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LOI CAM ON
“Ludn dn Tién si nay sé khong thé tré thanh hi¢n thwce néu khong cé sw ving hé cd
vé mdt tri thirc ldn tinh thdn cua rat nhiéu nguwoi quan trong trong cudc doi toi.”

Khi méi bat dau chwong trinh Nghién ciru sinh va Ludn dn Tién si, qud thdt téi chua
bao gic nghi sé phai doi mdt véi qud nhiéu khé khan va thir thach dén vay. Qud trinh
thuc hién ludn dan la ca mot cudc hanh trinh voi du moi cung bdc cam xuc ca nhdn, lan
thir théch vé tri thire va néi luc con nguoi.

Dé hoan thanh chuong trinh Lugn an T ién si, t0i da nhdn dwoc sy quan tam, chia sé, hé
tro ciia rat nhiéu thdy co, anh chi, cac ban be cung khoa, déng nghiép tai cdac don vi.
Chinh vi thé, t6i muén bay t6 su biét on sdu sdc nhdt dén tat ca nhitng nguoi da luén &
bén canh téi ngay tir nhitng ngay dau bdt tay vao lam Ludn dn.

T6i xin chén thanh cam on PGS.TS. Nguyén Tién Thing, nguoi thay dang kinh da luén
nhiét tinh dong vién, huwomg dan, thiang thin gép y d@é téi hoan thién Ludn dn.

Toi ciing muon thé hién sw cam kich chdn thanh ciia minh dén TS. Pinh Minh Hiép,
nguoi Thay dd gieo mam va dan ddt cho téi tir nhitng buée dau tién trén con dwong
nghién cieu, da ho tro, dinh huomg, givip do va chia sé cing t6i trong sudt qud trinh thuc
hién Ludn an.

T6i xin chan thanh cam on cac Thc?y Co 0 Hoc Vién Khoa hoc va Cong nghé da luon hé
tro' t6i trong suot chuong trinh nghién ciru sinh. Tran trong cam on cdc Thay C6 gido
cua Vién Sinh hoc Nhiét doi da tan tinh truyéﬁ dat kién thire, gop y cho toi trong ca qua
trinh hoc tap va thyc hién dé tai.

Xin trdan trong cam on cdc Thc?y Co6 Khoa Sinh va Khoa Hoa, Truong PH Khoa hoc Ty
nhién- Pai hoc Quéc gia Tp. Ho6 Chi Minh dd nhiét tinh gop y va tao diéu kién thudn loi
cho toi trong suot qua trinh thuc hién dé tai.

Toi that sw cam kich sy giup do nhiét tinh va vo tw cua cac ban trong nhom nghién ciru:
em Tran Minh Trang, em Nguyé~n Tai Hodng em Huynh Thie va ... rdt rdt nhiéu thanh
vién khac. Ciac em da danh nhiéu tam huyét, thoi gian dé hé tro t6i. Chinh cic em da
mang dén cho t6i nhitng ndng lwong tich cuc va niém vui trong qud trinh hoan thanh
Ludn an.

Trén trong cam on Trwong PH Céng Nghiép Thuc Pham TP HCM, noi t6i dang céng
tac trong suot thoi gian thuc hién Ludn an, dac bi¢t Khoa Cong Nghé Thuc Pham va
cac Thay Co trong Bo Mon Khoa Hoc Thuc Pham da chia sé, tao moi diéu kién thudn
loi dé toi hoan thanh chwong trinh hoc tdp va nghién cuu.

Va cudi cung, téi xin danh tinh cam, su biét on doi voi gia dinh, nhitng nguwoi luén mong
moi, am tham quan tam, dong vién, khich l¢ dé toi hoan thanh Ludn an.

Mot lan nita, bang cad tam Iong, t6i chan thanh cam on tdt ca moi nguoi dd khéng ngai
kho khan va dong hanh cung t6i trén chang dwong dai cua nghién cuu sinh.

Tran trong!



LOI CAM POAN
T6i xin cam doan cong trinh nghién ciru nay 1a ctia chinh t6i. Cac s6 liéu, két qua trinh
bay trong Luan 4n nay 1a trung thuc va chua timg duoc ai cong bd trong bat ky cong

trinh nao khac.

Lé Thi Thay Hang
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DANH MUC CAC KY HIEU, CAC CHU VIET TAT

ABTS" 2,2 — azinobis — (3 — ethylbenzothiazoline — 6 — sulphonic acid)
TCA Trichloroacetic acid

CP Cordyceps polysaccharide

EPS Exopolysaccharide

ICs Half maximal inhibitory concentration
IL Interleukin

IPS Intracellular polysaccharide

GPC Gel Permeation Chromatography

LDL Low — density lipoprotein

MEA Malt extract agar

MDA Malodialdehyd

MW Molecular Weight: Trong lugng phan tu
NK Natural killer

OD Optical density: mat d§ quang hoc

C. sinensis ~ Cordyceps sinensis

CBB Coomassine Brilliant Blue

PDA Potato dextrose agar

PDYA Potato dextrose yeast extract agar
PE Petroleum ether

PSP Phtrc polysaccharide-protein
TCA Trichloroacetic acid

Tw Tween 80

YEA Yeast extract agar

UDP Uridine-diphosphate

SKK Sinh khdi kho
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PAT VAN DE

Cordyceps sinensis — tén thudng goi 1a Pong trung ha thao (tén dong danh
Ophiocordyceps sinensis), 1a mot loai ndm thudc 16p nam tui Ascomycetes ky sinh
trén loai sdu budm thudc bd canh vay Lepidoptera. Pay 13 ndm duogc lidu quy hiém
dugc ghi nhan trong Y hoc ¢6 truyén Trung Hoa. Nghién ctru hién dai di chimg minh
C. sinensis c6 tac dung tot cho stic khoe, ting cudng mién dich, chdng suy giam tri
nhd, lam cham qué trinh 130 héa, bao vé ndo va tim trong diéu kién oxy khi quyén. ..
Nhiing tac dung quy nay dugc cho 1a do ndm cé su da dang vé thanh phan cac hop
chit c6 hoat tinh sinh hoc nhu cordycepin, adenosine, polysaccharide, ergosterol,
protein, acid amin va cac nguyén t6 vi luong.

Hién nay, c6 rat nhiéu san phém duoc va thuc phém chirc ndng dugc phat trién
tir Dong triung ha thao. Pa s6 nhiing san pham nay c6 ngudn gbc tir qua thé ty nhién
ctia nim C. sinensis. Trong bdi canh sy khan hiém nguén nam tu nhién do bién doi
khi hau ciing nhu do nhu ciu st dung gia tang, cong nghé nudi cdy 16ng nhan tao nudi
sinh khoi ndm dugc xem 1a giai phap thay thé hiéu qua hién nay. Bang chung, trong
nhitng nim gan day mot vai dong san pham c6 ngudn gdc tir sinh khéi nam C. sinensis
da c6 mat trén thi truong ca trong va ngoai nudc. Mic du cong nghé nudi cay san
xuét sinh khéi nam C. sinensis mang lai gia tri kinh té 16n, nhung mot nguén loi khac
tir dich nuéi cdy dudng nhu bi lang quén. R rang, viéc thai bé dich nudi cay khong
nhiing gia ting chi phi xir Iy méi truong ma con 1am that thoat ngudn hoat chat sinh
hoc dang quy — polysaccharide ngoai bao exopolysaccharide (EPS). Nhiéu nghién
cuu chi ra réng EPS s6 hitu nhiéu hoat tinh sinh hoc nhu diéu hoa mién dich, khéng
khdi u, khdng oxy héa va giam duong huyét trong mau. Ngoai ra, hoat chat nay c6
nhiing tdc dung quan trong khac nhu khang viém, gidm mét mai, bao vé than va bao
vé khoi tia phong xa.

Céc nghién ctru thu nhan EPS tr dich nuoi céy nam C. sinensis chua nhiéu.
Thong tin vé hoat chat c6 hoat tinh sinh hoc, trong d6 c6 EPS hay con khiém ton.
Hon nira hoat chat do ndm C. sinensis tao ra phy thudc rat nhiéu vao moi trudng, diéu
kién va cach thirc nudi céy. Hién thong tin vé nhom hoat chat EPS do nam C. sinensis
tiét ra moi trudng nudi ciy long-tinh con it, dac biét 1a & Viét Nam con rat khiém t6n.

Do vay rat can co6 cac nghién curu tong thé vé moi trudng nudi cay 1ong-tinh nam C.
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sinensis co ban két hop bo sung cac yéu t6 kich thich tao sinh kh6i nam va EPS. Hoat
tinh sinh hoc ctia EPS n6i chung va cac phan doan EPS noi riéng phu thudc vao thanh
phan cau triic don phan, cau tric héa hoc va kich thude ciia chung. Hién nhiing thong
tin trén con rat khiém ton, ddc biét thong tin vé cau trac khung ciing nhu mach nhanh
cua cac phan doan EPS. Do vay rat can nhitng khao sat lién quan dén thu nhan, tinh
sach, danh gia hoat tinh sinh hoc va cAu trac khung ctia cac phan doan EPS thu nhan
tir dich nudi cdy léng-tinh nam C. sinensis.

Chinh vi nhiing 1y do néu trén, luan an nay tap trung nghién ctru mai truong
nudi cdy léng-tinh ndm C. sinensis lam co s¢ dé t6i wu quy trinh cong nghé san xuat
loai ndm duoc liéu nay tai Viét Nam. Nghién ctru thu nhan EPS va cac phan doan
EPS c6 hoat tinh sinh hoc tir dich nudi ciy ndm va nghién ciru nang cap hoat tinh sinh
hoc cua chung. Luén an s€ thuc hién 4 ndi dung nghién ctru sau:

- Noi dung 1 Khao sat ngudn nito thich hop trong nuéi ciy nam C. sinensis dé
thu nhan EPS c6 hoat tinh sinh hoc va nudi cdy ting sinh tong hop EPS bang cach bo
sung dau thyc vat.

- Noi dung 2 khdo sat thu nhén, tinh sach va cai bién sulfate hoa nang cao hoat
tinh sinh hoc cua cac phan doan EPS.

- Noi dung 3 khao sat thanh phén cAu tao va cdu trac hoa hoc ctia EPS thu nhan
tir dich nudi cdy léng tinh C. sinenesis.

- Noi dung 4 nghién ctru dé xuat quy trinh cong nghé nudi cdy long-tinh C.

sinensis tao EPS c¢06 hoat tinh sinh hoc.
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CHUONG 1 - TONG QUAN TAI LIEU

1.1. Gi6i thiéu vé nam Cordyceps sinensis
1.1.1. Nguén géc va vong doi phdt trién

Pau thé ki XIV, hoc gia nguoi Italia, Pier Andrea Saccarado dit tén cho mot
loai nAm tim thdy & Ty Tang, Trung Qudc 14 “Cordyceps sinensis”. Tén Cordyceps
c6 ngudn gdc tir tiéng Latin bao gom hai tir 13 “cord” va “ceps” ¢6 nghia twong tng
13 “than” va “dau”. Cac tir Latin két hop voi nhau mo ta chinh x4c qua trinh xam nhap
ctia nam Cordyceps. Cordyceps 14 loai ndm ndi ky sinh trén au tring va céac ca thé
truong thanh cta nhiéu loai con tring khac nhau [1].

Nam 1878, cac nha khoa hoc da phat hién ra nam nay ky sinh trén au trung cua
mot loai con trung thudce chi Thitarodes. Thuong dé gip nhat & sau non lodi T
baimaensis hodc T. armoricanus. Ngoai ra, hon 50 loai khac thugc ho Hepialidae
(Lepidoptera) ciing bi nAm thudc chi Cordyceps ky sinh. Vao cubi mua thu, cac chat
trén biéu bi cila siu non ho ngai dém twong tac véi cac bao tir nAm va hinh thanh cac
soi nam, c4c sgi nAm dam siu vao au trung. Pén dau mua he nam sau, ndm phat trién
manh va gay chét vat chu, sau d6 hinh thanh qua thé, phat trién va chui ra khoi mat
dat, nhung gbc van dinh vao dau vat chii. Do d6 nhiéu ngudi goi 1a nam “Péng tring
ha thao” béi vi mia dong ndm sdng trong co thé con tring, mua hé phat trién ra ngoai
co thé gidong nhu cdy co [2]. Tai Trung Qudc C. sinensis co6 tén goi la
“DongChongXiaCao”, tai Nhat Ban C. sinensis c6 tén goi 1a “Tockukaso” déu c6
nghia 1a Pong trung ha thdo [3] (hinh 1.1A).

Niam 2007 Sung va cong su dé nghi doi tén C. sinensis thanh Ophiocordyceps
sinensis [4]. Dau vay, danh phap C. sinensis van thuong duoc cac nha nam hoc st
dung trong cic bao cao khoa hoc nhu tén dong danh cuia O. sinensis. Hién nay da ghi
nhan hon 750 loai Cordyceps trén thé gidi nhu C. sinensis, C. militaris, C. martialis,
C. hawkesii, C. liangshanensis, C. barnesii, C. cicadicola, C. gracilis, C. ramose, C.
ophioglossoides va C. gunnii... [5]. Tuy nhién, cho dén nay ngudi ta méi chi nghién
ctru nhiéu nhat vé 2 loai Pong trung ha thio C. sinensis va Nhong tring ha thao C.

militaris.



Hinh 1.1. (A) Vong doi phat trién va (B) qua thé nam C. sinensis [6]

Nam 2010, mot nhém cac nha nim hoc cua My, Thai Lan va Han Quéc nghién
ctru va sap xép lai hé théng ctia nhém ndm Cordyceps. Theo két qua nghién ctru nay,
toan bo cac loai thuoc nhom nam Cordyceps dugc phan chia lai thudc vé 3 ho: ho
Clavicipitaceae v&i cac chi Metacordyceps, Hypocrella, Regiocrella va Torrubiella,
ho Cordycipitaceae véi chi Cordyceps; ho Ophiocordycipitaceae vdi 2 chi Cordyceps
va Elaphocordyceps [7] (hinh 1.1 B).

Phén loai

Gidi: Fungi

Nganh: Ascomycota

L&p: Sordariomycetes

B9§: Hypocreales

Ho: Ophiocordycipitaceae

Chi: Cordyceps

Loai: Cordyceps sinensis (tén dong danh Ophiocordyceps sinensis)

Phtic hop ky sinh ctia nAm va vat chi thuong dugc tim thay & thao nguyén voi
d6 cao 3000 — 5000 m so v&i muc nude bién. Chung phan bo chu yéu ¢ Tay Tang,
Thanh Hai, T Xuyén, Van Nam, Cam Tuc (Trung Qudc), Hymalaya va An D9...

dic biét phong phii va da dang trong rimg 6n déi va nhiét doi am [8].
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1.1.2. Thanh phin hoat chit c6 hoat tinh sinh hoc

Nam 1964, y hoc cd truyén Trung Québc di sur dung C. sinensis nhu mot loai
dugc liéu dung dé diéu trj cac rdi loan vé ho hap, than, gan, cac bénh vé tim mach,
yéu sinh 1y va cao huyét a4p. Bén canh d6, nghién ctru hién dai ciing da chimg minh
C. sinensis c6 cac hoat tinh nhu diéu hoa mién dich, khéng oxy hoa, trc ché hinh thanh
khéi u, khang khuan, khang ndm va khang di can. Nhimg tac dung cé loi d6 1a do su
da dang vé thanh phan cac hop chit co hoat tinh sinh hoc nhu polysaccharide,
cordycepin, nucleoside, adenosine, hydroxyethyl - adenosine, acid cordycepic, sterol,
acid amin, vitamin va nguyén t6 vi lugng... (Bang 1.1) [9]. Trong d6, nhom hoat chat
polysaccharide dugc nghién ciru nhiéu bai chiing ¢ hoat tinh sinh hoc cao nhu khéng
ung thu, khang di cin, khang oxy héa, diéu hoa hé théng mién dich, giam duong
huyét, giam cholesterol trong méu [10].

Bdng 1.1. Cac hoat chét chinh va dugc tinh ctia ching trong C. sinensis

Nhém chat Hoat tinh

Khang ung thu; 1am suy giam cac kich thich cua té

bao than kinh hé than kinh trung wong; e ché phong thich

Nucleoside cac chat dan truyén than kinh khac nhau; chdng co giat;
kich thich su phat trién cta soi than kinh in vitro va trong

hé théng than kinh trung wong ngudi

Khang oxy hoéa, khang ung thu; ting mién dich, ha

Polysaccharide , ' . L
dudng huyét; khang viém va diéu hoa mién dich.
Gay doc té bao, khang virus va tac dung khang loan
Ergosterol nhip tim; giam globulin A trong bénh 1y than, tién chét ciia
vitamin D
Mannitol Loi tiéu, khang ho va khang oxy hoa
Peptide Khang ung thu va tiém ning mién dich

Cordycepin Khéang phan bao, khang ung thu
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1.1.3. Nghién ciru nuéi ciy nhin tgo nim C. sinensis

Hién nay, C. sinensis khan hiém do nhu ciu sir dung ngay cang tang cua con
ngudi, do d6 da c6 nhiéu nd lyc tim ra phuong phap nudi cay nhan tao C. sinensis
thay thé nguon nam ty nhién béi vi loai nAm nay rat khé thu nhan do kich thudc nhé,
thoi diém tang trudng cham va tily thudc rat nhiéu vao diéu kién khi hau. Nghién ctru
cho thay nim C. sinensis c6 thé phan 1ap tir ty nhién, sau d6 duoc nudi ciy quy mo
16n bang cong nghé 1én men - nhiing gia tri sinh hoc ctia sgi ndm nudi cdy nhan tao
tuong tu nhu nhing loai Cordyceps tim thay trong ty nhién.

Nhu cau dinh dudng cho su tdng trudng soi nam phu thudc vao chung va diéu
kién nuodi céy, do d6, kiém soat duoc nhiing yéu td nuoi céy s& kiém soat duoc chét
luong san pham. Ngudn carbon 14 thanh phan dinh dudng anh hudng nhat dén qua
trinh sinh séng clia nAm, can cho nam téng hop bo khung té bao, bién dudng va tao
nang lugng. Céc loai nam khac nhau cé nhu cau sir dung cac ngudn carbon khac nhau.
Trong khi d6, ngudn nito 1a mot trong nhitng thanh phan chinh c6 vai tro quan trong
trong diéu hoa sinh hoc, chi phéi su phét trién ctia té bao, hinh thanh cac san pham
va enzyme té bao. Nam c6 thé str dung cac ngudn nito khac nhau dé sinh truéng nhu
ammonium, nitrate, peptide va cac acid amin. Ngoai ra ndm ciing sir dung mot so
khoéng chét va vitamin dé tang truong [11].

Hién nay, hai phuong phap nudi cidy ndm dugc sir dung cha yéu 1a nudi ciy
long va nudi cdy ban ran:

Phwong phap nudi cdy Iéng: mot s6 nghién ctru di duge bio céo trong vong
10 nam qua nudi cdy 1ong soi ndm cta C. sinensis 1a mot trong nhimg chién lugc hiéu
qua dé tang tong hop cac hop chét sinh hoc mong mudn vi dé dang theo ddi cac diéu
kién nudi cay va t6i wu hoa cac yéu t6 Iy hoa méi truong (Bang 1.2) [2], [12]. Phuong
phap nudi cay chil yéu sir dung tai Trung Qudc 1a nudi cay 1ong, trong d6 mot lugng
mé nhé Cordyceps duge cay vao moi trudng 16ng vo tring. Céc soi ndm Cordyceps
duoc thu hoach béng cach loc dich nuoi céy, sau do séy kho va nghién thanh bot min.
Sau khi séy kho, bot co thé sir dung truc tiép, hoac tiép tuc xur ly béng nudc nong hay
mot s6 dung moi khéc, céc cao chiét & dang long hoic dugc sdy kho. Phuong phap
nay tao ra san pham chat luong tot, quy mé 16n va dé kiém soét cac thong s tang

trudng, tao ra san pham dong nhat c6 chat luong it bién doi [13].
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Bang 1.2. Nghién ctru nudi cay long soi nam cua C. sinensis

Giong Thanh phin  Nhiét pH Phuwong Thoi Sinh EPS Tham

moi trudng do phap gian khéi (g/L) khao
(°C) (ngay) (g/L)
C. Saccharose 20, 20 4,0 Bé 16 20,9 4,1 Kim
sinensis bot bap 25, khudy va
CaCl, 0,78, 150 rpm Yun
MgS04.7H,0 (2005)
1,73 (g/L)
C. Saccharose 2 25 -  Bé 5 54,0 28,4 Chava
sinensis %, cao nam khudy cong
16 men 0,9 %, 150 rpm sy
K>HPO4 0,3 %, (2007)
CaCl2 0,4 %
(W/v)
C. Glucose 40, 22- 44 Bé 7 232 3,4 Leung
sinensis peptone 5, cao 25 khudy va
Cs- nam men 5, 150 rpm cong
HK1 KH>POs4 1, su
MgS04.7H,0 (2007)
0.5 (g/L),
NH4Cl1 10
mmol/l
C. Saccharose 26 7,0 Bé 4 12,3 24,5 Wu,
sinensis 20, cao nAm khudy Chen
men 2, 130 rpm va Hao
KH2PO44 (2009)
(g/L)
C. Glucose 30, - Bé 250 2,8  Yinva
sinensis peptone 15, - khudy cong
KH>PO4 3, su
MgS04.7H,0 (2013)
1,5, khoai tay
200 (g/L)

Phuong phap nudi ciy ban rin: gan diy qua thé ndm C. sinensis da dugc
nuodi céy thanh cong boi cac nha khoa hoc Nhat Ban va My. Nam dugc dua vao moi

truong ban ran da khir tring, thuong 1a hat ngii cdc hoic hon hop ngil coc, 4u tring
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con tring (phan con lai cta con tam), voi do am tuwong ddi 45 — 50 %. Mic di nudi
cdy nam C. sinensis trén moi truong ban ran giai quyét duoc nhiing van dé thuong
gip so v&i nudi cdy trén moi trudng 1ong nhur sy that thoat mot s6 hop chat sinh hoc
vao moi trudng nudi cdy, tuy nhién, thoi diém phat trién cta soi nam C. sinensis trén
moi trudng ban ran 1a rat cham va hiéu qua kinh té kém [14].

Nubi cdy long thuan loi hon cho soi ndm phét trién manh vi nudi cdy trong
khong gian nhé gon, thoi diém ngan hon va giam ty 1¢ nhiém [5]. Vi vay, nudi cay
nhan tao soi nAm C. sinensis trong mdi truong long 1a phuong phép c6 tiém niang dé
nhan sinh khbi ndm dugc liéu nay.

1.2. Tong quan vé polysaccharide ngoai bao — exopolysaccharide ciia nim C.

sinensis
1.2.1. Gigi thiéu chung vé polysaccharide

Polysaccharide 12 nhitng cau tric carbohydrate cao phan tir, duoc tao thanh tir
nhimg don vi dudng don lap di 1ap lai, lién két véi nhau bang cac cau ndi glucoside.
Nhiing cau triic ndy thudng c6 dang mach thang hoac mach nhanh. Ching duoc tong
hop & cac giai doan khic nhau trong qua trinh séng ciia sinh vat [15]. Polysaccharide
thudng c6 mau nau, khong mui, da so tan t6t trong nudc noéng, khong tan trong cac
dung moéi hitu co nhu methanol, benzen, pyridin, chloroform va hexan. Cac
polysaccharide c6 d6 hoa tan khac nhau, mot s6 d& hoa tan trong nudc lanh, s6 khac
hoa tan tét trong nudc nong, tuy nhién cé nhiing polysaccharide khong hoa tan trong

nudc.

Polysaccharide cua vi sinh vat dugc chia thanh 3 nhom chinh dua vao vi tri
clia chung trong té bio: polysaccharide noi bao cung cap ngudn carbon va nang lugng
cho té bao; polysaccharide vach té bao chira peptidoglycan, acid teichoic va
lipopolysaccharide. EPS 1a nhimng polysaccharide dugc tong hop trong té bao roi tiét
ra moi truong xung quanh, duoc céng bd dau tién vao nim 1861 bai Pasteur, mo ta
nhu 14 cac chat chuyén héa thir cip duoc tong hop chi yéu tir cudi giai doan tang
truong dén 6n dinh cua vi sinh vat. Trong d6, EPS c¢6 mot s6 uu diém vuot troi hon
hai nhém con lai bao gém tong hop sé lugng 16n trong thoi diém ngan, dé phan 1ap

va thu nhan [16].
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EPS c6 thanh phén va cAu tric rat da dang, chia thanh hai nhdém:
homopolysaccharide (polysaccharide ddéng hinh) va heteropolysaccharide
(polysaccharide di hinh). Homopolysaccharide chi chira cdc duong don cung loai hay
khac loai. No6i cach khiac 1a chi c6 carbohydrate trong thanh phan.
Heteropolysaccharide trong thanh phan ngoai carbohydrate con c6 cac thanh phan

phi carbohydrate nhu cac gdc acetate, phosphate, sulfate, protein va amin ... [15].

Polysaccharide trong qua thé hoic sgi nam C. sinensis chiém khoang 3 — 8 %
trong lugng khd. Polysaccharide & Cordyceps 1a mot phure hop c6 hoat tinh sinh hoc,
gdm cac loai dudng don gian & cac ty 1¢ khac nhau, bao gdom mannose, glucose va
fructose [17], [18]. Polysaccharide duoc sir dung nhu tiéu chuan dé kiém soat chat
luong sinh khdi nAm C. sinensis boi su phirc tap vé ciu trac va khéi luong phén tir
[1]. Polysaccharide tir ty nhién va nudi cdy C. sinensis dugc chirg minh c6 dic diém
hoa hoc twong ty nhau thong qua phuong phap “Ban d6 saccharide”. Ching chta chil
yéu 1,4-B-D- glucoside, 1,4-a- glucoside, 1,6-a- glucoside va cac lién két 1,4-B-D-
mannoside [19].

1.2.2. Con dwong sinh tong hgp exopolysaccharide

Vi sinh vat str dung ngudn carbon chu yéu 1a glucose dé tich tu sinh khi va

tong hop EPS, ngoai ra vi sinh vt con st dung cac ngudn carbon khic nhu
saccharose, maltose, lactose, fructose, galactose, xylose, cellobiose, sorbitol,
mannitol. Trong qua trinh chuyén hoa, t& bao nam chuyén duong don thanh uridine-
diphosphate (UDP) - duong don dé tong hop EPS. Con cac duong don nhu galactose,
mannose dugc chuyén thanh UDP-galactose va UDP-mannose, hoic UDP-glucose
roi méi duge hép thu [9]. Trong hau hét cac truong hop, su khéc nhau vé trong lugng
phan tir va thanh phan dudng cta EPS phu thudc vao thanh phan méi trudng va diéu
kién nudi cay khac nhau. Mot s6 yéu t6 anh huong lén sinh tong hop EPS clia nAm
C. sinensis bao gom [20]:
- Piéu kién nudi ccfy tao EPS ciia nam C. sinensis: phu thudc vao nhiét do, pH,
oxy, thoi gian nudi cdy... Sandfoxd (1979) cho rang hau hét cac nim tao duoc EPS
déu 1a hiéu khi hogc ky khi tily ¥ nén giéi han muc oxy cung cap sé giy bat lgi cho
sinh tong hop EPS. Piéu kién pH tir 3,0 - 6,5 va nhiét do tir 22 — 30 °C 1a thich hop
dé tong hop EPS. Khong giéng nhur EPS tir vi khuan, EPS tir nAm can thoi diém 1 1au
hon (4 - 15 ngay).
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- Thanh phan méi truong: Tung loai nam trong ho Cordyceps tao EPS st dung
ngudn carbon va ngudn nito khac nhau. Trong d6 C. sinensis st dung chii yéu nguon
carbon 1a saccharose (20 mg/L) va nguén nito tir bot ngd (25 mg/L). Ngoai ra vi
luong, dau thuc vat, NH4" va vitamin cling anh hudng dang ké 1én nudi céy nam C.
sinensis.

- Phwong phdp nudi cdy: Sinh tong hop EPS ctia nAm C. sinensis xay ra & cac
mirc do khac nhau trong nudi ciy lac, nudi cay long tinh, nudi cay ban ran va nudi
cdy ran.

EPS dugc tong hop ndi bao, sau do tiét ra moi trudng xung quanh, tuy nhién
c6 rat it thong tin vé con dudng sinh tong hop EPS tir nAm. Hién van chua cé cong
b chinh thirc ndo vé con duong sinh tong hop EPS tiét ra tir nAm C. sinensis vi su
phirc tap trong ciu triic EPS va phtic tap trong xir Iy cac enzyme lién quan. Cho dén
nay, nghién ctru vé EPS déu dwa vao con dudng sinh tong hop EPS cua vi khuan dé
du doan con dudng sinh tong hop EPS ciia ndm nho vao sy twong dong ngudn carbon
st dung va h¢ enzyme xuc tac.

Con duong sinh tong hop EPS cua Bifidobacterium IPLA-R1 gdm bbn giai
doan (Hinh 1.2). Thong thuong, bdn giai doan riéng biét xay ra trong khoang té bao
khac nhau: (1) sy hoat hoa dé tong hop cac tién chat, bao gém sy phosphoryl hoa
glucose thanh glucose-6-phosphate (Glucose-6-P) boi hexokinase. Mot phan
Glucose-6-P s& tham gia vao tao sinh khéi thong quan con dudng dudng phan. Phan
khac s& chuyén hoa thanh Glucose-1-P, 1a d¢au vao con dudng tong hop EPS. Uridine-
5'-diphosphate pyrophosphorylase s& xtc tic chuyén Glucose-1-P thanh UDP-
Glucose, 1a don phan dé tong hop EPS. (2) Su lip rap cac don vi EPS xdy ra nhd
enzyme glycosyltransferases (GTF) & bén trong té bao vi khuan. (3) Sy tiét cac don

vi EPS ra ngoai. (4) Tong hop EPS trén bé mit té bao [21].
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Hinh 1.2. Con dudng sinh tong hop EPS ¢ vi khuan Bifidobacterium IPLA-R1

1.2.3. Cac phwong phap thu nhdn exopolysaccharide

Do EPS tua trong dung méi hitu co, dac biét tua trong ethanol nén hau hét cac
nghién ctru déu su dung ethanol dé thu nhan EPS tr dich nuoi céy. Phan doan tua
EPS thoé duoc tinh sach béng cach loai bo protein, loai mau va tinh sach tach phan
doan qua cdt sdc ky nhu trao ddi ion, loc gel va sdc ky ai lyc. Cac phan doan EPS s€
duogc thoi ra khoi cot sic ky nho dung dich dém rira giai thich hop. Céac phan doan
EPS thu dugc s& dugc co dic, tham tach va dong kho [3,14,22,23,24,25].

Nhu vay, thu nhan EPS tir nudi cdy dich nudi ciy 1ong tinh ndm C. sinensis
van 12 mot linh vuc nghién ctru m&i mé chua duoc nghién ciru nhiéu. Do d6, van can
phai dau tu nghién ctru nudi cay ndm C. sinensis. Ngoai viéc nang cao san luong EPS,
cling can phai nghién ctru cai thién nang cap chét luong ctia n6 thong qua céc bién
d6i cau triic hoa hoc bang phuong phap sinh hoc, héa hoc hay sir dung enzyme... dé
c6 thé chu dong tao nguén dugc li€u c6 gia tri st dung trong duoc phém va thuc phém
chirc nang. Sau giai doan nudi cdy tinh EPS tiét ra tir nAm C. sinensis s& dugc thu

nhan va tinh sach.
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Theo Xiao va cdng su (2003), Kim va Yun (2005), Lee va cong su (2009) dich
nudi cay nim Cordyceps dugc thu nhan va ly tim 8500 vong/phut trong 20 phiit. Dich
no6i s& duoc co dic con 1/3 tong thé tich ban dau. Sau do, bo sung ethanol tuyét ddi
voi ty 1€ 1:2, gitt 6 4 °C, trong 1 gio va ly tm trong khoang 8.000-12.000 vong/phut
trong 20 phit. Loai tiia va dich n6i dugc loc qua mang loc (Milipore 0,45 pm). Dich
sau khi loc s€ tua véi ethanol tuyét ddi theo ty 1¢ 1:4, lic manh. Dung dich tua EPS
duoc giit 4 °C trong 24 gid va tia sé& dugc thu nhan bang cach ly tdm trong 20 phit.
Tua EPS nhén dugc s& dugce dong kho va xac dinh khéi lwong [18].

Theo Belwal va cong su (2019), dich nuoi céy ndm duoc thu nhéan theo céc
thoi diém khac nhau, sau d6 loc bang gidy loc Whatman 1. Dich loc s& dugc ¢o nudc
xudng con Y4 thé tich ban dau bang may c6 quay & nhiét d6 dudi 50 °C. Dich sau khi
6 dugc tham tach qua mang tham tach 12 — 14 kDa va tiia v6i ethanol tuyét ddi theo
ty 1€ 1:4, lic manh va dé qua dém ¢ 4 °C. Tua EPS dugc thu nhan béng cach ly tam
10,000 vong/phut trong 10 phut, gan bo dich noi. Tién hanh dong khd mau EPS thu
dugc va xac dinh khéi lugng ctia EPS.

Theo Negi va cong sy (2009), sinh khdi ndm dugc tach ra tir dich moi truong
long bang cach ly tam 4000 vong/phut trong 15 phit va dich ndi loc qua gidy loc
Whatman 1. Dich sau khi loc dugc tua voi ethanol 95 % theo ty 1€ 1:5 (v/v), gitt lanh
& 4 °C qua dém. Tua EPS s& dugc thu nhan bang cach ly tim nhu trén. Ham luong
EPS duoc x4c dinh bang phuong phéap phenol-acid sulfuric hap thu & budc séng 490
nm, lay glucose 1am chuan.

1.2.4. Hoat tinh sinh hoc cuia exopolysaccharide

Vai tro chinh ctia EPS 1a bao vé té bao trong moi truong séng. EPS dugc tong
hop va tiét ra moi truong khi té bao gap phai dicu kién séng khong thuan loi bao gom
canh tranh véi sinh vat khac, anh huong cta nhiét do, cuong do anh séng hay pH..
Tuy nhién, EPS khong dong vai trd du trit ning luong [27]. Nghién ctru cho thiy EPS
c6 MW tir 5-200 kDa thu tir mdi trudng nudi cay C. sinensis ¢ kha niang khang oxy
héa va diéu hoa mién dich [9].

Dong va Yao (2008) da tién hanh khao sat va danh gia kha niang khang oxy
héa ctia EPS thu tir dich nuoi C. sinensis thong qua 6 thi nghiém trén mo hinh in vitro,

bao gdm trc ché peroxide hoa acid linoleic, kha niang bat gbc ty do DPPH, superoxide
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anion, hydroxyl, danh gia hoat tinh khtr va kha ning tao phirc véi ion Fe. Két qua
EPS thu dugc ¢ hoat tinh tic ché qua trinh peroxide héa acid linoleic, kha ning bat
gbc tu do superoxide anion va hydroxyl tét hon so vé&i butylated hydroxytoluen, trc
ché hon 80 % gbc tu do DPPH va giam hoat tinh tao phirc v6i ion Fe [29].

IPS va EPS thu tir C. sinensis tu nhién hay nuoi céy nhén tao co hoat tinh diéu
hoa mién dich, khang khdi u, khang oxy héa va giam lugng duong huyét trong mau.
Ngoai ra, chung con c¢6 nhitng hoat tinh sinh hoc quan trong khac nhu khang viém,
giam mét moi, bao vé than, ting luong testosterone huyét trong va bao vé khoi tia
phong xa [12].

Hoat dong diéu hoa mién dich 1a chirc nang sinh hoc quan trong nhét cua
polysaccharide. EPS tir C. sinensis nudi cdy cam g tao ra TNF-q (nhan t6 hoai tir
khdi u), interleukin IL6 va IL10 phu thudc vao n@)ng dd va kich thich thuc bao trong
bach cau don nhan. Cheung va cong su (2009) di thu nhan EPS c6 MW 82 kDa, ¢6
kha ndng kich thich tiét IL2, IL6, IL8 [31].

EPS thu tir dich nuéi cdy ndm C. sinensis lam giam dang ké su biéu hién c-
Myc, c-Fos va nhén t6 phat trién mang trong mach méu trong chudt bi u melanine
B16. Do d6, EPS c6 thé ngin chin khéi u phat trién trong phoi va gan chudt va co thé
1a mot giai phap tiém nang trong liéu phap ung thu. EPS biéu hién hoat tinh khang
khdi u chu yéu théng qua sy ting cuong va hoat héa sy dép tmg mién dich ciia co thé
vat chu. EPS chiét tir mot chung C. sinensis vo tinh thudc Tolypocladium sinensis co6
thé {rc ché sy di can cua nhimng té bao u melanine B16 trong phoi va gan. Ngoai ra,
EPS nay ciing ngin chin sy phat trién khdi u H22 va ting hoat tinh mién dich trong
chudt mang khéi u H22 [52].

Li va cong sy (2003) di dung sic ky cot tinh sach modt phan doan giau
polysaccharide tir C. sinensis nudi cay c6 hoat dong khang oxy héa manh. Trong do,
phan doan CSP-1 MW 210 kDa c6 kha ning khidng oxy héa manh trong té bao
pheochromocytoma PC12 ¢ chudt, bao vé té bao khong bi pha huy boi H2O», tre ché
su peroxid hoa lipid va hoat hoa nhitng enzyme khang oxy héa chinh nhu glutathion
peroxidase va superoxid dismutase trong té bao. Gan day, mot EPS tir Tolypocladium
sinensis, mot chung C. sinensis vo tinh khac, c6 thé bao vé té bao PC12 khoi bi pha

huy boi H.O» bang cach ting hoat dong cuia glutathion peroxidase, catalase va
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superoxid dismutase, cling nhu gidm hoat dong cua lactate dehydrogenase va ham
lugng malondialdehyde [12].

Lin R va cong sy (2012) da nghién ctru hoat tinh cia EPS tir C. militaris
SUS — 08 cho thay EPS c6 kha nang bat goc tu do hydroxyl, superoxid anion va 1,1
— diphenyl - 2 — picrylhydrazyl (DPPH). Tt d6 c6 thé két luan EPS cua C. militaris
SU5 — 08 c6 hoat tinh khang oxy hda va ting cuong mién dich [24].

Két qua nghién ciru vé hoat dong khang oxy héa cua IPS va EPS tir ndm C.
gracilic boi Sharmi Stha Sinha va cong su (2015) cho thiy ca 2 hop chat nay déu co
kha ning khang oxy héa trén mé hinh in vitro nhu kha nang bat gbc tu do DPPH",
ABTS", nang luc khir va kha ning bat Fe [32].

Leung (2009) khi so sdnh ham lugng polysaccharide va protein trong phtrc hop
EPS tuong ung theo thdi gian nudi cdy nhan thdy ham lugng polysaccharide ting
dang ké tir ngay 4 (46 %) dén ngay 6 (70 %) trong khi ham lugng protein giam nhe
tr 29,3 % (ngay 4) xudng 27,9 % (ngay 5). Két qua phan tich MW cho thay khi MW
ciia EPS ting 1én thi luong protein giam xudng trong sudt qua trinh phat trién soi
nam. Pic tinh nay duoc duy tri dén phase can bang. Tac gia cho rang c6 su két hop
gitra polysaccharide v6i protein tao thanh phirc hop polysaccharide-protein (PSP) c6
MW tur 5- 200 kDa [33].

Chen va cong su (2010) da sir dung gel Superdex-G75 tach dugc 5 phan doan
tur EPS dat tén 1a OF-1, 1L, III, IV, V véi ham lugng protein kém theo trong cac phan
doan 1an luogt 14 3,4; 4,3; 6,1; 30,1; 50,5 pg/ml voi kha nang bat géc tu do ABTS" gia
tang khi ham lugng protein gia tang [34]. Céc thir nghiém trén nudi cdy té bao ciing
cho két qua twong tu. Két luan nay tuong dong véi cac cong bd cua Leung va cong
su (2009) [33].

Nhiéu nghién ciru cho thay hoat tinh khang oxy hoa, khang viém, diéu hoa
mién dich.... cia EPS 1a do cac EPS lién két véi protein, tuy nhién hién van chua rd
co ché protein lién két voi polysaccharide tao hoat tinh sinh hoc néi trén [14].

1.3. Lién quan giira cau triic va hoat tinh sinh hoc ciia exopolysaccharide

Dic diém cau tric va tinh chat 1y hoa cua polysaccharide phu thudc vao thanh

phén va trinh ty don phan, MW, loai va kiéu lién két glycosidic, ) lugng va vi tri

gin cac nhom phi carbohydrate va cau hinh chudi phan tir. Cau trac héa hoc cua



15

polysaccharide ndi bao (IPS) va ngoai bao (EPS) ctua C. sinensis tinh sach thuong
tién hanh bang phan tich pho hong ngoai IR, pho cong hudng tir hat nhan NMR, sic
ky khi GC, sac ki khi ghép khéi phd GC-MS, sic ky 1ong hiéu ning cao HPLC, acid
hoa, methyl hda, va thuy phan Smith.

1.3.1. Xdc dinh thanh phin don phan ciia exopolysaccharide tiv nim C. sinensis

Pé xac dinh thanh phan duong don, can phai tach duong don tir cac phtic hop
glycoprotein, lipopolysaccharide hay glycopeptide bang thuy phan acid, dung phan
(solvolysis) hay thiy phan bang methanol (methanolysis). Cac phan tir dudng don
tach ra s& duoc bién doi vé dan xuat phi hop dé phén tich. Thong thudng, chung dugc
bién d6i thanh cac din xuat bay hoi dé phan tich sic ky khi-long hay sac ky khi-long
két hop khéi pho [34].

Thuy phan bang acid 1a mét trong nhitng phuong phap phd dung nhat trong
phan tich thanh phan duong don, vi lién két glycosidic kém bén trong méi truong
acid va dé& dang bi pha v& [35]. Tuy nhién, mutc do kém bén ctua mdi lién két 1a khac
nhau, phu thudc vao vi tri, cu hinh anomer va ban chat cua don phan mang lién két.
Vi vay, dé thuy phan hi¢u qua, can dua vao thanh phén duong don cua EPS dé xac
dinh diéu kién thuy phan phu hop, bao gom loai acid sir dung , nong do acid, nhiét do
phan ung, thoi gian phan tmg va mot sb yéu t6 khac [35][34]. Acid hydrochloric, acid
sulfuric va acid triflouroacetic (TFA) 1a nhiing acid thuong xuyén duoc st dung trong
phan tich thanh phan dudng don [36].

Quy trinh phén tich thanh phan duong don gdm cac budc cat lién két glycoside
bang acid tao din xuat. Tién hanh dinh tinh va dinh luong din xuét hinh thanh. Sac
ky trao doi ion voi dau do do cuong do xung (pulsed amperometric) 14 phwong phap
phan tich thanh phan dudong don khong can tao dan xuit. Gan ddy, cac nha nghién
ctru con dung phuong phép tao dan xuat 1-phenyl-3-methyl-5-pyrazolone (PMP) dé
phan tich thanh phan dudng don cta polysaccharide tir C. sinensis (hinh 1.3).
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CAu truc cua polysaccharide tir C. sinensis ty nhién dugc nghién ctru 1an dau
tién bdi Miyazaki va cong su (1977). Phan doan polysaccharide CS — I hoa tan trong
nude duoc ly trich va tinh sach bang cat phan doan véi ethanol va loc gel. Ty 1& mol
gitta D—galactose va D-mannose 1a 1: 1 dugc x4c dinh sau khi thuy phan CS — 1.

Theo cac két qua nghién ciru trude ddy duong don thuong co trong IPS va EPS
la mannose, glucose va galactose vdi ty 1€ mol khac nhau. Nam 2011, polysaccharide
CBHP dugc Nie va cong su thu nhan tir dich nudi céy C. sinensis c6 thanh duong
don gém 95,19 % glucose, 0,91 % mannose, 0,61 % galactose [10]. Yan va cOng su
(2010) thu nhan polysaccharide EPS-1A tir dich nudi cay Tolypocladium sp. chita
15,2 glucose : 3,6 mannose : 1 galactose theo ty 1€ mol [25]. Nam 2009, Kim va cdng
su thu duoc polysaccharide PS-A cé thanh phan gém 2 glucose: 1 mannose: 1
galcatose [37]. Chen va cong su (2009) da thu nhén dugc polysaccharide CS-Pp c6
thanh phan gém glucose, mannose, galcatose theo ty 1¢ mol 21: 2: 1 [38]. Cung niam,
Wang va cong su (2009) da thu nhan phan doan polysaccharide CPS1 tir dich nu6i
ciy C. sinensis c6 thanh phan gom 2,8 glucose: 2,9 mannose: 1 galactose [39]. Wang

va cdng su (2010) da phan tich mot phan doan polysaccharide voi MW khoang

3 .
7,710 Da tir sinh khoi nam Cordyceps c6 ty 1€ mannose : galactose 1a 1:9. Phan tich
IR va NMR cho thdy c6 mot khung sudn a- D- glucan véi cac lién két (1-4) va (1-3);
va cac mach nhanh ctia o- D- (1-6)- mannose dugc gin vao khung suon qua vi tri O-

6 ciia goc o-(1-3)-galactose. Nghién ctru nay ciing cho thiy cc phan doan c6 MW
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trong khoang 10— 1000 kDa c6 xu huéng tan trong nudc tot hon va vi thé c6 hoat tinh
khang khéi u hiéu qua hon [40].

Trong khoang 30 nam tr& lai ddy, cdc nghién ciru thanh phan dudng don cua
céc polysaccharide dugc tach tir C. sinensis ty nhién ciing nhu nuéi cdy nhan tao cho
thiy, polysaccharide trong C. sinensis thuong dugc tao thanh tir cac don phan gém
glucose, mannose va galactose. Mach chinh polysaccharide ctua C. sinensis trong tu
nhién la mannose. Con & C. sinensis nuoi céy nhan tao thi mach chinh polysaccharide
c6 thé 12 mannose hodc glucose. Pay 1a mot két qua thi vi ching to thanh phan, cdu
triic cua polysaccharide tao & C. sinensis phu thudc nhiéu vao diéu kién nudi céy.
1.3.2. Xdc dinh céu tric ciia exopolysaccharide

Céc EPS sau khi tinh sach dugc str dung cho cac nghién ctru sdu hon vé hoat
tinh sinh hoc va c4u triic hoa hoc. Ciu tric so cip ciia phirc hop carbohydrate da dugc
lam sang to trong cac nghién ciru vé: 1) thanh phan duong don; 2) céac lién két trong
cAu tric; 3) kich thudc vong; 4) cAu hinh lap thé; 5) trinh tu géc mono va cac don vi
lap lai; 6) nhom chuyén hoa va 7) su phan bd kich thude phan tir. Cu thé nho cac
phuong phap hoa hoc co ban va phuong phap phan tich ciu tric hién dai.

Phwong phap hoa hoc co bdan

o Phwong phdp thity phdn thong qua viéc cit dit cac lién két glycosidic.
Mot trong nhitng phuong phap héa hoc xuat hién sém nhat 13 str dung céc acid thuy
phan timg phan phitc hop carbohydrate thanh cac doan oligosaccharide. Cac loai acid
thuong dugc st dung nhu trifluoroacetic acid (TFA), sulfuric acid (H2SOs),
hydrofluoric acid (HF). Nén loai bé TFA sau khi thuy phan vi n6 gay kho khan cho
viéc xac dinh lién két p-(1—4)-cellulose [41]. Pé thuy phan hiéu qua mot
polysaccharide, cin dua vao thanh phan dudng don ciia né dé chon diéu kién thuy
phan phu hop, bao gém loai acid, n@)ng dd acid, nhiét d§ phan ing, thoi gian phan
ting va mot s6 yéu t6 khac [41, 25]. HCI, HoSO4 va TFA 1a nhing acid thudng xuyén
dugc sir dung trong phan tich thanh phan duong don. Trong d6, TFA thuong duoc
lwa chon vi mét s6 wu diém nhu higu qua thuy phan lién két glycosidic cao, it giy ton
hai cho phan tir dudng don vira duoc tao ra, dé dang loai bé sau phan tng do tinh dé
bay hon. Mic du don gian, dé thiét 1ap va tuy chinh, phuong phap nay ciing c6 mot
s6 khuyét diém 13 luong don phan dudng thu dugc thuong thap. Yang va cong su

(2009) da tién hanh phén tich thanh phan cuia carrageenan bang TFA lodng. Két qua
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thu nhan dugc di gitip cic nha nghién ctru hiéu sau hon vé co ché tac dong ciia phan
g thuy phan carrageenan, dong thoi cung cap thém thong tin vé dic diém cau trac
cia nhom chat nay [4]. V6 Thi Phuong Trang (2019) da sir dung TFA dé phan tich
mau EPS thu tir dich nudi céy nam C. sinensis tai phong thi nghiém Sinh ho4, Dai
hoc Khoa hoc Tu nhién, PHQG TP.HCM. T4c gia tao dan xuat tir dich nuoi céy sau
thuy phan bang PMP va phat hién bang phuong phép sic ky 16ng hiéu ning cao.
Ngoai ra, két hop nhiéu phuong phéap khac nhau s& ting hiéu xuat cia phan tng thiy
phan [42]. Chen va cong sy (2019) da tach EPS tir chung ndm Antrodia cinnamomea
va thuy phan v6i TFA 4M ¢ 95 °C trong 4 gio. Két qua phan tich cho thay thanh phan
duong don g@)m 33,32 % galactose, 26,78 % glucose, 17,89 % arabinose va mot lugng
nhd mannose, xylose, fucose va rhamnose [43].

o Methyl héa: Thuong két hop cung voi acid s& cho két qua thuy phén tot
hon. Methyl héa két hop véi acid HF thiy phan giai phong cac don vi acid duong rat
t6t tir pectin. Kim va cong su (2006) xac dinh cau tric cta polysaccharide bang cach
t6i wu phuong phap methyl hod bo sung thém mot quy trinh tién hoa tan véi glycerol.
Mau thé duogc hoa tan véi glycerol va 100 puL dimethyl sulfoxide, thém NaOH lam
chat xuc tac. Methyl iodine dugc thém vao sau d6 roi ldp lai quy trinh xac dinh thanh
phan duong don. Céu triic ctia polysaccharide dugc phan tich GC-MS [44].

. Oxi héa H>0; va thodi hod Smith: St dung periodate ion (I04) dé oxy
hoéa nhom glycol cuia acid polysaccharides nhu heparin va polygalacturonate. Su két
hop cua 3 phuong phéap oxi héa H>O,, khir va thily phan nhe bang acid goi 1a thoai
hoa Smith tao ra cac dudi glycerol va glucan khong khir. Pac diém cua cac duong
don hay oligosaccharides c6 thé cung cap thong tin vé ciu trac gbc cia
polysaccharide.

- Cac ki thudt phan tich hién dai:

o Phé UV-Vis va FTIR: Thanh phan uronic acids trong polysaccharide
duogc xac dinh bang phuong phap do phd UV-Vis. Khdi pho dau do FTIR cho phép
xac dinh chuyén dong phan tir va cac lién két giira cac nguyén tir, loai dudng don,
lién két glycosidic giira chiing va nhém chirc trong cau tric clia polysaccharide [45].
Ren va cong su (2019) sir dung pho hong ngoai (FT-IR) dé du doan cac nhom chirc
chinh va khung suon hoa hoc ctia polysaccharide chiét xuat tir C. militaris nhan thay

cac peak hap thy cia polysaccharide xuat hién & 3600-3200 cm™, 3000-2800 cm’,
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1640 cm™ va 1500-1300 cm™!. Vung peak trong khoang 3600-3200 cm™! twong tng
v6i d6 rung kéo dai ciia O-H va lién két hydro lién phan tir. Cac peak trong ving
3000-2800 cm™! twong tmg véi su rung dong cua C-H, vung 1640 cm™! dap tmg véi
gbc -CHO. Bén canh d6, ba peak & 1154 cm™, 1080 cm™ va 1023 cm™! tuong tmg véi
su hap thu ctia C-O-C trong nhom pyranose va hydroxyl. Rung dong kéo dai d6i xing
clia vong pyranoid xuat hién & tin hiéu 761 cm™. Pinh hap thu & 850 cm™ 1a ddu hiéu
cua lién két a-glycosidic. Do d6, cac tac gia két luan polysaccharide tir C. militaris
c6 cau truc twong dong voi a-pyranose [46].

. Sdc ki va khoi phé: Phuong phap GC va HPLC duoc sir dung dé phan
tich polysaccharide thily phan bang TFA hodc sau khi methyl hoa, oxi héa véi
periodic acid, thoai hoa Smith [45]. Chen va cong sy (2016) d3 st dung HPLC dé xac
dinh din xuat PMP-EPS bang cach xir 1i EPS véi 450 uL dung dich PMP (phenyl
methyl pyrazolone) va 450 uL NaOH 0,3 M ¢ 70 °C trong 30 phut. Ding phan (g
bang cach trung hoa vai 450 pL HC1 0,3 M. Sau d6 chiét xuat v&i chloroform. Dich
chiét xuat duoc phan tich bang HPLC véi dau do UV, c6t ZORBAX Eclipse XDB-
C18 (5 um, 4,6 mm x 150 mm) [36]. Thanh phan don phan ciia cic phan doan EPS
cling duoc Trang va cong su (2018) phan tich bang phuong phap HPLC. EPS duoc
thuy phan véi 5 mL TFA 2 M ¢ 120 °C trong 6 gi. Thém 100 uL NaOH 0,3 M va
200 uL PMP 0,5 M trong MeOH 1 & 70 °C trong 1 gio, lam ngudi dén nhiét do phong,
diéu chinh vé pH 7 bang HCI 0,3 M. Mau sau d6 duoc phan tich bang HPLC véi cot
Lichrosob RP18 (25 cm x 4,6 mm).

o Phé cong hwéng tir hat nhdn (NMR) ciing thuong duoc sir dung dé xac
dinh cdu trac tong thé cua polysaccharide [45]. Yuan va cong sy (2016) da sir dung
phé NMR 1D va 2D (bao gdbm HMBC, COSY, HSQC, HSQC-TOCSY, 1D-TOCSY
va NOESY) dé dy doan cau trac tong quan cua polysaccharide chiét xuat tir L.
barbarium. Két qua cho thiy tin hiéu ¢ 4,53 ppm trong phd proton 1a ciia B-D-Galp.
Pho HSQC cho thdy C anomeric c6 sy thay doi tin hiéu hod hoc (103,7 ppm). H-2/C-
2 duoc ghi nhan bang pho COSY va HSQC ¢ tin hiéu 1an luot 14 3,67/70,6 ppm. Pho
1D TOCSY cho thay c6 sy dich chuyén hod hoc ctiia H-3 va H-4 tuong tmg 1a 3,73
va 4,14 ppm, tin hi¢u H-5/C-5 (3,95/77,1 ppm) va H-6a, -b/C-6 (3,90, 4,04/70,0 ppm)
[47]. Ren va cong su (2020) cho biét cac tin hiéu cia polysaccharide tap hop trong
pham vi hep tir § 3,5 d&én 8 5,5 ppm. Tin hiéu tir phd 'H NMR ciia cau tric o-pyranose
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thuong dugc gioi han tur 6 4,8 dén 5.3 ppm. Trong khi cau trac B-pyranose tur 6 4,4
dén & 4,8 ppm [46]. 3 tin hiéu chinh ctia H anomeric nam trong ving & 5,16 — 5,41
ppm cho théy co3 géc duong khac nhau. Sy thay d6i hoa hoc & mure § 5,41 ppm duogc
cho 1a tin hi¢u do H anomeric cua a-glucose [48]. Peak ¢ tin hi¢u 6 5,16 ppm, 6 4,44

ppm thudc vé H anomeric tuong tng v4i o-mannose va p-galactose [49].

1.3.3. Méi lién quan giita céu tritc va hoat tinh sinh hoc ciia exopolysaccharide cé
nguén géc tiv nim C. sinensis

Nguon gbc, tinh chat phan tir, cau triic hoa hoc, thanh phan don phan va hoat
tinh sinh hoc cua EPS tach chiét tir dich nuéi cdy nim C. sinensis dugc tong hop ¢
bang 1.4. Dit liéu cho thay dic diém ciu trac va thanh phan hoéa hoc cua
polysaccharide quyét dinh hoat tinh sinh hoc cua chung. Tuy thudc vao diéu kién,
moi trudng nudi cdy va chung gidng C. sinensis ma cac EPS c6 cau tric va thé hién
hoat tinh sinh hoc khac nhau.

Pién hinh 1a EPS-1A tach chiét tir dich nudi ciy ndm Cs-HK 1 (Tolypocladium
sp. phan 1ap tir C. sinensis ty nhién) [50] c6 MW 40 kDa véi thanh phan don phan
glucose:mannose:galactose theo ty 18 15,2:3,6:1,0 M. Két qua phan tich cho thay,
EPS-1A 1a mot polysaccharide phan nhanh nhe véi bd khung gém (1—6)-0-D-
glucose (~77 %) va (1—6)-0-D-mannose (~23 %). Phan nhanh & vi tri O-3 cua
(1—6)-a-D-mannose cta khung (1—6)-a-D-mannose va két thuc véi dudi p-D-
galactose. Trong khi dé, ciing phan 1ap duoc galactomannan dang lién ké a-1,6 tir C.
sinensis ty nhién c6 thanh phan chinh 14 galactose (~68,65 %) va glucose chi ¢6 6,65
%, mannose 24,02 % [39] rat khac v6i EPS-1A tach chiét tir C. sinensis nudi ciy nhan
tao.

Nhu vay, hoat tinh sinh hoc ctia EPS phu thudc chu yéu vao cAu trac phan ti,
thanh phan don phan, lién két glycosidic ciia bo khung, dang va do polymer héa cia
mach nhanh, cau triic khong gian va tinh linh dong ctia chudi [33]. Trong dé thanh
phan don phan, loai lién két glycosidic, cach thic lién két va céu triic khong gian 13

quan trong nhat.
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Bing 1.3. Exopolysaccharide (EPS) tir nAm C. sinensis: nguon, ciu tric hoa hoc

va hoat tinh sinh hoc cta chung

Ngud Thanh pha ;
guon AAPTY  Thanh phindon TLPT  Hoattinh  Tham

polysaccharide . . .
h kD hh kh
va protein (%) phan (kDa) SInf hoe a0
EPSF 87,7val5 - - Piéu  hoa  [I12]
mién dich va
khang khéi u
EPS-III 73,9 va 8,6 - 0,1 - Khang oxy [51]
250 hoa
EPS-1 90 va khong - 38 Khang oxy [52]
dang ké hoa
EPS - Mannose, glucose 104 Tang cuong [3]
va galactose = mién dich
23:1:2,6
AEPS-1 - Glucopyranose va 36 Tang cuong  [25]
pyrano- mién dich
glucuronic acid =
8:1
EPS - MannoseNH>:Gal Khang oxy [53]
actoseNH»:Galact hoa
ose =1,0:1,1:0,3
EPS 27,6 — 36,5 va Glucose, - - [14]
27,8 -31,1 galactose va
mannose

1.4. Phuwong phép cai bién nang cip hoat tinh sinh hoc ciia exopolysaccharide
1.4.1. Phuwong phadp tinh sach exopolysaccharide

Nham tim hiéu hoat tinh ctia EPS 1a do thanh phén nao, da tién hanh tinh sach,
loai bo cac thanh phan lién két voi EPS. Su ¢6 mit ciia protein, dudng don va cac
oligosaccharide trong dich EPS anh hudng dén phan tich.

C6 mot s6 phuong phép loai protein dugc st dung nhu phuong phap Sevag,

phuong phap TCA (trichloroacetic acid), phuong phap NaCl, phuong phap CaCl,
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hoic sir dung enzyme cat va két hop cac phuwong phap nay véi nhau. Hién phuong
phap Sevag dugc sir dung nhiéu nhat do tinh pho bién, hiéu suat va hiéu qua kinh té.
Huang va cong su (2010) loai protein ra khoi oligosaccharide bang cach bo sung dich
Sevag vao dich EPS theo ty 18 5:1. Lac déu 5 phut, ly tim & 2000 vong/phit trong
vong 10 phit. Thu dich noi, 1ap lai thi nghiém 3-5 lan. Tua dich ndi thu dugc véi
ethanol tuyét déi ty 1& 1:4.

Chen va cong su (2013) da nghién ctru loai protein ra khoi phttc hop PSP cua
nam linh chi. Dich mau dugc bd sung dich Sevag 4:1 lic manh cho dich d@)ng nhét
trong vong 5 phut, sau d6 dé yén trong vong 15 phiit. Dich s& tach 1am 2 pha, thu dich
ndi & pha o trén, 1ap lai thi nghiém 3 1an, tia dich ndi thu dugc vai ethanol tuyét d6i
ty 1¢ 1:4, ly tAm thu tia, rira tiia bang ethanol tuyét doi, siy kho va bao quan & 4 °C
[55].

Huang va cOng su (2011) da loai protein ra khoi phure voi EPS. Dich EPS dugc
chinh vé pH 3 bang TCA 10 %. U hén hop dung dich trong vong 24h sau d6 ly tam
5000 vong/phut trong 10 phut. Thu dich ndi. Lap lai thi nghi¢m 1-2 lan. Tua dich nbi
thu dugc véi ethenol tuyét ddi ty 16 1:4 [54].

Sau khi loai bo protein EPS s& duoc 1am sach bang phwong phap tach va khir
mau. Sau d6 tinh sach bang sic ky trao doi ion, sic ky loc gel va sac ky 4i luc. Qua
trinh rtra giai duoc tién hanh v&i dém, tiép theo 1a c6 dac, loc va dong khd. Ngoai ra,
dya trén do tan khac nhau ctua chung trong ethanol, isopropanol va cac dung moi
khéc, s€ thu dugc cac phan doan EPS khac nhau. Huang, Siu, Wang, Cheung va Wu
(2013) da tach cac phan doan EPS tir méi trudng 1én men ctia C. sinensis bang ethanol
[50].

Kim va Yun (2005) di tinh sach EPS tho bang sac ky cot Sepharose CL-6B
(2.4x100 cm), rira giai véi NaCl 0,2 M ¢ toc do dong 0,6 ml/phit. Sic ky loc gel
Sepharose CL-6B thu dugc 3 phan doan EPS tir mdi truong nam nudi cay trong moi
truong thuong va 2 phan doan thu tir moi truong nudi ciy t6i wu. Phan tich sic ky
chtg minh tat ca cac phan doan EPS thu duoc déu khong chira protein [58].

1.4.2. Phwong phdp cdi bién ciu tritc héa hoc ciia expolysaccharide

Céau tric hoa hoc cua polysaccharide quyét dinh hoat tinh sinh hoc. Do vay,

nhiéu nghién ctru tap trung vao cai bién cau triic hda hoc polysaccharide dé tao ra
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nhimg dan xuat co tac dung dugc Iy méi tot hon so véi polysaccharide tu nhién [33,
56]. C6 3 cach tiép can duoc ap dung dé cai bién polysaccharide hién nay 14 céi bién

bang héa hoc, sinh hoc va vat 1y (Bang 1.5) [56].

Bang 1.5 Cac phuong phép cai bién polysaccharide [56]

. Phwong phap hoa hoc
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* Phuwong phap sinh hoc

Thuong st dung cac enzyme phan giai cat cac lién két cta polysaccharide, lam giam
MW va dg nhét ctia chung. Phuong phap nay c6 do dac hiéu va hi¢u qua cao hon
so véi phuong phap hoa hoc, khong anh huong dén mach chinh ctia polysaccharide

* Phuwong phap vat ly

Song siéu dm: cat mot vai lién két hoéa hoc cua dextran pyran, lam giam MW va
tang do hoa tan, nang cao hoat tinh.

Lo vi song: phan ra polysaccharide, ting d6 hoa tan va hoat tinh

Bikc xa: su dung tia Gamma Co-60 bé gdy ciu tric, ting d6 hoa tan va hoat tinh
khang oxy hoda cua polysaccharide.

Nghién ciru trong luan 4n nay tap trung vao cai bién hoa hoc EPS tach chiét tir
dich nuéi cay nim C. sinensis bang cai bién sulfate héa. Cac dit liéu khoa hoc cho
thidy nhom SOs* c6 vai trd quan trong trong viéc cai thién hoat tinh sinh hoc cia
polysaccharide [29, 33, 41, 57, 58, 59, 60]. Hau hét cac polysaccharide sulfate bi mét
hoat tinh dugc cho 1a c6 lién quan dén sy loai bo nhom SO4* [56].

C6 nhiéu phuong phép sulfate hoa polysaccharide duge sir dung nhu phuong
phap oleum-dimethylformamide (DMF), phuong phap SOs-pyridine, phuong phéap
acid chlorosulfonic (CSA)-pyridine (Pyr) va phuong phdp acid aminosulfonic
(ASA)-pyridine (Pyr) [23]. Trong do, phuong phap CSA-Pyr thuong duoc ap dung:
Hdn hop polysaccharide hoa tan va phtic hop CSA-Pyr dugc phan tng dudi diéu kién
nhi¢t do thich hgp trong mdt khoang thoi gian nhét dinh véi mot ty 1¢ CSA/Pyr dugc
kiém soat. Poi voi polysaccharide hoa tan kém thi nén dugc phan tan trong dung dich
ion truéc khi phan tmg véi phitc CSA-Pyr. Nhuoc diém ctia phuong phap nay 1a CSA
c6 tinh oxy héa manh va thoi gian phan Gng lau c6 thé pha v& cau tric cia
polysaccharide [56].

Gan day, mot s6 dan xuat polysaccharide sulfate tur nam duoc liéu/thuc vat da
duogc tong hop bang phuong phap CSA/Pyr. Cac két qua nghién ctru cho thay hoat
tinh sinh hoc cua cac dan xuit sulfate déu cao vugt troi hon so véi polysaccharide tu
nhién. Trén dbi tuong nam C. sinensis, Yan va cong su da thu duoc dan xuit S-EPS-
1D bang phuong CSA/Pyr c6 hoat tinh bat gbc tw do ABTS" va hydroxyl cao hon so
v6i EPS tu nhién [61].
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Hién nay, nguén polysaccharide sulfate tu nhién dugc tim théy nhiéu tir cac
sinh vat bién, dic biét 1a tur rong bién (macroalgae) voi ham lugng sulfate rat cao, vi
du carrangeenan, agaran, fucoidan va ulcan... [62]. Ngoai tinh chat luu bién tao gel
va dong tu (gelling and thickening), cac polysaccharide nay con thé hién nhiéu hoat
tinh sinh hoc quan trong nhu khang dong mau, khang virus, khang viém va tang
cuong mién dich. Chiing con dugc g dung rong rai trong thye pham chirc ning, my
pham va duoc pham [63]. Sau day 1a mot s6 polysaccharide sulfate dugc nghién ciru
va ung dung hién nay.

Fucoidan 1a mot loai polysaccharide sulfate, c6 mat chu yéu & thanh té bao cac
loai rong bién nau (chu yéu tir Fucus vesiculosus), chita chii yéu L-fucose (CsH1205s)
va cac nhom ester sulfate (Hinh 1.4). Nhom sulfate thuong ¢ vi tri C-2, C-3 hoac C-
4 35, 63].

Hinh 1.4. Céu tric hoa hoc cta fucoidan [30]

Ulvan 1a polysaccharide sulfate hoa tan dugc chiét xuét & rong xanh thudc bd
Ulvales, véi thanh phan chinh gom rhamnose, xylose, acid iduronic va acid
glucuronic gén nhém sulfate. Cau trac hoa hoc gém cac don vi duong doéi loai 3-
sulfate acid ulvanobiouronic 13p lai c6 hodc khong kém theo acid glucuronic va
iduronic (Hinh 1.5). Trong phan tir, nhom sulfate thudng xuat hién vi tri C-3 ctia don

phan rhamnose va & vi tri C-2 cua don phan xylose (Hinh 1.5) [63].
A E

; e HiC 720
e ALY oo ot
"0 OH
0150 “00C
° OH

0 OH

Hinh 1.5. Cau tric don vi disaccharide cua ulvan. A. [—4)-p-D-Glcp-(1—4)-0-L
—Rhap3S-(1—].; [—4)-B-D-Idop-(1—4)-a-L —Rhap3S-(1—].. Glep: acid
glucuronic; Idop: acid iduronic, Rhap3S: 3-sulfate rhamose [19]
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Tém lai, polysaccharide sulfate 1a nguén hoat chit c6 hoat tinh sinh hoc gia tri
cao. Nhitng dir liéu trén 1a co s khoa hoc cho nghién ctru cua luan an nay tap trung
nghién ctru tao cac dan suat sulfate EPS tach chiét tir dich nuéi ciy long-tinh ndm C.
sinensis.

1.4.3. Phuong phdp kich thich ting sinh tong hop expolysaccharide

Nhimng diéu kién sinh truéng va yéu to dinh dudng khac nhau ciing dugc
nghién ciru dé thu duoc nhiéu polysaccharide, cordycepin hodc cac hop chét sinh hoc
khac & mot s loai nAm. Cac nghién ciru cho biét, bo sung vao méi truong nudi cay
nam nguén nito hitu co nhu: peptone, bot dau tuong, bot bép. .. hoac nguén nito' vo
co nhu: amonium chloride, amonium sulfate, sodium nitrate, potassium nitrate, urea
va ammonium oxalate s& kich thich tong hgp EPS & mét s6 loai nam.

Leung va Wu (2007) da nghién ctru 4nh huéng ctia ammonium dén qua trinh
san xuat cordycepin va EPS trong nudi cay soi ndm C. sinensis. Nam C. sinensis Cs-
HK1 duoc nudi trén mdi trudng 1ong chira glucose, cao ndm men, pepton va nhimng
mudi vo co. NH4Cl dugc thém vao méi truong & nhimg nong d6 khac nhau tir 5 - 40
mmol/l & ngay thir 3. Nong d6 10 mmol/l, NH4Cl kich thich tao cordycepin cao nhat,
tang gan 4 lan tir 28,5 1én dén 117 pg/g va ting luong EPS 1én 40 % (tir 2,6 1én dén
3,7 g/L). Viéc bo sung ammonium anh huéng tét trong khoang tir 5 — 10 mmol/l,
nhung giy ra bét 1gi cho su phat trién ciia nAm ¢ nong d6 cao hon [48]. Chen va cong
su (2007) nghién ciru anh hudng cua vi lugng 1én qué trinh tong hop sinh khéi va
EPS bang cich bb sung thém 0,4 % CaCl, vao moi truong nudi cay. Két qua cho thay
su nhan sinh khéi soi ndm va EPS cua C. sinensis duoc cai thién tuong tng 1a 54,0
g/L va 28,4 g/L [64].

B6 sung mudi khac nhu KH,PO4, K;HPO4, MgSOs, CaCl, va NaCl ciing can
thiét cho nam t6ng hgp EPS. Wang va cong su (2019) da bo sung 30 mM Mg?* va 5
mM K" vao moéi truong nudi céy C. sinensis, thu dugc toi da 5,86 mg/L EPS, cao hon
130,7 % so v6i moi trudng nudi cdy co ban [65].

Péng chi y, nhiéu nghién ctru di chimg minh dau thuc vat va acid béo ¢ kha
nang kich thich sy phat trién cta soi nAm va thic ddy qua trinh tong hop cac chat bién
dudng trong ndm. Yang va cong su (2005) nghién ciru bo sung 0,1 % dau dau nanh

vao moi truong nudi cay nam C. sinensis, sau 5 ngay nuoi cay két qua cho thay ham
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luong EPS tang tir 0,334 — 0,537 g/L [66]. Ngoai ra, khi b6 sung 0,1 g/100 mL
palmitic acid vao méi trudng nudi cy nam Ganoderma lucidum, két qua sau 7 ngay
nudi cay lic, ham luong EPS ting 40 % [67].

Stasinopoulos va Seviour (1990) nghién ctru trén ndm da ching minh dugc
viéc thém vao mdi truong nudi cay nam Acremonium persicinum dau 6 liu, dau huéng
duong, céac loai acid béo va chét hoat dong bé mat co tac dung kich thich luong EPS
tang dang ké. Trong d6, dau 6 liu va dau huéng duong & nong do thap nhat (0,4
kg/m?) ciing 1am tang EPS tir 12 - 14 kg/m® dén 22 - 24 kg/m® va ting 1én dén 28
kg/m* & nong d6 cao hon. Dau dau phong va dau hoa hong ciing co tac dung kich
thich twong tw nhung chi & nong d6 thap (0,4 — 1,2 kg/m?), nhung lam giam lugng
sinh khbi va EPS & nong do cao hon. Oleic acid va palmitic acid 1am ting lwong sinh
khdi va polysaccharide. Linoleic acid chi kich thich & nong d6 thap. Trong khi stearic
acid (rc ché su phat trién va tong hop EPS ctia nam 4. persicinum [68].

Yang va cong sur (2000) cho biét oleic acid va palmitic acid c6 kha ning lam
tang dang ké lugng sinh khéi sgi nAm nam G. lucidum va EPS. O nong d6 0,15 g/100
mL, dau 6 liu gitp tang lugng sinh khoi tr 0,2 dén 0,46 g/mL. Nguoc lai, linoleic
acid (0,1 g/100 mL) tic ché sy phét trién soi ndm va kha ning tong hop EPS [69].

Nam 2002, Park va cong su cho biét dau huéng duong ¢ nong d6 2 % lam ting
luong EPS ciia C. militaris nudi cay long tir 2,3 1én dén 7,5 g/L. Dau 6 liu & nong do
4 % tang sinh khoi nam tir 5,88 1én dén 19,0 g/L. Két qua nghién ctru cho thiy cac
acid béo nhu acid oleic va acid palmitic c¢6 tac dung kich thich dang ké sy phat trién
soi nam va téng hop EPS, trong khi acid linoleic lai kim ham [58].

Tuy nhién, cho dén nay van chua cé nghién ciru vé anh huéng cua dau thuc
vat dén sy phét trién ctia ndm C. sinensis duoc cong bo. Dau thyc vat da duge ching
minh c6 thé kich thich su phét trién & mot sd loai nAm [70], nguyén nhan c6 thé do
lipid 13 thanh phan ctia mang té bao, nén khi tiang s luong té bao (dong nghia voi
tang sinh khéi té bao khi nuoi ciy ndm), xuat hién nhu cau ting kha niang hap thy dau
tir moi truong nudi cdy. Ngoai ra, nhiéu nghién ciru con cho thay anh huéng cia dau
thuc vat va acid béo 1én sy hinh thanh EPS. Nguyén nhan ¢6 thé do dau thuc vat va
acid béo c6 kha ning lam thay doi thanh phan cta mang sinh hoc va lam ting tinh
tham ctia mang hodc anh huong truc tiép 1én sinh tong hop cic enzyme c6 lién quan

dén qua trinh hinh thanh polysaccharide nhu glucan synthetase [23].
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Twr nhiing 14p ludn trén, luén 4n nay dé ra nhiém vu khao st sy anh hudng cua
3 loai dau: dau hudng duong, dau 6 liu va dau dira 1én su tong hop EPS ciia nam C.
sinensis nuoi cay long-tinh. Pay 1a mot dong gép méi ctia luan an. 4 ndi dung nghién
ctru cta luan 4n duoc trinh bay trong so dd nghién ctru tong quat (Hinh 2.1).

1.5. T6i wu héa méi truwong nudi ciy
1.5.1. Gidi thi¢u

Trong quy hoach thuc nghiém, cac bién dugc thay d6i dong thoi theo ké hoach
da dinh trude. Dir li€u thu nhén dugc phan tich mét cach khoa hoc theo cac phuong
phap phan tich thong ké.

1.5.2. Thiét ké thi nghiém

Céc nguyén tic trong Design Of Expert dé giam hodc tham chi khir bo cac sai
s6 cua thi nghiém. Boi sy sai s6 thi nghiém gay ra sy sai l¢ch trong viéc xac dinh su
anh huong cua cac thong sd quan trong. Ba nguyén tic co ban nhat trong thiét ké thi
nghiém [53]:

Nguyén tic ngau nhién: Nguyén tac nay ap dung dé han ché anh huéng cua
cac yéu t6 gay nhidu. Thir ty thay ddi gid tri cac thong s thi nghiém; cach bo tri thi
nghiém; th ty tién hanh timg thi nghiém. Cac phan mém thiét ké thi nghiém thuong
tao cac ké hoach thi nghiém véi thir tu ngau nhién.

Nguyén tac lap lai: Mdi thi nghiém phai dugc tién hanh lap lai it nhat nhiéu
hon mot lan. Ching ta can phan biét hanh dong lap lai véi viéc do lai mot vai thong
50 nao d6 nhiéu lan,

Nguyén tic tao khéi: Nguyén tic nay duoc st dung khi s6 luong thi nghiém
nhiéu. Trong mdi khdi cac thi nghiém duoc thiét ké tuan thi theo nguyén tic ngiu
nhién, 1ap lai.
1.5.2.1. Sang loc yéu t6 c6 y nghia theo Plackett - Burman

Thiét ké Plackett - Burman (PB) di dugc Plackett va Burman dua ra vao nim
1946. Thiét ké nay cho phép sir dung N thi nghiém dé danh gia N-1 anh hudng chinh.
Co so cua thiét ké PB dua trén ma tran Hadamard, trong do s6 lugng thi nghi¢m Ia
boi s cua 4, tic 1A N =4, 8, 12, 16... (N 1a sb cac thir nghiém). Thiét ké thich hop
cho viéc nghién ciru 1én dén k = (N-1)/(L-1) nhan t6, trong dé: L 1a s6 luong cac mirc

(cap). k 14 s6 nhan td.
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Thi nghiém PB 14 dang déc biét cua thi nghiém hai mic riéng phén. Muc dich
thuc nghiém sang loc duoc thiét ké dé giam bot s6 thi nghiém can tién hanh béng
cach chi ra cac bién c6 anh hudng manh nhat dén ham muc tiéu. Thiét ké PB s dung
hai cap d6 cho mdi yéu t6, mirc d6 cao hon duge ki hiéu 12 “ + ” va thap “ — ”, mdi
mirc do duoc sap xép thir nghiém theo tinh chu ki [92].
1.5.2.2. Thi nghiém ddp vmg bé mdt — Box Behnken

Thiét ké BB duoc phat trién dua trén sy két hop ciia mot thiét ké thi nghiém
toan phan 2 mirc va mot thiét ké thi nghiém khéi khong day du.

Thuc nghiém tbi wru héa gitp chiing ta tim gié tri cyc tri hay tim ving t6i uu
cho qua trinh hay cac diéu kién t6i wu dé van hanh mot hé thong. Céc bai toan tdi uu
thuong dugce biét dén véi tén goi “phuong phap bé mit dap tng”. Mot chudi thi
nghiém dugc thiét ké v6i cac muc dich sau: chi ra tap gia tri cac bién thi nghiém; tim
kiém cac gia tri bién dau vao nham dat cic yéu cau cu thé ctia ham muc tiéu nghién
ctru; xac dinh cac thong s6 ki thuat méi, cai thién quy trinh va mo6 hinh héa quan hé
vao — ra lam co so du doan hay diéu khién qua trinh [92].

1.6. Muc tiéu nghién ciru

Xay dung quy trinh nudi cay long tinh ndm C. sinensis va thu nhan, céi bién
nang cap hoat tinh sinh hoc ctia EPS tir dich nudi cay.

Twr nhitng 1ap luan trén, ludn 4n nay dé ra nhiém vu khao sat 4 noi dung nghién
ctru chinh bao gom:

- Nbi dung 1 khao sat ngudn nito thich hop trong nudi cay nam C.
sinensis dé thu nhan EPS c6 hoat tinh sinh hoc va nuéi cdy tang sinh tong hop
EPS béng cach bd sung dau thuc vat.

- Noi dung 2 khao st thu nhan, tinh sach va cai bién sulfate hoa

nang cao hoat tinh sinh hoc cua céc phan doan EPS.

- Noi dung 3 khao sat thanh phan ciu tao va cau tric hoa hoc cia

EPS thu nhan tir dich nudi ciy léng tinh C. sinenesis.

- Noi dung 4 nghién ctru dé xuat quy trinh céng nghé nudi cay

long-tinh C. sinensis tao EPS c6 hoat tinh sinh hoc.
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CHUONG 2. VAT LIEU - PHUONG PHAP

2.1. Vat liéu nghién ciru
2.1.1. Chiing nim sir dung

Gidng nam Cordyceps sinensis CS-YK2007 duoc cung cap boi TS. Truong
Binh Nguyén, Vién Nghién Ctru va Ung dung Nong nghiép Cong nghé cao, Trudong
bai hoc Da Lat, Lam D@)ng. Nam C. sinensis dugc nudi céy tai phong thi nghi¢m
Sinh Hod truong Pai hoc Khoa hoc Ty nhién TP.HCM. Trong tién trinh thuc hién
nghién ctru c¢6 st dung dich 1ong nudi cdy long-tinh do TS. Truong Binh Nguyén
cung cap. Tuy nhién nghién ciru hoan thién quy trinh cong nghé nuéi cy long-tinh,
thu nhan va tinh sach EPS. Nghién ctru thanh phan don phan cau tao cia EPS vin
chua duoc thuc hién.
2.1.2. Héa chit va thiét b
2.1.2.1 Héa chdt
Hoa chit sir dung dé tinh sach EPS
2,2,2-Trichloroethanoic acid (Prolabo)
Chloroform (Merck)
n-butanol (Merck)
Alcalase (Puc)
Ho4 chat xac dinh ham lwong protein
Dung dich albumin 0,01 % (Trung Quéc)
Thudc thir Bradford (Coomassine Brilliant Blue) (Merck)
Ho4 chat xac dinh ham lwong polysaccharide
Acid sulfuric dam dic (Trung Quéc)
Phenol 5 % (Trung Qudc)
Glucose (Merck)
Ho4 chat nudi cay C. sinensis
D-glucose (Merck)
Sucrose (Merck)
Peptone (Merck)
D-fructose (Merck)

Cao nam men
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KH>PO4 (Merck)

K2HPO4 (Merck)

MgSO4 (Merck)

FeS04.7H20 (Merck)

Hoa chit sulfate ho4

Sulfur trioxide pyridine complex (SO3.Py) (Thuy S7)
L-Tyrosine (Duc)

Kojic acid (buc)

Sodium rhodizonat (Han Qudc)

Ho4 chat xac dinh cdu tric — lién két cia EPS
Acid hydroclorid (Merck)

Acid trifluoroacetic (Fisher)

Acetonitril (Prolabo)

Kali dihydrophosphate (Merck)
Methanol (Prolabo)

Natri hydroxyt (Merck)

Triethylamin (Merck)

Dimethyl sulfoxide (Merck)

Methyl iodide (Trung Qudc)

Pyridine (Merck)
4-Dimethylaminopyridine (Trung Quéc)
Sodium borohydride (Trung Qudc)

2.1.2.2. Thiét bi va dung cu

Thiét bi

+ Bép cach thity Memmert WBN 29, Dtic

+ Can ky thuat OHAUS SPS 202F, Trung Qudc

+ Can phan tich Mettler Toledo XS205, Thuy Sy

+ May c6 quay RE300, Anh

+ May do pH Mettler Toledo Seven Easy, Thuy Sy

+ May ly tam Hettich EBA 20, Anh

+ Méy khudy tir AGE — Velp Y

+ May quang pho tir ngoai- kha kién Shimadzu UV-1700, Nhat
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+ May sac ky 1ong hiéu ning cao Agilent 1260

+ T siy Memmert, Dirc

+ Bé 6n nhiét MEMMERT

+ Tu say dung cu MEMMERT

+ Heé théng c6 quay chan khong EYELA OSB-2100, N-1200A, N-1200B
+ He¢ thong may loc tiép tuyén

+ May Microplate Reader

+ Binh khi tro Argon

+ Tt hat Ascent MAX - ESCO

Dung cu

+ Pipetman 10 — 100 uL, 100 — 1000 uL, 1000 — 5000 puL
+ Pia petri

+ Ong nghiém

+ Erlen 250 mL

+ Pipet 1 — 25 mL

+ Becher 25 — 1000 mL

+ Binh dinh mc 10 — 1000 mL

+ Cuvette thuy tinh

2.1.3. Méi trwong nuéi ciy long-tinh nim C.sinensis
- Khoai tay: 200 g/L
- Saccharose: 50 g/L
- KbHPO4: 0,5 g/L
- KH2PO4: 0,5 g/L
- MgS04: 0,2 g/L
2.2. Quy trinh thuc nghiém
Ttr myc ti€u nghién clru cua luédn an trinh bay ¢ trén, luan an dé xuat quy trinh
nghién ctru gdm 4 ndi dung dugc mo hinh hoa trong so dd nghién ciru téng quat. So
d6 nghién ciru nay sé lam co s& 1y luan va thuc nghiém dé dé xuat quy trinh cong
nghé nudi cy 1ong-tinh ndm C. sinensis trong mdi trudng cai tién co bd sung dau

thuc vat nham tao nang suit sinh khoi va EPS cao. Nghién ctru thu nhan phuc EPS-
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protein va cac phan doan EPS. Nghién ciru thanh phan duong don, ciu triic hoa hoc

va cai bién nang cap hoat tinh sinh hoc ciia cic phan doan EPS.

[ Khio st ngudn nito thich hop trong nudi cdy Cordyeeps sinensis dé
L | tha nhan EPS c6 hoat tinh sinh hoe

¢ MT khodng co bin Chi tiéu diinh gids
- Micu sudt thu nhdn EPS e)

¢ MT khodng co bin + Peptone va cao ndim men ——» 00 000 o charide (%) tromg £

- Hogi tinh khang vxy fioa - bai goc ty do ABTS

* MT khodng co bin + Bt nhjng tim i s s 13 )

[ Xic dinh cic chién luge thu nhén va ndng cao hogat tinh sinh hoc

' ciia EPS
['hu nhén va tinh sach EPS Bién doi sulfate hoa EPS Nudi ciy kich thich tiing sinh
« e . , A 3 vig X A a

tir moi trrong cua noi dung | tong hop EPS bang déu thue vit
- Xdc dinh ty |8 tia vin ethanol 96% - Xac dinh ty I& phin mg vin Pyr-503 - Sang loc logi din thich hop
- Phuomg plip log protemn ’ » > - N 0 phan img - 104 wu how thanh philn mot tmedmg
- Tinh sach: loc gel v loc uép tuyen - Th gian phén tmp - Xy dung, quy trinh thy nhan va tinh sgch
- Dnh gid hoat tinh sinh hoe - Panh gia hoat tinh sinh hoo EPS tir méi trodmz ¢6 diu thyee var

R e v snl .
- Drmh g hogt tinh sinh hoc

!

3 | Xic dinh thanh phin don phin va cdu triic ciia EPS

\

(i xufit quy trinh cong ngh¢ thu nhjn EPS c6 hogt tinh sinh hoc
tir nim Cordyceps sinensis

Hinh 2.1. So d nghién ciru tong quét cia luan an

2.3. Phuong phap nghién ctiru

Noi dung 1: Khao sat ngudn nito thich hop trong nudi ciy nim C. sinensis dé
thu nhan EPS c6 hoat tinh sinh hoc va ting sinh tong hop EPS bang cach bo sung dau
thue vat.
2.3.1. Chudn bj giéng cip 1

Nguyén tic:

Hoat héa nham khéi phyc hoat tinh gibng ndm C. sinensis sau thoi gian giir
giong bang cach ciy chuyén tir 6ng giéng sang moi truong PGA, trudc khi thuc hién

nuoi trong trén cac moi truong khac.
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Tién hanh:

- Chuan bj méi truong PGA: khoai tdy (200 g/L), glucose (20 g/L), agar (15

g/L). pH 6-7. Hap khur trung 15 phat ¢ 121 °C.

- D6 10-15 mL mdi trudng PGA vao dia petri

- Dung que cay vong ldy mot miéng thach nhé c6 giéng tir dng gidng gbc sang
dia petri

- U nhiét d 20 + 2 °C trong 7 ngay

- Thao tac thuc hién trong ti cay vo tring

2.3.2. Chudn bi giong cip 2

Nguyén tic:

Thuyc hién bang cach chuyén giéng cap 1 tir mi truong thach sang moi truong
long giau dinh dudng hon dé nhan nhanh hé sgi nAm C. sinensis trudc khi cdy giong
vao mai trudng nudi cay.

Tién hanh:

Chuan bj méi trudng long PG: khoai tay (200 g/L), glucose (20 g/L) pH 6-7.
Cho 200 mL PG vao erlen 250 mL, hap 20 phat ¢ 121 °C.

Céy 2 khoanh giéng cap 1 vao erlen.

U 20 —25°C, tir 10 -12 ngay.

2.3.3. Khdo sdt nguén nito thich hop trong nuéi cdy ndm C. sinensis dé thu nhin

EPS co6 hoat tinh sinh hoc

Nudi cdy nam C. sinensis trong mdi truong 1ong tinh va thu EPS do nam tiét
ra mi trudng trong qué trinh phat trién. Thoi gian nudi cay 30 — 40 ngay.

Bdng 2.1. Thanh phan 3 méi truong nudi cay long-tinh nam C. sinensis

MGéi truong co bian Moi truong peptone va MGéi truong bot nhong
€a0 nam men
- Khoai tay: 200 g/L - Khoai tay: 200 g/L - Khoai tay: 200 g/L
- Saccharose: 50 g/L - Saccharose: 50 g/L - Saccharose: 50 g/L
- KoHPO4: 0,5 g/L - KoHPO4: 0,5 g/L - KbHPO4: 0,5 g/L
- KH2PO4: 0,5 g/L - KH2PO4: 0,5 g/L - KH2PO4: 0,5 g/L
- MgS04: 0,2 g/L -MgS0O4: 0,2 g/L -MgS04: 0,2 g/L
- Peptone: 6 g/L - B6t nhong:10 g/L
- Cao nam men: 4 g/L
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- Chuan bi 3 nbi mdi truong 10 lit twong tmg theo bang 2.1. M6i trudng dugc
hap khtr tring ¢ 121 °C trong 45 phiit. Bé qua dém trong phong cdy cho ngudi.

- Ciy gibng vao ndi chira moi trudng nudi cay bang cach d6 2 erlen chira giéng
vao mdi ndi.

- P6 200 mL moi truong chira giéng vao hop nhya 500 mL.

- Theo di sy phat trién ctia ndm C. sinensis trong timg hop thi nghiém qua
viéc ghi nhan hinh thai sinh khi, nhan xét toc do tang truéng, thoi gian thu sinh khoi
va EPS sau 10, 20, 30, 40 ngay.

2.3.4. Thu nhin EPS

EPS 1a san pham ciia ndm C. sinensis dugc tiét ra ngoai méi trudng trong qué
trinh nuoi cay léng-tinh. B6 sung ethanol vao dich chiét 1am hang s6 dién méi giam
va pha v& vo hydrat héa ctia cac phan tir EPS va cac ion tich dién. Két qua, cac EPS
bi tia va dugc thu nhan bang cach ly tam.

Tién hanh:

Quy trinh tach chiét EPS dugc thuc hién dya theo nghién ctru cia Kim va Yun
(2005) nhung c6 mdt s6 diéu chinh cho phi hop véi diéu kién thi nghiém [55]:

+ Dich nubi céy nam C. sinensis (da duoc tach sinh khéi) duoc thu nhan béng
cach ly tam 4.000 vong/phut trong 10 phut.

+ Co dic dich noi con 1/10 thé tich ban dau bang cé quay chan khong & 60 °C.

+ Tua v6i ethanol lanh 96 % theo ty 1€ 1 dich : 5 ethanol (v/v) trong 24h ¢ 4
oC.

+ Ly tam 8.000 vong/phut trong 15 phiit, loai bo dich ndi, thu tia va ria tia
v6i ethanol 96 %.

+ Pong kho tua EPS va bao quan & 4 °C cho cac phan tich tiép theo.

2.3.5. Dinh lwong dwong tong

Nguyén tic:

Ham lugng duong ctia EPS duoc xac dinh dua trén phan itng mau dac trung
clia cac san pham dudng bi phan hily boi acid sulfuric v6i phenol. Cuong d6 mau
cang dam, thong qua do OD, & budc song 490 nm cang cao, cang chirng té6 ham lugng

duodng cang cao. Saccharose dugc su dung lam chat chuan.
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Tién hanh:
Tron hdn hop phan tng gdm 1 mL mau + 1 mL phenol 5 % + 5 mL H2SOx4
dam dic, dé yén trong 10 phut. Sau d6 lic déu va & & nhiét d6 phong trong 20 phiit.
Cudi cing do OD ¢ budc song 490 nm. St dung saccharose (0 — 70 pg/mL) lam

dudng chuan. Thanh phan duong (%) trong mau duoc xac dinh theo cong thirc 1 nhur

Sau:

CxnxV
Thanh phin polysaccharide (Y%o)= ———— —  (Cong thirc 1)
m x 10°

Trong do, C (ug/mL) la nong dé dwong suy ra tir duwong chudn saccharose, n
la @6 pha lodng ciia mdu, V (mL) la thé tich pha mau ban ddau, m (g) la khoi lwong
mau ban dau.

2.3.6. Dinh luwong protein

Theo phuong phap Brafford dua vao su lién két ciia thuéc nhuém Coomasie
Blue G250 v&i protein trong mdi truong acid. Ham lugng protein duge xac dinh bang
cach do OD cua dung dich ¢ budc séng 595 nm.

Tién hanh:

Dung dich thudc thir Brafford: 0,01 g Commasie Blue G250, hoa tan trong 50
mL ethanol tuyét di va 100 mL acid phosphoric 85 %, sau d6 dinh mirc v6i nude cat
dén 1000 mL. Lac déu va gitt lanh ¢ 4 °C. Trén 0,5 mL mau + 2,5 mL thudc thir
Brafford, lac déu, dé yén trong 10 phut ¢ nhiét d6 phong va do d6 OD & budc song
595 nm. Albumin (0 — 70 pg/mL) dugc sir dung lam duong chuan. Ham lugng protein

(%) trong mau dugc xac dinh theo cong thirc 2 nhu sau:

CxnxV .
Thanh phan protein (%)= (Cong thure 2)
m x 109

Trong dé, C (ug/mL) la nong dg protein suy ra tir dwong chudn albumin, n la
dé pha lodng ciia mau, V (mL)la thé tich pha mdu ban dau, m (2) la khéi lwong mdu

ban dau.
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2.3.7. Khdo sdt hoat tinh bit géc tw do ABTS"

Nguyén tic:

Cation ABTS" [2,2’-azinobis (3-ethylbenzothiazoline-6-sulfonate)] 1 mot gbc
tu do bén phat quang mau xanh, dic trung & budc séng 734 nm. Cac chat khang oxy
hoa s€ khtr ion nay thanh dang khong mau ABTS - R*. Do d¢ giam OD cuia dung dich
0 budc song 734 nm sé& xac dinh dugc hoat tinh cta chét khéng oxy hoa so sanh vdi
chat khang oxy hoa chuan 1a vitamin C. Trong dich kali persulfate, goc ABTS" bén 2
ngay ¢ nhiét do phong trong t6i.

Tién hanh:

Khdo sat kha nang bat géc tu do ABTS" dugc thuc hién theo quy trinh cta
Sudha nam 2011 véi mot sd thay doi phut hop, gom 3 giai doan co ban sau [22]:

- Tao gbc tw do ABTS™: Hoa dung dich ABTS* 7 mM véi dung dich K2S20s
2.45 mM theo ty 1¢ thé tich 1:1, i trong t&i 12 — 16 gid & nhiét ¢ phong.

- Pha loang dung dich ABTS"*: Pha lodng trong dém PBS pH 7,4 cho dén khi
dung dich sau pha loang (dung dich A) c6 OD734 nm = 0,70 + 0,02.

- Tao hdon hop phan tmg: Cho 3.000 pl dung dich A vao 100 ul dung dich mau
can phan tich, u tbi trong 30 phuat, do OD 734 nm, mdi néng do mau duoc lip lai tbi
thiéu 3 lan.

Bang 2.2. B tri thi nghiém xéc dinh hoat tinh bit goc ABTS*

Nong do (ng/ml) 0 1000 | 2000 | 3000 | 4000 | 5000 | 6000

Vistock (Hl) 270
0 45 90 135 180 225
Catoct= 4000 (ug/ml)

Vizo (ul) 450 | 405 360 315 270 225 180
Vimau(ul) 100 100 100 100 100 100 100
Vaprs” (ml) 3000 | 3000 | 3000 | 3000 | 3000 | 3000 | 3000

U t4i trong 30 phut ¢ nhiét d6 phong, do OD 734 nm.
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Tinh toan:

CxnxV A
Kha ning bit géc tw do ABTS (%) = (Cong thire 3)
m x 10¢

V&i  Aplank: gia tri OD734 nm mau trang (nude + dung dich A)
Amiu: gia tri OD734 nm mau phan tich (mAu phan tich + dung dich A)
2.3.8. Thu nhdn va tinh sach EPS
2.3.8.1. Thu nhan phan doan EPS bcing sdc ky loc gel
Séc ky loc gel GPC (Gel Permeation Chromatography ) dugc sir dung dé phan
tach cac phan doan polymer dya trén su khac biét MW va hinh dang ctia chiing. Cac
phan tir polymer bi phan tach thanh cac phan doan khac nhau theo MW. Pho phan
doan ctia polymer trong mau phan tich s& duoc ghi nhan va xac dinh MW theo thang
chuan [71].
Tién hanh:
- Nap mau EPS (10 g/l) thu duoc & trén vao cot gel Sephadex-G100 c6 h=70
cm, d=2,4 cm.
- Ly giai cot bang NaCl 0,2 M véi toc do 0,5 ml/phut.
- Thu dung dich ra khéi ¢t 1,5 ml/éng.
- Xéc dinh ham luong polysaccharide va protein cta ting ong.
- Phén doan EPS dugc thim tach véi nudc cit qua mang tham tach 12 — 14 kDa.
- Thu nhin phan doan chira EPS, dong kho, bdo quan lanh ¢ -4 °C.
2.3.8.2. Thu nhén phdn doan EPS bang kj thudt loc membrane theo phwong phdp loc
tiép tuyén
Nguyén tic:
Loc tiép tuyén 1a k¥ thuat loc bang cach bom dich loc tudn hoan doc theo bé
mat cia mang loc. Khi d6 cac thanh phan c6 kich thudc nho hon kich thudc 16 mang

s& chui qua mang loc. Con lai dich c6 dic chira cac chat co kich thudce 16n hon 15



39

mang dugc gilr lai va chdy nguoc trd lai bé chira. Dich bom vao dugc goi la dich
feed. Dich c6 dic trd lai bé chira 1a retentate - dugc tiép tuc c6 dic tiép bang cach
bom qua mang. Dich loc goi 1a permeate. [72].
Tién hanh:
- Hoa tan tia EPS thu dugc voéi nudc cat, dé yén trong 2 gio, ly tam 4000
vong/pht trong 10 phit, thu dich noi.
- Cho dich nbi qua hé théng loc tiép tuyén, mang loc c6 kich thudc 16 tach 750
kDa va 30 kDa; va mang loc ¢ kich thude 16 taich 100 kDa va 750 kDa.
- Thu nhan phan dich dic retentate va dich sau khi loc permeate.
- Tua dich thu nhan v&i ethanol 96 % nhiét 4o 4 °C trong 24h. Sau taa ly tm
thu cdn, siy kho va bao quan ¢ - 4 °C.
2.3.9. Cdi bién sulfate héa EPS
2.3.9.1. Tao dan xudt EPS sulfate héa
Trong phan tmg CSA-Pyr, hon hgp EPS va phitc CSA-Pyr & ty 18 EPS/SOs.Py,
nhiét do, moi trudng va thdi gian phan (mg phu hop, nhom sulfate —SO3?" tir phirc hop
pyridine sulfur trioxide (SOs.Py) s& gan vao vi tri —OH céc nhan duong cua EPS va

tao ra cac dan xuat sulfate EPS (S-EPS) [56].

Bdng 2.3. B6 tri thi nghiém

Thi Ky hi¢u Ty 1€ EPS/SOs3.Py | Thoi gian
nghiém mau (w/w) (h)
1 S-EPS: 1:5 1
2 S-EPS; 1:5 2
3 S-EPS3 1:5 3
4 S-EPS4 1:7 1
5 S-EPSs 1:7 2
6 S-EPSe 1:7 3

Hoa tan 200 mg EPS v&i DMSO, khudy tir trong 2h. Sau d6 thém SO;.Py theo
ty 1& & bang 2.3. Tién hanh phan tmg & 90 °C trong hé kin.



40

2.3.9.2 Xdc dinh d¢ thay thé (DS)

Do thay thé (DS) duoc dinh nghia 13 s6 nhom SOs> duoc gan trén mot don vi
duong cua chudi EPS va duoc xac dinh dya trén ham luong SOs> ¢6 trong mau. Ion
SOs% s& phan tmg v6i Ba>* trong dung dich mau lam giam OD cuong d6 mau hong

cua Ba®* va thudc thir natri rhodizonat & budc song 529 nm. Dya vao dudng chuan

Na,SO4 x4c dinh ham lugng SOs* [69].

dan xuit duogc xac dinh dua trén dudng chuin Na;SO4. Dya trén ham lugng SOs%, 36

Bdng 2.4. B6 tri thi nghiém x4c dinh ham luong SO;* trong mau

) Thiw Thiw
Thanh phan phan rng
khong | that
Nudc cat (mL) 0,5 0
Mau/Na,SO4 (mL) 0 0,5
Ethanol 96 % 2 2
BaCl; (mL) 1 1
Natri rhodizonat (mL) 1,5 1,5

Lac déu, dé trong ti ¢ nhiét d6 phong trong 20 phut

Po d6 hap thu mau & budc séng 520 nm

thay thé DS dugc tinh theo cong thirc nhu sau:

Sau:

1,62 x S%
DS

32-1,02 xS%

(Cong thirc 4)

Trong d6, S % 1a thanh phan sulfur ctia cac dan xuét sulfate.

Hiéu suat thu nhan cua cac dan xuét sulfate dugc tinh theo cong thuc nhu

Thi nghiém duoc thuc hién theo thir ty & bang. Thanh phan sulfate SOs> cta
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Khéi lwgng din xuit (g)
HS (%)= ' - (Cong thie 5)
Khoi lwgng EPS dau vao (g)

Thuc hién do pho bang may do FT-IR tai Vién Han Lam Khoa hoc va Cong
ngh¢.
2.3.10. Nuéi cdy kich thich ting sinh tong hgp EPS bing dau thuc vt
2.3.10.1. Khao sat anh huong cua dau thue vt lén phat trién va tao EPS trong nuoi
cdy long-tinh C. sinensis

Soi nam C. sinensis phét trién trong moi trudng 16ng tinh bé sung dau thuc vat
kich thich tao sinh khéi ndm va tiét EPS ra moi truong.

- Chuén bi mdi truong: khoai tiy (200 g/L), saccharose (50 g/L), cao nAm men
(4 g/L), peptone (6 g/L), KH,PO4 (0,5 g/L), K:HPO4 (0,5 g/L), CaCl, (0,5 g/L),
MgSO0s4 (0,2 g/L). pH 6-7.

- Pha hon hop dau 6 liu va Tween 80 ti 1& 1 ml: 0,3 ml. Cho dau 6 liu va Tween
80 vao erlen 250 ml, ding may khudy tir khudy déu hon hop thanh dung dich dong
nhat. B6 sung luong nudc thich hgp. Ding may khudy tir khudy déu. Hap khir tring
15 phut & 121 °C. Thuc hién tuong tu véi dau dira va dau hudng duong.

- Moi trudng dugc 1ot vao ndi inox, hap khir tring 30 phit, 121 °C.

- Pé ngudi qua dém trong tii cdy, bo sung 1 binh giéng cap 2 va dau thyc vat.

- Khudy déu bang may khudy tir trong 5 phit. D6 200 ml méi trudng vao hop

- Nudi long-tinh & nhiét do 20 — 25 °C, trong 40 ngay.

- Dich thu dugc hap khir tring dé thu nhan EPS.

Quy trinh tach chiét EPS tir dich nudi cdy nam C. sinensis dua trén phuong phap
cua Kim va Yun (2003) [73]; Sharma Sapan Kumar va cdng su (2015) co6 chinh stra

lién quan dén b sung va loai dau ra khoi dich nudi cdy (Hinh 2.2).
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2.3.10.2. Téach chiét EPS tir dich nudi cdy C. sinensis bo sung dau

‘ Dich nudi cayca dau ’

Co guey chan khéng

v
‘ Codac ’

l Khdo sdt dung moi logi dau

‘D!ch nudi ciy khong diu ’

Ko sdf y I¢ tua vai ethanol
4

‘ Tia véi ethanol ’

Ly tam

\ EPS tho \

l Knao sat pieeng phdp load protein

EPS sau loai protein ’

Hinh 2.2. So db tach chiét EPS tir dich nudi cay C. sinensis bo sung dau

% Khdo sdt logi dau ra khéi dich bang chiét long-long

— _—
Dung — +Loaibo
moi
Ldc déu

Thén gian phan tach 40 phit

Déu Thunhén

Hinh 2.3. Tach dau ra khoi dich nudi cay str dung dung méi hitu co
Trong chiét 16ng-16ng sir dung cac loai dung méi hitu co c6 tinh phan cuc khac

nhau dé loai dau ra khoi dich: Dung méi hitu co khong phéan cyc s& hoa tan dau khong
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phan cuc vao phase dich 1ong phia trén. EPS muc tiéu s& nam lai ¢ phase dich long
phia duoi.

Ba loai dung moi dugc chon dé khao sat 1a petroleum ether, hexan, diethyl
ether. Dich nudi céy duoc loc vai, hép khur trung & 121 °C trong vong 15 phat. Co
quay giam thé tich con 1/4. Cho mau dich d3 c6 quay vao 3 binh l16ng. Cho vao mdi
binh 16ng 3 dung mdi petroleum ether, hexan, dietyl ether véi ty 1é 1:1. Lic déu céc
binh 16ng cho dich mau va dung moi dong nhat. Dé yén binh 16ng, quan sat sy tach
16p. Thu phan dich phia dudi sau 40 phut. Lap lai qua trinh 4 1an. Xéc dinh ham lugng
EPS va lipid trudc va sau khi loai dau. Xac dinh hoat tinh bat géc tw do ABTS" cua
mau EPS trudc va sau khi loai dau.

Bang 2.5. B tri thi nghiém loai dau

Tén dung méi PE Hexan Dietyl ether
Thé tich mau (ml) 100 100 100
Thé tich dung mbi (ml) 100 100 100

< Khdo sdt ty I¢ tiia ethanol 96° dé thu nhin exopolysaccharide

EPS ¢ dich thu duoc ¢ phase bén dudi s& duoc tia bang ethanol. Do ethanol
co héng s6 dién moi nho hon, s& ngan can su phan tan cua EPS trong dich lam d¢ hoa
tan cia EPS gidm va roi vao tda.

Dich nuoi céy sau khi loai dau duoc taa voi ethanol 96° theo cac ty 1€ 1:3, 1:4,
1:5. Bé lanh 4 °C trong 24h. Ly tdm 4000 vong/ phiit trong vong 10 phut, bé dich.
Thu tia va rira tiia 3-4 1an vé6i ethanol 96°. Say kho & 60 °C trong vong 4h. Xac dinh
ham lugng EPS va protein c6 trong ting 16 thi nghiém (Bang 2.6).

Bang 2.6. B tri thi nghiém xac dinh ty 1¢ tia

Ty 1€ 1:3 1:4 1:5
Thé tich mau (ml) 10 10 10
Thé tich ethanol 96° (ml) 30 40 50
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2.2.11.Khao sat loai protein khoi phirc voi EPS
Pé khao sat riéng EPS nhiém vu tiép theo 14 phai tach protein ra khoi phtrc EPS-
protein thu duoc ¢ trén. Co mdt s6 phuong phép loai protein khoi phirc voi EPS.
Loai protein bing phuwong phap Sevag
St dung dung méi c¢6 hang s dién moi thap ngin can sy phan tan cia protein
trong moi truong lam cho do hoa tan cua protein gidm va roi vao tua. Loai protein
duoc tién hanh theo phwong phép ciia Huang va cong sy (2010) ¢ diéu chinh mot s6
budc cho phit hop véi diéu kién phong thi nghiém bang thude thir Sevag (Chloroform:
Buthanol) v&i 3 ty 18 khao sat 3:1; 4:1 va 5:1 [50]. Hoa tan tiia EPS tho bang nudc,
lac manh véi thudc thir Sevag. Ly tam 4.000 vong/ phut 10 phit. Thu dich EPS, bo
16p dung moi va tia. Lap lai qua trinh tir 3-5 1an cho dén khi khong con két tia. Dich
EPS thu duoc sau d6 duoc sdy kho & 60 °C, bao quan EPS & 4 °C. Xac dinh ham
lugng protein va EPS trudc va sau khi loai protein véi Sevag. Xac dinh kha ning bat
gbc tu do ABTS* ctia mau EPS trudc va sau khi loai protein.
Loai protein bing TCA
Thong qua viéc cac cation protein s& gan v6i TCA tao mudi khong tan két
tha, do pl ciia protein thap hon pI ctia TCA. Quy trinh loai protein duoc tién hanh
theo phuwong phéap ciia Huang va cong su (2010) ¢6 diéu chinh mét s6 bude cho phu
hop voi diéu kién phong thi nghiém [70]. Hoa tan EPS tho bang nudc, u véi TCA
10 %, 20 %, 30 %, 40 % diéu chinh hdn hop dén pH 3,0. Giit lanh 4 °C trong 24h,
sau d6 ly tim 10.000 vong/phut trong 10 phut. Thu dich, 1ap lai qua trinh 3 1an. Xéc
dinh ham lugng protein va EPS trudc va sau khi loai protein. Xac dinh kha ning bat
gbc tu do ABTS* ctia mau EPS trudc va sau khi loai protein.
Loai protein ra khéi phirc véi EPS bing protease Alcalase
Str dung enzyme endoprotease Alcalase c6 3 hoat tinh xtic tac khac nhau la
peptidase, amidase va esterase cat cac lién két peptide trong phan tir protein trong
phtrc voi EPS thanh cac doan peptide nho, tach ra khoi phirc véi EPS va tan vao dich.
Hoa tan mau EPS tho vao nudc, tron véi enzyme Alcalase 10U, 20U, 30U,
40U, 50U theo ty 1& 3:1 v/v. U ¢ 60 °C trong 2 gid. Xéac dinh ham lugng protein va
EPS trudc va sau khi loai protein. Xéac dinh kha ning bat gbc tw do ABTS" clia miu

EPS trudc va sau khi loai protein.
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2.3.12. Danh gia hoat tinh khang phdn bao cua cdac phin doan EPS

Nguyén tic:

St dung quy trinh cai tién ciia Vién Ung Thu Qudc Gia Hoa Ky (NCI) (In
Vitro Cancer Cell Line Screen — Manual of Operations (08/2005)). Thir nghiém SRB
1a phuong phap so mau don gian va nhay dé xac dinh doc tinh té bao ciia chat nghién
ctru. SRB 1a thubc nhudm tich dién am sé& lién két tinh dién voi cac phan tich dién
duong cia protein. Luong thuéc nhudém lién két s& phan anh luong protein tong cia
té bao. Trong thir nghiém, té bao dugc cb dinh, rira va nhuém véi SRB. Sau d6 SRB
lién két voi protein té bao duge hoa tan tao dung dich trong sudt c6 mau hong. OD
do duoc ciia dung dich tuong quan véi lwong protein tong hay sb luong té bao. Su
thay doi luong té bao so véi mau ching phan dnh doc tinh té bao ciia chat nghién ctru.

Tién hanh:

Cac dong té bao ung thu gan Hep-G2 (tir thé hé 4 dén 20) duoc nudi trong moi
truong E'MEM c¢6 b6 sung 10 % FBS (Fetal Bovine Serum) & 37 °C va 5 % CO» dat
do phu khoang 70-80 %.

- Tach té bao bang trypsin/EDTA, loai méi truong; rira 16p don té bao bang 2
ml PBS (NaCl 10 g, KC1 0,25 g, Na;HPO4 1,44 g, KH2PO4 0,25 g, nuéce cat di 1 L);
loai PBS va thém 1 mL trypsin/EDTA vao binh cho ngap 16p don té bao trong 1-2
phut; loai trypsin/EDTA va thém 1 mL mdi trudng vao binh; nhe nhang huyén phu
té bao bang pipette va chuyén 1 mL dich huyén phu té bao vao eppendorf 1,5 mL.

- Pém té bao trong budng dém hong cau bang phuong phap Trypan blue. Xac
dinh tong s té bao trong 1 mL.

- Tao dich té bao déng nhat c6 mat d6 mong mudn bang cach tron dich huyén
phi té bao ban dau véi moi trudng theo tinh toan & trén.

- Pua 100 pL dich té bao dong nhat vao mdi giéng. Kiém tra dia dudi kinh hién
vi dé xem mirc d6 trai déu cuia dich té bao trong giéng va Ui cac dia thi nghiém trong
th 4m 24 gio.

- Pha loang phan doan ESP trong tu v0 trung.

- U trong ti 4m 48 gio

- Cb dinh té bao: lay dia khoi ti 4m va thém 50 pl TCA 50 % lanh vao mdi
giéng; dat dia trong tu lanh tir 1-3 gio; 1y dia khoi ti lanh va loai dich trong céc giéng
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bang cach 1at nguoc dia; rira dia 5 1an bang nuéc (200 pL/giéng), thim dia trén gidy
sau khi rira. Dat dia trén khay, dé kho ¢ nhiét do phong trong 12-24 gio.

- Nhudm protein véi SRB: thém 100 pL SRB vao mdi giéng, dé & nhiét do
phong trong 20 phit; rira dia 4 1an véi acetic acid 1 % (200 ul/giéng); tham dia trén
giéy sau khi rira dé loai acetic acid con lai; dat dia trén khay, dé kho 12-24 gio.

- Poc két qua: thém 200 pL Tris 10 mM vao mdi giéng; lac dia trén may lic dén
khi SRB ¢6 dinh duoc hoa tan hét (10 phut); ghi nhan gia tri OD tai budc song 492
va 620 nm bang may doc ELISA reader.

- Tinh toan ty 18 e ché ting trudng té bao theo cong thirc:

OD(492-620)C — OD(492-620)TN
I (%)= x 100 (Cdng thire 6)
OD(492-620)C

- Tinh toan thong ké bang phan mém SPSS 16.0.

(*) Mot s6 mau bi nhiém khuan va tao tia trong mdi trudng nudi ciy nén sau
khi mau hoa tan trong DMSO va pha lodng dén nong do yéu cau, can loc vo khuan
bang mang loc 0,22 um.

2.2.13. Thir nghiém apoptosis té bao ciia cdic phin dogn EPS

Nguyén Iy ctia phuong phép 1a str dung kinh hién vi huynh quang dé phat hién
hién tugng apoptosis dua trén tinh thim vao mang té bao cua acridine orange va
ethidium bromide phat huynh quang. Acridine orange tham ca vao té bao soéng va
chét con ethidium bromide chi thim vao té bao chét. Nhu vay, té bao song sé phat
huynh quang mau xanh cua acridine orange, con té bao chét s& phat huynh quang mau
d6 cam, 1a su két hop giita mau huynh quang cua acridine orange va ethidium bromide
[14].

- Té bao dugc cho vao cac dia nhya nudi cdy dudng kinh 35 mm dat mat

do 2x10° té bao/dia.
- U té bao 6 37 °C, 5 % CO», 24 gio.
- Cam g té bao v6i mau thir & ndng d6 1Cso.
- Sau cac khoang thoi gian cam tng, hit hét dich noi trong dia. Sau d6

thém 25 pl dung dich nhudm acridine orange/ ethidium bromide (100 pg/ml acridine



47

orange: 100 pg/ml ethidium bromide) va quan sat dudi kinh hién vi huynh quang.
2.3.14. Khdo sdt soat tinh irc ché Tyrosinase ciia cdc phin doan EPS

Nguyén tic:

Tyrosinase hay con goi la enzyme polyphenol oxidase, 1a mdt enzyme
monooxygenase chira Cu tham gia vao hai phan tng riéng biét ctia qua trinh chuyén
héa melanin: Hydroxyl héa monophenol thanh O-diphenol va oxy hoa O-diphenol
thanh O-quinol. O-quinol tao thanh s€ tham gia mét loat cac phan g dé tao melanin

[74].

OH OH (|3
OH (0]
monophenolase oS diphenolase
Phenol O-diphenol O-quinon

Hinh 2.4. Qua trinh oxy hoéa phenol do Tyrosinase xtc tac

Acid kojic (5-hydroxyl-2-(hydroxymethyl)- y- pyron) {rc ché sy hinh thanh sac
t6 tir L-DOPA, norepinephrine va dopamine dudi sy xtc tac ctua Tyrosinase. Piéu
nay cé nghia rang acid kojic c6 thé giam chuyén hoa O-diphenol thanh O-quinon
ngin can tao thanh sic to.

Tién hanh:

70 pL dung dich S-EPS pha loang trong DMSO 5 %, thanh diy nong d6 khac
nhau dugc nap 1én dia 96 giéng. Mau ching 4m khong chira chit thir nghiém. Thém
30 pL dung dich Tyrosinase nong d6 333 U/mL va @ ¢ nhiét 6 phong 10 phut. Thém
110 plL — Tyrosinase 2 mM va tiép tuc & trong 30 phuit. Do OD ¢ budc song 490 nm.
Kojic acid dugc dung lam chimg duong. Cac mau di kém véi mau tring khong chia
Tyrosinase.

% urc ché Tyrosinase dugc xac dinh bang cong thirc:

(A chirng Am — A blank) — (A thir nghiém — A blank)
IC (%)= x 100 (Cong thire 7)
A ching idm — A blank
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2.3.15. Xdc dinh thanh phin dwong don ciia EPS
Nguyén tic:

Phuong phap GC-MS dugc sir dung dé xac dinh thanh phan duong don thuy
phan tir ESP, duoc chuyén d6i hoa hoc thanh cau tric dé bay hoi theo quy trinh: thuy
phén, hoan nguyén va acetyl hoa. Cac EPS dudi tac dong cua acid bi thuy phan thanh
cac duong don, lam xuét hién cadc nhom OH tu do. Sau do, cac duong don nay dugc
acetyl hoa véi tac nhan anhydride acetic (Ac20), gin cac gdc acetyl nay v6i nhom -
OH, chuyén thanh cac ciu tric dé bay hoi dé dang duoc phén tich trong hé thong GC-
MS.

Tién hanh:

Thuy phéan: Tham khao quy trinh cta Yu va cong sy (2007) [22], ¢6 sira doi
dé phu hop véi diéu kién thi nghiém lién quan dén thoi gian, nhiét d6 va nong d6 acid
su dung.

Dudi tac dung cua acid HCI, EPS bi thuy phan thanh cédc phan tor duong don

do lién két glycosidic giita cac phan tir nay bi pha v&.

Hinh 2.5. M0 ta phan tng thuy phan cta disaccharide
Thuy phan EPS bang acid hydrochloric (HCI1): Can 35 mg EPS da tinh sach

vao binh cau ¢6 nham 10 mL, thém 2,5 mL HCI1 10 % . Str dung hé hoan nguyén ¢
nhiét d6 70 °C trong 3 gio. Sau phan ung, dé ngudi vé nhiét do phong va trung hoa
vé pH 7 bang NaOH 1 M. C6 quay dich trung hoa dé loai bét nudc. Kiém tra san
pham thuy phan thu dugc bang sic ky ban mong va sic ky long hiéu ning cao.

< Acetyl héa EPS: Mau EPS sau khi dugc thuy phan hoa tan v6i 3 mL Ac,O
trong 30 phut & nhiét d6 phong. Thém 4 mL hdn hop DMAP/pyridine (0,025 M). Cho
hdn hop vao binh cau phan Gmg ¢ nhiét d6 50 °C trong 24 gio. Sau phan tng, hdn hop
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duoc chiét véi ethyl acetate va HCI 10 %, thu pha dich dung méi hitu co. Lap lai 3
lan d¢ loai bo hét pyridine trong hdn hop, sau dé siy kho.

AcO

H OAc

OAc

AcO

AcO OAc

Hinh 2.6. Cac duong don sau khi bi acetyl hoa
X Phdn tich GC-MS

Mau siy kho dugc hoa vao dung mai thich hop dé chay GC-MS sir dung cot
Thermo-Electron capillary GC (15 m x 0.25 id x 0.25 pm, 5 % diphenyl). Tdc d6
dong khi Helium 14 1 mL/phut. Nhiét 6 buéng 190 °C trong 4 phiit, sau do ting theo
nhip d6 4 °C/pht t&i 230 °C, duy tri trong 8 phiit. Nhiét do cong tiém va dau do twong
g véi 250 °C va 300 °C. Thé tich tiém mau 1 pL.

2.3.16. Xdc dinh va dy dodn cdu triic va lién két ciia EPS
Nguyén tdc: Tham khao quy trinh cia Wang va cong sy (2019) [65].

St dung GC-MS twong ty nhu trong muc trén, khac biét duy nhat 13 qua trinh
chuyén d6i hoa hoc EPS thanh cdu tric dé bay hoi duoc thyc hién theo quy trinh:
methyl hoa — thuy phan — hoan nguyén — acetyl ho4. EPS chuyén hoa thanh alditol
acetate bi methyl hoa thanh PMAAs dé bay hoi. Qua trinh nay ciing cho phép xic
dinh thanh phan dudng don lién két trong EPS Céc EPS c6 cac nhom -OH tu do bén
ngoai duge methyl hoa véi tac nhan 1a CH;I. Goc methyl gan nhém -OH, lam cho
ciu tric ciia EPS it phan cuc hon. Sau methyl héa. Cac EPS s& bi thuy phan acid
thanh cac duong don, lam xuat hién cac nhom -OH tu do. Cac nhom -OH tu do s&
dugc acetyl hod véi tac nhan 14 anhydride acetic (Ac20). Cac goc acetyl s& chiém lay
O trong nhom -OH va chuyén thanh cac ciu triic dé bay hoi va dugc phén tich trong

hé théng GC-MS.
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2.3.17. Xdc dinh céu triic tong thé ciia EPS

St dung pho cong huong tir hat nhan (NMR) nghién ctru ciu triic phén tir cua
cac hop chat hiru co thong qua x4c dinh cong hudng tuong tac birc xa dién tir ciia cac
hat nhan trong tr trudng manh [4].

Tién hanh:

Trong phan tich NMR, EPS dugc trao doi voi deuterium bang cach hoa mau
trong deuterium oxide (D20). Hoa tan 20 mg EPS sau tinh sach trong 1 mL DO,
danh siéu am trong 1 gio, dé qua dém ¢ nhiét do phong dé qua trinh trao ddi xay ra.
Laplai 3 lan céac budc trén trude khi xac dinh cau trac téng thé EPS véi phé NMR.
2.3.18. Phwong phdp xir Iy sé ligu

S liéu dugc biéu dién bang gia tri trung binh + d6 1éch chuan (mean + SD).
Phan mém Microsoft Excel 2013 duoc st dung dé tinh toan sb liéu va vé do thi. Cac
thi nghiém duoc lap lai it nhét 3 1an. Gia tri p-value < 0,05 dugc xem 1a c6 ¥ nghia

thong ké.
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CHUONG 3. KET QUA — BIEN LUAN

3.1. Khio sat diéu kién nudi cay léng-tinh C. sinensis
3.1.1. Anh hwéng ciia nguén nito dén tao sinh khoi va phivc EPS-protein

Nghién ciru ndy khao sat anh huong ciia cac nguén nito khdc nhau nhu
peptone, cao nAm men va nhong tam dén san xuat sinh khoi, sinh tong hop EPS va
kha nang bat goc ty do ABTS ciia EPS bdi nam C. sinensis nudi cay long-tinh & cac
thoi diém khac nhau 10, 20, 30 va 40 ngay.

Két qua cho thdy san xuét sinh khoi ctia nAm C. sinensis nudi cy long-tinh
thap nhat trén mdi truong co ban khong bo sung nito. Thoi diém thu sinh khdi cao
nhat 13 vao ngay thir 20 véi 6,8 g sinh khdi kho (SKK)/L. Trude khi ndm vao giai
doan can bang va suy vong (Hinh 3.1A). Trong khi dé, trén méi truong bd sung
peptone va cao ndm men, thoi diém sinh khdi ndm dat cao nhit 20,3 g SKK/L vao
ngay nudi cdy thir 30 gap khoang 3 lan so sinh khdi tao ra trén moi truong co ban (6,8
g SKK/L). Sinh khdi ctia ndm C. sinensis tao ra trén moi truong bd sung bot nhong
tam ciing t6t hon so v&i trén moi trudng co ban. O ngay thir 30, sinh khdi nAm trén
moi truong bo sung bot nhong tam tam dat 14,9 g SKK/L cao hon dang ké so voi moi
truong co ban (6,4 g SKK/L), nhung thap hon so v6i 20,3 g SKK/L trén méi trudng
bd sung peptone va cao nam men. Co diéu tha vi 1a trén moi truong bot nhong tam,
sau ngay thir 30 sinh khdi ndm tiép tuc duoc tao ra cho dén ngay thir 40 dat 189 g
SKK/L (Hinh 3.1A).

Phtic EPS trong qua trinh sinh truong ctia nam C. sinensis, thuong dugc tiét
nhiéu trong pha on dinh. O méi trudng co ban khong bd sung nito, thoi gian sinh
truéng ciia nam ngan, vao phase 6n dinh tir ngay 20 dén 30. Phirc EPS tiét ra tir nAm
dat cao nhat & ngay thu 30 1a 1,65 g phirc EPS/L (Hinh 3.1B). Trén méi trudng bo
sung peptone va cao nam men, phtic EPS dugc tao ra tang dan tir 1,1 g & ngay tha 10
dén 2,5 g & ngay thtr 40. Do vay, thoi diém thu nhan phirc EPS tot nhat tir C. sinensis
nudi cdy 1ong-tinh trén mdi trudng peptone va cao nim men 1a ngay thtr 40 (Hinh
3.1B). Vao thoi diém, nam dang & cudi phase on dinh va dau phase suy vong. Két
qua nay pht hop véi nghién ciru cia H6 Thi Phuong Tham (2015) véi ning suat 1a
2,75 g phtic EPS/L va nghién ciru ciia Lo va cong sy (2013) voi ning suét trong

khoang tir 0,43 dén 3,21 g phitc EPS/L [13]. Trong khi d6, trén moi trudng bod sung
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bot nhong tam, nang xuat tao phtrc EPS do nam C. sinensis dugc ghi nhan tang tir 0,5
dén 1,8 g sau 10-30 ngay nudi cdy. Tuy nhién, su tiét phirc EPS giam dan sau d6. O
thoi diém ngay thir 40, phitc EPS thu dugc nhé hon so vé6i thdi diém 30 ngay (Hinh
3.1B).
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Hinh 3.1.  Anh hudng cua ngudn nito dén tao sinh khdi (A) va phizc EPS (B)
theo thoi gian boi ndm C. sinensis nudi cdy long-tinh

Tém lai, nguoén nito thich hop trong nudi cdy long-tinh thu nhan sinh khéi nAm
C. sinensis va phttcc EPS 13 peptone va cao nam men. Thoi diém thu nhan phirc EPS
cao nhét ¢ ngay thu 40 (2,5 g phtrc EPS/L) twong tmg voi ning suat sinh khéi 1a 19,3
g SKK/L. Dong Yao va cong sy (2005) ciing cho rang peptone va cao nam men 1a
ngudn nito quan trong va thich hop trong nudi cdy nam C. sinensis [76].
3.1.2. Anh hwéng ciia nguén nito dén thanh phéin EPS trong phirc EPS-protein

Polysaccharide 13 cdu phan quan trong va quyét dinh dén hoat tinh sinh hoc
ctia phttc EPS-protein. Do d6, tiép theo phai tim hiéu anh hudng ctia ngudn nito dén
thanh phan polysaccharide trong phttc EPS-protein do ndm C. sinensis tao ra trong
nudi cdy léng-tinh (Hinh 3.2).

Két qua cho thay phirc EPS-protein thu nhan tir mdi trudng nudi cdy 1ong-tinh

bd sung peptone va cao ndm men c6 thanh phan polysaccharide cao hon dang ké so
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v6i 2 moi truong con lai & tat ca cac thoi diém khao sat. Diém thd vi 13 trén moi
truong peptone va cao ndm men, nim san xuat phirc EPS-protein véi thanh phan
polysaccharide ting dan déu trong thoi gian sinh truéng trong khoang tir 10-40 ngay.
O thoi diém ngay thir 10, thanh phan polysaccharide trong phitc EPS-protein 13 50 %
va ting dan lién tuc dén ngay thir 40 (Hinh 3.2A). Xu thé nay cling dugc ghi nhan khi
nam C. sinensis nudi cdy trén moi trudng bod sung nhong tam. Mic du thanh phan
polysaccharide cua phitc EPS-protein trén moi trudng nay 1a thap hon so véi thanh
phan polysaccharide ciia phttc EPS-protein trén méi trudng peptone va cao nAm men.
O ngay thir 40, thanh phan polysaccharide ctia phitc EPS-protein thu nhan tir 2 moi
truong nay tuong ung 1a 63 % va 76 % (p < 0.05). Trong khi do, trén moi trudng co
ban, thanh phan polysaccharide ciia phitc EPS-protein 14 thap nhét & tt ca cac thoi
diém khao sat. Hon nita, ké tir sau ngay thir 20 ngay, thanh phan polysaccharide ctia
phtc EPS-protein tao ra trén méi trudng ndy duong nhu khong thay doi ¢ gia tri
khoang 46 %.

Két qua phan tich con cho thy cac phirc EPS-protein nay con chira mot lwong
nho protein dao dong tir 0,1 — 3,9 % (Hinh 3.2B). Trong d6, phirc EPS-protein tir moi
truong peptone va cao ndm men cé thanh phan protein cao hon so véi 2 méi trudng
con lai. Két qua nay goi ¥ vé su ton tai cua phirc polysaccharide-protein. Cac nghién
ctru truée da xac nhan EPS tao béi ndm C. sinensis ¢6 thé ton tai & dang phuc voi
protein. Leung va cong sy (2009) di ly trich EPS tao bdi nam C. sinensis Cs-HK1 tir
moi trudng bd sung peptone va cao ndm men cé thanh phan polysaccharide khoang
65-70 % va chira khoang 25 % protein [77]. Hoat tinh sinh hoc ctia phirc EPS-protein
da duoc chimg minh 13 phu thudc dang ké vao thanh phan protein trong phiic boi
Huang va cong sy (2013). Nhu vay c6 thé goi ¥ rang, thanh phan protein cao hon
trong phitc EPS-protein tir moi truong nudi cdy bo sung peptone va cao nam men cé
thé dong vai tro quan trong trong thé hién hoat tinh sinh hoc cta phitc EPS-protein

[50].
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Hinh 3.2. Sy thay doi vé ham luong polysaccharide (A) va protein (B) trong
EPS tach chiét tir 3 méi trudng khac nhau theo thoi gian nudi cay tir 10 — 40 ngay

Két luan, két qua khao sat cho thdy ngudn nito dong vai trd rat quan trong
trong sinh tong hop phttc EPS-protein ctia nam C. sinesis. Su hién dién dong thoi cia
polysaccharide va protein trong phttc EPS-protein ¢6 thé lién quan dén su ton tai ciia
cac phan doan phirc hop polysaccharide-protein c¢6 hoat tinh sinh hoc. Day 1a goi y
tha vi cho nhitng nghién ctru tiép theo lién quan dén khao sat cac phan doan EPS sau
khi tach protein.
3.1.3. Anh huwéng ciia nguén nito dén hogt tinh khdng oxy héa in vitro ciia phirc
EPS-protein

Két qua khao sat cho thay hoat tinh bat gbc tir do ABTS" ctia phirc EPS-protein
thay d6i dang ké phu thudc vao ngudn nito sir dung trong nudi ciy 1ong-tinh ndm C.
sinensis. Phitc EPS-protein thu nhan vao ngay thir 40 tir moi trudng bd sung pepton
va cao nAm men & néng dd khao sat 0-6 mg/mL thé hién hoat tinh bat géc tu do
ABTS" cao nhat, ké dén 1a phirc EPS tir méi truong bo sung nhong tam. Thap nhat 14
phuc EPS-protein tir mdi truong co ban (Hinh 3.3A).
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Hinh 3.3. (A) Hoat tinh bat goc tu do ABTS* cua phirc EPS-protein thu nhan tir

cac mdi trudng nudi cay khac nhau & ngay thi 40. (B) Su thay doi kha niang bat

gbc tu do ABTS" ctia cac phitc EPS-protein theo thoi gian nudi cay thé hién qua
ICso (mg/mL).

Gia tri ICso thép thé hién hoat tinh bat géc tu do ABTS" ctia phitc EPS-protein
tir moi trudng peptone va cao nAm men cao hon so véi 2 mdi truong con lai (Hinh
3.3B). ICso 12 ndng do tai d6 hon 50 % céac gbc ty do ABTS* bi bat bai EPS. Do d6
EPS c6 gia tri ICso cang thap cang thé hién hoat tinh bat ABTS* cang cao. Phuc EPS-
protein tir mdi trudng peptone va cao nam men c6 ICso 1a thap hon so véi tir 2 méi
truong con lai.

Diém tha vi 13 trén méi trudng bo sung peptone va cao nam men, hoat tinh bat
ABTS" ctia phitc EPS-protein tang dan theo thoi gian nudi cay. Bang ching 1a gia tri
ICso ctia EPS thu nhan & ngay thir 40 thap hon dang ké, khoang 2 1an, so v&i ICso clia
phirc EPS-protein thu nhan & ngay thir 10. Diéu ndy c6 thé lién quan dén sy gia tang
ctia thanh phan polysaccharide trong phirc EPS-protein theo thoi gian (Hinh 3.2A).
Xu thé nay cling quan sat thdy ¢ phitc EPS-protein tir méi trudng bd sung nhong tim

trong khoang thoi gian tir 10-30 ngay nudi cdy. Hon nita, thanh phan protein ctia phtrc
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EPS-protein tir moi trudng peptone va cao nam men c6 thé tham gia vao viéc cai thién
hoat tinh bat goc ty do cua chung.

Két luan: Nguon nito trong méi trudng nudi cdy 1ong-tinh nam C. sinensis anh
hudng dang ké dén sinh tong hop phirc EPS-protein c6 hoat tinh bat gbc tw do ABTS".
Thay d6i ngudn nito khac nhau trong méi trudng nudi cay co thé lam thay do6i thanh
phan polysaccharide va hoat tinh sinh hoc ctia phitc EPS-protein. Trong nghién ctru
nay, peptone va cao nim men la nguoén nito thich hop bo sung vao méi truong nudi
cdy l6ng-tinh ndm C. sinensis tao EPS c6 hoat tinh bat gbc ty do ABTS"

Lién quan dén nghién ctru sang loc moi truong nudi cdy long-tinh nim C.
sinensis. Trong phan tong quan da dé cap dén wu thé cta nudi cay 1ong nim C. sinensis
50 vGinudi cay ban ran. Tuy nhién, da s6 cc nghién ciru nudi cay long nam C. sinensis
cho dén nay chu yéu tap trung vao nghién ctru nudi ciy long két hop khudy vai toc
do6 trong khoang 100-150 v/phut. Chua thay dé cap nhiéu dén nuoi cay long-tinh ndm
C. sinensis. V& thanh phan mdi trudng nudi cay nam C. sinenesis vé co ban kha giéng
nhau. Ngudn C thuong 14 saccharose va glucose hay bot bap. Nguon N 1a cao nim
men va peptone ciing mot sé6 mudi vo co cung cap khoang vi luong. pH méi trudng
nudi cay thudng cé tinh acid trong khoang 4,0-4,5. Ciing c6 nghién ciru tién hanh &
pH 7,0 (Wu, Chen va Hao. 2009).

Ning suat tao sinh khéi va EPS ciing khac nhau. Cao nhat 14 & nghién ctru ciia
Cha va cong su (2007) dat ning suat twong (mg ciia sinh khoi va EPS 14 54,0 g/L va
28,4 g/L. Con lai da s dat nang suét thap hon trong khoang 20-25 g/L sinh khéi va
2,8-4,1 g/L EPS (Kim va Yun, 2005; Leung va cong su 2007; Wu, Chen va Hao 2009
va Yin va cong sy 2013). Nghién ctru cia Wu, Chen va Hao 2009 nubi cay léng nim
C. sinensis khudy 150 v/phut, pH 7,0 cho ning suat sinh khoi twong d6i thap 12,3 g/L,
nhung ning suét tao EPS lai kha cao t6i 24,5 g/L. Diéu nay chimg té nudi ciy long
nhan tao ndm C. sinensis con phai nghién ctru tiép tuc lién quan dén sang loc thanh
phan mai trudng nudi cay, hinh thirc nudi cay long-khuay, long-tinh hay ban ran.

Két qua cho thay san xuat sinh khéi ciia ndm C. sinensis nudi cdy long-tinh
thap nhat trén mdi truong co ban khong bo sung nito. Thoi diém thu sinh khdi cao
nhat 12 vao ngay thir 20 véi 6,8 g sinh khéi kho (SKK)/L. Truéc khi nAm vao giai
doan can bang va suy vong (Hinh 3.1A). Trong khi d6, trén méi trudng bd sung

peptone va cao nam men, thoi diém sinh khéi nim dat cao nhat 20,3 g SKK/L vao
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ngay nudi cay thir 30 gap khoang 3 1an so sinh khdi tao ra trén méi truong co ban (6,8
g SKK/L). Sinh khdi ciia ndam C. sinensis tao ra trén mdi truong bd sung bot nhong
tam ciling t6t hon so véi trén moi trudng co ban. O ngay thi 30, sinh khbi nAm trén
moi truong bo sung bot nhong tam dat 14,9 g SKK/L cao hon déng ké so véi méi
truong co ban (6,4 g SKK/L), nhung thap hon so vi 20,3 g SKK/L trén méi trudng
bd sung peptone va cao nam men. C6 diéu thua vi 13 trén méi truong bot nhong tam,
sau ngay thir 30 sinh khdi nam tiép tuc dugc tao ra cho dén ngay thir 40 dat 18,9 g
SKK/L.

Thanh phan N trong méi truong nudi cay 1ong tinh nam C. sinensis anh hudng
dang keé toi thanh phan EPS trong phitc EPS-protein. Mi trudng nudi cdy bod sung
peptone va cao nam men ciing kich thich tang tao EPS so v&i trong méi truong léng
co ban va bd sung nhong tam giong nhur trong nudi cay nam C. sinensis long-khuay
[Leung va cong sy 2007; Wu, Chen va Hao 2009 va Yin va cong su 2013]. Lién quan
dén hoat tinh khdng oxy héa bat gbc ty do ABTS" ctia EPS thu nhan tir méi truong
nudi cdy long-tinh nim C. sinensis ciing cao hon so v4i méi truong long co ban va
bd sung nhong tam.

Ngoai mdi truong co ban nudi cdy long-tinh ndm C. sinensis theo két qua
nghién ctru ctia mot s tac gia dau thyc vat bo sung vao mdi truong nudi ciy long-
tinh ndm C. sinensis s& kich thich ting sinh tong hop va hoat tinh sinh hoc ciia EPS.
Do vay, nhiém vu tiép theo la khao sat nuoi céy long-tinh nam C. sinensis kich thich
tang sinh tong hop va hoat tinh sinh hoc ctia EPS bang dau thuc vat.

3.2. Khio sat nudi cdy léng-tinh nam C. sinensis kich thich ting sinh tong hop
va hoat tinh sinh hoc ciia EPS bing dau thuc vat

3.2.1. Sw thay doi ham lwong sinh khéi va EPS ciia ndm C. sinensis trong moi
truwong nudi cdy cé bé sung dau thue vit

Theo tai liéu tham khao, céc tac gia da bo sung mot s6 dau thuc vat néng do
tir 1-5% vao moi trudng nudi cay long C. sinensis [78, 80]. Trong nghién ciru nay,
dau dira va dau huéng duong duoc bod sung trong khoang 1 — 5 %. Riéng dau 6 liu
cho két qua cuc dai & 5 %. Do vay, tién hanh khao sat bo sung dau 6 liu trong khodng

1 -10 %.
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Sau 40 ngay nudi ciy bang phuong phap 16ng tinh, thu nhan sinh khbi va EPS
tir dich nudi cay ndm C. sinensis bod sung dau dira nong do tir 1 — 5 %, dau hudng

duong tir 1 —5 % va dau 6 liu 1 — 10 %.

3.2.1.1. Két qua khao sat trén méi truong bo sung dau dira
Trén mdi trudng nudi cay bo sung dau dira nong d6 tir 1 — 5 % sy phat trién

ctia nam C. sinensis va tao EPS dugc mo ta trong hinh 3.4.
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Hinh 3.4.  Anh huéng ctia dau dira dén tao sinh khoi va tong hgp EPS cua C.
sinensis nudi cdy 1ong-tinh
Vé sinh khoi, biéu do 3.4 cho thdy bo sung dau dira vao méi trudng nudi ciy
c¢6 su khac biét co ¥ nghia thong ké p < 0,05 ning suat tao sinh khoi kho gitra cac 16
thi nghiém so v&i ddi ching (PC). Cu thé, cac 16 thi nghiém bo sung dau dira (D) déu
tang tao sinh khdi cao hon so véi 16 BC. Trong d6 16 D4 cho ning suat cao nhat 1a
2430+0,07 g/L. L6 D1 thép nhét dat 17,75 + 0,45 g/L (D1) van cao hon so véi ning
suét tao sinh khéi ctia 16 DC va 16 bo sung Tween khoang 16,4 + 0,05 g/L. Két qua
nay phul hop véi nghién ctru ciia Hsieh va cong su (2008) [80]. Ly do 1a dau dira chira
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khong nhiéu acid béo khong no acid oleic, chu yéu chira acid béo bao hoa nén phan
nao han ché kich thich tao gia ting sinh khdi.

Vé EPS, co6 sy khac biét c6 y nghia thong ké ham luong EPS tao thanh giira
cac 16 BC va cac 16 thi nghiém. Két qua cho thay bo sung dau dira & cac nong do 1 —
5 % lam tang téng hop EPS ¢ nam. Cu thé, ham luong EPS kho dat cao nhét 2,54 +
0,13 g/L & D4, thap nhat 1,60 + 0,01 g/L ¢ 16 D1. Nhu vay, viéc bo sung dau dira
vao mdi trudng nudi ciy da kich thich gia tang tong hop EPS ciia nam C. sinensis tir
1,5 g/L 1én 2,54 g/L. Tang 1,66 lan so véi DC & 16 D4 bd sung 4 % dau dira vao moi
truong nudi cdy. Su gia ting nay twong dong v4i vai sy gia tang sinh khéi ndm (Hinh
3.4).
3.2.1.2. Két qua khao sat trén méi truong bo sung dau huong dwong

Moi trudng nudi cdy nim C. sinensis bod sung dau huéng duong ndng do tir 1
— 5 % ciing 1am nang suat sinh khéi kho va EPS. Két qua khao nghiém thé hién &
hinh 3.5.
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Hinh 3.5. Sy thay d6i vé ham luong sinh khéi kho va EPS khi b6 sung dau
hudng duong
Poi véi sinh khoi khé, bd sung dau huéng duong ciing 1am ting ning suét tao
sinh khéi kho véi sy khac biét c6 ¥ nghia thong ké giita cac 16 thi nghiém va 16 BC
(p < 0,05). Ning suat tao sinh khoi cao nhét 26,37 + 0,56 g/L ¢ 16 b6 sung 3 % dau
huéng duong (H3), cao hon nhiéu so v&i 16 BC 16,38 + 0,05 g/L. Tinh chung b6 sung

dau hudéng duong tir 1 — 5 % lam tang nang suat tao sinh khoi cua nam C. sinensis
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tir 35,34 % — 43,67 % so voi PC. Két qua nay phu hop v6i nghién ciru cia Park va
cong su (2002) vé anh huéng dau huéng duong dén kha ning kich thich nAm phat
trién va tang sinh khéi ndm cta C. militaris [78]. Co sy gia ting dang ké nhu trong
khao sat c6 thé 1a do trong dau hudng duong, thanh phan acid linoleic, mét acid béo
khong no chira 2 n6i d6i pho bién chiém t6i 65 — 70 % cao hon nhiéu so véi trong
dau dura [1, 80].

Poi véi tong hop EPS, & mdi truong bo sung dau hudng duong, luong EPS
thu dugc tang dan khi néng d6 dau ting trong khoang tir 1-3 %. Sau nong do dau 3
%, luong EPS tao thanh bat dau giam. EPS thu ¢ méi trudng bo sung dau hudng
duong 3 % cao nhat dat 2,56 + 0,07 g/L, tang hon 1,5 1an so v&i BC (1,52 + 0,22 g/L)
(p>0,05). Két qua nhan dugc twong tu véi két qua nghién ciru ciia Hsieh va cong su
trong khao sat bo sung dau huéng duong vao méi trudng nudi cdy ndm G. frondosa

[80].

3.2.1.3. Két qua khao sat trén méi truong b6 sung dau 6 liu
B6 sung dau 6 liu tir 1 — 10 % vao mdi trudng nudi cay nam C. sinensis thu

dugc két qua thé hién trong hinh 3.6.
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Hinh 3.6. Sy thay d6i nang suat sinh khdi kho va EPS khi b6 sung dau 6 liu
Poi véi sinh khoi, so sanh nang sut tao sinh khéi kho gitta cac 16 O1 — 010

(b6 sung tir 1 — 10 % dau 6 liu) so voi 16 PC thay c6 sy tang tir 19,48 + 0,6 g/L ¢ 16
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O1 t&i 29,06 + 1,06 g/L ¢'16 05 so véi ¢ 16 BC 14 16,47 £ 0,06 g/L c6 y nghia thong
ké (p < 0,05). Tuy nhién sau d6 ning suat tao sinh khdi & cac 16 tir 06 — 010 lai giam
c¢6 ¥ nghia théng ké (p<0,01). Két qua khao sat cho thdy bo sung dau 6 liu & cic nong
d6 khac nhau s& anh huong dén kha ning phaét trién ctia nAm C. sinensis trong moi
truong nudi cay léng-tinh. Sinh khdi ting manh khi bo sung dau 6 liu t6i 5 %, tang
khoang 76 % so véi PC. Két qua nay phu hop véi nghién ctru cta Park va cong sy
khi nghién ctru trén ndm C. militaris [78]. Nguyén nhan cé thé 14 do trong dau 6 liu,
acid oleic, mot loai acid béo khong no chiém hon 70 % c6 kha nang kich thich sy
phat trién ctia sinh khéi nim trong méi truong long [61].

Vé EPS, bo sung dau 6 liu vao méi truong nudi ciy ciing kich thich qua trinh
sinh tong hop EPS ting 1én dang ké so véi méi truong DC (hinh 3.6). Khéi luong
EPS ting manh tir 2 dén 4 1an so v6i dbi chung. Trong d6 cao nhat 1a & méi truong
bd sung dau 6 liu 5 % véi 5.3 £ 0,38 g/L, tang gip 4 1an so véi moi truong PC tuong
tmg 13 1,54 + 0,03 g/L (p<0,05). Két qua khao sat nay phut hop v6i két qua ciia Hsieh
va cong sy cho rang dau 6 liu c6 kha ning kich thich nAm Grifola frondosa tang san
xuat EPS [69].

Do EPS thu duoc tir dich nuéi cay long-tinh nam C. sinensis 1a phirc hop ctia
EPS va protein nén can thiét phai khao sat ham lugng polysaccharide va protein trong
tia EPS thu tir cic moi trudng bd sung dau.

3.2.2 Khdo sdat ham lwgong polysaccharide va protein trong tiia EPS thu tir cdac
moi trwong bé sung diu

Sau khi khao sat anh hudng cua dau thyc vat dén sy phét trién va tong hop
EPS cia nam C. sinensis & 40 ngdy nudi cdy, da tién hanh xac dinh ham lugng
polysaccharide va protein c6 trong tiia EPS thu tir cdc mdi truong khao sat bo sung
dau. Két qua dugc trinh bay & bang 3.1.

Nhin chung cic mdi trudng khao sat déu c6 ham luong polysaccharide cao,
pht hop véi quy trinh tach chiét polysaccharide da sir dung. Trong d6 ning suét tao
phuc EPS-protein va ham luong polysaccharide trong phirc nay thu dugc tr moi
truong bo sung dau 6 liu cao hon dang ké so véi tir mdi trudng bod sung dau dira va
dau huéng duwong va cao hon so véi dbi ching. Két qua khao sat ciing cho thdy ham

luong protein trong phirc EPS-protein thu tir cdc moi trudng bod sung dau va moi
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truong DC khong khac nhau nhiéu, dao dong tir 1,6 - 2 % va chiém ty 1é thap. Diéu
nay chimg to b6 sung dau thuc vat, dic biét 1a dau 6 liu, kich thich ting chi yéu dbi
tugng ma dé tai quan tm 1a ham lugng EPS trong phitc protein-EPS thu nhan tir dich
moi truong nudi ciy long-tinh ndm C. sinensis. Do vy mdi truong nudi cay long-
tinh nim C. sinensis bd sung dau 6 liu 1a phu hop va dugc chon cho cac nghién ciru
tiép theo.

Bang 3.1. Ham lugng polysaccharide, protein trong EPS

Ham luwgng Ham luwgng Ham lugng X
X . . X q Ham lll’(}'ﬂg
Mau polysaccharide protein Mau polysaccharide rotein (%)
(%) (%) (%) i '

1,890 +
HI 55,70+ 1,54 073 06 69,65+ 1,32 2,11+ 0,56
CH2  5944+127  264+006| 07  6198+065  198£0,19
H3  6543+0,50 1,37+0,06| O8 60,53 +0,17 1,21+ 0,31
H4  66,76+0,72 2,48+045| 09  63,21+0,59 1,32+ 0,42

Ngoai ning suat tao sinh khdi va khéi lugng phirc protein-EPS thu dugc. Muyc
dich nghién ctru ctia luan 4n 13 tim hiéu hoat tinh sinh hoc néi chung, trong d6 c6
hoat tinh bat gbc ty do ABTS* ctia phtic protein-EPS. Do vay, khdo sat tiép theo lién
quan dén phan tich ham lugng polysaccharide trong phirc, hoat tinh bat gbc tu do
ABTS" ctia phirc protein-EPS thu dugc tir mdi truong bo sung dau dira, dau hudng

duong va dau 6 liu.
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3.2.3 Khio sdt hoat tinh bit goc tw do ABTS" ciia tiia phirc protein-EPS thu dwoc
tir 3 moi trwong bé sung diu

Két qua khao sat kha nang bat goc tw do ABTS* cua tila phtic protein-EPS thu

duogc tir 3 mdi truong bd sung dau dya trén gia tri ICso dugc thé hién qua cac Hinh

3.7,3.8 va3..

4000
3 3500
£
= 3000 — o]
~ 2500
R
O 2000
‘E 1500
o)
B 1000
500
0

bC Tw D1 D2 D3 D4 D5
Ki hiéu mau
Hinh 3.7. Két qua khang oxy ho4 ctia EPS thu tir méi truong bo sung dau
dira. PC: d6i chtng; Tw: bo sung Tween 80; O1-010: dau dira tir 1 - 10 %.

4000
3500 ,/f”"Ak\\““~ r’,,,»f‘
3000 — \\\\stmgzﬁ,//’*
2500
2000
1500
1000

500
0

(ng/mL)

Gia tri IC50

bC Tw H1 H2 H3 H4 H5
Mau thi nghiém

Hinh 3.8. Két qua khang oxy hoé ctia EPS thu tir méi truong bo sung dau
huéng duong. PC: d6i chimg; Tw: bo sung Tween 80; H1-H10: dau hudng
duong tir 1 - 10 %.
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Két qua cho thay EPS thu tir méi truong dau hudng duong 3 % (Hinh 3.10) ¢
hoat tinh bat gbc ty do ABTS* véi ICso=2866,03 pg/mL va cao hon mot chit so véi
dbi chtng véi 1Cso = 3067,71 pg/mL. Két qua tuong tu voi viée bd sung dau dira 4
% v&i ICso = 3012,23 pg/mL (Hinh 3.11). Nhin chung két qua kha ning bat gc tu
do ABTS" ctia phttc EPS-protein thu dugc tir méi trudng bd sung dau huéng duong
va dau dira khong khéc biét so voi BC.

Két qua khao sat hoat tinh bat gc ty do ABTS* ctia phttc EPS-protein thu
dugc tir dich nudi cay nim C. sinensis bo sung dau 6 liu kha trién vong. Theo két qua
ghi nhan dugc, trong khoang néng do khao sat tir 0 - 6000 pg/mL, cac mau EPS déu
c6 kha nang bat goc ABTS' vdi ti 1é khac nhau. Trong d6 EPS clia méi trudng co

noéng do dau 6 liu 5 - 7 % bat duoc gan hét goc ty do trong khoang ndng do khao sat.
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Hinh 3.9. Két qua khang oxy hod ctia EPS thu tir méi trudng bo sung dau 6

liu. BC: ddi chimg; Tw: bo sung Tween 80; 01-010: dau 6 liu tir 1-10 %.
Hoat tinh bat ABTS" ctia EPS thu tir méi truong ¢6 nong do 6 liu 2 % trd 1én
déu cao hon so v&i hoat tinh ctiia EPS trong mdi truong ddi ching (ICso =3067,48
ng/ml). Trong d6 cao nhat 13 moi truong 6 liu 5 % véi ICso=1713,02 pg/ml, cao gan
gap 2 1an so voi ddi chimg. Nghién ctru ciia Yang va cong su (2005) [65], Sharma va

cong su (2015) [5] cho biét EPS thu nhan tir C. sinensis c6 hoat tinh khang oxy hoa,
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diéu hoa hé théng mién dich, khéng khoi u, chéng 130 hoa... Nghién ctru ciia Yan va
cong sy (nam 2014) ciing cho thdy phan doan EPS thu tir sinh khbi ndm va dich nui
cdy co kha ning bat gbc hydroxyl va ABTS" cao [79].

Nhin chung két qua kha niang bat goc ty do ABTS" ctia phirc EPS-protein thu
duogc tir mdi trudng bo sung dau hudng duong va dau dira khong khac biét so véi DC
va khong t6t bang bo sung dau 6 liu. Do vy méi trudng bo sung dau 6 liu duge chon
cho cac thi nghiém tiép theo lién quan dén khao sat thoi gian thich hop thu nhan sinh
khéi va EPS trong dich nudi cay bo sung dau 6 liu.

3.2.4 Khido sdt thoi gian thich hop thu nhn sinh khoi va EPS trong dich nuéi
cdy bo sung diu 6 liu

Trong nghién ctru nay, cac mau duoc léy & cac thoi diém 10, 20, 30, 40, 50
va 60 ngay nudi ciy tir moi truong nudi cdy long-tinh ndm C. sinensis bd sung dau
6 liu dé thu nhan sinh khéi va tia EPS. Két qua duoc thé hién Hinh 3.10.

Poi véi sinh khoi, su khac biét vé nang suat sinh khoi kho c6 y nghia théng ké
gitra 0 ngay va 10 ngay (p <0,01), 10 ngay va 20 ngay (p <0,05), 20 ngay va 30 ngay
(p < 0,01), 30 ngay va 40 ngay (p < 0,01). Ning suét sinh khéi kho thu & ngay thir
40, 50 va 60 ngay cao hon so véi thoi diém 0 ngay, 10 ngay, 20 ngay, 30 ngay va
khac biét giira chiing khong c6 y nghia thong ké. Nang suat sinh khoi kho thu & ngay
thir 40 ngay dat 31,01 = 0,03 g/L cao hon so v&i cac ngay trudc d6. Cu thé, tuong
g 14 sau 30 ngay nudi cay, ning suat sinh khoi dat 25,49 £ 0,32 g/L, 20 ngay 16,42
+ 0,85 g/L, 10 ngay 3,02 = 0,00 g/L. Piéu nay chiing té thoi diém thich hop thu hoach
sinh khoi nAm tlr moi trudng nudi cdy 1ong-tinh nam C. sinensis bo sung dau 6 liu 1a

ngay thir 40.
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Hinh 3.10. Ham luong sinh khéi kho va EPS theo thoi gian cua C. sinensis
nudi cdy long-tinh

Vé ham lwong EPS, két qua khao sat cho thdy su khac biét vé ham luong EPS
gita cac thoi diém 0 ngay va 10 ngay, 10 ngay va 20 ngay khong c6 y nghia thong
ké. Tuy nhién, co sy khac biét co y nghia théng ké (p < 0,01), khi so sanh ham lugng
EPS tai thoi diém 20 ngay va 30 ngay, 30 ngay va 40 ngay (p < 0,05). Tuong tng véi
ham lugng EPS thu tai thoi diém 20, 30 va 40 ngay lan luot 1a 2,44 + 0,02 g/L, 5,04
+0,03 g/L, 5,77 = 0,02 g/L. Diéu nay cho thay ham luong EPS thu duoc ¢ ngay thi
40 cao hon 1,14 lan so voi & ngay thir 30 ngay. Trong khi, sy khac biét vé ham luong
EPS thu duoc tai thoi diém ngay thir 40, 50 va 60 khong ¢ ¥ nghia thong ké (p>0,05).
Vay, thoi diém thich hgp thu nhan EPS tai thoi diém ngay thir 40.

Tém lgi, qué trinh phat trién ctia nam tang theo thoi gian nudi cay. Bang ching
1a ham lugng sinh khéi nim ting tir 0 ngay dén 40 ngay nudi cdy. Cu thé, sy phat
trién ting manh nhat tir 10 ngay dén 20 ngay (ting 5,44 lan), dén 30 ngay, sinh khoi
nam tang thém 1,55 1an so véi 20 ngay va ting 1,22 1an khi thu & 40 ngay nhung qua

trinh nay khong tang nhiéu sau 40 ngay nudi cay.
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Tir két qua nghién ctru trén, chung t6i chon thoi diém thu hoach nim C.
sinensis khi bo sung 5 % dau 6 liu vao moi trudng nudi cay 1a 40 ngay. Py 1a thoi
diém thich hop dé nim phat trién manh va tong hop EPS cao.

Céc khéo sat trinh bay trong muc 3.1.2 cho thay ca 3 loai dau b sung vao moi
truong nudi cdy 1ong-tinh ndm C. sinensis déu anh huong 1én su phat trién, ning suat
tao sinh khdi va tong hop EPS.

Vé hinh thai, sinh khéi nAm phat trién day, pht to trang déu, min & cac 16 dau
dira (D3, D4), huéng duong (H2, H3) va 6 liu (05, O6). Trong khi & nhimg nong do
con lai sinh khdi ndm khong phil to trang déu ¢ bé miat. Piéu nay chimg té nong do
ting loai dau khac nhau d4nh huong dén hinh thai ndm trong qua trinh phat trién (Hinh
anh minh hoa & phan Phuy Luc).

Két qua nghién ctru ciing cho thiy dau dira khong thich hop cho sy phat trién
va tong hop EPS ctia nim C. sinensis boi thanh phan chil yéu cua dau dira 12 acid béo
bdo hoa va chi chira lugng nho 6,2 % acid béo chua bio hoa oleic acid. Do d6, dau
dira khong phit hop cho nam sir dung dé phat trién [78]. Trong khi dau huéng dwong
va dau 6 liu do chira nhiéu acid béo chua bao hoa nén phu hop hon dé bd sung vao
moi trudng nudi cay long-tinh ndm kich thich C. sinensis phat trién va tong hop EPS.
Két qua khao sat nay tuong ty nhu nghién ciru ciia Hsieh va cong sy (2008) khi bo
sung tir 0,1 - 1 % dau huéng duong va dau 6 liu vao méi truong nudi cdy nam G.
frondosa [80]. Piéu nay hop 1y do dau hudng duong va dau 6 liu c¢6 ham lugng acid
béo chua bdo hoa oleic acid khé cao tir 55 - 75 % gitp nam dé dang phat trién ting
sinh khéi va tong hop EPS [61]. Két qua khao sat kha tha vi. B6 sung dau huong
duong cho két qua ning suit tao sinh khdi nAm cao hon so véi bo sung dau 6 liu.
Nguoc lai, b6 sung dau 6 liu cho ham lugng EPS cao hon so véi bd sung dau huéng
duong.

Tuy nhién theo danh gia chung bd sung 5 % dau 6 liu sé kich thich ndm phat
trién manh sinh khéi dat 29,06 + 1,06 g/L, d@)ng thoi téng hop EPS ciing cao 5,3 £
0,38 g/L so véi BC 1,52 + 0,22 g/L) va t6t hon so véi bo sung dau dira va dau hudng
duong. Vi vay, moi trudng nudi cay bd sung dau 6 liu 5 % duge chon cho cac nghién
ctru tiép theo lién quan dén toi wu hoa kha nang tong hop EPS trong méi truong bo

sung dau 6 liu.
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3.3 Téi wu hoa kha niing tong hop EPS trong méi truomg bo sung diu 6 liu
3.3.1 Két qud sang loc yéu té anh hwéng dén ham lwgng sinh khéi va EPS

Trong nghién ctru ndy da tién hanh sang loc 9 yéu t6 tham gia thanh phan moi
truong nudi cay long-tinh nim C. sinensis gom dich chiét khoai tdy, saccharose,
peptone, cao nam men, KH2PO4, KoHPO4, CaCly, MgSO4 va dau 6 liu véi hai mirc
thip va cao theo ma tran Plackett — Burman. Két qua xir Iy bang phan mém Minitab
17 cho thdy, cac yéu t6 saccharose, peptone, cao nam men va dau 6 liu anh hudng téi
ham lugng sinh khéi v6i murc y nghia a = 0,05 (p < 0,05). Can cur vao hé s6 anh
huéng, thay dau 6 liu c¢6 tic dong manh nhat dén ham lugng sinh khéi (7,302), tiép
dén 1a saccharose (6,599), peptone (5,969) va cudi cing 13 cao nam men (3,988).
Trong khi KH>PO4 lai tac dong ngugc dén ham lugng sinh khéi v&i @6 tin cay p <
0,05.

Trong khi d6, 5 yéu t6 c6 gia tri anh huong 16n téi ham luong EPS (Béang 3.2)
gom dich chiét khoai tay, saccharose, peptone, MgSO4 va dau 6 liu véi mirc ¥ nghia
a=0,05 (p <0,05). Dua trén hé s6 anh hudng, dau 6 liu tac dong manh nhat dén ham
luong EPS (1,466), tiép theo 1a cac yéu t6 saccharose (1,296), dich chiét khoai tay
(1,151), MgSO4 (0,899) va cudi cung 1a peptone (0,811). KH2PO4 va KoHPO4 dnh
hudng khong dang ké dén ham lugng EPS ¢ d6 tin cdy p < 0,05. Bén canh do, ham
lugng sinh khéi kho va EPS gitra thyc nghiém va moé hinh c6 sy chénh I¢ch khong
dang ké. Theo két qua nghién ciru sang loc yéu to ciia Dong va cong su (2008),
glucose va peptone c6 anh huong 1én ham luong tong hop EPS cua C. militaris [29].
Trong nghién ciru nay saccharose, peptone va dau 6 liu dugc chon 1a nhitng yéu to
anh huong manh nhéat dén ham luong EPS cho thiét ké thi nghiém theo phuong phap
dap g bé mit Box — Behnken (bang 3.3, bang 3.4).
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Bdng 3.2. Cac bién trong ma tran Plackett-Burman

Mirc do anh Mirc do anh
Mikc hwéng den hwéng den
Yéu t6 Pon | Ki ham lwong ham lugng
euto vi | hiéu sinh khéi EPS
Thap | Cao | Anh Prob Anh Prob
() (+) | huong | >F | huéng | >F
Eﬁ"h."}}wt gL | X1 | 150 | 250 | 3,119 | 0,075 | 1,151 | 0,017
oal tay
Saccharose g/L | X2 20 60 | 6,599 | 0,007 | 1,296 | 0,011
Peptone g/L | X3 2 10 | 5,969 | 0,010 | 0,811 | 0,049
Cao nim men gL | X4 2 6 3,988 | 0,038 | 0,228 | 0,476
KH>PO4 g/l | X5 0,2 0,8 | -5,893 | 0,011 | -1,253 | 0,012
K>HPO4 g/L | X6 0,2 0,8 | 0,312 | 0,832 | -0,859 | 0,041
CaCl; g/L | X7 0,2 0,8 | 1,729 | 0,256 | 0,514 | 0,151
MgSO4 g/L | X8 0,1 0,3 | 0,848 | 0,552 | 0,899 | 0,036
O liu viv | X9 2 8 7,302 | 0,005 | 1,466 | 0,007
Bdng 3.3. Ma tran thiét ké thi nghiém Plackett-Burman
. Sinh khoi
Céc bién EPS (g/L
(/L) (g/L)
Nt Th Mo | Th Mo
uc 0 uc ()
Xi| Xz | Xs | Xe | Xs | X | X7 | X5 | Xo nghiém | hinh | nghiém | hinh
I |1 -1 1 |-1]-1|-1]1/]1]1 30,46 | 28,66 | 5,76 5,4
/20 N W R (S I R A 29,76 |31,55| 5,25 | 5,60
3 (-1 1|1 -1} 1 |-1]-1]-1]1 23,99 23,68 | 2,69 | 2,88
4 |1 (-1 1|1 |-1{1]-1|-1]-1/| 23,40 |23,08| 1,70 | 1,89
st |11 1|1 |-1}]1/]-1|-1] 2103 |1924| 2,85 |2,50
6 (1|1 |1 -1} 1|1 }]-1]1]|-11] 2034 [20,65]| 2,80 |2,61
7 (-1 111 ](-1]1]1]-1]1 35,28 35,60 | 4,21 | 4,02
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8 (-1 (-1 (1 |1 1 |-1]1|[1]|-1/| 1455 |1634| 141 1,76
O |-1|-1 |-} 1|11 }-1]1]1 18,06 | 16,25 | 1,40 | 1,04
o1 |-r}{-r}j-r} 11 1]-1]1 14,48 16,27 | 1,23 | 1,58
mnmj{-rjr}-r}j-1r{-r, 11 }1]-11] 1950 [19,18| 2,22 |24l
12 (-1}-1}-1}-1}{-1|-1|-1]-1]-1 9,38 19,696 | 0,75 | 0,56
3(0(0(0]0[O0,001]01] 0| 31,11 [31,28) 5,61 |5,65
4/0(0]0]0[O0O|00]O0] 0 3083 [31,28| 5,54 |5,65
I5/0(0]0]0[O0|0|0]O0] 0 31,9 |31,28| 581 |5,65
3.3.2 Téi wu héa moi trwong nuoi cdy bang ddp vrng bé mdit Box — Behnken

Céc nghiém thic nudi ciy long tinh thu nhan EPS duoc thuc hién trén 3 yéu

t6 & 3 mirc gdm 15 cong thirc trong d6 3 lan lap lai cia cac diém trung tim. Bang 3.4

thé hién két qua thuc nghiém so voi két qua mé hinh dy doan bang phan mém Minitab

17. Nhin chung, két qua thu dugc tir thuc nghiém va mo hinh khong c¢é su chénh léch

dang ke.

Két qua phan tich ANOVA & phu lyc cho thay, mé hinh ¢6 y nghia thong ké

(p < 0,05), hé s6 hodi quy R? = 0,9788> 0,75 ching td6 mé hinh twong thich véi thuc

nghiém.

Phuong trinh h6i quy nhan dwugc nhu sau:

Ham lugong EPS (g/L) = 5,757 + 0,384Y; + 0,342Y> + 1,021Y3 — 0,992Y 2
—1,360Y22— 1,037Y3%+ 0,080Y1Y2— 0,532Y 1 X5+ 0,425Y2Y3 (1)
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Céc bién Ham luwgng SK Ham lugng EPS
Nghiém (g/L) (g/L)
thire Yi | Y: | Ys n;ll‘l‘gn 1?1{31 n;ll‘l‘gn M hinh

1 -1 -1 0 24,44 24,60 2,59 2,76
2 1 -1 0 25,11 24,81 3,46 3,37
3 -1 1 0 24,36 24,66 3,19 3,28
4 1 1 0 29,35 29,19 4,38 4,21
5 -1 0 -1 20,12 20,61 1,70 1,79
6 1 0 -1 24,67 25,61 3,27 3,62
7 -1 0 1 29,09 28,15 5,25 4,90
8 1 0 1 28,48 27,89 4,69 4,60
9 0 -1 -1 23,12 22,47 2,68 2,42
10 0 1 -1 24,73 23,95 2,44 2,26
11 0 -1 1 25,85 26,64 3,43 3,61
12 0 1 1 28,95 29,60 4,89 5,15
13 0 0 0 31,15 31,15 5,75 5,76
14 0 0 0 31,15 31,15 5,76 5,76
15 0 0 0 31,15 31,15 5,76 5,76

Pé xac dinh mirc d6 t6i wu ciia mdi bién cho ham luong EPS t6i wu, do thi bé

mat ba chiéu twong tac dugc xay dung véi truc Z 1a ham lugng EPS va 2 bién doc lap

bat ky, trong khi duy tri bién con lai & murc tdi uvu (Bang 3.5)

Bdng 3.5. Méi lién hé giita cac thanh phan méi truong nudi cay long-tinh

A: Mbi lién hé giita dau 6 liu — peptone dén ham luong EPS

Quy luat Bién doc lap Ham lwgng EPS
Néu luong dau 6 liu tang tir 3,91 dén 7,25 % L .
1 ' . Dat gia tri 16n nhat
va lugng peptone tang tir 4,60 dén 8,44 g/L at glafrifon nha
Néu lugng dau 6 liu giam tir 2,28 dén 2 % va o ,
2 ' : ‘ Dat gia tri nho nhat
lugng peptone gidm tir 2,27dén 2,00g/L at gla tri mho Hha
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B: Mbi lién hé giira dau 6 liu — saccharose dén ham lugng EPS

Quy luat Bién doc lap Ham lwgng EPS
Néu luong dau 6 liu ting tir 4,87 - 5,51 % va o )

1 ) Dat gia tri 16n nhat
luong saccharose tang tir 47,45 - 51,63 g/L atglatn fonnha

Néu lugng dau 6 liu giam tir 2,18 - 2,01 % va o )
2 ) DPat gia tri nho nhat
lugng saccharose gidm tir 21,28 - 20,56 g/L at gla 1 nho nha

C: Mbi lién hé giita peptone — saccharose dén ham luong EPS

Quy luat Bién doc lap

Ham lwgng EPS

Néu lugng peptone ting tir 5,98 - 7,70 g/L va

! lugng saccharose tang tor 45,88 - 55,19 g/L

Dat gia tri 16n nhét

Néu lugng peptone giam tir 3,00 - 2,00 g/L hoic
2 tr 10,00 - 8,78 g/L va lugng saccharose gidm
24,64 -20,76 g/L

Dat gia tri nho nhét

7 Peptone (g

|
Diu & llu tviv) Dau d lin (wiv)

Psigl

]

a0
saccharose (g/l)

L S 20

&)

40
taccharoze (9f1)

Hinh 3.11. Mat dap tng ham luong EPS theo hai yéu t6. A. Dau 6 liu (Y1) — Peptone

(Y2) v6i saccharose ¢ nong do 40 g/L; B. Dau 6 liu (Y1) — Saccharose (Y3) véi

peptone & néng do 6 g/L; C. Peptone (Y2) - Saccharose (Y3) véi dau 6 liu & nong

do 5 v/v.
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Két qua trén cho thay ca 3 thanh phan dinh dudng 14 dau 6 liu, peptone va
saccharose déu c6 anh huong dén ham luong EPS ciia ndm C. sinensis. Cu thé, khi
tang dau 6 liu, peptone va saccharose thi ham luong EPS ting va dat toi da khi bo
sung dau 6 liu 7,25 %, peptone 8 g/L va saccharose 55 g/L.

Qua nhan xét cua timg nghiém thirc va dua vao két qua phan tich biéu do 3
chiéu cuing két qua bién luan, c6 nhiing nhan xét sau:

Tat ca nhitng nghiém thirc c6 nong d6 dau 6 liu thap déu cho ham lugng EPS
thap (<3,00 g/L). Nghiém thirc bo sung peptone trung binh va saccharose & muc cao
(5,25 g/L) cho ham lugng EPS dang ké. Nghiém thirc c6 nong do dau 6 liu cao déu
cho EPS cao (>3,00 g/L). Nhitng nghiém thtrc c6 lugng peptone cao (10 g/L) c6 anh
hudng dén hinh thai nam, cu thé 1a bé mit sinh khéi.

Anh huong cia 3 yéu to trén ddi v6i su tao sinh khéi va ham luong EPS, cho
thdy rang 2 gia tri nay c6 xu hudng bién thién cuing nhau. Dau 6 liu khi bo sung vao
moi truong duoc st dung nhu ngudn carbon cho ndm phat trién, dong thoi tao diéu
kién thuan loi cho viéc tao EPS c6 thé thong qua thay ddi tinh tham cua mang cho
phép cac chat dinh dudng hap thu vao ndm dé dang.

Do vay, phén mém Minitab 17 tiép tuc dugc sir dung dé dyu doan cac thong )
dé chon ra cong thirc moi truong nudi cdy long-tinh ndm C. sinensis t6i wu nham tao
nang suat sinh khoi ndm hop 1y véi ham lugng EPS cao. Tinh toan 1y thuyét cho két
qua moi trudng c6 bd sung 5,27 % dau 6 liu, 6,77 g/L peptone va 48,69 g/L saccharose
du kién s& cho ham lugng EPS trung binh 1a 6,06 g/L va sinh khéi kho trung binh 1a
31,87 g/L. Tuy nhién dén liéu trén can dugc kiém chimg bang thuc nghiém
3.3.3 Ham lwong polysaccharide va protein ciia EPS ciia 15 nghiém thirc b6 sung

diu

Khao sat 15 nghiém thirc lién quan dén bd sung 5,27 % dau 6 liu, 6,77 g/L
peptone va 48,69 g/L saccharose vao moi truong nudi cdy 1ong-tinh ndm C. sinensis.
Mau EPS cua 15 nghiém thirc sau khi thu nhan dugc dinh lugng polysaccharide va
protein. Két qua dugc tong hop & bang 3.6.

Két qua cho thidy ham lugng polysaccharide va protein trong EPS thu tir 15

nghiém thirc c6 gia tri khac nhau. Nhin chung EPS & cac nghiém thirc déu c6 ham



lugng polysaccharide va protein cao hon & mau d6i ching (BC: méi truong khong

b sung dau).
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Bang 3.6. Ham lugng polysaccharide va protein cia EPS

Miu Ham luwgng EPS Ham lwgng Ham lwgng protein
(g/L) polysaccharide (%) (%)
bC 1,71 31,09 £ 0,98 1,79 £ 0,57
NT1 2,59 33,65+ 0,35 1,00 + 0,69
NT2 3,46 37,08 +£9,78 2,47 £ 0,00
NT3 3,19 61,27 £0,23 3,68 £ 0,05
NT4 4,38 75,67 £0,22 5,67 0,00
NTS5 1,70 27,93 +£5,29 3,22+ 0,01
NT6 3,27 51,73 £ 0,86 4,12+0,21
NT7 5,25 64,60 £ 12,47 0,82+ 0,01
NT8 4,69 16,80 = 0,81 1,72 + 0,06
NT9 2,68 26,12 £ 0,01 2,61 £0,36
NT10 2,44 19,73 £ 1,27 1,39 + 0,00
NTI11 3,43 33,95 £2,07 4,33 £ 0,00
NT12 4,89 44,23 + 0,33 2,50 + 0,02
NT13 5,75 53,01 = 0,00 5,02 +£0,01
NT14 5,25 51,78 £ 0,00 5,36 +£ 0,02
NTI15 5,73 52,97 £ 0,00 5,78+ 0,01

Cu thé, nghiém thirc 4 c6 ham luong polysaccharide cao nhat (75,67 %) voi
ham lugng protein twong ddi cao (5,78 %). Cac nghiém thuc 3, 4, 6, 7, 13, 14 va 15
déu c6 ham lugng polysaccharide 16n hon 50 %. Ham lugng protein cta 15 nghiém
thirc thay doi dang ké chii yéu trong khoang tir 1,00 — 5,67 %, thap nhat 1a & nghiém
thire 7 (0,82 %).
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3.3.4 Hoat tinh bit goc tw do ABTS"ciia 15 nghig¢m thirc bé sung dau
EPS thu duogc tir 15 nghiém thuc theo thiét ké Box — Behnken duoc khao sét
kha ning kha ning bat gbc ty do ABTS. Két qua khao sat thé hién trong bang 3.7.

Bdng 3.7. Phan tram bat gbc tu do ctia cac mau EPS

% bit goc tur

Miu %batgoctwdo MAiu % bit goc twrdo  MAu do

NTI 28,75+23,03  NT6  1511+2,72  NTIl 34,080,092
NT2 35,00 £23,16 NT7  69,01£930 NTI2 48,00+ 0,68
NT3 38,15+ 5,14 NT8  17.47+208 NTI3  81,74+0,04
NT4  50,11+17,08  NT9  20,32+13,73 NTI4 83,40+ 16,73

NTS 48,34 +11,17 NTI10 38,90 £ 18,14  NTI5 83,36 £ 0,13

Két qua cho thay trong 15 mau phén tich, & ndng d6 4.000 pg/mL chi 3 nghiém
thirc 4, 7 va 13 ¢6 ty 1& bat goc ty do ABTS' > 50 %. Trong d6, mau EPS nghi¢m
thirc 5 bat géc tu do cao nhét, dat 56 % tai néng do khao sat. K& dén 1a mau EPS
nghiém thuc 4 (53 %) va nghiém thtc 7 (51 %).
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Hinh 3.12. Gié tri ICso cua EPS tur thi nghiém Box — Behnken

Hoat tinh bat géc tr do ABTS" ctia EPS & mau nghiém thirc 7 va 13 cao hon
so v&i hoat tinh bat goc ctia mau ddi ching (ICso = 3067,48 pg/mL). Nghiém thic 4
co hoat tinh thép nhat, thép hon ca ddi chimg. Trong cac mau thir nghiém, EPS hoat
tinh bat géc ABTS" cao nhit & nghiém thuc 13 vai gia tri ICso = 2304,34 pg/mL, ké
dén gia tri ICso = 2949,88 pg/mL cia mau EPS & nghiém thic 7.
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Tir nhitng phan tich trén, ¢ thé du doan mdi truong t6i wu dé nudi cay long-
tinh nam C. sinensis c6 thanh phan sau: dich chiét khoai tay (200 g/L), saccharose
(48,69 g/L), cao ndm men (4 g/L), peptone (6,77 g/L), dau 6 liu (5,27 %), KH2PO4
(0,5 g/L), KbHPO4 (0,5 g/L), CaCl2 (0,5 g/L), MgSO4 (0,2 g/L), pH 6-7.

Kiém tra nudi cdy thuc nghiém trén moi truong dy doan tdi wu thu duoc két
qua thé hién ¢ bang 3.8.

Bang 3.8. Két qua nuoi cay nam C. sinensis trén moi truong du doén toi wu

Ham lugng

ICso Ham lwgng polysaccharide = Ham lwgng

Méiu (ng/mL)  EPS (g/L) (%) protein (%)

Mau bC 3067,48 1,71 31,09 + 0,98 1,79 £ 0,57

Két qua du doan 2304,34 5,75 53,01 £0,00 5,02 £ 0,01
Két qua thuc

nghiém 2216,76 5,28 51,67 £3,82 4,45 £ 0,27

Két qua cho thay, khong co sy khac biét co y nghia (p<0,05) gitta két qua thuc
nghiém va két qua du doan. Va déu tbt hon so vai ddi chung, lién quan dén ham
lugng EPS, % thanh phan polysaccharide va ham lugng protein. Gia tri ICso ctia EPS
thu duoc tir méi truong du doan tbi wu va nudi thyc nghiém déu thap hon miu dbi
chtng. Nhu vay, két qua toi vu hda phi hop véi thuc nghiém.

Do dbi twong khao sat cua luan an 1a EPS thu tir dich nudi ciy long-tinh nAm
C. sinensis, nén tiép theo phai tién hanh nghién ctru loai bé dau 6 liu ra khoi dich nam
bang dung méi hitu co nham ting hi¢u qua tach chiét EPS ciing nhu gitip danh gia
anh hudng ctia dau 6 liu dén hoat tinh sinh hoc ciia EPS tao thanh trong méi truong
nudi cdy long-tinh nAm C. sinensis.

3.4 Xay dung quy trinh tach chiét EPS tir méi truong bo sung diu 6 liu
3.4.1 Két qua xdc dinh dung méi logi diu

Ba dung mdi duoc sir dung dé tién hanh khao sat 1a petroleum ether (PE),
hexan va dietyl ether (DE). Hiéu qua ctia dung mdi loai ddu dugc danh gia dua vao
thoi gian tach 16p, ham luong polysaccharide thu duoc, ham luong lipid trong mau
truge va sau khi loai dau va hoat tinh sinh hoc cua EPS sau khi duoc loai dau.

Ba dung méi dugc str dung c6 tinh khong phan cuc, c6 tdc dung 161 kéo dau 6

liu ra khéi dich nuéi cdy ndm. Do hdn hop xir 1y ¢6 ty trong khac nhau nén phéan tach
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thanh 3 16p: Dung méi hitu co cé ty trong nhe noi 1én trén ciing. Nam & mit phan
cach giita 16p dich ndm va 16p dung mai 14 16p nhii tvong. Lép dudi cung 1a dich nAm
can thu nhan. Két qua khao sat tach 16p thé hién & hinh 3.13.

Thoi diém
ban dau,
khi cho
dung moi
vao, lac
déu, dé
yén

Thoi diém
sau 5 phut

Thoi diém
sau 20
phut

Thoi
diém sau
40 phut
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Hinh 3.13. Sy tach l6p cua cadc dung moi khdo sat theo thoi gian

A: Dich loai dau béng dung moi hexan; B: Dich loai dau béng dung moi PE;

C: Dich loai ddu bang dung moi DE

Tién hanh khao sat nhu sau: B6 sung 3 dung mdi vao dich nam, lic déu cho
ddng nhéat duoc v6i dich nudi cdy. Pé yén 5 phut, bat dau co su tach 16p ¢ 16 thi
nghiém A va B. Trong khi dich & 16 thi nghiém C van chua tach 16p. Sau 20 phit, &
hai 16 A va B phéan 16p 10 rét. Lép dung mdi phia trén cia 16 thi nghiém A trong hon
50 v6i 16 thi nghiém B. Dich ¢ 16 thi nghiém C bat dau c6 su tach 16p. Sau 40 phut dé
yén, su tach 16p ¢ 16 A khong thay dbi nhiéu so véi thoi diém 20 phuit. O 16 B da c6
su phan 16p o rét, trong hon so véi thoi diém 20 phut. Trong khi ¢ 16 C tuy c6 sy
phan 16p rd tai thoi diém 40 phit, nhung mau 16p dung méi phia trén van con dam.

Qua trinh tach 16p cho thay, dich nuéi cay sir dung hexan va PE dé loai dau c6
thoi gian tach 16p nhanh hon so v&i DE véi 16p dung méi phia trén trong. Trong khi
16p phia trén cua dung moéi DE ¢6 mau vang gan véi mau cia dich nudi ciy nam.
Nguyén nhan cé thé 1a dung mdi méi hexan va PE tach triét dé dau tir dich nam, con
dung moi DE c¢6 thé con 16i kéo thém céc thanh phan khac c6 trong dich nAm nhu
dudng, protein, ...nén 16p dung méi thu dugc c6 mau vang sim giéng véi mau cua
dich nAm.

Dung mbi PE va hexan 16i kéo dau 6 liu ra khoi dich nudi cdy ndm nhanh va

hiéu qua hon. Con dung méi DE loai dau ra khoi dich nu6i cady nam lau hon.

3.4.2 Khdo sit ham lwong polysaccharide va lipid trong dich nuéi cdy nim sau

khi loai diu

Dich ndm sau khi dugc loai dau di dugc xac dinh ham lugng polysaccharide
va lipid. Két qua thé hién ¢ hinh 3.14 va 3.15.

Sau khi loai dau ham lugng polysaccharide trong dich thu dugc ting lén va
ham Iuong lipid giam di. Diéu nay ching t6 dung méi hitu co di tach dugc mot phan

dau 6 liu ra khoi dich nudi cay nam.
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Ham luong lipid trudc va sau khi loai dau cua thé hién trong hinh 3.15.
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Hinh 3.15. Ham luong lipid ctia dich nudi cdy nam trudc va sau khi loai dau (%)
Ham luong polysaccharide ctia dich sau khi loai dau bang dung méi hexan va
dung moi PE tang lén tuong Ung l1a 0,132 g/mL va 0,133 g/mL so voi ham lugng
polysaccharide ban dau cua dich nudi cay 1a 0,117 g/mL. Phan tich xir li théng ké
ANOVA cho thay giita 2 gi4 tri nay khong c6 su khac biét (p>0,05). Trong khi dung
moéi DE lam giam ham luong polysaccharide khoang mét nita so v6i ban dau chi con
0,068 g/mL.
Két qua khao sat trén cho thay kha niang loai dau 6 liu ra khoi dich nuéi cay

nam ctia dung mdi DE 14 cao nhét véi ham luong lipid chi con chiém 30,09 % trong
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mau. Tiép theo 1a dung méi PE con 41,75 %. Dung moi hexan loai dau ra khéi dich
nudi ciy nim thap nhat véi ham luong lipid van con téi 48,59 %.

Kha ning loai dau 6 liu ra khéi dich nudi ciy long-tinh nAm C. sinensis giam
dan theo thir ty DE> PE> hexan. Tuy nhién ham lugng polysaccharide con lai trong
mau lai c6 xu thé nguoc lai voi DE<PE=hexan. Do vay phai tién hanh kiém tra hoat
tinh khang oxi hoa ctia cic mau sau khi loai diu dé danh gia dung méi sir dung ciing
nhu ham lugng lipid trong mau anh huong nhu thé nao dén hoat tinh khang oxi héa

ctia dich thu dugc sau khi loai dau dé quyét dinh lya chon dung méi loai dau phu hop.

3.4.3 Khado sdt hoat tinh bdt goc tw do ABTS" ciia cdc mdu loai diu

Cac mau sau khi duoc loai dau da dugc khao sat kha niang bat goc tu do
ABTS". Két qua duoc thé hién ¢ bang 3.9.

Bdng 3.9. Gia tri % bat gbc tu do ABTS*ciia cac mau loai dau

Tén miu thi nghiém % bit gbc tu do
Dbi chimg khong loai dau 33,88
Loai diu bang PE 58,69
Loai diu bang hexan 37,96
Loai diu bang DE 66,99

Két qua cho thay cac mau loai dau déu co % bat goc tu do cao hon so véi dich
mau khong dugc loai dau. Mau duoc loai dau bang dung mdi PE va DE bat dugc >
50 % goc tu do. Mau duoc loai dau bang dung méi PE c6 ham luong lipid 41,75 %
thap hon so v&i mau hexan 14 48,59 % véi % bat gdc tu do 58,69 % cao gan gap doi
so v6i mau duoc loai bang dung moi hexan (37,98 %). Két qua cho thiy, dich nudi
ciy duogc loai dau cang 16n thi kha ning bat g tw do cang cao. Dung méi DE tuy
loai duwoc dau ra khoi dich nuéi cay nhiéu nhat nhung do ham luong polysacharide
trong mau bi that thoat nhiéu, nén hoat tinh bat goc tu do chi tuong duong véi dich
nudi ciy duoc loai bang PE.

Két qua thu dugc trong khao sat nay cho thiy, kha ning 16i kéo dau va hoat
tinh ctia mau sau khi loai bang dung moi PE va DE t6t hon so v6i dung moi hexan.

Kha nang 16i kéo dau ra khéi dich ciia dung mdi DE 14 t6t nhat tuy nhién lai 1am that
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thoat mot lugng 16n polysaccharide. Hoat tinh bat gbc tu do cia mau loai bang dung
moi PE va dung méi DE gan nhu nhau. Do vay, chon dung méi PE dé loai dau dé tién
hanh céc thi nghiém tiép theo.

Sau khi loai dau, khao sét tiép theo lién quan dén thu nhan phic EPS-protein
bang cach tua véi ethanol.

Lién quan dén t6i wu hoa thanh phan moi trudng moi truong nudi cdy 1ong tinh
nam C. sinensis c6 bd sung dau 6 liu nham kich thich tao sinh khéi va EPS.

Céc nghiém thirc nudi ciy long tinh thu nhan EPS duoc thuc hién trén 3 yéu
t6 & 3 mirc gdm 15 cong thirc trong d6 3 lan lap lai cia cac diém trung tim. Bang 3.4
thé hién két qua thuc nghiém so voi két qua mé hinh dy doan bang phan mém Minitab
17. Nhin chung, két qua thu dugc tir thuc nghiém va mo hinh khong c¢é su chénh léch
dang ke.

Két qua cho thay, khong co sy khac biét co y nghia (p<0,05) gitta két qua thuc
nghiém va két qua du doan. Va déu tbt hon so vai ddi chung, lién quan dén ham
lugng EPS, % thanh phan polysaccharide va ham lugng protein. Gia tri ICso ctia EPS
thu duoc tir méi truong du doan tbi wu va nudi thyc nghiém déu thap hon miu dbi
chtng. Nhu vy, két qua toi vu héa phi hop véi thuc nghiém.

Két qua thu dugc trong khao sat nay cho thiy, kha ning 16i kéo dau va hoat
tinh ctia mau sau khi loai bang dung moi PE va DE t6t hon so v6i dung moi hexan.
Kha ning 16i kéo dau ra khéi dich ciia dung méi DE 1a t6t nhat, tuy nhién lai 1am that
thoat mot lugng 16n polysaccharide. Hoat tinh bat gbc tu do cia mau loai bang dung
moi PE va dung méi DE gan nhu nhau. Do vay, chon dung méi PE dé loai dau dé tién
hanh céc thi nghiém tiép theo.

3.4.4 Khdo sat thu nhan phirc EPS-protein

Phirc EPS-protein dugc thu nhan bang xt 1y dich nudi cdy nam sau loai dau

v6i ethanol 96° dugc khao sat theo ty 1€ gitta dich nudi nam va ethanol 1a: 1:3; 1:4

va 1:5. Khoi lugng tia EPS-protein thu dugc thé hién trong hinh 3.16.
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Hinh 3.16. Khéi lugng phitc EPS-protein thu dugc theo ty 1¢ tia khac nhau

Sau khi thu dugc phirc EPS-protein da tién hanh xac dinh ham luong
polysaccharide va protein c6 trong mau EPS-protein thd thu dugc. Két qua thé
hién trong bang 3.10.

Bdng 3.10. Khéi lugng polysaccharide va protein trong mau EPS-protein tho

Ty1l€  Ham lwgng polysaccharide (%) Ham lugng protein (%)

1:3 44,33+2,51 3,61+0,07
1:4 53,35+2,92 3,94+0,54
1:5 41,73+1,42 3,54+0,02

Két qua cho thay, ¢ ty 1¢ tua giita giita dich nu6i ndAm va ethanol 96° 1:3 (v/v)
khdi lugng tua EPS-protein 1a thép nhét 0,0154 g/mL. o) ty 1€ 1:4 1a cao nhét 0,0171
g/mL. bén ty 1€ 1:5, khdi lugng tua thu duoc lai giam chi con 0,0166 g/mL. Do vay
da chon ty 1¢ tiia 1:4 cho qua trinh tach chiét EPS tir dich nuoi cdy long-tinh nam C.
sinensis. Két qua nghién ciru ndy ciing twong tu két qua nghién ctiru ctia mot sé tac
gia khac: Kim va Yun (2005) trén nidm C. militaris va C. sinensis; Angelis va Sandra
(2009) trén nAm Macromycetes; Tran Minh Trang (2013) trén nam C. sinensis. Ty 1
tia dich nudi cay/ethanol dugc chon trong cac nghién ctru nay kha gidng nhau nam
trong khoang 1:3 dén 1:5. Sy khac nhau vé ty 1 tiia dé thu nhan phitc EPS-protein

phu thudc vao nam nuoi cay, thanh phan méi truong va diéu kién nudi cay [57].
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= Két luan chung: Ty 1¢ tia 1:4 (v/v) gitta dich nudi ciy long-tinh va
ethanol 96° dé thu nhan phitc EPS-protein tir dich nudi cdy nim C. sinensis bo sung
dau 6 liu 12 tdi wu, va dugc lya chon cho céac nghién ctru tiép theo.

Sau khi da xéc dinh dugc diéu kién t6i uu dé loai dau 6 liu ra khéi dich nuéi
cdy nam C. sinensis va thu tia EPS-protein, viéc tiép theo 1a phai khao sat tinh sach
loai bd protein ra khoi phitc EPS-protein, thu nhan cac phan doan EPS sau khi loai
protein va nghién ciru cai bién bang cach sulfate hoa nham nang cao hoat tinh sinh
hoc cta cac phan doan EPS.

3.5 Thu nhin, tinh sach va cai bién sulfate héa ning cao hoat tinh sinh hoc ciia
cac phin doan EPS

Trudc tién la khao sat viéc tinh sach EPS béng cach loai bo protein tir phirc
EPS-protein. Trong khuon kho nghién ctru ciia ludn an da khao sat phuong phap
Sevag, TCA va enzyme Alcalase dé loai bo protein nham xac dinh phuong phap xir
1y nao 1a hiéu qua nhét dua vao hoat tinh bat géc tu do ctuia EPS sau khi loai protein.
3.5.1. Thu nhdn va tinh sach EPS
3.5.1.1. Khao sdt nong d¢ TCA dimg dé loai bé protein

60 - 1 70
a EEEE®m Ham luong protein (%)
50 C=—=3Ham lugng polysaccharide(%) 1 60
% bét gbc tur do i

o 40 r T 50 —~
° i 1 40 &
= e ~
o 30 r 2R v i en
"% 5 i & 7108
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Pbi chimg TCA 10% TCA 20% TCA 30% TCA 40%

Hinh 3.17. Két qua khao sat ndng do TCA thich hop loai protein
TCA khao sat & cac néng do 10, 20, 30, 40 % déu loai bo dugc protein trong
phtc EPS-protein thd v&i ham lugng protein giam tur 3,57 % dén 1,11 % . Sau khi
loai protein ra khéi phtrc voi EPS, ham lugng polysaccharide trong miu c6 sy thay
d6i so v4i dbi chimg, ting giam phy thudc vao nong d6 TCA. Trong d6 loai protein
bang TCA 10 % ting ham luong polysaccharide téi 41,23 % so v6i ham lugng ban
dau 13 34,10 % (hinh 3.17). Tuy nhién ty 18 % bat gbc tu do cia mau sau khi loai
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protein bang TCA 14 35,42 %, thap hon nhiéu so v&i mau ddi chimg 1a 55,62 %. Ly
do 1a TCA hoat dong dua trén sy gan vdi cation ctia protein pha v& phirc hop EPS-
protein. Pong thoi cling pha hiy mot phan cau tric ciia chudi EPS. Do d6 1am mat
hoat tinh bat gdc tu do ciia EPS. Piéu nay cho thay phuong phap loai bo protein ra
khoi phttc EPS-protein khong hiéu quéa vi anh huéng dén hoat tinh cia EPS sau khi
loai protein.

3.5.1.2. Khao sat loai protein bang phwong phdp Sevag

EERE® Ham luong protein (%)
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60 + 0=, bit gbc tw do 60
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Hinh 3.18. Két qua loai protein bang phuong phap Sevag

Két qua khao sat cho thay ham lugng polysaccharide cé trong mau khi loai
protein bang Sevag theo ty 1& 3:1 1a 45,64 %, 5:1 13 49,39 %, déu nho hon khi loai
protein bang Sevag ty 18 4:1 14 62,72 %.

Céc mau thi nghiém déu cho % ham luong protein giam. Chimg to protein da
bi loai & tat ca cic mau. So sanh v&i % ham luong polysaccharide c6 trong miu sau
khi loai protein, ham lugng protein trong mau cang thap thi ham lugng polysaccharide
trong miu cang cao. Ham lugng protein trong mau khi loai bang Sevag 4:1 1a thap
nhat 1,65 % so voi trong mau ban dau 1a 3,57 %. Phuong phap loai protein bang
Sevag 4:1 cho hiéu qua loai dugc nhiéu protein ra khoi mau nhét (hinh 3.18). Pong
thoi khao sat hoat tinh bat gdc ABTS" ciing cho két qua 12 phuong phap loai protein
bang Sevag ty 1& 4:1 cho két qua ty 18 bat gdc ABTS* >50 % cao nhat.
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3.5.1.3. Khdo sat nong dé enzyme Alcalase dé loai bé protein
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Hinh 3.19. Két qua khao sat loai protein bang Alcalase

Tat ca cac nghiém thuc st dung Enzyme lam tac nhéan loai protein déu cho
thiy ham lugng protein giam di so véi trong phirc EPS-protein th ban dau. Enzyme
Alcalase ¢ hoat 9 20 UI/mL cho hiéu qua loai protein cao nhat v6i ham lugng protein
trong phirc giam con 1,57 % so voi d6i chung 1a 3,57 % va véi ham luong EPS cao
69,2 %, gap doi so voi ddi ching. Kha ning bat goc tw do ABTS* ctia cac mau EPS
sau khi loai protein béng Alcalase déu > 50 %, cao nhit ¢ hoat d6 enzyme 20 Ul/mL
1a 68,98 % (hinh 3.19).

Dua trén kha nang loai protein, ham lugng EPS va kha nang bét géc tu do
ABTS" ctia cdc mau EPS sau khi loai protein ctia cac nghiém thirc xtr 1y véi hoat do
Alcalase trong khoang tir 10-50 UI/mL lan luot 12 2,74; 1,57; 1,86; 1,75 va 1,78, da
lua chon Alcalase hoat d6 20 UI/mL dé xur 1y loai protein trong mau EPS tho cho céc
thir nghiém tiép theo.

Tiép theo 14 so sanh kha ning loai protein tir phitc EPS-protein bang xur 1y
TCA 10 %, Sevag 4:1 va enzyme Alcalase 20 UI/mL.
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Bang 3.11. So sénh kha nang loai protein cua TCA 10 %, Sevag 4:1 va enzyme
Alcalase 20 Ul/mL

Phwong phap loai  Ham lwgng .
Ham lugng % bat goc tu

protein trong polysaccharide
protein (%) do
EPS tho (%)
TCA 10 % 41,23 £ 1,54 2,56 +£0,26 35,42+ 3,24
Sevag 4:1 62,72 + 0,18 1,65 £ 0,46 60,76 + 2,18

Alcalase 20UI/ml 69,2 = 1,83 1,57 £ 0,22 68,98 + 2,05

Két qua loai protein tir EPS tho bang 3 phuong phap TCA, Sevag va Alcalase
dugc thé hién & bang 3.11. Trong d6, sir dung Alcalase 1a phwong phap tot nhat dé
loai protein tir phttc EPS-protein tho. Cuy thé, ty 1& loai protein c6 su khac biét giita 3
phuong phép khao sat. Phuong phap st dung Alcalase c6 kha nang loai protein cao
nhat, giam chi con 1,57 % voi ham lugng polysaccharide thu duoc cao nhét (69,2 %)
(p < 0,05), v6i hoat tinh bat gbc tu do ctia EPS 1a cao nhat 68,98 % cao hon 2 phuong
phap con lai. Phuong phap TCA gy that thoat polysaccharide 16n hon va 1am hoat
tinh bat goc tu do giam so véi ddi chimg. Phuong phap Sevag ciing cho két qua loai
protein twrong dbi cao phu hop véi két qua nghién ciru ciia Huang va cong su (2009)
su dung phuong phap Sevage loai protein & mannan oligosaccharide, véi ty 1¢ loai
protein 13 9,8 % v&i 12,2 % mannan oligosaccharide that thoat [50]. Tuy nhién so véi
véi phuong phap st dung Alcalase thi van kém hon.

Két luan, thu nhan EPS thé tir dich mai truong sau nudi céy nam C. sinensis
bd sung dau 6 liu va sir dung Alcalase dé loai protein tir EPS thé.

Sau khi loai dang ké protein tir phirc EPS-protein trong dich, ham lugng EPS
gia ting dang ké. Do EPS la ddi tugng nghién ctru cia luan an, nén viéc tiép theo 1a
nghién ctru thu nhén va khao sat hoat tinh sinh hoc cia cac phan doan EPS thu duoc
bang loc gel va loc tiép tuyén.

3.5.2. Thu nhdn va khdo sat hoat tinh sinh hoc cua cdac phdn doan EPS
3.5.2.1. Thu nhan cac phan doan EPS bcing loc gel

St dung sic ky loc gel Sephadex G-100 dé tinh sach EPS tho. Két qua thu
duogc thé hién trong hinh 3.20 véi 2 phan doan EPS I va EPS II véi gia tri OD 490 nm
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va OD 280nm tuong tmg v&i do hip thu cua EPS va protein.
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Hinh 3.20. Tach phan doan EPS bang sic ky loc gel Sephadex G-100

St dung sac ky loc gel Sephadex G-100 thu dugc 2 phan doan EPS: EPS I (tir
6ng 25 dén dng 35) va EPS II (tir ng 55 dén éng 76) voi thé tich 2 mL/1 6ng. O EPS
I lugng protein cao hon polysaccharide. Ngugc lai & phan doan EPS II lugng
polysaccharide cao hon protein, ca hai déu cao hon so voi EPS 1. O ca 2 phan doan
dudng biéu dién ham lugng EPS va protein déu c6 chung dinh & cac dng c6 vi tri
cung nhau.

Nhiéu nghién ctu trudce d6 da chi ra réng phan doan EPS tir dich nudi céy ho
nam Cordyceps c6 thé chtra protein hoac khong. Nam 2005, Kim va cong su thuc
hién tach phan doan EPS bang sic ky loc gel Sepharose CL-6B thu dugc 5 phan doan
EPS tir C. militaris NG1 va 3 phan doan EPS tir C. sinensis [81]. Su khéc biét ndy co
thé 1a do ngudn gbc ching ndm, thanh phan va diéu kién méi truong nudi cay khac
nhau hay do k¥ thuat tich phan doan EPS bang sac ky loc gel khac nhau.

3.5.2.2. Thu nhdn phan doan EPS loc gel sau khi loai bé protein bang Alcalase 20
Ul/mL

Sau khi st dung Alcalase 20 Ul/mL dé loai bo protein ra khoi phirc EPS, da
tién hanh tach cac phan doan EPS bang sic ky loc gel Sephadex G-100.
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Hinh 3.21. Phan doan loc gel EPS sau khi loai protein béng Alcalase 20 Ul/ml
Két qua sau sic ky nhan duoc 2 phan doan EPS. EPS I (6ng thir 25-31) va EPS
I1 (6ng thir 61-76). OD 280 nm twong g ham lugng protein & 2 dinh hap thu cia ca
EPS I va EPS II déu giam manh. Tuong ty dinh hap thu ctia polysaccharide cling thap
hon so véi trude khi xir Iy (Hinh 3.21). Diéu nay ching to polysaccharide va protein
gan v6i nhau & dang phuc protein-polysaccharide, xir 1y Alcalase chua thiy phan hét
protein trong phuec.

3.5.2.3. Hoat tinh bdt goc tw do ABTS", ham heong polysaccharide va protein ciia
phan doan EPS I va EPS 11

Bdng 3.12. % bat gbc ty do, ham lugng polysaccharide va ham lugng protein trong
EPS thé va phan doan EPS I, EPS II

Mau % bit gbc tu do HL polysaccharide (%) HL protein (%)
EPS tho 55,67 + 1,26 34,1 +2,69 3,57+ 0,25
EPS 1 60,23 +2,01 62,83 + 0,42 2,31+0,17
EPS II 62,46 + 1,87 65,09 + 0,53 3,57+ 0,25
EPS-E 68,98 + 2,05 69,2 + 1,83 1,57 + 0,22
EPS-E 1 78,62 + 2,94 82,33 + 3,76 0,002 + 0,0
EPS-E II 79,83 + 2,66 78,98 + 4,01 0,067 + 0,0

Két qua bang 3.12 cho thiy sau khi loai bo protein tir phirc voi EPS bang sic
ky loc gel G-100, thu dugc 2 phan doan EPS I va II: O EPS I ham lugng
polysaccharide tang tir 34,1 % 1én 82,33 %, gép 2,4 lan va 78,98 % dbi v4i EPS 11,
gap 2,3 lan so v6i phitc EPS tho. Trong khi, ham lugng protein giam dang ké khi xir
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1y Alcalase, giam tir 3,57 % con 0,002 % va 0,0067 % tuong Gng EPS-E I va EPS-E
II. Ca 2 phan doan sau xir Iy Alcalase déu c6 hoat tinh bét gdc tu do ting dang ké so
véi EPS tho.

3.5.2.4. Khao sat hoat tinh khang phdn bao cua phan doan EPS-E I va EPS-E 11

Khao sat hoat tinh khang phéan bao ctia phan doan EPS-E I va EPS-E II thong qua
kha niang gy doc té bao bang thir nghiém SRB trén dong té bao ung thu gan Hep-
G2.
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Hinh 3.22. Hoat tinh gay ddc té bao ung thu gan Hep-G2
cua 2 phan doan EPS

Két qua trén hinh 3.22 cho thay céc phan doan & nong do 100 pg/mL déu co
kha niang gy doc cao va tuong dong nhau sau 48 gio cam tng. Khi giam nong do,
phan doan EPS-E II cho két qua gdy ddc té bao tot hon phan doan EPS-E I. O nong
d6 50 pg/mL, 40 pg/mL, kha ning gay doc té bao ciia EPS-E II van trén 60 %. Trong
khi kha niang gy doc té bao ciia EPS-E I dd giam manh. Kha ning gay doc té bao
ctia EPS-E II khi giam ndng d6 tir 100 pg/mL xuéng 50 pg/mL van con > 60 %.

Két qua sang loc hoat tinh gdy doc té bao sau 48 gio xir Iy & cac nong do khac
nhau cho thay EPS-E II c6 hoat tinh gay doc té bao cao hon. Tiép theo 1a xac dinh gia
tri ICso, gia tri e ché 50 % sy ting truong té bao cua 2 phan doan dé so sanh nong

dd gay doc ¢ 2 phan doan,..
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Dé xéac dinh ICso, da tién hanh xac dinh % gay ddc té bao trén mot diy gom 5
noéng d6 va dya vao phuong phap ndi suy dé xac dinh nong do gay doc té bao 50 %.

Két qua duogc thé hién ¢ hinh 3.23.
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Hinh 3.23. Gia tri ICso ctia 2 phan doan trén dong té bao ung thu gan Hep-G2

Gia tri ICso cang nho, thi hoat tinh gay ddc té bao ung thu cang cao. Két qua
cho thdy EPS-E II ¢6 hoat tinh gy ddc té bao cao hon so v6i EPS-E I. Theo chuong
trinh tim soat hoat tinh khdng ung thu cia cac hop chat ty nhién ciia Vién Ung thu
Qudc gia Hoa Ky, nhing cao chiét c6 ICso < 30 pg/mL c6 hoat tinh gay doc té bao in
vitro dugc coi 1a tét, c6 trién vong. Con & mirc ICso > 30 pug/mL thi kha ning gy doc
té bao thap, khong co trién vong. Nhu vay, gié tri ICso & nong d6 32,38 + 3,65 pg/mL
ctia phan doan EPS-E II ¢6 thé dugc coi 1a c6 kha ning gay doc té bao. Tuy nhién
hoat tinh sinh hoc ctua cac phan doan EPS c6 thé duogc cai thién thong qua cai bién
ciu trac héa hoc cua chiing. Mot trong nhiing cach tiép can 1a cai bién sulfate hoa,
gan thém cac nhom sulfate vao cau triic EPS nham ting hoat tinh sinh hoc ctia chung.
Do vay tiép theo 1a nghién ciru cai bién sulfate hoa EPS.

Loc gel dé thu nhan cac phan doan EPS nhu trinh bay & trén 13 cach tiép can ¢
mitc do phong thi nghiém. Tuy nhién, trong thuc té san xuat & mic do pilot, hay hon
nita, & mic do san xuat cong nghiép, thi loc tiép tuyén thuong dugce st dung. Do vay
tiép theo 1a nghién ctru thu nhan phan doan EPS tir dich nudi ciy 16ng-tinh nam C.

sinensis bang loc tiép tuyen.
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3.5.3 Khao sat thu nhan va tinh sach phan doan EPS tir dich nuoi ccfy long-tinh nam
C. sinensis bang loc tiép tuyén
Trong thi nghiém nay sau khi nudi ciy thu tia EPS véi ethanol 96 % ty 1& 1:4
(v/v) trong 24h & 4 °C, vé6i hiéu suat 1a 2,383 g/L. Hoa tan 10 g EPS tho va tién hanh
thu nhan cac phan doan EPS bang k¥ thuat loc membrane theo phuong phép loc tiép
tuyén voi mang loc 100 kDa, tir 100 — 750 kDa va > 750 kDa. Két qua thu duoc thé
hién trong bang 3.13.
Bdng 3.13. Thanh phan hoa 1y cta 3 phan doan EPS loc tiép tuyén

Phan doan Khdilwgng Polysaccharide DPwong khir ~ Protein

(® (%) (%) (%)

EPS thé 10,0 67,96 2,94 5,13

<100 kDa 0,8 78,04 3,79 3,65

100 — 750 0,7 82,03 3,33 3,71
kDa

> 750 kDa 1,06 76,39 3,22 4,72

Trong 10 g EPS hoa tan thu duoc téng cong 2,56 g EPS cac phan doan, xép xi
25 % v6&i khoi luong EPS ban dau. Phan doan EPS 16n hon 750 kDa 13 phan doan 16n
nhat (1,06 g). Phan doan EPS nhé hon 100 kDa va tir 100 — 750 kDa thu nhan dugc
lan luot 14 0,8 va 0,7 g. Két qua nay cho thay EPS c6 cac phan doan polysaccharide
kich thuéc trai dai tir duéi 100 kDa dén trén 750 kDa. Nghién ciu trudc ddy vé
exopolysaccharide ciia ching Cs-HK1 ciing cho thay ham lugng EPS c6 khdi lugng
phan tir trdi dai tir 5 kDa dén hon 200 kDa [36].

Két qua phan tich ham luong polysaccharide tong hoa tan cho thdy ham lwong
polysaccharide ctia cac phan doan EPS cao hon so véi mau EPS tho. Sau khi loai
protein bang Alcalase, ham lugng polysaccharide déu ting & tat ca cac phan doan
EPS. Két qua trén cho thdy EPS dang nghién ctru c6 chira mot lwong kha 16n
polysaccharide c6 MW tir 100-750 kDa. Diéu nay chimg to k¥ thuat loc membrane
theo phuong phap loc tiép tuyén 1 phit hgp dé thu nhan va tinh sach cc phan doan
mau EPS.
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Ham lugng duong khur trong cac phan doan EPS cao hon so v6i1 EPS tho.
Phéan doan EPS nho hon 100 kDa c6 ham lugng dudng khir 16n nhat (3,79 %) cho
thiy mau EPS dang nghién ciru c6 ham lugng duong khir khong cao va tip trung
nhiéu & phan doan nho. Loai protein bang Alcalase lam ham lugng duong khir ting
1én cho thdy mau EPS di dugc tinh sach.
Ham luong protein trong cac phan doan ting dan tir thap dén cao. 2 phan doan
EPS nho6 hon 100 kDa va trong khoang 100 — 750 kDa c6 ham lugng protein thap
hon mau EPS tho. Trong mau nho hon 100 kDa ham luong protein giam 28,85 %
Trong mau tir 100 — 750 kDa ham lugng protein gidm 27,68 %. Trong khi ham luong
protein trong phan doan EPS 16n hon 750 kDa giam khong déng ké, 7,99 % so véi
mau EPS thé. Piéu nay phu hop véi nhan dinh ctia nghién ctru trude ddy cho thay
EPS thu nhan tir C. sinensis 1a mot phtrc hop cia polysaccharide va protein [82].
Tom lai, thanh phan hoa hoc ciia EPS bao gdm: polysaccharide, duong khir,
protein thay d6i tity thudc vao phan doan EPS thu dugc bang loc tiép tuyén. Pay duoc
xem 13 két qua quan trong gitip chu dong kiém soat EPS nguyén liéu dau vao cho qua
trinh sulfate hoa trong cac nghién ctru tiép theo. Bén canh do, can c6 nhimng nghién
ctru cau trac chudi mach polysaccharide, cac loai lién két glycosidic c6 trong phtic va
thanh phan don phan cta EPS lam co sé cho viéc cai bién cau tric theo dinh hudng
nang cao hoat tinh sinh hoc ctia EPS tir nudi ciy l1ong-tinh ndm C. sinensis.
Do gia tri ICso gay doc té bao ung thu gan Hep-G2 ciia 2 phan doan EPS I va
EPS II méi dat t6t nhat 1a 32,38 + 3,65 pg/mL, chua vuot qua ngudng yéu cau 30
ng/mL. Nén viéc cai bién nang cap hoat tinh sinh hoc ciia chiing 1a can thiét. Tiép
theo 1a khao sat cai bién sulfate hoa cac phan doan EPS thu duogc sau loc tiép tuyén

nham nang cao hoat tinh sinh hoc ciia cia chung.
3.6 Két qua sulfate héa ciia cac phan doan EPS sau loc truc tuyén

Thuc hién phan tng sulfate hoa 3 phan doan EPS thu duoc sau loc tiép tuyén
va loai protein nho' Alcalase tir phttc EPS-protein bang phuong phap CSA/Pyr theo
ty 18 EPS/SO;.Py lan lugt 14 1:5 va 1:7 (w/w) trong mdi truong khi Argon & 90 °C,
tuong Umg vai thoi gian 1h, 2h va 3h.
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3.6.1 Két qud sulfate héa phin doan <100 kDa

Transmittance [%])
!

T T T T T T

L
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

Hinh 3.24. Ph6 FT-IR phan doan 100 kDa truéc va sau sulfate hoa. A: trude sulfate
hoa; B: sulfate hoa ty 1€ EPS/SO3.Py 1:5; C: sulfate hoa ty 1¢ EPS/SO;.Py 1:7

Su khac biét trudc va sau sulfate hoa duogc thé hién 1 rang trong khoang peak
1000-1500 cm™'. Hinh B, C c6 sy twong dong khi 1an luot xuat hién 3 dinh 16n:
1139,86 cm!; 1127,61 cm!. Céc dinh nay ¢6 khoang chan mé rong va suon ¢ nhitng
diém go nhe. Trong khi d6 phan mg sulfate hoa thanh cong thé hién khi trén hinh
pho FT-IR xuét hién dinh trong khoang 1200 cm™'. C6 thé du doén rang trong khoang
peak (1100-1400 cm™) duoc thé hién trong céc hinh B, C ¢6 ghi nhén sy dao dong
ctia lién két S=O nhung nhiing lién két nay qua it dé pho FT-IR c6 thé ghi nhan dugc
0 rang (Hinh 3.24).
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Phéan doan EPS <100 kDa c6 MW nho, nén qua trinh khuay nhiét ¢ 90 °C trong
moi truong khi tro c6 thé 1am polysaccharide bi dut gdy, 1am giam hiéu qua géc SOs>

thay thé H trong polysaccharide.

3.6.2 Két qud sulfate héa phin doan 100-750 kDa

Transmittance [%)]

4000 3500 3000 2500 2000 1500
Wawvenumber cm-1
Hinh 3.25. Ph6 FT-IR phan doan 100 — 750 kDa trudc va sau khi sulfate hoa. A:
trudce khi sulfate hoa; B: sulfate hoa ty 1¢ EPS/SOs.Py 1:5 (w/w); C: sulfate hoa (ty
1€ EPS/SO3.Py 1:7 (w/w)
Trong khoang budc séng 1200 cm™! ciia phd FT-IR phan doan EPS 100 — 750
kDa trudc khi sulfate héa (hinh A) khong cé dinh ndo dugc ghi nhén, chiing to trong
mau khong co6 su xuét hién cua lién két S=O. Trong khi do6 c6 su khac biét so voi hinh

A: hinh B xuit hién dinh 1240 cm™ va hinh C xuat hién dinh 1208cm™ (Hinh 3.25).



Do thay thé (DS) hién thi trung binh s6 nhém SOs2 gin trén gdc dudng cua S-
EPS ¢ ty 1€ 1:5 2h (Hinh 3. 25B) dat 2,32 va hi¢u suat sulfate hoa dat 90,37 %, cao
hon mau S-EPS 1:7 2h (Hinh 3. 25C) véi DS chi dat 1,64 va hiéu suit sulfate hoa
55,35 %. Piéu nay cho thdy mau EPS tir 100-750 kDa dat hiéu qua sulfate hoa cao
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nhat, khi phan img v&i SOs.Py ty 1¢ 1:5 trong 2h (Hinh 3.25).

Nghién ciru ciia luan 4n nay 14 ké thira va phat trién tir nghién ctru cua tac gia
Tran Minh Trang nham hoan thién phan tng sulfate hoa dé cai thién hoat tinh sinh
hoc cua cac phan doan EPS. Tran Minh Trang va cong su (2017) da thuc hién sulfate
hoa phan doan S-EPS1; EPS chiét xuat tir C. sinensis dat két qua tot nhat voi DS 1a

1,59; dao dong S=0 tai 1129,40 cm’'; hiéu suat sulfate hoa 13,78 % [83].

3.6.3 Két qud sulfate héa phin doan > 750 kDa

A

Hinh 3.26. Pho FT-IR phan doan EPS >750 kDa truéc va sau khi sulfate hoa.
A: trudc khi sulfate hoa; B: sulfate hoa (ty 1¢ EPS/SO3.Py 1:5 (w/w)); C:

Transmittance [%)]

T T T T T T
3500 3000 2500 2000 16500 1000

Wavenumber cm-1

sulfate hoa (ty 1€ EPS/SO3.Py 1:7 (w/w))
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Pho FT-IR ctia phan doan EPS >750 kDa trudc va sau sulfate hoa c6 su khac
biét trong khoang peak 1000-1500 cm™'. Hinh A thé hién phan doan EPS >750 kDa
khi chua sulfate héa: khong thay xuat hién dinh trong khoang 1200 cm™, ching t6
trong mau EPS khong chira lién két sulfate S=O. Trong hinh B va C lan lugt xuét
hién 2 dinh 16n 12 1138 cm™' va 1142 cm ¢6 phan chan rong va trén sudn c6 g ndi
16 trong khoang 1200 cm™'. Tuy dinh trong khoang 1200 cm™' khong xuat hién 1
rang, nhung 2 diém nho ra trén sudn dinh ctia hinh B va C thé hién ¢ su dao dong
ctia lién két S=O. C6 thé phan doan rang phan ung sulfate hoa da xay ra, nhung so
luong lién két S=0 trong mau chua du nhiéu dé pho nhan biét rd rang (Hinh 3.26).

Két qua sulfate hoéa 3 phan doan EPS thu dugc tir phitc EPS-protein sau loc
tiép tuyén thé hién trong bang 3.14.

Bang 3.14. Két qua sulfate hoa 3 phan doan EPS thu duoc sau loc tiép tuyén

Tyl Thoi
EPS/SOs.Py | <100 kDa 100-750 kDa >750 kDa
gian (h)
(w/w)
1:5 1 S=0
15 5 (& 1240 cm™) $=0
DS=2,32; 90,375 | (1200 cm™)
1:5 3 % t(gli t=2h
Khong dat
1:7 1 S=0
1:7 > (61208 cm™) $=0
DS=1,64; 55,348 | (1200 cm™)
1:7 3 % t(gli t=2h

Do thay thé (DS) 1a thong s6 quan trong dé danh gia chat lugng cua cac dan
xuat sulfate. Két qua cho théy, gia tri DS ¢ cac phan doan c6 su khéc biét 10 rét (Bang
3.14). Cu thé, phan doan 100-750 kDa c6 gié tri DS cao hon 2 phan doan con lai , dac
biét DS cao nhét ¢ ty 1&¢ EPS/SO;.Py 1:5 (DS=2,32; 90,375 % tai t=2h); trong d6
phéan doan < 100 kDa khong x4y ra phan ung sulfate hoa va phan doan > 750 kDa
cho gia tri DS < 1. Nghién ctru trude da chimg minh DS cang cao thi hoat tinh cta
cac dan xuat cang manh. Pang cha ¥, din xuat S-EPS 100 - 750 kDa ctia chung t6i
c6 gia tri DS cao hon cac dan xuat sulfate khac cia cac nghién ctru nhu S-EPS-1D

(DS =1,38) tu C. sinensis cia Yan va cong su (2010) & mot diéu kién ty 1¢ CSA/Pyr
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= 1:1 (v/v), 60 °C va 3h [51]; S-ASP (DS = 0,82) tir Artemisia sphaerocephala ctiia
Wang va cong su (2010) (CSA/Pyr = 1:1, 60 °C, 3h) [85]; nghién clru ctia Li va cOng
su (2012) da tao DHPD22 (DS = 0,94) tir Dendrobium huoshanense (CSA/Pyr = 1:2,
60 °C, 1h) [22]; dan xuat sulfate polysaccharide (DS = 0,23) tir C. militaris (CSA/Pyr
=1:2, 70 °C, 2h) cua tac gia Jing va cong su (2015) [90]; cung ndm 2016 Xie va cong
su tao dan xuat S-CP1-1 (DS = 0,55) tir Cyclocarya paliurus (CSA/Pyr = 1:1, 60 °C,
4h) [69]; va nghién ctu cua Xu ciling tao S-SGP (DS = 0,99) tur Sphallerocarpus
gracilis (CSA/Pyr =1,29:1, 64,74 °C, 3,41 h) [41]. Tuy nhién, din xuat clia chung toi
thap hon dan xuat S-PSG-3 (DS= 3,43) tir Ganoderma atrum ciua Chen va cong sy
(2015) (CSA/Pyr = 3:1, 45 °C, 6h) [18]. Nhu vAy, phan Ung sulfate hoa
polysaccharide tity thudc vao cau triic chudi polysaccharide, diéu kién phan ting ciing
nhu k¥ thuat sulfate hoa khéc nhau gitra cdc nhom nghién ctru. Ttr nhiing dit liéu trén,
c6 thé két luan diéu kién phan Gmg sulfate hoa thich hop cho 3 phan doan EPS tir tiia
EPS thu dugc tir dich méi trudng nudi cdy léng-tinh ndm C. sinensis 1 ty 18
EPS/SO;.Py (1:5 va 1:7) trong 2h, & nhiét do 90 °C. Pay ciing 1a diém mdi ndi bat
cta ludn an d3 tao thanh cong dan xuat sulfate tir EPS thu dugc mai truong nudi cay

long-tinh nam C. sinensis.
Muc dich nghién ctru ctia luén 4n 1a nghién ctru thu nhan EPS c6 hoat tinh sinh
hoc. Do vay, tiép theo 1a khao sat hoat tinh sinh hoc ctia cac phan doan EPS sau khi

dugc nang cép sulfate hoa.

3.6.4 Két qua khdo sdt hoat tinh bdt géc tw do ABTS* ciia 3 phin doan EPS sau
khi dwoc sulfate hoa

Két qua khao sat kha niang bat gbc ABTS" tw do ctia 3 phan doan EPS sau
khi dugc sulfate hoa dua trén gia tri ICso dugc thé hién trong bang 3.16.

Bang 3.15. Kha nang khang oxy hoa cua 3 phan doan EPS sulfate hoa

MAiu Nong dd (pg/mL) gia tri ICso

Chua sulfate EPS/SOs.Py EPS/SOs;.Py
ty 1€ 1:5 ty 1€ 1:7

EPS tho >4000

EPS phan doan < 100 kDa 3026,2 >4000 >4000
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EPS phan doan 100-750 3346.,4 2205,7 2765,8
kDa
EPS phan doan > 750 kDa 3679,3 32235 3304,2

EPS chua sulfate hoa cho két qua khang oxy hoa & nhiing phan doan c6 MW
nho t6t hon so v6i & EPS ¢6 MW 16n. Phan doan EPS <100 kDa c¢6 hoat tinh khang
oxy hoéa tbt nhat 66,51 % v&i ICso 3026 pg/mL. Phan doan EPS c6 MW thap c6 hoat
tinh khang oxy hoa cao hon so véi cac phan doan EPS ¢c6 MW cao hon c6 thé do mirc
d6 linh hoat va d6 hoa tan t6t hon. Két qua nay ciing twong tu két qua cong bd cta Li
va cong sy (2021) cho biét cac phan tir polysaccharide phan 1ap tir ndAm Cordyceps c6
MW thap c6 hoat tinh bét goc tu do anion superoxide cao hon so véi cac phan tir co

MW cao [84].

Hoat tinh bat géc tu do ABTS" ctia phan doan EPS 100-750 kDa sau khi duoc
sulfate hoa dugc cai thién dang ké tang tir 60,94 % & EPS ty nhién dén 98,62 %, ting
hon 38 %. Va ciing chinh phan doan nay cho két qua tao din xuat sulfate hoa tot nhat
s0 voi 2 phan doan con lai. Két qua nghién ctru trong luan 4n nay tot hon so voi dan
xuat sulfate hoa SEPS-1D tao boi Yan va cong su (2012), chi dat 60 % tai cung néng
d6 khao sat. Két qua DS ciia S-EPS 100-750 kDa ctia nghién ciru ndy cao hon so véi
SEPS-1D, lan lugt 1a 2,32 va 1,38 [61]. Piéu nay ciing pht hop véi nhan dinh cua
Wang va cong su (2010) cho rang dan xuét sulfate polysaccharide c6 gia tri DS cang
cao thi hoat tinh khang oxy hoa cang manh [85]. Helbert va cong su (2017) ciing cho
rang hoat tinh khang oxy hoa cua dan xuat sulfate polysaccharide ting cing véi sy
gia ting thanh phan sulfate ctia san pham [57]. Mot s6 nghién ctru trude day ciing
ching minh dan xuat sulfate hoa polysaccharide c6 hoat tinh khdng oxy héa cao hon
s0 v6i polysaccharide tu nhién. Nhu vay, cac goc sulfate (SO3>) dugc gan vao phan
doan EPS dong mdt vai tro quan trong trong biéu hién hoat tinh sinh hoc ctia dan xuat
sulfate polysaccharide. Nguyén nhan c6 thé 1a nhém SO tuong tac vai dién tir trong

EPS, gitup ning cao kha nang khang oxy hoa.
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3.6.5 Khdo sat hoat tinh khang Tyrosinase ciia 3 phdn doan EPS sau khi dwoc
néng cdp sulfate héa

Ngoai hoat tinh bat gdc ty do ABTS", ciing can khao sat hoat tinh khang
Tyrosinase ctia 3 phan doan sau khi dugc nang cap sulfate hoa. Ly do trong co thé
ngudi Tyrosinase xic tac phan g oxy hoa khir lién quan dén loai bo cac goc tu do.

Cac mau EPS dugc sulfate hoa (S-EPS) trong nghién ciru trc ché Tyrosinase
duoc thyc hién phan Uimg lan luot & céc n@)ng dd tir 0 dén 4000 pg/mL (bang 3.17).

Bdng 3.16. Hoat tinh e ché Tyrosinase ctia 3 phan doan S-EPS

Mau 1Cs0 (ng/mL)
Acid Kojic (chtrng duong) 258,5
EPS 100 kDa chua sulfate >4000
EPS 100-750 kDa chua sulfate >4000
EPS 750 kDa chua sulfate >4000
S-EPS 100-750 kDa ty 1¢ 1:5 852,7
S-EPS 100-750 kDa ty 1€ 1:7 927,4
S-EPS 750 kDa ty 1¢ 1:5 >4000
S-EPS 750 kDa ty 1¢ 1:7 >4000

Trong bang két qua ghi nhan 2 thi nghiém cho két qua khang Tyrosinase cia
mau S-EPS 100-750 kDa &2 ty 18 1:5 va ty 1& 1:7, twong tng 12 852,7 va 927,4 ug/mL.
Cac mau S-EPS con lai cho két qua déu trén 4000 pg/mL, khong biéu hién khang
Tyrosinase. Mau S-EPS ty 1& 1:5 cho két qua khang Tyrosinase t6t nhat 1a 852,7
pg/mL.

Oludemi va cong sy (2016) d4 tong hop nhiing nghién ctru vé hoat tinh khéng
Tyrosinase trén mot s6 loai ndm. Két qua nhan dugc 1a phu hop véi nhitng nghién
ctru trude day: Chiét xuat metanol ciia ndm Pleurotus Ostreatus & liéu lugng 1,125-
1 mg/mL tc ché t6i 11,36-59,56 % hoat tinh Tyrosinase. Chiét xuét metanol tir nAm
Lentinula Edodes & liéu lwong 1,125-1 mg/mL tic ché téi 15,12 — 54,61 % hoat tinh
Tyrosinase [86]. Trong nghién ctru nay, phan doan S-EPS 100 — 750 kDa ty 1€ 1:5 2h
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& lidu lwong 1 mg/mL trc ché Tyrosinase ti 63,50 %, cao hon cac két qua trong cac
nghién cuu trude [82].

Két qua khao sat hoat tinh trc ché Tyrosinase cho thiy mau S-EPS 100-750
kDa c6 két qua tot nhat voi hiéu suat DS=2,32. Mau S-EPS 100-750 kDa 1a miu
sulfate hoa rd rang nhat. Trén pho FT-IR thay c6 dao dong C-O-S x4p xi 815 va S=0
tai 1240 cm-1. Bén canh do6 hoat tinh khang oxy hoa bét géc tw do ABTS" ciia S-EPS
100-750 kDa duoc cai thién dang ké tang tir 60,94 % cua EPS ty nhién dén 98,62 %,
tang hon 38 %.

Tom lai, cai bién sulfate hoa lam thay doi cac tinh chét 1y hoa ctia EPS va cai
thién hoat tinh sinh hoc ctia chung. Nhom sulfate SOs> anh huong dang ké dén hoat
tinh sinh hoc ctia cac dan xuat sulfate hoa ctia EPS. Da tong hop thanh cong dan xuat
sulfate hoa S-EPS & diéu kién tdi wu véi ty 1¢ EPS/SOs.Py = 1:5, 90 °C va 2h, dat DS
=232 v6i hiéu suit 90,375 %. Gia tri DS thu duoc trong nghién ctru nay cao hon so
v6i cac nghién ctru trude d6 1a rat trién vong. Pay 1a diém méi mo ra huéng tng dung
sir dung phuong phap EPS/SO3.Py dé cai bién sulfate hoa nang cap hoat tinh sinh hoc
ctia EPS thu nhan tir dich nudi ciy long-tinh ndm C. sinensis.

Céu tric hoa hoc, thanh phan cau tao va cac kiéu lién két trong EPS quyét dinh
hoat tinh sinh hgc ctia chung. Do vay nhiém vu tiép theo 1a tim hiéu vé ciu tric hoa
hoc, thanh phan ciu tao va cac kiéu lién két trong EPS thu duogc tir dich nuoi cay
long-tinh nam C. sinensis va khao sat méi lién quan ciia chung véi hoat tinh sinh hoc
cua cac phan doan EPS.

3.7. Xac dinh thanh phan ciu tao va céu tric héa hoc ciia EPS tir dich nudi nam
C. sinensis
3.7.1. Khdo sdt don vi thanh phin dwong don ciia EPS

Pé xac dinh thanh phan duong don chinh xac khong bi can trg bdi nAm men
va peptone, trong nghién ciru nay ngoai méi trudng co ban nudi ciy long-tinh ndm
C. sinensis chira peptone va cao nim men di tién hanh nudi cay trén moi truong
khong chira peptone va cao nim men ma bd sung 5 ngudn co chat khac 1a glucose 4
%, fructose 4 %, sucrose 4 %, peptone 4% va hon hgp (mix) cua ching véi luong bod

sung mdi loai 1 %.
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Sau 40 ngay nudi cay nam C. sinensis thu nhan EPS tir dich nuéi cay nam C.
sinensis trén cac moi truong nghién ciru noi trén. Tién hanh xdc dinh thanh phan

duong don ciia EPS bang phuong phap thiy phan HCI 10 %.
Ti 1é thanh phan mono (%)
D/c
NT Mix
NT Pepton
NT Sucrose
NT Fructose

NT Glucose

0,00 20,00 40,00 60,00 80,00 100,00

m Glucose m Mannose ™ Galactose

Hinh 3.27. Ti 1é thanh phan duong don ciia EPS tir dich nudi cdy ndm C. sinensis

trén 5 ngudn co chat khac nhau

Bdng 3.17. Thanh phan dudng don cua cac nghiém thirc (%)

NT glucose | NT fructose | NT sucrose | NT peptone | NT mix
Glucose 26,44 55,19 31,82 49,64 51,01
Mannose 65,10 35,10 47,55 47,23 39,50
Galactose 8,46 9,71 20,63 3,13 9,49

Két qua cho thiy tat ca cac nghiém thirc (NT) déu chtra 3 thanh phan duong
don 1a glucose, mannose va galactose theo cac ti 18 khac nhau. O NT glucose, thanh
phan mannose chiém chu yéu 1a 65,1 %. Trong khi & NT fructose va NT mix, glucose
lai chiém chu yéu lan lugt 1 55,19 % va 51,01 %. Dac biét, NT bo sung sucrose co

thanh phﬁn galactose cao nhét so vé&i cac nghiém thirc con lai 1a 20,63 %. Sy khac
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biét ny c6 thé lién quan dén nguon co chat 14 sucrose, thay vi 1a duong don nhu cac
nghiém thuc con lai (hinh 3.30, bang 3.20).

Li va cong su (2006) ciing da thong bao thanh phan duong don phan doan
CSP-1 thu dugc tir nAm C. sinensis gom glucose, mannose va galactose v&i ti 1é trong
ung gitra chung 1a 1:0,6:0,75 trong khoang 210 kDa [91]. Wang va cdng su (2009)
cling thu nhan duoc polysaccharide tir sinh khéi C. sinensis ¢6 thanh phan dudng don
1a glucose, mannose va galactose c¢6 ty 18 1an lugt 14 2,8 : 2,9 : 1, MW trong khoang
8,1 kDa [87]. Li va cong su (2021) di phan tich thanh phan dudng don cia EPS tir
dich nudi cdy nam C. sinensis v6i 3 nhom kich thudc phan tir [84]. Két qua nghién
ctru cho thdy: Phan doan EPS-HM c6 MW 6250 kDa chira 4 thanh phan duong don
1a mannose : glucose : galatose : ribose véi ti 1¢ 1an luot 12 1,71 : 0,94 : 1 : 0,09. Trong
khi & cac phan doan EPS-LM c6 MW thap trong khoang 40 — 360 kDa chi chtra 3
thanh phan dudng don 12 mannose, glucose va galactose theo ty 18 1an luot 14 7,76 :
13,87 : 1. Tuy nhién, co diém dic biét 1a gitra hai phan doan EPS c6 MW khac nhau
noi trén lai co su khac biét kha 16n gitra trong quan ti 1€ galactose so vdi cac duong
don con lai. O phan doan EPS-HM, galactose chiém ty 18 cao so v6i cac duong don
con lai con lai. Con & EPS-LM, galactose lai chiém ty 1€ kha thép SO VO1 mannose va
glucose. Két qua cho thiy duong d6i trong méi truong nudi cay C. sinensis tao EPS
chira galactose nhiéu hon. Cac polysaccharide trong C. sinensis chii yéu la thanh phan
cAu tric xwong cta thanh té bao, hd trg t& bao 6n dinh co hoc va ciu tric. Trong cic
giai doan sinh trudong khac nhau, vi du & soi ndm hay qua thé, thanh phan va cau tric
ctia polysaccharide do d6 s& khac nhau tuy thudc vao diéu kién ctia méi truong nudi
ciy va qua trinh sinh truong.

3.7.2. Xdc dinh cdc dang lién két glycoside trong EPS

Sau khi x4c dinh thanh phan duong don cta EPS tir dich nuoi cay nam C.
sinensis, da tién hanh xac dinh cac dang lién két glycoside ndi cac dudng don trong
EPS thong qua qua trinh sau: Trudc tién, tién hanh methyl héa EPS, sau d6 thiy phan
va acetyl hoa cac dan xuat methyl hoa tao dan xuat PMAAs ciia EPS dé phan tich
GC-MS. Két qua duoc tom tit trong bang 3.18.
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Bdng 3.18. Cac lién két glycoside trong EPS cia 5 nghiém thirc méi truong

Thir | Cac loai lién Ty 1€ (%)
tw két Glucose | Fructose | Sucrose | Peptone | Mix b/c
1 | —>2)-a-D-
Manp 1,31 16,98
2 | —3)-a-D-Glep | 11,48 0,63 0,36 | 14,01
3 3)-a-D-
—3)-a 8,98 15,99 19,28 5,27 17,67 | 12,83
Manp-(2—
4 -B-D-
=3P 54,19 55,33 68,16 29,17 | 55,58 | 46,44
Manp-(1—
5 | —4)-a-D-
Manp 0,20
6 | —4)-a-D-
Manp-(3— 0,65
7| 20D 0,29 19,84
Manp
8 | —»6)-a-D-
Manp-(2— 2,98
9 | —6)-a-D-
Manp-(3— 0,92
10 | a-D-Manp-
1,71 5,71 4
(2.3.6—> 7 7 ,74 6,26 7,19
11 | a-D-Galp-
(23,4 0,28
12 | a-D-Manp-
(2.3.4.6—> 1,20 0,71 | 0,65
13 | —»4)-a-D-
Glep-2— 0.77

EPS thu duoc tir tat ca cic nghiém thirc moi truong nudi cay nam C. sinensis
déu c6 mach chinh 1a —3)-B-D-Manp-(1—, trong d6 & 4 nghiém thuc glucose,
fructose, sucrose, mix va doi chung déu chiém ty 1€ cao, tuong tng 1a 54,19 %; 55,33
%; 68,16 %; 55,58 % va 46,44 %. Trong khi ti 1€ mach nhénh ¢ céc nghi¢m thire khac

nhau 13 khac nhau. C6 2 mach nhanh xut hién & trong ca 5 nghiém thirc 1a —3)-a-
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D-Manp-(2— va a-D-Manp-(2,3,6— ¢ cdc ti 1€ khac nhau. EPS thu dugc ¢ nghiém
thirc moi trudng chira glucose c6 nhiéu mach nhanh xuét hién nhéat. O nghiém thic
moi trudng chira sucrose va peptone khong co sy xuat hién mach nhanh —3)-0-D-
Glcp. Riéng & nghiém thirc méi trudng bd sung peptone c6 su xuat hién mach nhanh
—2)-a-D-Manp (16,98 %). Piéu nay ching té bo sung vao mdi truong peptone, C.
sinensis tao rat it EPS. Lién két ciia EPS & nghiém thirc bo sung peptone ciing rat
khéc so véi cac nghiém thue con lai.

Két qua cua viéc xac dinh ti 1€ thanh phén duong don va lién két co su khac
biét. Ti 1é mach chinh —3)-p-D-Manp-(1— chiém hon 50 %, trong khi thanh phan
glucose va mannose tuong d6i bang nhau. Nguyén nhan cé thé 1a do trong phéan tmg
methyl hod glucose bi bién d6i thanh mannose, hoic nguoc lai. Hién tugng nay cling
xuat hién trong nhiéu cic nghién ctru trudc ddy. Hai polysaccharide véi tén goi 1a
CPS1 va CPS2 cua Chen va cong sy (2016) dugc phan 1ap tir nudi céy hé soi cua C.
sinensis ¢6 ti 1¢ thanh phan monosaccharide tuong tng 1a Glu:Man:Gal:Ara =
46:36:18:1 va Glu:Man:Gal:GlaUA:Xyl:Ara:Rha = 30:25:14:4:3:3:1. Ca hai cau trac
déu c6 lién két a-glycosidic véi CPS1 c6 mach khung 1a cac goc glucose lién két véi
1,6-man & cac vi tri C2, C3 va C4; mach khung cta CPS2 1a 1,6—glu, 1,6-man va
1,6-gal véi cac nhanh 13 cac gdc monosaccharide khac nhau tai vi tri C3 [11].

Bén canh do, Sheng va cong su (2011) da phan lap dugc EPS tu C. sinensis co6
p-D—glucan la mach khung chinh. EPS thu dugc chia cac thanh phan
monosaccharide gdm mannose, glucose va galactose vai ti 16 12 23:1:2,6 [14]. Yan va
cong su (2010) phan 1ap dugc EPS-1A véi trong lugng phan tir trung binh khoang 40
kDa dugc tinh sach tir méi truong 1én men nuoi céy C. sinensis. EPS-1A chtra thanh
phan monosaccharide 14 glucose, mannose va galactose véi ti 1é twong tmg 15,2:3,6:1.
Cau trac mach khung gém 2 gboc (1—6)—a—D—glucose (77 %) va (1—6)—a—D—
mannose (23 %) v&i cac nhanh ¢ vi tri O-3 [14]. Nghién clru cia Zhang va cdng su
(2012) da thu nhan polysaccharide vdi trong lugng phan tir 14 12 kDa bang sic ki loc
gel. Polysaccharide nay chtra phan duong don gdm mannose, rthamnose, arabinose,
xylose, glucose va galactose tuong ung voi ti 1€ 38,3 %; 2,51 %; 2,21 %; 5,22 %;
27,44 % va 24,25 % [70]. Wang va cong su (2017) da xac dinh dugc mot B—D—glucan
tan trong nudc tir O. sinensis ty nhién. Cac dic diém cau trac duge xac dinh bang

phuong phép sic ky trao doi anion hiéu ning cao két hop véi dau do ampe ké xung
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(HPAEC-PAD), GC-MS va phé NMR. Két qua chi ra B-D-Glucan ¢6 céu tric véi
mdi bay khung suom (1—3)—B-D—Glcp thi s& ¢6 2 nhanh (1—6)—B-D-Glcp [4].

Két qua nghién ctru ciia cac nghién ctru khac cho thay thanh phan dudng don
ctia EPS ciing déu 1a glucose, mannose va galactose theo cac ti 1¢ khac nhau. Trong
d6 glucose khong hoan toan chiém ty 18 cao nhat. Cac EPS nay déu ¢6 mach chinh 1a
—3)-D-Glep-(1—. Trong khi mach chinh & 5 nghiém thuc trong nghién ctru nay 1a
—3)-p-D-Manp-(1—. Bdy la két qua méi dwoc ghi nhin trong cau triic EPS thu nhdn
trong dich nuéi cdy léng-tinh chiing nam C. sinensis dwoc cung cdp boi tién si Truong
Binh Nguyén. Ngodi ra, sw xudt hién nhiéu mach nhdanh trong cdu triic EPS trong
nghién cvuu nay cing cho thcfy sw khac biét ro rét. Trong khi EPS thu dugc ¢ cac
nghién ctru khac ¢ chi théy su hién dién 1 dén 2 mach nhanh, thi EPS thu dugc & ca
5 nghiém thirc trong nghién ctiru nay déu c6 nhiéu hon 2 mach nhanh. Piéu nay ndi
1én cau triic EPS thay doi phu thudc vao mdi ca thé nam ciing nhu méi trudng nudi
ciy chiing.

Nubi cay long-tinh ndm C. sinensis trén cac ngudn co chat khac nhau cho sinh
khéi va EPS khac nhau. Trong d6, peptone 1a ngudn co chat ndm str dung kém hiéu
qua nhat. Béi véi nguén co chat 1a glucose, EPS sinh ra tir nam co ciu tric phtrc tap,
c6 nhiéu lién két giita cac thanh phan duong don. Viéc c6 nhiéu lién két giita cac
dudng don c6 thé giup EPS c6 hoat tinh sinh hoc tét hon do c6 chira nhiéu goc glucan
tu do, d& bi phan cat. Ngudn co chat dudng doi sucrose C. sinensis hap thu kém hon
so véi duong don khi b6 sung & ciing nong do.

3.7.3. Khio st ciu tricc ciia EPS bang NMIR

CAu hinh cua lién két glycosidic trong polysaccharide dugc phan tich bang 1H
NMR (hinh 3.28). So véi cac phd dd khac cua cac san pham ty nhién, céc tin hiéu
cua polysaccharide thu thdp trong mot pham vi hep 6 4,3 — 6 5,9 ppm tuong Gng véi
tin hi€u cua 3 loai duong [89]. EPS thu nhéan tu tat ca 5 nghiém thuc trén déu co tin
hiéu peak tai 8 5,16 ppm va trong khoang & 4,2 — & 4,3 ppm. Két qua ghi nhan tin hiéu
manh trong khoang & 5,03 ppm 14 tin hiéu cua 'H anomeric ctia o-D-mannose va f-
D-galactose.

Tuy nhién cac tin hiéu nay chwa dugc tach 16 rang, c6 thé do cau tric ciia EPS

bi két tu lai véi nhau do nhiéu lién két chén giira cac peak. Ngoai ra, phd *C NMR
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khong c6 tin hiéu & ving 160 dén 180 ppm cho thdy khong c6 sy ton tai ctia uronic

acid. C4c tin hiéu cua C anomeric trong nghién ctru cia Wang va cong su (2017) hién

dién ¢ ca 5 nghiém thtc [4]. Tin hi¢u & 105 ppm, 102 ppm va 99 ppm tuong ung véi

C anomeric ctia Manp, Galp va Glcp. So sanh két qua ctia '"H NMR va '>C NMR, phu

hop véi két luan 14 thanh phan dudng don ciia EPS trong 5 nghiém thirc thir nghiém

trén déu c6 mat 3 loai dudng don la mannose, glucose va galactose.
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Pho H NMR ciia nghiém thirc dbi ching

Hinh 3.28. Pho "H NMR cua EPS ¢ 5 nghiém thirc méi trudng chua glucose,

fructose, sucrose, peptone, hon hop cia chiing va nghiém thtrc d6i chimg.

Pho 'H NMR 6 nghiém thirc bo sung glucose cho tin hiéu tir § 4,8 —§ 5,2 ppm,

cac tin hiéu nay chua phan tach ro rang. Tin hi¢u tai 6 5,16 ppm thudc vé H anomeric




109

clia o-mannose. Ngoai ra c6 tin hiéu nho ¢ khoang & 4,3 ppm thudc vé H anomeric
cua B-galactose.

O NT fructose, céc tin hiéu phan tach rd rang hon. Trong khoang tir & 4,9 — §
5,2 ppm xuat hién nhiéu tin hiéu, cho thay c6 sy hién dién ctia a-mannose. Tuy nhién
khong xuét hién tin hiéu ¢ 8 4,2 - § 4,3 ppm. Phé NMR & nghiém thirc sucrose lai
khong cho tin hi¢u manh ¢ 6 4,2 — 6 4,3 ppm mac du thanh phén mono 1a galactose
chiém ti 1é cao.

Céc tin hi€u tir 8 5,03 — 6 5,19 & nghi¢m thtic sucrose ciing khong qua manh.
Diéu nay cé thé do EPS & nghiém thiic nay khong tan trong D,0. Di v6i nghiém
thirc peptone, tin hi€u phan tach rd rang hon: tin hi¢u manh & 6 4,15 ppm c6 thé 1a
clia p-galactose, tin hiéu tir 8 5 — & 5,2 ppm 1a cac tin hiéu cia mannose. Pho NMR ¢
nghiém thirc mix cling cho céc tin hi€u khong manh (hinh 3.28).

Két lugn: Thanh phan duong don cua EPS ¢ tat ca cac nghiém thic déu chira
glucose, mannose va galactose theo céc ti I¢ khac nhau. Trong d6, EPS cua nghiém
thirc glucose va sucrose c6 thanh phan mannose cao nhét 13 65,10 % va 47,55 %. EPS
ctia 3 nghiém thirc con lai déu c6 thanh phan glucose cao nhat.

Tat ca cac nghiém thic déu c6 mach chinh 1a —3)-p-D-Manp-(1—, trong do
4 nghiém thirc glucose, fructose, sucrose va mix co ty 1€ cao. Phé '"H NMR cho tin
hi¢u tai 6 5,16 ppm, 6 4,2 — 4,3 ppm.

CAu triic cua EPS it mach nhanh v&i nguén co chat 1a peptone. Trong khi ¢
ngudn co chat 1a glucose thi EPS ¢6 nhiéu mach nhanh. EPS ¢6 trong luong phan tir
16n va thanh phan galactose c6 ham lugng cao & ngudn co chét 14 sucrose.

3.8. Ban luin két qua nghién ciru ciia luin an va dé xuit quy trinh cong nghé
nudi cdy 16ng-tinh nim C. sinensis tao EPS cé hoat tinh sinh hoc

Hién thong tin vé nhom hoat chat EPS do ndm C. sinensis tiét ra moi truong
nudi cdy néi chung trong d6 c6 moi trudng nudi cdy long-tinh néi riéng, dic biét 1a &
Viét Nam con rat khiém tén. Do vay rat can c¢6 cac nghién ciru tong thé vé moi truong
nudi cdy 1ong-tinh nAm C. sinensis co ban két hop bd sung cac yéu té kich thich tao
sinh khéi ndm va EPS. Hoat tinh sinh hoc ctia EPS néi chung va cac phan doan EPS
n6i riéng phu thudc vao thanh phan cau trac don phan, cau trac hoa hoc va kich thuéce

cua chung. Hién nhitng thong tin trén con rat khiém ton, dac biét thong tin ve cau truc
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khung ciing nhu mach nhanh cia cac phan doan EPS. Do vay rat can nhimg khéo sat
lién quan dén thu nhan, tinh sach, danh gia hoat tinh sinh hoc va cAu tric khung cua
cac phan doan EPS thu nhan tir dich nuoi céy long-tinh nam C. sinensis..

Luan 4n nay tip trung nghién ctru méi truong nudi ciy long tinh ndm C.
sinensis 1am co s& dé toi wu quy trinh cong nghé san xuat loai nAm duoc lidu nay tai
Vi¢t Nam. Nghién ctru thu nhan EPS va cac phan doan EPS c6 hoat tinh sinh hoc tur
dich nudi cdy ndm va nghién ctru nang cp hoat tinh sinh hoc cia chung. Mot s6 van
dé sau da duoc 1am sang to trong khudn kho thyc hién luan an.

Vin dé thir nhdt lién quan dén nghién ciru sang loc méi trudng nudi cay long-
tinh ndm C. sinensis. Trong phan tong quan di dé cap dén wu thé clia nudi ciy long
nam C. sinensis so v6i nudi cdy ban ran. Tuy nhién da s6 cac nghién ciru nudi cay
long nam C. sinensis cho dén nay chu yéu tap trung vao nghién ctru nudi cay long két
hop khuay véi toc do trong khoang 100-150 v/phat. Chua thdy dé cap nhiéu dén nuoi
cay long-tinh nAm C. sinensis. V& thanh phan méi trudng nudi cdy ndm C. sinenesis
vé co ban kha giong nhau. Ngudn C thuong 13 saccharose va glucose hay bot bap.
Nguoén N 13 cao ndm men va peptone ciing mot sé6 mudi vo co cung cap khoang vi
lwong. pH moi truong nudi cay thudng co tinh acid trong khoang 4,0 - 4,5. Ciing ¢6
nghién ctru tién hanh ¢ pH 7,0 (Wu, Chen va Hao. 2009).

Ning suat tao sinh khéi va EPS ciing khac nhau. Cao nhat 14 & nghién ctru ciia
Cha va cong su (2007) dat ning suat twong (mg ciia sinh khoi va EPS 14 54,0 g/L va
28,4 g/L. Con lai da s6 dat nang suat thip hon trong khoang 20 - 25 g/L sinh khéi va
2,8-4,1 g/L EPS (Kim va Yun, 2005; Leung va cong su 2007; Wu, Chen va Hao 2009
va Yin va cong sy 2013). Nghién ctru cia Wu, Chen va Hao 2009 nubi cay 1éng nim
C. sinensis khudy 150 v/phut, pH 7,0 cho ning suat sinh khoi twong d6i thap 12,3 g/L,
nhung ning suét tao EPS lai kha cao t6i 24,5 g/L. Diéu nay chimg té nudi ciy long
nhan tao ndm C. sinensis con phai nghién ciru tiép tuc lién quan dén sang loc thanh
phan mai trudng nudi cay, hinh thirc nudi cay long-khuay, long-tinh hay ban ran.

Két qua nghién ctru ciia luan 4n cho thay san xuat sinh khdi cia nAm C. sinensis
nudi cdy long-tinh thap nhat trén moi truong co ban khong bo sung nito. Thoi diém
thu sinh khéi cao nhat 1a vao ngay thir 20 vé6i 6,8 g sinh khéi kho (SKK)/L. Truéc khi
nam vao giai doan can bang va suy vong (Hinh 3.1A). Trong khi d6, trén moi truong

bo sung peptone va cao nam men, thoi diém sinh khdi ndm dat cao nhét 20,3 g SKK/L
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vao ngay nudi cay thir 30 gap khoang 3 1an so sinh khéi tao ra trén méi trudng co ban
(6,8 g SKK/L). Sinh khi ctia ndm C. sinensis tao ra trén mdi trudng bd sung bot
nhong tam ciing t6t hon so véi trén méi trudng co ban. O ngay thir 30, sinh khdi nAm
trén moi truong bo sung bot nhong tam dat 14,9 g SKK/L cao hon dang ké so voi méi
truong co ban (6,4 g SKK/L), nhung thap hon so vi 20,3 g SKK/L trén méi trudng
bd sung peptone va cao nam men. C6 diéu tha vi 13 trén méi truong bot nhong tam,
sau ngay thir 30 sinh khdi nam tiép tuc dugc tao ra cho dén ngay thir 40 dat 18,9 g
SKK/L.

Thanh phan N trong méi trudng nudi cdy long-tinh nam C. sinensis anh hudng
dang keé toi thanh phan EPS trong phitc EPS-protein. Mi trudng nudi cdy bod sung
peptone va cao nam men ciing kich thich tang tao EPS so v&i trong méi truong long
co ban va méi truong bo sung nhong tam giéng nhu trong nudi cay nam C. sinensis
long-khuay [Leung va cong sy 2007; Wu, Chen va Hao 2009 va Yin va cong sy 2013].
Lién quan dén hoat tinh khang oxy héa bat goc tw do ABTS* ciia EPS thu nhén tir moi
truong nudi cay l1ong-tinh nam C. sinensis cling cao hon so v&i mdi truong long co
ban va bo sung nhong tam.

Vin dé thir 2 lién quan dén b6 sung dau 6 liu vio mdi trudng nudi cy long-
tinh ndm C. sinensis kich thich tao sinh khéi va EPS.

Céc khao sat trinh bay trong muyc 3.1.2 cho thdy ca 3 loai diu bo sung vao moi
truong nudi cay long-tinh nAm C. sinensis déu anh huong 18n su phat trién, ning suat
tao sinh khdi va tong hop EPS.

Vé hinh thai, sinh khdi nAm phat trién day, phu to trang déu, min & cac 16 dau
dira (D3, D4), huéng duong (H2, H3) va 6 liu (05, O6). Trong khi & nhitng néng do
con lai sinh khdi ndm khong phu to tring déu ¢ bé mat. Diéu nay chimg t6 nong do
tirng loai dau khac nhau anh huong dén hinh thai nim trong qué trinh phat trién.

Két qua nghién ctru ciing cho thdy dau dira khong thich hop cho sy phat trién
va tong hop EPS ciia nam C. sinensis nudi cdy 1ong-tinh boi thanh phan cha yéu cta
dau dura 12 acid béo bo hoa, chi chira lugng nhé 6,2 % acid béo chua bao hoa oleic
acid. Do d6, dau dira khong pht hop cho ndm st dung dé phat trién [78]. Trong khi
dau hudng duong va dau 6 liu do chira nhiéu acid béo chua bdo hoa, nén phi hgp hon

deé bo sung vao mdi trudng nuodi cay long-tinh nam kich thich C. sinensis phat trién
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va tong hop EPS. Két qua khao sat nay tuong tw nhu nghién ctru cia Hsieh va cong
su (2008) khi bo sung tir 0,1 - 1 % dau hudng duong va dau 6 liu vao méi truong nudi
cay nam G. frondosa [80]. Piéu nay hop 1y do dau huéng duong va dau 6 liu c6 ham
luong acid béo chua biao hoa oleic acid kha cao tir 55 - 75 % giup nam dé dang phat
trién tang sinh khéi va tong hop EPS [61]. Két qua khao sat kha tha vi. Bo sung dau
huong dwong cho két qua ning suét tao sinh khbi nam cao hon so v&i bo sung dau 6
liu. Nguoc lai, bd sung dau 6 liu cho ham luong EPS cao hon so vdi bo sung dau
hudng duong.

Tuy nhién theo dénh gia chung b6 sung 5 % dau 6 liu s& kich thich nAm phat
trién manh sinh khdi dat 29,06 + 1,06 g/L, d@)ng thoi téng hop EPS ciing cao 5,3 +
0,38 g/L so v6i BC 1,52 + 0,22 g/L) va tét hon so voi bd sung dau dira va dau hudng
duong. Vi vay, mdi trudng nudi cdy bo sung dau 6 liu 5 % duoc chon cho cac nghién
ctru tiép theo lién quan dén téi wu hoa kha ning tong hop EPS trong méi truong bo
sung dau 6 liu.

Vin dé thir 3 lién quan dén toi uu hoa thanh phan maéi trudng moi truong nudi
cdy long-tinh nAm C. sinensis c6 bd sung dau 6 liu nhim kich thich tao sinh khdi
va EPS.

Trong nghién ctru cua luan 4n, cac nghiém thirc nudi cay long-tinh nham thu
nhan EPS duogc thuc hién trén 3 yéu td & 3 muc gém 15 cong thuce trong do6 3 lan lap
lai ctia cac diém trung tAm. Bang 3.4 thé hién két qua thuc nghiém so vé6i két qua mo
hinh du doan béng phén mém Minitab 17. Nhin chung, két qua thu duogc tur thuc
nghiém va mé hinh khéng c6 su chénh léch dang ké.

Két qua cho thay, khong c6 su khac biét c6 ¥ nghia (p<0,05) giira két qua thuc
nghiém va két qua du doan. Va déu tot hon so vai dbi chung, lién quan dén ham lugong
EPS, % thanh phan polysaccharide va ham lugng protein. Gia tri ICso cia EPS thu
dugc tir moi truong dy doan tbi wru va nudi cay thyc nghiém déu thip hon mau ddi
chtng. Nhu vay, két qua toi vu hoa phi hop véi thuc nghiém.

Khao sat thu nhan phirc EPS-protein tir moi truong nudi cay l1ong-tinh nim C.
sinensis bo sung dau 6 liu cho thay kha ning 16i kéo dau va hoat tinh cia mau thir
nghiém sau khi loai dau bang dung méi PE va DE t6t hon so véi dung moi hexan.

Kha ning 16i kéo dau ra khoi dich ctia dung méi DE 14 tot nhat. Tuy nhién lai 1am
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that thoat mot luong 16n polysaccharide. Hoat tinh bat gbc tw do ctia mau loai bang
dung méi PE va dung méi DE gén nhu nhau. Do vay, chon dung méi PE dé loai dau
dé tién hanh cac thi nghiém tiép theo.

Vin dé thir 4 1ién quan dén thu nhan phitc EPS-protein tir dich méi trudng nudi
ciy 1ong-tinh nam C. sinensis b6 sung dau 6 liu, sau khi loai dau.

Két qua cho thiy, ¢ ty 1¢ tia giita giita dich nu6i cdy nim va ethanol 96° 1:3
(v/v) khéi lugng tiia EPS-protein thu dugc 1 thap nhat 0,0154 g/mL. O ty 1& 1:4 1a
cao nhat 0,0171 g/mL. o) ty 1€ 1:5, khdi lugng taa thu dugc lai gidm chi con 0,0166
g/mL. Do vay da chon ty 1¢ tia 1:4 cho qué trinh tach chiét EPS tir dich nuéi ciy
long-tinh nam C. sinensis. Két qua nghién ctru ndy ciing twong tu két qua nghién ctru
ciia Kim va Yun (2005) trén ndm C. militaris va C. sinensis; Angelis va Sandra
(2009) trén nAm Macromycetes; Tran Minh Trang (2013) trén nam C. sinensis. Ty 1
tia dich nuoi cay/ethanol dugc chon trong cic nghién ctru nay kha gidng nhau nam
trong khoang 1:3 dén 1:5. Sy khac nhau vé ty 1 tiia dé thu nhan phitc EPS-protein
phu thudc vao chung ndm nudi cdy, thanh phan méi trudng va diéu kién nudi cay
[57]. Ty 1é ta 1:4 (v/v) giita dich nudi cay long-tinh va ethanol 96° dé thu nhan
phirc EPS-protein tir dich nudi cdy ndm C. sinensis bo sung dau 6 liu 1a t6i wu, va
duoc lya chon cho céc nghién ciu tiép theo.

Vin dé thir 5 lién quan dén tinh sach cac phan doan EPS tir tua phic EPS-
protein thu duoc tir dich nudi cay ndm C. sinensis bo sung dau 6 liu.

Két qua loai protein tir EPS tho bang 3 phuong phap TCA, Sevag va Alcalase
dugc thé hién & bang 3.11. Trong d6, sir dung Alcalase 1a phuong phap t6t nhat dé
loai protein tir phttc EPS-protein tho. Cuy thé, ty 1& loai protein c6 su khac biét giita 3
phuong phap khdo sat. Phuong phap str dung Alcalase c6 kha nang loai protein cao
nhat, giam chi con 1,57 % v6i ham lugng polysaccharide thu dugc cao nhét (69,2
%) (p < 0,05), v&i hoat tinh bat goc ty do ciia EPS 1a cao nhat 68,98 % cao hon 2
phuong phap con lai. Phuong phap TCA gay that thoat polysaccharide 16n hon va
lam hoat tinh bat goc tw do giam so véi dbi chimng. Phuwong phap Sevag ciing cho két
qua loai protein twrong ddi cao phi hop véi két qua nghién ctru ciia Huang va cong sy
(2009) str dung phuong phap Sevage loai protein ¢ mannan oligosaccharide, voi ty

1€ loai protein 1a 89,8 % v&i 12,2 % mannan oligosaccharide that thoat [50]. Tuy
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nhién so véi véi phuong phap str dung Alcalase thi van kém hon. Do vay da chon
phuong phap loai protein tir phitc EPS bang Alcalase.

Vin dé thir 6 lién quan dén khao sat hoat tinh bat goc tu do ciia cac phan doan
EPS da duoc tinh sach.

Két qua bang 3.12 cho thay sau khi loai bé protein tir phtrc voi EPS. Bang sic
ky loc gel G-100, thu dugc 2 phan doan EPS I va II: O EPS I ham lugong
polysaccharide tang tir 34,1 % 1én 82,33 %, gép 2,4 lan va 78,98 % dbi v4i EPS 11,
gap 2,3 lan so v6i phitc EPS tho. Trong khi, ham lugng protein giam dang ké khi xir
1y Alcalase, giam tir 3,57 % con 0,002 % va 0,0067 % tuong ung EPS I va EPS II.
Ca 2 phan doan sau xtr Iy Alcalase déu cé hoat tinh bat gc tu do ting dang ké so voi
EPS tho.

Lién quan dén khao sat hoat tinh khang phan bao cta cac phan doan EPS da
duoc tinh sach.

Gia tri ICso cang nho, thi hoat tinh gay ddc té bao ung thu cang cao. Két qua
cho thay EPS II ¢6 hoat tinh gy doc té bao cao hon so voi EPS 1. Theo chuong trinh
tam soat hoat tinh khéng ung thu cua cac hop chét tu nhién cua Vién Ung thu Qudc
gia Hoa Ky, nhimng cao chiét c6 ICso < 30 ug/mL cé hoat tinh gay doc té bao in vitro
dugc coi 1a tot, c6 trién vong. Con & mirc ICsp > 30 pg/mL thi kha ning giy doc té
bao thap, khong co trién vong. Nhu vay, gia tri ICso & nong do 32,38 + 3,65 pg/mL
ctia phan doan EPS II c6 thé dugc coi 14 c¢6 kha ning gay doc té bao. Tuy nhién hoat
tinh sinh hoc cua cac phan doan EPS c6 thé duoc cai thién nho cai bién cau trac hoa
hoc ctia chung. M6t trong nhitng cach tiép can 1 cai bién sulfate hoa, gin thém céc
nhom sulfate vao cdu tric EPS nham ting hoat tinh sinh hoc cta chiing. Do vy tiép
theo 14 nghién ctru cai bién sulfate hoa EPS.

Vin dé thir 7 lién quan dén cai bién ning cap hoat tinh sinh hoc cta cac phan
doan EPS da duoc tinh sach bang cach sulfate hoa. Do trong khao sat gia tri ICso gy
doc té bao ung thu gan Hep-G2 ctia 2 phan doan EPS 1 va EPS 2 méi dat 32,38 +
3,65 pg/mL chua vuot qua ngudng yéu cau 1a 30 pg/mL. Nén viéc cai bién nang cap
hoat tinh sinh hoc ctuia 2 phan doan nay la can thiét.

Do thay thé (DS) 1a thong s6 quan trong dé danh gia chat lugng cua cac dan

xuat sulfate tao thanh sau khi duoc sulfate hoa. Két qua sulfate hoa cac phan doan
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cho thay, gi tri DS ¢ cac phan doan c6 sy khéac biét rd rét (Muyc 3.3.4). Cu thé, phan
doan 100-750 kDa c¢6 gia tri DS cao hon 2 phan doan con lai, ¢ ty 1€ EPS/SO3.Py 1:5
(DS=2,32; 90,375 % tai t=2h). Trong khi & phan doan < 100 kDa khong xdy ra phan
ung sulfate hoa. Con phan doan > 750 kDa lai cho gia tri DS < 1. Cac nghién ctu
trude day cho biét DS cang cao thi hoat tinh cila cdc dan xuat cang manh. Pang chu
¥, ddn xuat S-EPS100-750kDa trong nghién ciru ndy c6 gia tri DS cao hon so véi cac
dan xuat sulfate ctia cac nghién ciru khac nhu S-EPS-1D (DS = 1,38) tit C. sinensis
ciia Yan va cong sy (2010) & mot diéu kién ty 16 CSA/Pyr = 1:1 (v/v), 60 °C va 3h
[51]; S-ASP (DS = 0,82); tir Artemisia sphaerocephala cia Wang va cong sy (2010)
(CSA/Pyr=1:1, 60 °C, 3h) [85]; nghién ctru cua Li va cong su (2012) da tao DHPD22
(DS = 0,94) tir Dendrobium huoshanense (CSA/Pyr = 1:2, 60 °C, 1h) [22]; dan xuat
sulfate polysaccharide (DS = 0,23) tir C. militaris (CSA/Pyr = 1:2, 70 °C, 2h) cua tac
gia Jing va cong su (2015) [90]; cing nam 2016 Xie va cong sy tao dan xuat S-CP1-
1 (DS =0,55) tr Cyclocarya paliurus (CSA/Pyr = 1:1, 60 °C, 4h) [69]; va nghién ctru
cua Xu cling tao S-SGP (DS = 0,99) tur Sphallerocarpus gracilis (CSA/Pyr =1,29:1,
64,74 °C, 3,41 h) [41]. Tuy nhién, dan xuit sulfate trong nghién ctru nay thép hon dan
xudt S-PSG-3 (DS= 3,43) tr Ganoderma atrum ctia Chen va cong su (2015)
(CSA/Pyr = 3:1, 45 °C, 6h) [18]. Piéu nay ching t6, phan Gng sulfate hoa
polysaccharide con tiy thudc vao cau triic chudi polysaccharide, diéu kién phan tng
cling nhu k¥ thudt sulfate hoa khac nhau gitra cdc nhom nghién ctu. Tt nhitng dir
liéu trén, co thé két luan diéu kién phan ung sulfate hoa thich hop cho 3 phan doan
EPS tir tiia EPS thu duoc tir dich méi trudng nudi cdy 1ong-tinh nAm C. sinensis 1a ty
1¢ EPS/SOs.Py (1:5 va 1:7) trong 2h, & nhiét d6 90 °C. Pay ciing 1a diém mdi noi bat
ctia ludn an d3 tao thanh cong dan xuat sulfate tir EPS thu dugc madi truong nudi cay

long-tinh nam C. sinensis.

Khao sat hoat tinh bat gbc tu do ciia cac dan xuat sulfate hoa cho thiy EPS
chua sulfate hoa cho két qua khéang oxy héa & nhitng phan doan c6 MW nho tét hon
50 voi & EPS c6 MW 16n. Phan doan EPS <100 kDa c6 hoat tinh khang oxy hoa t6t
nhat 66,51 % véi ICso 3026 pg/mL. Phan doan EPS c¢6 MW thap c6 hoat tinh khang
oxy héa cao hon so véi cac phan doan EPS ¢c6 MW cao hon ¢6 thé do mirc d6 linh
hoat va d hoa tan tot hon. Két qua nay ciing trong tu két qua cong bd cua Li va

cong su (2021) cho biét cac phan tir polysaccharide phan 1ap tir nAm Cordyceps c6
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MW thap c6 hoat tinh bat gdc tu do anion superoxide cao hon so véi cac phén tir ¢6

MW cao.

Két qua khao sat hoat tinh trc ché Tyrosinase cho thiy mau S-EPS 100-750
kDa c6 két qud tot nhat véi hiéu suat DS=2,32. Méu S-EPS 100-750 kDa la mau
sulfate hoa rd rang nhat. Trén pho FT-IR thiy c6 dao dong C-O-S x4p xi 815 va S=0
tai 1240 cm™'. Bén canh d6 hoat tinh khang oxy hoéa bat goc tw do ABTS" ciia S-EPS
100-750 kDa dugc céi thién dédng ké tang tir 60,94% cta EPS ty nhién dén 98,62 %,
tang hon 38 %.

Tom lai, cai bién sulfate hoa lam thay doi cac tinh chét 1y hoa ctia EPS va cai
thién hoat tinh sinh hoc ctia chung. Nhom sulfate SOs2 anh huong dang ké dén hoat
tinh sinh hoc ctia cac dan xuét sulfate hoa ciia EPS. Trong nghién ciru ctia luan 4n da
tong hop thanh cong din xuat sulfate héa S-EPS & diéu kién téi uu véi ty 18
EPS/SO;3.Py = 1:5, 90 °C va 2h, dat DS = 2,32 véi hiéu suét 90,375%. Gia tri DS thu
duogc trong nghién ctru nay cao hon so vai cac nghién ctru trudc do, 1a rat trién vong.
Pay la diém méi mo ra hudng ung dung sir dung phuong phap EPS/SO;.Py dé cai
bién sulfate hoa nang cép hoat tinh sinh hoc ctia EPS thu nhan tir dich nu6i céy long-
tinh ndm C. sinensis.

Vin @é thir 8 lién quan dén nghién ctru thanh phan va cau triic héa hoc cta
EPS. Két qua nghién ctru ciia cac nghién ctru khac cho thay thanh phan duong don
ctia EPS ciing déu 1a glucose, mannose va galactose theo cac ti 1¢ khac nhau. Trong
d6 glucose khong hoan toan chiém ty 18 cao nhat. Cac EPS nay déu ¢6 mach chinh 1a
—3)-D-Glep-(1—. Trong khi mach chinh & 5 nghiém thuc trong nghién ctru nay 1a
—3)-p-D-Manp-(1—. Pay 12 két qua méi duogc ghi nhan trong ciu tric EPS thu nhan
trong dich nudi cay 1ong-tinh ching nam C. sinensis dugc cung cap boi tién si Truong
Binh Nguyén. Ngoai ra, su xuat hién nhiéu mach nhanh trong cau trac EPS trong
nghién ciru nay ciing cho thy sy khac biét 16 rét. Trong khi EPS thu duoc & cac
nghién ctru khac & bang 3.22 chi thay su hién dién 1 dén 2 mach nhanh. Trong khi
EPS thu dugc trong ca 5 nghiém thirc trong nghién ctru nay déu c6 nhiéu hon 2 mach
nhanh. Diéu nay néi 1én ciu trac EPS thay doi phu thudc vao mdi ca thé nam ciing
nhu méi trudng nudi cdy chung.

Két luan chung: Nudi cay long-tinh ndm C. sinensis trén cic ngudn co chat

khac nhau cho sinh khoi va EPS khéac nhau. Trong d6, peptone 1a nguon co chit ndm
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sir dung kém hiéu qua nhat. D6i v6i ngudn co chat 1a glucose, EPS sinh ra tir nAm ¢
ciu trac phirc tap, c6 nhiéu lién két giita cac thanh phan dudng don. Viéc c6 nhiéu
lién két giita cac duong don c6 thé giup EPS c6 hoat tinh sinh hoc tot hon do c¢6 chira
nhiéu gbc glucan ty do, d& bi phan cat. P6i véi ngudn co chat duong doi sucrose C.
sinensis hap thu kém hon so voi dudng don khi b6 sung ¢ cting nong do.

Thanh phan dudng don ciia EPS ¢ tat ca cac nghiém thirc déu chira glucose,
mannose va galactose theo céac ti 1€ khac nhau. Trong do, EPS cua nghiém thtic
glucose va sucrose c6 thanh phan mannose cao nhat 1a 65,10 % va 47,55 %. EPS cua
3 nghiém thirc con lai déu cé thanh phan glucose cao nhat.

Tat ca cac nghiém thic déu c6 mach chinh 1a —3)-p-D-Manp-(1—, trong do
4 nghiém thirc glucose, fructose, sucrose va mix co ty 1€ cao. Phé '"H NMR cho tin
hi¢u tai 6 5,16 ppm, 6 4,2 — 4,3 ppm.

CAu triic cua EPS it mach nhanh v&i nguén co chat 1a peptone. Trong khi ¢
ngudn co chét 1a glucose, thi EPS c¢6 nhiéu mach nhanh. EPS c¢6 trong luong phan tir
16n va thanh phan galactose c6 ham lugng cao & ngudn co chét 14 sucrose.

Két qua nghién ctru ctia 4 ndi dung chinh cta luan an, cho phép dé xuat quy

trinh nuoi cdy long-tinh nim C. sinensis nham thu nhan EPS c6 hoat tinh sinh hoc.
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Cordyceps simensts

Thanh phan méi truéng
-Khoai tay: 200 g/L
-Saccharose: 50 g/l

Diéu kién nudi cdy -K,HPO,: 0,5 g/L
Long-tinh -KH,PO,: 0,5 g/L.
pH 6,1, 40 ngdy -MgS0,: 0,5 g/L
Nhiét dé 20- 22°C

-Peptone: 6 g/l
-Cao nam men: 4g/L
-Dau ¢ liu 5% (viv)

s __

Co quay chan khong

Loai dau: Petrolium ether (PE)
Tiia cthanol 96% ty 1¢ 1:4 (v/v)

Lv tdm 4000 vone/phit trong 10 phat

EPS

Hod tan trong nudc

Loai protein: Alcalase 20 Ul/mL
Sac ky loc gel Sephadex G-100
DPadng kho

L

EPS 100 - 750 kDa

Hoa tan voi dung moi DMSO

Bd sung pyridine sulfure trioxide 1:5 (v/v)
Khudy 2h ¢ 90°C

Trung hoa véi 2,5M NaOH

Tua: ethanol 96%, ty 1¢ 1:4 (v/v)

Ly tam 4000 vong/phit trong 10 phat

Din xuit S-EPS

Hinh 3.29. D& xuét quy trinh nudi cdy 1ong-tinh nim C. sinensis tao EPS c¢6 hoat tinh
sinh hoc
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CHUONG 4. KET LUAN VA KIEN NGHI

4.1. Két luan
Két qua nghién ctru cta luan an cho phép mot s6 két luan sau:

- Peptone va cao ndm men la ngudn nito thich hop trong nudi cay long-tinh nAm
C. sinensis dé thu nhan EPS c6 hoat tinh khang oxy hoa tét hon so v6i bot nhong tam.

- Pi xac dinh b6 sung dau 6 liu 5% vao moi truong nudi cdy co ban sé kich
thich tang sinh tong hop EPS bdi ndm C. sinensis nudi cdy 1ong-tinh.

- Tinh sach EPS thu duogc tir dich nudi céy long-tinh nam C. sinensis béng cach
loai bo protein str dung Alcalase. Thu nhan phan doan EPS I va EPS II bang sac ky
loc gel va thu nhan phan doan EPS 100-750 kDa bang loc tiép tuyén.

- Cai bién nang cap hoat tinh ctia phan doan EPS 100-750 kDa bang sulfate hoa
da cai thién dang ké hoat tinh khang oxy hoa in vitro va hoat tinh e ché Tyrosinase,
la dong gbép méi cua luan an.

- Pa xac dinh dugc 3 don vi duong don chinh trong mach EPS thu nhén tir dich
nuodi céy long-tinh nam C. sinensis 1a glucose, mannose, galactose, voi mach chinh
1,3-B-D-Manp, 2 mach nhanh 2,3)-0-D-Manp va a-D-Manp-(2,3,6 trong cdu triic
ctia EPS. Viéc thay thé nguon C khac nhau trong nudi cdy co thé anh huéng dén cau
trac mach nhanh, nhung khong 1am thay thoi cau tric mach chinh ctia EPS tao ra boi
nam C. sinensis.

- Pa d xuét quy trinh cong nghé nudi cay long-tinh ndm C.sinensis tao sinh
khdi ndm va hoat chit EPS cao c6 hoat tinh sinh hoc tir dich nuéi céy long-tinh nam
C. sinensis. Day 1a nghién ctru 1an dau tién xay dung quy trinh thu nhan va tinh sach
EPS tir mdi truong nudi cay C. sinensis.

4.2. Kién nghi
V&1 muc dich hoan thién tiép cac ndi dung nghién ctru nhdm thu nhan hoat
chat EPS tir dich nudi céy long-tinh nam C. sinensis luan an c6 mot sb kién nghi sau:

- Khao sat hoat tinh khang phan bao cta cac phan doan EPS sau khi dugc nang

cap sulfate hoa.

- Hoan thién quy trinh thu nhan phan doan EPS tir dich nuéi céy va tao dan suét

sulfate c6 hoat tinh sinh hoc & quy mo pilot, lam tién dé cho viéc san xuat dan

xuat EPS c6 hoat tinh sinh hoc.
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NHUNG PONG GOP MOI CUA LUAN AN

1.  Lén dau tién xdy dung dugc quy trinh thu nhan EPS tir dich nudi cay
long-tinh ndm Cordyceps sinensis tai Viét Nam giup chu dong tao ngudn EPS ¢6
hoat tinh sinh hoc.

2. Dai xac dinh thanh phan mai truong va diéu kién nuodi cdy tbi uu ndm
Cordyceps sinensis chita peptone va cao ndm men két hop bo sung dau 6 liu 5 % véi
thoi gian nudi cdy 40 ngay kich thich nAm phat trién va tong hop EPS.

3. Pixéac dinh 3 don vi thanh phan cha yéu ciia EPS tir dich nuéi ciy long-
tinh nam Cordyceps sinensis 13 glucose, mannose va galactose theo cac ti 1& khac

nhau trong céc phan doan EPS.

4.  Pi tao dugc dan suat sulfate-EPS bang phuong phap EPS/SOs.Py voi
ty 16 EPS/SO;3.Py = 1:5, 90 °C va 2h, dat DS = 2,32 véi hiéu suat 90,375 % cao hon
s0 vOi cac nghién ciru cong bd trude day. Cac phan doan EPS thu dugc tir dich nudi
ciy 1ong-tinh ndm Cordyceps sinensis sau khi dugc cai bién sulfate hoa déu cai thién
hoat tinh sinh hoc dang ké. Bic biét 1a phan doan S-EPS 100-750 kDa.

5. Luan an g6p phan lam 6 cau tric EPS thu dugc tir dich nudi ciy long-
tinh ndm Cordyceps sinensis c¢6 mach chinh 1a —3)-p-D-Manp-(1—. Phé 'H NMR

cho biét vi tri cua cac C anomeric cia Manp, Galp va Glcp.
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PHU LUC

Phu luc 1. Trong lugng phan tir 2 phan doan loc gel LG I va II trong méi truong bd

sung dau 6 liu 5 %
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Phu luc 2. Sic ky d6 thanh phan dudng don cua Eg
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Phu luc 3. Bang céc phan doan EPS thu duoc bang k¥ thuat loc membrane theo

phuong phap loc tiép tuyén

Khoi hrong
STT Trong lwgng phan tir Phén doan
(®
1 <30 kDa E<30 0,1608
2 30 — 750 kDa E30-750 0,2823
3 > 750 kDa E>750 0,1251

Phu luc 4. Thanh phan héa hoc ctia phan doan EPS thu duoc bang phuong phap loc

tiép tuyén

Pha Ham lwgng Ham lwgng
an 5
STT d polysaccharide (%) protein (%) Thanh phan duwong don
oan
(mg/mg) (mg/mg)
2,73 Glucose : 3,66
1 E<30 31,25 +0,52 1,37 +0,08
Mannose : 1,0 Galactose
3,15 Glucose : 11,79
2 Es0-750 62,65 + 1,03 1,03 +0,04
Mannose : 1,0 Galactose
16,93 Glucose : 13,30
3 E-750 30,90 + 0,38 0,65+ 0,02
Mannose : 1,0 Galactose




Phu luc 5. Sic ky ban mong dich EPS thuy phan bang cac acid

HCI H>SO4 TFA acid triflic

1. EPS truc thuy | 2. EPSsauthuy | 3.Tinhbotsau |4 Tinh bot trude
phan phan thuy phan thuy phan

Phu luc 6. Sic ky @6 HPLC dich EPS thuy phan bang HCI

RID1 A Refractive Index Signal
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Céc dinh tin hiéu HPLC dich EPS thuy phan bang HCI

RT (phut) Tén hop chat Dién tich dinh | Phan trim (%)
7,859 77317,883 59,14
8,295 53408,898 40,86

Tong 130726,781 100

Phu luc 7. Sic ky dd6 HPLC dich EPS thuy phan bang H2SO4

x10 #

27 28

475
45
425
4
375
35
325
3
275
2 25
€ 22
1 7; Y
15
125
07;
05
025 v = £
0 v Y v v
025
1t 2 3 4 § 6 7 8 € 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Tima [min]
Cac dinh tin hiéu HPLC dich EPS thuy phan bang H>SO4
RT (phut) Tén hop chat Dién tich dinh | Phan trim (%)
8,036 46803,773 8,15
8,674 3146,032 0,55
11,198 127,132 0,02
11,540 81,015 0,01
12,560 Glucose 663,907 0,12
14,241 Mannose 15272,775 2,66
19,788 508384,438 88,49
Tong 574479,072 100
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Phu luc 8. Sic ky dd6 HPLC dich EPS thuy phan bang TFA
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Céc dinh tin hiéu HPLC dich EPS thuy phan bang TFA

RT (phit)

Tén hop chat

Dién tich dinh

Phén tram (%)

9,097

1172197,500

21,56

14,239

Mannose

21612,229
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4242157,000

78,04
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5435966,729

100

Phu luc 9. Sic ky d6 HPLC dich EPS thuy phan bang acid triflic
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Céc dinh tin hiéu HPLC dich EPS thuy phan bang acid triflic

RT (phit) Dién tich dinh | Phan trim (%)
8,469 725724,875 99,16
9,458 6145,822 0,84
Téng 731870,697 100

Phu luc 10. Sic ky ban mong dan xuét acetyl hoa

HCl H>SOg4 TFA acid triflic

1. Tinh bot sau 2. Tinh b0t sau 3. EPS sau thuy | 4. EPS sau acetyl
thuy phan acetyl hoa phan hoa

Phu luc 11. Sic ky d6 GC dan xuit acetyl hoa HCI

FID1 A, (2019\THANG 1\SUGA HUONGIFAME 040319 2019-03-08 11-26-18.EPS.O)
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Céc Pudng don trong dan xuat tir quy trinh HCI

STT | Loai dwong don |Két qua (mg/g) | Ty 1
01 Rhamnose 17,2 1,04
02 Arabinose 23,7 1,45
03 Xylose 16,3 1
04 Mannose 18,7 1,15
05 Glucose 65,7 4,03
06 Galactose 20,8 1,28

Phu luc 12. Sic ky 46 GC dan xuét acetyl hod tir quy trinh H2SOx4

pA 1
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Puong don phét hién trong dan xuét tir quy trinh H>SO4

STT | Loai dwong don |Két qua (mg/g) Ty 1¢
01 Rhamnose 0,17 1
02 Arabinose 0,19 1,12
03 Mannose 22,10 130
04 Glucose 1,69 9,94
05 Galactose 7,90 46,5

Phu luc 13. Sic ky d6 GC dan xuét acetyl hoa tir quy trinh TFA
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FIDT A (HOAWCALIB NEW 190519 2015-05-18 01-01-02'TFA.D)
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Puong don phat hién trong dan xuét tir quy trinh TFA
STT | Loai duwong don | Két qua (mg/g) Ty 1¢
01 Arabinose 0,55 1
02 Mannose 2,83 5,15
03 Galactose 2,09 3,80
Phu luc 14. Sic ky 46 GC dan xuét acetyl hoa
FID1 A, (HOACALIB NEW 190519 2019.05.16 0101 02TRIFLO.D)
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STT | Loai dwong don |Két qua (mg/g)

01 Xylose 0,04
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Phu luc 15




11




12

Hinh. Nam C. sinensis thu sau 40 ngay theo thi nghiém Box — Behnken



