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Bacterial Guanidinobutyrase: Variation of substrate specificity
by bound divalent metal ions
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Guanidinobutyrase purified from Arthrobacter sp. does not contain Mn**, but about 1.0 mol of Zn?* per mol of sub-
unit. The enzyme was completely inactivated by 1,10-phenanthroline. The inactivated enzyme was markedly reacti-
vated by incubation with Zn*" or Co?". The replacement of Zn?" by Co?' resulted in significant changes in Vmax
values without any change in the Km values for substrates, 4-guanidinobutyrate and D-arginine. The results suggest
that the main function of the metal ion is not in binding of substrate to the enzyme, but is in the hydrolysis of the
substrate. The reconstituted enzymes with Co®* (C02+-enzyme) showed a different substrate specificity from that
of Zn2+-enzyme. The predicted amino acid sequence of the enzyme consists of three regions of high homology to
Mn2+-dependent amidinohydrolases as agmatinase of Escherichia coli, and arginases of Bacillus subtilis and rat

liver.
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Table. 1 Effect of divalent metal ions on 1, 10-phenanthroline-treated enzyme

Relative Activity (%)

Metal Ion Conc. (mM) 1B D-Arg TArg
Before treatment 100 100 100
None 0 0 0
ZnCly 0.02 146 150 151
ZnClz 0.1 51 51 49
CoClz 0.1 64 320 490
MnClz 0.1 28 12 10
NiClz 0.1 13 83 163
FeS04 0.1 0 0 0
MgClz 0.1 0 0 0
CaClz 0.1 0 0 0
CuClz 0.1 0 0 0

The enzyme activities were measured after incubation of the 1,10-phenanthroline-treated enzyme
with the various metal ions at 37°C for 30min. GB: Guanidinobutyrate
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Table. 2 Effect of 1,10-phenanthroline-treatment and reconstitution of enzyme on metal content
and kinetic properties

Specific Activity Km Vmax
Metal Contents (U/mg) (mM) (1 mol/min/mg)

(atom/subunit)
4-GB D-Arg 4-GB D-Arg 4-GB D-Arg

Native Enzyme 0.82(Zn), <0001 (Co) 160 8.6 2.1 22 182 17.8
o-Phe-treated Enzyme 0.0062(Zn), <0.001 (Co) <0.1 <001 - - - -

Zn?-Enzyme 1.03(Zn), <0.001 (Co) 140 6.6 2.3 22 166 16.7
Co**-Enzyme 1.12(Co), 00041 (Zn) 76 18 17 18 72.8 78.1

GB : Guanidinobutyrate, o-Phe : 1,10-Phenanthroline
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Table. 3 Substrate specificities of the native enzyme and the reconstituted enzymes

Substrate Relative Activity (%)

(20mM) Native Enzyme Zn?*-Enzyme Co?*-Enzyme
D-Homoarginine 0.6 0.57 13
6-Guanidinocaproate 0.32 0.32 12
L-Homoarginine 0.26 0.21 0.50
D-Arginine 54 47 24
5-Guanidinovalerate 14 1.6 37
L-Arginine 0.92 0.92 14
4-Guanidinobutyrate 100 (160U/mg) 100 (140U/mg) 100 (76U/mg)
3-Guanidinopropionate 21 24 30
L-2-Amino-3-guanidinopropionate 0 : 0 0
Guanidinoacetate 0 0 0
L-Canavanine 0.57 0.59 52
Agmatine 0.70 0.83 74
Taurocyamine 0.48 048 45
Creatine 0 0 0
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Table. 4 Comparison of substrate specificities of various amidinchydrolases

Relative Activity (%)

Substrate Arthrobacter Breuvrh wum  Pseudomonas sp. Psudomonas. putida  Flavobacterium  Pseudomonas. sp
Zn**GBH Zn*>*GBH Mn**GBH Mn?*GBH Zn*GAH Mn*GAH
6-Guanidinocaproate 0.32 0 7 6 - -
L-Homoarginine 0.26 - 0 0 - -
5-Guanidinovalerate 14 15 5 11 - -
D-Arginine 54 29 0 0 - -
L-Arginine 0.92 0.62 0 0 0 0
4-Guanidinobutyrate 100 100 100 100 9 0
3-Guanidinopropionate 2.1 0.94 0 0 19 0
L-Canvanine 057 1.0 0 0 - -
Guanidinoacetate 0 0 0 0 100 100
Agmatine 0.70 0 - - 0 0

GBH : Guanidinobutyrase, GAH : Guanidinoacetate amidinohydrolase

ARTHRO-GBH ! MEERNIEANGNLGPIDSSRIPRYAGAATYARLP-RLDQAS-KAD' GVBSIRP---G 5P

STCORL~-AUH ~~—MN-ETPR~-GPVDSSRIPRYAGPATFARLP-RLDEVG-ARDVA P GVBIRP=~=~G
PSAERU~AUH =~ —=-=- ~~MNDHPQPLDAARIPRFAGI PTFMRLP-AFTDPAALQVGLI 4 RA~ =G
ESCOLI-AUH ~————r~=- HTLGEBQYDNSLVSNAFG@---FLRLPHMNFQPYDSDADWVI! PFDHATSGRA~~~G
BACSUB-ARG MDKTISVIGHPMDL.GOARRGGDNG
RATLIV-ARG MSSKPKPIEIIGAPFSKGQPRGGVEKG
ARTHRO-GBH & --A-RP-GAWEVREASRLLREYNPAWDVSPFENIQ--VADAGDU--AVEPFEINEATETIQQONA 118
STCOEL~AUH —-A-RP-GGHAIREASRLLRPYHPRQODASPFALAQ--VADGGD] - -AVEPFHIHRAVETIEAAR
PSAERU~-AUH ~~R-RH-GPREVRNLBSLMRKVEHVSR~IAPYDLVR~VGDLGDA~~PVHPID = oo om e e
ESCOLI-AUH ~~G-RH-GPAAIRQVSTNLAWEHNRFPWNFDKRERL] GDL~-VYAFGDAREMSEKLQAHA
BACSUB~-ARG PSAIRYAHLIERLSDMGYT: DLGD] - ~~~-PIHREKIKNDEELKN
RATLIV~ARG PAALRKAGLVEKLKETEYN JRDHG! SPFQIVC~~~KN
ARTHRO-GBH 116 LDLTA~ oo e oo e o =] NGSKLV- 162

STCOEL-AUR 571 % S TGARLM -~

PSABRU~AUH ~~LLDSLRRIRGFYRQVHAAGT-LPLS

BSCOLI-AUH

BACSUB-ARG

RATLIV-ARG

ARTHRO-GBH 365 DIYFGAE-YTHOTRFRRAVEEGIL-—-—wmm—w e DTEAISHVGTRGPLYGKKDLDDDHR 310
STCORL-AUH --DESALSHVGTRGPLYGKKDLTDDEK
PSAERU-AUH YTHGPRPRRATBEGLL ~——~——~ e = == DPLRTVQIGIRGSVE - e e =
ESCOLI~AUH ANGCEPD-—{BHGENPYTAPKEQGLI - = e DPNHSVQIGIRTEFDKDRGFTVLD-
BACSUB-ARG  TLETSPSGNIHGMPLAVSLGIGHESLVNLEGYA~--PKIKPENVVIIGAR-———m——m—o————
RATLIV-ARG GQRVAPLLKELKGKFPDVPGPSHVTPCISAKDIVYIGLR~——————~ —————
ARTHRO-GBH 211 F@FGIVTSADEYYQ GVLETVAKIRDRY ~G~~NRPLYI 282
STCOEL~AUR MCPGIVTSRADEYRR. om:nnomon:-a--nnnnpxnmcw
PSABRU-AUH = ——————- SPDDDAFARECGIRVIHMEEFVEL-~GVEATLAEARRVV-G--AG BFDVDVLD
ESCOLI-AUH ACQVNDRSVDDVIAQ-VKQI-V: G--DMPVYLI'FDIDCLD)
BACSUB-ARG ————=—- SLDEGERKY IKESGMKVYTMHE IDRLEMTKVIEETLDY -LSACDG-VHLSLDLDGLD
RATLIV-ARG =  ———=——= DVDPGEHYIIKTLGIKYFSMTEVDKLGIGKVMEETFSYLLGRKKRPIHL D
ARTHRO-GBH 3283 YDHAEITGVAGSHVAYEBLY S04
STCOEL-AUH YDHABLTSVAAS —————
PSAERU-AUH FDVGGATALVGATMMFELL
RSCOLI-AUH YDQSEITALAAATLALEML
BACSUB-ARG I LDEKNKEGKTAVELVESLL
RATLIV-ARG PVFTPATGTPVVEGL- GKTPEEVTRTVNTAV-AL
ARTHRO-GBH %3 TLMADNAVEGDRHGAPNGYAQQALGARIQEVAQAIGGOQR. 353
STCOEL-AUH 302
PSAERU-AUR CLLAESAARSA. - 318
ESCOLI-AUH Y-I-QAAKKGE 306
BACSUB-ARG GKKLL 296
RATLIV-ARG TLSCFGTKREGNHKPETDYLKPPK. 323

Fig.1 Comparison of amino acid sequence of the enzyme (ARTHRO-GBH) with those of Streptmyces coelicolor agmati-
nase (STCOEL-AUH), Pseudomonas aeruginosa agmatinase (PSAERU-AUH), Escherichia coli agmatinase
(ESCOLI-AUH), Bacillus subtillis arginase (BACSUB-ARG), and Rat liver arginase (RATLIV-ARG). Gaps were
introduced to increase the similarities; matching amino acids are boldface; similar sequence are boxed; asterisk
indicates assumed Mn*" binding residue ; G indicates assumed guanidino group bainding residue.
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