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The Pyrenoid: Structure

o Protein dense body containing all the Rubisco in a cell

o Common in algae
= Only plants with pyrenoids are hornworts (related to mosses)
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Algal pyrenoids
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Central pyrenoid
with starch sheath

Pyrenoid on edge
of chloroplast

Large pyrenoid on
) stalk, traversed by
2o R thylakoid lamellae

Multiple small pyrenoids
per chloroplast

Images from Clayton and King 1992. Biology of Marine Plants, and Graham and Wilcox 2000. Algae.



Nannochloropsis salina Pyrenoid

O Central strand of
thylakoids

O QOuter starch sheath

Photo credit
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The Pyrenoid: Function

Eukaryotic Alga
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The Pyrenoid Paradox

O To induce CCM or not to induce CCM, that is
the question

= Rubisco requires high CO, for efficient
photosynthesis, but....

High CO, is energetically and economically expensive to
provide in a large scale facility

= The biological solution is the CCM where the cell

elevates the CO, instead of engineers, but...
The “fuel cost” of this biological process is not known



CO, switch experiment

O Airlift Bioreactors

o Start at high (5000 ppm) or near ambient (500 ppm) CO,
m Then switch CO,
m Also adjust flow of media to maintain constant cell density




Need to control for cell density of cultures

O Cell density and culture temperature
interact -
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Fig. 4. Per capita metabolic rates were density dependent in both warm and cold
populations. The magnitude of the density dependence was lower in the warm
populations. Cells in the warm populations were able to maintain higher levels of
energy flux even as the density climbed to twice that in the cold populations |

Delong and Hanson 2011 Ecol Complexity



Cell density response to switch

Cell Density : CO, switch

Lo Low start cell density 10A6/mL
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Photosynthetic response to switch

Net CO, and O, exchange: CO, switch
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CCM leakiness

o Balance of fluxes:
s HCO; into pyrenoid (F,)
m CO, fixed by Rubisco (F,)
m CO, leaving plastid (F5)

o Other assumptions
= No fractionation with F; or F5

m Discrimination by Rubisco (b)
is 27%o0

m Equilibrium discrimination
from hydrating CO, (d) is

-7.9%0
o Equation:
A g = d + b& cytosol
£ CO, <> HCO,
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— js the leakiness factor
E COZ




Measuring photosynthetic discrimination (A)

o9 Rubisco preferentially fixes

Tunable Diode Laser g8 oo o e
@
= Absolute [13CO,] &[12CO,] 2 R o
m 10 Hz output e s enriched in 1°CO
m Coupled to air inlet and outlet deplefed in 1XCC
of bioreactor
! .1 :..»..., ntank2 258\..
e Pl =g i
£ ol mmm ;f'
o > S -
e g chamber,
g_ min / ]
- .
u. ‘ \ber air, 25s = .
P
£ %Emm“www 1 tank 1, 25s ]
= {
s Barbou-r. ..... Hanson h 7
& Aprilj_2’007 o

F & oo iuo 50 200 250 300
Time, s



CCM response to switch

CCM Expression: CO, switch

30= Low start Discrimination -1 1
St == High start Discrimination
E Low Start pH
-8- High Start pH -
S5 20 IR 10 g—ccmoNn
JoR
et [ _9
€ o
= 107 =
o= -8
c E
k7 -7 <@¢——CCM OFF
()]
-10 | ¥ 6
0 20 40 60

Time (hours)

So how do lipids respond?



There’s a hole in your bucket..

CCM on CCM on
CCM off (Ambient CO2) (Ambient CO2)
(High CO2) Chlamydomonas Nannochloropsis

Above this line
CO, in cell is

above ambient Threshold for
photorespiration

Large CO, leak
= Large A = no CCM
CO2

(ppm) (%o) (ppm) (%o)
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Hyperspectral imaging and MCR

MCR Pure Component Spectra
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Responses to switch

Chlorophyll assay comparison: CO, switch
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Responses to switch

Hyperspectral lipd content : 002 switch
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Responses to switch

Hyperspectral lipd per chl : CO, switch
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Representative Images

(Selected using median lipid/Chl values)
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Compiled Results
(Lipid:Chlorophyll ratio, Combined conditions)
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The notches in the box plots represent 95% confidence intervals, if the
notches do not overlap then they are significant at the 95% level.



What now?

0 Analyze total lipid content via traditional
methods

0 Compare with nitrogen limitation
= Done under high and low CO,
m Is low CO, a stress signhal?




The Future

0 NSF Energize New Mexico EPSCoR Funded!

= Large algal biofuel component
$1.5M to UNM over 5 years
$1M of new equipment
= UPSFC-MS to be housed in SOE
= Start-up for new hire
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