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investigació

respuesta de la planta modelo de laboratorio Arabidopsis thaliana
Altenaria alternata

dicha respuesta el residuo de cisteína 95 de la fructosa bifosfatasa plastidial (cFBP1), 

En el capítulo 1 de esta tesis presento los resultados de mi investigación sobre el 

plantas wild type (WT), gpt2-1), mutantes carentes PGI1 
(pgi1-2 pgi1-2gpt2-1
fúngicos. Además, caractericé la respuesta a estos compuestos de plantas pgi1-2/gpt2-
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1
GPT2

gen reportero GUS bajo la acción de la secuencia promotora de GPT2. Los resultados 

almidón en plantas pgi1-2 gpt2-1. Tal respuesta fue reducida en plantas pgi1-2gpt2-1 

proteomas de plantas pgi1-2 pgi1-2gpt2-1

GPT2
regulación. Globalmente, los resultados presentados en este capítulo
condiciones en las cuales la actividad de PGI está reducida, la respuesta de la planta 

GPT2 juega un papel importante 

vasculares.

la reducción de residuos de cisteína altamente conservados a lo largo de la evolución 

plantas de Arabidopsis cfbp1

crecimiento de Arabidopsis.
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Table 1). Although emissions 

in vitro 

1.The necessity of developing a co-cultivation system to study plant responses to 
VCs and circumvent microbial respiratory CO2 effects

 can accumulate 
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to accumulation of elevated levels  (Casarrubia et al., 

Figure 1A

Figure 
1B

cultures. 

2. Small VCs other than CO2 are important determinants of plant responses to 
microbial volatile emissions
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 accumulating in the headspace of the 

Figure 1:
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3. Many of the transcriptional changes occurring in leaves exposed to small 
microbial VCs are due to enhanced photosynthetic signaling.

Alternaria alternata 

 assimilation and the 

and signaling. 
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A. alternata

GPT2

A. alternata



Samuel Gámez ArcasIntroduction

4. Regulation of plant responses to small microbial VCs is primarily non-
transcriptional

These observations suggest that the regulation of some plant responses to microbial 

A. alternata 

4.1 Leaf responses to small microbial VCs involve global changes in the thiol redox 
proteome that affect photosynthesis
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A. alternata

plants, A. alternata
and proteomic changes in cfbp1

ntrc

proteins involved in hormone signaling. 

A. alternata induce global reduction of the 
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4.2 Leaf responses to small microbial VCs involve proteostatic regulation of the MEP 
and shikimate pathways by enhanced photosynthesis signaling 
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A. alternata reduce the levels of proteins of the 

cfbp1 

4.3 Small VCs modify root metabolism and architecture, and improve nutrient and 

In response to environmental changes, roots adjust their metabolism and architecture 

Penicillium 
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aurantiogriseum

P. aurantiogriseum

rhd2  production 



19

Samuel Gámez ArcasIntroduction

P. aurantiogriseum enhance 

P. aurantiogriseum 

cas-c1 plants 

cas-c1  in 

cas-c1
 production 

S is an important 

cas-c1

5. Conclusions and future considerations

Enough information has been compiled to propose that the response of the aerial part 

production of CBC metabolic intermediates to fuel the production of compounds 
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Figure 2). The resulting reduced 

 production 
Figure 2).

in mature leaves of plants cultured under autotrophic conditions. Investigating plant 

metabolic regulation in plants. Some of the mechanisms involved in the response of 

involved in modulation of the response of plants to microbes and their ecological 



Samuel Gámez ArcasIntroduction

Figure 2: 
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the use of gpt2 and pgi1gpt2

". Another big 
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El objetivo general de esta tesis es profundizar en el conocimiento de los mecanismos 

Objetivo #1

Objetivo #2
función de cFBP1.





CHAPTER I
Glucose-6-P/phosphate translocator2 

mediates the phosphoglucose-isomerase-1 
independent response to microbial volatiles
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INTRODUCTION

arabidopsis-thaliana/pgi1

pgi1-2
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in vitro

accumulation in pgi1-2
pgi1-2 leaves 

GPT2

GPT2
to environmental changes, such as increased irradiance through mechanisms involving 

GPT2



33

Samuel Gámez ArcasChapter 1

important role in sugar sensing or signaling during germination and the transition from 

GPT2

the accumulation of GPT2 transcripts in vascular and epidermal cells, but not in the 

GPT2

GPT2 pgi1-2 leaves 

of starch in leaves of WT and pgi1-2

GPT2 gpt2-1, PGI1 pgi1-2 and pgi1-2gpt2-1

of pgi1-2gpt2-1 GPT2 under the control of the vascular 

GPT2 promoter fused to the GUS 
GPT2
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leaves. Evidence is provided that GPT2

RESULTS 
The response of pgi1-2gpt2-1 plants to small fungal VCs is weaker than that of 
WT and pgi1-2 plants

gpt2-
1, pgi1-2 and pgi1-2gpt2-1 plants (Table 1

A. alternata Figure 1, in the absence 

 pgi1-2 and, 
pgi1-2gpt2-1 plants (Figure 1

pgi1-2gpt2-1
PGI1 or GPT2 under the control of the 35S promoter (Figure 1). 

 
Table 1: 
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gpt2-1
(Figure 2A Figure 2B

pgi1-2 and pgi1-2gpt2-1 
Figure 2

pgi1-2gpt2-1 PGI1 
under the control of the 35S GPT2

A

B
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and plants from one representative line each of pgi1-2gpt2-1 35S:GPT2 or 35S:PGI1 
(pgi1-2gpt2-1 35S:GPT2(1) and pgi1-2gpt2-1 35S:PGI1(1),

t-
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WT and gpt2-1 plants (Figure 2
compounds also induced strong accumulation of starch in leaves of pgi1-2 plants, 

Figure 2
the starch content in leaves of pgi1-2gpt2-1

pgi1-2
Figure 2

pgi1-2gpt2-1
PGI1 or GPT2 under the control of the 35S promoter (Figure 2). 
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Figure 2: The starch accumulation response of pgi1-2gpt2-1
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and pgi1-2gpt2-1 plants and plants from one representative line each of pgi1-2gpt2-1
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Vcmax

(Jmax) in gpt2-1 Figure 3A, D, E). In 
pgi1-2 Figure 3B, D, E), 

pgi1-2gpt2-1 plants (Figure 
3C, D, E) An values at all Ci

Figure 3A, D, E
gpt2-1

WT plants (Figure 3A, D, E). In pgi1-2 An at all 
Ci Vcmax and Jmax Figure 3B, D, 
E An, Vcmax 

and Jmax values in pgi1-2gpt2-1 plants (Figure 3C, D, E). In both presence and absence 
pgi1-2gpt2-1 

PGI1 or GPT2 
under the control of the 35S promoter (Supplemental Figure S1).
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Knocking out GPT2 decreases the content of tZ in pgi1-2 plants
GPT2 pgi1-2

pgi1-2 and pgi1-2gpt2-1
pgi1-2 and pgi1-2gpt2-1 plants cultured 

in pgi1-2gpt2-1 DW in plants cultured in 
pgi1-2 

DW in plants cultured in the absence and 

DW in plants cultured in the absence and 

GPT2
WT the poor response of pgi1-2gpt2-1 plants to small VCs
PGI1

GPT2 pgi1-2 plants to 
pgi1-2gpt2-1 plants transformed 

promAthspr:GPT2 GPT2 under the control of the vascular 
Athspr Table 1 Figure 

4A promAthspr:GUS
promAthspr fused to the GUS
of promAthspr
independent lines of pgi1-2gpt2-1 promAthspr:GPT2 revealed 

 pgi1-2gpt2-1 plants 
(Figure 4B
(Figure 4C

pgi1-2gpt2-1 plants 
(Figure 4D
starch content of these plants (Figure 4B, C). 
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Knocking out PGI1 and GPT2 decreases the expression of photosynthesis-related 
proteins 

gpt2-1
pgi1-2 pgi1-2gpt2-1 

GPT2 
transcript levels in leaves of WT plants cultured in the absence or presence of small 

GPT2
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GPT2 transcript levels 

(Supplemental Figure S2). Based on these 

GPT2 transcript levels. These 

Supplemental Table S1). Using the broad characterizations 

groups (Supplemental Figure S3A). Predicted locations of these proteins using 

Supplemental Table 
S1; Supplemental Figure S3B

Supplemental Table S1

treatment (Supplemental Table S1).

gpt2-1
Supplemental Table S2

gpt2-1
WT plants. 

pgi1-2
Supplemental Table S3, Figure 5A

Supplemental Table S3, Figure 
5C). 



Samuel Gámez ArcasChapter 1

A

Ph
ot

os
yn

th
es

is

G
lyc

ol
ys

is
Ho

rm
on

e 
m

et
ab

ol
ism

St
re

ss

Re
do

x 
re

gu
la

tio
n

G
lyo

xy
la

te
 c

yc
le

M
isc

el
la

ne
ou

s 
en

zy
m

e 
fa

m
ily

RN
A

Nu
cle

ot
id

e 
m

et
ab

ol
ism

Pr
ot

ei
n

Si
gn

al
lin

g

Ce
ll w

al
l

Tr
an

sp
or

t

N-
m

et
ab

ol
ism

Am
in

o 
ac

id
 m

et
ab

ol
ism

M
et

al
 h

an
dl

in
g

Se
co

nd
ar

y 
m

et
ab

ol
ism

Li
pi

d 
m

et
ab

ol
ism

Fe
rm

en
ta

tio
n

M
aj

or
 C

HO
 m

et
ab

ol
ism

M
in

or
 C

HO
 m

et
ab

ol
ism

PETC
PSBC
PSBP1
PSBO1
PSBQ1
PSBQ2

PGK1
PGK2
CP12-2
CA1

Bi
od

eg
ra

da
tio

n 
of

 x
en

ob
io

tic
s

Light-independent 
reactions

Light-dependent
 reactions

PGI1
1
0

2
3
4
5
6
7
8
9

10
11
12

N
um

be
r o

f d
iff

er
en

tia
lly

ex
pr

es
se

d 
pr

ot
ei

ns

down-regulated
up-regulated

N
um

be
r o

f d
iff

er
en

tia
lly

ex
pr

es
se

d 
pr

ot
ei

ns

down-regulated
up-regulated

5

10

15

20

25

30

35

0

Ph
ot

os
yn

th
es

is

G
lyc

ol
ys

is
Ho

rm
on

e 
m

et
ab

ol
ism

Te
tra

py
rro

le
 s

yn
th

es
is

Co
-fa

ct
or

 a
nd

 v
ita

m
in

e 
m

et
ab

ol
ism

St
re

ss

Re
do

x 
re

gu
la

tio
n

G
lyo

xy
la

te
 c

yc
le

M
isc

el
la

ne
ou

s 
en

zy
m

e 
fa

m
ily

RN
A

C1
-m

et
ab

ol
ism

Pr
ot

ei
n

Si
gn

al
lin

g

Ce
ll w

al
l

Tr
an

sp
or

t

N-
m

et
ab

ol
ism

Am
in

o 
ac

id
 m

et
ab

ol
ism

M
et

al
 h

an
dl

in
g

Se
co

nd
ar

y 
m

et
ab

ol
ismO
PP

Fe
rm

en
ta

tio
n

M
aj

or
 C

HO
 m

et
ab

ol
ism

M
in

or
 C

HO
 m

et
ab

ol
ism

Light-dependent
 reactions

Light-independent 
reactions

PGK1
RBCS-1B
CP12-2
CA1
PGK2
At5g38410

PSBR
PSAD1
PSBA
PSBB
PSBC
PSBD
PSBE
PSBO1
PSBO2
PSBQ1
PSBQ2
F10M6

FNR1
FNR2
PSAN
LHCA1
LHCA2
LHCA3
LHCB4.2
PETA
PETC
PSB27-1
PSBP1

PGI1

B

Plastid

Extracellular

Plasma membrane

Nucleus

Cytosol

Endoplasmic reticulum

Mitochondrion

Peroxisome

Plastid

Extracellular

Plasma membrane

Nucleus

Cytosol

Endoplasmic reticulum

Mitochondrion

Peroxisome

C D

Figure 5: PGI1 and GPT2

pgi1-2 and WT plants (A and C) 
and pgi1-2gpt2-1

.



Samuel Gámez ArcasChapter I

pgi1-2gpt2-1
Supplemental Table S4, Figure 5B

Supplemental Table S4, Figure 5D).

pgi1-2gpt2-1
PGI1 and GPT2. We thus 

pgi1-2gpt2-1 and WT 
Supplemental 

Table S5 and Supplemental Figure S4
pgi1-2gpt2-1

pgi1-2gpt2-1 and 
WT plants (cf. Supplemental Table S4, Figure 5B

pgi1-2gpt2-1 plants 

GPT2 expression regulation

GPT2
GUS transcript 

promGPT2:GUS GUS promGPT2 
Table 1). We also 

promGPT2:GPT2-GUS and 35S:GPT2-GUS, 
promGPT2 and 

the 35S Table 1). 
Figure 6A, GUS transcript levels in leaves of promGPT2:GUS 

35S:GPT2-GUS leaves, 
indicating that the promGPT2 GUS 
transcript levels in promGPT2:GPT2-GUS
promGPT2:GUS
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Figure 6: GPT2 GUS transcript levels and (B) 
promGPT2:GPT2-GUS, promGPT2:GUS and 35S:GPT2-GUS plants cultured 

in promGPT2:GUS (C1) and 35S:GPT2-GUS
promGPT2:GPT2-GUS

lines of promGPT2:GPT2-GUS
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GUS transcript levels in promGPT2:GUS and promGPT2:GPT2-
GUS leaves, but not in 35S:GPT2-GUS leaves (Figure 6A), indicating that promGPT2 

promGPT2:GUS and 35S:GPT2-GUS
Figure 6C). Regardless of the presence of 

promGPT2:GPT2-GUS

Figure 6C
GUS activities in leaves of promGPT2:GPT2-GUS plants cultured in the absence or 

Figure 6B
GPT2 GPT2 coding 

DISCUSSION
GPT2 is an important determinant of the response of pgi1-2 plants but not of WT 
plants to small VCs

using gpt2
GPT2

involving transient accumulation of GPT2

and changes in the leaf proteome in gpt2-1
to those of WT plants (Figures 1-3, Supplemental Table S2
that the molecular mechanisms involved in acclimation to increased irradiance and 

of pgi1-2gpt2-1 pgi1-2 plants (Figure 
1-3 pgi1-2gpt2-1
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pgi1-2 leaves, 

WT leaves (Supplemental Tables S3, S4, Figure 5). The overall data indicate that 
GPT2

pgi1-2
pgi1-2gpt2-1 plants to 

pgi1-2

The response of pgi1-2 plants to small VCs involves GPT2 but not enhanced levels 
of GPT2 protein in leaves

GPT2 transcripts in leaves 
(Supplemental Figure S2

Supplemental Table 
S1

gpt2-
1 and pgi1-2gpt2-1 leaves (Supplemental Tables S2, S4). Moreover, histochemical 

promGPT2:GPT2-GUS did 
Figure 

6B, C

pgi1-2
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Vascular and root tip GPT2 expression plays an important role in the PGI1-
independent response to small VCs 

PGI1

pgi1-2gpt2-1 pgi1-2

that GPT2

pgi1-2gpt2-1 Figure 4). Therefore, the overall data indicated 

transported to leaves, initiate a cascade of signaling reactions, leading to changes in 
Figure 7). According 

GPT2
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Figure 7: 

pgi1-2 leaves could be 
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pgi1-2gpt2-1
pgi1-2 leaves (Figure 2). 

pgi1-2

Supplemental Tables S1, S2, Figure 6C), and (ii) 
GPT2
pgi1-2gpt2-1 plants (Figure 4). It is thus conceivable 

pgi1-2 
plants and pgi1-2gpt2-1 GPT2 in vascular tissues is due 

GPT2 Figure 7). 

GUS GUS under the control of 
the GPT1
GPT1
GPT1

GPT1 transcript levels and GPT1 protein content in leaves 
Supplemental Table S1, S3
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pglct mutants accumulate WT levels of starch during 

pgi1-2 plants and pgi1-2gpt2-1 
GPT2

Figure 7

GPT2 expression is subjected to complex regulation  
GPT2

in promGPT2:GUS 35S:GPT2-
GUS leaves (Figure 6A

GPT2 transcripts (Supplemental Figure S2) 
promGPT2:GPT2-GUS 

promGPT2:GUS leaves (Figure 6A
the data indicate that GPT2

ATG codon of the GPT2 gene and/or at both sides of the translation start AUG codon 
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of GPT2 transcripts that impede accumulation of high GPT2 transcript levels in leaves. 
GPT2 transcript levels in leaves (Supplemental 

Figure S2) and GUS transcript levels in promGPT2:GPT2-GUS leaves (Figure 6A) 

35S:GPT2-GUS and promGPT2:GUS
tissues (Figure 6C promGPT2:GPT2-GUS

Figure 6C
accumulation of GPT2

Supplemental Table 
S1 Figure 6B) in promGPT2:GPT2-GUS leaves despite promoting 
accumulation of GPT2 and GPT2-GUS Supplemental 
Figure S2, Figure 6A
translation start AUG codon of GPT2

 Epigenetic factors of control of gene transcription, such as small RNAs and 

m GPT2 transcripts 

GPT2
GPT2 DNA 
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Additional remarks: enhanced photosynthesis is not the sole important 
determinant of enhanced growth and starch accumulation promoted by small 
fungal VCs

pgi1-2 and pgi1-2gpt2-1

Figures 1-3
pgi1-2gpt2- pgi1-2 

pgi1-2 pgi1-2gpt2-1 
Figure 

2 pgi1-2 and pgi1-2gpt2-1 plants accumulated more 

Supplemental Figure 
S3, Figure 5
pgi1-2 and pgi1-2gpt2-1 

MATERIAL  AND METHODS
Plants, growth conditions and sampling

Arabidopsis thaliana
pgi1-2 gpt2-

1 pgi1-2gpt2-1
(Table 1). We also used plants from three independent lines each of pgi1-2gpt2-1 

PGI1 or GPT2
35S promoter (pgi1-2gpt2-1 35S:PGI1 and pgi1-2gpt2-1 35S:GPT2
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(Table 1
Athspr promoter, 

of Athspr promAthspr:GUS) and pgi1-2gpt2-1
pgi1-2gpt2-1 promAthspr:GPT2) (Table 1). 

promGPT2:GUS) (Table 1
GPT2-GUS under the control of promGPT2 and the 35S promoter (promGPT2:GPT2-
GUS and 35S:GPT2-GUS Table 1). The 35S:PGI1, 35S:GPT2, 
promAthspr:GUS, promAthspr:GPT2, promGPT2:GUS, promGPT2:GPT2-GUS and 
35S:GPT2-GUS
illustrated in Supplemental Figure S5

PGI1 and GPT2 cDNA, GUS and the Athspr and GPT2 promoters 
are listed in Supplemental Table S6.
Agrobacterium tumefaciens

μmol photons sec  m A. alternata

pestle and mortar.

qRT-PCR analyses
in vitro cultured plants 
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GPT2 and GUS
listed in Supplemental Table S7

Determination of gas exchange rates and photosynthetic parameters

Vcmax and Jmax An/Ci curves according to Long and 

GUS expression analysis
GUS

Iodine staining

Analytical procedures 
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Proteomic analysis

13

measured using q-

Statistical analysis

t-test using 
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SUPPLEMENTAL MATERIAL
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Supplemental Figure S4: GPT2 and PGI1

and pgi1-2gpt2-1 A. alternata
pgi1-2gpt2-1 plants are arranged according 

from Supplemental Table S5
pgi1-2gpt2-1 plants cultured in the 

Figure 5B).
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Supplemental Figure S5: Stages in the construction of the 35S:PGI1, 35S:GPT2, 35S:GPT2-GUS, 
promGPT2:GPT2-GUS, promGPT2:GUS, promAthspr:GPT2 and promAthspr:GUS plasmids. Plasmid 

PGI1 and GPT2
Athspr and GPT2 promoters from genomic Arabidopsis DNA and 

GUS are listed in Supplemental Table S6.

Ga
te

w
ay

LR
 r

ea
ct

io
n

Ga
te

w
ay

BP
 r

ea
ct

io
n

at
tB

1
at

tB
2

(P
C

R
 p

ro
du

ct
)

PG
I1

 c
D

N
A

pH
2G

W
7,

0
11

52
2 b

p

pD
O

NR
 P

G
I1

39
18

 bp

Ze
o(

R)

at
tL

1

at
tL

2

PG
I1

 c
DN

A

PG
I1

 c
DN

A

E
M

7 
pr

om
ot

er

Cm
(R

)cc
dB

Hy
g

p3
5S

T3
5S

at
tR

1

at
tR

2

LB

RB

Sm
/S

pR

35
S:

PG
I1

11
32

5 b
p

at
tB

1

at
tB

2

Hy
g

p3
5S

T3
5S

RB

LB
Sm

/S
pR

pD
ON

R/
Ze

o
42

91
 bp

cc
dB

Cm
R

at
tP

1

at
tP

2

M
13

 F
w

M
13

 R
v



59

Samuel Gámez ArcasChapter 1

Ga
te

w
ay

LR
 r

ea
ct

io
n

Ga
te

w
ay

BP
 r

ea
ct

io
n

at
tB

1
at

tB
2

(P
C

R
 p

ro
du

ct
)

G
PT

2 
cD

N
A

pH
2G

W
7,

0
11

52
2 b

p

pD
ON

R 
GP

T2
32

43
 bp

Ze
o(

R)

at
tL

1

at
tL

2

G
PT

2 
cD

NA

EM
7 

pr
om

ot
er

Cm
(R

)cc
dB

Hy
g

p3
5S

T3
5S

at
tR

1

at
tR

2

LB

RB

Sm
/S

pR

35
S:

GP
T2

11
03

7 b
p

at
tB

1

at
tB

2

Hy
g

p3
5S

T3
5S

RB

LB
Sm

/S
pR

pD
ON

R/
Ze

o
42

91
 bp

cc
dB

Cm
R

at
tP

1

at
tP

2

M
13

 F
w

M
13

 R
v

G
PT

2 
cD

NA



Samuel Gámez ArcasChapter I

Ga
te

w
ay

LR
 r

ea
ct

io
n

Ga
te

w
ay

BP
 r

ea
ct

io
n

at
tB

1
at

tB
2

(P
C

R
 p

ro
du

ct
)

G
PT

2 
cD

N
A

pM
DC

14
0

13
60

2 b
p

pD
O

NR
 G

PT
2

32
40

 bp

Ze
o(

R)

at
tL

1

at
tL

2

G
PT

2 
cD

NA

G
PT

2 
cD

NA

E
M

7 
pr

om
ot

er

Cm
(R

)cc
dB

Hy
g

p3
5S

TN
O

S

at
tR

1

at
tR

2
G

US

LB

RB

Sm
/S

pR

35
S:

G
PT

2-
G

US
13

11
4 b

p

G
US

at
tB

1

p3
5S

TN
O

S RB

Hy
g

LB
Sm

/S
pR

pD
ON

R/
Ze

o
42

91
 bp

cc
dB

Cm
R

at
tP

1

at
tP

2

M
13

 F
w

M
13

 R
v

at
tB

2



Samuel Gámez ArcasChapter 1

Ga
te

w
ay

BP
 r

ea
ct

io
n

Ga
te

w
ay

LR
 r

ea
ct

io
n

pD
ON

R/
Ze

o
42

91
 bp

cc
dB

Cm
R

at
tP

1

at
tP

2

at
tB

1
at

tB
2

(P
C

R
 p

ro
du

ct
)

G
PT

2 
cD

N
A

G
PT

2 
pr

om
ot

er

pD
O

NR
 p

ro
m

G
PT

2:
G

PT
2

43
14

 bp

Ze
o(

R) at
tL

1

at
tL

2

G
PT

2 
cD

NA
G

PT
2 

cD
NA

G
PT

2 
pr

om
ot

er
G

PT
2 

pr
om

ot
er

E
M

7 
pr

om
ot

er

pG
W

B3
18

27
5 b

p

Cm
(R

)cc
dB

Hy
g

TN
O

S

at
tR

1

at
tR

2
G

US

LB

RB

Sm
/S

pR

pr
om

G
PT

2:
G

PT
2-

G
US

18
85

0 b
p

G
US

at
tB

1

TN
O

S RB

Hy
g

LB
Sm

/S
pR

at
tB

2



Samuel Gámez ArcasChapter I

Ga
te

w
ay

BP
 r

ea
ct

io
n

Ga
te

w
ay

LR
 r

ea
ct

io
n

Ga
te

w
ay

BP
 r

ea
ct

io
n

at
tB

4
at

tB
1

(P
C

R 
pr

od
uc

t)

A
th

sp
r p

ro
m

ot
er

pD
O

NR
P4

-P
1R

47
77

 bp
cc

dB

Cm
(R

)

Ka
n(

R)

at
tP

4

at
tP

1R

pD
O

NR
P4

-P
1R

 A
th

sp
r

pr
om

ot
er

43
16

 bp

Ka
n(

R)

at
tL

4

at
tR

1

At
hs

pr
 p

ro
m

ot
er

pr
om

At
hs

pr
:G

PT
2

12
34

4 b
p

at
tB

4
RB

At
hs

pr
 p

ro
m

ot
er

R4
pG

W
B5

01
11

15
6 b

p

ca
t cc

dB hp
t

RB
at

tR
4

at
tR

2

LB
P

ro
m

ot
er

 P
1

Te
rm

in
at

or
 1

Te
rm

in
at

or
 2

pD
ON

R/
Ze

o
42

91
 bp

cc
dB

Cm
R

at
tP

1

at
tP

2

at
tB

1

hp
t

at
tB

2

LB

P
ro

m
ot

er
 P

1

Te
rm

in
at

or
 2

Te
rm

in
at

or
 1

at
tB

1
at

tB
2

(P
C

R
 p

ro
du

ct
)

G
PT

2 
cD

NA

pD
O

NR
 G

PT
2

32
43

 bp

Ze
o(

R)

at
tL

1

at
tL

2

G
PT

2 
cD

NA

G
PT

2 
cD

NA

E
M

7 
pr

om
ot

er



Samuel Gámez ArcasChapter 1

Ga
te

w
ay

BP
 r

ea
ct

io
n

Ga
te

w
ay

LR
 r

ea
ct

io
n

Ga
te

w
ay

BP
 r

ea
ct

io
n

at
tB

4
at

tB
1

(P
C

R 
pr

od
uc

t)

A
th

sp
r p

ro
m

ot
er

pD
O

NR
P4

-P
1R

47
77

 bp
cc

dB

Cm
(R

)

Ka
n(

R)

at
tP

4

at
tP

1R

pD
O

NR
P4

-P
1R

 A
th

sp
r

pr
om

ot
er

43
16

 bp

Ka
n(

R)

at
tL

4

at
tR

1

At
hs

pr
 p

ro
m

ot
er

pr
om

At
hs

pr
:G

US
12

98
9 b

p
at

tB
4

RB

At
hs

pr
 p

ro
m

ot
er

R4
pG

W
B5

01
11

15
6 b

p

ca
t cc

dB hp
t

RB
at

tR
4

at
tR

2

LB
Pr

om
ot

er
 P

1

Te
rm

in
at

or
 1

Te
rm

in
at

or
 2

pD
ON

R/
Ze

o
42

91
 bp

cc
dB

Cm
R

at
tP

1

at
tP

2

at
tB

1

hp
t

at
tB

2

LB

Pr
om

ot
er

 P
1

Te
rm

in
at

or
 2

Te
rm

in
at

or
 1

at
tB

1
at

tB
2

(P
C

R
 p

ro
du

ct
)

G
U

S 
cD

N
A

 

pD
O

NR
 G

US
38

88
 bp

Ze
o(

R)

at
tL

1

at
tL

2

G
US

 c
DN

A

G
US

 c
DN

A

EM
7 

pr
om

ot
er



Samuel Gámez ArcasChapter I

Ga
te

w
ay

LR
 r

ea
ct

io
n

Ga
te

w
ay

BP
 r

ea
ct

io
n

at
tB

1
at

tB
2

(P
C

R
 p

ro
du

ct
)

G
PT

2 
pr

om
ot

er

pD
ON

R 
GP

T2
 p

ro
m

ot
er

31
23

 bp

pM
DC

16
2

12
88

6 b
p

pr
om

GP
T2

:G
US

12
28

1 b
p

Ze
o(

R)

at
tL

1

at
tL

2

G
PT

2 
pr

om
ot

er
EM

7 
pr

om
ot

er

pD
ON

R/
Ze

o
42

91
 bp

cc
dB

Cm
R

at
tP

1

at
tP

2

M
13

 F
w

M
13

 R
v

G
US

G
US

Hy
g

Hy
g

Ka
n

Ka
n

at
tB

1

at
tR

2

cc
dB Cm

R

at
tR

1

RB

at
tB

2

LB
LB

RB
G

PT
2 

pr
om

ot
er

pB
R

32
2 

or
ig

in

pB
R

32
2 

or
ig

in

pV
S1

pV
S1

no
s 

te
rm

in
at

or

no
s 

te
rm

in
at

or



Samuel Gámez ArcasChapter 1
Ta

bl
e 

S1
:



Samuel Gámez ArcasChapter I



Samuel Gámez ArcasChapter 1



Samuel Gámez ArcasChapter I



Samuel Gámez ArcasChapter 1



Samuel Gámez ArcasChapter I



Samuel Gámez ArcasChapter 1



Samuel Gámez ArcasChapter I



Samuel Gámez ArcasChapter 1



Samuel Gámez ArcasChapter I



Samuel Gámez ArcasChapter 1



Samuel Gámez ArcasChapter I



Samuel Gámez ArcasChapter 1
Ta

bl
e 

S2
gp

t2
-1

 p
la

nt
s c

ul
tu

re
d 

in
 th

e 
pr

es
en

ce
 o

f s
m

al
l 



Samuel Gámez ArcasChapter I
Ta

bl
e 

S3
:

pg
i1

-2
 p

la
nt

s c
ul

tu
re

d 
in

 th
e 

pg
i1

-2
 D

EP
s t

ha
t a

re
 d

is
cu

ss
ed

 



Samuel Gámez ArcasChapter 1



Samuel Gámez ArcasChapter I



Samuel Gámez ArcasChapter 1
Ta

bl
e 

S4
: 

pg
i1

-2
gp

t2
-1

 p
la

nt
s c

ul
tu

re
d 

pg
i1

-2
gp

t2
-1

 



Samuel Gámez ArcasChapter I



Samuel Gámez ArcasChapter 1



Samuel Gámez ArcasChapter I
Ta

bl
e 

S5
: 

pg
i1

-2
gp

t2
-1

 p
la

nt
s c

ul
tu

re
d 

pg
i1

-2
gp

t2
-1

pg
i1

-2
gp

t2
-2

 a
nd

 



Samuel Gámez ArcasChapter 1



Samuel Gámez ArcasChapter I

Table S6:  PGI1 and GPT2 cDNAs, GUS and the Athspr and GPT2 
Supplemental Figure 5) are indicated in bold.   

   

Table S7: 



CHAPTER II
The microbial volatile-responsive, redox-
sensitive Cys95 residue is an important 

structural and functional determinant of the 
Calvin-Benson fructose-1,6-bisphosphatase in  

Arabidopsis
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INTRODUCTION

understanding protein functions but also for obtaining insights into the mechanisms 
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cfbp1
 cFBP1 is a homotetrameric metal (Mg

Supplemental Figure S1

Supplemental Figure S1). Plant 

Supplemental Figure S1) 

Supplemental Figure S1), 
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Brassica napus) cFBP1 provided evidence 

Escherichia coli 

cfbp1

RESULTS
Mutation of the Cys95 residue alters the structure of cFBP1

presence or absence of different concentrations (0, 5, 10 and 100 mM) of the reducing 

Figure 1). In addition, the C95S cFBP1 preparations presented 
Figure 1). With 10 mM DTT, most 
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in reduced state. In the presence of 100 mM DTT, the WT and C95S cFBP1 forms 
Figure 1). 

Mutation of the Cys95 residue reduces the activity and Mg2+ cooperativity of 
cFBP1 

forms using different concentrations of FBP and Mg  in the presence or absence of 

 concentrations 
(Figure 2

Mg  concentrations (Figure 2
) (Table 1). Under 

Figure 1:

Table  1:
Kcat Km) and Mg

K0.5
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 Km
(Table 1). Mg

K0.5 

(Table 1
to Mg Km values for Mg
 
The ectopic expression of C95S cFBP1 only partially reverted to WT the reduced 
total FBPase and photosynthetic activities of cfbp1 plants

Figure 2: Dependence on substrate concentration and effect of Mg

respect to (A) FBP and (B) Mg  concentrations. In the presence of DTT, FBP and Mg  ranged concentrations 

in Table 1.
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cfbp1 and cfbp1 plants transformed 
promcFBP1:cFBP1 and promcFBP1:cFBP1mut

promcFBP1

 assimilation (An) of WT plants and cfbp1
the WT form of cFBP1 should be higher than those of cfbp1

cfbp1 An values.  

cfbp1 Figure 3A, B,

cfbp1 plants 

WT plants and cfbp1 Figure 3B, C
cfbp1

and An Figure 3D, E

An values of cfbp1 plants, reverting them to the WT (Figure 3D, E). In contrast, 

cfbp1
An values in cfbp1 promcFBP1:cFBP1mut 

Figure 3D, E). 

phenotype of cfpb1 plants back to that of WT
cfbp1 plants and cfbp1

Figure 3:
cfbp1

 assimilation rates (An) in leaves of WT and cfbp1 plants and three 
cfbp1

cfbp1 plants and both WT and WT and 
cfbp1 plants
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Figure 4: cfpb1 
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cfbp1
(Figure 4 Figure 4

cfbp1 plants.

The ectopic expression of C95S cFBP1 restores to WT the poor growth response 
of cfbp1 plants to small microbial VCs

responses of WT and cfbp1 plants, and cfbp1
Alternaria 

alternata
in cfbp1 (Figure 5
(Figure 5). 

DISCUSSION
Cys95 is an important structural and functional determinant of cFBP1 

Figure 1

Table 1, Figure 2). 
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leaves of cfbp1
in leaves of WT plants and cfbp1 Figure 3B, C). 

cfbp1 plants (Figure 3D). That Km values of WT 

Table 1

in vitro

Figure 1).

Figure 
1, Figure 3B, C

Table 1, Figure 2
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Cys95 of the “excess” enzyme cFBP1 can potentially act as an important 
determinant of photosynthesis, but not of growth in Arabidopsis

cfbp1 plants and cfbp1 plants 
promcFBP1:cFBP1mut

Figure 3D
promcFBP1:cFBP1

that of WT leaves. In addition, An values in leaves of cfbp1 plants and cfbp1 plants 
promcFBP1:cFBP1mut 

Figure 3E
cFBP1 in leaves of cfbp1

Figure 3C

 assimilation 

cfbp1 Arabidopsis plants did 
in vitro culture conditions 

(Figures 4 and 5

cfbp1 plants (Figure 5). The latter 
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MATERIALS AND METHODS
Plants 

Arabidopsis thaliana L
cfbp1

cfbp1 promcFBP1:cFBP1 
or promcFBP1:cFBP1mut cFBP1 and cFBP1mut under the control 

promcFBP1
cFBP1 (Supplemental Figure S2
the WT cFBP1

cFBP1 cFBP1” (Supplemental Table S1) and 
cFBP1mut 

codon encoding Ser95. To construct promcFBP1:cFBP1 and promcFBP1:cFBP1mut 

E. coli 
Supplemental Figure S3) and 

Agrobacterium tumefaciens

Production of recombinant WT and C95S cFBP1 mature forms in Eschericia 
coli 
Escherichia coli 



Samuel Gámez ArcasChapter II

Supplemental Figure S2 and 
Supplemental Figure S3 cFBP1 

and cFBP1mut
cFBP1* cFBP1” 

(Supplemental Table S1

Supplemental Figure S3

o g ml  carbenicillin to an 

 Co

 
Growth conditions and sampling

oC, 90 mol photons sec  
m o

A. alternata

A. alternata

Determination of FBPase activity 

l. The 
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 (or a variable 
concentration for Km
concentration for Km

o

Western blot analyses

Determination of gas exchange rates and photosynthetic parameters

Statistical analysis
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Supplemental Figure S1: 

SUPPLEMENTAL MATERIAL
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Supplemental Figure S2: Stages in the construction of the promcFBP1:cFBP1, promcFBP1:cFBP1mut, 
pDEST17-cFBP1 and pDEST17-cFBP1mut

Supplemental 
Table S1.
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Supplemental Figure S3: 
cFBP1

produce cFBPmut
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Table S1: cFBP1, cFBP1mut and cFBP1 promoter to produce the 

Supplemental Figure S2)
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1. GPT2 juega un papel importante en la respuesta de plantas pgi1-2

Comparada con la respuesta de plantas pgi1-2, la respuesta de plantas pgi1-
2gpt2-1

3.  pgi1-2 

la planta.

5. 
por elementos ubicados a ambos lados del codon ATG de inicio de la transcripción 

determinante de la fotosíntesis, pero no del crecimiento en plantas de Arabidopsis.
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