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The fradrenergic receptar kinuse (j!ARK) mediates agonist. dcpcndcm phosphorylation of the [l,-udrcncrgw and related G protein-coupled recep-
tors. A ¢DNA encading bovine JARK has recently been isolated. Inthis work we lve isolated n cDNA encoding human JARK: froma retinal
<PINA hbr.\ry The cDNA encodes o protein of 689 umino ucids with in overal) 98.0% amino aeid and 92.5% nucleotide identity with bovine JARK,
Chromosomal location of the human AR K gene was determined by carrelating the presence of the JARK Foeus with retention of & speeifie humin
chromosome in 4 rodents humxm hybl id panel; This anulysis revealed that the human ﬂARK locus segregmed with the long urm of chromosome

11, ccmramcne to 11gld

B-Adrenergic receptor kinase: Human: Chromasome; Desensitizition: Phosphorylation; cDNA

1. INTRODUCTION

The mechanisms which regulate G protein-receptor
function are diverse and include rapid events which lead
t0 receptor/G protein uncoupling as well as more long
term events which eventually result in receptor degrada-
tion [1,2]. One of the major mechanisms implicated in
the initial rapid uncouplmg phase of desensitization ap-
pears to involve receptor phosphorylation. Utilizing the
f2-adrenergic receptor-coupled adenylyl cyclase system
‘as amodel it has been shown that receptor phosphoryla-

tion is mediated by at least two distinct protein kinases.

The cAMP dependent protein kinase phosphorylates
the B8s-adrenergic receptor (5:AR) at two distinct. sites

and may be largely responsible for mediating desen- -

sitization observed at low agonist concentrations [3-5].
In contrast, the 8-adrenergic receptor kinase (BARK)
phosphorylates the 82 AR to a stoichiometry of ~ 8 mol

phosphate/mol receptor and appears to mediate agonist-

specific desensitization observed at hlgh agomst con-
centrations {5-7].

BARK is a ubiquitous cytosohc enzyme Wthh spe-

cifically phosphorylates the activated form of the G-
adrenergic and related G protein-coupled receptors

[7-9]. BARK, purified from bovine brain, consists of a
single subunit of 80 000 Da which is not activated by a

wide variety of kinase stimulatory agents [7]. Recently,
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we have isolated a cDNA encoding bovine SARK [10}.
This ¢cDNA encodes a protein of 689 amino acids (79.6
kDa) with a centrally localized catalytic domain which
has highest homology with S6 kinase, the cAMP de-
pendent protein kinase and protein kinase C. When in-
serted into a mammalian expression vector and ex-
pressed in COS-7 cells the BARK ¢DNA encoded a pro-
tein which specifically phosphorylated the agonist-
occupied form of the Ba2-adrenergic receptor and more
weakly the light activated form of rhodopsin [10].
While significant work has been performed on bovine
BARK little is known about the human form of this en-
zyme. In this work, we have used the bovine SARK

"cDNA to screen a human retinal library and isolate the

c¢DNA encoding human SARK. The human SARK gene
was then localized to the long arm of chromosome 11 by
Southern hybridization analysis of a rodent-human
hybrid panel.

2. MATERIALS AND METHODS

2.1, Isolation and sequencing of the human BARK cDNA

A human retinal cDNA library (10° total clones). was screened with
two *?P labeled oligonucleotide probes which had previously been
used to isolate the bovine BARK ¢DNA ({10], oligos no. 1, 2).. The
probes were hybridized for 48 h at 42°C in a solution containing 6 x
saline sodium citrate (SSC), 5 x Denhardt's solution, 0.1% sodium
dodecy] sulfate (SDS) and 100 ug/m! denatured salmon sperim DNA,
The filters were washed initially with 2 x S8C, 0.1% SDS at.60°C and
the stringency was then increased by decreasing the salt concentra-
tion. A total of 5 clones which hybridized with both oligos at high
stringency (0.2 x SSC, 60°C)were isolated. The isolated cDNAS were
excised with FcoRI and inserted into the vector pSP 65 for sequencing,

Published by Elsevier Science Publishers BV,
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Fig. L. Nucleotide and deduced amino acid sequence of human BARK The nucleotides and amino acids are numbered on the right hand side;
Shown also are the amino ac;ds which dlffer in the bovine BARK sequence, intotal there are 14 dlfferencea, six of whxch are conservative substitu-

uons
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DNA sequencing was perfarmed wing rhé dideasynueleotide ¢hain
termination method of Sanger {1 1}.

2.3, Cells

Isolation, propagation und «charmtcrimum\ of parental eells umd
somatie eell hybrids used inthis study have been described [12), The
presence of specific human chremasemes oe teglons of chromosomes
has been confirmed by DNA. hybridizaution using prubes for genes
assigned to specific human ciromoame regions.

2,3, Southern blot analysis :

DNAs from humin peripheral blood Iymphmms (PBL) or human
cell lines, mause cell lines, and rodent-human hybrid cell lines were
extracted by call Iysis, proteinase K digestion, phenol extraction and
‘sthanol precipitation. Cellular DNAs were digested with anexcess of
the restriction enzyme EcoRl, sized in 0.8% agaroseé gels and transler
red 10 nylon filters and hybridized as described previously [13). After
hybridizaten, the fillers were washed (0.1 % 88C, 0.1% SDS, 65°C)
and exposed to Kodak XAR: 5 film with intensifying screens.

3. RESULTS AND DISCUSSION

10% independent clones from a human retinal cDNA
l:brary were initially scrccncd with two labeled bovine
BARK oligonucleotides. A total of 5 clones which
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hybndnzed with both oligonucleotide probes at high .

stringency (0.2 x SSC, 60°C) were isolated. The clones

were purified and when excised with EcoR1 four of the

clones yielded a single insert band ranging in size from

Human Chromosomes
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1.3 to 1.5 kb. The fifth ¢clone when excised yielded two
DNA. bands of 0.35 and 0.8 kb due to the presence of -
an £coR 1 site within the insert. The 0.35, 0.8 and ~2.8
kb of the 3.5 kb clone were sequenced on both strands
and compared to the sequence of bovine SARK (Fig. I).
The open reading frame of the human SARK ¢cDNA en-
codes a protein of 689 amino acids which has 98.0%
amino acid and 92.5% nucleotide identity to bovine
BARK. With conservative amino acid substitutions the
homology increases to 98.8%. The sequenced portion
of the human SARK clone contains 107 bp of 5' un-
translated sequence which has ~50% homology with
the 84 bp of §* untranslated sequence from the bovine
BARK ¢DNA [10]. This homology is largely due to the
GC richness of both 5 untranslated sequences (82%
GC for human, 86% for bovine). In addition, the 3’
untranslated regions of the human and bovine clones
contain a potentially interesting stretch of ~125 bp
“which are 95% identical at the nucleotide level. This
stretch starts immediately after the stop codon in the
human clone (bp 2178-2304) and 24 bases after the stop
codon in the bovine clone (2180-2307). The 3' localiza-
tion and high degree of conservation of this region sug-
gests that it may play someregulatory rolc in translatlon ‘
of the BARK message [14].
More than 20 rodent-human hybrids were then exam-
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Fig. 2, Presence of the BARK genein 17 rodent-human hybrids. A completely stippled box indicates that the hybrid named in theé left column con-
tains the chromosomeé indicated in the upper row; lower right stippling indicates presence of the long arm (or part of the long arm, indicated by
a smaller fraction of stippling) of the chromosome shown above the column; upper left stippling indicates presence of the short arm (or partial
short arm) of the chromosome listed above the column; no stippling indicates the absence of the chromosome listed above the column, The column
for chromosome 11 is boldly outlined and stippled to highlight correlation of preserice of this chromosome (or region of chromosome) with presence
- of }he probe. The pattern of retention of the BARK gene in the panel is shown in the column to the right of the figure where presence of the probe
in_the hybrid is indicated by a stippled box with a plus-sign and absence of the probe is indicated by an open box enclosing a minus sign.
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Fig. 3. The human BARK gene maps 1o 1 ieen = g2, EeoR1¢leived
DNA ¢~ 10 pgAlane) from mouse (lane 1), human (lane 33, hybrid 82
retaining himan chromosomes 3, 6. 10, 11, 14, 17 and X (lane 3),
hybrid 87 retaining 3, 6,7, 11, 14, 21,22 and X (Jane 4), hybrid PBS
rewining partial chromosome 2, partial $; 8, Ly, 17, and partial 20
(lane 5), hybrid GY remining ehromosames: LR, [0, TIpTa=1igter,
12, 1, L4qll=vTdqrer, 15, 16, 18:22 and X (lane 6), hybrid 734 retain-
ing & derll (Hipler=211g2)aXq28=Xqter) and partial 13 (4, 18)
(tane 73, hybrid PBS-1 retaining partial 2, partial 5,119, 17, partial 20
thane §) wits fractionated, blotted 1o nylon rilief and h).hrkliml 0a
radiolabelled FARK. probe,

ined for the presence of the SARK locus by hybridiza-
tion of a radiolabeled human BARK probe to EcoRl
‘cleaved hybrid and control DNAs immobilized onnylon
filters. Results of testing of the entire panel demon-
strated that the human SARK locus was present only in
hybrids retaining chromosome 11 and was absent in all
hybrids which did not contain chromosome 11 as sum-

marized in Fig. 2.. An example of results of such

hybridization studies are shown in Fig. 3. The human
BARK specific 15 kbp EcoRI fragment is present in. the
human DNA (lane 2) and each of the hybrids shown
(lanes 3- 8), a mouse specific EcoRI fragment (> 23 kbp)
is detected in the mouse DNA (lane I) and is also pres-
ent in each of the hybrid DNA containing lanes. . Each
of the hybrids in lanes 3-8 retains an entire or partial
chromosome 11 as detailed in the legend to Fig, 3.

Fig. 3 also illustrates regional locahzauon of the

BARK gene since hybrids in lanes 5 and 8 retain 11q [12]
and the hybrid (734) in lane 7 retains a derll

(11pter—11q23::Xq25-Xqter) [15]. A daughter clone

derived by selection of the hybrid 734 in 6-thioguanine
(to eliminate the dertl chromosome by selective killing
of cells retaining the active HPRT gene on the X
chromosome derived portion of thée derll) [16] was
negative for the BARK gene (not shown). Thus the
BARK gene must localize to the portion of chromosome
11 (11cen—11923) which is common to the hybrids in
lanes 5-8. The final regional localization of the SARK
gene is illustrated in Fig. 4 which provides a sketch of
partial chromosome 11s retained in BARK positive
hybrids. A BARK negative hybrid, CE4 (Southern data
not shown), retained chromosome region 11q13-tiqter
with a break in the BCL-I locus [12], eliminating the
region 11ql3-11qter. Therefore, the BARK gene is
located in the narrow chromosomal region between the
centromere of chromosome 11 and the portion of 1 113
carrying: the BCL-1 locus, as indicated by the bracketed
overlap region in Fig. 4.

Amplification of a cluster of 1001 at11q13 usually in-
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Fig. 4. Regional lecalization of the f«RK locus, Dmsmm of
chromosome 11 with portions of ¢chromosome 11 retained by various
hybrids sketched on the left. The dotted portion of the line Fenresen-
ting hybrid 734 indicates uncertainty of the distal endpoint which ean-

-nat be determined exactly cytogenctivally. The presence of the SARK

locus in each of the hybrids is indicated below by o plus sign; on the

far left the overlap region indicates the region of chromosome 11

common to the BARK positive hybrids, Thus the SARK gene resides
within lhi\ rcgiun IIu.'n*'Iqu

cluding the BCL-J, HSTFI, and INT2 loci has been
observed in some human tumors [17-21]. Since the.
location of the mouse Bark gene (Benovic et al., in
preparation) suggests that the human SARK gene most
likely also maps near 11ql3, mammary carcinoma
derived lines carrying amplified BCL-1/HSTFI1/INT2
loci were tested for amplification of the SARK locus.
The BARK locus was not amplified in any of the five
lines tested (not shown),
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