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A acw murine <DNA of ani2NDP kinuse was isaluted. A RT-PCR product was ebtained from the vonnal mouse liver mRINA with primers

designed for the human wmn23-H2 gene. The produet was used is 1 probe to sercen w eDNA libriry from the murine melanona eell ling, BI16, and

o clones conwining the entire apen reading frame were obiained. 1 was predisted thuy the RNA sequence encoded |52 amino acids which was

IR identical ta the mndd-F2 protein, The entire me2)-M1 and M2 gene-cading regions were translated as fusion proteins with a glutathione
S-transleruse, Thess fusion proteing displayed NDP kinnse aclivitics,

an2Mnueleoside diphasphute kinase; Metastatic suppressor geng; mnd}-M2 gene; Monaelanal untibody

1. INTRODUCTION

The um23 gene. a potential suppressar of metastasis,
was originally identified by differential hybridization
between two murine melunoma sub-lines, one with a
high und the other with a low metustatic cupueity [1].
Highly metastatic sub-lines had a quantitative reduction
in the wn23 gene mRNA when compared with less
metastatic lines in several experimental tumor systems
[L.2]). Subsequently, the deduced amino ucid sequence of
the praduct of the mn23 genes was found to share high
homology with nucleoside diphosphate kinuses (NDP
kinase. EC 2.7.4.6) in a variely of species. Two palypep-
tides of human NDP kinase in erythrocyies have been
sequenced [3]. The polypeptide chain, A, was identical
to the mm23.-Hi protein, & human homologue of the
murine ;123 protein, whereas chuin B was identical to
the mn23-H2 protein, unother human isotype of mn23.
It has been claimed that the humun NDP kinase is a
hexameric enzyme consisting of these two polypeptides.

This evidence prompted us to look for u murine hom-
ologue of the m#23-H2 gene [4]. We isalated the cDNA
of the im23-M2. a new isoform of murine mn23, and
determined the NDP kinase activity of its produet,
These two isoforms were also analyzed with the mono-
clonul antibody (mAb). M1-45, that is reactive with the
nm23-M1 protein.
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2. MATERIALS AND METHODS

20 RT-PCR

Total RNA was extmeted from the nermal liver of CSTBLIG mice
using guanidinium thiocyanate [5]. Single-siranded eDNA prepared
fram 3 g of total RNA using Moloncy murine leukemia vicus reversc
iranseriptuse (BRL) with un aligo{dT),, primer was used us o template
lar the polymerase ¢hain reaction {(PCR). The primers used for PCR
of the whole jun23-MI and mnd3-M2 gene-coding regions were us
follows; sense primers, MI-AX, 5.GGGGATCCATGGCCAA-
CAGTGAGC G-1: M2-AX, $-QOGOATCCATGGCCAACT
TCGAGCG-3 (eneh primer contained u SamH] site): antisenss prim-
ey, MI-BX. 8 -QGOAATTCACTCATAGATCCAGTTC-; M-
BX. S"GGGAATTCTACTCGTACACCCAGTCA.Y (euch primer
cotidined an Eeoll site). These primers and un olige(dT),, primer
were prepared using a 3194 DNA synthesizer (Applied Biosystems), 38
cycles of dennturasion (93°C. | min}. annealing {30°C, 1.5 min). and
extension (72*C. | min) were performed in a thermal ey¢ier (Program
Temp Control System PC-70, Astec Ing, Fukuoka, Jupan), PCR
products were atulyzed by PAGE in 12% gels,

1.2, Cansrruvrion of plasnvitts pBSK-M2( 42} pBSK-Af1. pBSK-AL2,
it DN A xequencing
The PCR products were digested with SBeinHE and EcoRI, sepurated
by PAGE, purilied by eleetroelution, and ¢laned into the BamH{ and
Eealll site of pBluescript [1 5K (Stratagene). DNA was sequenced
using the Sequenuse version 2.0 kil (USH) with [g-*PCTR.

2.3, Leolatiah of nn23-pM2

A Agi10 ¢DNA library made from the murine melanama cell lins,
1516, was screened with the insert from pBSK-M2{F2). Two recombis
nant phages with overlupping restriction mups, m244-7 und mAS-7.
were isolaied, A 0.8 kb EcoR fragment o' m2435-7 wias subsloned into
pBlueseript 11 8K (Siratagene), Double-stranded plasmid DNA was
sequenced as deseribed,

2.4, Narthwrn blarting

Total RNA wus prepared by asid guanidium thiosyanate/phenol/
chioroform eairasiion [5] lialated RNA (10-2C m5; whs dleero-
phorelicaily separated on an t% agarose gel contnining formualdehyde
and trunsferred to nylon membranes {GeneSeregn plus, Du Pent).
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Hybridizalion snd siringency of washing were performed accarding
to the methad reconmended by the munufucturer. Prabes were lu-
beled with {2-3PlCTP using the multiprime fubeling kit ¢(Amershamy,
Far hybridization studies, Bamtil-EcoRl Fragments of pBSK-M} und
pBSK-M2 were used us probes,

2.8, Cunsirveriun uf plustid pGEX-ALE aned pGEX-M2 for exproxsion
af am23-AH and nn23-M2 genes in B, coli

Plusmids were eonstructed (pGEX-MI und pGEX-M2j 10 ¢apreass
e 10023-M | and 223032 prateins fused with a 26 kDa gluathione
Seirunslernse (GST) in £ coli, using the BamHl-EcoRI frugments
{463 bp) of pBSK.-M | and pBSK-M2, After digsition, the frugments
were subkloned in the BemH L and EeoRI site of pGEX2T (Pharma-
cia). DHSa £ cofi baclerin were transtarmed with pGEX-M | and
pGEX-M2 or with pGEXAT us u contenl,

.6, Properction amd alfinily purificetion of ihe bucteriel extracts

Bucterinl exiratts were prepared and purified esséntinlly us de-
seribed (8], In briet, overnight euliures were difuted 1/10 (ta 400 ml)
in fresh medium i insubsted for 2 b befare addition of IPTG 1o a
final cancentration ol 0.1 mM und & further ¢ h incubation, The ceils
were then peleled and resuspended in 10 ml MTPBS conaining 1%
Triton R-100, The cells were lysed an ice by mild sonigatien, then
centrifuged at 10,000 x ¢ for § min a1t 3*C. The supernatanis were
landed entu a glutathions-Sepharase 4B column (Phurmasia), After
washing the eolumn twice wilh § bed voli, of MTPBS (150 mM NaCi,
16 mivi Na;HPO,. 4 mM NuH,PO(pH 7.3)) the bound fractions were
cluted with abaout 4 had vals, of elulion buffer (5 mM reduced glutathi-
ang (KOHIIN} i 50 M Tris-HCL pH £.0). Protein purity was
confirmed by SDS.PAGE and stuining with Ceomassie blue, The
protein consentristion wis delermined by the absorhanee it 380 nm
(A = 8.5 mag/ml),

3.7, Assuy for the phasphoenzyme Jonmation of NDE kinase

The reaction miature (13 20 contained stundard bufler (30 mM
Tris-HCl (pH 2.5). t mM EDTA. 0.8 M KCL. 3 mM CuCly), 3 pM
I7FPIATPand 0.1 w5 of purified proleins., The mixture was incubated
for 5 min in an iee buth und suspended in 15 a1 of SO3 sample bulfer
(125 M Triso HCH pH 6.8, 20% glycerol, 4.6% SDS, 10% 2-mercup-
togthanol, 0.2% Eramophenol bluel. The mixture was boiled, then
sepitfuted by SDS-PAGE (12%), followed by awterudiagraphy,

TR, [HPIGTP furmetisn fram the pheasphuvnzyie interotedicles and
cbr

Phasphosnzyme intermedintes (0.1 4g) were added to ceuction mix-
tures (50 21) contuining 20 mM Tris.HCl (pH 2.5). 0.1 mM EDTA.
A mM CaCls, 10 oM GDP and 0.4 M KCL Aflter the mixtures were
incubated lfor 3 min in un ics buth, the enzyme reastion was arresied
by the udditian of 0.5 M EDTA ({fisal canzentration 30 mM), Aliquels
af § g were spotied onta PEL-cetlulose F ihin-ayer plates (Merek).
The [PPIGTP formed was detecied by development in 6,75 M KH,PO,
{pH 2.65) 41 room emperature, followed by sutoradiegraphy.

29, Manvelonal anribody

A rat was immunized three tmes with an23-M1 fusion prolgin ut
Lo week intervals: the first time subsulunesusly with 50 i3 of pratein
and complete Freund’s udjuvant, the seeond time subsutunsously wilh
100 pg of pratgin and incomplete Freund's adjuvant, and the third
time intrapreritoneully with 100 xg of fusion pretein alene. Spleen eells
were obtained Irom the rat and fused with the murine myeloma cell
ling MSa1, The hybridoma culiure supgrnatanis were assayed for rens:
tivity with #m23-M1 prolein using un enzymeslinked immunoserbent
assay and immuneblotting. The limiling dilulion of positive cultures
was performed 3 times to ablain monosienality, The mAb, M1-45,
spesific for the mn23-M1 protein, was obtained,

210, fonnutoprecipHiatian
Lells were lysed in 0.01 M Trix bulfer (pH 7.3).0.15 M MgCl,. 0.5%
WNonidel F-30, | mM phenyimellivlsulphoayliluoride. The lysates were
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cleared by centrifugaiion ac 10,000 % g in u misrocentrifuge. thes
incubated with the mAb, M1-45, for | h ut rosm lemperature. The
mixiure was incubuted with rabbit anti-rut IgG (ZYMED) &t room
tempersture for | h, The immunosemplex was precipitated by protein
A-Sephurose (Pharmmucia).

244 fimonemablarting

The proteing separaied on 15% SDS-PAGE were clectrophoreti-
cally transferred onto an Immobilon membrane (Millipore). The
membrane was incubated with the mAb, M1-45, and bands were
detecled using u VECTASTAIN ABC kit (Vector Laborataries) ae-
carding to the musiufagturers’ insiructions, The proteins were visuale
ized using un immunostaining HRP kit (Konica).

3, RESULTS

3.1, fdentification of the second mouse nm23 gene

The previously reported murine am23 gene shared
98% homology with human am23-Hl and 88% with
nmd3-M2 [4]), PCR was therefore performed on the nor-
mal liver cDNA from C57BL/S mice using primers for
human mn23-H2, H2-AX and H2-BX (7). We inserted
this amplified product into the BamHMi-EcoR] site of
pBlusseript {1 SK, generating pBSK-M2(FH2) and se¢-
quenced it. This product shared significant homology
with mn23-H2 and was used as a probe to screen a Agt10
¢DNA library made from the murine melanema cell
line, BI6. Seven clones were isolated, two of which con-
tuined the entire open reading frame, including the
poly(A) tail. The entire sequence of this gene, desig-
nated mn23-M2, is shown in Fig. 1. Northern blotting
revealed that this gene encoded a 0.8 kb mRNA which
was distinct from nen23-M1, which had a 1.2 as well as
4 0.8 kb mRNA (Fig. 2).

The DNA sequence predicted a single open reading
frame of 152 amino acids encoding a protein with a

ACCOACCOGS TTTCCAACCAT IS CANCC TCGAGCGTACCTTCATTOCCATCANOCRAGA
M ADRLESRTT PIATLIIKTPEPSGD
TeGCATACASCOCGGCCTEO TUCGCANATEATCAAMCOG TTCUAGCAGASOCITTECS
G VQRRSGLVAESERI I KERPEQQIR RKOSTPR
COTOGTQICCATGAAGTTCCTTCRIGCCTCTUANGAMCACCTUANGCAGCATTACATCGA
LV ANMNXPFLRASESHNLEGQHTTITOD
COTEAAAGACCOTE T T O TS COGOCTRC TRANI TACA TAAN TCRGGRCCCUTOGT
=~ K PR P F ? P GL V KY HNS3AQPVYVY

GGCCATEOTOTUIGACOGACTCAA TUTOUTUMMACGOCCCOACTOATOCTROGIARNS
AMV #EQJgQLNVYY K??JAdRYNNLASET

CAATCCASCTUATTCARAACCAGGEACCATCCATUCOCA TTTCTUCATTCAAGTTOGCAG
N PADS KPAGTIROSGDPCI QVGR

AMACATCATTCATCOCAGTAATTCAGTGEAQACTOCTEAGMAGAGATCCATCTUTWGTT
M I I HG 35 D88 VEBSAMEURZETII HLOM®WTFP

TAMGCCCOAAGAACTGATCGACTACANITCTTRTUCCCATGACTOUGTUTACGASTAGAS
R P EBEZ2 L I PY R ECAHES®W VT E

ATGAGAMCCAGM TCCTTTTCASCACTACTGAT QGG TTTCTRUACAGAGCTCTTTATE

CCACTGACAVGATGRATCATCTTTTCTAMACSATAMMGACTTTUGAACTGRARAANMNA

AABAMMAAMARA

Fig. 1. Nugleotide scquence and deduced amino acid sequence of
w21-M2 cDNA, The polyadenylation signal {AATAAA) is unders
lined.
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Fig. 2. Exprassion of am23-M1 and -M2 mRINA. Northern blotting

af the muriae myeclomn cell line, NS»1 (lane 1), the melanoma cell line.

B16 (tane 2), and the methyleholanthrenesindused fibrosarcoma eell

line, CMS7 (tune 3). using probes of the AumHI-EroR1 Frugment of

the pBSK-=M1 {A) or the pBSK-M2 vector (B), The positions of 18§
and 28 S rRNA are indicaled o the right.

predicted molecular mass of 17.3 kDa. The deduced
protein was 98% identical to the mn23-H2 protein.

3.2, Production of the nm23-M! and nm23-M2 proteins
in Ecoli and their NDP kinase activities

The BamHI-EeoRI fragments of pBSK-M! and
pBSK-M2 were then cloned into the BamiHI and EcoRI
site of the pGEX2T expression wvector gencrating
pGEX-M1 and pGEX-M2, respectively, The entire
nm23-M| and nm33-M2 gene-coding regions wers
translated as fusion proteins with a 26 kDa GST. Both
proteins were digested with thrombin at 25°C for 30
min, fractionated by SDS-PAGE and stained with
Coomassie blue. mu23-M1 and -M2 groteins migrated
at 17 and 17.5 kDa, respectively (Fig. 4a).

The affinity-purified fusion proteins (both nn23-M|
and nml3-M2) formed phosphate-incorporating pro-
teins (phospheenzyme interincdiates) when incubated
with [#-¥P]ATP under standard conditions (Fig. 3a).

Thin-layer chromatography followed by autoradi-
ography showed that [*P]GTP was formed from the
phosphoenzyme intermediates of both am23-M1 and
marred-¥2 proteins and cold GDP {Fig. 36, Also.
[**P)GTP was formed from [#-*?P]ATP and cold GDP
by both nm23-M1 and mm23-M2 fusion proteins (data
not shown).
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Fig. 3. NDP kisnse netivity of the mn23 preteins. {A) Detection of the
phesphoenzyme intermediates by nutoradiography. The purified pro-
teing used for phosphaenzyme formation were #m23-M1 (lune 1),
pen23.M3 lane 2} and GST {lune 1), (B) [*PIGTP formation from the
phosphaenzyme intermediate and cold GDP; (lane 1) om23-MI
phasphosuzying intermediate alone; (lane 2) am2d-M1 phoiphocn-
wyme intermedinste insubated with ¢old GDB: (lane 3) {y-MBIATP
incubated with cold GDP without protwein: (lane 4), nm23.M2
phosphosngyme intermedinte slone; (Iane 5). wm2id-M2 phosphoen-
#yme infermedinte incubated with eold GDP. The migration of ATP
and GTP is indicated on the right.

3.3, Reactivity with the mAb, M 1=45, specific for nm23-
M1 protein

We generuted the mAb, ME-45, by immunizing 4 rat
with the mn23-M | fusion protein. as described in Mate-
rials and Mathods. The mAb, M| -45, was reactive with
mn23-M1 protein but not with n1m23-M2 protein by
immunoblotting (Fig. 4b). The mADb, M1-45, however,
immunoprecipitated two bands fram NS8-1 lysates, one
corresponding to the mn23-M1 protein and the other to
the n123-M2 protein (Fig. 4a). Both proteins precipi-
tated from NS-l lysates by mAb M1-45 showed NDP
kinase activity (Fig. 4¢c).

4. DISCUSSION

The new murine ¢cDNA isolated in this study is highly
homologous to the mammalian #m2¥MNDP kinase
cDNAs which have baen previously identified. The de-
duced amine acid sequence of this gene has 88.2, 88.2,
93 and 99.3% identity with mm23-M1, -HI, -H2, and rat
NDP kinuse, respectively [1,4.8]. It also shows an ap-
parent homology with other NDP kinases from non-
mammalian species; 77.5, 46.8, 44.9 and 64.7% identity
on an amino acid basis with NDP kinases of Drosaphila
metanogaster, Myxaceccus xanthus, E. cali and Diclyos-
telivm diseoidewn, respestively [2-12]. In particular, the
high homotogy of this cDNA with that of humman amil3-
H2 indicates that it is ancther isotype of murine a3
cDNA carresponding te the mm23-H2 ¢cDNA in human.
It is therefore very likely that both mouse and Liuman
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Fig. 4. Analyxis of mar23-M1 und -M2 proteins with mAb MI1-45. (A} NS0 lysace was immunoprecipitaied by the mAb, M1-45, spesific for
am2)-M1 protein, as described in Materials and Methods, Samples were fraetionated by SDS-PAGE (15%) und stained with Ceomuassie blue: (lanes
b and 2) thrombin-digested 22 3-M1 and -M2 proteing, respeetively: (lane 3) immunoprecipitates from NS. 1 lysaie with the mAb, M1-45. the mAb,
M!-d3, precipituted 1wa molecules corrasponding to w2 M1 iind =M 2 proteins. Arrows indicate the position of the 17- (mn23-M 1) and 17.5 kDo
{nn23-M2) prateins, Arrowhends indicale the pasitions of the fusion proteins, thrombin und GST. (B) limmunoblotiing of sumples deseribed in
{A) by the mAb, M1-45, lanes 1-3 are ux deseribed in A, The mAb, Mi-35, detected only #2)=-M| protein, (C) Detection of the phosphoenzyine
intermediutes by autaradiogruphy, The immusaprecipitiute from NS-1 lysate with the mAb, M1-~45, was unalyzed for phosphoenzyme formation
wx described in Materials and Methads, Bath am23-M1 and <M proteins fonined phosphecazyme intermediates.

have two isotypes of mn23/NDP Kinase with high mu-
tudl homology. as previously suggested,

We have prepured both wn23-M1 and -M2 proteins
as fusion proteins with a4 26 kDu GST. Both formed
plhosphoenzyme intermediates and also GTP from
GDP and [y-**P]JATP. We previously reported that,
using the sume approuch. similar NDP kinase activity
of #m33:.H1 and -H2 proteins could be demonstrated
[7]. Gilles et al. [3] reported that human NDP kinase is
a hexumeric molecule consisting of rundomly associated
am23-Hl and -H2 proteins in various proportions.
These hexameric forms of both proivins display NDP
kinuse activity. Qur results, however, ¢learly indicite
that all of these molecules also have NDP kinase activ-
ity us o monomeric peptide. The mAb, M1-45, which
is reactive with wr23-M1 bul not #n23-M2 protein by
immunoblotting, consistently precipitated two bands
with NDP kinase activity in the immunoprecipitation
from MNS-1 lysates. The precipituted bands were pre-
cisely coincident by SDS-PAGE analysis with the am2?
proteins produced in £ coli, which indicated that they
are nm2l-M1 and -M2.

The possibility that the mAb, M1-45, was reactive
with 2:123-M1 as well us in23-M2 proteins in the im-
munopreeinitation cannot yet be neglegted, A similar
analysis of human am23 proteins with a mAb snecific
for um23-H1 or -H2 proteins, however, also canstantly
co-precipitated the partner isotype of mm23 protein

(manuseript in preparation). Thus, murine and human
m23-NDP kinuse associate with their partner isolypes
in a very similar munner, although their precise molecu-
lar basis remains unknown.

All previously identified na23-NDP kinases, except
that in bucteria, share the tripeptide. Arg-Gly-Asp,
whicl, is the RGD consensus sequence for the recogni-
tion of integrin family members {13), as shown in Fig,
5. The mn23-M2 protein also has this tripeptide se-
quence. It is intriguing to speculate that ma3-NDP ki-
nase functions as a ligand for an adhesive molecule of
the intagrin family. During the preparation of this man-
uscript. Okabe et al. {14] reported the partial amino acid
sequence of the [-factor, which inhibited the induction
of differentiation of the murine mycloid leukemia cell
line. M1. Since the cyanogen bromide fragments of the
[-factor exhibited 98% amino acid identity with am23-
H2, 919 to murine /223 and 89% to nm23-H1, they
anticipated that the [-{actor is a putative murine nm23.
In fact, the reporied sequence is identical to our current
sequence of #223- M2 except far one at codon 69. It is
maost likely that the I-factor is indeed mm23-M2. The
[-factor is detectable in the membrane fraction as well
as in the conditioned medium of M1 cells, The I-factor
activity in culture medium and the presence of the RGD
consensus sequence of mm23-M2 may reveal a totally
new extracellular role of nm23-NDP kinase in addition
to the several distinct intracellular functions so far pro-
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nm23=M2 91 LGETNPADSK PGTIRGHPCI QVGRNIZHGS 120
nm2 3aH2 9] acosasanme - ‘ 120
ND‘PK, rAt gl s gl S A A -=e - e oy ol o 12&
nm23-M1 91 - 120
Mﬂ.’o-ﬂl 91 - - - - - - - - - 120
awd 9.2 solesamnal, - 121
NDEK, Dictyostelium 95 IaVeeeLA<A o=Sepsd=GV Decceewsae 124
NDPK, M. xanthus 30 MepA====QAA EBocaeK==AT SIDR-TVe-- 118
NDPK, E. coli 90 e=fc===NAL A==L=A-YAD SLTE~GT=== 119

Fig. . Canssrvution of the RGD consensus xequence in NDP kinases from different specics. Amino acid residucs are listed using the single letter
code. The dushes in the sequence are identicul to mn23-M2, The stippled box indisates the RTD consensus ssquence.

posed. It may also provide a direct interpretution af the
puarticipation of these proteins in the control of tumor
rmetastasis.
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