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TOM TAT

Vi t@o luc don bao chiu man Dunaliella bardawil (D. salina var bardawil) 14 nguén cung cap
B-caroten tu nhién, ham luong f-caroten dat dén 14% trong luong khé trong diéu kién nudi cay bat
loi nhur can kiét dinh dwéng, d6 musi cao, &nh sang cao. Nghién cizu ndy nham déanh gid kha ndng
tich lily carotenoid va lipid cua vi tdo Dunaliella bardawil DCCBC 15 ¢ cdc diéu kién can kiét dinh
dudng, do musi 3M va 4,5M trén méi trong MD4. Két qua cho thdy, ham lrong carotenoid cua
D. bardawil nuéi cay ¢ diéu kién can kiét dinh dwéng (14,890 pg/tb) va ti 1¢ car/dit (7,966) cao hon
cde diéu kién irc ché dg mudi 3,0M (12,710 pg/tb va 7,269) va 4,5M (11,526 pg/tb va 7,258) (p<0,05).
Twong tu, Sw tich lily lipid cua D. bardawil & diéu kién can kiét dinh dwong (145,946 pg/tb) va ti 1¢
lipid/dlt (77,964) cao hon so véi diéu kién mudi 3M (122,038 pg/th va 71,376) va 4,5M (122,963
pg/th va 77,612). Nhu vdy, diéu kién nubi cdy can kiér dinh dwéng 1a mét chién luwoc nudi cay D.
bardawil d@é thu nhdn sinh khéi ¢é ham hrong carotenoid va lipid cao.

Tur khoa: carotenoid; Dunaliella bardawil; lipid; can kiét dinh dudng; tc ché do mudi cao

1. Giéi thiéu

B-caroten |a sic t6 tién vitamin A phd bién nhat & nguoi (Chavoshi & Shariati, 2019;
Paniagua-Michel, Olmos-Soto, & Ruiz, 2012; Shete & Quadro, 2013). Vi tao Dunaliella
salina var. bardawil (D. bardawil), 1a ngudn cung cip p-caroten tu nhién ddi dao nhat (chiém
14% trong lwong kho). Céc carotenoid tir D. salina dwoc dung trong thuc phiam chin nudi,
dugc pham, dinh dudng va mi pham (Ravishankar & Rao, 2019). Hon nita, D. salina con la
ngudn cung cap lipid cd tiém ning 16n trong san xuat nhién liéu sinh hoc (Goswami,
Agrawal, & Verma, 2021).

Trong diéu kién moi truong bét loi, nhu can kiét dinh dudng, bic xa cao, stress thim
thiu hozc néng d6 mudi cao, té bao D. salina va D. bardawil tich tu nhiéu carotenoid va
glycerol (Ben-Amotz, Katz, & Avron, 1982; Ramos et al., 2011). O D. salina, [-caroten
dugc tich lity trong cac giot ndm ¢ khoang gian bao giira cac thylakoid trong luc lap. Beta-
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caroten xuat hién dudi dang mot sé dong phan, hai trong sé do 1a 9-cis va all-trans, chiém
khoang 80% tong sb p-caroten cua D. salina. Bng phan 9-cis 1a mét chat chuyén héa c6 gia
tri cao dugc chiing minh 1a c6 kha ning chéng oxy héa tét hon dong phan all-trans
(Borowitzka & Borowitzka, 1988).

Té bao D. salina khdng c6 thanh té bao ciing, té bao chi dugc bao boc béi mot mang
sinh chat mong c6 tinh dan hdi ¢ kha ning bién doi phi hop véi nhidu dd mudi khac nhau
ciia méi trudng. O moéi truong c6 do mudi cao, D. Salina ¢6 nhitng bién ddi tham thiu bao
gom thay d6i thé tich té bao, nong do ion ndi bao, ndng do glycerol noi bao va biéu hién mot
s6 gen cam tng mudi (Vo et al., 2017). Anh huéng cia nong d6 mubdi dén ham luong lipid
cua té bao Dunaliella ciing d3 duoc thir nghiém, ting d6 mubi ¢ thoi diém ting truéng manh
c6 thé lam ting ham lugng lipid 1&n 70% (Hosseini Tafreshi & Shariati, 2009). Theo Ahmed
va cong su (2017), ham lugng carotenoid (5,16 mg/L) va lipid (248,33 mg/L) cua vi tao D.
salina dat gi4 tri cao nhat & 6 mudi 2M NaCl (Ahmed et al., 2017). Nghién ctru khac caa
Rad (2011) vé anh huéng cua do mudi (1-3M) dén s ting truéng va san xuét B-caroten caa
vi tao Dunaliella sp.. Két qua cho thay, sb lwong té bao va ham luwong B-caroten
ciia Dunaliella sp. dao dong trong khoang tir 0,53-2,21 x 10° té bao/mL va 0,2 - 11,4 pg/té
bao, s6 lwong té bao va ham luong B-caroten cao nhit thu duoc ¢ ndong do NaCl 1M va 3M,
lan luot 12 1,68 x 10° té bao/mL va 8,94 pg/té bao (Rad, Aksoz, & Hejazi, 2011).

Nhu vay, vi tao D. bardawil tich lity carotenoid va lipid phu thugc vao nong d¢o mudi
trong moi trudng nudi cdy. Nghién ciu ndy nham danh gia kha ning tich lity carotenoid va
lipid cua vi tao D. bardawil DCCBC 15 nudi ciy & cac diéu kién mudi cao.

2. Vatli¢u va phuwong phap
2.1. Chiing vi tio Dunaliella bardawil DCCBC 15 va diéu ki¢n nuéi cdy

Chung vi tao D. bardawil DCCBC 15 dugc cung cip bai Juergen E.W. Polle, Phong
Sinh hoc, Truong Pai hoc Brooklyn, New York, Hoa Ki. Nubi céy trén moi truong MD4
1,5M gdm céc thanh phan dinh dudng: NPK 0,1 g/L, MgSOs 1,86 g/L, EDTA 8,76 mg/L,
FeClz 0,49 mg/L, MnCl; 1,89 mg/L, NaHCOs 3,15 ¢g/L, pH = 7,5. Cuong do anh séng 90
pmol photon/m?/s, chu ki sang téi 12:12 gid, nhiét do nudi cdy 25°C + 2°C (Tran, Doan,
Louime, Giordano, & Portilla, 2014).

2.2. Cdc phwong phap nghién ciru
2.2.1. Xdc dinh mat do té bao

Mat d6 té bao tao dwoc dém truc tiép bing budng dém hong cau sau 21 ngay Gc ché.
Mot traim pL mau tao dugc lay va cb dinh bang lugol (5% lod va 10% mudi K1). Budng dém
hong cau Neubauer c¢6 d6 sau 0,1 mm va dién tich 6 vuéng 1 mm?. Mat d6 té bao trong mL
duoc tinh theo cong thirc : D = ? x 10* x hé sé pha lodng (Guillard & Sieracki, 2005).
Trong do:

n: Tong s té bao dém duoc

i Thé tich dém
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D: Mat do té bao (t& bao/mL).
2.2.2.Xdc dinh ham lwong carotenoid tong

L4y 1 mL dich nuéi cay, li tim 10000 vong trong 5 phut, phan tao bén dudi duoc li
trich voi 3 mL ethanol: hexan (2:1 v/v), lic manh. Thém vao 2 mL H,0 va 4 mL hexan, lic
manh. H3n hop li trich nay duoc li tdm 10.000 vong trong 5 pht. Lop sic td c6 hexan bén
trén dugc dem do mat d§ quang ¢ cac budc séng 450 nm, 662 nm va 645 nm. Ham lugng
carotenoid téng duoc xac dinh theo cong thirc: Carotenoid (ug/mL) = A450 x 25,2 (Prieto,
Cafiavate, & Garcia-Gonzélez, 2011; Shaish, Ben-Amotz, & Avron, 1992).

Tinh ham lugng carotenoid/té bao (pg/tb) dira trén ham lwong carotenoid/mL va mat
6 té bao/mL.

Ham luong diép luc té a va b duogc xéac dinh theo (Lichtenthaler & Wellburn, 1983):

Diép luc t a (ug/mL) = 11,75 (Ass2) — 2,35 (Asas)

Diép luc td b (ug/mL) = 18,61 (Aess) — 3,96 (Ass2)

Diép luc té tong (ng/mL) = diép luc té a + diép luc td b

Trong do: A645 1a d6 hip thu & bude song 645, A662 1a dd hap thu & budc song 662.

Tinh ti 1& ham luong carotenoid/diép luc t (Car/dlt) dwa trén ham luong carotenoid/tb
va diép luc td/th.
2.2.3.Xdc dinh ham lwong lipid tong

Pha thudc thir Phosphovanillin: Hoa tan 0,06 g vanillin trong 2 mL ethanol nguyén
chat, thém 8 mL nuéc cit va lic ki. Thém 50 mL dung dich acid phosphoric dam dic vao
hdn hop trén va bao quan trong tdi cho qué trinh phan tich (Mishra et al., 2014; Park, Jeong,
Yoon, & Moon, 2016).

Xac dinh ham lugng lipid: li tim 1 mL dich nuéi tao ¢ 10.000 vong, 40°C, 10 phdt;
phan ling té bao duoc li trich véi 2 mL acid sulfuric ddm dic, sau d6 dun trén bép cach thuy
100°C trong 10 phat, 1am lanh trong bé nudc da. B6 sung 5 mL thudc thir Phosphovanillin,
hdn hop dwoc u ¢ 37°C va lic mau. Po mau & budc séng 530 nm (Mishra et al., 2014;
Park et al., 2016).

Puong chuan lipid: Dau cai thurong mai (hiéu Tudng An) duoc pha trong chloroform
(ndng d6 1 mg/mL), ndng db lipid chuan (10-150 pg) dwoc thuc hién trong cac dng nghiém
c6 nap. U cac 6ng nghiém & nhiét ¢6 90°C, 10 phut dé bay hoi chloroform. Thém 2 mL acid
sulfuric d4m dic, sau d6 dun trén bép cach thuy 100°C trong 10 pht, 1am lanh trong bé nudc
da. B6 sung 5 mL thude thir Phosphovanillin, hdn hop duoc u & 37°C va lic mau lién tuc.
Do miu ¢ budc séng 530 nm. Cong thirc duong chuan lipid: y = 0,005x — 0,0531
(R?=0,9929).

2.3. Thiét ké thi nghiém

Dunaliella bardawil DCCBC 15 dugc nudi ciy trén méi trudng MD4 1,5M NaCl gom

2 giai doan:
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Giai doan nudi tang truong: D. bardawil DCCBC 15 dugc nudi trong diéu kién anh
séng trang 90 pmol photon/m?/s. Mat d6 tang truéng té bao vi tao ban dau khoang 0,15 x
10°té bao/mL.

Giai doan nudi ¢ ché: Sau 12 ngay nudi cdy ting truong, D. bardawil DCCBC 15
dugc chuyén sang 3 diéu kién gom:

e Can kiét dinh dudng (Di chung): D. bardawil duoc tiép tuc diéu kién nudi cay ban
dau trong méi trudng MD4 1,5M NaCl;

e Nong do mubi cao 3M (3M): Moéi truong MD4 1,5M NaCl ban dau duoc bo sung thém
NaCl dé dat d6 mudi cao 3M;

e Nong do mubi cao 4,5M (4,5M): Mai truong MD4 1,5M NaCl ban dau duoc bd sung
NaCl dé dat d6 mudi cao 4,5M.

Thu hoach vi tao sau 21 ngay nudi cdy tc ché bang phuong phap li tdm 10.000
vong/Sphit ¢ 15°C véi 1mL dich nudi cay va luu trir & -20°C. Tién hanh phan tich x4c dinh
ham luong carotenoid va lipid cua D. bardawil ¢ 3 nghiém thic. S6 1an lap lai caa mdi thi
nghiém duoc xac dinh theo cong thic: (r-1).(t-1) > 12. Trong d6: r: sé lan lap lai;
t: s6 nghiém thuc
2.4. Xir li 50 ligu

S6 lieu dugc xu Ii bang Microsoft office Excel 2019 va phan tich one way ANOVA
bang phan mém SPSS 25.0 véi sai s6 ¥ nghia p < 0,05. T4t ca cac sb liéu trong thi nghiém
dugc trinh bay dudi dang: Trung binh (Mean) # Sai s6 chuan (SE).

3. Két qua va thao luin
3.1 Ham lwong carotenoid tong

O diéu kién wc ché can kiét dinh dudng ham lugng carotenoid (14,890 pg/tb) dat gia
tri cao hon so véi 2 diéu kién tc ché mudi 3M (12,710 pg/tb) va 4,5M (11,526pg/th) (p<0,05)
(Hinh 1, Bang 1). Ti 18 carotenoid/diép luc té (car/dlt) cua D. bardawil ¢ diéu kién nuéi cay
can kiét dinh dudng (7,966) cao hon so voi diéu kién tc ché mudi 3M (7,269) va 4,5M
(7,258) (p<0,05) (Hinh 2, Bang 1). Trong d6, & diéu kién tc ché mubi 3M va 4,5M ti 1&
car/dlt khdng c6 su khéc biét y nghia (p=0,997). Nhu vy, tc ché can kiét dinh dudng 13 yéu
t6 kich thich sy tich lity carotenoid nhanh va manh hon cac diéu kién tc ché d6 mudi cao.

Diép luc t c6 vai trd quan trong ddi véi qua trinh quang hop, duoc tao ra nhiéu khi té
bao ting trudng manh (Sims & Gamon, 2002). Khi bi han ché ting truéng nhu ¢ diéu kién
mai truong d6 mudi cao 3M va 4,5M hoic diédu kién chat dinh dudng da lugng nhu nitrogen,
phosphor, kali can kiét ham luong diép luc t6 déu cé xu hudng giam.

Trong moi truong han ché tang trudng nhu do mudi cao, chiéu xa manh, can kiét chat
dinh dudng séc té carotenoid duoc tao ra véi vai tro bao vé té bao vi tao D. bardawil chéng
lai didu kién sdng bét loi (Borowitzka & Borowitzka, 1988). C4c hat lipid cé chira carotenoid
khong chi 1a bao quan dy trit don thudn ma ching c6 thé phdi hop véi cac bao quan khac dé
thue hién chie nang sdng (Lichtenthaler & Wellburn, 1983). Khi nong d6 mudi trong moi
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truong tang, té bao D. salina xuat hién nhiéu giot chira carotenoid & luc lap. Luc lap c6 su
bién d6i dé dap wng véi ndng d6 mudi cao va cac hat carotenoid cd su ting 1én vé kich thudc
(Mishra et al., 2014). Sy thich nghi cua D. salina dbi vai stress mudi c6 thé bién d6i nhanh
chéng ndng do glycerol ndi bao va glycin betain, tiép dén 1a dap tng dai han gom téng hop
lipid trung tinh va tich lity nhiéu carotenoid. Sy dap (ng dai han ddi véi d6 mubi cao bao
goém nhing thay dbi trong biéu hién gen thong qua mét hay nhiéu nhan té phién ma chua
duge xac dinh va su tong hop protein de novo. Nhiing san pham tir cac gen dugc cam tng
boi d6 mubi cao gébm cac san pham phién ma va protein lién quan dén sy déng hda carbon
va sit ciing nhu sinh téng hop carotenoid (Byrd, Burkholder, & Zimba, 2017). Theo Nguyén
Thi Hai Thanh va cong su (2014) ham lugng p-caroten (pg/tb) ctia D. salina giam trong cac
ngay dau nuoi céy. Sau do, ham lugng B-caroten tang tro lai, ddi véi do mudi 1,5 M va 2M
thu dugc ham lugng carotenoid cao. Tuy nhién, sau d6 ham luong p-caroten c6 xu hudng
giam (con 11,6%). V&i d6 mudi 5M giy bét loi cho ca sy ting trudong va hop chét thir cip
nhu carotenoid va glycerol. Trong khi d6, ham lugng p-caroten & ndng d6 3M va 4M c6 xu
hudng ting dan. Trong diéu kién do6 mudi cao, té bao can ¢ thoi gian dé khai dong co ché
tang tong hop glycerol va tich lity B-caroten, diéu nay thé hién mbi lién hé giita sb ngay sinh
trudng cua tao va mic do téng hop carotenoid. Sau giai doan ting trudng, & dd mudi cao
3M va 4M ham lugng B-caroten (pg/th) lai c6 xu hudng ting. Xu hudng nay xay ra do ¢
ndng d6 mudi tir 0.5M - 3M 1a ndng d6 thich hop cho sinh trudng cua tao, mat do té bao ting
l&n rat nhanh vao pha suy vong cia tao, sb lugng té bao/L mdi trudng c6 xu hudng giam
dan. Trong khi d6 tai ndng do mudi cao, do diéu kién sbng khong thuan lgi, sy hinh thanh
cac thé cyst kéo dai thoi gian sinh trudng, té bao c6 xu huéng tong hop p-caroten thich nghi
véi diéu kién anh séng manh va nong ¢6 mudi cao (Maryam Madadkar Haghjou & Shariati,
2007; Maryam M Haghjou, Shariati, & Smirnoff, 2009; Nguyen & Ngo 2014).

Theo Gémez (2003), ham lugng carotenoid anh huéng boi thanh phan dinh dudng
trong méi truong, d6 mudi khdng c6 anh hudng rd rang dén su tich tu p-caroten trén mdi té
bao vi tao D. bardawil (Gémez, Barriga, Cifuentes, & Gonzélez, 2003). Trong khi do, Marin
va cong su (1988) cho ring anh sang va do man cé thé 1a mot trong nhitng chién luoc tot
nhat dé dat duoc san lugng B-caroten téi wu & D. salina (Marin, Morales, Lodeiros, &
Tamigneaux, 1998). M6t nghién ciru khac ciing ¢6 két qua ham lwong carotenoid va lipid
cua D. salina ¢ diéu kién stress giam tham thau (0,5M) va can kiét dinh dudng cao hon so
Véi diéu Kién tang tham thau (3,5M) (Vo et al., 2017). Trong thi nghiém nay, sau 12 ngay
cac diéu kién nudi cdy co su thay doi dot ngdt do mudi tir 1,5M 1én 3M va 4,5M; dudi ap
luc cia d6 mudi cao dan dén sy thay d6i dang ké dén kha nang tich lity carotenoid ciia D.
bardawil.
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3.2  Ham lwong lipid tong

Ham luong lipid cua vi tao D. bardawil DCCBC 15 & diéu kién @c ché can kiét dinh
dudng (145,946 pg/tb) dat gi tri cao hon so voi diéu kién &c ché nong do6 mudi cao 3M
(122,038 pg/tb) va 4,5M (122,963 pg/tb) (p<0,05) (Hinh 3, Bang 1). Ti I& lipid/diép luc t6
(lipid/dIt) cua D. bardawil nudi ciy & diéu kién wc ché can kiét dinh dudng (77.964) va tc
ché mubi 4,5M (77,612) khong c6 su khéc biét ¥ nghia (p=0,986) cao hon so véi diéu kién
con lai (p<0,05) (hinh 3.4, bang 3.1). Nhu vay, tuong tu nhu Sy tich 1ty carotenoid, su tich
lity lipid & diéu kién nudi cay can kiét dinh dudng gay ra su tong hop lipid cao hon cac diéu
kién &c ché nong d6 mudi cao 3M va 4,5M.
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D6 mudi ciia moi truong c6 anh hudng dén sinh Ii va sinh héa cua vi tao Dunaliella
sp., khi d6 mudi cia méi trudng thap hodc cao hon gia trj ti wu cho sy ting truong sé thic
déy té bao vi tao Dunaliella kich hoat hé théng bao vé va du trit. Theo Ben-Moussa va cong
su (2016) cho rang ddi véi Dunaliella nudi cdy & dd mudi thap hon gia tri t6i wu cho ting
truong s& gidp vi tao tich lity nhiéu lipid va d6 mudi 3M duoc xem 14 téi vu dbi voi sy ting
treong cua Dunaliella sp. (BenMoussa-Dahmen, Chtourou, Rezgui, Sayadi, & Dhouib,
2016). Theo Farhat va cong su (2011), Dunaliella salina nudi ciy hon 25 ngay véi nhiéu
nong d6 NaCl (0,6-4,5 M). Két qua cho thay, su phat trién t6i uu dat duoc ¢ d6 mudi 1,5-
3,0M NaCl. C6 thé ¢ diéu kién trc ché 3M NaCl té bao vi tao phan chia nhiéu nhat va tao ra
it san phém dy trir nhu lipid, con ¢ do mudi 4,5M vuot qua néng d6 tdi wu cho su tang
truong, té bao sé tich liy lipid nhung ham lugng trén mdi té bao khong dang ké. Khi d6 mudi
& mic 1,5M thap hon mirc tdi wu cho sy phét trién cua vi tao, sé tich lity lwong Ion lipid
(Farhat et al., 2011). Ngoai ra, su can kiét dinh dudng da lugng nhu nitrogen, phosphor ciing
thiic day té bao vi tao tich liy nhiéu lipid hon. Can kiét nitrogen dugc xem la mét trong
nhiing chién Iuoc hiéu qua lam ting kha ning tich lity ham luong lipid 1én 90%. Stress oxy
hoa 1a tac nhan don 1¢ c6 thé gay ra su tich tu lipid. Sy tich tu lipid trong diéu kién suy giam
nitrogen xay ra qua trung gian stress oxy hoa. Sy gia ting san xuat goc tu do (ROS) va qué
trinh peroxy hoa lipid déu dwoc quan sat thdy trong cac diéu kién gisi han nitrogen, ciing
Véi su tang tich tu lipid dac biét 1a ¢ pha can bang (Yilancioglu, Cokol, Pastirmaci, Erman,
& Cetiner, 2014).

170
160 1 l
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[a—
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Hinh 3. Ham luong lipid cua D. bardawil DCCBC 15
& cdc dieu kién nudi cdy ¢ ché khac nhau
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Bdng 1. Ham lwong carotenoid, t7 1¢ carotenoid/diép luc to, ham hrong lipid
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i i Ham lwgng . Ham lwong lipid A
Nghiém th e Ti 1 Car/dit : Ti 18 lipid/dit
ghiem thic carotenoid (pg/tb) Hetar (pg/tb) Helipt
Cankigtdinh ) ) 5010,216° 7.066+0,163°  145046+3,046°  77,964+1,720P
dwdng
3M 12,710+0,146 7,269+0,048°  122,038+1,256°  71,376+1,164°
45M 11,526+0,1322 7258+0,067°  122,963+1,047%  77,612+1,358"

4. Kétluan

Do mudi cao 3M va 4,5M c6 anh huong dén kha nang tich ity carotenoid va lipid cta
vi tao Dunaliella bardawil DCCBC15. Tuy nhién, ham lugng carotenoid va lipid cuaa D.
bardawil nudi cay & diéu kién can kiét dinh dudng (14,890 pg/tb va 145,946 pg/tb) cao hon
cac diéu kién uc ché a6 mudi cao 3M va 4,5M. Diéu kién nudi ciy can kiét dinh dudng 1a
mét chién lugc nudi cay D. bardawil hiéu qua dé thu nhan sinh khéi c6 ham lwong carotenoid
va lipid cao.

% Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

The salt-tolerant unicellular green algae Dunaliella bardawil (D. salina var bardawil) is a
natural source of p-carotene with thecontents of up to 14% of dry weight under adverse
environmental conditions, such as nutrient deficiency, high salinity, and high irradiance. This study
aimed to assess the effect of salinity stress on the production of carotenoids and lipids under nutrient
deficiency and the salinity of 3M and 4,5M in low-cost enriched natural seawater medium. The
results showed that the carotenoids contents of the D. bardawil under the nutrient starvation (14,890
pg/th) and the car/chl ratio (7,966) were higher compared with a high salinity of 3M (12,710 pg/tb
va 7,269) and 4,5M condition (11,526 pg/tb va 7,258) (p<0,05). Similarly, lipids accumulation by
D. bardawil under the nutrient starvation (145,946 pg/tb) and lipid/chl ratio (77,964) were also
higher compared with a high salinity of 3M (122,038 pg/tb va 71,376) and 4,5M condition (122,963
pg/tb va 77,612). Thus, nutrient starvation is one of the strategies for the cultivation of D. bardawil
to obtain high carotenoids and lipids contents from biomass.

Keywords: carotenoid; Dunaliella bardawil; lipid; nutrient starvation; salinity stress
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