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Trembley’s polyps go transgenic
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n 1744, a book entitled Mémoires,

Pour Servir a I'Histoire d’'un Genre

de Polypes d’Eau Douce, a Bras en

Forme de Cornes (Memoirs Con-
cerning the Natural History of a Type of
Freshwater Polyp with Arms Shaped Like
Horns) was published in The Nether-
lands (1). The author of the book was
Abraham Trembley, a tutor in the
household of Count Bentinck; the fresh-
water polyp was Hydra. In the more
than 250 years since the appearance of
Trembley’s work, Hydra has been an
important system for studies of pattern
formation (2), regeneration (3), and
stem cells (4). However, with the in-
creasingly powerful genetic and molecu-
lar tools available in model systems such
as Drosophila, mouse, zebrafish, and
Caenorhabditis elegans, interest in and
support for Hydra research have lagged.
With the publication of the work of
Wittlieb et al. (5) in a recent issue of
PNAS, that situation seems about to
change.

In a scientifically and aesthetically
beautiful piece of work, Wittlieb ez al.
(5) have succeeded in producing the
first stably transgenic Hydra. Efforts in
this regard have been made sporadically
over the 20 years since the first Hydra
genes were cloned (6, 7), but none have
been successful. Transient transfection
methods were developed for Hydra (8-
10), and these have provided useful
tools for the localization of proteins (11,
12). However, none of these methods
has been used successfully to produce a
phenotype. The need for a method to
make transgenic Hydra became espe-
cially pressing with the development of
genomics resources for this organism. A
National Science Foundation-funded
large-scale Hydra EST Project (www.
hydrabase.org) and a smaller-scale EST
project at the National Institute of Ge-
netics in Japan were recently completed.
In late 2004, a National Human Ge-
nome Research Institute-funded Hydra
genome project was begun at the J.
Craig Venter Institute. An assembled
draft genome sequence should appear
later this year. The inability to produce
transgenic Hydra placed a serious im-
pediment in the path of researchers
wanting to exploit these genomics
resources for functional studies.

The method developed by Wittlieb
et al. (5) is surprisingly straightforward.
Supercoiled plasmid DNA containing a
GFP gene driven by a Hydra actin gene
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Fig. 1. Tissue dynamics and cell division in the
adult Hydra polyp. The portion of the polyp colored
yellow indicates where epithelial cells are mitoti-
cally active. In the parts of the polyp colored tur-
quoise, cells are arrested in the G; phase of the cell
cycle. An early-stage bud is shown on the left side
of the polyp, and a later-stage bud is shown on the
right. The arrows indicate results from the study by
Campbell (14), in which displacement of marked
regions of the ectodermal epithelial layer was ex-
amined. The arrows indicate the starting and end-
ing positions of the marked tissue. The number of
days required for the displacement is indicated
next to the arrow. [Reprinted with permission from
ref. 21 (Copyright 2002, Elsevier).]

promoter was injected into blastomeres
of two- to eight-cell Hydra embryos.
There was no need to remove vector
sequences, as is done for mouse embryo
injections, and the DNA did not need to
be exceptionally pure (i.e., no cesium
chloride gradient centrifugation was
needed). From a sample of 65 injected
embryos, Wittlieb et al. (5) obtained
eight polyps (12%) that contained stably
integrated transgenes. This yield of
transgenic animals is of the same order
of magnitude as that seen with mouse
embryos. Southern blot analysis suggests
that multiple copies of the transgenes
were integrated and that they may have
integrated at multiple sites in the ge-
nome. More-detailed studies of the state
of the transgenes will be needed to de-
termine whether this is the case.

As with transgenic mice, the initial
Hydra polyps obtained from micro-

injected embryos are mosaic. Unlike the
mouse, it is not necessary to carry out
breedings to produce nonmosaic ani-
mals. The tissue dynamics of the adult
Hydra polyp (Fig. 1) make it possible to
obtain fully transgenic animals simply by
asexual propagation. The adult polyp
consists of two concentric epithelial lay-
ers (endoderm and ectoderm). At the
oral end of the polyp is the mouth
opening and a ring of tentacles (that
together constitute the head). At the
aboral end is a disk of adhesive cells
that constitutes the foot. The epithelial
cells in the body column (the yellow
part of the polyp in Fig. 1) are mitotic,
whereas the epithelial cells of the tenta-
cles and the foot are arrested in G, of
the cell cycle (indicated by turquoise in
Fig. 1) (13). As new cells are produced
by mitosis in the body column, cells
are displaced into asexual buds and
sloughed from the ends of the tentacles
and the center of the foot (14). Thus
the pool of transgenic cells in a mosaic
polyp expands by cell division and
moves into buds. As this process
progresses, one eventually ends up with
some polyps that are no longer mosaic
for the transgene-containing cell lineage.
An additional interesting feature of
Hydra that comes into play in the for-
mation of transgenic animals is the fact
that the adult polyp is composed of
three distinct cell lineages, the ectodermal
epithelial cell lineage, the endodermal
epithelial cell lineage, and the interstitial
cell lineage. The first two lineages form
the epithelial layers of the polyp. Epi-
thelial cells are in a differentiated state
that allows them to form these two lay-
ers and, in addition, they are stem cells
that give rise to new body column tissue.
The interstitial cell lineage contains
multipotent stem cells that give rise to
nerve cells, gametes, nematocytes (the
stinger cells used to capture prey), and
mucus and gland cells (4). These three
lineages do not interconvert in the adult
polyp. As a result of this lack of inter-
conversion, Wittlieb ez al. (5) were able
to obtain polyps in which only one of
the three lineages was transgenic. They
obtained animals with transgenic
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endoderm, with transgenic ectoderm,
and with a transgenic interstitial cell
lineage. The formation of such chimeric
animals is explained by integration of
the transgene at a point in embryonic
development when cells have already
committed to one of the three lineages.
Presumably, it will be possible to obtain
animals with the transgene in multiple
lineages in cases where integration of
the transgene occurs early enough in
embryonic development.

Using various experimental manipula-
tions, Wittlieb ef al. (5) have shown some
of the uses to which transgenic Hydra can
be put. They have transplanted a single
transgene-containing endodermal epithe-
lial cell into a nontransgenic polyp and
have shown that one eventually gets a
polyp in which the entire endoderm con-
tains the transgene, confirming that epi-
thelial cells are indeed stem cells. In
mosaic animals composed of transgenic
and nontransgenic cells, the authors were
able to observe in detail the shape
changes and process extensions that occur
during the formation of buds. Also using
mosaic animals, the authors observed that
oriented cell division combined with
the tissue displacement taking place in
the endodermal epithelial layer led to the
generation of striking strings of transgene-
containing cells extending nearly the
length of the polyp. Thus the cells do not
spread circumferentially as they proliferate
and undergo displacement.

Wittlieb et al. (5) have generated Hy-
dra in which the GFP-expressing trans-
gene is integrated into the interstitial
cell lineage, although data on these ani-
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mals are not presented in the current
article. It will be of particular interest to
see what transgenic Hydra have to tell
us about the developmental dynamics of
the stem cells and their progeny in the
interstitial cell lineage.

Hydra is easily cultured in any quan-
tity needed. For example, for the isola-
tion of bioactive peptides, 500 g of
Hydra were used (15). Because Hydra
reproduces by asexual budding, all of
the animals in a culture are clonally re-
lated. Thus one can work with a multi-
cellular animal that is essentially the
equivalent of a yeast or bacterial colony.
The production of epitope-tagged pro-
teins in transgenic Hydra will allow
researchers to affinity-purify a protein
and its interacting partners in whatever
quantity is needed. This, coupled with
mass spectrometry (16) and an anno-
tated Hydra genome sequence, should
make Hydra a useful tool for biochemi-
cal mapping of protein interactions in
animal cells. As a result of Hydra’s evo-
lutionary position basal to the inten-
sively studied model metazoans, studies
of protein interactions using Hydra will
provide important insights into what
interactions are fundamental to animals.
For the cost-conscious and bureaucracy-
averse researcher, it should be noted
that Hydra culture medium requires no
expensive components (it is essentially
synthetic spring water), and Hydra falls
under no government regulations be-
yond those regulating the use of recom-
binant DNA.

Transgenic Hydra provide a ready sys-
tem for generating gain-of-function phe-
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notypes. With the use of transgenes
producing dominant-negative versions of
proteins, one should be able to obtain
loss-of-function phenotypes as well.
Classical genetic methods have been dif-
ficult to apply to Hydra. As a result, only
a handful of mutant strains exist (17).
Integration of exogenous DNA into the
Hydra genome provides the possibility of
insertional mutagenesis. The strain of
Hydra used by Wittlieb et al. (5) pro-
duces both eggs and sperm. Thus, if
insertion of a transgene generated a
recessive mutation, homozygosis of the
mutated gene would be easy to achieve.
If the homozygous mutants survive to
adulthood and bud, one has an unlim-
ited supply of mutant animals. The
inserted transgene would serve as a tag
to clone the mutated gene.

Now that Wittlieb et al. (5) have pro-
vided proof of concept, the stocking of
the toolbox for exploiting transgenic
Hydra can begin. On the wish list are
cotransformation methods, conditional
expression vectors, epitope-tagging vec-
tors, vectors that express the various
fluorescent proteins that will allow for
such things as fluorescence resonance
energy transfer (18), and vectors based
on transposable elements, such as the
Sleeping Beauty vectors (19).

As investigators looking for new sys-
tems for exploring biological problems
read Wittlieb et al. (5), it is hoped they
will feel like Trembley when he said,
“The novel spectacle presented me
by these little animals excited my
curiosity” (20).
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