NSZRASIE R Rosd Hog
Korean J. Plant Tissue Culture
Vol. 28, No. 2, 87~90 (2001)

YEMS G ASHO0IA Glutathione Reductase

U9 &

Expression of Glutathione Reductase Gene in Transgenic Tobacco Plant
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ABSTRACT BcGR1 gene encoding cytosolic glutathione reductase of Chinese cabbage (Brassica campestris var.

Pekinensis cv. Seoul) was placed under the control of the CaMV 35S promoter and introduced into tobacco

(Nicotiana tabacum L. cv. Samsun) via Agrobacterium-mediated transformation. To 32 independent plants

transformed with BcGR1 gene were selected with kanamycin and they were confirned by polymerase chain reaction
(PCR) and Southern blot analysis. Northern blot analysis revealed that the constitutive expression of BcGR1 gene and
there was no relationship between the copy number of introduced gene and the levels of BcGR1 transcripts.
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Glutathione reductase (GR, EC 1.6.4.2)%= o] 7]
g AEC EAetr, AR Z NADPHE ARE-3te] 418}
o] glutathione (glutathione disulfide, GSSG)-S £ 9]
glutathione (GSH)° 2 #HYA 7] JFAolth GSHE iy
ol 2EA thEF <l A&} thiol compound EA
(Alscher 1989), sulfur transport, protein disulfide reductant,
A Z2A 9} 72 xenobiotic®] & B FHA WH A Fo
7es 7He FFuakEe]H (Foyer et al. 1997), Y%
LAY EHNME homoglutathione (-glutamyl-cysteinyl
alanine)o] & EE HMHOZ GSHE| 7|5E st
(Klapheck 1988). &3l GSH2} GR- ascorbate-glutathione
cycleol] Fodste] AEH L ol A Al Falf, el 23,
DNA 37 oA, F34] oA, 454 99 58 fdslo
Aol Az+gk HalE YO 7]+ oxidative stressQ] 2F, 1L
I AL, WA, 2FE, AR, olitslss) e it 2
HEH, A2A, B3 2Ed A I8y By E 59 o
A2HE AEAE H53} (Foyer and Mullineaux 1994;
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Levine et al. 1994; Foyer et al. 1997).

3, GRY| Id Z7te} oxidative stressol]l ik U] A 79
HAE EA4387] g8t AE FAATANLHE o] &3 o
T 715 el A3 g At FHHL AUk I
A3, i F39 GR (gor) A EYE FAHS &
Hle] WA B4 As} 1 uM 559 paraquatdl] thEk 7HAA
&|7F AAaEHATY RIS ™ (Aono et al. 1991, Foyer
et al. 1991), gor A}l chloroplast transit peptide® HZ
slod FAASE o] WA 24 Z3, sulfur dioxide 9}
paraquat (1.6 uM)ol| thet W/de] Zrtsldvia By EJT
(Aono et al. 1995). o]&¢] A7 YYAAEQL hd T
FRAZE o83 viAd, &% F2f <] chloroplastic GR -7
A glol mdsted WA S7HE <13 A3, paraquat
o thel WAlo] Aono S (1991, 1995)9] BT Blal 10u)
olAre]l =718 Yehigdttz E2EHAT} (Broadbent et al.
1995). o]#3t A= oxidative stressol] WAIE 7R A&
Aol F5o Qlo] dIYRERTIE IHYER] Z5AE FH
o] 2P § A&HYE ofvldith 18y}, GRe #g &
29 AFAFHE T, 2 EMEE chloroplastic isoform
7} cytosolic isoform< ¢35 #3l= GR S--AE 7tz st
A 7422 YE AeZ FAET 9low (Serrano and Lio-
bell 1993), chloroplastic isoform2] GR-& {EH| oA e] Z
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Al Qs AP i HES A3 A&E 1
ZaAd 7INste 1 ddo] R stressol] A FLL
2] e A0 g B AT (Edwards et al. 1994).

mahA, £ dFeME 2F, AL, H:0: 2 paraguat 52
stressol] ¢Ja) WHo] Tyl R W7 wiE fEe
cytosolic GR -8} (BcGR1, Lee et al. 1998)2) 2|47 gt
Ho wE oxidative stressol] o3t WA=t #AAE FHsl
A FAAG i) AERE olfate] I TS AT
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ANEANFE= Gl (Nicotiana tabacum L. cv. Samsun) & AL
9.0, 25C, 16 A7}, 350 uEm’s' B2 A AR AL

23 vectore| 71} AIZH FHAXME

Glutathione reductase 532 (BcGR1):= w3 (Brassica
campestris var. Pekinensis cv. Seon) 2H€ E2|3d full-
length cDNAZE AMS-3}4 T} (Lee et al. 1998). A &%) &&=
#-2 binary vectorql pBKS1-19] Smal B9 AT L
Smal#} Xhol®Z AT ¥ end-fillingd BcGR1 cDNAE
AdslATh (Figure 1). 25 24 vector$l pBKS-GR1&
direct Agrobacterium transformation ¥WHO 2 Agrobac-
terium tumefaciens LBA4404¢] =43+ thE, leaf disc 832
A3 (Horsch et al. 1978)2 2 o] T 3}%ith

A

Figure 1. Construction of the expression vector, pPBKS-GR1. The
BcGR1 cDNA was placed under the control of the CaMV 35S
promoter. A, Physical map of pBKS-GR1. Restriction site of Psfl
(P), EcoRI (E), and Xbal (X) are shown. B, Agarose gel
electrophoresis of pPBKS-GR1 DNA after enzyme digestion.

Ti MIcHe| kanamycin K&k 4%

PCR % Southern blot £4& F3te] FAAS o] &eld
"ol 37/HA ] To AEAERE FTAE At AT
Z21E 200 mg/L2) kanamycin®] J7F8 MS Hj =)o) 5238}
o i 14 T A AA Zd A ReHE
¥ AR 3] 2Rtk

PCR % Souther blot £4]

AR 2 EA 2 9o ZRE Murray? Thompsone] H
H (1980)e] wal genomic DNAE 23t kg, PCR ¥
Southern blot £41-& 2Ajstg . PCR B4 A1&d
primers 2508 AAHE FEAEC| 03 kbpel A
primer (35Ss1; 5" -TTCAACAAAGGGTAATATCCGG-3")
9} o§uksk primer (35Sasl; 5'-CGAAGGATA GTGGGA
TTGTGC-3') 18]3 0.6 kbpl 3 primer (355s2; 5 -
CCCACCCACGAGG AGCATC-3" )9} 93 primer
(GRasl; 5 -CTAGCATCCTCAAGTTCACC-3")o]d, PCR
AHEE 1.2% agarose gel 4719522 #<¢1355th Southern
blot £4-2 9|3l genomic DNAE A3 Xbal# Psi
o2 Adsled 0.8% agarose geld) A7|9EF oh&,
capillary transfer ¥ © & nylon membraned] Ao]A|Zjt}
Membrane2 5XSSC, 5XDenhardt’s solution, 0.1% SDS,
50 mM Na-Pi (pH 6.5), 0.1 mg/mL denatured salmon sperm
DNA, 50% dextran sulfate7} 718 LAo)A 3A]7} (42°C)
%<} prehybridizationd thg, [a-’P] dCTPZ EAd
BcGR1 cDNAE 718t 12412} o] ¢ hybridization 3} th.

Northern blot £A

HEAZ] FAF A EA9] YOTHE guanidine thio-
cyanate } (McGookin 1984)© 2 total RNAZ E2)}3ich
=28t total RNAE- 1.2% formaldehyde agarose gelo] A7)
%5 3¢ the, capillary transfer ¥4 2.2 nylon membraned]|
Z o) AJZ Tk Prehybridization -8-94¢] 50% dextran sulfate S
A7VebA) &= AS A3t Southern blot Ao A 9k =
Yk o AAEgn

23 3 uf

B2 2E £83 cytosolic GR cDNA (BcGR1HE A&
A HAAZL binary vectorq] pBKS1-19] CaMV 358
promoter®] o]l A AZFTE vector, pPBKS-GR1
& FEF O, A. tumefaciens LBA44040] E)3te] Sl
9] FAAZ A& Kanamycine] #7198 ) &3he) =]



AEstE A=A genomedl] BcGRI1 347 =3
A& Folsl7] 95, PCR ¥ Southern blot #4782 Al A]
st FAHE AEAZFE E£2]% genomic DNAE
template 2 3l PCR ZZ& A3 23}, Figure 2BojA
el vhe} 7o) 35S8Ss134 35Sas] primer Z§tol| A oAb
o} =% 0.3 kbpe| 35S promoter § 52} PCR ZENES
3ol3t9 o™, 358522 GRasl primer 2o E= 358
promoter-BcGR12] 0.6 kbp2] 50| ZZ S8 Fel3iyth

T3 genomic DNAE AHE A Xbald PsdoZ BTsh
%, Southern blot £24]-2 AAJdted 1.5 kbp 2] GR cDNA &
Hel EAE 18ttt (Figure 3A). ¥i3 f#9] BcGRI
cDNA¢9] =717} 1.8 kbp<l ©) uk&led, Southern blot F-4]4]]
Al 1.5 kbp9] band7} veEld AL pBKS1-1¢] BcGRI
cDNAS E=dFAHNA Smal F97F §1o]J4 4 BcGRI1
cDNA2] 1.5 kbp 9x]ol] ZAsls Psd H-9E Hetaislr)
wFo]tk. PCR ZZ 3} Southern blot ¥41-& Eale] 32714
o] FHAAZRAE 4& 5 AU

HAAS Ffollr] £4¥ BcGRI §AA7E ALdo T
ety QJeA9 oBE 8oldl7] €3te] Northern blot -
41§ A% v} (Figure 3B), wild-typeol A B.olx] ¢+ 1.8

kbpo] AAMA7} BE FAAE AEAAA XA $HE
wild-type il -d= BcGR1 cDNAS$} hybridizationdl=
AAA 7} 2A81A) sk, O olf2= gHle] GR FA44t

A&H oz WA B, Bl GR -2 H714
g3} BeGRI1 ¢cDNA2] AHEA o] 7] wj&o| hybridization

A
355s1-p 4 35Sast
35S promoter BcGR1cDNA =
35Sas2 —» <4— GRast
B 35S8s1-35S5as1 35S8s2-GRas1

1 2 345 123 45

(kbp)

-4 06
-4 03

Figure 2. Identification of transformation of regenerated tobacco
plants by genomic PCR amplification. A, Schematic diagram for PCR
amplification of CaMV 35S promoter and BcGR1 ¢cDNA fragments
for identification of transformation. B, Agarose gel electrophoresis of
PCR products. Numbers indicate independent transgenic lines.

Glutathione reductase X Ate] SHljZ22| =9|n} ghsd - 89

HA 2 AAZ F59) o] A= w32 BeGR19)
g FAE o]8-¢ immunoblot £4]9] Axfelr ¢

A&tk (A3 rAAD. webA wild-typeol X GRE HARA
7 #2999 olfs, DoY) GR A4 A7} BE
g2 Fe|Bohe wWFg g9 GR F3AHY A
o] W7 WjEo 7 A=)

PCR @ Southern blot £4]& 3o @A A
A 7FE To M9 324159 £XE A3k 200 mg/L
] kanamycino] #7FE MS Bix|o] vjoksld M3y AT E
ZAVHIT) (Figure 4). 71 A3} WA e @3} wol2yr S0
7%}7} E7539 Y SAES AL 2741 712, 12418

£ 1511 o) BulE el 2 copy olel AL
@r?&% NOZ YEREOH, 15452 3:19 o]&F Fejuld
AgsiAl Yeht 1 copye] BeGRI f-427F AdE 2oz
EAHUTH

Northern blot £41-& %3l Vel A%E 2@ %3} kana-
mycin 744 EAAFR veid EU¥® F429] copy
numberE H]Ze A3k 49U GR FAAFS] copy number$}
AHF Afolell= Ao AABA AAAA o= 2R JE
sith VAL JAUE HEAS) AT B Aol 29
FAAS] AU 9)R], copy number @ A A Euj] Ho] So
aQlo] Bt o g A4sl= A0R ¢¥A it} (Larkin and
Scowcroft 1981; Kuhlemeier et al. 1987; Feldmann 1991).
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Figure 3. Southern and Northern blot analyses of transgenic tobacco
plants. A, Southern blot analysis. Genomic DNA (15 ug) from wild-
type (WT) and transgenic plants was digested with Xbal and PsfI and
was hybridized with the *’P-labeled BcGR1 cDNA. B, Northern blot
analysis. Total RNA was isolated from the leaves of wild-type (WT)
and transformed tobacco plants. Numbers indicate independent
transgenic lines. C, Ethidium-bromide staining gel of Figure 3B.
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Figure 4. Selection of transgenic tobacco plants on MS medium
containing kanamycin (200 mg/L). Arrowheads indicate non-
transformed albino seedlings.
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