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LOI CAM POAN

T6i xin cam doan luan &n: “Nghién ciru thanh phan hda hec va hoat tinh khang
vi sinh vat kiém dinh caa hai chiing vi tao bién Thraustochytrium pachydermum
TSL 10 va Aurantiochytrium sp. SC145 & quan daoe Truwdng Sa, Viét Nam” 1acong
trinh nghién ctru cia chinh minh duéi sy huéng dan khoa hoc cia PGS.TS. Nguyén
Xuén Nhiém va PGS.TS. Nguyén Tién Dat. Luan &n st dung théng tin trich dan tir
nhiéu ngudn tham khao khéc nhau va céc théng tin trich dan duoc ghi rd nguén gdc.
Céc két qua nghién ciru caa t6i duoc cdng bd chung véi céc tac gia khac da duoc s
nhét tri ciia dong téc gia khi dua vao luan an. Céc sd liéu, két qua duoc trinh bay trong
luan &n 1& hoan toan trung thuc va chua timg duoc cdng bd trong bat ky mot cong
trinh ndo khéc ngoai cac cong trinh cdng bd cua téc gia. Luan an duoc hodn thanh
trong thoi gian téi lam nghién ciru sinh tai Hoc vién Khoa hoc va Cong nghé, Vién
Han 1&m Khoa hoc va Cong nghé Viét Nam.
Ha Ngi, ngay 15 thang 2 nam 2026
Tacgia luan an

Nguyén Thi Thu Thiy



LOI CAM ON

Ludn dan nay dwoc hoan thanh tgi Vién Hoa hoc, Vién Han 1dm Khoa hoc va
Cong nghé Viét Nam, véi sie hé tro kinh phi ciia dé tai cap Bé Quoc phong chwong
trinh KCB-TS “Nghién ciru thanh phan héa hoc, dinh diréng, hoat tinh sinh hoc mgt
s6 10 sinh vdt bién tai quan ddo Trirong Sa phuc v y - dige” do TS Nguyén Trong
Dan |a chu nhiém dé tai. Trong qué trinh nghién citu, tac gid da nhdn dwoc nhiéu s
gilip d& quy bau ciia cac thay cd gido, cac nha khoa hoc, cde dong nghiép, ban bé va
gia dinh.

TOi xin trén trong cam on Ban Ldanh dao, Phong Pao tao Hoc vién Khoa hoc
va Cong nghé da gitip dé va tao moi diéu kién thudn loi cho téi trong sust qua trinh
hoc tap, nghién cizu va thyec hién lugn an.

TOI Xin tran trong gui loi cam on dén Pang iy, Ban Tong Gidam doc Trung tam
Nhiér doi Viét-Nga, Vién Y sinh Nhiér doi, Trung tam Nhiér doi Viét-Nga, cung cac
dong nghiép va ban bé da nhiét tinh givip dé, hé tror tbi trong qua trinh hoan thanh
lugn an nay

T6i xin bay té |61 cam on chén thanh va sdu sac, sw cam phuc va kinh trong
téi PGS TS Nguyén Xuan Nhiém va PGS TS. Nguyén Tién Pat, nhitng nguwoi thay
da tan tinh hwéng dan, hét long chi bao va tao moi diéu kién giiip dé tdi trong thoi
gian lamlugn an.

T6i xin tran trong cam on Ban ldanh dao Vién Héa hoc va Trung tam Péi méi
sang teo cong nghé cao. Xin cam on PGS. TS. Phan Van Kiém, PGS.TS. Bui Hiru
Tai, TS Nguyén Thi Minh Hang, ThS Pan Thi Thiiy Hang, ThS. Vii Mai Thao, CN
Ha Thi Thoa, TS. B6 Hoang Giang, TS. Tran Hiwu Gidp cing tdp thé can bé - cac
nha khoa hoc cua Vién Han [am Khoa hoc va Céng nghé Viét Nam da quan tam givp
do va da tao mi diéu kién thugn loi cho tdi trong sust qué trinh hoc tdp va nghién
cieu theee hién lugn an nay.

T6i xin bay té 1ong biét on chdn thanh va sdu sdc nhat téi toan thé gia dinh,
ban bé va nhitng ngwoi than da luén luén quan tam, khich 1¢, déng vién toi trong sust
qué trinh hoc tdp va nghién cizu.

Xintran trong cam on!

Téacgia luan an

Nguyén Thi Thu Thiy
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DANH MUC CACKY HIEU, CAC CHU VIET TAT

Ki hiéu Tiéng Anh Dién giai
13 Carbon-13 Nuclear Magnetic Phé cong huong tir hat nhan
C-NMR
Resonance spectroscopy carbon-13
'H-NMR Proton Nuclear Magnetic Phé cong hudng tir hat nhan proton
Resonance spectroscopy
A549 Human lung carcinoma cell line Dong t¢ bao ung thu phoi ngudi
A549
cC Column chromatography Séc ky cot
Correlation Spectroscopy (*H-*H 2
Cosy COSY) Pho COSY
Distortionless Enhancement by 2
DEPT Polarization Transfer Pho DEPT
DMEM Dulbecco’s Modified Eagle Moi truong nudi cay té bao
Medium DMEM
DMSO Dimethyl sulfoxide Dimethyl sulfoxide
DPPH 2,2-Diphenyl-1-peakrylhydrazyl Chat qm danh gid kha ndng chong
oxy hoa
Half maximal effective A A a 1en . o
ECso concentration Nong do gay hiéu qua 50%
ESI-MS Electrospray lonization Mass Phé khéi phun mi dién tir
Spectrometry
EPS Exopolysaccharides Polysaccharide ngoai bao
EtOAC Ethyl acetate Ethyl acetate
EtOH Ethanol Ethanol
FAME Fatty acid methyl ester Este methyl cua acid béo
Gas Chromatography—M ass T SR SR
GC-MS Spectrometry Sac ky khi ghép ndi khoi pho
HelLa Human cervical cancer cell line Donfg. € bao ung thur co tir cung
nguol
Human hepatocellular carcinoma A .
HepG2 : Dong t€ bao ung thu gan nguoi
cell line
HMBC Heteronuclear Multiple Bond Phé tuong quan di hat nhan qua
Correlation nhicu lién két
High Performance Liquid Sy A s
HPLC Chromatography Sac ky long hi¢u nang cao
HR-ESI-Ms | High Resolution Electrospray Pho khdi phan giai cao phun ma
lonization Mass Spectrometry dién tu
HSQC Heteronuclear Single Quantum Pho tuong quan di hat nhan qua
Correlation mot lién két
ICs0 Inhibitory concentration at 50% Nong do trc ché 50%
IL-15 Interleukin-1 beta Interleukin-15
IL-6 Interleukin-6 Interleukin-6
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IR Infrared spectroscopy Phd hdng ngoai

KB Human epidermoid carcinomacell | Dong té bao ung thu biéu mo
line nguoi

LPS Lipopolysaccharide Lipopolysaccharide

MCF-7 Human breast cancer cell line Dong té bao ung thu v ngudi

Me Methyl group Nhom methyl

MeOH Methanol Methanol

MIC Minimum inhibitory concentration | Nong d6 trc ché tdi thiéu

MTT 3-(4,5-dimethylthiazol-2-y1)-2,5- Thubc thir danh gi4 kha nang séng
diphenyltetrazolium bromide cua té bao

NF-xB Nuclear factor kappa B Yéu t6 phién mi NF-xB

NO Nitric oxide Nitric oxide

NOESY g;;ter%rsg‘gha“w Effect Phé NOESY

oD Optical density Mat d6 quang

OMe Methoxy group Nhom methoxy

PC3 Human prostate cancer cell line Dong té bao ung thu tuyén tién liét

ppm Parts per million Phan triéu

PTLC Preparative Thin L ayer Shc Ly 16p mong didu ché
Chromatography

PUFA Polyunsaturated fatty acids Acid béo khong no da ndi doi

RAW264.7 ';”X\‘jvsg&f’;’mphage cell line Dong té bao dai thuc bao chudt

RP-18 Reversed-phase C18 Pha dao C18
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MO DAU

Trong nhirng thap nién gan day, viéc tim kiém va khai théc cac hop chat tu
nhién c6 hoat tinh sinh hoc tir sinh vat bién da trd thanh mét trong nhitng hudéng
nghién ctru trong tam cua khoa hoc sy song. Méi trudng bién, voi diéu kién sinh théi
dic thu nhu d6 man cao, &p suét on, diéu kién chiéu sang han ché va sy canh tranh
sinh ton, da thiic day cac sinh vat bién tao ra nhiéu hop chit thir cip ¢d cau trdc méi
vahoat tinh sinh hoc da dang. Trong sb 6, vi tao bién duoc xem langudn tai nguyén
sinh hoc day tiém niang nhd téc do sinh truéng nhanh, d& nudi ciy va co kha ning
tich lily cic hop chiat sinh hoc co6 gia tri. Nhém vi tao bién thuéc ho
Thraustochytriaceae, dac biét la cac chi Thraustochytrium va Aurantiochytrium, da
thu hit sy quan tAm ngdy cang I6n cua céc nha khoa hoc trén thé gigi. Céc chung
thudc hai chi nay duoc biét dén nhu nhirg “nha may sinh hoc” tu nhién, c6 kha ning
t6ng hop ham lugng cao acid béo mach dai thuoc [6p hop chat omega-3, dic biét 1a
docosahexaenoic acid (DHA) va eicosapentaenoic acid (EPA), cling véi cac hop chat
sinh hoc khéc ¢6 tiém niang wng dung trong linh vuc dugc pham, thuc pham chuc
ning, my pham vanuéi trong thuy san. Nhiéu nghién ctru gan day con cho thay céc
cao chiét va hop chat phan 1ap tir cac ching vi tao bién thugc nhdm ndy thé hién céc
hoat tinh sinh hoc ¢6 ¥ nghia nhu chdng oxy hoa, khang viém, khang khuan, tc ché
enzyme va gdy doc mot sb dong té bao ung thu.

Quan dao Trudng Salakhu vuc co mirc d6 da dang sinh hoc bién cao cua Viét
Nam, so hitu hé sinh théi ran san ho phong phu va cac diéu kién moi trudng dac thu
thuan lgi cho sy phét trién caa nhiéu nhdm vi sinh vat bién, trong d6 c6 vi tao di
dudng. Trong khuén khd Dé tai cip B6 Qudc phong thudc Chuong trinh KCB-TS
“Nghién ctru thanh phan hda hoc, dinh dudng va hoat tinh sinh hoc cia mot sb 10ai
sinh vat bién tai quan dao Truong Sa phuc vu y - dugce” nhidu miu sinh vat bién da
duogc thu thap, phan [ap va danh gia tiém niang tng dung. Tir c&c mau nudc bién thu
tai dao Truong Sa va dao Son Ca, dé tai di phan 1ap, dinh danh vanudi cay sinh khéi
thanh cong hai chung vi tio bién Thraustochytrium pachydermum TSL10 va
Aurantiochytrium sp. SC145. Nghién ciru cia Hoang Thi Minh Hién va cong su chii
yéu tap trung xac dinh dic diém sinh truéng, diéu kién nudi cay thich hop, kha ning
tich Iy lipid va thanh phan dinh dudng caahai chiing vi tao ndy. Tuy nhién, chua c6

cdng bd ndo nghién ciu vé phan lap, xac dinh ciu tric caa céc hop chat thir cap ciing
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nhu danh gia hoat tinh khéang vi sinh vat cua cac hop chat dugc phan 1ap tir hai chung
T. pachydermum TSL 10 va Aurantiochytrium sp. SC145. Ngoai ra, két qua sang loc
so bo cho thay dich chiét methanol cua ca hai chung déu thé hién hoat tinh khéang vi
sinh vat kiém dinh trén mot s chang vi khudn Gram duong (Enterococcus faecalis,
Staphylococcus aureus, Bacillus cereus) va nam men Candida albicans véi gia tri
MIC tir 64 - 256 ug/mL . Nhitng két qua ndy goi mé kha ning ton tai cac hop chat thir
cap ¢6 hoat tinh khang vi sinh vat, tao co s cho viéc phan lap, xac dinh cau tric va
danh gia hoat tinh ciia cac hop chét tinh sach nham tim kiém céc hoat chat ty nhién
méi trong bdi canh tinh trang khang khang sinh dang gia ting trén toan cau.

Viéc nghién ctru thanh phan hda hoc va danh gia hoat tinh khang vi sinh vat
cuia céc hop chat phan 1ap tir hai chiing vi tao nay khong chi gép phan lam sang to co
s& hda hoc va hoat tinh sinh hoc da duoc ghi nhan ma con bd sung dit liéu vé da dang
hoa hoc ciia cac vi sinh vat bién Viét Nam. Pong thoi, két qua nghién ciru S8 cung
cap nhirng luan ctr khoa hoc cho viéc khai thac va phét trién cac nguon hoat chat tu
nhién cd giatri tir vi tao bién, gop phan nang cao hiéu qua sir dung bén viing ngudn
tai nguyén sinh vat bién tai quin dao Truong Sa. Xuat phét tir nhitng co s¢ khoa hoc
vathuc tién do, dé tai "Nghién ciru thanh phan hoa hec va hoat tinh khang vi sinh
vat kiém dinh cia hai chiing vi tao bién Thraustochytrium pachydermum TSL 10
va Aurantiochytrium sp. SC145 & quan dao Trwong Sa, Viét Nam" dugc thuc hién
nham gép phan tim kiém céc hop chat ty nhién co tiém nang tng dung trong linh vuc
dugc pham va chiam soc sirc khoe.

Muc tiéu caa nghién cwu:

- Xac dinh duoc thanh phan héahoc cuahai chang vi tao bién Thraustochytrium
pachydermum TSL 10 va Aurantiochytrium sp. SC145 phan lap duoc o quan déo Truong
Sa, Viét Nam.

- Panh gia hoat tinh khéang vi sinh vat kiém dinh ciia cac hop chét duoc phan 1ap.

N¢i dung nghién ciru:

- Phan lap va xac dinh ciu tric céc hop chat tr hai chung vi tao bién
Thraustochytrium pachydermum TSL10 va Aurantiochytrium sp. SC145 phan lap
duoc tir miu nudce tai khu vuc quan dao Truong Sa, Viét Nam.

- Panh gi4 hoat tinh khéng vi sinh vat kiém dinh caa céc hop chat duoc phan 1ap tir

hai chiing vi tao bién trén.



3

CHUONG 1. TONG QUAN NGHIEN CcUU
1.1. Giéi thiéu vé chi Thraustochytrium
1.1.1. Pdc diém hinh thai va phan logi cac chiing thuéc chi Thraustochytrium

Thraustochytrium 1a chi vi sinh vat nhan chuian don bao thuéc nhoém
Thraustochytrids trong 16p Labyrinthulomycetes, phan bé cha yéu trong cac hé sinh
théi bién. Cac chung thudc chi ndy co thé ton tai dudi dang don bao hoic dang soi.
Chung duoc biét dén |a cac sinh vat di dudng, co kha ning hap thu chat hitu co tir
x&c thyc vat hoic sinh vat bién dang phan hay thong qua co ché tiét cac enzyme
ngoai bao [1]. Lich st phan loai caa nhém cho thiy sy thay d6i dang ké theo thoi
gian. Ban dau, Thraustochytrium proliferum duoc mé ta lan dau tién nam 1934 tir
tao bién Bryopsis plumosa tai viing bién ven bo Massachusetts (Hoa Ky) va dugc
xép vao nhém Phycomycetes do kha ning tao zoospore hai roi va hinh thanh mang
ngoai chat. Sau d6, nhom nay timg duoc xép vao Oomycetes, trudc khi cac phan
tich dwatrén trinh tu 5S va 18S rDNA chirng minh rang ching khdng that su thudc
vé nim va ciing khong thudc Oomycetes [2]. O nhém Thraustochytrids, zoospore
thuong cd kich thudéc khoang 2,5-3,0 x 4,5-8,0 um, trong khi tai bao tu
(zoosporangium) c6 thé dat kich thuéc 15-35 pm khi quan sat trong nuéc bién hoac
trong mdi truong nudi ciy cd bo sung hat phan théng. [2]. Sy phan loai trong chi
Thraustochytrium chi yéu dira vao dic diém hinh thai va co ché sinh san, dic biét
|a sy c6 mat hodc ving mat ciia céc thé sinh san va céach thirc giai phong cac dong
bao tir. Cu thé, ba dang sinh san chinh da duoc ghi nhan: khong tang sinh (non-
proliferative), don tang sinh (monoproliferative) va da tang sinh (multiproliferative)
[2]. O nhitng chang Thraustochytrium khong ting sinh, toan bo tli bao tir
(sporangium) duoc giai phong nhu mot thé thdng nhat, thudng giap & cac chiing nhu
Thraustochytrium roseum, T. rudimentale, T. pachydermum, T. striatum va T.
aggregatum [2, 3]. Dang don ting sinh, chi mot thé sinh san duy nhat ton tai duéi
dang mot khdi nguyén sinh chat I6n cd thé tiép tuc tao ra céc zoospore thir cip sau
khi bdo tir so cap duoc giai phong, dién hinh & cac chang nhu Thraustochytrium
aureum, T. motivum, T. gaertnerium, T. kinnei, T. antarcticum, T. benthicola vaT.
proliferum [2]. Dang da tang sinh 1& hién twong xuat hién dong thoi nhiéu thé sinh

san trong mot té bao me, mdi thé tao ra bdo tir riéng biét, duoc ghi nhan ¢



Thraustochytrium kerguelense va T. rossii [2]. Ngod ra, mot sb chang nhu
Thraustochytrium striatum va T. gaertnerium cé thé sinh radang té b&o giong amip
duéi diéu kién nuoi ddng thoi véi vi khuan, tao nén mot pha phét trién riéng biét
trude giai doan tao bdo tir. O cAp phan loai, cic nghién ciru gan day st dung trinh
tu gen 18S rDNA di chi rarang chi Thraustochytrium khéng phai 1amot nhom don
nganh. Thyc té, nhiéu ching thudc chi nay di duoc phan loai vao cac chi khac nhu
Schizochytrium, Aurantiochytrium hay Oblongichytrium [2]. Thém vao d6, su khac
biét rd rét vé thanh phan acid béo khong bdo hoa da ndi déi (PUFAs) va sic th
carotenoid giita cac chang cang nhin manh tinh khong déng nhat cua chi nay [2].

Danh sach céc chung vi tao thugc chi Thraustochytrium dugc trinh bay trong bang

4

dusi day [2].

Bang 1.1. Cac chung vi tdo thugc chi Thraustochytrium

STT Tén khoa hoc Téac gia, nam phan lap
1 Thraustochytrium aureum Goldstein (1963)
2 Thraustochytrium motivum Goldstein (1963)
3 Thraustochytriumrossii Bahnweg va Sparrow (1974)
4 Thraustochytrium kerguelense Bahnweg va Sparrow (1974)
5 Thraustochytrium antar cticum Bahnweg va Sparrow (1974)
6 Thraustochytrium kinnel Gaertner (1967)
7 Thraustochytrium benthicola Raghu Kumar (1980)
8 Thraustochytrium proliferum Sparrow (1943)
9 Thraustochytrium pachydermum Scholz (1958)
10 | Thraustochytrium arudimentale Artemchuk (1972)
11 | Thraustochytrium striatum Schneider (1967)
12 | Thraustochytrium roseum Goldstein (1963)
13 | Thraustochytrium aggregatum Ulken (1965)
14 | Thraustochytrium gaertnerium Bongiorni (2005)
15 | Thraustochytrium caudivorum Schéarer (2007)
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1.1.2. Thanh phén héa hoc ciia cac chiing vi tdo thudc chi Thraustochytrium

1.1.2.1. Céc hop chit steroid

Céc hop chit steroid da duoc tim thay tir mot sb chang vi tao Thraustochytrium.

Trong nghién ciru vao nam 1999, Weete va cong sy da phat hién tor chung
Thraustochytrium sp. ATCC 26185 nam hop chat gdm cholesterol (1), 24-methyl-
cholesta-5,22-dienol (2), 24-methylene cholesterol (3), 24-ethyl-cholesta-5,22-dienol
(4), 24-ethyl-cholesta-5,7,22-trienol (5) [4]. Céc chat 3, 5 ciing duoc phét hién tir

chung Thraustochytrium sp. CHN-1 vao nam 2005 boi Yamaoka va cong su [5]. Tu

chung T. aureum, Nguy&n Thi Minh Hang va cong s d phat hién bon hop chat gdm

ergosterol

34,5a,64-triol (8) va poriferasterol glucoside (9) [6].
Bang 1.2. Cac hop chat steroid tir chi Thraustochytrium

(6), 7-dehydroporiferasterol (7), (22E,24R)-ethylcholesta-7,22-dien-

TT Tén hop chat Chiing TLTK
Thraustochytrium sp. ATCC
1 cholesteral [4, 7]
26185/CHN-1
24-methyl-cholesta-5,22- _
2 _ Thraustochytrium sp. ATCC 26185 [4]
dienol
Thraustochytrium sp. ATCC 26185/
3 24-methylene cholesterol [4, 7]
CHN-1
24-ethyl-cholesta-5,22- _
4 _ Thraustochytrium sp. ATCC 26185 [4]
dienol
c 24-ethyl-cholesta-5,7,22- Thraustochytrium sp. ATCC 26185/ (4.7
trienol CHN-1 ’
6 ergosterol T. aureum [6]
7 7-dehydroporiferasterol T. aureum [6]
(22E,24R)-ethylchol esta-
8 _ _ T. aureum [6]
7,22-dien-3p,5a,64-triol
9 poriferasterol glucoside T. aureum [6]




5 6 R=CH;, 22

Hinh 1.1. Cdu tric hoé hoc cac hop chat steroid tir chi Thraustochytrium

1.1.2.2. Cdc hop chat chira nito

Bén canh cac hop chat steroid, cac hop chat chiranito ciing dwgc phan 1ap tir
céc chung vi tao thudc chi Thraustochytrium. Tir chang T. globosum, 3 hop chat
thraustochtroside A (10), thraustochtroside B (11), va thraustochtroside C (12) da
dugc phan 1ap [8]. Trong khi do, tir chung T. aureum, Nguy&n Thi Minh Hing va
cong su da phat hién cac hop chét hitu co chiranito bao gdm pyrrolezanthine-6-methy!
ether (13), 3-(3-aminopropyl)-6-((4-hydroxyphenyl)methyl)-2,5-piperazinedione (14),
5-methyluracil (15), indole-3-carboxylic acid (16) va adenosine (17) [6].
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Bang 1.3. C4c hop chit chira nito tir chi Thraustochytrium

TT Tén hop chit Ching |TLTK
10 | thraustochtroside A T. globosum [8]
11 | thraustochtroside B T. globosum [8]
12 | thraustochtroside C T. globosum [8]
13 | pyrrolezanthine-6-methyl ether T. aureum [6]
14 3-(3-. ami n.opro.pyl)-6—((4-hydroxypheny|)methyl)- T. aureum [6]
2,5-piperazinedione
15 | 5-methyluracil T. aureum [6]
16 | indole-3-carboxylic acid T. aureum [6]
17 | adenosine T. aureum [6]
HO HO
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OH OH
10 11
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Hinh 1.2. Cdu tric hoé hoc cac hop chat chira nito tir chi Thraustochytrium

1.1.2.3. Cac acid béo

Khénhiéu acid béo di dugc phét hién tir vi tao thugc chi Thraustochytrium. Céac
nghién ciru cia Weete va cong su [4] va Y ukiho vacong su [9] da phat hién dugc 24
hop chat béo lipid (18-39) tir c&c ching khéc nhau cia chi Thraustochytrium. Cong
bd cua Weete va cong su ciing cho thay, céc acid béo no véi mach Cia — Cie chiém
phan 16n trong thanh phan chat béo cia vi tao Thraustochytrium sp. ATCC 26185,

trong khi cé&c acid béo khong no chi yéu c6 mach tir C1g dén C22 [4].
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Bang 1.4. CAc hop chat béo tir chi Thraustochytrium

TT | Tén hop chit Chiing TLTK
18 | lauric acid Thraustochytrium sp. ATCC 26185 [4]
19 | myristic acid 'I(;rll_:lilllfsl:tochytrl umsp. ATCC 26185, [4, 9]
20 | pentadecanoic acid Thraustochytrium sp. ATCC 26185 [4]
21 | 9-pentadecenocic acid Thraustochytrium sp. ATCC 26185 [4]
22 | palmitic acid Eﬂﬁlﬁtochytrlum sp. ATCC 26185, (4, 9]
23 | palmitoleic acid 'I(;rll_:lilllfsl:tochytrl umsp. ATCC 26185, [4, 9]
24 | heptadecanoic acid Thraustochytrium sp. ATCC 26185 [4]
o5 | stearic acid 'I(;rll_:lilllfsl:tochytrl umsp. ATCC 26185, [4, 9]
26 | oleicacid (T:mﬁtmhym umsp. ATCC 26185, (4, 9]
27 |linoleic acid Thraustochytrium sp. ATCC 26185 [4]
28 | linolenic acid Thraustochytrium sp. ATCC 26185 [4]
29 | stearidonic acid Thraustochytrium sp. ATCC 26185 [4]
30 | arachidic acid Thraustochytrium sp. ATCC 26185 [4]
31 | dihomo-y-linolenic acid Thraustochytrium sp. ATCC 26185 [4]
32 | arachidonic acid '(I;rljﬁllﬁtochytrlum sp. ATCC 26185, (4, 9]
33 | omega-3 arachidonic acid | Thraustochytrium sp. ATCC 26185 [4]
34 | elcosapentaenoic acid 'I(;fgalﬁtochytrl um sp. ATCC 26185, [4, 9]
35 | behenic acid Thraustochytrium sp. ATCC 26185 [4]
36 | adrenic acid Thraustochytrium sp. ATCC 26185 [4]
37 | osbond acid 'Cl'zrgztﬁtochytrlum sp. ATCC 26185, (4, 9]
38 | docosapentaenoic acid Thraustochytrium sp. ATCC 26185 [4]
39 | docosahexaencic acid Thraustochytrium sp. ATCC 26185, 9]

CHN-1
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Hinh 1.3. Cdu triic hoa hoc céc acid béo tir chi Thraustochytrium
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1.1.2.4. CAc dan xudt carotenoid va phosphatidyl

Bén canh c4c acid béo, c&c dan xuit carotenoid ciing duoc tim thiy trong c&c chang
vi tao thudc chi Thraustochytrium. Cac nghién ciru ciaMarvelisa[10] vaY ukiho [5] da
phat hién 10 hop chét carotenoid (40-49) tir ching Thraustochytrium sp. CHN-1.

Bang 1.5. Cac hop chdt carotenoid tir chi Thraustochytrium

TT Tén hop chit Chiing TLTK
40 | p-carotene Thraustochytrium sp. CHN-1 [10]
41 | echinenone Thraustochytrium sp. CHN-1 [10]
42 | canthaxanthin Thraustochytrium sp. CHN-1 [10]
43 | phoenicoxanthin Thraustochytrium sp. CHN-1 [10]
44 | astaxanthin Thraustochytrium sp. CHN-1 [10]
45 | (3S3'R)-trans astaxanthin Thraustochytrium sp. CHN-1 [9]

46 | (3R,3'R)-trans astaxanthin Thraustochytrium sp. CHN-1 [5]

47 | (3R,3'R)-cis astaxanthin Thraustochytrium sp. CHN-1 [9]

48 | (3S3'R)-cis astaxanthin Thraustochytrium sp. CHN-1 [5]

49 | (3R,3'R)-cis astaxanthin Thraustochytrium sp. CHN-1 [5]

18
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47

WOH

WOH

49

Hinh 1.4. Cdu tric hod hoc cac hop chdt carotenoid tir cAc chuing thuge chi
Thraustochytrium
Bén canh céc hop chat carotenoid, cac hop chat phosphatidyl ciing duoc phét
hién tir chung Thraustochytrium sp. ATCC 26185 [4].
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Bang 1.6. CAc hop chat phosphatidyl tiz chi Thraustochytrium

TT | Tén hop chat Chiing TLTK

1-oleoyl-2-pamitoyl-

phosphatidylcholine Thraustochytrium sp. ATCC 26185 | [4]

51 | phosphatidylethanolamine | Thraustochytrium sp. ATCC 26185 [4]

52 | phosphatidylinositol Thraustochytrium sp. ATCC 26185 [4]
53 | phosphatidylglycerol Thraustochytrium sp. ATCC 26185 [4]
54 | diphosphatidylglycerol Thraustochytrium sp. ATCC 26185 [4]
0
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Hinh 1.5. C4u tric hoa hoc céc hop chdt phosphatidyl ti chi Thraustochytrium
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1.1.2.5. Mét s6 hop chat khéc
Bén canh c&c nhdm hop chit ké trén, cac nghién ctru tir cAc chung vi tao thuoc
chi Thraustochytrium con phét hién dugc mot sb hop chat khac nhu squalene, 1—6-

S-D-glucan va p-hydroxybenzoic acid [4, 6, 11, 12].

= = = = = =
55
0 0]
0 HO
HO
Ho OH
OH
n
57
56

Hinh 1.6. Cdu tric hoé hoc cac hop chat khéc tir chi Thraustochytrium
1.1.3. Hoat tinh sinh hec ciia cac chiing vi tdo thugc chi Thraustochytrium

1.1.3.1. Hoat tinh chéng oxy héa

Céc chiing thudc chi Thraustochytrium dugc biét dén 1a nguon giau cac hop
chat sinh hoc c6 giatri, dic biét 1a cac chat c6 hoat tinh chéng oxy hda. Trong sb do,
carotenoid va squalene duoc phan |ap tir nhiéu ching thudc chi nay di duoc chieng
minh c6 kha ning trung hoa cac gdc ty do, gop phan bao vé té bao khoi cac ton thuong
do quatrinh oxy hda gay ra[13]. Céc hop chat carotenoid va squalene ¢ nguon gbc
tur cac chung Thraustochytrium ngay cang thu hit sy quan tam va dwoc ung dung
rong rai trong cong nghiép my pham ciing nhu trong san xuat thyc pham chirc ning
[14]. Nghién ctu vé hoat tinh chong oxy héa cho thiy cao chiét tir vi tao
Thraustochytrium c6 kha ning quét goc tw do DPPH dat khoang 79 - 87% trong
khoang nong do khao sét tir 100 d¢én 500 pg/mL [15]. Nam 2018, nghién ctru vé céc
chat da bao ngoai bdo (exopolysaccharides-EPS) cua T. striatum da duoc cong b,
trong d6 thanh phan, cau tric va hoat tinh sinh hoc ciia EPS duoc phan tich chi tiét.
Két qua cho thay EPSthu nhan tir hai chiing T. striatum, bao gdm chung goc vachung
c6 sinh khdi cao duoc tao ra dudi diéu kién stress nito, déu thé hién hoat tinh chéng

oxy hdamot cach c6 y nghia [12]. Trong mot nghién ciru khac, Kalidasan va cong su
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(2021) théng b&o Thraustochytrium sp. phan Iap tir hé sinh tha rirng ngap man thé
hién hoat tinh chéng oxy héa manh, véi kha ning quét goc tu do DPPH dat khoang
87% [15]. Hoat tinh nay dugc cho 1a lién quan dén sy c6 mat ciia cac dan xuét cia
acid béo khong no da nbi d6i (PUFA) [15]. Ngoai ra, mot nghién ciru khéac ciing cho
thay cao chiét methanol tir Thraustochytriumthé hién hoat tinh chéng oxy héa manh
manh hon véi kha nang quét goc tu do dat 83,79 + 1,10%, cao so véi chat dbi chang
acid L-ascorbic [16].
1.1.3.2. Hoat tinh khang viém

Hoat tinh khéang viém caa cac chung thudc chi Thraustochytrium da nhiéu nha
khoa hoc nghién ciru. Kalidasan va cong su (2021) da thdng béo T. striatum thé hién
hoat tinh khang viém c6 ¥ nghia théng qua kha ning &c ché s san sinh nitric oxide
(NO) trén dong té bao dai thuc bao RAW 264.7 duoc kich thich boi
lipopolysaccharide (LPS), ddng thoi khéng gy anh huong dén kha ning séng caa té
bao [15]. Ngoa ra, mot nghién ctu khac cho thiy can chiét methanol cua
Thraustochytrium sp. & ndng do 500 pg/mL c6 kha ning wc ché sy hinh thanh NO
dat 75,22 + 2,09% [16]. Hoat tinh khang viém cua cac chung thudc chi
Thraustochytrium khéng chi xuat phét tir dich chiét tong ma con lién quan dén nhiéu
nhém hop chit sinh hoc dic trung duoc sinh tong hop trong té bao, dic biét 1a cac
polysaccharide ngoai bao (EPS) va cac acid béo khong no da néi d6i (PUFA). Nghién
citu vé EPS cia Thraustochytrium striatum cho thiy céc EPS ndy ¢ ciu tric
polysaccharide phirc tap, bao gom cac don vi glucose, gal actose va arabinose lién két
theo dang #-glucan va a-galactan, duoc cho 1a dong vai trd quan trong trong viée diéu
hoa cac dap ang sinh hoc, bao gom ca qué trinh viém [12]. Bén canh polysaccharide
ngoai bao, cac hop chit lipid, dic biét 13 cac acid béo khong no da ndi doi chudi dai
(PUFA) nhu DHA va EPA |a nhitng thanh phan khang viém quan trong [17]. Céc
chang Thraustochytrium dugc ghi nhan languon sinh tong hop cia DHA VAEPA, ¢o
kha ning diéu hoa nhiéu qua trinh sinh 1y va sinh hoa trong co thé, dong thoi dong
vai trd quan trong trong viéc kiém soét cac phan ting viém thdng qua viéc diéu chinh
cac con dudng tin hiéu té bado va can bing céc chat trung gian gy viém [17]. Pic
biét, DHA c6 thé duoc chuyén hda thanh céc chat trung gian lipid chuyén biét tham
gia vao qué trinh két thic phan tng viém (specialized pro-resolving mediators,

SPMs), bao gém resolvin, protectin va maresin [18]. Céc hop chat ndy thé hién hoat
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tinh khang viém manh vatham giatruc tiép vao qua trinh diéu hoa dap tng mién dich
bang céch e ché sy xam nhap cua bach ciu trung tinh, giam san sinh céc cytokine
gy viém, dong thoi thic day qué trinh thuc bao valoai b céc té bao chét tai vi tri
viém. Nho co ché tac dong ndy, cac SPM co kha ning thuc day qud trinh két thic
phan @ng viém va phuc hdi ¢an bang sinh Iy cia mé makhéng gay ¢ ché mién dich
toan dién [18].
1.1.3.3. Hoat tinh khdng khuan

Thraustochytrium duoc ghi nhan cé phé hoat tinh khang khuan rong di véi
nhiéu chung vi khuan gay bénh khéc nhau. Kalidasan va cong su (2015) cho thay
phan doan chiét n-butanol tir Thraustochytrid thé hién hoat tinh khang khuan manh,
v6i duong kinh vong vé khuan déi véi Staphylococcus aureus dat 21,66 + 1,52 mm
& ndng d6 60 pg/mL [19]. Trong mot nghién ctru khéc, Kalidasan va cong sy (2021)
théng béo rang cin chiét dau ete tir T. kinnei thé hién hoat tinh tc ché c6 ¥ nghia doi
v6i nhiéu chang vi khuan gay bénh, bao gbm Proteus mirabilis, Staphylococcus
aureus, Streptococcus pyogenes, Escherichia coli, Vibrio parahaemolyticus, Vibrio
cholerae, Klebsiella pneumoniae, Klebsiella oxytoca, Salmonella typhi va
Salmonella paratyphi [15]. Ngoai ra, cac polymer ngoai bao (EPS) cua T. striatum
cling dugc phét hién cé hoat tinh khang khuan ddi véi ca vi khuan Gram (+) vaGram
(-), véi duong kinh vong v khuan tbi da dat 30 mm di véi Pseudomonas aer uginosa
[12]. Mot nghién ciru khéc cho thay dich chiét tir Thraustochytrium sp. thé hién hoat
tinh khang khuan manh nhat d6i véi Staphylococcus aureus voi mire do e ché dat
78,77%, trong khi hoat tinh yéu nht duoc ghi nhan di véi Klebsiella pneumoniae
(20,95%). Bong thoi, chiing Thraustochytrium sp. ciing cho thay nong do tc ché toi
thiéu (MIC) dat 40 pg/L ddi voi S. aureus[16]. Co ché khang khuan caa cac hop chat
tir Thraustochytrium duoc cho 13 lién quan dén kha ning pha huy cu tric thanh té
bao vi khuan théng qua hoat dong caa cac enzyme thity phan duoc sinh téng hop boi
céc loai vi tao nay [20].
1.1.3.4. Hoat tinh gay déc té bao ung thu

Hoat tinh gay doc té bao ung thu cua c&c hop chit sinh hoc cd ngudn gbc tir
Thraustochytrium da duoc nhiéu nghién ciru ghi nhan. Xiao va cong s (2018) thong
béo céc polysaccharide ngoai bao (EPS) tir T. striatum thé hién kha ning wrc ché s phét

trién ciamot sd dong té bao ung thu [21]. Két qua cho thdy EPS gay trc ché dong té bao
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B16 & nong d6> 1 pg/mL va dat hiéu qua t6i da khoang 70-75% tai ndng d6 100 pg/miL.
Déi véi dong té bao DU-145, & ndng d6100 pg/mL , EPS c6 mirc d6 wrc ché dat khoang
80% [21]. Bén canh d6, cac hop chat carotenoid vaterpenoid tir Thraustochytrium ciing
duoc ghi nhan cd tiém ning gay doc té bao ung thu. Trong d6, squalene duoc cho lacd
kha ning bao vé céc té bao thuong dong thoi 1am ting d6 nhay cua té bao ung thu déi
V6i céc téc nhan héatri. Cac carotenoid nhu astaxanthin va S-carotene c0 thé uc ché syr
phét trién caanhiéu dong té bao ung thu thong qua co ché chdng oxy hoa, gop phan lam
giam stress oxy hoa trong vi méi truong khdi u [22]. Ngoai c&c polysaccharide ngoai bao
vacarotenoid, nhiéu hop chit sinh hoc khéc tir nhém Thraustochytrid, bao gdm céc acid
béo khong no da ndi doi (PUFAs), ciing dugc ghi nhan cé tiém niang chéng ung thu. Cac
vi tao thudc ho Thraustochytriidae cd kha nang sinh tong hop ham luong cao céc acid
béo omega-3 nhu DHA vaEPA [16]. Céc nghién ciru gan déy ciing chi rarang cao chiét
tir thraustochytrid c6 thé biéu hién hoat tinh chéng ung thu trén mot sb dong té béo. Cao
chiét methanol tir Schizochytrium sp. phan 1ap tir méi trudng ring Ngap mén da thé hién
hoat tinh gay doc té bao ung thu dai trang HT-29. Phan tich GC-MS cho thiy trong dich
chiét nay chiranhiéu acid béo sinh hoc quan trong nhur arachidonic acid, a-linolenic acid,
y-linolenic acid, e cosapentaenoic acid va docosahexaenoic acid. C&c hop chat nay duoc
chizng minh ¢ kha nang twong tac véi protein IGF-1, mét yéu té quan trong lién quan
dén s phét trién cia ung thu dai truc trang [23]. Bén canh do, cac polysaccharide ngoal
bao tir vi tao thraustochytrid con thé hién kha nang @c ché s phét trién caa nhiéu dong
té bao ung thu khac nhau, bao gom céc dong té bao ung thu budng trang (BG-1), ung
thu va (MCF-7) va ung thu dai trang (SW-620). Céc nghién ciru cho thdy EPS ¢ thé
|am giam biéu hién cia cac protein diéu hoa chu ky té bao nhu cyclin D1 va cyclin E, tir
d6 1am cham qué trinh tién trién cia chu ky té bdo va han ché sy phét trién cia té bao
ung thu . Pong thoi, cac hop chat ndy con thé hién tac dung diéu hoa mién dich théng
quaviéc anh huong dén sy phat trién cta té bao lympho B va diéu chinh sy tiét cytokine
ctia té bao T [24].

Nhitng két qua ndy cho thay c&c hop chét sinh hoc tir chiing Thraustochytrium
c6 tiém nang trong viéc nghién ctru va phét trién cac hop chat co kha nang wc ché su

phét trién caa té bao ung thu.
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1.1.3.5. Mt s6 tdc dung sinh hoc khac

Nhiéu nghién citu cho thdy mot sb chung nhu Thraustochytrium aureum va
Thraustochytrium roseum c6 kha nang tich liily ham Iuwgng I6n DHA, mét acid béo
khéng no da ndi d6i thuoc nhom omega-3. DHA dugc biét dén |a hop chit thiét yéu
d6i voi nhiéu chirc nang sinh 1y quan trong cua co thé ngudi, dic biét trong viéc duy
tri hoat dong cua hé tim mach, hé than kinh trung uong va thi giac. Nho téc do sinh
truong nhanh cing kha nang tich lity lipid giau DHA trong diéu kién nudi cay di
dudng, Thraustochytrium, dic biét 1a T. aureum, dugc xem langudn cung cip DHA
tiém ning va bén viing, cd thé thay thé mot phan cac ngudon truyén théng nhu dau ca
[25, 26]. Bén canh d6, cac nghién ctru gan day ciing tap trung |am rd anh huong caa
céc yéu té moi trudng dén kha ning sinh tong hop va tich lily cac hop chat co giatri
& Thraustochytrium, trong d6 c¢6 squalene. Nghién ctru cia Zhang va cong su (2022)
cho thay néng d6 NaCl trong mdi trudng nudi ciy co vai trd quan trong trong viéc
thuc day qua trinh tich lily squalene & Thraustochytrium sp. ATCC 26185, dong thoi
anh huong dang ké dén cac con duong sinh tong hop lién quan. Két qua ndy cung cap
co s& khoa hoc quan trong cho viéc thiét 1ap va téi wu hoa cac diéu kién nudi ciy
nham nang cao hiéu suat sin xuat squalene tir vi sinh vat bién nay [27].

Bén canh cac ing dung trong cdng nghé sinh hoc, Thraustochytrium con dugc
xem lanhom vi sinh vat c6 tiém nang trong linh vuc xir Iy méi truong. Mot sb nghién
ctru cho thay céc chung thudc chi ndy co kha ning tham gia vao qué trinh lam sach
moi truong bién thong qua co ché chuyén hda sinh hoc céc hop chat 8 nhidm [28].
Cu thé, T. striatum di dugc nghién ciru 6 kha nang phan hiy va chuyén hoa hiéu
qua dich den — mot phu pham giau lignin phét sinh tir nganh céng nghiép gidy va bot
gidy. Quatrinh chuyén héasinh hoc nay khdng chi gitp gia ting sinh khéi vi sinh vat
(dat khoang 5,2 g/L) ma con dan dén sy tich lity cac hop chat co giatri sinh hoc nhu
acid béo chudi dai (chiém khoang 13% sinh khéi khd) va carotenoid. Nhirng két qua
ndy cho thay tiém nang cua T. striatum trong viéc téi st dung cac nguon chat thai
cdng nghiép, ddng thoi gdp phan giam thiéu tac dong méi truong cia cac dong thai
giau lignin [12].

Céc nghién ctru vé hoat tinh sinh hoc ciia céc chung thude chi Thraustochytrium
da cho thay tiém nang ung dung rong rdi caa nhdm vi sinh vat ndy trong nhiéu linh

vue nhu y duoc, cdng nghé sinh hoc, thirc pham chirc ning va nudi trong thay san.
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Vi vay, viéc tiép tuc nghién cou va khai thac tiém ning sinh hoc cua
Thraustochytrium khdng chi gép phan mé rong ngudn nguyén liéu sinh hoc bén virng
ma con tao nén tang cho sy phét trién cua cac nganh cdng nghiép chién lrgc dyatrén
cdng nghé sinh hoc bién.
1.2. Gi6i thiéu vé chi Aurantiochytrium
1.2.1. Bdc diém hinh thai va phan logi cac chiing thuéc chi Aurantiochytrium
Trude ddy, chi Aurantiochytrium dugc xép chung véi céc chi Oblongichytrium
va Schizochytrium [29]. Céc té bao thudc chi nay sinh truéng théng qua qué trinh
phan chia nhj phan lién tidp va dic trung béi tan co dang hinh ciu véi thanh té bao
mong. Bao tir dong duoc giai phong co hinh thai twong tu nhu ¢ Schizochytrium,
trong khi céc té bao sinh dudng thuong ton tai dudi dang céc té bao don 1é. Hién nay,
Schizochytrium limacinum va S mangrovel di duoc doi tén lan luot thanh
Aurantiochytrium limacinum va A. mangrovei. O céc chang ndy, trong mot sb diéu
kién nhat dinh, hién tuong phong dién cua té bao amip di duoc quan st thiy trudc
khi céc bao tor dong phén chia[30, 31]. Chi Aurantiochytriumda phat hién duoc khoang 11
chang.

Bang 1.7. Cac chung vi tao thugc chi Aurantiochytrium

STT | Tén khoa hoc Téac gia (nam phan 13p)

Aurantiochytrium limacinum

. (Schizochyt);tium limacinum) Honda (1998)
Aurantiochytrium mangrovel

2 (Schizochyt)r/Eum mangrgovei) Raghukumar (1988)

3 | Aurantiochytrium acetophilum Ganuza (2019)

4 | Aurantiochytrium minutum Ganuza (2019)

5 | Aurantiochytrium sp. KRS101 Ryu (2013)

6 | Aurantiochytrium sp. KH105 Arafiles (2014)

7 | Aurantiochytrium sp. TC20 Lee Chang (20134)

8 | Aurantiochytrium sp. t66 Jakobsen (2008)

9 | Aurantiochytriumsp. TC22 Lee Chang (2014)

10 | Aurantiochytrium sp. 6-2 Chi-Hei Ip (2024)

11 | Aurantiochytrium sp. ICTFD5 V.P. Bagul (2021)

1.2.2. Thanh phén héa hoc ciia chi Aurantiochytrium

1.2.2.1. Cdc hop chat steroid
Tuong tu véi céc vi tao thugc chi Thraustochytrium, steroid 1a mét trong nhirng

nhom thanh phan hoa hoc chinh cia c&c ching vi tao thudc chi Aurantiochytrium, Nam
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2020, Y oshida va cong s da phan 1ap tam hop chét steroid gom cholesterol (1), 4,4-
dimethyl-5a-cholest-8-en-35-0l (58), 4-methylchondrillasterol (59), chondrillasterol
(60), poriferasterol (61), poriferasterol acetate (62), lathosterol (63) valanosterol (4) tir
vi tao Aurantiochytrium spp [32]. Hop chat 4-methylchondrillasterol (59) ciing dugc
phét hién tir ching A. mangrovel BT3[33]. Bén canh d6, hai hop chit sterol glycoside
la 3-O-4-D-glucopyranosyl-stigmasta-5,7,22-triene (64), va 3-O-f-D-glucopyranosyl-
4o-methylstigmasta-7,22-diene (65) ciing da dugc phan 1dp tr chung A. limacinum
mh0186 bodi Endo va cong su [34].
Bang 1.8. CAc hop chat steroid tir chi Aurantiochytrium

KH | Tén hop chat Chiing TLTK
cholesterol Aurantiochytrium spp. [32]
4 | lanosterol Aurantiochytrium spp. [32]
- 4.4-di Tnethyl -5a-cholest-8-en-34-ol Aurantiochytrium spp. (32]

(4,4-dimethylzymosterol)

59 | 4-methylchondrillasterol Aurantiochytrium spp. [32]
A. mangrovel BT3 [33]
60 | chondrillasterol Aurantiochytrium spp. [32]
61 | poriferasterol Aurantiochytrium spp. [32]
62 | poriferasterol acetate Aurantiochytrium spp. [32]
63 | lathosterol Aurantiochytrium spp. [32]
gq | > O D dlucopyranosyl-stigmestar | M mho186 [34]

5,7,22-triene

3-O-f-D-glucopyranosyl-4a-
65 # .g by sy. A.limacinum mh0186 [34]
methylstigmasta-7,22-diene
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Hinh 1.7. Cdu tric hoé hoc cac hop chat steroid tir chi Aurantiochytrium

1.2.2.2. Cdc hop chat chira nito

Bén canh steroid, cac hop chit chira nito ciing da duoc phan lap tir mot sb
chung vi tao thugc chi Aurantiochytrium nhu Aurantiochytrium sp. KRS101 [35] va
Aurantiochytrium sp. SYLR6#3 [36]. Tén va ciu triic caa cac hop chat duogc trinh
bay chi tiét trong bang va hinh duéi déy.

Bang 1.9. Cac hop chdt chiza nito tir chi Aurantiochytrium

TT Tén hop chat Chiing TLTK
66 | tetradecanenitrile Aurantiochytrium sp. KRS101 | [35]
67 | pentadecanenitrile Aurantiochytrium sp. KRS101 | [35]
68 | octadecanenitrile Aurantiochytrium sp. KRS101 | [35]
69 | hexadecanamide Aurantiochytrium sp. KRS101 | [35]

70 | N,N-dimethylpalmitamide | Aurantiochytrium sp. KRS101 | [35]
71 | O-methyloxime hexanal Aurantiochytrium sp. KRS101 | [35]
72 | acetylate m-glyceride Aurantiochytrium sp. SYLR6#3 | [36]
73 acetylate m-glyceride- | Aurantiochytrium sp. SYLR6#3 | [36]
hydrate
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Hinh 1.8. Cdu tric hoa hoc cac hop chat chira nito tir chi Aurantiochytrium

1.2.2.3. CA&c dan xudt ciia acid béo va carotenoid

Tu chung Aurantiochytrium sp. T7, sau acid béo khéng no, vai mach tir Cis
dén Cx da duoc phét hién, bao gom a-linolenic acid (74), stearidonic acid (75),
omega-3 arachidonic acid (76), elcosapentaenoic acid (77), docosapentaenoic acid
(78) vadocosahexaenoic acid (79) [37]. Trong khi dd, ba ester va mot acid béo no da
duogc phat hién dugc tur ching Aurantiochytrium sp. KRS101 [35].

Bang 1.10. Cac acid béo tur chi Aurantiochytrium

TT Tén hop chat Chiing TLTK
74 | o-linolenic acid Aurantiochytriumsp. T7 [37]
75 | stearidonic acid Aurantiochytriumsp. T7 [37]
76 | omega-3 arachidonic acid Aurantiochytriumsp. T7 [37]
77 | eicosapentaenoic acid Aurantiochytriumsp. T7 [37]
78 | docosapentaenoic acid Aurantiochytriumsp. T7 [37]
79 | docosahexaenoic acid Aurantiochytriumsp. T7 [37]
80 | methyl palmitate Aurantiochytrium sp. KRS101 | [35]
81 | 2-propenyl octadecanoate Aurantiochytrium sp. KRS101 | [35]
82 | tridecanedioic acid Aurantiochytrium sp. KRS101 | [35]




22

20 17 14 11 8 5 1

22 19 16 13 10 7 |

22 1

16 1

80

18 1

Hinh 1.9. Cdu tric hod hoc cac acid béo va ester tir chi Aurantiochytrium

Bén canh céc acid béo, mot sb hop chat carotenoid nhu S-carotene (40),
echinenone (41), canthaxanthin (42) va astaxanthin (44) da duoc phan lap ching
Aurantiochytrium Ch25 thudc chi Aurantiochytrium.
1.2.2.4. M{t s6 hop chat khac

Ngoai cac nhdm hop chit ké trén, cac nghién ctru da phan 1ap duoc mot sd hop
chat khac nhu 2-phenyl-2-tipyl-acenapthenone (83), 2-pentanone (84), 1,2-dimethyl-
cyclohexane (85), phenol (86) va4-methyl-phenol (87) tir cac chung vi tao thugc chi
Aurantiochytrium [35].
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Hinh 1.10. Cdu tric hod hoc mét s6 hep chat khéc tir chi Aurantiochytrium
1.2.3. Hogt tinh sinh hoc ciia chi Aurantiochytrium

1.2.3.1. Hoat tinh khdng khuan

Cao chiét thu dugc tir sinh khéi vi tao caa chung Aurantiochytrium da dugc ghi
nhan ¢ kha ning khang khuan. Kalidasan va cong sy da dénh gia hoat tinh khang
khuan cia c&c cao chiét tr A. mangrovei trén c&c vi khuan gy bénh, bao gom
Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Salmonella typhi,
Staphylococcus aureus, Vibrio cholerae va Bacillus subtilis. Két qua cho thiy tat ca
céc cao chiét déu biéu hién hoat tinh khang khuan véi mac d6 khac nhau phu thudc
dung méi chiét. Can chiét methanol tao vong trc ché trong khoang 5,78 + 2,00 mm dén
9,25 + 1,52 mm. Hoat tinh khéng khuan caa can chiét dau ete cao hon, véi duong kinh
vong uc ché dat 6,34 + 1,12 mm dén 13,00 + 2,00 mm. Can chiét chloroform cho vong
trc ché tir 6,76 + 1,52 dén 14,05 + 2,00 mm, trong khi cin chiét n-butanol thé hién hoat
tinh manh d6i véi mot s chang vi khuan, dic biét 1A S typhi va B. subtilis, véi vong
trc ché lan luot dat 14,75 + 2,08 mm va 12,66 + 2,00 mm [16].
1.2.3.2. Hoat tinh chong oxy héa

Hoat tinh chéng oxy hda cua c&c ching thudc chi Aurantiochytrium ciing da
dugc nhiéu nha nghién ciru quan tam. Mokhtar va cong sy da danh gia kha ning
chdng oxy héa cuia cao chiét tir chiing Aurantiochytrium sp. SW1 théng qua cac phép
thir quét gbc tr do DPPH va FRAP. Két qua cho thay dau chiét tir vi tao cd giatri
|Cso d6i véi hoat tinh quét goc tu do DPPH va FRAP lan luot dat 0,89 + 0,01 mg/mL
va 26,77 + 1,52 mg/mL (p < 0,05) [38]. Junwei va cong su da nghién ciu rang kha
nang chong oxy hda cuadau vi tao cha yéu lién quan dén sy c6 mat cia céc hop chat
nhu acid béo, phenalic, flavonoid, tocopherol, carotenoid, fucoxanthin va sterol [39].

Céc nghién ctru caa Manikan va cong su (2015) ciing nhu Park va cong su cho thay
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Aurantiochytrium sp. chira nhiéu hop chat chdng oxy hda quan trong nhu phenolic,
carotenoid va céc sic td sinh hoc khéc [40, 41]. Ngoai ra, Reboleiravacong si (2021)
théng béo cao chiét n-hexane tir Aurantiochytrium c6 hoat tinh chéng oxy héa cé y
nghia, thé hién qua kha ning quét gbc ty do DPPH, khtr sit va kha ning &rc ché qua
trinh peroxit hda lipid (LPIP), véi cac giatri 1Cso trong trng 1a 0,025 (mg/L), 152,5
(mg/L) va 162,1(mg/L) [42]. M6t nghién ctru khéc cho thdy cao chiét methanol caa
A. mangrovei biéu hién tong hoat tinh chdng oxy héa cao, dat 80,92 + 2,10%. O nong
d6 500 pg/mL, kha ning loai bé gbec NO dat 72,88 + 1,63%, trong khi ¢ nong do 25
ng/mL chi dat 31,04 + 1,70%. Hoat tinh quét gbc hydro peroxide dat 79,24 + 1,58%
& nong do cao. Pang chu ¥, kha nang quét gbc tuw do DPPH cua chang nay cao hon
so véi Thraustochytrium sp., dat 88,24 + 1,64%. Ham luong phenol tong sd & nong
d6 500 pg/mL dat 84,79 + 1,65% vagiam xudng 37,11 + 1,76% & nong do 25 pg/mL.
Hoat tinh khir dat 75,16 + 1,32% & 500 pug/mL nhung giam dan khi nong do giam [16].
1.2.3.3. Hoat tinh khang viém

Céc chung thugc chi Aurantiochytrium ciing dugc phét hién co kha nang khang
viém. Takahashi va cong su (2019) da danh gia hoat tinh khang viém cuaa chang A.
limacinum 4W-1b (AL4W-1b). Két qua cho thay cao chiét AL4AW-1b co téc dung e
ché su san sinh oxit nitric (NO) trén dong té bao RAW264.7, d¢ong thoi e ché biéu
hién cia céc gen cytokinetién viém nhu yéu té hoai tir khdi u a (TNF-a), interleukin-
18 (IL-1p) vainterleukin-6 (IL-6). Bén canh dé, cin chiét AL4W-1b ciing lam giam
dang ké mirc san sinh IL-18 valL-6. Pang chu y, chat wc ché NF-«B BAY 11-7082
thé hién tac dung hiép dong khi két hop véi tién xir Iy ALAW-1b trong viéc rc ché sy
san sinh NO kich thich bai LPS gy ra. Két qua nay cho thiy cin chiét AL4W-1b c6
thé tac dong khong chi 1én con duong tin hiéu NF-xB macon anh huong dén céc con
duong viém khac. Pay ciing 1a nghién ciru dau tién mé ta hoat tinh khang viém va co
ché tac dong caa can chiét ALAW-1b trén céc té bao dai thuc bao RAW?264.7 kich
thich boi LPS[43].
1.2.3.4. Hoat tinh chong ung thw

DHA - thanh phan chi yéu trong dau caa Aurantiochytrium, tir 1au da duoc ghi
nhan c6 kha niang wc ché sy phét trién ciamot sb loai khéi u &c tinh [44]. Shakeri va
cong s (2017) da tién hanh sang loc 45 ching thraustochytrid nham tim kiém ngudn

dau vi sinh vat c6 kha ning (rc ché té bao ung thu da day. Trong s cac chiing khao sét,
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mét chung c6 ma ge-4 (duoc dinh danh thudc chi Aurantiochytrium) cho thiy hoat tinh
gdy doc té bao dang ké, véi khoang 45% té bao ung thu da day AGS bi tic ché boi dau
chiét xuét tir sinh khéi [44]. Sau khi téi wu hoa diéu kién nudi cy theo phuong phap
Taguchi, ching nay dat sinh khéi 10,32 g/L va ham luong dau 3,86 /L, trong d6 DHA
dat 1390 mg/L. Dau giau DHA khi duoc thir nghiém trén dong té bao AGS thé hién
hiéu qua trc ché rd rét véi giatri ICs = 1,26 mg/mL, twong duong voi DHA tinh khiét
duoc s dung lam di chung.
1.2.3.5. Hoat tinh tang cwong mién dich

Céc ching thugc chi Aurantiochytrium con dugc ghi nhan ¢ kha niang diéu
hoa va ting cuong hé mién dich, dic biét trong linh vic nuéi trong thay san. Khi bd
sung sinh khéi Aurantiochytrium vao khau phan an, cac déi tugng nudi cho thay su
cai thién dang ké vé céc chi sd mién dich vasic dé khang. Vi du, tdm thé chan trang
(Litopenaeus vannamei) nudi ¢ diéu kién nhiét do thap khi dugc bo sung 1% bot
Aurantiochytrium trong khau phan an da biéu hién céc chi s mién dich cao hon so
v6i nhom dbi chirng [45]. Pang cha v, khi cac nhom tom nay duoc thir thach bang
virus ddm tring (WSSV), nhom duoc bd sung Aurantiochytriumvéi ty 1& 3-4% trong
khau phan an cho thay ty 1& sbng sot cao hon dang ké so véi nhom khéng bd sung.
Tuong tu, trén ca rd phi sdng Nile, viéc bo sung bot Aurantiochytrium vao thirc dn
gilip cai thién ting trudng trong diéu kién nhiét do thap va lam tang ham luong acid
béo omega-3 trong co thit, qua d6 gop phan nang cao sixc khoe vakha nang mién dich
cuaca[45]. Ngoai ra, viéc bd sung khoang 2% Aurantiochytrium trong khau phan n
ctia ca chdm va tom cang xanh ciing duoc bao cao 1a 1am ting ty 1¢ sdng, kha niang
chéng chiu stress va giatri dinh dudng cua san pham [44, 46]. Cac tac dong tich cuc
nay dugc cho 1a lién quan dén céc acid béo omega-3 nhu DHA va EPA trong
Aurantiochytrium, ¢ kha ning diéu hdamién dich thong quaviéc canh tranh véi acid
arachidonic trong mang té bao, tir ¢4 1am giam phan ang viém qua mirc va cai thién
chtrc niing mién dich [37].
1.2.3.6. Mét 6 tdc dung sinh hoc khac

Aurantiochytrium lanhém vi sinh vat giau lipid, ndi bat nho kha ning tich lity
ham lugng cao DHA trong céc lipid trung tinh va phospholipid. Trong cong nghiép,
dau DHA tir Aurantiochytrium, dic biét tir A. limacinum SR21, dugc khai thac nhu

ngudn thay thé bén virng cho dau cé trong cac san pham thyc pham, thuc pham bo
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sung vaung dung y sinh [47]. Bén canh DHA, nhiéu chung Aurantiochytrium con 1a
ngudn squalene tu nhién cd giatri cao cho duoc my pham va thyc pham chic ning.
Céc quy trinh ti wu hoa dinh dudng c6 thé ddng thoi nang squalene va duy tri DHA
[14]. Mot sd vi du dién hinh gdm Aurantiochytrium sp. T66 (ATCC PRA-276) véi
dinh huéng déng san xuat DHA vasqualene [48]; Aurantiochytrium sp. TWZ-97 dat
ham luong squalene cao 1én téi 188.6 mg/L [49]; vA A. mangrovei cho thiy squalene
tang dang ké khi diéu chinh ngudn nito va diéu kién nuéi [50]. Ngoai ra, nhiéu chung
trong chi ndy con sinh tong hop carotenoid thién nhién (nhu p-carotene,
canthaxanthin va trong mét s trudng hop/diéu kién |a astaxanthin). Cac nghién ctu
gan ddy cho thay cO thé tang carotenoid thong qua diéu chinh méi truong hoic can
thiép chuyén héa ma khéng lam giam tich lity DHA, tao co s¢ cho san pham kép vira
gidu omega-3 viragiau chat chéng oxy héa dung trong thuc pham, thirc an chin nudi
hoac phu giatao mau tu nhién [51-53].

Trong nudi tréng thay san, sinh khéi hodc dau Aurantiochytrium thudng dugc
s dung dé 1am gidu DHA cho thire dn séng hoic bo sung truc tiép vao khau phan
nham cai thién ting truong, ty 1& sbng va dap tng mién dich caa 4u tring va hau au
trang thuy san. Cac nghién ciru trén A. limacinum (vi du chung BCC52274) cho tém
thé chan tring cho thay hiéu qua tich cuc, trong khi A. mangrovei (FIKU008) dugc
sir dung dé |am giau Artemia phuc vy nudi tdm xanh Penaeus semisul catus [54-56].
Ngod ra, nghién cau caa Tran Thi Nhat Anh va cong sy (2025) cho thay
Aurantiochytrium sp. chiing L3W ¢6 thé duoc nudi ciy bang nguén nudc thai thyc
pham dang long, véi sinh khdi thu duoc 6 thé sir dung lam nguén DHA vaEPA cho
nudi tréng thuy san [57].

Trong linh vuc nang lugng sinh hoc, Aurantiochytrium ciing duoc xem languon
nguyén liéu tiém niang dé san xuat biodiesel nho ham luong lipid cao va thanh phan
acid béo phil hgp. Mot sd chung nhu Aurantiochytriumsp. KRS101 da duoc téi wu hoa
cac diéu kién nudi cay (mudi khoang, pH vanguoén dinh dudng) nham ting sinh khoi
va ham luong dau. Céc este methyl acid béo (FAME) thu duoc tir c&c chung nay dap
{rng c&c tiéu chuan ky thuat caabiodiesel [58, 59]. Quatrinh [én men Aurantiochytrium
cling co6 thé tan dung c&c phu phiam néng nghiép nhu thiy phdn rong bién
Enteromorpha dé san xuat dau sinh hoc, viraxir Iy chét thai viratao rasan pham co gia

tri [60]. M6t s chiing di duoc bién doi gene nham tang hiéu suat DHA, hudng dén san
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Xuit cong nghiép quy mé [6n [61]. Ngoai ra, do chira nhiéu polysaccharide sunfat (tur
moi trudng NUi tao), sinh khbi Aurantiochytrium co thé dung dé chiét xuat cac chat co
hoat tinh khang dong, tang mién dich phuc vu y sinh [60]. Trong tuong lai, cong nghé
nudi ciy Aurantiochytrium hira hen cung cip giai phép bén viing dé san xuat hang loat
céc hop chat sinh hoc (omega-3, chat chng oxy hda, vitamin) phuc vu cho nhiéu nganh
cong nghiép.
1.3. Cac nghién ciru trong nwéc lién quan dén hai chiing vi tao bién Thraustochytrium
pachydermum T SL 10 va Aurantiochytrium sp. SC145

Trong nhirng nim gan ddy, cac nghién ctru vé vi tao di dudng bién thudc chi
Thraustochytrium va Aurantiochytrium tai Viét Nam, dic biét & khu vuc quan dao
Truong Sa, dd bat dau thu hdt sy quan tAm caa cac nha khoa hoc. Céc cong trinh
nghién ctru chii yéu tap trung vao viéc phan lap, dinh danh ching vi tao, khao sat dic
diém sinh treong, kha ning tich liy lipid cling nhu phan tich thanh phan mét sb hop
chét tu nhién. Nhitng két qua ban dau cho thay céc vi tao thuc hai chi ndy 1a nguon
tai nguyén sinh hoc cé giatri, ¢ kha ning cung cap cac acid béo khong no da nbi doi
(PUFAS), carotenoid vanhiéu hop chat thir cip c6 hoat tinh sinh hoc quan trong. Tuy
nhién, c&c nghién ciru lién quan dén hai ching vi tao bién Thraustochytrium
pachydermum TSL 10 va Aurantiochytrium sp. SC145 mdéi chi duoc trién khai trong
nhitng ndm gan day va van con han ché vé pham vi ciing nhu ndi dung nghién ciu.

Hoang Thi Minh Hién va cong su (2022) di cong bd két qua phan lap, dinh
danh va xac dinh diéu kién nuéi cdy thich hop cho chung Thraustochytrium
pachydermum TSL10 duoc phan 1ap tir ving bién dao Truong Sa, Viét Nam vao nim
2021. Két qua cho thay diéu kién nudi ciy tdi uu cho su phét trién cia ching nay
trong binh nuéi ciy 1a méi truong M1 bd sung 3% glucose va 1% cao nam men, &
nhiét d6 tir 25-28°C [62]. Tuy nhién, nghién citu ndy cha yéu tap trung vao dic diém
sinh truong vatdi wu hoa diéu kién nuéi cay, trong khi cac nghién ciru vé thanh phan
hda hoc ciing nhu hoat tinh sinh hoc cia ching T. pachydermum TSL10 van chua
duogc thyc hién. Trong khi d6, Hoang Thi Minh Hién vacong su (2022) di phan 1ap
mét chang Aurantiochytrium tir khu vue dao Son Ca, Viét Nam, ddng thoi tién hanh
t6i wu hoa cac diéu kién nudi ciy va xac dinh thanh phan dinh dudng cua ching nay.
Nghién ctru ciing thuc hién chiét xuat c&c acid béo khong no da nbi doi (PUFA) &
dang acid béo tu do (FFA) va dang alkyl este (FAAE), cling nhu danh gia hoat tinh
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chdng oxy hdavakha ning bao vé than kinh cia cac hop chat ndy. Két qua cho thay
cac PUFA thu duoc tir Aurantiochytrium sp. SC145 ¢6 tiém ning ¢ng dung trong
nghién ciru vaphét trién cac tac nhan didu tri ddi véi cac rdi loan thod hdathan kinh [62].
M3ic du c&c nghién ciru trong nuée da bude dau cung cap nhitng thong tin vé
dic diém sinh truong, kha nang tich lity lipid va tiém ning tng dung cua hai chang
Vi tao bién Thraustochytrium pachydermum TSL 10 va Aurantiochytrium sp. SC145,
céc dix liéu hién c6 van chu yéu tap trung vao téi vu hoa diéu kién nudi cdy va phan
tich thanh phan dinh dudng. Cho dén nay, cac nghién ciru chuyén sau vé thanh phan
héa hoc, phan |ap va dinh danh cé&c hop chat thir cip ciing nhu danh gia toan dién céc
hoat tinh sinh hoc cia hai chung ndy van con han ché. Biéu ndy cho thay sir can thiét
cua c&c nghién ciru tiép theo nham 1am r6 tiém nang sinh hoc ciing nhu gia tri (rng
dung cua céc chang vi tao bién nay trong cac linh vuc cdng nghé sinh hoc, duoc pham

vathuc pham chirc nang.
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CHUONG 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twong nghién ciru
2.1.1. Chiing Vi tao Thraustochytrium pachydermum TSL10
Chung vi tao bién Thraustochytrium pachydermum TSL10 duoc phan 1ap tir

mau nudc bién thu tai dao Truong Sa (quan dao Truong Sa, tinh Khanh Hoa) vao
ngay 26/05/2021 tai toa do 08°38'30"N, 111°55'55"E.
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Hinh 2.1. Hinh dnh vi tdo bién Thraustochytrium sp. TSL10
(A): Anhté bao duéi kinh hién vi (d6 phéong dai 1200 X), (B): Anh khuan lac dudi
kinh hién vi (dg phéng dai 100 X), (C): Hinh dnh dia khudn lac
Chang Thraustochytrium pachydermum TSL10 dugc phén lap, dinh danh

vanuéi ciy bai GS. bang Didm Hong, Vién Sinh hoc, Vién Han 1am Khoa hoc va
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Cong nghé Viét Nam [6]. V& hinh théi, chung c6 mau vang d6 dic trung, khong
tron bong, cic té bao don 1¢, khéng lién két véi nhau, chira mang luéi noi chat va
sinh san bang bao tir [63]. Khi so sanh trinh tu gen 18S rRNA, miu TSL10 c6 db
trong ddng dat 99,1% vai loai Thraustochytrium pachydermum (Hinh 2.2). Trinh
ty doan gen 18S rRNA cua chang TSL10 da duoc cap ma sd trén Genbank tuong
ung la OL721615.
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Hinh 2.2. Hinh théi té bao va cay phan logi chuing cia Thraustochytrium sp. TSL10
(A), kinh hién vi dién tir quét (SEM) (B), kinh hién vi dién tir truyén qua (TEM) Véi
dé phong dai 20.000X (C), cay phdt sinh chuing logi ciia mdu TSL10 véi chi
Thraustochytrium diza trén trinh ti gen 18SrRNA (D). Nu: Nucleus, Va: Vacuole,
L: Lipid, Mi: Mitochondria.

2.1.2. Chung vi tdo Aurantiochytrium sp. SC145

Chuang vi tao bién Aurantiochytrium sp. SC145 dugc phan 1ap tir mau nuéc
bién thu tai dao Son Ca (quan dao Trudng Sa, tinh Khanh Hoa) trong thoi gian ngay
05 thang 6 nam 2021 tai toa do 10°22'42"N, 114°28'33"E. Chung SC145 duogc dinh
danh thuoc vé loai Aurantiochytrium sp. SC145 bai GS. Bang Diém Hong, Vién Sinh
hoc, Vién Han 1am Khoahoc va Cong nghé Viét Nam [62]. Pic diém hinh thé khuan
lac cua chung SC145 c6 mau vang do dic trung, khong tron bong. So sanh trinh tu
gen 18S rRNA, miu SC145 thudc vé ching Aurantiochytrium sp. KH105 véi do
tuong ddng dat 99,4% so véi chung Aurantiochytrium sp. 18W-16a (AB811030.1)
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(Hinh 2.4) [62]. Trinh tu doan gen 18S rRNA cua ching SC145 da duoc cip ma sb

trén Genbank tuwong tng la ON597428.
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Hinh 2.3. Hinh dnh vi tdo bién Aurantiochytrium sp. SC145

(A): Anhté bao dudi kinh hién vi (d6 phong dai 1200 X), (B): Anh khuan lac dudi
kinh hién vi (dg phéng dai 100 X), (C): Hinh dnh dia khuan lac
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Hinh 2.4. Hinh théi té bao va cay phan logi chiing ciia Aurantiochytrium sp. SC145
(A) Chup duwéi kinh hién vi quang hoc  kinh hién vi dién tiz quét (SEM) (B), kinh
hién vi dién tir truyén qua (TEM) Véi dé phong dai 20.000X (C), cay phdt sinh
chuing logi ciia mau SC145 cia chi Aurantiochytrium, diza trén trinh tir gen 18S
rRNA (D). Nu: Nucleus, Va: Vacuole, L: Lipid, Mi: Mitochondria

2.2. Vat liéu va thiét bi nghién ciru
2.2.1. Vit li¢u va hoa chit nghién ciiu

- Céc hba chat co ban khéc: streptomycin, cycloheximide, cac chang vi khuan
Gram (+): Enterococcus faecalis ATCC299212, Saphylococcus aureus ATCC25923,
Bacillus cereus ATCC14579; chung vi khuan Gram (-): Escherichia coli ATCC25922,
Pseudomonas aeruginosaATCC27853, Salmonella enterica ATCC13076 va ching
nam men: Candida albicans ATCC10231.

- Céc hoa chat cho sic ky va phan 1ap hop cht: silica gel pha thuong 0,040-
0,063 mm (240-430 mesh), pha dao RP C-18, YMC (12 nm, S— 150 um, Karasuma-
Gojo) va sephadex LH-20. Nhya trao d6i ion Diaion HP-20 (Misubishi Chem. Ind.
Co., Ltd.). Céc hda chit ndy xuat xi tir Btrc do hdng Merck cung cip. Cac dung moi
hiru co nhu n-hexane (95%), methanol (95%), dicloromethane (95%), acetone (95%),
nuéc, ethyl acetate (95%) va co xuat xi tir Trung Quéc, Maaysia

- Dung méi sic ky long nhu methanol (99%), acetonitril (99%), hiang Fisher
cung cap va co xuat xa Han Qudc.
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- Cac dung méi do phd nhu: CD30D, CDsCl, Acetone-ds duoc cung cap boi
cong ty hda chit thuong mai nhu Scharlau.
222 Thiét bi nghién ciiu

- May do d6 quay cuc JASCO P-2000 Polarimeter cua Vién Hoa hoc - Vién
Han lam Khoa hoc va Céng nghé Viét Nam.

- Méy sic ky long hiéu ning cao Agilent 1260 (Agilent Technologies, M¥) tai
phong Nghién ctu sinh vat bién, Vién Héa hoc, Vién Han 1am Khoa hoc va Cong
ngh¢ Viét Nam.

- M4y do ECD Chirascan™ECDspectrometer (Applied Photophysics Ltd.,
Surrey, UK) tai Vién Hoa hoc - Vién Han 1am Khoa hoc va Céng nghé Viét Nam.

- May do phd khdi phan giai cao do trén may Agilent 6530 iFunnel Q-TOF
LC/MScuaVién Hba hoc - Vién Han |am Khoa hoc va Cong nghé Viét Nam.

- May do phd NMR dugc ghi bing médy BRUKER AVANCE 500 MHz va
may BRUKER ASCEND 600 MHz caa Vién Hoa hoc - Vién Han 1dam Khoa hoc va
Coéng nghé Viét Nam.

- Ngoai racon mot s6 may khac nhu may sdy ban mong, may himg phan doan
Fraction collecto 1200, méy cb quay chan khéng Eyela-N-1110...

2.3. Phuong phap nghién ctru

2.3.1. Phwong phap nubi sinh khéi
2.3.1.1. Phuwong phdp nuéi sinh khéi ching vi tdo bién Thraustochytrium
pachydermum TSL10
Chang vi tao bién Thraustochytrium pachydermum TSL10 dugc nudi cay
trong thiét bi I&n men dung tich 30 L v&i méi trudng chira 9% glucose va 1% cao nim
men cong nghiép va do man 3%. Trong sudt qué trinh 1én men, ham lugng oxy hoa
tan duoc duy tri trén 10% bang cach diéu chinh tc d6 khudy trong khoang 300-400
vong/pht, ¢ nhiét do 32-37°C. Sau 120 gio nudi cay, sinh khéi duoc thu hoi bang
phuong phap loc, siy khd vabao quan dé sir dung cho nghién ctru phan 1ap hop chat
va danh gia hoat tinh sinh hoc [64].
2.3.1.2. Phuong phdp nuéi sinh khoi ching vi tdo bién Aurantiochytrium sp. SC145
Chuang vi tao bién Aurantiochytrium sp. SC145 duoc nudi cay trong thiét bi
|&n men dung tich 30 L véi moéi trudong chira 9% glucose, 1% cao nim men cong

nghiép va d6 man 3%. Qua trinh nudi cay duoc thuc hién ¢ nhiét do 32-37°C trong
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120 gio. Sau khi két thic 1&én men, sinh khéi dugc thu hdi bang ly tam ¢ 4.000
vong/pht trong 10 phdt, rira ba 1an bang nuéc cat vé tring, siy & 50°C dén khéi
lwong khong doi vabao quan trong binh hit am dé phuc vu c&c nghién ciru tiép theo
[64].

2.3.2. Phwong phap phan ldp céc hop chit

Mot sd phuong phap sic ky duoc sir dung dé phan [ap c&c hop chat thi cap tur
Vi tao bién nhu sau:
2.3.2.1. Sdc ky ban mong (Thin layer chromatography - TLC)

Sic ky ban méng - TLC 1a phuong phap nghién ciru hiéu qua dé phan tich va
x4c dinh sb lugng c&c nhdm chét khac nhau cé trong thanh phan dich chiét sinh vat
bién hodc cac phan doan tach ratir do.
2.3.2.2. Sdc ky cot (Column chromatography - CC)

Sac ky cot 1a phuong phéap thuong quy duoc sir dung dé tach phan doan céc
nhom chit khéc nhau tir dich chiét hdn hop ban dau nhu cac dich chiét mau bién. Céc
chat co trong lugng vakich ¢ phan tir khac nhau ciing nhu ¢6 cau tric héa hoc khéac
nhau s& dugc phén tach thanh cac phan doan hda hoc khac nhau. Pha tinh la silica gel
pha thuong 0,040-0,063 mm (240-430 mesh), pha dao RP C-18 (12 nm, YMC S -
150 um, Karasuma-Gojo) va Sephadex LH-20. Nhya trao ddi ion Diaion HP-20
(Misubishi Chem. Ind. Co., Ltd.). Pha dong la c&c dung mdi hiru co nhu n-hexane,
methanol, dichloromethane...[65, 66]
2.3.2.3. Sic ky Iéng hiéu néng cao (High Performance Liquid Chromatography- HPLC)

Sic ky long diéu ché hiéu ning cao dugc tién hanh trén hé thong sic ky long
hiéu ning cao Agilent 1260 (Agilent Technologies, M¥) tai phong Nghién ciru cau
trdc, Vién Hoa hoc, Vién Han 1&m Khoa hoc va Cong ngh¢ Viét Nam.

2.3.3. Phwrong phap Xac dinh ciu trc cac hop chit phan lip dwgc
2.3.3.1. Phé heong sdc tron (ECD)

Duatrén phé ECD thyc nghiém va sau d6 dung phuong phép tinh toan ECD thi
xéac dinh duoc ciu hinh tuyét ddi cua cac vi tri bt ddi trong mot sb hop chét can xéc
dinh cau hinh 1ap thé.
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2.3.3.2. Phé khéi phan gidi cao (HR-ES-MS)

Duatrén pho khdi phan giai cao xac dinh duoc c&c picion gia phan tir cuahop
chét can xéc dinh, tir d6 x4c dinh duoc cdng thirc ion gia phan tir, xac dinh duoc cong
thirc phan tir va khéi luong phan tir caa hop chat.
2.3.3.3. Phé cong huong tir hat nhdan (NMR)

Céc k¥ thuat phd cong huong tir hat nhan duoc s dung bao gom:

Phé6 cong huang tir hat nhan mot chiéu (1D NMR): *H-NMR, 3C-NMR;

Ph6 cong hudng tir hat nhan hai chiéu (2D NMR): HSQC, HMBC, COSY va
NOESY/ROESY.

Dung moéi dugc sir dung bao gom céc dung méi: CDCls, CD30D.... . Viéc lua
chon dung méi do phu thudc vao ban chat caa tirng mau, theo nguyén tic dung méi
phai hoatan hoan toan mau thir.

Dyavao pho 1D, 2D NMR xéc dinh dugc cau tric phang ciia hop cht cling nhu
xac dinh duoc ciu trdc 1ap thé twong ddi/tuyét dbi ciiahop chat can xac dinh ciu trdc.
2.3.4. Phwong phép thir hoat tinh khang vi sinh vét kiém dinh

Hoat tinh khang vi sinh vat kiém dinh duoc danh gia theo phuong phap pha lodng
da ndng do trong méi trudng long (microdilution assay) theo Hadacek va Greger (2000)
[67]. Hoat tinh khéng vi sinh vat dugc biéu thi thdng qua gia tri MIC (Minimum
Inhibitory Concentration - nong do (rc ché thi thicu) landng do thip nhat cia chat thir cd
kha nang rc ché hodn todn sy phét trién ciiavi sinh vat. Cac mau thir duoc hdatan trong
DM SO va pha lodng thanh ddy nong d6 giam dan gom 256; 128; 64; 32; 16; 8; 4 va 2
ng/mL. Mdi thi nghiém duoc thuc hién véi sd thi nghiém 1ip lai N=3. Dung dich vi
khuan hodc ndm duoc chuan bi véi mat o 2 x 10* CFU/mL. Ly 5,12 pl dung dich
mau thir c6 ndng d6 10mg/ml vao hang dau tién cd chira 100 pl moi trudng LB roi
phalodng ndi tiép giam ¥ nong do vao cac hang co chira 50 pl cho dén khi dat dugc
nong d6 142 pg/ml, thém 50 ul dung dich vi khuan vanam & nong do 2x10* CFU/ml,
1 & 37°C. Sau 24h, sy phét trién caa vi sinh vat duoc danh gia thong qua quan sat
tryc quan va do mat do quang. Giatri M1C duoc xac dinh chinh xéc dyatrén sb liéu
do d6 duc té bdo bang méy quang phé Bioteck va phan mém Raw data. Chit déi
chang la khéng sinh Streptomycin cho céc ching vi khuan, cyclohexamide cho nam.

Cic vi khuan Gram (+): Enterococcus faecalis ATCC299212, Saphylococcus
aureus ATCC25923 va Bacillus cereus ATCC14579.
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Céc vi khuan Gram (-): Escherichia coli ATCC25922, Pseudomonas
aeruginosa ATCC27853 va Salmonella enterica ATCC13076.

N4m men: Candida albicans ATCC10231.

2.4. Phan 14p cac hop chit
24.1. Phén G céc hgp c/dis i chuing vi' tdio Thraustochytrium pachydermum TS 10

Mau sinh khéi vi tao khé - Thraustochytrium pachydermum TSL10 (2,2 kg)
ngam chiét siéu &m methanol (3 1an x 8,8 L). Cat loai dung moi dudi &p suat giam
thu dugc 420,0 g cin chiét methanol. Can chiét nay sau d6 duoc phan b déu trong
H20 (2,5 L) vachiét phan [6p voi CH2Cl2 (2,5 L x 21an), cit loai dung méi dugc can
CH2Cl> (TPD, 102,0 g).

Cian CH2Cl, dugc sic ky trén cot silica gel véi hé dung mdi ria giai
CH2Cl2:MeOH (gradient 100% CH2Cl>=> 100% MeOH, v/v) thu dugc 5 phan doan
TPA - TPE. Phan doan TPB (15,7 g) dugc phan téch trén cot silicagel varuagiai voi
hé dung méi CH2Cl2: MeOH:H20 (4:1:0,05, v/v/v) thu dugc nam phan doan TPB1 -
TPB5. Phan doan TPB1 (1,3 g) phan tach tiép trén cot silicagel sir dung hé dung méi
CHaClz:acetone (7:1, v/v), thu dugc ba hop chat TP1 (3,8 mg), TP3 (12,7 mg) va
TP4 (4,1 mg). Phan doan TPB3 duoc phan tach trén cot silicagel va rira giai bang
hé dung mdi CH2Clz:acetone (10:1, v/v), thu duoc hop chat TP2 (3,3 mg). Phan doan
TPB5 dugc phan tach trén cot RP-18 bing hé dung méi acetone:H20 (2:1, v/v), thu
dugc hai phan doan TPB5.1 (0,3 g) vaTPB5.2 (0,5 g). Phan doan TPB5.1 duogc phan
téch trén hé théng HPLC va ra giai bang hé dung méi 40% acetonitril trong nudc,
thu duoc hop chat TP10 (3,6 mg, tr 34,7 phut). Hop chat TP12 (4,8 mg, tr 43,0 phit)
cling thu dugc khi tinh ché lai phan doan TPB5.2 trén HPLC véi hé dung méi 90%
methanol trong nudc.

Phan doan TPC dugc phéan tach trén cot dlica g va s dung hé dung moi n-
hexane:CH-Cl»:acetone (3:1:0,1, v/v/v), thu dugc ba phan doan TPC1 (2,6 g), TPC2 (1,5
g) va TPC3 (1,8 g). Phan doan TPC1 duoc phan téch trén cot silicagel rira giai bang hé
dung méi n-hexane:acetone (5:1, v/v), thu dugc hop chit TP5 (8,2 mg). Phan doan TPC2
dugc phan tch bang cot RP-18 véi hé dung méi acetone:H20 (5:1, v/v) thu dugc hop chat
|a TP6 (50,0 mg). Phan doan TPC3 duoc phan téch bang cot silica gel véi hé dung méi
riragiai n-hexane:EtOAc (4:1, v/v) thu duoc hop chat 1A TP8 (4,6 mg).
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Phan doan TPE duoc phéan tach trén cot silica gel cung véi hé dung moi
CH2Cl2:MeOH:H20 (3:1:0,1, v/v/v) riagiai, thu dugc nam phan doan TPEL (0,5 g),
TPE2 (1,8g), TPE3 (2,0 g), TPE4 (2,1 g) va TPES5 (1,9 g). Phan doan TPEL tiép tuc
duoc phan tach trén hé thong HPLC, pha dong 90% MeOH trong nudc thu dugc hop
chat TP9 (4,6 mg, tr 50,3 phit). Phian doan TPE4 duoc phan téch trén hé thong HPLC
rira giai bang hé dung méi 90% acetonitril trong nude, thu duoc hop chat TP11 (7,0
mg, tr 31,1 phdt). Phan doan TPE5 dugc phan tach trén cot RP-18 bang hé dung moi
MeOH:H,0 (9:1, v/v), thu duoc hop chét IATP7 (9,9 mg).
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Sinh khéi khd chung vi tao Thraustochytriumpachyder mumTSL10

(2,2kg)

+8,8L methanol x 31an

l

Can methanol
(420,09)

‘ +2.5L nude

M: methanol

A: acetone

D: dichloromethane

E: ethyl acetate

H: n-hexane

W: nudc

ACN: acetonitrile

Cot HPLC: Jsphere H30

+25L CH,Cl, x 21An (250x20 mm)
v Téc d6 dong 3,0 mL/phat
Can CH,Cl, Nude
(102,09
Gradient, 100% D —100% M
v v v v v
TPA TPB TPC TPD TPE
(21.89) (15,79) (8409) (2599) (2039)
CC, DMW: CC, HDA: CC, DMW:
4/1/0,05, viv 3/1/0,1, viv 3/1/0,1, viv
v v v v v v v v v v v
TPB1 TPB2 TPB3 TPB4  TPB5 TPC1  TPC2 TPC3 TPEL TPE4 TPE5
(139 (679 (069 (289 (259 (269 (159 (189 (059 (219 (199
CC, DA: CC, DA: RP C-18, CC,HA: | RPC-18, CC, HE: HPLC, HPLC RP C-18,
711, viv 10/1, viv AIW: 211 viv 5/1, viv AIW: 51 viv 41, viv 90% M 90% ACN M/MW: 9/1 viv
v v v TP8
P2 TP5 TP6 TP9 TP11 TP7
TP1 TP3 TP4 (33mg) TPB5.1 TPB5.2  (@82mg (50,0 mg) (4,6 mg) (4,6 mg, 7.0mg (9.9 mg)
(38mg (127mg) (41mg) ' (0.39) (059 tg 50,3 phit) ts 31,1 phit)
HPLC, HPLC,
40% ACN | 90% M
TP10 TP12
(3.6 mg, (4,8 mg,
tg 34,7 phtt) tg 43,0 phut)

Hinh 2.5. So d6 phan dp cac hop chdt tir sinh khoi khd chung vi tao T. pachydermum TSL10
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2.4.2. Phan Igp cac hgp chit tir chiing vi tdo Aurantiochytrium sp. SC145

Sinh khéi chang vi tao bién khd Aurantiochytrium sp. SC145 (2,2 kg) duoc chiét
siéu am bang methanol (3 1an x 8,8 L). Ct loai dung méi dudi &p suat giam thu duoc
110,0 g cin methanol. Can nay sau d6 duoc phan bb déu trong H20 (1,5 L) vachiét phan
|6p véi dichloromethane (1,5 L x 2 1an), cit loai dung méi dugc cin dichloromethane
(AS, 35,0 g).

Cin chiét AS duoc phan téch trén cot silica gel voi hé dung méi rira giai n-
hexane:acetonetheo cacti I¢ (40:1, 20:1, 10:1, 5:1, 2,5:1, 1:1, v/v) thu dugc 5 phan doan
ASA (7,59), ASB (3,1 g), ASC (5,4 g), ASD (5,8 g) vaASE (6,4 g).

Phan doan ASB duoc phan tach trén cot silicagel vartagiai vai hé dung moi n-
hexane:acetone (6:1, v/v) thu dugc 5 phan doan ASB1 (130 mg), ASB2 (864 mg), ASB3
(986 mg), ASB4 (172 mg) va ASB5 (317 mg). Phan doan ASB1 tiép tuc phan tach trén
cot silicagel st dung hé dung moéi n-hexane:EtOAc (3:1, v/v) thu dugc hai phan doan
ASB1.1 (40 mg) vaASB1.2 (45 mg). Phan doan ASB1.1 phan tach trén hé théng HPLC,
sir dung pha dong 98% acetonitril trong nudc, thu duoc hop chit AS23 (18,7 mg, tr 55,2
phut). Phan doan ASB1.2 dugc phan téch trén hé théng HPLC, sir dung pha dong 98%
acetonitril trong nuéc, thu dugc hop chat AS14 (4,7 mg, tr 42,4 phit). Phan doan ASB2
duoc phan téch trén cot silica gel varaa giai bang hé dung méi n-hexane:EtOAc (2:1,
v/v) thu dugc hai phan doan ASB2.1 (300 mg) va ASB2.2 (250 mg). Phan doan ASB2.1
phan téch trén hé thing HPLC, sir dung pha dong 98% acetonitril trong nudc, thu dugc
hop chat AS20 (26,1 mg, tr 50,6 phtit). Phan doan ASB2.2 duoc phan tach trén hé théng
HPLC, sir dung pha dong 98% acetonitril trong nuée, thu duoc hop chat AS13 (4,3 mg,
tr 65,2 pht).

Phan doan ASB4 dugc phan téch trén cot RP-18, st dung hé dung moi
acetone:H0 (4,5:1, v/v), thu duoc hai phan doan ASB4.1 (70 mg) va ASB4.2 (40 mg).
Phan doan ASB4.1 duoc phan tach bang cot RP-18, sir dung hé dung médi acetone:H.0
(5:1, v/v) thu duoc hai hop chit AS16 (4,3 mg) va AS17 (6,9 mg). Phan doan ASB4.2
tiép tuc dugc phan tach biang cot RP-18 sir dung hé dung mdi rira giai acetone:H-0O
(4,5:1, v/v) thu duoc hop chat AS21 (7,5 mg).
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Sinh khéi khd chung vi tio Aurantiochytriumsp. SC145 M: methanol
(2,2kg) A: acetone
D: dichloromethane
l +8,8L methanol x 3 lan E: ethyl acetate
H: n-hexane
Can methanol W: nuée
(11009) ACN: acetonitrile
+1.5L nudc Cot HPLC: J’sphere H80
+15L CH,Cl, x 21an (205x20 mm)
v v Téc d6 dong 3,0 mi/phut
Can CH,Cl, Nudc
(35,009)
HA gradient, 40:1 - 0:1, viv
v v I v v
ASA ASB ASC ASD ASE
(759 319 (5.49) (5.89) (649
CC, HA: CC, HDA:
6/1, viv 3/1/0,1, viv
¥ ¥ v I ¥ v v v v
ASB1 ASB2 ASB3 ASB4 ASB5 ASD1 ASD2 ASD3 ASD4
(130mg) (864 mg) (986 mg) (172mg) (317 mg) (389) (350 mg) (790 mg) (561 mg)
CC, HE: CC, HE: RP C-18, RP C-18, CC, HA: CC, DAW:
31, viv 21, viv AIW: 4,5/1 viv AIW: 4/1 viv 41, viv 1/5/0,3 viv
v v v v v v v v v v il
ASBL1  ASBL2 ASB21  ASB22 ASB41  ASB42 ASB51  ASB52  ASB53 ASD2.1 ASD2.2 ASD23  ASDA1 ASDA2 ASD43
(40 mg) (45mg) (300mg) (250 mg) (70 mg) (40 mg) (50 mg) (100 mg) (30mg) (55 mg) (50 mg) (30mg) (100mg) (95mg) (120 mg)
HPLC, HPLC, HPLC, HPLC, RPC-18, | RPC-18, HPLC, HPLC, HPLC, HPLC, HPLC, HPLC, RP C.18 .
198% ACN l 98% ACN 198% ACN l 98% ACN lA/W: 5/1viv l AW: 4,51 viv 138% ACN | 40% ACN 40% ACN 55% M 19% ACN 60% M lM/\N: A1 viv I\RAP/\I\(-/:: 15?i viv
(187mg  (47mg, (261mg,  (43mg, 43mg (7,5mg) (50mg, (50mg (3,8, mg, AS11 ASD21A (11.0mg, (4,3mg, 6719 @7mg)
t2 55,2 philt) tg 42,4 phit) t2 50,6 philt)  tg 65,2 phit) ' & 329PN0) D2 phay e 346 phit) (47 mg, (30mg) tr 35,2phiit) ;29,9 phiit) ' '
AS17 RE3P t 24,7 phé AS6 AS22
= 24,7 phit) HPLC,
(6,9 mg) AS8 lss% ACN  (83mg, (6,8 mg)
" (241’%';3'0 ) A&7 14 35,5 phi) AS9
! 7,7 m(
ASIS 100mg ASI10 7.7ma
(1,4 mg, te 41,5 phiit) t 37,0 phit)
tr 19,9 pht) AS19
(5,0 mg,
tx 27,6 phit)

Hinh 2.6. So d6 phan 1dp cac hop chadt tir sinh khoi khd chuing vi tao bién Aurantiochytrium sp. SC145
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Phan doan ASB5 dugc phan téch trén cot RP-18 cung voi hé dung moi
MeOH:H20 (4:1, v/v), thu dugc ba phan doan ASB5.1 (50 mg), ASB5.2 (100 mg) va
ASB5.3 (30 mg). Phan doan ASB5.1 dugc phan tach trén hé thbng HPLC, sir dung
pha dong 38% acetonitril trong nude thu dugc hop chat AS5 (5,0 mg, tr 32,9 phat).
Phan doan ASB5.2 dugc phan tach trén hé théng HPLC, sir dung pha dong 40%
acetonitril trong nude, thu dugc ba hop chat AS18 (1,4 mg, tr 19,9 pht), AS8 (4,6
mg, tr 21,0 phit) vaAS2 (5,0 mg, tr 23,1 phat). Phan doan ASB5.3 dugc phéan téch
trén hé théng HPLC rira giai bang hé dung méi 40% acetonitril trong nudc, thu duoc
hop chat AS1 (3,8 mg, tr 34,6 phtit).

Phan doan ASD dugc phéan tach trén cot RP-18 vai hé dung méi rira giai
acetone:H20 (1:1, v/v) thu duoc bon phan doan ASD1 (3,8 g), ASD2 (350 mg), ASD3
(790 mg) vaASD4 (561 mg). Phan doan ASD2 dugc phéan téch trén cot silicagel va
sir dung hé dung méi n-hexane:acetone (4:1, v/v), thu dugc ba phan doan ASD2.1
(35 mg), ASD2.2 (50 mg) vaASD2.3 (30 mg). Phan doan ASD2.1 tiép tuc dugc phan
téch trén hé thong HPLC, pha dong 55% MeOH trong nude thu dugc hop chat AS11
(4,7 mg, tr 24,7 phtt) va 1 phan doan ASD2.1A ( 30 mg). Phan doan ASD2.1A dugc
phan téach trén hé thong HPLC, sir dung pha dong 35% acetonitril trong nudc, thu
dugc hop chat AS19 (5,0 mg, tr 27,6 phit) vaAS7 (10,0 mg, tr 41,5 phiit). Phan doan
ASD2.2 dugc phan tach trén hé théng HPLC va rira giai bing hé dung méi 19%
acetonitril trong nudc thu dugc ba hop chat AS4 (11,0 mg, tr 35,2 phdt), AS6 (8,3
mg, tr 35,5 phit) va AS10 (2,8 mg, tr 37,0 phit). Phan doan ASD2.3 dugc phén tach
trén hé théng HPLC, sir dung pha dong 60% MeOH thu duoc hop chat AS3 (4,3 mg,
tr 29,9 phut). Phan doan ASD4 dugc phéan téch trén cot silica gel sir dung hé dung
mbi dichloromethane:acetone:H>0 (1:5:0.3, v/v/v) thu dugc ba phan doan ASD4.1
(100 mg), ASD4.2 (95 mg) vaASD4.3 (120 mg). Phan doan ASD4.1 dugc phan tach
trén cot RP-18 sir dung hé dung mdi MeOH:H20 (4:1, v/v) thu duoc ba hop chat
AS15 (8,7 mg), AS22 (6,8 mg) va A9 (7,7 mg). Phan doan ASD4.3 dugc phéan tach
trén cot RP-18 vai hé dung méi rira giai MeOH:H20 (5:1, v/v) thu dugc hop chat
AS12 (25,7 mg).
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Thong ) vat ly va dir liéu phé cac hop chét phan lap dwoc
3.1.1. Théng sé vit Iy va dit liéu phé céc hop chit phan lip tiv chiing vi tio T.
pachydermum TSL10
3.1.1.1. Hop chat TP1: ergosta-7(8),22(23)-diene-34,5a,9a-triol (chdt méi)
Chat bot mau trang;
Cong thirc phan tir: CasHae0s. Khdi lugng phan ta: M = 430,7;
D6 quay cuc [a]g’: +35,7 (c= 0,1, CHCl3) ;
HR-ESI-MS mVz 431,3525 [M+H]*, Tinh toén |y thuyét cho ion gia phan tir
ion [CasH4703]", 431,3520;
S5 lieu phd H-NMR va 3C-NMR: xem bang 3.1.
3.1.1.2. Hop chat TP2: ergosta-7(8),22(23)-diene-34,5a-diol
Chét bot mau trang;
Cong thirc phan tir: CagHasO2, Khdi luegng phan ti: M = 414,7;
Do quay cuc [a]%’: +56,0 (c = 0,1, CHCl3);
UV (MeOH) Amax 225, 280 nm;
IR (KBr) vmax 3445, 2917, 1731, 1677, 1463 cm’%;
S5 lieu pho 'H-NMR va 3C-NMR: xem bang 3.2.
3.1.1.3. Hop chat TP3: cerevisterol
Chat bot mau trang, vo dinh hinh;
Cong thirc phan tir: CasHas0s. Khdi lugng phan tia: M = 430,7;
D6 quay cuc [a]Z’: -80,0 (c = 0,1, CHCl3);
IR (KBr) vimax 3351, 2955, 1458, 1030 cm?;
HR-ESI-MS mvz 465,3132 [M+CI]", Tinh toan ly thuyét cho ion gia phan tir
ion [CagH4603Cl], 465,3135;
S5 lieu phd 'H-NMR va 3C-NMR: xem bang 3.3
3.1.1.4. Hop chdt TP4: 5a,6a-epoxy-(22E)-ergosta-8,22-diene-34,7 a-diol
Chét bot mau trang;
Cong thirc phan tir: CasHa403, Khdi lugng phan tia: M = 428,7;
D6 quay cuc [a]Z’: +32,7 (c= 0,1, CHCl3) ;
UV (MeOH) Amax 225, 280 nm;
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IR (KBr) vmax 3401, 2957, 1460, 1371, 1069, 968 cm*;

HR-ESI-MS m/z 429,3368 [M + H]*,Tinh toan ly thuyét cho ion gia phan tir
[CosHas03]*, 429,3360;

S ligu phd *H-NMR va 3C-NMR: xem bang 3.4.
3.1.1.5. Hop chat TP5: ergosterol

Chét bot mau trang;

Cong thirc phan tir: CasHa40. Khéi lwgng phén ta: M = 396,7;

Do quay cuc [a]Z’: +18,0 (c = 0,1, CHCly);

IR (KBr) vmax 3672, 2985, 1393, 1066 cm'?;

HR-ESI-MS m/z 397,3467 [M+H]*, Tinh todn ly thuyét cho ion gia phan tir
[C2sHas0]*, 397,3465;

S6 liéu phd *H-NMR va3C-NMR: xem bang 3.5.
3.1.1.6. Hop chat TP6: (22E,24R)-5a,8a-epi-dioxyer gosta-6,22-dien-34-ol

Chat bot mau trang, vo dinh hinh;

Cong thirc phan tir: CosHas0s. Khdi lwgng phan ti: 428,7;

D6 quay cuc [a]Z’: +30,0 (c = 0,1, CHCl3);

UV (MeOH) Amax 220 nm;

IR (KBr) vmax 3302, 2954, 1657, 1458, 1046 cm'®;

HR-ESI-MS mVz 463,2974 [M+Cl]~, Tinh toén |y thuyét cho ion gia phan tir
[CasH403Cl], 463,2984;

S5 lieu phd H-NMR va 3C-NMR: xem bang 3.6
3.1.1.7. Hop chat TPT: linoleic acid

Chét dau, khdng mau:;

Cong thirc phan tir: CisH3.0,. Khdi lugng phan ta: M = 280,5;

IR (KBr) vmax 34243, 2917, 1730, 1468 cm?;

HR-ESI-MS m/z 279.2330 [M-H]", Tinh toén ly thuyét cho ion gia phan tu
[C1sH32102], 279,2330;

S5 lieu phd 'H-NMR va 3C-NMR: xem bang 3.7.
3.1.1.8. Hop chat TP8: 4-((92,127)-octadeca-9,12-dienoyl oxy)butanoic acid

Chat dau, khdng mau;

Cong thirc phan tir: Cz2H3s04. Khdi lugng phan ta: M = 366,5;
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IR (KBr) vmax 3442, 2932, 1731, 1463 cm'Y;

HR-ESI-MS mvz 389,2668 [M+Nal*, Tinh toan |y thuyét cho ion gia phan tir
[C22H3s04Na]*, 389,2662);

S ligu phd *H-NMR va 3C-NMR: xem bang 3.8.
3.1.1.9. Hop chat TP9: 1-linoleoyl-sn-glycero-3-phosphocholine

Chét dau, khdng mau:;

Cong thirc phan tir: CasHaaNO7P. Khéi lugng phan ta: M = 477,6;

IR (KBr) vmax 3406, 2919, 1733, 1465, 1178 cm’™;

HR-ESI-MS m/z 478,2935 [M+H]*, Tinh toan ly thuyét cho ion gia phan tu
[CasHasNO7P]*, 478,2928;

S6 liéu phd *H-NMR va3C-NMR: xem bang 3.9.
3.1.1.10. Hop chat TP10: cibotiglycerol

Chét bot mau trang;

Cong thirc phan tir: CorH1s01S. Khéi lugng phan ta: M = 580,7;

Do quay cuc [a]Z’: +45,0 (c= 0,1, CHCly);

IR (KBr) vmax 3406, 2919, 1733, 1465, 1178 cm'%;

HR-ESI-MS m/z 579.2844 [M-H]", Tinh toan ly thuyét cho ion gia phan tir
[Co7H470115] 7, 579,2845;

S5 lieu pho H-NMR va 3C-NMR: xem bang 3.10.
3.1.1.11. Hop chat TP11: gingerglycolipid B

Chat bot mau trang;

Cong thirc phan tir: CasHssOua. Khdi lugng phan ta: M = 678,8;

Do quay cuc [a]3’: +23,8 (c = 0,1, CHCI3) ;

UV (MeOH) Amax 230, 295 nm;

IR (KBr) vmax 3388, 2918, 1731, 1465, 748 cm';

HR-ESI-MS mvz 701,3726 [M+Na]*; Tinh toan |y thuyét cho ion gia phan tir
[CasHss014Nal*, 701,3719;

S5 ligu phd *H-NMR va 3C-NMR: xem bang 3.11.
3.1.1.12. Hop chat TP12: 6'-O-linoleylsucrose

Chat bot mau trang, vo dinh hinh;

Cong thirc phan tir: CaoHs2012. Khdi lugng phan ta: M = 604,7;
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Do quay cuc [a]Z’: +38,7 (c = 0,1, CHCly);

IR (KBr) vmax 3428, 2919, 1733, 1465, 1265, 741 cm;

S5 ligu pho H-NMR va 3C-NMR: xem bang 3.12.
31.2 Thong sé vit ly va di liéu phé cdc hop chit phan Iip tir chiing vi tio
Aurantiochytrium sp. SC145
3.1.2.1. Hop chat AS1: N-methoxymethyltryptophol (chdt mdi)

Chat bot mau trang, vo dinh hinh;

Cong thirc phan tir: C12H1sNO2. Khéi lwong phén tir: M = 205,3;

UV (MeOH) Amax 225, 280 nm;

IR (KBr) vmax 3406, 2919, 2851, 1733, 1465, 1178 cm'%;

Phé HR-ESI-M S mvz 228,0993 [M +Na]*, Tinh toan ly thuyét cho ion gia phan
tir [C12H1sNO2Na]*, 228,0995;

S lieu pho H-NMR va 3C-NMR: xem bang 3.13.
3.1.2.2. Hop chat AS2: (2R)-2-(4-hydroxyphenyl)ethyl 2-hydroxy-3-phenylpropionate
(chdt méi)

Chat bot mau trang, vo dinh hinh;

Cong thirc phan tir: C17H1s04. Khéi lwgng phan tir: M = 286,3;

Do quay cuc [a]Z’: +30,5 (c 0,1, CHCl3)

UV (MeOH) Amax 210, 278 nm;

ECD (ACN) Amax (Ag) 220 nm;

IR (KBr) vmax 3440, 2917, 1731, 1633, 1515 cm'%;

HR-ESI-MS mvz 285,1133 [M-H]-, Tinh toén ly thuyét cho ion gia phan tu
[C17H1704]7, 285,1132;

S5 liu pho H-NMR va 3C-NMR: xem bang 3.14.
3.1.2.3. Hop chat AS3: 3-hydroxy-4-(4-hydrophenyl)-2-butanone

Chat bot mau tring, vo dinh hinh;

Cong thirc phan tir: C1oH120s. Khdi lugng phan tir: M = 180,2;

D6 quay cuc [a]%’: +34,0 (c = 0,1, CHCl3);

UV (MeOH) Amax 210, 278 nm;

IR (KBr) vmax 3441, 2918, 1733, 1642, 1466 cm'%;

HR-ESI-MS m/z 179,0713 [M-H];
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Tinh toén ly thuyét cho ion gia phan tir [C10H1103] -, 179,0714;
S5 ligu pho H-NMR va 3C-NMR: xem bang 3.15.

3.1.2.4. Hop chat AS4: 3-indoleacetic acid

Chét bot mau nau nhat;

Cong thirc phan tir: C1oHsNO2. Khéi lwong phan tir: M = 175,2;
UV (MeOH) Amax 221, 276 nm;

IR (KBr) vmax 3387, 2918, 2850, 1734, 1566, 1466 cm'’;

S5 ligu phd *H-NMR va 3C-NMR: xem bang 3.16

3.1.2.5. Hop chat AS5: tryptophol

Chat bot mau nau nhat;

Cong thirc phan tir: C1oH11NO. Khdi lugng phan tir: M = 161,2;
UV (MeOH) Amax 222, 281 nm;

IR (KBr) vmax 3409, 2918, 1729, 1619, 1456, 1042 cm'’;

S6 liéu phd *H-NMR va3C-NMR: xem bang 3.17.

3.1.2.6. Hop chat AS6: indole-3-carbaldehyde

Chat bot mau nau nhat;

Cong thirc phan tir: CoH7NO. Khéi lwong phan ta: M = 145,2;

IR (KBr) vmax 3168, 2916, 1729, 1632, 1444, 1243 cm'*;

HR-ESI-MS mvz 146,0603 [M+ H]*, Tinh toén |y thuyét cho ion gia phan tir

[CoHsNOY]*, 146.0600;

S5 liu pho H-NMR va 3C-NMR: xem bang 3.18.

3.1.2.7. Hop chat AST: methyl indole-3-acetate

Chét bot mau nau nhat;

Cong thirc phan tir: C11H1aNO2. Khdi wgng phan tir: M = 189,2;

UV (MeOH) Amax 225, 280 nm:

IR (KBr) vmax 3418, 2919, 1730, 1644, 1457, 741 cm™;

HR-ESI-MS nvz 190,0862 [M+H]*, Tinh toén ly thuyét cho ion gia phan tir

[C11H12NO7] ¥, 190.0863;

S5 ligu phd *H-NMR va 3C-NMR: xem bang 3.19.

3.1.2.8. Hop chat AS8: (erythro)-2-hydroxy-3-methyl pentanoic acid

Chat bot mau trang, vo dinh hinh;
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Cong thirc phan tir: CeH120s. Khdi lwgng phan ta: M = 132,2;
UV (MeOH) Zmax 220 nm;
IR (KBr) vmax 3417, 2965, 2931, 1723, 1461, 1139 cm'?;
HR-ESI-MS miz 131,0715 [M-H]", Tinh toan Iy thuyét cho ion gia phan tit
[CeHuO4], 131,0714:
S5 lieu pho H-NMR va 3C-NMR: xem bang 3.20.
3.1.2.9. Hop chat AS9: 2-hydroxy-3-phenylpropanoic acid
Chat bot mau tring, vo dinh hinh;
Cong thirc phan tir: CoH100s. Khdi lugng phan ta: M = 166,2;
UV (MeOH) Amax 220 nm;
Do quay cuc [a]%’: -15,0 (c = 0,1, CHCl3);
IR (KBr) vmax 3413, 2918, 1733, 1467, 736 cm'™:
HR-ESI-MS nvz 165,0561 [M-H] ", Tinh toan |y thuyét cho ion gia phan tir
[CoHsO3] , 165,0557:
S5 lieu phd H-NMR va 3C-NMR: xem bang 3.21.
3.1.2.10. Hop chat AS10: methyl 2-hydroxy-3-phenyl propanoate
Chat bot mau trang, vo dinh hinh;
Cong thirc phan tir: C1oH120s. Khdi lugng phan tir: M = 180,2;
Do quay cuc [a]Z’: -6,0 (c = 0.1, CHCl3);
UV (MeOH) Amax 212, 258 nm;
IR (KBr) vmax 3409, 2918, 2850, 1732, 1467, 1178 cm'?;
S5 liu pho H-NMR va 3C-NMR: xem bang 3.22.
3.1.2.11. Hop chat AS11: tyrosol
Chat bot mau trang, vé dinh hinh;
Cong thirc phan tir: CsH100,. Khéi lugng phan ta: M = 138,2;
UV (MEOH) /max 220, 278 nm;
IR (KBr) vmax 3388, 2915, 1512, 1234, 816 cm'%;
S5 lieu pho H-NMR va 3C-NMR: xem bang 3.23.
3.1.2.12. Hop chat AS12: (22E,24R)-5a,8a-epi-dioxyer gosta-6,22-dien-34-ol
Trung véi hep chdt TP6, xem hop chdt TP6.
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3.1.2.13. Hop chat AS13: (22E,24R)-5a,8a-epidioxyer gosta-6,9(11),22-trien-34-ol
Chat bot mau trang, vo dinh hinh;
Cong thirc phan tir: CasHa20s. Khdi lugng phan ta: M = 426,6;
Do quay cuc [a]Z’: +38,7 (c = 0,1, CHCly);
IR (KBr) vmax 3440, 2920, 1633, 1462, 1376 cm'%;
HR-ESI-MS m/z 427,3209 [M+H]*, Tinh todn ly thuyét cho ion gia phan tir
[CaoeH430s] ™, 427,3207,
S6 liéu phd H-NMR va 3 C-NMR: xem bang 3.24.
3.1.2.14. Hop chat AS14: chaxine C
Chét bot mau trang, vo dinh hinh;
Cong thirc phan tir: CagHaoOas. Khdi lugng phan tir: M = 440,6;
UV (MeOH) Amex 232 nm;
Do quay cuc [a]Z’: - 48,0 (c = 0,1, CHCly);
IR (KBr) vmax 3424, 2919, 1734, 1463, 1196 cm'%;
HR-ESI-MS mvz 441,3015 [M+H]*, Tinh toan ly thuyét cho ion gia phan tir
[CosH4104]*, 441,2999;
S lieu phd H-NMR va 3C-NMR: xem bang 3.25.
3.1.2.15. Hop chat AS15: cerevisterol
- Triing vai hop chat TP3, xem hop chat TP3.
3.1.2.16. Hop chat AS16: ergosta-5,7,22-trien-34-ol
Chat bot mau trang, vo dinh hinh;
Cong thirc phan tir: CasHa40. Khbi lugng phan ti: M = 396,7;
UV (MeOH) Amax 220 nm;
D6 quay cuc [a]Z’: - 135 (c = 0,5, CHCl3);
IR (KBr) vmax 3427, 2920, 1275, 749 cm™;
HR-ESI-MS mvz 397,3464 [M+H]*, Tinh toan ly thuyét cho ion gia phan tir
[C2sHas0]*, 397,3465;
S6 ligu phd *H-NMR va3C-NMR: xem bang 3.26.
3.1.2.17. Hop chat AS17: fungisterol
Chat bot mau trang, vo dinh hinh;
Cong thirc phan tir: CasHasO. Khdi lwgng phan ta: M = 400,7;
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D6 quay cuc [a]Z’: - 35 (c = 0,2, CHCl3);
IR (KBF) vmax 3425, 2955, 1463, 1378, 1039 cm'L;
S5 ligu pho H-NMR va 3C-NMR: xem bang 3.27.
3.1.2.18. Hop chat AS18: cyclo-(L-Pro-L-Leu)
Chat bot mau trang, vo dinh hinh;
Cong thirc phan tir: C11H1s03N2. Khéi lwgng phén ti: M = 210,3;
UV (MeOH) Amax 220, 280 nm;
Do quay cuc [a]Z>: -133 (¢ =0,3, C2H60);
IR (KBr) vinax 3259, 2921, 1668, 1633, 1433 cm'?;
S6 liéu phd *H-NMR va 3C-NMR: xem bang 3.28.
3.1.2.19. Hop chat AS19: adenosine
Chat bot mau trang, vo dinh hinh;
Cong thirc phan tir: CioH13NsO4. Khéi lugng phan tia: M = 267,2;
UV (MeOH) Amax 258 nm;
D6 quay cuc [a]Z’: - 60,0 (c = 0,1, H.0);
HR-ESI-MS m/z 268,1042 [M+H]*;
Tinh todn Iy thuyét cho ion gia phan tir [C1oH14NsO4]*, 268,1040;
S5 lieu pho H-NMR va 3C-NMR: xem bang 3.29.
3.1.2.20. Hop chat AS20: octadeca-(9Z,127)-dienoic acid
Chat bot mau trang, vo dinh hinh;
Cong thirc phan tir: CisH3.0,. Khdi lugng phan tia: M = 280,5;
IR (KBr) vmax 3418, 2927, 1712, 1462, 1184 cm'%;
S5 ligu pho *H-NMR va *C-NMR: xem bang 3.30.
3.1.2.21. Hop chdt AS21: (9-2,3-dihydroxypropyl (9Z,122)-octadeca-9,12-dienoate
Chét bot mau trang, vo dinh hinh;
Cong thirc phan tir: CaiH3s04. Khdi lugng phan ta: M = 354,5;
D6 quay cuc [a]Z’: -15,0 (c = 0,1, CHCl3);
IR (KBr) vmax 3440, 2920, 1730, 1462, 735 cm'%;
HR-ESI-MS mvz 355,2830 [M+H]*, Tinh toén ly thuyét cho ion gia phan tir
[C21H3004]*, 355,2843;
S5 lieu pho H-NMR va 3C-NMR: xem bang 3.31.



50

3.1.2.22. Hop chat AS22: cibotiglycerol
Chat bot mau trang, vo dinh hinh;
Cong thirc phan tir: C27H4s011S. Khéi lugng phan tir: 580,7;
Do quay cuc [a]Z’: -120,1 (c = 0,1, CHCly);
IR (KBr) vmax 3432, 2921, 1732, 1170, 749 cm'%;
HR-ESI-MS m/z 603,2755 [M+Na]*;
Tinh toén ly thuyét cho cong thtrc [C27H4s011SNa]*, 603,2810;
S5 ligu pho H-NMR va 3C-NMR: xem bang 3.32.
3.1.2.23. Hop chat AS23: tyrosyl linoleate
Chat bot mau trang, vo dinh hinh;
Cong thirc phan tir: CosHao0s. Khéi lwgng phén ti: 400,6;
UV (MeOH) Amax 228, 278 nm;
IR (KBr) vmax 3426, 2923, 1732, 1515, 1168 cm'%;
HR-ESI-MS m/z 399,2902 [M-H] ;
Tinh toén ly thuyét cho cong thirc [CasHz90s3], 399,2905:
S6 liéu phd *H-NMR va3C-NMR: xem bang 3.33.
3.2. Xac dinh ciu tric cac hop chit phan lap dwoc
3.2.1. X&c dinh cdu tric cac hop chit tir chiing vi tio T. pachydermum TSL10
3.2.1.1. Hop chat TP1: ergosta-7(8),22(23)-diene-34,5a,90-triol (chdt méi)

28 28
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TP1 Chat tham khao
Hinh 3.1. Cdu tric hda hoc ciia hop chat TP1 va chat tham khdo.

Hop chat TP1 thu dugc & dang chat bot mau tring. Cong thirc phan tir 14
Ca8H4s03, dugc xac dinh dua trén pic ion tai m/z 431,3525 [M + H]* (tinh toan ly
thuyét cho ion gia phan tir [CosHa70s]*, 431,3520) trén phé HR-ESI-MS (Hinh 3.3).
Ph6 'H-NMR cia TP1 xuat hién tin hiéu cua sau nhom methyl tai on 0,62 (3H, 9),
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1,01 (3H, s), 1,03 (3H, d, J = 6,6 Hz), 0,82 (3H, d, J = 6,6 HZ), 0,84 (3H, d, J = 6,6
Hz) va 0,92 (3H, d, J = 6,6 HZz); ba proton olefin tai on 5,65 (1H, br d, J = 1,8 Hz),
5,17 (1H, dd, J = 8,4, 15,6 Hz) va 5,24 (1H, dd, J = 7,8, 15,6 Hz) va mot proton
oxymethine tai on 4,06 (1H, m) (Hinh 3.4). Ph 3C-NMR va HSQC cua TP1 xuit
hién tin hiéu cua 28 carbon bao gom: Ba carbon olefin tai dc 119,9, 135,1, 132,5, ba
carbon lién két truc tiép véi oxy tai dc 67,2, 74,7 va79,7; hai carbon bac 4 tai dc 41,8
va 45,3, nam carbon methine tai oc 51,8, 56,0, 40,3, 42,8 va 33,1; tdm carbon
methylene tai Jc 25,5, 30,1, 37,1, 28,8, 29,1, 34,9, 22,4 va 27,9, sau carbon methyl
tai oc 12,3, 20,5, 21,1, 19,7, 20,0 va 17,6 (Hinh 3.5 va 3.6).

— COSY

Hinh 3.2. Twong tic HMBC va COSY cia hep chat TP1

Tuong tac HMBC gitta H-19 (o 1,01) va C-1 (dc 25,5)/C-5 (dc 74,7)/C-9 (dc
79,7)IC-10 (dc 41,8), H-4 (6n 1,76) va 2,09) va C-2 (dc 30,1)/C-3 (éc 67,2)/C-5 (dc
74,7)/IC-6 (oc 28,8)/C-10 (oc 41,8), H-7 (6n 5,73) vaC-5 (éc 74,7)IC-9 (oc 79,7)/C-14
(oc 51,8) cho phép xac dinh vi tri ciia cac nhdm hydroxyl tai C-3, C-5va C-9, valién
két doi tai C-7/C-8. Tuong tic HMBC giitaH-21 (61 1,03) va C-17 (dc 56,0)/C-20 (dc
40,3)/C-22 (6c 135,1); H-28 (6H 0,92) va C-23 (dc 132,5)/C-24 (oc 42,8)/C-25 (6c 33,1)
vatin hidu trén phd COSY cta H-21 (61 1,03)/H-20 (dn 2,03)/H-22 (0n 5,17)/H-23 (o1
5,24)/H-24 (on 1,86) goi y vi tri cialién két doi tai C-22/C-23 (Hinh 3.2). Pho COSY
XUt hién twong tac gitta Hg-2 (dn 1,48) Vi Ho-1 (dn 2,33) vaH-3 (0 4,06), twong tac
gitra H-3 v&i Hp-4 (0w 1,76). Tur d6 xac dinh dugc manh phén ti trong vong A cua
khung sterol C-1—C-4. Phan tich tuong tu cac tuong tac khac xac dinh thém duogc
manh phan tir khac tir C-14—C-17 va C20—C-28 (Hinh 3.2). Tuong tac NOESY giita
H-19 (6w 1,01) vaHg-1 (on 1,51)/Hp-2 (0w 1,48)/Hs-4 (o1 1,76); gitaH-18 (0w 1,01) va
Hg-12 (0n 1,88)/H-20 (51 2,02) goi Y cau hinh ciianhém hydroxyl & C-3 145 vanhom
hydroxyl & C-5 va C-9 laa. Hang sd twong tac 16n gitra H-22 va H-23 (J = 15,6 Hz)
goi y lién két doi tai C-22/C-23 ¢6 cau hinh E (Hinh 3.9). Cu hinh tai C-24 caa TP1
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duoc xac dinh 1a (R) bang cach so sanh d6 chuyén dich héa hoc caa C-24 (dc 42,8) va
C-28 (5¢c 17,6) caaTP1 véi cau hinh caahop chit 5a,8a-epidioxy-24S-methylcholesta-
6,22E-diene-3p-0l (oc 43,0 va 18,0) [68] va 5a,8a-epidioxy-24R-methylcholesta-
6,22E-dien-3-0l (dc 42,8 va 17,6) [69]. Do do, hop chit TP1 méi duoc xac dinh |a
(22E,24R) ergosta-7(8),22(23)-diene-34,5a,9a-triol.

Bang 3.1. S5 liéu phé *H, 3C-NMR cuia hop chdt TP1 va hep chdt tham khao

C oc? Oc*®  on2C (do boi, J = H2)

1 29,0 25,5 1,51 (1H, m, £)/2,33 (1H, m, )
2 32,4 30,1 1,48 (1H, m, £)/1,85 (1H, m, «)
3 67,3 67,2 4,06 (1H, m)

4 42,0 37,1 1,76 (1H, m, £)/2,09 (1H, br d, 13,8, @)
5 75,0 747 -

6 73,7 28,8 1,73(1H, m,a)/1,91 (1H, m, B)
7 121,3 119,9 5,65 (1H, br d, 1,8)

8 142,9 Nd -

9 78,7 79,7 -

10 41,2 418 -

11 29,0 29,1 1,31 (2H, m)

12 35,9 349 1,73(1H, m, 0)/1,88 (1H, m, 5)
13 44,1 453 -

14 51,3 51,8 2,75 (1H, m)

15 23,5 224 1,48 (1H, m, )/1,59 (1H, m, )
16 28,2 27,9 1,33 (1H, m, £)/1,80 (1H, m, )
17 56,1 56,0 1,44 (1H, m)

18 12,0 12,3 0,62 (3H, )

19 22,5 20,5 1,01 (3H, )

20 40,9 40,3 2,03 (1H, m)

21 21,4 21,1 1,03(3H, d, 6,6)

22 136,4 135,1 5,17 (1H, dd, 8,4, 15,6)

23 132,2 132,5 5,24 (1H, dd, 7,8, 15,6)

24 433 42,8 1,86 (1H, m)

25 33,5 33,1 1,48 (1H, m)

26 18,9 19,7 0,82 (3H, d, 6,6)

27 20,3 20,0 0,84 (3H, d, 6,6)

28 18,3 17,6 0,92 (3H, d, 6,6)
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2Po trong CDCla, "150MHz, “600MHz, dc* ciia 22, 24S-5a-chol esta- 7,22-diene-34,5,6/, 9o-tetr aol
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Hinh 3.3. Phé khéi lwong phan gidi cao HR-ESI-MS ciia hep chdt TP1
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Hinh 3.5. Phé 3C-NMR cua hep chat TP1
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Hinh 3.9. Phé NOESY cua hop chdat TP1
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3.2.1.2. Hop chat TP2: ergosta-7(8),22(23)-diene-34,5a-diol

28

Hinh 3.10. Cdu tric héa hoc va tiwong tdc HMBC chinh cia hop chat TP2

Hop chat TP2 thu dugce dudi dang bot mau trang. Phd *H-NMR cho séu tin
hiéu methy! tai o1 0,60 (3H, s), 0,95 (3H, s), 1,03 (3H, d, J = 6,6 HZz), 0,82 (3H, d, J
= 6,6 Hz), 0,84 (3H, d, J= 6,6 Hz) va 0,92 (3H, d, J = 6,6 Hz). Tin hiéu mot proton
hydroxymethine tai on 4,03 (1H, m) va batin hi¢u proton olefin tai on 5,65 (1H, br
s), 5,16 (1H, dd, J = 6,6, 16,0 Hz) va 5,25 (1H, dd, J = 6,6, 16,0 Hz). Ph6 3C-NMR
xuat hién tin hiéu ctua 28 carbon trong do co bon carbon olefin tai dc 119,7, 135,0,
132,5 (Trong d6 c6 mot carbon khéng xuét hién trén phé 3C-NMR); hai tin hiéu
carbon lién két truc tiép véi oxy tai dc 67,5 va 77,8. Dit liéu phd cua hop chat TP2
twong ty TP1, chi ¢ sy khéc biét 1a do chuyén dich hoa hoc caa C-9 (TP1: éc 79,7,
TP2: 6c 43,9) do hop chiat TP2 mat di mot nhém hydroxy ¢ vi tri C-9. Vi tri cia
nhém hydroxyl dugc xac dinh tai C-3 va C-5 dya trén cac twong taic HMBC gitta H-
19 (0w 0,95) va C-1 (6c 30,4)/C-5 (dc 77,8)/C-9 (oc 43,9)/C-10 (oc 40,5), H-2 (on
1,74)/H-4 (on 2,11) va C-3 (dc 67,5). Vi tri lién két d6i duoc xac dinh tai C-22/C-23
dua trén tuong tac HMBC gitra H-22 (dn 5,16) va C-24 (¢ 42,8), H-23 (on 5,25) va
C-20 (¢ 40,3), H-28 (0w 0,92) vaC-23 (oc 132,5) (Hinh 3.10). Quaphéan tich cac dix
ligu pho 1D, 2D NMR cho phép xac dinh TP2 |a ergosta-7(8),22(23)-diene-38,5a-
diol [71].

Bang 3.2. S liéu phé *H, B3C-NMR cua hop chat TP2

oc*®  913< (dd boi, J = H2)
30,4 1,61 (1H, m)/1,80 (1H, m)
22,0 1,62 (1H, m)/1,74 (1H, m)
67,5 4,03 (1H, m)

36,5 1,71 (1H, m)/2,11 (1H, m)

NwN RO
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C oc?® onC (dé boi, J = Hz)

5 778 -

6 30,2 1,42 (1H, m)/1,88 (1H, m)
7 119,7 5,65 (1H, br s)

8 ND -

9 439 2,52 (1H, m)

10 405 -

11 22,0 1,60 (1H, m)/1,73 (1H, m)
12 38,9 1,43 (1H, m)/2,11(1H, m)
13 448 -

14 55,8 2,04 (1H, m)

15 22,5 1,30 (1H, m)/1,60 (1H, m)
16 27,9 1,35(1H, m)/1,78 (1H, m)
17 56,1 1,37 (1H, m)

18 12,7 0,60 (3H, 9)

19 16,4 0,95(3H, )

20 40,3 2,03 (1H, m)

21 21,1 1,03 (3H, d, 6,6)

22 135,0 5,16 (1H, dd, 6,6, 16,0)
23 132,5 5,25 (1H, dd, 6,6, 16,0)
24 42,8 1,85(1H, m)

25 33,1 1,48 (1H, m)

26 19,6 0,82 (3H, d, 6,6)

27 20,0 0,84 (3H, d, 6,6)

28 17,6 0,92 (3H, d, 6,6)

2Po trong CDCls,*150MHz, °600MHz
ND (Not determinded, khéng xdc dinh dwoc trén phé *C-NMR)

3.2.1.3. Hop chat TP3: cerevisterol

28

Hinh 3.11. Cdu tric hoa hoc cia hop chat TP3
Hop chat TP3 thu dugc dudi dang chat rin mau trang. Cong thac phan ta 14
C28H4603, dugc xac dinh dua trén pic ion tai m/z 465,3132 [M + CI] (tinh toan ly
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thuyét cho ion gia phan tir [C2sH4O0sCl]", 465,3135) trén phé HR-ESI-MS (Hinh
P1.18). Pho H-NMR xuét hién 6 tin hiéu caa cac nhoém methy! tai: 6w 0,60 (3H, ),
1,09 (3H, s), 0,83 (3H, d, J= 6,6 Hz), 0,84 (3H, d, J = 6,6 Hz), 1,03 (3H, d, J = 6,6
Hz) vadn 0,92 (3H, d, J = 6,6 Hz); batin hiéu proton olefin tai on 5,35 (1H, J=4,8
Hz), 5,24 (1H, dd, J = 6,6, 16,0 Hz) va5,16 (1H, dd, J = 6,6, 16,0 Hz). Hang sb twong
téc gittaH-22 vaH-2316n (J = 16,0 Hz) cho thay lién két d6i dang trans; hai tin hiéu
nhom oxymethine tai 0w 4,08 (1H, m) va3,62 (1H, J = 4,8 Hz). Phd 3C-NMR vaphé
HSQC cho biét hop chit TP3 chia 28 carbon thude khung ergosterol, trong d6 bbn
carbon cua hai lién két d6i tai dc 1117,6, 144,0, 132,2 va 135,4; hai carbon
oxymethine tai dc 67,8 va 73,7; mot carbon lién két vi nhdm hydroxy tai Jc 76,0;
sau carbon methyl tai 6c 12,4, 18,8, 19,7, 20,0, 21,1 va 17,6. Tu nhirng dir kién phé
phan tich trén két hop so sanh véi di liéu phd cua TP3 véi hop chat cerevisterol cho
thay gidng nhau hoan toan [72]. Vay hop chat TP3 dugc xac dinh 1a cerevisterol.,
Bang 3.3. S liéu phé H, 3C-NMR cuia hep chdt TP3 va hop chdt tham khao

C oc Oc*®  op2c (dd bi, J = Hz)

1 30,4 30,9 1,44 (1H, m)/1,87 (1H, m)
2 32,8 33,0 1,55 (1H, m)/1,62 (1H, m)
3 67,2 67,8 4,08 (1H, m)

4 39,3 39,3 1,32 (1H, m)/2,08 (1H, m)
5 75,9 76,0 -

6 73,1 73,7 3,62 (1H, 4,8)

7 117,3 117,6 5,35 (1H, 4,8)

8 143,2 144,0 -

9 43,2 435 1,56 (1H, m)

10 37,0 37,2 -

11 22,0 21,9 1,55 (1H, m)/1,54 (1H, m)
12 38,9 39,3 1,78 (1H, m)/2,15 (1H, m)
13 43,6 438 -

14 54,7 54,8 1,91 (1H, m)

15 22,9 22,9 1,45 (1H, m)/1,56 (1H, m)
16 27,9 27,9 1,30 (1H, m)/1,75 (1H, m)
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C oc” Oc*P 012 (36 bdi, J = Hz)
17 55,9 56,0 1,30 (1H, m)

18 12,3 12,4 0,60 (3H, 9

19 18,4 18,8 1,09 (3H, 9)

20 40,4 40,4 2,03 (1H, m)

21 19,6 19,7 0,83 (3H, d, 6,6)

22 131,9 132,2 5,24 (1H, dd, 6,6, 16,0)
23 135,3 1354 5,16 (1H, dd, 6,6, 16,0)
24 42,8 42,8 1,85 (1H, m)

25 33,1 33,1 1,47 (1H, m)

26 19,9 20,0 0,84 (3H, d, 6,6)

27 21,1 21,1 1,03 (3H, d, 6,6)

28 17,6 17,6 0,92 (3H, d, 6,6)

330 trong CDCl3, ®150 MHz, ©600 MHz, §c* ciia cerevisterol (do trong CDCl3) [72].
3.2.1.4. Hop chat TPA4: 54,64 -epoxy-(22E)-ergosta-8,22-diene-34,7a-diol

28
21 22 g 26
///////, 20

"y
OH

Hinh 3.12. Cdu tric hoa hoc ciia hop chdt TP4

Hop chit TP4 thu dugc dudi dang chat ran mau trang. Pho *H-NMR cua TP4
XUat hién sdu nhom methyl tai on 0,59 (3H, s), 1,14 (3H, s), 1,03 (3H, d, J = 6,6 HZ),
0,82 (3H, d, J= 6,6 HZ), 0,84 (3H, d, J = 6,6 Hz) va0,92 (3H, d, J = 6,6 Hz), banhom
oxymethinetai on 3,31 (1H, d, J= 2,4 Hz), 3,94 (1H, m) va4,22 (1H, brs), hai proton
olefin tai 61 5,17 (1H, dd, J = 6,6, 16,0 HZ) va 5,22 (1H, dd, J = 6,6, 16,0 Hz). Phd
13C_NMR vaHSQC xuit hién tin hiéu caa 28 nguyén ti carbon, bao gom sau carbon
methyl, bay carbon methylen, mudi carbon methine va nim nguyén tir khéng lién két
vé6i hydro. Bén carbon olefin tai dc 126,9, 135,6, 134,5 va 132,2. Sy xuat hién cua
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cau 5,6-epoxy ciing phu hop véi sy xuit hién tin hiéu hai carbon tai dc 65,7 va 62,6

trén phd 3C-NMR cua TP4. Qua phan tich dir liéu pho két hop tai liéu tham khao

cho phép xac dinh TP4 |a 5a,6a-epoxy-(22E)-ergosta-8,22-diene-34,7a-diol [69].
Bang 3.4. S liéu phé *H, 3C-NMR cuia hop chdt TP4 va hep chat tham khao

C oc” O0c®®  943C (a6 bdi, J = HZ)

1 32,0 30,8 1,61 (1H, m)/1,98 (1H, m)
2 31,0 30,2 1,60 (1H, m)/1,70 (1H, m)
3 68,2 68,5 3,94 (1H, m)

4 40,4 39,2 1,45 (1H, m)/2,16 (1H, m)
5 64,8 65,7 -

6 63,7 62,6 3,31 (1H, d, 2,4)

7 67,0 67,0 4,22 (1H, brs)

8 133,8 126,9 -

9 128,3 1356 -

10 38,8 380 -

11 22,7 23,9 2,06 (1H, m)

12 24,2 35,7 1,40 (1H, m)/1,95 (1H, m)
13 36,3 421 -

14 42,5 49,6 2,17 (1H, m)

15 50,7 23,4 1,30 (1H, m)/2,20 (1H, m)
16 24,2 29,0 1,32 (1H, m)/1,80 (1H, m)
17 54,1 53,7 1,20 (1H, m)

18 11,7 11,3 0,59 (3H, )

19 22,7 22,8 1,14 (3H, 9)

20 40,8 40,4 2,03 (1H, m)

21 21,3 21,0 1,03 (3H, d, 6,6)

22 136,2 134,5 5,17 (1H, dd, 6,6, 16,0)
23 132,2 132,0 5,22 (1H, dd, 6,6, 16,0)
24 431 42,8 1,85 (1H, m)

25 33,3 33,1 1,48 (1H, m)

26 19,8 19,7 0,82 (3H, d, 6,6)

27 20,1 20,0 0,84 (3H, d, 6,6)

28 17,8 17,7 0,92 (3H, d, 6,6)

2Po trong CDCls, "150MHz, °®600MHz, 5c* ciia 22E,24R-5a,6a-epoxyer gosta-8,22-diene-34, 7a-
diol (do trong pyridine-ds) [69].



62

3.2.1.5. Hop chat TP5: ergosterol

3

2

HO

Hinh 3.13. Cdu tric héa hoc va tirong tdc HMBC cuia hop chat TP5

Hop chat TP5 thu duoc dudi dang chat rin mau tring. Cong thirc phan tir caa TP5
duoc xéac dinh 1& CasHa4O dua trén phd khdi luong phan giai cao HR-ESI-MS véi s
Xuat hién pic ion tai Mz 397,3467 [M+H]* trén phé HR-ESI-MSS (tinh toan ly thuyét
cho cong thic [CasHas0]*, 379,3470). Pho *H-NMR xuét hién tin hiéu caa sdu nhom
methyl tai on 0,63 (3H, s), 0,95 (3H, s), 1,04 (3H, d, J=6,6 Hz), 0,84 (3H, d, J=6,6
Hz), 0,85 (3H, d, J = 6,6 Hz) va 0,92 (3H, d, J = 6,6 HZ), mot nhdm oxymethine tai
o 3,63 (1H, m), bdn proton olefin tai on 5,38 (1H, d, J = 6,6 Hz), 5,67 (1H, d, J =
6,6 Hz), 5,17 (1H, m) va 5,24 (1H, m). Phd 3C-NMR va phd HSQC cho thay hop
chat TP5 chira 28 carbon, trong d6 c6 sau carbon olefin tai dc 139,8, 119,6, 116,3,
141,4, 135,6 va 132,0, mot carbon oxymethine tai oc 70,5, sau carbon methyl tai dc
12,1, 16,2, 17,6, 19,6, 20,0 va 21,1, bay carbon methylene tai Jc 38,4, 32,0, 40,8,
21,1, 39,1, 23,0 va 28,3, sau carbon methinetai 6c 46,2, 54,6, 55,7, 40,4, 42,9 va 33,1
vahai carbon bac 4 tai 6c 37,1 va43,9. Vi tri nhdm thé hydroxy duoc xac dinh tai C-
3 ciakhung sterol dua trén twong taic HMBC gittaH-1 (on 1,90)/H-2 (w1 1,89) va C-
3 (dc 70,5). Tuong tac HMBC gitraH-28 (dn 0,92) va C-23 (dc 132,0)/C-24 (oc 42,9)/
C-25 (Jc 33,1) cho biét trén khung sterol chiralién két doi tai C-22/C-23 vatai C-24
c6 nhém thé methyl. Tuong tac HMBC giita H-7 (du 5,38)/ H-19 (Jn 0,95) va C-5 (dc
139,8) cho biét vi tri 2 lién két ddi tai C-5/C-6 va C-7/C-8 (Hinh 3.12). Théng qua
phan tich dir liéu phd NMR két hop so sanh tai liéu tham khao [73], hop chat TP5
duoc xac dinh laergosterol.

Bang 3.5. S liéu phé *H, 3C-NMR cuia hop chdt TP5 va hep chat tham khao

C oc” oc*®  op2C (dd boi, J = HZ)
1 384 38,4 1,30 (1H, m)/ 1,90 (1H, m)
2 32,0 32,0 1,50 (1H, m)/ 1,89 (1H, m)
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3 70,4 705 3,63 (1H, m)

4 40,8 40,8 2,29 (1H, dd, 11,6, 11,6)
247 (1H, d, 11,6)

5 139,8 139,8 -

6 119,6 119,6 5,67 (1H, d, 6,6)

7 116,3 116,3 5,38 (1H, d, 6,6)

8 141,3 1414 -

9 46,2 46,2 1,98 (1H, m)

10 37,0 37,1 -

11 21,1 21,1 1,60 (1H, m)/ 1,70 (1H, m)

12 39,1 39,1 1,25 (1H, m)/ 2,06 (1H, m)

13 42,8 439 -

14 54,6 54,6 1,90 (1H, m)

15 23,0 23,0 1,36 (1H, m)/ 1,67 (1H, m)

16 28,3 28,3 1,30 (1H, m)/ 1,76 (1H, m)

17 55,7 55,7 1,28 (1H, m)

18 12,0 12,1 0,63 (3H, 9

19 17,6 16,2 0,95 (3H, 9)

20 40,4 40,4 2,04 (1H, m)

21 21,1 21,1 1,04 (3H, d, 6,6)

22 135,6 135,6 5,17 (1H, m)

23 132,0 132,0 5,24 (1H, m)

24 42,8 42,9 1,86 (1H, m)

25 33,1 33,1 1,48 (1H, m)

26 19,6 19,6 0,84 (3H, d, 6,6)

27 19,9 20,0 0,85 (3H, d, 6,6)

28 16,2 17,6 0,92 (3H, d, 6,6)

3Po trong CDCls, 125 MHz, °500 MHz, éc* ciaergosterol (do trong CDCl3) [73].
3.2.1.6. Hop chat TP6: (22E,24R)-5a,80-epi-dioxyer gosta-6,22-dien-34-ol

Hinh 3.14. Cdu tric hoa hoc ciia hop chat AS12
Hop chat TP6 thu duoc dudi dang bot vo dinh hinh mau tring. Cong thirc phan
tir 1a CosHaaOs, duge xac dinh duatrén pic ion gia phan tu tai m/z 463,2974 [M + Cl] -
(theo tinh todn 1Y/ thuyét [CzsHaOsCl] -, miz 463,2979 trén phé HR-ESI-MS) (Hinh
P1.34). Trén phoé 'H-NMR xuét hién céc tin hiéu cia sdu nhém methyl tai on 0,83
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(3H, 5), 0,88 (3H, ), 51 0,84 (3H, d, J = 6,6 Hz), 0,82 (3H, d, J = 6,6 Hz), 0,91 (3H,
d, J=7,0Hz) va1,00 (3H, d, J = 6,5 Hz). Bén proton cua hai lién két dbi ciing dugc
xac dinh tai on 6,24 (1H, d, J = 8,4 Hz), 6,50 (1H, d, J = 8,4 HZ), 5,22 (1H, dd, 6,6,
16,0 Hz) va 5,14 (1H, dd, 6,6, 16,0 Hz) va mot proton nhdm oxymethine tai on 3,96
(1H, m). Trén pho BC-NMR xuét hién tin hiéu caa hai muoi tam carbon, trong d6
bon carbon olefin tai 6c 135,4, 130,7, 132,3 va 135,2, hai carbon lién két véi nguyén
tir oxy tai oc 82,2 va 79,4, mot carbon oxymethine tai dc 66,4 va sau carbon methyl
tai 0c12,9, 17,6, 18,2, 19,9, 19,6 va20,6. Phan tich s liéu phd cho phép xac dinh ciu
trdc cua TP6 |a (22E,24R)-5a,8a-epi-dioxyergosta-6,22-dien-345-ol [74].
Bang 3.6. S liéu phé tH, BC-NMR cia hop chdt TP6 va hep chdt tham khao

C ot o™ ondc (d bdi, J = Hz)
1,67 (1H, ddd, 3,0, 3,0, 13,2
1 34,7 34,7 1’96E1H’m) )
1,93 (1H, dd, 12,0, 13,2)
2 30,2 01 'ee (aH m)
3 66,5 66,4 3,96 (1H, m)
1,95 (1H, dd, 13,2, 13,2
4 37.0 36,9 2,11E1H,ddd, 24,54, )13,2)
5 82,2 82,2 -
6 1355 1354 6,24 (1H, d, 8,4)
7 130,8  130,7 6,50 (1H,d, 8,4)
8 79,5 794 -
9 51,7 51,7 3,851H, t, 6,6)
10 37,0 370 -
11 20,7 20,9 1,22 (1H, m)/1,53 (1H, m)
12 39,4 39,4 1,25 (1H, m)/1,95 (1H, m)
13 44,6 446 -
14 51,1 51,1 1,57 (1H, m)
15 23,4 234 1,39 (1H, m)/1,68 (1H, m)
16 28,7 28,6 1,37 (1H, m)/1,83 (1H, m)
17 56,2 56,2 1,24 (1H, m)
18 12,9 12,9 0,83(3H, 9
19 18,2 18,2 0,88 (3H, 9
20 39,9 39,7 2,01 (1H, m)
21 20,9 20,6 1,00 (3H, d, 6,5)
22 1323  132,3 522 (1H, dd, 6,6, 16,0)
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C oc? oc®®  onC (dé boi, J = Hz)
23 135,2 135,2 5,14 (1H, dd, 6,6, 16,0)
24 42,8 42,8 1,85 (1H, m)

25 33,1 33,1 1,50 (1H, m)

26 19,7 19,9 0,84 (3H, d, 6,6)

27 20,0 19,6 0,82 (3H, d, 6,6)

28 17,6 17,6 0,91 (3H, d, 6,6)

3dotrong CDCl3,?150 MHz, °600 MHz, oc* ciia (22E,24R)-5a.,8a-epi-dioxyer gosta-6,22-dien-34-ol (do
trong CDCl5) [ 74]

3.2.1.7. Hop chat TP7: linoleic acid

HO_

Hinh 3.15. Cdu tric hdéa hoc cia hop chat TP7

Pho HR-ESI-MS cia TP7 xuét hién pic ion tai m'z279,2330 [M—H] cho phép
xéac dinh cong thac phan tir caa TP7 1 CisH3202 (Tinh toédn |y thuyét cho cong thic
[C1sH3107] -, 279,2330) (Hinh P1.39). Pho 'H-NMR caa TP7 xuat hién tin hiéu cna 4
proton olefin tai on 5,33 (4H, m) va proton cia nhém methyl cudi mach tai on 0,88
(3H, t, J = 6,6 Hz), sir xuat hién cia c&c proton caa cac nhdm methylene tai on 2,77
(2H, t, J=7,2 Hz), 2,31 (2H, t, J = 7,8 H2), 2,04 (4H, m), 1,59 (2H, m) va 1,30 (16H,
m). Phd C-NMR cua TP7 xuit hién caamat carbon carbonyl tai dc 173.9, bn carbon
olefintai 6c 130,2, 130,0, 128,1 va 127,9, muoi hai carbon methylenetai oc 34,1, 31,5,
29,7, 29,4 x2, 29,3 x2, 27,2 x2, 25,6, 24,9, va 22,6 vamot carbon methyl tai oc 14,1.
Phan tich sb liéu phd NMR cho phép xac dinh day 1a linoleic acid.

Bang 3.7. S0 liéu phé H, 3C-NMR cuia hep chdt TP7 va hop chdt tham khao

C oc? oc?®  on3C (dd boi, J=H2)
1 180,6 180,0 -

2 34,2 34,1 2,31(2H,t,7,8)

3 24,8 249 1,59 (2H, m)
4-7 29,2-29,7  29,3-29,7 1,25-1,38

8 27,3 27,2 2,04 (2H, m)

9 130,0 130,0 5,33 (1H, m)

10 128,2 128,1 5,33 (1H, m)

11 25,8 25,6 2,77 (2H, t, 7,2)
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C oc? oc*®  op2C (dd boi, J =H2)
12 128,0 128,0 5,33 (1H, m)

13 130,2 130,2 5,33 (1H, m)

14 27,3 27,2 2,04 (2H, m)

15 29,5 29,5 1,30 (2H, m)

16 31,6 31,5 1,29 (2H, m)

17 22,7 22,7 1,30 (2H, m)

18 141 14,1 0,88 (3H, t, 6,6)

3CDCl3,"150MHz, 600 MHz, 5c* ciia linoleic acid (do trong CDCl3) [75).
3.2.1.8. Hop chat TP8: 4-(-octadeca-9Z,12Z-dienoyl oxy)butanoic acid.

2 4 6 8 11 18
1

1' 3
HOOC\/\/O 3 s 7 9 10 12 13
- - W

(0]

Hinh 3.16. Cdu tric hda hoc cia hop chat TP8
Hop chat TP8 thu dugc dudi dang chat dau khdng mau. Cong thirc phan tir cia TP8
duoc xac dinh [& C22H3s04 duatrén phd khdi lwgng phan giai cao HR-ESI-M S véi s
Xuat hién cua pic ion gia phan tir tai vz 389,2668 [M+Na]* (Tinh toan |y thuyét cho
cong thirc [Ca2Hzs04Na]*, 389,2662) (Hinh P1.44). Phd *H-NMR cua cua T P8 xuét
hién bén proton olefin tai on 5,30 (4H, m), mot nhom methyl tai on 0,89 (3H, t, J =
6,6 Hz) va céc proton cia mach dai trong khoang on 1,26~1,37 da goi y Su O mat
ciamot axit chira hai lién két d6i. Phd 3C-NMR cua T P8 cho biét sy cd mit caamot
carbon carboxyl tai oc 173,9, bdn carbon olefin tai dc 130,0, 127,9, 128,0 va 130,2,
mudi nim methylene va mot carbon methyl tai dc 14,0. Phan tich sb liéu caa TP8
cho thay sb liéu cua hop chat ndy hoan toan giéng véi cua 4-(octadeca-97,127-

dienoyloxy)butanoic acid [76].

X
Hooc\N./o 1(\/\ /}
— — 18
vW
o — > HMBC

m— COSY

Hinh 3.17. Twong tdc HMBC chinh va COSY cua hop chat TP8
Lién két ester giira octadeca-9Z,12Z-dienoic acid va C-4 caa 4-hydroxy butanoic acid
dugc xac dinh dya trén tuong taic HMBC gitraH-4' (0w 4.11) vaC-1 (on 173.9) (Hinh
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3.15). Tur céc dit lidu phd trén va so sénh vai tai liéu tham khao, hop chat TP8 dugc
xac dinh la 4-(octadeca-9Z,12Z-dienoyloxy)butanoic acid.
Bang 3.8. S liéu phé *H, 3C-NMR cuia hop chat TP8 va hep chat tham khao

C oc? oc®®  op2C (dd boi, J =H2)
1 173,8 1739 -

2 34,2 34,2 2,29 (2H, t, 6,6)
3 249 249 1,60 (2H, m)
4-7 29,1-296 29,1-29,6 1,25-1,35

8 27,2 27,2 2,04 (2H, m)

9 130,0 130,0 5,33 (1H, m)
10 1279 1279 5,33 (1H, m)
11 25,6 25,6 2,77 (2H,t,7,2)
12 128,0 128,1 5,33 (1H, m)
13 130,2 130,2 5,33 (1H, m)
14 27,2 27,2 2,04 (2H, m)
15 29,3 29,3 1,30 (2H, m)
16 31,5 31,5 1,29 (2H, m)
17 22,5 22,5 1,30 (2H, m)
18 141 14,0 0,89 (3H,t, 6,6)
I Nd Nd -

2 30,4 30,8 2,42 (2H,t, 6,6)
3 23,7 24,0 1,96 (2H, m)

4 63,0 63,2 4,11 (2H,t, 6,6)

4CDCl3,"150MHz, 600 MHz, Nd: khong xdc dinh, dc* cria 4-(octadeca-92,12Z-dienoyloxy) butanoic acid
(do trong CDCl3) [ 76].

3.2.1.9. Hop chat TP9: 1-linoleoyl-sn-glycero-3-phosphocholine

0,
HZN\/\ \P o~ 3 NI 18'
O/ I 9' 12'
> /
HO OH

o

Hinh 3.18. Cdu tric hda hoc cia hop chat TP9

Hop chat TP9 thu duoc dudi dang chat dau khdng mau. Cong thac phan tir caa TP
dugc xac dinh 1& Co3HaNO7P dua trén pho khdi lwong phan giai cao HR-ESI-MS
Vvéi sy Xuat hién caa pic ion tai mVz478,2935 [M+H]* (Tinh toan |y thuyét cho cong
thirc [C2sHasNO7P]*, 478,2928 (Hinh P1.53). Pho H-NMR cua cia TP9 xuat hién

su ¢ mat caa bdn proton olefin tai du 5,34 (4H, m), mot nhém methyl tai on 0,93
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(3H, t, J = 6,6 Hz) vatin hiéu cua cac proton mach dai trong khoang on 1,26~1,37
da goi y sy cO mit ciamaot axit chira 2 lién két doi. Pho 3C-NMR cua TP9 cho biét
su cO mit cia 23 carbon trong d6 c6 mot carbon carboxyl, bn carbon olefin, muoi
sau methylene vamot carbon methyl. Phan tich s6 liéu caa TP9 cho thay sb liéu cua
hop chat ndy hoan toan giéng véi caa 1-linoleoyl-sn-glycero-3-phosphocholine
[77]. C&c tin hiéu carbon tai dc 69,9, 67,8, 63,2 va 41,8 di goi y co sy lién két véi

phosphate.
[e) VRN
H,N /\\\\P_O/Y\O N W
\9\0 / W
HO OH
O
——> HMBC
— COSY

Hinh 3.19. Twong tic COSY va HMBC chinh ciia hop chat TP9
Céc tin hiéu pho NMR tai dn 4,08 (H-1")/ 5c 63,1 (C-1") va du 3,18 (H-2")/ 5¢c
41,7 (C-2") va twong tac HMBC gitraH-1" (0w 4,08) vaC-2" (dc 41,7) da goi y su co
mat cianhom phosphocholine. Ngoai ra, lién két ester gitra octadeca-97,12Z-dienoic
acid va C-1 cua glycerol duoc xac dinh dua trén twong tac HMBC gittaH-1' (61 4,10
va4,22) vaC-1 (dc 175,6) (Hinh 3.17). Tur céc bang chirng trén, hop chat TP9 dugc
xac dinh la 1-linoleoyl-sn-glycero-3-phosphochaline.

Bang 3.9. S liéu phé H, 3C-NMR cuia hep chdat TP9 va hop chdt tham khao

C oc? oc?? 613 (dd boi, I =H2Z)
1 66,2 66,2 4,13 (2H, 4,2, 12,0)
2 69,9 69,9 4,00 (1H, m)
3 67,8 67,8 3,92 (2H, m)
1 1754 1754 -
2! 34,9 349 238(2H,t,7,2)
3’ 26,0 26,0 1,64 (2H, m)
4'-7 30,2-30,7 30,2-30,7 1,30-1,40
8’ 28,2 28,2 2,08 (2H, m)
9 130,9 130,9 5,34 (1H, m)
10’ 129,1 129,1 5,34 (1H, m)
11’ 26,6 26,6 2,80 (2H,t,7,2)
12 129,0 129,0 5,34 (1H, m)
13’ 130,9 130,9 5,34 (1H, m)
14' 28,2 28,2 2,08 (2H, m)

15’ 30,7 30,2 1,34 (2H,m)
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C oc” Oc*®  on2C (dd bdi, J = Hz)

16’ 32,6 32,7 1,34 (2H, m)

17' 23,6 23,6 1,34 (2H, m)

18’ 145 14,4 0,93 (3H, t, 6,6)

1" 63,2 63,1 4,08 (2H, m)

2" 41,8 41,7 3,18 (2H,t, 4,8)

3do trong CD30D, P150MHz, 600 MHz, dc * ciia 1-linoleoyl-sn-glycero-3-phosphocholine (do trong
CD0D) [ 77].

3.2.1.10. Hop chat TP10: cibotiglycerol

HO,S

OH
Hinh 3.20. Cdu tric hoa hoc ciia hop chdt TP10

Hop chat TP10 thu dugc duéi dang chat bot mau trang. Cong thirc phan tir
duoc xac dinh 1& Ca7H4801S dua trén phé HR-ESI-MS tai m/z 579,2844 [M-H]
(Tinh todn |y thuyét cho cong thirc [C27H4701S] -, 579,2845) (Hinh P1.61).
Phé 'H- NMR va 3C-NMR chi ra sy ¢6 mit ciamot don vi dudng vamot acid béo,
diéu ndy goi ¥ s 6 mat caa glycoglycerolipid. Pho *H-NMR xuét hién cac tin hiéu
dic trung cua cc proton olefin va nhém methyl tai 5w 0,93 (3H, t, J = 6,6 Hz). Bon
tin hiéu caa 2 lién két doi trén phd BC-NMR tai dc 129,1 x 2 va 130,1 x 2. Tuong tac
HMBC gitra H-1 (6n 4,86) va C-1' (dc 175,6) goi Y Vi tri cia acid linoleic acid véi
glycerol. Céc tin hiéu trén phdé *C-NMR tai dc 100,2, 73,7, 75,1, 75,0, 69,8 va 54,3
vatin hiéu cia proton anome tai on 4,86 (J = 3,6 Hz) da goi y su ¢cO mat caa phan tu
duong sulpho-a-D-quinovose. Vi tri cua duong nay tai C-3 cua glycerol duoc xéc
dinh dya trén twong taic HMBC gitta H-1" (dn 4,86) va C-3 (dc 70,6). Tir céc bang
ching trén, hop chat TP10 duoc xac dinh la cibotiglycerol [78].

Bang 3.10. S liéu pho *H, BC-NMR cua hop chdt TP10 va hop chdt tham khdo

C oc” oc*®  on?C (40 boi, J =HZ)
4,10 (1H, m)
1 66,6 66,5
’ " 4,22 (1H, dd, 6,6, 13,8)
2 70,2 69,8 4,11 (1H, m)

3 72,1 70,6 4,08 (1H, m)
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C oc” oc*®  9n?C (dd bdi, J =Hz)
3,41 (1H, m)

1" 100,5 100,2 4,86 (1H, d, 3,6)

2" 69,7 73,7 3,42 (1H, m)

3" 71,5 75,1 3,67 (1H,1,9,0)

4" 71,1 75,0 3,10 (1H,t,9,0)

5" 72,5 69,8 4,11 (1H, m)

, 2,93 (1H, dd, 9,0, 15,0)
6 62,7 54,3 3,37 (1H, dd, 1,8, 15,0)
1’ 175,5 1756 -

2’ 34,9 349 2,39 (2H,t,72)

3/ 26,0 26,0 1,62 (2H, dd, 7,2, 7,2)
4 30,3 30,3 1,36 (2H, m)

57 30,1~30,3 30,0~30,7 1,30~1,37 (6H, m)

8’ 28,1 28,1 2,10 (2H, m)

9’ 130,9 130,9 5,35 (1H, m)

10’ 129,1 129,1 5,34 (1H, m)
11’ 26,5 26,5 1,62 (dd, 7,2, 7.2
12/ 129,1 129,1 5,34 (1H, m)
13/ 130,9 130,9 5,35 (1H, m)
14/ 28,1 28,1 2,10 (2H, m)
15’ 30,4 30,2 1,34 (2H, m)
16’ 32,6 32,6 1,32 (2H, m)
17’ 23,6 23,6 1,32 (2H, m)
18’ 14,4 14,4 0,93 (3H, t, 6,6)

3do trong CD30D, , "150MHz, °600 MHz, dc* ciia cibotiglycerol (do trong CD;0OD) [78].

3.2.1.11. Hop chat TP11: gingerglycolipid B

HO " OH

Hinh 3.21. Cdu tric héa hoc ciia hop chat TP11

Hop chat TP11 thu duoc dudi dang bot tring. Phé HR-ESI-MS cua TP11 xuat
hién picion gia phan tir tai m/z 701,3726 [M+Na]* (Tinh todn ly thuyét cho cong thirc
[CasHss0w4Nal*, 701,3719) cho phép xac dinh cdng thac phan tr cua TP11 la
Ca3HssO14 (Hinh P1.70). Pho *H-NMR cua T P11 xuét hién céc tin hiéu caabdn proton
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olefin tai on 5,35 (4H, m), hai proton anome tai on 4,27 (d, J = 7,2 Hz) va4,89 (d, J
= 3,6 Hz) va proton cia mot nhdm methyl tai J4 0,93 (3H, t, J = 7,2 Hz). Phd 13C-
NMR caa TP11 xuét hién tin hiéu caa 33 carbon, bao gdm: mét carbon carboxyl (dc
175,5), bon carbon olefin (dc 129,0 x 2 va130,9 x 2), hai carbon anome (dc 105,3 va
100,5), muoi mot carbon oxymethinetai oc 69,7, 105,3, 72,6, 74,6, 70,1, 74,7, 100,5,
71,1, 71,5, 70,3 va 72,5, bon carbon oxymethyelen tai dc 66,6, 72,1, 67,8 va 62,7 va
mot carbon methyl tai dc 14,4. Phan tich sb liéu phd NMR cho biét TP11 l1a mot

monoacyldigalactosylglycerol. Ciu hinh Rtai vi tri 1" vaa tai vi tri 1" dugc xac dinh
duravao hing sb JcaaH-1"" (3= 7,2 Hz) vaH-1"" (J = 3,6 Hz). Két hop phan tich

céc sH liéu pho va so sanh véi gingerglycolipid B cho thiy hoan toan giéng nhau. Vi

thé cau tric cia TP11 duge xac dinh lagingerglycolipid B [79].

Bang 3.11. S liéu phé H, 3C-NMR ciia hep chat TP11 va hep chdt tham khao

C oc Oc*®  913< (d6 boi, J = H2)
1 67,4 66,6 4,17 (2H,t, 6,6)

2 70,4 69,7 4,00 (1H, m)

3 72,9 72,1 3,68 (1H, m)/3,86 (1H, m)
1’ 176,2 1755 -

2 35,7 34,9 2,39 (2H,t,7,2)

3 26,8 26,0 1,64 (2H, m)

47" 31,0-31,5 30,2-30,7 1,30-1,37 (8H, m)
8’ 29,0 28,1 2,09 (2H, m)

9 131,7 130,9 5,35 (1H, m)

10’ 129,9 129,0 5,35 (1H, m)

1’ 27,3 26,5 2,80 (1H, d, 7,2)

12/ 129,9 129,0 5,35 (1H, m)

13/ 131,7 130,9 5,35 (1H, m)

14/ 29,0 28,1 2,09 (2H, m)

15’ 31,0 30,2 1,35 (2H, m)

16’ 33,5 32,6 1,35 (2H, m)

17" 24,4 236 1,35 (2H, m)

18’ 15,3 14,4 0,93 (3H,1,7,2)
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C oc” Oc*P 012 (@9 bdi, J = Hz)
1" 106,1 105,3 4,27 (1H, d, 7,2)
2" 73,3 72,6 3,88 (1H, m)
3" 75,3 74,6 3,52 (1H, m)
4" 70,8 70,1 3,88 (1H, m)
5" 75,3 74,7 3,77 (1H, m)

) 68,5 67,8 3,69 (1H, m)

° 3,92 (1H, m)
R 101,3 100,5 4,89 (1H, d, 3,6)
2 71,0 71,1 3,91 (1H, m)
3 72,2 71,5 3,76 (1H, m)
4o 71,8 70,3 3,88 (1H, m)
50 73,3 72,5 3,55 (1H, m)
6" 63,5 62,7 3,72 (2H, m)

3do trong CD30D, *150MHz, °600 MHz, éc* ciia gingerglycolipid B (do trong CDsOD)[79].

3.2.1.12. Hop chat TP12: 6'-O-linoleylsucrose

Hinh 3.22. Cdu trc hda hoc cia hop chat TP12

Ph6 H-NMR cua TP12 xuit hién bn proton olefin tai du 5,35 (4H, m), mot
nhom methy! tai 6w 0,93 (3H, t, J = 6,6 Hz). Trén pho ¥C-NMR vaHSQC cia TP12
Xuat hién tin hiéu caa 30 carbon trong d6 c6 mot carbon carbonyl tai dc 175,4, mot
carbon khéng lién két véi hydro tai oc 105,5, bdn carbon olefin caa hai lién két doi
tai oc 129,1 x 2, 130,9 va 130,0, tam carbon oxymethine tai oc 93,5, 73,3, 74,2, 71,6,
74,8, 79,0, 76,9 va 80,7, ba carbon oxymethylene tai oc 62,6, 63,8 va 66,6, mudi bbn
carbon methylene cua mach dai trong khoang dc 23,7 — 34,9. Phan tich dit kién phd
1H- va 3C-NMR cua hop chat TP12 thiy day 1a mot hop chat tao boi sucrose va
linoleic acid. Lién két ester giita acid linoleic acid véi C-6' clia dudng sucrose duoc
xac dinh dua trén tuong tac HMBC gitta H-6' (dn 4,33 va 4,40) va C-1" (dc 175,4).
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Tir sy phan tich phd NMR va tai licu tham khao, TP12 duoe xac dinh la 6-O-

linoleylsucrose [80)].

Bang 3.12. S liéu pho H, BC-NMR cua hop chat TP12 va hop chdt tham khdo

C oc? Oc?P on2° (40 bdi, J = H2)
1 93,1 93,5 5,35 (1H, m)

2 73,3 73,3 3,42 (1H, m)

3 74,5 74,2 3,83 (1H, m)

4 71,9 71,6 3,33 (1H, m)

5 74,9 74,8 3,71 (1H, m)

6 62,5 62,6 3,72 (1H, m)/3,84 (1H, m)
1 64,2 63,8 3,63 (2H, d, 5,4)

2’ 105,8 105,5 -

3/ 79,2 79,0 4,11 (1H, d, 8,4)

4 76,5 76,9 4,02 (1H, t, 7,8)

5 80,6 80,7 3,83 (M)

6’ 66,5 66,6 4,33 (1H, dd, 3,0, 12,0)

4,40 (1H, dd, 7,8, 12,0)

1" 1734 175,4 -

2" 34,0 34,9 2,38 (2H,t, 7,2)

3" 25,0 26,0 1,64 (2H, m)

477" 29,1-29,4  30,2-30,9 1,30-1,40

8" 27,3 28,2 2,08 (2H, m)

9" 128,2 130,9 5,35 (1H, m)
10” 128,2 129,1 5,35 (1H, m)
11" 25,8 26,5 2,80 (2H, t, 7,2)
12" 130,2 129,1 5,35 (1H, m)
13" 130,3 131,0 5,35 (1H, m)
14" 27,2 28,2 2,08 (2H, m)
15" 29,7 30,2 1,34 (2H, m)
16" 31,5 32,7 1,34 (2H, m)

17" 22,6 237 1,34 (2H, m)
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18" 14,0 14,4 0,93 (3H, t, 6,6)
3do trong CD30D, 600 MHz, ®150 MHz, 6c* ciia 6-O-linoleylsucrose (do trong pyridine-0s) [80].

3.2.2. Cac hop chit phan ldp dwoc tir chiing vi tio T. pachydermum TSL10

TPS TP6

OH
(0]
H
R TONGN
RN HO "
A\
™ R HzN\/\O/P—g— TPIO R-= TPII R= o
J %0
HO b

OH

Hinh 3.23. Cdu tric cac hep chdt phan ldp tir vi téo T. pachydermum TSL10
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3.2.3 XAc dint cidu trUC cria Cac fop chir ti chiing vi tdo Aurantiochytrium so. SC145

3.2.3.1. Hop chat AS1: N-methoxymethyltryptophol (M)

N
H

N

-

1" O/
AS1

Hinh 3.24. Cdu tric hoa hoc hep chdt AS1 va hop chat tham khdao

ASla

Hop chat ASL thu duge dudi dang bot mau tring, vo dinh hinh. Céng thirc
phan tir cia ASL dugc xac dinh 1a C12H1sNO, dya trén phd khéi lwgng phan giai
cao HR-ESI-MS véi pic ion duong gia phéan tr tai m/z 228,0993 [M+Na]* (tinh
toan |y thuyét Ci2HisNO2Na*, m/z 228,1000) (Hinh 3.24). Pho 'H-NMR cia AS1
xuat hién tin hiéu cta nim proton thom tai dn 7,61 (1H, dd, J = 0,6, 7,8 Hz), 7,16
(1H, dt, J= 0,6, 7,2 HZ), 7,26 (1H, dt, J= 0,6, 7,8 Hz), 7,47 (1H, br d, J = 7,8 Hz)
va 7,08 (1H, br s), ba nhdm methylene tai 4 3,03 (2H, t, J = 6,6 Hz), 3,92 (2H, t,
J=6,6 Hz) va5,42 (2H, s), va mot nhdm methoxy tai on 3,26 (3H, s) (Hinh 3.25).
Pho 13C-NMR vaHSQC cua AS1 xuat hién tin hiéu cia muoi carbon, bao gom ba
carbon thom khéng lién két véi hydro tai oc 137,0, 128,7 va 112,5; nim methine
thom tai dc 126,4, 122,5, 120,0, 119,1 va 110,0; ba methylene tai 6c 77,6, 62,6 va
28,7 vamdt nhdm methyl tai oc 56,0 (Hinh 3.26 va 3.27). Phéan tich di liéu phd
1H- va3C-NMR cia AS1 chi raciu tric cua AS1 1a dan xuat indole, twong tu nhu
ASla, ngoai trir sy thém vao nhom methoxymethyl tai N [81]. Piéu nay duoc X&c
nhan boi cac twong tic HMBC gitra H-1" (dn 5,42) va C-2 (oc 126,4)/C-7a (dc
137,0)/C-2" (6c 56,0) (Hinh 3.23). Céc tuong tic COSY cua H-4 (ou 7,61)/H-5
(6n 7,16)/H-6 (Su 7,26)/H-7 (on 7,47) chi ra vi tri ortho dugc thay thé tai vong
benzen (Hinh 3.23).
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Hinh 3.25. Twong tdc HMBC va COSY cia hop chat AS1

Tuwong tac HMBC gitta H-2 (0w 7,08) va C-3 (dc 112,5)/C-3a (dc 128,7)/C-7a (dc
137,0)/C-1" (6c 28,7) vagittaH>-1" (on 3,03) va C-2 (dc 126,4)/C-3 (oc 112,5)/C-3a
(6c 128,7) goi ¥ vi tri cianhom 2-hydroxyethyl tai C-3. Do d6, cau triic cua hop chit
maoi AS1 dugc xac dinh [a N-methoxymethyltryptophol (Hinh 3.22).

Bang 3.13. S liéu phé H, 3C-NMR ciia hep chdt AS1 va hop chdt tham khao

C oc? oc?®  on2c(dd boi, J = H2)

2 122,4 126,4 7,07 (1H, br s)

3 112,1 1125 -

3a 127,3 128,7 -

4 118,7 119,12 7,61 (1H, dd, 0,6, 7,8)
1194 120,0 7,16 (1H, dt, 0,6, 7,8)
122,1 1225 7,26 (1H, dt, 0,6, 7,8)
111,1 110,0 7,47 (1H, brd, 7,8)

7a 136,3 136,6 -

1’ 28,8 28,7 3,03 (2H,t, 6,6)

2! 62,6 62,6 3,92 (2H,t, 6,6)

1" 776 542 (2H,9)

2" 56,0 3,26 (3H, s)

3do trong CDCls, ® 150 MHz, © 600 MHz, 6c* ciia tryptophol (do trong CDCls) [82]
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Hinh 3.26. Phé khéi lirong phan gidi cao HR-ES-MS ciia hep chdt AS1
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Hinh 3.28. Phs ¥C-NMR cua hop chit AS1
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3.2.3.2. Hop chit AS2: (2R)-2-(4-hydroxyphenyl)ethyl 2-hydroxy-3-phenylpropionate

(Moi)
- OH
4 g O
1 3
0 7 OH
2' 8
OH

2-hydroxy-3-phenylpropaonic acid

Hinh 3.32. Cdu tric hoa hoc hep chdt AS2 va hop chat tham khdo

OH
(0]
/\/\ T T~ T
<J ™o — > HMBC
OH

-— COSY

Hinh 3.33. Tuong tac HMBC va COSY ciia hop chdt AS2

Hop chat AS2 thu dugc dudi dang bot vo dinh hinh mau trang. Trén pho khéi
luong phan giai cao HR-ESI-MS xuat hién tin hiéu pic ion gia phan tir tai m/z
285,1133 [M-H]~ (Hinh 3.32) (tinh toén ly thuyét cho cong thirc [C17H1704]", Mz
285,1132) du doan cong thirc phan tir cua hop chét |a Ci7H1s04. Phd H-NMR cua
AS2 xuat hién tin hiéu nam proton thom dic trung cho nhom phenyl tai on 7,13 (2H,
d, J=8,4 Hz), 7,26 (2H, m) va 7,22 (1H, J = 8,4 HZ), bdn proton cia vong thom thé
para tai on 7,07 (2H, d, J = 8,4 Hz) va 6,78 (2H, d, J = 8,4 Hz), va mot nhom
hydroxymethine tai o 4,42 (1H, dd, J = 4,4, 6,6 Hz) (Hinh 3.33 va bang 3.12). Pho
13C_NMR va HSQC cua AS2 xuat hién tin hiéu caa muoi bay carbon, bao gom mot
carbon carboxyl tai dc 174,1; 12 carbon thom tai dc 136,3, 129,5 x2, 128,4 x2, 126,9,
129,5, 130,2 x2, 115,5 x2 va 154,5; ba methylene tai dc 66,3, 40,5 va 34,1; mot
carbon hydroxymethine tai dc 71,2 (Hinh 3.34 va 3.35). Phan tich dix liéu pho H va
13C. NMR cho thay cau tric caa AS2 giéng véi 2-hydroxy-3-phenylpropinoic acid,
ngoai trir sy ¢d mat thém cua nhom 4-hydroxyphenylethyloxy tai C-1 [83]. Tuong
tdc HMBC giita H-3 (6n 2,91 va 3,07) va C-1 (5c 174,1)/C-2 (5c 71,2)/C-4 (Sc
136,3)/C-5 (C-9) (dc 129,5) va twong tac COSY cua H-2 (oc 4,42)/H-3 (o1 2,91 va
3,07) va H-5 (H-9) (on 7,13)/H-6 (H-8) (én 7,26) chi ra sy hién dién cua nhom
hydroxy tai C-2 cua 3-phenylpropionate (Hinh 3.31 va 3.36). Sy xuat hién caa nhém
4-hydroxypheneylethyl dugc chirng minh bang tuong tic HMBC gittaH-1' (on 4,31)
vaC-2' (dc 34,1)/C-3' (dc 129,5); H-2' (6w 2.88) va C-4'/C-8' (dc 130,2) vaH-4' (H-
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8) (on 7,07) va C-2' (6c 34,1)/C-6' (oc 154,5). Vi tri este hoa cua 2-(4-
hydroxyphenyl)ethyloxy tai C-1 duoc xac dinh bang twong tic HMBC giita H-1' (o1
4,31) vaC-1 (dc 174,1). Bo quay cuc cia AS2 la[a] ,:+30,5 (c 0,1, CHCI3) va hi¢u
trng Cotton (-) caa AS2 tai 220 nm, cho phép két luan AS2 lamot chat quang hoat.
Dé xac dinh chinh x4c duoc cau tric tuyét dbi cua AS2 tinh toan phd ECD cua
hai ddng phan quang hoc (2R/2S) duoc thé hién trong hinh 3.38 (Phé tinh toan dugc
dich chuyén -3 nm). So sanh gitta phé ECD thuc nghiém caa AS2 véi phd ECD tinh
toan |y thuyét, chi ra ciu hinh tuyét dbi caa nhém hydroxy tai C-2 1a R Biéu nay
cling duoc x&c nhan béi sy twong dong gitta hiéu ing Cotton cia AS2 va hiéu tng
cua (+)-(R)-methyl 2-hydroxy-3-phenylpropionate [84]. Tir cac bang chirng trén, cau
tric cua hop chat mai AS2 duoc xac dinh 1a (2R)-2-(4-hydroxyphenyl)ethyl 2-
hydroxy-3-phenylpropionate. Pay 1a mot hop chit méi duoc phan 1ap tir thién nhién.

Bang 3.14. S liéu phé H, 3C-NMR ciia hop chdt AS2 va hop chdt tham khao

C oc* dc®P  §42° (d boi, J = H2)
1 175,6 1741 -

2 72,3 71,2 4,42 (1H, dd, 4,4, 6,6)
3 41,5 40,5 2,91 (1H, dd, 6,6, 13,8)

3,07 (1H, dd, 4,8, 13,8)

4 138,9 136,3 -

59 130,7 1295 7,13 (2H, d, 8,4)

6, 8 129,1 1284 7,26 (2H, m)

7 127.4 126,9 7,22 (1H,t, 8,4)

1 - 66,3 4,31 (2H, t, 6,6)

2 - 34,1 2,88(2H,t, 6,6)

3 - 1295 -
4.8 - 130,2 7,07 (2H, d, 8,4)
5,7 - 1155 6,78 (2H, d, 8,4)

6 - 1545 -

3do trong CDCls, ® 150 MHz, © 600 MHz dc* ciia 2-hydroxy-3-phenylpropinoic (do trong CDCls) [83]
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Hinh 3.40. Phé ECD thyc nghiém va tinh toan cia hop chdat AS2
3.2.3.3. Hop chat AS3: 3-hydroxy-4-(4-hydrophenyl)-2-butanone

&

Hinh 3.41. Cdu tric hod hoc va tiwong tdc HMBC chinh ciia hop chat AS3

O

HO

Hop chat AS3thu dugc dudi dang bot mau tring. Pho khédi luong phan giai cao
HR-ESI-MS thiy xuat hién pic ion tai m/z 179,0713 [M-H]" (theo tinh toan |y thuyét
véi cong thirc C1oH110s-, m/z 179,0714) cho du doan hop chit AS3 c6 cong thirc phan
tir C10H1203 (Hinh P2.22). Pho *H-NMR cua A S3 cho biét tin hiéu caabon proton thom
thé para dic trung cho hé vong thom A2B2 cong huong tai o 7,11 (2H, d, J = 8,4 Hz)
va 6,77 (2H, d, J = 8,4 Hz), proton cua nhdm acetyl tai on 2,20 (3H, ). Phd 3C-NMR
cia AS3 xuat hién tin hiéu caa muoi carbon, trong d6 c6 mot carbon carboxyl tai 5c
209,2; sau carbon thom tai dc 128,5, 130,5 x2, 115,5 x2 va 154,6; mot carbon methyl
tai dc 25,9; mot oxymethine tai dc 77,8 va mot carbon methylene tai dc 39,1 (Hinh
P2.24). Tuong tac HMBC giitaH-1 (dn 2,20) va C-2 (dc 209,2)/C-3 (5c 77,8) di g0i ¥
s ¢d mat cua nhom ketone tai C-2 va nhém hydroxy tai C-3. Tuong tac HMBC gitta
H-2"/H-6' (01 7,11) va C-4' (5c 154,6)/C-4 (5c 43,7) di goi ¥ su cO mit ciia nhom 4-
hydroxyphenyl tai C-4 (Hinh 3.44). Hop chat AS3 chira carbon bat dbi tai C-3, vj tri
nay tuong dong véi hop chat AS2 di phan tich. Khi so sanh do quay cuc thi chling c6

giatri gan nhau, hop chat AS3 ([¢] p : +34,0 (c = 0,1, CHCI3)) trong khi hop chat AS2
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([a] o :+30,5(c 0,1, CHCI3)). Tir dic diém ndy cho biét tai vi tri C-3 trén hop chat AS3
c6 cau hinh 3R. Tur c&c bang chang trén, ciu tric caa hop chat AS3 duoc xac dinh &
3R-hydroxy-4-(4-hydrophenyl)-2-butanone. Hop chit da biét duoc phan 14p tir chang
Aeonium lindleyi vao nam 2012 [85].

Bang 3.15. S lidu pho H, BC-NMR cua hop chat AS3

C oc*® 54 (dd boi, J = Hz)
1 259  2,20(3H,9
2 2092 -
3 778  4,38(1H,dd, 4,8, 7,2)
4 39,1  283(1H, dd, 7,2, 14,4)
3,08 (1H, dd, 4,8, 14,4)

K 1285 -

2,6 1305 7,11 (2H, d, 8,4)

3,5 1155 6,77 (2H, d, 8,4)
4 1546 -

3 dotrong CDCl3,” 150 MHz, ¢ 600 MHz.
3.2.3.4. Hop chat AS4: indole-3-acetic acid

1 CooH /)\9/\60011
Ta . ‘2 x‘>
i i

Hinh 3.42. Cdu tric hod hoc va twong tdc HMBC chinh cia hop chat ASA

Hop chat AS4 phan lap dugc dudi dang bot mau ndu nhat. Pho *H-NMR cia
AS4 nhan thay bén tin hiéu proton thom tai dn 7,60 (1H, dd, J = 0,6, 7,8 Hz), 6,96
(1H, ddd, J = 0,6, 7,8, 7,8 Hz), 6,96 (1H, ddd, J = 0,6, 7,8, 7,8 Hz), va7,29 (1H, dd,
J=0,6, 7,8 Hz) dic trung cho mot vong benzene thé ortho. Ngoai ra, trén pho H-
NMR con c6 sy xuat hién mét tin hiéu proton thom khac tai on 7,12 (1H, ), tin hiéu
cia mot nhom methylene tai ou 3,59 (2H, s) (Hinh P2.30). Pho ®C-NMR cua AS4
cho thiy sy xuét hién tin hiéu cia mudi mot carbon trong d6 c6 tdm carbon thom
cong huong trong vung truong oc 124,0, 112,3, 129,2, 119,8, 119,3, 122,0, 111,9va
138,0, mot carbon methylene tai dc 35,8; mot carbon carboxyl tai oc 181,2 (Tin hiéu
nay khong xuat hién trén phd 3C-NMR nhung xuat hién trén phé HMBC nho tuong
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téc gitta H-1' (on 3,59) 1én C-2' (5c 181,2) (Hinh 3.40). Phan tich sb liéu phé NMR

vaphé HMBC cho thay sb liéu phd caa hop chat ndy hoan toan phil hop véi indole-

3-acetic acid. Vi vay hop chit AS4 dugc xac dinh laindole-3-acetic acid [86].

Bang 3.16. S lidu pho H, 3C-NMR cua hop chat AS4 va hop chat tham khao

C oc” oc®®  onC (dé boi, J = Hz)

2 119,4 124,0 7,12 (1H,9)

3 128,3 112,3 -

3a 108,9 129,2 -

4 121,1 119,8 7,60 (1H, dd, 0,6, 7,8)
122,6 119,3 6,96 (1H, ddd, 0,6, 7,8, 7,8)
124,7 122,0 6,96 (1H, ddd, 0,6, 7,8, 7,8)
112,3 111,9 7,29 (1H, dd, 0,6, 7,8)

7a 138,1 138,0 -

1 33,9 358 3,59 (2H, 9)

2! 177,7 181,2 -

3 do trong CD=0D, P 150 MHz, © 600 MHz, 5c* ciiaindole-3-acetic acid (do trong CDsOD) [86].

3.2.3.5. Hop chat AS5: Tryptophol

Hinh 3.43. Cdu tric hoa hoc cia hop chdt AS5

Hop chat AS5 phan lap dugc dudi dang bot mau ndu nhat. Pho *H-NMR caa AS5
cho biét tin hiéu caanam proton thom tai on 7,62 (1H, dd, J = 0,6, 7,8 Hz), 7,13 (1H, ddd,
J=06,7,2,7,8H2), 7,21 (1H, br dd, J=7,2, 7,8 Hz), 7,37 (1H, br d, J= 7,5 Hz), va 7,08
(1H, br s), proton cia hai nhdm methylene tai on 3,04 (2H, t, J = 6,6 Hz) va 3,91 (2H, br
9). Trén phd 3C-NMR ciia AS5 xuit hién tin hiéu ciamudi carbon véi tam carbon thom
¢6 d6 chuyén dich héahoc dc136,5, 127,5, 122,5, 122,2, 119,5, 118,9, 112,4, 111,2; mot

carbon methylene tai dc 28,8 va mot carbon methylene lién két truc tiép véi oxy tai dc

62,6. Tir c&c phan tich trén cho thdy hop chat AS5 1amot dan xuat caaindole. So sanh sd

liéu phd 3C-NMR cua AS5 véi tryptophol nhan thdy hoan toan phi hop [82]. Qua d6 cho

phép xac dinh cau tric cua hop chat AS5 latryptophol.



88

Bang 3.17. S liéu phé *H, 3C-NMR cuia hop chdt AS5 va hep chat tham khdo

C oc? dc®®  on2C (a6 bdi, J =Hz)

2 122,4 1225 7,08 (1H, br s)

3 112,1 112,4 -

3a 127,3 1275 -
118,7 118,9 7,62 (1H, dd, 0,6, 7,8)

5 119,4 119,5 7,13 (1H, ddd, 0,6, 7,2, 7,8)
122,1 122,2 7,21 (1H, brdd, 7,2, 7,8)
111,1 111,2 7,37 (1H, brd, 7,8)

7a 136,3 136,5 -

1’ 28,8 28,8 3,04 (2H,t, 6,6)

2' 62,6 62,6 3,91 (2H, brs)

NH - - 8,05(1H, brs)

3do trong CDCls, ® 150 MHz, © 600 MHz, dc” ciia tryptophol (do trong CDCIs) [82]

3.2.3.6. Hop chat AS6: indole-3-carbaldehyde

Hinh 3.44. Cdu tric hoé hoc cua hop chat AS6

Hop chat AS6 thu duoc 1a chat bot mau nau nhat. Trén pho khdi lugng phan
giai cao HR-ESI-MS xuat hién pic ion duong tai m/z 146,0603 [M + H]* (tinh todn ly
thuyét ang véi cong thic ion CoHgNO*, miz 146,0606), goi y cong thirc phan tu
CsH7NO cho hop chit AS6 (Hinh P2.41). Pho H-NMR caaxuét hién nhirng tin hiéu
dic trung cho mot vong benzene thé ortho tai dn 7,32 (1H, t, J = 7,8 HZ), 7,34 (1H,
t,J= 7,8Hz), 7,44 (1H, d, J = 7,8 Hz), va8,32 (1H, d, J = 7,8 Hz); mdt proton thom
tai on 7,85 (1H, 9); va mot nhém aldehyde tai dn 10,08 (1H, s). Pho 3C-NMR xuit
hién tin hiéu caa mot carbon carbonyl tai dc 185,1, ba carbon khdng lién két truc tiép
véi hydro tai oc 118,5, 125,7 va 135,0 va nam carbon methine tai dc 136,6, 124,5,
123,1, 122,1va 112,4. Phan tich sb liéu pho *H- NMR va 3C-NMR cua AS6 gidng
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cua hop chét indole-3-carbaldehyde [87]. Vi vay, ciu tric caa hop chit AS6 dugc
xac dinh laindole-3-carbaldehyde.

Bang 3.18. S lidu phé H, 3C-NMR cua hep chat AS6 va hop chat tham khao

C oc” oc?® onC (dé boi, J = Hz)

2 138,5 136,6 7,85(1H, d, 3,0)

3 118,1 1185 -

3a 1241 1257 -

4 120,8 122,1 8,32(1H,d, 7,8)
122,1 1231 7,32(1H,t,7,8)
123,4 1245 7,34 (1H,t,7,8)
112,4 112,4 7,44 (1H, d, 7,8)

7a 137,1 1350 -

8 185,0 185,1 10,08 (1H, 9)

2 do trong CDCl3, 150 MHz,¢ 600 MHz, d¢* ciia indole-3-carbal dehyde (do trong CD-0D) [87]

3.2.3.7. Hop chat AST: methyl indole-3-acetate

3
A\

N

H

Hinh 3.45. Cdu tric hoé hoc cia hop chat AS7

Hop chat AS7 thu dugc dudi dang chat bot mau ndu nhat. Trén pho khdi lugng
phan giai cao HR-ESI-M S xuét hién pic ion duong tai m/z 190,0862 [M + H]* (tinh toan
theo ly thuyét trmg véi cdng thirc ion C1iH12NO,*, miz 190,0863) (Hinh P2.47), goi y cong
thirc phéan tir coa hop chat AS7 12 C1iH1NO,. Pho *H-NMR cho thay sir xuét hign bon tin
hi¢u proton vong thom tai on 7,18 (1H, ), 7,62 (1H, dd, J = 0,6, 7,8 Hz), 7,14 (1H, m),
7,20 (1H, m) va 7,37 (1H, dt, J= 0,6, 7,8 Hz); mét tin hiéu proton cua nhém amin tai o
8,07 (1H, s); mdt nhdém methyl carbonyl tai 61 3,70 (3H, s) vamot nhom methylenetai o
3,79 (2H, d, J= 1,2 Hz). Trén phd 3C-NMR xuét hién tin hiéu ciamudi mot nguyén ti
carbon trong d6 co6 hai carbon nhém thé acetate [0c 31,2, 172,5], tam carbon dac trung
trong vong indole [6c 123,0, 108,6, 127,3, 118,9, 199,8, 122,3, 111,2 va 136,1], mot tin
hiéu caa carbon methyl este tai 5¢52,0. Céc dit kién phd *H- NMR va*C-NMR cua AS7
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twong ddng véi methyl indole-3-acetate [88]. Tur tat ca c&c phan tich trén, cu tric caahop
chit AS7 dugce xac dinh lamethyl indole-3-acetate.
Bang 3.19. S liéu phé H, 3C-NMR cuia hop chat AS7 va hep chat tham khao

C oc? oc?® onC (dé boi, J = Hz)
2 123,2 123,0 7,18(1H, 9
3 108,6 108,6 -
3a 1274 1273 -
4 119,0 118,9 7,62 (1H, dd, 0,6, 7,8)
5 119,9 119,8 7,14 (1H, m)
6 1224 122,3 7,20 (1H, m)
7 1113 111,2 7,37 (1H, dd, 0,6, 7,8)
7a 136,2 136,1 -
8 31,3 31,2 3,79(2H,d, 1,2)
9 172,7 172,5
9-OMe 52,1 52,0 3,70(3H,9)
NH - - 8,07 (1H, brg)

3do trong CDCl3,” 150 MHz,® 600 MHz, dc* ciia methyl indole-3-acetate (do trong CDCl3) [13]
3.2.3.8. Hop chat AS8: (erythro)-2-hydroxy-3-methyl pentanoic acid

(@)}

0]

OH
Hinh 3.46. Cdu tric hoa hoc cia hop chdt AS8

Hop chat AS8 thu dugc dudi dang chat bot mau trang, vo dinh hinh. Pho khéi

lwong phan giai cao HR-ESI-MS xuat hién picion tai m/z 131,0715 [M-H]- (tinh toén
ly thuyét cho cong thic [CeH1103] -, m/z 131.0715), goi ¥ hop chat AS8 c6 cong thirc
phan tir CsH1203 (Hinh P2.52). Pho 'H-NMR cua AS8 xuét hién tin hiéu cia 2 nhom
methyl tai 6+ 0,90 (3H, J = 7,8 HZ) va 0,97 (3H, t, J = 7,2 Hz), mot proton nhdom
oxymethine tai on 4,12 (1H, d, J = 3,0 Hz), mdt nhédm methine tai o 1,82 (1H, m),
va hai proton nhdm methylene tai on 1,54 (1H, m) va 1,32 (1H, m). Phé 3C-NMR
Xuat hién tin hiéu ciia sau carbon trong d6 hai carbon methyl tai dc 12,5 va 10,7, mot
carbon carboxyl tai dc 176,6, mot carbon methylene tai oc 25,7 (C-4), mot carbon
methine tai dc 38,4 vamot carbon methine lién két truc tiép vai oxy tai dc 72,6. Hang

sb tuong tac Ju-zn-3 = 3,0 Hz cho thiy H-2 va H-3 cling mét phia trén mat phang
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chiéu fischer, do d6 AS8 c6 cu tric erythro. S liéu phd cua AS8 tuong dong véi
phd cia (erythro)-2-hydroxy-3-methylpentanoic acid, vi thé ciu tric caa hop chat
A S8 duoc xac dinh la (erythro)-2-hydroxy-3-methylpentanoic acid [89].

Bang 3.20. S lidu phé H, 3C-NMR cuia hep chdat AS8 va hop chat tham khao

C oc? dc®  onC (a6 boi, J =Hz)
1 179,5 176,6 -
2 74,6 72,6 4,12 (1H, d, 3,0)
3 38,8 38,4 1,82 (1H, m)
. 23,6 25,7 1,54 (1H, m)
1,32 (1H, m)

11,7 10,7 0,97 (3H,,7,8)

6 15,3 12,5 0,90 (3H,d, 7,2)

3do trong CD30D," 150 MHz, ¢ 600 MHz, dc* ciia (erythro)-2-hydroxy-3-methyl pentanoic acid (do
trong CDCl5). [89]

3.2.3.9. Hop chat AS9: 2-hydroxy-3-phenylpropanoic acid

Hinh 3.47. Cdu tric hoé hoc cua hop chat AS9
Hop chit AS9 thu duoc dudi dang chat bot mau trang, vo dinh hinh. Céng thirc phan
tor cia AS9 duoc xac dinh 1& CoH100s, dira trén phé HR-ESI-MS tai mvz 165,0561
[M—H]" (Tinh toén ly thuyét cho cong thirc [CeHgsOs], 165,0557) (Hinh P2.57). Pho
IH-NMR xuat hién tin hiéu caa mot proton oxymethine tai on 4,35 (1H, dd, J = 8,4,
4,8 Hz), hai proton cua methylene tai on 3,12 (1H, dd, J = 4,8, 13,8 Hz), 2,91 (1H,
dd, J=8,4, 13,8 Hz), tin hiéu ciia nam proton thom tai én 7,28 (1H, d, J = 8,4 Hz) va
o1 7,21 (1H, m). Phd 3C-NMR cho tin hiéu caa chin carbon trong d6 chtrasau carbon
ciuamot vong thom tai oc 139,0, 130,5 x 2, 129,2 x 2 va 127,5, batin hi¢u cia nhom
thé 2-hydroxy propanoic tai dc 177,3, 72,9 va41,7. Phan tich s liéu NMR vaso sanh
V6i tai lidu da cong bd cho thay cau tric caa AS9 duoc xac dinh 1a 2-hydroxy-3-

phenylpropanoic acid [83].
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Bang 3.21. S liéu phé *H, 3C-NMR cuia hop chdt AS9 va hep chat tham khdo

C oc” oc*®  913< (a6 boi, J = H2)

1 175,6 177,3 -

2 72,3 72,9 4,35(1H, dd, 4,8, 8,4)

3 41,5 41,7 3,12 (1H, dd, 4,8, 13,8)
2,91 (1H, dd, 8,4, 13,8)

4 138,9 139,0 -

5 130,7 130,5 7,28 (1H, d, 8,4)

6 129,1 129,2 7,28 (1H, t, 8,4)

7 127,4 127,5 7,21 (1H, m)

8 129,2 129,2 7,28 (1H, t, 8,4)

9 130,7 130,6 7,28 (1H, d, 8,4)

3o trong CD0D, ® 150 MHz, © 600 MHz, dc* ciia 2-hydroxy-3-phenyl propanoic acid (do trong
CDCl3) [83]

3.2.3.10. Hop chat AS10: methyl 2-hydroxy-3-phenyl propanoate

Hinh 3.48. Cau trlc hoé hoc ciia hop chat AS10

Hop chat AS10 thu duoc dudi dang chat bot mau trang, vo dinh hinh. Pho H-
NMR xuat hién mot tin hiéu caa proton oxymethine tai on 4,46 (1H, br s Hz), mot
proton methylene tai o4 3,12 (1H, dd, J = 4,8, 7,8 Hz) va 2,98 (1H, dd, J = 6,6 7,8
Hz), nam tin hiéu caa proton thom tai on 7,30 x 2, 7,22 x 2 va 7,25. Pho 3C-NMR
Xuat hién tin hiéu cia mudi carbon trong d6 mot carbon carboxyl tai dc 174,6, mot
carbon methylene tai oc 40,6 va sau carbon ctia vong thom tai dc 136,3, 129,5 x 2,
128,5 x 2, va 126,9, mot tin hiéu carbon methyl estetai dc 52,5. So sanh véi hop chit
AS9 thay hop chat AS10 c6 thém nhém methyl este. Po quay cuc [a]3®: -6,0 (c =
0.1, CHCI3). Do d6, cau triic hda hoc cia AS10 duogc xac dinh la methyl 2-hydroxy-
3-phenylpropanoate [90].



93

Bing 3.22. S liéu pho H, BC-NMR cua hop chat AS10 va hop chdt tham khdo

C ocF  0c*® 9n3°(df bdi, J = Hz)

1 1746 1746 -

2 71,3 71,3 4,46 (1H, br s)

. 106 206 3,12 (1H, dd, 4,8, 7.8)
2,98 (1H, dd, 6,6, 7,8)

4 1363  136,3 -

5 1295 1295 7,30 (1H, dt)

6 1285 1285 7,22 (1H, dt)

7 1269 1269 7,25(1H, m)

8 1285 1285 7,22 (1H, dt)

9 1295 1295 7,30 (1H, dt)

10 52,5 52,5 3,77(3H, )

2o trong CDs0D, ® 150 MHz, © 600 MHz 5c* ciia methyl 2-hydroxy-3-phenyl propanoate (do trong
CDCl3)[90]

3.2.3.11. Hop chat AS11: Tyrosol

Hinh 3.49. Cdu trc hoa hoc ciia hop chat AS11
Hop chat AS11 thu duoc duéi dang tinh thé mau trang, vo dinh hinh. Pho H-

NMR xuat hién tin hiéu caa nhém oxymethylene (-CH2-OH) tai on 3,85 (1H, t, J =
6,6 Hz), mot nhém methylene tuong (rng véi tin hiéu tai on 2,82 (1H, t, J = 6,6 Hz),
bdn proton dic trung cua hé vong thom ddi xang AzB; tai Ju 6,80 (2H, d, J = 8,4
Hz) va 7,12 (2H, d, J = 8,4 Hz). Phé 3C-NMR cho tin hi¢u ciatam carbon véi sau
carbon vong thom tai on 130,4, 130,2 x2, 115,5 x2 va 154,4. Phan tich phé NMR
vaso sanh véi tai liéu tham khao cho phép xéc cu tric caahop chat AS11 latyrosol
[91].
Bang 3.23. S liéu phd H, BC-NMR cua hop chit AS11 va hop chat tham khao

C oc” 0c*® 513° (A bdi, J = H2)

1 62,6 63,8 3,85(1H,t, 6,6)
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C oc? o™ 512C () bdi, J = Hz)
2 38,3 382 2,82(1H,t, 6,6)

1’ 129,5 1304 -

2 129,7 130,2 7,12 (1H, d, 8,4)

3 114,9 1155 6,80 (1H, d, 8,4)

4 155,5 1544 -

5" 114,9 1155 6,80 (1H, d, 8,4)

6 129,7 130,2 7,12 (1H, d, 8,4)

330 trong CDCl3, 150 MHz, °600 MHz, dc” ciia tyrosol (do trong DMSO-ds) [91].

3.2.3.12. Hop chat AS12: (22E,24R)-50,8a-epi-dioxyergosta-6,22-dien-34-ol (tring
véi hop chat TP6)
- Pugc phan [ap tr chiung vi tao T. pachydermum TSL10 (xem muc 3.2.1.6)

3.2.3.13. Hop chat AS13: (22E,24R)-5a,8a-epidioxyer gosta-6,9(11),22-trien-34-ol

28 28

Hinh 3.50. Cdu tric hod hoc va twong tdc HMBC chinh cia hep chat AS13

Hop chat AS13 thu dugc dudi dang bot mau trang, vo dinh hinh. Cong thirc
phan tir 1a CosH420s, duge xac dinh duatrén picion tai m'z427,3209 [M + H]* (tinh
toan |y thuyét [CosH430s]* = 427,3207 trén phd HR-ESI-MS (Hinh P2.78).

Trén phd 'H-NMR, xuat hién sau nhém methy! tai o4 0,74 (3H, s) va 1,09 (3H,
s), 0,82 (3H, d, J= 6,6 Hz), 0,83 (3H, d, J=6,6 HZ), 0,92 (3H, d, J=6,6 Hz) va1,00
(3H, d, J = 6,6 Hz), nam proton trén ba ndi doi ciling duge xac dinh tai on 6,28 (1H,
d, J=8,4Hz), 6,59 (1H, d, J = 8,4 Hz), 5,43 (1H, dd, J = 1,8, 6,0 Hz), 5,16 (1H, dd,
J=7,2,15,6 Hz) va5,24 (1H, dd, J = 7,2, 15,6 Hz) va mdt proton nhém oxymethine
tai ou 4,01 (1H, m). Phd BC-NMR két hop phdé HSQC xuat hién tin hiéu cia 28
nguyeén tir carbon, trong d6 sau carbon ciiaba lién két doi duge xac dinh tai dc 135,5,
130,8, 142,6, 119,7, 132,3 va 135,2, hai tin hiéu carbon dic trung lién két véi cau
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peroxyd tai oc 82,2 va 79,4, mot carbon oxymethine tai dc 66,4 va sau carbon methyl
tai oc 13,0, 17,6, 25,6, 19,6, 19,9 va 20,7.

Nhom hydroxyl duoc xac dinh tai vi tri C-3 qua tuong tac trén phd HMBC: Hp-
4 (3n 2,12) tuong tac véi C-2 (9c 30,6)/C-3 (dc 66,4)/C-5 (dc 82,7). Lién két peroxide
duogc xéac dinh tai vi tri C-5 va C-6 do xuat hién tuong tac giita H-6 (n 6,28), H-7 (51
6,59) V6i C-5 (dc 82,7) va C-8 (dc 78,4) trén phd HMBC. Bén canh do dua vio twong
tac HMBC ciing xac dinh duoc vi tri cia cac nhom methyl (Hinh 3.49). Tir cé&c bang
chirng phé néu trén vaso sanh véi tai liéu tham khao, cau tric caa AS13 duge xac dinh
la (22E,24R)-5a,80-epidioxyergosta-6,9(11),22-trien-345-ol [92].

Bang 3.24. S lidu phé H, 3C-NMR cua hep chat AS13 va hep chat tham khao

C oc” Oc*P  012C (36 bdi, J = Hz)
1 32,5 32,6 1,68 (1H, m)/2,07 ((1H, m)
2 30,5 30,6 1,57 (1H, m)/1,92 (1H, m)
3 66,3 66,4 4,01 (1H, m)
4 36,0 36,1 1,93 (1H, m)/2,12 (1H, m)
5 82,7 82,7 -
6 1354 1355 6,28 (1H, d, 8,4)
7 130,7 130,8 6,59 (1H, d, 8,4)
8 78,3 784 -
9 142,4 142,6 -
10 37,9 380 -
11 119,7 119,7 543 (1H, dd, 1,8, 6,0)
12 41,1 41,2 2,08 (1H, m)

2,25 (1H, dd, 6,0, 16,8)
13 43,6 436 -
14 48,1 482 1,83 (1H, m)
15 20,8 20,9 1,58 (1H, m)/1,69 (1H, m)
16 28,6 28,6 1,37 (1H, m)/1,80 (1H, m)
17 55,8 55,9 1,35 (1H, m)
18 12,9 130 0,74 (3H, 9

19 25,5 25,6 1,09 (3H, 9)
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C oc” 0c*P 52 (a9 bdi, J = Hz)
20 39,9 39,9 2,03 (1H, m)

21 20,7 20,7 1,00 (3H, d, 6,6)

22 1351 1355 5,16 (1H, dd, 7,2, 15,6)
23 132,4 132,5 5,24 (1H, dd, 7,2, 15,6)
24 42,7 42,8 1,85 (1H, m)

25 33,0 33,1 1,48 (1H, m)

26 19,6 19,6 0,82 (3H, d, 6,6)

27 19,9 19,9 0,83 (3H, d, 6,6)

28 17,5 17,6 0,92 (3H, d, 6,6)

2 do trong CDCls, ®150 MHz, °600 MHz, éc* ciia (22E,24R)-5a,8a-epidioxyer gosta-6,9(11),22-
trien-36-ol (do trong CDCls) [92].

3.2.3.14. Hop chat AS14: chaxine C

Hinh 3.51. Cdu tric hod hoc va twong tdc HMBC chinh cia hep chat AS14

Hop chat AS14 thu dugc dudi dang bot mau trang, vo dinh hinh. Cong thirc
phan tir 12 CosHaoO4, dugc xac dinh duatrén pic ion tai miz 441,3015 [M + H]* (tinh
toan |y thuyét [CosHa1O4]* = 441,3005 trén phd khéi lugng phan giai cao HR-ESI-MS
(Hinh P2.86).

Pho 'H-NMR xuét hién tin hiéu cia ndm proton olefin tai 016,89 (1H, d, J=9,6
Hz), 6,04 (1H, d, J = 9,6 H2), 5,63 (1H, d, J = 2,4 H2), 5,14 (1H, d, J = 6,6, 15,6 Hz)
va 5,28 (1H, d, J = 6,6, 15,6 Hz). Phd 3C-NMR chi ra s xuat hién tin hiéu cua hai
muoi tam carbon trong d6 c6 sau methyl, sau methylene, muoi methine va sau carbon
khong chira hydro. Trong d6 c6 hai carbon ketone tai dc 204,5 va 195,7, mot tin hiéu

carbon carboxy! tai 5c 164,3, sau tin hiéu carbon ol efin cuabalién két doi tai oc 117,5,
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156,1, 134,6, 132,9, 148,1 va 128,1, mét tin hiéu carbon lién két truc tiép véi oxy tai
oc 81,2, sau carbon methyl tai oc 12,1, 21,0, 19,9, 19,9, 17,6 va 21,9.

Mot nhom ketone tai vi tri C-1' lién hop véi lién két d6i C-5 (6c 148,8)/ C-6'
(0c 128,1) dugce xac dinh dua vao twong taic HMBC gitra H-7' (on 1,48) va C-1' (dc
195,7), C-2' (9c81,2) va C-3' (9c 32,1), H-6' (9n 6,04) va C-2' (9c 81,2) va C-4' (dc
24,8), mot nhom ketone duogc xac dinh tai C-4 dya trén tuong tac HMBC gitra H-2
(61 5,63) va C-3 (5 156,1) va C-4 (¢ 204,5), H-5 (81 2,47) va C-3 (5c 156,1), C-4
(9c204,5) va C-6 (3¢ 38,0), H-8 (9n 2,50) va C-3 (dc 156,1), C-4 (5c 204,5) vA.C-6 (5c
38,0), C-7 (5c 46,5). Nhom carboxyl duogc xac dinh tai C-1 valién hop véi lién két
doi C-2 (oc 117,5)/C-3 (dc 156,1) boi twong tac twong taic HMBC gitta H-2 (Jn 5,63)
va C-1 (c 164,3) va C-3 (5c 156,1). Mot lién két doi con lai duge xac dinh tai C-
15/C-16 dua trén twong tac HMBC gitra H-14 (on 1,02) va C-15 (oc 134,6), H-21 (6n
0,92) va C-16 (dc 132,9), H-15 (61 5,14) va C-13 (9c 40,1), C-14 (5c 21,0), C-16 (5c
132,9) va C-17 (5c 42,8) (Hinh 3.50). Tir c&c phan tich phd NMR néu trén va so séanh
véi tai lieu tham khao, hop chat AS14 duoc xac dinh |a chaxine C [93].

Bang 3.25. S liéu phé H, 3C-NMR cuia hep chat AS14 va hep chdt tham khao

C oct Oc*®  913< (d6 boi, J = H2)

1 164,2 164,3 -

2 117,5 117,5 5,63 (1H, d, 2,4)

3 156,2 156,1 -

4 204,6 2045 -

5 39,0 39,0 2,22 (1H, m)/ 2,47 (1H, m)
6 38,0 38,0 1,68 (1H, m)/2,20 (1H, m)
7 46,5 465 -

8 57,8 57,8 2,50 (1H, m)

9 21,8 21,9 1,52 (1H, m)/1,58 (1H, m)
10 29,0 29,0 1,49 (1H, m)/1,88 (1H, m)
11 55,3 55,4 1,40 (1H, m)

12 12,1 12,1 0,87 (3H, 9

13 40,1 40,1 2,01 (1H, m)

14 21,0 21,0 1,02 (3H, d, 6,6)

15 134,6 134,6 5,14 (1H, dd, 6,6, 15,6)
16 132,9 132,9 5,28 (1H, dd, 6,6, 15,6)
17 42,8 42,8 1,86 (1H, m)
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C oc? oc®®  onC (dé boi, J = Hz)

18 33,0 33,0 1,48 (1H, m)

19 19,6 19,6 0,82 (3H,d, 7,2)

20 19,9 199 0,84 (3H,d, 7,2)

21 17,6 17,6 0,92 (3H, d, 6,6)

I 196,7 195,7 -

2! 81,2 81,2 -

3’ 32,1 32,1 2,02 (1H, m)/2,92 (1H, m)
4' 24,7 24,8 2,42 (1H, m)/2,52 (1H, m)
5’ 148,1 148,8 6,89 (1H, d, 9,6)

6 128,1 128,1 6,04 (1H, d, 9,6)

7' 21,9 219 1,48(3H,9)

3dotrong CDCls, 150 MHz, °600 MHz, dc* ciia chaxine C (do trong CDCl3) [93]

3.2.3.15. Hop chat AS15: cerevisterol (tring véi hop chat TP3)
- Pugc phan [ap tr chung vi tao T. pachydermum TSL10 (xem muc 3.2.1.3)

3.2.3.16. Hop chat AS16: ergosta-5,7,22-trien-34-ol

Hinh 3.52. Cdu tric hod hoc ciia hop chdt AS16

Hop chit AS16 thu duoc dudi dang chat bot mau trang, vo dinh hinh. Cong
thirc phan tir [a C2sHasO, dugce xac dinh dua trén pic ion tai m/z 397,3464 [M + H]*
(theo tinh toan |y thuyét [CasHasO]*, Mz 397,3470) dua trén Phd khédi luong phan
giai cao HR-ESI-MS (Hinh P2.98). Pho *H-NMR cho thay tin hiéu proton cua sau
nhém methyl 6w 0,63 (3H, s), 0,95 (3H, s), 1,04 (3H, d, J = 6,6 HZ), 0,84 (3H, d, J=
6,6 Hz), 0,82 (3H, d, J = 6,6 Hz), va 0,92 (3H, d, J = 6,6 Hz), mjt nhém oxymethine
tal on 3,63 (1H, m), bbn proton olefin tai on 5,38 (1H, dd, J = 5,6, 2,8 Hz), 5,59 (1H,
dd, J = 5,6, 2,8 Hz), 5,17 (1H, dd, J = 16,0, 6,0 Hz) va 5,23 (1H, dd, J = 16,0, 6,0
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Hz). Phd 3C-NMR cua hop chit AS16 cho thiy tin hiéu ciaa 28 nguyén tir carbon
thudc khung ergosterol, trong d6 sau carbon caa ba lién két doi tai dc 139,8, 119,6,
116,3, 141,4, 135,6 va 132,0; mot carbon oxymethine tai dc 70,5; sau carbon methyl
tai 6c12,1, 16,3, 17,6, 19,7, 20,0 va 21,1. Ciu trlc cua hop chat AS16 duoc xac dinh
théng qua phan tich dir liéu pho NMR két hop so sanh tai liéu tham khao [94]. Hop
chat AS16 duoc xac dinh [a ergosterol.

Bang 3.26. S liéu pho H, BC-NMR cua hop chat AS16 va hop chat tham khdo

C oc? oc®®  onC (dé bdi, J = Hz)

1 38,3 38,4 1,30 (1H, m)/1,89 (1H, m)

2 31,7 32,0 1,50 (1H, m)/1,89 (1H, m)

3 70.0 70,5 3,63 (1H, m)

4 40,5 40,8 2,28 (1H, dd, 12,0, 12,0)
2,47 (1H, ddd, 2,4, 4,8, 12,0)

5 139,3 1398 -

6 119,1 119,6 5,59 (1H, dd, 2,8, 5,6)

7 115,9 116,3 5,38 (1H, dd, 5,6, 2,8)

8 140,7 1414 -

9 46,2 46,3 1,90 (1H, m)

10 37,0 37,1 -

11 21,1 21,1 1,60 (1H, m)/1,72 (1H, m)

12 39,1 39,1 1,27 (1H, m)/2,06 (1H, m)

13 42,7 429 -

14 544 54,6 1,88 (1H, m)

15 23,0 23,0 1,35(1H, m)/1,65 (1H, m)

16 28,2 28,3 1,32 (1H, m)/1,97 (1H, m)

17 55,6 53,8 1,32 (1H, m)

18 12,1 12,1 0,63 (3H,9)

19 16,3 16,3 0,95(3H, s)

20 40,2 40,4 1,90 (1H, m)

21 211 21,1 1,04 (3H, d, 6,6)

22 135,0 135,6 5,17 (1H, dd, 6,0, 16,0)

23 131,5 132,0 5,23 (1H, dd, 6,0, 16,0)

24 42,7 42,9 1,86 (1H, m)

25 33,0 33,1 1,48 (1H, m)

26 19,9 20,0 0,84 (3H, d, 6,6)

27 19,6 19,7 0,82 (3H, d, 6,6)

28 17,6 17,6 0,92 (3H, d, 6,6)

3o trong CDCl3, ®150 MHz, 600 MHz, dc* ciia ergosterol (do trong CDCl3) [94].



100

3.2.3.17. Hop chat AS17: Fungisterol:

28

Hinh 3.53. C4u tric hoa hoc ciia hop chat AS17

Hop chat AS17 thu duoc dudi dang chat mau tring, vo dinh hinh. Cong thic
phan tir 1& CasHas0, dugc xac dinh dua trén khdi lwong phan tir 400. Pho H-NMR
cho théy tin hiéu proton caa sdu nhom methyl tai on 0,53 (3H, s), 0,80 (3H, s), 0,92
(3H,d, J=6,6 Hz), 0,85 (3H, d, J= 6,6 Hz), 0,78 (3H, d, J = 6,6 Hz) va 0,77 (3H, d,
J = 6,6 Hz), mét tin hiéu cia nhdm oxymethine tai o1 3,59 (1H, m) va mot proton
olefin tai on 5,16 (1H, brs). Phd 13C-NMR cho thay tin hiéu caa 28 nguyén tir carbon,
trong d6 hai carbon tai 5c 117,4 va139,6 caamat lién két doi; mot carbon oxymethine
tai dc 71,1, sdu carbon methyl tai oc 11,8, 13,0, 15,5, 17,6, 19,0 va 20,5. Véi nhitng
phéan tich dir liéu pho NMR ciia hop chat véi chat fungisterol cho thay ching giong
nhau. Nhu vay két luan duoc hop chat AS17 lafungisterol [95].

Bang 3.27. S5 liéu pho tH, 3C-NMR cua hop chat AS17 va hep chat tham khdo

C oc* oc*®  613< (d9 boi, J = H2)
1 36,9 37,2 2,09-1,20 (1H, m)

2 27,5 31,5 2,09-1,20 (1H, m)

3 73,5 71,1 3,59 (1H, m)

4 33,8 38,0 2,09-1,20 (1H, m)

5 40,1 40,3 2,09-1,20 (1H, m)

6 29,6 29,7 2,09-1,20 (1H, m)

7 117,3 117,4 5,16 (1H, br 9)

8 139,5 139,6 -

9 49,3 49,5 2,09-1,20 (1H, m)

=
o

34,2 34,2 -
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C oc” 0c®P 512< (a9 bdi, J = Hz)
11 21,5 21,6 2,09-1,20 (1H, m)
12 39,5 39,6 2,09-1,20 (1H, m)
13 43,4 434 -

14 55,0 53,1 2,09-1,20 (1H, m)
15 23,0 230 2,09-1,20 (1H, m)
16 27,9 27,9 2,09-1,20 (1H, m)
17 56,1 56,1 2,09-1,20 (1H, m)
18 11,8 11,8 0,53 (3H, 9)

19 12,9 13,0 0,80 (3H, )

20 36,6 36,6 2,09-1,20 (1H, m)
21 19,0 19,0 0,92 (3H, d, 6,6)
22 33,7 33,7 2,09-1,20 (1H, m)
23 30,7 30,7 2,09-1,20 (1H, m)
24 39,1 39,1 2,09-1,20 (1H, m)
25 31,5 31,5 2,83 (1H, m)

26 17,6 17,6 0,85 (3H, d, 6,6)
27 20,5 20,5 0,78 (3H, d, 6,6)
28 15,5 155 0,77 (3H, d, 6,6)

3dotrong CDCl3,” 150 MHz,° 600 MH , 6" ciiafungisteral (do trong CDCl3) [95].

3.2.3.18. Hop chat AS18: Cyclo-(L-Pro-L-Leu)

Hinh 3.54. Cdu tric hod hoc va firong téc HMBC cia hop chdt AS18

Hop chit AS18 thu dugc dudi dang chat bot mau tring, vo dinh hinh. Cau tric
cua hop chat AS18 duoc xac dinh dya trén cac phdé H-NMR, 3C-NMR, HMQC,

HMBC.
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Ph6 'H-NMR caa hop chat AS18 xuat hién tin hiéu proton cua hai nhém
methyl tai on 0,96 (3H, d, J=6,6 Hz), 1,00 (3H, d, J = 6,6 Hz); hai nhdm methylene
lién két véi nito tai du 3,55 (1H, m) va 3,60 (1H, m); hai nhom methine lién két voi
nito tai on 4,12 (1H, dd, J = 7,8, 7,8 Hz) va 4,02 (1H, dd, J = 3,6, 9,6 Hz). Phd 3C-
NMR va HSQC caa AS18 xuét hién tin hiéu caa mudi mot nguyén tir carbon, trong
d6 xuét hién hai nhom carbonyl amidetai dc 166,1 vadc 170,2; bén carbon methylene
tai oc 45,5, 22,7, 28,1 va 38,7; ba carbon methinetai oc 59,0, 53,4 va24,7; hai carbon
methyl tai dc 21,2 va 23,3. Cau tric dang vong diketopiperadine duoc xac dinh duya
trén pho HMBC, chi ra cac tuwong tac gitta H-3 va C-1, giita H-N va C-6, C-7, gira
H-6 va C-1 (Hinh 3.54). Phan tich sb liéu pho NMR cho biét ciu tric cia AS18 duoc
xac dinh lacyclo-(L-Pro-L-Leu) [96].

Bang 3.28. S liéu phé H, 3C-NMR cuia hop chat AS18 va hep chdt tham khao

C oc” Oc*P 012 (39 bdi, J = Hz)

1 170,7 166,1 -

3 45,9 4555 3,55 (1H, m)/3,60 (1H, m)
4 23,1 22,7 2,07 (1H, m)/1,90 (1H, m)
5 28,5 28,1 2,36 (1H, m)/2,14 (1H, m)
6 59,4 59,0 4,12 (1H, dd, 7,8, 7,8)

7 166,6 170,2 -

9 53,8 53,4 4,02 (1H, dd, 3,6, 9,6)
10 39,0 38,7 1,52 (1H, m)/2,07 (1H, m)
11 25,1 24,7 1,74 (1H, m)

12 21,6 21,2 0,96 (3H, d, 6,6)

13 23,7 23,3 1,00 (3H, d, 6,6)

2Po trong CDCls, 150 MHz, €600 MHz, c* ciia Cyclo-(L-Pro-L-Leu)(do trong CDCls) [96].
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3.2.3.19. Hop chat AS19: adenosine

NH,
N 5 AN
N
s
=
HO N 4N 2
(0]

1

OH OH
Hinh 3.55. Cdu tric hod hoc ciia hop chat AS19

Hop chat AS19 thu dugc duéi dang chat bot mau trang, vo dinh hinh. Phd khéi
luong phan giai cao HR-ESI-M S xuat hién pic ion duong tai m/z 268,1042 [M + H]*
(tinh toén theo |y thuyét ang véi cong thirc ion CioH14NsO04*, m/z 268,1046) cho goi
y hop chat c6 cong thirc phan tir C1oH13NsO4 (Hinh P2.114). Trén phd *H-NMR cia
hop chat AS19 xuat hién hai proton thuoc di vong thom tai on 8,13 va 8,34, dic trung
cho sy c6 mat cua adenine, sdu proton cua phan duong ribofuranosyl tai on 5,91 (1H,
d, J=6,6 Hz), 4,63 (1H, t, J=6,0 Hz), 4,16 (1H, dd, J = 3,0, 5,0 Hz), 3,98 (1H, dd,
J=3,6,6,0Hz), 3,68 (1H, br d, J = 12,0 Hz) va 3,57 (1H, br d, J = 12,0 Hz), con lai
la 3 proton trong cac nhdm hydroxy tai on 5,46 (1H, m) x 2va 5,20 (1H, d, J=4,5
Hz). S6 liéu phd *H-NMR cia AS19 hoan toan giong véi so liéu phd caa adenosine
[97]. Dyavao céc két qua phan tich phd *H-NMR, Phé khdi luong phan giai cao HR-
ESI-MSkét hop véi tai liéu tham khao cho phép xac dinh hop chat AS19 laadenosine.
Hop chat nay da duoc Cuc Quan |i thuc pham va duoc pham Hoa ky chiang nhan,
chuyén dung dé chéng loan nhip tim.

Bang 3.29. S5 liéu pho tH, 3C-NMR cua hep chat AS19 va hep chat tham khdo

C oc* o9 (a9 boi, J = Hz) o0 (a6 bdi, J = Hz)
2 152,4 813 (1H, 9 8,16 (1H, s)

4 1490 - ;

5 119,3 - -

6 156,2 - -

8 139,9 834 (1H, 9 8,34 (1H, )

1 87,9 587 (1H, d, 6,2) 5,91 (d, 6,6)
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2 734 461 (1H, ddd, 5,1, 6,2, 6,3) 4,63 (1H, 1, 6,0)
3 70,6 4,14 (1H, dd, 3,0, 4,6, 5,1) 4,16 (1H, dd, 3,0, 5,0)
4 85,9 3,96 (1H, ddd, 3,0, 3,6, 3,7) 3,98 (1H, dd, 3,6, 6,0)
. 616 3,67 (1H, ddd, 3,6, 4,4, 12,1) 3,68 (1H, br d, 12,0)
3,55 (1H, ddd, 3,7, 7,2, 12,1) 3,57 (1H, br d, 12,0)
2'-OH - 543(1H, d, 6,3) 5,46 (1H, m)
3-OH - 517(1H, d, 4,6) 5,20 (1H, dd, 4,5)
5'-OH - 541 (1H, dd, 4,4, 7,2) 5,46 (1H, m)

370 trong DMSO-ds, 600 MHz, ©125 MHz, °500 MHz, 6" i adenosine (do trong DMSO-dk) [97].

3.2.3.20. Hop chat AS20: Octadeca-9Z,12Z-dienoic acid

2
HO_ 1 18

Hinh 3.56. Cdu tric hoa hoc hep chdt AS20
Hop chat AS20 thu duoc dudi dang bot mau trang, vo dinh hinh. Phd H-NMR caa
AS20 c6 céc tin hiéu dic trung cho mot hop chat acid béo khong no chira hai lién két
d6i gdm mot nhom methyl dau mach tai du 0,89 (3H, t, J = 6,6 Hz), hai nhdm
methylene tai on 2,05 (4H, g, J = 6,6 Hz), hai nhdm methylene tai on 2,77 (2H, J =
6,6 Hz), 2,34 (2H, J = 6,6 HZ). Tin hiéu cua bén proton olefin tai 5u 5,33, 5,37 (4H,
m). Ngoai ra.con c6 tin hiéu cua cac nhdm methylenetai on 1,25-1,32. Phd 3C-NMR
xuat hién tin hiéu cong huong cioa 18 nguyén tir carbon, trong d6 mot carbon
carboxylic tai dc 180,0, bén carbon olefin tai dc 130,2, 128,1, 127,9 va 130,0, muoi
hai carbon methylenetai oc 34,1, 24,7, 29,0, 29,1 x 2, 29,3, 27,2 x 2, 25,6, 29,6, 31,5
va 22,6, mot carbon methyl tai dc 14,0. Khi so sénh véi hop chit 1'-(octadeca-(Z,2)-
dienoic acid)-2,3-dihydroxypropylester thi thiy ching chi khéc nhau phan glyxeryl
vagiatri carbon tai vi tri C-1. Trong hop chit AS20 [dc 180,0 (C-1)] con hop chat
1'-(octadeca-9Z,12Z-dienoic acid)-2,3-dihydroxypropylester [dc 174,32 (C-1)],
nhitng vi tri khac twong dong nhau. Véi nhitng dy liéu phd ndy vaso sanh véi téi liéu
tham khao x4c dinh duoc AS20 |aoctadeca-9Z,12Z-dienoic acid [98]. Hop chat AS20

|&mot chat cii nhung chua ¢ cong bd ndo vé pho NMR.
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Bang 3.30. S liéu pho H, BC-NMR cua hop chat AS20 va hop chdt tham khdo

C oc? Oc®  on?C (6 bdi, J =Hz)
1 174,3 180,0 -

2 34,1 34,1 2,34(2H,t,6,6)
3 24,8 24,7 1,63 (2H, m)

4 29,6 29,0

5 29,4 29,1 1,28 (1H, m)

6 29,1 29,1 1,34 (1H, m)

7 29,1 29,3

8 27,2 27,2 2,05(2H, q, 6,6)
9 130,2 130,2 5,33 (1H, m)
10 128,1 128,1 5,37 (1H, m)
11 25,6 25,6 2,77 (2H, 1, 6,6)
12 127,9 127,9 5,33 (1H, m)
13 130,0 130,0 5,37 (1H, m)
14 27,2 27,2 2,05(2H, g, 6,6)
15 29,1 29,6 1,28 (1H, m)/1,34 (1H, m)
16 31,5 31,5 1,28 (2H, m)
17 22,6 22,6 1,30 (1H, m)
18 14,0 14,0 0,89 (3H, t, 6,6)
Ik 70,3

2’ 65,2

3/ 63,4

3do trong CDCls, ®150 MHz, 600 MHz, 5c* ciia 1'-(octadeca-9Z,12Z-dienoic acid)-2,3-
dihydroxypropylester (do trong CDCl3) [98].

3.2.3.21. Hop chat AS21: (S)-2,3-dihydroxypropyl (9Z,122)-octadeca-9,12-dienoate

Hinh 3.57. Cdu tric hod hoc ciia hop chdt AS21

Hop chat AS21 thu dugc dudi dang bot mau tring, vo dinh hinh. Céng thirc
phan tir [& Ca1H3s04, dyatrén pnd HR-ESI-M S tai m/z372,3111 [M+NH4]* (Tinh toan
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ly thuyét cho cong thirc [C21H4204N]*, 372,3114) (Hinh P2.126). Pho H-NMR cia
AS21 co céc tin hiéu dic trung cho mdt hop chat este béo khéng no chira hai lién két
doi gdm mot nhom methyl dau mach tai on 0,89 (3H, t, J = 6,6 Hz), bdn nhom
methylenetai on 2,05 (2H,t,J=6,6 HZ) x 2, 2,77 (2H,t,J=6,6 HZ) va 2,35 (2H, t, J
= 7,2 Hz), hai nhém oxymethlene tai 61 4,15 (1H, dd, J = 6,6, 12,0 Hz), 4,20 (1H, dd,
J=4,8, 12,0 Hz), 3,70 (1H, dd, J = 4,8, 11,4 Hz) va 3,60 (1H, dd, J = 6,0, 11,4 Hz),
mot nhdm oxymethinetai on 3,95 (1H, m), bdn proton olefin tai on 5,37 (4H, m). Ngoai
ra con ¢ tin hiéu cua cac nhom methylenetai du 1,25-1,32. Phd 3C-NMR xuét hién
tin hiéu cong hudng cua 21 nguyén tir cacbon trong d6 c6 mot carbon carboxylic tai oc
174,3: bon carbon ol efin tai dc 130,2, 128,1, 127,9 va 130,0; hai carbon oxymethyelene
tai oc 70,3 va 63,3; mét tin hiéu oxymethine tai dc 65,2; muoi hai tin hiéu methylene
tai oc 34,1, 25,0, 29,6, 29,3, 29,1 x 3, 27,2 x 2, 25,6, 31,5 va 22,6; mot carbon methyl
tai doc 14,1. Qua céc phan tich trén, cau tric hda hoc caa AS21 duoc xac dinh 1& (-
2,3-dihydroxypropyl-octadeca-9Z,12Z-dienoate [ 98] .
Bang 3.31. S lidu phé H, 13C-NMR cua hep chat AS21 va hep chat tham khao

C oc? oc?P  op2C (dd boi, J = Hz)
1 70,3 70,3 4,15 (1H, dd, 6,6, 12,0)
4,20 (1H, dd, 4,8, 12,0)
65,2 65,2 3,95 (1H, m)
63,4 63,4 3,70 (1H, dd, 4,8, 11,4)
3,60 (1H, dd, 6,0, 11,4)
I 174,3 1743 -
2’ 34,1 34,1 2,35(2H,t,7,2)
3’ 25,0 25,0 1,63 (2H, m)
4 29,6 29,6
5 29,4 29,3 1,25 (m)
6’ 29,1 29,1 1,35(m)
7’ 29,1 29,1
8’ 27,2 27,2 2,05(2H, g, 6,6)
9 130,2 130,2 5,37 (1H, m)
10° 128,1 128,1 5,37 (1H, m)

1 25,6 25,6 2,77 (2H, t, 6,6)
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C oc? oc?® onC (dé boi, J = Hz)
12° 1279 1279 5,37 (1H, m)
13’ 130,0 130,0 5,37 (1H, m)
14° 27,2 27,2 2,05(2H,t, 6,6)
15° 29,1 29,1
1,25 (m)
16 31,5 31,5
1,35 (m)
17 22,6 22,6
18’ 14,0 14,1 0,89 (3H,t, 6,6)

3do trong CDCla, ®600 MHz, ©125 MHz, dc* cia 1'-(octadeca-9Z,12Z-dienoic acid)-2,3-
dihydroxypropylester (do trong CDCl3) [ 98]

3.2.3.22. Hop chat AS22: cibotiglycerol

HO;S o
HO%
HO OH 2
0

3

0
OH D — —
0
HO5S
Hé o\
HO OH‘\‘ i
0

(0]
Hinh 3.58. Cdu tric hod hoc va tirong tdc HMBC chinh cia hop chdt AS22

Hop chat AS22 thu dugc dudi dang bot mau tring, vo dinh hinh. Cong thirc
phan tir 1a Ca7H4s011S, dua trén pho HR-ESI-M S tai m/z 598,3260 [M+NH4]* (Tinh
toan ly thuyét cho cong thic [C27Hs2011SN]*, MYz 598,3261) (Hinh P1.132). Pho H-
NMR va3C-NMR khing dinh sy xuat hién cia mot nhom dudng va goc ester cua 1
acid béo khdng no (glycoglycerolipid). Phé *H -NMR cho biét tin hiéu caiamot nhém
methyl dau mach tai o4 0,92 (3H, t, J = 6,6 Hz); bon tin hi¢u proton cua hai nhom
oxymethylene tai 6+ 4,08 (1H, dd, J = 3,0, 10,2 Hz), 3,42 (1H, dd, J = 6,0, 10,2 Hz),
4,22 (1H, dd, 3= 6,0, 12,0 HZ) va4,12 (1H, dd, J = 3,0, 12,0 Hz); mot tin hi¢u nhém
oxymethinetai on 4,10 (1H, m); bay tin hiéu proton cia gdc dudng glucose tai 514,08
(1H, d, J = 3,6 Hz), 3,42 (1H, m), 3,67 (1H, dd, J = 9,6, 9,6 Hz), 3,11 (1H, dd, J =
9,6, 9,6 Hz), 4,10 (1H, m), 2,94 (1H, dd, J = 9,0, 14,4 Hz) va 3,37 (1H, dd, J = 1,8,
14,4 HZ). Ph6 BC-NMR vaHSQC cho biét hop chat AS22 chira27 nguyén tir carbon.
So sanh pho 3C-NMR vaéi hop chat AS21 cho thiy AS22 hon sau nguyén tir carbon,
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day cling chinh la sau carbon cua géc duong glucose tai dc 100,2, 73,7, 75,1, 74,9,

69,8 va 54,3. Cau hinh tai C-1'ciia gbc duong duoc xac dinh 1 o dia trén hiang sb

turong tic nho (J = 3,6 Hz) cho biét day 1a gbc duong a-D-glucose. Vi tri cua goc

dugc xac dinh thé tai C-1 dwatrén trong taic HMBC gitta proton anomer H-1' (5+
4,80) vaC-1 (oc 70,6). Vi tri este héa cia acid béo tai C-1" duoc xac dinh boi twong
tac HMBC gitta H-3 (on 4,22) va carbonyl carbon C-1" (oc 175,6) (Hinh 3.58). Phéan

tich sd liéu phd cia AS22 cho phép xac dinh ciu tric cia hop chit ndy la

cibotiglycerol [78].

Bang 3.32. S liéu pho H, BC-NMR cua hop chat AS22 va hop chat tham khdo

C oc” Oc*P 012 (39 bdi, J = Hz)

1 70,6 70,6 4,08 (1H, dd, 3,0, 10,2)
3,42 (1H, dd, 6,0, 10,2)

2 69,8 69,8 4,10 (1H, m)

3 66,5 66,5 4,22 (1H, dd, 6,6, 12,0)
4,12 (1H, dd, 3,0, 12,0)

I’ 100,2 100,2 4,80 (1H, d, 3,6)

2 73,7 73,7 3,42 (1H, m)

3 75,1 75,1 3,67 (1H, dd, 9,6, 9,6)

4 74,9 74,9 311 (1H, dd, 9,6, 9,6)

5 69,8 69,8 4,10 (1H, m)

6' 54,2 54,3 2,94 (1H, dd, 9,0, 14,4)
3,37 (1H, dd, 1,8, 14,4)

1" 175,6 1756 -

2" 34,9 34,9 2,39 (2H,t, 7,0)

3" 26,0 26,0 1,64 (2H, m)

4" 30,3 30,3 1,36 (2H, m)

5" 30,4 30,5 1,35 (2H, m)

6" 30,7 30,7 1,35 (2H, m)

7" 30,22 30,2 1,35 (2H, m)

8" 28,1 28,1 2,09 (2H, g, 7,0)

9" 130,93 130,9 5,30 (1H, m)

10" 129,06 129,1 5,40 (1H, m)

1" 26,5 26,5 2,77 (2H, t, 7,0)

12" 129,07 129,1 5,30 (1H, m)
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C oc? oc?® onC (dd boi, J = Hz)
13" 130,89 130,9 5,40 (1H, m)

14" 28,1 28,2 2,09 (2H,t, 7,0)

15" 30,19 30,2 1,35(2H, m)

16" 32,6 32,6 1,32(2H, m)

17" 23,6 23,6 1,35(2H, m)

18" 14,4 144 0,92 (3H,t, 6,6)

Ado trong CDCl3, ®150 MHz, °600 MHz, %125 MHz, 6c* cuia cibotiglycerol (do trong CDCls) [78].

3.2.3.23. Hop chat AS23: tyrosyl linoleate

3 o o

9 12'

HO

Hinh 3.59. Cdu tric hoa hoc ciia hop chat AS23

Hop chit AS23 thu dugc dudi dang bot mau tring, vo dinh hinh. Céng thic
phan tir dugc xac dinh 1& CasHaoOs, dua trén phé HR-ESI-MS tai m/z 399.2902
[M-H]~ (Tinh toan ly thuyét cho cong thirc [CasHaeOs] -, 399.2905) (Hinh P2.140).
Phé 'H-NMR cua AS23 xuit hién céc tin hiéu mot hop chét este gitra axit béo
khéng no chira hai lién két doi vai phan glycol 1a tyrosol, trong d6 gdm mot nhém
methyl ddu mach acid tai on 0,89 (3H, t, J = 6,6 Hz), bdn proton olefin trén mach
axit béo tai tai on 5,31 (1H, m) x 2va 5,41 (1H, m) x 2, bén proton cua vong thom
thé para (hé¢ vong thom A2B2) tai tai on 7,07 (1H, d, J = 8,4 HZ) x 2 va 6,88 (1H,
d, J=8,4 Hz) x 2. Trén pho 3C-NMR cua AS23 xuat hiéu tin hiéu cia 26 carbon,
trong d6 c6 1 carbon carboxyl tai dc 173,9, bdn carbon olefin tai dc 1130,2, 128, 1,
127,9 va 130,1, sau carbon vong thom tai dc 127,8, 130,0 x 2, 115,4 x 2, 154 4,
14 carbon methylene, 1 carbon methyl tai dc 14,1. Phan tich s liéu ph6 va so
sanh véi tai liéu tham khao cho phép xac dinh ciu tric cua hop chat AS23 1a
tyrosyl linoleate [99].

Bang 3.33. S liéu pho H, BC-NMR cua hop chdt AS23 va hop chdt tham khdo

C oc” O0c®® 043¢ (a6 bdi, J = H2)
1 64,4 65,0 4,24 (2H,t,7,2)
2 33,5 343 2,85(2H,t,7,2)




110

3 127,8 1278 -
4 129,6 130,0 7,07 (1H, d, 8,4)
5 115,0 1154 6,77 (1H, d, 8,4)
6 155,8 154,4 -

7 115,0 1154 6,77 (1H, d, 8,4)
8 129,6 130,0 7,07 (1H, d, 8,4)
K 172,7 1739 -

2 33,5 344 2,29 (2H,t,7,2)
3 24,3 24,9 1,64 (2H, m)

"

5

y 28,6-283  29,1-29.3 1,29- 1,32 (8H, m)
7

8’ 26,5 27,2 2,05(2H, q, 7,2)
9 129,6 130,2 5,31 (1H, m)

10’ 127,7 128,1 5,41 (1H, m)

1 25,1 256 2,77 (2H,t,7,2)
12/ 129,6 127,9 5,31 (1H, m)

13/ 129,6 130,1 5,41 (1H, m)

14/ 26,5 27,2 2,05(2H, q,7,2)
15’ 28,6-283 29,1-29.3 1,29- 1,32 (2H, m)
16’ 30,8 31,5 1,30 (2H, m)

17’ 21,8 22,6 1,32 (2H, m)

18’ 13,8 14,1 0,89 (3H, t, 6,6)

3do trong CDCls, *150 MHz, 600 MHz, 6c* ciia tyrosyl linoleate (do trong CDCly)
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3.2.4. Cac hop chit phan ldp tir chiing Aurantiochytrium sp. SC145

o AS2 AS3 AS4

21 22 H 2

1,20

>

2]

N
i

e

AS14 AS15=TP3 AS16

OH AS21

AS23

Hinh 3.60. Cdu tric hod hoc cac hep chdt phan Idp tir ching vi tao
Aurantiochytrium sp. SC145
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3.3. Hoat tinh sinh hoc

Tir sinh khéi khd ching vi tao bién T. pachydermum TSL10 d3 phén 1ap dugc
12 hop chit (TP1-TP12) va 23 hop chit (AS1-AS23) duoc phan [ap tir sinh khdi kho
chang vi tao bién Aurantiochytrium sp. SC145. Céc hop chat nay duoc danh gia hoat
tinh khang vi sinh vat kiém dinh trén céc chung vi khuin Gram (+): Enterococcus
faecalis ATCC299212, Saphylococcus aureus ATCC25923, Bacillus cereus
ATCC14579; chung vi khuan Gram (-): Escherichia coli ATCC25922, Pseudomonas
aeruginosaATCC27853, Salmonella enterica ATCC13076 va chiang nim men:
Candida albicans ATCC10231.

Két qua thir nghiém hoat tinh khang vi sinh vat kiém dinh duoc trinh bay ¢
Bang 3.34 ddi véi céc hop chat phan [ap duoc tir chang vi tao bién T. pachydermum
TSL10 va Bang 3.35 la két qua thar nghiém caa céc hop chat phan lap tir chung
Aurantiochytrium sp. SC145.

3.3.1. Hogt tinh khang vi sinh vgt kiém dinh ciia cac hgp chdt tir ching T.
pachydermum TSL10

Streptomycin va cycloheximide duoc sir dung lam chat déi ching duong.
Streptomycin @c ché céc chang vi khuan Gram (+) (E. faecalis, S aureus, B. cereus)
vaGram (-) (E. coli, P. aeruginosa, S. enterica) vai giatri MIC lan luot 12 256, 256,
128, 32, 256 va 128 pg/mL. Cycloheximide &c ché nim men Candida albicans véi
giatri MIC l1a32 pg/mL.

Doi véi nhdm hop chat chu yéu tac dung trén Gram (+), ¢6 6 hop chat sterol
TP1-TP6 thé hién hoat tinh trén ca 3 chung Gram (+) véi MIC trong khoang 64 -
256 pg/mL. Trong d6, TP3 ¢c6 hoat tinh tot nhat trén S. aureus (32 pg/mL), TP6 thé
hién hoat tinh d6ng déu trén ca 3 chung Gram (+) (MIC 64 - 128 pg/mL), manh hon
streptomycin (MIC 256 pug/mL trén E. faecalisvaS. aureus). Nguoc lai, TP1, TP2,
TP4 va TP5 c6 hoat tinh yéu hon (MIC = 64 pg/mL) va khdng thé hién tac dung
trén Gram (-).

V& hoat tinh khang nim, c6 6 hgp chit (TP1-TP6) &rc ché Candida albicans
v6i MIC co giatri |1a64 va 256 pg/mL. Tuy nhién, phan 16n cac hop chat c6 hoat tinh
yéu hon ddi ching cycloheximide (MIC 32 pg/mL).
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Cac hop chét lipid TP7-TP12 khong thé hién hoat tinh khéng vi sinh vat, tuy nhién
|6p chat ndy lai c6 mot sd hoat tinh khac nhu hoat tinh khéng viém [100, 101], hoat tinh
chdng oxy hda[102], hoat tinh chdng ung thu [103] va hoat tinh bao vé tim mach [104].

Tir céc két qua trén cho thiy cac hop chat phan lap duoc co xu huéng uu tién
tac dung trén vi khuan Gram (+) hon Gram (-), cu thé nhu sau: Cac hop chat TP1-
TP6 chu yéu c6 hoat tinh trén Gram (+), phtl hop dinh huéng phét trién céc téc nhan
khang khuan chon loc. Céc hop chit sterol thé hoat hoat tinh khang vi sinh vat kiém

dinh tét hon cac hop chét lipid c6 trong chung T. pachydermum TSL 10.
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Bang 3.34. Hogt tinh khang vi sinh vét kiém dinh cia cac hop chdt tir ching vi tao bién T. pachydermum TSL10

MIC(pg/ml)
- Hop chit Gram (+) Gram (-) N4m men
E. faecalis S aureus B. cereus E. cali P. aeruginosa S enterica C. albicans
ATCC299212 ATCC25923 ATCC14579 ATCC25922 ATCC27853 ATCC13076 ATCC10231
1 TP1 256 64 256 - - - 256
2 TP2 256 128 256 - - - 256
3 TP3 128 32 128 - - - 256
4 TP4 256 64 128 - - - 64
5 TP5 128 128 256 - - - 256
6 TP6 128 64 64 - - - 64
7 TP7 - - - - - - -
8 TP8 - - - - - - -
9 TP9 128 - 256 - - - -
10 TP10 256 - - - - - -
11 TP11 - - - - - - -
12 TP12 - - - - - - -
Streptomycin 256 256 128 32 256 128
Cycloheximide 32

(-): khdng thé hién hogt tinh
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3.3.2. Hoat tinh khéng vi sinh vit kiém dinh ciia céc hop chit tir chiing vi tio bién
Aurantiochytrium sp. SC145

Hoat tinh khéng vi sinh vat kiém dinh caa cac hop chat di phan lap dugc thir
nghiém trén céc chung vi khuan Gram (+): Enterococcus faecalis ATCC299212,
Staphylococcus aureus ATCC25923, Bacillus cereus ATCC14579; chung vi khuan
Gram (-): Escherichia coli ATCC25922, Pseudomonas aeruginosaATCC27853,
Salmonella enterica ATCC13076 va chang nim men: Candida albicans ATCC10231.
Streptomycin duoc S dung 1am chat déi ching dwong trong thir nghiém @ ché céc
chang vi khuan Gram (+) (E. faecalis, S aureus va B. cereus) va Gram (-) (E. coli, P.
aeruginosa va S. enterica) voi giatri MIC lan luot 1& 256, 256, 128, 32, 256 va 128
ng/mL, trong khi cycloheximide duogc sir dung lam chat déi chimg duong trong thir
nghiém @c ché nAm men Candida albicans véi giatri MIC 1232 pg/mL.

Két qua nghién ciru cho thay, 4 hop chat (AS2, AS3, AS11 vaAS23) thé hién
hoat tinh trén ca vi khuan Gram (+) va Gram (-) véi MIC trong khoang 64 - 256
ng/mL. Trong d6, AS2 cho thay hoat tinh irc ché manh trén 3 chiing Gram (+) véi gia
tri MIC déu la 64 pg/mL nhung thé hién hoat tinh @c ché yéu trén 2 chang Gram (-)
(E. coli, P. aeruginosa) véi giatri MIC 128 pg/mL vanam men S, enterica (MIC 256
pg/mL). AS3 thé hién hoat tinh tc ché manh trén chiung Gram (+) E. faecalis
ATCC299212 véi giatri MIC tir 64 pg/mL vathé hién hoat tinh tc ché yéu véi céc
chung vi sinh vat con lai. AS11 thé hién hoat tinh twong d6i dong déu trén ca hai
nhom vi khuan véi MIC trong khoang 64 - 128 pg/mL. Trong khi d6, AS23 ¢6 hoat
tinh yéu hon véi MIC dao dong tir 128 - 256 pg/mL, cho thay kha nang &rc ché con
han ché so véi cac hop chit c6 MIC thip hon. Tuy nhién, hop chat ndy van thé hién
hiéu qua dang chu y khi uc ché E. faecalis véi MIC 128 pg/mL, manh hon so véi
streptomycin (256 pg/mL).
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Bang 3.35. Hogt tinh khang vi sinh vét kiém dinh cia cac hop chdt tir chiing vi tdo bién Aurantiochytrium sp. SC145

MIC(pg/ml)
STT Hop chit | Gram (+) - Gram (.-) - Nam men
E. faecalis S aureus B. cereus E. cali P. aeruginosa S enterica C. albicans
ATCC299212 ATCC25923 ATCC14579 ATCC25922 | ATCC27853 ATCC13076 | ATCC10231

1 AS1 - - - - - - -
2 AS2 64 64 64 128 128 256 32
3 AS3 64 128 128 256 128 128 32
4 AHA - - - - - - -
5 AS5 - - - - - - -
6 AS6 - - - - - - -
7 AS7 - - - - - - -
8 AS8 - - - - - - -
9 AS9 - - - - - - -
10 AS10 - - - - - - -
11 AS11 64 128 64 128 128 128 32
12 AS12 128 64 64 - - - 64
13 AS13 128 128 64 - - - 128
14 ASl14 128 - - - - - 256
15 AS15 128 32 128 - - - 256
16 AS16 - - 128 - - - 128
17 AS17 32 - 32 - - - 128
18 AS18 - - - - - - -
19 AS19 - - - - - - -
20 AS20 - - - - - - -
21 AS21 - - - - - - -
22 AS22 - - - - - - -
23 AS23 128 256 128 128 256 256 256

Streptomycin 256 256 128 32 256 128

Cycloheximide 32

(-): khéng thé hién hogt tinh
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Déi véi nhém hop chat chi yéu tac dung trén Gram (+), hop chat AS13 thé
hién hoat tinh trén ca 3 chung Gram (+) véi MIC trong khoang 64 - 256 ug/mL. Trong
d6, AS13 thé hién hoat tinh dong déu trén ca 3 chung Gram (+) (MIC 64 - 128
pg/mL), manh hon streptomycin (MIC 256 ug/mL trén E. faecalis va S. aureus).
Péng chu v, hai hop chat streol AS15 va AS17 1a hop chit ¢é hoat tinh manh nhat
trén vi khuan Gram (+) véi cuing gid tri MIC thap nhat dat 32 pg/mL . Cu thé AS15
c6 hoat tinh véi S aureus vaAS17 c6 hoat tinh trén E. faecalis va B. cereus, thip hon
dang ké so véi ddi chirng streptomycin, cho thiy tiém ning phat trién theo huéng
khang khuan chon loc Gram (+).

V¢ hoat tinh khang nam, c6 8 hop chat (AS2, AS3, AS11, AS13, AS14, AS16,
AS17 va AS23) trc ché Candida albicans véi MIC tir 32 - 256 pg/mL. Tuy nhién,
phan 16n c&c hop chat c6 hoat tinh yéu hon ddi ching cycloheximide (MIC 32
Hg/mL), ngoai trir AS2, AS3 va AS11 c6 MIC bang 32 pg/mL, twong duong doi
ching, cho thdy tiém niang khang nim rd rét.

Tir céc két qua trén cho thay cac hop chat phan lap duoc co xu hudng uu tién
téc dung trén vi khuan Gram (+) hon Gram (-), cu thé nhu sau:

Céc hop chat AS2, AS3 vaAS11 thé hién pho hoat tinh rong, 6 kha nang Gc
ché ca vi khuan Gram (+), Gram (-) vanam men. Pang cha y, AS2 vaAS11 cho hiéu
lwe khang vi sinh vat ndi bat hon, thé hién quagiatri MIC thap hon so véi AS3. AS23
thé hién pho hoat tinh rong trén vi khuan nhung kha ning khang vi sinh vat con han
ché. Hop chat AS17 thé hién hoat tinh manh trén cac chang Gram (+). Hop chét
AS13 chu yéu c6 hoat tinh trén Gram (+), phti hop dinh huéng phét trién cac tc nhan
khang khuan chon loc.

Céc hop chat chira khung idol nhu AS1, AS4 - AS7 khong thé hién hoat tinh
khang vi sinh vat.

Nhu vay, cac hop chit phan lap duoc tir chang vi tao Aurantochytrium sp.
SC145, dic biét lAAS15 vaAS17 lanhiing hop chat tiém nang cho cic nghién ciru

sau hon vé hoat tinh khang vi sinh vat.
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KET LUAN VA KIEN NGHI
KET LUAN

1. T sinh khéi khé chung vi tao bién T. pachydermum TSL10 va sinh khdi
khd chung vi tao bién Aurantiochytrium sp. SC145 phan 1ap tir mau nudée bién thu
dugc & quan dao Truong Sasau khi xir Iy ngdm, chiét va phan 1ap bang cac phuong
phap sic ky va cac phuong phap phd hién dai, két hop so sanh sb liéu phd véi cac
hop chat twong tu, chung t6i da:

e Phan 1ap va xéac dinh ciu tric héa hoc 12 hep chat tir ching vi tao bién T.
pachydermum. Trong d6 1 hop chat mai 1a ergosta-7(8),22(23)-diene-34,5a,9a-triol
(TP1) va 16 hop chat di biét |a ergosta-7(8),22(23)-diene-34,5a-diol (TP2),
cerevisterol (TP3), 5a,6a-epoxy-(22E)-ergosta-8,22-diene-345,7a-diol  (TP4),
ergosterol (TP5), (22E,24R)-5a,8a-epi-dioxyergosta-6,22-dien-35-ol (TP6), linoleic
acid (TP7), 4-((92,122)-octadeca-9,12-dienoyloxy)butanoic acid (T P8), 1-linoleoyl-
sn-glycero-3-phosphocholine (TP9), cibotiglycerol (TP10), gingerglycolipid B

(TP11), 6'-O-linoleylsucrose (TP12).

e Phan lap va xac dinh ciu tric hda hoc 23 hop chat tir ching vi tao bién
Aurantiochytrium sp.. Trong d6 hai hop chat méi 1a N-methoxymethyltryptophol (AS1)
va 4-hydroxyphenylethyl 2-hydroxy-3-phenylpropanoate (AS2), va 21 hop chat da biét
la 3-hydroxy-4-(4-hydrophenyl)-2-butanone (AS3), 3-indoleacetic acid (A$4),
tryptophol (AS5), indole-3-carbddehyde (AS6), methyl indole-3-acetate (ASY),
(erythro)-2-hydroxy-3-methylpentanoic acid (A S8), 2-hydroxy-3-phenylpropanoic acid
(AS9), methyl 2-hydroxy-3-phenylpropanoate (AS10), tyrosol (AS11), (22E,24R)-
5a.,8a-epi-dioxyergosta-6,22-dien-34-ol (AS12=TP6), 5a.,8a-epi-dioxyergosta:
6,9(11),22-trien-35-0l (AS13), chaxine C (AS14), cerevisterol (AS15=TP3), ergosta-
5,7,22-trien-34-0l (AS16), fungisterol (AS17), cyclo-(L-Pro-L-Leu) (AS18), adenosine
(AS19), (9Z,122)-octadeca-9,12-diencic acid (AS20), (s)-2,3-dihydroxypropyl
(92,127)-octadeca-9,12-dienoate (AS21), cibotiglycerol (AS22) va tyrosyl linoleate
(AS23).

2. Pa danh gia hoat tinh khéang vi sinh vat kiém dinh cia céac hop chat phan 1ap
tir sinh khéi kho hai chung vi tao bién T. pachydermum TSL 10 va Aurantiochytrium
sp. SC145. Két qua cho thay:
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e Déi véi chung T. pachydermum TSL10, tdm hop chit TP1 — TP6, TP9 va
TP10 thé hién hoat tinh trén mot sb vi khuan kiém dinh va nim men. Trong d6 hop
chat TP3 thé hién hoat tinh manh nhat (véi chung S. aureus, M1C 32 pg/ml). Céc hop
chat TP1, TP4 vaTP6 thé hién hoat tinh manh trén hai chung vi khuan Gram (+) (S
aureus vaB. cereus) voi giatri MIC [a 64 pg/ml.

e Déi véi chung Aurantiochytrium sp. SC145, mudi hop chit AS2, AS3,
AS11-AS17 va AS23 thé hién hoat tinh e ché trén mot sd vi khuan kiém dinh va
nim men. Trong d6 hai hop chit thé hién hoat tinh manh nhét 1a AS15 (véi chang S
aureus, MIC 32 pg/mL ) AS17 (voi chung E. faecalis va B. cereus, MIC 32 pg/mL).
Céc hop chat AS2, AS3 va AS11 va AS12 thé hién hoat tinh manh trén ba chang vi
khuan Gram (+) véi giatri MIC 64 pg/mL va manh hon véi chat déi ching duong
streptomycin (MIC 256 va 128 pg/mL). Céac hop chit cua chung ching
Aurantiochytrium sp. SC145 thé hién hoat tinh chon loc cao, chii yéu véi ching vi
khuan Gram (+). Bdi véi chung nim men C. albicans (MIC 32 pg/mL) c6 ba hop
chat AS2, AS3vaASL1 thé hién hoat tinh tét véi gidtri MIC 64 pg/mL twong duong
V6i chat ddi ching duong cychlohexamide.

KIEN NGHI

Céc nghién ciru vé thanh phan héa hoc va hoat tinh sinh hoc cua hai ching vi
tao bién Aurantiochytrium sp. SC145 va Thraustochytrium pachydermum TSL10 da
g6p phan bd sung cac hop chit mai vao danh myc thanh phan héa hoc cta ching.
bac biét, thir nghiém hoat tinh sinh hoc cua cac hop chat AS2, AS3, AS11, AS12,
AS13, AS15, AS17, TP1vaTP4cho thay tac dung khang vi sinh vat kiém dinh twong
duong chét di chimg duong. Do d6, ¢ thé tién hanh cac thir nghiém thém cac hoat
tinh khéc dé danh gia sau hon, tir d6 dinh hudng tiém ning Gmg dung ciia cac hop

chét nay.
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NHUNG DPONG GOP MOI CUA LUAN AN

1. Tir sinh khéi khé ching vi tao bién T. pachydermum TSL 10 phan 1ap vaxac
dinh duoc mot hop chat mai 1a ergosta-7(8),22(23)-diene-34,5a,9a-triol (TP1) cling
11 hop chit da biét. Trong 11 hop chit di biét tr chung Thraustochytrium
pachydermum TSL10 c6 09 hop chat lan dau dwgc phan 14p tir vi tao bién thudc chi
Thraustochytrium bao gém: ergosta-7(8),22(23)-diene-34,5a-diol (T P2), cerevisterol
(TP3), 5,6-epoxy-(22E)-ergosta-8,22-diene-3,7-diol  (TP4), (22E,24R)-5«,8a-
epidioxyergosta-6,22-dien-34-ol (TP6), 4-((92,122)-octadeca-9,12-
dienoyloxy)butanoic acid (TP8), 1-linoleoyl-sn-glycero-3-phosphocholine (TP9),
cibotiglycerol (TP10), gingerglycolipid B (TP11), 6’-O-linoleylsucrose (TP12).

Dic biét, hop chat mai TP1 thé hién hoat tinh khang vi sinh vat kiém dinh
manh d6i véi chung vi khuan Gram (+) S. aureus véi giatri MIC = 64 pg/mL, cao
hon chat d6i chimg duong streptomycin (MIC = 256 pg/mL). Bén canh dé, 10 hop
chat TP3 - TP12 lan déu tién dugc danh gia hoat tinh khang vi sinh vat kiém dinh,
g6p phan bd sung dit liéu vé méi lién hé giita cau tric hda hoc va hoat tinh sinh hoc
ctuia cac hop chat tir chi Thraustochytrium.

2. Tir sinh khéi khd ching vi tao bién Aurantiochytrium sp. SC145 phan lap duoc
hai hop chat méi: N-methoxymethyltryptophol (AS1) va 4-hydroxyphenylethyl 2-
hydroxy-3-phenylpropanoate (AS2) cling véi hai muoi mdt hop chat da biét. Trong hai
muoi mdt hop chat da biét, 16 hop cht 1an dau duoc phan 1ap tir vi tao bién thuc
chi Aurantiochytrium bao gdm: 3-hydroxy-4-(4-hydroxyphenyl)-2-butanone (AS3),
3-indoleacetic acid (AS4), tryptophol (AS5), indole-3-carbaldehyde (AS6), methyl
indole-3-acetate (AS7), (erythro)-2-hydroxy-3-methylpentanoic acid (AS8), 2-
hydroxy-3-phenylpropanoic acid (AS9), methyl 2-hydroxy-3-phenylpropanoate
(AS10), tyrosol (AS1l), 5a,8a-epidioxyergosta-6,9(11),22E-trien-34-ol (ASL3),
chaxine C (AS14), fungisterol (AS17), cyclo-(L-Pro-L-Leu) (AS18), (9-2,3-
dihydroxypropyl (92,12Z)-octadeca-9,12-dienoate (AS21), cibotiglycerol (AS22) va
tyrosyl linoleate (AS23).

Hop chit AS2 thé hién kha ning wrc ché manh trén ca bachang vi khuan Gram +
(E. faecalis, S aureus va B. cereus cung vai giatri MIC la 64 pg/mL ), va ba chung vi

khuan Gram - (E. coli, P.aeruginosa va S enterica voi gia tri MIC twong ung 1a 128,
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128, va256 pg/mL ), ciing nhu kha ning trc ché nAm men C. albicans véi giatri MIC 1a
32 pg/mL, manh tuong dwong véi chat déi chimg duong cycloheximide (giatri MIC 1a
32 ug/mL). K ét qua ndy cho thiy hop chat AS2 ¢ tiém ning va can nghién ciu su hop
dé wng dung thir nghiém thude ciing nhu @ng dung vao thire tién. Bén canh d6, mudi hop
chat AS3, AS7, AS8, AS10, AS13, AS16, AS17 va AS21 — AS23 lan dau duge duoc
d4nh gid hoat tinh khang vi sinh vt kidm dinh tao co s& cho cac nghién ciru tiép theo vé
mbi lién hé cau tric - hoat tinh va dinh hudng tng dung trong phét trién cac tdc nhan

khéng vi sinh vt co ngudn gbc tu nhién.
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VIEN HAN LAM KHOA HQC CONG HOA XA HQI CHU NGHIA VIET NAM
VA CONG NGHE VIET NAM Doe Iip - Ty do - Hanh phiic

A% | G NGH /
EN CONG NGHE MOI TRUONG Ha Noi, ngéy 8 thing 3 nam 2023

GIAY XAC NHAN GIAM DINH 27 CHUNG GIONG
VI TAO BIEN QUANG TU DUONG VA DI DUONG

1. Pon vi gii miu: GS.TS. Ping Diém Hong, Vién Cong nghé sinh hoc, Vién Han
lam Khoa hoc va Céng nghé Viét Nam, Dja chi; s6 18 dudmg Hoang Quic Viét,
phuomg Nghia Do, quén Céu Gidy, Ha Nji. |

2. Yéu ciu gism dinh: Xdc dinh hinh théi, tén khoa hoc ciia danh myc 27 chiing gidng

vi tdo bién quang tu dudng va dj duing

Cdc mAu trén 1 sin phim ciia @& thi nhinh theo Hgp ddng NCKH sb 01/TS- |

07/HPNCKH ky ngay 22/2/2021 do GS.TS. Ding Diém Hbng lam chi tri thye hién |

thude DE tai “Nghién ciru thanh phﬁn héa hoe, dinh dudng, hoat tinh sinh hoc mt sO

lodi sinh vét bién tai quin dio Truémg Sa phyc vy y - duge”, mi sb: KCB-TS-07, do

TS. Nguyén Trong Din, Trung tim Nhiét d6i Vigt-Nga lam chii nhi¢m nim 2020- |

2022. ‘

Thude Churong trinh: Khoa hoc va Céng nghé cap Bo Qube phong “Nghién cau tong |

hop sinh théi, ti nguyén sinh vt quin dio Trdmg Sa, phuc vu ting cudmg quan ly tai

nguyén, bao v§ moi truomg giin vdi quée phong quin sy™ mé s6: KCB-TS, ‘

3. Thoi gian thye hién: 3 thang (tir thang 1-3/2023) |

4. Phuwong phap giim dinh: hinh thai té bao, dic diém sinh 1y, sinh héa, dge va so

sanh trinh tw gen 18S rRNA, doan ITS1-58S5-1TS2 rRNA ‘

5. Két qui |

Két qua vé gidm dinh 27 ching vi tao bién quang tw dudng va di dudng c6 tén ‘
khoa hoc nhur sau: ‘

Mi s6 trén [/
S6TT Ky hi¢u chiing Tén khoa hoc Géabasile: |

1 Cic chimg vi tdo bién quang ty dwdng

1 TSI Chiorella sp.

2 TS2 Diadesmis confervaceae

3 TS9 Chlorella sp.

4 STT2 Pseudabanaena sp.

5 PLI Fragilariopsis cylindrus




6 PbL3 Nannachlorapsis sp.

7 NY2 Stigeoclonium sp.

8 NY3 Chloromonas reticulata

9 NY7 Halamphora coffeaeformis

10 NY9 Asterarcys quadricellulare

11 NY1I Fragilaria sp.

12 NY13 Dunaliella tertiolecta NY OMI101011
13 TSD2 Halamphora coffeaeformis

14 TSP3 Stauronesis sp.

15 PV Amphiprora alata

1 Cic ching vi tdo bicn di dudng

16 SC35 Aurantiochytrium sp.

17 SC36 Thraustochytrium sp.

18 SC47 Aurantiochytrium sp.

19 TSL10 Thraustochytrium pachydernuum TSL10 OL721615
20 SCs51 Aurantiochytrium sp.
21 SC65 Aurantiochytrium sp.
22 SCo66 Aurantiochy trivin sp.
23 SC67 Thrautochytrium sp.
24 SC69 Aurantiochyfrium sp.
25 SC145 Aurantiochytrium sp. SC145 ONS97428
26 NY3 Thraustochyirium sp.
27 NY19 Thraustochyrium sp.

(thi chit: TS: Truomg Sa; STT: Song T Tay; TSD: Truong Sa Péng; DL: Da Lin; NY: Nam

Yét; PV: Phan Vinh,

Ngudi giam dinh
(Ho, tén va chit ky)

PGS.TS. Dwang Thi Thily

Xic nhin cua Vién Cong nghé méi trwdmg

(Ho, tén, chir ky va dong

R foNG

dtfu)
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1.3. Hop chat TP3
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1.4. Hop chit TP4
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1.5. Hop chat TP5
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Hinh P1.32. Phé HMBC cua hop chat TP5
1.6. Hop chat TP6

Hinh P1.33. Ciu triic hda hoc caa hop chat TP6
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Hinh P1.34. Phé HR-ESI-MS caa hop chit TP6
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Hinh P1.36. Ph6 3C-NMR cua hop chat TP6
1.7. Hop chat TP7
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Hinh P1.37. Céu tric hda hoc cia hop chit TP7

100
112231

987

96
990.72 72042

94 1219.76

1104.37 106113

924 1378.72
3243.21cm-1 5
W21 119637

o 1468.74cm-1 1046.53cm-1

1179.98cm-1
88

%T

867

84 1730.15cm-1
2850.29cm-1
827

804

78 2917.34cm-1

76 ; v y 7 y T T y T T )
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500 400

cm-1
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x10 4 |- Scan (rt: 2.352 min) NCCT_VAA21A1_N.d
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Hinh P1.40. Ph6 *H-NMR cua hop chat TP7
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Hinh P1.41. Ph6 3C-NMR cua hop chat TP7

1.8. Hop chat TP8
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Hinh P1.42. Cau triic hda hoc cia hop chat TP8
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Hinh P243.. Phé IR caa hop chat TP8

«10 4 |+ Scan (rt: 2.699 min) NCCT_VAA34B.d

4.5+
384.3109

34 389.2668

374.3255 394.3525

0.5-
367.2857 3723107 379.2816

0L [T R ‘ IR | ‘ | ‘ | “ ‘ || ‘ [ ‘ | ‘ |

360 362 364 366 368 370 372 374 376 378 380 382 384 386 388 390 392 394 396
Counts vs. Mass-to-Charge (m/z)

Hinh P1.44. Phé HR-ESI-MS caa hop chat TP8
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Hinh P1.45. Ph6 *H-NMR cua hop chat TP8
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Hinh P1.49. Phé COSY cuaa hop chit TP8
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1.9. Hop chat TP9

ON
HZN\/\O;/P_O/\/\O L L

O

Hinh P1.50. Cau triic hda hoc cua hop chat TP9
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Hinh P1.54. Ph6 *H-NMR cua hop chat TP9
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Hinh P1.57. Phé HMBC cia hop chat TP9
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Hinh P1.58. Phé COSY cuaa hop chat TP9

37

- =
== L
-
- =
-
e
- .
= -
-
- -
& e g -
- -
N [N (NS TSN TS Sm—— Ve e PSS WSS TS S pS—S—S i —" — —m———
- = - = - = - =
- o I - wl P - = I ] -4 = ) ™ w k2 e
Lr] L] &0 [ ] O =] e | L=] =] =] =] u ] =] o o [ ] Lx ]




1.10. Hop chit TP10
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Hinh P1.59. CAu triic hda hoc cia hop chat TP10
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Hinh P1.60. Phé IR cua hop chat TP10

x10 6 |- Scan (rt: 0.951 min) NCCT_VVA5B1_N.d
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Hinh P1.61. Phé HR-ESI-MS cia hop chét TP10
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Hinh P1.63. Phé *C-NMR ciia hop chit TP10

39



i

&L

oy o
- _
- .
o - —
|
- -
|
- - . .F-
- -
L] -
- —
- —
. Jw—
L]
=B - i
] =
- = - = ; - |
L3 B r l ™ i X
L= Le =] E E 3 = E E‘ o D“ L] E 3
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Hinh P1.65. Phé HMBC cua hop chat TP10
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Hinh P1.66. Phé COSY cuahop chit TP10
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1.11. Hop chit TP11
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Hinh P1.67. Cau triic hda hoc cua hgp chat TP11
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Hinh P1.68. Ph6 UV caa hop chit TP11
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Hinh P1.69. Phé IR cuahop chit TP11
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x10 4 |+ Scan (rt: 1.321 min) NCCT_VVA10B2.d
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Hinh P1.70. Phé HR-ESI-MS cia hop chit TP11
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Hinh P1.74. Phé HMBC cua hop chat TP11
1.12. Hop chat TP12
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*DAD1, 43.533 (298 mAU, - ) Ref=36.066 & 48.999 of VVAS
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2. Phu luc phé ciia cac hep chét tir chiing vi tao bién Aurantiochytrium
sp. SC145

2.1. Hop chat AS1
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Hinh P2.1. CAu triic hda hoc cia hop chat AS1
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Hinh P2.3. Phé IR caa hop chit AS1

x104 |* Scan (rt: 0.971 min) NCCT_VB15A1.d
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Hinh P2.4. Pho HR-ESI-MS caa hop chat AS1
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Hinh P2.7. Phd HSQC caa hop chat AS1
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Hinh P2.9. Phé COSY cuaa hop chat AS1

2.2. Hop chat AS2
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Hinh P2.10. CAu triic hda hoc cia hop chat AS2

[ ] *DAD1,29.359 (156 mAU,Up2)Ref=28.006 & 31.499 of VB-24A
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Hinh P2.12. Ph6 IR cuahop chat AS2
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x104 |- Scan (rt: 0.961 min) NCCT_AVB24A6B_N.d
1.8
1.74
16. 331.1179
1.54
1.4
1.34
191 327.2164
1.14
1,
0.9-
0.8, 321.0900
0.7
0.61 285.1133
0.5-
0.4
0.3-
, 279.1008
gf 293.1680 301.1650 315.0763
.0,\\‘\\\ | [ ‘I\‘\M‘\\\‘ H‘\‘\l‘u \\||‘\M\\LH‘ ‘M\\“L\‘\h i
265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340
Counts vs. Mass-to-Charge (m/z)
Hinh P2.13. Ph6 HR-ESI-MS cua hop chat AS2
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Hinh P2.14. Ph6 *H-NMR cua hop chat AS2
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Hinh P2.16. Phé HSQC cua hop chat AS2
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Hinh P2.18. Phé COSY cuahop chit AS2
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2.3. Hop chat AS3:
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Hinh P2.19. Cau triic hda hoc cua hop chiat AS3
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1466.98

1733.25

2850.16cm-1
1642.53cm-1

2918.03cm-1

3441.51cm-1

746.28

582.94cm-1

721.09

76
4000

3500 3000 2500 2000 1750 1500 1250 1000
cm-1

Hinh P2.21. Phé IR cuahop chit AS3
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Hinh P2.22. Phé HR-ESI-MS caa hop chit AS3
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Hinh P2.23. Ph6 H-NMR cua hop chat AS3
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Hinh P2.24. Phd 3C-NMR cua hop chit AS3
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Hinh P2.25. Phé HSQC caa hop chat AS3
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2.4. Hop chat AS4:
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Hinh P2.27. CAu triic hda hoc ciaa hop chat AS4
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Hinh P2.28. Phd UV cuahop chat AS4
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Hinh P2.29. Phé IR cua hop chit AS4
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2.5. Hop chat AS5:
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Hinh P2.34. CAu triic hda hoc ciaa hop chat AS5

[ ] *DAD1,32.523 (372 mAU,-)Ref=31.583 & 36.177 of VB-20CO
mAU
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Hinh P2.35. Ph6 UV caahop chit AS5
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2.6. Hop chat AS6
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Hinh P2.39. Cau triic hda hoc cua hop chiat AS6
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Hinh P2.40. Phé IR ciua hop chat AS6
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Hinh P2.41. Phé HR-ESI-MS cua hop chat AS6
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Hinh P2.43. Ph6 3C-NMR cuaa hop chit AS6

2.7. Hop chat AS7
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Hinh P2.44. Cau triic hda hoc cua hop chiat AS7
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Hinh P2.49. Ph6 3C-NMR cuaa hop chat AS7

2.8. Hop chat AS8
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Hinh P2.49. Ciu tric hda hoc cia hop chit AS8

*DAD1, 26.055 (1501 mAU, -) Ref=21.409 & 27.829 of VB-25A
mAU

1400
1200
1000
800
600
400

200

o

‘220‘ ‘240‘ | ‘26‘0‘ | ‘28‘0‘ | ‘30‘0‘ | ‘32‘0‘ | ‘34‘10‘ | ‘360‘ ‘380‘ ‘n‘m
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2.9. Hop chat AS9
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Hinh P2.55. Cau triic hda hoc cua hop chat AS9
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Hinh P2.57. Ph6 UV caahop chat AS9
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2.10. Hop chat ASI10
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Hinh P2.60. Cau triic hda hoc cia hgp chat AS10

[ ] *DAD1,36.078 (2253 mAU, -) Ref=34.078 & 39.744 of VB-24A
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2.12. Hop chat AS12
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x10 3 |- Scan (rt: 3.396 min) NCCT_VB29E_N.d
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2.13. Hop chat AS13
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x104 [* Scan (rt: 4.630 min) NCCT_VB18F3.d
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2.14. Hop chat AS14
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Hinh P2.83. C4u triic hda hoc cua hgp chat AS14
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2.15. Hop chat AS15
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2.16. Hop chat AS16
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Hinh P2.96. Cau triic hda hoc cia hop chat AS16
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2.17. Hop chat AS17
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Hinh P2.101. Cau tric héa hoc cua hop chat AS17
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2.19. Hop chat AS19
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2.21. Hop chat AS21
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Chemical constituents from the heterotrophic marine
microalgae Aurantiochytrium sp. SC145 and their
antimicrobial activities

ABSTRACT ARTICLE HISTORY
One new indol, N-methoxymethyltryptophol (1), one new phenolic, Received 7 December
(2 R)-2-(4-hydroxyphenyl)ethyl 2-hydroxy-3-phenylpropanoate (2) 2022 .

and fifteen known compounds (3-17) were isolated from the  Accepted 4 April 2023
methanol extract of the fermentation of marine microalgae KEYWORDS
Aurantiochytrium sp. SC145. Their structures were elucidated by Aurantiochytrium;
1D-, 2D-NMR spectroscopic analysis, HR-ESI-MS, quantum chemical Thraustochytriaceae;
calculation methods and by comparing their NMR data with those =~ N-methoxymethyltry
reported in the literature. All compounds were evaluated for their ptophol; (2R)-4-hydr
antimicrobial activities against microorganisms. Compounds 2, 3 Oﬁyphﬁnylethyl 2-hydroxy-3-
and 11 significantly exhibited antimicrobial activities on all tested gnga)licpr;)%i):lng?ttiev'ities
Gram-(+), Gram-(-) bacteria and the yeast C. albicans with MIC

values ranging from 32 to 256 ug/mL.

L L TR

1. Introduction

Microalgae are potential sources for the production of bioactive compounds of n-3
fatty acids, especially eicosapentaenoic acid and docosahexaenoic acid, carotenoids,

CONTACT
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chlorophylls, phycobiliproteins and vitamins. Microalgae species have been shown to
accumulate carbohydrates as well as lipids when cultivated under nitrogen limitation
(Yang et al. 2013). In addition, compounds from microalgae have exhibited antibac-
terial, antifungal, anti-inflammatory, antitumor and antiviral effects (Dai et al. 2022).

Aurantiochytrium genus, a heterotrophic marine microalga, belongs to the
Thraustochytridae family. The genus Aurantiochytrium play important role in the indus-
trial fermentation of biomass (Scott et al. 2011). Previous studies indicated chemical
constituents of Aurantiochytrium sp. to be w-3 polyunsaturated fatty acids (Russo et al.
2021), squalenes (Hoang et al. 2014) and sterols (Chen et al. 2014). This article mainly
deals with the isolation, structural elucidation and antimicrobial effect evaluation of
two new and fifteen known compounds from the fermentation of heterotrophic
marine microalgae Aurantiochytrium sp. SC145.

2. Results and discussion

Compound 1 was obtained as a pale brown amorphous powder. The molecular for-
mula of 1 was deduced to be C,,H;;NO, by the appearance of a pseudo ion peak
on the HR-ESI-MS at m/z 228.0993 [M+Nal* (Figure S3). The "H-NMR spectrum of 1
showed proton signals for 5 aromatic protons at 6, 7.61 (1H, dd, J=0.6, 7.8Hz), 7.16
(1H, dt, J=0.6, 7.2Hz), 7.26 (1H, dt, J=0.6, 7.8Hz), 7.47 (1H, br d, J/=7.8Hz) and 7.08
(1H, br s), 3 methylene groups at 6, 3.03 (2H, t, J=6.6Hz), 3.92 (2H, t, J=6.6Hz) and
5.42 (2H, s) and one methoxy group at 8, 3.26 (3H, s) (Figure S5). The *C-NMR and
HSQC spectra of 1 showed signals for 12 carbons, including three quaternary aromatic
carbons at 6. 136.6, 128.7 and 112.5, five aromatic methines at 6. 126.4, 122.5, 120.0,
119.1 and 110.0, three methylenes at 6. 77.6, 62.6 and 28.7, and one methyl carbon
at 6. 56.0 (Figures S6 and S7). Analysis of the 'H- and '*C-NMR data of 1 indicated
its structure to be an indole derivative, similar to that of tryptophol (5) except for
an addition of methoxymethyl group at N-atom (Kohling et al. 2003). This was con-
firmed by HMBC correlations between H,-1" (6, 5.42) and C-2 (6. 126.4)/C-7a (&
136.6)/C-2" (6. 56.0) (Figure S8). COSY correlations of H-4 (5, 7.61)/H-5 (6, 7.16)/H-6
(6,4 7.26)/H-7 (8, 7.47) indicated ortho-substituted at benzene ring (Figure S8). HMBC
correlations between H-2 (6, 7.08) and C-3 (6. 112.5)/C-3a (6. 128.7)/C-7a (6. 136.6)/C-1'
(6¢c 28.7) and between H,-1" (§, 3.03) and C-2 (6. 126.4)/C-3 (6. 112.5)/C-3a (6. 128.7)
suggested the position of the 2-hydroxyethyl group at C-3. Thus, the new structure
of 1 was determined to be N-methoxymethyl tryptophol (Figure 1).

Compound 2 was obtained as a white amorphous powder and its molecular for-
mula was indicated to be C;;,H,;0, by HR-ESI-MS ion at m/z 285.1133 [M-H]" (Figure

- -~ . 1
.-':-.-.'.%"\L‘y—]’.#. 'EH-""'HI 0 0 '.’#t
| . | . : J‘\
l'1 12 T,
LR s -, e
"h.-:.; o "-.Q:"‘Q-h_'_.-" I 2 I"_,_--' I
. M ||/ '|-| - ¥
= T 1) = N
I\H...-"" h'\"'-\.\__-::-""-.-:-l CH

Figure 1. Chemical structures of compounds 1 and 2.
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S12). The "H-NMR spectrum of 2 exhibited proton signals for five aromatic protons
of one phenyl group at 6, 7.13 (2H, d, J=8.4Hz), 7.26 (overlapped signal) and 7.22
(1H, J=8.4Hz), four aromatic protons of para disubstituted-benzene at 6, 7.07 (2H,
d, J=8.4Hz) and 6.78 (2H, d, J=8.4Hz), one hydroxymethine proton at 6, 4.42 (1H,
dd, J=4.4, 6.6 Hz) and protons of one oxymethylene group at §,, 4.31 (2H, t, J=6.6Hz),
two methylene groups at 6, 2.91 (1H, dd, /=6.6, 13.8Hz), 3.07 (1H, dd, J=4.8, 13.8Hz)
and 4.31 (2H, t, J=6.6 Hz) (Figure S13). The *C-NMR and HSQC spectra of 2 exhibited
signals for 17 carbons, including one carboxyl carbon at 6. 174.1, 12 aromatic car-
bons at 6. 136.3, 129.5% 2, 128.4x2, 126.9, 129.5, 130.2x2, 115.5%x2 and 154.5, three
methylenes at 6. 66.3, 40.5 and 34.1, one hydroxymethine carbon at 6. 71.2 (Figures
S15 and S16). Analysis of 'H- and '*C-NMR data of 2 indicated its structure was
similar to that of hydroxy-3-phenylpropinoic acid (9) except for an addition of the
4-hydroxyphenylethyloxy group at C-1 (Kuroboshi et al. 2009). HMBC correlations
between H,-3 (6, 2.91 and 3.07) and C-1 (6. 174.1)/C-2 (6. 71.2)/C-4 (6. 136.3)/C-5
(C-9) (6. 129.5) and COSY correlations of H-2 (6. 4.42)/H-3 (6, 2.91 and 3.07) and
H-5 (H-9) (6, 7.13)/H-6 (H-8) (6, 7.26) indicated the presence of the hydroxy group
at C-2 of 3-phenylpropionate (Figure S2). The appearance of 4-hydroxypheneylethyl
group was also proved by HMBC correlations (Figure S17) between H-2' (6, 2.88)
and C-1" (6. 66.3)/C-3" (6. 129.5)/C-4'/C-8" (6. 130.2) and H-4' (H-8') (6, 7.07) and
C-2' (6. 34.1)/C-6' (8. 154.5). The esterification position of 2-(4-hydroxyphenyl)ethyloxy
at C-9 was confirmed by the HMBC correlation between H-1' (§,, 4.31) and C-1 (&
174.1). The optical rotation [a]l,?® = +30.5 (c 0.1, CHCl,) and the negative Cotton
effect of 2 at 220 nm were observed, indicating 2 to be an active rotation compound.
The TDDFT calculated ECD spectra of two enantiomers (2R, 2S) are shown in Figure
S3 (calculated spectra are shifted by —3nm). The CD spectrum of 2 (recorded at a
concentration of 103 M) was found to be like that of 2R, indicating the absolute
configuration of the hydroxy group at C-2 to be R. This was also confirmed by the
similarity between the Cotton effect of 2 and that of (+)-(R)-methyl
2-hydroxy-3-phenylpropionate (Cimmino et al. 2018). Based on the above evidence,
the structure of new compound 2 was determined to be (2R)-2-(4-hydroxyphenyl)
ethyl 2-hydroxy-3-phenylpropionate.

The known compounds were identified by comparing their NMR data with those
reported in the literature as follows: 3-hydroxy-4-(4-hydrophenyl)-2-butanone (3)
(Kennedy 2012), indole-3-acetic acid (4) (Sun et al. 2010), tryptophol (5) (Kohling
et al. 2003), indole-3-carbaldehyde (6) (Ashour et al. 2007), methyl indole-3-acetate
(7) (Yang et al. 2015), (erythro)-2-hydroxy-3-methylpentanoic acid (8) (Paik et al.
2003), (2 R)-2-hydroxy-3-phenylpropanoic acid (9) (Kuroboshi et al. 2009), (2 R)-methyl
2-hydroxy-3-phenylpropanoate (10) (Cimmino et al. 2018), tyrosol (11) (Kwak et al.
2009), (22E,24R)-5a,8a-epi-dioxyergosta-6,22-dien-38-ol (12) (Kim et al. 1997),
(22E,24R)-5a,8a-epidioxyergosta-6,9(11),22-trien-33-ol (13) (Du and Shen 2006), chax-
ine C (14) (Choi et al. 2009), cerevisterol (15) (Kawagishi et al. 1988),
ergosta-5,7,22-trien-383-ol (16) (Seo et al. 1988) and fungisterol (17) (Wright 1981)
(Figure S1, Tables S2-S8).

All isolated compounds were evaluated for their antimicrobial activities against
microorganisms, Gram-(+): (Enterococcus faecalis ATCC29212, Staphylococcus aureus
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Table 1. Antimicrobial activities of compounds 1-17.

Compounds MIC (pg/mL)

Gram (+) Gram (-) Yeast

P
E. faecalis S. aureus  B. cereus E. coli aeruginosa  S. enterica  C. albicans

1 — — - — — — —
2 64 64 64 128 128 256 32
3 64 128 128 256 128 128 32
4 - - - - - - -
5 - - - - - - -
6 - - - - — - —
7 — — - — — — —
8 - - - - — - —
9 — — - — — — —
10 - - - - - - -
1 64 128 64 128 128 128 32
12 128 64 64 - - - 64
13 128 128 64 - - - 128
14 128 - - - - - 256
15 128 32 128 - - - 256
16 - - 128 - - - 128
17 32 - 32 - - - 128
Steptomycin 256 256 128 32 256 128
Cyclohexamide 32

(-) compound did not exhibit antimicrobial activity (MIC >256 pg/mL).

ATCC25923 and Bacillus cereus ATCC14579), Gram-(-): (Escherichia coli ATCC25922,
Pseudomonas aeruginosa ATCC27853 and Salmonella enterica ATCC13076) and the yeast
(Candida albicans ATCC10231) using standard protocols published by the Clinical and
Laboratory Standard Institute (Table 1). Cyclohexamide and streptomycin were used
as positive controls. Streptomycin inhibited Gram-(+) bacteria (E. faecalis, S. aureus
and B. cereus), Gram-(-) bacteria (E. coli, P. aeruginosa and S. enterica) with MIC values
ranging from 32 to 256 ug/mL, respectively. Cyclohexamide inhibited the yeast C.
albicans with MIC value of 32 ug/mL. Compounds 2, 3 and 11 significantly exhibited
antimicrobial activities on all tested Gram-(+), Gram-(-) bacteria and yeast C. albicans
with MIC values ranging from 32 to 256 ug/mL (Table 1). Compounds 12, 13 and 15
significantly inhibited Gram-(+) bacteria with MIC values ranging from 64 and 128 ug/
mL. The results suggested 2, 3 and 11 have broad antimicrobial properties and could
be a source of antimicrobial agents.

3. Experimental
3.1. General

See the Supporting information.

3.2. Microalgae samples

The microalga Aurantiochytrium sp. SC145 was isolated at Son Ca Island, Khanh Hoa,
Vietnam (10°22'42"N—114"28'33"E) from May to June 2021 and deposited at the
Institute of Biotechnology, VAST (Hien et al. 2022).
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3.3. Biomass cultivation

Aurantiochytrium sp. SC145 strain biomass was harvested after 120h of fermentation.
Under adverse culture conditions in terms of nutrient medium (9% glucose, 1%
industrial yeast extract and 3% salinity) and room temperature (from 32 to 37°C) in
a 30L fermenter (handmade). Algal biomass was harvested by centrifugation at
4,000rpm for 10min. The algal paste was washed three times with sterile distilled
water and then dried to a constant weight in a drying oven at 50°C and stored in
desiccators.

3.4. Extraction and isolation

Aurantiochytrium sp. SC145 (2.2kg) was ultrasonically extracted with methanol (MeOH)
at 40°C three times (each 8.8L, 3h). The MeOH layer was evaporated in vacuo to give
a dark solid residue (ASM, 110g). This crude extract was suspended with water (1.5L)
and partitioned with CH,Cl, to obtain CH,Cl, soluble fraction (AS, 35.09) and water
layer. Fraction AS was roughly separated on a silica gel column chromatography (CC),
eluting with n-hexane:acetone (40:1, 20:1, 10:1, 5:1, 2.5:1, 1:1, v/v) to give five fractions,
AST1A (7.59), AS1B (3.1g), AS1C (5.49), AS1D (5.89) and AS1E (6.49).

The AS1B fraction (3.1g) was chromatographed on a silica gel CC using n-hexane:ac-
etone (6:1, v/v) as eluent to give five fractions, AS1B1 (130 mg), AS1B2 (864 mg), AS1B3
(986 mg), AS1B4 (172mg) and AS1B5 (317mg). AS1B1 was chromatographed on a
silica gel CC eluting with n-hexane:ethyl acetate (3:1, v/v) to give ASTB1A (40mg)
and AS1B1B (45mg). AS1B1B was further chromatographed on a preparative HPLC
system using a solvent condition of 98% ACN in H,O to yield compound 14 (4.7 mg,
tz 42.4min). AS1B2 was chromatographed on a silica gel CC eluting with n-hexane:ethyl
acetate (2:1, v/v) to give AST1B2A (300mg) and AS1B2B (250 mg). AS1B2B was chro-
matographed on a preparative HPLC system using a solvent condition of 98% ACN
in H,0 to yield compound 13 (4.3mg, t; 65.2min). AS1B4 was chromatographed on
an RP-18 column eluting with acetone:water (4.5:1, v/v) to give fractions, AS1B4A
(70mg) and AS1B4B (40mg). AS1B4A was chromatographed on an RP-18 column
eluting with acetone:water (5:1, v/v) to yield compounds 16 (4.3 mg) and 17 (6.9 mg).
AS1B5 was chromatographed on an RP-18 column eluting with MeOH:water (4:1, v/v)
to give fractions, AS1B5A (50 mg), AS1B5B (100mg) and AS1B5C (30 mg). AST1B5A was
chromatographed on a preparative HPLC system using a solvent condition of 38%
ACN in H,O to yield compound 5 (5.0 mg, tz 32.9min). AS1B5B was chromatographed
on a preparative HPLC system using a solvent condition of 40% ACN in H,O to yield
compounds 2 (5.0mg, t; 23.1Tmin) and 8 (4.6 mg, t; 21.0min). With the same HPLC
condition, compound 1 (3.8mg, t; 34.6 min) was obtained from AS1B5C.

Fraction AS1D (5.89g) was chromatographed on a silica gel CC using n-hexane:ac-
etone (6:1, v/v) as eluent to give four fractions, AS1D1 (3.8g), AS1D2 (350mg), AS1D3
(790 mg) and AS1D4 (561 mg). AS1D2 was chromatographed on a silica gel CC eluting
with n-hexane:acetone (4:1, v/v) to give AS1D2A (55mg), AS1D2B (50 mg) and AS1D2C
(30mg). AST1D2A was further chromatographed on a preparative HPLC system using
a solvent condition of 55% MeOH in H,O to yield compound 11 (4.7 mg, t; 24.7 min)
and fraction AS1D2A2. AS1D2A2 was chromatographed on a preparative HPLC system
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using a solvent condition of 35% ACN in H,0O to yield compound 7 (10.0mg, t;
41.5min). AS1D2B was chromatographed on a preparative HPLC system using solvent
condition of 19% ACN in H,O to yield compounds 4 (11.0mg, tz 35.2min), 6 (8.3 mg,
tg 35.5min) and 10 (2.8 mg, t; 37.0min). AS1D2C was chromatographed on a prepar-
ative HPLC system using a solvent condition of 60% MeOH in H,O to yield compound
3 (43 mg, t; 29.9min). AS1D4 was chromatographed on a silica gel CC eluting with
CH,Cl,:acetone:water (1:5:0.3, v/v/v) to give AS1D4A (100mg), AS1D4B (95mg) and
AS1D4C (120 mg). AS1D4A was further chromatographed on an RP-18 column eluting
with MeOH:water (4:1, v/v) to yield compounds 9 (7.7mg) and 15 (8.7 mg). Finally,
AS1D4C was chromatographed on an RP-18 column eluting with MeOH:water (5:1,
v/v) to yield compound 12 (25.7 mg).

3.4.1. N-methoxymethyltryptophol (1)
Pale brown amorphous powder; UV (MeOH) A, 225 and 280 nm (Figure S3); IR (KBr)
Vi 3406, 2919, 2851, 1733, 1465 and 1178cm™! (Figure S4); 'H (CDCl,;, 600 MHz) and

max

13C NMR (CDCl;, 150 MHz) spectral data; see Table S1; C,,H,sNO,; HR-ESI-MS m/z
228.0993 [M+Nal* (calcd. for [C,,H,sNO,Na]*, 228.0995).

3.4.2. (2R)-2-(4-hydroxyphenyl)ethyl 2-hydroxy-3-phenylpropanoate (2)

White amorphous powder; [alp*® = +30.5 (¢ 0.1, CHCl;); UV (MeOH) A,,, 210 and
278nm (Figure S10); IR (KBr) v,,,, 3440, 2917, 1731, 1633 and 1515cm™" (Figure S11);
CD rel (102 M, MeOH): Ae (nm) —1.0 (220) (see Figure S3). 'H (CDCl;, 600 MHz) and
13C NMR (CDCl;, 150 MHz) spectral data; see Table S1; C,,H,30,; HR-ESI-MS m/z 285.1133
[M-HI" (calcd. for [C,,H,,0,] -, 285.1132).

3.5. Antimicrobial assays

See the Supporting information.
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Abstract

Objectives: Isolation, structure determination, and antimicrobial activities evaluation of compounds from the methanol extract of
the marine microalga Thraustochytrium pachydermum TSL10. Methods: Using chromatographic methods to isolate compounds from
the methanol extract of the T pachydermum. The chemical structures were elucidated by analyses of HR-ESI-MS and NMR spectral
data. The antimicrobial activities of compounds were evaluated using the dilution turbidimetric broth method as the standard pro-
tocol published by the Clinical and Laboratory Standard Institute. Results: One new sterol, (24R)-ergosta-7,22-diene-34,5a,9a-triol
(1), and 16 known compounds, ergosta-7,22-diene-34,5a-diol (2), cerevisterol (3), (22E,24S5)-5a,6a-epoxy-ergosta-8(9),22-diene-
3p,7a-diol (4), ergosterol (5), 5a,8a-epidioxyergosta-6,22-diene-3f-ol (6), linoleic acid (7), 4-((9Z,12Z)-octadeca-9,12-dienoyloxy)
butanoic acid (8), 1-linoleoyl-sn-glycero-3-phosphocholine (9), cibotiglycerol (10), gingerglycolipid B (11), oleic acid (12), 4-((92)-
octadec-9-enoyloxy)butanoic acid (13), (25)-1-0-(9Z)-octadec-9-enoyl)-3-O-(6-sulfo-D-quinovopyranosyl)glycerol (14), 6'-O-lino-
leylsucrose (15), gingerglycolipid C (16), and (§)-3-stearoyl-sn-glycerol (17) were identified from the marine microalga
Thraustochytrinm pachydermum TSL10. Sterols 1-6 were found to exhibit significant antimicrobial activities on Gram-(+) bacteria
(Enterococcus faecalis ATCC29212, Staphylococcns anrens ATCC25923, and Bacillus cerens ATCC14579) and the yeast (Candida albicans
ATCC10231) with MIC values ranging from 32 to 256 pg/mL. Conclusions: The tesults suggested sterols 1-6 could be potential
antimicrobial agents against Gram-(+) bacteria.
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Thranstochytrinm pachydermum, Thraustochytriaceae, (24R)-ergosta-7, 22-diene-3f, 5a, 9a-triol, marine microalgae, antimicrobial
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Introduction

N[icroalgae have been known as one of the largest and most Yoint Vietnam-Russia Tropical Science and Technology Rescarch Center,

diverse photosynthetic organisms. They are potential sources Hanoi, Vietnam
e p Y & ’ Y p “Graduate University of Science and Technology, Vietnam Academy of Science

of bioactive compounds such as fatty acids, carotenoids, chloro- and Technology (VAST), Hanoi, Victnam

phylls, phycobiliproteins, and vitamins. The compounds from 3Institute of Biotechnology, VAST, Hanoi, Vietnam

microalgae have exhibited antibacterial, antifungal, antiviral, *Institute of Matine Biochemistry, VAST, Hanof, Vietnam
antitumor, and anti—inﬂammatory effects.l ®Center for Research and Technology Transfer VAST, Hanoi, Vietnam

Thraunstochytrinm species (Thraustochytriaceae family) are suit- Cotresponding Authors:
able for fermentation technology and produce fatty acids and
other value-added biocomponents.™ The marine microalga
Thraustochytrinm  pachydermum was isolated from Truong Sa
Island, Truong Sa Archipelago, Vietnam in 2021 and is available
in GenBank (accession number OL721615)." The chemical
constituents and biological activities of T pachydermum have

not been studied so far. Herein, we report one new sterol and

® @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
a7 provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).
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17 known metabolites from the marine microalgae T pachyder-
mum TSL10 and their antibacterial activities.

Results and Discussion

Compound 1 was obtained as a white powder. Its molecular
formula, C,gH 403, was defined by a pseudo-molecular ion peak
at m/z 429.3376 M + H]* (caled for [CogHyrOs]", 429.3374)
on the HR-ESI-MS. The 'H-NMR spectrum of 1 revealed
proton signals of 6 methyl groups [2 singlets at o 0.62 (s, H-18)
and 1.01 (s, H-19)] and 4 doublets at oy 1.03 (H-21), 0.82
(H-26), 0.84 (H-27), and 0.92 (H-28), (each, 3H, d, ] = 6.6 Hz)],
3 olefinic protons at 6y 5.65 (1H, br d, ] = 1.8 Hz, H-7), 5.17
(1H, dd, ] = 15.6, 8.4 Hz, H-22), and 5.24 (1H, dd, ] = 15.6,
7.8 Hz, H-23), and one carbinol proton at oy 4.06 (1H, m, H-3).
The PC-NMR and HSQC spectra of 1 showed signals of 30
carbons, including 6 methyl carbons at éc 12.3 (C-18), 20.5
(C-19), 21.1 (C-21), 19.7 (C-26), 20.0 (C-27), and 17.6 (C-28), 7
methylenes at d¢c 25.5 (C-1), 30.1 (C-2), 37.1 (C-4), 28.8 (C-0),
29.1 (C-11), 34.9 (C-12), 22.4 (C-15), and 27.9 (C-16), 9 methines
at ¢ 67.2 (C-3),119.9 (C-7), 51.8 (C-14), 56.0 (C-17), 40.3 (C-20),

Table 1. 'H- and ">C-NMR Spectral Data for 1 in CDCls.
C oc Oy (mult., J in Hz)

1 25.5 1.51 (m, #)/2.33 (m, @)
2 30.1 1.48 (m, )/1.85 (m, @)
3 67.2 4.06 (m)
4 37.1 1.76* ()
2.09 (br d, 13.8, @)
5 74.7 -
6 28.8 1.73% (@)/1.91* ()
7 119.9 5.65 (br d, 1.8)
8 ND -
9 79.7 -
10 41.8 -
11 29.1 1.31 (m)
12 34.9 1.73 (m, @)
1.88 (m, f)
13 453 -
14 51.8 2.75 (m)
15 224 1.48 (m, )
1.59 (m, @)
16 27.9 1.33 (m, f)
1.80 (m, @)
17 56.0 1.44 (m)
18 12.3 0.62 (s)
19 20.5 1.01 (s)
20 403 2.03 (m)
21 21.1 1.03 (d, 6.6)
22 135.1 517 (dd, 15.6, 8.4)
23 1325 5.24 (dd, 15.6, 7.8)
24 42.8 1.86 (m)
25 33.1 1.48 (m)
26 19.7 0.82 (d, 6.6)
27 20.0 0.84 (d, 6.6)
28 17.6 0.92 (d, 6.6)

Abbreviation: ND, not determined.
*Ovetlapped signals.

135.1 (C-22),132.5 (C-23),42.8 (C-24),and 33.1 (C-25), and 5 non-
protonated catbons at o¢ 74.7 (C-5), 79.7 (C-9), 41.8 (C-10), and
45.3 (C-13),and 1 carbon (C-8, did not show in the "?C-NMR spec-
trum). Analysis of the "H-and PC-NMR spectra of 1 (Table 1) indi-
cated its structure was similar to that of ergosta-7,22-diene-3f,5a-
diol (2),” except for an addition of one hydroxyl group at C-9. The
HMBC correlations between H-19 (6 1.01) and C-1 (6¢ 25.5)/C-5
©c 74.7)/C-9 (8¢ 79.7)/C-10 (O¢ 41.8), H-4 (64 1.76 and 2.09) and
C-2 (¢ 30.1)/C-3 (8¢ 67.2)/C-5 (6¢c 74.7)/C-6 (6 28.8)/C-10 b¢
41.8), H-7 6y 5.73) and C-5 (6¢c 74.7)/C-9 6c 79.7)/C-14 b¢
51.8) confirmed positions of the hydroxyl groups at C-3, C-5, and
C-9, and the double bond at C-7/C-8 (Figute 1). The HMBC cotre-
lations between H-21 (8 1.03) and C-17 (8¢ 56.0)/C-20 (6¢ 40.3)/
C-22 (8¢ 135.1) and between H-28 (6 0.92) and C-23 (5¢ 132.5)/
C-24 (6¢ 42.8)/C-25 (¢ 33.1) and COSY cross-peaks of H-21 (6y
1.03)/H-20 6y 2.03)/H-22 6y 5.17)/H-23 (6 5.24)/H-24 (0n
1.86) indicated the double bond at C-22/C-23. The latge coupling
constant of H-22 and H-23 (] = 15.6 Hz) indicated the IZ configura-
tion of the double bond at C-22/C-23. The NOESY correlations
between H-19 (6y; 1.01) and Hg-1 6y 1.51)/Hp2 (O 1.48)/Hy4
(©n 1.76), between Hpg-4 (65 1.76) and Hp-6 (6 1.91) suggested
the otientation of the hydroxyl group at C-5 to be a. The NOESY
cotrelation between H-18 (0 0.62) and H-19 0y 1.01) proved the
otientation of the hydroxyl group at C-9 to be a. The configuration
of C-24 in 1 was deduced to be R by comparing the chemical shifts
of C24 (6c 42.8) and C28 (Oc 17.6) of 1 with those of
5a,3a-epidioxy-24.5-methylcholesta-6,22 E-diene-3f-ol (0¢ 43.0 and
180)° and 5a8a-epidioxy-24R-methylcholesta-6,22F-dien-3-ol
(¢ 42.8 and 17.6).” Thus, new compound 1 was elucidated to be
(24R)-ergosta-7,22-diene-33,5a,90r-triol.

The known compounds were determined to be ergosta-
7,22-diene-3f,5a-diol (2),” cerevisterol (3),° (22F,24S5)-5a,6a-
epox y-ergosta-8(9),22-diene-3f,7a-diol (4), ergosterol ),
Sa8a-cp idioxyergosta-6,22-diene-3f-ol (6),” linoleic acid
@, 4-(9Z,127)-octadeca-9,12-dienoyloxy)butanoic  acid
@), 1-linoleoyl-sn-glycero-3-phosphocholine (9)," cibotigly-
cerol (10, gingerglycolipid B (11),'* oleic acid (12),"”
4-((9Z)-octadec-9-enoyloxy)butanoic  acid 13),'° (25)-1-0-
(92)-octadec-9-enoyl)-3-O-(6-sulfo-D-quinovopyranosyl)glyc-
erol (14),'7 ¢ -O-linoleylsucrose 15),'" gingerglycolipid C 16),"*
and (§)-3-stearoyl-sn-glycerol a7" by comparing their NMR
data with those reported in the literature (Figure 2).

All isolated compounds were evaluated for their antimicrobial
activities against microorganisms, Gram-(+) bacteria (Enterococcus
Jaecalis ATCC29212, Staphylococcns anrens ATCC25923, and Bacillus
cerens ATCC14579), Gram-(-) bactetia (Escherichia coli ATCC25922,
Pseudomonas — aernginosa  ATCC27853, and ~ Sabmonella  enterica
ATCC13076), and yeast (Candida albicans ATCC10231) using dilu-
tion turbidimetric broth method as the standard protocols published
by the Clinical and ILaboratory Standard Institute (Table 2).
Streptomycin and cycloheximide were used as positive controls.
Streptomycin inhibited Gram-(+) bactetia (E faecalis, S anreus, and
B cerens), Gram-(-) bactetia (E ok, P aeruginosa, and S enterica) with
MIC values ranging from 32 to 256 pg/ml, respectively.
Cycloheximide inhibited the yeast C abicans with MIC value of 32
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Figure 2. Chemical structures of compounds 1-17.

pg/mL. All isolated stetols 1-6 showed significant antimicrobial
activities on Gram-(+) bactetia (E faecalis, S anrens, and B cereus)
and yeast C albicans with MIC values ranging from 32 to 256 ug/
ml (Table 2). The remaining compounds (fatty acid derivatives)
exhibited weak or no antimicrobial activities. However, most com-
pounds did not inhibit the growth of Gram-(-) bacteria (E cofs, P aer-
uginosa, and S enterica) (MIC values >256 pg/mL). The results
suggested sterols 1-6 could be potential antimicrobial agents
against Gram-(+) bacteria.

Material and Methods

General
See Supplemental Material.

Microalgae Samples

See Supplemental Material.

Biomass Cultivation

An aeration rate when growing biomass was always main-
tained at 0.5 L air/L/min after the air was filtered through
a 0.2 mm filter (Advantec, JP020AN). Biomass cultivation
has changed on a large scale of 30 L fermentor: while the dis-
solved oxygen was maintained above 10% with the manual
stirring speed from 300 to a maximum of 400 rpm, at 32 °
C+37 °C. Glucose concentrations of 9%, and 1% industrial
yeast extract were used to grow the strain T pachydermum
TSL10. After 120 h of cultivation, biomass was filtered and
dried.

Extraction and Purification of Compounds

Thraustochytrinm pachydermum (2.2 kg) was ultrasonically extracted
with methanol (MeOH) at 40 °C 3 times (each 8.8 L, 3 h). The
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Table 2. Antimicrobial Activities of Compounds 1-17.

MIC (pg/ml)

Gram (+) Gram (-) Yeast
Compounds Enterococcus faecalis Staphylococens anrens Bacillus cerens Escherichia coli Psend erginos S enterica Candida albicans
1 256 64 256 256
2 256 128 256 256
3 128 32 128 256
4 256 64 128 64
5 128 128 256 256
6 128 64 64 64
7 - - - -
8 R _ _
9 128 - 256
10 256 -
1 - - -
12 - - 256
13 -
14
15
16 - - - - -
17 128 - 256 - - 128 256
Streptomycin 256 256 128 32 256 128

Cyclohexamide

32

(-) compound did not exhibit antimicrobial activites (MIC >256 ug/mL).

MeOH layer was evaporated in vacuo to give a dark solid
residue (420 g). This crude extract was suspended with water
(2.0 L) and partitioned with CH,Cl, to obtain CH,Cl, soluble
fraction (TPD, 102 g) and water layer. The TPD fraction was
roughly separated on a silica gel column chromatography
(CO), eluting with CH,Cl,/MeOH (100:0, 40:1, 20:1, 10:1,
5:1, vol/vol) to give 5 fractions, TP1A (21.8 g), TP1B (15.7
g), TP1C (8.4 g), TP1ID (25.9 g), and TP1E (20.3 g). The
TP1B fraction (15.7 g) was chromatographed on a silica gel
CC using CH,Cl,/MeOH/water (4/1/0.05, vol/vol/vol) as
eluent to give 5 fractions, TP2A (1.3 g), TP2B (6.7 g), TP2C
(0.6 g), TP2D (2.8 g), and TP2E (2.5 g).

TP2A (1.3 g) fraction was chromatographed on a silica gel CC
and an eluent of CH,Cly/acetone (7/1, vol/vol). to yield com-
pounds 1 (3.8 mg), 3 (12.7 mg), and 4 (4.1 mg). The TP2C frac-
tion (0.6 g) was also loaded on a silica gel column and eluted with
CH,Cl,/acetone (10/1, vol/vol) to obtain compounds 2 (3.3 mg)
and 17 (4.0 mg). The TP2E fraction (2.5 g) was first fractionated
on an RP-18 CC eluting with acetone/water (2/1, vol/vol) to
give 2 fractions, TP2E1 (300 mg) and TP2E2 (500 mg).
TP2E1 (300 mg) fraction was chromatographed on an HPLC
(solvent eluent of 40% acetonitrile in water) to yield compound
10 (3.6 mg, % 34.7 min). TP2E2 fraction (0.5 g) was chromato-
graphed on an HPLC (solvent eluent of 90% MeOH in water) to
yield compound 15 (4.8 mg, % 43.0 min).

The TP1C fraction (8.4g) was repeatedly chromatographed
on a silica gel CC, eluting with #-hexane/CH,Cl,/acetone (3/
1/0.1, vol/vol/vol) to obtain 3 fractions TP3A (2.6 g), TP3B
(1.5 g), and TP3C (1.8 g). Compound 5 (8.2 mg) was purified
from the TP3A fraction using a silica gel CC and solvent
eluent of #-hexane/acetone (5/1, vol/vol). The TP3B fraction

was chromatographed on an RP-18 column eluting with
acetone/water (5/1, vol/vol) to yield compound 6 (50.0 mg).
Compounds 8 (4.6 mg) and 13 (36.0 mg) were isolated from
the TP3C fraction on a silica gel CC and solvent eluent of
n-hexane/ethyl acetate (4/1, vol/vol). The TP1E fracton
(20.3 @) was first fractionated on a silica gel CC eluting with
CH,Cl,/MeOH /watetr (3/1/0.1, vol/vol/vol) to give 5 frac-
tions, TP4A (0.5 g), TP4B (1.8 g), TP4C (2.0 g), TP4D (2.1
2), and TP4E (1.9 g). TP4A fraction (0.5 g) was chromato-
graphed on an HPLC with a solvent eluent of 90% MeOH in
water to yield compound 9 (4.6 mg, # 50.3 min). Compound
14 (6.1 mg, % 36.1 min) was isolated from the TP4B fraction
on an HPLC (solvent eluent of 40% acetonitrile in water).
The TP4D (2.1 g) fraction was chromatographed on an
HPLC (solvent eluent of 90% acetonitrile in water) to yield
compounds 11 (7.0 mg, 7 31.1 min) and 16 (33.9 mg, % 43.5
min). Finally, compounds 7 (9.9 mg) and 12 (14.5 mg) were iso-
lated from the TP4E fraction (1.9 g) on an RP-18 column
eluting with MeOH/water (9/1, vol/vol).

Ergosta-7,22-diene-3p, 50, 9a-triol (1). White amorphous powdet;
[a]%: + 35.7 (¢ 0.1, CHCLy); HR-ESI-MS: /% 431.3525 [M
+ H]" (caled. for [CogHyrOs]™, 431.3520), IR (KBf) Vpax
3427, 2957, 2919, 1677, 1454, 1160, 1007 cm™’; 'H- and
PC-NMR (CDCl): see Table 1.

Antimicrobial Assays

See Supplemental Material.
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Nghién ctru khoa hoc cbng nghé

MOT SO HQP CHAT PHAN LAP TU VI TAO BIEN
AURANTIOCHYTRIUM SP. SC145

1. PAT VAN PE

Vi tao 1a ngudn nguyén liéu tiém ning dé tim kiém cac hoat chat c6 tac dung
sinh hoc. Aurantiochytrium la mot chi g(‘”)m céc loai vi tao bién di dudng, thudc ho
Thraustochytridae. Chi Aurantiochytrium déng vai troé quan trong trong qua trinh lén
men sinh khéi cong nghiép [1]. Céc nghién ctru trude day chi ra thanh phan héa hoc
clia Aurantiochytrium sp. bao gom nhiéu loai acid béo khong no nhu Omega-3,6, 9
[2], cc squalene nhu myristic acid, palmitic acid, palmitoleic acid... [3] va mot sd
sterol khac [4]. Cac nghién ciru vé hoat tinh sinh hoc ciing cho thiy cao chiét tir sinh
khéi cua vi tao Aurantiochytrium ¢ hoat tinh khang viém, chéng gbe tu do va uc
ché enzym Acetylcholinesterase [3]. Nghién ciru nay cong b6 két qua phan 1ap va
xac dinh cdu trac cta sau hop chét tir sinh khdi cua vi tao bién di dudng
Aurantiochytrium sp. SC145.

2. PHUONG PHAP NGHIEN CU'U VA THU'C NGHIEM

2.1. Miu nghién ctru

Vi tao Aurantiochytrium sp. SC145 dugc thu thap tai dao Son Ca, quan dao
Truong Sa, tinh Khanh Hoa vao thang 5 nam 2021 va duoc dinh danh bang phuong
phap gidi trinh tu gen 18S rRNA va so sdnh véi dit liéu trén GenBank [3]. Mau duoc
luu trir tai Vién Cong nghé sinh hoc, Vién Han 1am Khoa hoc va Cong nghé Viét
Nam (Vién HL KH&CN VN).

2.2. Vat liéu va phwong phap nghién ciru

Phé cong hudng tir hat nhan (NMR) duoc do trén thiét bj Brucker Avance 600
MHz (chét chuin noi tetramethyl sillane - TMS) tai Vién Hoéa hoc, Vién HL
KH&CN VN. Phé khdi lwong phan giai cao HR-ESI-MS dugc do trén may
AGILENT 6530 Accurate Mass ctia Vién Hoéa sinh bién, Vién HL KH&CN VN.

Séc ky 16p moéng duoc thuc hién trén ban mong trang sdn DC-Alufolien 60
F254 (Merck) hodc RP18 Fys4s (Merck). Vét chat duoc phat hién bang dén tir ngoai &
hai budc séng 254 nm va 365 nm hodc dung thude thir 1a dung dich H,SO4 10%
dugc phun déu 1én ban mong, say kho rdi ho nong tir tir dén khi hién mau.

Séc ky cot: Puogc tién hanh voi cac chat hp phuy 1a silica gel, pha dao RP-18,
va diaion HP-20. Silica gel c6 ¢& hat 1a 0,040-0,063 mm (240-430 mesh) va pha dao
RP-18 (120 pm, YMC Co. Ltd.).

2.3. Phwong phap nudi sinh khoi

Vi tao Aurantiochytrium sp. SC145 dugc nudi cly trong may 1én men c6 dung
tich 30L bang méi trudng dinh dudng gdm glucose 9%, chiét xuit nAm men cong
nghiép 1% va d6 man 3%. Sinh khéi tao duge thu hoach sau 120 gio 1én men & nhiét
d6 32-37 °C bang cach ly tdm ¢ téc do 4000 vong/phut trong 10 phat. Bi tao dugc
rira sach bang nudc cit vo trung, sau d6 siy kho dén khéi lugng khong d6i o 50 °C,
nghién thanh bot va bao quan trong binh hut am.

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 36, 12 - 2024 47
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2.4. Phan lap cac chit

Bot tao sy kho (2,2 kg) duge chiét trong bé siéu am véi methanol (20 L x 3
lan) & nhiét do phong trong 24h. Dich chiét dugc gom lai va cét loai dung méi & ap
suat giam thu dugc 110 g cin chiét methanol. Cin chiét nay sau d6 dugc phan bo
trong 1,5 L nudc cat va chiét phan 16p véi diclomethan (1,5 L x 3 1an). Pha hitu co
duoc thu lai va cét loai dung moi dé thu duoc cin chiét diclomethan (AS, 35 g). Can
chiét AS duoc phan tach trén cot silica gel voi hé dung méi rira giai n-hexan:aceton
(gradient 40:1, 20:1, 10:1, 5:1, 2,5:1, 1:1, v/v) thu dugc 5 phan doan AS1A (7,5 g),
AS1B (3,1 g), ASIC (5,4 g), AS1D (5,8 g) va AS1E (6,4 g).

Phan doan ASIB dugc phan tach trén cdt silica gel va rira giai voi hé dung
moi n-hexan:aceton (6:1, v/v) thu dugc 5 phan doan AS1B2A (130 mg), AS1B2B
(864 mg), AS1B2C (986 mg), AS1B2D (172 mg) va AS1B2E (317 mg). Phan doan
ASI1B2E duogc phan tach trén cot RP-18 cung véi hé¢ dung méi MeOH:H,O (4:1,
v/v) rira giai, thu dugc 3 phan doan AS1B2E1 (50 mg), AS1B2E2 (100 mg) va
AS1B2E3 (30 mg). Phan doan ASIB2E2 dugc phan tach trén hé thong HPLC st
dung pha dong 40% acetonitril trong nude, thu dwoc hop chét 1a 1 (1,4 mg, tg 19,9
min). Phan doan AS1B2B duoc phan tach trén cot silica gel va rira giai bang hé
dung mo6i n-hexan:EtOAc (2:1, v/v) thu dugc 2 phan doan AS1B2B1 (300 mg) va
AS1B2B2 (250 mg). Phan doan AS1B2BI tiép tuc phan tach trén hé théng HPLC,
pha dong 98% acetonitril trong nudc, thu duge 1 hop chat 2 (26,1 mg, tg 50,6 min).
Phan doan AS1B2A tiép tuc phan tach tiép trén cot silica gel sir dung hé dung moi
n-hexan:EtOAc (3:1, v/v) thu dugc 2 phan doan AS1B2A1 (40 mg) va AS1B2A2
(45 mg). Phan doan AS1B2A1 tiép tuc phan tach trén hé théng HPLC, pha dong
98% acetonitril trong nudc, thu duge hop chat 3 (18,7 mg, tg 55,2 min). Phan doan
AS1B2D dugc phan tach trén cdt RP-18 va st dung hé dung moéi acetone:H,O
(4,5:1, v/v) dé rira giai, thu dugc 2 phan doan AS1B2D1 (70 mg) va AS1B2D2 (40
mg). Phan doan AS1B2D2 tiép tuc duoc phan tach bang cot RP-18 voi hé dung moi
rira giai aceton:H,0 (4,5:1, v/v) thu duoc 1 hop chit 4 (7,5 mg). Phan doan AS1D
dugc phan tach trén cdt RP-18 véi hé dung méi rira giai aceton:H,O (1:1, v/v) thu
dugce 4 phan doan AS1D1 (3.8 g), ASID2 (350 mg), AS1D3 (790 mg) va AS1D4
(561 mg). Phan doan AS1D4 dugc phan tach trén cét silica gel st dung hé dung moi
roa giai dichloromethane:acetone: H,O (1:5:0.3, v/v/v) thu duwgc 3 phan doan
AS1D4A (100 mg), AS1D4B (95 mg) va AS1D4C (120 mg). Phan doan AS1D4A
tiép tuc dugc phan tach trén cot RP-18 sir dung hé dung méi rira giai MeOH:H,0O
(4:1, v/v) thu duoc hop chét 1a 5 (6,8 mg). Phan doan AS1D2 tiép tuc dugc phan
tach trén cot silica gel va st dung hé dung moéi n-hexan:aceton (4:1, v/v) rira giai,
thu dugc 3 phan doan ASID2A (35 mg), ASID2B (50 mg) va AS1D2C (30 mg).
Phéan doan AS1D2A tiép tuc dugc phén tach trén hé théng HPLC, pha dong 35-55%
MeOH trong nudc thu duge hop chét 6 (5 mg, tg 27,6 phit).

Cyclo-(L-Pro-L-Leu) (1): Chét bot mau trang, v dinh hinh. Céong thirc phan
tir: C11H,303N,. Khéi lugng phan tir: 210,3. ESI-MS m/z 211 [M+H]". UV (MeOH)
Amax 220, 280 nm. PO quay cuc @ -57,6 (¢=0,1, CHCl3). (1¢1>:-133 (c=0,3;
ethanol). IR (KBr) vmax 3259, 2921, 1668, 1633, 1433 cm™. S6 liéu phé '"H-NMR
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(CDCls): oy (ppm) 3,55 (1H; m; H-3a); 3,60 (1H; m; H-3b); 2,07 (1H; m; H-4); 1,90
(1H; m; H-4); 2,36 (2H; m; H-5); 4,12 (1H; dd; J = 7,8; 7,8 Hz; H-6); 4,02 (1H; dd;
J =3,6;9,6 Hz; H-9); 1,52 (1H; m; H-10); 2,07 (1H; m; H-10); 1,74 (1H; m; H-11);
0,96 (3H; d; J = 6,6 Hz; H-12); 1,00 (3H; d; J = 6,6 Hz; H-13). >C-NMR (CDCl5):
oc (ppm) 166,1 (C-1); 45,5 (C-3); 22,7 (C-4); 28,1 (C-5); 59,0 (C-6); 170,2 (C-7);
53,4 (C-9); 38,7 (C-10); 24,7 (C-11); 21,2 (C-12); 23,3 (C-13).

(9Z,12Z)-Octadeca-9,12-dienoic acid (2): Chat bot mau tring, v dinh hinh.
Cong thirc phan ti: C sH3,0,. Khéi luong phan tu: 280,5. ESI-MS m/z 279 [M-H];
IR (KBr) Vi 3418, 2927, 1712, 1462, 1184 cm™. S6 liéu phé 'H-NMR (CDCls): dy
(ppm) 2,34 (2H; t; J = 6,6 Hz; H-2); 1,63 (2H; m; H-3); 1,26 (2H; m; H-4); 1,28
(2H; m; H-5); 1,34 (2H; m; H-6); 1,30 (2H; m; H-7); 2,05 (4H; q; J = 6,6 Hz; H-8,
H-14); 5,32 (2H; m; H-9, H-13); 5,38 (1H; m; H-10, H-12); 2,77 (2H; t; J = 6,6 Hz;
H-11); 1,28 (2H; m; H-15); 1,28 (2H; m; H-16); 1,30 (2H; m; H-17); 0,89 (3H; t; J
= 6,6 Hz; H-18). *C-NMR (CDCl;): dc (ppm) 180,0 (C-1); 34,1 (C-2); 29,7 (C-3);
29,0 (C-4); 29,1 (C-5); 29,1 (C-6); 29,3 (C-7); 27,2 (C-8); 130,2 (C-9); 128,1 (C-
10); 25,6 (C-11); 127,9 (C-12); 130 (C-13); 27,2 (C-14); 29,6 (C-15); 31,5 (C-16);
22,6 (C-17); 14,0 (C-18).

Tyrosyl linoleat (3): Chat bot mau tring, vo dinh hinh. Cong thirc phén tu:
Ca6Ha035. Khbi luong phén tr: 400,6. UV (MeOH) Amax 228, 278 nm. B§ quay cuc
(@17 -92,0 (¢=0,1, CHCl3). IR (KBr) vimax 3426, 2923, 1732, 1515, 1168 cm™. HR-
ESI-MS m/z 399,2902 [M—H]". Tinh toan 1y thuyét cho cong thirc [CasH3005] ~,
399,2905. S liéu phd 'H-NMR (CDCls): 8y (ppm) 2,29 (2H; t; J = 7.2 Hz; H-2);
1,64 (2H; m, H-3); 1,34 (2H; m; H-4); 1,29 (2H; m; H-5); 1,32 (2H; m; H-6); 1,35
(2H; m; H-7); 2,05 (4H; q; J = 7,2 Hz, H-8, H-14); 5,31 (1H; m; H-9, H-13); 5,41
(1H; m; H-10, H-12); 2,77 (2H; t; J = 7,2 Hz; H-11); 1,30 (2H; m, H-15); 1,30 (2H;
m, H-16); 1,32 (2H; m, H-17); 0,89 (3H; t, J = 6,6 Hz, H-18); 4,24 2H; t; J = 17,2
Hz; H-1"); 2,85 (2H; t; J = 7,2 Hz; H-2"); 7,07 (2H; d; J = 8,4 Hz; H-4', H-8'); 6,77
(2H; d; J = 8,4 Hz; H-5', H-7"). “C-NMR (CDCls): dc (ppm) 173,9 (C-1); 34,4 (C-
2); 24,9 (C-3); 29,1 (C-4); 29,3 (C-5); 29,2 (C-6); 29,1 (C-7); 27,2 (C-8); 130,2 (C-
9); 128,1 (C-10); 25,6 (C-11); 127,9 (C-12); 130,0 (C-13); 27,2 (C-14); 29,1 (C-15);
31,5 (C-16); 22,6 (C-17); 14,1 (C-18); 65,0 (C-1"); 34,3 (C-2"); 127,8 (C-3"); 130,1
(C-4"); 115,4 (C-5"); 154,4 (C-6"); 115,4 (C-7"); 130,1 (C-8").

(8)-2,3-dihydroxypropyl (9Z,12Z)-octadeca-9,12-dienoat (4): Chat bot mau
trang, vo dinh hinh. Cong thirc phan tir: C;H3s04. Khéi lwong phan tu: 354,5. Do
quay cuc [ : -15,0 (¢=0,1, CHCl3). IR (KBr) vimax 3440, 2920, 1730, 1462, 735 cm’
' HR-ESI-MS m/z 355,2830 [M+Na]" (Tinh toan Iy thuyét cho céng thic
[C21H3004]", 355,2843). Sé liéu phd "H-NMR (CDCls): oy (ppm) 2,35 2H; t; J =
7,2 Hz; H-2); 1,63 (2H; m; H-3); 1,25 (2H; m; H-4); 1,35 (2H; m; H-5); 1,30 (2H;
m; H-6); 1,30 (2H; m; H-7); 2,05 (4H; q; J = 6,6 Hz; H-8, H-14); 5,37 (4H; m; H-9,
H-10, H-12, H-13); 1,25 (2H; m; H-15); 1,35 (2H; m; H-16); 1,30 (2H; m; H-17);
0,89 (3H; t; J = 6,6 Hz; H-18); 4,15 (2H; dd; J = 6,6; 12,0 Hz; H-1"); 4,20 (1H; dd; J
=4,8; 12,0; H-1"); 3,95 (1H; m; H-2"); 3,70 (1H; dd; J = 4,8; 11,4 Hz; H-3"); 3,60
(1H; dd; J = 6,0; 11,4 Hz; H-3"). "C-NMR (CDCls): d¢ (ppm) 174,3 (C-1); 34,1 (C-
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2); 25,0 (C-3); 29,6 (C-4); 29,3 (C-5); 29,1 (C-6); 29,1 (C-7); 27,2 (C-8); 130,2 (C-
9); 128,1 (C-10); 25,6 (C-11); 128,1 (C-12); 130,0 (C-13); 27,2 (C-14); 29,1 (C-15);
31,5 (C-16); 22,6 (C-17); 14,1 (C-18); 70,3 (C-1"); 65,2 (C-2"); 63,4 (C-3").

Cibotiglycerol (5): Chat bot mau trang, v dinh hinh. Cong thirc phan tir
C27H43011S. Khéi lugng phén tir: 580.7. D6 quay cuc 415 : -15.0 (¢=0,1, CHCI3). Do
quay cuc [@1; -120,1 (¢=0.1, CHCl3). IR (KBr) Vmax 3432, 2921, 1732, 1170, 749 cm’
! HR-ESI-MS m/z 603.2755 [M+Na]" Tinh toan 1y thuyét cho cong thiic
[C27H45011SNa]", 603,2810. 'TH-NMR (CDCls): dy (ppm) 2,39 2H; t; J = 7,0 Hz; H-
2); 1,64 (2H; m; H-3); 1,36 (2H; m; H-4); 1,35 (2H; m; H-5); 1,35 (2H; m; H-6); 1,35
(2H; m; H-7); 2,09 (2H; q; J = 7,0 Hz; H-8); 5,30 (2H; m; H-9; H-13); 5,40 (2H; m;
H-10; H-12); 2,77 (2H; t; J = 7,0 Hz; H-11);2,09 (2H; t; J = 7,0 Hz; H-14); 1,35 (2H;
m; H-15); 1,32 (2H; m; H-16); 1,35 (2H; m; H-17); 0,92 (3H; t; J = 6,6 Hz; H-18);
4,08 (1H; dd; J = 3,0; 10,2 Hz; H-1"); 3,42 (1H; dd; J = 6,0; 10,2 Hz; H-1"); 4,10 (1H;
m; H-2"); 4,22 (1H; dd; J = 6,6; 12,0 Hz; H-3'); 4,12 (1H; dd; J = 3,0; 12,0 Hz; H-3");
4,80 (1H; dd; J = 3,6 Hz; H-1"); 3,42 (1H; m; H-2"); 3,67 (1H; dd; J = 9,6; 9,6 Hz;
H-3"); 3,11 (1H; dd; J = 9,6; 9,6 Hz; H-4"); 4,1 (1H; m; H-5""); 2,94 (1H; dd; J = 9,0;
14,4 Hz; H-6"); 3,37 (1H; dd; J = 1,8; 14,4 Hz; H-6"). "C-NMR (CD;0D): ¢ (ppm)
175,6 (C-1); 34,9 (C-2); 26,0 (C-3); 30,3 (C-4); 30,5 (C-5); 30,7 (C-6); 30,2 (C-7);
28,1 (C-8); 130,9 (C-9, C-13); 129,1 (C-10, C-12); 26,5 (C-11); 28,2 (C-14); 30,2 (C-
15); 32,6 (C-16); 23,6 (C-17); 14,4 (C-18); 70,6 (C-1"); 69,8 (C-2"); 66,5 (C-3"); 100,2
(C-1"); 73,7 (C-2"); 75,1 (C-3"); 74,9 (C-4"); 69,8 (C-5"); 54,3 (C-6").

Adenosin (6): Chit bot mau trang, vo dinh hinh. Cong thirc phan tir:
C10H13N504. Khéi lwgng phan tir: 267,2. UV (MeOH) Amax 258 nm. D6 quay cuc @17
: -60,0 (¢=0.1, H,O). HR-ESI-MS m/z 268,1042 [M+H]" Tinh toan 1y thuyét cho
cong thie [C1oH 14N504]7, 268,1040. '"H-NMR (DMSO-dj): dy (ppm) 8,16 (1H; s; H-
2); 8,35 (1H; s; H-8); 5,91 (1H; d; J = 6,5 Hz; H-1"); 4,63 (1H; t; J = 6,0 Hz; H-2");
4,16 (1H; dd; J = 3,0; 5,0 Hz; H-3"); 3,98 (1H; dd; J = 3,6; 6,0 Hz; H-4"); 3,68 (1H;
br d; J = 12,0 Hz H-5'a); 3,57 (1H; br d; J = 12,0 Hz; H-5'b); 7,38 (2H; br s; 6-
NH,); 5,48 (1H; br d; J = 7,2 Hz; 2’-OH); 5,20 (1H; br d; J = 7,2 Hz; 3’-OH); 5,43
(1H, br t, J = 4,8 Hz; 5-OH). *C-NMR (DMSO-dy): 5¢ (ppm) 152,0 (C-2); 149,1
(C-4); 119,9 (C-5); 156,0 (C-6); 139,9 (C-8); 87,9 (C-1"); 73,4 (C-2"); 70,6 (C-3%);
85,8 (C-4"); 61,6 (C-5".

3. KET QUA VA THAO LUAN

Hop chat 1 thu dugc dudi dang chat rin mau trang. Pho ESI-MS xuét hién tin
hiéu m/z 211 [M+H]" cho phép xac dinh khéi luwgng phan tir ctia 1 12 210 Da, twong
g v6i cong thirc phan tir C;1H sO03N,. Phé 'H-NMR cua hop chét 1 xut hién hai
tin hi€u methyl ¢ oy 0,96 (3H; d; J = 6,6 Hz; H-12); 1,00 (3H; d; J = 6,6 Hz; H-13),
hai nhém methin sp3 gén voi nito ¢ oy 4,12 (1H; dd; J = 7,8; 7,8 Hz; H-6); 4,02 (1H;
dd; J = 3,6; 9,6 Hz; H-9), m6t nhom methylene gén voi nito & dy 3,55 (1H; m; H-
3a). Phé *C-NMR xuét hién tin hiéu cua 13 carbon, trong do, cdu tric dipeptide
duoc xac dinh bdi tin hiéu cia 2 nhom amid carbonyl CONH (d¢ 166,1 C-1 va d¢
170,2 C-7). So sénh sé liéu phd NMR véi tai liéu tham khao cho phép xac dinh cdu
tric cua 1 1a cyclo-(L-Pro-L-Leu) [5].
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Hinh 1. Cau trac hoé hoc cua cac hop chét 1-6

Hop chét 2 thu duoc dudi dang dau. Phd ESI-MS cuia hop chit 2 xuat hién tin
hidu m/z 279 [M-H] cho phép xac dinh khdi luwgng phén tir 278 Da cua 2. Phd 'H-
NMR cua 2 ¢ céc tin hiéu dic trung cho mot hop chit acid béo khong no chira hai
lién két do6i gdom mot nhom methyl dau mach xuét hién dudi dang triplet tai Jy 0,89
(3H; t; J = 6,6 Hz; H-18), hai nhém methylen xuat hién dudi dang quintet tai dy );
2,05 (4H; q; J = 6,6 Hz; H-8, H-14), hai nhom methylen xudt hién dudi dang triplet
tai oy 2,77 (2H; t; J = 6,6 Hz; H-11), 2,34 (2H; t; J = 6,6 Hz; H-2) trong d6 1 nhém
methylen gin véi nhom carboxyl (-COOH) cong hudng .Tin hiéu cua bén proton
dang olefin xuat hién dudi dang multiplet tai dy 5,32, 5,38 (4H, m). Ngoai ra con cd
tin hiéu cta cic nhém methylen chong chéo 1én nhau tai vung truong cao oy 1,25-
1,32. Phé C-NMR c6 tin hiéu cong hudng cua 18 nguyén tir cacbon trong do c6
mot nhom methyl (dc 14,0, C-18), 4 nhom methin dang olefin (d¢ 130,2 (C-9) va
128,1 (C-10), 127,9 (C-12) va 130,0 (C-13)), mot nhom carboxyl (d¢ 180,00 (C-1)),
va 12 nhoém methylen. Hai ndi d6i cua chat 2 duoc xac dinh cdu hinh Z dya trén do
dich chuyén cua cac carbon ké tiép C-11 (d¢ 25,6) va C-14 (5¢ 27,2). Qua cac phan
tich trén, két hop voi cac dir liéu da duoc cong b, cau tric hda hoc ciia 2 duoc xac
dinh 1a (9Z,122)-octadeca-9,12-dienoic acid [6]

Hop chét 3 thu duoc dudi dang bot mau tring, vo dinh hinh. Cong thirc phan
tir 1a CagHu003, dua trén phd HR-ESI-MS tai m/z 399,2902 [M—H]™ (Tinh toan ly
thuyét cho cong thitc [CasH3903] ~, 399,2905). Phé 'H-NMR cua 3 ¢b cac tin hidu
dic trung cia tiéu phan tyrosyl bao gom Jy 4,24 (2H; t; J = 7,2 Hz; H-1'), 2,85 (2H;
t; J= 17,2 Hz; H-2"), 7,07 (2H; d; J = 8,4 Hz; H-4', H-8'), 6,77 (2H; d; J = 8,4 Hz; H-
5', H-7"), cung vdi céc tin hi€u dac trung cho mdt acid béo khong no chira hai lién
két doi twong ty nhu hop chat 2. Phd *C-NMR ciing xuét hién cac tin hiéu dic trung
cho tiéu phan tyrosyl tai dc 65,0 (C-1'), 34,3 (C-2'), 127,8 (C-3'), 130,1 (C-4"), 115,4
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(C-5"), 154,4 (C-6), 115,4 (C-7"), 130,1 (C-8') cling nhu céc tin hiéu ctia mét don vi
octadeca-9,12-dienoic acid tuwong tu hop chit 2. So sanh s liéu pho NMR cua hop
chat 3 va so sanh vdi tai liéu tham khao cho phép xac dinh cau tric cia hop chét nay
1a tyrosyl linoleat [7].

Hop chét 4 thu dugc dudi dang dau. Cong thure phan tir 1a C,;H3g04, dua trén
phé HR-ESI-MS tai m/z 355,2830 [M+H]" (Tinh toan 1y thuyét cho cong thirc
[C21H3304Na]", 355,2843). Phé "H-NMR cua 4 c6 céc tin hiéu dac trung cho mot
hop chat triglycerid este tai oy 4,15 (2H; dd; J = 6,6; 12,0 Hz; H-1"), 4,20 (1H; dd; J
=4.8; 12,0; H-1"), 3,95 (1H; m; H-2"), 3,70 (1H; dd; J = 4,8; 11,4 Hz; H-3"), 3,60
(1H; dd; J = 6,0; 11,4 Hz; H-3") cung v6i cac tin hi¢u dac trung ctia don vi octadeca-
9,12-dienoic acid twong tu hop chat 2. Phd *C-NMR c6 tin hiéu cong hudng cua 18
nguyén tir carbon dic trung cho din xuét cia hop chét octadeca-9,12-dienoic acid
twong tu nhu hop chat 2 cing voi 3 tin hiéu carbon ¢6 chira oxy thuéc nhém ruou
glycerol tai d¢c 70,3 (C-1"), 65,2 (C-2"), 63,4 (C-3"). Qua cac phan tich trén, so sanh
v6i dir liéu da duge cong bd, ciu trac hoa hoc cia 4 dugc xac dinh 1a (S)-2,3-
dihydroxypropyl (9Z,12Z)-octadeca-9,12-dienoat [8].

Hop chét 5 thu duoc dudi dang bot mau tring, vo dinh hinh. Cong thirc phan
tir 1a Co7Hyg011S, dua trén phd HR-ESI-MS tai m/z 603,2755 [M+Na] " (Tinh toan Iy
thuyét cho cong thirc [C27Hss01:SNa]’, 603,2810). Phé 'H-NMR va "*C-NMR
khang dinh sy xuét hién cia 1 nhom duong va gbc este cia 1 acid béo khong no
(glycoglycerolipid), trong d6, cac tin hiéu phd twong tu v6i hop chét 2 cho phép xac
dinh day 14 este ctia octadeca-9,12-dienoic acid. Phd HMBC cuia hop chét 5 cho ra
tin hiéu cua proton anome tai Jdy 4,80 (H-1") tuong tac véi carbon ctiia nhom
glycerol (dc 70,6, C-1") chi ra vi tri lién két giita tiéu phan dudng véi nhom glycerol.
Phéi tir sulphoquinovos duoc dinh tai vi tri C-6" dugc xac dinh qua d6 chuyén dich
hoda hoc ctia C-6" (J¢ 54,3) cling nhu tuong tic HMBC gitta H-6" (dy 2,94 va 3,37)
voi C-5" (¢ 69,8) va C-4" (dc 74,9). Vi tri este hoa cua acid béo tai C-1 dugc xac
dinh boi twong tic HMBC gitta H-3' (dy 4,12; 4,22) va carbonyl carbon C-1 (d¢
175,6). Phan tich sb liéu phd cua 5 va so sanh voi tai liéu tham khéo cho phép xac
dinh ciu trac cua hop chét nay 1a cibotiglycerol [9].

Hop chit 6 thu dwgc duéi dang bot mau trang. Cong thic phan tir la
C10H3N504, dua trén phd HR-ESI-MS tai m/z 268,1042 [M+H]" (Tinh toan 1y thuyét
cho cong thirc [C1oH3N504], 268,1046). Trén phd 'H-NMR cua hop chit 6 cho biét
su ¢ mat cua hai proton thudc di vong thom tai oy 8,13 va 8,34, dac trung cho su cé
mat cua adenin, mot proton anome tai dy 5,87 (d, J = 6,5 Hz, H-1"), goi y sy c6 mat
cta phan dudng ribofuranosyl. Phd *C-NMR cua hop chét 6 xuét hién 6 tin hiéu cua
tiéu phan adenin tai dc 152,0 (C-2), 149,1 (C-4), 119,9 (C-5), 156,0 (C-6), 139,9 (C-
8) va cac tin hiéu cua duo‘ng rlbofuranosyl tai dc 87,9 (C-1"), 73,4 (C-2"), 70 6 (C- 3')
85,8 (C 4", 61,6 (C-5"). Sb liéu pho HR-MS va NMR ctia 6 hoan toan gidng véi sb
lidu pho cuia adenosin [10] cho phép két luan 6 chinh 14 adenosin.
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4. KET LUAN

Ttr sinh khéi cua vi tao Aurantiochytrium sp. SC145 dugce thu thap tai dao Son
Ca, quan dao Truong Sa, sau hop chat dd dwoc phan 1ap, bao gébm maot hop chét
dipeptid Cyclo-(L-Pro-L-Leu), mot acid béo la (9Z,127)-Octadeca-9,12-dienoic
acid, ba din xuit este ctia acid béo gom tyrosyl linoleat, (S)-2,3-dihydroxypropyl
(9Z,127)-octadeca-9,12-dienoat, cibotiglycerol va mét hop chét alkaloid 1a adenosin.
Két qua nghién ctru ndy gop phan lam sang to thanh phan hoa hoc cua loai vi tao.
Nhimng nghién ciru sau hon can dugc tién hanh dé danh gia tac dung sinh hoc cia
cac hop chét va cao chiét tir loai Aurantiochytrium sp. SC145.
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SUMMARY

ISOLATED COMPOUNDS FROM MARINE MICROALGAE
AURANTIOCHYTRIUM SP. SC145

Phytochemical investigation of the marine microalgae Aurantiochytrium sp.
SC145 led to the isolation of six known compounds including cyclo-(L-Pro-L-Leu)
(1), tyrosyl linoleate (2), (9Z,127)-Octadeca-9,12-dienoic acid (3), (S5)-2,3-
dihydroxypropyl (9Z,12Z)-octadeca-9,12-dienoate (4), cibotiglycerol (5), adenosine
(6). Structures of the isolated compounds were elucidated by HRMS and NMR data.

Keywords:  Aurantiochytrium,  cyclo-(L-Pro-L-Leu), tyrosyl linoleate,
octadeca-9,12-dienoic acid, cibotiglycerol, adenosine.
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