
MAXIMIZING EXPRESSION OF GRANULOCYTE COLONY 

STIMULATING FACTOR IN PICHIA PASTORIS THROUGH HOST 

SELECTION, PROCESS OPTIMIZATION AND GENE DOSAGE 

STRATEGY 

 

 

 

ASHWANI GAUTAM 

 

 

 

DEPARTMENT OF BIOCHEMICAL ENGINEERING & BIOTECHNOLOGY 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

NEW DELHI - 110 016, INDIA 

APRIL 2017 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

©Indian Institute of Technology Delhi (IITD), New Delhi, 2017 



MAXIMIZING EXPRESSION OF GRANULOCYTE COLONY 

STIMULATING FACTOR IN PICHIA PASTORIS THROUGH HOST 

SELECTION, PROCESS OPTIMIZATION AND GENE DOSAGE 

STRATEGY 

 

by 

ASHWANI GAUTAM 

Department of Biochemical Engineering and Biotechnology  

 

Submitted 

In fulfillment of requirement of degree of Doctor of Philosophy 

to the  

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

APRIL 2017 



 

 

 

 

 
 
 

Dedicated to  
My beloved Parents & Teachers 

 
 

 

 

 

 

 



  
___________________________________________________________________________ 

  i 

 

This is to certify that the thesis entitled “Maximizing expression of Granulocyte 

Colony Stimulating Factor in Pichia pastoris through host selection, process 

optimization and gene dosage strategy” being submitted by Mr. Ashwani Gautam 

to the Indian Institute of Technology Delhi, for the award of the degree of ‘Doctor 

of Philosophy’, is a record of the bonafide research work carried out by him, which has 

been prepared under my supervision and guidance in conformity with the rules and 

regulations of the ‘Indian Institute of Technology, Delhi’. The research reports and the 

results presented in this thesis have not been submitted for any degree or diploma in 

any other University or Institute. 

 

 

Dr. Saroj Mishra 

Professor 
Dept. of Biochem. Engg. & Biotech. 
Indian Institute of Technology Delhi 
 

CERTIFICATE 



  
___________________________________________________________________________ 

  iii 

 

I would like to use this opportunity to express my gratitude to a number 

of people who over the years have contributed in various ways to the 

completion of this work. I would like to express my special appreciation 

and thanks to my advisor Professor Saroj Mishra, you have been a 

tremendous mentor for me. I would like to thank you for encouraging 

my research and for allowing me to grow as a research scientist. Your 

advice on both research as well as on my career have been priceless. 

She left an indelible mark in my head with her impeccable style of 

checking the reports and manuscripts. I thank her for her confidence 

in my ability to meet higher standard of scholarly research and writing. 

After each meeting with her I felt a little “wiser”. 

I would especially like to thank Dr. Vikram Sahai for his invaluable 

constructive and perceptive comments and suggestions. His kind 

support was of immense assistance to me in accomplishing this work. 

His detailed explanation of miniscule scientific and technical aspects, 

and his immense experience during experimentation is what made a 

huge difference to my work. His truly scientist intuition has made him 

as a constant oasis of ideas and passion, which exceptionally inspire 

and enriched my growth as a researcher. His counseling during low 

times has boosted my moral spirits and confidence. He proved that 

“until you realize how little you know, you really need looking for that 

knowledge”.  

I would also like to thank my committee members, Professor Atul 

Narang, Professor S.K. Khare, and Dr. Preeti Srivastava for serving 

ACKNOWLEDGEMENTS 



 
___________________________________________________________________________ 

 iv 

as my committee members even at hardship. I also want to thank you 

for your brilliant comments and suggestions, thanks to you.  

My colleagues, Mr. Shuddhodana and Mr. Anshul Sharma at Pilot 

Plant – my workplace, for their conscientious support, dedication and 

pain absorption. Your personal support to me was more than just 

brotherhood. I cannot forget the contribution of my colleagues at BRL, 

Mr. Anees Kaprakkaden, Ms. Nitu Maity, Mr. Moolchand, and Mr. 

Rishabh, in the success of my experiments. Special thanks to my 

friends, Anees, Sunil, Tushar, Anshul, Raju and Agustin for sharing 

their leisure time and making my stay at IIT a pleasant one. The course-

work days we did together cannot be forgotten.  

I gratefully acknowledge the timely help provided by Mr. Rajeev 

Dahiya, Mr. Sant Ram, Mr. Sumeet Kapoor, and Mr. SP Rana for 

successful completion of the different experiments during the research 

period. A special mention and thanks are due to Mr. Mukesh Singh, 

Mr. Harilal, Mr. Rahman and Mr. Shivkant Yadav for their 

cooperation and support during experimentation work. 

A special thanks to my family. Words cannot express how grateful I am 

to my mother and father for all of the sacrifices that you’ve made on my 

behalf. Your prayer for me was what sustained me thus far. 

 

 

 

(Ashwani Gautam) 

 



  
___________________________________________________________________________ 

  v 

 

Filgrastim (non-glycosylated), PEG-Filgrastim (chemically modified Filgrastim) and 

Lenograstim (glycosylated) are the commercially available forms of G-CSF out of 

which the first two are the non-glycosylated forms available from Escherichia coli. The 

glycosylated form is more stable and has high specific activity compared to the non-

glycosylated form. The objectives of the present study were to devise strategies, at 

genetic and bioprocess level, to enhance the yield of G-CSF in Pichia pastoris 

attempted to design discrete approach for effectively improving the G-CSF production 

in P. pastoris.  

Out of three host strains, namely, SMD1168, GS115 and X33, maximum production of 

G-CSF was obtained in X33 MutS clones. For each vector-host combination, several 

clones were screened at shake flask level and the `best clone’ (in terms of cell biomass 

and extracellular protein) selected. For X33 MutS transformants, maximum 

extracellular protein levels varied from 37.3 to 47.3 mgL-1. The experimental data at 

small scale indicated that the production of G-CSF negatively affected the growth 

parameters of the host strains during the induction phase.  The selected clones were also 

evaluated at bioreactor level for which a typical four phase fermentation was carried 

out comprising of batch and fed-batch glycerol, transition phase followed by the 

terminal methanol induction phase. A mixed feed of methanol and sorbitol was 

employed during the induction phase. The results indicated maximum G-CSF 

production of 250 mgL-1 with total extracellular protein level of ~480 mgL-1 in X33 
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host against MutS background. A comparative analysis of various strains in terms of 

protein and G-CSF yield, volumetric and specific productivity was also carried out. 

Among different parameters studied, specific growth rate (µ) showed a distinct effect 

on protein titer as the pre-set value of µ decreased from 0.05 h-1 to 0.01 h-1 with respect 

to final G-CSF titer which was 466 mgL-1 and specific productivity which was 0.0179 

mgg-dcw-1h-1. Based on these data, two sequential phases with different values of µ 

were implemented during the induction phase resulting in ~ 19% increase in G-CSF 

titer. Effect of gene dosage was also investigated and the data indicated considerable 

increase in the value of G-CSF transcripts which lead to increase in G-CSF titer during 

early phase of induction but the system was limited on account of availability of 

chaperones and other folding pathway enzymes. Thus, a balance needs to be created 

between folding and transcription to achieve high yield in multi-copy expression 

cassettes.   
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Filgrastim (गैर-ग्लाइकोसिलेटेड), पीईजी-फिल्मेंसिस्टटम (रािायनिक रूप िे िशंोधित Filgrastim) और 

लेिोगास्टटिम (ग्लाइकोसिलेटेड) जी-िीएिएि के व्याविानयक रूप िे उपलब्ि रूप हैं, स्जिमें िे पहले दो 

एटचरेरसशया कोली िे उपलब्ि गैर-ग्लाइकोसिलेटेड िॉमि हैं। ग्लाइकोसिलेटेड िॉमि अधिक स्टिर और 

गैर-ग्लाइकोसिलेटेड रूप की तुलिा में उच्च ववसशष्ट गनतववधि है। वतिमाि अध्ययि के उद्देश्यों में, 

पीधचया में जी-िीएिएि की पैदावार बढािे के सलए, जिेेटटक और बायोप्रोिैि टतर पर रणिीनतयों को 

तैयार करिा, पी। पादरीि में जी-िीएिएि उत्पादि को प्रभावी ढंग िे िुिारिे के सलए अितत 

दृस्ष्टकोण को डडजाइि करिे के सलए पेटटोररिटैम्पट फकया गया िा। 

एिएमडी 1168, जीएि 115 और एक्ि33 में तीि मेजबाि तिावों में िे, जी-िीएिएि का अधिकतम 

उत्पादि एक्ि33 में समला गया िा। प्रत्येक वेक्टर-होटट िंयोजि के सलए, शेक फ्लाटक टतर पर कई 

क्लोि टदखाए गए िे और `िविशे्रष्ठ क्लोि '(िेल बायोमाि और बाह्य कोसशका के िंदभि में) चयनित 

X33 MutS ट्ांििामेंट के सलए, अधिकतम बाह्य प्रोटीि टतर 37.3 िे 47.3 एमजीएल-1 िे सभन्ि 

होता है। छोटे पैमािे पर प्रयोगात्मक डटेा िे िंकेत टदया है फक जी-िीएिएििेग के उत्पादि में 

अवरोि चरण के दौराि मेजबाि तिाव के ववकाि मापदंडों को प्रभाववत फकया गया िा। चयनित 

क्लोिों का भी मूल्यांकि फकया गया िा बायोररएक्टर टतर पर स्जिके सलए बैच और िेड बैच 

स्ग्लिरॉल, ट्ांस़्िशि चरण के बाद एक िामान्य चार चरण फकण्वि फकया गया िा, टसमििल मेििॉल 

इन्डके्शि चरण के बाद। पे्ररण चरण के दौराि मेििॉल और िोर्बिटोल की एक समधश्रत फीड को 

नियोस्जत फकया गया िा। पररणामटवरूप अधिकतम जी-िीएिएि का उत्पादि 250 एमजीएल-1 के 

िार 
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िाि-िाि कुल िेक्यूलर प्रोटीि टतर ~ 480 एमजीएल-1 एक्ि X33 मेजबाि MutSbackground के 

खखलाि िा। प्रोटीि और जी-िीएिएि उपज, वॉल्यूमेटट्क और ववसशष्ट उत्पादकता के मामले में 

ववसभन्ि उपभेदों का तुलिात्मक ववश्लेषण भी फकया गया िा। ववसभन्ि मापदंडों में अध्ययि फकया 

गया, ववसशष्ट ववृि दर (μ) िे प्रोटीि टटटर पर एक अलग प्रभाव टदखाया, जैिा फक μ के पूवि-नििािररत 

मूल्य में 0.05 एच -1 िे 0.01 एच -1 1 िे अंनतम जी-िीएिएि टेटर के िंबंि में घटकर 466 

एमजीएल -1 और ववसशष्ट उत्पादकता जो 0.0179 एमजीजी-डीिीडब्ल्यू -1 एच -1 िा। इि आंकडों के 

आिार पर, एमडी के ववसभन्ि मूल्यों के िाि दो अिुक्रसमक चरणों में शासमल फकया गया िा, स्जिके 

पररणामटवरूप जी-िीएिएि टटटर में ~ 1 9% की ववृि हुई। जीि खुराक के प्रभाव की भी जांच की 

गई और डटेा में जी-िीएिएि टेप की वैल्यू में कािी ववृि का िंकेत टदया गया, स्जििे प्रारंसभक चरण 

में जी-िीएिएि टटटर में ववृि हो िकती है, लेफकि सिटटम िाविािी और अन्य तहमागि के मागि की 

उपलब्िता के कारण िीसमत िा एंजाइमों। इि प्रकार, बहु-प्रनतसलवप असभव्यस्क्त केट में उच्च उपज 

प्राप्त करिे के सलए तह और प्रनतलेखि के बीच िंतुलि बिाए जािे की आवश्यकता है। 
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fermentation at various pre-set values of µ. The fitted curves 
and line show the generalized trends of YP/X. 
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Figure 
4-26 

(A) Time course of fermentation profile of bi-phasic sequential 
specific growth rate strategy during induction phase. Variables 
are shown in different colors against the axes in corresponding 
colors. (B) SDS-PAGE analysis of culture filtrates sampled at 
different time points. 
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Figure 
4-27 

SDS-PAGE analysis showing comparative production of G-
CSF in 2-copy vs 1-copy transformants against SMD1168 host 
background. 
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Figure 
4-28 

Screening data of various 2-copy transformants in X33 host. 
(Data taken from Chaudhary A, 2016; M. Tech. dissertation). 
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Figure 
4-29 

(A) Time profile of fermentation of 2-copy integrant (with 
Mut+ phenotype) transformant 1 against X-33 host 
background.  Exponential feed addition at low specific growth 
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  xv 

rate (µ = 0.02 h-1) was carried out. Variables are shown in 
different colors against the axes in corresponding colors. (B) 
SDS-PAGE analysis of culture filtrates sampled at different 
time points. Twenty μL of sample supernatant was loaded on 
the SDS-PAGE at 1X concentration. 

Figure 
4-30 

(A) Time profile of fermentation of single copy X-33 
transformant # 20 with Mut+ with exponential feed addition at 
low specific growth rate (µ = 0.02 h-1). Variables are shown 
in different colors against the axes in corresponding colors. (B) 
SDS-PAGE analysis of culture filtrates sampled at different 
time points. Twenty μL of sample supernatant was loaded on 
the SDS-PAGE at 1X concentration. 
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Figure 
4-31 

(A) Time profile of fermentation  of 2-copy transformant#24 
against X-33 Mut+ background  with exponential feed addition 
at low specific growth rate (µ = 0.02 h-1). Variables are shown 
in different colors against the axes in corresponding colors. (B) 
SDS-PAGE analysis of culture filtrates sampled at different 
time points. Twenty μL of sample supernatant was loaded on 
the SDS-PAGE at 1X concentration. 
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Figure 
4-32 

Extracellular protein production during induction phase of 
different category of transformants in a bioreactor. [Single 
copy X-33 strain# 20 (solid circles); 2-copy X-33 unscreened 
strain# 1 (hollow squares); 2-copy X-33 screened strain# 24 
(hollow triangles)] 
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Figure 
4-33 

Comparative SDS-PAGE analysis of the culture filtrates 
obtained at different time points from 1-copy (A) and 2-copy 
transformant #24 (B) cultivated in a bioreactor. Twenty μL of 
sample supernatant was loaded on the SDS-PAGE at 1X 
concentration. 
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Figure 
4-34 

Relative (with respect to Glyceraldehyde-3-phosphate 
dehydrogenase) transcript levels of G-CSF, PDI and KAR2 in 
1-copy and 2-copy transformants (courtesy Ms. Nitu Maity, 
Biochem Res Lab, IIT Delhi). 
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