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ANH HUONG CUA NITROGEN - AMMONIUM
LEN SU SINH TRUONG CUA VI TAO
CHAETOCEROS SUBTILIS VAR. ABNORMIS PROSCHKINA-LAVRENKO
PUQC PHAN LAP O CAN GIO, TP HO CHI MINH

VO HONG TRUNG', LE THI TRUNG"

TOM TAT

Nitrogen la chdt dinh dwéng quan trong gép phan vao s san xudt sinh khéi cia vi
tdo va nitrogen — ammonium dwoc xem la nguén nitrogen wa thich doi véi cdc vi sinh vit.
Sw sinh trwong va ddp img sinh Ii cia té bio Chaetoceros subtilis var. abnormis
Proschkina-Lavrenko diwoc nudi cdy trén méi truong ESAW c6 bé sung nitrogen —
ammonium véi cdc nong do khdc nhau dwoc nghién ciru. Két qua cho thdy, & méi truong
ESAW ¢6 b6 sung nitrogen — ammonium véi nong dé 75umol/L té bao vi tio dat dwoc su
sinh trieong va sinh li tot nhat.

Tir khoa: Nitrogen, Chaetoceros, moi truong ESAW.

ABSTRACT
Effect of ammonium nitrogen on the growth of microalgae Chaetoceros subtilis var.
abnormis Proschkina-Lavrenko from Can Gio, Ho Chi Minh Citi isolated

Nitrogen is the important nutrient contributing to producing biomass of microalgae
and ammonia nitrogen often regarded as favorite nitrogen-source for microorganisms.
Growth and physiological responses of Chaetoceros subtilis var. abnormis Proschkina-
Lavrenko culturedin the ESAW  medium  supplemented with the different
ammonium nitrogen concentrations are studied. Results show that, in the ESAW medium
supplemented with ammonium nitrogen at the concentration of 75 umole /L, the
growth and physiology of cells are the best.

Keywords: Nitrogen, Chaetoceros, The ESAW medium.

1. Mé dau (Richmond, 2004).

Sau carbon, nitrogen (N) 1a chét
dinh dudng quan trong nhét gop phan vao
su san xuat sinh khéi cua vi tao. Nitrogen
duogc cung cap chu yéu nhu nitrate (NO5),
nhung thuong ammonium (NH,") va uré
cling dugc st dung. Mot sb hop chét
nitrogen hitu co (hypoxanthine, lysine,
guanine...) cling dugc str dung boi tao

) HVCH, Trwdng Dai hoc Khoa hoc Ty nhién,
PHQG TPHCM
v TS, Trwong Pai hoc Sw pham TPHCM
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Nitrogen — ammonium (N — NH,")
thudng 1a ngudn nitrogen ua thich d6i véi
vi sinh vat va su déng hoéa NO;™ hoidc
NH," déu lién quan dén pH ciua moi
truong. Khi NH," dugc st dung nhu 1a
ngudn nitrogen duy nhét, pH c6 thé giam
dang ké trong giai doan ting trudng
manh, do sy giadi phéng cic ion H'.
Nguoc lai, pH ting khi NO;3™ dugc cung
cap nhu ngudn nitrogen duy nhat
(Richmond, 2004).
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Nitrogen 1a thanh phan cuoa acid
amin, nucleotide, hormone, coenzyme,...
Thiéu nitrogen, suon carbon khong duoc
ding cho su tong hop cac hop chat
nitrogen (ty 1¢ C/N cao) (Bui Trang Viét,
2000).

Budc dau tién trong sy dong hoa
ammonium ngoai bao la sy van chuyén
nhd céc chat van chuyén nim trén mang
té bao, luc lap va ti thé. Ammonium duoc
cung cip tir moi trudng hay nodi bao (tir
qua trinh quang ho hdp, sy doi méi
protein va su bién dudng acid nucleic)
duoc két hop vao suon carbon qua chu
trinh GS/GOGAT dé tao ra L-glutamate
(Stern, 2008).

O thuc vat phtu du nudéc man, su
dap ung dién hinh nhat ddi voi su gidi
han nitrogen 13 sy thay d6i mau sic cua
té bao (giam luong diép luc t6 va ting
luong carotenoid), tich lily cac hop chat
carbon hitu co nhu polysaccharide va mét
sO loai dau (PUFAs). Pong thoi N ciing
anh huong 1én quang hop vi gidm hiéu
qua thu nhan ning luong do mat diép luc
t6 a. N ciing anh huong truc tiép dén sy
bién d6i ning luong quang hoa vi sy
giam sinh tong hop protein. Piéu nay co
thé anh hudng 1én céc protein cia lyc lap
(nhu céc protein cua trung tdm phan Gng
PSI va PSII) hon la cac protein t& bao
chat (Berges et al., 1996).

Dinh dudng nitrogen dong vai tro
quyét dinh trong viéc xac dinh hiéu suit
quang hop. Cac thanh phan cia hé thong
thu nhan anh sang va chudi van chuyén
dién tor thuong cho thdy sy dap ung
tuong ung voi dinh dudng nitrogen. Tuy
nhién, & hau hét cac nghién ctru di cho
thdy c6 nhitng thay d6i khong tuong g

& enzyme Rubisco dé dap tung voi sy bd
sung nitrogen. Cac thanh phan chua
nitrogen c6 nhi€ém vu quang hop la: phtc
hop Chl-protein thu nhan anh sang, phuc
hop mang van chuyén dién tor va
phosphoryl hoéa, cidc enzyme cua con
duong RPP  (Reductive  Pentose
Phosphate) va sinh  tong  hop
carbohydrate, enzyme Rubisco (Foyer
and Noctor, 2002).
2.  Viatliéu — phuwong phap
2.1. Vit li¢u

M3au nudc bién dugc thu ¢ ving
ven bo bién Can Gio. Sy phén lap vi tao
Chaetoceros  subtilis var. abnormis
Proschkina-Lavrenko dugc thuc hién
theo Andersen va Kawachi (2005),
Guillard (2005) va luu gitr tai Phong thi
nghiém Sinh li Thyc vat Truong Dai hoc
Su pham TP H6 Chi Minh.
2.2. Phwong phap
2.2.1. Chudn bi méi truong

Cac thi nghiém dugc thyc hién trén
mdi truong ESAW (Harrison ef al., 1980,
Berges et al., 2001). Cac dung dich gbc
va vitamin dugc gitr ¢ 4 °C trong t6i. Moi
truong dugc diéu chinh pH=28,2+0,2 va
st dung trong vong 24 gio sau khi pha.
2.2.2. Diéu kién nudi cdy

Mau duoc nudi theo phuong phap
nudi cdy mé ban lién tuc (Wood et al.,
2005). Binh tam giac 250ml dugc su
dung v6i 125ml méi trudong. Piéu kién
nudéi cdy long lic véi cuong do
60vong/phut. Cuong do anh sang 60
+5umol/m%/s, chu ki sang: toi 12:12,
nhiét 36 26 + 2 °C.

Chaetoceros subtilis var. abnormis
Proschkina-Lavrenko dugc nudi thich
nghi trong moéi truong ESAW loai bo
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hoan toan nitrogen tor 2 — 3 ngay trudc
khi tién hanh cac thi nghiém.
2.2.3. Quan sdt hinh thdi té bao

Chaetoceros subtilis var. abnormis
Proschkina-Lavrenko duoc quan sat moi
ngay duéi kinh hién vi quang hoc.

2.2.4. Mdt dé té bao va duong cong tang
truong

Vi tdo Chaetoceros subtilis var.
abnormis dugc nudi trén moi trudng
ESAW d6i chimg (loai bo hoan toan
nitrogen) va méi truong ESAW co bd
sung N — NH," (NH,CI) & cac nong do
75pumol/L,  250umol/L,  500umol/L,
750pumol/L va 1000pumol/L.

Mat do té bao duoc xac dinh thong
qua viéc dém sb luong té bao. Mau dugc
ldy va ¢ dinh bang lugol mdi ngay véi
3ml va bo sung voi luong mdi truong
ESAW tuong dwong da lay. SO luong té
bao dugc dém bang budng dém hdng cau
c6 do sau 0,lmm va dién tich 6 vudng
Imm?. Mat do té bao duoc tinh toan theo
cong thuc Guillard va Sieracki (2005).
Puong cong tang truong dugc xac dinh
thong qua mat do t& bao dém hang ngay.
2.2.5. Cuong do quang hop va cuong do
hé hap

Cuodng d6 quang hop va ho héap cua
vi tdo Chaetoceros subtilis var. abnormis
Proschkina-Lavrenko dugc do bang may
Hansatech tir ngay thir 3 dén ngay thu 6.
Mau dugc ldy tir ngay thir 3 dén ngay thu
6 voi 3ml mdi ngay va sir dung 1,5ml cho

Mbéi trweong ESAW d6i chirng

Chudi té bao dai khoang 3 — 8 té
bao/chudi (tb/chudi) tir ngay th 2 dén
ngdy thir 5. Thé sic td nhat trong sudt
qué trinh khao sat, sy hinh thanh bao t
nghi bat dau tu ngay thu 2 (4nh 3.1).

‘*’5" ' LR
g;; mn@‘@~ B

S

30 um RE 30 pm
&P |
A ' - %’_‘3 .- R iy - &
% s 40pm N5 30 pm

Anh 3.1. Sy thay d@6i hinh dang té bao
Chaetoceros subtilis var. abnormis twr
ngay (N) thir 2 dén ngay thir 5 trén moi
truong ESAW doi chimg

Méi trwong ESAW bo

75umol/L N — NH,"

Chudi t& bao dai khoang 3 —
8tb/chudi tir ngay thir 3 dén ngay thu 6.
Thé sic td nhat va chiém khoang 1/2 thé
tich té bao tir ngay thir 3 dén ngay thu 4,
thé sic td dam dic va chiém toan bd thé
tich té bao tir ngdy thtr 5 dén ngay thu 6
(4nh 3.2).

sung
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N5 30 pm N6 30 pm

mdi 1an do.

3. Két qua - thao luin
3.1. Kétqua

3.1.1. Hinh thdi té bdo

Anh 3.2. Sy thay déi hinh dang té bao
Chaetoceros subtilis var. abnormis tir ngay

thir 3 dén ngay thir 6 trén moz truong ESAW
bé sung 75umol/L N — NH,"
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Mbi trwong ESAW bd
250pumol/L N — NH,*

Chudi té bao dai khoang 3 -
8tb/chudi tir ngay thir 3 dén ngay thu 6.
Thé sac to nhat va chiém 1/2 thé tich té
bao tir ngay thir 3 dén ngay thir 6 (anh
3.3).

sung
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N3 3Sum N4 30 pm
RPRISEATRE e
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Anh 3.3. Sy thay doi hinh dang té bao
Chaetoceros subtilis var. abnormis tu ngay
thiv 3 dén ngay thir 6 trén méi truong
ESAW b6 sung 250umol/L N — NH,"

Moi trwong ESAW b6 sung 500

pmol/L N — NH"

Chudi té bao dai khoang 3 -
8tb/chudi tir ngay thir 3 dén ngay thu 4,
tir ngay thir 5 dén ngay thu 6 chudi té bao
nge"m va roi rac va bit dau co6 sy hinh
thanh bao tr tir ngay thu 3. Thé sic t6
nhat va chiém 1/2 thé tich t& bao tir ngay
thir 3 dén ngay thir 4 (anh 3.4).
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Anh 3.4. Hinh dang té bao Chaetoceros
subtilis  var. abnormis  Proschkina-

Lavrenko trén méi truong ESAW bé sung
500u

Méi trwong ESAW bo sung
750pumol/L va 1000pmol/L N — NH,"

O hai méi truong ESAW co bd
sung 750umol/L va 1000umol/L N —
NH4" sy hinh thanh bao tir tir ngay thir 2,
mat d6 té bao gan nhu bang 0 tir ngay thir
4 va chi con lai 1a cac bao tir hinh ciu c6
kich thudc 16n (anh 3.5, 3.6).

& »-
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B s 2
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Anh 3.5. Sw thay déi hinh dang té bdo
Chaetoceros subtilis var. abnormis tir ngay
thit 2 dén ngay thir 5 trén méi truong ESAW
b6 sung 750umol/L N — NH,*
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Anh 3.6. Su thay déi hinh dang té bao
Chaetoceros subtilis var. abnormis tir ngay
thir 2 den ngay thir 5 trén moi truong ESAW
b6 sung 1000umol/L N — NH,"
3.1.2. Duong cong tang truong

Duong cong tiang trudéng cua
Chaetoceros  subtilis var. abnormis
Proschkina — Lavrenko trén moéi truong
ESAW b6 sung 75umol/L N — NH," ¢6
dang hinh chit S dién hinh, trong khi do,
trén moi truong ESAW dbi ching va c6
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bd sung 250umol/L,  500umol/L,
750pmol/L va 1000pmol/L N — NH," ¢6
dang duong thang. O hai mdi truong
ESAW ¢6 bd sung 750umol/L va
1000pmol/L N — NH," té bao gan nhu
suy hoan toan tr ngay tht 5 (hinh 3.1).
Trén moi truong ESAW ¢6 bd sung
75umol/L N — NH," ¢6 pha thich nghi la
1 ngay tir ngdy thir 0 dén ngay thir 1 va
pha tang truong kéo dai 4 ngay tur ngay

thir 1 dén ngay tha 5, sau d6 vao pha suy
vong & cac ngdy tiép sau (hinh 3.1).

Mat d6 té bao trén cac moi truong
ESAW @6i ching va co6 bd sung
250pumol/L, 500pumol/L, 750pumol/L va
1000pumol/L N — NH," khong c6 su khac
biét, nguoc lai, trén moéi truong ESAW
c6 bd sung 75umol/L N — NH," dat mat
do té bao cao va hon nhiéu so véi céc
moi truong ESAW con lai (hinh 3.1).

(o)) =

Mat dé té bao
(x 10.000 th/ml)

Lo O B S R SO ]

o

NO Nl N2

——Déi ching
500 pmol/IL

N4 N5 N6 N7

Thoi gian (ngay)
—-75 pmol/L
750 pmol/L

—4—250 pmol/L
—0—1000 pmol/L

Hinh 3.1. Buong cong tang truong cua Chaetoceros subtilis var. abnormis Proschkina-
Lavrenko trén moi truong ESAW b6 sung N — NH," & cdc nong do khéc nhau

3.1.3. Cuong do quang hop

Cuong d6 quang hop cua té bao
Chaetoceros  subtilis var. abnormis
Proschkina — Lavrenko trén moéi truong
ESAW d6i chung va cd6 bo sung
250pumol/L N — NH,' ting nhe tir ngdy
thir 3 dén ngay thir 5 va tir ngay thi 3 dén
ngay thir 4 d6i véi méi truong ESAW co
bd sung 500umol/L N — NH,", sau do
giam dan & ngay tiép sau (hinh 3.2).
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Trén hai moi trudng ESAW ¢ b
sung 750pmol/L va 1000pumol/L N -
NH," cuong d6 quang hop rat thap tur
ngady thtr 3 dén ngay tha 4 va gan nhu
bang 0 & ngay thi 5 va thir 6 (hinh 3.2).

Trong khi d6, trén moi truong
ESAW c6 bo sung 75umol/L N — NH,"
cuong do quang hop ting manh tr ngay
thir 3 va dat cuong do cuc dai ¢ ngay tha
5, sau d6 giam & ngay tiép sau, (hinh
3.2).
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Hinh 3.2. Cuong do quang hop cua Chaetoceros subtilis var. abnormis Proschkina-
Lavrenko trén méi truong ESAW b6 sung N — NH,™ & cdc nong do khéac nhau

3.1.4. Cuong dd hé hap

Cuong d6 ho hip cua té bao
Chaetoceros  subtilis var. abnormis
Proschkina — Lavrenko & ngay thu 3 trén
cac moi truong ESAW dbi chung va co
b6 sung N — NH," v6i cac ndong do khac
nhau ¢ muc thip va khong co su khac
biét. Cuong d6 ho héap cua té bao trén hai
moi  truong ESAW c¢6 bd sung
750pumol/L va 1000pmol/L N — NH," &
mirc thap tir ngay thir 3 dén ngay tha 4 va

gan nhu bang 0 & ngay tht 5 va tha 6
(hinh 3.3).

Trén moi truong ESAW ¢6 bd sung
75umol/L N — NH," cudong d6 ho hap
tang manh va 6n dinh tir ngay thir 4 dén
ngay thu 6. Trong khi do, trén hai moi
truong ESAW ¢6 bo sung 250umol/L va
500pumol/L N — NH4 cuong d6 ho hap
clia té& bao ting manh & ngay thir 4 va
giam nhe & cac ngay tiép sau (hinh 3.3).
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Thoi gian (ngay)
N D6i chirng =75 pmol/L 250 pmol/L
2500 pmol/L =750 pmol/L %1000 pmol/L

Hinh 3.3. Cwong dé hé hap cua Chaetoceros subtilis var. abnormis Proschkina-
3LaviEhdie théfmnoi trieong ESAW bo sung N — NH," ¢ cac nong do khdc nhau
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Hinh thai t€ bao Chaetoceros
subtilis  var. abnormis  Proschkina-
Lavrenko trén cac moi truong ESAW cé
b6 sung 500pmol/L, 750pmol/L va
1000umol/L N — NH," ¢6 sy hinh thanh
bao tir tir rat som va mat do té bao giam
theo thoi gian thi nghiém (anh 3.4, 3.5,
3.6; hinh 3.1), dic biét v61 moi truong
ESAW c¢6 bd sung 750pumol/L va
1000pmol/L N — NH," thi sé luong té
bao gan nhu di suy thoai hoan toan tir
ngay thur 4 (anh 3.5, 3.6). Theo Bui Trang
Viét (2000), NH," d6i khang v6i K*, Ca**
hay Mg®". Do d6, str dung NH," qua liéu
s& gay thiéu K*, Ca®" hay Mg®". NH," can
tr¢ NO;", nhung giup cac ion phosphor
vao té bao. Sy thira NH," thuong rat doc
so voi NOy, vi gdy nhiéu x4o tron trong
tinh thdm cua té bao.

Theo Becker (1994), sy dong hoa
nitrate va ammonia c6 lién quan chat ché
v6i pH cia méi trudng, sy hap thu
nitrogen lam thay d6i pH. Khi ammonia
duoc st dung nhu mot nguén nitrogen
duy nhét, pH cia méi trudng c6 thé giam
nhanh dén muc thap pH = 3 do su gidi
phong H' ra moi trudng, gay ra nhirng tac
dung phu c6 hai cho té bao. Mot sd tao
nhay cam véi ndng dd6 ammonium cao va
su sinh truong cua chung bi e ché o
néng d6 ammonium khoang ImM. Sy
thay d6i pH nay c6 thé 1a nguyén nhén tc
ché sy sinh truong dugc quan sat & mot
sO tao gay ra do nong d6 ammonium cao
trong moi truong nhu sy tang pH ndi bao
do sy tham nhép cua cac phan tir NH;. O
néng dd ammonium cao, NH; khuéch tan
mot cach ty do qua pha lipid cia mang
(Caneja and Brezo, 2007). Vi thé, voi
moi truong ESAW b6 sung N — NH," voi
nong do cao (500umol/L, 750pumol/L va

138

1000pmol/L) dd gay doc cho té bao dan
dén su hinh thanh bao tir tir ngay thir 2 va
mat do té bao giam dan trong qué trinh
khao sat (dnh 3.4, 3.5, 3.6; hinh 3.1).

Sy ha thap pH kich thich sy hap thu
va dong hoa nitrate, trong khi sy ting pH
kich thich sy hép thu va dong hoa
ammonium. Tuy nhién, khi pH bén ngoai
cao, ammonia (base yéu) khuéch tan
nhanh vao té bao chét (acid hon). Do do,
ammonia, thiét yéu ¢ pH trung tinh, tro
thanh doc trong moi trudng kiém (Bui
Trang Viét, 2000).

Véi diéu kién loai bé hoan toan
nitrogen trong mdi truong ESAW ddi
chung thi thé sic tb cua té bao nhat, co su
hinh thanh bao tir nghi tir ngay thir 2 (anh
3.1) va mat d6 té bao van duy tri & mirc
thap nhung cao hon so v&i cic moi
truong ESAW ¢6 su du thira N — NH,"
(750pmol/L va 1000pmol/L) trong sudt
qua trinh khao sat (hinh 3.1). Smith et al.
(1992) va Parkhill et al. (2001) da nhan
théy, anh hudng cua su thiéu hut nitrogen
1én vi tao silic nwdc man thi cham hon so
v6i cac nudi cdy du thira nitrogen khi so
sanh giita cac diéu kién nudi cdy gi6i han
nitrogen. Sy thiéu hut nitrogen va
phosphor trong méi truong din dén sy
hinh thanh bao tr nghi (Kuwata et al.,
1993). Cudng dd quang hop cua té bao
trong moi truong ESAW d6i ching duy
tri & muc thip (hinh 3.2). Su thiéu hut
nitrogen anh hudéng manh lén PSII,
nhung khong anh huoéng 1én PSI, do su
mat cac protein ciia trung tAm phan (ng
trong diéu kién gidi han nitrogen kéo dai
va su suy thoai chon loc cua cac
phycobilisome gan voi PSII ¢ cac loai vi
khuan lam, tuy nhién khong thiy co su
thay dbi & cac protein lién két véi PSI



Tap chi KHOA HOC BHSP TPHCM

V6 Hong Trung va tgk

trong cac t& bao Chlamydomonas sp. bi
gi61 han nitrogen. Nguyén nhan cua sy
anh hudéng manh va chon loc cua su thiéu
hut nitrogen 1én PSII ¢6 thé lién quan dén
su d6i moi nhanh cua cac protein D1 va
D2 so véi céc protein cia trung tdm phan
tmg PSI 6n dinh hon (Berges et al.,
1996).

O méi truong ESAW ¢ bd sung N
— NH," v6i nong do thap 75umol/L 14 t6t
nhét véi thé sic té dam dic va chiém toan
b thé tich té bao tir ngay tht 5 dén ngay
thtr 6, mat do t€ bao cao va khac biét
hoan toan so vd&i cac moi truong con lai
(anh 3.2, hinh 3.1). Cuong d¢ quang hop
tang dan va cao nhat ¢ ngay thi 5 so voi
cac moi truong con lai, tuong Uung voi
thoi diém té bao dang trong pha ting
truong manh va dat mat do té bao cuc dai
o ngay thtr 5 (hinh 3.1, 3.2). Cuong do ho
hép ciing dat muc cao & ngdy tir ngdy thir
4 dén ngay thu 6, day ciing chinh 1a giai
doan ma té bao dang trong pha ting
truong (tr ngay thir 4 dén ngay tha 5) va
bt dau suy vong & ngdy thtr 6 (anh 3.2;
hinh 3.1, 3.3).

O cac moi truong ESAW bo sung
250pmol/L va 500pumol/L N— NH,", té
bao c6 thé sic td nhat va chiém khoang
1/2 thé tich (anh 3.3, 3.4), cuong do
quang hop dat & murc thap va khong co su
khac biét so voi d6i chung (hinh 3.2).
Cuong d6 ho hip dat muc cao ¢ ngay thir
4 va ngay thir 5, sau d6 giam dan (hinh
3.3). Theo Hachiya and Noguchi (2011),
kha ning sitr dung nitrogen 1a yéu t6
quyét dinh 1én su sinh trudng va cuong
do ho hép cua thuc vat. Khi ammonium
13 ngudn nitrogen duy nhit & nong do
mM s& trc ché sy sinh truong cua thuc vat

so v&i dang nitrogen — nitrate (goi la tinh
doc ciia ammonium). Ngoai ra, nong do
ammonium cao lam tang sy hip thu oxi
trong ré, than va toan bo cay, lam ting
qua trinh ho hap va su ting ho hip nay
dugc goi la “su tang ho hép phu thudc
ammonium” (ARI). Vi thé ARI duong
nhu lién quan dén tinh doc cua
ammonium. Khi ammonium [a dang
nitrogen chiém wu thé, sy can bang giita
NH; va NH," ¢6 thé lam pha v& gradient
proton qua mang thylakoid, mang trong ti
thé hay mang khong bao.

Trong khi do, @ moi truong ESAW
¢6 bd sung 750pmol/L va 1000pmol/L N
—NH," thi cudng d6 quang hop ciing nhu
h6 hip ¢ mirc thip va gan nhu bang 0 tir
ngay thir 5 dén thr 6, day ciing 13 giai
doan trong mdi truong chi con lai la céac
bao tir va mat do t& bao gan nhu bang 0
(dnh 3.5, 3.6; hinh 3.1, 3.2, 3.3). Trong
cac moi truong cd bd sung N — NH," cao
(750pumol/L va 1000umol/L) lam giam
pH méi trudng do sy gidi phong H™ va
lam tang pH ndi bao do su khuéch tan tu
do ciia NH; vao té bao va 1am mat can
bang ion nén di giy doc va lam pha vo
cac cau tric cua té bao.

4. Kétluan

Chaetoceros subtilis var. abnormis
Proschkina-Lavrenko tang trudng tot trén
moi truong ESAW ¢6 bd sung N — NH,*
& noéng d6 75umol/ L v&i mat do té bao
va cuong d0 quang hop cao hon so véi
cac nong d6 N — NH," khac.

O cic mdi truong ESAW c¢6 bd
sung N — NH,” & ndng do cao
500pumol/L, 750pumol/L va 1000pmol/L
da gdy doc va anh huéng manh lén cac
qua trinh quang hop va ho hap cua té bao.
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