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M B R pLSO XA 1.5kb MG LW B AR (BADH) EE. SREBIER
BB R AKE 35S B TH PolyA KIEF 2, @ENENSHESE K805
PRI R A Bk, &5 POR S WEW 60% UL R bk &4 BADH 2 EH, £ REMAH
# Western blot, BADH W% £ 3 5, BADH B35 H:45 R4 2 €8 2 0 25 0 Tt SR 45 407, i R 8
5% BADH %[5 ZE 4B %LIE % 3%, 76 0 SRk O 9355 BADH 7970, 55 2 R M bk B Y
Bk B,

RO R AOCMEE R R, EhEh, R iR

RV FBEEZTRNEWATHLA, w8 TS ESCaRPREBEHE
THE, R SRR BETE, HEEEREZPANEE, W IEBRERWERAZ
—, HEBES NS EE TRATTARR. 1990 FEFL, Weretilnyk 151 McCuel! 5+ 51
MBS IR T 3 SRR I E 88 (BADH) B <DNA, /G X #E T % BADH #[H 3|
AEEBIRAEY, BRI THRE., RIERET X BADH BHMER LD, #—%
METEH BADH EEMHEOREZRE, EIRFENSHLMEY, B 54 BADH &
H R E R B, 3-8 BADH ZEEERAET RN ERE. RENBERLE RN

1 MRfF &

1.1 #8

B O 0 B 0 P O B 3 A R K326 B3O 4 2L 5 B B BT ( Nicotiana tabacum cv.
Huangmiaoyu). B{KL pYH X pBin19 f#t 2 EE- WX, SR H % Tag WA Pro-
maga 2 HEEAH.
1.2 Kk
1.2.1 EZ DNAJTE: 1§ BADH 2 H 7w P ST E & pBinl9 # Ff F 8 iR DNA #£
B, 8§71, DNA R B Bl ot 268, AR SERE sh 0k, KD AT sk, EA TS
#:#:% (Molecular Cloning) F6, '
1.2.2 BT pBinBADH-S B ZERATH LBA4404 . RRA=F& 4K,

BXERBEESIRIIRE.

* BT ERA: Dept. of Biclogy, Imperial College of Science technology and medicine. London U. K.
EXTF 1996 F 4 H 10 B,
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1.2.3 HEARRH BADH ZHEWEFE: A PCRY %, AR RN & 4% C#
[51.

1.2.4 MBS REAEK. R E LBA4404(pBinBADH-S)E{LIBEH B R 5, & &
ST HBEMEFRER 200pg/ml B MS 15 L3 B80T, LR EA MK, 2830
(7147,

1.2.5 BADH ZREBESTHENEN. HEMFME W BADH R, EEN
1) B A R 5001 Western blot! 2], ##  S#R AT .

1.2.6 MRESE. & Weigel " EH R, HEREORGYE -BETEIE.

1.2.7 HEEEkKRREIN. 25 M3k, WBADH ZERREHBH
K326 BT, LAM-E 3RS FIRE K 200pg/ml B9 MS 4L # % EES I E, Bl
HYTHBAE 100pg/ml FIRB EM 250~ 350mmol/L NaCl By LA E MS EHE |,
MEMBEEE RHEE,

2 #X5iH#

2.1 . BADH ¥Eiigi## 1w
B pYH B9 35S BB FAIES KA A £ REN S, B pLS9 &4 1.5kb i)
BADH #5*!, % Kpnl B§¥], T¢DNA L RE# F 3%, / A BamHI B4, BT B &9 BADH
ERFBE—WNERMN, B WO ERN. HHEZEES A Hind 18], TIONA ZEE
*F, Bl BamHI B8 U169 pYH B £ BB {5 1. BADH 2EMER T ATG SRR
pYH B 35S 3 81 FHiE, B BB pBADH-S, % BR B4 Sacl/Xhol B Y], FF1B#Y 35S
BADH EBH-PolyA H B E 2B pBinl9 1 Sacl/Sall WA I L FRENLE, AITHYERE
4k pBinBADH-S(A 1), £5/k A DHS« f5, Bt =
ERSBEBH AR E LBA4404 B, B xR4T
B B R 42 4 IE B8 LBA4404 ‘£ 74 pBinBADH-S W T
o AL, UK B RER, #1T PCR 71, 152
1.5kb B}y BE, X ¥ BADH ZEHE S ARFE L (B
F*m).
2.2 BEMNEARBRLEN PCRET
AR B LBA4404( pBinBADH-S) $ L. 1 £ 3£ 15
REHBENBELHK ET K26 BE S4 4, Bl
WiHE 40 Bk A — @B BRI S EL 20 BREST B
PCR 448, % 60% 1 12 PCR M., B I-1 Bz ill ﬁp?:f“ji:f?j’fiﬁ_
ﬂgﬁ;ﬁ}%%o KEF K32-6 ﬁﬁ%ﬁ{t% bet-T2 ﬁ] bet- BADH-S carrying BADH gene
TIUEREWBEERILT b NL, N6 IHEHEM
:1,5kb PCR #1874, REEWMRNIEH, R AW FE LR THD S AT BADH 4ME
A,
2.3 BADH ZEEHAF FRIFRIL
12 BRFE R K326 B (1 bet-T1 E T12) A1 10 SR F 2 H 8 B 2 (H bet-NI

© HERERBEDARFATKSHEL http ournals. im. ac. cr



238 £ % I # ¥ 8§ 13%

F N10)&Y i B BHE R #AT Western blot 7347, SR REM [ -2, [-3. FrRENF A
REME, KSR BRI 5% ¥ BADH Hiék B4R, 9 #3% BADH 2H
ERESERER, NBEETR, SHEPRABEEFRER, bet-T1, T2, T3, Ti2 M bet-
N1, N2, N6, N9 FiAMB. HPBRENEKI N 67%F S0%EH (R 1), REREKHE
R E L. BARMKELHEES BADH ik R & & XX KK,

%1 BADH ZERTEIAN b AIXiK
Table 1 Expreasinn of BADH gene in the transgenic tobacco

Vasict Number of analysed Strong expression Wenker expreasion Non-expression
i plants Numnber % Number % Number %
K326 12 8 66.7 2 16.7 2 16.7
N. tabacum 10 5 56.0 2 20.0 3 30.0

2.4 ¥ERHAWAR BADH ByiEH:

M\ Western blot ¥, HFEH SR B EERLT T2 M T3IONERMR I -2), LA
FreelE oot 43 BADH 88, B S M E HIEED O SR mE 2. HHRELEREN
BADH #&#£4r 5124 8.8 1 5.2nmol min " 'mg ™ 'EH, K# 4 3@ BADH FEHHI 4.5 M
2.51%, MEHE LAV BADHEOAREMEHERAEY. LAFEHES Rathi-
nasabapathil*! 253518 AU 34 A & 8 BADH B 45 (49 10nmol/min-mg ), T &
F Ishitahide! ) % KB IEHE (49 2. 4nmol/min-mg BH),

10 81 F BADH B Xt Jik ¥ &t 3 R BE Fn 46 B
| _ ¥ NAD HRIEM T —#1 1), B ILFT
R RER NAD MEH N b EEMAE
6} BADH B 5. M EF %5 A X BADH
g o+, B7 LATE e % 1k 69 3 B #R (CK)

N FER B LA A & P BADH BRI EH:.
BT %% E Western blot f1 8 E %

| I_l LB 4% bet T2 71 T3 B9 HAST Na-
CK PT Tz T3 SB tive PAGE, #R IS 4% 82 B K {E BADH B it
MR e, BN -4 RERRN,
B2 SRR bet-T2 #l bet-T3 &) BADH e T2 M T3 % 526 BADH MIE 1
il | RS, FORE SN BADH BRE
ig.2  Activity of BADH enzyme in transfor-
ants bet.T2 and bet T3 EXRE, MRS B ERERERR
PT: parent plant, CK : nion-transformed plant #Z) BADH 5, LRFERMEE
SB:suger beet BADH F§ ] i 5 & Rathinasabapathi # % &
ZARE, BHARD, FOKK LHERY 400
~500mg, LA e LR BN 10§,

« mg~'pretein

BADH activity

/nmel +min~}
(4]

2.5 BADHMLGHERBEHPNSH .
EH¥ . BADHEMBH AV EMNEHZEPD B ETRMER, AAHBEKES

© PERERMEMARAATIKSHESD http://journals

1. ac

cn



38 RS FREEEENARERANERHRE o239

BADH, HEEAAERBE ), EHHEBEHFE, Rathinasabapathi 1Lk 5 E A0 F M54k,
RATHIB Weigel 289 Percoll BIET ik, S B HERMEEN F f ik, B2lE, F
00, REEZEETRE, B8 3 K, FHe4nw. SLiE LER, ~H4 L
EW ST SDS-PAGE(HE] 32), B —F04r A B AL £, HL 30 % ~ 70 % 1R AN BB S UL 0e
T4 (B 3b), BAT IS fF SDS-PAGE. BB HERMBEN F, #LURT 4 %1935 BADH #,
B 30% ~50% F1 50% —70% {FI R ER € &R 43 (8 3¢, d), BTG 1F SDS-PAGE. LiEKMR
4T Western blot 2347, &R WA 3, S EHMEIE, KB % 4%-B# 5, BADH BRI T
EER., FEREHE 30%—-70% RAHRE IR B H BADH BEF £, BEERLFLL
TEMWE R, RS HATUATE £ —5® 5, B BADH fent G451 Mg - 194 54
HEFAERAG HoARBHAERE,

Fega gt 7-8 A A FFIE, MIFIERH bR B raln Rl
TR, B IF, BRI, A EER, K e
%% 2~3 A, BRI, TR BB S 7 S el

~8A-HEIE, KAHESNHEEKSH
BEFRREHEHEREEE., H Western
blot B E HIERHEEN 2R,
2.6 HEEHEBOHEGEME

Ll BADH £ R A # AN E K320 plants
EHNEIR bet-T2 40K, A HHHE }#%Eﬁ—% a. Suppernatant of chloroplasts (4pg protein) .
MEENDETEFELFES U, B 2cm b, Precipitated [raction with (NH, );50. (3ug protein) .
EREREIETH 300mmol/L{1.75% )Na- c and d: Fraction of 30% ~ S0% and 50% —~ 70%
CIRTERE MSIEEFREN, 10d U E, X (NH, )50, from the homogenate suppernatant (8ug pro-
AEMEERE R EMEE, BERETL NaCl “ L BADH orotei (2 _
WA TS, T pBinld BIE LT R o AP e (e proten)
K326 EMNEF R ZE MAEER, BEX—TAEHAHERFEERKR1-5). &
1752 21 B NaCl (9 B A, #— 2 BH B & H 300mmol/L. NaCl 8y Hoagland & 3
WKL, TREEIEH s, XEFHFEHERSBOAYERN TR DMk LHE.

B3 $EEEE BADH B§ 4

Fig.3 Distribution of BADH enzyme in transgenic

¥ W FEREFRERNEDTIRAIERFRENEST AR ERBEA SN RHFTE T
J1 ¥ B, A MR AL B ST R R RS A A AR, Fe b — R R,

g ¥ X W
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Expression of the Spinach Betaine Aldehyde Dehydrogenase
(BADH) Gene in Transgenic Tobacco Plants

Liang Zheng! Ma Deqin® Tang Lan' Hong Yiguo® Luo Ailing' Dai Xiuyu®
( Institute of Botany, Academia Sinica, Beijing 100093)"
( Institute of Microbiology, Academia Sinica, Beijing 100080)°

Abstract Plasmid pLS9 contains a 1. 5 kb of spinach BADH cDNA including its complete open
reading frame. The 1.5 kb of BADH ¢DNA was cutted from pLS9 using restriction enzyme and was
inserted into the expression cassette of pYH between the 355 promoter and pelyA terminator. The
35S-BADH gene-polyA fragment was cloned into binary vector pBinl9 in the polylinker site. Result-
ing plasmid pBinBADH-S was introduced into Agrobacterium tumefaciens 1.BA4404. The BADH
gene was transformed to tobacco plants mediated by agrobacteria. Ninety kanamycin resistant trans-
formants were selected. PCR detection showed that more than 60% of transformed tobacco 'plants
contain the foreign BADH gene. Western blot analysis , BADH activity assay and BADH specific ac-
ti.vity stain showed that BADH gene was normally expression in the transgenic tobacco plants. The
enzyme also occured in chloroplasts and the cytosol in the transgenic plants. Plants having strong ex-
pression of BADH gene had an ability to tolerate high salinity.

Key words Betaine, BADH gene, transgenic tobacco, high salt tolerance
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Liang Zheng et al :Expression of the spinach betaine aldehyde dehydorgenase
(BADH) gene in transgenic tobacco plants Plate 1

CKT17T2 T3 T4 T5 T6 Mr T7.T8 T9T10T11T12 PT

bet—T2

1. PCR production of transgenic tobacco plants
a: Lkb ladder marker, b~c: bet-T2 and T3, d—e: bet-N1 and N2, f~g: non-transformed plants, K326 and
N. tabacum cv. H.

2 and 3. Western blot analysis of BADH synthesized in transgenic plams, K326 (P1. 2) and N. tabacum (PL. 3)
PT: Parent plant; Mr: purilied BADH from spinach; CK: non-transgenic plant '

4. Activity strain of BADH enzyme in transformants bet-T2 and bet-T3
Lanes contained 45pg protein from T2, T3 and CK: lanes contained 150ug protein from sugar beet (SB) leaves

5. Roots and growth of non-transgenic (CK) and transgenic {bet-T2) 1obacco plants after 30 days of culture in MS

medium containing NaCl {(300mmol/1.)
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