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Abstract. The proboscis hooks of Rhadinorhynchus ornatus, Van Cleave 1918 were examined using EDXA (X-ray 

microanalysis) and a dual beam scanning electron microscope for three chemical elements-sulphur, calcium and 

phosphorus. Each hook for EDX was examined three times with three to four hooks from each region (base, middle, 

tip) generating an average weight percent (wt%) figure. Statistically significant differences for the three chemical 

elements of the hooks were recorded in relation to different positions on the proboscis, as well as to different 

regions of the individual hook-base, middle and tip. Hooks at the base of the proboscis have higher levels of sulphur 

then those at the proboscis tip, where calcium and phosphorus reached their highest concentrations. The fine 

structure of the proboscis hooks depicted a multilayered structure which is similar to mammalian teeth. The outer 

cortical and inner medullary layers of the proboscis hooks reached it’s maximum thickness at the hook tip where 

sulphur reached the highest level. The chemical composition of the hook resembles to some extent that of 

mammalian teeth. The high sulphur content for the hooks can be related to disulphide bonds within the amino acids 

cystine and cysteine (thiol groups) in polypeptide molecules. The high readings of calcium and phosphorus are 

probably polymerized into a calcium phosphate apatite with numerous disulphide bonds similar to that in the 

hardened enamel of teeth. 
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Introduction 

 

Acanthocephalans are characterized by a 

unique attachment structure “the proboscis” 

armed with hooks that aid the parasite in host 

attachment. Elucidating the structure of these 

hooks, may add to the information needed for 

the taxonomy and phylogeny of this group. 

Such information may also help in 

understanding the proboscis mode of action 

and pathogenic potential. Hutton and Oetinger 

(1980) revealed that the proboscis hooks of 

Moniliformis moniliformis Travossos 1915, 

acanthella are formed by a distinctive core of 

longitudinally arranged fibrils surrounded with 

an outer criss-crossed fibrous layer, with 

lypodermal and cuticular adhering layers 

covering the hook tip. Heckmann et al. (2007) 

using a X-ray microanalysis technique (EDXA), 

recorded the levels of sulphur and other 

chemical elements in proboscis hooks of 5 

species of Acanthocephala and suggested that 

sulphur is probably associated with the 

hardness of acanthocephalan proboscis hooks. 

Similarly, the ultrastructure and X-ray 

microanalysis of the rostellar hooks of the 

cestode Echinococcus granuolosus protoscolex 

were revealed to be multilayered, with central 

amorphous pulp, middle microfibrillar medulla 

and outer complex cortex, and that sulphur and 

phosphorus are the only elements in whole 

hooks (Smith and Richards, 1991). The authors 

also pointed out that the X-ray near-edge 

absorption spectra resemble those of cystine of 

the feather and hair, and suggested that 

sulphur is predominantly in the form of 

disulfide bonds. 

 

The importance of these elements in living cells 

and their associated role in the development 

and function of the hooks motivated the 

present study, aiming to detect the 

composition and distribution pattern in this 

unique structure. The present study is one of a 

series that focuses on revealing the fine 

structure and chemical composition of the 

proboscis hooks in Rhadinorhynchus ornatus 

Van Cleave 1918, as a model of an 

acanthocephalan. 

 

Material and methods 

 

Materials 

 

Specimens of Rhadinorhynchus ornatus were 

collected from the intestine of skipjack tuna, 

Katsuwonus pelamis, in the high seas of the 

Pacific Ocean, off the west coast of South 

America. Proboscides were isolated, fixed in 

70% ethanol and processed for transmission 

electron microscopy (TEM) and scanning 

electron microscopy (SEM) with X-ray 

microanalyses attached. Three to four hooks 

from the tip, middle and base regions of the 

proboscis for both male and female R. ornatus 

were examined for X-ray microanalysis. 

 

Methods 

 

For transmission electron microscopy, 

specimens were post fixed in 1% osmium 

tetroxide (OsO4) dehydrated and embedded in 

Spur resin. Semi (1µm thick) and ultrathin 

sections (80nm) were stained with lead citrate 

and uranyl acetate, and examined using an FEI 

TECHNAI G2 (High Resolution) electron 

microscope at an accelerating voltage of 120KV 

and photographed by digital imaging software 

attached to a computer. 

 

For X-ray microanalysis, standard methods for 

SEM preparation (Lee, 1992) were used. 

Uncoated specimens were examined with an 

Environmental SEM (XL30ESEMFEG) equipped 

with a Phoenix energy-dispersive X-ray 

analyzer. X-ray spot analysis and line scan 

analysis were performed at 15KV with a spot 

size of 5 and results were represented in charts 

and recorded with digital imaging software 

attached to a computer. Line scans were 

programmed to analyze the chemical elements 

over the entire length of each hook using 50-

100 reference points along the length for each 

scan. 

 

For the sulphur phase map, coated samples 

were placed in FEI Helios Nanolab 600 

DualBeam Electron Microscope. A hook from 

each proboscis region was located and 

positioned at the eccentric position of the stage 

and cut longitudinally using a 30KV gallium ion 

gun operating at 2.8nA. A cross sectional 

pattern was used followed by a cleaning cross 
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section to provide a clean cut surface to image. 

Images of the cut sample were obtained using a 

5KV electron beam at 0.17nA followed by X-ray 

spectrum analysis using a 15KV electron beam. 

The EDXA Genesis system was used utilizing 

the Apollo 40 SDD X-ray detector. X-ray maps 

and phase maps were generated from the 

spectrum maps obtained. 

 

Results 

 

Ultrastructure 

 

The long cylindrical proboscis of R. ornatus 

carries 22-24 longitudinal rows of hooks, each 

formed of 37-38 alternating hooks (plate 1, 

figure 1 inset). Each hook consists of two 

regions; a posteriorly directed root, deeply 

embedded in the base layer of the body wall 

and an anteriorly curved blade ornamented 

with elevated longitudinal striations (plate I, 

figure 1). Longitudinal sections through the 

hook revealed a fibrillar medulla (~5.7µm in 

diameter) formed of dense microfibrils 

embedded in electron dense matrix. The matrix 

(~4.6µm in diameter) is thin in the blade 

region, but increases gradually towards the 

root where it fills the pulp and replaces the 

medulla (plate I, figure 2, 3, 4). The outer 

cortex (~3.4 µm in diameter) is composed of 

an inner electron dense layer separated from a 

thick outer layer by an electron lucent thin area 

(plate I, figure 2, 3, 4). Figures were enhanced 

using Adobe Photoshop CS4. 

 

X-ray microanalysis 

 

The level of sulphur, calcium and phosphorous 

was determined for hooks of R. ornatus at three 

levels of the proboscis. Figure 7 shows a typical 

printout for X-ray microanalysis. For hooks the 

calcium and phosphorous ions are 

concentrated on the tip and edges of the 

attachment structure (tables 1 and 2). 

 

The concentration of sulphur in the proboscis 

hooks shows variations in relation to position 

on the proboscis, being lowest in the anterior 

extremity reaching its highest levels at the 

posterior end. On the contrary, both calcium 

and phosphorous showed highest 

concentrations in the anterior region and 

lowest in the posterior region of the proboscis. 

Highest concentration of sulphur was reported 

at the tip of the hook followed by the middle 

region and the lowest concentration was 

detected at the base. Both calcium and 

phosphorous were concentrated at the hook 

base with very low concentration at the tip. 

The three studied elements showed higher 

concentrations in the different proboscis 

regions of females than males (tables 1 and 2). 

 

The SAS analysis of the data showed 

statistically significant differences (probability 

0.05 and 0.01) between the three examined 

elements in all proboscis regions and hook 

parts as well as the male versus female 

comparison. 

 

Figures 5 and 6 show the results of the dual 

beam X-ray analysis. For figure 5 the gallium 

beam has sliced and “faced” the hook from R. 

ornatus through the mid section. Figure 6 

shows the results of X-ray microanalysis 

emphasizing the sulphurions which appear as 

light areas for the hook with the tip and edges 

showing a high concentration of sulphur. 

 

Figures 8A, 8B, 8C represent the results of the 

linear scan for three hooks from R. ornatus, a 

hook from the tip of the proboscis (8A) and one 

from the middle (8B) and one at the base (8C) of 

the proboscis. Note how the sulphur peak 

increases toward the tip of the hook and the 

calcium and phosphorous peaks drop. Sulphur 

is being used to form more disulphide bonds by 

the polymerization of cysteine and cystine 

whereby the hook becomes hardened and rigid. 

The chart represents four chemical elements; 

phosphorus (P), gold (Au) used for coating the 

tissue, sulphur (S), and calcium (Ca) at their 

characteristic X-ray wavelengths (K,M). 

 

Discussion 

 

Hooks of the Acanthocephala are the primary 

attachment structures and need both rigidity 

and flexibility. The hooks are angled or curved 

towards the posterior part of the worm so 

when the proboscis is inserted into host tissue 

the hooks will slide into the digestive tract 

lining and then become difficult to detach. Due 

to the curved design of the hook it is difficult to 

remove the proboscis. Chemical element 

composition enhances this process. 
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Plate 1, Figures 1-4. TEM and SEM micrographs of hooks of Rhadinorhynchusornatus from skipjack tuna. 

Katsuwonuspelamis. 1. SEM of hooks from the proboscis inset of R. ornatus. 2,3,4. TEM of the hooks along a longitudinal 

section (2,4) and transverse section (3) showing multiple layers of the hooks. 

Plate 1, Figures 5 and 6. SEM and EDXA analysis of a hook from R. ornatus cut with an ion beam (gallium) and then analyzed 

for sulphur ions (6). For figure 6 the light areas around the hook represent sulphur ions. 

 

 

The base of the hook is flexible with high 

sulphur content at the tip and sides while the 

center of the hook is high in calcium and 

phosphorus. The calcium and phosphorous 

form a rigid calcium phosphate apatite similar 

to the enamel of mammalian teeth with 

disulphide bonds (cysteine) enhancing the 

structure. Enamel of mammalian teeth is over 
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95% inorganic representing the hardest tissue 

in the body (Junqueira et al., 1992; Bloom and 

Fawcett, 1970). Less sulphur exists at the base 

of the hook creating a more flexible area for the 

hook. The three ions (Ca, P, S) combine to form 

a rigid tip enhanced by disulphide bonds 

(Stegman, 2005). 

 
 

Table 1. Chemical microanalysis for hooks from female 

R. ornatus weight percent (wt%) of chemical element 

 

 Anterior Part of Proboscis 

Location: Tip Middle Base 

Sulphur 14.6 14.1 10.7 

Calcium 1.4 5.8 8.8 

Phosphorus 1.1 4.4 5.3 

 Posterior Part of Proboscis 

Location: Tip Middle Base 

Sulphur 20.9 16.5 14.9 

Calcium 2.5 3.1 5.8 

Phosphorus 1.8 1.5 3.6 

 

 

Concentration of S, Ca and P in hook regions of female 

Rhadinorhynchus ornatus 

 

 
 

Hook regions for female 

 

 

Van Cleave and Bullock (1950) reported that 

acanthocephalan hooks are non cellular in 

origin. Hyman (1951) enforced the concept of 

dermal origin/secretion and suggested that 

hooks and spines may consist of the same 

material as the dermis or integument. 

 

The proboscis hooks were thought to originate 

from the anterior-posterior striations or 

“crenellations” as in Polymorphus minutes 

(Nicholas and Hyens, 1963); from the 

basement membrane of the proboscis wall as 

in P. minutes (Crompton and Lee, 1965), or 

from the connective tissue layer as in 

Acanthocephalus ranae (Hagmmond, 1967). 

The proboscis hooks of Moniliformis 

moniliformis are represented by 

polysaccharides and pronolic acid joined by 

glycosidic links (Anantraman and 

Ravindranath, 1973). Taraschewski (2000) has 

an excellent review of the morphological 

structures of the Acanthocephala including the 

chemical analysis of each feature. 
 

 

Table 2. Chemical microanalysis for hooks from male 

R. ornatus weight percent (wt%) of chemical element 

 

 Anterior Part of Proboscis 

Location: Tip Middle Base 

Sulphur 11.2 9.7 9.7 

Calcium 0.88 4.4 5.7 

Phosphorus 0.58 3.0 3.5 

 Posterior Part of Proboscis 

Location: Tip Middle Base 

Sulphur 14.0 10.5 10.0 

Calcium 0.38 0.86 4.7 

Phosphorus 0.42 0.78 3.3 

 

 

Concentration of S, Ca and P in hook regions of male 

Rhadinorhynchus ornatus 

 

 
 

Hook regions for male 

 

 

Monne (1964) demonstrated a keratin 

composition of fibrillar coat of Polymorphus 

botulus, P. minutes and Leptorhychoides 

thecatus eggs; while Heckmann et al. (2007) 

reported high level of sulphur and calcium in 

the eggs of many species of acanthocephalans. 

 

Fraser et al. (1972) defined keratin as insoluble 

cystine-containing protein, often showing a 

microfibrillar substructure and it is the 

presence of the diamino acid cystine, the 

sulphur containing amino acid, which 

distinguishes it from other structural proteins. 

 

The present results revealed a proportional 

relation between the thickness of both the 
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cortex and fibrillar medulla in the R. ornatus 

proboscis hook and the level of sulphur 

throughout. As the thickness of the cortex and 

medulla increases the concentration of sulphur 

reaches its highest level. The present findings 

supports the suggestion set by Heckmann et al. 

(2007) that sulphur is incorporated in the 

disulphide bonds of cytine and cysteine. 

Gallagher (1964) and Smith and Richards 

(1991) reported similar findings in the cestode 

rostellar hooks, and the authors referred to 

similarities with vertebrate keratin and 

discussed the validity of using the term keratin 

to refer to cestode hook material. There are 

chemical differences in keratin and 

acanthocephalan hooks that would question 

this hypothesis. 

 

The high sulphur content at the tip of the hook 

and along the edges (figures 6, 7, and 8A) is 

probably polymerized into a complex protein 

with disulfide bonds. Disulfide bonds have an 

important role in the stability of the protein 

which is formed between the thiol groups of 

the amino acids. Methionine, another sulphur 

containing amino acid cannot form disulfide 

bonds, thus cysteine and cystine are probably 

the main sulphur containing amino acids for 

the hooks of Acanthocephala. 

 

 

 
 

Figure 7. Typical printouts for X-Ray Micro-analysis for a 

hook of R. orantus showing chemical elements; Note the 

chart with weight percent (wt%) recorded 

 

 

 
 

(Distance in Microns) 

 

 

 
 

(Distance in Microns) 

 

 

 
 

(Distance in Microns) 

 

 

 

Figure 8A 

 

Figure 8B 

 

Figure 8C 

 

Figure 8. Linear scans (white line across hook) of hooks from R. ornatus located at the anterior end of the proboscis (A), 

middle of the proboscis (B) and posterior end of the proboscis (C). The scan begins at the tip of each hook and ends at the 

base of the hook 

 

 

The high level of phosphorus at the hook base 

agrees with the findings of Crompton and Lee 

(1965) and Pence (1970) who reported that 

the base of hooks of Acanthocephala had some 

alkaline phosphatase activity. The similarity 

and differences in the distribution pattern of 

calcium and phosphorus for the anterior hooks 

versus the posterior hooks of R. ornatus, might 

be related to the anchorage mechanism within 

the host tissue and how much rigidity of the 
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posterior hooks is needed over the anterior 

ones. The higher concentration of sulphur, 

calcium, and phosphorus in different regions of 

proboscis hooks and trunk spines for females 

in comparison to males may be related to the 

finding that these structures are larger in 

females than males (Amin et al., 2009). 

 

The outer longitudinally striated cortex which 

covers both the root and the blade of the hook 

may be equivalent to the enamel, covering the 

tip of the mammalian tooth and the cementum 

covering the root. 

 

Further biochemical and histochemical 

analyses of acanthocephalans especially 

acanthocephalan hook layers should be done. 

Comparative ultrastructual studies of the 

hooks in different developmental stages of 

acanthocephalans and representatives of other 

classes of Platyhelminths are needed to 

elucidate the mechanism of formation of the 

attachment structures for helminth parasites. 
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