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We have tested the effect of the individual DNase I hypersensitive site (HS) regions of the globin locus control
region (LCR) on the developmental expression pattern of the human y and B genes in transgenic mice. The
results show that HS3 is the most active site during the embryonic period. It is also the only site capable of
high level expression of the y genes during fetal hematopoiesis, in a population of cells that are capable of
expressing both the y and B genes. Region HS4 shows the highest activity during the adult stage and expresses
the v genes only at low levels during the embryonic period. HS2 drives equivalent levels of v or B transgene
expression throughout development. HS1 has a similar pattern to HS2, although the activity ot HS1 is very
low. From these results we conclude that the HS regions have distinct developmental specificities and suggest
that in the complete LCR they interact with each other to form a larger complex which, in turn, interacts

with the globin genes.
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The human B-globin gene locus contains the embryonic-
specific € gene, the fetal-specific y genes, and the adult-
specific & and B genes in the same order as they are ex-
pressed during development. The entire locus is con-
trolled by the locus control region (LCR), which is
located upstream of the € gene (Fig. 1, below). The LCR is
characterized by a set of four developmentally stable
DNase I hypersensitive regions (Tuan et al. 1985; For-
rester et al. 1987; Grosveld et al. 1987), containing a
number of sites for DNA-binding proteins (Philipsen et
al. 1990; Talbot et al., 1990; Pruzina et al. 1991). Trans-
gene constructs containing the LCR show copy number-
dependent expression of linked globin or heterologous
genes in erythroid cells, independent of the site of inte-
gration of the transgene construct in the host genome
(Grosveld et al. 1987, Blom van Assendelft et al. 1989;
Talbot et al. 1989). When the developmental regulation
of the individual globin genes in the absence of the LCR
was studied in transgenic mice, it was found that the e
gene was inactive (Shih et al. 1990) but that the - and
B-globin genes were expressed in a developmental-spe-
cific manner, albeit at low levels and dependent on the
position of integration in the host genome (Magram et al.
1985; Townes et al. 1985; Chada et al. 1986; Kollias et al.
1986). When the genes were studied in the context of the
complete LCR in transgenic mice, the € gene was shown
to be expressed at the embryonic stage only (P. Fraser,

unpubl.) in agreement with the data published for the e
gene in combination with part of the LCR (Raich et al.
1990; Shih et al. 1990). The vy-globin gene, like its murine
structural homolog the Bhl gene, is expressed in the em-
bryonic yolk sac. However, in contrast to 8hl, the y gene
is expressed in the early fetal liver and is only silenced
after day 16 of development. It is not expressed in the
adult (Dillon and Grosveld 1991). An individual B gene
linked to the LCR is expressed prematurely at the em-
bryonic stage (Behringer et al. 1990; Lindenbaum and
Grosveld 1990), although not at maximal levels. Like the
murine $ gene, the human B gene is expressed at high
levels in the fetal liver and adult (Grosveld et al. 1987;
Behringer et al. 1990; Enver et al. 1990). These data sug-
gest that a large part of the developmental regulation of
the globin genes is specitfied by the regions immediately
flanking the genes. However, it also appears that the
LCR is not developmentally neutral and that it influ-
ences the expression pattern of the genes.

When combinations of genes are used, the premature
expression of the B gene is abrogated by competition for
the LCR with another globin gene, for example, vy or «
(Behringer et al. 1990; Enver et al. 1990; Hanscombe et
al. 1991). These results were contirmed by the expression
of the complete human B-globin locus in transgenic mice
(Strouboulis et al. 1992). This competition appears to
operate in a polar fashion, providing an advantage to a
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gene that is proximal to the LCR and a disadvantage to a
gene that is distal to the LCR (Hanscombe et al. 1991).
The fact that competition between the genes is observed
indicates that at least part of the developmental-speci-
ficity provided by the LCR is the result of differential
interaction with the genes.

A key question, therefore, is whether the individual
HS regions, which make up the complete LCR, interact
differently with the genes or have distinct developmen-
tal-specificities. To answer this question, we introduced
each HS region in combination with a set of human +-
and B-globin genes into transgenic mice and determined
the expression pattern of the human globin genes during
development. The results show that the individual HS
regions confer distinct developmental patterns of expres-
sion on the vy or B-globin genes. These results have a
number of implications for the mechanism of LCR func-
tion and show that developmental studies based on ex-
periments with small parts of the LCR have to be treated
with caution.

Results

The individual HS regions of the human globin LCR
were tested by cloning each HS region in a unique Smal
site located upstream of the Gy globin gene in the
cosmid HG28 (Taramelli et al. 1986). This cosmid con-
tains a genomic fragment encompassing the vy-, 8-, and
3-globin genes and is ~36 kb in length, with 3.4 kb of
flanking DNA 5’ to the Gy gene and 3.8 kb 3’ ot the
B-globin gene (Fig. 1). The restriction fragments contain-
ing HS regions 1-4 were the same (each ~1-2 kb) as used
in previous studies (Talbot et al. 1987, 1990; Collis et al.
1990; Fraser et al. 1990; Philipsen et al. 1990; Pruzina et
al. 1991) and cloned in the same orientation relative to
the genes as they occur in the human genome. The vec-
tor sequences were removed from each of the four new
cosmids (yydBHS1—yydBHS4) and the control cosmid
HG28 (CosHG28) by restriction enzyme digestion and
salt gradient centrifugation before injection into fertil-
ized mouse eggs. Tail DNA was analyzed to identity
transgenic animals, and different restriction digests were
used to identify those animals that contained only intact

vydBHS4) show the five constructs used
for microinjection, which contain the 36-

kb Smal-Clal fragment and the various
S ki LCR HSs.

copies of the construct (data not shown). Two transgenic
founder animals for each construct were bred to estab-
lish transgenic lines to study the developmental pattern
of expression of the human globin genes. RNA was pre-
pared from 10.5-day embryos, 16.5-day fetal liver, and
adult blood from animals >6 weeks of age. The level of
human vy, B, and mouse Bhl and B8 major (Bmaj) gene
expression was determined by S1 nuclease protection as-
says. Analysis of the two HG28 (i.e., no LCR sequences)
lines, HG28A and HG28B, carrying 8 and 30 copies of the
transgene, respectively, shows that the expression of the
transgenes is undetectable or very low (Fig. 2). The high-
est level of transgene expression occurs in line HG28A,
which has approximately fourfold fewer copies than line
HG28B, clearly displaying a lack of copy number-depen-
dent expression. In addition, the level of expression per
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Figure 2. S1 nuclease protection assay of HG28A and HG28B
transgenic lines, which contain 8 and 30 copies, respectively, of
HG28. (Lanes 1,2) 12 pg of total 10-day embryonic RNA; (lanes
3,4) 4 ng of total 16-day fetal liver RNA; (lane 5) 2 ng of total
6-week adult blood RNA. Identification of the protected frag-
ments for mouse BHI1, Bmaj, and human y- and B-globin is
shown at left.
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copy is, at best, 1/150th of an endogenous globin gene.
These results not only confirm that high level expression
of the transgenes is dependent on the presence of the
LCR but also demonstrate convincingly that residual ex-
pression is extremely dependent on position etfects.

Transgenic lines carrying HS1 linked to HG28 (lines
HS1A and HS1B; 34 and 8 copies of yydBHSI, respec-
tively) express low levels of y and B (Fig. 3). However,
this level is 3- to 50-fold higher per copy than the HG28
lines (cf. Fig. 2), and the level of expression increases
proportionally with copy number (see Fig. 7, below|. Ex-
pression of y-globin is observed only in the embryonic
yolk sac (Fig. 3, lanes 1,2) and not in the fetal liver or
adult blood (Fig. 3, lanes 3-5). The apparent variation 1n
the v signal (relative to the mouse Bhl gene) within the
same line is due to the fact that the human and mouse
genes do not show an identical pattern of expression in
the yolk sac (Strouboulis et al. 1992). As a consequence,
a small difference in gestational age of an individual em-
bryo can alter the y/Bhl ratio. The B-globin gene is ex-
pressed at low levels in the fetal liver and adult blood
(Fig. 3, lanes 3—5) with a constant human 3/mouse Bmaj
ratio. Such a constant ratio is also observed with the
entire locus (Strouboulis et al. 1992). Quantitation of the
transgene expression relative to the endogenous murine
BH1 (embryonic) or Bmaj (fetal/adult) globin gene output
at each stage shows that the y gene is expressed at ~2%
per copy, and the B-globin gene at ~4% per copy (Fig. 7,
below). These levels are quite low when compared to the
complete locus in transgenic mice (Strouboulis et al.
1992). We therefore conclude that HS1 has a very weak
activity and is at its lowest in the embryonic yolk sac
when the vy gene is expressed.

The presence of HS2 (transgenic lines HS2A and HS2B,
12 and 8 copies of yydBHS2, Fig. 4) results in a quanti-

HS 1A HS 18

Ip
mpBH |

h3 - =5 =5

_—1 e

mpmaj e -” .M

Figure 3. S1 nuclease protection assay of HS1A and HSIB
transgenic lines, which contain 34 and 8 copies respectively, of
vydBHS1. (Lanes 1,2) 6 pg of total 10-day embryonic RNA;
(lanes 3,4) 2 g of total 16-day fetal liver RNA; (lane 5) 1 ng of
total 6-week adult blood RNA. Identification of the protected
fragments for mouse BHI1, Bmaj, and human +v- and B-globin is
shown at left. (ip) Input probe.
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Figure 4. S1 nuclease protection assay of HS2A and HS2B
transgenic lines, which contain 12 and 8 copies respectively, of
vydBHS2 . (Lanes 1,2) 6 ng of total 10-day embryonic RNA;
(lanes 3,4) 2 ug of total 16-day fetal liver RNA; (lane 5) 1 pg of
total 6-week adult blood RNA. Identification of the protected

fragments for mouse BH1, Bmaj, and human vy- and B-globin is
shown at left.

tatively different, but qualitatively similar, result as that
observed with yy3B8HS1. The vy- and B-globin genes are
expressed much more efficiently at ~15% per copy (Fig.
7) and, as observed with HS1, the y genes are silenced at
the end of the embryonic period (Fig. 4, lanes 1,2) and are
not expressed in the fetal liver (Fig. 4, lanes 3,4). In con-
trast to HS1, the relative increase in fetal B expression
versus embryonic v expression (4% vs. 2%) is not ob-
served with HS2 (15% vs. 15%).

Addition of HS3 (transgenic lines HS3A and HS3B, two
and six copies of yydBHS3) leads to an interesting change
in the expression pattern of the genes (Fig. 5). This is the
most active site in the yolk sac and fetal liver. The high-
est level of expression occurs in the embryo, where the vy
genes are expressed at ~40% of the level of mouse BH]I
genes per copy (Fig. 5, lanes 1,2; Fig. 7, below). In the
fetal liver, the B gene is expressed at ~15%; however, vy
expression persists (Fig. 5, lanes 3,4) at a level similar to
that observed for the full locus (Strouboulis et al. 1992).
The B gene is expressed in adult blood at ~20% per copy
(Fig. 5, lane 5; Fig. 7, below), compared with 90-100% for
the full locus (Strouboulis et al. 1992). This suggests that
HS3 is the major component driving -y gene expression in
the embryo and early fetal liver and is the principal de-
terminant involved in the competitive interaction be-
tween the y and B genes in the fetal liver of transgenic
mice (Berry et al. 1992).

Transgenic lines HS4A and HS4B, which contain 14
and 7 copies of yydBHS4, respectively, show yet another
pattern of expression. The y genes are poorly expressed
in the embryonic yolk sac (Fig. 6, lanes 1,2) at ~2% per
copy, and their expression is suppressed in the fetal liver.
The B gene is expressed at 8% (per copy) in the fetal liver
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Figure 5. Sl nuclease protection assay of HS3A and HS3B
transgenic lines, which contain two and six copies, respectively,
of vydBHS3. (Lanes 1,2) 6 ng of total 10-day embryonic RNA;
(lanes 3,4) 2 ng of total 16-day fetal liver RNA; (lane 5) 1 pg of
total 6-week adult blood RNA. Identification of the protected
fragments for mouse BH1, Bmaj, and human v- and B-globin is
shown at left.

but is increased to 25% in adult blood (Fig. 6, lanes 3,4,
and 5, respectively; Fig. 7), providing the most efficient
expression of any of the sites in the adult stage. This
suggests that HS4 plays a minor role in embryonic ex-
pression in the yolk sac but has a major role in the adult
expression of the B gene.

The yvydBHS3-bearing mice provide a good opportunity
to determine whether the fetal coexpression of y and
(Fig. 4, lanes 3,4) occurs in the same cell or in separate
cells. That is, the coexpression of y and B during the tetal
period the result of the existence of two populations of
cells, one only capable of expressing y and one capable of
expressing B, or are mouse fetal liver cells capable of
expressing both y and B as found in the case of human
fetal cells and adult F cells (Stamatoyannopoulos and
Nienhuis 1987). Fetal liver cells (16.5 day) from trans-
genic line HS3B were therefore stained with a monoclo-
nal antibody specific for human B chain and a rabbit
polyclonal antibody specific for human vy (Fig. 8, D-I).
The antibodies were visualized by indirect immunotlu-
orescent confocal microscopy. Figure 8 A shows cytoplas-
mic staining with Texas red of y-expressing cells. Figure
8B shows the same field of fetal liver cells viewed under
the FITC channel (green), which identities B-expressing
cells. Computer-generated superimposition of the im-
ages clearly shows that the majority of cells express both
the v and B genes (Fig. 8C; note orange/yellow cells). We
therefore conclude that murine fetal liver cells resemble
human fetal liver and adult F cells in that they are capa-
ble of expressing both vy and 8 genes.

Discussion

The results described in this paper have a number of
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implications for our understanding of the developmental
regulation of the globin genes and the role of the LCR.
The results show that the transgenic expression of
cosHG28, without LCR sequences, is up to several hun-
dred-fold below the level of an endogenous murine
globin gene or the entire human B-globin locus in trans-
genic mice. In addition, the level of expression was not
dependent on transgene copy number, as our 8-copy line
(HG28A, Fig. 2) expressed higher levels of the transgenes
than our 30-copy line (HG28B). This clearly demon-
strates the position-dependent nature of transgenes that
lack an LCR. Addition of LCR HS1, HS2, HS3, or HS4 to
cosHG28 not only provides large increases in the level of
expression of the transgenes but also results in expres-
sion levels directly proportional to gene copy number.
This result is in agreement with and confirms our pre-
vious data using individual HSs driving the expression of
a B-globin gene in 14-day fetal liver of transgenic mice
(Fraser et al. 1990; Philipsen et al. 1990; Talbot et al.
1990; Pruzina et al. 1991; Ellis et al. 1993; Philipsen et
al. 1993).

The most interesting aspect of this work is the fact
that the precise developmental expression pattern of the
genes is dependent on the HS used in the construct.
Clearly, the HSs are functionally distinct in a develop-
mental context. This has important implications for re-
sults that have been obtained by using only part of the
LCR, particularly, those where HS3 and HS4 have been
left out of the constructs. Conclusions about the devel-
opmental expression pattern of genes obtained with such
constructs must be treated with caution when they are
related back to the normal in vivo situation.

Although HS1 expression levels are low, both HS1 and
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Figure 6. Sl nuclease protection assay of HS4A and HS4B
transgenic lines, which contain fourteen and seven copies, re-
spectively, of yydBHS4. (Lanes 1,2) 6 g of total 10-day embry-
onic RNA; (lanes 3,4) 2 ug of total 16-day fetal liver RNA; (lane
5) 1 pg of total 6-week adult blood RNA. Identification of the
protected fragments for mouse BH1, Bmaj, and human vy- and
B-globin is shown at left.
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Figure 7. Transgene expression per copy as a percentage of the endogenous mouse genes. The S1 nuclease protection assay gels shown
in Figs. 3—6 were quantitated by Phosphorlmage analysis. Transgene expression levels per copy were calculated by dividing the
transgene signal (y or B) by the endogenous gene signal (BH1 in the embryo; Bmaj in the fetus and adult) and dividing by "2 the
transgene copy number (to account for the fact that the mouse has two copies of endogenous genes). (Solid columns) y Gene expression;

(hatched columns) B gene expression.

HS2 express either the y or the B gene throughout devel-
opment. Importantly, neither site is capable of driving
v-globin gene expression in the fetal liver. Although we
do not as yet know the ettect of each of these sites on the
expression of the e-globin gene, it would appear from
these data that HS1 plays a minor role throughout de-
velopment. HS2 contributes substantially to the overall
expression of the locus at all developmental stages, al-
beit at lower levels than HS4 in the adult and HS3 at all
stages.

The results obtained with HS3 are the most interest-
ing in that it is the only site capable of driving y-globin
expression in the fetal liver. We have not as yet found
any stage-specific factors that bind to HS3, which con-
sists of a core of repeated GATA1-binding sites, a G-rich
motif that preterentially binds Spl, and an NF-E2-bind-
ing site outside the core (Philipsen et al. 1990). All of
these cis-acting elements are bound by tactors in vivo
(Strauss and Orkin 1992), but none is stage specific for
the fetal liver (S. Philipsen, unpubl.). We therefore ten-
tatively conclude that this particular arrangement of
binding sites as compared to HS1, HS2 and HS4 leads to
a preferential interaction with factors bound at the
v-globin gene promoter in the fetal liver. HS3 is also the
ost active site in the embryo and is still active in the
adult. HS4 has low transcriptional activity during the
embryonic and fetal stages but is the most active site in
the adult stage in conjunction with B gene expression.

When the results decribed in this paper are compared
with those obtained for the expression pattern of differ-
ent combinations of genes or of the entire locus in trans-
genic mice, an interesting possibility emerges as to how
the complete LCR may function in vivo. The expression
levels achieved by individual HSs are lower than those
observed with the complete LCR and locus (Strouboulis
et al. 1992), suggesting that HS elements must interact
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with each other to realize full expression. This interac-
tion does not result in a synergistic amplitfication of the
expression level but appears to be more of an additive
effect. A possible mechanism for such an etfect is that
the HS regions interact to form a larger complex that
interacts with any gene or set of genes at any particular
stage. This would agree well with the data obtained with
a core HS2 fragment (Ellis et al. 1993, and in prep.),
which is only active when more than one copy of the
construct 1s present 1n transgenic mice, again suggesting
that HS elements interact with each other to achieve
activation. The formation of a large LCR complex by
interaction between the HS elements would also explain
why the +vy-globin gene can effectively compete the
B-globin gene (Behringer et al. 1990; Enver et al. 1990;
Hanscombe et al. 1991; Berry et al. 1992). Competition
between the genes implies that the interaction with the
LCR is the limiting factor. This is difficult to explain if
the HSs are operating independently, as each HS can di-
rect the transcription of the B-globin gene (Fraser et al.
1990, and this paper) and tetal liver cells are capable of
expressing both y and B genes (this paper). However, if
the individual elements interact to form a single large
LCR complex, this would result in a competitive ar-
rangement where only one regulator, the large LCR com-
plex, is available for multiple genes. Experiments to test
such a model in vivo have been made possible by our
recent demonstration that the entire locus can be intro-
duced as a single copy into transgenic mice (Strouboulis
et al. 1992) and are now in progress.

Materials and methods
DNA constructs

Cloning of the individual DNase I HS fragments of the human
B-globin LCR into synthetic polylinker plasmids has been de-



Developmental specificity of the B-globin LCR

Figure 8. Coexpression of human vy and B polypeptides in 16-day fetal liver cells from transgenic line yyd3BHS3B. Fetal liver cells were
double stained by indirect immunotluorescence tfor human v (red)- and B (green)-globin chains, as described in Materials and methods.
Color confocal microscopic images of a single field of tetal liver cells are shown. (A) y-expressing cells; (B) B-expressing cells; (C}
computer-generated superimposition of A and B. Coexpressing cells appear yellow/orange. (D-I) Red and green channel images,
respectively, of double-stained K562 cells (D, E), stably transformed mouse erythroluekemia cells expressing human B-globin (F,G), and

nontransgenic mouse fetal liver cells (H,I).

scribed previously in detail by Collis et al. (1990). The tfragments
were ligated into a unique Smal site located ~3.5 kb upstream
of the G+ gene of cosHG28, which contains 36 kb of contiguous
DNA encompassing the Gy, Ay, d and 3 genes (Taramelli et al.
1986). The HS fragments were HS4, Scal-Pvull; HS3, Scal-
BstEIl; HS2, Nael-Nael; HS1, XmnI-Pvull.

Purification of cosmid inserts for microinjection

The cosmid/LCR constructs were digested with Sacll/Clal for
the yydBHS4 and yyd3BHS3 cosmids; Asp718—Clal for yydHS2;
Notl-Haell for yvydBHS1; and Smal-Clal for cosHG28, which
contains no LCR HSs. Cosmid inserts were then purified by
centrifugation on salt gradients. Briefly, 50-100 pg of digested
cosmid DNA in 200 wpl was layered on top of a continuous
5-25% NaCl gradient in 3 mm EDTA (pH 8.0) and centrifuged at
37 K rpm for 5.5 hr in a Beckman SW40 rotor at room temper-
ature. Fractions of 500 pl were collected, and aliquots were run
off a 0.6% agarose gel. Fractions containing only cosmid insert
fragments were pooled, diluted with two volumes of H,O, and
precipitated with 2 volumes of ethanol. DNA fragments were
redissolved in 10 mMm Tris (pH 7.5) and 0.1 mm EDTA at 1-2

ng/wl for microinjection.

Transgenic mice

Purified fragments were microinjected into the pronuclei of fer-
tilized mouse eggs and transferred into the oviducts of

pseudopregnant (CBA x C57Bl) F, female mice. Tail DNA was
prepared trom 10-day-old offspring and screened for the pres-
ence of the B-globin transgene by slot blotting. On the basis of
Southern blots, two transgenics that contained only intact cop-
ies of a particular construct were bred to produce transgenic
lines. Second- or third-generation transgenics were bred to pro-
duce transgenic embryos and fetuses for developmental analy-
sis. Placental DNA was prepared from 10-day embryos and 16-
day tetuses and screened for the B-globin transgene by slot blots.
Copy numbers were determined by quantitation of Southern
blots via Phosphorlmage analysis.

Preparation of RNA and S1 nuclease protection assays

RNA was prepared from frozen transgenic 10-day embryos, 16-
day fetal livers, and adult blood (>6 weeks) and analyzed by Sl
nuclease protection assays as described previously (Fraser et al.
1990). The Bmaj S1 probe is a 700-bp Ncol-HindIIl fragment
with a protected size of 100 bp; the human B probe is a 525-bp
Accl fragment, which protects 155 bp; the mouse BH1 probe is
a 255-bp Hinfl fragment, which protects 180 bp; and the human
v probe is a BstNI fragment, which protects 136 bp. Equimolar
amounts of each end-labeled probe (8Bmaj, 15 ng; human 8, 11
ng; Bhl, 5.5 ng; human v, 4.3 ng per sample) were used with the
amounts of RNA indicated in the figure legends.
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Immunofluorescent staining

Indirect immunofluorescence was used to detect human B- and
v-globin in the cytoplasm of hematopoietic fetal liver cells from
transgenic mice. The antibodies employed were a mouse mono-
clonal antibody against B-globin (Immuno-rx, Augusta, GA), de-
tected via a FITC-conjugated, goat anti-mouse IgG (Sigma
Chemical Co., St. Louis, MO); a polyclonal rabbit anti-y-globin
antibody detected by a Texas red-conjugated goat anti-rabbit
[gG (both from Calbiochem., La Jolla, CA). Fetal livers were
disrupted by repeated pipetting with a Gilson p-1000 pipetman
in PBS, washed three times in PBS, and spread on 10-mm poly-
lysine-coated coverslips. The cells were allowed to attach (1-2
min) and were then fixed with 3.7% paraformaldehyde in CSK
(100 mm NaCl, 300 mm sucrose, 10 mm PIPES at pH 6.8, 3 mm
MgCl, 1 mm EGTA) for 10 min with periodic swirling, followed
by three washes for 5 min with PBS. The fixed cells were per-
meabilized with 0.5% Triton X-100 in CSK for 15 min followed
by three washes for 5 min with PBS. Tissue culture cell lines
were immobilized and fixed by the same procedure. Coverslips
were then overlaid with 5 ul of a block solution consisting of
0.8% bovine serum albumin and 0.1% gelatin in PBS for 15 min.
The antibodies diluted in the same block solution were then
applied (10 wl) in the following sequence: (1) anti-B-globin
(1 :200); (2) FITC-anti-mouse IgG (1:100); (3) anti-y-rabbit
(1 : 1000); and (4) Texas red anti-rabbit IgG (1 : 200). The bind-
ing time for each antibody was 45 min at room temperature in
a humidified chamber with three washes for 5 min with 0.05%
Tween 20 in PBS between each application. The coverslips were
then mounted with a drop of Univert (BDH, Poole, UK) contain-
ing 100 mg/ml of 1,4-diazabicyclo (2,2,2) octane (DABCO;
Sigma) as antifading agent. Samples were analyzed with the
EMBL laser confocal microscope (Stelzer et al. 1992), as de-
scribed by Carmo-Fonseca et al. (1993).
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