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Interac(ons	and	ecosystem	processes	

!  Bio-mediated	transforma(ons	of	Fe	specia(on	

!  Physical	effects	(e.g.	light,	temperature)	on	phytoplankton	
physiology	&	ecology		and		Fe	specia(on	&	fate	

!  Fe	inputs,	recycling	&	residence	
(mes	

!  Chemical	&	photochemical	
transforma(ons	of	Fe		

!  Food	web	interac(ons	

!  Phytoplankton	physiology,	
biochemistry	and	species	composi(on	

What	determines	the	bioavailability	
of	iron	to	phytoplankton	?	

Shaked	and	Lis,	2012	

Pathways	and	rates	of	Fe	
acquisi(on	by	phytoplankton	

Chemical	reac(vity	of	Fe	species	&	
compa(bility	with	uptake	systems		

Fundamentals	of	Fe	availability		
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			Emphasis	on	kine(cs		-			Using	uptake	rate	constants	(Kin)	for	comparisons	&	
extrapolaBon	to	the	environment		

Fundamentals	of	Fe	availability		

Lis,	Shaked,	Kranzler,	Keren	and	Morel.	2015.		ISME		
Iron	bioavailability	to	phytoplankton:	an	empirical	approach	
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• 	Do	phytoplankton	differ	in	their	ability	to						
acquire	Fe?	

• 	Are	there	lower/upper	limits	to	uptake	rates?	

• 	Which	Fe	complexes	are	more/less	available?	

• 	Can	lab	studies	help	define	Fe	availability	in	
natural	environments?		

	

Compiling	5	decades	of	uptake	studies:	



Syenchococcus	

Trichodesmium	

T.weisfloggii	

T.psuedonana	

P.tricornutum	

E.hux	

Phaeocys:s	

Psuedo-nitzschia	 Thalassiosira	

P.minimum	

P.	micans	 N.	oculata	

Chaetocerous	
T.antarc:ca	

Anabaena	

Phaeocys:s	 Psuedo-nitzschia	

Thalassiosira	

P.	calceolata	

		

	

Compiling	5	decades	of	uptake	studies:	

18	studies	from	13	research	groups		
Short	term	and	long	term	(growth)	uptake	

15	phytoplankton	species	and	28	strains	
5	major	divisions	(Euks	&	Cyanos)		

16	Fe-substrates	
	

~	25%	our	
own	data	

Stringent	data	selecBon	criteria		
(Fe	limited	cells,	log	phase,	[Fe]	below	that	of	Vmax,	etc..)	
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Uptake	rate	basics	&	selec(on	criteria			
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Uptake	of	inorganic	Iron	(Fe')	
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Uptake	of	inorganic	Iron	(Fe')	

Regression	line:	
Direct	proporBonality	between	
parameters	and	R2=	0.94		

Surface	area	normalized	uptake	(kin/S.A)	is	
similar	among	all	studied	eukaryotes	



Uptake	of	siderophore	bound	Fe	(FeDFB)	

Regression	line:	
Direct	proporBonality	between	
parameters	and	R2=	0.9		



Uptake	of	Fe‘	and	siderophore	bound	Fe	(FeDFB)	

Fe‘	(inorgan
ic)	

FeDFB																	
(Fe-siderophore)	

Surface	area	normalized	uptake	(Kin/S.A)	is	similar	among	all	Euks	
for	Fe’	and	for	FeDFB.					But	Fe’	>>	FeDFB	(x1000)	
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The	bioavailability	envelope	
	Empirical	results	of	lab	studies	with	euks	
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Compare	with	other	organisms,	field	
studies,	different	Fe	substrates…	
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The	bioavailability	envelope:	cyanobacterial	uptake	kin/S.A	is	similar	among	all	studied	organisms	for	Fe’		
	

FeDFB	uptake	of	cyanos	is	slower	than	in	euks	
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The	bioavailability	envelope:	comparing	Fe	substrates	
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The	bioavailability	envelope:	
comparing	Fe	substrates	

More	bioavailable	Fe	
substrates	

Fe’	FeDFB	

Less	bioavailable	Fe	
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log	(kin/S.A)	



Conclusions	and	Implica(ons		

"  We	present	a	convenient	framework	for	addressing	
bioavailability	by	comparing	across	Fe-substrates	and	
organisms.		

"  Fe	uptake	rates	of	defined	substrates	can	be	predicted	
according	to	cell	size.	



Conclusions	and	Implica(ons	

#  If	phytoplankton	cannot	further	increase	uptake	rates,	
a	compeBBve	advantage	in	Fe-limited	waters	must	be	
gained	through	alternaBve	means.	

								Decrease	cell	size,	decrease	Fe	demands,	use	alternaBve	
Fe	sources	

# All	phytoplankton	are	limited	by	the	same	
fundamental	physical,	chemical	or	biochemical	factors.	
Uptake	systems	have	evolved	to	operate	at	their	
maximal	efficiency.	

# Phytoplankton	may	employ	a	similar	iron	uptake	
mechanism	:	reducBve	Fe	uptake		

					Experimental	data	for	~10	cyanos	and	~30	euks!!																	



Which	physico-chemical	form	can	the	cell	access?	

Dissolved													
(generated	from	the	parBcles)	

Availability	extracted	from	
solubility	&	dissolu(on	rates	

How	soluble	is	the	mineral?	(chemical	
reacBvity,	[ligand],	light	etc…)	

Colloidal/	Par(culate															
(directly	ingested)	

The	whole	pFe	pool	is	available	

" Removing	Fe’	(shiking	equilibrium)	
" AcBve	dissoluBon	by	phytoplankton	
" Team-up	with	bacteria	(siderophores)	
	

Can	cells	enhance	mineral	dissolu(on	rate?	 Add	bio-mediated	dissolu(on	

Mineral	residence	(me	in	upper	water	 Longer	-	availability	

Can	phytoplankton	keep	mineral	Fe	at	the	ocean	surface?	

Availability	of	Solid	Phase	Fe	to	Phytoplankton:																														
Defining	major	factors	at	play		



Rubin	et	al.	2011	

Dust-Fe	capturing	and	modifica(on	by	natural	Trichodesmium	
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Dust-Fe	capturing	and	modifica(ons	by	natural	Trichodesmium	

Rapid	&	significant													
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Dust-Fe	uptake	by	natural	Trichodesmium		
Assisted	by	Bacteria	
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Thank	you	

Phytoplankton	may	acBvely		
mine	Fe	from	minerals	and	
effect	their	fate	in	the	ocean	


