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11. Differences in high school biology textbooks 1964 & 2019

When I saw recent high school biology, chemistry, and physics textbooks, I found a significant
change in biology from our age, with almost no change in physics. This triggered me to compare old
and new biology textbooks. Here, I compare those in 1964 and 2019 skipping years in between, to see

differences by 55 years focusing on cells and molecules™!.
*1  Biology textbooks to be compared are those published by Tokyo Shoseki, Co. Ltd., Japan in 1964 (356 pages/A5) and
2019 (480 pages/B5). The old textbook by Tokyo Shoseki was readily found. This is the reason for publisher selection.

Both textbooks in 1964 and 2019 began with descriptions of cells. However, there is a big difference
in the number of pages, which were 10 pages in 1964 and 80 pages in 2019. Since the size of the
textbook was larger in 2019, the net increase must be more. There were 13-page descriptions on
genetics in 1964 and 56 pages in 2019. Again, there was a significant increase in the 2019 textbook. In
addition, its content was significantly changed, in which molecular mechanisms of genetics were
discussed in detail in the 2019 textbook. This may be because molecular mechanisms of the flow from
genes to proteins (central dogma) and their regulation mechanisms were extensively studied in years
including 1964, and these didn’t appear in high school textbooks yet in 1964.

Intracellular structure: In a textbook in 1964, only three organelles, mitochondria, Golgi apparatus, and
centrosome were shown without descriptions of their functions except mitochondria. I am sure that
students were discontented with these unsatisfactory descriptions. On the other hand, a section on

“Constituents and function of protoplasm” existed showing its physicochemical characteristics*2.
*2 Protoplasm was used when the detailed intracellular structure was not known, and is used only in limited fields. Mitochondria
were called chondriosomes in some textbooks. Chondriosome is rarely used today. The wording has also changed since 1964.

In the 2019 textbook, however, mitochondria, Golgi apparatus, centrosome, cytoskeletons
(microtubules, intermediate filament, and actin filament), smooth and rough ER, ribosome, lysosome,
droplet, nuclear envelope, lipid bilayer with its constituents, phospholipids, and embedded proteins to
it, and endo- and exocytosis were described together with their structures, functions, and relations
between them in detail. Cell-cell adhesion by adhesion proteins was also described. These changes were
not merely the increase in organelles to be explained. More importantly, organelles and their functions
were presented together with molecular mechanisms.

Genes and inheritance: In the 1964 textbook, Mendel’s laws were explained with chromosomes,
mutation, linkage, crossing over, recombination, mapping, and genotype and phenotype. However, no
molecular mechanisms of gene expression were described as shown above.

In the 2019 textbook, however, the molecular structure of DNA, central dogma, transcription,
translation and tRNA, reverse transcription, splicing, and codon table were described in detail. In
addition, the molecular mechanism of mutation, DNA polymorphism, DNA repair, transcription
factors, promotors, and regulating mechanism of gene expression including histone were described.
Biotechnology including deciphering nucleotide sequences of DNA and genetic engineering were also
explained. Almost no Mendel’s law of inheritance was shown in the 2019 textbook because it had been
moved to a course in junior high school. The essential difference between the 1964 and 2019 textbooks

is that detailed molecular mechanisms in transcription and translation were presented in 2019.
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Proteins: The 1964 textbook briefly described the relationship between amino acids and proteins in
one sentence. Amino acids were explained as degraded components of proteins for absorption. There
was no clear viewpoint that proteins are the entity and the basis for cellular functions.

In the 2019 textbook, however, the molecular structure of amino acids, primary, secondary, tertiary,

and quaternary structure of proteins, and characteristics of proteins as enzymes (active site, substrate
specificity, regulation of their activity, and reaction kinetics) were described in detail. In addition, the
import and export of molecules through lipid bilayers were described in detail together with proteins
involved in the signal transduction and immunology. Thus, proteins were explained from a viewpoint
as a basis for cellular functions.
Molecular mechanisms: The 1964 textbook described the importance of enzymes in a living system
showing rough pathways of photosynthesis, glycolysis with energy transfer by ATP, and the immune
system. Cellular functions were not described by molecular mechanisms, and detailed enzymatic
activities were undescribed.

In contrast, in the 2019 textbook, molecular mechanisms for regulation of gene expression,
activation energy in enzymatic reaction, active site, substrate specificity, competitive/ noncompetitive/
uncompetitive inhibition, and allosteric enzymes were described in detail in addition to the topics
shown in 1964. Transmembrane proteins including ion channels, pumps, transporters, and G-protein
coupled receptors with their roles in signal transduction from extracellular to intracellular space were
shown. Mechanisms of energy metabolism, glycolysis, TCA cycle, and electron transport chain were
explained in detail. Fermentation and photosynthetic molecular mechanisms were also shown in detail.
In addition, cell differentiation and immunology were shown. In neuron-related topics, molecular
mechanisms of sensory neurons, electrical signal transmission in neurons, and synaptic transmission
were shown in detail. Muscle contraction was shown in detail with actin and myosin, and cytoskeletal
transport by motor proteins was shown too. Thus, in the 2019 textbook, cells were explained from the

viewpoint that proteins govern cellular functions.

55 years before, present, and beyond: At the beginning of this blog, I wrote students in 1964 were
dissatisfied and discontented with biological words without explanation. 55 years later, these unknowns
had been unraveled and appeared in the 2019 textbook. As a result, “cell biology” has been transformed
into “molecular cell biology”. I express deep respect for the many efforts during these periods.

The elucidation of DNA, mRNA, and protein structures contributed mainly to the advancement of
describing cellular functions by molecular mechanisms. This led to the creation of biotechnology and
gave us techniques for manipulating genes and proteins. New technology enables us to observe unseen
phenomena. The new observation triggers us to create novel hypotheses, which we confirm by the
novel technology.

We are hypothesis-making creatures. Advances in biological technology create a novel hypothesis-
verification cycle, leading to unpredicted therapeutic methods and novel drugs with clear bases. I hope
that MD/cell simulations will be part of this cycle accelerating the new advances in biology and therapy.
How will they be reviewed 55 years later?



