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Construction of T7 RNA polymerase gene expression system
in Anabaena sp. PCC 7120 for the expression of hG-CSF

Xueging Xie, Yugi Tian, Jinghuan Tian, Wenyan Ning, and Chunmei Wang
School of Life Sciences, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: The low expression rate of exogenous genes in cyanobacteria is one of the bottlenecks of cyanobacteria genetic
engineering. The T7 RNA polymerase expression system has achieved the efficient expression of exogenous genes in
Escherichia coli. Cyanobacteria and E. coli are both Gram-negative bacteria with high genetic homology. The construction of
T7 RNA polymerase expression system in cyanobacteria may improve the expression of foreign genes. In order to construct
the T7 RNA polymerase expression system in Anabaena sp. PCC 7120, methods such as overlapping extension PCR and
digestion-ligation technique were used to construct a site-specific integration vector pEASY-T1-F1-TacT7TRNAPCmR-F2 and
a shuttle expression vector pRL-T7-hG-CSF. The site-specific integration vector is capable of expressing T7 RNA polymerase,
and the shuttle expression vector expresses hG-CSF driven by the T7 promoter. Then we introduced the site-specific
integration vector into the wild type cyanobacteria by electroporation and transferred the shuttle expression vector into the
site-integrated transgenic cyanobacteria by triparental conjugative transfer. In the end, we identified the presence of foreign
genes in cyanobacteria by PCR, tested the transcription level of foreign genes in cyanobacteria by RT-PCR, and detected the
protein expression of foreign genes in cyanobacteria by Western blotting. The two vectors were successfully constructed, the
T7 RNA polymerase gene and hG-CSF gene were transferred into cyanobacteria well, and both genes were also expressed in
cyanobacteria. In summary, the T7 RNA polymerase expression system was successfully constructed in cyanobacteria, and the
expression rate of hG-CSF gene was doubled than the traditional cyanobacteria expression systems. This expression system
will provide a better tool for the application of cyanobacteria genetic engineering and will promote the development of
cyanobacteria as a chassis cell in the fields of synthetic biology in the future.
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W R TR 2RI, 5 R B A R
A o PR 7120 5 R WA AT A L D 417 40 [R)
77.91%, AUREIA 225 KT R Y pET Rk
RO, BB T7 RNA B4 i o [ I 5 4
AR IEEE 7120, SRIEHE T7 A sh TR 2
FREAR pRLABY Hr, LUK 2 i B2 75 ) I8 1
(Human granulocyte colony-stimulating factor
hG-CSF) 1E M4l 55N, Mg T7 Rikik
F o ARG BT 2014 4E4% T7 RNA RABHE &
F|fa 3 PCC7120 1, 2015 454 BF9 % 7 4E i e
PCC6803 H#lyit T T7 ik R4 M. w4 KLz
L8 75 08 TR - = A K A 1R Hh 2Rk F B L
NMEHEAAYZ —, BARHLAGHER, H
TCWEFE R 2 IEAREF T G-CSF ATk,
HAMFREUN, s Ak s™, i
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Wolk #4504 ; pUC-G-CSF Ji Ak H it s Bt
ZHEM . pGEX Jfiki. pHSG398 JFki. ’ibh/E ki
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PRL-58 4 ki RP4 ¥4 F AL I R 25 K2 )
il REEE = R, KBTI E. coli BL21(DE3).
By A= U £ JJ 358 7120 %% pRL-tac-GCSF il 3 [7]
H1 1% 5L 00 % AR A7 o
1.2 FZERF

BamH I . EcoR I . Hind IT1%&FR i E P ) i
1 T4 DNA JE W A Al 9t A=Y/ \); PCR 37
14 . RT-PCR k7 £ . PrimeScript™ 1st Strand
cDNA Synthesis kit {7 W B TaKaRa A rl; 54
BR. FIBRREHAER LW R S0T kA
ATAEY TR (Bi) BRBARAR S Bk
FREBGAF & L B4l RNA RGN & | BOis b i
FIGRF 6 . B8 Marker, /)BT SR 4 424 /R B 78
REPLIR . B-actin LS REPTMAR . bt A G-CSF i
Pr. B AP ARG L E PR 196G, AR
19G Z 1 AL Bt FE /R 5 HoAt Ak 27 i) 38y [
VA TEA e
1.3 Tac-T7 RNAP-CmR E & K BR8I35

Tac-T7 RNAP-CmR iffi i # /& PCR #4501,
Iy ALL pGEX kL, BL21(DE3) F:[F4H DNA.
pHSG398 ki Atk , 4 4% Tac JazhFHH . T7
RNA G HIEE U R EERPUEER (5190
1), Hrh T7 RNA REEEE R B e i — g
Y& LA PCR 7E C IS /il 6xHis tag J¥41, #
IR R B AR R I AVE A, i EE S AE i PCR
P4 Y Tac-T7 RNAP-CmR FBt, 4 TA 5, 3k
5 pEASY-T1-Tac-T7 RNAP-CmR ZkfAk .

14 TERESHAKHGE

SE SR AR M 3 TR A 2 1) D e AR T,
CTAB {42 J 1 JJE 3 5L K 2 DNA i ™M, 4351
LL51¥%} pF1-FIR . pF2-FIR ¥£47 PCR, ¥ 1445 %
WU F1. F2 B, TA BaleiiRiE vake sk
PMD19-T-F1., pEASY-T3-F2, TaRE#l AL %
FEIEW AR M. A Hind 115 Sac I XA
PEASY-T1-Tac-T7 RNAP-CmR 5 pMD19-T-F1 %%
BEEAAR, ZrBIEN 7517 bp 5 1 143 bp 554, T4
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Table 1 The sequence of the overlapping PCR primers

Primer name Sequence (5'-3) Size (bp)
pTacF gagctgttgacaattaatcatcggct 26
pTacR GTTAATCGTGTTCATctgtttcctgtgtgaaattgttatcecg 42
pT7RNAP-F tcacacaggaaacagATGAACACGATTAACATCGCTAAGAACG 43
pT7RNAP-R TTACGCGAACGCGAAGTCC 19
pT7RNAP (His)-R gaagtgatcttccgtTTAATGGTGATGGTGATGATGCGC 39
pCmR-F CACCATCACCATTAAacggaagatcacttcgcagaataaataaatc 46
pCmR-R ttacgccccgccctg 15

All capital letters in the sequences indicate specific binding sequence, and lowercase letters represent 30 bp homologous sequence.

DNA & %42, &3 Y51k E. coli DH5a J2%
ZASYML, AT ECNPUER LB Rk,
#% PCR Jy ki BHPEvefe, 51918/ pF1-FIR,
PRIGFR e b, SRR, Bk dr 4
PEASY-T1-F1-TacT7TRNAPCmR; Not [ Hafif 4] it
ki 5 pEASY-T3-F2 [fkz, 435 [allk 8 690 bp 5
1175 bp 457, &R, AL, WIEERE, 51
pPCMR-F. pF2-R, ¥ KREEFRIAMESERE, $RIUTTRL,
kLA 44 4 pEASY-T1-F1-TacT7TRNAPCmMR-F2;
B U R AR R 1 s .

15 & T7 B#hF hG-CSF & E #y¥- 12

At G AR L AR Y 2wl At N T AR5 ik
W T7-hG-CSF JEH R B, R B 19 bp 1y T7
Ja 3l .47 bp [ T7 2 11-F 556 bp ) SD-hG-CSF
FEH, Horp G-CSF K 3 41 5 F it 2 FE PRSI T
VERS [l i tof 25 #Uk pRLA8Y AT EI 17 5 43T
EcoR I F1 BamH I XU U] AT LA 25 45 25 2 AR A
PpsbA JE8h¥. 477 EcoR 1 #1 BamH 1
i, G RENK 678 bp, 3K TEHERIA
T5-T7-hG-CSF.

1.6 FREFEHAKLE

FRFIR AR pRL-T7-hG-CSF 18 i i ) 14 43
(75 1 4545181 EcoR 1 I BamH [ X)) pRLA48Y
5 T5-T7-hG-CSF, 454 ARV R B, T4
DNA M #:f 4 CiEH R, E R~ WAk E. coli
HB101 Az A4, WA T RABPLPER LB Bl
VM, BYE PCR ik BHME O BE, 519 H
pG-CSF-F. pG-CSF-R, §" KKiFBHMEvalE, $REL
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Fig. 1 The schematic illustration of constructing the
site-specific integration vector.
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2 Tac-T7 RNAP-CmR E R KK HI3KE

Fig. 2 The acquisition of Tac-T7 RNAP-CmR gene
sequences. (A) The acquisition of Tac promoter gene
sequence. M: 100 bp DNA ladder; 1: PCR product of Tac
promoter. (B) The acquisition of T7 RNA polymerase with
6xHis tag gene sequence. M: 1 kb DNA ladder; 1: PCR
product of T7 RNA polymerase; 2: PCR product of T7
RNA polymerase with 6xHis tag. (C) The acquisition of
chloramphenicol resistant gene sequence. M: DNA marker
IV; 1: PCR product of chloramphenicol resistant gene.
(D) The acquisition of Tac-T7 RNAP-CmR gene sequence.
M: 1 kb DNA ladder; 1: gene of Tac-T7 RNAP-CmR by
overlap PCR.
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Sac [ /Apa | 5 Hind III/Apa [ X455, MEL)
R TN LN E L9 I T ST - R N2
E, JPHIE AR
213 FREFZXBEOHWBSLE
TR FIEEIE pRL-T7-hG-CSF 1 v B £ 1k
T5-T7-hG-CSF 525 #ifAk pRL489 & HY] . %4
i 3k 3K AT 5 B BCPH M 58 B SR 2 AT EcoR T/
BamH [ XUEFI % E, 78 700 bp 43RG HA%
W, ERWE 4 PR, BRI IER R
22 HEFGEENTFESHEN
2.2.1 ¥ T7 RNA R& 12 350 5
ARG , % 7 R B Y P B TR e e
RPiPER BGLL AR F I A Hsedk, i
MI1 11222
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3 TEAEESHIK pEASY-T1-F1-TacTTRNAPCmMR-F2 B 5% F

Fig. 3 The construction and identification of the site-specific integration vector pEASY-T1-F1-TacT7TRNAPCmR-F2.
(A) The acquisition of homologous arms. M: 1 kb DNA ladder; 1: PCR product of homologous arm F1; 2: PCR product
of homologous arm F2. (B) The acquisition of homologous arm F1 with restriction enzyme site. M: 1 kb DNA ladder; 1:
pMD19-T-F1 digested by Hind III and Sac I . (C) The acquisition of homologous arm F2 with restriction enzyme site.
M: 1 kb DNA ladder; 1: pEASY-T3-F2 digested by Not I . (D) The acquisition of the linearized plasmid pEASY-T1-
Tac-T7TRNAP-CmR. M: 1 kb DNA ladder; 1: pEASY-T1-Tac-T7RNAP-CmR digested by Hind III andSac I . (E) The
acquisition of the site-specific integration vector pEASY-T1-F1-TacT7TRNAPCmR-F2. M: 1 kb DNA ladder; 1: The
recombinant plasmid pEASY-T1-F1-TacT7TRNAPCmR-F2. (F) The identification of the site-specific integration vector
PEASY-T1-F1-TacT7TRNAPCmR-F2. M: 1 kb DNA ladder; 1: pEASY-T1-F1-TacT7TRNAPCmR-F2 digested by Sac I
and Apa I ; 2: pEASY-T1-F1-TacT7TRNAPCmR-F2 digested by Hind III and Apa I .
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AbpM12 E"ble 2 CbpliZ
10 000— 10 000
4 000 10 000
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1 000
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700!
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Bl 4 FHRFEHIK pRL-T7-hG-CSF WIMES LT
Fig. 4 The construction and identification of the shuttle
expression vector pRL-T7-hG-CSF. (A) The acquisition
of T7-hG-CSF gene fragment with restriction enzyme
site. M: 1 kb DNA ladder; 1: T5-T7-hG-CSF; 2: T5-T7-
hG-CSF digested by EcoR I and BamH [ . (B) The
acquisition of the linearized plasmid pRL489. M: 1 kb
DNA ladder; 1: pRL489 digested by ECoOR I and BamH I ;
2: pRL489. (C) The acquisition and identification of the
shuttle expression vector pRL-T7-hG-CSF. m: 100 bp
DNA ladder; M: 1 kb DNA ladder; 1: the recombinant
plasmid pRL-T7-hG-CSF; 2: pRL-T7-hG-CSF digested
by EcoR I and BamH I .
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B pEASY-T1-F1-TacT7TRNAPCmMR-F2 E.f& e B A&
FHERILHA . PCR K5 R anE 5B Fis,
BEIEIN IR R A T7 RNA RAEESE , M2k
Rt RSB 1R BA A1, R T7 RNA KRG 1
JE DR LR EE A A IR 7120 RT-PCR A6 2% 51 4
K 5C i, TR MR & T7 RNA R
G W EL A5G ), R BRI R e T
RNA RABEEHE C 5% ; K 5D & Western
blotting 455, 7EWS/NT 100 kDa (v &, 5K
WESAB N EA R TRESH LA R
i, SRR TR, BATIA T7 RNA R &
Jif 5 [R] L 70 i IR iR e b i B 3R

kDa M 1 2 3 4

100 — s—
70 — w—
4)— — - - - - B-actin

— = T7RNAP

Fig. 5 The screening and identification of the transgenic Anabaena sp. PCC7120 harboring T7 RNA polymerase. (A)
Resistance screening of transgenic algae. 1: Anabaena 7120; 2: Anabaena 7120 harboring T7 RNA polymerase. (B) PCR
identification of transgenic algae. M: 1 kb DNA ladder; 1: negative control; 2: positive control; 3-6: cloned genome from
Anabaena 7120 harboring T7 RNA polymerase; 7: cloned Anabaena 7120 genome. (C) RT-PCR detection of transgenic algae.
M: 1 kb DNA ladder; 1: negative control; 2: positive control; 3-6: cloned cDNA from Anabaena 7120 harboring T7 RNA
polymerase; 7: cloned Anabaena 7120 cDNA. (D) Western blotting detection of transgenic algae. M: protein marker; 1:
Anabaena 7120; 2-4: Anabaena 7120 harboring T7 RNA polymerase and 3, 4 with IPTG.
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2.2.2 HE5R%E T7 RiAk R AR %50
WA , 28 pRL-T7-hG-CSF 44k il Ak e i
T7 RNA RA LR Bl E AR RS, i
RN BRL AR ST AE R T R AU, BB eTE
HRESAMIERSEERZMRIFERN BGLL
WA SR A T e A KSR, 20 InbiE
RAMUIESE, FMPUERTLE, ¥ pRL-T7-hG-CSF
RO R A K R, W 6A B, R TH
T7-hG-CSF fafliE 5iEoeH T7 Fiblhk R MR,
2 PCR Kl 25 F- 40/ 6B Jilf/i , 7E%% T7-hG-CSF 1
JEE 5 5 e T7 Feak iR R s P 545 hG-CSF
FEA, AR A SR S, B hG-CSF
FEC e ABFAE B 55 T7 RNA R H e

1, 2: BG11 with 30 pg/mL kanamyecin; 3: BG11 with
3 pg/mL chloramphenicol and 30 pg/mL kanamycin

1 &

o _

1, 2: BG11 with 100 pg/mL kanamycin; 3: BG11 with
15 pg/mL chloramphenicol and 100 pg/mL kanamycin

6 HEBTITREKREBERNHESERE

K% ; RT-PCR 25 R & 6C i, Tefk
T7-hG-CSF faflE e 5% 0% T7 RibAR s
B &% A hG-CSF LR e sk =y, 25 R R W 4%
T7-hG-CSF fuflE e 5% 0% T7 RibAR s
hG-CSF &R &2 il 2h4% 5% ; K] 6D & Western blotting
S55L, ¥ 19 kDa WIfL B, 550k T7 Rikik R e
W IPTG #5340 5% pRL-tac-GCSF IR #: IPTG i
SR T ARG FA B BB B AT, R
T7-hG-CSF i Ji g A B A&7 . i n Ak hG-CSF
SEHF O e e T7 kR R ARSI &RE,
HFA SR T4 T7-hG-CSF fafiddd, FfH
Western blotting 4% 528 557 K BE(E AR XS 404, 3%
ki B G TR 2 5.

M 1
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Fig. 6 The screening and identification of the transgenic Anabaena sp. PCC7120 harboring complete T7 expression
system. (A) Resistance screening of transgenic algae. 1: Anabaena 7120; 2: Anabaena 7120 harboring T7-hG-CSF; 3:
Anabaena 7120 harboring complete T7 expression system. (B) PCR identification of transgenic algae. M: 100 bp DNA
ladder; 1: positive control; 2-3: cloned plasmid from Anabaena 7120 harboring T7-hG-CSF; 4-5: cloned plasmid from
Anabaena 7120 harboring complete T7 expression system; 6: cloned Anabaena 7120 genome; 7: negative control. (C)
RT-PCR detection of transgenic algae. M: 100 bp DNA ladder; 1: positive control; 2-3: cloned cDNA from Anabaena
7120 harboring T7-hG-CSF; 4-5: cloned cDNA from Anabaena 7120 harboring complete T7 expression system; 6:
cloned Anabaena 7120 cDNA; 7: negative control. (D) Western blotting detection of transgenic algae. M: protein marker;
1: Anabaena 7120; 2-3: Anabaena 7120 harboring T7-hG-CSF and 3 with IPTG; 4-5: Anabaena 7120 harboring
complete T7 expression system and 5 with IPTG; 6-7: Anabaena 7120 harboring pRL-tac-GCSF and 7 with IPTG.
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3 Wit

W R S PR L BB M R R AR L IR Y
Fhs, M 1970 4FE41E SN E DNA 1] DU ALiE A
B, 1973 AFEI]EE b A A Ok, 1981 4R IRTE
W PRI AN SR (WU RS B,
1988 4F i B P AR A8 B SE R FE AR AR 2R, 3] 1996 45
fEMIEE 6803 1R — A AW B 2 KR A
WF, BT LA 30 ZFh AN Ik R 76 i 3 b %k
B, FET WIS EALZY) . IGEEARE TG
P25 P T AR M AIMIR I PR B Ok 3k i
FIPAE L 40 47, A A TE Tkt
A, S DN TR AT AR A 2 LR i e ),
Andrew Hitchcock %2 1 T 3 M55 J1 ). (1) #2
1R JC T I IR TR A el e R AL, i) i
P EET CRISPR MYHEIARSIEL, (2) H AR
RAMEIER I R G, A 1 BT Y A 2R AR TR
(3) X5 A Y A e R 2 B 2 38 S 30 B ™A% 114
P, DURm A mrk i KRR e, Rk, &3
(MG TR 22 5k T HATH AR 2 H AT e N TR
R E LI 22— A G e 3 7120
H5 T T7 RNAP/T7-hG-CSF kA ZR . Jin 4%
M 26 T7 RNAP/T7 GFP LA [ B 51 A B4
J4E N 6803 H, S T 4R (A 0B I B Rk .
FESLFRATIH ] hG-CSF H A 2593 RIVE A 2L A,
T O TT W R R S AR DGR SR A iy 3R ik
AR pRL-T7-hG-CSF, 53Rk T7 RNA RA T
E A K pEASY-T1-F1-TacTTRNAPCMR-F2
8 T7 RNAPIT7 JE 8Lk kR, s T7
RNAP/T7-hG-CSF 5| A £zAR {4 fa i 7120 1 ,PCR
S AN R T B G AR, RT-PCR 3250
TERH AN LRI S T 4 5, BRI BRI S IR 2 R 3k
B HMEASREEMmES, SRIEHT T7
RNAP/T7-hG-CSF 3 ik 1A 3 A LL7E A JJ 2 7120
IR TAE, BAMFRBENIEE, SAHREH

% : 010-64807509

F A E 5; pRL-tac-GCSF fa IR B A HL 45, 4 %
WSLIR IR, G-CSF Rk 2/ DA T 2 fi5,

J % pET ik R S8t 0 w58 1 T o B0A%
F2iK RGN IR, Fuerst 252776 Hela 40 i
P TR T AR AL AR RN T7 KRB R
g, —MEAZER R FERDP T7 RNA RS
BN, B —Fh A T7 J8 sh MLk Fiisoott
PRI DR, R Hb R 5 27 114 240 i 2 5 B K]
B HG LRI G 25 ROk, R G2 18 14 4 o o i 229
¥ T7 RNAP/E 8 Tl Rk R4 5] A C2C12,
SP2/0. NIH3T3, BALB/c3T3 PUFA a4 I Y £L
Baiparh, SEElT B R R, HAE C2C12 4
Makkeh, LYY pCMV-T7pol/pT7IRES-HBs Xk
7 B 41 B AR AR HL AR L 55 Y pCMV-T7pol/pT7-HBs
XUTURL 2 AR IR ROR IR 4 A o AT AR TE
WP I T T7 RGRIKIMEIER, (HRIERL
M PR A AR T7 RSB R BN A
SRR, AW ILIEE, nTEES T7 RNA RA R
FKEA K A IR, SR 3h T IRk 5h
T7 RNA A FExT 4 A # vk £ 2800, Hisat
Rl 2R 1 R AR AR 2 T I BE A L P T7 RNA R 5 il
MEWKYIE T7 RBERIER TE, Fik, 7&
J&i 2 ACHERIF 5 R R DLAE £ R iU Bh T aksh T7
RNA A& FRIRET, 38 15 U a8k 1 R A b 25 1
TE SD JFAURTAMMAZAE I R FE ] T7 RNA R4
B9 R Rl gk . IR R WP T7 BT
1 278 23 S0 i 5 7, 7E4E I 6803 Hh 12,
A T7 Ja 87 AR R 3 B AH 22 20 %, BT LAAE
i IR E 7120 SR BRGE T7 ) 8 P A8 Rt Al
HE,

Hii, #EEARCIHFEREEE THHTE
IRAMIEHE , (HIHERIROR S 28 M B 240 i K
FFARAH LR AR R 22 HE, 78T A0 e ast % T HIF
R IT AT IR o ) B
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