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The characteristic of transgene insertion and exogenous protein

expression in Chlamydomonas reinhardtii
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Abstract: Transformation of the cell wall deficient C. reinhardtii CC-400 with the plasmid pSP108 was

carried out. Adapter PCR analysis on flanking sequences of ble in positive transformants showed that;

the foreign gene ble inserted randomly, plasmid sequences rearranged with nuclear genome sequences

and fracture phenomenon occurred. ELISA was used to analyze the expression of foreign gene, combined

with the gene insertion which indicated that. In the positive transformants of which promote was partial-

ly truncated, the promoter in the unknown gene can initiate the expression, but the level was lower than

the RBCS2 promoter initiation. In the other transfomants of which the promoter was complete, the pro-

tein expression level is low, may be due to the lacking of partial C. reinhardtii genome.

Keywords: Chlamydomonas reinhardtii ; Integration characteristic; Expression of exogenous gene; Ble-

omycin resistance gene ble

1 5]

K A B (Chlamydomonas reinhardtii ) 2715
A T 2 A — A A0 R AR 40 %0 42 A AR
SRR EAZ SR A M AR L SRR T AR T T e A

T

s B H: 2017-04-29

Ja . PR A R A T S A L A T AT 38 A A S
ST I T A A O3 AR s G SRR AT 5T L
MHEEIE 3 DA EH SR RESET L i TR
BB SR PR B R W] A BEAT O 45 AR AR A
PR T AW S A ) BAR R D3 A AR B AT

HEeWA: BEARPIFIES(30970043) 5 FHERRHL & /E L W (2015DFR31060)
fEHZ BN MW A992—), 2, BRFGL RN, Wit , FF5 07 1 A AW HAR. Email:15680683780@163. com

BIFEE . M. Email: bailinhan@scu. edu. cn.



656 Wl K FROERAFF IR % 55 %

(¥ T 13 S 1 A L 00 I 235 A ) 4 ) S o7 L 2 B
B3I A R R O H AR R A U T 4R AR
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B4 ACHEPH A A0 LA L AR ok R =
P, I B M — =B R N AL Byl i A AL Ot &
P i A . A DR 2L B AR B I S R A Ok 15
A B AR MR AT AR i A S 1 e] LA
WAL S5 09 A I S MR B A — B R D () 90 i 2 1)
R oy e A R B s T[] PRE
R 5 A5 M 15 B ACHE I 2 M T TR AL S I A e Al vh
H T AR [ 98 2 A 5 07 3L SN IR D 2 P AR
B RE DAL Wy AL A5 R RS 0 R T B E L BT
DAHC o DR S B o7 B A8 1 AT e 2 B2 ) O 2 Y
Feak. H Ay HE [F U E 2H 0 R S B e Ok 58
FET O HR A e AL AR R A AR 1 2 1) AL T LA
FEHMIE L R 8 5 4 AR 5 8 RIS YOG R, W AR
BB AL A BT B S AR ST pSP108 it
LA B A 3R B A 2 i BE B B Y s bk CC-400,
A 2o Xk 71 DR 3 7 0 £ 23 it A S D TR
B R AIE B ASE 5 000 55 PR 2R % 2 1 R AR Y S, A%
DR 2 3 A% B Al 0 TR AT 5 RO AL A1 IR Rk
i (b S 6 B Al R B AR AR

2 #MREIE

2.1 XLigk

20001 Ak SR TA A N AR BE Bl B CC-400, 1
SEF R T KA R L.

2.1.2 #&4k pSP108 Fikifd Saul Purton {1 5
4, pCold [T AR 3£ F K i T A=W 28 Al

2.1.3 A& TAP KigHdL):0.4g NH.Cl; 0.1 g
MgSO, + 7H,0; 0. 045g J57k CaCl, ;0. 094g K, HPO) ;
0. 062g KH, PO, ; 0. 245g MgSO, « 7TH,O; 2.423g Tris ;
1mL Huther’s trace element L) A EC B 1L 95535
LUK EE R R pH 7.0, RS SR 1. 3% ~
1. 4% B8,

2.1.4 £ZRXFA DHEHREFEZWET Invitrogen
AM2AE2) HRP bRid F 90 1gG 3L F AB-
clonal A= ¥ AR A BR Al

2.1.5 4 BV RE A TR, 2~3ke.
2.1.6 3lamam AW R A R
UNEIRES A

2.2 RWHE

2.2.1 EBREHHALAEERGLE PR
Az R ZE A0 M O L IORE R 100mL 43 % A

50mL g0, T LML 4°C, 40001/ min B0
Amin, i F I M 600 L B fif TAP By % Bk 8 B i
AL 5 75 41> Kimble Tube HfIl A 300mg #Y 3¢ 5
BRAATER 300 L Wk DL K Spg pSP108 BTk 5 K
Kimble Tube i i€ #% 3% 1% I DL g KRI) R E G
20s, J5 K BN 15mL Bt TAP 155258 b 55
JEI B IR 8hy BigR 5 TR0 AL 4°C, 40001/ min
B0 Amin, 5% I IRAART 15pg/mL R E R
PUPEFHR b, TOCIRIE R A h i 9% 3~4 Ji L 2 5%
b7 PRIR AT UL, PRI A+ T 15pe/mL R R
Vb AL 2~3 B R HEERD T 15pe/mL FOR R R
ARG FR R 85 %, Ok 10 AT DL IE 2R K I AR e
WA THEAT N — 0y T HE.

2.2.2 RERREMBEHLTAHSTELT FFAE
AR 2 B AR K BT Al ] CTAB /NaCl 3 #F 47 4K
WL BRI 2R 1 IR 518 ble-AS i
ble-S #E47 ble FEP B BGIE s PCR b 444 4nF :94°C
5min; 94°C  30s, 60°C 30s, 72°C 25s (30cycles);
72°C 7min.

2.2.3 SPRARMEFIGKRR SR
BRE 1 G A R K e Sk R Sk DA K Sk B
APL Hl AP2. 2 UL SCHRY 3 47 Jk B 40 25 A SO 1Y
o) LK) 1 B il P N VIS Dra 1 B V) SCJE L EcoR'V
W00 SCPE | Pow | B VI SCHERN Sre | VI SC 45 1.
15 ble CFIFFH) B2 51 H GSP-1 F1 GSP-2
e 1 PR, WO U SO 0. 5l 15 S B HR 2E 17 55
— 4 830 PCR. PCR J L 2% R 1K : 94°C Smin;
94°C 30s, 47°C 30s, 72°C 2min (30cycles); 72°C
Tmin; 5 — % PCR ¥ #i B 50 £5 I 1L AE R 56
— % PCR BB, KA R ANF - 94°C 5min; 94°C
30s,69°C 30s,72°C 2min(35cycles) ;72°C 7min. B
W B I P, DK S [0 AT 2 AT 00 6 e P A
Fr 97 NCBI 4 128 b £ 47 HE X o317

2.2.4 ble R R EHRMRMA T8 ble LVITPIXS
WA YA S 514 ble sense | .ble anti [ F1 ble
sense [l \ble anti [l (F 1) #E47 # B ble F By 9"
B R B $E AR W IR 6 S 43 B Bel 11 AR
Hind Il R 1 14 P 0 1 X 95 A 52 B 28 14 15 A7 B
Y1 B A5 B0 KNI AN B DI Fr B AT 3% 452, BRI ble
BRI v BOZE 23] pMDI19-T g4k b of Bk ble 8
EF pCold T ZAK 43 5 47 EcoR T A1 Hind Il XL
ity U1 4 Wi U0 45 2 0 R B HEAT 1 e A O I 5
iF , B 3545 pCold II -ble #k 1.
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Tab.1 PCR primers used B — K /INL B IE A (361bp) , 28 33k I iE — 4
519 JF51(5">3D IUE T 934 R B i IE B K X AR B ble PR FE
ble-AS TCCTGGACCGCGCTGATGAA ,“3 % ﬂ; ﬁﬁ {]M ﬁ J? 5” E"] ﬁ ;Fﬁ .
ble-S CGCAGCCAAACCAGGATGATG
GSP-1 CGGGCTTGCACGCAGAGTGAG bp M I 2 3 4 56 7 8 9 10 11 12
GSP-2 ACGGGTGCACGCGCACGATAGTCAC
ble sense T GAATTCATGGCCAAGCTGACCAGCGCCGTTC
ble anti | AAGCTTGATCGAAGATCTCTGCTCCTCGGCC
ACGAAG
ble sense [[ AGATCTATGGCCAAGCTGACCAGCGCCGTTA 360bp
ble anti [ AAGCTTGTCCTGCTCCTCGGCCACGAAG
2.2.5 ble KR REALARKEHNE H B1 REMBHELTHOITFEL

pCold IT -ble ¥4k K B AT 1 BL21(DE3) , Pk U441k
T T LA RPER LB AR5 55 He v 37°C 85 9%,
B ODgoo =0. 4 B 3] B W 4 Fh T 1000mL LB ¥ &
R 37 C R F2 3 ODyo = 0. 4 WP L 16°C 1
5 W BCA K (ODgo, = 0. 5) B in A 2 4k BE Ky
0.5mMiy IPTG #1715 Sk ). B OB E R K =
30mL PBS & phif v B8 75 i 65 O F i Bk 4l A 2 1
J5 K ARTHRY 300~500pg 28 5 55K UL I 78
SRIRA]. R BT B I 2 A NS R R
FEAR 0. ImL 2647 B P JE s S e — K 58
SR AL E JE ] L D B B IOk BB I ) A i v .
] 4275 ELISA K I HTAR AN iRz 2 4k 3
320000 DA I, 0 M4 vk B B 3k 52 5 oK, i ] A%
k.

2.2.6 A # ELISA &5 # 9 R &8 Rk K-F
R SEAE, HEBREEA R E Spg/
mL, #% R E #2375 ELISA in A8 Bt J5 L B P
15 160000 f5#6 BEHY—HL AN 1 10000 F5 5 B 1 —
i BUOMARH G 37°CHEE 1h, 55 LW . PBST
SRR TE 3 WL B JE I A TMB & €8 3%, i %=
B 15min J& iTAZE IR, ODys I 0 6 W8 B
2.2.7 TAREEALTF O SN E S AR B MR
b7 B TR %5 3R U 8 vk B Ol 15 g/ mL, 43 i 6 H
o9 NEAL IR SR I IR R R AR AR
M 15pg/mL, 20pg/mL Fl 25pg/mL, 4 K %) H i
R W AT U T 6T 7 1 € A0 AT B ODygs, W BE 3
T g , 2l BrbE s BT AR Kt 42

3 HRESMH

3.1 FHMRULFHSTFERE
fdi JH] ble-AS F1 ble-S 5| ¥ %} 4 ¥ e fb 7 17

Fig. 1

Molecular identification of C. reinhardtii

positive transformants
M: A-Hind [l marker; 1.5k B4 % 18 5 2 0 A 8 (9 14 %
G312 KRBT

3.2 PAMEMLFHIMNEEREMERFTSH

XoF B P 2 Ak 43 50l il 4 D U S S FF Y
2 I 45 S 55 3 79 A< 3 (NCBI Taxid: 3055) %
A2 E 47 EXT , B HRAR 1 15 AT b F 7R AR
BPREAEM AR 2 s, NEAGLE LAl LR
Hh S A B R TR 3 R A A A A S B BE ML
PUAN AL T (1 5 (151 5 154 5 (157 5) B T W
2R EHE SN 1 SR 157 ST I T AR
FE DN AL B BT EL” BN AR B iR L
AT 89kb A1 16kb Ay ik 2. 38 i X Ak 8 % K
P2 BT 7E A7 B PCR %558 43 #7712 B 3k P 4 ke 2k . 78
Al o % 2E F HE 1Y PR G AL 7 b B T R SR
H 2~102bp K FERY B 2L, 151 S840 7, ble %
PR 7E 4 G 2o B P e SR HEWT 2 T WA B, o —
AR B E S R Thp WES TS B — 4
FBE R LR R A R TR 4. 154 5
BEAL T APV I R AR B G 2o AR v TR RITAZ 3 R 4
Jo i S AR BE R 4 7= AR T 28 U HE  HARTT i A
SR E A

A A B K BE R E . AN 522bp F] 2008bp
KBRS AR e AL 1 AR A SE D AL A A R
Br M B E 5] AT 2~13bp M ES. 5
A HE RIS e AL 1 b BORL R AR B RAR 5 0 3 )
) GC & BAREE (WL 2). MR R A 7 8 3L Y
T BT K 2 BN S R G4 A B e £ R S
PR DX 3 v, T AT 2 4 4 A B T SR R SR A HE
Hh T 2E 28 SR HE B A 1] A A B4
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Tab. 2 The characteristic of integration of exogenous gene in C. reinhardtii nuclear genome
e K 1 i AL A< e R
- o < BE (bp) A ; e I GC &
HAb¥  BRT I HHAKE (bp (3 (bp) {19 3 4 K ¥ (bp) Gigegsal E
i 137783 3L . €o.61
1 1546 i ik
£ ’ T 227606 Gene ID; 5727071 L s x P 0. 60
SCR1 iR 24 i 3 X C0.55
2/5 1609 222380
” B Gene ID; 5717455 % * P 0.53
. o Co.64
18 1] 2008 1613473 El! 102 (4 A st 13D CACCCT PO 67
20/22/25  IEF 1530 331450 A S A £ F ) AACCACA Co.61
s 1l 7 R Gene ID; 5722276 oA A DAL T GCAGCC P 0.61
2806~ 2 FAP20 #EE A1) N Co0.52
51 1274 178739 29 T
1 3388bp 87393 B Gene ID; 5718073 AL ) x P 0. 46
; N . Co0.53
152 1] 1409 418366 R 23 (Il AL 4R U TAC b o 19
A , ) Co.51
153 I 7] 1662 6073427 F 14 Cifi A5 B ¥ P o 60
34565 Co0.52
5 o 1 T A -4 A o [ ¢ — AT
154 S HE R E L 159636 g A 35k DR 21 P 0. 46
. s . C 0. 60
156 i K 535277 — — CT .
) E ¥ 2597498 Co.42
157 1424
’ B F i 2580551 AR x x P0.55
) _ . , o C0.50
ptl/pt3 ! 522 227599 F 2 (Jfi A7 45, L) GCGGT o 5o
el

TE P 35 AR B AR AR B » 1 O LA AR s e DR 2 e DT 2R 457 5 1R D7 1) S o ARE I B AR D7 [ U 4 Sy S Y 39 A BRI A DT 1) A I il DU SR
RF SR 5 5 3" GC fr i h CARFSE B A, P 1R 3 pSP108 JFi ki

3.3

MUEHESIMNEREBREKTE

PUrECE 20, HARTEAAT LI LR =36 D18 51

H T 4RI AN IR TR e 4 1 BN 2 1 O
Wi 6 PR B2 ELISA 052 Ho b 9 4 ble BIESE AL
o BLE % 122057k . 76 0 2 05 i TP 6 1 T
[ S0 6 15/ L (R0 o 3 75 22 6 0 i, 6
T3 7 K I AL T 4R IO B 4L AT 4 T %
WHERR T F 35 HER 58 4 J6 0 1F 4 225 B ME 2B 11 19
BT NSRS TR T AL T 0 A B 2
RI18 5.1 5.5 5,22 5,151 BHALTELEL
BHHIXH 7 (3 ). Fo b 9230 (T 2) 2T i st
Wbk T DT 2 25/l (015K B 2 B b, 152
163 53157 5, ptl PUASFE 16 T2 1 A BB 4
Pl 2 52 0 o 85 T DA 2 15/l 1 WO 25 %

T SR ST IX .22 S 151 SR BT
JE AN R A E] B X 5 DAL LRI B &
FEIAHE [ RBCS2 J5 3 1F % 33k ble S, H 4R
22 SRR T3 Bk (69bp) L 151 5 3 B &6 438
B ARER A 5 M HAZ O X4 S 81 i DAt 3R B e
AR Z 2152 S5/ ptl S8 F A KRB
BB 38T 152 S H1 ptl 5 ble B BES 3] T A ¥
B B 5L 0 JE Bl R AT DLOE e sk H 2
S HEE 1R KK AN AN 3 F RBCS2, A i i 1
BLE ikt (I Fdi A= R BRI 32 45 3) 157 45
Ja 8 F X 58 L 153 5 8 3 T XA/ EB 4 Gk 2k
(53bp) » {H 3% PN AT 110 B 1 98 8 A X A AR

Fx 3 HEFEPMAMEHENLTFEZEE ELISA BREE
Tab. 3 The optical density of ELISA in C. reinhardtii positive transformants
AT 1 5 18 22 152 153 157 ptl CC-400
ODys0 0.533 0.478 0.735 0.468 0. 289 0. 369 0.321 0.295 0.154
ODys0 0.524 0.427 0.511 0. 487 0. 284 0. 357 0.297 0.279 0.183
S 0.529 0.453 0.623 0.478 0. 287 0.363 0. 309 0. 287 0.169
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Fig. 2 The growth curve of positive transformants in different zeocin concentration
—@— 15,g/mL —l— 20pg/mL + 25pg/mL
4 W B AR 2T 5 I 5 ] B8 S PN U Y A% R TN VI il A R A T
P E

ASCGE SR 15 AR IR AL T ble FE
DL PP 91 BT 50 . AR AT T A1 I DA A A% 56 DR A v
B OL. DA E A BE ok A SR DR A A A i
Ferp 2 BN A AL X 5 Zhang 48 N 15 5]
U S UMY (SRR R R A B S VA
—EUE OO i T BRI R B AL R B AR A 2%
PEAT B IR SR 8h B 5 0 md — B 56 AL T Al fED
B 97 1 e v [ — B v e 23 2R R R e X LA R 5
37 TR TR TR — 2P RS N L
KE A DBIIVERE A7 B T IR N AR R B
4 it 2 R R HE. HG A AT RE Y D DR R S U IR 7 A
AP RECT AR R E A B2 B
HE 5 75— Bl A AT BE O 7E 5% A 72 P SR T 4 i b
14 2 R 2R BERIA MRS [ — S E AT 2RI N 72 L
it DNA B2 iy B b Ao IR ] — 2 8 5 2 T
R HE DR v PR T DA o ) B
FIRBURLA B P51 1 GC & & FoRE . H GC & &

i )it GC & & (0 G- 2 S50 AR IR R B
B GC 7 f AH T 1Y A< P 56 R 4 v, DR 5 i R 4
A8 52 1 AR 3X R Rk — 25 IR 5.

FEXT I 9 A BH M e Ak 1 3R 35 0 DL 2R AT 4
B 5 &I - AR 20 B A - 1 0 30t BB 4 fik
R AH R A G 20 R I R 0% e BT T T AR
SROT DASEAT IE 55 S BPE. X 5 IRAT0 50 = Z Ar i)
TR 2 — B0 « 7 R — e R B o e e 1 [) of 8
FH ble 2Rt X rp (] AN A 355 09 PR 5T 5140 ble-1 1 ble-2
HEAT %t f PCR, 45 8 R - &8 4 5 v B
ble=1 T W45 BN (1) 5% 5 AKF L ble-2 51 W15 2] (1 1%
A BB SR ble SEIRFEAE 245 UL IF HAB 4 5 DLAX ble S
A S 2 R o 2 A 2 S A I A 7 Bl A R
BTt ] DL L ST 5 A AR & BRI JRORL %
IKHE IR 1 RBCS2 Kk iy 8 (A s 20 8 @ T
ARERMERE S FHEARER. XY
RBCS2 Ji 3+ 4 5 (1) 3 35 W 2 g J7 A OC. RBCS2
Ja 3 F RN R ZE A 1k T kI I SR 1 SR AR S
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BT 2 — B N A A SR R AL P AR R
kit 157 BT R sh T X 2% A TEF
BAKF LB EMT 15 .18 S %L+, ol ikl
A 2 A 23k 7K 752 2 80 2G5, R AR A HE
(10 5 B M 25 52 Wi 2R 11 3R 36 A 4l AT . mRNA
R M A 3 DR AL I B I O A ) 4 R e R I R
K. 157 5 ble 3R A AE AN E 4>, 1T RE R
LT A AV B A A% B DR 2 e B B 2k A R
BB 22 S 5 R T A% TR 4 b B Rk PR e DA
7 ARG T A1 R R 1 AL KR A AT 9 2R W )
IR e B R A e e S5 b 037 B X R PR Y O KA
HA B AR AT SRR e R S e
0 J5 18] (19 5y o 45 T B0 P R 0 S5 e 00 T 45 22 R IX.
0 S5 e S JE At DX S5 19 5 AR A FH G AT LR Y T 4
A% 3k PR 7 B O L o L SRR DL A TR
bl rh A% 35 R A v SR PR A A7 B S T B0 R T
Wa T 3k — ] A

AR SR A S B A b A IR R DR AR R R T 4
(A 7 3R A IR BEAT T 008 IO ER R L 4 5 i)
HIMIG I R R (A 1 JLFR R R AT TR 0T,
ST AC AR Ry A B B i B A B AL T A M1 Y
FAh ek

S % Lk
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