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(" utsRI0TEG APD PROCARYOTES
SIARE THE SMIE BASIC GAETIC
EQUICMENT -
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INDEED, How DO

EVCARYDTES MAKE PRoTEWS
THE ANSWER 15 THAT

THE PUCLEAR MEMBRANE

HiS PORES. THESE ARE
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WITHIN THE NUCLEUS, mRNR 15 MADE pS [p —
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(THE NExT MOVE CAME AS A GREAT SURPRISC To GENETICISTE:
A COMPLEX OF PROTEWR AND RNA ORABS The wRpA, FORMING
LoOP5, LIKE THIS —

THE CoMpLEX —CALLED A IPLICEOSOME—
THEN SHEARS OFF THE LCOP PISCARDS IT, 4PLICES TRE
REMAINNG PIECES TOGETHER, AND DEPARTS.
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Ui 16 BiZARRE! EuchRdomic GaNEs contAn JUNK PNA'—
NOW - CopiNG MESSAGE SEQUENCES TURT UAJE To BE CUT OUT
BEFORE THE GENE CAN BE EXPRESSED!
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V1% MOST MYsTeRious!!
RIGHT IV THE MDDLE

OF A PERFECTLY 600D
GEME, TiERe MAY BE
SEVERML MEANING( 855
55@55%‘% EAH

HUNDR F

NUCLEDTIDES LOPG.. THgse
ARE CALLED

INTRONS. 8 iy {@""é‘f
_ 1> ARYBODYS
GUESS !

fOR SoME REASON, EVCARYOTE® SEE
FIT TO LEAVE [NTRONS IN THUE
CURDMOZOME , ONLY REMOVING THEM
FROM mRNA AFTER TRANSCR(IPTiON .

THE NTRONS ARE SoMEHTW
RECOGNITED 8Y THE SPLICE0%OMES
(BUNPLES oF PROTEIN AND RNA
RESEMBLING A RIBOSOME),
WCH GRAB TEER EDs Awp
SNIP THem OUT BEFORE

PROTEIY SYNTHEEIS.

MoTe TAT Tig REMOVAL MUST
gc PERAECT BVERY TIME. A
SMET OF WST 0N BASE
oULD THROW OFF EVERY THING
"DOWNSTREAM,, RUINING

TRE PROTEIN. MoST MYSTERIVS...
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ACTIOP 16
STILL TAKING
PLACE WSIDE

ps IT PASSES THROUGH THE WCLEAR
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SAME &S N TROCARYOTES.
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To HELP OROAMZE ALL

THAT STORACE, afcmzmes
WEAP THeIR VPA AROUPD
EA(ng?o&, —0R NUCLEOSO/”E
CORE, To P PROPR —
(ONSISTS OF SEVERAL

TROTENS BOUND ToGETHER:

encu CoRe WAS f SPIRAL
GROOVE FOE THE DM A,

WHCA MAES TWO

TURNS pROUMD (T

NOTE: There is a mistake on this page: humans have ~21,000 protein-coding genes! Not 200,000!!!!



WHEN p BUCARYOTIC CELL WANTS To DIVIDE, DN A REPLICATION

BEGINS AT MAWY SITES AT ONGE (UNLIKE W E.COLY, WH
IT BEGWS AT ONE SITE). ( IR

WHLE REPLICATIOP 156
STILL [P PROGRESS,
The Twd NEW STRARDS pre
ALREADY WINDING ONTO NULEDSOME
CORES. ONEG STRAVD INHERITS Tie
OLD CoBes, PAMD THE OTHER GETS B
Neld SET.

g S WEVE Seep, JUST
BEORE CELL DWISION,
Tie CeRoMOSOMES
SHORTEN AND THICKEV.
TS MUST INVOLVE
SoMe WK OF
PACKING Tie
e RRenayT
AVGEME
N% PRocess ARE
STILL UPSOLED
PROBLEMS.
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CARYOTIC £S: THEY
w Nd oT% f,f” SO-CPLLED
REP TWE DN A...THESE PRE

ces OF NUCLECTIDES [ICH
REFEAT TUEMGELVES MANY TIMES.
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A PosSIBLE ANSWER 15 THAT
THESE: SEQUENCES CopSIST
OF “SELFISH DN A,

WK COPTRIBUTES NOTAING
To The ORGAPISM.. ENCODIP6
No ENZYMES , |T MAY BE
NST “WITCHING B RIDE

0P OUR CHROMOSOMES !
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gpe YOSSIBILATY 15
HAT THEY CoMg fRom

VIRUSES ARE THE SIMPLEST
LIVING THINGS KNOWp —
|F THEY'RE TRULY ALIVE NT
ALL... THEY'Re SORT ofF
ALIVE PD NOT ALIVE..

EVER SIMPLER AND SMALLETR
TUAP A BACTERIUM | A
VIRUS R oY T Wﬁ:
A BIT of NOCLE/C ACID
WRRASPED WY ¥ A PROTEIN
COAT :
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BT A VIRUS
CAN'T REPRODICE
0N (TS OWN,
RECAUISE T LACKS
RiBpsoMeEs AND
THe REST oF
A LVING CELLS
PROTEIN- WAKING
0
opy “Lhve” RS A
PARASITE, BY
INWADING A
> AR
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\T> R M%C?)ER
ENZMES, Mip
ENEREY,

OME IT GETS \T5 DVA OR RUA [NTo Tae HOST, TH
VIRUS BEGINS TD REPRODUCE WILDLY, STRAINIPG THE
ceL To THE BURSTIpG CooT!




THATS A TYPICAL UIFE-STYLE (OR NOP-LIFE-STYLE) FoR A
VIRUS, BUT SOME VIRVSES ARE EVEN SNEAKIER: THEY
ACTUALLY INSERT THEIR @ENES INTC THE HOST CELLS DpA.

YA?B%%F 15 A‘:

RNR NIRUs ENCODING
PN ENZUME TUAT
MAKES A DVA cofy

0F 1T% RNA AND
SELICES IT NI TvE
Wo5T CHROMOSOME-
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THIS 15 OME REASON

PHY SOME VIRAL
WFECTIONS ARE
WCURABLE : THE VIRUS
OEVES CAW'T BE
GOTTEP RID OF

YOUR OUN CHROMOSOMES
MY BE DIRECTING

THE PRODUCTION OF
MORE VIRVSES Il ThE

AIDS vikus worgs
THS WAY.




\T5 [OSSIBLE TAAT SOME

(X The Rerer! Twe SUBVERSWE
AND “JUNK™ D N ELEMEPTS !
IV OUR CHROMOSOMES

mey WaVe Come PROM

Tt SOURCE = ANCIEPT

VIRUSES THAT MANAGED

T0 INSERT

THER HEREDITARY

BLUEERINT [MTo 0UR

AVCesToRS PV A.

P—— T S ———

TheRe'S ANOTHER
WAY A Cell
G COVTERD UK ——— " RerressiVE
PARKIBC bt B = ToLeRAVE.”
GENES Dou.
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TS
DEAL TR

: The BATILE
THEY'RE_ THERE, /
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oW TRAT

WE Kpow
WHAT cenes
REALLM ARE,
WE CAN GET A
MWCH BETTER
ERAST OF
MUTATION ARO
LPOMINANCE.

A MUTATION W

A GRE |5 JuoT

A CHANGE IV THE
PN Su'aga Voe
or OTIDES,
EVEN A MISTAXEG
BT JUST ONE
FOSITION (MW
HAWE A PRoFOUND
EfFeCT.

Hege 16 A smaLl
BUT DEVASTATING
MUTATIOV IN THE
GENE TOR HEMOGLOB,
Te PROTEIN WAICH
CHERIES OXYeEN

IV THE BLOOD.

MUTAUT GEYE




THE REASON, OF COURSE, 12
rﬂim %ﬁe gmwrae 16786FLECTEV

W The PROTEIN WHICR THE
oEpC AhCOpes.. FIRsT THe mRIA

€ VT WRONG, pAND T i
?Romg?. Rope, AND THEN THE
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THIS ESPECIALLY DIBASTRUS MUTAT(OP, WHICH INTERRUPTS
THE PROTEIN ¥ THE MIDDLE, CAUSES A SERIOVS CONPITION
CALLED THALASSEMA, AN INRRILITY To MAKE HeMOGLOBIV.
@e VICTIM SUFFERS FROM A PAINRL LACK 0F OXYGEN. )

SOMETIMES f CHANGE MAY MAKE NO DIFFEREIE AT ALL. IF
Yol REFER BACK TO THE CODE TABLE, Youll RECALL THAT

ITS SOMEWNAT REPUNPANT — MEANIPO THAT ONE AMING
pCID MAY Be GNCODED P SEVERAL DIFFERENT CODONS.

TS 16 A
KIND OF DEFENSE
RONPST WTATIOPS!
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occAYOpALLY, THe 'misTAKEY Mo ACID M BT W FAIRLy

WELL CTHOUGH USUALLY (&% TRAN PERRETLY ).

QomeTImes —ONE [ 8 BlE Mot — Tie TROTEIN
oy BV WORK BETTER Twap PEFIRE.
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BARIER, o)

WE YOTED TURT MoST

MUTMO% PRE
RECESSIVE. NOW WE
CAN SEE WHY -
A MUTATION USUALLY
Cnses B INABILITY
To MAKE M EPZYME-
[0 THE GXAMILG ol
THE IVTANT GEVE
FRILED To MAKE
KEMOGALOBIN.
WA v, e
T/ A Two SE75
0F CRROMOSOMER.

B 7 A MUTATION

AFFECTE N OF THeM,
me “Imme 172
WILL STILL TRoDYEE 15
ENZYME.

(90006@6 %0 gq,le

v

HEMDéLOGIP fo HeEMos DIV
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SOUL WITH

A DoveLE

PosE of MUTANT
€ WiLL
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TUALASEMIA .

WHER YouR Gap¥ic
(WL ppe LOTSEs,
TUNTS WikeR YouD'
PETTCR GET MEDICAL
\PEDRARCE !




(W pOO'T MENTIOP IT
EABLIER, BUT SOME ALLELES
Chy BE

@m
%@mum&m

meﬂ INe THAT A
OZY(aOTC
BOTH PRENOT!

A a\mvw 15 BLooD
GROUPS

THERE 15 A GEPETICALLY
DETERNINED SEQUENCE
g e o i
Cals. oMe ALLeLg 1A
WG SEQUECE A.
ANOTHER pLbre, 18

MAKES eQueCe .

0?)(6009 fOR
1 owl swoo u

% & TVFE A Bwov

(A HoMoz1o005 R
1 Vou KNE TYPE B
BLOOD.
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BLooD CélLS ILLUSTRATE
AVOTRER Commop

FACT OF LIFE:

ONE KIND OF

CELL CAN TURN

INTo ANOTHER

KIND 0F CELL
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A REP PLOOD CELL BeCWS
1T EX\STENCE AS A BONE
MaRReW CELL,

A PERFECTLY
Goop

EVCARYOTE,

BuT

LACKING 1P
HEMOGLORIN.

AT some FOIPT,
A mﬁgow W e

THE YOIMT (5 TR(S * Tue
05 Tere. s
W ¢
TIME, BUT IT WASHY'T §
MWHS EXPRESSED — ¥

Wiica BRINGS U5 To |}
OUR NEXT SUBJELT...




LL THE HICHR LIFE
FORMS EXHIBIT AN
\MPRESSIVE COLLECTIOP OF

CELL TYPES: NERVE,
BLOOP, MUSELE, SKIN, EYE
LYMPW, ETC ETC ETC..

Al

CELLS HAVE
PRECISELY
THE SAME

SeT or ¢ NS

p>

¥ps VSUAL, TRERE PRE EXCEPTIONS !




CLEARLY, DWFERENT
GEPES COME
\NTO PLAY

i DIFFERENT
CELLS... 50
EACH CELL MWST
%?ve WAYs

"DECIDING

WHICH 6Epez
10 "TURY oN*
AND WHED

0 DO\T...

EVEN THE LoWLY BACTERIUM NEEDS TO REGULATE ITS GEUES.
%Mb@% Fogo 15 AVAILABLE, IT NEEDS To MAKE ENzyMEs To
|CEST 1T

WHEN 1T RUNS LoW ON Ap AMIPO ACID, T pAS
0 SWTHESIZE MORE: ET¢ ETC tac. RO h




e FIRST To FIFD B
fORM OF GENE REGULATIOY
WERE THE FRENCH
SCENTISTS JACQUES
MONOD AND
FRAwCors JACOB,

IN THE LATE 19505.
TREY EXAMINED
E.COLI's PBILITY

To VIGEST THE
SVGAR LACTOSE.

Flp THE

RESENCE
o ATSE,
E.COLI

CeLL WALL
To LACTOSE,

AVD'Y BREAKS
THe VG

IN RALF.

|

\ ¥ REAL MAMES - BETA-CALMIDSIDASE APD PERMEASE, RESPECTIENT
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(" WITHOUT Gowe INTO
THE DETAILS OF

THAR EXPERIMENTS,
WHICH WeRe QUITE
INVOLVED, HERE ARE
SOME OF MOROD AMD
JACOBS MAY
RESULTS -

fIRST THey FoUMD TRAT TRE GENES FoR
Y APD Z, calLED “lac Y PP “lac Z)"
LAY TocETHER, SIDE- BY- 5IDE, O THE
CIRoMOSOME. SUCH A CLUSTER OF 6405,
ENCODIL RELATED ENZYMES AD
ReGULATED TocETieR, 16 CALLED M

OPER@R

This 19 THe ~lac oPerop ":

J Jo’\o’}@@’. St
lac Q=4 ¢—:- \M—Z'

WRE MBAUT To EXFING

\_ & PART!
AT THE STPET OF TS
(WD BVERY) OFEROP 15
FROMOTER REGICN, IIERE
CALLED lac . THIS 15
THE SITE WHERE THE ENLYME
KNA FOUMERASE BIWS
ONTo THE DNA To BELiP

TRAFS(RIBIBG THE MESSAGE
INTO »RNA. (sE€ P 123.)

TS EpRpe T
WAS MORE
DIFFICOLT Tulw
h Cdeest
SoUprFLE!




[arsst

T‘le 0F R%DLATrop

%062‘%“\;8%“&07@2
MORE Mfencnue

TO RNA folmerpse
THAN OTHERS.

THe GENE FOR A
MUCK-USED ENZYME
NAS A PROMOTER
WHERE FoLYMERASE
Ay EASILY BEGIP
TRASCRIPTION,
wmw A @eye
Km ST
MOUNTS WILL HRVE
MoRe. “DACuLTY
Cﬁmoféﬂ REGIOV-

~

(Wiar pgour

THE LACTOSE
OPEROR, WROSE
ENZ{MES ARE
SOMETIMES (DD
[P QUANTITY w;n‘ége o

-
%Lsg%e oMEs '
BUF OTHERWISE
NT NEZDED

AT ALL 22




MONOD + JACOBS |DEA:
THERE 15 N TROTED,

" [REPRESS*R,

Whic Sis On THE DA
AT A SPOT BETWEEY
THE PROMOTER AVD
THE FIRST GENE, lac Z.
TS SYOT |5 CALLED

(ORICH THE FREPG
SCIEPTISTS NEVER
DBSERVED DIRELY —
SIMPLY BLOCKS Tye

ACTIOP OF RIA foLYMERASE

AP S0 SIS Dowp
THE BUTIRE OPERON.

(
ONE MORE TAING PBOUT THE REPRESSOR: IT CAV M0 BIND )
T LACTOSE—BUT Poib S0 CAUSES T REPRESSOR To
‘TLEX" AVD KELEASE THE DPA-

¥* MORALLY NOT LASTOSE ITSES, BT A DERNATRE SUBSTANCE — BUT NEVWER mp ¢
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(0 THE NORMAL STATE OF )
AFFAIRS, THE REPRESSOR SITS
op Té\gpmmﬁ. REPRESS MG
WE Goe:

(" pLONG COMES & LITTLE )
LACTOSE, ATTRACTING THE

REPRESSOR

\_
T

r

[ THE ENTIRE OREROY 15 THEN
EXPRESSED REPEATEDLY.

A )

(THE NEwly MADE PROTENS
BDINN(’ [N MORE LACTOSE APD

[ FINALLY, BHED ALL THE LACROSE )
15 GovE, THE REPRESSOR vp-

FLEES AW RETURKS To IT5

SP0T 0P THE CHROMOSOME.




REFRESSORS
TURN OUT To BE
A Commop whY TESE
T0 REGULATE REPRESSORS ARE
"INDUCIBLE BVZyMES — MgRE ELUSIVE TRAR
ARE MBDE [y ; 2
RESONSE To A
CAEMICAL-LIKE
LACTOSE ...
BUT DESPITE TS
BRILLIANT 1DEA,
%’L%D Pi\no JAGoB
ggg;wa’fef‘ﬁr; A

E50R. |

AlNED &

EORETICN. VosSB|UITY...

~UNTIL 1467, wHg) WALTER GILBERT APD B. MOLLER HILL, UsIP6

VERY REANED TeGIMIQUES, WERE PMBLE To [SOLKTE THE ELUSIVE
fRoTeps. ¢

THER RESULTS MMDE
PCAIN (WOAY )T

KD By So [IARD
o AFD Tiem -

R SINGLE E. CoLi
BACTERIOM HAS
ONY AIVE T
TeN MOLECULES
0F LAC RefRezL0R-
LATER, GILBCRT
MAVAGED To




NOTHER METHoD OF Gepe
szethmoN (Goks BY THE NAME OF -

ATTENUATTO

b b Tms GOVERNS Y E. CoLl
wmﬁnw 4| OPEROP RESFONSIBLE fR
CONSTRUCTIPL THE AMIPO
" ACD //lsr/p//vz
©
@\_0 - e\.,“

S

o'.o/, \'®

( ihes E.cos

RUNS Low oP
TN‘S ESSEFTIAL
SIVFF. THE
BACTERIOM TRODUCES
A GROWP OF
NINE TROTEWS,
WHCh Cpp
BUILD KsTiDwe
MOLECULES
PROM SERATCH -




("1 BEFORE, ALL O ENZMES HAE THEIR GENES CLUSTERED )
IFTo AN OfEROP, WITH AP INITIAL PROMOTER RESIOL -
ONLIKE THE LAC OPEROM:

TS v PAS MO PLAGE

PR P REPREZESOR.

[NSTEAD, THERE |5 A
"LEADER SEGUENCE "
ENCODING A CEPTIDE
RICH IV HISTIDINE —

THE VERY STUFF WE'Re
TRYING To MANUFACTURE,

=

(" Run PoLYmERASE BEeNS BY ) [ THE LEADER SEQUENCE EN
IRMISCRIBING TG LEADER 7 wsnmpﬁgaﬁ A RoW 2

(\¢ WISTIPINE. 16 PLENTIFUL , THE
Rigosome ZipS ALONG, Anp
A LooP FoRMS IN THE mRNA .

Tuls LooP BUMPS THE
RN POLYMERASE OFF THE
OPERON, HUALTING TRANSCR®PTiON

J




IF, ON TUE OTHER HAND, HISTiDINE
15 IN SHORT SUPPLY. THE
RIBOSOME FALLS BERIND THE

POLIMERASE. -

W THIS CASE, » DIFFERENT
Lo FORMS, WIICH, By PREvENTING

THE ARST Laop, ENABLES THE
POLYMERASE To GO oN, AND THE

OFERON 15 EXPRESSED

ﬁHE NEWLY MRDE PROTEINS
€0 TO WORK ASSEMBLING
RETIPIE.

v 7

A SWORTAGE of
RISTIDINE TuBNS TuE
GENE ON , Ale

A RISTIDINE GLuT
TURNS T

OFF.




HE PORTRAIT OF THE
GEVE, hS SKETCHED By
mg}ma AND FAILLED [0
LATER CENERATIONS,
Dmcréo Ap OBECT
FIXED D YNCUAPGING,
AoIDE TROM OCCASIOOAL
MUTATIONS.

MORE ReQiHT DISCOVERIES SHoW A BQE

MORE MOVABLE AVD TLASTIC.. IV PACT,

;xp IM?oFTMJT MEANS of CELE ﬂw;mop
wawrs o WHAT (W& MIGKT CALL--

JUARING GENES, .

(0% ENTYMER)
Wi CAp
(rusg A
PARTICOLAR
SECMENT

OF PN A

T0 FLIP: 228




HOW DOES THIS REGULA
A GENE? LETS LooKTF'
AT THE HYPOTHETICAL CEHE X.
THE IVVERTING ENZYME,
MTWSK mo@;f »\sf

f AS “FLIPASE,
15 EPCPED INo A R@%p
UPSTREAM FROM GEVE XS
PRoMOTER:

e
o
TN

ARG

SOMEHOW, WHEY ITS TIME To S 6
FLIPFASE GEVE |5 ACTVATED, m&ggfwewéz’iﬁag"e

IT IWERTS A SEoMedT
INCLUDING |TS owp

GENE PUD GENE X'S

S PROMOTER,
GENE X RAS peey
SILENCED. THEN,
PHEN THE TIME
COMES To Turp
T BACK oN,
THE [NVERTED
ReGlop 15
RE-INVERTED,
BRINUING THE
X-PRoMOTER
NTo PLACE.




guw HOVABLE
SECTIONS OR

TRANSPOSHNS

ARE Commop |p Bor
PROCARYOTES AD
CUCARYOTES. BEALIDES
INVERTIVG, TheY Ca
JUME FROM PLACE

To PLACE, FroM
CxRoMOSOME To
i
TRANSPOSONS 15
STILL A MYSTERY.

[~ TE MOST SPECTACULAR EXAMPLES OF JUMPING GGNES ARE )
THe Q%S ENCODIG ANTIBODIES K

ANT(ODIES ARE
PROTEIRS WHICH
% % e pony’s
(VE WEAFONS.
A
1A, ViRuses
AND OTHER :
HARMEUL (WVADERS.
THERE ARE LITERALLY
BILLIONS OF
e
T
The BXACT sHAPE
OF I1TS “EPemy.-




( RATHER THAP UAVING BILLIONS OF GeNes FiR APTIGODIES,
THe CHROMDSOMES CPARRY A “ToOL KIT™ OF A faW HUNDRED
FPARTIAL GENES.

CELLS, TueZe
BT5 OF DNA
pRE CUT UP

EACH
RECOMBIPATION
STELLING OVT

pow TE ORGANISM REGULATES TS PROCESS 15 STILL A RIDDLE
S PRE MOST MATTERS OF BVCARYOTIC Gape BEGMAﬁoN:D%qe'

ESTION OF PEMOGLOBIP (p 162 ), FOR EXAMPLE REMAING
({Kmour AN ANSIMER. ; ;

VTS CLEMR TUAT

THE FLEXIBLE GEMES

0F EUCARYOTES

méu BE AN ACTIVE
€A OF RESEPRCA

IN YEARS TO

QME.




