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Next he moves onto DNA. When we look at a DNA sirong, there are periods that code
for genes interspliced with large sections (95% or so is non-coding) that function as
an "instruction manual."

The genes themselves are not always coded for in just one snippet. Often multiple
areas on the DNA will code for parts of the same gene. So you can have a section
that codes for the first third of a protein followed by a long stretch that has nothing
to do with that protein.

This is then followed by a section coding for the next third. And so on. Each of these
sections is called an exon. The in-between stuff is called introns. People deduced and
then discovered something called splicing enzymes.
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The instruction booklet part of DNA is all about
when and under what circumstances to activate
and start and stop creating proteins.

(For example, human growth hormone is released
throughout life but has peak periods.) For better or
worse this means that DNA doesn't "know" what
it's doing. Instead it's a read-out that's under the
control of lots of other factors. Among these are
the regulatory sequences upstream from the gene.

These might be called promoter or repressive
sequences that promote or repress the expression
of DNA snippets downstream. They are like
swiltches. And they are turned on when the right
event (internal or external) happens. These events
are triggered by transcription factors. These might
turn on single genes or whole networks in the
DNA.

On the flipside, any given gene can have a whole
bunch of different promoters that it's waiting to
hear from before it does its thing.
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FOR EXAMPLE MAYBE THE CELL IS GETTING
LOW ON ENERGY. THIS COULD RELEASE A
TRANSCRIPTION FACTOR THAT WOULD
RESULT IN THE CELL BEING ACTIVATED TO
TAKE UP MORE ENERGY.

Or it could be something from
outside the cell,

SUCH As A HORMONE FLOATING AROUND IN

THE BLOODSTREAM. A HORMONE IS A BLOOD e e
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DNA is covered, stabilized and protected by chromatin. And so there
is a whole world of messengers that inform the chromatin of where
and when to open up and allow the transcription factors through.
Changes can also happen that will permanently impact the
chromatin.

For example, mothering styles in rats have been shown to
permanently cming to
monkeys has shown a change in one area impacting 4,000 other

areas!
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TOO MUCH WATER

As promoters change,
transcription factors change.
Hypothalamus detects , .
t0o little water in blood Splictng enzywmes can change
thetr behavior and create ewtireLg
N l Pituitary gland releases ’ ’,
ADH new protetns. Changes tn
transcription factors can activate
entirely different gene sequences.
Kidneys maintain blood Little cha nges can have bl:@
WA water level ,
N O—MMMM— results, especially whew those
changes cascade.
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‘ Blood water level returns
fo normal

\ ||| sotess wateris lostin urine
( .| (urine more concentrated)
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Changing transcription factors
changes gene networks, He
notes that o disproportionate
share of the deFerev\ces it the
genetic code between chimps
and humains Lie in the genes
that code for transcription
faetorsp This leads to the
sugqgestion that the most
interesting evolutionar
changes are going to be those
found in changes in the
requlatory structure of the
genes, not in changes to the
DNA ikself.
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A PLANT GENETICIST NAMED MARGARET MCCLINTOCK. HE GOES THROUGH A
HISTORY OF ONE OF HER EXPEEiMENTS IN WHICH SHE ARGUED FOR

TRANSPOSABLE GENES IN PLANTS,

I.E. GENES THAT ARE ACTUALLY MOVING AROUND ON THE DNA LINE,
CREATING NEW PROTEINS, NETWORKS, RESULTS. THIS AMAZING FEATURE IS
ALSO SEEN IN THE HUMAN IMMUNE SYSTEM WHICH ADAPTS ITSELF
CONSTANTLY IN ORDER TO COMBAT PATHOGENIC INVADERS (AND SOMETIMES,
UNFORTUNATELY, TO COMBAT THINGS LIKE THE INSULIN PRODUCTION CELLS
IN THE ISLETS OF LANGERHORN - GIVING THE PERSON TYPE | DIABETES).

A PLANT CAN'T RUN AWAY FROM TROUBLE, SO IT HAD TO EVOLVE ANOTHER
WAY TO HANDLE THE WORLD'S DIFFICULTIES. SO THEY HAVE FANCY STRESS
RESPONSE TRICKS, SUCH AS CHANGING GENES AROUND TO HANDLE NEW

ENVIRONMENTS AND CHALLENGES.
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The adaptive immune system takes
out pathogens in a sort of lock
and key function, but if the
pathogen changes the locks faster
than the immune system can chisel
out the keys, you're in for real
trouble.

l pilin antigenic variation

semivariable

PilE promoter

sRNA promoter
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In essence the pathogen has numerous shells (for this
parasite the estimate is in the thousands) and
shuffles through them as it replicates itself. It
puts the immune system at a distinct disadvantage.
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@ Glucocorticoids are stress hormones that suppress the immune
system (there’s alot more to it, but in brief, they suppress it by

r{’\(\ O\t ;H,\e A N @ reducing the inflammatory response). A slight clip and a little

shuffling and you can create the new if-then clause if there’s

$'7o altevn \vrecovers progesterone around suppress immunity. What's this about?

Pregnancy. This if-then statement prevents the immune system

\M‘ %O"(\/\f/“*‘{"\/\@é aoverbhoo™  from attacking the fetus.
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variants. This is the world of multiple copies

of the same gene. This can allow for experimentation with one back-up

copy. At the same time, there can be problems linked to it, such as is

seen with schizophrenia.

The multiple copies of genes may account for "irreducible complexity,"
1.e. how can an eye pop up out of nowhere? If the organism has

B3R5 1S
W h L
Sﬁ?f‘r\ }VU\%\

multiple copies of sensory genes and is able to experiment with one OV S
without sacrificing the other, it could develop a feature incrementally,
slowly growing an eye while using sound and tactile information for NV

guidance until such time as the eye starts working. (This can account for
evolution's production of vision while leaving a very big door open in

regard to what's out there

XAt
that we haven't evolved to see. ‘\06\‘\\ 6€ o

"T'hus 15 the whole world of intuition and spiritual belief. This 1s the

whole world of wackos that claim thev can sense things others can't. Or

is it?)
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Get yourself a body that isn't used to a western diet and you are a candidate for
type II diabetes as your body grows beyond what it's supposed to. The fat cells

get full and start ignoring insulin. Insulin gets angry and calls on the pancreas
to make more insuli e the fab cells to do their job. The faf cells
relent a little but demand ever greater amount of insulin to listen and prett,

soon you've got a blood sugar problem and are well on your way to burning out

your pancreas.
JURL Paibibas.
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MRSA, VRE, smallpox,
our friend mwganmom& all

with a capacity to evolve
faster than our drugs, So
there’s a continual battle
between the cells of our
body and the pathogens
that want to crash the

party.

Jr&«ez

The Dutch Hunger winter is a great example of this. Due to Nazi
shuffling of food, the Dutch experienced a winter of starvation.
The women who were carrying babies gave birth to "thrifty"
babies whose metabolisms had learned to hold tightly onto
‘whatever nutrients floated by.

—

)ﬁo”(\ Thus they are more at risk for all the metabolic problems in

" adulthood - hypertension, diabetes, excessive weight gain, etc. And
so are their offspring since they gestated within a mother's body
that was very thrifty and thus shared less nutrients.
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Dizygotic twinning Monozygotic twinning
> o
(!. @ Morula splitting
\&
Fertilization ' R0
0>
Morulae II

Split at

sl Implanted
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Twin blastocysts
implanting ’
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Monochorionic Y\

Dichorionic N
v monoamniotic

diamniotic

diamniotic

Identical twins (also called monozygotic twins) result from the
fertilization of a single egg by a single sperm, with the fertilized egg
then splitting into two. Identical twins share the same genomes and

are always of the same sex. In contrast, fraternal (dizygotic) twins
result from the fertilization of two separate eggs with two different
sperm during the same pregnancy. They share half of their genomes,
Jjust like any other siblings. Fraternal twins may not be of the same
sex or have similar appearances.
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He mentions a johns Hopkins
study that examined differences
in math ability between boys
and girls. The data set

thaw girls at math, wifliva 131
ratio un the wpper levels. However,
T wore equial societies, such as
our frﬂewalhd Scandanavians,
the difference is not only
diminished, but slightly
reversed with girls scoring
higher. The lower a society's
score whew Lt comes to gender
equality, the greater the
difference between the sexes on
tests of mathematical aptitude
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Identical (monozygotic) twins

J

One egg released o

from ovary and fertilised
by one sperm
1 l L

+
¢
Early embryo Early embryo - : Early embryo

20\
2\
splits before implanting [ OR J implants in womb OR ] implants in womb
inwomb o and then splits N and then splits later

Separate placentas
and separate inner sacs

Shared placenta
and separate inner sacs

Shared placenta
and shared inner sac
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As he notes the differences in environment for 13 year old boys and girls, it's easy to see that his viewpoint is
that this field is, at the very least, difficult to prove scientifically and, more realistically, ludicrous.
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A big study on schizophrenia based on Danish
citizens shows genetic influence in the
development of schizophrenia. Using adoption
studies and statistical measures, they found a
1% chance of being schizophrenic among the
population on the whole, but with no biological
basis while being raised in a schizophrenic
household the number goes up to 3%. When
raised in a household that did not have a
schizophrenic parent but in which the
biological parernt(s) do, the number jumps to
9%.

And for the truly bizarre situation in which the
kid had a genetic legacy of schizophrenia and
managed to get adopted into a household with
a schizophrenic adoptive parent, the rate goes
all the way to 17%. He notes that this
synergistic effect will come up again.

Sapolsky also states that this study was the
first time a genetic basis was shown for a
psychological disorder. As such it's a landmark
event because a genetic psychological problem

-itsamedical problem, not just a mere

adjustment to society issue, —————
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To correct for this, adoption studies are
used. Here siblings with similar genes that
are raised in different environments are
compared. The thinking is relatively
straightforward -

if these siblings are more like each other
than they are like the siblings in their
adoptive homes, genes are playing a role.
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To get around this (perhaps speciously) the argument is made that they can measure the
frequency with which the trait is shared with the mother or father.

If there's a 17% correlation with the mom but only 10% with the father, then the 7% difference is
attributed to the prenatal effects.
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The new gold standard study wodel is the identical twins separated at birth wmodel. From this group, the
research suggests about 907 heritability of 1Q, about $07% heritability of where you are on the
introversion-extroversion scale, and about 507 heritability for degree of aggression.
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o Holland 1944 and the Putch Hunger Winter. The Nazis divert all

\ @\? \“f\6 ) the food in Holland to Germany. The Dutch diet thus goes from
QQAY& n5% (__ ORD norwmal to starvation level. 3rd trimester fetuses develop super
& \I\\&, D \56 thrifty metabolisms due to nutrient deficiency and thus become

P‘ much wore likely (19 fold increase in risk) to develop wmetabolic
diseases such as diabetes, obesity, high blood pressure, ete.

o because their bodies keep a greater than normal percentage of
nutrients - sugar, sodium, fat - all stored. They in turn have
offspring who are at a greater risk because the mothers

thrifty metabolisms don't share as freely with their offspring.



- Interestingly, the poor Russians at Stalingrad did not ‘g)] 9}0& écmm\ r
o0
demonstrate a similar pattern because their starvation X *\(\@ ’ﬂ: ;\US ¥ S’W
went on much longer and showed a pattern of slow but O e Q\(\O@m
Py
steady decrease followed by a slow rise. 3 |a¢€,¥'714“) v
U\}\K\QY\ gnt A
- Incidentally, Antony Beevor's Stalingrad is an excellent & )r\(\g/\f
XN '/ ) RN
book. o \/\K
o o 10 g5
ey, e perd 1
o< TY aﬁop
ne
ATP synthase particles S ®‘Q }(‘(\Q/ @/

inter membrane space

" cristae
Ribosome

Granules

Inner membrane
Outer membrane

\
DNA

MH’OOMQW\CXN\:? e ?@\ueﬁf\(\buéﬁ CﬂD e C@“ howe
Fhe owmﬁ =3 Odmm wdh othew \}\N\k T the
cell 3{9\?* Somewhad  ~candords Auw‘v\@ acurn@‘}é

&\Q\(‘W\oé@r\ . M“&-oc\r\ohév\c( OV\\7' COMML, fravn +he.
NJ&/\GVDS S;d@,c LC_MAQQ eNs have it gk .S_Joe_qu\g &@r\‘a—)
ao al\bea mes whieh cone Ram— i focndiq you garfiwn W‘VY\D
o s &t Go /S0 s?\‘\{- . Qéigeweuhme wac,af feom o

e,
* Indirect genetic traits. Judith Rich Harris and The Nurture
Human . . . .
Sex Cell = Assumption. Here the question is to what extent the environment

— ~ ‘ acts on genetic traits in order to reify them. To wit, where you are

- on the extroversion/introversion scale is as much a result of how
Diploid(2n) — Haploiq the world interacts with you as it is your genes.
9amete (n)
s '

Nisiot + Thinking in terms of a good looking baby and an ugly baby - both
osis 1

Meiosi .
dosis I have extrovert genes but only one of them gets a lot of smiles back

in response to extroverted behavior. Other genetic factors will
mediate the impact of the gene in question as well the world at

large.
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 Studies have suggested 70% heritability of political ,/H/\@Y\ ({’\Q 4va‘n$; 4:/0\(\5

preferences in the US. However, this is actually 1/\( b

N C’V—
mediated by personal characteristics, especially 1 T\JVD A’Qf\ e K 0 O
comfort with ambiguity. Conservatives tend to not like gC,OL\fe ® g mo«(\ak
ambiguity, preferring black and white analyses of &@,\’ CLDFVV\@'Y\}V % % e
situations. /j?d
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* This is one area where Professor Sapolsky may be presenting a biased view. While your

author agrees with him in many ways,
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- Mothering styles of rats impact the robustness of the rat as an adult. Better mothering leads to

—

a healthier rat that's likely to be a good mother when grown. This is accomplished through

epigenetic changes in transcription factors.
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* He opens on an interesting note - in Russia they have what are called Metro Dogs that are essentially feral dogs that

roam the city (allegedly riding the subway) and that are moving away from the domesticated dog that we are used to.As

the generations pass, the dogs look and behave less like puppyish dogs and more like wolves.They are becoming less

.

cute and cuddly.
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¢ In addition to difficulties pinpointing the genes that cause defects and illness
(as he puts it, you think you know how the universe works in regard to this

disease), there are also huge ethical issues -

advising people against having kids, notifying people that a fetus may have a
terrible disease, telling someone they may have a terrible disease are all
dubious actions. He points out there's a big gap here between possibly having a
disease and having it for sure. Is it really ok to guess here! Especially when the

DNA suggests a possibility,not a certainty?
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He runs through a series of these examples that
pinpoint a particular gene, receptor or hormone that
differ and have been found to impact behavior. It's
been my experience that these types of examples
sound a whole lot more convincing coming from
Professor Sapolsky than your average college student,
which may point to an underlying flaw. We've all
encountered a psych or med student who explains the
manner in which dopamine "causes" this or that, an
explanation that usually falls flat due to its overly
simplistic nature. Here Sapolsky is venturing into the

same area. , albeit with multiple cautions
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He states it's not about the trait itself but rather the amount of variability around the trait. This

sounds complicated until you pause and realize it's really the same thing.

If you have a heritable trait for brown hair, it can't bloody well be heritable if your kids have black and
red hair (too much variability). It can only be heritable if they have brown hair and the shades of
brown very close to the original. Once environment is able to push the range too wide, the trait is no

longer strictly heritable but rather reflects the interaction of genes and environment.
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The counter to this is that environment doesn't usually vary that ,\\\6 con c\d§1 oY)

drastically (think niche) and it's more realistic to control for it. J’GM i
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Which relates to a genetic disorder in which the body cannot break
down phenylaline. It builds up to toxic levels and there you are. On the face of it this would be a
100% heritable disease since the initial comparison question "Would you rather know where this

person lives or if they have a genetic mutation?" points to the gene side.

But these days foods are labeled when they have phenylaline, and thus knowing where

someone is living can be as powerful of an indicator as genes. Again heritability is only
heritability within an environment. Remove phenylaline and the person doesn't have the problem.
Remove racism, social distinctions, abuse, nutrient deficiency and you may also not have the

problem.

He next puts up a chart that

/ K/—\ we'll see often - it's the bad
gene + bad experiences graph.

8 —_—m— -
/ Have a bad gene and your
odds go up a bit, but have

/ y 0 both the bad gene and the bad

‘ “experiences and the rate goes
9] J through the roof.

/
é/ ) _— © "—/Q Stress hormones, including

glucocorticoids, play a big role

in this process as they are

activated and interact with the
| | ] J | / genes in question, thus
providing a'synergistic effect.
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Math, "at which men are better than women", when I’V\ 4%6 US 4}\6

actually studied in the context of gender equality within

the society, does not demonstrate an inequality on the %&\9 02-’(’ (qu, Y 0]')
average.
Instead, the greater the level of gender inequality, the end hos vovvvawed

reater the difference in math skills on the whole. The .
J < dvom 287 4o 3]
worst profile went to Turkey, Tunisia and South Korea. The

US was in the middle. Our utopian Scandanavians were the ?h /457'— Z@ s .
best. In Iceland, the girls bested the boys. )0
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Girls' and boys' performance in PISA

Figure117.3 Gender gap in reading and mathematics performance
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Quick recap - inherited has to do with items Imsse.d dowi that are consistent, while

heritability is about the independence of genes relative to environment.

Professor Sapolsiy selects a terrible example with the whole five fingers thing since the
polydactyls in the crowd are well aware that it's actually a heritable trait given that
having five or six fingers will be based on genetics whether you're in Brooklyn or
Yemen - know that fami.!.j's history and you've got more predictive power than knowing
geography. Herikabilihj is really about the environment's influence, not the gene's
nfluence (technically the definition runs the other way, but the manner in which

heritability is established is all about where the genes are expressed.

1f they are what they are no matter where, then it's heritable. If variation pops up based
on environment, then it's not heritable.) In the end the Poi.v\l: he is hammering howe is
that very Little of what comes to define us will turin out to be truly heritable - most
everjﬁhi\ag will be about the gene-environment interaction and this opens up a
Pandoras box when it comes to human behavioral biology and what it means to have
this or that behavior, disease, or even achievement, a EOP‘LC he will sum up grand

fashion in the closing lecture.
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extracellular fluid
MHC Class | MHC Class Il

antigen antigen
binding cleft binding cleft

phospholipid bilayer
(plasma membrane)

macrophages,dendritic
cytoplasm body cells cells, and B cells

The major histocompatibility complex is a large Locus on vertebrate
DNA containing a set of closely linked polywmorphic genes that code
for cell surface proteins essential for the adaptive bmmune system.
These cell surface proteins are called MHC molecules. The major
histocompatibility complex is a large locus on vertebrate DNA
containing a set of closely Linked polymorphic genes that code for
cell surface proteins essential for the adaptive immune system.

These cell surface proteins are called MHC molecules.
https://youtu.be/REIMFNUBNBA




kne WO)@‘“ S?SW*W‘Q— 5 sla\f?)oei ondo al) of
e oraonisms cell e fo ‘1é€hH(F7 drem as 'us”

WC@L(é —u\ﬁ& &0’\/&‘1( W "‘H’\:s e, (H\@m .l,

One. of
the ~o\es of Hhe Ihmus (o o sereen fimeuht
cels fo jwsure fhey can tell the cl’\ﬂ\emev\ce_
vohen +ke7 ot You 6@4‘ rasty vesnlts hen,
e trmmuyne .S?osFew\ AtFacks HéellDa The
MHC o aleo w\i\jo«r issue when oryom
WCIW\M ¢ oaccovdin \7 lhe tmmune _4245171‘;101
6(’}5 aeo:r‘cd wp {0 attack 1 E .

This 15 w%7
o\N Tmmur\ogq)}f)'r\eésahf
Avu@&u X e aleo Uﬁ\f atem el S ek
(5 (QL«elT il to sy C/O\—}WLG"&7 Ho e yemare
&ammacd cclls & or 0~‘Y\53 M odd {dion 13

V\O\N:LV\G +he r\rﬁ%‘r\t DNF—}} °wtof> a\éd)vt/éq‘

velipients owds y

a Wty Aeick. had con be F\0\76C( by tnvedevs
owdn as *H\]’ panOsema bvycel  indves chaw (hé
e proling cood Lnod L d‘téf[ﬁxyé‘ Q\A%ovah

SN lmone. Sopgtem el P}awne, sut thene’s
TN IBEE ) by e Hme andibodies are

%\F‘W\e’é ‘o q—%—ack the @Wa'm_ox\ %\r‘w\e the

SN eld s bee»h @h,omae,d & Hhe twadew b,
Lo «r‘@{”f"&“""?‘&se\“

]




African Trypanosomiasis
6ODPDx o

brucei,

Tsetse Fly Stages Mammalian Stages

o @ Tsetse fly takes

0 Epimastigotes multiply ablood meal
in salivary gland. They (injects metacyclic trypomastigotes)
transform into metacyclic

trypomastigotes.

Q Procyclic trypomastigotes
leave the midgut and transform
into epimastigotes.

e Tsetse fly takes.
ablood meal
(bloodstream
trypomastigotes
areingested)

@ Boodstream trypomast\gates\

transform into procyclic
trypomastigotes in the vector
midgut. Procyclic tryposmatigotes
multiply by binary fission.

@ Infective stage

{f Diagnostic stage

phase.

Bven worse is schistosomliasis -
what these buggers do is cloak
themselves in Your MHC, grabbing
the protein sheath from your cells
and hiding out as if they were

your own cells.
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© Trypomastigotes multiply by
binary fission in various
body fluids, eg., blood,
lymph, and spinal fluid.

o Circulating trypomastigotes
inblood during acute phase;
ﬁ usually undetectable in latent

Ty paies somde  ~umee

Cattle and possibly wild
ungulates are reservoirs
for T.b. rhodesiense.

Cd\CCL avdi 03

QDPDX Schistosoma spp.

Free-swimming

cercariae released & Cercariae
from snail into water (50

penetrate skin
o Sporocysts develop
in snail (successive
generations)

o Cercariae lose tails during
penetration and become
schistosomulae

-y \
a“ ‘ O cicuiation

Miracidia penetrate

snail tissue

© WMigration to portal blood
in liver and maturation

into adults
@ Egos shed from
infected human:

=d infeces inurine

Eggs hatch and
release miracidia

@ Paired adult worms migrate to:

\

S.japonicum [A] Mesenteric venules of bowel/rectum
< mekongl Y (laying eggs that circulate to the
@ S. haematobium liver and shed in stools)
Infective stage [A] c
) ) Venous plexus of bladder; eggs shed
Diagnostic stage C inurine

eoxen 4 thus ewvade aftack o  agpoplosie
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Research suggests a possible mutation ®?Q7a todn ¢ \M\é‘@fM%M C‘Q He)
L the genes coding for oxytocin and MmAAE YQU mere, fike \7
vasopressin in families with autism, &O Wl e f\' hale Ny JfQ LS
where there are major deficits (or o QLV\C;V\MSC 3{\/\6_ uben
differences) in soctal communication, N 9_ H\D Lo -(\Q,C_Q‘Q bor g .

Much to our delight, it turns out that wew neurons are generated, privearily in the hippocampus

(Learning) and the olfactory system (scent, during pregnancy and post natal).

Here he throws out an interesting hypothesis. During the time you're pregnant you're

restructuring your oLfactorg systewm, taste ts driven bg oLfactorg cues, and tt's no wonder that

—

stuff smells weird, foods taste weird and you get odd cravings. which makes more sense thaw the

—

notion that changes in diet and morning sickness are caused by evolutionary attemspts to protect

p—

the fetus from fetid meat - were women eating fetid meat before the pregnancy?
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The fusiform cortex (or fusiform face area) is a section of the
brain within the cortex that appears to be centrally involved
in facial recognition. Show someone a portrait, picture or

even a good cartoon of a known face and this part lights wp.

However, show an autistic person a portrait, picture or even a

good cartoon and it doesw't. This brain area may be centrally

foaiform covtex

bnvolved tn cognitive understanding of what's a relative, or
at least a known person. For autistics,

mother=armchair=stranger.
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william James have established psychology as Lok i A_},\e Q@M .

aw introspective field of study, more philosophy ceSalting, P o s
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wWe start at the turn of the century. Frewd and

Thus there was no tinterest tn what was gotng on tinstde - all
that mattered were what happened tn the environment right
before the behavior and what behavior was produced
(stimulus-response). evergthiwg else was dismissed as
speculation. The field reached its peak influence with B.F.
Skinner (whose work was really just a repackaging of

concepts introduced earlier bg Thorndike).
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( Quick wote: positive retnforcement is a reward for a behavior; negative reinforcement is a rewarol

via the removal of something bad - think pain medication; positive punishment is actual
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punishment - think pain; negative punishment is removal of something good - think of Mom

taking away your tPhone.)
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As a side note [ see a commentator on YouTube has suggested that
Sapolsky misrepresents Skinner's ideas. 'm no fan of Skinner

ano won't be coming to his defense.

That said, some elements of behavioral theory have validity and
anyone who's interested in this area may find it worth exploring.
(n my opinion what they got right were the obvious points that
anyone could see - such as you're likely to engage in rewarding
behaviors more than unrewarding ones - but they fall off the
tracks oompLeteLg at the more complex and subtle levels, those
involving weotivation, self-destructive behaviors and psychological

hang-ups - You kRnow, the raisown d'etre of the field of

psgohoLogg...)

He notes studies on enriched environments done in the 1960's that

demonstrated that -“ a vat's cortex was thickened by being placed in

an enriched environment”.

But another study showed that - “when rats from the wild were

captured and their cortical thickwness was checked, thelr cortex was

thicker thaw the rats from the enriched environment.”

(n other words, You've got to check animals out in their real

environment - no Lab setup will ever give you the same results.
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Vvervet monkeys have fixed action patterns for alarm \

calls (scary thing below, seary thing above) but they
have to learn to use them correctly. An infant may

shriek out an alarm call but no one's moving until

Ay
an adult confirms. Sometimes they have the basic Q a,\-t@.\(«n °\y\ num
idea right (Yikes, predator) but they panic and call 5 SYV: ( [e }
e
out the wrong instructions. With experience the fixed ?@Sf Ué ‘
action pattern grows into a reliable behavior. Thus % \;Y\ & bﬂ‘bj ,_g?v\l € /
they move whew the adult calls out the play. . . otlé@ K
Novsvx S

Von Frisch performed interesting studies on bees, deciphering that they do their little figure 8
dance in the hive to establish the location and quality of food.

One of his experiments included creating a food source in the middle of a lake. The bee then
heads back and tells everyone about it.

They laugh, since it's in the middle of the lake. In another one he rotated the hive so the
directions were wrong. The studies were suggested by Jack Handey.
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A human parallel was seen with premature/at risk

X { babies that were kept in special care at hospitals.
SAV\)&‘% &amhg 7L€ Reasoning that nourishment and warmth were the keys
to care, hospital staff curbed parental visits to 30
FHI\OC% F@ W\a,(e_ N 650(\}\% minutes a week and, with the introduction of incubators,
'YY\DV\[A€7 hawe 10 ¥) " began limiting all kinds of touch.

LY
Now o be —Q/R:\G C;S—( Ve Sadly this resulted in shorter lifespans and worse
'W\D&—\/\ e N> - A'?\Q b@lr\ow‘\ow outcomes wherever incubators were found. Fortunately

. . the radical idea of actually touching the babies was
O\\(\G'\n&‘ ['\f\%HY\Cf@UO\\ N reintroduced and outcomes improved.
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Apes make tools. The more experience watching and ONC. Jr\p / al (er N A P
learning by experience, the better they are. Female chimps

learn more quickly than males because the females actually E)(O&VV\ 1p{ € 0 P JQ‘! ~ 0] .

pay attention to Mom. ?W\{%\m%\\,@ o o
Fieat b\@ 4%“6 15 the %Rma to Follows . Some
5@@& @‘@ r\@@\r\’o\oai cal \Jg‘w‘mé ) am%c)a Y@U_

oS N Cﬁ@ 7 Sauce Bearnaise syndrome - get nauseous
AW . lexs and food correlated in time with the
@\(\C QQ gg | experience will trigger the same response
\f@é the next time you smell it. Prepared
&60- learning.

~Ne . A\ N .
OOV «r Kni & b 19 = o V2
\6 NN - d e A J
%\1}0{ d(}’\& 0\6 (60\ ‘r W\d\\e = NOAR
01D o IO s Jince I



nMexXt a gokd ection — cﬂo onemels hove seift
awavenets 2 Shodies Ldcusmy on whether
arimale @ZOKW\T““@ themselves ‘m the miverov
o vl - Bit oF human Aog RN ce hexe .

A50  an e><qw\ple of the it ded
bound axvies of Scence — meadunin ®h77wh.mi
e disianed WO meagure, € vy

Ny amt ot
¥ deesn \ 4
L\)’Y\Y‘ﬁa'\?h+ e H\(i CAFOLO%? 10 YNCaAsSUve, a S

oke” R
Clsten to N
lact Porvd

FINES "a Me 6?754@”‘0“6@9‘1 FUVWCJ‘?M’\
of me[mée ~ we fhink  He Hink able
%‘f\ové‘f\’té bwtr et Ahe OnFrink able oneg, «

TAIMS cets SN Stare jwho offer
v nosets yes - thes rl—he?a foriled
e fRreehesd Sfo"f feet unhl,

1t wag placed on theiv dhvook
nstead.

A—}\QUWY of mimd — ot S
Seed the wovld "H'\c_wo\7 You do



Lecture 40

[y cA
LT, Aakerny  exoses dhe o d Z

g
- % He begins by noting that his students that move on to wmedical
\o &
o school will hears tons about the spinal cord and cerebellum,
\_\ but little about the upcoming topic, the limbic system, because

therapeutic interventions are possible with the former, but
difficult with the latter. Nevertheless, the limbic system is
involved in the production of emotions and personality and is
core to who we are.

g gooct? of meeves

g™

Dale's Laws. Dale's second law begins

with a neuron with the axon and axon

U

=

terminal and states that each neuron
has one characteristic neuron and

releases only that type from its axon

\%‘
|
Q :
N |

terminals. (This is not the same as

stating it only has receptors for one

type of neurotransmitter - it would still

accept many.)




Neck Muscles
Diaphragm
Deltoid (shoulder)
Wrist

Triceps

Fingers

Research in the 1980's showed Dale#2 was incorrect.

Hand

Intercostals (Trunk)
Abdominals
Ejaculation

Researchers discovered that not only would the neuron
itself have more than one neurotransmitter, but the vesicles
themselves would have two types. A few even have three
types. Generally the types are structurally very different, Hos

Hamstrings - Knee

perhaps a single amino acid and a complicated protein o

structure. This impacts speed of action. One of the

Penile erection
Bowel and bladder

neurotransmitters will have receptors for it on the neuron

itself (bookkeeping).

Frontal Lobe language and touch .

thinking, memory,
behavior and movement

Parietal Lobe g QJ{LV\
\

Occipital Lobe . @ef( 6\(\
AN

vision

Temporal Lobe
hearing, learning
and feelings

Cerebellum
balance and coordination

Brain Stem
breathing, heart rate
and temperature

(\(\(\C'Y'*Q)/\(‘7

Hippocampus
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Amygdala
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Santiago Ramén y Cajal (1852-1934): %0’ [‘
the grandfather of modern neuroscience \S N QY
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So Santiago Ramon y Cajal,
why is he this god figure
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He then sidesteps into his favorite topic - glucocorticoids. Why Zebras Don't Get Ulcers is mainly about
these guys. In short they are stress hormones (hydrocortisone is the human equivalent - it's a steroid that is
used for its anti-inflammatory and immuno-suppressant effects. These steroids are different than anabolic
steroids that weightlifters use for increased strength). He cites the example of the stimulation of ACTLH by

L Is that ghtlift ( 1 strength). He cites Ul ple of the st lat FACTH b

the pituitary stimulating release of epinephrine and epinephrine (adrenaline and noradrenaline).

These are activaling hormones that tell your body to get ready for action, whether it be running, fighting,
killing a squirrel or fretting about the mortgage. In the short term they redirect energy to your muscles,
enhance your focus (mostly) and put you in a stimulated state. In the long term they burn you out and leave
you vulnerable to cell damage and death (heart disease, stroke, Alzheimer's). It's a ficht or flight stimulus

) 8 | ’ ) g

mechanism that ignites under stress and, as such, is great for handling real stress but can be disastrous if

turned on too often.



Terminal
buttons

Nucleus

Cytoplasm

Myelin sheath
Nodes of ranvier

(fransmitting)

Fig.3.1 : The Structure of Neuron
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Corticotropin inhibiting
factors contribute by
inhibiting the release of
ACTL by the pituitary,
instead releasing, possibly,
Delta 6 sleep inducing
hormone (this is not known
for sure). Ie points out that
this makes sense because
sleep time is a good time to
turn off the stress response

and do some repairs.

Dale's Law#1 states that once the action potential

How does optogenetics work?

2. Positively charged lons enter the
neuron through channelrhodopsin
resulting In firing of the neuron

+

2. Negatively charged lons enter

stopping the neuron from firing

—_— ¢
*
O .
*
*
& 3. Neurotransmitter notfire
Is released
Channelrhodopsin Halorhodopsin
AXXNNXXXXXNXAXKN OCOUCOUOUOOON IX))’YX:\WM?‘:/‘()‘() OO0OCOOORN
KXKAKXKKXXKKKKKX KKKXXXKKKXXKK| KXKXXXKXXAXKKXX XXKKXKXXXKXKXKK
‘/ Inside of cell
NaT 4 iy .
+ ° o @ @

5

the neuron through halthodopsin it's off to the races.)

is reached and the neuron is turned on, it will

— .. Lightactivates light i
| protein called an ‘opsin’to turn . " . o
@ a neuron‘on‘or off LM result in the release of the neurotransmitter from

1. Blue light activates 1. Yellow light activates all the axon terminals. (Action potentials work as
“on” opsin called “off” opsin called
channelrhodopsin halorhodopsin

all or none deals, so once the threshold is reached,

anewondoss| 1IN the 1970's (probably) Jerry Letvin published a
paper that provided examples of some exceptions
to Dale's first law, with some of the action

Inside of cell potentials being blocked at the axon terminal site.

The pituitary excretes seven major hormones that can be organized under the acronym FLATPeG. Why this

is the best word is not at all clear. The hormones are follicle-stimulating hormone (I'SII), luteinizing

hormone (LI, ICSH), adrenocorticotropic hormone (ACTLI), thyroid stimulating hormone (TSI), prolactin

(PRL), beta-endorphin and growth hormone (GH, STH).
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There are specialized cells within the pituitary that release

their specific type of hormone.

Within the hypothalamus, depending on the neighborhood

that a cell lives in, the effects of the hormones will vary. £
Fig.3.2 : Transmission of Nerve Impulse through

There is a lot of communication between the cells and the Synapse
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