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Cryptomonassp.! is anundescribedcryptomonadusedfor manystudiesinto theendosymbioticoriginof plastids.Cryptomonassp.!
wascharacterizedusingelectronmicroscopy,DNA sequencingandkaryotyping.DNA sequencedatashowthatCryptomonassp.! has
beenconfusedwith therelatedcryptomonad,Guillardiatheta, whichis theorganismactuallyusedin mostpublishedstudieson
cryptomonadendosymbiosisto date.It is proposedthat thestrainCryptomonassp.! berecognizedasa distinctspeciesunderthename
Hanusiaphi. AlthoughHanusiaphisharesmolecularandkaryotypicfeatureswith G. theta, it cannotbeassignedto Guillardiabecauseit
doesnot Þt themorphologicaldescriptionof thisgenus.H. phidi!ers fromG. thetain periplaststructure,conÞgurationof thefurrow-
gulletsystem,andcellsize.Morphologically,however,H. phiis very similarto Teleaulaxacuta, Teleaulaxmerimbulaandthediplomorphof
Proteomonassulcata.

Key words: cryptomonad,Cryptomonassp.! , Hanusiaphi, nucleomorph

Introduction

In 1963Guillardreportedtheisolationof acryptomonad
he designatedÔßagellate! Õ(Guillard,1963).Gillot &
Gibbs (1983) regardedßagellate! as a speciesof
Cryptomonas,andreferredto it asCryptomonassp.! .Since
then,Cryptomonassp.! hasbecomeamodelorganismfor
molecularinvestigationof theendosymbioticoriginof the
plastidsin cryptomonads(e.g. Douglas,1988, 1991;
Douglas& Dunford,1989,1990a, b; Douglas& Turner,
1991; Douglaset al., 1990,1991; Wang& Liu, 1991;
McFaddenetal., 1994a, b; Rensingetal., 1994; Reith &
Douglas,1990). Cryptomonadsacquiredplastidsby
secondaryendosymbiosis,aprocessin whichaeukaryotic
alga(itselftheproductofprimaryendosymbiosisbetween
a photosyntheticprokaryoteanda eukaryotichost)was
engulfedandretainedby a eukaryoticphagotroph(see
reviewsby McFadden& Gilson,1995,andMcFaddenet
al., 1997).

Cryptomonassp.! hasnotbeenformallydescribedasa
species,soweundertooka morphologicalandmolecular
characterizationfor its taxonomicdescription.Duringour
investigations,it becameapparentthatCryptomonassp.!
hasbeenconfusedwith GuillardiathetaHill etWetherbee
(Hill& Wetherbee,1990).Manystudiesof endosymbiosis
in cryptomonadshaveinadvertentlyusedG. thetainstead
ofCryptomonassp.! .Here,Cryptomonassp.! isdescribed
andcomparedwith G. thetaandaformalnameproposed.

* Correspondenceto: J. Deane
e-mail: jamesd! rubens.unimelb.edu.au

Materialsandmethods

Cryptomonassp. ! (CCMP 325) and Guillardiatheta
(CCMP327)wereobtainedfrom the BigelowCulture
Collectionof MarinePhytoplanktonandmaintainedin
H!2 seawatermedium(McLachlan,1973) in a south-
facingwindowat 20!C.

For scanningelectronmicroscopy,cells in culture
mediumwereÞxedfor2 hbyadditionof anequalvolume
of 2% osmiumtetroxidein seawaterandÞlteredonto a
2 µm pore size isoporeÞlter (Millipore). Filters and
attachedcells were washedwith distilled water, de-
hydratedin ethanol,critical-point-driedandcoatedwith
gold. For transmissionelectronmicroscopy,cellswere
harvestedby centrifugation,Þxed for 1 h with 2%
glutaraldehydein 0"05M sodium cacodylatebu!er
pH 7"5 plus 0"4 M sucrose,post-Þxedin 1% osmium
tetroxidein 0"05M sodiumcacodylatebu!er,dehydrated
in ethanol,andembeddedin SpurrÕsresin(Spurr,1969).
Embeddedcellswere thin sectionedand stainedwith
uranylacetateandleadcitrate.Cellswerepreparedfor
freezefractureasreportedby Hill & Wetherbee(1986).

To preparecellsfor pulsedÞeldgel electrophoresis
(PFGE),they were harvestedby centrifugationand
resuspendedin plug bu!er (10mM Tris!HCl pH 7.5,
100mM Na"EDTA, and 100mM NaCl).Resuspended
cellsweremixedwith an equalvolumeof 1.2% low-
gelling-temperatureagarosein plug bu!er at 37!C and
pipettedinto chilledplugmoulds.Oncesolid,plugswere
digestedfor 48h at 50 !C in two changesof 10mM
Tris!HCl pH 7.5,400mM Na"EDTA, and 10mgml−!
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150Hanusiaphi gen. etsp. nov.

Figs1Ð3.Externalappearanceof Cryptomonassp.! (CCMP325)andGuillardiatheta(CCMP327).Fig.1.Cellsof Cryptomonassp.!
showingtheperiplast,furrowandßagella.Figs2 , 3. G. theta. Fig.2.Detailof longitudinallyorientedperiplastplates.Fig.3.Gullet
openingandßagella.Scalebarsrepresent2 µm.

PronaseE (SigmaP-5147).Plugswerestoredin 10mM
Tris!HCl pH 7.5 at 4 !C and electrophoresedin 1%
agarose,0.5# TBEbu!er usinga BioRadCHEFDRIII
apparatus.Thefollowingelectrophoresisconditionswere
used: 65 h run, 14!C, 30s decreasingto 10s pulse
changeintervaland4.1V cm−!.

The 18S ribosomalRNA (rRNA) gene from the
CCMP 325 host cell nucleuswas ampliÞedusing the
polymerasechainreaction(PCR)andthe two universal
eukaryotic18SprimersTACCTGGTGGATCCTGCCAG
(FAD3) and TGATCCTTCTGCAGGTTCACCTAC
(FAD4).Cryptomonassp.! andG. thetanucleomorph18S
rRNA geneswereampliÞedusingthe FAD4 primerin
conjunctionwith a primerspeciÞcfor the cryptomonad
nucleomorph18Sgene(Cavalier-Smithetal., 1996). PCR
reactionswereelectrophoresedin 0.8%agarose,and18S
rRNA genePCRproductsexcisedthen puriÞedusing
Prep-a-Gene" (BioRad).PCRproductswererestriction-
digestedandclonedusingplasmidvectors.ClonedPCR
productsweresequencedusinguniversal18SrRNA and
plasmid-speciÞcprimersin conjunctionwith dye-labelled
dideoxyterminators(ABI)on an ABI 373aAutomated
Sequencer.Sequenceswereeditedandassembledusing
Sequencher3.0 (GeneCodes,Michigan)and aligned
with ClustalW(Thompsonetal., 1994).

The completenuclear(X57162)and nucleomorph
(X57008)18SrRNAsequencesattributedto Cryptomonas
sp. ! by Douglaset al. (1991)were obtainedfrom
GenBank.

Results

Morphology

Thegeneralmorphologyof Cryptomonassp.! hasbeen
reportedby Gillot & Gibbs(1983)andour resultsarein
closeagreementwith theirdata.Cryptomonassp.! (Fig.1)
is easilydistinguishedfrom Guillardiatheta(Figs2, 3)
whenviewedby scanningelectronmicroscopy.Cellsof
Cryptomonassp.! (CCMP325)areapproximatelyovoid,
5Ð10µm in length,3Ð5µm wideandhavetwo ßagella
anchoredat the anteriorendof a furrow (Fig.1). The
furrowrunsabouthalfthe lengthof thecellandis lined
with rowsof largeejectisomes(Figs1, 4).Cellsfrom a
rapidlygrowingculturemay havea narrowtail at the
posteriorendof the cell (Fig.5).Theperiplastis of the
sheettype andthesurfacecomponentis coveredwith a
densematof rosulatescales(Figs6, 7).Thesescalesare
approximately130nmin diameterandarecomposedof
denselypackedgranularmaterialsurroundinga slightly
raisedaxis(Fig.7).Many smallejectisomesarefoundin
vesiclesunderneaththe periplast,particularlyat the
posteriorof thecell(Fig.5).Eachinterphasecellhasone
orange-redplastidand a pyrenoidwithout traversing
thylakoidsthat is surroundedby a starchsheath(Fig.8).
Cells sometimeshave two plastids (not shown), a
condition that is assumedto exist just prior to cell
division.The predominantbiliproteinin the plastidis
Cr-phycoerythrin545(cryptomonadphycoerythrintype
I). An ascendingßagellarroot complex(Gillot & Gibbs,
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J. A. Deaneet al. 151

Figs4Ð10.Ultrastructureof Cryptomonassp.! (CCMP325).c,plastid; n, nucleus.Fig.4.Cross-sectionof cellwith four large
ejectisomes(smallarrows)surroundingfurrow(largearrow).Fig.5.Posteriorregionof cellwith manysmallejectisomes(arrows)in
vacuolesbeneaththeperiplast.Fig.6.Cross-sectionthroughtheperiplastshowingtheinner(arrow)andouter(openarrow)components.
Fig.7.Freeze-etchimageof scaleson thesurfaceperiplastcomponent.Fig.8.Longitudinalsectionshowinginternalarchitecture.The
pyrenoid(p)is surroundedby a starchsheath.Fig.9.Theascendingmicrotubularßagellarroot complexdisplaying2 componentroots.
Arrowsshowindividualmicrotubules.Fig.10.Detailof thenucleomorph(nm)andits positionwithin thecell.Noteelectron-dense
particlesandnucleolus.Scalebarsrepresent: Figs4 and10,500nm; Figs5 and8,1 µm; Figs6,7 and9,200nm.

1983)consistsof 2 microtubularroots(Fig.9).Gillot &
Gibbs(1983)provideadetaileddescriptionof theßagellar
apparatus.Thenucleomorphis freeof thepyrenoidand
containsa numberof electron-densegranulestogether
with a Þbrillogranularnucleolus(Fig.10).Cellsusually

existassingle,motilemonadsanddonot formpalmelloid
colonies.

Guillardiatheta(CCMP327)(Figs2,3)wasasdescribed
by Hill & Wetherbee(1990).In comparisonwith Crypto-
monassp.! , G. thetais shorter,rounderandhasa gullet
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152Hanusiaphi gen. etsp. nov.

Fig. 11. PulsedÞeldgelof GuillardiathetaandCryptomonassp.
! (CCMP325)showingnucleomorphchromosomesI, II andIII,
plastidDNA (cpDNA)anda brightbandof nuclear
chromosomes.

butnofurrow(Fig.3).Thecellsurfaceof G. thetaconsists
of longitudinallyorientatedplatesthat forma raisedrib
wheretheymeet(Fig.2).

Fig. 12. Alignmentof a regionof thenucleomorph18SribosomalRNA genesfromGuillardiatheta(CCMP327),thecryptomonadused
by Douglasetal. (1991)andCryptomonassp.! (CCMP325).Basesarein boldat positionswhereall threesequencesarenot thesame.
" indicatespositionswherethesequenceof Douglasetal. (1991)doesnot matchCCMP325.* indicatesa positionwherethesequences
of Douglasetal. andG. thetado not match.Dashesshowwheregapshavebeeninsertedto facilitatealignment.

Nucleomorphkaryotyping

The nucleomorphkaryotypeof Cryptomonassp. ! as
resolvedbyPFGEisindistinguishablefromthatofG. theta
(Fig.11).In bothspecies,nucleomorphchromosomesare
approximately175, 180 and 195kb. A 130kb band
representingtheplastidDNA (McFaddenetal., 1994a) is
alsoresolved.Nuclearchromosomesaretoo largeto be
resolvedundertheseconditionsandmigrateasa single
bandin bothspecies(Fig.11).

Molecularanalysis

The18SrRNAgenesampliÞedfromthenucleus(GenBank
XU53126)and nucleomorph(GenBankXU531254)of
Cryptomonassp. ! (CCMP 325) were 1728bp and
2021bp respectivelyexcluding primers. When the
sequencesof thesegeneswere alignedwith the cor-
respondingGenBankentriesnominallyfor Cryptomonas
sp.! (Douglasetal., 1991),therewere14 mismatches
alongthelengthof thenucleargenesand264betweenthe
nucleomorphgenes.To test whetherthe Douglasetal.
(1991)sequencewasactuallyfrom G. thetaratherthan
fromCryptomonassp.! , we sequencedavariableregion
of the18SrRNAfromG. theta(CCMP327).Comparison
of the sequencefrom this 463bp PstI nucleomorph
fragmentof G. theta(CCMP327)(GenBankAF047376)
with thecorrespondingnucleomorphsequencelodgedin
GenBankunderthenameCryptomonassp.! revealednear
identity,withonlythreemismatches(Fig.12).Conversely,
within the sameregion, the real Cryptomonassp. !
(CCMP 325) and the supposedCryptomonassp. !
(Douglasetal., 1991)have32mismatches(Fig.12).
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J. A. Deaneet al. 153

Diagnoses

Hanusia, genusnovum

CryptomonadalesNovarino et Lucas; monadibusper-
petuonatantibus,marinis; vestibulosubapicaliin sulcum
ad mediumretrorsumducenti; periplastolamellisnullis,
laminainterioreporis qui ejectisomatibuscommodant
regulatiminterrupta,exteriorecontinuacum squamis
rosulatis imbricatis et Þbrillis crassisimmixtis, sine
fasciamidiventrali; chromatophorounico,pigmentoCr-
phycoerythrino545,pyrenoidesinethylacoidibusperdu-
centibus; nucleomorpheunicadorsaliinter pyrenoidem
nucleumque: ut morphologiaproximeTeleaulacemHill
atqueProteomonadisHill etWetherbeediploideomorphem
di!ert tamenXVIIISrRNA structura.

Speciestypica: Hanusiaphi, sp.nov.

CryptomonadalesNovarino& Lucas; perpetuallyswim-
ming, marine; vestibulumsubapical,posteriorlydrawn
into a furrowrunningabouthalfwaydownthelengthof
thecell;withoutperiplastplates,aninnersheetinterrupted
regularlywith poresto accommodateejectisomes,the
exteriora continuouslayerof rosulatescaleswith some
intermixedcoarseÞbrils,without a mid-ventralband;
singlechromatophorewithCr-phycoerythrin545pigment
(cryptomonadphycoerythrintype I); single pyrenoid
withouttraversingthylakoids; singlenucleomorphdorsal
betweenthepyrenoidandnucleus:similarin morphology
to TeleaulaxHill andthe ProteomonasHill & Wetherbee
diplomorphbut di!ering in 18SribosomalRNA gene
sequence.

Typespecies: Hanusiaphi, sp.nov.

Etymology: Hanusia. Namedin memoryof the phy-
cologistHanu!s Ettl.

HanusiaphiDeane,speciesnova

5Ð10µmlongis,3Ð5µmlatis,levitercompressis,aspectu
lateraliex ellipticaobovatum; plerumquecumquattuor
plusveseriebusejectisomatum; pyrenoidevaginamamyli
perfectamfacienti.

Holotypus: Figura13.

5Ð10µm long,3Ð5µm wide,slightly compressed,nar-
rowlyellipticto obovatein lateralview; usuallywith 4 or
morerows of ejectisomes; pyrenoidwith a continuous
starchsheath.

Holotype: Fig.13.

Observations: Hanusiaphi, previouslyknownasCrypto-
monassp.! , is a newmemberof the Cryptomonadales
(Novarino& Lucas,1993),very closein morphologyto
Teleaulaxandthediplomorphof Proteomonas, butdistinct
in its18SrRNAgenesequence,whichissimilarto thatof
G.theta(Hill& Saunders,unpublisheddata);di!eringfrom
G. theta, however,in periplaststructure,conÞgurationof
thefurrow-gulletsystem,andcellsize.

Fig. 13. Drawingof Hanusiaphishowingfeaturesvisibleby
light microscopy.

Discussion

Theexternalappearanceandultrastructureof CCMP325
areasdescribedfor Hanusiaphi (Cryptomonassp.! ) by
Gillot & Gibbs(1983).Hanusiaphiiseasilydistinguished
from Guillardiathetaon the basisof size,shapeand
periplasttype.

18SrRNA phylogeny,usingeithernuclearor nucleo-
morphgenes,showsthatHanusiaphiis clearlythesister
taxon to G. theta(Cavalier-Smithet al., 1996). A close
relationshipbetweenHanusiaphi and G. thetais also
supportedby thesespecieshavingidenticalnucleomorph
karyotypes(Fig.11).Thisseemsparticularlystrikingsince
Rensingetal. (1994)resolvedthenucleomorphchromo-
somesof sixcryptomonadspeciesandnonewasfoundto
sharethesamenucleomorphkaryotype.

Thecircumscriptionof Cryptomonashasrecentlybeen
revisedand Hanusiaphi, which had previouslybeen
referredto this genus,doesnot conformto the altered
description(Hill, 1991).Although Hanusiaphi shares
molecularandkaryotypicfeatureswith G. theta, it cannot
be assignedto Guillardiabecauseit doesnot Þt the
physicaldescriptionof this genus(Hill & Wetherbee,
1990).Morphologically,Hanusiaphi is very similarto
Teleaulaxacuta,Teleaulaxmerimbulaandthediplomorphof
Proteomonassulcata(Hill, 1991; Hill & Wetherbee,1986).
However,phylogenetictreesconstructedusingnuclear
18SrRNA sequencefrom TeleaulaxandProteomonas(D.
Hill & G. Saunders,unpublisheddata)suggestit wouldbe
wrongto assignHanusiaphito eitherof thesegenera.For
thesereasons,we have proposedthat a new genus,
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154Hanusiaphi gen. etsp. nov.

Hanusia, becreatedto accommodatethespeciesformerly
known as Cryptomonassp. ! and that hereafterit be
knownasHanusiaphi.

Comparisonof nucleomorph18SrRNAgenes(Fig.12)
clearly demonstratesthat the organismstudied by
Douglaset al. (1991)was in fact G. thetaratherthan
Hanusiaphi. Thethreemismatches(Fig.12)betweenthe
G. thetasequenceandthesequenceofDouglasetal. (1991)
are most likely due to sequencingor Taq polymerase
errors.G. thetawasmostprobablyusedinsteadof Hanusia
phi in othermolecularstudiessuchasthoseby Douglas
(1988, 1991), Douglas & Dunford (1989, 1990a, b),
Douglas& Turner(1991),Douglaset al. (1990,1991),
Wang& Liu(1991),McFaddenetal. (1994b),Rensingetal.
(1994)andReith& Douglas(1990).Similarly,McFadden
et al. (1994a) usedthe wrong culturefor the in situ
hybridizationandkaryotypingcomponentsof theirstudy.
It wouldappearthat thecultureswereswitchedat some
stageafterhavingleft theBigelowculturecollectionsince
the sourceculturesheld therestill matchthe original
reports(Gillot & Gibbs,1983; Hill & Wetherbee1990).
Onecaneasilyimaginea possiblesourceof the mix-up
when recallingthat G. thetawas originally known as
Cryptomonassp.! (McKerracher& Gibbs,1982).Indeed,
thesimpleactof tilting theculturebottleonitssidewould
convert! to ! . Whateverthe casemaybe,this study
servesto exemplifythe importanceof holding source
culturesin carefullymanagedcollections.It alsoservesas
a reminderto avoideasilyconfusedstraindesignations
suchas! and! .
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