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Bacillys subtilis ED 2132] cytidine deaminase2] 43¢0l £4)3}= H4= olu|eAkK17 B BEhpa] upfl o 2 23)4]
e}, B E4E 1 mM o-phenanthrolines] 23k E-AEA o] 43% AdHo] T84 wale] Feltrl 8 79w 245
o, 1 mM ethylenediaminetetraacetic acido]] & #A= EAA o) 238 28%AHE 225l B 4= 1 mM N-
bromosuceinimide, 1 mM chloramine-¥$} 1 mM p-chloremercuribenzoic acid(p-CMB)e]) 2)3}e] 1009% A & = g4,
28 Aa gL A A PdE eliiglc). 2 A0 HA8R-2 | mM pyridoxal-5'-phosphates]] 2]31] 36% 3]
=2, 1mM l-ethyl-3(3-dimethylaminopropyljcarbodiamide®} 1 mM glycine methylestersl] 2]3}e] FAA 0| 31%
ANALF. P ELBHL 1 M p-CMBe] 215he] 65% ANTIGL0, 1 M p-CMB] o) AHE EABHo] 5 mM
cysteineo]] 2] 8] 223 HB-H ol o[ A2] A2 XY Bacillus subtilis ED 213 cytidine deaminase?] 4] 58]0 =
tyrosine, methionine, cysteined} serine717} 3@ Bt ojaja} lysines} glycine™ T4 sl A o2 25,
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dulks] o2 u)BE AEWe) purine B pyrimidined 7| E-S
nucleoside® 8] 23 nucleotide® ]2 24117822 nuclso-
tidet! cytidine monophosphate?| EaflAlde] 7k nn-
cleoside?! cytidine=- cylidine deaminases| 23}l uridine®
2 Hal=e] nucleoside hydrolase, -2 nucleoside phosphoryi-
asee)| 5] wracil® FA FalE =2 M ZHe] nucleoside?
FEE A A fFR1EE eytidineS cytidine deaminase
(CDDase)l| 2]&be] Follwl$-57] = 8lA|% nucleoside
hydrolases| 2|3l cytosine®} D-ribose® E#|=H7] % g},

Cytosine® roln]=%}4]7]3= cytosine deaminase’= &
vl Felst B, % 9|RE TEol EAER ¢
WZell eyudine® 2HE] WA cytosined AlEYE wpdE
vH22)

PEEe] AEA A evidine nuclecside hydrolase2] &
WET} cytidine deamipase®] EvE gracil® BEslEv}, o]
7] eyudine2 pyrimidinesd7]2] nucleotides|Z2] Salvage 4
gl tialA| 2] SN AERLEA pyrimidine nucleotides] A
= EalH Al L) S8 Bl

Cytidine deaminase(cytidine/deoxycylidine aminchydrolase.
EC 3. 5. 4. 5¥= cylidine®} deoxycytidine2 uridine®} deoxy-
widine 22 Gepr|eslAl7 e w7l shpds] Bdheld
(18), FEovt mlAlEe 2] HEFe] vl

p|AlE 7]% CDDase= Escherichia colipls =|-&o=
Al em] 27, e vPlEe] Eals22), Pseudomonas
acidovorans?} Neisseria meningitidise o] EA7 ddEo]
SI=H(16).
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Bacillus subrihs®] 7% cytosine deaminase?t <zle] gf
F4]. cytoplasmic membraneg- F3 cylosine?] ==A7| &
£Fe] glem(le), A EANA CDDase# - Al 22 df
- okelm R EAERE d7r) A9 o)felxA] ok Adeelw

E. coli¢k Salmonells tvphimurem® CDDasel= cytidines]]
o8] % A=Y, E coli®] CDDased2 Wo|552 cy-
tidines ZAAM2 R ol8alx] E5 flnoredeoxycytidine))
WAL v fluorocytidines| = 542 viepRdch B
subrilis®] FA= cytidined) 28led fx= RAE(26), fluo-
rogytidines] A& Vel =2 B subiilis, B colitl 5 rephi-
muriun?] CDDage?] BASEH EAo] o cfZ2dlan HATE
%A}(16).

2T A FeMe] CDDase®] P42 AN E] B4
e lste] WA FHRI0S), BEPN 1P Dearabi-
nofuranosyleytosines A Mol Fo3Fwd 712] CDDase®] HA
A2 3] Hsbelok(14, 19). #4571 5a0do-2-deoxyeytidine
(5)# 2-fluoro-5-iodo-1-B-arabinofuranosyleytosine(4)el] 2} 3]
AME CDDase?] &de] A}t Cytidine$-t4 ¢l 5-azacy-
tidine W SokAiEA] el Aol ol REn], Jdea
zauridinee| - thymidines W25 CDDasedAd-S %4
3] 2BLAA S-azacytidine®| FNEA Bt FREE(, 2).

oj4at 22 H4E Vel CDDases =2 FEVI8 &

duol| Agme] ATt g) e,
A2 gl A et

HZ E coli®]l CDDagert A7ld5d o g clal F4
HE A= " SA4e] =17y, B subtilis
CDDase?| &A@l EAL olEx] ¢fglel. gt Hal 5
(200l 2)3)ed B, subsilis ED 2132] CDDase?} AAE T ¢
7he| @Ak Hae] jpEalc)

MBI E4e] B AT
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B AT B osubrifis ED 2134 CDDase?] 245e] 2
04“]‘* ofn) =l 7) Be A glF] gherme FEha] ukd

o= R o] AIE FrsIA slsie),
e 2w
YT
A AR I 2 plasmide AR GEaE
st v o “’éi-‘i"‘ﬁ Lo} gl

B. subdlis ED 2132 Song¥} Neuhard(23)l 2]88M B sub-
tifis ED 408 SFAER plasmud pSOI0RLE HAHE )
7l wEA], wiA] el cytidineo|-t uracild H7)aleelmt
f\g%@- T 8loh. B subtilis ED 402 A3} Fe] =54 E
E. pyrimidine nucleotide®] de nove 4T dAAL) pyr-2
gene?t Salvage WHAFAY] cdd-1 gene, L2 lys gene®] A
=W e|FEe]ch,

EFF plasmid pSO100& B, subnlis cdd gened FgsH=
pSO212) PuliFeoR] AES Aokl Baciflus - E coli shut-
te vectors] PGB215-110AB®] Pinl/EcoRI siterl] A& oF
9,5 kbe} plasmide]=}.

HEA =4

AlgFEe) P8-S 9l8le] 20 pg/ml kanamyeins #7)at
Luria broth(LBAAMA )1% peptone, 0.5% FRFE, 0.5
% 2)9dyg ARRSlETh. Spizien minimal medium{SMMAEI=])
(14% KHPO,, 0.6% KILPO, 02% (NH,S0, 0.% Na-
citrate, 0.02% MgS0, - 7TH,O. 0.00002% MnSO, - 4H,0,
0.5% FEErhd AgoTe] B Mgl en], AT w
Gkl SMMuIRIell 50 ug/ml lysine, 2% casamino acide}
20 pg/ml cytidine, 20 pg/mi kanamycing H7}shed ARgs)ad
wh EAE A0 A](0.8% Nugient broth. 0.025% MgSO, -
7H,0, 01% ECIL 01% 05M CaNOsg),, 001% 0.1M
MnCl,, 0.1% 1mM FeSO,, 1.7% Agar, pH 7.09= 2 png/ml
cytidine™} 20 pg/ml kanamycing @7lele] Alalgds)

o] =A|
A el A LBYADRA] 10 mie]] 30 °Ce] A 15-184)
7b Aokl Fafekdg- 2957 100 mle] FHiwiAel 3E
sled 2447t Aledlafglt & 9,000 rpmiKoniron, A8.24 roior)
L2 1037 AR5l 7&&6}"34

AEs TAE AR 28] AT F 5uM mer
captoethanoks F-G8F 30 mM elAkekiol (pH 7.0 FAS
HepAlA 10 °Celstell A 120 Hz2 259 =4 7] (Lab-line
Co. USA)Z T Alze}, M2 sl A] g2k d5mel
et ZAlsl e, Avl7slela gAE) Alxot S gzt
A FA st S5 s 9,000 rpmSE 2087 9AE
2lsle] AhFoE TEA 00w Alasieio)

E409 HA
Aol AL8F CDDasel= Park S(20¢] vlgel ujz) 4
o},
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FREANE Folaldwm0-75%), DEAF-cellilose column chro-
matography. Sephadex G-100 column chromatography, DEAE-
Sephadex A-30 column chromatography$®} Phenyl-Sepharose
CL-4B column chromatographyl] &)&te] #a)sle] ARs-gha,

Cytidine deaminase 2| # =7

CDDase?| 42 Hammer-Jespersen S(7) Hhe] 23}
= Aok BAek 84 B2 AAE 849 100
o] 02M MgClL7} 353 50mM Tris-HCl £ (pH 7.0)
250 WIS 2akele] 37°Cel A 287) AAlelsiel Axlu(=l &
Zallel] 7] S0mM cyfidine® 10ul 9e] 2, 4, 62 7F
Aoz vkeAlgEoh A4 9heel 100 WE #Hste] 05N
perchloric acid 900 plell E3Hate] db&& AR AR b,
UV-spectiophatometer{Shimadzn Co., UV [20-02)F 290 nm
FAE AR AT B84 gl 3700 18e)
1 nmole®] cytidine®r uridine®. = ZFHA| 7)1 T a§ T4
< [unit® F st}

TRegA 34T A AT Al B AR
MHESE HAgh g A Fe R Vel gk

SpebprAlMo) 2|5t §49) SFal4

B. subtifis ED 2139] CDDases] olu|x=Al4lr|9] 38l e
Lundbladel Noyes2] wbs(12)e)] vfe} sfgict. &, &2 oy
Ze] ol malzkr) & Ay §13le] AAF CDDaseZ
TmM cytidine® FH-8F 50 mM Tris-HCl ¢H5) 3} 2318)
FANEAel] | M 1 }fﬂﬁﬂxﬂﬂ Hrketed 37°CAM 5
B BB T HEE AAN T DE ADYE 3
wTealA 2 A7)elA ‘E%% EAagbge] FAdAal v)ies)el
228}

N-Bromosuccinimide(NBSE 23 ayptophan?l=}2] A3
Spande#} Witkop(24)2] W3} Kronman S+(8)2] 2hAd] wja}
Fabgal givl, 543 NBSel phenviglyoxal® FEpa)Et
ol o WA Slskd ol ELASAZE,

e 28t 3agdal 38

p-CMBefl 2]sf] A5l AFEFF2] CODases dithiuthleitoi
2-mercaptocthanol¥ cysteine®} Zh2- FRIAIE Hrisled TA
L Felr e AW B ojAn if&]i-tﬁlff‘l
AEZHG. p-CMBel RS Akl ok SA4RRHA 2] -
CMB2l #4418 Arpsh EAaMkge] 248498 v 2s)
Bk

M=
SMMETR 10 miE L-A3 Alg&delA] 30°CellA] 15-184]2F
WoFsl B. subiilis ED 2138] Zafokd 2662 100 ml 2]
Aol AEsted 30 °CAA ek Wjksbi A Fa)F o m ekl
& AFE 660 nmellH FREE HAE

F02) wel Fsled SHeglon, B5 Wi
usay: AHeIE

Lowry -3
E bovine serum albumin(Sigma Co.,
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Table 1. Effects of mhibitors on the cytidine deaminase activity

eytidme deamunase 2] AF-3 135

Table 2, Effects of several modifiers on the cytidine deaminase

[nhibitors (1 mM) Relative activity (%) achvity
EDTA? 128 Chemical modifiers (1 mM) Relative activity {%)
Maonoiodoacetate 100 1.2-Cyclohexanedione 135
o,ol-Dipyndyl 71 Phenylglyoxal 100
o-Phenanthroline 37 Glyoxal 104
Trichloroacetate 71 FPMSEF! 31
Sodium azide 64 Hydroxylamine 114
Sodivm cyanide &4 N-Bromosuccinimide 0
Sodium fluoride 71 lodme 0
None 100 Acetylimidazole 58
The enzyme aclivity was assayed under standard reaction conditions in Pyridoxal-5-phosphate i
the presence of inhibitors at indicated concentratnons. “EDTA, ethyl- Diethylpyrocarbonate 82
enediaminetetrascetic acid. Chloramine-T 0
Ethylacetoimidate 114
T A FA e gk, F3kE 280 nmelA S s} EDCP+glycine methyl ester 69
=+ p-CMB* ¢
None L0O

EAEM0 OIRl= XMafEle ek

dubeeg FagAe] AMeAlz deld 45 g £
CDDase?| &40 v)A 93RS &3] 218l A5
o] ZFeErt Lo mME7] Edolol] Hrleled 8L &
73y A2 Table 19 AA)sigch.

2 4= 1 mM o-phenanthrolinesl] 2]5}e] EABAI o] 43
% A2, I mM sodinm azide®} sodium cyanides]]
olgled FAskAle] oF 26 AdlFalom oM oo -t
pyridyl, trichloroacetate 3 sodium fluorides]) 2|&}ed EA-%
Qo] 29% A#=EUet. 28}t 1mM ethylenediaminetetra-
acetic acid(EDTAM 28|+ 2&]a] S48 286 &30
o=t W) S pphinmrinm CDDase(9)= 1 mM EDTAs]
o)l o}l <JE RS WK kX9t B, srearothermophilus
CDDase(3¥= [ mM EDTA=| 2]5ls] #FAAde] 265 A 3|
o] mAEr]Hel whe} T4 e n)Ae EDTAS] Jgke-
HEA el mat FE 719l F viAle] CDDase(13)=
ImM EDTA 23] Ba8de] 1839% Folee] AP
CDDase®] SA3} FAlgh 7Zlee a9y 1232 E coli
cytosine deaminasel= Fel, H& Felt 2| Zdojelx]e
o-phenanthrolines]] 28 & 5e] HAadA] 2kade] g
o) 02 Fe7} 8FEM(21) ARFFL] CDDased] EAE
o-phenanthrolines]] 2]3) A= =2 Fe?7} sk e
Zo| Fef gty FAT o glu)

sat=AH olgt 528 Hal

Baciilus subtilis ED 2130] AA48R= CDDase%] #4] 34
o fedale ohnlieAbr (S Fislr] $lsle] Fela)e] bt
HeZ ARk

EA vhazle] pae wslslx] g3 BelAHoR on|xa)
Zrlellnt vhgsle shelpa] Aol 2lsle] FABA Hogo]
o eAtAr| S EEhealele] 4L AR 2
CDDase?| 2] F-3lofl Heisle oluleabzlzld Gl aat

The cytidine deaminase activity was assaved under standard reaction
conditions in the presence of several modifiers at indicated concentra-
tions and expressed (he relanve activity to thal of the none ®PMSF,
phenylmethylsulfonyl {lucride. PEDEC, 1-ethyl-3-(3-dimethylamincpro-
pyl) carbodiiamide, “p-CMB, p-chloromercuribenzoe acid.

A} 1 mM cytidine® 77T Sd SRS 22t |
mM =7 B7yele] dbEAlH FAEAE SAlsgch

Table 2+ telgt ¥le} Zle|| tyrosine®] phenol?] & AlERA|
7 EA4gdE AHsks Nbromosuccinimide(NBS), methio-
minedr AAFANF) BAR S ASEE chloramine-T9 cyst-
eine?] -§H7]e]| Fedst= p-chloromercuribenzoic acid(p-CMB)
2} iodined] & E &4l 201 As|Elelen, serine?]
OH7o| Folz oz db4al phenylmethylsulfonyl fuo-
ride(PMSF)el| 2 shed EAHAL- oF 69% A&)= i,

olale] Azt B Fae) 4] Ho FAoln], AH3E u
] ¢t= tyrosine, methionine, cysteine®} sering®}7]7}F Zo]
Fojgiolal F4% S e, T8 lysineel] Seold g kg
3= pyridoxal-S-phosphatel 23S 9F 36% Aaiska
1, glycineZt7]el] He]H o yk-23l= l-ethyl-3-(3-dime-
thylaminopropylicarbodiiamide(FDC) 2} glycine methyl ester
T E0gAS 31% AEAA, B Zie] 3 Fede
H714 ep|mAtel lysinee] EAEAlC] Feddln] Aol A
3E 0] e plycine® £ FATA Feddle Aoz A}
B

Histidmesl] So|4.22 whgsh= diethylpyrocarbonales=
AL ) AshElg o™, aginine®) guanidy?ie) T
F+ phenylglyoxal, 1.2-cyclohexanedione$} glyoxal ¥5F of
W2l carboxyl?]ell WFS3l= hydroxyl amine 5ol 2|FAM=
Fagle ol of3pg ulAAE dsict
stlralHof 2|8t M5l 2k
E4e] E4 e FHelslE NBS, chloraming-T# p-
CMBEE ¥ EABHE ANNES 24 2UTS| w50l 9
At HEE) H5M 1 mM cyudined Fl2=E 3
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1009

Relative activity (%)

Concentration (uM)

Fig. 1. Effects of chloramine-T. NBS, and p-CMB concentrations on
the cytiding deanminase activity, @ , Chloramine-T; O, NBS; ¥V, p-
CMB.

o] NBS, chloramine-T$ p-CMB2] T2 1 uMelA 100
uMZRR] AT e] EAEAE 38yl

Fig, 1o vlebst n}} ko], NBS2} p-CMBE 50 pMe]4He]
o]l A, chioramine-TE 10 pMo|ARe] oA 434 o]
245 AfEYe™. (uM NBS, 1uM chloramine-T# 35
UM p-CMBel| 2]3}le] B CDDase?| 42 50% A=}
o971 NBS ¥ chloramine-TY FHERTE | uyM=4A 24
3137, p-CMBYE 5SuM=EA TAsle] cytidine?] %2 0.2
mMell A 1 mM#7FR] ZAsle] B4 9beAA 2 #AIE
Lineweaver-Burk(10)2] sP8ell w2l plotdt @3F Tag. 20
yehligel. ¥ CDDasex NBS, chloramine-T2} p-CMBel|

1AV [HM]

118 v
Fig. 2. Inhibitory effects of chloramme-T. NBS. and p-CMB on the
cytidine deaminase activity. The enzyme actrvity was assayed in the
presence ar in the absence of chloramine-T. NBS, and p-CMB
Velocity(v) was expressed by decrease of absorbance at 290 nm for 3
min at 37 °C @. 1 uM chloramine-T; &, 1 pMNBS: &7, 5uM p-
CWB : 7. none.
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1AV [ULM]

%..T

-4 3 2 -1 0 1 2 3
Chemical modifier [uM]

Fig. 3. Graphical deterrnination of mhibition constant of chemical
modificrs @, Chloramine-T;, &, NBS; A, P-CMB.

ofgle] HPEE(Vmax)i-S H3EA] G, cytidinedl] T
Michaelis “FrEmyzke] HEs 22 ¥ CDDasedAd-2 23
iAo 2lsle] AHAA 2R A=l

B A NgE AFAES] AspEDE AAEr] 218
o] NBS, chloramine-T$ p-CMB2] %5 1 uMelld 5uM
7l 2Aste] B4 WhEAA Dixon? WebbH (6] 2] %)
plogle] AAbElel 2 S4ef gt NBS#: chloramine-T2]
Kighe 3.5%109Me]H.20. p-CMBY Kidh2 14X 10°M
o] -HFig. 3).

EHRIM0] 28 SA8Mo| 5|5

Table 2¢f st wpe} o], -SHAof Bol¥.og ubgais
p-CMBe]| 2late] . Hane] HAe] AFF =2 .SH| BT
Azl thiol Fhze] #7le] L5t AL A7) 58S
EXg A2 p-CMBe] 2 Faghdde] Add 2 a4
WAL FEAFIZ] flebe] Y] Fhgl hiol Fghee] 1
mM  dithiothreitol(DTT), 5SmM  2-mercaploethanol® 5 mM
cysteine?] 2FE 7} HER Hrlsle] Ha WhAlA AL
=493},

Table 39 veld =tel o], B CDDaselr 1 uM p-CMB
off 2lalM B A 68% AT AAEIURIE 5 mM cysteine
< Ao e a3l s FEE9len. [ mM DIT
8 SmM 2-mercaploethanol2- A 7}sle2 FadkAde] of
1A%} 34% == gieh

Aspergillus fumiganis?) cytosine deaminaset> p-CMBel)
ols] FAFA o] AR, 5 mM dithiothreitol A7}l 2]

Table 3. Reactivaton of the intubited cylidine deaminase activity with
p-CMB by reducing agents

Reducing agent Relative aclivity (%)

1 uM p-CMB 32

1 uM p-CMB+ 1 mM dithiothreitol 46

1 UM p-CMB+ 5 mM 2-mercaplogthanol 66

1 uM p-CMB+ 5 mM cysteine 107

Nane 100

The cytidine deaminase activity was assayed under standard reaction
concitions by the addition of reducing agents such as dithiothreitol, 2-
mercaptoethanol and cysteine at indicated concentrations, and the
results were expressed as relative activity to that of none
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ste] sl FAghade] oF 90% 3BHY2H, SmM cyst-
eine?} glutathione™7}ell 2l&le] a5 FAEA ] 243 3
el BEagl ulwsl w)(25) B CDDase?] 84849 32
Halah AR 23 Vel

o| k2] AREE Bacillus subtilis ED 2130] A A=
CDDase2] ZA3e] tyrosine, methionine. cysteine?} se-
rine Bk o2} lysine?} glyewme™ Zlo] Fefsiolar S8t
I sisdeh.
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ABSTRACT : A study on the Active Site of Cytidine Deaminase from Baciffus subrilis ED} 213 by Chenii-
cal Modification

Jung Moon Park, Sang Won Park, Tae Soo Suhl, Jung Kim? and Tae Shick Yu** (Depart-
ment of Environmental Science, 2Department of Microbislogy, Keimyung University, Taegu
704-70), Korea and |Department of Physical Therapy, Tacgu Health College. Taegu 702-260,
Korea)

Essential amino acids involving in the active site of the cytidine deaminase from Bacillus subtilis ED 213 were
determined by chemical muodification studies. The purified cytidine deaminase (tom Bacillus subiitis ED 213
required the reduced form of Fe(Iion. since the enzyme was inhibited 43% by 1 mM o-phenanihroline.
Whereas the enzyme activity was activated up to 28% by 1 mM ethylenediaminetetraacetic acid. The cytidine
deaminase activity was cornpletely inhibited by 1 mM N-bromosuccinimide, chloramine-T, and p-chloromer-
curibenzoic acid (p-CMB), respectively. The enzyme activity was inhibited 36% by 1 mM pyridoxal-5'-phos-
phale, and 31% by | mM 1-ethyl-3-(3-dimethylaminopropylcarbodiiamide and glycine methyl ester. The
enzyme aclivity was strongly inhibited 68% by 1 pM p-CMB and this inhibition of the enzyme activity with
1 UM p-CMB was completely reactivated by 5 mM cysteine as a reducing agent. We speculaled that tyrosine,
methionine, cysteine and/or serine residues are located in or near the active site of the cytidine deaminase from
Bacilus subtilis ED 213 and indirectly related to lysine and/or glycine.



