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Abstract

Adenosine deaminase gene from Nocardioides sp. ]-326TK was cloned by polymerase chain reaction using primers
(PI, PIl and PIII) constructed from the highly conserved amino acid sequences among Escherichia coli, mouse and
human. A PCR product of about 800bp, as expected from the sequence of E. coli adenosine deaminase gene, was
obtained from Nocardioides sp. J-326TK chromosomal DNA double-digested with EcoRI and Pst I. DNA sequencing
of the PCR product after cloning into pT7Blue T-vector shows 99.5% and 98.9% homologies in nucleotide and
amino acid sequences, respectively, with the E. coli adenosine deaminase whereas 59.5% and 46.8% homologies
with the human adenosine deaminase, indicating the evolutionarily relationship of these organisms.
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713 A ARZo] iiﬂﬂoi HE e |
AF7F A Eo] gon A adenosine dea-
minased] ¥ DNAS] 137271 #alA oo,
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Halobacterium cutiruburm, Micrococcus sodonensis
domonas iodinum'™, Streptomyces sp. J-845S, Nocardioides
sp. J-326TK 522X adenosine deaminase”} &2 % 0]
2 Aol AFHo $kew, Bacillus cereus®) AEWR A4
7t HPLCE AH-3 BAIAA e o3 estA ZAse 2
Aol ATHAR®, 1980l €)M adenosine
deaminase®] Z<°] WA A2 T, B-lymphocyte®] 7%

o 9&-& 1A Severe Combined Immuuno Disease
(SCID)E #3271 2o} shiz SAslo) BesHe)

Lol Al B 77} o] FARTID, SCIDE lymphope-
nia, ahems HEZ#9| hypoplasia, AES} T2EFHQ WY
gol Z2gdojs 53 AP o] FAEL AR {5
A4 AE(E £9 Salmonella) & Thd 5A40] e (dE
E9 Candida albicans, Cytomegalovirus, Pheumocytis cari-
nif) o] BHYE 7o) w7ke ue-S doFit} oE 3§
Z3t7] 918 g2 A7/FEL A AL, $o1A 59 ade-
nosine deaminase genes #-2|sulo] FrIMGH 24,

Table 1. Bacterial strain and plasmid

24 mechanism'”, mutation®] 9¢1'8*¥_ inhibitor 5l
2020 Zgl AFEo] Fuhs] o] FojFrh

0]9} 2] adenosine deaminase®] Z&d) &) ofr|g =
FYE A3 YA adenosine deaminaseS FEA|

F|E cell lineg £F cell| 22 2948 4 Qv AGAAE
Mgt g 7ksd Aolvh AAl2 o d 4¥-E 1990
Aol HoEWA B A7 APsm opze, {4

2859 Y802 microcapsuled] 93 2H|E = Qe

adenosme deamipase®] FZd #§¢ AFE JAcH

FAAE] AN #ulE 4 I 2ZE cell line
1‘8‘3}5{15}.

2 979X = Nocardioides sp. J-326TKS] genomic
DNAZ4-H PCRE ©]§-34 adenosine deaminase gene&
5Z% o3 °|& cloning3l 1 g7]9] MEE ¥ilon
U8 E3 mammaliani9] 33 ARVAE Wal1A Y
=

B Ao AL g 39 ZElAn|SES Table 13 2t
AMEHIX] g 2IEZ
B A¥o) AMS-E Nocardioides sp. J-326TKE 30T 9]
g g7lo A wiA7E 3ml7) Eolgle A8 (1.5X15
cm)dl 193] FHEd o] 30417 AR £ 100ml

Strain and plasmid Relevant characteristics Source
Bacterial strain
E. coli DH5a endAl hsdR17 supE44 thi-1 recAl gyrA96 relAl A(lacZYA-argF) Our Lap
E. coli $3834 rps L Aadd-wid-man metB guaA wraA Tnl0 Nygaard
Plasmid
padd1.7 pBKS(+) included add gene of E. coli Nygaard
pT7Blue T-Vector Amp’ Novagen
pN20 pT7Blue T-vector included 560bp of PCR product, Ampr This study
pN21 pT7Blue T-vector included 804bp of PCR product, Ampr This study
pBluescriptkS(+) Amp’, phagemid Stratagene
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Nocardioides sp. J-326TK9] Adenosine Deaminase Genedl #3F @+

7t 2ollE 500ml AAEHEIN 1mHFHS 164
7k vkl vix|9] AL glucose 0.5%, peptone 0.5
%, yeast extract 1%, NH,Cl 0.5% & 37132 pHE 7.0
o7 2R3t AMsTh E coli DH5ax 37CH B
7194 Luria-Bertani(LB) ¥} Aol H&8lo] w3l o,
WA el 242 tryptone 1%, yeast extract 0.5%, NaCl
0.5%olth. ZAMAE 99 WAZA agars 1.5% =
Akele AHgsg e FAA e Al wtet ampicil-
lin (50mg/m)E H7ksld AHg-3tgich

PCR AH&9 AdS 93 H4d FAA} &olle 1
A Aol X-gal (20mg/ml) 40ule}t IPTG(isopropyithio-
B-D-galactoside) (200mg/ml) 4ul€ F7FH vk

Hetga ¥ Al

A¢EL, T4 DNA Ligase, Calf Intestinal Alkaline
Phosphatase (CIP), DNA polymerase I Large (Klenow)
fragment, T4 Polynucleotide Kinase, Tag DNA polyme-
raset= Boehringer Mannheim (Mannheim, Germany)$}
PSOCOCHEM (Taejon, Korea)olA T8993, Agarose
gelol Xl DNA fragmentZ 3]43}7] 9% JETSORB DNA
extraction kit® P]=¢] GENOMEDAH] &S, DNA se-
quencing kit® ©]=9] Amersham International plc.9] Se-
quenase™ Version 2.0 DNA Sequencing KitZ AH8-3t54
o B A 59942 [0-*?P)dCTP, [a-*S]dATPS}
hybridization®] ©]4¥ Enhanced Chemiluminescence
(ECL) kitx W39 Amersham International plc.olA T
Qe et e SigmadlH T8k A&t

Genomic DNA2} Plasmid DNAZ| 2&|

v F& Nocardioides sp. J-326TKS] genomic DNAY] +
I Ausubel 59 WH* & AHE-8H$ 1L, Plasmid DNAY]
¥2]%= small scale DNA®-2)E Ish Horowicz9 WH*® &
A3 large scale DNARZ"HE Bimboin# Doly
9 alkali lysis"#82” & d¥3la] AHE5H5ch

Primer design®} PCR

Adenosine deaminase genesr F%317] 18t Escheri-
chia coli®} mamailan cello] X EEH R & A3l
primers F/4339EH primerd] A4 Fig 13 #3dth

Primer 1.
5'.CAT-CGC-CAC-CTT-GAT-GGC-3’

Primer
5'-TTC-GCC-TGC-ATG-GAC-GGT-3'

Primer 1lI.
5.-GGG-ATC-GTC-AGT-GTT-AAT-GCT-3’

Fig. 1. Primer sequences for polymerase chain reaction
(PCR).

PCR 3= DNAZ2| cloning

PCR product?] cloning® pT7Blue T-Vectorg ©| &3}
At pTBlue T-Vector®] PCR prduct® cloning3tA2H,
Hhel S & EgE O 16CHA 16417 w3t Li-
gation ¥r3-ol ¥ ligation mixture E. coli DHS5ad)
transformation8t9.2.™ cloning +5%& Yaxdo2 LB/
Ampicillin plate®] ] Blue/White selection 2.2 <13}
Ack
2o o %

PCR reaction

Nocardioides sp. ]-326TK<] adenosine deaminase gene
£ PCRZ FE317] 95} o]v] &% Human, E. coli%}
Mouse®] @7|E2HE HEAQ HYE o83 pr-
mer PI, PII, PITE design3tSth. PCR reactionZ# %4
012 P13 PO ¥HE-el X oF 560bp9] product”t 73
H4, Pt Pl whS-oliAl= oF 800bpY product’t &
ZH9ler 2% agarose gelol A A7]95T AAE Fig 2
o UERTh o] PCRAMES diFo g ¥eldt7] it
PCR &9 cloning®] ¥4 1¢t¥ pT7Blue T-Vec-
torll blunt end ligationA1Z 2™ 1 scheme Fig. 3°|
UEPSIT) Ligation ¥ recombinantE competent cell$l
E. coli DH509 transformation*|#] ampicillin® X-gal©]
EFH plated] ZZSIHETE ColonyF el white colonyS
st plasmidE &2]3}3l 0.7% agarose gel A vec-
tors} sizeZ H|W3] cloning ¥ plasmidE AHIFHL.
28] 3 plasmid’} £ 22 3% PCR products ¥ &3}l
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Fig. 2. Agarose gel electrophoresis of the PCR products.
Lane 1, 100-bp DNA molecular weight mar-
ker ; lane 2, padd1.7 PCR product used PI and
PIl ; lane 3, Nocardioides sp. 326-TK adenosine
deaminase gene PCR product used PI and PII ;
lane 4, padd PCR product used PI and PIII ; lane
5, Nocardioides sp. ]-326TK adenosine deaminase
gene PCR product used PI and PIII. A major PCR
product of about 540bps as PI and PII, 800bp
as PI and PIIL

deA #d7) sk PCREZ FEFE AA adenosine
deaminase gene$ FH3lL U paddl.7¢] PCR pro-
ducte} vInd A3} Fig 49149 Zo] padd1.79 PCR
4H23} Nocardioides sp. J-326TK genomic DNA¢| PCR
AFEo| cloning® pT7Blue T-Vector®] PCR 4HE©| pri-
merS 2 AHS319E W EE 560bpd &k 800bpH
£ A7]1% Jehlo] 3 DNAZ vt2A cloning® W&
< ¢ F AU

P15} Pro] A2 #AE recombinant® pTBN20, PI#
P9 AEZ ¥AE recombinant® pTBN212 #7 9
B3ttt £% cloning® recombinant® A A 42 EcoR
I Xba 122 double digestiono] &3t AR &S
A719%¢ P A A, PCR productst size’}t F
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Chromosomal DNA
— 1
- -
Pl PHI
pT7Blue(R)
(2887bp) PCR
| U

PI PCR product P

Ligation

pN21(3.6kb)

Ap(871-1728)

Fig. 3. Construction of recombinant plasmid containing
PCR product.

ori(2489)

A8 oA glHen HAFHoZ pTBN20F pTBN
21°] adenosine deaminase gened ¥ 3= clone A&
go18}7] 948 paddl.7 Pst 13 Xba 192 Adatd ¢
o} insert (E. coli®] adenosine deaminase gene)E
probe2 AH8-3lo] Sourthern hybridizationg F¥3t{th.
71 7% Fig. 5949 o] pTBN20# pIBN21 BF 2§
signal & YFERN O] Nocardioides sp. J-326TK+-2} adeno-
sine deaminase gene®| cloning® A& AT 4= AT

Nocardioides sp. J-326TK adenosine deaminase
gene2] cloning

B2|3 Nocardioides sp. ]-326TK9] genomic DNAZY
B adenosine deaminase®] A 9] genes &<13}7] 93t
genomic DNAE Sau3A 192 partial digestion3dte A7
FEAct 271958 A3e] 3~5kbS) DNAE pBlues-
cript KS(+)& BamH 192 A@3 vectors} cohesive
end ligationo] 213t4] cloningA1Zth. Cloning® recombi-

nantZ adenosine deaminase gene deletion mutant?] E.



Nocardioides sp. ]-326TKS] Adenosine Deaminase Gene®| 3+ A+

1 2 3 4 5 6 7 coli 563834} competent cello] transformation A1ZTh
Recombinant plasmid® #237] 943t ampicillin®
X-galo] E3¥ plated]A] white colonyS AH3tHch
White colonyE ampicillin®] £&¥ plateo] toothpicking
3o wjgsted HAE colonyZA colony hybridizationg
3ty et

Colony hybridization®l 4] signalo] UEld colony:= LB
brothol] &34 alkaline lysis] Hol 23l4 plasmid
g P89k #2149 plasmide Dot blotting apparatus
£ o839 nitrocellulose filterel DNAE F&A1A filter
€ Enhanced Chemilumineescence(ECL) kitE ©]&-3}o]
hybridizationS #3%oH 1 Zd%e Fig. 64 Vel
t}. Dot blotting®llX] & signale Yebd 3t plas-
mid¥ PCR reactiondl] ¢J3tef #Qlatx pSKN6O°let ©

800 —
600 —

2001

Fig. 4. Agarose gel electrophoresis pattern of the pTBN
20 and pTBN21 PCR product by PI, PII and P],
PIIL
Lane 1, 100-bp DNA molecular weight marker; lane
2, PCR product of pT7 Blue T-Vector by PI and PII ;
lane 3, PCR product of paddl.7 plasmid by PI and
PII; lane 4, PCR product of pTBN20 plasmid by PI
and PII; lane 5, PCR product of pT7 Blue T-Vector by
PI and PIII ; lane 6, PCR product of padd1.7 plasmid
by PI and PIIl 5 lane 7, PCR product of pTBN21 plas-
mid by PI and PIIL

1 2 3 4 65

E3

kbp
4.10—
3.10—

2.04 -
1.64—~

1.02-

(A) B

Fig. 5. Agarose gel electrophoresis pattern (A) of the
pTBN20, pTBN21 and corresponding sourthern

blot analysis (B). Fig. 6. Dot blatting of recombinant plasmid.
lane 1, 1kb ladder  lane 2, pTBlue T-Vector A5 paddl.7 B 5 padd insert

lane 3, padd1.7 lane 4, pTBN20 C: pBluescript KS(+) D ; pKSN60
lane 5, pTBN21 :
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m3}5Jth. Recombinant plasmid pSKN602 2k 5kb7}#]
DNA7 cloninggE ©]& Agasz Avse] Sour-
thern hybridizationg #3tgEd 1 A& Fig 79 4
Ehjgich Fig. 70149 o] paddl.7 insertS probeZ A}
43} blotting 3 A, pSKN60S BamHI, EcoRl, Pst I,
Xba 102 47 digestiond 4% e signald BHAT
E. coli adenosine deaminase gene? ©1:= B¢ homo-
logyS 7HE Ro2 Yelgoen], o] pSKN60] No-
cardioides sp. J-326TK] adenosine deaminase gene®]

cloning®l] A& FAY 4 Ytk

DNA Sequencing

PCR reaction®] 93t £ pIBN219 MNEE &4
87] 918t DNA sequencingS Sanger®] dideoynucleo-
tide terminator methodZ ol&3tdl AU F PCR
reactiond] AH&-3+ forward 2 reverse primer® universial
primer, M13 reverse primerE ©|43t% sequencing® ¥
3tk Fig. 891419t 2ol pTBN21¢l cloning® Nocar-
dioides sp. ]-326TK adenosine deaminase gene % 804

1

2 345656 7 12 3 4 5 6 7

(A) B)

Fig. 7. Agarose gel electrophoresis pattern of recombi-
nant plasmid pSKN60O digested with restriction
enzyme(A) and corresponding sourthern blot
analysis(B).

Lane 1, A/Hind Il DNA molecular weight marker

Lane 2, pBluescript KS

Lane 3, pKSN60 was digested with BamH I

Lane 4, pKSN60 was digested with EcoR I

Lane 5, pKSN60 was digested with Pst I

Lane 6, pKSN60 was digested with Xba I

Lane 7, pKSN60 was digested with EcoRI, Pstl and Xba I

678 / A 3A

TSI A A CATTCGTCCCCAGACCATTCTTGAACTT
HRHLDGNIRPQTILETL
GGCCGCCAGTATAATACCTCGCTTCCTGCACAATCCCTGGAAACACTG
GRQYNTSLPAQSLETL
ATTCCCCACGTTCAGGTCATTGCCAACGAACCCGATCTGGTGAGCTTT
I PHVQVIANEPDLVSEF
CTGACCAAACCTGACTGGGGCGTTAAAGTTCTCGCCTCTCTTGATGCC
LTKPDWGVIKVLASLPDA
TGTCGCCGCGTGGCATTTGAAAACATTGAAGATGCAGCCCGTCACGGC
CRRVAFENIEDAARHG
CTGCACTATGTCGAGCTGCGTTTITCACCAGGCTACATGGCAATGGCA
LHYVELRFSPGYMAMA
CATCAGCTGCCTGTAGCGGGTGTTGTCGAAGCGGTGATCGATGGCGTA
HQLPVAGVVEAVIDG GV
CGTGAAGGTTGCCGCACCTTIGGTGTGCAGGCGAAGCTTATCGGCATT
REGCRTEFGVQAKTLIGI
ATGAGCCGGACCTTCGAAGCCGCCTGTCAGCAAGAGCTGGAGGCCTTT
M SRTTFEAACQQETLEH AFTF
TTAGCCCACCGTGACCAGATTACCGCACTTGATTTAGCCGGTGATGAA
LAHRDOQITALDTLAGTPDE
CTTGGTTTCCCGGGAAGTCTGTTCCTITCTCACTTCAACCGCGCGCGT
LGFPGSLFLSHTFNRATR
GATGCGGGCTGGCATATTACCGTCCATGCAGGCGAAGCTGCCGGGCCG
DAGWHITVHAGEAAGTP
GAAAGCATCTGGCAGGCGATTGCTGAACTGGGTGCGGAGCGTATTGGA
ESIWQAIAELGAETRIG
CATGGCGTAAAAGCCATTGAAGATCGGGCGCTGATGGATTITCTCGCC
HGVKAILEDRALMDEL A
GAGCGACAAATTGGTATTGAATCCTGTCTGACCTCCAATATTICAGACC
ERQIGIESCLTSNIQT
AGCACCGTAGCAGAGCTGGCTGCACATCCGCTGAAAACGTTCCTTGAG
STV AELAAHPLEKTEFTLE
CATGGCATTCGTGCCINEY ST UTIIWIENTEY 304
HGIRASINTUDDP

49-

97-
145-
193-
241-
289-
337-
385-
433-
481-
529-
577-
625-
673-
721-

769-

Fig. 8. Nucleotide sequence and deduced amino acids
sequence of the Nocardioides sp. J-326TK adeno-
sine deaminase gene. Marked nucleotides indi-
cate primer PI and PIII used in PCR.

bpel A7IMEE ZAY & NS, PCGENE DNA ana-
lysis program (Ver. 7.0) 22 amino acid® ME<& 24
gt

oju} uHsA 91E human®} E. coli®] amino acid seque-
ncedt Bl BAEte] A5etH o2 BEH adenosine dea-
minase®] ARl ABAAS FAsFAK(Fig. 9).
Nocardioides sp. J-326TK$} E. coli®¢] adenosine deami-
nased] 9719 vlaeld 905%9 AE4E, amino
acid1A 98.9% 9 A%54< YehASIL human gene?H=
747t 50.5% 9 46.8% < AE4E ERAIT

Adenosine deaminase?] active site2 3= 0lAE 474
o] BEX9l amino acid¥] WE-& Nocardioides sp. ]-
326TKANE oF7Fd Wojglo] & RESS] Ao E
coli adenosine deaminase gene?| 211%Algt 237HA <]



Nocardioides sp. ]-326TK] Adenosine Deaminase Geneoll &3t |+

IEWSIKPETILY YGRRRGIALPANTAEGLL NVIGMDKPLTLP
E.coli (INE®NIRPQTILELGRQYNISLPAQSLETLIPHVQVIANEPDLYV
Nocar. [IEENIRPQTILELGRQYNISLPAQSLETLIPHVQVIANEPDLY

Human

DFLAKFDYYMPAJAGCREAIKRIAYEFVEMKAKEGVVYVEVRYS
SFLTKLDWGVKVLA SLDACRRVAFENIEDAARHGLHYVELRFS
SFLTKLDWGVKVLA SLDACRRVAFENIEDAARHGLHYVELRFS

PHLLANSKVEPIPWNQAEGDLTPDEVVALVGQGLQEGERDFGVK
PGYMAMAHQLP VA G VVEAVIDGVREGCRTFGVQ
PGYMAMAHQLP VA G VVEAVIDGVREGCRTFGVQ

ARSI LCCMRHQPNWSPKVVELCKKYQQOQTVVAIRINYWARIETIPG
AKLIGIMSRTFEAACQQELEAFLAHRDQIT A LKIEXWRELGFP
AKLIGIMSRTFEAACQQELEAFLAHRDQIT A LRIWXHNE GFP

SSLLPGHVQAYQEAVKSGIHRIANEEXMEVGSAEVVKEAVDILKTE
GSLFLSH FN RARDAGWHIIRNERYMEA AGPESIWQAIRELGAE
GSLFLSH FN RARDAGWHENIEXMAA AGPESIWQATAELGAE

RLGHGYHTLEDQALYNRLRQENMHFEI@PWSSYLTGAWKPDTEH
RIGHGVKAIEDRALMDFLAEQQIGIESELTSNIQTSTVAELAAH
RIGHGVKAIEDRALMDFLAERQIGIESMLTSNIQTSTVAELAAH

AVIRLKNDQANYSLNIEEE
PLKTFLEHGIRASINIERE
PLKTFLEHGIRASNITRIE

Fig. 9. Amino acid sequence comparisons of Human, E.
coli and Nocardioides sp. 326-TK adenosine dea-
minase.

amino acid’} arginine® glycine®]%1. 2%, human adeno-
sine deaminase gene?lA= aspartate®} glutamic acid$]
WA Nocardioides sp. ]-326TK¢| A= 25 alanine 2.2
A=A Ut olzigt AFZHE adenosine deami-
nased active site2 AAEHAE 47]9 BRERAE Fof
TAYe] WAt Ho R i & REFAIAL YFS & F
U

2 ¢

Nocardioides sp. J-326TK<] adenosine deaminase gene
& E33%7) #4319 genomic DNAS #|SELR F349)3
o2 AYEY pBluscript KSO ligationAlZc}. &3 hu-
man¥ mouse, E. coli 52] adenosine deaminase gene9]
BEHS FAE primer2 42 39 PCR reactiond 3
3%t} Genomic DNAE cloning*lZ] pKSN602 5kbA
59 DNAE ¥3¥3F1 0.9 sourthern hybridization 5
o o) & e

%3 adenosine deaminase genes

23 gloke 49%th PCR productE cloningAA 373
% recombinant plasmidZ PCR reaction® primer24]
pTBN20E sequencingsS 3t I 2#4E
nosine deaminase gene? A ¥ H|ZE HUEH VA=
91 E. coli¥+= nucleotide sequence™ 99.5%, amino acid
sequence™ 98.9% 9] homologys WERAL human#H=
A2 59.5%, 46.8% 9] homologyE YEFHRITE

£ ade-
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£ 05-7-: 19974E 712348 Q74 FedTRM
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