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Bai nghién ciiu

Gay dét bién nam men Rhodosporidium toruloides tang cudng sinh
astaxanthin bang tac nhan ethyl methanesulfonate va danh gia
kha nang bat géc 2,2-diphenyl-1-picrylhydrazyl ctia astaxanthin
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TOM TAT

Astaxanthin la mot carotenoid c6 gid tri vé mat kinh t€, da dugc T6 chiic Quén ly Thudc va Thuc
phdm Hoa Ky (FDA) chap thuan dé€ dung lam chét tao mau trong thuc phdm. Muc tiéu chinh cla
nghién clu nay la thu nhan cac chting nam men Rhodosporidium toruloides dét bién tang cucng
sinh astaxanthin bang tac nhan hoa hoc gay dét bién ngau nhién la ethyl methanesulfonate (EMS).
EMS da chi ra hiéu qua gay dot bién & cac ndng dé dugc khdo séat la 1,0; 1,5; 2,0; 2,5; 3,0; 3,5; 4,0;
4,5, 5,0 va 6,0% trong viéc tac dong 1én ndm men tang cudng sinh astaxanthin. Trong sé cac chiing
dot bién dugc sang loc, chiing nam men dugc dot bién bdi EMS ndng dé 3,5% cho kha nang tich
luy astaxanthin cao hon nhiéu so véi chiing bé me (tang gdp 4,7 1an). Chang nam men dét bién
E4 6 thai gian sinh trudng & pha lag ngadn khodng 2 gig, pha log khodng 32 gid nudi cay, pha 6n
dinh kéo dai trong 35 gi& va bat dau vao pha suy vong sau 70 gi& nudi cdy. Thai diém thu nhan
astaxanthin t6t nhat la sau 96 gid nudi cdy trong moi trudng Hansen, ham luong astaxanthin tich
Gy 1a 1719 ug/L. K&t qua nghién clu cho thdy cao chiét thé astaxanthin dugc thu nhan ti chiing
dot bién E4 co kha nang bat géc tu do 2,2-diphenyl-1-picrylhydrazyl (DPPH) (ICso = 9,106 wg/mL)
cao gap 10,6 1an so vdi vitamin E va md ra hudng tng dung réng réi trong cong nghiép dugc pham,
dinh dudng thuc phdm chitic nang, ciing nhu cac ché pham strdung trong cong nghiép nudi trong
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MG PAU
Astaxanthin ~ (3,3'-dihydroxy-  f-carotene-4,4"-
dione) 1a mét trong céc sic td thudc nhom keto-
carotenoid, da dugc T8 chiic Quan ly Thudc va Thuc
phém Hoa Ky (Food and Drug Administration-FDA)
chép thuin d€ dung lam hgp chit tao mau trong thuc

phém, thtic dn trong nuéi tréng thuy san'

. Ngoai
ra, astaxanthin c6 hoat tinh khing oxy hod manh,
chdng lai t€ bao ung thu, bao vé noron than kinh,
gitip phong cac bénh ly tim mach, bao vé vong mac,
chong lai su thodi hod diém vang do tudi tc, bao vé
da khoi téc hai cta tia cyc tim, gitp lam ting stc chiu
dung va phong nhiing t6n thuong vé co va xuong>>.
Do vy, astaxanthin hién nay dugc tng dung rong
rdi trong cong nghiép dugc phim, dinh dudng thuc
phém chiic nang va my phdm.

Nguodn thu nhén astaxanthin dugc cung cép chu yéu
trong tu nhién ti dong vat gidp xdc, vi khudn, tao
va nim men hodc dugc téng hop tit céc hgp chét c6
ngudn gbc ti cong nghé hod ddu?. Trong d6, qui
trinh tong hgp hod hoc cho san lugng astaxanthin 16n
nhung nhugc diém 1a giy 6 nhiém moi trudng, dang
chiyhon nitala cdn xem xét & miic 6 an toan va chic

ning sinh hoc clia cic loai astaxanthin téng hop°. Dé
gidi quyét cac van dé trd ngai nay, viéc thu nhén astax-
anthin tif nguon tu nhién, ddc biét la cac vi sinh vt cd
kha néng sinh téng hop astaxanthin phat trién nhanh
chong. Trong céc loai vi sinh vat cé kha ning tong
hgp astaxanthin, vi tdo Haematococcus pluvialis 1a loai
dugc nghién ciu ky nhét do c6 thé tich luj mét lugng
16n astaxanthin (1,5-5,0% trén tdng trong lugng kho).
Tuy vi tdo H. pluvialis c6 ham lugng astaxanthin cao
nhung tng dung trén quy moé céng nghiép bi han ché
do k¥ thuat nudi cdy doi hoi chi phi cao va té bao tang
trudng cham. Chinh vi vy, nd luc tim kiém d6i tugng
nghién ctiu méi 13 ndm men dugc xem la giai phap
tOng hop astaxanthin & quy mo cong nghiép hiéu qué
hon tao luc®.

Rhodosporidium toruloides 1a loai ndm men c6 kha
néng st dung co chit lignocellulose d€1én men, dong
thoi ¢ kha ning tao va tich tu ham lugng lipid cao
trong sinh khdi, sinh t6ng hgp carotenoid, enzyme
6 gia tri cho nganh cong nghiép hoa ddu va dugc
phdm 8. Nhiing nim gin day, ndm men dugc xem
la d6i tugng thu nhan astaxanthin day tiém ning do
ham lugng astaxanthin tich luy trén khéi lugng sinh

Trich dan bai bao nay: Nhung T T T, Nghiép N D. Gay dét bién nam men Rhodosporidium toruloides
ting cudng sinh astaxanthin bang tac nhan ethyl methanesulfonate va danh gia kha niang bat géc
2,2-diphenyl-1-picrylhydrazyl cta astaxanthin. Sci. Tech. Dev. J. - Nat. Sci.; 5(4):1670-1678.
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khéi 16n va thoi gian nudi cdy ngin hon so véi vi tao.
Né4m men R. toruloides dugc cong bo 1a mot ngudn
hta hen sinh téng hgp carotenoid déy tiém ning do
c6 kha ning sti dung cic ngudn carbon c¢6 gid thanh
thép, ngudn cung doi dao d€ sinh trudng va téc do
phat trién nhanh®%. Tuy nhién chiing R. toruloides
hoang dai cho ham lugng tich luj astaxanthin thap,
dan dén viéc bi han ché trong ting dung ¢ quy mo
codng nghiép. Do d6 viéc nghién ctiu ting cudng hiéu
qua sinh astaxanthin ctia chung R. toruloides thong
qua tao va tuyén chon cdc chiing dot bién mang tinh
khoa hoc va thuc tién cao. Pa cé nhiéu cong b chiing
minh ring cac tdc nhan d6t bién hod hoc c6 kha ning
dnh hudng dén sy sinh téng hgp astaxanthin ciia ndm
men®?.

Trong nghién cliu nay, tic nhan ethyl methanesul-
fonate dugc st dung dé€ gay dot bién trén ching ndm
men R. toruloides nhdm ting cudng sinh astaxan-
thin so véi chiing géc ban ddu. Mic du da c6 nhiéu
nghién ctu theo hudng cai bién di truyén chung R.
toruloides d€ tao ra chung d¢t bién dung lam nén
tang san xudt hgp chit khac nhau da dugc tién hanh
trén thé gi6i®°. Tuy nhién & Viét Nam va trén thé
gidi chua c6 cong bo nao lién quan dén viéc stt dung
tdc nhan ethyl methanesulfonate dé tao ra chung dét
bién ctia R. toruloides c6 kha nang ting cudng sinh
astaxanthin. Ngoai viéc tao va tuyén chon chung dot
bién tang cudng sinh astaxanthin so véi chiing géc R.
toruloides dugc phén 1ap tu tic gia Ngo Dai Nghiép
va cong sy %, hoat tinh khang oxy ho clia astaxan-
thin thu nhan ti chting ndm men d6t bién ciing dugc
tién hanh th nghiém kiém ching bang phuong phép
DPPH.

VAT LIEU VA PHUONG PHAP

Vat liéu thi nghiém

Né4m men R. toruloides chinghoang dai dugc phan
lap tai cac tinh mién Péng Nam b, luu giii giong
trong glycerol 20% & nhiét do -80°C tai phong thi
nghiém Bd mon Sinh hoéa, Khoa Sinh hoc - Cong
nghé sinh hoc, Trudng Pai hoc Khoa hoc ty nhién,
Pai hoc Quéc gia Tp. H6 Chi Minh. Céc ching ndim
men dugc dot bién trong nghién ctiu nay dugc sang
loc va tuyén chon ngiu nhién dya trén mau sic cta
khuén lac so v6i mau sdc ctia ching ndm men hoang
dai (mAu déi chiing). Sau khi sangloc, 150 ching ndm
men, thu nhén dugc 18 chung (ki hiéu tit E1 dén E18)
c6 ham lugng astaxanthin cao hon so v6i chung hoang
dai.

Moi trudng dung dé€ 1én men R. toruloides la moi
truong Hansen long (pH 6) chiia thanh phan gom:
50 g/L glucose, 10 g/L peptone, 3 g/L KHyPOy4 va 3
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g/L MgSO4. Moi trudng nhan giéng dugc tién hanh
trong binh tam giac (dung tich 250 mL) chitta 100 mL
moi trudng Hansen b8 sung 5% ti 1é giong ndm men
R. toruloides , nuéi cdy lic 200 vong/phut & nhiét do
phong trong 96 gio.

Dot bién ndm men R. toruloides ngau nhién
bang EMS

Té bao nim men sau khi nudi dat mat do t€ bao
khoang 103 t& bao/mL dugc xi Iy v6i EMS'!. Dich
huyén phu t€ bao (1 mL) dugc & v6i EMS & cac ndng
dd khac nhau gom 1; 1,5; 2; 2,5; 3; 3,5; 4; 4,5; 5 va 6%,
vortex nhe sau d6  lac trong 30 phut, sau d6 sinh khéi
té bao duogc rtia lai 3 14n vdi nudc cit dé€ loai bd EMS.
Dich t€ bao sau xt ly (100 uL) dugc ciy trang trén
dia chtta méi trudng Hansen thach va dugc @ & nhiét
dd phong trong t6i 7 ngay. Ti 1é sOng cta té€ bao sau
xtt Iy v6i EMS dugc dém dya trén s6 lugng khudn lac
moc trén cac dia petri. Tién hanh tuyén chon nhiing
khuén lac nAm men c6 mau sic thay d6i so v6i chiing
hoang dai, nudi trén mai truéng Hansen 16ng trong 4
ngay 6 nhiét do phong, 1dc 200 vong/ phit d€ xdc dinh
ham lugng sinh khoi va astaxanthin.

Xay dung duong cong tang trudng va xac
dinh théi diém thu nhan astaxanthin thich
hgp cta chling nam men dét bién

Xéy dung tuong quan tuyén tinh gitta gia tri ODg0ym
va mat do té bao log N/mL'2. Dung dich nuéi ciy
nidm men dugc pha loang thanh céc huyén phu c6 do
duc do & ODgg, theo mot day cac gid tri 0,1; 0,2;
0,3; 0,4; 0,5; 0,65 0,7; 0,8; 0,9; 1,0. T cac huyén phu
c6 d6 duc nhu trén, pha loang va dém t€ bao ndm
men béing budng dém héng cdu. Tinh mét d¢ té€ bao
(N/mL) va dyng duong tuong quan tuyén tinh gitia
gid tri ODg 0y va mét d6 t€ bao log N/mL.

Cdy huyén phu té bao ndm men vao 100 mL moi
trudng va nudi 6 diéu kién nhiét do phong, t6¢ do lac
200 vong/phut. Ly tam thu sinh khoi vao cac giai doan
tang trudng khac nhau (phalog, cuéi phalog, ddu pha
6n dinh, pha én dinh va pha suy tan). Tach chiét sac td
tit sinh khdéi kho da thu dugce va xac dinh ham lugng
astaxanthin.

Xac dinh ti 1é té bao s6ng sot

Ti 1é t€ bao ndm men R. toruloides séng s6t dugc tinh
theo cong thic (1):

Ti 1¢ song sot = (Cs/Cc) x100 (1)

Trong d6 Cs va Cc tuong ting 1 tdng s6 t€ bao dém
dugc sau khi xt 1y v6i tdc nhan gy dot bién va mau
d6i ching (mau khong xu Iy véi tdc nhan gay dot

bién) 13
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Xac dinh khéi luong sinh khéi

Céc chiing nim men da 4ot bién dugc nuoi cdy trong
erlen chita 100 mL moi trudng Hansen 1ong dugce lic
200 vong/ phut, & nhiét do phong trong 96 gi. Thu
sinh khéi sau 96 gid nudi cdy bing cach ly tim 4000
vong/ phut, trong 5 phut, bo dich néi. Rtia phan can
t€ bao voi nuGe cat (ldp lai hai 1an) ly tim 4000 vong/
phit (5 phut), thu sinh khdi va sdy kho ¢ 60 °C dén
khi khoi lugng khong d6i. Ghi nhan khéi lugng sinh
khéi kho tinh theo g/L, sinh khéi nay dugc st dung
dé€ xac dinh ham lugng astaxathin 13,

Tach chiét va xac dinh ham lugng astaxan-
thin

Ham lugng astaxanthin dugc xdc dinh dya trén
phuong phép ctia Fang va Chang'* An va cong sy'®,
c6 stia d6i cho phu hgp véi diéu kién thi nghiém.
Nghién 0,2g sinh khoi kho trong 3 mL DMSO 55°C,
u 30 phat. Vortex 1 phut, ly tam 4000 vong/phut,
trong vong 5 phit, thu dich néi chita DMSO. Thém
vao phén cdn 5 mL acetone, vortex ky roi ly tam 4000
vong/ phut, trong 5 pht, thu dich néi (chiét véi ace-
ton 2-3 14n cho dén khi phén cin hét sic t5). Gop tét
ca dich chiét aceton va dich néi chita DMSO, thém
vao ether dau hoa (ty 1é 1:2 so véi tdng dich chiét), 10
mL nudc cét, néu khong tach pha thém 5 mL NaCl
bado hoa, thu pha ether ddu hoa phia trén chda sic
t6. Thém nudc vao dich chiét sic t6 (ty 1é 1:1), bo
pha nuéc (chia acetone va DMSO), thu dich chiét sic
t6 trong pha ether d4u hoa (16p phia trén). Lip lai
budc nay 3-5 lan dé€ loai bé hoan toan DMSO. Pinh
lugng astaxanthin bang phuong phép do do hép thu
ctia dung dich chiét sic t6.

Cho dich chiét sic t6 bay hoi hoan toan & nhiét do
phong, hoa tan sic t6 trong 10 mL ether ddu hoa. Do
d0 hép thu ctia dung dich chiét sic t6 & budc song 468
nm, v6i mau déi ching 13 ether ddu hoa.

Tinh ham lugng astaxanthin (pg/g) c6 trong mau
theo Kelly-Harmon (1972) 16,

X=Ages * V 10/ (E1on% * G) (2)

Aypg: 0 hdp thu ctia dung dich chiét sic t6 trong dung
moi PE & budc song 468; V: thé tich dung dich chiét
sic t6 (mL); Ej.,%: d6 hdp thu ctia dung dich as-
taxanthin 1% trong dung moéi PE (cuvette 1cm) (E =
2100); G: trong lugng cta sinh khéi ndm men (g).

Khao sat kha nang khang oxy héa cta as-
taxanthin bang phuong phap DPPH

DPPH dugc hoa tan trong dung mo6i DMSO dé€ dat
ndéng d6 0,1 mM. Trong d6 vitamin E dugc st dung
lam chat d6i chiing dugc pha & day nong do la 20—
100 pg/mL. Méu cao astaxanthin dugc phaloang theo

day n6éng d6 4-20 pg/mL. Tién hanh & miu v6i DPPH
theo ti 1¢ 4:1 trong t6i 30 phut, ¢ lic nhe, sau d6 do
OD & buéc séng 517 nm 7.

Mau d6i chiing, astaxanthin dugc thay thé bang
DMSO, ngoai ra thyc nghiém thém mau astaxanthin
d6i chiing tuong ting néng d6 mau u d€ loai bod phan
sai s6 do mau ctia astaxanthin va do dung moéi chtia
mau gy ra (mau nay khong u véi thuée tha DPPH).
Tinh phén tram tc ché theo cong thic sau, xay dung
do thi gitia néng d6 va phan tram uc ché, tu d6 tim
dugc gia tri ICsg

Abs control — Abs sample

JoRSA = x 100 3)

Abs sample

% RSA: Phan tram tic ché Abs control: Gid tri OD
ctia mau d6i chiing + gié tri OD ctia mau astaxanthin
tuong tng & cac nong do ( khong @ véi DPPH) Abs
sample: Gid tri OD ctia mau do.

Xi ly théng ké va phan tich dir liéu

Cac s6 liéu trong nghién ctiu déu dugc lip lai ba lan
va dugc biéu thi bai do 1éch tiéu chudn (£ SD - stan-
dard deviation). Phan mém SAS phién ban 8.2 ( SAS
institute, Cary. NC, USA) dugc stt dung d€ phén tich
thong ké theo thuét toan ANOVA, Duncan test tai gia
tri p <0,05.

KET QUA VA THAO LUAN

Tao ching dét bién tang cuéng sinh astax-
anthin cia n@m men R. toruloides bang
EMS

Trong nghién ctiu nay, chiing R. toruloides hoang dai
da bi dot bién bang EMS va dugc sang loc dé€ tim
chung c6 ham lugng astaxanthin cao nhit. Chung R.
toruloides hoang dai dugc dot bién bang EMS véi cac
nodng d¢ khac nhau va sau d6 dugc nudi cdy trén moi
truong Hansen thach trong 7 ngay dé sang loc chiing
c6 ham lugng astaxanthin cao nhdt. Sau khi dugc xu
1y v6i tdc nhéan gay dot bién la EMS, cac tébao R. toru-
loides thay d6i mau séc khuén lac theo 2 huéngla tang
sdc t6 hodc gidm sdc t6. Khudn lac ctia chung R. toru-
loides hoang dai ban ddu c6 mau hong cam, qua tiép
xtc voi EMS da xudt hién nhiing khuén lac ¢ mau do
hong ndi bat, bén canh d6 ciing ¢6 nhiing khuén lac
chuyén mau nhat dan, mat hin sic t6 va chi c6 mau
trang, cho thdy ring khi xt ly dot bién véi EMS c6 thé
lam tang hodc gidm sy hinh thanh carotenoid trong
R. toruloides. Khi tang néng d¢ EMS khi ti€p xuc véi
t€ bao ndm men lam gidm ti 1¢ t€ bao séng sét cua R.
toruloides. Két qua ti Hinh 1 cho thdy ti 1¢ song sot
ctia ching ndm men R. toruloides hoang dai da giam
dang ké khi ting nong d6 EMS nhung d6ng thdi cing
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Hinh 1: Anh huéng clia ndng d6 EMS dén ti 1é t& bao s6ng sot clia chling ndm men R. toruloides

tang tich tri astaxanthin trong té bao. Két qua nay chi
ra rdng viéc san xudt astaxanthin dugc ting cudng dé
bao vé cac té bao chéng lai tic nhan alkyl hod '8.

EMS gay dot bién ngau nhién trong vat liéu di truyén
béng cach thay thé nucleotide; dic biét 1a alkyl héa
guanine va ching giy ra cac dot bién diém %20,
Nhom ethyl cia EMS phan ting véi guanine trong
DNA, tao én su bt thudng di€ém O6-ethylguanine.
Trong qua trinh sao chép DNA, cac DNA polymerase
xuc tac cho qua trinh bat cip thymine, thay vi cy-
tosine, d6i dién diém O6-ethylguanine. Sau cic 14n
nhan doi tiép theo, cip gbc G:C cé thé trd thanh
cip A:T (dot bién chuyén d3i) '®2!. Day la mot chit
dot bién manh dugc st dung trong nhiéu nghién ctiu
phong thi nghiém trén d6i tugng vi sinh vat. EMS
¢6 kha ning gy dot bién diém trén DNA ti d6 thay
d6i tinh trang bén ngoai ciia ndm men va dugc di
truyén qua thé hé sau?!. Két qui cho thdy, t& bao
ndm men R.toruloides nhay cam véi EMS va c6 kha
nang hinh thanh céc chang dét bién dé€ thich ting véi
cdc stress khi tiép xtc véi loai héa chit nay. D€ sang
loc chiing dot bién tang cudng sinh astaxanthin, hon
150 té bao dot bién da duoc chon loc tii cac dot bién
ngau nhién d€ nudi cdy. Trong s6 do, 18 chung dugc
tuyén chon 1a ¢6 kha ning ting cudng sinh astaxan-
thin va nhiing chung nay cho thdy ham lugng sinh
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khdi, ham lugng astaxanthin cao hon dang ké so véi
chting hoang dai (Bang 1). Trong sé tét ca cac ching
dot bién dugc tuyén chon, chiing E4 ¢6 ham lugng as-
taxanthin cao nhét (1719,9 & 88,3 ug/L). Ham lugng
astaxanthin ctia chiing E4 cao hon 4,7 1an so véi chiing
hoang dai (Bang 2). Hién nay, tic nhdn EMS cling
dugc sti dung nhiéu dé gay dot bién ndm men da dugc
cdng b trén cac tap chi qudc té. Theo Calo va cdng
sy (1995)20 da cong bé, khi gay dot bién té bio nim
men P. rhodozyma da xudt hién mét s6 chting dot bién
¢6 kha ndng san sinh carotenoid ma déc biét 1a astax-
anthin dén 514,6 pg/g, trong khi chling hoang dai la
357,9 ug/g; tlic ting gép 1,514an. Tuong ty, An va cong
sy (1989) '8 ciing dua ra két qua khi st dung EMS
dot bién chang P. rhodozyma cho ham lugng astax-
anthin cao gép 1,5 14n chiing hoang dai (600 p1g/g so
v6i chiing ban d4u 1a 400 pug/g). Trong tat ca cac chiing
ndm men da dugc dot bién EMS thi chung E4 (khuén
lac thu nhan khi x& ly véi EMS néng d6 3,5%) cho
kha nang tang cuong sinh astaxanthin cao nhdt, do
vay chiung E4 sé dugc st dung trong cic thi nghiém

tiép theo ctia nghién ctiu nay.
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Bang 1: Ham lugng sinh khdéi va astaxanthin cia cac chling nam men dét bién bang EMS

Chuing

1811
E2
E3
E4
E5
E6
E7
E8
E9
E10
111
1112
E13
E14
E15
El6
1817
E18

WT

Ham lugng sinh khéi kho (g/L)

3,258 4 0,483 &/isJ
4,423+0,353 bedeS 8
2,070 % 0,285 7

5,779 %+ 0,493
4,576+0,282 “bedeS
5,100 = 0,200 4>
3,433 + 0,651 /&M
4,700 £+ 0,173 ab,cde
3,045 £ 0,189 17
3,609 + 0,188 &/ 8N
5,367 + 0,252 “*
4,600 + 0,624 Vbedef
4,894 + 0,255 ¢bed
5,506 = 0,809 %
5,317 % 0,425 %bc
5,375 =+ 0,222 %
4,089 £ 0,259 de:fgh
3,830 + 0,305 4o/ &M

2,777 =+ 0,0003!

Ham lugng astaxanthin
(ug/g sinh khoi kho)

259,00 + 36,6 ¢0<
197,46+12,92 ¢4/ &
288,70 == 34,7¢

298,17 + 10,014

181,03 4 14,96 /&
208,70 + 32,3 bede.fgh
166,75 + 6,43 &/

156,00 £ 23,4 "

184,80 + 23,9 &-f ¢!
237,00 = 17,4 “b:edef
188,73 + 10,49%:¢./ -8
179,37+ 13,54 /8!
254,60 4 27,1 “bed
257,40 =+ 23,9 @b«
273,90 4 28,7 4P
251,70 = 24,0 ¢bcde
236,31 & 3,32 @bedef
231,00 4 36,7 @bedef

131,664 + 0,010%

Ham lugng astaxanthin
(ug/L)

834,7 + 71,7 &S 8
873,0 + 81,85/ 8N
593,4 & 65,5817
1719,9 + 88,3¢
831,14+ 117,3 &/ :hi
1067 + 196b:cd-e.f
572,9 + 111,3 $M1J
735,1 + 131,6 /8
565,4 4 104,5h,i,
853,1 + 26,45/ &M
1013,84 90,1 4e:f8
822,4-+ 100,5 */:8hi
1250 + 198 b:exdse
1430 = 341%b<

1461 = 243%b

1356 =+ 187 @b:ed
966,2 & 61,14/ :8h
891 £ 1956/ &M

365,63 & 0,427

WT: Chiing hoang dai. Gid tri trén cing mot cot mang ky tu (a, b, c,...) thé hién sy khdc biét c6 y nghia théng ké (P<0, 005).

Bang 2: Chiing dét bién c6 kha nang sinh astaxanthin cao nhat ting khi xit ly véi EMS

Chting Ham lugng sinh kh6i kho (g/L)  Ham lugng astaxanthin Ham lugng astaxanthin
(ug/g sinh khoi kho) (ug/L)

E4 5,779 + 0,493 298,17 + 10,01 1719,9 + 88,3

WT 2,777 £ 0,0003 131,664 £ 0.010 365,63 4+ 0,42

WT: Chiing hoang dai.

Pudng cong ting trudng va thoi diém thu
nhan astaxanthin thich hgp ctia chiing dét
bién E4

Puong cong sinh trudng va ham lugng astaxanthin
thu nhén dugc ctia chiing E4 dugc thé hién & Hinh
2. Chung E4 bat ddu pha log sau 2 git va sau 32 gio
nudi cdy di vao pha 6n dinh, pha 6n dinh kéo dai trong
vong 35 gi¢ va bat dau vao pha suy vong sau 70 gid
nudi cdy. Chung E4 bat d4u tdng hgp astaxanthin sau
khi két thuc pha log, ham lugng astaxanthin tich lay
nhiéu hon & pha 6n dinh va tang ddng ké vao pha suy
vong. Thoi diém thu astaxanthin t6t nhat la sau 70 gi¢
tai thoi diém céc té bao ndm men dang & gin cudi pha

can bang va dat cuc dai 1a sau 96 gid nuoi cdy luc nay
sinh khoi dat gia tri cao nhét va ham lugng astaxan-
thin tich lity cao nhét dat 1719 ug/L.

Theo nghién ctiu cta téc gia Ngo Dai Nghiép va cong
su (2015), ching ndm men R. toruloides hoang dai
ban d4u dugc st dung cho céc thti nghiém dot bién. 1]
nghién ctiu nay c6 s6 liéu vé€ dudng cong sinh trudng
nhu sau: pha lag trong 12 gi¢ d4u, pha log vao gid thi
12 dén gid thu 24, pha 6n dinh ti gid thu 26 dén gis
thi 64 va pha suy tan tli sau 64 gi¢ !>, Ching da dot
bién E4 cho théy kha ning thich ting nhanh hon trong
moi trudng nudi cdy (thoi gian pha lag ngén), thoi
gian pha log va pha 6n dinh ctia chung dot bién dai
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Hinh 2: Budng cong sinh trudng va tich luy astaxanthin ctia chling E4 theo thdi gian nuéi cdy

hon chung hoang dai nhu vay cho th4y kha néng sinh
trudng t6t hon chung hoang dai, tao tiém nang thu
nhan dugc khoi lugng sinh khéi 16n hon (sinh khoi
thu nhan ctia chiing E4 13 5,779 + 0,493 g/L). Trong
nghién ctiu nay, chung da dot bién E4 cling tich lay as-
taxanthin tit cudi pha log, ting nhanh & pha 6n dinh
va dat t6i da sau 96 gi¢ nuodi & pha suy tan. Astax-
anthin cang nhu céc chit thudc carotenoid 14 nhém
hop chét thit cdp véi vai tro bt cdc goce tu do, chéng
sy oxy héa té bao?2, do vay, chiing chi tich liy nhiéu
khi quén thé t€ bao bat dau di vao pha cin bing va
pha suy vong, khi diéu kién mdi trudng dan trd nén
bét 1gi d€ bao vé t& bao tranh khoi tic dong tit cic gbc
tu do, ting kha ning chéng chiu va duy tri sy séng cho
t€ bao. Trong nghién ctiu ctia Lina va cong sy (2015)
vé su sinh trudng cua ching ndm men X. dendrorhous
hoang dai va dot bién XR4 cling cho thdy sy sinh téng
hgp ctia carotenoid bét du tit pha 6n dinh, sau d6
tang ham lugng & cudi pha dn dinh va vao pha suy
tan trong khoang 87 git nudi cdy >>.

Hoat tinh khang oxy héa ctia astaxanthin
thunhén tit chiing d6t bién E4 theo phuong
phap DPPH

Astaxanthin cé hoat tinh khang oxy héa manh nh¢o
vao cdu tric phan ti ddc biét. Trong nghién ctu nay,
cao chiét tho astaxanthin ctia ching nAm men hoang
dai va ching E4 sau khi thu nhan, dugc thyc hién
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khao sat kha niang khing oxy hoa bang phuong phap
DPPH. DPPH c6 khé néng tao ra cac goc tu do bén,
khi cho céc hgp chét thtt nghiém vao hén hgp nay,
néu hop chit c6 kha nang lam trung hoa hodc bao vay
cdc gbc tu do sé lam gidm cudng do hép thy dnh sdng
clia cac géc tu do DPPH & buéc séng 517 nm 7.

Gia tri ICsy ctia cao thd astaxanthin thu nhan tu
chiung E4 1a 9,106 + 1,01 ug/mL thép hon gip 10,6
lan so v6i vitamin E (ICsg = 85,91 &+ 0,91 ug/mL)
va khong khdac biét so véi cao chiét astaxanthin dugc
thu nhan tit ching hoang dai (9,702 £ 0,87 pg/mL)
(Bang 3). Két qua cho thdy, astaxanthin thu nhan
ti chung dot bién van gitt dugc hoat tinh khéng oxy
hoa. Cao chiét tho astaxanthin thu nhéan ti ching
ndm men dot bién R. toruloides E4 cling thé hién kha
ning khang oxy hoa vugt trdi so véi cac carotenoid
khéc theo mot s6 bdo cdo da cdng bo. Astaxanthin 1a
1 xanthophyll véi 1 nhém hydroxyl -OH va 1 nhém
ketone C=0 trén vong f3-ionone da lam cho hoat tinh
khéng oxy héa ctia astaxanthin thay d6i so véi cac
carotenoid khac!”**, Viéc dua nhém hydroxyl vao
cdu trac carotene, thi du nhu lutein, khong dan dén
su thay d6i dang ké trong hoat tinh khang oxy héa
s0 v6i cac hydrocarbon carotenoid. Tuy nhién & as-
taxanthin cho thiy sy c6 mit cia nhém ketone kich
hoat nhém hydroxyl tao diéu kién thuén lgi cho viéc
chuyén hydrogen dén cac gbc peroxyl. Dé giai thich
hoat tinh khdng oxy hoéa cao ctia astaxanthin so véi
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Bang 3: Gia tri IC5) chia vitamin E va cao chiét thé astaxanthin

Gia tri IC50 (ug/mL)

Vitamin E
Cao chiét tho astaxanthin (chung E4)

Cao chiét tho astaxanthin (chung hoang dai)

85,91 + 0,91
9,106 + 1,01

9,702 + 0,87

céc carotenoid khac, cdc nha khoa hoc da dé xuit ring
trong dung dich astaxanthin thoat ra & trang thai can
béng, phu thudc vao dung mdi, v6i dang enol cta
ketone dan dén hé thong polyene lién hgp va ortho-
dihydroxyl s& hiiu mét nguyén ti hydrogen c6 kha
nang hoat dong nhu mot tdc nhan phd v& chudi phan
tng goc tu do theo cach tuong tu nhu nhom hydroxyl
clia vitamin E2°. Véi hoat tinh khéng oxy héa vugt
troi ciing véi cdu truc dic biét gitp astaxanthin c6 thé
ndm trong mang t€ bao, két qua khang oxy héa bing
phuong phap DPPH la tién dé d€ thuc hién cac khao
satlién quan dén viéc khanglai cac tdc nhan stress, oxy
héa lipid, protein trén mang té bao gay ra cac bénh vé
lao héa.

KET LUAN

Bai nghién ctiu bdo cdo vé cac chung dot bién ctia ndm
men R.toruloides c6 kha nang ting cudng sinh astax-
anthin bang cach st dung tic nhan EMS. Cac chung
dot bién dugc tao ra tich luy astaxanthin 16n hon so
vdi chting bd me. Trong s8 céc chiing dugc tuyén chon
chung dot bién dugc xti Iy bang EMS néng d6 3,5%
cho ham lugng astaxanthin cao nhat (298,17 + 10,01
ug/g sinh khéi kho va 1719,9 pg/L). Thoi diém thu
nhén astaxanthin thich hop nhat déi v6i ching E4 1a
96 git nudi cdy lac 200 vong/phut, 30°C, ti1¢ giong bé
sung la 5% (mat d¢ giong ban dau la 108 t& bao/mL).
Cao chiét tho astaxanthin dugc thu nhan tii chiing dot
bién E4 c¢6 kha nidng bit goc ty do DPPH (IC50 = 9,106
ug/mL) cao gép 10,6 ldn so véi vitamin E.

DANH MUC CAC TU VIET TAT

DMSO: Dimethyl sulfoxide

DNA: Deoxyribose Nucleic Acid

DPPH: 2,2-diphenyl-1-picrylhydrazyl

EMS: Ethyl methanesulfonate

NTG: N-Methyl-N’-nitro-N-nitrosoguanidine
OD: Optical density ( mat d quang)

WT: Wild Type (loai hoang dai)

ICsp: 50% inhibitory concentration

XUNG DOT LOI iCH
Céc tac gid dong y khong c6 bat ky xung dot lgi ich
nao lién quan dén cac két qua da cong bo.

PONG GOP CUA TAC GIA

Tran Thi Tuyét Nhung thuc hién cac thi nghiém, thu
thép, xu ly va viét ban thao.

Ngo Pai Nghiép dua ra y tudng, chinh stia ban thao,
théo luan cac két qua nghién ctiu va hoan chinh ban
thao.

LO1 CAM ON

Nghién ctiu dugc tai trg bsi Pai hoc Qudc Gia Thanh
phé H6 Chi Minh (PHQG-HCM) trong khudn khé
Dé tai ma s6 B2019-18-03.

TAI LIEU THAM KHAO

1. Pashkow FJ, Watumull DG, Campbell CL. Astaxanthin: a novel
potential treatment for oxidative stress and inflammation in
cardiovascular disease, The American Journal of Cardiology.
2008;101(10):558-568.  Available from: https://doi.org/10.
1016/j.amjcard.2008.02.010.

2. Jiang W, Zhao H, Zhang L, Wu B, Zha Z. Maintenance
of mitochondrial function by astaxanthin protects against
bisphenol A-induced kidney toxicity in rats, Biomedicine.
2020;121:109629. Available from: https://doi.org/10.1016/j.
biopha.2019.109629.

3. WuY,YanP,Liu X, Wang Z, Tang Y, Chen T, Zhao X. Combinato-
rial expression of different 3-carotene hydroxylases and keto-
lases in Escherichia coli for increased astaxanthin production,
Journal of Industrial Microbiology. 2019;46(11):1505-1516.
Available from: https://doi.org/10.1007/s10295-019-02214-1.

4. Brotosudarmo THP, Limantara L, Setiyono E. Structures of as-
taxanthin and their consequences for therapeutic application,
International Journal of Food Science. 2020;Available from:
https://doi.org/10.1155/2020/2156582.

5. Galasso C, Orefice |, Pellone P, Cirino P, Miele R, lanora A,
Brunet C, C. On the neuroprotective role of astaxanthin: new
perspectives?, Marine Drugs. 2018;16(8):247. Available from:
https://doi.org/10.3390/md16080247.

6. Park Y-K, Nicaud J-M, Ledesma-A R. The engineering potential
of Rhodosporidium toruloides as a workhorse for biotechno-
logical applications, Trends in Biotechnology. 2018;36(3):304-
317. Available from: https://doi.org/10.1016/j.tibtech.2017.10.
013.

7. Lopes HJS, Bonturi N, Kerkhoven EJ, Miranda EA, Lahtvee P-
J. C/N ratio and carbon source-dependent lipid production
profiling in Rhodotorula toruloides, Applied Microbiology.
2020;104(6):2639-2649.  Available from: https://doi.org/10.
1007/500253-020-10386-5.

8. Wen Z, Zhang S, Odoh CK, Jin M, Zhao ZK. Rhodosporidium
toruloides - A potential red yeast chassis for lipids and be-
yond, FEMS Yeast Research. 2020;20(5):foaa038. Available
from: https://doi.org/10.1093/femsyr/foaa038.

9. Zhuang X, Kilian O, Monroe E, Ito M, Tran-G.M.B, Liu F, Davis
R W, Mirsiaghi M, Sundstrom E, Pray T. Monoterpene produc-
tion by the carotenogenic yeast Rhodosporidium toruloides,
Microbial Cell Factories. 2019;18(1):1-15. Available from: 10.
1186/512934-019-1099-8.

1676


https://doi.org/10.1016/j.amjcard.2008.02.010
https://doi.org/10.1016/j.amjcard.2008.02.010
https://doi.org/10.1016/j.biopha.2019.109629
https://doi.org/10.1016/j.biopha.2019.109629
https://doi.org/10.1007/s10295-019-02214-1
https://doi.org/10.1155/2020/2156582
https://doi.org/10.3390/md16080247
https://doi.org/10.1016/j.tibtech.2017.10.013
https://doi.org/10.1016/j.tibtech.2017.10.013
https://doi.org/10.1007/s00253-020-10386-5
https://doi.org/10.1007/s00253-020-10386-5
https://doi.org/10.1093/femsyr/foaa038
10.1186/s12934-019-1099-8
10.1186/s12934-019-1099-8

Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién, 5(4):1670-1678

10.

. Tran TN, et al.

. Jiménez-E A,

Nghiep ND, Khanh BTP, et al. Sang loc mét s6 chiing vi sinh vat
phan lap tirmién Dong Nam Bo c6 kha néng sinh téng hop as-
taxanthin, Tap chi Khoa hoc va Cong Nghé. 2014;52:502-507.

. Kucsera J, Pfeiffer |, Takeo K. Biology of the red yeast Xantho-

phyllomyces dendrorhous (Phaffia rhodozyma), Mycoscience.
2000;41(3):195-199. Available from: https://doi.org/10.1007/
BF02489671.

. Le VKT, Vo THT, Ngo DN. Investigation of astaxanthin produc-

tion from yeast Rhodosporidium sp, British Microbiology Re-
search Journal. 2015;9(5). Available from: https://doi.org/10.
9734/BMR]J/2015/19368.

Enhancing astaxanthin biosynthesis by
Rhodosporidium toruloiudes mutants and optimization of
medium compositions using response surface methodology,
Processes. 2020;8(4):497. Available from: https://doi.org/10.
3390/pr8040497.

. Fang TJ, Cheng YS. Improvement of astaxanthin production

by Phaffia rhodozyma through mutation and optimization of
culture conditions, Journal of Fermentation. 1993;75(6):466—-
469. Available from: https://doi.org/10.1016/0922-338X(93)
90099-T.

. NiH, Chen Q,He G, Wu G,Yang Y. Optimization of acidic extrac-

tion of astaxanthin from Phaffia rhodozyma®, Journal of Zhe-
jiang University Science B. 2008;9(1):51-59. Available from:
https://doi.org/10.1631/jzus.B061261.

. Kelley CE, Harmon W. Method of determining carotenoid con-

tents of Alaska pink shrimp and representative values for sev-
eral shrimp products, Fishery Bulletin. 1972;111.
Jiménez-Jiménez |, Sanchez-Moreno C,

Saura-Calixto F. Evaluation of free radical scaveng-
ing of dietary carotenoids by the stable radical 2,
2-diphenyl-1-picrylhydrazyl, Journal of the Science

of Food. 2000;80(11):1686-1690. Available from:
https://doi.org/10.1002/1097-0010(20000901)80:11<1686::
AID-JSFA694>3.0.CO;2-Y.

. An G-H, Schuman DB, Johnson EA. Isolation of Phaf-

fia rhodozyma mutants with increased astaxanthin

1677

20.

21.

22.

23.

24.

25.

content, Applied Environmental Microbiology. 55(1):
116-124. 1989;,PMID: 16347815. Available from:
https://doi.org/10.1128/aem.55.1.116-124.1989.

. Araya-Garay JM, Ageitos JM, Vallejo JA, Veiga-Crespo P,

Sanchez-Pérez A Villa TG. Construction of a novel Pichia pas-
toris strain for production of xanthophylls, AMB Express.
2012;2(1):1-8. Available from: https://doi.org/10.1186/2191-
0855-2-24.

Calo P, Miguel T, Veldzquez JB,Villa TG. Mevalonic acid in-
creases trans-astaxanthin and carotenoid biosynthesis in
Phaffia rhodozyma, Biotechnology Letters. 1995;17(6):575-
578. Available from: https://doi.org/10.1007/BF00129380.
Stachowiak B. Efficiency of selected mutagens in generating
Xanthophyllomyces dendrorhous strains hyperproducing as-
taxanthin, Polish Journal of Microbiology. 2013;62(1):67-72.
PMID: 23829079. Available from: https://doi.org/10.33073/
pjm-2013-008.

Schroeder WA, Johnson EA.  Carotenoids protect Phaffia
rhodozyma against singlet oxygen damage, Journal of Indus-
trial Microbiology. 1995;14(6):502-507. Available from: https:
//doi.org/10.1007/BF01573965.

Castelblanco-MLM, Barbachano-Torres A, Ponce-Noyola
T, Ramos-Valdivia AC, Garcia-Rojas CMC, Flores-Ortiz C.
M, Barahona-Criséstomo SK, Baeza-Cancino ME, Alcaino-
Gorman J,Cifuentes-Guzman V.H. Carotenoid production
and gene expression in an astaxanthin-overproducing
Xanthophyllomyces dendrorhous mutant strain, Archives
of Microbiology. 2015;197(10):1129-1139.  Available from:
https://doi.org/10.1007/s00203-015-1153-9.

Miki W. Biological functions and activities of animal
carotenoids, Pure Appl. Chem. 1991;63(1):141-146. Available
from: https://doi.org/10.1351/pac199163010141.

Naguib Y, MA. Antioxidant activities of astaxanthin and re-

lated carotenoids, Journal of Agricultural. 2000;48(4):1150-
1154. PMID: 10775364. Available from: https://doi.org/10.

1021/jf991106k.


https://doi.org/10.1007/BF02489671
https://doi.org/10.1007/BF02489671
https://doi.org/10.9734/BMRJ/2015/19368
https://doi.org/10.9734/BMRJ/2015/19368
https://doi.org/10.3390/pr8040497
https://doi.org/10.3390/pr8040497
https://doi.org/10.1016/0922-338X(93)90099-T
https://doi.org/10.1016/0922-338X(93)90099-T
https://doi.org/10.1631/jzus.B061261
https://doi.org/10.1002/1097-0010(20000901)80:11<1686::AID-JSFA694>3.0.CO;2-Y
https://doi.org/10.1002/1097-0010(20000901)80:11<1686::AID-JSFA694>3.0.CO;2-Y
https://www.ncbi.nlm.nih.gov/pubmed/16347815
https://doi.org/10.1128/aem.55.1.116-124.1989
https://doi.org/10.1186/2191-0855-2-24
https://doi.org/10.1186/2191-0855-2-24
https://doi.org/10.1007/BF00129380
https://www.ncbi.nlm.nih.gov/pubmed/23829079
https://doi.org/10.33073/pjm-2013-008
https://doi.org/10.33073/pjm-2013-008
https://doi.org/10.1007/BF01573965
https://doi.org/10.1007/BF01573965
https://doi.org/10.1007/s00203-015-1153-9
https://doi.org/10.1351/pac199163010141
https://www.ncbi.nlm.nih.gov/pubmed/10775364
https://doi.org/10.1021/jf991106k
https://doi.org/10.1021/jf991106k

Science & Technology Development Journal - Natural Sciences, 5(4):1670-1678
a Open Access Full Text Article Research Article

Mutagenesis of Rhodosporidium toruloides using ethyl
methanesulfonate for enhancing astaxanthin production and
evaluation scavenging activity against
2,2-diphenyl-1-picrylhydrazyl of astaxanthin

Tran Thi Tuyet Nhung, Ngo Dai Nghiep”

ABSTRACT

Astaxanthin is a valuable carotenoid which has been approved as a food coloring by the US Food
and Drug Administration. This work aimed to attain Rhodosporidium toruloides mutants for en-
Use your smartphone to scan this hanced astaxanthin accumulation using ethyl methanesulfonate mutagenesis (EMS). EMS treat-
QR code and download this article ment was shown efficient at different investigated concentration included 1.0, 1.5, 2.0, 2.5, 3.0,
3.5,4.0,4.5,5.0and 6.0% in affecting the yeast for enhanced astaxanthin production. Among the
screened mutants, E4 (1719.9 ug/L), an EMS-induced mutant at 3.5% concentration, exhibited the
highest astaxanthin production which was significantly higher than that of the wild strain (increased
4.7 times). A mutant yeast strain E4 showed a short lag phase of about 2 hours, then 32 hours of log
phase, 35 hours of stationary phase and then entered to death phase after 70 hours of inoculation.
The best time to collect astaxanthin was after 96 hours of inoculation in Hansen broth, the accumu-
lated astaxanthin content was 1719 ug/L. Crude extract of astaxanthin from mutant strain E4 had
the scavenging capacity of DPPH free radicals (ICsp = 9.106 pg/mL) 10.6 times higher than that of
vitamin E and their's application direction in the pharmaceutical industry, nutritional supplements,
as well as bioproduct used in the aquaculture industry.
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	Tách chiết và xác định hàm lượng astaxanthin 
	Khảo sát khả năng kháng oxy hóa của astaxanthin bằng phương pháp DPPH
	Xử lý thống kê và phân tích dữ liệu

	KẾT QUẢ VÀ THẢO LUẬN
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	Hoạt tính kháng oxy hóa của astaxanthin thu nhận từ chủng đột biến E4  theo phương pháp DPPH
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