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Sequence of a novel carbonic anhydrase-related polypeptide and its
exclusive presence in Purkinje cells
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I isolated a mouse ¢cDNA clone encoding a novel polypeptide which has strong homology with carbonic anhydrase. Unlike the other carbonic

anhydrases, it has an additional N-terminal domain with a glutamic acid stretch and an arginine substitutes one of the three histidine residues

which bind zinc ion. In the central nervous system, carbonic anhydrase is known to be expressed only in glia cells, but this gene is expressed in
neuron, but only in Purkinje cells.
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1. INTRODUCTION

The zinc metalloenzyme carbonic anhydrase (CA;
carbonate dehydratase, EC 4.2.1.1) catalyzes the
reversible hydration of CO,. Seven isozyme forms
(CA I-VII) and several related genes have been iden-
tified in mammals [1], and their primary structures
show that they belong to a large multiple gene family.
The three-dimensional structures of several carbonic
anhydrases are known [2,3] and the amino acid residues
located in the active site are strongly conserved among
different members of the family [1].

In the central nervous system, carbonic anhydrase is
expressed only in glia cells, and has been used as a glia
cell marker [4]. In particular, extensive developmental
studies have been done in retina using it as a marker for
Miiller cells [5]. Based on immunological, elec-
trophoretic and kinetic criteria, the enzyme in glia cells
is a CA II type isozyme [6], and distinct from carbonic
anhydrases of the other tissues because over 50% of it
is membrane-bound [7].

Mouse cDNA clones have been collected with
specific expression patterns in mouse brain [8]. DNA
sequence analysis reveals that one of them has strong
homology with carbonic anhydrases. However, unlike
other carbonic anhydrases, the sequence has an addi-
tional N-terminal domain with a glutamic acid stretch.
Amino acid residues within the active site are well-
conserved, but one histidine residue which binds zinc
ion is substituted. Interestingly, this gene is expressed
unique in Purkinje neurons of the cerebellum.
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2. MATERIALS AND METHODS

Total RNA was extracted by the guanidinium-CsCl method from
mouse brain and poly(A)* RNA was purified by oligo(dT) cellulose
column chromatography [9]. A Agt10 mouse brain cDNA library was
constructed using the method of Gubler and Hoffman [10}. To ob-
tain full-length copies, the cDNA was fractionated on a Sepharose
CL.-4B column and the top 5% was used for the library. The probe
used is H30 [8]. Among several positive clones, the longest one was
selected and sequenced by the dideoxy chain termination method us-
ing the shot-gun strategy {11].

Poly(A)" RNA (1 xg per lane) was electrophoresed in 1% (w/v)
formaldehyde agarose gel, blotted onto a nylon membrane
(GeneScreenPlus, Du Pont). Northern hybridization was done by a
standard condition [8). The probe was the same as that used for the
library screening.

For in situ hybridization, mouse brain sections were mounted on
organosilane-treated microscope slides and kept at —20°C until use.
Following fixation and pronase digestion, the sections were
prehybridized for 2 b at 37°C in 50% formamide, 5 X SSC, 10 mM
Na-POs (pH 7.0), 25 mM DTT, 2 x Denhardt’s and 0.1% SDS.
Hybridization was performed at 42°C for 30—40 h in the above solu-
tion containing 250 xg/ml denatured salmon sperm DNA and *S-
labelled DNA probe {1-1.5 x 10° cpm/ml). The probe used was
single stranded DNA derived from an M13 clone containing the H30
insert. The sections were washed in three changes of 2 X SSC at room
temperature, and then in 50% formamide, 0.5 M NaCl, 10 mM Tris-
HCl and 1 mM EDTA (pH 7.4) at 37°C for about 6 h. They were
dehydrated in 70% ethanol, and were dipped into Ilford K-5 emul-
sion and kept at 4°C for 3 weeks. After developing and fixation, sec-
tions were stained with Cresyl violet and mounted.

3. RESULTS AND DISCUSSION

In a previous experiment, 35 c¢cDNA clones with
specific expression patterns in mouse brain were
selected from 950 ¢cDNA clones by Northern and in situ
hybridization using the ¢cDNA inserts as probes [8].
One clone, H30, is expressed only in Purkinje cells. The
DNA sequence of a full-length clone was determined on
both strands. Its longest open reading frame encodes
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TAATBCGACTCACTATAGGGCGAATTGGAGCTCCACCGCEGTEGCGCCGCGCCETICLGE
M A DL S F I E D A V A F

61 ACCCGTGTCGCAGAGCTGCCCATGGCTGACCTGAGCTTCATTGAGGATGCAGTCGCCTTC
14 P E K E E D BE E E E E E E 6 V E W 6 Y E
121  CCCGAGRAGGAGGAAGACGAGGAAGAGGAGGAGGAGGAGGGIGTEGAGTGGEETTACGAG
34 E 6 V E W G L ¥V F P D AN G E Y O 3 P I
181 GAAGGIGTTGAGTGGGGCTTAGTGTTTCCTGATGCTAATGGGGAGTACCAGTCACLTATC
54 N L N 8 R E A R Y D P S L L D V R L § P
241 AA CTAAARCTCCAGAGAAGCCAGGTATGACCCCTCACTGUTGGATGT CFFCCITTCTCCA
74 Yy v v . R D C E V T N D G B T I ¢ Vv I
301 AAT” TGTGETGTGCCGGGACTGTCAAGTCACCAACGATGGACACACCATTCAAGTIATL
9 L K § K 8§ v L. 5 6 6 P L P O G Q E F E L
361  CTGAAGTCAARATCAGTCTTGTCAGGAGGACCACTGCCTCAGGGACAGGAGTTTEAGETG
114 ¥ E vV R F A W 6 R E N ¢ R & 8 B B T V N
421  TATGAAGTTAGATTTCACTGGGGAAGAGAARACCAGCGTGGTTCTGAGL. CGGTCAAT
134 F K A F P M E L H L I B W N 85 T L F G §
481  TTCAAAGCCTTTCCCATGGAGCTCCACCTGATCCACTSGAATTCCACACTSTTTGGIAGT
%4 I D E A V G K P H G I A I I A L F V QI
541 ATCGATGAGGCGGTTGGGAAACCCCATGGTATCGCCATCATTGCACTATTTGTTCAGATC
174 ¢ K E H vV G L K A VvV T E I L Q@ D I Q Y K
601 GGGAAGGAACATGTTGGCTTGAARGGCTGTGACTGAGATCCTCCAGGATATTCAATATARG
194 ¢ K S K T I p C F N P N T L L P D> P L L
661 GGAAAATCCAAAACAATTCCATGCTTTAATCCTARCACTTTATTACCAGACCITCTTICTG
24 R b Y ¥ VvV ¥ E G $§ L T I P P C S E G V T
721 CGGGATTACTGGGTCTATCAAGGATCTCTTACTATCCCACCTTGUAGCGARGEAGTTACT
234 ¥ I L F R Y P L T I 5 0 M £ I E E ¥ R R
781  TGGATATTATTCCGATACCUTTTAACTATATCCCAGATGCAGATAGAAGAATTTCRAAGG
2% L R T H V K G V E L VvV E G C D G I L G D
841 CTGAGGACACATGTCAAGGGGGTAGAACTGGTGGAGGGCTECGATGCGGATTTTICGGACAC
274 N F R P T Q P L & D R V I R A A F S5 5§ Q
901 AATTTCCGACCTACCCAGCCUCTGAGTGATAGAGTCATICGAGCGGCCTTCAGTAGICAG
234 R D R E Q T H L H Q0 *
361  AGARGACCGGGAACRAACCCATCTGCATCAGTGAAGAAGACAGTGGTCCCACGGAGTCCTT
1021 TGATGAGGAGTGGAAACTCCTGAGTGGCAGCTTTCTTTTAACCCTCAAGCUTGCAGATAG
1081  ARGAATTTCGAACGCTGAGGACACATGTCAAGGGGGCAGRACTEETGEAGGGCTGIGATE
1141 GGATTTTGGGAGACAATTTLCGACCTACCCAGCCCCTGAGTGATAGAGTCATCOGAGLEG -
1201  COTTTCAGTAGCCAGAGAGACCGGGAACAAACCCATCTGCATCAGTGAAGAAGACAGTEG 1
1261 TCCCACGGAGTCCTTTGATGAGGAGTGGAAACTCCTGAGTGGCAGCTTTGTTTTAACCCT 1
1321 CAAGCCTGCATTATCTTCAGTTACTGCAGTGTTGATGGATATCTGTGACCATTGTCTGTA 1388
1381 TACATGCTGTTATGARATATTAGAAGTGGCTGTTCATTTTAAAGAAACACAGTGTGTGTG 1442
1441 TGCACACACCACAGCTTCTGGAATTCATACTTTTGCACATACTGCTTGTTGCTTATGTET 1503
1501 AGAAAGAATGRAAGTAGTTTTCAGACATACTARTATGACTGTATTATATATCAATATGAS 15690
15361 ATAAGAAAAGCACATTCCCAGAGCCAAGTCATTTATTTICCTIGTCTGTATTAGAARATATG 1620
1621 CTCACTAGTGTATTTCTTGATAATAAAGCAAGATGTTTGATUTACAACAGCTTAGAACAT s
1681  CAAAATACAATATGAAGGAGTCATAAAAATTATCTICGTCTTGTTTTTECAATARTTGCAL i
1741  CAAATTTAATGTCAAACTGGTTTGTCATGGARRAAATTTTGAAGTTAATGTAARGATATT 182e
1802  TTATATATAATTTTTAAAAAGAATTTAATTGAATCTAATATACTTATGGCATATCTGAAT 18¢€8
1861 GTATGGCTTCTAAGGAGTTAAGAATAGCATARAAATAGATAGGAGGARAGATGGGGACAG 19z2¢
1921 CATACCAGTAATAGCTTTGITTCCATATAGAAATAAAARATCCACTAGTATACTATGITAA 1987
1981 TTT 1983
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Fig. 1. Nucleotide and predicted amino-acid sequence of a ¢cDNA encoding the carbonic anhydrasc-related polypeptide (CARP). The amino acid
sequence of the predicted polypeptide is shown as the single letter code above the nucleotide sequence.

303 amino acids (Fig. 1). Comparison of the predicted
amino acid sequence with the existing data base reveals
that H30 is closely related to carbonic anhydrase. The
overall similarity is 37.7% with mouse CA I, 40.7%
with mouse CA I, 37.3% with rat CA III and 32.9%
with sheep CA VI. This polypeptide is therefore
designated as carbonic anhydrase-related polypeptide
(CARP). The deduced amino acid sequence and com-
parison with other carbonic anhydrases are shown in
Fig. 2.

It is possible to compare the active site residues of the
different CA isozymes. Of 36 such residues at
homologous positions, 17 are invariant among all
animal sequences [1]. Those of CARP are also well-
conserved, but histidine at the position 124 in Fig. 2
and glutamine at the position 122 are substituted by
arginine and glutamic acid, respectively. Histidine 124

is one of the three histidine residues which binds zinc
ion, and the glutamine residue participates in forming
hydrogen-bond network to zinc-bound solvent
molecule [1].

Northern hybridization shows that CARP is express-
ed only in the cerebellum, and is absent from the other
parts of the brain (Fig. 3, left). There are two band
sizes, of 2.1 and 1.6 kb respectively, pussibly reflecting
two different polyadenylation sites. In situ hybridiza-
tion experiment reveals that CARP is localized in
Purkinje cells (Fig. 3, right). This makes a clear con-
trast with carbonic anhydrase, because it is expressed
only in glia cells.

The function of CARP is not at all clear, and it is
therefore uncertain that CARP even possesses a car-
bonic anhydrase activity. Because several activities
other than the reversible hydration of CO; have been

i

Fig. 2. Comparison of the amino acid sequence of CARP and carbonic anhydrases, Identical residues are indicated by asterisks and conserved
residues by dots. The three histidine residues which bind zinc ion are indicated by arrowheads.
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Fig. 3. (Left) Northern blot analysis of CARP. The sources of poly(A)*-RNA are as follows: lane |, 12-day-old mouse cerebellum; lane 2, 22-day-
old mouse cerebellum; lane 3, 22-day-old mouse whole brain minus cerebellum. Left arrows indicate size markers: from top, 1.9, 1.5 and 1.1 kb,
respectively. (Right) In situ hybridization analysis of CARP in the mouse cerebellum. Note that silver grains are scatiered over only the Purkinje

cell layer. The probe was the same as that used for the library screening.
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reported with CA isozymes [12], the main function of
CARP might be different from the reversible hydration
of CO,. Destruction of the CARP gene using some
transgenic procedure may be useful to analyze its func-
tion [13].
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