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B 405 (30 £1)C 24 h #4561
[100 wmol/(m® « s) J, MRS F% (PR R
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Tab.1 Species, features and sources of test subjects

ih A Pk ik R
Species Antibiotic resistance Features Sources
Anabaena sp. PCC 7120 Jo Liiga St 125 [ B D AR 5 oy
pRL-489-7120 PiRIBeE R ZE IR R AR B2 B AR M 5 B
pRI.-489-vp28-7120 PLRABE R LN R AR B2 B AR R E B

TR IARRE IR 5L B AN & A R RR A BG-11[ i
Pk BG-11(-N) T35

[ A BE 72 5L 7 BG-11 (-N) i F2 il m A
1. 5% B g 3573 K e i A o
1.3 fHiEA*E

KRR O T 4% T 2% e LA S Y A RS P A O
e FEARSE DU AR R IF AR L B ik, H
i AR R 0 6 43 o SR i 1 R AR T 28, FHAS [
VR 2 A B2 1A 55 0 VB AR P AR R W R B e, 75 S e R
PRI ) ol AR ROV B2 . P AR R e i s 2
VE eI R s TR EE P A 1. 5% 3 hE,
il AR 72 3, AR . R B R A B TR AT
KHGTHTEIT VS 25 O 40 L, 767 A B R 4k,
(30 1) °C.24 h FHELSEE[100 wmol/(m* -
) JEIERE IR F7 10 d 247 K RS S PR
PRIRAREL A 2L B 7%
1.4 HEREEX

FEASCR I S « B3P A 42 0 48 i S 250
T AR AT T 43250 L SRR A 5 v -

P(%) =100x(C,/C,) (1)

C,=CxL (2)
K P(% ) FAEAR A ; Cp S BT AT B 41
A% C, R AR AP 1) 40 i S 5% €, S B2 Tt
FEFRWCH R A H 5 L oz F- B 20 i s 72 W
ZTHEL
1.5 SFEYERFIE

i —2 0y g sl it f v 2 FI B LU L
Pl AE =07  BORL 4, R PCR Al
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WKXF e & . 5l W R sk b uiE PL: S
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i P2:5'CCCTCGAGGGACGATTTATTTACTCGG
TCTC 3,

RT-qPCR A5 7 32w IO 53026 4 B 1 e 40
MO (OD5s, =0.5) o fifi TG RNA 42 Bt 571 &
(RARA AR H 1 5 4/ 20 7 5 RNA 32 Bt )
& DP430) $HURE 19 5 RNA, 6 i S 8% S
F AR BUS B RNA 2 55 % cDNA |, 1521 )
cDNA F¢ 5 B n] £ & RT-qPCR J7 3 5 0 K )
B op-28 FEH MR . RT-qPCR 525 5¢ i,
J&i , T ZEXT RT-qPCR SE5G 9 7=y A 7 FL UKk Sty A
I bl S LB PSP SN S e N

Western Blot A5l 2 (1 F 45 AF 3 B HURE 1)
0 250 b F o A A S B, R S AN Rk
OD,5, Wi K FAEF 0.5, ZWR kAl &0 % LI
W o RS 56 Bradford J7 Rl B4 5 1 2
BEWREE AR EE R 1R BRI TR A
VKIE A 1A DR IR R A VKB B B B il
10 g, 3 T IO BE 8, P L RAIE S A I
(1] i 9 B B s R AR
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1.6 EMERFTE

WAL AL 5 T B R 1 PR AT T HOR TR
TEBERD B IE . AT B K EFILLT L
FERATFTT 3, (1) ARRTEC: 7 ML BG-11 B 5RO
P, ARAE 2 ~ 4 J8 il 208 e B IR, (2)
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AR B 5 DR A il 2 R — LU R 5 5 A T
-80 CHx, Al fRAF —4F DL b, 16 1k J5 vl gk 22 4l
A

2 4k

2.1 HEFikimiE

e BG-11(-N) FI& &G SR 2 [ i A% BG-11
(+N) TR AL IS — 25 . fE% 8
Fr i R A0 i T Ak i I R R R S
TR 246 6 73 2% T 0 2% B DGk A s A 2R 2
PR 2R BTG QL™ T R S TR IR O 2 i
BRI LN 2 PR BRSO A

AW IR LT

F2 H&JEE 7120 R BG-11
REFHERER 20 d FIEMNITH
Tab.2 Counts of other algae than Anabaena sp.
PCC 7120 in BG-11(-N)and BG-11( +N)

B %75 No. IR
Culture medium A B C Average
BG-11( +N) 18 23 21 20.6
BG-11(-N) 3 9 4 5.3

MG 2, BG-11 (-N) 15 57 2 v 2% 3 14 . ok
THELEL BG-11( + N) 2 74.3% , 5 A 45 A5
HAF R BC-11 (-N) B J5 5 v A ) 0 i
WS E N, HAp k22 R S A A IE—1
SN TR FEZE BN, L&A BRI
BG-11( + N) BiFrEE o & B A 50 M i) £
BELZIRUR PRI RR T X L B B UL A 2 B
TAERIEREIR I ICE, B R & A IR R 57
A IR 2 20 d Ja A E 2B (PR Z
BRI B LA B AR R AE RN BE )

2.2 R EXILMMERRIE
2o PR B SRR e I , AR ANRE B )

ZRWRIR T O R BE AR B, {H L ] Dy #0358 20 B
TE AL BEASRH D) i) B A Y 0 R B R 5 A A
TR B TRAL IR LK e B TR AR MR TR A5 J M L IX 5
ALAG I 5 — 20 S Ve PP AR 4R DL R A7 AR 3R i
Pe (R M) o KA B8 v B i i T
Yo b, i A S AT LA X o 2 B 1R
B, FHPUA 210 100 e b B e A R0 LU B A 8 £ R
BERIC, TSI R SR 73

% 3 Al LUA RN 10 d TFERRIBCRIT IR
ETb BB T AR B v I RN Z AL
RAH R Hm IF T B A2 1

x3 HERERREHSENRETL
Tab.3 Changes in P( % ) and Cp
of Anabaena sp. PCC 7120

PR R AL 5 No. CPVHMH MR/ %

Days 1 2 3 Average P
30 149 128 143 140 56

25 97 124 137 126 51

20 124 128 111 121 49

15 124 118 103 115 46

10 96 87 99 94 38

5 0 0 0 0 0

0 0 0 0 0

AR A ST e 1 B A R R E 7120 FERR 25 4%
BEHZRE S fEdE TAEIC (B 1,63 f4), K4
HPTAR R R O O 1 J2 8 IO 18 B A R4 DAy x
PO, oA 38 i 24 kg oR 28 Al A 1) i o, O A1 v B ik
DA A= B 2% o T LA 150 g /mL fY R
TS %E 28V JBE g TP ) B o W 52 Wk B, 22 6 IE 120
g /mL R AR A RS TR O P BE R,
VEWIZFEIE D B AT A R I BROE W BEE O 120 ng /
mL,

x4 AEMERRETEREESWL
Tab.4 Changes in P( %) cultured in different

Antibiotics concentrations

PR R Yk EWE/ (g /mL) Antibiotics

Days 0 50 100 120 150

30 56%  46%  51% 61% 0

25 51%  44%  47% 56% 0

20 49%  40%  44%  49% 0

15 46% 37%  40%  45% 0

10 38% 30% 38%  40% 0

5 0 0 0 0 0

0 0 0 0 0
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- R RS — SR L R A4k A
Purified pRL-489-vp28-7120 Unpurified pRL-489-vp28-7120
— PP RIS - B A RIS 5
Unpurified Anabaena sp. Pec 7120 Purified Anabaena sp. POC 7120
0.

fEBRE/% P
ceeooos
OH=NWR IO~

5 10 15 20 25 30
ffl/d Time
1 HAEBMEBEERRARLGUAGERE
Fig.1 Changes between purified

and unpurified Anabaena sp.
PCC 7120, pRL-489-vp28-7120 in 30days
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alifb A Rl AE K
2.3 fREUZ DNA ST 5 # PCR il
P T DT 98 2 T X A e HL B g /D
A LR A kL DNA R 47T PCR 973 J5 F
KRR A
el 2 ] A O 2 8 VAR L 4 BT ) R Uk
B LA 2 FH B 30 e A K B 81 5P I 4 B
) JORE FE UK [, W] BH S B A AN 1 kL
AT UL AR BSR4 T 9 ] DS R A Sk B A
ﬁ PR 2R 0 8 AN BEKE AN B TR Y BT A T g
TTURRIR , Yo 5 JBORE 1) 25 B 5 A8 bk e H 1) Bk
l%ﬁ&%iﬁﬁﬁhﬂﬂmﬁﬁ%ﬁﬁﬁﬁ
DX, KSR AS AT B 2R =2

vp28 vp28

B2 MWNEEEEREE 7120 REURAIRIE
Fig.2 Plasmid extracts of Anabaena sp. PCC 7120, pRL-489-7120, pRL-489-vp28-7120 in electrophoretogram

2.4 RT-qPCR #i

N TR EEAL RS 3 i £ IR R 7120 ME g B
Wi , ] RT-qPCR £ 1 2EAL AT IS 3 b £ 22 i
WAl R op-28 FEH YR IKF (& 5) , il Western
blot #3{M 1~ vp-28 HEHMEH (K 6) o

http: //www. shhydxxb. com

PASE AR 1) B A SR £ 0 2 I, T LA 4
A ibiey %JWISE’J{%@FEE?TW@EE’J%I,A
AR 30 AN A A 14 B A SRR AT, 1 2B 40 i
o HA A By i ﬂ:ﬁﬁ?iiﬁiﬁl%%i%Tﬂ?%?ﬁ%n
et USSP PSS s S5



5 3 ARFER L 55 < DR B AR OCIE it AR f R R Y 2l 649

bp Marker 7120 489 vp28

Marker

2 000
1 000
750
500

B3 PCREIEEFERIE
Fig.3 PCR products of Anabaena sp.
PCC 7120, pRL-489-7120, pRL-489-vp28-7120
in electrophoretogram

T

DRn
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-0.20
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024 6 810121416182022242628303234 363840
Cycles
4 RT-qPCR JUEH vp-28 EERIH G £
Fig.4 vp-28 amplification curve of Anabaena sp.
PCC 7120, pRL-489-7120, pRL-489-vp28-7120

3.0 N
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iS5 1.5
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e
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Mm% Species

B S 3Fh&fEsE 7120 TG R M vp-28
EFEMENRIZE
Fig.5 Relative expression of vp-28 gene in Anabaena
sp. PCC 7120, pRL-489-7120, pRL-489-vp28-7120

2.5 Western Blot #&il]

& 6 v LI B A Ak 5 B AR B A 25 3
AT Bt D5 PR RS T8 4R 1 80k, T 4l Ak 5 1)
H R Beg stk sl i e, R K.

Marker Purified vp28 Unpurified vp28 Purified 489 Unpurified 489 Purified 7120 Unpurified 7120

..m

B 6 &iflsEihfnkatEfminth vp-28 BB E BENIE Western blot
Fig.6 Analysis of relative expression of vp28 gene by Western blot in Anabaena sp.
PCC 7120, pRL-489-7120, pRL-489-vp28-7120
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DRI BE DR T 3R 03 1855 (3) B e DR A8 v 23 2 A4

¥ B R Bl Rl g o0 18
ABEFE 224 TN £ R 7120 BF A A
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PREGIRI P Z R TRLA AN i B AR U RR DL RO A IR A iE AN ey =38 AT IX 7o BT 0T
LS AR BERRAE HW SR R b i TR FURTEAS o DLR SR B AR I3 3 3R A e 2 A I
DRAF IR N 2R A B DA (HOROEFEDUAE MDA R AR (B 7) .

RS WEMERNSEREAN

Tab.5 Traditional methods of Separation and purification for microalgae

15 )71 Separation method ST FZE Range of application {55 Disadvantages

S S ——— FUE A K RE Y
Medium screening method AT AT R AR TR

RS g

fi e SRR XL AR 4 ST
ilution method
I (3] § . N . N
BIEL SRR B B M RIETAHHE R KA
entrifugal separation
- i At ¥-[16]
AL 538 AN O S A LR, BT
apillary separation
N =7 [15]
(NHIREL Sy A S 4 5 AR AR
roplet separation
pH ﬁj\%‘?ﬂi:m PP ——— pH i Bl R 2
pH separation PRI B BT RN E 2

TR Sy

Temperature separation BB IRE ANBES> BOUHELEE AU T2
N N =y [12]
WAL B 1 P U

Flow cytometry separation method

LK
Tkt Wk
REUF R No clear \Wild type,
Extract | band
g%ig plasmid
./ Wk
ampl Electro

KA IR
Unpurified
subject

pla
method

Gene/Protein
gRT-PCR, Western | not expressed
Blot%&
gRT-PCR, Western HEE AR
Blot, etc. 1
A FRIK

Gene/Protein
detected

B7 HEREERETRRMERARELE

Fig.7 Technical route of separation and purification for transgenic cyanobacteria and its subspecies
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XA — AL 8 0 ik 1 Ry B T 7E
3.1.3  FRELPR A AR EL 5 0 R B R Y
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B A AR A 4 BIAS TR e 28 1 1L G Ak
ARSCIR T 75 R R 75 8 00 1 B 5 B T K 11
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Mnnﬂ/(nf .
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3.2 #UXEFHEX

TEREFED = ol H 4k R B4 K, N R
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PAZ25 B R, L0 F S A 7™ a0 A= 7 A s
Fro HHTIAR , WS [ 5000 5 e PR 7 i 9 B A5 1R &
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PR 7 A 2 DR SIS L 2 JELA 2 i DR 7 i 11 £l
ARG 1R ol SO PR U R B R 99 o [ P S
J1e

FRIEN AL 7 125 0 8 52 AT B T D6 RO %
RHUAERG F7 e 3 IR s ey LA 2B 7=, 4 1 (1)
RELEA: ™ 1 A H R B A 2 18 5 (2) M X 0
LD B o, 2 3R RS A e Ao 5 (3) PR Ty
(NIRRT PV L L IREE 2 Ui AN N
77 il R R TS W 7= i S S PR RE , e X3
HO™ i (LT B R A A o A Al fl AT LA
o A8 b A A 52 24k B 2% T R Al DA i 4 n H
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DAL [ P58 A 8 AT R, A 77 ) 7 i 2 B 2 T
AR B A2 1 ARIE . SRR AL e R
7 it R A B 3 A 2 RS S

RN AR St T HOB S A R, HA L
R T W A R LA R AR 7 A T T AR T 5 X
G0 HAUBR AR CUNRImAT i) A AZ A9 (A
b)) S G0 W A 7 1) L E AR 24 R, B
DRI Sl Al 1A 25 11 T 5 Dy g 2 DR 2 2 7 Bl T
TR, G R T 2 R R (H
SLPIBEIE T H 298 DR R R b A7 R AR E PR
LR, ELS T BE DR B R A 9N B 8 IR e
R A I — IOCHE AT, A A B ik I
BRI AL AR Ik 1 TR BRI LI N 51 8 97
RV B, SEREDE ™LA 2 A R I A i
3.3 BESRE

RSO N ey a4 73k 00 3 23R
Je RIAE S T 200 2= 1 A e ) T 2l 2
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BRI IE S Al A B i 7 Sy i R B

ARSIy ST ) 75 1% RS R AR £ B

X P LZARAA 25 B A ROR , (518 2] 5200 g 5
R SCIA Ay B 240 35 AN RE 8] S0 H AN 5 T ISR A7 HE
DA BEAT Al o BE A Y Al Al (AU BE A )
R BEA Trok — BUG HAh RO 1%, A AR B S
RIS RT LA 3k 3802 e s e 1 Jr v ok fai 1k
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l
Anabaena sp.PCC 7120 pRL—-489-7120 pRL-489-vp28-7120

BRI f@REE 7120 ERFEMT BG-11 FFHIEFR 20 d HEFARALFERIE 400 FE A
Plate 1 Pictures of Anabaena sp. pcc 7120 ,pRL-489-7120 and pRL-489-vp28-7120 cultured 20 days
in GB-11 and micrograph zoomed in 400 times

1. A IEE 7120 2% 05 R 7E BG-11( + N) BEFRIUP ISR 20 d BEFRRIE A5 2. MIEE 7120 £ BG-11( + N) B h 557 20 d Jus it
B2 400 f5 T A5 3. FREE 7120 4448 275 BG-LL(-N) FiSR R 1597 20 d HigRiflie s 4. 883 7120 £ BG-11 (-N) FigRigi i3
20 d LA AR 400 £5 T IR

1. Picture of Anabaena sp. 7120 ,pRL489-7120 and pRL-489-vp28-7120 cultured 20 days in GB-11( + N) ; 2. Picture of Anabaena sp. pcc
7120 cultured 20 days in GB-11 ( + N) zoomed in 400 times; 3. Picture of Anabaena sp. 7120, pRL489-7120 and pRL-489-vp28-7120
cultured 20 days in GB-11(-N) ;4. Picture of Anabaena sp. pcc 7120 cultured 20 days in GB-11(-N) zoomed in 400 times
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BRI £fE%E (Anabaena sp. PCC 7120) Em R EHIF 400 FTEF
Plate I Micrography of Anabaena sp. PCC 7120 ,pRL-489-7120 and pRL-489-vp28-7120 zoomed in 400 times
1. 10 I8 (Anabaena sp. PCC 7120) HFA: 71 400 £5 B4 F5 2. 23 (Anabaena sp. PCC 7120) 75 AT 400 £5 & H; 3. fa
&3 (Anabaena sp. PCC 7120) % H (3L K R 400 £ A& A
1. Micrography of Anabaena sp. PCC 7120 zoomed in 400 times; 2. Micrography of pRL-489-7120 zoomed in 400 times; 3. Micrography of
pRL489-vp28-7120 zoomed in 400 times
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Day 5

LN amiisgie

BRI & AE5% 7120 EFAERRT S ~30 d FARTH
Plate Il Pictures of Anabaena sp. PCC 7120 in culture dishes from day5 to day30
L WRATHS 5 REFALRIBERR-FAR; 2. WA SRS 10 REFARIBERFAR 5 3. URASE 15 REFAE RUBEFF-PAR; 4. A4S 20 KPR B Fh-F
s 5. URAEE 25 REFABIBERFAR 5 6. WA ST 30 REFA: R BEF-FAR
1. Picture of Anabaena sp. PCC 7120 in culture dishes in Day5 ; 2. Picture of Anabaena sp. PCC 7120 in culture dishes in Dayl0; 3. Picture
of Anabaena sp. PCC 7120 in culture dishes in Dayl5; 4. Picture of Anabaena sp. PCC 7120 in culture dishes in Day20; 5. Picture of
Anabaena sp. PCC 7120 in culture dishes in Day25; 6. Picture of Anabaena sp. PCC 7120 in culture dishes in Day30

Separation and purification for transgenic Anabaena sp. PCC 7120 and its
subspecies

ZHU Jiacheng', HE Chanjuan', JIA Xiaohui', GU Juan®, SHI Dingji'*’, ZHUANG Minmin', FENG
Siyu', JIA Rui', LUAN Birong’, HE Peimin'

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Tianhe Biotec. Lid.
Zhenjiang 212200, Jiangsu, China; 3. Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China)

Abstract; Separation and purification of transgenic cyanobacteria has became an indispensable step in the
research of its physiology, biochemistry, molecular biology, nutritional value, etc. However, has been were no
research on the separation and purification of transgenic cyanobacteria under the circumstance of cross
contamination during the production of transgenic product. The method used in this article separated and
purified Anabaena at three levels: species, cell and gene. In this study, the separation and purification between
wild type, transgenic type and empty carrier type began at biochemical level via different culture solutions with
antibiotics. Then, RT-qPCR and Western blot were applied to distinguish transgenic type and empty carrier type
at molecular level. Our study not only can separate three substrain, but also obtain a result of product increase
and higher growth rate. This study provides a solution to the cross contamination during the production of
transgenic product and can be positive to the development of transgenic microalgae industry.

Key words: transgenic; cyanobacteria; separation and purification for microalgae; Western blot; antibiotic

screening; RT-qPCR
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