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Organisms are constantly exposed to a diverse array of stressors, such as temperature variations, fluctuations in oxygen
concentration, changes in nutritional status, oxidative stress, and DNA damage. In response to these stresses, biological
systems activate defense mechanisms across molecular, cellular, and tissue hierarchies to maintain homeostasis and
facilitate adaptation.

The objective of this course is to provide a systematic understanding of stress responses from the perspectives of temporal
dynamics and hierarchical organization. We will cover a broad spectrum of phenomena, ranging from immediate to medium-
term responses—such as translational control, protein quality control, oxidative and hypoxic responses, DNA damage
responses, metabolic responses, and mitochondrial responses—to long-term, established response states, including cell
death, cellular senescence, chronic inflammation, and epigenetic changes.

Furthermore, we aim to cultivate a perspective that views diseases and aging not as "special exceptions," but rather as the
consequences of chronic or failed stress responses. Ultimately, this course seeks to establish a foundation for understanding
biological phenomena as dynamic and continuous processes.
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Z | Explain the molecular mechanisms by which cells sense and respond to various stress inputs, including temperature
fluctuations, oxidative stress, hypoxia, nutritional status, and DNA damage.
5. Categorize major molecular stress response mechanisms—such as translational, heat shock, oxidative, hypoxic, DNA
damage, and metabolic stress responses—within a temporal framework of immediate and medium-term dynamics.
Understand and explain the integration of responses at the organelle and cellular levels, including the proteasomal response,
autophagy, mitochondrial response, and cell death.
Explain the continuity between short-, medium-, and long-term responses, framing long-term states—such as cellular
senescence, chronic inflammation, and epigenetic responses—as the consequences of stress responses.
Conceptualize neurodegenerative diseases, aging, and inflammatory disorders not merely as discrete clinical entities, but as
the logical consequences of the breakdown or chronification of stress response mechanisms.
Formulate hypotheses regarding which response pathways are activated under specific stress conditions and identify the
threshold where adaptation transitions into functional failure.
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% | Introduction: Time Scales and | Defining  stress  and homeostasis. Introducing  the  framework  of
Hierarchy molecular/cellular/tissue levels and immediate/mid-term/long-term time scales.
2 H [ENRE~FREASE : HFLRIL | /o EAaEICXT 2 EEERAE & L TORRING & kR b L RIEEEHERIC
DR MLRGE] BRIML | &S, BRFEEEERENEDOL S ITEE L, BICEBIRODBERZT KT 2 H % fE
ZIGE EMER b L RIGE BN
& | Translational & ER Stress Immediate defense via translation inhibition and the Unfolded Protein Response
(UPR). Coordination between translation and transcription.
3 H [BNR~REAGE t D F LN | BEZEMICL 2 Xy XVBBEDAREMZEDL S ICEAML, Y ryRAY Ry T —
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% | Heat Shock & Chaperones How cells sense protein instability due to temperature and respond via chaperone
networks. Protein aggregation as a sign of failure.
4 H [ENEs~AHEAE t D FL~UL | EMEERTE (ROS) ICLZBMILR ML AEZED LS ICRAL., BILETIESEL T
DAL ZABE] BULRbL | 20%1%k5, NRF2 BEEZ OIS, BIER MLRISEPMBDOZ L RAGEERET 58
2NE TEBIBY D,
= | Oxidative Stress Response Sensing ROS and maintaining redox homeostasis. Focus on the NRF2 pathway and
its intersection with other stress responses.
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Z | Hypoxic Stress Response Hypoxic Stress Response
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= | DNA Damage Response | Sensing genome damage and the divergence into repair, cell cycle arrest, or cell fate
(DDR) decisions. Differences in dividing vs. non-dividing cells.
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% | Proteasome & Autophagy Integrating the Ubiquitin-Proteasome System and autophagy. Distinguishing between
immediate degradation and mid-term reconstruction.

8 H [ENEs~FHARE - D FL AN | RERECTRAAF—ZEBEHAT 5 AMPK - mTOR BRE& % 0, BT X b L RIGE
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b L RISE
% | Nutritional & Metabolic Stress | Sensing energy status via AMPK and mTOR pathways; how these integrate with
translation control and autophagy.
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Z | Mitochondrial Stress Mitochondria as hubs for metabolism and oxidative stress. Relationship between
quality control and neuronal vulnerability.
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Z | Mechanical Stress Response How physical forces (tension/compression) are converted into cellular functions via
the cytoskeleton and mechanotransduction.
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ZE | Cell Death & Response Limits | Exploring cell fate when survival responses reach their limit (Apoptosis). How
excessive or insufficient cell death leads to pathology.

12 H {Eﬁﬂﬂf\x REEE LTEET | AL RISEDIBIEE L TERET 2MEEEIR S, RAERNASRFIEE SASP %8

EmisE] Mgzt C7ABR~NDOFEZBR L, ZACERELOBERZEET S,
% | Cellular Senescence Irreversible growth arrest and the Senescence-Associated Secretory Phenotype
(SASP) as a fixed state resulting from stress.
13 | B | RERE RKBELTEET D | RE - KENENEMEN LI2REZRIBOLE L L TRR 5, BEHISEIREN LI T
EWISE] 1BHEAE BEEDFLANILTERT S,
Z | Chronic Inflammation Viewing chronic immune/inflammatory responses as long-term states. The process
by which defense mechanisms turn into pathology.

14 H | REESE REELTEETS | —BUERMRPIECY 2T v 7 EE LTRESK, BEFRERENRAICE
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= | Epigenetic Memory How transient stress is recorded through epigenetic changes, leading to long-term
fixation of gene expression states.

15 | B | #iE HEESEDRIET 2, RA ML ZNEIZOWT, AN - BAIERE - SR - B -

BHEDOBERERENICERT S
Z | Summary & Conclusion Integrating inputs, sensors, pathways, time scales, and failure points across all

discussed stress responses.
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A thorough understanding of the basic principles of molecular biology is desirable.

H | #REICHL, YINXOBEARICETZFEL 1 B, B88% 2 BH., 6b€T 3 KHOFEET T, THEARIC
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ZE | For each class session, students are expected to spend one hour on preparation and two hours on review (totaling three
hours) related to the syllabus content, in addition to the independent study time required to prepare for the final examination.
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Essential fif24EYF [REE 5 IR
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= | Reference Books

Essential Cell Biology, 5th Edition

Molecular Biology of the Cell, 7th Edition

= BERPONT R e 70% (5% x 14)
Hﬂ;kj_—x l\ ............... 30%
BEF100 AimA T, 60 MU EEEKET D
% | - In-class Quizzes: 70% (5% each across 14 sessions)

- Final Examination: 30%

Passing Criteria: A total score of 60 or more out of 100 points is required to pass the course.
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= | Aninternet-connected smartphone or laptop must be brought to every session to access and view course materials.
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