Nucleus: Don’t Kill the Messenger
FRAMING ANALOGY-YOU GET WHAT YOU PAY FOR
Laurent Sanders smiled and whistled a tune as his Porsche sped down the
long dirt road towards his new country estate in scenic Rabbit Ridge. He had one
hand on the wheel and one arm around his new wife Delia, a beautiful woman
more than 20 years his junior. Laurent is an extremely wealthy man who lives in
the distant city of Riverside. He and his brother Charles own a string of businesses
that are actually fronts for illegal enterprises. Laurent is driven more by the joy of
cheating the system than amassing wealth. This love of a good swindle was why he
was particularly excited to inform Delia not only that he had gotten a great deal on
the price of the house but exactly how he had masterminded the whole thing.
Laurent shot Delia a wink. “I’m telling you baby, this country estate is going to
just about knock you out. I can’t think of a better way to spend a honeymoon than
in the beautiful secluded countryside of Rabbit Ridge. The deal I got on this place
is incredible! These Rabbit Ridge bumpkins are no match for a big city wheeler and
dealer like me. The local construction company wanted to charge me 700 grand!
What a joke! What would these goofs do with that money? They’d probably just
buy some Armani overalls. I got the whole thing done for less than $50,000. Economic recessions are a wonderful thing. I found some farmers who were hard up
for cash and I hired them as my construction crew for pennies on the dollar. Since
I own a construction company back in Riverside I know all about building houses.
I have been sending these guys letters once a week detailing exactly how I want
things done and they send me
pictures of their progress every
now and then so I know things
are going according to plan. Face
it doll, you married a genius!”
Delia squirmed, underneath his arm, “If you were so
smart you wouldn’t have bought
me that big iced coffee before a
long car trip. I’m more interested
in being with a rich man than a
smart one, and I can tell you rich
men’s wives don’t use the forest
as a restroom!”
When they pulled into the
driveway of their new vacation
home it looked even better than
the pictures had shown. The foreman was waiting for them at the
front door and Laurent was overjoyed at the sight. Delia was less
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impressed and just wanted to use the bathroom, the foreman told her that it was on
the first floor and she quickly ran into the house. The foreman beamed with pride:
“Well Boss, this is my best work ever. Heck, it’s my only work ever. We got two
master bedrooms, walk in closets, a great foyer, a giant living room, fireplaces, the
best outhouses money could buy, and a spectacular well!” The color drained from
Laurent’s face as a furious scream erupted from the house and Delia burst through
the front door in a fury, “I ran all over the house and there are no bathrooms anywhere in it!”
The foreman scratched his head and shrugged his shoulders, “What I meant
to say was that you needed to go out the back door on the first floor and the outhouse is right there. I even built a trellis over it myself in honor of your nuptials.
The roses growing through it are not only visually appealing but they are great at
masking the smell. Consider it my personal gift to you.”
Delia screamed and pulled her hair. “An outhouse! An outhouse! Laurent
Sanders, I promise this is going to be a honeymoon you will never forget for the
rest of your life… no matter how hard you try.” She stormed into the house and
slammed the door breaking the stained glass window embedded in it.
The foreman looked at a catatonic Laurent and whispered to him, “I don’t
know what she’s so upset about. That deluxe outhouse you got is way better than
the discount one I use.” Laurent grabbed the foreman and slammed him up against
the side of the house before snarling in his face, “Why didn’t you follow my instructions and install the plumbing!”
The foreman winced and muttered, “We got all your other letters except for
that one. We didn’t know what to do so we improvised. It must have been Bob that
screwed up. He’s our idiot mailman. He’s always losing letters and sending things
to the wrong address. We followed any orders you gave us down to the last detail.”
Laurent furiously hurled the foreman to the ground, “Your last order is to tell
me where this mailman lives. When I find him I will tear him limb from limb. No
one ruins Laurent Sanders’ honeymoon and gets away with it!”
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Scientific Connection
A source of major problems in the last story is that a critical message was not delivered and essential work was never completed. Because the mailman never delivered the message instructing the crew to
install plumbing, the job was never done. If he had delivered the letter
with the instructions then everything would have gone smoothly. The
technical fault in this case lies with the mailman.
Messengers are also an important part of biology and have a similar role in the completion of tasks. The above story is conceptually related to the physiology of steroid hormones and how they interact with
the nucleus in order to direct which jobs need to be done. The steroid
hormone plays the role of the “letter” while the steroid receptor is the
“mailman” and the nucleus is the “construction crew”.
Steroid hormones interact with steroid hormone receptors in the
cytoplasm. The hormone-receptor complex then travels to the nucleus
where it activates key segments of DNA (genes) that represent the blue
prints on how to build proteins designed to complete very specific tasks.
Proteins are the workers of the biological world, but unlike the real
world where workers are hired, in the realm of molecular biology they
are made from instructions in DNA. The nucleus represents a library of
information on how to make proteins to complete almost any job that
you could imagine and even a few you probably couldn’t.
Messengers like steroid hormones direct the hiring of proteins by
telling the nucleus which jobs need to be done. If a protein in a cell
senses an intracellular “fire,” it sends a steroid messenger straight to the
nucleus so that a protein “firefighter” can be made to put it out. However, if something in the sequence goes wrong and there is no steroid
hormone receptor to deliver the steroid’s message to the nucleus, then
the requisite proteins never get made and the critical work never gets
done. The following story is a real world example of what happens when
a defective steroid hormone receptor prevents the delivery of a critical
message to the nucleus and a very important job is never completed.
THE STORY-COMPLETE ANDROGEN INSENSITIVITY SYNDROME
Victoria Matthews is a beautiful 25-year-old woman. She has a slender physique and curves that most women would kill for. Her skin is as clean and clear as
a glass of skim milk. Victoria works as a fashion model. She is never short of jobs
and is actually the most popular model at her agency. Employers love that she is a
little taller than most women. The photographers always request her because she
never seems to develop any kind of body odor on long shoots. The lights used in
the photography sessions are very warm and frequently leave models and photographers soaked in sweat. By the end of the day some of those studios can smell like
a barn! Employers also request her heavily any time they have a job that requires a
model to pose in a bikini. The waxing required for the removal of hair from bikini
zones often leaves red marks that need to be airbrushed out. Victoria never seems
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to have this problem. Recently Victoria has been quite conflicted on whether or not
she should have her testicles surgically removed.
Victoria comes from a very rural and medically underserved area and hardly
ever visits a doctor. A few years ago she and her boyfriend were driving to a movie
when they were involved in a car accident. When she was examined in the emergency room two strange solid masses were felt in her abdomen. Victoria said that
she had them all her life and they had never given her trouble. She received only
minor injuries but was given a series of imaging tests (X-ray/CT scan) to determine if she had any internal bleeding. The imaging tests revealed that not only
was she missing all of her internal reproductive organs (no uterus, no ovaries) she
actually had a pair of undescended testicles in her abdomen. Examination of her
chromosomes revealed that although she had the appearance of a woman she was
in fact a genetic man. She was not really bothered by the revelation and feels like
a normal woman. Most days she doesn’t give it a second thought. The thing that
bothers her the most is that she will never be able to have a baby of her own but
one day she hopes to adopt. She was told that it is possible for the undescended testicles to be a source of cancer so they should probably be removed. Victoria is most
worried about the effect that surgical scars would have on her modeling career so
she has been weighing the decision carefully.

Scientific Connection
This is a description of Complete Androgen Insensitivity Syndrome,
a highly unusual condition that is a result of essential cells not getting a
critical message. Within the first few weeks of life a developing human
is neither male nor female. Proper cellular instructions are as vital to
this period of human development as they were in the construction of
Laurent’s summer home. In the case of the summer home, instructions
on how to install plumbing were never given so the construction crew
did what they knew how to do and installed an outhouse and a well
instead of indoor plumbing. When Victoria was a developing organism,
messages were sent based on the instructions in her DNA to give her
the external appearance of a boy. However, it is clear that a certain set
of cells in her body never received this information. In the absence of
specific instructions that direct the outward appearance to become that
of a man, the default pattern of development is to create the outward
appearance of a woman. This signal transmission error can be traced
directly to the nucleus and its lack of response to cellular messengers
known as androgens, a type of steroid hormone.
Victoria has a disease known as complete androgen insensitivity
syndrome. Normally the androgen delivers a message to the recipient
cells of the body which tells them among other things to take the shape
of a man. The defect in this case lies with the androgen receptor (mailman), the protein designed to receive the androgen (letter) and carry it
to the nucleus so that proteins can be made to carry out the orders of
the message. In Victoria’s case, her defective androgen receptors never
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interacted with the androgens produced in her body, the message never
made its way to the nucleus, and proteins that would have carried out
the critical orders to make her look like a man were never made.
Though externally Victoria appears to be a woman, internally she
has male reproductive organs. The testicles develop in the abdomen independent of any steroid hormone messages before being pulled down
into the scrotum by two little ropes known as gubernaculi. Since Victoria has the external reproductive organs of a woman and no scrotum
for the testicles to descend into they remained in her abdomen. The
lack of internal female reproductive organs (uterus, ovaries) is usually
the reason that this disorder is identified before the affected individual
is 20. A uterus is required for an individual to have a period. Usually if
an individual has not had a period by age 15 a medical investigation
is warranted. In Victoria’s case, genetic studies would show an individual with a male genotype (46 XY) and a female phenotype. A major
physiological consequence of this disorder is infertility, because while
Victoria would have a vagina both the ovaries and uterus are required
for pregnancy. Since Victoria has neither she can never have a baby. The
psychological effects of the disorder are often severe but in this case
Victoria is not significantly bothered and identifies herself as a woman.
In many ways the fact that the androgen “messages” were never
delivered was a great advantage to Victoria in her modeling career. Puberty represents a time of androgen explosion. Many unpleasant aspects
of puberty can be attributed to androgens. They increase the activity of
glands in the skin that result in both acne and unpleasant body odor.
Androgens also direct the growth of pubic hair under the armpits and
around the genitals. Because Victoria had defective androgen receptors,
these messages were never received by the nucleus and as a result she
never had body odor, acne, or any pubic hair — all of which enhanced
her career as a fashion model.

THE STORY-THE BEAUTY OF ANTAGONISM
Carolyn Walker is a 16-year-old girl with a terrible complexion. She developed a severe case of acne shortly after puberty and has become extremely selfconscious about it. After visiting her dermatologist she was prescribed a drug
known as spironolactone to improve her complexion. Within a few weeks of taking
spironolactone her acne began to clear up and her appearance began to improve.

Scientific Connection
Androgens deliver signals that increase the activity of sebaceous
glands in the skin. Sebaceous glands produce oil that makes the skin
smooth and luxurious. Highly active sebaceous glands are easily
clogged and can quickly become infected and inflamed, giving rise to
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the pimples that are the hallmarks of acne. The volume of androgens
secreted during puberty is greatly increased. As a result, the sebaceous
gland activity goes through the roof, leading to an increased incidence
of pimples during the teenage years. If the problem is that the sebaceous glands are overactive, then the solution is to shut them down.
If the activity of the gland is directly related to signals delivered to the
nucleus by androgens, then it is time to stop those messages from being delivered. The drug spironolactone interferes with both the creation
of androgens and their effects on tissues like the sebaceous glands by
blocking androgen receptors. By inducing a type of androgen insensitivity, spironolactone is able to decrease sebaceous gland activity and
the severity of acne. While this is a good treatment for acne in women,
it isn’t such a good idea for young men because it can cause them to
develop secondary sex characteristics associated with females (known
as “feminization”). More on the role of spironolactone in acne can be
found in this article: http://www.ncbi.nlm.nih.gov/pubmed/21413648.

Take Home Message
The nucleus controls cellular functioning by directing which proteins are made. Messengers like steroid hormones advise the nucleus
on which jobs need to be completed and which proteins need to be
made.
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