The role of carbonic anhydrase in C,
photosynthesis and mesophyll conductance
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Figure 2: Mean in vitro enzyme activity for calca2 and WT plants (n=8) for A) T T
0, PEPC, B) Rubisco, and C) the rate constant for carbonic anhydrase at 25°C. *** G f
statistically significant difference from t-tests at alpha = 0.05. 75 ogﬂgzype + -
Intercellularair - A WT +
Mesophyil Cell Bundj «calca2 disruptions only reduced CA activity i
€Sheath Cel| +
" A
. . . , 300+ - A ) %* L 2 -
Figure 1: Role of carbonic anhydrase in C, photosynthesis. —~ Genotype o o ® o ® oo
lcn calca2 n | | | | L | | | | Ll | | | | L]
C, ohotosvnthesi ncentr C round Rubi ) WT 0 10 20 30 40 500 10 20 30 40 500 10 20 30 40 50
.b4 pho osy ” e;s clo ce]c t atestz a c;u d bUb;CO t:]y h Ezoo— A _ interceliular CO, (Pa)
: : : ) : =
lochemically shuttiing four-carbon acids to bundie sheat £ A % Figure 5: Gas exchange and online measurements of leaf A*>CO, and
cells. Atmospheric CO, enters the leaf airspace and diffuses — AC®0,
into the mesophyll cells where it is substrate for carbonic Sl _ : : 13
e (CAF; Y >100 A «Differences in A™°C suggest that lack of CA
anhydrase > : . :
> 4 . o - : increases rates of PEPC activity to CO, hydration
CA rapidly catalyzes the formation of HCO; which is = ® .. =
) PIFTY Eataly ’ o 4 : | | - by CA and limits HCO3; supply to PEPC
subsequently fixed by PEP carboxylase (PEPC) 10 20 30 40

. Differences in A'°0 suggest that CO, and cytosolic

T t °C
e At ambient [CO,] and 25°C a maize double knockdown emperature (°C)

H,O are not in isotopic equilibrium
mutant of the two mesophyll CA genes (calca?2) did not limit

Figure 3: calca2 and WT in vivo Vpmay calculated from 10 to 40°C by solving for
the initial slope of A/Ci curves modeled with the temperature responses of C,

photosynthesis despite calca2 plants having 3% of wild-type photosynthetic parameters from Boyd et al., 2015. Infinite g, assumed. n=4 - | 1°7C o= %10 | swp © e
CA activity (Studer et al.,2014). «Suggests PEPC limitation at higher temperatures |

e The role of CA in the conductivity of CO, movement into in calca?2 plants : m S L e — Y "ﬁ.@f;‘i\:@
mesophyll cells (mesophyll conductance—g,,) in C, plants is . Differences could be attributed to CO,, HCO;', or A | A : | A con
unknown. PEPC | 3% | | 3%,

e Methods to measure g, in C, plants are influenced by CA. it MN 4 M 1E T&R»#Q
Therefore, the calca2 mutants provide the unique 15 °C 25 °C 35 °C fo |€ | g [ 910
opportunity to evaluate the sensitivity of g,, methods. S . 4o L | 41 A <7 | osc® =

Ecxlnw 301 4 : ‘+— 3 ‘Jf‘ ‘Jf—_ 5254&@ gg“’«ﬁ&@\k\ 5210
g % 201 ﬁ%; e & JF A % B (;%3 o 10 20 30 20 LO)E)E/ o 10 20 30 4'0\& _ :%3 0('_) 10 20 30 T'oro
Cf)\' c * ° A é Intercellular pCO, (Pa) Intercellular pCO, (Pa) Intercellular pCO, (Pa)
O3 10 & @ @? ¢ Genotype | : Cr )

® ® = A &P ¢ ° Pl Figure 6: Mesophyll conductance measurements with increasing

Ob] ECtlves j e e — T — temperature and pCO, on calca2 and WT plants. AlgO-gm (A-C), in vitro

2 0.4} #??% | 4?% | ] oo Vpmax CA Saturated-g,, (D-F), and in vitro Vpmax CA Limited-g., (G-I)
& . © Cho—

1.Determine if CA limits photosynthesis at 3o 03 I t i . " .

. . SE _ A*°0-g,, method is sensitive to CA activity and
elevated temperatures during C, photosynthesis 33 DY tRAy N drastical 4 oy
: : : =~ 01} : raStiCd unaerestimates

2.Quantify the contribution of CA to substrate S Y om

availability for C, photosynthesis = 200 : « CA exhibits little effect on calculated g,, when

4 S} e
. . 52 150 + _ modeled with in vitro enzyme data
3.Determine the role of CA in C; mesophyll CO, 5D + N zﬁ; R %

S € 100¢ A ¢ 2 .

conductance 53 P R AT C l :
50 504 R Lt — onciusions
S E . ° ©
=2 0

Matel‘ials and MEthOdS 010 20 30 40 500 1020 30 40 500 10 20 30 40 0 . CA limits C, photosynthesis more at higher

Wil A cadear o y | 4 CO, (1%), 500 2 Figure 4: Gas exchange measurements vs Ci curves for calca2 and WT at 15, 25, tem pe ratu res by SuU bStrate Ilm itatiOn tO PEPC
¢ Wild-type and calcaZ plants were grown unader elevate 2 (1%), Hmoim and 35°C. A) Net CO, assimilation rate, B) stomatal conductance, and C) .
s PPFD, 16 hr days, and 31/28°C day/night regime transpiration efficiency calculated as net CO, assimilation/stomatal conductance. +CAisnotala rge component of meSOphy”
Asimlton et o A1) s v s o cels?ad i , — conductance in C; maize

' CA mutants lose more water per CO, fixed be- :
® Biochemical assays of Rubisco, PEPC, and CA activity were measured in vitro on ) o P 2 «Methods to measure 8m IN C4 pla nts should

crude leaf extract cause of reduced assimilation rate, not stomatal . . _
o A/C o R cautiously consider the effects of CA on HCOs

i curves at 15, 25, and 35°C were coupled with on-line measurements of Conductance

ACO,, A*®CO, and 6"°0 of transpired water dVd Ila bl I Ity



