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Abstract

Granulocyte colony stimulating factor (G-CSF) is one of the first cytokines to be discovered
that finds wide applications in the treatment of neutropenia, central nervous system disorders,
myeloablative therapy, myocardial infarction, hepatic damage and others. Recombinant G-
CSF, filgrastim obtained from E. coli was approved by FDA in 1991 for the treatment of
neutropenia in cancer patients following which considerable efforts have been made to produce
this protein for therapeutic use. Among the various available hosts for therapeutic protein
production, methylotrophic yeast Pichia pastoris evolved as an attractive alternative owing to
its methylotrophic nature, shorter doubling time, ease of manipulation, ability to perform post
translational modification, presence of strong inducible promoter and optimum cell growth
over a wide pH range (pH 3 — 7) at low cost. The ultimate of aim of therapeutic protein
production is to produce biologically active and stable protein in large amounts in a cost
effective manner. The aim of the presented work was to enhance the production of G-CSF in
P. pastoris by utilizing different strategies including — fusion of G-CSF with HSA and codon
harmonization. Two fusion constructs of G-CSF with HSA domain III containing flexible
linker and cleavable linker were generated. The fusion of G-CSF with HSADIII enhanced G-
CSF production by 5-8 folds. G-CSF present in fusion protein retained its alpha helical
structure and biological activity in vitro. Maximum protein production was obtained when cells
were grown at 22°C in baffled flask. Interestingly, Mut® strain showed higher protein
production as compared to Mut” strain. Transcriptome data analysis was performed to reveal
the underlying mechanism involved in this Mut phenotype dependent variation in heterologous
protein production. Higher G-CSF production in Mut® phenotype was accompanied by
differential expression of genes involved in methanol metabolism, sterol biosynthesis, -
oxidation, amino acid metabolism, transcription, translation, unfolded protein response and

biosynthesis of co-factors. In particular for methanol metabolism, FGH1, AOX2, RPE1, SHB17
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and RPE1-2 genes were upregulated while DAL7 was downregulated indicating higher G-CSF
production involved utilization of methanol with upregulation of assimilatory and dissimilatory
pathways to prevent formaldehyde toxicity. We also explored codon harmonization to fine tune
G-CSF sequence in light of specie specific codon bias and occurrence of alpha helical and link
regions. Two codon harmonized sequences were generated and transformed in P. pastoris.
Codon harmonization aided in increase in production of G-CSF protein by 10 fold with respect
to native ¢cDNA. The resulting protein showed less aggregation, retained structural and
biological identity. Future studies focusing on exploring these strategies at fermenter level and
evaluating the in vivo efficacy of resulting protein will help to establish the best possible

strategy for G-CSF production in P. pastoris at large scale in a cost effective manner.
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AR ® UHid & BHRU Uh HYD [ddhed &b &U H [dBHRI g7, HH QgD
T, TXBX B ST, SJaTE H GRINYT 63 P &I, Aolgd IR THIe B JurRUfT 3R
2y 9 fabr T S1feeh | 68 dFTd IR U fakgd Hed IS (diea 3 - 7) | fferciia oid=
I &1 3ifdH ITT AT THTE i A It AT | Sifdss ®U § Iisy 3R fRR MdA
HT IATG BT ¢ | T BT BT I fafiat TorHifaat &1 SuanT dvap Ut urest & Sft-
Heguw & Ide B dgM & forg U, fogH Teuan 3R e gsTHATSSRH & 1Y off-
HIeaus ST HaoH M ¢ | TIUHT S 11 Jad of-Heauw & & Yagq fHafor o

[a}

qtd fofaR 3R Feiuad fefdr JMAd ¥, 3@d T A1 HSADII & TTY G-CSF & Tad o
G-CSF 3T ®I 5-8 T del fadT| Yag UieH & Hiolg of-UeHu® o 30 3ehl
Rfoid T 3R 3 faet & Sifge nfafafd & 991w T sif¥ean UidH Idre urd
ot 1T YT ST el PITRIBT3] D AshTep R Tefep H 22 FE3 Afedrard wR Ieman ram 7| feererey
91 T8 8 fob, MutS & 7 Mut + A &1 ga1 § 31fes Ui Iare feaman| eatRiie
Sl fazaivur &1 39 ’Ie BAlergy | =mfAa siaffed dF & Udhe o & forg fvam mar o1
El UK EICiE| I # ik gl

vi



MutS B1e13d H I G-CSF IdTG AYAIT IaT9gd, W SAIRIARN, - 3fiaiiamu,
ST TRIE 9aTg9y, Ufderad, $de, Shices UIeH Ufdfdhdl 3R Ug-HR®| &
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