AEMHxe JaxEs flet M2 EXFIAZA

Mouse Adenosine Deaminase Gene2| O|=

A AU SFPHERE target FAAE AFPAEAMEL] AYZ 4
A71717} B3 olggont HI AE RAFTIEZOR FEH UM og sl A
T 3AAHE WAV AUEeEN AR FEEARE A AEMURE =,
HH AA 2L HEAE 4—%—*’*“@ + s ol wol AURTH4,7,11,36).

E¢ AZAZUE SUU 9% SERAAEE Wol U= gon ¥x F2
g Ageiel W8N HY 4 9 aﬁx}“ AzA AYg fln
(17,25), W34 SA=K6,14), UBE RA2H22,57), $3% WARBRH3,26),

utol 2 ViR =H1,45), A& q AL A3 g ""‘;X}‘is' =jsig FARE
(56,61)2 o] Sddd Eafo] #HAT SHUchAL BY {H=}(39,51)F ] WY
Ha glvh, o]glR AEAe 2d¥ 4 9l W2 HEAES AEAMEY ¥AA

g FHIAIFE LR AR F3xY AE AXAUERE el 7HestA HAdA
RH4,7,35,38), 71&del ol WARBY AES BAAUNA g AEY %
Aol FESHE Wiol mh F2Y BUOET jFHth ool SHY Hol u}
2 exdog 2RI A A XS HEZAAEAE SARNSE MU ¥
ZAFAAZ AF2st=Aoln, EI o2 ulE ¥y 4 X E visible ¥A|H
ARE AHEst=Zlo|tt. Visible EA|FAALZ A= B-glucuronidase genes AHE
sl=7lo] 7} gloo(40,41) 12| luciferase gene?} anthocyanine ¥4
Zpe] AlR7ts-S Hast: 2th(52,5,47). @} o]™ visible EX|RAHAA}E=

o A
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AAFAY sbdolFel HAY = A WHolx] A Aidsiede AAHLR
L2517 7 oJFTl. o]HARE visible A RAA} A Y BARAAE
FAlol AAMA dAF o FAPA wjR|olA MUBLEL o]o] IR visibleER]
FAxto] ofsto] st W Fol o]&E 2UrH(16). Table 1 2 FAARA
Ao mlgldEe AMR7He3 EXFAHAES selective agent®} 27| 3 S cf
g ]-8S 2 o3t Folrl

olFAAME H7A] F2 AMEH FAAEA] KAL) €FE A 7P Yol
AH2-H Zlo] bacteria Tn5 oA ¥ neomycin phosphotransferase 11 gene o]
o, o] FAX}I= AlE M Eo| Fo|EH kanamycin, neomycin 1Z]3l G-4185-2] ¥
Ao Ve VERA Hoh(7,25,32). EF streptomycinZAd Aol cisiA s
A& YeEh)¥E= streptomycin phosphotransferase geneo] AMR-E|SL 9lo.m(42),
chloramphenicolef A 34d-& UleEhf+= chloramphenicol acetyltransferase
gene(33), hygromycino] #]¥}AJ ¢l hygromycin phosphotransferase gene(58,60),
gentamycino t©idjx A ¥lAdel  gentamycin acetyltransferase gene(30),
streptomycin} spectinomycinel] #]&¥rAJ¢l aminoglycoside-3-adenyltransferase
gene(b5), methotrexateol A|¥tAdel dihydrofolate reductase gene(20),
fungicide?l blasticidin Sof A ¥t4d ¢l blasticidin S deaminase gene(43),
blomycin B! phleomycin resistance gene(34,53)5¢] 7dE o] A& M xe] 3z
A#A o] AREEL gltHTable 1), 28} ¥ n]ABE Rl Ex|FAAY
Aol oA 23] dFol FRY AbEe it zjFEER} FHB2 HIAHR F
negative selection W'goll 3jA viAl RAH FEA|FH=EY] HA tigd =&
o] ZAULAYA AZIE UcH(9,28,28). EI A FAFIFAE AHE-SHaz}
e A&l wetde W8S AU s AEAT Aol B EAFAXLL] A}
ol izl A flo] H9lom(59), TH EA[-Axl &3t FAAR/H 2]
Ao AEHU AEAY KFS HslA F-ERIXE ETHA Aol & F ¢
71H8-E X FAARE ThA] A" 4 gU7] Wi ARE EA4] FAxEe] ALy
Ql Fiddo] 24¥3 Qlr

Adenosine deaminase(E.C.3.5.4.4, ADA):= purine Uji}ol]l Hod¥t FAZ A
mammalian organism®] o] R-glofiLt £z|5}A]t M Ee] MAtef= A o] 5}
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Table 1. Selectable markers for plant gene transfer.

Selective agent(s) Mode of action Selectable marker(s)
Mechanism

Blasticidin-S ? Blasticidin S deaminase(bsr) D

Bleomycin, Phleomycin Breaks DNA Bleomycin binding protein(ble) 5

Chloramphenicol I/Translation  Chloramphenicol acetyltransferase D

Geneticin/G418 I/Translation Neomycin 3'-0-phosphotransferase D

Gentamicin I/Translation Aminoglycoside 3-N-acetyltransferases D

Hygromycin B I/Translation  Hygromycin 3'-0-phosphotransferase D

Kanamycin I1/Translation Neomycin 3’-0-phosphotransferase D

Lincomycin I/Translation Chloroplast rRNA MTR/C
Paromomycin I/Translation Neomycin 3'-0-phosphotransferase D

Puromycin I/Translation Puromycin N-acetyltransferase(PAC) D

Spectinomycin I/Translation Aminoglycoside adenylyltransferase D

Streptomycin I/Translation Streptomycin 3’-0-phosphotransferase D

Tabtoxinine-B-lactam Tabtoxin acetyltransferase(ur) D

Bialophos, Glufosinate, 1/GS Glutamine synthestase(GS) MTP/0
Phosphinothricin Phosphinothricin acetyltransferase D

Bromacil 1/PSII Quinone binding protein(Qy: psba) MTP/C
Bromoxynl I/PSII Bromoxynil nitrilase(bxn) D

2,4-D Auxin analog 2,4-D monooxygenase(1fda: DPAM) D

Diuron I/PSII Quinone binding protein(Qy: psbA) MTP/C
Glyphosate 1/EPSPS 5-Enolpyruvylshikimate-3-phosphate MTP/C

synthase(EPSPS: aroA)

Haloxyfop I/ACCase Acetyl-CoA carboxylase(ACCase:;Acc) MTP/Q
Imidazol inones 1/ALS Acctolactate synthase(ALS; AHAS) MTP

Isonicotinate hydrazide 1/GD Glycine decarboxylase(GD) MTP/M
Pyrimidyloxybenzoates 1/ALS Acetolactate synthase(ALS: AHAS) MTP/C
Sethoxydim I/ACCase Acetyl-CoA carboxylase(ACCase: Acc) MTP/0
Sul fonamides 1/DHPS Dihydropteroate synthase(DHPS;sull) MTP/C
Sul fonylureas 1/ALS Acetolactate synthase(ALS: AHAS;SUR) MTP/C
Tabtoxin, 1/GS Glutamine synthetase(GS) MTP
Triazines 1/PSII Glutathione S-transferaseGST) D
Triazolopyrimidines I/ALS Acetolactate synthase(ALS:AHAS) MTP/C
Lysine/threonine I/8K Aspartate kinase(AK;Ask) MTP/0
Methotrexate 1/DHFR Dihydrofolate reductase(dhfr;DHFR) MTP/0Q
Methyltryptophan I/AS Anthranilate synthase(AS) MTP/0
Cadmium I/metalloenzymes Metabllothionein II(MTII) S

Abbreviations : I, Inhibitor: PSII, Photosystem II: MIP, Mutant target
protein; MTR, Mutant target RNA: 0, Overproduction; D, Detoxification:
S, Sequestration; C/M, Requires chloroplast(C) or mitochondrial(M)
localization.
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e ZAoeE oejA 9Jon(24,62,63), FTEAMEA ADAY FF2 HAHYSZ
(immunodeficiency)& -GUSI=A O B X|ojQlrh(44,54). FEM X o)A ADA
= adenosine® inosine®e® WHWHEA|F|o adenosine tj4l toxic adenosine
analoguesg H7}15PH ADAV} ¥-ZF& 7.2 adenosine kinase?] 280 8 adenosine
monophosphate(AMP )} 7} = o (24), Al<s ADP 3l ATPE ZAA DNA polymerase B! cAMP
2} RNA 3d ol cytotoxicityd ZYAATHFig.1).

S-adenosyl methinine methyltransferase

|

S-adenosyl methionine S-adenosyl homocysteine(SAH)

IMP Adenylosuccinic acid H
homocystein
SAH hydrolase
Adenosine Adenosine
deaminase Kinase
Inosine Adenosine AMP
ammgxg- um ATP mADP
Purine nucleoside Cordycepin Adenylate kinase
3 phosphorylase Ara-A
Hypoxanthine Xyl-A - ADP
Xanthine oxidase Nucleoside diphosphokinase _Cordycepin
- Ara-ATP
Xanthine DNA polymerase ATP Xyl-ATP
Cytotoxic
Xanthine oxidase cAMP adenylate
cyclase
Uric acid RNA

Fig. 1. Pathway of Purine Metabolism.
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SAH2 AEARS] FAARA AMEEE FXRAARHN JE ARREo|R
FAA WEHAR fal FERAASAM ¥ FAREAN 2 -deoxyadenosine,
xylofuranosyl adenine(Xyl-A), 9-p-D-arabinofuranosyl adenine(Ara-A),
cordyceping substrate® ARE# 4 9l adenosien deaminase gened FA|&
A=A ARR-5}3xF, 24 (1)murine adenosine deaminase cDNAS A1 S I AL
binary vectoro] Z|Z2¥5}31, (2)2ZEH vectoro] 2l5le] HAxzZZS HAAH
A7 YEAF-E A ofE, )FAAEAY ZAEFESHE Az, (4)¥AA
Fae] UFe] FH e Jd2=ZA 2] cytotoxic adenosine analoguesof thdt zb
TS ZASIAL, (5)A42E o] X[AX}3l= adenosine analogues?] FEojjA] T}A]
dzzae YANBS AR olo] AL ATe AAB PUS HYsh

, (6)ADA geneoll &Jdle] FAAHHE A EAO 43 w=n ZA assay PPS
past

i-3

N

P st gE vl dold A Huste ul olrh

N

=] =
[ —

1. ASHXe] PAARS 9|3 HF ADA binary vector?] =¥

Murine ADA cDNA(62)E& oA ¥ A]7]7] $I%t binary vector pDY182] =|=
g2 Fig. 29} Utk 4 ZAYI A EUHE promoter(50)E A A e
524 Xbal cassete vector§ AlESlgion, 524 Xbal cassette vectort
cauliflower mosaic virus double 358 promotef.?-} alfalfa mosaic virus enhancer
sequence s Z A 2 Qlom terminatorE 4= nopaline synthase?]
polyadenylation signal® o]&o]#] 9ltHFig.2). X3t murine ADA cDNA:
pADA5-298 o]-&3}9] 91 (62), 1,056 nucleotide open reading frame(62)% o]F
o]x Qlth(Fig. 2). 524 Xbal(3.7 kb)oll ADA geneg =37 #Isid @A
PADA5-292 Ncol®} EcoRVE A cTldlsl, 524 Xbal cassette vectors BamHI &% #A
@3t thE klenow® fill in A|# Ncoll2 tThr] Huhyt £ ligationA|ZiTl,
Ligation® vector® TIA] A E¥ A AL binary vector pRD4A00(10)o] E¢15}7]
A3A Xbalo.® Fvhyt tlE(Fig. 3-A), 2.1 kbe&] AH-E pRD4002] Xbalg]X]ef
(Fig. 2) 935} pDY18 vector& z|Z¥slgcHFig. 2).
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Hind III EcoRI

355-355 Prom. AMV l Nos Term 524-Xba
Xbal Xbal Xbal
NCol BamHI
Digest with pADA 5-29
BamH1 Pstl Pstl Puvll  BamHI EcoRV Pstl

l N(I:ol B,ligll I st_l | RSjll |Hil;ld111 L |

ATG AT, TAA

Linear fragment with BamHl cohesive site
Fill in with klenow
Linear fragment with bluntends Digest with NCol and EcoRV

Digest with Ncol
Ligatiom—

355-355-AMV/ADA/Tnos H pRD4O0 [
LB

Pnos [—{NTP 11— Tnos[—Loc Za

f
Xbal
Digest with Xbal HindIlI Eco RI
Digest with ¥bal

Ligation
Xbal l Neol HindIII Xbal

Pnos (NPT 11 (Tnos|355-355-AMV|ADA gene|Tnos

[k | —1 |
pDY138
(13.8kb)

oriT | oriV laphIII ‘tr‘fA

Fig. 2. Scheme for derivation of pDY18. pDYl8 is a binary type plant
transformation vector, containing the double CaMV 35S promoter, the coding
sequence of the murine ADA cDNA. It also contains the chimaeric Pnos/NPT
I1/Tnos gene for expression in plant, Abbreviations used are : Pnos,
nopaline synthase promoter: NPT 1I, neomycin phosphotransferase, type II.
Tnos, polyadenylation signal of the nopaline synthase gene : 355-35S, 35
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,
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2] Z3HE pDY18 vectord E colio] FAABAZ T r}A] plasnidS =731
Xbalo 2 Aekgt Az} 11.7 kbe] pRDA00 vectoret 2.1 kbo] ADA AHWS eIyl
4 9lglch(Fig. 3-B).

o

r' PR LI R 11 7
’
1 A

Fig, 3. Construction and confirm of 355-355-AMV/ADA/Tnos cassette vector(A)
and binary vector harboring murine ADA cDNA(B). 2.1 Kb fragment contains

355-355-~AMV/ADA/Tnos

2. ADA geneo] 2|%t Az Ao YAAH 9 UH

Murine ADA cDNA %8 pDY18 binary vectorS E coli DH5aol X435t
non-oncogenic TF-¢]X|2t virulence region(36)S AtiE 7IA 2+ disarmed
Ti-plasmid(36)2] 48 Agrobacterium tumefaciens MP90(15)o] =517l #130A
PRK2013(21)& o] 85}  tri-parental mating®Hol(18) 23} conjugant-& 4l
sl on, AUH FFEEEY plasnidE £ 5o Xbalo 2 Axtsled 2.1kb ADA
gene2 55137 9l=(Fig. 4) conjugantQl Agrobacterium tumefaciens pDY182%}

pDY183& ¥ 53l¢ick(Table 2).
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Table 2. Tri-parental mating for conjugants of Agrobacterium with ADA gene

Media
Strains
2YT 2YT(K) 2YT(G) 2YT(KG)
Acceptor
A, tumefaciens MP90 0 X 0 X
Donors
E. coli DH5a
/pDY18 0 0 X X
Helper
E. coli DH5d
/pRK2013 0 0 X X
Conjugants
A, tumefaciens
pDY182 0 0 0 0
pDY183 0 0 0 0

K : Kanamycin 25)g/ml

tumefaciens pDY182 and pDY183),

i

s 1 and 2 are Agrobacterium

pDY18 binary vector contained chimaeric ADA

genes was isolated from transconjugants by alkaline lysis procedure, and
digested with BamHl for 2.1 kb 35S-35S-AMV/ADA gene/Tnos fragment,
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ADA geneo| ®UH Agrobacterium tumefaciens pDY1822} 183¢] 2|5t =R
2L PAAFAIN ] A8 Fig. 5.9 B WHO R leaf discE 0§88 FA|uj
gubdo] olste] FAAHE [FEdldrh AMRE 2FT= Nicotiana tabacum cv.
Xanthi 24 Magenta GA-7 vesselo 4<%t H2E shootE v|U¥sle] AMEsHET)
2,4-D7} A71E ZAnjedux]olA 247t wjekdt FE kanamycin  100pg/ml 2}
carbenicillino] ¥-F-E ol gl 2NEEw)R|olA 657 vjg3te] shootE H/GA 2
o, ¥AMHA shootE A%ste] TlA] kanamycino]| 50ug/ml ©-H-H LZTufA]of &
A FeE ¥ F(Fig. 6) EQol o|Aste HdxH A EA(Fig. 7)8 Hel3 5

43 A 545S 2Astalch

Tobacco plant leaf Culture of A. tumefaciens pDY183, 183
with ADA gene
Cut explants(discs) Spin down & resuspend in MS-HF

| |

Co-cul ture for 10 min

Blot explants on s'l.'erile filter paper
Place on to co-cultured media(MS/B5 + -2, 4-D 2mg/1)
under-side of leaf down for 2 days

Transfer to selection/regeneration media
(MS/B5 + kanamycin 100ug/ml + carbenicillin 500pg/ml
BA 2.5mg/1 + NAA 0.1 mg/l1)
After 6 weeks, shoot forming

Transfer rooting media
(1/2MS/B5 + kanamycin 50pg/ml + carbenicillin 500ug/ml + NAA 0.1 mg/1)

Transfer to soil

Fig., 5. Coculture of Agrobacterium and plant explants,
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Fig. 6. Formation of transgenic shoots(A) and roots(A) with

ADA gene

coculture of A, tumefaciens pDY183 and pDY182 and tobacco leaf discs,

A i

Fig. 7. Transgenic plants, T13(A) and T(182) gowin soil.
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3. ¥AABAY 54977

FAAHH ] Peld] 5L Fig. 70AM Ro] A SAet A U8 ¥
S Roon AAE e FIA HAth 2y fAFHORE AF-FAXI
Aol Adgs sty A A FAARE & At vhA kanamycin
°] 100 pg/ml E7IE wixjof A AEF A A Ausiych AgH dxY ¥4
B 2208 HE 2Holx =%t ADA gened] EzjoiE-E FHISl7] A
PCR(Perkin Elmer Cetus, Fotodyne Incorporated)& AR23&}¢itvi. PCRE | %F mi}
23 7IHEE DNAFEHH-S Edwards5(19)2] ol &3t ¥stgden PCR &
AL 96°Coll A 2427t heating¥t F, 94°CollA] 302, 60°ColA] 30&, 72°CollA 2&
0.2 3}l 35 cycle T o, ojojia 72°C oA 1527t heatingdldrh =
F24 A tumefaciens pDY182%2} pDY183¢lA] plasmidE® alkaline lysis
procedure(8)o] 3|4 Ee|sle] Apgslgen, HAAHH QX T182 o T1837
FAARE A -2 FARA oA ¥A INAE F2351 ADA gened] EAJAqHE ¥
18t A} (Fig. 8) ADA geneS =& A tumefaciens pDY1822} pDY1832} H A=A
HE AEAE EF ADA gened ¥ £ glglon} FgAFolAd= A3 ADA
geneS HQIE 4= ¢lo] T182%} T1834] &&= ADA genedl #3jA] FAAHEALE
g 4= rHFig. 8).

37) ol &3t FE ADA geneo] FAARC] AEH T HUH UL H
AY £ dgov} Hd o] FARIE AEA AN FFFoT Arpel HNYAE S
Ax Ugo] o] proteino] FAPHA Y offF= EY EAlolEE /] ADA gene
o] AlEojA] AAloJE S Helsly] ¢34 Northern hybridizationg =335tgr}.
HAXNBHE oAl total RNA2] F&L LogemannS(46)8] Ao Fslgen, =
7|8 %-2 1.2% agarose gelAtolr] $3stH I (Fig. 9-A), Maniatiss(48)2] #hH
o &3} 355-355-AMV/ADA/Tnos2] 2.1 kbEHS pg labeling®te] probe® ARE-
&l tl. Hybridization& Quick Hyb rapid hybridization solution(Stratagene)E&-
ol gsto] 4usteld ¥, WAABY 2 BAIAE ADA transcriptd HAlY
T dglov} AR JA Ay AHEHA Wokrh(Fig. 9-B).

Y,
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12 345

-« ADA

Fig. 8. Adenosine deaminase gene from Agrobacteria and transgenic tobacco
explants by PCR(1-2, A. tumefaciens pDY182,6183: 3-4, transgenic plants T182,

T183; 5, normal plant).

Kb

7.5
4.4
2.4
1.4

0.24

A B

Fig. 9. Northern hybridization(B) of total RNA(A) isolated from transgenic
and noraml tobacco plant for ADA transcripts(lane 1, normal plant: lanes2-4,

transgenic plants),
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HEHNoT HFAAHT odxeloja] ADA proteind H/RISIZ] gIsia oAl
polyclonal antibody-S A|&3}4c}, Bovine Spleen ADA isoenzyme(Type V,
Sigma)S HAAHTA g2el W Az} §4 ztz} continuous native-PAGE
o] 2|5t FT|5tHct. F 15%9 mini slab gelol 100ug?] protein® loading®t
% overnight running3d}elt}l, 22]¥ geld coomassie Blue R-250L2. % staining3}
o O AZRE ZAE A Signa A EQ bovine ADA isoenzymeoiiE= 47§12} band
S #EY 4 AdckFig. 10). o] Folil 2H#2] band(ADA2)7t 7t = 31A
stainingX] 2101 o] band& gelZHE AWt FFHRTE FISA A H St
rabbit immunization& $I3]A] 0.6 ml2] complete Freund’s adjuvant® upfst F
injectiond}o] antibody& H|Z38}HrH(29). EFl native-PAGES] 2]5te] #&|H
ADAS] B xE FHsly] #5iA gelE 3 mn? Zof 1 m AL R 2z Ayt
the HHES] ADA B E(HE & =39 ADA EXFAAY A%43 assay WY
o] ) E AR A7} A ASAcM e A3 ADAY BEE7 HHEA] ¢tA|
v PAAEYE ASHAM BEEE WEY 4 Uddorm(Fig. 10), bovine ADA
isoenzyme2}= ¥te] gHRorMnto] HAH=F FEE 4= ¢ledtHFig. 10).

Native Page (15%)

ADA igen  Control 4 Y Transgenic
Bovine Spleen| ' v igv'I‘t:nl'u:u::t:u V\ME \Tochgco
Slgma Typs V], ¥PF ' (AS,MQ) Sl (AsMQ)
80K~ . |
| [ B J :
49.5K~ 1 :
32.5K | ;%i?ﬂ i i ;'S:P-z
27.5K-

0 25 50 75100 0 25 50 75 100 O 25 50 75 100
ADA Activity (%)
Fig.10. Native-PAGE(15%) separation, and activity determination of mouse ADA
expressed in tobacco. Lanes were loaded with samples from wild-type and
tansgenic tobacco that had been preprocessed by ammonium sulfate(AS)
precipitation and Mono Q{MQ) chromatography,
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Immunoblot-g& ¢34 HAAHY AlEHoja whWAF crude extract HHY
(Fig. 11-A, lane 2, 3), 70% ammonium sulfateg o]&%F F&(Fig., 11-A, lane
3, 6), anion-exchange Fast Performance Liquid Chromatography(Mono Q HR16/10,
Pharmacia)® g (Fig. 11-A, lane 4)oll 2jzliA F&%t F 10% SDS-PAGEo] 2]3jA
st Fig. 11-4). v o] 22)H geld sewmi-dry apparatus(Transblot
SD, Biorad)& A}&3}od nitrocelluloseo] electrotransferA]#] immunoblotoi A}
23} tl. Immunoblot& #H| &M rabbit polyclonal anti-bovine ADAZ serume
o235} Harlow2} Lane®hHo &8t 423519 0 (29), nitrobluetetrazolium
chloride$} 5-bromo-4-chloro-3-indolyl phosphate(Biorad)2 ©|-8-8le o 5}e]
B = band& HQSIATHFig.11-B). 2 A3} FAZBH dZ(lanes 2-4)0A
= oigf Exs Mr 39,0000014 bandE #Hel¥ 4 AW HAAAEA b2 o
Z(lane 5-6)ollAE= A3 band7} THAEA] ¢r}(Fig. 11-B). EIFt band?] A9
EL= &39S crude extractl® 1 Eu]B ) 70%2] ammonium sulfateE o]-2-3)
A F2Y ZA9dAM ] 93t o, anion-echange chromatography B¥hHd& o] &
g 7HF MG bandZ} VIENES ¥ 4 9ATHFig. 11). olEH FE
5-#x}e) murine ADA geneo] Al EojM% FAIE o] RNAZ T4t Qe ohsl,
4R oz WAL AA ADA proteind TSI Q& Felg 4 glglon
22 2ZAME FEFTAIQ ADA gene ©o] UHUF L= AEMNE 5 + o
c}.

3 FAARAE BEYol «HAA ALHLE g3 A3} JHFer AF
ol 7hestgon FXAME 715519.om(Fig. 12), FrjelME A& ADA
gene 2] WHAF-E ZAISI7] sl FAARA A 23T FAlet FYEAE
AE5be] 1/2 MSElA]o] Ara-A 100 zM 2} kanamycin 100 gg/ml o] R 7}H nj=x]ef

Aol 209 Fol HEIVE 24 AT BN FrAE BF Lapidont §a
AV FAE ATorHFig 13). YUHOE FARW) W HUHE 9%
KA B Yol WA HYBrid o EHOE 3 1 2 Rels stz

Aot oJ 7o) AFRAAT} FAlol AUH = 20 ¥ AdyelMet ol iR
29 E2b7l AE¥2(Fig. 13) ADA geneo| oij7f iR AlglEo] UEhtEs &
Boz AzZtEAR 3 AGHon FojolA Eoiujet F-FA=2e] copy ol
e s 77t AYEojof YRR YzHdEr).
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SDS—PAGE. (10%)
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Fig. 11. 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
chromatographed 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 markers(numbers to the right).
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Fig. 12. Transgenic plants with ADA gene in soil.

Fig. 13. Transgenic(183, 182, 94) and normal seeds on th media with(A) or
without(B) Ara-A 100 gM and kanamycin 100 gzg/ml.
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4. Adenosine F-=¥of o)t dAxxxs] ZhpA A}

Adenosine deaminase(ADA)F AL A B AN Xos &5t ¢tA|ut -8-A-Z ez
of &3l B& ADARARE AXAEA e =YUsIEH H} 27 AEds 843
A OF murine ADA cDNAZ} @Zxolld WHE S HolEgdgos E AHorE ADA
gened A EARS] PFAAHE HX|[HAAT AHRsPLz} 74]*#‘3’] Ad HEE 33}
drt. $41 ADA AL SEXZN oA adenosined inosine LT HEA|F|IRE
(24), A SdH=E 7|&E 01] AR systemo] 715127t FE ADA geneoll oJ3jA A
AH/E AEMEE adenosined inosinel. T WA Z o TN AlFZZ o] inosine
o] A FAEo] AEAMEY Aol S nH HeAE AS wAY 5+ gL
B2, 94 inosined] HEHE W wixold AZEAG X Astel mjy F
A Aers. ZASIECHTable 3), Inosine?] H%& 0-320 oM 7= X 2|3t Y &
Adefol A 3T ajgstd AFYS AR Az F W gl F3I] 2318 FA
270l MBI inosine HelTeld EF ARwel F4BE BEY 4 Adv
(Table 3). X%l 2'-deoxyinosine 2] Z-§-oj& B AlzteFo] FA 2] lo] H|3s| oF
I3 A¥eS By

Table 3. Effects of inosine and 2’-deoxyinosine on the growth of Nicotiana
tabacum cv, Xanthi leaf explant,

Fresh weight of explant(gram)

Chemical Concentration( zM)
Light Dark
Inosine 0 0.55%0.065 0.71%0.075
40 0.61+0, 046 0.65%0.065
80 0.86+0,054 0.70X0.090
160 0.85X0,043 0.91X£0.072
320 0.601X0.054 0.7210.061
2’ -deoxyinosine 40 0.6510, 061 0.39%0.044
80 0.63%+0.040 0.59+0. 069
160 0.81*0, 063 0.78%*0.071
320 0.6810,066 0.721£0.076
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o] ¥ AL adenosine®®: olel HAM-E JIR| Q= 2'-deoxyadenosineo] 4]
EAof A W@ ADA F Ao 284 inosine?} 2'-deoxyinosinel & W E| o] A
ol #35|ojglolE AATLolE AL 43S nXA] & AL el O
g4 o]F= AA R adenosine?} 54 7HAAL 9li= adenosine A ti¥t A
ZRA 0] 2t S ZAFSIET}E.  Adenosineo] M I7FH nR)o)A X inosined 7 )R]
o} ntxt7iA| 8 3|8 adenosineo] B7IE A ¢ wiA Rt dFol o FTF A
& Bgon, 53| adenosine 40 pMolld 160 pME7E wiA|dlM = F-H 7hni#]
of nj3] <} 2ui7p AFo] Fadrh Tt sEQl 320 pMolM = FRE 7wz et
A2] Hl%t 58 Xk Table 4). 2'-deoxyadenosine?] Z-9-o= 80 uM= A4
o] FFIPXT 160 pMold Aol FAF Hastglon, 320 pMol gy
ALl Aol EA| ¢foitH(Table 4). EZF YutAo g ZHF FHEIT o=
Ara-A%] Ao 80 pMolAtelr, 18|31 cordycepin® ZA$-ol= 20 uMYE
Aol AL XA ¢adtHTable 4). AVANE FTH3W dxzae yAA
HE $3A adenosineFEXHE ALY ZAS ARFANRZEL adenosine FEANE
# 2'-deoxyadenosine®.T} Ara-A%} cordyceping AMR3I=7o] o Y AAC "
AE, AMEEEE Ara-A9] 7-fof 100 M, cordycepin®] 7ol 50 pMA}
£33tz Zo] F& 72 AlRFHAULH

ar e fr

5. ME-S EAFHAZHN ADA gene?] o-&

27 AE A} adenosine F-EAME AFRE A9 AARAZ X|A}S1EL ADA gene

o 25ty FAATH AEAE= JAYSF A= o]EF THAE HEIISLE
Ara-A%} cordyceping PR3 o] XAlSH= HXE 100 M B 50 gMo] FE7HH wj
Ao Fatedxel PAARH ARRIAE st AEAFE ZAY A Fig
2 EEER] Bl SLASIAA|RE ADA genedr TSIl 9l

T R3] BAstYrt. 53] adenosine FEHEHN Xyl-AF
LeEZ Aested FARAZ FAABRIYZ X4ste] 0L pjYdie] R
S ZA A FAMRAE 25 pMoldolAs A FIUt HA ddrk(Fig.
15-A)., ¥bdo] HAA#ZAL 100 pMANE 343 AFsI=2& HIY 5= 2
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9ltHFig. 15-B). o]l HA}= toxic adenosine FEAE substrate® AMZ-3lSw)
ADA gened EA|FAAE AHEH 4 gI&E AAHET

Table 4. Effects of adenosine, 2'-deoxyadenosine, arabinofuranosyl adenine
and cordycepin on the growth of Nicotiana tabacum cv. Xanthi leaf explant

Fresh weigh* of explant(gram)

Chemical Concentration( zM)
Light Dark
Adenosine 40 0.95+0.069 0.74%0_086
80 0.81%0.060 0.68%0.038
160 0.94+0.056 0.79+0.064
320 0.57%0.052 0.75%0,078
2’-deoxyadenosine 40 0.74%0.058 1.03%£0.105
80 0.96x0. 050 0.91%0.089
160 0.3210.038 0.35+0.033
320 0.07%0.005 0.21%0.033
640 0.0410,003 0.19£0.031
Arabinofuranosyl 5 0,5610.047 0.41£0.039
10 0.321+0.037 0.46%0.044
20 0.23+0.025 0.3010.040
40 0.10%0.048 0.13+0, 009
80 0.05+0.008 0.09%0,009
160 0.02x0.001 0.03%0.004
Cordycepin 5 0.61+0.059 0.36%0.053
10 0.10%0.016 0.20£0.030
20 0.060.008 0.14%0.018
40 0.04+0.049 0.05*0.005
80 0.02£0.001 0.03%0.001
160 0.02+0.001 0.0210.001
Control 0 0.55x0. 065 0.7110.075
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Fig. 14. Leaf discs assay of transgenic T182 tobacco plant(left side of
Petridish) and normal plant(right side of Petridish) on the shooting media
with cytotoxic adenosine analogues(A, normal medium: B, 100 zM Ara-A
medium: C, 50 zM cordycepin medium). The photograph was taken 3 weeks after
the start of the experiment.
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Fig. 15, Effect of Xyl-A on the growth of normal(A) and transgenic(B) T183-5

tobacco leaf explants,
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Ar71 A8 A7} cytotoxic adenosine analoguesS selectable agent® Al£-3}o
FAABAE ALY ¢ Aol HaFe], AMLBAAN AU (Fig. 5) FA|u)
oFubyell &ste] thr dZ:2AS FAABAZTE o wf AEFT FFE
tumefaecies pDY1832} ADA geneS ¥H3512] ol A A HEA|FAR}el NPT II
geneto] £ eI A3 4 tumefaecies pRD400o] ™ selectable agenti*]-&—- Ara-A,
cordycepin 12| il Xyl-AS A&3tgvt AARAL Al7]3l selectable agentof A
25 JIAVSHG A Agrobacteriunzt EBAI|IWTE 22 RE shoots7} HAIE o]
ADA gened EA|-F-AAZ AREStEW A x Aol gladrt. v Al ok
e o] wiHE EAAEL ofr|Alzint. A Aol H=A| ¢ojof H 4
tumefaecies pRD4002} EA| WP E explanto] T o] H Zolt) B2 A4
T A7Fdz vtel AW o|FA ADA geneg ¥RII A UL A
tumefaecies pRD4007T B=EFt A2 selectable agentS A. tumefaecies?}t AR
O.F AR AE30 2 H gelectable agent®] HE7} ¢F¥}E]o] ADA gened ¥H-7-5}
Al A 2 FFoME o] HAW Aoz xmsHoAart A AN
= A, tumefaecies7t ‘AUufA|o A EEF o] OlE AlZHS HAE TGHAF 7]E
g3 Fd WU (Fig. 5)& 47 HPT F 2L FAnjgwE S 7dstach
24 coculture AJZFES 1080 5RO 2 ThEFI cocultured mediaofA] 27+
gyl ZE 197%e R wRdtgoen] A 1x Adujx|o]A= carbenicillingt
A7 wiR|ollA] 543t wieysty, A2xt Agu)z|of A Xyl-A7} BR-E wjx|o] A
ciufetsto] AU 2N FAS E4Y 5= ArhFig. 16).

6. ADA ¥A|J-HALL] 2148 assay WHo Ay

ADA B EE Tz AZRIAGqME Azl wWhHeR z:asiglelnt
(12,2), AEZIoME= ASL8 2 HYolx 58 ADA gened A1 EojA] Uy A
A ZAEH] Ee] BE ZAS thA] Helstoof it FERA A 714 4wt

o7 ARZ¥) 2 vl 2 adenosined substrate® dlo] AAAHE inosined] S
265 nmofl A RAPStE wbHeld o] WHE inosined] £yEElS Aol 2 A
g 4 5 o] et 34Uyl &8 A = spectrophotometero] WtElLE g
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Tobacco leaf explant
dipping in A, tumefaciens pDY183 soln,
for 5 min,

Blot explants on sterile filter paper

Place on to co-cultured media(MS/B5 + 2,4-D 2 mg/l)

under-side of leaf down for 1 days

Transfer to 1 selection/regeneration media
(MS/B5 + carbenicillin 500 pg/ml+ BA 2.5 mg/1 + NAA 0.1 mg/1)
5 day after
Transfer to 2 selection/regeneration media

{MS/B5 + Xyl-A 50uM + carbenicillin 500ug/ml+ BA 2. 5mg/1 + NAA 0.1 mg/1)

Transfer rooting media

(1/2MS/B5 + Xyl-A 25 pM + carbenicillin 500 pg/ml + NAA 0.1 mg/1)
Fig.16. Coculture of Agrobacterium and plant explants.

7} uj$ x}o]7} Al¥tHo|r}, EZF NAD(P)H-coupling®h®(31)=2} wiald o g E=|H
substrateS ©]-&3%le] radiometric assay BHH(49)5o| o|&E 3 gloo, ADA7}
adenosined inosine. 8 WAL wf FA=HE dRU ol S ZASIE=UE
ol ol-&x¥ L rh(13,27).

B A¥E Hopkinson(37) whd-& o7t W sled Berthelot reaction(27)E o]
2314 VAH gEUole] S ZFALOTH  ADAY HBHEE AT
(Table 5). M FAe 22eo HYAYH 1-% buffer pH 6.52} 7.50]4 A a]
slg.on, A4 assay A7 308 U 60ELEBIHI ALAE2EE 25Tt 37°C
2 sigch HAATH A2 T1829 T1838] Ffol Ao thie] xol:
glglot A B vt WEs] o] woton] T182¢] HlF Ti83e] © w2
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73S Rork(Table 5). ADAL] AEE 2%t ZAL bufferd] pH 7.5004 H2
HE A2t} e Ztzt 308 WA 37°CelA st=Flo] A FEZLE AREY L
o, &Ae $£& u assay W2 Fig. 172 Zo] 3= Zo| 71A vigh3tziog

AztE gt

Table 5. Adenosine deaminase activity from normal and transgenic tobacco

Plants according to extraction buffer pH, incubation time and incubation

temperature by spectrophotmeter(Unit : 0.D. 635/cn’)

Incubation Plants Normal T182 T183
Time(min) Temperature(°C) Buffer pH 6.5 7.5 6.5 7.5 6.5 7.5
30 25 0.38 0.41 14.69 14.32 15.16 18.19
37 0.42 0.60 30.48 29.84 31.26 35.56
60 25 0.30 0.32 27.51 31.75 43.69 45.18
37 0.34 0.30 55.42 58.04 60.68 64.56

Extraction of Enzyme

Leaf disc(6mm) 2ea into eppendorf tube
Pour extraction buffer(pH 7.5) 50 xzl
Grind 30 sec(10 sec interval) in the ice bath
Add extraction buffer(pH 7.5) 1,450 u1
Vortex well
Centrifugation 15,000 g for 15 min in the cold room

Remove 1,400 x1 into new tube(Enzyme Extraction)
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(continued)
Assay of ADA from Enzyme solution

Adencsine solution(pH 7.5 10 mM) 300 z1
Add“enzyme extraction 100 x1
Incubation for 30 min at 37TC

Stop the reaction hy phenol-nitoprusside 400 1
in the ice bath

Add alkaline-hypochlorite 400 z1
Incubation for 30 min at 37TC

Read 0.D. 635 nm

Fig. 17. Extraction and assay for adenosine deaminase by spectrophotometer
from transgenic and normal plants in N, tabacum cv,Xanthi,

ER spectrophotometers AMESIX] 3 F4%e] FAAHANE 71A2L
FARY AYAF-F A3 $1BA GUS gene(40, 41)7 22 WHO = plates]
ol A #H ¥ ¢ UdE YHS AUstax}l & AES A =3tgcl. ADA 2 4
SMFEA UHOFT adenosined substrate FIEST HFAEE UdRLole}
inosine® UREL]ol& phenol® plate oA vlE 2R St H7ATE HHFAF|=
Ujelrt. ol 713 EAI HeRe] AEAIol &3 endogenous @R o}
olgd=tl, olEA= BFAABAY explant?] AJ|E mi¢ FHA o IHHEY
7 9 cHFig. 18-A). A7 6 mne] FAHHA o} A EA ] explantd] A7|&E
THA 1 X, 172 X, 1/4 X 1/8 X Autsled AHE adenosineo] TS plateo] Y3
304 W 607 wiest 3 Azko] HEE FAESIHY uh, 1/4 X W 1/2 X 7]
olx FAAH|ANE BT Mzo] HIE AW FJAEN AN o] HIIExA|
oIotth(Fig. 18-A). IEZ H|AZE 3083} 60Fc] ME zo|7} gl 2o 1}
Eltch(Fig. 18-A). o|¥ A= explantd] AVE FHA UL B¢ 4FHL=E §
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Fig. 18. Color change according to various condition of tobacco transfromant
on the plate : A, explant size and incubation time: B, pH of adenosine as
substrate; C, concentration of adenosien: D, various adenosine
analogues(Ade, adenosine; 2'-DA, 2’-deoxyadenosine: Cord, cordycepine;
Ara-A, arabinofuranosyl adenine; Xyl-A, xylofuranosyl adenine); E, effect of
2'-deoxycoformycin on the inhibition of adenosine deaminase activity on the
plate; F, transgenic plants with various foreign DNA; G, different
varieties of tobacco: H, parts of normal and transgenic tobacco plant on the

plate,
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ARAA et AAAEANE PEY  A2E AN assay A7 @& $islA
60RRC 082 Azshezol o aANUAST Amugrh o ¥ RE A
ol explant= 1/8 X&) A7 Apgstg o AHAZE 308 AHgstgnt. 5
5] ¢dBU o= pHol oz} @2 xjolrl Q1o T subtrate® ARR-X]E= adenosined]
pHE 5.5004 9.571A] el Aeste] Mze] HilE AR A2t A7 sEAAE
AL o)zt QARIHFig. 18-B) pH 7.58 Al&3l= Zo] thah I Zo= i}
=¥t E¥ adenosined] o wel Az HIAAEE 2] A B
EE 1 oMol A 20 uM7Ex] ZARSEAYE uE JA] Azt Xjolr AAA Vehx] ¢
I FyAARA = HZE Yehigdew FAAEAe N2E Jehix E3tdct
(Fig. 18-C). olel #& I &Y uwf adenosined] FE+= 10 iM=2 AH831= Zlo] ¥
& Aog ARt %, adenosine?] substrated] mE MZ AT F ZAIE
Az}, 7]A2E adenosinefnt olL] @} 2°‘deoxyadenosine, cordycepine, Ara-A L
2]3 Xyl-A 23] ¥z2hH3E Vel RS ADAY] substrate® AREY 5 Q70
2 J2EAck(Fig. 18-D). L&yt o] 2ZbHEI7E ADA gene?] U¥e] 2J¥tzlo]
ohel thE 3ol 43t Ueld 7Hed& A A 4 ¢gleX2 R ADA FA-2]
AL-E JH AP deoxycoformycing AHg-ste] AA] ADAR] Z-gof oJsiA Ajzhd
7t dojut=x]E zAbstglct. Fig. 18-Eojx] M%o] deoxycoformycing 78 7}s}
A 2 A FolMe BRI AZHET Qs BAAHAAGFAMT 2]
H2E] 2121} deoxycoformycine] FE7HH Azl FolMs FRALoh el HAAH
HoAME BF NZHI7L dojipA] ot Mzte] W3yt ADA Zhgof 2]3ld LiE}
g FlA AT T3 TS RRAxe) A o] vehd Thedol 4
oBr2 NPT Il genefto] %8¢l AE), NPT II genex} proteinase inhibitor(PI)
I geneo]l 2UH A EA PI I geneo] TYUH MEN, WE8R-8xtel Mac gene,
agla H=2H A &4l PAT geneZ} GUS geneo] =UH AEANE tide= Nz
o] M3AEE ZASIgE ¥}, ADA geneo| obyl TIE ESAXE ML A A
zZto] WMBLEIX] oFgtrH(Fig. 18-F). GUS gened| Z--ofl AEAo] wieid= #pA|
ol GUS BEEE 7Hx|5L ¢eer EXHTAAME d2FFo et ADA UH 71
Tigo] & THedE nASH] sl FFEE ZASE 43 ok EFAAE 4
7S HEAFA] E5tECHFig. 18-G). EXF ADA geneoll 2J3jA] FAAHRA =23
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dxjetx Feo ulzt BdEr tERLE AztEe ¢, &7, R, 4 2
I widribE AR st BHEE AR A3 dRAE AHESH=Zle] BAA
Y 2o} FAAHFR] Q2 RAE FHS| 7 b JESHUCHFig. 18-H).
7] ANE st platetlollA] ADA HAL assayE ¥ 71 $TE =4S
205t Fig., 192} ZTl ADA gened EAFAAER ALY Zf -4 FEFEA
& Ici® AMESH7] wiEel nAdE fAxE ZARFAR SRS R oA
FEAH A anjlelA YL TE 4 5 A& 7o AAFY 5 FAA
BAA AHEEE Al agentE FAA FX|SHAE ALY AL ATHAY A
Autof AMEE 4 QAJYE ADA gened o|&Y A oJ8]E-F-2 toxic adenosine
analogues& AHE-¥ = QIrh.  T]-9-7] ADA gene?| assayo] 7go] AE sPUHE W
HE Ao N o2 EX|{AARCE assaystr| 7l i A Al o] wiEW o)
T UHA ALY g ot ERX isotoped AMEFIA] YIE uf-p bR
23] ASHOEE assay’} 7Heditie FEE 7R Qo] ¥ ALKFHoE AR
7t obdl E}RBolME EARARERE AME THedE RAlSlojol ¥ Aog ARH
Tt

Adenosine solution(pH 7.5 10 mM) 50 z1 in the plate
Put in transformant leaf explant(size: 1/8 X of 6 mm)
Incubation for 30 min at 37°C

Stop the reaction by phenol-nitoprusside 50 z1

Add alkaline-hypochlorite 50 zl1

Incubation for 30 min at 37°C

Fig. 19. Optimum condition for assay of Adenosine deaminase activity on the

plate,
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4 =

Adenosine deaminase(E.C.3.5.4.4, ADA)+:= purine thije] T3t HAEH B
= AR Ao Ex3tn 53] WP Aol BHE7} Tl Alglo] ADAS] ¥
o] oft Ao 4%t W AYE(immunodeficiency )& FUsHE Al S A oA
£ ADAZL A7} E2]514] 32 ZoE HaFoe] glrh mEZF ADAE FEAMES} A
E M Ao A= toxic adenosine analogues® F-HA¢ inosinel T WFA|F|x|ut
ADA geneo] ¢l A1EA| o toxic adenosine analoguese HW7}shH A EME7L
cytotoxicityd ZHA| o] s Aol 5#] =ttt

= A2 AEAR] FAIARA AMEEs EXFAAGZN 7|Eo] ALEE 2
FAA WERAR djil FEREAA FoA BAFFARA 2’ -deoxyadenosine,
xylofuranosyl adenine(Xyl-A), 9-B-D-arabinofuranosyl adenine(Ara-A),
cordycepins& substrate® AMRY <= Qli= ADA gened FX|-S-BRAIZ AIR3F5L
A}, 94 (1)murine adenosine deaminase cDNAS Al 23 AAHL binary vectoro
Az, (2)ZZHH vectoro] oFte] @zxz2g PAABAA LPAF-E
gt thd, )FAIAT/A L ZMEF4S 2Asta, (H)FAARA L UYdol ¥
lE Tl d2=RA2] cytotoxic adenosine analogueso] th#t 7t ZA}SEA,
(5)% =2 o] X[ A}8l= adenosine analogues?] oM ThA dAxzze] FAA
BE Atz oo HAEE 2L HAAH PP HYshy, (6)ADA geneo]
st WAALE ABAL 43 whenl R assay WEE AU A S
th

4 murine ADA cDNAE 2ol =Ese]  FEE @AX T A
355-35S-AMV promoter& AME3tg on AEAMXo] UL 3 A] binary vectorgl
pRD400-& o] &-5tgrt. dxe] HAAMEL triparental matingol &3jA E=UH
ADA gene¥'8 binary vector?} disarmed Ti-plasmid® L Y=
Agrobacterium tumefaciens MP90-& AME&ITH FA|ejokd ko] gl discd o]
88} kanamycino] B7HE Ml S R B4 shoots MAsh] WABUAL §
=3tdct. FAARA O] ADA gened] AYdd¥= PRE ol8stden, AEA}
FAATAZAA 2F ADA genes Hel 5 2lorh
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E FAABAEN YA FAA O R ADA geneo] Hatet WP E AA U
o] Ho| proteine] #AE XS Northern hybridization2} Westhern blot*3
of ¢lsled 4=345t9t}. Northern hybridizationZz} HAAHEH ¢Xolrx= ADA
gene?] transcript®& BHAY $ oAl AazojMs A3 velutA] ofalch
Immunoblot-S ¢34 VAATY A ENo]r M 2AS crude extract W, 70%
ammonium sulfated ©]&3%t 32&, anion exchange chromatography =} oil ¢]3jA]
2% 3 10% SDS PAGES] &)3llA Eelstelct.  Immunoblot2 A EFH rabbit
polyclonal antibovine ADAZ serumE ©|&3le $¥stgdeony, 21 Az HAAH
H AzojHE thet £xb Mr 39,000004 bandE HU¥E 4= ATt FAA#HE
z) ole ddZoMi= AF band7} WHEX| ofgiri. EF ADAL] BHEE AR
A} FARANNE AL HAEEr A BAARA M E BEET ¥ =
& ¥AY 4 Agrh. ol2H BERFAAY murine ADA geneo] HFoME A
ArElo] RNAS $Adstal oS ohel, o2 HAAYE ZAA ADA protein
S YA UASS HAY F 9ddon HRE AFdAx FEFA ADA
gene o] WHEE AEASE YU 4 ot =3 AAABRAE Bl w24
A ALoT gt A3 FAF o g Aol Jhpstdon FAALE 7R
3, FoME A< o2 ADA gened] U¥o] HiE=xg ZARY A2 FAg FTA=
Xyl-AmAold RE TAstgout HAABH A AEsjel FrleldE ADA
geneo] AAE|Z| o5 Il EAF AS ¥y ¢ gt

A AEf o M= adenosine deaminaseB A AEAMXE EASHA] AU 2
NEAZ SATEA el st BE ANGIAE A2ABHAT TUstd 4T
HoT UHPL HIsIYS 08, ADA gened AEHE FIAAFE FX|FA=
2 AgstaAl AGHd AES $Astgnt. dxZe] FHAARS SEA
adenosine S =X S AME A9 Ara-A, Xyl-A%} cordycepind AHMEsh=Zle] &3
Holglon], AF2ET = Ara-A9 790l 100 uM, Xyl-A%} cordycepin®] 7-f-ol=
50 uMG AMR8H= Zlo] 2 ZL0E Ueidth E3 Aol A& YA
HHE Z7)o] AFAsE Yol AAHQ Ay glo] Atigt AALR vfFH
3 2lom GUS genezt 2 ni$ F& My FXRFAXZ AU X sigct. 2
#L} GUS gene UxPAQ Ay FAFAAIR AR oY tiwh Ay JUA
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BAE AU D2 WY oR dlof ARY 4 ¢l J#uy 248N E
ADA geneg Uz}FHQl At FAFAREZA Boflel oA oS M7 Wl
g FhyziA] AY = e WHE pEstaa ¢yt

ADA B v AR s At PHoR Aoy, AE
ZAoME HgoT EAPA FE ADA gene ABold LHAFA &A1
o Eo] BE 2Z4& clA] #elstodol 3irt, 2AHE-2 Hopkinson ¥H-& ozt ¥
5lod Berthelot reactiong ol§3jA HFdHd ¢RUoly T RAILEH
ADAS] B EE ZAISIGITE  ADAY] BAEES 1% 272 buffer?] pH 7.504
BLATANZY LEES 47 307 W 37°CHA st=Zo] P 2 AR e
cl.

3 spectrophotometer& ARE-SIA] ¢l Z472] FAAH|AE 71X F
Y HUAREE w22 Y HUs7] f3A plate flofA] HAY F &= U
N szt EAES AEsigrt, ADAY A EXEojA WP O adenosined
substrate StE Sl HAE L ¢t2i]olel inosined Y RELU|o}E phenol & plated)
oA vtz At A2 WBAA 7= Pyolir}. ow] 71 FEAZE HZlo] A
EAufo] &x|3l= endogenous RRUotH=dl, o] EAle AME-sH:e explantd] A
NE i A oA FY 5 ot & AFAA explantd] AE F
7 6 mne] disc?] 1/8 X2 S 79 AFHoR PYAABA e FLANEANE
TEY £ JdAdod assay A7tE 3008 FEotdrt. Tt 2AFAA LEL
Yt assay ®Hol ADA gene?] o] 2j¥tZo] ofu: TIHE g¥fo] M el
T e 7Hs8& wiAst7] #1181 ADA HAo] A A QL deoxycoformycing H7}
Sto] ZAIRIAZ} AdzARolhlel HARBA AT BE MZAHKIL dofitA]
oottt 2Ll deoxycoformycine] H7FEIZ] b2 Ut AHe|ptoMs 9] A
BAE BT Aol wiEEgou FAARAZ AF Mzo] HIE X ol ML
H &7 ADA 2}l 9ste] LENES HelA ATy I Fr] AE2Q assayE
iAW sle] Ueld 5 ol W 850 o3t FARS sldW 8}, 53
ettl]ol= pHoj| uwlel 22 xjo[7} AlSIEE subtrate® ALE-EE= adenosined] %
A pHE ZAREE 2 pH 7.58 AMEst=7do] #4331 en, adenosined] H2&
100ME  A}E3H=Ao] 713 3 st ¥HH, adenosine?] substrateRH &
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adenosine®® 2t oli]2} 2‘deoxyadenosine, cordycepine, Ara-A 1E|3 Xyl-A 25
AHE7He3tgith. X ADA geneo] obd T}E #Rf{-ARlo] &s)A Mgo] Lield
THeEE JoRE AHERY AF-RAAI =df FAABAE xSt ADA
assayE A|E¥ HI 24 ADA gened 7HX| & FAAHAojA To] MzhH
7F dojyirt. EY AXFEF T DA YHAEE ZAidd A 9] FarAel
CHE d2FFoA A5 DA BEEE 7IxR] Estglon, Heo o "de
ZAtolA E7], B8, 94 22l midribRrot & AMRHSw 1R ARy A
& =28 + Addrh

ADA geneg HA|R-AXZ ARRE A9 4 FERAAE IR A1L5H7] of
ol AAE FAAE EXRARNZ AMEUS i} hEg EAola 2|2}l A
o B2 IS S 4 UL 2oE AN 53] HAFHAL o ALEHE A
W oagentE VA BARAAANE AHEY Z-9 kA Aol AHEEH 5 ¢l
Z|Rt ADA geneS o]-£% P oaEF{2 toxic adenosine analoguesE ALY &
Atk ©-$-7] ADA gene?] assayo]l Aol ANE ALH WHS AME¥OEHN C}E
FARAALRCE assay3stzi7t 3 AeAjzto] wiEm w9 ZAAA ARRY 5= o)
vl XEZ isotopeE AMESHA] QliE of$ P Boyy I 2 gomg
assay’} 7Hedithe A E 7HAZ 9o £F AGdos d27) ol ElEIEA

E EAFAARE AHE7HEEE RAFStolof W0 g AERTh
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