 3.15. C4c enzyme lién quan tdi giai doan dau hinh thanh coniferyl alcohol

Giai doan sau ctia phan tng sinh tong hop PTOX dugc xem 14 quan trong nhat
bai phan 16n cac chat trung gian quan trong, cac dan xuat c6 hoat tinh twong ty nhur
PTOX déu dugc hinh thanh & giai doan nay. C6 it nhit 9 gen tham gia vao qua trinh
chuyén ho4 tir coniferyl alcohol dén PTOX bao gdm: DIR, PLR, SDH, CYP719A23,
OMT3, CYP71CU1, OMTI, 2-ODD va DOP7H [83], [149] (Bang 1H, phu luc H).
Dua trén cac gen twong dong & thuc vat (Hinh 2F, phu luc F) nhu PLR, SDH, 2-ODD,
CYP719A23, OMT3, CYP71CU1 va OMT1 ¢6 lién quan dén co ché sinh tong hop


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phenylalanine
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PTOX [83], nghién ctru ndy tién hanh tim kiém mét sb gen twong ddng tim dugc &

nam dé du doan su c6 mit ctia chung trong hé gen nim (Hinh 3.16).
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Hinh 3.16. Céac gen tham gia vao qua trinh chuyén hoa tir coniferyl alcohol dén
podophyllotoxin

Dé xé4c dinh cac gen chinh lién quan dén con dudng sinh téng hgp PTOX & chung P.
herquei HGN12.1R, NCS da thyc hién sang loc cdc gen ng vién trong hé gen bang
cong cu BLASTP. B dir liéu truy van bao gém 09 gen tham chiéu tir thuc vat va 01
gen tir ndm (gen VdtD — gen duy nhét tim thdy & ndm c6 chirc ning tuong tu gen
dirigent ¢ thuc vat).

Céc két qua BLASTP duoc sang loc nghiém ngat v6i ngudng gia tri E (E-value) <
le!° va duoc xac minh lai cAu trac mién bao tha thong qua co so dit liéu Pfam. Két
qua phan tich cudi ciing da xac dinh duoc tong cong 33 gen twong dong tiém ning tir
hé gen P. herquei HGNI2.1R. lién quan dén con duong sinh téng hop
podophyllotoxin.

V& phan bd s6 luong, nhém gen CYP719A23 (Pluviatolide synthase) chiém sb lwong
16n nhit v6i 06 gen (46 tuong dong dao dong tir 21,24% dén 25,33%). Theo sau la
cac nhém gen SDH, CYP82D61 va CYP71CUI, mdi nhom déu c6 05 béan sao duoc
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tim thdy. Céc ho gen Cytochrome P450 khéc ciing xuét hién pho bién bao gdm nhém
CYP71BE54 véi 03 gen. Nhém gen OMT3 ¢6 04 ban sao va VdtD* ¢6 02 ban sao
v6i do twong dong cao nhit 1én tdi 39,07%. Pang cha y, cac nhom gen OMTI, 2-
ODD va PLR déu 13 nhitng gen don ban (chi c6 01 ban sao thuc té) véi do twong dong
1an lugt 12 27,61%; 26,90% va 26,74%. Két qua nay khang dinh tinh chinh xé4c cta
qua trinh lgc trinh ty theo vi tri dau - cudi va céc tiéu chuén tin sinh hoc da dé ra.
Théng ké chi tiét két qua tim kiém cac gen twong ddng duoc trinh bay trong Bang
3.16

Bang 3.16. Thong ké két qua du doan cac gen lién quan dén con dudng sinh tong hop
podophyllotoxin & P. herquei HGN12.1R giai doan tur coniferyl alcohol tdi
podophylotoxin (E-value <1¢71%)

Gen trong thuc vt va nim Hé¢ gen HGN12.1R

S6 lwgng | % twong

STT e . ban sao gen | dong (toi
Ma Ky hi¢u Mo ta gen o 2.
c0 trinh tw | thieu- toi
twong df“)ng da)
Secoisolariciresinol
1 SDH 5 25-31,09
dehydrogenase

D thyl-d -
2 | CYP71BE54 eSMETy-Geoxy 3 22.41-30
podophyllotoxin synthase

Demethylepipodophyllot
3 | CYPS2D61 | o erYICPIPOCOPIYHOT 5 24.15-27.79
xin synthase

4 CYP719A23 Pluviatolide synthase 6 21,24-25,33
5 CYP71CU1 | Desmethylyatein synthase 5 19,86-27,711
Inactive
6 VdtD* carboxylesterase-like 2 24,32-39,07
protein VdtD
Pluviatolide O-
7 OMT3 4 26,00-32,24

methyltransferase
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Gen trong thyc vat va nam

H¢ gen HGN12.1R

S6 lwgng

% tuong

STT o . ban sao gen | dong (toi
Ma Ky hi¢u Mo ta gen .
c6 trinh tw | thiéu- toi
twong dong da)
Desmethyl-yatein O-
8 OMTI 1 27,61
methyltransferase
Deoxypodophyllotoxin
9 2-ODD YPOTOPIY 1 26,9
synthase
Bifunctional
10 PLR pinoresinol-lariciresinol 1 26,74

reductase
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3.3. Xac dinh diéu kién thich hop cho sin sinh podophyllotoxin va cic din xuat
tir P. herquei HGN12.1R bang cong ngh¢ 1én men

3.3.1. Anh hwéng ciia méi truong

Qua trinh 1én men duoc tiép gidng dau vao 1a 5%, tudi giéng tir 48-60 gidy, nhiét
d6 25 °C trén moi truong PDA. Quan sét sy sinh truong ciia nam cho thay trong 2-3
ngay dau, cac ching nim & giai doan pha tang truong (logarit) va sinh trudng ting
dan. Bit dau tur ngay thu 4, cac hat pelet ndm xudt hién véi tée do tang vot, ban dau
tron nho li ti, sau kich thudc tang dan. Trén cic moi truong khac nhau, mau sic dich

va kich thudc hat nim ciing khac nhau.

Két qua néu trong Bang 3.17 chi ra khi thay doi thanh phan méi truong, so véi
d6i ching PGA, ham lugng sinh khéi nAm thay doi ro rét. Sinh khéi ting manh & méi
truong PDA. Chung nam ndy cho thay su thich nghi t6t vi ngudn duong dextrose,
dan dén viéc khi diéu chinh thanh phan duong trong méi truong (so voi ddi ching),
sinh truong da ting dang ké tir 9,45+ 0,08 g/l 1én 14,09+ 0,06 g/1. Hinh anh TLC ciing
cho thay qua trinh 1én men sinh téng hgp PTOX va cac din xuat kha quan v6i da dang
bang vach so véi chat chuan PTOX (Hinh 3.17).

NCS d3 lwa chon méi truong 1én men PDA cho cac nghién ciru tiép theo. Cac
hinh anh sinh khéi tuwoi (Hinh 1G, phu luc G) va sinh khéi khé (Hinh 2G, phu luc G)
dugc thé hién trong nghién ciru nay.

Bang 3.17. Vai tro ctia moi trudng nudi cay tdi sinh trudng cua P. herquei
HGNI12.1R

Mau sic dich nuéi Sinh truéng ciia nim
Moéi trudong P ) .
oz cay, hinh dang sinh
nudi cay .z
khoi nam SKT (g/1) SKK (g/1)

PGA Cam vang, hat nho 265,61+ 0,06 9,45+ 0,08

Zhao Xanh, hat nho i ti 220,04+ 0,07 11,48+ 0,09

PDA Cam vang, hat nhd 350,09+ 0,08 14,09+ 0,06

YMA Vang, hat to 140,06+ 0,05 6,07+ 0,02

Sabouraud broth Vang, hat to 125,32+ 0,07 5,59+ 0,03

Czapek-Dox Cam vang, hat nho 27,82+ 0,09 0,87+ 0,06
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Hinh 3.17. TLC xéc dinh sy c6 mit ctia Chat/tién chét & cac moi :rru&mg khac nhau
anh huong toi sinh truong cua P. herquei HGN12.1R (duong s6 3: Czapek-Dox,
duong s6 4: PDA, duong s0 5: Zhao, duong s6 6: YMA, duong s6 7: PGA, dudng so
8: Sabouraud broth, duong s6 9: Chat chuan PTOX, duong s6 10: BC-)
3.3.2. Anh huéng ciia pH va nhiét do
Nhiét d6 dong vai trd quan trong trong viéc anh huong dén qua trinh sinh
trudng, sinh san va phat trién ctia vi nam [150]. Qua trinh 1én men duoc tiép giong
dau vao 1a 5%, tudi giéng tir 48-60 gid, nhiét do 25 °C trén moi truong PDA. Céc két
qua tir Bang 3.18 cho thay cac chung phat trién t6t nhat & 25 °C, day ciing 1a nhiét do
t6i wu dé san sinh PTOX va cac dan xuit ctia nd.

Bang 3.18. Anh hudng cua nhiét d6 dén kha ning sinh truéng ciia nAm HGN12.1R

Nhhiét do Sinh khdi twoi (g/1) Sinh khdi khé (g/1)
22 °C 266,50 + 0,15 10,06 + 0,10
25°C 332,37+ 0,12 13,04 + 0,04
28 °C 301,66 + 0,07 12,96 + 0,11
32°C 270,35+ 0,17 11,22 + 0,01

220C 250C 280C 320C

Hinh 3.18. Anh hudng cua nhiét do t6i sinh trudng, mau sic cua nAm HGN12.1R
Trén co s& d6, moi trudng duge diéu chinh pH 1an luot tir 5 dén 8, qua trinh

1én men duoc tiép giéng dau vao 1a 5%, tudi giéng tir 48-60 gio, nhiét d 25 °C trén
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moi truong PDA két qua cho thiy pH thich hop cho chung HGN12.1R 13 7,0 va ham
lwong sinh khéi kho dat 13,76 + 0,05 g/l. Pay ciing 1a pH tot nhat cho sinh tong hop
chét/tién chat PTOX cua P. herquei HGN12.1R (Bang 3.19)

Bang 3.19. Anh hudng ciia pH dén kha ning sinh trudng cta P. herquei HGN12.1R

pH Sinh khéi twoi (g/1) Sinh khéi khé (g/1)
pH 5 253,58 + 0,05 10,08 + 0,01
pH6 298,74 + 0,12 12,34+ 0,19
pH 7 340,36 + 0,08 13,76 + 0,05
pH 8 300,55 + 0,05 12,52 £ 0,15

pH5 pH 6 pH7 pH 8

Hinh 3.19. Anh huéng cia pH t6i sinh truong, mau sic ciia nam HGN12.1R
3.3.3. Anh hwéng ciia thoi gian nhén gidng va ty 1¢ giong

Téc d6 sinh truong cia nAm trong méi truong dich thé phu thudc nhiéu vao
thoi gian nhan giéng va ty 18 giéng gdc dugc cy vao. Cac yéu td nay tac dong truc
tiép dén mat do va kich thudc ctia ndm, tir 46 anh hudng dén tde do sinh truong téng
thé. Trong thi nghiém nay nam dugc dinh ky thu & cac méc 24, 36, 48, 60 va 72 gio
trude khi chuyén vao méi trudng nudi cdy.

Bang 3.20. Anh hudng cia thoi gian nhan gidng dén kha ning sinh truéng cua P.
herquei HGN12.1R

Chi tiéu

. 24 giv 36 giv 48 gio 60 gio 72 gity
theo doi

SKT (g/1) |119,48 £ 0,05|195,95 + 0,12]290,08 + 0,04|318,93 + 0,06|239,23 + 0,10

SKK (g/1) | 4,45+0,07 | 6,90+0,03 | 10,03 +0,06 | 12,95+0,08 | 8,09+0,10




77

Két qua & (Bang 3.20) cho thiy chiung Penicillium herquei HGN 12.1R c6 thoi
gian nhn giéng thich hop & thoi diém 48-60 gid, néu ngin hon hoidc dai hon déu anh
huong toi kha ning sinh trudng ciia cac ching nim, Trude 48 gid, sinh khéi tao thanh
chua nhiéu, vi nAm vira qua giai doan thich nghi véi méi trudng, néu chuyén vao binh
1én men thi giéng phai mat mot khoang thoi gian thich nghi, bén canh d6 lwong sinh
khéi qua it c6 thé 1am giam hiéu suét 1én men, ting nguy co tap nhidm. Sau 72 gid
nudi cay, cac té bao vi nAm da phat trién gan hét pha logarit va chuin bj bt dau pha
can bang, luc nay chuyén giéng vao méi truong 1én men, giong sé khong phat trién
manh, vi vay viéc tich liy sinh khéi va PTOX s& kém. Vi vay, gidng ¢ giai doan 48-
60 gid da phat trién va tao sinh khoi nhiéu, khi chuyén sang méi truong 1én men giéng

s€ tiép tuc phat trién manh tao diéu kién cho sinh téng hop PTOX tdt hon.

Hinh 3.20. Lugng sinh khdi nim hinh thanh & cac thoi gian nhéan giéng
khéc nhau cta chung P. herquei HGN12.1R

Bén canh do, ty 1¢ gidng gdc cdy vao méi trudng dich thé ludn 1a mot trong nhirng
yéu t6 quan trong anh hudong dén téc do6 sinh truong cia gidng, t6i mat do va kich
thudc cua hat nam. Trong nghién clru nay, ty 1¢é gidng duoc ciy tinh theo ty 18 véi
moi trudng nudi cdy, cac mirc do gidng cdy cho méi truong bao gom: 1%; 3%, 5%,

7%, 9% gibéng cap 1 so véi moi trudng nudi cdy.
Bang 3.21. Anh hudng cia ty 18 gidng dén kha ning sinh trudng va sinh tong hop
cua P. herquei HGN12.1R

Chi tiéu

. 1% 3% 5% 7% 9%
theo doi
SKT (g/1) |200,52 + 0,06 |244,45 + 0,07| 335,07+ 0,09 |261,1 + 0,08 174,1 = 0,09
SKK (g/l) | 7,45+ 0,07 8,05+0,08 | 13,12+ 0,08 | 14,53 +0,04| 8,55+ 0,10
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Tur két qua & (Bang 3.21) cho thay, ty 1 gidng thich hop nhét 1a 5% khi d6 ham
luong sinh khdi kho cta nam 16n nhat, khi nang ty 1é giéng 1én 7% thi ham lugng
sinh khéi kho cta ndm ciing chi cho su tich lity sinh khéi twong dwong, bén canh d6
vé mat kinh té thi 5% vira tiét kiém lai hiéu qua. Khi 1én men & quy mo 16n hon thi
% nhan gidng c6 thé cao hon va can c6 budc khao sat thém.
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1% 3% 5% 7% 9%

Hinh 3.21. Anh hudng % nhan gidng t&i kha ning sinh truéng ctia chung P. herquei
HGNI12.1R
3.3.4. Anh huéng ciia @9 thong khi dén khi ning sinh truéng ciia cac chiing nam
Trong nghién ctru nay NCS khao sat s6 vong lic 1an luot 1a 100, 120, 150, 200
vong/phiit ctia dong ndm trén PDA 16ng, pH 7, nhiét 6 25 °C, thoi gian 5 ngay, tudi
gidng 48-60 gio, ty 1¢ tiép gidng 5%, két thic qua trinh 1én men ldy miu ra can va
sdy kho sinh khéi dén trong lwong khong ddi. Két qua thu duoc cho thdy & (Bang
3.22), sinh khéi ndm tao thanh ting dan khi téc d6 lic ting dan tir 100-150 vong/phut,
khi d6 céc hat pillet dong déu, Sau d6 khi 1én dén 200 vong/phut thi lugng sinh khbi
thu duoc tiép tuc ting nhung chénh khong déng ké so véi toe do lic & 150 vong/phut
cho luong sinh khéi kho 14,02+ 0,03 g/1.

Bang 3.22. Anh hudng cia toc do lic dén kha ning sinh trudong cua P. herquei
HGNI12.1R

Chi tiéu theo Téc d6 lic (vong/phiit)

dai 100 120 150 200
Sinh (1:1/%1 MO 1 916,85+ 0,08 | 309,45+ 0,11 | 345,37+ 0,08 | 350,23 + 0,07
Smhél/“gl kho | 034011 | 12754006 | 14,02£0,03 | 14,18 0,09

Song song voi do, thé tich méi truong nudi/ thé tich binh duoc khao sat cu thé 1a
5; 10; 15; 20; 25 va 30 % (v/v) dé xac dinh dugc diéu kién cung cap ham luong oxi
hoa tan, toc do thong thoang cho ndm phat trién va san xuat cac hop chat thir cp co
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gi4 tri kinh té cao. Tir két qua (Bang 3.23) cho thiy % thé tich dich 1én men anh hudng
dang ké toi sy sinh truéng ctua ndm, v6i 5-15% lugng sinh khéi ting dan tuy nhién

khi thé tich 20% thi sinh truéng ctia ndm dat cuc dai, khi ting luong dich 1én 25%,

30% thi toc do sinh trudng ciia nAm gan nhu khong thay doi.

Bang 3.23. Anh hudng cia thé tich méi trudng nudi/thé tich binh dén kha ning
sinh trudng cua P. herquei HGN12.1R

Chi ticu Thé tich méi trwdng nudi/ thé tich binh % (v/v)

theo doi 5 10 15 20 25 30
Sinh khéi | 28937+ | 30942+ | 33240+ | 341,23+ | 34624+ | 339,55+
twoi (@) | 0,07 0,10 0,07 0,07 0,02 0,07
Sinhkhéi | 7.92+ | 11,74+ | 12,02+ | 1436= | 1478+ | 1448+
kho (/1) 0,05 0,04 0,07 0,08 0,07 0,10

3.3.5. Anh huéng ngudn cacbon, nito, mudi khoing téi sinh truéng cia P.
herquei HGN12.1R

Trong nghién ctru nay, sau khi lga chon dugc moi truong 1€én men & trén, NCS

thay doi nguén cacbon (Tinh bot, dextrose, D-maltose, sucrose, mannitol, inositol) va
nito (Cao nim men (CNM), Cao thit, cao thit bo, pepton, NHsNOs, (NH1)2SO04),
ngudn mudi khoang (MgSOs. 7H,0, KoHPO4 va KCI) voi ham luong twong tu va
danh gia sy anh hudng cia chung t6i sinh trudng cia hé soi ndm. Két qua duoc thé
hién & cac bang sau day.

Bang 3.24. Anh hudng cta ngudn cacbon téi sinh trudng ciia P. herquei HGN12.1R

5 Anh huéng ciia ngudn cacbon (g/1)
Chi tiéu >
theo doi Tinh bgt | Dextrose Sucrose | Mannitol | Inositol
maltose

Sinh khéi 302,23+ | 352,89+ | 270,17+ | 280,08 | 265,43 + | 268,15
tuoi (g/1) 0,05 0,03 0,09 +0,13 0,08 +0,07
Sinh khéi 13,68 £ 15,45 + 12,12+ | 1246+ | 11,89+ |11,95+
kho (g/1) 0,07 0,04 0,11 0,09 0,06 0,12
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P

o® 4 O% |
Hinh 3.22. Sic ky 16p méng (TLC) cta chiét xuat ndm trén cac méi truong co
ngudn duong khac nhau (Puong sé 1: Inositol, dudng sé 2: Mannitol, duong s6 3:
Tinh bot tan, dudng s6 4: Sucrose, duong sé 5: D-maltose, duong sd 6: Chét chuan-
PTOX, duong s6 7: BC (-), dudng sb 8: Dextrose)

Carbon 1a mot thanh phan thiét yéu cau tao nén cac loai dudng nhu
monosaccharide, disaccharide va polysaccharide, dong vai tro 1a ngudn ning lugng
chinh cho su sinh trudng ciia té bao /75/]. Tir Bang 3.24 cho thiy, chung nam Ién
men tot trén ca 6 ngudén duong thay thé, tuy nhién voi ngudn duong la dextrose hé
soi nAm phat trién tot hon, sinh khoi khé dat 15,45+ 0,04 g/l cao nhat, sau d6 dén tinh
bot, 04 nguén duong con lai hé sgi nm sinh trudng mong hon va tuong d6i nhu nhau.
Céc két qua dinh tinh trén ban TLC ciing cho két qua twong tng, so v4i chat chuan
PTOX & duong sb 6 thi nguon dudng dextrose cho vach rd rang, ddm nét va cing
nhiéu san pham phu c6 thé 1a cac dan xuat cia PTOX. Do d6, nguén dextrose dugc
Iira chon lam ngudn dudng thich hop nhat cho nAm P. herquei HGN12.1R.

Bang 3.25. Anh hudng ctia ngudn nito t6i sinh truéng cua P. herquei HGN12.1R

Anh huéng ciia ngudn nito (g/1)
Chi tiéu .
theoddi | CNM | Cao thit Cag ;h’t Pepton | NHiNO; | (NH4)2SO4
Sinh khoi 223,15 | 340,11+ | 345,05+ | 305,52+ | 150,23 + 121,49 +
tuoi (g/1) + 0,05 0,03 0,09 0,10 0,17 0,08
Sinh khdi 9,86 + | 15,21+ 15,35+ 13,55+ 6,95 + 5,78 +
kho (g/1) 0,07 0,09 0,05 0,06 0,04 0,10
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Cao nim men NH,NO, (NH,),SO,

Hinh 3.23. Anh hudng cua cac ngudn nito khac nhau téi sinh truong cua ching P.
herquei HGN12.1R

=

S
Q ( . ¢ : Ao T

Hinh 3.24. Sic ky 16p mong (TLC) cua chiét xuat nam trén cac ngudn nito khac

nhau (Pudng s6 4: CNM, dudng sd 5: Cao thit, dudong sd 6: Chat chuan-PTOX,

duong s6 7: BC (-), dudong sd 8: Cao thit bo, dudng sé 9: Pepton, dudng sb 10:
NHsNO3, duong s6 11: (NH4)2S04)

Nito déng vai tro cdt yéu, cung cAp nguyén liéu cho t& bao ndm dé tong hop
c4c amino axit, protein va chitin- thanh phan chinh cua cta thanh té bao soi nim.
NAam c6 kha ning sir dung da dang cac ngudn nito, bao gdm ca nito vo co va hitu co.
Céc nghién ctru d chi ra rang ngudn nito hiru co va vo co tao ra sy khac biét dang ké
trong viéc hd tro phat trién ctia hé soi ndm [152]. Pang chu ¥, hau hét cac loai nAm
déu tan dung tot cac ngudn nito phirc tap nhu cao nAm men va peptone (cao chiét xuit

tir thit bo). Peptone dugc ghi nhan 13 ngudn nito tdi vu cho sinh truéng ciia nim



82

nhong tring ha thao [153]. Trong nghién ctru ctia NCS, két qua ciing cho thay ngudn
nito hitu co thich hop véi sinh truong va sinh tong hop Chat/tién chit PTOX cua
chung ndm. Thay thé ngudon CNM bang 1 trong 3 loai cao thit, cao thit bo va pepton
déu cho két qua tdt.

Mudi khoang 1a mot phan quan trong cua té bao, chiém khoang 2-5% khdi
lugng kho. Chung ton tai dudi dang cac mudi nhu sunfat, phosphat, cacbonat, va
clorua, nhung trong té bao lai chu yéu ¢ dang céc ion. Cac ion nay ludén duy tri mot
ty 1€ can bﬁng dé dam bao do pH va ap sudt tham thau on dinh, tao diéu kién thich
hop cho su sdng clia vi sinh vat. Trong nghién ctru nay NCS lwa chon b sung 0,25g/1
cho mdi ngudn khoang theo [139]

MgSO4. 7TH20 K,HPO, KCl
Hinh 3.25. Anh hudng ciia ngudén mudi khoang t6i sinh trudng cua P. herquei
HGNI12.1R

Bang 3.26. Anh hudng ctia nguon mudi khoang téi sinh trudng ctia P. herquei
HGN12.1R

Anh huwéng ciia ngudén mudi khoang (g/1)
Chi tiéu theo doi
MgSOs. TH20 K>HPO4 KCl
Sinh khéi tuoi (g/1) 330,16 £ 0,05 287 £ 0,06 273+0,15
Sinh khéi kho (g/1) 15,05 + 0,05 13,66 £ 0,04 12,89 + 0,08

Tir s6 liéu trén cho thay ching P. herquei HGN12.1R thich hop véi nguén
duong dextrose, ngudn nito hiru co nhu cao thit bo (c6 thé thay thé cao thit hoic
pepton) va ngudn mudi khoang MgSO4. 7H,0.

3.3.6. Anh hwéng ciia tién chat dén sinh truéng ciia cic chiing nam

Trong nghién ctru cua [154] d3 nghién ctru anh hudng cua tién chat
phenylalanine va chiét xuat thuc vét 1én sinh truéng va sinh tong hop PTOX cua 1
chung ndm néi sinh F. proliferatum TQNS5T. Theo d6 ham luong PTOX va sinh khoi

nam tang dang ké so vd1 moi trudong Ién men ban dau. Trong nghién ctru nay, chiét


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=948311
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xuit BGL hoic Phenylalanine dugc bo sung véi ham luong 10 pg/ml sau 3 ngay nudi
cdy nidm. Két thuc thoi gian 1én men ham luwong sinh khéi ndm duoc kiém tra va xac
dinh sy san sinh PTOX bang phuong phap TLC. Két qua dugc néu & (Bang 3.27) va
(Hinh 3.26).

Bang 3.27. Anh hudng cia tién chat ti sinh truéng cua P. herquei HGN12.1R

Anh huéng ciia tién chat (ug/ml)
Chi tiéu theo doi - -
Phenylalanine Chiét xuat BGL
Sinh khoi kho (g/1) 14,96 + 0,05 15,58 + 0,14
Sinh khéi tuoi (g/1) 339,31+ 0,07 356,86 + 0,09

So sanh tac dung 1am ting sinh trudng cia 2 tién chat trén, NCS thay rang Ca
hai tién chat déu cho th?iy tac dung tich cuc lén tdc do sinh trudng cua ching nam
trong qué trinh 1én men. Mic du vy, chiét xuat BGL véan cho hiéu qua hon. Tuy
nhién, chiét xudt BGL khong phai lic nao cling san, hon nira loai thuc vat nay hién
dang ndm trong sach do dang can duoc bao ton. Vi vy viée bd sung tién chét kich

thich ting trudng va sinh tong hop PTOX uu tién véi liwa chon phenylalanine.

1 2 3 4

Hinh 3.26. Sic ky 16p mong (TLC) anh huéng cua tién chét téi 1én men ching P.
herquei HGN12.1R (Pudng s 1: Chiét xuat thuc vat, duong s6 2: Phenylalanine,
duong s6 3: Chat chuan-PTOX, dudng sb 4: BC (-))

3.4. Lén men, thu hdi, xac dinh cdu tric va danh gia hoat tinh sinh hoc ciia céc

hop chat tir P. herquei HGN12.1R

3.4.1. Dong thai qua trinh lén men
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Sau qué trinh nhan giéng 5% viao méi truong 1én men bang bom nhu dong.
Piéu kién 1én men ban dau: pH 7,0; nhiét do 25 °C; toc do khudy 120 vong/phit; toc
d6 thdi khi 1vvm. Theo ddi qua trinh 1én men va x4c dinh céc thong s6 sinh khéi tuoi,
sinh khéi khé, sy thay ddi pH va su san sinh Chat/tién chat PTOX. Két qua cho thiy,
sinh khéi ndm ting tir 12 gid — 120 gidr va dat dinh diém tai mbc 144 gid. Phuong
phap TLC cho thiy sau 72 gid 1én men ching nAm bét dau sinh PTOX va & thoi diém
144 gio -168 gid su tich lily PTOX dugc cho 13 tdi wu khi chiét xuat nAm c6 mau gan
tuong ty v6i mau chudn PTOX, luong sinh khéi ¢ thoi diém nay ciing dat ngudng 6n
dinh, sau 168 gio sinh kh6i nim 6n dinh va két qua TLC khong cho thay c6 sy thay
d6i 0 192 gio. Chi s6 pH clia méi trudng giam dan trong 48 gio dau va tdi 72 gio dat
pH= 5,5 sau d6 duy tri 6n dinh.

Bang 3.28. Pong thai 1én men cua ching P. herquei HGN12.1R trén thiét b
1én men 5-10 lit/mé.

T'I‘n":f‘(ag‘l‘;)e“ pH Sinh khéi twoi (g/1) | Sinh khéi khé (g/1)
12 7,0 91,09 + 1,83 4,05+ 0,12
24 6,5 130,14 + 1,47 6,03+ 0,53
48 6,0 199,35 + 1,24 8,85 + 0,86
72 5,5 22227+ 1,14 10,65 + 0,73
96 5,5 284,05 + 1,64 12,60 + 0,84
120 5,5 310,08 + 1,35 14,80 + 0,94
144 5,5 365,36 = 1,60 16,19 + 0,73
168 5,5 366,45 + 0,54 16,05 + 0,10
192 5,5 365,98 + 1,14 15,99 + 0,17
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m Sinh khdi khé trung binh (g) = pH

12k 24h 48h 72h S5h 120k 144h

16Eh 152h

B G

Sinh khdi khd (g/)
[ ] [ £ - o [E=] E F;

Thii gian [én men (h)

Hinh 3.27. Biéu d6 dong thai 1én men P. herquei HGN12.1R

Hinh 3.28. Sic ky 16p mong (TLC) cua chiét xuit ndm theo thoi gian 1én men trén
hé thdng 5-10 lit/mé (Ban 5: dudng sb 1-8: twong tng 12h -168h, dudng s 9:
PTOX, duong s6 10: DC (-), dudng s6 11: cao chiét BGL; Ban 6: duong s6 3: 192h,
duong s6 4: PTOX, duong s6 5: BC (-))

Duya trén két qua cho thay luong hoat chét tich lily twong duwong nhau & thoi
diém 144 gio va 168 gid, NCS da quyét dinh chon 144 gio 1a thoi gian 1én men tbi
wu. Lya chon nay gitip tiét kiém dang ké dién ning, thoi gian va cong sirc lao dong

ma van dam bdo hi€u qua san xuat.
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Hinh 3.29. Cic cong doan 1én men, thu hoi san phadm va chiét xuat nAm
P. herquei HGN12.1R

(1: Vao mau; 2: Tiép giéng; 3: Piéu chinh cac théng sé 1én men; 4 va 5: Thoi

gian 1én men 12-24 gid va 144-168 gio; 6,7: Thu hdi; 8,9: Sinh khdi nam say
khé; 10: Chiét methanol; 11: Cao chiét)

3.4.2. Tach chiét, tinh sach va xac dinh ciu tric cic hop chit

St dung 45 g chiét xuat methanol kho tir P. herquei HGN12.1R (k¥ hiéu:
VN12C) duge phan bd déu trong nudc (500 ml) va chiét phan 16p 1an luot véi cac
dung moi hitu co n-hexane, ethyl acetate va methylene chloride (3 x 500 ml cho mdi
dung méi) dé thu dugc cac chiét xuat tuong tng (195 mg, 1,143 g va 2,577 g tuong
mg) va phan dich nudc (Hinh 3.30). Phan doan methylene chloride VN-12C -D
(2,577 g) dugc dua qua cdt silica gel pha ddo (ODS-A, YMC) véi h¢ dung moi rira
giai gradient MeOH-H,O (1/2, v/v) dén 100% MeOH dé thu duoc tdm phéan doan (ky
hi¢u: D1 — D8) (Hinh 3.31).
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Can McOH
452
Chiét phin bo HexanH,0: 1/1, 3 lin
v
Céan Hexun Can chiét nuéc
VN-12C - H (195mg)

Chiét phin bé § EtoAc / Hy0 ¢ 1/1, 3 lin

Cin EtoAc Can chiét nurdc

VN-12(C E(l.143 ¢g)
Chigt phin bo CH;CL {H,0 : V1, 3 lan
Cin Diclomethan Cin chift nude
VN-12C - D (2.577 g)
diaion

1000 H.0 WM 0% 106 M
‘\\'l W2 W3

Hinh 3.30. So db chiét phan 16p ctia miu VN-12C
VN-12C-D

(2.577)

Silicage]l RP-18,0C
Sobent: W1 2-101-100%1

D1-D4 D5-Da D7-D8
Slmg 60mg
HFLZ, %W HPLC, AW
Ga/3d BaI35
VIN-12C-03 D7C
(5 mg) (15 mg)
HPLC, &
543
VIN-12C-06
{6 mg)

Hinh 3.31. So d6 chiét phan 1ap hop chét tir phan doan VN-12C-D

Cac phan doan D5 va D6 cho thiy cac vét tuwong tu trén ban TLC va duoc két
hop cung nhau chay HPLC (Agilent 1260 Infinity IT) véi hé dung moéi rira giai dang
dong acetonitrile-H.0 (66/34, v/v) thu duge hop chat VN12C - 03 (5 mg).

Cac phan doan D7 va D8 duogc két hop dua trén két qua TLC va duoc chay
HPLC hé dung mdi rira giai acetonitrile- H,O 65/35 (v/v) dé thu dwgc phan doan
D7C. Tt phan doan D7C duoc tiép tuc chay HPLC hé dung méi rira giai acetonitrile-
H>0 57/43 (v/v) dé thu dugc hop chat VN-12C - 06 (6 mg).
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Céc hop chit dugce do trén may quang phd FT-NMR AVANCE NEO 600
(Bruker, Buc), Vién Hoa hoc, Vién Han l1am Khoa hoc va Cong ngh¢ Viét Nam xac
dinh hop chat tinh khiét VN-12C-03, VN-12C-06 tuong tw nhu PTOX.

Phan dich nudc dugce tién hanh sic ky cot diaion HP-20 thu duge 3 phan ki
hiéu 1a W1, W2, W3. Tuy nhién, sir dung cac phuong phap sic ky két hop nhu TLC,
CC, HPLC dbi véi cac phan doan dich nudc cling nhu cac phan doan khac khong thu
dugc hop chat sach.
3.4.2.1. Xdc dinh cdu triic phén tir cia hop chdt VN-12C-03

NCS da phan lap thanh cong hop chat VN-12C-03 dudi dang bot trang. Dé xac
dinh cau trac ctia né, NCS sir dung cac k¥ thuat pho cong huong tir hat nhan (NMR),
bao gom 'H NMR, *C NMR va cac pho hai chiéu nhu HSQC, HMBC (Hinh 11, 2I,
31, phu luc I).

Duya trén két qua phan tich phd va ddi chiéu voi céc tai liéu tham khao, NCS
xac dinh VN-12C-03 chinh 13 a-Peltatin, mot dan xuét d3 biét cta hop chit muc tiéu
PTOX. Hop chit nay c6 cong thirc phan tir 1a Ca1H200s va khéi lwong phan tir 12 400
g/mol.

1= H O

H,CO 7~ “OCHs
OH

Hinh 3.32. C4u triic phén tir ciia hop chit VN-12C-03
3.4.2.2. Xdc dinh cdu triic phan tir ciia hop chdt VN-12C-06

Hop chit VN-12C-06 duoc thu nhan dudi dang bot mau tring. Dé 1am sang to
cAu triic phan tir ciia nd, NCS di tién hanh cac phan tich phd cong hudng tir hat nhan
(NMR), bao gom phd 'H va *C NMR cing v6i cac thi nghiém twong tic 2 chiéu nhu
HSQC va HMBC (Hinh 41, 51, 61, phu luc I).
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Céc dit liéu phd nay da duoc so sanh can than v6i pho cia cac lignans da biét,
dic biét 1a p-Peltatin. Tir cac phan tich sau va d6i chiéu véi tai liéu tham khao, hop
chat VN-12C-06 di duoc xac nhén 1a B-Peltatin, véi cong thirc phan tir C22H»0s va
khéi lwong phan tir 414 g/mol. Viée xac dinh B-Peltatin 14 quan trong, boi hop chat

nay ciing 1a mot dan xuat cia PTOX, mét thanh phan muc tiéu trong nghién ciru ndy.

OH

H

H,CO 7 “OCH,4
OCHj,4

Hinh 3.33. Cau trtic phan tir ciia hop chat VN-12C-06

3.4.3. Panh gia hoat tinh sinh hoc ciia cac hop chit
3.4.3.1. Két qua ddnh gid hoat tinh chong oxy héa theo phirong phdp logi goc twr do
DPPH

Mau thtr dugc pha stock trong DMSO & ndng d6 2 mg/ml. Sau d6 duoc pha
thanh dai néng d6 thir mau nhu sau: 0,8; 4; 20 va 100 pg/ml v6i nudc cat khir ion.
DPPH pha trong methanol (100%) néng d6 0,25 pM. Hut 1ml mau nghién ctru da pha
& cac ndng d6 vao 6ng thuy tinh. Mdi ndng d6 thir chat dwoc lip lai 3 1an. Thém 1ml
dung dich DPPH d chuan bi & trén vao cic ong di cé san mau nghién ctiru. Ong ddi
chtng, khong c6 mau thir chi ¢6 1ml nuée va Iml DPPH. U & nhiét d6 phong trong
30 phit. Cac két qua vé gia tri ECso (nong d6 mau thir can thiét dé trc ché 50% goc
tu do DPPH) cuia cac phan doan chiét dugc trinh bay ¢ (Bang 3.29).
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Bang 3.29. Gia tri ECs ctia cac chat phan lap tir ching HGN12.1R

Néng dé % oxi hoa goc tw do DPPH
(ng/ml) VN12C.03 VN12C.06 Resveratrol
100 76,98+0.05 69.13+0.07 70,61+0.005
20 70,19+1.05 68.42:0.05 68.96+0.015
4 38,24+0.05 12,6140.25 67,430,025
0,8 14,20+0.35 7,88+0.12 66.,60:0.008
ECso 6,44+0,41 18,75+1,11 0.0540,006

Kha ning trung hoa gbc tu do DPPH ctia mu thir thé hién qua viéc 1am giam
mau DPPH, duoc xac dinh bang phép do d6 hap thu quang & budc séng 517 nm trén
may doc ELISA. Thi nghiém duoc tién hanh véi cac ndong do chat thi thay doi tir 0,8;
4; 20 va 100 pg/ml. Resvetrol (hop chat polyphenol) chiét xuat tir qua nho duoc st
dung 1am ddi chung cho thi nghiém. Nhin chung, d6i véi tit ca cic phan doan
(VN12C.03, VN12C.06) va Resveratrol, phan trim trc ché goc tu do DPPH ting 1én
khi ndng d6 ting 1én. Diéu nay 1a phu hop véi co ché hoat dong cua cac chit chong

oxy hoa, khi ndng do cao hon s& c6 nhiéu phan tr hon dé trung hoa gbc tu do.
3.4.3.2. Két qua thir nghiém hoat tinh gdy déc té bao

Két qua gy doc véi dong té bao SK-LU-1: Ung thu phdi & ngudi (human lung
carcinoma) duoc trinh bay ¢ (Bang 3.30). Bang trinh bay phan trim {rc ché té bao
trung binh (TB) va sai s6 twong Gmg & cac ndong d6 khac nhau (20; 4; 0,8; 0,16; 0,032
ng/ml) cho timg mau nghién ctru. Két qua cho thiy cac miu nghién ctru da thé hién
hoat tinh gdy doc t& bao SK-LU-1 véi gia tri ICso tir 0,04 -18,61 pg/ml. Chat dbi
chung dwong Ellipticine hoat dong on dinh trong thi nghiém. Nhin chung, phan trim

uc ché c6 xu huong giam khi nong do giam.
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Bang 3.30. Hoat tinh gay doc té bao ICso ciia cac chit phén lap tir ching HGN12.1R

Nong dp Cao chiét Ndng do Ellipticine
(ng/ml) TB Saisé | (mg/mb TB Sai sb
20 55,10 1,43 10 95,27 2,14
4 53,46 0,32 2 76,18 1,10
0,8 51,67 1,17 0,4 49,16 1,08
0,16 49,45 0,09 0,08 22,42 0,98
0,032 17,05 1,78
ICso 0,21+0,02 ICso 0,45+0,02
. Phén trim tc ché (%)
Nong do 1
ong df (ug/mi) VNI12C-03 VN12C-06
TB Sai s6 TB Sai s6
20 52,25 1,71 54,62 1,32
4 19,95 0,40 48,51 12,62
0.8 7,76 1,17 45,69 0,76
0,16 4,23 0,48 11,41 1,10
0,032 3,02 0,27 5,15 0,55
ICso 18,61+1,10 5,99+0,44
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Chuong 4. THAO LUAN

4.1. Phan lap, dinh danh, sang loc va nghién ctru dic diém sinh hoc ciia chiing
nim ndi sinh P. herquei HGN12.1R tir ciy Bat Giac Lién san sinh PTOX va céc
din xuit.

Trong nhiéu thap ky qua, ndm noi sinh d3 trd thanh mot ngudn tai nguyén hia
hen cho viéc kham pha céac hop chét ¢ hoat tinh sinh hoc méi, dic biét 1a cac loai
thudc diéu tri c6 ngudn gdc tir thuc vat. Kha ning tong hop cac hop chét gan giong
v6i cac chat chuyén hoa cia vat chi khién chiing trd thanh ngudn nguyén liéu tho
quan trong cho nganh cong nghiép duoc pham [84], [155]. Do d6, viéc nghién ctru sy
da dang cua cac loai nim lién quan dén cdy thudc 1a mot cach tiép can tuyét voi dé
kham pha cac ngudn vi sinh vat méi co kha ning san xuit cic hop chét c6 gid tri y
hoc tur ré cay Dysosma difformis [1], viéc khdo sat ndm ndi sinh cu tra trong loai thyc

vat nay tré nén dac biét quan trong.

O nghién ctru hién tai, NCS da phan 1ap duoc 53 chung nam ndi sinh tr D.
difformis tai hai dia diém Ha Giang va Lai Chau. Cac ching nay dugc dinh danh dua
trén quan sat hinh thai va giai trinh tu gen rDNA vung ITS, sau d6 xay dung cay phat

sinh loai bang phan mém MEGA 7 dé mé ta méi quan hé phan loai.

Két qua dinh danh ban dau di ghi nhan sy hién dién cta hai chi Apiochitrum
va Ganoderma thudc nganh Basidiomycota trén cady than thao — day la nhiing phat
hién mdéi la d6i véi loai thuc vat nay. Pac biét, NCS phan loai Mucor sp. vao nganh
Mucoromycota thay vi Zygomycota nhu mo ta ctia Tan va cong su [10] phu hop voi
hé thdng phan loai gan day nhat di xép cac loai ndm Zygomycota vao cac nganh
Zoopagomycota, Mucoromycota va Glomeromycota [156]. Két qua phan tich phat
sinh loai da chirng minh sy thich nghi chuyén biét ctia cac loai nAm véi tirng loai mo
va moi truong séng. Diéu ndy hoan toan nhat quan voi nghién ctru ctia Gupta va cong
su, khi ho chira réng dia diém thu thap, kich thuéc mau (doan mo céy), va vi tri cua
nam noi sinh trong mé thuc vat déu 1a nhitng yéu t6 then chét dinh hinh quan xa nAm
noi sinh [157]. Diéu thu vi 1a céc chung Fusarium dugc phan 1ap trong 14 va & nim
& cac nhanh khac nhau, diéu nay c6 thé dua ra gia thuyét 13 do su thich nghi cua vi
sinh vat ndi sinh véi cdc mo khac nhau. Sy khac biét trong cAu tric cia cay phat sinh
loi giita hai dia diém thu thap ciing chi ra ring cdc méi truong séng khac nhau co
thé anh hudng dén sy tién hoa di truyén va da dang cua cac loai VSV ndi sinh séng

trong D. difformis.
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Dé co cai nhin toan dién vé quﬁn x4 nam ndi sinh va xac dinh céc nguén tiém
nang san sinh hop chat thir cap, viéc danh gia cc chi s6 da dang sinh hoc 1 can thiét.
Cac md hodc dia diém c6 d6 da dang vi nam noi sinh cao c6 thé chtra nhiéu loai nAm
doc dao voi kha nang san Xuét cac hop chét ¢o gia tri dugc liéu [158]. Cac nghién
clru trude day da chi ra sy da dang cao ctia ndm ndi sinh lién quan dén Catharanthus
roseus v6i chi s6 da dang Shannon va Simpson ciing nhu chi sé gidu c6 Menhinick
d6i voi vo cay lan luot 1a 1,47; 0,85 va 1,89 [159]. Katoch va cong su dd bao céo cic
chi s6 da dang cua quan thé ndm noi sinh duoc phan 1ap tir Monarda citriodora, cho
thay su da dang cao va su phong phu vé loai trong 14 v6i chi s6 phong pht Shannon,
Simpson, Margalef va Menhinick lan luot 12 2,89; 0,944; 5,882 va 4,243 [131].

Trong nghién ctru nay, NCS ciing di danh gia cac chi s6 da dang sinh hoc cia
cong déng nam noi sinh lién quan dén D. difformis thong qua bay chi sé khac nhau.
Két qua cho thiy tinh da dang cta cac chung phén 1ap twong ty nhu quin thé ndm noi
sinh trong md cua D. difformis & Ha Giang va Lai Chau. Cu thé, 27 chiing (50,94%)
duoc phan 1ap tir ré, 12 ching (22,64%) tir than cay va 14 ching (26,42%) tir 14. Khi
xem xét cac chi s6 da dang theo mo thuc vat, ré cay cho théy chi s da dang Shannon
(H) cao nhit (2,673), tiép theo 1a 14 (2,162) va than (2,056) duoc néu trong Bang 3.5.
Tuong ty, chi s6 gidu Margalef (Dmn) ciing cao nhit & ré (3,70), 14 (3,41) va than
(3,175). So v&i cac nghién ciru trude day, két qua ciia NCS cho thay cac gia tri cao
d6i voi chi s6 da dang Simpson, chi sé da dang Shannon, chi sb giau Margalef va chi
sO giau Menhinick, khiang dinh tinh da dang cao ctia ndm ndi sinh lién quan dén D.
difformis. Gié tri cao cta chi sb dong déu Pielou va gia tri thdp cta chi sd thong tri
Camargo va chi s6 da dang Shannon cho thdy cac mé hinh khéc nhau vé tinh dic hiéu
mo. Mic du chi s6 Simpson chi thé hién su thong tri ctia mot s6 loai, chi sé Shannon
dugc danh gia cao hon vi xem xét ca tinh phong phu va tinh dong déu ctia loai [158],
[160]. Hé s twong ddng cua Sorensen, véi gia tri thap va gia tri trung binh, biéu thi
murc d twong ddng thap va trung binh trong thanh phan loai dbi voi cac mé va vi tri
khac nhau, trong Gmg. Nhitng két qua nay ngu ¥ rang: (i) Noi sinh thé hién su hap
din khac nhau ddi v&i cac md khac nhau; va (i1) Sy khac biét ¢ khu vuc thu thap thuc
vat c6 thé dan dén su khac biét trong cong ddng vi sinh vat. Diéu nay phu hop véi két
luan cua Gupta va cong su vé anh huong cua vi tri thu thap va vi tri cia nam ndi sinh
trong mo thuc vat dén cong déng nam ndi sinh [157]. Day la bdo cao dau tién vé su
da dang ctua nam ndi sinh cu tra trén D. difformis tai Viét Nam, mang lai gié tri to 16n

vé da dang sinh hoc va tiém ning duoc liéu tir ngudn gen dia phuong. Nghién ctru
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nay cung cép cai nhin toan dién hon vé hé vi sinh vat cua cay chu, khac biét véi cac
nghién ctru truée ddy von chi tip trung vao mot hoic hai ching nim cu thé, ching
han nhu F. solani dugc phan lap tit Podophyllum hexandrum san xuat PTOX tai An
Do boi Nadeem [11] hay A. fumigatus duge phan 1ap tir Juniperus communis san xut
DPTOX tai Buc bdi S. Kusari [12].

Tir @6, NCS tap trung kham ph4 tiém ning cta cic chung nim nay dé san xuat
cac hop chit c6 hoat tinh sinh hoc. Cu thé, NCS da sang loc hoat tinh ctia chung vai
muc tiéu tim ra chiing vu viét nhat c6 kha ning san sinh PTOX va cac hop chat twong
tu cdy chu. Theo Tan va Zou nghién ciru, tir mot cay duy nhat phan 1ap duoc hang
tram loai VNNS va trong s6 d6, it nhat mot loai thuong biéu hién tinh dic hiéu vai
vat chu [35]. Thir nghiém doc tinh té bao cho théiy hoat tinh manh mé& cua sau ching
phan 1ap bao gébm Penicillium sp. (HGN 12.1R), Penicillium sp. (HGN 13.1R),
Trametes sp., Purpureocillium sp., Aspergillus sp. va Ganoderma sp. chong lai ca ba
dong té bao ung thu (SK-LU-1, HL-60 va HepG2). Hoat tinh gay doc té bao trén dong
té bao SK-LU-1 cta 53 chiét xuat nam duoc trinh bay trong Bang 3.8, trong d6 28
chiét xuat cho thiy hoat tinh tir 0,036 dén 80,23 pg/ml. Pic biét, ching HGN12.1R
thé hién hoat tinh gay ddc té bao twong d6i manh mé trén SK-LU-1. Khi thtr nghiém
sau hon trén HL-60 va HepG2 thi HGN12.1R tiép tuc cho thay hoat tinh manh dong
thoi trén HL-60 véi ICso 12 0,013 £+ 0,004 pg/ml va 0,071 + 0,011 pg/ml trén HepG2
duoc néu trong Bang 3.9, diéu d6 khang dinh doc tinh cao cia HGN12.1R trén ca ba
dong té bao ung thu. Nghién ctru ndy chua timg duoc bao cdo rong rii trong cac
nghién ctru trude day vé nidm ndi sinh, khang dinh tiém ning 16n trong viéc sang loc
cac ching ndm c6 doc tinh cao ddi vé6i té bao ung thu dé nghién ciru sdu hon vé cac
hop chat hoat tinh sinh hoc va co ché hoat ddng ctia chung. So sanh véi cac nghién
ctru khac, dich chiét cia NCS cho thiy hoat tinh twong duong hodc manh hon mét sb
hop chat/dich chiét da duoc bao co: vi du, cyclo (L-[4-hydroxyprolinyl]-L-leucine)
va cyclo (L-Phe-trans-4-hydroxy-L-Pro) tir Streptomyces griseus v6i ICso 1an luot 1a
115,7 va >200 pg/ml trén t& bao HL-60 [161]. Dich chiét CH2Cly ciia Artemisia
turanica véi 1Cso 13 104 pg/ml [162] hodc dich chiét methanol ctia nAim Chaga
Inonotus obliguus thé hién doc tinh té bao vira phai d6i vai HL-60, LU-1, SW480 va
HepG2 véi cac gia tri 1an luot 13 32,2 pg/ml, 38,0 pg/ml, 41,3 pg/ml va 51,3 pg/ml
[163]. Rahaman va cong su da bao c4o hoat tinh gay doc té bao cua 80 loai VNNS
phan lap tir cAy ngdp man Sundarbans trén té bao MCF-7 va SK-LU-1, trong d6 chi

c6 Talaromyces harzianum (HFSF-1) c6 kha ning trc ché su phat trién té bao hiéu
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qua trén ca hai dong té bao (ICso < 20 pg/ml). Talaromyces sp. va Aspergillus oryzae
cho thiy tac dung doc hai dang ké trén té bao MCF-7 (ICso < 20 pg/ml) trong khi
Penicillium chrysogenum chi cho thay hoat tinh tot trén té bao SK-LU-1 [164].

Dé x4c nhan sy hién dién cua PTOX trong céc chiét xut nim c6 kha ning gy
doc té bao cao, NCS di tién hanh phén tich bang sic ky 16p mong (TLC) va séc ky
16ng hiéu nang cao (HPLC). Két qua phan tich TLC cho thiy sy hién dién ciia PTOX
trong cac chiét xuat HGNI13R, LCN8T, LCN3T, HGNI12.IR, HGNI12.2R va
HGN13.1R duoc néu ¢ Hinh 3.9. Piéu nay duoc khing dinh bang viéc so sanh véi
PTOX chuan va mdi truong khong c6 nam (d6i chimg am). Phan tich HPLC-DAD &
Hinh 3.10 va Bang 3.10 cung cap bang chting dinh tinh manh mé& hon. Trong lan phan
tich HPLC dau tién, céc pic sic ky cua chiét xudt HGN13R (thoi gian luu Rt = 37,164
phut), HGN12.2R (Rt = 37,209 phut), LCN3T (Rt = 37,197 phut) va LCNST (Rt =
37,202 phit) twong tmg v6i thoi gian lwu ciia chat chuan PTOX1 (Rt = 37,13 phat).
Trong lan phan tich HPLC thit hai, cac chiét xuat tir HGN12.1R (Rt = 37,359 phut),
HGN13.1R (Rt = 37,378 phut) va dich chiét thuc vat (Rt = 37,353 phut) ciing co thoi
gian luu gan véi PTOX2 chuan (Rt = 37,365 phut). Hon nita, quan sat phd UV caa
cac pic sic ky HPLC ndy va so sanh chiing v&i phd UV ciia PTOX chuan cho thiy sy
tring khép, diéu nay cang cing cb su hién dién ciia PTOX trong dich chiét nam. Mic
du sic ky d6 va pho UV cua HGN12.1R, HGN13.1R va dich chiét thuc vat thé hién
mo hinh tuong ty PTOX chuan nhung chua hoan toan rd rang, diéu nay c6 thé do sy
phtic tap ctia cic chat chuyén hoa khac cung t6n tai trong chiét xuat, mé ra co hoi
tiém ning dé tim ra nhiéu hop chét thir cip quan trong khac duoc néu trong Hinh
3.10. Nhitng két qua nay phu hop véi két qua TLC va khang dinh thém rang chiét

xuat nAm c6 chira PTOX.

Tur cac dir liéu sang loc, chung nam P. herquei HGN12.1R ndi 1én nhu mot
g vién day tiém ning dé khai thac cac hop chat co ngudn gdc tir thuc vat chi. Dya
trén hoat tinh gdy doc t& bao manh mé& nhit dbi v6i ca ba dong té bao ung thu ciing
v6i phd UV triung khép véi phd cia hop chat PTOX chuan trong phéan tich HPLC,
HGN12.1R khong chi mo ra co hoi 16n dé tim kiém cac hop chat thir cap khac ngoai
PTOX ma con mang lai gia tri irng dung cao.

Nghién ctru cia NCS ciing ¢6 thém cho nhitng phat hién trudc day, khi cac chi
nam noi sinh nhu Aspergillus, Penicillium, va Trametes déu duoc chimg minh c6 kha

ning san xuat PTOX. Dang chu ¥, Penicillium phan lap tir Dysosma veitchii va
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Trametes hirsuta cling da dugc ghi nhan san xuat hop chét nay [165]. Pang chi ¥,
Penicillium phan lap tir Dysosma veitchii dd dugc ghi nhan san xuat hop chit nay
[166]. Puri va cong su da phan 1ap va mo ta dac diém cta Trametes hirsuta c6 kha
nang san xuit PTOX [46]. Ngoai ra, trong nghién ctru cia NCS 1an dau tién cho thiy
su hién dién ciia PTOX da dugc phat hién trong Ganoderma sp., diéu nay co thé 1a
két qua ciia su cong sinh véi D. difformis. Dic biét, nghién ctru nay lan dau tién ghi
nhan sy hién dién cua PTOX trong ndm Ganoderma sp., cO thé 1a két qua cua mbi
quan hé cong sinh v&i D. difformis. Pay 1a mot phat hién quan trong, vi Ganoderma
lucidum (ném Linh chi) von 1a mot loai nAm duoc liéu noi tiéng da duoc st dung dé
diéu tri nhiéu bénh khac nhau nhu ung thu va tiéu dudng [167], [168], kha ning san
xuat PTOX ctia né s& md ra mot tiém ning tng dung méi. Tuong tu, day ciing 13 bao
céo dau tién vé kha ning san xuat PTOX & Purpureocillium lilacinum, mot lodi nAm
da duoc nghién ctru ky ludng vé hoat tinh sinh hoc va thanh phan héa hoc [169]

nhung chua ting ghi nhin kha ndng nay.

Tém lai, nhitng két qua nay da ciing c6 manh mé gia thuyét cho rang ndm noi
sinh c6 thé san xuét cac hop chét c6 ngudn gdc tir thuc vat chi. Cac nghién ctru sdu
hon vé dinh lugng PTOX va cac gen lién quan dén qua trinh sinh tong hop hop chét
nay ¢ nim ndi sinh s& giup md duong cho viée san xuat PTOX & quy mé 16n, tao ra

nhirng tng dung tiém ning trong y hoc va dugc pham.

Nghién ctru dic diém sinh hoc cua P. herquei HGN12.1R cho thay, vé dic
diém hinh thai dai thé c6 khuan lac mau xanh réu, tron déu, dudng kinh 6-8 mm, bé
mit soi khuan to min nhu bui phan. O cp d6 vi thé, quan sat cho thiy bao tir duoc
san xuat véi sd lugng 16n tao thanh cAu trac chdi dic trung cua chi Penicillium, bao
tir hinh bau duc, phan nhanh nhiéu) dugc néu trong Bang 3.11, cac dic diém nay ciing
phtt hop v6i md ta vé chi Penicillium [126], [125]. Pé x4c nhan dinh danh nay, trinh
tu rDNA cua viing ITS di dugc gii trinh tw va so sanh véi co so dit liéu gen. Két qua
cho thdy chung ndm nay c6 do twong ddng cao (99,80%) véi trinh tu gen cua
Penicillium herquei culture BCC (ma ) MF537646.1), tir d6 khrfmg dinh viéc dinh
danh 1a P. herquei HGN12.1R (Bang 1C, phu luc C). Phat hién nay dac biét co y
nghia khi xét dén tiém ning sinh hoc cua chi Penicillium. Cac nghién ctru trude dy
da chimg minh chi ndy 1a mot nguén san xuat PTOX va nhiéu hop chéat chuyén hoa
thr cAp co cau triic moi cung hoat tinh sinh hoc d3 dugc phén lap tir cac ching ndm
thudc chi nay [170].
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Nghién ctru vé anh huéng cua nhiét d6 va pH dén kha nang sinh trudng cia
chung P. herquei HGN12.1R cho thay nhitng dic diém sinh 1y quan trong dugc néu
trong Bang 3.12. H¢ soi nam sinh trudng t6t nhat ¢ nhiét do 25 °C, dat 0,87 + 0,07 g
SKK/100 ml. M4t d6 ndm giam dang ké khi nhiét do ting 1én 35 °C va 37 °C, tai d6
nam khong phat trién. Diu nay chi ra rang 25 °C 1 nhiét do t6i vu cho sy phat trién
ctia ching. V& anh huong cua pH, ching P. herquei HGN12.1R c6 kha ning sinh
truong & tat ca 6 thang pH thir nghiém. Téc d6 sinh truong hé soi ndm cao nhét & pH
6 (0,79 + 0,02 g SKK/100 ml) va pH 7 (0,75 + 0,04 g SKK/100 ml). Téc d6 sinh
treong cham nhat dugce ghi nhian ¢ pH 4 (0,16 + 0,04 g SKK/100 ml). Két qua cho
thay chung ndm sinh truong tét & moi truong pH trung binh va hoi kiém, sinh truong
cham lai khi méi trudng c6 tinh axit ting, diéu ndy ciing cho thdy ndm ton tai dugc &

hau hét cac ving tho nhudng khac nhau tai Viét Nam.

Khao sat hoat tinh enzyme ngoai bao ctia ching P. herquei HGN12.1R cho thay
kha nang phan giai chitin va cellulose. Vong phan gii trung binh d6i véi chitinase 1a
6,3 + 0,08 mm va d6i voi cellulase 1a 8,5 + 0,05 mm (Bang 3.12). Hoat tinh cua céc
enzyme nay goi ¥ vé vai tro cua chiing nam trong viéc phan giai cic thanh phan cau
truc cua thyuc vat (vi du: chitin trong thanh t& bao nAm hodc con trung, cellulose trong
thanh té bao thuc vat), tir 46 hd trg qua trinh xdm nhiém va thiét 1ap mbi quan hé noi
sinh v&i vat chi. Hoat tinh enzyme ngoai bao ciing c6 thé dong vai tro trong viée canh

tranh sinh hoc hodc thich nghi v6i méi truong séng.

Vé hoat tinh khang khuan, chiét xuat methanol ctia chung P. herquei
HGN12.1R dugc khao sat bang phuong phap khuéch tan trén dia thach di véi cac
chung vi khuan Gram am (Escherichia coli DH5, Enterobacter 14RM7-1) va Gram
duong (Staphylococcus sp., Bacillus TTM11, Bacillus 2TM6). Két qua cho thiy chiét
xuat HGN12.1R c¢6 hoat tinh khang khuéan 13 rét trén cc chung Gram dwong nhu
Bacillus 7TTM11 (dudng kinh vong tre ché 14,33 +0,58 mm) va Bacillus 2TM6 (12,37
+ 0,6 mm). DPdi voi vi khudn Gram am, hoat tinh (rc ché cling dugc ghi nhéan trén
Enterobacter 14RM7-1 (12,83 + 0,76 mm), trong khi hoat tinh trén Staphylococcus
sp. (10,67 + 0,58 mm) va Escherichia coli DH5 (2,33 + 0,29 mm) giam dan hoic rat
it. Pidu nay chi ra rang chiét xuat ndm ndi sinh HGN12.1R tir Dysosma difformis c6
kha nang trc ché ca vi khuan Gram 4m va Gram duong, nhung véi mirc d6 khac nhau,
phu hop vd6i nhan dinh vé su khac biét ciu tric té bao cua vi khuin Gram duong so

v6i vi khuan Gram 4m anh huéng dén d6 nhay voi khang sinh [171]. Khi so sanh véi
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khang sinh ddi chimg Cefotaxime, hoat tinh cia HGN12.1R thap hon dang ké trén
Bacillus 7TM11 (33,13 £ 0,24 mm) va Enterobacter 14RM7-1 (26,33 + 0,29 mm),
nhung van thé hién tiém ning. Cac nghién ctru trude day ciing di bao cio hoat tinh
khang khuan ctia ndm ndi sinh: A. fumigatus san xuét deoxypodophyllotoxin va co
hoat tinh khang khuén [132]. Shobha va nhém nghién ctru da xac dinh dich chiét cua
F. oxysporum va Aspergillus spp. thé hién hoat tinh khang khuan day hira hen véi
vung tc ché Bacillus cereus tuong tng véi 1,2 cm va 0,8 cm [172]. Nhu vay P.
herquei HGN12.1R sé hiru ca hai hoat tinh chdng ung thu va khang khuan, két qua
cho thiy su twong dong vai cac nghién ciru khac khi mot ching nam c¢6 thé so hitu ca
hai dic tinh nay, vi du nhu ndm noi sinh Dysosma versipellis [10]. Nhitng két qua
nhan dugc mé ra hudng nghién ctru sang loc cac phan tir ¢6 hoat tinh sinh hoc méi.
Diéu nay ung ho manh mé gia thuyét vé sy tuong tac sinh 1y, dinh dudng va di truyén
giita cong dong noi sinh vat va vat chii [109], cho thdy sy dong tién hoa gitta thyc vat
va nam nodi sinh cta chung. Piéu nay co thé bao gdm viéc trao do6i vat lidu di truyén
thong qua chuyén gen ngang va chia sé cac con duong tong hop chat chuyén hoa thir
cap [108]. Kham pha nay tng ho gia thuyét ring niAm ndi sinh va cay ky chu trai qua
qua trinh cong sinh 1au dai chia sé con dudng trao doi chat, dan dén kha ning vi sinh
vét tao ra cac hop chat tuong ty nhu cdy ky chil va mot trong nhiing vu diém cua viée
san xuit cac hop chét ty nhién tr vi sinh vat 1a ching co thé dé dang duoc san xuat
trén quy mo 16n trong mai truong 1én men nhan tao [173]. Mac du sy sut gidm hodc
mat hoan toan kha ning sinh podophyllotoxin khi nudi cdy in vitro 1a hoan toan c6
thé va dugc giai thich do sy thiéu vz‘mg cac ap luc chon lgc sinh thai va céac tin hi¢u
biéu sinh tir cay chii. Do d6, mbi lién hé giita vi ndm ndi sinh va cay Bét Giac Lién
khong chi dung lai & viée tra ngu don thuan, ma 1a mot su rang budc sinh tdn chat
chg, noi kha niang tong hop dugce liéu 1 “ngdn ngit héa hoc” chung duoc tinh chinh

qua hang tri¢u nam thich nghi.

4.2. Nghién ciru dic diém va chi giai hé gen ciia chiing nam néi sinh P. herquei
HGNI12.1R

Trong c4c hé sinh thai ty nhién, vi sinh vat ndi sinh va vat chu ctia chiing cung
t6n tai trong cdc mdi quan hé di truyén va sinh thai phirc tap. Kha ning sinh tong hop
podophyllotoxin ctia cac ching vi ndm noi sinh phan 1ap tir cay Bat Giac Lién khong
don thuan 1a mot dic tinh sinh hoa doc lap, ma la két qua cua mdt qua trinh déng tién

hoa (co-evolution) va tuong tac sinh thai - tién hoa sdu sic. Theo gia thuyét vé su
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chuyén gen ngang (Horizontal Gene Transfer - HGT), mdi quan hé cong sinh lau dai
da tao diéu kién cho sy trao d6i vat cht di truyén gifta cay chu va vi sinh vat, dan dén
su xuat hién ciia cac cum gen sinh tong hop trong dong trong hé gen ciia nim. Diéu
nay phan anh mot chién luge tién hoa hiéu qua, noi vi nam dong vai tro nhu mét 'hé
théng phong thi mé rong' (extended phenotype), gitip cdy chu ting cudng kha ning
chéng chiu trude cac ap lyc sinh hoc tir moi truong rung tu nhién. Hon nita, sy hién
dién 6n dinh va mat d6 cao cua vi nAm tai cac mé c6 hoat tinh manh nhu than ré cung
c¢b gia thuyét vé su phan chia lao dong sinh héa (metabolic division of labor) trong
mot thuc thé théng nhat (holobiont). Cac nghién ciru gan day chi ra rang, viéc duy tri
kha ning sinh tong hop cac hop chat thir cap gidng cy chil thuong gin lién véi nhiing
tuong tac sinh hoa phirc hop, trong d6 cdy chu cung cap cac tién chit quan trong hoic
cac phan tir tin hiéu (elicitors) dé kich hoat cac cum gen im ling trong nim. Cac
nghién ctru trude ddy da mo ta cac con dudng sinh tong hop ciia PTOX va xéac dinh
cac gen va protein lién quan dén qua trinh nay & thuc vat [147], [174]. Céac nghién
ctru khéc bao cao rang, & Podophyllum hexandrum, it nhat tam gen (DIR, PLR, SDH,
CYP719A13, OMT3, CYP71CU1, OMTI va 2-ODD) dugc cho 1a dong vai tro quan
trong trong viéc chuyén dbi coniferyl alcohol thanh deoxypodophyllotoxin va
etoposide ctia n6 [83], [175]. Tuy nhién, cac co ché sinh héa va phén tir chi phdi qua
trinh san xuat PTOX cta ndm van chua duge kham pha nhiéu, dic biét 1a ddi vai vi
nim ndi sinh nhu Penicillium herquei. Gan day, nhiéu cong cu va phuong phap khac
nhau da dugc su dung dé xac dinh, chu thich va so sanh hé gen vi sinh vat, chéng han
nhu phan tich trinh ty khoang cach phién ma noi bo (ITS), giai trinh ty hé gen, hé gen
so sanh, mang vi mo, giai trinh tu thé hé tiép theo, metagenomics va
metatranscriptomics [176], [177]. Cac cong cu nay cho phép phat hién hé gen ndm
cling nhu hiéu dugc mdi lién hé chat ché gitra nam ndi sinh va vat chi cua chung.
Nhin chung, cac lignans chu yéu dugc tim thiy trong thuc vit bao gdm
deoxypodophyllotoxin, yatein, PTOX, nemerosin, guayadequiol, matairesinol,

peltatin va podophyllotoxone [178].

Penicillium herquei, mot thanh vién cta chi Penicillium, duoc biét dén voi kha
ning san xuat da dang cic chat chuyén héa thir cip nhu din xuat phenalenone,
polyene mach dai, ddn xuét acetaminophen va din xuat triene phenalenone [91], [92],
[93] [94], [95]. Tuy nhién, c6 rat it nghién ctru tip trung vao giai trinh ty hé gen, khai
thac va tim kiém céac gen lién quan dén qua trinh sinh téng hop cac hop chat hoat tinh

sinh hoc & Penicillium herquei. Nghién ciru ctia NCS 1a mét trong s it nghién ciru
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da giai trinh ty va chu thich toan b hé gen cua chung P. herquei HGN12.1R thudc
chi Penicillium v&i chat lugng cao. Trinh tu hé gen cua chung HGN12.1R dugc giai
toan bd va doc trinh ty doan dai trén hé may PacBio Sequel ¢ d§ sau bao phu la
195,0%. Sau khi tap hop dir liéu giai trinh ty denovo, NCS da xac dinh duoc toan bd
hé gen cta P. herquei HGN12.1R véi kich thudce xap xi 34,96 Mb v6i ham luong GC
1a 46,38%. Kich thudc nay 16n hon so voi cac chung duge bao cao khac trong cung
chi Penicillium, chang han nhu P. chrysogenum KF-25 (29,92 Mb) [179], P.
chrysogenum NCPC10086 (32,2 Mb) [180], Penicillium chrysogenum HKF-25
(31,48 Mb) [181], P. oxalicum I1R1 (30,8 Mb) [102]. Theo tim hiéu ciia NCS, chi ¢6
mot hé gen cua loai P. herquei (40,24 Mb) [182] di duoc lap rap va chu thich va hé
gen nay 16n hon hé gen ciia NCS. Sy khac biét vé kich thudc hé gen nay c6 thé 1a do
su khac biét trong cong nghé giai trinh tw, anh hudng 16n dén kich thudc hé gen va
s6 lugng contig dugc tao ra sau khi lap rap [183]. Hé gen ciia chung HGN12.1R da
duoc lép rap voi do hoan chinh dat 98,3%, véi 12.871 gen du doan. Téng s6 7.401
gen da dugc chu gidi chuc ndng thong qua cac co s¢ dit liéu nhu RefSeq, Uniprot,
Gene Ontology va Pfam. NCS di tim thdy hé gen HGN12.1R chira 1 gen twong dong
v6i PLR (26,7% tuong ddng) va 91 gen twong dong véi SDH (23,7-35,6% twong
d6ng). Su hién dién cua cic gen ndy cung cip bang chimg di truyén thuyét phuc, cho
thiy nam c6 kha niang thyc hién cac phan Gmg khtr va oxy hoa quan trong dé chuyén
hoa pinoresinol thanh cac tién chat nhu secoisolariciresinol va matairesinol, tir d6 tao
ra PTOX. Su khac biét nay c6 thé 1a do su khac biét trong qua trinh sinh téng hop
PTOX giita thuc vat va nim. Ciing c6 thé co cac bude chuyén héa trung gian chua
dugc xac dinh trong con duong sinh tong hop ciia ndm van chua duoc 1am séng to.
NCS tim thdy 10 gen twong dong voi OMTI1, 4 gen v6i OMT3 va 79 gen véi
CYP82D61. Sy da dang vé s6 lugng gen niy cho thdy ndm c6 kha ning thuc hién
nhiéu phan Gng hydroxyl hoa va methyl hoa, tir d6 tao ra nhiéu san pham trung gian
va cac dan xuat khac nhau cia PTOX. Hé gen nay c6 dy du cac gen can thiét cho
qua trinh sinh tong hop protein va c6 thé dugc sir dung cho cac nghién ctru tiép theo
vé sinh hoc phan tr va ing dung cong nghé sinh hoc. Hé gen chung P. herquei
HGN12.1R di duoc ky giri tai GenBank ma s6 GCA_039634405.1.

Dé chu giai hé gen, biéu dd Venn (Hinh 3.14) 1a mot cong cu truc quan manh
m&, cho phép ching ta danh gia mirc d tin ciy va sy da dang cta cac chl giai bang
cach so sanh két qua tir nhiéu co s& dit liéu khac nhau RefSeq Nonredundant (Nr),

Uniprot, Gene Onology, Pfam va KEGG. Tong sd gen dugc chi giai duy nhat 1a 7401
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gen, chiém mot ty 1& dang ké trong tong s6 12.871 gen du doan cua chung P. herquei
HGN12.1R. Phan tich sy chong l4n giita cic vong tron trong biéu do Venn cho thay
cac vung giao thoa thé hién muc d6 tin ciy cua chi giai. Mot gen dugc chu giai boi
nhiéu co sé dit liéu s& c6 do tin ciy cao hon. Ving giao thoa giita RefSeq va Uniprot
v6i s6 lwong gen duoc chu giai 1a 2474, cho thidy mot luong 16m gen c6 chudi protein
dugc xac nhan trong cé hai co so dir liéu chinh nay, ciing cd thém tinh chinh x4c trong
viéc xac dinh danh tinh cia gen. Vung giao thoa gitta RefSeq va Pfam c6 1789 gen
nam trong ving giao thoa nay. Diéu nay c nghia 1a cac gen nay khong chi cé chudi
protein dugc xac dinh ma con chtra cac domain chirc niang da biét. Ving giao thoa
gitra RefSeq, Uniprot va Pfam vdi 1467 gen dugce chu gidi boi cd ba co so dir liéu
nay. Pay 1a nhitng gen c6 chi giai c6 do tin cdy cao nhat, véi thong tin vé chudi,

domain chtrc ndng va danh tinh dugc x4c nhén tir nhiéu nguon.

Céc gen chi dugc chu giai bo1 mot co so dir li¢u nhu KEGG véi1 9.491 gen, diéu
nay cho thiy ndm P. herquei HGN12.1R c6 nhiéu gen tham gia vao cac con dudng
trao d6i chat nhung chudi protein hoidc domain ciia ching c6 thé chua dugce nghién
curu rong rai hoac c6 tinh doc ddo. Hay nhu Pfam, sb luong 16n gen dugc chu giai
cling rat dang cht y. Piéu nay chi ra rang nhiéu gen ctia ndm c6 cac domain chirc
ning da biét nhung chudi protein tong thé cta ching co6 thé khong co su trong dong
cao vdi cac protein hoan chinh da dugc cht thich trong Uniprot hay RefSeq. Nhu vay
biéu do Venn khong chi 1a mot hinh anh don thuan ma 1a bang chtng cho thdy qua
trinh ch gidi h¢ gen cua P. herquei HGN12.1R da dugc thuc hién mot cach toan dién
va chit ché. Cac ving giao thoa cung cdp cac chi giai co do tin cdy cao, trong khi
cac vung khong giao thoa cho thiy sy da dang ctia cac gen, tir cic gen c6 chirc ning
d3 duoc xac dinh ro rang dén cac gen tham gia vao cac con dudng trao ddi chét dic
trung ciia nam. Két qua nay 1a nén tang viing chic dé tiép tuc phan tich sau hon vé

céc gen lién quan dén sinh tong hgp PTOX.

Cho dén nay, buc tranh tong thé vé con dudng sinh tong hop PTOX & thyc vat
van chua dugc lam sang t6 mot cach toan dién. Tuy nhién, mot s6 buédc quan trong
da duoc xac dinh, trong do hau hét céc tac gia tap trung vao viéc kham phé cac gen
va enzyme chiu trach nhiém chuyén doi phenylalanine thanh deoxypodophyllotoxin
va din xuét cta no [83], [174], [184]. Trong nghién ciru nay, NCS di nhan ra 10 gen
tiém ning trong hé gen HGN12.1R, lién quan dén qua trinh san xuit PTOX tir ruou

coniferyl bang cach chu thich va giai trinh ty hé gen nam duoc néu trong Bang 3.16.
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Trong giai doan dau ctia qua trinh sinh tong hop PTOX, cac protein dan hudng
(DIR) déng vai tro chu chét trong viéc chi dao qua trinh hinh thanh pinoresinol c6
chon loc theo ving va lap thé tir hai phan tir archiral cua ruou coniferyl [185], [186].
Trong nghién ctru ctia NCS, protein thuc vat DIR khong dugc tim thiy trong hé gen
HGN12.1R. Thay vao do, NCS da phat hién ra mdt loai protein khac, VdtD, c6 vé
nhu c6 chirc nang tuong tu nhu DIR & thyc vat. Mot nghién ctru da chi ra VdtD hoat
dong nhu mot protein chi thi dé thuc day kha nang chon loc lap thé ghép ndi [187].
Viéc phat hién ra protein VdtD tir hé gen HGN12.1R c6 thé cung cp nhitng hiéu biét
m&i vé con dudng téng hop PTOX & nam, cho thay su khéac biét dang ké so véi cac

con duong thuc vat (Hinh 3.15).

Trong cac bude tiép theo (Hinh 3.16), pinoresinol trai qua qua trinh chuyén
d6i hai budc thanh matairesinol. Pau tién, pinoresinol dugc chuyén doi thanh
lariciresinol va secoisolariciresinol bdi  PLR. Sau d6, SDH oxy hoa
secoisolariciresinol thinh matairesinol. Qua trinh nay da dugc quan sat thiy ¢ nhiéu
loai thyc vat, bao gdém Forsythia intermedia, Podophyllum peltatum, Linum

corymbulosum, Sinopodophyllum hexandrum va Isatis indigotica [83], [188], [189].

Phén tich phién ma di lam sang to nhiing khac biét dang ké trong qua trinh
sinh téng hop PTOX gitra thuc vat va nam, duoc thé hién qua su phan b6 cac gen
dong dang PLR va SDH. Trong khi cac loai thuc vat nhu Schisandra chinensis biéu
hién 4 gen PLR va 11 gen SDH, va Anthriscus sylvestris c6 14 gen PLR va 8 gen
SDH, thi ching ndm HGN12.1R lai cho thdy mét sy khac biét rd rét. Cu thé, sd luong
gen SDH chiém 05 gen duoc xac dinh, trong khi cac gen PLR chi c6 mdt gen don c6
gia tri E < e—10. Sy khac biét nay c6 thé 1a do nhitng con duong sinh tong hop PTOX
khac nhau gifta hai gii hodc do sy ton tai cta cac budc chuyén héa trung gian chua

dugc lam sang to ¢ nam.

Tuong tu, cac enzyme thudc ho Cytochrome P450 (CYP) cling dong vai tro
quan trong trong qua trinh nay. O thuc vat, CYP719A23 chiu trach nhiém hinh thanh
cau ndi methylenedioxy trong qua trinh chuyén héa tir matairesinol sang pluviatolide.
Cac enzyme nhu OMT3, CYP71CU1, CYP71BES54, CYP82D61, OMT1 va 2-ODD
sau d6 xtic tic qua trinh chuyén ddi pluviatolide thanh cic hop chét khac [83]. Trong
hé gen chuing HGN12.1R, bon enzyme thudc ho CYP da duogc xac dinh c6 mat do

cao nhat. Enzyme 2-ODD, c6 thé déng vai trd quan trong trong viéc chuyén dbi yatein
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thanh deoxypodophyllotoxin, tién chat ciia o-peltatin va B-peltatin. Phat hién nay
dugc cung cb boi két qua phan tich NMR, di xac nhan sy hién dién cta o-peltatin va
B-peltatin trong dich chiét cia nAm HGN12.1R, lam cho nghién ctru ndy tré thanh
mot trong sb it nhitng céng trinh x4c nhan bang thue nghiém ciu tric héa hoc cua cac
hop chit nay trong ndm. Pidu nay cho thiy su twong dong vé ciu trac gitra cac hop
chat dugc tim théy & nam va thuc vat, tir d6 mo ra tiém nang 16én cho viéc khai thac

nam trong san xuat cac hop chat co gia tri nay.

4.3. Xac dinh diéu kién thich hop cho qua trinh 1én men, tich chiét, tinh sach va
xac dinh cu tric cac hop chit tir P. herquei HGN12.1R

Qua trinh 1én men dé thu nhan PTOX va cac dan xuét tir vi nAm ndi sinh bi
anh huong boi nhiéu yéu t6 nhu thoi gian, pH moi truong, nhiét do, nguén carbon
va nito. Viéc xac dinh chu trinh 1én men téi wu cho tung chuing vi sinh vat 1a vo
cung can thiét dé dat duoc lugng san pham chuyén hoa tdi da, bai 18 mbi ching co
giai doan phat trién va san sinh chat chuyén hoa riéng biét. Piém chung ctia hau hét
cac chung vi sinh vat 13 chiing thudng san sinh cic hop chat chuyén hoa thir cap vao
giita va cudi pha can bang ctia chu trinh 1én men.

4.3.1. Xac dinh diéu Kkién 1én men thich hop

Cong nghé 1én men sir dung VNNS duoc coi 1a cach tiép cin tiém ning dé
san xuat cac hop chat duge pham nhu PTOX. Céc nghién citu ciing di chirg minh
nhiéu nhom gen lién quan dén qua trinh sinh tong hop céc hoat chét sinh hoc khong
hoat dong hoac chua duoc biéu hién khi chung vi nam duoc nudi céy dudi diéu
kién thi nghiém [190]. Vi vay, can ¢c6 nhiing khao sat cu thé cac yéu t tac dong
dén qua trinh 1én men chung P. herquei HGN12.1R dé thu nhén hoat tinh sinh hoc
va hiéu suét 1én men cao nhat. Trong nghién ciru cia NCS, ching HGN12.1R phat
trién t6t nhat trén moi trudong PDA véi nguén duong dextrose va cho ham lugng
sinh khéi kho cao nhit 14,09 + 0,06 g/l, dextrose (glucose) co vai tro then chét 1a
ngudn cung cp carbon va ning lugng chinh, thiic ddy qua trinh chuyén héa dé tao ra
cac tién chat nhu phosphoenolpyruvate (PEP) va erythrose-4-phosphate (E4P). Hai
hop chét nay 14 diém khoi dau ciia con duong shikimate, din dén viéc tong hop
phenylalanine — tién chét khoi dau ctia con duong phenylpropanoid, con dudng sinh
tong hop chinh cho cac ligan nhu PTOX. Nghién ctru truée dy di chi ra dinh dudng
13 nhan t§ quan trong anh hudng dén toan bd qua trinh sinh trudng cia gibng ndm
[191].
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Thoi gian 1én men thich hop ciia mdi chiing VSV 14 khac nhau dé san sinh cac
hop chat chuyén héa thir cip, tuy nhién phan 16n cac qua trinh déu dién ra & thoi diém
giita hodc cudi pha can bang [192]. Ching P. herquei HGN12.1R c6 xu huéng ting
truong ca SKT va SKK trong khoang thoi gian tir 24 gior dén 60 gid. Sau 60 gid, ca
SKT va SKK déu bit dau giam, cho thiy nim di budc vao giai doan suy giam. Mat
d6 ban dau thap co6 thé din dén kéo dai pha sinh truong log, trong khi d6 néu mat do

té bao ban du cao hon c6 thé nhanh chéng din dén pha tir vong [118].

Két hop phan tich ty 1é giéng duoc cdy vao mdi trudng 13 1%; 3%, 5%, 7%,
9% cho théy vé mit kinh té thi 5% vira tiét kiém lai hiéu qua véi ham lugng SKK
tang 1én 15.89 + 0,08 g/I. Trong nghién ctru ciia Narayanaswamy chi ra khi mat do té
bao trong binh nudi cdy qua cao hodc qua thap déu 1am cho té bao sinh trudong kém
[117]. Mdi loai c6 nhiét d6 toi wu dé phat trién va sinh tong hop chat chuyén héa khac
nhau [193]. Trong nghién ctu ciia NCS chung P. herquei HGN12.1R sinh trudng
tot nhat & 25 °C cho lugng SKK 14 13,04 + 0,04. Voi nhiét d6 nay kha dong nhét voi
cac nghién ctru cta [11], [12], [13], [113] cho thdy nhiét d t6i uu sinh hoat chét
PTOX cua cic chiing nam ndi sinh trung binh tir 26 °C - 28 °C.

Gia tri pH ctia moi truong 18n men anh hudng truc tiép dén sy ting trudng va
cac qua trinh chuyén hoa ctia vi nAm [194]. Trong sudt qua trinh 1én men, vi ndm tiéu
thu chét dinh dudng va san sinh chat chuyén hoa, dan dén sy thay doi pH ctia moi
truong. Pac biét, viéc tiét ra cac axit hitu co, nhu axit oxalic, s& lam giam dang ké do
pH moi truong [195]. Ching vi ndm P. herquei HGN12.1R cho thay sinh truong tot
trong dai pH tur 5,0 dén 8,0 va dat 13,76 + 0,05 (g/1) sinh khdi kho tai pH 7. Trong
cac nghién ctru caa [11], [12], [13], [113] cho thay pH cta vi ndm phat trién va sinh
téng hgp PTOX hau hét 1a ¢ diéu kién axit yéu 5.6-6.5.

Luong oxy hoa tan trong moi trudng nudi cdy 1ong 13 yéu té then chdt cho su
phat trién ctia nam. Trong qué trinh 1én men, ndm lién tuc tiéu thy ca oxy va dinh
dudng, 1am cho nong d6 oxy hoa tan c6 xu hudng giam. Dé khac phuc diéu nay va
tang cuong hi¢u suét 1én men, viéc diéu chinh tdc do6 1ic va thé tich dich 1én men phu
hop 14 rat quan trong. Nhiing yéu té nay gitip oxy hoa tan tot hon vao méi truong,
dam bao du lwong oxy cho qué trinh trao d6i chit cia ndm. Nghién ctru trude ddy chi
ra chung vi nAm Aspergillus fumigatus Fresenius san sinh PTOX dudi diéu kién lic
200 vong/ phit, thé tich dich nudi 20% [12]. Chung Fusarium solani dugce lic ¢ 100
vong/ phut, thé tich dich nudi 40% san sinh PTOX [11]. Nam Phellinus linteus ting
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truong tot nhat & 150 vong/ phat, & 200 vong/ phiit mat do nim giam [114]. Nghién
ctru chiung P. herquei HGN12.1R khi lac ¢ 150 vong/ phut va thé tich dich nudi 20%
cho thiy sinh truéng tbt nhét, két qua nay cho thay ciing pht hop véi cac nghién ciru
cua cac tac gia trude do.

Sy thay d6i ndng d6 cac ngudn carbon va nito - nhitng thanh phan dinh dudng
thiét yéu trong qua trinh 1én men - da dugc chimg minh 1a c6 tac dong truc tiép dén
sinh khdi va ham lugng khéng sinh cua cc ching ndm [196]. Trong bao cdo cua Lé
Thi Minh Thanh va cong su khi bo sung 1% dudng glucose; 1% cao nAm men; 0,5 %
pepton; 0,5% tryton trong moi truong 1én men chung Penicillium reticulisporum
tsp41 sinh tong hop Huperzin A cao nhat 0,0341 mg/L dich 1én men [26]. Mot nghién
ctru chi tiét ctia Gogoi va cdng su da chi ra anh hudng ciia ngudn carbon va
nito dén qua trinh sinh tong hop sinh khdi va cac chat chuyén hoa thir cap cua
chung vi nAm Fusarium sp. DF2 [115]. Ching vi ndm nay tao ra lugng sinh khéi va
chat chuyén héa cao nhét trong méi truong 1én men ¢ bo sung 0,1% dextrose. Luong
sinh khéi va chat chuyén hoa giam dang ké khi 1én men trong mdi trudng chira tinh
bot, lactose va mannitol. Khi khao sat &nh huong cua nguén nito, dich chiét nAm men
lam gia ting ham huong chat chuyén hoa thir cap trong khi dich chiét bo, pepton va
(NH4)2S04 chi 1am ting sinh khdi nhung khong hiéu qua cho san sinh cac hoat chat
sinh hoc [115].

Nghién ctru ctia NCS chi ra, ching P. herquei HGN12.1R thich nghi nhat véi
ngudn duong dextrose, ngudn nito sir dung da dang. Phén tich nay cho thay rang
trong khi cac ngudn nito v co nhu ammonium sulfate c6 thé hiéu qua cho viéc ting
sinh khdi va tong hop cic enzyme co ban, thi cic ngudn nito hitu co phirc tap c6 thé
cung cap cac yéu to kich thich hodc cac tién chat san co, gitip "bat" cac cum gen lién
quan dén sinh tong hop cac chat chuyén hoa thir cap nhu PTOX mét cach hiéu qua
hon. Dit liéu NCS thu dugc cho thdy MgS04.7H,0 1a ngudn khoang phu hop nhat
v6i lugng sinh khéi kho dat 15,05 + 0,05 g/1.

Nghién ctru anh hudng ciia ngudn co chit cam Gng t&i sinh truéng va kha ning
kich hoat san sinh cac san pham trao ddi chat thir cp dung huéng, mot sb nghién ctiru
gan day da ching minh tim quan trong cta viéc toi wu héa qua trinh 1én men cing
v6i viée st dung cac ngudn co chat cam tGng dé toi da hoa viéc san xuét cac hop chat
¢6 1oi ich kinh té tir nAm ndi sinh. Viéc bd sung cac hop chat nhu chét kich thich, tién

chét hodc chiét xuit duoc coi 1a mot phuong phap don gian, hiéu qua dé kich thich
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san xuat cac hop chat mong muén [143], [155], [197]. Theo Yan va cong su béo cdo
nghién ctru 1am tang kha ning sinh tong hop Huperzin A, nhom tac gia di bd sung
vao moi truong 1én men mot s6 chat cam ung HSE (dich chiét thuc vat H. serata -
tach chiét tir 14 thach ting ring cwa), L-Lysine va axit acetic v6i cac ndng do 1én men
khac nhau. Két qua cho thay L-Lysine va HSE di kich thich kha ning sinh Huperzin
A va hé soi ndm [119]. Trong nghién ctru cua NCS, chiét xuit thuc vat hodc
Phenylalanine dugc bd sung véi ham luong 10 pg/ml da lam ting kha ning sinh
truong trong 1én men cia ching ndm nghién ctru. Phenylalanine duoc xem 1a lua

chon hiéu qua trong nghién ctru nay vi tinh bén viing.

4.3.2. Lén men va tach chiét, tinh sach va xac dinh cau triic cac hop chat tir P.
herquei HGN12.1R

San xuat cac chat chuyén hoa ty nhién tir qua trinh 1én men ndm noi sinh mang
lai nhiéu loi thé rd rét. Phuong phap nay co thé thuc hién trong moi trudong don gian
va chi phi thap. Hon nira, n6 giup tiét kiém thoi gian va giam thiéu nguy co 6 nhiém,
tao diéu kién thuan loi cho viéc san xuét & quy mo cong nghiép [198] [84]. Vi du,
taxol, camptothecin, PTOX va vinca alkaloid d3 duogc san xuét thanh cong bang cach
1én men ndm ndi sinh [33], [84], [113]. Tuy nhién, khong thé phii nhan rang mot sb
han ché nhit dinh ctia qué trinh 1én men da can tro viée san xuat thurong mai cac hop
chat tu nhién trong ndm noi sinh, chang han nhu san luong cac chat chuyén héa mong
mudn thip do nudi cy trong mdi trudng vo trung, khod khin trong viée t6i vu hoa
moi trudng nudi cdy khi mé rong quy mo, va sy phirc tap ctia quy trinh tinh ché cac
hop chat [124], [198], [199]. Mot s chién lugce da duoc thuc hién dé cai thién san
luong cac chat chuyén héa mong mudn, bao gdm céc k¥ thuat bién ddi gen, toi wu

héa méi trudng nudi cdy va bo sung elicitor [142], [198], [199].

Nghién ciru dong thai qua trinh 1én men trén hé thong 5-10 lit/mé da cung cap
mot bire tranh toan dién vé mai lién hé gitra cac yéu t6 sinh 1y ciia ching nAm va qué
trinh sinh tong hgp PTOX, gitip xac dinh thoi diém thu hoach tdi wu mot cach khoa

hoc va chinh xac.

Qua trinh 1én men thé hién mot sy chuyén dich trao ddi chét rd rét. Trong giai
doan dau, tir 12 gid dén 72 gid, ndm tip trung vao trao doi chit so cip (primary
metabolism), vu tién tiéu thu ngudn dudng dextrose dé ting truong sinh khdi. Pidu
nay dugc minh chimg bang sy gia ting manh mé cua sinh khdi tuoi va kho, tir 91,09

g/l va 4,05 g/l & 12 gid 1én dén 222,27 g/l va 10,65 g/l & 72 gid. Trong giai doan nay,
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hoat dong trao ddi chit manh mé cling din dén sy sut giam pH moi truong, to 7,0

xuong 5,5, do su san sinh cac axit hitu co.

Sau 72 gio, ndm chuyén sang giai doan 6n dinh, noi toc do ting trudng sinh
khéi cham lai va dat dinh diém tai 144 gio voi sinh khéi kho 14 16,19 + 0,73 g/l. Su
6n dinh cua sinh khéi va pH & muc 5,5 cho thdy nim d3 chuyén huéng ning luong
sang trao do6i chat thtr cAp (secondary metabolism). P4y chinh 13 thoi diém cac gen
lién quan dén sinh tong hop PTOX (nhu VdtD, PLR, SDH, OMT, CYP) c6 kha ning
duoc biéu hién manh mé va hoat dong tich cuc dé téng hop céc hop chét chuyén biét.
Phén tich TLC d3 cung c¢6 manh mé& mdi lién hé nay, khi cho thay su tich liy PTOX
bat dau tir 72 gio va dat dinh trong khoang thoi gian tir 144 gio dén 168 gio. Két qua
nay cho thay viéc t6i uvu hoa diéu kién 1én men khong chi giup ndm ting truong tot
ma con tao ra cac tin hiéu méi truong (nhu su thay doi nong do chit dinh dudng va
pH 6n dinh) dé kich hoat qua trinh sinh tong hop PTOX. Do d6, thoi diém 144 gio
duoc xac dinh 13 t6i wu nhat cho viéc thu hoach, vi tai day nam khong chi dat sinh
khéi t6i da ma con tich liiy ham lugng PTOX ddi dao. Nghién ciru 1én men chung
Fusarium sp. LDL 4.4 san sinh Huperzin A, ¢ thoi diém 108 gio 14 thich hop dé thu
hdi 1én men, gia tri pH ciing thay d6i trong tu P. herquei HGN12.1R [26]. Ham luong
PTOX va sinh khéi kho lién quan dén Fusarium solani bao céo vao 192-240 gid cta
1én men 14 thoi diém thich hop dé thu hoi PTOX [45].

Sau khi dd x4c dinh duoc thoi diém thu hoach ti wu 1a 144 gio, sinh khdi nAm
P. herquei HGN12.1R da duoc thu hdi va tiép tuc trai qua quy trinh chiét tach, tinh
sach dé phan 1ap va xac dinh cu tric cac hop chat chuyén biét, bao gdbm VN-12C-03
va VN-12C-06. Dya trén Cac tin hiéu phd 'H va '3C NMR, cac hop chit nay duoc
xac dinh 1a o-peltatin, p-peltatin v6i cong thire phan tir 1an lugt 1a Ca1Hz00s (400
g/mol), C2oH20s (414 g/mol). Pay 1a mot trong s it nghién ctru xac nhan bang thuc
nghiém ciu tric hoa hoc cia o-peltatin va B-peltatin trong ndm bang cach sir dung
phan tich NMR.

Hop chat VN-12C-03 thu dugc c6 dang bot mau trang. Trén phd 'H NMR xuat
hién tin hi€u don cua 3 proton thom tai 6 6.13 (1H, s, H-8) va 6.36 (2H, s, H-2’ va H-
6’), cung voi tin hi¢u ciia 2 nhom methoxy tai 6 3.74 (6H, s, 3°,5’-OCH3). Phan tich
phd cong huong tir 3C NMR va phd 2 chiéu HSQC cho thiy su xudt hién tin hiéu
ctia 21 nguyén tir carbon, trong d6 c6 cac tin hiéu cia mot vong benzene thé 5 vj tri

[5 119.8 (C-4a), 138.7 (C-5), 134.1 (C-6), 148.2 (C-7), 103.1 (C-8), 132.5 (C-8a)],
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mot vong benzene thé cac vi tri 1,3,4,5 [0 132.8 (C-17), 108.9 (C-2’ va C-6), 148.0
(C-3> va C-5’), va 135.0 (C-4’)], mOt nhém carbonyl tai & 177.6 (C-2a), 3 nhém
oxymethylene tai 6 73.6 (C-3a), 27.0 (C-4), va 101.9 (OCH-0), cung véi 3 nhém
methine tai & 44.6 (C-1), 48.2 (C-2), va 33.4 (C-3). Cac tin hiéu ph6 'H va '3C NMR
nay cho goi ¥ hop chiat VN-12C-03 c6 dang khung lignans — méot dang phenolic kha
phd bién ¢ thyc vat. Khi so sanh s6 liéu phd 'H va 3C NMR cua hop chit VN-12C-
03 véi hop chat lignans da biét 1a a-Peltatin cho két qua hoan toan twong dong, goi y

su dong nhat vé cau tric cta ca 2 hop chat [200].

Pé xac dinh thém sy quy két cac vi tri va ciu tric cta hop chat VN-12C-03,
phan tich cac twong tac trén phé HMBC duoc thuc hién. Trén pho HMBC, tuong tac
gilr 0 5.89 voi C-6 va C-7 gitp xac dinh 18 vi tri cua nhom OCHO ¢ vi tri C-6/C/7.
Céc vi tri cua vong thom 5 vi tri dugc xac dinh thong qua tuong tac HMBC tir H-8
té1 C-4a, C-5, C-6, C-7, va C-8a. Vi tri ciia vong benzen thé 1,3,4,5 cling duoc xac
dinh tai C-1 boi cac tuong tac HMBC tur H-1 t61 C-17, to H-2” va H-6’ t&1 C-1. Ngoai
ra, trong tac HMBC tir H-3a dén C-2, C-2a, C-3, va C-4 giup kh:fmg dinh su hop chat
cua vong gamma-lactone voi vong cyclohexane cua khung lignans ¢ vi tri C-2/C-3.
Vi tri cua 2 nhém methoxy tai C-3’ va 5’ dugc khéng dinh boi twong tac HMBC tr &
3.74 3én C3> va C-5",

Nhu vay, v6i cac két qua phan tich pho va so sanh véi tai liéu tham khao, hop
chit VN-12C-03 d3 duoc xac dinh 13 a-Peltatin, véi cong thure phan tir C21H200s, khdi
lugng phan tir 400 g/mol. o-Peltatin dugc xem 13 mot dan xuat caa PTOX [147].

Hop chat VN-12C-06 thu duoc c¢6 dang bt mau tring. Trén phd 'H NMR xuét
hién tin hi¢u don cua 3 proton thom tai 6 6.12 (1H, s, H-8) va 6.42 (2H, s, H-2* va H-
6’), cung vdi tin hi€u cua 3 nhom methoxy tai 6 3.73 (9H, s, 3°,4°,5°’-OCH3). Phan
tich phd *C NMR va phdé HSQC cho thiy su xuit hién tin hiéu cta 22 nguyén ti
carbon, trong d6 ¢ cac tin hiéu ciia mot vong benzene thé 5 vi tri & 120.5 (C-4a),
139.4 (C-5), 134.6 (C-6), 148.7 (C-7), 103.2 (C-8), 132.8 (C-8a)], mdt vong benzene
thé cac vi tri 1,3,4,5 [5 138.7 (C-1°), 109.5 (C-2 va C-6"), 153.7 (C-3’ va C-5"), va
138.9 (C-4’)], mot nhom carbonyl tai & 177.9 (C-2a), 3 nhom oxymethylene tai 6 74.0
(C-3a), 27.8 (C-4), va 102.4 (OCH:0), cung véi 3 nhom methine tai & 45.2 (C-1),
48.3 (C-2), va 34.0 (C-3). Cac tin hiéu phd 'H va '*C NMR nay cho goi ¥ hop chat
VN-12C-06 c6 dang khung lignans, tuong tir véi hop chat VN-12C-03
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Khi so sanh s6 liéu phd 'H va *C NMR ctia hop chat VN-12C-06 voi hop chat
lignans da biét 1 p-Peltatin cho két qua hoan toan tuong dong, goi ¥ sy dong nhat vé

cAu tric cua ca 2 hop chat [201].

Dé xac dinh thém sy quy két cac vi tri va ciu trac cta hop chat VN-12C-06,
phan tich cac twong tac trén phd HMBC duogc thuc hién. Tuwong ty nhu v6i hop chat
VN-12C-03, trén pho HMBC, tuong tac gitta 8 5.90 va 5.89 véi C-6 va C-7 gilip xac
dinh 10 vi tri cia nhém OCHO ¢ vi tri C-6/C/7. Céc vi tri cua vong thom thé 5 vi tri
duoc xac dinh thong qua tuong taic HMBC tur H-8 té1 C-4a, C-5, C-6, C-7, va C-8a.
Vi tri cua vong benzen thé 1,3.4,5 cling dugc xéac dinh tai C-1 bo1 cac tuong tac
HMBC tuir H-1 t61 C-1, tr H-2” va H-6’ t61 C-1. Ngoai ra, twong tic HMBC tir H-3a
dén C-2, C-2a, C-3, va C-4 gitip khang dinh sy hop chét ciia vong gamma-lactone voi
vong cyclohexane cua khung lignans & vi tri C-2/C-3. Vi tri cia 3 nhém methoxy tai
C-3’, C-4’, va C-5" duoc khing dinh boi twong tac HMBC tir § 3.73 dén C3’ C-4°,
va C-5’.

Két qua phan tich phd va so sanh véi tai liéu tham khao cho thdy hop chat VN-
12C-06 duogc xac dinh 13 B-Peltatin, v6i cong thirc phén tir 1a C20H220s va khéi luong
phan tir 414 g/mol. B-Peltatin ciing duoc cong nhan 1a mot dan xuat caa PTOX [147].

Céac hop chit nay thé hién su twong dong vé cdu tric véi a-peltatin va p-
peltatin dugc tim thay trong thyc vat. Dit liéu cdu trac ndy phu hop véi cac nghién
ctru trude day trén thuc vat [147], [200], [201] Trong mot nghién ctiru khac, dd chiét
xuat va dinh luong deoxypodophyllotoxin tir Aspergillus fumigatus nudi cdy bang
phuong phap LC-MS, ho dé xuit gia thuyét rang su chuyén gen theo chiéu ngang (tir
cdy chu sang ndm ndi sinh) c6 thé lién quan dén qua trinh san xuét
deoxypodophyllotoxin [12]. Theo Arroo va cong su cho rang deoxypodophyllotoxin
dugc coi 12 tién chat trong qua trinh tong hop sinh hoc cia B-peltatin va PTOX [202].

Trong nghién ctru ciia Germaine va cong su di bao cdo viéc san xuat PTOX
ctia Fusarium oxysporum ung ho cho 1y thuyét ring trong qua trinh tién hoa lau dai
cua cac loai ndi sinh va cay chu ctua chiing, cac loai ndi sinh da ty thich nghi v&i méi
truong vi mo dic biét ctia chiing bang bién doi di truyén, bao gdm viéc hap thy mot
s6 DNA thuc vat vao hé gen cua chinh chung [203]. Gan day, Penicillium herquei,
mdt thanh vién cta chi Penicillium, dugc biét dén véi tiém nang san xudt nhiéu chat

chuyén hoa thit cip nhu dan xuat phenalenone [91], [92] .

Trong nghién ctru nay, ca alpha-peltatin va beta-peltatin déu 1a din xuat PTOX
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duogc tao ra bang cach bién doi vong B trong ciu trac hop chat PTOX. Trong mot s6
nghién ctru da cho rang chiing thé hién hoat dong khang vi-rat va chdng khéi u dang
ké [147], [148]. Do d6, phat hién ctia NCS cung cip su hd tro quan trong cho gia
thuyét vé con duong tong hop PTOX trong ndm ndi sinh.
4.3.3. Panh gia hoat tinh chdng oxy héa va hoat tinh giy ddc té bao ciia cac
hop chit tir P. herquei HGN12.1R

Goc tu do DPPH, dugce st dung rdng rai dé danh gia kha nang hoat dong cua
cac hop chit nhu chit don gbc tu do va cung cip hydro, 13 mot phuong phap nhanh
chong, don gian va khong tén kém dé kiém tra kha nang chdng oxy hoa. Thir nghiém
DPPH dua trén viéc loai b6 DPPH, mot géc tu do 6n dinh. Gbc DPPH ¢6 mau tim
sam trong dung dich va hap thy manh & budc séng khoang 517 nm, khi da khir va
chuyén thanh DPPH-H né chuyén sang khong mau hodc vang nhat [204]. Trong
nghién ctru ctia NCS hoat tinh chdng oxy hoa cta hai hop chiat VN12C.03 va
VN12C.06 so véi chat chuan Resveratrol thong qua kha ning trc ché gdc tu do DPPH

¢ cac nong do khac nhau va gia tri ECso.

Nhin chung, gia tri ECso cang thap thi hoat tinh chdng oxy héa cang manh, so
v6i dbi chimg Resveratrol hop chat VN12C.03 ¢6 gia tri ECso 13 6,44 + 0,41 pg/ml.
Hop chat VN12C.03 cho thay kha niang trc ché gdc tu do DPPH, véi gia tri ECso 1a
6,44+0,41 pg/ml. Mac du hoat tinh nay yéu hon so vé6i chit chuin Resveratrol, nd
van thé hién tiém nang nhat dinh. VN12C.03 van c6 thé dugc nghién ctru dé st dung
nhu mot chat chong oxy héa trong cac san pham thuc pham chitc ning hoic thudc hd
trg, dic biét khi két hop véi cic chat khac dé tao ra hiéu ung hiép dong [205].
VN12C.03 c6 thé 1a mdt ing vién tiém ning trong cac cong thirc m§ pham tu nhién.
Viéc tim thAy mot hop chét c6 hoat tinh tir nguén ndm ndi sinh 1a mot két qua dang

khich 1¢, mé ra huéng nghién ctru va phat trién trong twong lai.

Hop chat VN12C.06 c6 gia tri ICso=18,75+1,11 mg/ml, day la gia tri ICso cao
nhat trong s6 cac hop chat da duoc thir nghiém (bao gdm ca VN12C.03 va chat chuan
Resveratrol). Gia tri ICso cao ndy cho thy hoat tinh chong oxy hoa ctia VN12C.06 1a
thép. Pé dat duoc hiéu qua trc ché 50% géc tw do DPPH, cin phai st dung mot néng
d6 hop chit rat cao, diéu nay lam giam dang ké tinh kha thi cta viéc ung dung hop
chét nay nhu mot chit chdng oxy hoa hiéu qua. Mic du vy, nghién ciru van s& tap

trung vao cac hoat tinh sinh hoc khac ctia hop chat nay. Viéc n6 1a mgt dan xuat cua
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PTOX cho thay tiém ning c6 cac hoat tinh quan trong nhu chéng ung thu, khang
khuan va chdng viém (Gordaliza et al, 2004).

Trong nghién ctru kha ning gay doc té bao, ca hai hop chat déu duoc thir nghiém
trén dong té bao ung thu phdi nguoi SK-LU-1. Pang cha y, VN12C.06 cho thiy kha
ning gy doc té bao manh hon dang ké so voi VN12C.03. Gid tri ICso cia VN12C.06
14 5,99+0,41 pg/ml, thap hon nhiéu so véi VN12C.03 (18,61+0,41 pug/ml), didu nay
cho thdy VN12C.06 hiéu qua hon trong viéc wrc ché 50% té bao ung thu ¢ ndng do
thip hon. Tir d6 cho thay tiém ning tng dung Phét trién thubc chong ung thu cia
VN12C.06 1a mot phat hién cuc ky quan trong. Hop chit nay, voi gia tri ICso thap, co
thé dugc xem xét lam chét chi dao dé phat trién cac loai thuéc chéng ung thu méi.
Trong nghién ctru cia Oktriawan va cong su di chimg minh ndm ndi sinh cu tra trong
cay chu cua chung ma khong c6 triéu chirng rd rang. Ching da dugc chiing minh la
nguén ddi dao cac hop chét hoat tinh sinh hoc mé&i véi ciu tric da dang, 01 hop chat
moi la 5,7-dihydroxy-3(R)-methylphthalide (1), da dugc phan lap tor Xylaria brevipes
PGRI1, va ba hop chét di biét, (—)-altenuene (2), alternariol (3) va altertoxin I (4), da
dugc phan 1ap tir Alternaria alternata D-8. Cac hop chat nay dugc chimg minh c6
kha ning gay doc té bao [206].

Céc hop chat VN12C.03 va VN12C.06 tir nam noi sinh P. herquei HGN12.1R
1a ngudn tiém ning cho viéc phat trién cac tng dung dugc 1y. Trong khi VN12C.03
¢6 thé duoc khai thac trong linh vic chong oxy hoa (dic biét 1a trong my pham va
thuc phém chtrc nang), thi VN12C.06 lai thé hién tiém nang vuot trdi trong linh vuc
chdéng ung thu, mé ra hudng nghién ctru dy hira hen cho viéc phat trién thuéc méi.
4.4. Nhirng han ché va huéng nghién ctru tiép theo

Mic du d3 thu dugc nhitng két qua ban dau day hira hen, nghién ctru van con
mot s6 han ché can duoc giai quyét dé tdi da hoa tiém ning tmg dung cua cac hop
chat tir chiing nim P. herquei HGN12.1R. Duéi day la nhitng han ché va cac huéng
nghién ctru tiép theo duoc dé xuat.

Nhitng han ché
- Ham luong PTOX va céc dan xuat nhy VN12C.03 va VN12C.06 thu dugc thap va
tir quy mo 1én men nho 5-10 lit, hién tai chua dap (mg duoc nhu cau san xuat thuong

mai.
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- Céc thir nghiém hoat tinh chdng oxy hoa va gy doc té bao méi chi ding lai & mo
hinh in vitro (trén té bao). Cac danh gia nay chwa du dé két luan vé hiéu qua thuc su
va do an toan ctia hop chat trén co thé song.

Huwéng nghién ciru tiép theo

- Can thyc hién cac nghién ctru dé t6i wu hoa méi trudng nudi cay (thanh phan dinh
dudng, pH, nhiét do), diéu kién 1én men va thoi gian thu hoach trén quy mé 16n hon
(vi du: 1én men trong bioreactor) nham ting dang ké san lugng ciia cac hop chat mong

muon.

- Nghién ctru sau hon vé co ché sinh tong hop PTOX c6 thé cho phép sir dung cac ki
thuat bién d6i gen (nhu chinh stra gen CRISPR-Cas9) hoidc bd sung cac elicitor dé

kich thich nam san xuat cac chat chuyén hoa thir cap nay vdi nang suat cao hon.

- Can mé rdng cac nghién ctru hon nhu thir nghiém in vivo trén dong vat. Piéu nay
s€ giup xac dinh tinh hiéu qua, dugc dong hoc va ddc tinh toan than cua VN12C.03
va VN12C.06.

- Panh gia hoat tinh gay doc té bao ciia VN12C.06 trén nhiéu dong té bao ung thu

khéc nhau dé xac dinh tinh chon loc va phé hoat tinh cua no.

- Phén tich chi tiét sy khac biét vé cdu trac gita VN12C.03 va VN12C.06 (nhu su
hién dién cua nhom methoxy & vi tri C4") va lién hé véi su khac biét vé hoat tinh. Tt
két qua phan tich d6, co thé thyc hién cac bién d6i héa hoc ddi véi VN12C.03 dé tao
ra cac din xuat mdi co hoat tinh chdng ung thu manh hon. Nguoc lai, ¢ thé t6i uu
hoa ciu tric cia VN12C.06 dé tang tinh chon loc ddi véi té bao ung thu va giam thiéu

tac dung phu.

- Dya vao tiém nang da dugc xéac dinh cta 2 hop chit, nghién ctru co thé tap trung
phat trién VN12C.03 thanh san pham m§ pham hodc thuc pham chirc nang chéng oxy
hoa, trong khi VN12C.06 c6 thé dugc nghién ctru chuyén sau hon cho muc tiéu phat

trién thude diéu tri ung thu.
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KET LUAN VA KIEN NGHI

KET LUAN

1. Pa phan 13p dugc 53 chung vi ndm ndi sinh tr 2 mau vat liéu Dysosma
difformis dugc thu thap tor Ha Giang va Lai Chau. Tt d6 da danh gid dugc tinh da
dang loai VNNS thong qua phan tich céc chi sé da dang Shannon, Simpson. P tuyén
chon dugc 06/53 chung c6 hoat dong gay doc té bao rat manh doi véi 3 dong té bao
SK-LU-1 (Ung thu phdi & ngudi), HL-60 (Bénh bach cau cap tinh & ngudi) va HepG2
(Ung thu biéu mo té bao gan & ngudi). Két hop cac phuong phap phan tich TLC,
HPLC xac dinh kha nang sinh tong hop PTOX di lya chon duoc ching HGN12.1R
tiém ning voi day du cac dic diém sinh hoc cho cac nghién ctru tiép theo.

2. P giai trinh tu va lap rap hé gen ching vi nAm P. herquei HGN12.1R bang cong
nghé PacBio. H¢ gen chung P. herquei HGN12.1R c¢6 kich thudc khoang 35,0 Mb
twong Umg véi d§ hoan thién 98,3%. Da chu gidi h¢ gen va du doan cdc nhém gen
lién quan dén con dudng sinh tong hop PTOX va cac dan xuét.

3. B3 x4c dinh diéu kién thich hop cho san sinh PTOX va cac dan Xudt clia chung P.
herquei HGN12.1R bang cong nghé 1én men ¢ quy mo phong thi nghiém véi cac
thong sd: nhan gidng 5%; pH 7,0; nhiét d6 25 °C; toc d6 khuay 120 vong/phit;
tdc do thdi khi 1vvm va 144h 13 thoi gian 1én men t3i wu nhét.

4. Pi tach chiét, tinh sach va x4c dinh duge ciu tric cua 02 hop chat a-peltatin va -
peltatin 12 din xuét cia PTOX. Ca hai hop chit déu thé hién hoat tinh chéng oxy hoa
v6i ECso dao dong tir 6,44+0,41 = 18,75+1,11 pg/ml va hoat tinh gy doc té bao
ICsodao dong tir 5,99+0,41 + 18,61+0,41 pg/ml.

KIEN NGHI

- Tiép tuc nghién ctru to1 wu di€u kién 1én men va cac nghién ctru sdu hon dé tang
hiéu suét sinh tong hop PTOX va cac dan xuat ctia ching P. herquei HGN12.1R.

- Panh gia chirc ning cac gen dy doan con dudng sinh téng hop PTOX va cac dan
xudt ctia chung ndm nghién ctru.

- Nghién ctru thir nghiém in vivo hoat tinh cia VN12C.03 va VN12C.06.

- Panh gia hoat tinh gay doc té bao ciia VN12C.06 trén nhiéu dong té bao ung thu

khac nhau dé xac dinh tinh chon loc va phé hoat tinh cua né
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PHU LUC A

CONG HOA XA HOI CHU NGHIA VIET NAM
DPéc 1ap - Tu do - Hanh phic

Ha Noi, ngay 29 thang 10 nam 2025
BAN GIAI TRINH VA CAM KET
Vé viée ky hiéu tén chiing nim ndi sinh HGN12.1C va HGN12.1R Ia mot

Tén toi la: Tran Thj Hoa, nghién ctru sinh (NCS) theo Quyét dinh cong nhan
nghién ctru sinh s6 2019/QD-HVKHCN, ngay 10/12/2020 cua Giam déc Hoc vién
Khoa hoc va Céng nghé.

Thyc hién Luén an: “Nghién citu phdn lap vi nam néi sinh tic cay duwoc licu
Bdt Gidc Lién va danh gia kha ndng sinh hoat chat Podophyllotoxin va cde dan
xuat” theo Quyét dinh cong nhan dé tai va ngudi huéng dan: S6 2554/QP-
HVKHCN, ngay 31/12/2020 ctia Giam ddc Hoc vién Khoa hoc va Cong nghé.

Luén an la san phém cua dé tai Trong diém Cong nghé sinh hoc cép Vién Han
lam Khoa hoc va Céng nghé Viét Nam, ma sé6 TDCN.01/20-22 do TS. Tran Hb
Quang lam chu nhiém.

1. Giai trinh vé su thay dbi ky hiéu

- Ky hiéu ban dau: Trong qué trinh thuc hién dé tai, ban dau viée ky hiéu cac
chiing vi nAm néi sinh dugc m hod theo cac bd phan phan lap cta cay Bat Giac Lién
nhu: ré€ (R), cti (C), than (T), 14 (L) & céc dia diém thu mau Ha Giang va Lai Chau,
do d6 cé ky hiéu HGN12.1C (ndm phan lap & cu tai Ha Giang). Tir d6 NCS va nhém
dé tai viét Giai phép hiru ich, giai trinh tu toan hé gen va dang ky trén Ngén hang
Genbank dudi tén nam 1a HGN12.1C.

- Tuy nhién, do cdy Bét Giac Lién la cay than ré, cu va ré ciia khong c6 su
tach biét rd rang. Dé thuan tién cho viéc nhan biét va quan 1y, sau nay nhém nghién
ctru dd phan loai, quy udc va diéu chinh lai nhu sau:

+ Néu vi nAm ndi sinh dugc phan lap tir cu ky hiéu (C), quy ude chuyén thanh
ré ky hiéu R, vi du: HGN3C -» HGN3R

+ Néu vi ndm néi sinh duge phan 14p tir ré ky hiéu R, quy udc chuyén thanh
(.1R), vi du: HGN3R — HGN3.1R

- Do so suat, NCS va nhém nghién ciu Dé tai da khong ra soét lai tén
chiing/gidng vi ndm trong céc cong trinh cdng bd sau nay dan dén su khong thong
nhéit nhu da néu.

2. Cam két va cong nhén

- Véi gidi trinh trén, trong qua trinh viét luan 4n NCS va tap thé huéng dén
xin phép dugc thong nhat diéu chinh HGN12.1C thanh HGN12.1R.




- Viéc giai trinh ky hiéu chung nam nhu trén da duoc nhat trf tai Hoi déng
bao vé cp co so.

- Nghién cttu sinh va tap thé huéng dén cam két chung vi ndm néi sinh ky hiéu
trong cac cong bd 1a HGN12.1C va HGN12.1R 1a mét chung va dé xuat sir dung
thong nhat ky hidu HGN12.1R trong toan b nd dung Luén an.

Chung t6i cam két ban giai trinh trén day 1a ding su that.

Xdc nhin ciia tap th¢ huéong din Nghién ciru sinh
TS. Trian Ho Quang  PGS. TS. Pham Bich Ngoe Tran Thi Hoa

Chii nhiém d@ tai
TPCN.01/20-22

PHO VIEN TRUONG
Phi Quyét Tién |,
TS. Tran Hb Quang
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PHU LUC B

Dich 1én men chira
sinh kho1 nam

 SE— Ly tam, loc

Sinh khdi nim

<—— Séy kho 60 °C, nghién bang nito 1ong

Bo6t nam kho

Tach chiét

Trich ly v6i dung moi hiru co
<— (Chloroform: Methanol =4:1) x 4 lan.
Co ddc bay hoi dung moi

\

Cao chiét PTOX
tho

HPLC, LC, LC-MS
Podophyllotoxin

Hinh 1B. T4ch chiét x4c dinh PTOX béi TCL, HPLC [45]
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Dich 1én men chtra
sinh khoi nam

Dich loc sinh khdi ndm j&— Ly tam, loc

Sinh khoi nam

Trich ly v6i dung A A

méi hiru co CHCI3- L SWkho,

MeOH (4:1, v/v) x 3

lan. C6 bay hoi dung Siéu am, 4 °C

méoi & 30 °C
Tach chiét Trich ly v6i dung
moi hitu co CHCI3—
MeOH (4:1, v/v) x 3
lan. C6 bay hoi dung
Cao chiét hiru co moi ¢ 30 °C
kho

Hoé lai cao chiét
bang dung méi hiru
co MeOH

HPLC
Deoxypodophyllotocx

Hinh 2B. Tach chiét, tinh sach thu nhan deoxyPodophyllotoxin (DPTOX) [12]
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PHU LUCC
Bang 1C. Két qua BLAST trinh ty gen ITS cila cac mau ndm vdi cac trinh ty twong dong trén NCBI
Tﬁp xuat
Ching vi Mo Mai s6 ding ky Tén chung so sanh D¢ tuwon Xudt hi¢n
TT & eV Pia diem  thuc 1 50 ¢ang Ky 182 NP S Chi, Nganh cda cac
nam ndi sinh N Ngan hang Gen (Ma so) dong(%) . X
vat chi nam
(CF, %)
< x Apiotrichum dehoogii culture Apiotrichum,
1 HGN6.1R Ha Giang Ré MZ461976 CBS8686 (KY101656.1) 99.80 Basidiomycota 1.85
P x Aspergillus sp. 151304 Aspergillus,
2 HGN6.2R Ha Giang Re MZ468130 (MT371256.1) 91.94 Ascomycota 5.56
Ny x Aspergillus flavus GFRSS
3 HGNI13R Ha Giang Re MZ462046 (MT447477.1) 100
. x Aspergillus nomius IXX-FS31
4 LCN9R Lai Chau Ré MZ470737 (KR296870.1) 99.82
A . Cercospora citrullina C2015 Cercospora,
5 LCN21T Lai Chau  Than MZ470733 (KY593165.1) 100 Ascomycota 1.85
6 HGNIR Ha Gian RE ON142327 Cladosporium sphaerospermum 99 82 Cladosporium, 3.70
£ SCAU177 (MH464425.1) ) Ascomycota '
- . Cladosporium sp. XHMEA3
7 LCN7L Lai Chau La MZ470614 (MH985344.1) 100
N Clonostachys rogersoniana Clonostachvs
8 HGNS8R Ha Giang Ré MZ469934 voucher IFRD500-015 100 Ascom co)t;a’ 3.70
(MT559105.1) Y
N Clonostachys rosea 197 WS
9 LCNIR Lai Chau Ré MZ477226 (MG396999.1) 100

-0
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Tﬁp xuit
Chung vi 2 Mé Mi sé ding ky Tén chiing so sanh Do twon xuat hi¢n
TT W8V piadidm  thue 150 dang ky 182 9 UONE  Chi,Nganh  ciia cdc
nam ngi sinh : N Ngan hang Gen (Ma so0) dong(%) . £
vat chi nam
(CF, %)
e x Colletotrichum gloeosporioides Colletotrichum,
10 HGNI11.IR  Ha Giang Ré MZ461968 Y35 (MT729915.1) 100 Ascomycota 5.56
A , Colletotrichum kohawee WZ-135
11 LCN3L Lai Chau La MZ470466 (MN856281.1) 100
A R Colletotrichum acutatum WZ-298
12 LCNI19T Lai Chau  Théan MZ470465 (MN856415.1) 99.27
13 LCNS.3L Lai Chau La MZ470419 Fungal sp. 1.85
< x Fusarium oxysporum 1LZ070103 Fusarium,
14 HGN7.IR Ha Giang Re MZ461980 (FT157216.1) 99.80 Ascomycota 11.11
< x Fusarium oxysporum 1L.Z070103
15 HGN7R Ha Giang Ré MZ461979 (FI157216.1) 99.6
N , Fusarium solani 1LJ02
16 HGNS5L Ha Giang La MZ461981 (MT579853.1) 99.81
C ~pA , Fusarium sp. 2 IM-2014
17 LCNIL Lai Chau La MZ470447 (KJ920732.1) 88.71
. A Fusarium sp. 2 IM-2014
18 LCN6T Lai Chau  Than MZ472087 (KJ920732.1) 88.74
A A Fusarium sp. 2 IM-2014
19 LCNIT Lai Chau  Than MZ470445 (KJ920732.1) 92.48
. . Ganoderma lucidum AL BS Ganoderma,
20 LCNS8T Lai Chau  Théan MZ470735 (MH160076.1) 100 Basidiomycota 1.85

(40
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Tﬁp xuit
Chung vi Mé Mi sé ding ky Tén chiing so sanh Do twon xuat hi¢n
TT MY piadiém  thuc 1 50 dang ky 183 QIUONE  Chi,Nganh ciia cdc
nam ngi sinh N Ngan hang Gen (Ma so0) dong(%) . £
vat chi nam
(CF, %)
e x Guignardia sp. voucher HQU PLOS Guignardia,
21 HGN2R Ha Giang Ré MZ461975 (MK640597.1) 99.83 Ascomycota 1.85
o x Ilyonectria destructans Ilyonectria,
22 HGN3R Ha Giang Ré MZ461966 (MK403674.1) 100 Ascomycota 5.56
N x llyonectria robusta JJHHD-6
23 HGN7.2R Ha Giang Re MZ461985 (MN091953.1) 99
24  LCNI6L Lai Chau La MZ470426 Ilyonectria sp. HB 5 (KP761761.1)  99.80
< x Lasiodiplodia venezuelensis CBS Lasiodiplodia,
25 HGNI14.1R  Ha Giang Ré MZ462039 129753 (MH865369.1) 100 Ascomycota 1.85
26 HGN5R  HaGiang  RE MZ469936 Mucor sp. RL288 (MT557384.1)  99.29 Mucor, 3.70
Mucoromycota
A x Mucor circinelloides M
27 LCN7R Lai Chau Re MZ470734 (MK791718.1) 99.47
< x Neurospora intermedia WS11JB14 Neurospora,
28 HGN6R Ha Giang Re MZ461978 (KT844672.1) 99.45 Ascomycota 1.85
. x Penicillium citrinum JBGC3.4 Penicillium,
29 HGNI13.1R  Ha Giang Ré MZ468131 (MG554246.1) 100 Ascomycota 7.41
< x Penicillium herquei BCC
30  HGNI12.1R  Ha Giang Ré MZ462047 (THA):84323 (MF537646.1) 99.80
31 LCNISL  LaiChau L4 MZ470422 Penicillium herquei LTL319 99.81

(MF663569.1)

0
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Tﬁp xuit
Chiing vi . MO yrss6 ding ky Tén chiing so sinh Pé tuon xudt hign
TT W8V piadidm  thue 150 fang ky en caung 20 s QWONE  Chi,Nganh ciia cic
nam ngi sinh : N Ngan hang Gen (Ma so0) dong(%) . £
vat chi nam
(CF, %)
g , Penicillium herquei 505G10
32 LCNI2.1L Lai Chau La MZ470423 (MH986808.1) 100
o A Pestalotiopsis sp. SC24c Pestalotiopsis,
33 HGNIT Ha Giang  Than MZ461977 (MG489866.1) 99.80 Ascomycota 1.85
A A Phaeoacremonium sp. MRHf10 Phaeoacremoniu
34  LCNI2T Lai Chau  Théan MZ470448 (MK 120896.1) 100 m, Ascomycota 1.85
e x Phaeosphaeriopsis musae A731 Phaeosphaeriopsi
35 HGNI4R Ha Giang Ré MZ461983 (KU529845.1) 100 s, Ascomycota 3.7
< , Phaeosphaeriopsis musae A731
36 HGN3L Ha Giang La MZ461982 (KU529845.1) 100
P , Phyllosticta capitalensis H Phyllosticta,
37 HGNIL Ha Giang La MZ461986 (ON014497.1) 99.49 Ascomycota 3.70
A , Phyllosticta capitalensis PN-2014-
38 LCNSL Lai Chau La MZ470604 08-28-A1 (KT319044.1) 99.83
< A Plectosphaerella oligotrophica Plectosphaerella,
39 HGN3T Ha Giang  Than MZ462053 CGMCC 3.15078 (NR_155632.1) 99.42 Ascomycota 3.70
A , Plectosphaerella cucumerina
40 LCNI14L Lai Chau La MZ470459 PCO.52 (HQ248206.1) 99.60
A A Purpureocillium lilacinum Purpureocillium,
41 LCN3T Lai Chau  Than MZ470446 PIYN7703 (MHA483756.1) 99.53 Ascomycota 1.85
A A Setophoma sp. PSRF58 Setophoma,
42 LCNI13T Lai Chau  Than MZ470584 (MN88S811.1) 100 Ascomycota 1.85

=0
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Tﬁp xuit
Chung vi Mé Mi sé ding ky Tén chiing so sanh Do twon xuat hi¢n
TT o hgv Dia diéem  thuce 1 50 dang ky 83 NP S Chi, Nganh cua cac
nam ngi sinh N Ngan hang Gen (Ma so0) dong(%) . £
vat chi nam
(CF, %)
g A Simplicillium sp. FTIZZJ01 Simplicillium,
43 LCNI17T Lai Chau  Théan MZ470424 (FI196609.1) 99.81 Ascomycota 1.85
. A Talaromyces amestolkiae CBS Talaromyces,
44 LCN4T Lai Chau  Théan MZ471623 274.95 (KP975419.1) 100 Ascomycota 1.85
NP x Trametes cf. cubensis 118-25 Trametes,
45  HGNIIR Ha Giang Re MZ469933 (KJ654514.1) 99.83 Basidiomycota 9.26
e x Trametes cf. cubensis 118-25
46 HGNI2.2R  Ha Giang Ré MZ461967 (KJ654514.1) 100
N x Trametes cf. cubensis 118-25
47  HGN3.1IR Ha Giang Ré MZ461984 (KJ654514.1) 100
A , Trametes cf. cubensis 118-25
48 LCNI1L Lai Chau La MZ470263 (KJ654514.1) 99.83
A , Trametes cf. cubensis 118-25
49 LCNI3L Lai Chau La MZ470264 (KJ654514.1) 99.5
N x Trichoderma citrinoviride SC2e Trichoderma,
50 HGN2.IR Ha Giang Ré MZ469935 (MG461650.1) 97.01 Ascomycota 5.56
N x Trichoderma citrinoviride SC2e¢
51 HGNS.IR Ha Giang Ré MZ462050 (MG461650.1) 97.01
A x Trichoderma lixii NGS
52 LCN3R Lai Chau Re MZ477227 (KX580184.1) 99.82
NP x Xylaria sp. NBRTSLF-46 Xylaria,
53  HGNIOR Ha Giang Re MZ469932 (MF807974.1) 99.24 Ascomycota 1.85

S0
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PHU LUC D

1. >Apiotrichum_ HGN6.1R_ MZ461976

CTTCCGTAGGGTGAACCTGCGGAAGGATCATTAGTGATTGCCCTAGTGGCTTAAACTATATCCATATACACCTGTGAACC
GTTTGATTGACACTCTGTGTTGATTTTACAAACAATGTGTAATGAACGTCTAGTTATTATAACAAAAAATAACTTTCAACA
ACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCA
TCGAATCTTTGAACGCAACTTGCGCTCTCTGGTATTCCGGAGAGCATGCCTGTTTGAGTGTCATGAAATCTCAACCATTAG
GGTTTCTTAATGGCTTGGATTTGGGTGTTGCCAGTCTCTTGGCTCACCTTAAAGGAGTTAGCGAGTTTAACAATGTCGTCT
GGCGTAATAAGTTTCGCTGGTAAGACTTGTGAAGTTTGCTTCTAATCGTCTTCGGACAATTACTTTGACTCTGGCCTCAAA
TCAGGTAG

2.> Aspergillus HGN6.2R MZ468130

TGCTTCGGCGGGCCCGCCGTTCGCGCGGCCGCCGGGGGGGAACCCCTCCCCCCGGGCGAGCGCCCGCCGGAGACCCCAA
CGTGAACACTGTCTGAAGTTTTGTCGTCTGAGTTCGATTGTATCGCAATCACTTAAAACTTTCAACAATGGATCTCTTGGT
TCCGGCATCGATGAAAAACGCAGCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAAC
GTACATTGCACCCCCTGGTATTCCGGGGGGTATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGG
TCCTCGACCCCAAACTTCAGACAGTGTTCACGTTGGGGTCTCCGGCGGGCGCTCGCCCGGGGGGAGGGGTTTGTCCCCCG
CTCTCGTAGGCCCGGCCGGCGCTGGCCGACGCTGAAAAACAACCATTATTTCTCCAAGGTGACCTCGGATCAGGTAGGGA
TACCCGCTGAACTTAATCATATCAATAAGC

3.> Aspergillus HGN13R MZ468131

GGGTTCTAGCGAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGTTGCTTCGGCGGGCCCGCCATTCATGGCCGCCGGG
GGCTCTCAGCCCCGGGCCCGCGCCCGCCGGAGACACCACGAACTCTGTCTGATCTAGTGAAGTCTGAGTTGATTGTATCG
CAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAGTGTG
AATTGCAGAATTCCGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAG
CGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGTCGTCGTCCCCTCTCCGGGGGGGACGGGCCCCAAAGGCAGCG
GCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGAACGCAAA
TCAATCTTTTTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA

4. >Aspergillus LCNI9R MZ470737

[-d
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GTAGGATTCCTAGCGAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGTTGCTTCGGCGGGCCCGCCGCAAGGCCGCCG
GGGGGCATCCGCCCCCGGEGCCCGCGCCCGCCGGAGACACCACGAACTCTGAACGATCTAGTGAAGTCTGAGTTGATTGTA
TCGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAGT
GTGAATTGCAGAATTCCGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCG
AGCGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGTCGTCGTCCCCCCCCTCCGGGGGGGGACGGGCCCTAAAGG
CAGCGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGAAC
GCAAAACAACCATTCTTTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGG
AA

5.>Cercospora LCN21T MZ470733

CTCCGTAGGTGAACCTGCGGAGGGATCATTACTGAGTGAGGGCCTTCGGGCTCGACCTCCAACCCTTTGTGAACACAACT
TGTTGCTTCGGGGGCGACCCTGCCGTTTCGACGGCGAGCGCCCCCGGAGGCCTTCAAACACTGCATCTTTGCGTCGGAGTT
TAAGTAAATTAAACAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTA
ATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCGAGGGGCATGCCTGTT
CGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTATTGGGCGCCGCGGTGTTCCGCGCGCCTCAAAGTCTCCGGCTGAGCT
GTCCGTCTCTAAGCGTTGTGATTTCATTAATCGCTTCGGAGCGCGGGCGGTCGCGGCCGTTAAATCTTTCACAAGGTGACC
TCGGATCAG

6. >Cladosporium_ HGNI1R ON142327

GCTGGCTCGGGCGGGAGTTCACACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTCCAGGCGGGGGCCCC
GGGTGGACATTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAATTTAATTAATAAATTAAAACTTTCAACAACGGATCT
CTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCT
TTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTA
TTGGGCGACGCGGTCCGCCGCGCGCCTCAAATCGACCGGCTGGGTCTTTCGTCCCCTCAGCGTTGTGGAAACTATTCGCTA
AAGGGTGCCGCGGGGGGCCACGCCGTGAAACAACCCCATTTCTAAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGA
ACTTAAGCATATCAATAAAGCGGAGGAAAAGCATATCAATAGAGCGGGAGGACCTGGCCGGGGAAAGTTAGAACAATTT
TGATTGTACGATTC

7. >Cladosporium LCNTL_ MZ470614
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TTCCGTAGGGGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGTCTAACCACCGGGATGTTCATAACCCTTTGTTGT
CCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCGGGTGGACACTTCAAACTCTTGCGTAACTTTGCA
GTCTGAGTAAACTTAATTAATAAATTAAAACTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAA
ATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
GGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATC
GACCGGCTGGGTCTTCTGTCCCCTAAGCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGGCTACGCCGTAAAACAA
ACCCATTTCTAAGGTGACCTCGGATCAGGA

8. >Clonostachys HGN8R MZ469934

CCTTGTGTGCCCCGGATCCAGGCACCCGCCGGGGGACCTTAACTCTTGTTTTATTTAGAATCTTCTGAGTAGTTTTTACAA
ATAAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGAAAAGTAATGTGA
ATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGC
GTCATTTCAACCCTCATACCCCTAGGGTGTGGTGTTGGGGATCGGCCAAGGCCCGCAAGGGACGGCCGGCCCCTAAATCT
AGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGTAATATTCCGCATCGGAGAAGCGACGAGCCCCTGCCGTTAAACC
CCCAACTTTCTAAGGTTGACCTCAGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGG

9. >Clonostachys LCNIR MZ477226

CCAGCCCATGTGAACATACCTATCGTTGCTTCGGCGGGATCGCCCCGGGCGCCTCGTGTGCCCCGGATCCGGCGCCCGCC
TAGGAACCTTAACTCTTGTTTTATTTTGGAATCTTCTGAGTAGTTTTTACAAATAAATAAAAACTTTCAACAACGGATCTCT
TGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTT
GAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTCATTTCAACCCTCATGCCCCTAGGGCGTG
GTGTTGGGGATCGGCCAAGGCCCGCAAGGGACGGCCGGCCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGA
AGTAGTGATATTCCGCATCGGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGGTTGACCTCAGATCAGGT
AGGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA

10. >Colletotrichum HGN11.1R MZ469933

GCGGGTAGGGTCTCCGTGACCCTCCCGGCCTCCCGCCCCCGGGCGGGTCGGCGCCCGCCGGAGGATAACCAAACTCTGAT
TTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAG
AACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCC
AGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTTGGGGCCCTACAGCTGATGTA
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GGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCCTTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGA
CTCTTGCCGTAAAACCCCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAA
TAACCGAAGG

11. >Fungal sp. LCN8.3L MZ470419

GCCTGCGGAAGGATCATTACTGAGTGCGGGTCCCTCGTGGACCTAACCTCCCACCCTTGTCTCTTGTATACCCTGTTGCTT
TGGCGGGCCCACTGGGGATCCCCCAGTCGCCGAGGGGCCCTGTGCCCCTGGGCCCGTGTCCGCCAGAGCGCCCTGGAACC
CTCATGAAGATGGACTGTCTGAGCATGATTGATAATAATCAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATG
AAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
CCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCTGCCCTCAAGCACGGCTTGTGTGTTGGGTGTGGTCCCCCCG
TGATACGGGGGACCTGCCTGAAAGGCAGTGGCGACGCCCGCCTAGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCGG
GAAGGGTCTACGGGTGTTGGTCATCCACGATAATTTTTTCCACGGTTGACCTCGGATCAGTAGA

12. >Colletotrichum_LCN19T MZ470465

TCCGTAGGGGGAACCTGCGGAGGGATCATTACTGAGTTACCGCTCTATAACCCTTTGTGAACGTACCTAACCGTTGCTTCG
GCGGGCAGGGGAAGCCTCTCGCGGGCCTCCCCTCCCGGCGCCGGCCCCCACCACGGGGACGGGGLCGCCCGCCGGAGGAA
ACCAAACTCTATTTACACGACGTCTCTTCTGAGTGGCACAAGCAAATAATTAAAACTTTTAACAACGGATCTCTTGGTTCT
GGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGC
ACATTGCGCTCGCCAGCATTCTGGCGAGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCACCGCTTGGTTTTGGGGCC
CCACGGCCGACGTGGGCCCTTAAAGGTAGTGGCGGACCCTCCCGGAGCCTCCTTTGCGTAGTAACTAACGTCTCGCACTG
GGATCCGGAGGGACTCTTGCCGTTAAACCCCCAAATTCTTACAGGTGACCTCGGATCAGGTACGATC

13. >Fungal sp._ LCN8.3L_ MZ470419

GCCTGCGGAAGGATCATTACTGAGTGCGGGTCCCTCGTGGACCTAACCTCCCACCCTTGTCTCTTGTATACCCTGTTGCTT
TGGCGGGCCCACTGGGGATCCCCCAGTCGCCGAGGGGCCCTGTGCCCCTGGGCCCGTGTCCGCCAGAGCGCCCTGGAACC
CTCATGAAGATGGACTGTCTGAGCATGATTGATAATAATCAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATG
AAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
CCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCTGCCCTCAAGCACGGCTTGTGTGTTGGGTGTGGTCCCCCCG
TGATACGGGGGACCTGCCTGAAAGGCAGTGGCGACGCCCGCCTAGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCGG
GAAGGGTCTACGGGTGTTGGTCATCCACGATAATTTTTTCCACGGTTGACCTCGGATCAGTAGA
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14. >Fusarium HGN7.1R_MZ461980

TCCGTAGGGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCACTTGTTGCCTCG
GCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGT
AAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGC
CTGTTCGAGCGTCATTTCAACCCTCAAGCACAGCTTGGTGTTGGGACTCGCGTTAATTCGCGTTCCTCAAATTGATTGGCG
GTCACGTCGAGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGCGGCCACGCCGTTAAACCCCAACTTC
TGAATGTGACCTCGGATCAT

15. >Fusarium_HGN7R_MZ461979

TTCCGTAGGGGTGACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCACTTGTTGCCTCG
GCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGT
AAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGC
CTGTTCGAGCGTCATTTCAACCCTCAAGCACAGCTTGGTGTTGGGACTCGCGTTAATTCGCGTTCCTCAAATTGATTGGCG
GTCACGTCGAGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGCGGCCACGCCGTTAAACCCCAACTTC
TGAATGTGACCTCGGATCAGG

16. >Fusarium_ HGNSL MZ461981

CTATTCACTCATCACCCTGTGACATACCTAAACGTTGCTTCGGCGGGAATAGACGGCCCCGTGAAACGGGCCGCCCCCGC
CAGAGGACCCTTAACTCTGTTTCTATAATGTTTCTTCTGAGTAAAACAAGCAAATAAATTAAAACTTTCAACAACGGATCT
CTTGGCTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCT
TTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTACAACCCTCAGGCCCCCGGGCCT
GGCGTTGGGGATCGGCGGAGCCCTTTGTGGGCACACGCCGTCCCCCAAATACAGTGGCGGTCCCGCCGCAGCTTCCATCG
CGTAGTAGCTAACACCTCGCGACTGGAGAGCGGCGCGGCCACGCCGTAAAACACCCAACTCTTCTGAAGTTGACCTCGAA
TCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGGCG

17. >Fusarium LCNIL MZ470447

CTTCCGTAGGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCAATTGTTGCCTCG
GCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGT
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AAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGC
CTGTTCGAGCGTCATTTCAACCCTCAAGCCCCCGGGTTTGGTGTTGGGGATCGGCGAGCCCTCGCGGCAAGCCGGCCCCG
AAATCTAGTGGCGGTCTCGCTGCAGCTTCCATTGCGTAGTAGTAAAACCCTCGCAACTGGTACGCGGCGCGGCCAAGCCG
TTAAACCCCCAACTTCTGAATGTTGACCTCGGATCAC

18. >Purpureocillium LCN3T MZ472087

TCCCAACCCACTGTGACCTTACCTCAGTTGCCTCGGCGGGAACGCCCCGGCCGCCTGCCCCCGCGECCGGECGCCGGACCCA
GGCGCCCGCCGCAGGGATCCCAAACTCTCTTGCATTACGCCCAGCGGGCGGAATTTCTTCTCTGAGTTGCACAAGCAAAA
ACAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATG
TGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCATTCTGGCGGGCATGCCTGTTCG
AGCGTCATTTCAACCCTCGAGCCCCCCCGGGGGCCTCGGTGTTGGGGGACGGTACACCAGCCGCCCCCGAAATGCAGTGG
CGACCCCGCCGCAGCCTCCCCT

19. >Fusarium LCNIT_ MZ470445

TCCGTAGGGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCACTTGTTGCCTCG
GCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGT
AAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGC
CTGTTCGAGCGTCATTTCAACCCTCAAGCACAGCTTGGTGTTGGGACTCGCGTTAATTCGCGTTCCTCAAATTGATTGGCG
GTCACGTCGAGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGCGGCCACGCCGTTAAACCCCAACTTC
TGAATGTGACCTCGGATCAT

20. >Ganoderma LCN8T MZ470735

CTTTGACCGGGTTGTAGCTGGCCTTCCGAGGCATGTGCACGCCCTGCTCATCCACTCTACACCTGTGCACTTACTGTGGGC
TTCAGATTGCGAGGCACGCTCTTTACCGGGCTTGCGGAGCATATCTGTGCCTGCGTTTATCACAAACTCTATAAAGTAACA
GAATGTGTATTGCGATGTAACACATCTATATACAACTTTCAGCAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCA
GCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTC
CGAGGAGCATGCCTGTTTGAGTGTCATGAAATCTTCAACCTACAAGCTTTTGTGGTTTGTAGGCTTGGACTTGGAGGCTTG
TCGGCCGTTATCGGTCGGCTCCTCTTAAATGCATTAGCTTGGTTCCTTGCGGATCGGCTCTCGGTGTGATAATGTCTACGC
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CGCGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCTTATAAGACAGCTTTATGACCTCTGACCTCAAATCAGGTAGGAC
TACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAAAAT

21.>Trichoderma_HGN2.1R _ MZ469935

GTCAACTCCAAACCCAATGTGAACGTTACCAAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTGCGTCGCAGCCCCGGA
CCAAGGCGCCCGCCGGAGGACCAACCAAAACTCTTATTGTATACCCCCTCGCGGGTTTTTTACTATCTGAGCCATCTCGGC
GCCCCTCGTGGGCGTTTCGAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGC
GAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCT
GGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCGGCCCTTTACGGG
GCCGGCCCCGAAATACAGTGGCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACACTCGCATCGGGAGCGCGGCG
CGTCCACAGCCGTTAAACACCCCAAACTTCTGAAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATA
TCAAAAGCCGGAGGAA

22. >Ilyonectria HGN3R MZ461984

TTCCGTAGGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCATATCGTTGCCTCG
GCGGTGCCCGTTTCGGCGGCCCGCCAGAGGACCCAAACCCTGTATTAAAGTATTCTTCTGAGTAAATGATTAAATCAATC
AAAACTTTCAACAACGGATCTCTTGGCTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGA
ATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCA
ACCCTCAAGCCCCCGGGCTTGGTGTTGGAGACCGGCGAGCCCTCCGGGGCACGCCGCCTCCCAAATTTAGTGGCGGTCTC
GCTGTAGCTTCCTCTGCGTAGTAGCACACCTCGCACTGGGAAACAGCGTGGCCACGCCGTAAAACCCCCCACTTCTGAAA
GGTTGACCTCGGATCA

23. >Ilyonectria. HGN7.2R MZ461985

GGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCATATTGTTGCCTCGGCGGTG
CCTGTTTCGGCAGCCCGCCAGAGGACCCAAACCCTAGATTACATTAAAGCATTTTCTGAGTCAATGATTAAATCAATCAA
AACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAAT
TCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAAC
CCTCAAGCCCCCGGGCTTGGTGTTGGAGATCGGCGAGCCCCCCGGGGCGCGCCGTCTCCCAAATATAGTGGCGGTCCCGC
TGTAGCTTCCTCTGCGTAGTAGCACACCTCGCACTGGGAAACAGCGTGGCCACGCCGTAAAACCCCCCACTTCTGAAAGG
TGACCTCGGATG
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24. >Ilyonectria LCN16L_ MZ470426

TCCGTAGGGGTGACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCATATTGTTGCCTC
GGCGGTGCCTGTTTCGGCAGCCCGCCAGAGGACCCAAACCCTAGATTACATTAAAGCATTTTCTGAGTCAATGATTAAAT
CAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATT
GCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTC
ATTTCAACCCTCAAGCCCCCGGGCTTGGTGTTGGAGATCGGCGAGCCCCCCGGGGCGCGCCGTCTCCCAAATATAGTGGC
GGTCCCGCTGTAGCTTCCTCTGCGTAGTAGCACACCTCGCACTGGGAAACAGCGTGGCCACGCCGTAAAACCCCCCACTT
CTGAAAGGTGACCTCGGATGCA

25.>Phaeosphaeriopsis HGN14R MZ461983

CTTCCGTAGGTGAACCTGCGGAAGGATCATTACATTCAGTAGCCCAGCTACTTGTTTACACCCTTGTCTTTTTGCGTACTTA
TCGTTTCCTCGGCGGGCTTGCCTGCCGGTTGGACAACTTTATAACCTTTTTAAATCTTCAATCAGCGTCTGAATAATATAC
AATAATTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGTGAA
TTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCATGGGGCATGCCTGTTCGAGCGT
CATTTGTACCTTCAAGCTTTGCTTGGTGTTGGGTGCTTGTCTTTTTGTTAAGACTCACCTCAAAGTCATTGGCAGCCAGTGT
TTTGGTAGTAAGCGCAGCACATTTTGCGTCTTGGTCCCTTAACAGCAGCATCCATCAAGCCATTTTCTCACTTTGACCTCG
GATCAGGT

26. >Mucor HGNS5SR_MZ462050

TTTTCATAATTTTGGCTTGTCCATCATTATCTATTTACTGTGAAACGTATTATTACTTGACGCCTGAGGGATGTTCCAYTGC
TATAAGGATAGGCAGCGGAAATGTTAACCGAGTCATAATCAAGCTTAGGCTTGGTATCCTATTATTATTTACCAAAAGAA
TTCAGAATTAATATTGTAACATAGACGTAAAAAATCTATAAAACAACTTTTAACAACGGATCTCTTGGTTCTCGCATCGAT
GAAGAACGTAGCAAAGTGCGATAACTAGTGTGAATTGCATATTCAGTGAATCATCGAGTCTTTGAACGCAACTTGCGCTC
ATTGGTATTCCAATGAGCACGCCTGTTTCAGTATCAAAACAAACCCTCTATCCAACTTTTGTTGAATAGGATGACTGAGAG
TCTCTTGATCGTCAGATCTCGAACCTCTTGAAATGTACAAAGGCCTGATCTTGTTTGAATGCCTGAACTTTTTTTTAATATA
AAGAGAAGCTCTTGCGGTAAACTGTGCTGGGGCCTCCCAAATAACACTTTTTTAAATTTGATCTGAAATCAGGTGGGATT
ACCCGCTGAACTTAAGCATATCAATAAGCCGGAGGAAA

27.>Mucor LCNTR _MZ470734
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CATTATTTTGGCTTGTCCATCATTATCTATTTACTGTGAAACGTATTATTACTTGACGCCTGAGGGATGTTCCATTGCTATA
AGGATAGGCAGCGGAAATGTTAACCGAGTCATAATCAAGCTTAGGCTTGGTATCCTATTATTATTTACCAAAAGAATTCA
GAATTAATATTGTAACATAGACGTAAAAAATCTATAAAACAACTTTTAACAACGGATCTCTTGGTTCTCGCATCGATGAA
GAACGTAGCAAAGTGCGATAACTAGTGTGAATTGCATATTCAGTGAATCATCGAGTCTTTGAACGCAACTTGCGCTCATT
GGTATTCCAATGAGCACGCCTGTTTCAGTATCAAAACAAACCCTCTATCCAACTTTTGTTGAATAGGATGACTGAGAGTCT
CTTGATCGTCAGATCTCGAACCTCTTGAAATGTACAAAGGCCTGATCTTGTTTGAATGCCTGAATTTTTTTTTAATATAAA
AAAAACTTCTGGCGGAAAATGGGGTTGGGGCCTCCCAAATACCCTTTTTTTAATTTTAATCTAAAATCAGGGGGAATACC
C

28. >Neurospora HGN6R  MZ461978

TTCCGTAGGTGAACCTGCGGAGGGATCATTACAGAGTTGCAAAACTCCCACAAACCATCGCGAATCTTACCCGTACGGTT
GCCTCGGCGCTGGCGGTCCGGAAAGGCCCTCGGGCCCTCCCGGATCCTCGGGTCTCCCGCTCGCGGGAGGCTGCCCGCCG
GAGTGCCGAAACTAAACTCTGGATATTTTATGTCTCTCTGAGTAAACTTTTAAATAAGTCAAAACTTTCAACAACGGATCT
CTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCT
TTGAACGCACATTGCGCTCGCCAGTATTCTGGCGAGCATGCCTGTTCGAGCGTCATTTCAACCATCAAGCTCTGCTTGCGT
TGGGGATCCGCGGCTGTCCGCGGTCCCTCAAAATCAGTGGCGGGCTCGCTAGTCACACCGAGCGTAGTAACTCTACATCG
CTATGGTCGTGCGGCGGGTTCTTGCCGTAAAACCCCCCATTTCTAAGGTTGACCTCGGATCAGG

29. >Penicillium citrinum HGN13.1R_ MZ462046

CTTCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTGCGGGCCCCTCGGGGCCCAACCTCCCACCCGTGTTGCCCGAA
CCTATGTTGCCTCGGCGGGCCCCGCGCCCGCCGACGGCCCCCCTGAACGCTGTCTGAAGTTGCAGTCTGAGACCTATAAC
GAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAATGT
GAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTCCGA
GCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCCGTCCCCCCCGCCGGGGGGACGGGCCCGAAAGGCAGCGG
CGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTAGTAGGCCCGGCCGGCGCCAGCCGACCCCCAA
CCTTTAATTATCTCAGGTGACCTCGGATCA

30. >P. herquei HGN12.1R _MZ462047

TCATTAACGAGTTCTGACACTTCCGTAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTACTGAGTGAGGGCCCTCTGG
GTCCAACCTCCCACCCGTGTTTATTGTACCTTGTTGCTTCGGCAGGCCCGCCTCACGGCCGCCGGGGGGCTTCTCGCCCCC
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GGGCCCGCGCCTGCCGGAGACACCTTTGAACGCTGTCTGAAGTTTGCAGTCTGAGCGATTAGCTAAATTAGTTAAAACTT
TCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGT
GAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCA
AGCCCGGCTTGTGTGTTGGGCCTCGTCCCCCCTCTGCGGGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCC
TCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCTTTAGCAGGAAACACAAGGAGGAGCATATCAAT
AAGCGGAGACGATGATAATCCTTA

31. >Penicillium LCN15L_ MZA470422

CGTAGCTTTCCGTAGGTGAACCTGCGGAAGGATCATTACTGAGTGAGGACCCTCTGGGTCCAACCTCCCACCCGTGTTTAT
TGTACCTTGTTGCTTCGGCAGGCCCGCCTCACGGCCGCCGGGGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCAGAGACAC
CTTTGAACGCTGTCTGAAGTTTGCAGTCTGAGCGATTAGCTAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCG
GCATAGGTGAAGAACACAGCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGCGAATCATCGAGTCTTTGAACGCA
CATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCT
CGTCCCCCCTCTGCGGGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCAC
CCGCTCTGTAGGCCCGGCCGGCGCCTTAGCAGGAAACACAAGGAGGAGCATATCAATAAGCGGAGACGATGATAATCCT
TA

32. >Penicillium LCN12.1L_MZ470423

CGACTGATCGAGGTCACCTGAAAAAAAGATTGTGTCGTCGGCTAAGGCGCCGGCCGGGCCTACAGAGCGGGTGACAAAG
CCCCATACGCTCGAGGACCGGACACGGTGCCGCCGCTGCCTTTCGGGCCCGTCCCCCGCAGAGGGGGACGAGGCCCAAC
ACACAAGCCGGGCTTGAGGGCAGCAATGACGCTCGGACAGGCATGCCCCCCGGAATACCAGGGGGCGCAATGTGCGTTC
AAAGACTCGATGATTCACTGAATTCTGCAATTCACATTAATTATCGCATTTCGCTGCGTTCTTCATCGATGCCGGAACCAA
GAGATCCGTTGTTGAAAGTTTTAACTAATTTAGCTAATCGCTCAGACTGCAAACTTCAGACAGCGTTCAAAGGTGTCTCCG
GCAGGCGCGGGCCCGGGGGCGAGAAGCCCCLCCGGCGGCCGTCGAGGCGGGCCTGCCGAAGCAACAAGGTACAATAAACA
CGGGTGGGAGGTTGGACCCAGAGGGCCCTCACTCAGTAATGATCCTTCCGCAGGC

33. >Pestalotiopsis HGN1T MZ461977

TTCCGTAGGTGAACCTGCGGAGGGATCATTATAGAGTTTTCTAAACTCCCAACCCATGTGAACTTACCTTTTGTTGCCTCG
GCAGAAGTTATAGGTCTTCTTATAGCTGCTGCCGGTGGACCATTAAACTCTTGTTATTTTATGTAATCTGAGCGTCTTATTT
TAATAAGTCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTG
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AATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCATTAGTATTCTAGTGGGCATGCCTGTTCGAGC
GTCATTTCAACCCTTAAGCCTAGCTTAGTGTTGGGAATCTACTTCTTTATAGTTGTAGTTCCTGAAATACAACGGCGGATT
TGTAGTATCCTCTGAGCGTAGTAATTTTTTTCTCGCTTTTGTTAGGTGCTATAACTCCCAGCCGCTAAACCCCCAATTTTTT
GTGGTGACCTCGGATCAG

34. >Phaeoacremonium_LCNI2T MZ470448

CTTCCGTAGGTGAACCTGCGGAGGGATCATTAACGAGTTTCGTACTCCAAACCCTTTGTGAACATACCTGTTTTCGTTGCT
TCGGCAGGTGAAGGCGGACGGCCTCCGGGCCTGAAGCCGCCGCCGGGCGGACCCCTCGCGGGGECGCTGCCGGEGETGEGGLCC
TGCCGGAGGGCACAGACTCTGTATTACAACGTACCTCTCTGAGTTATATTTTACAAACAAGTAAAAACTTTCAACAACGG
ATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGA
ATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCAGGCCCTGGTT
GCCTGGTGTTGGGGCGCCGCGCACCCTCAGCGGGCGCGGGCCCCGAAAGTCAGTGGCGGGCTCGCCAGGACTCCGAGCG
CAGTAATTTTCTCTCGCTGTGGAGCGCCTGGTGGGTTACCGGCCGTAAAACACCCCAAATTCTAAAGGTTGACCTCC

35. >Lasiodiplodia. HGN14.1R_ MZ462039

CTTCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTTTTCGAGCTCCGGCTCGACTCTCCCACCCTTTGTGAACGTACC
TCTGTTGCTTTGGCGGCTCCGGCCGCCAAAGGACCTTCAAACTCCAGTCAGTAAACGCAGACGTCTGATAAACAAGTTAA
TAAACTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAAT
TGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTC
ATTACAACCCTCAAGCTCTGCTTGGAATTGGGCACCGTCCTCACTGCGGACGCGCCTCAAAGACCTCGGCGGTGGCTGTT
CAGCCCTCAAGCGTAGTAGAATACACCTCGCTTTGGAGCGGTTGGCGTCGCCCGCCGGACGAACCTTCTGAACTTTCTCA
AGGTTGACCTCGGATCA

36. >Phaeosphaeriopsis HGN3L MZ461982

TTCCGTAGGTGAACCTGCGGAAGGATCATTACATTCAGTAGCCCAGCTACTTGTTTACACCCTTGTCTTTTTGCGTACTTAT
CGTTTCCTCGGCGGGCTTGCCTGCCGGTTGGACAACTTTATAACCTTTTTAAATCTTCAATCAGCGTCTGAATAATATACA
ATAATTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGTGAAT
TGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCATGGGGCATGCCTGTTCGAGCGTC
ATTTGTACCTTCAAGCTTTGCTTGGTGTTGGGTGCTTGTCTTTTTGTTAAGACTCACCTCAAAGTCATTGGCAGCCAGTGTT
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TTGGTAGTAAGCGCAGCACATTTTGCGTCTTGGTCCCTTAACAGCAGCATCCATCAAGCCATTTTCTCACTTTGACCTCGG
ATCAGGTATG

37.>Phyllosticta HGN1L MZ461986

TTCCGTAGGTGAACCTGCGGAAGGATCATTACTGAAATGTAATAACTTCTATTGAAAGGTTCCAGAGTAGGCGCTACAAC
GCCGAAATGACCTTCTCACCCTTGTGTACTCACTATGTTGCTTTGGCGGGTCGACCTGGTTCCGACCCAGGCGGCCGGCGC
CCCCAGCCTTAACTGGACAGGACGCCCGGCTAAGTGCCCGCCAGTATACAAAACTCAAGAATTCATTTTGTGAAGTCCTG
ATATATCATTTAATTGATTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGAT
AAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATG
CCTGTTCGAGCGTCATTTCAACCATCAAGCTCTGCTTGGTATTGGGCAACGTCCGCTGCCGGACGGGCCTTGAAGACCTCG
GCGACGGCGTCCTAGCCTCGAGCGTAGTAGTAAAATATCTCGCTTTGGAGTGCTGGGCGACGGCCGCCGGACAATCGACC
TTCGGTCTATTTTTCAAGGTGACCTCGGATCATG

38. >Phyllosticta LCN5SL MZ470604

CTTCCGTAGGGGAACCTGCGGAAGGATCATTACTGAAATGTAACAACTTCTATTGAAAGGTTCCAGAGTAGGCGCTACAA
CGCCGAAATGACCTTCTCACCCTTGTGTACTCACTATGTTGCTTTGGCGGGTCGACCTGGTTCCGACCCAGGCGGCCGGCG
CCCCCAGCCTTAACTGGCCAGGACGCCCGGCTAAGTGCCCGCCAGTATACAAAACTCAAGAATTCATTTTGTGAAGTCCT
GATATATCATTTAATTGATTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGA
TAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCAT
GCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTATTGGGCAACGTCCGCTGCCGGACGTGCCTTGAAGACCTC
GGCGACGGCGTCCTAGCCTCGAGCGTAGTAGTAAAATATCTCGCTTTGGAGTGCTGGGCGACGGCCGCCGGACAATCGAC
CTTCGGTCTATTTTCCAAGGTGACCTCGATCAGGTAATGCA

39. >Plectosphaerella. HGN3T MZ462053

CTCTCTACTCTTTGTGAACTATTATAGCTGTTGCTTCGGCGGCGCCCGCGAGGGTGCCCGCCGGTCTCATCAGAATCTCTG
TTTTCGAACCCGACGATACTTCTGAGTGTTCTTAGCGAACTGTCAAAACTTTTAACAACGGATCTCTTGGCTCCAGCATCG
ATGAAGAACGCAGCGAAACGCGATATGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATGGC
GCCTTCCAGTATCCTGGGAGGCATGTCTGTCCGAGCGTCGTTTCAACCCTCGAGCCCCTGTGGCCCGGCGTTGGGGATCTG
CCACGGCAGGCCCCTAAAACCAGTGGCGGACCCGACGGGCCCTCTCCTTTACGTAGTAGCATTCGCCTCGTATTGGGAGT
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CCTCGGCGTCCTGCCTCTAAACCCCCCACAAGCCCGCTCCGGCGGCACCAAGGTTGACCTCGGATCAGGTAGGAATACCC
GCTGAACTTAAGCATATCAATAAGCGGAGGAA

40. >Plectosphaerella LCN14L_MZ470459

TCCTTCCGTAGGTGAACCTGCGGAGGGATCATTACTGAGTACTATACTCTCTACCCTTTGTGAACTATTATACCTGTTGCTT
CGGCGGCGCCCGATAGGGTGCCCGCCGGTCTCATCAGAATCTCTGTTTTCGAACCCGACGATACTTCTGAGTGTTCTTAGC
GAACTGTCAAAACTTTTAACAACGGATCTCTTGGCTCCAGCATCGATGAAGAACGCAGCGAAACGCGATATGTAATGTGA
ATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATGGCGCCTTCCAGTATCCTGGGAGGCATGCCTGTCCGAGC
GTCGTTTCAACCCTCGAGCCCCTGTGGCCCGGCGTTGGGGATCTGCCACGGCAGGCCCCTAAAACCAGTGGCGGACCCGA
TGGGCCCTCTCCTTTACGTAGTAGCATTCGCCTCGTATTGGGAGTCCTCGGCGTCCTGCCTCTAAACCCCCCACAAGCCCG
CTTCGGCGGCACCAAAGGT

41.>Fusarium LCN6T MZ470446

CTTCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTGAGGGTCCCTCGGGGCTTCCGTAGGGGTAACCTGCGGAGGGA
TCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCAATTGTTGCCTCGGCGGATCAGCCCGCTCCCGGTAAAAC
GGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGTAAAACCATAAATAAATCAAAACTTTC
AACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGA
ATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAG
CCCCCGGGTTTGGTGTTGGGGATCGGCGAGCCCTCGCGGCAAGCCGGCCCCGAAATCTAGTGGCGGTCTCGCTGCAGCTT
CCATTGCGTAGTAGTAAAACCCTCGCAACTGGTACGCGGCGCGGCCAAGCCGTTAAACCCCCAACTTCTGAATGTTGACC
TCGGATCAGGTAGATGC

42 >Setophoma LCN13T MZ470584

CTTTCCGTAGGTGAACCTGCGGAAGGATCATTATCAAAAGTCAAGTCGGGGGCTGTAAAGCTCTCGTCTACACCCATGTC
TTTTGCGTACTCTTGTTTCCTCGGTGGCGCAAGCTGCCGATTGGACAAACCAAAACCTTTTTTGTAATTGCAATCAGCGTC
TGAAAATAATCTAATTATTTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGA
TAAGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCATGGGGCATG
CCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGGCGTCTTGTCGTATTACGACTCGCCTTAAATTCATTG
GCAGCCGGCACTTTGGCCTAGGAGCGCAGCACATTTTGCGATCGTAGCCCGTTGCACTGGCGTCCATCAAGAACATTTAC
CACGTTTGACCTCGGATCA
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43. >Simplicillium LCNI17T MZA470424

GGGCTGCGGAGGGATCATTATCGAGTTTATTCAACTCCCAAACCCTATGTGAACTTACCACTTGTTGCTTCGGCGGCGCTC
TGGCGCTGCCGGGGGTATCAAACTCTTATTGTTTTTACAGCATTATCTGAGTGGCCGAAAGGCAAAAAACAAATGAATCA
AAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAA
TTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAA
CCCTCGAGCCCGACTCTTCGGAGGACGGCCCGGCGTTGGGGACCGGCAGACTGCCCCGCGCCTCCGGGCGTGGGACGCC
GCCCCCGAAATTTAGTGGCGGCCCTTCGAGGCGACCTCTGCGTAGTAACTTACCTCGCACTGGGAAAATCGAAGCGGCCA
CGCCGTAAAACACCCAACTATTTTAAGGTGACCTCGAATCAGTACG

44, >Talaromyces LCN4T MZ471623

GGGGACTCGTGGCACCTCCCACCCTTGTCTCTATACACCTGTTGCTTTGGCGGGCCCACCGGGGCCACCTGGTCGCCGGGG
GACATCTGTCCCCGGGCCCGCGCCCGCCGAAGCGCTCTGTGAACCCTGATGAAGATGGGCTGTCTGAGTACTATGAAAAT
TGTCAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTG
CAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCA
TTTCTGCCCTCAAGCACGG

45. >Trametes HGN11R_MZ461968

CTTCCGTAGGTGAACCTGCGGAAGGATCATTAACGAGTTCTGACATGGGTTGTAGCTGGCCTCACGAGGCATGTGCACGC
CCTGCTCATCCACTCTACACCTGTGCACTTACTGTAGGTTTGGCGTGGGCTTCGAGGGCCTTCACGGGCTTTTGAGGCATT
CTGCCTGCCTATGTATCACTACAAACACTATAAAGTAACAGAATGTAATCGCGTCTAACGCATCTTAATACAACTTTCAGC
AACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATC
ATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGGTATTCTCAACCCAC
ACATCCTTGCGATGCTTGTGAGGCTTGGACTTGGAGGCTTGCTGGCCCGTCGCGGTCGGCTCCTCTTGAATGCATTAGCTT
GGTTCCTTGCGGATCGGCTCTCAGTGTGATAATTGTCTACGCTGTGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCCTG
CTAGGGACAACTTACTTGACATCTGACCTCAAATCAGGTAGG

46. >Trametes HGN12.2R MZ461967

TTCCGTAGGTGAACCTGCGGAAGGATCATTAACGAGTTCTGACATGGGTTGTAGCTGGCCTCACGAGGCATGTGCACGCC
CTGCTCATCCACTCTACACCTGTGCACTTACTGTAGGTTTGGCGTGGGCTTCGAGGGCCTTCACGGGCTTTTGAGGCATTC
TGCCTGCCTATGTATCACTACAAACACTATAAAGTAACAGAATGTAATCGCGTCTAACGCATCTTAATACAACTTTCAGCA
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ACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCA
TCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGGTATTCTCAACCCACA
CATCCTTGTGATGCTTGTGAGGCTTGGACTTGGAGGCTTGCTGGCCCGTCGCGGTCGGCTCCTCTTGAATGCATTAGCTTG
GTTCCTTGCGGATCGGCTCTCAGTGTGATAATTGTCTACGCTGTGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCCTGC
TAGGGACAACTTACTTGACATCTGACCTCAAATCAG

47. >Trametes HGN3.1R MZ461966

CTTCCGTAGGTGAACCTGCGGAAGGATCATTAACGAGTTCTGACATGGGTTGTAGCTGGCCTCACGAGGCATGTGCACGC
CCTGCTCATCCACTCTACACCTGTGCACTTACTGTAGGTTTGGCGTGGGCTTCGAGGGCCTTCACGGGCTTTTGAGGCATT
CTGCCTGCCTATGTATCACTACAAACACTATAAAGTAACAGAATGTAATCGCGTCTAACGCATCTTAATACAACTTTCAGC
AACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATC
ATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGGTATTCTCAACCCAC
ACATCCTTGTGATGCTTGTGAGGCTTGGACTTGGAGGCTTGCTGGCCCGTCGCGGTCGGCTCCTCTTGAATGCATTAGCTT
GGTTCCTTGCGGATCGGCTCTCAGTGTGATAATTGTCTACGCTGTGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCCTG
CTAGGGACAACTTACTTGACATCTGACCTCAAATCAGGTAG

48. >Trametes LCN11L_ MZ470263

CTTCCGTAGGTGAACCTGCGGAAGGATCATTAACGAGTTCTGACATGGGTTGTAGCTGGCCTCACGAGGCATGTGCACGC
CCTGCTCATCCACTCTACACCTGTGCACTTACTGTAGGTTTGGCGTGGGCTTCGAGGGCCTTCACGGGCTTTTGAGGCATT
CTGCCTGCCTATGTATCACTACAAACACTATAAAGTAACAGAATGTAATCGCGTCTAACGCATCTTAATACAACTTTCAGC
AACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATC
ATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGGTATTCTCAACCCAC
ACATCCTTGCGATGCTTGTGAGGCTTGGACTTGGAGGCTTGCTGGCCCGTCGCGGTCGGCTCCTCTTGAATGCATTAGCTT
GGTTCCTTGCGGATCGGCTCTCAGTGTGATAATTGTCTACGCTGTGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCCTG
CTAGGGACAACTTACTTGACATCTGACCTCAAATCAGTACGA

49. >Trametes LCN13L MZ470264

TTCCGTAGGTGAACCTGCGGAAGGATCATTAACGAGTTCTGACATGGGTTGTAGCTGGCCTCACGAGGCATGTGCACGCC
CTGCTCATCCACTCTACACCTGTGCACTTACTGTAGGTTTGGCGTGGGCTTCGAGGGCCTTCACGGGCCTTTGAGGCATTC
TGCCTGCCTATGTATCACTACGAACACTATAAAGTAACAGAATGTAATCGCGTCTAACGCATCTTAATACAACTTTCAGCA
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ACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCA
TCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGGTATTCTCAACCCACA
CATCCTTGCGATGCTTGTGAGGCTTGGACTTGGAGGCTTGCTGGCCCGTCGCGGTCGGCTCCTCTTGAATGCATTAGCTTG
GTTCCTTGCGGATCGGCTCTCAGTGTGATAATTGTCTACGCTGTGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCCTGC
TAGGGACAACTTACTTGACATCTGACCTCAAATCA

50. >Guignardia HGN2R MZ461975

CTTCCGTAGGGTGAACCTGCGGAAGGATCATTACTGAAATGTAACAACTTCTATTGAAAGGTTCCAGAGTAGGCGCTACA
ACGCCGAAATGACCTTCTCACCCTTGTGTACTCACTATGTTGCTTTGGCGGGTCGACCTGGTTCCGACCCAGGCGGCCGGC
GCCCCCAGCCTTAACTGGCCAGGACGCCCGGCTAAGTGCCCGCCAGTATACAAAACTCAAGAATTCATTTTGTGAAGTCC
TGATATATCATTTAATTGATTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCG
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCA
TGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTATTGGGCAACGTCCGCTGCCGGACGTGCCTTGAAGACCT
CGGCGACGGCGTCCTAGCCTCGAGCGTAGTAGTAAAATATCTCGCTTTGGAGTGCTGGGCGACGGCCGCCGGACAATCGA
CCTTCGGTCTATTTTCCAAGGTTGACCTCGGATCAGAT

51.>Trichoderma_ HGNS.1R _ MZ469936
AACTCCAAACCCAATGTGAACGTTACCAAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTGCGTCGCAGC

CCCGGACCAAGGCGCCCGCCGGAGGACCAACCAAAACTCTTATTGTATACCCCCTCGCGGGTTTTTTACTATCTGAGCCAT
CTCGGCGCCCCTCGTGGGCGTTTCGAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAA
CGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAG
TATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCGGCCCTTT
ACGGGGCCGGCCCCGAAATACAGTGGCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACACTCGCATCGGGAGCG
CGGCGCGTCCACAGCCGTTAAACACCCCAAACTTCTGAAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAA
GCATATCAATAAGGCGGAGGAA

52. >Trichoderma LLCN3R MZ477227

CACGTTACCAAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTGCGTCGCAGCCCCGGACCAAGGCGCCCGCCGGAGGAC
CAACCAAAACTCTTTTTGTATACCCCCTCGCGGGTTTTTTATAATCTGAGCCTTCTCGGCGCCTCTCGTAGGCGTTTCGAAA
ATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAA
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TTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGT
CATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCGGCCCTCCCTCTGCGGGTGGCCGTCTCCGAAATACA
GTGGCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACACTCGCATCGGGAGCGCGGCGCGTCCACAGCCGTTAAA
CACCCAACTTCTGAAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCTAGGTGGGG

53. >Xylaria HGN10R MZ469932

GCAGACTCCTRATCCCTGTGACATACCTTCTGTTGCCTCGGCAGGCCCTGGCCTACCCTGTAGCGCCCCTACRCTGTAGGG
CTTGCTTTAGGGGGAGCGCTGGGGGCACCTGCCGGCGGCTCGCAAAACTCTGTTTAGCATTGAATTCTGAACATATAACT
AAATAAATTGAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTG
AATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCATTAGTATTCTAGTGGGCATGCCTGTTCGAGC
GTCATTTCAACCCTTAAGCCCCTGTTGCTTAGCGTTGGGAGCCTACGGCAGCGTAGCTCCCTAAAGTTAGTGGCGTGGTCG
GTTCACACTCCAGACGTAGTAGATTTTCACCTCGCCTGTAGATGGATCGGTCCCCTGCCGTAAAACACCCCAATTTTTAAA
GGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCATAAACCCGGAGGAAA
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CO SO DU LIEU CHU GIAI CAC GEN LIEN QUAN CON PUONG SINH
TONG HQP PODOPHYLOTOXIN

CHUNG HGNI12.1R

Bang 1H. Két qua du doan cac gen lién quan dén con dudng sinh tong hop

podophyllotoxin & vi nim giai doan tir coniferyl alcohol téi podophylotoxin

(E-value <le’'%)

STT query_id subject_id li(eil;et?tty— ahlgel:lngltel:l L evalue
Gene 2- ODD
1 |{2-ODD g9213.t1 26.76 284 6.34E-18
Gene CYP719A23
1| CYP719A23 | gl64l1.tl 25.33 529 6.84E-40
2 | CYP719A23 | g5094.t1 22.475 396 5.99E-19
3| CYP719A23 | g9823.t1 24.481 241 1.06E-16
4 | CYP719A23 | gl371.t1 24.545 220 1.01E-14
5| CYP719A23 | g9194.t1 23.385 449 1.09E-14
6 | CYP719A23 | g2973.t1 21.236 518 2.79E-11
Gene CYP71BE5S4
1 | CYP7IBES4 | g1039.t1 30 170 9.73E-18
2 | CYP71BE54 | g9194.t1 22.749 422 1.11E-17
3| CYP71BES4 | g231.t1 22.406 424 7.48E-17
Gene CYP71CU1
1| CYP71CU1 gl641.t1 22.474 485 8.09E-26
2 | CYP71CUI g10554.t1 27.711 166 6.65E-14
3 | CYP71CUI g231.t1 23.013 239 1.98E-12
4 | CYP71CUI g9823.11 21.862 247 6.54E-12
5|1 CYP71CU1 g2973.11 19.86 428 7.86E-10
Gene CYP82D61
1 | CYP82D61 g3057.t1 25.786 477 5.79E-28
2 | CYP82D61 25094.t1 25.754 431 2.40E-26
3 | CYP82D61 £9194.t1 24.194 434 3.63E-18
4 | CYP82D61 g2973.t1 24.146 439 1.86E-15
5|1 CYP82D61 £9823.t1 27.67 206 2.17E-14
Gene OMT1
1 | OMTI1 g8859.t1 27.607 163 1.59E-10
Gene OMT3
1 | OMT3 g7168.t1 28.417 278 3.75E-20
2 | OMT3 g10850.t1 26 350 1.28E-18
3 | OMT3 g12335.t1 32.24 183 9.30E-18




H-2

STT query_id subject _id I:(eil;let?tty_ all’lgel:lnglfl:l L evalue
4 | OMT3 g3739.t1 26.575 365 9.81E-18
Gene PLR
1| PLR g2392.t1 26.744 258 1.59E-12
Gene SDH
1 | SDH gl1875.t1 29.964 277 1.75E-27
2 | SDH g5174.t1 29.963 267 5.71E-25
3 | SDH g12571.t1 31.086 267 1.21E-23
4 | SDH g4822.t1 30.35 257 5.54E-21
5 | SDH g5828.t1 25 244 1.48E-08
Gene VdtD
1| VdtD £9688.t1 39.068 558 2.61E-119
2 | VdtD g7072.t1 24.324 407 3.00E-24
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VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM

KHOA HOC VA CONG NGHE VN

1 ‘ Poc lap - Tw do - Hanh phiic
HOQC VIEN KHOA HQC VA CONG NGHE

Sé: 1309 /QP-HVKHCN Ha Ngi, ngay 02 thdng 12 ndm 2025

QUYET DINH
V& viée thanh lap Hoi dong dinh gid ludn 4n tién si cAp Hoc vién

GIAMDPOC
HQC VIEN KHOA HQC VA CONG NGHE

Céin cik Quyét dinh 56 364/0P-VHL ngay 01/03/2025 ciia Chil tich Vién Hon
lém Khoa hoc va Céng nghé Viét Nam vé viée ban hanh Quy ché té chitc va hoat
dong cua Hoc vién Khoa hoc va Cong nghé;

Céin cir Théng tw s6 08/2017/TT-BGDPT ngay 04/04/2017 ciia Bé Gido duc
va Pao tao ban hanh Quy ché tuyén sinh va dio tao trinh d tién si;

Can cit Quyét dinh 56 1948/0D-HVKHCN ngay 28/12/2018 ciia Gidm doc
Hoc vién Khoa hoc va Céng nghé vé viée ban hanh Quy dinh dao tgo trinh do tién
st tai Hoc vién Khoa hoc vc?t Cong nghé;

Céin cik Quyét dinh s6 201 9/0D- HVKHCN ngay 10/12/2020 cua Gtam doc Hoc
vién Khoa hoc va Céng nghé vé viéc cong nhdn nghién ciku sinh tring tuyén dot 2 ndm

2020 Chwong trinh thong thuwong,
Can cir Quyét dinh s6 13 01/QD-HVKHCN ngay 25/11/2024 cua Gidm déc Hoc
vién vé viéc gia han thoi gian hoc tdp lan 3: 03 thdng tir 10/12/2025-10/03/2026 cho

NCS Tran Thi Hoa; _
Xét dé nghi ciia Trudng phong Pao tgo.

QUYET PINH:

Ditu 1. Thanh 13p Hoi ddng danh gia luin 4n tién s cip Hoc vién cho nghién
ctru sinh TrAn Thi Hoa véi dé tai:

Nghién ciru phan 1ap vi néim ndi sinh tir cly duqc liéu Bat Giac Lién va dénh gia
kha néing sinh hoat chit Podophyllotoxin va c4c din xudt

Nganh: Céng nghé sinh hoc M s6: 9 42 02 01

Danh séch thanh vién Héi dng danh gié luin 4n kém theo Quyét dinh nay

Pidu 2. Hoi ddng c6 trach nhiém danh gi lufn 4n tién st theo diing quy ché hién
hanh ctia BO Gido duc va Dao tao, Hoc vién Khoa hoe va Céng nghé.

Quyét dinh 6 hidu Iyc téi da 90 ngdy k& tir ngdy ky. Hoi dong tir giai thé sau
khi hoan thanh nhiém vu.

Pidu 3. Trwdng phong Té chirc - Hanh chinh, Trudng phong Pao tao, Trudng
phong K& toén, c4c thanh vién c6 tén trong danh sach Hoi déng va nghién ciru sinh c6
tén tai Didu 1 chju trach nhiém thi hinh Quyét dinh nay./. ﬁw

Noi nhin: ___ GIAMDPOCy—
- Nhr Diéu 3; P uUm
- Luu hd so NCS; //f_g*‘ 6
- Luu: VT, BT, MT15. [/ HOC VIEN
“ || {HOA HOC

A <)
\ 4\ CONG NGHE /=
LAY !

*\\f}-‘- - Y4
1 G’S’TS Vii Pinh Lim




T
\O f_'. VA

DANH SACH HQI PONG DANH GIA “_UAN AN TIEN ST
CAP HQC VIEN

ém theo Quyét dinh s6 1309 /0P-HVKHCN ngay 02/12/2025

VAT .

( 3/ HOC V IEN ctia Gidm dbc Hoc vién Khoa hoc va Cong nghé)
1| KHOA HOC VA |r

\ :.«L'\ /S

© .\\ Cj’.’.@ 1‘1511 4n ciia nghién ctru sinh: Trin Thj Hoa

vé da'mh gia kha néng sinh hoat chét Podophyllotoxin va céc dfin xuét

Nganh: Cong ngh¢ sinh hoc

Mi s6: 942 02 01

‘Té’dé tai: Nghién ciru phén 14p vi nim ndi sinli tir cdy dugc liéu Bat Giac Lién

Thiy huéng dén: = 1. TS. Trén Hd Quang |
- Vién Sinh hoc, Vién Han 1dm KHCNVN
2. PGS. TS. Pham Bich Ngoc
- Vién Sinh hoc, Vién Han 14m KHCNVN
Trich nhiém
TT Hywis ton; h?c Chl,ly&n Co quan cdng tic trong Hoi
ham, hoc vi nganh _ an
ng
| | GS.TS. Truong Cong nghé Vién:Sinh hoc, Chi tich
Nam Hai sinh hoc Vién Han 1dm KHCNVN '
PGS.TS. Trin Vi sinh vt Trudng Pai hoc Khoa hoc Ty nhién, o
2 - X ) ; - Phan bi¢n 1
Van Tuan hoc Pai hoc Qudc gia Ha Noi
PGS.TS. Nguyén | Visinh vét Vién Sinh hoc, ,
3 i
Phuong Nhug hoc Vién Han 1am KHCNVN Fhin 2
4 PGS. TS. Duong Vi sinh vit Trudng Pai hoc Su pham Ha Noi, Phan bién 3
Minh Lam hoc B§ Gido duc va Dao tao PR
s | TS Nguyén Kim | Vi sinh vit Vién Sinh hoc, Uy vién -
Thoa hoc Vién Han 14m KHCNVN Thu ky
¢ | PCS-TS. Nguyén | Congnghé Hoc vién Nong nghi¢p Vit Nam, _
Pc Béch sinh hoc B0 Nong nghiép va Moi truong Uy vién
, PGS.TS. Nguyén | Vi sinh vét Trudng Pai hoc Khoa hoe Ty nhién, .
Thi Lam Doan hoc Pai hoc Qudc gia Ha Noi Uy vica

(Hoi dong gém 07 thanh vién)./.4,;




VIEN HAN LAM KHOA HOC VA CONG NGHE VIET NAM

HOC VA CONG NGHE
oo

Nghién ctru sinh: TrAn Thi Hoa
D2 tai: Nghién ciru phén lap vi nAm ndi sinh tir cdy duoc liéu Bat Gidc Lién va danh gié kha nidng

sinh hoat chit Podophyllotoxin va cac dAn xudt

Nganh: Cong ngh¢ sinh hoc

Thdi gian: Bét du tir 9h00, Thir Tu, ngy 28 thing 01 ndm 2026.

M3 s6: 9 42 02 01

7C DANH KHO . TRA .
TT GEUCT KH s PON VI CONG TAC RA?H CHU KY
HOQC, HQ VA TEN NHIEM
|| GS.TS. Truong Nam Vién Sinh hoc, Chil tich i
* | Hai Vién Han ldm KHCNVN : v _
A % \ . h h T n
5. PG:S.TS. Tran Vin Trudng ?E_il 0c Ifhoa} oc‘ uﬂ flhlﬁn, Phan bién 1
Tudn Pai hoc Quoc gia Ha No1 \{
PGS.TS. Nguyén Vi¢n Sinh hoc, e
; e Phén bién 2
3 | Phuong Nhué Vién Han 14m KHCNVN s
PGS. TS. Duong Trudng Dai hoc Su pham Ha Noi, 5 B -
. Phén bién 3
4 | Minh Lam Bb Gifo duc va Dao tao RS
s |TS. Nguyén Kim Vién Sinh hoc, Uy vién - Z )
* | Thoa Vién Han lam KHCNVN Thu ky 'd
[
X Hoc vién Non iép Viét Nam,
. |POSTS. Nguyén oo vi¢gn Nong nghicp Vit Ly vid [\JM/
Pic Béch B6 Nong nghiép va Méi truong
. PGS.TS. Nguyén Truong Dai hoc Khoa hoe Ty nhién, Bl
* | Thi Lam Doan Pai hoc Quéc gia Ha Noi J ( (99/

Danh sdch nay gom 07 thanh vién.




BAN NHAN XET LUAN AN TIEN Si
(Phién Hoc vién)

Vé dé tai: Nghién ciru phan ldp vi nAm ndi sinh tir cdy dwoc ligu Bat Gidc Lién va
danh gia kha ning sinh hoat chéit Podophyllotoxin va cdc din xuit.
Chuyén nganh: Cong nghé sinh hoc; ma s6: 942 02 01
Nghién ciru sinh: Tran Thi Hoa
Ngudi nhan xét: GS. TS. Truong Nam Hai
Co quan cong tac: Vién Cong nghé sinh hoc
Dién thoai: 0903469219

NOI DUNG NHAN XET
Sau khi doc ludn an, t6i ¢6 cac y kién danh gia nhu sau:
1. Tinh cfip thiét, tinh khoa hoc va thyec tién cia ludn én

Podophylotoxin (PTOX) la mot hoat chét ¢6 phé) hoat tinh rong dugc phat hi¢n & thuc
vat va nim noi sinh. PTOX c¢6 kha ning gay doc té bao, duge chimg minh ¢6 kha ning tre

ché té bao ung thu phdi, u tinh hoan, u nguyén bao than kinh, u gan..., vi vay n6 dugc

img dung lam tién chat dé san xut thudc chéng ung thu. PTOX dugc tim thiy trong dich

chiét methanol ctia cdy Bat Giac Lién (Dysosma difformis) cé hoat tinh chbng oxy hoa va

—

VIEN SINK

(i \—‘
13'
&,
21

-
<
di€u tri dai thao duong. Mot s6 dan xuat cua PTOX tir mot sO loai cua Dysosma con co\|

kha nang trc ché sy sao chép cua HIV do tre ché qua trinh sao chép ngugc cua virus.

Mot sb nghién ciru da thong béo viée san xuat thanh cong PTOX tir mot s6 loai ndm
ndi sinh nhu ndm Phialocephala fortinii (tir Polophyllum peltatum), Fusarium sp (tir D.
versipellis), Aspergillus fumigatus (it Juniperus communis)... Didu ndy chimg t6 kha
nang ¢6 thé sir dung ndm ndi sinh nhur ngudn san suit PTOX dé dung cho muyc dich y

duoc.

Ludn 4n cta NCS Tran Thi Hoa lién quan dén viéc phan lap vi ndm noi sinh tir cay
duge liéu Bat Giac Lién va danh gia kha nang sinh PTOX bing cong nghé 1én men nham
xdy dung quy trinh cdng nghé san xuit PTOX & quy mé 16n, phuc vu cho muc dich ché
tao cac thude hd trg diéu tri ung thu. Vi vdy, ludn an cia NCS Tran Thi Hoa c6 tinh cép
thiét vé khoa hoc va ¢6 y nghia thuc tién.

2. Sw khéng tring lip ciia dé tai nghién ciru so véi cdc cong trinh, luin vin, ludn dn
da cong bd & trong va ngoai nwéc; tinh trung thye, rd rang va dz’iy da trong trich
dan tai liéu tham khio.

Ban nhan xét luan an Tién si |



Luan 4n ¢4 nodi dung va doi twgng nghién ciru khong trung lap véi cac luan an da cong
bé trong nurde. Cac tai liéu duoc trich dan phit hop.

3. Suw phu hop giira tén dé tai véi ndi dung, giira ndi dung véi chuyén nganh va ma
s6 chuyén nganh

Luén 4n c6 sy pht hop gitra tén, ndi dung véi chuyén nganh va ma sb chuyén nganh
cong nghé sinh hoc.

4. Vé sy hop li va dj tin cily ciia cic phwong phap nghién ciru

Céac phuong phap dung trong luan an la nhirng phuong phap hién dai trong linh vuc
phan 1ap va nudi cdy té bao vi ndm. ky thuat gen, hoa céu tric, céng nghé 1én men, tin
sinh va phuong phap danh gia hoat tinh ctia cac hoat chét sinh hoc 1én té bao ung thu.
Day la nhitng phuong phap da dugc st dung rong rdi va co do tin cdy cao.

5. Panh gii cic két qua dat dugc, néu 1én nhirng déng gop mai va gia tri ciia nhirng
dong gop do

Luén 4n da c6 nhirng dong gép thiét thye vé khoa hoc va thyc tién nhu:

- Pi chon duge 6 ching vi ndm néi sinh, tir 53 ching phén lap duoc trong 2 mau
cay D. difformis, c6 hoat tinh gay doc té bao rat manh déi véi 3 dong té bao ung thurr SK-
LU-1 (UT phdi ngudi), HL-60 (bénh bach cau cap tinh & ngudi) va HepG2 (UT biéu mod
té bao gan ngudi).

- Da danh gia dugc su da dang loai VNNS ¢ cdy thude D. difformis bing cac chi s
da dang nhu Shannon, Simpson va SI.

- Da tuyén chon dugc ching vi ndm HGN12.1R lam déi twong tiém nang san xudt
PTOX dua trén céc déc diém phén loai, nudi cdy va kha nang déi khang véi céc ching vi

sinh vat kiém dinh.

- Da giai trinh ty toan b hé gen cia ching P. herquei HGN12.1R va xéac dinh cac
gen tiém nang tham gia qua trinh sinh tong hop PTOX dua trén két qua chu giai hé gen.

- DPa nghién ciru diéu kién 1én men chang P. herquei HGNI2.IR dé tao
podophyllotoxin. Két qua tach chiét, tinh sach va xac dinh cdu tric duge 2 din xuit cia
PTOX la a-peltatin va B-peltatin. Ca hai hgp chat nay déu thé hién hoat tinh chdng oxy

hoa va gdy doc té bao.

Ban nhén xét luan an Tién si 2



6. Uu diém va nhwgc diém vé ndi dung, két cau va hinh thirc ciia ludn 4n,

Luén 4n c6 130 trang bao gébm cac phan: Mé dau (3 trang); Téng quan tai .iif}u (25
trang); Poi tugng va phuong phdp nghién ciru (17 trang); Két qua (44 trang) va Thao
ludn (21 trang); Két luan va kién nghi (1 trang); Danh muc céc cong trinh da cdng b (1
trang); Ludn &n ¢6 209 tai liéu tham khao (18 trang). Luén an c6 34 bang va 40 hinh.

Ludn an c¢6 bd cuc hop 1y, cac hinh va bang rd rang véi cac chi thich pha hgp.

Luén an con mot sb han ché sau:

- Hinh 3.13, trang 66: Nén bd sung chu thich kich thuéc cta cac bing DNA chuén

trén hinh dién di gel agarose. I
- Bang 3.15, trang 67: Dic diém hé gen va sb liéu ldp rap hé gen cla P. herquei
HGN12.1R. Cin chuyén céch viét sb theo tiéng Viét cho phu hop.
7. Nhén xét vé chét lwgng cac bai bao khoa hoc di cong bo

NCS di cong bd duge 2 bai bao qudc té (Mycobiology va Microb Biotechnol), 1 bai
trén cac tap chi trong nudc (Tap chi Cong nghé sinh hoc), 1 bai ding trong Ky yéu cuia
Hoi nghi CNSH toan quéc nam 2023 va 1 Bang Giai phap hiru ich. Céc cong trinh nay
déu lién quan dén ndi dung cta luén an.

8. Két luidn

Luén 4n “Nghién ctru phan lap vi ndm ndi sinh tir cdy dugc li¢gu Bat Giac Lién va
dénh gid kha nang sinh hoat chat Podophyllotoxin v céc dan xudt” 6 tinh cép thiét, c6 y
nghia khoa hoc va thyc tién. Ni dung va hinh thirc ciia Ludn én dap (mg dugc yéu cau
ctia ludn 4n tién si. Tém tét ludn an phit hgp véi ndi dung ca luan an. Vi vdy, tdi dong y

dé NCS. Tran Thi Hoa duoc bao vé luan 4n & phién Hoc vién.

Ha Ngi, ngay 15 thang 12 nam 2025
XAC NHAN CUA CO QUAN Ngudi viét nhan xét

/

GS. TS. Truong Nam Hai

PHO VIEN TRUONG
Nguyén Trung Nam

Ban nhan xét ludn an Tién si 3




BAN NHAN XET PHAN BIEN LUAN AN TIEN Si

Ho va tén ngudi phan bién luan an: Tran Vin Tuin

Hoc ham, hoc vi: PGS, TS

Co quan cong tac ciia nguoi nhan xét: Trudng Pai hoc Khoa hoc Ty nhién, Pai hoc
Quédc gia Ha Noi

Tén nghién ciru sinh: Tran Thi Hoa

D@ tai: Nghién ciru phén 1ap vi nim néi sinh tir cdy duoc lidu Bat Gidc Lién va danh
gia kha nang sinh hoat chat Podophyllotoxin va cac dan xuét

Y KIEN NHAN XET
Tinh cip thiét, thoi sy, ¥ nghia khoa hoc va thue tién ciia d@ tai:

Podophyllotoxin (PTOX) 1a hoat chat ndi tiéng cdy Bé&t Gidc Lién thudc chi
Podophyllum (Dysosma). Day 12 mot chat chuyén hoa ¢ hoat tinh sinh hoc phé rong, la
chat gay ddc té bao ding trong diéu trj ung thu va lam tién chat dé tong hop din xuit chéng
ung thu khéc. Tuy nhién PTOX c¢6 ham luong rat thap trong cdy Bat Giac Lién, va day
cung la loai cdy dugc li¢u quy thuoc nhém nguy cap trong sach do Viét Nam can dwoc bao
ton. Qua trinh sinh tong hgp PTOX 1a mét chudi nhiéu phan ang phic tap, kho thyc hién
bang k¥ thudt tong hop hoa hoc. Do do viéc tim kiém ngudn sinh téng hop PTOX theo
huéng hiéu qua va bén vimg dang duoc cha v hién nay, trong do c6 vi sinh vat ndi sinh
trong céy Bat Giac Lién. Mot s6 nghién ciru trude déy chi ra ring, ndm noi sinh thude nhiéu
chi khac nhau c6 kha nang sinh PTOX va c6 thé la nguén gen tiém ndng phuc vu nghién
ciru va san xudt PTOX.

D& tai nghién ciru ciia luan 4n thé hién duge tinh thoi su, cin thiét, co y nghia khoa hoc
va thuc tién. Viéc phan lap, dénh gi4 tiém nang sinh tong hop PTOX ciia cac ching ndm
ndi sinh tir cdy Bat Giac Lién tai céc tinh phia Bic nudc ta c6 tinh kha thi cao, cung cép
thong tin vé ngudn gen vi sinh vat tiém nang cho sinh tong hop PTOX. Noi dung nghién
ciru cua ludn an phong phit, mang tinh hé thong véi ham lugng khoa hoc cao. Céc két qua
ludn 4n thu dugc Ia nén ting quan trong cho nghién ciru co ban theo dinh huéng img dung
vé vi sinh vét ni sinh c6 kha niing sinh tong hop PTOX.

- Sy khdng triung ldp cia deé tai nghién ctru so véi cdc cong trinh, luin vin, luin 4n da

cong bo & trong va ngoai nudc, tinh trung thue, rd rang va diy di trong trich din tai
liéu tham khao.

Luan an nghién ctru danh gia chuyén séu va c6 hé thong vé nim ndi sinh phan lap tu
cay Bat Giac Lién (Dysosma difformis) tai Viét Nam. Nghién ciru cua luén an cé tinh dic
trung cao va khong trung ldp véi cac ludn van, ludn an hay cong trinh khoa hoc da cong b




trong va ngoai nude. Dit liéu thu duge duogc phan tich ky, ro rang va cac thong tin lién quan
trong ludn an dugc trich dan tai liéu tham khao day du, phi hop.

. Su phil hop giira tén dé tai véi ndi dung, gitra nji dung véi chuyén nganh va ma sb
chuyén nganh.

N6i dung nghién ctru ctia luén an phi hop véi tén dé tai, chuyén nganh va ma sé chuyén
nganh Cong nghé sinh hoc: 9420201.

. D{ tin c@y va tinh hién dai ciia cic phuong phap da sir dung dé nghién ciru.

Cac phwrong phap nghién ctru trong luén 4n dwoc trinh bay chi tiét. Nhiéu phuong phap
thudc linh virc vi sinh vat hoc, héa sinh hoc, sinh hoc phan tir va tin sinh hoc da duoc st
dung. Day 1a nhimg phuong phap thong dung va chuyén siu trong nghién ciru phan tich,
danh gia cac ching nam ndi sinh. Cac thi nghiém, phan tich duoc thuc hién tai hé thong
phong thi nghiém uy tin vdi cac trang thiét bi hién dai nén sd liéu thu duoc dam bao do tin
cay cao.

. Két qua nghién ciru méi cia tic gid; nhirng déng gbp méi cho sy phat trién khoa hoc
chuyén nganh; déng gép méi phuc vu cho sin xuit, kinh té, quéc phong, xa hgi va
ddi sbng; ¥ nghia khoa hoc, gid tri va dg tin ciy cia nhimg két qua dé.

Cac két qua nghién ciru cung cap thong tin vé sy da dang va tiém nang sinh tong hop hoat
chat PTOX ciia ndm ndi sinh phan 13p tir cay Bat Giac Lién tai Viét Nam. Cu thé:

- D phan lap duoc 53 chung vi nAm ndi sinh tir cdy Bat Giac Lién thu thép tai tinh Ha
Giang (nay la tinh Tuyén Quang) va tinh Lai Chau (nay la tinh Lao Cat).

- Dé tuyén chon dugc 6 ching c¢6 hoat tinh gdy déc té bao manh chéng lai 3 dong té bao
ung thu phdi, ung thu gan va bach cau cap tinh & nguoi.

- Da gidi trinh tu va lap rap hé gen ciia ching Penicillium herquei HGN12.1R. Chiing ndm
¢6 hé gen vai kich thude khoang 35 Mb, trong d@6 cac gen tiém nang lién quan dén sinh
tong hop PTOX va cac dan xuét da duoc chi ra.

- b4 x4c dinh duge diéu kién thich hop cho 1én men nudi ciy ching P. herquei HGN12.1R
cho sinh tong hop PTOX va cac dan xudt, va da tach chiét/xac dinh dugc cdu tric cia hai
hop chat a-peltatin va B-peltatin (dan xuét ciia PTOX). Ca hai hop chét déu thé hién hoat
tinh chong oxy hoa va géy doc té bao.

Téac gia luan an da thuc hién céc ni dung nghién ctiru mdt cach khoa hoc, chit ché va co
tinh hé thong, S6 liéu thu dugc ciia d tai duoc phén tich, thao luan diy du, dam bao do tin
cdy clia céc két qua thu dugec.

. Uu diém va nhuoe diém vé ndi dung, két cdu va hinh thirc ciia luan an.

o Uu diém:

- Luan 4n nghién ciru mdt van dé cé tinh khoa hoc va thuc tién cao, c6 nhiéu tiém nang
g6p phan phat trién cong nghé san xuat PTOX tir ngudn gen vi ndm ni sinh phén lap dugc



tai Viét Nam. Nghién ciru la sy két hop giita nghién ctru co ban & cAp d6 phén tir va nghién
ctru dinh hudng Ung dung.

- Luan an dugc trinh bay khoa hoc, bd cuc hop ly, s6 liéu duoc phan tich thao luédn
chuyén siu va néu bat duoc nhimg diém dic biét cia hé gen va kha ning sinh tong hop
PTOX chiing nim sinh P. herquei HGN12.1R.

¢ Nhuoc diém:

Luan an van con mét sd 18i chinh ta, 15i dién dat, 13i sir dung thudt ngit. Céc 13i nay
can duoc ra soat va chinh stra can than.

+ Sir dung thong nhat mot s6 tir/thuat ngir (acid/axit, h/gid, bo gen/hé gen, ...). Khong
su dung tir “chung t61” trong ludn an, vi day la cong trinh riéng cua NCS dudi sir hudng
dan, c6 van cua tap thé can by huéng dan.

+ Cép nhét dia danh thu mau, Ha Giang nay thudc tinh Tuyén Quang.

+ Sir dung thong nhat cach viét tat tén ndm P. herquei sau khi di viét tén day da
Penicillium herquei.

+ 80 liéu trinh bay trong luan 4n, trong cic bang cin thong nhét chuyén sang dang
tiéng Viét.

+ Nhiéu doan trong ludn an qua ngén, chi gdm vai cdu. Ra soat tdng thé luan an va
gom cac doan ngan lién quan thanh doan dai hon.

+ M§t s6 thdng tin trong phan tong quan va phuong phap sir dung trong ludn 4n cin
trich dan tai liéu tham kho lién quan, cac cip mdi ITS1/1TS4, matK-F 5°/ matK-R 5° tham
khao tir dau.

+ Tang kich thudc Hinh 3.14. Xem lai Hinh 3.15 va 3.16, vi cac hinh nay chira thé hién
1a két qua ciia luan 4n, ma c6 vé nhu tir tai liéu tham khéo.

+ Bang két qua 3.16 cho thay cac gen tiém ning lién quan dén sinh téng hop PTOX cé
d6 tuong dong rat thap giira nam va thuc vat. Két qua sé thuyét phuc hon néu chi ra dugc
trinh tu/domain bao thu gitra cac gen lién quan.

+ Céc hinh séc ky TLC (3.9, 3.17, 3.22, 3.26, 3.28) nén can nhic ddo nguoc hinh minh
hoa, gan nhan 15 hon cho cac mau phan tich va dbi chimg.

+ Mdt s6 hinh minh hoa két qua chwa 6. Mgt s6 bang va hinh c6 thé ghép lai cung
nhau trong 1 hinh dé minh hoa rd nét va hop 1y (bang 3.18 va hinh 3.18, bang 3.19 va hinh
3.19, bang 3.20 va hinh 3.20, bang 3.21 va hinh 3.21, bang 3.25 va hinh 3.23, hinh 3.25 va
bang 3.26, bang 3.28 va hinh 3.27).

+ Ra soat phan tai liéu tham khdo, trinh bay tat ca tai liéu tham khao chinh x4c va theo
mot dinh dang duy nhat (dic biét 1a tén tap chi, s6 tap, ) trang). Mdt s tai liéu tham khao
tén tap chi chua chinh xac. S luong tai liéu tham khao rat nhiéu (2009 tai licu), can ra soat
va giam bot nhimg tai liéu it lién quan dén chu dé nghién ciru cua luén an.
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7. Noi dung ciia luin 4n da dugc cong bo trén tap chi, ky yéu hdi nghi khoa hoc nio va
gid tri ciia cdc cong trinh di cong bd.

N6i dung ctia luin 4n da dugc cdng bé trong cac bai bao trong nurde va qudc té uy tin
thude linh vuc Sinh hoc/Cong nghé sinh hoc. Cac két qua cong bb déu lién quan dén van
dé nghién ciru cua de tai ludn an.

8. Kétluan chung:

- Luan 4n dap tmg cac yéu cau ddi v6i mot ludn 4n tién si chuyén nganh Cong nghé
sinh hoc

- Ban tom tat ludn 4n phan anh ddy dii ndi dung co ban ciia ban ludn an day du.

- Luén 4n c6 thé dua ra bao vé cAp Hoc vién dé nhan bang Tién si.

TRUGNG BAI HOC KHOA HOC TU NHIEN XAC NHAN:

Chitkycladngdba Ha Noi, ngay 28 thang 12 ndm 2025
o RO Ve Guast. .. Ngudi viét nhan xét
Ha ni, Ngay 227, thang 2. nam .£&QE5 (Ky va ghirp ho tén)

T/L. HIEU TRUONG
p TOUIONG PHONG... j‘@@ﬁ 7w T

i ' ‘
Tran Van Tuan




CONG HOA XA HOI CHU NGHIA VIET NAM
Doc lap — Tw do — Hanh phiic

NHAN XET LUAN AN TIEN SI

Tén dé tai: “Nghién cieu phan Igp vi ném ndi sinh tie ciy dwoc li¢u Bit gidc lién va
danh gia kha nang sinh hoat ch it podophyllotoxin va cdc din xudr”

Chuyén nganh: Cong nghé sinh hoc

Mai s6: 9 42 02 01

Nguoi nhan xét luan 4n: PGS.TS. Nguyén Phuong Nhué

Co quan c6ng tac: Vién Sinh hoc - Vién Han 1dm KH va CN Viét Nam

NOI DUNG NHAN XET
1. Y nghia khoa hoc, tinh cdp thiét va thuee tién ciia d@é tai:

Két qua ctia dé tai ludn 4n c6 y nghia khoa hoc va thuc tién, da cung cap sd liéu, dix
liéu vé vi ndm ndi sinh trong cdy Bat Gidc Lién c¢6 kha nidng sinh hoat chét
podophyllotoxin va cac dan xudt. Tir d6 déng gop co s khoa hoc va thuc tién cho viée
nghién ctru tng dung céc ching vi nim nay san xuit cac hop chét ding trong tong hop
thudc chdng ung thu, dic biét trong trudng hop thay thé ngudn tai nguyén duge lidgu
dang din can kiét, cAn duoc bao ton va phat trién.

Dé tai ludn an da dat van dé hop ly, tir d6 da dé ra cdc ndi dung nghién ctru dé giai
quyét vAn dé mot cach khoa hoc, ¢6 hé théng, dé dat dugc muc tidu dé ra.

2. Sw hop Iy va dp tin cd@y ciia phwong phdp nghién ciru:
- Déi tiwong nghién civu:

La vi nAm ndi sinh cay duoc liéu Bat Giac Lién, pha hop dé dat duge muc tiéu dé
ra.

- Phirong phdp nghién ciru:

Céc phuong phap nghién ctru st dung trong thue hién ludn an la céc phuong phéap
hién dai va thong dung, phu hop véi ndi dung nghién ciru, duoce sir dung trong nhiéu
phong thi nghiém nghién ctru vé sinh hoc phén tir, vi sinh vat va hoéa hoc nén ¢6 do
chinh xac cao va dang tin cay.

3. Két qua nghién ciru cia lu@n dn cé nhitng dong gop gi mdoi cho linh vuc khoa
hoc ciia chuyén nganh? Y nghia khoa hoc, gid tri thuc tién va dp tin ciy ciia cdc két
qua do.
- Dong gop moi:

Luan 4n da nghién ctru c6 hé thong vé phan 1ap, dinh danh va danh gid kha
nang sinh hoat chét podophyllotoxin va cdc din xuét ctia cac chiing nam ndi sinh phan
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lap tir cdy duogc liéu Bét Giac Lién. Danh gia duoc sy da dang vi n4dm ndi sinh trong
cay Bat Giac Lién ban dia. Tach chiét, tinh sach va xac dinh duoc cdu trac cta 02 hop
chit a-peltatin va B-peltatin 1a dan xuét ciia podophyllotoxin tir chiing vi nim ndi sinh
Penicillium herquei HGN12.1R va chimg minh dugc hoat tinh ctia 2 chit nay. Giai
trinh tw hé gen ndm Penicillium herquei HGN12.1R va chu giai gen va du dodn con
dudng sinh téng hop podophyllotoxin va cac dan xuét.

- Y nghia khoa hoc, gid tri thiee tién va dj tin cdy ciia cdc két qua:

Ludn 4n da phén 1ap duoc 53 ching vi ndm néi sinh cdy Bat Gidc Lién, trong 56
d6 tuyén chon duge 6 ching c¢6 kha ning gdy doc manh véi mot sé dong té bao ung
thu. Lua chon dugc chiung vi nam Penicillium herquei HGN12.1R ¢6 hoat tinh cao
nhét, giai trinh tu va ldp rap hé gen ching ndm nay bing cong nghé PacBio, chu giai
va du doan cdc nhém gen lién quan dén con duong sinh tong hop podophyllotoxin va
céc dan xuét. Piéu kién 1én men thich hop cho sinh tong hop podophyllotoxin va déan
xuat tir ching HGNI12.1R d3a dugc xdc dinh. Hai hop chat 1a din xudt cta
podophyllotoxin dd duge phan lap tir ching HGN12.1R déu c6 hoat tinh gy doc té
bao ung thu thtr nghiém. Cac thi nghiém déu duoc lap lai 3 lan, céc phuong phap sir
dung hién dai va thuong quy nén két qua thu dugc dang tin cay. Két qua cua ludn 4n
¢6 ¥ nghia khoa hoc va thuc tién, cung cép co s& dir liéu vé vi nAm ndi sinh cay duge
liéu mang ddc tinh sinh hoc quy va tiém nang Umg dung chung trong y dugc, déng thoi
g6p phn tao ra ngudn nguyén liéu thay thé ngudn dugc lidu tw nhién dang dan can
ki€t hién nay, gop ph?m bao ton va phat trién cdy dugce liéu quy, mang lai hi€éu qua
kinh té trong viéc san xuat céc hop chét c6 tiém ning tng dung trong y dugc nhu
podophyllotoxin.

4. Sw tring Idp vé dé tai, ni dung nghién cieu va két qua nghién ciru ciia lugn dn
s0 v6i cdc cong bo trong va ngoai nweoc.

Ludn an khong trung lip véi céc dd 4n, ludn vin, ludn an hay cong trinh khoa
hoc da cong bd trong va ngoai nudc.

5. Cdc két lugn ciia lugn dn phit hop véi cich dgt vin dé ludn, muc tiéu va nji
dung. Nhitng wu diém va thiéu sét can hoan thi¢n bo sung.

Két ludn cta ludn an da bam sat cac ndi dung thuc hién, phu hop voi dit van dé va
muc tiéu.

- Vé wu diem:

Luén 4n trinh bay chi tiét, bd cuc hop 1y, cac hinh anh, bang s lidu rd rang, ban
luén cu thé cac két qua thu duge, da so sanh véi cac cong b lién quan trong va ngoai
nuée, tai lieu tham khao cdp nhat va phit hop véi ndi dung dé tai luén én.

Tém tit ludn an da trinh bay duge ndi dung chinh ctia luén 4n.

- Mot s6 diem can chinh sira va hoan thién:
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+ Phan Phuong phép: B6 sung du tai liéu tham khao cho cac phwong phap nghién ciru;
Stra cum tir “dang mat” ¢ phuong phép dinh danh vi ndm, nén ding cic tir phit hop
nhu bé mit khudn lac, khuén ti co chét, khuan ti khi sinh, ....; Néu tén ching vi khuén
kiém dinh cu thé trong phwong phép xéc dinh hoat tinh khéng khudn (muyc 2.2.7); Xem
lai nhiét do sdy trong phuong phap xac dinh sinh khdi kho, thong thuong 13 105°C.

+ Phéan Két qua: Nén c6 két luan cho két qua nghién ctru diac diém sinh hoc ctia vi ndm
theo phuong phép truyén théng nhu du kién thudc cho nao va c6 két luan chung cho
két qua nay véi két qua phan tich vung ITS, ching ndm thudc chi loai nao; khi trich
dan tai liéu tham khao nhu: “theo phwong phép cua ....” nén ghi tén téc gia dau sau dé
ghi s6 thir tu tai liéu tham khao;

+ Phan Két luan: Néu cu thé diéu kién 1én men thich hop cho san sinh podophyllotoxin
va dan xuét; néu cu thé bang sb lidu hoat tinh chéng oxy hoa va gy doc té bao cta
hop chit thu dugc tir ching nim HGN12.1R.

Cau hoi: Trong phuong phap thu chiét xuat nim tai sao khong dung methanol dé chiét
dich loc?

6. Cdc bai bdo ciia tic gia di cong bo cé phan dnh két qua chii yéu ciia lugn dn
khong? Nhian xét vé chit liwong bai bdo va tap chi ding bai.

NCS da cong bd 04 bai bao lién quan ndi dung luan 4n trén cdc tap chi uy tin trong
va ngoai nude (01 bai dang trong tap chi Mycobiology (Q2), 01 bai dang trong tap chi
Microbial Biotechnology (Q1), 01 bai dang trong TC CNSH, 01 bai dang trong Ky yéu
HN CNSH toan qudc nam 2023), 01 GPHI da dugc cip bang nam 2023.

N6i dung céc cong trinh cong bb phit hop v6i ndi dung luan an va déap img yéu cau
d6i v6i luan 4n tién si.

7. Tinh trung thuc trong viéc trich din cdc cong trinh tham khdo
Nghién ciru sinh da trich dén trung thyuc cac cong trinh cong bd lién quan luan an.
8. Két lugn

Luan 4n dap tmg ddy da yéu cau vé ndi dung va hinh thirc d6i voi mot luén an Tién si
dé duoc bao vé tai Hoi df‘mg cép Hoc vién. pé nghi Hoc vién Khoa hoc va Cong ngh¢ cho
phép NCS duoc bao vé luin an tai Hoi dong cap Hoc vién.

Ha N¢i, ngay Rk thdang A2, ndam 2025

Nguwoi nhin xét

PGS.TS. Nguyén Phuong Nhué

Trin H) Quang




BAN NHAN XET PHAN BIEN LUAN AN TIEN Si

Ho va tén nguoi phan bién luén an: Duong Minh Lam

Hoc ham, hoc vi: Phé gido su, tién si

Co quan cong tac: Truong Pai hoc Su pham Ha Noi

Ho va tén nghién ctru sinh: Tran Thi Hoa

Tén de tai ludn an: Nghién cieu phan Idp vi ndm néi sinh tir cdy duoc liéu
Bdt Gidc Lién va danh gia kha ndng sinh hoat chdt podophyllotoxin va cdc
dan xudt.

Y KIEN NHAN XET

1. Tinh can thiét, thoi sy, ¥ nghia khoa hoc va thuc tién cua d& tai

Viét Nam la quéc gia c6 mirc d6 da dang sinh vat cao trén thé gidi,
trong d6 cé nhiéu loai thuc vét da va dang dugc sir dung lam thude, nguyén
lidu thude dong y, nguyén liéu chiét xudt cac hop chét quy duge st dung
trong phong va tri bénh. Str dung tri thirc ban dia, két hop vai céac ky thuat
tién tién nhim phat hién ra nhitng didu méi mé trong khoa hoc, c6 y nghia
thye tién 13 hudng di dang dén trong giai doan hién nay, cho phép phat huy
dugc stc manh cua cong nghé va wu thé cua tri thire dan gian, rit ngén
duge qua trinh tim kiém. Cay bat giac lién 1a mot trong nhiing loai thuc vét
duge st dung phd bién dé chéng viém do nhiéu nguyén nhan khac nhau.
Cac nghién ctru hoa hoc dd xac dinh dugc mét s6 thanh phan quan trong
g6p phan vao dic tinh nay. Trong dd, podophyllotoxin 1a chét ¢ nhiéu dic
tinh dang chd y va da dugc xac dinh tir nhiéu ngudn gbc khéc nhau.

Do vay, dé tai “Nghién ctru phan I4p vi ndm néi sinh tir cay duoe lidu
Bat Gidc Lién va danh gia kha nang sinh hoat chét podophyllotoxin va cac
dan xuat” cé y nghia khoa hoc va thue tién.

2. Su khoéng trung 1ap clia dé tai nghién ciru so véi cac cong trinh,
luan van, luan an da cong bd & trong nudc va ngoai nudc; tinh trung thuyec,
rd rang va day du trong trich dan tai liéu tham khao

Pé tai nghién ctru khong tring Ip véi cac luan van, luln 4n va cong
trinh khoa hoc d4 dugc cong bb trude.




3. Su phu hop giita tén dé tai véi noi dung, giita ndi dung véi nganh
va mi sb nganh.

Pé tai ¢6 noi dung phong ph, tir phan lép, tuyén chon chung nam
sinh Podophyllotoxin, dinh danh cac chiing nam, giai trinh tu hé gene va
phén tich hé gene, nghién ctru cdc diéu kién 1én men, thu hdi hoat chét, xac
dinh cAu triic clia hoat chit. Cac néi dung nghién ctru cta d& tai doi hoi
nhiéu k¥ thuat vi sinh vét hoc, héa sinh hoc, sinh hoc phan ti, tin sinh hoc.
Do d6 ¢6 su phu hop giita tén dé tai véi ndi dung, noi dung v&i ma nganh
cong nghé sinh hoc 9 42 02 01.

4. D4 tin cdy va tinh hién dai ciia phuong phap da st dung dé nghién
clru.

Cac phuong phéap nghién ctru dugce st dung la co ban, hién dai, phu
hop v6i muc tiéu va ndi dung. Cac két qua nghién ctu 14 déng tin cdy.

5. Két qua nghién ciru méi cua tac gia; nhimg dong gép méi cho su
phét trién khoa hoc chuyén nganh; doéng gép méi phuc vu cho san xuét,
kinh té, quéc phong, xa hoi va doi séng; y nghia khoa hoc, gié tri va dé tin
cay cua nhimg két qua do.

Két qua nghién ciru c6 mot s déng gép méi nhur

b xac dinh duge mic d6 da dang ctia ndm ndi sinh bét gic lién;

Di xdc dinh dugc ti 1€ cac ching nghién ciru c¢é kha nang sinh

podophyllotoxin va dan xudt, c6 kha ning giy doc té bao;

ba tuyén chon va dinh danh duge chung vi nam no1 sinh Penicillin

herquei HGN12.1R c6 kha nang tong hop PTOX;

Da giai trinh ty h¢ gen , chu giai gen va dy doan con duong sinh tong

hop podophyllotoxin va cac dan xuét

Vé y nghia thue tién, ludn 4n cung cdp co s& khoa hoc va ngudn sinh

tong hgp podophyllotoxin tir chiing Penicillin herquei HGN12.1R.



6. Uu diém va nhuge diém v& noi dung, két cdu va hinh thic cta
luén 4n.

Luén 4n c6 khéi lugng cong viée 16n, nhidu két qua nghién cuiu;
nghién ctru dwoc thyc hién tir khau dau tién (thu mau, phén 1ap ching) cho
t6i khau cudi cung la phén 1ap tinh chét tir chiing tuyén chon dugc; dong
thoi phan tich hé gen va du bao con dudng sinh tdng hop chét c6 hoat tinh.
Méc du vay, toan by nghién ciru duge trinh bay trong hon 110 trang, véi
vén phong rd rang, hinh anh dep.

Nhugc diém 1a con c6 sy vénh vé tén cta chung nghién ctru véi céc

s0 liéu da cong bo, mac du da co ban giai trinh vé sy khac biét nay.

7. Noi dung cia luan én dd dugc céng bd trén tap chi, ky yéu hoi
thao khoa hoc nao va gi4 tri ctia cac cong trinh da cong bd (cip cong bd
WoS (SSCI, SCI/E, ESCI...) Scopus, quic té cé phan bién, tap chi trong
nudc dugc tinh diém theo Hoi démg Gido su nha nudc... va xép hang
SCIMAGO)

Téc gia di c6 cac cong bb tot lién quan téi ludn én nhur:

Hoa Thi Tran et al. (2022). “Isolation and Cytotoxic Potency of
Endophytic Fungi Associated with Dysosma difformis, a Study for the
Novel Resources of Podophyllotoxin”. Mycobiology, 50(5):389-398. DOI:
10.1080/12298093.2022.2126166. Tap chi WoS, Q3 trong SCIMAGO.

Pong tac gia bai “Genomic characterization and identification of
candidate genes for putative podophyllotoxin biosynthesis pathway in
Penicillium herquei HGN12.1C”, 2024, Microb Biotechnol, 17(9):e70007.
DOI: 10.1111/1751-7915.70007. Tap chi thuéc WoS, Q1 SCIMAGO.

Tran Thi Hoa et al. (2023). “Diversity of endophytic fungi from
medicinal plants Dysosma difformis (Hemsl & E.H. Wilson) T.H. Wang
collected in Ha Giang and Lai Chau”. Vietnam Journal of Biotechnology,
21(2): 365-373. DOI:10.15625/1811-4989/18344. Tap chi quic gia uy tin.

Tran Thi Hoa va cs. (2023). “Khdo sdt hoat tinh khéng khudn cia
chiét xudt vi ndm noi sinh HGN12.1R phdn Igp tir cdy dwoc liéu Bat Gidc
Lién (Dysosma difformis (Hemsl & E.H. Wilson) T.H. Wang)”. B4o céo




khoa hoc - Hoi nghi Cong nghé sinh hoc toan quéc 2023. Nha xuét ban
Khoa hoc tu nhién va Céng nghé: 540-544. Hoi nghi toan quéc co uy tin,
duoc Hoi df‘mg GSNN tinh diém.

Diém rat dang quy 14 01 Bing doc quyén giai phép hiru ich “Chiing
vi nam Penicillium herquei HGN12.1C thuan khiét vé mat sinh hoc cé kha
nang sinh téng hop hoat chét Podophyllotoxin” ctia Tran Thi Hoa, va céc
cong su dugc céng nhén nam 2023, S6 bing: 3352 theo Quyét dinh sb
66238/Qb-SHTT ngay 05 thang 09 ndm 2023 cia Cuc s& hitu tri tué.

8. Két luan chung van khing dinh

Luan 4n dép tmg dugc cac yéu ciu déi véi mot luan én tién si nganh
Cong nghé sinh hoc; Ban tém tit luan 4n phan anh trung thanh ndi dung co
ban cta ludn 4n. Luan 4n c6 thé dua ra bao vé cdp Hoc vién dé nhan bing
Tién si.

Xac nhén cua co quan ngudi nhdn xét  Ha Ngi, ngay 25 thdng 12 ndam 2025
Ngudi viét nhan xét

(i

g Minh Lam

>/ TL.HIEU TRUONG
TRUONG PHONG HCDN
PHO TRUONG PHONG HCDN

TS. Vi Vigt Homg




CONG HOA XA HQI CHU NGHIA VIET NAM
Djc lgp — T do — Hanh phiic

NHAN XET LUAN AN TIEN Si

Tén dé tai: “Nghién civu phan Igp vi ném n@i sinh tir cay dwoc liéu Bdt gidc lién va
ddnh gid kha ndng sinh hoat chit podophyllotoxin va cdc dén xuét”

Chuyén nganh: Coéng nghé sinh hoc

Ma s6: 9 42 02 01

Ngudi nhén xét ludn én: TS. Nguyén Kim Thoa

Co quan céng tac: Vién Sinh hoc, Vién Han 14m KHCN VN

NOI DUNG NHAN XET

1. Y nghia khoa hoc, tinh cip thiét va thue tién ciia d@é tai:

Ludn 4n 1a céng trinh khoa hoc nghién ciru v& vi ndm néi sinh tir cdy duge lidu
Bét Giac Lién (Dysosma difformis) - mét loai thuc vat quy hiém, dang bi suy giam
manh trong tu nhién va da duoc xép vao Sach do Viét Nam, c6 kha ning téng hop
duogc chit podophyllotoxin (PTOX) va cac dan xuét cia né. Viéc tim kiém ngudn thay
thé dé san xudt podophyllotoxin (PTOX) va céc dan xuét c6 hoat tinh sinh hoc cao,
dic biét 1a hoat tinh chéng ung thu, 1a mot van d& c6 y nghia khoa hoc va thuc tién cp
thiét.

Vé mat khoa hoc, lun 4n g20p phﬁ’in lam 6 vai trd ciia vi ndm ndi sinh trong viéc

sinh tong hop cac hop chét thir cp c6 cdu triic va hoat tinh tuong tu thuc vét chd,
ddng thoi bd sung thém dir ligu vé da dang vi ndm noi sinh & cay B4t Gidc Lién tai
Viét Nam. V& mit thue tién, két qua nghién ctru mé ra huéng khai thac bén vimg céc
hop chit ¢6 gia tri duoc liéu cao thong qua cong nghé 1én men vi sinh vat, gép phan
giam ap lyc khai thic tai nguyén thuc vat tu nhién va dinh huéng g dung trong cong
nghiép duge phim.
2. Sw hop ly va dp tin cd@y cuia phwong phdp nghién ciru:
- Doi tuong nghién ciru clia lugn 4n 1a cac ching vi ndm ndi sinh phén Iap tir cay
duogc liéu Bat Giac Lién (Dysosma difformis) thu thap tai huyén Vi Xuyén, tinh
Ha Giang va huyén Tam Duong, tinh Lai Chéu, trong d6 tép trung vao céc chung
¢6 kha ning sinh téng hop podophyllotoxin va cic din xuit c6 hoat tinh sinh hoc.
- Phuong phdp nghién ctru: Luén 4n sir dung hé théng phurong phép nghién ciru
tuong dbi déy du, hién dai va c6 dj tin cdy cao, bao gE‘)m:
« Phuong phép phén 1ap, dinh danh vi nim noi sinh dya trén dic diém hinh thai
két hop phén tich trinh tu ITS.



» Cac phuong phap sang loc hoat tinh sinh hoc (géy doc té bao, khang khuan).

 Phuong phép sic ky (TLC, HPLC) dé phat hién va dinh luong podophyllotoxin.

« Gidi trinh ty va phén tich hé gen bing cong ngh¢ giai trinh tu toan bd hé gen
(WGS), chu giai gen va di doén céc cym gen lién quan dén sinh téng hop
PTOX.

« Cac thi nghiém khao sat va t6i wu diu kién lén men, tach chiét, tinh sach va xdc
dinh céu triic hop chét bing cac phuong phap héa 1y hién dai.

Céc phuong phép duge trinh bay rd rang, logic, phu hop véi ni dung nghién ciru
va dam bao do tin cdy cia céc két qua thu duoc.

3. Két qud nghién cieu ciia ludn dn cé nhitng déng gdp gi méi cho linh vuc khoa
hoc ciia chuyén nganh? Y nghia khoa hoc, gid tri thue tién va dp tin cdy ciia cdc két
qua do.

Luén 4n d3 dat dugc mot sb dong gop méi dang ghi nhén cho linh vuc cdng nghé
sinh dugc hoc, cu thé:

« Phan lap va danh gia duge su da dang ctia vi ndm néi sinh tir cay Bat Giac Lién
tai Viét Nam; tuyén chon dugc ching Penicillium herquei HGN12.1R ¢6 kha
niing sinh tdng hgp podophyllotoxin va céc din xuét.

« Lan déu tién thuc hién giai trinh tu, chi giai hé gen ctia chiing nim néi sinh P,
herquei HGN12.1R, tir 46 dy dodn con dudng sinh téng hop podophyllotoxin &
vi nim.

« Xic dinh duge cac diéu kién nudi cdy va 1én men thich hop nhim néng cao kha
ning sén sinh podophyllotoxin va cac dan xut.

« Téch chiét, tinh sach va xac dinh c4u trtic cia hai d4n xuét o-peltatin va -
peltatin, dong thoi danh gia dugc hoat tinh sinh hoc ctia cac hop chét nay.

Céc két qua nghién ctru ¢6 do tin cdy cao, c6 gia tri khoa hoc rd rang va tiém
ning mg dung thyc tién trong dinh huéng san xuét tién chit cho téng hop thube chéng
ung thur.

4. Sw trimg liip vé dé tai, nji dung nghién cicu va két qua nghién citu ciia lugn dn
s0 véi cdc cong bd trong va ngoai nuée.

Luén 4n khong c6 su tring lap v& & tai va ndi dung nghién ctru.véi céc cong
trinh c6ng bé trong va ngoai nude
5. Cic két lugn ciia lu@n dn phit hop véi cich dit vin d@é lugn, muc tiéu va ni
dung. Nhitng wu diém va thiéu sét cian hoan thién bé sung.

- Vé uu diém

Luan 4n duge b cuc hop ly, ndi dung nghién ctru c6 tinh hé théng, logic; két qua

nghién ciru phong phii, duge trinh bay rd rang, ¢6 minh chimg bang sb liéu, bang biéu



va hinh anh. Céc két luan cua ludn an pht hgp véi muc tiéu va ndi dung nghién ctru da
dat ra.
- Mbt sé diém cén chinh sica va hoan thién:
e Can ra soat va chuan héa lai mot s& thut ngit chuyén nganh, 15i chinh ta va
cach trinh bay trong luén én.
e Mot s6 phén thio lugn c6 thé duge ¢d dong hon, nhin manh 16 hon sy so sanh
gitra két qua nghién ciru cta luan 4n véi cac cdng b québc té tidu biéu.
6. Cdc bai bdo ciia tic giG di cong bé cé phin dnh két qud chii yéu ciia lugn dn
khong? Nhin xét vé chit Iwgng bai bdo va tap chi ding bai.

Céc bai bao khoa hoc da cong bd ciia nghién ciru sinh phan 4nh dugce nhimng két
qué chii yéu ciia ludn 4n. Céc cong trinh dugc dang trén céc tap chi khoa hoc chuyén
nganh phit hgp, dam bao yéu ciu vé chit lugng khoa hoc dbi véi mot ludn én tién si.

7. Tinh trung thuc trong vigc trich din cdc céng trinh tham khdio

Luén 4n thé hién tinh trung thuc cao trong viée trich dan va sir dung céc tai lidu
tham khdo. Danh muc tai liéu phong phu, cap nhét va dugc trich din ding quy dinh,
khong phat hién diu hiéu sao chép hay vi pham dao dirc khoa hoc.

8. Kétlugn

Luan 4n “Nghién ctru phan lap vi nAm ndi sinh tur cay dugc liéu Bat Gidc Lién va
danh gié kha ndng sinh hoat chit podophyllotoxin va cac din xuit” 12 mot cong trinh
nghién ctru nghiém tic, co gia tri khoa hoc va thyc tién, dép g dugc yéu ciu vé noi
dung va hinh thtc clia luén 4n tién s sinh hoc img dung. Kinh dé nghi Hoc vién Khoa
hoc va Cong nghé¢ cho phép NCS Tran Thi Hoa dugc bao vé ludn an cé‘ip Hoc vién dé
nhén hoc vij Tién si.

Ha Néi, ngay 15 thdng 12 nam 2025
XAC NHAN CUA CO QUAN CONG TAC Ngudi nhin xét

TS. Nguyén Kim Thoa

PHO VIEN TRUONG
Nguyén Trung Nam



CONG HOA XA HOI CHU NGHIA VIET NAM
Doc lap — Tw do — Hanh phuc

NHAN XET LUAN AN TIEN Si

Tén dé tai: “Nghién citu phan lap vi ndm ndi sinh tiv cdy dwoe lidu Bt gidc lién va

ddinh gid kha nang sinh hoat chit podophyllotoxin va cdc din xuirt”

Chuyén nganh: Cong nghé¢ sinh hoc

Ma s6: 9 42 02 01

Ngudi nhéan xét luan 4n: PGS.TS. Nguyén Pirc Bach

Co quan cong tac: Khoa Cong nghé sinh hoc/ Vién nghién ctru Vi tdo va Duge my pham
Hoc vién Nong nghiép Viét Nam

NOQI DUNG NHAN XET

LY nghia khoa hoc, tinh cdp thiét va thuec tién ciia dé tai:

Luan 4n nghién ctru phan 1ap vi ndm noi sinh tir cdy duoc lidu Bat Giac Lién
(Dysosma difformis), tuyén chon céc chiing c6 kha ning sinh téng hop podophyllotoxin
va cdc dan xuét, két hop phén tich hé gen, t6i vu didu kién 1én men va phan lap — xac
dinh cau tric hop chit c6 hoat tinh sinh hoc. Nghién ctru da tuyén chon duogc ching’
Penicillium herquei HGN12.1R, giai trinh tu va chi giai hé gen, dé& xuit cdc gen lién |
quan dén con duong sinh téng hop podophyllotoxin. Dong thoi, ludn an tién hanh 1én
men, phén lap va xac dinh duoc 2 din xuét caa podophyllotoxin, ddnh gia mot sé hoat
tinh sinh hoc dinh huéng tng dung. Két qua nghién ctru hudng téi viée khai thac vi ndm
ndi sinh nhu mot ngudn sinh téng hop thay thé cho cac hop chit ¢6 gia tri duoc hoc cao.
a) Y nghia khoa hoc:

Dé tai tiép can theo hudng nghién ciru lién nganh, két hop vi sinh hoc, sinh hoc
phéan tir — hé gen, tin sinh hoc va héa sinh hoc cac hgp chit tw nhién, qua d6 gép phén
bo sung dir liéu khoa hoc vé vi nam ndi sinh lién quan dén sinh téng hop céc lignan co
hoat tinh sinh hoc. Vi¢c giai trinh ty va chu giai hé gen cia chung nam tuyén chon da
tao co s& dir liéu ban diu cho viéc nghién ctru sdu hon vé tiém ning sinh tong hop
podophyllotoxin & vi sinh vat. Tuy nhién, do ddy la nghién c¢ru méi nén y nghia khoa
hoc ctia ludn 4n chi yéu thé hién & mirc khdm pha va mé ta, cac van dé lién quan dén
ludn gidi co ché sinh hoc & mirc con dudng chuyén hoa va mang ludi trao ddi chit van
can dugc tiép tuc lam o trong cac nghién citu tiép theo.

b) Tinh cap thiét:

Pé tai xuat phat tir nhu cau thye té trong viéc tim kiém ngudn thay thé bén virng
cho podophyllotoxin la hop chat quan trong linh vue dugc nhung hién van phu thudce
nhiéu vao ngudn thuc vat quy hiém, c¢6 nguy co suy giam trong tu nhién. Trong bdi cinh
bao ton da dang sinh hoc va phat trién dugc liéu bén virg, huéng nghién ctru khai thac
vi nAm ndi sinh 1a phu hop voi xu thé khoa hoc hién nay va c6 tinh thoi su ro rét, dac
biét ddi voi cac loai dugc liéu ban dia dang bi de doa.




¢) ¥ nghia thuc tién:

Luén 4n budc dau cho thdy kha ndng st dung vi ndm noi sinh nhu mot ngudn
sinh tong hop tiém ning cho podophyllotoxin va cac dan xuét, gop phan giam 4p luc
khai théc tai nguyén thuc vat tu nhién. Tuy nhién, cac két qua thuc nghiém hién méi
dirng & quy md phong thi nghiém, chua thé mé rong ngay & quy md pilot cling nhu so
sanh v&i cac nghién cru tuong tur nén chi ¢o thé danh gia & murc c6 tiém niang ung dung
cao, lam co so dé thir nghiém quy mo pilot. Luén 4n ¢6 y nghia thue tién chu yeu & muc
dinh hudng va tién dé khoa hoc, 1am co s cho cac nghién ciru tiép theo vé tdi uu hoa,
m¢& rOng quy mo va hoan thién co ché sinh tong hop.

2. Sw hop Iy va dp tin cdy ciia phwong phdp nghién ciru:
a) Déi tiweong nghién ciou:

Ddi tuong nghién ctru cta ludn 4n bao gE’Sm cay duoc liéu Bat Giac Lién (Dysosma
difformis) va céc ching vi ndm ndi sinh dugce phéan 14p tir cac md khac nhau cua céy,
trong d6 tap trung vao ching Penicillium herquei HGN12.1R dugc tuyén chon. Viéc lya
chon dbi twong nghién ctru phu hgp véi muc tiéu cua ludn an la tim kiém nguon sinh
tong hop thay thé cho podophyllotoxin va céc dan xudt tir vi sinh vét. D6i tuong nghién
ctru duge xac dinh 10 rang, ¢6 ngudn gbe cu thé, gin véi loai duge liéu ban dia o gia
tri khoa hoc va thuc tién. Luan an can lam rd hon co s& khoa hoc cta viée lua chon va
tap trung nghién clru sdu vao mot ching vi nam (Penicillium herquei HGN12.1R), cling
nhu giGi han dai dién cta ching nay trong sb cac ching vi ndm ndi sinh c6 kha ning
sinh podophyllotoxin da dugc phan lap.

b) Phwong phdp nghién citu:

Luan 4n st dung hé théng phuong phap nghién ciru day du va phu hop voi hudng
tiép can lién nganh, bao gbm cac phuong phép sau:

- Thu thép mau, phan lap va dinh danh vi nam ndi sinh: Thu thap mau ciy Bat giac
lién, phéan lap vi nAm noi sinh tir cac md khéc nhau (ré, than, 14). Dinh danh dya vao
kho4 phén loai hinh théi, giai trinh tu ving ITS, xay dung cay phat sinh chung loai.
Phan tich chi s6 da dang sinh hoc (Shannon,Simpson, Sorenson...) clia quan xa ndm
ndi sinh.

- Sang loc hoat tinh sinh hoc va tuyén chon ching ndm tiém nang: thong qua sang loc
hoat tinh gdy doc té bao (SK-LU-1, HL-60, HepG2), phén tich sic ky (TLC, HPLC)
so sanh voi chuan podophyllotoxin, tir dé tuyén chon dugc ching Penicillium
herquei HGN12.1R c6 khé ning sinh podophyllotoxin va dan xudt,

- Giai trinh tu va chu giai hé gen (tach chiét DNA, giai trinh tu toan b hé gen (WGS)
bing cong nghé PacBio, lip rdp va chu giai hé gen dwa trén cac co so dir ligu: RefSeq,
UniProt, GO, KEGG, Pfam. Du doan céc cum gen va gen chirc ndng li€n quan dén
con dudng chuyén hoa lignan, dic biét giai doan tir coniferyl alcohol dén
podophyllotoxin.



- Toi uu héa diéu kién 1én men: Khao sit anh hudng ciia cac yéu to moi truong nudi
cdy (pH, nhiét do, thoi gian, ti 1¢ giéng, cac ngudn dinh dudng C/N/khoéng va tién
chét cam (mg), thir nghiém 1én men & quy mé binh va thiét bi 1&n men (5-10 lit).

- Phan lap xac dinh cdu truc hop chét bf:"mg cac k¥ thuat phé, va danh gid mot s6 hoat
tinh sinh hoc: T4ch chiét, tinh sach bang cac ky thuat hoa Iy (sic ky cot, TLC,
HPLC). X4c dinh cdu tric bang khbi phd (MS). cong hudng tir hat nhan (NMR),
phét hién 02 ddn xut ctia podophyllotoxin (o-peltatin, B-peltatin).

- Xac dinh hoat tinh sinh dugc hoc: (hoat tinh gdy ddc té bao, hoat tinh chéng oxy
hoa).

Nhin chung, cac phuong phap duge lya chon 1a nhitng k¥ thuat tiéu chudn, phd
bién va c6 do tin cdy cao trong linh vuc cong nghé sinh hoc va hoa sinh cac hop chat tu
nhién. Tuy nhién, mot s6 ndi dung phuong phap con thién vé mé ta quy trinh k¥ thuét,
trong khi phan luan giai co s¢ lva chon phuong phap va méi lién hé gitra phuong phép
v6i cdu hoi khoa hoc chua that sy duoc nhdn manh.

Viéc du doan con dudng sinh tong hop chi yéu dua trén phén tich tin sinh hoc
v6i céc trinh tu gidng nhau hoic twong déng (similarity/homology matching), chua c6
cdc minh chimg vé dit lidu chire nang & mirc biéu hién gen hodc hoat tinh enzyme (RNA-
seq/Transcriptome trong CSDL ¢6 céc ddi turgng hodic nghién ciru twong tu). Do d6 can
chti y vé mat phuong phap sir dung dé ludn giai hodc suy luan vé co ché sinh tong hop.

Qua trinh t6i uu héa diéu kién 1én men chu yéu duoc thuc hién theo cach tiép can
don bién (tirng tham s6 riéng ré&), chua xem xét day du cac twong tac da yéu té (néu c6
thé phén tich bing hdi quy thuc nghiém trén co s¢ cac két qua thu dugce) tir d6 dua ra
goi y hodc dé xuét cac tham sb chinh trong h¢ théng 1én men & quy mo pilot hodc 16n
hon (néu c6 thé).

Nhin chung, phuong phép nghién ciru duge xdy dung hop ly, c6 do tin cdy va
phu hop v6i muc tiéu cua ludn dn. Nghién ctru sinh van chua khai thac hét cac phuong
phap ciing nhu dit liéu tao ra dé cai thién thém sy chat ché cla phuong phép dé chimg
minh co ché sinh hoc, dac biét néu dinh hudng nghién clru tiép theo la phat trién ng
dung & quy mo6 16n hon.

3. Két qua nghién civu ciia ludn dn cé nhitng dong gop gi moi cho linh vue khoa hoc
ctia chuyén nganh? Y nghia khoa hoc, gid tri thuc tién va dé tin cdy ciia cdc két
quda do.

a) Dong gop mdi cho linh viee khoa hoc cua chuyén nganh

Luan 4n da dat dugc mot sb két qua ¢ y nghia ddi véi linh vuc cong ngh¢ sinh
hoc va sinh hoc tmg dung, thé hién & céc diém chinh sau:

- Phan lap va danh gia duoc tap hop vi ndm noi sinh tir ciy duoc liéu Bat Giac Lién
ban dia, bd sung dir li¢u vé da dang vi nam ndi sinh gén voi loai thue vat quy hiém:

- Tuyén chon dugc ching Penicillium herquei HGN12.1R ¢6 kha ning sinh téng hop
podophyllotoxin va cac dan xuat, dong thoi tién hanh giai trinh tw va cha giai hé gen
cua chung nay;

- DPé xudt cic gen va nhém gen lién quan dén con dudong sinh tong hop
podophyllotoxin dua trén phéan tich tin sinh hoc;




- Lén men, phén 1ap va xac dinh cAu tric 02 dan xudt cia podophyllotoxin, budc dau
danh gia hoat tinh sinh hoc dinh huéng ng dung.

Nhimng két qua trén thé hién cach tiép can tuong dbi hé théng, két hop tlr phén
1ap vi sinh vat phén tich hé gen dén khai thac hop chat tu nhlen qua d6 mé rong hudng
nghién clru vé kha ning sinh tong hop céc hop chét thir cép co gia tri duge hoc tir vi
nAm ndi sinh.

b) Y nghia khoa hoc ciia cdc két qua nghzen ciru

Lu4n 4n gép phan lam rd hon tiém ndng cla vi nédm noi sinh trong sinh téng hop
céc lignan c6 hoat tinh sinh hoc, déc blet la podophyllotoxm va cac dan xuét. Viée giai
trinh tu va chu giai hé gen cua chung nadm tuyén chon cung cap co s& dir lidu ban dau
cho cac nghién ctru sau hon vé sinh hoc phan tir va sinh tong h()’p hop chét thir cap & vi
nAm. Tuy nhién, cac két qua lién quan dén con dudng sinh tong horp cha yéu dimg &
murc du doan dua trén co sé so sanh trinh ty gidng nhau hogc tuong dong do d6 y nghia
khoa hoc cua luédn an thé hién ro hon & khia canh kham phé va dinh huéng hon la 6 viéc
Jam sng t6 co ché sinh hoc mét cach day du.

¢) Gid tri thuc tién cua cdc két qua

Két qua ludn 4n mé ra kha nang khai thac vi nAm ndi sinh nhu mdt ngudn sinh
tong horp tiém ning cho podophyllotoxin va cac dan xudt, gop phén giam sy phu thudc
vao nguon thuc vat tu nhién dang bi suy giam. Cac két qua vé 1én men va phén 1ap hop
chét budc ddu khing dinh tinh kha thi ctia hudng nghién ciru ndy trong diéu kién phong
thi nghiém. Py 1a c& s& ban dau cho cic nghlen ctru mang tinh ing dung sau do dé so
sanh dinh lurgng hoat chét, dénh gia hiéu sut sinh tong hop ciing nhu kha nang mé rong
quy md san xuat.

d) D¢ tin cdy cua cdc két qua nghién ciru

Cac két qua cta luan 4n dugc xdy dung trén hé théng phuo*ng phap nghién cuu
day di va c4c ky thuat phan tich chuén, duoc st dung phd bién trong linh vue. Cac 56
liéu duogc trinh bay c6 hé thong, c¢6 ddi chimg chit ché va dugc xtr ly theo cac phuong
phap théng ké phu hop, do do vé két qua c6 do tin cdy. Tuy nhién, mot sO két 1uan, déc
biét 1a cac suy luan lién quan dén con duong sinh tbng hop va co ché sinh hoc, can dugc
dién giai than trong hon, phtt hop véi mirc d6 dit liéu thue nghiém hién c6. Viéc bd sung
c4c minh chirng chtrc ndng & mirc biéu hién gen hoic hoat tinh sinh hoc trong cc nghién
ciru tiép theo s& gitip clng c¢b hon nita do tin cdy va chiéu sau khoa hoc ctia céc két qua
nay.

4. Swtring lip vé dé tai, ngi dung nghién civu va két qua nghién civu ctia lu@n dn so
voi cdc céng bé trong va ngoai nwoc.

Vé tong thé, dé tai nghién ctru cia luan an thude huomg nghién ctru hién dang
dugc quan tadm trén thé glm lién quan dén viéc khai thac vi n4Am noi sinh nhim sinh
tong horp cac hop chét thir cép c6 hoat tinh sinh hoc, trong d6 ¢6 podophyllotoxin va cac
dan xudt. Trén thé gi6i da co nhiu cong b vé phén 18p vi ndm ndi sinh tir cac loai thuc
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vat thudc chi Podophyllum/Dysosma, ciing nhu nghién ctru vé kha nang sinh tong hop
podophyllotoxin hodc cac hop chét tuong tu tir cac chi nam khac nhau.

Tuy nhién, luén an la nghién ctru mai, khong ¢6 su trung lap vé doi tugng nghién
cuu, cach tiép can va b dir liéu vdi cac cong trinh da cong bb. Viéc phan lap vi ndm noi
sinh tr cdy Bat giac 1ién ban dia tai Viét Nam, tuyén chon ching Penicillium herquei
HGN12.1R, giai trinh tu va chu gidi hé gen cta ching nim nay, két hop véi nghién ciru
[én men va phan lap hop chét, tao nén mot hé thdng nghién ciru twong déi doc lap, co
gia tri khoa hoc va tmg dung thuc tién nén c6 y nghia bd sung cho cac két qua nghién
ctru trong nude cling nhu thé gidi.

Vé mat phuong phép va ndi dung nghién ctru, nghién ciru sinh da tiép thu, ké
thira va m& rong cac nghién ciru trude bao gom: phuong phap phén 1ap va sang loc vi
ndm néi sinh, cach tiép can du doan con dudng sinh téng hop dua trén phan tich tin sinh
hoc, cling nhu cac phuong phép t6i uu héa diéu kién 1én men. Do d6, nghién ciru sinh
can luu y vé mit trinh bay két qua, luan 4n nén duogc dit trong bdi canh ké thira hop 1y
cac cong bd trude, do dé, viée dién giai nhirng phat hién hoan toan méi dac biét vé co
ché can dugc luu y.

Nhin chung, luén én c6 tinh méi, khong trung lap v& mat dir liéu va két qua nghién
ctru trude do, dong thoi co gia tri quan trong la dong gop bd sung vé mat doi tuong,
pham vi nghién ctru va cach tich hgp cc hudng tiép can trong viée nghién ctru mg dung
cong ngh¢ sinh hoc dé khai thac cac hop chét tu nhién c6 hoat tinh sinh hoc. Tinh méi
cta luéin 4n thé hién chu yéu & khia canh m& rong tri thirc va khai thac d6i tuong nghién
clru moi, ddng thoi gop phan cung cép thém dit liéu khoa hoc trong linh vuce khai théc
hop chét ty nhién theo dinh huéng ng dung cong nghé sinh hoc.

5. Cdc két lu@n ciia lu@n dn phit hop véi cdach dit vin dé lu@n, muc tiéu va ndi dung.
Nhitng wu diém va thiéu sot can hoan thi¢n bo sung.
a) Mire d6 phis hop ciia két ludn véi muc tiéu va néi dung nghién citu
Nhin chung, cac két luan cua luan an phi hgp v6i muc tiéu va ndi dung nghién ctru
da dat ra, phan anh twong dbi diy du cac két qua thuc nghiém ma nghién ctru sinh da
thue hién. Cac két luan vé phén lap va tuyén chon vi niAm ndi sinh, giai trinh tu va phan
tich h¢ gen, cling nhu kha nang sinh tdng hop podophyllotoxin va céc dan xudt tir chiing
ndm duoc lya chon, déu dua trén cac dit liéu da trinh bay trong luan an. Tuy nhién,
nghién ctru sinh cling luu y mot sb nodi dung, pham vi dién giai cua két luan con tuong
dbi rong so véi mic do chimg minh thye nghiém, dac biét 1a cac nhan dinh lién quan
dén con duong sinh tong hop va tiém nang tmg dung & quy md 1én, do d6 can duge dién
dat than trong hon. Chéng han, ludn 4n da phan tich hé gen va dé xudt cac gen lién quan
dén sinh tdng hop lignan, dong thoi phét hién podophyllotoxin va céc dan xuét trong
dich 1én men. Tuy nhién, méi lién h¢ chirc ning gitta cac gen duge dé xuat va qué trinh
hinh thanh hop chdt mai dimg & mire suy luén gidn tiép, chua cé céc dir liéu trung gian
dé kiém chimng truc tiép. Do do. khi téng hop céc két qua nay trong ph'fm Két luan, cin
dién dat than trong hon dé tranh tao cam nhén vé mot co ché sinh téng hop da dugc lam
rd. Ngoai ra, cac két luan vé kha ning tng dung méi dua trén di liéu & quy md phong
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thi nghiém va chua c6 so sanh dinh lwgng vé higu suit. Do d6, céc ndi dung nay can
duoc dién dat than trong hon, pht hop véi pham vi va mire d9 dir liéu thu duge.
b) Vé wu diém

Luén 4n c¢6 dinh huéng nghién ctru rd rang, bam sat mot vén dé khoa hoc va thuc
tién c¢6 ¥ nghia, d6 1a tim kiém ngudn sinh tdng hop thay thé cho podophyllotoxin tir vi
nim ndi sinh, gin vai bao ton va khai thac bén vitng ngudn duge liéu quy hiém. Cach
tiép can lién nganh, két hop vi sinh hoc, sinh hoc phan tir — hé gen va hoa sinh cac hop
chét tu nhién, thé hién ning luc nghién ciru tong hop va kha nang trién khai nhiéu ky
thuét khac nhau ctia nghién ctru sinh.

Mot wu diém ndi bat cia ludn an 1a khdi luong va pham vi nghién ctru tuong dbi
16n, duoc trién khai theo trinh tu logic tir phén 14p — dinh danh vi nam ndi sinh, sang loc
chiing tiém ning, phan tich hé gen, dén 1én men, phén l4p va xac dinh céu tric hop chat.
Viéc giai trinh tu va chu giai hé gen ctia chiing ndm tuyén chon cung cép bo dit liéu co
gia tri, tao nén tang cho céac nghién ctru chuyén sau hon trong tuong lai.

Luan 4n sir dung hé théng phuong phap nghién ctru chuén, phu hop voi thong 1€
khoa hoc, céc k¥ thuét phan tich dugc lya chon ding muc tiéu va duoc trinh bay tuong
d6i ro rang, dam bao do tin cay cua ph?m lém céc két qua thue nghiém. Céc s6 liéu duoc
xir Iy ¢6 hé théng, cho thiy nghién ctru sinh nim ving ky thuét va quy trinh nghién ctru
trong linh vuc cong nghé sinh hoc.

Bén canh do, ludn an co gia tri bd sung dir licu khoa hoc trong nudce, dic biét 1a
dit liéu v& vi ndm noi sinh lién quan dén cdy Bat gidc lién ban dia — mot dbi twong con
it dugce nghién ctru tai Viét Nam. Cac két qué thu dugc khdng chi ¢6 y nghia vé mit hoc
thudt ma con c6 gié tri tham khao cho céc nghién ctru tiép theo theo hudng t6i wu hoa
sinh tong hop, dong nudi cdy hoic tmg dung cong nghé sinh hoc téng hop.

Nhin chung, céc wu diém ctia ludn 4n thé hién & tinh hé thdng cuia nghién ciru, su
pht hop ctia phuong phép va nd luc trién khai nghién ctru thue nghiém nghiém tac, dap
ung dugc yéu cau co ban cia mdt luan 4n tién si trong linh vuc cong nghé sinh hoc.

¢) Mét sé diém can chinh sira va hoan thién:

Phén tong quan cta lun an da téng hop twong déi diy du cac nghién ctru lién
quan dén vi ndm noi sinh va kha ning tao hop chat tuong tu nhu & cdy chu. Tuy nhién,
céc ndi dung ban luan vé co s& sinh hoc ctia mbi quan hé giita cdy Bat giac lién va vi
nam ndi sinh trong viéc hinh thanh va duy tri kha ning sinh téng hop podophyllotoxin,
xét & goc do cong sinh lau dai, dong tién hoa va mang ludi trao dbi chét, con chua duoc
lam 8. Do d6, phan téng quan hién chua du dé tra 16i sdu cac cau hoi lién quan dén tac
dong sinh hoc ctia viéc phén lap (tach) vi nAm khéi cdy chi va nudi chy don doc trong
diéu kién nhan tao liéu tinh hiéu qua xét & viée tdng hop podophyllotoxin theo con
duong 1én men c6 thue sy hiéu qua hay khong? Nghién ciru sinh ciing nén bd sung hodc
dua thém thong tin vé céc nghién ctru gan day trong phéan téng quan hoic trong phin
thao luan dé 1am ro hon kha ning sinh téng hop céc hop chét thir cip gibng cay chu cua
vi ndm noi sinh c6 thé gén lién véi mbi quan hé cong sinh lau dai va su frong tac sinh
héa phirc hop giita cdy va nam. Trong nhiéu trudng hop, biéu hién cac con duong chuyén
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hoa & vi nAm phu thudc vao tin hiéu sinh hoc, tién chét hodc ap luc chon lgc tur cdy chu,
va ¢6 thé bi thay doi dang ké khi vi ndm dugc tach ra nudi cdy don doc trong didu kién
nhan tao. Do dé, viéc nghién ciru vi nAm néi sinh can dugc dit trong bdi canh céc mang
luwdi trao di chit lién loai, dong thoi nhan dién rd céc gia dinh va gidi han sinh hoc cua
mo hinh nuéi cdy in vitro.

Phan phan tich hé gen trong luén an g6p phan lam rd tiém nang di truyén ciia
chiing vi nAm nghién ctru. Tuy nhién, do cic phan tich tin sinh hoc chi yéu mang tinh
so sanh tuong dong duwa vao trinh ty tir d6 dua ra du dodn, do d6 cac két qua nay cén
dugc xem nhu co s& goi ¥ cho céc bude chuyén héa tiém ning hon 12 bing chimg xac
1ap con dudng sinh tong hop. Vi vy, phdn thao luan nén 1am ro hon gidi han cia cach
tiép can nay, nhét la khi sinh tong hop hop chét thir cdp 6 thé chiu anh huéng cia médi
quan hé cong sinh giita cdy chi va vi nim.

Céc thi nghiém 1én men vi nim trong luén an dugc trién khai hop ly nhiam khao
sat kha nang sinh tong hop hop chét trong diéu kién nudi cdy nhan tao véi cac nhén td
don 1é. Céc két qua nay méi dirng & mirc khao sat ban dau, chua phéan anh diéu kién tdi
uu hay nang suét 6n dinh cta ching vi ndm. Do dé, phan thao luan cin lam ro hon gi6i
han cua céc diéu kién 1én men da khao sat hoac can tinh toan quy hoach thuc nghiém dé
thiét ké thi nghiém 1én men hodc tinh hdi quy dé duwa ra goi y vé tham sé hogic diéu kién
t6i uu trong qué trinh 1én men. Néu c6 thé, thao ludn thém nhitng vén dé phat sinh khi
nudi cdy vi ndm don doc dé tong hop podophylotoxin so sanh véi méi quan h¢ cong sinh
tu nhién vadi cay chu.

Cac phan tich vé da dang di truyén va cdu tric quan thé vi nim trong ludn én
dugc thyc hién phu hop véi muc tiéu nghién ctru va dir liéu thu thap dugce. Tuy nhién,
phén thao luan cin nhan manh rd hon pham vi dai dién cta cac két qua nay, ciing nhu
luu y dén gidi han phan giai ctia cac chi thi di truyén dugc sir dung va anh hudng cua
phuong phap phén 1p dén ciu tric quan thé quan sat dugc, nhdm dam bao cach dién
giai két qua chit ché hon vé mat hoc thudt. Ddng thoi, khi dién giai cac khac biét vé da
dang va cdu triic quan thé vi nim, phan thao luan can luu y dén anh hudng ciia phuong
phép phén lap va diéu kién nudi cdy, nham trdnh quy két hoan toan cac khac biét nay
cho yéu té sinh thai hodc tién hoa. Cac két qua phan tich da dang di truyén va céu tric
quan thé vi ndm trong ludn an can dugc gin rd voi pham vi mAu nghién ctu, tranh dién
giai theo huéng dai dién cho quan thé vi nAm noi sinh & quy mo rong hon.

Viéc dua ra nhan xét vé dong gép méi ctia ludn an can luu y phtt hop véi pham vi
ndi dung va két qua. Chang han, danh gia duoc su da dang ctia vi nAm néi sinh phén lap
tir cdy Bat gidc lién ban dia chi nén gi6i han trong pham vi mau nghién ciru. Mot s6
nhan dinh trong phan déng gép mdi cua ludn an con mang tinh khai quéat cao so véi mirc
do két qua thue nghiém dat dugce. Cu thé, cac ndi dung lién quan dén viéc “tao ra nguf’in
nguyén liéu thay thé” va “hiéu qua kinh té cho nganh c6ng nghiép dugc” can dugc diéu
chinh theo hudng dinh huéng va tiém ning nghién ciru, phii hop véi dir lidu hién méi
dung ¢ quy mo phong thi nghi¢m.
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6. Cdc bai bdo cua ta’c gid di cong bé cé phin dnh két qué chii yéu cia lugn dn
khong? Nhan xét vé chiit lwong bai bdo va tap chi dang bai.

Nghién clru smh da cong bb 04 cong trinh khoa hoc lién quan truc tiép dén noi
dung luan 4n, bao gbm 02 bai béo ding trén tap chi qudc té co uy tin, 01 bai bao trén tap
chi khoa hoc trong nudc, 01 bao cdo khoa hoc tai hoi nghi chuyén nganh qudc gia.

Hai bai bao dang trén tap chi qubc té Mycobiology (Q2/Q3) nim 2022 va
Microbial Biotechnology (Q1) nim 2024. Pay 1a nhirng tap chi chuyén nganh trong linh
vue vi sinh hoc va cong nghé sinh hoc, ¢6 phan bién, phan anh rd néang luc nghién ctru
va kha nang hoi nhap hoc thuat ciia nghién ctru sinh; trong d6 ¢6 cong trinh lién quan
truc tiép dén phén tich hé gen va dé xudt cac gen g vién cho con duong sinh tong hop
hop chat, thé hién chiéu sau nghién ctru & mirc sinh hoc phan tir.

Bai bao trong nuéc ding trén tap chi Vietnam Journal of Biotechnology (2023)
va bdo céo hoi nghi Cong nghé sinh hoc toan qudc (2023) gbp phan bd sung dit liéu
khoa hoc phan anh qua trinh trién khai nghlen ctru theo tung glal doan. Dac biét, viéc
duoc cép bing doc quyén giai phép hiru ich déi v6i chung vi ndm tuyén chon cho thy
két qua nghién ctru khong chi c6 gia tri hoc thuat ma con c6 tinh méi va kha nang ing
dung, khing dinh gia tri thuc tién ctia ludn an. Nhin chung, cac cong trinh cong bo va
s¢ hiru tri tué cua nghlen ctru sinh di vé s6 iuorng, pht hop vé noi dung, da dang vé loai
hinh, d4p tng yéu cdu dbi v6i mot luan 4n tién si va gop phan nang cao do tin cdy cling
nhu gia tri khoa hoc cia luén 4n.

7. Tinh trung thuc trong viéc trich din cdc cong trinh tham khdo

Luén 4n dugc viét va trinh bay trung thue trong viéc trich din va sir dung tai liéu
tham khao. Cac tai liéu dugc trich dan phi hop véi ndi dung nghién ciru, bao quat dugc
céc cong trinh trong va ngoai nudce lién quan dén vi nAm noi sinh, sinh téng hop hop
chét thir cap va cac phuong phap nghién ctru dugc sir dung trong ludn an. Viée trich dan
duge thuc hién day du, c6 ngudn gbc ro rang va nhét quan trong toan vin luén an. Luan
4n khong sao chép, trich dan ma khong ghi ngudn hodc tai liéu tham khéo. Ludn dn dam
bao yéu cau vé tinh trung thuc va chudn muc hoc thuét trong viéc stt dung va trich dan
cac cong trinh khoa hoc.

8. Két Iugn

Luén 4n 12 mot cong trinh nghién clru nghiém tac, céch tiép can va thuc hién
mang tinh hé¢ théng. Luén 4n c6 khdi luong cong viéc 16n, bam sat muyc tiéu va phu hop
v6i chuyén nganh dao tao. Nghién ciru sinh da lam chu duge cac phuong phap nghién
ctru chi yéu trong linh virc cong nghé sinh hoc va sinh hoc tng dung, trién khai nghién
ctru theo huéng lién nganh tir phan 1ap vi sinh vat, phan tich hé gen dén 1én men, phan
lap hop chit va xac dinh hoat tinh sinh hoc.

Céc két qua nghién ctru c¢6 gid tri khoa hoc va y nghia thuc tién nhat dinh, gop
phan b sung dir liéu v& vi nAm ndi sinh lién quan dén cay Bét gidc lién, dong thoi mé
ra hudng nghién ctru va khai thac ngudn sinh téng hop hop chét thir cap tir vi sinh vat.



Céc cong trinh khoa hoc da cong bb va bing doc quyén giai phap hiru ich cho
thdy tinh x4c thyc, tinh méi va kha ning tng dung cua két qua nghién ciru, gop phan
nang cao gia tri tong thé cua luan 4an.

Trén co s& cac phan tich va nhan xét néu trén, ludn an dap Gng cac yéu clu vé
ndi dung, hinh thirc va chudn muc hoc thuat ctia mot luan an tién si. Nghién ctru sinh du
diéu kién dé bao vé luan an trudc Hoi dong cham luan an tién si.

Céu héi trao d@oi véi NCS.
Luén an phéan ldp vi nam ndi sinh tir cdy Bat Gidc Lién, loai thuc vét ¢6 kha ning
sinh tong hgp podophyllotoxin lam d6i twong nghién ctru, do do can cung cip thém co
s& khoa hoc ctia méi lién hé giira cdy Bat Giac Lién va vi nim ndi sinh trong viéc hinh
thanh hodc duy tri kha ning sinh tong hop podophyllotoxin xét & khia canh dong tién
hod, sinh thai — tién hoa hay quan hé sinh héa. Chinh vi vay, viéc nudi cdy va lén men
vi ndm noi sinh & diéu kién nhan tao (tach roi khoi cdy chi) c6 anh hudng dén kha ning
sinh téng hop podophyllotoxin nhu thé nao khi dat trong mbi quan hé cong sinh 1au dai
gilra cdy va nam, ciing nhu su tham gia ctia cic mang ludi trao d6i chat phirc hop?

Hé Néi, ngay Zothdng A2-ndam 2025
Nguwoi nhan xét ;

Nrn,”

PGS.TS. Nguyén Dirc Bich




CONG HOA XA HOI CHU NGHIA VIET NAM
Déc lgp — Tw do — Hanh phuc

NHAN XET LUAN AN TIEN SI
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NOI DUNG NHAN XET
1. Y nghia khoa hoc, tinh ciip thiét va thyee tién ciia dé tai:

Lu4n 4n lua chon hudng nghién ciru khai thac vi nAm néi sinh tir cay dugce liéu
Bat Gide Lién (Dysoxma difformis) — mot loai quy hiém cé tiém ning tao
podophyllotoxin (PTOX) va cdc dan xuét. Nhém hop chit quan trong trong nghién
ciru va phét trién thude chéng ung thu. Dy 1a huéng nghién clru mang y nghia thiét
thue ca vé& khoa hoc 13n tmg dung. Trong bdi canh ngudn PTOX tir ty nhién ngay cang
khan hiém, chi phi khai thac 1én va ngudn gen dugc liéu dimg trude nguy co suy giam,
viée sang loc céc ching vi ndm noi sinh ¢6 kha ning sinh tng hop PTOX la hét sirc
can thiét. Nghién ciru goi m& hudng tao ngudn hoat chét thay thé bing cong nghé sinh
hoc, hudng t6i phat trién ngudn nguyén liéu dugc bén ving, ddng thdi hd tro bao ton
tai nguyén duoc liéu Viét Nam.
2. Sw hop Iy va dp tin ciy ciia phwong phdp nghién ciu:
- Déi tuwong nghién cieu

Déi twgng nghién ciru trong ludn an dugc xdc dinh day dii, ro rang, c6 co sé khoa
hoc, dam bao tinh dai dién, phu hgp véi hudng tiép can da nganh (thyc vét hoc — vi
sinh — sinh hoc phdn tir — sinh hoc té bao), qua d6 tao nén tang ving chic cho vige
trién khai cdc phuong phap nghién ciru tiép theo va dam bao dd tin cdy clia céc két qua
thu duoc.

- Phwong phdp nghién ciru:

LuAn 4n sir dung tong hop nhiéu phwong phép hién dai trong cong nghé sinh hoc
vi sinh va phan tich héa sinh: phén lap — dinh danh vi nidm bang hinh thai va g1a1 trinh
tw ving ITS so sanh co s& dir liéu GenBank, phén tich hoat tinh sinh hoc bing sac khi
ban moéng (TLC) va sic ky long hiéu ning cao (HPLC), xdc dinh cAu tric héa hoc

bing cach két hop céc phuong phap phd hién dai, danh gia doc tinh té bao trén céc
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dong ung thu phdi & ngudi (SK-LU-1), bénh bach cau cép tinh & ngudi (HL-60), ung
thu biéu mé té bao gan & ngudi (HepG2), va gii trinh tu va cha giai bo gen cua chiing
Penicillium herquei HGN12.1R dy doan cac cum gen li€én quan dén duong sinh tong
hop PTOX. Cac phwong phép nay c¢6 tinh hop 1y, hién dai, phit hop véi muc tiéu va
dam bao do tin cdy cao cua két qua.

3. Két qua nghién civu ctia lu@n dn cé nhitng dong gép gi méi cho linh vuc khoa
hoc ciia chuyén nganh? Y nghia khoa hoc, gid tri thuc tién va dp tin c@y ciia cdc két
qua do.

Luén an co dong gop mai rd rang cho chuyén nganh Cong ngh€ sinh hoc theo hudng
khai thac vi nAm ndi sinh lam nguén tao hop chit tu nhién ¢6 hoat tinh. Cu thé:

- Luan an da phén lap va dinh danh 53 ching vi ndm noi sinh tir cdy Bat Giac
Lién

- Sang loc hoat tinh va tuyén chon duoc ching Penicillium herquei HGN12.1R
¢6 tiém ning tao podophyllotoxin (PTOX) va céc dan xuét.

- Luan 4n da giai trinh tw va phén tich b gen bing cong nghé PacBio, qua d6
nhén dién cic nhom/cum gen cta ching tuyén chon lién quan dén sinh téng hop
PTOX.

- Ddng thoi, ludn én da xac 1ap cac diéu kién nudi cdy - 1én men phi hop (moi
truong, pH, nhiét d§, ngudn carbon/nitrogen va bo sung tién chéat phenylalanine) lam
co s& nang cao hiéu suét tao san phim.

- Dic biét, luan 4n da phét hién, tach chiét — tinh sach va xac dinh cdu tric hai
hop chdt méi (VN12C-03, VN12C-06) lién quan dén khung céu tric PTOX va ghi
nhén hoat tinh sinh hoc hoat tinh chéng oxy héa va hoat tinh gay ddc té bao.

Cac két qua cia luan 4n c6 y nghia khoa hoc va thyc tién cao, 1am rd tiém ning
vi ndm ndi sinh trén cdy Bét Gidc Lién trong sinh téng hop cac chét chuyén hoa thir
cép c6 hoat tinh sinh hoc, qua d6 bd sung bing chitng khoa hoc cho huéng khai thac vi
sinh vt ndi sinh 1am ngudn hoat chét ty nhién. Pong thoi, dé xuat diéu kién 1én men
tao tién dé tmg dung cho san xudt nguyén liéu hoat chit bing cong nghé 1én men, gidm
phu thudc khai théc tu nhién. Cac két qua trong luan an c6 dg tin cdy cao.

4. Su trimg Iiip vé dé tai, ndi dung nghién civu va két qua nghién ciru ciia lu@n dn
50 Vi cdc cong bo trong va ngodi nuwdc.

Ludn 4n c6 huéng tiép can méi va thé hién tinh doc 1ap. Theo tong quan tai liéu
cia ludn 4n va cac ngudn tham khéao da ddi chiéu, hién chua ghi nhan céng trinh trong
nudc nghién ctru theo hudng phén 1ap vi nim ndi sinh tir cdy Bat Gidc Lién (Dysosma
difformis) va dénh gia kha nang tao podophyllotoxin (PTOX). Trén thé gidi, cac
nghién ctru khai thac vi ndm noi sinh c6 kha ning sinh PTOX tir chi Dysosma ciing
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con han ché. Vi vay, ludn 4n nhin chung khong tring ldp vé& @& tai, néi dung va két
qué, dong thoi thé hién su sang tao trong lua chon hudng nghién clru nay.

5. Cic két lugn ciia lugn dn phic hop véi cich dit vin dé lugn, muc tiéu va ndi
dung. Nhitng wu diém va thiéu sét can hoan thién bé sung.

Cac két luan cua ludn an phi hop véi cach dit van dé bam sat muc tiéu dé ra va phan
&nh ddy du nodi dung nghién ciru di trién khai.
Vé wu diém

- Lufn 4n c6 cach tiép can lién nganh ding chuyén nganh Céng nghé sinh hoc, két
hop hi€u qué vi sinh — sinh hoc phén tir — c6ng nghé 1én men — ho4 sinh phén tich.

- Thiét ké thi nghiém logic, nhit quén tir phan ldp—dinh danh, sang loc hoat tinh, t5i
uu sinh téng hop dén tach chiét—tinh sach—xéc dinh cdu tric, dong thoi phén tich hé
gen va du doén cdc gen/enzym lién quan PTOX.

- Phan két qua c6 nhiéu két qua va c¢6 gié tri, bam sat muc tiéu va ni dung nghién
ctu. Cac két qua duge minh hoa bing bang va hinh tuong dbi diy di, s liéu nhat
quén, gop phan nang cao do tin cdy.

- Phin Thao luan dugce trinh bay chit ché va c¢6 déi chiéu véi nhidu nghién ctru trong
va ngoai nuée, qua d6 dat cac két qua cua luén an vao bdi canh chung vé vi nAm ndi
sinh va tiém ndng tao céc chit chuyén hod thir céip c6 hoat tinh. Céc ludn gidi nhin
chung bém sat két qua dat dugc.

- Tai liéu tham khéo: danh muc tai liéu kha phong phu, ho tro 1ap luan thao luén.

- Hinh thue trinh bay cua luan an chinh chu va théng nhét: bd cuc cac chuong/muc
rd rang, mach lac.

Mt so diém can chinh sira va hoan thién:

- Muc 2.2.5.2. Phuong phap thu chiét xuit ndm nén bd sung cac thong s ky
thuat (nhiét do sdy, thoi gian sdy, diéu kién sdy/thiét bi), dong thoi lam rd co s lua
chon dung moi chiét (methanol), né‘mg d6 dung moi

- Trong phén két qua trang 72 nén bd sung thanh phan méi trudng cé trong
phin két qua nay ghi rd cong thirc/thanh phin (hodc vién din chuin) cla cic moi
truong PDA, PGA, YMA, Sabouraud broth, Czapek-Dox... trong phin Vit liéu &
Phuong phép.

- Dinh chinh gen dinh danh duoc liéu: Trong phin phuong phap can thong nhét
“gen dich” ding dinh danh méu thuc vét (marK hay rbcL), néu s doan khuéch dai 1a
toan b gen hay mot doan va kich thudc doan khuéch dai do, va bao dam khdp gitta
phén phuong phép (trang 31) va phan két qua (Trang 47).



- Théng nhat va chudn hoa mot s thuat ngir: thuat ngit ITS va viing ITS chir
khong phai 14 gen ITS (Trang 48), HPLC (Séic ky 16ng hiéu ning cao khéng nén dé
Séc ky long hiéu ning hodc sic ky mang 16ng hiéu nang) (Trang 18) TLC (Sac ky lép
moéng hoic sic ky ban mong khong dé sic ky mang long (Trang 18): O muc 4.3.3
(trang 108). Panh gid hoat tinh chdng oxy héa sir dung ECso va st dung ICso cho thir
nghiém gdy ddc té bao.

- Phén Tai liéu tham khao: Chudn héa théng nhét cach viét tén tac gia, tén tap chi, tdp—

so—trang, DOI VD trang 126. Théng nhét cach trich d&n VD trang 14 ltc ¢6 nidm lic

khong c¢6 nam.

6. Cidc bai bdo ciia tic gid da cong bo co phin dnh két qui chii yéu cia ludn dn
khéong? Nhin xét vé chit lwgng bai bio va tap chi ding bai.

Luan 4n da cong bd 04 bai bao khoa hoc, 01 giai phéap hitu ich. Trong d6 gdm 02
bai quéc té (trén céc tap chi Mycobiology va Microbial Biotechnology), 01 bai trong
nudc (trén Vietnam Journal of Biotechnology/ Tap chi Sinh hoc), va 01 bai cho bao
céo khoa hoc - Hoi nghi Cong nghé sinh hoc toan qudc. Nhin chung, cic cong bd nay
phan anh day da va trung thuc toan dién cédc két qua chu yéu cia ludn 4n, phi hop véi
chuyén nganh Céng nghé sinh hoc. Pic biét, cic bai bdo déu dang trén tap chi uy tin,
chit lwong cao.

7. Tinh trung thue trong viéc trich din cdc cong trinh tham khao

Céc tai liéu tham khao trong va ngoai nuée duoc trich din chinh xdc, cép nhat, thé
hién sy trung thue va nghiém tue trong nghién ciru. Céc tai liéu tham khao phong pha,
cip nhat.

8. Két lugn

Luén én duogc thuce hién va trinh bay nghiém thc, cong phu va c6 hé théng; cac
két qua dat duoc mdi, tin cdy, c6 ¥ nghia khoa hoc rd rang va gid tri tmg dung thiét
thue, dép tng t6t yéu cau ctia mot luan an tién si chuyén nganh Cong nghé sinh hoc.

: o Ha NGi, ngay 18 thdng 12 ndm 2025
TRUONG BAI HOC KHOA HOC TU NHIEN XAC NHAN: Ngwisi nhén xét
Chit ky clia 6ngba

Ha ndi, Ngay....thang....nam..... L
T/L HIEU TRUONG
o Ty R — R
Nguyen Thi Laim Doan
of ea HoC \E
T\ koA HIC )’

NG % TS, Nguyén Thi [1ong Doan



VIEN HAN LAM CONG HOA XA HOT CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Pée lip - Tw do - Hanh phiic
HOQC VIEN KHOA HQC VA CONG NGHE

Ha Noi, ngay 28 thang 01 nam 2026

BIEN BAN HQI PONG DANH GIA LUAN AN TIEN ST CAP HQC VIEN
Nghién ctru sinh: Tran Thi Hoa

D& tai: “Nghién ciiu phén ldp vi ndam néi sinh tir cdy dwoc liéu Bdt Gide Lién va danh
gid kha ndng sinh hoat chét Podophyllotoxin va cdc dan xudt”

Chuyén nganh: Céng nghé sinh hoc, Mi s6: 942 02 01

Nguoi huéng dan: 1. TS. Tran H6 Quang - Vién Sinh hoc, Vién Han lam KHCNVN

2. PGS.TS. Pham Bich Ngoc - Vién Sinh hoe, Vién Han lam

KHCNVN

Quyét dinh thanh 1ap Hoi dong s6: 1309/QD-HVKHCN ngay 02/12/2025 cia Giam
dbc Hoc vién Khoa hoc va Cong nghé.

Thei gian hop: 9h00 sang ngay 28/01/2026
Pia diém: Héi truomg tang 17, Hoc vién Khoa hoc va Cong nghé, s6 18 duong Hoang
Quéc Viét, Cau Gidy, Ha Noi.

NQI DUNG

1. Ti9 gio 00 dén 9 gio 15:
- Pai dién co s& dao tao tuyén bd 1y do, doc Quyét dinh thanh 14p Hoi déng danh
gid lufin 4n cip Hoc vién. D& nghi Chu tich Hoi dong diéu khién budi hop.
- Chu tich Hai dbng didu khién budi hop:
+ Tuyén b6 sb thanh vién Hoi dong c6 mat: 6/7 (co danh sach kém theo).
+ 86 khach moi tham du budi bio vé: 5 ngudi.
+ Thu ky hoi ddng doc 1y lich khoa hoc va két qua hoc tip ciia nghién citu sinh.
2. Tir9 gio 15 dén 9 giv 45:
- Nghién ciru sinh Tran Thi Hoa trinh bay néi dung lugn 4n.
3. Tir9 giv 45 dén 10 gid 45:
- Phan bién 1: Doc nhan xét luan an (kém theo toan van nhan xét).
- Thu ky hi déng doc nhan xét ludn an ctia Phan bién 2: (kéem theo toan van
nhén x¢t).
- Phan bién 3: Doc nhdn xét ludn an (kém theo toan van nhan xét).
Cic ciu héi ciia thanh vién Hoi dong va ciu tra 16i ciia nghién ciru sinh: (ghi rd ho
tén, hoc vi, chirc danh khoa hoc ctia nguoi hoi)
- PGS. TS. Nguyén Phuwong Nhué: Trong phuong phép thu chiét xuat nim, tai sao
nghién ctru sinh khong dung methanol dé chiét dich loc?
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- PGS. TS. Neuyén Divc Bich:

+ Nghién ctru sinh 6 thé giai thich thém vé co sé& khoa hoc ctia méi lién hé
giita cdy Bat Giac Lién va vi ndm ndi sinh trong viéc hinh thanh hodc duy tri khi ning
sinh tdng hop podophyllotoxin xét & khia canh ddng tién héa, sinh thai — tién héa hodc
quan h¢ sinh hoa?

+ Qua trinh nudi cdy va 1én men vi ndm ndi sinh & didu kién nhan tao (tich
roi khoi cdy chi) ¢6 anh huong dén kha ning sinh tong hop podophyllotoxin nhu thé
nao khi dit trong m&i quan hé cdng sinh 14u dai gifta ciy va nim, ciing nhu sy tham
gia ciia cac mang ludi trao ddi chat phirc hgp?

- GS. TS. Trwong Nam Hdi:
+ Contig la gi? Contig va nhiém sic thé khac nhau nhu thé nao?

+ Béang 3.16: Tai sao mot loai ndm lai c6 nhidu ban sao cia cing mot gen
chirc nang? Vi du nhu gen SDH ¢6 91 gen, CYP71BES4 ¢6 79 gen?

* Nghién ciru sinh tra loi:

Cau 1. Trong phuong phap thu chiét xuit ndm, tai sao nghién cu sinh khong ding
methanol dé chiét dich loc? Phuong phap thu chiét xuit nim da duoc t6i vu hoéd dua
trén thue nghiém sang loc ban du. Thue té khi chiét dich loc voi methanol, chay TLC
dbi chidu v6i PTOX chudn thi khéng xuét hién bing vach trong g, didu dé cho thiy
ham lugng PTOX khong dang ké. Vi vay dé tiét kiém, NCS khong dung methanol dé
chiét dich loc ma sau khi ¢6 dich loc thi trén vao ciing cao chiét ndim dé tin dung thu
cao chiét tong s6, dam bao tranh thit thoat san pham phu va tang ham luong san pham
muc tiéu phuc vu viée tinh sach xéac dinh cAu trGc hop chit méi.

Ciu 2. Nghién ctru sinh co thé giai thich thém vé co so khoa hoc ciia méi lién hé gitta
ciy B4t Gidc Lién va vi ndm ndi sinh trong viéc hinh thanh hodc duy tri kha ning sinh
tong hop podophyllotoxin xét ¢ khia canh dong tién hoa, sinh thai — tién héa hodc
quan hé sinh héa? O khia canh ddng tién hoa cho thiy mbi quan hé 1au dai qua hang
triéu ndm c6 su chuyén gen ngang (cum gen tham gia sinh téng hop PTOX
(STH_PTOX) tir ciy sang nam hodc ngugc lai) hodc do 1a sy thich nghi chon lgc, ca
ném va cy déu c6 loi va cling tdn tai. O khia canh sinh théi tién hod hodc quan hé sinh
héa, ndm sbéng ndi sinh trong cdy va nhan tin hiéu hoa hoc tir cdy, tir d6 kich ndm
STH PTOX, viéc san sinh PTOX gitp céy ting tich lu§ chit ndy ddm bao cdy chdng
chiu tét véi diéu kién sinh thai. Ngoai ra, nim san sinh cac enzyme gitp cdy sinh
trudng r& manh mé& hip thu dinh dudng, khoang chit tot. Day 1a mdi quan hé tuong hd
lan nhau.

+ Khi nubdi cAy nim nhén tao tach khoi ciy chi, nim khong con nhan dugc hooc mén

thuc vat, khong bi chiu dp lwc méi truong trong cdy nén dé dang cic cum gen

STH PTOX ¢ trang thai ngu, sau vai thé hé sé thoai hoa (giam hiéu sudt sinh PTOX).

Péng thai sy dit gAy mang ludi trao dbi chét phire hop cling say ra, nam va ciy s& doc
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lap tu tdng hop cic hop chét thi cip dan dén hop chit muc tidu khong cao nhu lic
cung tirong hé lan nhau trong cung con duong STH_PTOX.

Ciu 3. Contig 12 gi? Contig va nhiém sic thé khic nhau nhu thé nao?

+ Contig la cac doan trinh ty DNA li¢én tuc dugc lz“'ip 2¢ép L viée sép xép, chéng Iép cac
doan doc (reads) nhd hon ma mdy giai trinh tu tao ra.

+ Sy khéc nhau giita Contig va nhiém sic thé: La & mirc do t6 chire. Contig 1a céc
doan trinh tu ADN ngin, chua hoan chinh duoc lap rép tir két qua giai trinh tur gen,
trong khi nhidm sic thé l1a ciu tric ADN xoédn chit, dai va hoan chinh chira toan b
thong tin di truyén cua sinh vat. Contig 14 san phém trung gian thudng chua hoan
chinh, nhiém sac thé 14 1a cdu triic hoan chinh ctia hé gen.

- Bang 3.16: Tai sao mot loai ndm lai ¢6 nhiéu ban sao cia cting mot gen chirc ning?
Vi dy nhu gen SDH c6 91 gen, CYP7IBES4 c6 79 gen?

+ Viéc ghi nhén sé luong 16n gen (vi du: 91 gen SDH, 79 gen CYP71BE54) khong
phai 1 cic ban sao y hét, ma 13 céc trinh ty twong dong (homologs) duge dy doan dua
trén cAu tric protein. Phuong phép so sanh trinh tu chi ra 1t cA cac gen c¢d ving
protein gidng v6i gen dich vao cling mdt nhom chire ning du doan.
4. Tir10 gio 45 dén 11 gior 00: Nghi gidi lao
5.  Tir11 gio 00 dén 11 gio 30: Hop Héi ddng ritng

- Théng qua két luan ciia Hbi ddng (co van ban kém theo).

- Ghi phiéu nhén xét luin 4n.
Két qua kiém phiéu 6/6 thanh vién tan thanh va dé nghi Hoc vién ra quyét dinh cong
nhéan hoc vi Tién si Sinh hoc cho nghién clu sinh Tran T hi Hoa.
6. Tir11 gio 30 dén 11 gio 45

- Chu tich Hoi dong doc két luan ciia Hoi dong danh gia luan an.

- Hai ddng két thic Iic 11 gid 45 phut, thir tw, ngay 28 thang 01 nam 2026.

THU KY HQI PONG CHU TICH HQI PONG
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VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HQC VA CONG I}IGI—EE VN Poe lap - Tw do - Hanh phic
HOC VIEN KHOA HOC VA CONG NHE

Ha Néi, ngay 268 thang 01 nam 2026

QUYET NGHI
CUA HOI PONG PANH GIA LUAN AN TIEN Si CAP HQC VIEN

A -~ L . A "
Tén nghién cttu sinh: Tram Thi Hoa

V& dé tai: “Nghién civu phin Idp vi nidm ndi sinh tiv ciy dwoc liéu Bdt Gidc Lién va
ddnh gid khdi néing sinh hoat chit podophyllotoxin va cic din xudt” |

Chuyén nganh: Cong nghé sinh hoc M3 s6: 9 42 02 01.
Ngudi huéng dan: 1. TS. Trin H6 Quang - Vién Sinh hoc, Vién Han 1am KHCNVN

2. PGS.TS. Pham Bich Ngoc - Vién Sinh hgc, Vién Han lam

KHCNVN

S6 thanh vién Hoi dong danh gid luan an tién st cap Hoc vién ¢6 mit: 6/7

Hoi ddng danh gia luan 4n tién st cAp Hoc vién ciia NCS. Trén Thi Hoa da hop tirl|
oh sdng ngay 28/01/2026 tai Hoc vién Khoa hoc va Cong nghé, sd 18 dudng Hoang \
Qudc Viét — Nghia D6 — Ha Noi.

Sau khi nghe nghién ctu sinh Tran Thj Hoa trinh bay néi dung luan én trong thoi
gian 30 phut, Hi dong da nghe cic phan bién phat biéu nhén xét ludn an; nghe thu ky
Hdi ddng doc ban téng hop cac ¥ kién nhin xét lufn én cia cac thanh vién khac trong

Hoi df‘mg va nhén xét tom tét ludn 4n cta cac nha khoa hoc gl dén. Hoi dﬁ‘mg da tién
hanh thao luéin chung tai H6i truong, sau d6 Hoi dong da hop riéng va nht tri quyét
nghi nhur sau:
1. Két qua bo phiéu danh gid luan 4n cia Hoi ddng:
- $6 thanh vién Hoi dong bo phiéu thong qua luan an: 6/7
- $6 thanh vién danh gia luén 4n xuét sic: 4/7
2. Nhimg két ludn khoa hoc co ban, nhiing didm méi, déng gép mdi cua ludn an
Luén an trinh bay nghién clru c6 hé théng vé phén 1ap, dinh danh va dénh gia kha
ning sinh téng hop podophyllotoxin (PTOX) va cac din xuét tir vi ndm ndi sinh
cay Bat Giac Lién, gop phan tao ngudn nguyén li¢u thay thé bén viing cho dugc
liéu tu nhién dang can kiét. Ludn an da c6 nhitng dong gbp méi:
- Phén 1ap 6 chung vi ndm ndi sinh c6 hoat tinh gay doc té bao ung thu manh va
lam r0 tinh da dang vi nédm ndi sinh cua ciy Bét Gidce Lién tai Viét Nam;



- Tuyén chon chung Penicllium herquei HGN12.1R ¢6 kha nang sinh tong hop
PTOX, giai trinh tu va cha giai hé gen, du doan con duong sinh t(f‘mg hop PTOX
va céc din xuAt;
- Tach chiét, tinh sach, x4c dinh cu tric va chitng minh hoat tinh sinh hgc cua
hai din xuat a-peltatin va B-peltatin.
Co s& khoa hoc, dd tin cdy cia nhitng ludn diém va nhitng két luan néu trong
ludn an
Céc luan diém va két luan cua luan an duoc xdy dung trén co sd khoa hoc, dua
trén hé théng phuong phap nghién ciru phit hop va hién dai. Két qua thu duge cé
tinh 1dp lai, duge xtr ly va phan tich 16 rang, dam bao d tin cdy. Céac két luan
dugc rat ra hgp 1y, nhét quan vai ) liéu thuc nghiém va c¢6 tinh thuyét phuc cao,
dap trng yéu cau ciia mot ludn an tién si.
Y nghfa vé Iy ludn, thyc tién va nhiing dé nghi st dung céc két qua nghién ctu
cuia ludn an
Ludn 4n c6 y nghia khoa hoc va thyc tién. Két qua nghién ciru gép phin bd sung
co s& khoa hoc vé& da dang vi ndm ndi sinh va kba ning sinh téng hop
podophyllotoxin cling cac din xudt. V@ thue tién, luan an moé ra huéng tao ngudn
nguyén liéu thay thé bén viing cho san xuat podophyllotoxin phuc vu nganh cong
nghiép duoc, gbp phin giam khai thic tai nguyén tu nhién. Cac két qua nghién
ciu ¢6 thé duoc sit dung lam co s cho cdc nghién ctru tiép theo, phat trién quy
trinh san xuit & quy mé 16n va tng dung trong linh vus cong ngh¢ sinh hoc —
duoc liéu.
Nhiing thiéu s6t vé ndi dung va hinh thirc cna ludn 4n
- Lufin 4n con mdt s6 131 thudt ngir va trinh bay (hinh 4nh, bang biéu)
- Thiéu thong tin vé hé gen cla loai Penicillium herquei trong muc tbng quan
Mirc d dap Gmg cic yéu ciu clia ludn 4n
Luan 4n dap ing diy di cic yéu ciu dbi voi mot ludn 4n tién si chuyén nganh cong
nghé sinh hoc. N§i dung nghién ctru ¢6 tinh méi, co gia tri khoa hoc va thuc tién;
phwong phap nghién ciru phi hop; két qua dat duge 16 rang, ddng tin ciy: bd cuc
luan 4n hgp ly, hinh thirc trinh bay dang quy dinh. Luén an du diéu kién dé duoc
bao v¢ va thong qua theo quy dinh hién hanh.
Nhimg diém cdn bd sung, stra chita (néu c6) trude khi ndp luan an cho Thu vién
Quéc gia Viét Nam
- Ra so4t lai céc 15i in 4n, thudt ngiy, tai liéu tham khao va céch trich dan
- B6 sung thém théng tin v& trinh ty gen cta loai Penicillium herquei trong phin
téng quan
- Chinh stra va kiém tra lai c4c thong tin ctia Bang 3.16
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8. Kétluan:
e Luan 4n dap tng diy du cic yéu cdu ctia mot ludn an Tién si chuyén nganh Cong
nghé sinh hoc.
e Bén tém tat cta ludn 4n trung thanh ndi dung co ban ciia ludn én.
e Nghién ciru sinh Tran Thi Hoa xting d4ng nhén hoc vi Tién st Sinh hoc.
Cin cir két qua bo phiéu, Hoi dong danh gia luan an tién si cap Hoc vién nhét tri
dé nghi céng nhan hoc vi Tién si Sinh hoc cho nghién ctru sinh Tran Thi Hoa.

THU KY HOI PONG CHU TICH HOI PONG

e il G

Hid — oo
v J /

TS. Nguyén Kim Thoa GS.TS. Truong Nam Hai

-

XAC NHAN CUA CO.SO }%?9 TAO
KT. GIAM DOC

o1 GIAM POC




B T T —

T ——

KHOA HOC VA CONG NGHE VN
HOQC VIEN KHOA HOC VA CONG NGHE

(Méu 6-HV-Ban gidi trinh chinh sira, bé sung cdp HV)

VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM
Dgc ldp - Tw do - Hanh phic

BAN GIAI TRINH CHINH SUA, BO SUNG LUAN AN TIEN Si

CAP HQC VIEN

Ngay 28 thang 01 nim 2026, Hoc vién Khoa hoc va Céng nghé da td chirc danh

gid luan an tién si cdp Hoc vién cho nghién ctu sinh Tran Thi Hoa theo Quyét dinh sb
1309/QD-HVKHCN ngay 02 thang 12 niam 2025 cua Giam de Hoc vién.

DE tai: Nghién ciru phan lap vi ndm néi sinh tir cay duoc lidu Bat Gic Lién va

danh gia kha ning sinh hoat chit Podophyllotoxin va cac dan xudt

Nganh: Céng nghé sinh hoc, M 56: 9 42 02 01
Ngudi huéng dan khoa hoc:
- Huéng din 1: TS. Trin H6 Quang, Vién Sinh hoe, Vién Han 1am KHCNVN

- Huéng dan 2: PGS.TS. Pham Bich Ngoc, Vién Sinh hoc, Vién Han 1am
KHCNVN
Theo Bién ban ctia Hoi ddng, NCS phai bd sung va chinh sira luan 4n cac diém
sau day:
STT | Noi dung dé nghi chinh sira, bd sung | N¢i dung da duoe chinh siva, bé sung
1 | GS. TS. Truong Nam Hai — Chi tich Hoi déng
Hinh 3.13, trang 66: Nén b6 sung chii | NCS xin tiép thu va di bd sung kich
thich kich thudc cua cac bang DNA | thudce cua cac bing DNA (ir.66)
chuén trén hinh dién di gel agarose
Bang 3.15, trang 67: Piac diém hé gen | NCS xin tiép thu va da chinh sira (tr.67)
va sb liu lip rap hé gen cia P. herquei : ]
HGN12.1R. Can chuyén cach viét so
theo Tiéng Viét cho phi hop
2 | PGS. TS. Tran Vin Tufn — Phén bién 1

Str dung théng nhit mot s6 tir/thuat ngti | NCS da sit dung théng nhit cac thuat
(acid/axit, h/gid, b gen/hé gen,...). | ngit: axit, gi, hé gen va st dung tu
Khong st dung tir “chling t6i” trong | “NCS” thay tir “chung t6i” trong toan bd
luén an. ndi dung luén an.

Cap nhat dia danh thu mau, Ha Giang | NCS dé cap nhat dia danh mai (tr.4)
nay thudc tinh Tuyén Quang
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St dung thong nhat cich viét tat tén
nam P. herquei sau khi da viét tén diy
du Penicillium herquei

NCS da st dung théng nhat viét tit P,
herquei trong toan ludn an

S6 lidu su dung trong ludn an, trong
cac bang cin théng nhit chuyén sang
dang tiéng Viét

NCS di viét hod Bang 1.3 (tr.23), Bang
3.15 (tr.67), Bang 3.16 (tr.71)

Tang kich thudéc Hinh 3.14. Xem lai
Hinh 3.15 va 3.16

NCS da chinh stta hinh 3.14. Cac hinh
3.15 va 3.16 1a cac két qua cia luan 4n
dya trén cac gen tuong dong & thue vat

Béng 3.16 cho thay cdc gen tiém ning
lién quan dén sinh tdng hop PTOX co
d6 tuong ddng thip gitta ndm va thuc
vat. Két qua sé& thuyét phyc hon néu chi
ra dugc trinh tu/domain bao thu giira
cac gen lién quan.

Mic du d6 twong dong (% identity) &
Bang 3.16 thip (20-35%), két quéa nay
van rit tiém ning vi: Enzyme & ném va
thue vét du khéc bi¢t 16n vé trinh tu tong
thé nhung van c6 thé dam nhiém chic
ning tuong duong nho bao tdn cac mo-
tip tai trung tdm hoat dong. V&i chi sd E-
value <le'?, day la nhiing tng vién c6 y
nghia Lhong ké cao nhit. Con so nay
khong phéi 1a 'ban sao' ma la ngudn tai
nguyén di truyén da dang d& nim thich
nghi vai viéc tf)ng hop cic hop chét phuc
tap. Bang 3.16 dong vai trdo la budc
khoanh vung déi tugng (In silico). Viéc
xdc dinh cac domain bao tht (nhu ving
lién két heme & CYP hay NAD+ & SDH)
la buge kiém chimg tiép theo dé khang
dinh chiic chin chic nang cua cac gen
nay.

Ra soat phan tai liéu tham khao, trinh
béy tit ca tai liéu tham khio chinh xac
va theo mét dinh dang duy nhét. S6
luong TLTK rit nhidu, cin ra soat va
gidm bdt tai liéu it lién quan.

NCS xin tiép thu va ra soat chinh sia,
giam bét s6 lugng.

PGS. TS. Nguyén Phwong Nhué — Phén bién 2

Stra cum tlr “dang mat” & phuong phap
dinh danh vi nim, nén diing cdc tir phu
 hop nhu bé mit khuén lac, khudn ti co
chit, khuén ti khi sinh; Néu tén chiing
vi khuin kiém dinh cu thé trong
phuong phap xac dinh hoat tinh khang
khudn (muc 2.2.7); Xem lai nhiét do
sdy trong phwong phép xac dinh sinh
khéi khé, théng throng la 105°C

NCS da chinh stta phuong phap dinh
danh vi ndm muyc 2.2.4.3 (tr.33). Da b
sung ching vi khudn kiém dinh cu thé
(tr.38). Da chinh sta lai nhiét dg siy 80-
105°C (tr.41).
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Phin két qua: Nén c6 két luén cho két
qua nghién ciu dic diém sinh hoe cia
vi ndm theo phuong phép truyén théng
nhu du kién thude chi ndo va cd két
ludn chung cho két qua nay vai két qua
phan tich ving ITS.

Trong nghién ctu nay, cic ching ndm
méi chi duge xéc dinh so bo vé dic diém
hinh thii, khuan ti co chét, khuan ti khi
sinh. Do phwong phap truyén thdng
thuomg c6 han ché trong viéc phan biét
céc chi lodi ¢d hinh thai twong dong. Két
qué dinh danh cudi cliing s& duogc dua ra
sau khi két hop voi phén tich ving ITS.
Vi vay tal budc nay cac chung tam thoi
dwge ghi nhan cac dic diém sinh hoc so
bo.

Phén két lugn: Néu cu thé diéu kién lén
men thich hgp cho san sinh PTOX va
din xuét; Néu cu thé bang sé liéu hoat
tinh chéng oxy hod va hoat tinh gdy
doc té bao cia hop chit thu duge tur
chiing vi ndm HGN12.1R.

NCS xin tiép thu va da bd sung diy di o
phén két luan (tr.11 1)

PGS. TS. Dwong Minh Lam — Phédn bién 3

Con c¢6 sy vénh vé tén cia ching
nghién ctiu véi cac sé lidu da cong bé.
Mic du di co ban giai trinh vé sy khac
biét nay.

NCS xin tiép thu y kién.

TS. Nguyén Kim Thoa — Uy vién, thw ky

CAn ra soat va chudn hoa lai mot s
thuét ngit chuyén nghanh, 16i chinh ta
va cach trinh bay trong luén an.

Mot ) ph?m thao ludn c6 thé duge ¢o
dong hon, nhin manh & sy so sanh
gitta két qua nghién ctu coa lvdn én
v6i cdc cong bd qube té tiéu biéu.

NCS xin tiép thu y kién va ra sodt, thao
luan c6 dong hon.

PGS.TS. Nguyén Pirc Bach — Uy vién

Nghién ctu sinh nén bd sung hodc dua
thém thong tin v& cic nghién ciu gin
ddy trong phan tong quan hodc trong
phin thao luan ¢& 1am rd hon kha ning
sinh téng hgp cic hop chit thir cép
gidng cdy chii clia vi ndm ndi sinh cé
thé gan lién v6i mbi quan hé cong sinh
lau dai va su tuong tac sinh hoa phtc
hop gifta cdy va nim. Nhiing nhan dinh

NCS xin tiép thu y kién va bd sung trong
phén thao luan dé 1am ro hon méi quan
hé noi cong sinh giita ndm va cay (tr.96,
tr.97)

Céc dong gép méi cling duoc bd sung,
diéu chinh che phu hop (tr.3)

3
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trong dong gop moi nén diéu chinh

theo huéng dinh hudng va tiém nang
nghién ctu pht hgp voi dir liéu hién
mai dirng & quy mo phong thi nghiém

PGS.TS. Nguyén Thi LAm Poan — Uy vién

Muc 2.2.5.2. Phuong phap thu chiét
xult ndm nén bd sung cdc théng sé k¥
thudt (Nhiét do sdy, thoi gian sdy, diéu
kién shy/thiét bi), ddng thoi 1am 6 co
s& lya chon dung moi chiét (methanol),
nong do dung moi.

NCS xin tiép thu va dd bd sung céc
thong s6 déy du (1r. 36)

(G nghién ciu ndy NCS lua chon
methanol 99,8% lam dung méi chiét do
methanol c¢o d§ phén cuc ring, hoa tan
t6t cdc nhom hop chit co do phan cuc tir
trung binh dén manh phu hop dé hoa tan
hiéu qua cac hop chét lignan, alkaloid va
flavonoid tir sinh khdi ndm. Bén canh do
methanol ¢6 kich thude phan tir nho(vd
nhé hon ethanol), gitp n6 dé& dang tham
thiu qua véch té bao ndm (vbn céu tao tir
chitin va glucan phuc tap) dé tiép cin va
161 kéo hoat chit ra ngoai. Vai nfimg do
99,8% methanol phd v& hiéu qua lién két
cau triic té bao ctia nam.

Trong phan két qua trang 72 nén bd
sung thanh phian méi truong co trong
phén két qua nay.

Thanh phan méi truong di duge NCS
liét ké ro trong phin phuong phép muc
2.2.9.3 (tr.41).

Dinh chinh gn dinh danh dugc liéu:
Trong phdn phwong phap cin théng
nhét “gen dich” ding dinh danh miu
thyc vat matK hay rbel. Néu rd doan
khuéch dai 1a toan bd gen hay mot doan
va kich thuéc doan khuéch dai d6, dam
bao khdp giita phin phuong phép C va
phén két qua (trang 47)

NCS xin tiép thu va da bd sung chinh
stta cho khép gitta phuong phap (tr.31,
tr.32) va két qua (tr.47): “gen dich” ding
dinh danh miu thye vat 1a mot doan caa
gen rbcl, dogn khuéch dai kich thude
khoang 600-700bp.

Théng nhit va chuin hoa mét sb thuft
ngtt: thuat nglt ITS va vung ITS chir
khong phai 14 gen ITS (trang 48).
Théng nhét (trang 18): HPLC (séc ky
léng hiéu ning cao), TLC (sic ky lop
mong hoiic sic ky ban méng).

O muc 4.3.3 (trang 108), danh gia hot

NCS xin tiép thu va da chinh stra (tr.18
tr.49 va tr.108).
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tinh chong oxy hoa st dung ECsp va su
dung ICsy cho thir nghiém giy doc té
bao.

Tai liéu tham khao: Chuin hod thong | NCS xin tiép thu va ra soat chinh stra.
nhét cach viét tén tac gia, tén tap chi,
tap-s6 trang, DOI (VD: trang 126, trang

14)

Nghién ctru sinh chan thanh cam on Qui thiy, c6 trong Hoi dong danh gia luin
4n tién st cAp Hoc vién d& gbép v va tao co hoi cho NCS hoan thién ludn an cta minh.

Xin trn trong cam on./.

Ha Néi, ngay 09 thang 0 2nim 2026
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