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from 22- to 32-day-old rats, minimal afterdischarges
were elicited in those from more mature rats and
virtually no afterdischarges in those from adult rats
(older than 4 months).
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A Novel mRNA of the A4 Amyloid Precursor Gene
Coding for a Possibly Secreted Protein

FREDERIC DE SAUVAGE AND JEAN-NOEL OCTAVE*

The gene, encoding the A4 peptide found in the amyloid core of senile plaques isolated
from the cerebral cortex of patients with Alzheimer’s disease, produces at least three
precursors that resemble cell surface receptors. A clone isolated from a human brain
complementary DNA library contained the structural sequence for an A4 amyloid
peptide precursor with a serine protease inhibitor domain in which 208 amino acids at
the carboxyl terminal are replaced by 20 amino acids derived from nucleotide
sequences with homology to the Alu repeat family. This protein devoid of the
transmembrane domain most likely represents a secreted form of the A4 amyloid

peptide precursor.

LZHEIMER’S DISEASE IS A DEGEN-

erative disorder characterized by

neuronal loss and brain lesions such
as senile plaques and neurofibrillary tangles
(1-4). Senile plaques contain an amyloid
core from which a 4.2-kD peptide was
isolated as a major constituent (5). This
peptide called the A4 peptide is identical to
the B-amyloid protein found in the vascular
amyloid deposits (6). From the amino acid
sequence, several groups have synthesized
oligonucleotides to isolate A4 amyloid pep-
tide precursor (APP) cDNAs that hybridize
with a 3.2- to 3.4-kb mRNA doublet ex-
pressed in the normal brain and other tissues
(7-10).

Additional studies have shown that the
gene encoding the A4 APP produces at least
three different mRNAs referred to as
APP695, APP751, and APP770 (11—13)
APP75; and 77 are identical to the previous-
ly described APPgos (7), except for nucleo-
tide inserts coding for a protease inhibitor
domain. The three mRNAs appear to arise
by alternative splicing of a single gene. In
addition to the 3.2- to 3.4-kb mRNA dou-
blet, a 2-kb RNA is also found in Northern
blot analysis. We report that this mRNA can
encode a secreted form of the A4 APP that is
devoid of the A4 peptide and the transmem-
brane domain.

A 1.4-kb cDNA fragment (14) was used
for the screening of Agtll cDNA libraries
constructed from the cerebral cortex or the
cerebellum of a 54-year-old individual with
Alzheimer’s disease. Of several hybridizing
clones, one clone from each library showed a

nucleotide sequence that diverged at posi-
tion 1630 from the sequence described by
Kang et al. (7). The clone isolated from the
cerebral cortex library was shown by DNA
sequence analysis to contain a serine prote-
ase inhibitor domain at position 865 (Fig.
1). Nucleotide sequence homology was ana-
lyzed by the ALIGN program (IntelliGenet-
ics). From position 1630 to position 1900,
alignment of the sequence with the human
consensus Alu repeat unit showed 70% ho-
mology. The 3’ end of the cDNA molecule,
which is similar to the consensus Alu se-
quence, encodes 20 amino acids that lack
both the A4 peptide and the hydrophobic
carboxyl terminus corresponding to the
transmembrane domain of the receptor. The
previous potential N-glycosylation site at
positions 496 to 498 of the Kang sequence
(7) is replaced by another one at positions
551 to 553 of the new clone reported here.

The 1.4-kb cDNA probe used for the
screening detected several RNAs in North-
ern blot analysis. In addition to the strong
3.2- to 3.4-kb bands, a band was present at
2 kb (Fig. 2B). The same band was recog-
nized by another ¢cDNA probe from the
divergent sequence (Fig. 2A). The existence
of the novel mRNA was confirmed by enzy-
matic amplification of the ¢cDNA region
where divergence occurred. Whereas no am-
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CTG
L
80

240

CAGATCACCAATGTGGTAGAAGCCAACCAACCAGTGACCATCCAGAACTGGTGCAAGCGG
Q I T N V V EA N Q P V T I Q N W C K R
90 100

300

GGCCGCAAGCAGTGCAAGACCCATCCCCACTTTGTGATTCCCTACCGCTGCTTAGTTGGT
G R K Q C K T H F vV I P Y R C L V G
110 120

GAGTTTGTAAGTGATGCCCTTCTCGTTCCTGACAAGTGCAAATTCTTACACCAGGAGAGG
E F VvV s D AL L V P DK CKF L HQ E R
130 140

ATGGATGTTTGCGAAACTCATCTTCACTGGCACACCGTCGCCAAAGAGACATGCAGTGAG
M D Vv C ETHULHWHTV A KE T C S E
150 160

480

AAGAGTACCAACTTGCATGACTACGGCATGTTGCTGCCCTGCGGAATTGACAAGTTCCGA
K s T N L H D Y G ML L K F R
170 180

540

GGGGTAGAGTTTGTGTGTTGCCCACTGGCTGAAGAAAGTGACAATGTGGATTCTGCTGAT
G vV E F V C C?P L A EE S DNV D S A D
190 200

600

GCGGAGGAGGATGACTCGGATGTCTGGTGGGGCGGAGCAGACACAGACTATGCAGATGGG 660
A E E DD S DV WW G G A DT D Y A D G
210 220
AGTGAAGACAAAGTAGTAGAAGTAGCAGAGGAGGAAGAAGTGGCTGAGGTGGAAGAAGAA 720
S E D K V V E V A E E E E V A E V E E E
230 240

GAAGCCGATGATGACGAGGACGATGAGGATGGTGATGAGGTAGAGGAAGAGGCTGAGGAA
E A D DD E D D E D G D E V E E A E E
250 260

CCCTACGAAGAAGCCACAGAGAGAACCACCAGCATTGCCACCACCACCACCACCACCACA
P Y EEATEWRTTS I A TTTTTT T
270 280

840

GAGTCTGTGGAAGAGGTGGTTCGAGAGGTGTGCTCTGAACAAGCCGAGACGGGGCCGTGC
E S V E E V V R E V C E Q A E T G P C
290 300
CGAGCAATGATCTCCCGCTGGTACTTTGATGTGACTGAAGGGAAGTGTGCCCCATTCTTT
R A M I S R W Y F DV T E G K C A P F F
310 320

900

960

TACGGCGGATGTGGCGGCAACCGGAACAACTTTGACACAGAAGAGTACTGCATGGCCGTG 1020
Y 6 6 ¢ GG NIRNNU FDTEEY CMAV

330 340
TGTGGCAGCGCCATTCCTACAACAGCAGCCAGTACCCCTGATGCCGTTGACAAGTATCTC 1080
¢c G s A1 P TTA AASTU®P DAV D K Y L

350 360
GAGACACCTGGGGATGAGAATGAACATGCCCATTTCCAGAAAGCCAAAGAGAGGCTTGAG 1140

E T P G D E N E H A HF Q K A K E R L E
370 380

Fig. 1. Nucleotide and deduced amino acid sequences of the cDNA coding
for a secreted form of the A4 APP. The nucleotide sequence proceeds ina 5’
to 3’ direction for a total of 1870 bases. The sequence starts at position 238
of the Kang sequence (7). The 168 inserted nucleotides corresponding to the
serine protease inhibitor domain are underlined. The sequence contributing
to a nonhydrophobic carboxyl terminal is underlined by a broken line. The
oligonucleotides used for the enzymatic amplification reaction are indicated.
If we assume that the initiation codon reported by Kang et al. (7) and Ponte
et al. (11) is used by the novel RNA, the amino acid composition of the new
precursor is A(52), C(19), D(36), E(71), F(14), G(29), H(19), I(16),
K(28), L(37), M(17), N(21), P(23), Q(27), R(30), §(22), T(35), V(45),

GCCAAGCACCGAGAGAGAATGTCCCAGGTCATGAGAGAATGGGAAGAGGCAGAACGTCAA 1200
A K HREWRMSQVMZPREUWETE A E R Q
390 400

GCAAAGAACTTGCCTAAAGCTGATAAGAAGGCAGTTATCCAGCATTTCCAGGAGAAAGTG 1260
A K N L P K A D K KAV I Q HF Q E K V
410 420

GAATCTTTGGAACAGGAAGCAGCCAACGAGAGACAGCAGCTGGTGGAGACACACATGGCC
E S L E Q E A A NEURQ QL V E T H M A
430 440

1320

AGAGTGGAAGCCATGCTCAATGACCGCCGCCGCCTGGCCCTGGAGAACTACATCACCGCT 1380
R VEA ML NDIRIRURTILATLENYVY I T A
450 460

CTGCAGGCTGTTCCTCCTCGGCCTCGTCACGTGTTCAATATGCTAAAGAAGTATGTCCGC 1440
L 9 AV P PRUPIRHV F NMMTULIZKZ K Y V R

470 480

CGCATGGTGGAT

GCAGAACAGAAGGACAGACAGCACACCCTAAAGCATTTCGAGCATGTGCGCATGGTGGAT 1500
A 'E Q K DR QHTUL K HV F E H V R M V D

490 500
CCCAAGAAAGCCG ———
CCCAAGAAAGCCGCTCAGATCCGGTCCCAGGTTATGACACACCTCCGTGTGATTTATGAG 1560
P K K A A Q I R S Q VL THTULIRV I Y E

510 520

CGCATGAATCAGTCTCTCTCCCTGCTCTACAACGTGCCTGCAGTGGCCGAGGAGATTCAG
R M N Q S L 8§ L L Y NV P A V A EE I Q

1620

530 540

GATGAAGTTGGTGCAGTGGCTCATGCCTGTAATTCCAGCATTTTGGGAGGCCAAGGTGGG 1680

D E V GA V A HACN S S I L G G

550 560

CAGATGACTTGAGCCCAGAAGTTCAAGACCAGATTGGGAAACATGGCAAGACCACATTTC 1740
Q M T

TACAAAAAAATTATCCAGGCATGATAACATCTATTTGTAGTCCCAGCTACTCAGGAGGCT 1800

GTGGTGGGAGGATCTCCCGAGCCTGGGGTGGCTGAGGCTGCAGTGAGCCTTGATCACGCC 1860

ACCTGGGCAATAGAGCAAGACCCTGTCTCAAAAAAAGGAAGAAAAAGACTATTATTTCCC 1920
CCATTGAATGGTCTTGGCACTATTACACAAAATCAATTGTCCATAGATAATATGGGTTTA 1980

TTTCTTAATTCTTAGTTCTTTTCTTTGATCTGTGTGCCTGTGCTTACTGTAGTACCACAC 2040
~#——— CGAATGACATCATGGTGTG

TGTTTTGATTATTGTAGCTTTGTAGTAAATTTTGAAATCAGCAAAAAAAAAAAAAAAAAA 2100
AC

AAAAAAA

W(8), and Y(14), resulting in a calculated M, of 63,515. Complementary
DNAs were isolated from libraries constructed from the cerebral cortex or
the cerebellum mRNA of an individual with Alzheimer’s disease. Oligo(dT)-
primed double-stranded cDNA was ligated with linkers into the Eco RI site
of the Agtl1 vector. About 2 X 10 recombinant phages from each library
were screened with a cDNA fragment (positions 363 to 1795 in the Kang
sequence), labeled by multi-priming nick translation. Among 18 hybridizing
clones, 10 were subcloned in M13 vector for sequence analysis. Eight had a
sequence identical to the previously reported and two showed nucleotide
sequence diverging at position 1630. Both strands of each ¢cDNA were
sequenced by the dideoxynucleotide termination method (22).

plification was observed on the DNA, a
fragment of 0.5-kb was amplified with
cDNA templates from normal mRNA and
mRNA from an individual with Alzheimer’s
disease (Fig. 3). This fragment was recog-
nized in a DNA hybridization blot by two
c¢DNA probes specific for the 5" and 3’ ends
of the targeted sequence. The sequence of
the amplified fragment confirmed the exis-
tence of the novel mRNA, and the absence
of amplification on the DNA ruled out the
possibility that the region homologous to
the Alu sequences at the 3’ end of the APP
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represents an unspliced intron.

The contribution of Alu sequences at the
3’ end of cDNA molecules has been report-
ed (15, 16). In the mRNA coding for the
decay accelerating factor, Alu sequences are
involved in a splicing event that causes a
coding frameshift near the carboxyl termi-
nus. Two proteins were therefore possible,
having divergent carboxyl-terminal domains
that differ in their hydrophobicity (15).
They represent the membrane-bound and
the secreted forms. The novel mRNA de-
scribed here, devoid of the A4 peptide and

the transmembrane sequences, most likely
corresponds to a secreted form of the
APPys,.

Recent studies indicate that the A4 APP
can be detected in two forms by the use of
immunoblotting: a membrane-bound form,
which can be stained with both the antibod-
ies to the amino-terminal and carboxyl-ter-
minal portions of the A4 APP, and a soluble
form detected only with the amino-terminal
antibodies (17-19). Cells, including fibro-
blasts (20), express the A4 APP at their
surface but also secrete carboxyl-terminal
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Fig. 2. Analysis of human brain total RNA
hybridized with (A) a probe corresponding to the
positions 1670 to 2042 of the divergent sequence
or (B) with a 1.4-kb cDNA probe used for the
screening of the cDNA library (Fig. 1). Glyoxal-
denaturated total RNA (10 pg) was separated by
electrophoresis on 1% agarose gel, in 10 mM
sodium phosphate (pH 7) (23), and transferred to
a nylon membrane (Amersham). The P labeling
of the probe was carried out with the Klenow
fragment of the Escherichia coli DNA polymerase I.
The filters were hybridized in 3.5% SSC (1x
SSC = 0.15M NaCl and 0.015M sodium citrate,
pH 7.0), 1x Denhardt’s solution, and salmon
sperm DNA (200 pg/ml) at 60°C. The filters
were washed at 65°C, three times for 30 min each
time in 2X SSC and 0.5% SDS, then for 30 min
in 0.2x SSC and 0.1% SDS.

A B Cc

1 2 1 2
kb
-— 1.033
-—(0.653
LR
-—0.394

Fig. 3. Enzymatic amplification with oligonucleo-
tide primers. (A) Ethidium bromide-stained gel
showing the total amplification products of the
DNA. (B) Total amplification products of cDNA
synthesized with mRNA templates from (lane 1)
normal brain or (lane 2) the brain of an individual
with Alzheimer’s disease. (C) DNA blot showing
specific amplified products. Two probes specific
for the 5’ (not shown) and 3’ ends of the target
sequence give the same signal on (lane 1) normal
cDNA and (lane 2) cDNA amplified from the
brain of an individual with Alzheimer’s disease.
DNA was amplified by mixing 1 pg of DNA or
50 ng of oligo(dT)-primed single-stranded cDNA
in polymerase buffer with 200 ng of each primer
(Fig. 1). Samples were subjected to 60 cycles of
polymerase chain reaction (24), each consisting of
1 min of denaturation at 90°C and 5 min of
polymerization at 60°C in the presence of 1 unit
of Thermus aquatius DNA polymerase per 30
cycles. After amplification, one-fifth of the total
reaction was subjected to agarose gel electropho-
resis. The gel was photographed and the DNA
was transferred to nylon membranes and hybrid-
ized to two labeled probes specific for the 5’
(positions 1602 to 1629) and 3’ (positions 1843
to 2107) ends of the target sequence. The blot
was then washed and autoradiographed.

11 AUGUST 1989

truncated proteins into the medium (19). It
was recently reported that the conditioned
medium from transfected cells overexpress-
ing the A4 APP potentated neurite out-
growth when added to untreated cells (21).
A proteolytic cleavage of the amyloid pre-
cursor that generates a soluble peptide has
been proposed (19). We report that a modi-
fied APP7s, is devoid of the transmembrane
domain. Therefore, the proteolytic cleavage
of the transmembrane precursor is not the
only way to obtain a soluble precursor.
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