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Microsporidia are very primitive eukaryotic obligate intracellular
protozoan parasites that have been implicated as important
opportunistic pathogens in patients with HIV-1 infection (1). Very
little information is available on the molecular biology of these
organisms. The sequence of Vairomorpha necatrix rRNA
suggests an early branching of microsporidia from the other
eukaryotic organisms (2). The DNA of the microsporidian,
Encephalitozoon cuniculi (Ec), was obtained from rabbit kidney
cells (RK-13) infected with the parasite in vitro, then amplified
by the polymerase chain reaction using a conserved primer set
(5' end: 5'-CACCAGGTTGATTCTGCCTGAC-3'; 3' end:
5'-GGTTTACCTTGTTACGACTT-3') located at both ends of
the small ribosomal RNA gene. The amplified 1.2 Kb fragment
from Ec was inserted into SMAI site of pBluescript II (Strategene,
La, CA) in the presence of T4 DNA ligase and Sinal restriction
enzyme (3). The resultant positive clones with the correct size
were sequenced by double stranded DNA cycle sequencing using
Taq polymerase (GLIBCO-BRL, Gaithersbutg, MD) with the T7
and T3 promoter primers and other internal primers based on
the obtained sequence to walk through the whole gene.

COMEMENTS

This rRNA sequence demonstrates a 71.0% similarity to
Vairomorpha necatrix (2) and 71.7% similarity to Enterocytozoon
bienusi (4) by the Bestfit program.
The GC content is 52%.
Like other mnicrosporidia Encephalitozoon cuniculi lacks

eukaryotic small rRNA characteristics: it is shorter in length (only
1,273 nucleotides) and lacks various regions of rRNA considered
to be eukaryotic.

Unlike Vairomorpha necatrix, Encephalitozoon cuniculi has
almost the complete sequence at position 484-536 which is
aligned to Escherichia coli at position 590-650 (2). This region
demonstrates little or no homology to other eukaryotes (5, 6),
and the sequence is GT-rich, where G accounts for 40%, T
accounts for 48%.
rRNA sequence data should prove useful in designing PCR

primers for diagnostic tests as has been true for other organisms.-
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(1-100)
V..iqtrfx *--- -CACCA GGTTGATTCT GCCIGACATA -GACGCTATT CCCTAAGATTA ACCCATGCAT G--TITTTTGA TA.-------------TGG
.AiiUf.....-.T.....T. AGA.C..........CA.... AC.-----ICTTATAGTG .---G..

AAATTG.AG.J...CA. G..C.GA.T GA...GGC GG.AGG-CC..A.A....ATCGAACG.T A.CAGGAAGA AGCTTGCTTC TTTGCTGA%C.

AAAATGGAC TGICTCAGTAA TACTCACTTTATTTAATGTAT TAM.-----ITAGTAT AACTGCGTT-AAAGTGTAGC- ATAAGACAT------------
E...mjaUtjI TTIAC a....A. .GCACGA G. ...GT.TACGGG0. T-----AAGCAG.G. A-...G-C..C..A- TAGT.GTC.GA...........

.GGC..GG GTCTGGG-.AC.GCCTG.. GA..-----GAGS.A.'...TGG- ...CG. I:.TAT.CCGCATAACGTCGCAA GACCAAAGAG

..reti-ATACAGIA AGAGTGAGAC CTATCAGCTA --GTTGTTAAGG TAATGGCTTA ACAAGACOGT AACGGGTAACG GTATTACTTTG
E.cinicuk --------CCCCTAGTGG lTGACA....1..6TT. AG--..A ...A ....C.. ..TI....GOCA ....AT... GGGAT.AGG.
I L GGGGACCTTC WAGCCTCTTG CC..CAGA.G T.CCCAAATG GG..T). --....A.GOG...C....C. C.T....G.C ..TCCC..-GC T00.CTGAA-A

V trgTAATATT-CC AGAGAAGGAG CCTGAAAGAC GGCTACTAAG TCTAAGGATT CACACAGAGr CGAAACTTGA CCTATGAAT- TTTATCTGAG GCAGTTATGG
E.cncL TIGA.......- . I.....T....C. ..C.A.......C......C .-..ATCC.- --.TGA.A...G...A
A-GG..ACCAG CC.C.CT.GA A....C.. ..TCCAG.CT C...C..GAG .. 1.... G...TA...C A.A....GCG CAAGC....T ....CC...C

VnesrxGMAAT.---AATATTI .-----------CTA)) GTTTCATATT.-:- ---GATM AAGTATATGA GOTGATTAAT
AG.- ---GAG. CGAGTGC.AA.- ----GA G.A.GGC.AT T..TG.ATG.

E. coLj CGC.GTATAG ..G.A---GGCCT TCAAATTGTA AAGTA..T.C AACGGGG.GG AAGGGAGTAA AGTTAATACC TTTGCICATT G.CGT..CCC .CA..AG..G

V.rcti TGGGGCAA-TCAAGTGCCA GCAGCCGCGG TAATACTTGT TCCAAGAGTAT TOTATGATGA TTGATGCAGT TAAAAAGTCC GTAGTTTATA.-----
..AiuLCAG.T AITGAA. CCTGCC.A.T 6.GT).... A..C...C..I....T.....C.G.T GTGTATGTCI
'- CACC-...T..-CTCC.A::CAG GGTGCA..C. .TA..CGGA. ..AC..GGCG ....GC.CA. .C..GCGG.1 TGTTAAGTCA

.IgiutT GTGTGTGATG TTTGTAGGTTG TGTGTGGATG TAGTGATGIG .GT.GCAG.G A.C....G.C ....G......C.A..G....C.
Eco GATGTGAAAT CCCCGGATC AACCTGOGGAA CTGCATCTGA TACTGGCAAG CTT..GT.TC GTA....G.A GTA.A..TCC AI.GT. .C.G..A.. C

VJG.1c4r-- ACAACCCTGA CTGGACGAAC AAAGCAA OC I-GCTGACACT TGTATGTATT TTT1GAACAA GGACGTAAGC TGGAGGC"G AAGATGATTA GATACCATTG
..MIUfA . A. G..i..A:GCT .TGC.CTTGA AC..ATGT.G ..GC..TG.....A...A...1.. ..A.C.A......G.1T
ECol TAGAiiCTG GA...AiT.CG6.16.AG ..A.CC.C.. G.ACGAAGAC .GAC.CT..G .TG..A.... GT.G...A..CA.6.. ...C.G.
V.rc"TAGTTCCAGC AGTAAACTAT GCCGACGATG TGATATGATA -T16--ATTG TATTAGATGA TAGAkAATTTG AGTTTTTTGGCT CIGAGGATAG TATGAICGCA

E. cuicui ...T. . ... MC:AG- --C-G--6.. .G..GCCATG AGAI.C.....A.GCG..T........C...
Ecoi ....C.AC.. C. A . 1TTG. AG.TAGTCC C..GAAGCGT GGCITCCA.. GCT..CGCGT TAAG--.C.A.C GCCT..GG.. ..C.GC....

Vncar AGATTGAAAA-- TIGAAACAT TGACGGAAGA ATACCAAGGAG AGTGGATTGT GCGGCTTAAT TTGACTCAAC GCGAGGTAAC TTACCAATAT T .--ITAT

E.otf::':A::C--.MC:. CCG.-C... G. CA. .. . A A.A.C TAGTC TGACA.CCA
(10T100)
V-wtixCA-GAGGAAG ATTTTCGATCT GAGM.--- --TGAT--.--ATAGTG GTGCATGGCC GTTTTCAATG GATGCTGTGA AGT-ITTTGAT TAATTTCACC
EcucufGA-GA.T. cCC.GGAGG.A TO C....ITGGC..GCG ----AGCGA.A...... C....A.G...C.... CTI--GTC. ...G..GCGT
t--g CGGAAGTTTT CAGAGATGAG AIQGICCT) CGGGA.CCGT GAG.CAG... C..I.. ..CG... GCT CA..) ....A.G..G.G. ...G.C.CG.

V.rctiAAGACGTGAG ACCTTAT I .----------------A.C...G..C TT-GACCA. ..A...A. .TGC....GGCGCATACA
T1... .G.C GGTATTCT...G.---------- ------A.C.A.G. ..A.T...AGG.6....

E.Oti..CA.CA ::::ACC .TTGTTGCCA GCGGTCCGGC CGGGGACTCA A.AGG....T. CA.T-G.A. AC..G......TG...CGT.A...

Votr CGTTATGCCCT CAGACATITTTG GGCTGCACGC GCATACAAT.----- ------AGATATATA ATCTTI .

-.coiA.C..G.A.C TT-GrAcCA-A....A..A.TGC-... GACGCATACA AAGAGGAAGCG AccICGCGAG G.A.AGCGGA CCTCATAAAG TGCGTCGTAG

V..AMGstixJ ATGGGATAAT ATTTTGTAA- -GAGATATTT GMCITTGGAA TTGCTAGTAA ATTTTATTAA ATAMAGTGAA TTGMAATGTT CCCTGTTCTT TGTACACACC

EOI TCC....TOG GA.C..C..C TCGAC.CCA. ...G.C - ..ICG.GGA.C. GA.T.CCACG G....AC.. T..C.GG.C.

V. rIatrgC4 GCCCGTCGCT ATCTAAGATG- ATAIGITGTG TGA-GATTA-----GIG AA.AAC----TACTTGMC AATATGTATI AGATCTGATA TAAMICGAIA
-.-.CGCCVACTGGA ACG-..GAT-----CCA--------GGTC...GCT CC.GA..G- G...AA........

-A.ACAtAG.GT-GG.TCGA AMIAGAGGT GACTTAACCT TCGGGAGGGC GCTTACC.CT TTGTGAITCA T..CTG.GGT G6.....
y_nati CATAGITGCT GITTGGAGGAC CATTAGCAGG ATCATAA---

Eco ..A...MA.C TGCA.TT-.. ....-CCTCCT TA

Figure 1. Alignment of the E.cuniculi small subunit rRNA sequence with that
of V.necatrix and E.coli. Dots signify the same position; dashes signify that no
base occurs at the given position. Numbering, spacing according to the standard
E. ccli sequence.
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