KE A& Y R
ACTA HYDROBIOLOGICA SINICA

FaLFE2H
2018 £ 3 H

Vol.42, No.2
Mar., 2018

doi: 10.7541/2018.053

N

AR S B MR TR E K THiE

1,2 -1 1
KIRET KT AR
(1. o ERRE KA TSR 2 560 52, TR 430072; 2. TP RN A%, LT 100049)

FEEE: B JC B A5 2 S E UK (Nannochloropsis) AL FEAL AR 2, SR J5 M A1 AR RS DR BEHLIE N R, B
BT PR Al T RAR AR, JF IR AR o r ik e 5 i R AR R o DAV AU ER B B B B-tublinE R 51
M =48 B fep AL 1T IR AL ALY T A FIsh blei MR, M 1 — D E AL ik pPha-T1-TUB.
R LA R 1 BRE LA L 28 FLI T VR AL IA TR, T 1 ng/mL zeocin T IEAR T i, JFLe i B 7 2k
AT, 132 70 IR E B AL AL 7. FATAR LE AL 1 rp it e 15 2] 1 Bobkol & B TP AR, HA:
KA T B AR R AR . o, 24N RAIRK 26 FIGS YR 1 22 AN R IR D7 % & A, LR R AL F SE 4%
EAE N E S ORI bR R o BF U T AL A J SR AR A P IR 7 i O DR AR HE R H AR PIR 1 v i R
AR T — N AT B

KRR WIATIALEREE, B O, REfL Rk

FETFES: Q948.1 HERFRIRAD: A

T ANER 8 (Nannochloropsis) e — 2 J& T FH R 51
¥4 (Eustigmatophyceae). EKEZ BT ALLER T 1) H.41
MEAZ AW, ZEA T 22 M(N. gaditana N. sa-
lina. N. oculata. N. oceanica- N. australis. N.
granulataIN. limnetica)[l’z], Hp N F 1IR3
AR, % 8 b i PR R AL, Y K I
TALERBE(N. limnetica) W B A B & W6 & 1E R
R, AMEMmESE, A8 5 Tk AIBR
(BPA)Y N, VB T8 i ol = ik B T 4
KA, JEA IR NI A SN LR 5 B
GRS BB R A iR Rl DY,

T, BT AR AR R I AR T T A A A
Bl BRI AR R A 5 7= I BE B AH 24,
15545 A= W PR LB ol v AR ) S AN AE B AR HE R
B2 B R R A P S K b
ARG A, AT AE I8 Bl HE TS [ B 3G N 2 355 3% a8, HH
LR A 7501 P s 1 Dl 2 7= AR ) T I iR R AR AR 22 35
AIAT . AT, ANIS K AR BR A B 2 R, Wt SR VR K
PR A E R A R B TEA
TRAL BRI A R R 7 %A A, ToikA st
o A 225 R P 5 4 50 R 95 4 O 1 P IR . AR SR

kS FL#A: 2017-03-20; 1&3T BEA: 2017-06-23

X EHE: 1000-3207(2018)02-0416-05

F B A 772, ¥ zeocindrt 1 JiE DR B AL e N\ 387
RPN R P B TR 2, Wy S AR A P, 3 oo 0 e 75
B B A 2 N (Y FRAR R, Dy PR SR AL
R H PR v ik SR AR IR 1 — A g1z

1 HRSH®

1.1 EERFIEF

VAN ER 8 (Nannochloropsis limnetica KR
1998/3) H 4[] 722 7K A= 25 1 P i v b A 5% BT (Insti-
tute of Freshwater Ecology and Inland Fisheries, Neu-
globsow) Lothar KrienitzBU3Z $E {t, 284 B ir-Fti 4l
WIS B TC R B . W B IR I BG 1 185 77 3,
FEIRE N22°C . HEHRZI 450 umol photons/(m®:s).
DI A HIL DA 16: 8IS A T REAT . [ {5 7R
1.2%H1EE R, #Ab 7201 pg/mL zeocin~FAR I
izt MFAR L PRBUCE AL T AL (L&
N7 0.5 pg zeocinf) 1 mL K AR B 7% 36 ) b 1% 5%
I5dJE T %€ . A% E TR TN 120 mL
BG 118577 H:(F NaNO ¥ FE il /> £1/882 umol/L) ]
250 mL =Rt i E 5 R, T =S H b A 2
/MR (0D . AT R, =M

HETH: ERARE IS EIH (41576144)% Bl [Supported by the National Natural Science Foundation of China (41576144)]
EE RN KB FE(1989—), Lo \WARMES N, Wi i AE; FEMNFEE S FEWFH . E-mail: 996102643@qq.com

BIS1EE: WIHE1E, E-mail: hanhuahu@ihb.ac.cn


http://dx.doi.org/10.7541/2018.053

2 HF B W BIBR I

VI S A 1A A S I T 3 417

TH1 % 15 07 T 2L RS 0 B P 9 240 M A s SR R A
IR
1.2 [RAME

LTI L BR 358 5 T 4L DN A IR, 514
tub-fw (5'-atgcTCCGGAATCATATCGTGCCACA
GCAGATTGG-3', FRIZ ANA0r13H 1YL £ ) A
tub-rv (5'-agct TGGCCATGGTTGAGACTAGTTG
GAGGGAGG-3', NI A Bal 18§ YIAL 55 BEAT
PCRY 14453 B B-tubulin 5 ) T X (21570 bp)' .
PCRy=WE8 I - 56 31E J 24k [R1 Wi, F Aor13H 141 Bal
1B, 5 28 RIS D) 5 RIS pPha-T 148 R K
Bz, DA e e R fep B BT Fr B (B T4k ik
[Klsh ble I i), 14 E] 5 fipPha-T1-TUB.
1.3 BERLFEE

JE I e A T AR TR YA SR AU BR S ) T vk S
HECSCRR[ 11T, BEE 1B, MR R : AKX EL
3B A MW B IS FH375 mmol/L Ll BRI VR 53 1Kk
HEZ, IMA3—5 ugfSca 14 4L ipPha-T1-
TUBJii FiIDNA, # 28 F WARF 8200 L, # 22
mm . B S R E AL RS T
R T BV DL BR B A R AL AR R
1.4 PCRi/ 1%

FICTABYETREUIE R 4IDNA . DLEF A= 7Y K [

fwHlFepAt rv (5-TCGAGAAAACTCATCCTGT
GC-3") AL XS 514, ML PCRIK 5 246 M #4 4L 7
50 uL PCRI MR R A 25 uL 2xPCR Mix(EFRHE
Y1) 51#1%-100 pmol 150 ng DNAAR . PCR/X M
FERF N 94°CA M Smin, $2 F K A& 34 MG I M
(94°CAZM30s, 60°C & 14:30s, 72°C ZE{H 1min), )5
#&72°C ZE{#10min.
1.5 RTEHEKESHEDH
FEOR A= ) 2l 3k 5 15 75 1 OD 53 H 3R 15
I3 P AE B FE 10 25 10 A0 55 12 K A 42 AH 7] £ 1 756 40 i,
TﬁﬁﬁBligh%ﬂDyer[mE"Jj:ﬁf%ﬁléﬁﬁo MARTEHEZ
JEHT(TLOR _EJ8 25 /M = ek H ik &,
2 E MR 75 R Silica gel 60 F254 (Merk KgaA
Darmstadt, Germany), & 2554k £ 8 1E Okt 2B
LIR(70:30:1, viviv). BEZERGEENRE T &A
e B UL B B T B 5—10min. ARUES =
TH R Ty B (Glyceryl trioleate) ) H Sigma /A 7 o >R
FH R B 3200 5 o i R0 FH 98 2 23 i A [ A 1) = gk
x5 &,
1.6 RERAERZBARN T HT
o JIE AN =T v R S Ak S I QU ARG X,
A AN, B LA Ultra Trace < AH 3% 7 B (X

(Thermo Scientific, United States)#E 17 i i B 4H A%
3N e TR A — T 5% I T R 4 23 B AH X
.

2 FR5E

21 GHIBMIAEKERTRERNIE

201 14Kl lian 25" ) F o (0 77 VR 76 g vE
THANEREE(N. oceanica) ™ % 37 5 24 B AL e A4k
RULK, 1ZJE T 5 AN R SR 8 AR A T v
e R g™ . IR (N, australis)
ST A WS ) — AR, S5l skEE g 3E
WSROk &, R P & B AR 7 AR ]
PRATTR H R RE AL SR I, #4227 A zeocin i 14 2
B BURL, EH A VA AU BR T B-tubulin & R 1) )5 8+
IKBhRIA, FAk J5 AT i /5 2 PRt 7. WI2b it
SR AR NIRRT R 201 %, R #5407 v
W RFIE— 20 . TGP ERE B I Rl 2R B R 1 4
JHBE, H A 75 AR 1Y FEL 3% 9 B GE R N 11000—
12000 V/em)'" ", T KR KT &, B T55 5%
(Rl 2 AN, BT e 7 20T i 37 9 FE 55 i o 2 B0l AT
.

MR BRE 3 AL 42 N zeocini FE 0.5 pg/
mLIIBG1 13735 7%, DUEE— P ik . E4E
BR6/N H G, FATHLIRAS T 41300/ v 7E & B Pk
PR ES TR B AR K B AL, B I e R AR+
e, Tl B0 R = R R AR bk . Rl
PLIEEL30N RAL bR, DLH L A DNA AR, LA
tub-fwHl FepAt_rv 51T PCRY YKL Er zeo-
cinfi P2 K S 2% 1k 7 51 Br (3£ 291.2 kb). 4551
KW, TE30N P EE AT B A B, 18
B 7 AR R BRI AL T
22 SEHMERTHREIFIE

T BG1 1R #3150 B 5114 17.6 mmol/L,
B 7 FL R SCRAS WU 21 A YA Al BR R A S AR I =
WL o AR T IR £ 1R FEE A1 22882 umol/
L (5 /KEEF= B 029 B — 20, Bl
FOEREE, VRIK AL BR e = IR H i & & 5l
TR AR 29 o bR BE LB 304N AT Ik
5 B 2 7 SRR B 9882 pmol/LI &4 R ¥ 3%, Fl
7 2 2T B = B B, IR 104 45 3
SN HEH 16/ RAKRM =B Hw & & T H A
B, EEFR 12438 F 14 RARKRI =B H S =&
TEFAEARY, 10dAT 1 2d kI 13 75 B35 v T B AR 2
RAMAE 1IEE, HHN37%. HARARGSH &
TEAE12 dEG T AR R i 50% (K 1),

REMW AR R MR R 54K 2



418

KRR Y R

42 %

REARE, &R O 2R S I 55
TAGH 2R, (H™ E IHAS A K. FIHEERFE TEF
B4 = 40 P G 7 2l 2 R R AR K 2 3
SN o ONIRTS AN SZ SR R v SR AR, AT
WP T B AR SRR A KIS, E 2
FToR, 9N RAZBR AR O A v T HP AR B, o
QMR B AE K I 2 BIA [RIFR EE A6, H R K361 D)
BN AR 2140%
SZEMEREREKNER, oONERKNTE A
BRI RA R, K14, K24, K26, K29F1G5%:54k
(& B TP AE Y, 5 BT BT AR 4
17% . K26FGSH AN ALK (1) AT A 143 ) B
Y A= 88 1 21 5%—10%F13%—6%
23 BN ER TR HEE

B B2 AR R & BT B AR A R AR bR

K26 IG5 7E I ) 26 A1 N 55 7%7d, WOk e 20 i
Tt S e =Wk H & & L R R 2H %
T VRN, FEARTE TR T 5 772 B A DL BRI 2
JE B 55 8 N 22%—26%, WA TV V3 flcR O K 958 1) A
M B, 2RI S i T AR A,
SE BRI A AR EREE R
JEWIFRLAC16:0 « C16:1H/1C20:58F, =FH Z M &
RARHTER70% A b o 53 A02Fh 25 5 45 i 10 AR T 1R
NC14:0F1C18 1, JUHAAE =ME I H i B 5 T
Bl s . SEA R, RARRR AR C20: SEUIK, FF
AR RARGSHC20: 5 =N AR
40%, FHNHLC18 1R & &I T — %2 . KK
Hh S B IR R R I T R AL R M T A AR N R P S
JERHI bR AE -

T I A B 1 B A R A R )38 A 4 A 3

M WT K1 K2 K11 KI3KI14K23K24K25K33M WTK34K35 G2 G4 G5 G8 G12 VI V2 M WT K3 K7 KI5KI17K26K27K28 K29 K30 M WT K31K32K36

BT L LR FYVET R T T R EERErT e i

2
2
A

QIO NAH DI DD PP HONPVL D DD O O D doax N\ 5 N\ A X O D X abd

\.Q \.Q QP \.Q O \’1» \’.‘» QP \9 SRS O \.Q AU Q‘.\ \9 N \.Q N \'.1' \'.1* \‘TJ WA Y \.Q \'.1' \9 Qf\

M WT K1 K2 K11 KI3KI14K23K24K25K33 M WTK34K35 G2 G4 G5 G8 G12 VI V2 M WT K3 K7 KI5K17K26K27K28 K29 K30 M WT K31K32K36

= Tfrff — : Y ¥ Sk R 1Y T

2 x 5 3 ! x z 3 B

'000000:00 o-.:fggz.. YT RFYTRYIYIYOY seR
a
>
<
=)

- -
O o a® o o0 O O X b D QaH PN A O H Qx> OO OO QD QD AN AV
\.Q Q".o Q‘?o Q°.° Q‘?o W \9 O W Q‘fo \.Q Q‘.b Q‘.b Q) \P‘ \‘.‘J \E‘ \'} \'} Q‘?o \.“ Q’.\ Q’.\ Q’.\ Q) \.Q N Qc.b \.“ \“? NN \“? Q’.\

K1
Fig. 1
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Lipid composition and content in mutants and wild type (WT) of Nannochloropsis limnetica at day 10 and 12

22 BT AR L ) B3 2R SR AR = R H I AT G T AR R (O 1.00) O ML =R H U, Triolein; WT. BF A, wild type;

i B EERE, others are resistant algal colonies

The values above the TLC panel indicate the relative triacylglycerols normalized to the WT, which was set as 1
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Fig. 2 The relative biomass (OD73() in mutants and wild type (WT) of Nannochloropsis limnetica at day 10 and 12
WT. BB, wild type; oAt A4 BEHE, others are resistant algal colonies
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Tab. 1 Fatty acid composition (mol %) in total lipids and triacylglycerol (TAG) of mutants (strains K26 and G5) and wild type (WT) of
Nannochloropsis limnetica
R Faty acids FAERIWT B AAIWT RAKRK26 RAKRK26 RAMRGS RAMRGS
KB Total lipids —BEAEHMTAG & figTotal lipids —BtH HMTAG & i Total lipids =Btz HIMTAG

C14:0 8.34+0.45 12.15+1.86 6.97+0.88 11.31+0.78 8.26+0.2 10.36+0.45
Cl4:1 0.03+0.01 0.15+0.01 0.02+0 0.06+0.07 0.02+0.01 0.02+0

C16:0 25.96+1.42 42.23+0.34 26.09+0.53 39.02+0.33 27.35+1.87 39.85+1.38

Cl16:1 28.43+0.49 24.6£2.27 32.39+0.18 31.31+2.08 33.84+0.37 30.52+1.13

C18:0 2.03£0.71 5.4+1.17 1.74+1.14 4.14+1.91 0.01+0.01 8.9+1.02

C18:1 4.3+0.61 6.11+0.82 5.29+1.64 6+1.65 10.18+1.27 5.21+2.18

C18:2 3.09+0.36 1.1£0.1 2.91+0.09 0.69+0.01 4.81+0.55 1.2+0.03

v-C18:3 0.08+0 2.74+0.42 0.08+0 1.52+1.93 0.11+0 0.04+0.03

a-C18:3 0.59+0.11 0.67+0.13 0.76+0.02 0.09+0.09 0.65+0.06 0.23+0.16

C18:4 0.03+0.03 0.23+0.01 0.124+0.09 1.04+0.63 0.05+0.07 0.44+0.04

C20:0 0.17+0 0.26+0.06 0.1£0.01 0.29+0.11 0.07+0.01 0.28+0.01
C20:4 4.58+0.49 0.68+0.14 4.67+0.3 0.14+0.15 5.46+0.73 0.02+0

C20:5 22.2+1.09 2.2+1.91 18.49+1.9 2.794+0.89 8.69+1.16 2.15+0.17

C22:0 0.01£0.01 0.95+0.04 0.08+0.1 0.94+0.03 0.04+0.04 0.45+0.31

C22:4 0.02+0.02 0.05+0.01 0.03+0.03 0.2+0.08 0.02+0.03 0.05+0.04

C22:5 0.14+0.20 0.26+0.29 0.2240.25 0.244+0.07 0.05+0.04 0.15£0.02

C22°6 0+0 0.2+0.25 0.03+0.04 0.23+0.22 0.38+0.11 0.13£0.08
5T H 4 EE % dry cell weight 22.0 11.0 24.1 12.2 25.5 12.3
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IRAS K . I A FT ST A R R i 0k T ik, W]
PAPREIRAG B A R R K ek . 2t 28, @
S50 A7 N ASE s BRI N 20 A W] AR 2 R A
TR & BRI AH S HE T, 1) B 35 20 i 1) ok g AL,
ON A 28 A3 T VA Bl DLER 8 7 e IR B PR AR
S
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CONSTRUCTION OF OIL-RICH MUTANTS IN NANNOCHLOROPSIS
LIMNETICA

ZHANG Ling-Xiang"?, CHEN Yi-Wen' and HU Han-Hua'

(1. Key Laboratory of Algal Biology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China,
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Nannochloropsis are model species for investigating biofuel production by algae. Many marine Nanno-
chloropsis genomes have been sequenced recently and their transformation systems have been established. N. limnetica
is the only freshwater species, and its genome and transformation system are not yet available. In this study, a genetic
transformation method for N. limnetica is established and a zeocin-resistance gene is introduced into the genome to ob-
tain mutant library, then high oil-yield mutants are screened from the library. A vector pPha-T1-TUB that has a s/ ble
gene derived by Nannochloropsis p-tublin promoter and Phaeodactylum tricornutum fcpA terminator was constructed,
and the linearized plasmid was introduced to N. limnetica by electroporation. Transformants were able to grow on
1 pg/mL zeocin. PCR detection indicated that 100% of the selected colonies were positive transformants and all resis-
tant colonies contained sk ble gene after half a year. Several mutants with higher triacylglycerols content and biomass
were obtained. Among them, K26 and G5 showed lower polyunsaturated fatty acid contents than wild type, which
meets the requirements of the European Standard EN 14214 (2004) for biodiesel production. This study provides an effi-
cient method to obtain advantageous mutants via generating a library of random resistant gene insertion mutations in V.
limnetica.

Key words: Nannochloropsis limnetica; Triacylglycerols; Electroporation transformation; Mutants



