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Human type II arginase: sequence analysis and tissue-specific expression
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Abstract

A full-length cDNA encoding type II arginase was isolated from a human kidney cDNA library and its sequence compared to
those of vertebrate type I arginases as well as to arginases of bacteria, fungi and plants. The predicted sequence of human type II
arginase is 58% identical to the sequence of human type I arginase but is 71% identical to the sequence of Xenopus type II
arginase, suggesting that duplication of the arginase gene occurred before mammals and amphibians diverged. Seven residues
known to be essential for activity were found to be conserved in all arginases. Type II arginase mRNA was detected in virtually
all human and mouse RNA samples tested whereas type I arginase mRNA was found only in liver. At least five mRNA species
hybridizing to type II arginase cDNA were found in the human RNA samples whereas only a single type II arginase mRNA
species was found in the mouse. This raises the possibility that the multiple type II arginase mRNAs in humans arise from

differential RNA processing or usage of alternative promoters. © 1997 Elsevier Science B.V.
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1. Introduction

At least two isoforms of mammalian arginase (EC
3.5.3.1) exist, both of which catalyze the hydrolysis of
arginine to ornithine and urea (reviewed in Jenkinson
et al., 1996). However, these isoforms (types I and II)
differ in tissue distribution, immunologic reactivity,
physiologic function and certain enzymatic properties
(e.g., Herzfeld and Raper, 1976; Spector et al., 1983;
Jenkinson et al., 1996). Moreover, the two arginase
isoforms are localized in different subcellular compart-
ments, with the type I isoform located in the cytosol
and the type II isoform located in mitochondria
(Jenkinson et al., 1996). The physiologic function of
type I arginase, which is highly expressed in liver as a
component of the urea cycle, has been known for much
of this century. In contrast, the physiologic role(s) of
type II arginase is still poorly understood. Because the
substrate arginine as well as the products ornithine and
urea are each involved in a variety of distinct physiologic
processes, the function of type II arginase expression
very likely varies among different tissues. For example,
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type Il arginase may play a role in regulating the
synthesis of nitric oxide, proline, glutamate and poly-
amines (for reviews, see Jenkinson et al., 1996; Morris,
1996). Thus, the availability of a cloned type II arginase
cDNA would provide a powerful tool for investigating
the structure and physiologic functions of this enzyme
in mammals.

The only sequences reported for mammalian arginases
are those of the type I isoform (Haraguchi et al., 1987;
Kawamoto et al., 1987). Mammalian type I arginases
are sufficiently different from type II arginases that they
are not immunologically cross-reactive (Herzfeld and
Raper, 1976; Spector et al., 1983, 1994) and attempts
to achieve cross-hybridization using the type I arginase
cDNA at reduced stringencies have not been successful
(unpublished results). Recently, however, the first cDNA
clones encoding type II arginase were isolated from
Xenopus laevis (Patterson and Shi, 1994). Preliminary
experiments in this laboratory showed that the Xenopus
cDNA encoding type Il arginase cross-hybridized with
an apparently homologous mRNA in rat kidney RNA,
indicating that the Xenopus cDNA could be used to
identity a mammalian homolog. Thus, the objectives of
this study were to isolate and characterize a human type
IT arginase cDNA, to determine its relationship to type
I arginases by sequence comparison, and to compare
the expression of type I and II arginases in human and
mouse tissues.
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Human-2 : MSLRGSLSRLL--QTRVHSILKKSVHSVAVIGAPFSQGQK-R IREAGIMKRL-SSLGCHLK : 66
Human-1 : MSAKSRTIGIIGAPFSKGQP-R STVLRKAGLLEKL-KEQECDVK : 48
Rat : -- MSSKPKPIEIIGAPFSKGQP-R LRKAGLVEKL-KETEYNVR : 48
Rana_cates: -—-MSERTRRSVGVLGAPFSKGQA-R STYIRRAGLIEKL-EELEYEVR : 49
Xenopus-1 : MAKERHSVGVIGAPFSKGQP~R KYLREAGLIEKL-REFGNDVR : 48
Xenopus-2 : MSIRSNFVRLLKKQVSIIKLQKKCSHSVAVIGAPFSKGQK-R IRSAGLIERL-SNLGCNVC : 68
Schizo_pom: MSPHKIPEVHRHIMS SRYMEGNAVSIINMPFSGGQP-K EMIEAAGLPEDL-ERLGYSVN 64
B_subt : MDKTISVIGMPMDLGQA-R sSATRYAHLIERL-SDMGYTVE : 45
B aldoVv I e e MKPISIIGVPMDLGQT-R JSAMRYAGVIERL-ERILHYDIE : 44
Agro_tumef: --MNGAGEINASRHRKENELKTCQILGAPVQSGAS-Q 2DAFRTAGLTQVL-TELGWAVT 61
Bruc_abrt : -- - -MHCKILGLPVQEGTG-R 4DSYRAAGIADAI-RELGHECT 43
Neuro cras: ----MSSPIESKFLSQPRDLGIVAVGFSGGQC-KPEVDANISALIESGLLTQLREELGYRLH : 57
Cocci_immi: -—--MTSPSTIKQKFIAKGHQLGVVAVGF SDGQP-N 2SGLIEAGLLDQLRDDLEYDIR  : 57
82CC_COX @ mmmmme e e e e e e e METGPHYNYYKNRELSIVLAPFSGGQG-K KYMLKHGLQTSI-EDLGWSTE : 55
Arabdpsis : MSRIIGRKGINYIHRLNSASFTSVSASSIEKGQNRVIDASLTLIRERAKLKGELVRLLGGAKASTSLLGVPLGHNSSFL PRIREATWCGST-NSATEEGK : 106
B agl 1
*
Human-2 DFGDLSF TPVPKDDLYNNLIVNPRSVGLANQELAEVVSRAVSDGYS-CVT. 'SLAIGTISGHARHCPD~LC-—~-= ;153
Human-1 : DYGDLPF ADIPNDSPFQI-VKNPRSVGKASEQLAGKVAEVKKNGRI-SLV 'SLAIGSISGHARVHPD-LG~~---VI 134
Rat H DHGDLAF VDVPNDSPFQI-VKNPRSVGKANEQLAAVVAETQKNGTI-SVVI(eletn) SMATGSISGHARVHEPD @ 134
Rana_cates: DYGDLHF PELPCDEPFQN-VEKNPRTVGQAAEKVANAVSEVKRSGRV-CLTI{elen): SLAVGTITGHAKVHPD : 135
Xenopus-1 : DCGDLDF PDVPNDTPFNN-VENPRTVGKATEI LANAVTAVKKADKT-CQS I{elenn) ! SLAVGTIAGHAAVHPN-LC—~~~ 134
Xenopus-2 : DFGDLHF SQVPNDELYNSIVKHPRTVGLACKVLAEEVSKAVGAGHT -CVTL{Ee  SLAFGSITGHAQQCPD-LC-—--VI : 155
Schizo pom: =—-m=----- VVONPKF~---KSRPLKEGPNQAIMKNPLYVSNVTRQVRNIVQQELEKQRI -AVN Il SLATGTVEGVQAVYDD~AC~ -~ ~VILWIN/ 152
B_subt : DLGDIPI NREKIKNDEELKNLNSVLAGNEKLAQKVNKVIEEKKF-PLV 'STAIGTLAGTAKHYDN-LG- : 130
B caldov : —mmmmem-s DLGDIPI-~~~GKAERLHEQGDSRLRNLKAVAEANEKLAAAVDQVVQRGRF-~PLV 'SIAIGTLAGVAKHYER 132
Agro_tumef: DLGDATP TVEPELSHPNSAVENLDALVGWTRSLSQKALEMARSCDL-PVF' 'SMSRGTVSGVAQRTAE~LGKEQFVLHW : 152
Bruc_abrt : DLGNLAP AAQRPLOHPNHAIKALPYAVAWIEAISEARYRESAEG-F-PIF LLAAGTVPGIARRAAE-KGRKQFVIW : 133
Neuro_ cras: GDDEVHL~~-YTDLVPKEDPPHRNMKNPRAVSNVTKRIAEQVHSHAKEGRL-VLT 'SIAIGTIAGSAKAIKERLGREIAVE : 151
Cocei_immi: HDGQVHT---YAEFVPEHDPNHRGMKKPRTVSAATQQLSRQVYEHAREGRL-VLT 'STAIGTISGTAKAIRERLGREMAVI ;151
Sacc_cer : LEPSMDEAQFVGKLKMEKDSTTGGSSVMIDGVKAKRADLVGEATKLVYNSVSKVVQANRF-PLT SIAIGTVSAVLDKYPD : 156
Arabdpsis ELKDPRV LTDVGDVPVQEIRDCGVDDDRIMNVISESVKLVMEEEPLRPLY! [SISYPVVRAVSEK--—-LGGPVDILH : 194
g k v v 1GGDHs a g g a
* * *
Human-2 : ‘GQPVSFLLRELQDKVPQLPGFSWIKPCISSASIVYIfE -DVDPPEHFILKNYDIQYFSERDIDRLGIQKVMERTFDLLIGKRQR-—PIH : 258
Human-1 : GQPVSFLLKELKGKIPDVPGFSWVTPCISAKDIVY I <DVDPGEHYILKTLGIKYFS%TEVDRLGIGKVMEETLSYLLGRKKR--PIH : 239
Rat : /GQPVAFLLKELKGKFPDVPGFSWVTPCISAKDIVY I IEDVDPGEHY IIKTLGIKYF S TEVDKLGIGKVMEETF SYLLGRKKR--PIH : 239
Rana_cates: (GQPVSFLIRELQTKVPAIPGF SWVQP SLSARDIVY I IR DVDPGEHY ILKTLGIKSY §% SDVDRLTINKVMEETIEFLVGKKKR--PIH : 240
Xenopus-1 : .GOPLSFLMKELKAKMPAVPGFEWVKPCLRSKDIVY Le 3 DVDPGERY ILKTLGIKY LSS IEVDY LKDDKVMEETLEY LVGKHKR--PIH : 239
Xenopus-2 : 'GQPVSFLLRELODKVPPIPGF SWAKPCLSKSDIVYTe -DLDPAEQFILKNYDIsy!S;RHIDCMGIKKVMEKTFDQLLGRRDR——PIH : 260
Schizo_pom: GCPLSFSLGY--~AEPLPEEFAWTRRVIEERRLAF I I3 DLDPMERAFLRERSITAY T HDVDKYGIARVVEMALEHINPGRRR--PIH : 254
B_subt : 'GMPLAVSLGI---GHESLVNLEGYAPKIKPENVVII(e "SLDEGERKYIKESGMKVYT‘HEIDRLGMTKVIEETLDYLSACD---—GVH ;230
B_caldov : /GMPLARSLGF - --GHPALTQIGGYSPKIKPEHVVLIE "SLDEGEKKFIREKGIKIYT;HEVDRLGMTRVMEETIAYLKERTD--—GVH : 233
Agro_tumef: 'GTPVAYYTG----QSGFEGLPP-LAAPVNPRNVS 4SVDPEERRRVAEIGVQVADERVLDEQGVVRPLEAFLDRVSKVSG-——RL 251
Bruc_abrt : IGTPVAYYTG----QKGFEGYFPKLAAP IDPHNVCM eI'SVDPAEREAVKKTEVIVYD‘RLIDEHGVAALLRRFLERVKAEDG-——LL 233
Neuro_cras: \GMPVSFLTGLASEDKEEFFGWLKPDHLLSVKKLVYTe 'DVDPGEKRILRENGIKAFS;HDIDKHGIGRVMEMALGHIGNDT—-——PIH : 254
Cocci_immi: /GMPLAFLTGLAKDDNEDMFGWLQPDNLISPRKLVYIe nDVDRAEKRLLREHGIKAFs;HDIDKYGIGRVVEMALAHIGQDT————PIH 1 254
Sacc_cer /GCPVSFIMGLNKDVPHCPESLKWVPGNLSPKKIAYIe WDVDAGEKKILKDLGIAAFS&YHVDKYGINAVIEMAMKAVHPETNGEGPIM 263
Arabdpsis : EGGY ARRLLQ ySINQEGREQGKRFGVEQYELRTFSK~-~DRPMLENLKLGEGVK-—---GVY| 277
iGR d e M d g v e hsDD
Human-2 : NLAVDVIASSFGQTREGGH~---IVYDQLPTPSSPDESENQARVRI : 354
Human-1 : VNTAVAITLACFGLAREGNHKP-~~-IDYLNPPK- - @ 322
Rat : VNTAVP LTLSCFGTKREGNHKRET-~~DYLKPPK- - : 323
Rana_cates: UNTSLNMILSCFGKAREGFHASICVFLI-~ - @ 321
Xenopus-1 : VKTALDMTLSCFGKAREGFHAST- ———— : 316
Xenopus-2 : NLAVDVIASCFGQTREGAHTRADTIIDVLPTPSTSYESDNEEQVRI : 360
Schizo_pom: VDLARSIVRTCLGQTLL —~==—m—m—— o —m——mm— o — e : 323
B_subt : GKTAVELVESLLGKKLL- - ¢ 296
B_caldov : SVAVALMGSLFGEKLM-—---— - : 299
Agro_tumef: RLITDLASSLFGRRVFDRVTTAF —————==we———m—cm————— e 324
Bruc_abrt : VMVDLMASLLGRSVMDRPTISY ~———————=mm o oo m ;306
Neuro_cras: ‘VRAGCSLVRSRSRRNVL -~ —— === === == ——wemmm oo : 328
Cocci_immi: IRAGCSLVRSALGDTLL-~ : 322
Sacc_cer : ISAGCAIARCALGETLL-———————=====—=———m oo : 333
Arabdpsis : ARKLVRELAAKISK-—————— == mmmmmmm e oo : 342

a gt v GG t 9

Fig. 1. Amino acid sequence of human type II arginase and comparison with other arginases. Letters on black background and capital letters below
alignment represent residues conserved in all arginases; lower case letters below alignment represent residues conserved in at least 12 of 15 arginases;
asterisks above alignments identify residues conserved in all species except for Arabidopsis. Methods: A full-length type II arginase cDNA clone
was isolated by screening a SUPERSCRIPT human kidney cDNA library (Life Technologies, Inc.) with 3?P-labeled arg-2 cDNA of Xenopus laevis
(Patterson and Shi, 1994). Filter hybridizations were carried out using the conditions of Amasino (1986), except that reduced-stringency hybridiza-
tions and post-hybridization washes were carried out at 37°C and 43°C, respectively. Both strands of cloned cDNA were sequenced on an ABI
PRISM Model 377 DNA Sequencer according to the manufacturer’s protocols. The cDNA sequence for human type II arginase has been deposited
in GenBank with accession No. U82256. Protein sequences of multiple arginases were initially aligned using the program CLUSTAL W (Thompson
et al., 1994); alignments in conserved regions were optimized by using the program SAGA (Notredame and Higgins, 1996). Using the recently
published crystal structure of rat type I arginase (Kanyo et al., 1996) as a guide, the alignment was finally adjusted manually in order to obtain
an optimal alignment. Final alignment format was prepared by Genedoc (http://www.cris.com/~ Ketchup/genedoc.shtml). Published arginase
sequences used for comparison were from Xenopus laevis (type 1I; clone arg-2; Patterson and Shi, 1994), Xenopus laevis (type I; Xu et al., 1993),
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Fig. 2. Distribution of type I and II arginase mRNAs in human and mouse tissues. Northern blots (Clontech Laboratories, Inc.) containing
approximately 2 pg of poly A* RNA from various human or mouse tissues were probed sequentially with human type II arginase cDNA (upper
panel) and rat type I arginase cDNA (Kawamoto et al., 1987) (lower panel). The blots were stripped between probings. The faint dots at the top
of the upper panels indicate the origin of each lane and the mobilities of RNA size markers are indicated on the left. Key to lanes in left panel:
(1) heart, (2) brain, (3) placenta, (4) lung, (5) liver, (6) skeletal muscle, (7) kidney, (8) pancreas. Key to lanes in right panel: (1) heart, (2) brain,

(3) spleen, (4) lung, (5) liver, (6) skeletal muscle, (7) kidney, (8) testis.

2. Results and discussion
2.1. Analysis of arginase sequences

The 1936-bp cDNA encoding human type II arginase
contains 16 bp of 5" untranslated sequence, a 1062-bp
open reading frame, 788 bp of 3’ untranslated sequence
and a 70-bp polyA tract. The open reading frame
encodes a peptide of 354 amino acids which is 32
residues longer than human type I arginase, due to the
presence of additional residues at both the N and C
termini of type II arginase (Fig. 1). The additional
N-terminal residues are probably involved in the mito-
chondrial localization of type II arginase, in contrast to
type I arginase which is cytosolic. Like other mito-
chondrial matrix proteins (Hendrick et al., 1989; von
Heijne et al., 1989), the N terminus of human type II
arginase lacks acidic residues and has several arginine,

leucine and serine residues. Human type II arginase is
more closely related to Xenopus type 11 arginase (71%
identity) than to human type I arginase (58% identity).
This supports a previous suggestion (Patterson and Shi,
1994) that the two arginases are the consequence of a
gene duplication event that occurred before mammals
and amphibians diverged. Twenty-five residues are abso-
lutely conserved among fifteen arginases from a wide
variety of species (Fig. 1), including three histidines and
four aspartates shown to be important for catalysis and
stability of the binuclear metal center (Cavalli et al.,
1994; Kanyo et al., 1996). The functions of the remain-
ing conserved residues have yet to be determined. If the
Arabidopsis arginase sequence is excluded from the
comparison, however, an additional 13 residues are
conserved among all the remaining arginases (Fig. 1).
The total number of conserved residues identified in the
present alignment is less than the 43 conserved residues

human (type I; Haraguchi et al., 1987), rat (type I; Kawamoto et al., 1987), Rana catesbeiana (type I; Iwase et al., 1995), Saccharomyces cerevisiae
(Sumrada and Cooper, 1984), Schizosaccharomyces pombe (arginase 1; van Huffel et al., 1994), Bacillus subtilis (Gardan et al., 1995), Bacillus
caldovelox (Bewley et al., 1996), Agrobacterium tumefaciens plasmid (Schrell et al., 1989), Brucella abortus (GenBank accession No. U57319),
Neurospora crassa (SwissProt database, accession Argi_Neucr), Coccidiodes immitis (Pan et al., 1995), Arabidopsis thaliana (Krumpelman et al.,

1995).
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identified in a recent analysis of arginase sequences
(Bewley et al., 1996), probably reflecting the fact that
the present analysis included a larger number of arginase
sequences representing a broader range of species than
in the previous report.

2.2. Tissue-specific expression of type I and type 11
arginase genes

Type II arginase mRNA is present in virtually all
human and mouse tissues tested (Fig.2). The pattern
of type II arginase mRNA expression contrasts sharply
with that of type I arginase mRNA, which is represented
by a single mRNA species and is expressed abundantly
in liver, with little or no expression in other tissues.
Surprisingly, at least five mRNA species hybridizing to
type II arginase cDNA are found in the human RNA
samples whereas only a single type II arginase mRNA
species is found in the mouse. This raises the possibility
that the multiple type II arginase mRNAs in humans
arise from differential RNA processing or usage of
alternative promoters. Although all human type II argi-
nase mRNAs are of sufficient length to encode full-
length type II arginase, the functional significance of the
multiple mRNAs remains to be determined. Both type
I and II arginase mRNAs were found in the liver RNA
samples. So far as we are aware, this is the first clear
evidence that both arginase isoforms can be expressed
in liver. Although the identity of the hepatic cells
expressing type II arginase is not known, it is likely that
the type II arginase mRNA in this sample represents
expression in nonparenchymal cells.

Although skeletal muscle has arginase activity
(Pardridge et al., 1982), it is surprising that the abun-
dance of type II arginase mRNAs in human skeletal
muscle is as great as in human kidney, which is usually
considered to be one of the sites of greatest type II
arginase activity. This differs significantly from the
mouse, where there is little or no type II arginase mRNA
in skeletal muscle. Whether this represents a species
difference or merely differences in the type of muscle
sampled for the two species is not known. There is a
high level of type II arginase expression in mouse testes,
possibly to provide substrate for the synthesis of polya-
mines required for spermatogenesis.

3. Concluding remarks

Sequences of the type II arginases, combined with the
recently determined tertiary structure of the rat type I
arginase (Kanyo et al., 1996), will be useful in determin-
ing the basis for the differences in enzymatic properties
between the type I and II arginases. The cDNA encoding
the human type II arginase also will be essential for
elucidating the physiologic functions of type II arginase

during mammalian development, in different tissues and
in disease states.

After this manuscript was submitted, another group
reported the isolation of a cDNA clone with a coding
sequence for human type II agrinase identical to that
described here (Gotoh et al., 1996).
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