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INTRODUCTION





INTRODUCTION 

1. MICROALGAE IN BIOTECHNOLOGY



Botryococcus braunii, Dunaliella

salina, Chlamydomonas reinhardtii Scenedesmus Chorella vulgaris

Figure 1. Microalgae as biofactory of high-value compounds and their applications. 
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Table 1. Biotechnological application of microalgae and their high-value metabolites. Adapted 

from . 
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Figure 2. Benefit of microalgae as natural source of resources and opportunities for 

improvement. +
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2. GENETIC ENGINEERING IN MICROALGAE



2.1. TRANSFORMATION TECHNOLOGIES 
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2.2. EXPRESSION OF FOREING DNA SEQUENCES IN MICROALGAE 

Chlamydomonas reinhardtii, 

 Chlamydomonas

HSP70A/RbcS2

HSP70A/RbcS2, 



Figure 3. Genetic engineering in microalgae. 

.
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2.3. NUCLEAR SELECTABLE MARKER GENES AND SCREENING 

METHODOLOGIES 
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3. STRATEGIES TO EDIT MICROALGAL GENOME



Figure 4. Examples of genetic engineering technics in microalgae 

Caenorhabditis elegans



C. reinhardtii

FokI

Chlamydomonas reinhardtii Nannochloropsis oceanica



3.1. CLUSTERED REGULARLY INTERSPACED SHORT PALINDROMIC REPEAT 

SEQUENCE (CRISPR). 

CRISPR-Cas 



Chlamydomonas

Table 2. Classification of the CRISPR-Cas system. 

Cas9

CLASS PROTEIN EFFECTOR COMPLEX 
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SPECIES PROTEIN TRANSFORMATION METHOD MUTATED GENES REFERENCE 
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Table 3. Microalgae genetically modified by CRISPR system. 
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Figure 5. Type II CRISPR-Cas9 System. A B:
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4. CAROTENOIDS
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Figure 6. Main carotenoid produced by microalgae and their commercial applications. 

4.1. PHYSIOLOGICAL FUNCTIONS OF CAROTENOIDS 





4.2. BIOTECHNOLOGICAL APLICATIONS OF CAROTENOIDS 
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Carotenoid Colour D.b (in rings) Absortion maxima (nm) 

Table 4. Main commercially carotenoids and detail of the absorption maxima in acetone or 

petroleum ether, number of double bonds (D.b.) and colour.

4.3. CAROTENOIS BYOSINTHESIS PATHWAY 

Isoprenoid biosynthetic pathway, the precursors for carotenoid 



Figure 7. Isoprenoid biosynthetic pathway
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Figure 8. Carotenoid biosinthetic pathway
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4.4. PHYTOENE DESATURASE ENZYMES 



CRTI PDS
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Validation of a New Multicistronic Plasmid for

the Efficient and Stable Expression of

Transgenes in Microalgae

This chapter has been publised as: Ana Molina-Márquez, Marta 

Vila, Rocío Rengel, Emilio Fernández, Federico García-Maroto, Javier 

Vigara, Rosa León. Validation of a New Multicistronic Plasmid for the 
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International Journal of Molecules Sciences 2020 22; 21(3), 718. doi: 
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The Bacterial Phytoene Desaturase-Encoding
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CHAPTER 3

Characterization of a Phytoene Desaturase

Knock-out Carotenoid-deficient Microalga

Mutant Generated by Cas9-Ribonucleoprotein

Complexes



CHAPTER 3 

Debido a restricciones relativas a derechos de autor, el artículo en proceso de 
publicación del apartado Chapter 3 “Characterization of a phytoene desaturase knock-
out carotenoid-deficient microalga mutant generated by Cas9-ribonucleoprotein 
complexes” ha sido retirado de la tesis. En sustitución del documento ofrecemos la 
siguiente información: resumen y palabras claves. 
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