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Abstract. Phosphorus is one of the essential elements needed for the growth and reproduction of any 
organism. To improve the efficiency of biological phosphorus removal in sewage, it is very important to 
grasp the precise mechanism of biological phosphorus removal. Yeast is a single cell fungus and has a 
unique advantage in sewage treatment. Recent studies in the different types of yeast have revealed that there 
is a phosphate-responsive signal transduction (PHO) pathway to regulate phosphate-responsive genes for 
controlling phosphate absorption. In this review, the metabolic mechanisms and protein-protein interactions 
associated with the PHO pathway are highlighted firstly, and then several examples about improving the 
phosphorus removal efficiency of sewage by inducing gene mutation in yeast phosphorus metabolism was 
introduced. The aim is to provide new ideas for the realization of high-efficiency phosphorus recovery in 
nature. 

1 Introduction  
Phosphorus is a non-renewable and one-way recycling 
limited resource. China's phosphate rock resources are 
listed as one of the major mineral resources that cannot 
meet the national economic development needs after 
2010 [1]. With the development of the country and the 
continuous growth of industrial enterprises, more and 
more high-phosphorus wastewater is discharged into 
natural water bodies, resulting in the proliferation of 
algae, the lack of dissolved oxygen, and the serious 
eutrophication of water bodies. Therefore, it is quite 
meaningful to study how to remove and recycle 
phosphorus from waste water. 

At the same time, phosphorus is an essential element 
for the formation of nucleic acids, phospholipids, 
polysaccharides, and proteins in all living organisms. It 
plays a crucial role in photosynthesis and some 
regulatory processes of enzymes and is an indispensable 
macro for the growth and reproduction of organisms [2, 
3]. Plants in the absence of inorganic phosphate (Pi), 
growth and production will decline [4]. Fungi in the low 
phosphorus conditions will reduce its metabolic activity, 
and even face death [5]. Therefore, it is possible to use 
the microbial metabolic activity to achieve the removal 
of phosphorus in the sewage, and biological phosphorus 
removal has become the most widely used method of 
removing phosphorus from wastewater. 

2 Yeast  
Yeast belongs to single-celled fungi, which has the 
advantages of osmotic pressure resistance, acid 
resistance, high temperature resistance, high metabolic 

efficiency and high environmental adaptability [6]. At 
present, yeast has been widely used in the production of 
biofuels, chemicals, and wastewater treatment [7, 8]. In 
order to adapt to the external environment changes, yeast 
cells have a good enzyme system to maintain cell 
survival, and this adaptation often occurs through 
transcription and translation changes [9]. Yeast has a 
PHO pathway to regulate the expression of phosphorus-
respond genes to adapt the change of external 
phosphorus concentration, so that the yeast can absorb a 
large amount of phosphorus in the environment of 
phosphorus deficiency [10]. In order to cultivate Yeast-
engineered strains which can be used to remove 
phosphorus from wastewater, the most important is to 
accurately regulate the expression of genes involved in 
environmental responses [11]. 

3 The PHO regulation pathway 

3.1 The PHO pathway 

Phosphate-responsive signal transduction (PHO) 
pathway, is known to regulate the expression of several 
phosphate-responsive genes, in order to keep 
intracellular phosphate concentration stable. In recent 
years, relevant scholars have continuously studied the 
PHO pathways of different types of yeast such as 
Cryptococcus neoformans [12, 13], C. glabrata [14], C. 
albicans [15], and Budding Yeast [16]. Studies have 
shown that yeast cells secrete a large amount of acid 
phosphatase and phosphate transporter under phosphate-
limiting conditions. Kinases and transcription factors 
(TFs) are key regulators of important signalling 
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pathways [17]. Acid phosphatase hydrolyzes 
extracellular phosphate compounds into inorganic 
phosphate granules [4], phosphate transporters carry 
inorganic phosphate granules into the body and store 
them in the form of polyphosphates as an emergency 
repository for phosphates [16]; this activity is inhibited 
under high-Pi conditions. 

3.2 Gene interactions 

The acid phosphatase gene family is a complex system 
that includes structural genes encoding different acid 
phosphatase and various regulatory factors. The 
interactions between phosphate transporters, acid 
phosphatase, and several important regulatory factors 
that modulate acid phosphatase transcription are 
described as follows. 

Pho84 encodes a high-affinity phosphate transporter, 
located on the cytoplasmic membrane, which is used to 
transport the extracellular free inorganic phosphate 
particles that hydrolyzed by acid phosphatase to the body. 
Pho5 encodes a repressing acid phosphatase that releases 
phosphate from extracellular phosphate compounds and 
makes phosphate more easily be taken up by yeast [18]; 
Pho4 encodes a positive transcription factor that binds to 
regulatory sequences located on the upstream of the 
structural gene and then activates structural gene 
transcription, as shown in Figure 1; Pho85 has been 
shown to be a protein kinase, forms the Pho80-Pho85 
cyclin-dependent kinase (CDK) complex by binding to 
Pho80 which has no kinase activity, then phosphorylates 
and inactivates Pho4, thereby blocks the expression of 
pho5 [19, 20 ]; Ph81 encodes a cyclin-dependent kinase 
inhibitor that can accept information from the external 
environment and act on Pho85-Pho80 under low 
phosphate conditions, leading Pho4 dephosphorylation 
[21]. 

 
Figure 1. The structure of PHO5 

3.3 Protein regulation 

Under different external phosphorus environment, the 
expression of PHO pathway is different. When under 
low-phosphorus conditions, the PHO regulatory pathway 
is down-regulated. Pho81 keeps its original 
conformation and inactivates CDK complex Pho80-
Pho85 by binding it. Pho4 acts on the structural gene 
upstream activation sequence for Pho5 transcription and 
expression. And Pho84 is released at the same time. So, 
at this time, it is in a period of strong phosphorus 
absorption. When under high-phosphorus conditions, 
PHO regulatory pathway is up-regulated. Pho81 changes 
its original conformation so that cannot combine with 
CDK complex Pho80-Pho85. Pho4 is phosphorylated by 

Pho80-Pho85, and export from the nucleus to the 
cytoplasm, thereby closing the expression of Pho5 and 
Pho84 genes. So, yeast cells cannot absorb phosphorus 
from the outside world at this time. Through this 
interaction between proteins, the dynamic balance of 
inorganic phosphorus in yeast cells is maintained [22]. 
The regulation process is shown in Figure 2. 

 
Figure 2. The regulation process under different conditions 

4 Mutants 

4.1 The PHO mutants 

Hypothetically, if some phosphorus-respond gene in the 
PHO system are mutated, the yeast can release large 
amounts of acid phosphatase and phosphorus transporter 
even under high-phosphorus conditions, so that the 
phosphorus-removing properties of the yeast are not 
influenced by the external environmental concentration 
of phosphorus, which can great improve the phosphorus 
removal ability. This strains which have higher ability to 
remove phosphorus are called yeast mutant strains by 
changing its own phosphorus removal characteristics 
through EMS mutagens, site-directed gene mutations 
and other technical means. 

Takashi Watanabe [23] obtained two yeast strains 
with excess phosphorus uptake capacity from brewery 
wastewater by gene mutation methods. Their phosphorus 
uptake capacity was about 2.2 to 3.5 times than ordinary 
yeasts, and they can remove 95% of soluble total 
phosphorus in sake waste water. The in-depth study 
found that the reason why these two strains can absorb 
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phosphorus excessively is that the PHO pathway stress 
mode in cells which impacted by external phosphorus 
concentration has changed. 

Takashi Watanabe [18] used mutagenic agents to 
mutagenize cell mutations to isolate mutants that can 
also secret large amounts of acid phosphatase in high-
phosphorus medium among laboratory-grown 
Saccharomyces cerevisiae, and the total soluble 
phosphorus removal rate was reached at 95%, the 
polyphosphate released from the mutant strain was 3 to 5 
times that of the raw yeast. 

It can be demonstrated that the idea of changing the 
phosphorus-response gene sequence by certain technical 
means to improve the phosphorus removal 
characteristics of yeast cells is feasible. Because the cells 
unable to make an original reaction to the external 
environment, so that in a period of strong phosphorus 
absorption all the time. 

4.2 Polyphosphate 

Polyphosphate is a linear compound of phosphate and is 
the Pi reservoir for most organisms [24]. According to 
studies, about 40% of the phosphate in yeast 
accumulates in the form of polyphosphate, and 90% is 
located in the vacuole [25, 26]. Takashi Watanabe [18] 
treated yeast cells with a certain concentration of DAPI 
solution. After observation by fluorescence microscopy, 
it was found that yellow fluorescent polyphosphate 
particles were present in the vacuole. Elena V. Sambuk 
[16] analyzed gene expression levels in yeast cells on 
high and low Pi concentrations and found that the genes 
encoding vacuolar membrane integrin have similar 
expression levels to many genes in the PHO system and 
also are adjusted by Pi concentration. Through the 
determination of phosphate concentration in yeast, it was 
found that different PHO gene mutant strains have 
different polyphosphate concentration storage, 
demonstrating that the concentration of polyphosphate in 
yeast is regulated by the PHO system. 

5 Concluding remarks  

This is an exciting time in the phosphate removal field. 
Yeast occupies unique advantages in the removal of 
phosphorus from wastewater. However, due to the small 
proportion of yeast in activated sludge, few people 
currently use yeast for engineering practice. At the same 
time, studies have shown that the yeast excess sludge 
after removal of phosphorus is particularly easy to 
handle. By heating the sludge up to 70 ℃ , the 
phosphorus in the cell can be eluted into the liquid phase 
and by adding CaCl2 to liquid phase, the phosphate and 
polyphosphate can be precipitated, which make 
phosphorus recovery become a particularly simple 
matter. Therefore, phosphorus removal from yeast 
wastewater can be greatly expected. 
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