SCIR A (B2 3R )

\A-Protein Interactions
Principles and Protocols (Third Editiqn)




S F R TR
DNA-Protein Interactions

Principles and Protocols
(Third Edition)

. DNA'§§ - AJIE_{lE
FEBEXIRAR
(JRZES 3 O

Edited by
Tom Moss and Benoit Leblanc

b =



B =2 .01-2011-6664 =

This is an annotated version of
DNA-Protein Interactions: Principles and Protocols (Third Edition)
Edited by Tom Moss and Benoit Leblanc.

Copyright © Humana Press, a part of Springer Science + Business Media, LLC 2009

ISBN. 978-1-60327-014-4

All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopy, recording, or any information
storage and retrieval system, without permission in writing from the publisher.

This reprint has been authorized by Springer-Verlag (Berlin/Heidelberg/New York) for
sale in the People’s Republic of China only and not for export therefrom.

R W CRAAR/ Y 1 6/ 40 24 B2 AL, AL R 7 rh A2 A R LT [ 5% P 4

A<M A H Springer
. A B0,

B H RS B (CIP) ¥

DNA-E H i BEAE : 3 55978 % %€ =DNA-Protein Interactions; Principles and Pro-
tocols: B EE 3 iR F 30/ I (Moss, T. ) &4k %. — b Bl AR . 2012

(EREMIFTR)

ISBN 978-7-03-033575-3
I.@OD 1.0 . OBEEEHR-#HEEH-EA RT3

V. ©Q523@Q51

o R 2 50 CIP 3B (2012) 55 024609 2

Tt T B/ R R RS
HEigHt AR I4EE

4“4 4 & KB R
LR BRI 16 5
BRBCAES: 100717

http://www.sciencep.com

_ % W A 7 ER
R R R EEE

201243 A8 — M FFA . 787X1092 1/16
2012 4F 3 A 55— WETRY Ensk .44

FH:1 000 000

E4r:168. 00 5T

(A B o7 B W) B, 3t 57 S g4



HEEAEMARE DNA-ZERRMBEEEARR

BRAEYZEL L EAEMAWEHFET T AREFEA TR (Human Genome Pro-
ject) , XTI 30 ZXTMEARIFFRITRIA R, K, ¥, #, A, P, BIEENRS
TRMETAEES S, T 1990 4E1EG30, 2001 SFLHFER, 2003 5 HHRATHFE5E
Bl HME, FAEYIM Celera T 1998 4EIATES, SHZITRIER TR ANHESIEH., &
ANFRER R, X —i RO RS TP AR R, 2007 3 H K5 R0 7
AR (Next Generation Sequencing) | & — ™ A K 2EFAH KA TE T ET
(BARERAHRBRAOT 22—, IEEEWRIEZE RTINS =/NFEREAR
FRILBBEET —TERT. EE -_RNFHEATHERHHT AZFAHR (1000
Genomes Project) FitillE A KMEESL 2500 M MEM 2 RHFAFE (BB KT8
B, EMfRMBEERNEESE, £EM 23andMe A FE L H THRIESEEE SNP
f§ 8 (single-nucleotide polymorphism) FRH-HMEAFKKBRNWIRES, AEC LK
PRAREARE) 99 o0, WRIBRERARKR, BEAKHEGEHCHEERNAFER, X
ML BT RS RS S % FRHE .

ANEEFAT R B EFEARERNA | 33 {233 B A& 1@ IEHm,
M2REHEAFIWNE RETERIEET TE %, HAFFIEAGREESFRITI2HS
TAZEA AR W RE AT IR . T IE X S S AR E T 2
A E REENME, BYIILNA—HEBK, URERBANMZHEE. AEEEY
2, ARFIRREZRZMBEFRMARHEAERERY, TeRAERNERNER, BEFX
BIA RAETEHEER T, BT ARG MG BRI AR, SAaRE
FREAAEILR, ETEFRRERENESRME , 7£ 2003 42 AJEH FH AR5 R LA
J5, REXZ#EERZT ENCODE iR, BEEFBARENAN ST ITI R
WL . YRR —TRIMEE, EE7E 2007 45 X531 T modENCODE %, B
FHEARERA LY (FEERBRZ I HWREFEVE . I B8 IE M ENCODE
RIS B A — LT .

ROTERIrAMAERR T EQRE RN PR RE RN EEFE, DNA B4
A E O BHNFRWEE T, UK miRNA EZFHEKNE L E, Mg EEd
DNA-FEHBEAHEERMLIHEY, HikorsE DNA-EH B T ERERRE R ALBE
FHENLHZEE. HREFXEEZRRARARE - MERIRE, 4451 RAKERKNSS
THEYFLRHEARTERY . EREAERARELS, AP ARERASHET
MEF N F LU RARIPRNIGEEOE, FRENRERFHARE 2SN 25 H AR
BUEBESE, EWMEEENSERNAMIEREUEDLZE. HEGEERREEEKRS
WEm BARA — @M, 0 T BRI e S RN A B AEILE, R TSI R
BTREHFRNBLHHEAR. Hib, BTREOER =4 7IKEH, R/ IMEEREHK
FR G SRR T SRR MR AR, RS R A ok — s,
BRI T EHERHEATEAR B ARG ORI . AT ZE X3 E R AR
BEME, BURGRERE—DINTE . RREREEES AR, L@



DNAANFREERH AR M RERE SYH DNA FHINESRE, Hn—XKERE
xR ALK R E BRI RS R N DNA W] Bt M T 8] £ #b 82 i 41 2 1 fRHE 2
HEFRIBIKFE . ABXRIB G E RS TR AR WG R HRRL.

RN EN, REFETEEN—-EHERNAMKE. BHS5 T ALREENS
$18)M HapMap iR (WEAKEEAH SNP FB), HEHWETAEFA TN EE
S HEZ—, MERERAWRTT 2010 FRIFE T B EFIR=AE AW F
{OFELE I AR AW TN . BEASEA BT SN 7 E AW E S BB
T, BFEPENFEFGKBERANE, UXBWEFLERFIREIRIE. BR
. MIBITHER M R R B R AR RBE RIS H A BE T oI B R ss. i
K2, REEXNTLERERGRAKEMEMPIR LEHENES, XE—-FBFEERBT
EMERIEEER. SIERRIR, FEFESAEEFFRRASBREARAEYLR
HERBIR D, XUEREFEAPWERZ —. ZEXJVES —EAREPREBHTH
ERAEYY, HEABGREMNLZITHFSREY, REXEWIELNAHEFRE, H
i NRl2E R A BERE R KT, 2010 4, 23+ AEMAIESE S, HAT Celera 4
TR AE — M EH BN LR R 2 SN A E R R AR LB A REH,
BEEE—NTEHRAEMNIESE GER Science 2475, AR EAGH ARG EEHMEMELT
—NEFRTE. SREYFERENNEL, SERKEMEESLZ, EEFEARN
HRF 7.

ERHKE-LAWBETEES SRS, B 7P DNA-RAFHEERR4E K
ZHERBLHREAR, HEEHEX M T — 825 HN A B AR N F AR,
HHTEAMEXSEBNEL, E8HEXELHHRAR. ERARMBRESHN
., 4R, AT2ERNAMREHEATRNIAERBAIBERBRWEHN, %5
FMEARETENBF R P R FEET . &5, ROAEABRARENNRB TE
HoR—EHE ),

Tz
201241 A
T A AR S AT



i

:]]

R Ti&JE DNA-EHEMEERNEZEYE, SRS FEY¥ERE LEES|AMEF
EBEEMARNOERA 95X EHFEM, IFAELCUREZIZHEY Robert Fitzgerald #l
Samuel Butler B§ AR (BEFE) FA, RRAEER THUBENNZ &, AKHFXFH
ZEMERZAEMS LAHERRATERIGHEMNARE., XEER BRRNETHEELR
R AMBEERAAY, MEXEEREMFAMBEULKBEHARE, Hik, LIEMNX
fZAETHEBAEREARIMT S REYRMEEERAMSFBOLEREZRN, AERUFE
R RESHIEX, BIERRMEIKIELX.

BRMNZAUUX T RBEAZEXREE, MUTERNREERCEE LESEYRHELRT
HHEENE (REXEAFHUE—MERERK B, MERMRINES S ANEEFEK
BT EREABERERN TR, —HiHedrt, MERKNERAT ZE/H, UKk
KABEREHESNE R T RIEFHFER T/ LRI S ZE S 2WEELUE, RITA
REHE EERER THRRRHKHAER. #ETRRIVERRF TR FER THFa
ERKTGIZMEZEE, B —frgEl A5 A R ETMEE S WK ORETH B E)
. TEERAS. OIMERR. HEBTHERR. BIE, XUHFRRR T SRHMERE
Al BRI R . XERBRFAELSEERE, RITELIAR P—RHEIFTLUE
T EBUR T —ER, BREHE. AEIRRFEERSFE. BENKERE, RIE
BEMIEHE IOX Logm DA A FULER BT RE, SEARKE/LRIE, M
JTLRT VLB BE S RAERAYIESE . XN ek ERE AT —SiEgR R
HENAFRFATIEH—BERLER, X T32XERFRERM ARG, FHELIEN
HEHRIGORREXN T RRANEEER—HK,

Y5R, DNA-BHFEHEERNEERER{UR FAY ¥ . B¥MAHEY, 51tH
1, B FIA Karl Ereky 7E 1919 4E0135 8 “EYHER” —HARBREFAHIAENEY
MRENE R = S ER S, (IR TR E GRS T . EENIMeSEEEYH
ELBET —SFHRLESR, XXNF—NEKY 70 ZAFTEFREBE W FREEAS
BEERMERTBAEEFNWAKERE. BEMERIIY DNA-EAFHEEERN THRS
HAERE, MXFARTEEREZHYREREER, BRI BRRRLE TR &1
WERRANILEE3R. AEX—HEBEELH, ERRE—ESMAMMREN
fl &N, EEMERSXMMERRIMEEN SHAFIFERIERE. Sif 8
K, ARESAHETHERA YR, RINESFHEKIRITHEH YR EIEFR A
w2 KR R AR AR B ; 1377 T 8 B TR 2 E R AR .

X (DNA-BHREME: FESZEATR) WE =M. X =-1K4 2 8] 5 5 8] 5
A 7HE, XAKWERRUEXANFTE=ES ANELUEBFEHRARERANAH., 8—K
WAEHEMAT —EHOTE, A—EEETFEREEEANSEHAHE, A —-SUKET
FHEAROER, HEHEXWENSES . XEFHMWFELLRITESMHRE A REM T
LR RS DNAMEER, HFEXBI TR RAMBEEAAE. X—BARET
— S ARB R ERAR, X MR REKE A S e, (BREX—MARNE



BRSNSk A TEHFEABRNEEX SN EAMEERANTRER, X AZ4E
RSN SEIR LS, AMTARAE XSRS SR M RAERAIRIR T 25, ERrkn
DNA EFmBEAERARE, MEAREMNESEEMEQRIEFEUMERT K. Hit,
RATB BB IILA X TR LTI M N TR ARHET . B ERINEHT
7. OEREE, REHRERFEBMBRGEAEHEY, RIVEFEX NIRRT RN
BREMEMELAM . R, EABEMKSFEYS I TEABRER, 8N ER
I REAH — L EF N ABEEMUBEER I CEN FWER., Exdd, XHEMEMR
th—EHELR T RERNBEEHTS, BERNTERXEEREEAIR IR AT
PRI, “FORMATREIEEME”! BIIFEEINE, AEEURNHRA R HRKEE
RAEX—IRBAYCE, —BERALEHFREA 2B ERERABRD, HEKEW
=B NI1E SpringerProtocols. com ¥4 E BRI B E .

REBNFEHEEIHOKIBRETI LA S, HERINTIHES IR K BH &
(EHE—-SEANGER) HEM LA FHYR DNA-E A BHEEA/EA ML TR AR
RAB R . BATXFERIFIE AR IRARL S AR AR, BT RS WEER
BT BF A BMEMR SRRl aBERIES 2, XEHRZTRE 7Bk
BKmMBEMERASEDNE AR MESE, ARMIARDSFRBABERESAY, MEERHF
FAR BT R B IRATRT LA e — e 9 [l B 3 B Rt — e B A R . FE/RERM—T
Kb, FATAERENR=4 DNA-E B A EAE A MEEE AT X e 58 i Be 1 #R7E L
XK, SikFEAER R AR B T L — LR A KR E R LR
JLEANER ., MR, RIERKRALNARESEEE, HRI1EBRERBET .
HEEEMAEDEARTIRE HEMKNFTFRT, REAMTERANSRSHLMEERESABR
B ORMFATEAR, RUAARFHAZEIIXERWEFNRE, REEFRESBXK
— IR EEE.

AENIRE AR BB RORTENT. WRBHAE Geoff Kneale 35— I 1y 55 3B M T4E,
588 i Tom Moss B ML, MRRTBEASRHX R4, 55b, REBER
i Tom BIRIF ERE =K.

HREEZELRENR !

Benoit Leblanc

(Fe g #)



Preface

It is a rote of modern molecular biology classrooms to stress the importance of DNA-
protein interactions by pointing out that species such as the bonobo and the human being
share more than 95% of their genes — a level of similitude far exceeding that of, say, the
translations of the Odyssey by Robert Fitzgerald and by Samuel Butler. The nonnegligible
differences between our hirsute cousins and us, the argument goes, must find its explana-
tion not so much in what genes we both use but in when and to what extent they are used.
Hence the truly vital importance of understanding how regulatory proteins, be they active
or passive, activating or inhibiting, interact with the genetic material to see it expressed in
the proper way.

We say vital not only in the strictly intellectual sense of understanding the basic mech-
anisms of the living world (although that would seem to be a worthwhile goal in itself)
but because our lives as individuals may well soon depend on an ever more precise under-
standing of gene expression. Following the discovery and widespread use of antibiotics
in the mid-twentieth century, and the massive campaigns of vaccination that eradicated
smallpox and helped control ancient scourges such as polio and tuberculosis, our species
has recently become free, for the first time in its history, of the constant and urgent threat
of infectious diseases. Next on the list of challenges to our health come problems associ-
ated with our recent extended lease on life, problems that are statistically rare in young
people but tend to crop up in our later days. Type II diabetes, cardiovascular problems,
neurodegeneracy, cancer, these are the new specters that haunt each of our visits to the
doctor’s office. These diseases have multiple etiologies and we have had some success in
identifying and correcting some of their causes (be they environmental, related to our
lifestyle or triggered by certain pathogens). In the long run, however, we understand
that truly vanquishing them will demand a thorough understanding of the molecular
mechanisms that turn cells immortal, that cause neurons to start dying, or that make cells
insensitive to insulin. The same will hold true of multiple but less heralded pathological
conditions associated with an improperly expressed genome, which are certainly as impor-
tant to the person enduring them as cancer would be to the population at large.

Of course, the relevance of DNA—protein interactions is not limited to biology, medi-
cine, or pharmacology. The word “biotechnology” coined by the Hungarian Karl Ereky
in 1919 originally described the use of preexisting biological material for the creation
of products and services but has come to signify much more in recent years. Gene splic-
ing and the creation of transgenic species have fairly revolutionized agriculture, and in a
world of roughly 7 billion mouths to feed, that qualifies as a life-altering realization in
more ways than one. As we learn more and more about the interaction between DNA and
the proteins that see to its proper expression in an ever-increasing number of species, we
will be in a position to augment the benefits we reap from nature while at the same time
minimizing our footprint on the environment. Whether this goal will be reached or not
is another matter, but it is certainly easier to devise more efficient and environmentally
friendly agribusiness strategies with a better understanding of how the world actually
functions than relying on wild guesses and wishful thinking. Not content with modifying
existing species, we have also taken the first steps in devising new life forms that may help,
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Vi Preface

for example, cleaning up oil spills; the success of such endeavors will rely heavily on our
understanding of gene expression.

This is the third edition of DNA-Protein Interactions: Principles and Protocols.
Each edition is separated from its predecessor by roughly 7 years, a period that appears
to be sufficient for the field to come up with wild innovations in technology and its
applications. New protocols are added to each successive edition, sometimes based on
the novel use of ancient techniques, sometimes relying on new technological advances,
but most of the time on some new integration of the two. These new ways to do things
allow us to study where, when, and to what extent proteins interact with DNA, and
that with an unprecedented precision and on a larger scale than ever. The current
edition has retained updated versions of the basic techniques, the old-but-trusted ones
that may never go out of fashion, but the impetus for this edition is the recent develop-
ment of in vivo and genome-wide interaction techniques that have taken the domain
by storm. The results obtained by years of in vitro techniques make everyone curious
about whether they can be translated to an in vivo context, with DNA packaged in
chromatin, and with several signaling cascades and protein actors all acting their part
in unison. We are therefore happy to present several chapters on chromatin immuno-
precipitation and other in vivo techniques. Along with new chapters on topological
studies, photocrosslinking, FRET, and imaging techniques, we believe that this new
edition will prove a worthy and practical addition to the series. As always, following
the enlightened format of Methods in Molecular Biology, each protocol is rich in notes
that authors think are important but which rarely make it into the spartan protocols
that accompany most research papers. In the past, such notes were always our favorite
part of these protocols, and we are glad to once again be able to exclaim “so that’s
how they do it” while perusing the notes section. It should be mentioned that some
protocols featured in previous editions did not make it this time around, as they were
either unchanged or perhaps less frequently used, but they are luckily still available on
the SpringerProtocols.com database.

Although rapid progress in analytical capacities is something to be very proud of, we
think it would be presumptuous to claim that the study of DNA-protein interactions has
“finally come of age” following the recent (and sometimes spectacular) advances described
in these pages. That is certainly not meant to belittle such amazing approaches as microar-
ray-based gene expression analysis, atomic force microscopy studies, or ChIP-on-chip
cartography, all of which were technological quantum leaps in the field and important
enough to warrant the use of that overwrought cliché. It is meant, however, to emphasize
the speed at which our fast-evolving technology allows us to ask new questions and to
provide new answers. In a sort of biological application of Moore’s law, we now live in a
world where our ability to generate data on DNA-protein interactions and our ability to
analyze it seems to increase exponentially, while the costs involved are getting low enough
that experiments that were once the sole purview of big laboratories become available to
most everyone. (Granted, we still have some work to do regarding the lowering of costs,
but we are getting there.) The ingenuity of the scientific and engineering communities,
driven by more and more demands from the medical and biotechnology fields, is bound
to give rise to even more startling analytical technologies in the future, and personally I
cannot wait to read further editions of this volume. I am sure that I will be as amazed then
as I was this time around.
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The current edition would not have been possible without the pioneering work of
Geoff Kneale on the first edition, or without the expansion and diversification made by
Tom Moss in the second edition. Both have my gratitude, and I thank Tom for bringing
me aboard as coeditor for this third edition.

Have fun in the laboratory.

Benoit Leblanc
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