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ABSTRACT: The  microsporid ian  species G lugea anomala, G stephan i, G . am ericanus  and  Spraguea  
lophii w e re  com pared  by using seq u e n ce  d a ta  derived from their  small  subuni t  rDNA g e n es  which 
w e re  amplified by po lym erase  chain reaction  and  directly sequ en ced .  T hese  s e q u e n ce  da ta  and  p u b ­
lished da ta  of G. atherinae  w e re  an a lyzed  and  w e re  used  to infer a phy logene t ic  tree. The  5 
m icrosporidian fish parasi tes  a p p e a re d  to be  closely rela ted.  The  h ig h er  seq u e n ce  similarities d e m o n ­
stra ted  am o n g  G. anom ala , G. step h a n i  and  G. atherinae  su g g es t  that  these  3 parasi tes  a re  in fact only
1 species of Glugea. Moreover, the h igher  seq u e n ce  similarities b e tw ee n  S. lophii and  G. am ericanus  
support  the transfer  of the latter G lugea  species into the  g en u s  Spraguea.
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INTRODUCTION

Microsporidia are  obligately in tracellular parasites 
and  are  found in m any ver teb ra tes  and  inverteb ra tes  
(Sprague & Vavra 1977). However, most Microsporidia 
are  found in insects and  fishes. M any species b e long ­
ing to the gen u s  G lugea  w ere  descr ibed  in several s p e ­
cies of teleost fishes (Canning  & Lorn 1986). They  have  
been  identified and  described mainly on the basis of 
their tissue preference,  m orphology and  d e v e lo p m e n ­
tal life cycle as dem onstra ted  by electron microscopy 
(Canning & Lom 1986). M olecular  ana lyses  b ased  on 
rDNA se quence  data  are  increasingly applied  to the 
phylum  Microsporidia. The small subun it  (SSU) rRNA 
or rDNA sequences  have a lready  b ee n  d e te rm ined  for 
m any Microsporidia including Vairimorpha necatrix  
(Vossbrinck et al. 1987), A m eso n  m ichaelis  (Zhu et al. 
1993a), E ncephalitozoon  cunicu li (Zhu et al. 1993b), 
Septata  in testinalis  (Zhu et al. 1993c), E nterocytozoon  
b ieneusi (Zhu et al. 1994) and  G lugea a therinae  (Gen- 
bank: U15987).
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Recently, a phylogenetic  analysis based  on riboprint- 
ing of the  SSU and  LSU rDNA of 7 m icrosporidian s p e ­
cies has show n tha t G lugea anom ala, G. s tep h a n i and  
G. atherinae  are  very  closely re la ted  while G. a m eri­
canus  m ay be m ore  closely re la ted  to Spraguea  lophii 
than  to the  o ther  G lugea  spp. (Pomport-Castil lon et al. 
1997a). W hen w e consider  the species description, 
their taxonomic s ta tus is ques tionab le  for several r e a ­
sons. (1) Exper im enta l  infection of stickleback w ith  G. 
h ertw ig i  ob ta ined  from the smelt O sm erus eperlanus, 
carried  out successfully by W eissenberg  (1968), led 
C ann ing  & Lom (1986) to ques tion  the  validity of the 
species G. anom ala  and  G. hertw igi. (2) Successful 
exper im en ta l  transm ission of G. atherinae, a parasi te  
of the  sand  smelt A therina  boyeri, to the flounder 
P latichthys flesus  (M ath ieu -D audé  et al. 1992) and  to 
the tu rbo t S co p h th a lm u s m a x im u s  (Leiro et al. 1993) 
calls the  validity of this species and  of G. step h a n i  into 
question. (3) In spite of a very  similar parasitism  of 
ang le r  fish (little white  cysts in g rapes  in the nervous 
system), g enus  Lophius, 2 species have  b e e n  d e ­
scribed: Spraguea  lophii for the  E u ropean  ang le r  fish 
(L. budegassa  and  L. piscatorius)  an d  G. am ericanus

© Inter-Research 2000
R esale o f fu ll article no t p e rm itte d

mailto:pomport@cnt.umv-montp2.fr


126 Dis A quat  O rg  40: 125-129, 2000

for the  A m erican  angler  fish (L. am ericanus) (Loubés et 
al. 1979, Takvorian  & Cali 1986).

In order  to improve the taxonom y of microsporidian 
paras i te s  of fish, in particu lar  of the  g en e ra  G lugea  and  
Spraguea, w e have se q u e n c e d  the  SSU rDNA of G. 
anom ala, G. stephani, G. am ericanus  and  S. lophii. We 
repor t  he re  the  SSU rDNA se q uences  of these  4 
M icrosporid ia and  a phylogenetic  reconstruction  
b ased  on them.

MATERIALS AND METHODS

Fishes and M icrosporidia. The sand  smelt A therina  
boyeri Risso, 1810, host of G lugea a th e n n a e  (Berrebi, 
1979), the  s tickleback G asterosteus acu lea tus L., 1758, 
host of G lugea anom ala  (Moniez, 1887), the flounder 
P latich thys fle su s  L., 1758, host of G lugea s tephan i  
(Hanenm uller ,  1899), the  A m erican  ang ler  fish Lophius  
am ericanus  Valenciennes, 1837, host of G lugea am eri­
canus  (Takvorian and  Cali, 1986 ) and  the E u ropean  
ang le r  fish L ophius piscatorius  L., 1758 and  L. b u d e ­
gassa  Spinosa, 1807, hosts of Spraguea  lophii (Doflein, 
1898) w ere  collected directly from fisherm en or from a 
dealer.  Fishes w ere  d issected  and  xenom as w ere  iso­
la ted  from parasitized  host organs. The spores w ere  
recovered  from the  cysts in a phospha te -bu ffe red  
saline (PBS) solution (pH 7.2) and  purified on a Percoll 
g rad ie n t  (25, 50, 75 and  100%) (Jouvenaz 1981, P om ­
port-Castil lon  et al. 1997b). The spore  suspensions 
ob ta ined  w ere  stored  at -20°C  in PBS.

M icrosporidian DNA isolation . After centrifugation  
(3000 X gr), the spore  pellet w as re su sp e n d e d  m  a so lu­
tion contain ing  0.4 ml buffer (0.5 M NaCl, 0.2 M Tris 
HC1 pH 7.5, 0.01 M e thy lened iam ine  te traacetic  acid 
and  1 % sodium  n-lauroyl sarcosine) and  0.4 g glass 
beads.  The DNA w as liberated  from the  spores by 
sh ak in g  in a Mini Bead Beatter  (Biospec. Product, 
Bartlesville, OK, USA). The aqueous  p h ase  was 
ex trac ted  with Tris-saturated  pheno l and  p rec ip ita ted  
with e thano l (Pomport-Castil lon at al. 1997a).

PCR am plification and sequencing. The SSU rDNA 
w as amplified us ing  the forw ard pr im er  5 '-G GTTG -

ATTCTGCCTGACGT-3' (Baker et al. 1994) and  one of 
the reverse  primers 5 '-G A CG G G C G GTG TG TA C A- 
AAG-3' or 5 '-G G TC C G TG TTTC AA G A C G G -3 ' (Voss- 
brinck et al. 1993). Amplification conditions w ere  
1 min at 94°C, 1.5 m in at 55°C an d  2 m in at 72°C for 
30 cycles using  Taq DNA polym erase  (Boehringer 
Mannheim , Germany) (Pomport-Castillon et al. 1997a). 
The initial prim er and  additional primers w ere  used  to 
se quence  the SSU rDNA. Direct sequenc ing  of a pu r i­
fied fragm ent was accom plished using the  70170 
S eq u en a se ™  PCR Product S equenc ing  kit (Amer- 
sham, United  States Biochemicals, Cleveland, Ohio, 
USA). PCR and  sequenc ing  w ere  done 4 times with dif­
ferent isolates to take  any  variability into account.

G enB ank/N C B I accession num bers  are: Spraguea  
lophii AF056013, G lugea am ericanus  AF056014, G. 
s tephan i AF056015 and  G. anom ala  AF056016. The 
G. atherinae  se quence  was ob ta ined  from G enB ank  
(accession no. U15987).

Phylogenetic analysis. Base compositions of the 
seq u en c ed  f ragm ents  w ere  ana lysed  by a DNA sta tis­
tics p rogram  (ESGS, France). The alignm ents  w ere  
done using the  com puter  p rogram  M ultalign (INRA, 
France). Using the Clustal a lgorithm percen t similari­
ties and  d ivergents  w ere  calculated  and  al lowed to 
find the shortest t ree  built with the N e ighbour  Join ing 
m ethod  (Saitou & Nei 1987, Higgins & Sharp  1988). 
Moreover, a phylogenetic  tree  was constructed  using 
DOLLOP prog ram  (parsimony) of the  PHYLIP p ac k ag e  
(Felsenstein 1989).

RESULTS

The base  composition and  GC contents of the SSU 
rDNA sequences  of G lugea anomala, G. stephani, G. 
a th e n n a e , G. am ericanus  and  Spraguea lophii se ­
quences  are  reported  the Table 1. The base com posi­
tion appears  to be nearly identical for G. anom ala , G. 
stephan i and  G. atherinae  with a small bias to G+C 
bases, w hereas  the 2 other species have a bias to A+T 
bases. The SSU rDNA shows little variation am ong  the 
taxa analyzed. The G. anom ala  and  G. stephan i se ­

quences  are  identical and  only 1 base 
was different be tw e en  these  2 and  the 
G. a th e n n a e  sequence.  By contrast, 
abou t 160 bases w ere  different b e ­
tw ee n  these  3 sequences  and  the  G. 
am ericanus  and  S. lophii sequences.  
The G. am ericanus  and  S. lophii s e ­
quences  w ere  very  similar with only 7 
base  differences b e tw e en  the 2 s e ­
quences  (Table 2).

Table 2 shows the p e rcen t  d iver­
gence  am ong the 5 species. The dis-

Table  1. Base composit ion of the SSU rDNA seq u en ces  of 5 species  ui Micio- 
sporidia. S. Spraguea-, G  G lugea

S. loph ii G. am ericanus G. anom ala G. step h a n i G. atherinae

No. of bases 1175 1174 1165 1165 1165
A (%) 30.6 30.5 29.4 29,4 29.5
G (%) 31.6 31.8 32.4 32.4 32.3
T (%) 20.1 20.1 19.0 19.0 19.0
C (%) 17.7 17.6 19.2 19.2 19.2
C + G (%) 49.3 49.4 51.6 51.6 51.5
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Table  2. Percent  seq u en ce  d ivergence  am o n g  5 species of Microspor­
idia. S: Spraguea, G: G lugea

S. lophii G. am ericanus G. anom ala G. s tep h a n i

S. lophii 0.0
G. am ericanus 0.6
G. anomala 16.0 15.8
G. stephan i 16.0 15.8 0.0
G atherinae 15.9 15.7 0.1 0.1

tances be tw een  G lugea atherinae  and  G. a n o m a la /G . 
stephan i and  be tw e en  G. am ericanus  and  Spraguea  
lophii are smaller (0.1 and  0.6%, respectively) than 
tha t b e tw e en  G. a therinae  and  G. am ericanus/S . lophii 
(15.7/15.9%).

Fig. 1 illustrates a phylogenetic  tree  of the 5 species 
showing 2 clusters, i.e. the  first grouping: G lugea  
anomala, G. s tep h a n i and  G. atherinae, and  the  second 
grouping: G. am ericanus  and  Spraguea lophii. Such a 
tree  suppports  the exclusion of G. am ericanus  from 
the  genus  G lugea. Moreover, the analysis of the SSU 
rDNA sequences  using the  DOLLOP program s of the 
PHYLIP p ac k ag e  g e n e ra te d  a tree  showing the  phylo­
genetic  relationship b e tw e en  the different fish M icro­
sporidia (Fig. 2).

DISCUSSION

Using conserved  primers in the SSU rDNA, w e ob ­
ta ined  sequences  of 4 microsporidian species b e long ­
ing to the g en e ra  G lugea and Spraguea  (G. anomala, 
G. stephani, G. am ericanus and  S. lophii) and  have 
com pared  these with a se quence  of another  species of 
the G lugea  genus, G. a thennae.

O ur study and  some recen t riboprinting 
experim ents  on several microsporid ian  s p e ­
cies (Pomport-Castil lon et al. 1997a) show 
the following.

The SSU rDNA seq u en ces  of the 5 species 
are closely re la ted  since the lowest similarity 
is about 80.3% as observed  be tw e en  G lugea  
anomala, G. step h a n i and  G. am ericanus. 
Microsporidian fish parasites  constitute a 
hom ogeneous  g roup  in com parison with 
other species. M alone & Mclvor (1995) have 

show n a g rea t  se q u en c e  variability b e tw e e n  species of 
the N osem a  genus  parasitis ing  d ifferent classes of 
arthropods: 62.4 % similarity was observed  b e tw e e n  N. 
bom bycis  and  N. apis.

The analysis of the base  composition outlines a l ink­
ing of some of these  species. P ien iazek  et al. (1995) 
have  show n a variation of the GC con ten t  of 15 m icro­
sporidian species with, at the  extrem e, 34%  for N o s ­
em a bom bycis  an d  56%  for Vavraia oncoperae. H ow ­
ever, in the sam e genus  the  GC conten t is very  similar, 
e.g. 34 to 38%  for N osem a  spp. M alone & Mclvor 
(1995) have dem ons tra ted  that,  mainly  in Protozoa, the 
ratio G+C/A+T is less than  or equa l  to 1. This is consis­
tent for G lugea am ericanus  and  Spraguea  lophii, but 
not for the 3 other species w hich show a majority of 
G+C bases.

G lugea anomala, G. step h a n i an d  G. a th e n n a e  are 
very closely re la ted  while G. am ericanus  ap p e a rs  to be 
m ore closely re la ted  to Spraguea  lophii than  to the 
other 3 G lugea  species. Indeed , the G. anom ala  an d  G. 
step h a n i sequences  are  identical or almost identical 
(99.9% similarity) to the  G. a therinae  sequence .  This 
result is in accordance,  for these 3 species, with a well 
es tab lished  hom ogenous  life cycle inducing  vo lum i­
nous xenom as en c apsu la ted  in connective tissues of 
their  host fishes. In spite of some morphological differ-

G. anomala 
G. stephani

8.2 G. atherinae

— G. americanus

*— S', lophii

percent divergence

10

Fig. 1. Phylogenetic  t ree  of the  5 species of Microsporidia 
ba se d  on the p e rcen t  d ivergence .  G : Glugea-, S: Spraguea

G.atherinae
G. anomala 
G stephani G. americanus S. lophii

Fig, 2. Phylogenetic  t ree  of the 5 spec ies  of Microsporidia 
based on SSU rDNA se q u e n ce  using  the  Dollop program. 
Bootstrap va lues  a re  100% or close to this for all b ranch ing  

node. G: G lugea, S : Spraguea
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enees  in the spores, exper im en ta l  infections have  b ee n  
carried  out successfully b e tw e e n  some of these  species 
(M ath ieu-D audé  et al. 1.992, Leiro et al. 1993). These 
observa tions and  our results suggest  tha t G. anomala, 
G. s tep h a n i and  G. atherinae  could be only 1 species. 
However, the re  is ev idence  tha t some Microsporidia 
a re  cross-infective b e tw e en  hosts an d  tha t the m or­
phology  can be a l tered  in different hosts (Canning & 
Lom 1986). Moreover, Docker et al. (1997) have  d e m ­
onstra ted  the  existence of gene tic  variability in the 
rDNA seq u en ces  of ano ther  m icrosporidian parasites 
in the  sam e host species. Indeed, the  authors  have 
se q u e n c e d  2 sam ples  of Loma sa lm onae  and  have 
show n differences of 2 nucleotides. Such intra-species 
variability can explain  the  difference observed  b e ­
tw ee n  G. anomala, G. step h a n i and  G. atherinae  by 
riboprin ting  an d  sequencing , and  could be  an  a r g u ­
m e n t  in favour of the exis tence of only one species.

G lugea am ericanus  a n d  Spraguea  lophii, in spite of 
causing  a very  similar parasitism  of the  A m erican and  
the  E uropean  ang ler  fishes' nervous systems re sp e c ­
tively, p roduce  d ifferent spores. G. am ericanus  has 
oval and  un inuc lea ted  spores  of 2.8 x 1.5 pm  while S. 
lophii has 2 types of spores: oval, un inuclea ted  ones and 
curved, b inuc lea ted  ones with a size of 4.2 x 2.5 pm 
a n d  3.7 x 1.4 pm, respectively  (Loubés et al. 1979, Lom 
& Dykova 1992). H owever, it is im portan t  to mention 
tha t  the early proliferative forms and  the  complete 
deve lopm en t of G. am ericanus  are  u n k n o w n  and  only 
spores  an d  xenom as h ave  been  descr ibed  (Takvorian 
& Cali 1986). In our study, these  2 ang ler  fish parasite  
species h ave  a h igher  SSU rDNA se quence  similarity 
(98.6%) which is due  to only 2 transitions, 2 t ransver­
sions and  1 deletion. The closely re la ted  sequences  
d e te rm in ed  h ere  confirm the result ob ta ined  by ribo­
prin ting  and  could support  the transfer of G. am eri­
canus  into the g enus  Spraguea. Indeed, p e rcen t  simi­
larities and  d ive rgence  have  a lready  b ee n  used  to 
ren a m e  species. Zhu et al. (1993c) and  H artske l  et al. 
(1995) have  justified the transfer of Sep ta ta  in testina lis  
to the  genus  E ncepha litozoon  by a low er d ivergence  
(21.9%) and  a h igh  similarity (70%) b e tw e e n  S. in te s ti­
nalis  and  E ncepha litozoon  cuniculi. However, it would 
be of in terest to know  how  m any  nucleotide subs t i tu ­
tions constitute differences b e tw e e n  species and  g e n ­
era. M olecular systematics are  clearly helpful w hen  
the re  are m any  nucleotide d ifferences bu t  slight differ­
ences c reate  difficulties in in terpretation .

The low nu m b e rs  of d ifferences b e tw e e n  g ene  se ­
quences  of these  species give little information. The 
p resen t  work is the  second  step, after r iboprinting, in 
the study of the phy logeny  rela tionships of these 5 
m icrosporidian species and  m ore se q u en c e  data  have 
to be  obta ined. Moreover, fu rther  steps should be 
taken  to confirm the  hypo theses  inferred  from the m ol­

ecu lar  data: (1) an  exam ination of the morphology of 
Glugea am ericanus  and  description of the life cycle to 
see w h e th e r  it exhibits sporal d im orphism as is p resen t 
in Spraguea lophii; (2) the separation  of the 2 spore 
types of S. lophii and  analysis of both  sequences  to 
confirm that they belong to the  sam e species; (3) cross­
transm ission experim ents  if possible am ong  the G. 
anomala, G. atherinae, G. s tep h a n i  group; and  (4) se ­
quenc ing  of the ITS and  the LSU rDNA or another  
g en e  more variable am ong  the 5 species u n d e r  study.
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