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SUMMARY

The body wall of hydra (a member of the phylum Cnidaria)
is structurally reduced to an epithelial bilayer with an
intervening extracellular matrix (ECM). Previous studies
have established that cell-ECM interactions are important
for morphogenesis and cell differentiation in this simple
metazoan. The ECM of hydra is particularly interesting
because it represents a primordial form of matrix. Despite
progress in our understanding of hydra ECM, we still know
little about the nature of hydra collagens. In the current
study we provide a molecular, biochemical and functional
analysis of a hydra fibrillar collagen that has similarity
to vertebrate type | and type Il collagens. This fibrillar
collagen has been named hydra collagen-I (Hcol-I) because
of its structure and because it is the first ECM collagen to
be identified in hydra. It represents a novel member of
the collagen family. Similar to vertebrate type | and Il
collagens, Hcol-l contains an N-terminal propeptide-like
domain, a triple helical domain containing typical Gly-X-
Y repeats and a C-terminal propeptide domain. The overall
identity to vertebrate fibrillar collagens is about 30%, while
the identity of the C-terminal propeptide domain is 50%.
Because the N-terminal propeptide domain is retained after
post-translational processing, Hcol-I does not form thick
fibers as seen in vertebrates. This was confirmed using
transmission electron microscopy to study rotary shadow
images of purified Hcol-l. In addition, absence of crucial
lysine residues and an overall reduction in proline content,
results in reduced crosslinking of fibrils and increased

flexibility of the molecule, respectively. These structural
changes in Hcol-1 help to explain the flexible properties of
hydra ECM. Immunocytochemical studies indicate that
Hcol-I forms the 10 nm fibrils that comprise the majority
of molecules in the central fibrous zone of hydra ECM. The
central fibrous zone resides between the two subepithelial
zones where hydra laminin is localized. While previous
studies have shown that basal lamina components like
laminin are expressed by the endoderm, in situ
hybridisation studies show that Hcol-l mMRNA expression is
restricted to the ectoderm. Hcol-1 expression is upregulated
during head regeneration, and antisense studies using
thio-oligonucleotides demonstrated that blocking the
translation of Hcol-1 leads to a reversible inhibition of head
morphogenesis during this regenerative process. Taken in
total, the data presented in this study indicate that Hcol-lI
is required for morphogensis in hydra and represents a
novel fibrillar collagen whose structural characteristics
help to explain the unique biophysical properties of hydra
ECM. Interestingly, the structure of Hcol-I mimics what is
seen in Ehlers-Danlos syndrome type VII in humans; an
inherited pathological condition that leads to joint and skin
abnormalities. Hcol-I therefore illustrates an adaptive trait
in which the normal physiological situation in hydra
translates into a pathological condition in humans.

Key words: Hydra, ECM, Collagen, Morphogenesis, Ehlers-Danlos
syndrome type VII evolution, Hydra

INTRODUCTION shown to play a crucial role in morphogenesis and cell
differentiation in this simple metazoan (Sarras et al., 1991b,
Hydrozoans such ddydra vulgarisare considered one of the 1993, 1994; Zhang et al., 1994; Yan et al., 1995; Leontovich
most ancient multicellular animal groups. Hydra are organiseét al., 2000). Despite this simple body structure, hydra have
as a gastric tube with a tentacle ring and mouth (hypostomepmpeted successfully throughout evolution for more than 600
at their apical pole and a foot process (composed of a peduncigllion years. Early ultrastructural and functional studies
and basal disk) at their basal pole. The entire body wall imdicated similarities between the mesoglea of hydra and
formed from an epithelial bilayer with an intervening acellularvertebrate basement membranes (Fawcett, 1961; Hausman,

extracellular matrix (ECM) termed mesoglea that has beeh973; Day and Lenhoff, 1981). Recent biochemical studies
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have presented some biochemical evidence for the presencendth specialised functions (Engel, 1997). These include the
basement membrane molecules such as type IV collagenighly crosslinked mini-collagens in hydra nematocytes (Kurz
heparan sulfate proteoglycan and fibronectin (Schlage, 1988t al., 1991), the giant cuticle collagen of deep sea worms
Sarras et al.,, 1991a), although to date only laminin chain&aill et al., 1991, 1995) and the small cuticle collagers.of
(Sarras et al., 1994) and type IV collagen chains (Fowler et akJegangKramer, 1994) — the latter being encoded by some 100
2000) have been successfully cloned. Recent ultrastructurgenes.
cytochemical and immunological studies have shown that Most of the information on invertebrate collagens has been
hydra ECM is actually composed of two subepithelial zonesbtained from cDNA sequencing. Therefore the nature of post-
that appear similar to vertebrate basal lamina, and a centiaanslational modifications and assembly are largely unknown
fibrous zone that appears more similar to interstitial matribas is their contribution to the establishment of body structure
(Sarras et al., 1993, 1994). As indicated, a laminin B1-likeand their function in development. We report for the first time
chain has been cloned and its role in head regeneration héhe full-length sequence of a lower invertebrate fibrillar
been investigated (Sarras et al., 1994). Immunocytochemiceabllagen together with structural and functional data. We name
studies have shown that hydra laminin is localized to botkhis collagen, hydra collagen-I (Hcol-I). We show that the
subepithelial zones of hydra ECM and is not associated witbentral fibrous zone of hydra ECM contains Hcol-l and that
the central fibrous zone (Sarras et al., 1994). This supports thids molecule is related to vertebrate fibrillar collagens based
proposal that the subepithelial zones equate to basal lamina.dn amino acid sequence and structure. We also show that Hcol-
contrast, the molecular composition of the central fibrous zonke is processed in a distinct manner from that seen with
is largely unknown and therefore no definite proof exists twertebrate fibrillar collagens. The relatively low proline content
classify it as an interstitial-like matrix. Indirect evidenceof the Hcol-I triple helical domain together with retention of
suggest the presence of interstitial collagens in hydra EClhe N-terminal non-collagenous domain during assembly into
(Hausman and Burnet, 1971; Barzansky and Lenhoff, 1974jiprils helps to explain the flexible nature of hydra ECM.
but biochemical investigations and sequence data to reveal tRaally, we show that this fibrillar collagen is the major
precise nature of these molecules are still lacking. With thsetructural component of hydra ECM and that it is essential for
huge complexity and functional diversity of the collagenmorphogenesis in this simple metazoan.
family, such data are crucial for an understanding of the
biological role of the extracellular matrix of hydra and for
comparison of its function with higher animals, especially the
vertebrates. MATERIALS AND METHODS

If the central fibrous zone of hydra ECM represents an
interstitial-like matrix, then it should contain fibrillar collagen Culture of polyps and isolation of collagens
molecules. A common feature of all collagens is a triple helicatlydra polyps were grown in 20 20 cm plastic dishes to a density
domain with the characteristic sequence repeat (Glyx4l)  of about 6000 hydranths per tray. For isolation of hydra ECM, polyps
which X and Y are frequently proline. This proline can pefrom 2_0 dishes were typlcall_y _harvested_ and suspended in 100 ml 10
modifed (0 hydroxyproine n the ¥ positon. The high A VS 20T BLLS Eenaing B Then X 100 e
the trpie. helical domains. mperfections in the tiple heisat.)C/PS Were then shock fozen In aiquots of 30 mHERG-C,

! . “and stored at78°C until further use.

structures, and the presence of additional globular domains.gyraction of collagen was carried out at 4°C starting with polpys
These factors result in a wide variety of self assembly patterfiggm 20-40 dishes. After thawing, the material was centrifuged for 15
and biological functions for collagens (Prockop and Kivirikko, minutes at 100@. The pellet was suspended in 60 ml of buffer A,
1995; Olsen and Ninomiya, 1999). shaken for 10 minutes and centrifuged again for 15 minutes ag3000

Best characterised are the vertebrate collagens. In man ahkis procedure was repeated until the supernatant was clear and
mouse, 19 different collagens are known, including thesolourless. Following the washing procedure, the pellet was
classical fibrillar collagens type I, II, Il and V and the Suspended in 50 mM Tris buffer, pH 7.5, containing 1 M NaCl and
basement membrane collagen type IV, and less abund p% Triton X-100, and the same protease inhibitors as above,

. ) . omogenised briefly and shaken for 16 hours. Following
molecules like the membrane-associated collagen type chentrifugation, the pellet was extracted with 10 ml of 50 mM Tris

(Olsen. and Ninomiya, 1999). Some of these collagens are alﬁﬁﬁer, pH 7.5, 1 M NaCl and 10 mM EDTA (+ 1@/ml PMSF) for
found in invertebrates. Collagen type IV has been found in @ poyrs. This fraction contained most of the collagens. Finally the
species investigated so far, includi@genorhabditis elegans pellet was extracted for several hours at room temperature with 10 ml
and Drosophilg reflecting its requirement for the proper TBS, containing 2% SDS and 2% SDS+0.5% mercaptoethanol.
structure of basement membranes and its function in regulatingTo investigate the insoluble residue remaining after these extraction
the behaviour of adhering cells (Kuehn, 1994). Fibrillarsteps, the pellet was washed twice with water to remove detergents
collagens have been reported to occur in worms (Gaill et algnd then repeatedly suspended in ethanol to remove contaminating
1991, 1995) and sponges (Esposito and Garrone, 1990), Rigment granules that arose frqm feeding with brine shrlmps. These
full-length sequences have only been obtained for two coIIage‘ﬂ‘téggt'%?sa"l‘gﬁoﬁ’ertﬁ)émsgIgt“tll'vghse \?V‘:Jéite%e%‘j‘vrizg "mthe';gt;?m;r:’;
chains from sea urchin (Esposito et al., 1992a,b). One of the% o o . . , ;
chains is remarkably similar to vertebrat(l) while the other philised. To solubilise proteins, the pellet was digested either with

. . . . ) gepsin or BrCN. Pepsin digestions were carried out overnight at 4°C
chain contains a large N-terminal globular domain, which s 5 protease concentration ofigdml in water. BrCN digestions were

rather atypical for fibrillar collagens. Interestingly, fibrillar performed in 70% formic acid containing 10 mg/mi of the reagent.
collagens have not been foundGn elegan®r Drosophila Cleavage was done at 45°C for 2 hours followed by overnight
In addition, invertebrates also contain unusual collagenscubation at 4°C.
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Separation of hydra col-l and hydra col-IV under non- cDNA libraries that were enriched for ECM components. Hydra
denaturing conditions enriched for ECM components were generated by surgically

To isolate macromolecular structures of Hcol-I and to separate the twiggmenting polyps and then isolating RNA 24 hours after segmentation.
collagens identified in our preparations (see Results section), thénder these conditions, ECM components are upregulated (data not
EDTA extract was made 1% in mercaptoethanol and centrifuged féhown; Sarras et al., 1993). The libraries were generated using either
1 hour at 15,000y. The pellet contained large Hcol-l structures random primers or oligo-dT primers. For expression screening a
exclusively, whereas the supernatant contained a mixture of HcolRolyclonal antibody was used that had been generated against isolated
oligomers and hydra type IV collagen (Hcol-1V). The supernatant wa§ydra ECM (Sarras et al., 1993). This antibody reacted with a broad
centrifuged again at 35,0@Dand then 45,000 in a Beckman 50 TI ~ Spectrum of hydra ECM components as determmt_ed using western blot
rotor. By this treatment the residual Hcol-I (together with some hydr@nalysis (Sarras et al., 1993). Expression screening was performed as
col-IV) was removed and was found in the pellet. The supernataffeviously described (Sarras et al., 1994) and replicated clones were
of the 45,0009 centrifugation step contained pure hydra col-Iv isolated using tertiary screening techniques. In the second approach,
molecules (see the flow chart in the left panel of Fig. 1 and lanes @generate oligonucleotides were designed from peptides cleaved from
and 9, respectively in the right panel of Fig. 1). a 155 kDa hydra ECM protein (Hcol-I). Sequence of these peptides
To isolate oligomeric Hcol-I structures, the EDTA extract (10 m|)indicated similarity to a variety of vertebrate and invertebrate fibrillar
was dialysed overnight against 20 mM Tris buffer pH 7.4 anccollagens. _ _ _ _
separated on a HiTrap Q column (1 ml) using a gradient of 0-1 M Three degenerate oligonucleotides were synthesised with the
NaCl within 40 minutes. Hcol-l and hydra col-IV eluted as broadfollowing sequences: (1) HCOL1, '-BG(AGCT)CA(AG)-
peaks in the range of 0.1-0.2 and 0.2-0.4 M NaCl, respectively. ~ CA(AG)GG(AGCT)GZ(AG)CA(AG)GG-3 (2) HCOL4, 5
GG(AGCT)CA(AG)GG(AGCT)AC(AGCT)GC-3 and (3) HCOLS,
Pyroglutamase digestion 5'-GG(AGCT)GA(AG)CA(AG)GG(AGCT)AC(AGCT)CC-3 The
RP-HPLC purified Hcol-l was lyophilised, solubilised in 1.0 ml hydra cDNA libraries were subsequently screened using the
digestion buffer (0.1M sodium phosphate buffer, pH 8.0, Comainin(\%etramethylamm.onium chloride procedure described by Wood et al.
10mMI EDTA, 5 mM DTE, 5% glycerol, and digested for 18 hours 1985_) and repll_c_ated clones were isolated using tertiary screening
at 4°C with 2.5ug of pyroglutamase (Boehringer Mannheim, techniques. Purified clones from both screening approaches were
sequencing grade), followed by 4h at 25°C. The reaction mixture waxcised in vivo. The DNA sequence was determined using the T7
separated by RP-chromatography as described below and elutifg§duenase chain-termination DNA sequencing method (Amersham)

peptides were subjected to amino acid Sequencing. or using an ABI PRISM XL 377 DNA sequencer in combination with
a Big Dye terminator chemical kit (Perkin-Elmer, Applied
Preparation of peptides for Edman degradation Biosystems, Foster City, CA). The DNA clones were sequenced in

To isolate denatured collagen chains for sequence analysis, the ED¥PAth directions using a primer-walking strategy. Comparisons of DNA
extract was made 1% in mercaptoethanol and separated by revers&guences were conducted using the Blastn and Blastx programs and
phase chromatography on a Vydac C-18 column (Separations Groupe GenBank database (NCBI, NIH). Protein alignments were
250% 2.2 mm) at a flow rate of 0.2 ml/minute using a gradient of 5-0btained using the Blastp, GCG, and MacVector 5.0.
70% acetonitril in 50 minutes. Two major peaks at 21% and 35% of . .
the organic modifier were obtained, the former of which containe munocytochemical StUd'eS_ )
Hcol-I chains. After lyophilisation, the isolated chains were dissolvedVhole-mount and frozen section immunofluorescence was conducted
in 70% formic acid or 0.2 M ammonium acetate for digestion withas previously described (Sarras et al., 1991a, 1993). Hydra ECM was
BrCN and trypsin, respectively. isolated and used to generate a battery of monoclonal and polyclonal
Alternatively, peptides were generated by in gel digestion. EDTARNtibodies as described previously (Sarras et al., 1993). Initial
extracts were separated on 4-10% SDS gels. The Coomassie staié@racterization of monoclonal antibody mAb39 and immunogold
bands were excised, cut in small pieces with a razor blade, and wasHé#fastructural localisation procedures were conducted as previously
successively with 0.2 M NHHCOs, 50 mM NHHCOs in 25%  described (Sarras et al., 1993).
acetonitril, 25% acetonitril, 50% acetonitril and pure acetonitril. The . e
gel pieces were air dried for 2 h and then rehydrated in 0.204 Situ hyb“d'sfﬂ'oh o )
NH4HCO;3, containing 2ug trypsin per 10q_1| gel pieces_ Only as V\_/holg-mc_)unt in situ localisation of mMRNA was performed using a
much liquid was used as was necessary to restore the original gégoxigenin-labeled RNA probe generated from a 2.1 kb clone
volume. Protease digestions were performed overnight at 37°C, ti§@rresponding to the’ ®RF of Hcol-I. -
peptides were extracted twice with 5% trifluoroacetic acid and once Fixation, processing, hybridisation and visualisation of the
with 2.5% trifluoroacetic acid in 50% acetonitril. riboprobe in whole-mount preparations was performed as previously
The peptides were separated by reversed phase chromatography agcribed by Grens et al. (1995), Martinez et al. (1997) and Grens et
sequenced on a Procise 492A sequencer (PE Biosystems) with on-lidke (1999). Briefly, hydra were fixed with 4% paraformaldehyde after
detection of the PTH amino acids, according to the manufacturé€laxation of the polyps in 2% urethane. Specimens were subsequently

instructions. treated with ethanol and proteinase K to facilitate diffusion of the
_ probes into the epithelial bilayer. To stabilise digested tissues,
Electron microscopy specimens were re-fixed with 4% paraformaldehyde and then

For electron microscopy, samples (abouiu§0ml) were mixed with  prehybridysed in hybridisation solution (50% formamide S5C, k

an equal volume of glycerol and, after spraying onto mica discdpenhardt’s, 200 mg/ml tRNA, 0.1% Tween 20, 0.1% CHAPS, 100
coated with platinum/carbon either from one direction or by rotaryng/ml heparin) to block nonspecific binding. This was followed by a
shadowing. The replicas were viewed with a Philips CM 12 electrod8 hour hybridisation with the digoxigenin-labelled RNA probe and

microscope. a subsequent wash in hybridisation solution ané&3C. Specimens
) were washed in MAB (100 mM maleic acid, 150 mM NacCl, pH 7.5)
Cloning of hydra col-I and pre-blocked in MAB with 20% of sheep serum and 1% BSA. This

Initial selection and isolation of the Hcol-I cDNA clones was achievedvas followed by 16 hours incubation at 4°C in the same solution with
using two convergent approaches. One approach involved expressianti-digoxigenin antibody (1:2000). Animals were washed eight times
screening using antibodies to hydra ECM and the second involvedith MAB and then briefly in alkaline phosphatase buffer (100 mM
degenerate oligonucleotide screening. Both approaches used hydias HCI, pH 9.5, 50 mM MgCl 100 mM NaCl, 0.1% Tween-20).
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Flow Chart of Hydra Collagen Isolation P d
Hydra
freezelthaw
Lowspeed 0%, 1000, Supernatant 400~
centrifugation ' 9 Lane1
200-
10mM Tris, pH 7.5
05% Tx100
Wash 13 116=
1M NaCl, 97—
50 mM Tris
05% Tx100 1M NaCl extract 67—
M NaCl, Lanes2 &5
50 mM Tris
10 mH EDTA EDTA extract
Lanes3 &6
—_ 1 2 3 4 5 6 7 8 9
2% SO, TBS SDS extract For non-denaturing conditions:
Lanes4 &7 1% ME 1hr, 15000 rpm
Ellet
| Pellet | [ supernatant | S —
05% Mertapto Heold HeollV
16 hr, RT Lane 9 Lane 8 o> «Q,. \S‘!‘ >
N4 L P oy
SDSIME
Insoluble Extract

Residue

Fig. 1. Purification of hydra collagens. Left panel, flow chart of hydra collagen isolation procedure. The numbering of the latetheefers
SDS gel in the upper right panel. Upper right panel, monitoring the isolation of hydra mesoglea collagens by SDS gel elptomatdgr
reducing (lanes 1-4, 8, 9) and non-reducing (lanes 5-7) conditions. Molecular masses of marker proteins in kDa are sheft\sids.thbe
asterisk in lane 8 indicates the position of hydra type IV collagen (290 kDa) while the asterisk in lane 9 indicatesthefgoaitia collagen
I/ll (155 kDa, Hcol-1). Lower right panel, monoclonal antibody mAb39 that stains the central fibrous zone of hydra ECM ee Fig.
recognises Hcol-1. Slot blots of various hydra fractions (1M NaCl and NaCI/EDTA extracts, supernatant (containing hydancopdfet
(containing Hcol-I) of the EDTA fraction after centrifugation. Only fractions containing Hcol-I give a positive signal.

Specimens were then stained with BM purple AP substrat¢his treatment (see below). The isolation procedure is outlined
(Boehringer Mannhelm),_ dehydrated with ethanol and mounted ifn Fig. 1 (left panel). Frozen hydras were thawed and washed
euparal (Asco Laboratories). several times with hypotonic Tris buffer containing Triton X-100
Functional analysis of the role of hydra col-I in head to remove squb[e cytosolic proteins. Sgbsequently, the matgrlal
regeneration was extracted with 1M NaCl to solubilise cell surface proteins

To determine if Hcol-l is required for head regeneration, functionagt'l.I bound to the ECM and attaphed Cytos_keletal components.
studies were performed using antisense thio-oligonucleotides. Theddis was followed by an extraction step with the same bulffer,
oligonucleotides were designed from the following sequence regiorldut containing 20 mM EDTA, since the aggregation of many
of hydra fibrillar collagen: B TR, AGCCAGGAAGTAAAGGATTA; ECM proteins is dependent on divalent cations (Maurer et al.,
Initiation region, ATGGGAGTTACTGGTAATCC; Coding region, 1996). Finally, the residue was extracted with SDS- and
GACCTACCGGACCTGATGGT; 3JTR, AACAGACTAGTATT- SDS/mercaptoethanol containing buffers. After this treatment
ATACGT. Antisense oligonucleotides were introduced into thesome insoluble material was left. Amino acid analysis of the
ectoderm of the head pole of hydra using a localized electroporatiqRsp|uble material revealed a high amount of glycine, proline and

(LEP) technique previously describe in detail by Yan et al. (2000a,)y qroxyproline, indicating the presence of collagenous proteins
and Leontovich et al. (2000). Shortly after LEP (2-4 hours, se@y yp f g b g P '

prevous studies for details of the technique), hydra were decapitateaS'ln? pepst!g dlgtﬁsitlon an(tjj tBrtC)ZNddlgesél?n, It was lposiblehtot
and head regeneration was monitored over a five- to seven-day peri'§ ate peptides that proved to be derived from spinalin (Koch e

to monitor if blockage of head regeneration occurred and if blocke@-» 1998) and minicollagens (Kurz et al., 1991), indicating the

hydra subsequently recovered from blockage. Blockage of hedefesence of nematocyte capsules that could also be seen by light

regeneration was defined as a complete lack of tentacle eruption B¥croscopical inspection. No evidence for the presence of

compared to mock LEP controls or animals in which mismatch omesoglea collagens was obtained (data not shown).

sense thio-oligonucleotides were used. The results of the extraction procedure were monitored by
SDS-PAGE (Fig. 1, upper right panel). Although the pools
containing the cytosolic proteins showed almost a continuum

RESULTS of bands, the other fractions revealed unique protein patterns
_ ) ) with little carry over. Comparison of the reduced (Fig. 1, upper

Isolation of hydra ECM (mesoglea) enriched in right panel, lanes 2-4) and nonreduced (Fig. 1, upper right

collagen panel, lanes 5-7) samples showed characteristic differences.

Hydra ECM was prepared according to a previously describethis holds especially for the EDTA extract. In the nonreduced
procedure with some modifications (Sarras et al., 1991a). Teample (lane 3) only one major band at 155 kDa was observed.
prevent cleavage of disulphide bonds, reducing agents wefdter reduction (lane 6) the mobility of this band was not
omitted in all purification steps, even though nematocytehanged but in addition high molecular weight bands were
capsules were not removed completely from the mesoglea bysible, a band of 290 kDa being the most intense.
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Table 1. Peptides isolated from the 155 kDa chain proline residues in the Y position of the Gly-X-Y repeats are

(Hydra col-I) often hydroxylated (prolines that are underlined in Table 1).
GQOX GEP GSX GLM GV Interestingly, the overall proline content is considerably lower
GSD GQQGTA GLA GES GDP in hydra fibrillar collagen compared with the vertebrate
GLP. GPVGLP. GAP GPV GER GEP GK collagens (15% versus some 24%). A closer inspection of the
g EE g 88 g g‘i g EE GIP_GVV GEA GDK sequence revealed that the Hcol-I exhibited the same gross
GYS GEQ GTP. GSP GVI GEP structural features as vertebrate fibrillar collagen chains

(Kuehn, 1987), especially the type | and type Il collagens:
amino acids 1-15 form the signal sequence, as predicted by the
program signal peptide (GCG) and also verified experimentally
(see below); (2) amino acids 16-92 form an N-terminal pro-

Partial sequence analysis revealed that the two bangeptide-like domain; (3) amino acids 93-1112 comprise the
represent two different hydra ECM collagens. The 290 kDa banmhajor triple helical region with no interruptions of the Gly-X-
(level of asterisk shown in lane 8) represents a hydra type IV repeat. (This domain is the same length as in vertebrate
collagen based on peptide sequence
analysis and is described in ano A
manuscript now in press (Fowlel 1
al., 2000), whereas the 155 k

Glycine residues are shown in bolddéhotes hydroxyproline residues.

MNLFLLLLSI GYATSgLTGG EGTIAPKGEK GAKGDVGEPG DAGITGLAGD
—_ >
\{
AGSRGLEGDE GKDGEEGDEG DIGPPGPPGV AGGNQTTVVV IYGPPGPPGN

N-pro-peptide

51

component (level of asterisk sha
in lane g) represents the hy 101 QGPIGPPGPK GFNGETGETG ISGPRGLTGD PGNVGPKGLR GKDGREGQKG
fibrillar COllagen, Hcol-l, as shov 151 EPGSKGLMGV TGNPGPSGPP GQRGIKGVKG ELGEPGPKGA KGDVGQNGEA
ggqsencc?ergpar]ifgr?} Ofthtge ?)i?)tl 201 GENGLPGIKG DTGARGPNGT IGFQGAAGPE GLMGPSGPTG PDGVKGPQGP
fragments (Tab|e 1) with the cDP 251 RGSDGQQOGTA GLAGESGDPG PSGPVGQPGQ RGEPGYPGIR GDSGDRGDTG
Sequﬁnce Of) HCr?l'l (compare Ta 301 PQGLDGLDGP PGDRGLPGPV GLPGAPGPVG ERGEPCKQGP RGFPGQQGEQ
1 with Fig. 2). These protein rest

. 351 GSPGIPGVVG EAGDKGPRGL QGQVGVAGPP GESGSDGRPG PPGPNGAPGQ
demonstrate that by simple ¢
extraction in the presence 401 RGNQGLPGSP GLPGLPGIKG HIGEKGFTGP IGEKGNRGEP GRTGQMGIPG
chelating agents, collagens 451 ARGPVGDPGP VGLDGKEGER GIPGKDGLPG PPGOAGLRGI PGLQGATGEK
Eﬁalg; ?]gr?)g:rlgﬁﬁl]:gngohnﬁ:%fs( 501 GDKGFKGNKG EIGFDGAPGD KGETGDVGDQ GAPGLPGKQG EAGEPGEQGN

551 RGAQGFVGLP GAPGPQGRQG KRGTPGTPGS RGADGLPGRP GERGYSGEQG
cDNA-cloning of hydra col-I Main
and sequence analysis 601 TPGSPGVIGE PGRKGPPGKQ GHKGAQGDIG MPGEAGSPGE IGVAGIPGPQ triple
. . helix

Expression screening us 651 GNPGLPGDEG EIGEAGDRGR DGQPGGRGAP GPRGKPGLPG NPGLRGDTGV .
gggCIOgeaé:r?glpa?[gles(;ﬁgr:));]ngeE(i 701 SGEDGKPGEI GVPGAPGNPG DIGQPGSQGP MGKPGNPGMQ GDVGPKGFKG
screening using primers desig 751 ARGPRGRPGK IGQIGEIGKK GESGEKGDQG LPGLQGAIGI PGNQGLPGLA [
from the peptides obtained fr 801 GSAGEQGPQG PPGPDGKLGP KGDKGRSGPD GRPGSPGRPG PDGINGVNGQ
pu“f:fdd 'hyt?]ra_dflb;lﬂar i colla}gfe' 851 PGKDGSRGPQ GHQGPRGKQG NIGPIGLPGT SGMPGLPGPR GPTGDNGADG B
resuited In the identrication or 1l
cDNA clones (2.1 kb, 4.0 kb, 2.01 901 SDGSDGDIGD DGQVGSQGPQ GESGADGSNG APGRNGNPGV PGPRGEKGEK
2.2 kb and 2.6 kb) that represer 951 GPSGDVGVKG AKGNVGPAGE PGVRGDRGPS GEPGTDGEKG ETGIKGDEGS
;)verlappltngf ziggince_?h of a sir 1001 PGPTGATGDR GDNGQRGDQG DTGYMGFKGR KGPTGPKGLK GMPGIIGEQG
ranscript o p. e seque
contained an open reading frami 1051 DMGPKGVIGE pcipocmcpp GQIGLPGRKG PIGEPGLKGF QGRDGRQGAP
approximate|y 4236 bp, encod 1101 GPSGPPGPPG PAMLPPWSGG TLGSNEPKDH LDQNPAQPQP ENIPTDQRNE
a protein of 1412 amino acit 1151 ENPFYQVYRY YSSNKTKTVD ELTEIENNFN NRVKILKSSV EAYKKPNGSK
Comparison of DNA sequenc
usingp the Blastn and q Bla 1201 EFPARTCRDI YAFYPDSSSG MYYIDPNKGC IDDAIYVHCN FTKSHDEETK
programs and the GenBe 1251 ITTCVYPEKT MSVEKDSWPT KLHTKAQRWF VEDHELGKLS YAADQSLTF C-pro-peptide
gg&ibcaé%eér’j]ggIég(;?elgljjlecr]ag:%f] 1301 LGYLSREAYQ NVTFHCQNTL VWYDKQNNDY KKAMKFKGTE DQEFAYSEDK
cDNA had greatest similarity 1351 QSMFMPHAVN DECSNMSKEW RTTTLRFTSR KYIRLPIIDF APISSEDNNA

fibrillar members of the collag: 1401 wreveLGrve Fx
family based on the presel
of numerous Gly-X-Y tripeptic
repeats (Fig. 2). Peptides that w
isolated from purified Hcol-l ar
then sequenced (Table 1 and sh

underlined in Fig. 2) show tt

Fig. 2. Sequence of Hcol-I. (A) Sequence of Hcol-I derived from overlapping cDNA clones from a

lambda cDNA library. The signal peptide cleavage site is marked by a vertical arrow and the arrowheads
flank the main triple helical region. Sequences of the peptides obtained by Edman degradation and listed
in Table 1 are underlined. The N-terminal sequence obtained by Edman degradation after deblocking is
marked by a horizontal arrow. (B) Northern blot analysis of adult hydra RNA showing a single transcript
with the size of about 5kb. The small bars at the left side denote the position of ribosomal RNAs.
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Fig. 3. Comparison of the domain structures of Hcol-I with mouse
al(l), a2(1) andal(ll) collagen chains (Accession numbers
U08020, Q01149 and P28481). (A) Schematic drawing of the
structure of fibrillar collagens (the triple helical domains are shaded)
(B) Comparison of the sizes (number of amino acids) of the various
domains. The sequence identity (%) of Hcol-I triple helical region
and C-propeptide to the vertebrate collagechains is given in
parentheses.

fibrillar collagens | to V); and (4) amino acids 1113-1412 form
the non-collagenous C-propeptide.

A comparison of the Hcol-l sequence with the maut@),
a2(l) andal(ll) chains is shown in Fig. 3. The N-terminal
propeptide-like domain contains the same structural elemen
as the mouse N-propeptide domains, namely, a triple helic!
segment (57 amino acids long) flanked by two non-triple
helical sequences. Despite having the same features, ti:
domain is the least well conserved, based on sequen;
comparisons. There is no striking identity at the level of amin
acids, neither among the mouse chains nor between the mot
and hydra chains. The sequence identity in the major tripl;
helical domain is about 50%, but this should be interprete:
with some care as every third amino acid in a collagen tripl
helix is glycine. The most conserved region is the C-propeptid:
that has 30% to 35% identity with mouse counterparts and th;
identity is especially strong for cysteine residues. The Ci
propeptide domain has an overall similarity of up to 50%. A
similar degree of similarity in this domain was found betweer;
Hcol-I and that for invertebrate sea urchin collagen (Esposit’
et al., 1992a) and a sponge collagen fragment (Esposito af. 4. Transmission electron micrographs of hydra collagen
Garrone, 1990) (not shown). Since the C-propeptide domain separations. (A) Electron micrographs of rotary shadowed collagens
known to be important for the assembly of collagen chains intt the EDTA fraction. The arrows denote the Hcol-I fibrils and the
trimeric procollagen molecules, the strong conservation of thig'rowheads indicate the hydra collagen type IV network, which is

domain suggests that major changes in its structure woufdharacterised by globglar structures interrupting the rod Iikg
interfere with the self-assembly process segments. Electron micrographs of Hcol-I polymers and oligomers
' isolated by ultracentrifugation (B) or ion-exchange chromatography

(C). The samples were prepared by coating with platinum/carbon

Molecular and supramolecular structure , T .
. . . either from one direction to show better the filamentous structure (A)
Collagen molecules are assembled either from three identicgl by rotary shadowing (B). Scale bars: 100 nm.

chains (homotrimer) or from three non-identical chains arising

from different genes (heterotrimer). Our results suggest that

Hcol-I forms a homotrimeric molecule. The SDS gel in Fig. 1peptide (see Table 1) are contained in the cDNA sequence of
(upper right panel) shows only a single band at 155 kDa, ndcol-l. The three polypeptide chains are not linked by
other bands that would match by size and intensity are seettisulphide bridges as the electrophoretic mobility does not
Furthermore, all peptide sequences obtained from the 155 k3&ift upon reduction (compare lanes 3 and 6), in contrast to the
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290 kDa component (hydra type IV collagen; Fowler et al.antibody did not work using western blot analysis of our
2000). biochemical preparations (data not shown), although it did
Vertebrate collagens undergo extensive post-translationalork with intact isolated hydra ECM before any extractions
processing of the N-terminal and C-terminal propeptides withvere performed (Sarras et al., 1993). The reason for the loss
crosslinking of the molecules into insoluble fibres. Toof the epitope in our purified preparations is not clear from
investigate whether N-terminal processing also occurs in Hcothese studies, but a reasonable explanation could be that the
I, we isolated the chains by reversed phase chromatographntibody recognises only a native triple-helical conformation.
and determined the N-terminal protein sequence. Edmafo circumvent this problem, we tested the antibody in slot blots
degradation revealed a blocked N-terminus, but after treatmeapplying various fractions containing native proteins. The
with pyroglutamase a sequence starting at position 16 of Hco&ntibody strongly reacted with the EDTA extract that contains
| (QLTGGE; first set of amino acids shown in italic in Fig. 2)
was obtained. This demonstrated that the Hcol-I chain star
with the (cyclised) glutamine residue at position 15, jus
following the predicted signal cleavage site. Thus, unlike
vertebrate fibrillar collagens, the N-terminal propeptide is no
cleaved in Hcol-1 and, therefore, is not a true ‘propeptide’. Ir
marked contrast to the N-terminus, there is cleavage of the (
terminal propeptide as could be shown by electron microscoy

(see below).

To investigate the supramolecular structure of Hcol-1 we firs
examined the unfractionated EDTA extract by electror
microscopy (Fig. 4A). Surprisingly, despite giving well
resolved bands in SDS-PAGE, single molecules were not vel
abundant and large aggregates were the most promine
structures observed. Two types of polymers were
distinguished: (1) large fibrillar structures forming a
filamentous network, indicated by the arrows in Fig. 4A; anc
(2) smaller aggregates consisting of a loose network c
molecules containing distinct globular domains interrupting
rod like segments, marked by the arrowheads in Fig. 4A. The:
latter structures could be shown to be formed by the hydra tyy
IV collagen molecules (Fowler et al., 2000), whereas the larg
fibrillar structures are shown here to be formed by Hcol-I
Taking advantage of the fact that the hydra type IV collagen i
crosslinked via disulphide bonds, we could isolate pure Hcol
| polymers. After treatment of the EDTA extract with
mercaptoethanol and centrifugation, Hcol-1 was precipitatec
whereas the 290 kDa hydra col-IV component remained in th
supernatant as shown by the SDS- PAGE in Fig. 1 (upper rig
panel, lane 8 (hydra col-IV) and lane 9 (Hcol-l)). Analysis of
the resuspended precipitate by electron microscopy reveal
only fibrillar networks that lacked globular domains (Fig. 4B).
In another experiment, oligomeric Hcol-I structures were
isolated by separating the EDTA extract using anion exchang
chromatography (see Materials and Methods). In this manne
pure Hcol-I was obtained as demonstrated by SDS-PAGE (da
not shown). Following this protocol mainly small aggregates
and some monomeric molecules were obtained (Fig. 4C) sint
large polymers were not able to penetrate into the column.
is interesting to note that these molecules show the tendency
to aggregate laterally but then often leave one thin fibril anéig. 5.iImmunolocalisation of Hcol-I within the ECM along the body
join another. As shown in Fig. 4C, these molecules laclxis of hydra using mAb39. (A) Whole-mount immunofluorescence
globular structures, suggesting that the C-terminal propeptid® Hydra vulgarisshows that Hcol-1 is localized along the entire

%
.
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had been cleaved off. longitudinal axis of the polyp (arrowheads indicate the ECM

between the ectoderm and endoderm). (B) Inset shows that in frozen
Determination of the epitope recognized by cross section, Heol-I (green signal using mAb39 as the primary
monoclonal antibody 39 antibody) localises to the central fibrous zone of hydra ECM, while

. . . . laminin (red signal using mAb52 as the primary antibody) localises
Previously, a monoclonal antibody staining the central fibroug, the two subepithelial zones. At the ultrastructural level (main

zone of hydra ECM was reported (Sarras et al., 1993). In thgage in B), mAb39 localises to the 10 nm fibrils that comprise the
current study, we determined whether this antibody recognizagajority of the structures associated with the central fibrous zone.
one of the hydra collagens described above. Unfortunately, ttgzale bars: 10am in A; 100 nm in B; 0.5um in inset in B.
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the 155 kDa hydra fibrillar collagen and with the purified Hcol-antisense oligonucleotides into the regenerating head pole of
| fraction, but not with the NaCl extract or the cytosolic hydra prevented the deposition of Hcol-I in the newly forming
fractions that contain the 290 kDa hydra type IV collagen, aECM at 24h post decapitation (right panel over graph) in
shown in the lower right panel of Fig. 1. This indicates thatomparison with control sense oligonucleotides (left panel over
mADb39 is directed against an epitope of Hcol-I. graph).

Localisation of hydra col-I within the ECM of hydra

The studies described above show that mAb39 reacts withISCUSSION

Hcol-.  We then determined using whole-mount

immunofluorescence the distribution of this hydra collagerCollagens are essential to metazoan systems and have a
along the body axis of the organism. As shown in Fig. 5Afundamental role in developmental, adult physiological and
Hcol-l is localized along the entire longitudinal axis of thedisease processes. In contrast to the vertebrate collagens
animal. Frozen cross sections of hydra (inset, green signal, Figowever, very little is known about invertebrate collagens
5B) and immunogold localisation using TEM (Fig. 5B), (Engel, 1997). To further understand the structure and function
indicated that Hcol-l was localized in the central fibrous zonef collagens we used hydra as a model developmental system
of hydra ECM and represented the 10
nm fibrils typically seen in this regit

of the matrix. The central fioro A
zone is positioned between the 1
subepithelial zones where be
lamina components like laminin ¢
localized (inset, red signal, Fig. 5E

In situ analysis of hydra col-I
mRNA in intact and
regenerating hydra

Whole-mount in  situ analys
indicated that Hcol-l was express B
in the ectoderm of adult polyps (F

6). Expression was observed ali

the entire longitudinal axis of tl
animal in bothHydra vulgaris (Fig.
6A-C) and Hydra magnipapillat:
(Fig. 6D-F). Cross-sectional analy
confirmed that Hcol-I expression w
restricted to the ectodermal ¢
layer (inset, Fig. 6B). During he
regeneration, an upregulation
expression was observed within
hours of decapitation (Fig. 7A)
and continued throughout t €
regeneration process (Fig. 7C-F).
apparent increase in express
was observed during tenta
morphogenesis as shown in Fig. 7!

Functional analysis of the role

of hydra fibrillar collagen in

head morphogenesis

As shown in Fig. 8, head regenera
was blocked using antiser
oligonucleotides to Hcol-I. Blockay
(ranging from  30-100%) wi
observed with all thic

Fig. 6.In situ localisation of Hcol-I in intact hydrélydra vulgarisis shown in A,B andHydra

: : . magnipapillatais shown in D-F. The intense blue reaction product is associated with the
ollgonucleo_tldes tested as compe ecdodermal layer along the entire longitudinal axis of the polyp. In A and B, Hcol-I expression
to mock, mismatch, or sense cont appears greater at the base of the tentacles. A bud is shown in C. An ectodermal expression
(control blockage levels ranged frc  hatiern for Heol-l is confirmed in cross sections of whole mounts as shown in the insets in B. A
10-13%). Recovery from blocka  pright-field image is shown in the left panel and a DIC image is shown in the right panel. The
was observed by five to seven d  arrowhead points to the apical border of the ectoderm and the arrow points to the ECM. The
following initial decapitation (dai  asterisk shows the endoderm layer. Scale barsus0id A; 50pum in B; 100pm in C; 500um
not shown). The introduction in D; 100pm in F.
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because of its simplified morphology (an epithelial bilayer withN-terminal propeptide-like domain is not removed, since we
an intervening ECM) and high regenerative capacity. Theould extract at least the major portion of Hcol-l molecules
current study presents a detailed analysis about the structdirem hydra ECM and all had the same N-terminal sequence,
and developmental function of a major collagen of this simplstarting right after the signal sequence. The presence of small
metazoan. From an evolutionary standpoint, given the fact thatmounts of nonprocessed molecules is common in vertebrate
as a Cnidarian, hydra belongs to the second oldest phylum obéllagens, too, and is thought to be important for regulation of
the animal kingdom (with sponges being the oldest)fibre diameter. Indeed, there is a human disease called Ehlers-
information gained from an analysis of Hcol-1 provides insightDanlos syndrome type VIl that is caused by a failure to cleave
into the structural and functional properties of this importanthe N-propeptide from type | collagen (Prockop and Kivirikko,
family of proteins. We have therefore divided the following1995). This drastically alters fibre formation so that the fibrils
discussion into two parts. The first will involve a detailedare thin and highly irregular and this leads to joint and skin
discussion of the structural and biochemical characteristics @bnormalities. Therefore retention of the N-propeptide in Hcol-
Hcol-I, especially as related to the unique properties of hydra should also be important for the formation of its
ECM and the second will involve a discussion of the role obupramolecular structure, in agreement with our findings. It is

hydra ECM and Hcol-I in hydra morphogenesis. very interesting to note that a pathological process in humans
) S that leads to joint and skin abnormalities (Ehlers-Danlos

Hydra col-I is a primitive fibrillar collagen whose syndrome Type VII) is the normal physiological situation in

unique structural features help to explain the special hydra.

characteristics of hydra ECM An additional surprising result was the fact that Hcol-I could

Hcol-I represents a polypeptide of 1412 amino acids that shovesasily be extracted from the mesoglea, even though vertebrate
striking similarity to vertebrate fibrillar collagens and alsofibrillar collagens needed pepsin digestion to be solubilised. In
exhibits the characteristic  modifications such asour experiments, we used EDTA-containing buffers for
hydroxyproline in the Y-position of the Gly-X-Y triplet. It is extraction indicating that aggregation is somehow dependent
noteworthy that the hydra sequence contains about 40% legs divalent cations, But we also tried other methods. Treatment
proline than the mousEl(l) chain, for example, which should with 0.5M acetic acid was not effective, whereas treatment
endow the hydra collagen with greater flexibility. As shown inwith 0.5 M formic acid solubilised to the same extent as EDTA
Fig. 3, Hcol-l exhibits the same structural elements as th@ata not shown). This means that the formation of fibrils is at
vertebrate fibrillar collagens: it contains a continuous array deast partially dependant on hydrophilic interactions that are
340 Gly-X-Y repeats, having exactly the same length as in th@estroyed by protonation of acidic side chains.

vertebrate fibrillar collagens. This triple helical domain is Our results show that H-col-I does not exhibit the extensive
flanked by a N-terminal propeptide like domain and a Cerosslinking of the vertebrate fibrillar collagens. In SDS-gels
terminal propeptide. Sequence comparisons

demonstrated a significant similarity at the ar
acid level, ranging up to 50% for the C-term
propeptide. A similar domain structure has
been reported in a collagen from sea ur
indicating that fibrillar collagens are primorc
structural proteins. Unfortunately, in the cast
sponges, the oldest animal group, only pe
sequence data exist for collagens, but struc
similarity to the C-terminal propeptide sugg:
that a fibrillar collagen does exist in this anc
phylum.

The sequence comparisons, especially the
conservation of the length of the triple hel
domain, would suggest similar fibre form
properties for Hcol-1. Nevertheless, assembly
supramolecular structures is quite differ
Looking at the large Hcol-l aggregates show
Fig. 4B one recognises a network of fine fit
rather than thicker structures. This is in comy
agreement with immunogold-labelling pictu
using  Hcol-I-specific  antibodies  (mAb3
Furthermore, EM images of Hcol-I prepared by
exchange chromatography showed that ¢
molecules aggregate laterally but then turn off

fibril and join a new one (F.'g' 40)' . Fig. 7.In situ localisation of Hcol-I during head regeneration in hydra. Following
One major reason for this different behaviol  gecapitation, hydra were fixed and processed for in situ hybridisation at 1h (A), 4h

certainly the different post-translational proces  (B), 12h (C), 24h (D), 48h (E) and 72h (F). (A-D)The arrowheads indicate the

of the molecule. Whereas the C-terminal prope|  apical border of the ectoderm. In E and F the arrowheads point to the base of the

is absent in the mature homotrimeric collagen tentacles where a more intense signal appears. Scale bam100
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Sense Antisense that the thin fibrils of hydra ECM become irregular in their
orientation when the organism was contracted as compared
> with the normal parallel alignment of fibrils along the

longitudinal axis when hydra were extended. Davis and Haynes
(1968) suggested that hydra collagens had the ability to fold
on themselves and that this folding property facilitated
flexibility in hydra ECM during contraction of the organism.
Our structural and biochemical data support the interpretations
presented by Davis and Haynes (1968).

The localisation of Hcol-I to the central fibrous zone also

« supports the proposal that this region equates to an interstitial-

110 - (P<0.001) like matrix in contrast to the subepithelial zones that equate to
100 n=22 basal lamina. Our biochemical analysis together with the
o 901 immunolocalisation studies further demonstrates that this
) * interstitial matrix has a rather simple composition. In our ECM
.é 807 (P<0.008) preparations (EDTA extract), we found only two major
g 70 T * components, the fibrillar collagen, Hcol-l, and }he typical

B 60 . (P<0.001) basement membrane collagen type v, thus making hydra an
B w0l (eoon attractive simple model for st'udyl'ng. the structure and
5 0] n=20 T biogenesis of ECM. These studies indicate that the overall
3 T organisation of hydra ECM and specifically the unique

m 01 structural characteristics of Hcol-1 are fundamental to the basic
20 n=20  n=39 morphology of this simple epithelial metazoan. The
104 1 organisation and molecular composition of hydra ECM also

. has profound implications as to developmental processes in

5UTR It Coding 3UTR MisMatch 3 UTRsense this organism, as will be discussed next.

Hydrafibrillar collagen thio-oligonucleotides o . . L
. . o ' Fibrillar collagen is essential to morphogenesis in
Fig. 8. Effect of antisense thio-oligonucleotides to Hcol-1 on hydra hydra

head regeneration. The number of hydra per group is indicated bythePrevious studies have established that the ECM of hydra is

N. Asterisks indicate groups that are significantly different from . . : ;
control groups. Thio-oligonucleotides were designed from the cDNA important ?0 processes related tp cell migration, morphogenesis
sequence of Hcol-1 and represent portions of ti@B, initiation site, ~ and cell differentiation in this simple metazoan (Sarras et al.,
coding region and'BTR. Controls are shown with mismatch 1991b, 1993, 1994; Zhang and Sarras, 1994; Zhang et al.,
(randomised sequence) oligonucleotides and sense oligonucleotides 1®94; Agbas and Sarras, 1994; Yan et al., 1995, 2000a,b;
the 3UTR region. In the upper panels are shown the effects of Leontovich et al., 2000). These studies have established that an
antisense and sense thio-oligonucleotides on the deposition of Heol-lunderlying principle of hydra biology is that morphogenesis
at the apical border of hydra 24 hours post-decapitation. The does not proceed in this organism until an ECM has formed.
arrowheads indicate the apical border of the ectoderm and the arrow ifyyjg js reflected by studies with hydra cell aggregates (Sarras
the sense panel indicates the position of the ECM. Scale baun.00 et al., 1993), as well as studies related to head or foot
regeneration (paper in preparation). The fundamental
importance of cellECM interactions during development is
the monomerica-chains were most prominent even underreflected by the fact that such interactions have also been
nonreducing conditions. Vertebrate fibrillar collagens contairshown to extend to other groups within the Cnidarian phylum
specific crosslinking sites with essential lysine residues in thé&Schmid et al., 1999), as well as to the more ancient phylum,
N-terminal and C-terminal parts of the molecule. One majoPorifera (Wimmer et al., 1999).
site is located in the non-collagenous domain at the border of As stated above, the ECM of hydra is actually composed of
the N-propeptide and the major triple helix. The correspondingvo basal lamina layers (subepithelial zones) and a central
sequence in Hcol-l (position 84-92; second amino acidibrous zone that can now be classified as a true interstitial-like
sequence shown in italic in Fig. 2) does not contain any lysinmatrix based on the studies presented in the current study.
residues, so that at this site at least, the classical crosslinkifgom a functional standpoint, it is not difficult to understand
via lysine-lysine aldehydes cannot occur. It seems quitthe importance of the basal lamina to cell-ECM interactions in
reasonable to assume that extensive crosslinking is nbydra since these matrix zones are adjacent to the epithelial
essential for hydra because of its short replication time. layers (Sarras et al., 1991a) and contain molecules that have
Taken in total, the low proline content, the inability to formbeen shown to interact with the basal plasma membrane of the
fibres and the absence of important lysine residues thattoderm and endoderm (Sarras et al., 1994, Agbas and Sarras,
normally form crosslinks in collagens are all properties ofl994, Zhang and Sarras, 1994). Incorporation of basal lamina
Hcol-1 that contribute to the formation of an ECM that can becomponents into a newly forming ECM is crucial to
structurally supportive to the epithelial bilayer, but at the sameorphogenesis in hydra (Sarras et al., 1994), but the precise
time can be flexible enough to allow the organism tmature of the cel/[ECM interactions are not clearly understood.
perpetually contract and extend as it does it nature. Previolis this regard, it is not certain to what degree the basal lamina
ultrastructural studies by Davis and Haynes (1968) reporteichparts structural integrity to the developing epithelium of
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hydra or provides differentiation signals through endogenous other Coelenterateged. H.M. Lenhoff and W.F. Loomis), pp 65-75. Coral
amino acid sequences within the matrix molecules themselvesG?bleg, le:JUnlverSSItyZ?]f Mlar;y PEr)eSSt- e s P 3t and

. wier, S. J., Jose, oS., ang, X., beutzmann, R., sarras, . P, Jdran
(Zhang et ﬁl" é994' Sa”a.s et”.al"f1994’ Agbas ?nd IsaﬂggBoot-Handford, R. P.(2000). Characterization of hydra type IV collagen:
1994)- Suchen Og_enous_ signalling from matrix mIO ecu ?S aSType IV collagen is essential for head regeneration and its expression is up-
been clearly established in vertebrate systems (Giannelli et al. yegulated upon exposure to glucodeBiol. Chem (in press).
1997; Pilcher et al., 1997; Zhao et al., 1999). The strongeskill, F., Wiedemann, H., Mann, K., Kuehn, K., Timpl, R. and Engel, J.
support for the role of endogenous signals from components ofgrlogglv)v-or""m‘;'eccéll:Zrctgga;?fj‘:gz"ﬂst"eoa” hOLr%‘#]'g'r‘; ;”\‘je];rl};féft';%lczoz'f‘gens
the hydra basal lamina comes from competition studies using,q 553 P y T
either analogous peptides or antibodies to matrix sequences®jii, £, Mann, K., Wiedemann, H, Engel, J. and Timpl, R.(1995).
integrins (Sarras et al., 1993, 1994; Agbas and Sarras, 1994structural comparison of cuticle and interstitial collagens from annelids
Zhang and Sarras, 1994; Zhang et al., 1994). In contrast, Ies%\gggzjgffz‘giow sea-water and at deep-sea hydrothermal entsl. Biol
is known about the |mportanpe of the Central_ fibrous zone .Cgiannelli, G., F.fallk-MarziIIier, J., Schiraldi, O., Stetler-Stevenson, W. G.
hydra ECM. The current studies clearly establish that Hcol-1 iS"ang "Quaranta, V. (1997). Induction of cell migration by matrix
localized to the central fibrous zone of hydra ECM and that it metalloproteinase-2 cleavage of lamininSgience277, 225-228.
is upregulated during head regeneration. The finding that it igrens, A., Mason, E. Marsh, J. L. and Bode, H. R(1995). Evolutionary
expressed in the ectoderm while basal lamina components suclqonservation of a cell fate specification gene: the Hydra achaete-scute

- . . hmolog has proneural activity in Drosophilaevelopmentl21, 4027-
as laminin are expressed in the endoderm (Leontovich et al.,;gac
2000) indicate that some type of signalling must occur betvy_ee@(ens, A., Shimizu, H., Hoffmeister, S. A., Bode, H. R., Fujisawa,.T
the bilayer during biogenesis of the ECM in hydra. The ability (1999). The novel signal peptides, pedibin and Hym-346, lower positional
to knockout precisely the translation of Hcol-1 and to block Vf;tll*e thereby enhancing foot formation in hydbevelopment126 517-
head morphogene5|s reverSIbly 'T’ hydra ShOW§ that the CentW%Pusrﬁan, R. E.(1973). The Mesoglea. IBiology of Hydra(ed. A.L.
fibrous zone of hydra ECM is also crucial to normal gymett), pp 393-453. Academic Press, New York.
development in this organism. Given that Hcol-1 is separateHausman, R. E. and Burnett, A. L.(1971). The mesoglea of Hydra: IV. A
from the epithelium by the two intervening subepithelial zones quantitative radiographic study of the protein compongrixp. Zooll77,
or basal lamina, it is assumed that the importance of thi}§o‘(‘j]5':4€\-/ Holstein, T. W., Kurz, E.. Engel, 3. and David, C. N(1998)
fibrillar cc_)llagen relates to the structural integrity of the hydra Spi‘na”n, 2 new gl’ycme_’and histidine-rich protein in spines of Hydra
ECM. It is should be noted, however, that cellular processesnematocysts. Cell Sci111, 1545-1554.
from the ectoderm and endoderm extend through the ECM tgamer, J. M., (1994). Structures and functions of collagens in
form cell-cell contracts (Wood, 1983) and therefore the basal Cﬁe”%halbggf eﬁga@SEBIJ 8v”329‘33f‘3t- 1 and St
plasma membrane of these cells is in direct contact with HCOKugn(erFuﬁétion o)f Collea;:nsﬁj;?e:d? ;ﬁgngpﬁd - Ei?geson) pcpl_”le_ "
| as well as laminin. Additional studies related to cell-ECM New York: Academic Press. '
signalling and to the normal biogenesis of hydra ECM ar&uehn, K. (1994). Basement membrane (type 1V) collagdatrix Biol. 14,

. . . . y
required to clarify this point. 439-445. _ _ _
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