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A gathering of disease—-causing bacteria waits on a sharp splinter on a fence post. These
single—celled pirates are eager to raid the multicellular community of a human body.
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I HEAR IT CAN BE
HARD FOR GERMS
LIKE US TO GET PAST
A HUMAN'S OUTER
DEFENSES.

ONCE WE'VE INFECTED A
HUMAN, WE'LL HAVE IT MADE!
ALL THOSE HUMAN CELLS WILL
DO ALL THE WORK OF GETTING
FOOD, AND WE’LL JUST
MOOCH OFF THEM.

IT'S TRUE,
IT'S TOUGH TO
GET INSIDE.
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IF YOU GET IN
WITH THE FOOD
THEY SWALLOW, THEY'VE
GOT CELLS IN THEIR
STOMACHS THAT GUSH
HYDROCHLORIC ACID!

ARE CELLS THAT MAKE

TO PUSH YOU BACK OUT THE
MUCUS TO TRAP YOU. WAY YOU CAME.

IF YOU GET INTO THE  \__/ THERE ARE OTHER CELLS
NOSE AND AIRWAYS, TH THAT USE LONG, THIN CILIA

ouT! YOU
HEARD ME!
SCOOT!

CELLS.

/D

SKIN CELLS
PROTECT MOST
OF THE HUMAN

BODY. THE OUTER
LAYER IS MADE

OF TOUGH, DEAD

KNOCK,
KNOCK... LET

HIS HAND ON THIS FENCE

BUT LOOK! NOW'S
OUR CHANCE! THERE'S
A HUMAN COMING, AND

HE'S ABOUT TO SCRATCH

WE'RE SITTING ON. WITH
ANY LUCK, THE SKIN

WILL BREAK AND
WE'LL GET IN!
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A sharp splinter of wood scrapes across the skin, breaking connections between skin cells.
Red blood cells and plasma (the clear liquid part of blood) exit the wound... and germs enter.
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Wood splinter, ‘
made of dead
| plant cells.

/ 4

Red blood cells

| —

I'M GETTING

WASHED AWAY ‘ \
BY THE BLOOD = COMING
PLASMA! THROUGH,
SUCKERS!

SCIENCE GENERATION - SERPMEDIA.ORG/SCIGEN - ©2018 SERP INSTITUTE 3



SAVED BY THE
PLATELETS!

N\

Inside the wound...

AAAAAGH!
G
2N

STOP THE
BLEEDING!

N)

HARDER TO
GET IN THAN
I EXPECTED.

Short-term repair: Small cell fragments
called platelets circulate in the blood.
When they reach a wound, they change

YEAH, BUT

';‘g;v LVXigEol;l shape and join together to form a sort
MILK AND HONEY, of net. This helps form a blood clot,
BABY! * preventing more red blood cells from [

pouring out of damaged blood vessels
while other cells make repairs.

WE NEED
MORE SKIN CELLS
TO REPAIR THIS
WOUND.

HEY, YOU DUMB HUMAN
CELLS CAN GO AHEAD AND PATCH
UP THE SCRATCH IF YOU WANT.
WE'RE ALREADY IN, AND WE'RE
HAPPY TO STAY, LOSERS!

SOMEBODY CALL
MAINTENANCE?

Long-term repair: Over the next few days, fibroblast cells
will arrive to lay down fibers that help with permanent repairs.
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THERE ARE A N7/ . 2\ /. MOLECULES:
LOT OF DELICIOUS MOLLY-WHOS

LITTLE PARTICLES
MOLECULES FLOATING THAT EVERYTHING'S
AROUND HERE! MADE OF

HEY, THAT

FOOD IS MEANT
FOR US! YOU'RE
STEALING!

TIME TO
GROW AND
DIVIDE.

ENJOY THE PARTY WHILE YOU CAN.
THIS WHOLE BODY IS PATROLLED BY WHITE
BLOOD CELLS LIKE NEUTROPHILS AND
MACROPHAGES THAT ARE ON THE
LOOKOUT FOR GERMS LIKE YOU.

MACROPHAGE?
WHAT THE HECK DOES
THAT MEAN?

WHY ARE
THEY CALLED
THAT?

YOU'RE
ABOUT TO
FIND OUT.
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doesn’t depend on the immune system being familiar with the particular germ involved.

The non-specific immune response begins. It's called non-specific because it ( 2 )
-

WHO ARE YOU? . <
UM... THAT'S FOR

Q ME TO KNOW AND YOU

/Z +[ TO FIND OUT. LET GO OF
(= = ME AND MIND YOUR OWN
o 0 BUSINESS!

HI MAC! ARE
WE GLAD TO
SEE YOU!

I'M A MACROPHAGE. AND RIGHT
NOW, MY BUSINESS IS FINDING
OUT WHAT YOU ARE.

CLOSE-UP:

The macrophage
has special
receptor molecules
embedded in its
membrane.

The macrophage
uses its receptors
to examine other
cells. They fit like a
lock and key with molecules
that many germs have on their
membranes. Human cells don't have
these same tell-tale molecules, so
the macrophage leaves them alone.

I'M CHECKING TO SEE IF
YOUR MEMBRANE HAS ANY SUSPICIOUS
MOLECULES THAT WOULD IDENTIFY YOU
AS A DISEASE-CAUSING GERM.

(Neutrophils often spot germs first, and identify
them the same way. We'll meet them soon...)
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YOU arRe A GERM!/ q
be

WHOA,
CHILL OuUT,
DUDE...

When a macrophage recognizes an invader, @
it becomes a crazed germ-eating machine. \

OH GREAT,
HERE'S A
FANCY WORD
FOR ALL THIS
MAYHEM.

Phagocytosis
(meaning cell-devouring
process):

1. Macrophage takes in
germ, enclosing it in a
membrane pouch.

. 2. Packets of chemicals
~ merge with the pouch
and destroy the germ.

_~ o J 3. Macrophage spits
. out whatever parts of
) the germ it can't use
O as food.

But macrophages are more than just germ
eaters. They also use chemical signals to help

organize defense with other human cells. 5 Oo Z 0
Q
TS0 308 %
(o) O o 0° Q
WE NEED % o0 %52 a2
SOME HELP O@og;)ooo 0%
?) Co00°
HERE! D2 000,
fo) o0 o °
OO 000 °o oo
o

This macrophage is broadcasting a signal
for other cells to help fight this bacterial
infection. Things are about to heat up.

A\
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macrophage is fighting the
germs, the cells of a
capillary-—a small bloed
vessel--go about their
usual business.

/ ) j 0
Not far from where the Cutaway view: /@ \\V w

‘( Inside the capillary, red blood
cells deliver oxygen and take
away carbon dioxide. And
—~| neutrophils, the most common
3

Epithelial cells form the |

—1 wall of the capillary. ™ : z
Nerve cells relax nearby. lazily along in the blood stream. [

S C - _ead

1%
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Suddenly, the chemical signal from the macrophage pours in. These other
¢ | human cells read the signal using receptors on their membranes (the same

Kind of white blood cell, tumble

()

N

.9 way the macrophage used receptors to identify molecules on the germs).
e
o © o " RED ALERT! Y RELEASE THE Y ROAR/!!

° ¢ 0 0"\ LOOSEN THE \ NEUTROPHILS!

S WALLS!

OUCH!

PASS IT ON i (PASS IT
TOTHE A ON.)
BRAIN. A\ 5 ]

=
e
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What the immune system is doing now is called inflammation: Blood
vessels widen, increasing blood flow and causing redness and heat.
The heat can help Kill germs. More fluid leaks from the vessels into
infected tissue, giving white blood cells more room to maneuver. The
extra fluid causes swelling, and the pressure causes pain.

The neutrophils eat fast, but also More neutrophils
die fast. Dead neutrophils make and macrophages
up most of the pus that forms at join the fight.

an infection site.

L

//CH /@

But these germs aren’t giving up easily.
~) They keep multiplying as fast as the
white blood cells can eat them.

Another Kind of white
blood cell arrives on the
scene: a dendritic cell.

DENNY! AM
I GLAD TO

WE'VE GOT
A REAL MESS

MORE EXPERTISE. WE NEED A
SPECIALIST WHO UNDERSTANDS
THIS PARTICULAR KIND OF

AND I KNOW
JUST WHO CAN HELP:

HI MAC! WE NEED

BACTERIA.

MY FRIENDS IN THE
LYMPH NODES!
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SAMPLE!
OKAY, T'LL BE
ON MY WAY.

I'LL JUST
TAKE A SAMPLE
TO SHOW THEM.
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While the battle rages back at the site of infection, Denny slips
through the wall of lymph vessel and travels to a distant lymph node. [()—
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Denny’s mission is to activate a
/\ specific immune response, especially

y

e tailored to this specific infection.

2z (

I ) 7

Coming into a
lymph node,
home of the
lymphocytes.

N7

WHERE DO I
EVEN START?
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EXCUSE ME, WE'VE GOT SOME
GERMS GOING NUTS OVER IN THE
RIGHT THUMB. DOES ANYONE
RECOGNIZE THIS SAMPLE?

SORRY,
CAN'T HELP
YOU.

There are millions of lymphocytes, and each one carries a different Kind of receptor on
its membrane. The dentritic cells is trying to find a match for its germ sample molecule
(called an antigen). This search can take a while!

THAT'S
MY SHAPE!
THAT'S MY

ANTIGEN!
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The activated
lymphocyte starts
dividing. All of its
daughter cells have
the same receptor.
Some of them
become memory
cells. Memory cells
will remain on the
lookout for future
infections by the
same germ.
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The other branch of
daughter cells turn
into plasma cells.
These cells generate
antibody molecules
that match the germ'’s
antigen. Each plasma
cell can crank out
about 2000 antibody
molecules per second!
All this antibody is
released into the
bloodstream and
floods the entire body.




P : HEY, DENNY MUST HAVE
SacK atithe nfection i FOUND THE CORRECT LYMPHOCYTE.
HERE COMES SOME ANTIBODY!

And now the antibody starts Each antibody molecule has a basic Y shape. The arms
to do its thing. of the Y have parts that fit perfectly onto the antigen
structures of the germs for which they were generated.

l/‘:{

GET IT OFF ME!
GET IT OFF ME!

functioning of germs, and can for each Kind of germ the immune system
make them clump together. fights, the base of the Y always sends the
same strong signal to the cells of the
immune system...

Antibody can interfere with the g And while the arms of the Y are different

I CAN'T
MOVE RIGHT!
I CAN'T EAT RIGHT!
THIS STINKS!
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Antibody molecules tag germs for faster, more efficient destruction. They send germ-eating
white blood cells into a feeding frenzy, and give them a better grip on their prey.

OH WELL, IT
WAS FUN WHILE
IT LASTED.

JUST GOTTA

MOP UP THESE DEAD
NEUTROPHILS, NOW.

(Yes, macrophages eat
pus. You're welcome.)

AN £

SCIENCE GENERATION - SERPMEDIA.ORG/SCIGEN - ©2018 SERP INSTITUTE

4



W oMy, 7 ST o, ] S Sk NA)) ] [T ZNSIF=3 N

[~

\

Every time a new Kind of germ infects the body, the immune system starts this process from
the beginning. First responders like macrophages and neutrophils launch an inflammatory
response, doing their best to control the infection until the lymphocytes can help the body
adapt to fight the specific Kind of germs involved.

a
3

several steps ahead.

HAHA! IT'M IN!
I'M GOING TO--

X

=\ \\} N2 vl
But if the same Kind of germ tries to The memory cells generated during the
reinfect the body, the immune system is ¢'1~ earlier infection make it easier to JL

launch a fast, overwhelming response.

E’%

NOT ALLOWED IN HERE!

HEY, T KNOW YOU! YOU'RE

TO EAT?

I SMELL ANTIBODY.
IS THERE ANYBODY

RV
5

e
e

NO, IT'S
ALL TAKEN

)= J=\ CARE OF -
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So the immune system learns from experience, and
adapts to fight familiar enemies more effectively.

This process is called immunological memory.

Y Y

Z
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For many diseases, a process called vaccination can give immunological memory a headstart.

Vaccinating someone The antigen gets the That way, the immune
against a germ usually lymphocytes to prepare system can “remember”
involves injecting them memory cells that will a disease that the

with antigen from that be on the lookout for person has never
germ. that kind of germ. actually had before!

HAVEN'T I SEEN
YOUR UGLY MUG

o SOMEWHERE
i BEFORE?
Y C K
Bl

In addition to fighting off germs from outside the body, the immune system is on the lookout
for cancer, the out-of-control reproduction of the body's own cells. Cancerous cells have
been damaged in a way that makes them forget how to cooperate with the rest of the
multicellular community. They often spread aggressively, hogging space and resources.

THEY'RE NO
LONGER PART OF

THESE CELLS ARE HUMAN, BUT I'M
DETECTING CANCER ANTIGENS ON
THEIR MEMBRANES!

ATTACK!

GROW GROW
GROW GROW GROW
GROW GROW

EAT EAT
EAT EAT EAT

Bacteria, viruses, cancer... If it’s not one thing, it's another! But the cells of
the immune system are on quard 24/7, working to Keep the whole body healthy.

N
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KEEP A
SHARP LOOKOUT,
EVERYONE.




