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1. Name of Institute: Uluberia College 

2. BOOST Programme: BOOST II Programme (Sanction no: 339/WBBDC/IP-2/2013 dt. 03.09.2014) 

3. Name of the grantee department(s): School of Life Sciences 

4. Name and affiliation of the Programme Coordinator:  

Dr. Siddhartha Sankar Bhattacharya 
Associate Professor and Head,  
Department of Zoology  
Uluberia College 
Uluberia, Howrah - 711 315 

5. Grant received: Rs. 40,00,000.00/- (Rupees Forty Lakh) 

6. Grant utilized: Rs. 41,35,187.00/- (Rupees Forty One Lakh Thirty Five Thousand One Hundred 
Eighty Seven ) 

7. Unspent amount: : Rs. 0.00/- 

8. Unspent amount refunded (if any): NA 

9. Report submitted: Yes 

10. UC submitted: Yes (please attach the scanned UC) 

11. Audited Statement of Expenditure submitted: Yes (please attach the scanned SoE) 

12. Details of the BOOST funded equipment: (please attach the scanned Sanction Letter) 

Sl. Instrument sanctioned 
Purchased 

(Y/N) 
Installed 

(Y/N) 

Utilized for 
Research and/or 

students’ practical 

AMC 
status 

Remarks 
(if any) 

1 Protein Gel Y Y Both NA  

2 
Trinocular 
Microscope 

Y Y Both NA  

3 UV Spectro Y Y Both NA  

4 
Refrigerated 
Centrifuge 

Y Y Both NA  

5 Thermocycler Y Y Both NA  

6 Micropipette Y Y Both NA  

7 Pipetting Aid Y Y Both NA  

8 pH meter Y Y Both NA  

9 Magnetic Stirrer Y Y Both NA  

10 Vortex Mixer Y Y Both NA  

11 
Table Micro 
centrifuge Y Y Both NA  

12 DNA Gel Power Pack Y Y Both NA  
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13 Digital Balance Y Y Both NA  

14 Water Bath Y Y Both NA  

15 Heating Plate Y Y Both NA  

16 Gel Rocker Y Y Both NA  

17 Chest Freezer Y Y Both NA  

18 Vertical Autoclave Y Y Both NA  

19 
Gel Docu & Image 
system Y Y Both NA  

20 Double Distillation Y Y Both NA  

21 Bio Saf/Laminar Flow Y Y Research NA  

22 CO2 incubator Y Y Research Running  

13. Students (from grantee and/or other departments) who utilized the BOOST sponsored facility 
to fulfil their academic curriculum: 

 
Name of the 

Department(s) 

Total no. of students 
(Starting from 1st academic year after installation of the facility) 

………… 
(Year 

1) 

………… 
(Year 

2) 

………… 
(Year 

3) 

………… 
(Year 

4) 

………… 
(Year 

5) 

………… 
(Year 

6) 

………… 
(Year 

7) 

Grantee 
Department 

School of Life 
Sciences, Uluberia 
College, Uluberia, 
Howrah - 711 315, 

India 

70 75 75 80 80 90 90 

Other 
Departments 

Dept. of Chemical 
Biological & 

macromolecular 
Sciences 

S. N. Bose National 
Centre for Basic 

Sciences, 
J. D. Block, Sector 

III, SaltLake, 
Kolkata 700 098, 

India 

4 4 5 5 5 5 5 

Department of 
Microbiology, St. 
Xavier's College , 
30 Mother Teresa 

Sarani Kolkata 
700016, India 

NA NA NA 1 1 1 1 

Department of 
Biotechnology, 

Thapar Institute of 
Engineering and 

NA NA NA NA NA 1 NA 
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Technology, 
Bhadson Road, 
Patiala, Punjab 
147004, India 

Total  74 79 80 86 86 97 96 

14. Details of the research projects (of grantee or other departments) in which the BOOST 
sponsored facility was utilized: 

Sl. 
no. Title of the research project Name & Affiliation of 

P.I. Equipment used 

No. of 
research 

fellow 
benefitted 

1 

Effectiveness of novel nano 
formulation in treatment of ROS 

mediated neurodegenerative 
disorders 

Dr. Debasish Pal, 
Principal & Associate 

Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

& 
Prof. Samir Kumar Pal 

Adjunct Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

 

pH meter , UV 
Spectro, Trinocular 

Microscope , 
Micropipette, 

Pipetting Aid, Table 
Micro centrifuge, 
Magnetic Stirrer, 

Vortex Mixer, Digital 
Balance, Double 

Distillation, Chest 
Freezer 

4 

2 
Sub chronic toxicity and 

biodistribution of nanomaterials 

Dr. Siddhartha Sankar 
Bhattacharya 

Associate Professor 
and Head, 

Department of 
Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

& 
Prof. Samir Kumar Pal 

Adjunct Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

 
 

UV Spectro, 
Micropipette, 
Pipetting Aid, 

Trinocular 
Microscope , Table 
Micro centrifuge, 
Magnetic Stirrer, 

Vortex Mixer, Digital 
Balance, Double 

Distillation, Chest 
Freezer 

4 

3 
Effectiveness of novel nano 
formulation in treatment of 

inflammatory disorders 

Dr. Debasish Pal, 
Principal & Associate 

Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 

UV Spectro, 
Trinocular 

Microscope , 
Micropipette, 

Pipetting Aid, Table 
Micro centrifuge, 

4 
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Howrah - 711 315 
& 

Prof. Samir Kumar Pal 
Adjunct Professor, 

Department of 
Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

 

Magnetic Stirrer, 
Vortex Mixer, Digital 

Balance, Double 
Distillation, Chest 

Freezer 

4 

Effectiveness of new metal 
hybrid formulae in treatment of 

diabetes and associated 
disorders 

Dr. Debasish Pal, 
Principal & Associate 

Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

& 
Prof. Samir Kumar Pal 

Adjunct Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

 

pH meter , UV 
Spectro, Trinocular 

Microscope , 
Micropipette, 

Pipetting Aid, Table 
Micro centrifuge, 
Magnetic Stirrer, 

Vortex Mixer, 
Trinocular 

Microscope, Digital 
Balance, Double 

Distillation, Chest 
Freezer 

5 

5 
Role of novel nano formulation 
in treatment of hematological 

disorders 

Dr. Siddhartha Sankar 
Bhattacharya 

Associate Professor 
and Head, 

Department of 
Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

& 
Prof. Samir Kumar Pal 

Adjunct Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

 
 

pH meter , UV 
Spectro, Trinocular 

Microscope , 
Micropipette, 

Pipetting Aid, Table 
Micro centrifuge, 
Magnetic Stirrer, 

Vortex Mixer, 
Trinocular 

Microscope, 
Refrigerated 

Centrifuge, Digital 
Balance, Double 

Distillation, Chest 
Freezer 

5 

6 
Role of nanomaterial in 

treatment of wound healing 

Dr. Siddhartha Sankar 
Bhattacharya 

Associate Professor 
and Head, 

Department of 
Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

& 
Prof. Samir Kumar Pal 

Trinocular 
Microscope , 
Micropipette, 

Pipetting Aid, Table 
Micro centrifuge, 
Magnetic Stirrer, 

Vortex Mixe, Digital 
Balance, Double 

Distillation 

5 



Government of West Bengal 
Department of Science & Technology and Biotechnology 

 
 

Adjunct Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

 

7 
Ultrafast Spectroscopy on DNA-

Cleavage by Endonuclease 
in Molecular Crowding 

Prof. Samir Kumar Pal 
Adjunct Professor, 

Department of 
Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

 

UV Spectro, DNA Gel 
Power Pack, Gel Docu 

& Image system, 
Micropipette, 

Pipetting Aid, Table 
Micro centrifuge, 
Magnetic Stirrer, 

Vortex Mixer, Digital 
Balance, Double 

Distillation 

4 

 
8 

 
Synthesis and 

Characterization Nanohybrid for 
Potential Photodynamic 
Therapeutic Application 

 
Prof. Samir Kumar Pal 

Adjunct Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

 

UV Spectro, pH 
meter, Bio 

Saf/Laminar Flow, 
Vertical Autoclave, 

CO2 incubator, 
Protein Gel, Gel 

Rocker, Refrigerated 
Centrifuge, 

Thermocycler, Digital 
Balance, Double 

Distillation 

4 

9 

Rationalization of Traditional 
Liver Medicine Using Systems 

Biology Approach and Its 
Evaluation in Preclinical Trial 

Dr. Debasish Pal, 
Principal & Associate 

Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

& 
Prof. Samir Kumar Pal 

Adjunct Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

 

pH meter , UV 
Spectro, Trinocular 

Microscope , 
Micropipette, 

Pipetting Aid, Table 
Micro centrifuge, 
Magnetic Stirrer, 

Vortex Mixer, 
Trinocular 

Microscope, 
Refrigerated 

Centrifuge, Protein 
Gel, Gel Rocker, 
Digital Balance, 

Double Distillation, 
Chest Freezer 

3 

10 
Role of Natural Flavonoids in 

Detoxification of Lead Poisoning 

Dr. Debasish Pal, 
Principal & Associate 

Professor, 
Department of 

pH meter , UV 
Spectro, Trinocular 

Microscope , 
Micropipette, 

4 
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Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

& 
Prof. Samir Kumar Pal 

Adjunct Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

 

Pipetting Aid, Table 
Micro centrifuge, 
Magnetic Stirrer, 

Vortex Mixer, 
Trinocular 

Microscope, 
Refrigerated 

Centrifuge, Digital 
Balance, Double 

Distillation, Chest 
Freezer 

15. Training programmes/workshops organized utilizing the BOOST sponsored facility: 

Sl. 
no. Title of the programmme Year 

Name and affiliation 
of the Programme 

Co-ordinator 

Total no. of 
participants 

1 Workshop on Advanced Nanotherapeutics 2017 

Dr. Debasish Pal, 
Principal & Associate 

Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

& 
Dr. Siddhartha 

Sankar Bhattacharya 
Associate Professor 

and Head, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

 

30 

2 
Workshop on “Perfect Pipetting Techniques 

and Cleaning Procedures” 
2017 

Dr. Debasish Pal, 
Principal & Associate 

Professor, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

& 
Dr. Siddhartha 

Sankar Bhattacharya 
Associate Professor 

and Head, 
Department of 

Zoology, Uluberia 
College, Uluberia 
Howrah - 711 315 

35 
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16. Participation in National/International/Provincial Seminar/Conference/Workshop arising 
from work done using the BOOST sponsored facility: 

Sl. 
no. 

Title of the 
Seminar/Conference/Workshop 

National/ 
International/ 

Provincial 
Year Participant 

Department 
No. of 

participants 

1 
Gordon Research Seminar-

Oxygen Radicals 2020, Ventura, 
USA 

International 2020 

Department of 
Zoology, 

Uluberia College, 
Uluberia Howrah 

- 711 315 

1 

2 

International Conference on 
Nanoscience and Technology 

(ICONSAT 2020) held at SN Bose 
National Centre for Basic 

Sciences, India 

International 2020 Do 3 

3 
Gordon Research Seminar-

Clusters and Nanostructures 
2019, Switzerland 

International 2019 Do 1 

4 
APDW-2019 organized by Asian 

Pacific Digestive Week 
Federation held at Kolkata, India 

International 2019 Do 1 

5 
Paris Redox-2019 held at 

University Pierre and Marie 
Curie, Paris, France 

International 2019 Do 1 

6 

International Conference on 
Nanoscience and Technology 

(ICONSAT 2018) held at Indian 
Institute of Science, Bangalore 

International 2018 Do 1 

7 

Nanochallenge 2017 organized by 
Suny Polytechnic Institute, New 
York, USA and PSG Institute of 

Advanced Studies, Coimbatore, 
India 

International 2017 Do 1 

8 

International Conference on 
Nanoscience and Technology 

(ICONSAT 2016) held at Indian 
Institute of Science Education 

and Research, Pune, India 

International 2016 Do 1 

9 

NanoBioCon 2016 organized by 
Institute of Electrical and 

Electronics Engineers (IEEE) and 
MaulanaAbulKalam Azad 
University of Technology 

(MAKAUT; formerly WBUT), India 

International 2016 Do 1 
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10 

International Conference on 
Biomedical Science and 

Instrumentation 2016 (ICBSI -
2016)’ organized by University of 

Calcutta, India 

International 2016 Do 1 

11 
Ultrafast Science- 2015 held at 

SN Bose National Centre for Basic 
Sciences, India 

National 2015 Do 1 

12 

BESHCON 2020 5th Annual 
Conference of Bengal Society of 

Hematology,India 
National 2020 Do 2 

13 
Bose Fest-2019, SN Bose National 

Centre for Basic Sciences, India 
National 2019 

Dept. of 
Chemical 

Biological & 
macromolecular 

Sciences 
S. N. Bose 

National Centre 
for Basic 
Sciences, 

J. D. Block, Sector 
III, SaltLake, 

Kolkata 700 098 
 

3 

14 
Bose Fest-2016, SN Bose National 

Centre for Basic Sciences, India 
National 2019 Do 1 

15 
Bose Fest-2017, SN Bose National 

Centre for Basic Sciences, India 
National 2019 Do 1 

16 

Workshop on Advanced 
Nanotherapeutics 2017 (WANT 
2017) held at Uluberia Colleg, 

India 

National 2017 

Department of 
Zoology, 

Uluberia College, 
Uluberia Howrah 

- 711 315 

2 

17 

National Conference on 
Nanotechnology in Medicine-
2017’ organized by Chettinad 

Academy of Research and 
Education, India 

National 2017 Do 1 

18 

7th Masterclass in Liver Diseases 
(MCLD) 2017 organized by 

Institute of liver Disease and 
Transplantation (ILDT), 

Gleneagles Global Hospitals, 
Chennai, India 

National 2017 Do 1 

19 Workshop on Advanced National 2017 Do 09 
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Nanotherapeutics 2017 
organized by Uluberia College, 

India 

20 

Workshop on “Advances in 
Biological Techniques” 2017 

organized by Raja Pyari Mohan 
College, India 

National 2017 Do 20 

21 Workshop on “Perfect Pipetting 
Techniques and Cleaning 

Procedures” 2017 organized by 
Uluberia College, India 

National 2017 Do 10 

17. Post-curricular achievements by the students having been benefitted from the BOOST 
sponsored facility: 

Achievements 
by the 

students 

Total no. of students 
(Starting from 1st academic year after installation of the facility) 

………… 
(Year 1) 

………… 
(Year 2) 

………… 
(Year 3) 

………… 
(Year 4) 

………… 
(Year 5) 

………… 
(Year 6) 

………… 
(Year 7) 

Joined Ph.D NA NA 1 NA NA 2 NA 

Secured job NA NA NA 2 2 NA NA 

Declaration: We do hereby declare that the above information are correct and based on the 
documentation by the Grantee Department(s). I also understand that the above information are 
subject to physical verification by the Department of Science & Technology and Biotechnology, Govt. 
of West Bengal at any point of time.  

 

 

 

 

 

 

………………………………………………………… 
Signature of the 
Programme Coordinator(s) (With seal) 
Date: 12/01/2021 

………………………………………………………… 
Signature of the 
Head of the Department (With seal) 
Date: 12/01/2021 
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A Smart Nanotherapeutic Agent for in vitro and in vivo
Reversal of Heavy-Metal-Induced Causality: Key
Information from Optical Spectroscopy
Aniruddha Adhikari,[a] Pritam Biswas,[b] Susmita Mondal,[a] Monojit Das,[c]

Soumendra Darbar,[d] Ahmed M. Hameed,[e] Ahmed Alharbi,[f] Saleh A. Ahmed,[e, f]

Siddhartha Sankar Bhattacharya,[c] Debasish Pal,[c] and Samir Kumar Pal*[a, c]

Human exposure to heavy metals can cause a variety of life-
threatening disorders, affecting almost every organ of the body,
including the nervous, circulatory, cardiac, excretory, and
hepatic systems. The presence of heavy metal (cause) and
induced oxidative stress (effect) are both responsible for the
observed toxic effects. The conventional and effective way to
combat heavy metal overload diseases is through use of metal
chelators. However, they possess several side effects and most
importantly they fail to manage the entire causality. In this
study, we introduce citrate-functionalized Mn3O4 nanoparticles
(C� Mn3O4 NPs) as an efficient chelating agent for treatment of
heavy metal overload diseases. By means of UV/Vis absorbance
and steady-state fluorescence spectroscopic techniques we

investigated the efficacy of the NPs in chelation of a model
heavy metal, lead (Pb). We also explored the retention of
antioxidant properties of the Pb-chelated C� Mn3O4 NPs using a
UV/Vis-assisted DPPH assay. Through CD spectroscopic studies
we established that the NPs can reverse the Pb-induced
structural modifications of biological macromolecules. We also
studied the in vivo efficacy of NPs in Pb-intoxicated C57BL/6j
mice. The NPs were not only able to mobilize the Pb from
various organs through chelation, but also saved the organs
from oxidative damage. Thus, the C� Mn3O4 NPs could be an
effective nanotherapeutic agent for complete reversal of heavy-
metal-induced toxicity through chelation of the heavy metal
and healing of the associated oxidative stress.

Introduction

Chelation therapy, introduced by Alfred Werner and Paul Ehrlich
in early 1900 s,[1] is still the most effective and widely used
method for treatment of heavy metal overload and associated
spectrum of disorders that includes heavy metal toxicity,[2]

anemia,[3] Alzheimer’s,[4] Parkinson’s,[5] Friedreich’s ataxia,[6] and
Wilson’s disease.[7] All of the aforementioned conditions involve
the accumulation of metal ions in certain tissues or cellular
compartments of the body and the inability of the physiological
systems to mobilize them.[7a] Being non-redox in nature, most of
the heavy metals lack pro-oxidant catalytic activity, rather they
covert to some indirect mechanisms (through destruction of
sulfhydryl (� SH) containing enzymes essential for in vivo
antioxidant defense) to exert pathogenesis through free radical
mediated damage.[8] Thus, regulating the free radical-induced
intracellular damage is equally essential in combating heavy
metal overload diseases besides the elimination of the same
from various organ systems.[8b] The conventionally used chelat-
ing agents for treatment of heavy metal overload disorders
were introduced more than four decades ago (i. e., CaNa2EDTA-
1985;[9] BAL-1949;[9] DMSA-1978;[10] DMPS-1958[11]), and they
suffer from inherent toxic effects owing to non-specificity and
unwanted distribution throughout the body including several
essential organs.[12] Most dangerously, some of the chelators
redistribute the heavy metals to the brain instead of excretory
organs resulting in severe cognitive disorders, particularly in
children.[2c] The aforementioned causal relationship between
heavy metal and oxidative stress and inherent toxicity of the

[a] A. Adhikari, S. Mondal, Prof. S. Kumar Pal
Department of Chemical, Biological and Macromolecular Sciences
SN Bose National Centre for Basic Sciences
Block JD, Sector 3, Salt Lake
Kolkata 700106 (India)
E-mail: skpal@bose.res.in

[b] P. Biswas
Department of Microbiology
St. Xavier’s College
30, Mother Teresa Sarani
Kolkata 700016 (India)

[c] M. Das, Dr. S. Sankar Bhattacharya, Dr. D. Pal, Prof. S. Kumar Pal
Department of Zoology
Uluberia College
University of Calcutta
Uluberia, Howrah-711315 (India)

[d] Dr. S. Darbar
Research and Development Division
Dey’s Medical Stores (Mfg.) Ltd.
62, Bondel Road, Ballygunge
Kolkata-700019 (India)

[e] Dr. A. M. Hameed, Prof. S. A. Ahmed
Department of Chemistry
Faculty of Applied Sciences
Umm Al-Qura University
21955 Makkah (Saudi Arabia)

[f] Dr. A. Alharbi, Prof. S. A. Ahmed
Chemistry Department, Faculty of Science
Assiut University
71516 Assiut (Egypt)
Supporting information for this article is available on the WWW under
https://doi.org/10.1002/cmdc.201900543

Full PapersDOI: 10.1002/cmdc.201900543

1ChemMedChem 2019, 14, 1–11 © 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! ��

Wiley VCH Donnerstag, 19.12.2019

1999 / 155015 [S. 1/11] 1



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Treatments

Animals were randomly divided into 3 groups. First group (Control)
of animals (n=10) orally received 200 μL physiological saline (0.9%
NaCl) for 49 days (the entire study period). Remaining two groups
(n=12/group) received Pb(NO3)2 solution (45 mgkg� 1 body weight
(BW)) intraperitoneally (i.p.) on alternative days for a period of
28 days in order to induce Pb(II) mediated damage. The second
group (Pb(II)) was left untreated for the rest of the experimental
period (negative control) while, the third group (Pb(II)+C� Mn3O4

NP) was orally administered with C� Mn3O4 NPs (0.25 mgkg� 1 BW)
for the last 21 days. All agents were administered postprandial.

Blood collection and serum isolation

Mice were fasted for 12 h on the 50th day, and blood samples were
collected by orbital exsanguination from the retro-orbital sinus
plexus of the mice in micro centrifuge tubes with and without
EDTA (2.0%). Serum was separated following standard
procedure[14b] and kept at � 20 °C until further use.

Assessment of hematological and liver function parameters

All serum biochemical parameters (ALT, AST, ALP, GGT, total
protein, direct and total bilirubin) were analyzed by using
commercially available assay kits (Span Diagnostic, Surat, India)
following the protocol recommended by manufacturer. δ-amino-
levulinic acid dehydratase (δ-ALAD) activity was measured using
the European standardized method.[30] Complete blood count (CBC)
was obtained using an automated cell counter (Medonic CA 620,
Boule Diagnostics, Sweden).

In vivo distribution of Pb

ICP-AES (ARCOS, SPECTRO Analytical Instruments GmbH, Germany)
was carried out to determine the amount of Pb in blood and other
organs like liver, kidney, spleen and, brain. The open acid digestion
method was used for sample preparation. In brief, tissues were
dried using liquid nitrogen and weighted. The freeze-dried samples
were dissolved in an acid mixture that contained HNO3 (3 mL),
H2SO4 (2 mL), and H2O2 (1 mL), heated at 120 °C until only a residue
remained, and then diluted with deionized water to 10 mL.

Measurement of intracellular antioxidant enzymes

The degree of lipid peroxidation was measured in terms of
thiobarbituric acid reactive substances (TBARS) formation following
a standard procedure.[31] SOD, CAT, GPx and GSH activity were
determined using commercially available test kit (Sigma-Aldrich,
MO, USA) following the protocol suggested by the manufacturer.

Histopathology

Liver was collected from animals of each group and washed
separately with ice-cold phosphate buffer (pH 7.0). After drying
with tissue paper, the organs were fixed in neutral buffered
formalin solution (10%), dehydrated in graduated ethanol (50–
100%), cleared in xylene and, embedded in paraffin. 4–5 μm
sections were cut using microtome, deparaffinized and hydrated.
Sections were stained with hematoxylin-eosin (H&E), and serius red.

Statistical analysis

All experimental results are expressed as Mean � standard
deviation (SD) unless otherwise stated. One-way analysis of variance
(ANOVA) followed by Tukey’s multiple comparison post-hoc test
was implemented for comparing different parameters across the
groups using GraphPad Prism (v5.00 for Windows, GraphPad
Software, CA, USA).[32].
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a  b  s  t  r  a  c  t

The  jam-packed  intracellular  environments  differ  the  activity  of a biological  macromolecule  from  that  in
laboratory  environments  (in vitro)  through  a number  of  mechanisms  called  molecular  crowding  related  to
structure,  function  and  dynamics  of  the  macromolecule.  Here,  we  have  explored  the  structure,  function
and  dynamics  of  a model  enzyme  protein  DNase  I  in molecular  crowing  of polyethylene  glycol  (PEG;
MW  3350).  We  have  used  steady  state  and picosecond  resolved  dynamics  of  a  well-known  intercalator
ethidium  bromide  (EB)  in a  20-mer  double-stranded  DNA  (dsDNA)  to monitor  the  DNA-cleavage  by the
enzyme  in  absence  and  presence  PEG.  We  have  also  labelled  the  enzyme  by  a  well-known  fluorescent
probe  8-anilino-1-naphthalenesulfonic  acid  ammonium  salt  (ANS)  to study  the  molecular  mechanism
of  the  protein-DNA  association  through  exited  state  relaxation  of  the probe  in  absence  (dictated  by
polarity)  and  presence  of  EB  in  the DNA  (dictated  by  Förster  resonance  energy  transfer  (FRET)).  The
overall  and  local  structures  of the  protein  in  presence  of  PEG  have been  followed  by  circular  dichroism
and  time  resolved  polarization  gated  spectroscopy  respectively.  The  enhanced  dynamical  flexibility  of
protein  in  presence  of PEG  as revealed  from  excited  state  lifetime  and  polarization  gated  anisotropy  of
ANS  has  been  correlated  with  the  stronger  DNA-binding  for the  higher  nuclease  activity.  We  have  also
used  conventional  experimental  strategy  of  agarose  gel  electrophoresis  to monitor  DNA-cleavage  and
found consistent  results  of enhanced  nuclease  activities  both  on  synthetic  20-mer  oligonucleotide  and
long  genomic  DNA from  calf thymus.

© 2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Many in vivo enzymatic processes including repression or acti-
vation of transcription in gene regulatory network are triggered by
binding of proteins to their respective target sites on DNA. However
the study of enzyme-DNA interactions have been usually designed
as dilute solution experiments, which differ substantially from
in vivo conditions as 40% volume of cytosol is occupied by a wide
variety of macromolecules and solutes [1–3]. Due to this reason, the
diffusion of any solutes in intracellular environment is get affected
either being reduced or presenting anomalous diffusion at short
times [4–8]. Contemporary studies have revealed that macromolec-
ular crowding inside the cell does not only affect diffusion processes
but also biochemical reaction processes by inducing the enzyme to
undergo protein folding, self-association, or protein-binding pro-

∗ Corresponding author.
E-mail address: skpal@bose.res.in (S.K. Pal).

cesses, which in turn may  alter the activity of the enzyme [9–12].
Thus, in order to obtain more accurate rates for enzymatic reactions,
it is important to perform the studies of biochemical processes
in nature-like microenvironments that try to mimic  the effect of
macromolecular crowding.

As the quantitative studies of enzyme-DNA interactions within
a living cell are challenging, subsequently to mimic  the intracel-
lular like environment the high concentration of crowding agents
are often used in the in vitro studies. For this purpose polyethylene
glycol and polysaccharides are often considered as a convenient
macromolecular crowder as it is highly soluble in water, it does not
precipitate the biological macromolecules used for the study and
also it does not bind with the biological macromolecules before
and after the reaction [13]. Polymer cosolutes (PEG) usually gener-
ate an area inaccessible to other biological macromolecules known
as excluded volume and these excluded volume per cosolutes
increases as size of cosolutes increases. Apart from this, inclusion
of cosolutes causes the decrease of water activity of solution and
hence generates an osmotic pressure [14,15]. The dependence of

http://dx.doi.org/10.1016/j.ijbiomac.2017.05.058
0141-8130/© 2017 Elsevier B.V. All rights reserved.
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Table  3
Rotational time constants of ANS at the enzyme (DNase I) surface at various systems.

system �1 ns [%] �2 ns [%] �avg ns

ANS-DNase I 1.32 (11.3) 45 (88.7) 39.6
ANS-DNase I-DNA 0.9 (14.7) 45 (85.3) 38.4
ANS-DNase I-PEG 0.20 (66.4) 40 (33.6) 13.5
ANS-DNase I-DNA-PEG 0.13 (70.8) 40 (29.2) 11.7
Buffer 0.07 (100) – 0.07
PEG 0.19 (100) – 0.19

Fig. 7. a) Hydrolysis of calf thymus DNA by DNase I at 25 ◦C. Lane M shows the DNA
size marker. Lanes 1, 3 and 5 show DNA in presence of 0, 5 and 15 wt% PEG. Lanes
2,  4 and 6 shows hydrolysis by DNase I in the presence of 0, 5 and 15 wt% PEG. b)
Hydrolysis of a short oligonucleotide DNA (20-mer dsDNA) by DNase I at 25 ◦C. Lanes
1,  3 and 5 shows DNA in presence of 0, 5 and 15 wt% PEG. Lanes 2, 4 and 6 shows
hydrolysis by DNase I in presence of 0, 5 and 15 wt%  PEG.

The effect of molecular crowding on the catalytic activity of
DNase I was also analysed using agarose gel electrophoresis. Ini-
tially we examined the hydrolysis of larger genomic DNA (calf
thymus) by DNase I at 25 ◦C in absence and presence of different
PEG concentration. Before hydrolysis by DNase I the migration of
substrate DNA in absence and presence of 5 and 15 wt% PEG were
found to be same (Fig. 7(a)), validate PEG does not significantly
affect the stability of DNA (lane 1, 3 and 5). Migration of bands were
found to be faster (lane 2, 4 and 6) upon hydrolysis with DNase I
with respect to substrate corroborate the formation of degraded
product from the substrate. The diffused band of degraded product
in absence of PEG were found to be smeared and of higher inten-
sity, however, the smearing and intensity of bands were found to
be decreased as the PEG wt% was increased corroborate the for-
mation of higher degraded product from the substrate in presence
of molecular crowding. To evaluate the effect of molecular crowd-
ing on hydrolysis of short DNA using agarose gel electrophoresis,
20-mer dsDNA was used as a substrate shown in Fig. 7(b). Like
genomic DNA, the migration of 20-mer dsDNA was also found to
be same in absence and presence of 5 and 15 wt% PEG (lane 1, 3 and
5). Upon hydrolysis by DNase I the intensity of substrate DNA was
decreased as concentration of molecular crowding was  increasing
(lane 2, 4 and 6). The result shows that dsDNA hydrolysis by DNase
I was greatly enhanced by the addition of 5 and 15 wt%  PEG. Over-
all, molecular crowding increases the cleavage yield of DNase I not
only for the large DNA (calf thymus) but also for the short (20-mer)
DNA oligonucleotide.

4. Conclusions

Our results reveal that the enzymatic activity of DNase I has
been increased in presence of a molecular crowding agent, PEG
3350. While, steady state and ultrafast time resolved spectroscopy
on a florescence probe EB intercalated to substrate DNA reveal the
hydrolysis of the substrate by DNase I, the spectroscopic infor-
mation including picosecond resolved fluorescence polarization
gated studies on the enzyme-bound fluorescence probe ANS shows
enhanced surface flexibility of DNase I in the presence of PEG. The
reduced water activity at the enzyme surface due to osmotic stress
of the molecular crowding agent enhancing the dynamical flex-
ibility of the enzyme is concluded to increase the DNA binding
eventually accelerate the hydrolysis reaction of DNase I. In sum-
mary the study attempts to unravel the molecular picture of DNA
hydrolysis by an endonuclease in presence of an osmotic stress
generating molecular crowding agent. A clear correlation of the
flexibility of the endonuclease with the rate of DNA hydrolysis
within the overall structural integrity of the enzyme has also been
established.
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