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Note: At the time of this lecture series in late 1969, Feynman was heavily
involved in the particle physics and experimental research leading to his
"parton” theory which complimented quark theory. Since the topics he set
out to lecture on took him afield, the preparation and research he had to do
to prepare the lectures became too time consuming and be had to give the
lecture series up.

I decided to include what I had here even though they are incomplete and
well dated now. My reason to include them is only to give the scientific
community a look into the "dynamic range” of Feynman's inquistive nature.
I have learned that Feynman most likely drew upon Seymour Benzer for
insight into this series on microbiology and biophysics. Benzer had started
out at as a physicist but with the discovery of the structure and nature of the
DNA molecule he changed over to the emerging field of biophysics and
genetics. As a CalTech colleague of Feynman, he apparently communicated
with Feynman whose intellectual curiosity led him into this lecture series.

Those of us at the labs shared his curiosity in this emerging field even
though Hughes Aircraft Company had nothing to do with this scientific
pursuit. That could not be said, however, of the Howard Hughes Medical
Institute (HHMI) that continues today to advance our medical and
biological understandings. The ultimate sale of HAC in the mid 80's
provided over $5B in "endowment" to the HHMI.

Feynman was always seeking to better understand nature and our world.
This series of topics just demonstrates Feynman's interest to look outside of
his known field of expertise. We should think about how our own
professional focus can limit us in better understanding the
interrelationships of all scientific endeavors. Today, that appreciation is
reflected in multi-disciplinary study courses that represents non-linear
teaching at all levels of educations. While we need very knowledgable
specialists in a given field, we need well educated individuals who have
developed an interest to seethe interrelationships of physics to chemistry,
biology, neuroscience, nanotechnology, etc,

JTN comment Dec 2013
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3 NOV. 59 INTRODUCTION TO THE C(QURSE OM BI0L0uY

TopfAY , | wWANT TO be A New SobyecT MATER . | hhve decided
The SOD<decT | witl TALK ABOUT Wikl be BioLooy. The Lecres Could
G0 oM -Forevc-( becAvse There Are sSo MANY felhTed TOPICS | €6 blu?h‘{sacsl
BiochemisTAY , MOLECULAT bioLi0e? | GeveTic, Phr§ioloey, €coLoey,
ThAT The PRNECT 1§ ENUVISION 1S ENPrMoos. A6 AN ) witL be ouided
TO A LAfeE EXTENT by The Quegmons 700 rMse AdNd The direnon
They (ead mMe.

To find AW APPROPCIATE STACTIMG- POINT 1S fl IMpossibLe Job.
The svbved MATer differs drom Chemistry Avd PhYySIcs 1N Some
SIGRORCANT wWAYS. ALL The relATed Fiélds of biowe? T A GreAT
ExTenT Are INdependeuT. The refison for Tais 18 kioLoe? LACKS
A bASIC fouwdATION  of fonNd AMEVTAL LAWS : LAws Develored bY Theory
ANd Provem To be Trve b7 expertMenT. We will faiNd very LITTLe MATHh-
EMATICS AS WE 6o Throveh The mATeniAL, RAsIC Alcebra And cALcULYS
witk suffice. LAcKING This undertYine VN ING Thread, AS /0 PhYsics,
| hve Found T MosT difhelT To oreAnize ThEé MATG ML IM A
MemnnefoL w Y.

| have Tried TO OriewT The SUbJECTS ON A SCALe ARG
from The Ve SMALL{ The ELECTTON, NUCLEVS, RTOM, MOLECULE TEGI ME ) TD
The very LATeE Schte where MANY Biobol comPLEN bDIOLOGICLA L SYSTEMS
INTERCT |N A CLOSed €nvironMenT ( This 1§ The hhetd of Ecoroet).
Thus | PUAN, Soower or LATEr To SpAd The biowe?cAL s@ecTroM
from The soprmoLeculAr Lever to The oradndiose ccoloeichdl Level.
IT \S MY Puan To STATT AT The $10Lewlhr Level And work NY wAY vpe.

Bioloe ,of Yore properl¥, CLASSICAL BioLoeY 1S bAsed vpow
ObseruAnoONS fNd CUPEANENTY WiTh LIVING- OreNISmS | OrofAns, And CELLS.
CLASSICAL H10LOGY deals WITh LIFE ON The mylncewvl fir ANd SINGLE
CellvLAar Level 3 dor below The Ta' Cell LIFE 1S NOT Shid To 6ST.
PLANIS fivd MO mMALS  Are CATEGor) Z€d INTD  SPecies, Grovps, PhylLA,
ANd KiNedaims. The bASIS of CATEsoriZATION ASE COMMON Trais, TeATUrES,
fEseMbetanCes, ThE TNCLK TO UNderstAnd InG- The SUbJdecT MATTER IS T
LeArn WhAT The COMMON ELEMENTS ATE AMOUNG- Thé VATIOUS orerniSHs.



SomewWhAT AT odds wiTh The (deAs of CLASSICAL bioLoe? 1s The
More recewi field of MOLEcCULAr biloLoey. The New APProfich ASsUmEs
ThAT The ChemicAl CLOMSTITVENTS, SepRrATEd from The cell And sudied
Wi sufhicien T SUbTely ANd dETMIL, react AccordiMe- 70 KMOWN Chemichy
Avd PhYSICAL LAWS IN A RAANE WHich AN ARuwownr for Life, 1T 15
Pro’rose 0 ThAT LIFE MAY &6y rese IN A SINGLE CELLULAR CONSMTUENT,
Thus HOLECVL AT DI0LOGY dEALS ExclUSIVELY DN The SINGLE CELl LEVEL

CELLS hhAve been Found To hfive severiL KeY common JeATUYES ¢
0) celLuar Chemical VEALTIONS ATE ALL goverened bY CATALYSTS
() QASIC Chemicsll ProCess \s TO CONVET &Wedse To Cop
(3). CELL MUST be Ap Le 0 rEProduce

The chemMiCAL VEACTIONS CAN be VErY COMPLICATEd ANd INVOLVE
MANY  Sequences GALh VEQUIrine A CETHIM  CATALYST TO MAKe 1T 6O,
However AL forms OF Life reQuife The enerey 4rom The sIN to
SUSTAIN The chemicAL reAcTions fAind ULMATELY TO SOSTRM Life. IN
PLANTS The suw's eseret IS Absor bed direcTLY Throveh The sobsTANCE
ChLoro Ph7Lll, ChioroPhYlL IS SUbScQuUenTLY DroKen DowN INTO A Rore
STBLE chemicAl ENvere? form. The chiorePhyil Thercfore, Coupres The
SUN'S eNerey Throveh PhoTon €xc)TATION O ITS ownN ATOMIC STYUCTUrE
INTO. A STAbLE ChemjcAL- eLecTric SYBSTANCE. ThE MOST COMMON ELecTro-
CheMicAL STOFAGE P rocess 1S To USE The eNE6? O0F The exciTed €LECTION
TO S&PATATE WATEr Hu0 . Oxvotn 1S eleised 10 The MTMOSPhere Whilé
hYDrocen JOINS OThér MOLECULES.

The PLANTS ThE Absorb The eNerey Eromt The SUN: fiiMALS come HLo:oorJ
EAT The PLANTS, Md FeLASE The STored ENEGY. The whoL€e Process
FEPCESENTS onve e IGANTIC ChemicAL facTory. The CATALYSTS or &NEYNEs,
MAKE ThE Whote€ Mine Work buT DIN'T GET COMSUMNEd ThemSe|ves.
ENTYMEs Are QASIKALLY MAOc of ProTeins md ProTaws rePrsent™ The
GENErAL CONSTrUCTION UNIT  0f L fE.

our STDY WILL beeIN b vudersTAND ING Those chémichl
PEALNONS GOING- ON INSI1de TE CELL And from Théere Lo pve
ON.



| Should mMenmoMN The TWO CreAT ASSUMPTIONS hAdé
IN The fiecd  of biolooey:

0). The EnVironmenT of ALl LIVING M NGS 1S bAsed oM
ON The €ArTh ENVIFONMeuT PAK 70 The birTh of The
PLANET AbouT 4 bILLION YEAYS AGO0. AAS A CcomnseQuence
oF This ASSUMPTION 1T 1S POSTOLATED ThAT The Lone
hisTor? of- EVOLUMON WAS LED from The CATIOON MOLECULE,
to e SimveLe Cell, ANd hewy TO The hichl? sPeculLizeDp
MULTI ceLLoL Av  body

(2). ALL PhevoMenh ASSOCIATEd wWIiTh ThE happenines of A
LiviNe- beinwe ChHn be €xPLRINGD M phisicAL-ChemicAl
TETHS. AT one TIMe \T WAS F6LT ThAT CELLS were NOT
SUDJECT T The MOIRMAL LAws of NATUCES ANd kAl PossesSed
SWANGE QUALITIES. TODAY The bIoLoeIST  STYIVE For ThE
PhYSICAL - ChemicAL EXPLAN ANON of Twe ew@NTS he observes.

The FicsT ASSUMPTION LIMITS ThE rANGe of PossibriTies of how
Life on This PLANET Orig/wRATED. The PoSsibiviTY of benNe A
TrAn SPLANTEd ST e From ANDTWEr PLANET IS NOT GoNsidéered. ThaT
IS MOT T® 3fiY Life€ DoeS NOT R EXIST SOMewhere edse IN The
UNW ETSE. |T would BE [MPOSS1bLe To ASSome ThAT Life oM ANOTh ER
PLAver would be LIKE OursS. IT IS ALMOST INCredihLe JUST
UNDErSTAWAING  how IT EVOLVED MERE. MANY AcCid TS hAve occurred
ALON - ThE EVOLUTION PATW. NOoT oNLY Are There maNY oTher farms
of Life PISSIhglE  Which MAY ®% rewy oN A CArhon cvcLé buT
SILLON Could repLAce CAvooN Avd A LhAreeé Nimber of AHdITION AL
POSSIHILITIES b echME POSSIHLE: IN fACT TS ALMOST INCONCEIVAbBLE
M™MAT ATOMS CAN ACQUIrE “ CONSCIOUSNESS" Aud maNY Mmre T 1S
NECESSAPY To resorT TO AN &LPLANATION LIKE&E “Gop DiD T.”

BuT We hfive LeArNed T0 UNdersTANd The KeY of LIRE, DNA,
AMd how IT WOrKs. How IT MANAGEES 1o DupLcATE ITSELT
Whil &€ AT The SAMeE TIME RPAKE The mAdhver? tor fUTUre Yeprodochon
has beer A LoneTIME MYSTErY buT NOwWw we o€ ThINK wWeE
UNJEFSTANG . MANY Mimes 10 The Process ot reprodocing The
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SheeT™ OF WSTrucNONs GETs douled OP Avd The COPY 1S NO
Good. SOMENMES The WPY (S AL GooR ANd IT WOrKs bemer
S50 \T survives. RUT As The oreanNism becdoMe RMOFc cOMpLEY
EfCh New ChAnece APEBRS TO be for The worse, T is

ANALOGOUS TO The LAW of OreAvizANON IN TODAY'S SOUET]:
Evert chmee LooKS LIKE ITS For-q"f»orsf'.



OR&ANIC CHEMISTRY.

'LL besiN MY LECTUfES by FirsT COMSIdER ING  OR&ANI L ChemisTry,
P\i?! The Poor Guy Who hAas T LeirVN AL The nATeIAL 1IN OreANIC
ChemisIr{ JUST T0 mAKe The nitLions of differedT W mpouwels.
We won'T worry AbOUT how T MANVTACTUrE OfGANIC COMpIUNES
bol v ATher @NCENTFATE oON WhAT TheY Are And WhY They Afc
IMpor MANT TO BIOLOGY.

CArbon 1s The $105T 1MPOrTANT €LEMEST FoLLowed by dXYeew,
HYDrooew, NITrogen Awd TheN AbouT A Doten obs LESSEr ELeMenTs
INvolved 1D The chemisTrY oF MAN. Some ©F The 0Ther Kev ELEMENTS
ARE Phos Phorvs | SULFUr, §0dium, POTHSSIUM, lodiNe, IROM Lhiloring AW
MANeAnese, We'll STAFT with tArpou

CAarboN hAs 6 elecTYonS 2 of which form The Closed S-Shelt
Md 4 vAarenvce clecTro NS, CArbon LIKes TO G AN or Lose These
Your €lLeciroNs IN Ofder To GET TO A LOWE ENVErGY STATE. One whAY
To Bp Achieve The mimimoM ENEfEY?Y STATE 1S TO be surrouNnded by
For hodroocenm 1ons HT And Thus Achieve A STALLE OCTET ARRANGEMENT.

SYMboLiIcALLY This 1S denoTed AS Where The ™D

H
H:CiH
e H
PAIfed DOTS MEPRESENDT ShATed €lecTronsS which Are |N TwO
DifterenT SPIM STATES buT occupY The sfime sPace. CHq s
More comMONLY KNowwN As HMelhanve. WhenN eLecvons Are
Shared LIKe This The bownd 1S cAlLlEd A COvALed bowd.

The oTher wWAY To AChI&ve A STAbLE €ElecTronN CONSIGUrATION
¥ for ™fe CAfbow T eIve op TS 4 CLECTFONS E.G. ChiLormne
IS QUITE WILLINGTD ACCEPT AN €LECTTON B0 Foyr ChloriNe
Aroms will NevTrRLIZ € <ArbonN e T

ALIZE Th . t@ oL

A
This TYPe of boNd ING- 1S CALL ed 10VIC bowndive, OO

e
Now T™eRe Are A LoT of DifferenT SUBSTITUTION POsSIbLE
Whew ComsiderinG  Two or Mofe CArboN ATOM Such g5 EThANE GH.

or sYmbolichLLY H'-H(.;.l H ALTernATELY DenoTed by ’ (“.—H
A

B Gl H-C-H
H H



IN TWiS MOL&cULE The HYDGEEN ATOMS cAM roTATS Sreely AbouT
The C-C bowd. |p GeverAL vomATOM (AN Occur AbodT A SinelLE
borMd wWhite T CAN'T AbouT A doublt Bond.

OTher  ComMoOM Chfb;:o componds Are
H

H
[ | Ha
PROPANE : H-C-C-C-H HyC —C
l ) I
C3 He H H CHj3
H H n H He
BUTANE: H -C-C-C-C-it _c C Hs
' | Voo H.C N A
Cq Hio H H HH X &
Norm AL Isoburave Ha YOTATION AX1S
G

ANd  commiwuiNG The Séries Throve h Pevmive, hex Ave, heymne, ocT ANE,
ETC. The fornoLas of ALL These hYdvoch bows condorm To The TYPE
Cn Hu_nm. AS fod T Hichéer ANd hicher 1nv The ndOLecuL AR welehTs
fou come To The whaxes. IN These subsThances The Chagns of AMOMS
becom e so  INTercompecTed ™MART MEss LOOKS LIKE A PLATE of s?ﬁcrken‘i
wilh dll The eNds clued ToeeTher.. CoMPoUNds which fAre der)uATIVES
of The MeThane-EThANE-PROPANE sries ATe CALled SATUrATEd hydro-
CArbons becavse The cArbon vALences Are ALL SATUrATGd WiTh hydrooen.

IN MANY compoumds CH3 ACTS AS A Lump TO FEepLAce hydrocen ;
The derivAnves fre smd To beLone To The METhYL Group, € G CHs;CA
METUL Choride 1S one soch Compound  H-¢-ed,

H

ANOTheR MAJOr GTOUPING ojr h?droc&rbous IN SATur ATed
STrocTures Are The CYCLO ALK ANES , ALKAne sTANdiNe 1or The
SAVrATed boud Md CYCLO denoTine The CLOSed STruClre. Such
EXAMPLES Are -

CYcLo ProPANE Hoe — C He CY CLO boT ANCE He

&

CGiH, \c/ CaHeg [
Hz i

H

CYco penTive | hexfne, hepMine | €TC.



AL KENES

AnoTher mAJor & CATecory of hyvdroenRbons Are formed by
doubLe bowds AS DPPosed TO The SINGLE boNds of The ALKANES.
The cArboN ELECTYONS have Two VALEnce ELEYONS And fAre sAld
TO be UNSATUrATEd hydyoChrbons. ALKenes Ave verY Teacnve AS
oMphArcd T The velANvelY dull ALkAves, An exampre of
ALK ENE IS ETnYLENE (2 Hg H H

C=¢
H” NH
IN The dodble bond STrucure boTh ELECTrON PArs Are Shhared
by The Two chArbon Aroms, AN INTEresTING Mémber of This erouvp
IS buTAdiene C; KWs, H. C :ﬁ—% = CHz . IN This compovnd

The shared € LecTroN CAN ron back Awd forta ALone The Ao
ChiiN JusT LIKE A WIfE.
ALcoroLs

Alcohols Are  HYDroxyL derivamives ( OH) oF ALKmues. MeThr
Alcohor IS A coMmMoN  comPoound of T™is Grovp

H
)
CHzoOH H‘?'O'H
H
OTher cOMpouNds ATE hicher order MOLTIPLES of This basic STrUCTUréE.¢,
HooH
EThyL ALCOPOL LLiguor) | H-C =C-g-H
Hooh General 4Jorm . ROH
oy Where R SYmbolizes CHj
ProPyL ALcohOL H-¢c -e-C-0-H )
n-Cs H, oH H o onoh H, eTce,
H
ISoProP{L ALOho( H_é_z_g,H
t-CsHyoH ; o
t . H
H

These compounds ARE ALL ChATACTer ted by A sSIrAlehT -CArbow chAIN,
IN AddITiIoN TO The SiNeLe WidroxfL evovp There 1S hN8Trer ASSOCIATEd
WITh SUBSTITVTING Two OH'S AS IN The case of

H H
i i
H-C-olt H -cl.-OH GLY CeriN
|
H-C-0oH H-C-oH
H H-C-0H
'
H



CARBONYL COomMPounNdS

COMPOUNdS formed wiTh JoUblLE bowndecd OXYe-&nw Are called
cdrbonyL AnNd Are of TWO TYPes ! ALdehvdes Avd KETONES.

R
AN
¢c=0 "G
/7 C=0
H R./
Aldsrhvde KeTong

TWO exAmPLES of AldAhvdes And K e5ONES  Pre

H N CH} CHB\
£ =0 N c =0
H P C=©6 =
form ALd Ahyd € C“s/ H/ :
ACETONE AcCeT ALAEhYdE
AN INTECES TING- CLASS OF S8UbSTANCEs belONGING TO TwiIS CATEsory 1S
The WirboxiL eROVP , R <
/C_ = 0
OH
when R=H The wmMPound IS Formic Acid, A poneenT SHmettine LIQuid IN ANTS,
H
formic Acld \/Q =0
OH
ALSo uf R- CHy we GeT Acenc Acid, soor LiQuid 1M VIMEEHR,
CHy
ok’

AR derwvamive of The cfivboxyLic Acids, # CArbomYL comPovnd, IS

CALLed AN €STER, The ceneral form of An €576 s R‘o\
And 1S formed bY combiminge AM ALCOROL WITh MWV '/C‘.=O
ACid form ine wATEr AMd The eyrc—oﬁ K
H~I?C:- ~o-H + H-o-¢ = Q”S‘o\cﬁo
H H:o . \cH3 gity

ESTErS hAVvE p characgensnc ‘ffu.ﬂ’ TLavor Awd GIve many
FLowers ANd FeoTS Their Fraerave



ASYMMETRIC CARbON COMPOUMDS
Q. oP
AN INTETESTING ACld IS TARTANIC ﬁ’rudJ /(‘_—cl:‘c-c
]

N
oH oW o . OH

WheN POLATIZEY LIEWT Shines oM The comPiund  Fhe pLANE

POLARIZATION becomeS YOTATed. MAnY o,omroun}ds dispiayY This properTY

And AL hAve (NcOMMON A SYPMETYY which 1s YEELeTEd
To JISTINGUISh Compounds which

IN A MITrD R,

roTATE The puMme of PoLAnzATION

™ The rieWT o The Left The Terms dexTro (d) ANd  Levo (L), repenveds,
fre vsed.

S uenRs

Id NOW LIKe To eT™ INTO A bricf DescriPrion of suears

becAvse from sveATS we cAN Move wTD blrochemisTrY And Thed bioLdey.

SUGATS serve IN TWO MAJOr CAPACITIES IN NATUre To MANIMALS SYeATS

CONSTITUTE MOT ONLY A source ofF ENEGY boT ALSD A basic buitdiNne

BLocK IM CelL STrocTVre. bBlucose 1S The basic sueAr UMIT 1IN AVIMALS

Avd The dicesTive Process WwWOrKS YO breax downN The ™MDOre |

(OMPLEX SUGATS TO This SIMPLE v pPNJT- M AHsars PLANTS
SUGArS Provide A sTorAce PLACE For The enerey Absorbed 10
The PhoTo sYNThesis Process. Also  LIKE 1N ANIFALS, The more compléx
SUGArs Jorm STrUCTUrAL MATEFIALS LIKE celttviose IN PLANTS

The simpLesT SueArs Afe The MonNosAccharides . These soehrs

Are chACACTERSTICALLY CcOMPoOsed of Sive or S/X ChArpod AToMs AN

e KMOWN AS PenTdSES And hexoses: The cencrfl SormulA dor SueATS
s Cy Hin On. A+ More COMpPLEX SUEATS svch As dispcchnride,
TrisAcchArides, €TC cAy d be tormed $rom The moMosAcchArides.
SUeArS Are bASICALLY STFrAIGhT ChAIN MOLeL ULES which dispPLAY

AM ASYMMeTYY. Four COMMON roNosAcChirides APPEATING IM NATYCE ARE

> D-&eWcose D -MANNOSE D -FRUCTOSE B - GALACTOSE
"
CHo CHoO W Crn
f—f- o Ho+ 1 ¢k=o H——0H
Ho-~ ot 0+ H
] H HoT i ho-+ w f—tio“
H—oH Ht o B ~-oH ¢ H
H"Eo” H{-on -+ oH H -t OH

oH/ Ha /Q /\

ol e oH Hr OH H>




BIOCHEM ISTRY

kasT TiME we TALKEd RAbouT SVYeARS And oTher carbon
COMPOUND  AS We were LEATNING AbodT The GENETAL SUbJIECT of

DreANIC ChemisTry. | woold LIKE ™ (OMTINUE OM by DISCUSSING

ONLY Thegst ChemI€LAL Processes whicth Are IMpo rTANT 1M
bioLooicAL $9 STEMS.

WE were DISCOSS ING SUCARS bechAuse of Therr 1M por TANC €
IN bioLoet, | would LIKE T© Show ¥OU A LITILE beTer wAY T
REPresenT These comMpLex MOLECOL AT STYOCTVrES . The sTrociore Jor
Drd- ¢LvCose , MOrE commonLY, Pexivose, 1S Shown IN This QUASL -

Tree dimevsiondAl dy AWING

*CH.OH
Hone Y The verTicey of The PoLYGON Are
PeXTrosc 4 The SiTes od- The ChArbon ATDMs

T™e OxYe-EN ATOM Occors.

Th€ PenNTOSE oo, Ribose, hAs A SImILAY STrucTore

sCHol 2O\

KL
H H/on

3 .~
OH OH
And Z‘d&bo)ﬂ’&lbose IS  GIVEN by :
cH.0H < H HERE The OXY6ew oN The 289
N cArbod ATOM hAS been RemoveD.

oH o

The LIST Of MONO SpcchArides APPEARING 1IN NATUrE 1§ NOT VERY

NG, A e of The common MONOSACChATIdEs Are  The TETYOSES, ATITHhASSE ;
D-&Locose MANNOSE

FOuTOSES | PETYOSE, ArAbivose , xyLose R1boSE 5 hexoses |
GALACTOS¢ | HrucTosE, ASorbosc, TALOSE

DiSACChArides ciu be formed 4+0m uonosAcchARIdes by
WhAT 1S cALLed & GLYCoS1d1C boNd DeTWEEN The CoNSTIMVEUT Suehns.,
SUCrosE 1§ dormed by OMbiING frueTose AN GLU cose:

|1©



GLUCOSE frucroge

CHOH
Kk g
o A H H
0H n 0 ' CH.DH
H oH M "

UTher  coMMOM Digshcchfirides Are LACTOse (Houwd w miLk) | MALTOS € (
IN STrch) | CELLDbiose ( CeLloL0s€). The Process of bieesTop
INVOLVES  spuTtine The clycosidic (0x76een) bond And POTIIMG The
HYproce™ bAck. Thus SucRose 1S redvced TO LU CoSE And frucTose,
The envz¥ME TAAT reduces Socrose 15 cAlLed INVERTASER . The suffix

“fise " DevoTes AN ENZYME while The s PrefIX DewoTes outy whAT

IT DOES.

WE hAve ALveddy Mewnmoned TwAT SUGTTS seree AS A food
STOrAGE devite And The ommon Horm s STarch. STArch 1S JusT
A Tremendous chain of eLUcose suefrs Tied ToGETher by The

Glycosidic )cawd) L Ci-4) boud,n.z, The | AWd 4 CAvbon ATBMS AfE bonded
HvoH

STARCh ) THEREfore A PoLysAaccharide. Ao Tmer coM Mo POLY SAChArid g
IS CELLULOSE. CELLULOSE 1S The BARIC §TrocTurAL ToodoL OF
PUANTS. CELLULOSE 1S MAdE YVOM GLUCOSE SimilAr TO SThArch

botT different IN T™e bondiNG. The buwwd 1s cALLEd A @ci-9) bond.
ld  Looles viKg

1T 1S ThiS SEEMNELY  INNOCEIT VACIATION IN DXONdINe TWAT  d eTErcIves
WhAT s edible ANd IT 1sN'T for mAan Md ALL o0Thér ANIMALS.
TermiTes ;om Te oTer hind, hive wiThin Their 6uT A bACTErIA
CAPAbLe ot desSTroY ING The pLI-4) bond ANd ThuSC PEmiTiNG
TheEM EAT W O00d. JusT Think 1F WeE wuld develoPe RV ENiyme TO
Destroy Cellulose, LIKE A cow, There wooldn'T be A food Problem
Too AY.



CHITIN IS fnoTner POLYSﬁCChMIde‘Slmum“ TO CELLVLOSE ; 4T

forms The hard shell of INSECTS AND CrugTACEANS LIKE LODSTERS.
cliHuold

C ARBOHYDRATE METADOLISM

ONE ChemicAL TEACTION OF INTEresT |S The reducToN ot PoLysAc-
ChiArides INTD The simPLe MonNOSAcChavides. This 1S The acT OF DigesTION.

The NisT STEP IV The Process IS Phosphoro LYSIS of The pouY shcchande

WiTh The PrdUCNoON 07 &LUCosE -I- PhosPhATE,
ATP ADP

G LYCOGEN & Lucose - | -Phas Ph ATE
PhosphoryLase
AN ALTECNATE buT €QUALLY PrOBABLE reACTION @ INVOWES GLUCOSE

Which 15 cONVErTED INTO GLUCoSe -~ b-PhOSPhATE
ATP ADOP

G LUCOSE GLucose & PhosPhATE
HEXOKIPASE

The firsT FEALTION OCCUrS COMMONLY 1IN AVIMALS Avd IN hicher PLANT
TYPES WhILe The Seconds 1S Tound RASICAWY IN HICRD ore ANISHS, DUrING
The resTivg Period of  oreAnISMS GLUcose IS The Chiet suefr ProdvcT
of GLYoeer , buT In Perwds of MUSCULAT ACNVITY AvocTOSE b PhosPhATE
Arpears IN PredomMmiNANCE. Free §YvcTDsS6 does moT ArisSe AS A ProdocT
of MemAROLIS M bUT WheEn PresenT IN The dieT A PAFICIPATE

IN The SYSTEM SiMiLAr TO ‘G LUCOSE .5,
GO ¢ PhOJth}’T&

ATP ADP @

FRUCOSs €& L—-lb Fru CTOSEie-APhQs PhAate

ReXxOKINASE

Frocrose |, 6, D1PhosphATE

The conversion of ATP INTO ADP LIBErATES STORED ENERGY O VPTHNEd
from The SUN Thvove-h PhOTO §YNThests. 1T 1S NOT AN ENTYME bUT rAThe
A TEACTANT which SUPPLIES The &nereY T rUN The mAcnons VP hikl,



PHOTO SYNTHES IS

EVERY PLANT ANd ANIMAL op €ArTh  AePends U LTIMATELY,
ON The eNERGY from The SUN ™ SUSTAIN LITE. The ewefe
Trﬁnsfe.zlhoweve.z, TAKeS PlLAce 1IN DONLY ONE sPecitic PLhce
IN PLANTS CAlled PLASTIDs. IN The PLAsTIDS ChArbon dioxide s
EXTrAcTed 4rom The AMIR ToMbiNed wiITh WATER ANd JNOTTANIC
SALTS drom The suL T0 form The BASIC cArbohtdr ATES NECESSATY
Sor Lif€ T0 CONTINUE. For The complLex SusArs T be formed The
EMEvey Svom The Sun 1S required. The bAsic PhoTo SYNThESIS Process

CAM be repPresented by The Jollow ne formulh,

nCl + nHw.0 éh—v" (CH20)n + MO,

Heve The sun's  EMere? | hY, 1S cArried br A Phorod. The exeACT
WAY IN which The pPhotod 1S Absorbed Anvd CONVeErTed INTO A
aseful  Form s CATher COMPLEX , NOT TO0 WeLL UNdErsTood, And witl

be discussed LATER., 1T 15 INTEFESTING TO Observe A Lo bormine

For Theve You s The Above Process IN feversé, The (O ANd Hr0 15

ReleAse LeAvING behind R sMALL Pite of AShES The INOVGANIC
SALTS, ANd  GIvinGg off henT v The tlhmes which w8 IS gusT The

reemission of The Absorbed €PeErey dvom The SUN. IN fNIMALS frmd

PLANTS The feverse PROCESS 1S CONTYOLLEd TD yuN VErY sLOwLY SO

we AS To Produce wATMTh, ACTON | responses, €TC. The PLANTS Go Throueh

The reverse Prowess AT NICKhT,

PhoTOSYNTHESIS OCCURS Throveh TWD BAsIc Prolessess ONeE
ThAT WOrKs IN SUN LichT Anld OoNE ThAT WORK IN The DARK.
The LiehT PhASE INVOLVES The PhoTO ELECTION TRANSFER beTWEEN
PhoToy ENERGY ANA A hich ENERGY ChemjcaL SVbsTANCE ATP, ATP
1S AN INOPG-ANIC COMPOUNd wWhich S€EVVes AS The basie DRIVING
force (ENerey SOVFCE) To A LACCE Number of ChercaL reACTIONS,
ATP 1S MADe Twrovoh A Process cALlLEd PhosphoryL ATION
IN wWhich HYDrooen 1S privend off (EsTerificamon) by Te sun’s
ENEfeY AMd LeAveS belind ATP ANd WATER, ATP, oR ADENDSINE
TRIPhos PhATE , IS CALLEd A Reducing AEENT. [N Addimon TO ATP
A Second Red VCING ReenT IS Tormed IM ASIMILAT MmINEr ; T IS

CALLEd NicoTINAMIde Ademine diMucleoTide TRIPhOSPhATE, NADPH.

13 .



Duvine PhoTo SYNThesis NADP bea@mes NADPH By The fAddimod

of TWo0 hYDroeeN ATOMS. ONE  hidroceny binds direcTiy T The

MoLecdle white The oTher LOSES TS €LécTron  And (1S reLensed Ay

A PromM (HY). T )5 NADPH  which Suppules The * red ucinG Power "
for e hixfATi0n o F cArbon dioxide.
CAN be summArited AS

The Two BASIC TeACNOANS

m' ADP t+ n' P + nhy > n' ATP

2ZNADP + 2HY + 4hv —= ZNADPH
Where The ProToNs Are GENErATEd from The YHACTION

2 H0 —= Oz + 4e + 4H'

P, represents A hich ENered PhosphaTe Grovp  POs . FimfuL?
P

Whex ¢ CO- 15 PresawT The PhoTo SYNThESS oNd erpoes The Second

MAdOr TEATMON, We can SYMMArITE 1T RS

2 NADPH t+ 2HY +c0, —> TLNADP * Hi0t CH:D
The NET reACNON CAN be wriiTén AS
CO0x + H2 O —_> CHe O + O

FixATioN o+ CARBON

| NOw WANT To TALK AbooT  CONVECSION of chArbonN
SUGAT. This ReACTIO N

refCTION G0ES LIKE

INTO
oNLY O0OcCcurs AT KRNIehT. ThE bAsIC

CO. + LNADPH + JATP +3H.0 —> § hexose + LNADPT

+ 3ADP t 3P,
The ACTVAL reacmonN 1S MUCh More compLex ThAN Twis

reacnoN  INdICATES. The repson for The Aadd)r MONAL coMmPLEITY

'S ThAT SuehAr IS A MUCh higher enerey STATE ThAN C02

And Huo SerArATELY. In order To Form A sucAT AN frddimowaL
ENEG?  COrresPOondiNG To ABDOT 12 LighT PhoiON§ 1S REQuIired 4or
The rEACTION TO o, QUANTUM Mechamt LALLY  The simol TANEOUS

UNion oF (2 PhOTONS 1S STATISCALLY mProbAble NOT IMPOSSIBLE Thooch,
Thus NATVre MUST PUrSVE A clever OrsSE IN order T ACQUITE
The NECESSATY ENever. The MexT PAGE Shows Tis ComPLex PRTh.

Y.
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RIBosg
,} SJ

Diphosphlel H C Ol

[CARRBON _FIXATION

| N

PHOTO SYNTH ESIS]

¥ WATE 3 PhosphaTE
?évPLJQcZPﬁL acid GLYCERALIE hidE
1 co-@ P ADP Hzfl-’0'® |4zg-o@
o
CAR bOXYLASE | RO aldelae| ©=0 | FRucTose
EQuilt briJ . HO,CH HC=0 HOt’:H l,6 DL~
ﬂEA cTiON c 0D~ ) b . l PhosphATE
= NADPH NADP HeC-0fP C.DH
= (Da = . R
s H C OH ' HoCo®
I Ho C-OH —
Hz C-0® DihyDROXY "
i ACETCNE phosphATE
H C OH
é—o- @ H?.C'.O -H o \
- £ HoC 14+ Hx C-0= m 2 ®
_T- HC=D e =t SeDOHEPTULOSE ADp
ADP TRANSKETOUKE| 1+OC 14 C=0 1,7 PhosRHATE
Yo HCOH | HoC H P
WO 1 L | Heon Y
l
LA pc-o0
Hyc-o® C=0 |FRUCTOSE
YL , Holt & PhosphATe
- / 4 bOH W Co®| W C-o® H coH
J ¢ HoC H H,CO
i 9 O HC=0 y')
HaC 0@ f
Y s
H2COH  ja———ee——p H?_(%OH
‘:;=° C =0 SUCROSE g
Hcow [* HoC TRANSKETOL ASE
HCo® Hco®
, MAIN PRoDucT
RiBBULDSE XYLULOSE v

5 PhosphATE”

5 PhosphltE

o+ RegACTaN



IN words The Preceed iMe CYCLE 1S Tmis . FarsT, COr IS fidded
To The §-CAvbom FrIbulose diPhosPhATE MAKING AN INTErmed)ATE
b-ChArpon comMpouNd which BVICKLY SPLITS IN Two Fortune The
3-carboN  GLICeraL PhosphATE. This rescTion IS IN €QuiLlibrioH
Avd CAN Go €iTher wAY, |F There 1S More (0. PreSenT The reAcnon
Will be dorced 7o Form wmore ebE@EFA” GLYCeriL FhosiPhaTe, A
Seér €S of YEACTIONS |INVOLVING S€do hépTuilose Phosphfite And OTher
cCoMmpovmnds Then POTS TwO GLIERYL PhOSThATES ToeeTh €r 10
For The 6-CArbow GLUCOSE PhosphATE  Memwhilé riboLose Di-
PhoSPhBSPhATGC (s REGEnerATed ANd IS YeAdY TO TARK¢ oM
ANOTHER COL MOLECULE. The £3cle \s repeaTed 6 TNES UNTIL
Sucvose 1s Jormed. Powéeér TORUN Thid REACNON IS SUPPLIEd
by BoTh ATP fNd MADPH.

IN TWiS CYCLE NATUre BEGINS wiTh fi PENTOSE (RIbBULOSE)
breaks 1T INTO A TV0§Ee by firsT formine A héxose, TheN She
hAs T0 $TRUGGLE TO PUT Thé Trioses bAcK ToGeTher TO FOrH
i PenToSe ., SINCe 3 AnNd § ARe NOT K" Prime moLTIPLES
The course PUrdved vepresenTS NOThiNG MOYE ThAN A STrVUG-GLE
WiTh AriTameric. However, ATTEr The F1iTh CYCLE PaOTOSE IS
formed AGAMIN S0 aN The SIXTh A LIMLE €xXTrA CLOMES OUT -
ThAT LITTLE biT EXTA 1S whaT rons Life. ANd gL ThET hAd
T o IN WHAS C0z , Ha 0 Awnd everepd

| 6.



SUBSTANCES of LITE

WE HAVE Been TALKING AbooT tARbon ComMpounds And sPecnqcﬂbL.;'
CATbo hvdrATES for The PAST Few LecTures. TheRe Are oTher S9bsTAncES
COMMON TO ALL LWING Thines whHich | WANT TO 60 INTD, | CAwN
LIST The SobsTAvces (N The 4oLLOwMe CATEGORIES

¢ CARBOWYDRATES
* FATS
PROTEINS
« NucLeit feyd (RNA, DMNA)
+ OThERs  EG, ProsTheric Groups CNOM- EnzYmMes) hormonéEs,
VITAMING, PIrEwTS | ALKAWIDS

So AR we hAve EsTARLLISheEd A basic uwdersTOdIVG of how These
Kinds of MoLecules under o ChAnge. Hundred, Thous and, vew MILLIONS
of TINY L\TILE STEps Are of Tew INVOLVED WHEN GOIMG HFROM owE form
To ANOThER. EACh STEp 15 CATERULLY CONTYOLLEd bY A PARTICLAR
EMEimey, We Looked AT The chArbon fixAmon Process v some deThil
ANd observed The compremty oFf The Whole REATION. The Fwunl
ProdvcT oF ThAT YEACTION | GLUCOSE 15 FLATIER used ThrovshooT The
bodY Jor vArious PORposes. IN The Nuscles The cLucose IS
CoNVErTEd INTO A LACTIC Aad PYFUVIC Aad, IN The Absemce ot oxveen.
The PYRUVIC ACd IS SObseQUeEnTLY BroKen "owN INTO chArboN Sloxide
Amd wWATER. IN The Process A LoT oF everey 1S releAsed IN The
form of DNPY wWhich INTUrN 1S reduced TO DP NH. The redocmoM
Process reLeaseS Chempepal ENere? which 1S Then CONVETES INTO
MechAMCAL EMERGY, ON The NEXT PAEE The wWhoL € REACTION
IS 0UTLINEd. TS 1S cALled The KRebs cYclée or The citric Acd
CYCLe, CRITIC ACHd beiN- ONE of The KeY ProdvcTs formed ALING
The whAY. Aemid The compLexiTP of The Cycle IS APPAREMT,

The KREL c¥CLE TAKES PLAC 1 The MiTo chron dRIA, PART
of The CelL. ENEYMES CouTIOL The Whole TEAGNON AS we MIGhT
EXPECT. Rechuse ENTYMES 1E, PRTEINS, PLAY svch A Key RoLe
IN BIOWe! Mey ATe Perhaps The MosT INTERESTING To DIscuss, For
ThAT REASOM | AM GOING- To GUICKLY Discuss FATS because There
ISN'T" Too Much T™ SAY AbouT TheM - Thé?Y Are NOT TOO INTERESTING,

\F



KREBS <CYCLE

CHz DPRH oppt
I

o) = AceETIc Aad
[
CO0H .
SC,A Co, L
OXALOACETIC
ACID s, (€ TRAC
ACID
MA LI ‘L
Atonimic
ACID ek
T ASPARTIC J
ACID
HMFUMARIC / 150 C1TRIC
%uo ACID
SUce)NIC OXALOSUCCIMIC
A ACID
COz K - KETO &L UTHRIC
ACID
“‘ CoL
GLuThAmMC
ACID



FATS

FATS ARE IMVOLVEd N LiviING ThinGS PriMAriLY AS A
fu EnErcy svppLies buT Serve A secondAry YOLE AS A STrucTragt
SUbSTANCE. FATS ATE STOREd 1M Fdorms winch fire (ess ox’dized
ThAM SUe-Ars ; Ther Are Thus harder To BreéAK dowu AN YTILI €.
The Number oF CArbon ATOMS ASSOCIATEd WwWITh £ATTY MO LECVLES 1§
ofTED MIMES ENOrMOUS . There Are however I[N ROST LIVING ThNes
DN A SMALL mumber of faTs CompAred T® The infiniTe POSSIbILITIES.
IM The course oF €VOLUTION For Some reAsaN The MUMber ot
HTS WAS LIMITEDd TOo pbouT 6.

The SMPLEST AT 15 A TriPLe ALLOMOL, Alcohol 1s AM

ESTer hAvine The GenérAL form

=0
C-0-~ C
MR
FAT 1S coMpPosed OF Twhree svih €STERS

IN ocder TO Describe FATS ALL ThAT B NEed9F s 72 Describe
The VATIOUS R'S. A TYPRIcAL €xAmPLE 1S PALMITIC ACID wHIch
has AN R = CH3; (CHz))y C 0OH. The MOLECVLE 1S LAID ouT IN
A STruciure somMEThiINeG LIKE
HY Weowe wepe b He 0OH

H3" W He B B By 4 Ha
STERIC RUD (S ANOTher €xAmPLe of A AT R = CH3(CHw), COOH,
This ™ Aain consisTs of 18" CArbon AToMS WHILe PALMITIC AciD
hAaS 16 (Avtbons . ALMOST AL FATS OcurrineG IN MIVre O NSIST
of |6 ANd 18 CATLONS, There Are very Sew 14,20 Awd 22
CATOON  HATS  0CCUTTING NATUVALLY. Of coorse HOfe compled
SATS AN be SYNThesized S desired. 1he oTher pPATOrAL SATS
Rre Oleic, LiNdere |, Ad CIMD Lejc, UMSHVAITED TS Are oLy
And  Are mdde vp of OLerc ALd whiLe sATVAATEd ATS Are
SoLID.

\q



IN The Previous TARLE SEVEAL INTEFESTING rAdIcALS Are
wortn BrictlY MEVTIONING. CYsTeiN, One of The SULFUR GrooP,
IS very ReACIve FORMING WhAT 1S CAWED A SoLFUR BRIDE. This
Brdoe MAKE IT PoSSibLE TO MAKE MOLECLULAT LOOPS ouT Of LONG
CHMNS. The bondive LUoKS LIKG

N Bz

N'HL '

C—-CcC—-8§-s5s—-¢C—c¢
CQOH/ Hw Hw \COOH

PROLINE whéM PrESEVT , PUT KINKS IM The ProTEIN chM.

The KINKS 0CLUf AR Fiked ANGLES WHICH Dergd ON The
ELectiCAL FORCES.

THE PEPTIDe BoNd 1S RNOTheR WHAY N WhicH AMmiNo AcdsS
CAN JOIN TOGETWEr TO form MOre COmMPLEX ProTe MS. IN
This bond The cArbox? |ONS JOINS wiTh The AmMmoNiom (DN OF
AnvoTher ACid And v The Procéss releASES wATER. AN ExAnmple
oF IS boNdinG 1S The tOLLOWING

R‘ 0 QL R ga Ry
LN I 20 gl e L_#° 4 HO
— —_— -C - — - —
e e N N il A
H H N OH H H
He

ProteIns form by This bondime  Process Are CAlled PePTid €S,

WHILE ALL 20 AMINO ACIDS ARG ESSENTIAL for LIFE, 1T S
MECESSARY TMAT TheY ALL APPEAR |M A PERSOM DIETS. T IS
POSSIbLe To MANUTRCTUTE The MISSING AcdS fpom ElchT
fond AmenTRL AMINMO ACidS. These ACS And The mimimom d Ly
INTRKE reqQuired IS

Acd LYS. TRP PHE THR VAL ™MeT LE&d ey
INTAKE | GH 0% + LS bod 0.§ 8 bl (| 07
DAY
WhILE AW NEEDS ThiS NINIMUR INTHKE, PLAMNTS ARE mMoRe Prepared
For SurvivAL SINCE TheY chAM MANVFACTVUrE ALL ThE basic 10 ProTaMS.
ThuS 1T IS ThAT we EAT PLAVNTS ANd OTher AVIMALS TO ObTAIN
OUur owWM SUbSISTENCE.,
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THE AMIMNO ACIDS COMMONLY OCCURING 1IN PROTEINS

g0

[=

12
7
18
\9
&

NIME ABBREY. R ADICAL , HYDROPhobic  CHARGE
R Q= LIKE Hwo O MevtraL
| # LiKe H1D
GLY CINE , GLY H o 0
ALANINE ALA CH3 o o)
/CNg
VALINE VAL H?CH; (o] o]
LEUCINE Leu €. g =M o 0
H H C'Hj
ISoLEUCINE Iy e Shs 0 o)
H T CHy ~CH;3
SETINE SER e~ " \ o
N Ha
Th REONINE ThR SN I o
H CH3
~3H
CYSTEIN eys Q 2
N Ha '
METHIONINE HET L -C=S-CH3 0 0
Hy  Hy
ASPATTIC AL AS¥Y CH, - CooH | 5,
‘O
RSPArAGINE ASN CHa- C‘NH \ o)
T
Glumamic Ald Gl ClY. -CHy -COOH \ -
G LUTAM INE GLN Cu"_('“"c'wm. | 0
LYSI\ME LS CHy -CHo-CH, -CHe \ +
S NMHo
- NHj
Arcimine AR & CH -CHL-CHy — ?\.-c\‘m-\ | +
e -
HISTIdINE RIS Ch-C" ¢y | t
NNy’
PhenYLAdAMINE ' PHE ¢ ¢ X 0 0
TY ROSINE TYR ¢ OH 1 o
PN
H&—vNﬂ
TRYToPhaN TRP CH, —C ¢ 0] 0
L NH Ve N
E RO = =
PROLIMNE P 1] THL 0 0

CooH Cu,~ CHa



PROTEIN

PROTEINGS
They e Jo uwd

ARE ESSENTIAL CONSTITUenTS OF ALl LIVIMG CELLS.
N ALL  sorTs of SPeci AL Twines LIKE bhAr, b&ﬂKS,

MUSCLE | TENdon ™ ANd AL The EMZYMES, There 15 A Tremendovs

VAVIETY of ProTeid MOLECULES EVEN wiThid ThE SAMe SPECIES

dr\ffecences or SPeci Al TATMON ATISE, &.6¢. ANTI bodles of DifterenT
PEOPLE CAN rEhACT NEGATIVELY

WhitE The VArIETY of ProTEINS IS TheoremficALLY  "LIMTLESS
ThEre Ave oMY A SMALWL AINITE SUb GrovP APPEARING 1M NATUCE.
The MAJOR boiLldiveG BLOCKS of ProTeins Are Aruno AcidS, Amaimo

Acids ATE orgAamc COMmpoundSs hAavinNe AT L EAST OME AMIND Grovp

ANd ONE CARboxYL GrovP, ThE AMING Grovp 1S ComnonlY ATIAChEd

To The cArbon ATOM IN The CARbOXYL Grovp. ™TE GEnerAlL formolh

For The ProTEINS S R 0

3 | /
R — CHCoo™ oR NR;"C:C

/)
o
NH

H

R represents A—ere Ay ONE ofaGTreMT VATIETY of STrucTURE.

CATEGOrIE NG PFOTEINS s ACTUALLY JusT A Listide of The

VATIOUS YAdILAL G&vouPS. Whed R IS AN Acad Then we fAre

dERLING wiTh AN AMINO Acid. E.&. IF R =H TheN The
ProTE\N GHWCUNE 1S for Med.

Mow There S A varietY of AruNO AUds Srom which
ALL NMATUMALY OCCOY ING  PTOTEINS ARE MADE. TheERE ARE TWENTY
of These AMINO Acids which AYE bAasic TO ALL LIRING TWINGS.
The NAMES ANG ChAVYACTENISTICS of These 20 AmMindo Acids
IS civen on Tae NexT PAGE. THE ELETrIC ChARGE OM ThE AMIND
Acip INFLUENCES The ProPERTIES MARKEILY. The chAree Arise 4rom
The basc - And STructure of The A<eds AmiMO Acids,

2.2



PROTEIN STRUCTURE

ProTeins Are mAade vp of 20 Amino Acds whivh are
AFPANGE D 1N LENEAr SequeNce ALONG A PoLYPepTide ChAiN,
RECALL The TYPICAL ChATALTEr of The Aminvo fAcid WAS

R

|

HoN — C- CooH
|
H

Where R |5 owe oF TwenTy BmINo Acrd residoues. The resolDpe
ChAIN Theny Looked LIKE,

(o] R H
PPN
'/ | e
c.\, \N/,!,\f./ \C/
|
R A ok

THYOVG- W™ X-raY ANALISIS TEChMIQUeSs The sirvcTure of
AMING  ALAS hAS been 1denT ified. The €ssenTipl FeATUre of The
PePNde LINKAGEe 1S oNe of A PLANAY ConFlGurATION. The
DIMENSIONS And SPACINGS of Twe poltpepridé ChAmin IS GIVeEN

As follows* e 3.0A—4
0 l}’. ~ l-'¥
H [ﬂr\t 5 o .\n.o“
e Z Cl 2 ~C\ K":,l)\
?\C F L L4714 | 334 /I-SZA
"k l i .
H R
- 7217A 2 —

The bond spAcinGs ANd ANGLES Are deTermined bY everoY cowsider-

ATIONS ONLY, The mMosT STAbLE CONFIGoTATION 1S pLANAT of NEAT pLANAT,

For The exTended PowY PePTIde ChAINS AS Seenw Above The reperTiod

of The bond Awcles Avd SEPArATION S PLUS The MmImMUM & ENEFG?

CONSTIMNT SUGwesTEdD R hichlY S¢MMeTriC STrucTurg. PAuLING

Suceested A heiLical STructivre fiNnd he WAS riechl. Rowever

Theére was Mo reAsoM Fo SUppose ThAT There MUST be AN INTEGrAL

NUMber of #mivo Acids per TUrn of The herix. Thus while The

bAsIc heLicAL STrveTure 1§ PRESEFVED Thé HELIX 1S SOMEW h AT COMpLICATE.
OoF The MANY PossibLE STYVCTUres of AMino ficids ONLY P

Three survive ' namelY Two TYPeES ofF PLeATed SheATS A wnd

OME HELIX , CALLED The - heLix.
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The PLEATE Jd SHEETS AnNd A-HELIX

The TwO PLANAC CONTIGUY ATIONS oF POLYPePnde chAINs

Are CchALLed The PLeATEd SheeTS And (b~ KErATIM. The
PLANAY GrovP C—~ CONH-C 1S LiINKed TOGETher AbouT
A TETrA Hedvr AL cArbomn ATom. ONe whAY Soch Apl OrfIeuTATION
CooLd 9CCUr 1S T™TeE folLOWING:
)7 -

01 p SHEET ( RESIHdVES

y

7/’ : /d hine vp Avud Doww ),

Hay S HYDrocenw ToNdS ARE
Sc l'r\\\ . ~ SrownN DASHEd
NI -
O\\ _ S0
[ TCTN
\

<A™ J
N ‘jf-/ b
A
\\‘\
X

The PLEATED AYCANGEMENT Shown HEGH &IvVeES nise TO A
LAYETING ATrCANGEMENT WheEN The Chhns dre STACKEd ToeeTher,
The ChmnMS MAY be eTher PATALLEL Or ANTI- PATALLEL SEQUEM CES
of AMIND AcdS. ThERE AfE A Number of PosSIbLE ATrANGEMENTS
of AMING AcidS EACh GIVING Tise TO R DifferenT svbsmmce.

For exAmple INSECT fibres LiIKE SILK IS A preaTed SheeT
MADE of AMTECNATING  AMiNo Atid Groups | GLY ~SeR -GLY-ALA-GLY -ALA)
The bhsic STrocTufe resuLT N 1S

ol oo olec

ola « o,
N
v



THE ol - HELIX

The SYSTEM of PLANAT GVYOURPINGS ThAT MAKe vp POLY pephide
chMNS MAY be MTATED AbouT The o-cArbon ATOMS. If The

roTANoN  from PLANE To PLANE 15 CONSTANT # NELix MesuLTs.

IN TME helicAL STYOCTUrE The C=0 Md N-H orovps Phrnc pATE

IN AY Brocen pondiNg whHiCh Afe Tne IMIYA ChAMN band. The
dimensions oF The HELIX AfE :

RoTATION beTween vesidueS 97.2° ]©

REsidves Per TUrA 3.094 iz??b\c,——
TrANSLATON PER feSidue 147 A Q 0 514%
N=-1t dirccmon VMom AxIS (A \fz ,‘!, J’
HELVIX  @®AdIVS n.giA \l('j_N__,,,
N-H-0 ANGLE 10 i

PiTch sHA e

The pumber of résidvues Pev TURM

IS WNOT INTEGrAL SO T 1S
Possible TO +ind

48 fesidues 1w 3 TOrNS, Il fEidues

IN 3 TOrMS,
IS residves o 4 TUrnNs

or 8 renrdves i STUYNS. The repeaT
disTANCcE of 1.§ A AXIALLY waAs PredicTed And foond v hAr

MUSCLE Fiber AN hemo olobin. ROweyer NOT™ ALL GLObULATY

ProTEINs Are mAde Op » N PAFT oF ok - hetices.,

A~ KEVYATIN

The ® HELIX UNITS Hdorm

LONG Twin FIBERS Wwhich
CAN IN TUrp

WrAP ArounNd eAch OTher Twe To Torm RoPE —

LIKE STrucTures of vArious sTravd NUmberS., TwO STrAnNdS

ASSEMbLYES ATE SIMILAT TO The sTrucTure of PNA while 3
STYrand S

SINGLE '
STYAWd
= LARGE
PiicH
r ,/\ MGLE
—T‘
i"( . N
Pi7ch m/c '

gz

TRIPLE
ST

Double
ST And




AS The «- helix sTrands wiNd ArounNd EAChOTher TheY HormM HELICES
WTh LArGer P)TCh ANGLES TYPICALLY ON The Order ot 200 1o 900
A wiTh A diAmMeTer of JoA. IT IS PossibLe ThAT AS MAVY AS
Six of helicAL - herices MAY be woond Avound oNe STYAICKT
heLixe to oive A Sevenw-STVANJed ChAbLe.

ThE: STYUCTUfE oOF K- KEFATIN besiNs Thend wiTh
These sTrAnded CADLES cALLEd ProTof) brils ComiNe TOGEThER

To form WRAT 15 cALLed A MA- Microfibril. The wicrofibriL
SYUCTVUTE LOOKS LIKE

@ @)
800
009

Where G ProToFibpil s surround TWO CeNTYALLY ari enTed ProTofibrils,

Micr prold fiorLs

ForTher bouwndiMe of HICroFibril$ INTO CorMceAL CELLS Cm\crohbr.Ls) And
SUbSEQUENT  LumP MG of CoRTICAL CellS INTO WooL FibeR or HAIT,

THE 9-2 COMBINATION |§ VEry COMMON To A LoT of LIvING
Thines., The whip LIKE TALLS of spermn, The flLAcELLA, ATE
BASICALLY 9= STeucTuUresS., Thus 1T 1S ThAT The ProTein KerATIM
IS bASICALLY common TO scALes of tish, HMr, feaThers , Hor s, keofs,
beﬁKS,CLPch, Aand fineer MAILg. SKIN IS STrone becavse 1T haAas
A LoT of KerATIN.

CoLLAGEN

AnoThe PROTEIN build iNe BLooK 1S  CoLLAGeN. This fibrovs
MATEVIAL 1S foupd N CArMLAGE, LicAMENts  tendons find 1N The
CLOTING MATERIAL FIbrNO cend. ThE basic ColLLAGEN STrucTure
consisTs of A 3-STREWA ProTofibrib WiTh A LedThanded piTch,
The LeneTh of- The ProTohbril 1S A bovT 2800A WITh A diAMETEr
of Abkour 10 A. The #\brbus MATEYIAL 1S wouMd TiGhl doeTo
The Presemce of HYdro ProLewe wmch Throws A LIT oF KNk
IN The WINDINGS,
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GLOBULAR ProTeinNs

AnoTher bASIC ProTElN STruCTUTE 1S The GbolAr ProTein.
TWESE bALL LIKE STROCTUrES kAl ExhibT A Tremendouvs VArery And
AVd Terefore QUITE INTEFEST ING TO STUAY. EXKAMPLES of GLO bulhr
ProTEINS Are HeroeLobiN, CiToChrom @ C Nd LYSoziME, The
INTEFESTING ThiNG- AbodT GLObOLAT ProTeins 1S ThAT Thet hAve bee
Thotovehiy AnALYZEd ANd The AmiNo Aold Seguences ARE KNown
EXACTLY | EVEN The SPATIAL STAUCTUre 18 WELL KNowN.

HEMOGLObIN, for INSTHNCE, CONSISTS of Two Chmins of & And
B heltes, MYoelLobiy 1S SIMILAT TO HEMOCLObIN buT ACTS
AS AN OX?een STOrAGE COMPATMewT RATHEr TmAN AN OX?eend
CAYMER LIKE hemMOoGlobin,. MPGLObIN 1S5 TouoNd mALY IN The
MUSCLE TISssuE, ThE COMMON ELEMENT To BOTH of These ProTeis
IS - HEME ., The formuLa for HEME 1S Csy Hiz 0 Ngq Fe mid
The STIUCLTVre LOOKS LIKE ¢

CH
// Z
CH CHs
7 AN
C CH C
/ \\C/ \\ / \t\\
2 N ] N\
Hz C —N N / H
/ By N\ \
CH ;e/ \CH CHe
A /
C H3 c — N N = g CHy
N, J | N
C C C\ /C
-~ ¥/ 7z
¢ AN oy C
| |
CHL CHz_
[ |
C_HL X CHL
| |
C =0 Q_(:O
|
OH OH

1T



The rCINe STYUCTVUYE AND The ivold AToOM 1S CALLEd A
PorPhin TING,

ONe ofF The chemicAL ProPermes of RemocLobLN fwd
MY{0GLOLIN ofF INTEFEST 1S Thew OXveen CATTTING CAPAbILITY.
PLoTING The “lo of OxPeem SATUCATIDN VENSUS Oyyeen Pressvre
The fesoLTING Curves Afe

1007

MYoGLObW -
-

"/u of Oz
SATUr fmoN

A
s /’

/\“Prwom ok N

'/

O, PRESSURE

BVECAUSE OL 1S Bound To HEMIGLOLIN M A MOrE comPL) CATED MANNES
ThAN MYO0GLORIN The curves ﬁfedi.‘H'F_R&MT.

HEMOGLObIn 1S MAde up OoF ACTUAL 4 PepTde chAins: «,3,
And ¥ chains. The LATTEYr Y chan s referred TO AS FETOL
hemowLobin which WorKS 70 pick vp O2 from The HoTher's_bLOOd-
Because of vAriaTOoNs 1N ditferences sPecies ™he & @, 8 AVd ¥ chaws
AEE ConsIST of U RTINS AMING Acids, TWus hémoelobin AN he vsed
LIKE cyTochrome C TO COomnsTrocTy AN EVOLVTIONATY Trée. e foLlldwiNG
ThbLE LISTS The VAVIAMANS IN A ND flud MESidues

Horse &« HomMmmN Horsefs Homan 3 HOMANS humAn ¥ whatemTo,

14 1 141 146 146 146 l46 153
HoRSE & o 18 84 86 87 87 e
Homa « I8 (o] 87 8y 8s 89 s
Horse g4 87 o 2§ b 39 19
Homan B 84 s o io 34 i
Homfin & 81 8y XA (0 ) 4l 13
HUMAN 87 85 39 39 L 8 12
WhALE MYD Ins s 1A 17 118 12l 0
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WE AN LEAYN ﬁzon ThiS TALLE T™MAT The & ﬂNdfs chfing
SEPARATEd IN Evolumon BEFORE The HORSE find HOMAN
PAYSICALLY SEPAMATEd IN AW EVOLUNONATY, SEMSE. The ASSUMPTION
MAde N DrAWING TWIS CONCLUSION IS T AT IN TIME More
AMING  ACIdS MOTATE ANd ACCUmILATE. OF covrse Tws

IS NOT
STPICTLY Trde hoT T DOoES PermT VS TO DFAW ThE MICE "EVOLVT In-
Ay Tree t —_HomeN _ jorse

IO NOWC fviee
/@ d
% A

Tihe

MY 6LAb W () wemocLobin
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A

CYTochHRomME C

ONe ENZETHMATIC ProTeid which we hAve discussed
before 1S CYTochrome C. This ewzYMma APPeAred IN The
CArbop FixAaTion €v¥cle. ITT  BAsic STrucTUfE 1S NOT KNOww
Too well boT 1ITS chemistry id foncION CAN be described.

TMiS ENZYME APPeArs N ANErobic CEACMONS (& Those
NOT |NVOLVING FeeRen oXYeen ). The PrimAct PorPose 0 f The
ENZYME 1S To SPeed Vp The reAcTIoN by S&Ving AS RN
ELECTYICAL bridee To PASS ELECTrons dowN The reACTION
ChAIN. IN ESSENEE TS presence ACTS To Lower The pdTh
FESISTANCE ANd  MAKES The whOLE Process o fsTeER.

INTEFNAL To The ProTEIN IS AN 1TON ATOm wrich SUpPLIES

The NeCesSAry ELECTroN AS IroM MAKES A TrawsiTion Fro™
Fett To ¥ttt . The iyon (TSELF APPeArs IM The CENTEr of

A porPhwm fiING. There ATe A ToTAL of 10§ AMING Auds
IN CYTochrome ¢ . The AMmo Rad  PATIEN ot <iTochrome C
has been worked 00T for A Number of species AnNd The
diffFerences pOTed, Tae BecAusSE NONLEThAL CYTochrome C
MUTATI ONS Are rARE TrACING The Differences from owne
SPECIES TO ANOTMEr Provides INTEFESTING EVOLOTIONATY dATH.

It hiAs beed Toond ThAT The GreATEr The SEPATATION
of The sPecies N The EvoLuNoN ArY Scheme , The GreaTer The
NMber of duferences W cyTochrome ¢. for ExAmMpLE, The
cytochrome © of man ditkers  dvom T AT oF The rhesus
monKEY DY oNlY oOMe AMND ALd (w ThE EVTIYE chmn.
BeTweeN mMmaN ANd The WA fish There Are 28 d fterences,
And of AYEAST cewl TMEYe Are 48 diHerevces.

BY ObseyVATION IT HAS been Theorized TaAT The raTeE of
cYTochftome C MOTATION IS AbooT ONCLE EVErY (0° $E&Ars, Us o
This ASsumMpTION  EVOLVTION ATY Trees CAN be drawnN wWhich SUGGEST
The eFen GEVErAL Trend OF EVILUTION ) €, G

My

ComMHMON
Betr_\rmm(r

FLy

TIME




THE STRUCTURE OF NOCLEIC ACUD POLYMERS -DNA Add RVA

WE have YeT T DiscusS The whole INTEresTING SObJEcT of
NUCLEIC AUDS. The ESSEewTIAL IN GredienTs Jor  Nuclerc Acds Are
SUGAr, Phosphoric Acid, And PUrINE or PYriMidive bAses. of AL
The PossibLe combinATIONs of These ChemicAL SVbsTAnces oMLY
Four bAsic buitdine blocks Avre ATTAChed TO The SuehAr - Phosphoric
STYVCTVre, Depevd\we on The ChATAcTEr of The sueAR Mvd own The
Presevce of UrAcik (o PLACE of ThYminve two KINdS of wmucLélc
Auds Are SEPATATED — RIboMUCLEIC (RNA) Beid Anid DEOXY ribo nvclEic
Acd (DNA).

The struciure of The woctare Acd has A conpovenT 0T

which 1§ QUITE ANALAGOLS To AN AMINOG A d W A PepTide Chmn -

wWhiCh 1§ -
BASE -~ SU&GAR -~ PhosPhATE

The LINKAGE of These VUMITS 1S b? The phosphATE To Two SOGATS
IV f STEPWISE PATIErM

BASE - SUGAR
i

Thos? hATE
l
RASE — SVUGEAR
|
ThosphATE

The ComwATION of The SOGAT WITh TWME PhosPhATE Form WhAT IS CALLE
A NUCLEOTIDE. IT IS LONG ChAins of These NUCLEDTIDES ThAT
MAKEe vp DR And KNA.

THE Two BASe STrucTures fAre Ribose And DEOAYRIbOSE ; The
LATEr riboS€ MISSING ONE OXY Ged

0
CHLOH CHLOH
|/ \ / *.*/ N\ /
¢ C\
ow C;H H ou
R1 Bose DEoOXY RIboSE

bl



THE S
PYrinidiNe Or POUrNE !
PYRit\dIMES

THY MINE nna) (T)

IMPorTANT bAses FALL INTO TWO CATEeOrIES —

uracit Cw rea) CW)

CYFDSINE (C)
N‘Hl ﬁ o
28
N New C 2
| I kT Nc-cH N
d H ? HN CH
VAN | | | I
N C CH oH
H ./ =
0 H 0 H
PURINES
ADeniNg  (A) GUANINE (&)
N H-. @)
| Il
¢ Y
N% \C — N i G = N\
He c ‘ CH I+ NC c / H
N H
\H
DNA
GN€ PECMAPS , The SINGLE MOST

The NOUCLEIC Acd s

IMPOrTANT  CherMiCAL S ubsTANCE

Predomw AnNTLY

hAV(NG- MOLECULAR WEIGKTS
of DNA 1S IN ITS AbLITY TV REProdvCe

of reprodvucTioN
sPeuhic gTrocture of DNA.

IN The

31

LIVIM G CelLL.

N The MUCLEVUS The LoNeE MulLeoTIdE
iIN ThE MILLIONS., The GreATes T

ITseLE. The mMméeThod

Found
ch mn

IS benmer uvunderstTood by LookKiNe AT The



The DeTAILS of The coVPLING beTween bAse, su AR,
ANd PhosphfATE 1S & )ven

IN The foLLOWING REPFESENTATIVE
ArCiecemenT C
\CHL
THYMINE \o
" o 0 | CH
/ N~C< \\P/Pho Ph
NI A
C—CH C—~C
Cﬁg O/ H\c
\H /A Deoxy ribase
J
o \CHL
d b
HN/ \C—-It’ K OH
al BN NS
\\N/ \N/ J Phos PhATE
GUANINE \lé*_‘g 0

ThE bDASES ATE ATCANGED so© ThAT The Sorm hydroeen bonds

beTween The FACE of AN NH crovp ANd The NeeAmve ThAce
of C=0 oroup ; For GUANINE ANd CRTOSINE There ATE
3 bond TPoINTS Awnd for Ademine ANd ThYMINE ONLY TWDO.
This bond ialle GIVES rises TO f Dovble heLlicAl
Where ™o INTErTwWIinNed

STAbLE STYVCTUré. AN

e AN GEMET
Chnvs of DNA HJorm A hicht?

IMPOrTANT  poinT 1S ThAT bAse

BETWEEN Guanine And CYSTOSINE  Add
beTween ThymiNnge And Adev i Me, The bond ine

1S Showwn oW
e Nex T~ PAGE!

3}

bond 10 owLY 0CCUrS



adenine

guanine cytosine

The adenine-thymine and guanine-cytosine base pairs used
to construct the double helix (hydrogen bonds are dot-
ted). The formation of a third hydrogen bond between
guanine and cytosine was considered, but rejected because
a crystallograpbic study of guanine hinted that it would be
very weak. Now this conjecture is known to be wrong.
Three strong bydrogen bonds can be drawn between
guanine and cytosine.



The resOLTANT DOoubLE HELIX LOOKS LiKe The foLLowime
SchemATIC !

34A

.. .". .
iy I

A schematic illustration of the double helix. The two
sugar-phosphate backbones twist about on the outside
with the flat bydrogen-bonded base pairs forming the
core. Scen this way, the structure resembles a spiral stair-
case with the base pairs forming the steps.
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DMA REPMODULCTIO N

THE DoubLEé SPITAL STruciure of ©DNA hAas yery
PPACMICA L And INTERESTING PvOPErNedS CONCErmned wiTh
INfOr MATION STOFAGE And rePLICATION of GENENC MATETIAL.
| wWANT To FIrsT Discuss TmE DupuicATMOM Process Twew I'LL
DIScusS The wNATUre of The GENETIC CODE,

IN The Presence 0f AN ENEZYME CALLED DNA woe The
hydrocen monds fire SPLIT STArNING AT ove edd 0F The
Chml. The DNA Mowculhr LIKE A ZTIPPER, STAMTS TO PEEL oPeM
EXPOSCNG The MILLIONS of LINKS 1i. bases . Recavse The
DNA MolecUlE 18 \N A BATh of The NvcCLeoMdes consihne of
A, T,4 flud ¢ The Exrosed bases ATE PAICEd up wiTh The
APPYOPCIATE bAse L€, G TO C ANd T 70 A, The New NevcLeoTide
hidvro ey bond TO The TEMPLATE. Thus The ProCess CoNTINDES
UNTIL Two |denwTiCAL DNA HOECULES Are H4orred. Thus TO STNThesIze
TONA  you Meed To STAPT wiTh SOME DNA piX IN SOME NUCLEoTIdES
ANd ATP, TTP, TP, or ¢TP  AnNd Add A LITTLE TONA e,

The rATES of reACTION ATE INTERESTIMG- TO EXAMIME, IN
The bAcTerivm E.Colit B8X 0 " em of DNA IS synThesized 1N SO
FINVTES , This €QuiVALENT To §xi0° NnucleoTides beiNe fasTened 18
PLAK Per JEcoNd. BAScd OM rANdOM  CollisiON  CONSIErAMONS
IT 15 coNcLuded ™AT The SYNThESIS MUST occur AT LEAST
10 PLACES SIMULTANEOVS LY, A nore reqsoNAbLE ﬁssuwp-nmd
would be T™AT AbouT 100 ENZYME SYSTEMS Are eweAeed N
MucLeoTde POLYMeRILATION AT A MME 1t eéach aTe hANJLING
50 MUCLEOTIdE per 'SE('ON;JN ON A Time BABES IT 1S €STIMATEM
ThAT EACh base 1S LAID A OrrecTLY N AbouT ZX1072 sec, Comsiderive
The DisMANGE between Nelehborio MU CLEOMES | abouT 3.4 B, 1S beine
Traverses (N 1x1077 Se¢ the resulmine veLouT of 1T X/0%cm/sec
Produces An  Usdeer  unrealiSTIC ENEre? JUMp of 9 X10%cv, Thus
If The process of BDNA SYNTNESIS wvoLves g conTINUOLS bormd v MENT
bt foor neGLEOTIde TVIPHOSPNATES, WiTh 4 chinein ¢ Spec\hc
SELECTION , Twe speccd oF ChANGe reQuifed To AVoId seLecTion
of The wraNe BAse 1S 50 TAST ThAT T cANNOT be achieved by
A PRYSLCAL TIANSLATION Of eiTher The PriMer or The ENZYN G
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ALso WORTh NOTING (5 ThAT The DNA ChAIN cAanmdT
UNCOIL AS 1T IS Beine SpuT APAYT bechse This udcoLine
would reQoire 30° Per bASe of ro™MIoN. TD <0 This 1N
’2.)(10”b SEC. requifes An ANGULAY velocITY o ?_.smo"'/wo//sg.(_
Ad A OTATONAL eNereY of 2 xi0%ev. Thus (T IS ComcLuded
ThAT MULT\PLE 54 CITes ot DNA repLItANON MUST occur

SI1mMU LTAMR@O UsSLY,

\f Durine reproduchon onve bAse GeTS Screwed up

Ard Doesw nNoT  Condorm T The four JondmmenT™L bASE TYPES, Then

A MUTATION NAS ecevurred. One ANOMALOUS bise PAIr N ScverAal
MilLion (s sofficienT To chmn The ENTITe mMessfce ON The DNA
MoLECWE, If ThE Cell CONTINUES TO LIVE ANd The PNA
REPLLUATE The New TEMPLATE The MUTATION IS NOM-LEThAL.



GENETIC CODE

So HR we hfve TALKed fAbosT The STVclUre OF DNA  bul
we hAVen'T SAID TO0 MUcCh Aboul how IT YeAlLLY ACLoOMPLIShES ALl
of S wWonNderfoL worK, . ¢ of Providing The AT ChTECTUrAL PLANS
for MAKING SPecihic POTEIN MoLEcULES. [N order To buitd A
ProTEIN The DNA MOLecOLe MWT §Peufy Which bLotk | AminD Acid,
Goes |V PLACE AT A PEIYTICOLAY TIME IN The CONSTIUCTION. Since There
Afe Lo BASIC AMING AcidS The pLAVS MUST be sPecific. If There
were 20 differenT bAsic vmTs IV The DNR HMOLECLE | The ProbLem
would MOT be so JdFFICULT T© UNESTAND. Nowever WE KNOW TwAT
There Are ONLY 4 NUCLeoT de bASES which N rATY. ThuS (T beGoMES
NECESSATY TO PENNE A COdE ; consisTING of 4 LeNEs And
CAPAbLe of ©NQuelt SPecifY NG Fevr 20 diFffErenT AmnoACIds.

Mree some ThovehT 1T IS TEALIZEd TAAT ¥ The § Lemers, HJT,
G Md C Afe TAKed Three AT A TIME Thew Thece Are 64 (4x4x4)
d\fferenT COMb ingmoONs TosSibLe, Thus B nocleoTide TRIPLET 1S
A word IN The code specifYiNG The A PATMCOLAT AMINOG Acld. [N
Add\TION To The 20 AmiNo ATdS | There Are redvldAWT words ToO STOP,
ILE., 70 ErMINATE A Y SeuT evce Y of A0 Aoids. PresenTLY 1T 1S NOT
KNown | There Afe ANY STAYT words. BUT GIven The 64 Combin ATIONS
And rooehl? 23 MECESSATY wWords The code cAN be Specified As
FoLLows

FirsT Second
AM N0 Aci d AmiNe Auid LL C_ A G
1 Phe UorC SEY (ALL) | TIR, Uorc CYsS Uorc
I | .
1 | Ley Aorl X AorG X A
‘ TRP G
e ‘ key LG, A ProL (e | his UWorC Ae AW
: i d I+tero | GLN AorG
A SS——— . o _—
A ; IML:: GeA| Thy o) | Asn UorC | SEy 4, ¢
‘ LYsS
T e e R Afe Ac
G | AL
, é vV (ALY ALA kL) | Asp Uore GLY , ALL
q % Gy  Aore

X DENOTES STOP




Note The Codg 1S NOT TOO SENSITIVE TO The Third bAse.
In MANY CASes ANT oNE OF The 4 bAses wiltk Prodvce The SAME
AmiNo Acid. Thys The coade haAs R Number of deeceverfces. As
A exfmple of The code A SeemenT OF The DNA MoLeCule MIGhT

R /AGT/ccheeT/TAA

wWhich IS SEVIME - ProLine - G LYSINE - STOP

KT PrESENT Thé CheriGAL reLATIONShip of The LEMERS |5, NuCLeoTdes,
TO ThefMwmo AcidS 1S 0T KNOWN, PERhApS Theé ChemicAl Propermes
of The VANIOUS MMIND Acids SVGGesT wWhY Johe ARG double codéd
ANG 0Tners ARe NoT, ALSEe The QuesTiod oF how The code evoLved is
oPeN. IT IS KNownN ThdT The Code IS UNIVERSRL Throuehoul™ Thé
SIMpLST Avd MOST woMpLEn PLANTS AnNd ANIMALS, Therefore | The wd€
RnUST  NOT hAve €voLuved bevoud A ITS MOST EArLY form,

PROTEIN SYNTHESIS

Now we wovrd TKE 70 INJEFSTANE hOow PrOTEINS AYe ACTUALLY
SYNThEsIZzed USIMO- This Code. FIRST The DNA Does MIT MAKE ThE
ProTeiN DarecTLY. ThE DNA MOLECULE IS OMLY ThE bLUEPrINT,
OUTS\3€ of The NULLEVS (N The Cell CYTOPLASM |Is The ProTein
MANOUFACTURING fReTor?, To €T The DNA bLoe?PriNT T The FACTORY
A Tesseneer 1S requived — Twis 18 RNA, ConcepTufLLY The STEPS
Rre Tne foLlowiNG

FiLe ZEROX CoPY TraNster,  MANOFACTUre
DNR ——> RNA ——> PROTEIN
W == i /
NMUCLEUS CYT0 PLASH.

Now we h#hve To KeeP oor WiITS becAivse There 1S Mot JOST
ONE RN moLecuLE buT WSTEAd Three SEPARATE TYPES! MESSENGER,
TRANSTEC ANd RIboSomAL RNA. PESSENGER RNA MRNA, AS Thewmné
IMPLIES HAS ThE DNA MEsedGe oN™ 1T, IT IS A SINGLE STRAN
MOLECULE ANG 1S KewTICHL To oNE half of The DNR MolecuLe
FooM which IT WAS forms - DffEnNG onty IN The Presenee of
The bAse UMCIL (NSTERD of ThYMIME ANd The AddITIONAL OXY -6n 1IN
The sUeAR. Thne MRNA 1S MUCh SMALLER ThAM ThE DNA MOLECULE
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Thus 1T ONLY CAYvries PART of The TOTAL DANA MESSAMGE .
The mRNA TrAnscribes The ONA  NforMATION DURING A
refidine PEViod When The DNA SPLITS N TWO LIKEIT IS
GOMNG To DUPLICATE ITSELF DUT DoesN'T. The readirNG Process

lookS L IKE The foLLOWING

DN A Te”‘r‘l-fh‘e DNA ‘ “™ RNﬂ
—~ A T— A T- - ~A -
—7T A T A- i
"‘Evr- g . ¢ ¢- = l_-_c;- =
= - T 5 A-
—C ¢ — c o - Se g
:A T — A M 'T/ = A U=

G- € a0 i FC -
[:G' c — [ ) — - & 6-—

C G— c c (¢ ::G Gr—

mRNA ONA TeMpLATE

ThE RiDoSOMAL RNA IS NOT well UNderRsTood AT The PreslSenT,
IT 1S INvOLVEd IN The Ribosowmes, PART OF The cell WhERE PRDTEIN
IS MADE. TRibosomes fire RbouT 2004 INSIZE AND A Throushout
The CYTOPLASM, RRNA 1S A YELAIVELY PErMANENT STrUCTUYE

TRANSFER RNA TRMA, 1S 1MPOTANT IV The ProTEIN SYNTWESIS
Process becAvse ATAChed TO ONe end of The TRNA IS one of
20 AMIiN0 Acids, Atso A PAT of The TRNA IS A TNPLET “code”
of 3 bAses which are cAPAbLEe of BSTABLISWN G A Firm reLAmonShi?
WiTh  Three oMpLemanTAYY DASEs on The MRNA. This LATTES feaure
MAKES \T POSSIDLE To  ASSIGN Twe APPIOpriATE AMING ACid A PLACE
iIN The POLYPEPNIdE Ch M AS 1T 15 mMAde. Thus There AfEe 20
differenT Kinds of TRNA. TME STrucure of TRNA ComsisTS of
AbouT B0 bASEs, Tormine A hAitpi  which 1S TwisTéd To torm #
SMALL DOUBLE MELIX wITh A oreaT deal oF COMPLEMENTARY lbASe

PMOING wWITIN \TSELT, Arimn Acrd
& ¢
The PARTICOLAR fim N0 ACdS AR ATTAChE JC
To TRNA Throveh A series oF STepPs EACh w
STEP beING- CONTIOLLED by A PATTICOLAR ENEYME, =
The Scheéme curvenTLY PrOPISEd 1S A foLLows: ,fg

AD

r

1204




AA 1 ATP T1ENZIME —E(ANP -AR) + PP +
"

TRNA - AR + E + AMP

where AARA = AmMmwo Acid \

ATP = Adewvine 71 PhosPhATe

AMP =~ Ade INe MoNo PhOSPhATE

P TrPhosphos PnATE

E ENZYMC
The hirsT st of The reéchioN 1S ACTIVATION, The second IS
fMrchmenT 1© RNA 70 form The TRNA ampLex  AiNd The LT
STEP |S TrANSFER TO Theribosome. The SPeciAl ENZYME INVoLved
IN The rBacTiOM esTAbLIShes which AR  wiLL be ATTAChed TO
Which TRNA. Thos Thée ATAChMeIT beTweeny TROA ANd cach AMIND
Acld s qQu.uTe seectfic, The TRNA ACTS AS AN “AJAPTOR * bejweew

The TEMPLATE , mRNA  gid The AriNo Rold.

AA PTG N

"

ProteiN SYNTRESLS e NS W henN The MRNA OMES NERR
A rivosome ANd G ETS ATTAChED, ONLE TS hWAPPENS The TRNA
CAN ATTACh TO The mMRNA AT The APPrOPriATE PErPEtF NUCLEDTIHE
TYWPLET while The AMino Acid hiNes off The 0Ther gud. The
Ribosome Mov és om one “ NOTCh ' ANd ANOTher TRNA (OMES INTD
PLACE, Thos POSITIONING- ANOThER AMIN0 Al WITw TS rEdP&NIVE
AMINO Y OUp AN CATbOXYL Group boTh held reAdY Hor The upnioM
ANd ormAnon of The Pepde BONd. A SCheMATIC rePreseuTRTION

oF TM\$ \deA  \s_ AS folLows;
Grrow N
Pepnde
ohmue

&C
G—
L

£>—'

Ribosome

.

Ribosom &

o

al



TYPICAL  Protesd MOLecue formATION owurs AT A rATe
of ON€E svery 10 Second Per Ribosome. TS rATE SUFeSTS
THAT HORE Th AN ONE ribosOmME ISWOrKING- ON A mRNA AT
ONE MIME. N fACT IT IS POSsIbLe ThAT wmRNA IS red inve-
DIVF Oon ove eNd fld  CONSIPUCTING ProTans ON The 0ThER.
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NWT ATION

The orderine of The Amino Auds IM A POLYPePMde chAw
IS EATYEMELY IMPOYTANT, 4 for AwY (emoM The code mMesSes up
ANd Produces A CIrONG AruNo Acid [ The ) 0AL ProducT will NOT
be WhAT WAS EAPecTEd. IN  the case of LeuKemip , There Are 12 differenT
TYPES EACH DIMeEriNG by onNE AMINO Atid  From The NOIrmAL HEMD-
GLObIM.  The im0 Acid chAnees ©ccur IN BoTh The mmad(;, ChAINS .
The MUTATIONMS Are WELL UNdersTood ANd represenT™ATIVE  frmo Acid

Chavees pre:
AmMino Acid Numbexr
Ch mn (A l6 30 57 S8 6S

" hys G &L HiS ASM FRom
Y d ¥ ) } )
ASpP GLN Asp TYR Lys To

A GLy

VAL LYS

THE 5 chhn MUTHTION (S RESPONSIDLE {or SICKLE <CeELL Anemf.

1 The GEMETIC <0dE 1§ GARAMINEd TO See how LIKELY
These MUTATIONS Are e find AT ALl boT ONE IS AccoMPLIShed
by chAneING ONE base, E.g

AmiNGg Acd GLu —> G@GLN

cod & GAA =m= CAA
The TWO bAseE chANGE IS LYS TO ASP -Thig muTATON 1S

LESS LikeLy 70 Occur TaaN The ONE bAse PAIr MuTATION.

OuT of The 5TEY of NUTATIONS The coNcePT OF GEMETIC
MAP ordev ANd MUTATION JdI1STANCE hAS EvoLvEd. AS ANV EX fmPLe
The bAcTEMA E.CoLy AN UNJEr6d SEVErAL DIFfEvenT TY PES
of MUTATIONS of TrYPTO PhANE . gach MUTATION COMVESPONdING To
A DifferevT AMIND Acid chAMGE, RY ordériNe The MITHTIONS 1T
1S foovd MM AT Some  Seepied T© be More STroNGLY LINKED ThAN OTher
TNAT 15 ™ SAY  WhEN ONE MUTATION 0CCUr§ MOST LikeLY The 0Thér will
TQO This SUEGEESTS ThAT The GENE CAMTING The MUTATIOMS ArE

13



IN CLOSE  PROXIMITY, Some MUMmMTIOMS Are WeAKLWY LINKed IMpLYIN &
A GrepiEr SEPATATION DISTANCE OV ThEe DNA MOLECOLE. The Folldw ve
arAPh |S rePresenTAMIVE of The

orderiIN - ANd MMAPPING I1dER !

AMiINO AcCi d

I 13 19 47 49 /B

NorMA( TR Ley Thr &L Ly &Ly  Ser
v v L v b v v

MOTET €d TYS ARG ILEW ARG VAL ASp Led

MUTHRNION NO, 446 481 213 3 187 58 (e
1 i v ) ) i i N

i—;i.——- .3 _.f.__ 4y _.'(—.osqr——-.s‘) -.Ts.j

\—'\_/
CroseLl? Liwked dASTAMTLY L Kéd

GENETIC
GENETICS 1S ThE s7uDY of GEMES  GENES ARE SEGCMENTS of
INformATION ©N The DNAR MOLECULE HJor MAnvoTAcvriNG R

PagnNw LAr frand—Acid- POLYPEPTIJE LhmN , 1t A ProfEid. The
DNA

IS The chromosome So t GENE 15 PART of The chromosome
One  frsanmmN e SdbgecT 1S

CELL Division ANd The Procé€ss
of \nformuanon TramsFer. The cell D vision CAlLed MITOSIS
AN CenTYAL 1O The DIVISION 1S DoubliNhe O0F The chromosomes,
IN MAN There Ave NOrMALLY 4o chromosomes. Th€ 46 1S DoubLed TO
AL Then The cell DIwndes. The Process
£oLLO W ING,

()

IS gomeThine LIKE The

The ChroMoSOMES Are ATrrANGEd
EAch of The 23 PAIRS
The

IN TWE MUCLELS IM PAIRS.

size ANd ShAPe from The oTheRS.
ToGEThErTY by A STruciure (ALLEed
FEPreSEMFTATIVE PAMRS MAY LOOIKK LIKE The
SoLL o wiN ¢

Differs in

CWhYoMo 50mnes ATeé ATTAChed

The CeENTromgRE. Two



PUrING ThE NOrMAL P hASE of The cell Life The STrocrurfl
DeTAiL of The chvomosome PhIrs CANNDT be disnoeolshed.

IN The firST SThe€ dF MITOSIS cALed The INTEF PhASE, The

ChvOoMOSOMES SPLITI ).2. The doubLE HELIcES YePLICATE, Then

The ch\rOMoSomes coNTYrACT bec.‘ome‘,No. sLorTer,‘Fnﬂspi I}Nd ViISIibLEG

To The MICroscore. ThiS MATKS The Second STAGE CALLEd The

ProphASg., TheRE RAre Now 4 DNA MOLecuLles ATT AChed TO oMe

LeENTYom ERE, The DNA  hAwes cALlted ChromAaTids  CouTrAcT LIKE A

COoILEd SPriNG. Whes The ChromATds have fiNiShed couwhchuo-)me-

Third phAasc ) The METH PhAsE , becius. The  Chromosomes

4 ¥

IM The mecTaphAse A wew STYocTure catLed The SPIvdLe APPERRS.
The SPINdLE IS A

Now Lo

LONG-ChmiM ProTeid MOLEcuLEé. The sPINJLES ATrAch

T0 The CceNTromereS AT ONE &nNd Avd T© Two “Pores’ of The

NUCLEVS AT The OTh e€R. The PoLes ARE
EQUATOT

LOCcATEd AM The
oF ™e MUCLEUS, The CewTrOMERES The MechAnISh o f

Chvomosome MOvEMENT PosSIMOMS The ChvomaATids ALONG The SPINDLES

IN PrepARATON 0F The DIVISION Process, When ALl 93 chromésomes

Are 1N ONE PLAME | The dIViISIon PRASE | The MOA Phnse PhASE BeEws,

TheE CENTYOMERES Divide S8 MAT ERch ChromANd hAS (TS owd

CeNTPOMERE . ThE SPINALES CONTFACT POLLIN G~ The Twd hALVES

TO OPPOSITE CORNERS of The NUCLEVUS, WhEN ThE ChromATids
e Ne-hTLY PACKEd wvear The POLES The NoCLevs ANd CELL
Divides 1 The TELOPhASE. ™E SPINALES Thew dISAPPEAR AnA The
TWo cells become WNormAL. The

oUTLiNEd beLow:

) ) EYO0

i

sequence of EveuTs 1S



MEIOSIS

MITOSIS 1S NOT The OMLY Form Of NUCLEAR d1visioN.

SEXUAL REPMIVCTION The Chromosome Number DoeS MOT
¥ 1T DI\D AFTEr Efich DIVISION TherRe Would
Chvomesomes, AFfTER 3 DIvISIONS There wouLd be
ANd 13,331 AfTEr

DUTrIN e
IN CREASE .
bt 46 more

184 ChromMOSOMES
10 DIVISIONS . Thus MIOTher divigion Process

MUST be WworKING WHICIK KEeRSs A—ONSTANT NUMber of Chromos oMES
For mMAN Two CELLS A SPerm MAd E&e ONITE TO ForM A SINGLE

NEW CeLL CALLed R EYGoTE which constsTs of Twe desired 46
chroamosoMme AGMN N LY PAIRS. Thoy sOMEhow The Sperm

fnd ecs GeT rid of 23 chrvomofomes, The dECSION AS To wWhich
haLy of The 23 PAIrs 1S EXCloded IN The SPErm And Gel

S
PareLy RANDOM.

W hen The CchroMOSOMes DoubLe Ald The Cen TFOMERE IS
ATIAChed To Thwe SPINd LE, The PATTS ARE PuLLted APART DIFferenily

SPErm or £66- .

3

- ®

The 13 TremMAINING Chrom ATId S

IMN GACh NlucLeu s
dic off-.

£V auTvALLY

wzheM The SPerMm ANd €66 CoME TOGETWER IN PHRS Therg

3
Are ¢ (8,388 ,008) Possible CombinATIONs., 0F Chromosdmes,

Thus ™M& ChANCE of ANY SINGLE SPETM B G &6 CoNTMNIM - 0N LY

PATECNAL Or MATEer VAL ERromOSeMES )5 NEcLIGIbLE. Fur™eR
diversiTt 1S Afiord ed Taroveh  QrossSover

LINKAGe IM Chromgome
Prior 1O DIVISION: Wh e

2. PAIRS of Chromesdmes ARe N
CLosE ProXIMITY e e cAN ERChANGE GENES

% “\7'<’
/>C_

MEIDS IS Thus ASVre CoMPLETE M:xm(,, of The ceweTiC

4l

IM TOr M ATION



The following pages are the original real time notes taken during the lectures.
As Feynman was having a harder time prepring for the lectures given the
developments in the theoretical and experimental physics world, the lectures
started to reach a stopping point.

As mentioned before, these raw notes are the working material I started with
to transcribe them into a more representive and presentable form. They are
crude and maybe be of limited value to the readers very familiar to the
subject matter. That said, their value remains in capturing the topics of
interest Feynman had as be explored another part of science and nature that
was not part of his CalTech program.

In my own case I found the transcription time and effort to become challenging
as work demands were increasing. At the time I was working on the Intelsat IV
satellite program and we were in integration andd testing preparing for the first
launch toward the end of 1970/early '71. It was Intelsat IV that carried the live
video of Nixon's historic visit to China. As I was helping prepare for launch,
several colleagues transported the critical ground station over to China and
prepared it for the video relay. Today we take for granted such global
communications but 40+ years ago it was "magic" as Sir Arthur Clarke called it.
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