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TOM TAT

Dunaliella salina 12 vi tao luc don bao, ¢6 kha néing tong hop heong lén carotenoid, ddc biét
[f-carotene trong cdc diéu kién irc ché khac nhau. Ba chiing D. salina dwoc sir dung cho nghién ciu
danh hwong itc ché H,0, va két hop Véi dnh sing, do mudi cao lén sy ting trieng, tong hop
carotenoid va lipid. Két qua cho thdy 3 ching D. salina c6 nhitng ddp ing khac nhau vé ting
truong sau cdc diéu Kién irc ché nhie mdt do té bao tang trong diéu kién iic ché H,0, két hop &nh
séng cao va giam trong diéu kién iic ché H,0, két hop do musi cao déi véi hai ching D. salina A9
va D. salina CCAP 19/18, mdt dé té bao on dinh doi véi D. bardawil DCCBC 15 trong cdc diéu
kién irc ché khdc nhau. Ham lwong carotenoid va lipid ¢ 3 ching D. salina ting, trong dé ¢ dieu
kién irc ché két hop dnh sing cao ham lwong carotenoid va lipid cao hon so véi cdc diéu kién iic
ché khac.

Tar khoa: Dunaliella salina, carotenoid, phuong phap Sulfo-Phospho-Vanillin.
ABSTRACT

The growth, carotenoid and lipid accumulation
of Dunaliella salina cultivated under stress conditions

Dunaliella salina, a unicellular green microalgae, is capable of biosynthesising high
carotenoid content, particularly p-carotene under different stress conditions. This study used three
D. salina strains to investigate the growth, biosynthesis of carotenoid and lipid under stress
conditions such as separate H.0. and combination of high light intensity and salinity. The results
indicated that the growth of three D. salina strains was different responses to stress conditions
including increase for D. salina A9 and D. salina CCAP 19/18 under combination of H,O, and
high light intensity, and constant for D. bardawil DCCBC 15 under all stress conditions in cell
density. Carotenoid and lipid contents of three D. salina strains increased significantly under
stress conditions, in which combination of high light intensity was higher compared with the other
stress conditions.

Keywords: Dunaliella salina, carotenoid, Sulfo-Phospho-Vanillin method.

1.  Giéithigu
Dunaliella salina (thuoc Dunaliellaceae) 1a mot trong nhiing vi tio don bao c6 nhiéu
tiém ning duogc sur dung 1am thyc pham va dugc pham trong nhiéu nim qua. D. salina ting
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truong trong nhiéu diéu kién tc ché khac nhau gay ra sy san xuat carotene c6 kha ning
chdng oxy héa va khang doc té bao [1]. Su tich lity carotene & D. salina c6 thé duoc kich
thich boi cudng d6 anh sang cao va cac didu kién nudi cay c6 thé dan dén giam tdc do ting
truong bao gom nhiét do téi han, @ mudi cao va han ché nitrogen [2].

Sy thay d6i do mudi dot ngot trong nudi cay D. salina tao ra phase lag trong ting
truong va do dai cua phase lag phu thuoc vao ndng ¢6 mudi va mie d6 thay doi cua do
mubi. Nong do carotene tang sau (¢ ché mubi cao, d6 dai cua phase lag phu thudc vao
d6 mudi ban dau va mirc d6 thay doi cia d6 mudi, tuy nhién téc do tong hop carotene va
nong do carotene phu thudc vao ¢6 mudi cudi ciing. Su ting ham lugng carotene tong la
do sy ting ham luong B-carotene [3]. Carotenoid tir D. salina c6 hoat tinh chdng oxy
héa cao, all-trans-B-carotene va 9-/90-cis- B-carotene la carotenoid chinh ¢ tao.
Carotenoid ¢ dang cis, dac biét 9-/90-cis- B-carotene dong vai trd chong oxy héa chinh
trong dich trich cua tao [4].

Nhiéu nghién ciu cho thiy trong diéu kién stress oxy héa D. salina ting tich liy
lipid. Bén canh d¢, trong diéu kién nudi cdy t6i uu gy stress oxy hoa bang céch sir dung
H20 dan dén ting ham luong lipid ndi bao 1én dén 44% so voi mau ddi chang khdng cé
xir ly. Stress oxy hoa va su ting san xuat lipid c6 méi lién két véi nhau, stress oxy hoa la
trung gian gay tich lity lipid [5]. Nghién ciru ndy nham tim hiéu hiéu qua két hop H,0, mot
yéu t6 stress oxy hda ngoai sinh va cac diéu kién trc ché khac ¢ ba ching D. salina tao co
s& cho nudi cy trng dung dé lam tang ham lugng carotene trong cac hé théng ma.

2. Vatliéu va phwong phap
2.1. Chang Dunaliella salina

Hai chiing Dunaliella salina var. bardawil DCCBC 15 (D. bardawil DCCBC 15) va
Dunaliella salina CCAP 19/18 dugc cung cip boi TS. Juergen E. W. Polle, Phong Sinh
hoc — Truong Pai hoc Brooklyn, New York, Hoa Ki. D. salina A9 dugc phan lap tir mau
thu thap ¢ vling ruong mudi Vinh Hao, Binh Thuan.

2.2. Thiétké thi nghiém

D. salina duoc nudi cy trén moi truong MD4 1,5M NaCl gom 2 giai doan:

Giai doan nuoi ting truong: Cac ching D. salina nudi trén didu kién anh sang tring
50 umol photon/m?/s.

Giai doan nudi trc ché: Sau 10 ngay nudi cay ting truong D. salina duoc chuyén
sang diéu kién trc ché khac nhau: 12,5 pM H202; H202 (12,5 uM) két hop véi anh sang 300
umol photon/m?/s (H02 — AS) va H20; (12,5 uM) két hop voi d6 mudi cao 4M NaCl
(H202 - NacCl).

Céc thi nghiém thuc hién ¢ nhiét do 25 + 2°C va duoc lap lai 3 lan.
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2.3. Quan sat hinh thai té bao Dunaliella salina

Hinh théi té bao Dunaliella duoc quan sat duéi KHV quang hoc (X40).
2.4. Xdc dinh s ting trwéng té bao Dunaliella salina

Mat d6 té bao tao duoc dém truc tiép bang budng dém hong cau. 200 uL miu tao
duoc ldy va ¢ dinh bing lugol mbi 2-3 ngay. Sé lwong té bao dugc dém bang budng dém
hong cau co do sau 0,1 mm va dién tich 6 vuong 1 mm? Mat d6 té bao trong 1 mL duogc
tinh theo cdng thace [6].

D =7.10*x h¢ s pha loang

trong do, n: tong sd té bao dém duogc
i dién tich d¢ém
D: mat do té bao (té bao/mL).

Téc do tang truong duoc tinh theo cong thuc [7]:

i = In(N1/No)/(t1-to)
trong d6, N1, No: mat do té bao tai thoi diém 1 va 0

tr, to: thoi diém 1 va 0.
2.5. Xdc dinh ham Iwong carotenoid tong

Lay 1 mL dich nudi cdy, li tim & 1000xg trong 5 phit, phan tao bén dudi duge li
trich véi 3 mL ethanol: hexane (2:1 v/v). Thém vao 2 mL H,O va 4 mL hexane, lic manh.
Hon hop li trich nay duoc li tam 1000xg trong 5 phat. Lép sdc t6 co hexane bén trén dugc
doc & cac budce song 450 nm, 662 nm va 645 nm. Ham luong carotenoid tong dugc xac
dinh theo cong thirc: Carotenoid (ng/mL) = Asso X 25,2 [8], [9].

Ham luong diép luc t6 a va b dugc xac dinh theo [10]:

Diép luc 16 a (ug/mL) = 11,75 (4662) — 2,35 (A645)

Diép luc t6 b (ug/mL) = 18,61 (4645) — 3,96 (A662)

Diép luc 16 tong (ug/mL) = diép luc 16 a + diép luc t6 b

Trong do: A645: dé hdp thu ¢ burdc song 645

A662: dj hdp thu ¢ bude séng 662.

2.6. Xdc dinh ham Iwong lipid bang phwong phdp Sulfo-Phospho-Vanillin

Thubc thir Phosphovanillin: Hoa tan 0,06 g vanillin trong 2 mL ethanol nguyén chat,
thém 8 mL nudc cat va lic ki. Thém 50 mL dung dich acid phosphoric ¢am dic vao hdn
hop trén va bao quan trong tdi cho qua trinh phan tich [11], [12].

Xac dinh ham lugng lipid ¢ Dunaliella salina: li tam 1 mL dich nuéi tao &
6000 rpm, 4°C, 10 phdt; phan cin té bao dugc li trich véi 2 mL acid sulfuric dam dic,
sau d6 dun trén bép cach thuy 100°C trong 10 pht, 1am lanh trong bé nude da. Bo sung
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5 mL thudc thir Phosphovanillin, hén hop duoc t & 37°C va lic mau lién tuc. Do mau ¢
bude song 530 nm [11], [12].

DPuong chuan lipid: Dau cai thuong mai (hiéu Tuong An) dugc pha trong chloroform
(nong do 1 mg/mL), ndng dé lipid chuan (10-150 pg) dugc thyc hién trong cac ng nghiém
¢6 nip. U cac dng nghiém ¢ nhiét d6 90°C, 10 phut dé bay hoi chloroform. Thém 2 mL
acid sulfuric dam dic, sau d6 dun trén bép cach thiy 100°C trong 10 phdt, 1am lanh trong
bé nudc d4. Bo sung 5 mL thude thir Phosphovanillin, hdn hop duoc u ¢ 37°C va lic mau
lién tyc. Po mau & bude song 530 nm.

2.7. X lisoligu

S lieu duogc xt Ii bang Microsoft office Excel 2013 va phan tich one way ANOVA
bang phan mém SPSS 20.0 véi sai s6 y nghia p < 0,05.

3. Két qua va thao luan
3.1. Swtang trwong cua Dunaliella salina

Trong giai doan nudi ciy ting truong toc do ting truong cua hai chung D. salina A9
va D. salina CCAP 19/18 (u = 0,333/ngay va p = 0,328/ngay) cao hon so vdi D. bardawil
DCCBC 15 (u = 0,243/ngay) (p = 0,018). Ngoai ra, mat do té bao cua ba chung D. salina
ciing khong ¢6 su khac biét y nghia (p = 0,174). Trong giai doan &c ché véi cac diéu kién
trc ché khéc nhau cho thdy: ¢ D. salina A9 diéu kién uc ché H202 két hop d6 mudi cao mat
d6 té bao giam so véi hai diéu kién tc ché con lai (p = 0,016); twong tu ¢ D. salina CCAP
19/18 diéu kién wc ché Ho0, két hop do mudi cao mat do té bao giam so véi hai diéu kién
tic ché con lai va c6 su khéac biét y nghia (p = 0,000); & D. bardawil DCCBC 15 mat do té
bao hau nhu khong co sy thay d6i sau ¢ ché giita cac diéu kien tc ché (p = 0,021)
(Hinh 1). Theo Xu va cong su, khi trc ché anh sang cao tir 200-1500 pmol/m?/s cho thay
bon chang D. salina c6 sy thay d6i hinh dang té bao tir hinh oval sang hinh cau, tir té bao
mau xanh sang mau cam [13]. O D. tertiolecta sy quang trc ché thyc sy xay ra trong thoi
gian ngin (6 gio dau) sau @c ché anh sang cao (1000, 1500 va 2000 umol/m?/s), tuy
nhién sau 2 ngay tc ché anh sang cao lién tuc D. tertiolecta dap ung duogc voi didu kién
anh sang cao nay va téc do ting truong dat dugc nhu diéu kién anh sang thap. Diéu nay
cho thay D. tertiolecta c6 thé dap @ng véi phd rong anh sang cao tir 50-2000 pmol
photons/m?/s [14]. Theo Yilancioglu va cong su, khi xir 1i H202 ngoai sinh nong do tir
200uM-4mM cho thay su song sét cua té bao D. salina giam dan, tuy nhién néng do
ROS va lipid tang cao [5].
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2.0 ==@==D. salina A9 - H202

==@==D. salina A9 - H202+AS

15 Uc ché / _
: D. salina A9 -
‘ H202+NaCl
==@==D. salina CCAP 19/18 -
1.0 H202
. i,
D. salina CCAP 19/18
H202+AS
D. salina CCAP 19/18 -
0.5 H202+NaCl
==@==D. bardawil DCCBC 15 -
H202
«=@==D. bardawil DCCBC 15
H202+AS
0 2 4 6 .8 . 10 12 15 17 21 ==@==D. bardawil - DCCBC 15
Thoi gian (Ngay) H202+NaCl

Mat do té bao (té bao/mL x 106)

0.0

Hinh 1. Sy ting truong cia D. salina dwéi cac diéu kién nudi cdy ¢ ché khac nhau

3.2. Ham lwong digp luc to

Ham lugng diép luc t6 a va diép luc t6 tong (trén thé tich va té bao) caa ba chung D.
salina trong diéu kién trc ché H,02 két hop Vi anh sang cao giam va co sy khac biét y
nghia (p < 0,005). Tuong ty ¢ D. salina A9 trong diéu kién trc ché H.02 két hop do mubi
cao 4M NaCl va D. salina CCAP 19/18 trong diéu kién @c ché H,0, ham luong diép luc té
ciing giam va ¢ su khéc biét y nghia (p < 0,005). Trong khi ¢6, ham luong diép luc té cua
D. salina CCAP 19/18 trong diéu kién tc ché H202 két hop d6 mubi cao 4M NaCl, D.
bardawil DCCBC 15 trong cac diéu kién ic ché H202 riéng r& va H0, két hop d6 mubi
cao 4M NaCl khdng c6 su thay d6i rd rét sau tc ché (p > 0,005) (Hinh 2, 3). O D.
tertiolecta trong diéu kién @c ché anh sang cao 1000, 1500 va 2000 pmol photons/m?/s,
ham lugng diép luc té thap hon so voi diéu kién déi chimg (50 pmol photons/m?/s); va ti 1é
Fv/Fm giam trong 5 gio dau tc ché va sau do6 bat dau tang tro lai. Ngoai ra, sau 2 ngay nuoi
cay, ti 16 Fu/Fm khdng c6 khéc biét gitra cac diéu kién ¢6 mudi khac nhau khi nuéi trong
didu kién nudi anh sang thap; tuy nhién ti 1¢ nay c6 su khac biét gitra cac d6 mudi khi nudi
cay dudi didu kién anh sang cao. Sy giam ti 18 FJ/Fm cho thay té bao D. tertiolecta bi
quang wc ché trong diéu kién anh sang cao [14].
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Ham luong diép luc t6 a (ug/mL)

Ham luong diép luc td a (pg/tb x 10-3)
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Hinh 2. Ham lwong diép luc té a trén thé tich

mD. salina A9 - H202

mD. salina A9 - H202+AS

u D. salina A9 - H202+NaCl

m D. salina CCAP 19/18 - H202

m D. salina CCAP 19/18
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= D. salina CCAP 19/18 -
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m D. bardawil DCCBC 15 - H202
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H202+AS

m D. bardawil - DCCBC 15
H202+NaCl

mD. salina A9 - H202

mD. salina A9 -
H202+AS

mD. salina A9 -
H202+NaCl

mD. salina CCAP 19/18 -
H202

m D. salina CCAP 19/18
H202+AS

= D. salina CCAP 19/18 -
H202+NaCl

m D. bardawil DCCBC 15
- H202

m D. bardawil DCCBC 15
H202+AS

m D. bardawil - DCCBC
15 H202+NaCl

(@)

va trén té bao (b) cia D. salina duwéi cac diéu kién nudi cdy ¢ ché khac nhau
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D. salina CCAP 19/18 -
H202+NaCl

m D. bardawil DCCBC 15 -
H202

m D. bardawil DCCBC 15
H202+AS

m D. bardawil - DCCBC 15
H202+NaCl
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salina CCAP 19/18 - H202
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D.
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mD.

mD.

bardawil DCCBC 15 - H202

bardawil DCCBC 15

H202+AS

uD.

bardawil - DCCBC 15

H202+NaCl

Hinh 3. Ham hrong diép luc t6 tong trén thé tich (a)

3.3. Ham lwong carotenoid

va trén té bao (b) cia D. salina duwéi cac diéu kién nudi cdy ¢ ché khac nhau

Ham lwong carotenoid trén thé tich va té bao cua ba chung D. salina ting sau Gc ché

duéi tat ca cac diéu kién va cé su khac biét y nghia (p = 0,000). Ham luong carotenoid trén
thé tich va trén té bao cua ba chung D. salina trong diéu kién wc ché H,0, két hop anh
sang cao & ngay 21 (D. salina A9: 56,969 pg/mL, 60,178x1073 pg/tb; D. salina CCAP
19/18: 87,545 pg/mL, 65,008 x10° pg/tb; D. bardawil DCCBC 15: 65,470 pg/mL,
142,325 x10° pg/tb) cao hon cac diéu kién wc ché irc ché con lai (p = 0,000). O ngay 21,
ham luong carotenoid trén thé tich cua D. salina CCAP 19/18 va trén té bao cua D.
bardawil DCCBC 15 du6i diéu kién irc ché HoO2 két hop 4nh séang cao dat cao nhat va hon
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S0 V&i cac diéu kién con lai (p = 0,000) (Hinh 4). Két qua cho thay trong cac diéu kién wc
ché két hop c6 &nh sang cao gay ra su tich liiy carotenoid cao hon cac diéu kién tc ché
khéc. B-caroten duoc san xuat luong I6n ¢ D. salina khi dap tng voi cudng d6 4nh cao; sy
san xuat carotenoid gan vai sy hinh thanh céc giot lipid va giam ndng dé acid béo khong
bio hoa, ting tich liy cac acid béo dic hiéu (C16:0 va C18:1) [15]. O vi tao sy san xuat
carotenoid lién quan dén co ché dap ung ton thuong oxy héa cua té bao; trong diéu kién wc
ché &nh sang cao va can kiét nitrogen hoac két hop ca hai diéu kién cé thé lam ting ton
thuong oxy héa gy ra ting tong hop carotenoid D. bardawil [16].
mD. salina A9 - H202

100
2 w0 @ = D. salina A9 - H202+AS
2 80 D. salina A9 -
= 70 H202+NaCl
3 mD. salina CCAP 19/18 -
g 60 H202
© 50 mD. salina CCAP 19/18
S H202+AS
s 40 D. salina CCAP 19/18 -
g 30 H202+NaCl
= 20 i m D. bardawil DCCBC 15 -
E H202
o 10 m D. bardawil DCCBC 15
0 H202+AS
m D. bardawil - DCCBC 15
o H202+NaCl
Thoi gian
mD. salina A9 - H202
= 200 mD. salina A9 -
= (b) H202+AS
e D. salina A9 -
2 150 H202+NaCl
B0 mD. salina CCAP 19/18
& - H202
4= u D. salina CCAP 19/18
2 100 H202+AS
5 D. salina CCAP 19/18
= - H202+NaCl
o m D. bardawil DCCBC
g 90 15 - H202
B = mD. bardawil DCCBC
= - _als | 15 H202+AS
E’ 0 EmEE 51 | I [ | m D. bardawil - DCCBC
10 12 15 17 21 15 H202+NaCl
Thoi gian (Ngay)

Hinh 4. Ham luong carotenoid trén thé tich (a) va trén té bao (b) cua D. salina
dwdi cdc dieu Kign nudi cay uc ché khac nhau
3.4. Ham lwong lipid
Tuong tu ham lugng carotenoid, ham lugng lipid caa ba ching D. salina cling tang
cao sau ¢ ché (p = 0,000). Trong d6, ham luong lipid trén thé tich cua D. salina CCCAP
19/18 (235,620 pg/mL) trong diéu kién wc ché H,0; két hop anh sang cao va ham lugng
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lipid trén té bao cua D. bardawil DCCBC 15 & ca ba diéu ¢c ché dat nong d6 cao
(342,508x1073, 224,246 x103, 336,737 x10° pg/th theo thu tu) tai ngay 21 cua qua trinh
nubi cdy (p = 0,000) (Hinh 5). Nhiéu nghién ciu cho thdy, & vi tao nhu Dunaliella,
Haematococcus carotenoid thir cp va lipid duoc tong hop ddng thoi trong cac diéu kién
nudi cdy bat loi. Vi tao co ti I¢ dién tich bé mat/thé tich cao, tao diéu kién dap wng nhanh
Vi nhimg diéu kién moi truong thay ddi va chiing c6 thé thay d6i nhanh sy chuyén hoa
lipid trong cac diéu kién moi truong nay nhu e ché mudi. Céc thi nghiém wc ché mudi dai
han (2 tuan) c6 thé cho phép su dap ang di truyén gay ra su tong hop cac protein cam ting
mudi va sy biéu hién cac gene e ché mudi [17]. Hau hét vi tao c6 kha ning tich lity lugng
I6n lipid trong phase can bang hay phase suy vong hon té bao ¢ phase ting truong. Su suy
vong cua tao dan dén thay ddi trong con duong sinh téng hop lipid tir mang luc lap hay céc
mang té bao khac dén dén lipid trung tinh du trix [18].

250 .
mD. salina A9 - H202

(a)

200 mD. salina A9 - H202+AS

D. salina A9 - H202+NaCl
150
m D. salina CCAP 19/18 -
H202
100 m D. salina CCAP 19/18
M| i H202+AS
I I = D. salina CCAP 19/18 -
50 = - =Mz T H202+NaCl
m D. bardawil DCCBC 15 -
H202
0 m D. bardawil DCCBC 15

10 12 15 17 21 H202+AS
Thoi gian (Ngay)

Ham luong lipid (ng/mL)

400 mD. salina A9 - H202

(b)

300 D. salina A9 -
H202+NaCl
m D. salina CCAP 19/18 -
H202
200 m D. salina CCAP 19/18
H202+AS
I D. salina CCAP 19/18 -
- H202+NaCl
100 A5 m D. bardawil DCCBC 15 -
- T H202
- B m D. bardawil DCCBC 15
H202+AS
0 D. bardawil - DCCBC 15
10 12 17 21 H202+NaCl

mD. salina A9 - H202+AS

Ham luong lipid (pg/tb x 107%)

15
Thoi gian (Ngay)
Hinh 5. Ham luwong lipid trén thé tich (a)
va trén te bao (b) cua D. salina dudi cdac diéu kién nudi cay wrc che khac nhau
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4.

Két luan
Sy tang trudng cua ba ching D. salina c6 su thay doi khac nhau khi tic ché H20, két

hop anh sang cao va d6 mudi cao. Trong cac diéu kién trc ché cd sy két hop &nh sang cao
cho thay céc chang D. salina dat ham luong carotenoid, lipid cao; tuy nhién ham lugng
diép luc té giam.
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