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The novel signal peptides, Pedibin and Hym-346, lower positional value

thereby enhancing foot formation in hydra
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SUMMARY

Signaling molecules affecting patterning processes are Such an extension is correlated with a decrease in positional
usually proteins and rarely peptides. Two novel peptides, value. Transplantation of tissue treated with Hym-346
pedibin and Hym-346, that are closely related to one results in an increase in the fraction forming feet, and
another have been isolated fronHydra vulgarisand Hydra  aggregates derived from Hym-346 tissue form more feet
magnipapillata Several experiments indicate that both and fewer heads. The latter two experiments provide a
cause a reduction in the positional value gradient, the direct measure of the lowering of positional value in the
principle patterning process governing the maintenance of treated tissue. These results suggest that peptides play
form in the adult hydra. The peptides cause an increase in signaling roles in patterning processes in cnidaria and,
the rate of foot regeneration following bisection of the body plausibly, in more complex metazoans as well.

column. Treatment of animals with either peptide for an

extended period of time resulted in an apical extension of

the range of expression o€nNk-2 along the body column.  Key words: Hydra, Pedibin/Hym-346, Foot formation

INTRODUCTION pedibin and pedin, increase the rate of foot regeneration. In
addition, pedin increases the rate of interstitial cell
Commonly the signaling molecules regulating pattern-formingoroliferation and neuron differentiation (Hoffmeister, 1996).
processes in animals have been shown to be proteins, some oBecause the epithelial cells of both cell layers are constantly
which are members of the Hedgehog, Wingless or BGF-in the mitotic cycle (David and Campbell, 1972; Campbell and
familes. In contrast, peptides (as well as proteins) are knowbavid, 1974), all cells in the adult hydra are constantly
to play roles in other developmental processes such as celanging location (Campbell, 1967). Hence, patterning
proliferation and/or differentiation (e.g. vasopressin, Naro eprocesses are constantly active to maintain the form of the
al., 1997; vasoactive intestinal peptide, Gressens et al., 19%himal as well as the regional distributions of cells. Since
Substance P, Kishi et al., 1996) or morphogenesis (e.these patterning processes are well understood at a cell and
bombesin, Sunday et al., 1993; parathyroid hormone-relatétssue level (e.g. Bode and Bode, 1984a), hydra provides a
peptide, Weir et al., 1996). Whether peptides are also involvagseful system for examining the role of these, or other,
in patterning processes is unclear. peptides in a patterning process. The principle manifestation
There is some evidence suggesting that peptides affeof these processes is a positional value gradient that is
patterning processes in cnidaria. Members of the LWamidmaximal in the head and decreases down the body column
family of peptides isolated from the sea anemohe, towards the foot (Wolpert et al., 1971; Miller, 1996). A high
elegantissimgLeitz et al., 1994) and hydra (Takahashi et al. positional value leads to head formation, while a low one
1997) have been shown to induce the metamorphosis of larveesults in foot formation. The positional value at any location
into polyps in hydractinia (Leitz et al., 1994; Takahashi et al.can be raised (Muller, 1990) by treating animals with
1997). Three other peptides affect developmental processesdiacylglycerol, which eventually leads to the formation of
hydra. Head activator is known to increase the rate of heagttopic heads in the body column (Muller, 1989), or lowered
regeneration (Schaller, 1973; Javois and Tombe, 1991) as wel treating with LiCl (Maggiore and H. R. B., unpublished
as increase the rate of budding, the animal’'s asexual form ofsults), which results in the formation of ectopic feet (Hassel
reproduction (Schaller, 1973; Hobmeyer et al., 1997). Morand Berking, 1990). These results suggest the involvement of
recently, Hoffmeister (1996) has shown that two other peptidethe phosphatidylinositol cycle in the patterning process.
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However, little else is known about the molecular basis of thepithelial cells of the basal disk (Amano et al., 1997). The

gradient. immunocytochemistry was carried out as described by Koizumi et al.
Here we present evidence that two closely related peptided,988).

pedibin isolated fronHydra vulgaris(Hoffmeister, 1996) and (2) Transplantation experiments

Hym-346 isolated fromtydra magnipapillata(Takahashi et ateral transplantion to measure changes in the foot-forming potential

al., 1997) play a role |n this positional value gradient: BOﬂt/as carried out as described by Sugiyama (1982) and in Fi. 3.
peptides lower the positional value as measured by an INCregag nipapillatawere treated with 16 M or 106 M Hym-346 for 6

in the ability of tissue of the body column to form feet ingays or 15 days, respectively. Thereafter, a region of a treated donor
transplantation and aggregation experiments as well as changggly column was transplanted into a specific location in an untreated
in the expression pattern of a gene whose expression is clos@lyst. Budding animals were used as donors and hosts to define the
coupled with the positional value gradient. These resultsource of tissue in a donor to be transplanted as well as the site of
provide the first direct evidence for the involvement of atransplantation in the host. The criterion for foot formation was the
peptide, as opposed to a protein, as a signaling molecule iragility of the. distal end of the trf'insplant to trap a bubble of air. A
defined patterning process. bubble of air trapped on a pair of forceps is transferred to the
presumptive foot. If the transfer is successful, a foot has formed. The
donor tissue and the site of transplantation for individual experiments

MATERIALS AND METHODS are indicated in the Results section.

_ (3) Aggregation experiments
Hydra and peptides H. vulgarisanimals were treated with 1M Hym-346 for 15 days,
Two species of hydra, the 105 strairHyfdra magnipapillateand the  the body columns isolated and aggregates formed as described
Basel strain oHydra vulgaris were used for almost all of the work previously (Gierer et al., 1972; Technau and Holsteif92).
presented here. For one experiment, the L2 straltydfa vulgaris  Aggregates were allowed to develop for up to 5 days and were treated
was used. All three strains were maintained as previously describegth 106 M Hym-346 during that period starting 1 day after
(H. magnipapillataas in Takano and Sugiyama, 1988;vulgarisas  aggregates were formed. The one modification of the published
in Grens et al., 1996). Animals were fed either dail. ( procedures was the dilution schedule of the aggregate incubation
magnipapillata) or twice a week H. vulgaris), and the medium medium from dissociation medium (DM) to hydra medium (HM)
changed daily. Synthetic peptides corresponding to pedibin and Hynfellowing centrifugation. The dilution was through steps from DM to
346 described previously (Hoffmeister, 1996; Takahashi et al., 199'50% DM: 50% HM to 25% DM:75% HM to HM at 6 hours, 18 hours
were used for all experiments. Specific fragments of Hym-34@nd 30 hours, respectively. Periodically, samples of aggregates were
described in Table 1 were synthesized and kindly provided by Danalyzed for the expression &nNK-2 as described below. A
Takahashi. Each peptide was dissolved in hydra medium at structure or protrusion was considered a head when it had a clear
concentration of 1® M, and either used undiluted or diluted as hypostome with at least two tentacles. Feet were defined as patches
described in individual experiments. or protrusions that wer€nNK-2".

Tissue manipulations In situ hybridization

Whole animals or regenerates were exposed to either pedibin or Hymhe expression pattern GhNK-2in whole animals or aggregates was
346 for varying periods of time depending on the experiment agetermined using a modified version of the whole-mount in situ
indicated in the Results section. The peptide solution was replaceégbridization procedure described by Grens et al. (1996). The
daily and the animals were fed on a normal schedule. The treategbdifications were the following. The concentration of the
animals were then subjected to one of four different kinds otligoxigenin-labeled probe used in the hybridization step wasi. ng/

manipulations. Instead of the NBT + BCIP stain, the samples were stained with BM-
. Purple (Boehringer-Mannheim) as follows. After removal of the
(1) Foot regeneration antibody and the wash steps described previously, the last wash was

Two kinds of foot regeneration experiments were carried out. In ongeplaced with 0.5 ml BM-Purple, and samples stained in the dark at
non-budding adults of the Basel strairtyfdra vulgariswere treated  37°C for 1.5 hours. Thereafter, the samples were rinsed with 100%
with 1076 M Hym-346 for 48 hours, bisected in the middle of the bodyethanol, incubated in 100% ethanol for 30-120 minutes, followed by
column and the upper half allowed to regenerate in the presence #ffinal 100% ethanol rinse and then mounted in Euparal.

10 M Hym-346 for 48 hours. Samples were assayed for foot

formation using the peroxidase assay based on the procedure

described by Hoffmeister and Schaller (1985). The assay WaSESULTS

modified as follows. After bisection animals were fixed at various

times in 4% paraformaldehyde in hydra medium for 30-60 minutesr_| 346 i h £ .
Then, samples were washec ¥or 5 minutes each in XPBS ym- Increases the rate of foot regeneration

containing 0.25% Triton X-100, and subsequently stained with &ince the amino acid sequences for pedibin and Hym-346 are
solution  containing 0.5 mg/ml  1,4-phenylenediamineidentical (see Table 1) except for the additional glutamine at
dihydrochloride, 1 mg/ml catechol and 0.02%04in 0.1 M Tris, pH  the C-terminal end of pedibin, it is likely that they have similar
7.6 for 2 minutes. Thereafter, samples were waskdédrPBS-Triton  functions. Pedibin has been shown to affect the rate of foot
as before and dehydrated by rinsing for 2 minutes each in 70%, 95?@generation (Hoffmeister, 1996). To determine if Hym-346
and 100% ethanol before mounting in Euparal (Carolina Biologica},5q g similar effect, the following experiment was carried out.
Supply). H. vulgarisadults were treated with a range of concentrations

In the second experiment, adults of the 105 strairHpdra . . .
magnipapillatawere treated with Hym-346 for 24 hours, the upperOf Hym-346 for 48 hours and then bisected in the mid-body

peduncle isolated, allowed to regenerate for 24 hours and then staifg@Umn. The upper halves were allowed to regenerate for 48
with AE03 monoclonal antibody (kindly provided by Y. hours in the presence of PM Hym-346, and subsequently

Kobayakawa). This antibody specifically stains the ectoderma®ssayed for regeneration of a foot using the peroxidase assay
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Table 1. Amino acid sequences of peptides used in the Table 2. Effect of Hym-346 on the range oEnNK-2
described experiments expression
Peptide Amino acid sequence Peptide used in Length of Fraction of body column
i -2(0,
Pedibin AGEDVSHELEEKEKALANHSE treatment treatment (days) stained WithNK-2(%)

Hym-346 AGEDVSHELEEKEKALANHS Hym-346 0 35.249.3
N-fragment AGEDVS Hym-346 5 42.9+9.7
F-fragment HELEEKEK Hym-346 10 47.0£9.4
C-fragment ALANHS Hym-346 15 52.8+5.8
control 0 32.5+10.9
. . e fragment N 15 34.2+9.7
(Hoffmeister and Schaller, 1985), which was modified asragmem E 15 32749 1
described in Materials and Methods. As shown in Fig. liagmentC 15 34.6:8.8

treatment with Hym-346 resulted in an increase in the fraction
of animals having regenerated a foot in 48 hours. Further, theFragments N,F,C of Hym-346 are shown in Table 1. 50 animals were
size of this fraction was directly correlated with the measured for each sample. Error is the standard deviation.
concentration of the peptide used indicating that the higher the o . . .
concentration of peptide used, the faster the foot regeneratétfscribed in this and the following sections were used to gain
Since all of the upper halves will regenerate a foot withoufnore direct evidence that the peptides lower the positional
treatment, the results indicate that the peptide affects the raf@lue and increase the probability of foot formation.
of foot regeneration. One makgs use of t.he homeobox gebeNK-2 which is

The effect of Hym-346 on foot regeneration was examine@xPressed in the epithelial cells of the endoderm. The
also inH. magnipapillatawith a slightly different methocd. ~ €xpression pattern of this gene is graded up the body column
magnipapillata adults were treated with a range of W|th a maximum in the lower pe_duncle just above the foot and
concentrations (16-10"8 M) of Hym-346 for 24 hours. Then, fa_dmg out just above the t_)uddmg zone (Grens_et_ al., 1996).
the upper half of the peduncle, the part of the body colum®ince the range of expression along the body axis is altered by
between foot and the budding zone was excised, and allow&@atments, which are known to affect the positional value
to regenerate for 24 hours. By assaying the pieces with AEogradient (Grens et al., 1996), the gene provides a marker for
a foot-specific monoclonal antibody (Amano et al., 1997), i€hanges in positional value. Two experiments were carried out
was shown that the excised pieces derived from animals treatééh this gene. ) )
with the peptide regenerated faster than controls (data not!n one, animals of the Basel strain df vulgaris were

shown). treated \_/vith 166 M Hym-346 for 0, 5, 10 or 15 days, and _the
Hence, both pedibin and Hym-346 increase the rate of foXPression pattern G&nNK-2analyzed on whole mounts using
regeneration. in situ hybridization. As shown in Fig. 2, the full 15 day
treatment caused a substantial displacement of the apical
Hym-346 extends the range of CnNK-2 expression border of the range of expression in an apical direction along
up the body column the axis of the body column. Further, the extent of the apical

The ability of both pedibin and Hym-346 to increase the ratdisplacement of this border was directly correlated with the
of foot regeneration suggests they play a role in patterning ¢¢ngth of the Hym-346 treatment (Table 2). To determine that

an effect on the positional value gradient. Three approach&§ncentration of the peptide, animals were treated with three
different fragments of Hym-346, which are described in Table

1, at concentrations of 1M using the same conditions as
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Fig. 1. Effect of Hym-346 on the rate of foot regeneratioilidra

vulgaris. The value for each concentration is the average +s.d. of  Fig. 2. Pattern ofCnNK-2expression iHydra vulgaris.(A) A

three separate experiments. In each experiment, each value is the control and (B) an animal treated for 15 days with Hym-346. Scale
average 30-35 regenerates. bar in A (also applies to B) represents 0.5 mm.
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. . . . . Hym-346 increases the probability of foot formation
in transplantation experiments

The changes in th€nNK-2 expression pattern suggests that
Hym-346 has lowered the positional value gradient. A more
direct means of measuring changes in positional value is
provided by transplantation experiments. When a region of the
body column is transplanted to a second animal, the implant will
either form a head, form a foot, or be absorbed (e.g. Sugiyama,
i e ] 1982). The simplest form of the experiment is to treat animals
1012 100 10® 100 with the peptide, and then transplant a region of the body column
to a similar location in a host (Fig. 4). Should the positional value

. . . _ - be lowered, a larger fraction of the transplants will form feet
Fig. 3. Effect of increasing concentrations of pedibin or Hym-346 on (Sugiyama, 1982; Takano and Sugiyama, 1983).
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the apical ex.tens.ion of tmmNK-Zpatter.n inHydra vulgarisand Hydra magnipapillata were treated with a 1I® M

Hydra magnipapillatai7, Hydra vulgarigcontrol; 3, Hydra concentration of Hym-346 for 6 days or with a~80/
vulgarigHym-346; 8 ,Hydra vulgaridpedibin;[_] Hydra concentration for 15 days. Thereafter, a piece of the 2-region
magnipapillatdcontrol; [7] ,Hydra magnipapillatéHym-346; . of treated animals was excised, and transplanted to the 2-region
Hydra magnipapillatépedibin. Each value is the average +s.d. of 50 of yntreated hosts. In both cases, the fraction of transplants
animals. forming feet increased signifcantly above the level found in

untreated controls (Table 3).

, In a variation of this experiment, the 3-region of treated
before. None of these peptide fragments altered the range gimals was transplanted to the 1-region of the host. Although
expression ofCnNK-2(Table 2), indicating that the effect of {he fraction forming feet is invariably higher in this
the intact peptide was specific. o combination than in the previous one (Sugiyama, 1982;

Treatment with pedibin had a similar effeddydra  pjacwilliams, 1983), donor tissue derived from peptide-treated
magnipapillatawere treated with 16 M of pedibin for 5, 10  animals formed an even higher fraction of secondary axes with
or 15 days. With increasing length of treatment, the apicgbet than did tissue taken from the controls (Table 3). The
border of theCnNK-2 range was displaced in an apical jegyits of these three experiments indicate that the peptide
direction (data not shown). _ increased the probability of forming a foot in two different

In the second experiment, the effect of concentration of th%gions of the body column, which is consistent with a
peptide on the range @nNK-2 expression was examined. |qwering of the positional value in the body column.

Adult animals of both theHydra vulgaris and Hydra Finally, as a control to ensure that the increases in foot
magnipapillataspecies were treated for 15 days with a ranggormation were due to changes in the transplant, the reciprocal
of concentrations of either Hym-346 or pedibin. As shown inayperiment was carried out. The 2-region of control animals
Fig. 3, the extent of displacement of the apical border of thg g transplanted into the 2-region of hosts treated with Hym-
pattern ofCnNK-2expression was directly correlated with the 346, There was no difference in the fraction forming feet (Table
concentration of the peptide. Further, both species Wer®) thereby providing evidence that the increases in foot

affected equally by either peptide indicating that the singlgormation “observed in the other experiments were due to
additional amino acid at the C-terminal end of pedibin had ngpanges in the peptide-treated donor tissue.

effect on the expression of this gene. Hence, the two peptides,

despite a single amino acid change most likely have similatym-346 increases foot formation in aggregates

biological effects at similar concentrations. _ Because the tissue of the body column of a hydra is always

In both experiments, the range of expression of this gengpaple of forming either head or foot, it provides a useful

was extended apically along the body column. Since such afypstrate for testing the effects of molecules that might be
apical extension is correlated with a reduction in positionajyolved in the patterning processes. An even better substrate
value along the entire body column, these results indicate thafe the tissues that develop during aggregate formation. When
pedibin/Hym-346 causes a decrease in positional value.  cejis obtained by dissociating hydra into cell suspensions are

Table 3. Stimulation of foot formation in transplanted tissue treated with Hym-346

Treatment with Hym 346 Transplantation
concentration Length of Source of target Sample Fraction

Experiment Tissue (M) time (days) donor tissue site size (n) forming feet (%)
1 Donor 10-6 6 2-region 2-region 128 12.5

Donor control 6 2-region 2-region 124 4.0
2 Donor 10-8 15 2-region 2-region 122 20.5

Donor control 15 2-region 2-region 102 11.8
3 Donor 10-8 15 3-region 1-region 96 90.9

Donor control 15 3-region 1-region 87 81.6
4 Host 10-6 6 2-region 2-region 92 7.6

Host control 6 2-region 2-region 90 8.9
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aggregates made from peptide-treated animals were strikingly
different. First, there was a sharp reductior<{~8 the number
of heads, and an even larger increase\4® the number of
feet formed by day 3 (Table 4). This is evident by comparing
the number of heads or feet per aggregate on day 3 for treated
and control animals. This change is dramatically illustrated by
a change in the foot: head ratio from 0.03 to 12.25. During the
following 2 days, the number of heads increased to a level that
was about half that of control levels. At the same time, the
number of feet formed per aggregate was abwtitigher than
normal. Consequently, the foot:head ratio remainedx 2-3
higher in peptide-treated aggregates compared to controls.

In a similar experiment animals of the L2 strain Hbf
vulgaris were treated with different concentrations {20
Fig. 4. Design of the transplantation experiment to examine the effecjfo_6 M) of pedibin for 7 days, aggregates formed_, and were
of Hym-346 on foot formation iklydra magnipapillata. analyzed for hgad and foot formation as described above.

Although the differences were less pronounced, the same
tendency was observed in that there was an increased level of

centrifuged, the resulting pellet, or aggregate of cells, wilfoot formation with increasing concentrations of pedibin (data
develop into one or more hydra (Gierer et al., 1972). Duringot shown).
this process, the positional value gradient and all other Thus, these results indicate that treatment with
patterning processes must be re-established de novo. Thpgdibin/Hym-346 significantly alters the patterning processes
unlike an intact body column in which effects of a moleculein a developing aggregate in favor of foot formation. Feet are
are observed in terms of modifying the existing patternindormed earlier, more are formed and, conversely, fewer heads
processes, in a developing aggregate, the effects of tlaee formed.
molecule are exerted as the patterning processes are being
established. In principle, the effects of pedibin/Hym-346 on
foot formation could be larger or more pronounced. DISCUSSION

This possibility was tested by treating adults of the Basel
strain ofHydra vulgariswith Hym-346 at 16 M for 15 days. The positional value gradient maintains the form of an adult
Thereafter, the animals were dissociated into a suspension lofdra in the context of its tissue dynamics (e.g. Wolpert et al.,
cells, aggregates formed and treated with the peptide at ti€®71). The basis of positional value has been described both
same concentration. Periodically, samples of developing terms of a pair of gradients, one each for the head and foot
aggregates were analyzed for the formation of heads and feefith maxima in the respective extremity (e.g. Bode and Bode,
Developing heads are easy to recognize morphologicall§984a), or more recently as a single gradient (e.g. Miiller,
during early stages of aggregate development as conica996). Since the axial location of a given piece of tissue of the
protrusions surrounded by two or more tentacles (Fig. 5). Ibody column is continuously changing, the positional value of
contrast, a developing foot is difficult to recognizethat piece of tissue must also be continuously changing. For
morphologically. SinceCnNK-2 is expressed in developing example, as the tissue of the upper part of the column is
feet (Grens et g11996), spots or protrusions wi@nNK-2are  displaced apically towards the head, its positional value rises.
easily recognizable as developing feet in an aggregate and cahis implies that the gradient is dynamic, not static, and that
be used as a marker for foot formation (Fig. 5). Expression ahost likely there are signal(s) that act continuously to maintain
CnNK-2was analyzed by subjecting the aggregate samples tbe gradient. Since the body column is 80-100 cell diameters
whole-mount in situ hybridization for this gene. in length, the signal(s) is probably operating over a long

Normally heads begin to appear by 3 days after aggregatiatistance.
and feet a day later. This also occurred in the control aggregatesThe molecular nature of the positional value gradient is
in this experiment (Table 4). Usually, the foot:head ratio in apoorly understood. The ability to raise and lower the positional
aggregate by 4-5 days is between 0.5 and 1, as was also fowadue along the body column with diacylglycerol (Muller,
here. However, the numbers of head and feet formed in tH990) and LiCl (Maggiore and H. R. B., unpublished data),

Table 4. Effect of Hym-346 on head and foot formation in aggregates

Aggregate Hym-346 Sample Structures/aggregate

age (days) treatment size) ( Heads Feet Foot/Head
3 - 25 1.24+0.44 0.04+0.20 0.03

4 - 25 2.16+0.94 1.72+0.68 0.80

5 - 24 4.13+1.13 1.66+0.70 0.40

3 + 27 0.15+0.36 1.81+0.56 12.25

4 + 27 1.47+0.66 3.07+1.00 2.09

5 + 25 2.08+0.87 3.00+1.15 1.44

Error is the standard deviation.
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from head tissue alone, large numbers of heads, but few feet,
are formed (Gierer et al.,, 1972; Schaller, 1975). When the
isolated body columns of animals treated with Hym-346 were
dissociated and aggregates formed, the resulting aggregates
formed more feet than heads.

Hence, the results of these three types of experiments
indicate that pedibin/Hym-346 lowers the positional value of
the tissue and, hence, increases the probability of the tissue
forming a foot. What is the explicit role of pedibin/Hym-3467?
One possibility is that it is a signal that commits tissue to foot
formation. The argument for a role in foot formation is the
following.

In an adult hydra, commitment of tissue to foot formation is
an event that occurs continuously. As part of the tissue

i movements, tissue is continuously displaced down the column
: through the peduncle and then into the foot (Campbell, 1967).
Fig. 5.Development of head and foot structures in 5 day control ~ Once tissue reaches the lower peduncle, the region at the base

aggregates of cells #fydra vulgaris.Each of the two developing of the body column just above the foaot, it is committed to foot
heads is recognizable as a group of two or more tentacles formation (Bode and Bode, 1984bLnNK-2 expression
surrounding a hypostome, while the two developing feet are provides a marker for this commitment. Not only is this gene

identified by the expression BhNK-2.Scale bar represents 0.4 mm. expressed at a high level in the lower peduncle, but a high level
of CnNK-2expression always coincides with commitment of
tissue to foot formation in a variety of experimental
respectively,  suggests an involvement of  themanipulations (Grens et al., 1996). Further, the graded
phosphatidylinositol cycle. Although evidence has beemexpression ofcnNK-2in the adult is due to a signal emitted
obtained previously that three different peptides affect the ratés/ the lower peduncle (Grens et al., 1996). Taken together,
of head and foot regeneration (Schaller, 1973; Hoffmeistethese facts suggest that the lower peduncle emits a signal that
1996), the results described here are the first systematic eff@st involved in committing tissue to foot formation. Since
to determine if a peptide affects the positional value gradiergedibin/Hym-346 not only causes an apical extension of the
and, thus, may be involved in the patterning process. range of CnNK-2 expression but also increases the probability
Here we have shown that two closely related peptidesf foot formation in the transplantation and aggregation
pedibin ofHydra vulgaris(Hoffmeister, 1996) and Hym-346 experiments, this peptide could be that signal.
of Hydra magnipapillatg Takahashi et al., 1997), have similar  However, the situation is probably a step more complicated.
biological activities. Since both have similar effects on theThe stored form, or source, of pedibin, and thus most likely
positional value gradient and foot regeneration, it is likely thailso of Hym-346, is known to be fairly uniformly distributed
they play the same role in patterning processes in hydra. Thugong the body column (Hoffmeister, 1996) instead of being
the additional glutamine at the C-terminal end of Hym-346localized only in the peduncle. This suggests a mechanism that
which represents the one difference in the amino acid sequenegults in the preferential release of pedibin/Hym-346 at the
of the two peptides, probably represents a species differengver end of the column where it is subsequently active.
that is not important for the activity of the peptide.
N Effect of pedibin/Hym-346 on foot regeneration
Effect of pedibin /Hym-346 on positional value As shown previously by Hoffmeister (1996) for pedibin, and
Several experiments lead to the view that the effect ofhown here for Hym-346, both peptides increase the rate of
pedibin/Hym-346 is to increase foot-forming potential, orfoot regeneration following bisection of the body column, or
phrased differently, to lower the positional value. after isolation of the peduncle. In all three experiments,
(1) CnNK-2is expressed in a graded distribution up the bodyreatment with a low concentration of peptide ¢£a.0° M)
column (Grens et 311996) Lowering of the positinal value for a short period of time (1 day before, or 1 day after bisection,
gradient leads to an apical extension of the range of expression both) was sufficient to detect a significant increase in the
of this gene. Treatment with pedibin/Hym-346 causes the samate of foot regeneration. In contrast, the observed effects on
change in the expression GANK-2. lowering the positional value in the intact animal required
(2) In transplantation experiments, the donor tissue will formonger exposures (6-15 days) with higher concentrations
either a head or foot or will be absorbed. Transplants fronn0%-10% M). This raises the question whether
peptide-treated animals formed feet more frequently than digedibin/Hym-346 is affecting the same or two different
controls. processes for foot regeneration and the lowering of positional
(3) The aggregation experiments provide an even morgalue. Although at first glance, the two effects appear to be
sensitive measure of the positional value of the tissue. In thififferent, the accumulated evidence on head regeneration
situation, the pattern in the tissue has been destroyed and mpgbvides an argument suggesting that the pedibin/Hym-346 is
be set up de novo. However, the cells retain a memory of theidkcting in a similar manner in both situations.
positional value. In aggregates made from isolated body Upon bisection of the body column, a head regenerates at
columns, head and feet are formed in normal proportionghe apical end of the lower part of the animal. As measured in
(Gierer et al., 1972). In contrast, if the aggregates are madensplantation studies (MacWilliams, 1983), the tissue at the
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regenerating tip is rapidly committed to head formaticge8  well as to determine in which cell types it is expressed, will
hours when bisection is directly below the head). Anothefurther elucidate the role of pedibin/Hym-346.
measure is the expression of genes specifically expressed in the
head of hydra such @udhead(Martinez et al., 1997) and Peptides and pattern formation
Hybra-1(U. Technau and H. R. B., unpublished results), whictCurrently the signaling molecules known to affect pattern
begins soon (3-8 hours) after decapitation. The head activatdormation in hydra and other cnidarians are peptides, while in
an 11-amino acid peptide is known to play a role in this procesaore complex animals such signaling molecules have been
as it increases the rate of head regeneration when addedidentified as proteins. This could reflect a fundamental
decapitated animals (Schaller, 1973; Javois and Tombe, 199tijfference between the cnidaria, which arose early in metazoan
Further, bisection results in the release of stored head activatrolution, and other taxa, which appeared later. Or, it could
into the surrounding environment (Schaller et al., 1986). Thisimply reflect the focus of efforts so far in the different groups
release of head activator could be part of the cascade of eveofsorganisms. That proteins known to affect developmental
resulting in commitment of the tissue to head formation angrocesses in more complex organisms also play a role in hydra
subsequent head regeneration. Addition of external hedths been demonstrated by Yan et al. (1995). They have shown
activator would increase the concentration of head activatahat FGF and activin, which affect patterning in vertebrates,
and simply speed up the events leading to commitment and/stimulate cell proliferation in hydra. Effects on patterning
head regeneration. processes were not examined. Conversely, analysis of the role
Pedibin/Hym-346 could play a similar role for foot of peptides such as pedibin/Hym-346 may show that they play
formation. Since pedibin is known to be stored (Hoffmeistera role in patterning processes, or other developmental
1996), injury could cause the release of the peptide which thgtocesses, in more complex organisms.
has a role in foot formation. Addition of external pedibin/Hym-
346 would then increase the rate of commitment and
subsequent rate of foot regeneration. The fact that there is five _ . : :
times less stored pedibin in a strain fdra oligactis Thhg alllthor.s wish tov\t/hanlkthﬁ 'ath’)\'or.'o.Sgg'crjnofto for his e)l(cellg_nt
(Hoffmeister, 1996), which has a reduced capacity for foo echnical assistance. We also than atricia Bode for a critical reading
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