ISSN (253-9756  Acta Phanmecol Sin ¥ B2 B 448 2000 Avg; 22 (8): 751 - 755
http; //www . chinaphar . com - 751 -

Cloning of a novel mwuse Gabarapl2 cDNA and its characterization

CHEN Zheng', XIN Yu-Rong®, JIANG Ying, JIANG Ju-Xiang ( School of Life Science, Suzhou University,
Suzhou 215006 ; *Institute of Genetics , Fudun University , Shanghai 200433, China)

KEY WORDS. GABA, receptors; human;
amino acid sequence homology; molecular models; re-
verse transcriptase polymerase chain reaction; Northem
blotting; DNA

mice;

ABSTRACT

AIM: To clone a novel mouse GABA,-receptor-
associated protein like 2 ( Gabarapl2) gepe, and to anal-
ysis its primary function. METHODS: With the aid of
computer, the human GABARAPL2 cDNA was used as
information probe to search mouse EST database of Gen-
Bank for mouse homolog. A series of overlapping EST
were found and assembled inlo an EST contig using Ge-
netics Computer Group ( GOG) ASSEMBLY program.
The existence of the gene was then identified by experi-
ment. Northem blotting was performed to hybridize
[a-2P|dATP labeled probe with mRNA of 11 different
mouse tissues that had been transferred to the nylon mem-
brane. RESULTS: The novel gene was deposited in
GenBank under Accession Ne AF190644. Its cDNA
contained an intact open reading frame and a canonical
polyadenylation signal AATAAA followed by polyA.
The deduced protein was completely identical to that of
human GABARAPL2, and was termed Gabarapl2 by
Mouse Gene Nomenclatuwre Committee. The putative
protein of Gabarapl2 has a calcudated molecular weight of
13 700 and an isoelectric point of 8.56. It was also pre-
dicted to contain two protein kinase C phosphorylation
sites and one tyrosine kinase phosphorylation site.
Northern hybridization showed that Gabarapl2 was ex-
pressed as a single 1.35 kb transcript, with high levels in
brain, thymus, lung, heart, kidney, and liver, and low
in pancreas, testis, small intestine, colon, and stomach.
CONCLUSION: A novel mouse Gabarapl2 gene was
cloned and identified.
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INTRODUCTION

GABA ( gamma-aminobutyric acid), which is pre-
sent in large amounts in the brain, is distributed among
distinctly different cellular pools, possibly reflecting its
multiple functions as neurotransmitter, neurodifferenti-
ative agent, and metabolite. GABA has various behav-
ioral and physiologic effects such as analgesia, depres-
sion, anxiolytic effects, anticonvulsive activity, feeding,
and cardiovascular regulation’”) . Tt acts as a trophic sig-
nal that enhances the growth rate of neuronal processes,
facilitates synapse formation, promotes synthesis of spe-
cific proteins and controls the induction and development
of different GABA receptor subtypes”. GABA exerts
its effects through two ligand-gated ion channels, GABA,
and GABA( receptors, and a G protein linked receptor,
GABAg receptor.  GABA, receptor, the most prominent
one, is a hetero-oligomeric protein composed of several
distinct polypeptide types>*, Most of the subunits
have multiple subtypes (el -6, p1-4, ¥1-3, 8, pl -
2). which exhibit high homology in each subunit family
(70 % —80 % amino acid sequence identity)!¥!

Recently, experiments showed that the intracellular
loop of the abundant Y2 subunit of GABA, receptor
bound 1o GABA , -receptor-associated protein
(GABARAP), which was involved in the postsynaptic
localization of jonotropic GABA, receptor to cytoskele-
tonl® . Given the homology among ¥ subtypes (70 % -
80 % amino acid homology}, it is possible that there are
other molecules interacting with ¥1 or Y3 to mediate the
localization of GABA, receptor, similar to the case for
v2. Here, a novel gene in mouse encoding a homolog
of GABARAP (57.3 % identity and 67.5 % similarity)
and GABARAPL2 protein (100 % identity) was cloned.
It was later termed mouse GABA,-receptor-associated
protein like 2 { Gabarapl2). To clarify the function of
the novel gene, we also performed its homologous com-
parison and structural domain prediction. Northern hy-
bridization for Gabarapl2 in multiple mouse lissues was
carried out.
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MATERIALS AND METHODS

Searching database To search for the homolog
of human GABARAPLZ in mouse, we used GABARAPLZ
( Accession No AF087848) cDNA as mformation probe to
search mouse EST database of GenBank (http: //www.
ncbi. nlm. nih. gov/blasti/est) with BLASTN program.
A series of overlapping EST fragments, whose homology
to probe were higher than 60 % and lower than 98 %,
were found and assembled into a 1012 bp EST contig us-
ing GCG {Genetics Computer Group, Wisconsin Package
Version 9.1) ASSEMBLY program.

Screening ¢cDNA library In order to clone and
identify the mouse EST contig, a pair of primers mA (5'-
GTT GTG GTC GCT TCG CCG AAG TC-3', nt 59 -
81) and mB (5'-CTA GTA GGT CIG TGT GGA GGC
TC-3', nt 568 ~ 546) were desighed based on 5'-UTR
and 3'-UTR sequences of the contig. PCR amplification
was performed with primers mA and mB, using mouse
brain cDNA generated by reverse transcription as tem-
plates. The PCR condition was as follows; denaturing at
94 C for 3 min, followed by 35 cycles of denaturing at
93 € for 1 min, annealing at 60 T for 1 min, elongat-
ing at 72 C for 1 min, respectively; finally, elongating
at72 C for 10 min. After amplification, the expected
510 bp mouse cDNA fragment mAB was obtained. It
was then cloned into pGEM-T vector (Promega) and se-
quenced with dye-terminator method (ABI autosequencer
type 377). The result showed that the sequence of mAB
fragment was identical to the corresponding sequence of
the above mouse EST contig.

Mouse total RNA membrane preparation
Total RNA of 11 mouse tissues was isolated by using
TRIZOL Reagent { Life Technology} according to the
protocol provided by the manufacturer. Then the ac-
quired RNA (about 20 - 30 pg/lane)} was run on denatur-
ing 1.0 % agarose gel comtaining formaldehyde under
constant voltage (80 V). After bromophenol blue run
about 7 cm in the lane, the separated RNA on the gel
were transferred to a nylon membrane { Amersham ).
The membrane was dried at 84 C for 2 h for Northem
hybridization .

Northern hybridization Fragment mAB was
labeled with [ a-2P]dATP (Amersham) via PCR amplifi-
cations with the reverse transcript cDNA as template.
Afier purification with Sephadex G-50 (Sigma), the la-
beled probe was used to hybridize with the membrane
blotted RNA from various mouse tissues at 42 C in a
solution containing 50 % formamide, 5 x SSPE, 10 x

]

Denhardt’s reagent, and 0.5 % SDS for 24 h.  After hy-
bridization, the membrane was exposed to X-film at
~80 C for 4 d. The intensities of the hybridization
signals on X-film was determined by scanning and ana-
lyzed with GDS 8000 Complete Gel Documentation &
Analysis System (Bio-Rad).

RESULTS

Computational assembly of the novel gene
With BLASTN program, the human GABARAPL2 cDNA
was used as information probe to search mouse EST
database. A series of overlapping EST were obtained
and then assembled into an EST-contig (Fig 1). The
contig contain 1012 nucleic acid.
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Fig 1. Mouse Gabarami2 EST-contig (only part of the
typical EST fragments were shown) .

Clening and identification of mouse Gaberagi2
PCR amplification was performed on mouse brain reverse
transcript ¢<DNA and the obtained fragment was se-
quenced. Thus the natural existence of the gene was
confirmed and a ¢cDNA of 1012 bp in length was cloned.
It contains an intact open reading frame (nt 116 - 469)
coding for 117 amino acids. The cancnical polyadenyla-
tion signal AATAAA (nt 957 — 962) followed by polyA
tail was also present (Fig 2). By searching database, it
was found that the gene was a novel one. The sequence
was then sent to GenBank and was deposited under Ac-
cession No AF190644,  Since the deduced amino acid se-
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quence of the novel gene shares 57.3 % identity and
67.5 % similarity with that of human GABARAP, and is
completely identical to that of human GABARAPLZ, it
was later termed Gabarapl2 by Mouse Gene Nomencla-
ture Committee.

Homologous comparison and domain analysis
The putative protein of Gabarapl2 has a calculated molec-
ular weight of 13 700 and an isoelectric point of 8.56 de-
termined by PCGENE program, It was predicated by
PROSITE program { http://www . expasy . ch/prosite) to
contain two protein kinase C phosphorylation sites (g
SAKjg, 5SEK74) and one tyrosine kinase phosphorylation
site (oKDEDGFLY 4s) (Fig 2). It was also found that
the N-terminal region was rich in basic amino acids. By
BLASTN program of NCBI, it was found that there
existed a family of GABA receptor-associated proteins in
various animals such as mouse, rat, and bovine, except

ATTOGGATCCATGCOCGCCTGTAGAGTAGTOE TOGCTGCCGOCECOGCCTCOGTTGTTRTTRTGGTCECT TORCOGAAGTCE GCEGCTCRAAGCOGTOCGTCGCT
TCCOGTCGCCATGAAGTGGATGTTTAAGGAGGACCACTCTCTGGAACACAGATCOGTGGAATCOGCGAAGATCAGAGCGAAGTACCOCGAOCGAGTTCCGGTGAT

human, sharing high homology. The alignment of them
clearly illustrates their relationship (Fig 3).

Tissue expression of mouse Gabarapl2
Northern hybridization of mouse Gabarapi2 was carried
out in 11 mouse tissues, The results showed that it was
expressed as a single transcript, with high levels in brain,
thymus, lung, heart, kidney, and liver, and low in pan-
creas, testis, small intestine, colon, and stomach {Fig
4). The size of transcripts in all the tissues expressed
was 1.35 kb.

DISCUSSION

The neurons anchor various receptors with high con-
centralions at postsynaptic sites, matching specifically the
receptors with neurotransmitter released from the presy-
naptic terminal. Recently, several studies suggest that
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COGTGGAAAAAGTCTCGGGCTCTCAGATTGT TGACATAGACAAGAGGAAGTACTTGGTCCCCTCGGACATCACTGTGGCTCAGT TCATGTGGATCATCAGGAARAG

315

YEXYSGSQIVYDIDEREYLVYVPSDITVYAQFNXYITIRIKER

GATOCAGCTTCOCTOCGAGAAGGOCA
TGGATTCTTGTATGTGGOCTACAGCGGAGHS

¢ FLERYATYTSGENTPGF +
TGTTCTCAGTT.

Fig 2.

TCTTCCTCTTTGTOCACAAGACAGTCOCACAGTCCAGCCTANCTATGGEACAGCTTTACGAGAAGGAAAA GATGAAGA
IQLP[SJEXAIPLFYDETYPQSSLTHNGQLYEKEKDEDT D
GAACACTTITGGCTTCTGAGGOCCTTGCTGRGCT:

ACTCTGOCAGABCCTORACACAGA COTATAS TOCATT TG TAACTGGATTTATT TCTTAATATATTGGAAGE TTTTGTTTCCTTAGATTAGTAA
ATTATCATACAGACTTTTATTTTCAGTTTTCTTITTGTGCACTCTOCTCATGACTATTTGCT CCAGGGAACCTRTCCTCTGOGAATCATATTTAATCAAGATATT
TCCGTAATGAAGGGAGETAGGTETCETOOTAANGGEAMAGGAGGGGCTOATCCATARTTCTGGATTATG T TGAAAGTCTTAGATGECTAAGTATTAAAAGCACC
CAGATTAAATCCTTAGCAATCAGAACACTTCCTTCACTAGATTTTCOCAACTECAAA TCAT TTCGACTGAGCTAATCTATTCTTCTTTCTGAGACTATTAAGGT
AMATAATTAACAATAAAGCCTCCTTATAAGGCAAMAARAMAAAAAAAAAAAAAARAARRAR A

Mouse Gabargpl2 ¢DNA and its deduced amino acid sequence.

420

AGGTGCGOCCTTOCTGCTTGTGTCTCTTGTAAATAACTGGC 525
630
735
840
45

1012

The canonical polyadenylation signal

AATAAA is underlined. Tyrosine kinase phosphorylation site is highlighted black. Protein kinase C phosphorylation
site is boxed. Primers mA and mB to identify the gene are shaded in gray.

GABARAPL2 -MOUSE VSGS—QIVDI DITVAQF 60
GABARAP-HUMAN KA-RIGD DLTVGQF 60
GABARAP-MOUSE APKA-RIGD! DLTVGQF 60
GABARAP-RAT APKA-RIGD DLTVGQF 60
MAPLC3-BOVIN YKGEKQLFVI VNMSEL 62
MAPLC3-RAT YKGEKQLPYI HVNMSEL 63
GABARAPL2--MOUSE WWI I GENT] 117
GABARAP-HUMAN I -NVIPP 1 ARSDESY 117
GABARAP-MOUSE YFi I -NVIPP [ANSDESY 117
GABARAP-RAT YE I g -NVIPPTRATHGQLEQE TARSDESY 117
MAPLC3-BOVIN IKI IGHSMVSVRTP ICEVRESE] SQET! 119
MAPLC3-RAT IKT] Al GHSMYSVRTPISEVRESE SQETFg -~ 142

Fig3. The multiple alignment of the deduced amino acid sequence of homologs of mouse Gabarapl2 (AF190644) in
different animals: GABARAP-HUMAN (AF161586), GABARAP-MOUSE {AF161587}, GABARAP.RAT (AF161588),
MAPLC3-BOVIN {041515), MAPLC3-RAT {U05784). The conserved amino acid residues are highlighted.
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receplor-associated proteins are involved in forming post-
synaptic specializations of receptors, possibly by linking
the receplors (o the postsynaptic cytoskeleton,  Wang
e wf found that GABARAP could bind to both the intr-
cellular loop of the 72 subunit of GABA, receptors and
micrombules . Hanley er al have revealed thal micro-
twhule-assoeiated protein 1B {MAPIB) could bind to gl
subunit. of GABA;- receptors, and the expression of
MAPIB in COS cells lead o the inmweellular agprepation
of pl molecules, sugpesting that ol s interaction with
MAPIB had a “clustering” function ™. Besides for
GaBA, and GABA receptors, the receptor of glycing,
ancther inhibitory neurotransmitter, is similarly mediated
by a microtubule-hinding protein, gephyrin, t© attach to
the cytoskelewon™ . Although no direct interactions be-
tween GABA, recepror and gephyrin could be demuon-
strated by experiments, inhibitng gephyrin expression can
cause loss of GABA, receptor clusters in eulfured cortical
nerrons™ . T showed that gephyrin appeared to be in
volved in the postsynaptic organization of GABA, recep-
tors,  Many experiments showed that the functional prop-
ertics of recombinant GABA, receptors composed of dif-
ferent kinds of subomits and sublypes were net identi-
eal'™ M T is reminiscent of the existence of varions
proteins linking receptors to cytoskeleton .

The putative Caberap2 reported here might be such
Tt hasan overall positive charge. s
Aetenumal region i rich in basic amine acids, which
might bind to the acidic residues of the binding domain of
Lurthermare,  aceonding o GOR melhod "
the 22 mesidoes inoils N-terminus were predicted o fold
into an w-helix, with basic amino acids [ Ka, K,. T,
Hiys Ko alipning onone side of the helix,  Although
no whulin-binding motit { KKEE, KKLELY )P corre-
sponding 10 that of microtbule associated profein s pre-
sent in Gabarapl2, Gubharapl2 might mediale GABA, re-
cepions 1o mictotubules by the positively charged «o-helix
of N-terminus which conferad most of the fubulin-hinding
activity 1o Gaburapl2.

Several phosphorylation sites were predicted  from
Gabarapl?, such as protein kinase C phosphorylation site
arel tyrosine Kinase phosphorylation site.  Gabarapl2 ex
hibits 57. 3 % idenuty and 67. 5 % similanty fo
GABARAP, whose sequence is similar w light chain 3
(14030 subunit of microtbule associated protein 1A and
1B (MAPIA and 1B) . Since phosphorylation of cenain
MAP regulated the microtwbule dynamics and contribured
o the organization of microbule cytoskeleton' L
phosphorylated Gabarapl2 might be involved in the cy
toskeleton changes and consequent modulation of the
funetion of the GABA, receptors.  Gabarapl2 seems o
be an imtermediate molecule in the signal tansduction
pathway of gamma-aminobutyric acid,

Since mouse is 4 suitable model animal, cloning
mouse Gabarap!2 15 beneficial to the studies of the func-
tions of both mouse and human homologs.  The deduced
prodein encoded by mose Guborapd2 was shown to be
completely identical o that of human GAHARAPLZ. re-
vealing the highly conservation of the gene belween ho-
man amd mouse. Although the gene is expressed highly
in brain as expected, shown by Northem blot analysis,
the mENA concentrations in thymus amd lung were also
high.  The ubiquitous expression pattern implies Gabara
pl2 was involved in many different biological events, be-
sides its participation in GABA receptor localizalion,

©In eonclusion, a novel gene coding for mouse
GABA ,-receptor-associated protein like 2 was cloned and
identified in this study,
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