Notes03/31

Monday, March 31, 2008
10:58 AM

e Polynucleotides

(©]
O

Foundin DNA and RNA
Precursors of polynucleotides

e Biological roles of nuclectides

a)

b)

d)

e)

f)

Energy "currency" (ATP and GTP) - coupling hydrolysis to thermodynamically unfavorable
reactions (>108)
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Nucleotide cofactors
= NAD, NADP, FMN, FAD, coenzyme A

Metabolicregulators
= NTP,NDP's, NMP's (noncyclic)
= cNMP's (cyclicamp,gmp...second messengers)
= Allostericeffectors

Precursors of RNA and DNA
=  Future lectures will focus on this

"Catalytic" nuceotides
» (ribozymes)
= Actas nucleophilesto perform transesterification reactions

e Structure of Nuceltides

o

3 components
= Base (purine orpyrimidine)
= Pentose sugar
= Phosphate
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o Ribonucleotides

S'I
“0p0—CH O \
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o Deoxyribonucleotides

| |
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o K
o Base components 7
= Purine |
A\
o Aromatic >%
2 \S
o Planar 4
O Weakbase 3 H
0 Low H0 solubility
o Absorblightin UV range
= Pyrimidine
o Planararomatic
O Low H0 solubility but higherthan purine

LBV 7ZN)

!I(,

o Absorb UV light

2

o Basesin RNA+DNA

= 6-aminopurine
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1' carbon isattached to base
Glycosydiclinkage - bond of base to sugar

e Know #positioning
e 9positionjoinstosugar

e 1positionattachtosugar

¢ Nucleosideis nucleotide without
phosphate



Problem Set 1

Monday, March 31,2008
11:00 AM

1. Drawthe structures of the following:

a. 5-methylcytosine
5-bromodeoxyuridine
1,3,7 trimethylxanthine
2-methoxyadenosine monophosphate
Dideoxythymidine
N®methyladenine
0*methylthymidine

@ -0 200
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Notes04/02
Wednesday, April 02,2008
10:59 AM

Office Hours:

McEntee Wed. 2-3pm

Geology 4607

Benson Thurs/Fri | Thurs/Fri 12-1pm | Geology 4607

Angie Wed 1-2pm

Geology 4607

Numberingand naming conventions for bases
o Whenattached to sugar without phosphateitis nucleoside
o When attached to sugar with phosphate itis nucleotide

Base (nosugaror
phosphate)

Adenine
Ade
A

Guanine
Gua
G

Cytosine
Cyt

C

Uracil
Ura

u

Tymidine
Thy
T

Attachment of nucleotides.

Nucleoside Nucleotide

Structure

! ! ! Hy
Adenosine Adenylicacid N\ N .
Ado Adenosine ’}i\% > porre
A monophosphate N ’I\’
AMP x
Guanosine Guanylicacid ‘{7 .
Guo Guanosine N) [ N> puiine
G monophosphate NJQN N
GMP iy >I<
T T (o)
Cytidine Cyt|dyl|caC|d qu("mu'Jw.
Cyd Cytosine monophosphate J\
c cMmP N, ),’l’
Uridine Uridylicacid f,)
Urd Uridine monophosphate J{\J\/) /aanmu/mL
u umpP o XN
Deoxythimidin | Deoxythymidicacid (,D
e CH? Pyn'ml'pll‘/l(_
dThd J\N

dT o

o Attachment of of 3' hydroxyl to5' of othernucleotide. (Phosphodiester linkage)
o Stereochemistry - base isaromatic/planar. Sugaratoms are in another plane perpendicularto the bases.
o Attachment made from condensation

‘end 5'end
® Hodi, o
H .
pd i3
Phosmou"*“” ll'r\koxg.
0
( [’g
o«(l’~o-saHZ o i)
) I\/‘@&
ﬂﬂ

oFo >~
3'end Yend

Differences between DNA and RNA
o Uracilinstead of thyamine.
o Ribose sugarinstead of deoxyribose

= The hydroxyl group effects stereochemistry and prevents flexibility of RNA chain

= The hydroxyl group also effects the stability. Under basic conditions (pH9or >), OH is nucleophile
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and attacks phosphate to form new covalent bond
o Thisdeterminesthe lifetime of RNA. Bacteriaforexample have enzymes to create lifetime of 3
minutes for RNA. Humansis about 24hours.
o0 DNAisa stable molecule because itlacks this hydroxylgroup.

e De novo Synthesis of Purines
a. Evolutionary conserved pathways
= Differentorganismsthough diverse, follow similar pathways with same intermediates.
b. Expensive synthesize
= (Costsa lotof energy to make new purines from scratch
c. Enzyme activities highly regulated
= Activated more during cell division
= Enzyme regulationin allostericfashion
d. NOTsynthesized atfree basesbutas nucleotides
= Thisservestokeep basessolubleinaqueous polarenvironmentsince the free base alone is not
soluble.
e. AMP,GMP ->derrived from common intermediate (IMP)

O
ﬂ,{if\!\> L\UPoXaV\’}'/\i/\L !M\Se
0 v

I
0-P— 0= CHa — I Strvcture
iy O
f 4
f#
op  o¥

a. Pathwayenzymesare targetforclinical intervention
= Cancerchemotherapy
O Targetenzymesorstepsin de novo pathway
= Autoimmune and organ transplantation
= Antimicrobials (antibiotics)
O Targetbacteriaenzymesthat carry out purine synthesis without effecting the host

o JohnBuchanan
= Used metaboliclabeling- usingradioactiveisotopes to discover metabolic pathways
= Hestudied metabolicpathway of uricacid.
= Discoveredthe source of synthesis of uricacid.

I3 Ucicacid isin bird poop.
[ =0
0 %
M H

uric ocid
o,

!
ASp.w bate C ~
omide ﬁN
l I — ﬁ rﬂwj'<
Fbrmod'e\)c ¢

lucine
L/g‘:j
C/I\l

N
Sng N

8 [utoim ine amidhe

o Donotneedtoknow all enzymesand intermediates of nucleotide synthesis
= Purine biosynthesis
O Ribose-5-phosphate is starting.
O ATPusedtoadd diphosphate to 1' position
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O ooao

o Glutamineisoften asource of amine addition in purine synthesis

Glutamate providesamidetoreplace diphosphate. Thisis first committed stepand

establishes stereochemistry of purine.
Amide performs Nu attack on Gly
Addition of one carbon by THF (carrierof 1 C)

Conversion of carbonyl oxygen of glycine toimino group

Etc..See textbook. pg 1071
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AMP EI(LGSQ__S—IDAOSf’W
GMP

e Conversion of AMP (GMP) to ATP (GTP)
—_—
0“3 AMP+/A§TP ﬁJcng(,,A-e Lirgse ZADP
L‘ﬁ’om o x1dah Ve lesp hory | Hon

GMPHATP 0 Tate Fivase GOP + ADP

Base specific, sugar non specific (rAMP,
Nucleosidediphosphate kinase

b) GDP + ATP == o 1p+ADP

Base nonspecific, sugar nonspecific
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Notes 04/04

Friday, April 04,2008
11:02 AM

Energy cost for IMP synthesis
O

H\‘

N

&%

.a) Directl yin pathway
'b) Glu->Gln (x2)

.c) Fumerate ->ASP
'd) Regenerate Gly

@) NO-THF ->N0-THF-CHO (x2) |
| TOTAL .

ATP->ADP

+7

+2

-3

.+8

+10

+24

o ATPsourceis from oxidative phosphorylation

e Regulation of nucleotide synthesis.

!Zi [DOSe_ - S"PI’IOSPMJ@

f\dug\svccino&c

v

ANP
’

ADP

!
ATP

S'PL\OS‘OL\OWII bos lam*rnoz%%

}@—I{\\’(P@;

<

.
v
PR Pj) Activation
> &

V7 enzyret tumidopho Sp

(PeA

YMP

|

Gme

)

GDP

|

Gt1P

ATP and GTP are
allostericenzymes

Feed forward activation. When PRPP levels are high,

thicdrivvac aminntrancfarace annima
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Trsfins o FRA sprihass 15 allosier ol
shimulsded by PRPP (feed Firward)

e Amido phosphorisosyl Transferase

o Fluxdeterminingstepin pathway ) 8
"0"\7"'0’(‘_“‘—0 W " ) 0—‘P"O— (‘kho NHz
0 Ay T G Itoumine 50 WGy . * Glutamate t PPL
o dp EroTPom RO oM ot
pepp O ° PRA
\Y

[Cln]

Feedforward.
v (not Mechahs Murden Kinefics)

[ PrPP]

Incellsthatare proliferating have agreaterdemand for nucleotides than resting cells.
e Earlyantibiotics blocked purine synthesis... this prevented bacteria from growing.

e Sulfadrugsinhibit production of folate which impacts purine synthesis in bactera. Does not effect
humans because ourfolate is dietary and we do not make folate.

¢ Inhibitors of DeNovo purine Biosynthesis

Sulfadrugs Block folate biosynthesis in microorganisms
N10-THF deficiency (no effect on human cells)

Azaserine (Acivicin) | Inhibits purine denovo synthesis. It was later discovered to be a potent mutagen.
Suicide inhibitor of amido transferase and other enzymes that release activated
NHg*from GIn

MycophenolicAcid | Fungus product that blocks IMP dehydrogenase enzyme.

¢ Salvage pathway
o Recoveringbases from breakdown of nucleicacids

e Salvage of Purines
o Breakdown of RNA (intacellular)

Ade+ PRPPNSAMP + pp; (Ao Adeniv)

(adenine-phosphorilosyl transferase)

GPET
(Gyonine + PRPP i GMP+PP;

HGPRT
Hypoxmrhine +PﬁT-t:>LMP+Pﬂ
= h\qolroxy ~guanine phosphori bosyltrans fems.

NB post mitoticcells use salvage more than donovo synthesis
Neuronal cells->salvage is major pathway for nucleotide biosynthesis.
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There are individuals thatlack HGRPT so they have disorder called Lesch -Nyans syndrome

Defectin purine salvage

o Lesch-Nyhanssyndrome
= x-limed (sexlink)
= Mental retardation
= Spasticitiy
= Self mutilation
= Urate accumulation. Urate isinsoluble and will rise to kidney stones and accumulatesin

joints. (Gout)

- Lossof HGRPT

G HTPRFP T GMP , IMP
' k) .
PP;
- Inlesch-Nyhans
HGRPT->accumulation PRPP

[PRPP]increase ->feed forward activates amide transferase
->increase adenelate (amp) and guanelate (gmp) production

Degradation of purines (figure in textbook) '—:'fj %1% 9.1 093
o Uricacid isend product of degradation

Inhibitor of Xanthine Oxidase (treatment of Gout)
,v\(‘aMPlG*'C

str
Allopurinol 0

0
X0 \ — Remains bound to Xanthine oxidase
N _— \/ (reduced) and cannot oxidize....
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Notes04/07

Monday, April 07,2008
11:02 AM

&

WA

Notes 0407

Audio recording started: 11:02 AM Monday, April 07, 2008

e Pyrimidine pathway
o metaboliclabeling by John Buchanan

C
Gltamine, —5 n 4 \C < gspartate

amde l 3 5‘/
Heo— ¢
0; CZ\CI e

o |6stepPathway(seebook pg1077) for UMP synthesis
= Ringstructureis synthesized priorto ribose-5-phosphate moity
1. 2ATP +HCOs + glutamine + H.0
Enzyme: Carbamoyl phosphate synthetase Il

\/k,b 2ADP + glutamate + P;
NH,
0=cC
1
O -PDs*"
Carbanoyl phosphate

2. Aspartate
) Enzyme: aspartate transcarbomoylase (ATCase)

Pi

=Q &

H

N

0
b, O
C

O Q]/ S coom

A\N

Cabonyl aspartate

3. HzOd/

S
0]
T

Enzyme: dihydroorotase

/C\
N lC*h
1
C CH

7 \N/ _
o H \Coo

Dihydroorotate

CHEM 153B Page 11



4. Quinone
) Enzyme: dihydroorotate dehydrogenase
Reduced

quinone

|
=C c
6 “pnoN

H

Orotate

Coo
5. PRPP
) Enzyme: Orotate phosphoribosyl transferase

| 1]
cC C _
0?7\, Yoo
Z’OJPO"CH; (V]
i
oKk olt

Orotidine-5'-monophosphate (OMP)

6. CO: (/

Enzyme: OMP decarboxylase

J Step 6 enzyme increases reactivity by 2x10%3 making most catalystically
O proficient enzyme known
U
AN
HN CH
[
z CH
e N
4 N
*oP0 - c\&h/o
W\ YH
off O

Uridine monophosphate (UMP)

Uridede kinase
—_—

UMP + ATP UDP+ ADP

nvc leotide dif’"‘“*’k’"ﬁ
UDP+ ATP ————— (TP+ADP

CTPis made from UTP

@) Inmammalian cells N comes
from glutimate. In bacteria
N)Jﬂ CTP Sbj yrf‘b\gl-ase_ N ‘ comes fromamonia
yre cTe

e Regulation of pyrimidine biosynthesis
o Differentfrom bacteriaand animal
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ATCase (bacterial)

4
A VMoA

HCOs + Glutamine + ATP

l Mammals r? hest

Carbomyl phosphate

|

& boctera reg here
Carbomyl aspartate

}

Dihydroorate
Orogate
Jlf PRPP

omp Bacteriastep 2 regulation: allostericstimulation of ATCase by ATP and inhibition
by CTP or UTP

ump
Inanimals, ATCase is not regulatory. Carbamoyl phosphate synthetase Il is

Ubp inhibited by UDP and UTP and activated by ATP and PRPP

uTP

CTP

ga':\fjmlgs £ 2% mM
[ spar ta -6_] [m/‘")

AT A o7
T & TP NcaTayTIc , 208

cre ”
. o o o ARTP %
ATP, CTP bind same allostericsite (approx 60A from catalysticsite) bindin &
| RN
~

ATP binding ->conformation of catalysticsubunitchanges ->
favorsrxn
CTP binding ->comformation change inhibits rxn

e CHANNELING

(e]

Appliestboth pathways (purine and pyrimidine): intermediates are labile compounds (easily degraded -
will hydrolize and decompose in solution). These pathways are optimized to maximize program by
minimizing contact with aqueous solution. So each step channels to next active site in a process called
channeling.
In mammalian cells (pyrimidine synthesis of UMP):
=  First 3 steps of pyrimidine pathway in mammalian cells occur on one protein enzyme in cytoplasm
= Step4: mitochondrial membrane (FMN and coenzyme Qused to reduce and take H; off of
dihydroorotate)
= Nextstepslocatedin cytoplasm onsame contiguous polypeptide chain
In bacterial cells (pyrimidine synthesis of UMP):
= Intermediatesare the same and susceptibleto breakdown
= Donot find channeling inbacteriathough
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¢ Salvage of pyrimidine
o Uricil base and cyto(dine)? are carried out by phosphoribosiltransferase? Enzyme

e Production of degxynucleoti Base
qo PO - cﬁ B, . ch O
>aPo~ ke

. - Ho

H Enzymes:ribonucleotide H

{ oM Reductases (RNRs) ot H

Ok

Ribonucleotides deoxyribonucleotides

o 3classesof these enzymes (read aboutin book)
= Differentclassesdiffer by substrates (NDP or NTP), cofactors they employ, and the way they
obtainreducing equivalents
= Classland IIRNRs in prokaryotes. Class | in eukaryotes. Class lll in prokaryotes grow
anaerobically. Class | needs Oz

o Mechanism (free radical) see textbook. Do not need to know mechanism
= 3'extraction of hydrogen viafree radical exchange to 3'position
= 2'OH becomes positive OH,
= Netresult2'positionisreduced andfree radical isregeneratedin enzyme
= |ffreeradicalinenzymeisabolished then enzymedoesn'twork
o Compound: hydroxyurea which will quench freeradical

¢ The control network for regulation of deoxyribonucleotide biosynthesis by ribonucleotide reducatase
o 2enzyme states, inactive and active
o Activitysite, specificity site (allostericsite) for what nucleotide, catalysticsite (where reduction
takes place)
o Activitysite:
= ATP(active) and dAPT (inactive) when bound
o Specificity site
= Whatnucleotidesare reduced
= Find:
o ATPbinds, TTP binds, and GTP binds
o Catalysticsite
= Bindribonucleotide as substrates
o WhenATPisboundto activity site and specificity site, CDP and UDP will be made

coe—|OF—|O|—0—>¢c0P— JCTP
e
o C&’&/\
wopr—|O O] —Q=dudP —y17P
coe— OO ”_O%tc—pp—’> AGTP
Arpp — |O O*I;O{ADP —> JATP
A

-~

Whatwould happenif youadministerhigh concentration of thymidine to cells. High
amounts of TTP
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Notes04/09

Wednesday, April 09,2008
11:04 AM

Pl
Wit

Notes 0409

Audio recording started: 11:04 AM Wednesday, April 09, 2008

‘LD?‘ C) UDP
/ / \PPL

Pree gme —>UDp
F

A
/‘\TP/) NTN
ADP J
Nop TP
\\
\

N
Cre

‘QE
(o4
ém
QL
-
=
O
!
J
S
3
o

UMP + I\]'Np/\/le;i-h l@neﬁcjralf\gdrbﬂlm‘t > dTmp + 0(1"\ (er‘Fo’ld'e
y yo'rot
L)((,O'Fac;l'of Sorta but does rot n;WmLe So It IS V‘ea/H_Lj wbsﬁw‘c}

> mechanism n textbook

'nh,mfdi(\a. Sqnﬁm

dUMP

See pg 1091

5-florouricil % FM+ sSo
i o o bot
L ! ne complex 15 for ¢5ML
oo~ O N qumary T8 Ty Lills
gt 1es° < ibiker
N Y M Jicide a2 ™
i +W4f’“+
on ot vsed as cheme

Methyltrexate (antitumoragent) - binds to active site of dihydrofolate reductase about 1000x stronger
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than normal substrate. Blocks reductase so THF productionis blocked
Aminopterine - also blocks DHR
Trimethoprim - bacterial

DNA structure and properties
o Bform DNA
o Chargaffrules
o Watsonand crick
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Discussion Week 2
Thursday, April 10,2008

11:01 AM
o 1M® 0
N/\\ DR L]i > — N %
N1 Ar /ji >
/ f 0 { /’j\l\/ N
b esP g5t 0 lejp
=0 = (Ho— CRA-COD™ X =
©0C ~ CHy Cll (oD Mmpe C’/”\f
N
|
N
>
\[\I)
st

P\&‘U/\‘j\ oSUCCinstl

v
N,

_ N
pef YD
y

Problemsetl
2. APRT+Adenine ->AMP

HGPRT + Hypoxanthine ->AMP
HGPRT + Guanine ->GMP

Cansurvive | Cannotsurvive
IAdenine .Guaning+hyp .
| Ade +hyp . Guanine .
Ade +guan :hypoxanthine .

Convert AMP to GMP

3. ATP+glutamine +H,0 + UTP -(citrate synthetase)-->ADP +glutamate + CTP

o /;Im
0.0
0O @/ /\/
ute anx

oc Hyeded bj IDAGSf Lo@/mﬁm\.

P - A N\ H &0
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& \ B /\ ) U
N ¢ —> BN \ ES >\C~N ‘
J\ | 1 ¢
o /\f\ 0/’]\’ \I/
C/*TD " -'flﬁ
) =L
ADP €-5 Lo
Vi N h
¥ 003 f
l
7 N N
| R oy Ve

Inhibitor: acivicin - glutamine analog that reacts with CTP Synthetase to inhibit. Suicide inhibitor
Acylserine

4. Deoxyadenosine dAMP
dAMP if high concentration than others are inhibited
dCmMP
dGMP
dTMP

Higherlevels canincrease chance of mutation by incorperating adenine over correct nucleotide
5. There are 2 types of carbamoyl phosphate synthetase (1and 2). Bacteria only has 1 formthat carries out
several functions. If this 1type isinhibited thenit will also stop arganine synthesis. Mammals have 2

types of carbamoyl phosphate synthetase so inhibiting type Il will not affectarginine biosynthesis. Step
onerequiresATPsoitis bestformammalsto regulate atstep 1 to conserve energy

AUMP *MM d TMP LNSMA'OMCH\IMTHE
A
W@homm’*‘ \S/

Stops
y{n}w drots IALQ

THF is also used in de novo synthesis of purines which explains why methotrexate effects purine
synthesis.
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7. 5-florouracil inhibits 1st step because noHon 5 position which kills the enzyme.

O
\ F Both 5-floroulacil and methotrexate inhibit dTMP synthesis
/KN J By using bothiit gives more effectiveinhibition of production of
0 dTMP.

5- \Clorov(kc\'\

8. Page:

duTp
dCTP
dGTP
dATP

InhibitdTTP because phage doesn't needit. Aninhibitor of thymidylate synthease
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Notes04/11

Friday, April 11,2008
11:01 AM

o

WMA

Notes 0411

Audio recording started: 11:01 AMFriday, April 11, 2008

¢ B-form DNA by Watson and Crick. Based on:
1. Chargaff'sRules: Molarratios of A/Tand C/T
2. JerryDonahue: enolate form of guanine was not predominateform. Itis keto form
3. X-raydiffraction data of DNA fibers
= 2foldrotation symmetry

¢ DNA has multiple conformations
1. B-form DNA (mostcommon)
= ComesfromlabnotebookB
= G-Cpairbond anglesare extremely similar (the same) as A-Tso they can be interchanged
without changing helical parameters.
= Only6memberringsof purine/pyrimidineinteractin base pairhydrogen bonds
= Glycosidicbondsare not 180° apart on helix so they create minorand major grooves.
= 10bp perhelical twist (360/10=36° per bp)
= 3.4Aperbpso 34A perhelical twist
= 20Aindiameter
= Righthanded
= Bpare perpendicularto helix axis
= Waterstabilizes B-formto form aspine of hydration through binding minor groove.

2. A-formDNA

= Comesfromlabnotebook A

= Structurally convertible fromAtoBorB to A

= Aformis observedwhenBformDNAisplacedinlesspolarsolution. Also known aslowering
the humidity

=  Widerhelix

= Pitchisdifferent. 11bp/turn

= Righthanded

= Bpare nolongerperpendicularto helix axis

= Lessofdifference between majorand minorgrooves

= Channel down centerof ADNA.

= Sporesof bacteriaand fungi are starved of nitrogen and undergo complete halt of
metabolism. They have their DNA in A-form while suspended. No transcription takes place
andininertstage.

O Thisalso protectsitself from UV-light
¢  Pyrimidinesvery sensitive to photochemical damage and in A-form their
different configuration protects form damage.

3. Z-formDNA
= Lefthanded
= Zigzagof nucleotides cuttinginto sugar phosphate bands.
= Majorand minorgroove is much less noticable
= Createdantibodiesthatreact withZ-DNA and not otherformsto testif Z-DNAisfoundin
biological systens
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= Z-DNAisinvolvedintranscription. Relive tortionalstress asaresult of overwinding of DNA
molecule.

o Throughall these structural changes, the base pairing does not change. Itis only changesin sugar
phosphate backbone.

e Rotation of base and sugar along glycosidicbond.
o Syn-Adenosi
NI

AN
e
%JP(J‘ e O (]9

K/

oH OH

o Anti-adenosnne\&

NH,
[ N\
\N/\O
Z’%V -0~ (% o $
W AN
w2

o Purinesare synoranti
o Pyrimidines only anti easily formed, due to pyrimidine's C2stericinteraction
o InDNA, they are anti configuration exceptinZ-DNA

e Conformations of sugar
o Puckering-3'or 2' carbonis pushed out of plane of the ring.
= When pushedupindirection of base and sugar's C5 itis called Endo
= Whenpusheddowninopposite direction of base and sugar's C5 called Exo
o Puckering matters greatly because it effects phosphate position due to OHon 2' or 3' interaction. This then
can change overall helical parameters.
o Table 28-1 Structural features of ideal A,B, and Z DNA (see book)

e DNAformsandstructural features Table 29-1 pg 1109

A-DNA B-DNA Z-DNA
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Helical sense
Diameter
Base pairs perhelical turn

Helical twist per base pair

Helical pitch (rise perturn)
Helical rise perbase pair

Base tiltnormal tothe
helix axis

Major groove

Right

26A

11.6

31°

34A
2.9A

20°

Narrow and

deep

Minorgroove

Wide and

shallow

Sugar pucker

Glycosidicbond

C3'-endo

Anti

. Right . Left

20A 18A
10 12(6dimers)
36° for pyrimidine-purine steps; 51° for purine-
pyrmidine steps
34A 447
3.4A 7.4A per dimer
.60 . 7°

Wide and deep | Flat

Narrow and Narrow and deep

deep

C2'-endo C2'-endo for pyrimidines; C3'-endo for purines
Anti Antifor pyrimidines; syn forpurines
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Notes04/14

Monday, April 14,2008
10:53 AM

o
WM

Notes 0414

Audio recording started: 11:02 AMMonday, April 14, 2008

e Alternative DNA structures
o Dramatically alter DNA structures viasugar phosphate backbone, the base pairingisstillin tact.
o A-DNA-watercontentislowered.

= |ncreasedresistance to UV-radiation damage
= Alsofoundinactive site of enzymes such as DNA polymerase where water contentis low
= Righthanded

o Z-DNA

= Crystals of certain DNA molecules
= Patients with Lupus produced antibodies to Z-DNA
= Z-DNAisassociated with transcriptionally active portions of genome.
= Lefthanded
= B-formtoZ-form byincreasingsaltcontentorto put on hydrophobicbases.
= Zig-zagof phosphate groups
= Zig-Zagresults by rotation around glycosidicbonds for purines.
O B-DNAhaspurines/pyrimidines in anti configuration
O Z-DNAhas purinesin syn configuration. Pyrimidines still in anti configuration
(impossiblefor pyrimidineto be in syn configuration with glycosidicbond). Pyrimidine
have nucleoside.
o Z-DNAissequence dependentand makesZ conformation sterically possible by purine,
pyrimidine, purine alternation of sequence pattern.

e Stability of DNA molecule

o

b)

Base pair H-bonds do not play major role in thermodynamicstability of DNA but rather play major
role in specificity of base pairing

Stackinginteraction (hydrophobic) between base pairsis primary energeticstabilization of DNA
Innonpolarsolvent DNA s less stable due to weakening of stackinginteractions

Base stacking of adjacent base pairsalong helix axis (overlap of aromatic bases)

5! 3: 5/ '31

AG = «5kch/MaI AG=-3.2 AC"\/( /m}

Meve oveflap I%S OV&{“P

e Experimentally following stability
o Purines/pyrimidines are aromaticand absorb UV light

CHEM 153B Page 23



of DNA absorphion

{max\ A

/{ iﬁonﬂ\

Hyperchromicity-increase inintensity absorption accompanying DNA transition from double
stranded (25°C) to single stranded (40°C)

= 260nm is still max wavelength absorbed by DNA (single stranded or double stranded)

(M
UV 13
abs.
A | wo{aj‘"{} smjlc, sHand
T m
1,0 4
1
Tw,',gfdur(
Tm= 1/2[DNA] denatured
Determined by:
= Solventcomposition - polarity
= GCcontentof DNA (extent of overlap more sothan G C triple H-bond)
= Saltconcentration - shields electrostaticrepulsions
= pH- groups participatingin H-Bonding are titratable protons
= DNAtopology
( o __ .
., 80
/
of
Fic
<o
40
30
26 I
r é - } t t .
g0 %°C OCO ¢ ap 166 110 pool fractim

m J/
Tm=69.3% + 0.41(G+C) don'tmemorize ->will be givenif tested

Melting temperature of DNA hybrids containing mismatchnes
o Meltingtemperature changes depending on number of mismatches
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Tmlowered about 1°C for each 1% mismatch

o Tocompare 2 species forhomology can sequence orjust calculate difference in Tm

O]M‘mp hyman

AT=1.5°C

e Renaturation (annealing)

f—

e leaton
heat 27T (Znd ocder) 2ippermg Uetorder)
sere 978/ - >
- S T Slow

'F‘QLS‘\L

o Overallrate of hybridis 2nd order
o Nucleationinvolves smallnumber of base pairs (20ish)

Rode €q. '/Olé - kz C‘C:AZC’L/ (= conc d"fsf,:y]( strands
okt

Solve Q@ < / at
C

. REcq
o
Cotcurve:
fpchon 1
reassociaded S
1,0 Cot
As complexity (#of sequences) increases, the longerit takes to find its partner
th
o led
Cotn (M) = L.(4)
- 7=\ ) /PN
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Cotly (B) L(5)

o Howdoyou determine the size of agenome? Cot curve

(022]
A g

AP U
S |- -~

B has greaterkineticcomplexity than A.
Forsimple genomes kineticcomp. directly related to sequence complexity

o Complex CotCurve
= Foreukaryoticorganisms, multiple component re-association curves

—ﬁ,\dﬂo n
(,_as;oc ld'l' nn
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Notes04/16

Wednesday, April 16,2008
10:57 AM

g

WM

Notes 0416

Audio recording started: 11:02 AM Wednesday, April 16, 2008

Denaturation
o Longersequence of DNA, the longerittakes to renaturate
o Highereukaryoticorganisms have acomplex cot curve:

0 standocd
v
40 e ot

%

9

[

-V NS

§

v

S

Standard Coty/2 = 10°
"size (unique sequence) =3x10°bp

Unknown Coty/ = 10® 5 _ b A
Cotrs (fraen) = 10~ = 3106s.
Cothy (unénowrQ o ~

7( = Bx/aqbp "— ’ /<l-/l€;{‘)'c Céf"lf{erhLZ] !

2 aquente (uni o(e)

Total gunore. Size = (‘lﬁl){ll% 3x10 bP
L, =7.6x10"hp

To determine kineticcomplexity (sequence complexity) of moderately repetitive fraction:

0% = x x =370 b
(6% 2x(0"

How much DNA is moderately repetitive fraction?
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(.2 *7.571p"h, = 15410 by

.5*10"kp ~ 50
34|07,

This analysis allows you to determine genomesize, number of repeated sequences, and
number of copies of these.

e DNATopology

o Supercoiling
= Figure 28-33 Electron micrographs of circular duplex DNAs with various amounts of

supercoiling.
O Plasmidsiscommon topological state for DNA
o DNAsupercoilingaltered using enzymes that carry out supercoiling reaction
0 Relaxed DNA (no supercoiling)
o Coiling-crossovereach otherto create nodes. Nodes are proportional tonumber of
coils
o Covalentstructure of DNAisunalteredin coiling.
O Supercoilingis high energy strained state (tortional strain) for DNA molecule and
requires energy input (enzymes)
O Reasonfortortional strain:
1. Phosphate groupsonsugar-phosphate backbone on highly coiled have high
electrostaticrepulsion thatis unfavorable.
2. Entropyincreasesatrelaxed state. Entropyislowerin coiled state.
O Whenisolate DNA from bacteria, itis supercoiled
o Insupercoiling, thereare 2 possibilities of right/left handed
(clockwise/counterclockwise) wrapping.
¢ Negative supercoiling favors separation of duplex:
/I\ " AC 1t n mi/'ve/7
AG e /\J . Ypereo, led
—  2laxed
O Strainincreaseswith supercoils:

SEyN}
AuPle.x

— “n(,rehs;‘nj Superco N

AG— & constant (A L>2
(S vperco i sv‘muJ)
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Types of supercoiling: (figure 28-37)

1

2.
o
]

Plectonemicsupercoiling (AKAinterwound) - DNA is by itselfin solution
Toroidal - DNAis wrapped around a center core (histone orenzymes etc)
Lefthanded toroidal and right handed interwound are equivalent topologically
Righthanded toroidal and left handed interwound are also equivalent topolgically
¢ Mathematically explained by linking number
O L=T+W
» T=twistnumber (#of helical turns). #bp/bpperturn Bform
» Bform#bp/+10 (+ right handed)
» Aform#bp/+11 (+righthanded)
» Zform#bp/-12(negative because left handed)
» Writhvalueis measure of suprecoiling
» Righthandedtoriodal:+
» Lefthandedtoroidal:-
» Lefthandedinterwound:+
» Righthandedinterwound: -
¢ AL=0if DNA intactand no covalentdisruption

L T W
10 10 0 (relaxed)
So molecule has 100bp

Disrupt 7

L T w
10 9 +1
L T w
10 8 +2
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Notes04/18

Friday, April 18,2008
11:02 AM

Review Session Wed 6:30

e Supercoiling
o Interwound (wrapped around self)
o Toroidal (wrapped around a histone core)

o DNAismore compact with supercoiling
o Negative supercoiling - makes easierto separate 2 strands of helix (right handed interwound or
left handed toroidal).

= Replicationortranscription
o Linking numberL;:-Strand crossesanotherstrand
o L=T+W

=  T=twist, number of helical turns

O Zdnagetsnegative valuesinceitislefthanded

o Mostorganismsare negatively supercoiled.
= Exceptionsare hotsprings bacteria-theyare positively supercoiled.
o Supercoil density =W/T(.04-.07)

e EthidiumBromide - bindsto duplex DNA
o Planararomatic
o Bindsbetween stack pair of DNA (interplation)
O Mutagenis more toxic

e Chlorophin-same butlesstoxic

These drugsinteracttoreduce twistvalue
¢ Experimentally finding the supercoiling

o Move through gradientand more relaxed moves slower
o Canadd ethhidium brominde will increase W

CHEM 153B Page 30



Notes04/23

Wednesday, April 23,2008
10:57 AM

o

WMA

Notes 0423

Audio recording started: 11:01 AM Wednesday, April 23, 2008

1) Review sessiontonight 6:30pm young 2200
2) Office horstoday 1:30-3PM geology 4607
3) Emailqg's

4) Textreadingthrough pg1144

Midterm 1
Q1l-6
1. T/F
2) ldentify
3) Nucleotidestructure/repl
4) DNArenaturation
5) Pathwayinhibitors
6) Topology/topoisomerases

DNA Replication
o General properties
1. Semiconservative replication
2. Bidirectional
3. Simidiscontinuous

Prokaryotes replication rate - 1000nt/sec
Eukaryoticreplication rate - 50nt/sec

o Experimentsinvolving general properties of replication
1. Semiconservative replication-mes__-and staw
o Grew bacteriain medium with heavyisotope of nitrogen
o Density labeling experiment
o N¥ammoniumsulfate
o Figure 20/23 (mcgraw-hill)

= Semiconservate model and dispursive model

= Semiconservative experimentfor eukaryoticorganisms: Herberttaylor with plants (couldn't
use same procedure because eukaryotic cells died in prokaryoticdense nitrogen medium)

= Figure 20.11 McGraw-Hill
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Notes04/21

Monday, April 21,2008
11:03 AM

Midterm 1. coveres through Wed.

Review session Wed evening: 6:30 @ young room 2200

DNA topology

o DNAmoleculesthatare notcircularcan have supercoiling properties of circularif it has something
such as a protein on end constricting untwisting.

o Chromosome of prokaryotes are circular.

o Enzymesincell canaltercovalent structure of DNA (topoisomerases)

o Topoisomerases will covalently disrupt DNA to change linking number (reduce tortional strain by
nicking DNA and rejoining together). This allows to reduce strain caused when replication occurs.

= Some enzymes are specificfor negative while others for positive supercoils
o Oneenzyme canintroduce strainto DNA - called DNA girase

Lanel |Supercoiled DNA andrelaxed DNA — -
.Lane2 _RelaxedDNAmcubatedW|thtype1btop0|somerase _ A(”l_ IDG’
Lane3 |Supercoiled DNAincubated with Tye 1b topoisomerase —_
Lane4 |Supercoiled DNAincubated withtype 2topoisomerase - —
se|— — — —
I 2 3 4
o Typel
a) AL=1
b) Transientsingle strand break
o Typela
= Strand passage mechanism
passag Ta iM-ex(aokZJ
O+ O 2y QD (eotenares)
= Covalentattachmentto5'end of DNA strand
O + ® S D deteagprnt N 3/
— & —
NS 5 o
]
Enz—Tgr-0~po Cle

0
o Topo laonlyrelaxes negative supercoils

o TypelB
= controlledrotation of one strand around the other

= Resealingafterlturn
& Aeergert O s! B
B O .l
b e CH,~oP~

£V]2- Tyr— O“[I)"O Qb 6
0 H

= Topo lb relaxesboth positive and negative supercoils.
= NOTfoundinE. coli

Linkedto3'end
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o Typell (AL=2)
= Mechanism: Transient cutting of both DNA strands
Covalentattachmentto5'ends
Strand passage
Replication of DNA

= ATPusedtodrive proteinthrough catalyticsite

o DNAgiraseisresponsiblefornegative supercoiling found in bacterial chromosome.
= Drugsthat preventgirase.
o Otherenzymesthatreseal after cutting by topoisomerases
o Classof antibiotics thatinterfere with resealing step. Cells treated with antibiotic, DNA of chromosome becomes
fragmented.

¢ Inhibitors of topoisomerases
DNA Gyrase inhibitors (antibiotics) Novobiocin (coumarin family antibiotics), ciprofloxacin (quinolone)
Type Il eukaryotic (anti tumoragents) | Doxorubicin (adriamyein), etoposide

= Mechanism (excluding novobiocin)

. Type2inhibitorproblem'havehighprobabilityofgivinandunrelatedtumorthatappearsS—lOyrsIater
/ \ Ay I"\CCL\

[
v
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Inhibitors

Thursday, April 24,2008
11:15 AM

Aminopterin - inhibits DHF reductase so THF recycling affected
Hydroxyurea - stops free radical reaction radical required in RNR
Allopurinol - inhibits xanthine oxidase

Azaserine - gln analog (substrate used in purine biosynthesis) - inhibit dinovo purine synthesis (cannot
make ump, cmp, amp, gmp)

Methotrexate - interferes with recycling of THF by inhibiting DHF reductase. So affects TMP synthesis
and purine synthesis

5-florouracil - inhibits TMP synthesis

Novobiocin (coumarin) - DNA Gyrase inhibititor
Cipofloxacin (quinolone) - DNA Gyrase inhibitor
Doxorubicin - topollisomeraseinhibitorin eukaryotes

Etoposide - topollisomeraseinhibitorin eukaryotes

Aftermidterm 1

Rifampicin -RNA polymerase inhibitor
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Notes04/28

Monday, April 28,2008
10:58 AM

o
wMal

Notes 0428

Audio recording started: 11:02 AMMonday, April 28, 2008

DNA Replication (eukaryotic & prokaryotic)

e DNAPolymerasel
o FoundinkE.Coli

o Doesn'tdoDNAreplication but doeslagging strand synthesis (not continuous strand)

e Properties of DNA Polymerase |
o BasicReaction P\

o EnzymaticProperties of DNA Polymerases

1) Template Dependent

(DNA Template ->DNA polymerase)
(RNATemplate ->Reverse Transcriptase)

2) PrimerDepending(3'OH)
(RNA or DNA)

oOH

BT — — Y

b
DNA Syﬁ#\

* Nucleosidetriphosphateislinkedto5'end
= Whyaren’t3' NTP used for DNA synthesis?

o 80% of DNA polymerase activityine.coliis Polymerasel
Assay 3H-dTTP + polymerase +DNA:primer

3
. H %_comp lgAe
incol(p
rimec 67
Ontp o
e mplite
0/ femp
time —>
M InrAarnaratinn -S1N% arid nrarintahla (hic nrarinitata)
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0O

Incorporation ->10% acid preciptable (big precipitate)

CcT DVA

,@,«77»— pVA pe

A -H W\f@’

/.71- NV

o Fidelity - Accuracy of Synthesis
E.coli: Overall mutation rate (in vivo) approx 10°- 10 errors/bp

1replication error/103 gen.

Polymerase errorrate (invitro) approx 10 errors/bp or more
2 sequential stepsinvolved infidelity

1.

Base selection
a) Geometryofincomingnucleotide (W-Cgeometry)
b) H-bondingbetweentemplateand nucleotide NOTimportant

pF u
¢
. p-ben 3
oot TN ety A
/ I
RS o7 >N
~ I
dR FFP FlepPP
Z,4 di{/uomfoium Thymine

No H\bofw’lﬂj “(so S‘/‘uﬁ'c}

Bothincorporate, so H-bondingis NOT
important. Geometry of active site and
chosen nucleotideis mostimportant.

O Polymerase changestemplatestructure because wateris removed from minorgroove
for3-4 nucleotides sothese 3-4nucleotides becomes A-form DNA.

2. Proofreading (editing)

a) 3'-5'exonuclease
b) Hydrolyticremoval of unpaired base at3'end - NOT reversal of polymerization (PP;
release)

St —N=N,=N,

3'END unravels ->removal of adjacent NTS where dsDNA ->single strand for editing

T2DN lymerase (gp43)

Very active 3'exo ]
—_ Vv

*H
Incovp

e
-

7 TSN MMP released

P e (PKGC{fCﬁJ/hj)
-
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Tire—

Approx 20% of nucleotides that getincorporated are laterremoved by proof reading.
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Notes04/23

Wednesday, April 30,2008
10:59 AM

o
WMA

Notes 0423

Audio recording started: 11:01 AM Wednesday, April 30, 2008

Emphasisinreading
o Basicpropertiesof polymerases
o 2enzymaticissues (speed/accuracy)
o Discussion of different replicating systems. Read & be responsible forit butlecture will not cover

DNA Polymerase |
o Baseselection
= Geometrical constraints (not H-bond... hbond only 1%)
= Whenthereispurine intemplate strand, only pyrimidine can enter
= Implications of Geometrical Selection Model:
O Mostfrequenttype of mistake will be A:CorG:T NOTA:Gor C:T
0 PredictA:T->G:C or G:C->A:T mutations are most frequent
o 5'position of Tnot contracted by polymerase ->explains why
= Activesite...|looked at 5' position of pyrimidines->Does not appear to have major steric
straints. Can add long fatty acid chainsto 5' (or cholesterol) and it can still be incorporated,
so5' positionis not contacted by polymerase. Thisis position that thymidine is distincted
fromuracil. 5' position of thymidine has no sterricaffect of incorperation.
o 5'Position of T not contacted by polymerase-> explains why dUTP hydrolyzedin
synthetic pathway of dUTP -> substrate of DNA polymerase
o Tautomerization: (keto most prevalent)
OH

')(JD A A +4V+OVY\U/
N j Sp— {
OJ\N o N/
| N”’z
N\ C
AN
© /

¢ Reducingamountof dUTPin cell to avoid this mutation.

e KineticScheme for DNA Synthesis PPL

71
open . crosep RS L Toanslucaion (st have corvect base )

T ComP ~ .
COIVIPI_E/)E LEX N /"H/B (se Pmrn’e Sl'ft’)

I

NMP

a) Baseselection (OPEN)
->conformational change
b) Catalysis, PPirelease

= DNA Polymerase Activities lacking 3'->5'exo
0o Mammalian DNA Pola
O HIV Reverse Transcriptase
o TAQPolymerase (PCR)
= EnzymaticActivities of DNA Polymerase |
o 5'->3'DNA polymerase
o 3'->5'Exonuclease (ss)
o 5'->3'Exonuclease (ds) (Nick Translation)~— ov\fu\ 4555;1-#(“/(
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Nl’g D4 po/ymf&&e
|
g"% i Ambermutation - changes code of one nucleotide to make stop codon. Karon's
e mutantstops DNA polymerase synthesis between domains and only 5'->3'exo
activity exists.
“coo

ch (N ’
Can %‘@ﬂﬂﬁ Klenow 35 exo

S-L'D Pﬁw I Mer
afo(oh) LU‘ ﬁ’nc ¢ pe y Ose
Gip

7‘),,,‘

= _..Of DNAduringreplicatoin
a) Tooslow
b) Poll: mutants (<3% of polymerase activity) ->grow okay

! ————0H ol
/i,
primus femmp e Jeped PNA
long 55 re2gion shert ss regions

DNA pofvn'vfa,sé has this Cw?'fv'lfr) best

e DNAPolymerase lll -anothersubunit- has 3'-5' exonuclease

e Processivity - #catalyticevents/binding event O
O\ O @] 4
) \_/
oH w/) f//x 0 7S 7 IX)C
Example: each binding - one nucleotide added. Low processivity
O
4
<, RN
mre = e =
R —

Each binding n nucleotides added

Fore replicative polymerases
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Notes05/02

Friday, May 02,2008
11:08 AM

o
Al

Notes 0502

Audio recording started: 11:08 AMFriday, May 02, 2008

Subunit Structure of Pol IlI, Pol III*, Pol [l HE
v e core substityent
(oS X 2 5lwg/ POIHW"ZA*""
12 z> g5 exonuclenSe
© ¥ Jimerizes
14

o Pollli*=Pollll + XE
Coresubunits+()($:)-complex

kf)f:(gj_gl)( \,U> AT? ACPic,amP chao'of

o PolllHE < Pol M + 9},’+lg

IDO/I’.T yi‘ﬁ ﬁ :S/l‘o,i/y c‘,/q,mpl J/'mefl'cle,ncllfélf,s D/UA
HE> 900 kDa

Beto Pol 1 cove Compley
Y
[o{adfnj o heta c/amp
Dlssocia,+‘0“ O'F C!U*WIP /qulb/
J
Exdaang; f beta Glam,g FollU
v ADP P )

Processive DNA €tjw+lu,5ls
b

D15go¢;&+fom 07[ po{ E
|
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D\%OC;D-“,'fOV\ 07[ po/ —m
J

EXICL\M% of beta c‘,!o.mp fo gomma com,o/cx
v
Dissa craction m/mg fe,cgcllng

e AlIDNA Polrequire primers. How are primers set down on DNA?
e Otherenzymaticactivities needed forcomplete replication
o Priming of DNA synthesis
= E.colichromosome ->RNA synthesized by primase (NOTRNA polymerase)
= Averagesize 10-12nt - =

e A G
3! GTC 5/
pPrimase - cﬂnaG“ Initiates at5' GA

= Primaseinteracts with dnaB
= Protein:helicase
= Helicase needed forstrand unwinding

= Assayforhelicase activity: 3

5

S 7

¢ DNAB->hexamericATPase movesalonglagging strand template in 5'->3' direction

L/ (Aw >0>

o dnaB->unwinds DNA DNA strands coupled to ATP hydrolysis
o Note:toallow priming by dnaG....

e EnzymesneededforE.coli Dnareplication

Name Function Leading | Lagging
dnaB Helicase 5'->3'
dnaG Primase 1x OF priming
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Pol IIHE | Polymerase Yes Yes

SSB DNA Binding protein | Yes Yes
DnaPoll |Polymerase 1x OF
Dnaligase | OFjoining 1x Yes

¢ RoleofDna PoII in Iagglng strand synthesis

LTI

b -
QUi

S nick
o rlomf's 5" 3 ey,

C)NTP

v

D

O
| I
+ DNALigase . N-R “O’f"“O” /P “O-R-A
ENZ"C(&SB - /\JHZ + 0 O~
(NAD)
O
— y v
Enz (ys)-Na-p-o-r-A
[ -
S
Nk 3 okl "
? w
") fw&"
M\fiu e\ w)‘\”\c/s
V4
U‘M{)H O/ \
OO‘/P:OJ \\/ \—3 /] I!io /]//f
osf [ sigy —!
JRVN Inéagl Eng
£q Armp 0

¢ Figure 29.16 from Garrett/Grisham Biochemistry

o Trombone model
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* Replicon Model: Lo

Toibets "F
Ok
~stret{ )i P
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Notes 05/05

Monday, May 05, 2008
11:03 AM

e Originreplication

o

o

In bacteria 1 copy per chromosome. Highly conserved (concentrated?)

TATC/GATC modification sitefor methylatoin

Expecttohave 1 forevery 250bp by just probability of combinations

o Actuallyfind about 10-11for every 250bp

¢ |nitiatorProteinis DNA A Protein

e Originreplication steps

e}

@)
©)
@)

DNA must be negatively supercoiled (underwound). If not underwound it will not bind

Toroidal wrapping around Dna A multimer ->induces unwinding

Open complex - local unwinding of A-Trichregion

Recruitment- DnaCp -> chaperone delivers Dna B (DnaB)s(DnaC)s ATP hydrolyzed to release dnaC
= DnaCisan escort proteintodeliver DnaB
= DnaBassociates with primase to prime dnasynthesis
= Onestrand becomesleadingand one lagging strand. Suggestion that RNA polymreaseis

associated with this complex, but not proved

e SSBprevents DNAfrom forming duplex and prevents degradation of the single strand dna.

e GATChas regulatory function
o Oncereplication starts, why aren’t there multipleinitiations? Mechanism to prevent replication

from startingimmediately in bacteria->process called sequesteration

—_ —

ori C

ori C 1S actioded '>é<
OV\CQ,/CKGC\G_ _@\

”’I\Q

__ Dam mdwylese _GATC
GATC —3 ¢
CTAG CThg

| me

Me

hemi N@L@{MJ {u“j WQ%‘L\jlWJ(KO(
(g
VH

}\}(, "’\@U/\j[a;hm N
\
L, A
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o OriCregionreplicated — ~CAtC
~-CTAG- y

Associate withseqA-> membranegttachment; delays methylation of newly synthesized strand by
approx 10-15min

(only hemi methylated DNAis sequenced)

SeqA- cells->Nodelayinreplication oriCregion

o Ifincrease methylase, it would shortentime between replication

e Terminationregion
o Single origin of replication and region that have terminatorsites (redundantsites). Thereis no
obligatory termination sitefor E coli. Can delete all termination sites and replication continues just

fine. O O
S, e 0

e Chromosomesaswe complete the replication phase
o DNAsynthesis

G&M&
Swfve,[
S\j,\-l-l'\a,sls
(C'U\MSL 1 /7/@//'0450/)

T D@Ca&f/\f\ 0:‘!—\ o~ DQ,Vl aju rOC'il o

e Replicaiton - Eurkaryotes

Function E.coli Eukaryotes
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Priming Primase Poly a/ primase

Leading/lagging strand Pol III" HE Pol J

synthesis

Processivity factor Betaprotein? PCNA (proliferating cell nuclear
antigen)

Clamp loading ¥4 complex RFC

ssBinding Single strand DNA binding RPA

protien (SSB)

e Elongation - Eukaryotes
o Pola/primase ->no 3' exo (pencil w/out eraser)

= primer St (0 -{Snt o
RS ——
PP
FE{\:fo\se PNA P"\‘x

O]"L/ m&Se
primed ~ 7P pri

A ITIARY

AT REC/PCNA

ADPE S Ny sol =/
ST

PCNA

Tt )

|V

Processing OF's %NA o ol %

PPV TTT 11 T r

(]

NMES ey Az H

W T

FENT
e

g1 )/l

If mismatch oceus In primes

sI
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If Mfsma,‘l’CI/\ ocLVUls In Prﬁw/

T T T IT7T

l// f—/ENl (Wonuc’@oﬁj
e

P I

e Origins of DNA synthesis of eukaryoticcells
o Electron microscopy

o Replicationorigin - clusters
Distance between origins 10-50kb apart
Distance separating clusters >300kb
Coordinated activation of origins within cluster
o Multiple origins of replication ->replicon is area of DNA replcation from 1 origin of replication
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Grades

Monday, April 28,2008
11:50 AM

Meanon Q1+ m1->100
Medium 102 pts
Total points assigned 150pts
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Notes05/07

Wednesday, May 07, 2008
11:05AM

Simple EukaryoticOrigin
Yeast - Saccharmyeas cervisiaz (haploid)
Cloning:
1. CutyeastDNAintoshortfragments
2. Covalentlyattach aselectable marker

y P hec!
Y e
hy /OW.

4

Ime‘FGrM Il\'{'b mal-uaaf‘F ce,/’)’
Select /4\/3 cell

e Properties of Autominously replicating sequences (ARS)
o Approx400different ARSinyeast

Minimal sequence <70bp

Conserved elementAC

Replicatesin Sphase

Requires replication proteins

Replicationinitiatesin ARS

Bidirectoinal, semiconservative

e Te—JaH A

/N

A GrATAtTLT D :

O O O O O ©

e Activation of origin (yeast)

Ge. M\ G .S G2

T [ T i
Pre RC (rCP"Ca.Hor\ c_omph)g) ASSuMbB
ORc (origiv\ r‘ecogm"l"{m« Comﬂ@k)’é Fr‘ofu'ms ORCI, orc2... A,‘n&ﬂ » &I rgﬂ,‘m

E ) CDC(’ jf_\TP) (notatp hydrolysis...just needs atp)

ORC -

CDT
(Ae,’(ﬂv"te,\f\ ¢ ATfuse //ly If/dSe,)
chele o
ot
I/\Ce”\gé» ‘d“wme\ Cl‘{‘-" il Cdc6/cdtl | dnaC
X c6/cdt1analogous dna
_”? rgd,oﬂ" &_/' Mcm's analogous dnaB (helicase)
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e L
g o ADP w_
MeMo binds — Cde 7/0F14 )
(prb fein kinases
e

(57
MM Cowllole,)( pL\OSparq{a:[‘ep’
e Functionally analogousyeastvse.coli

Eukaryotes . Prokaryotes
.ORC(1—6) - DnaA .
' MCM (2-7) . DnaB
.Cdc6/Cdt1 :DnaC

Licensed PRC (C—\)
D4~ ?\’\05(9&\4\(&‘1[@»\ MMy

e Figure 21.9 mcgraw hill (highereukaryotic)

aq %O-VV\\O\C/ l'a) BULLl—C ({ ©) deuble T

— o <

— O <

— Fest
Q
e, N
[k}, m

e Okazokifragmentmapping
o Physical properties
= 2dgelanalysis of genomic OF mapping

0

Q\/\o 7
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Chapter 30 Text Notes

Thursday, May 08, 2008
1:39PM

Enzymes of Replication
o Pol I (DNA polymerase ) - couples deoxynucloeside triphosphate son DNA templatesinareactio
nthat occurs through the nucleophilic attack of the growing Dna chain's 3'-OH group on the alpha-
phosphoryl of anincoming nucleosidetriphosphate. The reactionis driven by the resulting
elimination of Ppiand is subsequent hydrolysis by inorganic pyrophosphatase.
= Canactas 3'->5' exonuclease
= Canactas5'->3' exonuclease
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Notes05/12

Monday, May 12, 2008
11:03 AM

pil

wmal

Notes 0512

Audio recording started: 11:04 AM Monday, May 12, 2008

Midterm Il - rescheduled to may 21

Types of Repair Systems
1. Directrepair-directreversal of damanaged base/site
a. Photoreactivatoin (UV dimer) - notavailable formammals
b. Alkyltransferase methylation
= Ogof guanine most preferred for methylation
= Oyofguanine and O4 on thymine also possible
= Methyltransferase - existsin eukaryoticand prokaryotic

2. ExcisionRepair
a. Baseexcisionrepair(BER)

¢ Alkyl Transferase

Oc¢ \-"5

N7 N\> simple rdl\cgla.‘i"'w\
N
0, me G >mispairs with |

Aolq (L; Call') H
E—S:/A?\«)c ’ _y E-Sscd, —rIP

Cys 321 e > A

O
7 LN
N N
" ,;;LN , N ( >
}‘IV N
A///}

DNA lo&t,ldaonl.
-C
? & da ;
O—lP—~D‘ Ada C:(jsan, CH-S

o- L> Wan—fcri.o"”““} /‘fé?L"Va,'l'of
Cof‘{;f”‘ﬁffb'\q/( gkmn%—bw‘-‘ o 96?140166 u,:s:‘rwn o aJa F{MJL@/

-ad | yrgr RS ey
(s %y uA"j/_-_@zm,:iﬂg\ ADA protein

- =35 o ada

(Migh 62
(nitrosyl quaa, nie )2 medylah o ageuit

e DNA mismatch repair
o Replication Errors
= Base mismatches - tautomers
NH, NH o
A . L TR
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= DAdT IISIIALLIITD ~ LaULUIITID

NH, NH o
NS N n CH_;
A0 T )‘Y
(o) ] lel’v) 0/ I{V/
v
-GAL G- .C T

-CtGAC~
/

v \he
GlaleTe 52 g—f-‘;;?
C|IGAC
\_\ c.CGAC
CGeTG
o E.coli- mismatch repair ',lis""ﬁcb\
-—M———J/\_—_,\’AMIW.‘-SY nth
T t pan
c.,rTc GATC

I
CHs

Cﬁj[ﬂuts’yﬂcagm—hpn of Ml’SmaDL@'"
v

Cl 4

Wy

MutH only cuts nonmethylated strand
rt H y \i
\l

¢ Athemimethylated C'ATC

T%G
me.
o MutH ->endonuclease ->cuts 5' to GATC on unmethylated strand
"H's»mu"’al\
M‘J+ A
\ pf , * MutH cuts at first GATC sequence encountered 5'or 3' side of lesion.
§ — ; ’ e Cutlocatd up to 1-2kb from mismatch!
GATC ¢ DNAexonucleaseremoves nucleotides through mismatch site.
\
CHs Cancut either5'or 3' side

© Humanshave 8-12 Mut S homologs while E.coli has 1
o Human mutS descriminate between new and original stands is not through methylated GATC. Not
understood fullywhat they do use to select.
= DefectinmutS inrapidlyreplicatingtissue such as colon

e Base Excision Repair
o Several variates, depending on nature of damage, nature of glycosylase, and nature of DNA
polymerase Glycosylases cleave glycosidicbond
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o Allhaveincommon the following steps:
1.
O APisabasicsite P for purimidemicor purinic

2. AnAPendonuclease nicksonthe 5'side of the AP site to generate a3'-OH terminus
3. Extensoin of the 3'-OHterminus by a DNA polymerase

e Base Excision Repair

o

o
o
[e)

AT
c
TOTTETT P L
A
N T
fr—I—J'LI—&
MHz e U-Iosm, desminati "
2N oy N CFU
| > A
oo RO ST
de ak 7
—_— \)fﬁ-Ul
ATCUGG Y1 Atc T CG
TAgGeC TACG &C
Yycaal \ Abss'
J endo
—— OH excision g
ATC G ATC Tceé
w TFAL GGG
\MH.«U«
J
AT ¢ co .
TRE Ge'c

NER (E.coli) - recognizes helical distortions rather than specificaddnot

UV photodimers
Benzpyrene adducts
Variety of genotoxicadducts
Oxidative damage

g\,N\W‘" \}V\f'f
£elS
uv
Uy —>
boases
e NER(e.coli) \/(%(W) of’rﬁu} 3
) uv( Mr.‘i’ i
[ L
—_
leO\,l }\‘)‘X
J,gfaf'hav\
ovU"ur{’
plon DA &/
to ot v
1) JIVTT]
ATV
(uer) / CAAD?

ovr® oot
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Removal of incorrect base by an appropriate DNA N-glycosylase to create an AP site.

Creates AP site
AP endonucelase cleaves deoxyribose
Repairby dnapol and ligase



e Xerodermapigmentosum
o Autosomal recessive
Cancer susceptibility increases skin cancer >2000fold
Stomach, intestine, lungs greater 20-fold
o 8complemntation groups
= XPA, XPB, ...XPG (XPV)
o Legionrecogition XPC(XPA)
o Unwindingatlesion XPB/XPD
o Cutting of damage strand: XPG (3') XPF/ERCCI (5')
o Excisionrepaircoupledto transcription
o Transcribed regions of chromosomes repaired 5x faster than non transcripted
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Notes05/14

Wednesday, May 14, 2008
10:57 AM

o

Wl

Notes 0514

Audio recording started: 11:00 AM Wednesday, May 14, 2008

1) Take home quiz2 due Friday end of lecture
o 2problems(1bonus)

2) Review sessionformidterm 2.
o Mon 6:30pm
o Tues1lam-noondiscussion

3) Midterm
o 100pts closed book
o 25pts take home problem (like quiz)
o Material covers through Monday's lecture

e Llasttime:repairpathwaysin prokaryoticand eukaryoticcells
o These repairmechanisms usually occurs when DNAisin duplex

o Thereis possibility that damage occurs while cells replicatingand damage is at or nearreplication fork (ss dna)

= Normal excision pathways cannot repairthese ss cases

e Bypass(errorprone) synthesis (TLS)

Pyr diW\erl 0\\9&5\'(, S'th Eksy.m /S SS ﬂrana'
lCSloV\ LJld(,‘(lnj DNA f"l'ir'u[a&t
NER
JNTP
H 4

T > T,

(
4
Lo
J

[LOH\JTP
v oH

I

e PolV (umuC)(umud'):- only expressed when there is damage
o Requires3'OH
o Uses5'dNTP's
o No3'->5'exo
o Template dependent
= Atlesionsiteitabandonstemplate dependence
Non processive (approx 7nt)
Inserts nucleotide opposite lesion
o NOTtemplate directed J
i
[

L A
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o NOTtempIatedirecféd y
3 N T
N > Tor, /]
— 4 — 4

Extends chain beyond legionsite

NOTE: N NOT. We base paired with lesion

Still haslegion butis now duplex DNA and then can be repaired by nucleotide excision repair
Costofrepairisthat the sequence is changed

e Atdimers-2nucelotidesincorporated without pairing

.-__N\\“',v_

AU I—ryiing

Nucleotide insected: N707'A, 0/ G (almost cxc/usl'yc/j /Dur/he)

NOTE DAMAGE NOT REMOVED AFTER SYNTHESIS
or

W H
! 0 A \/> /777' A/’W — NER
A
Why A? ->most common type of photo damage: T'/'\]' 1/“ IB_\]_
[ 1m0

CTLS I‘S' mu‘/‘a ,lc
Covrans lation sz/,rrlu.s/sa7zs)

Thisis prokaryotic... eukaryoticis similar

e Newtopic- TRANSCRIPTION
o 2sectionsdiscussed
1) Mechanism
2) Generegulatoryschemes

e Transcription
o CopyingDNAsequenceintoRNA
o DNA->RNA->Protein
R/

o Prokaryotictranscription
= Onlycertainregions of chromosomes are transcribed
=  Amountof RNA made from each of these regionsvaries (approx 1000-fold)
=  Amountoftranscription can be affected by cellular/environmental signals
= RNAisunstable - varies(1-3min) severe (days)

e (Classesof RNA
o rRNA-stable abundant (approx 40%)
o mRNA-unstable (1-2min), variablesize, amount
o tRNA-smallstable

o AlIRNAspeciestranscribed by single DNA dependent RNA Polymerase
o General properties of RNA polymerase
1) 5'rNTP's
2) Template dependent
3) Initiates RNA chain (de novo - ability to put down first nucleotidein chain)

NG

p Y. v, 3!
MGNRNNANN
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4) Nucleotides added at 3'end of chain (5'-> 3' synthesis)

v /o PP, :
ol o i
2 /
O/ O\P\ N—OH

e Transcription Process
1) Initiation - binding of RNA polymeraseto DNA sites (promoters) ->conversion to competent form
= Keystep, mostregulated
2) Elongation - extension of RNA chain
3) Termination-completing of RNA, release of RNA polymerase

e |nitiation

RNAP+B.;=fﬁNAF43)C
‘Lr ate {l'mr:fig S"IZP

Cﬂ“’lf&'f?)/l"" —r (KNA P Pr >()

e Assay of RNA Polymerase Activity

o RNAP
o rNTP's(radioactive) lte
o DNA(DS) o™?
o Buffer <32 PNME
Pt
ncorp
(Prccw) - DNA, ~RNAP

t

RNA Polymerase subunit structure

2 forms Y4o0kd
>, BBu L, BBw &
Cove ho la&nZym [//f)

nonspec AY Speci fie Hranscr fp‘fl'ov\

e Core Polymerase - Rnasynthesisis nonspecific - initiates at DNA nicks - binds DNA relatively weakly
¢ Holoenzyme - Rnasynthesisinitiates at specificsites, RN aPolymerase HE binds promoters tightly
templote strond
— (- — non (4
()*1 (> 4 sense strand

ST O

s RNA >'sl \‘ strand CoPIIEJ
. template strand
nUv«\\oum? aJoV‘; bt (antisense)

A:/t Sf"’w‘ld

ﬂoh"‘(/mp

e ofactor -> specificity factor

® g7omostcommon o (5-8 others)

e HE (070) -> binds to specificDNA

e Sites-promoters (o700thero's recognize othersequences)

e Whatdoes o7 promoterlooklike?
-35 -10 +] —

s
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Discussion Week 7

Thursday, May 15, 2008
11:05AM

—_ p(@nSi?Lj
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Notes05/16

Friday, May 16,2008
11:02 AM

o

WMA
Notes 0516

Audio recording started: 11:02 AM Friday, May 16, 2008

BNAP, + Pr = (RNAP-PR), > (RNAP-Fr),
K, ~107F [~ lo™

ag - sp@cf'ﬁ'cﬁ‘j ‘Fm’ Pfo»'v\o'/ﬁr \F@j(o-ns »;/NTPS
\

v

. 1 2 3 1 T :
I\H—\Z——ﬁ{ﬁu———i_:—“l::—rl::]—\—(‘,oo_ [r anscriphon,
| "
-0 -3s
O—%o L)VSIWS Site ‘f‘d OIJfCOTL-/j AIVW(S %0

promotess

® oO7omostcommon

® HE(o70) ->binds to specificDNA sites - promotors (o7o; other o's recognize other sequences)
e Whatdoesa o70 promoterlooklike?

"{O(Pr;bhow> T7—7 A76 7;0 A(a' Aggnz
777 0_,[‘ 298 ,Promo+6f5
-35 f&slo'r\ _72«‘1 7;‘{ G(z( ASG CS‘! ASV

Spacingbetween -35and-10isimportantand ifisn't conserved transcription doesn't occur.
Sequence between theseregions doesn't matter.

e Statically preferred nucleotide at each position
o Most promoters-2 or more base changes from consensus
o UPmutations->basicchange that produces a sequence more closely similar to consensus
o DOWN mutation ->base change producing a sequence thatis furtherfrom consensus

-35 -10

Consensus | TTGACA | -Ni7- TATAAT
trp TTGACA | -Ni7- TTAACT
lac .'I'I:[ACA .—N17— _TATQII’

UP element - upstream of -35 (-40 to -60) for some highly expressed genes
UPelementisavery AT richelement
UP elementisnotbondbyo

e Alphasubunitwith UP element creates stable closed complex and more efficient conversion to open
complex. P
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e DNA Methylation

o Methylation agents can add methyl group to DNA T
o Induplex form, most positionsin accessible in major or minor grove, though N1 of Ais not [;g( v
accessible to methylation due tg‘lﬁ bondingtoT. N"l’&_ £ nj
3
L0 _ctt
d N’R - q iz D/V\_S <’\) f\N, 5
\Y}
o M- \( Met N, — \w )
N ) | N
< J WS

« Function of other RNAP subunits
/5 ﬁ — DNA bmolmj
(l"l !Datmgc,m res(sTance E) > oantibiotic binds /3 ¢ bhcks PNA ,oo/y,wawe
B~ cotalyhic certer for Nuckohde addibion
=~ DNA - contact

e RNAP+P; ----->(RNAPxPr)c----> (RNAPXP:)o

abof'{'lw NAW4[

transeretS HZ*"

clearonc?

>> | gbovhve -['mnsc,n'e‘l' /50\/\/\01 ENAP / :)YOV"°+C/

T

v

]

S only neded until RNAP clears
promoter->release from HE...or is it?

* Fluorescence Resonance EnergyTransfer

0(@;}'&0%0’
L"\’\/A\/\ll\, )’L ’ f \/\/\/?’V O Measuring wavelength change from 1to 2. Distance between 1and

2 changes wavelength change dramatically

<~d(z —
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? N N NS
P omiter t
/%5 " ‘ L pNTPs
8
fr downstream t

Sigmaisloosely associated with RNA polymerase for elongation butis not tightly associated asitwasin
beginning.

U«\w"‘ol'hj AT(O

1"fo\r\55r,'r+wr‘

ks 0 b N
< NTP f /59 on P\s_} + ’
\L / Cpte '70{' 21 L/G'G/c_r
ZNA Ve [a A,Scﬂ( Z‘Bn‘f A,loo\rj‘h Ve ﬁ’ﬁnj(:y,"ﬂs
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Notes05/19

Monday, May 19, 2008
11:04 AM

J

wia
Notes 0519

Audio recording started: 11:05 AM Monday, May 19, 2008

1. HandoutPSllanswers, 2-d gel figures
2) Review session tonight6:30->10:00pm young 2200

Testquestions
1) T/F
2) Identify
3) DNAReplication - Elongation
4) DNARepair/ DNARepl
5) Initiation of Repli
6) TLSTranslation Synthesis (take home)

¢ Inhibitorofinitiation: RIFF

¢ Binding of Rna pol to promotor:

RNAP HE
S TN L L] 1]

=35 ) +1

J

Abortive ”P‘(QQ

-l-mr\sr.‘Fk VRGEED Frméix Clmfﬁ.ncg

4

! — pElongahen

W>0

W<O ]
V. pes Svperceor

nlﬂ Sur

c— D/VA‘ 370\(& /‘cinO"!f/)c_\- S‘VF’“"/ ﬁf /%’

RNA polymerase is processive (remains bound to template) (unlike DNA polymerase)
Itwill transcribe large regions of RNA and then pause so we can observe many transcriptional intermediates

e Transcription Termination
o Twotypes
1) Rhoindependentapprox 50%
2) Rhodependentapprox 50%

e RHOindependent:

C';f,ﬂ;’:.t (¢-10)
4 pat AAAR \ Templode owh
[y s
Qiv---oH

PP -
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yvvv run

PP P-—~"

<—hairpin

¢ RNApolymerase pausesatA stretch
e G:Chairpinforms

e Destabilize A:Upairs (weak)

* RNAreleased

e Experiments

o

o]

this causes A:Ubonds to not be weakened as much.

o Resultsreduce efficacy of termination
Othermethod is strengthening A:U pair, RNA polymerase continues.
So, thermodynamicbalance between G/C hairpin weakening AUbonds

e Rho-factor
Hexamerichelicase - unwinds RNA:RNA, RNA:DNA

o

o
o
o

ATP

->ADP + P;

Alotlike DNAB protein
Rhodependentterminator

a)
b)
<)

Hairpin (DNA palindromic, does not need to be G:Crich)
Notemplate 'A'stretch
5'upstream sequence in RNA

Make a weaker G:C (I:C... hypoxanthine and cytosine which is weaker bond). Observeif

Rutsite - (forroh utilization site)... site where roh will assemble on RNA

C-rich, little 2%structure
Rho factor binds to RNA at rut site
translocates along RNA (5'->3')
Unwinds RNA:DNA hybrid; RNA release (mechanismis not known)
3'end of RNA vary approx 50nt

¢ Regulation expression of genes
¢ Lacoperon - offshoot of studying fermentation of bacteriainwine

o Lactose (Lac) operon-set of 3 genes on e.coli chromosome transcribed asaunit

fr ez sy T A
J
EMA/\nh!uvU, lemdlnj gnf‘df—\d
Ave- AVG- G
o) J
Bgalactosdaz Hansacetyl oz

brent)
(lac )

(h \jo(m l tJ'hc)

(lac 2) (lac A)

Lac Z -> no beta-galactosidase (lac’)
Lac Y ->no permease - no uptake of lactose into cell (Lac)

¢ lactose (beta1-4 between lactose and glucose)

e LacOperon

o

o
o
o

( J&'\lbxl“ﬁca:ﬁldn)

The lac Operon and its Control Elements

lacl - lacZ lacY lacA
cap P [O
5 — - + > >
|
AUG T G
mRNA T T T
cAMP Activator Protein RNA Polymerase
'
‘. High (constitutive) level of expression
L —

lac| repressor

il _xX [ X | X

5

X o x X

5 - + > >
caP P Q Low (basal) level of expression

5 — - > - >

lacoperonin detail

Pasted from

<http://en. wikipedia.org/wiki/Lac_operon>

lacZencodes B-galactosidase (LacZ), anintracellular enzyme that
cleaves the disaccharide lactoseinto glucose and galactose.
lacYencodes B-galactoside permease (LacY), amembrane-bound
transport protein that pumps lactose into the cell.

lacA encodes B-galactoside transacetylase (LacA), an enzyme that
transfers an acetyl group from acetyl-CoA to B-galactosides.

OnlylacZand lacY appearto be necessary for lactose catabolism.

c ol
& C“DH off F'du{ac(‘hrl/ﬂi Pasted from <http://en. wikipedia.org/wiki/Lac_operon>
Ho @ galactosz +  glucore
o —
oH
ott

oH

Natural inducer: allolactose (beta 1-6) galxglu
Gratuitousinducer IPTG (isopropyl-beta-D thiogalactoside

CH,OH
Lo €H3
sCH
oH >’ C'l-_l;
ot

IPTG

oN

Identified and created by Jacob + Monod
Trans acting regulator- repressor
Cis-acting regulation (site) - operator
Repressor mutants

Isopropyl-B-D-thio-galactoside (IPTG) is frequently
usedasan inducer of the lac operon for
physiological work.l IPTG binds to repressorand
inactivatesit, butis nota substrate for -
galactosidase. One advantage of IPTGfor in vivo
studiesisthatsince it cannot be metabolized by E.
coliits concentration remains constantand the rate
of expression of lac p/o-controlled genes, isnota
variable inthe experiment. In addition, IPTGis
transported efficiently independent of whether the
lacYgeneisfunctional.

Allolactoseisanisomer of lactose and is the inducer
of the lac operon. Lactose is galactose-(B1->4)-
glucose, whereas allolactose is galactose-(B1->6)-
glucose. Lactose is converted to allolactose by B-
galactosidase inan alternative reaction to the
hydrolyticone. A physiological experiment which
demonstrates the role of LacZin production of the
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http://en.wikipedia.org/wiki/Beta-galactosidase
http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Disaccharide
http://en.wikipedia.org/wiki/Glucose
http://en.wikipedia.org/wiki/Galactose
http://en.wikipedia.org/wiki/Beta-galactoside_permease
http://en.wikipedia.org/wiki/Cell_membrane
http://en.wikipedia.org/wiki/Beta-galactoside_transacetylase
http://en.wikipedia.org/wiki/Acetyl_group
http://en.wikipedia.org/wiki/Beta-galactoside
http://en.wikipedia.org/wiki/Catabolism
http://en.wikipedia.org/wiki/Lac_operon
http://en.wikipedia.org/wiki/Lac_operon
http://en.wikipedia.org/wiki/IPTG
http://en.wikipedia.org/wiki/Lac_operon#endnote_Stryer
http://en.wikipedia.org/wiki/In_vivo
http://en.wikipedia.org/wiki/Allolactose
http://en.wikipedia.org/wiki/Isomer

Lav i -~ 1cpIsaoul geiie

= |->nonfunctional repressor (can't bind to operatortightly) .
. . . null mutant of lacZ can still produce LacY permease
= /I*-->"I"dominant () -thereare cases| isdominant P P

. when grown with IPTG but not when grown with
= lacl®*->cannotbeinduced L K
O s lactose. The explanation is that processing of lactose
toallolactose (catalyzed by B-galactosidase) is
needed to produce the inducerinside the cell.

"true"inducerin E. coli cellsisthe observation thata

= Genetics->repressoractsasa multimer (ls)

¢ Studyingbindingof lacoperon
o Filterbinding Assay- DNA binding

DNA O
seodisactive S
TIIITI7T —ITIT

Pasted from <http://en. wikipedia.org/wiki/Lac_operon>

\l/ n ,‘ﬁazdluhf
7 fither

v

)

X '[ \, Gr‘n. mllogh,,.&
Tl on ke,

No LJI V\[m] pases
kaoujlf\

(d'wx‘“‘”" of DNA on FRlter

-TPTG
Y.
I'V\FlT,
DNA ~bovrd
rZrre
————
Y'(_rrcss?»’ ('“J /‘*\ L)

d iﬂfv_"
DNA

bauny

Yepressor [Mg/ml)

e Operatorsite has dyad symmetry

e Mutations affecting repressor binding
o Tighterbinding->greater 2-fold symmetry *
o Weakerbinding->reduces symmetry *
o Ocmutations->reduce binding 10-30 fold

DNA Repressor | Repressor+IPTG
.Operator [ 2x10%3 [ 2x10%° |
' Non operator [ 2x10°8 . 2x10°
.% bound 76% . <3%

o Ecoli contains approx 4x10° non operator sites
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Midterm 2 Review Session

Monday, May 19, 2008
6:59 PM

DNARepair:
1) Directrepair-"ada" 0® methyl G
= Methylationisthe damage
2) Methyl directed mismatch repair (N® methyl)
= Methylation marks parental from newly synthesized to repair new synth)
3) BER
4) NER
5) Translation Synthesis

1) Directrepair-ada O® methyl G
= Electrophylicaddition
= Ada-adaptive response
= Source of methyl: 0°methylGor O*methyIT

OG'GJ—> 0“6 T~ AT
¢ &C
AT Aio”T
G 0T
e

G ~
AO{ax-C&s?zc >0 W‘JrlAUlG ﬁ‘) €- SLly—rIp
J
G

/AAA/C‘JSM\

2. Methyl directed mismatch repair
o Dealswithreplicationerrors
o Majorsystemto correct polymerase errors due to factors such as tautonomerization
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T

—_— —
GATC GATC

N, maj}\vl/azﬁm on GAIC en /4

This distinguishes parental strand from template to compare sequence

Dam methylase
SecA

3. BERBase Excision Repair - specificenzyme foreach base

4. NER-

@)

O O O O O o0 O O O O

Uracil N glycosylase - removes Ufrom DNA
How does U get indna?
o C->U(G:U)
o dUTP concentration (A:U)

Glycosylases (whole family of glycolases for each base) cleave glycosidicbond between sugar and

base. Do notdisrupt sugar phosphate backbone, so base needstoleave
Base isremoved to create abasicsite (no base) by flipping outside of helix
NO ATP requirement

Incision atabasicsite leaving 3' OH and 10-20 nt, dnapol1fillsin

nucleotide excision repair. ONLY DS DNA

High capacity, low specificity system

Broad specificity - remove dimers, abnormal bases (modifie, oxidized, damaged)
Recognizes helical distortion

Major repair of UV damage

Repairof benzpyrine, aflotoxin, and many carcinogens (doesn't work on methylation damage)
(uvrA)2recognizes lesion site

Works togetherwith (uvrB), uvrb piggy backs onuvra

When problemisfound, uvraisreleased and uvrb unwinds dnasort of like a helicase
Unwinding of dna by uvrb uses ATP

Uvrc bindsto urvb, and they make site (uvrbon 3', uvrc on 5' side) and fragment leaves
pollrepairs

5. TLStranslation synthesis

o

Pol V undertightregulationsoisn't produced much

=  Multisubunitof 2 parts (umuC)(umuD')2

= Doesn'thave 3'->5' exonuclese

= Extendsnucleotide chain pastdimerto make DS dna

= PolVisnonprocessive

= |nserts2NT overdimer...generally Aresidues and does notlook attemplate forinsertion
base

= Pyrimidinedimerstill need to be getrid of, but pol V put dimerin duplex complex. Then NER
comesand removesdimerand copies strand

= Mutational consequenceto repair... potential mutagenesis atdimersite is aconsequence of
TLS mechanism
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e Continuingrepair mechanisms:
¢ Glycolases canalsowork on SS DNA. DNA pollll cannot work on abasic site (ss) but PolV can/does
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Notes05/23

Friday, May 23,2008
11:20 AM

)|
WHMA

Notes 0523

Audio recording started: 11:20 AM Friday, May 23, 2008

Cellsgrowninglycerol | Cellsgrowninglucose
+TPTG-
PeasuY e /3 "4 oJaC‘I‘oSfa‘ASQ

PTG
34

gfucose grown

—

—a/
t

Grow n aleMOl’J) odd Sluaﬁa

ree '

%’ ?5"“\ 3 glu j SlB

—

e (Catabolite Repression
o Reduced expression of Lacoperonin presence of glucose
o Approx 200 genesinE. coli catabolite sensitive
o Global regulation of gene expression through cAMP levels

oH
38 AMP

ad

A_rrp ao‘&r\n{aﬂ‘e C(‘JC lAs-e.

(crp) |
[ o DNA bindina) [ DNA Bfﬂv""ﬁ\
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e . E
< no DNA bl"d[nﬁ} (DNA- Bu’\o’l/lj}

e PathwayforcAMP synthesis

ATP “T% cAMP

PP.
Ao(&nﬂla:l-e_ C(OO!ASQ E_f_l' Ag‘u_P Aolf}’lylﬁ+€ CSCIO\SQ
Cm active ) Glv (mc,‘f'!'\/c,)
S Glu~G-P
E_,I A 3fu

¢ RNAP interacts with CRP(cAMP)
a) Cosedimenation
b) Covalentcrosslinking

What subunit of RNAP interacts with CAP(cAMP)? - a subunit

Atlac CTD of a subunit needed for contacting CAP-cAMP bound at CAP site
Atothersites N-terminal domain of a contacts CAP-cAMP (cap site overlaps promoteratthese sites)

CAP(CRP) ->dimer(210aa)

CAP bindingsite
5" 16T T
GTGA C ANA

CAP-cAMP = protects 2sbp

At lac CAP-cAMP binding site -same cide of helix as RNAP boinds
CA(%QDAMP

> no stimulation

RNAP

WLL“ I | — stimulation
[

0'10 I’\L[l'ca,( ‘(‘Uﬂ’l§

iﬂ"&:;r o\ number

Insummary:
e Whenlactose isabsentthenthereisverylittle Lacenzyme production (the operator has Lacl
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boundtoit).

e Whenlactoseis presentbutapreferred carbon source (like glucose) isalso presentthenasmall
amountof enzyme is produced (Lacl is not bound to the operator).

e Whenlactose isthe favored carbon source (forexample in the absence of glucose) cAMP -CAP
binds upstream of the promoterat a specificsite. This bends the DNA around the protein which
createstension, and allows the RNA polymerase to bind to the promoterand Lac enzyme
productionis maximized. The DNAis not easily unwound under normal conditions, without the
bound CAP, asthe DNA contains a large number of the nucleotides which have 2hydrogen bonds
between them, needing more energy to partthem

Pasted from <http://en. wikipedia.org/wiki/Lac operon>
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Notes05/28

Wednesday, May 28, 2008
11:07 AM

WMA
Notes 0528

Audio recording started: 11:07 AM Wednesday, May 28, 2008

kg b
PNAP 1P, == (RNAPP) = (kuapp.),

CAP- cAMP— K T
{0\(‘_ I(Qprcssor>—3 Kg v

CAPxcAMP binds DNA (same side RNAP)
CAPXCAMP contacts RNA polymerase (a¢ C TD)
CAPxcAMP bends DNA (about 90°)

Figure7.21
'subvyt
Pl
Figure7.17
( <N TD /g
&
=™ — =
OKCTL' vats - ka -35 1o

e LookinginvitrooflacZ expressionasfunction as cAMP concentration:

ﬁ— Sq\ac'l'os'dm

O\.C‘J‘\Vl'\'y)
FYOAU(E
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P_ sq_\dc'l"oq'dm
e by
F{OAUre
L A { 5 t | t
T —
(o | c'/]c,lC—A/"\f({V\) 10
-CAP-cAMP | P; V5 +CAP+cAMP | P; uvs
T T T { - : : { oNT=RNA Polymerase (normal)
| aNT 46 797 | aNT 625 748 | 256, 2235 prevent CAPxcAMP binding
256 53 766 256 62 723 P1=normal Lac promoter
. | ! . . ! UV5e .
235 51 760 235 45 643 consensus promoter

¢ Lookingfordifferenceinactivity between normal and mutantin the presence of CAPxcAMP

e DiauxicGrowth Experiment
o Diauxicgrowthcurve
o Glucose+catabolite"repressible" (lactose)
o Glucose consumed 1st(a)

LM’+05‘
J
se
N
b !
Racter»
he V\Slb
((b“s /ML>

i
!
(
|
l
!
!
|
I

<

Trme(h)

e TrpOperon (neededforbiosynthesis of Trp) (Lacneeded for catabolicbreakdown of lactose)

6 720nt

ofp E D C B A

CL\\or '\sy“t —> —> —_— ———D") 7:-«)
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¢ Anabolicoperon ->biosyntehsis of essential metabolite
e Transcription controlled by L-Trp

A\
Tee E)f_ |
prarser 780 x
[L-Tep)
Tve
° _ ~
TrpR >repressor\ ﬂ,(oH
e TrpR
a) Lowtryptophan:norepression
b) Hightryptophan:repression
» TrpOperon S et S »)
Pe 4l E D C B A
Og ‘

BO Tek-Trp

overadl  700x (‘7?{9/47?0,)
TFPE~ 10x

Z, deletions [0x

Transcriptlength
+Trp approx 170 nt
-Trp >6700nt

e 2 RNAsecondary structure.
o Self complimentary regions (forms hairpins)
o TwocontinuousTrp codons

Sincein prokaryotes the ribosomes begin translatingthe mRNA as soon as the RNA polymerase has
moved fartherdown the DNA sequence, upstream translation occurs simultaneously with transcription
of downstream genes. So, as soon as the polymerase has created the mRNA forthe leadersequence, it
isbeingtranslated. When the ribosome reaches the double-trp codons, if enough trpis present, the
ribosome will not be delayed,and will continuetranslating until it reaches the stop codon and falls off
the leadertranscript. A hairpin will then form in the mRNA transcript (remember, still attached to RNA
polymerase on otherend) between regions 1-2, and 3-4, which destabilizes the RNA polymerase and
halts transcription of the rest of the operon, thus preventing production of trp. On the otherhand, if
thereislittle ornotrp available, the ribosome willbe delayed or stopped on the double -trp, and a
hairpin will form betweenregions 2-3of the mRNA instead. This does not destabilize the polymerase, so
transcription and translation occur. Similar mechanism regulates the synthesis of histidine,
phenylalanine and threonine.

Grades:
Pasted from <http://en.wikipedia.org/wiki/Trp_operon >
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http://en.wikipedia.org/wiki/Prokaryote
http://en.wikipedia.org/wiki/MRNA
http://en.wikipedia.org/wiki/RNA_polymerase
http://en.wikipedia.org/wiki/Translation
http://en.wikipedia.org/wiki/Transcription_%28genetics%29
http://en.wikipedia.org/wiki/Stem-loop
http://en.wikipedia.org/wiki/Histidine
http://en.wikipedia.org/wiki/Phenylalanine
http://en.wikipedia.org/wiki/Threonine
http://en.wikipedia.org/wiki/Trp_operon

Mid I +a
\I/ X/Bonus

Entire course grade distribution
Median =188
Total =300 possible (notincluding bonus)

Bor better170 or above
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Notes05/30

Friday, May 30,2008
11:04 AM

o

WMA]
Notes 0530

Audio recording started: 11:04 AM Friday, May 30, 2008

(o)
b Cops?
e Aphage
a) Negative regulation
= Acro
= Acl

b) Strongpromoters Py, Pr
c) Weakpromoters PRM, PRE
d) Proteinstransforming weak promotersinto strong promoters (ci)
e) Terminators (roh dep.Rohind)
f) Defeatingterminators
= "antiterminator"
* (pN)(pQ)
g) RNAPvsRepressors
h) Environmental Signals (cAMP/glu)
i) Cooperative protein binding Rated - "R" for repressor

E l DNA introduced o cell

v

e Aenteringcell:

(48,502 1,) - shckj (iznd endss

l DNA ayrase
U 9

neq Supeccoi led

/ \ lyhe (grt™ vepln)

veiton cell el | ,
‘\ﬁgoobaf\\(_ ) % qenes m_PI cocton cell falled reloase vivys
“repriSed stk

'/\O-ﬂ' cL\fayv\oM

l‘n“‘tgv'n,(

e Agenome
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¢ Immediate early transcription

NAP
2

P

O Pg, PLstrongpromoter- RNAP
o Binding-divergenttranscription

e Immediate Early

¢ - 7
Vi cro G TR

l \II 'H’, —,77
ty j\} P, Pr Lo

to, te, > rho ﬂlcpwolud‘ terrun atovs
PN 3 gt ferminator
PC“”—> t’cP(Z,SSo(‘

] Y +
Mso  p| G e

it xis CDT‘ N Cr Cro ! Cy OP! 61_
Pint t, nert PO ﬁ"‘OAPK ', e t2 T3
<—Jln L é—————’J ;_‘) E’J

This occurs without the N protein interacting with the DNA; the
proteininstead binds to the freshly transcribed mRNA. Nut sites
contain 3 conserved "box's", only BoxB of which is essential.

pN ->binds RNAand RNA polymerase . 1. TheboxBRNAsequencesare located close to the 5' end of
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Nfﬂﬂ' the pLand pR transcripts. When transcribed, each

Q,Nk ?°\\4 o~ sequence forms a hairpin loop structure that the N protein
~ AN canbind to.
2. NproteinbindstoboxBin eachtranscript, and contacts

the transcribing RNA polymerasevia RNA looping. The N-
RNAP complex is stabilized by subsequent binding of
several host Nus (N utilisation substance) proteins (which
include transcription termination/antitermination factors
and, bizarrely, aribosome subunit).

3. The entire complex (includingthe bound Nutsite onthe
mRNA) continues transcription, and can skip through

$ 7 termination sequences.

Y,

NusA,B,G Vs (
; A p Pasted from <http://en. wikipedia.org/wiki/Lambda phage>
sio /
Bind with pN to produce antitermination X}
complex e
- Contact RNA (nut(A,Bboxes) B->hairpin 9’/45

- Processive complex ->stays with

e pN->pOpP pQ (antiterminator)
o Cro->repressor(Og, OL)

r Cro
fransen —Pror PF ( -\’
och vily PO Op,P (3
[eral»

0,P ->replication (dnaA,Chomologs)
Late transcription=
pQ->acts at tr' binds DNA

= znAf
—>
RNAP
e I - R G — )
I .. — T '
P, ( b g PR Lt P te
QM+
nusf
LATE GENES HEAD, TAIL PROTEIN VIRION
e LysogenicPathway -delayedearly
"N~
< o)
C_‘nI' N PQ, OZP(' C(b CIT
\L | e Cuistranscriptional activator
C i o Highly unstable and halflife of 30minutes
Prm EC-IT e Ciisinhibitorof protease that brakes down Cy
/,
.
7/
Cz ORP/' Cro 00 5
/ Y C
S

pC1 ENAR

pCii->needed for RNAP binding to pRE

ACGCARRCAAACG
TTGACA consensus
Big difference from consensus

Cubinds to Pre with RNA polymerase
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http://en.wikipedia.org/wiki/Lambda_phage

C-E me{j‘ on grfognle 1‘;%5 d‘U\JA

SYND

e rCu->interfereswith HfIAB protease
o pCui->hflABdecrease so pCi->more stable
High cAMP -> low HfIAB
Low cAMP -> high HfIAB
In glucose (low cAMP) ->Cjunable, A prefers lytic pathway
In poor carbon source (starvation) A prefers lysogenic pathway

O O O O

e pCy->increased transcription form Pre

PCI ‘l‘ (/1 {¢Pf6550f>
Ceo J “"‘3?
EM

cro

Fr

d‘\/\—/“_\/\_—/v\/vgj

flom Pr

b
L ~Conne® be  HanslateS

4’%\/\/\/\/\-)\,/\/"""’\/

AVG

PL , As Cisynthesisincreases, P,Prdecrease
Rz How can thislead to lysogeny?

[»C]

e OperatorsOrand O,
o Or->contains 3 operators

0?_3 Cex On|

Sequences are different
Binding affinities are different

Ci: Or1 > Orz > Ors ovder of bmn{iﬂj
Cro: Ors > Or2 = Or1

¢ pC bindseachoperatorasdimer

T eSSt DS ] B> eae—
ors (23 o’

rc.J1

LB
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[N NN

—1 C | A

e o2 OR|

@A /‘&)
Z
— —
oo
T~

N-terminal domain of Ci contacts sigma subunit of RNAP

ENAP+P., < (BnAr P(‘m) ¢ T open

K CI sv‘;m(//a.'fﬁf N/O ﬁ/J

Bacteriophage Lambdabinds to the target E. coli cell, the J proteinin the tail tip interacting with the
lamBgene product of E. coli, a porin molecule whichis part of the maltose operon.

The linear phage genome isinjected past the cell outermembrane.

The DNA passes through a separate sugar transport protein (ptsG) in the inner membrane, and
immediately circularises using the cos sites, 12-base G-Crich cohesive "sticky ends". The single-stranded
nicks are ligated by host DNA ligase.

Host DNA gyrase puts negative supercoils in the circular chromosome, causing A-Trich regions to
unwind and drive transcription.

Transcription starts from the constitutive P, Prand Pr promoters producing the 'immediate early'
transcripts. Initially these express the N and cro genes, producing N, Cro and a shortinactive protein.
Crobinds to OR3 preventing access to the Psv promoter preventing expression of the ¢/ gene. N binds to
the two Nut (N utilisation) sites, one inthe N gene inthe P readingframe, and one inthe cro geneinthe
Prreading frame.

The N proteinis an antiterminator, and functions to extend the reading frames thatitis bound to. When
RNA polymerase transcribes these regions, it recruits the N and forms acomplex with several host Nus
proteins. This complexskips through most termination codons. The extended transcripts (the 'late early'
transcripts) include the N and cro genes along with c//and clll genes, and xis, int, OP and Q genes
discussed later.

The clll protein acts to protect the cll protein from proteolysis by FtsH (a membrane-bound essential E.
coli protease) by acting as a competitive inhibitor. Thisinhibition can induce a bacteriostatic state, which
favours lysogeny. clll also directly stabilises the cll proteini. On initial infection, the stability of cll
determines the lifestyle of the phage; stable cll will lead to the lysogenic pathway, whereasiif cll is
degraded the phage will gointo the lytic pathway. Low temperature, starvation of the cells and high
multiplicity of infection (MOI) are known to favor lysogeny (see later discussion).

Pasted from <http://en. wikipedia.org/wiki/Lambda phage>
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Notes 06/02

Monday, June 02, 2008

11:06 AM
N Ceo
Lytic Lysogenic
Croincreased (noC)) Ciincreased (crodecreased Ciincreased)
Or (DNAreplication) Ciincreased (P;, Pioff; Prm on)

Qlate transcription

Choice between lyticand lysogenic

Favor Cyiincrease (High cAMP -> (poor carbon source starvation)
pCii->inactivated by HfIAB protease

High multiplicity of infection

Ciincreased ->lysogeny

Experiment: biding of repressors and effects of Prm and Prpromoters

o 2nd Lind &4

CI Oc, _% Or, Cvo
me Pr
— —~
Addingincreasing amounts of lambdarepressor ga{
m — Cro

O o2 Y A €

rchfcssw wh

RNAP +Prm = (RNAXPrm).->open
IN
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[C2d= 0c, 0, O, = skp HFarscriphon fimm P

/C,/H dnd8
Ovvdy T
[ ¢
Ocsiz |
t

[C] will drop after cell division ->0r1/0r2->Prm stimulation

pCI N terminal domain - DNA binding RNA poly contact
C terminal domain - monomer-monomer, dimerdimer (pairwise)

Y, | ,5‘(
wl
Ve pressio ™ * lacT
[‘f.epffsy

Cooperative binding (pairwise) ->small ahangesin [Ci] ->large changes

LysogenicInduction

N = I =F

—_—n s D L 5&_
VV\OV\OW

bourd fepreso Free repres”

UV ->DNA Damage ->pRecA*
pRecA ->acivation (reversible)
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pRecA* + pClmonomer -> Rgc il

-

\\) Pro‘\‘e_o !31"‘ ¢ G’ea.va@(t /aM!)JA r%im
C"'{E,(Mlhn—[
b
DN@D%;/M(W& S

]

The active site for proteolytic cleavage inactivation of pCiislocated in the Cterminus of pC!

Eukaryotic Transcription
Multiple RNA polymerases unlike prokaryotes

RNA polymerase | Cellular RNAs synthesized Mature RNA (vertebrate)
| Lage rRNA precursor 28S, 18S, and 5.85 rRNAs
1 hnRNAs (heterogeneous nuclear) | mRNAs
snRNAs snRNAs
1 5SrRNA precursor 5SrRNA Will look only at RNA
tRNA precursors tRNAs polymerasell
U6 snRNA (precursor?) U6 snRNA
7SL RNA (precursor?) 7SLRna
7SKRNA (precursor?) 7SKRNA

Differenttypes can be distinguished many ways...one is sensitivity to toxins

I

mmlml
act v l":y m_-

o(.'f\"‘”‘rh“ (Fg/m L) —loxin from m vshret m)

RNA Polymerase Il hasabout 12 subunits
5-7 subunits shared by all polymerases
Then|, Il, and lll have othervery distinct subunits
RNA Pol Il have homologous subunits to beta', betaand alpha.

One subunit of RNA pol Ilis phosphorylated (Rpb1)

RPB1subunit
o C-terminal domain (CTD)

(PTSPSYS)s2->mammals Phosnharvlationis essential to so
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(PTSPSYS)26->yeast
Sites for phosphorylation by TFIIH kinase
RNAP must not be phosphorylatedin orderto assemble into PIC

/ c loSeo,

v

open
PL\aSPle(\j lcton of 1

Typical Elementsin EukaryoticPromoters
o Multiple transcriptional elements

m e g rmmim i tm ———— e —— =

from closedto complextoopen

32
32 -27 A G
3% ﬂ&—r YA
wLe c
-t Tnr DSE
— (BRE ) ——7y — ]
— 7 AY V 7 T / T '\ 1/—4
TATA A
w:?f-rcam / YYANT Y\r
e loment / A A
TAtAt AT
1) TATAboxcenteredat-27
2) Inrinitiation - startsite of transcription
3) DSEdownstreamelement
TATA - determines start for transcription
{ — 5
TATA |
T —
|
\Vg
delete ®Lp
J
{
TATA "
— Start of transcription more downstream by
/\ approx 18bp

I3ty

ie:spacing between TATA end transcription start same. Level of transcription unchanged™
NOTE: approx 50% genes (regulated) contain TATA. Others contain combination of other promoter elements

RNA Pol Il isunable to recognize promoters

TF2D is one of several transcription factors (15subunits... 1called TBP). TBP binds to TATA box

Look at positions of Hbondingin majorand minorgrove:

o Hbond acceptors and donorsin majorand minor groove differin distance from helix axis

o Majorgroove contact gives muchinformation

o Minorgroove justhas hydrogen bond acceptoron AT base pair and symmetry...so protein that contacts minor

grove can see symmetries that the major grove cannot provide.
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o Somajorgrove BP distinction, in minor groove symmetry distinction (doesn't care exact base but symmetry
A:Tor T:A not distinguished)
o TATAboxisATrich butexact order doesn't matter because TBP binds to TATA box from minorgroove.
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Notes 06/04

Wednesday, June 04, 2008
11:04 AM

Final:
1) T/F
2) Identify
3) lac
4) Trp (attentuation)
5) Lambda

6) EukaryoticTxn

7) EukaryoticGene Reg
8) Splicing

9) Bonus

TFIID= TBP + TAF's
o TBP
= Highlyconserved
Binds TATA minor groove
Establishes startsite fortxn
Needed fortxn by Pol I, 1, 11l
Needed for Txn from 'TATA-less' promoters BT‘F_;

( \é@/)_TAF s g}ﬂjﬁ

DO/__DC" /TM'A'!USI PfOrv\o“JUfS TAFS MaJ‘&
) Protein-DNA cohct

o Basal transcription Factors (BTF)

r
Pol L
@ \ Polﬂ

N~

‘ A l ' (claseé’)

o Transcription Initiation

i flustratio a
NTP s

A D TEF' b
@ A TP Promote.
TIF C leartnee
— 5@5—*@“
& /andcuLl on

&ompléx

‘"
Same as oper

P

Minimal i iation co,,\r,\cx

(C \o<¢¢'})
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o Transcriptional Activators
= Determine the frequency of transcription initiation
= Activators contacted basal transcription factors OR
=  Workthrough co-activators (mediators)
= Contactproteins thatalter chromatin structure.
= Bind DNAina sequence specificmanner; Enhancer
o Dnasequence to which transcriptional activator binds - enhancer
O Bindupstream (ordownstream) of promoter
o Workincis (generally) - Promoterand enhancerreside on same DNA molecule

o Enhancers
= Contain bindingsites fortranscription activators
= Multiple sitesin close proximity
DVA binding site
i —
—

——Tara +H

— AN— AT 7

Eh htnur

o Enhancers
= Workincis on promoter
= Actsthrough bound transcription activators toincrease rate of PICcomplex bound at
promoter
o Enhancersdonot
= Alterstructure of DNA template (A form Bform etc)
= Provide entrysite for RNA polymerase (entry site for RNA Pol to promoter, notenhancer)
= Localize promoterto cellular compartment
o Invitro- effects of enhancercan be bypassed by increasing concentration of RNA polymerase II.
= Increase concentration of basal factors, no enhancers are needed. (can'tdo thisin cells but
canin vitro)

o Transcription of aGene:

L 23y S i
—B--E-a-a Z
TATA

e}nl!\NW‘

TAZ (Tf MV\Scr,'P"'la'\a/( AetiVatm- )
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More than additive effect, multiplicative
effect

Trans

(%N
—
F
w
T
+
‘\1

| k2 WS

1) Transcriptional synergy
1,2,5>>1+2>1

2) Combinatorial control

Gene regulation by combination of different transcriptional activators

e Transcriptional Activators

o ModularStructure
= Transcription activation domain (TAD) 8

= DNAbindingdomain (DBD)

TAD DZ lmt Lf'JS TAD2 Cross prokaryoticand eykaryotic
™ —_—_ TADand DBD for experiments
DRDI DBD2 DBD |
| 2
TAD!
Dm\ Bmeg Dam"n 2
4

" ’ -

e TAD- nowell defined 3-Dstructure
a) Glutaminerichregion
b) Prolinerichregion
c) Acidic-mostgeneral/common (acidicamino acids, placed on surface of TAD)

GALY ->yeast TA needed fortranscription of GAL1gene

> Llac
UASS!I y TATA

Increase negative charge (acidicresidues) of Tad ->increase transcriptional activator activity

Netcharge | Units of b-gal

-7 700
. -8 - 970
. -9 - 1628
- -10 2490

e Transcriptional activator motifs:

e Helixturn helix motif
o 2smallalphahelices. Helix 2is pushed into major groove of DNA and amino acid side chains make
contact with BS. Helix 1 will make contact with sugar phosphate backbone.

o Foundinprokaryoticregulatory elements
= lacrepressor
= Trprepressor
= Lambdarepressor
= Cro
= Cap
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= Sigmafactor
o Somethingsimilarbutnotsameisusedineukaryoticcells.
= 3helix system (homeodomain)

e ZincFingertranscriptional activators
o Eukaryotic(few prokaryote ones) - several
Tetrahedrally coordinated from zincatom
Each zinc fingerhelices have Arg contacting G bases
Unlike helixturn helix motif, zincfinger only contacts bases on 1strand of DNA.
All zincfingersin same polypeptide chain

O O O O

e Othertranscription factors
o Mediator (co--activator) approx 20 subunits
= NoDNAbinding
= Stimulatesonlyin presence of transcription activator

T ) CRSP, NAT

TATA AEC/perf
TRAP /smcec

PIc=pre inl"l‘ra;h‘oﬂ Cormp lex

o Architectural Proteins (in addition to mediators)
= DNAbindingrequired - alter DNA shape (binding, looping)
= Eg. HMG?® Do not activate transcription by themselves
= Some show no binding specificity (minorgroove) but LEF1: AT rich binding site -minor
groove and tissue specific (lymphoid)
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Discussion Week 10

Thursday, June 05, 2008
10:55 AM

B} A
/\)

—— | Lex A TATA

Lex A: dbd/tad
Gal 4: dbd/tad

Chimericproteins LexAdbd/Gal4TAD (and inverse)

I*=repressor, wild type
O°¢= constitutive operator - repressor cannot bind well
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Notes 06/06

Friday,June06, 2008
11:01 AM

Final ExamJune 9 Monday 11:30-2:30 Humanities 135
Review Session ->satjune 7th, young 2200 2pm-6pm

e Regulation of cAMP is eukaryoticcells
o cAMP stimulates gene expression butin different manner of
o CAMP->PKAincrease |0)‘

Gpjt»' COMP
cLeh r%—ﬁ
crE AT
cmea REAY prA phesphoryl ates
CRESB
A\

Bas N

Ho( M’OM T)Ad'ﬂ
reSPonse
o |ewent

Ay A) r\a(,( 17/"5
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C

TATA
TATA

Insummary binding of ligand or covalent modification effects transcription

Other wais of controlling transcription activators
1) Controllocalization-noncovalent
a. Association with proteinsin cytoplasm ->release (HTO)
b. Sumolation - covalent modification ->sequestersin nucleus.. TA sequesteredin cellular
compartments
2) Proteolysis (won'tgothrough) polyubiquitination

3) Gal C/Ov\ O E]
AN X —
3 oS GIDINg

TA THA - Cal! UASga! THTA

[ |
UASW

G{UcoSe
Y

> Cal actese

D,J g0

e EukarytoicDNAtemplate ->chromatin (approx 50% DNA, 50% protein)
o Protein - histones (90%)
o Histonesinhibittranscritpion
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time

¢ Whenhistonesbindto DNA, creates histone octamer. Form disk shaped structure. Wound in left handed
toroidal.

o Interaction: Negcharged phosphate backbone... positive charge histone protein residues

{\75{2 L\IS‘ILO"Q Mlj‘/Lll

Nucleosome "crosslinking" due to N-tails (electrostatic)
Acetylation - histone +acetyle CoA - Ac-histone
Specificpositions acetylate!

N“{’@\rmw\w\ 40\\‘5
CHs—CfO g < charg /LWT‘%/:‘ZeJ
\N/

!

Acetylation reduces electrostatic charge so that more fluidity to DNA ->
encourages transcription
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¢ Histone Acetylation
o Reducescharge of histone Lys (tail) weakens nuclesome-nucleosome
o Specificbindingsites for proteins containing BROMO DOMAINS (module binds acetyl -Lys)

o Enzyme Acetylating Histones
= HAT- Histone Acetyl Transferase (HAT's contain bromo domain)
= HAT'sassociated with transcriptional activatoin
O (mediatorcontains HAT activity)
o TAF'scontain HAT activity
= Pattern of histone acetylation changes during transcription

HAT! j, . HATZ
AC( \ACZ

s,

e Methylation doesn't neutralize charge as well stabilizes nucleosome-nucleosome... discourages transcription

e StepafterAcetylationis chromatin remodeling
o Repositioning of nucleosomes

Sl\'onf\j Mﬁ — 5350
octarmess gue net ft’/m()vbO’

o Large complexes2.0x10%dal
= ATPdependent
o Disrupt Hitsone-DNA contacts (approx 14/octamer) ->reposition nucleosomes

= SLUI/SNF

= |SNI 0\{; y JQJ
Tfeent yewooldin

= INO80

= NuRD COMP)'LX ‘&“5 j

¢ Hypothetical Gene Activation

T»/AV\SCV‘( lw\c\,J
/"‘ro"ﬁ\/&\:%/ (éo uh04
e

Y THA

recrurs wedictr
4 oon’/'k}m‘(\j /-—{AT (@ @C”5>

Acetylatoin of lys8(Ha), Lys 9 (Hs) lys 14(Hs) - chromatin containing TATA
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Swl/SNF binds to acetylated histone (lys8)

kG
VRS AD P

Remodel chromatin - displace histones from TATA

|

v

TFIID (TAF1250) -> BINDS AcHs (Lys9/14)

|

4

Transcription

e Histone Acetylation - increase transcription

¢ Histone Deacetylation ->Inhibits transcritpion (HDAC's)
o Enzymaticremoval of Acgroups
o Recruitmentof HDAC's ->repression
o Co-repressors(Sin3, Sin3A/B, NCOR/SMRT) ->recruit HDAC's -> shut off transcription
= (Calledco-respressorbecausetheyare recruited to promoterregion
= |nprokaryoticrepressoris mediated by bindingto DNA
= |neukaryoticrepressorisrecruited (co-respressor)

e Histone Deacetylation associated with repression of transcription
o Co-repressors-HDAC's

= Sin3(yeast
= sin3A/3B(mammals L/HDAC

= Ncor/SMRT

S re ressioNn
-

7
TRE

/ Tl'\vroml hermone
&

~ RAT

—>  Achvadion
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e Co-transcriptional processing of RNA
o Cappingof5'end
o 3'endformationand polyAaddition
o Removal of noncodingregions (splicing)
= All 30f these occuras transcription occurs... not after.

o Enzymesneededfortheir covalent modifications recruited by CTD of RNA polll (phosphorylated)

¢ Cappingfunction(s)...happensvery early approx 40nt long
a) ProtectRNAfromdegradation
b) Enhance translation of mMRNA
c) Enhance exporttocytoplasm
d) Enhance splicing efficiency of 5'mostintron

6%(UC+JV.L OH')

—\-
N O
YN bt -
—0-pP-0-f—0-P~pg—Cy \
n 2

CHL‘ i h

fo]
M

e PolyAAdenylation
o Functions of polyA

= Protectsfromdegradation

= |ncrease translation
o PolyAbinding protein (ribosomes)
O Synergisticwith CAP)

= PolyAaddedtoRNAin nucleusduringtranscription

= PolyAadditionincytoplasm by distinct polyA polymerase

= Average length of nuclear polyA addition at 3'end approx 200nt

e Stepsinvolvedin polyAaddition
K /—\ 3! ob
st N

v 5!

—~0H

—_ ", — ﬂAM o
~—4 AAU AAK .y
~700

RNA Polymerase Il continues tarnscription for 200-300 nt ->released from......
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e Splicing
o Productof transcription by RNA pol Ilis hnRNA
= hnRNA>>mRNA

(Hucleu.s) Q‘j*"’ﬂ“m)

lan N

Och,O

Electron microscopy

MmRNA | hnRNA
Exons | Yes Yes

Introns | No Yes

o Exons->coding(<300nt)
o Introns->noncoding (3500nt->2.4x10%nt)

o Removal of intron sequences from hnRNA while transcriptionisin progress (RNA Pol 1)
o (NBRNAssynthesized by RNA pol land RNA pol Il -> spliced)

e Reactionsofsplicing

5 GU.ewe TNCURAC T UAG - —
In vy dst
—— GV YACURAC- ThG —

Splicing mechansim - 2steps !

2
) s L
£ xon | ngxowz

;cxj—-—\)&———f G
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2' OH of branche A -> nucleophilicatackon P 5' to GU (transesterification)
AR
) Fron! “r
oH ACp

“\_’—_//\
2nd nucleophilicattack of 3' OH of exon 1 at P 3' to AG at downstream intron -
exon 2junction

e Reactionoccursinspiceosome structure

¢ Spliceosome consists of Rna +protein
o Approx 50% of spliceosome mass
= snRNP's (small nuclearribonuclear proteins

= SnRNP's->RNA + protein

¢ SnRNA's- act by base pairing with sequencesin hnRNA
o Ul->base pairs with 5' splice site

SEN Chope - -~ hnina

( AV Uch
S s

o U2requiredtoaligntobranch pointjunction
o U4/U6 ->interacts with U2 to stabilize hybrid
o U5 participates alignment of exon 1to exon 2. interacts with 5'+3' exons

o EffectsofdefectsinsnRNAs

Transester1 | Transester2

Ul NO NO
U2 No No
U4/U6 | No No

us Yes NO
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Final Review

Saturday,June 07,2008
2:02PM

Eukaryotictranscription
Eukaryoticgene regulation
Splicing

1. T/F(14 questions)
2. ldentify

3. Lacoperon

4. Trp

5. Lambda

6.

7.

8.

Bonus: everything

Cl) R\\]A\) + Strorg ?romo“bfs

f’ﬁf — ~

ry
o Laml:JC(':i{l::I o, N OLB. CI ORPK Cro -é&l C.U OP Q Ff tr

P( " B{
- <

Immediate early synthesis->N and cro.

o pNisantiterminator
o Croisrepressor

e Lyticcycle - cellsare growinginrich nutrient media (glucose)
e Lysogeniccycle - low carbon source

e LyticpCrois produced more.

(¢]
(¢]

pCro binds to O/P, (0r3>0r2=0r1) Binding of Or3 prevents C1 gene being synthesized

N proteinis antiterminatorfortrland tl1... antiterminate action synthesizes Ciyand Cii. With high

glucose hflabisincreased which degrades pClII.
= OPandQprotein produced by passingtrl (antiterminator N allows this).
o OP->DNAsynthesis. OP (dnaA/dnaC)
O pQ->bind Pr' DNA and allow to extend pastt'r to make late genes of lambda

e Lysogenic

O

o
(0]
(¢]

Low glucose, high cAMP, low HfIAB, high pCii (pCiii helps stabilize pCi)

Cibinds Pre to allow RNA Pol Il transcribe to pCi. Inhibition of Cro synthesis by antisense.
pCibindsto Or1>0r2>0r3 cooperatively.

pCipreventsopen RNAP +Propen complex

Pintuses Cy protein
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o Cublocks Orand O

o Cellsexposedto UV, cytotoxicagents (carcinigensin humans, mutagensin bacterial) ->generally
block replication ortranscription
o Lysogenicinduction stimulated by UV and cytotixicagents

RecA->RecA’ (" from uv damage)

RecA” binds monomerof C1proteinand breaksin 1/2
Now ORand OL cannotbe repressed...due to cl binding affinity has been decreased
Virusthen goes lytic

Slicing - look o
o E)LDY\\ ! Su‘liv/'A"+’°r\ Jz. wv e < EPxon 2
P ¥ n s/
< — | .' 3

v YNCURRY  AC

[ i)

\/ fl/ﬂr\(,

FV""’\‘J'N
CV/¥/’C4/

Responsible for basicspicing sequence of heterogeneous nuclear RNAs.
Thisis cotranscriptional in cell...invitro, can uncouple spicing and transcription.

snRNP's (small nuclear RNAs) =snRNA's + proteins

snRNAs:
ul
u2 SA¢ [\ceoSems
Ua/Us TP ADF
us {A )

o U1, U2 show sequence homology with branch point regions Base pairingisimportantfactorin Ul and
U2 RNA transcriptinteraction...

o Ulisresponsible forrecognition of GUviabase pair.
o U2isresponsible forrecognition of YNCURAY via base pair

o U4/U6 don'tinteractdirectly with RNA butinteract with U2. Form complex aligned to BP with branch
junction (indirectinvolvement)

o U5-no sequence homology with exon 1and exon 2 butresponsible forjoining of exon 1to exon 2.
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Problem: gel, deduce structure of original RNA ... which intermediates are likely to occur under certain
circumstances. What are intermediates...intermediates if you did the following?

Low agarose gel behaveslike linear (lariate structure)

High agarose gel travelslessin gell (lariate structure)

e EukaryoticTranscription
o Needtoknow stepsrequiredtoactivate orbind polll to DNA.
o TATAbox (notequivalentto-10AT richin prokaryotes) - TATA boxisat -25 or -27
o TFIIB(TBP portion) interact with TATA box.
= Sigma of e.coli prokaryote use major groove contact fromsigmain -35 and-10
= TBPusesminorgroove so not as base specific(Tand A are interchangeable)because Aand T
are symmetrical.

By -

TEA

Know difference between transcriptional activators, DBD, and TAF

DNA Binding | ContactPIC - &@
' ' ' (7

Trans Activators + +
Co-activators/mediators |- +
Architectural proteins |+ -
HMGAB
LEF1

Transcriptional activator recruits RNA polll and basal transcription factors (glutaminerich, prolinerich,
and acidictranscriptional activators recruit). In vitro can put high concentration of Rna polll and basal
transcription factors, so that won'trequire trans act.

e Rejected problem:
3genes 1) Hasperfectdyad symmetry
1) AGTTCGAACT
2) AGTTCGTTCT
3) TGATCGATCT

A+B+ A+B- A-B+ A-B-
1. + + + -

2. + - + -
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Explainresults:
Abinds majorgroove
Bbinds minorgroove
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