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Fragile X syndrome is a major cause of
hereditary mental retardation. In patients with
fragile X syndrome, FMRIgene usually has
an expanded CGG repeat sequence, and the
gene is hypermethylated. Although the
position cloning of FMRI explained the
unusual patterns of inheritance in the fragile
X syndrome and helped its DNA diagnosis,
the function of FMR]I is not known.

Our previous work on the fragile X
syndrome has shown that methylation is the
direct cause of FMR] inactivation (Hwu et al.
BBRC 1993; 193:324-9). We further showed
that that an element (methylation sensitive
element, MSE) in FMRI promoter could be
activated by cAMP (Hwu et al. DNA & Cell
Biology 16:449-53). However, our
experiments on the regulation of FMRI in
cultured cells were not successful. Some
recent reports hinted that changes in FMRI
expression happened at subcellular level of
specific tissues. Therefore FMRI regulation
must be studied in vivo. In this project, we
inject a FMRI promoter-lacZ gene construct
into eggs of zebrafish. Promoter sequences of
different lengths were inserted before the
lacZ gene.

The results showed that none of the
FMR1 promoter-lacZ gene construct could be
expressed in fish embryo. On the contrary,
CMV promoter-lacZ gene construct showed
extensive expression in the embryo,
especially in the york sac. Also lacZ gene
drived by the GTP cyclohydrolase I promoter
was specifically expressed in the brain.
Therefore, FMRI promoter could not be
studied in the zebrafish system.
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Fragile X syndrome (FRAXA) is the most
important hereditary form of mental
retardation. It is characterized by a Xq27.3
fragile site, macroochidism, and expectation
in transmission (Sherman 1985). Its gene -
FMRI (Fra X Mental Retardation 1) contains
an expanded CGG repeat (Verkert 1991, Fu
1991) which may lengthen through female
transmission. The gene is heavily methylated
at its 5'CpG-island in patients with fragile X
syndrome (Oberle 1991, Boyes 1991).

FMRI encoded a protein (FMRP) of
614 amino acids (Verkerk et al., 1991) which
contains two KH domains and an RGG box,
and it is also proved to be an RNA binding
protein (Ashley et al., 1993). Different
proteins may also exist due to alternative
splicing of the mRNA (Verkerk et al., 1993).
FMRP was recently shown to be associated
with ribosomes, and may shuttle between
nucleus and cytoplasm (Feng et al., 1997).
Although Fmrl knockout mice showed
similar phenotypes as patients (The Dutch-
Belgian fragile X consortium, 1994), the true
function of FMRP is still not clear.

FMRP has wild distribution, but more
enriched in certain types of cells in both brain
and testes (Hinds et al., 1993; Béachner et al.,
1993; Abitbol et al., 1993). These tissue
specific distribution support its functional
role in brain and testis, the two organs
affected in patients with fragile X syndrome
(Johannisson et al., 1987; Reiss et al., 1991).
FMR]I has been reported to be modulated in
proliferating and quiescent cultured cells
(Khandjian et al., 1995) which suggested a
link in function to cell differentiation and
growth. FMRI mRNA may be transferred to
synapses where the translation of FMRP may
be stimulated by neurotransmitters (Weiler et
al., 1997).

In order to study the control of FMRI
expression, we have defined the FMRI
promoter, and showed that it is methylation
sensitive (Hwu et al., 1993). The 460 bp

promoter region is GC rich, containing
several putative SP1 sites, and a TATA like
box 26bp upstream of the major transcription
initiation site. Our following study further
identified a 22bp region of methylation
sensitive nuclear protein protection in the
promoter by DNasel footprinting assay (Hwu
et al., 1997). This element, called
methylation sensitive element (MSE), was an
enhancer in transfection assays. MSE
contains a cAMP-responsive element (CRE)-
like sequence (Lin and Green, 1988).
Recombinant CRE binding protein (CREB)
bound to MSE, and both CREB and forskolin
(cAMP) activated CRE. However, in the past
6 months, when we looked into cultured cells
to see changes of FMR1 expression under
various conditions, no changes could be
found be various methods.

In according to some recent reports, the
changes in FMR1 expression probably
happens on subcellular structures of specific
cells (Weiler et al., 1997). Very likely, the
study of FMR1 regulation must be performed
in vivo, that is, in transgenic animals. The
zebrafish is an excellent vertebrate system for
genetic analysis (Streisinger et al 1981,
Kimmel and Warga 1988). The organism is
particularly attractive for this purpose
because (1) females can produce a large
number of eggs, (2) early development is
rapid (gastrulation is at 5 hg; somites form
between 10-20 hr), (3) the embryo is
transparent throughout the early
developmental processes, (4) early stages of
development can occur in haploid embryos,
(5) the generation time is only 60-70 days,
and (6) that one can raise large numbers of
fish in a relatively small space. Work by
Stuart et al has already shown that it is
possible to obtain transgenic zebrafish by
injecting plasmid DNA into fertilized fish
eggs (Stuart et al 1990, Culp et al 1991).
Stuart et al. (Stuart et al 1990) has showed
that DNA injected into the cytoplasm of
fertilized zebrafish eggs could integrate into
the fish genome and be inherited in the germ



line. Neuron specific expression of P19
embryonal carcinoma cell necdin and chicken
gicerin were also good examples (Kuo et al
1995, Kim et al 1996). The expression of
lacZ gene could easily stain after fixation or
even in living embryos (Lin et al 1994).

In this project, we injected FMRI
promoter-triggered lacZ gene into eggs of
zebrafish, and the gene expression was
located by the staining of [3-galactosidase
activity. CMV promoter and another gene
with tissue specific localization, the GTP
cyclohydrolase I gene, were used as controls.
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DNA constructions. A genomic fragment
containing this region has also been shown to
direct tissue-specific distribution in
transgenic mice (Hergersberg et al., 1995).

FMR1 promoter constructs have been
established previously (Hwu et al., 1993,
1997). All promoter constructs will be
inserted into a plasmid before the lacZ gene.
Control plasmid is CMV-driven lacZ gene.
Another control is a GTP cyclohydrolase I
promoter (5 kb).

Fish maintenance and egg collections. Eggs

for injection were obtained by placing about
10-25 6- to 12-month-old fish, in a

neural tube

hindbrain -
midbrain
forebrain

pharyngula period
Fig.1. Anatomy of zebrafish.

notochord

female/male ration of 2:1, in a 15-gallon tank
at least 1 day before eggs are needed. Mating
occurred in the morning shortly after the
lights come on. Eggs were collected by
placing a nuptial chamber in the tank for 10
min.

For injection, eggs were pipetted onto
an agarose ramp formed by resting a wide
glass slide in the lid of a 60-mm Petri dish
containing about 15 ml of molten 1 %
agarose. Removing the slide left a ramp
terminating in a groove. Eggs rolled down
the ramp and lined up in the groove where
the majority could be injected into the
cytoplasm above the yolk at the one- or two-
cell stage. Injection was performed under a
dissecting microscope.

Detection of B-galactosidase activity. To
determine the patterns of 3-galactosidase
expression, embryos were fixed at 24 h and
assayed for [3-galactosidase activity. Embryos
were fixed in 4% paraformaldehyde, 4%
sucrose, 0.15 mM CaCl,, and 0.1 M sodium
phosphate buffer (pH 7.2) for 1 hr at 4°C.
The embryos were then rinsed in 0.1 M
sodium phosphate, incubated in 1 mg/ml 5-
bromo-4-chloro-indoyl--D-
galactopyranoside (X-Gal),

somites

floor plate



150 mM NaCl, 1 mM MgCl,, 1.5 mM
K4[F€3(CN)6], 1.5 mM K3[F€2(CN)6], in5
mM sodium phosphate buffer (pH 7.2), at
37°C for 3 hr, fixed again, and then ,mounted
in 50% glycerol and 0.1 M phosphate bufter.

Fig.2 (right). B-galactosidase staining of
zebrafish embryo injected with CMV

promoter driven lacZ gene

Fig.3. Fluorescence of zebrafish embryo injected with GTP cyclohydrolase I promoter

driven green fluorescence GFP gene. Left: fluorescence; right: phase contrast.

However, none of the FMRI promoter
driven constructs expressed in the zebrafish
after injection of fish eggs.

PP A RpE

AREA PR SR B G 0
FR R e S A FE R AR TG AR
Nz 3 o frE ALY - BRAPR
45 il F1-GTP cyclohydrolase [ o 3+
Blp 2 AP GRS P
Bg it AP A (A Reand P N - ’ e
R o

Iggep

Abitbol, M., Menini, C., Delezoide, A.-L.,
Rhyner, T., Vekemans, M., and Mallet, J.
(1993) Nucleus basalis magnocellularis and
hippocampus are the major sites of FMR-1
expression in the human fetal brain. Nat.
Genet. 4, 147-153.

Ashley CT Jr, Wilkinson KD, Reines D and
Warren ST (1993) FMR-1 protein:
conseved RNP domains and slective RNA
binding. Science262, 563-566.



Boyes, J. and Bird, A. (1991) DNA
methylation inhibits transcription indirectly
via a methyl-CpG binding protein. Cell 64,
1123-1134.

Bichner, D., Manca, A., Steinbach, P.,
Wéhrle, D., Just, W., Vogel, W., Hameister,
H., and Poustka, A. (1993) Hum. Mol.
Genet. 2, 2043-2050.

Culp P, Nusslein-Volhard C, Hopkins N
(1991) Proc Natl Acad Sci USA 88, 7953-
7957.

Feng Y, Gutekunst CA, Eberhart DE, Yi H,
Warren ST, Hersch SM (1997) J
Neuroscience 17. 1539-1547.

Fu, Y. H., Kuhl, D. P. A., Pizzuti, A., Pieretti,
M., Sutcliffe, J. S., Richards, S., Verkert, A.
J. M. H., Holden, J. J. A., Fenwick, R. G.
Jr., Warren, S. T., Oostra, B. A., Nelson, D.
L. and Caskey, C. T. (1991) Cell 67, 1047-
1058.

Hergersberg, M., Matsuo, K., Gassmann, M.,
Schaffner, W., Liischer, B., Riilicke, T., and
Aguzzi, A. (1995) Hum. Mol. Genet. 4,
359-366.

Hinds, H. L., Ashley, C. T., Sutcliffe, J. S.,
Nelson, D. L., Warren, S. T., Housman, D.
E., and Schalling, M. (1993) Nat. Genet. 3,
36-43.

Hwu WL, Lee YM, Lee SC and Wang TR
(1993) Biochem Biophys Res Comm 193,
324-329.

Hwu WL, Lee YM and Wang TR (1997)
DNA and Cell Biol (in press).

Johannisson, R., Rehder, H., Wendt, V., and
Schwinger, E. (1987) Hum. Genet. 76, 141-
147.

Khandjian, E. W., Fortin, A., Thibodeau, A.,
Tremblay, S., COtE, F., Devys, D., Mandel,
J.-L., and Rousseau, F. (1995) Hum. Mol.
Genet. 4, 783-789.

Kim CH, Taira E, Kuo CH, Li BS, Li BS,
Okamoto H, Nakahira K, Ikenaka K,
Higuchi H, Miki N (1996) Neurochem Res
21,231-237.

Kimmel CB, Warga RM (1988) Trends
Genet 4, 68-74.

Kuo CH, Uetsuki T, Kim CH, Tanaka H, Li

BS, Taira E, Higuchi H, Okamoto H,
Yoshikawa K, Miki N (1995) Biochem
Biophys Res Comm 211, 438-446.

Lin S, Yang S, Hopkins N (1994) Develop
Biology 161, 77-83.

Lin YS, Green MR. PNAS 1988; 85: 3396-
400.

Maniatis T, Fritsch EF, Sambrook J (1982)
New York: Cold Spring Harbor Laboratory,
1982.

Oberle, 1., Rousseau, F., Heitz, D., Kretz, C.,
Devys, D., Hanauer, A., Boue, J., Bertheas,
M. F. and Mandel, J. L. (1991) Science 252,
1097-1102.

Reiss, A. L., Aylward, E., Freund, L. S.,
Joshi, P. K., and Bryan, R. N. (1991) Ann.
Neurol. 29, 26-32.

Sherman, S. L., Jacobs, P. A., Morton, N. E.,
Froster-Iskenius, U., Howard-Peebles, P. N.,
Nielsen, K. B., Partington, N. W_,
Sutherland, G. R., Turner, G. and Watson,
M. (1985) Hum. Genet. 69: 3289-3299.

Streisinger G, Walker C, Dower N, Knauber
D, Singer F (1981) Nature 291, 293-296.

Stuart GW, McMurray JV, Westerfield M
(1988) Development 103, 403-412.

Stuart GW, Vielkind JR, McMurray JV,
Westerfield M (1990) Development 109,
557-584. Development 109, 557-584.

The Dutch-Belgian fragile X consortium
(1994) Cell 78, 23-33.

Verkert, A., Pieretti, M., Sutcliffe, J. S., et al.
(1991) Cell 65, 905-914.

Verkerk, A. J. M. H., de Graaff, E., De
Boulle, K., Eichler, E. E., Konecki, D.S.,
Reyniers, E., Manca, A., Poustka, A.,
Willems, P. J., Nelson, D. L., and Oostra, B.
A. (1993) Hum. Mol. Genet. 2, 399-404.

Weiler 1J, Irwin SA, Klintsova AY, Spencer
CM, Brazelton AD, Miyashiro K, Comery
TA, Patel B, Eberwine J, Greenough WT
(1997) Proc Natl Acad Sci USA 94, 5395-
5400.



