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GPI synthesis and attachment to proteins
(Komath Lab 2003-present)
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Figure: GPI biosynthetic pathway in yeast and fungi. GPI biosynthesis begins on the cytoplasmic face of the ER
by the ER-localized GPI N-acetylglucosaminyl transferase (GPI-GnT) with transfer of GIcNAc from UDP-GIcNAc
to PI. GIcNAc-PI is then deacetylated, sequentially decorated by 4 Man residues and 3 EtnP residues. The donor for
mannose is Dol-P-Man and of EtnP is phosphatidylethaolamine in all cases. GPI-GnT has six subunits, Gpil, Gpi2,
Gpi3, Gpil5, Gpil9 and Eril. Gpil2 is a deacetylase, Gwtl an acyltransferase that attaches an acyl chain at 2-OH of
inositol. The GPI intermediate must flip from the cytosolic to the lumenal side of the ER for Gwtl to act, but a specific
flippase has not been identified. MT-I (Gpil4, Pbnl), MT-II (Gpil8, Pgal), MT-III (Gpil0) and MT-IV (Smp3) are
the mannosyltransferases. Mcd4, Gpi7, Gpill, Gpil3 are EtnP transferases. Gpi7 and Gpill act independently. GPIT
is the transamidase consisting of subunits Gpi8, Gpil6, Gpil7, Gaal and Gabl, which removes the GPI attachment
signal sequence from proteins and attaches a preformed GPI anchor to their C-terminal ends via a transamidation
reaction. The most likely pathway and possible branched pathways are shown. Where evidence is not clear for a
specific step, broken arrows, rather than solid arrows are shown. (Komath et al., 2018 [IUBMB Life. 70(5):355-383.)
The steps highlighted in blue represent the points of interest in the lab.

The main focus of the lab currently is glycosylphosphatidylinositol (GPI) anchor biosynthesis in the
human pathogen, C. albicans. The GPI anchor is a complex glycolipid anchor that is ubiquitously present
in eukaryotes. An elaborate pathway of roughly 10-12 steps works sequentially to produce the precursor
GPI anchor in the endoplasmic reticulum. It is then attached to the C-terminal ends of proteins that carry
the GPI attachment signal sequence. A variety of proteins may be held by means of this anchor to the
extracellular leaflet of the plasma membrane (and/ or cell wall). In lower eukaryotes the biosynthetic
pathway leading to the formation of the complete GPI anchor is essential to the viability and functioning of
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the organism, making it an attractive drug target; in higher eukaryotes it is critical at certain stages of
organismal development, such as in embryogenesis, but not at others.

My lab has been working to understand the molecular details of this pathway. This task is particularly
challenging given that it involves mostly multi-subunit membrane-bound enzymes. There are no
commercially available substrates for most steps of the pathway and assay protocols that are successful for
one system do not always work for another system.

Listed below are some of our major contributions to the field:

e  We showed that the enzyme complex involved in the first step of GPI anchor biosynthesis in C.
albicans, the GPI-N-acetylglucosaminyltransferase (GPI-GnT), is mutually co-regulated with
ergosterol biosynthesis and drug-response in the organism. It is also closely linked to both Ras-
dependent and Ras-independent cAMP-PKA signalling for hyphal morphogenesis. This has
ramifications for controlling C. albicans infection and countering its drug-resistance. While
controlling hyphal morphogenesis is seen as a key step towards controlling virulence in this pathogen,
ergosterol and the sterol biosynthetic pathway are the most important targets for therapeutic
intervention in controlling Candida infections. Current work is focused on better understanding the
intra-subunit cross-talk as well as the mechanisms of the cross-talk of this step with ergosterol
biosynthesis and Ras signaling in C. albicans vis-a-vis S. cerevisiae.

e  We are also interested in comparing the active site of the enzyme involved in the second catalytic step
of the pathway, the de-N-acetylation of GlcNAc-PI, between organisms. We showed that the E.
histolytica de-N-acetylase is a close homologue of the yeast enzyme and exhibits a unique metal-
independent general acid-base pair catalytic mechanism. In contrast the C. albicans homologue shows
metal-dependent activity in cell-free systems. Current work is focused on studying the C. albicans, S.
cerevisiae, G. lamblis and mammalian enzymes.

e Our work showed that CaGPI14, encoding the first mannosyltransferase step of the pathway, affects
growth and hyphal morphogenesis of C. albicans. Hyphal morphogenesis is inhibited due to an
upregulation of the HOGI pathway. We also showed that the cross-talk with ergosterol biosynthesis
seen in the case of GPI-GnT is not effective at this step.

e A third line of enquiry in the lab is focused on understanding the GPI transamidation step and the role
of signal sequences in GPI anchor attachment. We showed that the C. albicans Gpi8 subunit is a metal-
dependent endopeptidase. We have developed a simple cell free assay to study this activity. Current
work in this project is focused on better understanding the mechanism of its endopeptidase activity.
In addition, we are studying the role of the other four subunits of the GPI Transamidase (GPIT) in the
transamidase reaction as well exploring their essentiality for the cell. We also seek to understand the
minimal characteristics of a GPI anchor attachment signal sequence that the transamidase can correctly
process for GPI-attachment.
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(Discourse). https://www.deccanchronicle.com/discourse/030618/stem-the-gender-gap.html.
4. Komath SS. 2008. Frames of science? Current Science 94(11): 1363-64.

Details of Funded Research Projects

Current Projects:

1. Exploring the mechanism of endopeptidase activity of Candida albicans Gpi8. SERB-POWER
Fellowship (2021). March 2022-2025.
2. Studying the catalytic subunit of the GPI N-acetylglucosaminyl transferase in Candida albicans. DBT.
2022-25.
3. Virulence of C. albicans GPI biosynthetic mutants exhibiting hyperfilamentous phenotypes- a study
using mammalian cell lines and mouse models. DBT. 2024-27 (co-PI)

Major projects completed:

S. |Title Approx. Cost | Duration Pl/ Agency
No. (Lakhs of Co-PI1
Rs.)
1. |Activation of GPI N-acetylglucosaminyl 63.23 March 2021- | PI SERB
transferase in Candida albicans. 2024
2. |Role of ERGS and ERG4 in Candida albicans 16.5 May 2019- PI CSIR
and the effect of ergosterol loss on GPI anchor 2022 (+6
biosynthesis, transport and location. months
extension)
3. |Elucidating the cross-talk between histone 94.0 2019-2023 Co-PI |STARS
acetyltransferases and ATP-dependent
chromatin remodelers proteins in C. albicans
and mammalian cells. (Co-PI).
4. | Structure-function analysis of GPI biosynthetic 113.10 Feb 2019-22 |Co-PI |DBT
enzymes.



https://southasiamonitor.org/culture/our-parallel-universes-eyes-must-see-ears-must-listen-heart-must-seek
https://southasiamonitor.org/culture/our-parallel-universes-eyes-must-see-ears-must-listen-heart-must-seek
https://doi.org/10.29195/DSSS.02.01.0018

5. |GPI transamidase in Candida albicans. 49.554 Dec 2017-20 | PI DBT
6. |GPI biosynthesis and Ras signaling in Candida 59.198 June 2013-16 |PI DBT
albicans
7. | Cross-talk between GPI biosynthesis and Ras 92.106 Feb 2014-17 |PI SERB/
signaling in S. cerevisiae DST
8. |Tailoring glycosylphosphatidylinositol 81.74 Mar 2015-18 |PI DST
substrates and substrate mimetics to study (Special
host-pathogen interactions call)
9. |Mammalian Pig-L: Cloning, purification and 15.00 Oct 2014-17 |PI CSIR
characterization of GIcNAc-PI de-N-acetylase
activity
10. |Targeting ABC transporters: Development of 16.70 May2012-15 |Co-PI |DST
multi drug resistance modulators and
fluorescent probes (independent
funding)
11. |Studying the mechanism of de-N-acetylation 17.55 Nov 2013-16 |PI CSIR
by a novel de-N-acetylase (PIG-L) from
Entamoeba histolytica
12. |Investigating the role of PIG-H, an accessory 3542 Feb 2012-15 |PI DBT
protein in the first step of GPI anchor
biosynthesis in Candida albicans
13. |Role of PIG-P in Candida albicans. 7.032 Apr 2006-09 | PI UGC
14. | Understanding the deacetylation step catalyzed 12.0 June 2007-10 |PI CSIR
by PIG-L gene product during GPI
Biosynthesis in Candida albicans
15. |Understanding the Initial Steps in the GPI 32.70 Nov 2005-08 |PI DBT
Biosynthesis Pathway in Candida albicans

Funding support received under Umbrella Projects:

DBT-BUILDER to SLS (2022-27)

2. DST-FIST (2016-21)

3. DST-PURSE (2013-18)

4. Analysis of the GPI anchor signal sequence of the Als5 adhesin in Candida albicans (2014- 2019) -
University with Potential for Excellence grant received by JNU

5. DBT-BUILDER (2012-16)

6. UGC-RNW (2008-13)

7. DRS & CAS, SLS, JNU
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Details of Research Supervision

Post-doctoral researchers associated with the lab in different capacities

1.

Dr. Usha Yadav (ICMR RA) 2022-2023

2. | Dr. Subhash Chandra Sethi (Project Fellow) 2021-2022

3. | Dr. Priyanka Jain (Project Fellow) 2020-2021

4. | Dr. Anandita Banerjee (SRF in a DBT funded project and later as U.G.C. D.S. Kothari Post-Doctoral
Fellow) 2020- 2022

5. | Dr. Shabnam Akhtar (U.G.C. D.S. Kothari Post-Doctoral Fellow) 2018-2021

6. | Dr. Sudisht K. Sah (worked as SRF in DBT funded project, 2019)

7. | Dr. Namita Rokana (SRF 2015-16)

8. | Dr. Dominic Thangminlen Haokip (PDF in DBT-BUILDER project, 2015-2016)

9. | Dr. Madhuri Singh (U.G.C. D.S. Kothari Post-Doctoral Fellow 2013-14)

10. | Dr. Archana Sehgal (DST Young Scientist 2004-2007)

MPhil/ PhD research students trained and their present location

Name Enrolled Degree Present Address
awarded
1. |Dr. Ramesh C. Rai 2003 2010 Scientist-D, BRIC-Translational Health Science and
Technology Institute
NCR Biotech Science Cluster, 3rd Milestone
Faridabad — Gurgaon Expressway, Faridabad —
121001
Haryana, India.
2.  |Dr. Pravin Kumar 2004 2010 SERB-Young Scientist
(co-supervisor National Institute of Plant Genome Research, New
Dr. Rohini Muthuswami) Delhi, 110067, India
3. |Dr. Mohammad Ashraf 2005 2013 Assistant Professor / Head
Khan Department of Biotechnology
Government Sri Pratap College Srinagar
J & K, India
4. |Dr. Guiliana Victoria 2006 2011 Grants Officer, Université Paris Cité
Soraya Paris, {le-de-France, France
5. |Dr. Bhawna Yadav 2007 2013 Project Scientist - 11
Biosafety Support Unit
(A partnership project between Department of
Biotechnology, Govt. of India and Regional Centre
for Biotechnology), New Delhi
6. |Dr. Usha Yadav 2010 2016 NPDF, AIIMS, New Delhi until 2022
ICMR-RA (in SSK lab) since 2022
7.  |Dr. Priyanka Jain 2010 2016 Not available
8.  |Dr. Snehlata Singh 2011 2017 Scientist D, Department of Biotechnology (DBT)
9.  Dr. Pratyusha Vavilala 2011 2017 Assistant Professor, Dept. of Biochemistry
Shaheed Rajguru College of Applied Sciences for
Women, University of Delhi
10. [Dr. Pareeta Gajraj 2011 2017 Lecturer, Jayoti Vidyapeeth Women's University
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11. |Anshuman M. Phil. 2012 2014 Postdoctoral Fellow, Department of Microbiology
Ph. D. 2014 2020 and Immunology, Stony Brook University (SBU)

Current Address: Long Island, New York, USA

12. |Shazia Parveen 2013 2022 Not available

13. |Anupriya Chandarker 2013 2020 Not available

14. |Sudisht Sah 2013 2018 Postdoctoral associate, Department of Biochemistry
and Biophysics, School of Medicine and Dentistry,
University of Rochester, NY, USA

15. [Pramitha Garai 2014 2020 Assistant Professor, Department of Zoology, City
College, Kolkata -700009

16. |Subhash Chandra Rai 2015 2021 Postdoctoral Fellow, NIH, Bethesda MD (USA)

Current Students (co-supervisors and fellowship details)

Name Enrolled | Status Fellowship funding/ Co-Supervisor
17. | Shailja Shefali 2017 viva voce DBT-SRF (Co-supervisor Prof. S. Gourinath)
to be done
18. | Monika Bharati 2018 continuing | UGC-SRF
19. | Yatin Suneja 2019 continuing | ICMR-SRF
20. | Simran Sharma 2019 continuing | DBT-SRF (Co-supervisor Prof. S. Gourinath)
21. | Isaac Cherian 2020 continuing | PMRF
22. | Harshita Saini 2021 continuing | JRF (project)
23. | Neha Thakran 2022 continuing | CSIR-JRF
24. | Smriti Singh 2024 continuing | JRF

Co-supervision of Ph. D. students registered in SLS, JNU

Name Degree awarded Co-Supervison with
1. | Dr. Versha Rai 2007 Prof. Rajendra Prasad
2. | Dr. Lalremruata Haunhar | 2013 Dr. Rohini Muthuswami
3. | Dr. Sudhuman Singh 2013 Prof. Biren Mallick
4. | Dr. Pratishtha Rai 2018 Prof. Sudha M. Cowsik
5. | Dr. Anita Loha 2019 Prof. Alok Mondal; Prof. Nirala Ramchiary
6. | Dr. Shatrunjai Giri 2022 Prof. Biren Mallick

Co-supervision of Ph. D. students registered outside JNU

Name Degree | Co-supervisor Institution at which registered
awarded
7. Dr. Jatinder Kaur 2009 Dr. Palwinder Singh GNDU, Amritsar
8. Dr. Md. Faiz Ahmad | 2012 Prof. Anwar Alam Jamia Milia Islamia University
9. | Dr. Gunjan Pandey 2012 Prof. Tasneem Fatma Jamia Milia Islamia University
Prof. S. M. Cowsik (SLS)
10. | Dr. Kalpana Pawar 2017 Prof. Balwinder Singh Uttarakhand Technical University

Masters dissertation students of SLS

Name YEAR | Current position
1. | Lakshman 2003-04 | Assistant Professor, Krea University
G. Soraya Victoria 2004-05 | Grants Officer, Université Paris Cité
Paris, {le-de-France, France
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3. Yukti Aggarwal 2005-06 | Process Engineer, Intel Corporations

4. | Nidhi 2005-06 | Not available

5. Sutirtha Datta 2006-07 | Research Program Manager- Data Management @ Rutgers Cancer
Institute of New Jersey

6. Shailesh Kumar 2008-09 | Staff Scientist-IV, NIPGR, New Delhi

7. | Aditi Verma 2010-11 | Ph. D. (IISc); Currently pursing MS in Biomedical Informatics,
Northwestern University, Chicago

8. | Pooja Sanduja 2011-12 | Postdoctoral Researcher, Boston Children’s Hospital

9. | Mukesh Kumar 2011-12 | Not available

10. | Anupama Yadav 2011-12 | Not available

11. | Rohini Datta 2012-13 | RNA therapeutics and vaccine design, Meso Scale Diagnostics, LLC.
Washington DC-Baltimore Area

12. | Shikha Srivastava 2014-15 | Graduate student, University of Louisville, Kentucky, USA

13. | Shafaque Zahra 2016-17 | Ph.D. from NIPGR; post-doctoral fellow, Bioinformatics, University
of Virginia, Charlottesville, VA 22903.

14. | Punnag Som 2018-19 | Doctoral student, University of Gottingen, Germany

15. | Neha Agarwal 2019-20 | Ph.D. Student, CDRI, Lucknow

16. | Anuradha Gupta 2020-21 | Ph.D., SCMM, JNU

17. | Sakshi Seth 2020-21 | IISER, Mohali

18. | Agsa Qureshi 2021-22 | Currently not available

19. | Sunyna Saun 2022-23 | Ph. D. student at IISc

20. | Dip Shikha 2023-24 | Not available

21. | Indu 2024-25 | Continuing

22. | Sanjeev Lochan 2024-25 | Continuing

Other short-term project students/ technical assistants/project fellows

YEAR | Name

2004-07 | Sreejith, Masum Saini, Hina

2008-09 | Priyanka Kumari, Roxy Vats, Gowhar Ahmad Bhat

2009-10 | Pooja Joshi, Kokila S Kumar, Aditi Nelly

2010-11 | Amrita Puri, Farheen Mirza, Ankita Dasgupta, Chetna Sai, Thomas Sarah Babu,

2011-12 | Sujeet, Sugandha Singh, Safir Ahmad, Shilpi Bhatnagar, Lavanya Nambiar, Shefali Gupta

2012-13 | Kiran Bora, Tilak Kumar Gupta, Sudhanshu Mudgal, Md. Abdul Yaseen, Snigdha

2014-15 | Suad, Deepanshi, Muskan Bhatia, Prerna Sharma (DBT-BUILDER)

2015-16 | Sanjana Ailani, Jasleen Kaur, Roshni Gupta

2016-17 | Sonali Singh (Project Assistant 2016-2018), Prerna, Lekha Nath, Ruchi, Sumit Kumar, Nikita

2017-18 | Rajnandan, Sree Lakshmi, Lakshman, Malavika Ghosh, Neha, Dr. Saquib Mahmood, Yashica

Adhlakha

2019-20 | Madiha Abbas, Kamakshi, Yash Mishra

2021-22 | Tanya Sapra

2022-23 | Suhaava Kooner, Sneha Chakraborty, Muskan Aggarwal

2023-24 | Yukta S. Ahire
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