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D) 

B) 

C) 

A) 

Figure 1. Morphological diversity of cyanobacteria. A) Cyanosarcina sp. B) 

Nostoc sp. Fluorescence microscopy. C) Oscillatoria sp. D) Chroococcus tenax. 

Photographs A,C,D differential interference contrast microscopy, B) 

fluorescence microscopy. Photographs were taken and kindly provided by 

Antonio Guillen from “Water Project”.  
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Figure 2: Left. Bright-field micrographs of filaments of Anabaena wild-type strain PCC 7120. 
Filaments showing heterocysts stained with Alcian Blue. Adapted from (González, Valladares, 
Peleato, & Fillat, 2013). Right. Anabaena sp.  Differential interference contrast microscopy. 
Photograph was taken and kindly provided by Antonio Guillen from “Water Project”. 

 

https://en.wikipedia.org/wiki/Symbiosis
http://genome.kazusa.or.jp/cyanobase
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Figure 3. Minimal of the genetic regulation network in heterocyst differenciation. (A) In vegetative 
cells, HetR can activate the expression of hetR and patS.(B) In heterocysts, hetN is expressed 
constitutively. Active products of PatS and HetN, possibly the RGSGR pentapeptide, can diffuse between 
cells of any kind in the filament and bind HetR, preventing it from binding DNA.  
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Figure 4: Structure of a phycobilisome. There is a central core of light harvesting complex, 

allophycocyanin (AP) which sits above the photosynthetic reaction center. Also fluorescent pigments are 

present in the phycocyanin (PC) and phycoerythrin (PE) subunits. Kanehisa laboratories. Kegg project: 

www.kegg.org 
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α β

 

Figure 5. Model of NblA binding to phycobilisome subunits. Stereo representation of 

NblA binding to phycocyanin monomers PC(αβ). (α-subunits colored in red and gold; β-

subunits are shown in blue). Adapted from (Bienert et al., 2006) 
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Figure 6: Iron Box. Fur binding site is composed of 

3 repetitions of a palindromic consensus sequence 

GATAAT, two of these are direct and other is 

indirect.
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 FurA  (143) KCQRALMPL- 

  

 

 

Figure 7: Multiple secuences alignment.Residues conserved in all proteins FUR in Anabaena (FurA, 
FurB and FurC) are shaded yellow. The His-rich motifs of each protein is boxed in red. The alignment 
was performed with AlignX tool from Vector NTI Software (Invitrogen). 

 

 



  Introduction 

12 

 

 

 



  Introduction 

13 

 

 

 



  Introduction 

14 

 

 



  Objectives 

 
  

15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Objectives 

16 

 

 

 

 

 



 

  Materials and Methods 

  

17 

 

 

 

 

 

 

 

 

 

 

α

λ

α φ

λ

 

 

 

 



  Materials and Methods 

18 

 

 

 

 

 

 

 

 

 

 



  Materials and Methods 

19 

 

 

 

 

 

 

 

 

 



  Materials and Methods 

20 

 

 

 

 

 

 

 



  Materials and Methods 

21 

 

 

 

 

 

 

 

 

 

 

 



  Materials and Methods 

22 

 

 

 

 

 

 

 

 

 

 

 

 

β

 

 



  Materials and Methods 

23 

 

 

 

 

 

 

 

 

ε



  Materials and Methods 

24 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Emission_spectroscopy
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https://en.wikipedia.org/wiki/Chemical_element
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Table 3: Components mix of 1st step 
of retrotranscription. 

  Table 4: Components mix of the 2º 
step in retrotranscriptions 

 

Component for a  RT Vol (µl) Component for each RT (µl) 

Random Primers 1µl dNTPs  2µl 

Hybridization buffer 2µl DTT 4µl 

RNA 2µg  Buffer5α 8µl 

DEPC-H2O Make up 20µl DEPC-H2O 5µl 

  SuperScript 1µl 
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Table 5. Reaction mix for qPCR assays.  

Component Volume (µl) for each well 

SYBR® Green Dye 6.25 µl 

Primer for 0.1 µl 

Primer rev 0.1 µl 

DEPC-H2O 3.55 µl 
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Figure 8. Overexpression of FurC from Anabaena PCC 7120. SDS-polyacrilamide gels 
(17%) showing E.coli BL21 (DE3) crude protein extracts of four different colonies 
(A,B,C,D) without (_) or with (+) adding 1 mM IPTG to induce the expression of the 
recombinant FurC protein. MW: Low Molecular Weight markers (Healthcare). 

 

 

FurC 
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Figure 9. Purification of FurC using Ion-exchange chromatography in DEAE cellulose. SDS 
polyacrilamide gels (17%) showing fractions with the NaCl gradient from 0 M to 1M. Lane 1: MW: 
Low Molecular Weight marker (Healthcare) Lanes 2-10: different fractions of the eluted proteins. 
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Figure 10. Electrophoretic mobility shift assays showing the ability of FurC to bind in 
vitro the promoter region of the prxA gene (PprxA).  Gel retardation experiments were 
performed  with 35 ng free DNA fragments of the promoter region of prxA (Lane 1) or 
mixed with recombinant FurC protein at different concentrations (lanes 2-6). The 
promoter region of nifJ (PnifJ) was used as non-specific competitor DNA in all assays. 
FurC-DNA complexes are indicated with arrows. 
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Figure 11. SDS polyacrilamide gels (17%) showing 

differences in oligomerization states  in FurB and FurC 

without (-) or without (+) β-mercaptoethanol included 

in the Sample Buffer 6x. Oligomers of FurC are 

indicated with arrows. 
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Figure 12. Measurement of Zn2 release by H2O2 using PAR. 
FurC and a positive control of presence of Zn2, FurB, were 
resolved on gel with non-reducing and reducing conditions. 
The SDS-PAGE gel was soaked in buffer containing 500 mM 
PAR for 2 min, and subsequently 50 mM H2O2 was added to 
release Zn2. 
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Figure 13: Total protein content of Anabaena sp. strains PCC 7120 and EB2770C at different 

stages of growth. 
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Figure 14: Pigment content of Anabaena sp. strains PCC 7120 and EB2770C at different stages of 

growth. 
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Figure 15: Whole-cell absorbance spectra of Anabaena 7120 and its mutant furC-
overexpresing mutant. Measures were taken from cultures grown to the same cell 
densitity (D.O750 = 0.8) The phycocyanin absorbance peak is described at ~625 (PC) nm. 
The chlorophyll absorbance peak is described at ~665 nm. 
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A 

C 

B 

D 

Figure 16. Wildtype and furC-overexpression mutant microscopy. Bright field microscopy: A) Wil 

type, C)furC-overexpression strain. Fluorescence microscopy: B) Wild type, D) furC-overexpresion 

strain.  Cells were collected at a D.O750 = ~ 0.6. 
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Figure 17. Wild type Anabena sp PCC7120 and its FurC-overexpressing mutant under standard and 

nitrogen starved conditions. Photographs were taken 48 h after nitrogen step down. Cultures were 

maintained without shaking for 5 min before photograph was taken.  
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Figure 18. Quantitative RT-PCR analysis furC  in furC-overexpressing strain EB2770C (FurC). The 
relative concentration of alr0957 (furC) mRNA was measured during growth under normal conditions 
in triplicate. Standard deviation is indicated by error bars. Values were normalized to the rnpB 
transcript. The fold change is then calculated using the ΔΔCT Method (Livak & Schmittgen, 2001) 
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Figure 19: Quantitative RT-PCR analysis of the other two FUR genes furA and furB in furC-
overexpressing strain EB2770C. Fold changes of all1691 (furA) and all2473 (furB) mRNAs were 
measured during growth under normal conditions in triplicate. Standard deviation is indicated by error 
bars. Values were normalized to the rnpB transcript. The fold change is then calculated using the ΔΔCT 
Method (Livak & Schmittgen, 2001) 
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Figure 20. Fold induction of FurC target gen prxA in furC-overexpressing strain EB2770C (FurC). The 
relative concentration of alr4641 (prxA) mRNA was measured under normal conditions in triplicate. 
Standard deviation is indicated by error bars. Values were normalized using an endogenous 
housekeeping gene rnpB. The fold change is then calculated using the ΔΔCT Method (Livak & 
Schmittgen, 2001) 
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α

Figure 21. Change in transcript level of FurC in Anabaena sp. PCC 7120 (WT) after nitrogen step-down, 
as revealed by qRT-PCR analysis. RNA was isolated from ammonium-grown cells subjected to nitrogen 
deficiency for the number of hours indicated in each case. Standard deviation is indicated by error bars. 
Values were normalized using endogenous housekeeping gene rnpB. The fold change is then calculated 
using ΔΔCT Method (Livak & Schmittgen, 2001) 
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Figure 22. Quantitative RT-PCR analysis of the other two nitrogen related genes  ntcA and nblA in 

furC-overexpressing strain EB2770C (FurC). Fold changes in mRNA abundance of (ntcA) and (nblA) 

mRNAs were measured during growth under normal conditions in triplicate. Standard deviation is 

indicated by error bars. Values were normalized to the rnpB transcript. The fold change is then 

calculated using the ΔΔCT Method (Livak & Schmittgen, 2001) 
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Figure 23. Electrophoretic mobility shift assays showing the ability of FurC to bind in vitro the 
promoters regions of ntcA gene (PntcA) and nblA gene (PnblA).  Gel retardation experiments were 
performed with 35 ng DNA fragments free (1) or mixed with recombinant FurC protein at different 
concentration. The promoter region of nifJ (PnifJ) was used as non-specific competitor DNA in all assays. 
FurC-DNA complexes are indicated with arrows. 
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Table 1. BG-11. Medium composition 

Basal medium 1x (3 L) 

Reagent Grames Final concentration (µM) 

NaNO3 
4.05 

16 

NaHCO3 
2.214 

8.8 

K2HPO4 x 3h2o 
0.12 

0.2 

CaCl2 x 2h2o 
0.108 

0.25 

MgSO4 x 7h2o 
0.225 

0.3 

Na2CO3 
0.06 

0.2 

Supplement 1000x (100 ml) 

Reagent Miligrames Final concentration (µM) 

Ferric Ammonium Citrate 
600 

30 

Citric Acid 
600 

30 

EDTA 
100 

190 

H3BO3 
286 

46 

MnCl2 X 4H2O 
181 

9.15 

ZnSO4 X H2O 
13.8 

0.77 

Na2MoO4 X 2H2O 
39 

1.61 

CuSO4 X 5H20 
7.9 

0.32 

CoCL2 
4.94 

0.17 
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Table 2.  Oligonucleotids used in this work  

PRIMER SECUENCE 5’ → 3’ 
AMPLIFIED 

SECUENCE 

PURPOSE 

rnpB for AGCGGAACTGGTAAAAGACCAA rpnB gen Anabaena sp.  

PCC7120 

qPCR 

rnpB rev GAGAGGTACTGGCTCGGTAAACC 

furC for GCGTTGTCAGCTGTTAGGTATGC furC gen Anabaena sp.  

PCC7120 

qPCR 

furC rev GCTTGCCACAGCAGTTCTAAAA 

nblA for TTCAGCATTCGCTCATTTGC nblA gen Anabaena sp.  

PCC7120 

qPCR 

nblA rev CTTACGGACAACCATTTGTTC 

ntcA for GGCCCTAGCAAATGTTTTTCG ntcA gen Anabaena sp.  

PCC7120 

qPCR 

ntcA rev TTTATTGCGTTCAAACGTTTCG 

prxA for CCATCACCTACGGAACACAAGA prxA gen  Anabaena sp.  

PCC7120 

qPCR 

prxA rev TCCTGATCAACTACAGCTGTTGCT 

furA for TGTGTCCTTCGCCTAATTCCA furA gen Anabaena sp.  

PCC7120 

qPCR 

furA rev ACGATTTACCGGACGTTGAAGT 

furB for CAGGGCATTGATGAATAGGAATAGA furB gen Anabaena sp.  

PCC7120 

qPCR 

furB rev AGCCTAGCGCAGCAAGATAAA 

prxA up GTCCAGAAGGCGGATTTGTC prxA promoter Anabaena 

sp.  PCC7120 

EMSA 

prxA dw CTTAATTCTCCTTCAACTTATATCGG 

ntcA_up CATGGTTAGCAAAAATGATG ntcA promoter  Anabaena 

sp.  PCC7120 

EMSA 

ntcA_dw CTTGTGTCACGATCATCTCC 

nblA up AACAGTTTTGAATAGGTAGT nblA promoter Anabaena 

sp.  PCC7120 

EMSA 

nblA dw ATAACAGACTCCTAAAAGAC 

pnifJ up GCCTACTCTGCGAGTTCTCCG nifJ promoter Anabaena 

sp.  PCC7120 

EMSA 

pnifJ dw GGCCTGTGAGAGTTGCTGCAC  
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Figure 1: Phylogenetic tree of FurC secuences in other cyanobacterial species. (the branch length is 
proportional to the number of substitutions per site). FurC from Anabaena sp. is indicated with an arrow. 
The analysis was performed on the Phylogeny.fr platform. Graphical representation and edition of the 
phylogenetic tree were performed with TreeDyn (v198.3).  

 

 

Figure 2. Preliminary stability assay. SDS-polyacrilamide gels (17%) showing 
supernatant (S) and pellet (P) of different cell lysates of E.coli BL21 (DE3) 
overexpressing FurC which were incubated 1 h at different pHs. FurC is indicated 
with an arrow. (C) is a control using crude extract with Tris-HCl pH 8 50 mM. MW: 
Low Molecular Weight marker (Healthcare).  

FurC 


