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Optimization of Environmental Factors for Biomass Production
of Isolated Strain of Desmodesmus sp. EJ12-3

Ji Fang' Hao Rui’ Liu Ying'® Li Daoyi’ Zhou Yuguang'? Dong Renjie'"
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Key Laboratory of Clean Production and Utilization of Renewable Energy, Ministry of Agriculture, Beijing 100083, China
3. Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China)

Abstract; With the aim of isolating a high biomass accumulation strain and optimize environmental
factors to enhance its biomass production, an unicellular green algae was isolated from fresh water
samples, the morphological and genomic characterization identification of this strain was carried out by
using 18s rRNA and ITSI analysis. This newly isolated strain named EJ12-3 was identified as
Desmodesmus sp. The environmental factors for biomass production of Desmodesmus sp. EJ12-3 was
optimized by using response surface methodology (RSM). The experimental and the predicted values were
very close which reflected the accuracy and the applicability of RSM (R* =0.950). According to the
results, the optimal condition for biomass production within the experimental range of the variables studied
was; temperature of 28°C , light intensity of 131 wmol/(m?®+s) , light/dark cycle of 15:9 and pH value of
6.0. Under this condition, the predicted biomass production value was up to (0. 648 +0.015) g/L.

Key words: Desmodesmus sp. Isolation = Biomass accumulation  Culture conditions  Response

surface methodology
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P R A 7S N i i 0 4
Rl JEARREA T BRI —

BBy B ] 24 5k e AE TR MR A 1 T B D DR A
JSLAR ) T 15 AR A A 0 R 7 R A A 7 A
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W LR T AR B LA R 2 R e,
B 2R RE IR Gl e B UROT K W ST B0 B R R X
BT AR SO Ao O T 8 A 8 A R O L O
AL pH E OG5 KO JE 0 H A i BB R
Wi JEAT PR AL AL, LS 3 w2k B R AR AR R
Tl B o S B i B R A A o

1 KEMRETE

1.1 FE#MH

BRI 2011 4F 9 F 4y 85 B b 50 bR UT 5 AR AR
OSTEGHKBE . BV G SRR BG — 11 B3R
BEFP DNA 5 HUf 37 A 4 3 R 41 DNA 42 B 7)
& (At 22 A YR A BRZA | ), DNA A il
& F New England Biolabs, 5| ¥ di 4= T A4 T 2
(i) A R & A o
1.2 FEMNHFEF

TGradient B # B PCR ¥ ( & Biometra 2%
H]) s PGX —350C Rl R KE FRA (77 11 g U 3% 4 52 50
IXER)) s UV = 7504PC BY 48 S ] WL 4y 656 BE 1 (1
R RS 25 A BR S 7)) 5 UB200i Bl 2% W s ( & Pk
W AR A R A A ) 5 SW — CJ - 2FD AU i T
EG (IR ML HESEARAIRAA)) ; PLA03 — 1C #Y
I3 M R AV (Mg 5 ) — 46 41 2 42 [41) ; FE200 B4 pH 3
(K8 FEF 242 ) ;DT — 8809 A 7 BE i 3 ( IR |
AR B AL S A BRA WD) o
1.3 REHE
13,1 B 43 B 0 ik ARG 5%

R B R R BT AR R Rk ik Ay s 4 3
HAR SRR, 95 EJ12-3

IR ] 100 mL = A N G R A & ARE
BN 50 mL, WIHRHEFR A R (25 £ 1) °C G RER
(80 £2) pmol/ (m” « s) JEJAWIN 14: 10(SEME IS A 1L
M EIREE TR T S 3R 14 o B RTFEHES) 3 1R
1.3.2 WP

PLAR B i DNA Ak, £ Hf DNAMAN Al

5’ AAGTATAAACTGCTTATACTGTGAA 3° |, 2 |n:
5’ CCTACGGAAACCTTGTTACGACT 3° ) o X
18s rRNAJL [H #E 47 PCR ¥ 84, 50 nL PCR [z ]
KAR K. DNA BEA 1 pl, 519 %& 1 pL, dNTP
4 wL,5 x Q5 buffer 10 wL,Q5 DNA 45 0.5 L,
5 x Q5 High GC Enhancer 10 wL, PCR [ [ 45 14
A :98°C AL P 60 s,98°C 2 4 20 5,58°C B k 30 s,
72°C FEfd 45 5,37 FH,72°C %€ fiff 180 s, PCR
PR KIS 8 B 3 e S0 7E GenBank %4 i b
#E4T BLAST b5,

B it ITSU JE A PCR ¥ % 51 % (1E 1.
5’ AGTCGTAACAAGGTTTCCGTAGG 3’ , & [
5’ TATGCTTAAGTTCAGCGGGTAAT 3”7 ), ¥t 1B k
T 52°C, HoAth Sz B A 8 0 52 B 28 1 [] E o
1.3.3 G

T A= ) 00 SR FH ik 329 < B S0 miL 35 iR
a2 0.45 pm K R I I 5 80°C 1 H 2 B H E
TRFNRE & B, % A 4 o6 ok B I E B K
680 nm T ¥ I 19 RO B Fom A K T A8 SR
RS THEZ LML R
1.3.4 HPHRILE

VEPEIR I (15,2025 F1 30°C) Ot i3 (40,
80,120 #1200 pmol/(m’-s) ) % E M (24:0.18:6,
14:10 1 6:18) 1 pH {H (5.0.6.0.7.0.8.0.9.0 #l
10. 0)4 A BREE R R A R il , LB 3R 14 d 2 )5
A A= 1 i BBV I B 4 A5, B &% IR &
L
1.3.5 w7 g ks A A ik 9 i

TEHRL A R 25 R s 4 R S KF
TR T S e e B A e B I B, AR
(X)) JElaREE(X,) DGR B (X,) M pH {H(X,) A
e (RS N HYHE, /NG gt ME) , PLGOoR
A RECY) e BLAE , IR HAEAT . &
HAmI IR 1, AR EIES R S WFAT IR
B3R 24 45 , B ] Minitab 15 %0 358 56 %4 3 47 23
Mrdb B, I 347 e O 18T 2347
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Tab.1 Levels and factors

i [CYs PAEEYES bR pH {&
X,/C X,/pmol+ (m?+s) 7! X, X,
2 30 200 24:0 10
1 26 160 19:5 9
0 22 120 14: 10 8
-1 18 80 9:15 7
-2 14 40 4:20 6
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Fig.1 Morphological graph of EJ12-3
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Fig.2  Phylogenetic tree based on ITSI sequences
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7.0 B SR AT BRI EJ12-3 7E 20°C B A K
BAF AR 14 d 5 AW B ik 0.549 /L, HAR R
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Fig.3 Effect of temperatures on dry cell weight of
Desmodesmus sp. EJ12-3
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HAY A SR, HO 5 R B 3 O 58 3 0T
Tb, IF IR B e KA 5 A7 ' IR0 B2 Ak 25 B, ) 277 2R
A5 003 , ST 5 W s/ i iy R y R 4 ]
DA S e EJ12-3 56 BER B A 40 umol/ (m” -s)
% 80 pmol/ (m”+s ) B , A= 49 ki 35 Ot Bt o J3E 18 o
M 840, 76 80 wmol/ (m® - s) B A= 4 ik 52 R ik 3 I
K, Hi IR 14 d 5k F] 0. 558 /L, 1M Bl 45 0t B 5l B2 119
Ak, FAE R R AR R R

0.6
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Fig.4 Effect of light intensity on dry cell weight of
Desmodesmus sp. EJ12-3
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0.77 F2 MEEmRBETRER
~ 06f Tab.2 Design and result based on RSM
B ot Wi WE CHEEE JORM  pHE AW
Hlﬁ\mj 0.4l ¥ X Xy X3 Xy Y/g'L_]
& 1 1 1 1 1 0. 367 +0. 009
o 031 2 1 1 1 -1 0.523+0.014
oal 3 1 1 -1 1 0. 374 0. 029
o 4 1 1 -1 -1 0.542 £0.006
5 1 -1 1 1 0. 490 +0. 015
o — = 54 6 1 -1 1 ~1  0.549 £0.005
B/ 7 1 -1 -1 1 0.465 +0.020
B 5 6w e EJ12-3 A 1y 0= 5 10 5 i il 4% 8 1 -1 -1 -1 0.482+0.021
Fig.5 Effect of light/dark cycle on dry cell weight of 9 -1 1 1 1 0.368 £0. 005
Desmodesmus sp. EJ12-3 10 -1 1 1 -1 0.397 +0.002
11 -1 1 -1 1 0.365 0. 019
2.2.4 pH1H 12 -1 1 -1 1 0.35220.004
pH {5 ~ 10 Wf, XF 4645 3 EJ12-3 W) & 8 13 -1 -1 1 1 0.475 +0.024
SR I A I 6 7% . 22 pH {1 7 ~ 10 B, o
HAY R ZFAK, R 0.469 ~0.489 o/L; i 78 R 16 —1 -1 -1 1 0.405 £0.016
P SR, WO AR KM X BEE s pH Y 6. 0 B, B T2 0 0 0 0468 +0.009
N . 18 -2 0 0 0 0. 339 +0. 009
7R 14 d /LRy 0.556 ¢/ £E pH {H 5. 0 B, 9 0 2 0 0 0.351 +0. 026
ﬁz%%%@:{ﬁgu]ﬁﬂé,%u 586 g/LO 20 0 -2 0 0 0.448 +0.024
0.7 21 0 0 2 0 0.415 +0.026
06 {4}113&%2 22 0 0 -2 0 0.276 £0. 029
T — pHfiT7 23 0 0 0 2 0. 473 0. 028
507 isg%g 24 0 0 0 ~2 0.560£0.007
gﬂﬂ*j 04} —o-pHIE10 25 0 0 0 0 0.539 £0.013
= 26 0 0 0 0 0.520 0. 019
R 0.3
k¥ 27 0 0 0 0 0. 550 +0. 007
0.2 28 0 0 0 0 0.537 +0.027
0.1 29 0 0 0 0 0.564 £0. 014
30 0 0 0 0 0.554 0. 013

6 38 2 14
Ri %} H)/d

B 6 pH {E X 45 3 EJ12-3 A= 4 0 7= 5k 114 5% )y 2%
Fig.6  Effect of pH value on dry cell weight of
Desmodesmus sp. EJ12-3
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Tab.3 Regression analysis of full second-order

polynomial model

i H 05 A 1 by p

2.3 EEFEEUGEWMMEERL X 0.024 2 1 0.0242  0.000"*
2.3.1 R HLE R % 0.020 1 1 0.0201  0.000"
HRLABE G [T T B v AL 3 U ; paa b 008
AR R S R A R R T
’ AR IR EH AT o2 B IR BB e 0.001 2 1 0.001 2 0.189
55 R AR 2, %2 0.0000 1 0.000 0 0. 895
P2 MR A5 R AT T 25 0. HER 3 Al %%, 0.0152 1 0.0152  0.000°°
%ﬂ,@fﬁ@fﬁﬁ@#ﬁ(ﬁii@ﬁ?ﬂﬁ%]ﬁ?(F<0 05), Xy Xy 0.000 7 1 0.000 7 0. 345
- —— o X% 0. 008 1 0. 008 003 **

2 W [ 2 0B B EJ12-3 10 2R 1 i BB & ’ T
N o A o Xy 0.008 5 1 0.008 5 0.277
PRI 2, — ki X%y \xsxd-/ﬁgigfﬁig‘%i\ i) HH e 0.027 7 1 0.0277 0.000 " *
TR N AR N 2 3, 38 B0 &, xy L v, a0, 9 38 L RQ I i 2 0.0294 1 0.0294  0.000" "
F o TR BERE R® g 0. 950, 1t B % 0 40 4 i 5 0-0594 ! 0-0594  0.000" "
el N 2 0. 000 2 1 0. 000 2 0.623

RAT g0 5 22 /0N, RE W8 K e n o7 (R 1% A2 1k . -

e Lo . Bk 22 0.009 5 14 0.000 7 —
2.3.2 BRI AR R 6O EED 0.009 0 10 0.000 9 0.037

F A 06 245 SR A 4% DR 28 ) 1 1T BT I (L 7)) R 0.000 5 4 0.000 1 -

MBI AT LIE W B T pH A, KRR 2 M EY W ow HREE (P <0.01),
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Fig.7 Response surfaces of environmental factors effects biomass accumulation on Desmodesmus sp. EJ12-3
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