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HREN—TMEESHRABERNERERRNBE RRER

(L3: P AfEd

kEE BIHL FRE, F

CRMRE MEEYEIRE, W KM 450052)

T,RRE, TRR,ERY

HE. KA SRACE# LA PCRUFEAL LR (Dunaliella salina) — A3k % 5 H B E G X B
B EREES, BRI FEBFRLBEIAA AOBIHSBHTRA LHHIER &
Zf, BREAPCREAS AV L ZEAAHBRETFRAD LHBARERG 2MAAR, KAKY
SR A 0.841.2kb, FRIZREARESAMES - HETHBGR)RLERGREAE
B, 28 ERZARAERAMEEA, AARREREANBEAEANLE 0BT, 248
AR, GUS LB AP Falsef R,

K819 : 2 ¥ (Dunaliella salina ) ; WKERETEE ; B RRIG ML BET;GUS |AEEN

PEH %S .Q78 XEFRIRE A

¥ (Dunaliella saling ) J2—FRE R EE R &
R R et B, B B AT BT R B R R Y
£ —, BEFE 0.05 ~5mol/L BEKFER LK E
B, HEARERSETEREENR, HBEBF,
WM ERIE, 518, FIHERBEED £ NS
A7 IR AL T S At T AR 58, R TR AR R
T EHERA, KRAKRRARAE = A P

Xt 3h B BB A B AL IR P AL TR P,
Fisher ¥ P e BAMBER AR T —MLESFE
HIFE, BFRREE S/ B K A R ERET BE R
W, B5HEBBRFBHERRIMNE, A4
HEREEVE T, X AR REE
Vi, 3% ELBE R SR A P bk B0 I, BREMEHESR, T
RFHHEANRETHRARREE", SERSFR
B T IBREFERE AN SWMMB X, 5iFisiRiC R -
bar RE, ZAHRMEE 53 FEH:, I H Northem
blotting Z¢ 3 7 BH, B K 77 ZEELVE T BT I, bar B 5457
A5 SR, R PR R R B R R i B Bh-F W RE R
—MEEERRNESF. FEURERRPLE
mRNA F#AR, F SRACE MIER PCR #7781 5E T
B BR BT 5 2 I ) e R A LA ST I IR BR B A 1N
SHMBEXK 2MTRAKEN B, 58 -HEHR
% (B - glucuronidase , GUS) & EF @&, MEILE
FREE, IR 53X FRBR BB E S B &0 T W
FRFEE .

1 M#EE5F=
1.1 ##

ELRE 1000 — 3096 (2005)04~ 0026 — 05

1.1.1 Sk

K EE B (Dunaliella salina UTEX 1644 Teod ) H
% [H (The University of Texas), & pCAMBIA1391(H
A Gus MEEH, Gus STRZ BN FHFFD B RAIEE K
W BLEBE S AR IR, KIBAT B IM109 1R BT FER
1.1.2  EEiiAw

RNA # BURF] TRIzol 5 8 Invitrogen 27 5 FR il
PP H1E8 Sall, Smal, TaqDNA 3 58§, T4 DNA & 355
M eMDIS - TREWRE EEW LR (K#E) R
Al (TaKaRa); #%EREEIMGRF &0 BB DNA 2 EGRAR]
W B MRS A FirstChoice RLM — RACE
Kit "4 B Ambion 22F] .
1.1.3 54

2% U A 36 5 R BR BT B8 mRNA(GenBank &
‘5 : AF183939) F1 35 SR B R Y 5 2 ] (GenBank HR 5 ;
AF541981) JF3%IT514, 514 BT A TR
AFER. BIRIFFILE 1.

W H B 1. 2004 - 05— 31; #8185 #7:2004 - 12 - 06

EE9H EBRERBEES I H (30270031) ; B R 863
H:& 7 H (20024A628050)

YEERIAr S 131976 - ), &, MEE M A, i L, R
Fr . BEAREE T, B3 0371 — 6912873, E — mail : yrchai @
163. com; B SRR, A IRMEH, HiE: 0371 - 6658332, E -~ mail:
boue@public2. zz. ha. cn

26 R /2005 /55 29 B /58 4



ﬁ}}%?ﬁlﬂ:‘: R.EPORTS

F1 3HE
Tab.1 Primers sequence
Gk B FH(5 - 3)

HEHEERIMIG Y CTTGGGACACCGCAAATGGGAC

BERERAMS Y GCTCCTCCTTCCTCAGTCCTTGT

5" RACE SMul 3[4 GCTGATGGCGATGAATGAACACTG

5" RACE W5 ¥ CGCGGATCCGAACACTGCGTTTGCTGGCTTTGATG

5" RACE ##:k GCUGAUGGCGAUGAAUGAACACUGCGUUUGCUGGCUUUGAUGAAA

CASMEXEI41
CAS'MERXEH 2
CA S'EKXF]Y 3

TTGGGACACCGCAAATGGGACGGG
ACGTGCTGCCACTTGTCCTCCAGG
ACTGGAAGAAAGCTCTGCGGCTTG

1.2 7
1.2.1 HEFEBLEMHE
B 5d £H A
H, 23, REE KL 1x10° 4
B/ ml, BX 1 mL, A TRIzol iR 5]
BHREFEAMA S RNA, #Eit
A5 4k oL kR  260nm #Y A {H,
FINRE B RNABIRE, %
5'RACE Kit #1E it 9 7 & 3K B8
HEEFNNERERNS, B
%, HWEBRE CIP 2Bk a
RNA FHERE S#HRES T
(34 RNA, (RNA, mRNA H Bt
M RIGREFRM DNA) B 5
WBER, RS HAE A ERER
(Tobacco pyrophosphatase, TAP)
B £ 24 mRNA #9IE T 454, 8
R SRR A, LR Ab T
¥ RNA ] T4 RNA #E# 8 5%
& B RNA Bk AHERE, H
FH SmBEER R R, 3 H 2B
F4EH i) mRNA fE3E | RNA #
L., AEEHLEIHH M ~MLV ¥
B RE R LA mR-
NA, B cDNA, Lk AR, H
ENHERIOMNAFEENE
L5145 BT HE A PCR, 55 2
WPCR =YL T/ A KR
pMDI8—T 8k b, HUERZE
KB E JM109, 37C i ]
%, BERURN, BEEEAN
B, AR BA/DERNE LR
EFRAEYM LRAFRIF.
1.2.2 HERMREEBHBEE S

- MRERXFFIRBEBREHME

Sall

Amp*
pMD18-T

3900 bp

CAS' X

ori

Sall+Smal B8, Sall+Smal B8,
B 1.2 kb HER O ERRER
Sall
CA5' [IIEX
pCA-G1 Smal
12400bp JGus
nos_polyA

Sall

pCAMBIA1 391

11 200 bp
Kan+

Sall+Smal &8t],
DA ER

Sall+Smal B§LD,
EW 0.8kb FER

B 1 EERREEERE SMEXMBE Gus EEFREHEHHE
Fig.1  Construction of expression vectors containing D. salina CA 5'franking

regions and Gus reporter gene
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WMERFERRELELEFESA DNA, BH# GenBank
B, B 3 REERRLY (R DV BATHRER
METBE A ATC AT PEMERX F 5,2 4 PCR =
Y5> B sEREE) pMD18 - T H4& £, M FIFHE , A Sall
1 Smal FXAEYT, B 2 1 DNA R B, 4k pCAMBL
A1391 F#E X 2 MU EEY), MIBEXAE. A
T4 DNA EHEF 16°C W E# EH DNA 1 BRI &
#k pCAMBIA1391 H B, #4LEAZEXBFFE IM109,
ITCHAREH BB, BYLE. RENHELDR
A1,

1.2.3 EFBFHALE

BRER2NMHBERBESRIE pCA-G2 M
pCA — G1 By ki DNA & 10pg, BB FREILEE 3 A 85
¥ 5d H9Eh 3, it %K, 4000 r/min, 5 min, B0 Wi dE , B
301l BRIRL Lx 10° AT T 1. 5% 3 BE W8 B Ik H
L, w3k (9] MERBFERATEL, ZEE, B
SmL BRI BN, BETREFNEESRF, £ T
BARE 2h, BRRTFEBRBTESR,

1.2.4 #{L3EA GUS HE BN Rk

FHA R 6T EEN cUS REARESH
Bt Rk, HUBEHEEF AR TER6LE, BO
WE, 2E8E, dELE, EEMBETHE GUS £ER
BIFRIRIE O o R B DABF A B R JE AT AT R 4R, MO0
R.2ERKERS "WFEHT.

2 HERA®

2.1 HERUELBEGAZ
FARA & REMELIMEIIN CA EERR
AU Y1 TSR — K PCR ¥ 3%, 838 PCR =&

B2 PHREZERLLSKERPCR GG
Fig. 2 Agarose gel electrophoretic analysis of transcription
start site from nested PCR
M: BT GeneRuler™ DNA Ladder; 1: Hf# PCR = ¥;2: 5
i PCR =9
M: 1 Sangon GeneRuler'™ DNA Ladder; 1:inner PCR product;2:outer
PCR product

200bp; PSS — K PCR F=4 o8t , AN & B A8k
HEBI A cA EHRERANGIYHITE 2 K PCR
1  PCR =414 150bp, AWML R (E 2),
Y% Fl TRIzol IR AR B EE A M B RNA, &8
Wl RNA ¥ AH7E 1.7 FI 2.0 208, HEEHIRE
ROEAKE K PCRUYMETENRWENRY, B
2 PCRAT, WA EMHE, EYWH 2K PCR ™
Y1, T/A R, SRR RRSTNE. MF4RN
B3R, )
ME3FHTUER, WERNFINGEERYS

GCTGATGGCG ATGAATGAAC ACTGCGTTTG CTGGCTTTGA TGAAARATCG

AAACCAATTC TTTCTTCTCC ATCTTTTCCA TTCATTCATT CTTCCATCCA CACAAGGACT
GAGGAAGGAG GAGC CCGTCCCATT TGCGGTGTCC CAAG(ATG)

B3 WFERSCHRILEHERRRBAMA

Fig.3

Confirmation of transcription start site by comparison our sequences with known sequences data

TRL:5 RACE# L, BIE.HIRBEMI[E . ZHERANE YF S Underline: 5 RACE adapter; Black frame: transcription start site;

Italic: gene - specific inner primer

RACE WIS #1755 B 5'RACE 3k F¥ 1] F B B8 BT B
HEBRAMSIYFEF . 5RACE Bk 3 KRBE
B AAA, MFHFIIR3: SRACE LB HNFIEE
— P EERE A, HFARFAFRSIYH SRACE FL2Z
EEHFTSERMKFF RS, Bk ELEBRRE
BMERNERERMARE A MTEEEHT ATC -
I 1024,

2.2 HFBEHEARSNERAA&S

Gus LA B HAHHE

DIZE 3 4 DNA BRI CA SRR X 5[4
1F CASMERXEIY 37 BB 0.8 kb iy CAS'fl
BHX B, A CASWERXS| Y 2 # CASTREX 59 3
PHEAIA 1.2k B CASMBR FE, SRME 4
8% . Ed PCR =49, 4 DI E) pMD18 - T R4k
U E# S, B Sall #1 Smal MUESH, 4 51 Bl % 0.8 kb
1.2 kb ¥ DNA H B, /& pCAMBIA1391 [FJFEBIX
PR B EEY], [ R Bk A B, “# F TADNA H 8
R EE BARZEPE, T CHEESRF, A
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1500 bp

1 000 bp
——750 bp

B4 3 CASMEX BB
Fig.4  Agarose gel electrophoretic of CA 5'franking regions
M: b #4 T 1kb ladder marker, 1: 0.8 kb CA S'@® X ;2: 1.2 kb
CASMEKX
M: Sangon 1kb ladder marker,1:0.8 kb CA 5'franking fragment;2:1.2
kb CA 5’franking fragment

B, BEUFR, F Sall #1 Smal WE Y, YL EE
B ERES B4 2 pCA - G2(& 0.8 kb CAS'R KX
KB, pCA-GI(& 1.2kb CAS'PIEX R B RE 5,
2.3 Gus A#HE Peimket Rk

MR FER B RM &Y, BB pCA - G2, pCA -
GlAZAREL MW EATHERERS . }00)5
EBBETNE, BANSRAREES, HH GUS
ERERAEPBILRS (B 6), MAFKILK LA
RMERBER,

EAMNRZIABHMRECRNIF TEYERREY
BEEAS, RTEZKEPNAV AR EERNER
BEAMARTEMREXBNERELE",. ZRNE
FREBEEREANS TEMBLEZ— , FHRERRE
BAFHFRES, TUERRNAERGTERRR
R —BRERASIYERN TEREERANERER
AU Bl ¥ FI RNA MR, DUR B SR ST R AP
R, ¥ REMRMRICS Y, R E B %, MAH RNA
A5 1 cDNA K #5414 (RLM - RACE) ' R E 2R
MERERSIEART ERFBNERE IR TKRE
B E RNAJG, AWML, RNA, tRNA,
AR5Z# M mRNA DR 15§05 4 DNA ) 5 mBE MR
BERE, MEZEH mRNA A TEWFEPEBRE
B, WAZ®W, BE5R TAP B % 4K mRNA I8
Fo5H, B SRBEERE A . HH T4 RNA HEHEME
B RN M RNA FIIRM & 10 RNA 3k, RAW
SRS K mRNA BB E RNA 3L, AR¥E
FEHATRER, B3 2K cDNA, LIk cDNA AR
W, AELSIPRMEESERS PET LR PCR AT
HEBR T DNA B 5Kk, EIRIWER, 5

5 & CASMERMFRERERK
Fig.5  Agarose gel electrophoretic of expression vector
containing CA 5'franking regions
Mi: E # % T GeneRulerTM DNA Ladder; M2: ADNA/ Hindll +
EcoRI;1: pCA — G2/ Sall + Smal; 2: pCA - Gl / Sall + Smal
M1: Sangon GeneRulerTM DNA Ladder; M2: ADNA HindlI + EcoRI; 1:
pCA - G2/ Sall + Smal; 2: pCA - G1 / Sall + Smal

B 6 GUSHE7ELh 40 M FBRat RINH AL ERE
Fig.6  Histochemical analysis of GUS gene transient

expression in transformed D. salina

RLM - RACE W8I 25 R BB R FFI(E B I
B, UANABHEELESRRABEENERER
BE A,
EAEYNERBS FTRER —RUTERR
FREME + 1 AL LR, FFHEETGE
TATAA/TAT/A (TATA - box) , GGTCAATCT (CAAT -
box) 1 GGGCGG (GC - box) %, {Rh Ay X R
SHRBEBER ST LAY 400bp HEBBH A
BT EFEETH, - 800bp NH TCTGC WHEKEXR,
- 800bp E| - 1200bp A4 HBZ S FHEFFH, W
CAAT — box F1 GC - box %, FF LR #E GenBank F#Ei
el ML A DNA h R IREF B EE 5' b
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Abstract: the enzyme activity of carbonic anhydrase (CA) from Dunaliella salina can be stimulated by high salin-
ity, so the 5 franking region of carbenic anhydrase gene can be used as a potential inducible promoter to regulate hetero-
geneous gene expression in D. salina, an extremely halotolerant alga which would be used as a new type bioreactor to
produce valuable materials. To understand and elucidate the regulation of CA, the transcription start site was identified by
5’ rapid amplification of cDNA end (5’ RACE) and nested PCR. The expression vectors containing two 5’ franking regions
of CA and the coding sequence of the Escherichia coli beta — glucuronidase (GUS) reporter gene were also constructed . The
transcription start site was defined as A. DNA sequence analysis and restriction enzyme digestion revealed that 5’ franking
regions of CA were not only identical to those published sequences but also contained in the recombination vectors. The two
vectors were then transformed into D. salina by gene gun bombardment. Histochemical analysis demonstrated that the GUS

reporter gene could be expressed transiently in transformed D. salina. (A8 389)
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