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Molecular Cloning and Nucleotide Sequence Analysis of pyrB Gene Encoding Aspartate Transcarbam-
ylase from Psychrophilic Sporosarcina psychrophilia. Sung, Hye-ri, Won G. An', and Sa-Youl Ghim*,
Department of Microbiology and 'Department of Biology, Kyungpook National University, Daegu 702-701,
Korea. — The Sporosarcina psychrophilia pyrB gene, which encodes aspartate transcarbamylase (ATCase),
was cloned on Sau3Al restriction endonuclease fragment inserted into pUC19 plasmid vector. S. psy-'
chrophilia pyrB gene was expressed in Escherichia coli pyrB mutant for the complementation test. The
sequence of 2,606 nucleotides including putative pyrB gene was determined. The region contained one
full open reading frame (ORF) and two partial ORFs. The deduced amino acid sequence of the second
ORF showed 59% identity with that of Bacillus caldolyticus ATCase. The first and third partial ORFs
were closely related to the uracil permease (pyrP) and dihydroorotase (pyrC), respectively. Besides,
potential terminator, antiterminator, and anti-antiterminator structures were found in the intergenic
region between pyrP and pyrB. These results suggested that S. psychrophilia pyrimidine nucleotide bio-
synthesis genes are clustered as well as other Bacillus sp. Over-expressed product of pyrB encoding
ATCase was purified and analyzed by the SDS-PAGE. The purified PyrB protein turned out to be
molecular mass of 27 kDa and showed ATCase activity.
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Aspartate transcarbamylase(ATCase; EC 2.1.3.2)+= pyrB
2} AHE°]™ pyrimidine nucleotide Ay 343l Fedd=
FAZA carbamyl phosphate®} L-aspartate ZF-E] N-
carbamyl aspartate®} inorganic phosphate®] AJA-2 o3}
= Faelu}h thAFlA allosteric enzyme®] A2 2 A]
ATCase®] T2} 7|50l di3t G717} 522 o] Flzx
41, = ¥ 1986l AT pyrB mutantE | 83}
Bacillus subtilis | A pyrB FAAE F23l] O F25
w17

21274 dFE o]z oy F52] Ml ATCase:= L T
ZA EXL ulekO R classA, classB, classCE WFRioH3).
ClassA ATCaseZ 7}A|3L 3= HEA Q] A2 Pseudomonas
sp.aldl, o172 regulatory site$} catalytic sites 55 ¥3F
g} 2702] trimer subunit®} TF+FA<Q oI qt B’PE 37Y 2
dimer subunitE 72 7} £ £42 48 Q) 23].
ClassB ATCase= Enterobacteria’} 2 7}*]3 9Je, 7}
2 A2 A o aFe] A% 2709 catalytic trimer subunit
2} 3702] regulatory dimer subunit® ZFAZ Slc}[14].
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ClassC ATCase:= Bacillus sp7} 2 7FX]2 gloem, sh}
2] catalytic trimer subunitE 7FX]3 ¢JoH17].
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off A4l s 3l ARle]l WA o]7lE therapeutic
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§-% uridinee] AH7F o2& A3 A1E = UH, ol 9
17+¢] pyrimidine WA A=2E ZA3led ARQA Al
188 & e dijke] 7hsslth olH EwolA B o
yrimidine ¥4 722 A FA9Q) ATCaseE QT8 A
= o)-$- F83hct

Sporosarcina psychrophilia’= 20013 °| A o= Bacillus
$oll 431= B. psychrophilusZFaL B8 =] hA|ql, o7&
001 del HelA, 7404 ATl 23 Sporosarcina 22
NE-F FATH15,27]. o] T2 AL TF2Z 4-25°C] &
£ F71el| M 2 2zl 0°Col M= o A s A 4 9l
qul, 30°Ceol el M= AbetA] Fgkeka drEe] QleH1].
12}, of A-2AdTo] Ak EAt Y2 koM ¥
I epel ¥ 2 xoME S FRIgs A
b dgl=d, 2L o] 7] pyruvate kinase?} T2 £
972 pyruvate kinase H]3le] o] Q1A A 0] T v] 1A
o BAEAS Holds Aol 26].

J#EE & A7l ME AT S, psychrophilia A
B FAAE F2Y st 971MLe AAs, o A
2y Akl ATCased] B8-S B9l #j6l7] B
skazp gk

Mz o Y

ABTF A HieY

AHE-FF 2 plasmids Table 10 FA) 3T} S psy-
*hrophiliaf15,19,27]= caso media(peptone from casein 15
3/L, peptone from soymeal 5 g/L, NaCl 5 g/L, pH 7.3)E 4
%] 23°ColA wjFElAet. S-S LB w212 AB uiA] (8]
A 0.2% glucose, 0.2% vitamin-free casamino acid, thiamine
‘1 ug/ml), tryptophan(40 pg/ml), hypoxanthin(20 pg/mi)<-
Fsle] AlLgslAY B2 Al ampicillin(100 pg/mije]
“} uracil(20 pg/mlye A7Fsted 37°CoAlA ufkatsitt.

Table 1. Used bacterial strains and plasmids.
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pyrB fNA 224 U golMd 24

S. psychrophila 258 44 DNAZ F2]sle] AL
A Sau3AlE Asisich. A7)99%F F okt =)= 2
2%l DNA "8 Z 1.6~4 kb =7]2] DNA ©HE-S DNA
Prep mate™(Bioncer, Korea)s AH-£38}ed 348131 o]
DNA ©+# 3 pg3 BamHIZ} calf intestinal alkaline pho-
sphataseS- *218F 1 pg?l pUC19& ligation*|Z}. Esche-
richia coli s$9909)] ligation mixtureE calcium chloride
UPH 912X (AR A171Z, ampicilling %7}3F AB H|
Zlol] Erbated 37°CellA] w8t et. Alebd-2 colony®
ampicilline] 371l LB wilell HE3F 5 16A17+2 vk
A}A Plsmid extraction kit(Bioneer, Korea)Z A insert
DNAZ} ligation H {3l plasmidE #2]3led A @71 d
< AR

ATCase &4 =X

Aspartate transcarbamylase®] A3 AL vhS- AME-
@l carbamyl aspartateS spectrophotometric system 2.2 466
nmell A ZA31= Bond et alf] B [5102 331t

33 & cell extractell 0.5M L-aspartate 100 ul, 1.0 M
Tris acetate(pH 8.2) 200 pis} 23}5-F+5 Yol F-3 &
900 pI2. BEEIL carbamyl phosphate(0.153 g/10 ml) 100 ul
£ o] 30°CelA 3083 ¥R F 5% perchloric acid
1 mlE A7¥ste] w35 AR 12 100 piE 23+
Z5F4 000 ulgd A o) 5% acetic acide) 3¢ 0.5% 2,3-
butadione monoxime 500 pl2} 40% sulfuric acidell ¢l
antipyrin(4 g/L) 1ml& ¥ 3L, yellow lamp3 o] 83} 60°C
ANA 2A|17E FF HAERES A7 F 466 nmell M L F%
=F FA3Ich s A3 Coomassie Protein Assay
Reagent Kit(Pierce, USAYS- AH4-3le] 595 nmol|A F4=
£ &A 3592, bovine serum albumin(Sigma, USA)<

27 Wi AbgslgieHe].

Strain/plasmid Relevant genotype Source

Strain

Sporosarcina pschrophilia DSM2274 pyrB* (wild type) DSM!

E. coli S$990 pyrB59, argH1, thi-1, hisGl, purF1, mtl-2, xyl-7, malAl, CGSC4517%
ara-13, lacY1 ot lacZ24, strA8 A9 or A14

E. coli BLL21 F~, ompT, hadSg (rB- mB-), gal (Ac1857, indl, Sam7, Takara
lacUV5-T7genel), dem (DE3)

Plasmid

pUC19 Apt

pSM1 2.1 kb insert with pyrB in pUC19 BamH1 site This work

pSM2 2.6 kb insert with pyrB in pUC19 BamH]1 site This work

pET14b Ap® Novagen

pSM3 879 bp insert with in pET14b Ndel site This work

'DSM, Deutsche Sammlung von Mikroorganismen und Zell Kulturen, Branschweigh, Germany.
2CGSC, E. coli Genetic Stock Center, Yale University, New Haven, Conn. USA.
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pET14b vector 2z

2293} pyrB ARl 2EE wolir] $lste] pyrBe]
F start codon®} stop codonoll Ndel AR A site(CATATG)
Z EoA forward(5-CATATGATGCAACATCTTGTT-3")2}
reverse primer(5'-CATATGTCAATTCCTCCC-3"E- 3HA] 3}
AL, S. psychrophilia®] pyrB FAAE EFIIL &
pUC19S- template® &< denaturation(94°C, 3%) A7 &,
denaturation(94°C, 303), annealing(52°C, 30:), elongation
(72°C, 30%) DA 353] BHE3}eq incubation(72°C, 15%)
e 27122 PCRE 4351+ 555 DNA &5 A
7193538 & geloll A 348t} pGEM-T Easy Vector
systems(Promega, USA)ol| F2d3}3L E. coli XLI-Bluedl|
A A3} g}, o] £2ldl plasmidE Ndel 22 #]2]s}e]
A71°3% F pyrB FAA DRt 35313, /]9 His-tags:
Z33)3 9leIA nickel affinityE o]-83te] S22 R
9] gl A L AHAZ 4= gl WA expression vectors]
pET14bE Ndel A 3rE A9} calf intestinal alkaline
phosphatase- M elgt F 7] 9353t gelollA 3|53}
pyrB FAAF TR} ligationAAA E. coli BL21el| 324
2313 ampicilling £33 LB wiX]ol] =233t

ATCase2| niriarsl 3 HK|

pET14bell S, psychrophilia®]l pyrB coding 3 A2t
ligationsled E. coll BL21¢l &2 28 #F=S ampicillin
< #7138 LB wiR]ol| AEsle] 37°Col| A 16417 A wiekgt
5 wliA el ZujeFd 5%E HEdhd 37°CellA vk
set. Cell7h of 2 10%] wj7bx] wiekst F 0.1 mM
IPTGS 93 25°CoA 4A]7F o] wiofsle] 6702} His-tags
T3 PyrB @AY e} S fxsisich

TAE 3|53t Al active sites W3R A
native AV 2w Al-S A A 517 98] A lysis buffer(50
mM NaH,PO4, 300 mM NaCl, 10 mM imidazole, pH
8.0)5 2ol dHsl TAF AT F, 1AL 10,000 goll
A 1587 AEEIsl, 2 AFelE AIEE 3k, Ni-NTA
agarose(Qiagen, Germany)S- ©]-4-3}91t}h. Ni-NTA agarose
100 plell ARS8 700 piE ¥ 2X]7} binding A7) F Glass
Econo-Column(Bio-rad, USA)S A}-83}e], wash buffer
B(50 mM NaH,PQy4, 300 mM NaCl, 30 mM imidazole,
pH 8.0)2 21 MUl wash buffer C(50 mM NaH,PO,,
300 mM NaCl, 40 mM imidazole, pH 8.0)2 '] © ¢}
W T} elution buffer(50 mM NaH,PO,, 300 mM NaCl,
250 mM imidazole, pH 8.0) 300 S €1 WAL 34
staet. e st PyB A #ql& ¢t SDS-
PAGEE =3 3}9l v}, Separating gel 10%, stacking gel->
5% SHFETL, A7)9E- 120 VO] 27Z10F 9087t AAlE}
9. Gel 0.1% Coomassie brilliant blue R250(BIO
BASIC INC, Canada)22 <143 v} methanol:acetic

acid:water(1:1:8) -84 2.2 ehsle] thijz] Wi=g Fels}
et
R EY

S. psychrophilia pyrB f8Xte] 224

S. psychrophilia pyrB F+3AE FRE7] $8te] S
psychrophilia®] Sau3Al libraryE pyrB mutant 5 E.
coli S69900l FAAZNA uracits ¥R @3, ampicillins
A7gE AB Wi Aol A Abobd-2- colonyE A® Eldet. 7}
colonyZ€] plasmidS £#2]3t § EcoR12.2. A3l S
W 2259 ME B =7]9] insert DNA(2.1 kb, 2.6 kb)
7} 249 HAe-& sk, 247HE pSMI 3 psM2efal
e Sk (Fig. 1). £218F pSM1Z} pSM27} ATCaseZ-
=R #)lsl7] 918ted ATCase assayE T3315. E.
coli s6990 757} pSM13} pSM2 plasmid 2} ¥3Hs}al
UE W ATCase TS Hepl i} (Table 2).

Cloned DNA theol ¢7|Mdd 24

E. coli s$990 7ol X ATCase 3HAlo] Eal®l pSMIz}
pSM2  plasmid®] 4% DNA T8-S oF ulgko g I7]A
98 ZAAZ A pSM27t pSMI R} 5S-endel] 481
nucleotideE- v ZFFHL AT HA} F-1-2 T3
(Fig. 2). ©] 9471 9% GenBankel|A] Blast search® 43}
A =/ie] ORF} ERlF =T, 93t 3] ORF
%= aspartate transcarbamylaseE- encodingdh= 879 bp =]
9] pyrB FAAGIS. 223 pyrB KA S-upstreamel] $)

Smal Hindlll EcoRlI

Sphl  Hindlll I EcloRl
/ - iSsH L (A R N L /7
pyrP pyrB pyrC

Sau3Al

Sau\?‘Al

pSM1
Sau3Al Sau3Al

pSM2

0.5Kb

Fig. 1. Restriction map of cloned pyrB gene region from S. psy-
chrophilia. Dark Boxes and stripe box represent putative ORF for
each gene. Asterisk region includes putative terminator, antitermi-
nator, and anti-antiterminator structures.

Table 2. Expression of ATCase activity in E. coli strains.

Specific activity

Strain/Plasmid .
(umole/mg-min)

S$990/pUC19 0
S$990/pSM1 2.91
S$990/pSM2 2.69

BL21/pSM3 (purfied) 43.25
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3 3l= 682 nucleotide ¥-$]3= uracil permeaseS- encoding AR UH-E 7IXAL gl Aoz FlF 4= 9ot
she pyrP A1ARS] UH-E, 1 3-downstreamel] $]X]8}= T3 pyrP AR pyrB £ Ale]ol] EAlsle 188
356 nucleotide -9+ dihydroorotaseg- encoding 3= pyrC  bp =7] %-2]2] intergenic regions ¥43315& o) #A)H¢)

pyrP
GATCTTAGATTTTACAABAGTTATGGAAGCARAGTGGTTTGAGTTTCCGCARATGCTTATTCCAGGTGTGGATTATGATTTCGTCATTACACCTACACTC 100

I L b F T KV M EAIZ XKW F ETF P QML I PGV DYDFV I TPTL
CTCTTTCTTATGGTGCCAATAGCAATTGTCACAATATCGGAGCATATCGGCCATCARCT TGTCCTTGGACGAATCGTTGGAAGAGATTACATAARAAATC 200
L FLMUVPIATIVvTISEHHTIGHU®QTLUVILGRTIUVGEGRDYTI KN
CAGGATTGAACCGCTCATTACTAGGTGATGGACTTGGAACACTCATAAGTGGTCTTGTAGGAGGTCCACCTARAACGACATACGGTGARAATATCGGTGT 300
P G L NRSLLGDGLGTU LI S GGLV GG PP KTTY G EUNTIGV

TCTTGCGCTTACTCGAGTTTACAGTGTCTATGTCATTTTAGGAGCTGCTGTTTTCGCCATAGCCTTCTCCTTCTTAGGAAARGTGATGGCATTGATTGCG 400
L A L T RV Y 858 V YV I L GAAV FAIATFSFILGEXK UV MATLTIR-A
Sphl
ACGATTCCGACGGCAGTGCTCGGCGGGGTTTCAATTCTCTTGTTCGGAATTATTGCT TCATCTGGCTTGCGCATGCTCGTGGATCACAARATTGATTTTG 500
T I P TAVL GGV SILL FGI I AS SGLRMIULUVDUHIEKTIODTF
GCAGCCAGCGTAATCTTGTCATCGCCTCAGTCATTCTAGTCAT TGGAATCGGGGGGGCGAGCATCGAATTTAGTGATACTTTCCARATTGAAGGAATGGC 600
6 $ Q R NLVIASUVIL VI GI G GASTIETF S DT F QI EGMA
----- Anti-
CCTAGCGGCAATTATCGGTGTGATACTCAACTTGGTCCTGCCGGGGAGARCARATGAAAGT CTAGT TGACGAARAAGAATAGARAACCTTTTAACACTGT 700
Stop
LAAIIGVILNLVLPGRTNESLVDEKECodon
. L memmm e mmcemm— oo Anti iNAtOr f---—=mmoommmmmm o —eme
antiterminator (——- > ntiterminator < —--}Terminator
TCCGAGAGTCAGGGAAARGGTTCGTTTGACACCCATTCTGCACAATAAGTGTAGGGTTTGGATTGTCATACCTARCGAGCCTTTCCGTTTATCGGGAAGGC 800
pyr8
- Hindil
TCGTTTTTCAATATGTCTAGCCTTCAGCACCCAGGCCATTAAGCTTTTCAATAARAGGAGGACAAACCAGATGCAACATCTTGTTTCGATGRRACACCTG 900

RBS
M Q H L V S M K H L

ACTGAAGAAGAAATTATGGCAATCCTTGATCGTGCTGATACATTCAAAAAACGTGGAGTCCGAGAATTGcggx("fGIGAAATATAGTGTCAGTAACTTATTTT 1000
T E E E I M A I L DRADTVF K KRGV REULU®PGIEKY SV S DN LTF
TTGAACCGAGTACACGAACGAAAATGAGT TTTGAAATGGCACAACGGARACTCGGACTGGATGTGTTGCCATTCGARTCCAGCTTCTCTAGTACATTARA 1100
F E P S TRTXM S FEMAQRIEKTLSG?L PV LPFESSF S s T L K
AGGAGAARCGCTTTATGACACAGTCARAACGCTCGAAGCAATAGGTGTCGATGCACTTGTTATCCGTCATCCCGAAGATGGT TACTATGAGCAGTTGATT 1200
G E TV Y DTV KTULEA ATIGVDALUVTIRUHZPEDSGYYESGQTLTI

GGTAGAARCGTCAGTTTCTATCATTAATGGAGGAGACGGTTCAGGTCAGCATCCGACTCAATCACTGCTGGATTTATTCACAATTARAGAAGAGTTTGGTT 1300
G R T $ V S ¥ I NG GD G S 66 QH PTOQSULLDILF T I KETETFG

Hindlll
CATTTCARGGATTGAACGTACTGATTACAGGGGATATCACACATAGCCGAGTTGCACGGTCCAATGCCGATGCTCTGACGAAGCTTGGCGCAAACGTGAC 1400

$§ F Q¢ LNV L ITGD I THS RV 2R SNADATLTIEKILGH SZANUVT

ATTCCTTTGCCCGGCTGAATGGGCAGGCéZXEEéAACAGTGTGGATTCGTGGGATGAAGTGATTAAAAACAGTGATGTGGTTATGCTGCTACGGGTTCAA 1500
F L CPAEUWAGETFUSNSVDSWDEV VYVTITZ KTENSTDVVMILLRUVQ
CATGARAGACACGAGGCAGAAATARACTTTGCTGGTGAARGTTATCATGARAGATACGGCC TGACAGAAGCCCGCGAGCAGCTAATGAAAGAAAATGCAR 1600
HERHEA BAETINTFAGEST ST YUHETRTYSGLTEA AT RTETI QTLMEKTEN A
TCATCATGCATCCCGGACCATTTAACCGAGGTGTGGAAATAGCAGATACCTTAATCGAATGTCCGAARTCACGGATTTTCAAACARATGGAAAATGGTGT 1700
I I M B PGP FNRGVETATDTTZILIETSCT PTZ KT ST RTITFTE KT OMETNGYV
PyrC
ATACRTACGGATGGCCGTATTAGAAGCAGTATTGAARGGGAGGAATTGACATGCAGAAACTTATTCARGGGGTTCAGATGC TARACGGTGACGGGGARCT 1800
Y I R M AV L E A V L K G R N igggnm Q KL I Q GV Q@MULUK GO DGEL
TGTCACAGCAGATGTARAAGTAACGGGTGATAARATTACGGAAATCGGTAAGCAGT TACCAGTAGAACACGCTGRAGTARTCGACGECARAGGACTTTTA 1900
vV T A DV KV T 66D K I T E I G K QL P V E K AUEUV I DG K G L L
CTAGCACCCGGCTTCATAGATGTCCACGTGCATCTTCGTGAACCGGGCGEAGAGCATAAAGAGACAATCGARAGCGGAACATTGGCAGCAGCARAAGGCG 2000
L APGTFTIDV HY HLRETPG GG GETUHTZ KTETTITEST ST GTTLA AR M- METEKG
GTTACACAACTATCTGTGCAATGCCARATACACGGCCTGTACCGGATACARAAGAARATCTGACATTTGTCARTGACTTAATCGCACAGAAGTCCTTAAT 2100
G YTTICAMEPNTRTPUVPDTI KTENTLTTFUVDNT D DTLTIASO OQTE KT STLTI
CCGTGTCCTTCCATACGCATCTATTACAATTCGGGAAGCCGGTAAAGARCGGACGAATCTCGCAGARC TARRAGAACACGGAGCTTTCGCATTTACGGAT 2200
R v L P Y A S I T I REA G K EUR TN L AU EL KEH G A F A F T D
GATGGTGTTGGTATACAACAGGCTGGAATGATGTACGAAGCGATGCAGGARGCAGCTAAAATCGGTATGCCGATTGTTGCACACTGTGAAGATAATACGC 2300
PGV GIQOQAGMMMYTZER AMZMGO OEH AARATKTIT GMEPTIVAHKTCTETDNT
TTATCTACGGTGGTGCTATGCATGAAGGCARACGTAATARGGAACTGEGACTTCCAGL AR ICCTTCTATAGCAGRATCGGTCCATATCGCTCGGGATAT 2400
L I Y GG GAMEHEETGTZ KRNI KTETZLTGTLTPGTITPSTIATEST SV VHTIA AT RTDI
TTTATTAGCTGAAGCGGCAGGCGCTCATTATCATGT TTGCCACGTCAGCACGAAAGAGTCGRTTCGAGTARTCCGTGACGCGAAGARAGCGGGGGTCCAT 2500
L LAEA AAGH AEHETYUHV CHVYV S TZ KTES SV VU RVYTIRTIDATEKTEKHEATGV VY §
GTGACTGCTGAAGTAAGTCCGCATCATCTTCTACTGTCGGAAGATCATATTCCAGGCGATGATGCCGATTGGARAATGAATCCGCCACTTCGCGGAACAG 2600
vV TAEV S PRUHETLILTLSTSET DTDTITPGT DTIDA ATD®WKMSNTPTPTILI RGT
AAGATC 2606
E D

Fig. 2. Nucleotide sequence of the S. psychrophilia pyrB gene region. Below the nucleotide sequence the deduced amino acid sequence is
given in the one-letter code. Start and stop codons of the coding regions as well as putative ribosomal binding site are underlned. Broken
arrows above the non-coding sequences between pyrP and pyrB indicate regions of dyad symmetries which might form terminator, antiter-
minator. and anti-antiterminator structures.
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terminator, antiterminator, anti-antiterminator +&2 7}l
UE AL FA 4 QlgiokFig. 2). o12F AR Ko} S
psychrophilia®] pyrimidine A A 7 2ol Todsl= AR}
= o}& Bacillus sp.8} Zo| clusterS A8t vt &
9= 91912, attenuation mechanismol] 2]&}e pyr cluster®]
o] 2AEE Zlo2 & 5 QUTH10-12,21].

PyrB TP S ofu] Al oA vl £4 S 9 S
psychrophilia PyrB TP E-L- Bacillus 4-2] PyrB A5
3} -2 identityZ BT WU (Fig. 3).

B. caldolyticus &+ 59% identity$} 69% similarity S ¥ %
I, B. subtilis®} 56% identity$} 73% similarityS ¥.¢] 37,

B. halodurans $+ 56% identity$} 71% similaritys H.of F
ok, 22 A S, psychrophilia PyrB A2 Bacillus 42)
PyrB khi§ A3} ZEe- claasBel| 4= A& A

Y E pyrB REXIL SAEM

pSM13}+ pSM2 ZH2}e] plasmids FE3H8F= E. coli S$990
FFo)M ATCase B4 ZAH L uracild HolF2| ¢
ampicilling- 3715t AB AAuiR]ol] pSMI134 pSM2 7} =2
& E coli S§9905 ¥}l 436 nme| A ODZke] ¢
0.8¢] FL o FAE o}, 0.9% NaClZ H-& F, 100
mM Tris-Cl(pH 7.8)-2 mM EDTAZ st F 3} 3}e]

B.Caldolyticus = =  ————=====w- MTHLFALSELPLDEIHRLLDEAERFRSGRIWRPAAPMYVANLFFEPSTR
B.Subtilis = = @ emmm—mee——o MKHLTTMSELSTEEIKDLLQTAQELKSGKTDNQLTGKFAANLFFEPSTR
B.halodurans MAVPFLQDHDTKHDLLTMSHLSLEEIEHILHDAQQFENGALWS PEEKLFVANLFFEPSTR
S.psychrophilia @ = --==-=----= MOHLVSMKHLTEEEIMAILDRADTFKKRGVRELPGKYSVSNLFFEPSTR
T TE L ET T LKk kA EE N
B.Caldolyticus TKCSFEMAERKLGLHVIPFDPERSSVQKGETLYDTVRTLEAIGVDAVVIRHHEDAYFEAL
B.Subtilis TRFSFEVAEKKLGMNVLNLDGTSTSVQKGETLYDTIRTLESIGVDVCVIRHSEDEYYEEL
B.halodurans TRVSFEVAEQRLGLHVVNVDGERSSVQKGETLYDTAKTLESIGVNALVIRHRODRYFEEL
S.psychrophilia TKMSFEMAQRKLGLDVLPFESSFSSTLKGETLYDTVKTLEAIGVDALVIRHPEDGYYEQL
* 3 ***:*:::**:_*: Ll :*' * ok kk Xk *kk :***:***:' * k k ok :* *:* *
B.Caldolyticus RHAVGIPIINAGDGCGHHPTQSLLDLLTIRQEFGAFTGLTVAIIGDIRHSRVARSNAEVL
B.Subtilis VSQVNIPILNAGDGCGQHPTQSLLDLMTIYEEFNTFKGLTVSIHGDIKHSRVARSNAEVL
B.halodurans KDRINIPIINAGDGCGHHPTQSLLDLWTIQQEFGRFSNLITVISGDLRHSRVARSNAETL
S.psychrophilia IGRTSVSIINGGDGSGQHPTQSLLDLFTIKEEFGSFQGLNVLITGDITHSRVARSNADAL
LKk RAK KokRRkhAARE KK kR Kk K K¥: RkkkakEAk. *
B.Caldolyticus TRLGANVLFSGPEEWKDETNPYGTYVEVDEATIARADVVMLLRIQHERHAETMGLTKEEYH
B.Subtilis TRLGARVLFSGPSEWQDEENTFGTYVSMDEAVESSDVVMLLRIQNERHQS ~--AVSQEGYL
B.halodurans TRLGARVYISGPREWMEGYEGVYPYVTMDEAVELADVIMLLRVQHERHDGTVSFTQASYH
S.psychrophilia TKLGANVTFLCPAEWAGEFNSVD---SWDEVIKNSDVVMLLRVQHERHEAEINFAGESYH
KiEEkE k. x k% . Kk s sk Rk kkax kAR L *
B.Caldolyticus ARYGLTLERARRMKSGAIILHPAPVNRGVEIASELVEAKASRI FKOQMENGVYVRMAVLKR
B.Subtilis NKYGLTVERAERMKRHAI IMHPAPVNRGVEIDDSLVESEKSRI FKOMKNGVFIRMAVIQC
B.haiodurans EQFGLTVKREARMKPKSIVMHPAPVNRNVEIASELVECPRSRIFKOMKNGVAIRMAVLKR
S.psychrophilia ERYGLTEAREQLMKENAI IMHPGPFNRGVEIADTLIECPKSRIFKQMENGVYIRMAVLEA
LokEx ow R L L T R T TR T I T L I O
B.Caldolyticus AMEGRMEHGRMAEKWHVVQ
B.Subtilis ALQTNVKRG---EAAYVISH
B.halodurans ALTDE~~====~mm=e—— e
S.psychrophilia VLKGRN-~=—=-—=emmm o

Fig. 3. Multiple alignment of deduced amino acid sequences of S. psychrophilia ATCase with sequences of ATCase from B. caldolyt-
icus(12], B. subtilis [17], and B. halodurans [25]. Asterisks indicate identical amino acids and dots indicate similar amino acids. Two dots
has high similarity more than one dots.
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ko] o 22l A ATCase®) 824 o] viehbx] kA,
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& Jepith(Table 2). S0990 F3o 2.1 kbsh 2.6 kb =27)
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ATCase 404 Aol 7] viehdx] asle).

S. psychrophilia®] ATCase EAFA]-L SUst UYL 3}
A ST B clausii®] ATCaselvh 49 AE 22
A2 Jelhfsivh(data not shown).

S. psychrophilia ATCase2| &%

2ol W& S, psychrophilia ATCase A AL Yo}
®W7) $18}ed E. coli BL2I/pET14b systemS o]4-3}ed o}
83t PyrB ©HY2-S native AR AGAISE ¥, AAE =
M 10 wel] FU3F 2] L-aspartate?} carbamylphosphate
£ W3l 10, 20, 30, 40, 50, 60°C Z}7}e] Lol A 308
T WHEAI7IE 2R ATCase 8435 43190 S
nsychrophilia® #* L5 B¢ 20°CHME A2
LrERAA|RE, 227F F7hee) vl @Xfo] A3} Flelelr)
40°ColA oS G, 2 F EAaEPdo] A 7t
sl o, 60°ClM = HhEA 2] Auk o] AhE Hehigl
cHFig. 4).

olgigt Az=2 Hol ALA Mgl S psychrophilia
ATCasel= 250f QFH oI} & 4 oo}, vls=st o& =4
oM AW&8R= B. psychrosaccharolyticus®] alanine racemease
9] 7% pyridoxal 5'-phosphate(PLPY7} 9J-& o oA %
74l st A4E S ehiche ¥ vt 9lsle20].

ATCase| ZCHdsd % &
E. coli BL213} pET14b expression vectors o] $-3}o]
Ndel A A siteZ- 7VA S psychrophilia pyrB F32}2)

8

Relative activity (%)

o 8 &8 8 8

10 20 30 40 50 &0
Temperature (C )
Fig. 4. Effect of temperature on ATCase activity of purified S.

psychrophitia ATCase. The ATCase activity was determined with
standard ATCase assay at various temperatures.
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coding regiontt E2d3te] pSM3eletal B djich 1
insert DNA9] 47\ M9& AAZ B} S psychrophilia)
pyrBIE el 3R

283 2 88 AREQ PyrB @S Eqlslr] ¢k
pSM3%E- 713l E. coli BL21% 0.1 mM IPTGZ pyrB %
22 Hepidsl A7) § shfsled SDS-PAGER. 1 Sopirsd
AEE sk, active site?} WA 9A AASl= native
Z715} spepidad sl AR inclusion bodyS urea® 5
olu] PMzlE- inactived}Al AASH= denatured 27 2F
oAl PyiB TS AA|s) Btk

WE2FLE E coli BL21# E. coli BL219} pET14b%7t
HAAg A7l Ax Fd 2710 PTGR Apda s 2
&3 glafsled SDS-PAGECA 37 H7[9d5-& 33l
PyrB thifizle] Wby of el =715 wlws] BSkoh(Fig. 5).
Native 2717} denatured 27 02 AHAZ A TFoN )52
gt 27)9] pepiEst PyB @4 bandS A3 4 dglHh
z2EeZ A £ coli BL21#} E coli BL219Y pET14b%}
FAAY A% 2R 2 279) IPTGE FopLal S &
= 3h A, HepdaiE A bandy veRR) gt

S. psychrophilia® 57 PyrB T2 o} 27 kDa A%
7)oM) band7} vieRsitt. o] AL o)X 02 o A3ld 29
kDa =719} FARKAT. T2l of 7l dedl S Bacillus
sp®] PyrB shizlste fael @7]9dc18). AAE PyB @
Y- eo] ATCase A& 7FA A #alslr] $lsiA
native 27122 A8 Tl A2 ATCase assayZ =383}
oh. 2 A3 Table 2] BAIGE el 7o) vl 2
ATCase A5 Ref F9lc}

1 2 3 4 5 6 7

(kDa)

150 =

100 — o
75 e g

50 —

35 —

25 —— i

Fig. 5. Purification of the aspartate transcarbamylase expressed
in S. psychrophilia. Lane 1, protein molecular weight standard;
lane 2, supernatant of sonicated E. coli BL21; lane 3, supernatant
of sonicated E. coli BL21/pET14b; lane 4, denatured supernatant
of sonicated E. coli BL21/pSM3; lane 5, native supernatant of son-
icated E£. coli BL21/pSM3 : lane 6, purified ATCase as denatured
method; lane 7, purfied ATCase as native method (all samples
were treated in heat before SDS-PAGE).
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