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1.1 b Fn sk 300 52 50 A 3% om A 3k 3 (C
vulgaris-31#) W 11 vf [ R} 27 g K A2 2R P08 50 3 7K
BN o R Sk RE G IR O b MR R R
(SoilEM) « % 77 3 J% 4 NaOH. HCI, H,S0, .
B % T T 25 W G250 1F S+ F I 45 5T 1T 3 7 34
A 53 BT A o

1.1.2  {¢8ig % : TDL-5000B ¥ A % & 0L (1
W22 5 ) L LDZX-40BI %1 i H 25 v K i 48 (_Lifg i
22) AR RSE (H A B3t) DHZ-C Bk 25 & 18 i 3R
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(HAH.) \DCR3D Nd: YAg ¥k S % 6 i
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1.2 C. vulgaris BNIEHF %

C. wvulgaris-3 1#{¥] T 1~ A 73 185 15 57 5 A4
R W ¥ R ) SoilEM, H 41 sk (/L) : 0.25 ¢
NaNO,,0. 175 g KH,PO,,0.075 g K,HPO,,0.075 ¢
MgSO,+7H,0,0. 025 ¢ NaCl,0. 025 ¢ CaCl,*2H,0,5
mg FeCl, *6H,0, A, % W 1mL (0.287 mg ZnSO, *
7H,0; 0.169 mg MnSO, * H,0; 0.061 mg H,BO,;
2.5 pg CuSO, *5H,0) #1 1.24 g (Na) Mo,0,, *
TH,0) » L3R MW 40 mL.o [ AR 55 IR s n 2%
BlE o A Bl IR IR AL AT AE 121°C 0. 1 MPa 54T
KB 20 min,

H4 T B IR T b E SollEM [ 44 5% 37 Ak b R £
oy B 2l A 55 7R, BE AR KR OIF R BE R, B A T
Soil EM i 14 55 77 e v, R 15 J% 2 0 HE K C.
vulgaris {F N BEAHAE T, SR 10%  (V/V) o 5
FEEA N 25 £1°C,2500 lux, eG4 12 h L:12 h
D, $% Jff % 34 4 120 r/min,

DL SoillEM K 7% K Oy JE i 5% 77 Jk, W B 3 415K
IS B IRAEY C. vulgaris B B K IR 7E SoilEM
Hh R A R N SR IR S 21 LA SollEM Jhy i filh B R
HE, IRV N 10 /L A 25 85 4F 4 A HLBKR UE 15 7 A
A E IR AL AT L IR 97 (2500 lux) » 5 9% 41 52 5
BEAT I 15 9%, oA 55 9% 4% AR [ L 5B 24 h 5@ I L
FEDNSE o 3 A1SEI0 HEAT 3 IRE 8597, 45 R LLF Y
B = o #E i 72 K s o
1.3 SHWAZE
L3.1 SRARBEIKE B9 E - 540 M A Kl 4R T
TRYEDN 52 5 52 9 Kl 660 nm. 3 41 O 9k R AR
FRW E » AR E J7 V5 R B AR RUE I B R
BV LA 2500 x g B0 10 min, 52 135 W, T 15
e FH S AR B 25 B9 1 /K OB Uk U~ oV 5 T AR AR R 4%
PR B0 3RAF e - 1 EE U W 5E N B e 1 O]
SRR 258 1 KGR RS T 2 1 T K R I 2
& UG 72 660 nm Rl E W OGAE (OD) o FRE VAN &
PN A B R PR B B T A R T O TR
0 T, R T0°C TE R B4 o g 2 4 JF
TR U G 0 M (/1) o 3 e W S ot i K B
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InX,) / (¢, - t,),P=(X,-X,) [ (¢, —t,), X,
AUXy o 0 Sk 85 F% o oo N0 4l MR E R
(g/1) ",

1.3.2 pH{EFMRMRE (DO) B9 RE £ 97 5 pH {i
TRV o8 S0 B 0 ) SR ) TR 88 U A (3 7
1.3.3 XEBRSEHNE KM 3 3Ky
EA R TR BRI — o IR 9 3 LA 2500
x g #5010 min, 7 5 RIS SV FHRH L BTk
TRV~ B0 5 s FEUTUE BE 40 M N 80% 11 £ I, 7
A)JE BT 4°C UKAE o s S AR 6 UG B L
T WA 38 2 B R S5 WU T SR A B b g SRR
ab KIS M ESE. AEEERITH LS %
ifﬁﬁ[lﬂ .

1.3.4 AAEREA & = RO E KL s &m0 e ok ) IE
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B IR 4 R IR R 258 T K R 2 UG B0 OB I
Te 2275 VR 5 B T Bk /N BRI B 2% 72 40 0F B
T A0k » 1K B0 40 B A RE O H 0, 7E SR IE Ak R
SRR 3 U B IRGR G BRI T b, S T SO 45 °C g
1 78 2 [ WOV 7 5 7 70°C - 28 1 1, BR R F SR
I s 5

1.3.5 GC-MS S #BERABR 4A X : % 1] BF;-CH,OH
WEAE 1304 AR W RE B BEAT H R AL, BAR T 1A S
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Vs ok 05 1.
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Bl s) 40 R R U AE 50°C #OK T AR I 2 0K
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W » 1 45 J WU B > K 2% S 7 2 i G250 e
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20 mmol /L EL LY 22 28 ph i) Y% 5 > HUIE = e B Ak
Ttk 2 ST I 1 o BN 5 mL 8 0 30k o % 1) RV, A 4°C
I 5 mL 0°C CO, #A/K, i pH I Il fz
MNAKZ pH M 8.3 [ 7.3 i rrfIa), id b To $%
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TR O SCAR S A1 PR, R S T R0 S AN B, N
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HCl,pH =7.5,% 2 mmol /L —#i X 75K F¥,5 mmol/L
MgCl,, 10 mmol/L. NaHCO,, | mmol/L EDTA #1 10
mmol / L3 3k £, 1) , 4 °C 8 75 Y A A 40 i 30 min A 2L
T BE , 4°C 2500 i W AR E 07 B O FH i 42 DU U0 5w
VRS T R RS PR W R R E U7 VS R
SCEk Y vE LA wmol €O,/ mg B [ emin = F R
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PR S8 B, AR PR R Sk B N B E )5 T B R R IR
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KRR 7. 31 £5F0 6.24 £%, AR K 40 51 2 6
A IRX ALY 3. 38 £5 A0 3. 34 £, A4 & A )
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j —a— Photoautotrophy
—A— Mixotrophy
—— Heterotrophy

Bl1. EFFRN C vulgaris £REF RN
(n=3)
Figure 1. Effects of trophic modes on the growth behavior

of C. wulgaris (n=3).

1. ERARXM C. vulgaris EY2EEFHEMN (n=3)

Table 1. Effects of trophic modes on the biomass production of C. vulgaris (n =3)

Trophic modes Biomass content/ (g/L) Specific growth rate/ (u/day) Biomass productivity/ [g/ (L+day) ]
Photoautotrophy 0.29 + 0.03 0.32 + 0.02 0.05 + 0.004

Mixotrophy 2.12 = 0.10 1.08 + 0.07 0.35 + 0.0017

Heterotrophy 1.81 = 0.08 1.07 = 0.06 0.30 = 0.014

2.2 FEEHFARX C. vulgaris 1535 & pH 0
BRE (DO) KM

pH A8 72 5% Wi 5 2R AR KA I 2 72—, B
FREE) pH (H 23 5 mi 6 & AE I b CO, iy HI M, 15
WA FH P £ 5 ) Tl 38 68 A6 L e Y 1) R 280 % [
I EH T pH R T 52 Wi 40 TR VB O RS 23 RS W T
AN T B TR B R ROBCRT R S B R AR
WU P AR e AN R R 5 20T B 9R 4k pH
AR W 2-A fror. HIFR&AM N IR pH
B i B 1T HL A BT 19 G, 15 77 45 RN pH (#5230 106
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ATEEAREGERERETNERASENT
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TR R B e IX W AR B IR A ) 8 R gk
HH IR A LB U5 T AR B S I R AR IR S I 4 At
FR 't BE AT BE i A 758 40 0 3R 470 & TR 3 B R 2
OV R AL R BT
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A
2.3.1 REBIEFE: K3 WAREIRIT AR C

vulgaris W2R 3 a M40 by B SR R FR W12 b 3%
RN m 3 TR AN R IR 5 SO A i
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AR R4 5 a b4 b MIRHIE b
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—a— Photoautotrophy —&— Mixotrophy —— Heterotrophy
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Figure 2. Effects of trophic modes on the pH values (A)
and DO (B) in culture medium (n =3).
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Bl 3. EFFARX C. vulgaris R ERBEZSEWNEM (n
Figure 3. Effects of trophic modes on the photosynthetic pigments

contents of C. vulgaris (n=3) .
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R AU LA B 7R S 7B B AR A
2.3.2 HE-ZEERMAUBUHEESE K48 RT
KIEJ 727 RXF C. wulgaris B F 5T G R0 AT 1

TEMEW. HE 40RO E AFREN TEA
JE B LUV IR AN e 7R 45 1 I vy, 4 0ok VS A A
B A o8 2% U7 2R R IR N e R R AR Ak e,
RS = AT R S R ﬁﬁ‘/bb?%%ﬂ#?%
&R C vulgans PR G ~ 2 TR AT R
MERARE. X500 MU R MFT. Oras
EEBETON A C. wulgaris N E 3777 U A R 58
TR AN AR 5T ek 2 O B v il I R R
R R Y o X g B A g R o 3R
J5 2 e AR RN A HL e U ) Ik 45 B % o B C.
vulgaris T BRACH FIZ AR 145 -

SYAT 3 T 40 B AR Ak 21 S5 ) SR A A R ]
H IR 7R M3 5 B oR 400 N al i 7= 2 2 0 A
3.00.73.13.65.00 mg/L'dayfl,EE])ﬁr‘*L%éj\%Uﬂj
13.88.51. 89.47. 17 mg/L+day ", 1] Jf Pk B 7~ 2% 49
WA 1.83.64.63.64. 82 mg/Leday o kAL, TR
FER SR IR IR 5, N7 %28 18, Bl A=) 6 1k
JHIIR ~ A ORI AT VB B B U R T e A A R
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Figure 4. Effects of trophic modes on the proteins, lipids and

soluble sugars contents of C. wvulgaris (n=3) .
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2.3.3 Haﬂfiﬁééﬁﬁi:ﬁaéﬁﬂﬁ’@%%)\%/*E?%rmﬁﬁ%%u
SEFREALR IR G AN E MR G B R A,

Wi C. vulgaris 31 JIg E‘Jﬁaﬂﬁﬂ&éﬁﬁio Pt 2 W]
1,3 Mo 37 7 2T B vl R 1 2 R 0T R Dk it R
ERAR IR Ayl R . (H 2 BEAE E R 7 AN A 72 3R
Fe TR R IR AR, R IR~ U TR A5 AN A N I I
RO A NERES AR RS EE TS,

Sk P70 A0 L 6 0 R O A P T
SO A SO B AL 4 R 5L DR A R 1 i 0 A
me s

A7 2 00 e R 0 E 2% O 0t e
18 9 07 A A o R o 40 AL e T U AL 4
AR 11 L WA it e T 9 1 8 7 A
R LR R i k8 404 )T S A
OB Z IR

Fz 2. EFANI C. vulgaris B5 B B8 40 BY B &2 1

Table 2. Effects of trophic modes on the fatty acids composition of C. wvulgaris

¢ (Relative) /%

Fatty acid composition

Photoautotrophy Mixotrophy Heterotrophy
Hexadecatrienoic acid (C16:3A7¢,10c¢,13¢) 3.66 1.80 0.91
Hexadecadienoic acid (C16:2A7¢,10c¢) 2.11 0.55 0.41
Hexadecenoic acid (C16:1A7c) 2.48 0.55 0. 60
Hexadecanioc acid (C16:0) 31. 66 36.96 36.43
Octadecadienoic acid (C18:2A9¢,12¢) 19.03 18.25 17.90
Octadecenoic acid (C18:1A9c¢) 37.69 36. 11 37.99
Octadecanoic acid (C18:0) 3.36 5.78 5.76

2.3.4 SEBRLA R N ME TR 7 XA A ALY
Wi 2 1 0 & 1 H B 858 C. vulgaris 35 T
MR (R 3 fioR) « G- 4 MRS hm
s A2 Ak v LA S A R ECE KPR (0.25g/L
NaNO;) » H 7555 5 It 19 35 40 o 10 2 1 0 & B 5 »
LA 1 00 % A e R T 1 A R o e e T 2R VR
T TR IG IR )G C. vulgaris IHE 10U B 2%
BEAIG > 85 11 5 7 % Al 2 S T8 11 L 48 o A N R B, %

HAEIERR T BRI B IR > RFE > +5%,
HIE RIS 3418 L 2 &4 5 35.61% .
21.03% F1 18.25% o 25 [ 5T Fl 24 3 IR 70 M 45 R &
W, C. wvulgaris 2385 7% J7 #6485 3 40 B B B R
[ 18 Fofr K5 IR ¥ A 6F 5 2 R 2B T W 2 AR Ak, V8
ZRE ARG T R IR A B e B C. vulgaris 1R
AR IR 12 il JE R R0 B (1 1 A AR g AR i AR

R3. BEFARM C. vulgaris IR EBRE KM

Table 3. Effects of trophic modes on the amino acids composition of C. vulgaris

Amino acid composition ¢ (Photoautotrophy) /% "

¢ (Mixotrophy) /% * ¢ (Heterotrophy) /% *

Asparaginic acid 3.30
Threonine 1. 69
Serine 1.27
Glutamic acid 4.22
Glycine 2.22
Alanine 2.93
Valine 2.29
Methionine 1.85
Isoleucine 1.51
Leucine 3.24
Tyrosine 1.36
Phenylalanine 2.03
Lysine 2.04
Histidine 0. 67
Arginine 2.22
Proline 1. 81
Cystine 0.75
Tryptophan 0.21
Total 35.61

1.78 1.58
1.04 0.92
0.74 0. 65
2.30 2.00
1.27 1.10
1.74 1.52
1.56 1.39
1.39 1.22
1.00 0.90
1.95 1. 64
0.76 0. 65
1.07 0.93
1.17 1.02
0.34 0.34
1.18 1.04
1.09 0. 81
0.53 0.46
0.12 0.08
21.03 18. 25

" The tested samples were dried solid powder, the values are relative percentage (%) .
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2.3.5 HRETERAM: & ERIT TR B R
PO S B RN E T C. vulgaris G
LRl A RN 4 oo H 80a wT LA S, 3 i i o/
EPISNEE R IBE i SR WO BT v SRR A
WAF 257 o A1 3 A5 3R SER B U0 3 W AR &
BAERFAP A, N 36.25%, WFEIRZ N
30.77% , IR0 23.59% o 3X — &5 B0 W) AF 5 5%
FE TR AT LA 5T G A T AR B e A S B 2 1
Tk 3% 11 HL A 0 A7 B 5 10 VR IR R [ 5 A S K 4

x4 BHRAAMC

RN A8 IR 3R 6 IO Bk 3% B AL R AT
A T T8 6 K St 77 B 9% TR A5 A R
W BrERILR A, e IC R B IR R IR A
TR B W W T BE . AR SR IR AN 9R U5 AU B
A0 M0 T 2 A B AR b, ZE AR B . iR
Ir MU JF 1] 1K) 76 3% 22 7 AR e/ o 3 WA L
0 5 DL R AT LR U5t (4 2 I 32 1 (4 Dl 165 Ak B3y 2%
OXT 5 0 IR VB WAL P B 5 R R BB SRR G R R

.

vulgaris AT R F I

Table 4. Effects of trophic modes on the cellular elements of C. wvulgaris

Elements” C/H P/H K/H Ca/H Na/H Mg/H Fe/H Cu/H Mn/H
Photoautotrophy (% ) 23.59 2.22 1.57 2.92 0.31 1.91 4.88 0. 06 1. 00
Mixotrophy (% ) 30.77 0. 68 1.06 0.39 0.06 0.26 1.21 0.01 0.13
Heterotrophy (%) 36.25 0. 66 0. 80 0.26 0.04 0.22 0.91 0.01 0.09

" The results are the element relative to the H element content in each sample.

2.4 AEEFARX C. vulgaris TR BT
KBEEE MM

AR E IR 7 KX €. vulgaris 9 A1 B B2 E
(CA) FIAZ A HEA 5 W IR IR AL (Rubisco) 3 P 1)
WWE 5 frox. M CA F1 Rubisco 3 £ (1) 48 44 7]
H 8 IR NN AR RS C. vulgaris R A -
B S-A B[40, 5066 A FRX ALH CA ¥5 M RF 4t
NG LTI A S L, VR IR R S IR S 06 4 A B R
NG 1 RE CA VEPE B3 N, 55975 2 RER IR
Y1 CA V& Pk AE 5 0059 M e IR A OO WA B R .
182 JG W85 5 1o 78 op DO = A (1 €O, o M —
U5 (9 6 & H 97 4 4R 22 BRAS I 21 CA 3% 1, 1 HL B
AN M AR CA VE TR AT 218 3 0 i T
TR (1 A0 R 4R 2R A I B CA 3 1, R SR 41
7085 7% 5 W BeAS I 20 3059 1) CA 35 Pk 151 .

Hifl 5B w &, H IR 7 X K R FR X C
vulgaris Rubisco BTG M A FE A W& L. 454
P C. vulgaris 3 40 }d o Rubisco ¥ 3% P£ 5% &y » %
FERENEE 1 KB, 64 A IR 411 Rubisco 7% 1A i
B X T RE S A B IR s IR 4 R 0 0 Y i
PEA O M AE R 7R 3E NG 2 KIS Rubisco ¥iF 74 12 #i
FTbe VR FEAN T IR 410 Rubisco 7% 4 F K5 77 10 T
2 RN T B 455 8 40 i ) AR K il 2 O X R
BT B 2 DL e R A KA DG R R TR n
WEME T C. ovulgaris KIYGEAER . MWEEFREE 2 K
s, & BIRMIBIEH C. vulgaris 41 i ) Rubisco

—m—Autotrophy —— Mixotrophy ——Heterotrophy

e e =
[= N - S =]
—

EU/ug Chlorophy ITa

e &
L ’-f//y

F //
B

oot B a—

(B)

umol CO,/mg protein: min

5. EF AR C. vulgaris B 5% BL BT B5 0 Rubisco &
R (n=3)

Figure 5. Effects of trophic modes on carbonic anhydrase and Rubisco
activities of C. wulgaris (n = 3). A: Carbonic anhydrase; B:

Rubisco.

PR E T, B SR 4110 Rubisco 3 M & TR IR 41,
M AE 2 5 B 35 97 1 v 5 JR 419 Rubisco 3 1132 %7
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Ko WJtd AIRMIEIFAL Rubisco §if 1k L T 22
A S B R B AR I RO A A TR . TR SR AL AE
B5 77 0 5 W1 Rubisco 3 11 5 tH 3032 9 (9] TF 1) 2 s
TX W 2 B R S v (10 A W AR 2 T FE A
FE G 4% PF T B 40 1 (¥ 06 5 11 1 22 ) 0 9 » Rubisco
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1 £ A A A o

3 g
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X
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VR4 (B) B s i 45 L 7R, B R W pH I AR 1k
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A X 00 ) I A ' At At & AR R IR b AT B U
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Effects of different trophic modes on growth
characteristics, metabolism and cellular components of
Chlorella vulgaris

Weibao Kong™ , Yang Wang, Hong Yang, Yuqin Xi, Rui Han, Shiquan Niu

College of Life Science, Northwest Normal University, Lanzhou 730070, Gansu Province, China

Abstract: [Objective] We studied the effects of trophic modes related to glucose and light (photoautotrophy, mixotrophy
and heterotrophy) on growth, cellular components and carbon metabolic pathway of Chlorella vulgaris. [Methods] The
parameters about growth of algal cells were investigated by using spectroscopy and chromatography techniques. [Results]
When trophic mode changed from photoautotrophy to mixotrophy and to heterotrophy successively, the concentrations of
soluble sugar, lipid and saturated C16/C18 fatty acids in C. wvulgaris increased, whereas the concentrations of unsaturated
C16, C18 fatty acids, proteins, photosynthetic pigments and 18 relative amino acids decreased. Light and glucose affect
the growth, metabolism and the biochemical components biosynthesis of C. wvulgaris. Addition of glucose can promote algal
biomass accumulation, stimulate the synthesis of carbonaceous components, but inhibit nitrogenous components. Under
illumination cultivation, concentration and consumption level of glucose decided the main trophic modes of C. wvulgaris.
[Conclusion] Mixotrophic and heterotrophic cultivation could promote the growth of algal cells.

Keywords: trophic modes, Chlorella vulgaris, growth characteristics, metabolism, cellular components, difference
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