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ABSTRACT: One of the popularly studied yeasts used for heterologous protein production is methylotrophic Pichia
pastoris. This success is due to its robust methanol-inducible alcohol oxidase 1 (AOX1) promoter, and its ability to
carry out post-translational changes and pathways leading to the secretion of recombinant products. This promoter
depends strictly on the carbon source present in the medium; the methanol is the preferred one. The other enzymes
required to use alternative carbon sources are synthesized at weak rates or not at all when methanol is present.
Catabolite repression or carbon catabolite repression is called this phenomenon. In this review, we will collect all the
information gathered in recent years about a variety of repressible catabolite systems in Pichia pastoris.
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l. BACKGROUND

A. METHYLOTROPHIC YEASTS

Methylotrophic yeasts like Hansenula polymorpha (Pichia angusta), Pichia methanolica, Candida boidinii, and
Komagataella pastoris are prominent hosts for the production of heterologous proteins[1, 2].these yeasts can metabolize
methanol as the sole unique source of carbon and energy. A growing number of biotechnological applications and
biopharmaceuticals have resulted in the favorable and most advantageous characteristics of this specie[3]. The most
crucial fact of methylotrophic yeasts is that methanol highly induces most of the genes involved in the methanol
utilization pathway, and the glucose represses them[4]. Promoters of genes imply in the MUT pathway, such as those
coding alcohol oxidase ( MOX, MOD1, AOD1 or AOX1) and dihydroxyacetone synthase (DHAS or DAS), have been
used to express heterologous proteins[5]. Although enzymes and metabolic pathways involved in the MUT pathway are
similar in different methylotrophic yeasts, the gene transcriptional regulatory profiles are different[6-8]. The capacity of
P. pastoris to use methanol as the unique carbon source is a crucial aspect of its metabolism[9]. It can also be an
excellent model organism for the investigation of methanol assimilation and peroxisomal proliferation.

B. METHANOL METABOLISM IN THE METHYLOTROPHIC YEASTS

By definition, methylotrophs are the microorganisms capable of using reduced form Clcompounds as a sole carbon and
energy source[10]. A variety of prokaryotes and eukaryotes can be used to grow C1 compounds, and methylotrophs
have a variety of metabolic pathways to dissimile and assimilate C1 compounds[11]. C1lcompounds such as methanol,
methane, formaldehyde, methylated sulfur, methylated amines compounds, and methyl halogenates are the main
methylotrophs substrates[12]. While prokaryotic methylotrophs can use all of these substrates as sole sources of carbon
and energy, methylotrophic yeasts are generally restricted to the use of methanol[13, 14]. Methanol is initially oxidized
by alcohol oxidase (AOD) to formaldehyde

Formaldehyde is a central metabolic intermediate which is situated at the branching point between dissimilation and
assimilation pathways in methanol metabolism[15].For the production of dihydroxyacetone and glyceraldehyde3-
phosphate by dihydroxyacetone synthase (DAS), a portion of formaldehyde is directly fixed with xylulose5-phosphate.
This enzyme is a transketolase-dependent type of thiamine pyrophosphate and uses xylulose5-phosphate and
formaldehyde as physiological substrates. The products of the reaction are used to synthesize constituents of cells.
Alternatively, to produce S-hydroxymethyl glutathione, formaldehyde reacts nonenzymatically with the reduced form
of glutathione. The product is then successively oxidized to CO2 with NAD+- and glutathione-dependent formaldehyde
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dehydrogenase (FLD), S-formylglutathione hydrolase (FGH), and NAD+-dependent format dehydrogenase (FDH).
There are two physiological roles in this pathway: formaldehyde detoxification and generation of energy through
NADH production[16-18]. The alcohol oxidasel (AOX EC 1.1.3.13), which catalyzes the first step of the methanol
utilization pathway (MUT pathway), can comprise up to 30% of the total soluble protein on methanol, showing the
exceptional strength of the AOX1 promoter (pAOX1) (figurel)
On the contrary, the second alcohol oxidase AOX2 is controlled by a much weaker promoter (pAOX2) and thus
accounts for only 15% of the overall AOX activity in the cell[19]. In P. pastoris, methanol metabolism is usually
regulated by three mechanisms repression, derepression, and induction, where glucose is one of the substrates that act
as a repressor of the methanol utilization pathway[20]. Glucose inhibits AOX1 promoter induction in P. pastoris
recombinant. The induction power of PAOX1 is strongly dependent on methanol as the carbon source; this toxic and
flammable material requires unique handling and is not appropriate for the production of edible and medical products.
To understand more fully this valuable host organism, it is now necessary to understand the molecular mechanisms
underpinning the unique carbon substrate utilization properties of P. pastoris[21]

Figurel: Outline of methanol metabolism in the methylotrophic yeast Pichia Pastoris.
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1. INTRODUCTION

The last thirty years of recombinant protein production in yeast has represented one of the great tools for synthetic
biology and metabolic engineering applications. A methylotrophic yeast Pichia pastoris has proven to be the most
commonly used host for the production of heterologous proteins for industrial interest[22]. P. pastoris is the best
platform for this process because of a number of properties such as (i) the easy of techniques required for the
molecular genetic manipulation of P. pastoris and their similarity to those of Saccharomyces cerevisiae, one of the most
well-characterized experimental systems in modern biology; (ii) the capacity of P. pastoris to produce a variety of
heterologous proteins at high levels, either extracellularly or intracellularly; (iii) as higher-eukaryotic the ability to
carry out posttranslational modifications, such as glycosylation, disulfide bond formation and proteolytic processing;
and (4i) the availability of the expression system as a commercially available kit[21, 23, 24]. This species of yeast is
composed of two alcohols; Aox1 and Aox2; the two alcohols allow Pichia to use methanol as a source of carbon and
energy. The methanol-inducible pAOX1, which is primarily attributed to the success of P. pastoris as a foreign protein
expression system, was first isolated and used for the vector development and genetic manipulation protocols[20].
Controllable gene expression is an essential regulatory mechanism that can be achieved with depressed and inducible
promoters. Most of these inducible promoters are susceptible to the repression of carbon catabolites or respond to other
environmental factors, such as pressure, accumulation, or absence of essential amino acids, cell ion levels, and
others[25-27]. Carbon catabolite repression is a crucial part of a global control system, adapts the carbon the metabolic
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machinery of the yeast P.pastoris to the utilization to a preferred carbon and energy source first through inhibition of
synthesis of enzymes involved in the catabolism of carbon sources other than the preferred one[28, 29]. A
comprehensive schema of the mechanism(s) of catabolite repression is not yet available, despite the accumulation of
information on the subject compared to the model organisms E. coli and S. cerevisiae[30-32] where the solution of the
puzzle has progressed, a little information is available on P. pastoris. Despite recent advances, the molecular regulation
of methanol inducible promoters is still only partially understood.

1. LEVEL OF CONTROL

Controlled gene expression is often realized by inducible and repressed promoters[33]. Usually, many inducible
promoters respond to catabolic repression. The catabolite repression in P.pastoris can be exerted by glucose but also by
non-fermentable sources like glycerol, ethanol[34]. Glucose may affect enzyme levels by reducing the concentration of
the corresponding mRNAs, reducing their rate of translation, or increasing the protein's rate of degradation. In turn,
both the transcription rate of the corresponding gene and the stability of the mRNA would depend on the mRNA levels.
The central regulation often occurs at the transcriptional level rather than the translational level[35]. In understanding
the regulation of gene expression in Pichia pastoris, the responses of cells grown in glycerol, glucose, and methanol
culture media are vital[36, 37]. The actual regulatory model usually involves three regulatory states, based on the
observation of the promoter Paox1 induction, requiring the presence of the inducer methanol and the total lack of a
repressing carbon source. The repression of catabolites suppresses expression as long as there is a repressive carbon
source. The Paox1 is still being repressed even if methanol is being fed. Immediately the repressing carbon source is
depleted, or at low concentration in fed-batch processes, the promoter reaches the state of derepression. In P. pastoris,
under these conditions, the native AOX1 promoter is still only lightly derepressed (2—-4% of induced levels), and the
addition only of methanol alone leads to complete induction, which is the last and the third state of regulation[38, 39].
P. pastoris yeast's high cell densities are related to a shift from respiratory metabolism to respiro-fermentation[40] and
reduced growth rates. The Crabtree-negative yeast P. pastoris retains its respiratory metabolism under conditions of
excess glucose and shows comparable growth rates and substrates kinetics when cultivated on either glucose or
glycerol[41]. When P. pastoris cells move from a growth medium containing glucose to a medium containing methanol
as a single source of carbon, the yeasts undergo a drastic shift in the architecture of cells[42]. PAOX1's characteristics
are vitally linked to the methanol expression regulator 1 (Mxrl) expression profile. Mxrlp has several functional
similarities to S. cerevisiae Adrlp. Like Adrlp, Mxrlp is needed to activate multiple genes on more than one carbon
source and is directly engaged in binding at least one of these target genes to the promoter.

V. ELEMENTS OF SYSTEMS

The most comprehensive system of catabolite repression involves a parallel decrease in mMRNA and protein levels[43].
Glucose has been reported to disturb the corresponding mRNAs in a few systems. Under the promoter paox1, most of
the genes are controlled[44]. In order to control PAOX1, some downstream transcriptional activators (Mitl, Prm1, and
Mxr1)[45, 46] and repressors like Nrgl(table), The Migl complex were recognized. In reaction to methanol, the
transcription factors Mitl, Mxr1, and Prm1 positively controlled PAOX1 and bound to PAOX1 at separate locations
and did not communicate with each other [47]

TABLE 1 Promoter interacting elements of catabolite repression in P.pastoris(as reviewed in[48] [49] [50] [51]

[52]
Element Designation  Function
Activator (DNA-binding Mxrl Activates transcription of genes for methanol metabolism
proteins)
Prml Positive transcription factor of PAOX1
Mitl Activates transcription of PAOX1
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Repressor (DNA-binding Migl ,Mig2  Recruits Ssn6-Tupl complex (repressor complex) in glucose
proteins) repressed genes

Nrgl negative transcription factor of PAOX1
Glucose signalling Hxt proteins  Hexose transporter

Gssl Impaired glucose catabolite repression

Mit1, methanol-induced transcription factor 1 in P. pastoris has a Zn(l1)2Cys6-type similar to H. polymorpha Mpp1.
The function analysis of different domains in mitl shows low identity to H.polymorpha mppl. Mitl is a key PAOX1
regulator, acting downstream, and regulating PAOX1 tightly[48]. However, during methanol metabolism, he is not
involved in peroxisome proliferation and transportation of peroxisomal proteins. Structural analysis by performing
various domains deletions in Mitl revealed its specific and essential function in the repression of PAOX1 in glycerol
medium. An in vivo assay demonstrates that the binding of Mitl and Prm1 to PAOX1 is carbon-dependent, and the
binding strengths are low in glucose and glycerol but high in methanol. This suggests that glucose-related repressors or
post-transcription alteration of Prm1 by phosphatase or kinases could repress the binding of Prm1 to PAOXL1. This
shows that for PAOX1 activation, Mitl is essential than Prm1.

When the regulator factors Mitl, Prm1, or Mxrl are removed, the transmission of the methanol induction signal to
PAOX1 is inhibited. The methanol induction signal is transferred through a cascade between these regulator
factors.Mxrl is located in the cytoplasm of glucose-exposed cells but translocated to the nucleus of methanol, glycerol,
and ethanol-exposed cells. This indicates that PAOX1's glucose-induced repression may be controlled by Mxrl's
subcellular location variation. Other studies have also demonstrated that Mxrl or its homolog, Trm2, derepresses
methanol-inducible promoters[53]. There is no specific limit between induction and derepression, and Mxrl may be
involved in both of these processes.it has shown that Mxr1 is primarily engaged in PAOX1 derepression and is vital.
Mxr1's role differed from that of Mitl and Prm1, which replied mainly to methanol induction. MXR1 deletion blocked
the methanol induction signal due to derepression failure. Accordingly, Aox expression could not improve
by overexpression of Mitl or Prm1.

The methanol signal was transferred to PMIT1 during the induction of methanol, leading in a drastic expression of
Mitl. Further studies showed that Prml transferred the induction of methanol to PMIT1. Because cells exposed to
glucose, glycerol, and methanol have demonstrated continuous Prm1 expression, Prm1 may have moved the methanol
induction signal by changing its structure rather than changing the signal dose. Regulation of P. pastoris PAOX1 by
Mxrl, Prm1, and Mitl is similar to the induction of oleate response genes meditated by Adrl, Oafl, and Pip2. The
transcription factors activated PAOX1 through a cascade. Mxrl mainly acts during carbon derepression, while Prm1
and Mitl operate during methanol induction, while Prm1 transmits methanol signal to Mitl through binding to the
MIT1 promoter (PMIT1), thus increasingly expressing Mitl and activating PAOX1 afterward[54]. We also have
repressors that play a crucial role in the repression by glucose. The Migl complex and Nrgl are essential elements in
glucose repression [49, 55].ScMigl, ScMig2, and ScMig3 are known in S.cerevisiae to repress the transcription of
genes inthe presence of glucose in other carbon source metabolism[56]. A P. pastoris genome BLAST search
identified two homologs of ScMig: Migland Mig2 consist of 445 and 455 amino acids, and both belong to the
Cys2His2 protein family near the N-terminus[57, 58]. The use of live-cell imaging of GFP tagged Migl, or Mig2
indicated that Migl and Mig2 are predominantly located in the cytoplasm when P. pastoris cells are moved to methanol.
This information suggested that Migl and Mig2 could be critical to PAOX1 catabolite repression. Besides, another
significant PAOX transcription repressor Nrgl was identified. The Nrgl is a zinc finger protein involved in the glucose
repression of several glucose-repressed genes. Since PpMxrl is necessary for PAOX1 activation, PpNrgl is likely
competing with PpMxrl binding locations to repress PAOX1 activation. In glucose and glycerol, Nrgl suppressed

PAOX1 by binding directly to five sites of PAOX1, including two binding sites of transcriptional activator Mxr1[50].
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Figure 2. Regulatory model of PAOX1 activation by Mitl, Mxr1, and Prm1

PAOX1 is repressed in the presence of glucose because Mxrl is located in the cytoplasm and has not shown the
function of derepression. When using methanol as the unique source of carbon, Mxr1 is transported to the nucleus and
relieved PAOX1's repression. The high expression of PAOX1 was induced by the methanol induction signal
transmitted from Prml to Mitl and then large amounts of Mitl. Prm1 induced the expression of itself during this
progression, and Mitl suppressed Prm1's expression.

V. CONCLUSION

The utilization of methanol as an inducer is confined to methylotrophic yeasts, which can metabolize methanol as a
unique carbon source. This review describes the current state of catabolite repression in Pichia pastoris. Transcription
activators Mxrl, Prm1, and Mitl, played essential roles in activating Paox: in response to methanol. Glucose repression
is typically and widely exist in various organisms. Mit1, Prm1, and Mxr1 independently activate P AOX1 in P.pastoris.
The Mig complex and Nrg1 repressors played an essential role in glucose repression.

The Mig complex and Nrgl may regulate genes involved in the methanol pathways more finely and strictly when cells
were grown in glucose than in glycerol. They may have redundant functions in transcriptional regulation. However,
significant work still requires to be done to clarify the distinct processes of glucose-mediated repression.

REFERENCES
1. Faber, K.N., et al., Review - Methylotrophic Yeasts as Factories for the Production of Foreign Proteins. Yeast, 1995. 11(14): p. 1331-1344.
2. Cregg, J.M. and K.R. Madden, Development of the methylotrophic yeast, Pichia pastoris, as a host system for the production of foreign
proteins. Developments in industrial microbiology (USA), 1988.
3. Moser, J.W., et al., Implications of evolutionary engineering for growth and recombinant protein production in methanol-based growth
media in the yeast Pichia pastoris. Microbial cell factories, 2017. 16(1): p. 49.
4. Houard, S., M. Heinderyckx, and A. Bollen, Engineering of non-conventional yeasts for efficient synthesis of macromolecules: the
methylotrophic genera. Biochimie, 2002. 84(11): p. 1089-1093.
5. Yurimoto, H., et al., Regulation and evaluation of five methanol-inducible promoters in the methylotrophic yeast Candida boidinii.

Biochimica et Biophysica Acta (BBA) -Gene Structure and Expression, 2000. 1493(1-2): p. 56-63.

Copyright to IJARSET www.ijarset.com 11698


http://www.ijarset.com/

ISSN: 2350-0328
International Journal of Advanced Research in Science,
Engineering and Technology
Vol. 6, Issue 11, November 2019

6. Sakai, Y., et al., Expression of Saccharomyces adenylate kinase gene in Candida boidinii under the regulation of its alcohol oxidase
promoter. Applied microbiology and biotechnology, 1995. 42(6): p. 860-864.

7. Godecke, S., et al., Identification of sequences responsible for transcriptional regulation of the strongly expressed methanoi oxidase-
encoding gene in Hansenula polymorpha. Gene, 1994. 139(1): p. 35-42.

8. Nakagawa, T., et al., Regulation of two distinct alcohol oxidase promoters in the methylotrophic yeast Pichia methanolica. Yeast, 2006.
23(1): p. 15-22.

9. Porro, D. and D. Mattanovich, Recombinant protein production in yeasts, in Recombinant Gene Expression. 2004, Springer. p. 241-258.
10. Mosin, O. and I. Ignatov, Metabolism and Physiology of Methylotrophic Microorganisms. Journal of Medicine, Physiology and
Biophysics, 2014. 6: p. 61-84.

11. Sjoblom, M., Mucin-like fusion proteins produced in Pichia pastoris as enhancers of immunogenecity of recombinant vaccines. 2011,
Luled tekniska universitet.

12. Anthony, C., The biochemistry of methylotrophic micro-organisms. Science Progress (1933-), 1975: p. 167-206.

13. Chistoserdova, L., Modularity of methylotrophy, revisited. Environmental microbiology, 2011. 13(10): p. 2603-2622.

14. Chistoserdova, L., M.G. Kalyuzhnaya, and M.E. Lidstrom, The expanding world of methylotrophic metabolism. Annual review of
microbiology, 2009. 63: p. 477-499.

15. Yurimoto, H., N. Kato, and Y. Sakai, Assimilation, dissimilation, and detoxification of formaldehyde, a central metabolic intermediate of
methylotrophic metabolism. The Chemical Record, 2005. 5(6): p. 367-375.

16. Zepeda, A.B., A. Pessoa Jr, and J.G. Farias, Carbon metabolism influenced for promoters and temperature used in the heterologous
protein production using Pichia pastoris yeast. brazilian journal of microbiology, 2018. 49: p. 119-127.

17. Quayle, J., The metabolism of one-carbon compounds by micro-organisms, in Advances in microbial physiology. 1972, Elsevier. p. 119-
203.

18. Veenhuis, M., J. Van Dijken, and W. Harder, The significance of peroxisomes in the metabolism of one-carbon compounds in yeasts, in
Advances in microbial physiology. 1983, Elsevier. p. 1-82.

19. Xuan, Y., et al., An upstream activation sequence controls the expression of AOX1 gene in Pichia pastoris. FEMS yeast research, 2009.
9(8): p. 1271-1282.

20. Macauley-Patrick, S., et al., Heterologous protein production using the Pichia pastoris expression system. Yeast, 2005. 22(4): p. 249-270.
21. Hartner, F.S. and A. Glieder, Regulation of methanol utilisation pathway genes in yeasts. Microbial Cell Factories, 2006. 5(1): p. 39.

22. Potvin, G., A. Ahmad, and Z. Zhang, Bioprocess engineering aspects of heterologous protein production in Pichia pastoris: a review.
Biochemical Engineering Journal, 2012. 64: p. 91-105.

23. Vogl, T. and A. Glieder, Regulation of Pichia pastoris promoters and its consequences for protein production. New biotechnology, 2013.
30(4): p. 385-404.

24. Jia, L., et al., Transcriptional analysis for carbon metabolism and kinetic modeling for heterologous proteins productions by Pichia
pastoris in induction process with methanol/sorbitol co-feeding. Process Biochemistry, 2017. 59: p. 159-166.

25. Li, N., et al., Effects of Heat Stress on Yeast Heat Shock Factor-Promoter Binding In Vivo. Acta biochimica et biophysica Sinica, 2006.
38(5): p. 356-362.

26. Koller, A., J. Valesco, and S. Subramani, The CUP1 promoter of Saccharomyces cerevisiae is inducible by copper in Pichia pastoris.
Yeast, 2000. 16(7): p. 651-656.

27. Solow, S.P., J. Sengbusch, and M.W. Laird, Heterologous protein production from the inducible MET25 promoter in Saccharomyces
cerevisiae. Biotechnology progress, 2005. 21(2): p. 617-620.

28. SCHULLER, H.-J., Glucose Repression (Carbon Catabolite Repression) in Yeast. Yeast Sugar Metabolism, 1997: p. 409.

29. Gancedo, J.M., Yeast carbon catabolite repression. Microbiology and molecular biology reviews, 1998. 62(2): p. 334-361.

30. Bettenbrock, K., et al., A quantitative approach to catabolite repression in Escherichia coli. Journal of Biological Chemistry, 2006. 281(5):
p. 2578-2584.

31 Ronne, H., Glucose repression in fungi. Trends in Genetics, 1995. 11(1): p. 12-17.

32. ROSE, M., W. ALBIG, and K.D. ENTIAN, Glucose repression in Saccharomyces cerevisiae is directly associated with hexose
phosphorylation by hexokinases Pl and PIl. European journal of biochemistry, 1991. 199(3): p. 511-518.

33. Weinhandl, K., et al., Carbon source dependent promoters in yeasts. Microbial cell factories, 2014. 13(1): p. 5.

34. Inan, M. and M.M. Meagher, Non-repressing carbon sources for alcohol oxidase (AOX1) promoter of Pichia pastoris. Journal of
Bioscience and Bioengineering, 2001. 92(6): p. 585-589.

35. Prielhofer, R., et al., Pichia pastoris regulates its gene-specific response to different carbon sources at the transcriptional, rather than the
translational, level. BMC genomics, 2015. 16(1): p. 167.

36. Jungo, C., I. Marison, and U. von Stockar, Mixed feeds of glycerol and methanol can improve the performance of Pichia pastoris cultures:
A quantitative study based on concentration gradients in transient continuous cultures. Journal of biotechnology, 2007. 128(4): p. 824-837.

37. Wang, J., et al., Methanol-independent protein expression by AOX1 promoter with trans-acting elements engineering and glucose-
glycerol-shift induction in Pichia pastoris. Scientific reports, 2017. 7: p. 41850.

38. Dashko, S., et al., Why, when, and how did yeast evolve alcoholic fermentation? FEMS yeast research, 2014. 14(6): p. 826-832.

39. Turcotte, B., et al., Transcriptional regulation of nonfermentable carbon utilization in budding yeast. FEMS yeast research, 2009. 10(1): p.
2-13.

40. Kuhn, K.M., et al., Global and specific translational regulation in the genomic response of Saccharomyces cerevisiae to a rapid transfer
from a fermentable to a nonfermentable carbon source. Molecular and cellular biology, 2001. 21(3): p. 916-927.

41. Rebnegger, C., et al., Pichia pastoris exhibits high viability and a low maintenance energy requirement at near-zero specific growth rates.
Appl. Environ. Microbiol., 2016. 82(15): p. 4570-4583.

42. Mattanovich, D., et al., Genome, secretome and glucose transport highlight unique features of the protein production host Pichia pastoris.
Microbial cell factories, 2009. 8(1): p. 29.

43. Gancedo, J.M., Yeast carbon catabolite repression. Microbiol. Mol. Biol. Rev., 1998. 62(2): p. 334-361.

44. Higgins, D.R. and J.M. Cregg, Introduction to Pichia pastoris, in Pichia protocols. 1998, Springer. p. 1-15.

45, Takagi, S., et al., Method for methanol independent induction from methanol inducible promoters in Pichia. 2012, Google Patents.

46. Lin-Cereghino, G.P., et al., Mxrlp, a key regulator of the methanol utilization pathway and peroxisomal genes in Pichia pastoris.

Molecular and cellular biology, 2006. 26(3): p. 883-897.

Copyright to IJARSET www.ijarset.com 11699


http://www.ijarset.com/

ISSN: 2350-0328

International Journal of Advanced Research in Science,
Engineering and Technology
Vol. 6, Issue 11, November 2019

47. Shen, W., et al., Kinase screening in Pichia pastoris identified promising targets involved in cell growth and alcohol oxidase 1 promoter
(PAOX1) regulation. PloS one, 2016. 11(12): p. e0167766.

48. Wang, X., et al., Mitl transcription factor mediates methanol signaling and regulates the alcohol oxidase 1 (AOX1) promoter in Pichia
pastoris. Journal of Biological Chemistry, 2016. 291(12): p. 6245-6261.

49, Stasyk, O.G., et al., The role of Hansenula polymorpha MIG1 homologues in catabolite repression and pexophagy. FEMS yeast research,
2007. 7(7): p. 1103-1113.

50. Wang, X., et al., PpNrgl is a transcriptional repressor for glucose and glycerol repression of AOX1 promoter in methylotrophic yeast
Pichiapastoris. Biotechnology letters, 2016. 38(2): p. 291-298.

51. Polupanov, A.S., V.Y. Nazarko, and A.A. Sibirny, Gss1 protein of the methylotrophic yeast Pichia pastoris is involved in glucose sensing,
pexophagy and catabolite repression. The international journal of biochemistry & cell biology, 2012. 44(11): p. 1906-1918.

52. Zhang, P., et al., Catabolite repression of Aox in Pichia pastoris is dependent on hexose transporter PpHxt1 and pexophagy. Appl. Environ.
Microbiol., 2010. 76(18): p. 6108-6118.

53. Sasano, Y., et al., Trm2p-dependent derepression is essential for methanol-specific gene activation in the methylotrophic yeast Candida
boidinii. FEMS yeast research, 2010. 10(5): p. 535-544.

54. Vogl, T., et al., Methanol independent induction in Pichia pastoris by simple derepressed overexpression of single transcription factors.
Biotechnology and bioengineering, 2018. 115(4): p. 1037-1050.

55. Lee, S.B., H.S. Kang, and T. Kim, Nrgl functions as a global transcriptional repressor of glucose-repressed genes through its direct
binding to the specific promoter regions. Biochemical and biophysical research communications, 2013. 439(4): p. 501-505.

56. Lutfiyya, L.L., et al., Characterization of three related glucose repressors and genes they regulate in Saccharomyces cerevisiae. Genetics,
1998. 150(4): p. 1377-1391.

57. Schiller, H.-J., Transcriptional control of nonfermentative metabolism in the yeast Saccharomyces cerevisiae. Current genetics, 2003.
43(3): p. 139-160.

58. De Schutter, K., et al., Genome sequence of the recombinant protein production host Pichia pastoris. Nature biotechnology, 2009. 27(6): p.
561.

Copyright to IJARSET www.ijarset.com 11700


http://www.ijarset.com/

