Rough Endoplasmic Reticulum: Riki Tiki Tavi
PART 1: AMY
“Well,” Meena said cheerfully, “this is it. Look at the nice garden!”
“Whatever,” Amy mumbled, staring through the gate. “Is it locked?”
“That was the housekeeper I was talking to on the phone, when we were in the
cab. She should be here any second to let us in.” As she spoke, a short, stout woman
in salwar kameez came to the gate and unlocked it. “Welcome, Mrs. Kipling!” she
said. “I’m Barathi. And this must be your little girl!”
Normally Amy would have sworn at anyone who called her a little girl, but
she had something more important to think about. “Pleased to meet you,” she said
politely in Hindi, and then in English, “Do you think I could have some milk or
something?” Barathi waved them into the house, still talking, but Meena interrupted her. “Barathi, that driver seemed to think this house was bad luck. He said
that four people have died here recently.”
Barathi looked uneasy. “These drivers are all ignorant people, Mrs. Kipling.
He probably just didn’t want to drive you all the way out here. Mr. Krishnan
wouldn’t have sent me to work here if there was any problem like that.” Amy was
only half-listening; as soon as she got her glass of milk, she dragged her suitcase
into the small bedroom, set the milk on the floor and opened her carry-on bag.
A nose and whiskers emerged, followed by a long thin body. “Here you go,”
she whispered. “Are you hungry?” The animal sniffed the milk and began to lap it
up, dipping its long pointed
nose.
Amy chattered as it
ate. “What were you doing
in that puddle, you poor
thing? You look just like
my ferret Marilyn. I had
to leave her at home because India’s stupid government won’t let people
bring animals in from other countries. Mom said. I
don’t know why she had
to take this stupid job anyway. Whenever I even say
anything about it she just
asks me if I want to pay
for college myself. Or why
couldn’t I stay in St. Louis
with Dad? Mom says she
wants me to see where she
grew up, but there’s not
even anything to do here.
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I’m glad I found you. You can keep me company, but I have to keep you hidden or
Mom will freak out, okay?”
When the animal had drunk as much of the milk as it could reach, it sat up,
cleaned its whiskers, and made a chattering, clicking noise. “Rikki!” said Amy delightedly. “Are you telling me your name? Is your name Rikki?” The animal nosed
its way under her hand.

PART 2: RIKKI
The mongoose was delighted to have a human again. Raised by a man who
kept him around to eat bugs and the occasional snake, he had come back to the
shack one day to find it empty. There is plenty of garbage in Mumbai, but human
scavengers are bigger and sometimes faster than a mongoose, and he had been
close to starvation when Amy found him. She pet him, brushed him and brought
him table scraps; he listened to her human words which, of course, he couldn’t
understand, but her tone was affectionate. It was a good life.
A month after coming to live with Amy, he was taking a twilight stroll around
the edge of the property fence when he smelled a rat—actually, two. In his old
home rats had been the enemy, so he took an aggressive stance and called, “Who
goes there?”
“Sorry, man, we didn’t know there was anyone here.” The tiny footfalls came
closer. “We’re the Gray Sisters. We’re not looking for a fight. But what are you doing in the humans’ garden? Are you crazy?”
Rikki didn’t want to admit that he was a pet, so he said, “I’m not afraid of
humans.”
The larger of the two Gray Sisters snickered. “Nobody’s afraid of humans!
Don’t you have a nose? Haven’t you smelled Naga and Nagini?”
“Who?”
“City boy!” sneered the smaller rat. “Naga and Nagini are cobras. They’re
about as big around as you are, and they own this place. They’re nesting under the
back porch and they’re not afraid of any humans. They’ve already taken out four
and they’re probably itching to get a fang on the ones that just moved in. They
don’t want anyone messing with those eggs!”
“Did you try?” Rikki inquired, knowing that rats love to eat eggs—almost as
much as snakes love to eat rats. “Or were you too scared?”
The larger rat hissed, “Don’t you joke about that, Skinny, we lost our sister
just last week. Take my advice and get out while the getting’s good. Forget about
these humans—they’re as good as dead.” The two of them scuttled away through
the fence. Rikki stood very still in the grass, thinking hard. Killing snakes is what
a mongoose does best, but he’d never tackled one that big. But maybe the Gray
Sisters had just been trying to scare the newcomer? Rikki crept toward the back
porch, keeping downwind so the cobras wouldn’t smell him, and peeked underneath.
At first he only saw darkness; then gleams of light from the house began to
pick up their coils, and he smelled the unmistakable musty smell of snake. “We will
need to bite them several times,” he heard a cold, dry voice say, “and gently, or they
will wake before the venom stops their breathing.”
“We should bite the large ones first, then,” hissed a second voice. “If one of
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them wakes, it could be strong enough to kill us, and then who would protect the
eggs?”
“Humans are slow and weak. I have no fear for myself. We will bite the small
one first, that will be easiest and leave plenty of venom for the others.” Rikki froze
in horror as he realized who the cobra meant—then leaped back as first one, then
the other began to uncoil and head right for the hole he was watching through!
Scampering to a safe distance, he watched, sick with fear and rage, as their long
bodies emerged and slipped toward the front of the house. They were almost as
big around as Amy’s arm. There was only one spot where he could get a grip with
his teeth: the head above the spreading hood—and he would have to be faster than
he had ever been. The cobras were heading fast for a blot of darkness against the
white-painted wall—a hole in the foundation. At Amy’s end of the house. Rikki
dashed for the hole as the tail of the second snake disappeared, but it was too small
for him.
Stupid! He was wasting time! Amy always left the window open a crack so he
could get back in. He dashed up the wall and into the window, chattering furiously.
Amy was in her bed, and her familiar smell helped to calm him. At first he thought
the snakes hadn’t been able to fit through the hole. Then a shadow in the far corner
uncoiled itself. No time to think: he sprang.

PART 3: MEENA
The sound of her daughter’s shrieks woke Meena, who leapt out of bed, ran
down the hall and stopped horrified at Amy’s door. Thrashing on the floor was the
nightmare of her own childhood, a king cobra nearly four feet long—and something else, something furry. Amy’s terrified eyes met Meena’s over the battlefield.
Suddenly the snake’s body went flying across the room and lay there motionless.
Meena was about to run into the room when Amy screamed again: a second cobra
was sliding toward the foot of the bed.
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Before Meena could move to get between the snake and her daughter, the
little animal leapt for the snake’s head as it drew back to strike. He missed, and the
snake whipped around to sink its fangs into his back. But withdrawing the fangs
slowed it down just enough, and this time, Amy’s protector did not miss. He bit
down until his teeth met in the cobra’s backbone. The snake’s body flailed once
and was still.
Trembling so hard she could barely move, Meena ran to put her arms around
Amy. “Sweetheart, did it bite you? Try to answer me.” If Amy had been bitten, a
doctor might not get there in time to counteract the snake venom. Amy was sobbing, “Rikki,” and stroking the mongoose that lay against her knee. He was bleeding from multiple bites—the first snake must have bitten him too—and he looked
up at her weakly. “He’s my only friend here,” Amy sobbed, “and he tried to save me
and now he’s going to die!”
“Amy! Stop this immediately and answer me! Did they bite you?”
“No, no, they didn’t bite me. Don’t take him away!” she shrieked as Meena
reached out toward the little animal. “I want him to stay with me!”
Meena sighed. “I’m not taking him away. We’ll stay here together.” Barathi
had come in and screamed too when she saw the dead snakes on the floor. “Barathi,
will you make us some tea? Make yourself some, too. And we’ll need someone to
come and clean those up in the morning.” By the time Barathi came back with
three cups, Amy had fallen asleep leaning against her mother’s side, and Meena
stayed up the rest of the night, listening to her daughter breathe—and the thinner,
smaller sound of the mongoose breathing too.
He was still breathing when the light came in the window, and his eyes sparkled alertly when she moved. “Amy,” she whispered. “Wake up, sweetheart.” Amy
opened her eyes and saw her friend looking back at her. “Rikki! Mommy, how can
he still be alive?”
“When I was growing up, people used to say that a mongoose can kill a snake
but a snake can’t kill a mongoose. I never knew if it was true or not. But look, Amy,
he has bites in five places and he seems fine.” She tried to look stern, but she was
so relieved that it was hard. “Amy, since when have you been keeping this animal
in the house?”
Amy smiled slyly. “You know. A while. But I can keep him now, right?”
Rikki was too tired to move—he was cut, bruised, exhausted from the fight—
but he heard Amy’s happy tone and snuggled closer to his human. Later, he would
have to find the Gray Sisters and tell them that Naga and Nagini were dead, so
they and their rat friends should eat themselves sick on those eggs—before they
hatched. But a hero deserves a little rest. And a bowl of milk. And maybe some
meat off his human’s plate. He had a feeling things were about to get even better.

Scientific Connection
Amy is lucky to be alive: the cobra is one of the most dangerous
snakes on the planet. Glands in a cobra’s head release venom through
its fangs when it bites an animal or a human; if a snake bites you, you’ve
been “envenomated” (rather than “poisoned”). Snake venom is typically a cocktail of destructive proteins that wreak havoc in a few different
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ways. In the case of the cobra the most deadly effect is on the skeletal
muscles—all of the muscle tissue that you can move voluntarily. The
heart is made of cardiac muscle, not skeletal, so the venom doesn’t affect it; nor does it damage brain tissue (so a victim of snakebite is aware
of all her or his sensations). Since those are two of the main organs that
maintain life, you might wonder why cobra venom is dangerous at all.
The inability to move your limbs is unpleasant but not lethal: what kills
victims of cobra venom is the paralysis of another skeletal muscle, the
diaphragm, whose contractions enable you to breathe. If the diaphragm
stops moving, breathing stops as well. You don’t have to know much
about medicine to know you die if you can’t breathe.
There is a protein called the nicotinic acetylcholine receptor whose
job is to transmit a message to skeletal muscle tissue to tell it to contract. This protein’s job description is like that of a translator: instead of
languages, it translates chemical signals from the nervous system into
electrical signals that produce muscle movement. When you want a
muscle to move, your nerves give a message to the nicotinic acetylcholine receptor, which translates it and passes it on to the muscles, where it
makes them contract and move. Any problem with the nicotinic acetylcholine receptor prevents communication between the nerves and the
skeletal muscles and results in paralysis.
Many animal venoms are designed to do exactly this in order to
disable prey, and the cobra’s venom is no exception. One of the proteins in the venom cocktail, alpha-cobratoxin, binds to and disables
nicotinic acetylcholine receptors, causing the whole-body paralysis and
death described above. The venom may take as long as twelve hours to
take effect in a human, but when it does it can easily kill an adult. So
how could a much smaller mongoose withstand several bites and still
survive? The answer is that the mongoose has alpha-cobratoxin-proof
nicotinic acetylcholine receptors.
The secret to these cobra-proof proteins lies in the rough endoplasmic reticulum. One of the purposes of the rough endoplasmic reticulum
is to add special modifications to proteins that are being synthesized;
usually these modifications enable a protein to carry out a special job.
Any protein can be assembled on a ribosome in the cytoplasm, but only
the rough endoplasmic reticulum can make special modifications after
the protein has been made. One of these modifications attaches a sugar
molecule to a protein: this is called glycosylation, and in addition to
other functions, it is the key to making the mongoose’s nicotinic acetylcholine receptor highly resistant to alpha-cobratoxin. As the nicotinic
acetylcholine receptor is synthesized in the rough endoplasmic reticulum of the skeletal muscle cells, it receives glycosylations at several key
structural points that prevent alpha-cobratoxin from binding to it and
inhibiting it. Though all nicotinic acetylcholine receptors are processed
in the rough endoplasmic reticulum, most other animals (humans included) do not receive these essential glycosylations. As a result the
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mongoose is a natural predator of the cobra while almost every other
mammal is its natural victim.
The resistance of the mongoose to cobra venom has been used as
a plot point in many tales and astute readers will recognize the above
story as an adaptation of the Rudyard Kipling classic “Rikki-Tikki-Tavi”.
People really do welcome these animals in their homes as a protection
against snakes, similar to those who keep cats to catch mice. Talking
animals, on the other hand, are a clue that this is a work of fiction;
but if some animals could talk, snakes would probably not be among
them, as snakes can’t hear. Cobras also have extremely small fangs and
envenomation really requires a good bite that involves some chewing.
The possibility of illustrations of cobras with giant fangs outweighed our
herpetological integrity so we hope you can forgive us.

Take Home Message
Nicotinic acetylcholine receptors are essential to
translating chemical signals from the nervous system to electrical signals that make skeletal muscles
contract. Disabling nicotinic acetylcholine receptors causes skeletal muscle paralysis. Paralyzing
the diaphragm stops breathing and leads to death.
The rough endoplasmic reticulum is involved in
performing glycosylations that allow proteins to
do special jobs.
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