
I11 regions. The multiplicity of hybridizing 
fragments in the class I region suggests that 
the class I genes are dispersed throughout 
the 1800 to 2000 kb comprising the class I 
region. In contrast, since no class I1 beta 
genes were found in the 340-kb Mlu I 
fragment that hybridized with D L ,  the 
class I1 genes appear to be clustered in the 
centromeric half of the 920-kb Not I frag- 
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ment. These data are in accord with those 
recently determined by Hardy et al. (12) 
who have shown that the D O  and DX class 
I1 subregions also reside between DP and 
D R  and that D Z  is closely linked to DP. 
Thus, there may be as much as 300 kb 
between the class I1 and class I11 subregions " 
in which classical HLA genes are absent. In 
addition to the class I, 11, and I11 genes, 
other genes are interspersed in or located 
near the MHC (5). Since the PFG estima- 
tion of the extent of HLA exceeds the 
amount isolated in molecular clones bv a 
factor of at least 2, these data indicate ample 
room for these and other nonclassical HLA- 
linked genes or gene families. 

~ h i s e t u d ~  has examined the application 
of pulsed field gel electrophoresis and hy- 
bridization to the molecular organization of 
the HLA gene complex. The preparation of 
essentiallv intact human DNA suitable for 
restriction digestion, the identification of 
restriction enzymes that generate fragments 
suitable for megabase-scale restriction map- 
ping, and the development of electrophore- 
sis and hybridization procedures that detect 
fragments throughout a range of 10 to 1000 
kilobases demonstrate that the techniques 
employed are suitable for the efficient analy- 
sis of megabase regions of mammalian 
DNA. The potential now exists for the use 
of these techniques in conjunction with 
classical genetics, standard cloning tech- 
niques, and chromosome linking and chro- 
mosome jumping libraries (4, 5 ) ,  in the 
construction of an extensive molecular map 
of the human genome. 

Note added in pro@ Partial digestion data 
confirm the placement of the 190-kb Not I 
fragment adjacent to the 540-kb Not I 
fragment. 
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p Amyloid Gene Duplication in Alzheimer's Disease 
and Karyotypically Normal Down Syndrome 

With the recently cloned complementary DNA probe, hAm4 for the chromosome 21 
gene encoding brain amyloid polypeptide (P amyloid protein) of Alzheimer's disease, 
leukocyte DNA from three patients with sporadic Alzheimer's disease and two patients 
with karyotypically normal Down syndrome was found to contain three copies of this 
gene. Because a small region of chromosome 21 containing the ets-2 gene is duplicated 
in patients with Alzheimer's disease, as well as in karyotypically normal Down 
syndrome, duplication of a subsection of the critical segment of chromosome 21 that is 
duplicated in Down syndrome may be the genetic defect in Alzheimer's disease. 

A COMPLEMENTARY DNA (cDNA) 
probe AAm4 for the chromosome 
21 gene encoding the amyloid poly- 

peptide (P amyloid protein) of Alzheimer's 
disease (AD-AP gene) was recently cloned 
and sequenced (1). The polypeptide en- 
coded by this gene is found in the brains of 
patients with Alzheimer's disease, as well as 
in adult patients with Down syndrome (2). 
We present results of gene dosage measure- 
ments in leukocyte DNA, using this cDNA 
as a probe, thatshow that the AD-AP gene 
is duplicated in patients with Alzheimer's 
disease and in patients with karyotypically 
normal Down syndrome (3, 4). 

DNA was obtained from leukocytes from 
seven healthy control subjects (four young 
adults and three aged adults), five patients 
with trisomy 21 Down syndrome, &o pa- 
tients with karyotypically normal Down 
syndrome (and their four normal parents), 
and three patients with sporadic Alzheimer's 
disease. The clinical diagnosis of Alzheimer's 
disease was based on criteria defined by the 
National Institute of Neurological and 
Communicative Disorders and Stroke 
(NINCDS) (5). Preliminary experiments es- 
tablished appropriate auto~adi&raphic ex- 
posure times for calibrating dose-response 
curves for the quantity of DNA as a finction 
of band intensky measured by transmission 
densitometry. The linear response range of 
the curves was used in all experiments. An 
8.6-kb band, which is recognized by the 

human AD-AP cDNA probe ( A  Am4) locat- 
ed on chromosome 21. and a 4.1-kb refer- 
ence band, which is recognized by the hu- 
man prou2 (I) collagen probe (COLlA2) 
located on chromosome 7 (6), are seen on 
Eco FU-digested DNA from the patients 
and control subjects (Fig. 1). Actual densi- 
tometric measurements were carried out by 
using autoradiographs. By assuming that 
the DNA from the control subjects had a 
gene dosage number of two for both the 
COLlA2 reference probe and the AD-AP 
gene, AD-AP gene ;losage numbers in the 
patients were deduced from the ratio of the 
intensities of the 8.6-kb band to the 4.1-kb 
reference band. Four additional chromo- 
some 21 probes were used or are referred to 
in this study: human superoxide dismutase-I 
(SODI), anonymous DNA sequence 
D21Sll  located proximal to SODI, human 
proto-oncogene ets-2, and the estrogen-in- 
ducible sequence expressed in breast-cancer 
BCEI located in 21q22.3 (7). 
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Fig. 1. Photographs of autora- 
diographs show~ng DNA se- 
quences (bands) recognized by 
the AD-AP probe (top) and 
COLlA2 probe (bottom) in 
DNA from three patients (P) 
(five right lanes) and three nor- 
mal controls (C) (five left 
lanes). (A) Patient with trisomic 
Down syndrome (47,XY, 
+21DS); (B and C) patients 
with Alzheimer's disease. DNA 
was purified from leukocytes, 
digested with Eco RI, size frac- 
tionated by electrophoresis in 
0.8% agarose gel, and trans- 
ferred to Zetabid membranes. 
Prehybridization, hybridiza- 
tion. and washing of the mem- 

AD-AP 

COLl A2 

B 
AD. - - - 0 . . I C r r .  

COI 

C 
- .-*.-.-,. -- .* 

AD-AP - 
branis were carryed out as de- -.. 
scribed in the Zetabind proto- COLlA2 
cols. Membranes were first hv- 
bridiid with a '*P-labeled (12) 
COLlA2 probe, and the 4.1-kb DNA sequence recognized by this probe was used as a reference band. 
The same membrane was then rehybridized with the AD-AP probe, and the 8.6-kb DNA sequence 
recognized by this probe was used for quantification of gene dosage. Quantification of the DNA 
sequences recognized by the probes was carried out by transmission densitometry of autoradiographs 
with a thin-layer chromatography laser scanner (a -930 ,  Shimadzu). The relation between band 
intensity and DNA quantity was calibrated by densitometry of DNA dot blot autoradiographs, after 
preliminary experiments with different exposure times had established the linear response range of the 
calibration curves. 

N 46,XY,DS AD 47,XY,  N AD N AD 
+21 DS 

Fig. 2. Gem dosage histograms for (A) the AD-AP gene and (B) anonymous DNA sequences D21Sll 
and BCEI. Normal controls (N) included four healthy adults under the age of 40, three adults over the 
age of 60 free from any neurologic or psychiamc disease, and all four parents of the two patients with 
karyotypically normal Down syndrome. The o ~ o  patients with karyotypically normal Down syndrome 
(%,XY,DS) were 2 and 30 years old; detailed clinical observations are presented elsewhere (3,4). The 
three female patients with sporadic Alzheimer's disease (AD), aged 67, 77, and 86 years, had Mini- 
Mental State Examination scores ranging from 0 to 15. Five patients with msomy 21 Down syndrome 
(47,XY,+21DS) were also used in this study. Quantification of the DNA specific for each probe was 
carried out as described in Fig. 1. For each lane of the blots the ratio of intensity of the 8.6-kb AD-AP 
band versus the intensity of the reference 4.1-kb COLlA2 band was calculated. For each blot, ratio 
values were standardized by assuming a gene dosage number of two in the DNA from controls, and 
between 5 and 15 assays were performed for each patient. Data are expressed as mean * SD. (A) AD- 
AP gene dosage in DNA from karyorypically normal patients with Down syndrome (%,XY,DS, cross- 
hatched); patients with sporadic Alzheimer's disease (AD, shaded); and nisomy 21 patients with Down 
syndrome (47,XY, + 2 1 DS, black). (B) Gene dosage of chromosome 21 anonymous DNA sequences 
D21Sll (left) and BCEI (right) in patients with Alzheimer's disease (AD) and normal controls (N). 

Down syndrome 

Fig. 3. Schematic representation of duplicated 
and nonduplicated genes in Alzheimer's disease 
and in karyotypically normal Down syndrome. 
Arrows point to the genes that are duplicated in 
each disease. 

In patients with trisomy 21 Down syn- 
drome (47,XY,+21DS), the intensity of the 
AD-AP gene band was 50% greater than in 
the normal control subiects. We were. there- 
fore, able to verify thit these patients had 
the expected three copies of the AD-AP 
gene (Fig. 2A). By using the same approach, 
we found that three copies of the AD-AP 
gene were also present in all three patients 
with Alzheimer's disease (AD) and in both 
patients with karyotypically normal Down 
syndrome (46,XY,DS) (Fig. 2A). It has 
been shown that the ets-2 gene is also dupli- 
cated in these patients (8), that the SOD1 
gene was duplicated only in the Down 
syndrome patients (3, 4, 8), and that the 
D21Sll and the BCEI DNA seauences 
were not duplicated in either group of pa- 
tients (Fig. 2B). These data are shown in 
schematic form in Fig. 3. Our results sup- 
port the hypothesis &at Alzheimer's disease 
involves the duplication of a subsection of 
the critical segment of chromosome 2 1 that 
is duplicated in Down syndrome (9), and 
thus substantiates the existence of a genetic 
defect in Alzheimer's disease. The exact size 
and continuitv of the subsection and the 
existence of other aberrations in the genetic 
material of the involved region are un- 
known. 

It could be argued that this duplication 
might be postzygotic, because we investigat- 
ed only one cell type, leukocytes. However, 
because the phenotypic features of Down 
syndrome and Alzheimer's disease surely 
result h m  involvement of several different 
cell types, it seems more likely that the 
rearrangement originates in parental ga- 
metes. For example, this gene duplication 
could be caused by unequal crossing over 
during meiosis I, or unequal chromatid ex- 
change during meiosis I1 or premeiotic 
stages. This particular region of chromo- 
some 21 might represent a "recombination 
hot spot" that could be due to the presence 
of repeated DNA sequences, as recently 
demonstrated for the 15q l l  region in Willi- 
Prader syndrome (1 0). 

Because with increasing age, the majority 
of people will develop neuropathological 
changes similar to those seen in Alzheimer's 
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disease, it is reasonable to propose that an 
excess gene dosage of certain genes, with 
overproduction of the corresponding pro- 
teins (1 1) could cause these changes to occur 
prematurely. Moreover, even if Alzheimer's 
disease requires a duplication of a segment 
of chromosome 21 containing the AD-AP 
gene, it does not follow that all bearers of 
this duplication will develop the disease. The 
roles played by faulty regulatory mechanisms 
and environmental stress are still poorly un- 
derstood, but are certainly important. 
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Transposition of Gram-Positive Transposon Tn916 in 
Acholeplmma laidlawii and Mycoplmma pulmonis 

Mycoplasma genetics has been limited by a lack of genetic tools such as selectable 
markers, methods to transfer DNA, and suitable vectors for cloning. Studies were 
undertaken to examine the potential of using the streptococcal transposon Tn916 as a 
mycoplasma genetic tool. The Eschedia coli plasmid pAM120, which contains Tn916, 
was transformed into Acholeplasma laidlawii and Mycoplasma pulmonis. Transposition 
of Tn916 into the mycoplasma chromosome apparently occurred by an excision- 
insertion mechanism. This example shows that newly introduced DNA fiom other 
bacteria can be successfilly expressed in mycoplasma and that Tn916 should serve as a 
powerful genetic tool for the study of mycoplasmas. 

M YCOPLASMAS ARE WALL-LESS 
prokaryotes that cause disease in 
plants, insects, and animals, in- 

cluding man. The five currently recognized 
genera of mycoplasmas, Acholeplasma, Spiro- 
plmma, Mycoplasma, Ureaplmma, and Anaer- 
oplasma, are a diverse group of related orga- 
nisms that have evolved from Gram-positive 
bacteria (1). The development of mycoplas- 
ma genetics has been hampered by a lack of 
selectable markers and a lack of methods to 
transfer DNA such as conjugation, transfor- 
mation, and transduction. Therefore, most 
studies in mycoplasma genetics have been 
limited to the cloning and subsequent analy- 
sis of mycoplasma DNA in Escherichia wli; 
few studies in mycoplasma genetics have 
involved the isolation and analysis of mu- 
tants. In this report we describe the transfor- 
mation of mycoplasmas with the transpos- 
able element Tn916. The convenience of 
insertional mutagenesis through transposi- 
tion of Tn916 should stimulate the field of 
mycoplasma genetics. 

Tetracycline-resistant isolates of Mycoplm- 
ma hominir and Ureaplasma urealyticum have 
DNA sequences homologous to the strepto- 
coccal tetM determinant (2, 3). The tetM 
determinant may have disseminated from 
streptococci via a conjugative transposon- 
for example, Tn916, a broad-host range 
transposon with which tetM is associated 
(4-8). The plasmid pAM120 (21 kilobases) 
contains Tn916 (16 kilobases) cloned into 
the vector pGLlOl in E. coli strain D H 1  (8). 
We used pAM120 to transform mycoplas- 
mas to determine whether Tn916 will func- 
tion in these cells. We were successful in 
transformation of both Acholeplasma 
laidlawii and the murine pathogen Mycoplas- 
ma pulmonir. 

Transformations were based on the poly- 
ethylene glycol (PEG) procedure developed 
for transfection of A .  laidlawii with myco- 
plasma viral DNA (9). Acholeplmma laidlawii 
cells were propagated in tryptose broth (10) 
and assayed as colony-forming units (CFU) 
on mycoplasma agar plates (1 1 ) . Ten micro- 

grams of pAM120 DNA were used to trans- 
form 250 11.1 labout 2 x lo7  CFU) of cells 

8 \ 

from a culture in logarithmic growth phase. 
After transformation, cells were incubated at 
37°C in tryptose broth for 30 minutes to 
allow for expression of the tetracycline- 
resistance determinant and then plated onto 
freshly made agar plates supplemented with 
tetracycline at a concentration of 2 pgiml. 
Selection with tetracycline at a concentra- 
tion of 4pgiml gave somewhat more incon- 
sistent transformation frequencies, and incu- 
bation for more than 30 minutes before 
plating did not increase transformation fre- 
quencies. The transformation mixtures were 
assayed on agar plates in incubation at 37°C 
in the dark (tetracycline is light-sensitive) 
for 4 days. Colonies were picked by stabbing 
the plate with a sterile 1-rnl pipette and 
placing the agar plug in 1 rnl of tryptose 
broth. This culture was incubated at 37°C 
for 2 hours; tetracycline was added to a 
concentration of 4 pgiml; and the culture 
was incubated again for 2 to 3 days until 
turbidity was observed. If tetracycline was 
added immediately after picking colonies, 
some of the cultures did not grow. Waiting 
2 hours before adding the tetracycline allevi- 
ated this problem (12). Once the isolates 
were actively growing in liquid medium, 
they could be incubated in medium contain- 
ing high levels of tetracycline, at least 40 
pgiml, and still retain cell growth. 

Transformation of M .  pulmonis was simi- 
lar to that ofA. laidlawii. Mycoplasma medi- 
um ( l l ) ,  instead of tryptose broth, was used 
for propagation of M .  pulmonir. Important 
for obtaining an efficient protocol for trans- 
formation ofM. pulmonir was the realization 
that mycoplasma medium and tryptose 
broth were inhibitory. The first step in the 
protocol for transformation of A. laidlawii 
is to harvest cells by low-speed centrifuga- 
tion and resuspend the cell pellets in fresh 
tryptose broth (9). We removed the inhibi- 
tory medium from M, pulmonis by resus- 
pending the cell pellets in buffer. Examina- 
tion of various buffers showed that the 
optimum PEG concentration was depen- 
dent on the buffer (13). After transforma- 
tion of M, pulmonis, the incubation time 
allowed for expression of the tetM determi- 
nant was 2 hours. 

Acholeplasma laidlawii was chosen as the 
recipient for our initial transformation stud- 
ies because a PEG-mediated transformation 
procedure had already been developed for 
transfection of this mycoplasma with viral 
DNAs. Strain 8195 was chosen because it 
apparently lacks a restriction and modifica- 
tion system (14). We obtained tetracycline- 
resistant transformants ofA. laidlawii strain 
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