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Scale of Biological Sizes

Human height

1m
0.1m Chicken egg
1cm Human ovum / frog egg
1mm Sand grain
100 pum g Plant & animal cells
2
10 pm 8 Red blood cell
2
£ Most bacteria
1lpum =
S A
= )
100 nm § Viruses
g
10 nm E Ribosome / proteins
=
1nm g Lipids & small molecules
v
]
0.1 nm ] Atoms
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Resolving Power: the smallest distance at which two points are seen as separate

Two points resolved Barely resolved Not resolved (one blur)
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Light Microscope (LM) Transmission EM (TEM) Scanning EM (SEM)
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Compound Light Microscope

Eyepiece (ocular lens)

Arm
Revolving nosepiece

Objective lenses

/specimen slide

—— Coarse focus knob
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Total Magnification = Ocular x Objective

Ocular lens X Objective lens | __ Total magnification
10x 40x - 400x

Example: 10x ocular with 4x, 10x, 40x, 100x objectives — 40x, 100x, 400x, 1000x
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M — Scanning Electron Microsco| — Transmission Electron Microsc

Electrons scattered from the surface Electrons pass through the specimen
Produces a 3-D surface image Produces a 2-D internal image
Specimen coated with a thin metal layer Ultra-thin sections (~50-100 nm)
Magnification up to ~100,000x Magnification up to ~1,000,000x
Used for pollen grains, insects, surfaces Used for organelles, viruses, DNA
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MICROSCOPES
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Plant Cell (Eukaryotic)
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The Endomembrane System: Protein Route

. Lysosome
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Transport & Sem=—rp ©

vesicle

Nucleus Rough ER Golgi apparatus O Secretory vesicle -» plasma membrane

DNA - mRNA - ribosome on rough ER - vesicle - Golgi (modify, sort, package) - lysosome or secretion
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* Alberts, B. et al. Molecular Biology of the Cell, 7th ed. W. W. Norton, 2022.

» Cooper, G. M. The Cell: A Molecular Approach, 9th ed. Oxford University Press, 2022.

* Reece, J. B. et al. Campbell Biology, 12th ed. Pearson, 2021.

* Lodish, H. et al. Molecular Cell Biology, 9th ed. W. H. Freeman, 2021.

* National Center for Biotechnology Information (NCBI) — Bookshelf & PubMed: www.ncbi.nlm.nih.gov

* National Institutes of Health (NIH) — National Institute of General Medical Sciences: Inside the Cell.

» World Health Organization (WHO) — Malaria Microscopy Quality Assurance Manual, 2nd ed.

» Nature Reviews Molecular Cell Biology — review articles on organelle structure and function.

* Science / Nature — Cryo-electron microscopy resolution revolution reports.

* The Nobel Prize Organisation — Physics 1986 (E. Ruska); Chemistry 2014 (super-resolution); Chemistry 2017
(cryo-EM).

» Sender, R., Fuchs, S., Milo, R. “Revised estimates for the number of human and bacteria cells in the body.”
PLOS Biology, 2016.

* Royal Microscopical Society (RMS) — educational resources on microscopy techniques.
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