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Cryptomonag.! isanundescribedryptomonadisedfor manystudiesnto the endosymbiotiorigin of plastidsCryptomonas.!
wascharacterizagsingelectrormicroscopyDNA sequencingndkaryotypingDNA sequencéatashowthat Cryptomonap.! has
beenconfusedvith the relateccryptomonadGuillardidhetawhichis the organisnactuallyusedn mostpublishedtudieon
cryptomona@ndosymbioste date.lt is proposedhatthe strainCryptomonag.! berecognizedsa distinctspeciesinderthe name
Hanusighi AlthoughHanusighisharesnoleculaandkaryotypicfeaturesvith G. thetait cannobeassignetb Guillardidecausi
doesnot btthe morphologicadescriptiorof thisgenusH. phidilers from G. thetan periplasstructureconbguratioof the furrow-
gulletsystemandcellsize MorphologicallyhoweverH. phiis very similarto TeleaulaxcutaTeleaulaxerimbulandthe diplomorplof

Proteomoradcata

Key words: cryptomonadCryptomonap.! , Hanusighi nucleomorph

Introduction

In 1963Guillardreportedheisolatiorof a cryptomonad
he designatedBagellate (Guillard,1963).Gillot &
Gibbs (1983) regardedi3agellate! as a speciesof
Cryptomonasdreferredo it asCryptomonap.! . Since
thenCryptomonap.! hashecomamodebrganisnfior
moleculanvestigationftheendosymbiotigriginofthe
plastidsin cryptomonadge.g. Douglas,1988, 1991,
Douglas& Dunford,1989,199@&, b; Douglas& Turner,
1991 Douglasetal, 1990,1991, Wang& Liu, 1991;
McFaddertal, 19944, b; Rensingetal, 1994; Reith &
Douglas, 1990). Cryptomonadsacquiredplastids by
secondargndosymbiosiaprocess whichaeukaryotic
alga(itselttheproducof primaryendosymbioskzetween
a photosynthetiprokaryoteanda eukaryotitost)was
engulfedandretainecby a eukaryotiqghagotroph(see
reviewshy McFadde®: Gilson,1995,andMcFaddet
al, 1997).

Cryptomonap.! hasotbeerformallydescribedsa
speciessowe undertooka morphologicaandmolecular
characterizatidar its taxonomiadescriptiorDuringour
investigationst, becamapparenthatCryptomonap.!
hasbeernconfusedvith GuillardigheteHill etWetherbee
(Hill& Wetherbed,990)Manystudie®f endosymbiosis
in cryptomonadkaveinadvertentlyisedG. thetanstead
of Cryptomonap.! .HereCryptomonap.! isdescribed
andcomparewvith G. thetaandaformalnameproposed.

* Correspondente: J Deane
e-mail jamesH rubens.unimelb.edu.au

Materials and methods

Cryptomonasp.! (CCMP 325) and Guillardiatheta
(CCMP327)were obtainedfrom the BigelowCulture
Collectionof Marine Phytoplanktorand maintainedn
H/2 seawatemedium(McLachlan1973)in a south-
facingwindowat 20°C.

For scanningelectronmicroscopycellsin culture
mediunwerebxedor 2 h by additionof anequalolume
of 2% osmiuntetroxidein seawateandplterecdonto a
2 um pore size isopore blter (Millipore). Filters and
attachedcells were washedwith distilled water, de-
hydratedn ethanolgritical-point-driedndcoatedwith
gold. For transmissioelectronmicroscopygellswere
harvestedby centrifugationpxed for 1 h with 2%
glutaraldehyden 0-05M sodium cacodylatebu'er
pH 75 plus 04 M sucrosepost-pxedn 1% osmium
tetroxidein 0-05M sodiuntacodylatbu'er,dehydrated
in ethanolandembeddeéh SpurrQssin(Spurr1969).
Embeddeaellswere thin sectionedand stainedwith
uranylacetateandleadcitrate.Cellswere preparedor
freezdractureasreportedoy Hill & Wetherbe¢1986).

To preparecellsfor pulsedpeldgel electrophoresis
(PFGE)they were harvestedby centrifugationand
resuspendeth plug buler (10mM Tris/HCI pH 7.5,
100mM Na,EDTA, and 100mM NacCl).Resuspended
cellswere mixedwith an equalvolumeof 1.2% low-
gelling-temperatusgarosén plug bu'er at 37°C and
pipettednto chilledplugmouldsOncesolid plugswere
digestedfor 48h a 50 °C in two changesf 10mM
Tris/HCI pH 7.5,400mM Na,EDTA, and 10mgml!
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Figs 1D3.Externabppearanas Cryptomonap.! (CCMP325)andGuillardighet CCMP327).Fig.1. Cellsof Cryptomonap.!
showingthe periplastiurrowandRagellaFigs2 , 3. G. thetaFig.2. Detailof longitudinallyorientedperiplasplatesFig.3. Gullet
openingandRagellaScaldarsrepresent pm.

Pronasé& (SigmaP-5147)Plugswerestoredin 10mM
Tris/HCI pH 7.5 at 4°C and electrophoreseith 1%
agarose)).5x TBEbu'er usinga BioRadCHEFDRIII
apparatug.hefollowingelectrophorest®onditiongvere
used 65h run, 14°C, 30s decreasingo 10s pulse
changentervaland4.1V cm!.

The 18S ribosomalRNA (rRNA) gene from the
CCMP 325 host cell nucleusvas amplibedising the
polymerasehainreaction(PCR)yandthe two universal
eukaryotid8Frimerd ACCTGGTGGATCCTGCCAG
(FAD3) and TGATCCTTCTGCAGGTTCACCTAC
(FAD4)Cryptomonap.! andG. thetanucleomorph8S
rRNA geneswereamplibpedisingthe FAD4 primerin
conjunctiorwith a primerspecibfor the cryptomonad
nucleomorph8Sgene(Cavalier-Smitttal, 1996). PCR
reactionsvereelectrophoreseén 0.8% agaroseand18S
rRNA genePCRproductsexcisedthen puribedusing
Prep-a-Gehe (BioRad)PCRproductsvererestriction-
digestedandclonedusingplasmidsectorsClonedPCR
productsveresequencedlsinguniversal 8SrRNA and
plasmid-specilpdmersn conjunctiomwith dye-labelled
dideoxyterminatorgABI) on an ABI 373aAutomated
Sequencefequenceasereeditedand assembledsing
Sequenche3.0 (GeneCodes,Michigan)and aligned
with ClustalW{Thompsomtal., 1994).

The completenuclear(X57162)and nucleomorph
(X57008)8SrRNA sequencedtributedo Cryptomonas
sp.! by Douglaset al. (1991)were obtainedfrom
GenBank.

Results
Morphology

Thegeneramorphologyof Cryptomonap.! hasbeen
reportedby Gillot & Gibbs(1983)andour resultsarein
closeagreementith theirdataCryptomonap.! (Figl)
is easilydistinguishedrom Guillardiatheta(Figs2, 3)
whenviewedby scanninglectrormicroscopyCellsof
Cryptomonap.! (CCMP325)areapproximatelgvoid,
5D1Qum in length,3B5um wide andhavetwo Ragella
anchoredit the anteriorend of a furrow (Fig.1). The
furrowrunsabouthalfthe lengthof the cellandis lined
with rows of largeejectisomef-igsl, 4). Cellsfrom a
rapidly growing culturemay havea narrowtail at the
posteriorendof the cell (Fig.5). The periplasts of the
sheetype andthe surfac&omponenis coveredvith a
densamatof rosulatescalegFigs6, 7). Thesescalesire
approximatelft30nmin diameteandarecomposeof
denselypackedyranulamateriakurrounding slightly
raisedaxis(Fig.7). Many smallejectisomearefoundin
vesiclesunderneaththe periplast,particularlyat the
posterionf the cell(Fig.5). Eaclinterphaseellhasone
orange-relastidand a pyrenoidwithout traversing
thylakoidghatis surroundethy a starchsheath(Fig.8).
Cells sometimeshave two plastids (not shown), a
conditionthat is assumedo exist just prior to cell
division. The predominanbiliproteinin the plastidis
Cr-phycoerythrib45(cryptomonaghycoerythrirtype
1). An ascendin@agellaroot compleXGillot & Gibbs,
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Figs4D10.Ultrastructuref Cryptomonap.! (CCMP325).c,plastid n, nucleusrig.4. Cross-sectioof cellwith four large
ejectisome®malarrowssurroundindgurrow (largearrow) Fig.5. Posterioregionof cellwith manysmallejectisome@rrows)n
vacuoledeneatlthe periplastFig.6. Cross-sectiahroughthe periplasshowingthe inner(arrow)andouter(openarrow)components.
Fig.7. Freeze-etdmageof scale®n the surfac@eriplastomponentig.8. Longitudinasectiorshowinginternalarchitecturehe
pyrenoid(p)is surroundedy a starctsheathFig.9. TheascendinguicrotubulaRagellaroot complexdisplaying?2 componentoots.
Arrowsshowindividualmicrotubules:ig.10. Detailof the nucleomorpfnm)andits positionwithin the cell.Note electron-dense
particlesindnucleolusScaléarsrepresentrigs4 and10,500nm; Figs5 and8, 1 um; Figs6, 7 and9, 200nm.

1983)consistof 2 microtubularoots (Fig.9). Gillot & existassinglemotilemonadsinddo notformpalmelloid
Gibbq1983provideadetailedlescriptionfthelRagellar  colonies.
apparatuslhe nucleomorpis freeof the pyrenoidand Guillardighetd CCMP327)Fig,3)wasasdescribed

containsa numberof electron-densgranulegogether by Hill & Wetherbe€1990)In comparisowith Crypte
with a PbrillogranulanucleolugFig. 10). Cellsusually monasp.! , G. thetds shorterroundemandhasa gullet
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Fig. 11. Pulsedreldgel of GuillardidheteandCryptomonag.
I (CCMP325)showingnucleomorpbhromosomdsll andlll,
plastidDNA (cpDNA)anda brightbandof nuclear
chromosomes.

butnofurrow(Fig.3).Thecellsurfacef G. thetaonsists
of longitudinallyorientatecplatesthat form a raisedib
wherethey meet(Fig.2).
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Nucleomorlaryotyping

The nucleomorplkaryotypeof Cryptomonasp.! as
resolvedy PFGEsindistinguishabfeomthatof G. theta
(Fig.11).In both speciesjucleomorpbhromosomese
approximatelyl75, 180 and 195kb. A 130kb band
representinthe plastidDNA (McFaddental, 19943) is
alsoresolvedNuclearchromosomesretoo largeto be
resolvedundertheseconditionsaandmigrateasa single
bandin bothspecie¢Fig.11).

Moleculaanalysis

Thel8SRNAgenesmplibpeffomthenucleugGenBank
XU53126)and nucleomorpi{GenBankU531254)of
Cryptomonasp. ! (CCMP 325) were 1728bp and
2021bp respectivelyexcluding primers. When the
sequencesf thesegeneswere alignedwith the cor-
respondingsenBanlentriesnominallyfor Cryptomonas
sp.! (Douglasetal, 1991)therewere14 mismatches
alongthelengthofthenucleagenesand264betweetthe
nucleomorplgenesTo testwhetherthe Douglasetal
(1991)sequenceasactuallyfrom G. thetaratherthan
fromCryptomonagp.! , we sequenceglvariableaegion
of the 18SrRNAfromG. thetg CCMP327) Comparison
of the sequencdrom this 463bp Pst nucleomorph
fragmenof G. thetaq( CCMP327)(GenBankkF047376)
with the correspondingucleomorpbequendedgedin
GenBanlkndethenameCryptomonap.! revealedear
identity with onlythreemismatchd&igl12).Conversely,
within the sameregion, the real Cryptomonasp. !
(CCMP 325) and the supposedCryptomonasp. !
(Douglastal, 1991)have32 mismatche$-ig.12).

G.theta....... CTGCAGCGGG ATTTATTAGA TCAAAAACCA ATCGCATCTC CCTGC--CAT GGGC---GAG TGCGTGGCGG GATGAATCAT
Douglas et al. CTGCAGCGGG ATTTATTAGA TCAAAAACCA ATCGCATCTC CCTTC--CAT GGGC---GAG TGCGTGGCGG GATGAATCAT
CCMP 325...... GTGCAGCGGG ATTTATTAGA TCAAAAACCA ATCGCAACTC CCTTCTTCAA AGGTAGGGGA TGCGTGGCGG GATGAATCAT
# # *OHEOB O HEHE #B
160
G.theta....... AATAACTTTT TTTTTTTTTT TTTTTCCGAA CCGTATGGCT TCCAAT-TCT CATGGCCGGC GGTAAATCAT TCAAATTTCT
Douglas et al. AATAACTTTT TTTTTTTTTT TTTT~CCGAA CCGTATGGCT TCCAAT-TCT CATGGCCGGC GGTAAATCAT TCAAATTTCT
CCMP 325...... AATAACTAAT CTTTTTT--- -=---- CCAAA CCGTATGGCT TTTATCATTT CATGGCCGAC GGTAAATCAT TCAAATTTCT
## & HHE #H4E & #H HH# # #
240
G.theta....... GCCCTATCAA CTTTCGATGG TTGGGTAGTG GCCAACCATG GTGTTGACGG GTACGGGGAA TTAGGGTTCG ATTCCGGAGA
Douglas et al. GCCCTATCAA CTTTCGATGG TTGGGTAGTG GCCAACCATG GTGTTGACGG GTACGGGGAA TTAGGGTTCG ATTCCGGAGA
CCMP 325...... GCCCTATCAA CTTTCGATGG TTGGGTAGTG GCCAACCATG GTGTTGACGG GTACGGGGAA TTAGGGTTCG ATTCCGGAGA
320
G.theta....... GGGAGCCTGA GAGATGGCTA CCACATCCAA GGAAGGCAGC AGGCGCGAAA ATTACCCAAT CCTGATTCAG GGAGGTAGCG
Douglas et al. GGGAGCCTGA GAGATGGCTA CCACATCCAA GGAAGGCAGC AGGCGCGAAA ATTACCCAAT CCTGATTCAG GGAGGTAGCG
CCMP 325...... GGGAGCCTGA GAGATGGCTA CCACATCCAA GGAAGGCAGC AGGCGCGAAA ATTACCCAAT CCTGATTCAG GGAGGTAGCG
400
G.theta....... ACAAGAAATA ACGGTAGTGG ACTCGTTCGA GTCTGCTCAT CGGAATGAGG ATAGTTTACA CCCCTTCTCG AGGATCCATT
Douglas et al. ACAAGAAATA ACGGTAGT-G ACTCGTTCGA GTCTGCTCAT CGGAATGAGG ATAGTTTACA CCCCTTCTCG AGGATCCATT
CCMP 325...... ACAAGAAATA ACGGTAGTGG GCTCGTTCGA GTCTGCTCAT CGGAATGAGG ATAGTTTACA CCCCTTCTCG AGGATCCATT
R
G.theta....... GGAGGGC2AAG TCTGGTGCC AGCAGCCGCGG TAACTCCAGC TCCAATAGCG TATACTAAAG TTIGCTGCAG
Douglas et al. GGAGGGCAAG TCTGGTGCC AGCAGCCGCGG TAACTCCAGC TCCAATAGCG TATACTARAG TTGCTGCAG
CCMP 325...... GGAGGGCAAG TCTGGTGCC AGCAGCCGCGG TAACTCCAGC T-CAATAGCG TATACTAAAG TTGCTGCAG

#

Fig. 12. Alignmentof aregionof the nucleomorpt8SribosomaRNA genedrom Guillardidhet CCMP327) the cryptomonadised
by Douglasetal (1991)andCryptomonap.! (CCMP325).Basesrein bold at positionsvhereall threesequencesenot the same.
# indicatepositionsvherethe sequencef Douglasetal (1991 )doesnot matchCCMP325.* indicates positionwherethe sequences
of Douglasetal. andG. thetado not matchDasheshowwheregapshavebeeninsertedo facilitatealignment.
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Hanusiagenusovum

Cryptomonadalellovarino et Lucas monadibuger-
petuonatantibugnarinis vestibulosubapicaln sulcum
ad mediumretrorsunducentj periplastdamellisnullis,
laminainteriore poris qui ejectisomatibusommodant
regulatiminterrupta,exteriore continuacum squamis
rosulatisimbricatis et Pbrillis crassisimmixtis, sine
fascianidiventrali chromatophoranico,pigmentoCr-
phycoerythrin®45,pyrenoidesinethylacoidibuperdu-
centibus nucleomorphanicadorsaliinter pyrenoidem
nucleumqueut morphologigproxime TeleaulaceHill
atqueProteomonaldif etWetherbediploideomorphem
di'ert tamenXVIIISFRNA structura.

Speciegypica Hanusighi sp.nov.

Cryptomonadaldsovarino& Lucasperpetuallyswim-
ming, marine vestibulumsubapicalposteriorlydrawn
into a furrowrunningabouthalfwaydownthe lengthof
thecell, withoutperiplasplatesaninnersheeinterrupted
regularlywith poresto accommodatejectisomeshe
exteriora continuougayerof rosulatescalesvith some
intermixedcoarsebbrils,without a mid-ventralband
singlechromatophongith Cr-phycoerythrif45pigment
(cryptomonadphycoerythrintype 1); single pyrenoid
withouttraversinghylakoidssinglenucleomorptorsal
betweenthepyrenoicandnucleussimilain morphology
to Teleaulakill andthe ProteomonHd! & Wetherbee
diplomorphbut dilering in 18SribosomaRNA gene
sequence.

TypespeciesHanusighij sp.nov.

Etymology HanusiaNamedin memoryof the phy-
cologistHanls Ettl.

HanusighiDeanespeciesova

5P1Qumlongis 3b5um latis levitercompressiaspectu
lateraliex ellipticaobovatum plerumqueum quattuor
plusveseriebusjectisomatuppyrenoidesaginamamyli
perfectanfacienti.

Holotypus Figural3.

5P1qum long, 3b5um wide, slightly compressedar-
rowly ellipticto obovatan lateralview; usuallywith 4 or
morerows of ejectisomegpyrenoidwith a continuous
starchsheath.

Holotype Fig.13.

ObservationsHanusighij previouslyjknownasCrypte
monasp.! , is anewmembenf the Cryptomonadales
(Novarino& Lucas1993)yvery closein morphologyto
Teleaulaandthe diplomorptof Proteomonbst distinct
inits 18SrRNA genesequenchichis similato thatof
G.thetqHill& Saunderanpublishedata)dilering from
G. thetahoweverin periplasstructureconbgurationf
thefurrow-gullesystemandcellsize.
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Fig. 13. Drawingof Hanusiphishowingfeaturewisibleby
light microscopy.

Discussion

Theexternabppearan@ndultrastructuref CCMP325
areasdescribedor Hanusighi (Cryptomonap.! ) by
Gillot & Gibbs(1983)Hanusighiis easilydistinguished
from Guillardiathetaon the basisof size,shapeand
periplastype.

18SrRNA phylogenyusingeithernucleaor nucleo-
morphgenesshowshat Hanusighiis clearlythe sister
taxonto G. theta(Cavalier-Smitét al, 1996). A dose
relationshipbetweenHanusighi and G. thetais also
supportedby thesespeciebavingidenticahucleomorph
karyotypegFig11).Thisseemgparticularlygtrikingsince
Rensingetal (1994yesolvedhe nucleomorplkehromo-
some®f sixcryptomonadpecieandnonewasfoundto
shardghe samenucleomorpkaryotype.

Thecircumscriptioof Cryptomondmsrecentlybeen
revisedand Hanusigphi which had previouslybeen
referredo this genusgdoesnot conformto the altered
description(Hill, 1991). Although Hanusigphi shares
moleculaandkaryotypideaturesvith G. thetait cannot
be assignedo Guillardiabecausét doesnot bt the
physicaldescriptionof this genus(Hill & Wetherbee,
1990).MorphologicallyHanusighi is very similarto
Teleaulacutaleleaularerimbukandthediplomorplof
ProteomonsgcatgHill, 1991 Hill & Wetherbee,1986).
However,phylogenetidreesconstructedisingnuclear
18SrRNA sequenctrom Teleaulaand Proteomon@s.
Hill & G. Saundersnpublishedatasuggesit wouldbe
wrongto assigrHanusighito eitherof thesegenerak-or
thesereasonswe have proposedthat a new genus,
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Hanusige createdo accommodatbee specieformerly
known as Cryptomonasp.! andthat hereafteiit be
knownasHanusighi

Comparisoof nucleomorph8SrRNAgenegFig.12)
clearly demonstrateshat the organismstudied by
Douglaset al. (1991)wasin fact G. thetaratherthan
Hanusighi Thethreemismatche$-ig.12) betweerthe
G.thetsequenandthesequenasf Douglastal (1991)
are mostlikely dueto sequencingr Taq polymerase
errorsG. thetavasmostprobabljusednsteaaf Hanusia
phiin othermoleculastudiesuchasthoseby Douglas
(1988, 1991), Douglas & Dunford (1989, 199G, b),
Douglas& Turner(1991)Douglasetal (1990,1991),
Wang& Liu(1991)McFaddertal. (1994),Rensingtal
(1994)rndReith& Douglag1990)SimilarlyMcFadden
etal (1994) usedthe wrong culturefor the in situ
hybridizatiormndkaryotypingcomponentsf theirstudy.
It wouldappeathatthe culturesvereswitchecat some
stageafterhavingefttheBigelowculturecollectiorsince
the sourceculturesheld there still matchthe original
reports(Gillot & Gibbs,1983 Hill & Wetherbed 990).
One caneasilyimaginea possiblesourceof the mix-up
whenrecallingthat G. thetawas originally known as
Cryptomonagp.! (McKerrache Gibbs 1982)Indeed,
thesimpleactoftilting theculturebottleonits sidewould
convert! to ! . Whateverthe casemay be, this study
servesto exemplifythe importanceof holding source
culturesn carefullymanagedollectiondt alsoservess
aremindetto avoid easilyconfusedtraindesignations
suchas! and!.
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