
Synthetische Biologie

Steviol Synthesis 
in Yeast a student project

Vortrag: 19:20, 22:00 Uhr

Seminarraum hinter Physik-Hörsaal

"Steviomyces"
Vortrag: 18:10, 20:35 Uhr 

Need an ER?
Go Yeast!
Yeast is an eukaryotic unicellular organism. In ad-
dition to this it is a popular model organism and in 
our case it is the yeast Saccharomyces cerevisiae. But 
E.coli is also a popular model organism and even 
grows faster than yeast. Moreover there are more bio-
bricks available for E.coli. So why do we use yeast? 
For the simple reason that we need an endoplasma-
tic reticulum to produce steviol, because the kau-
ren oxidase is localized in the ER. In addition yeast 
has got further advantages. It is an established food 
additive producer and it is closer related to Stevia.  

Furthermore we utilize the yeast´s ability for homo-
logue recombination. Yeast only needs about 40 bp of 
a homologue area for recombination. That means that 
DNA sequences can be integrated into another DNA 
molecule if the DNA sequence has got homologue are-
as to the target DNA. We want to clone the required 
genes and the promoters and terminators into plas-
mids via homologue recombination in S.cerevisiae. 
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Mevalonate Pathway

The Mevalonate pathway of 
Saccharomyces cerevisiae uses 
Acetyl-CoA for production of Isoprenyl 
Diphosphate, which serves as a basis 
for biosynthesis of steroids and other 
Isoprenoids. The first important 
metabolite of the Mevalonat pathway 
for steviol glycoside synthesis in 
Stevia is Geranylgeranyl Diphophate 
(GGPP). GGPP is immediately 
abstracted by the Squalen synthase. 
For a higher concentration of GGPP in 
S. cerevisiae the squalen synthase 
can either be inhibited or an 
overexpression of the key enzymes, 
GGPP Synthase, Farnesyl 
Diphosphate Synthase and 3-
Hydroxy-3-Methyl Glutaryl CoA 
Reductase can be used. 

Gibberellin Pathway

The steps from GGPP to ent-kaurene acid are similar to another yeast  called Gibberella 
fujikuroi. This microorganism also uses a bifunctional GGPP/CPP cyclase, which allows 
the performance of two metabolic steps with only one protein. The following enzyme 
belongs to the Cytochrome P450 family and catalyzes the Oxidation of ent-Kauren to 
ent-Kaurenoic Acid. The expression of such Oxidases was hardly ever possible in 
prokaryotes. For our project this means that a eukaryotic system is obligativ.

Key Reaktion: Hydroxylation

The key reaction for steviol glycoside 
biosynthesis is catalyzed by the ent-
kaurenoic acid 13-hydroxylase that 
metabolizes ent-kaurenoic acid to steviol. 
Steviol is the backbone of all steviol 
glycosides in stevia plant, which are 
responsibel for the sweet taste of stevia 
leafs.

Glycosilation of Steviol to Rebaudiosid A

Steviol is later on glycosylated by different Uracyl-Glycosyl 
Transferases. Thereby another problem occurs. One essential 
UGT of the four UGTs isn’t known yet. 
The only way to produce Reb A is identifying the unknown UGT.
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An iGEM project on alternative sweeteners 
Several  diseases are thought to be con-
nected with an increased sugar con-
sumption. The use of non-sugar swee-
teners could be a possible approach for 
both reducing the risk of sickening and 
a proper ingestion without high sugar 
intakes.
Several of the known problems with 
common sweeteners could be over-
come by diterpene glycosides which 
are produced by the paraguayan herb 
Stevia rebaudiana.
One possibility to improved sweetening 

products based on steviol glycosides is 
the microbial production of the com-
pound Rebaudioside A which could also 
lower the enviromental costs of swee-
tener production. In our interdiciplina-
ry project in the context of the annual 
international  genetically engineered 
machine competion (iGEM) we want 
to investigate  the possibillty of such a 
microbial sweetener production in the 
baker yeast Saccharomyces cerevisiae.

igem.frankfurt@googlemail.com
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Schedule
November: 		 First Team Meeting
March: 		  	 iGEM Registration
June: 				    First Sponsoring
					      	 Achema
						      Night of Science 
July: 				    PCR
August:			   Transformation Mevalonat Plasmid
						      GC-MS for GGPPS
September:   	 Transformation Steviol Plasmid
						      GC-MS for Steviol, ent-Kauren
October: 			  European Jamboree Amsterdam
November:		  World Championship Boston

Dried stevia leavs. Source: Wikipedia

BioBrick Assembly. Source: neb.com

Biological Parts: Biobricks
Biobricks are standardized open source DNA parts 
specified in RFCs. They are functionally defined mo-
lecules that can be assembled and integrated into mo-
del organisms to construct a new biological pathway. 
Especially the synthetic biology benefits of such stan-
dardized DNA parts, because biobricks are freely 
accessible resources to the public and therefore a 
support for progress in biological research and deve-
lopment. 

The aim of synthetic biology is to assembly synthetic 
and biological units to create new substances and sys-
tems. For such a research is an interdisciplinary team 
needed. A possibility for an interdisciplinary work, 
even in the stage of education, is the iGEM compe-

tition (international Genetically Engineered Machi-
ne Competition). The idea of iGEM is to motivate re-
search groups of students to deal with ideas related 
to synthetic biology, whereas the concept of biobricks 
should be realized.


