Biochimica et Biophysica Acta 826 (1985) 195-201
Elsevier

BBA 91518

195

Comparison of the 5’ regions of human and mouse carbonic anhydrase Il genes
and identification of possible regulatory elements

Patrick J. Venta, Jeffry C. Montgomery, David Hewett-Emmett *
and Richard E. Tashian

Department of Human Genetics, University of Michigan Medical School, Ann Arbor, MI 48109 (U.S.A.)

(Received July 31st, 1985)

Key words: Carbonic anhydrase Il gene: Nucleotide sequence homology; Regulatory sequence; 5 Flanking region;
(Human, Mouse)

The nucleotide sequence of the 5’ region of the human carbonic anhydrase 11 gene has been determined. This
sequence begins 643 base pairs upstream from the ATG start site and continues through exon 1, intron 1,
exon 2 and the adjoining 125 nucleotides of intron 2. The human sequence is compared with homologous
regions of the mouse (YBR strain) carbonic anhydrase II gene by aligning the two sequences for optimal
homology. In addition to a TATA box and a putative CCAAT box (CCACC in human and CCACT in
mouse), three conserved tandem-repeat elements in mouse and two in human (consensus: cCNGTCACCTC-
CgC) are located 15 and 22 base pairs upstream, respectively, from the CCAAT boxes in the human and
mouse sequences. This repeat element is similar to a tandem repeat sequence located at about the same
position in mammalian S-globin genes, and may represent regulatory elements common to both the carbonic
anhydrase and S-globin genes. The regions surrounding exon 1 are extremely G + C-rich in both human and
mouse genes. In addition, severel CCGCCC or GGGCGG sequences which may be important for transcrip-

tional efficiency are found in the 5’ flanking regions of the human and mouse genes.

Introduction

The mechanisms responsible for the tissue-
specific regulation of genes in eukaryotes are still
largely unknown. Several general regulatory ele-
ments have been identified such as the TATA box,
the CCAAT ‘box, and GC-rich elements which
occur upstream from the transcriptional initiation
site [1-3]. In several systems, tissue-specific regu-
latory elements have also been located within a
few hundred base pairs (bp) of the transcription
initiation site [4-8], although some regulatory se-
quences are found at distances of up to about 2 kb
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(kilobase pairs) 5’ from the initiation site [5,9].
The carbonic anhydrase (CA) multigene family
is well suited for the study of tissue-specific gene
regulation. This gene family is made up of at least
five genes, and the products of three of these genes
(termed CA I, CA Il and CA III) have been
structurally characterized from a number of
vertebrate species [10]. One of the other two genes
is expressed in liver mitochondria {11,12] and
another encodes a membrane-bound form in kid-
ney [13] and lung [14]. The structure of the mouse
CA 1I gene has been determined [15], and the
nucleotide sequences of mouse CA II cDNA [16]
and the rabbit CA I ¢cDNA [17] have been re-
ported. The CA II gene in mammals is expressed
in many different tissues, but in only a limited
subset of cells within each tissue [18], and thus
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may be expected to have a variety of controlling
elements. For example, although erythrocytes.
osteoclasts and granulocytes are all presumably
derived from stem cells in the bone marrow [19],
CA 1II is expressed only in erythrocytes and
osteoclasts [18,20,21]. In addition, CA 11 is ex-
pressed in glial cells but not in neurons [18,22],
although both of these brain cell types presumably
onginate from cells of the neural crest [23]. This
pattern of expression is in contrast to that of the
so-called “housekeeping’ genes [24] which are ex-
pressed in all cells, and other genes, such as the
globins which are primarily expressed in only one,
or a few, cell types. If each tissue has a different
system to regulate a subset of genes, the CA Il
gene might be expected to have multiple regu-
latory regions, each for a different tissue.

As a first step in determining the location of the
regulatory sequences of the CA Il genes, we have
compared the nucleotide sequences surrounding
the first and second exons of the human and
mouse CA I genes. Underlying this approach is
the assumption that important regulatory se-
quences common to mammalian tissue-specific
gene expression will have been conserved in evolu-
tion.

Materials and Methods

Origin of the clones. The EcoRI subclone, H25-
3.8, containing the first two exons of the human
CA 11 gene was prepared from a previously iso-
lated A clone, and used to detect a polymorphism
1 kb upstream from the human CA 11 gene [25,26].
The EcoRI subclone, A6-2.7, containing the first
two exons of the mouse CA 1l gene, was prepared
from a previously isolated cosmid clone [15.25].

Sequence analysis. Sequencing was performed
by the chemical cleavage method as previously
described [15]. Storage and analysis of the data
were performed using programs available for mi-
crocomputers [27].

Results and Discussion

The strategy used to determine the human and
mouse CA II DNA sequences reported here is
shown in Fig. 1, and comparisons of the two gene
sequences are shown in Fig. 2 and Table 1. As
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Fig. 1. Restriction maps of the 5 regions of human and mouse
(YBR strain) carbonic anhydrase 11 genes. Open boxes indicate
untranslated portions of exons 1 and solid boxes represent
coding regions of exons 1 and 2.

shown in Table I, although the nucleotide se-
quences in the two exons have remained highly
conserved (88 and 79% homology). the sequences
in the introns have diverged to a greater extent
(44-59% homology). When the complete 259 amino
acid sequences of human and mouse CA 11 are
compared, the amount of identical residues at

TABLE 1

COMPARISON OF HOMOLOGOUS PORTIONS OF THE
MOUSE AND HUMAN CA II GENES

For the number of positions compared, insertions and deletions
were counted as one position.

Sequences compared No. of Identical
positions  bases (%)
compared

Region 5" to TATA box 243 60

TATA box to start codon (complete) 88 69

Exon 1 (coding region; coraplete) 34 88

Intron 1 (5" end) 135 44

Intron 1 (3’ end) 425 59

Exon 2 (complete) 198 79

Intron 2 (5" end) 124 59




homologous positions is 81% [16]. The predicted
amino acid sequences for the coding regions of the
first and second exons of the human and mouse
CA 11 gene agree completely with the reported
amino acid sequences of human CA II [28] and the
derived amino acid sequence of mouse CA 1II [16],
except for a single amino acid strain difference at
position 38 (His /Gln) [15].

As can be seen in Fig. 2, a TATA box
(TATAAAA) is located 99 and 86 bp, respectively,
upstream from the coding regions in both human
and mouse genes, and possible CCAAT boxes
(CCACC in human and CCACT in mouse) are
located about 42 bp upstream from the TATA

TABLE 11
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boxes. The regions surrounding the TATA boxes,
about 44 bp downstream and 42 bp upstream,
have remained well conserved. Also, the regions
700-800 bp on either side of the first exon are
extremely G + C-rich in both the human and
mouse CA II genes. Such G + C-rich ‘islands’
have been shown to be associated with the 5
regions of many mammalian genes [29.30]. About
90% of methylated cytosines in mammalian DNA
are found in the CpG sequence [31], and this type
of methylation has been implicated in the control
of gene expression in higher eukaryotes [31].

In addition to the TATA and CCAAT boxes, a
number of CCGCCC or GGGCGG sequences are

COMPARISON OF PRESUMED REGULATORY SINGLE OR REPEATED ELEMENTS IN THE 5 FLANKING REGIONS

OF SOME MAMMALIAN GENES

The positions are the number of nucleotides from T in ATA box (T=-1)to Ain CACC element. Consensus sequences: 50-80%.
lower case letters; 80-100%, capital letters; R = purine; N = any base. References for the mammalian adult B-globin sequences and
rat pancreatic enzyme sequences are from Collins and Weissman [39] and Swift et al. [42], respectively. Gaps have been introduced to

optimize the sequence homologies.

Source Gene Position Sequence
Human CA II -93 GAGTTCACCTCCGC
-80 CCCGTCACCTCCTC
Mouse CA II -109 CCTGTCACCTCTGC
-96 CCTGTCACCTCCGT
-83 TCCGCCACCTCCAC
CA 11 (consensus) CCNGTCACCTCCgC
Human g-globin -75 GACCTCACC-CTGT
) -60 AGCCACACC-CTAG
Mouse g™ -globin -87 GTCCTCACC-GAAG
) -61 AGCCACACC-CTGG
Mouse g™ _globin -77 AGCCTCACC-CTGC
-62 GGTAACACCCCTGG
Rabbit fl-globin -86 GTCATCACC-CAGA
-5 GACCTCACC~CTGC
-60 AGCCACACC-CTGG
Goat g*-globin -75 AGCCTCACC-CTGT
-60 AACCACAAC-TTGG
f-globin (consensus) RgCCtCACC-CTGg
Rat Elastase I -83 CATGTCACCTGTGC
Rat Elastase II -69 ~ATTCCAC-TGGGC
Rat Chymotrypsin B ~-182 CAGGGCACCTGTCC
Rat Trypsin I -151 CTTGTCACCTGTAG
Rat Trypsin 11 -182 GTTTCCAC-TGGTT
-130 CTTATCAC-TGACC

Pancreatic exocrine
genes (consensus)

c&TgtCACcTGth
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-600

ACCCCCTTGEEQEEQCAGGCCGGGGACACCAGAGACTGAGCCCTTUCGCGCTGGAGACCCGGCGCGGGTGQQQQQGGAGGGCACLGGGUCCAAGAUACAG

=500

GTCACAATGGGGACGGGGACCAAGGCGCCLEGGGETCCGGLTCCCCAGCALTUCCCGCUGCCGUCAGACTCLGLCAGLLGGLAGCLGGATGUGCTUGCULAG
=400

AGGCTCCGCOGLCLCGGGTTGGACCGAGGAGCCCAGGAGLCCACCECTGUCLUCGUCACGCCCLCUAGCTCCHAGLCCGULULAGCCCTLLLCCLLCLGLGLLLT
*

AALTOG

=30u
GCCGTGGGCCEAGGUGAGLLLLELEGLLLEAGAGGTLUL GGTGCCCLCGLTGCLCCCEUTLLCLLLGLLULUGLLLAGCL-—-~=~CAGAGLGCHTTITLULL
* * kkk kKX % Kk Kk % kK kAKX K X * * * % Akkk kkkk AkkKk K kK x x

GTGCTCACAATGOGGCTGGGCAGTAGGGCGUCUALCUGUUAGCTELGCAGCULCUUGLCHALLTUGAGAGCULGLACCTGUTUUAGALLGGGTUGGLLUA
~20U

CCCGUCCLGAGCUCEGULAGTTm = m mm o oo o e e e fUACCT

KRkhkKkKxKkk%x k  kk KK % Kk ok ok Aok

CCTATAGCAAGUTLLCGLGGC TCGCAACGAGAGGUUTTCUGUCTGCT ALCT

CCAGGAUACTCGLLC
*xk Kk ok * kK

C-=AACCGUAGAGCAGLLULG=AGGG

CleTeeCTa!l

TCCCUTTUTCLUUTAGGTICCACCLGAGCUCLUCTULLCLLLLLLLG CCOAGUAUGAALTTLLULGGAGUCTATAA
AkKk KAk Akxkkk¥® hk kAR KKK X kAXRKkkkk Pk 0k kkAKAKAA KAkARAAKRAK  KhAkEk KK RARKKAKK A KKK APk xokx
CGTCCGCCACCTCCACGUTCTUCTUCUOTTH-=-CTUAGGTICCACT - =GLTCU

“AGAGCAGUAAGTTOGUGLGAGOL

-100

AAGCCCEULLLLGCUACLCCLULLACAUACAGTLCAGGOLLCUAAGLCLGCUGUEHEGLAGATOLLTUCUCATTCCTHLL U TLUCCULALLLLULAGCLUGALL
kPekk kk kkk Kkk KAKKRKK KhAAX kK kikkkkk X Kk Kk Kok ok Kk ok kKKK KKKRXRKEAX X KX kK hkk kkkk

ANGCCCGEACGUTGUCACCOULOG=AUA

ACAUTOUALGOULGU TAG~ === mmm - = - ACCGLEACGACAANTTCTGCTO ML uaaTuACLoLLuTLALL

exon 1 . intron 1
L Fuos
MetSerHisHisTrpGlyTyrGlyLysidisdsnu . . . . . . .
ATGTCCCATCACTGGOEGGTACGGUAAACACAALCLUTUHAGTGLLLOLEALLGUUAGUGLLLLELLLGLULLGATLULLGA TG SLATLUCCLATULGUGAT
Kk Kk khdkk Akkhhkhkk kkk Khkk ki hkkhkkhkAAAARRK  K* Kk kA % Kk Kk ® kK % Rk Kok ko EE Y

MetSerHisHisTrpGlyTyrserlystisasng

CCCGATCCUOGATLCLUGTUGCLLGUCLLUGLUGUAGLLGCCCHLALATOUTUITTACCHLGLULLGUOETHLIGLTHGALL U TEALL Tuunueat tant
* ok kkkxkkk Kk Kk Kk k% kK kK * EEE * %k * *

CGCAGATCCUUGAGCGUAGUTUGATGCUCLLGLTCTCLLUTUTHGTIACGTUCCIGOUGCLCEACTULAGALL

S
CGCTCCGOTCLLLGLTCL CHUCLGLGBATG T CCTTCCCCCAGUTLCLAGGULACTLTGLEAGLANTUCUCHUGUCLOUGHEALGALLGGULUGALGLA
i

GCOGLAACGUGCULGUCGACCGUCLGGACCCOAGUACAGTLCUUTCLCLEUTUCCGACUTGGLGATCATTITIAACCLOACCTACGAGGAGUAGLLCGLLANALLL

Dt

TTGCTAACGGAAAATTCTAGCGTTGTTGATCGCAGAGAAAT TAAGAGACTCLLCCTTCCCLLLTTUC CACUTTUCACCULCCACCCUACULUTLUALUT AL
by

CACCACCTGTGGACTAAGGCGCTCAGCACGAACTGTCCCGGGGCATTTTCCAGTGCTGUTTTGAATCCATGGCTCTLATTTCCGAUIYTCCCCYICATC1
Tuy

CTCGACTTCTAATGTTAGGGGGTCGGACATCAGGAATCGGCTTCTTCCCAGATCTCGTTCGUAGCCAGCUGLAGCGAGLAGCATGLGTUTGLUGLALLT AL

BU
CCCTCTTTGGAGGCCTCTGGGGCTTCCCAGGTAGTGGGUGAACCCTGACGUTTAAAGUTGLGLTGGGLCUGGLECEELCAUTGAGGANAUGATLCAGALUTC
Kk kkkk * % * * % k% ok *x*

GUACCTAGTUTCGCAGCACCAGGTTCTCAGACCTUGTTATAATGULUTTAGAATUT

———CTTGAATGTCTTAAGTGAGCTTGCATATC-CCAAAATCGCAACCACAAGCCCTGACATTAGTGTCTGCCCCATTTCAGTTGCTUAATTTCAGTAAAR
*  kk k% ok kk Kkk kk  kkkkk AKKRKK * k kkkk Kkkk K * % kkk Kk kkAKKkk KKk Kkx

ATGTTCCAAACTCAGTCACAAGAGGGCTTATATCCUCAATCG=AACCACTCTIGTTTTCTAGTAGT-TCTGTCTAGTATTAGTCACCGAATTTCAGTLAAA
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900
HCATI CGACCTTAAAATAGCTAATATTTATATAGCACTCAGTGATCTAAGAGCTTTACATATATCGATTCGAATTCTTACAGCGACATCTATCAGGTAGATTT-~
kk kk kkkikk Kkkkk Xk kK kk ok kkkkk Kk Kk kkkkk kk Kk Akkkk K X ok ok Khkkkkkkkkkk kx
MCAIL AGATCTCAAAAT-GCTAACGCTTIGTICTGACAAT— ==~ -~ GTTAAGAAATAGATGTATATTGACTCTAATTTITCCTUTTGGUCT=TATGAGUTAGACTTGG
1000
HCALIL ———-CTAATTATCCCATATTACAAATGTGGAAACTGAGGCACAGATTACGTGTTTTCCCAAAATTTAGCCCATTGTTAAGCTCATGCTTCTAAAATTGGAAC
Kk kkkk Kkkkkk Khhkkk Ak kkhkhkkhkkhkkx K khkkkKKKR K * * kkk * kk  kk K kkkx%
MCAII AATATTATTACCCCATGTTACAAATAAAAGUACTGAGGUCACATTIT—=~=TGTTTTCCTA=—--~~~ AATOCTTAAGTTACTATCACCTUCCAATGTTUGAAC
1100
. . . . . lyProGl
HCATI TGAGCAGATTGGCTCCGCAATGATTGCTCTTCTCTAGGGUGTCTGGUTUTACE TTTCCL}CA( AATGOLG u'\[ TCAC \I( TCTTUTTTUCCLCAGCUGACCTGA
kkkhKrAK kk k% * * kK k * kk Kk K Kk Kk Kkk* kk Kk Kk % Ak ok KKKk AK x Kk Kkkkkk Kk
MCAILTL TGAGCAGACTGTCTAGAAACACCAGTGGCTTCC-~GGTHGOCCGUTGTCTCCCTTCCCACAGCAATCACCTAACAGCTCTCTTUTCATCTCTAGGACCAGA
lyProsl
exon 2
1200
uHisTrpHisLysAspPheProlleAlaLysGlyGluArgGlnserProValaAspllieAspTarifisThrAalalysTyraspProSerLeulysProlLeun
HCALL GCACTGGCATAAGGACTTCCCCATTGUCAACGGAGAGCULCCAGTCCCCTUTTGACATCGACACTCATACAGCCAAGTATCACCCTTCUCTGAALLLLLCTG
I kKKK AKhk KAKAAKKRAKKAKARKRIAKAR KAKRKX *k kA kokAkdkahk *kkk*x *kxk* Kk kkk hk kkkkkkkk khkkhk  Khkrx kkk
MCATIL GAACTCGGCACAAGGACTTCCCCATTGCCAATGGAGACCGLCAGTCCLCIGTGUACATTGACACAGCAACTGCCCAGCATUACCCTGCCCTACAGLLTUTG
uAsnTrpHisLysAspPheProlleAlaAsnGlyAspArgGlaSerProValaspIlleaspThrAlaThrAlaHisHisAspProalalLeuGlnProbLen
1300
SerValSerTyrAspGlnAlaThrSerlLeuArglleleuAsndsnGlyiflisalaPheAsnValGluPheAspAspSerGlnasplysala
HCAIL TCTGTTTCCTATGATCAAGCAACTTCCCTGAGGATCCTCAACAATGUTCATGCTTTCAACGTGCUAGTTTCGATCACTCTCAGGALANAG CAGLT ILr\L,fo Tr
k kk kkkkkk khkk ok kkk  kkk kk  AkKkKkkk Kk Kk Kk kk KAKKK RKKKKAAKKKKAKRAKKKKKKEAR kKKK KKKk Kk k%
MCAIL CTCATATCTTATGATAAAGCTGCCTCCAAGAGCATTGTCAACAACGGCCACTCUTTTAACGTTCGAGTTTGATGACTCTCAGGACAATGUAGLTCAGTGTT
LeulleserTyrAspLysalaAlaSerLysSerIleValAsndsnGlyHisSerPheAsnValGluPheAspAspSerGlnAspAsnala
1400
intron 2
HCAII TA(;AAAATAA———CTT(,f(;TCFTTTA(:CCAGTA(;CT(;ffFFL((:A( LTT-\z\T(;(,AA(,( A(;(,I'A(J(,AACAL‘T( GCAAG (,f\AL((,fLLT(\:\I ‘\A\TA( AGTTT
Akk hkk Kk * Kk k AAKKKKAkAK KKx Kk kkkkk kK AKAAKKAKKK *  kkk * kA KK K Kkk kA%
MCALL TAGGAAAACATCCATCGGGCTTTTTAGCCAATAGTTATTTTC-CGOTCTTAATCCAAAATACAGCGGCACACCAGCAGUAGGTCCUT--=CCCACCACAATTT
1500
HCAIY GTCTCAGGACTCAAGGATG
kk xk Kk ok Kk %
MCAIL GTGTCCGAAAGCTGGAGAT

Fig. 2. Comparison of the nucleotide sequences of the 5 regions of the human and mouse (YBR strain) carbonic anhydrase II genes.
The proposed TATA and CCAAT sequences are boxed. The CACC tandem-repeat sequences are indicated by solid lines. and the
CCGCCC/GGGCGQE sequences by dashed lines. Regions which have been previously published are: mouse exons | and 2 and the 5’
non-coding region extending 150 bp upstream from the ATG start codon [15] and a small portion of human exon 2 [25].

found in the 5 flanking regions of the human and
mouse CA 1I genes (see Fig. 2). These sequences
were first found in the 21 base pair repeats near
the origin of replication of simian virus 40 (SV40)
and have been shown to be important for the
transcriptional efficiency of the early and late genes
[32]. They have since been reported in a number of
genes, e.g., c-myc [33], «-globin [34], interleukin 3
[35]. hydroxymethylglutaryl-CoA reductase [36],
and may represent elements controlling transcrip-
tional efficiency. These CCGCCC,/GGGCGG se-
quences have been shown to bind to a transcrip-
tion factor, Spl, which potentiates the transcrip-
tion of some genes [37,38]. Interestingly, nine of
these sequences are found 5’ to each of the two

human «-globin genes, al and a2 [34], but none
are found 5’ to the B-globin genes [39].

In both human and mouse, tandemly repeated
GAGT G
elements (CCCGTCACCTCCTC in human and

T C C TAT

CCTGTCACCTCCGC in mouse) have been iden-
tified 15 and 22 bp upstream, respectively. from
the putative CCAAT boxes (Fig. 2 and Table II).
These distal elements appear to be structurally
similar to repeated sequences (consensus =
RgCCtCACC-CTGg) found in similar positions in
five mammalian adult S-globin genes (see Table
II); this element has been shown to be important
for transcriptional efficiency of the rabbit B-globin
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gene in vitro [3]. In addition, two mutations
(CACC — CACG and CATC) which produce 8°-
and B-thalassemia, respectively [40,41] have been
described in the human B-globin gene in the first
distal CACC sequence (position —60 in Table II).
The mouse interleukin 3 gene has 12 repeats of a
similar sequence in its first intervening sequence
[35]. In addition, the CA II repeat elements are
also similar to an element found in a number of
rat pancreatic genes (Table II). It has been sug-
gested that these elements may confer pancreatic
tissue specificity [42]. However, the CA II gene is
expressed only in exocrine ductal cells in the pan-
creas [43], whereas pancreatic specific genes (e.g..
trypsin, chymotrypsin, elastase) are only expressed
in acinar exocrine cells [44].

Carbonic anhydrase activity, presumably due to
CA 11, has been reported to be increased in the
endometrium of rabbit [45] and human [46] in
response to progresterone. Since glucocorticoid re-
ceptor binding elements have been found at least 1
kb upstream from the transcription initiation site
of the prolactin gene [9], we searched for such
possible receptor binding elements. Although none
were found, it is still possible that such regions are
present further upstream.

Because of the increased homology between the
human and mouse CA 1l genes near the TATA
box (Fig. 2), it appears that some of the cis-acting
regulatory elements of the CA II genes probably
lie within 150 bp of the first exon. If this is so.
then a number of rrans-acting factors, some of
which in turn may be controlled in a tissue-specific
manner, will bind to sequences within this small
region.

The functional significance of these conserved
elements still remain to be elucidated. In order to
determine which of these regions are important for
the regulation of the CA II genes, we have con-
structed several mouse and human CA II ‘mini-
genes’, and are presently performing experiments
on the in vitro expression of the CA Il gene
constructs.
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