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The complete primary structure (967 amino acids) of an intestinal human aminopeptidase N (EC 3.4.11.2) was deduced 
from the sequence of a cDNA clone. Aminopeptidase N is anchored to the microvillar membrane via an uncleaved signal 
for membrane insertion. A domain constituting amino acid 2X%555 positioned within the catalytic domain shows very 
clear homology to E. coli aminopcptidase N and contains Zn* + ligands. Therefore these residues are part of the active 
site. However, no homology of the anchor/junctional peptide domain is found suggesting that the juxta- and intra- 
membraneous parts of the molecule have been added/preserve-d during development. It is speculated that this part carries 

the apical address. 
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1. INTRODUCTION 

Aminopeptidase N (EC 3.4.11.2) is one of the 
major proteins of the microvillar membrane of the 
small intestinal and kidney proximal tubular 
epithelial cells. The enzyme is also present in the 
plasma membrane of other cell types like the 
hepatocytes [ 1,2]. 

In epithelial cells of different origin intracellular 
transport of plasma membrane proteins seems to 
follow different routes [3,4] indicating that sorting 
signals and/or receptors are cell type specific. In 
this context it would be valuable to carry out 
detailed structural comparisons of analogous 
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plasma membrane proteins like aminopeptidase N 
expressed in cell types using different pathways for 
intracellular transport. Molecular cloning of 
aminopeptidase N from any mammalian tissue is 
thus the starting point for such studies and also 
provides the tools for future studies on the regula- 
tion of the expression of the aminopeptidase N 
gene and on the pre-translational and translational 
events at a molecular level. Structural studies 
might as well reveal the localisation of the active 
site in the polypeptide chain. 

This is the first report on the isolation and 
characterization of a mammalian aminopeptidase 
N cDNA clone. The clone covers the complete 
coding region and the primary structure of the pro- 
tein has been deduced from the cDNA sequence. 

2. EXPERIMENTAL 

2.1. Sequence analysis of the amphiphilic and the 61 kDa frag- 
ment of pig aminopeptidase N 

The amphiphilic form of pig aminopeptidase N was purified 
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from the small intestine of pigs having had their pancreas 
disconnected 3 days prior to slaughter [5]. Removal of detergent 
and concentration were accomplished on a DEAE-cellulose 
column before amino acid microsequencing was carried out. 

The proteolytic C-terminal 61 kDa fragment of pig 
aminopeptidase N was purified by an immunological technique 
from a preparation of aminopeptidase N obtained from normal 
pigs in which the proteolytically clipped aminopeptidase N is 
present [5]. About 2 mg of pure aminopeptidase N in 0.05% 
LiDS was boiled for 5 min to dissociate the polypeptide chains 
and Triton X-100 was then added (0.1% final concentration). 

The N-terminal 123 kDa fragment and the intact enzyme was 
then removed on an immunoadsorbent Sepharose column, 
derivatized with an antibody specifically directed against the N- 
terminal 123 kDa fragment [6] and equilibrated with 50 mM 
Tris-HCl, pH 8.0, containing 0.3 M LiCl and 0.1% Triton 
X-100. The C-terminal 61 kDa fragment was collected in the 
break through volume and analyzed for purity by SDS-PAGE 
[7]. Traces of rabbit 1gG were removed by passage through a 
Protein A Sepharose column (Pharmacia, Uppsala, Sweden) 
and the detergents were removed by Extractigel (Pierce, 
Rockford, IL). The sample was concentrated by Ultrafiltration 
(Amicon Corp., Danvers, MA) and dialysed against 50 mM 

(NH&COs. 
About 1 nmol of the amphiphilic enzyme and of the C- 

terminal 61 kDa fragment were subjected to automatic amino 
acid sequence analysis on a gas-phase sequencer (Applied 

Biosystems, model 470A) using the program ‘02NRUN’ [8]. 
The PTH-derivatives were analysed on a Waters HPLC system 
using a Spherisorb ODS II column developed by a methanol- 
ethanol gradient so all derivatives were separated. 

2.2. Intesfinal mucosa cDNA libraries 
Initially a cDNA library in Agt 11, established using poly(A+) 

mRNA obtained from rabbit small intestine was used (9,101. In 
the process of searching for a full-length clone a human in- 
testinal cDNA library was created according to the same prin- 
ciples [9] using poly(A+) mRNA purified from Caco 2 cells 
grown to confluence. 

2.3. Screening of the cDNA libraries 
Immunological screening of the rabbit library was carried out 

essentially as described by [9]. The antibody used was raised in 
guinea pig using a purified rabbit aminopeptidase N as antigen. 
This rabbit aminopeptidase N was after papain release from the 
intestinal microvillar membranes [l 1) purified by gel filtration 
(Ultrogel22) and its purity analyzed by SDS-PAGE [7]. The an- 
tibody was fairly specific as analyzed by rocket immunoelec- 
trophoresis using histochemical aminopeptidase N staining 
followed by protein staining [ 121. The filters were blocked by 
2% Tween 20 (5 min) prior to incubation with the primary an- 
tibody [13]. The second antibody was a peroxidase-conjugated 
rabbit anti-guinea pig IgG (Dako A/S, Copenhagen, Den- 
mark). The filters were finally washed in Na-acetate, pH 5.2, 
and stained with 3-amino-9-ethylcarbazole. Positive plaques 
were picked and purified. 

The immunological screening of about 100000 recombinants 
of the rabbit hgtll library resulted in isolation of 8 clones. One 
clone gave a stronger immunological signal than the others and 
was therefore purified and the DNA isolated. In Northern blot- 
ting (fig.1) it hybridized to one single 3.2 kB mRNA which is 
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a size sufficient to code for the aminopeptidase N polypeptide 
chain (115 kDa; 114)). To substantiate further the identity of 
the clone the &galactosidase fusion protein was expressed in 
Y 1089 E. coli cells and analyzed by Western blotting. It showed 

strong reactivity with the antiserum directed to the rabbit as 
well as to the pig (C-terminal fragment 16)) aminopeptidase N 
(not shown). 

Screening using the radiolabelled rabbit 5 ’ -EcoRI fragment 
by in situ plaque hybridization was carried out according to the 
principles delineated by Maniatis et al. [15]. 

2.4. Subcloning of cDNA inserts in plasmids 
Lambda DNA was purified, after having isolated the phages 

from lysates produced in a liquid NZCYM-medium [15]. The 
cDNA insert was excised by digestion with EcoRI, isolated by 
agarose gel electrophoresis and ligated into the appropriate 
Bluescript plasmid (Stratagene, San Diego, CA). The constructs 
were used to transform 116) competent XL-Blue-l cells 
(Stratagene, San Diego, CA). Selection took place on X- 
gal/IPTG/ampiciIlin/tetracyclin-LB plates. 

Recombinants were isolated and the plasmid DNAs were 

analyzed on agarose gel electrophoresis. CsCl-banded plasmid 
DNA containing the inserts of interest was prepared. 

2.5. DNA sequencing 
The cloned EcoRI fragments (in the appropriate Bluescript+ 

plasmid and direction) were deleted either by using internal 

restriction enzyme sites or by creating nested deletions by the 
ExoIII/Mung bean method [17]. Single-stranded DNA was, 
after transformation of XL-Blue-l cells, prepared from cultures 
after addition of a suitable helper phage (R408, Stratagene, San 

Diego, CA). 
DNA sequencing was carried out using the dideoxy sequenc- 

ing method 1181 using either the Klenow fragment or the T7 

DNA polymerase (Sequenase, USB, Cleveland, OH). 
[a-?S]dCTP or [u-‘5S]dATP was used as radiolabel and the 

analysis was carried out using salt gradient polyacrylamide gels 

1191. 
For the purpose of initial characterisation of clones sequenc- 

ing was in some instances carried out on double-stranded, 
supercoiled plasmid DNA [20]. 

The full-length human aminopeptidase N clone (and the par- 

tial rabbit clone) was sequenced (in both directions when ap- 
propriate). For all stretches 3-9 sequence reactions were carried 
out and analyzed. 

The PC-GENE software (Genofit, Grand-Lancy, 
Switzerland) was used to organize and analyze the DNA se- 
quences and to predict the membrane spanning segment. The 
homology studies were carried out using the ALIGN and DOT- 
MATRIX programs of the PIR software (NBRF, Georgetown 
University Medical Center, Washington, DC). 

3. RESULTS AND DISCUSSION 

3.1. Isolation of a clone covering the complete 
coding region of human aminopeptidase N 

The search for a complete aminopeptidase N 
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clone was carried out using a radiolabelled 1.2 kbp 
EcoRI fragment of the rabbit clone. 

Both the rabbit library (approx. 150000 recom- 
binants) and the human library (approx. 120000 
recombinants) were screened. 

The insert of one of the human clones isolated 
hybridized to a 3.2 kb mRNA (fig.1) and contain- 
ed at one end a DNA sequence coding for an 
amino acid sequence similar to the N-terminus 
determined for the intact amphiphilic pig 
aminopeptidase N (this paper, fig.3) and also 
similar to that published for the rabbit enzyme 
[21]. The designated ATG start codon (position 25) 
is the first one found in the nucleotide sequence 
(fig.2) and it is surrounded by a nucleotide struc- 
ture making it effective for initiation by eukaryotic 
ribosomes [22]. It is positioned at the beginning of 
a 2901 nucleotides long open reading frame ending 
at the TAG stop codon starting at position 2926. 

By complete sequencing the human clone was 
shown to consist of 3370 bp (fig.2). A stretch star- 
ting at nucleotide 1759 codes for an amino acid se- 
quence found in the N-terminal end of the 61 kDa 
C-terminal fragment (fig.3) of the pig aminopep- 
tidase N further proving the authenticity of this 
clone. At position 3362 there is a typical 
polyadenylation signal (AATAA) although no 
poly(A) containing stretch was found in the 
3 ’ -end. The molecular mass of the deduced protein 
sequence is 110 kDa, a value close to that of the in 
vitro translation product of the pig [14] and rabbit 
(not shown) aminopeptidase N. Thus this clone 
covers the complete coding region of aminopep- 
tidase N. 

3.2. Structure of the catalytic domain 
The polypeptide chain of the catalytic domain 

(amino acid residue 70-967; see later for explana- 
tion) contains 10 possible Asn-X-Ser/Thr N- 
glycosylation sites (fig.3). In vitro translation ex- 
periments in the presence of microsomal mem- 
branes [23] have shown that most of these sites are 
glycosylated. Aminopeptidase N is tyrosine 
sulfated [24]. Accordingly two potential sulfation 
sites are found (Tyr’76 and Tyr913) fulfilling 4 out 
of 5 criteria for this type of sulfation [25]. 

Analysis for internal homology by the PIR 
DOTMATRIX program comparing intestinal 
aminopeptidase N to itself indicated vaguely that 
gene duplication might have occurred. This is fur- 
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Fig.1. Size determination of aminopeptidase N mRNA by 
agarose electrophoresis followed by Northern blotting. RNA 
was isolated from human (hu; type of donor: see [59]), pig (pi) 
and rabbit (ra) jejunum. After denaturation in formamide the 
RNAs were electrophoresed in formaldehyde containing 

agarose gel (1 o/o), transferred to nitrocellulose membranes and 
probed with the nick-translated 5 ‘-&al fragment of the human 

clone (A) or a 1.2 kb fragment of the rabbit clone (B). 

ther strengthened by a similar finding for the cor- 
responding E. coli enzyme. PIR ALIGN 
comparison of human aminopeptidase N residues 
69-480 to residues 481-900 gave a score of 3.1 SD 
(matrix bias +2, gap penalty - 8). Intestinal 
aminopeptidase N thus in this respect bears some 
similarities to sucrase-isomaltase, another in- 
testinal microvillar enzyme [lo]. 

Comparison of human intestinal aminopep- 
tidase N to the E. coli aminopeptidase N [26,27], 
a cytoplasmic enzyme involved in intracellular pro- 
tein turnover, revealed a significant homology 
(figs. 3 and 4). Especially the stretch 250-555 in in- 
testinal aminopeptidase N displayed pronounced 
similarity to the stretch between residue 156 and 
45 1 in the E. coli enzyme. Statistical analysis by the 
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*** 
CTGAGCCGCCTCCCCACCATCACCATGGCCAACGGCTTCIGCCGTG 
TGCACAATCATCGCACTGTCAGTGGTGTACTCCCAGGAGACCCCGTCCGCCTCA 
GCCACCACCAACCCCGCCTCGGCCACCACCAC~T~ACC~GT~GCGT~~TCGTTACCGCCTCCCC~CACGCTG~CCCGATTC~AC 
CGGGTGACGCTGAGACCGTACCTCACCCCCAATCACAGCGGGAGGCC 
ACTGACGTCATCATCATCCACAGCAACAAGCTCAACTACACTCCCAGCCC 
CCCGACATTGACAAGACTGAGCTGGTGCAGCCCACCGAGCAGCCAGTATGAGATG 
GACAGCGAGTTCGAGGGGGAGTTGGCAGATGATGGCGCCCACT 
ACACAGATGCAGGCTGCAGATGCCC~~~TCCTTCCCATGCTTCGATGAGCCGGCCATG~~CCGAGTTC~CATCACGCTTATCCACCCC 
AAGGACCTGACAGCCCTGTCCAACATGCTTCCCC~~TCCCAGCACCCCACTTCCAG~GACCCC~CTGG~TGTCACTGAGTTCCACACC 
ACGCCCAAGATGTCCACGTACTTGCTGGCT~CTCATGTCTTGATCCGGATC 
TCCCCCCCGCCCAGTGCCATTGCGGCGGCCCACGGCGATTATGCCCTG~CGTGAC~CCCCATCCTT~CTTCTTTGCT~TCATTATGAC 
ACACCCTACCCACTCCCATCAGACCAGATTGGCCTGCCAGACTTC~CGCCGGCGCCATGGAG~CTG~GACT~TGACCTACCGGGAG 
AACTCCCTGCTGTTCGACCCCCTGTCCTCCTCCTCCAGCAGC~C~~AGC~GTGGTCACTGTGATTGCTCATGAGCTGGCCCACCAGTGGTTC 
GGGAACCTGGTGACCATAGAGTGGTGGAATGACCTGTGGCCTATGCGGAG 
CCCACCTGGAACTTGAAAGACCTCATGGTGCTGAATGATGCCTCCTCCCACCCGCTGTCCACA 
CCCGCCTCGGAGATCAACACGCCGGCCCCAGATCAGTGAGCTGTTTGACGCCATCTCCTACAGC~GGGCGCCTCAGTCCTCAGGATGCTCTCC 
AGCTTCCTGTCCGAGGACGTATTCAAGCAGGGCA~GCCT~CGTCCTACCTCCACACCTTTGCCTACCAG~CACCATCTACCTG~CCTGTGGGAC 
CACCTGCAGGAGGCTGTGAACAACCGGTCCATCCAACPCCATCC~~CCCCACCACCGAGCGGGACATCATG~CC~TGGACCCTGCAGATGGGCTTCCCG 
GTCATCACGGTGGATACCAGACGGGGACCCTTTCCCACCCTTTCCCA~AGCACTTCCTCCTTGACCCCGATTCC~TGTTACCCGCCCCTCAG~TTC~C 
TACGTGTGGATTGTGCCCATCACATCCATCAGAGATGGCACGATCTCTTC 
AGCACATCAGCCAATGAGTGTCCTGCTCAATGGATTCAG 
ACTCAGCTGCAGAGAGACCACTCGGCCATCCATCAGGTC 
CCTGTCACTCTGGCGCTGAACAACACCCPCTTCCTCATTGGCAGCCTGAGCTACTTC 
AAGCTCATGTTTGACCGCTCCGAGGTCTATGGCCCCATGAT 
ACCAACAACTGGAGGGAGATCCCAGAAAACCTGATGGACCTGAT~ACCAGTACAGCGA~TT~TGCCATCAGCACCGCCTGCTCC~C~AGTTCCAGAG 
TGTGAGGAGATGGTCTCTGGCCTTTTCAAGCAGTGGATGGATGGAG~CCCC~T~T~CCCGATCCACCCC~C~GC~TCCACCGTCTACTGC 
AACGCTATCGCCCACGGCGGGGACGAGGAGTGGGACTTCGGCTCCGG 
GCAGCCCTCGCCTGCAGCAGAGTTGTGGATCCTGAACAGCAGGACGCCACC 
TCTACCATCATCAGCATTACCAACAACGTCATTCGGCAAGCGATTAT 
GGTGGTGGCTCGTTCTCCTTCTCCAACCTCATCCTCATCCAGGCAGTGACACGACGATTCTCCACCGAGTATGAGCTGCAGCAGCTGGAGCAGTTC~G 
AAGGACAACGAGGAAACAGGCTTCGGCTCAGGCACCCGGGCC TGGAGCAAGCCCTGGAGAAGACGAAAGCCAACATCAAGTGGGTGAAGGAG 

c AACAAGGAGGTGGTGCTCCAGTGGTTCACAGAAAACAGCAAA AGTCCCCAGCCCTTGAAGCTACCCGGCCCCGATCGAAGGTGCCCACATGT 
GTCCATCCCAGCGGCTGGTGCAGGGCCTCCTCCTGGAGGTCTCCAGCCCACGTTCTC 
TCTGCCTGTGAGCCAGTCTAGTTCCTGATGACCCAGGCTGCCTGAGCACCTCCCAGCCCCTGCCCCTCATGCC~CCCCGCCCTAGGCCTGGC 
ATGGCACCTGTCGCCCAGTGCCCTGGGGCTGATCTCAGGCCGGC 
CTTGCTGGGGGCCGCCCTGTACCCTCTTTCACCTTTCCCT~GACCCT~TCTGAGG~TC~CAGGGCAGCAGATCTGTATATTTTTTTC 
TAAGAGAAATGTAAATAAAGGA 

I I I I I I I I I 
10 20 30 40 50 60 70 a0 90 

Fig.2. DNA sequence of human intestinal aminopeptidase N. The initiator ATG is marked ***, the stop codon TAG indicated with 
* and the polyadenylation signal is underlined. 

PIRALIGN programgave avalueof15.0 SDcon- 
firming the common evolutionary origin. This 

highly conserved segment, predicted to constitute 

the functional peptidase domain, is rich in poten- 

tial Zn2+ ligands such as histidine and glutamic 

acid (fig.3). This finding fits wellwiththe fact that 
aminopeptidase N is a Zn2+ containing enzyme 

[28,29]. The conserved sequence HEXXH, also 

found in thermolysin [30], endopeptidase 24.11 
[31,32] and collagenase [33], was easily recognised 
and is thus with high probability part of the active 
site. 

3.3. Structure of the anchoring domain 
Using the conformational preference parameter 

of Rao and Argos [34] for predicting intra- 
membranous helices of proteins only Lys9-Va132 
of the aminopeptidase N sequence fulfilled the 
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criteria. The sequence contains a 23 amino acid 
long hydrophobic stretch starting at Leu” and 
ending with Va132. This forms the membrane span- 
ning part. Charge shift electrophoresis and 
hydrophobic labelling have shown the existence of 
a hydrophobic domain in the molecule [5,35]. It 
has earlier been demonstrated to be positioned in 
the N-terminal part of the molecule [36,37] an- 
choring the catalytic headgroup to the membrane. 
Due to its total length it can cross the membrane 
only once. The catalytic domain is positioned ex- 
tracellularly as it can be released from the mem- 
brane by proteolytic treatment leaving the 
hydrophobic N-terminal part in the membrane. 
Consequently amino acids 2-9, starting with the 
N-terminal alanine (the initiator methionine is like- 
ly to be cleaved off posttranslationally as this 
residue is absent at the pig and the rabbit N- 
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b 
ASYVEYLGADYAEFTWNLKDLl~VL~ID~YRVMAVDALASSH~LST~ASEI~ITPAQISELFD 
TVFRD---QEFS-SDLGSRAVNRIl~NVRTl~RGLQFAEDASPl~AHPIRF-DI~VIEI~!~I~F-~T 

c 
AISYSKGASVL~!~LSSF~SgDVFKQCLASYLHTFAYQNTVl~NRSIQ~P 
LTV~E~6:sEirIRMIHTLLGEENFQKGl~QLYFERHDGSAATCDDFVQAMEDASN---VDLS 

B 
TTERDIl~l~~WTL9M~FPVIT~DTSTGTLSQEHFLLDPDSNVTRPSE~l~~V~?~~~TS~RD 
H-----FRRWYSQSGTFIVTVK (pig) XXAFDYLWIVPISXIKN 

fi 
GRQQQDYWLl~DVRAQNDLFSTSGNEWVLLl~LNVTGYYRVl~YDE~I?WRKIQTQLQRDHSAI 
GVMQDXY 

t 
FVINRAQIIl~DAF1JLASAHKVFVTLALli~~TLFLIEERQYl~F~~EAALSSLSYFKLl~FDRSE 

c 
VYGFMKNYLKKQ~TPLFIHFRNNTNNWREIPENLnDQYSEV~?AISTACSNGVP~CE~MVS 

# 
GLFKQWl~EPJFNl~NPIHFWLRSTVYCNAIAQGGEEEWDFAWEQFRI~ATLVNEADKLRAALA 

CSKELWILNRYLSYTLNPDLIRKQDATSTIISITNNVIGQGL~DFVQSNWKKPFI~DYGG 
* 

GSFSFSI~LIQAVTRRFSTEYELQQLEQFKKDNEETGFGSGTRALEQALEKTKANIKWVKE 

NKEVVLQWFTENSK 

Fig.3. Alignment of the amino acid sequences of human intestinal aminopeptidase N and E. cob aminopeptidase N. The amino acid 
sequence deduced from the cDNA sequence (fig.2) is shown aligned with part of the E. coli aminopeptidase N (amino acids 252-451) 
[26,27] predicted to constitute the functional peptidase domain. In addition the partial amino acid sequences of the rabbit [21] and 
pig enzyme (this paper) are shown. Boxed amino acids show the membrane spanning part; underlined amino acids show the Ser/Thr- 

rich domain of the junctional peptide; # , potential glycosylation sites; *, potential sulfation sites; D, predicted ligands of Zn’+. 

termini), are positioned on the cytoplasmic side of to notice that all the cytoplasmic parts of the N- 
the membrane, all in accordance with results from terminally anchored microvillar proteins so far 
cytosolic labelling of aminopeptidase N [38,39]. studied have the same net charge (+ 3). This might 
The cytosolic and transmembrane domains have be of importance for the correct insertion and final 
an overall structure compatible with that of other topology for these proteins as change in charges in 
N-terminally anchored endogenous microvillar the corresponding part of cytochrome P-450 have 
proteins [10,31,32,40,41] in which the cytosolic been shown to heavily influence its orientation in 
and transmembrane parts also function as the the membrane [43]. 
molecular signal for endoplasmic reticulum The earlier described similarity between human 
segregation without being cleaved. This and E. coli aminopeptidase N does not encompass 
phenomenon is also seen for a few other plasma the first 70 residues (fig.4) which thus might be 
membrane proteins (review [42]). It is interesting considered as an addition/preservation during 
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Fig.4. Comparison of human and E. coli aminopeptidase N. 
Using the PIR DOTMATRIX program (minimum score 30; 
window size 30) the complete amino acid sequences of human 

microvillar aminopeptidase N (this paper) and E. coli 

aminopeptidase N [26,27] were compared. 

evolution as the intestinal aminopeptidase N is 97 
amino acids longer than the E. coli enzyme [26,27]. 
This extra part of the molecule includes the 31 
residue long cytoplasmic and transmembrane part 
and thus also an approx. 40 amino acid long 
stretch, representing the 5 nm long junctional pep- 
tide bridging the gap between the membrane and 
the catalytic domain [44]. The junctional peptide 
has a very high content of serine and threonine. 
The stretch Ser43-Ser68 has a Ser/Thr content of 
50% and it also contains one potential Asn 
glycosylation site. A similar domain has also been 
detected in exactly the same position in relation to 
the membrane on the pro-sucrase-isomaltase [lo]. 
The LDL-receptor [45] and glycophorin [46], 
although both having their C-terminus on the 
cytoplasmic side, have similar, although shorter, 
externally positioned juxtamembranous Ser/Thr- 
rich domains. The importance of these Ser/Thr- 
rich domains are not extensively elucidated but the 
domain has been shown to be without influence for 
the proper function of the LDL-receptor [47]. 

Interestingly, one N-terminally anchored pro- 
tein : intestinal aminopeptidase N (this paper) and 
one C-terminally anchored protein : intestinal [48] 
and placental [49] alkaline phosphatase show 

significant homologies to their corresponding E. 
coli enzymes. However the homologies do not en- 
compass the juxta- and intra-membraneous parts 
of the enzymes (fig.4). These additional segments 
(C- or N-terminally localized) anchoring the pro- 
teins to the membrane might also carry the signal 
for the apical transport and localization. It seems 
clear that the N-terminal anchoring is not a prere- 
quisite for the microvillar expression as C- 
terminally anchored proteins like alkaline 
phosphatase [48] and lactase-phlorizin hydrolase 
1501 can as well be effectively expressed in the 
microvillus membrane. The localisation of the 
apical signal might then be ascribed to structures in 
the catalytic domain of the microvillar enzymes. 
However, this is a less attractive hypothesis as a 
lysosomal cu-glucosidase shows general strong 
homology to the microvillar enzyme sucrase- 
isomaltase [5 l] and in addition shows no similarity 
to the stretch corresponding to the intramem- 
braneous and juxtamembraneous parts of sucrase- 
isomaltase. Some microvillar enzymes are bound 
to the membrane via phosphatidylinositol [52,53] 
and therefore probably have a C-terminal 
hydrophobic amino acid sequence split off in the 
endoplasmic reticulum during biosynthesis [54]. If 
present outside the catalytic domain the 
microvillar signal therefore should be positioned in 
the junctional peptide connecting the catalytic do- 
main to the transmembrane and cytosolic parts of 
the anchor. We therefore looked specifically for 
sequence similarities to amino acid residues 30-59 
(i.e. the junctional peptide segment) in the Swiss 
Protein Data base (release 06) using the program 
SCANSIM. A similarity (8 out of 15 amino acids 
identical) to the amino acid residues 221-235 in 
human IgA cyr heavy chain [55] was found. Using 
the PC-GENE PCOMPARE the similarity was 
found significant (4.7 SD units). This segment cor- 
responds to the hinge region in the heavy chain of 
IgA and is situated between regions Cai and C&Z. 
The region has been proposed to take part in the 
interaction with the pig receptor [56] mediating the 
transport of IgA from the basolateral to the apical 
membrane. This route has been demonstrated to 
be used for hepatocyte aminopeptidase N [57]. The 
finding therefore fits into our earlier proposal [58] 
that this receptor might be involved in the 
transport of membrane proteins from the 
basolateral to the microvillar membrane. 

312 



Volume 238, number 2 FEBS LETTERS October 1988 

Acknowledgemen?s: MS E. Storm Hansen Dept. Biochem. C, 
University of Copenhagen is thanked for excellent technical 
assistance and Dr L. Norskov-Lauritzen NOVO A/S, 
Copenhagen and Dr H. Nielsen, Dept Biochem. B, University 
of Copenhagen are thanked for discussions and help with some 
of the computer work. The work has been supported by the 

Danish Medical Research Council (12-4605, 12-5208, 12-5127, 
5.17.4.2.23), Danish Cancer Society (86-152), The Weimann 
Foundation and The Michaelsen Foundation. The project was 
part of a program under Biomembrane Research Center, 
Aerhus University. 

REFERENCES 

HI 

PI 
[31 

[41 

[51 

El 

I71 
PI 

191 

VOI 

IllI 

I121 

1131 

[I41 

1151 

I161 
1171 
t181 

[I91 

PO1 

WI 

Noren, O., Sjostrom, H., Danielsen, E.M., Cowell, G.M. 
and Skovbjerg, H. (1986) in: Molecular and Cellular Basis 
of Digestion (Desnuelle, P. et al. eds) pp.335-365, 
Elsevier, Amsterdam. 
Semenza, G. (1986) Annu. Rev. Cell Biol. 2, 255-313. 
Simons, K. and Fuller, S.D. (1985) Annu. Rev. Cell Biol. 
1, 243-288. 
Bartels, J.R. and Hubbard, A.L. (1988) Trends Biochem. 
Sci. 13, 181-184. 
Sjostrom, H., Noren, O., Jeppesen, L., Staun, M., 
Svensson, B. and Christiansen, L. (1978) Eur. J. Bio- 
them. 88, 503-511. 
Sjostrom, H. and Noren, 0. (1982) Eur. J. Biochem. 122, 

245-250. 
Laemmli, U.K. (1970) Nature 227, 680-685. 
Hewick, R.M., Hunkapiller, M.W., Hood, L.E. and 
Dreyer, W.J. (1981) J. Biol. Chem. 256, 7990-7997. 
Huynh, T.V., Young, R.A. and Davis, R.W. (1985) in: 
DNA Cloning - A Practical Approach (Glover, D.M. ed.) 
~01.1, pp.49-78, IRL Press, Oxford. 
Hunziker, W., Spiess, M., Semenza, G. and Lodish, H. 
(1986) Cell 46, 227-234. 
Kessler, M., Acute, O., Storelli, C., Murer, H., Miiller, 
M. and Semenza, G. (1978) Biochim. Biophys. Acta 506, 
136-154. 
Danielsen, E.M., Sjostrom, H., Noren, 0. and 
Dabelsteen, E. (1977) Biochim. Biophys. Acta 494, 

332-342. 
Bjerrum, O.J., Larsen, K.P. and Wilken, M. (1983) in: 

Modern Methods in Protein Chemistry (Tschesche, H. 
ed.) pp.79-124, Walter de Gruyter, Berlin. 
Danielsen, E.M., Nor&n, 0. and Sjostrom, H. (1982) 
Biochem. J. 204, 323-327. 
Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982) 
Molecular Cloning: A Laboratory Manual, Cold Spring 
Laboratory Press, NY. 
Hanahan, D. (1983) J. Mol. Biol. 166, 557-580. 
Henikoff, S. (1984) Gene 28, 351-359. 
Sanger, F., Nicklen, S. and Coulsen, A.R. (1977) Proc. 
Natl. Acad. Sci. USA 74, 5463-5467. 
Biggin, M.D., Gibson, T.J. and Hong, G.F. (1983) Proc. 
Natl. Acad. Sci. USA 80, 3963-3965. 
Guo, L.-H., Yang, R.C.A. and Wu, R. (1983) Nucleic 

Acids Res. 11, 5521-5539. 
Feracci, H., Maroux, S., Bonicel, J. and Desnuelle, P. 
(1982) Biochim. Biophys. Acta 684, 133-136. 

[27] Foglino, M., Gharbi, S. and Lazdunski, A. (1986) Gene 
49. 303-309. 

WI 

1291 

[301 

1311 

1321 

[331 

I341 

I351 

[361 

I371 

1381 

t391 

[401 

Maroux, S., Louvard, D. and Baratti, J. (1973) Biochim. 
Biophys. Acta 321, 282-295. 
Lehky, P., Lisowski, J., Wolf, D.P., Wacker, H. and 
Stein, E.A. (1973) Biochim. Biophys. Acta 321, 274-281. 
Kester, W.R. and Matthews, B.W. (1977) J. Biol. Chem. 
252, 7704-7710. 
Devault, A., Lazure, C., Nault, C., Le Moual, H., 
Seidah, N.G., Chrttien, M., Kahn, P., Powell, J., Mallet, 
J., Beaumont, A., Roques, B.P., Crine, P. and Boileau, 
G. (1987) EMBO J. 6, 1317-1322. 
Malfroy, B., Schofield, P.R., Kuang, W.-J., Seeburg, 
P.H., Mason, A.J. and Henzel, W.J. (1987) Biochem. 
Biophys. Res. Commun. 144, 59-66. 
Goldberg, G.I., Kronberger, A., Bauer, E.A., Grant, 
G.A. and Eisen, A.Z. (1986) J. Biol. Chem. 261, 

6600-6605. 
Rao, J.K.M. and Argos, P. (1986) Biochim. Biophys. 
Acta 869, 197-214. 
Noren, 0. and Sjostrom, H. (1980) Eur. J. Biochem. 104, 
25-3 1. 
Maroux, S. and Louvard, D. (1976) Biochim. Biophys. 
Acta 419, 189-195. 
Svensson, B., Sjostrom, H. and Noren, 0. (1982) Eur. J. 
Biochem. 126, 481-488. 
Louvard, D., Semeriva, M. and Maroux, S. (1976) J. 
Mol. Biol. 106, 1023-1035. 
Booth, A.G. and Kenny, J.A. (1980) Biochem. J. 187, 
31-44. 

I t411 

~421 

[431 

Laperche, Y., Bulle, F., Aissani, T., Chobert, M.-N., 
Aggerbeck, M., Hanoune, J. and Guellaen, G. (1986) 
Proc. Natl. Acad. Sci. USA 83, 937-941. 

Coloma, J. and Pitot, H.C. (1986) Nucleic Acids Res. 14, 
1393-1403. 

I441 

I451 

1461 

t471 

t481 

Wickner, W.T. and Lodish, H.F. (1985) Science 230, 
400-407. 
Szczesna-Skorupa, E., Browne, N., Mead, D. and 
Kemper, B. (1988) Proc. Natl. Acad. Sci. USA 85, 
738-742. 
Hussain, M.M., Tranum-Jensen, J., Nor&r, O., 
Sjostrom, H. and Christiansen, K. (1981) Biochem. J. 
199, 179-186. 
Yamamoto, T., Davis, C.G., Brown, M.S., Schneider, 
W.J., Casey, M.L., Goldstein, J.L. and Russel, D.W. 
(1984) Cell 39, 27-38. 
Tomita, M., Furthmayr, H. and Marchesi, V.T. (1978) 
Biochemistry 17, 4756-4770. 
Davis, C.G., Elhammer, A., Russel, D.W., Schneider, 

W.J., Kornfeld, S., Brown, M.S. and Goldstein, J.L. 
(1986) J. Biol. Chem. 261, 2828-2838. 
Berger, J., Garattini, E., Hua, J.-C. and Udenfriend, S. 
(1987) Proc. Natl. Acad. Sci. USA 84, 695-698. 

[22] Kozak, M. (1986) Cell 44, 283-292. 
[23] Danielsen, E.M., Noren, 0. and Sjostrom, H. (1983) 

Biochem. J. 212, 161-165. 
[24] Danielsen, E.M. (1987) EMBO J. 6, 2891-2896. 
[25] Hortin, G., Folz, R., Gordon, J.I. and Strauss, A.W. 

(1986) Biochem. Biophys. Res. Commun. 141, 326-333. 

[26] McCaman, M.T. and Gabe, J.D. (1986) Gene 48, 
145-153. 

313 



Volume 238, number 2 FEBS LETTERS October 1988 

(491 Kam, W., Clauser, E., Kim, Y.S., Kan, Y.W. and Rutter, 
W.J. (1985) Proc. Natl. Acad. Sci. USA 82, 8715-8719. 

[SO] Mantei, N., Wacker, H., Villa, M., Enzler, T., Boll, W., 
James, P., Hunziker, W. and Semenza, G. (1988) EMBO 
J. 7, 2705-2713. 

[51] Hoefsloot, L.H., Hoogeveen-Westerveld, M., Kroos, 
M.A., Van Beeumen, J., Reuser, A.J.J. and Oostra, B.A. 
(1988) EMBO J. 7, 1697-1704. 

[52] Takesue, Y., Yokota, K., Nishi, Y., Taguchi, R. and 
Ikezawa, H. (1986) FEBS Lett. 201, 5-8. 

[53] Hooper, N.M., Low, M.G. and Turner, A.J. (1987) 
Biochem. J. 244, 465-469. 

[54] Low, M.G. (1987) Biochem. J. 244, I-13. 

[55] Putman, F.W., Liu, Y.-S.V. and Low, T.L.K. (1979) J. 
Biol. Chem. 254, 2865-2871. 

[56] Mestecky, J., Kulhavy, R., Wright, G.P. and Tomana, 
M. (1974) J. Immunol. 113, 404-412. 

[57] Bartels, J.R., Feracci, H.M., Stieger, B. and Hubbard, 
A.L. (1987) J. Cell Biol. 105, 1241-1251. 

[SS] Hansen, G., Nor&n, 0. and SjGstrem, H. (1988) in: 
International Symposium on Brush Border Membranes 
1987 (Lentze, M.J. and Sterchi, E.E. eds) Georg Thieme 
Verlag, Berlin, in press. 

[59] Staun, M., SjBstram, H. and Nortn, 0. (1986) Eur. J. 
Clin. Invest 16, 468-472. 

314 


