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ABSTRACT

The methylotrophic yeast Pichia pastoris has been widely used for the production of human
therapeutics, but production of granulocyte colony-stimulating factor (G-CSF) in this yeast
is low. In this study, improved extracellular production of G-CSF was carried out by
introducing mutations in the a-mating type (MAT) secretory signal using a native cDNA
(WT-GCSF) and a codon optimized GCSF gene (CO-GCSF). Mutations in the pro-region of
the a-MAT (deletion (A) of the amino acids 57-70), resulted in an increase in extracellular
production of G-CSF in both the cases with higher production from the CO-GCSF. Response
to A30-43 and A47-49 deletions was different from the CO-GCSF and the WT-GCSF genes
indicating higher rates of synthesis in the former to overcome the regulatory control
exercised by these segments. The loss of secretion occurring due to A30-43 in the WT-GCSF
was partially restored (by 60%) when the A57-70 was added. An important role of the 47-
49 amino acids was also demonstrated. The role of the P1’ position of the kex2 cleavage site
in the a-MAT was demonstrated and specific substitutions by smaller amino acids lead to
increased production of G-CSF. Secondary and tertiary structure prediction using I-TASSER
indicated an important role of the 3" alpha-helix in the pre-pro peptide. Presence of a
minimum loop length and secondary structure on the pro-peptide region allowed enhanced
extracellular production of G-CSF. Also, the role of several nutritional factors in controlling
the morphology of recombinant P. pastoris was shown for the first time and the

morphological switch was mediated through quorum sensing molecules.
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transformants, Cl #s 3, 4 (Mut"); Lane 6: MATo.: Glu/Ala transformants,
Cl # 2 (Mut®); Lane 8: MATa: Glu/Met transformants, Cl # 15 (Mut®);
Lanes 10 & 12: MATa: Glu/Met transformants, Cl # s 2 & 4 (Mut")

respectively.

(a) Gene insertion at the 40X locus by single cross-over event. (b) Gene

replacement event at AOX/ locus by double cross over.

(A) SDS-PAGE analysis of extracellular G-CSF production by different
transformants obtained from three category of mutants. Equal volumes (25
ul) were loaded after 48 h of cultivation in a 48-well plate. (a) MATa:
Glu/Val:- Lanes 1 & 11: Protein ladder; Lane 2: empty vector; Lane 3:
MATa.: (WT); Lanes 4 to 8, 12, 13, 15 to 20: C1# s 21 to 34 (Mut"); Lane
9: Cl # 26 (Mut®); Lanes 10 & 14: Filgrastim (3.0 pg and 1.5 pg)
respectively (b) MATa: Glu/Ala:- Lane 1 & 11: Protein ladder; Lane 2:
empty vector; Lane 3: MATa.: (WT); Lanes 4: Cl1 # 1 (Mut"); Lane 5: Cl
# 2 (Mut®); Lanes 6 to 9, 12 to 15, 17 to 20: Cl # s 3 to 15 (Mut"); Lanes
10 & 16: Filgrastim (2.5 pg and 1.5 pg) respectively (¢) MATa: Glu/Met:-
Lanes 1& 11: Protein ladder; Lanes 2 & 19: Filgrastim (2.5 pg and 1.5 pg)
respectively; Lanes 3 & 13: MATa: (WT); Lanes 4 & 5: Cl #s 4 & 2
(Mut"); Lane 6: Cl # 15 (Mut®); Lanes 7 to 10: C1# s 36, 5, 6, 7 (Mut");
Lanes 14 to 18 & 20: Cl #s 1, 16, 35, 33, 30, 8 (Mut") (B) Average G-CSF
(mg/L) production in Mut" as measured from 15 clones of each category

(substitution at the P1’site) after 72 h post methanol induction.
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Fig 4.9

Fig 4.10

Fig 4.11

Fig 4.12

Fig 4.13

Fig 5.1

(A) Cell O.D, total extracellular protein and G-CSF titre at 120 h post
methanol induction. (B) SDS-PAGE analysis of the extracellular culture
filtrate produced by the Mut" kex2 mutants at shake flask level. Lane 1:
Protein ladder; Lane 2; empty vector; Lane 3: MATa: (WT); Lanes 4 & 5:
MATao: Glu/Val, Cl #s 24, 25; Lanes 6 & 7: MATa.: Glu/AlaCl#5s 6, 13;
Lanes 8 & 9: MATa: Glu/Met, Cl # s 36, 1; Lane 10: Standard Filgrastim

(1.5 pg).

(A) Cell O.D, total extracellular protein and G-CSF titre at 120 h post
methanol induction (B) SDS-PAGE analysis of the culture filtrate
produced by Mut® kex2 mutants at shake flask level. Lane 1: Molecular
weight ladder; Lane 2; empty vector; Lane 3: MATa (WT); Lanes 4 & 5:
MATa: Glu/Val, Cl # 26; Lanes 6 & 7: MATa: Glu/Ala Cl # 2; Lanes 8
& 9: MATa: Glu/Met, Cl1 # 15; Lane 10: Standard Filgrastim (1.5 pg).

Secondary structure prediction of the MATa.: kex2 P1° mutants (a) Wild
type a- mating factor with Glu at the kex2 site (b) Glu at the kex2 cleavage
site replaced by Val (c) Glu at the kex2 cleavage site replaced by Ala (d)
Glu at the kex2 cleavage site replaced by Met.

Predicted 3-D models of (a) the wild type a- mating factor (a-MAT) (b)
Val replacing Glu at the kex 2 P1’site (c) Ala replacing the kex 2 P1’site
(d) Met replacing the kex 2 P1’site.

Interaction of the cargo protein (G-CSF) with the native signal peptide and
its variants, Green colored ribbon structure is that of the cargo protein
while red stick representation is for the a-MAT secretion signal. G-CSF
fused to the (a) MATa: (WT) (b) MATa: Glu/Val (¢) MATa: Glu/Met or
(d) MATa.: Glu/Ala.

Representative images of P. pastoris SMD1168 cell morphology on YCB
plus 0.2% ammonium sulphate at different pH (3.0 to 8.0). The cells were
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Fig 5.2

Fig 5.3

Fig 5.4

Fig 5.5

Fig 8.1

sampled after 72 h growth on liquid media and photographed at 1000 x

magnification.

Representative images of P. pastoris SMD1168 cell morphology on YCB
plus 0.2% of different amino acids at pH 6.0. The cells were sampled after
72 h growth on liquid media and photographed at 1000 x magnification.
Inoculum was 100% yeast-like morphology.

Representative images of P. pastoris SMD1168 cell morphology on YNB
plus 0.2% of different carbon sources. The cells were sampled after 72h
growth in liquid media and photographed at 1000 x magnification.
Inoculum was 100% yeast-like morphology.

Reversible pseudo-hyphae formation in P. pastoris during therapeutic
protein production. Morphological transition was observed from 24 h to

72 h with 1% methanol induction after every 24 h.

(A) GC-MS chromatogram of cell-free culture filtrate of recombinant P.
pastoris SMD1168. Chromatograms of (i) cells exhibiting yeast like
morphology (ii) cells exhibiting hyphae-like morphology. Cell-free
culture filtrate was lyophilized, extracted with benzene and derivatized by
N-Methyl-N-trimethylsilyltrifluoroacetamide (MSTFA) and
Trimethylsilyl (TMS) prior to GC-MS analysis using GC-2010 coupled
with a GC-MS QP-2010 Ultra (Shimazdu, Japan). (B) Relative percentage
of extracellular metabolites produced by P. pastoris exhibiting yeast-like
morphology or hyphae-like morphology. The quantity of each metabolite
was calculated in terms of relative percentage by measuring the area under
peak of each metabolite in relation to the total area of all other metabolites

detected in the extract.

(a) Codon-optimized copy of G-CSF (CO-GCSF, 564 bp) fused to native
a-MAT secretory signal sequences; (b) Native a-MAT secretory signal

sequences (267 bp); kex2 P1’site and Glu-Ala repeats are highlighted in
red.
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Fig 8.2

Fig 8.3

Fig 8.4

Fig 8.5

Fig 8.6

Fig 8.7

(a) 47-49 amino acid sequences highlighted in the native a-MAT secretory
signal sequences, (b) Deletion of ‘amino acids 47-49° (A47-49) in the
native a-MAT secretory signal sequences fused to WT-GCSF as well as
CO-GCSF.

(a) 57-70 amino acid sequences highlighted in the native a-MAT secretory
signal sequences, (b) Deletion of ‘amino acids 57-70° (A57-70) in the
native a-MAT secretory signal sequences fused to WT-GCSF as well as
CO-GCSF.

(a) 30-43 amino acid sequences highlighted in the native a-MAT secretory
signal sequences, (b) Deletion of ‘amino acids 30-43° (A30-43) in the
native a-MAT secretory signal sequences fused to WT-GCSF as well as
CO-GCSF.

(a) 57-70;47-49 amino acid sequences highlighted in the native a-MAT
secretory signal sequences, (b) Deletion of ‘amino acids 57-70 & 47-49°
(A57-70;47-49) in the native a-MAT secretory signal sequences fused to
WT-GCSF as well as CO-GCSF.

(a) 57-70;30-43 amino acid sequences highlighted in the native a-MAT
secretory signal sequences, (b) Deletion of ‘amino acids 57-70 & 30-43°
(A57-70;30-43) in the native a-MAT secretory signal sequences fused to
WT-GCSF as well as CO-GCSF.

(a) Native a-MAT secretory signal sequence fused to CO-GCSF with Glu
at kex2 P1’ site followed by Glu-Ala repeats, (b) Replacement of Glu by
Val at kex2 P1’site followed by deletion of Glu-Ala repeats in o-MAT
fused to CO-GCSF, (c¢) Replacement of Glu by Met at kex2 P1’site
followed by deletion of Glu-Ala repeats in a-MAT fused to CO-GCSF (d)
Replacement of Glu by Ala at kex2 P1’site followed by deletion of Glu-
Ala repeats in a-MAT fused to CO-GCSF.
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