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Each year bar-headed goose (Anser indicus) migrate over the
HimalayatooverwinterinIndia.Energeticallydemandingflap
flightataltitudeswheretheoxygenisreduced toapproximately30%
ofsealevelisanastonishingachievementinpartduetoanadaptive
increaseintheoxygenaffinity ofbar-headedgoosehemoglobin (Hb),
comparedtothatoflowlandgreylaggoose (Anseranser). Although
avianredbloodcellscontaintwoHbisoforms, HbAandHbD, the
oxygenaffinitiesof Hbisoformsofbar-headedand greylaggoose
havenotbeencharacterizedseparatelyyet.Inthepresentstudy, we
usedequilibriummethodstocharacterizeindetail oxygen-binding
andallostericpropertiesof purified HbAand HbD frombar-headed
andgreylaggoose,inpresenceandabsenceoftheallostericeffector
inositolhexaphosphate (IHP),ananalogueoftheavianredbloodcell
organicphosphate.Bothbar-headedgoose Hbisoformsdisplayed
higherintrinsicoxygenaffinitythantherespectivegreylaggoose
Hbs. ThisdifferenceinHboxygenaffinitybetweenthespecieswas
evenmoremarkedwithaddedIHP,whichreduced oxygenaffinity
atleast9-fold. Curvefittinganalysesaccordingtothetwo-state
MWCmodelindicatedthattheeffectof IHPwasprimarilydueto
stabilisationofhighlylabiletensestatemolecules. Moreover, IHP
stabilisedlow-affinitytenseandhigh-affinityrelaxed Hbtetramers
whichotherwisetendedtodissociatetodimers. Thepresentstudy
provides a novel detailed analysis on the allosteric regulation
propertiesofgeeseisoHbsexplainingthehighoxygenaffinity of
bar-headedgoosehemoglobinsatamolecularlevel.
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Thegillisbelievedtohaveplayedakeyroleintheadaptiveradiation
ofearlychordatesbysupplantingtheskinasthedominantsitefor
oxygenuptake.Inthisuntestedhypothesis, shiftingoxygenuptake
tothegillrelaxed constraintsassociatedwith oxygenuptakeat
the skin, thus allowing chordates toincrease body size, dermal
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thickness and activity. Interestingly, larval teleosts undergo
similarincreasestobodysize,dermalthicknessandactivityduring
development. However, thelarvalteleostgillfirstsupplantstheskin
asthedominantsiteforionfluxwellbefore oxygenuptake. Here,we
wanttodetermineifthegillalsobecame critical forionfluxbefore
oxygenduringearlychordateevolution. Weuselarvallampreysas
arepresentativesystemtotesthowincreasingorganismsizemight
haveaffectedearlychordategillfunction. Wedirectlymeasurethe
fluxofoxygen, carbondioxide,ammoniaandsodiumsimultaneously
atthegilland skinofwholelarvaeinvivoacrossarange ofbody
sizes(0.02-2.00g). Wefindthatsodiumfluxisdominatedbythegill
atmuchsmallerbodysizesthangasflux,evenwhenchallengedby
hypoxiaandtemperature. Complimentarydatacollectedinmore
ancestralprotochordaterepresentatives (amphioxusandacorn
worms)alsoindicateadominantroleforthegillinionfluxbeforegas.
Ourresultssuggestthationregulationratherthangasexchange
mighthavebeentheprimaryfunctionoftheearlychordategill,
questioninglong-standingviewsofchordategilloriginsandthe
constraintsshapingearly chordateevolution.
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The objective of the present study was to elucidate genome-wide
transcriptional responses underlying reduced seawater salinity
challenge and ammonia toxicity as singleand combined factorin
Europeanseabass(Dicentrarchuslabrax). Fishwereprogressively
acclimated to normal seawater (32 ppt) and reduced seawater
salinity (10ppt).Followingacclimationtothesesalinitiesfortwo
weeks, fishwereexposedtohighenvironmentalammonia(HEA,
1.18mMrepresenting50%of96hLCso) for12h,84hand 180h.RNA
sequencing (IlluminaHiSeqplatform)ofbraintissuesamplesfrom
theexperimental conditionsyieldedatotal of 12,490 contigs, out
ofwhich2,128 weresignificantlymodulatedinany of the applied
treatments(salinity, HEA orcombination). Lowsalinityresulted
in the up-regulation of 370 and down-regulation of 832 contigs,
whereasin HEA exposure 122 contigs wereup-regulatedand 270
contigsweredown-regulated. Whilelookingforthe combinatorial
effects, wefoundthat74 contigswerecommonlyup-regulatedand
94weredown-regulatedinboththesetreatments. Geneenrichment
analysisrevealedthat genesdifferentiallyexpressedinresponseto
saltstresswerehighlyenrichedforNa+ transporter,celladhesionand
communication, transmembranesignallingreceptor,Na*/K*-ATPase
andoxidativestress. Geneswhichweredifferentiallyexpressedto
HEA showed enrichment in amino acid biosynthetic/metabolic
process,anti-oxidantsystem,n eurotransmitterandion-regulation.In
combinationtreatment,iontransporters,oxidativeandanti-oxidant
relatedgeneswerehighlyrepresented. Overall,ourdatahighlights
thecomplexityoftranscriptionalresponseswhicharetriggeredwhen
fishfaceindividualand/orcombinatorialenvironmentalchallenges.




