
MOLECULAR EVENTS RESPONSIBLE 

FOR SWITCHING OF CELL SHAPE WITH 

RESPECT TO CELL CYCLE IN 

RHODOCOCCUS ERYTHROPOLIS PR4 

 

 

SHABNAM PARWIN 

 

 

 

DEPARTMENT OF BIOCHEMICAL 

ENGINEERING AND BIOTECHNOLOGY 

INDIAN INSTITUTE OF TECHNOLOGY 

DELHI 

 

APRIL 2024 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Indian Institute of Technology Delhi (IITD), New Delhi, 2024 



MOLECULAR EVENTS RESPONSIBLE 

FOR SWITCHING OF CELL SHAPE WITH 

RESPECT TO CELL CYCLE IN 

RHODOCOCCUS ERYTHROPOLIS PR4 

 

by 

SHABNAM PARWIN 

DEPARTMENT OF BIOCHEMICAL ENGINEERING AND BIOTECHNOLOGY 

Submitted  

In fulfilment of the requirements of the degree of  

Doctor of Philosophy  

to the 

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

APRIL 2024 



i 
 

 

CERTIFICATE 

 

This is to certify that the thesis entitled “Molecular events responsible for Switching of Cell 

Shape with respect to Cell Cycle in Rhodococcus erythropolis PR4” being submitted by Ms. 

Shabnam Parwin to the Indian Institute of Technology Delhi, for the award of degree of 

Doctor of Philosophy, is a record bonafide research work carried out by her under my 

supervision and guidance in conformity with the rules and regulations of Indian Institute of 

Technology Delhi.  

The results presented in this thesis have not been submitted in part or full to any other 

University or Institute for the award of any other degree or diploma. 

 

Date:                                                                                                   

Dr Preeti Srivastava 

                                                                                                           Professor 

                                                                                                           Department of          

Biochemical Engineering and Biotechnology 

Indian Institute of Technology Delhi 

New Delhi- 110016 

 

 

 

 

 

  



ii 
 

Acknowledgements 

PhD duration has been a roller coaster ride with various highs and lows packed with different 

emotional phases. PhD does not merely feel as an academic achievement but in reality, a 

journey that has groomed me professionally as well as personally. This journey has been filled 

with lot of joy, sorrow, happiness, anxiety, stress, tears and sleepless nights of long experiments. 

There have been many beautiful people whom I have met on this journey and made life time 

memories with them. I would like to thank and acknowledge all those who has encouraged and 

supported me in this journey and getting through the tough times when things seem impossible. 

First of all, I would like to thank the Almighty who has been a guiding light of my life and 

given me the strength in completing this degree successfully. 

I am highly grateful to my supervisor Prof Preeti Srivastava for believing in me at each and 

every phase of this journey. She has greatly aided both my professional and personal 

development for which I am incredibly appreciative of her. The passion and enthusiasm she 

carry for research has been the major inspiration to carry out good work and has served as big 

motivation for me during my Ph.D. It is impossible to put into words how her support and 

enduring questions answering gave me the boost I needed when things were not going as 

planned. Also, her sweet encouraging smile at the end of every long discussion filled me with 

lot of positivity to believe in that in the end everything will work out. In my future endeavours, 

I aspire to emulate her passion for teaching and research. 

I would also like to express my sincere gratitude to my research committee members: Prof. 

Saroj Mishra, Prof Ritu Kulshrestha, Prof Lucinda Elizabeth and Prof. Ashok Patel for 

evaluating my research work regularly and giving valuable suggestion to improve my work. 

Their valuable suggestions have helped me in developing the ideas about my research work in 

other dimensions as well.  



iii 
 

Also, I would like to extend my thanks to the Head of Department and all the faculty members 

of DBEB who has imparted knowledge through classroom programs and excel in course work. 

I would also like to thank all the members of the non-teaching staff of DBEB for all their 

support and help. 

I am very thankful to each and every member of RNA-I for helping me and providing a healthy 

work environment during all these years. I am highly grateful to my lab seniors Dr Jananee 

Jaishankar and Dr Arif Zargar for extending their help and guidance when I needed it the most 

and making me comfortable during the initial days of my lab. I would like to devote my special 

gratitude to Arif sir for helping us constantly in every situation. I would also like to thank 

Saurabh for making my stay pleasant at IIT-Delhi and being a great friend with whom I can 

have long hour discussions on any random topics. Further I would also like to express my 

special thanks to current lab members: Nidhi for being a good friend and a great lab mate, 

Asheemita for all the scientific discussions and microscopy companionship that we shared, 

Poorvika for all the light moment conversations, Shreyoshi, Chandrakanta and Krati for helping 

me out in the software and technology related challenges, Gursimar for sharing his home-made 

good food every day, Archana for her sweet and helping nature. Also, I would like to give my 

special gratitude to two members of this lab Aditi and Deeksha for witnessing my ups and 

downs of this journey since Day1 till date and sharing their precious suggestions related to all 

the topics. I would also like to thanks all the BTP and MTPs of our lab who has maintained a 

lively environment of our lab Shubham, Agrima, Niraj, Sonali and Rihan. 

I would like to extend my special thanks to Amit Bhaiyya for maintaining a clean lab 

environment and processing our lab bills. Also, all the staff of DBEB who has helped and 

allowed me to use specific instruments of our department.  



iv 
 

I appreciate and acknowledge the time that I have spent with my batchmates Sidra, Debashree 

and Avijeet who has always extended their help whenever I needed it the most.  

This journey would not have been possible without some special people who has kept constant 

faith in me and been my strength of pillars during my most challenging days. I am highly 

fortunate to have them in my life Papa, Mummy, my extremely supportive sister (Aapi), Danish 

and Waseem bhai. I am highly grateful to them for believing in me, encouraging me and always 

giving me a positive approach towards life. Aapi has been a constant pillar of strength in this 

entire journey and couldn’t imagine to pass this without her extreme confidence in me. I 

dedicate this thesis to my Parents whose hard work has led me to achieve PhD degree in my 

life. I am also very fortunate and thankful to have an understanding and visionary life partner 

Firoz who has always supported me and made my PhD workload easier by sharing 

responsibilities and being there for me always in every step. He has been my source of strength 

during the most miserable days when nothing works out and everything appears to be negative 

but he never stops encouraging me to do good work.  Also, I am very thankful to my in-law’s 

family who has been very understanding and supportive in my last stage of PhD journey.  

Last but not the least I would also like to acknowledge the small bundle of joy of my life ‘little 

Fatima’, my niece whose toothless smile always fill me with a lot of positivity and makes me 

feel cheerful about life.    

 

 

 

 

 

 



v 
 

ABSTRACT 

 

Bacterial morphogenesis and cell division are closely regulated processes that are influenced 

by a large number of external and internal factors. Different environmental conditions serve as 

external factors that regulate bacterial cell shape such as temperature, pH, salt and nutrient 

availability. Numerous studies have been carried out in different bacteria to see the effect of 

varying environmental conditions on bacterial morphology. However, these studies are limited 

to some bacteria only and very few reports are present for cell shape switching in 

Actinomycetes. To understand the various environmental factors which may affect the 

morphology in Actinomycetes, one of its members Rhodococcus erythropolis PR4 was studied. 

R. erythropolis PR4 is a non-pathogenic bacterium with high bioremediation activity.   

The present study also focuses on determining the role of prokaryotic cytoskeleton elements 

and cell division associated proteins on morphological adaptation in R. erythropolis PR4.   

R. erythropolis PR4 was grown in different environmental conditions with varying nutrient 

availability, pH and salt concentration.  An altered short rod morphology was observed under 

nutrient deprived conditions, acidic pH and high salt concentrations.  

There are several proteins which modulate the cell wall structure and regulate cell shape. 

During cell division process, peptidoglycan layer acts as the scaffold for shaping bacterial 

morphology in which CHAP domain containing proteins play a significant role. CHAP domain 

containing proteins modify the peptidoglycan layer by mediating their muramidase and 

peptidase activity during cell division. Deletion of chap gene resulted in elongated morphology 

due to delayed cell division and mislocalisation of the septa ring. The prokaryotic cytoskeleton 

proteins such as orphan ParA, orphan ParB, RodA and DivIVA play key role in cell shape 

maintenance. Morphological studies of the deletion mutants of orphan parA1, parA2, parA3 
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and divIVA-2 genes resulted in elongated rod-shaped morphology due to delayed cell division 

process. The disruption of rodA, divIVA-1 and divIVA-3 genes resulted in short rod-shaped 

morphology.  

The study suggests that R. erythropolis PR4 exhibits morphological adaptation in varying 

environmental conditions. It has multiple copies of chap, orphan parA, orphan parB and divIVA 

genes that are likely to perform unique biological functions.  To date there has been no report 

showing the multiple copies of these genes present in any of the class of Actinomycetes 

phylum.  This research investigation provides deeper insights into the close association 

between cytoskeleton and cell division proteins which in turn will be useful to develop effective 

drugs against the pathogenic strain of R. erythropolis in future. 
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अमूर्त 

बैक्टीरियल मोर्फोजेनेसिि औि कोसिका सिभाजन बािीकी िे सिसनयसमत प्रसियाएं हैं जो बडी िंख्या में 

बाहिी औि आंतरिक कािको ंिे प्रभासित होती हैं। सिसभन्न पयााििणीय सिकाि स्थिसतयााँ बाहिी कािको ं

के रूप में काम किती हैं जो तापमान, पीएच, नमक औि पोषक तत्ो ंकी उपलब्धता जैिे बैक्टीरिया 

कोसिका आकाि को सनयंसित किती हैं। जीिाणु आकृसत सिज्ञान पि सिसभन्न पयााििणीय परिस्थिसतयो ंके 

प्रभाि को देखने के सलए सिसभन्न जीिाणुओ ंमें कई अध्ययन सकए गए हैं। हालााँसक, ये अध्ययन केिल कुछ 

बैक्टीरिया तक ही िीसमत हैं औि एस्थक्टनोमाइिेट्ि में कोसिका आकाि बदलने की बहुत कम रिपोटें 

मौजूद हैं। सिसभन्न पयााििणीय कािको ंको िमझने के सलए जो एस्थक्टनोमाइिेट्ि में आकृसत सिज्ञान को 

प्रभासित कि िकते हैं, इिके एक िदस्य िोडोकोकि एरिथ्रोपोसलि पीआि4 का अध्ययन सकया गया था। 

आि. एरिथ्रोपोसलि पीआि4 उच्च बायोिेमेसडएिन गसतसिसि िाला एक गैि-िोगजनक जीिाणु है। 

ितामान अध्ययन आि. एरिथ्रोपोसलि पीआि4 में रूपात्मक अनुकूलन पि प्रोकैरियोसटक िाइटोसे्कलेटन 

तत्ो ंऔि कोसिका सिभाजन िे जुडे प्रोटीन की भूसमका सनिाारित किने पि भी कें सित है। . 

आि. एरिथ्रोपोसलि पीआि4 को अलग-अलग पोषक तत्ो ंकी उपलब्धता, पीएच औि नमक िांिता के 

िाथ सिसभन्न पयााििणीय परिस्थिसतयो ंमें उगाया गया था। पोषक तत्ो ं िे िंसचत परिस्थिसतयो,ं अम्लीय 

पीएच औि उच्च नमक िांिता के तहत एक परििसतात छोटी छड आकृसत सिज्ञान देखा गया। 

ऐिे कई प्रोटीन हैं जो कोसिका दीिाि की िंिचना को व्यिस्थित किते हैं औि कोसिका के आकाि को 

सनयंसित किते हैं। कोसिका सिभाजन प्रसिया के दौिान, पेसिडोग्लाइकन पित जीिाणु आकृसत सिज्ञान को 

आकाि देने के सलए मचान के रूप में काया किती है सजिमें प्रोटीन युक्त CHAP डोमेन एक महत्पूणा 

भूसमका सनभाता है। प्रोटीन युक्त CHAP डोमेन कोसिका सिभाजन के दौिान उनकी मुिासमडेज़ औि 

पेसिडेज़ गसतसिसि में मध्यिता किके पेसिडोग्लाइकन पित को िंिोसित किता है। चैप जीन के सिलोपन 

के परिणामस्वरूप कोसिका सिभाजन में देिी औि िेिा रिंग के गलत िानीकिण के कािण लम्बी आकृसत 

सिज्ञान हुआ। प्रोकैरियोसटक िाइटोसे्कलेटन प्रोटीन जैिे ऑर्फा न ParA, ऑर्फा न ParB, RodA औि 
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DivIVA कोसिका आकाि िखिखाि में महत्पूणा भूसमका सनभाते हैं। अनाथ पैिा1, पैिा2, पैिा3 औि 

divIVA-2 जीन के सिलोपन उत्परििती के रूपात्मक अध्ययन के परिणामस्वरूप कोसिका सिभाजन 

प्रसिया में देिी के कािण लम्बी छड के आकाि की आकृसत सिज्ञान प्राप्त हुआ। िॉडए, सडसििा-1 औि 

सडसििा-3 जीन के सिघटन के परिणामस्वरूप छोटी िॉड के आकाि की आकृसत सिज्ञान हुआ। 

अध्ययन िे पता चलता है सक आि. एरिथ्रोपोसलि पीआि4 अलग-अलग पयााििणीय परिस्थिसतयो ंमें 

रूपात्मक अनुकूलन प्रदसिात किता है औि एस्थक्टनोमाइिेट्ि के अन्य िगों िे असितीय है। इिमें चैप, 

अनाथ पैिा, अनाथ पािबी औि सडसििा जीन की कई प्रसतयां हैं जो असितीय जैसिक काया किने की 

िंभािना िखती हैं। आज तक ऐिी कोई रिपोटा नही ंआई है जो एस्थक्टनोमाइिेट्ि र्फाइलम के सकिी भी 

िगा में मौजूद इन जीनो ंकी कई प्रसतयो ंको दिााती हो। 

यह अध्ययन उन मूलभूत औि अत्यसिक महत्पूणा तत्ो ंपि कें सित है जो आि. एरिथ्रोपोसलि पीआि4 

जीिाणु को िमझने के सलए आिश्यक हैं। यह िोि जांच भसिष्य में आि. एरिथ्रोपोसलि के िोगजनक 

तनाि के स्थखलार्फ प्रभािी दिाएं सिकसित किने के सलए िाइटोसे्कलेटन औि कोसिका सिभाजन प्रोटीन 

के बीच घसनष्ठ िंबंि के बािे में गहन जानकािी प्रदान किेगी। 
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