)
4
O
-
Q
=
14
=
1)
E
1
14
<
3
b
i
0
)

CELL MATES

by William K. Balthrop
& Wayne Koberstein
HCM Staff

How complex is a living cell? Is it a static structure—or a dynamic system?
How do symbiotic organisms make all cellular life possible?
Find some answers with this fascinating bio-simulation.

here is more going on inside a living cell than

meets the eye. Even the most powerful

microscopes have not yet revealed the entire
storv—the secret life of the cell. Ask most people what
they know about this basic life unit. and 'Lﬁmr reply, il
any, may invoke a statie pleture of the cell and its in-
terior: the cell wall, the nueleus, and ''a bunch of lictle
foaty things," But when hlologists look closer at these
lttle floaty things, they see participants in an inoredibly
complex, wonderfully cooperative, and dynamic
ecosyaiem; for the metabolism of a living cell involves
some strange and alien participants who apparently
learned to lve together millions af years ago. Directing
this metabolic dance, communicating with each cell
part through encoded maolecules, is the nucleus. Some
of the participantg—called orgenelles—possess their
own DNA (deoxyribonucleic acid) and reproduce
themselves independently from the nucleus, Together,
they are all Cell Mates.

What if you could place voursellat the center of this
dance—consciously balancing the entire system mo-
ment by moment? There may be no better way to ap-
preciate just how dynamic and basically cooperative
this system (s, We can't literally perform such a miracle,
but we can give you Cell Mates, a simplified computer
simulation that places you in the role of the nucieus,
the cell's “choreographer.”™

The Major Performers And You

Flant and antmal cells each have asomewhat different
cast of dancers, But in both cases, cach kind of organelle
has a specific role to perform, In animal celis, some
organelles, called ribosormes, manufacture various pro-

Specisl thanks for teehniral advice goes fn W, Alstrm Unfversily of Oregen
Desdrtmet of Binkogy.

teins. Another group, the Golgl apparatus. “packages"’
these proteins for internal use ar secrciion [export).
Lyvapsames are the ﬁhagc callectors. And tiny mobile
chemical plants, called mitochandria, supply energy for
all of these activites.

Although these organelles perform the cell's main
functions, there are many other participants perform-
ing minor, but essential parts. Because of the difficulty
in poriraying all of the cell's diverse components. these
minar plavers are beyvond the scope of Cell Mates.

In Cell Mates, you direct the show, a]Jm:aling Snergy
it these 4 essential functions: protein production, waste
disposal. ribosome production, and protein export. Your
goal {a to direct these functions in such a manner that
the cell is able to divide—eflectively producing two new
cells in its place. When the cell divides, you receive a
total score. The less time you take to reach cell divislon,
the higher 18 your score.

¥You must meet certain requirements before the cell
can divide: You must double the supply of proteln as
well as the number of several internal components (such
as the ribosomes); and you must support the larger fami-
Iy of surrounding cells by exporting protein.

After displaying the title, the program presents the
actual playing screen. This screen contains a graphics
representation of the cell {in the upper-left corner). and
12 indicators that show the status of the various pro-
cesses in the cell. You can gauge vour progress by view-
ing these Indicators, Some of the indicators contaln
aress highlighted against the bac und coler. To
maintain and eventually reproduce the cell, you must
manipulate the cell's life processes so that the pointers
remain in these “safe’ areas. Indicators that contain
no distinguished area show the actual level of energy
going to specific activities,

Mitlions of years aga, life wasn't what
it i toaay. in the still waters of land-iocked
lakes and ponds, primitive single-cefied
creatures without true nuclei leanned o ob-
tain energy and reorganize materlals
throwgh ngendaus chemical processes,
These were the ancastors of the arganelies;
for as life became more dnd more o-
ganized, such specialized organisms
became permanent fixtures within higher
lifefarms. Some—such as the chiar-
oplasts—imtegrated themselves inta the
firstzrue plants, capturing energy from the
sun for wse by the entire organism.
Othars—such as the mitochondrig—iook
ouygern from the atmosphers jmastdy pro-

THE SECRET LIFE OF ORGANELLES
duced by the amivity of the chloraplasts|
ard wsed it to "burn” complex makecules
as an energy source fior animal life, Even
today. these organelles possess their own
DMA, and reéproduce themselves in-
dependently of the crganisms they sup-
pport. (Far examphe, mitochondréa in a fer-
tilized egy cefl come pariy from the mother
cedl and partly from the sperm—and &l thes
cell divides, each new cell starts off wigh
half the mitochondsia of a magure cell.|
W/hy Life chose to arganize itselfl in this
way i a guestlon that has precciupled
many pecple—nat just the biclogiss who
discovered these facts. For whatever
reasons, the organizing process was

primarily cooperative, rather than com-
petizive, It s still an opan question whether
organelies live for the sake of the higher
prganisms—aor whether we are living for
them, What is apparent is that all the
players In this game Rave a tatal sake in
the systemn. Neither the crganeiies nar the
orgarmisms inwhich they reside could five
withour each otheér, The fact that each
malntains a separate genetic indentity ac-
ually serves to dramatize the cooperative
nature aof their relationship. OF all fife’s
mysteries, this may be one of the maost
curfous and wornsderful,

[For mare an this sutject, read The Lives
af A Ceil by Lewis Thomas.—Ed.]

22 © Home Camputer Magasine 1985

Valurme 5, Mo 6




We have incorporated a delay factor into the simula-
tion. representing the real-world lag between the initia-
Hon of an action and its effect. This delay s not
conatanti—it varies with internal and external condi-
tions. Because of this bullt-in lag, any action that you
take does not immediately show up on the screen
Indicators.

Iy, and become part of the cell's waste. You need (o
replenish vour supply of rbosomes occasionally to
maintain their numbers.

Ribosomes—Hibosomes produce protein, These
tny organelles are attached to the endoplasmic
reticulum—a convoluted membrane extending out from
the nucleus, The ribo-

Dividing Energy

This simulation focuses
on the 5 most important
cell components: the mito-
chondria, the nucleus, the
lysosome, the ribosome,

*. . . when biologists look closer
at these little floaty things,
they see participants in an incredibly
complex, wonderfully cooperative,
and dynamic ecosystem. "'

somes assemble varlous
proteins according to pat-
terns supplied by the
nucleus, Although we aym-
bolize the ribosomes in a
discrete corner of our cell.
in reality they are more
evenly distributed.

and the Golgl apparatus.

Mitochon —In an-
imal cells, mitochondria produce ATP [adenosine
triphosphate}—life's most available source of chemical
energy. Similar organelles in plant cells—the
chivroplasis—actually perform photosynthesis (the con-
verston of light into energy], All of the cell components,
including the mitochondrla themselvea, use ATP as
their energy source. Without this substance, the cell
would not be able to carry out any activity, Mitochon-
dria manufacture ATP by combining products of
available nutrients with oxygen (and emitting carbon
dioxide as a waste product), Thus, when cellular
biologists talk about respiration, they are talking about
a process that occurs inside the mitochondria. The
amount and quality of available nutrients directly ai-
fect the amount of ATP that the mitochondria can
produce.

Mitochondria are mobile, and can move ta the areas
of the cell where energy 1s most needed. Most animal
cells contain anywhere from one 0 hundreds of
thousands of mitochondria. For the sake of simplicity.
our cell representation contains only one, To increase
the energy allocation to any of the cell’s components,
simply move the mitochondrion to the corresponding
organelle symbol by pressing the appropriate key [sce
the Control Capsule). Onee the mitochondrion reaches
the designated organelle, it automatically starts produc-
ing ATP. The mitochondrion does not manufacture ATP
while it is in transit between cell parts.

Nuglems—The nucleus is the cell’s control center—
the “'central computer.” [t sends signals in the form of
encoded molecules to each part of the cell, telling it to
carry oul various operations. (In addition. the nucleus
carries genetie information in its DNA that determines
the form of new cells resulting from cell division, or
“mitosis.”’) Again for simplicity, we have symbolized
the message-sending activity of the nucleus with one
example: the message (o increase production of
ribosomes. Of course, the nucleus requires energy each
time it sends a m !

To allocate more energy to the production of
ribosomes, press M. The mitochondrion responds by
migrating to the nucleus. Once the mitochondrion
reaches the nucleus, it begins producing ATP, The in-
crease in energy shows up on the screen indicator la-
beled RIE.ENERGY {energy lor the ribosome-production
message),

As you allocate this energy, the BEROSOMES painter
shows an increage by maving to the right. If vou direct
the mitochondrion away from the nucleus, the
HIB.EMERGY Indicator shows a decline, and the RBOSOMES
indicator ceases to increase,

Ribosomes do not live forever. They die cccasional-

Protein |s the cell's prime

material. Before a cell can reproduce, it must double (s
original supply of protein. The speed at which ribosomes
produce protein depends on the total ribosome quanti-
ty. If you need to produce protein at a faster rate (o keep
up with the protein exportation rate, forexample), you
must inerease this quantity. [Sees the Nucleus section
above for directions on increasing the ribosome count. )
Press R for Ribosomes (o allocate energy (o the pro-

.duction of protein. This signals the mitochondrion to

migrate toward the ribosomes (upper-right corner of the
cell areal. Once the mitochondrion reaches the
ribosomes, the PRO.ENERGY indicator shows an increase
a& the proteln energy level ascends. This Increase in

Flanda 1
Gl disphay from B ver-
sion ot top et shows
(elockwise from display's
upper-right]s protein-
prodecing Ahosomes;
wise-alinmimating
lysosome;: nnd the convo-
Taeed Golgl appkriling
whore Le mitochondoon
Igreen] is supplying ATP
emengy for protefa cxpot,
Nucleus {8 af center with
extending endopiasmic
reticilinn mernbrane,

Phato 2
As the waste fevel con-
Hpires to focretse (s
sfown by wasie in-
dicator], the mitochon:
drign prodices oo ATF
while traveling from the
Giolgl appararus o the
winsto-chiminnting
Ivsosome ol fowersright,

Phote 3
Now at the lysosome, the
mitachamdrion's ATP
energy goes fvand
eliminnting cell waste
prrodiscts—and [n the mick
aff time, woste fevels beagin
o decresss.
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"dary role, the Golgi ap-

energy shows up in the FROTEN indicator. But, as we
stated, to achieve the desired increase in protein, you
may need to increase the number of ribosomes first.
Lysosomes—The |ysosomes are the cell’s
housekeepers. They carry degradative enzymes and
travel around inside the cell collecting and digesting
larger chunks of waste composed mostly of warn-out
cell parts. This waste s always accumulating. so you
miust frequently budget energy for lvsosome activity.
As the amount of waste in the cell increases, the
WASTE pointer moves to the right. The only way to
reduce the level of waste is to increase the amount of
energy allocated to waste disposal. To do this. press L
for Lysosome. In response, the mitochondrion moves
to the lysosame symbel at lower-right corner of the cell.
Omee the mitochondrion arrives, the energy level shown
by the WASTE ENERGY Indicator Increases. After the
energy reaches a sufficient level, the amount of waste
starts to decrease as the lysosomes do their job.
tus—our cell is also In the importiex-
port business. Few cells can survive without the ald of
pther cells, so you must not only support vour own cell,
but those cells surrounding you. You must supply these
cells with the protein they need for their existence, and
in return you will recelve protein from them—some of
the nutrients vital to the

termperature, The optimum temperature is directly at
the center of the indicator. The highlighted area is the
safe zone for the cell, If the pointer leaves this area, the
cell dies. Even if the pointer remains in the safe zone,
high and low temperatures (relative to center] affect the
efficiency af every metabolle operation.

Most individual cells have little contral over internal
temperature when the external temperature goes out-
side a life-supparting range. Therefore, the “generic’”
animal cell that we deplet in this simulation depends
on the temperature of the tissue of which it is a part.
If the cell doesn't adequately perform its part in this
tlssue structure—nelther maintaining itself, nor supply-
ing needed protein to the surrounding cells—its exter-
nal environment tends to degrade. This can cause a drop
in external tem ture, as well as a shrinking nutrient
supply. Normal cell activity usually maintains a safe In-
ternal temperature. If the energy levels for ribosomes.,
export, waste., or prolein Increase, the Internal
temperature also Increases slightly, But it is more im-
partant to ensure a steady external temperature by ex-
porting enough protein to maintain the health of the en-
tire tissue. If the external temperature does become ex-
cessive due to high mitochondrion activity, you can
presa M to send the Mitochondrion toits neutral, inac-
tive comer.

production of ATP. The
Golgi apparatus is respon-
sible for exporting protein
to other cells, As a secon-

“Tiny mobile chemical plants, called
mitochondria, supply energy for all of
these activities."

Of course. the external
tcmptraturc sometimes
goes ouislde a safe range,
no matter what an in-
dividual cell does, If it re-

paratus spends a small
percentage of its total energy packaging up waste and
sending it out of the cell, If you fail to export sufficlent
protein. both the level of imported protein (IMPORT FRO.)
and the nutrient leve] [NUTRENTS) decline.

To increase the amount of protein that you export,
press S for Golgl apparatus. The mitochondrion
responds by moving towards the lower-left corner of the
cell area to the Golgi apparatus symbol. Once the
mitochondrion reaches the Golgi apparatus, EXPORT
ENERGY begins to show an increase. If you have a sup-
ply of protein, EXFORT PRO. also shows an increase,

The rate at which vou can export depends entirely
on how much proteln is avallable. As you export pro-
tein, FROTEMN LEVEL declines. As the proteln level
decreases, EXPORTPRO. starts to decrease. All.of the pro-
tein you export must come from the protein you have
produced (shown on the PROTEIN LEVEL indicator],

Additional Factors—The AGE display indicates the
passage of a relative amount of time, The AGE cournter
does not represent any real time frame—to make the
simulation playable, we have accelerated certain
aspects of the cell's metabolic system. while slowing
down others.

The older the cell gets. the harder it must work to pro-
dupe protein (or ribosomes). You may also notice that
the average amount of nutrients and lmported protein
also drops off with age. Many factors affect an individual
cell's lifespan—too many to explain here. But every liv-
ing cell has a builtin “‘time limit": The cell must
reproduce within a specific period of time, or it will die,
Cur model reflects this basic fact.

The NUTRENTS indicator shows the cell's current food
supply. The mitochondra use these nufrients to
manufacture ATP. Inarder for the cell to reproduce, the
pointer must be in the highlighted portlon of the display.

The MMPORT PROTEIN Indicator shows how much pro-
tein 15 available from the surrounding cells, This pro-
tein contributes to the cell's protein level. In order to
reproduce the cell, you must move the pointer to the
the highlighted area.

The INTERNAL TEMP indicator shows the cell's current
24 © Homa Computer Magnsine 1985 Volme 5, No. 6

mains outside this range,
the cell will die—which, as they say, s Life.

Life Goes On

A BASIC computer program can only “scratch the
surface”” of a living czll's complex nature, While being
purely fun to operate, Cell Mates should also serve to
awaken your curlosity about this fascinating subject.
Perhaps just knowing that your very life depends on the
actlvity of microscopic creatures with their own separate
El:nl:th: identities will contribute to your curosity. As

iologlsts continue o unravel the mysteries of cells in
gen:ml, and arganelles In particular, you may be ina

etter position (o understand and appreciate this new
knn]}il'ludg:. Here's to a lifetime of leaming about life
itselfl

CONTROL CAPSULE
Cell Mates

Function

] Maove mitochondrion to homa pasition=—
upper-left carnar af call aren
Mave mitachondrian to Golgl apparatus—
lowar-taft cornar of cell arsa

L Mave mitochondron to lysosome—I|ower-
right comer of cell area

R Mave mitechondria to ribosomes—upper-
right comar of cell orea

N Move mitochondria to nucleus—center of
cell area

v ] Quit optlen—axit slmulation

HCM Glossary terme: ATP, DNA, ecosysiam, endoplasmic retboulum,
enzyrma, Golgl apparatus, lyscsome, organalle, metabellsm, mitochon-
driam, nielous, prateln, resplration, rbosome, symbdatic.

For your type-in listings, seo HCM PROGRAM LISTINGS CONTENTS.
HCM



PROGRAMMER’S WINDOW

Cell Mates
O=——— REMARKS=———— ||| ==———DESIGN FOCUS =————

The Atari version of Cell Mates uses the Atari com- '
puter’s ability to place machine-language routines in
a string variable. Although many machine-language
routines are written for a particular section of memory
(because they access particular addresses within the
routine), routines that use the string variable method
must be relocatable.

The routine that moves the mitochondrion vertical-
ly is located in the string ML2¢§ in line 330. This line
initializes the length of the string to 30 characters,
then places 30 characters in the string. The ASCII
values of these characters actually make up the code
for the machine-language routine. The Design Focus |
demonstrates how these ASCII characters correspond
to the machine-language instructions.

" To branch to such a routine, we need to know the
memory address of the string. Atari BASIC offers a "
convenient way to retrieve the address of the string— || mvzs =
the ADR function. In line 1120, ADR (ML2$) returns the
address of the string ML2$. In this way, the USR func-
tion -transfers program control to the machine-

language routine: , MEMORY: s68 | $68 | s68 | $30 | soc | sa0]s00 [scs|spa]s
H= USR(ADRCML2$) 256 + SGNQMY-DY))

The variable H is a dummy variable required for
BASIC syntax—any variable name could be used in
place of H. The first parameter in the USR function is
the address of the string ML2$ returned from the ADR
function. The second parameter is a numeric expres-
sion passed to the machine-language routine for it to
determine the direction that the mitochondrion
moves. The low byte of this value is either a 1 or a 255.
The machine-language routine interprets these values
as positive or negative, respectively. A negative value
moves the mitochondrion down; a non-negative value
moves it up. e

The USR function passes this seellize “boi thre: rrrerehifie 0O E=—— DIRECTORY OF VARIABLES =———
language routine by placing it on the stack along with
the number of parameters being passed and the return Variables Functions

Atari
Machine Language Strings

<«4— CTRL L

5 | ¢———— LOWER CASE "H"
w | ¢———— LOWER CASE "H"
= | «—— LOWER CASE *H*

® | 4——— ZERO
. 4————— REVERSED SPACE
Q| ——ocm,
[ | «——xrevErsED B

H <4——— REVERSED 1

MNEMONIC: PLA | PLA | PLA | BMI |SKIP|LDY |#800 | INY |LDY (%

address of the BASIC program. Cg) Values for indicators
A Utility string for inputs etc.
"HCM Glos_sary terms: parameter, stack. ' ) %S gg&ggg {g ggzg tﬂl‘:g gliggr%%rdsr%n
A Utility variable
: AGE Age of the cell
ATP Amount of ATP administered
. gH %ebugld;i tlé?ighargcter set s
—————— : a [l g when game is over
E] ] LISTING ANNOTATIONS % DST De: ation of mitochondﬁon )
DX X coordinate of mitochondrion destination
Line Nos DY Y coordinate of mitochondrion destination
: H Starts the ML2$ Routine .

100-200 Program header.
3 I : Utility loop counter
gggﬁgg gtée sgx»rr??x?malizc:ﬁon J, K Indicates element in C( ) array for limit

410-470  Main control loop checking

480-530  End of program—branch to appropriate g Mitochondrion movement flag
message routine MX Mitochondrion X axis movement
P
PM
RN

540-770  Vital statistics calculations Mitochondrion ¥ axis movement

Key pressed

780-840 Check for an end-of-program condition Utili riabl
850-1050 End-of-game messages, option to play again ty va ©
ﬁgg_ i?gg Mﬁterﬁ up(ﬁ?te . . ?gggﬁm multiplier affecting nutrient

- ochondrion movemen
12301370 Chagcler 9‘“"““’5 data TA Effect that the internal temperature devia-
1440-1460 Data for initial values of C() array X gggdhgsv?gs?‘hggg}}rgﬂm
1470-1760 Playing screen graphics - ¥ Used to dedgt on
1770-1780 C() array initializetion 7 req o
1790-1840 - Limit values to minimum and maxlmum

Utility — loop counter -
1850-1920 Decxth-of-ceu specidl effects routines ) : '
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