
observed in reconstruction of rotated single 
particles (17). 

The functional significance of the tunnel 
is still to be determined. However, it is 
possible that the tunnel could provide the 
path taken by the nascent polypeptide chain 
since (i) the tunnel originates at the project- 
ing arms lying at the presumed site for 
protein biosynthesis (10) and it terminates 
on the other end of the particle, and (ii) it is 
of a diameter large enough to accommodate 
even the largest amino acids. Furthermore, 
this tunnel is long enough to accommodate 
and protect from proteolptic enzymes a pep- 
tide of about 40 amino acids in an extended 
conformation (1 8-20). Although the tunnel 
terminates at a location that may be compat- 
ible with that assigned by immune electron 
microscopy as the exit site for the growing 
polypeptide chain (21), it remains to be seen 
whether these avo sites are identical. 

Assignment of the known functional do- 

mains of the 50s ribosomal subunits to the 
various structural features of our model 
awaits further investigation. We hope to 
locate specific sites on a detailed model. 
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Allelic Exclusion in Transgenic Mice That Express the 
Membrane Form of Immunoglobulin p 

MICHEL C. NUSSENZWEIG, ALBERT C. SHAW, ERIC SINN, 
DAVID B. DANNER, KEVIN L. HOLMES, HERBERT C. MORSE 111, 
PHILIP LEDER 

Antibody-producing cells display a special form of regulation whereby each cell 
produces immunoglobulin from only one of its two sets of antibody genes. This 
phenomenon, called allelic exclusion, is thought to  be mediated by the product of one 
heavy chain allele restricting the expression of the other. Heavy chains are synthesized 
in two molecular forms, secreted and membrane bound. In  order to  determine 
whether it is specifically the membrane-bound form of the immunoglobulin M (IgM) 
heavy chain (p)  that mediates this regulation, transgenic mice were created that carry a 
human I*, chain gene altered so that it can only direct the synthesis of the membrane- 
bound protein. The membrane-bound form of the human p chain was made by most of  
the B cells in these animals as measured by assays of messenger RNA and surface 
immunoglobulins. Further, the many B cells that express the human gene do  not 
express endogenous mouse IgM, and the few B cells that express endogenous mouse I*, 

do  not  express the transgene. Thus, the membrane-bound form of the p chain is 
sufficient to  mediate allelic exclusion. I n  addition, the molecular structures recognized 
for this purpose are conserved between human and mouse systems. 

EGULATION OF IMMUNOGLOBULIN 

gene expression involves genomic 
rearrangements at a minimum of 

two loci that bring regulatory and coding 
sequences into proximity (1). In addition, 
differential cleavage and polyadenylation of 
messenger RiiA (mRNA) precursors gener- 
ate either membrane or secreted forms of 
immunoglobulin heavy chains ( 2 4 ) .  Con- 
tinued genomic rearrangements and splicing 
further generate a series of heavy chain 
classes (5). Although these changes often 
involve both parental sets of antibody genes, 
only one eventually directs the synthesis of 

a functional immunoglobulin in a given cell. 
This mechanism, allelic exclusion, is central 
to the process of clonal selection (6). 

There is persuasive evidence that allelic 
exclusion at the light chain loci is mediated 
by intact immunoglobulin molecules (7, 8). 
In addition, experiments with transgenic 
mice suggest that expression of endogenous 
heavy chain alleles call be influenced by an 
introduced murine p. chain transgene (9- 
11). Evidence thus far indicates that the 
human y-1 gene (12) and a version of the 
mouse p. gene that gives rise to a secreted 
form of the mouse p. chain (11) do not 

mediate this process. Since immunoglobulin 
M (IgM) heavy chains are produced in two 
forms, membrane-bound and secreted, it is 
reasonable to suggest that such a regulatory 
signal is mediated by a membrane-bound 
molecule (11) because the secreted form is 
sequestered in the vacuolar system. To test 
this theory we created transgenic mice (13) 
that carry a rearranged human p. gene al- 
tered to delete the cleavage and polyadenyla- 
tion signals necessary to synthesize the se- 
creted form of the p. heavy chain (3). The 
mutant gene (Fig. 1A) is capable of produc- 
ing only the membrane-bound form of the 
molecule in transfected tissue culture cells. 

Expression of the human transgene and 
the endogenous mouse p. mRNAs was as- 
sessed by ribonuclease protection experi- 
ments with probes that are species specific 
and can distinguish between the mRNAs 
encoding membrane-bound and secreted 
forms of the IJ, chain (Fig. 1). Spleen cells 
derived from two transgenic lines, TG SA 
and TG SD, were used for this analysis. The 
two lines expressed the membrane-bound 
form of the human gene but differed in the 
amount of expression (Fig. 1B). 
Densitometric analysis of data from these 
experiments shows that spleen cells from 
mice of the TG SA line produce 25 to 35 
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times as much human p mRNA as spleen 
cells from the TG SD line. As expected, the 

probe] in spleens of the high transgene- 
expressing strain, TG SA, was 1/10 to 1/20 
the amount in controls (Fig. 1C and Table 
1). There was little, if any, reduction in 
endogenous IgM production in spleen cells 
derived from the low-expressing strain, 
TG SD. Thus, expression of the human 
transgene resulted in decreased synthesis of 
endogenous mouse p mRNA, and the effect 
appeared to be dose-dependent. 

To distinguish allelic exclusion at the level 

of the individual cell from uniformly de- 
creased expression of endogenous heavy 
chain genes in the total B-cell population, 
spleen cells were assayed for production of 
human and mouse surface immunoglobulins 
by means of two-color fluorescence on a 
fluorescence-activated cell sorter (FACS). 
This analysis allowed the correlation of 
immunoglobulin protein expression with 
mRNA data. Spleen cells were reacted with 
biotin-labeled monoclonal antibody to hu- 

form of mRNA corresponding to-the secret- 
ed human p chain was not detected in either 
line. In addition, the protected fragments 
from the transgenic lines were of the same 
size as those protected by authentic mem- 
brane-bound p mRNA derived from the 
human Ly-65 Burkitt-lymphoma B-cell line 
(Fig. 1B). The finding that removal of the 
cleavage and polyadenylation signals renders 
the gene incapable of making the secreted 
form of the mRNA in vivo extends vrevious 
observations (3) on the regulation of the 
switch from the membrane-bound to the 
secreted form in primary lymphocytes. 

Since the p gene withassoclated~enhancer 
and other regulatory signals should be ex- 
pressed only in cells of the B-cell lineage, we 
assessed the specificity of expression ofthe p 
transgene in a variety of organs derived from 
the TG SA line (Fig. 1D). Transgene 
mRNA was observed in the s~leen and. 
unexpectedly, in the brain, but not in the 
striated muscle, salivary gland, kidney, liver, 
or testis. The aberrant expression of the 
transgene in the brain could-not be account- 
ed for by lymphoid cell contamination as 
assessed by the absence of mouse K light 
chain mRNA in the same preparation. 

Lymphocyte-specific expression has been 
documented for mouse p and human y-1 
genes in transgenic mice, and it has been 
postulated that the immunoglobulin heavy 
chain enhancer is important in determining 
this tissue specificity (11, 12, 14). The se- 
quences shared by human 7-1 and p heavy 
chain genes include the heavy chain en- 
hancer. Our findings are thus consistent 
with a role for the enhancer in determining 
tissue specificity. On the other hand, aber- 
rant expression in the brain is puzzling since 
it is seen in both of our transgenic strains, 
TG SA and TG SD. and is therefore likelv to 

- .  1 Pvu 

be a property of the'human p gene constkct 
rather than a function of the site of trans- 
gene integration. In this respect, it is remi- 
niscent of the T4 antigen (which is the 
human immunodeficiency virus receptor), 
and the Thy-1 antigen; both of these anti- 

Fig. 1. RNase protection experiments in trans enic (TG) CD1 x C57BL6 mice and their wild-type 
(WT) littermates. Ten micrograms of tot* RN! was annealed with the appropriate antisense RNA at 
53°C overnight. Single-stranded RNA was digested away with a mixture of RNase A and RNase T1 
(19). Protected fragments were visualized by autoradiography of sequencing gels made of 5% 
acrylamide and 7M urea. (A) Human p transgene. (B) Human p expression in spleens of TG SA and 
TG SD aflimals and wild-type littermates. The Burkitt-lymphoma cell line (Ly-65) (20) was included to 
demonstrate the size of authentic secreted and membrane human IgM. (C) Mouse IgM and p2- 
microglobulin expression in spleen RNA from TG SA and TG SD animals and their wild-type 
littermates. Mouse p and Pz-microglobulin probes were hybridized with spleen RNA in the same 
reaction mixture. (D) Human p expression in tissues of the TG SA line. The structures of the RNase 
protection probes used in (B) to (D) and the expected protected subfragments in nucleotides are 
diagrammed (21). Symbols: (A) L, leader exon; VDJ, recombined variable region; E, heavy chain 
enhancer; S, switch region; C1 through C4, constant region exons; (a), hexanucleotide AATAAA; 
pAA. ., polyadenyladon/cleavage site (vertical line 3' of the closed circle); M1 and M2, exons for cell 
membrane integration function. (B and C) TG, trwsgenic; WT, wild type; S, protected by secreted p 
mRNA; M, protected by membrane p mRNA; B2, p2-microglobulin exon 11; nt, nucleotide. (D) Pvu, 
Pvu I1 site; Sd, splice donor; hp-CH4, human p constant region exon 4; Sac, Sac I site; Kpn, Kpn I 
site; Pst, Pst I site; mp-CH4, mouse p constant region exon 4; H, Hind I11 site; Sp, spleen; Mu, 
muscle; Sa, salivary gland; Br, brain; Kd, kidney; Lv, liver; Te, testes. 

gens are members of the immunoglobulin 
supergene family expressed in the nervous 
system and in lymphoid cells (15-17). 

One way of assessing the effect of expres- 
sion of the human (* transgene is to measure 
the amount of endogenous mouse heavy 
chain mRNA synthesized by the splenic B 
cells of the transgenic animals. The relative 
quantities of mouse p mRNA in the spleen 
cells of the two transgenic strains and 
matched wild-type controls were compared 
with Pz-microglobulin mRNA as an internal 
standard. Mouse p mRNA [as measured by 
the ribonuclease (RNase) of a (* 
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man IJ. chains (18) and Texas red-labeled 
avidin. A panel of fluorescein-labeled anti- 
bodies specific for either mouse k or cell 
lineage antigens was used as second reagents 
(Fig. 2). Five TG SA transgenic mice as- 
sayed expressed human k on the surface of 
25 to 35% of their spleen cells. Matched 
wild-tv~e littermates served as controls. The 

d L 

portion of spleen cells bearing mouse I*, was 
reduced from 50% in the normal littermates 
to 5 to 15% in the transgenic animals. 
Coexpression of transgenic and endogenous 
p was not detected either by the FACS 
analysis or on direct microscopic inspection 
(Fig. 2). Immunoglobulin D expression was 
identical to endogenous IglM expression in 
the TG SA line. Thus, at the level of detec- 
tion of the cell sorter, approximately 10,000 
molecules per cell, the- transgene induces 

Transgenic Wild-type 

Murine IgM 
1000 ;---- 

I 1 7  

FITC fluorescence intensity 

Fig. 2. Analysis by FACS of human IgM expres- 
sion on spleen cells of transgenic mice and their 
wild-type littermates. Spleen cells were prepared 
and stained for simultaneous two-color FACS 
analysis on a FACS I1 as previously described 
(22).  Spleen cells were stained with biotin-labeled 
monoclonal antibody to human )*. ( l a ) ,  developed 
with Texas red-labeled avidin, and with fluoresce- 
in-labeled (FITC) monoclonal antibodies to 
mouse IgM (23), Ly-5(B220) (24), Thy-1.2 (25), 
and Mac-1 (26).  In this experiment, 6% of the 
cells were positive for mouse p and 26% for 
human p. Simultaneous two-color analyses are 
presented as contour plots on a logarithmic scale 
with increasing levels of green (FITC) fluores- 
cence on the x-axis and red fluorescence on they- 
axis. Single-color FACS studies confirmed the 
specificity of the reagents and lack of any cross- 
reactivity. 

allelic exclusion in the TG SA line. An iden- 
tical analysis of the spleen cells of the TG SD 
line that produces <4% of the human 
mRNA found in the TG SA line failed to 
detect human p protein. This lack of expres- 
sion could be due to absence of cell surface 
protein or the presence of amounts of au- 
thentic protein below the level of detection 
of the cell sorter. 

Since allelic exclusion is only observed in 
the transgenic line that expresses high levels 
of human IgM and since the TG SD line has 
normal numbers of mouse IgM-bearing B 
cells in spleen, we conclude that the presence 
of a productively rearranged gene is not 
sufficient to signal allelic exclusion at the p 
heavy chain locus. The exclusion signal is 
mediated by a further product, possibly 
RNA but more likelv the membrane-bound 
IJ. chain. Since this signal is mediated by a 
human gene product in a mouse cell, we 
further conclude that the signals that govern 
allelic exclusion and the cellular apparatus 
for deciphering them are conserved between 
mouse and human systems. 

All the cells that express human I*, also 
express the Ly-5(B220) antigen (Fig. 2) and 
the ThB B-cell surface markers as well as Ia. 
Mouse K light chain was expressed on 35 to 
40% of the lymphocytes in the spleens of the 
transgenic animals by immunofluorescence. 
This corresponds to the total number of B 
lymphocytes as determined by Ly-5(B220) 
staining. We can infer that the human gene 
product is coexpressed with mouse K. Hu- 
man k was not detectable on cells expressing 
either the Thy-1.2 T-cell marker or the ~Mac- 
1 antigen of mononuclear phagocytes and 
myeloid cells (Fig. 2, lower half). Whether 
lack of surface human IgM expression in 
these cell types is secondary to cell type- 
specific transcription or the inability of these 
cells to transport IJ, to the cell surface re- 
mains to be determined. 

Transgenic mice carrying intact murine + 
genes have been produced by other investi- 
gators (10, 11, 14). Although allelic exclu- 
sion was not determined bv direct examina- 
tion of normal B cells in these animals, 
analjisis of hybridomas and Abelson virus- 
transformed cell lines was instructive (9, 10). 
Only 1 of 29 (9) and 1 of 19  (10) hybrid- 
omas analyzed retained both heavy chain 
alleles in germline configuration. Some cell 
lines produced only transgenic p chains and 
showed DJ rearrangements as well as com- 
plete VDJ rearrangements. Other cell lines 
derived from the same animals produced 
both transgenic as well as endogenous p 
chains in an apparent violation of allelic 
exclusion. This exception arid the heteroge- 
neity of rearrangement events at the heavy 
chain locus could be explained by the pro- 
duction of secreted p chains since the secret- 

Table 1. Relative quantity of mouse k chain 
mRNA protected by mp-CH4 probe in spleen 
cells of mice of ehe TG SA and TG SD lines and 
their wild-type littermates. Data shown represent 
individual mice from one litter of TG SA and of 
TG SD. The quantity of mouse IgM mRNA 
protected was determined with a Beckrnan laser 
densitometer on the film from the experiment 
shown in Fig. 1C. The data from individual lanes 
was normalized to a p2-microglobulin le\d of 
one. Symbols: TG, transgenic; WT, wild type; s, 
secreted form; m, membrane-bound form. 

- -- 

Relative quantlty of mouse k mRNA 

ed form of IgM may not be able to signal 
allelic exclusion (11). The gene we intro- 
duced into our transgenic animals is capable 
of producing only the membrane form of 
the p, chain. 

Our findings suggest that expression of 
the membrane form of the I.L chain is suffi- 
cient to signal allelic exclusiok in the absence 
of secreted immunoglobulin. That allelic 
exclusion is induced bir membrane IJ, implies 
that an immunoglobulin molecule can signal 
the genome through nvo pathways. One 
pathway signals B-cell maturation and de- 
pends on light chain expression and antigen 
binding. The other pathway must be anti- 
gen-independent since it occurs before light 
chain expression and, therefore, before an 
encounter between B cell and antigen. The 
antigen-independent pathway is triggered 
by the membrane form of the IgM heavy 
chain and establishes heavy chain exclusion. 
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Dual Infection of the Central Nervous System by 
AIDS Viruses with Distinct Cellular Tropisms 

Human immunodeficiency virus (HW) is the causative agent of the acquired immune 
deficiency syndrome (AIDS). A large number of AIDS patients show evidence of 
neurologic involvement, known as AIDS-related subacute encephalopathy, which has 
been correlated with the presence of HIV in the brain. In this study, two genetically 
distinct but related viruses were isolated from one patient from two different sources in 
the central nervous system: brain tissue and cerebrospinal fluid. Both viruses were 
found to replicate in peripheral blood lymphocytes, but only virus from brain tissue 
will efficiently infect macrophage/monocytes. The viruses also differ in their ability to 
infect a brain glioma explant culture. This infection of the brain-derived cells in vitro is 
generally nonproductive, and appears to be some form of persistent or latent infection. 
These results indicate that genetic variation of HIV in vivo may result in altered cell 
tropisms and possibly implicate strains of HIV with glial cell tropism in the 
pathogenesis of some neurologic disorders of AIDS. 

A CQUIRED IMMUNE DEFICIENCY 

syndrome (AIDS) is associated with 
a broad spectrum of clinical disor- 

ders (I). An increasing fraction of AIDS 
cases are recognized with disorders of the 
central nervous system (CNS) known as 
AIDS-related subacute encephalopathy (2). 
These disorders are correlated with the pres- 
ence of HIV, the human immunodeficiency 
virus, in the CNS, which can be detected by 
virus isolation as well as by direct analysis by 
hybridization (3, 4). At least one of the cell 
types infected by HIV in brain tissue ap- 
pears to be a macrophagelmonoc~~e-like 
cell, presumably derived from infiltration of 
monocytes from the peripheral blood (5). 
However, some studies suggest that HIV 
can also infect cells of CNS origin (6). 

We have studied virus from cerebrospinal 
fluid and brain tissue of patients with AIDS 
encephalopathy. In one patient, the virus in 
the cerebrospinal fluid' was genotypically 
different from the viws isolated from brain 
tissue of the same individual. Furthermore, 
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the cell-free virus isolated from the cerebro- 
spinal fluid infected a primary brain glioma 
explant in culture. The virus from brain 
tissue efficiently infected macrophagel 

Fig. 1. Multinucleate giant cells in brain of patient 
J.R. Tissue samples from frontal lobe specimens 
were fixed with Formalin and stained with hema- 
toxylin and eosin. The perivascqlar multinucleay- 
ed giant ce4 syncytia are often observed in cases of 
AIDS encephalopathy (5). 

monocytes. These results suggest that geno- 
typic variation in HIV within one individual 
may influence the pathogenesis of disease by 
conferring distinct tropisms for different sys- 
temic compartments. 

Patient J.R. died with Kaposi's sarcoma 
and severe AIDS encephalopathy. The brain 
showed extensive leukoencephalopathy, and 
characteristic multinucleated giant cell syn- 
cytia were observed in pathologic specimens 
of frontal lobe brain tissue taken at autopsy 
(7). As shown in Fig. 1, these syncytia are 
morphologically similar to those previously 
described as being of macrophage/monocyte 
origin and shown to express HIV RNA 
detected by in situ hybridization (5, 6). 
Virus was isolated from various tissue 
sources bv infection of lectin-activated nor- 
mal humin peripheral blood lymphocytes 
(PBL). The presence of infectious virus in 
the cultures was assayed by measuring re- 
verse transcriptase (RT) activity in the su- 
pernatant fluid, and detecting viral antigens 
in the supernatant fluid by an enzyme-lipked 
immunosorbent assay (ELISA; Cellular 
Products and Abbott) and viral DNA in the 
infected cells by Southern hybridization (8) 
(Fig. 2). 

Viruses isolated from diffcrept sources 
were analyzed by restriction enzyme diges- 
tion. Viral DNA was isolated from infected 
PBL 11 to 14 days after cocultiv~tion. This 
short period of growth in cultufe was ~ h o -  
sen to minimize the possibility t h p  selection 
for genetic changes- would occur in vitro. 
Thus the viruses isolated would 6e most 
closely representative of virus resident in . - 
infected tissues. 

Two genotypically distinct viruses were 
obtained from the CNS of patient J.R. The 
genome of virus isolated from the cell-free 
cerebrospinal fluid was distinct by restric- 
tion enzyme analysis from that of virus 
isolated from cells derived from the same 
sample (Fig. 2). Cerebrospinal fluid is gen- 
erally free of cells in normal healthy individ- 
uals (9). The large number of cells in the 
cerebrospinal fluid in this case probably 
resulted either from cells of the CNS or 
from peripheral blood mononuclear cells 
infiltrating the cerebrospinal fluid, as is of- 
ten observed in CNS disorders (9). We 
tested the possibility that the cell-associated 
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