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Abstract . Cellular polyamines of nematodes of the phylum Nematoda, planarians, cestodes and
trematodes of the phylum Platyhelminthes, earthworms, leeches and sandworms of the phylum
Annelida, and hydras of the phylum Cnidaria, were analyzed by HPLC and GC to obtain
phylogenetic informations and parasitic peculiarities on polyamine profiles in lower
invertevrates. Spermidine and spermine were ubiquitously distributed in four zoo-parasitic
nematodes. A plant parasite, Pratylenchus and a fungivore, Bursaphelenchus and two
entomopathogens, Steinernema as well as free-living bacteriovores, Caenorhabditis and
Dorylaimus, contained spermidine and lacked spermine. Zoo-parasitic cestodes Hymenolepis
and Diphyllobothrium, and zoo-parasitic trematodes Paragonimus, Fasciola and
Schistosoma, belonging to the phylum Platyhelminthes, ubiquitously contained spermidine and
spermine, suggesting their dependence on host animals for uptake of spermine. Putrescine,
cadaverine, spermidine and spermine were the major polyamines in freshwater, marine and
land planarians (the phylum Platyhelminthes), and free-living earthworms, leeches and
sandworms (the phylum Annelida). Hydras belonging to the phylum Cnidaria contained
putrescine and spermidine alone. Homospermidine was distributed in a zoo-parasitic helminth
of the phylum Nematoda and two zoo-parasitic tapeworms of the phylum Platyhelminthes as
well as planarians, earthworms and leeches. Norspermidine and/or norspermine were found in
two land planarians, a leech and a sandworm. This is the first report on the occurrence of

these novel polyamines within lower invertebrates.
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INTRODUCTION

Putrescine, sprermidine and spermine are known to
be widely distributed in vertebrates and higher
invertebrates as the major cellular polyamines. The
occurrence of uncommon polyamines such as
norspermidine and norspermine was restricted in

some members of higher invertebrates' ™. Another

unusual polyamine, homospermidine, was detected in
some arthropods, echinodermus and tunicates within
higher invertebrateslf@ and some planarians, leeches
and earthworms®® within lower invertebrates.
Spermidine and spermine were major polyamines in
some parasitic helminths belonging to the phylum
Nematoda5'7’13>. Tow free-living nematodes contained
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putrescine and spermidine but lacked spermine5). A
phylogenetic analysis of nematodes identified five
major clades in the phylum, all of which include
parasitic species and suggested that vertebrate
parasitism and plant parasitism arouse independently
at least four times and three times, respectivelyw.
Therefore, polyamines of some additional plant-
parasitic, vertebrate-parasitic, fungivore, bacteriovore
and entomopathogenic nematodes were analyzed in
the present study to consider phylogenetic relations
and parasitic peculiarities on their polyamine
compositions.

Free-living freshwater planarians belonging to the
class Turbellaria of the phylum Platyhelminthes
contained putrescine, cadaverine, spermidine,

5'6>. In addition to new

homospermidine and spermine
members of freshwater planarians, various land-
dwelling planarians and marine planarians were
analyzed in the present study. Some parasitic
cestodes and trematodes contained putrescine,

7,10,15,16)' In the present

spermidine and spermine
study, details on cellular polyamines of additional five
vertebrate parasites belonging to the classes Cestoda
and Trematoda of this phylum, were obtained.

In our previous studies on cellular polyamines of
earthworms belonging to the class Oligochaeta and
leeches belonging to the class Hirudinea within the
phylum Annelida, the ubiquitous occurrence of
putrescine, cadaverine, spermidine, homospermidine
and spermine was observed5’6>. Polyamines of
sandworms (polychaetes) belonging to the class
Polychaeta of this phylum and of hydras belonging to
the class Hydrozoa of the phylum Cnidaria, were
analyzed in the present study to display their
polyamine patterns and to obtain phylogenetic
information on polyamine distributions within lower

invertebrates.

MATERIALS AND METHODS
Nematodes

Trichinella spiralis (ISS 412 strain) was
maintained by passages in mice and the larvae were
isolated from the mice muscle by pepsin-1% HCI
digestion and the adults were collected from the mice
small intestines by Dr. M. Sato of Saitama Medical

School'”. Anogiostrongylus cantonensis (adult) and

Strongyloides venezuelensis (larva) were isolated
from rats and Ancylostoma duodenale (adult) was
clinically collected from human intestines in Saitama
Medical School. Bursaphelenchus xylophilus (S 6-1
strain) grown on Botrytis cinerea-PDA medium and
Pratylenchus vulnus isolated from the soil
surrounded strawbery roots were supplied by Dr. K.
Matsuura of Forestry and Forest Prod. Res. Institute,
Ibaraki, Japan and Dr. Y. Shishida of Agricultural
Station of Gunma Prefecture, Maebashi, Gunma,
Japan, respectively. Two Steinernema species (third
larva) were kindly supplied from Dr. H. Tanabe of SDS
Biotech. Co., Ibaraki, Japan.
Platyhelminthes

Adults of parasitic cestodes, Hymenolepis
diminuta and Diphyllobothrium nihonkaiense, and
prasitic trematodes, Paragonimus westermanii,
Fasciola hepatica and Schistosoma japonicum, were
clinically obtained from human in Saitama Medical
School. Freshwater planarians, Phagacata vivida
and Seidlia auriculata, were obtained in Agatsuma,
Gunma. Other five freshwater planarians and three
marine planarians collected in Aomori were supplied
by Dr. W. Yoshida of Hirosaki University, Aomori,

18). A land planarian, Bipalium mobile, was
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collected in Shibukawa, Gunma. Two land planarians,
Bipalium kewense and Platydemus manokwari,
were collected in Ogasawara Island and supplied by
Dr. T. Ono of Ogasawara Subtropical Agricultural
Center, Tokyo and Dr. I. Okochi of Forestry and
Forest Prod. Res. Institute, Tharaki.,
Annelids

Marine sandworms, Perinereis brevicirris,
Marphysa sanguinea and Lumbrineris japonica,
were purchased from a fishing-bait store in Maebashi,
Gunma. The fragmenting potworms (Enchytraeus
japaonensis) were supplied from Dr. M. Myohara of
National Institute of Agrobiological Sciences,
Tsukuba, Ibarakim.

collected in Maebashi, Gunma.

Other five annelids were

Cnidaria

Two freshwater hydras were purchased from Kyoto
Kagaku, Kyoto.
Polyamine analysis

Organisms weighing 100-500 mg wet weight were
washed with saline and homogenized in equal weights



of cold 1.0 M HCIO, by a glass-glass homogenizer to
extract polyamines. The polyamines extracted in 10-
100 4« I of supernatant were analyzed by high-
performance liquid chromatography (HPLC) on a
L6000 High-Speed Liquid Chromatograph (Hitachi,
Tokyo) using a column of cation-exchange resin5>. The
elution was carried out by a linear gradient prepared
from two buffers and polyamines eluted were detected
by fluorometry after heating with o-phthalaldehyde
reagent. Acid hydrolysis and alkaline hydrolysis of
polyamine samples before HPLC analysis were
performed to identify polyamine peakss>. Gas
chromatography (GC) of the concentrated polyamine
fractions from 10 g wet weight of organisms on a GC-
9A gas chromatograph (Shimadzu, Kyoto), was
curried out after heptaﬂuorobutyrizationw.
Diamines, spermidine, spermine, histamine and
agmatine as the standards were purchased from
Sigma (St Louis, USA).
norspermine were purchased from Eastman Kodak

Norspermidine and

Co. (Rochester, USA). Homospermidine was

synthesized in our laboratoriesm).

RESULTS AND DISCUSSION

Typical HPLC chromatograms of polyamine
samples are shown in Fig. 1. Diaminopropane,
putrescine, histamine, cadaverine, norspermidine,
spermidine, homospermidine, agmatine, norspermine
and spermine were separated. Agmatine disappeared
after alkaline hydrolysis, showing further evidence
that it is agmatine. Other amine peaks were resistant
for alkaline hydrolysis as well as acid hydrolysis.
Cellular concentrations of the detected polyamines
are shown in Table 1. Our previous data of related
organisms are cited in the table.

Spermidine and spermine ubiquitously distributed
as the major cellular polyamines in the adults of the
four zoo-parasitic nematodes, 7. spiralis, A.
duodenale, A. cantonensis and S. venezuelensis (Fig.
1 and Table 1). The three zoo-parasitic nematodes,
Anisakis stmplex, Ascaris suum and Dirofilaria
immitis, contained spermidine and spermine, as
previously reported5>. Similar cellular polyamine
levels were observed between the larva and adult in 7.
spiralis. Two entomopathogenic Steinernema

species, a plant root parasite, Pratylenchus vulnus,
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and a free-living fungivore, Bursaphelenchus
xylophilus, contained spermidine and lacked
spermine (Table 1). As reported previously, two free-
living bacteriovores, Caenorhabditis elegans and
Dorylaimus fodori, also contained spermidine and
lacked spermine, however, they contained putrescine
as a major polyamineS) .

The occurrence of spermidine and spermine has
been reported in other nine zoo-parasitic firalial
nematodes, Acanthocheilonema viteae, Brugia patet,
B. pahangi, Litomosoides carinii, Onchocerca
Setaria Ascaridia gallz,

volvulus, cervi,

Ancylostoma ceylanicum and Nippostrongylus

7713). Since

brasiliensis, roughly analyzed by others
cellular spermine level is low in bacteria, fungi and
plant roots whereas animal tissures contained
significant amounts of spermine, dependence on host
animals for uptake of spermine is suggested in zoo-
parasitic nematodes. Significant difference on
polyamine profile among various classes (as shown in
Table 1) of the phylum Nematoda was not observed.
The polyamine distribution profiles depend on their
growing surroundings rather than their phylogenetic
positions.

Putrescine, spermidine and spermine were
ubiquitously distributed within the class Turbellaria
of the phylum Platyhelminthes. Homospermidine was
found in some land planarians and marine planarians
as well as freshwater planarians within the class
(Table 1). Norspermidine and/or norspermine were
detected in the land planarians analyzed in the
present study.

Spermidine and spermine were major polyamines
and significant amount of putrescine was not detected
in the parasitic cestodes and trematodes analyzed in
the present study (Table 1). In the class Cestodes,
Miyaji et al. reported that the larval taeniids of
Taenia crassiceps, T. hydatigena, T. taeniaeformis
and FEchinococcus multilocularis contained
significant levels of putrescine, spermidine and
sperminem) Their putrescine levels were much
higher than these of the adults of D. nihonkaiense
(Table 1), H. diminuta (Table 1), H. nana” and

10). In the class Trematodes,

Cotugnia digonopora
spermidine and spermine were the major polyamines

in the adults of P. westemanii, F. hepatica and S.
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Table 1. Cellular polyamine concentrations in Nematoda, Platyhelminthes, Annelida and Cnidaria

Polyamines ( 12 mol/g wet weight)

Organism Dap Put Cad NSpdSpd HSpd NSpm Spm His Agm

Phylum Nematoda (nematodes)
Class Secernentea

Order Anolostomatida

Ancylostoma duodenale * * - - 0.1 - 030 - - .10 - -
Order Metastrogylida
Angiostrongylus cantonensis * * - 002 - - 040 - - 010 - -

Order Rhabditida (Strongyloididae)

Strongyloides venezuelensis * ¥ 002 0613 - - Q56 005 - 014 - -
Order Rhabditida (Rhabditoidae)

Cagnorhabditis elegans ¥ * ¥ * {a) - 100 002 - 141 - - - - -

Order Rhabditida (Steinernematidae)

Steinernema carpocapsae ¥ ¥ * % ¥ - - - - 07 - - - - -

Steinernema glaseri * % % * % - - - - 05 . - - | - -
Order Ascaridida

Anisakis simplex * # (a) - 008 - - 095 - - 052 - -

Ascaris suum * * (a} - 020 - - 084 - - 01 - -
Order Spirunida

Dirofilaria impnitis * * (a) - Q06 002 - 054 - - 164 - -
Order Aphelenchida

Bursaphelenchus xylophilus * * * - 0.04 - - 134 - - - - -

Order Tvienchida
Pratylenchus vulnus * - - - - 020 - - - - R

Class Adenophorea

Order Dorylaimida

Dorylaimus fodori * * * ¥ (a) - 045 002 - 011 - - - - 001
Order Trichocephalida

Trichinella spiralis * * (larva} - - - - 133 - - 0.25 - -

{adult) - - ool - 147 - - 017 - -

Phylum Platyhelminthes {platyhelminthes)
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Class Turbellaria
Order Tricladida {triclads)

{freshwater planarians)

Bdellocephala brunnea .03 140 020 - 002 - - 020 010 0.02
Dendrocoelopsis lactea 0.04 120 0.0 - 012 - - Gl - -
Phagacata teshirogii 004 1.9 072 - 004 - - 030 - -
Phagacata vivida - Lo 020 - 007 - - 024 - -
Seidlia auriculata - 136 002 - 0.09- 0601 - 030 - 0.05
Dugesia ryukyuensis - Led 070 - 09 002 - 044 010 -
Dugesia japonica (b) - 140 004 - 314 COB - 129 002 002
Girardia tigrina {b} - LI9 005 - 002 Q17 - 046 005 001

(land planarians)

Bipalinm mobile 0.12 095 - 003 030 030 025 08 - (015
Bipalinm kewense - 055 002 002 40 - 010 030 - -
Platydemus manokwari - 044 027 - 035 0.02 004 075 - -

Order Polycladida (polyclads)

(manne planarians)

Pseudostylochus intermedius - 070 0os - 012 001 - 015 040 -
Thysanozoon brocchii 0.05 075 010 - 0 - - 056 - -
Planocera multitentaculata - 007 102 - 014 - - 010 016 -
Planocera reticulata - 0.10 065 - 034 - - 015 - -
Natoplana humilis 0.08 015 020 - 040 - - 030 004 -

Class Cestoda (tapeworms)(cestodes)

Hymenolepis diminuta * * (whole) - - 00z - 045 002 - 087 - -
(head) - - - - 010 - - 065 - -
(midle) - - - - 017 - - 08 - -
{tail) - - - - 0325 - - 040 - -
Diphyllobothrium nikonkaiense * * ~ - 030 - 09 010 - 020 - .
Class Trematoda (trematodes)
Paragonimus westermarii * * - - 005 - 030 - - 020 - -
Fasciola hepatica * ¥ - - - - 015 - - 013 - -
Schistosoma japonicigm * * - - - - 025 - - 006 - -

Phylum Annelida (annelids)
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Class Oligochaeta (earthworms)
Limnodrilus socialis {freshwater) -
Enchyiraeus japonensis (temestrial) -
Eisenia foetida (tcrrestrial) {(a} -
Tubifex hattai (lerrestnial) {a) -
Pheretima communissima (freshwater) (a) -
Class Hirwlinea (leechey)
Whimnania pigra (freshwater) -
Glossiphonia eomplanata ({reshwater) -
Erpobdella lineata (freshwater)
Mimobdella japonica {freshwaler) -
Hirudo nipponia (freshwater) (b} -
Haemadipsa zeylanica (terrestrial) (b) -
Class Polychaeta (sandworms)
Perinereis brevicirris (maring) -
Marphysa sanguinea (tmarine) -
Lumbrineris japonica (marine) 0.01
Phylum Cnidaria (cnidarians)
Class Hydrozoa
Order Hydroida

Hydra vulgaris (freshwater) -

Chlorohydra viridisima {(freshwater) -

0.02

076 008 - 136 002 - 022 - -
0.50 015 - 085 015 - 005 - -
028 001 - 170 002 - 074 - -
078 004 - 162 00l - 060 - -
050 001 - 142 001 - 038 - -
002 002 - 120 020 - 002 - -
030 002 - 130 025 - 010 - -
0.18 004 004172 002 - 010 - -
030 - - 204 040 - 010 - -
148 030 - 486 027 - 09 004 004
026 003 - 238 018 - 094 004 0.12
004 047 - 029 - - 017 - 005
0.77 421 007 047 - - 044 - -
001 003 - 049 - - 016 008 001
.05 - - 005 - - - -
1.50 007 022 015 - - 006 - -

Dap, diaminopropane; Put, putrescine; Cad, cadaverine; NSpd, norspermidine; Spd, spermidine; HSpd,
homospermidine; NSpm, norspermine; Spm, spermine; His, histamine; Agm, agmatine; -, <0.005. Data
were obtained from single samples. a, cited from Hamana et al. (1995). b, cited from Hamana et al. (1997). *,
Plant parasite; * * , Vertebrate parasite; * * * , Fungivore; * * * * | Bacteriovore; * * * * * Entomopathogen.

Japonicum (Table 1), and Gastrethylax crumerifer,

Paramphistomum cervi
10)

and Calicophoron

calicophorum
12)

, and Paragonimus uterobilateralis

Ornithine decarboxylase (ODC) catalyses the
conversion of ornithine to putrescine, an obligate
precursor to spermidine and spermine. Although

negligible ODC activity has been detected in some

larval and adult parasitic nematodes’ %1% and

15)

7, .
cestodes , membrane-associated ODC was

identified in the parasitic nematode Haemonchus

contortus as well as the free-living nematode C.

22)

elegans ““. Cellular putrescine and spermidine levels

were depleted in an ODC-deficient mutant of C.

%) These findings show that the parasites

elegans
with low putrescine level also contained the synthetic
Uptake of

putrescine, spermidine and spermine from the culture

ability of putrescine and spermidine.

medium was reported in some filarial parasitic

8,9,11,13)

nematodes . Interconversion of spermidine and



spermine into putrescine after the acetylation of the
polyamines, was suggested In some parasitic

)13’15>. Cadaverine,

nematodes and taeniids (Cestoda
produced by lysine decarboxylase, was sporadically
detected within the cestodes and trematodes analyzed
in the present study, as well as planarian tubellarias
(Fig. 1 and Table 1).

Homospermidine has been found in earthworms and
Annelida

Platyhelminthe55’6>. Two earthworm species and four

leeches of and planarians of
leech species newly analyzed in the present study,
contained homospermidine (Table 1). This unusual
triamine was also detected in a parasitic helminth

nematode, S. venezuelensis, and two parasitic
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tapeworms, H. diminuta and D. nihonkaiense, as
shown in Fig.1 and Table 1, suggesting the
distribution of homospermidine within the vartebrate
parasites belonging to Nematoda and
Platyhelminthes. A phylogenetic study proposed that
the subphylum Clitellata comprise the three classes
Oligochaeta, (Euhirudinea)

Branchiobdellida, and the class Polychaeta is located

Hirudinea and
outside Clitellata in Annelida®”. Homospermidine
detected in earthworms (Oligochaeta) and leeches
(Hirudinea ), was not found in the three sandworms
belonging to the class Polychaeta, as shown in the
present study. Another unusual triamine,

norspermidine, was found in two land planarians
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Fig. 1. HPLC analysis of cellular polyamines of the namatodes Trichinella spiralis (A), Strongyloides
venezuelensis (B) and Bursaphelenchus xylophilus (C), and the cestodes Hymenolepis diminuta
(D) and Diphyllobothrium nihonkaiense (E), and the annelids Perinereis brevicirris (F),
Marphysa sanguinea (G) and Lumbrineris japonica (H). Abbreviations for polyamines : 3,
diaminopropane (Dap); 4, putrescine (Put); 5, cadaverine (Cad); 33, norspermidine (NSpd); 34,
spermidine (Spd) ; 44, homospermidine (HSpd); 333, norspermine (NSpm); 343, spermine (Spm); His,
histamine; Agm, agmatine.
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Fig. 2. GC analysis of cellular polyamines of the planarian Bipalium mobile after the purification of the
polyamine fraction by two ion-exchange chromatographies. Agmatine was destroyed during GC.

Abbreviations for polyamines are as in Fig. 1.

within the analyzed platyhelminthes, and a leech and
a sandworm within the analyzed annelids (Fig. 1 and
Fig. 2, and Table 1).
norspermine, were detected in the three land

An unusual tetra-amine,

planarians. This is the first report on the occurrence
of norspermidine and norspermine within lower
invertebrates. Distributions of these unusual
polyamines serve for a consideration to their
evolutionary strategy on polyamine syntheses within
lower invertebrates.

Within the phylum Cnidaria, two hydras were
available and analyzed in the present study. Hydra
vulgaris contained putrescine and spermidine.
Chlorohydra viridisima contained cadaverine,
norspermidine and spermine in addition to putrescine
and spermidine. The symbiosis of green algae in this
green hydra, C. viridisima, has been known. It is
suggests that cadaverine, norspermidine and
spermine found in the green hydra derived from the
symbiotic green algae containing these polyamines.
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