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& Z: [H%]1 #3%k Desmodesmus sp. QLI6 MK B HBM X 5 B 155], 2RSSR THE R
B, ATIATRAIL, ZAPHEF AL 4°CH25°C THTAEK, £25°CAKN, T@aRFEaRE
= 53k 71.68% (R E44k), M L& QA4 LA — 2 693 8% /1 LB 89 1 B 448 Desmodesmus
sp. QL96 e ¥ BA L AALE A 69 & & i, At Rt e, [k B AAEEI 6 7 ka0 B sk
1 Desmodesmus sp. QL6 afie. ¥ A LB E A 69 & i, BiIF R ik feait sy Rt Eg
I BAE M HATAN], FFi8 SRR AR H—REMAATAEN . [4 R ] Desmodesmus sp. QL6
Mo F MEAMNZ AN EE EMEMET EH 11.40% (R E 5 2K); 4ibty Desmodesmus sp. QLI6 #L 2,
&G E—ZRESCE A OH . DPPH. ABTS A &1 4= H,0, B4 8IF 69 F R FEF L 60%), @
o % 3e B 3T Hy0, %549 HepG2 @R AL FoA ¥ w4 A, B0 T L fesh it @R
AN T Desmodesmus sp. QL6 WAMNEZ G 0 BB T 7], FFHITTAMEZEFoN, 4RI
7w, XA ZRORAELS T EAH 44.8kD. pl5.79, 5 NCBI F 8 a7 € 4n b9 E Aty A & & T 6948 kb
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HRRSATHN, IR LR EE G RIRM, FEoAT AAARMA FFe 5 AT % .
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had previously found that the microalga was able to grow at both 4 °C and 25 °C, and produced 71.68%
(W/W) cellular proteins which showed antioxidant activities. [Objective] Herein, an antioxidant protein in
Desmodesmus sp. QL96 cells was purified and its structure was analyzed. [Methods] Purification of the
antioxidant protein was performed through chromatography. The antioxidant activity of the purified
protein was determined using chemiluminescence assays and in vitro cell cultures. The structure of the
purified protein was then analyzed using mass spectrometery. [Results] The antioxidant protein took up
11.40% (W/W) of the dry microalgal cells. The purified protein demonstrated scavenging capacity to free
radicals of OH , DPPH, ABTS and H,0, (over 60% scavenged). In vitro cell cultures using liver
carcinoma cell HepG2 demonstrated that the Desmodesmus sp. QL96 antioxidant protein could reduce
oxidative damage to the cells. The amino acid sequence of the protein determined using a mass
spectrometery showed that the molecular weight of the antioxidant protein was 44.8 kD with a pl of 5.79.
The homologous rate of the protein with the known proteins in NCBI was below 59%. [Conclusion]
Microalga Desmodesmus sp. QL96 produces a previously uncharacterized protein which demonstrates
antioxidant activity. The transcript of the protein will be analyzed to verify the genetic sequence similarity

in the future, as well as its potential function and industry applications.
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0.39 g, /NIKTHIREN 0.049 g)o
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TEE EER T Hepih, FE4MIRAT, 4 °C. 2 000xg &
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0—-1.0 mol/L S ALANIA W (T 0.01 mol/L WFfRZE v
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X} Desmodesmus sp. QL6 #1743, #4 21 uL
FIVES 7 uL 4xNuPAGE LDS Z kiR &, FAf
FIRUKE b BEE B AL, R A
M 30 pg iUk E] 10 pg, E120V R4 1h; Z)E
BEIEAE 2.5% (PRFRS%%) Triton-X 100 HREHBE2 1K,
R 30 min; SR Ao IEDE 3 Wk, %D
Wrse i G-250 X g, FFHT 1% (AR B0 1)
T P2 58 €5,
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F3(OH ). DPPH HHHH ABTS H i iEERfE
JIker I G, e BRSE I 43 0 A6 D 2 11 a4k P i
MPTEAIKELL K OH . DPPH il ABTS H MY

THERAEST

1 AL R (HL0,) T BRAE J1 K 4 B Nna 2519
J7 LU B R R e B AR B 1.7 mL 5 0.3 mL
H,0, (40 mmol/L, T pH 7.4 BFRZE k)R],
WL T 10 min, PABSRRZE Ml as A,
R 45 FE S 7E 230 nm T IO, H,0, 1Bk fE
TR

; —A
H,0, 15 B % (%)= AOAO x100

A 4 RBHESWOGCE, 40 03RS AR
MRS
1.6 HRR= 3L 58 E Desmodesmus sp. QL6 311
SHhERMMENLIEN

T HoO, RAMF S A A I P A S AY | oAb
TR KA HepG2 40 o 715 4k i 2041 o 2
FAAL D10t MR E 96 FLAR R, 37 °C. 5% CO,
(1 5%4F 76 DMEM S8 24537 5hh 15 5%, 20t
B 70%-80% N, FHBERRZEMRIHTE 2 I, %
LM AB SR 200 pL, FEN HO0, K
20 uL, fiff HyOp 2k 50 umol/L.

N T WH5E Desmodesmus sp. QL96 $itEALEE
X Ho0, 1757 1 HepG2 2 i S8 Ak 453 43 i ER AP AE T
HALh B R s, Byt EL S B R

10 L, FEFREHHEERHRE N 0.5 mg/mL;
PRI H00 VW 10 pL, fff H,Op HYZIRIE N
50 umol/L; #kZikiFE 8 h, MTT BN ITE /1.

P AT & FHUAALTE R, LA R C
BHPEXT IR, DL A S350 KI5 (99 °C, 10 min)
H1 BSA 2 B0 IR
1.7 Desmodesmus sp. QL6 InE L EHLIEF
#Af MDA 7K 50 SOD. CAT & 71 B#&
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EAFS, Ar AR A A i s SR,
EIRZZ PP VR4 2 IR, INAARBE AR, 24
R 2E R 5 10 000xg 2.0 5 min, B IE A A5
EWE SOD FiE Jy, FF TR G0l e 4 i 1% 5%
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1.8 Desmodesmus sp. QL6 1 E L & B R ELR
F515

4 10 pg 2lifb 1) Desmodesmus sp. QL6 LA ML
FHH M 50 mmol/L TEAB ZZ MR E %, WA 0.2 ug
Trypsin/Lys-C 1R-& M, 1E 37 °C AT B fE
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A i BRE 4 °C KM ET,
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(B 1C, WkiE 4), BHMHEO D SAEMEN
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FITCH R GKIE 2); 25— 53t o 14t
2974 60, 30 123 kD (4 143 B (VKIH 3), sk
RO HATES 2 W FACHE, Jrefe sl n—2k
wHPTEALEE T, Hr 42T 45 kKD (JKIE 4).
2.2 Desmodesmus sp. QL6 It L EB X BH
EHBERYR

Desmodesmus sp. QL96 HLALE X} OH |
DPPH. ABTS il H,0, ¥ HATHKRSE, HEK
YERIYIA R4 % C, (B4 ME B 11 BSA 5,
LN PR Desmodesmus sp. QL96 PLAALTE 1 5¢

—Absorbance — Qbs_orb‘e(lince o o & <
A « Antioxidant activity B « Antioxidant activity C NI
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1 Desmodesmus sp. QL6 IE L ER L B4k

Figure 1 Isolation and purification of microalga Desmodesmus sp. QL96 antioxidant protein

. A: %5 1 Ik DEAE-Sepharose 138 [l & 85 A HLEALTE SR, A 0-1.0 mol/L S ALAHIAR (AT 0.01 mol/L BEFRZE i
W, pH 7.00BEEPENL, Ve 1 mL/min; B: %5 2 X DEAE-Sepharose B3¢ l&lii M 26 A BT &AL SR, K v ik pH
W4 6.0, VEBLHBHERAR LI 0-1.2 mol/L BREEVEML, VLGN 0.6 mL/min; C: FHUIKAEN, STD fUEARMEEA, PUF
RELHIES 5 ER, 1E1 M IE2 43 5IURSE 1. 2 Ik DEAE-Sepharose 4iifk=#), BUF {LFRMEA

Note: A: The first round of DEAE-Sepharose fast flow ion exchange chromatography and antioxidant activity assay. Gradient elution was
performed using 0—1.0 mol/L sodium chloride solution (in 0.01 mol/L phosphate buffer, pH 7.0) at a flow rate of 1 mL/min; B: The
second round of DEAE-Sepharose fast flow ion exchange chromatography and antioxidant activity assay. Gradient elution was performed
using 0—1.2 mol/L sodium chloride solution (in 0.01 mol/L phosphate buffer, pH 6.0) at a flow rate of 0.6 mL/min; C: SDS-PAGE of the
purified oxidant protein. The ultrafiltration-filtered protein, filtrates from the two rounds of DEAE-Sepharose and the raw proteins were
analyzed and labeled as PUF, IE1, IE2 and BUF respectively on the top of lanes
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R EPAATEM . £ 0-0.4 mg/mL WTEEIN,
HoXF OH™ A Hh BE AT BRACR Bl A P19 B2 i 38 i
R, KF 60.1%, HEAMBELREE KX OH H
LS BRAE A BB B, E 308 FR e
it 0.8 mg/mL BXf OH H LA IERRER AT
RE(E 2A) SCTHU A7 R 0] IR 3 s g
EALTERT, IRREAIEZMGE, (HIApHLE L
KW,

Desmodesmus sp. QL6 $it58 4L E 1% DPPH
THEREFM LA 2 C ML, FEPLALL
FIMEEES 0-0.2 mg/mL WS, TEERIET b

-o- Desmodeesmus sp. QL96 antioxidant protein
-o- The boiled Desmodeesmus sp. QL96 antioxidant protein
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100 1
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60 r
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201

Scavenging rate of OH™ (%)

0
0.0 0.2 0.4 0.6 0.8 1.0
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-o- Desmodeesmus sp. QL96 antioxidant protein
-o- The boiled Desmodeesmus sp. QL96 antioxidant protein
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100

(o]
(=}

(o)
S

N
(=]

3]
(=]

Scavenging rate of ABTS (%)

Concentration (mg/mL)

FERINT K, Z 57 0.2—1.0 mg/mL (v 3 3 il
W, TEBRAE S IS W, 3 R 2R B AE 5l
92.7% (4EH= 2% CO)Fll 72.7% (Desmodesmus sp. QLI6
WA ER) (8 2B). Desmodesmus sp. QLI6 HiL %A,
AR P e 0.6 mg/mL i, HoXt DPPH B3 5k
FHEANT R, (BT R (P>0.05),

M T4 & C, Desmodesmus sp. QL6 i
AL HE A X ABTS H 2 19 3 Br /B AR /)
(P<0.05), EHWEELE 0-8.0 mg/mL A4 FEl P B4
B, HIEBRVE RS EF, ZJRTEBRIEAIA
FEHGI, TEBRREE 33.9% (& 2C).

-~ Desmodeesmus sp. QL96 antioxidant protein

_e- The boiled Desmodeesmus sp. QL6 antioxidant protein

—= Vitamin C

- BSA
B 100

80

60 -

40

20 +

Scavenging rate of DPPH (%)

0.0 0.2 0.4 0.6 0.8 1.0
Concentration (mg/mL)

-~ Desmodeesmus sp. QL96 antioxidant protein

-o- The boiled Desmodeesmus sp. QL96 antioxidant protein
- Vitamin C

- BSA

100
80
60
40

20

Scavenging rate of H,0, (%)

%.0 0.2 0.4 0.6 0.8 1.0

Concentration (mg/mL)

& 2 Desmodesmus sp. QL6 IIE L ZEHX OH . DPPH. ABTS. H,0, BHERBRMRE

Figure 2 OH', DPPH, ABTS and H,0, scavenging activity of Desmodesmus sp. QL96 antioxidant protein

" A, B, C. DA 5IFER Desmodesmus sp. QLI6 FLAAE X} OH . DPPH, ABTS. H,0, H i AT IEBRACHE

Note: The figures of A, B, C, D showed the scavenging activity of Desmodesmus sp. QL96 antioxidant protein to OH , DPPH, ABTS,

H,0; respectively
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Desmodesmus sp. QL96 FT A AL X1 4k
AEA EHEE R, DU X 20 B ) A Ak
YEF. Desmodesmus sp. QL6 HiiEAE LT
0.2 mg/mL W HIEBRAEAAPIE; 7E 0.2-0.6 mg/mL
(RS FEL A, T B A P B v R b e
Tk, BRIEBRAE 64.5%; ZJ5 i BRAERIA 9 N
(FE A 0.6-1.0 mg/mL) (& 2D).

2.3 Desmodesmus sp. QL96 31 X5 B X4l ki
SRR ER

SXRRAL Hedr, Ho0, Ab PR 0 A7 15 K g
TR%F 54.06%. %3k Desmodesmus sp. QL96 Hi %A
T F AL, AP AT R 5 79.31%
(P<0.05), #BH Desmodesmus sp. QL96 PrEALE
HREREAN G Ho0, 15 M4 i A Ak i 47, (BILF3
HIRCRA S A NPT AR R i A= R C (AT T
P F) 87.75%). ALK 3,

120
100 ab
80t
60 f a a
40
20t

0

Cell viability (%)

Treatment

3 Desmodesmus sp. QL96 AL EH N H,0,i5S
7 HepG2 M7 IE R TR SR

Figure 3 The preventation of decrease in cell viability
induced by H,0, by microalgae Desmodesmus sp. QL96
antioxidant protein

A RACPE, XTHRYL; B: Desmodesmus sp. QL96 $i%E L
FEHAH OS5 mgmL); C: H0, 4 (50 umol/L); D:
Desmodesmus sp. QL6 i EALTE FI+H,0, 4bFH; E. 4i4%E C
(0.5 mg/mL)+H,0, AbH s F . UL FRIY) Desmodesmus sp. QLI6
BUEALEE 11(0.5 mg/mL)+H,0, 4b# ; G: BSA (0.5 mg/mL)+H,0,
PR, a: SALHR A 2R BEMEEAER(P<0.05); b: SAbHR
C S WEWS LR

Note: A: Control, no treatment applied; B: Cells treated by
Desmodesmus sp. QL6 antioxidant protein (0.5 mg/mL); C: Cells
treated by HyO,; D: Cells treated by Desmodesmus sp. QL96
antioxidant protein prior to H,O,; E: Cells treated by vitamin C
(0.5 mg/mL) prior to H,O0, F: Cells treated by boiled
Desmodesmus sp. QL96 antioxidant protein (0.5 mg/mL) prior to
H,0,; G: Cells treated by BSA (0.5 mg/mL) prior to H,O,. The

letters of a and b represent the significant differences from
treatment A and treatment C respectively (P<0.05)

2.4 Desmodesmus sp. QL96 IS £ E B A IE RS
“fffs MDA 7K F#0 SOD. CAT & A HIS M

AL B PR G BT Ak, 7 AR A R R
Ji N W (MDA), AT R 20 i s e e v, Al
SN EMEDUEILET SOD Al CAT %ifi . MDA,
SOD. CAT WJ487 Hi A A 48 [ Hy BEACHHRE 0 A2 240
152 B H HE S AR, KK AT s e 2H 21 5
O L 52 AR AL 0 ) R EE T SR IR L
H,O, Ab B AL MDA 7 & 381, 1 SOD
N CAT 1§ 1 B 5 T K. Desmodesmus sp. QLI6 T
FALE AT ER, T H0,155 519 MDA 7K V-3
fnF SOD. CAT &1 TR, (E-FIHMHIBERA K
R C, EIRAHERTLISE RIS Desmodesmus
sp. QL96 B ALIE 1%} MDA, SOD Fil CAT /K-
I (R 1)
2.5 Desmodesmus sp. QL96 InE L EBBIEH

JEIE AT BN, Desmodesmus sp. QL96 HL4A
IR H 408 EERR L — &P FI 4L, ExPasy
TE 28 F2 17 (https://web.expasy.org/blast/) 73 #T {7~
ZEAFRNBE T F il 44.8 kD, pl 5.79. 49
FEE¥AMEB xR, ZEAOS KR
(Trypanosoma cruzi)4¥ Bt H K3 4L 9 i (Uniprot
ID: 096763; PDB Entry: dluula )HEA7 R MH:,
Horh 59%I 2 FE MR 7 51 56 2 —8(193 IR,
BAGRE 100%) (K 4),
3 wihE4R

T e D 0 B A R o SR AR SO L A
SRR AERIRAG, TR AR AR
BT 22 345 T AR A B 98 A 3R 0 AR 4R 3 1
X, FEBCHEY BT . AR AL RE ) Fnbt 4k
M 2R 455 )7 R BT 5 F R A WA [\ Y
PR, GRS RM, BRI TR, E R R
B BT AR RE D R I B, il
MR 3 016 m FFHE] 4 621 m, 1IZEHIR) DPPH
T BREE ST 16 029 umol/L $# K F) 29 914 umol/L,
M ABTS HITEBRFEM 367 542 pumol/L K 3|

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1644 A m R Microbiol. China

F 1 Desmodesmus sp. QL6 }1E L EHAIEX HepG2 A MDA 7k 51 SOD. CAT i& HRIE M
Table 1 Effect of the Desmodesmus sp. QL96 antioxidant protein on the levels of MDA, SOD and CAT in HepG2 cells

4151 SOD i /1 MDA & & CAT 7 /)

Groups Activity of SOD Content of MDA Activity of CAT
(U/mg-protein) (nmol/mg-protein) (U/mg-protein)

RALFRZH No treatment 21.01+0.32 0.35+0.08 5.2140.18

H,0, 4 H,0, treatment 12.78+0.22a 0.66+0.12a 3.31+£0.43a

i E Ak & FH+H,0, Antioxidant protein+H,0, 17.36+0.25ab 0.51+0.18ab 4.69+0.22ab

FH4: %] HE+H,0, Positive control+H,0, 20.65+0.15b 0.36+0.06b 5.13+0.20b

BHEXT HR 1+H,0, Negative control I+H,0, 13.27+0.71a 0.63+0.29a 3.44+0.11a

BHAEXT HR 11+H,0, Negative control I1+H,0, 12.29+0.52a 0.67+0.30a 3.22+0.27a

SR AL P<0.055 b: 5 Hy0, ZH AL P<0.05. FHVEXSHOMZEAEZ C, FATEXS I 1AN 1023500 BSA A2 B4k HiLf
PréfbEr, SXTIRZU LY 0.5 mg/mL
Note: a: Significant difference compared to no treatment group P<0.05; b: Significant difference compared to H,O, treatment. Vitamin C

was used as a positive control; BSA and the boiled Desmodesmus sp. QL96 antioxidant protein were used as negative controls; The
working concentration of all the controls in cell cultures was 0.5 mg/mL

) 92 v v e 00« e e e 110 e L 120. -l - e 1300 .- el -
Predicted secondary structure iieiiad by y " ® —
Query sequence S RIA[FVGQ MA P DF|EAP|A[V I .DwE RNISL D|Y|R[GK|Y V|V L FfWF|PIKA|FTF
Templaste sequence G E|A|EDL H P|[A P DFINE T|A Ll"IPNG KKVA K|G K|WL|V L F|IF Y|PIMD|FTF
Template known secondary structure TTS B~ =iy —TT S G GTTS mmmmmmnd—S—TT~—S
Template predicted secondary ;
Structure v 1“ A »
e 630 106 ¢ ¢ 60 5592055 ¢ 2. w5+ 305 cn e i 405 s § be mE e 350
Predicted secondary structure R, A—— - —) ARRAAARAA v
Querysequence..l l IQ! I I [ ET HLAWI KT PN RGGLG|Y I IP I|VT
TemplastesequenceKE csim E[YSIHLAWTSI E RGCLGQ 1P IILADIKI[CK
Template known secondary structure (& QRAT T T memmmmmsd s s —ARAAAAAANS ~GGGT S§—SS »TT—
Template predicted secondary g g map———— AAR AAARAAR AR ARAR- .
ructure
64. « v -0 o e oo 280 e e e e iO0 e e e e e e 2100 - e e .- . 2110
211« oo o o 0 22200 - . .. 230 .240. . . .. . -250.
Predicted secondary structure -~ s w—" i) ~“ARARARAN k\\ QV**i
QuerysequenceG mn EGVVQQIT NDLPIH VDE TLRLV
Templastesequence YRCL FI I KQNLR I TIVINDL P[VIG R|DI
Template known secondary structure T -"—————?—T B m—— —p—T TS — Q.Q.\.Q.‘ﬂ.\ \.Q. ‘ QS
Template predicted ng;‘?l;lc(iﬁll‘.z i i K i i iy —ARRRRARA 1\_‘
124. « v v 130 « + v wv e Q40 o e e e e d50 - e e e e 160 - - e - - . 4170
271« « .« . . .280. . . -
Predicted secondary structure ——— QA AR A AAAS

Query sequence I VADPEK S|L|E YF Eﬂ
Templaste sequence M K PIDP E K SIK|E Y F|GA
Template known secondary structure B —S ST GG G RRAN—
Template predicted secondary g, AAARAAAARR—
Structure
184. . . . .190. -

& 4 Desmodesmus sp. QL6 IIE L EHBIEH DT

Figure 4 The structure of Desmodesmus sp. QL96 antioxidant protein

TE: TURAUE IR FTfE LR B E A REE 1 dluula_; SREIEHEAMIE 2 88, BELICE pHM, Kok
FRRTCAMIE i FERBEAREE 2 A0 i lh, G AURIRIE-FE M -IRIEZ5 14 (310 Helix), T AUFREMF 10, B AR ER p-Hirh iy
sRAE, S AR ; JrE T r AR 81—

Note: The position in the sequence is indicated in the top line; The template is the homolog dluula_; Green helices represent a-helices; Blue

arrows indicate B-strands and faint lines indicate coil; In the “Template known secondary structure” section, G=3-turn helix (3 helix), T=
hydrogen bonded turn, B=residue in isolated B-bridge, S=bend; Identical residues in the alignment are highlighted with dark frame

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SR I BT R EE 2 Bl S A

1645

401 760 pmol/L®** ., Desmodesmus sp. QL96 M I
=] G S A DX B A 0 0 B AR 3, M Hb i K
4 555 m, FATERTIIBISEH & B R EET 3 ) 8
FURLEE S BLA B AT vEDT, Aok fh Ak
BT T oy B R A NS R S e Y

Desmodesmus sp. QL96 & [ & ¥ 4 id
DEAE-Sepharose FF & F At )24 &, WedE A
AHAIETER A5, TR S A B 1) pH
6.0, [RGB I A AR
H, PrELE AR AR BT o, TEHL Ik EE
Jig bR B R, TR 50 kDo A5 %
SEMN, XA 408 LR AT,
HYR s> THN 44.8 kD, HHLIKOHTEER—EL, pl
5.79, A TR T AP pH O 6.0 5
GEMACR A S o A2 WE B2 s, X
PR & 1 A S50 T2 5 a MR E sk B A% ik,
I3 KSR TR R

4alifb i Desmodesmus sp. QL96 PrA AL E [17E
—E B MR Bl N (0-0.8 mg/mL)%f OH . DPPH,
ABTS Hl H,O, BATIEERAEA, (HISFRACRA K4
AR C, BWUXFEARAETHER C MHtA
fiE . Desmodesmus sp. QL96 & H BT AL IS
PESAE R A BAOCHR, HB S 4 i &
1 BSA K[l BSA BYBL ARG VA # T H 25 o
bR BT S B TR i Desmodesmus sp.
QL96 LM AN Er e bz ie , AR I L
AT o 42 SE 80t 2 B, Desmodesmus sp.
QL96 HLAAE I Hy0, V5T 19 HepG2 A1 A fk
W RA R EN, HARPRORA LG AER C,
PE IR 58 Ak PR AR HE AT A AL
P4 B RAF A

ME MR E T 0.8 mg/mL B, Desmodesmus
sp. QL96 HL AL AXT OH [ Hh B i B Ve HI T
U R, XL AR TE = 0] S s 2R B A AR
TEAE ST A A RE ) T RER RS, TE4EAER C.
iy A NSO 71 20 i LS SR ER o o 7 (| I 197 R 1

FERI, Za— AN 5B H Rk S 2 A YRR
R CH 5g, AITENLIARA AL A AR, 3 AR
DNA A0 # i — R T KR = it
AR, H i R ARz A, XA
FH A AR SR I BRVE T, AT 7 Ik AL B o A Ak
RN, s on BAPUEE . DRI A
FREGTNZL, SR A0 S50 R, Y BREE i i
R AL 300 pmol/L s 4 i A 1k P4 /K - T
B, A AEERT ., BAROA — SRS T
P A AR AE e A0 A T B 2 AR AR AR AR, 1
WALV 7, B LR R A, ZEE 54
LR AEPU AL RIXTHUAA 25 7 TH . £ X PR
RO B A ARV Ak, AR TR ARG,
TR BB AL 25 Y e A

AWIE N E R Desmodesmus sp. QLI6 FH 4 Jifd
g aife T AR E MR E R, R T
Pl 25 B A F BRI BRAE 7, I8 2o 40 i 2
YRR UE TR A A A B IR E T RS
X IR T AN AT T R A, If a1t
BHUERL BN T H SRS . A YE B2 i
7, Desmodesmus sp. QL96 PrafbEH S HAIE
AR HAD Y AR A AR U e = 59%, SRSt

FURE XU R A F e A ATz, i
ST RE—METRIREE A, FERTTRUBAL S 5 Y
[jlip=ee
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