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TOM TAT: Vi tiao luc Haematococcus pluvialis dugc biét dén rong rai nhu 1a ngudn cung cip
astaxanthin tu nhién. Nhiéu vi sinh vat nhu nim, dia y, vi khuén, vi tdo khac cling ¢6 kha nang téng hop
astaxanthin nhung ham luong astaxanthin & H. pluvialis dugc xem 1a cao nhat. Trong bai bio nay, ching
t6i nghién ctru anh huong két hop cta ndng do nitrate va ché do chiéu sang 1én sinh truong cua vi tao
H. pluvialis khi nudi ¢ binh nhya thé tich 10 lit. Két qua nghién ctru cho thay, khi nong d¢ nitrate trong
moi trudng nudi cy ting 1én gap 4 1an thi mat do té bao cuc dai ting 25%, dat 0,95 x 10° TB/ml. Pong
thoi, nuéi cAy H. pluvialis trong méi trudng c6 ndng do nitrate cao va két hop véi viéc diéu chinh ché do
chiéu sang, 1am méi méi truong da duoc chimg minh 14 phuwong phap hiéu qua dé dat mat do té bao cao.
Mat do té bao cuc dai cia H. pluvialis dat 3,2 x 10° TB/ml sau 22 ngay nudi 6 mdi truong RM -4X (ndng
d6 NaNO; 1a 1200 mg/l), chleu két hop 4nh sang trang va UV véi cuong do chiéu tuong umg 1a 4,3 klux
va 1,4 klux, chu ky sang ti 16:8 gid trong do 10 gio chiéu anh sang tring va 6 gio chiéu 4nh sang tring
két hop UV la 6 gio. O cong thire chiéu sang véi cuong d6 2,5 klux, chu ky sang tdi 12:12 va cong thirc
chiéu sang voi cudng do cao (4,3 klux), chu ky sang toi 16:8 gio, mat do té bao cuc dai dat twong tmg 1a

0,9 x 10°TB/ml va 1,8 x 10° TB/ml sau 19 ngay nudi céy.

Tuwr khoa: Haematococcus pluvialis, astaxanthin, ché d6 chiéu sang, lam ma&i moi trudng, nitrate.

MO PAU

Astaxanthin (3, 3’- dihydroxy B, p carotene
- 44 - dione) la mdt sac to dan xuét cua B-
carotene, c6 gid tri kinh té cao duoc sir dung
phé bién trong nudi trong thuy san va cong
nghiép thyc pham, thyc pham chirc ning. Hoat
tinh chéng oxy héa ciia ching cao hon gip 10
lAn so voi cac loai carotenoit khac nhu p-
carotene, zeaxanthin, lutein, canthaxanthin va
cao hon gip 500 lan so v6i a-tocopherol [20].
Bén canh d6, do kha nang ngan chan mot sb loai
ung thu, kich thich hé thong mién dich cao hon
so V01 B-carotene va a-tocopherol nén hién nay,
ung dung cia astaxanthin con dugc md rong
trong linh vuc y dugc hoc [14, 16, 20]. Mac du
mot s& loai vi sinh vat nhu ndm men Phaffia
rhodozyma c¢6 kha ning tong hop astaxanthin
nhung ham lugng astaxanthin ndi bao cua
chiing rat thap [1, 4]. Trong khi do, vi tao luc
Haematococcus pluvialis ¢6 kha nang tich Iy
astaxanthin 1én t6i trén 4% sinh khéi kho [10].
Vi véy, hién nay san xuét astaxanthin tir loai vi
tao nay dang dugc dac biét quan tdm nghién ciru
[2, 5, 6, 13, 19]. Tuy nhién, viéc san xuat
astaxanthin hiéu qua tur loai vi tdo nay con gip

nhidu kho khin béi vi chung c6 téc do sinh
truong thdp va nhay cam véi sy thay ddi cua
diéu kién nudi cdy. Hau hét t& bao vi tao déu
duy tri & trang thai sinh dudng, tich liiy rat it
hoidc khong tich lity astaxanthin khi nuéi & diéu
kién thich hop. Tuy nhién, dudi diéu kién stress,
té bao chuyén sang dang bao nang khong
chuyén dong va khi dugc kich thich phu hop té
bao tao co6 thé tich liy mot luwong 1on
astaxanthin. Vi vay, diéu kién cho té bao sinh
truong va tong hop astaxanthin 13 rat khac nhau.
Viéc x4c dinh rd rang pha sinh truéng té bao
va pha tong hop astaxanthin 13 can thiét dé
dat duoc mat do té bao va ham luong
astaxanthin cao.

Hién nay, c¢6 2 quy trinh cong ngh¢ nuodi
trdng dugc ap dung dé san xuat astaxanthin tu
H. pluvialis 14 quy trinh nudi cdy mot pha va hai
pha. Tuy nhién, mat do té bao vi tao dat duoc
theo mé hinh mot pha 1a rat thip [17]. Quy trinh
nudi cdy hai pha trong d6 ¢ pha dau tao duoc
nudi ciy dudi diéu kién t6i wu dé dat mat do té
bao cuc dai, sau do chuyén tao vao pha sau véi
cac diéu kién thuan loi cho sy tich liy
astaxanthin da dugc chirng minh la hiéu qua va
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phi hop dé san xudt astaxanthin & quy mé
thuong mai [10]. Viéc ting mat do6 té bao vi tio
trong pha dau gdp phin quan trong trong viéc
ning cao hiéu qua san xuét astaxanthin tir H.
pluvialis [11, 12]. Trong bai bao nay, chung toi
trinh bay cac két qua dat duoc trong viéc nudi
ciy H. pluvialis mat d6 cao trong binh nhya thé
tich 10 lit bang cach két hop cac yéu td nhu
néng dd nitrate cao, ché do chiéu sang va lam
md&i moi truong trong qua trinh nudi.
VAT LIEU VA PHUONG PHAP NGHIEN CUU
Chiing tdo va diéu kién lwru giir

Ching vi tdo Haematococcus pluvialis
Flotow st dung trong nghién ctru dugc phong
Cong nghé Tao, Vién Cong ngh¢ sinh hoc phan
lap tai tinh Hoa Binh, Viét Nam nam 2009. Tao
dugc luu gitr va nhan giéng so cip trong moi
truong C ¢6 thanh phan nhu trong cong bd cia
Ding Diém Hong va nnk. (2010) [11]; cudng
do chiéu sang 2,5 klux, chu ky sang t6i 12:12
gio 6 25°C.
Phuwong phap

Anh hudng cia nong d¢ nitrate lén sw sinh
truong cua H. pluvialis

H. pluvialis Flotow nudi cdy trong moi
truong C ¢ cac té bao chu yéu & trang thai sinh
dudng (chiém 80-90% so véi tong sd té bao)
dugc st dung lam gidng ban dau cua thi
nghiém. Dich tao dugc ly tam & 6.000 v/p trong
5 phut dé thu té bao, sau d6 hoa tan sinh khdi té
bao vao moéi truong thi nghiém. Thi nghiém
duoc tién hanh & binh nhya 10 lit chtra 4 lit moi
truong v6i mat do tao ban dau 1a 0,5-0,6 x 10°
té bao (TB)/ml, suc khi 5 lit/phat, cuong do
chiéu sang 2,5 klux, chu ky sang toi 12:12 gid
va nhiét d6 dugc duy tri 6n dinh ¢ 25 + 0,5°C.
Su sinh truéng cia H. pluvialis dugc so sanh
trong 2 loai mdi trudng c6 ndng do nitrate khac
nhau: (1) d6i ching 13 moi truong RM c6 chira
300 mg/l NaNOs [11] dugc ki hiéu la RM-1X;
(2) moi truong RM co nong d6 nitrate tang gap
4 lan (ham lugng NaNO; ting tir 300 mg/l 1én
1200 mg/l) va cac thanh phin con lai giit
nguyén dugc ky hiéu la RM -4X. Sinh trudng
cua tao dugc danh gia thong qua mat do té bao.

Anh hwéng két hop ciia ché dp chiéu sdng va
nong d¢ nitrate lén sinh truong cua H. pluvialis
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Thi nghiém duoc tién hanh & binh nhya 10 lit
chira 4 1it méi truong véi mat do té bao ban dau
0,5-0,6 x 10° TB/ml, ché d6 suc khi 5 phat/lit,
nhiét 6 duoc duy tri 6n dinh & 25 + 0,5°C. Sinh
trudng cua tao H. pluvialis dugc so sanh trong 3
cong thie: (1) PC: tao duge nudi cdy trong moi
truong RM -4X, cu’ong d6 chiéu sang 2.5 klux,
chu ky sang t6i 12:12 gio; (2) TN: tio dugc nudi
cdy trong méi truong RM -4X, ~cudng do chiéu
sang 4,3 klux, chu ky sang t6i 16:8 gio; (3)
TN+UV: tao dugc nudi ciy trong médi truong

RM -4X, chiéu két hop anh sang tréng (4,3 klux)
va UV (1,4 klux), chu ky sang t6i 16: 8 gid theo
thtr tur sau: 5 gio chiéu anh sang trang, 6 gio
chiéu anh sang tring ket hop UV va cudi cung la
5 gio chiu 4nh sang tring.

Bit dau tir ngay nudi the 15, 500 ml dich
nuoi tdo & ca 3 cong thirc dugce rat ra hang ngay,
ly tim loai b6 méi truong va té bao thu hoi
duoc hoa tan tré lai vao binh nudi ban dau,
ddng thoi bd sung thém 500 ml méi truong RM-
4X moéi. Viéc bd sung médi trudng méi theo
cach néu trén twong duong voi phuong phap
nudi trong theo kiéu “perfusion”.

Sinh trudng cua té bao tao dugc danh gia
thong qua mat do té bao, ham luong sic td
(chlorophyll a, astaxanthin) va protein ndi bao.
Ham lugng sdc to va protein ndi bao dugc xac
dinh theo cong b ciia Dang Diém Hong va nnk.
(2010), Pinh Buc Hoang va nnk. (2011) [11
12].

Céac sb lidu dugc xtr 1y bang phian mém
Excel va thong ké ANOVA mét thanh phan.

KET QUA VA THAO LUAN

Anh hwéng ciia nong dé nitrate 1én sinh trucng
cua H. pluvialis

Theo cong bd ciia nhidu tac gia trén thé gidi
thi nitrate dd dugc xem la mdt trong nhiing
ngudn nito tot nhit cho sinh trudng cia H.
pluvialis [23]. Pong thdi, ndng do nitrate thich
hop trong moi truong ciing gitp kéo dai trang
thai sinh dudng cua té bao vi tao [19]. Chinh vi
vdy, chiing t6i da tién hanh so sanh sinh truéng
cua vi tdo H. pluvialis trong moi truong RM co
nong d6 NaNO; 300 mg/l (RM-1X) va 1.200
mg/l (RM-4X). Két qua nghién ctru duoc chi ra
trén hinh 1.
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Hinh 1. Thay dbi mat d6 té bao cua tao H. pluvialis

khi dugc nuobi cay trong moi

Két qua duoc chi ra trén hinh 1 da cho thay,
trong moi truong RM-1X (cong thic ddi
chirng), mat do té bao H. pluvialis dat cao nhét
14 0,76 x 10° TB/ml sau 15 ngdy nudi ciy.
Trong khi d6, H. pluvialis sinh trudng trong moi
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Hinh 2. Thay dbi mat d6 té bao cua H. pluvialis
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khac nhau
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Hinh 4. Thay d6i ham lugng astaxanthin ciia

H. pluvialis khi dugc nudi cay ¢ cac ché do
chiéu sang khac nhau

truong (RM-1X) va RM -4X

truong RM -4X dat mat do cao nhat 1a 0,95 x
10° TB/ml sau 17 ngay nudi cay. Nhu vay, viéc
ting ndng do nitrate trong moi trudng nudi da
kich thich sy sinh truong cia vi tdo va lam tang
mat do té bao cuc dai 1én 25%.
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Hinh 3. Thay dbi ham luong chlorophyll a cua
H. pluvialis khi dugc nudi cay ¢ cac ché do
chiéu sang khac nhau
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Hinh 5. Thay dbi ham luong protein cua

H. pluvialis khi dugc nudi cay ¢ cac ché do
chiéu sang khac nhau
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Anh hwéng két hop ciia ché do chiéu sing va
nong do nitrate lén sinh truong cua H. pluvialis

Trong quy trinh nudi cdy hai pha, viéc ting
tdi da mat do t& bao cuc dai cia H pluvialis
trong pha dau déng vai trd quan trong trong viéc
nang cao hidu qua san xuit astaxanthin tir loai vi
tao nay. Tuy nhién, dudi cac diéu kién nudi cy
thong thuong rat kho dat mat do té bao téo cao.
Nhiéu nghién ctru di duogc tién hanh dé tim ra
diéu kién thich hop nhat cho sinh truéng cua H.
pluvialis nhu t6i wu ngudn nito, cudng do anh
sang, toc do6 suc khi [7] hay nudi cdy theo
phuong thic di dudng [13], tap dudng [10]...
Trong nghién ctru nay, chung toi da két hop cac
didu kién nhu ndng d6 nitrate cao trong moi
truong, diéu chinh ché d6 chiu sang (bao gdm
quang chu ky, chit luong 4nh sang khac nhau) va
1am méi méi trudng trong qua trinh nudi dé 1am
tang mat do cuc dai ctia H. pluvialis trong binh
ho 10 lit. Két qua vé mat do t& bao, ham luong
chlorophyll a, astaxanthin, protein ndi bao va su
thay d6i hinh thai t& bao & 3 cong thic (cung co
ham lugng nitrate cao va lam mdi moi truong

0 ngay

4 ngay 10 ngay

trong qua trinh nudi) c6 ché do chiéu sang khac
nhau dugc chi ra trén hinh 2, 3, 4, 5 va 6.

Két qua duoc chi ra trén hinh 2 cho thiy,
cong thuc thi nghiém chiéu anh sang tring két
hop véi UV (TN+UV) cho mat do té bao H.
pluvialis dat cao nhat véi gia tri 1a 3.2 x 10°
TB/ml sau 22 ngay nudi cdy. O cic cong thirc
chiéu sang véi chu ky sang tbi 12:12 (BC) va
cong thuc chibu sang v6i cuong do cao (4,3
klux), chu ky sang tbi 16:8 (TN), mat do té bao
cuc dai dat tuong ing 12 0,9 x 10° TB/ml va 1,8
x 10° TB/ml sau 19 ngdy nudi cdy. Nhu vay,
viéc tang cuong do chiéu sang tu 2,5 1én 5,7
klux, kéo dai thoi gian chiéu sang tir 12 18n 16
gior va chiéu két hop UV da c¢6 hiéu qua tich cuc
dén su tang mat do té bao cuc dai cua H.
pluvialis (ting 1én 3.6 lan, tir 0,9 x 10° TB/ml
1én 3,2 x 10° TB/ml). Dong thoi, ché d6 chiéu
anh sang cao két hop véi UV khi méi truong
nudi ¢6 ham lugng nitrate cao ciing khong giy
bién di dén hinh dang té bao vi tao. Su khong
khac biét vé hinh thai té bao giita cac cong thirc
thi nghiém duogc thé hién rd trén hinh 6.
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Hinh 6. Hinh thai té bao H. pluvialis & cac cong thire chiéu sang khac nhau
dudi kinh hién vi quang hoc vai d6 phong dai x 400 lan

Két qua nghién ctru duge chi ra trén hinh 3
da cho thiy, ham luong chlorophyll a dat cuc
dai ¢ cong thire TN+UV 1a 6.000 ug/L sau 13
ngdy nudi ciy va giam din & cac ngay tiép theo.
O cac cong thic PC va TN, ham luong
chlorophyll a dat cuc dai twong ung la 4.700
ug/L sau 17 ngay nudi va 2.800 ug/L sau 8
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ngay nudi. Ham lugng astaxanthin cta H.
pluvialis & cong thtc TN+UV dat cuc dai 1a
3.200 pg/L sau 13 ngay nudi ciy va & cong thirc
TN va BC dat cuc dai tuong ung la 2.100 pg/L
va 1.000 pg/L sau 24 ngay nudi ciy (hinh 4).
Khéac véi xu hudng thay doi cia mat do té bao,
ham Iugng chlorophyll a va astaxanthin, ham
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luong protein ndi bao c6 xu hudng giam din
trong qua trinh nudi. Ham lugng protein ndi bao
giam tir 86 pg/TB (0 ngay) xudng 17, 25, 37
pg/TB, tuong rng voi cac cong thirc thi nghiém
TN+UV, TN va BC sau 24 ngay nudi (hinh 5).

Nhiéu cong bd di cho thdy, tia UV ¢6 anh
hudng quan trong 1én mot s6 qua trinh sinh hoa
cta té bao tdo [3, 9, 21]. Cac tac dong co hai
ctia tia UV bao gdm trc ché sinh truong, giy sai
hong ADN va protein, trc ché qua trinh hip thu
dinh dudng [8]... Tuy nhién, bén canh d6 cac tac
dong co loi cta tia UV nhu trg gitp sta chita
ADN sai hong, ting cudng cb dinh cacbon va
tang cuong qua trinh quang hop ciing da duogc
cong bd [15]. Nghién ctru cia Pasini et al.
(2011) [18] did cho thdy, & Ulva rigida
(Chlorophyta) ham lugng nitrate cao da c6 vai
trd lam giam céc anh huong bét loi cua tia UV
va lam ting kha ning phuc hdi cia cac enzym
trao ddi chat chia khoa. Dbi voi Fucus spiralis,
tia UV cling gitip tdng cuong qua trinh quang
hop va kich thich sy hoat dong cua hai enzym
carbonic anhydrase va nitrate reductase [22].
Trong nghién ctu clia ching tdi, sinh trudng
cua H. pluvialis ciing d3 ting 1én dang ké khi
dugc nudi ciy trong mdi trudng c6 ham lugng
nitrate cao (1200 mg/l) va chiéu két hop tia UV.
Mat do cuc dai cua tao da tang 3,6 lan so véi
dbi ching. Két qua nghién ctru nay cung cip
thém nhitng s6 lidu khoa hoc vé tac dong co loi
cta tia UV khi méi truong nudi c6 ham lugng
nitrate cao lén sinh truong cuia vi tdo
Haematococcus pluvialis.

Vén dé miu chdt dé dat mat do té bao cao
trong qua trinh nudi ciy H. pluvialis 14 phai duy
tri té bao & trang thai sinh dudng trong mot thoi
gian dai [10]. V&1 muc tiéu nhu vay, ching toi
dd két hop nhidu yéu t6 nhu ting ndng do
nitrate, 1am m&i méi trudng nudi va diéu chinh
ché d6 chiéu sang trong qua trinh nuéi H.
pluvialis va da thanh cong trong viéc nang cao
mat do cua tao 1én 3,2 x 10° TB/ml. Pay la
nhitng két qua nghién ciu méi dbi véi Viet
Nam. Cac phwong 4n tiép theo nhim nang cao
hon nira mat do té bao cuc dai cua H. pluvialis
s& dugc ching t6i cong bd trong nhirng cong
trinh nghién ctru tiép theo.

KET LUAN

Tu cac két qua nghién clru néu trén, chung
toi rat ra mot so6 két luan:

Viéc ting ndng do nitrate trong mdi truong
RM lén gap 4 lan (ndng do NaNOj ting tir 300
mg/l1 (RM-1X) 1én 1200 mg/l (RM-4X)) da kich
thich sinh truong cia vi tdo luc Haematococcus
pluvialis va 1am ting mat do té bao cuc dai 1én
25% (tir 0,76 x 10° TB/ml & RM-1X 1én 0,95 x
10° TB/ml - RM -4X).

Bing cach ting nong do nitrate trong moi
truong, diéu chinh ché do chiéu sang va lam
md&i moi truong trong qua trinh nudi, mat do té
bao cuc dai cua H. pluvialis trong binh hod thé
tich 10 lit d3 ting 1én dang ké. Mat do té bao
cuc dai cia H. pluvialis dat cao nhit 12 3,2 x 10°
TB/ml sau 22 ngay nudi khi tao dugc nudi cy
trong méi truong RM -4X, chiéu két hop anh
sang tring (cudng do 4,3 klux) va UV (cudng
d6 1,4 klux), chu ky sang tbi 16:8 gio trong do6
thoi gian chiéu anh sang trang 1a 10 gid va thoi
gian chiéu 4nh sang tring két hop UV 1a 6 gio.
Trong khi d6, & cong thirc chiéu sang véi cuong
d6 2.5 klux, chu ky sang t6i 12:12 va cong thirc
chiéu sang voi cuong do cao (4,3 klux), chu ky
sang t6i 16:8 gio, mat do té bao cuc dai chi dat
duoc twong ing 13 0,9 x 10° TB/ml va 1,8 x 10°
TB/ml sau 19 ngiy nudi ciy.

Loi cim on: Cong trinh dugc hd trg kinh phi
tir dé& tai “Nghién ctru cong nghé nudi vi tao
Haematococcus pluvialis va cong nghé chiét xuét
astaxanthin” cip BO Nong nghiép va Phat trién
nong thon thudc chuong trinh cong nghé sinh
hoc trong thuy san nam 2010-2012.

TAI LIEU THAM KHAO

1. Bon J. A, Leathers T. D., Jayaswal R. K.,
1997. Isolation of astaxanthin
overproducing  mutants  of  Phaffia

rhodozyma. Biotechnol. Lett., 19: 109-112.

2. Borowitzka M. A., Huisman J. M., Osborn
A., 1991. Culture of the astaxanthin-
producing green alga Haematococcus
pluvialis, 1. Effects of nutrients on growth
and cell type. J. Appl. Phycol., 8: 15-19.

3. Britt A. B., 2004. Repair of DNA damage
induced by solar UV. Photosynth. Res., 81:
105-121.

497



Dang Diem Hong et al.

10.

11.

12.

Chumpolkukwong N., Kakizono T., Nagai
S., Nishio N., 1997. Increased astaxanthin
production by Phaffia rhodozyma mutants
isolated as resitant to diphenylamine. J.
Ferment. Bioengng., 83: 429-434,

Cordero B., Patino M., Arredondo B. O.,
Fabregas J., 1996. Astaxanthin production
from the green alga Haematococcus
pluvialis with different stress conditions.
Biotechnol. Lett., 18: 213-218.

Fan L., Vonshak A., Gabbay R., Hirshberg
J., Cohen Z., Boussiba S., 1995. The
biosynthetic pathway of astaxanthin in a
green alga Haematococcus pluvialis as
indicated by inhibiton with diphenylamine.
Plant Cell Physiol., 36: 1519-1524.

Goksan T., Ak 1., Kihc C., 2011. Growth
characteristics of the alga Haematococcus
pluvialis Flotow as affected by nitrogen
source, vitamin, light and aeration. Turkish
Journal of Fisheries and Aquatic Sciences,
11: 377-383.

Guan W. and Gao K., 2008. Light histories
influence the impacts of solar ultraviolet
radiation on photosynthesis and growth in a
marine diatom, Skeletonema costatum.
Journal of Photochemistry and
Photobiology B: Biology, 91: 151-156.

Guan W. C,, Li P, Jian J. B., Wang J. Y.,
Lu S. H., 2011. Effects of solar ultraviolet
radiation on photochemical efficiency of

Chaetoceros curvisetus (Bacillariophyceae).
Acta Physiol. Plant., 33: 979-986.

Hata N., Ogbonna J. C., Hasegawa Y.,
Taroda H. and Tanaka H., 2001. Production
of astaxanthin by Haematococcus pluvialis
in a sequential heterotrophic-
photoautotrophic culture. J. Appl. Phycol.,
13: 395-402.

Ping Diém Hdng, Pinh Pic Hoang,
Nguyén Thi Thuy, Hoang Thi Lan Anh,
2010. Lya chon méi trudng t6i vu dé nudi
trong vi tao luc Haematococcus pluvialis
giau astaxanthin. Tap chi Sinh hoc, 32(2):
43-53).

binh Buc Hoang, Luu Thi Tam, Nguyén
Thi Thuy, Pang Diém Hong, 2011. Nghién

498

13.

14.

15.

16.

17.

18.

19.

20.

ctru sy thay doi hinh thai té bao, ham lugng
sdc td va protein noi bao trong vong doi cua
vi tao luc Haematococcus pluvialis nudi cay
trong diéu kién phong thi nghiém. Tap chi
Sinh hoc, 33(1): 59-66.

Kobayashi M., Kakizono T., Yamaguchi K.,
Nishio N., Nagai S., 1992. Growth and
astaxanthin formation of Haematococcus
pluvialis in heterotrophic and mixotrophic
conditions. J. Ferment. Bioengng., 74: 17-20.

Lorenz R. T., Cysewski G. R., 2000.
Commercial potential for Haematococcus
microalgae as a natural source of
astaxanthin. TibTech., 18: 160-167.

Mengelt C., Prezelin B. B., 2005. UV-A
enhancement of carbon fixation and
resilience to UV inhibition in the genus
Pseudo-nitzachia may provide a competitive
advantage in high UV surface waters. Mar.
Ecol. Prog. Ser., 301: 81-93.

Miki W., 1991. Biological functions and
activities of animal carotenoids. Pure. Appl.
Chem., 63: 141-146.

Olaizola M., 2000. Commercial production
of astaxanthin from Haematococcus
pluvialis  using  25,000-liter  outdoor
photobioreactors. J. Appl. Phycol., 12: 499-
506.

Pasini A. C., Carranza V. M., Abdala R.,
Korbee N., Figueroa F. L., 2011. Effect of
nitrate  concentration and UVR on
photosynthesis, respiration, nitrate reductase
activity, and phenolic compounds in Ulva
rigida (Chlorophyta). J. Appl. Phycol., 23:
363-369.

Ranjbar R., Inoue R., Shiraishi H., Katsuda
T., Katoh S., 2008. High efficiency
production of astaxanthin by autotrophic
cultivation of Haematococcus pluvialis in a
bubble column photobioreactor.
Biochemical Engineering Journal, 39: 575-
580.

Suh I. S., Joo H. N., Lee C. G., 2006. A
novel double-layered photobioreactor for
simultaneous Haematococcus pluvialis cell

growth and astaxanthin accumulation.
Journal of Biotechnology, 125: 540-546.



TAP CHI SINH HOC, 2012, 34(4): 493-499

21. Vass 1., Kirilovsky D., Perewoska 1., Mate Effect of artificial UV radiation on carbon
Z., Nagy F., Etienne A., 2000. UV-B and nitrogen metabolism in the macroalgae
radiation induced exchange of the DI Fucus spiralis L. and Ulva olivascens
reaction centre subunits produced from the Dangeard. Hydrobiologia, 560: 31-42.

psbA2 and psbA3 genes in  the 53 yyan J P, and Chen F., 2001. Indirect

cyanobacterium - Synechocystis sp. PCC photometric ion chromatographic analysis
6803. Eur. J. Biochem., 267: 2640-2648. of anions in Haematococcus pluvialis

22. Vinegla B., Segovia M., Figueroa F., 2006. culture media. Biotechol. Lett., 23: 757-760.

COMBINED EFFECTS OF NITRATE CONCENTRATION AND
ILLUMINATION CONDITIONS ON THE GROWTH OF MICROALGA
HAEMATOCOCCUS PLUVIALIS

Dang Diem Hong, Dinh Thi Ngoc Mai, Bui Dinh Lam, Luu Thi Tam, Nguyen Thi Thu Thuy,
Nguyen Cam Ha, Le Thi Thom, Dinh Duc Hoang, Hoang Lan Anh, Ngo Thi Hoai Thu

Institute of Biotechnology, VAST

SUMMARY

Astaxanthin (3, 3’- dihydroxy B, B carotene - 4,4 - dione) is a biologically active pigment with
applications in aquaculture, nutraceutical, pharmaceutical, and food industries. Although astaxanthin can be
synthesized by plants, bacteria, a few fungi, and green algae, the amounts produced by the green microalga
Haematococcus pluvialis surpass any other reported source. However, this microalga is not easily
commercially cultivated because of the low cell growth rate, sensitivity of the cells to high hydrodynamic
stress and changes in cell morphology under various environmental conditions. This work aimed to
investigate the combined effects of nitrate concentration and illumination conditions on the cultivation of
vegetative cells Haematococcus pluvialis to achieve high cell density. A 25% increase in the maximum cell
density was observed as the NaNO; concentration in RM medium increased from 300 to 1200 mg/l. In
addition, the obtained results also shown that the perfusion culture process plus increasing of nitrate
concentration and controlling illumination conditions is an effective strategy for high-density cultivation of H.
pluvialis. The maximum cell density of 3.2 x 10° cells/ml on the 22 day yielded from a culture illuminated
with 16 h light/ 8 h dark cycle in which time of illumination by flourescent lamps is 10 hours and time of
combined illumination by fluorescent lamps and UV lamps is 6 hours. The highest cell density of the culture
illuminated with fluorescent lamps 2.5 klux for 12 h per day and the culture illuminated with fluorescent
lamps 4.3 klux for 16 h per day reached 0.9 x 10° cells/ml and 1.8 x 10° cells/ml after 19 days of cultivation,
respectively.

Keywords: Haematococcus pluvialis, Astaxanthin, illumination conditions, nitrate, perfusion culture.
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