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Abstract

This study was carried out to investigate the effects of nucleic acid related compounds and metal
ions on activities of cytidine deaminase from Bacillus subtilis ED 213. The purified cytidine deaminase
was weakly inhibited by 1ImM GMP, IMP and ATP, but not affected by other nucleic acid related
compounds such as CMP and UDP. The apparent Km values for cytidine, deoxycytldme b- methylcy—
tldme ﬂuorodeoxycytldme and 5-bromocytidine were calculated to be 6.6 X 10" ‘M, 6.0x10™M, 0.9x
10 M 0.8%10" M and 2.0x10" M respectively. The cytidine deammase was completely inhibited by
1ImM HgZJr and mildly inhibited over 40% by metal ions such as Na* and Fe’* . However the enzyme activity
was activated more than 40% by 1lmM Mg**
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AN OB 2 golv] 33} uridine® deoxyuridine 22 A%
A 71 87 A 8l bRl Zae]H(2), B-Eeot v

Purine ¥ pyrimidine nucleotidet= #4+e] 4 A A& da EExEe] gir}
o ® oozt A dALE 8 i Eo3la o8 u] Y& 714 cytidine deaminase(CDDase)+= Escher-
ZRo 2F 40 A ALEE FHd Z2 8 EuE & ichia coli*l| A &2 2 WA (3), E coli(4-6),
A A7) 5 kgt A 715 8ol Bpaql B4 Salmonella tvphimurium(7,.8), M E%(9) 50 7 3LE
olt}. BE AAEH 49 5484 Aol RuEglew,
dubd o 2 o] A& A Z el A purine ¥ pyrimidine Vita 5-(10)0& E coli2 8] A7]dE vt 84 s
47152 nucleoside® £ 3}%] ¢, nucleotide 3] € 2 AAsIY) E. coliv A o3}l o8 A= 2213
2 Z838L2.2(1), nucleotidet= HAF Ha] fAFA of| A 256,000 Da°] =, SDS*polyacrylamide disc 1719 %
= 2983 27} YA4Eo] ) £3] nucleoside?] cyt- o] &3led FHAHJF FAEe T FUd subunit®
idine2- pyrimidine nucleotide?] 3]} salvage 4 T35 33,000 Da«] A gulAolgty RaE ek 1
Aol F8& 7k AbEo|th A M = e A EePd o2 243 E coli BY
Cytidine deaminase(cytidine/deoxycytidine amino- CDDased] A7 A& 4459 2w EA}ek-2 73,000 Da

hydrolase, EC 3. 5. 4. 5)+ cytidine®} deoxycytidine o]l th(11).
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719 9] cytidine deaminase?] & A4 2 AA
A 2ol vl zte] b Eoll M FAAF] F7}ghehe AP o)
2 =9l 21 (12), cytosine-B-D-arabinofuranoside
(Ara-C)& Atghe] Aol T4 & A9 719 cytidine
deaminase &4 o] WA 3] A 3}¥ B2 FGA A A}
45 7] % §}(13,14). ¥]-$-7] 5-iodo-2-deoxycytidine
(15)7} 2-fluoro-5-iodo~1-B-D—arabinofuranosylcy-
tosine(FIAC)(16)9l 2] sl 4] = deoxycytidine deaminase
o] &AL AstEoty B uH gt 28 2 5-azacyti-
dine2 FFFA 24 wldw o] X Fo o] &= &
™, 3-deazauridine®]v} thymidineg 5-azacytidines}
GA T3ty 8484 L A R3] A8 A A 5-azacyt-
idine®] WYX F A7} ZohFcH(17).

99} 2 AT Aste] whel #Ze nucleosideth
nucleotide®] §% A7} 3} kA 241 2] A7} =385
HA A SholM e g8 ] Alabslgd) E
coli®) cytidine deaminaset 2% &AW 2 AR
wHol A4k E4o] ghsl A glov}, £E 7|4 cytidine
deaminase®} B, subtilis A42] %2 A EA 7 4A| =
N FEaZAe] T HonHg B A7 Bl
B. subtilis7} AAbste fae FH27A A Aol
B35 Ao] glgl o}, Park 5(18)9) 2]8le] B. subtilis
ED 2132 % A7) Aoz el §4tuia g
AA A} dubd 2 2 Bacillus sp.e 92 &2 A7
3 o A BAe] W then ofy 7R slEs
249} FAEAL PAsle, ZFoAle HYAH S
e 2k Ql Aol = v YA o]l m 2 K437 Aot
Bacillus sp& B2 £5/9] 7|H A 2 453 wat
ol e}l 24 £ 57} walA ekt BA T o2 AF
X} 948 Gram A3 Aot} B3, Bacillus subtilis
+ 7383 A 29 proteaseE A4kt R R O T L EAIE
A A FA 5o A2E FEATolt) g9 2
E43% 2+ Bacillus subtilis ED 213 5% A3 @5
2 ALg-sle] Algdw 2] A A cytidine deaminase?] &
A Aol vA = it FA ) FEole JS
HAEsS ZAAE dgrld waslaxt g}

_1m

ME o

Alot

Aol 2183 54 7122 Sigma Co.(USA)AE2)
cytidine(cytosine B-D-riboside, free base)S AF-4-3)
o], &4 A A}+-43 DEAE-cellulose, Sephadex
G-100, DEAE-Sephadex A-503%} Phenyl-Sepharose
CL-4B2 Sigma Co.(USA)AI &S T4 AM&slsich

R ERELE

AR - S EF

Cytidine §-AFA ¢l 5-iodocytidine, 2-thiocytidine, 5-
aza-2'—deoxycytidine®} 2'-fluorodeoxycytidine2- Si-
gma Co.(USA)AFE A3 en, 9] AlekEL A
7 EFEFSE s AHEsisdh

e EE

AT F

AP AR FFEe AR gy 2 S3t
vl B2 AFAZYE B subtilis ED 213 458 ¥
whol Al-g-gjc}

B. subtilis ED 213(19)2 B. subtilis ED 40& 5
A EZ plasmid pSO100°2-2 F A3 A7 524
w) Z] Yol cytidineo] v} uracil& 3 7} 3] ofut -3 4~
Ut B. subtilis ED 402 AMEF 459 &5 AE=
pyrimidine nucleotide®] de novo 4343 HAAS) pyr-
2 gene} salvage A cdd-1 gene, 18] 1 fys
gene?] A& o] Fo]r}(19).

8} plasmid pSO100-> B. subtilis cdd genes E§
8= pS0219] Puvl/EcoR1 fragmentE A wtdte] Ba-
cillus—E. coli shuttle vectoral PGB215-110 4B Puvl/
EcoRl1 siteel] 238 9F 95kbe] plasmide]th(19).

HHX| =M

B Aol AR FF0) B8-S ¢t LBHR (1%
peptone, 0.5% yeast extract, 0.5% NaCl)ell 20ug/ml
kanamycinS #7}8} 32 Spizizen minimal medium
(SMM)(1.4% KoHPQy, 0.6%6 KH2PO4, 0.2%(NH4)2S04,
0.19 Na-citrate, 0.02% MgSQ; - 7H20, 0.00002% Mn-
SOs - 4H20, 05% EX 5, pH 6.8)2 FH 2n| 2| 24 F
2] HED Fufofell A3 o0, -S| 24 & SMM
#R 2] o] 50ug/ml lysine, 2% casamino acid¢} 20ug/ml
cytidine, 20ug/ml kanamycin-g & 7} 8o A}-&-3bgdc}
Z 2 A vl &l += 0.8% nutrient broth, 0.025% MgSOy

+ TH20, 0.1% KCl, 0.1m1 0.5M Ca(NQO3)z, 0.01m] 0.1M
MnClp, 0.1ml 1ImM FeSQOs, 1.7% agar, pH 7.0l 2ug/
mi cytidine, 20ug/ml kanamycing # 7}3)ed AL-4-319)
a1, A= 1.5% A& AHrlsted A-8-sidk

L-%13 A3l gtellA} LBalA] 10mlell 30°C, 15~184]
7F wloFgt = v okl & 2% Al 100mle] SMM & 4n)
Aol & 3}":’ 242 7} Z1edknekgl & 9 000rpm(Kon-
tron, A8.24 rotor) 2.2, 1087t A B2 2 wa Al S
A3},

AT A A AdeR 23 A& F 5mM
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mercaptoethanol g -3k 50mM 14+ £33 (pH 7.0)
o FAE A A 10°Co] 3}l A zgJ]r s} 71(Lab-
line Co., model No. 9100, USA)E AM-4-3e] 120 Hz=2
H A Z ek A E 32 A) 72 A F o) whe) 24§
Rem, dulgstel A AlF AxY Fefrt JehtA] o
+ W7 s Ao} = FAE 9,000rpm 2 10
7t AR El A5 A 2EAY 22 ALS-E

E409 HMA|

Ao A3} cytidine deaminase®] A4
Park 5-(18)%] whwiel whet APt &, 2 ELNE
ammonium sulfate 33 (40~75%), DEAE-cellulose
column chromatography, Sephadex G-100 column chr-

o dlo

omatography, DEAE-Sephadex A-50 column chro-
matography £} Phenyl-Sepharose CL-4B column chro-
matography ol 2J3}e] A A3te] AHE-EFH T F, o] WM
of o]ste] 2E A YO ZHE 10% +& 2 87u) A A =
o] &t EawhA 2 A A cytidine deaminase$ -
o, Aot Aol wlaiAd P AAgch

Cytidine deaminase2 &4 &3

Cytidine deaminase®] #A)-2 Hammer-Jespersen
50)e] W ol F3ted ZA st A7 A
100u1el 0.2M MgCl7t &9 50mM Tris-HCl $b%
H(pH 7.0) 250ul-s EF3ste] 37°CollA 27t A A =3
ot A" &40 717 Q) 50mM cytidines 10
ul b:lo} 2 4 u_l 65 7}7:] o g B]-_Q‘/qar;}_

A4 929 100ulE 3l 05N perchloric acid
900u1ell &3tsle] 98-S =] A1) o}, UV-spectro-
photometer(Shimadzu Co., UV 120-02) 2. 290nmel| A
o FAEE Sl ALttt A4 84 P9l =
37°CoAl A 187} Inmole?) cytidined uridine 22 %1%+
AlAed 283 A4S 1 unitE 3ok

Moz

Spizizen minimal medium(SMM) #14] 100ml& L-
238 A1 ol A 30°Cell 4] 15~18A12F vRoFgt B, sub-
tilis ED 2132] Zuj okl 2% 100ml & 3=ul 2| o) A &
slod 30°Cell A A&t wjjekslds AR v}l S
A # 3t 660nmelA FH=E ZA i

zn 9 13

cytidine analogue2| &3t

2 g4of ojxle
CD cytidine f-AFA1 €] A 3l

&
X CDDase @Al vlxl&=

35 A E57] #5ed ImM9 cytidine-d 7] A 2
cytidine f-AH4 & 1mM=] Al A 7bsbed F 4 Wk-5-& *]
A &4 FHE A9k

Table 1¢f| v}elt vie} 2Fo] | cytidine FAFA <l cy -
tosine-B—D~arabinofuranoside, thiocytidine¥ azad-
eoxycytidine 2 &4~ FAJ ol o} 73 435 v]A| X
9kgron}, iodocytidines 111%9 E4%AS 314
Het.

Salmonella typhimurium®] CDDase+ iodocytidine
3} bromocytidineol] 2]3ted A4 FAdo] A& =g ow
(21) E. coli CDDase+= thiocytidine™ azadeoxycyti—
dineol] 23t A4 A o] A= A vH(22), ¥ F4e]
A2 thiocytidine®} azadeoxycytidined] £]s}¢3 o}
53 Ak v AR dgh& ¥ okt S typhimurium
o} &4 A S A8l s iodocytidinedl] #}5te] £ &
2 &A1& 238 2 AA B subtilis ED 213¢] CDD-
ase®] B8 EAJo] o} E A& CDDased| 54
3} ohe S4e ugsh

=
2 CDDase?] &4l of vl &= 4 #3 &
25ted ImM cytidined 714 2

3 8
5 A5 a4t
#8 A4S 72 ImME A Hrlste] 24 84 & 54
skglzl.

Table 2¢ vebd kel 7re] 1mM GMP, ATP%
IMP3= CDDase& 43 € 35%, 20%2} 13% # &) 8}4] 2.
1 olele] WA Bl BAe Fa BAo] o} Fdl o3
< vl x 7} ghgke). B3], 84 A9 Avl A5 GMP
o} IMPol] 23] £ CDDase &42 A sllsd, E CD-
Dase 843-<¢ A&sle IMPE 55389 AMPEYR
E] AMP deaminase?] &2 A= =2 AMP¢} IMP
29 A A4 #a BA o)), v $-0] pyrimidine

Table 1. Effects of cytidine analogues on the cytidine
deaminase activity

Cytidine analogue(1mM) Relative activity (%)

Ara-C" 101
Todocytidine 111
Thiocytidine 97
Azadeoxycytidine 93
Fluorodeoxycytidine 91
None 100

The cytidine deaminase activity was assayed by standard
reaction conditions in the presence of cytidine analogues
at indicated concentrations and the results were expre—
ssed as relative activity to that of none.

YAra-C, cytosine-B-D-arabinofuranoside.
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Table 2. Effects of nucleic acid related compounds on
the cytidine deaminase activity

Purine Pyrimidine
Compounds Relative Compounds Relative
(ImM) activity (%) (ImM) activity (%)
ATP 80 UDpP 119
GMP 65 CMP 107
MP 87 UMP 121
Adenosine 104 Cytosine 90
Guanine 97 Uracil 121
Adenine 121 Thymine 124
None 100 None 100

The cytidine deaminase activity was assayed by standard
reaction conditions in the presence of nucleic acid related
compounds at indicated concentations and the results
were expressed as relative activity to that of none.

i

A A B BAL o] A Ao o} 73 o gS

L A Zulge] FA Al ¥ purined ¥
Fd EA o) 9ste] EA4 B o] AT AL 4
stebd] Solla] )¢ Frlle Axkgich

E. coli CDDase+x pyrimidine ribonucleosides &

o

purine ribonucleosides 2.t} pyrimidine deoxyribonu-
cleosidesell &] 3] ©] 7}slAl 2 a5 v (5), A =] CD-
Dase= CMPqll 9] 3] A &= 3, ATP, ADP, ITP, 1DP,
IMP, XMP, CTP, UDP, adenosine3} cytosine2 &
2 A4 ZAd o & of g2 vl X ekgkrh9). 1
2|2 & 714 Heke] 749 CDDaset dTTPS}
dUTPell 98] A3l|5]= whg, dCTPE 28] £4 &
A& E31A 31 eH23). # A F ol 4+ pyrimidine nuc-
leotideoll 2]3te] A &l & whA] %3, purine nucleotide
o 2]le] A& ol ¢l Aspele Aubdl AFE
et oo}

Ipata $(9)3} Wisdom3} Orsi(23)7} A9}3F CDD-
ase®] 4 A Y AL 4o 7Ae] At B
HE A7 o2 39 ol pyrimidine nucleotide”} 2 &
e E4 gl 3 Wale) o3 a4 FA o)
A}t allosteric =2 7127 B a4844 9 =4
71#te] AdXEE Ao FAH),

7| &oll cHst Km value

AP #F7} B4kshE cytidine deaminase: cytidine
#at ol )2} deoxycytidine, methylcytidine, fluorode-
oxycytidine® bromocytidine 2 7] 2 & o] 2-3Fc}(18).

o] A7} 714 ¢l & 21342 & Lineweaver2} Burk
2] uFH (24)ol &]3sted 7)Aol I E4LBAS plotd
A= Fig. 13 zerct

1/8 [mM]

Fig. 1. Determination of Km value for the cytidine de—
aminase by Lineweaver-Burk plot.
The plot is based on the rearrangement of the Mi-
chaelis-Menten equation into a linear form. Reaction
mixture of purified cytidine deaminase and varius con—
centrations of substrate were incubated at 37°C for
determination of the conversion of cytidine deaminase.
A deoxycytidine, @: cytidine, A: flurodeoxycytidine,
O: methyleytidine, X: bromocytidine.

Fig. 19l Vel nle} 2Fo] | cytidine, deoxycytidine,
fluorodeoxycytidine, 5-methylcytidine®™ 5-bromo-
cytidineel] thg A F2] F 49 Kmt-2 4766
10™M, 6.0X10™M, 0.8% 10°*M, 0.9% 10™*M=} 2.0x 107
Mol gith o} J.42] 7] A ol ot 213122 deoxycy-
tidine, cytidine, fluorodeoxycytidine, 5-methycytidine,
5-bromocytidine?] €2 & JelyF o o] A% o]
ol 23 Z3H(18)2] 714 Bold o] AolA 2 &4
=o dA34ie).

Vita 5(10)o)| 2]% E. coli B2] CDDase?] Kmar
cytidineell Hlated 1.8x107*M, deoxycytidineell =3}
o} 0.9 10™*M, 5-methylcytidinesl] 3] 125X 10™'M
o At} viwd of, B AHFQ B subtilis ED 213
CDDase?| cytidineoll &+ 3 3}22 E. coli B CDD-
ase®th FA 7 E coli B2 CDDase’} 7] A & o] 4%
%= ¢l fluorodeoxycytidine™} 5-bromocytidine & -
EA2EV|ARAM o] &ste] B ALEE coli BY 4

= 71A FolAdelA & B4E& vehsich

& gdof| njxls 50|29 HE

ot

=

A3 #F2] CDDased] £4 Al v A& F5o]
9] 43S &3 A= Table 33 3},

FA) 79 CDDased &4 42 0.1mM Hg?el 9
atod kA3 A& = vl 1mM Na'9} Fe?'ol| o] 3le] £
AL 40% o1 A& E et ImM] Mg*'s 2 &
& BAL 237 40% o4 A AT Mg¥ e 2 &
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Table 3. Effects of metal ions on the cytidine deaminase

activity
Relative activity(%)
Metal ion
0.1mM 1mM
Ca" 106 89
Mn"”" 96 83
Mg™* 107 142
Fe™ 89 42
Hg" 0 0
Na’ 89 57
K 92 34
None 100 100

The enzyme activity was assayed under standard reaction
conditions in the presence of metal ions at indicated con-
centrations.

A2 84S ZAAFNEE Mg™Y] sxd % 54 &
Ao W3lE AERcH

Fig. 2¢ll viebt ule} 7o), 10mM Mg? ¢ el 4]
Ho 24 EA& viepisith 28y £ CDDase| &
AL 30mM o]kl Mg”ell 2lste] A= .

S. typhimurium®] CDDase= Hg® o 2}3le #x
a+A o] A &)= (21), E. coli CDDase 94 Zn*, Fe*,
Cu”, Fe*', Hg” %ol 2]3te] Z4 B o) A a5 ](5)
F3% o] 29| W3 & CDDase?] 543 Attt 18]
1} E coli®] CDDase(5)= 238 Mg™ S ojsle] &
& BAo] HaEglo) B aa Mghel ol &
A gAo] 2ol Mgh e ¥ 540 H4 B4 2
FA 9l AR Al

A gMo| o|x]Es Hg? ol29| Xsl oAt

B. subtilis ED 40(25)3} E. coli(5,22,26)8] CDDase
= A x2] p-chloromercuribenzoic acid(p-CMB)<}

120

1004

Realtive activity(%)

0 10 20 30 40 50 60 70 80 90 100
Mg™ ' [mM]

Fig. 2. Effects of various Mgz* concentrations on the
cytidine deaminase activity.

HgCleoll &}sled a4 o] 7hatA A=, o] & &
48] #8434 ol = thiol-group e Z+ cysteineZt7] 7}
EAF P ofizt, Al A2-5 CDDasex 1M p-
CMBel| &ste] 28A3le G484 0] 5mM cysteine
< AN A Hrlslnzs 2SR Aagy ol
2713] &4 315 o] CDDase?] &4 #-9) ol cysteine
A7) 7} E2) 84 thiol-EA o] & =wolx ¥l Aok
(27). B. subtilis ED 2139] CDDase®4 o] Hg” oI} 2]}
o] o o33kg nkon A st Kighs 3t wAt
L1320

Table 3ol viehd wpel zro], Hg¥ol ojsiel &
CDDase7} 787 A gl e = Azt 23e Hg’ el 9%
2 CDDase @4 2] A&l F4-& FAE37] 93t cy-
tidine®] FE5 0.2mMell4] 1.0mM7h<| 24 3e] Hg™
9] H 25 M= A Frbste] 37°CoAA vheA17] 2
72 Lineweaver$t Burk(24)2] w2 2 plotdlsich.

Fig. 3041 K& nle} 2re], Ad 2] CDDaseell
g Hg”' 9] A3l g e &= Kmzhe W3kA 717 &3, cyt-
idinesl] W3 Vmax’} W38l 2 8 ¥ CDDasel Hg*'

-2 -1 0 1I é
1/S [ M1

Fig. 3. Inhibitory effects of Hg on the cytidine deami—
nase activity.
The enzyme activity was assayed in the presence
or absence of Hg”". Velocity(v) was expressed by
decrease of absorbance at 290 nm for 5 min at 37°C.
®: 1M Hg”', O: none.

1w

1 o (

-5 0.0 5 1 TO
Hg” [xM]

Fig. 4. Graphical determination of inhibition constant
of Hgb.
The enzyme activity was assayed under standard
reaction conditions in the various concentrations of
ng*. Velocity(v) was expressed in mM of uridine
formed for 5 min.
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of oale] vl AH o2 A& =it

Hg™ o) A sl A<=(Ki)2) 2t 7 E3517) $18he] Hg®
2l B EE 0.2uMoll A 1.0uM7HA| 24 8te] A4 uhe-g
A1 A Dixon¥} Webb2] #}4 (28)ell 9] &) plota}ed Kiz}
S Al4bgiTh Fig. 4ell vhebd uhe} o] Ho™ o digh
Kizt& 55%10"Me] %t}

[ of
e =

Bacillus subtilis ED 2132 lysine, casamino acid¢}
cytidine®} kanamycine-$ %718t Spizizen 3 4xuj#) ol
A 30°Cell A 24417k Aledulofate], A Fg FAE &
T A A A 2ELNE FAF, 2ELN 02 VE
cytidine deaminase-g A A st AR 549
AL HAbA zv) 9] ] 4#4] ImM GTP, IMPS}
ATPel] &f3}o] oF3} A A a5 =, cytidine, deoxycyti-
dine, 5-methycytidine, fluorodeoxycytidine®} 5-hro-
mocytidinee]l W& Kmzh-& 247t 6.6X10™M, 60%10™
M, 0.9%10™M, 0.8 X 10™M, 2.0 x 10°MZ Al 4= 2o},
of A49) T4 1mM Hg™'oll 2J31e] 2+713] A el =l
o1} Na's} Fe*'oll 9 s AL ekslA A=) 22
v ImM Mg” ol 9ja}ed o] 9] 842 oF 40% o] 4
A9 2 10mM Mg™ ol 9)3te] & 313k 54 &
A9 FA4E ehyr}

ro
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