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Effects of Nitrogen and Phosphorus Starvation on Growth
and Fatty Acid Production in Newly Isolated Two Freshwater
Green Microalgae from Nakdonggang River
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Abstract In this study, effects of nitrogen (N) and phosphorus (P) starvation on the cell growth
and fatty acid (FA) production of newly isolated freshwater microalgae were investigated. The
microalgae were identified as Chlorella sp. and Parachlorella sp. through 18S rRNA sequencing.
Optimal culture temperature and light intensity were investigated using a high-throughput photo-
bioreator, and the result was validated in 0.5 L bubble column photobioreactors using BG-11
without NaNO; and/or K;HPO,. Under nutrient starvation conditions, total FA contents of the
microalgae were significantly changed rather than FA composition. Starvation of both N and P
was most effective for increasing FA contents in Parachlorella sp (24.4+0.1%) whereas highest
FA contents (42.6+1.8%) was achieved when only P was starved in Chlorella sp. among tested
conditions. These results suggest an effective strategy for increasing FA production from micro-
algae using appropriate nutrient starvation.

Keywords : microalgae, nutrient stress, Chlorella, Parachlorella, fatty acid

N = FUFG % B FIUAE ol gkl A4S i, T
BaE B % ART 5 U FHA Rl

71
MAZEFE ARG ANA olitgtes, &, 7] o AT A A o] 13} A akapolw, A AYake] oF

* Corresponding author This is an open-access journal distributed under the terms of the Creative
Phone: +82-54-530-0841 Fax: +82-54-530-0849 Commons Attribution Non-Commercial License
E-mail: kimzhun@nnibr.re.kr (http://creativecommons.org/licenses/by-nc/4.0/)



mailto:kimzhun@nnibr.re.kr
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.15433/ksmb.2019.11.2.081

J. Mar. Biosci. Biotechnol. 2019, p. 81-88

Vol. 11, No. 2 [Research Paper]

e X 5
TEIWIA] A S EE Ak o ) ool
53l vlo] ey x|, A7FHE 2]
TOE &8 JHAV} U FobA
7} &3] 78y Foll ATh3-5].
AstA s tr] T olststeka

_,d
oo
2
N,
r (o]
ot
S,
o
v
o
o
oft
>
°
el
fu)
=
r

O [

(o3
;
o
)
B~
off
bt
rlr )

Tt
4r
M
o
ot
1
re
kil
o
i

ATHS6,7]. FIAZFE §74 21 & 13
9] F3A 7] 7 (photosynthetic apparatus)E ©]
th7] 59 ol4kstetAE A oA d
7= (e.g, FT8E, AF)S ALlsto
sAlol 4T = de AEALo=E F

oo 0 g B T g b

_O|L
£ o

o At ki oo kI omx XN ¥0 gk > ki O of
k) L
Hir
lo
i Jo

A

<
AxRFe Fa3 AHoz2e NFE 73
of FAEI Hug A= Aol e,
)AL= 2~34) = = 3yl fzdol whet
nl Nl 2572 Aol ule] 2ty A (biodiesel)Z 71 3}0]
TFed A Ao FHFE 10%7HA FHE S SATHs].
mebA Al ERe HEZ SRS S8 A S5
T PN B A ) Ao} g A=
Ewole Mlgzds Agshs 2ol Tasit.

A EREREH A e SUAIZI7] S8 o
I B AR FFe Vg Bausta g

N>
i
ox

ofr
of

t

Tl F FES PIRTH9-11].

dE £, Chlorella vulgaris W% Al A A2} <19
ol nheh A WAAA o] oF 50% o] & Mg o],
Scenedesmus dimorphus®] 73-5- WA U A& 2
He ol A2 A YA S Al S7HAE
F At Busta Ju12] A AEG 2 AR F
A Ql 29, 39 5ol mE rAzFe A 9

2Ed Sls =
7 aaEQ A 2EYE gt H 85k
Zol A& AR Sl a3AY Aol
2 AFoM = S5 FACNA 27 =
Chlorella sp.2} Parachlorella sp. & ©]-&3t 249}
o] A zdol A A, A4ke] ket gakg ol
V2= ATE Ptz sk ol & F3 &
Al 2Ed 2 JIAE A¥Hste] 1A A mlAEF A

abo] ) g8aA Bk

=
Hu
ag

HF B4
=]

[=|
OM=R 228 ¥ 3
B Aol AEE MRS EYskr] s A
55 9457 AT E(36°26'02.6"N128°14'54.3"E) ol A]
G ABE AT A-S S A5 e Fg
o) #Z-S 53| Pasteur pipette> ©] &3l T
TS EEsA T v A = v A =R/ ul el dE

AHEE = BG-11 WA S AH&SFIATE vl A o] 2402
NaNO; 1.5 g/L, K,HPO4 0.04 /1, MgSO4-7H,0 0.075
g/L, CaCl,-2H,O 0.036 g/L, Citric acid 0.006 g/L,
Ferric ammonium citrate 0.006 g/L, EDTA (disodium
magnesium salt) 0.001 g/L, Na,CO; 0.02 g/L,
Trace-metal mix AS (H;BO; 2.86 g, MnCl,'4H,O 1.81
g, ZnSO47H,O 0.222 g, NanMoOs2H,O 0.39 g,
CuS0;-5H,0 0.079 g, Co(NOs),-6H,O 0.0494 g/L) 1
mL 121°C, 1L.57] el A 1583 Ev3k ¥ AH8-3H3
o 228 PHERE FHE 2SS S8 25d
1] 74 (Nikon Eclipse Ni-U, Nikon, Tokyo, Japan)< ©]
3ttt A3 T A4S 915kl 18S rRNA se-
quence +=41& SIS T 18S rRNA F3AF E4& =
2REEF o st sttt A7IAE &4
2 v FHANESTEAH BAAE(NCBDS] nucleotide
BLAST searchE ©]-83}% 2™, MEGA6 43 E o]
£ AH&ste] AlTEE AASHATHI4]

OMES 2™ ZUE U 22 HjE=Z{ EHM

AFE 22549 nAxFe 59 Frd )



J. Mar. Biosci. Biotechnol. 2019, p. 81-88

Vol. 11, No. 2 [Research Paper]

DESCIE- R AR

= aAE FAYENST

(PhotoBiobox; Shinhwa Science, Daejeon, Korea)E ©]
3R TH15]. welE mAlZFE= BG-11 HiA o A
ODeso 1.07hA mfjFstlen widd mAzR<
BG1l WA E 3|43} ODg, 052 ZHIF T,
24-well culture plate (Eppendorf, Hamburg, Germany)
o AFsA 259 vAEFE &5 10°ColA
35°C2 AAstgon, Fxeo A$ 75 ~ 750 1
mol/m*/s &2 247} 29 &<k w3tk M ¥ mi-
croplate absorbance reader (Multiskan GO Microplate
Spectrophotometer, Thermo Scientific, Vantaa, Finland)
£ o] &3t wigAdH Fo FHE &S A 680
nmo X SA s RS Wl skt

a9 o AW ME M ¥ N Wit

HiA W o] Ao} <l
g 2 AE A 4E MskE BA817] 9)8) Table 4]
o] HiA| & FHIStA ikt A4 Ee Ql AF
2718 NaNO; 2+ K,HPO,Z A1 A9 BG-11
NaNO; 1.5 g/Le} K,HPO, 0.04 g/LE 72t 3718k
e, Aaer 1 AREAL NaNO; 9t
KoHPO,Z A AT s Aol A v kst v ¢ =1
< 1A FAYERNSIE T AARE HAY vd=
%1 Chlorella sp.8] 789 &% 25+1°C, 3% 300 u
mol/m%/s] ZZAA wost AL, Parachlorella sp.
= 2% 22+1°C, #% 300 pmol/m’/se] FZo A 0.5
L 953 FAETZVE o] &3t vt 5%
oAt A TFAE HEEY] StHE-ERE 0.1 vwms
2 FEstith

o
Jo
-
=2
k=)
ru
=}
B
N
— g
ox
o

Table 1. Experimental condition of nitrogen and phosphorus

starvation in BG-11 media for this study
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- Parachlorella hussii strain ACOI 473(HM126550)

- Parachlorella beijerinckii(FM205845)

— Parachlorella beijerinckii strain SAG 20(AY323841)

Figure 1. Microscope figures x1000 of Chlorella sp. (a) and Parachlorella sp. (b) isolated from Nakdonggang River. Phylogenetic
Analysis of the 18S rDNA of Chlorella sp. and Parachlorella sp. isolated from Nakdonggang River (c).
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Figure 2. Growth profiles of Chlorella sp. (left) and Parachlorella sp. (right) under various light intensity and temperature.
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