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B OE (¥ REaTHESES. THhFE, AKSRALTHEEEA G, 55, WEGHRK
1k, LB &) AR T 45 B e D RERTHL, T EKRKR. BOSETHHRTMHR, HK”
Fh R RAFAH A IR R R KR, [ 1 AR IATRE F ihikeh 4 KAart sk B EA AR5
8 TX VE A s R AR, shiZ BT F %2, Jhadbiz BAREEAT R SMA 2 . T 28R B2 T 5 (ethyl methyl
sulfonate, EMS)FZf 2 &F X, KA 96 M SBZHAR A H X ELHLF FALT GAEY
. HF9REMH. [£XR] 2 18S 1RNA LB 55547, TX 574 Chlorella sorokiniana, M 540
ANTHEE R 5185 8 MNgAEAEZ HA KERG R TR, EF HIONEZEAELEEL 642%, T
BHEOASEA 044 g/L, FTEIL 072 g/L, 2Rl H L ERRS 3.4%. 15.8%47 26.2%. [4i4]
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Isolation, identification and mutation breeding of Chlorella
sorokiniana TX with high protein content

XIE Feng-Xing© ZHOU Ke ZHANG Feng-Feng ZHAO Qiong SUN Hai-Bo
WANG Shu ZHAO Yu-Jie

Tianjin Research Center of Agricultural Biotechnology, Tianjin 300384, China

Abstract: [Background] Chlorella sp. contains 20 amino acids needed for animal growth and rich in
protein, polysaccharides, unsaturated fatty acids, carotenoids, astaxanthin and various vitamins. It can be
used as high-quality natural bait for fish, shrimp and shellfish. [Objective] Chlorella TX was isolated from
cultured environment. The method of mutagenesis was used to breed high biomass and protein content
mutants in order to obtain excellent algae resources for aquaculture natural bait production. [Methods]
Chlorella TX, a relatively fast-growing and high protein content alga, was screened from the aquaculture
environment as the starting strain. 18S rRNA gene sequence analysis was employed to identify strain
Chlorella TX, and then ultraviolet mutagenesis, ethyl methane sulfonate (EMS), compound mutagenesis,
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96-well plate high-throughput screening and progressive repeated screening were used to breed high
biomass and protein content mutants. [Results] TX was identified as Chlorella sorokiniana by 18S rRNA
gene sequence analysis. Fight mutants with genetic stability and growing fast were screened out from
540 mutants after progressive repeated screening. The total protein, soluble protein content and dry weight
of mutant H10 were 64.2%, 0.44 g/L and 0.72 g/L respectively, which were 3.4%, 15.8% and 26.2% higher
than original alga strain TX. [Conclusion] The advantageous characteristics of H10 with high protein and

growing fast can be used for natural bait production.

Keywords: Chlorella sorokiniana, Mutation breeding, Total protein, Soluble protein

INEREEAE R — R L HCREREIR, T aA
FHA . EEEEZMOKIET . ANEREER T E AT
SRR, SRR 20 FERRY, HaNE
BEAMERRIR . K MR MR
RSP W TR RREEY,
P 127 12 = LN = vl [ 2 A W V)
IR b, ATEE A, BF . DR R, R
ARG E . feBEgRaE AR E RS, IR RERR AR
FEAK RS R AR . A . MR ER FIBE IR EL 1 &
i R N YN T(E SR E (2127 V) L N = D g yi=h L
HEENEEERILR, HEANEFRERZH
B FRR IR, RIAE R IR IR, /NBR
B EE R E R R BN R

MAMEMA BRET . B2, MRS .
R THRETFE., Brar L ARERR . A
RS, # ZH TatEy mcEm s, ot
FEW—EHBU) TR T Bk d w7 sk
TR BEIE TAE . BESRRIT, /NEREE 2 2RI AR
o, RASPRIAE R RENT ISR 6.23%, HEA®
BT 2.5% " % BTl (KRR T
AN Mg A R R TN R R 2
(ethyl methyl sulfonate, EMS)iFEAS, Z&ARKKI 1
Bk FL M B2 (eicosapentaenoic acid, EPA)~wfim T
8.97%!"%l; “Coy-HLk iR MELS & EMS VEAE I te 211
SV 2 gt X7 N N E S S PO L TNER LR
T 2 R XN B G T P B ARG A kAR
AR E R AR T B HA m RO A RE ) B
FT R RS 60.8%IK/NEREE TX HE1 70 T45E, JF
KHEIMEAE . EMS B A5 R AR XL #E
PRHFAT TR0 3, SRIG R 96 FLAR =i 1 i ik

HAREFAERKDR . BT ESR/DERBERE A,
DUIA SR 7K 5™ 5 58 R SR ERE Y 55 R S HE A R A s
PEUR
1 AR5 h8
1.1 ##
1.1.1 R A

Bt /R EE TX A= IR rh 43 25 O
17, BREASEN60.8%, AYaTENO05TgL,
A3 56 I 32 5 PR B R 2880 25 B 7Kk AR v U U R g

SR,
1.1.2 EHxFE

INEREEE S ST B iR L BGIL (g/L): NaNO;
1.5, CaCl,2H,0 0.036, Na,CO; 0.02, MgSO,7H,0
0.075, K,HPO, 0.030 5, K,HPO4-3H,0 0.004, #7
BER 0.006, FRREk4% 0.006, EDTANa, 0.000 1,
AS VAW 1 mL, HHEZIRM 40 mL, [E{AEEFEES
FHm 18 g BilgHs .

AR R 350 M1 (g/L): (NH,),CO 0.3,
NH,C1 0.3, NaHCO; 1.0, KH,PO, 0.05, MgSO,4-7H,0
0.3, FeSO4-7H,0 0.008, [ {45 F=ELAE T 18 g Bt
i

FAFMRE TR FR%E M2 (g/L): (NH,),CO 0.3,
NH,C1 0.3,NaHCO; 1.0, KH,PO, 0.05, MgSO,-7H,0
0.3, #j%iH# 5.0, FeSO4 7H,0 0.008.

1.1.3 FERFIFLE

Ezup F:CEL B DNA fhA5 & . PCR =44k
T, A T A TR FR2 H s EMS
oy BRI A R A BR A R A e A, B
99%, HoAth k270 i B B A i e,
REJCRAIGIRAE, WL AR A RAE] BbRiX,
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BioTek A Fl; B2 HIIRERIL, IWARERER: 40, 50, 60 min, Fi 1%MBRCHBRENZE L0,
AR ; PCRAY, Applied Biosystems 23 F]; Y6 8 000 r/min B5.[> 10 min, FARZEK ML 2 ¥, BG

ST, AR EABRAF]
1.2 A&
1.2.1 /DEKRAID BIFIE

A3 IO IRRG Rt . B ERIR SR . SR b
FJZK500mL, AFEIZER, H10 mL #FPF] 100 mL
KEAM BGL1 WAREESRFEH, 25 °C JEIREEFRAH
EAERIE, JEIEIREE A 4 500-5 000 Ix, 1 JEEBUE
SRR, DA 3 BRI 2Tk 1 kAR AT
ek R Talifk . alifk 4-5 U5, 48R3 BGI1
REEFR A RE RS, 25 °COLRRIGSE | FJRHUE,
WIS ODeoo (6, TEHUIOGEE R TR 24450
122 B TXEESNBESFEE

Bali b BERRTE BG11 AR IR FRIZR)5
MR, WMESRERIEA, PR A 7E = BE T
MEL MBS

L 18S rRNA B FH 53 Hrxt TX #4730+
Wi, DNA $RBCR ] Ezup FExCECE DNA HhiRiz
&, 5144 NS1 (5-GTAGTCATGCTTCTCTC-3")
FINS6 (5-GCATCACAGACCTGTTATTGCCTC-3'),
PCR MW AERZR 2S5 pL): #ifi DNA (20-50 ng/uL)
0.5 pL, 10xBuffer (with Mg’") 2.5 pL, dNTPs
(2.5 mmol/L) 1.0 pL, . FHF514(10 umol/L)5%
0.5 uL, BEEK20.0 L, PCRFZNEMT:: 94 °C 4 min;
94 °C 45 s, 55°C 45s, 72 °C 1 min, 30 {MEFF;
72 °C 10 min, PCR y=#lalialifb R AHalifbii £,
LA IR AR T A TR AT BR A R
1.2.3 pEGE TX BT EM

MBI 15 S 7% SCHR[ 1310847 28l . B
SEECEK R /NERE 4 mL, KT R
(1-4)x10° CFU/mL, 1120 W £4MT4%, SRt
10em, 281, 2. 3. 5. 10 min, ¥ 5h,

EMS J5ikS% SCHR 1610 A 2o sl . BOSHUE K
WIMEE 10 mL, 6 000 t/min &5.0 10 min, F I
i, H 0.8%F EMS (FH pH 7.0 ¥4 0.06 mol/L
(IR e METE ) 10 mL 43 BIALFR 10, 20, 30,

12h, #E 3d.

EEFE: F0.4% EMS 575401 40 min, &
RSB, FARGEK MRS, 20 W S AMT RS,
FEES 10 cm, 4 1 min.

PR A FNAAS A PR R 10 3% HLks B
ke, HX 100 uL %A F M1 AR SR A |, & T
JEHEE SR 25 °cCIE B3R, SRHRBREE N 4 500~
5000 Ix, JEmFH 12 hi12 he 532 10 d )5, P
AR, BB T
Cl _ C2

Cl
Hrb, REFZERHR C, HRLIEHR C. Phik
IR T>90% A0 HL A 5 A MR TR A i

W - B RTR I S8 A8 AR F K T 2 Bk 3
96 fRFLAH, FRFLAHF%E 200 pL K B i)/ ek
AR SRIE ML, JERERESE 7 d, FHEEAR Y 590 nm
AR SCEEAS , DAARIEAE B XTI, X B bk B
6 Pk, DANROYEE (B i AR R BRI E
KFXTHRA SRR, e384 10 mL M1 IRIARE 338
FRRE T, SEIEREFE 7 d, MIOEREE, SBORERE
(BB PR 5 50 mL M JE3R3509 100 mL =
i, JEREEESR 6 d S IBERIR EE AOLRE(E, %)
i A=y e e AR, SRR B RSN 3 I

S FRIIT A S AR MR HEA T AR IR, 4RAR
10405, #EREI M2 3Gt R, B0
[F L, 6 d JGHURN ODgoo f. T 1. AlIETEEA

T= x100%

SEMBEASE, MEdEyES., SO0
A ZRATHE
1.24 MEFZ*

/NEREETEIE . ¥ 50 mL .08 T 105 °C
AT R EE, TSR AEICE .,
53 3 WA 150 mL #E 4T E5.00(6 000 r/min,
10 min), 2B FIEwR, FHZEMK 40 mL $E% 3 Ik,
BN RIS, BUE 105 °C M EEE, R
wiLH W,, TE W (g/LYITELSX K.

Wa—Wi

]

150

W=1000 x
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ATV A EE . B 20 mL 83 6 000 t/min
B0 10 min, BRI EEFKER 2 ]WaEiET
20 mL 50 mmol/L pH 8.0 FUBEIRZE thias i, FH
7 I 20 MR R SGHEA T A RN R (250 W, 20 min,
7 5s, [AEK 1 s), AMIBRRRTE 50 °C #ukifrhde
BC1h, $EEGK 10 000 r/min &5.0> 20 min, B EIE
W 10 pL, AT DsEiE G-250 Jasf] 200 pL,
FIIFH 96 TUAUARAERIE 254 F 52 5 min, 590 nm ]
TEMRICEE, AT R TR

SRS . AN A A
ER YL E R, B OHT 5 SR AR E (2
0.1 g), ik, BATHALE , INAMEIL R, A 10 mL
Wiz, 420 °C iM% 1 h, BEZERE, FIH4LA
FILIRE R E S & i
1.2.5 HIEHLES K

FRA PRI E AT 3 IREE LK, R
Origin 9.0 AT BHRGHH T AR, W1k
SrHrifiid Duncan #4722 H AL, REGEKBRERHA]
MEGA 7.0 1) Neighbor-Joining #E#4) % .

2 GRESH
2.1 WEERESBSIRIE

M3 AFER I E R 60 B RE, 24k
B, WEARESL Rk — B A R . AR R
FIBEARA e 44 9 NX. HX., TX. iR 3 #R#EAE
WARREFERIREFE 1 )5, ODeoo (H-5]M 0.68
0.77. 0.87 (& 1), EAGESTH 56.3%. 53.8%
F160.8%, TX AN GREE(EFNER (& AR X 4y, i
£ TX T a2,

66

78

37
Br—"1

ol
97

[E—)

0.1
B2 TXEHET 18S rRNA EEFIIMBENRFE LB R

1.0 - 170

L OD(VU()
& Protein content Z0.87_00.8

563 160

0.8 0.77 53.8
50 &£
. 0.6 40 é
S 3
0.4 30 g
38
20 £
0.2
10
0.0 0
NX HX X
Strain
1 HEBEFERHERIERSE
Figure 1 Growth and protein content of isolated and

screened strain of Chlorella sp.

22 TX EMBIESTS FEE

TX #£ BG11 {35575 B3R 10 d 5, AT
B EHAEN 3-5 mm IR EOFETE, REDGH, iE
M, TR B TSR, AR RIE, S,
Y B2 4-8 um. X TX B9 PCR F=HyEf Fil ¥,
MRS A 1311 bp, 74132 E GenBank H
AT Sl MN249533, 55882 b E i/ NEk
WM 18S RNA JE[KE4T BLAST 43#r, NCBI $d
£ BLAST IR 45 R %K, TX 5 Chlorella sorokiniana
AR R 99%. 41531751 K Fl MEGA 7.0 1
Neighbor-Joining JEH N RGL T, MIE 2 ATAI,
TX 5 #Fk MF101221.1 (GenBank 55 NON001)
F1KY921856.1 (GenBank #3555 CMBB151)[A]4b—
AN, BEBH TX A Chiorella sorokiniana, 5
BLAST ##ia4s R —3.

MF101221.1 Chlorella sorokiniana strain (NON0OO1)
KY921856.1 Chlorella sorokiniana strain (CMBB151)
TX (MN249533)

X62441.2 Chlorella sorokiniana strain (SAG 211-8k)
X74004.1 Chlorella zofingiensis strain (SAG 211-14a)
X63505.1 Chlorella saccharophila strain (SAG 211-9a)
X63505.1 Chlorella saccharophila strain (SAG 211-9a(2))
AY762600.1 Prasiolopsis ramosa strain (SAG 26.831)

—— NR_026473.1 Thauera mechernichensis strain (TL1)
loob—— NR 027224.1 Thauera phenylacetica strain (B4P)

Figure 2 Phylogenetic tree based on 18S rRNA gene sequence of TX
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2.3 INEKRERTHRIFIE
231 EIMNFTHER

10 d JE5HEBER, KMIFEE 1. 2 min BUER
SR 74.9% . 98.9%, ALPR3. 5. 10 min FUBFER
YR 100%, R E BAEriAEAS R 20 W, B
10 cm, PFRA0HE 2 min. M 180 1] REZEAS R ki
214~ ODegoo fHL i1 T X HE H B A RURATEERR, 430l 44
N Z1-Z21, FE=Arhar s, R 21 pRif
3MRIEAANK, Hrpz3, 75, 711, Z13, Z18, 721
() TE 20 OV BE KT 1.27%107 CFU/mL, HBEW 0
WO AR A, KT 0.69 (R 1), 6 FR#E
IR R, Z3 M1 Z18 KA B 7%, T
A Kdesg, gk, mzs. Z11, Z13, Z21
e, RS —ERIR, w4 R
AR IR SR W i R 1 R i
232 WFIFTHR

54 10, 20, 30, 40, 50, 60 min J5HY
HHEERD N 11.7% ., 33.6%. 69.6% . 91.3%.
100%F1 100%. Kt fb2#5728 iR B AR Rl
0.8%M EMS 5754071 40 min, M 180 4SAJREZE7S
PR Pk E 77 MBI H. ODgoo B T4} R () 58718
PR, rilan s HI-HT7T, 77 A5 bk )i,
BB FERLS 16 MRARERELD, Kit
16 P SARRRAFP B = AR I BE R 6 A~ KA
SRASIR(F 2) 0 6 GEALKR I 2 BV 3 34 v X et
OD {H7E 0.79-0.98 ZI[a], 6 R ARMRFERAIEF
W, H31 B4 TRIE %A, H4, HI0, H24, H27.
H28 Hkae, MRS & aimikile.

F1 FINFLREVREYAIREFD ODgy, &

Table 1 The cell concentration and ODg) value of
ultraviolet mutants

Strains  Cell concentration (><107 CFU/mL) ODxoo

X 0.92+009 0.83+0.07

Z3 2.97+0.12 1.20+0.11

Z5 1.72+0.11 0.84+0.05
Z11 1.27+0.11 0.69+0.02
Z13 1.77+0.13 0.85+0.04
Z18 1.52+0.15 0.90+0.03
721 1.57+0.12 0.810.06

F2 WFFTRTRBAMRET 0D, B

Table 2 The cell concentration and ODg,, value of
chemical mutants
Strains Cell concentration (x1 0’ CFU/mL) ODxoo

X 0.81+0.07 0.87+0.03
H4 0.89+0.12 0.94+0.01
H10 1.05+0.13 0.88+0.08
H24 1.04+0.12 0.95+0.04
H27 0.94+0.11 0.79+0.06
H28 1.19+0.09 0.98+0.03
H31 0.84+0.10 0.86+0.06

233 EEFT

BAEE 180 AT RER AL MR hHkE R 21 #
AR BRI BERR, Lt PRGBS SR B 8 R4
Rk 5 F1-F8, M 3 m4l, F1, F2,
F4. F5. F7 {8 ODgoo fHIEE] 1.02 DA I, Mk E
K#] 1.07x10" CUF/mL DL |-, @& FHABIR AR, 1
5 PNRAFRIEEANRIR B AR . 5 AN RAEHRAE
PeREEFE, F7 BRI R4S, F1. F2. F4, F5 [t
A, MFasEn kil
24 RTHKET
24.1 £Y=TFiE

M 3 AT, FFERY 13 ANRABRRH ODgoo (K
T 3.1 MAKA 8 #k, Hrp 713, H10, H24,
H27, H28. F4 iX 6 PR ODgoo (H 5.3 T
XHE TX o KEBITFABHRI ODgoo (HIEE] 3.0 L) I,
B E T WAENGNG ODgo 15 1.0 A4, TH

*3 EEFTRTURBAMIRET ODgy, &

Table 3 The cell concentration and ODg,, value of
compound mutants

Strains Cell concentration (x 107 CFU/mL) ODxoo

X 0.87+0.07 0.81+0.03
F1 1.45£0.11 1.16+0.03
F2 1.22+0.10 1.03+0.07
F3 0.98+0.12 0.85+0.04
F4 1.07+0.09 1.03+0.04
F5 1.22+0.11 1.07+0.05
F6 1.00£0.13 0.96+0.08
F7 1.12+0.10 1.02+0.05
F8 0.93+0.09 0.94+0.06

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



826 A 2 A

Microbiol. China

50

e L Lo 2 f

w

Dry weight (g/L)

e <o
—

g
o

H27
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B3 RITHEET ODg E(A)FITEB)
Figure 3 The ODgy value (A) and dry weight (B) of
mutants

Note: The different lowercase letters indicate significant
difference (P<0.05).

Ji R 400 i R0 A2 O FE A 8 R SR ), 0 (R 8
eI M2 S, PRI, XU
WA TIRFEA K, HIRFARK
BERTAFEK,

MTELE R, 213, H10, H27. H28 19T
HRE R TR, 24EK5% 079, 072, 0.68.
0.73 g/L, XTI 057 g/L #ET 38.7%.
26.2%. 203%F1 27.7%, HH 713 TEE, &
0.79 g/L HEARIMT , ODegoo B A9 EE KR T F AR XY
WL o TESEFRAI . $EAh R NG 5 i (] s —
OGBS, AWk e B AR K AR R, AR

IHEKT Z13 . HI0, H27. H28 A K AR
242 EHBENWH

BRI A4 sl , S LT 2 E—aT
F oW A B ARIE, 1Esh A g 3l
h A EEREREAY, Wi EA SR
P R BRL T . R 4 AT, SR A/NEkEE
AR A S EAE 0.29-0.44 g/L ZJA], Z13,
H10. H27 1 F10 (RIS I TR, Horp
H10 Ml E A & R RIS T 15.8%,
e T HMEEN . ARETNER TX A S H 8
FEATRFEIEE 60.8%, & TiakhE A IR &
Mo, UUZsERA S E It mEN
THRFSERN TR . TX B MR R H10, H24,

0.5

00 TX Z13 HI0 ;124 H2.7 H28 Fl F4 F5
B70> Strains
4 ab a b b ab ab
60 % 7 % % 7
g 40 o _ / /
: 1111
11111
230} % / . /
it
10 |
111
0 A % A % A % /é /A

W R

TX Z13 H10 H24 H27 H28 F1 F4 F
Strains

B4 REKBFBFEERAOMEEASE®B)

Figure 4 The soluble protein (A) and total protein (B)
content of mutants

Note: The different lowercase letters indicate significant
difference (P<0.05)
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H27. FAFRIFS B H & 5Tk 64.2%. 61.8%.
63.3%. 61.7%. 61.5%, Hrh H10 BREEA S
SRR TX #2055 T 3.4%.

HI0 AYETE., AEtEEASE. SED
BRI B 26.2% . 15.8%F1 3.4%, 44
A KASFR A IR, HI0 WLk, H
2t T 10 fR4kREEE, ULRHILOE R MRS TS
T, AR T R A
3 WiE4R

V5ZAE B R G P & R R A R0 vk
Z—, [AIFEAEFERE G A E TERK, Bk
Bmsn i ik 2 emEY ) 96 FLMALIGE
PR EER (R 200 wL) il R (— MR AT
96 IMHERR) . AHFTER I 96 FLH S A MREA T i
e, KRATE T TAER . W TR, ek
A RKTEORIR, fEMHRRSRA T AR,
WG (R R AE K HORBE e, B R, HAEY) &
o, OB R A o R AR 5 L ) O R e
96 FLAIIE 590 nm Ab fry W B (i 16 A 1 e
PR, JrERREAAT

ANEREELE A 5 251 T BB 1 o — R AE 50% 22
A, MSFFREFRRE A S — T 30% 2400
FRYNEREER IR IR B 7 AT 3k 500 g/kg T
L, FHIAE] 50%P . AHEST H ARG T AY/NER
TX ERFHMF THEATEAEE 60.8%, Tk
A GE B S bR Q7 B A i 58.73%, H.
PRI P AEY R B E R T AFRAEK,

ABIFE 540 ST REZSAERR R T E S 4 5848 bk
TEEESTHE, 5 MRERNEBEASTER
XTRE, e H10 A& T Ek 0.72 g/L, AliEtE
EATEIE 044 g/, BEASEIEL 64.2%, 59
B R EARIRE T 26.2%. 15.8%F1 3.4%, HAEER
FEWUE, UL IS AR T FH R R A ™

AWIFGE P AR BN IR B FL 45, ODsgoo 1HIS
#) 3.1 DUE, (HAYR B, AR T
PRANML LIS, AT W] REERURE SR 53R 1056 6 K,

EARKGEREGAREN, AYERisflRm. £F
B T DU — SR8 Rk H10 Ak, DA
WiE R AERSIRIH . B Ak, AT E A SRS
H10 A=Ky Z13 py A ik T &, d 4
KPHEA ST EREIME T
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