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Visible and Fast Assay System for Tobacco Transformant Introduced with
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ABSTRACT New visible and fast assay system have been developed for tobacco transformant introduced with
adenosine deaminase (ADA) marker gene, which converts cytotoxic adenosine analogues to non-toxic inosine
analogues and ammonia. Ammonia was changed to blue color in the solution of phenol-nitoprusside and alkaline-
hypochlorite. It was possible to detect activity of ADA visibly on the holes of 96 well plate using tiny explant of
transgenic tobacco leaves within 1 hour incubation time. As substrates of ADA enzyme from transgenic plant on the
plate, a number of adenosine analogues such as 9-D-arabinofuranosyl adenine, cordycepin, 2’-deoxyadenosine,
adenosine and xylofuranosyl adenine were possible for detection of ADA activity. Optimal condition of substrate for
ADA enzyme was each 10 mM and pH 7.5 in adenosine solution. Especially, transgenic plant did not convert
adenosine to inosine and ammonia in the presence of ADA inhibitor deoxycoformycin, which means that ammonia
produced from transgenic plant is due to expression of ADA gene. Now, we show that this detection system can be
easily, sensitively, fast and cheaply as well as visibly assayed in vitro as GUS gene system with very small size of
transformant explant.

Key words: Adenosine analogues, ammonium, colorimetric assay, deoxycoformycine
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transferase (NPT) II geneo]®] (Datla et al. 1992), o] A7}
= 2| 2A) Tl X B EH kanamycin, neomycin 122 G-
418 52} A o] WS JehlA =lof FHHIA= B2
AR B AARA = ZAHA Foh A visible EA]#+4
A2 A E Bglucuronidase geneS AHLSl= Zlo| 713 o
] (Jefferson 1987), ¢] 9ol = luciferase gene (Schneider et
al. 1990)7 anthocyanin (Ludwig et al. 1990) §-4d-f-# =12
AHE7S BYETY ok ady 0] 2 visible EA-FAX =
FAAGA ] A o]Fof AT F v WHEE NPTII
AL} 2ol HR AL Eﬂt AAHo 2 ALgE 7t
gieh o]# ARZ visible ZA A} A A EA R
HAFE FAlO AUAIA AR E A wx] oA "*‘f";}
ojo] F7}2 visible EX|-F-7A el &Jste] AH&QIE= ¥
Eo] o] &5y 9t} (Jefferson 1987; Bevan et al. 1983).
Aol AEYAAEE TX AR gl o) adeno-
sine deaminase (ADA) 4425 AL EXFHAAZE
AazA ke A AAET 9w 1 s A
3l v} Ut} (Yang et al. 1995b). Adenosine deaminase<
purine thAlel] #odsls E4BM SEZACE o] F99
U EAEAR Axe A A #AskA 42
(Kellems et al. 1985; Yeung et al. 1985), 4| EA|d= AF
EA5kA) g AR B o] it} (Fox and Kelley 1978;
Yeung et al. 1985).

ADA &EAE adenosine2 inosine & HIAI = E4=2
A (Weyden and Kelley 1977), adenosine tj4] =4 adeno-
sine FEAE A& A il HrlstH ADA 2Avt
&= A1EA = adenosine kinase2] Z-8-2 2 cAMPS RNA
FA oI A cytotoxicity S ZHA| Elo] EF TARSHA Hoh
(Yang et al. 1989b). o] ADAS A7 EUH FAHSY
EA9 Aol B4 adenosine F+EA& F=A4 inosine &
TAE ﬁ%@ﬁibﬁ Aoz AFo] 7hHsd Aolgh= o
229l ZA 9l B2 AF7t APHIT Uk olv]

R b
27

b g Ry

Yang (1993a) 52 A& 3} o]-&3}ed mouse
ADA cDNAE Azxzdd FAAIANA FEAZRY F2
A7F ARAEAANME HEEASS GAg vk glo
], 742} (Choi et al. 1998), 373 (Yang et al. 1997), ¢14+ (Yang
et al. 1996b) Soll M Ao Z weEgoe] Feld v vk
w3 =49 adenosine FEAE ©]E3 ADA FAAE
AzxZA 9 AN ZARAREAM Aol 7HsHE B
78ked (Yang et al. 1995b), o2 g2 A& oA ADA
FAAE BAFARAZY] ARTHEAYE AT 53 o
Ao 7 FAFAEA oJsiA] FAASATE GRAHT THA

%%3}

J
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o2} 712 el 2lslA FRARBAL PR AT
of shcdl, ol F2 BHEE ZHEE Whel AL
ADA Fael 84 S4ue FEZAIAE o8 711

Hog F35)o] gor (Klenow 1952; Koerber et al. 1975;
Martinek 1963), ADA = A3 2 EAANAME spec-

trophotometer& ©]8-3led SHEE ST F Sl HYo
oln] B 7% %} (Yang et al. 1996a).
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2 31 + v A7 W3kE plate HolA A3
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F e e NEIA s v I AIHE o)
i

SAME H A2

B Ao AH3 F343 = ADA #3A7F EYE A
(Yang et al. 19952) 24 QEHE Q&3 A (MS/B5H)
o 30 g2 sucrose, 2.5 mg/L BA, 0.1 mg/L NAA)o| X7
sto] FAE AJEE SIelA (12MS/BS5 ¥ Aol 30 g9
sucrose, 0.1 mg/L NAA) A wiokslt & £Eo| £3FA|A oF
20 cm9] Folo FAAFA TI82, T18334 B|FAXEAE
AHE-319ith Adenosine deaminase= bovine spleen typeV

A

(Sigma)S AFE-3}%1 2™, 9-D-arabinofuranosyl adenine
(Ara-A), cordycepm 2’-deoxyadenosine, adenosine, nitro-
2 Sigma AES A3}, xylofura-
sRZetA LA (PBI,

prusside, phenol
nosyl adenine (Xyl-A);: et HE
NRC)eJA F-of gy,

sinlo] ol 2 XyHAO| CHEt $IS

AN A2ZH A ADA gened] EAARE F3ls}
7] 984 PCR (Perkin Elmer Cetus, Fotodyne Incor-

porated)l] 2|gt Bl S AMESISITh PCR 248 913
w27 7135 DNA F34 % Edwards £ (1991)2] HIH

of Fsle st om, PCR 212 96C oA 287} pre-
denaturationdt 3, 94°C o A] 30_,_, 60°CAA 30%, 72°Coll
X 2802 Fo] 36 cycled F33Iom, o]ojA] 72°C ol A
1587} post-extension*| 7 2elslsitk ADA #2719 H&
£ 93t primere sense 5-ACT-TTG-GCA-AGA-AGA-
GAG-GCA-TCG-3"9} antisense 5"-TAG-GGT-GGA-CTT-
GAA-GAT-GAG-GGG-3"S AME3lith B Ade] Algs
Az FAAZA TI83¢] ADA AL HEHEAE 1A}
oz #gstr) Hsir e 54 adenosine FEAH|RI
Xyl-Ao) thah wke-& ZAlstazl Az9 95 ¢ 6 mm cork
borer< o834 HHE s AT MS/BS (Sigma
M0404) Bl=}ol] sucrose 2 A ES2ES F713F & pH 5.6,
phyto agar 0.7% #7138t $EIFS 3 F, 2571 55C A
T ¥%9-E& v membrane filtrationd)] ¢|3}e] Ead Xyl-A



Adenosine Deaminase TX| 3

FEENA 3047wl gt %ﬂ?é i*}o}ME}.

FA Po}ﬁir/}. 4 oé_‘XdLé?%i A7)
ZAVH] falA IX,‘ 172X, 1/4X 1/8X
E ARE dI3lY adenosine©] 343 plate] wello] 2
T 308 B 60E7 viYgst & Aze] WEE RAdSIth &
3l BE M7 Wglyl ADA E2¢ 93 AR opd o}
- 29 el doluk= RIS 2AV87] Y8iM ADA
849 inhibitor?] deoxycoformycing z]she] Walloj
ZALSISAT) Subtrate 2 AREE| = adenosine -9 2] pH™
(pH 5.5014 9.5), adenosine 2} 9 (ImMolA] 20mM),
adenosine | substrate®] %£F%¥ (adenosine, 2-deoxyadeno-
sine, cordycepine, Ara-A, Xyl-A), g2dgAE (NPT II
gene Y21 EA, NPT II gene} proteinase inhibitor (PI) I
gene £ 4124, Pl gene 5% 21E), WHA$44 Mac
gene, 12]Y AZA| Al {42 PAT genedrt GUS
gene®] TE AEA)), AZXZEY (Nicotiana tabacum
Xanthi, BY4 diploid, BY4 haploid, NC82, KF109), $i%%
el FePH (Y, &7), #a, 94, midrib)i Aejate] A7
9 Wzt RE ZAMEIATE A7) 9H3-& 50 ul phenol
nitroprusside reagent (5.04 g phenol 40 mg sodium nitro-
prusside/100 mL H20)E& ¥ g3 & nlZ 50 ul9
alkaline-hypochlorite reagent (0.6 M NaOH¢l| 0.125% ]
sodium hypochlorite 7)) & W7 2 Z33t 3087} 37C

ol A} njFated a2 7ok,

W ko rln

ADA 9| S| Bol Y XyHAd| THSt 8IS

ADA §3A7F =Y dAx T182¢ TI1839 A M3
o5 137 s ¢4 PCRo 9Jated &laeint v
FEAGA AN A& WETE YR Pgkoy} 2F0) F2
@A M= 800 bp Aol ME7L F3] HAH o] ADA
A7 EYEe] A&S AT & AU (Figure 1A). L&
ADA #7219 RHARE zbgAos ZAlshr] el =
4 adenosine =A< Xyl-A7} FEHZ TS v = o)A
WEARE 2 A3 A 8RS 232 25 1M o] Aol A
BT ARSIl ou (Figure 1B), 3248 T183¢) 4= 100
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Figure 1. PCR products (800 bp) of non-transformant (A-N) and
transformant T182 (A-T1), T183 (A-T2) of tobacco, and inhibition
of growth of non-transformant (B) and transformant T183 (C)
tobacco with ADA gene on the toxical Xyl-A media.

Me] DR XyLAIAE $45P] AZHS 2 4 AR
th (Figure 1C). 0|24 1 Aol = ADA 247} A&
Aol ZA8}A] AT (Fox and Kelley 1978; Yeung et al.
1985), Yang (1995a) S| ]o}O# e vector system & &
ADA A7) T4 4z FEASA = ADATA A4

O
Aoz ddHY S AL

2 998 % ok uet
N 2 HAABAE 28] Assn 1ud Ed o8
of ADA 242 FO2 [ g% + U W]l B2y

Ao yzhEn)

ADA 242 B4EMS 2

o

Higteole] 7o

ADA #3217} =dE AxU22 TI82, Ti83%24& A7z
HStE FAAGA ARE R3] AeA wgAHEA <
Q%43 ) plate S04 ADA F2840) s ekt
= ogl 7R st 88 2AIAY (Figure 2). & 4
L Yang (1996a) 5-0] ADA &A9) 5“31,:_3 spetropho-
tometerol] &d]A S WHE WIS L3¢ =y,
BHEzEO s GUS §Axe) gelubd (Jefferson 1987)
I FAYSHA ddAgA e A2 S 96 well plate oA
e BV YPAARA RS ZAlshe uholth ADA &4
= adenosme—a— inosines} Y FUolE WA= F4AE
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Figure 2. Color change according to various condition of tobacco transfromant on the plate : A, explant size and incubation time; B,
concentration of adenosine solution; C, various adenosine analogues (Aden, adenosine; 2°-DA, 2’-deoxy- adenosine; Cord, cordycepine; Ara-
A, arabinofuranosyl adenine; Xyl-A, xylo- furanosyl adenine); D, different varieties of tobacco; E, pH of adenosine solution as substrate; F,
effect of 2°-deoxycoformycin on the inhibition of adenosine deaminase activity on the plate; G, transgenic plants with various foreign DNA;

H, parts of normal and transgenic tobacco plant on the plate.

adenosine S substrate 2 FHIAE W FAYHE FEUYo}
2 phenolZ plate$jollA vl2 NFste] NZ2 HEAAT|=
otk Z, plate®] welloll QA 22| adenosine §4-& ¥

o 1 v
olo] FAAA FHE wol Hu Fo] 29 e

fd 0% 1

)

ADA §29 z20# adenosine©] inosined} ¢EVoLR
A A olm) FAH gRYors Eslo] ZAlksh=s
o|t}. olw} 7p¢ FAIZE HE Aol AEA AW ol £
= endogenous ¢E Ul E, o #AE FAAEA Y
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explant®] =71& wl A Fo=M HFAT + AU
(Figure 2A). A7 6 mme| FA3A e v|FAAgA o] 2
He ANE oA 1X, 12X, 1/4X 1/8X Adhsle] AHE
adenosine S0} 349 plate?] wellel] €Y7 308 2 605
Zhuleksh & AZke] WslE AESAY vl 14X ¥ 12X 9]
A A= BF Azo] HeEH IR T vFEA
A A e o] WslE A 9ker (Figure 2A), A A|7F
T 3083 60 AR zpol7t gle ALE JEWT
(Figure 2A). o8 A= HH9 A7 A IS 4% A4
307 FHEATA G NFAHBANE 7HE 7 U A
ArEbH, assay Al7HS] ©&S $lElA 60F ok 3082 X3}
T Aol ¥ AFHY ZoZ AFFHAUTE o F EE AHlA
9ol A7le 18X 7|2 ARgaEtgien AHEAIZE 30
o2 I3tk B3 gEYoks pHoll wl B2 o]zt gl
012 subtrate2 AR5+ adenosine 29 2] pHE 5.5¢ A4
9.57kA) gl AElste] Ao WstE AN A3 7] F
FoAE B zpel7h AL JUAAT (Figure 2B), pH 7.5
B M Ao] tha 45E A2 yEhsth g adeno-
sine Sl 9] Frof we} HNHEE ZARBH] flelM T2 &
1 mMelA 20 mM7E] ZASIAE Bl HA] Atkg Zjel7}
1A YERA] & FAAAE EA-E, T8y BEgEA
FAE A3 Bl B2 @itk (Figure 20). o1¢ e T
#H8w) adenosine £ 9 EE+ 1I0mMME AMLEh= Zlo] &
& Ao Z AIFHQLL T8l 2+ adenosine FEA 2] sub-
strateol] wh2 SAYEE ZAME A3, 7] AHS-E adenosine
gt o} 2°deoxyadenosine, cordycepine, Ara-A 187
Xyl-A 23] A7Z2Ws2 Jehdjo] % ADA9) substrate =
A s ALE AAEAT (Figure 2D). T2 o]
MZ2Hs7E ADA gene®] el 9t o] ofvgt thE 4
gl 93zt Yehd rhsde A WA + gleER
ADA E249 Z8-& A A7) deoxycoformycing ARE-3}
o 4 ADAS] Z-gol| ofaijA] AZstrt dojueEAE X
Abalgdth. Figure 2Eol A B So] deoxycoformycing 73}k
A %2 A FlME NP AR A2 A7t g,
HAMAFA TN T o] HslE 2y deoxycoformycin
o] A7k AelpollMe vBZAE ZAE ohzt FH A3
Ao ME EF Azsiyt dojur] ot Mze] wshrt
ADA 280 g3ted Uehdg FRIAA FAL B oE
ARFHAA | oJs) A Ao YeRd 7hsAdo] S EE NPT
Il genewo] =YH A EA|, NPT II gene3} proteinase
nhibitor (PI) T geneo] =UH 21EA|, PI 1l geneo] =YY%
NEF, WHEAS-HAe Mac gene, 18]35 A&A A dHAdl
PAT gene® GUS geneo] TUE A EAE g2z A7)
HASFFEE ZAFSIIE Hl, ADA geneo] obd U 974
FEAME As Az HstE #FE 4 ATt (Figure
2F). GUS gene®} 73l AEA o wbxs A WolA
GUS 845 E 713 9o g (Jefferson 1987), & A4

ME AxFEd wel ADA 28 7tgAol AS 7HsAE Bl

Cis A FSEE ZARE 43 o= FFAME A2
S WA A B3k (Figure 2G). 31 ADA geneodll 9
ZHAA T 9o wet AT o
o, &7], %2, 9 1213 midribs B
o2 sl BAHEE AR A3 4F9E A Ao §
AAgE 223 PJAAF HA @2 23 P77 7}
2 ok% 3tqith (Figure 2H).

A7) AFE £F3l plate oA ADA FE42 assayE
3t 74 kg 2742 QoFsHH Figure 33 7tk

M ADA §#219) substrate 2 adenosine-299] =L &
10mME &le] pH7} 7.5 S1A 273 3te] 96 well plate €] hole
o 50 )lE 9, o7]ol FAARAEA G 2T E vFHA
Az 9] 2S¢ 6 mm cork borerE UL Yol A7E th
Al 1/8XE 3Fo] adenosine-2990] $Hi-Eo] ¢l holed] ¥
At & plates 37°C9 incubatoroliA] 30% ZoF WkE-Al7]
% phenol-nitoprusside 50 ul& 21 ¥$-g AR|AF] 1, o)
o] HlZ alkaline-hypochlorite- &% 50 ulE H7}3te ThA|
37°C¢ incubatorel| A 30% E9F vFEA|F|H ADA A3}
Ao 74 HMe] Mo] w9 MAH3A VebTh ek o]
PR Z PAAGA o} HHAASAE JTHoE gl
T A=Ak

ADA 45 7KL YE FEXHY A% ADA E25%

25 & HHo| adenosine$

A2 st} AAH inosine®] L 265 nmol M ZAbE
ey o] MM inosined] THEEE Adllof T AR
g 98 & sio] 7 FEuHel 9Jsix e spectropho-
tometers] YERb= FA7F v Zpolrh A Aot
(Koerber et al. 1975; Martinek 1963). 3k NAD(P)H-

[o5

Adenosine solution (pH 7.5 10 mM) 50 ul in the 96 well plate

II

Put in transformant leaf explant (size; 1/8X of ¢ 6 mm)

Incubation for 30 min at 37 C

Stop the reaction by phenol-nitoprusside 50 ul

Add alkaline-hypochlorite 50 pl

Incubation for 30 min at 37 C

Figure 3. Optimal condition for visible assay of adenosine deami-
nase activity on the plate.
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coupling ¥l (Ellis and Goldberg 1970; Heinz et al. 1980)
I wApReE FAH 7128E o83t radiometric assay
W (Meier and Conscience 1980) So] o857 glo), wt
o] Bxsly HAAEAELE Ao slns s
AHgE 7)o E ta FAEC AT weEkd ADAVY
adenosine S inosine & WIAZ w ST o} HEHE
2 gRujole] gake ZAlalel ADAS) BHES ZAHE
7o) vy A 7HHE 46l (Hjemdahl-Monsen et al.
1977) BAHESARLE AHLSA) BOLE HEHEE of
e AFESRE 2ol thg EAHY Aoz 42BT 55 ¢
T1jol= phenolE a4 £93} sodium hypochlorite 7}
e 2o ol A ol 21g A4 9] indo-phenol 2 W3}
71082 47 spectrophotometer 635 nmollA A& 4= 9lo]
(Hopkinson et al. 1969), =71 €7 ADA #4452 324}
& & e WHoeE AZHEd o Yang F (1996a)%
Hopkinson (1969) WS <7} W3slol ADAY] S4HLEE
spectrophotometerZ o|-&3le] ZAlsIEd], 2 gE

= QoX EF3 ADA BAHLEE AT 4 den od
A= HEZ A2 A ADA T4 BAEE 2AR 23
gy AzZkeTh T3 2 A9dn 3R ARG R
B GRS Fog AY JAUT 4 glo] I ot FE A
232 GUS gened &S Bad 4= A Aok F, GUS
geneS Yz}HQ) AT AFHAE AL § g1, Thet A
Wy HAASA S AQFelshs R o] AN

2 % gloitk e & AelA 1 ADA gene U

Mol AMEAFANZA W ohe} olHoR Wale)y

o S8 SR AY 4 9l el ApEigon, &
2 P

=
AARA AFZ v 2 HHEE 0§, 4L W2
3

Adenosine deaminase -FAxS dxe] AL S
AR S48 o FAA AR5 S WMEY FOE 4
" AZGe Bod £ e AR WUye] MLEtk ADA
FAE =A< adenosine =S B54<l inosine A
s} otRYolZ WEATl=d, ol FAJE YEUYHE phe-
nol-nitoprusside ¢} alkaline-hypochlorite 83 o] &3}
Ao 2 WEAA 96 well plate ol A 1417 ol F2d 8
A AF-E A Fg 5 A HAok

ADA 8 4 2] substrate £4] 9-D-arabinofuranosyl adenine,
cordycepin, 2 -deoxyadenosine, adenosine and xylofura-
nosyl adenine©] =5 715319 2™, substrate £ 9] A%
7& adenosine 10 mM3}+ pH 7.5°]3]t} 53] HAAEA=
ADA 49 inhibitorgl deoxycoformycino] &% &=
8ol o)X= adenosined inosineZ} YEUolE HEA]F

2 Za) Aze] Wy} e, ol FFASA AN A2
o] W3l ADA 49 #ZE wZol] dojuks A
o} wehd 2 A7AIRE ADA EXGAA7E 2YE g4
87 2) Fole] 9doJA] GUS gene system} Zo] Fo2 &
A geld ¢ g wotk ope} wie 22 A7)e] FEXS
A ARog 47, WEH, A AT & A HAth
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