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[non-photoinduced non-photochemical 31.1 pmol/L , 11.7 pmol/L EDTANa, 2H,0,
quenching, Y(NO)] , , 46.1 pmol/L  H3BO;, 9.15 pmol/L  MnCl,-4H,0,
9.15 umol/L Co(NOs3), 6H,0, 0.32 umol/L CuSO45H,0
’ (Andersen, 2005)
1.2
’ INU-3201 BG-11 7d
’ 3500 r/min ,
o,
’ 20%, BG-11
’ . ’ (@ 3.0 cm % 60 cm, 300 mL),
(Liu et al, 2012) ODsso  1.0020.05, 4 NaNO;
h
. o . (Shen et 3.6 9.0 18.0 36.0 mmol/L, 1% CO,
BG-
‘1” (; 6) . ( (/) 7 BG , (25+1) °C, 24 h :
S5 g/l S g/,
& & 300 pmol photons/(m*s), 18 d,
(Chlorella zofingiensis) 3 (n=3)
n=
68.1 mg/(L-d) 87.1 mg/(L-d) (Feng et al, 13
2012) , : '
) ) BX53 (Olympus, , )
(Najafabadi et al, 2015)
, CTAB (Chen et al, 2014)
Yaakob  (2021)
DNA , A(5'-ACCTGGTTGATCCT
’ GCCAGT-3) B(5'-TGATCCTTCTGCAGGTTCACC
' TAC-3"), PCR ,
’ , MEGA7
(Maximum Likelihood, ML)
INU-3201 : 1.4
5 mL R
, 100 °C ,
( ( : gL)=200x(mi-mg),  , m
) , » Mo
1.5
1 mL, s
( b b ) b
8
1 ( : cells/mL)
1.1 1.6
JNU-3201, (113°36'E, 1 mL, 3 500 r/min 5 min ,
23°14'N), 5 mL , 70 °C 20 min,
JNU-3201 , 3 500 r/min 5 min, 470 652 665
BG-11 , , nm s
[(2541) °C] 30d , Cenl a = (16.72%A4665—9.16%A452)/(NXB), (1)
BG-ll BG-ll . Cehl b = (34.O9XA552_15.28><A665)/(N><B), (2)
18.0 mmol/L NaNOs, 0.175 mmol/L K,HPO,3H,0, Cehi=  Ceht o™ Cabl by S)
0.304 mmol/L MgSO47H,0, 0.245 mmol/L CaCl,-2H,0, Cear=(1 000%A470—1.63% e ~104.96
0.241 mmol/L NaCO,;, 11.7 pmol/L FeCly6H,0, *Cen)/[221%(NxB)], (4)
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> Cchla a ( : mg/g), Ceni b
b ( :mgg), cn (
Cear ( : mg/g), Asg 470 nm
, Ags» 652 nm , Aess
665 nm , N , B (
:g/L)
1.7

: mg/g),

20 min,
XE-PAM (Walz, Effectnich, )
Y(IT)
Y(NPQ) Y(NO)
[ 0.1 umol photons/(m*s)] 30 s,
[4 000 umol photons/(m?s)] 0.8 s,
Fo, [300 pmol photons/(m?:s)]
10 min, F, [4 000 pmol
photons/(m?*s)] 0.8s, Fy'
Y(ID)=(F,'-F)/Fy/, %)
Y(NO)=F/Fy, (6)
Y(NPQ)=F/F'—F/Fy, 7
, Fo PSII ,
s B PS
, ; F

1.8
100 mg s
( : -9 1,
D=,
(Khozin et al, 2005)
0.5 mol/L NaOH ,
Lowry (Lowry et al,
1951) 0.5 mol/L  H,SO4

10 mg,

10 mg,

> >

(Dubois et al, 1956)
=( X ) . )

/ , 9)

)/ . (10)
1.9
25 mg , 2 mL H,SOy, :
( 2:88.2:9.%9) , 80 °C
1.5 h, 1 mL 1 mL
) s 1 mL

, GC-2014 (Shimadzu,
) (Khozin-Goldberg et al, 2005),
, DB-5 ,
2 min, 30 °C/min

250 °C

260 °C, 60 °C
120 °C, 1.5 °C/min
FID
1.10

2 min,

Biodiesel Analyzer (Version 2.2)

Cn=46.3+(5.458/Sy)—(0.225x%1y), (Knothe, 2006) (11)

Sv=>(560xN)/M, (Talebi et al, 2014)  (12)

Iy=3(254xDxN)/M, (Talebi et al, 2014) (13)
Inv=3 Ni(—12.503+(2.496xInM,;)-0.178%D),

(Ramirez-Verduzco et al, 2012) (14)

p=>Ni(0.8463+(4.9/M,;)+0.0118xD;),

(Ramirez-Verduzco et al, 2012) (15)

, Cn , Sy ( : mg KOH/g),
g 1,/100 g), o (

( . glem®), N

Origin 9.0 , SPSS 22.0

,P0.05
2

2.1 JNU-3201
JNU-3201 ,
4~6 pm, 1~2 pm, ( la,1b)
18s rRNA R
(Kirchneriella obesa ACOI 3125) ( lo,
(Kirchneriella sp.),
(Chlorophyta)

(Sphaeropleales)

(Chlorophyceae)
(Selenastraceae)
(Kirchneriella sp.)

2.2 JNU-3201
INU-3201

, INU-3201
( 2a), , 36.0 mmol/L
[(6.53+0.11) g/L], 3.6 mmol/L [(2.93£0.06)
g/L] 3 (P<0.05) 3.6 9.0
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18.0 mmol/L 6 , s ( 2¢), 3.6
36.0 mmol/L 8 ( 2b) 9.0 mmol/L 3

Monoraphidium dybowskii LB71(KJ616756.1) ¢
100
—{;ﬂonoraphidium sp. HSJA2(KR061995.1)
60 Monoraphidium sp. LB59(KP017571.1)
Ankistrodesmus sp. EHY(MW683514.1)
49 ——— Raphidocelis subcapitata SAG 12.81(KF673369.1)

2b

100

98 Messastrum gracile voucher CCMA UFSCar 5(KT833577.1)
Kirchneriella sp. JNU-3201

— Uncultured Chlorophyta clone PA2009C36(HQ191424.1)
Uncultured Chlorophyta clone PA2009D6(HQ191423.1)
— Uncultured Chlorophyta clone PA2009B30(HQ191425.1)
Messastrum gracile voucher CCMA UFSCar 470(KT833589.1)

68 Kirchneriella obesa ACOI 3125(HM483513.1)
—
0.002
1 JNU-3201 (a, b) 18s IRNA (©)

Fig.1  Cell morphology of the Kirchneriella sp. INU-3201 (a, b) and phylogenetic tree based on 18s rRNA (c)

10 —l— 3.6 mmol/L
—— 9.0 mmoliL a s 1.
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) He2| & 9.0 mmol/L
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2 i E
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"~ | —— 3.6 mmollL b
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FEFREU
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Fig.2 Growth of Kirchneriella sp. INU-3201 under different nitrogen concentrations
: ;b ;ce ; 2a al~cl 6 ,a2~d2 18
al~dl 6 ,a2~c2 18 ; 2¢ N
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, 18.0  36.0 mmol/L 1.87) (28.19£2.03) mg/g,
, (6.17+£0.44)  (6.14+0.52)
2.3 JNU-3201 (6.70+£0.33) mg/g , 3.6 9.0 mmol/L
18.0
) 36.0 mmol/L ( 3a,3b) ,
2 ,9.0 18.0 36.0 mmol/L / (3o,
b 2 b
, (22.88+1.82) (25.37«+ ( 20
50 12 20
—&— 3.6 mmol/L —#— 3.6 mmol/L b —— 3.6 mmol/L c
—{F— 9.0 mmol/L a 10 —— 9.0 mmol/L —{F— 9.0 mmol/L
40F—A— 18.0 mmol/L —&— 18.0 mmol/L j 16 [—A— 18.0 mmollL
5 (£ 36.0mmolL S g% 36.0mmollL $“1j —— 36.0 mmol/L
ﬁ: W 6 & a2
X - at -
= ® 2 B8
% g b2 §<T<
B 0
1 c2
or, . . . , , (122 . : . . Tc2
0 2 4 6 12 18 o 2 4 6712 18
BIRAENd BIRRE 1BFRREU
3 JNU-3201
Fig.3 pigment content of Kirchneriella sp. INU-3201 under different nitrogen levels
ca: ; b: K / H 3a  al~cl 6 ,a2~c2 18
; 3b  al~cl 6 ,a2~c2 18
; 3¢ al~cl 6 / ,a2~c2 18 /
2.4 JNU-3201 ( 5b) , 3.6 mmol/L
, 0~3 ,9.0 18.0 36.0 mmol/L
4 2 > b b 3
JNU-3201 4 Y(II) , , 3~6 , 6
3.6 mmol/L Y(II) 18.0 , ,
36.0 mmol/L 3.6 9.0 mmol/L Y(NO) ( 5S¢ 3 ,3
> ) , 3~18 ( Sa), 18 ,3.6
( 20 12 , 18.0 9.0 18.0 36.0 mmol/L ( )
36.0 mmol/L  Y(NPQ) s 46.92%=+1.52%  42.25%+2.12%  39.66%+7.61%
37.31%+5.52%, JNU-
2.5 JNU-3201 3201 )
, 18 , 18.0 mmol/L
, 3 (2.43+0.06) g/L ,3.6 9.0 18.0 mmol/L
, 3.6 mmol/L , 36.0
( 5b), 3~6 , 9.0 18.0 mmol/L
36.0 mmol/L , 6 , 12

(1.28+0.01) (1.9820.01) g/L
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I y(NPQ) I Y(NO) M Y(1n)
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Fig.4 Changes in the proportion of light energy in Kirchneriella sp. INU-3201 under different nitrogen concentrations
s a: 3.6 mmol/L; b: 9.0 mmol/L; c: 18.0 mmol/L; d: 36.0 mmol/L; :0 2 4 6 8 10
12 14 16 18
80 80
I 3.6 mmol/L a I 3.6 mmol/L b
I 9.0 mmol/L [ 9.0 mmol/L
s0H__] 18.0 mmoliL ® gol[_] 18.0 mmoliL
< [ 136.0 mmol/L 2 4 Eﬁrﬂél [—136.0 mmollL
] b2 N
0 40F alal {0 40
B [a1 R
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= N 1 alal
20f %5 20F ) 2202
a
0 0
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80
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Fig.5 Changes in total lipid, total carbohydrate and soluble protein contents of Kirchneriella sp. INU-3201 (in dry weight)
ra: ;b oK ; 5a al~bl 6 ,a2~b2 18
; 5b al 6 ,a2~b2 18 ; 5¢  al~dl

6 ,a2~d2 18
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#1 TEAHRKETHEHEE INU-3201 EIEFE. BBKUEYFEE. AIANEATE
Tab.l Total lipid yield, total carbohydrate yield, and soluble protein yield of Kirchneriella sp. INU-3201 under different nitrogen
levels
/(g/L) NaNO; /(mmol/L)
6 12 18
3.6 1.01+0.02 1.23+0.02 1.38+0.06 '
9.0 1.71£0.01 1.93+0.03 2.32+0.02"'
18.0 1.79£0.06 2.04+0.07 2.43+0.06*
36.0 1.24+0.04 2.05+0.02 2.42+0.02
3.6 0.58+0.01 0.39+0.01 0.31£0.01
9.0 0.950.02 0.82+0.01 0.690.02 <
18.0 1.21£0.01 1.01£0.02 1.00£0.03 >
36.0 1.08+0.03 1.28+0.01 1.07+0.01 *
3.6 0.48+0.01 0.38+0.01 0.42+0.03
9.0 1.13+£0.03 1.05+0.01 0.99+0.05
18.0 1.71+£0.05 1.48+0.03 1.35+0.04 %
36.0 1.81+0.02 1.98+0.01 1.70£0.03 %
s al~cl 18 ; a2~d2 18 ; a3~d3 18
2.6 JNU-3201 R 18 , 3.6 mmol/L s
JNU-3201 58.8%+1.2% TFA 3.6 9.0 mmol/L
(C16 : 0) (C18 : 1) (C18 : 2), (C16 : 1) (18.0 mmol/L), 36.0 mmol/L
(CI18: 1) 2), 9 ,9.0 18.0 18.0 mmol/L 18 , 4
36.0 mmol/L (total fatty Cl6 Ci8 95% 3.6
acid, TFA) 56.5%+1.1% 56.1%+1.2%  58.2%+1.2%, mmol/L (61.5%=+0.6% TFA),
, 3.6 mmol/L 9.0 mmol/L (24.4%+ 0.2% TFA)
®2 TRARKFETEHRE INU-3201 BERER 4 B
Tab.2 Fatty acid composition of Kirchneriella sp. INU-3201 under different nitrogen levels
NaNO;
9 18
¢ 3.6 mmol/L 9.0 mmol/L 18.0 mmol/L 36.0 mmol/L 3.6 mmol/L 9.0 mmol/L 18.0 mmol/L 36.0 mmol/L
Cl6: 0 14.4+0.3 14.5+0.3 15.9+0.3 16.4+0.3 15.6£0.3 15.2+0.3 17.6+0.4 13.9+0.3 13.84+0.3
Cl6 - 1 4.6+0.1 6.4+0.1 1.7+£0.0 2.6+0.1 1.9+0.0 1.9+0.0 1.7£0.0 4.0+0.1 4.4+0.1
C18:0 9.9+£0.2 8.5+£0.2 4.0+0.1 4.7+0.1 4.5+0.1 4.6+0.1 3.9+0.1 4.940.1 5.4+0.1
C18: 1 32.120.6 40.3+0.8 56.5%1.1 56.1+1.2 58.2£1.2  58.8+£1.2"" 54.6+1.1°  48.6£1.0°"  43.5+0.9"
Cl18:2 11.9+0.2 13.6+0.3 11.6+0.2 9.2+0.2 9.3+0.2 9.8+0.2 11.1+£0.2 15.9+0.3 18.9+0.4
C18 : 3n6 0.7+0.0 2.0+0.0 0.8+0.0 0.8+0.0 0.6+0.0 0.5+0.0 0.9+0.0 1.3+0.0 1.3+£0.0
C18 : 3n3 13.4+0.3 8.7£0.2 6.7+0.1 6.5+0.1 6.0+0.1 5.9+0.1 6.4+0.1 7.3+0.1 8.2+0.2
13.0+0.3 6.0+0.1 2.9+0.1 3.7+0.1 3.9+0.1 3.4+0.1 3.8+0.1 4.0+0.0 4.7+0.1
C16-C18 87.0+0.2 94.0+0.3 97.1+£0.3 96.3+0.3 96.1+0.3 96.6+0.3 96.2+0.3 96.0+0.3 95.3+0.3
SFA 24.2+0.2 23.1+0.2 19.9+0.2 21.2+0.2 20.1+0.2 21.9+0.2 24.4+0.2 22.3+0.2 23.240.2
MUFA 36.7+0.4 46.7+0.5 58.2+0.6 58.6£0.6 60.1£0.6 61.5+0.6 56.9£0.6 53.2+0.6 48.4+0.5
PUFA 39.0+0.2 30.3+0.2 21.9+0.1 20.2+0.1 19.8+0.1 16.6+0.1 18.7£0.1 24.5+0.1 28.4+0.2
: SFA: ; MUFA: ; PUFA: ;al~dl 18
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2.7 JNU-3201 , ,
EN14214  BDI100 (S10)
JNU-3201 , , 0.88 kg/L, EN 14214
Biodiesel Analyzer BD100 (S10) ,
, BD100 (S10) , , , EN
EN 14214 , 3 14214

£3 AERFKFETERE INU-3201 & Y5550 148 T M

Tab.3 Performance evaluation of Kirchneriella sp. INU-3201 biodiesel under different nitrogen levels

NaNO;
BDI100 (S10)  EN 14214
3.6 mmol/L 9.0 mmol/L 18.0 mmol/L 36.0 mmol/L
59.69+0.21" 59.40+0.13"! 58.43+0.07"! 57.87+0.26"' =51 >51
/(mm®*/s) 4.90£0.01" 4.88+0.01* 4.79+0.01 4.73£0.01” 1.9~6.0 3.5~5.0
/(kg/L) 0.88+0.01" 0.88+0.01% 0.88+0.02" 0.88+0.01% - 0.86~0.90
/(g/cm®) 0.87+0.01* 0.87+0.02* 0.88+0.01" 0.88+0.01* 0.82~0.90 0.86~0.90
(g 1,/100 g) 48.23+0.11% 51.51+0.32% 62.29+0.48"° 68.57£0.66% - <120
/h 9.88+0.04° 9.00+0.05* 7.4040.02° 6.77+0.03% =6 -
: BD 100: ( , 2017); S10: 10 mg/kg; EN 14214:
(Buropean Committee for Standardization, 2008); —: ;al ;a2 ;a3
;a4 ; a5~d5 ; a6~d6
3 )
3.1 JNU-3201 ,
Hussian  (2018) [ ( 20 1,
(Lake Manzala) 31 , ,
(2019)
Dextro (2021) ,
(Chlorella , JNU-3201
sorokiniana) 36.0 mmol/L s
9.0 mmol/L s (2013)
INU-3201 3.6~36.0 mmol/L ,
(2004)
(Prorocentrum minimum) 3.2 JNU-3201
JNU-3201 , (
(Breuer et al, 2012; Zhu et al, 2014, ) s Y(II) Y(NO) Y(NPQ),
Delgado et al, 2021) INU-3201 1 ,Y(II) ; Y(NO)
36.0 mmol/L (6.53+0.11) g/L, , I
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; Y(NPQ)

>

(Klughammer et al, 2008)
Y(II),

,Y(NPQ) Y(NO)

.o Ydn o,
Y(NO)+Y(NPQ)

>

, Y(NO)+Y(NPQ)

>

Rubisco s

>

(2011)

3.3 JNU-3201
JNU-3201

JNU-3201

>

) ( )25% (Hu et al,
2008), ,
. Y(ID) ,
Y(NO) ,
JNU-3201 ( , 2011; Zhang et al,
, Y(II) 2013; Adenan et al, 2016)
2 Y( II ) b 2
, Y(NO)+Y(NPQ) ( )
( ), ,
s s -3-
R (Taylor et al, 2002; Lardizabal
et al, 2008; Zheng et al, 2008)
(Rodolfi et al, 2009) (Halochlorococcum
, sarcotum) (Nannochloris oculata)
0.25 0.23 g/L( , 2020)
(Scenedesmus sp.) (Yeast CCMY),
, , 0.29 g/L (Suastes-Rivas
et al, 2020) JNU-3201
, (2.434£0.06) g/L,
Hu (2008) 60 ,
( ) 25% (2011)
24 «C ) ,
15.57%~53.30% 0.57~2.36 g/L, 9
, ( ) 40% JNU-3201
s ( ) 46.92+1.52%,
) (2.43+0.06) g/L, ,
JNU-3201 ,

40% ,
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34 JNU-3201
, 2017. B5 : GB 25199-2017[S].
Moser(2014)
s , , 2004,
’ (1. , 4(6):
INU-3201 554-560.
s , , 2011,
83.4%+0.4%, (1. - 29(1): 66-71.
(C18 1 1) (C18 1 2) ’ | o 20 1. 7
(C18 : 3)( ,2010) JNU-3201 41(3): 677-691.
, 58.8%%1.2%, » 2013
[D]. : : 82.
(3.6 mmol/L) R ’ 7 o0l
[J1. , 31(4): 98-105.
(36.0 mmol/L) , , 2010. [J1.
(18.0 mmol/L) 15.9% » 350): 13-17.
, 2019. 5
> [D]. : : 24-25, 15-16.
(Pancha et al, 2015), JNU-3201 s , , ., 2020.
, [1].
, 44(2): 45-55.
, , , , 2011.
Y-002 [J1. , 32(5): 789-795.
ADENAN N S, YUSOFF F M, MEDIPALLY S R, et al, 2016.
' ' . Enhancement of lipid production in two marine microalgae
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et al, 2013) [J]. Journal of Environmental Biology, 37(Special issue):
, 669-676.
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4
(Kirchneriella sp.),
(C18:1)
(C16 : 0) (C18 @ 2),
6
BD100(S10) ENI14214

i
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JNU-3201
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KIRCHNERIELLA SP.

SHEN Hong-Xiao', LITao*? LI Ai-Fen'
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Abstract High-quality oleaginous microalgae are considered the foundation for large-scale production of microalgal
lipid. Kirchneriella sp. can accumulate storage triacylglycerols, but whether they have the potential for the feedstock of
biodiesel is still lacking a systematic evaluation. A freshwater microalga, strain Kirchneriella sp. was isolated from Nanhu
Lake of Jinan University, Guangzhou, South China, and identified using morphological and molecular techniques. To
evaluate the lipid production capacity of the microalgae, the biomass concentration, total lipid content, fatty acid
composition, and photosynthetic efficiency were determined by culturing them under the four different sodium nitrate
concentrations conditions (3.6, 9.0, 18.0, and 36.0 mmol/L). Finally, the quality parameters of biodiesel were predicted by
using the theoretical mathematical model. The microalgal strain was identified as Kirchneriella sp. INU-3201. During the
culture period, carbohydrate content was lower than 20% (in dry weight). Protein content decreased and total lipid content
gradually increased with the culture time, indicating that lipid were the major carbon storage for Kirchneriella sp.
JNU-3201. The major fatty acids included oleic acid (C18 : 1), palmitic acid (C16 : 0), and linoleic acid (C18 : 2); the

growth and lipid accumulation of the microalgae were significantly affected by nitrogen concentration. The highest total
lipid content (46.92%+1.52%, in dry weight) was obtained at the lowest nitrogen concentration (3.6 mmol/L), the highest
biomass concentration [(6.53+0.11) g/L] was obtained at the highest nitrogen concentration (36.0 mmol/L), and the highest
total lipid yield [(2.43+0.06) g/L] was obtained at the middle nitrogen concentration (18.0 mmol/L). The percentage of
monounsaturated fatty acids was increased significantly at low nitrogen concentrations. However, the content of
photosynthetic pigments was decreased significantly, and the proportion of energy was lost in the form of heat and
fluorescence was increased. The biodiesel parameters of cetane number, kinematic viscosity, density, iodine number, and
oxidative stability all meet the Chinese biodiesel standard BD 100 (S10) and EU biodiesel standard EN 14214 standards. In
conclusion, Kirchneriella sp. INU-3201 could be used as a potential feedstock for the production of microalgal biodiesel.

Key words Kirchneriella sp. JNU-3201; nitrogen concentration; total lipid; fatty acid; biodiesel quality

parameters



