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Course Structure for M.Sc. (2 year)/ M.Sc. + Ph.D. Dual Degree Program in
Biotechnology (from AY 2017-18 to 2020-21)

Minimum Education Qualification (MEQ): Bachelor’s degree.

Qualifying Examination (QE):
(a) International Students: Valid score of TOEFL or IELTS, AND valid score of GRE.
(b) Indian Students: Valid JAM qualification in Biotechnology.

Eligibility Requirement (ER): As per the brochure of Joint Admission test for M.Sc. (JAM).

Categories of Admission:

(a) International Students: (i) International self-financed (ISF) students; (ii)
International students sponsored by non-government organizations or by a reputed
industry (ISW); (iii) International students sponsored by foreign government or its
organizations or through mutual collaborative programs of India with other countries
(GSW)

(b) Indian Students: Not Applicable

Duration of the Program: Two years on full-time basis.

Course Structure for two-year Full-time M.Sc. (Biotechnology) Program

1stYear: Semester-I

Course code Course Title Contact Credits
Hours
(L-T-P)
BSE 601 Advanced Molecular Biology 2-1-0 3
BSE 603 Analytical Biochemistry 2-1-0
BSE 605/ BSE | Molecular Biophysics 2-1-0
405
BSE 609 Microbiology 2-1-0 3
BSE 611 Biochemistry 2-1-0 3
BSE 651 Biochemistry Lab 0-0-4 2
BSE 659 Microbiology Lab 0-0-4 2
Total minimum credits earned during the semester 19

Additional course (as per the requirement basis)

HS 641 | English Communication Skills 2-0-2 | PP/NP
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1st Year: Semester-I1

Course code Course Title Contact Credits
Hours
(L-T-P)
BSE 610 Cell and Developmental Biology 2-1-0 3
BSE 612 Immunology and Immunotechnology 2-1-0 3
BSE 614 General Physiology 2-1-0 3
BSE 616 Infectious Diseases and Medical | 2-1-0 3
Microbiology

BSE 618 Biostatistics and Bioinformatics 2-0-2 3
BSE 652 Genetic Engineering Lab 0-0-6 3
BSE 698 PG Seminar Course 0-2-0 2
Total minimum credits earned during the semester 20
2nd Year: Semester-III

Course Course Title Contact Credits

code Hours

(L-T-P)

BSE 799 M.Sc. Project (Statge-I) 0-0-36 18

Total minimum credits to be earned during the semester 18
2nd Year: Semester-1V

Course Course Title Contact Credits

code Hours

(L-T-P)

BSE 800 M.Sc. Project (Stage-II) 0-0-36 18

Total minimum credits to be earned during the semester 18

Total minimum credits to be earned during the program 75

NOTE:

1. Request for conversion from M.Sc. to M.Sc. + Ph.D. dual degree will be considered
after evaluating the research potential of the promising and motivating PG students
at the end of the third semester of their program. The confirmation of conversion
of M.Sc. program and to M.Sc. + Ph.D. dual degree program is done during 4t
semester with subject to successfully qualifying CSIR/UGC-JRF or equivalent
fellowship to enable receiving Ph.D. scholarship.

2. The enhancement in the scholarship from M.Sc. to Ph.D. will be from the beginning
of the fifth semester or from the date on which all requirements for the award of
M.Sc. degree are fulfilled AND candidate successfully qualifies CSIR/UGC-JRF or
equivalent fellowship, whichever is later.
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3. If the student opts for Dual Degree Program but cannot complete the requirements
of a Ph.D,, an exit option with the M.Sc. degree can be earned before the specified
date during the 4th semester of the normal M.Sc. Program by getting the M.Sc.
Research Project examined in the standard manner as per the requirements for the
award of an M.Sc. degree.
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Course Structure for M.Sc. (2 year)/ M.Sc. + Ph.D. Dual Degree Program in
Biotechnology from AY 2021-2022 to AY 2024-25)

(Applicable on batch admitted till AY 2024-25)

Minimum Education Qualification (MEQ): 1. Bachelor’s degree in Life Sciences or

Biotechnology or BSBE or Medicine AND 2. JAM/ GAT-B qualification in Biotechnology

(BT).

Eligibility Requirement (ER): As mentioned in the JAM Brochure by the organizing

Institute Duration of the Program: Two years full-time

Total Intake: 25 (including reservations as per rule): 15 (via JAM) and 10 (via GAT-B)

Course Structure for two-year Full-time M.Sc. (Biotechnology) Program

1st Year: Semester-I (Autumn)

1st Year: Semester-1

Course Course Title Contact Credit
Code Hours S
(L-T-P)

BSE 633 | Basics of Physics, Chemistry and Mathematics 2-0-0 2
BSE 621 | Cell and Molecular Biology 2-0-0 2
BSE 623 | Plant and Animal Biotechnology 2-0-4 4
BSE 611* | Biochemistry 2-0-6 5
BSE 618* | Bioinformatics 2-0-2 3
BSE 625 | Emerging Technologies 2-1-0 3
BSE 627 | Research Methodology and Scientific 0-0-2 1

Communication Skills

BSE 629 | Genetics 2-0-0 2

Total minimum credits earned during the semester |{14-1-14 =29 22

1stYear: Semester-II

Course Course Title Contact |Credits
code Hours

(L-T-P)
BSE 609* | Microbiology 2-0-4 4
BSE 626 | Immunology 2-1-4
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BSE 702* | Applied Genetic Engineering 2-1-0 3
BSE 6XX* | Genomics and Proteomics 2-1-0 3
BSE 620 Bioprocess Engineering and Technology 2-0-4 4
BSE 622 Molecular Diagnostics 2-0-0 2
BSE 654 | Genetic Engineering Lab 0-0-4 2

Total minimum credits earned during the semester |12-3-16=33 | 23

2nd Year: Semester-II1

Course Course Title Contact  |Credit
code Hours S
(L-T-P)
BSE 631 Bio-entrepreneurship, IPR, Biosafety and 2-1-0 3
Bioethics
BSE 799 M.Sc. Project (Stage-I) 0-0-30 15
Total minimum credits to be earned during the semester | 18

2nd Year: Semester-1V

Course Course Title Contact Hours Credits
code (L-T-P)
BSE 800 M.Sc. Project (Stage-II) 0-0-36 18

Total minimum credits to be earned during the semester | 18

Total minimum credits to be earned during the program | 81

NOTE:

1. Request for conversion from MSc to MSc + PhD dual degree will be considered after
evaluating the research potential of the promising and motivating PG students at the
end of the third semester of their program. The confirmation to the PhD program
will be subjected to successfully qualifying CSIR/UGC-]RF or equivalentfellowship.

2. If the student opts for Dual Degree Programme but cannot complete the
requirements of a PhD, an exit option with the MSc degree can be earned at the end
of the final semester of the normal MSc Programme by getting the MSc Research
Project examined in the standard manner as per the requirements for the award of
an MScdegree.

3. The enhancement in the scholarship, if any, from MSc to PhD will be from the
beginning of the fifth semester or from the date on which all requirements for the
award of MSc degree are fulfilled, whichever islater.
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Course Structure for MSc (2 year)/ MSc + PhD Dual Degree Program in Biotechnology
(From AY 2025-2026 onwards)

(Applicable on batch admitted from AY 2025-26)

Minimum Education Qualification (MEQ): 1. Bachelor’s degree in Life Sciences or

Biotechnology or BSBE or Medicine AND 2. JAM/ GAT-B qualification in Biotechnology

(BT).

Eligibility Requirement (ER): As mentioned in the JAM Brochure by the organizing

Institute Duration of the Program: Two years full-time

Total Intake: 25 (including reservations as per rule): 15 (via JAM) and 10 (via GAT-B)

Course Structure for two-year Full-time M.Sc. (Biotechnology) Program

1st Year: Semester-I

Contact Credits
Course code Course Title Hours
(L-T-P)
BSE 633N Basics of Physics, Chemistry and 2-1-0 3
Mathematics
BSE 621N Cell and Molecular Biology 2-1-0 3
BSE 611N Biochemistry 2-1-0 3
BSE 609N Microbiology 2-1-0 3
BSE 629 Genetics 2-0-0 2
BSE 6XX BSBE Flexicore I 2-1-0 3
BSE 651N Biochemistry Laboratory 0-0-4 2
BSE 659N Microbiology Laboratory 0-0-4 2
HS 641 English Communication 2-0-2 (PP/NP)
Total minimum credits earned during the semester 21
BSBE Flexicore I
Course Code Course Title Contact Hours | Credits
(L-T-P)
BSE 625 Emerging Technology 2-1-0 3
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BSE 614 General Physiology 2-1-0 3

1st Year: Semester-II

Course code Course Title Contact Hours | Credits

(L-T-P)

BSE 624N Bioprocess Engineering and Technology 2-1-0 3
BSE 662 Plant and Animal Biotechnology 2-1-0 3
BSE 618N Bioinformatics 2-0-2 3
BSE 702 Applied Genetic Engineering 2-1-0 3
BSE 6XX BSBE Flexicore Il 2-1-0 3
BSE 670 Scientific Communication Skills 0-2-0 2
BSE 654N Genetic Engineering Laboratory 0-0-4 2
BSE 658 Bioprocess Engineering and Technology 0-0-4 9

Laboratory

BSE 666 Plant and Animal Biotechnology Laboratory 0-0-4 2
BSE 672 Research Methodology and Ethics PP/NP

Total minimum credits earned during the semester 10-6-14=30 23
BSBE Flexicore Il
Course Code Course Title Contact Hours Credits

(L-T-P)
BSE 608 Advanced Drug Delivery Systems 2-1-0 3
BSE 628 Genomics and Proteomics 2-1-0 3
2nrd Year: Semester-II1
Course code Course Title Contact Hours | Credits
(L-T-P)
BSE 612N Immunology and Immuno-technology 2-1-0 3
BSE 622 Molecular Diagnostics 2-0-0 2
BSE XXX Elective - | (Department) 2-1-0 3
BSE XXX Elective - II (Department) 2-1-0 3
77 XXX Elective - III (Institute) 2-1-0 3
BSE 655 Immunology Laboratory 0-0-4 2
BSE 791 M.Sc. Project (Stage-I) 0-0-6 3
Total minimum credits to be earned during the semester 10-4-10=24 19
2nd Year: Semester-1V
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Course code Course Title Contact Hours | Credits
(L-T-P)

BSE 792 M.Sc. Project (Stage-II) 0-0-30 15

Total minimum credits to be earned during the semester 0-0-30=30 15

Total minimum credits to be earned during the program 32-15-62=109 78

Courses for Elective - I, Il and III

Basket 1 (Any 3 courses) Infectious Biology and Diagnosis

Course Code Course Title Contact hours Credits
(L-T-P)

BSE 601 Advanced Molecular Biology 2-1-0 3

BSE 442 /642 Fundamentals of Neuroscience 2-1-0 3

BSE 616 Infectious Diseases and Medical Microbiology 2-1-0 3

BSE 639 Tissue Engineering and Regenerative 2-1-0 3

Medicine

Basket 2 (Any 3 courses) Drug Discovery

Course Code Course Title Contact hours Credits
(L-T-P)

BSE 605 Molecular Biophysics 2-1-0 3

BSE 417/617 Biomolecular Modelling 2-1-0 3

BSE 645 Drug Discovery, Design and Development 2-1-0 3

BSE 631 Bio-entrepreneurship IPR, Biosafety and 2-1-0 3

Bioethics
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Course Structure for M.Tech. (2 year), M.Tech. + Ph.D. Dual Degree in Biomedical
Engineering (from AY 2023-2024 to AY 2024-25)

Minimum Educational Qualification (MEQ) (For Indian applicants):

i. B.E./B.Tech. /AMIE or equivalent in Biomedical Engineering (BM), Biotechnology (BT),
Chemical Engineering (CH), Computer Science and Engineering/ Information Technology
(CS), Electrical Engineering (EE), Electronics/Telecommunications Engineering (EC),
Engineering Physics (EP), Instrumentation Engineering (IN), Mechanical Engineering (ME),
Metallurgy & Materials Science (MT), Pharmaceutical Technology (PY), Other Engineering
(ZE) (with the first division)

OR

ii. M.Sc. or equivalent in Biochemistry (BY), Biophysics (BP), Biotechnology (BT), Ceramics
(CG), Chemistry (CY), Electronics / Electronic Sciences (EC), Ergonomics (ER), Materials
Science (MS), Mathematics (MA), Molecular Biology (MG), Physics (PH), Physiology (PS),
Other Science (ZS) (with the first division as defined by the awarding Institute/University)
OR

iii. ** Health Sciences such as MBBS (Medicine) / BDS (Dental), B.Pharm/B.V.Sc., B.P.Th.
,B.0.Th., B.ASLP) (Duration 4 years or more) (with the first division as defined by the
awarding Institute/University)

Minimum Educational Qualification (MEQ) (For International applicants):

Four-year Bachelor’s degree or five-year integrated degree (with the first division as
defined by the awarding Institute/University) in Biomedical Engineering/ Instrumentation
Engineering/ Electrical Engineering/ Mechanical Engineering/ Engineering Sciences/
Biotechnology/ Life Sciences/ Physics/ Chemistry.

Qualifying Examination (QE):
(a) Indian applicants: Valid GATE score in any discipline for engineering and science (for
i and ii above)

** All India level post graduate entrance examination for corresponding disciplines such as
INI_CET/NEET-PG/NEET-MDS/JIPMER/PGI Chandigarh/AFMC-Pune/DNB Part-I for
MBBS/BDS, GPAT/ All India level selection examination for B.Pharm.,All India level post
graduate entrance examination for M.V.Sc, M.P.Th.,, M.O0.Th. and M.ASLP, or GATE
examination for all such health science background. (for iii above)The candidate should
have qualified the entrance exam (asper the qualification criterion of the respective
exam for that exam year and category) and the score obtained should be valid (as per the
duration of validity for the respective exam) at the time ofapplication to the
M.Tech. program.

The admission of students (under TA category) to M. Tech. in Biomedical Engineering
program will be based on :
a) their qualifying discipline and the corresponding valid GATE score and written
test or interview or both.
b) for, non-GATE candidates, admission will be based on valid score in respective
qualifying exam and written test or interview or both.
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(b) International applicants: Valid GRE or TOEFL or IELTS score

Categories of Admission:
(a) Indian applicants: Teaching Assistantship (TA); (ii) Highly motivated sponsored
candidate (SW) on full-time basis from highly reputed R and D organizations such as
DRDO, ISRO, BHEL, C-DAC, ADE, ADA, etc. and highly reputed Industries; (iii) Defense
Forces (DF): Candidates sponsored by the Defense Forces; (iv) Regular Institute Staff
(IS) of IIT Indore on part-time basis only.
(i) International self-financed (ISF) students; (ii)
International students sponsored by non-government organizations or by a reputed
industry (ISW); (iii) International students sponsored by foreign government or its
organizations or through mutual collaborative programs of India with other countries

(b) International applicants:

(GSW)

Candidates of SW, DF and IS categories will not be provided any scholarship.

Selection Criteria: Admission would be based on GATE score, personal interview and/ or
the written examination.

Duration of the Program: Two years full-time.
Total Intake: 10 (TA)
Scholarship (only for TA category Indian students): As per MoE norms.

Course Structure for two-year Full-time M.Tech. in Biomedical Engineering
1st Year: Semester-I

Course Course Title Contact Credit
code Hours S
(L-T-P)
BSE 614* General Physiology 2-1-0 3
BSE 635 Biomaterials and Nano-biotechnology 2-1-0 3
BSE 637 Bioelectronics and Biomedical Sensors 2-1-0 3
BSE 639 Tissue Engineering and Regenerative Medicine 2-1-0 3
BSE 653 Experimental Techniques Laboratory-1 0-0-4 2
77 XXX Elective-I X-X-X 3
Total minimum credits earned during the semester 17
Additional course (as per the requirement basis)
HS 641* | English Communication Skills | 2-0-2 | PP/NP
15t Year: Semester-1I
Course Course Title Contact Hours | Credi
code (L-T-P) ts
BSE 636 Biomedical Instrumentation 2-1-0 3
BSE 638 Mechanobiology and Electrophysiology 2-1-0 3
BSE 624 Bioprocess Engineering and Technology 2-0-4 4
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BSE 698 PG Seminar Course 0-2-0 2
27 XXX Elective-II X-X-X 3
77 XXX Elective-III X-X-X 3
Total minimum credits earned during the semester 18
2nrd Year: Semester-II1
Course code Course Title Contact Credits
Hours
(L-T-P)
BSE 801 M.Tech. Research Project (Stage-I) 0-0-36 18
Total minimum credits to be earned during the semester 18
2rd Year: Semester-1V
Course code Course Title Contact Credits
Hours
(L-T-P)
BSE 802 M.Tech. Research Project (Stage-II) 0-0-36 18
Total minimum credits to be earned during the semester 18
Total minimum credits to be earned during the program 71
NOTE:
1. Request for conversion from MTech to MTech + PhD dual degree will be considered

after evaluating the research potential of the promising and motivating PG students
at the end of the third semester of their program. The confirmation to the PhD
program will be subjected to successfully qualifying CSIR/UGC-JRF or equivalent
fellowship.

. If the student opts for Dual Degree Programme but cannot complete the

requirements of a PhD, an exit option with the MTech degree can be earned at the
end of the final semester of the normal MTech Programme by getting the MTech
Research Project examined in the standard manner as per the requirements for the
award of an MTech degree.

. The enhancement in the scholarship, if any, from MTech to PhD will be from the

beginning of the fifth semester or from the date on which all requirements for the
award of MTech degree are fulfilled, whichever islater.
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Course Structure for M.Tech. (2 year), M.Tech. + Ph.D. Dual Degree in Biomedical
Engineering (from AY 2025-26 onwrads)

Minimum Educational Qualification (MEQ) (For Indian applicants):

i. B.E./B.Tech. /AMIE or equivalent in Biomedical Engineering (BM), Biotechnology (BT),
Chemical Engineering (CH), Computer Science and Engineering/ Information Technology
(CS), Electrical Engineering (EE), Electronics/Telecommunications Engineering (EC),
Engineering Physics (EP), Instrumentation Engineering (IN), Mechanical Engineering (ME),
Metallurgy & Materials Science (MT), Pharmaceutical Technology (PY), Other Engineering
(ZE) (with the first division)

OR

ii. M.Sc. or equivalent in Biochemistry (BY), Biophysics (BP), Biotechnology (BT), Ceramics
(CG), Chemistry (CY), Electronics / Electronic Sciences (EC), Ergonomics (ER), Materials
Science (MS), Mathematics (MA), Molecular Biology (MG), Physics (PH), Physiology (PS),
Other Science (ZS) (with the first division as defined by the awarding Institute/University)
OR

iii. ** Health Sciences such as MBBS (Medicine) / BDS (Dental), B.Pharm/B.V.Sc., B.P.Th.
,B.0.Th., B.ASLP) (Duration 4 years or more) (with the first division as defined by the
awarding Institute/University)

Minimum Educational Qualification (MEQ) (For International applicants):

Four-year Bachelor’s degree or five-year integrated degree (with the first division as
defined by the awarding Institute/University) in Biomedical Engineering/ Instrumentation
Engineering/ Electrical Engineering/ Mechanical Engineering/ Engineering Sciences/
Biotechnology/ Life Sciences/ Physics/ Chemistry.

Qualifying Examination (QE):
(c) Indian applicants: Valid GATE score in any discipline for engineering and science (for
i and ii above)

** All India level post graduate entrance examination for corresponding disciplines such as
INI_CET/NEET-PG/NEET-MDS/JIPMER/PGI Chandigarh/AFMC-Pune/DNB Part-I for
MBBS/BDS, GPAT/ All India level selection examination for B.Pharm.,All India level post
graduate entrance examination for M.V.Sc, M.P.Th.,, M.O0.Th. and M.ASLP, or GATE
examination for all such health science background. (for iii above)The candidate should
have qualified the entrance exam (asper the qualification criterion of the respective
exam for that exam year and category) and the score obtained should be valid (as per the
duration of validity for the respective exam) at the time ofapplication to the
M.Tech. program.

The admission of students (under TA category) to M. Tech. in Biomedical Engineering
program will be based on :
a) their qualifying discipline and the corresponding valid GATE score and written
test or interview or both.
b) for, non-GATE candidates, admission will be based on valid score in respective
qualifying exam and written test or interview or both.
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(d) International applicants: Valid GRE or TOEFL or IELTS score

Categories of Admission:

(c) Indian applicants: Teaching Assistantship (TA); (ii) Highly motivated sponsored
candidate (SW) on full-time basis from highly reputed R and D organizations such as
DRDO, ISRO, BHEL, C-DAC, ADE, ADA, etc. and highly reputed Industries; (iii) Defense
Forces (DF): Candidates sponsored by the Defense Forces; (iv) Regular Institute Staff
(IS) of IIT Indore on part-time basis only.

(d)International applicants: (i) International self-financed (ISF) students; (ii)
International students sponsored by non-government organizations or by a reputed
industry (ISW); (iii) International students sponsored by foreign government or its
organizations or through mutual collaborative programs of India with other countries
(GSW)

Candidates of SW, DF and IS categories will not be provided any scholarship.

Selection Criteria: Admission would be based on GATE score, personal interview and/ or
the written examination.

Duration of the Program: Two years full-time.
Total Intake: 10 (TA)
Scholarship (only for TA category Indian students): As per MoE norms.

Course Structure for two-year Full-time M.Tech. in Biomedical Engineering
1st Year: Semester-I

Course Course Title Contact Credit
code Hours S
(L-T-P)
BSE 614* General Physiology 2-1-0 3
BSE 635 Biomaterials and Nano-biotechnology 2-1-0 3
BSE 637 Bioelectronics and Biomedical Sensors 2-1-0 3
BSE 639 Tissue Engineering and Regenerative Medicine 2-1-0 3
BSE 653 Experimental Techniques Laboratory-1 0-0-4 2
77 XXX Elective-I X-X-X 3
Total minimum credits earned during the semester 17
Additional course (as per the requirement basis)
HS 641* | English Communication Skills | 2-0-2 | PP/NP
15t Year: Semester-1I
Course Course Title Contact Hours | Credi
code (L-T-P) ts
BSE 636 Biomedical Instrumentation 2-1-0 3
BSE 638 Mechanobiology and Electrophysiology 2-1-0 3
BSE 624N Bioprocess Engineering and Technology 2-1-0 3
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BSE 658 Bioprocess Engineering and Technology 0-0-4 2
Laboratory
BSE 698 PG Seminar Course 0-2-0 2
27 XXX Elective-II X-X-X 3
27 XXX Elective-III X-X-X 3
Total minimum credits earned during the semester 19
2nd Year: Semester-III
Course code Course Title Contact Credits
Hours
(L-T-P)
BSE 801 M.Tech. Research Project (Stage-I) 0-0-36 18
Total minimum credits to be earned during the semester 18
2nd Year: Semester-1V
Course code Course Title Contact Credits
Hours
(L-T-P)
BSE 802 M.Tech. Research Project (Stage-II) 0-0-36 18
Total minimum credits to be earned during the semester 18
Total minimum credits to be earned during the program 72
NOTE:

4. Request for conversion from MTech to MTech + PhD dual degree will be considered
after evaluating the research potential of the promising and motivating PG students
at the end of the third semester of their program. The confirmation to the PhD
program will be subjected to successfully qualifying CSIR/UGC-JRF or equivalent
fellowship.

5. If the student opts for Dual Degree Programme but cannot complete the
requirements of a PhD, an exit option with the MTech degree can be earned at the
end of the final semester of the normal MTech Programme by getting the MTech
Research Project examined in the standard manner as per the requirements for the
award of an MTech degree.

6. The enhancement in the scholarship, if any, from MTech to PhD will be from the

beginning of the fifth semester or from the date on which all requirements for the
award of MTech degree are fulfilled, whichever islater.
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Course Structure for M.Tech. (2 year), M.Tech. + Ph.D. Dual Degree in Biomedical
Devices (From AY 2025-2026)

Minimum Educational Qualification (MEQ) (For Indian applicants):

i. B.E./B.Tech. /AMIE or equivalent in Biomedical Engineering (BM), Biotechnology (BT),
Chemical Engineering (CH), Computer Science and Information Technology (CS), Electrical
Engineering (EE), Electronics and Communication Engineering (EC), Engineering Physics
(EP), Instrumentation Engineering (IN), Mechanical Engineering (ME), Metallurgy &
Materials Science (MT), Engineering Sciences (XE), Pharmaceutical Technology (PY) (with
the first division as defined by the awarding Institute/University)

OR

ii. M.Sc. or equivalent in Biotechnology (BT), Electronics / Electronic Sciences (EC),
Ergonomics (ER), Materials Science (MS), Physics (PH), (with the first division)

OR

iii. *Health Sciences such as MBBS (Medicine) / BDS (Dental), B. Pharm. (Duration 4 years or
more) (with the first division as defined by the awarding Institute/University)

Qualifying Examination (QE):

Valid GATE score in Biomedical Engineering (BM), Chemical Engineering (CH), Computer
Science and Information Technology (CS), Electrical Engineering (EE), Electronics and
Communication Engineering (EC), Physics (PH), Instrumentation Engineering (IN),
Mechanical Engineering (ME), Metallurgy & Materials Science (MT), Life Sciences (XL),
Biotechnology (BT), Engineering Sciences (XE).

*Non-GATE (i.e., Option iii in MEQ) students must pass in all India-level postgraduate
entrance examinations for corresponding disciplines such as INI_CET/NEET-PG/NEET-
MDS/JIPMER/ PGI Chandigarh/AFMC-Pune/DNB Part I for MBBS/BDS, GPAT/ All India level
selection examination for B.Pharm. Eligibility/rank certificates for all such all India-level
entrance examinations are required. The candidate should have qualified the entrance exam
(as per the qualification criterion of the respective exam for that exam year and category)
and the score obtained should be valid (as per the duration of validity for the respective
exam) at the time of application to the M.Tech. program.

Categories of Admission:
Indian applicants:
(i) Teaching Assistantship (TA);
(j) Highly motivated sponsored candidate (SW) on full-time basis from highly reputed R and D
organizations such as DRDO, ISRO, BHEL, C-DAC, ADE, ADA, etc. and highly reputed
Industries;
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(iii) Defense Forces (DF): Candidates sponsored by the Defense Forces;
(iv) Regular Institute Staff (IS) of IIT Indore on part-time basis only.

Candidates of SW, DF and IS categories will not be provided any scholarship.

Selection Criteria: The admission of students (under TA category) to M.Tech. in Biomedical
Devices program will be based on:
a) their qualifying discipline and the valid GATE score and written test or interview or

both.
b) for non- GATE candidates, admission will be based on a valid score in the respective
qualifying exam and written test or interview or both.

Duration of the Program: Two years (Full-time).
Total Intake: 30 TA (27 through GATE, 3 Non-GATE).
Scholarship (only for TA category Indian students): As per MoE norms.

Course Structure for two-year Full-time M.Tech. in Biomedical Devices

1st Year: Semester-I

Course Course Title Contact Credits
code Hours
(L-T-P)
BSE 614 General Physiology 2-1-0 3
BSE 635 Biomaterials and Nano-biotechnology 2-1-0 3
BSE 637 Bioelectronics and Biomedical Sensors 2-1-0 3
BSE 644 /444 Biomedical Signal and Image Processing 2-1-0 3
BSE 647 Medical Device Design and Dissection 0-1-4 3
BSE 649/449 Modeling and Controls in Medical Devices 2-1-0 3
BSE 6XX Department elective-I 2-1-0 3
BSE 661 Clinical Immersion 0-0-2 1
Total minimum credits earned during the semester | 22.0

Additional course (as per the requirement basis)
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HS 641 English Communication Skills 2-0-2 P/NP
1st Year: Semester-II
Course Course Title Contact Credits
code Hours
(L-T-P)
BSE 643/443 Applied Biomechanics 2-1-0 3
BSE 632/432 Measurement and Testing of Medical Devices 2-1-0 3
BSE 634 Design of Implantable and Surgical Devices 2-0-2 (Half 1.5
Semester)
BSE 648 Regulatory Framework and Quality Compliance | 2-2-0 (Half 2
Semester)
BSE 650 Medical Device Laboratory 0-0-3 1.5
BSE 698 PG Seminar Course 0-2-0 2
BSE 656 Advance Clinical Immersion Training 0-0-2 1
BSE XXX Department elective -II 2-1-0 3
27 XXX Institute elective -I 2-1-0 3
Total minimum credits earned during the semester | 20.0
2nrd Year: Semester-II1
Course code Course Title Contact Hours Credits
(L-T-P)
BSE 664 /464 Preclinical and Clinical Trial Design 2-1-0 3
BSE 893 M.Tech. Research Project (Stage-I) 0-0-30 15
Total minimum credits to be earned during the semester 18

19

Go to Index




2nd Year: Semester-I1V

Course code Course Title Contact Hours Credits
(L-T-P)
BSE 894 M.Tech. Research Project (Stage-II) 0-0-36 18
Total minimum credits to be earned during the semester 18
Total minimum credits to be earned during the program 78
* Already approved existing course
Courses for Electives
Course code Course Title Contact | Credits
Hours
(L-T-P)
Stream 1: BSE 604/404 | Biomedical Imaging 2-1-0 3
Medical
devicesand | BSE 636 Biomedical Instrumentation 2-1-0 3
Instrumentati
on BSE 640 Biomedical Microsystems 2-1-0 3
BSE 660/460 | Wearable Devices and Sensors 2-1-0 3
(Yet to be
approved)
Stream 2: BSE 646 Biofabrication 1-0-4 3
Regenerative
Medicine | BSE 639 Tissue Engineering and 2-1-0 3
Regenerative Medicine
BSE 638 Mechanobiology and 2-1-0 3
Electrophysiology
BSE 608 Advanced Drug Delivery Systems 2-1-0 3
# Suggestive institute electives related to the program:
Course code Course Title Contact Credits
Hours
(L-T-P)
ME 679 Additive Manufacturing 2-1-0 3
ME 604 Microfluidics 2-1-0 3

@In addition to this course list, a student can also opt from the PG courses being offered by
the other department/school as well as BSBE.
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NOTE: 1. Request for conversion from M.Tech to M.Tech + PhD dual degree will be
considered after evaluating the research potential of the promising and motivating PG
students at the end of the third semester of their program. Confirmation of the PhD program
in the FA category will be subject to successfully qualifying for CSIR/UGC-]JRF or equivalent
fellowship.

2. If the student opts for a Dual Degree Programme but cannot complete the requirements of
a PhD, an exit option with the M.Tech degree can be earned at the end of the final semester
of the normal M.Tech programme by getting the M.Tech research project examined in the
standard manner as per the requirements for the award of an M.Tech degree.

3. The enhancement in the scholarship, if any, from M.Tech. to PhD will be from the beginning

of the fifth semester or from the date on which all requirements for the award of M.Tech.
degree are fulfilled, whichever is later.
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Course Structure for Ph.D. program in Biosciences and Biomedical engineering

(w.e.f. AY 2013-14)

(A) Semester-I (Autumn / Spring)

Sr. | Course code Course Title L-T-P-Credits
No.

1 77 XXX Elective-I X-X-X-3

2 77 xxXx Elective-II X-X-X-3

3 77 xxXx Elective- 111 X-X-X-3

4 BSE 797 / BSE 798* | Ph.D. Seminar Course 0-2-0-2

(B) Semester-II (spring / autumn)

:II; Course code Course Title L-T-P-Credits
1 77 XXX Elective-1V X-X-X-3
2 77 XXX Elective-V X-X-X-3
4 BSE 798 / BSE 797* | Ph.D. Seminar Course 0-2-0-2

NOTE:

1. A Ph.D. student having M.Tech./ME//MPhil qualification has to do one semester
coursework (with 2-3 Ph.D. level courses). Minimum number of courses will be 2 Ph.D.
level courses and one Ph.D. seminar course i.e. (minimum coursework of 8 credits).

2. A Ph.D. student having B.Tech./ B.E./ M.Sc. or equivalent qualification admitted to
Ph.D. Program in an Engineering discipline shall do 6-8 courses of at least 3 credits each
and 1-2 Ph.D. Seminar courses of at least 2 credits each. Minimum number of courses
will be 6 Ph.D. level courses and one Ph.D. seminar course (minimum coursework of 20

credits).

* Ph.D. Seminar course can be taken either in Autumn or in Spring Semester or both as
suggested by the Faculty Advisor/Thesis Supervisor.
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Courses for the Electives-I to VI (In addition to this course list, a student can also opt from

the PG courses being offered by other disciplines.)

;’0_ Course Code Course Title é‘r:srd:)ts
1. |BSE601 Advanced molecular Biology 2-1-0-3
2 BSE 602 Modern NMR Spectroscopy 1-2-0-3
3. | BSE603 Analytical Biochemistry 2-1-0-3
4. | BSE 604/ BSE 404 Biomedical Imaging 2-1-0-3
5. | BSE605/ BSE 405 Molecular Biophysics 2-1-0-3
6. |BSE606 Molecular Virology and Viral Pathogenesis 2-1-0-3
7. | BSE607 Bioremediation: Principles & Practices 2-1-0-3
8. |BSE608 Advanced Drug Delivery Systems 2-1-0-3
9 |BSE613/BSE 413 Omics Technologies 2-1-0-3
10. | BSE 615 Chemical Biology 2-1-0-3
11. | BSE 617/ BSE 417 Biomolecular Modeling 2-1-0-3
12. | BSE 619/ BSE 419 Renewable Energy Technologies 2-1-0-3
13. [BSE 642/442 Fundamentals of Neuroscience 2-1-0-3
14. [BSE 643/443 Applied Biomechanics 2-1-0-3
15. |BSE 644 /444 Biomedical Signal and Image Processing 2-1-0-3
16. [BSE 646 Biofabrication 1-0-4-3
17. | BSE702 Applied Genetic Engineering 2-1-0-3
18. | CH 704 Chemistry at Surfaces and Interfaces 2-1-0-3
19. | CH706 Photochemistry 2-1-0-3
20. |CH711 Bio-organic and Medicinal Chemistry 2-1-0-3
21. | CH720 Asymmetric Synthesis 2-1-0-3
22 | MA706 Numerical Linear Algebra 2-1-0-3
23 | PH 650 Numerical Methods 2-1-0-3
24. | PH781 Theory of complex systems 2-0-2-3

HS 671 Human Factors and Higher Cognitive 2-0-2-3
25. Processes
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26. | EE619 /EE 419 Biomedical Optics 2-1-0-3
27 | EE701 Time frequency analysis 2-1-0-3
28. | ME 607 / ME 407 Biofluid Mechanics 2-0-2-3
(from AY
2021-22)
29. | ME 418 / ME 618 Computational Fluid Dynamics 2-0-2-3
(from AY
2021-22)
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Course Code

BSE 600

Title of the Course

Physics and Mathematics for Biologists

Credit Structure

L-T-P-Credits
(2-1-0-PP/NP)

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Objectives of the course

The course would provide comprehensive introduction to basics
of the field related to biological science.

Course Syllabus

Introductory Calculus: Limit, Continuity, Differentiation,
Integration and Ordinary Differential Equations.

Properties of Matter: Elasticity, Hydrostatic, Surface tension,
Microscopic consideration for study of properties of matter,
Atomic and Molecular structure, Structure of solids, amorphous
solids, Structure of single crystals, Broad classification of solids

Thermal Physics: Laws of Thermodynamics and its application
in Biological system, Temperature and related topics, Internal
energy, Heat and First law of Thermodynamics, The ideal
monatomic gas, Application of first law to Ideal Gases, Entropy
and the second law

Fundamental Electromagnetism: Charge and Current,
Coulomb’s law, Electric field, Electrostatic potential, Guass’s law
for Electronics, Magnetic effects on study currents, Forces on
current in a magnetic field, Forces on charges in Electric and
Magnetic field, Electromagnetic induction

X-ray crystallography: A basic introduction to x-ray
crystallography, Crystal growth, evaluation and mounting,
Symmetry and space group determination

Optics: geometrics optics, ray tracing, diffraction and scattering
some topics related to nonlinear and quantum optics.

Suggested Books

1. H.Neil, Calculus: A Complete Introduction, 1sted., John Murray
Learning, 2013, ISBN-10: 144419111X.

2. D. Halliday, R. Resnick, ]. Walker, Fundamentals of Physics, 9th
ed., Wiley, 2010, ISBN-10: 0470469080.

3. H. D. Young, R. A. Freedman, University Physics, 13t ed.,
Addison-Wesley, 2011, ISBN-10: 0321696867.

4. M. W. Zemansky, Heat and Thermodynamics, 8t ed., McGraw
Hill India, 2011, ISBN-10: 0070700354.
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5. A. Besier, Concepts of Modern Physics, 6t ed., McGraw Hill
Education, 2002, ISBN-10: 0072448482.
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Course Code

BSE 601

Title of the Course

Advanced Molecular Biology

Credit Structure

L-T-P-C
2-1-0-3

Name of the Concerned
Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

Basic knowledge of biology

Scope of the Objective

The course will give an overview of advances and recent discoveries
in the area of Molecular Biology, in addition to fundamentals in the
area.

Course Syllabus

Structure of genetic material, Central dogma; Replication: eukaryotic
and prokaryotic replication, mechanism and control, Nucleosomes:
eukaryotic and prokaryotic genome packing, heterochromatin,
euchromatin; Transcription: mechanism of RNA transcription in
prokaryotes and eukaryotes; model systems of transcriptional
control: lac operon, lambda phage; promoters, enhancers, repressors;
antitermination and attenuation; post-transcriptional regulation and
RNA processing: processing of heterogeneous nuclear RNA: splicing,
capping, polyadenylation; Translation: universal genetic code,
degeneracy of codons, mechanisms of initiation, elongation and
termination of translation, wobble hypothesis, genetic code in
mitochondria; Mutations: nonsense, missense, frameshift and point
mutations; suppression; DNA repair: photoreactivation, excision,
mismatch and SOS repair; Recombination: mechanism of homologous
recombination in prokaryotes, site specific recombination, insertion
sequences, transposons; Epigenetics, DNA methylation, chromatin
modification and gene regulation.
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Suggested Books

Text Books

1. Robert F., Weaver, Molecular Biology, 4th ed., McGraw-Hill, 2003.
[ISBN-10: 0071275487 | ISBN-13: 978-0071275484]

2. B. Lewin., Genes IX. 9th ed., Jones and Bartlett Publishers, 2007.
[[SBN-10: 0763740632 | ISBN-13: 978-0763740634]

3. H. Lodish et al.,, Molecular Cell Biology. 6th ed., W. H. Freeman,
2007.[ISBN-10: 0716776014 | ISBN-13: 978-0716776017]

Reference Books or Journals

4. Alberts et al., Molecular Biology of the Cell, 4th ed. Garland
Publishing, Inc., 2002.

5. Tropp B.E., Molecular Biology: Genes to Proteins, 34 ed., Jones &
Bartlett Publishers, 2007 [ ISBN-10: 0763709166 ISBN-13: 978-
0763709167

6. Selected articles from the journal Nature, Science, Cell, etc.

28 Go to Index




Course Code BSE 602
Title of the Course Modern NMR Spectroscopy
Credit Structure L-T-P-C

1-2-0-3

Name of the Concerned
Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Scope of the Objective

This course intends to give an overview of fundamentals and
advances in the area of NMR Spectroscopy which relates to
structure biology.

Course Syllabus

NMR phenomenon; parameters; chemical shifts; spin-spin
coupling; Bloch equation; the rotating frame of References;
pulses; free induction decay; Fourier transform; signal to noise
ratio; signal averaging; sampling; spin echoes; measuring T1 and
T2; application to biology; 13C NMR; gated decoupling;
assignments; DEPT; heteronuclear correlation; nuclear Over
hauser effect; steady state NOE; transient NOE; internuclear
distances; applications to biomolecular structure determination;
multiple-pulse NMR; polarisation transfer; One, Two and multi-
dimensional experiments; COSY; TOCSY; NOESY; ROESY;
chemical exchange; application to Biological molecules:
proteins; nucleic acid and sugars etc. NMR of biologically
relevant nuclei. NMR in Bio-medicine: MRI and fMRI; NMR in
Metabolomics

Suggested Books

Text Books
1. Edwin D. Becker; High Resolution NMR. Academic Press,
1968.

2. J. K. M. Sanders and B. K. Hunters; Modern NMR
Spectroscopy. Oxford Univ. Press, 1987

3. E. Derome; Modern NMR Techniques for Chemistry
Research. Pergamon Press, 1987.

4. K. Wuthrich; NMR of Proteins and Nucleic Acids. Wiley-
Interscience, 1986.

5. KVR Chary & G. Govil; NMR in Biological System, Springer,
2008.

Reference from Journals/Book

1. Teng Quincy; Structural Biology: Practical NMR
Applications, Springer, 2010

2. B. D. Nageswara Rao, Marvin D. Kemple; NMR as a
structural tool for macromolecules: current status and
future directions; Plenum Press, 1996
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David G. Gadian; NMR and its applications to living
systems, Oxford science publications, 2008

Selected articles from the journal Nature, Science, Cell,
etc.
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Course Code

BSE 603

Title of the Course

Analytical Biochemistry

Credit Structure

L-T-P-C
2-1-0-3

Name of the Concerned
Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Scope of the Objective

This course intends to give knowledge about the analytical techniques
which used to be carried out in regular practices during research
work.

Course Syllabus

Spectroscopy Techniques: Buffers; Methods of cell disintegration;
Enzyme assays and controls; Detergents and membrane proteins;
Dialysis, Ultrafiltration and other membrane techniques, UV- Visible
and Fluorescence Spectroscopy; Theory and application of Circular
Dichroism; M.S., NMR.

Chromatography Techniques: TLC and Paper chromatography;
Chromatographic methods for macromolecule separation - Gel
permeation, Ion exchange, Hydrophobic, Reverse-phase and Affinity
chromatography; HPLC and FPLC; Criteria of protein purity
Electrophoretic techniques: Theory and application of
Polyacrylamide and Agarose gel electrophoresis; Capillary
electrophoresis; I[EF & 2D Electrophoresis; Disc gel electrophoresis;
Gradient electrophoresis; Pulsed field gel electrophoresis (PFGE)
Centrifugation: Basic principles; Mathematics & theory (RCF,
Sedimentation coefficient etc.); Types of centrifuge - Micro centrifuge,
High speed & Ultracentrifuges; Preparative centrifugation;
Differential & density gradient centrifugation; Applications (Isolation
of cell components); Analytical centrifugation; Determination of
molecular weight by sedimentation velocity & sedimentation
equilibrium methods

Advanced Techniques: Protein crystallization; Theory and methods;
API-electrospray and MALDI-TOF; Mass spectrometry; Enzyme and
cell immobilization techniques; DNA & Peptide Synthesis and
sequencing.

Suggested Books

Text Books
1. D. Holme & H. Peck; Analytical Biochemistry. Longman, 1983.
2. T.G. Cooper; The Tools of Biochemistry. Wiley Intersciences,
1977.
3. R. Scopes; Protein Purification - Principles & Practices.
Springer Verlag, 1982.
4. R.C. Price, Proteins. Lafbax Academic Press 1996.
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5. Freifelder D., Physical Biochemistry, Application to
Biochemistry and Molecular Biology, 2nd Edition, W. H.
Freeman & Company, San Fransisco, 1982

6. Keith Wilson and John Walker, Principles and Techniques of
Practical Biochemistry, 5% Edition, Cambridge University
Press, 2000.

References

1. D. Holme & H. Peck, Analytical Biochemistry, 3rd Edition,
Longman, 1998.

2. R. Scopes, Protein Purification - Principles & Practices, 3rd
Edition, Springer Verlag 1994.

3. Selected readings from Methods in Enzymology, Academic
Press.
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Course Code

BSE 604 / BSE 404

Title of the Course

Biomedical Imaging

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the
Concerned
Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Scope of the Course

This course will give a comprehensive introduction to the fundamental
and major aspects of biomedical imaging systems used currently. The
fundamental physics and engineering of each imaging modality will be
discussed.

Course Syllabus

Radiation and interaction with matter, principle of diagnostic
biomedical optical imaging.

Radiation dosimetry, risk and protection.
Radiography, mammography and fluoroscopy.
Principle of ultrasound imaging and current status.

Image analysis, image processing, image reconstruction theory,
computed tomography system.

Magnetic Resonance Imaging (MRI): principle of nuclear magnetic
resonance, MR imaging, functional MR imaging, application of MR
imaging.

Single Photon Emission Computed Tomography (SPECT) principle,
Positron Emission Tomography (PET).

Suggested Books

Text / Reference Books
1. J. T. Bushberg et al, The essential physics of medical imaging, 2nd

edition. [[SBN-10: 0683301187 | ISBN-13: 978-0683301182]

2. Richard R. Carlton, Principle of radiographic imaging: An art and a
science. [ISBN-10: 1439058725 | ISBN-13: 978-1439058725]

3. James G. Fujimoto and Daniel Farkas, Biomedical optical imaging, 1st
edition. [I[SBN-10: 0195150449]

4. Andrew G. Webb, Introduction to biomedical imaging, 1st edition.
[ISBN-10: 0471237663 | ISBN-13: 978-0471237662]
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Course Code

BSE 605/ BSE 405

Title of the Course

Molecular Biophysics

Credit Structure

L-T-P-C
2-1-0-3

Name of the
Concerned
Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

Open to all graduates, with the prior permission of course
instructor.

Scope of the Course

This course is designed to teach the basics of Physics, sufficient for
BSBE graduate students. The fundamental physics of Biological
phenomena will be discussed. It will also prepare students to learn
and apply biophysical approaches to understand biochemical,
biotechnological and medical problems.

Course Syllabus

Review of calculus and its application in biology. Introduction to
thermodynamics and role in biology. Discussion about various
stages of evolution. Single cell machinery to multi-cellular organs.

Structure of biomolecules. Elements of building blocks for
macromolecules. Weaker interatomic interactions. Hydrogen bond
and hydrophobic interactions. Amphiphilic molecular behavior in
aqueous environments. Introduction to X-ray crystallography.

Structures and physics of amino acids and proteins. Conformational
transitions of proteins (folding and unfolding of proteins),
Ramachandran plot. Physics of nucleic acid, membranes and
membrane physics. Modeling membranes as elastic materials.

biomolecules: diffusion, vibrations versus
Interaction of biomolecules with

Dynamics of
conformational transitions.
electromagnetic radiation.

General characteristic of a cell. Cytoskeletal organizations and
constituents molecules and their mechanism. Ion channels and ion
pumps, osmotic pressure of cells.

Cellular energetics: chloroplast and mitochondria. Cells as
thermodynamic machines. Active transport.

Review of fundamentals of electricity and magnetism.
Bioelectricity, heart dynamics, anatomy of nerve cells, conducting
properties of neurons. Structure and function of synapse.

Suggested Books

Text / Reference Books
1. P. Nelson, Biological Physics, (Updated edition), W. H.

Freeman, New York, December 16, 2013. [ISBN-10:
0716798972 | ISBN-13:978-0716798972]

34 Go to Index




. W. Bialik, Biophysics: Searching for Principles, Princeton
University Press, October 28, 2012. [ISBN-10: 0691138915 |
ISBN-13:978-0691138916]

. J. Tuszynski, and M. Kurzynski, Introduction to Molecular
Biophysics, (First edition), CRC Press, New York, February 26,
2003. [ISBN-10: 0849300398 | ISBN-13:978-0849300394] CRC
Series in Pure and Applied Physics

. C.R. Cantor and P. R. Schimmel, Biophysical Chemistry, Part I:
The conformation of biological macromolecules (Their
Biophysical Chemistry), (First edition), W. H. Freeman, New
York, March 15, 1980. [ISBN-10: 0716711885 | ISBN-13: 978-
0716711889]

. C. R. Cantor and P. R. Schimmel, Biophysical Chemistry, Part
2: Techniques for the study of biological structure and
function, (First edition), W. H. Freeman, New York, April 15,
1980. [ISBN-10: 0716711907 | ISBN-13: 978-0716711902]

. C. R. Cantor and P. R. Schimmel, Biophysical Chemistry, Part
3: The behavior of biological macromolecules, (First
edition), W. H. Freeman, New York, June 15, 1980. [ISBN-10:
0716711923 | ISBN-13: 978-0716711926]

35 Go to Index




Course Code BSE 606
Title of the Course Molecular Virology and Viral Pathogenesis
Credit Structure L-T-P-C

2-1-0-3
Name of the Biosciences and Biomedical Engineering
Discipline

Pre-requisite, if any

Basic Biology and Basic Biochemistry (Undergraduate level).

Scope of the Course

The course is designed to provide graduate students a broad
background view on virus history, classification, structure, life cycle,
virus-host interactions. The course is designed primarily in the context
of animal virology. There will be emphasis on viral reverse genetics in
designing successful vaccines. The course further aims provide a brief
career road map to the students to become a successful virologist.

Course Syllabus

Virus history: Discovery of viruses, Major viral epidemics in human
history (e.g. Influenza, HIV, Polio, SARS, Ebola), Milestones in virology
research, Emerging infectious viral diseases. Virus classifications.

Nano life: A quick view on virus structure and classification: General
characteristics of viruses, diversity, shapes, sizes, and components of
genomes. Virus life cycle in host cell. Assembly and packaging of virus
particles. Strategies how virus packages its genome and exits the living
cell.

Virus-host interaction: Concepts of co-evolution of viruses and humans.
Virus entry, replication. Consequences of virus infection. Mechanisms to
invade host defense. Strategies on counter attack. Overview on anti-
viral therapy.

Reverse Genetics: Reverse genetics in virology: Generation of
recombinant virus from cDNA. Focus on negative strand RNA viruses
recovery and genome manipulations. Customizing and designing viral
vaccine candidates through reverse genetics.

Virotherapy: Use of viruses for treatment of diseases. Creating oncolytic
virus for cancer treatment. Gene therapy through viral vector mediated
gene expression. Viral Immunotherapy: Principles and implications.

Suggested Books

Reference Books

1. B. Fields. Fields virology. Philadelphia: Wolters Kluwer/Lippincott
WilliaM.S. & Wilkins Health, 2013. ISBN-13:978-0781702539,
ISBN-10: 0781702534

2. N. Acheson. Fundamentals of molecular virology. Hoboken NJ: John
Wiley & Sons, 2011. ISBN-13:978-0470900598, ISBN-
10: 0470900598

3. A. Cann. Principles of molecular virology. AM.S.terdam: Elsevier
Academic Press, 2012. ISBN-13:978-0123849397, ISBN-
10: 012384939X
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4. N. Maclachlan. Fenner’s veterinary virology. AM.S.terdam: Elsevier
Academic Press, 2010. ISBN-13:978-0123751584, ISBN-
10: 0123751586

5. L. Norkin. Virology: molecular biology and pathogenesis.
Washington DC: ASM Press, 20009. ISBN-13: 978-
1555814533, ISBN-10: 1555814530.

Journal Reference:
Journal of Virology: Published by American Society of Microbiology,
USA.
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Course Code

BSE 607

Course Title

Bioremediation: Principles & Practices

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the
Concerned Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

Basic knowledge of biology

Scope of the course

This course is designed to introduce students to basic principles of
biotechnology to address environmental pollution issues. In addition,
this course gives latest applications and development of biotechnology
for environmental remediation to simulate students’ interest in
environmental sustainability.

Course Syllabus

Status and role of biotechnology in environmental protection and
management.

Bioremediation: Introduction, Current bioremediation practices and
applications, Factors affecting the process of bioremediation
(Environmental, Physical and Chemical factors).

Bioremediation systems, processes and types: Solid, Liquid and
Slurry phase bioremediation; Bioaugmentation and Biostimulation of
microbial activities; Microbial systems of bioremediation;
Phytoremediation and Root zone treatment; Bioremediation of toxic
metal ions, Volatile Organic Compounds (VOCs), Oil spills.
Wastewater treatment: Sources and classification of water
pollutants, Principles of biological treatment, Aerobic and anaerobic
wastewater treatment systems.

Bioreactors: Rotating Biological Contactors, Fluidized Bed Reactors,
Inverse Fluidized Bed Biofilm Reactor, Membrane Bioreactor, High
Rate Algal Ponds, Upflow Anaerobic Sludge Blanket Reactor.

Future perspectives: Scope and Development of environmentally
friendly processes.

Field visit: Sewage treatment plant/Industrial effluent treatment
plant for practical exposure.

Suggested Readings

1. I. L. Pepper, C. P. Gerba, T. ]. Gentry, Environmental Microbiology,
Third Edition, Academic Press, San Diego, California, 2014 (ISBN-
10: 0123946263 / ISBN-13: 978-0123946263).

2. M. J. Hammer Sr.,, M. ]J. Hammer Jr., Water and wastewater
technology, Seventh Edition, Pearson Education Inc., New Jersey,
USA, 2011 (ISBN-10: 0135114047 / ISBN-13:978-0135114049).

3. G.Tchbanoglous, H. D. Stensel, R. Tsuchihashi, F. Burton, Metcalf and
Eddy, Wastewater Engineering: Treatment and Resources
Recovery, Fifth Edition, Tata McGraw Hill Publishing Companies
Ltd., New Delhi, India, 2013 (ISBN-10: 0073401188 / ISBN-13:978-
0073401188).
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4. N. F. Gray, Biology of Wastewater Treatment, Second Edition,
Imperial College Press, London, 2004 (ISBN 10: 1860943322 / ISBN
13:9781860943324).

5. Selected articles from Journals - Nature Biotechnology, Hazardous

Materials, Biodeterioration and Biodegradation, Desalination etc.
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Course Code

BSE 608

Title of the course

Advanced Drug Delivery Systems

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Basic Biology

Scope of the course

The course will cover newer advances in drug delivery systems
and recent trends for development characterization and
applications of delivery systems to solve healthcare problems.

Course Syllabus

Introduction to drug delivery systems, Controlled release systems,
Influence of drug properties and routes of drug administration on
the delivery

Oral controlled drug delivery systems and their mechanisms,
Examples and Case Studies

Controlled drug delivery systems: Micro-particles, liposomes,
niosomes, polymeric nanoparticles, solid lipid nanoparticles,
carbon nanotubes, implants etc., Examples and Case Studies
Transdermal drug delivery systems: Principles of skin permeation,
Factors affecting percutaneous absorption of drugs, Development
and evaluation of transdermal devices, Examples and Case Studies
Targeted drug delivery systems: active and passive targeting,
Enhanced permeation and Retention (EPR) effect, receptor
mediated endocytosis, prodrug based drug targeting, brain
targeting, tumour targeting. Examples and Case Studies

Suggested Reading

1. P.V. Devarajan, S. Jain, Targeted Drug Delivery: Concepts and
Design, Springer International Publishing Switzerland, 2015,
[ISBN: 978-3-319-11355-5]

2. ]. R. Robinson, V. H. L. Lee, Controlled Drug Delivery:
Fundamentals and Applications. Taylor and Francis UK, 1987,
[ISBN: 978-0824775889]

3. ]. Siepmann, R. A. Siegel, M. ]J. Rathbone, Fundamentals and
Applications of Controlled Release Drug Delivery, Springer
Switzerland, 2012, [ISBN 978-1-4614-0880-2]

4. A. S. Narang, R. I. Mahato Targeted Delivery of Small and
Macromolecular CRC Press USA, 2010, [ISBN:
9781420087727]

5. C. A. Lorenzo, A. Concheiro, Smart Materials for Drug Delivery,
RSC Publishing UK, 2013, [ISBN: 978-1-84973-552-0]

6. Selected articles from journals like Journal of Controlled
Release, International Journal of Pharmaceutics, Journal of
Pharmaceutical Sciences etc.

Drugs,
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Course Code BSE 609

Title of the course Microbiology

Credit Structure L-T-P-Credits
2-1-0-3

Name of the
Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Scope of the course

The course will cover the fundamental of Microbiology

Course Syllabus

History and Microbial Diversity

The historical foundations and development of microbiology; An
overview of microbial world; Microbial diversity - Prokaryotic and
eukaryotic microbial diversity; The bacteria and the archaea; Principles
of bacterial taxonomy Molecular methods in taxonomy; Intraspecies
classification of bacteria. Morphology and structure of bacteria; Surface
structures and inclusions of bacteria; Viruses- unique properties,
morphology and structure; Virion, Viroids and Prions; Viral replication.
Viral diversity -bacterial, plant and animal viruses; Fungi -properties and
classification.

Microbial Growth and Culturing

Factors influencing microbial growth. Environmental and nutritional
factors; Nutritional types of bacteria; Microbial locomotion - flagellar
motility, gliding motility and amoeboid motion; Chemotaxis, Phototaxis
and other taxes. Cultivation of bacteria- culture media and methods;
Measurement of bacterial growth. Bacterial growth curve; Binary fission,
Growth cycle, Microbial growth at different temperature, pH and oxygen
level; Continuous cultures; Maintenance and transport of cultures.
Identification of bacteria and Sterilisation methods

Identification of bacteria. Staining reactions; Cultural, physiological and
biochemical characteristics; Sterilisation - Principles and methods,
physical and chemical methods; Disinfectants - modes of action; Testing
of disinfectants; Antibiotics - mechanism of action; Drug resistance in
bacteria; Antibiotic sensitivity tests.

Microbial genetics

Genetic materials in bacteria; Bacterial chromosome; Extrachromosomal
genetic elements; Plasmid, Transposons; Mutation, DNA repair, Mutant
selection; Mechanism of gene transfer - transformation, transduction and
conjugation.

Microbial metabolism

Microbial metabolism; Central pathways, Glycolysis, Pentose phosphate
pathway, Entner Doudoroff pathway, TCA cycles, Electron transport
chain, Aerobic and anaerobic respiration; Fermentation. Anaplerotic
reaction; Peptidogycan synthesis, Bacterial photosynthesis.
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Suggested Books

. G.]. Tortora, B.R. Funke, C. L. Case, Microbiology: An Introduction, 11th

ed., Benjamin Cumings, 2012, ISBN-10: 0321733606.

. J. G. Black, Microbiology: Principles and Explorations, 8t ed., Wiley,

2012, ISBN-10: 0470541091.

. M.]. Pelczer, Microbiology: Concepts and Applications, 6t ed., McGraw

Hill, 1993, ISBN-10: 0070492581.

. L. M. Prescott, ]. P. Harley, D. A. Klein, Microbiology, 6t ed., McGraw

Hill, 2004, ISBN-10: 0697293904.
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Course Code

BSE 610

Title of the course

Cell and Developmental Biology

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the
Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Scope of the course

The course will cover the fundamental of Cell and Developmental Biology

Course Syllabus

Cell structure: Ultra structure of prokaryotic and eukaryotic cells,

Cell Organelles: Structure and function of: Endoplasmic reticulum, Golgi
complex, Types of vesicles - transport and their functions, Lysosomes.
Nucleus - Internal organization, Nuclear pore complex, Nucleosomes
Chromatin. Mitochondrial Genome, Structure and Function

Cell Metabolism: Oxidative in the Mitochondrion - The Role of
Mitochondria in the formation of ATP - Translocation of Protons and the
Establishment of a proton-motive force - The Machinery for ATP
formation - Peroxisomes. Genome studies of Mitochondria. Chloroplast
structure and function - An overview of photosynthetic Metabolism,
Cytoskeleton - components of Cytoskeleton, Microtubules, Intermediate
filaments - Microfilaments,

Cellular Transport and Cell Signaling: Protein trafficking, Cell
Signaling: Hormones and Receptors, Intracellular signaling in
Development and Disease, Transport across Cell Membranes, Protein
Sorting: Organelle Biogenesis and Protein secretion, Stem Cell Biology,
Cancer, Regulation of Cell Death; Apoptosis, Circadian Rhythms.
Developmental Biology: Introduction to genomes and differential gene
expression, mechanism of differentiation, fertilization, self-adhesion, cell-
adhesion, stem cells, early amphibian development, neurulation, neural
tube pattern, neural crest. Organ developments

Suggested Books

1. H. Lodish, A. Berk, P. Matsudaira, C. Kaiser, M. Krieger, M. Scott, L.
ZipursKky, J. Darnell, Molecular Cell Biology, 5t ed., W.H Freeman and
Company, 2003, ISBN-10: 9780716743668.

2. S.F. Gilbert, M. ]. F. Barresi, Developmental Biology, 11th ed., Sinauer
Associates Inc., 2016, ISBN-10: 1605356042.

3. G. M. Cooper, R. E. Hausman, The Cell: A Molecular Approach, 5t ed.,
Sinauer Associates Inc., 2009, ISBN-10: 0878933972.

4. B. Alberts, A. Johnson, |J. Lewis, D. Morgan, M. Raff, K. Roberts, P.
Walter, Molecular Biology of the Cell, 6t ed., Garland Sciences, 2014,
ISBN-10: 0815344643.

5. J. Hardin, G. Bertoni, Becker’'s World of the Cell, 9th ed,
Pearson/Benjamin Cummings, 2015, ISBN-10: 0134145798 | ISBN-
13:978-0134145792.

6. G.Karp, Cell Biology, 7th ed., Wiley, 2013, ISBN-10: 1118318749.
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Course Code BSE 611

Title of the course | Biochemistry

Credit Structure L-T-P-Credits
2-1-0-3

Name of the
Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if
any

None

Scope of the
course

The course will cover the fundamentals of Biochemistry

Course Syllabus

CARBOHYDRATES

Oligosaccharides and Polysaccharides: Glycosidic bonds;
Classification: glycoproteins, glycolipids; Nature of carbohydrate
moiety attached; Functions: as cell recognition factors, in intracellular
targeting; Purification and Characterization of oligosaccharides from
cell membranes; Homopolysaccharides, Heteropolysaccharides;
Purification and Characterization of polysaccharides from biological
systems.

Metabolism of carbohydrates: Introduction, Aerobic and anaerobic
pathways: Glycolysis and its regulation, Gluconeogenesis and its
regulation. TCA cycle - Regulation, Glyoxylate cycle, amphibolic and
anaplerotic reactions. Electron Transport chain, Oxidative
phosphorylation, and production of ATP, Inhibitors of ETC and ATP
synthesis, Photosynthesis - ‘light’ and ‘dark’ reactions

PROTEINS and NUCLEIC ACIDS: Protein structure and function;
Fibrous protein: (Collagen), Membrane Protein (ATP synthetase);
Protein structure and molecular approach to medicine: introduction
(Sickle cell anaemia, p53 and its role in Cancer).

Nucleic acid structure and function: Supercoiling of the DNA
molecule; topoisomers and superhelixes; Higher orders of DNA
Structure: Chromatin Structure: Histones and Nucleosomes; Tandem
repeats (Satellites, minisatellites, and microsatellites), Interspersed
repeats (LINE, SINEs) Single copy genes; RNA Structure: Types of RNA;
structure of mRNA, tRNA and rRNA, Si RNA, micro RNA with emphasis
on importance of structure to its function.

LIPIDS: Structure and function of Glycerophospholipids and
Glycosphingolipids, CDP-diacylglycerol, Lung surfactants. Eicosanoids:

Prostaglandins, Leukotrienes and Thromboxanes: Chemistry,
formation and physiological function.
Steroids: Steroids in animal system: Glucocorticoids,

mineralocorticoids and Sex hormones (Site of biosynthesis, functions
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and mechanism of action; Sterols in Plant system: Phytohormones:
Brassinosterroids (functions); Sterols in microbial system.

Suggested Books

1.

2.

D. L. Nelson, M. M. Cox, Lehninger Principles of Biochemistry, 4th ed.,
W. H. Freeman; 2004, ISBN-10: 0716743396.

J. M. Berg, J. L. Tymoczko, L. Stryer, Biochemistry: International
Edition, 7th ed., W. H. Freeman, 2011, ISBN:071676766X ISBN-13:
9780716767664,978-716767664

D.Voet, ]. G. Voet, C. W. Pratt, Fundamentals of Biochemistry: Life at
the Molecular Level, 4t ed., Wiley, 2015, ISBN-10: 0470547847.

L. A. Moran, R. A. Horton, G. Scrimgeour, M. Perry, D. Rawan,
Principles Of Biochemistry, 5% ed. Pearsarson, 2011, ISBN-10:
0321707338.

R. A. Dean, ]. A. Spencer, K. M. Christopher, Biochemistry: Concepts
and Connections, 1st ed. Pearson Education, 2017, ISBN-10:
9332585458.
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Course Code

BSE 612

Title of the Course

Immunology and Immunotechnology

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the
Concerned

Department

Biosciences and Biomedical Engineering

Pre-requisite, if
any

Open to all graduates, with the prior permission of course instructor.

Scope of the

Course

This course deals with immune systems and their components at the
cellular and humoral levels. Furthermore, this course deals with the
practical aspects such as the production and engineering of antibodies,
the application of antigens, the design of (recombinant) vaccines,
strategies for immune intervention, etc.

Course Syllabus

Introduction to immunology. Cells & organs of immune system-
lymphoid cells, B and T lymphocytes, null cells. Mononuclear cells-
phagocytosis, antimicrobial and cytotoxic activities. Granulocytes-
neutrophils, eosinophils and basophils. Mast cells, dendritic cells. Organs
of immune system- primary and secondary lymphoid organs.

Immunoglobulins: Structure and function-basic and fine structures of
immunoglobulins. Isotypes, allotypes and idiotypes Classification of
immunoglobulins. Genetic control of antibody response. Generation of
antibody diversity. Theories of antibody formation. Clonal selection
theory.

Antigen-antibody interaction- strength of antigen-antibody interaction,
cross reactivity, precipitin reactions. Radioimmunoassays (RIA).
Enzyme linked immunosorbent assay (ELISA). Western blotting.

immunoelectron microscopy. Complement proteins, complement
features, classical and alternative pathways.
Major histocompatibilty complex (MHC): Structure and its

significance. Transplantation immunity- immunological basis of graft
rejection, xenotransplantation. Clinical manifestation of graft rejection.
General and specific immuno suppressive therapy. Clinical
transplantation. Hypersensitivity- type |, II, III, and IV hypersensitivity.

Autoimmunity: Basis of autoimmune disorders, mechanism for the
induction of autoimmunity. Treatment of autoimmune diseases.
Immune response to infectious diseases. Antigen presentation via Class
[ and Class II pathways. Th1/ Th2 polarities, NK Effector Mechanism.
Apoptosis.

Monoclonal antibodies- production role and advantages of monoclonal
antibodies. Detailed account on the application and uses of monoclonal
antibodies. Humanization of antibodies.
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Cancer Immunology: Role of cytotoxic T lymphocytes in cancer
immunology. AIDS pathogenesis, immunology of retroviruses, role of
chemokines in management of AIDS. Vaccine technology, active and
passive immunity, development of vaccine against infectious diseases.

Suggested Books 1. T.]. Kindt, R. A. Goldsby, B. A. Osborne. Immunology, 6% ed., W. H.
Freeman, 2006, ISBN-10: 071676764 3.

2. A. K. Abbas, A. H. Lichtman, Cellular and Molecular Immunology, 8t
ed., Saunders, 2014, ISBN-10: 0323222757.

3. D. K. Male, ]. Brostoff, D. E. Roth, I. M. Roitt, Inmunology, 8t ed.,
Elsevier, 2012, ISBN-10: 0323080588.

4. T.Doan, R. Melvold, S. Viselli, C. Waltenbaugh, Immunology, 2" ed.,
Lippincott Williams & Wilkins, 2012, ISBN-10: 8184737637.
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Course Code

BSE 612N (From AY 2025-26 onwards)

Title of the Course

Immunology and Immuno-technology

Credit Structure

L-T-P-
Credits 2-
1-0-3

Name of the

Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

This course deals with immune systems and their components at the
cellular and humoral levels. Furthermore, this course deals with the
practical aspects such as the production and engineering of antibodies, the

application of antigens, the design of
(recombinant) vaccines, strategies for immune intervention, etc.

Course Outcome

On completion of this course, students should be able to:

e Evaluate the usefulness of immunology in different pharmaceutical
companies;
Identify proper research labs working in the area of their own interests;
Apply their knowledge and design immunological experiments to
demonstrate innate, humoral or cytotoxic T lymphocyte responses

and figure out the kind of
immune responses in the setting of infection (viral or bacterial).

Course Syllabus

Introduction to immunology. Cells and organs of immune system-
lymphoid cells, B and T lymphocytes, null cells. Mononuclear cells-
phagocytosis, antimicrobial and cytotoxic activities. Granulocytes-
neutrophils, eosinophils and basophils. Mast cells, dendritic cells. Organs
of the immune system- primary and secondary lymphoid organs.
Immunoglobulins: Structure and function-basic and fine structures of
immunoglobulins. Isotypes, allotypes and idiotypes Classification of
immunoglobulins. Genetic control of antibody response. Generation of
antibody diversity. Theories of antibody formation. Clonal selection
theory.

Antigen-antibody interaction- strength of antigen-antibody interaction,
cross reactivity, precipitin reactions. Radioimmunoassays (RIA). Enzyme
linked immunosorbent assay (ELISA). Western blotting. immunoelectron
microscopy. Complement proteins, complement features, classical and
alternative pathways. Major histocompatibilty complex (MHC):
Structure and its significance.

Transplantation immunity- immunological basis of graft rejection,
xenotransplantation. Clinical manifestation of graft rejection. General
and specific immuno suppressive therapy. Clinical transplantation.
Hypersensitivity- type I, II, I1I, and IV hypersensitivity.

Autoimmunity: Basis of autoimmune disorders, mechanism for the
induction of autoimmunity. Treatment of autoimmune diseases. Immune
response to infectious diseases. Antigen presentation via Class I and Class
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Il pathways. Th1/ Th2 polarities, NK Effector Mechanism. Apoptosis.
Monoclonal antibodies- production role and advantages of monoclonal
antibodies. Detailed account on the application and uses of monoclonal
antibodies. Humanization of antibodies.

Cancer Immunology: Role of cytotoxic T lymphocytes in cancer
immunology. AIDS pathogenesis, immunology of retroviruses, role of
chemokines in management of AIDS. Vaccine technology, active and

passive immunity, development of vaccine
against infectious diseases.

Suggested Books

Text Books:
1. T.]. Kindt, R. A. Goldsby, B. A. Osborne. Immunology, 6th ed., W. H.
Freeman, 2006, ISBN: 0716767643.
2. A. K. Abbas, A. H. Lichtman, Cellular and Molecular Immunology, 8th
ed., Saunders, 2014, ISBN: 0323222757

Reference Books:
3. D. K. Male, |. Brostoff, D. E. Roth, I. M. Roitt, Inmunology, 8th ed.,
Elsevier, 2012, ISBN: 0323080588.
4. T. Doan, R. Melvold, S. Viselli, C. Waltenbaugh, Immunology, 2nd
ed., Lippincott Williams and Wilkins, 2012, ISBN: 8184737637.
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Course code

BSE 613/ BSE 413

Title of the course

Omics Technologies

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the Concerned
Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

NA

Scope of the course

This course is designed for the students with the background in
biology, chemistry and computer science. This course will
emphasize at molecular level changes through the studies of
Genomics, Transcriptomics, Proteomics, Metabolomics,
Glycomics and Lipidomics. The goal of this course is to explain the
details of modern OMICS technologies and their applications
which control structure, function, and dynamics of organisms.

Course Syllabus

OMICS: Introduction of omics, types of omics, methods to study,
experimental approaches, bioinformatics algorithm. Genomics:
Gene, Genome and their genomics, Status of genomics project,
genome annotation, genome database, Prediction for
transcription factor binding sites, Bioinformatic analysis for
miRNA target and motif search, Single nucleotide polymorphisms
(SNP) in bio-medical research. Transcriptomics: Principle and
applications of experimental techniques: micro-arrays, Expressed
Sequence Tag (EST), Serial analysis of gene expression (SAGE),
tissue arrays. Data analysis and normalization through
bioinformatics methods. Publicly available micro-arrays
expression data. Proteomics: Principle and applications of
proteomics technologies: 2D-electrophoresis, MALDI-TOF mass
spectrometry, yeast 2-hybrid system. Protein-protein
interactions, Protein-DNA interaction, Protein-RNA interaction.
Computational prediction of interactions, protein databases.
Metabolomics: Principles and applications of technologies in
metabolomics: High-performance liquid chromatography (HPLC),
Gas Chromatography, Mass Spectrometry, Nuclear Magnetic
Resonance. Metabolic pathways resources, Metabolic health, and
complications. Glycomics and Lipidomics: Principles and
applications. Instrumentation and arrays to understand these
structural changes in leaving organism.

Suggested Books

1. C.Simo, A. Cifuentes, V. Garcia-Canas, Fundamentals of
Advanced Omics Technologies, From Genes to Metabolites,
Elsevier, United States of America, 2008, 978-0-44462-651-6
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2. D.Barh, K. Blum, M.A. Madigan, OMICS: Biomedical
Perspectives and Applications, CRC Press, United States of
America, 2017, 978-1-43985-008-4

3. B. Mayer, Bioinformatics for OMICS Data, Springer, United
States of America, 2011, 978-1-61779-027-0

4. E.C.Soo, ].P.M. Hui, Metabolomics in Glycomics, Springer,
United States of America, 2009, 978-1-60761-453-1
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Course Code BSE 614
Title of the course General Physiology
Credit Structure L-T-P-Credits
2-1-0-3
Name of  the | Biosciencesand Biomedical Engineering
Concerned
Department
Pre-requisite, if | None
any

Scope of the course

The course will cover the fundamentals of Physiology

Course Syllabus

Introduction to Physiology: The scope of human physiology, Elementary
tissues- epithelial tissue, connective tissue, muscle tissue, nervous tissue,
homeostasis, blood buffers, acid base balance, hormones

Muscle physiology: Muscles classification, skeletal muscle, smooth
muscle, muscle contraction, membrane excitation, neuromuscular
junction, and rigor mortis

Renal physiology: Kidney, nephron, renal circulation, GFR, renal
regulation of water and electrolyte balance

Cardiovascular Physiology: Heart, cardiac muscle, action potential in
cardiac muscle, cardiac cycle, heart sounds, conducting mechanism, heart
beat and regulation, cardiac output, ECG, blood pressure, role of baro and
chemo receptors in blood pressure regulation, composition and functions
of blood, plasma proteins and functions, cellular content of blood-
haematopoiesis, haemoglobin, haemostasis, blood groups, blood
transfusion, lymph

Respiratory physiology: Organization of respiratory system, respiratory
membrane, pulmonary ventilation, pulmonary volumes and capacities,
alveolar ventilation, surfactants, exchange of gases, transport of gases,
regulation of respiration, hypoxia, cyanosis, hypercapnia, dyspnea, apnea,
periodic breathing, artificial respiration

Digestive physiology: Salivary gland and secretion, gastric gland and
secretion, secretion of pepsinogen, HCl secretion and regulation, pancreas,
liver, bile

Suggested Books

1. E. P. Widmaier, H. Raff, K. T. Strang, Vander’s Human Physiology- The
Mechanism of Body Function. 12th ed., McGraw Hill, 2010, ISBN-10:
0077350014.

2. J.E.Hall, M. Vaz, A, Kurpad, T. Raj, Text Book of Medical Physiology, 2nd
ed., Elsevier Health-INR, 2016, ISBN-10: 8131244660.

52 Go to Index




3. J. B. West, Physiological Basis of Medical Practice, 12th ed., Lippincott
Williams & Wilkins, 1990, ISBN-10: 0683089471.

4. W. F. Ganong, Review of Medical Physiology, 25t ed., McGraw Hill
Education, 2016, ISBN-10: 007182510X.

5. K. Sembulingam, P. Sembulingam, Essentials of Medical Physiology, 7t
ed., Jaypee Brothers Medical Publishers, 2016, ISBN-10: 9385999117.
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Course code

BSE 615

Title of the course

Chemical Biology

Credit Structure

L -T-P - Credits
2-1-0-3

Name of the
Concerned Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

Basic Biology and Chemistry (Undergraduate level)

Scope of the course

This course is designed to build a bridge between Chemistry and
Biology. Understanding the chemical logic behind biology is extremely
important as it allows us to predict consequences in physiological
context. Emphasis will be given on understanding the fundamental
concepts for using the chemical toolbox to uncover the functions of
living systems at both mechanistic and molecular level.

Course Syllabus

Introduction to Chemical Biology? Difference between Biochemistry
and Chemical Biology; Metabolic regulations; Warburg effect; Activity-
based protein profiling to study orphan enzymes and its importance in
drug discovery; Bio-orthogonal approaches in biology; Protein-protein
interaction; Stable-isotope labeling for probing metabolism;
Metabolomics-assisted proteomics; Quantitative proteomics; Chemo-
proteomic platform; Incorporation of unnatural amino acids; Chemical
toolbox to study protein post-translational modifications; Targeted
protein degradation in live cells; Native chemical ligation: A tool for
chemical protein synthesis; Small molecules in important biological
discoveries; Introduction to PyMOL.

Suggested Books

1. N. Civjan, Chemical Biology: Approaches to Drug Discovery and
Development to Targeting Disease, Wiley-Blackwell, United
States of America, 2012,1118101189

2. D. Reed, Chemistry for Biologists, Pearson Education, United
Kingdom, 2013, 1408280825

3. D. V. Vranken, G. A. Weiss, Introduction to Bioorganic Chemistry
and Chemical Biology, Garland Science, United States of America,
2012,0815342144

4. C. Walsh, Posttranslational Modification of Proteins: Expanding
Nature_s Inventory, Roberts & Company Publishers, United States
of America, 2005, 0974707732
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Course Code

BSE 616

Title of the course

Infectious Diseases and Medical Microbiology

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the
Concerned

Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Scope of the course

This course provides a basic understanding of issues related to
infectious diseases, mechanism and pathophysiology.

Course Syllabus

General Principles of Infection: How diseases are caused by micro-
organisms, Host factors, Virulence, Susceptibility, host defence,
macrophages, cytokines, complement system, cell mediated
immunity, Disease transmission mechanisms.

Microbial agents causing infections: Gram positive and gram-
negative bacteria, anaerobic bacteria, spirochetes, rickettsia, fungi,
viruses, algae, helminths etc.

Diagnosis and Prevention of infection: Bacterial, Fungal, Viral and
Parasitic infections, Immunization, Molecular techniques for
detection, Immuno-diagnosis, Imaging of infections

Treatment of Infectious Diseases: Antimicrobial agents, Antivirals
including anti-retrovirals, Approaches for treatment of Sepsis,
systemic infections, Eye infections, Pulmonary infections, GI
infections, Sexually transmitted infections, skin and soft tissue
infections, Orthopaedic, neurological, urological, hepatic infections
and surgical infections.

Suggested Books

1. S. L. Gorbach, J. G. Bartlett, N. R. Blacklow, Infectious Diseases, 3rd
ed., Lippincott Williams & Wilkins, 2004, ISBN-10: 0781733715.

2. W. F. Wright, Essentials of Clinical Infectious Diseases, 1st ed.,

Demos Medical Publishing, 2013, ISBN-10: 1936287919.

3. D. Schlossberg, Clinical Infectious Disease, 1st ed. Cambridge

University Press, 2008, ISBN-10: 0521871123.

4. P. G. Engelkirk, J. L. Duben-Engelkirk, Laboratory Diagnosis of

Infectious Diseases: Essentials of Diagnostic Microbiology, 1st ed.,

Lippincott Williams & Wilkins, 2007, ISBN-10: 0781797012.
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Course code

BSE 617/ BSE 417

Title of the course

Biomolecular Modeling

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the
Concerned Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

NA

Scope of the course

This course is designed for the students with the background
in biology, chemistry, physics, or computer science and who are
interested in learning biomolecular modeling. The goal of the
course is to introduce the principles of biomolecular modeling
and to develop practical skills for using existing modeling
software.

Course Syllabus

Elements of thermodynamics and statistical mechanics: laws of

thermodynamics, entropy, ensembles in statistical mechanics:
microcanonical, canonical, and grandcanonical ensembles,
Partition function, Maxwell-Boltzmann distribution, Phase
space. Introduction to stochastic phenomena: Gaussian noise,
Brownian motion, diffusion (Fokker-Planck equation), Euler
algorithm for Brownian motion. Molecular Mechanics:
introduction, Morse potential, Harmonic Oscillator Model for
molecules, Energy due to stretch, bend, stretch-bend, torsional
strain, van der Waals and Dipole-Dipole interactions. Types of
Force fields: AMBER, CHARMM, GROMOS, OPLS, Merck
Molecular Force Field, Consistent Force Field, MM2, MM3, and
MM4 force fields, force field optimizations. Potential Energy
Surface:- Convergence Criteria, Optimization Criteria,
Unidirectional Search, Finding Minimum Point, Gradient based
Methods-Steepest Descent and Conjugate Gradient Methods
Molecular Dynamics Simulations: Introduction, Newtonian
dynamics, Integrators- Leapfrog and Verlet algorithm,
Thermostats and barostats, Implicit and explicit solvation
models, periodic boundary conditions, Ewald’s summation for
electrostatistics, radial distribution functions, pair correlation
function. Biased sampling: umbrella sampling and steered MD
simulations. Free energy calculations: molecular recognitions,
protein-drug interactions, Molecular Mechanics-Poisson-
Boltzmann (Generalized Born) Surface Area
(MMPBSA/MMGBSA), Free Energy Perturbation,
Thermodynamic Integration (TI).

Suggested Books

1. R. Leach, Molecular Modeling, Principles and Applications,
Pearson Education, India, 2009 and 978-8131728604
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4,

2. Frenkel, B. Smit, Understanding Molecular Simulation,

From Algorithms to Applications, Academic Press, USA,
2001 and 978-0122673511

3. K. I. Ramachandra, G. Deepa, K. Namboori, Computational

Chemistry and Molecular Modeling-Principles and
Applications, Springer, New York, 2010 and 978-
3642095986

T. Schlick, Molecular Modeling and Simulation-An

interdisciplinary Guide, Springer, New York, 2010 and 978-
1441963505

57 Go to Index




Course Code

BSE 618

Title of the course

Biostatistics and Bioinformatics

Credit Structure

L-T-P-Credits
2-0-2-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Scope of the course

In this course we will explore the use of statistical methodologies in
designing, analyzing, interpreting, and biological experiments and
observations. The course will cover descriptive statistics, probability,
hypothesis testing and statistical interference, analysis of variance,
correlation, and regression techniques.

Course Syllabus

Biostatistics: Introduction to Biostatics: Variable and attribute;
Population vs. sample; Census vs. sample survey; Arrangement of
data; Frequency distribution. Graphical presentation of data. Measure
of central tendency: Arithmetric mean; Mode; Median. Measure of
dispersion: Variance; Standard deviation; Standard error of mean;
Standard score. Testing of hypothesis and goodness of fit: Null
hypothesis; Level of significance; Probability, Normal distribution,
Error of inference, Student's t-test, Fisher's t-test, Chi-square test.
Correlation, Regression and Analysis of variance (ANOVA)
Bioinformatics: Introduction to Bioinformatics with historical
background, major developments. Biological data and databases, data
query and data mining; Nucleic acid and protein sequence databases,
Sequence analysis: Basic concept of sequence similarity, identity,
and homology; Scoring matrices: basic concept of a scoring matrix,
matrices for nucleic acid and protein sequences, PAM, and BLOSUM
series, matrix derivation method and principles.

Sequence alignment: Basic concept of sequence alignment,
Needleman and Wunsch, Smith and Waterman algorithms for
pairwise alignments, gap penalties, applications to nucleic acid and
protein sequences, basic concepts of various approaches for multiple
sequence alignment (M.S.A), algorithm for CLUSTALW and PileUp and
their application for sequence analysis, etc.

Biological network: Basic concepts of network, Protien-protien
interaction networks, gene regulatory networks, signal transduction
networks, etc.

Simulation methods: Monte Carlo (MC) and Molecular Dynamics
(MD) simulations of biological macromolecules.

Suggested Books

1. N. T. ]. Bailey, Statistical Methods in Biology, 3™ ed., Cambridge
University Press, 1995, ISBN-10: 0521498457.

2. B.Rosner, Fundamentals of Biostatistics, 8t ed., Cengage Learning
Custom Publishing, 2015, ISBN-10: 130526892X.
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3. D. W. Mount, Bioinformatics: Sequence and Genome Analysis, 2nd
ed.,, Cold Spring Harbor Laboratory Press, 2005, ISBN-10:
8123912412.

4. T. K. Attwood, D. J. Parry-Smith, Introduction to Bioinformatics,
Prentice Hall, 1999, ISBN-10: 058232788.

5. B. Bergeron, Bioinformatics Computing, 1st ed. Pearson
Education, 2015, ISBN-10 9332549419,
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Course Code

BSE 619/ BSE 419

Title of the Course

Renewable Energy Technologies

Credit Structure

L-T-P- Credits
2-1-0-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering
(to be cross listed with other engineering disciplines especially
Mechanical, Electrical and Civil Engineering)

Pre-requisite, if any

NA

Scope of the Course

This course will provide an overview of fundamentals and
applications of renewable energy technologies. Current and
emerging applications, challenges and potential solutions for
various technical, economic and resource constraints for the
technologies will be discussed. The course will cover renewable
energy technologies such as Solar, wind, biofuels, geothermal and
wave energy technologies with a special emphasis on solar and
biofuel technologies.

Course Syllabus

Overview of energy scenario: Introduction to energy sources,
available renewable energy technologies, systems analysis and
sustainability.

Renewable energy technologies: Solar photovoltaics, solar thermal
technologies, wind power, technologies for bioethanol from
sugarcane, starch and lignocellulosic based feedstocks, biodiesel
from oil seeds, algae, hydro and geothermal energy sources
Systems Analysis: Introduction to process modeling and economic
analysis, life cycle analysis using GREET, application of renewable
technologies around the world with a special emphasis on their
applicability to India.

Summary: State of the art and future outlook.
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Suggested Books

Recommended texts:

1. David ].C. MacKay, Sustainable Energy-Without the hot air.
UIT Cambridge, 2008, ISBN 978-0-9544529-3-3, This book can
be freely downloaded from:

2. M. Kanoglu, Y. Cengel and ]. Cimbala, Fundamentals and
Applications of Renewable Energy, McGraw-Hill Education,
2019, ISBN-13:978-1260455304

3. B. Sorensen, Renewable Energy: Physics, Engineering,
Environmental Impacts, Economics and Planning, 4™ edition,
Academic Press. 2010, ISBN-13:978-0123750259

4. 0. Jolliet, M. Saade-Sbeih, S. Shaked, A. Jolliet, P. Crettaz,
Environmental Life Cycle Assessment, CRC Press, Taylor and
Francis, 2015, ISBN: 9781439887660 - CAT# K14053

Relevant journal articles will be provided for some of the lectures.
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Course Code

BSE 621

Title of the Course

Cell and Molecular Biology

Credit Structure

L-T-P-Credits 2-0-0-2

Name of the
Concerned

Department

Department of Biosciences and Biomedical Engineering

Prerequisite, if any

None

Course Objective

The objectives of this course are to sensitize the students to the fact that as
we go down the scale of magnitude from cells to organelles to molecules, the
understanding of various biological processes becomes deeper and inclusive.

Course Syllabus

Dynamic organization of cell-Universal features of cells; cell

chemistry and biosynthesis: chemical organization of cells; internal
organization of the cell - cell membranes: structure of cell membranes and
concepts related to compartmentalization in eukaryotic cells; intracellular
organelles: endoplasmic reticulum and Golgi apparatus, lysosomes and
peroxisomes, ribosomes, cellular cytoskeleton, mitochondria, chloroplasts
and cell energetics; nuclear compartment: nucleus, nucleolus and
chromosomes.

Chromatin structure and dvnamics-Chromatin organization - histone and
DNA interactome: structure and assembly of eukaryotic and prokaryotic DNA
polymerases, DNA-replication, repair and recombination; chromatin control:
gene transcription and silencing by chromatin-Writers,-Readers and -
Erasers; Transcriptional control: Structure and assembly of eukaryotic and
prokaryotic RNA Polymerases, promoters and enhancers, transcription
factors as activators and repressors, transcriptional initiation, elongation and
termination; post-transcriptional control: splicing and addition of cap and
tail, mRNA flow through nuclear envelope into cytoplasm, breakdown of
selective and specific mRNAs through interference by small non-coding RNAs
(miRNAs and siRNAs), protein translation machinery, ribosomes-
composition and assembly; universal genetic codes, degeneracy of codons,
Wobble hypothesis; Iso-accepting tRNA; mechanism of initiation, elongation
and termination; co- and post-translational modifications, mitochondrial
genetic code translation product cleavage, modification and activation.

Cellular signalling, transport and trafficking-Molecular mechanisms of
membrane transport, nuclear transport, transport across mitochondria and

chloroplasts; intracellular vesicular trafficking from endoplasmic reticulum
through Golgi apparatus to lysosomes/cell exterior.

Cellular processes-Cell cycle and its regulation; cell division: mitosis,
meiosis and cytokinesis; cell differentiation: stem cells, their differentiation
into different cell types and organization into specialized tissues; cell-ECM
and cell-cell interactions; cell receptors and trans- membrane signalling; cell
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motility and migration; cell death: different modes of cell death and their
regulation.

Manipulating and studying cells- [solation of cells and basics of cell culture;
observing cells under a microscope, different types of microscopy;
analyzing and manipulating DNA, RNA and proteins.

nome instabili n 11 transformation-Mutations, proto- oncogenes,
oncogenes and tumour suppressor genes, physical, chemical and biological
mutagens; types of mutations; intra-genic and inter-genic suppression;
transpositions- transposable genetic elements in prokaryotes and
eukaryotes, role of transposons in genome; viral and cellular oncogenes;
tumor suppressor genes; structure, function and mechanism of action;
activation and suppression of tumor suppressor genes; oncogenes as
transcriptional activators.

Suggested Books

1. Alberts, B., Johnson, A., Lewis, ]., Raff, M., Roberts, K., & Walter, P. (2008).
Molecular Biology of the Cell (5th Ed.). New York: Garland Science. (ISBN
978-0-8153- 4105-5)

2. Lodish, H. F. (2016). Molecular Cell Biology (8th Ed.). New York: W.H.
Freeman. (ISBN-13:978-1464183393)

3. Krebs, |. E,, Lewin, B,, Kilpatrick, S. T., & Goldstein, E.

S. (2014). Lewin's Genes XI. Burlington, MA: Jones & Bartlett Learning.
(ISBN-13:9789380853710)

4. Cooper, G. M., & Hausman, R. E. (2013). The Cell: a Molecular Approach

(6th Ed.). Washington: ASM; Sunderland. (ISBN-10:1605358630, ISBN-13:

9781605358635)

5. Hardin, ., Bertoni, G., Kleinsmith, L. J., & Becker, W.

M. (2012). Becker's World of the Cell. Boston (8th Ed.). Benjamin
Cummings. (ISBN: 1292177691, 9781292177694) Watson, ]. D. (2008).
Molecular Biology of the Gene (5th ed.). Menlo Park, CA:
Benjamin/Cummings. (ISBN- 10: 9332585474, ISBN-13: 978-
9332585478)
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Course Code

BSE 622

Title of the Course

Molecular Diagnostics

Credit Structure

L-T-P-Credits
2-0-0-2

Name of the
Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

Sensitizing students with various facets of molecular medicines which
can alter several diseases

Course Syllabus

Genome biology in health and disease: DNA, RNA, Protein: An
overview; chromosomal structure & mutations; DNA polymorphism:
human identity; clinical variability and genetically determined adverse
reactions to drugs.

Genome: resolution, detection & analysis PCR: Real-time; ARMS;
Multiplex; ISH; FISH; ISA; RFLP; DHPLC; DGGE; CSCE; SSCP; Nucleic acid
sequencing: new generations of automated sequencers; Microarray
chips; EST; SAGE; microarray data normalization & analysis; molecular
markers: 16S rRNA typing; Diagnostic proteomics: SELDI-TOF-MS;
Bioinformatics data acquisition & analysis.

Diagnostic metabolomics: Metabolite pro le for-biomarker detection
the body fluids/tissues in various metabolic disorders by making using
LCMS & NMR technological platforms.

Detection and identity of microbial diseases: Direct detection and
identification of pathogenic-organisms that are slow growing or
currently lacking a system of in vitro cultivation as well as genotypic
markers of microbial resistance to specific antibiotics.

Detection of inherited diseases: Exemplified by two inherited
diseases for which molecular diagnosis has provided a dramatic
improvement of quality of medical care: Fragile X Syndrome: Paradigm
of new mutational mechanism of unstable triplet repeats, von-Hippel
Lindau disease: recent acquisition in growing number of familial cancer
syndromes.

Molecular oncology: Detection of recognized genetic aberrations in
clinical samples from cancer patients; types of cancer-causing
alterations revealed by next-generation sequencing of clinical isolates;
predictive biomarkers for personalized onco- therapy of human
diseases such as chronic myeloid leukemia, colon, breast, lung cancer
and melanoma as well as matching targeted therapies with patients and
preventing toxicity of standard systemic therapies.

Quality assurance and control: Quality oversight; regulations and
approved testing.

64 Go to Index




Suggested Books 1. Campbell, A. M., & Heyer, L.]., Discovering Genomics, Proteomics, and
Bioinformatics. Benjamin Cummings, San Francisco, 2006, (ISBN 978-
81-317-1559-8).

2. Brooker, R. J.. Genetics: Analysis & Principles. New York, NY:
McGraw- Hill, 2009, (ISBN: 9781259616020).

3. Glick, B. R, Pasternak, |. J., & Patten, C. L. Molecular Biotechnology:
Principles and Applications of Recombinant DNA. Washington, DC: ASM
Press. 2017, (ISBN: 978-1-555-81936-1).

4. Coleman, W. B., & Tsongalis, G.]. Molecular Diagnostics: for the Clinical
Laboratorian. Totowa, NJ: Humana Press. 2010, (ISBN 978-1- 59259-
928-8).
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Course Code BSE 623
Title of the Course Plant and Animal Biotechnology
Credit Structure 2-0-4-4

Name of the
Concerned

Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Course Objective

The objectives of this course are to introduce students to the principles,
practices and application of animal biotechnology, plant tissue culture,
plant and animal genomics, genetic transformation and molecular
breeding of plants and animals.

Course Syllabus

Plant Tissue Culture And Animal Cell Culture: Plant tissue culture:
totipotency; organogenesis; Somatic embryogenesis; establishment of
cultures, media preparation; sterilization techniques; applications of
tissue culture - micropropagation; somaclonal variation; androgenesis
and its applications in plant breeding; germplasm conservation and
cryopreservation; synthetic seed production; protoplast culture and
somatic hybridization - protoplast isolation; somatic hybridization;
cybrids and somatic cell genetics; plant cell cultures for secondary
metabolite production.

Animal Cell Culture: brief history of animal cell culture; cell culture
media and reagents; culture of mammalian cells, tissues and organs;
primary culture, secondary culture, continuous cell lines, suspension
cultures; application of animal cell culture for virus isolation and in vitro
testing of drugs, testing of toxicity of environmental pollutants in cell
culture, application of cell culture technology in production of human
and animal viral vaccines and pharmaceutical proteins.

Plant Genetic Manipulation: Genetic engineering: Agrobacterium-plant
interaction; virulence; Ti and Ri plasmids; opines and their significance;
T- DNA transfer; disarmed Ti plasmid; Genetic transformation -
Agrobacterium-mediated gene delivery; cointegrate and binary vectors
and their utility; direct gene transfer methods; markers for screening and
selection; characterization of transgenics; chloroplast transformation;
marker-free methodologies; advanced methodologies - cisgenesis,
intragenesis and genome editing; molecular pharming - concept of plants
as bio factories.

Animal Reproductive Biotechnology And Vaccinology: Animal
reproductive biotechnology: structure of sperms and ovum;
cryopreservation of sperms and ova; artificial insemination; super
ovulation, embryo recovery and in vitro fertilization; culture of embryos;
cryopreservation of embryos; embryo transfer technology; transgenic
manipulation of animal embryos; applications of transgenic animal
technology; animal cloning; Vaccinology: history of development of
vaccines, conventional methods of animal vaccine production,
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recombinant approaches to vaccine production, modern vaccines.

Plant and animal Genomics: Overview of genomics - definition,
complexity and classification; need for genomics level analysis; methods
of analyzing genome at various levels - DNA, RNA, protein, metabolites
and phenotype; genome projects and bioinformatics resources for
genome research - databases; overview of forward and reverse genetics
for assigning function for genes.

Molecular Mapping And Marker Assisted Selection: Molecular
markers - hybridization and PCR based markers RFLP, RAPD, STS, SSR,
AFLP, SNP markers; DNA fingerprinting; introduction to mapping of
genes/QTLs; strategies for Introducing genes of biotic and abiotic stress
resistance in plants: genetic basis for disease resistance in animals;
molecular diagnostics of pathogens in plants and animals; detection of
meat adulteration using DNA based methods.

Laboratory:
Plant Cell Culture:

1. Prepare culture media for plant tissue culture and prepare explants
of Valleriana wallichii for inoculation. Attempt in vitro andro and
gynogenesis in plants (Datura stramonium).

2. Isolate plant protoplast by enzymatic and mechanical methods and
attempt fusion by PEG.

3. Culture Agrobacterium tumefaciens and attempt transformation of
any dicot species.

4. Generate an RAPD and ISSR profile of Eremurus persicus and
Valleriana wallichii.

5. Prepare karyotypes and study the morphology of somatic
chromosomes of Allium cepa, A. sativum, A. tuberosum and
compare them on the basis of karyotypes.

6. Undertake plant genomic DNA isolation by CTAB method and its
quantitation

7. Perform PCR amplification and study genetic fingerprinting
profiles of plants and calculate polymorphic information content.

Animal Cell Culture:

1. Count cells of an animal tissue and check their viability. Prepare
culture media with various supplements for plant and animal tissue
culture.

2. Prepare single cell suspension from spleen and thymus. Monitor
and measure doubling time of animal cells.

3. Chromosome preparations from cultured animal cells. [solate DNA
from animal tissue by SDS method. Attempt animal cell fusion using
PEG.
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Suggested Books

9

. Chawla, H. S. Introduction to Plant Biotechnology. Third Edition,

Publisher: Oxford & IBH Publishing Co Pvt. Ltd. (2000). (ISBN:
9788120417328)

. Razdan, M. K. Introduction to Plant Tissue Culture. Third edition,

Oxford & IBH Publishing Co Pvt. Ltd. (2019). (ISBN: 978-
8120417939)

. Slater, A. Scott, N. W,, & Fowler, M. R. Plant Biotechnology: an

Introduction to Genetic Engineering. Oxford: Oxford University Press.
(2008). (ISBN: 9780199282616)

. Buchanan, B. B,, Gruissem, W., & Jones, R. L. Biochemistry & Molecular

Biology of Plants. Chichester, West Sussex: John Wiley & Sons. (2015).
(ISBN: 978-0-470-71421-8)

. Glick, B. R, & Pasternak, J. ]. Molecular Biotechnology: Principles and

Applications of Recombinant DNA. Washington, D.C.: ASM Press.
(2010). (ISBN: 978- 1555814984)

. Brown, T. A. Gene Cloning and DNA Analysis: An Introduction. Oxford:

Blackwell Pub. (2006). (ISBN: 978- 1119072560)

. Primrose, S. B., & Twyman, R. M. Principles of Gene Manipulation and

Genomics. Malden, MA: Blackwell Pub. (2006). (ISBN: 1-4051-3544-
1)

. Slater, A., Scott, N. W., & Fowler, M. R. Plant Biotechnology: The Genetic

Manipulation of Plants. Oxford: Oxford University Press. (2008).
(ISBN:9780199282616)

Levine, M. M. New Generation Vaccines. New York: M. Dekker. (2004).
(ISBN: 0824740718)

10.Portner, R. Animal Cell Biotechnology: Methods and Protocols.

Totowa, NJ: Humana Press. (2007). (ISBN: 978-1- 59745-399-8)

68 Go to Index




Course Code

BSE 624 (Till AY 2023-24)

Title of the Course

Bioprocess Engineering and Technology

Credit Structure

L-T-P-Credits
2-0-4-4

Name of the
Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if
any

None

Course Objective

The objectives of this course are to educate students about the
fundamental concepts of bioprocess technology and its related
applications, thus preparing them to meet the challenges of the new and
emerging areas of biotechnology industry.

Course Syllabus

Basic principles of biochemical engineering: Isolation, screening and
maintenance of industrially important microbes; microbial growth and
death kinetics (an example from each group, particularly with reference
to industrially useful microorganisms); strain improvement for
increased yield and other desirable characteristics.

Stoichiometry and models of microbial growth: Elemental balance
equations; metabolic coupling - ATP and NAD+; yield coefficients;
unstructured models of microbial growth; structured models of
microbial growth.

Bioreactor design and analysis: Batch and continuous fermenters;
modifying batch and continuous reactors: chemostat with recycle,
multistage chemostat systems, fed-batch operations; conventional
fermentation v/s biotransformation; immobilized cell systems; large
scale animal and plant cell cultivation; fermentation economics;
upstream processing: media formulation and optimization; sterilization;
aeration, agitation and heat transfer in bioprocess; scale up and scale
down; measurement and control of bioprocess parameters.
Downstream processing and product recovery: Separation of
insoluble products - filtration, centrifugation, sedimentation,
flocculation; Cell disruption; separation of soluble products: liquid-liquid
extraction, precipitation, chromatographic techniques, reverse osmosis,
ultra and micro filtration, electrophoresis; final purification: drying;
crystallization; storage and packaging.

Fermentation economics: Isolation of micro-organisms of potential
industrial interest; strain improvement; market analysis; equipment and
plant costs; media; sterilization, heating and cooling; aeration and
agitation; bath- process cycle times and continuous cultures; recovery
costs; water usage and recycling; effluent treatment and disposal.
Applications of enzyme technology in food processing: Mechanism of
enzyme function and reactions in process techniques; enzymatic
bioconversions. e.g. starch and sugar conversion processes; high-
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fructose corn syrup; interesterified fat; hydrolyzed protein etc. and their
downstream processing; baking by amylases, deoxygenation and
desugaring by glucoses oxidase, beer mashing and chill proofing; cheese
making by proteases and various other enzyme catalytic actions in food
processing.

Applications of microbial technology in food process operations
and production, biofuels and biorefinery: Fermented foods and
beverages; food ingredients and additives prepared by fermentation and
their purification; fermentation as a method of preparing and preserving
foods; microbes and their use in pickling, producing colours and flavours,
alcoholic beverages and other products; process wastes-whey, molasses,
starch substrates and other food wastes for bioconversion to useful
products; bacteriocins from lactic acid bacteria - production and
applications in food preservation; biofuels and biorefinery.

Laboratory:Basic Microbiology techniques; Scale up from frozen vial to
agar plate to shake flask culture; Instrumentation: Microplate reader,
spectrophotometer, microscopy.

Isolation of microorganisms from soil samples; Experimental set-up;
Assembly of bioreactor and sterilization; Growth kinetics; Substrate and
product inhibitions; Measurement of residual substrates; Data Analysis;
Introduction to Metabolic Flux Analysis (MFA); Fermentation Batch Fed-
batch; Continuous Unit operations; Microfiltrations: Separation of cells
from broth; Bioseparations: Various chromatographic techniques and
extractions; Bioanalytics:

Analytical techniques like HPLC, FPLC, GC, GC-MS etc. for measurement
of amounts of products/substrates.

Suggested Books

1. Shuler, M. L., & Kargi, F. Bioprocess Engineering: Basic Concepts.
Upper Saddle River, NJ: Prentice Hall. 2002. (ISBN: 0131228579)

2. Stanbury, P. F, & Whitaker, A. Principles of Fermentation

Technology. Oxford: Pergamon Press. 2016. (ISBN: 0080999530)

Blanch, H. W,, & Clark, D. S. Biochemical Engineering. New York

M. Dekker. 1997. (ISBN 9780824700997)

5. Bailey, J. E., & Ollis, D. F. Biochemical Engineering Fundamentals.
New York: McGraw-Hill. 1986. (ISBN: 9780070701236)

6. El-Mansi, M., & Bryce, C. F. Fermentation Microbiology and
Biotechnology. Boca Raton: CRC/Taylor & Francis. 2007. (ISBN:
9780429190605)

B w
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Course Code

BSE 624N (From AY 2025-26 Onwards)

Title of the Course

Bioprocess Engineering and Technology

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the
Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if
any

None

Course Objective

The objectives of this course are to educate students about the
fundamental concepts of bioprocess technology and its related

applications, thus preparing them to meet the challenges
of the new and emerging areas of the biotechnology industry.

Course Outcome

Understand what bioprocess engineering and what bioprocess

engineers do.

« Describe bioprocesses with a focus on large scale processing and
downstream processing

+ Perform process calculations for common bioprocesses

» Understand the issues in scaling up bioprocesses, process economics
and regulatory issues.

Course Syllabus

Basic principles of biochemical engineering: Isolation, screening
and maintenance of industrially important microbes; microbial growth
and death kinetics (an example from each group, particularly with
reference to industrially useful microorganisms); strain improvement
for increased yield and other desirable characteristics.

Stoichiometry and models of microbial growth: Elemental balance
equations; metabolic coupling - ATP and NAD+; yield coefficients;
unstructured models of microbial growth; structured models of
microbial growth.

Bioreactor design and analysis: Batch and continuous fermenters;
modifying batch and continuous reactors: chemostat with recycle,
multistage chemostat systems, fed-batch operations; conventional
fermentation v/s biotransformation; immobilized cell systems; large
scale animal and plant cell cultivation; fermentation economics;
upstream processing: media formulation and optimization;
sterilization; aeration, agitation and heat transfer in bioprocess; scale
up and scale down; measurement and control of bioprocess
parameters.

Downstream processing and product recovery: Separation of
insoluble products - filtration, centrifugation, sedimentation,
flocculation; Cell disruption; separation of soluble products: liquid-
liquid extraction, precipitation, chromatographic techniques, reverse
osmosis, ultra and micro filtration, electrophoresis; final purification:
drying; crystallization; storage and packaging.

Fermentation economics: Isolation of micro-organisms of potential
industrial interest; strain improvement; market analysis; equipment
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and plant costs; media; sterilization, heating and cooling; aeration and
agitation; bath- process cycle times and continuous cultures; recovery
costs; water usage and recycling; effluent treatment and disposal.
Applications of enzyme technology in food processing: Mechanism
of enzyme function and reactions in process techniques; enzymatic
bioconversions. e.g. starch and sugar conversion processes; high-
fructose corn syrup; inter-esterified fat; hydrolyzed protein, etc. and
their downstream processing; baking by amylases, deoxygenation and
desugaring by glucoses oxidase, beer mashing and chill proofing;
cheese making by proteases and various other enzyme catalytic actions
in food processing.

Applications of microbial technology in food process operations
and production, biofuels and biorefinery: Fermented foods and
beverages; food ingredients and additives prepared by fermentation
and their purification; fermentation as a method of preparing and
preserving foods; microbes and their use in pickling, producing colours
and flavours, alcoholic beverages and other products; process wastes-
whey, molasses, starch substrates and other food wastes

for bioconversion to useful products; bacteriocins from lactic acid
bacteria - production and applications in food preservation; biofuels
and biorefinery.

Suggested Books

Text Books:
Shuler, M. L., and Kargi, F. Bioprocess Engineering: Basic Concepts.
Upper Saddle River, NJ: Prentice Hall. 2002. (ISBN: 0131228579)

2. Stanbury, P. F,, and Whitaker, A. Principles of Fermentation
Technology. Oxford: Pergamon Press. 2016. (ISBN:
0080999530)

3. Bailey, J. E, and Ollis, D. F. Biochemical Engineering
Fundamentals. New York: McGraw-Hill. 1986. (ISBN:
9780070701236)

Reference Books:

4. Blanch, H. W,, and Clark, D. S. Biochemical Engineering. New

York: M. Dekker. 1997. (ISBN 9780824700997)
1. El-Mansi, M., and Bryce, C. F. Fermentation Microbiology and
Biotechnology. Boca Raton: CRC/Taylor and Francis. 2007.
(ISBN: 9780429190605)
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Course Code BSE 625
Title of the Course Emerging Technologies
Credit Structure L-T-P-Credits
2-1-0-3
Name of the Department of Biosciences and Biomedical Engineering
Concerned
Department

Pre-requisite, if any

None

Course Objective

This course is broad-based in nature encompassing several new
technologies that current experimental researchers are employing to
probe complex system biology questions in life sciences.

Course Syllabus

Light Microscopy: Rayleigh’s Approach, Darkfield; Phase Contrast;
Differential Interference Contrast; fluorescence and fluorescence
microscopy; optical arrangement, CCD cameras.

Confocal microscopy: scanning optical microscope, confocal principle,
light source, pinhole and signal channel configurations, detectors; signal-
to-noise ratio, multichannel images. nonlinear microscopy: multiphoton
microscopy; principles of two-photon fluorescence, tandem scanning
(spinning disk) microscopes, deconvolving confocal images; image
processing, three-dimensional reconstruction; advanced fluorescence
techniques: FLIM, FRET, and FCS, Fluorescence Lifetime, Fluorescence
Resonant Energy Transfer (FRET), Fluorescence Correlation Spectroscopy
(FCS), Evanescent Wave Microscopy; Near-Field and Evanescent Waves,
Total Internal Reflection Microscopy; Near- Field Microscopy; Beyond the
Diffraction Limit: Stimulated Emission Depletion (STED), Super-
Resolution Summary, Super-Resolution Imaging with Stochastic Optical
Reconstruction Microscopy (STORM) and Photoactivated Localization
Microscopy (PALM).

Mass spectroscopy lonization techniques; mass analyzers/overview MS;
FT-ICR and Orbitrap, fragmentation of peptides; proteomics, nano LC-MS;
Phospho proteomics; interaction proteomics, mass spectroscopy in
structural biology; imaging mass spectrometry.

Systems biology High throughput screens in cellular systems, target
identification, validation of experimental methods to generate the omics
data, bioinformatics analyses, mathematical modeling and designing
testable predictions.

Structural biology X-ray diffraction methods, solution & solid-state NMR,
cryo- electron microscopy, small-angle X-ray scattering, Atomic force
microscopy.
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CRISPR-CAS History of its discovery, elucidation of the mechanism
including introduction to all the molecular players, development of
applications for in vivo genome engineering for genetic studies, promise of

the technology as a next generation therapeutic method.

Nanobodies: Introduction, combining nanobody with phage- display
method for development of antibody against native proteins, nanobody as
a tool for protein structure-function studies, use of nanobodies for
molecular imaging, catabolic antibodies using nanobodies.

Suggested Books

1.

Campbell, I. D. Biophysical Techniques. Oxford: Oxford University
Press. (2012). (ISBN-13:9780199642144)

Serdyuk, I. N., Zaccai, N. R, & Zaccai, G. Methods in Molecular
Biophysics: Structure, Dynamics, Function. Cambridge: Cambridge
University Press. (2007). (ISBN-10: 052181524X; ISBN-13: 978-
0521815246)

Phillips, R., Kondev, ]., & Theriot, ]. Physical Biology of the Cell. New
York: Garland Science. (2009). (ISBN-10: 9780815344506; ISBN-13:
978- 0815344506)

Nelson, P. C., Radosavljevi¢, M., & Bromberg, S. Biological Physics:
Energy, Information, Life. New York: W.H. Freeman. (2004). (ISBN-10:
0716798972; ISBN-13: 978-0716798972) Selected papers from
scientific journals.
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Course Code BSE 626

Title of the Course Immunology

Credit Structure L-T-P-Credits
2-1-4-5

Name of the
Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objectives of this course are to learn structural features of
components of immune system and their function. The major
emphasis of this course will be on development of immune system
and mechanisms by which our body elicits immune response.

Course Syllabus

Immunology: fundamental concepts and overview of the
immune system

Components of innate and acquired immunity; phagocytosis;
complement and inflammatory responses; pathogen recognition
receptors (PRR) and pathogen associated molecular pattern (PAMP);
innate immune response; mucosal immunity; antigens: immunogens,
haptens; Major Histocompatibility Complex: MHC genes, MHC and
immune responsiveness and disease susceptibility, Organs of immune
system, primary and secondary lymphoid organs.

Immune responses generated by B and T-lymphocytes

Immune responses generated by B and T lymphocytes
Immunoglobulins - basic structure, classes & subclasses of Ig,
antigenic determinants; multigene organization of immunoglobulin
genes; B-cell receptor; Immunoglobulin superfamily; principles of cell
signaling; basis of self & non-self-discrimination; kinetics of immune
response, memory; B cell maturation, activation and differentiation;
generation of antibody diversity; T-cell maturation, activation and
differentiation and T-cell receptors; functional T-cell subsets; cell-
mediated immune responses, ADCC; cytokines and therapeutic uses;
antigen processing and presentation- non-peptide bacterial antigens
and super-antigens; cell-cell cooperation, Hapten-carrier system.
Antigen-antibody interactions: Precipitation, agglutination and
complement mediated immune reactions; advanced immunological
techniques: RIA, ELISA, Western blotting, ELISPOT assay,
immunofluorescence microscopy, flow cytometry and
immunoelectron microscopy; surface plasmon resonance, biosensor
assays for assessing ligand -receptor interaction; CMI techniques:

lymphoproliferation assay, mixed lymphocyte reaction, cell
cytotoxicity assays, apoptosis.

Vaccinology: Active and passive immunization; live, Killed,
attenuated, subunit vaccines; vaccine technology: adjuvants,

recombinant DNA and protein based vaccines, plant-based vaccines,
reverse vaccinology; peptide vaccines, conjugate vaccines; antibody
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genes and antibody engineering: chimeric, generation of
monoclonal antibodies, hybrid monoclonal antibodies; viral-
like particles (VLPs), dendritic cell based vaccines, vaccine against
cancer, T cell based vaccine, edible vaccine and therapeutic vaccine.
Clinical immunology: Immunity to infection : bacteria, viral, fungal
and parasitic infections; hypersensitivity: Type I-1V; autoimmunity;
types of autoimmune diseases; CD4+ T cells; MHC and TCR in
autoimmunity; transplantation: immunological basis of graft
rejection; clinical transplantation and immunosuppressive therapy;
tumor immunology: tumor antigens; immune response to tumors and
tumor evasion of the immune system, cancer immunotherapy;
immunodeficiency, autoimmune disorder, immunosenescence,
immune exhaustion in chronic viral infection, immune tolerance, NK
cells in chronic viral infection and malignancy.

Immunogenetics: Major histocompatibility complex genes and their
role in autoimmune and infectious diseases, HLA typing, human major
histocompatibility complex (MHC), Complement genes of the human
major histocompatibility complex: disequilibrium and disease
associations, genetic studies of rheumatoid arthritis, systemic lupus
erythematosus and multiple sclerosis, genetics of human
immunoglobulin, immunogenetics of spontaneous control of HIV, KIR
complex.

Laboratory:

Selection of animals, preparation of antigens, immunization and
methods of blood collection, serum separation and storage. Antibody
titre by ELISA method. Double diffusion, Inmuno-electrophoresis and
Radial Immuno diffusion.
Complement fixation test.

Isolation and purification of IgG from serum or IgY from chicken egg.
SDS-PAGE, Immunoblotting, Dot blot assays.

Blood smear identification of leucocytes by Giemsa stain.

Separation of leucocytes by dextran method.

Demonstration of Phagocytosis of latex beads and their
cryopreservation.

Separation of mononuclear cells by Ficoll-Hypaque and their
cryopreservation.

Demonstration of ELISPOT. Demonstration of FACS.
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Suggested Books

1. Kindt, T. J.,, Goldsby, R. A, Osborne, B. A, & Kuby, ]. (2006).
Immunology. New York: W.H. Freeman. (ISBN-10 : 1429202114,
ISBN-13:978-1429202114)

2. Brostoff, J., Seaddin, ]. K., Male, D., & Roitt, I. M. (2002). Clinical
Immunology. London: Gower Medical Pub. (ISBN-10: 0906923352,
ISBN-13:978-0906923351)

3. Murphy, K., Travers, P., Walport, M., & Janeway, C. (2012). Janeway’s
Immunobiology. New York: Garland Science. (ISBN-10
0815344457, 1SBN-13 : 978-0815344452)

4. Paul, W. E. (2012). Fundamental Immunology. New York: Raven
Press. (ISBN-10: 9781451117837, ISBN-13: 978-1451117837)

5. Parham, P. (2005). The Immune System. New York: Garland
Science. (ISBN-10: 0815345267, ISBN-13: 978-0815345268)
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Course Code

BSE 627

Title of the Course

Research Methodology and Scientific Communication Skills

Credit Structure

0-0-2-1

Name of the
Concerned

Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objectives of this course are to give background on history of science,
emphasizing methodologies used to do research, use framework of these
methodologies for understanding effective lab practices and scientific
communication and appreciate scientific ethics. To familiarize students
with classic literature to make them appreciate how ground- breaking
discoveries were made.

Course Syllabus

Scientific method, reasoning; reductionist vs holistic biology.

Preparation for research: Choosing a mentor, laboratory, research
question; maintaining a lab notebook.

Understanding communication and practicing effective communication
strategies.

Practicing Technical writing skills, technical reports, abstracts, peer
reviewed journal papers, thesis and dissertation, other forms of
communicating with general public

Ethics in research, Avoiding and preventing scientific misconduct,
plagiarism, recognizing contributions and determining authorship, rights
and responsibilities of authorship, peer review process and problems,
recent developments such as open access and non-blind review;
plagiarism.

Foundations for a productive career, understanding career options, career
planning.

Suggested
Books

1. Valiela, I. Doing Science: Design, Analysis, and Communication of
Scientific Research. Oxford: Oxford University Press. 2001.
(ISBN:0195134133)

2.0n Being a Scientist: a Guide to Responsible Conduct in Research.
Washington,D.C.: National Academies Press. 2009. (ISBN:
9780309141352)

3. Gopen, G. D., & Smith, J. A. The Science of Scientific Writing. American
Scientist, 78 (Nov-Dec 1990), 550-558.

Selected papers for critical analysis as described below
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1. Classic Papers on Molecular Biology (partial list)

Molecular structure of nucleic acids; a structure for deoxyribose nucleic
acid Watson ]JD and Crick FH; Nature. 1953 Apr 25;171(4356):737-8
Messelson & Stahl experiment demonstrating semi-conservative
replication of DNA. Meselson M and Stahl FW.; Proc Natl Acad Sci U S A.
1958 Jul 15;44(7):671-82 Note:

In vivo alteration of telomere sequences and senescence caused by
mutated Tetrahymena telomerase RNAs Guo-Liang Yu, John D. Bradley,
Laura D. Attardi & Elizabeth H. Blackburn; Nature 344, 126-132, 1990

2. Classic Papers on Cell Biology (partial list)

A protein-conducting channel in the endoplasmic reticulum, Simon SM
AND Blobel G.; Cell. 1991 May 3;65(3):371-80

Identification of 23 complementation groups required for post-
translational events in the yeast secretory pathway. Novick P, Field C,
Schekman R;; Cell. 1980 Aug;21(1):205-15.

Kinesin walks hand-over-hand. Yildiz A, Tomishige M, Vale RD, Selvin PR.;
Science. 2004 Jan 30;303(5658):676-8

3. Classic papers on Developmental Biology/ Genetics (partial list)
Mutations affecting segment number and polarity in Drosophila.
Christiane Nusslein-Volhard and Eric Weischaus; Nature 287, 795-801,
1980.

Information for the dorsal--ventral pattern of the Drosophila embryo is
stored@as maternal mRNAR, Anderson KV and Nisslein-Volhard C
Nature. 1984 Sep 20-26;311(5983):223-7.
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Course Code

BSE 628

Title of the Course

Genomics and Proteomics

Credit Structure

L-T-P-Credits
(2-1-0-3)

Name of the Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objective of this course is to provide introductory
knowledge concerning genomics, proteomics and their
applications.

Course Syllabus

Basics of genomics and proteomics: Brief overview of
prokaryotic and eukaryotic genome organization.

Genome mapping: Genetic and physical maps; markers for
genetic mapping; methods and techniques used for gene
mapping, physical mapping, linkage analysis, cytogenetic
techniques, in situ hybridization, comparative gene mapping.
Genome sequencing projects: Human Genome Project,
genome sequencing projects for microbes, plants and animals,
accessing and retrieving genome project information from the
web.

Comparative genomics: Identification and classification of
organisms using molecular markers, SNPs; use of genomes to
understand evolution of eukaryotes, track emerging diseases
and design new drugs; determining gene location in genome
sequence.

Proteomics: Aims, strategies and challenges in proteomics;
proteomics technologies: 2D- PAGE, isoelectric focusing, mass
spectrometry, MALDI-TOF, yeast 2- hybrid system, proteome
databases.

Functional genomics and proteomics: Transcriptome
analysis for identification and functional annotation of gene,
Contig assembly, chromosome walking and characterization of
chromosomes, mining functional genes in genome, gene ethics;
protein-protein and protein-DNA interactions; protein chips
and functional proteomics;

Introduction to metabolomics, lipidomics, metagenomics
and systems biology.

Suggested Books

1. Primrose, S. B,, Twyman, R. M., Primrose, S. B., & Primrose, S.
B. (2006). Principles of Gene Manipulation and Genomics.
Malden, MA: Blackwell Pub. (ISBN-10 : 1405135441, ISBN-
13:978-1405135443)

2. Liebler, D. C. (2002). Introduction to Proteomics: Tools for
the New Biology. Totowa, NJ: Humana Press. (ISBN-10 :

0896039919, ISBN-13 : 978-0896039919)

3.Campbell, A. M., & Heyer, L. ]. (2003). Discovering Genomics,
Proteomics, and Bioinformatics. San Francisco: Benjamin
Cummings. (ISBN-10 : 9780805382198, ISBN-13 : 978-
0805382198)
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Course Code BSE 629

Title of the Course Genetics

Credit Structure L-T-P-Credits
2-0-0-2

Name of the Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objectives of this course are to take students through basics of
genetics and classical genetics covering prokaryotic/phage genetics to
yeast and higher eukaryotic domains. On covering all classical concepts
of Mendelian genetics across these life-forms, students will be exposed
to concepts of population genetics, quantitative genetics encompassing
complex traits, clinical genetics and genetics of evolution.

Course Syllabus

Genetics of bacteria and bacteriophages: Concept of a gene in pre-
DNA era; mapping of genes in bacterial and phage chromosomes by
classical genetic crosses; genetic complementation and other genetic
crosses using phenotypic markers; phenotype to genotype connectivity
prior to DNA-based understanding of gene.

Yeast genetics: Meiotic crosses, tetrad analyses, non-Mendelian and
Mendelian ratios, gene conversion, models of genetic recombination,
yeast mating type switch; dominant and recessive genes/mutations,
suppressor or modifier screens, complementation groups, transposon
mutagenesis, synthetic lethality, genetic epistasis.

Drosophila genetics as a model of higher eukaryotes: Monohybrid &
dihybrid crosses, back-crosses, test-crosses, analyses of autosomal and
sex linkages, screening of mutations based on phenotypes and mapping
the same, hypomorphy, genetic mosaics, genetic epistasis in context of
developmental mechanism.

Population genetics and genetics of Evolution: Introduction to the
elements of population genetics: genetic variation, genetic drift, neutral
evolution; mutation selection, balancing selection, Fishers theorem,
Hardy-Weinberg equilibrium, linkage disequilibrium; in-breeding
depression & mating systems; population bottlenecks, migrations,
Bayesian statistics; adaptive landscape, spatial variation & genetic
fitness.

Quantitative genetics of complex traits (QTLs): Complex traits,
mapping QTLs, yeast genomics to understand biology of QTLs.

Plant genetics: Laws of segregation in plant crosses, inbreeding, selfing,
heterosis, maintenance of genetic purity, gene pyramiding.
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Suggested Books

1. Hartl, D. L., & Jones, E. W. Genetics: Principles and Analysis. Sudbury,
MA: Jones and Bartlett. (1998). (ISBN-10 : 076370489X; ISBN-13 :
978-0763704896)

2. Pierce, B. A. Genetics: a Conceptual Approach. New York: W.H.
Freeman. (2005). (ISBN-10 : 146410946X; ISBN-13 : 978-
1464109461)

3. Tamarin, R. H., & Leavitt, R. W. Principles of Genetics. Dubuque, IA:
Wm. C. Brown. (1991). (ISBN-10 : 0697354628; ISBN-13 : 978-
0697354624)

4.Smith, ]. M. Evolutionary Genetics. Oxford: Oxford University Press.
(1998). (ISBN: 9780198502319)
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Course code

BSE 630

Title of the course

Biophotonics and Optical Imaging Techniques

Course Category Core
Credit Structure L-T-T-Credit
2-1-0-3

Name of the
Concerned

Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Scope of the course
(Objectives)

Biophotonics is an interdisciplinary field where optical tools are being
developed to understand biological systems. This course is designed
to teach various applications of optics and photonics in biology and
medicine.

Course Outcomes

1- Students will have knowledge about light and tissue interactions.

2- Students will learn about optical characterization techniques used
in biology and medicine

3- Students will learn about various optical imaging modalities used
in biology and medicine

Course Content

Propagation of light in turbid media like biological tissue, transport
equation, reflection, absorption, refraction, and scattering properties
of biological samples/tissues. Applications of optical interactions for
disease diagnosis and tissue characterization. Laser-tissue
interactions, photothermal, photo-ablation mechanism.

Optical spectroscopy (absorption, fluorescence, scattering, Raman,
photoacoustic, etc.) in biological samples.

Bioimaging: Microscopic techniques and fundamentals. Phase
contrast Microscopy, Fluorescence Microscopy, Multiphoton
Microscopy, Optical Coherence Tomography, Photoacoustic imaging,
and Photothermal Imaging.

Optical Biosensors: Principles of optical biosensing, introduction to
fiber-optics based sensors. Nano-biotechnology in optics.

Suggested Books

Text Books:

1- Paras N Prasad, Introduction to Biophotonics, John Wiley and
Sons, 2003, ISBN: 9780471287704.
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2- A]Welch and M ] C van Gemert, Optical Thermal Response of Laser

Irradiated Tissue, Springer-Netherlands, ISBN: 9789048188314,
9048188318.

Reference Books:

1. Valery V. Tuchin, Handbook of Optical Biomedical Diagnostics,
Kluwer Academic Publishers, 2004, ISBN: 1402075766

2. M.H. Niemz, Laser-Tissue Interactions: Fundamental and
Applications (Biological and Medical Physics, Biomedical
Engineering), Springer, 2007, ISBN: 978-3540721918.

3. R.W. Waynant, Lasers in Medicine, CRC Press, 2002, ISBN: 0-8493-
1146-2.
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Course Code

BSE 631

Title of the Course

Bio-entrepreneurship, IPR, Biosafety and Bioethics

Credit Structure

L-T-P-Credits
2-1-0-3

Name of  the | Department of Biosciences and Biomedical Engineering
Concerned

Department

Pre-requisite, if | None

any

Course Objective

Research and business belong together, and both are needed. In a
rapidly developing life science industry, there is an urgent need for
people who combine business knowledge with the understanding of
science & technology. Bio-entrepreneurship, an interdisciplinary
course, revolves around the central theme of how to manage and
develop life science companies and projects. The objectives of this
course are to teach students about concepts of entrepreneurship
including identifying a winning business opportunity, gathering funding
and launching a business, growing and nurturing the organization and
harvesting the rewards.

Course Syllabus

Introduction to intellectual property: Patents, trademarks, copyright
& related rights, industrial design, geographical indications,
International framework for the protection of IP; IPs of relevance to
biotechnology and few case studies; introduction to history of GATT,
WTO, WIPO and TRIPS; patent databases - country- wise patent searches
(USPTO, EPO, India); analysis and report formation.

Basics of patents: Indian Patent Act 1970; recent amendments; WIPO
Treaties; Budapest Treaty; Patent Cooperation Treaty (PCT); procedure
for filing a PCT and patent application; precautions before patenting-
disclosure/non-disclosure - patent application- forms and guidelines
including those of National Bio-diversity Authority (NBA) and other
regulatory bodies; types of patent applications: provisional and
complete specifications;

Biosafety and Biosecurity: Introduction to biological safety cabinets;
primary containment for biohazards; GRAS organisms, biosafety levels
of specific microorganisms; recommended biosafety levels for infectious
agents and infected animals; Definition of GMOs &LMOs; principles of
safety assessment of transgenic plants

Bioethics: Introduction, ethical conflicts in biological sciences, bioethics
in health care, euthanasia, prenatal diagnosis, genetic screening,
Bioethics in research - cloning and stem cell research, Human and
animal experimentation, animal rights/welfare, Agricultural
biotechnology - Genetically engineered food, environmental risk,
Protection of environment and biodiversity biopiracy.

Suggested Books

1. Adams, D. ., & Sparrow, J. C. (2008). Enterprise for Life Scientists:
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3.

Developing Innovation and Entrepreneurship in the Biosciences.
Bloxham: Scion. (ISBN-10: 1904842364, ISBN-13 : 978-
1904842361)

Shimasaki, C. D. (2014). Biotechnology Entrepreneurship: Starting,
Managing, and Leading Biotech Companies. Amsterdam: Elsevier.
Academic Press is an imprint of Elsevier. (ISBN: 9780128155851)
Onetti, A., & Zucchella, A. Business Modeling for Life Science and
Biotech

Companies: Creating Value and Competitive Advantage with the

Milestone Bridge. Routledge. (ISBN-10 : 0415874742, ISBN-13 :
978-0415874748)

4. Jordan, J. F. (2014). Innovation, Commercialization, and Start-Ups in

6.

Life Sciences. London: CRC Press. (ISBN-10 : 1482210126, ISBN-13
: 978-1482210125)

Desai, V. (2009). The Dynamics of Entrepreneurial Development and
Management. New Delhi: Himalaya Pub. House. (ISBN-10
9350244543, ISBN-13 : 978-9350244548)

Ganguli, P. (2001). Intellectual Property Rights: Unleashing the
Knowledge Economy.

New Delhi: Tata McGraw-Hill Pub. (ISBN-10 : 0074638602, ISBN-13 :

7.

978-0074638606)

National IPR Policy, Department of Industrial Policy & Promotion,
Ministry of Commerce, Gol. (https://dipp.gov.in/policies-rules-and-
acts/policies/national-ipr-policy)

8. Complete Reference to Intellectual Property Rights Laws. (2007).

9.

Snow White Publication Oct.
Kuhse, H. (2010). Bioethics: an Anthology. Malden, MA: Blackwell.
(ISBN:9781118941508)

87 Go to Index




Course Code

BSE 633

Title of
Course

the

Basics of Physics, Chemistry and Mathematics

Credit Structure

L-T-P-Credits
2-0-0-2

Name of the | Department of Biosciences and Biomedical Engineering

Concerned

Department

Pre-requisite, if | None

any

Course The objective of this course is to give conceptual exposure of essential contents
Objective of mathematics and statistics to students.

Course Syllabus

Physics for biologists: Newton’s law of motions; simple harmonic motions,
diffusion, dissipation, random walks, and directed motions in biological
systems; low Reynolds number - world of Biology, buoyant forces, Bernoulli’s
equation, viscosity, turbulence, surface tension, adhesion; laws of
thermodynamics: Maxwell Boltzmann distribution, and free energy, Maxwell’s
demon (entropic forces at work in biology, Coulomb’s law, conductors and
insulators, electric potential energy of charges, nerve impulses, voltage gated
channels, ionic conductance;

Chemistry for biologists: chemical reactions, reaction stoichiometry, rates of
reaction, rate constants, order of reactions, Arrhenious equation, kinetic versus
thermodynamic controls of a reaction, reaction equilibrium (equilibrium
constant); chemical bonds (ionic, covalent, Van der Walls forces);
electronegativity, polarity; acids, bases and pH - Arrhenious theory, pH, ionic
product of water, weak acids and bases, conjugate acid-base pairs, buffers and
buffering action etc.; chemical thermodynamics - Gibbs free energy of ATP
driven reactions, spontaneity versus driven reactions in biology; redox
reactions and electrochemistry - oxidation- reduction reactions, standard cell
potentials, Nernst equation, resting membrane potentials, electron transport
chains (ETC) in biology, coupling of oxidative phosphorylations to ETC;
Mathematical Models in Biology: Introduction to Differential and Integral
calculus.

Population dynamics; oscillations, circadian rhythms, developmental patterns,
symmetry in biological systems, fractal geometries, size-limits & scaling in
biology, modeling chemical reaction networks and metabolic networks.
Statistics and Probability: Probability; Error propagation; Populations and
samples, expectation, parametric tests of statistical significance, nonparametric
hypothesis tests, linear regression, correlation & causality, analysis of variance,
factorial experiment design.

Suggested
Books

1. Stroud, K. A., & Booth, D. ]. (2009). Foundation Mathematics. New York, NY:
Palgrave Macmillan. (ISBN-10: 0230579078, ISBN-13:978-0230579071)

2. Aitken, M., Broadhursts, B., & Haldky, S. (2009) Mathematics for Biological
Scientists. Garland Science. (ISBN-10 : 0815341369, ISBN- 13 : 978-
0815341369)
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. Rosner, B. (2000). Fundamentals of Biostatistics. Boston, MA: Duxbury Press.
(ISBN-10:0538733497, ISBN-13:978-0538733496)

. Daniel, W. W. (1987). Biostatistics, a Foundation for Analysis in the Health
Sciences. New York: Wiley. (ISBN-10 : 1119282373, ISBN-13 : 978-
1119282372)

. Halliday, D., Resnick, R., & Walker, J. (1993). Fundamentals of Physics. New
York: Wiley. (ISBN-10:9781118230718, ISBN-13:978- 1118230718)

. Baaquie, B. E. (2000). Laws of Physics: a Primer. Singapore: National
University of Singapore. (ISBN: N.A.)

. Cantor, C. R,, & Schimmel, P. R. (2004). Biophysical Chemistry. San Francisco:
W.H. Freeman. (ISBN-10: 0716710420, ISBN-13 :978- 0716710424)
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Course Code

BSE 633N

Title of the Course

Basics of Physics, Chemistry and Mathematics

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objective of this course is to give conceptual exposure of the essential
contents of mathematics and statistics to students.

Course Outcome

On completion of this course, students should be able to:

e Gain broad understanding in mathematics and statistics;

e Recognize importance and value of mathematical and statistical
thinking, training, and approach to problem solving, on a diverse
variety of disciplines.

e Have a firm foundation in fundamentals and application of current
chemical and physical theories in biotechnology.

Course Syllabus

Basic physics for biologists: Newton’s law of motions; simple harmonic
motions, diffusion, dissipation, random walks, and directed motions in
biological systems; low Reynolds number - world of Biology, buoyant
forces, Bernoulli’s equation, viscosity, turbulence, surface tension,
adhesion; laws of thermodynamics: Maxwell Boltzmann distribution, and
free energy, Maxwell's demon (entropic forces at work in biology,
Coulomb’s law, conductors and insulators, electric potential energy of
charges, nerve impulses, voltage gated channels, ionic conductance;

Basic chemistry for biologists: chemical reactions, reaction
stoichiometry, rates of reaction, rate constants, order of reactions,
Arrhenious equation, kinetic versus thermodynamic controls of a reaction,
reaction equilibrium (equilibrium constant); chemical bonds (ionic,
covalent, Van der Walls forces); electronegativity, polarity; acids, bases
and pH - Arrhenious theory, pH, ionic product of water, weak acids and
bases, conjugate acid-base pairs, buffers and buffering action etc.; chemical
thermodynamics - Gibbs free energy of ATP driven reactions, spontaneity
versus driven reactions in biology; redox reactions and electrochemistry -
oxidation- reduction reactions, standard cell potentials, Nernst equation,
resting membrane potentials, electron transport chains (ETC) in biology,
coupling of oxidative phosphorylations to ETC;

Mathematical Models in Biology: Introduction to Differential and
Integral calculus.

Population dynamics; oscillations, circadian rhythms, developmental
patterns, symmetry in biological systems, fractal geometries, size-limits &
scaling in biology, modeling chemical reaction networks and metabolic
networks.

Statistics and Probability: Probability; Error propagation; Populations
and samples, expectation, parametric tests of statistical significance,
nonparametric hypothesis tests, linear regression, correlation & causality,
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analysis of variance, factorial experiment design.

Suggested Books Text Books:

1. Stroud, K. A., & Booth, D. ]. (2009). Foundation Mathematics. New
York, NY: Palgrave Macmillan. (ISBN-10 : 0230579078, ISBN-13 :
978-0230579071)

2. Halliday, D., Resnick, R., & Walker, J. (1993). Fundamentals of
Physics. New York: Wiley. (ISBN-10: 9781118230718, ISBN-13:
978-1118230718)

3. Aitken, M., Broadhursts, B., & Haldky, S. (2009) Mathematics for
Biological Scientists. Garland Science. (ISBN-10 : 0815341369, ISBN-
13:978-0815341369)

4. Rosner, B. (2000). Fundamentals of Biostatistics. Boston, MA:
Duxbury Press. (ISBN-10: 0538733497, ISBN-13: 978-0538733496)

Reference Books:

5. Daniel, W. W. (1987). Biostatistics, a Foundation for Analysis in the
Health Sciences. New York: Wiley. (ISBN-10 : 1119282373, ISBN-13 :
978-1119282372)

6. Baaquie, B. E. (2000). Laws of Physics: a Primer. Singapore: National
University of Singapore. (ISBN: N.A.)

7. Cantor, C. R, & Schimmel, P. R. (2004). Biophysical Chemistry. San
Francisco: W.H. Freeman. (ISBN-10 : 0716710420, ISBN-13 : 978-
0716710424)
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Course Code

BSE 621N

Title of the Course

Cell and Molecular Biology

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the
Concerned
Department

Department of Biosciences and Biomedical Engineering

Prerequisite, if any

None

Course Objective

The objectives of this course are to sensitize the students to the fact that
as we go down the scale of magnitude from cells to organelles to
molecules, the understanding of various biological processes becomes
deeper and inclusive.

Course Outcome

Upon successful completion of the course, students will be able to:

e Exhibit a fundamental understanding of cell structure, organization,
and division, as well as cellular control by genetic material and
various techniques used in cell and molecular biology investigations.

e Demonstrate both a basic understanding and practical competence in
research methods related to cell and molecular biology, along with
problem-solving skills.

Course Syllabus

Dynamic organization of cell- Universal features of cells; cell chemistry
and biosynthesis: chemical organization of cells; internal organization of
the cell - cell membranes: structure of cell membranes and concepts
related to compartmentalization in eukaryotic cells; intracellular
organelles.

Chromatin structure and dynamics- Chromatin organization - histone

and DNA interactome: DNA polymerases, DNA-replication, repair and

recombination; chromatin control: gene transcription and silencing by

chromatin-Writers,-Readers and -Erasers; Transcriptional control: RNA

Polymerases, promoters and enhancers, transcription factors as

activators and repressors, transcriptional initiation, elongation and

termination; post-transcriptional control; breakdown of selective and

specific mRNAs through interference by small non-coding RNAs

(miRNAs and siRNAs), protein translation machinery; genetic codes; Iso-

accepting tRNA; mechanism of initiation, elongation and termination;

co- and post-translational modifications, mitochondrial genetic code

translation product cleavage, modification and activation.

Cellular signalling, transport and trafficking- Molecular mechanisms

of membrane transport, nuclear transport, transport across

mitochondria and chloroplasts; intracellular vesicular trafficking from

endoplasmic reticulum through Golgi apparatus to lysosomes/cell

exterior.

Cellular processes- Cell cycle and its regulation; cell division: mitosis,

meiosis and cytokinesis; cell differentiation: stem cells, their

differentiation into different cell types and organization into specialized
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tissues; cell-ECM and cell-cell interactions; cell receptors and trans-
membrane signalling; cell motility and migration; cell death: different
modes of cell death and their regulation.

Manipulating and studying cells- Isolation of cells and basics of cell
culture; observing cells under a microscope, different types of
microscopy; analyzing and manipulating DNA, RNA and proteins.
Genome instability and cell transformation- Mutations, proto-
oncogenes, oncogenes and tumour suppressor genes, physical, chemical
and biological mutagens; types of mutations; suppression;
transpositions- transposable genetic elements, role of transposons in
genome; viral and cellular oncogenes; tumor suppressor genes;
structure, function and mechanism of action; activation and suppression
of tumor suppressor genes; oncogenes as transcriptional activators.

Suggested Books Text Books:

1. Alberts, B., Johnson, A., Lewis, ]J., Raff, M., Roberts, K., & Walter, P.
(2008). Molecular Biology of the Cell (5th Ed.). New York: Garland
Science. (ISBN 978-0-8153- 4105-5)

2. Lodish, H.F. (2016). Molecular Cell Biology (8th Ed.). New York: W.H.
Freeman. (ISBN-13: 978-1464183393)

3. Krebs, ]. E., Lewin, B,, Kilpatrick, S. T., & Goldstein, E.S. (2014). Lewin's
Genes XI. Burlington, MA: Jones & Bartlett Learning. (ISBN-13:
9789380853710)

Reference Books:

4. Cooper, G. M., & Hausman, R. E. (2013). The Cell: a Molecular
Approach (6th Ed.). Washington: ASM; Sunderland. (ISBN-
10:1605358630, ISBN-13: 9781605358635)

5. Hardin, ]., Bertoni, G., Kleinsmith, L. J., & Becker, W. M. (2012). Becker's
World of the Cell. Boston (8th Ed.). Benjamin Cummings. (ISBN:
1292177691, 9781292177694) Watson, J. D. (2008). Molecular
Biology of the Gene (5th ed.). Menlo Park, CA: Benjamin/Cummings.
(ISBN- 10: 9332585474, ISBN-13: 978-9332585478)
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Course Code BSE 611N
Title of the Course Biochemistry
Credit Structure L-T-P-
Credits
2-1-0-3

Name of the
Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objectives of this course are to build upon undergraduate level
knowledge of biochemical principles with specific emphasis on
different metabolic pathways. The course shall make the students
aware of various disease pathologies within the context of each topic.

Course Outcome

Through this course, students will be able to understand principles
of biochemistry including enzyme Kkinetics and various metabolic
pathways connecting with different disease pathologies.

Course Syllabus

Chemical basis of life: Chemical basis of life: Miller-Urey
experiment, abiotic formation of amino acid oligomers, composition
of living matter; Water - properties of water, essential role of water
for life on earth pH, buffer, maintenance of blood pH and pH of gastric
juice, pH optima of different enzymes (pepsin, trypsin and alkaline
phosphatase), ionization and hydrophobicity, emergent properties
of biomolecules in water, biomolecular hierarchy, macromolecules,
molecular assemblies.

Protein structure: amino acids, types of protein structures,
Ramachandran plot, evolution of protein structure, protein
degradation and it’s regulation, structure-function relationships in
model proteins like ribonuclease A, myoglobin, hemoglobin,
chymotrypsin etc; principles of protein purification; tools to
characterize expressed proteins; Protein folding: Anfinsen’s Dogma,
Levinthal paradox, cooperativity in protein folding, free energy
landscape of protein folding and pathways of protein folding, molten
globule state, chaperons, diseases associated with protein folding,
introduction to molecular dynamic simulation.

Enzyme Kinetics-Enzyme catalysis: general principles of catalysis;
quantitation of enzyme activity and efficiency; enzyme
characterization and Michaelis-Menten Kkinetics; relevance of
enzymes in metabolic regulation, activation, inhibition and covalent
modification; single substrate enzymes; catalytic antibodies;
catalytic strategies; regulatory strategies with specific example of
hemoglobin; isozymes; role of covalent modification in enzymatic
activity; zymogens.

Glycobiology: Sugars and glycogen, amylase and cellulose,
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glycoproteins and glycolipids; lipids - structure and properties of
storage and membrane, lipids; lipoproteins.

Structure and functions of DNA & RNA and lipids: Self-assembly
of lipids, micelle, bio membrane organization - sidedness and
function; membrane bound proteins - structure, properties and
function; transport phenomena; nucleosides, nucleotides, nucleic
acids - structure, a historical perspective leading up to the
proposition of DNA double helical structure; difference in RNA and
DNA structure and their importance in evolution of DNA as the
genetic material.

Bioenergetics: Bioenergetics-basic principles; equilibria and
concept of free energy; coupled interconnecting reactions in
metabolism; oxidation of carbon fuels; recurring motifs in
metabolism; glycolysis and gluconeogenesis; reciprocal regulations
and non-carbohydrate sources of glucose; Citric acid cycle, entry to
citric acid cycle, citric acid cycle as a source of biosynthetic
precursors; Oxidative phosphorylation; ETS; Photosynthesis and
mechanism, proton gradient across thylakoid membrane; Calvin
cycle and pentose phosphate pathway; glycogen metabolism,
reciprocal control of glycogen synthesis and breakdown, roles of
epinephrine and glucagon and insulin in glycogen metabolism; Fatty
acid metabolism; protein turnover and amino acid catabolism;
nucleotide biosynthesis; biosynthesis of membrane lipids and sterols
with specific emphasis on cholesterol metabolism and mevalonate
pathway; elucidation of metabolic pathways; logic and integration of
central metabolism; entry/ exit of various biomolecules from central
pathways; principles of metabolic regulation; steps for regulation.
Role of vitamins & cofactors in metabolism; principles of metabolic
regulation; steps for regulation.

Suggested Books

Text Books:

1. Stryer, L. (2015). Biochemistry. (8th ed.) New York: Freeman.
(ISBN-10: 1464126100, ISBN-13 : 978-1464126109)

2. Lehninger, A. L. (2012). Principles of Biochemistry (6th ed.). New
York, NY: Worth. (ISBN-10 : 9781319108243, ISBN-13 : 978-
1319108243)

Reference Books:

3. Voet, D, & Voet, ]. G. (2016). Biochemistry (5th ed.). Hoboken,

NJ: J. Wiley & Sons. (ISBN: 978-1-118-91840-1)
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Course Code BSE 609N
Title of the | Microbiology
course

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the | Biosciences and Biomedical Engineering
Concerned
Department
Pre-requisite, if | None
any
Course The course will cover the fundamental of Microbiology. Students should be
Objectives able to:
e Identify major categories of microorganisms and analyze their
classification, diversity, and ubiquity;
e Identify and demonstrate structural, physiological, genetic similarities
and differences of major categories of microorganisms;
e I[dentify and demonstrate how to control microbial growth;
o Demonstrate and evaluate interactions between microbes, hosts and

environment

Course Outcome

Upon successful completion of this course the students will be able to:

To apply the knowledge to understand the microbial physiology and to
identify the microorganisms.

Understand the fundamentals of microbiology.

To apply aseptic techniques for the isolation and culture of
microorganisms.

Characterization and identification of microorganisms:
Understand the basic microbial structure and functions of
physiological groups of prokaryotes and eukaryotes

various
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Course Syllabus

History and Microbial Diversity

The historical foundations and development of microbiology; An overview
of microbial world; Microbial diversity - Prokaryotic and eukaryotic
microbial diversity; The bacteria and the archaea; Principles of bacterial
taxonomy; Molecular methods in taxonomy; Intraspecies classification of
bacteria. Morphology and structure of bacteria; Surface structures and
inclusions of bacteria; Viruses- unique properties, morphology and
structure; Virion, Viroids and Prions; Viral replication. Viral diversity -
bacterial, plant and animal viruses; Fungi —-properties and classification.
Microbial Growth and Culturing

Factors influencing microbial growth. Environmental and nutritional
factors; Nutritional types of bacteria; Microbial locomotion - flagellar
motility, gliding motility and amoeboid motion; Chemotaxis, Phototaxis and
other taxes. Cultivation of bacteria- culture media and methods;
Measurement of bacterial growth. Bacterial growth curve; Binary fission,
Growth cycle, Microbial growth at different temperature, pH and oxygen
level; Continuous cultures; Maintenance and transport of cultures.
Identification of bacteria and Sterilisation methods

Identification of bacteria. Staining reactions; Cultural, physiological and
biochemical characteristics; Sterilisation - Principles and methods, physical
and chemical methods; Disinfectants - modes of action; Testing of
disinfectants; Antibiotics - mechanism of action; Drug resistance in bacteria;
Antibiotic sensitivity tests.

Microbial genetics

Genetic materials in bacteria; Bacterial chromosome; Extrachromosomal
genetic elements; Plasmid, Transposons; Mutation, DNA repair, Mutant
selection; Mechanism of gene transfer - transformation, transduction and
conjugation.

Microbial metabolism

Microbial metabolism; Central pathways, Glycolysis, Pentose phosphate
pathway, Entner Doudoroff pathway, TCA cycles, Electron transport chain,
Aerobic and anaerobic respiration; Fermentation. Anaplerotic reaction;
Peptidogycan synthesis, Bacterial photosynthesis.

Suggested Books

Text Books:

1. A. D. Russel et al,, Principles and practice of disinsfection, preservation
and sterilization, 5th ed., Wiley-Blackwell, 2013, ISBN-10: 1444333259
| ISBN-13: 978-1-444333251

2. L.E.Bryan (Ed.), Antimicrobial Drug Resistance, Academic Press, 1984,
ISBN-10: 012138120X | ISBN-13:978-0121381202

3. Bernard D.Davis et al,, Microbiology, Harper International Edition,
ISBN-10: 0061406910 ISBN-13: 9780061406911

Reference Books:

4. Gerhadt P et al., Manual of Methods for General Bacteriology, American
Society for Microbiology, 1981, ISBN-10: 0914826301 | ISBN-13: 978-
09148263009.
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. Pelczer Jr. Chan. Creig, Microbiology: Concepts and Applications,

McGraw Hill Inc, 1993, ISBN-10: 0070492581 | ISBN-13:
9780070492585

. L. M. Prescott, ]. P. Harley, D. A. Klein, Microbiology, 6th ed., McGraw-Hill,
2004, ISBN-10: 0697293904 | ISBN-13: 9780697293909
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Course Code BSE 629

Title of the Course Genetics

Credit Structure L-T-P-Credits
2-0-0-2

Name of the
Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objectives of this course are to take students through basics of
genetics and classical genetics covering prokaryotic/phage genetics
to yeast and higher eukaryotic domains. On covering all classical
concepts of Mendelian genetics across these life-forms, students will
be exposed to concepts of population genetics, quantitative genetics
encompassing complex traits, clinical genetics and genetics of
evolution.

Course Outcome

On successful completion of this course, student will be able :
e Describe fundamental molecular principles of genetics;
e Understand relationship between phenotype and genotype in
human genetic traits;
e Describe the basics of genetic mapping;
e Understand how gene expression is regulated.

Course Syllabus

Genetics of bacteria and bacteriophages: Concept of a gene in pre-
DNA era; mapping of genes in bacterial and phage chromosomes by
classical genetic crosses; genetic complementation and other genetic
crosses using phenotypic markers; phenotype to genotype connectivity
prior to DNA-based understanding of gene.

Yeast genetics: Meiotic crosses, tetrad analyses, non-Mendelian and
Mendelian ratios, gene conversion, models of genetic recombination,
yeast mating type switch; dominant and recessive genes/mutations,
suppressor or modifier screens, complementation groups, transposon
mutagenesis, synthetic lethality, genetic epistasis.

Drosophila genetics as a model of higher eukaryotes: Monohybrid
& dihybrid crosses, back-crosses, test-crosses, analyses of autosomal
and sex linkages, screening of mutations based on phenotypes and
mapping the same, hypomorphy, genetic mosaics, genetic epistasis in
context of developmental mechanism.

Population genetics and genetics of Evolution: Introduction to the
elements of population genetics: genetic variation, genetic drift, neutral
evolution; mutation selection, balancing selection, Fishers theorem,
Hardy-Weinberg equilibrium, linkage disequilibrium; in-breeding
depression & mating systems; population bottlenecks, migrations,
Bayesian statistics; adaptive landscape, spatial variation & genetic
fitness.

Quantitative genetics of complex traits (QTLs): Complex traits,
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mapping QTLs, yeast genomics to understand biology of QTLs.
Plant genetics: Laws of segregation in plant crosses, inbreeding,
selfing, heterosis, maintenance of genetic purity, gene pyramiding.

Suggested Books

Text Books:

1. Hartl, D. L., & Jones, E. W. Genetics: Principles and Analysis.
Sudbury, MA: Jones and Bartlett. (1998). (ISBN-10 : 076370489X;
ISBN-13:978-0763704896)

2. Pierce, B. A. Genetics: a Conceptual Approach. New York: W.H.
Freeman. (2005). (ISBN-10: 146410946X; ISBN-13 : 978-
1464109461)

Reference Books:

3. Tamarin, R. H., & Leavitt, R. W. Principles of Genetics. Dubuque,
[A: Wm. C. Brown. (1991). (ISBN-10: 0697354628; ISBN-13 :
978- 0697354624)

4. Smith, ]J. M. Evolutionary Genetics. Oxford: Oxford University
Press. (1998). (ISBN: 9780198502319)
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Course Code

BSE 625

Title of the Course

Emerging Technologies

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the
Concerned

Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

This course is broad-based in nature encompassing several new
technologies that current experimental researchers are employing to
probe complex system biology questions.

Course Outcome

The course will enable students to understand the basis of
technologies in biological and life science research. Students will be
able to analyze and interpret the data obtained and critical factors
associated in the measurements using different emerging techniques.
Students will also be able to apply the techniques in solving typical
research problems.

Course Syllabus

Light Microscopy: Rayleigh’s Approach, Darkfield; Phase Contrast;
Differential Interference Contrast; fluorescence and fluorescence
microscopy; optical arrangement, CCD cameras.

Confocal microscopy: scanning optical microscope, confocal
principle, light source, pinhole and signal channel configurations,
detectors; signal-to-noise ratio, multichannel images. nonlinear
microscopy: multiphoton microscopy; principles of two-photon
fluorescence, tandem scanning (spinning disk) microscopes,
deconvolving confocal images; image processing, three-dimensional
reconstruction;

Advanced fluorescence techniques: FLIM, FRET, and FCS,
Fluorescence Lifetime, Fluorescence Resonant Energy Transfer
(FRET), Fluorescence Correlation Spectroscopy (FCS), Evanescent
Wave Microscopy; Near-Field and Evanescent Waves, Total Internal

Reflection Microscopy; Near- Field Microscopy; Introduction to
beyond the Diffraction Limit: Stimulated Emission Depletion (STED),
Super-Resolution Summary, Super-Resolution Imaging with
Stochastic Optical Reconstruction Microscopy (STORM) and
Photoactivated Localization Microscopy (PALM).

Electron Microscopy: Scanning electron microscopy, Transmission
electron microscopy, Atomic force microscopy, cryo- electron
microscopy,

Spectroscopy  Techniques: UV-Visible spectroscopy, CD
spectroscopy, Fluorescence spectroscopy, Nuclear magnetic
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resonance & solid-state NMR

Mass spectroscopy lonization techniques; mass analyzers/overview
MS; FT-ICR and Orbitrap, fragmentation of peptides; proteomics,
nano LC-MS; Phospho proteomics; interaction proteomics, mass
spectroscopy in structural biology; imaging mass spectrometry.
Structural biology X-ray diffraction methods, small-angle X-ray
scattering,

CRISPR-CAS History of its discovery, elucidation of the mechanism
including introduction to all the molecular players, development of
applications for in vivo genome engineering for genetic studies,
promise of the technology as a next generation therapeutic method.

Nanobodies: Introduction, combining nanobody with phage- display
method for development of antibody against native proteins,
nanobody as a tool for protein structure-function studies, use of
nanobodies for molecular imaging, catabolic antibodies using
nanobodies.

Suggested Books

Text Books:
1. Campbell, 1. D. Biophysical Techniques. Oxford: Oxford

University Press. (2012). (ISBN-13: 9780199642144)

2. Serdyuk, I. N., Zaccai, N. R, & Zaccai, G. Methods in
Molecular Biophysics: Structure, Dynamics, Function.
Cambridge: Cambridge University Press. (2007). (ISBN-
10: 052181524X; ISBN-13: 978- 0521815246)

Reference Books:
3. Phillips, R., Kondev, J., & Theriot, J. Physical Biology of the Cell.

New York: Garland Science. (2009). (ISBN-10: 9780815344506;
ISBN-13:978- 0815344506)

4. Nelson, P. C., Radosavljevi¢, M., & Bromberg, S. Biological
Physics: Energy, Information, Life. New York: W.H. Freeman.
(2004). (ISBN-10: 0716798972; ISBN-13: 978-0716798972)
Selected papers from scientific journals.
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Course Code BSE 614
Title of the course General Physiology
Credit Structure L-T-P-Credits
2-1-0-3
Name of the Biosciences and Biomedical Engineering
Concerned
Department

Pre-requisite, if any

None

Course Objective

The course will cover the fundamentals of Physiology

Course Outcome

Students will be able to understand the various physiological
activities inside organelles.

How dysregulation of normal physiology leads to biochemical
changes which ultimately bring symptoms in form of diseases.

How to rationalize a usual person physiological needs and associated
consequences.

Course Syllabus

Introduction to Physiology: The scope of human physiology,
Elementary tissues- epithelial tissue, connective tissue, muscle tissue,
nervous tissue, homeostasis, blood buffers, acid base balance,
hormones

Muscle physiology: Muscles classification, skeletal muscle, smooth
muscle, muscle contraction, membrane excitation, neuromuscular
junction, and rigor mortis

Renal physiology: Kidney, nephron, renal circulation, GFR, renal
regulation of water and electrolyte balance

Cardiovascular Physiology: Heart, cardiac muscle, action potential
in cardiac muscle, cardiac cycle, heart sounds, conducting mechanism,
heart beat and regulation, cardiac output, ECG, blood pressure, role of
baro and chemo receptors in blood pressure regulation, composition
and functions of blood, plasma proteins and functions, cellular
content of blood- haematopoiesis, haemoglobin, haemostasis, blood
groups, blood transfusion, lymph

Respiratory physiology: Organization of respiratory system,
respiratory membrane, pulmonary ventilation, pulmonary volumes
and capacities, alveolar ventilation, surfactants, exchange of gases,
transport of gases, regulation of respiration, hypoxia, cyanosis,
hypercapnia, dyspnea, apnea, periodic breathing, artificial respiration
Digestive physiology: Salivary gland and secretion, gastric gland and
secretion, secretion of pepsinogen, HCI secretion and regulation,
pancreas, liver, bile

Suggested Books

Text Books:

1. E. P. Widmaier, H. Raff, K. T. Strang, Vander’s Human Physiology-
The Mechanism of Body Function. 12th ed., McGraw Hill, 2010,
ISBN-10: 0077350014.
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2. ]J. E. Hall, M. Vaz, A, Kurpad, T. Raj, Text Book of Medical
Physiology, 2nd ed., Elsevier Health-INR, 2016, ISBN-10:
8131244660.

Reference Books:

3. ]. B. West, Physiological Basis of Medical Practice, 12th ed.,
Lippincott Williams & Wilkins, 1990, ISBN-10: 0683089471.

4. W.F. Ganong, Review of Medical Physiology, 25th ed., McGraw Hill
Education, 2016, ISBN-10: 007182510X.

5. K. Sembulingam, P. Sembulingam, Essentials of Medical Physiology,
7th ed., Jaypee Brothers Medical Publishers, 2016, ISBN-10:
9385999117.
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Course Code

BSE 651 (From AY 2025-26 onwards)

Title of the Course Biochemistry Lab
Credit Structure L-T- P-Credits
0-0-4-2

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Basic biochemistry courses at the undergraduate level

Course Objective

This course aims to introduce basic laboratory techniques in
biochemistry through experiments that will be conducted as
Experimental Projects.

Course Outcome

Students will be acquainted with the principles and procedures
of various experiments in Biochemistry and get hands-on
training/experience in handling enzymes along with learning
biochemical analysis techniques.

Course Syllabus

List of representative experiments:

e To prepare an Acetic-NaAcetate buffer system and
validate the Henderson-Hasselbach equation.

e To determine an unknown protein concentration by
plotting a standard graph of BSA using UV-Vis
Spectrophotometer and validating the Beer-Lambert’s
Law.

e  Titration of Amino Acids and separation of aliphatic,
aromatic, and polar AA by TLC.

e  An enzyme purification theme (such as E. coli alkaline
phosphatase):

(a) Preparation of cell-free lysates,

(b) ammonium sulfate precipitation,

(c) lon-exchange chromatography,

(d) Gel filtration,

(e) Affinity chromatography,

(f) Generating a purification table,

(g) Assessing purity by SDSOPAGE gel electrophoresis,
(h) Assessing purity by 2D-gel electrophoresis, and

(i) Enzyme kinetic parameters: Km, Vmax, and Kcat.

Suggested Books

Reference Books:

1. D. Holme, H. Peck, Analytical Biochemistry, 3rd ed., Longman,
1998, ISBN-10: 0582294 38X.

2. R. K. Scopes, Protein Purification -Principles & Practices, 3rd
ed., Springer International Edition, 2014, ISBN-10:
8132214838.

3. D. Freifelde, Physical Biochemistry: Application to
Biochemistry and Molecular Biology, 2nd ed., W. H. Freeman,
1983, ISBN-10: 0716714442.
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4. K. Wilson, J. Walker, Principles and Techniques of Practical
Biochemistry, 5th ed., Cambridge University Press, 2000,
ISBN-10: 052165873X.
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Course Code

BSE 659N

Title of the Course

Microbiology Laboratory

Credit Structure

L-T- P-Credits
0-0-4-2

Name of the Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

Basic biology courses undergraduate level

Course Objective

This course aims to introduce basic laboratory techniques in
microbiology (Bacteriology, Virology, Immunology) through
experiments that will be conducted as Experimental Projects.

Course Outcome

Upon successful completion of this course, the students will be able

to:
°

Demonstrate safe laboratory practices while handling
microorganisms, chemicals, and equipment.

Understand and apply aseptic techniques to prevent
contamination and ensure safety in microbial culturing.

Use a light microscope to observe microbial structures, including
bacteria, fungi, and protozoa.

Analyze Microbial Growth and Metabolism:

Critical Thinking and Troubleshooting in the Laboratory

Course Syllabus

List of representative experiments:

Introduction to Light Microscopy, Laboratory Procedure for
Microscopic Examination

Introduction to laboratory sterilization technique, Media
Preparation; Bacterial Culture Media preparation and
sterilization

Bacterial Isolation, Culturing Techniques and Microscopic
Examination of Bacterial Morphology, Structures, Motility.
Antigen-Antibody Reactions; Agglutination and Precipitation
Techniques

Introduction to virological methods and techniques. Animal cell
culture techniques, cell propagation, cell counting, maintenance
Quantification of the virus by plaque assay. Reverse
transcription PCR techniques

Enzyme-Linked Immunosorbent Assay (ELISA) assay for viral
antigen detection, Western Blot

Cell staining and immunofluorescence techniques, Image
acquisition through epifluorescence techniques
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Course Code

BSE 635

Title of the Course

Biomaterials and Bio-nanotechnology

Credit Structure

L-T-P-Credits
2-1-0-3

Course Category

Core

Name of the
Concerned

Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Scope of the course
(Objective)

To develop understanding of nano-materials and biomaterials for
applications in biomedical engineering

Course outcomes

e Knowledge of fundamental principles of biomaterial science
and bionanotechnology

e Multidisciplinary approach
properties

to biomaterial design and

Course Syllabus

Introduction: Cellular nanostructures, Multilayer Thin Film:
Polyelectrolyte multilayers

Colloidal nanostructures, characterization, Therapeutic and
diagnostic nano-carriers like solid lipid nanoparticles, biopolymeric
nanoparticles, carbon nanotubes, polymeric nanofibers, quantum
dots, magnetic nanoparticles and gold nanostructures

Stimuli responsive materials, in situ gels, nanocomposites, self-
assembly to form coated colloids and smart capsules.

Biomaterials classification, Cell-Material Interactions, Protein
Adsorption, Implant rejection, inflammation and foreign body
response, Implant Infection

Testing of biomaterials - Biocompatibility, Biodegradation,
Mechanical properties. Tissue engineering, regenerative
biomaterials, diagnostic and biomedical devices applications of
biomaterials

Suggested Books

Text Books:

1. Ratner B D, Hoffmann A S, Schoen F |, Lemons | E. Biomaterials
science: An introduction to materials in medicine, 3r4Edition,
Academic Press, 2013, | ISBN: 9780080470368]

2. David S. Goodsell, Bio-nanotechnology: Lessons from Nature;
Wiley-Liss, 2004 [ISBN: 978-0-471-41719-4]

3. Neelina H. Malsch, Biomedical Nanotechnology, CRC Press,
2005, [ISBN: 9780824725792]

4. C. Kumar, Nanotechnologies for the Life Sciences, Vol 2,

Biological and pharmaceutical nanomaterials; Wiley-VCH, 2006,
[ISBN: 978-3-527-33114-7]

Reference Books:
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. Basu B, Katti D and Kumar A. Advanced Biomaterials:

Fundamentals, Processing and Applications, Wiley, 2009,
ISBN: 978-0470193402.

. G. Decher, ]. B. Schlenoff, Multilayer Thin Films;Sequential
Assembly of Nanocomposite Materials Wiley-VCH Verlag
GmbH, 2012, [ISBN: 9783527316489]
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Course Code

BSE 636

Title of the Course

Biomedical Instrumentation

Course Category Core
Credit Structure L-T-P-Credits
2-1-0-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Course Objective

This course is designed to provide an overview of the clinically used
biomedical Instrumentation for disease diagnosis and treatment.

Course outcomes

After completing this course students will

a) be introduced with different biomedical instruments and their
applications

b) learn the different signal acquisition modalities in biomedical
instruments and will learn their mechanism/science

Course Syllabus

Cell resting potential and action potentials, Origin of bioelectric
potentials - frequency and amplitude characteristics, for
biomedical applications such as Electrocardiogram (ECG),
Electroencephalogram (EEG), Electromyogram (EMG), etc.
Electrodes and transducers. Electrode-electrolyte interface,
Electrode-skin interface, Types of electrodes, Polarizable and non-
polarizable electrodes.

Principles of diagnostic and therapeutic Equipment: Blood pressure
monitors, Pulse Oximeter, pH meter, Pacemakers, Defibrillator,
Nerve and muscle stimulators, Dialysis machines, Nebulizer,
inhalator, Aspirator, Humidifier, Ventilator and spirometry, etc.

Medical imaging techniques: Diagnostic radiology - X-ray
radiography, Computed Tomography (CT), Physics of radioactivity
and its application in nuclear imaging. Single photon emission
(SPECT), Positron emission tomography (PET). Principle of NMR
and its biomedical application, Magnetic resonance imaging (MRI).
Physics of Ultrasound waves, Doppler effect, Ultrasonography.

Suggested Books

Text book:

1. R S Khandpur, “Handbook of Biomedical Instrumentation”,
3rd ed., Tata McGraw Hill Publishing Company Limited, 2014, ISBN
(13): 978-93-392-0543-0

Reference books:

2.] G Webster, “Medical Instrumentation: Application and
Design”, 4th ed. John Wiley & Sons, 2015, ISBN: 978-8126553792
3. W R Hendee, E R Ritenour, “Medical Imaging Physics”, 1st Ed,
Wiley-Liss, 2002, ISBN: 9780471382263
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4. C Guy, D ffytche, An Introduction to The Principles of Medical
Imaging, Imperial College Press, 2008, ISBN: 9781860945021
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Course Code

BSE 637

Title of the Course

Bioelectronics and Biomedical Sensors

Course Category Core
Credit Structure L-T-P-Credits
2-1-0-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Course Objective

To Lknow about different bioelectronic devices and their
mechanisms towards mode of analyte detection

Course Outcomes

e Students will demonstrate knowledge and concepts which are
competitive for application in bioelectronics

e Students will demonstrate an ability to analyze, formulate and
solve problems related to Bioelectronics devices and system
design

Course Syllabus

Introduction: Bioelectronics, Bioelectronics sensor, Systems
biology and synthetic biology, review of Kirchoff’s laws

Electrodes, Sensors and transducers: sensor/actuators,
transducers-resistance temperature detector, linear variable
differential transformer, strain gauge, piezo electric transducers.
Bio-potential electrodes: electrode-electrolyte interface,
polarization, polarizable and nonpolarizable electrodes, electrode
behavior and circuit models, body surface recording electrodes,
internal electrodes, micro and macro electrode. Bio-electric
amplifier: basic requirements for biological amplifiers, various
types of bio amplifiers and their applications

Biosensors: Introduction to biosensors and classification.
Transduction mechanisms and recognition layers. Sensor
characteristics: linearity, repeatability, hysteresis, drift; Sensors for
measurement of chemicals: potentiometric, ion selective
electrodes; Amperometric, optical biosensors, immunosensors.
Sensors for physical measurands: mechanical (micro-cantilever,
piezoelectric etc.), Thermal sensors. strain, force, pressure,
acceleration, flow, volume, measurands temperature and
biopotentials. Analytical modelling of biosensors.

Suggested Books

Text book

1. D.D. Reddy, O. M. Hussain, D. V. R. S. Gopal, D. M. Rao, K. S. Sastry,
Biosensors and Bioelectronics, [. K. International Publishing
House Pvt. Ltd, 2012 | ISBN-13: 978-9382332190.

2. R.S. Marks, C. R. Lowe, D. C. Cullen, H. H. Weetall, I. Karube,
Handbook of biosensors and biochips, John Wiley, 2007
[ISBN: 978-0-470-01905-4]

Reference book
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3. T.M. Canh, Biosensors, Chapman and Hall, London 1993, [ISBN:
978-0-412-48190-1]

4. D. G. Buerk, Biosensors: theory and applications Lancaster:
Technomic Publications, 1993, [ISBN: 9780877629757]

5. Albert Szent-Gyorgyi, Bioelectronics: A Study in Cellular
Regulations, Defense, and Cancer, Academic Press, 2014 | ISBN-
13:978-1483247267
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Course Code

BSE 638

Title of the course

Mechanobiology and Electrophysiology

Course category Core
Credit Structure L-T-P-Credits
2-1-0-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Scope of the course

The course will focus on how mechanical forces influence cell
behavior through physical and biochemical mechanisms. The
objective includes integrating engineering and cell biology to
solve biomedical problems.

Course outcomes

After completing this course, students should be able to
e Propose mechanical tests for the characterization of
biological tissues and fluids
e Develop physical models of living systems
e Specify the role of mechanics in a particular physiological
or pathological process

Course Syllabus

Mechanobiology: Introduction to mechanobiology, Cell
architecture, Extracellular matrix, Cellular interactions with
biomaterials, Mechanics of receptor binding, Arterial wall
stress/strain analysis, Fluid mechanobiology, Mechanosensors,
Mechanotransduction - whole cell and nanoscale analysis,
Mechanical regulation of cell fate, Cytoskeletal dynamics and
mechanics, Viscoelasticity, Mechanical testing of cells, Cellular
forces, Microelectromechanical systems (MEMS) tools.
Electrophysiology: Introduction to electrophysiology, Current-
voltage curves for voltage-gated ion channels, Goldman
equation. Input resistance: theory, measurement,
inferencing. Applications to skeletal and smooth muscle.
Extensions of cable theory, Electrical models of
neurotransmission in neurons, skeletal muscle and smooth
muscle. Modeling of synaptic potentials, Special properties of
syncytial tissues, Ca dynamics: components of Ca
flux. Computational modeling.

Suggested Books

Text Book

1. Rawlinson, S. C. F. Mechanobiology: Exploitation for
Medical Benefit, Wiley-Blackwell, 1st Ed., 2017 | ISBN-13:
978-1118966143.

2. Rettinger, ]., Schwarz, W. Electrophysiology: Basics, Modern
Approaches and Applications, Springer International
Publishing AG, 1st Ed., 2016 | ISBN-13:978-3319300115.

Reference Book

114 Go to Index




. Chien, S., Engler, A. J.,, Wang, P. Y. Molecular and Cellular
Mechanobiology, Springer-Verlag New York Inc, 1st Ed,
2016 | ISBN-13:978-1493981663.

. Steinberg, ]. S., Mittal, S. Electrophysiology: The Basics,
Lippincott Williams and Wilkins, 2nd Ed., 2017 | ISBN-13:
978-1496340016.
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Course Code

BSE 639

Title of the Course

Tissue Engineering and Regenerative Medicine

Course Category

Core

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the
Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Scope of the Course

This course is designed to teach the basics and the details of tissue
engineering and regenerative medicine. This course will also
introduce the students with an overall strategic approach to solve
the clinical problems.

Course Outcomes

e Develop skills and knowledge in tissue engineering and
regenerative medicine

e Identify challenges and formulate tissue engineering solutions
for unmet clinical needs

Course Syllabus

Introduction: History and scope of tissue engineering, basis for cell
growth and differentiation, molecular biology of the cell, Cell-
extracellular matrix (ECM) interactions, morphogenesis and tissue
engineering

Engineering functional tissues in vitro, bioreactor design for tissue
engineering, regulation of cell behavior by ECM proteins and growth
factors, mechanobiology, tissue development and organ engineering,
In vivo synthesis of tissues and organs

Biomaterials in tissue engineering - cell interaction with polymers,
polymer scaffold fabrication, biodegradable polymers, 3D scaffold
design, role of host immune response in tissue engineering and
regenerative medicine

Stem cells in tissue engineering, gene therapy, Applications in

Cardiovascular, Hepatic, Musculoskeletal, Neural, Ophthalmic,
Dental and Maxillofacial tissue engineering
Suggested Books Text Books:

1. R.Lanza, R. Langer, J. Vacanti, Principles of Tissue Engineering,
(4th Edition), Academic Press, Boston, [ISBN-10: 0123983584 |
ISBN-13:978-0123983589]

Reference Books:

2. R. Lanza (Editor), A. Atala (Editor), Essentials of Stem Cell
Biology, (3rd Edition), Academic Press, Boston. [ISBN-10:
0124095038 | ISBN-13: 978-0124095038]
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3. D. Warburton, Stem Cells, Tissue Engineering and
Regenerative Medicine, World Scientific, 2015. [ISBN: 978-
9814612777
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Course Code

BSE 640

Title of the Course

Biomedical Microsystems

Course category

Elective

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Course Objective

To develop an understanding of different types, working, and
functions of different biomedical instruments.

Course outcomes

e Enable learning on concepts of miniaturization of
biomedical devices
e Design and evaluation of fluid flow in microfluidic devices

Course Syllabus

Introduction; Photolithography; Crystallography, Mask Design
Wet, and Dry Etching, Thin Film Deposition and Growth
Electroplating, Molding, LIGA, Bonding and Sacrificial Processes,
Polymer Processing, and Rapid Prototyping,

Micro Total Analysis Systems (u-TAS): Fluid Control Components,
Sample Handling, Separation Components, Detection, Cell
Handling, and Characterization Systems

Miniature Biosensors, Biosensor Arrays and Implantable MEMS
Devices, Neural Interfaces, Microsurgical Tools, Microneedles, Drug
Delivery, Miniature Bioreactors, and Microsystems for Tissue
Engineering

BioMEMS: Evolution, Applications, Traditional MEMS, Polymeric
materials for MEMS, Microfluidic microsystems, Packaging of
Microfluidic and Optical Systems, Nanotechnology, Metrology,
Built-in safety features for medical instruments.

Suggested Books

Text Books:

1. M. J. Madou, Fundamentals of Microfabrication: The
Science of Miniaturization, Second Edition, CRC Press; 2nd
edition, 2002 [ISBN: 9780849308260]

2. E. Meng, Biomedical Microsystems 1st Edition, CRC Press,
2010, [ISBN-13:978-1420051223]

Reference Books:

1. S. Bhunia et. al, Implantable Biomedical Microsystems:
Design Principles and Applications, 1st Edition, Elsevier,
2015, [ISBN: 9780323262088]

2. R.S. Khandpur, b, McGraw Hill Education Pvt. Ltd. 3
Edition, 2014, [ISBN: 9789339205430]

3. ].G. Webster (Ed.): Medical Instrumentation - Application
and Design; Houghton Mifflin Co., Boston, 1992, [ISBN: 978-
0471676003]
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Course code

BSE 641

Title of the course

Engineered Systems Analysis

Course Category

Institute Elective

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Scope of the course

(Objectives)

Assessing sustainability of engineered systems is integral part of
engineering practice. This course will introduce multiple
dimensions of sustainability analysis for engineered systems.
Methods and tools to perform technical feasibility and economic
viability analysis, environmental risk, resource sustainability and
life cycle assessments will be discussed in lectures and case

studies.

Course Outcomes 1. The engineer and society
2. Environment and sustainability
3. Life-long learning

Course Content

Overview of sustainability: Definition of sustainability,
various aspects of sustainability, Concepts of Rritam,
svadharma and aparigraha, and lokasamgraha

Technical Feasibility: estimating theoretical maximum and
best-case scenarios.

Economic Viability: Review of net present value, internal rate
of return, payback period.

Resource Sustainability: Fresh water availability, types of
water consumption, movement of virtual water, land use
change, arable, marginal land, CRP lands, and forests and
other resources

Environmental Impacts Assessment: Overview, methods, ISO
14040, LCI databases such as US LCI, Digital Commons, and
Ecoinvent, Challenges in LC

Environmental Risk Assessment

Social Aspects of Sustainability: Policy and social aspects of
sustainability.
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Food-Energy Water Nexus: Understanding and solutions
from Eurocentric and Bharateeya perspective
Understanding Resilience and Resilience Thinking

Suggested Books

Text book:

Eds. Murthy, G.S., Gnansounou, E., Pandey A., Khanal S.K.
Green-Economy: Systems Analysis for Sustainability in
Biomass, Biofuels, Biochemicals Series. 2021. Elsevier Press.
ISBN: 978-0-12-819242-9

Ni-Bing Chang: Systems Analysis for Sustainable
Engineering: Theory and Applications: McGraw-Hill: 2011:
ISBN: 9780071630054.

T. E. Graedel and B. R. Allenby: Industrial Ecology and
Sustainable Engineering: Prentice Hall: 2010: ISBN:
9780136008064 (Indian edition ISBN: 978-0138140342)
Olivier Jolliet, Mpyriam Saade-Sbeih, Shanna Shaked,
Alexandre Jolliet, Pierre Crettaz. Environmental Life Cycle
Assessment. CRC Press, Taylor and Francis. 2015. ISBN:
9781439887660 - CAT# K14053

Reference Books:

The National Academies of Sciences, Engineering and
Medicine Consensus Report. Environmental Engineering for
the 21s Century: Addressing the Grand Challenges. The
National Academies Press. 2019. USA. ISBN: 978-0-309-
47652-2

The National Academies of Sciences, Engineering and
Medicine Consensus Report. A framework for assessing
effects of the food system. The National Academies Press.
2015. ISBN: 978-0-309-30780-2

OECD (2017), Systems Approaches to Public Sector
Challenges: Working with Change, OECD Publishing, Paris,
https://doi.org/10.1787/9789264279865-en.
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Course Code

BSE 442/ BSE 642

Title of the Course

Fundamentals of Neuroscience

Course Category

Elective

Credit Structure

L-T-P-Credits, 2-1-0-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Course objectives

e Comprehend the fundamental principles of neuroscience and
their implications in brain function and behavior.

e Explore the pathophysiology of neurogenetic diseases and their
impact on neurological functions.

Course outcomes

e This course provides a strong foundation for understanding the
organization and structural intricacies of the brain.

e Students will acquire knowledge of various neurological
processes, such as memory formation and sensory processing.

Course Syllabus

Brain structure: Brain Organisation, Structure of Cerebellum and
Basal Ganglia, Blood Brain Barrier. Histology of Brain Sections
(Coronal/sagittal) - Normal vs. Diseased.

Learning and memory: Theories of memory, Classification, short-
term and long-term storage of memory, Retrieval, Memory
consolidation, anterograde and retrograde amnesia, Different types
of plasticity, Cell & molecular basis of learning and memory, Neural
oscillations basis of learning and memory. Modelling of synaptic
potentials.

Sensation and Sensory Processing: The Somatic Sensory System:
Touch and Proprioception; Pain; Vision - The Eye and Central Visual
Pathways. The Auditory System ;Olfactory System; Gustatory System
Neuroendocrinology: Function of hypothalamus, pituitary,
circumventricular organs, Hypophysiotropic hormones; Feedback
loops; Pineal gland & neuroendocrine regulation of biological
rhythms.

Brain metabolism: Brain metabolism of carbohydrate, lipids &
amino acids, Metabolism of neurotransmitters. Neuro-glial
interaction, Effect of malnutrition on brain metabolism.
Neurogenetic diseases: Autosomal (recessive and dominant) and
X-linked neurological diseases -neurodegenerative diseases, and
molecular pathology. Metabolic defects causing neurological
diseases. Complex genetic diseases, gene environment interactions,
Pathogenetic of migraine, epilepsy, autism and schizophrenia.
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Suggested Books

Text Books:

[1] Eric R. Kandel, John D. Koester, Sarah H. Mack, Steven A.
Siegelbaum. Principles of Neural Science, VI Edition: McGraw-hill
New York; 2021. ISBN: 1259642232

[2] Larry Squire, Darwin Berg, Floyd E. Bloom, Sascha du Lac,
Anirvan Ghosh, Nicholas C. Spitzer. Fundamental Neuroscience, IV
Edition, Elsevier Science; 2012. ISBN: 9780123858702

Reference Books:

[1] Bear MF, Connors BW, Paradiso MA. Neuroscience: Exploring
The Brain, Enhanced Edition Wolters Kluwer; 2020. ISBN:
1284211282

[2] Nicholls JG, Martin AR, Fuchs PA, Brown DA, Diamond ME,
Weisblat DA. From Neuron to Brain, VI Edition: Sinauer; 2015.
ISBN: 9781605354392

[3] Garrett B, Hough G. Brain & Behavior: An Introduction to
Behavioral Neuroscience: SAGE Publications; 2021. ISBN:
9781544373485
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Course Code

BSE 643/ BSE 443

Title of the Course

Applied Biomechanics

Course Category

Elective

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the | Biosciences and Biomedical Engineering

Concerned

Department

Name of the | Dr. Hitendra Kumar, Dr. Sourav Chandra, Dr. Lokesh Basavarajappa

Instructors/ and or
familiar Professors

Pre-requisite, if any

Nil

Course Objective

This course will describe biomechanics of human body including the
study of human motion and design of assistive biomedical devices for
rehabilitation and augmentation.

Course Outcomes

e Students will know tissue mechanics and measurement
techniques for tissue physical properties.

e Learn about different types of human movement.

e Learn about design principles for prosthetics, assistive and
rehabilitation devices.

Course Syllabus

Tissue mechanics: Electrochemical signaling and excitation
contraction in different cells; Components of convective tissue;
Structure, functions and mechanical properties of different tissue
types; Mathematical models of tissue structure and properties;
Measurement methods for tissue mechanical properties.

Human body motion: Neuromusculoskeletal system; Interactions
between nerves, muscles and the skeleton; Muscles coordination;
Vision-motion coordination; Kinematics and musculature; Forces,
torques, and equilibrium, motion in one plane and levers in 2D and
3D for human body joints; Defining body orientation; Mechanics of
different human motions; Acceleration and collisions of the human
body; Motion capture and gait analysis systems; Vision tracking
systems; Wearable motion analysis systems.

Prosthesis design: Principles of prosthesis and exoskeleton design;
Bar and links mechanisms; Compliant mechanisms; Sensors and
actuators in assistive devices; Computer aided analysis of artificial
joints and limbs; Mathematical modeling of artificial joints and limbs
motion; Modeling of multi-joint systems and system chains -
forward and inverse kinematics; Feedback control design in
prosthesis.

Suggested Books

Textbooks:
1. David A Winter, Biomechanics and motor control of human
movement. John Wiley & Sons, 2009. [ISBN - 9780470398180]
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2. Susan ]. Hall, Basic Biomechanics, 9th Edition, McGraw Hill,
2022 [ISBN13:9781264169665]
3. William Craelius, Prosthetic Designs for Restoring Human
Limb Function, 2022, Springer Cham [ISBN: 9783030310769]

Reference Books:
4. Irving P. Herman, Physics of the Human Body, Springer Cham,
2nd Edition, 2016. [ISBN: 9783319239309]
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Course code

BSE 444/ BSE 644

Title of the course

Biomedical Signal and Image Processing

Course Category

Elective

Credit Structure

L -T-P - Credits
2-1-0-3

Name of the Concerned
Department

Bioscience and Biomedical Engineering

Prerequisite, if any

None

Course Objectives

e This course is designed to cover digital signal and image
processing techniques, with a focus on problems associated with
biomedical engineering.

e It covers the implementation of signal and image processing
algorithms and offers a hands-on learning experience.

Course Outcomes

e It provides a strong foundation for those interested in pursuing
careers in biomedical signal and image processing.

e Students will be able to choose and implement signal and image
processing algorithms for processing biomedical data.

Course Content

Introduction to Probability Density Functions (PDFs) and their
estimation in biomedical signals and images. Correlation and
coherence analysis. Frequentist and Bayesian statistics for
biomedical signal and image data.

Deterministic and random signals in human electrophysiology.
Theory and application of convolution, Fourier analysis in
biomedical signals. Estimation of signal properties in the time
domain and artifact identification in EEG, EMG, and ECG.

Common medical image compression, segmentation, and
registration techniques. Standard biomedical signal and image
features and their analysis.

Discussion of image enhancement techniques, filtering methods,
and morphological operations in the context of medical images. 2D
Discrete Fourier analysis and filtering techniques for the medical
images.

Medical image formation. Common medical imaging artifacts.
Design of filters, spectral and time-frequency analysis of human
physiological signals.

Suggested Books

Text Books:

1) AV Oppenheim and RW Shafer, "Discrete-time Signal
Processing"”, Pearson Education India, 3rd ed, 2014. ISBN 978-
9332535039.
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2) N Kayvan and S Robert, “Biomedical Signal and Image
Processing”, Taylor & Francis, CRC Press, 2012. ISBN 978-
1439870334

3) D C Reddy, “Biomedical Signal Processing: Principles and
Techniques”, Tata McGraw-Hill Publishing Co. Ltd, 2005. ISBN
978-0070583887.

Reference Books:

4) R.B. Pachori, “Time-frequency analysis techniques and their
applications”, CRC Press, 2023, ISBN: 9781032392974.

5) Richard Newbold, “Practical Applications in Digital Signal
Processing”, Prentice Hall, 2012. ISBN 978-0133038385.

6) RC Gonzalez and RE Woods, “Digital Image Processing”,
Pearson India Ltd, 2011. ISBN 978-9353062989
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Course Code BSE 646
Title of the Course Biofabrication
Course Category Elective

Credit Structure

L-T-P-Credits 1-0-4-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Name of the Instructors/
and or familiar Professors

Dr. Sunil Kumar Boda, Dr. Hitendra Kumar

Pre-requisite, if any

Nil

Course Objective

This course will provide an overview of biofabrication methods
as applicable for tissue engineering and regenerative medicine

Course Outcomes

e Students will know various biofabrication methods with a
special emphasis on 3D Bioprinting

e Hands-on-training for select biofabrication methods,
bioink preparation, scaffold handling, biological
characterization @ of  fabricated constructs and
programming for bioprinting.

Course Syllabus

Scaffold free biofabrication, organic and inorganic materials,
hydrogels, synthetic and natural extracellular matrix (ECM),
surface functionalization, topography, and porous scaffolds for
biofabrication.

Biofabrication methods - mechanical biofabrication processes,
light-assisted processes, electric field driven processes, phase
separation, gas foaming, freeze drying, -casting/molding,
acoustic bioprinting, thermal bioprinting.

3D Bioprinting essentials of cell and protein viability, software
for the design of 3D print construct, Bioinks - polymers,
hydrogels and ECM derived, Types of Bioprinters - extrusion,
droplet and laser-assisted, Applications of 3D Bioprinting,
Organ Printing.

List of experiments -

1. Biomaterial preparation and characterization.

2. Conventional FDM printer modification for bioprinting.
3. GCode preparation and printing optimization.

4. Bioprinting with mammalian cells.

5. Coaxial bioprinting.

6. Stereolithography (SLA) bioprinting.

7. Cell viability and morphology characterization.

8. Direct laser writing.
9. Microgel fabrication.
10. Porous scaffold fabrication.
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Suggested Books

Text Books:

1. A. Forget, Biofabrication, De Gruyter, 2023 [ISBN -
9781501515736]

2. I. T. Ozbolat, 3D Bioprinting: Fundamentals, Principles
and Applications, Academic Press, 2016 [ISBN:
9780128030301]

3.Jeremy M. Crook. 3D Bioprinting: Principles and Protocols,
Methods in Molecular Biology, Humana New York, 2020 [ISBN:
9781071605196]

Reference Books:

4. A. Atala, ].J. Yoo, Essentials of 3D Biofabrication and
Translation, Academic Press [ISBN: 9780128009727]

5. G. Forgacs, Wei Sun, Biofabrication: Micro- and Nano-
fabrication, Printing, Patterning and Assemblies, Elsevier
2013 [ISBN: 9781455728527
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Course Code

BSE 651 (Till AY 2024-25)

Title of the Course Biochemistry Lab
Credit Structure L-T- P-Credits
0-0-4-2

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Basic biochemistry courses at the undergraduate level

Scope of the Course

This course aims to introduce basic laboratory techniques in
biochemistry through experiments that will be conducted as
Experimental Projects.

Course Syllabus 1. To prepare an Acetic-NaAcetate buffer system and validate
the Henderson-Hasselbach equation.

2. To determine an unknown protein concentration by plotting
a standard graph of BSA using UV-Vis Spectrophotometer and
validating the Beer-Lambert’s Law.

3. Titration of Amino Acids and separation of aliphatic,
aromatic, and polar AA by TLC.

4. An enzyme purification theme (such as E. Coli alkaline
phosphatase):

(a) Preparation of cell-free lysates,

(b) ammonium sulfate precipitation,

(c) lon-exchange chromatography,

(d) Gel filtration,

(e) Affinity chromatography,

(f) Generating a purification table,

(g) Assessing purity by SDSOPAGE gel electrophoresis,

(h) Assessing purity by 2D-gel electrophoresis, and

(i) Enzyme kinetic parameters: Km, Vmax, and Kcat.
Suggested Books 1. D. Holme, H. Peck, Analytical Biochemistry, 34 ed., Longman,

1998, ISBN-10: 058229438X.

2. R. K. Scopes, Protein Purification -Principles & Practices, 3rd
ed., Springer International Edition, 2014, ISBN-10:
8132214838.

3. D. Freifelde, Physical Biochemistry: Application to
Biochemistry and Molecular Biology, 2nd ed., W. H. Freeman,
1983, ISBN-10: 0716714442.

4. K. Wilson, J. Walker, Principles and Techniques of Practical

Biochemistry, 5% ed., Cambridge University Press, 2000,
ISBN-10: 052165873X.
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Course Code

BSE 652

Title of the Course

Genetic Engineering Lab

Credit Structure

L-T-P-Credits
0-0-6-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any
(for the students)

Basic Biology and Basic Biochemistry (Undergraduate level).

Course Objective

The emphasis of the lab is on understanding the principles
behind experiments, the ability to design and execute
experiments and time management. The purpose of various
steps and project planning will be discussed.

Course Syllabus

1.

Ry

3.

o

N

9.

[solate genomic DNA from Bacillus subtilis (or equivalent
organism) genome

PCR amplification of flgM gene and analysis by agarose gel
electrophoresis

Preparation of plasmid pET-28a from E. coli DH5a and gel
analysis

Restriction digestion of vector (gel analysis) and insert with
Ncol and Xhol

Vector and insert ligation, b. Transformation in E. coli DH5a.
Plasmid isolation and confirming recombinant by PCR and
RE digestion.

Transformation of recombinant plasmid in BL21(DE3).
Induction of FlgM protein with IPTG and analysis on SDS-
PAGE.

Purification of protein on Ni-NTA column and analysis of
purification by SDS-PAGE.

10. Random primer labeling of flgM with Dig-11-dUTP
11. Southern hybridization of B. subtilis genome with probe and

non-radioactive detection.

Suggested Reading

1.

T. Maniatis, E.F. Fritsch, ]. Sambrook, Molecular Cloning: A
Laboratory Manual. 3™ ed., Cold Spring Harbor Laboratory
Press, 2002, ISBN-10: 0879695773.

C. Hardin, J. Edwards, A. Riell, D. Presutti, W. Miller, D.
Robertson, Cloning, Gene Expression and Protein
Purification: Experimental Procedures and Process
Rationale, 1st ed., Oxford University Press, 2001, ISBN-10:
0195132947.

M. A. Innis, D.H. Gelfand, J. J. Sninsky, PCR Applications:
Protocols for Functional Genomics, 15t ed., Academic Press,
1999, ISBN-10: 0123721865.
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4. D.].Park, PCR Protocols, 3t ed., Humana Press, 2011, ISBN-
10: 1607619431.

5. S. B. Primrose, R. M. Twyman, Principles of Gene
Manipulation and Genomics, 7t ed., Wiley India, 2014, ISBN-
10: 8126548398.
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Course Code

BSE 653

Title of the Course

Experimental Techniques Laboratory

Course category

Core

Credit Structure

L-T-P-Credits 0-0-4-2

Name of the
Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if
any

Nil

Course Objective

To gain hands on experience of different experimental methods used in
different domains of biomedical engineering area.

Course outcomes

At the end of the course, students will have practical experience on
techniques and instrumentation in biomedical engineering domain

Course Syllabus

1. Fabrication of Nanoparticles, Microspheres, and Liposomes,
morphological characterization, Drug/molecule encapsulation efficiency
measurement, and release testing

2. Imaging of biological specimen (cells, bacteria, etc.) using fluorescence
staining and unstaining methods, physical parameter extraction from
images.

3. Computer-aided design (CAD) using SolidWorks software, extrusion
3D bioprinting and prototyping: 3-D printed biomaterial scaffold
development and evaluation

4. Tensile, compression, and flexure testing of biomaterials

5. Enzyme encapsulation and activity assay

6. Cell culture evaluation of nanoparticles for uptake and compatibility.
7. Protein and Nucleic Acid sequence analysis using web servers

8. Computer-aided drug design targeting a receptor protein

9. Nucleic acid based detection using polymerase chain reaction.

10. Biomedical Sensors development and characterization

Suggested
References

1. Sambrook ] and Russell D, Molecular Cloning: A Laboratory Manual.
CHSL Press, 2001, ISBN: 978-0879695767

2. Walsh G.: Proteins: Biochemistry and Biotechnology. Wiley India
Pvt Ltd, 2011, ISBN: 978-8126530274
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Course Code

BSE 654

Title of the Course

Genetic Engineering Lab

Credit Structure

L-T-P-Credits
0-0-4-2

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any
(for the students)

Basic Biology and Basic Biochemistry (Undergraduate level).

Course Objective

The emphasis of the lab is on understanding the principles
behind experiments, the ability to design and execute
experiments and time management. The purpose of various
steps and project planning will be discussed.

Course Syllabus

12.Isolate genomic DNA from Bacillus subtilis (or equivalent
organism) genome

13. PCR amplification of flgM gene and analysis by agarose gel
electrophoresis

14. Preparation of plasmid pET-28a from E. coli DH5a and gel
analysis

15. Restriction digestion of vector (gel analysis) and insert with
Ncol and Xhol

16. Vector and insert ligation, b. Transformation in E. coli DH5a.

17.Plasmid isolation and confirming recombinant by PCR and
RE digestion.

18. Transformation of recombinant plasmid in BL21(DE3).

19. Induction of FIgM protein with IPTG and analysis on SDS-
PAGE.

20. Purification of protein on Ni-NTA column and analysis of
purification by SDS-PAGE.

21.Random primer labeling of flgM with Dig-11-dUTP

22.Southern hybridization of B. subtilis genome with probe and
non-radioactive detection.

Suggested Reading

6. T. Maniatis, E.F. Fritsch, ]. Sambrook, Molecular Cloning: A
Laboratory Manual. 3™ ed., Cold Spring Harbor Laboratory
Press, 2002, ISBN-10: 0879695773.

7. C. Hardin, ]J. Edwards, A. Riell, D. Presutti, W. Miller, D.
Robertson, Cloning, Gene Expression and Protein
Purification: Experimental Procedures and Process
Rationale, 1st ed., Oxford University Press, 2001, ISBN-10:
0195132947.

8. M. A. Innis, D.H. Gelfand, J. ]. Sninsky, PCR Applications:
Protocols for Functional Genomics, 1t ed., Academic Press,
1999, ISBN-10: 0123721865.
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9. D.].Park, PCR Protocols, 3t ed., Humana Press, 2011, ISBN-
10: 1607619431.

10. S. B. Primrose, R. M. Twyman, Principles of Gene
Manipulation and Genomics, 7th ed., Wiley India, 2014, ISBN-
10: 8126548398.
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Course Code

BSE 654N

Title of the Course

Genetic Engineering Laboratory

Credit Structure

L-T-P-Credits
0-0-4-2

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any
(for the students)

Basic Biology and Basic Biochemistry (Undergraduate level).

Course Objective

The emphasis of the lab is on understanding the principles behind
experiments, the ability to design and execute experiments and time
management. The purpose of various steps and project planning will be
discussed.

Course Syllabus

23.Isolate genomic DNA from Bacillus subtilis (or equivalent organism)
genome

24.PCR amplification of flgM gene and analysis by agarose gel
electrophoresis

25. Preparation of plasmid pET-28a from E. coli DH5a and gel analysis

26. Restriction digestion of vector (gel analysis) and insert with Ncol
and Xhol

27.Vector and insert ligation, b. Transformation in E. coli DH5a.

28.Plasmid isolation and confirming recombinant by PCR and RE
digestion.

29. Transformation of recombinant plasmid in BL21(DE3).

30. Induction of FlgM protein with IPTG and analysis on SDS-PAGE.

31. Purification of protein on Ni-NTA column and analysis of
purification by SDS-PAGE.

32.Random primer labeling of flgM with Dig-11-dUTP

33.Southern hybridization of B. subtilis genome with probe and non-
radioactive detection.

Suggested Reading

11. T. Maniatis, E.F. Fritsch, J. Sambrook, Molecular Cloning: A
Laboratory Manual. 3™ ed., Cold Spring Harbor Laboratory Press,
2002, ISBN-10: 0879695773.

12. C. Hardin, J. Edwards, A. Riell, D. Presutti, W. Miller, D. Robertson,
Cloning, Gene Expression and Protein Purification: Experimental
Procedures and Process Rationale, 15t ed., Oxford University Press,
2001, ISBN-10: 0195132947.

13. M. A. Innis, D.H. Gelfand, ].]. Sninsky, PCR Applications: Protocols for
Functional Genomics, 1st ed. Academic Press, 1999, ISBN-10:
0123721865.

14. D. ]J. Park, PCR Protocols, 3 ed., Humana Press, 2011, ISBN-10:
1607619431.
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15. S. B. Primrose, R. M. Twyman, Principles of Gene Manipulation and
Genomics, 7th ed., Wiley India, 2014, ISBN-10: 8126548398.
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Course Code

BSE 655

Title of the Course

Immunology Laboratory

Credit Structure

L-T-P-Credits 0-0-4-2

Name of the
Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objectives of this laboratory course are to develop an understanding
about practical aspects of components of immune system as well as their
function. Basic as well as advanced methods will be taught to detect
different antigen and antibody interactions, isolation of different

lymphocyte cells etc. and how they can be used in respective
research work.

Course Outcome

Students should be able to:
e Evaluate the usefulness of immunology in different pharmaceutical
domains.

e Apply their knowledge and design immunological experiments to
demonstrate innate, humoral or cytotoxic T lymphocyte responses
and figure out kind of immune responses in the setting of infection
(viral or bacterial) by looking at cytokine profile.

Course Syllabus

List of representative experiments:
e Selection of animals, preparation of antigens, immunization and
methods of blood collection, serum separation and storage.

e Antibody titre by ELISA method.

Double diffusion, Immuno-electrophoresis and Radial

Immunodiffusion.

Complement fixation test.

I[solation and purification of IgG from serum or IgY from chicken egg.

SDS-PAGE, Immunoblotting, Dot blot assays.

Blood smear identification of leucocytes by Giemsa stain.

Separation of leucocytes by dextran method.

Demonstration of Phagocytosis of latex beads and  their

cryopreservation.

e Separation of mononuclear cells by Ficoll-Hypaque and their
cryopreservation.

e Demonstration of ELISPOT.

e Demonstration of FACS.
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Suggested Books

Reference Books:

1. Kindt, T. J.,, Goldsby, R. A, Osborne, B. A, and Kuby, ]J. (2006),

Immunology. New York: W.H. Freeman. (ISBN: 978-1429202114)

2. Brostoff, J., Seaddin, J. K., Male, D., and Roitt, . M. (2002). Clinical

Immunology. London: Gower Medical Pub. (ISBN: 978-0906923351)

3. Murphy, K., Travers, P., Walport, M., and Janeway, C. (2012). Janeway's
Immunobiology. New York: Garland Science. (ISBN: 978-0815344452)
4. Paul, W. E. (2012). Fundamental Immunology. New York: Raven Press|

(ISBN:9781451117837)
5. Parham, P. (2005). The Immune System. New York: Garland Science.

(ISBN: 0815345267)

138

Go to Index




Course Code BSE 659

Title of the Course Microbiology Lab

Credit Structure L-T- P-Credits
0-0-4-2

Name of the Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

Basic biology courses undergraduate level

Scope of the Course

This course aims to introduce basic laboratory techniques in
microbiology (Bacteriology, Virology, Immunology) through
experiments that will be conducted as Experimental Projects.

Course Syllabus

1. Introduction to Light Microscopy, Laboratory Procedure for
Microscopic Examination

2. Introduction to laboratory sterilization technique, Media
Preparation; Bacterial Culture Media preparation and
sterilization

3. Bacterial Isolation, Culturing Techniques and Microscopic
Examination of Bacterial Morphology, Structures, Motility.

4. Antigen-Antibody Reactions; Agglutination and Precipitation
Techniques

5. Introduction to virological methods and techniques. Animal cell
culture techniques, cell propagation, cell counting,
maintenance

6. Quantification of virus by plaque assay. Reverse transcription
PCR techniques

7. Enzyme-Linked Immunosorbent Assay (ELISA) assay for viral
antigen detection, Western Blot

8. Cell staining and immunoflurescence techniques, Image
acquisition through epiflurescence techniques

Suggested Books

1. M. R. Green, J. Sambrook, Molecular Cloning: A Laboratory
Manual, 4t ed., Cold Spring Harbor Laboratory Press, 2012,
ISBN-10: 9781936113422.

2. A. Oller, Microbiology Lab Manual, Spi Lab Edition, Kendall Hunt
Pub Co., 2016, ISBN-10: 1465295380.

3. J. G. Cappuccino, C. T. Welsh, Microbiology: A Laboratory Manual,
11th ed., Pearson, 2016, ISBN-10: 0134098633.
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Course Code

BSE 670

Title of the Course

Scientific Communication Skills

Credit Structure

L-T-P-Credits 0-2-0-2

Name of the

Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objectives of this course are to give a background on the history
of science, emphasizing methodologies used to do research, use the
framework of these methodologies for understanding effective lab

practices and scientific communication and to appreciate
scientific ethics. To familiarize students with classic literature to
make them appreciate how ground- breaking discoveries were
made.

Course Outcome

« Understand the research process.
« Develop ability to build literature database and use at least one

reference management system to store that information.
« Develop and practice effective oral and written communication
strategies.

Course Syllabus

Scientific method, reasoning; reductionist vs holistic biology.
Preparation for research: Choosing a research problem, and
maintaining a lab notebook.

Understanding communication and practicing effective
communication strategies. Practicing Technical writing skills,
technical reports, abstracts, peer-reviewed journal papers, thesis and
dissertation, other forms of communicating with general public
Ethics in research, Avoiding and preventing scientific misconduct,
plagiarism, recognizing contributions and determining authorship,
rights and responsibilities of authorship, peer review process and
problems, recent developments such as open access and non-blind
review. Foundations for a scientific career.
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Suggested books

Refernece Books:

1.

Valiela, I. Doing Science: Design, Analysis, and
Communication of Scientific Research. Oxford: Oxford
University Press. 2001. (ISBN:0195134133)

On Being a Scientist: A Guide to Responsible Conduct in
Research. Washington, D.C.: National Academies Press. 2009.
(ISBN: 9780309141352)

Selected papers for critical analysis as described below
1. Classic Papers on Molecular Biology (partial list)

1.

Molecular structure of nucleic acids; a structure for
deoxyribose nucleic acid Watson JD and Crick FH; Nature.
1953 Apr 25;171(4356):737-8

Messelson and Stahl experiment demonstrating semi-
conservative replication of DNA. Meselson M and Stahl FW.;
Proc Natl Acad Sci U S A. 1958 Jul 15;44(7):671-82 Note:

In vivo alteration of telomere sequences and senescence
caused by mutated Tetrahymena telomerase RNAs Guo-Liang
Yu, John D. Bradley, Laura D. Attardi and Elizabeth H.
Blackburn; Nature 344, 126-132, 1990
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Course Code

BSE 698

Title of the Course

PG Seminar Course

Credit Structure

L-T-P-Credits
0-2-0-2

Name of the
Concerned
Department

Center for Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Course Objective

To develop confidence and presentation skills of the student

Course Syllabus

In this course a PG student has to present seminar/presentation or
a series of presentations on a topic(s) chosen by him/her in
consultation with his/her PG Thesis Supervisor/ Faculty Advisor.
The frequency of seminar/presentation will be decided by the
Course Coordinator.

Suggested Books

Books and research publications in various relevant

journals/conference proceeding, etc.
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Course Code BSE 702
Title of the Course Applied Genetic Engineering
Credit Structure L-T-P-C

2-1-0-3

Name of the Concerned
Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

Basic knowledge of molecular biology

Scope of the Course

The course is intended to give students an overview of various
genetic engineering techniques and its applications.

Course Syllabus

Concept of recombinant DNA technology and purpose, basic
methodology, use of plasmids, restriction endonucleases,
linkers, adaptors, ligation; Transformation, methods in
screening recombinant DNA; methods for labelling DNA,
modifying enzymes, hybridization techniques: northern,
Southern and colony hybridization; Restriction maps and
mapping techniques; PCR technology, primer design;
Construction of cDNA libraries in plasmids, Gene amplification,
RT-PCR and quantitative RT-PCR; Strategies for maximizing
gene expression, prokaryote expression vectors and their
applications in expression, quantitation, purification; Inclusion
bodies, approaches to solubilisation; Cloning in M13 mp
vectors, application to DNA sequencing, site-directed
mutagenesis; PCR-based mutations; Vectors: cosmid vectors,
yeast artificial chromosome; selection and screening
recombinant phage, in vitro packaging, genomic libraries and
cDNA cloning; principles and application of di-hybrid systems;
Cloning and expression in mammalian cells, methods of
selection and screening, application of reporter genes;
Applications in mammalian genetic engineering,
Biopharmaceuticals, Transgenics in animals and plants,
restriction fragment length polymorphism, DNA fingerprinting,
human genetic diseases; Gene targeting, human gene therapy,
Automated DNA sequencing, Man-made antibodies, phage
display; Basic principles of transcriptomics and proteomics.
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Suggested Books

Text Books

1.

2.

3.

W. Old & Primrose; Principles of Gene Manipulation. 6th
ed., S. B. University Press, 2001. [ ISBN-10: 0632059540
ISBN-13:978-0632059546]

T. Maniatis, E. F. Fritsch & ]. Sambrook; Molecular
Cloning: A Laboratory Manual. CSHL, 3rd ed., 2002. [
ISBN-10: 0879695773 | ISBN-13: 978-0879695774]
M.A. Innis, D.H. Gelfand, ].J. Sninsky & T.J. White. PCR
Protocols. Academic Press, 1990. [ ISBN 0-12-372181-4]

Reference Books or Journals

1.

C Hardin, ] Edwards, A Riell, D Presutti, W Miller and D
Robertson; Cloning, Gene Expression and Protein
Purification: Experimental procedures and process
rationale. Oxford University Press, 2001. [ ISBN-10:
0195132947 ISBN-13: 978-0195132946]

K.E. Davies et al, Genome Analysis - A Practical
Approach, 1988. [ ISBN-10: 1852211105 ISBN-13: 978-
1852211103]

Selected articles from the journal Nature, Science, Cell,
etc.
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Course Code

BSE 797 (Autumn Semester)
BSE 798 (Spring Semester)

Title of the Course

Ph.D. Seminar Course

Credit Structure

L-T-P-Credits
0-2-0-2

Name of the Concerned
Discipline

Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Scope of the course

Course Syllabus

In this course a Ph.D. student has to present seminar/presentation or
a series of presentations on a topic(s) chosen by him/her in
consultation with his/her Ph.D. Thesis Supervisor/ Faculty Advisor.
The frequency of seminar/presentation will be decided by the Course
Coordinator.

Textbook

None

Other references

Books and research publications in various journals
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Course Code

BSE 649/449

Title of the Course

Modeling and Controls in Medical Devices

Course Category

Core

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Course Objective

e Covers principles and concepts of control systems and
estimation theory for biomedical systems and devices.

e Providing relevant biomedical applications of the control
systems and estimation techniques.

Course outcomes

1. An in-depth understanding of control systems relevant to
medical devices.

2.Understand the principles and concepts of control systems for
modeling and estimation applicable to biomedical devices.

Course Syllabus

Basic concepts of statistical decision theory: models and
detector structures; performance evaluation; Chernoff bounds
and large deviations; sequential detection, quickest change
detection, robust detection. Applications in noninvasive
diagnosis, parameter estimation.

Filters: Linear minimum variance filter and properties,
processing and estimation of movements from noisy sensor
recording, sensor fusion.

Control Fundamentals

e Mathematical modeling of Electrical/Mechanical systems,
Force-Velocity, Force-Current analogy. Block diagram,
signal flow graph. Laplace transformation.

e Transient response; transient performance specifications
Steady-state errors; final value theorem; system type;
steady-state performance specifications.

e Root locus analysis and stability; closed-loop root
locations and transient performance.

e Frequency response analysis methods; frequency
response performance specifications
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e Feedback control techniques: Proportional, Integral,
Derivative, Proportional-Integral, Proportional-
Derivative, Proportional- Integral-Derivative control

Case study: Control of mechanical ventilator.

Suggested Books

Text Books:

1. K. Ogata, Modern Control Engineering, 5t edition.
Pearson, 2015, ISBN: 9789332550162.

2. 0. Boubakar, Control Theory in Biomedical Engineering
Application in Physiology and Medical Robotics. 1st edition,
Academic Press. 2020. ISBN: 9780128213506.

Reference Book:

3.].S. Bendat and A. G. Pearsol, Random Data - Analysis and
Measurement Procedures. 4t edition, Wiley, 2010, ISBN: 978-
0470248775.

147 Go to Index




Course code

BSE 661

Title of the course

Clinical Immersion

Course Category

Core

Credit Structure

L-T-P-Credits 0-0-2-1

Name of the
Concerned
Department

Biosciences and Biomedical Engineering

Prerequisite, if any

None

Course Objectives

e Exposure to clinically used medical devices and understanding
the clinically faced issues with the devices.

Course Outcomes

At the end of the course, students will have practical experience in
device operation and real clinical needs.

Course Content

Visit hospitals and learn the devices used in clinical settings.
Interactions with clinical doctors, staff, and technicians.

Identification of actual clinically relevant problems, their
documentation, report preparation, and exploration of these as project
ideas to address those problems.

Suggested Books
(Text Books,
Reference Books)

Reference Books:

1. R. S. Khandpur, Handbook of biomedical instrumentation, 3rd
edition, Tata McGraw Hill Publishing Company Limited, 2014, ISBN:
9789339205430.

2. K. Willson, K. Ison, and S. Tabakov, Medical Equipment
Management, 1st edition, CRC Press, 2013, ISBN: 9781420099591.
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Course Code

BSE 634/434

Title of the Course

Design of Implantable and Surgical Devices

Course Category

Core

Credit Structure

L-T-P-Credits 2-0-2-3 (3/2 = 1.5, Half Semester)

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Course Objective

e Imparting rational approaches to the development of
implantable medical devices.

e Students will be able to work in groups to develop the
design for surgical/implantable devices.

e Providing relevant fundamental design philosophies of
surgical and implantable devices.

Course outcomes

The students will be able to identify biomedical device functional
requirements, derive specifications, draft solution matrices and
propose device design specifications.

Course Syllabus

Design principles: Four design principles for medical devices,
and clinical problems requiring implants for solution.

Device requirements: Paradigm for designing medical
devices/implants, functional requirements, effects of the device
on the body. benefit/risk ratio, biocompatibility.

Types of engineered implants: Principles of implant design,
design parameters, permanent versus absorbable devices, tissue
engineering scaffolds, biomaterial selection, implants for bone.
Surgical devices: disruptive innovation of surgical devices,
surgical devices, laparoscopic surgical devices and robotic
surgical devices, medical ethics and federal regulation.

List of representative experiments / mini project:

Design of polymeric scaffolds

Design flexible electrodes

Design of a pacemaking circuit

Modeling and analysis of Laparoscopic scissor

Bite force measurement

Validation of implants through animal cell culture
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Suggested Books

Text Books:

1. P. Ogrodnik, Medical Device Design: Innovation from
Concept to Market.1st edition, Academic Press, 2012, ISBN:
9780123919427.

2.B. D. Ratner,A. S. Hoffmann,F. J. Schoen, J. E. Lemons.
Biomaterials science: An introduction to materials in
medicine, 314 edition, Academic Press, 2013, ISBN:
9780080470368.

References Book:

3. M. Kutz, Biomedical Engineering & Design Handbook,
Volumes I and II, 2nd edition, McGraw-Hill Education, 2009,
ISBN: 9780071498401.
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Course Code

BSE 648

Title of the Course

Regulatory Framework and Quality Compliance

Course Category

Core

Credit Structure

L-T-P-Credits 2-2-0-4 (4/2 = 2, Half Semester)

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Course Objective

e Understand the risk management process throughout the
life span of medical devices.

e Gain knowledge of the roles of manufacturers,
importers/vendors, government, users, and the public in
device safety and performance.

e Learn about international regulatory frameworks and the
work of the Global Harmonization Task Force (GHTF).

Course outcomes

1. Students will be able to understand regulatory compliance
frameworks globally.

2. Able to be proficient in risk management and quality
assurance, as well as capable of conducting health-economic
evaluations.

Course Syllabus

Introduction to Medical Device Regulation: Overview of medical
devices and health technology assessment, highlighting key
regulatory and reimbursement hurdles. Role and mission of the
Central Drug Standard Control Organization (CDSCO), Food and
Drug Administration (FDA), and World Health Organization (WHO)
in medical device regulation through case studies.

Life Span and Regulatory Frameworks: Utilization of devices
lifespan diagram; Roles of stakeholders in risk management.
Critical elements in medical device life span. Common regulatory
framework and the tools of Global Harmonization Task Force
(GHTF). Regulatory programs and international actions for product
control steps.

Risk-based approach to trial management: Risk in trial design
and execution, adaptive trial designs and contingency planning-
ensuring trial integrity.
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Health Economics, Risk Management, and Case Studies: Health-
economic methods and case studies, including cost analysis,
outcomes analysis, cost-effectiveness, and budget impact analysis.
Regulatory pathways and FDA classifications, including pre- and
post-market activities, Total Product Lifecycle.

Suggested Books

Text Books:

1. C. F. Richard. Medical Device Quality Assurance and
Regulatory Compliance, 1st edition., CRC Press, 2019. ISBN: 978-
0367400361.

2.S. Weinberg. Cost-contained regulatory compliance: For the
Pharmaceutical, Biologics, and Medical Device Industries, 1st
edition, John Wiley& Sons Inc., 2011. ISBN: 978-0470552353.
Reference Book:

3. L. Williams. How-to write quality compliance documentation:
policy and setting the tone for controlling process. London
Press, 2020. ISBN: 979-8663416344
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Course code BSE 650
Title of the course Medical Device Laboratory
Course Category Core

Credit Structure

L-T-P-Credits 0-0-3-1.5

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Prerequisite, if any

None

Course Objectives

To gain hands-on experience in different medical device operations
and their use in clinics, finding common artefacts, and device
testing.

Course Outcomes

1. At the end of the course, students will have practical experience in
device operation and testing in the biomedical engineering domain.
2. Students will learn to build and develop medical devices.

Course Content

List of representative experiments or mini-project :

e Building Bio-signal Amplifiers & Filters.

e Signal acquisition and processing algorithms for biomedical

devices in Matlab

e Developing an Electrocardiography circuit and
measurements
Building pulse oximetry circuits and testing
Building digital stethoscope circuits and measurements
3-D printed biomaterial scaffold development and evaluation
Tensile, compression, and flexure testing of biomaterials
Microscopy: Imaging of biological specimens using
fluorescence staining and staining methods, physical
parameter extraction from images.

Suggested Books (Text
Books, Reference
Books)

Reference Books:

1.]. G. Webster, Medical Instrumentation: Application and
Design, 4th edition. John Wiley & Sons, 2015, ISBN:
9788126553792.

2. P. David and N. Michael, Design and development of Medical
Electronic instrumentation, 1st edition, Wiley, 2004. ISBN
9780471676232,
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Course Code

BSE 664/464

Title of the Course

Preclinical and Clinical Trial Design

Course Category

Core

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Course Objective

e Learn preclinical and clinical research conduct, ensuring
compliance with national and international regulations for
marketing approval.

e Learn to use a risk-based approach to ensure the safety and
effectiveness of medical devices.

e Explore statistical considerations for effective study design
and address ethical issues related to preclinical and clinical
research.

Course outcomes

1. Students will be able to make plans and decide on preclinical
and clinical trials development and documentation.
2. Able to understand concepts in the design of clinical trials.

Course Syllabus

Introduction: Overview of drug development process, Stages from
discovery to market approval, preclinical versus clinical trials,
Regulatory agencies and guidelines, Role of Central Drug Standard
Control Organization, European Medicines Agency, Indian
Pharmaceutical Association, and Food and Drug Administration.

Preclinical trial design: Non-clinical testing fundamentals-
importance and types (in vitro, in vivo, ex vivo). Preclinical models,
selection criteria, model types and relevance to human conditions.
Safety and toxicity testing-adverse effects and dose determination.

Clinical trial phases and design: Real-world evidence, Early
feasibility studies, Patient preference, Phases-I (safety), I
(efficacy), Il (confirmatory), and IV (post-marketing), trial design-
randomized controlled trials, cohort studies, case-control studies,
cross-sectional studies. Endpoints and outcomes-primary and
secondary endpoints, surrogate markers. Sample size calculation-
statistical consideration and power analysis.
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Clinical trial reporting and post-trial considerations:
Consolidated Standards of Reporting Trials guidelines, and ethics in
reporting results. Post-trial considerations, long-term follow-up,
and post-marketing surveillance.

Suggested Books

Text books:

1. L. Friedman, C. Furberg, D. DeMets, D. Reboussin and C.
Granger, Fundamentals of Clinical Trials, 5th edition, Springer,
2015.ISBN:9783319307732.

2.]. Cook, An Introduction to Clinical Trials, 1st edition, Oxford
University Press, 2023. ISBN: 9780198885238.

3. D. Machin, S. Day, and S. Green, Textbook of Clinical Trials, 2nd
edition, Wiley, 2010. ISBN: 9788126524945.

Reference Book:

4. D. Machin, P. Fayers and BC Tai, Randomized Clinical Trials:
Design, Practice and Reporting, 1st edition, Wiley-Blackwell,
2021.ISBN: 9781119524649.
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Course Code

BSE 647

Title of the Course

Medical Device Design and Dissection

Course Category

Core

Credit Structure

L-T-P-Credits 0-1-4-3

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Pre-requisite, if any

Nil

Course Objective

e Overview of basic engineering design concepts and principles in

developing medical diagnostic devices.

® Providing relevant fundamental design philosophies for the

students to apply for the design of diagnostic devices.

® Giving an understanding of the mechanical/electromechanical

functioning of medical devices through hands-on dissection.

Course outcomes

1. Creating the skill of identifying medical device opportunities through
observations, interviews, and research.

2. Exposure to clinical need identification, stakeholder interviews,
ideation, and prototyping

3. Practical experience in design and techniques used in medical
devices.

Course Syllabus

Introduction: Clinical Foundations of Medical Device Innovation,
Common diagnostic devices and principle.

Need statement: Need findings and Need statement development,
Framework for conceptualization, Disease state fundamentals,
Stakeholder analysis, Need statement filtering. Concept generation
and screening.

Identification of Design parameters and design controls: Design
History File, Design Proposal, Declaration of Design and
Performance, Inputs, Outputs, Specifications, Verification, Validation,
Transfer Concept finalization, and prototyping.

List of representative experiments or mini-projects:

Structural and functional studies of various medical devices,
including
Stethoscope
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ECG Machine

Pulse oximetry
Hemodialysis machine
Nebulizer

Syringe pump

Patient monitoring systems
Ventilators

X-ray imaging system
Ultrasound scanners

Suggested Books

Reference Books:

1. P. G. Yock, S. Zenios, and ]. Makower, Biodesign the Process of
Innovating Medical Technologies, 2nd edition, Cambridge
University press, 2016. ISBN: 9780521517423.

2. M. Kutz, Biomedical Engineering & Design Handbook, Volumes
I and II, 2nd edition, McGraw-Hill Education, 2009. ISBN:
9780071498401.

3. K. Otto and K. Wood, Product Design: Techniques in Reverse
Engineering and New Product Development, 1st edition, Pearson,
2001.1SBN:978-01302127109.
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Course Code BSE 662

Title of the Course | Plant and Animal Biotechnology

Credit Structure 2-1-0-3

Name of the Department of Biosciences and Biomedical Engineering
Concerned

Department

Pre—requisite, if Nil

any

Course Objective | The objectives of this course are to introduce students to the principles, practices and
application of animal biotechnology, plant tissue culture, plant and animal genomics,
genetic transformation and molecular breeding of plants and animals.

Course Outcome | Students should be able to gain fundamental knowledge in animal and plant
biotechnology and their applications.
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Course Syllabus

Plant Tissue Culture And Animal Cell Culture: Plant tissue culture: totipotency;

organogenesis; Somatic embryogenesis; establishment of cultures, media preparation;

sterilization techniques; applications of tissue culture - micropropagation; somaclonal

variation; androgenesis and its applications in plant breeding; germplasm conservation

and cryopreservation; synthetic seed production; protoplast culture and somatic

hybridization - protoplast isolation; somatic hybridization; cybrids and somatic cell

genetics; plant cell cultures for secondary metabolite production.

Animal Cell Culture: brief history of animal cell culture; cell culture media and

reagents; culture of mammalian cells, tissues and organs; primary culture, secondary

culture, continuous cell lines, suspension cultures; application of animal cell culture for

virus isolation and in vitro testing of drugs, testing of toxicity of environmental

pollutants in cell culture, application of cell culture technology in production of human

and animal viral vaccines and pharmaceutical proteins.

Plant Genetic Manipulation: Genetic engineering: Agrobacterium-plant interaction;

virulence; Ti and Ri plasmids; opines and their significance; T- DNA transfer; disarmed

Ti plasmid; Genetic transformation - Agrobacterium-mediated gene delivery;

cointegrate and binary vectors and their utility; direct gene transfer methods; markers

for screening and selection; characterization of transgenics; chloroplast transformation;

marker-free methodologies; advanced methodologies - cisgenesis, intragenesis and

genome editing; molecular pharming - concept of plants as bio factories.

Animal Reproductive Biotechnology And Vaccinology: Animal reproductive

biotechnology: structure of sperms and ovum; cryopreservation of sperms and ova;

artificial insemination; super ovulation, embryo recovery and in vitro fertilization;

culture of embryos; cryopreservation of embryos; embryo transfer technology;

transgenic manipulation of animal embryos; applications of transgenic animal

technology; animal cloning; Vaccinology: history of development of vaccines,

conventional methods of animal vaccine production, recombinant approaches to

vaccine production, modern vaccines.

Plant and animal Genomics: Overview of genomics — definition, complexity and

classification; need for genomics level analysis; methods of analyzing genome at various

levels — DNA, RNA, protein, metabolites and phenotype; genome projects and

bioinformatics resources for genome research — databases; overview of forward and

reverse genetics for assigning function for genes.

Molecular Mapping And Marker Assisted Selection: Molecular markers A
hybridization and PCR based markers RFLP, RAPD, STS, SSR, AFLP, SNP markers;
DNA fingerprinting; introduction to mapping of genes/QTLs; strategies for Introducing
genes of biotic and abiotic

stress resistance in plants: genetic basis for disease resistance in animals; molecular

diagnostics of pathogens in plants and animals; detection of meat adulteration using
DNA based methods.
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Suggested Books

Text Books:

1. Razdan, M. K. Introduction to Plant Tissue Culture. Third edition,
Oxford and IBH Publishing Co Pvt. Ltd. (2019). (ISBN: 978-
8120417939)

2. Slater, A, Scott, N. W, and Fowler, M. R. Plant Biotechnology: An
Introduction to Genetic Engineering. Oxford: Oxford University Press.
(2008). (ISBN: 9780199282616)

3. Glick, B.R, and Pasternak, ].]. Molecular Biotechnology: Principles and
Applications of Recombinant DNA. Washington, D.C.: ASM Press.
(2010). (ISBN: 978- 1555814984)

4. Portner, R. Animal Cell Biotechnology: Methods and Protocols. Totowa,

NJ: Humana Press. (2007). (ISBN: 978-1- 59745-399-8)
Reference Books:

5. Buchanan, B. B., Gruissem, W., and Jones, R. L. Biochemistry and
Molecular Biology of Plants. Chichester, West Sussex: John Wiley and
Sons. (2015). (ISBN: 978-0-470- 71421-8)

6. Brown, T. A. Gene Cloning and DNA Analysis: An Introduction. Oxford:
Blackwell Pub. (2006). (ISBN: 978- 1119072560)

7. Primrose, S. B., and Twyman, R. M. Principles of Gene Manipulation and
Genomics. Malden, MA: Blackwell Pub. (2006). (ISBN: 1-4051-3544-1)

8. Slater, A., Scott, N. W., and Fowler, M. R. Plant Biotechnology: The Genetic
Manipulation of Plants. Oxford: Oxford University Press. (2008). (ISBN:
9780199282616)

9. Levine, M. M. New Generation Vaccines. New York: M. DekKker.

(2004). (ISBN: 0824740718)

10. Chawla, H. S. Introduction to Plant Biotechnology. Third Edition,
Publisher: Oxford and IBH Publishing Co Pvt. Ltd. (2000). (ISBN:
9788120417328)

160 Go to Index




Course code BSE 632/ BSE 432
Title of the course Measurement and Testing of Medical Devices
Course Category Core

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the
Concerned
Department

Biosciences and Biomedical Engineering

Prerequisite, if any

None

Course Objectives

@ Covers principles and concepts of biomedical measurements and
origins of biopotential
@ This will provide various facets of medical device development

Course Outcomes

1. The students will be able to describe the medical device
measurements and facets of medical device development.
2. It helps to apply principles and concepts of electronics, and signal
processing in medical measurements.

Course Content

Biomarkers: Cell resting potential and action potentials, origin of
bioelectric potentials, pressure, motion, and force measurement.
Measurement of flow, biomarkers used in diagnostic medical devices.
Instrumentation types: Fundamental & importance of instrumentation,
types of instruments, selection of instruments, performance of
instruments, error in measurement, calibration & standard, calibration of
instruments. Methods & analysis, introduction to transducer & types,
process instrumentation, recording instruments, indicating & recording
instruments.

Medical measurements: Types of medical measurements,
characteristics, considerations in the design of medical devices, precision,
accuracy, noise characterization and filtering, Electrocardiogram,
Electroencephalogram, Electromyogram.

Medical devices case studies: Principles of diagnostic and therapeutic
equipment: blood pressure monitors, pulse oximeters, pH meters,
pacemakers, defibrillators, nerve and muscle stimulators, dialysis
machines, nebulizers, inhalators, aspirators, humidifiers, ventilators and
spirometry. Infrared and near-infrared application, ultra-violet lamp and
laser application, endoscopy, laparoscopy.

Suggested Books
(Text Books,
Reference Books)

Text Books:

1.]. G. Webster. Medical Instrumentation: Application and Design, 4th
edition. John Wiley & Sons, 2015. ISBN: 9788126553792.

2. R. A. Normann, Principles of Bioinstrumentation, 1st edition, John
Wiley & Sons,1988. ISBN: 9780471605140.

Reference Book:

3. P. David and N. Michael, Design and development of Medical
Electronic instrumentation, 1st edition, Wiley, 2004. ISBN
9780471676232.
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Course code BSE 656
Title of the course Advance Clinical Immersion Training
Course Category Core

Credit Structure

L-T-P-Credits 0-0-2-1

Name of the Concerned
Department

Biosciences and Biomedical Engineering

Prerequisite, if any

None

Course Objectives

® Providing exposure to clinically used medical devices and
understanding the clinically faced issues with the devices.

Course Outcomes

Students will have practical experience in device operation and real
clinical needs.

Course Content

Visit hospitals for exposure to advanced devices while they are in use
in the clinical settings, and understanding the design requirements.
Identification of challenges, gaps and new requirements for devices in
focused areas, such as Radiology and Neurorehabilitation.
Interactions with clinical doctors, staff, and technicians.

Collation of actual clinically relevant problems, their documentation,
report preparation, and exploration of these as projectideas to address
those problems.

Suggested Books (Text
Books, Reference
Books)

Reference Book:

1. R. S. Khandpur, Handbook of biomedical instrumentation, 3rd
edition, Tata McGraw-Hill Publishing Company Limited, 2014, ISBN:
9789339205430.

2. K. Willson, K. Ison, and S. Tabakov, Medical Equipment
Management, 1st edition, CRC Press, 2013, ISBN: 9781420099591.
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Course Code

BSE 658

Title of the Course

Bioprocess Engineering and Technology Laboratory

Credit Structure

L-T-P-Credits 0-0-4-2

Name of the Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objectives of this laboratory course are to provide hands-on training
to students in upstream and downstream unit operations.

Course Outcome

Students should be able to:

e Investigate, design and conduct experiments, analyze and interpret
data, and apply the laboratory skills to solve complex bioprocess
engineering problems;

e Apply skills and knowledge gained will be useful in solving
problems typical of bio industries and research.

Course Syllabus

List of representative experiments:

e Basic Microbiology techniques; Scale up from frozen vial to agar
plate to shake flask culture; Instrumentation: Microplate reader,
spectrophotometer, microscopy.

e [solation of microorganisms from soil samples; Experimental
set-up; Assembly of bioreactor and sterilization; Growth
kinetics; Substrate and product inhibitions; Measurement of
residual substrates; Data Analysis; Introduction to Metabolic
Flux Analysis (MFA).

e Fermentation Batch Fed-batch; Continuous Unit
operations.

e Microfiltrations: Separation of cells from broth.

Bioseparations: Various chromatographic techniques and
extractions; Bioanalytics.

e Analytical techniques like HPLC, FPLC, GC, GC-MS etc. for
measurement of amounts of products/substrates.

Suggested Books

Reference Books:

1. Shuler, M. L., and Kargi, F. Bioprocess Engineering: Basic Concepts.
Upper Saddle River, NJ: Prentice Hall. 2002. (ISBN: 0131228579)

2. Stanbury, P. F., and Whitaker, A. Principles of Fermentation
Technology. Oxford: Pergamon Press. 2016. (ISBN: 0080999530)

3. Blanch, H. W,, and Clark, D. S. Biochemical Engineering. M. Dekker.
1997. (ISBN 9780824700997)

4. Bailey, J. E., and Ollis, D. F. Biochemical Engineering Fundamentals.
New York: McGraw-Hill. 1986. (ISBN: 9780070701236)
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Course Code

BSE 666

Title of the Course

Plant and Animal Biotechnology Laboratory

Credit Structure

L-T-P- Credits 0-0-4-2

Name of the Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre—requisite, if any

None

Course Objective

The objectives of this course are to provide hands-on training in basic
experiments of
plant and animal biotechnology.

Course Outcome

On completion of course, students should be able to gain basic skills in plant
and
animal biotechnology.

Course Syllabus

List of representative experiments:

Plant Cell Culture:

e Prepare culture media for plant tissue culture and prepare explants of
Valleriana wallichii for inoculation. Attempt in vitro andro and
gynogenesis in plants (Datura stramonium).

e Isolate plant protoplast by enzymatic and mechanical methods and attempt
fusion by PEG.

e Culture Agrobacterium tumefaciens and attempt transformation of
any dicot species.

e Generate RAPD and ISSR profiles of Eremurus persicus and
Valleriana wallichii.

¢ Prepare karyotypes and study the morphology of somatic
chromosomes of Allium cepa, A. sativum, A. tuberosum and
compare them on the basis of karyotypes.

¢ Undertake plant genomic DNA isolation by CTAB method
and its quantitation

o Perform PCR amplification and study genetic fingerprinting profiles of
plants and calculate polymorphic information content.

Animal Cell Culture:

e Count cells of an animal tissue and check their viability. Prepare culture
media with various supplements for plant and animal tissue culture.

e Prepare single cell suspension from spleen and thymus. Monitor and
measure doubling time of animal cells.

e Chromosome preparations from cultured animal cells. Isolate DNA from

animal tissue by SDS method. Attempt animal cell fusion using PEG.
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Suggested Books

Reference Books:
1.

2.

3.

. Buchanan, B. B., Gruissem, W., and Jones, R. L. Biochemistry and Molecular

. Applications of Recombinant DNA. Washington, D.C.: ASM Press. (2010).

. Portner, R. Animal Cell Biotechnology: Methods and Protocols. Totowa, NJ:

Chawla, H. S. Introduction to Plant Biotechnology. Third Edition, Publisher:
Oxford and IBH Publishing Co Pvt. Ltd. (2000). (ISBN: 9788120417328)
Razdan, M. K. Introduction to Plant Tissue Culture. Third edition, Oxford
and IBH Publishing Co Pvt. Ltd. (2019). (ISBN: 978-8120417939)
Slater, A., Scott, N. W., and Fowler, M. R. Plant Biotechnology: An
Introduction to Genetic Engineering. Oxford: Oxford University Press,|
(2008). (ISBN: 9780199282616)

Biology of Plants. Chichester, West Sussex: John Wiley and Sons. (2015).
(ISBN: 978-0-470- 71421-8)

(ISBN: 978- 1555814984)

Brown, T. A. Gene Cloning and DNA Analysis: An Introduction. Oxford:
Blackwell Pub. (2006). (ISBN: 978- 1119072560)

Primrose, S. B., and Twyman, R. M. Principles of Gene Manipulation and
Genomics. Malden, MA: Blackwell Pub. (2006). (ISBN: 1-4051-3544-1)
Slater, A., Scott, N. W., and Fowler, M. R. Plant Biotechnology: The Genetic
Manipulation of Plants, Oxford University Press. (2008). (ISBN:
9780199282616)

Humana Press. (2007). (ISBN: 978-1- 59745-399-8)
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Course Code BSE 672
Title of the Course Research Methodology and Ethics
Credit Structure L-T-P-Credit

0-1-0- (P/NP)

Name of the Concerned
Department

Department of Biosciences and Biomedical Engineering

Pre—requisite, if any

None

Course Objective

The objectives of this course are to give background on the history of science,
emphasizing methodologies used to do research, use the framework of these
methodologies  for understanding effective lab  practices and

scientific
communication and appreciate scientific ethics.

Course Outcome

Students should be able to:
« Understand the history and methodologies of scientific research, applying
these to recent published papers;

« Understand and practice scientific reading, writing and presentations;
« Appreciate scientific ethics through case studies.

Course Syllabus

History of science and science methodologies

Empirical science; scientific method; manipulative experiments and controls;
deductive and inductive reasoning; descriptive science; reductionist vs
holistic biology.

Preparation for research
Choosing a research question; maintaining a lab notebook.

Ethical issues
Scientific misconduct; publishing scientific papers - peer review process and
problems, plagiarism; software for plagiarism. Ethical use of Al in research.

Suggested Books

Reference Books:
1. Elizabeth A. Buchanan (2003). Readings in Virtual Research Ethics: Issues and
Controversies. Information Science Publishing. ISBN: 9781591401520
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Course Code

BSE 791

Title of the Course

M.Sc. Project (Stage I)

Credit Structure L-T-P-Credits 0-0-6-3 Credit
g:{;ﬁ_g&?ﬁ Concerned Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objectives of this course are to prepare the students to adapt to the
research environment and understand how projects are executed in a
research laboratory. It will also enable students to learn practical aspects

of research and train students in the art
of analysis and thesis writing.

Course Outcome

Students should be able to learn how to select and defend a topic of their
research, how to effectively plan, execute, evaluate and discuss their
experiments. Students should be able to demonstrate considerable
improvement in the following areas:
In-depth knowledge of the chosen area of research.
Capability to critically and systematically integrate knowledge to
identify issues that must be addressed within framework of specific
thesis.
e Competence in research design and planning.
Capability to create, analyse and critically evaluate different technical
solutions.
Ability to conduct research independently.
Ability to perform analytical techniques/experimental methods.
Project management skills.
Report writing skills.
Problem solving skills.
Communication and interpersonal sKills.
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Course Code

BSE 792

Title of the Course M.Sc. Project (Stage II)

Credit Structure L-T-P-Credits 0-0-30-15

Name of the Concerned L : . : :
Department Department of Biosciences and Biomedical Engineering

Pre-requisite, if any

None

Course Objective

The objectives of this course are to prepare the students to
adapt to the research environment and understand how
projects are executed in a research laboratory. It will also
enable students to learn practical aspects of research and train

students in the art
of analysis and thesis writing.

Course Outcome

Students should be able to learn how to select and defend a
topic of their research, how to effectively plan, execute,
evaluate and discuss their experiments. Students should be
able to demonstrate considerable improvement in the
following areas:

e In-depth knowledge of the chosen area of research.

e (Capability to critically and systematically integrate
knowledge to identify issues that must be addressed
within framework of specific thesis.

e Competence in research design and planning,

e (Capability to create, analyse and critically evaluate different
technical solutions.

e Ability to conduct research independently.

Ability to perform analytical techniques/experimental

methods.

Project management skills.

Report writing skills.

Problem solving skills.

Communication and interpersonal skills.

168 Go to Index




