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DLZEERE Synechococcus sp. PCC7942 F 4 3L TRESZ AR, FIEE T #uR e
BRI AR RS . H PCRIVEY I i th Synechococcus sp.PCC7942 H £
(AR TEE D groESL #R4\ T H 31X (240bp), JFE5EIL R 41%% 92 % (UB)
RE IR IR 2R o (Ta) HIGEEDR, 75 NUFA12EH rbeS polyA £l bk, &4l
2 T — e RN R Z PSR IR A ik AR 25 R 2864k Synechococcus sp.
PCC7942 4i}fd, 7 42°CHFE'F 30min 5, HIFHER UB-Toy £5 81452 K 1 K1k,
TR B AT TER M 8.7%. groESL J& 3 T4 Uk A A2 AN s 208 A i 5 )
)it T iR L RGP

) AS S 56 = 1) 4 1) 5 W5 35 Plectonema boryanumi.5kb P4 Y5 /N JF kL R 27 4R 5t
KL pPRS—1 4t A JORE, SO e #4812 2 RS I IR 3 o (UB-Toy)
HIGIED . RIS R IR BARIC . rbeS & 1k 1 08T (1 2 AR Kk T 41 ik
pPREUT. HiXFh 4] Foki#4 4k % Synechococcus sp. PCC7942, i id Hidh fiik
KA T B IRE R AR . FAR L 2x10°, FUkiEs DU 80 4.
£t Southern-blot %A UF 5K, 7 #2 R ik Jitkr % N\ 1 Synechococcus sp. PCC 7942
AL s A5 42°CHET 30min Ja, Jr 7O 1kDa &Il —&HF R EE, H
(R UB-Toy £ RIE s /K PRIk, RISEA N Bl IEE AW 7.5%. 185 5ok
FsETER B, B 2k B ) 5, RiAE fE W S TR S R
HEEEEEE 20 B, TR A R ARG 80% L by TAE- R R PIEMLERE T, &
RRAEIE T 2H TR A WA B P R A B i A e

A T A NG DN s TR IR RS A A R A A B G e A h, mT DR 3
DA G- 6 2R 458, A S0k 8 B 5 8 Synechococcus sp.PCC7942 ik DA 20 ki =

THED isiA SR T AR TR T epe2 HHIRA I B A BB S 5 R

GIBAHELT, M THA 14 A4 pEUTISI f1 pEUTR, WiE¥EH 52381 %
B TCERIR I A Z Pt LRl . pEUTISI Al pEUTR 437 H 4R ¥4k Synechococcus
sp.PCC7942, g ik [FJYs A, ¥ EUT v Br 85 21 Wi i PCC7942 JE K 41 . Southern
blot 1IFSE T H#AVEE L T 0 o HAL A HIA T, T Western Blotting 1IF3E
UT RN KRR, RIERAY PSR 1 10081 17%. SMJE DNA BS54
1o 40 M5 4 5 B MBS AR EI SR, @I NBT J6Abid i f PAGE HLik
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R A B4 KL K] 9% Synechococcus sp.PCC7942 (1) SOD i AT ] Ll % A4 T ik
A, FiANERE I GAEZ R Gtk DNA b, FRIEIEAAL S IAS [ U B3R
o559 Synechococcus sp.PCC7942 () SOD vk, [r] i3 hn ) Ll e . 254N
SERIA R HE G AR Gtk i 2 DUTORL M TE A AE 7, I H 2% Synechococcus
sp.PCC7942 SOD ik M AW I A TR . BENLIE A1 & R gt nl DI KR
WAL T, B THARL S BENL, AR, TEEMEAL, AKREEN R

R R AORIEHE, S KENE ALY A me i, HAR
e RV SR AR AT URS (R 24 BEAE T, 2 AR PT JA A R R RS It 47 e LA g
PENEER TR AR, s dCRIGANR AR, KA 2 IR, st e
P IR R L DR, ANOAT f 25 SR B3 SRR DR A M P R 2 T,
1717 LA i LA (1) 8 TR A0 b 24 DR A T 24 200 R W 38 P D s (R R
MNP A2 R R 22 55 28t R 23 280 o MR 1 DA — ORI (RO B ' R 3 | g TR R PR 1
PEZAREE, V)T e B AR AR R . A ORI A AL (30w, 20s), FEAK
W e A G YE (EDTA AFERVIRIR Ak, H G418 Pubkifiik, Jrg T HIMHEE
PRI ERIBC R AL R G, LA recA AT HEAT [ JERE S, AITTSRAS T A B bk . 28 ELISA.
HPLC F1 SDS-PAGE A5l 42 W i it 55 Tou M55 F foe sy 18 vl PEER 11K 7%,
Freh Toy 95 2%.

WAL YR o A2 28 ik, B S iR ThRE . e Tou SRR EEE AT AR
oy G B G B D) REVERR S IR Y, T8 e 6 £ 1 P PR MRy, R ] T 2 B R A
S RESR e 8 A0 T A P R I B ER e, G SR T I

e R DRV S (1) A 7 I P 7 AT 22 A VPP, T8 I AR A 2 i IR 8 P A TR
WKL, UEW SRR e Mk, 224, BRIERTG 7 AP AR AU (4 BE R A4
AT (CEPFRN D CRIEZEIESE 2006 25 044 5, I 565 DRI e 8 27 3k
PHLAETS, R XM I B R A e SCVFREAT KRB A P T, s i
SeAE R RS IR AL o
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Abstract

A high level expression system by heat shock induced had been constructed for
Synechococcus sp. PCC7942.  First, the strong promoter (240bp) of heat shock gene
groESL operon from Synechococcus sp. PCC7942 was cloned by PCR. Then the
ubiquitin fused thymosin @ | gene(UB-T a ;). rbecS polyA terminator were subcloned
sequentially in the downstream of groESL promoter. The kanamycin resistance gene,
which as the marker gene, was also subcloned into this expression system to obtain
the expression vector pPEUTMT1. Induced by 42°C heat shock for 30 min, the level
of UB-T a ; protein reached a value of 8.7%of the total soluble protein in the
transformants of Synechococcus sp. PCC7942. The result of the experiment
demonstrates that the heat shock induced high level expression system of
Synechococcus sp. PCC7942 was constructed successfully. The groESL promoter
shows the high effect and universal be used for the expression system of
cyanobacteria.

The shuttle expression vector pPREUT was constructed from the plasmid
pPRS-1 which containing the endogenous small plasmid (1.5kb) of Plectonema
boryanum. The recombinant shutter plasmid pPREUT contained the whole expression
elements was directly transformed into Synechococcus sp.PCC7942. The Kanamycin
resistant transformants were obtained through Kanamycin screening. Southern
blotting analysis showed that the shuttle plasmid have been transformed into
Synechococcus sp.PCC7942. By 42°C incubation for 30 min, the foreign gene UB-T
a ; was expressed efficiently, which reached 7.5% amount of total soluble protein.
The plasmid transformed ratio reach 2x107, and each cell contain about 80 copies of
plasmids. This kind of shuttle plasmid should be maintained by antibiotic.
Otherwise these plasmids will be loss more than 80% after 72h.

In order to express Tal gene in high level with stable, we construct two kinds
of donor plasmids pEUTR and pEUTISI that can be integrated into the chromosomal
DNA of Synechococcus sp.PCC7942, which called the integration platform system.

Donor DNA include whole expression elements and marker gene(Kanamycin
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resistance gene, km'). Donor plamids pEUTR and pEUTISI are directly transformed
into Synechococcus sp. PCC7942 respectively. Southern blotting analysis showed
that foreign gene had been inserted into the target site of homology gene. The
expression product of UB-Tal gene is examined by Western blotting analysis. And
the UB-T a 1 expression amount reach more than 10% of the total soluble protein.
Homology integration system may lead to the physiological change of the host cell.
The activity and the isoenzyme of superoxide dismutase (SOD) could be the scale of
this influence. And the scale in three types of transgenic Synechococcus sp.PCC7942
were analysed by photoreduction of NBT and PAGE electrophresis. The results
showed that introduction of exogenous DNA does change the activities and numbers
of SOD isoenzyme bands. If exogenous gene were integrated into chromosomal DNA
of host cell, it can enhance and reduce enzyme activity and add iosenzyme bands of
SOD in transformed Synechococcus sp.PCC7942. But if exogenous genes existed in
shuttle plasmid and not integrated into chromosome of host cell, it can enhance
activity of SOD, but does not change the number of SOD isoenzyme band. Random
integration system can also be used to obtain the transformants. But this kind of
system cannot be controlled and repeated.

In these years, rapid progresses have been made on genetic engineering of other
cyanobacteria. But Spirulina platensis is extremely hostile to foreign gene
transformation. Spirulina platensis is a blue green algae known as safe and natural
food. Expression of Ta; in Spirulina platensis will produce a valuable and more
cheap bio-product, because it omit the expensive purifying process and can be used as
a oral medicine or food additive directly. Thus Spirulina platensis is a attractive host
system for gene engineering.

An efficient way to introduce foreign genes into the chromosome of Spirulina
platensis: Transformed by sonication (30w, 20s ). Then grow in 24°C, combined
with 2mmol/L. EDTA treatment for 16-20 hours. Selected by 20ug/ml G418
antibiotic.

In this study, we designed a cluster expression system and constructed a gene
intergration platform system for Spirulina platensis. ELISA and HPLC analysis was

v



used to compare the expression amount difference among the 1 to 4 Ta; gene cluster
in transgenic Spirulina platensis. The data shows that the cluster expression is effect
and the maximum amount of reach 7% of total protein. SDS-PAGE and Western
blot show that Ta; reach more than 2% amount of algae powder. Ultrasonic
transformation, gene cluster expression system and gene integration platform system
for Spirulina platensis are efficient.

Thymosin al is a kind of immune enhancer, only 28 peptide, 3000 dalton. It
occurs and has function on vertebrate, including human and fish etc. Function:
improve the immune ability of body; immunostimmulants. The immune enhancer
activity of the transgenic Spirulina platensis was demonstrated by feeding japonica
eel as additive fodder. Ta; contents in the mensurated tissues and organs of the black
fry increased after fed with transgenic algae. The immunostimulated transgenic
Spirulina platensis is the feasible additive of copulated feed for the rare aquicultured
fish.

This kind of transgenic Spirulina platensis should be evaluated its safety,
including the environment safety and food safety. By means of test the culture and
the character of gene stable of transgenic algae, this transgenic Spirulina platensis
shows safety in the environment. Finally, this transgenic organism obtain the safety
certificate from Ministry of Agriculture of the P.R.China. This is the first transgenic
safety certificate to Spirulina platensis, which mean this transgenic Spirulina
platensis can be applied in large scale.

Soirulina platensis, as the new receptor of gene-transforming system and the
bioreactor shows merits of microbe and plants concurrent, has bright future.
Spirulina platensis transgene system can be used in other useful protein expression.

Tal transgenic Spirulina can be the immune enhancer in aquaculture fodder additive.

Keywords: Spirulina Platensis, Expression System, Thymosin Al, Cyanobacteria,

Safety Evaluation.
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FWy W5

—  WEEFEN

WEE T RN 2 RIS Al g 5 Al 2eIn, oA A S )2
LR (A0 M &, etk DNA #REE, dNMUBEZS M G, Db SR Fk o i 4 1A
(cyanobacterium); {H'ENTFGE R RPT HALMER RS ERY), S Haks a (o
ZbMEHEE, HERS 1 (PS DHADERS (PSI), BEHHT AR B S R
KR AAER, IR 5 4% (blue green algae).

WML 150 J&, 2,000 430, T2 04 THUER LAY, P EIRE, M
W B, TRV BE E K, B ERG E TR . 8 EE MR a A A
HIER AL S Y i) S A Y R Ak rh by o S f, 1 HL b A i e B AR T R A
T3, RIFABLZHINEATH . ALl FRERE, AT RIS REE . A7 L8l
EOEAN, RRAREWRERE Q. oh, AR RS TE K, aTRDRA
PR G o WA e ATIE R 2 TR RIE ORI PR R R IR e, 0 T e 0 K 43 21 B 22 (¥
W BT B RE . AR SRR 7 TR I A v i, 24k
Wl 2 NI E VR T ZEEHT S AR I SR oy 7 LS5 TR A2 )
R AR, Bl LR TR 0 XS SO 0 o TR 4 IR AN S, R W A g i
Rl AR Z AR RGP R R T CLL i 2 IR B0 G B2 M 72D, BUEY R K
AT LG S, skl s, 51 T A TAES DB E, Bk IR,
1.1 WEBEFE DR 4 W 5 R K v P

Wk E T AR, ARG TRAAEEN E, REYDCEER S, SiAh
TUE BEREAE APl B SRR v A A DL SR A7) A0 B o A 1) R A R A R 2, TR DA gE
I A BEARE AT T o JTAR, A W W 5 TR ) AN T o A R DR 4 RSN, dk e
% 1 UK A DA R

H 1980 4F Mazur %5 A M 7% 7K 1575 Anabaena sp.PCC 7120 FE K 41 7 o [ 21| nif H1(
R FELLK, A 2006 4EJEE, Genbank IS 428 ML N 40 5% & 65793 4,
WP IR T 511k 26350 A, AR 7088 # (WP TRD #CiE 66 A

( http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Genome&cmd=search&term=cyanobac

@f

teria) o
Hiep, MU Synechocystis sp. PCC6803 & i AR &k K5 #E, BT e B
HIRM IR S, i H st E R i, Oy s P A . 1996 4, HARMERK
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U % Synechocystis sp. PCC6803 Ik K20 751l 4= K 3,573,470bp A=l o 18 i 4K 14
SN, AR N R R AT SE AR LA, B fE SRR E) 3168 AMEESEN, JLrh 145
A CAFER 2 1257 ANA CAFERAHIL, 340 AN FEHERBCERIARLL, 53508 1426 4
(7] B8 A1 o () R 5 AT W Sl RO AR AL o 5500 BV AT DG BR RAT 128 4> (Kaneko T, et
al.,1997). FMiE PCC6803 LKA K RIAE 1997 FIEXEF A, FEormk 27 HlkAE
DDBJ ., 55 M D90899~D90915 1 D63999~D64006, LLJ D90916, D90917. 4k
2002 FEARATTSE S T 12 HE A R DR DA, nT DAFE At AT S ) A v DR A R
http://www.kazusa.or.jp/cyano/ b 754 FI47 ¢ #5241 (1015 &

2001 4F 11 J], fafEE: Anabaena sp. PCC 7120 3D 2H 75414 4 sl o £ i e
PCC7120 & —Fhe R ZE s, HIEERNA S — KN 6,413,771bp BLAARFT 6 ANk,
Ptk 54 5368 NEAIGIX, 4 £ rRNA FE[H, 48 /> tRNA FEK, DLK 4 /N
) RNA [, 8 G X T 2= 0 45% R0 CL A0 1R 2 11 )7 51 B AT BUE,  27% (1 T
PR A B 0 R 1 L ATAE B4R 28% AT 4 St Bt A rp A 1 A W) B R A AL
(Kaneko T, et al.,2001). HAFEKA(E LWk 7E Genbank )7 %5 % AP003581 ~
AP003606.

FAh, —FERHGE E Thermosynechococcus elongates BP-1 (13 K41 4 K e A1t T
2002 4 8 HATHRIMIH o 1M EEA R AU — AN IORI K 2,593,857bp MRk, &
RIUTRL. H 2475 MERAMMIX, —%& rRNA FEH, 42 4~ (RNA FERE, T gnin X %
BRI : 56%H 8 1 [ AN A AL, 34% )4 11 R e IRl FRRBL, - 38 R 1)
10% 7] 23 FEHCH 22 (1 0 61 B B AR  63% I35 IRl J7 41 FH 58 i PCC6803 15 {2
(RIARABLAE , 22% 23X AN #4574 (K] (Nakamura Y, et al.,2002). HHEH 4115 B Genbank [#])5
411525 BA000039.

Gloeobacter violaceus PCC7421 /2 {REFIR I — PP iUl e, e WA, SEHK
FEMBIIAE B b, IR BRI — R G Ak, KR 4,659,019bp, GC &N 62%, W
A RIVTRL . FEANTERIZH 5 4430 SR GRS, —45 rRNA LK, 45 /> (RNA JE . 41%
(13 2 R R 1) 2 R RARIALL, - 37 % IR B T ERIARIALL, 7 A1 1 22% [) 0 6 1 6 PR A B
[PIAHBL I (Nakamura Y, et al.,2003). HLIEPIA (5 B AE Genbank [1))/7 415 ) BA000045 .

TV P WS 5 JE 41 BR V5 B Prochlorococcus marinus SS120 &3 v & /NP G 2R
R, EAHWAMAEGNASEHYF SN ERH 2 —, AR 1,751,080bp,
IR, GC &M 36.4%, B 1884 NEAYILX, — rRNA #4901, 40 4> tRNA FL[H,
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B T AR R B AT IR 2 B, s SO S EH R V2 R, ARG iis Bk
DGR SFIE A o A5 5% SN PR T ) ) Se B 2H 73t OR KR a7 AR I A B )& K
FE DAL, T g i s IR AT AT DS DK A e 5 B i A7 E ( Dufresne A, et al.,2003)
HOE 4 {5 B AE Genbank ) )3 51 5 4 AE017126 , JL 3 [A 24 M uhi 4 4%
http://www. sb-roscoff. fr/Phyto/ProSS120/. &5 —NF /N E A 1 I 5 (R 4
Prochlorococcus marinus MED4(1,657,990bp) . & 4  Prochlorococcus marinus
MIT9313(2,410,873bp) A1 Synechococcus sp. WHS102 (2,434,428bp) FE A 41251 H I 3l 5%

http://www. jgi. doe. gov/JGI microbial/html/index. html.
M5 Synechococcus sp. PCC7942 AR PR E 58 i, IEARERET « ¥RATF

JEE R SRR DR A0 Py B R D PR e ) A, 0 R T B R v e . B, ThAESE
SERN LRI, TESBE N e I DA B0 1 Sk Al

1.2 TEEEAEAFRBLA W) R 28 RS R B AR

TR AT Ry S D8 RS2 AR 2 BN O . 5 KAT B R AT B R
Lo BRI AN MM L, W B B RS2 AR R AN A S S 2%, e LA R (A 5
(Tandeau de Marsac N et al,1987; Lou SL et al,1996):

(1) IBALTF ST o, BRI A%, B T R L 5 4k DNA 4k, A5 4k DNA
MZRiAR DNA, 5 -T-5E P 73 B FIAS U A5 DNA

(2) 40 i B = 22 p IR SRR 2L B, G v S5 L7 T 0 o B ) 47 44 32 1k, (T4 DNA
Ak o

QYEILE BIRAEK, BRI, MAMCHE, R, COx JoHLERAIE 2 1k
FEt R 2 KT, JF BaE TIELE. #b S 2 Moy U R 7.

(DA HRAAFUK,  REMTSZ Sk B (R B I 25%) 3 — B L (fT 7E E.coli 11K 5%),
PN VR B ST B, N NIRRT A2 T

(5)IR 2 FhZ A7 PO IO, Ay R FH R 3 T 8 i her g 2 JOR 2 PRSI T AR A 11 4
s

(6) W E A NAKFISI) BT 2 75 I SRR AN A B VE W R kR ik, IF L2 H0R o
(K1, e K EERR, 3L TR ) o e FAR AL T T RES

B, TR EO AR B T 2 RIS, BEA 90 AR I HE N LREAN
Wi R e, B BTN CRE P L ARy D i — AN, A ORI R i ORI R4
R FH 5%
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B A 2 SN R 0 P LA T AR RO BLEAE Y, K KR
R LKA 10— MR D T DL 0 e . PP 0 DR 0 2 e 200 R A R
RRATRI. SRR I R GoM LB, 0 DR A BT Kol ) 1
M, U ERAREIE . R, WO, WO, ok A
R TR TR AL R, KK 20 A

TR VE 863 T CLTFUA K ) S FEbE 2 LIRS TR S0 F 8 T AR, H b b 23k
PRSI ARG . TR R IE IR B R0 FR AL, 25 A g
BOTREK . WOREDEIET2, MR, EATLE RS, W TR, Bk, RREK
KT RS, KR KERS, KON O AR A T s, TR
T A IR B A

DR TR A 0 LRI 7 1602 — . BT 8 ) R VAT e,
FUE AP SR 1T R R T B A B T 4 P LB ST AT G L,
[P iy 2 e 535 . PR AT B T 6 0 24 7= P I 1 22 9 1 1
WEFCH A, IF e I e, R 2R LIS DR 0 b R T 3R st o
SR A ARG 19 11 008 M0 6 2005 R R 135 = UG 57 Tk B 53 5hI
Bl i AR R 4 B B 240

TV R RO RIIE £ T 8 MU ARE 4, HoP VP2 2R i
VEL RSB A Bl BRI (EPA) FI—TBAKERR (DHA) Ht&if o3
BRI, — S8 I 2 B B S 2% R 0 RS U AR U A e
SR S B AR AR P 0 0 1 R PR R 1R BT ) B o
AT P R DR 5 A B

TR DR L A M MR 1%, W AT B BRIV 55 i AS 57
BRSO DR R NN 10 2 TE R MK T Sl R T e PO I 8, 42
R 20 2R L MR TR B L A B 10 2 R e R
P BRI, M D S0 S LA TR R SR P T
Z BEENTRERERS
21 HREERR

TSI A B LR (0, AT AMRIE . [N, T ISR (0K DNA 41
B Th5 DNA SEr, DRI IR SRR (ARG, BT A . — Rk,

V7K WS B [ A T3k 7K W V5 M - Mlatsunaga 25 (1990 [RRIF 97 & B, v 1 4 Synechococcus
4
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NKBG 04902-YG1116 ] HRFEAREA L T HAMNAZEN 17100 JHEd, XATaek
F T ARG K B A i R, 7EAn e R BRI 25, AT BELAS T
SIS DNA (RGN o SO W — M) B T . BRI A7 Ca®" N1
S EAN A2 A (Devilly et al.,1977; Stevens etal., 1980), MiBLLEMWIFTR], 4
K2 B R A B AE S A K b TR AORAS, s o] B T Ak . ki ik,
LOMRIE B ARG AL AR AL T WIFTUERIA, HE LA T B A A s S A o
A, B AT T A B A AR B 5-10 SR, AR T SR RN 7 2k

W FH R B e A T AT LU LA
(1) RRFA

TRARIEA S SRAFL FE DR W B 1 e T B 1R 7705 o TR AU DNA FHISZ PR WE 40 i, 71
EE AT N BV SE, Mo DNA W4k, 1970 4 Shestakov 5 Khyen 1 5E7E
Synechococcus PCC 7943 1k L DNA [FIRARFEAVAER o H 1y SOl v REAR AL 1 6
SEATE A RTEMI RA HAP R, 48K 2408 T Synechococcus 5 Synechocystis 4N JiE »
1 Synechococcus PCC7943 . PCC6301 . PCC7942 . PCC7002. PCC73609 . NKBG
042902-YG1116 F1 Synechocystis PCC6714. PCC6308. PCC6803. PCC6906 %5, [k
Synechocystis PCC6308 77 ] Ca”"ifs 5 A\ T/ 5% &4 (Devilly CI and Houghton JA, 1977),
TG EAR AR R A R EL W A 7M. DNA. 78 ST IR AR AL IS, Synechococcus
PCC7002 H1 Synechococcus NKBG 042902-YG1116 & X A I i v o 85 3, JF H.
Synechococcus NKBG 042902-YG1116 [ R AR AL BZA LT R K BEHE 1K 1/10, HadfE
W, XA RE AR T A W KB IE AR AL, FEAN I RE FAR SR O (0 2R S LA T
SN DNA %% N (Matsunaga T et al.,1990). BF57 R I, W5 EEAE & A K3 b T 320K
A(Stevens SE Jr et al,1980; Grigorieva GA et al,1982; Golden SS et al,1984), {H i % i F 4b
TR RS A AT AL . el R 5 DNA WREERIEEAN LR DNA JLORi
I TR A5G, e A A v G B IO 45 FH R0 ) i i e A R o B2 A X i R
SRIEAL T AN S T i
(2) Hettet

FHBURLAAR B H2 2 A 22 R0 A 2 ATzt A% HASE AL . 1984 4F Wolk %5 A\
Je7E Anabaena H s T 5 (conjugation) FE AL R AT, IX A2 LRI IR D RS R GRS
%A Y] 1 2 (broad-host-range) A L FORL (W1 RP4). 4 Bh ki (1R 5] Bom A7 &5 11
mob 5k PR Fiz BTTRL(XU ) 57 AR BB B G B8 4 o 75 B SE M 75 A7 H I BE AL L E.coll
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