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Trichodesmium spp.

Major pelagic diazotroph

http://www.usc.edu/dept/L A S/biosci/tricho/trichohome/World _Tricho.htm



eContribution of
Trichodesmium to:

e Global N, fixation —36%
(Gallon 2001)

.. & - MarineN, fixation - 50-90%
3 (Capone)




Demise of Trichodesmi um Blooms ?

Photo J|\/| O’ ne||

ha pac ICOI d
copepods

Macrosetella




BUT:

Trichodesmium often displays
rapid biomass crashes without
presence of grazersor viruses

WHY??

~50% drop in biomass in
2 days

10 15 20 25 30 35 40

days from inoculum



Pathways of death....

NVIRONMENTA
STRESS

DNA smear, rupture of Genetic program: [Morphology: cell, nucleus,
nuclear, organelle and caspases, DNA apoptotic bodies,
plasma membranes fragmentation(ladder) membranes intact




OBJECTIVE

'DOESAN APOPTOTIC, AUTOCATALYTIC

PROGRAMMED CELL DEATH (PCD) EXIST
AND OPERATE IN TRICHODESMIUM ?
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.y MORPHOLOGI CAL

e SYNTHESISand ACTIVITY OF
PROTEASES and NUCLEASES

e GENETICPOTENTIAL



ORPHOLOGICAL
EVIDENCE:

M embranes intact

_ e Less
‘<> @ phycocyanin,

—“, ¢ car boxysomes,
thylakoids.

olipid droplets.



Cellsunder oxidative stress - APOPTOTIC




DNA fragmentation
Terminal Deoxynucleotide Transferase

dUTP Nick End (TUNEL) labeling




BIOCHEMICAL EVIDENCE:

CASPASES and APOPTOSIS

e Caspases

o Central rolein initiation and induction of apoptosis

— NO activation of caspases found in NECROTIC
death!

e Caspase 3.



BIOCHEMICAL EVIDENCE:

| ncrease of caspase-3 immunoactivity during
Trichodesmium sp. IM S101 bloom
progression

- 75
1 3 6 8 9 10 12 13 14 5. 20 e 20 30 34 354" 36

50

KDa

Whole cell protein extracts were challenged with
polyclonal antibodiesto recombinant human caspase 3



Dependence of DEVD cleavage on
physiological status of Trichodesmium sp.
IMS101 .

RFU ug Chl a

-2

Mortality rate



| nduction of nucleases with nutrient

DEV Dcleavage
(RFU mg protein-! h-1)

|
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Genetic potential.

« METACASPASES

o Caspase-like proteinsidentified in plants,
fungi, unicellular protozoa and multiple
bacterial species including Synechocystis
and Anabaena (Uren et al., Molecular Cell
6, 961-967)




M etacaspases
overview

multiple protein sequence
alignments —
(Bidle & Falkowski 2004)

Trichodesmium




Key sequence similaritiesto yeast metacaspase Mca-1, a
caspase-like enzyme that mediates PCD in aging cells
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histidine- and
cysteine-
containing
catalytic diad
found in true
caspases (p20
subunit),

par acaspases,
metacaspases



16SrRNA —

Potential metacaspase inheritance
(Bidle & Falkowski 2004. Nature Rev. Microbiol.)

Rhodobacter sphaeroides
Rhodopseudomonas palustris CGA

i—- Gloeobacter violaceus PCC 7421

Thermosynechococcus elongatus BP-1

Thermophilic
cyanobact.

Nostoc puncliforme
Anabaena sp. PCC 7120
Trichodesmium envthraeumn
Synechocysis sp. PCC 6803
Prochiorococcus mannus MED4
Frochiorococcus mannus 55120

. DO PR . RATT O34 73
Priovcatoroeonerus martnus MIT 9313

g - AT
hococcus sp. PCC 7942

Nature Reviews | Microbioclogy




Domain function T. erythraeum protein
sequence

Posttransl ational ZP 00072870

modification, protein o

turnover, chaperones ZP_00073979
ZP 00071776

Signal transduction ZP 00073901
ZP 00073386
ZP 00071486

Shared by plant resistance ZP 00072978
genes and regul ators of cell -

death in animals

Eukaryotic proteins ZP 00070972

Adaptor/regulatory in signal
transd., pre-mRNA Zrmebiiesst

processing
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Evidence for PCD in Trichodesmium:

*MORPHOLOGICAL: SYTOX, TEM, TUNEL

*PRESENCE OF PCD COMP@NENTS: metacaspase
similarity, DEATH Domains _

«SYNTHESIS AND ACTIVITY OF CASPASE-LIKE
PROTEINS:

. A. Westerns — human caspase-3
. B. Actiyify Increased with stress and age of culture

. C. Activity inhibited by caspase-3 inhibitors



FromLab To Sea.....

- -« Project DIAPAZON -
e ~+«  New Caledonia



ODbjective

« DOESPCD OCCUR IN NATURAL
POPULATIONSUNDER
ENVIRONMENTAL STRESS?
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Plan A~
GONE WITH THE WIND....
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DEVD and General Proteolitic Activity
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OXIDATIVE STRESSINDUCES
APOPTOSIS

17.1 £ 0.22 RFU g proteint

0.3+ 0.22 RFU pg proteint
range (0.04 —0.7)







Transparent exopolymeric particles
(TEP) PRODUCTION AND
BLOOM DECLINE

Source of organic matter for sedimentation and
biogeochemical recycling.

Sorption sites for dissolved organic and inorganic matter.
Attachment sites for bacteria.

Food source for microphageous protozoans, for particle
grazers such as copepods or for passive filter feeders such
as tunicates,

TEP can coagulate with other particles into marine snow
aggregates, and enhance the vertical flux of maor
elements, and of adsorbed trace elements.



Hypothesis

e The production of TEP by
Trichodesmium is positively coupled to
the induction of a PCD pathway.



Coupling of TEP production with caspase
activity and physiological state

SOpPoOOoOSEPES
=

DEVD cleavage

(Black symbols; RFU mg protein™ h™)
Ratio |TEP-C:Chlorophyll]
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DEVD cleavage
TEP-C: Chlorophyll

— Exponential growth regression (1~ = 0.99)

=== Exponential growth regression (r- = 0.97)
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Quantum vield of photosystem I1 (Fv/Fm)
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In natural and laboratory populations —
coupling between PCD induction and TEP
production

S ZamNIE \\/ith PCD induction:

.
L ) : 1. Increasein cajpase
L ) 1
| [ ’/, ——= Third-order polynomial regression (1 = (L95)
N . .
e L Thrid-order polynomial regression (r- = (,.99) aCt t
E 0 == )] I VI
1] 2 4 4 3 10 12 14 16 18 y
1.0

2. Increasein TEP-C

3. Increasein sizeof TEP
particles



TEP production in Trichodesmium

2-4 h 6-10 h

| 1416

Frank. submitted
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Implications: Bloom Mortality Pathways
* OX|dat|veStr O@é\lutrlentstress
VlruseS

T WYY

zoopl ankton

@%

ciliates

Qﬁﬁ A bacteria

flagellates MICROBIAL LOOP

Sinking
C-export



Still looking!!!



Required research!!!
Follow a natural bloom devel opment
and crash (preferaply | |




Merci!!
. C. DUPOUY,
R . A LEBOUTEILLER

\* THEWHOLE TEAM

y OF THE DIAPAZON
PROGRAM, I RD-
NOUVELLE
CALEDONIE

¢ V.STAROVOYTQV: TEM
analysis, RUTGERS U.




