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Oles Honchar National University, Ukraine 

Department of Biophysics and Biochemistry 

Neurochemistry  

(2 ECTS, 60 hours), DocHub Program (PhD) 

2  Semester Syllabus 

Part 1: Course Information 

Instructor Information 

Instructor: Prof. Galyna Ushakova 

Office: 401 room, 17 building, 24 Kazakova Str.  

Office Hours:  8.00-15.00, Mon-Fri 

Office Telephone:  + 38 0676323613 

E-mail:  ushakova_g@ukr.net 

Course Description 

The course covers the biochemistry of the nervous system, molecular mechanisms of synaptic plasticity 

and neurodegeneration. Neural cell adhesion molecules and cytoskeleton proteins of neuron and astrocyte 

are described as regulators of synaptic plasticity from a chemical-pharmacological point of view.  The 

aspects of neurochemistry as a basis for neuro-pharmacology are discussed. The specialized courses 

developed are closely connected with scientific research at the Department of Biophysics and 

Biochemistry of Oles Honchar Dnipro National University and designed to cover most specializations 

within neurochemistry, including the molecular mechanisms of neurodegenerative disease. The courses 

are useful for advanced studies in chemistry or biology or for work in the pharmaceutical industry. The 

courses developed  to provide students with a sound multidisciplinary background in neurochemistry, 

molecular neurobiology, peptide and protein chemistry, immunochemical and biochemical techniques to 

create a good platform for further studies and professional career, both in Ukraine and internationally. 

Course purpose 

After completing the course the student is expected to be able to: 

Knowledge and understanding 

Following this course, the student should: 

• have knowledge about diversity of neurons and glial cells in CNS and PNS. 

• outline neurochemical processes for synaptic plasticity, including regulation by adhesion and 

cytoskeleton proteins 

• understand the main biochemical mechanism of gut-brain axis 

• outline several hypotheses on causes for neurodegeneration  

• compare  general principles for the various neurochemical techniques for target pharmacotherapy  
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Skills and abilities 

- demonstrate understanding of important neurochemical processes for synaptic plasticity 

- compare analytical techniques used in neurochemistry 

- analyze the biochemical results to underlying neurochemical mechanisms for drug delivery to the brain 

 

Course objectives 

After study of the assigned learning materials, the student will:  

1. Describe the basic classes of cells found in the central nervous system (CNS).  

2. Understand the difference between CNS, peripheral nervous system (PNS) and enteral nervous system 

(ENS).  

3. Describe the main structure and basic functions of the differ types of neural and glial cells. 

4. Characterize the biochemical mechanism for inter- and intracellular interaction in CNS. 

5. Understand the biochemical mechanism for synaptic plasticity, factors that can affect it. 

6. Describe the main adhesion molecules and cytoskeleton compounds in CNS as targets for 

pharmacology. 

7. Characterize the gut-brain axis. 

8. Describe biochemical basis for neurodegenerative diseases. 

 

Course content 

1. Topic 1. Structure, function and bio energy of nervous cells (0.25 ECTS) 

2. Topic 2. Biochemical machinery of blood brain barrier (0.25 ECTS)  

3. Topic 3 Cell adhesion molecules in synaptic plasticity (0.25 ECTS) 

4. Topic 4 Proteins of neuron and astrocyte cytoskeleton (0.25 ECTS) 

5. Topic 5 Basis of neurodegeneration, biochemistry of Alzheimer's disease (0.5 ECTS) 

6. Topic 6 Neurochemical bases of  gut-brain axis, neuropharmacology aspects (0.5 ECTS) 

  

Part 2: Student Learning Outcomes  

Student Learning Outcomes: Grading due to: 

Explain the biochemical mechanism of synaptic plasticity due to 

adhesive and cytoskeletal proteins 

Discussion 

To lead biochemical characteristic of adherent and cytoskeletal 

proteins specific for CNS 

Test answers 

To master modern technologies of research of adhesive and 

cytoskeletal proteins in the CNS 

Practical exam after labs 

Speak and argue ideas and answers to problematic issues Completed the reading 

assigned in the syllabus for 

Problem set  

Conduct experimental studies of the influence of various xenobiotics 

on the distribution of neurospecific proteins in the brain and blood of 

laboratory animals (independently choose the type and dose of 

xenobiotics, to substantiate this) 

Presentation of own research 

data and discussion.  

 

To lead the key biochemical violations that lead to the development 

of neurodegeneration 

Discussion 
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To characterize the biochemical mechanism of the gut brain axis and 

targets for pharmacotherapy 

Justification of the results 

obtained in the presentation 

Part 3: Topic Outline/Schedule  

Week Topic Readings Activities Due Date 

1 Structure, function and bio 

energy of nervous cells 

(0.25 ECTS) 

(1) read Ref. 1 

chapter 1, 9, 10, 31 

 (2) review lecture 1-2 

PowerPoint slides  

(3) review Problem 

set #1 

Ref. 1-9 

1) Class meetings 

( lectures with 

discussion) 

2) Tutorial  (lab): 

dissection of  rat 

(mouse) brain,   

analyses of neuron 

and astrocyte-

stained  paraffin 

section of rat brain 

3) Practical exam 

 

2 hours 

 

 

 

 

4 h 

 

 

 

 

1 h 

2 Biochemical machinery of 

blood brain barrier 

(1) read Ref. 1 

chapter 32 

(2) review lecture 3-4 

PowerPoint slides  

(3) review Problem 

set #2 

Ref. 8-10 

1) Class meetings 

(  lectures with 

discussion) 

2) Tutorial  (lab): 

Technique for brain 

perfusion  

 

3) Practical exam 

 

2 hours 

 

 

4 h 

 

 

 

1 h 

3 Cell adhesion molecules in 

synaptic plasticity  

(1) read  Ref. 1 

chapter 7 

(2) review lecture 5-6 

PowerPoint slides  

(3) review Problem 

set #3 

Ref. 11, 12 

1) Class meetings 

(  lectures with 

discussion) 

2) Tutorial  (lab): 

Analysis of  NCAM 

(neural cell 

adhesion molecules) 

in the brain extracts 

and blood plasma ) 

with ELISA 

3) Practical exam 

 

2 hours 

 

 

4 h 

 

 

 

 

 

 

1 h  

4 Proteins of neuron and 

astrocyte cytoskeleton 

(1) read Ref. 1  

chapter  8 

(2) review lecture 7-8 

PowerPoint slides  

(3) review Problem 

set #4 

1) Class meetings 

(  lectures with 

discussion) 

2) Tutorial  (lab): 

Analysis of  glial 

fibrillary acid 

2 hours 

 

 

4 h 
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Week Topic Readings Activities Due Date 

Ref. 13-16 protein in the brain 

extracts  with 

immunoblotting 

3) Practical exam 

 

 

 

 

1 h  

5-6 Basis of 

neurodegeneration, 

biochemistry of 

Alzheimer's disease 

(1) read Ref. 1 

 chapter 36-39 

(2) review lecture 9-10 

PowerPoint slides  

(3) review Problem 

set #5 

Ref. 17-20 

1) Class meetings 

( lectures with 

discussion) 

2) Experimental 

research in lab  

(Self working) 

2 h 

 

 

 

14 h 

 

7-8 Neurochemical bases of  

gut-brain axis, 

neuropharmacology 

aspects 

(1) read Ref. 1  

chapter  33, 53 

(2) review lecture 11-

12 PowerPoint slides  

(3) review Problem 

set #6 

Ref. 21-25 

1) Class meetings 

( lectures with 

discussion) 

2) Experimental 

research in lab  

(Self working) 

4) Presentation of 

research data and 

discussion 

2 h 

 

 

 

12 h 

 

2 h 

 

Types of activities 

 

Class meetings – 6 lectures with discussion (12 hours) 

Experimental research in the SR laboratory for Biochemistry of Institute of Biology Oles Honchar Dnipro 

National University (26 hours) 

Tutorial (lab) – 4 (16 hours) 

Complete the reading assigned in the syllabus for Problem set – 6 

Practical exam – 4 x 10 tests   

Presentation of own research data and discussion 

 

Part 4: Grading Policy  

The grades are Pass or Fail. 

N Activities Number Points 

1 Complete the reading assigned in the syllabus for Problem set 6 30 

2 Practical exam 4 x 10 tests   40 

3 Presentation of own research data and discussion 1 30 

 Total Points Possible   100 
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Letter Grade Percentage Performance 

A 93-100% Excellent Work 

A- 90-92% Nearly Excellent Work 

B+ 87-89% Very Good Work 

B 83-86% Good Work 

B- 80-82% Mostly Good Work 

C+ 77-79% Above Average Work 

C 73-76% Average Work 

C- 70-72% Mostly Average Work 

D+ 67-69% Below Average Work 

D 60-66% Poor Work 

F 0-59% Failing Work 

 

Types of activity control 

1. To complete the reading assigned in the syllabus for Problem set: while collaboration is allowed, 

students are required to write up own solutions independently, as well as document the names of 

collaborators. In the answers, please try to address all major points. 

2. Practical exam include 10 test with 4 varieties for answers – one of them is correct 

3. Presentation of own research data and discussion. The PhD student must be able to deliver a well 

organized, well delivered scientific talk using following principles: 

- Create each slide as a single message unit 

- Explicitly state that single message on the slide 

- Avoid bullet points-opt for word tables 

- Use simple diagrams 

- Signal steps in biological processes 

- Annotate key chemical and biological structures, data in tables and graphs 

- Use builds 

The presentation should have four (or five) parts for 15-20 minutes (1-2 slides per min): 

(1) Introduction (2) Method (3) Results (4) Conclusion/Summary, Future Research. 

The Introduction should indicate your motivation to solve the problem, and you must also 

motivate the audience to be interested in your problem; the introduction necessarily indicates the 

purpose, object and subject of research. 

The Method includes your approach, the design of experiments.  

The Results section is a brief summary of your main results, including only the most salient 

details. Less salient details will emerge in discussion.  
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The Conclusion/Summary section should be brief, to connect your results with the overview 

statements in the Introduction. Don't have too many points - three or four is usually the maximum.  

Good speakers may also add fifth item: Future Research to set the problem within a very wide 

context. 

Plagiarism and cheating 

Presentation of research data and their discussion have to be checked due to program for plagiarism (not 

less 80% is acceptable)  

 

5. Course references 

Course literature will provided within a compendium. Relevant references including review articles will 

be provided. 

1. Basic Neurochemistry, 6th edition Molecular, Cellular and Medical Aspects 

Editors: George J Siegel, MD, Editor-in-Chief, Bernard W Agranoff, MD, R Wayne Albers, 

PhD, Stephen K Fisher, PhD, and Michael D Uhler, PhD. 

Philadelphia: Lippincott-Raven; 1999.     ISBN-10: 0-397-51820-X       

https://www.ncbi.nlm.nih.gov/books/NBK20385/ 

 
o Chapter 1. Neurocellular Anatomy  (Cedric S Raine). 

o Chapter 7. Cell Adhesion Molecules   (David R Colman and Marie T Filbin). 

o Chapter 8. Cytoskeleton of Neurons and Glia  (Laura L Kirkpatrick and Scott T Brady). 

• Chapter 9. Intracellular Trafficking   (Thomas C Südhof. Part Two. Intercellular Signaling) 

o Chapter 10. Synaptic Transmission and Cellular Signaling (Ronald W Holz and Stephen K Fisher). 

o Chapter 31. Circulation and Energy Metabolism of the Brain (Donald D Clarke and Louis Sokoloff). 

o Chapter 32. Blood—Brain—Cerebrospinal Fluid Barriers (John Laterra, Richard Keep, Lorris A Betz, 

and Gary W Goldstein). 

o Chapter 33. Nutrition and Brain Function (Gary E Gibson and John P Blass). 

o Chapter 36. Neuropathy  (David E Pleasure). 

o Chapter 37. Epileptic Seizures and Epilepsy  (Brian Meldrum and Astrid Chapman). 

o Chapter 38. Metabolic Encephalopathies   (Roger F Butterworth). 

o Chapter 39. Diseases Involving Myelin (Richard H Quarles, Pierre Morell, and Henry F McFarland). 

• Part Six. Inherited and Neurodegenerative Diseases 

o Chapter 46. Biochemistry of Alzheimer's and Prion Diseases (Dennis J Selkoe and Peter J Lansbury Jr). 

o Chapter 53. Neurochemical Bases of Drug Abuse  (George R Uhl). 

http://www.lww.com/
https://www.ncbi.nlm.nih.gov/books/NBK20385/
http://www.lww.com/
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2. Lim DA, Alvarez-Buylla A. Adult neural stem cells stake their ground. Trends Neurosci. 2014 

Oct;37(10):563-71. doi: 10.1016/j.tins.2014.08.006. Epub 2014 Sep 12. 

3. Uhlirova H, Kılıç K, Tian P et al. The roadmap for estimation of cell-type-specific neuronal 

activity from non-invasive measurements. Philos Trans R Soc Lond B Biol Sci. 2016 Oct 

5;371(1705). pii: 20150356. doi: 10.1098/rstb.2015.0356. 

4. Bernstein JG, Garrity PA, Boyden ES. Optogenetics and thermogenetics: technologies for 

controlling the activity of targeted cells within intact neural circuits. Curr Opin Neurobiol. 2012 

Feb;22(1):61-71. doi: 10.1016/j.conb.2011.10.023. Epub 2011 Nov 24. 

5. Bernstein JG, Boyden ES. Optogenetic tools for analyzing the neural circuits of behavior. Trends 

Cogn Sci. 2011 Dec;15(12):592-600. doi: 10.1016/j.tics.2011.10.003. Epub 2011 Nov 4. 

6. Boué-Grabot E, Pankratov Y Modulation of Central Synapses by Astrocyte-Released ATP and 

Postsynaptic P2X Receptors. Neural Plast. 2017;2017:9454275. doi: 10.1155/2017/9454275.  

7. Khakh BS, Sofroniew MV. Diversity of astrocyte functions and phenotypes in neural circuits. Nat 

Neurosci. 2015 Jul;18(7):942-52. doi: 10.1038/nn.4043. 

8. Rittschof CC, Schirmeier S. Insect models of central nervous system energy metabolism and its 

links to behavior. Glia. 2017 Sep 29. doi: 10.1002/glia.23235.  

9. Flippo KH, Strack S. Mitochondrial dynamics in neuronal injury, development and plasticity. J 

Cell Sci. 2017 Feb 15;130(4):671-681. doi: 10.1242/jcs.171017.  

10. Sattiraju A, Sun Y, Solingapuram Sai KK, Li KCP, Mintz A. Maximizing Local Access to 

Therapeutic Deliveries in Glioblastoma. Part IV: Image-Guided, Remote-Controlled Opening of 

the Blood–Brain Barrier for Systemic Brain Tumor Therapy.Editors In: De Vleeschouwer S, 

editor. SourceGlioblastoma [Internet]. Brisbane (AU): Codon Publications; 2017 Sep. Chapter 20. 

https://www.ncbi.nlm.nih.gov/books/NBK470006/ 

11. Ma Q, Chen S, Klebe D, Zhang JH, Tang J. Adhesion molecules in CNS disorders: biomarker and 

therapeutic targets. CNS Neurol Disord Drug Targets. 2013 May 1;12(3):392-404. 

12. Rudenko G. Dynamic Control of Synaptic Adhesion and Organizing Molecules in Synaptic 

Plasticity. Neural Plast. 2017;2017:6526151. doi: 10.1155/2017/6526151.  

13. Young EJ, Briggs SB, Miller CA. The Actin Cytoskeleton as a Therapeutic Target for the 

Prevention of Relapse to Methamphetamine Use. CNS Neurol Disord Drug Targets. 

2015;14(6):731-7. 

14. Yang Z, Wang KK. Glial fibrillary acidic protein: from intermediate filament assembly and gliosis 

to neurobiomarker. Trends Neurosci. 2015 Jun;38(6):364-74. doi: 10.1016/j.tins.2015.04.003.  

15. Lebed YV, Orlovsky MA, Nikonenko AG, Ushakova GA, Skibo GG. Early reaction of astroglial 

cells in rat hippocampus to streptozotocin-induced diabetes. Neurosci Lett. 2008 Oct 

24;444(2):181-5. doi: 10.1016/j.neulet.2008.07.094. 

16. Kovalchuk YP, Prischepa IV, Si U, Nedzvetsky VS, Kot YG, Persky EE, Ushakova GA. 

Distribution of glial fibrillary acidic protein in different parts of the rat brain under cadmium 

exposure.Ukr Biochem J. 2015 May-Jun;87(3):116-23. 

17. Heidker RM, Emerson MR, LeVine SM. Metabolic pathways as possible therapeutic targets for 

progressive multiple sclerosis. Neural Regen Res. 2017 Aug;12(8):1262-1267. doi: 10.4103/1673-

5374.213542. 

18. Kovalenko TN, Ushakova GA, Osadchenko I, Skibo GG, Pierzynowski SG. The neuroprotective 

effect of 2-oxoglutarate in the experimental ischemia of hippocampus. J Physiol Pharmacol. 2011 

Apr;62(2):239-46. 

https://www.ncbi.nlm.nih.gov/books/NBK470006/
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19. Tönnies E, Trushina E Oxidative Stress, Synaptic Dysfunction, and Alzheimer's Disease. J 

Alzheimers Dis. 2017;57(4):1105-1121. doi: 10.3233/JAD-161088. 

20. Schafflick D, Kieseier BC, Wiendl H, Meyer Zu Horste G. Novel pathomechanisms in 

inflammatory neuropathies. J Neuroinflammation. 2017 Nov 28;14(1):232. doi: 10.1186/s12974-

017-1001-8. 

21. Goncharova K, Skibo G, Kovalenko T, Osadchenko I, Ushakova G, Vovchanskii M, 

Pierzynowski SG. Diet-induced changes in brain structure and behavior in old gerbils. Nutr 

Diabetes. 2015 Jun 15;5:e163. doi: 10.1038/nutd.2015.13. 

22. Nair AT, Ramachandran V, Joghee NM, Antony S, Ramalingam G. Gut Microbiota Dysfunction 

as Reliable Non-invasive Early Diagnostic Biomarkers in the Pathophysiology of Parkinson's 

Disease: A Critical Review. J Neurogastroenterol Motil. 2018 Jan 30;24(1):30-42. doi: 

10.5056/jnm17105. 

23. Zhu X, Han Y, Du J, Liu R, Jin K, Yi W. Microbiota-gut-brain axis and the central nervous 

system. Oncotarget. 2017 May 10;8(32):53829-53838. doi: 10.18632/oncotarget.17754. 

24. Pierzynowski S, Ushakova G, Kovalenko T, et al.  Impact of colostrum and plasma 

immunoglobulin intake on hippocampus structure during early postnatal development in pigs. Int J 

Dev Neurosci. 2014 Jun;35:64-71. doi: 10.1016/j.ijdevneu.2014.03.003. 

25. Ushakova G, Fed'kiv O, Prykhod'ko O, Pierzynowski S, Kruszewska D. The effect of long-term 

lactobacilli (lactic acid bacteria) enteral treatment on the central nervous system of growing rats. J 

Nutr Biochem. 2009 Sep;20(9):677-84. doi: 10.1016/j.jnutbio.2008.06.010. 

 

 

Assignments (see pdf) 

 

 

 

 

 

 

 

 

 


