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Table 1. Primers of target genes

Gene Primer name Primer sequence (5°—3")

85 18SupS GGGTACCCGTAGTCATATGCTTGTCTC
18SupA CCTCGAGGATTTCACCTCTAGCGAC
18SdownS CGGATCCGATGCCGACTAGAGATT

18Sdown 18SdownA GAGCTCTCCGCAGGTTCACCTACGGA

. ZeocinF GGGATCCCATGTTTCTACTCCTTT
Zeocin Zeocin-A GAATTCTTAAAGCCTTCGAGCGT

L1.2 EFFE R PR IR R R AL S %
SCk [ ]
1.2 ERMFE

B B WO B 1) S0 mL [ B 9R B rh, 30°C R 170
r/min 57 5% 24 h, B pAG I 1 mL R R 210

SRR VA B0 S AT AN R B F O A B R
JeHEIR . WL R R B 2R 3R (3R 2) , IR
FEBLE 3 ASFATHE B R 5 L ib S H B0E % . Bt
A= (1K PR AL 1 ¥ B/ ok JE 2L T 7 40 < 100%

R2. AMRERMIBRERE

Table 2. Different concentration of six antibiotics

Different concentration of antibiotics (wg/mL)

Antibiotics

1 2 3 4 5 6 7
Cw 0 25 45 65 — — —
Amp 0 50 100 300 — — —
Kan 0 50 100 300 — — —
Zeocin 0 0.5 1 1.5 2 3 4
G418 0 20 40 60 80 100 140
Amphotericin B 0 6 9 12 15 18 21

1.3 4B DNA $| &

WL BB 18S rDNA i F 514 NS1 F1 NS8 3k 14
ZLTHAT ) 18S rDNA Jy Br ¥ RS T 804k |,
ZH Ky PMDASS. R 5 3k 43 9 2 5 A & 18S
tDNA Fp a1 ¥ ot bR U R U8 B 514, ) PMDA8S
Ay R 53 ) v B R A bR U RV B S A ) BamHI 1
EcoRI [ V) A7 5 ¥ 37 A7 Zeocin Ht 1% 1 I v B 1)

pGAPZ a A Fll pBlueScript IT SK % 14 #4177 %, ¥4 i
T EE 41 8% Kk PBS—Zeo. ¥4 [7] U5 B 5 PBS—Zeo 4T
VEE AT H A 3k PBSZEO8S.

1.3.1 S5 {LETTnstE® - L 10 mL 2458 A 14 B OB
TG YA 1 50 mL B R4 5 N 78 4°C, 5000 r/min
B0 10 min, 75 B, I 10 mL 00 (1) J6 16 /K 3 U5 @
EW IR 1F 4°C , 4472 x g &0 10 min. [ 10 mL ¥
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A0 1 mol /L il Y WK R A DT e R 4°C,
5000 r/min .0 10 min, EE 1 K. H 10 mL #i#
) 1 mol /L 1Ly A% B v 80K 1 AR U Ve T

1.3.2 B 445t Sacl Al Kpnl B Y] )5 753 2 1
H R BEIN 30 wL 74 B 5 2458 4 b B 5
TRA), VK EE 5 min, SR 5 56 8% 21 UK TV 1) HL 5 46
o, i E 10 mine BEE HL 5 500,75 KV,200 Q.50
pFo HLdi 5 A 1 mL Ff -7 55 37 3E,30°C , 200 r/min
251 h B G REAC EBRAE S A 1.5 pg/mL
] Zeocin ~F-#r Lk ,28°C 61 7% o

1.3.3 PCR ¥ E M & B 52 00 AL (1 19 25
41 DNA , HiR 45 18 3 5 25 o vk 258 8 1 ) 1 e o 51 4 ke
17 PCR %5, PCR 719 5 14 94°C HA P 5 min,
94°C 30 s,56°C 60 s,72°C 60 s, 4T 30 A1 i,
72°C H 2 GE i 10 mine I HL YK A U Zeocin FE K] )2
13 4 N L H 47 T (1) 35 R 41 DNA .

1.4 EAEBRUHIESHT

1.4.1 MAEYMEENE: KA TEZEWE, ] —
SEARFA K B (10 mL) &8 80045, 30 (2862 x g,
5min) , KB PRI 2 K B R A E T
COCHAR LT REE, UM .. AWM T &
AN (/8 (/A Wl W = A

. R E (g) - JELISE (g)
AN TIE (/1) = R (mL) /1000

Az (D)
1.4.2 A& 289 E g 10 S EC: = e A
PR R W (100 mL) , ¥ JL7E 50°C Tl #4, A NaOH
¥ pH % 10 — 12 2 A, % 3%0 (g /L) (19 L AT Ik
BERG, 50°C N HEFEIFORUE 2 hi e 1:1:1 (R &
B E k) (V/V) LL Al 43 5l s n £ B OF S b 4
e B REEG ES AR 2 -3 G BUIE A ke A, T
T 28 AR I AR o K 5 R JBCAE HE AR TR 105°C Mt &
THE, WHEHE. MBS EN & HE A2

P
i Pt = R A
i ) = D) 000+
na (2)
1.4.3 BERFEREARKBYM ZE: FER4L /77 L 0.5 ¢
JEAT MG I IE Cobi i X A 10 mL; B W& 2 X 1
mL £ 10 mL ZX 5, A 3 mL 0.5 mol/L ff] KOH-
H VAW T 65°C 7K 15 =20 min, A &1 FE DA 2
mL BF,~Z, B B 9% W (BF, - Bk : HEE =3:7,

V/V) ,7K# 65°C .5 — 10 min, ¥ #1; T b F1 NaCl
W ECOH S 2 mL G E#E R I EER
HeAEEMTHIECOHAER 2 -3 KEERER
10 mL, §2 100 pL A B0 IF A 100 L+ JLke e H
B (i BE CL%0) W50 AT w] F/E DHA 43 # .

AT S 0 1% FE - DB23 (60 m x 0. 25 mm x
0.25 pm) ; K I 28 - FID; 3 &< 2 i e 30/L;
BERE VIR R 0 250°C 5 A DU 245 3R 1 280°C ; i FF &
1wl THIRFE 5 90 46 AR 100°C, 48 BA25°C /min
B TE 2 196°C, F LL 2°C /min (1 3 & T+ &2
220°C , % FF 12 min. A% :3.0 mL/min; J& R
3# 130 mL/min; & < ¥ 40 mL/min; 55 S 7 GE
400 mL/min.

2 SiIRHR

2.1 HRETFERERFE

ANF GO FR R i 5 R w1 R, SRR A
N R ORI O R A AR AR B
Wi, BPE R FEALRFFAE 25% DL, LAY R % %
M) 2 34 31 300 wg/mL I, R 5E A7 1R 1) AR K52 B
SE ML L LA, BUE A w4 44.33% o

ZETE 7 X Zeocin (1 TP 5 b BIURG AEARIK JE
T B A R A A T R AR G, I L BE A AR B
HEOIE AR H 2 L TE, R B W AE 5 A Zeocin [¥]°F 4R
FAERMRG, /£ 1.5 wg/mL KK E TS R5NR
B AW IE BB (1) 5 v W Zeocin X L5 4 B 1 410
B B3 OF BRSO R R e . 2 Y B
227 Zeocin Xf S. limacinum KW, KIAE 2.5
weg/mL i, Zeocin g 5¢ 4l S. limacinum ] 4K,
FHEE T2 B2 5 AR S 56 v A I S0 AIR WK S 1) Zeocin %
S8 A v AL RE IS B 8 2 I BOR -

GV B2 1K) G418 X 2 B A B AE K 1 40 i 4 0 A7
B, 75 20 wg/mL R JEER 5 2450 7 14 (1 3008 % H g
g5 5 48. 16% (P 1) , Bt 45 e B 1R 189 oy G 40 16 4
FHHBCR B R 2 2 G418 KWk R IA ) 140 pg/mL I,
A fe 58 A R B ARG, HEBEE S RA%A
WA LI 1) 5 MR 32 B O 24058 A 1 11 AR K 4
HRBOR A7 B2, MR ARG R g fRIE 100%
MBOER, I HEI5 5 ROVRE AW H I (K 1),
ALY PERE 2 B O B A TR R A AR H A K0 R
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Figure 1. Effect of different antibiotic concentrations on

lethality of Schizochytrium sp. .

i L E 06 Sl mT A 6 BT R b, R
E % IIE R S SRS R AR R SN
BEAT S Wi, A BEAE O 3Tk 077 3% 1K) 157 Zeocin,
G418 ML 2 B XS 2R 5H . W1 1 7 KA ik W 2, {1
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4400 bp

Amp
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AP B ATk 380 S A 1 8O R R Dk 2 A
PUIE I3 B3R 7> 5 18 B Zeocin T 1E HE K ble T 48 %
Ty 17 I8 FH A — 6 B0 1 3 08 A AR IR 28044 iy o 1 B
i A A S T LA 3L % Zeocin fF hy Z45H
A DR 5 A B A A 2R TR e O e K )

2.2 4piE DNA B9 &

2.2.1 E4H#H K PBSZeod8S ByMIE: T2
B A R O B 0 SOk T DL A 5 3 DY T B g
A2 R TR A R R DR R B B R e 4k
A Re RS E Rk, DR G R R A A 2 A B I
% 4k PBSZEO-8S, #4 gt B i & 2. 1 & A H
FLEA 18S rDNA i 1 5 943 2 2458 47 14 1) 18S rDNA
FE 3 (B 3-C) 5 8% MR 41 % 7 40 B o i K T 3 )
P51, AT 15 2 18S rDNA [/ 5 B, #2245 4% 188
rDNA [F] 95 1% (P& 3D, E) % 4 214 /& PBS—Zeo (& 3-
B) I, d5 e it Wy [ 95 5 A 4 R i 45 1k 5 R AE A
AR W REAT R IE . il 3-G JiTas, 18S rDNA ff) E

Bl 2. =4 EH PBSZeo18S METEE

Figure 2. Structure of the targeting vector recombinant plasmid pBS—Zeo-88S.
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Figure 3. Agarose gel electrophoresis of recombinant plasmid PBS—-Zeo48S. A: Targeting vector pGAPZ a A and pBlueScript II SK;

B: Targeting vector PBS—Zeo; C: 18S rDNA; D: 18S-up homologous recombination; E: 18S-down homologous recombination; F:

PBS—Zeo48S-up homologous recombination; G: Targeting vector pBS—-Zeo-188S.

9 IR Y5 A 1 3 4% ) T 4L B Ak PBS—Zeo Lo
2.2.2 F|F PCR WiE 4B & E SN0l 1k
J5 HY B A HE AT B 9%, 41 BB R TR 4L A A AR
Bt Zeocin HUPEIE K 5 BEAT PCR SN , B Jie v vk
KM Zeocin K& PRI A5 1 N 2451 47 A1 1) 4% (8 A b
AR DR BN £ R 4 TR, S5 kB T
Bk B HY L4, S1-84 Fl S6-89 Sy i 1% T #k , PCR
J5 e % LT DR 4 0 AN ble BRI 2
FR N ZLA A B R, JF BLZE 18S rDNA 4 it 4T A
VAT, S1-84 Bl — 4 PCR 44 2 i T & 2 0 #%
DU T S6-S9PCR it BL WY 4% 4 iF, 43 M 7E
700 bp F1 1000 bp [ {7 E » X 0] fg 2 5 5 P 7E 3
B 7 A DR 4 2 R LA N () [ I kAT TR
P2 LA N, 3% DR R S0 3k R 7E 18S 1DNA
R AT R R B 41, 1 18S tDNA fEE R L4 %
P UL, AR A U5 DR 97 N B 4 5 A 1 DR L 6 A
Ab o AHEE TN — 0 At A R 5 A0 0 8 B A

T8 AT S0 U5 5L DR G (0 K A 1 S s i HL AR gk
A7 7] U5 T AL A P9 A A7 AE B R R A A
AR AL B o AR . A AR kR I Ak Y5
ble FEPRI B ik, 5 R W& 5 row, ble K2R 55 5 K/
Jy 11.3 kDa, ¥ AL B ¥R AE 6.5 = 14.3 kDa [i] ! 3 &
EI 2% 7 110 J5UGR B PR W A B 4k it B el e eT AL
1%k R BB A 7E S0 17 B h AT R IA
2.3 HUEHRAERMEER

T T 4 T R A s DR S0 P PR BEAT T R R e L
B 8 B 6 NIk 3 Jro, e DA B 5 Y TR R OBE 6
T 5 R TR R AH 22 AN K, 7R 48 h TR BE 11 6 2 0 UK
FE #RFEAT O g/ L, w] WL o0t J5 1R TR AR AR AR IR R 32
BI85 R SRR TR PR R 800 R 1) B 2 A ) &y
WAy 54.74 g/ L H155.34 /L, gl fig & & 2 ik #
27.50 g/L F125.71 g/L,DHA [{) % 8155 9. 87 g/L
H19.02 g/L, o JEWi BRI 23 AU 22 3 v s » i 46 11 Ak
55 BS0E GARR (0 IR 07 TR v R R M R o
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I 107 T 1) 5 3 ) Dy 42, 119% AN 42.21% , DHA
S JIE IT R 1 B &k 37.80% F1 36.53% o Hi ML ET WL,
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(B)
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Zcolcin |
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4. SN ble B F A PCR Wik

Figure 4. PCR analysis of the ble gene incorporation in the
transformants. A: PCR analysis of the ble gene; B: Schematic
diagram of single gene insertion way; C: Schematic diagram of

multiple gene insertion way.
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Figure 5. Protein electrophoresis of the ble gene incorporation

in the transformants.
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Figure 6. The fermentation results of transformations and wild type

strain.

RI REEKRESRERRD ZHIEAS BHBRAK
Table 3. The fatty acid composition of wild type strain

and transformations

The fatty acid

wild type strain
The fatty acid

composition/% transformations strain

Cl14:0 10. 62 £0. 20 10.90 =0. 38
C15:0 0.72 +0. 13 0.74 0. 09
€16:0 30.62 +0. 11 29. 84 +0. 21
C18:0 0.15 +0. 38 0.73 +0.31
C18:3n6 0.24 +0. 06 0.589 +0. 34
€20:0 0.16 +0. 04 0.40 +0. 11
€20:2 0.23 +0. 12 0.17 0. 06
€20:4n%6 0.48 +0. 19 0.24 +0. 10
€20:3n3 0.33 +0.21 0.41 £0.22
€20:5 0.76 +0. 10 0.67 +0.33
€22:1 1.05 £0.22 0.89 +0. 31
€22:5n%6 16.83 £0. 15 17.69 =0. 41
€22:6 37.80 0. 14 36.53 0. 50

+ 2 A

3 én e

AL GET AN AR P AR 20 R0 A T K
Wi, i H) 1.5 pg/mL 1) Zeocin 1E 2y 256 5% B Bt 14 07
R A R R IR R A B OR, DL BE A B Y 188
rDNA 1B [R5 4 PPk ble J DA% 42 30 24 58 97 b
et pk b REAT 05, R I AE 25 7 R AR A BE g 2EAT
BAE L FYR A, M ReEAT 2 5 WU 4], 2 #5 D1
IFi 5 B 4 5 0 A A A5 BT ble B DRI EE N ALY
Ak ;R R T R R I TR AR AT I 5 E L
B LSS 5 TR PR () AR BE B 2 R PR B AH LG T
JE U R A UK ZE 5 U W ble R § AN JE AN
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Establishment of genetic transformation system of
Schizochytrium sp. by homologous recombination

Xiaoyan Zhuang, Shenglan Chen, Xiaojun Ji, Xian Xu, Lujing Ren
College of Biotechnology and Pharmaceutical Engineering, Nanjing University of Technology, Nanjing 211816, Jiangsu

Province, China

Abstract: [Objective]l Schizochytrium sp. is a marine fungus that can produce DHA efficiently. Genetic engineering has
been successfully used in industrial strain improvement and metabolic studies. In order to use genetic engineering to
modified Schizochytrium sp. , we established an genetic transformation system of Schizochytrium sp. [Methods] A genetic
transformation system of Schizochytrium sp. was established by 18S rDNA-argeted homologous recombination. The
targeting vector contained a part of 18S rDNA from Schizochytrium sp. and the ble gene. This targeting vector was
transformed into Schizochytrium sp. by electroporation and then selected by Zeocin—containing plates. The incorporation of
exogenous ble gene into the genome of Schizochytrium was inspected by PCR amplification. [Results] Fermentation results
show that the transformants had similar cell dry weight, lipid yield;, DHA content, and composition of other fatty acids to
the wild type strain. [Conclusion] Our results show that the introduction of resistance gene did not affect the cell growth
and lipid metabolism. This system could be used to introduce new functional genes into Schizochytrium sp. .

Keywords: Schizochytrium sp., 18S rDNA, ble gene, homologous recombination
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