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Expression of Mouse Adenosine Deaminase Gene in Transgenic
Tobacco (Nicotiana tabacum L.)
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The mammalian adenosine deaminase(ADA) gene was stably expressed in transgenic tobacco plants. The chimeric ADA
gene, 355/35S/AMV/ADA/Tnos, has been constructed. This chimeric gene was introduced into the binary vector pRD400,
which was thereafter mobilized into Agrobacterium tumefaciens strain MP90 harboring disarmed Ti-plasmid. The resulting
strains were used to transform Nicotiana tabacum L. using the leaf disc. Incorporation of the chimeric gene into plants were
confirmed by PCR and Northern blot analyses. Immunoblot analysis showed that ADA protein was successfully
synthesized in the transgenic tobacco plants.
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A2 HEAe SEupio Bx SxAZ AA AlEA t}(Herrera-Estrella et al,, 1983).
zo) R ARIA7I7]7 - oy oy FHT A ERA Adenosine deaminase (E.C.3544, ADA)& 4= adenosines
HatRoko) F&s WA O T oldle] AlE FAA L $ul inosine®.2 ¥ 3tA| 7]= purine W Ale]] Foddt= FA4RAM F
A7k g oz o fE84HE A AR & EAEAE o= Hlellvt EAFARE A Eel e A
o, HEAA AR AEAE 4T 4 A HAAHAn, st k2 A2 deld QlvhFox and Kelley, 1978:
1987: Hoekema et al, 1986). =8 A ENETHE =3 9 Yeung et al, 195). £3] ADA &4x FEA Tor] H24]
T RAAEE wWel PEEIE glen A FE AE 91 2 3 F (immunodeficiency) & sl o2 B F
Aol FAHoz wese] HE3 7hgAel dv FA4 o] glo}(Kellems et al, 1985), v| & For] ADA &4
B2 A z=A AEA A2 DeBlock et al, 1987), A - Heko g AASE Exo2 ADA 4 T3 MEFY A
A& Ben et al, 1993), WEA) §-H X Vaeck et al, 1987), & HhS 9Q)ste] W Ay EFo] % 3§£]31¢}(Kaufman et al,
4 YA+ AH Gluseppina et al, 1989), vlo]ej~ A& 1986: Yeung et al, 1983). ¥ 232 94 mouse adenosine
A A Abel, 1987), A& 2 1225 YWAFHAH(Guo et al, deaminase cDNAS Al &3 3 % binary vectore]] z)3z&
1992: Takahashi et al, 1992)%2} Eo] SATA 7 Hafo slal, A F8 % vectoro] 2]ste] Az FZ-L YA IAA

ol FA AL A f-H 2 (Ignaciio et al, 1992)5o] R TERAAL AZA WA BEE =] AR5 FHalslaizt
gof olvh et o &HAl AZA E A WHEE A T8 s}oict.

So o RS FHASY ARAESY

Axbgole. 2ol FEAEH FHA50] coning o

AEA e E9F o] W= AFrl B Maiti et al, He o
1989: Sijmons et al, 1990: Song and Hong, 191)¥ 3 9)A
gt fAARe] Fel wEkA e HE o R} vis BFEEE
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3tz Ql= iAo AAYsted HAE shootd Hwix|(1/2
MS/B5ei Aol 30 g2] sucrose, 0.1 mg/L NAA 18]1 6 g/L
PhytoagarZ 343831 ¢l wWjA])7t &FFHo] &=
Magenta GA-7(Sigma) &7 SR A|7|wir ALHoz
ARE Agatele,

el Az=E

ADAEAZ 95 4 9Jx= F-AA= mouse ADA ¢DNA
Z codingd} @ 9] pADAS5S-29 A}£-3t9) 2 (Yeung et al,
1985), °] cDNAE Al EAZAA ZEA7)7] $sA
cauliflower mosaic virus double 35S % alfalfa mosaic virus
enhancer sequence {Odell et al, 1985)& 7}x]1 9l
promoter®} nopaline synthase®] polyadenylation signalS -
g} terminatorZ codingd}l X ¢l 524Xba cassette vectorE A}

3o L

£3}9ich. =3 binary vector2A]: pRD40 (Datla et al,

9208 Aaaes AR N 8T el
disarmed Ti-plasmid (Hoekema et al, 1986)Z &3l 9}
X Agrobacterium tumefaciens MPX-E AMg3lgict £ A3
of Ab&xl 79} plasmid 5-& At AEFATAF4
o Al Feduigie.

Sk e] 2272 Maniatis 5-(1982) 2] uhol] F3le] 5
sjalod om A5 LukAQ] Agrobacterium tumefaciens
MPYo] =9)2 tri-parental mating®*d(Ditta et al, 1980)
ojste] 3)3loich
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Tri-parental matingd}® el ¢|8le] Aur%l Agrobacterium
tumefaciens pDY1829} pDY183¢FE kanamycin 25 #g/ml,
gentamycin 25 pg/mL 3% ABw| =] (An, 1987)¢) 247} )
kgt F FAADE M dxo dF FTeuiekel A%
ook RS NG FEE YA Relse] ATAL
A AEZEE FAH7F MS#A|(MS-HF) 2 ¥ &5}

[e] 1 7

e

1027 RAxA7c 2Az" HAE 24-D7F AH7HE wiA
(MS/B5 + 24-D 2 mg/L)o|A] 297t wiek3t ¥ kanamycin
7} carbenicilline] f-Eo] e AEFu)=| (MS/BS +
kanamycin 100 pg/mL + carbenicillin 500 gg/ml, BA 25
mg/L + NAA 0.1 mg/L)el|A] 657 v]<Fsted shootE 34
AZek 3435 shootE A whsled kanamycine] 50 pg/mL
H5 TR (1/2 MS/BS + kanamycin 50 gg/ml +
carbenicillin 500 pg/mL + NAA 01 mg/L)e] %74 HgE
58 F Bop) oA shsish

FUUYE d2ZAIM ADA FHAS EAARE
913}7] $¢)siA] PCR (Perkin Elmer Cetus, Fotodyne
Incorporated)-& AH&-3tcl. PCRE 3 w21 kst
DNA FZ4-2 Edwards 5(1991)2] wpiel] Fsle] 423
dlgderm PCR %72 %°CollA] 2¥-7} pre-denaturationd}h
F, M CoAlA 30%, 60°CollA] 0%, 72°Col|A] 2322 &}ed
36 cycleS £3om, oJojA] 72°Cell A 1587} post-extension
A#HF. J2F2A AA AxAEA9 A tumefaciens
pDY182¢} pDY183e]| A} plasmidE- alkaline lysis procedure
(Bimboim and Doly, 1979)¢l] F8jA Hz|sle] Al&-a}gic).

Northern hybridizationS ¢l M = FAASDE Yo A
total RNA®] $%3& Logemann 5(1987)9] Hbije] F8}ef
gl e, #7195 12% agarose gelitollA $33}9] 1,
Maniatis S(1982) 2] v}eo] Fa}od 35S-358-AMV/ADA/Thos
9] 21 kbAH-& ¥PZ labelingdle] probe® A}-8-8}9it}
Hybridization-> Quick Hyb rapid hybridization solution
(Stratafr A Ab) & o] &-3le] 3 3}9]c.

Immunoblot-& 91841 FAARE A FA A YL
crude extract ¥W}#, 70% ammonium sulfated o] &3t F&,
anion-exchange Fast Performance Liquid Chromato-graphy
(Mono Q HRI16/10, Pharmacia)®}®ell ¢lsiA] &3 F
10% SDS PAGEe] 2|ajA Fe=|atdet. o] 2]l gel
2 semi-dry apparatus (Transblot SD, Biorad)-g& A}-§-3}eq
nitrocelluloseol] electrotransferA|#] immunoblotel A}-8-38}93t.
Immunoblot-2 ] Z%l rabbit polyclonal anti-bovine ADA2
serum- ©]2-3}o] Harlow$} Lane(1988) v} ol F3)ed 53]
3}91 21, nitroblue tetrazolium chloride®} 5-bromo-4-chloro-
3-indolyl phosphate (Biorad)-& o] &-3}e] o Mdle] FAEHE=
ME=g Felsign.
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Mouse ADA cDNAE oA %3 A7]7] $8t binary
vector pDY189) 2 2§ AL Figure 13} 7} ADA 4
AS AEAZAA WEAF7) AfA] HEAE LIS
promoterS 7}A] A ¢l 524Xba(3.7 kb) cassette vectorE
BamH12& A3t o} klenowZ A Neoll2 thA
Akslg]oh(Figure 1). Ao ADA cDNA(1,056 bp
nucleotide) 2 #4312 Q)= pADA5-29% Neolz} EcoRVE
Arsled cassette vectore] AT HFH vectorE E.
coli DHGas] £15F F ohAl 23%1of 1 32 Fals}



Hind 111 EcoRl
t———{ 3533 Prom. |- AMV Nos Term |———’ 54-Xtm
Xbal Xbal Xbal
Ncol BamHI
Digest with pADA 5-2
BamHl  pgg Pl Pull  BamHI  EcoRV  Ps
lNco] Bg]ll Paﬂ ] Rsal I HdeII | |
ATG ATAA AATAA

Lincar fragment with BamH] cohesive site
| Fill in with klenow

Linear fragment with bluntends Digest with Neol and EcoRV

| Digest with Neol
Ligation
355-35S-AMV/ADA/Tnos pRD400

(18]
|—J—‘Pnos NTP 1 TnosH Lac Za I'—L‘i
| xbal |
HindlII  EcoRI
Digest with Xbal

Digest with Xbal

Ligation
Xbal Neol  Hindlll  Xbal

Pros NPT 11 Tos[$5-358-AMV | ADA gene | Tnos

RB| PDYIB
(138b)

Figure 1. Scheme for derivation of pDY18 pDY18 is a binary
vector containing the double CaMV 35S promoter and the coding
sequence of the mouse ADA cDNA. Tt also contains the chimeric
Pnos/NPT 11/Thos gene for expression in plant. Abbreviations used
are: Pnos, nopaline synthase promoter: NPT II, neomycin
phosphotransferase type II: Tnos, polyadenylation signal of the
nopaline synthase gene: 35S-35S, 35S promoter of cauliflower mosaic
virus: AMV, alfalfa mosaic virus enhancer sequence: Rb, right
border of the T-region: LB, left border of the T-region.

7) Sl A Xbalo 2 Zé%z‘f}aitd u}, 358-35S-AMV/ADA ¢
A/ Tnoss &H38l3 9lx= 21 kb DNA <t9l3} cassette
vector 26 kb DNA w198 3ol & = 9)gir). o]F Hle]
2915l vectorg ThA] A &34 A 4 binary vector pRD400
(117 kb)ell =813}7] ¢]#A XbalZ Aehdt v}-g, 21 kbe]
wH-S pRDA0S] Lac Za FA A Xbal$] A ol (Figure 1)
58] 5t} pDYIS vector(138 kb)Z ) 2 &Hahed oH(Figure 1).
ANzEE pDYI8 vectorE: E. colie] FAARAZ F ha
22510 Xbalo 2 m}s} A3} 117 kbe] pRD4M0 vectorsh
21 kbe] ADA AHS shelat & glgich

F3bs

=2

ADA F&AIOf| 23t HAEFZEIO|
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Mouse ADA ¢cDNA #-% pDYI8 binary vector2 E. coli

DHbeell =%1%}¢] non-oncogenic IF3F2E. virulence region
(Hoekema et al, 1983) a9l & 7}A| 2 9]+ disarmed Ti-
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plasmid (Hoekema et al., 1986)2] A% Agrobacterium
tumefaciens MP90 (Datla et al, 190)o =3}7] A
pRKZ2013 (Figurski and Hellinski, 1979)& o]£38}ed tri-
parental mating®}® o] 2|8} transconjugant-& Awtsleich
AE FF25E plasmidsg Felste] 247 Xpaloz A
thale] 21 kb ADA FAAE #-F38l1 Q)= Agrobacterium
tumefaciens pDY1829} pDY183-¢ HE-3}4ic).

ADA Azl =45 Agrobacterium tumefaciens pDY182
¢} pDYI183¢l] o]t} dx22E JAAMAT)7] A
leaf disc® o] 8% TENPPY Sloked FLAEE H=
3tich 24-D7F A74R FAl bAoA 2 zE wiokst F
AAZ2AE BF IAE kanamycin 100 gg/mL3} 35wl
oF ¥ Ao} ol AgrobacteriumZ> |73}z ¢ A
carbenicilline] o) Sl AF-FulA A wfFatidd
v}, 6% o= shootZ 3AJ6}9) o (Figure 2-A), A ¥
shoot& A t3le] o] kanamycine] 50 pg/mL ¥ 2t
WAl &A FE fredtdw vk ok 20 Folle B
of o2& Hxe| He)r} P4 =K Figure 2-B).

Figure 2. Formation of transgenic shoots (A) and roots (B) with
ADA gene by co-cultivation of A. tumefaciens pDY182 harboring
ADA gene and tobacco leaf discs.
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Al AdutEl & Aoksle] kanamycino] 100 pg/ml A 7}El
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of dze =¥ FAYA <l kanamycine] S eh
22 AMubgl J%AEA4 7} kanamycinol] WA AL
v ok AR el osA PAAE o 7k
Fota1zt stodek Kanamycinsf 2ol A Adsl dxzxos
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Figure 3. Adenosine
deaminase gene from
Agrobacteria and transgenic
tobacco explants by PCR
(lanes 1-2, A. tumefaciens
pDY182, 183: lanes 3-4,
transgenic tobacco plants

< ADA 11 TI: lane 5 nomal
1KB plant).

<ADA

Figure 4. Northem hybridization (B) of total RNA (A) isolated
from transgenic and normal tobacco plant. 10 pg total RNA was
electrophoresed, blotted and then hybridized with the ADA ¢cDNA
as a probe (lane 1, normal plant: lanes 2-4, transgenic plants, T182,
T183, T183-5).

A @7 DNAS F%3le] PCRe| oJ3jr & 45-F %
olg A7}, ADA FA4 2% £318 A tumefaciens pDY182¢}
DDYl&Wr gAARE AFAE BT ADA fAAE #l
g = glglovt A EAE A3 ADA FAARE #al
g 3= glo] T1829} TI83A E4)= ADA f-A A}l &AM 3
A 3El &8 Feld 4 g Figure 3).

371 el elste] T& ADA Az} ¥2AE AE
MZo] Al dSS #AF + e A JFF
3}9) 81324} Northemn hybridization2 3ty d v}, A
% A1 23 TI82, TIB7} T183-5 %218} RNA|ME ADA
transcript & 3HQJ ¥ 4 gld vt HAEA M 94
57 ekt Figure 4).

i]&zJoi z‘ﬂxlz—]_ﬂ;} i ooﬂ;q AD
da 930

% =2
w218 crude extract HH(Figure 5-A, lanes
i
[+

g 3k
EA A &
2, 3), 710%
H (Figure 5-A, lanes 3,

(A
2

3171 934 immunoblot

ammonium sulfated o] £3F F& 4
6), anion-exchange Fast Performance Liquid Chromatography
(Mono Q HRI16/10, Pharmacia) ¥ (Figure 5-A, lane 4)o]
91 6HA1 ZZ3 ¥ 10% SDS PAGEZ %3} o Figure 5-

2al®l <bwlA nitrocellulosed] electrotransfer A #

unmunoblo t3t A}, PAHRY dz(lanes 2-4)o) XM=t

SDS—PAGE (10%)

1 2 8 4 56 7| yoe¢
— o
; |-49.5K
, 1—32.5K
E |-27.5K

Rabbit Polyclono! An’u——ADA IgG

E3 1 23 45 6 7] 56
—80K
—~49.5K

ADA —32.5K
|-27.5K

Figure 5. SDS-PAGE (A) and immunoblot analysis (B) of mouse
ADA expressed in tobacco. Lane 1, bovine ADA (Type V,
Sigma): lane 2, crude extract of transgenic tobacco: lane 3,
ammonium sulfate precipitated protein from transgenic tobacco: lane
4, pooled active fractions of anion-exchange chromatographic ADA
from transgenic tobacco: lane 5, crude extract of wild-type tobacco:
lane 6, ammonium sulfate precipitated protein from wild-type
tobacco: lane 7, prestained protein size markers (numbers at the
right).

FapgF Mr 3900014 =g geld 4 A Y443
HA 42 dx(lanes 5-6)oAE WM=rF FFHA sk}
(Figure 5-B). w3l wizol Mz 2% wlg crude
extract.2 2 L di B 70%¢ ammonium sulfateE o] 45
N FE5F ASdM o Adslg 20, anion-exchange
chromatography ¥} & o] 438 o 7}AF Ad9slA W=r}
vebds #ld & e Flgure 5-B). o|24 FEFAA
¢l mouse ADA FHz7} A EME HALEe] RNAS &

AT gle ¥ opdEl AFHoE HHA S HAA ADA
il AS AT 3EE AT + e AZE 2]
2 E SEGAR ADA 3R} HEEHE A S
5% 4+ i+

~ R



E-A#¢l mouse adenosine deaminase (ADA)-+# 27}
AR Az HAASA A B3 H T ADA ¢DNA
& dzollA] #HHI] LHAI7] Al 358/358/AMV
promotersr F-AA| 72w AFH X =UF H#)A] binary
vectorql pRD400S o] £3}qdch «dxe FAAIL tri-
parental matingo] 2|8]A4 =% ADA A A ¥-F binary
vector®} disarmed Ti-plasmid& & F3t32 g =
Agrobacterium tumefaciens MPXL Al-&-tivh EAJufeke
o129 2 discd o34 kanamycine] A7HE WA Z3E]
24 shoots g AHtsle] FAMA 2 f2aic). YAHS
Aol ADA f3Ate] AledFE PCRE ol4slsion, A
4% ADA fAZAE 9 5 dde =3 =944
mouse ADA f-H#A2HEH mRNA 3 A g4 E
Z+zZ} northemn blot @ immunoblot #4138t 73} 3 AA 84
oM +8] s
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