@ INTERN ATIONAL ATOMIO ENXRBRGY AGRNOTY
UNITED NATIONS EDUCATIONAL. SCIENTIFIO AND CULTURAL GRGANIZATION

INTERNATIONAL CENTRE FOR THEORRETICAL PHYBSICS

34100 TRIESTE (ITALY) - P.O.H, 088 - MIRAMARE - STRADA COSTIERA 11 - TELEFEGNES: 34381/ w50
CABLF: CEXTRATOM - TRELRX 460392-1

SMRf111 - 20

SECOND SUMMER COLLEGE IN BIOPHYSICS

30 July ~ 7 September 1984

I. Introduction to Biological Information
11. Introduction to )\ Genetics

I1I. Introduction to XA Repressor and X Cro Protein: the Helix-Turn-Helix Class
of DNA-binding Proteins

IV-V. NMR Studies of X\ Repressor and X Operator

M. WEISS
Department of Chemistry
Harvard University
Cambridge, Massachusetts 02138
U.5.A.

These are preliminary lecture notes, intended only for distribution to participants.
Missing or extra copies are available from Room 230.






&

®. Micheed Wess
' Augest, 1454 We mean, L9,
Lecrore A YAGAA " > PGAAT — " Glutamic Acid”
, \ vee goctohion morks Yo Qm?‘ms‘n-_c Fhak Yhese ae
\nvroduciion, The purpest of Thws 5 of 5 \ecrures 1S Yo A SRC fe\(_\\‘(oﬁs\“i)s_'“\?m s Nofhang ANEANSIC N
descaibe affempts o orderstand e molecuae boos of : e Q\\m\‘\s\% of the siredeh of bates S GAR Yhad-
provein- DR Wrecacrions, The sequeade - specibhie inmbaoes 7wk Yhe Meamng %\uﬁxmig ackd . Rotwer,
PELDC)t\'\ﬁur\ f DWA by proveins voderhes Yhe here s o \Wﬁ\“r‘order gFammac i Yhe non-echmlnhrium
fondamentad iolegieal precess of nfocmanen Contcel, . Ohemisioy of e cell Phak provides Yhe meaning. Cenyex b
and So An Yhese \echores we il \Secj'm LI imP\iES CD(\\(’\’\‘\' 1 H\t sCntence “d(s!\Pa s‘off;i[ﬁ”
\o;\s\og\,b,\ Whea Yo aspeers of L)e,r\e\\c_g and by st c)\umm\c acd " 15 a propechy of the system, The
ond Y"\'r\o\\.a o \5\09‘\33\5_ The backeiophage » evelution of (FAMMOC s o deep ond unsolved prcblem,

will be 0sed 65 o modd system ok each \evel.

‘ Exrinsnic infor ~ s Fhe meaning of an
Our U:\'\Fyir\s Yeme ’f)‘\t‘c,uc)\\ the (ootse of Yheog T bo mahon Y

InAdividual senkence o.ccord'ir\()\'ts Ahe “hea roles of

\eckures will be Yhe pakure and cearred of mbermatien. he s grammar. Yor examople
. ‘ |
xX. \ﬂpor‘mq’ﬁcn . Iabormohon — s or'\c)‘ms) edcivhen, 5. dCAG CAG TCT ATA 6y ECAGCTC... 3 ’
ms\)\m—\on ond Expression — Vs, ad dhe heary of \\/
\0’\‘0\03\6. Wi MOy C\OL‘JS"% bio\oxj,gc\\ infee makrien
wro 3 foems N .. 6'\"\"(T\ﬂ—SEr—le_"G-\u-(f\f\—\fe\J“ _
A) eximasic 1 & ¥ronslodioa of the ﬁ\}"f'\f\sm;. whormaricn encoded
B Wwinnsic W e, ‘3\”{'.n(3 of Sjm\oo\s NEAKACTCT ... T That
CY tero (er sysren- evel ) the P'B\o‘oin qene  encodes the B-dhoin of \\emoa\ob'm

1S an exc\mp\e, ofF the exkrinsic infoemarton in
oor hromesomes.

Mexo. \nformarion hos ewelwed o5 o 5\)5\5“\"?(09"“3
\"\\C\\‘ 16 NSt “\C\i\ \\\E’, S50Mm L’E 1¥s P(\t‘\"_i. ‘:L}( E'_‘KCUY\P EJ

N\\Qf\ we V\)f.\\‘t’.
DUA = RNA —> Preken



®

\M‘c‘insic. nfoemation s contoined in the biopkysicg\
C\\Emis’ma of Whe biomolecules themeelves. For
e,xomge, Yhe, S\)%esh’.d Fc\::\‘\ricJ cf phcuj:a 434 <X
ertss@r)

Gi\n - 6\n — Sec- Tl — o~ &
: ~ 3l -

(:\“ U‘ b
\G_‘n;er élu‘G—\k"D 0(— ‘\Q\IX

S an txample. of intrinsic informavien Contaned ia
The \® Secbuen(& of ?ro)feir\. Theee 15 ne
ob XJQSE, st)mbc{lgj which  encedes

{Whose, Meaniog Woold be. imbed by Meta roles) " foid
fhe Pethion of the TEPMESs or protein ;
G\u—g_\n-.u\,—‘ Ity an d-helix. "

Ore never mentioned in our

gene (St ny
e sentence

.. (J‘\nhchl.] = See =Xl -~
Indeey ) A-helcey

qenehc aferme

| N asie PFOP(?(‘HJ of +he Wi
ford \n Solutisn, The hemical

flote . Principles Which

Fo\d € ex*‘rl‘J\S]C and I:’\N;I\SK_‘ i,"\F[_s.f“quon (Pfchm
9, Pmk‘“‘MA Mognihon} ek,

matyer Lor b'.op\\y ‘

_4——-) e the 50})5(‘("\‘

LIS .

VSO VINS Ahey g

(’(‘(’L& ﬁ\& mi
E Stherichu colr . |
—2Cherishe Col

. crc:crrqu'sm
His a Swple ( biey

09'] (Iq”\/ SP:‘(‘.‘kf..‘(j)

Nn-Lew- .

Fon tKPln(ﬁ)ﬁ,
Y Plyptphdes

€

@XQmP\f, of o We form  with 2 stodes.

Stade T Lyﬁc, Growth

Stove 1T Lysogen'nc Growia

L)VHL Growhh means Hhat the virvs , abyee n echiag its

B DNA nte the badteaio) c,e,\l)
E colt W\D\\:\p\ie:s, Kills % hosr and
Hl‘{ﬁ releases ~10° copies of itgelf

( ) nte the envimonment.

n-x@
Lys én’\c Growth means That Yhe virusj obter nf\_‘)echn‘a_
77 s DNA 1nte the o) m*egmd-es
s DNA cprome inks the bacterial

Geneme geneme. and  becomes o zbu\es.(enf

passtnger, o dormant parasite.
Seprnue of bases passed on +o
Sulussive davghi cells 1A Yhe,
NoCmal Coulse of lactenal

Y
@ @ FEQ\\Caﬁon. The. dormant

fbphob(.ae_ Can he 1nAUced

W ke g growth by expesure
\L of he bacrenum Yo ogenys

(\—ﬂ thar dCUY\L\t)E, DNA (e-c_y} W h'qh'})

Certain mu’mgm‘a b



(€
TThos, When the h genome enters o, there 15 @
de\le\opme_n—\u\ decis'\m:

OR
&g&m LySO e
(stow
g
L\kew‘\S&, Exposure of the lyseqenic ) to LV
\lC)H' oCc ne906ns on other { andd ft’\a‘}'t’_rl) dfc'ts‘ior\ .

SWITCH
@ IN 5’1‘ATEE N x @

STATE

I Stave 3
“This *\/PQ‘ of \f)ehavior Pﬁ{fﬂbeﬂ‘}S o 3€ﬂfm\ h'\O\OCJiCﬂ\
PMNomonon, For example

/"\.0 SPBT"\

N AT 235 cell lin(’age)
w &9 @ \) differentiaton

fern i ted SWC?S?'I\._W. State ¢ : Jipoeyte
€95 celf dinsion Stode i1 GI)pb\ljasf

F_Ek—, | hewion

©

Ler ue s\tP back ond view the N \ife Cycle 0
Ferms of informarion:

meYa Wwhoemalen
— > OTIPAReA

'S Bocrowed Nom host backecium . The vires

Wnshsxg of o S‘\‘!\c_kh of duplex DNA Sufrounded
b-y Capsid prefeins, Wb e Merobolically inert.
With oot The. meve nformatnon pﬁwi’ded\iy the.
hos+' s BNA has no extrinsic inPormation anc
s m‘“ﬁ“ not "alive 0

eXtrinsic MWformation

the sequtnce of bases N
\oy the hosx bacreaym,

e genome. as read

WWiring e informat on
—_— - MO

AY the  bioghysiced propecties of the phage
\‘\md: mc%nihon of \oad-m\ql wall,
“\)&(‘,’n'on of nakea DNA indo caly cytoplasm

A B) Yhe Winac properiies of ewcoded proteins
and DNA Lir\c\\nfj sites that cllow
l‘eP\'{cuﬁor\J Fegulation, and C\Ssem\a17 of progeay,

S\C\m) Bf‘Ennec Wreduced Yne Con cepy- of

qene he program

N desciibing Phe development of- an oranism. Let
Ls OPPlj R I o o }_\_ P\r\wje.



Bocenicphage N

Gengne  Map

reqlodion H Cephtedon \ym

" e
Ity

_ J
R 1 TR S A

. L 250 kb
o U | ¥ F 11 N T
Do‘:\tx DNA.

\U\?ﬂf' Se%uencc. of hases _ 'F\Jt\thor\c\\ subdivisiont to form

modulac preqramming

(Geneve Modoe — Sublfouvfing in c:\er\t"ﬂc progf ewn
e.
i N

Pouid Retstein has soggesked thar such medules ore
.\f\d&p&\\dt-\’r an,ws W evolukion of lombdoid anily “F
phages T N, 4w, Per P2z, Thav is, o phage may be
Viewd as an \-’ﬁ&JmTt’t\ collethon of wnodules  Csvbrouhines ).
“" severm ()I\Cﬂ\\m“ Aishnck by {-ur\(_\-'u\a“j cmlar mpdules
CRicYed | fren o new moskee program cond be buldk ‘Dy

reshoffling  For examphe
- L ,;sq@mk_,-
Ging C1s¢ atferant phages

PHRFAHET o EHER OB

®

“These, fwo p\r\uges May oppmr c\'\ﬁ:t(eni-, have d‘iff?ni- names ,
dffeat host specibicihes, et Never the less, Yhere is aa

Uﬂded\jmcs Um\x) W the \og\c_ and ln'iaher- order acchitecture.
This 1s & sorv chln_}gta—speC\es."

C\Em‘lj e oce (ad leasy) 2 levels of control,

A) D— Yhe \0(3\:.. within G
2

wmodole, Cipdrinsig
and enbningic )

B
) {]“El“" the relaNignskip
A

bexuween modules
This May b viewed a5 the mocter program

which calls ¥ variovs Sulouhines in @
wel~ Strychured fashion,

\J\)g will nows ook in mere dc\‘a\\ ot the "Flow -chart”
ot N\ ABVc\opmen‘\'. The, central qut S¥en wWe wild

05K 15— whatr i1s the Nodure of e hardwace
e makes Pcssﬂo\e, this wodular <oFrweare 2

c"—_—'———-
Ter mino\&{)»&-
\. opetaror
Sesqptice of DNA bases Yhe form o \o]f\d;n S\

for plotewe Haar reguicﬁ& » positively of mf&.

vel
Yhe Taivabon of anso\‘lph‘m . P



2. Yermination site

s of Yeeminanon of anscr}phon o\fu\g Sequence
of DA bades. Terminarion and  anh - decmination
Onder COMTE by p(oﬂ‘ms_
3. R?S\J\a’mj Proveins
Proteins N-hosc, role, 15 YO control end coordirate
leveds oF ofne expreseicn . T moay ocor o the
fevel of Hanscaphien mRNA precessine Fanslakien
or Por,\-"fmns\&‘ﬂmo\\ e Fication, Hay alse orew!
vip convrot of DNA topelogy
u, PFOMO\‘EF
Secece of oA basws recegnized by RNA-
polymerase 0 sty point for Hranscriphion,

S. Enhancers
Sequence of ONA bascs v eukaryohc syskms
Yot inFloence Mevels of banscriphion, peshops
Vioo Sec&)en(c- dtp«"nden’r 3eomc*r\‘<../+opdog\c
piopeches, ¢« B8->2 DNA. Nor relevent fe
n phoog.

Inrninsic ond Bxtiiasic \'\QD-"MC**'T(‘-’\ o Maske

N 5! r{ .)-B m% :—g,m:_“:"m‘ ¥

- operalor
/71070777 - . B

« Pregom

. o ‘--\ ~ .
< | seqoente recogition of INMIASIE Coikent
coﬂlﬁ%@ % of recﬁem operator ONA }c_ DNA Sengans
DNA Shﬁn’ﬂ(k_ b7 m?ﬁfﬁsﬁf‘ Pkain el PPP"I'&JO{
fo\ded
Wplf‘iﬁﬂr

_Ll{ﬁ_ Devtlopmen ¥

i Phac)e DNA enters  cel

—————
NovaXion
oRR _(:3_'_.

Prc,\{'\n P_@_ wihere
?de,w.\-as QR _?_*od\":"

N
2. Bonly Genes

A) \mn\td'm\'t. Ew\}—ﬁﬂt‘sa 'Ip’l'lor\

——— | — T R e ——

- replicak

Regutation Modde ' vhadule,

(Cro — o e pressor har binds 4o the
op&rc\-\-ors 9& arl _QR 1o m?gc\ﬁwl

F&Jdlﬂ\'ﬂ invhaYion of Hansm‘gfon' Torns off
PRM' Mediored FTansca phion of ¢,

PN—-—- o reﬂu\a’mrj rotein which  anki ferminates
Yanscriphon & . ©

B) \X.\ded Eorlj Transcn pron

The N gene produck anH—RfmincdtS)

allowing  fecd Hrovgh of the P and
PR ‘\Tan?cf l\[ﬂ‘sf L



o

De\aied Eor \K

G - SUSE
Shipnd 0
‘:.....,‘_.. '{___.___
pokenny —
podvle” ik N | e < © P Q
-‘dep © “) l © @ ©
Nf @it L PK '
e '

O, — provens inveived n .
=t avyenomos DNA re\ol\mhm

P_@ — owneher O Heamnatos”

Cawolved in Suloscreent Coade).

Lﬂcﬂb ploten ) buds uﬁr’m repres. PL, ﬁq“‘
. —_‘ medinted Hanser pfion.
3. Loke gene expression
Cro (o
—7 L _J_ : ,___—-->,S =
__,1,. o= Iy

Pp\’ + (R othon ak
ot

= Pmﬁwﬁ. ok syhe

y,SJR — \ys\.s ?U-"\('t'l(.nﬂ

A>T — ac,kcu)mf) of
f ﬁp{‘)(xjeny P‘Yl(‘](j }fﬂdﬁ.

®

Lecture 2

Lyseapmic. Growth and the Lykic - Lysoqeme Switch

[ ‘)‘t\cxc)t ONA &abecs add

2. euc\j (5&0&; EXPPE‘AS§OI\ oS bdtore,

A) IMriediote. (’cxr\\‘) > oN

PCFQ
B) d‘(\ojtd Er\rlj
e PC_I_ *
pclll %
Ad’im 0? P CII- ]
}, - oonvides dHonse i phon pLomoreds Pae Pu
’: ) L%
Wy ! JIE N cX Cre @ oI e
B o — |
Py PL Fem P(\ Pge

Romembee that G ve cead tigitword fiom P | and s

e e Wonscapy ceads the ank-sense  Shund of ¢ro brfoce
rV(.\d\_\() Ve, S shand of <X, To moke this clear,
we will g fewnte e gensme. with rightward - read
A belows | lebrawad-eud  gones cloove !

S .
Wy iPe cilt N ” cX fw Peg

<o [l 1

Pr
2. tekunds lyfic Qfowth

) whilts DNA Synthesis
\9) réduces Q_exprtt.sion_ Hypo\-h&ﬁLul mechanism

iy -wivd Hansonphon flom (e make Q)

sowed by oncomfant \ﬂr”fwarcl Wanqnipﬁon
from pﬂE .



@

pell s ighly vnshable and 13 stabilized by p<IL,

Nexy stp \ysogven}c, PQWW“‘@ :

3. pcll, U~ mediohed BRPrESSION of wt ond

P“_’ﬂ" —> =ike-speific fecembinahon
Mo bocivniol gENCME -
¢t = hN repressol
&) Yurns off P and P
Note that Cro s off
and _g(__ w off.
©) Shmulates Vans(dphon fHom
oy 1= make moe <*
Lpositive feed bk )
A
<
e

& fem
—— _AF (o KO PT

1
e

| -

Posihive feedback
pC T shimulades s own Fransciphon

N \ysogeny
Nech’hve, Ft%é_\ciwi

pCfo WwWinre 1¥s own Yranscripiion n

_ I7 he pro\)rqm .

Ly%\c Shove
. ON
O e
———-——ﬁ>\ DQENOME “ f:L' e ifew .
e F
E el f'*g—/ﬁ |:f,€ o i
' ]
eunisomne OFF Shmoseme.

Switch: Ly scgenic = Lyﬁc

Im

1]

st

\ lﬁxposune, *o OV or class of mutngens

2 \L DNA domoge
3 ], inavcion of "So3" host respense

4 \L nachvadion of ) fepressor (see below)

Z SWITTH IN STATE

' ON OFF
é"’fc <L f’.eM
e

\n the abseice of >\ NPN%O(— PEM turas # ond

Pr 15 Free Gom repression ond fums on. p (o then keeps
X off and only atr a laker ime turas ideplf off os well,
as in the lyhc_ paHxWay




®

Throocjh is Pd\‘ﬁ- we hove, disc-ogsed Pher\omonclogy
wWith ool \)I\def‘s’mndma s strudhurod bagcis. We should

appreciare %\\j hew the 'SC‘IU\L‘Q of genedcs (in and
ofé “‘SQ\B con Lj\\l‘e, o Aear Phe\-wmuno\og\m\ Picﬁmre
of the \<e,\i players and heic  relarionships

\) Tecombvinahon mC‘Pme} oyWes G haear
Ofd?r'ing of gene’nc Achvihes  withedt

P_f“ﬁ 59% venang- .

2') Omo\\ISis of mutnhens, where. H\ej
lie, ther Com{f)l:men‘}nﬁon grovps
ere yield o funchonal map.

3) CON\pOf‘que, gﬁnchcs of lambdoeid
Pumil.j of Phages and ;\ybrac] Pl’\ages

o)ive r'nsith o modvlac programming.

We Most appmcialt Hat 5O years of 9ene-hc anq/ys:s
undeclies gl subsequent bio chemical and éfaphys:m_}

studjes.

\Ne, N\Oy Ao\ Fora our 0_'\‘\'&\\-\‘0_.\ Yo the moleco o

hordware, of e W Syskem.

X R \—LPre 5560

2 ~ demaonn pfcﬁ‘t\r\

reswdues =92 < binds DNA-) bosic

feswdwes  9g— .
2,36 &— Aner and Wgher-order

convocts | acwdic

binds Yo DNA 05 o Adimer
1 —__JONA

Weak Pm*t\n- Pfukf\r\ wkerachion
c\C S\TD{\S P[O\'{;n—‘)fbh?;r\ ;ﬂ\f(‘aﬂi—io(\

X Ceo Proten

66 omine adcds

' Aomoin L—ij’“—‘ 0

basy

Shcng dner

>x O{)Eru&w Svkes

DNA h'\nd;‘AL_\ s\ foe repressor ond cio piokein,

'} base - pents Vo
Amest bt nor quite Symmeine obout Cental ba%e—pmr

Operolor = sex of 3 operatve sites



@

Pghy opetatar S

FOC_ QXQMP\(:] 'H\Q.

%.____
¢ Fem
N T T
0 3 e. 2 o/ R Cro
“R =R =r
B

RN‘)\\\' Opreodtor containg 3 operator sites g.i o,z 0, 3.

These are of related Chor pot 1déntical ) DNA Secquente. |
which s clmesk { bot nok cﬁu\’re,) symmete about the

CeAMal base pens. :
, A WY e,
Op3 sTrAT clAklc cC AA ct ATA[3
T O 3ATAGITIGE cETTICRETAT|g!
) : v
O 2 5 T}A CAJL & TeC G 3/
R 3" pfmieTdec Ac C 5!
) ¥
G_1 s Eaﬂm G]C 7@; Al
R 3 : c@cﬂ;c AT 5!

l]: Pomk OC stcbuence_ Sym:“ﬂfc'm

HThv.ro_ are. G> bfn \DthugEA 9}(3 anel ___ORZ

S'ANTA TC 3!
3 TTATAG 5!

and T# bp betueen O and £,

SIActATrr 3
3" TEAT AAA s/

FroHons in the operatoc site
Con incieage | decrease | or have lithle efeck upan
Fepressor amd Cro \omdmj oFfinitg—; models of
Meie respeevive protYesn—DNA complex. must
O-tcbuny £or Mhese dada .

Vancos base - paw subg

©) PerFed\j Symmetic Sequere

S[TAT cAcC QG o TaATA
3] ATA §To G ClGlocc ACTAT(S!
binds betrer than wild-type Sites.

@ depactores from consensus Seguence.
required for loiulmg‘.‘cql Fund-mn) as
we shall see, Op\‘imod bmd'mj a”miha.
7{ Optimal bio\ogical Foncton

@ e Cepresses can alse be “I m‘)mVed)' to
bind \o?j’\‘gr} bur Hhic weuld also be
o \o‘m\oaimlla_ “Poor“ melecyl e,



®
Potrecn of Q&gtisor ond Cro ‘_31.5mc}§_?

)
o
x o TR D ¢ Represse-

A. Cro
e regressor b :
= nds Mot fighHy s
L. Crs binds mosr HthHu)*O Or? Ol +h K
3 - =R, €n QRZ C"’Z"wb)J then Op3 (~toxy )
ond onlvﬁ ol hicjhtr‘ concentations Yo On . - :
ond QR\_ 2. B‘If\dimj s Paif‘w"\se, COOPU‘O-HVE. Ac
o resuth cffechve b?f\du\a. o\f‘pini-ha,
2. Bmamg to 3 sides I non-cooperative
Oad 2 Or* D> 0p3
3

) g\ndins Yo —OKS \_\J{‘ﬂﬁ off PPJ“\ without

| Thos
O\H:‘ecﬂnf) Fr . Thus | at low Cro

, Ofder is ceveise. of (o

COnLEI\Hh'HOI\L {Eal‘lj \7!+IC )Oai-hw‘aj) 3, B'H\C\IQ(C‘) oF rngg)or e —oﬁ.‘ and —?R,z
PRM off = no 5;:1’_ repressoc &) Yuvrns on {,’EM
’DR ON —> ‘Hﬂﬂgcﬁphm cf b) +Umg off pR
Cro, ¢ ;... ‘ ' |
Y. Buinding fo 0pZ anr 2,0 At hher Bindiy to 0.3 at hgher concentmltions
e . 7 ' wWhick dots not- lqa,apen Physiologrmll
Cro ConcenYahisas  (ute k’hc parhwicy ) %)
tuins off £, also. In lysoqen 0,3
Fem off (as aloove ) | M y30360, Lr

onla 220 ocewvpied.
- a /v p
fr.  off —> Crs s l‘”SP‘FOFf,

“ond st of &

Csen e NCS Biochemict

operon off . e_i T L rs

| L.y Soaenic _ 50aen, — -t
e | ON | OFF St N
— 1 - eord
- 9

L yhe wt, ON Lyhc.

‘S\I*‘a-‘re OFF e OFF late

b R

~



@

“The L\/Soqenic”ﬁ‘L)’ﬁC Switch (e Bushnc iew ).

fom DOp3 frc Cel
Y7 7T V0 Yodgms - 3> dysogen
Pr
C7C

LV
iInduchon of SOF. response.

#Life ex ol
PNAS Wh tiagy)

Gimble and Saver
(U'¥)u blished?)

\I/ Conformarional c\nqngc,*

avte deavoge. of ¢ T repressor
— alam -*3Ia e —

o Y (:',\c’
(D~ + oy ~@

The, \a\f\dmcj ag*im]"a. of the 1solated M= Yeamina
domain 1S moch low ¢r than the, Intack prok'm)q”d

So
G) PRM POStHU‘ﬁ ontol diminshes n

iﬁlgiﬁ?%* @ basal Hangcri‘[oﬁon of /)ﬂ now U represse|

bj FePPssor — Synthesis of Cro

@ G binde te Oe3, mambnins reprsser off,
and \jhc proaram bef}]r)s,

hest  rec A proten binds +o € -demain

Osence of 1akach CT — lesg repressor shill,

'ﬂms) o Fansent Signal allews & switch
Lerween Two Stable Stmyes . Never-}he}fss,
. S'\jSH:rY\ s not "lea\ué“ !

in obsence of

S05— medlavd \ndUCHon} Spontunecus Swidch
oCours omar \/JDS,‘

and cosily s ved ¢

Hew con You have q System  thar is both ctable

This lecks ot g’u’s\- 3\qnce, like contradicren 3061\5..

B is arccmPl‘\shed b cooper‘aﬁui)j of représsoc
b\{\dmr}‘\'o acDaLcn%- operalue sites,

O _ Yo erodor

o, reprisac - P

l;f.ﬂ e /t- cooperative

T sites
. A‘Ck{fS e+ qf
[exT] PR A (e



@)

Eis\bca‘\co\\ Constroims of Qgpresfgr -OPprc&or Intrac han

(O IF repressoe ” bound jgé well ) system woould
ot be  egsd dveilale, A “Soper reproscor
Would hot- conform 4o the necDu'\reums
oF Y, phage Soffware,

@ ?mmc#cn and opem\or Sectuen&s C'U'fj\lap.
Op¥imal promoter Seequence 7% ophmal
Oplratpr Secbuenu as A general rule,

® Optimal sequence. fewor Cro Hophmal
Séguence for rpeor. The 2 rvepechve
O{’F"m)‘ifs Mus+ be, —ba}aﬂced and
n‘r\dependm-ﬂb\ per-}uphgd + e tab lis h

Opposile ordecs of affinity for stk |2 3.

® o meel hasts bind s sk b off
M)'acem promoter, pfprpssnr has the

exta JOJ_D of Jvmma 9n Feu . This

C'Ons’fmins H\e. C[lmmo—()cic} se.rbuf’na, af
f‘E’pnﬂssor, Foe PXath!c,J the MuteHon

n }'P’ix 2 of repoessor enhanc?g VA

i o ‘ <1 H oo
aﬂm.}a’f bot eliminate: positive. contro
of '

HKHochchtd etal
Cell 32 : 344 (19%3)

Nelson HC.M 7 persopal e e e

Lectre 3

‘_-T."C:P‘(" \ N Hf_h‘r\—'— T\J-"n - “}E}\‘A ‘\I\DH{

A. ny Srol S\‘Puc\\;{t5

oXor ePressoe aene nes
2. he)ix~ gy Wd“nc&, frcombinams
30 oWered - Spec ‘\%c\*\ﬂa,,md\-(uﬂ's
D_ T\\Q M’ “‘t’ﬁ‘Y\l:’\o\\ Af‘m C"F »‘ Q&pf‘t‘.’

oo



Lecrue U ond § @

NME. Sxudies of X SﬂS"fﬂ\

). \Amdocﬁa(\ Yo Two-dimensiano
‘\‘Echﬂ]cboes- :

2. USB 0{'\ MC\ECu\aF \oi@\ugfj "\‘E_’chmc()ues

in NM\Q studies: mutronrs o SYtuckural

Too\s
3. NMR of DNA

4. NMR characrenizghen of /\
ﬂapressor

§. Syruchure - Foaction }Q&\a’ﬁonships
A. N- Yecmina Aron
13, b'\mef‘.}a’ﬁon C><5-

C. Behix-"Tun ~Helix Mokif

6. Concucions and Tutuce Prospeds

3.

9 AD Tohn, & al. Makwe o4y
oF an eHicieny m

s\

ez youz . oy
—

R-&e"en(f_g (lectures and 2)

redechy \d 5 : - .
Lombda  yolome (1930} o4 Spring Hacko Press, Ny

R e ) g g,

¥ress, Ny
esp.

Chepree 2. "Lyhe Mode"
Chepten 3

0.1, Criedman !- M. Gﬁ'ﬁ'fsmm

Y0 walf

G N, g-j,”f:' “’Smbcrj_
A, D, Tohnsnfn,

O by

RT Sawe—

”es}_-ablisbmmr- of Bepresser f,n Yhes
Chp‘n}w 5 ”chftsﬁr and e (fobei,

P“‘"‘“‘t\n S0 Gad

\.Hcr:kcmh.} Nalre 26y .
hybuds bi’huccn -

BV UMY Paperti of
Sadmonella /‘\uf,c_. rzz angd (thhﬂ"?t)«

TUF (Y A etpms;w— ancl (rg —— COMmpenents
-‘-"‘-n—-
elecutor Switeh

Mask ans'ht. H"ﬂ'.:A Genthe Suydek " e Bﬂth'ml Vu'N;“ Seientbc A"‘-Ml'cnn
1 ——

N - I Aoy 129 3 (1140}
T e— —

_ deseribe ok,
— T T Moy g,y 139, poanen

;3 =163 (g of § YPeratyry
Meger, 8 oy ) I Mot gy 9. pge



@

Ei‘!:eri‘fsm T ( \rc}urﬂ_ 3)

\. Primnr.a S&ctwn(e. o N '\erreisor'

Saver BT and Aadereyy,R B‘N\\L'mi\_-n?« It itq2 C97e)

2. Cf‘ys’h:ﬂ g\"(—\’(‘_\\lr?, OF > RfPN’:SO(—_
Fabo, € 6. cnd Lews M. Modure 295 W3 (o2 )

3. N-Yowmmal Arm
Pabo C. 0., Krovaha, w., Tt‘ﬁf?:j. N owmd Saves, T
N 1

Nohe 245 9 (1q82)

q_ (,js\-u\ Srroche of (ro

Anderson W F er ol Nate 707459 (1451)

4. Cr‘j-)’ra\ SYrovhire of CAP

Mckeny 0.8 and Skeita T A Nakee 2990 1 Qg (et )

G, MMR Struckure  of Joc Repressor

2"v~d(—rwe8 ebal  Poc Matl Aead i wsA
¥OISE3F lhg3) | |

7. Sezr)uenca; homolc.r,]es
Saueq KT eval Narwe Q29 TR C}f,‘ﬁ’&)

3. GPHPh s

H(’l(‘hi— ¢+ |
al + e
[oc Mot Acad sei 05 20 256 Grags)

Horhsrh.&d ev al E_e_i_l 32 0319 (19¢3)

Wae ton e+ al _Cﬁf_! {1 pvess)
E bm]m- etal Netue (), press )

“q. Mechamem of Transcvpon — Kinekcs

Hamh-_,? and e cloce. () 327327 (/19%3)

8



References (Vecrures o and S )

J. Genches god AMR,

UW‘UY\(A) ﬂ‘\,h,(:., e al

_ Proc. NaH head Sci UA
185 B30r ()44

Weuss [ S|
L1y (jag3)

—_

3. Biomo! Structure D’vnamms

z Z:D -NMR

Aog v ot - ;Ch?m.phjs. el i 2224 (19%6)

Wothnch e al 3. My Biel, ISS 2311 ¢)982)
Y oel S

Sfﬂl“ff} bl S Maj.f?es 'i‘gi £.86 (19'5'2)

3. MMe of DNA

Scneck ev al TSACS ST 2919 (M483)

Feigon by al SACS 104 - s5yp (1g2)
Hoe or ol S Mol Bol. 3 .3)4 (1993)
ford e ol 3ACS S jesa (19%3)

@

Weiss eral Froc Natl Acod Sei usA s 130 Cras9)

Werss ey g Nuc Acids Res

12 4035 (/‘789)






