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Antibiotic resistance of Nannochloropsis oculata and determination
of selection markers for its genetic transformation
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ABSTRACT To determine the selection marker of N. oculata, the sensitivity to 5 antibiotics
(Neomycin, Streptomycin, Hygromycin, Spectinomycin, and Zeocin) was determined in this
study. For each antibiotic, liquid medium and solid medium were both adopted with the same
concentration gradient. The concentration gradient of Neomycin and Streptomycin was 0, 100,
200, 400, 600, and 800pg/ml, while that of Hygromycin was 0, 25, 50, 100, 125, and 150pug/
ml, and that of Spectinomycin was 0, 40, 80, 100, 150, and 200pug/ml. The concentrations of
Zeocin were much lower, which were 0, 0.1, 0.2, 0.4, 0.5, and 1pg/ml. It was found that
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N. oculata is not sensitive to Neomycin, Streptomycin, Hygromycin or Spectinomycin, but
highly sensitive to Zeocin. Zeocin can completely inhibit the growth of N. oculata when its con-
centration is 0. 5pg/ml in solid medium or 1pg/ml in liquid medium. Zeocin could serve as a se-
lection reagent in the genetic transformation of N. oculata, and the ble gene could be the selec-
tion marker.

KEY WORDS Nannochloropsis oculata Genetic transformation

Selection reagents Zeocin

ALEREE Nannochloropsis oculata J&— PV B 1) 28 U il - T 08 S0 B PR W6 s B n 8 0% 7= 49 mT #1
AL FRE , I BRI LW 7 R4 22 i, aUsR s S E A B R UL Sy r A s A &
BN ZAEMIBIBE(ESEHE  2009; Lubidn ez al.  2000; X451%4F  1998; Volkman et al.
1993 ¥ B4 1992) 2L B IG AR (Volkman et al.  1993), JuH E A&, Bk i & & EPA, ik K5
BRI 30 % LA I (Renaud ez al.  1993), 53 4b . GA4BLBER 3 g & 23k T 8 A9 30 %6, Bk W& e il TR R (0 g
Ui Z — (Rodolfi er al.  2008), Zg L JriR , (bl Bk i 5L N TR ot R HAA S 2 T . Ha2 4 Mk i
PR B AL FE AL Y 22 1R 8 0, W6 5 T 449 (Ladygin et al. 20045 Kim ez al.  2002) W53 (] A%
1999) AL P CRIMEESE 2008) Flfik ¥ (Zaslavskaia ez al.  2000),

SIS A A N AR R B AR IC R OCHE . O SE I AR e A i 4 R 2 BB R L T i AR Rk EE AR IC
FEPR ok [ e ) S R VDR B Rt FEAn g S N (BB 52 58 2001 281 2% 5% 2005) VBT H 2B HEM
GA18 EFARICHE I (BRAKZL 4 2005) /NEREERY G418 AN & R EFEbpic I (B B 1999) . = fME4E
POk R R IE B AR IC S ] (Zaslavskaia er al. 2000) FIAK 3 1Y J B85 2 3 B4 10 2L K] 45 (Stevens et al.
1996) , B, ME— 4238 A9 S0l Bk e st AL B AL 9T (Chen et al.  2008) WA i FHPLAE Rk BFEFRiCH N . A5
SAT T B ER e X B B B (Neomycin, Nm) 5 55 % (Streptomycin, Str) \J# % % (Hygromycin, Hyg) R EE
(Zeocin, Z) FIPH: WL %5 2 (Spectinomycin, S) YAEUBNE , DL A S 300 BR 58 8¢ 4% 5 fb i  Po Ak R e Bebric 36 .

1 #HE5RFIE

L1 EskEkREER

PRI BR i Wy 1 3R R A IV £ 382 Fb iR 72 ( Australian CSIRO Collection of Living Microalgae, http://www.
cmar. csiro. au/microalgae) , '3 CS-179, JyBAFpalifp i 75 . AN Z 0 1/ 2 WK 35 75 He 1t 4l Ak 5 Pk U 5
B, PR IE SR G R4 18S B A/ 3L 70 T %55 .

PN R AN G FRIREE 232 1°CL3h B 30, 56 70pmolphotons/s « m* ,pH 7. 8, JEJEMI(L : D) Ry
12 h: 12 h, /2 $5372 3 (Guillard et al. 1962)EZER:FE . WK A H S, 4 0. 45 pm IR A £F 4 & s I
B JE # AT 121°C, 15 min & EZEVRKE .

1.2 EMERE

FET AR B R 18S (GenBank Accession Number: AF045045) FF 5% 814 : F1(5~-CTGCTTGTCG-
GACGGGATGTA-3) Ml R1(5-CGAGCTGATGACTCGCGTTTA-3) #47 PCR ¥ 14, MK Z T .50 pl
PCR g Wik & H & A 1. 5U PrimeSTAR HS DNA % & .10 mmol/L dNTP(each) 1 pl. 5% F1 f1 R1 £
1. 5pmol .5 X PrimeSTAR Z& #hifg 10 pl FIFEH DNA 100 ng., PAEER &4 8. 98°C FiZE ¥ 1 min; 98°C 725 Pk
10 5,57°CE 1k 30 5,72°C #EMH 2 min, 3 30 DPEFR; 72°CZEMH 10 min, HUS5 ] BEAT B0 ME U I el B AR I . 2 ]
W H 7 W3 28w #EAT I 434
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1.3 JEERT

HRHE HMEE ER DR E R NE R A R E R A RA R . 407 e dil §i 4k R, 5
F0.22 pm B UEMEE JEBRTA . 5 FhpiAz 2 Bk BE 4351 50.50,100,100,100 mg/ml,
1.4 BEEFEBMBKEREZHBRE

G390 ml B /2 B3 L bt A= R 2 808 2R BE GR D IFIRAS, fRIN A 6ml K5 38 2 X800 (3 X
107 cell/mD B8 IR 2R 13265 100 ml =AMBeiih 95 . BB E AT 3 YO SFAT e B A, BX
SE I 15 T L % 988 200 M A 5 B0 L SR T KB-K-25 1M Bk R b R34

LS5 BEREFREBHKERERSRE

PE i 55 AT AN TR e B2 (R D BYTAR R B0 £/2 R BE SRk g A B A2 3 WP AT BEE X IR AL . OB WA
I 5 d BUBEANAE R AR RO 1< 100 ~1. 55X 10" cell/ml, IR 0. 5 ml 348 20 g ¥ A1 T A [] ok JBE f) [ 1 B 5 ik
L BE TR IRA IR R RIS R R AL .

F1 MEEMEERECA pg /mD

Table 1 Kinds and concentrations of antibiotics

Neomycin Streptomycin Hygromycin Spectinomycin Zeocin
0 0 0 0 0

100 100 25 40 0.1

200 200 50 80 0.2

400 400 100 100 0.4

600 600 125 150 0.5
800 800 150 200 1

2 &R

2.1 BBHKEEMHEELR

18S =W Fr Be KR 1 426bp, %P e 45 R b A7 0471 . KI5 GenBank H & & F i) Nannochloropsis ocula-
ta 1 18S JFFI ALK 5] 99 %6 L UE B 4358 4l Ak J5 i 6 gt 2 S U0 3k 0

2.2 BEEFERBMIKE S MAERHERYE

AR IR 5 Fh BT AR FOW AL R AR R B an 18 1 8 2 PR . B R VBERE R O R AW R
TACAPL TR B 19 A A 0 A P e 38 084 A0 A A TR 8 o FG vb Ol R K M B R AR /N T 55 T 400 pg/ml
I S0 A 3K 3 ) A A R AN B 5 R B T & 600 pg/ml J5 L BIREE A AR KA Z B W B A . (HHTAE
RUSE by M AL AT = 2 BA NN E . 8% RAETTA M 15 d XM ERE L BA 0. Z )5 4
B ) T S O R Y R P o O A U TG B A

AR 15 3R B S5 RO TR AR SRR BT AT 5 R AR 3 b RCDU R o X ok g 3R fe W SRR (AT 2) o X IR B 9K
SR, A AR PR )M T 2 S ARVR BE A R B R (0. 1 e/ B AT A0 74 fRA0L BB 1 A IS R SR TR A
. B TR B 2R U RE B85 0 8 A0 MO 0 4 B B R A . A 1 g/l BOFORE XA AT L Gl R 19 A4 KL
B A B S B 7R B ROBE T LS WL O RO 2 0 BE AR I O AR S . IR SR NS5 R
TR B 3R ARSI T80 K 5 Bl AR 3R P Ol A RO ER e A B A A T 1R
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Note: The letters (a,b,c,d,e,and ) represent the difference degrees of deviation analysis and the same letter means no significant difference
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Fig. 1 Effects of various antibiotics on N. oculata in liquid medium

2.3 RSN RO B A = w31 1 Contrl
SZ Z-0.1
TEPE S SURINURS S U N G P T =8 o
11 d AL 150 pg/ml B ICLL T M7 IE o b
LK U B SE T T4 13 KR, 200 z
e/l (05 Fe 3 v 9 T L T Al Ctivatinmpeaalfa)
., 200 pg/ml (g oH LB 25 14 S RE 3 2 £ 41 HE: abede  BRTENMNEREE AHRFHNERLEZFALE

Note: The letters (a,b,c,d,e,and f) represent the difference degrees of

BRERER . 53 5b . 6k 5 R R & 2 0 B

deviation analysis and the same letter means no significant difference

PR AT — 5 B A A AR (RN BT B 2 9 B o o 5 2 X IR 9 2 K 1 B
MEER Z S| N 100 pg/ml .92 29 d Fig. 2 Effects of various zeocin concentrations on
A A 7 B Uk R 200 #g/ml i, A N. oculata in liquid medium

B X A ER B A € e IR AR L B3R 2 50 d R B . FE5R 50 X, 100 A1 200 pug/ml 458 55 2R 15
e R R B L T T g A 0 R U S8 T (RO ER A [ R B IR R T A AR TR A
R IR AR BRI,

7 [ R8s % b b ER e 0 PR R R AR U . B E 12 d R E R AWRIE R 0.1.0.2.0. 4 pg/ml YRR
AT L B R RCE W B R D DR AR R SR 0. 4 g/ ml YRR 2K AN BE 58 A 0 il 40 Bk
BERER. TM0.5.1 pg/ml KRR EE SR R E 50 & A EEK M. nTIL L ERRRE SRS, 0.5 pg/
ml PR % R O REAE 58 A M OB B0 2R 1o DRI AT AT P R 2 2% A Oy T (A % 57 b 9 7 e 30

3 it

AHFFEIE 5 B BT AR 2O L R B BT AE R BTPEREAT T HFSE . £ 6 WOV R R 15 57 1 SE B 45 R OR & It
PUBREENS 78 3 VBE R R 0B K LR Z O SR 0 PR e R AR B e R U . AR ARG SR L 0.5 pg/ml
P4 TR A i 2R RV A 5 0 A RO R B 1) A s TR R R B 3R b, S S 1 g/l I BIVRT S8 S AR I
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8ok B 38 B A AD BR o 3 A B A B Ak R o bE s PR . TR B R I X L A DU PR L Y ble AL B & AT
FE XA TR 5 R AR e AR iC R AL T 0l

FORBER AN AW Y Zh YA RFERENEN. RN R ER TS DNA 45z
Wi, SEC AT R R IR Ole FEF MWl L SR & KA A R BE V) E DNA, ble JE[H
S i e A i & T 2R B A W s A e AR AT 52 vh (3 B T4 2004 Leiting ez al. 1991), ble B 7E ¥
Frf VR BERR DR R I B F AR . B0, ble 3R 7R KL G ER 8 P 1O R 3K (ZE T 245 2005) , 53 41 4
(WRFLE 2001) , = A5 B (Zaslavskaia er al.  2000) it A5 38 . Hop sk B Z XA CER 3 & & =
146 T 5 1 5 A i v B2 43 500 105,100 g/ ml, T S 56 8 7 19k 85 28 0T A8l K 9 1) i I 0 ) vk B Ry 0.5
pg/ml, o] WL W R la) 22 R 8K

B TR ADL BRI AR B 1) D0 o )P i TR - B oS 7 0L R PR VR A ) b S B L DA B R A 2R
W (B WK R AF 5T I . PR IE XY 14 0k AR T PR 56 PR TR Y O R 2 — s A S B AL BR e st A% G Ak A
RINRTHE S . Chen 45 (2008) % U400 BR 38 7 56 B A B 58 b o 8 2B T SOBBRBE X R B R L RIB & R (5%
R VAHERNUREHRER AR I B A3 0 I bR ic . AR 52 S0 A 52 ok F0 R o X Bt A 2R A0 B L O O e
H T ok R 2R A A TR IR T 3 A e AL R e P A R R L Ay O 3o A T SR AR X (L Bk 3 A% B Ak R e )
S5 R T EENE L,
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EHEF IR 2255, 5k 80, EBE. 2009, FaR i AS [ B 17 R 45 e %) 05 30 2 4 S A RORAR AL 43 (8 5% . eIl B2 7 L 30(6) : 62~74

XUBEHE A, 1998, WAL n-3 i J3 N ORI 107 1 Xof P 6 £ 40 2E AR RIAE I8 RS2 AL VK AR5, 19(2) : 14~18

BF2E PN B XA KRR P BORE. 2005, AN ble KR RIE R [CERIE Hh AU BRI Gk, SEEGAE M) 4R, 38(5) : 411~416

FMTE ZEESC 8 . BRZETK. 2008, IR 53R R B PRI LT, LTI R 22 4 (R BL 2 1D 47 (4) « 567~570

MOAERHT R BA L TR 2 )L BE R, 2004, BRI MR AR IC BN P ELRO R S 4. 6(5) : 19~22

Bk 0,25 30H SRR, Ph 0. 1999, /NEREEXT 5 Al 2R P TR BT AR IO BUSHERT ST W8 5 IH ,30(5) : 500~505

JOA MR, R LA AR, 1999, A &R AR 2R iR B L DA o (R R A AR R i o ARGk, T E AL 5 8 F AW FE MR 15
(6): 907~911

AR, B, 1992, w3 B w6 AL 7 F AT F 0T R 20 MR A7 35 58 1 FIAE R RS2 MR . K =R 9E . 13 21~27

TRAES, £ X, 2230, FhE . 2001, FEERERSRE L TREFRICHIIR. AR, 115 1~2.

W, SRR Xk, SR, PhRE. 2001, SRR TREEFICHIIR. LRS5HEAR, 256(7): 6~8

BEKLL, 2 3B, SRAAE. 2005, B A 2B MG TSRO TR, JOER T ERiE M, 24(2): 119~122

Chen, H. L., Li, S. S., Huang, R.,and Tsai, H.J. 2008. Conditional production of a functional fish growth hormone in the transgenic line of Nan-
nochloropsis oculata (Eustigmatophyceae). J. Phycol. 44(3): 768~776

Guillard, R.R. L., and Ryther, J. H. 1962. Studies of marine planktonic diatoms: Cyclotella nana Hustedt, and Detonula con fervacea (cleve)
Gran. Can. J. Microbiol. 8: 229~239

Kim, D. H., Kim, Y. T., Cho, J.J., Bae, J. H., Hur, S. B., Hwang, L., and Choi. T.]J. 2002. Stable integration and functional expression of
flounder growth hormone gene in transformed microalgae, Chlorella ellipsoidea. Mar. Biotechnol. 4 63~73

Ladygin, V. G. 2004. Efficient transformation of mutant cells of Chlamydomonas reinhardtii by electroporation. Process Biochem. 39: 1 685~1 691

Leiting, B.,and Noegel, A. A. 1991. The ble gene of Streptoaloteichus hindustanus as a new selectable marker for Dictyostelium discoideium con-
fers resistance to phleomycin. Biochem. Biophys. Res. Commun. 180(3): 1 403~1 407

Lubidn, L. M., Montero, O., Moreno-Garrido, 1., Huertas, E., Sobrino, C., Valle, M. G., and Parés, G. 2000. Nannochloropsis (Eustigmato-
phyceae) as a source of commercially valuable pigments. J. Appl. Phycol. 12. 249~255

Renaud, S. M., Parry. D. L., Thinh, L. V., Kuo, C., Padovan, A., and Sammy, N. 1991. Effect of light intensity on the proximate biochemical
and fatty acid composition of Isochrysis sp. and Nannochloropsis oculata for use in tropical aquaculture. J. Appl. Phycol. 3: 43~53

Rodofli, L., Zittelli, G. C., Bassi, N., Padovani, G., Biondi, N., Bonini, G. and Tredici, M. R. 2008. Microalgae for oil; Strain selection, induc-
tion of lipid synthesis and outdoor mass cultivation in a low-cost photobioreactor. Biotechnol. Bioeng. 102 (1) 100~112

Stevens, D. R., Roehaix, J. D.,and Purton, S. 1996. The bacterial phleomycin resistance gene ble as a dominant selectable marker in Chlamydo-
monas. Mol. Gen. Genet. 251: 23~30

Volkman,]J. K., Brown, M. R., Dunstan, G. A., and Jeffrey, S. W. 1993. The biochemical composition of marine microalgae from the class Eustig-
matophyceae. J. Phycol. 29: 69~78

Zaslavskaia, L. A., Lippmeier, J. C., Korth, P. G., Grossman, A. R.,and Apt, K. E. 2000. Transformation of the diatom Phaeodactylum tricorn-

utum (Bacillariophyceae) with a variety of selectable marker and reporter genes. J. Phycol. 36: 379~386



