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INTRODUCTION

AlthoLrgh atrtoracl iographv can be used to detect sites of transcript ion ai ier incubat-
i ng  ce l l s  r v i t h  rad io labe led  RN. \  p recu rso rs  (e .g . , I rH1  L r r i d ine t ,  t h i s  l pp roach  has
some d isadvantases:

'  I t  i s  r r t t h e r : n e r - i r l i z e d  a n d  t e c h n i c a l ] r  , l c m r l r d i n ,
'  Detcct ion t ' f  t ran:cr ip t ion s i tes requi res verv shorr  pu lse:  bcc luse the t ranscr ip-

t ron rate is  so rapid ( t ranscr ip ts  are extended bv 1000 nucleot ides/minute in  v ivo) .
Because poois  of  un iabeled t r iphosphates are re la t ive lv  h igh t  e .g. ,  mrnv ce l ls  con-
ta in  -0.5 pr t  UTP),  l i t t le  rad io- label  is  incorporated dur ing shor t  pu lses,  neces-
s i ta t inq lengthv autoradiosraphic  e\posures.

'  The path lenetl-r of the part icles emitted b)'  tH is so lonq that autoradiographic
qr.r ins can l ie hundreds oinanometers a\\ 'av t iom the incorporatior-r site.

'  Labeling addit ional markers is technicalh'ditt icult.
'  The resul t ln t  gra ins s i t  on top of  the ce l land onivprov ic le  a t rvo-d imensional lo-

calizatron of the sites of incorporation.

Therefore,  the abi l in ' to  labels i tes of  t ranscr ip t ion in  rer rne; rb i l ized ce l ls  Lrs ing non-
isotopic RNA precursors sin-rpl i t ' ies the analysis oItr;nscript ion sites and al]ows si-
multaneous three-dimensional immunodetection of proteins or sites n'here DNA is
replicated or repaired. Sites of nascent transcript ion in pern-reabil ized Hela cel ls are
shorvn in  F igure i  10.  l .

F I G U R E  1  1 0 . 1
Si tes of  nascent  t ranscr ipt ion observed by t - luorescence microscopr- .  Encap.sulated Hela
ce l l s  r r ' c re  pe rmeab i l i zec l  r v i t h  s rPon in . rnd  i ncuba ted  r r i t h  B rUTP to r  i 0  n r i nu tes .  Ce l l s
n 'e re  t j r ec l  and  s ta inec l  us ins  mr rusc . rn t i -B r r - l L ' (Boeh r i nc ,e r  t r l annhe in - r )  i r nd . r  Te ras  Red -
conjr - rg l tec l  secondln 'ant i l rodr ' .  ( , { )  Tr . rnscr ipt ion pat tern shorv inq st rong i r rLc leolar  and
r i c . i ke r  nL rcL 'op lasn r i c  i nco lpo r . r r t i on .  iB t  I nh ib i t i on  o f  RNA po l vn rc rase  I I  t r ansc r i p t i on
rv i t l - r  c t - . r r r ln i t in  e l inr in i r tes nruch o i the nr .Lc leoplasmic s ignal .  (C)  D. \PI  s ta i r r ins of  ce l l  in
8 .  I l . r r ,  l . - i  pm.  rPho to  p ro r  i de t l bv  P .R .  Cook ,  Un i ve rs i t v  o iOx fb rd . l
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Preparation of Cells

IMN,IOBILIZING CELLS

Procedures fbr labeling transcript ion sites require various manipulations and are
applied ,,vith diff icultv to cel ls free in suspension. These approaches can be more
sLricessful ly applied to immobil ized cells; this section describes the preparation of
cei ls attached to coversl ips or trapped in agarose microbeads.

Preparing Cells Grown on Coverslips
1. Prepare acid-rvashed coversl ips as described in Chapter 98.

For most lenses, coversl ips having a thickness of0.16-0.19 ntm (no. 1-1/2) are best.

2. Remove an acid-lvashed coversiip irom the ethanoi storage solution, flame it to
burn off  the ethanol,  and place i t  in a 35-mm diameter petr i  dish.

5. Seed cells i -200lo contluencv) in the dish and allow to adhere i-2 davs.

NOTES

' Best resuits are obtained rvith rvell-spread cells, covering 30-500/o of the coverslip
during label ing.

'  \  Ianipultr t ion detaches some permeabi l ized cel ls;  at tachment can be improved bv
coat ing coversl ips rvi th eeiat in or poir ' - r-- lvsine (0.5 mg/ml) pr ior to plat ing.

Prepar ing Cel ls Encapsulated in Agarose \ l icrobeads

Encapsulation in agarose microbeads (Jackson and Cook 1985) provides a conve-
nient \r'av oiprotecting cells from damage during manipulation. Encapsulated cei-ls
can be permeabilized using a wide range of treatments, including buffirs that cause
nonencaPsulated cells to aggregate into an unrvorkable mess. Both adherent and
nonadherent ceils can be permeabilized and labeled after encapsulation in agarose
microbeads.

.1. 
\ \rarm 10 ml of l iquid paraff in (BDH 29436; Merck 7t62) to 37.C.

2. Heat 0.2,; g of lorv-gell ing agarose (e.g., sigma t lpe vII) in l0 ml of pBS at 95"c
unti l  dissolved, then cool to 37'C.

5. Resuspend 1 x l0; cel is in -1 ml of PBS at37"c in a 100-ml round-botromed
flask.

+' Add I ml of agarose solution at 37'C to 4 nrl of cel l  suspension at 37'C and mix
thoroughl r

5' Add i0 ntl of paraffin at 37"C, seal flask rvith plastic film, and immediatelv shirke

I
I
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6.

7 .

B.

(b1'hand or at 800 cvcles/minute using a f lask shaker) unti l  a creirmy emr-rlsion
form-s (about  l5  seconds) .

Cool  f lask by per iod ic  rotat ion in  ice-co ld H30 for  i0  minLi tes;  th is  a l lou 's
spher ica l  droplets  of  mol ten agarose suspended in  the para i f in  to  gel .

Add 35 mlof  ice-co ld PBS, mix,  and t ransfer  to  a 50-mlp last ic  centr i fuge tube.

Pellet microbeads bv spinnrng at 1000 rpm on a benchtop centri fuge irt  20'C fbr
5 minutes.

9. Aspirate the supernatant and rvash pelleted
beads remain at the HlO/paraff in interface,

microbeads once in  PBS. I f  sorne
remove most paraff in, n-r ix thor-

ou,ehlr ' ,  and respin.

| 0. Encapsulated cells can norv be regroh'n in medium or permeabil ized drrectl l ' .

NOTES
' A celi  densit l 'of 2 x 106/ml is convenient for mosr labeling procedures, but den-

sit ies up to 108/ml can be used.
'  Small volumes oi microbeads can be prepared b,, '  homogenizing 50-500 pl of

cel l /agarose mi-xture r,vith I mi of parafl in in a 50-ml round-bottomed tube.
'  Adequate emulsions can be prepared bv shaking nranuallr '  (shake as fast as possi-

ble tor l0-15 seconds). Nii irobead quali ty .un*b. assessetl microscopicaliy; ac-
ceptable microbeads shourld be spheiical, relativelv uniform in size ( 'r  :  25-75
pm) ,,vith evenlv dispersed cells.

'  I l icrobead preparations should pass i ieely through t ips used r,vith automatic
pipettes (10-200 lLl). I f  not, large beads can be removed br' f i l trat ion through
monofl lament n\- lon fr l ters (R. Cadisch and Sons r usinq a Sn'inex f i l ter (N{i l i i -
Pore .

'  To prevent losses during aspiration, samples should be transterred to 10-ml plas-
t ic centri fuse tubes at the earl iest convenient point.

'  Cells can be grorvn fol loiving encapsulation; simplv resuspend beads in medium
and incubate at 37'C. Encapsulated HeLa cells grort 'with normal cel l-o'cle kinet-
ics fbr at least one generation.

CELL PERMEABILIZATION

After permeabil ization; precursor pools of NTPs can be depleted bv n'ashing, and
nucleotide leyels can be adju-sted to give the reqr.r ired rate of elongation. In the ab-
sence of the natural tr iphosphate, anv modif ied tr iphosphate thirt is recognized as a
substr.rte by'the endogenous RNA polvmerase is then incorporated relativelv eff i-
cienth'.

Permeabil ization rvith Detergents

Perme.rbi l ization can be achieved bv treltment rvith anv oi a \ ' ;rr iety oi detersents.
It  is cri t ical to control careful ly both the concentr;rt ion of detergent usecl anl1 the
tinring of the trearment to permeabii ize about 9,5% of the ceils.
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1.  Prepare HzO t reated rv i th  DEPC. Add 0.5 ml  oIDEPC to 500 ml  of  d is t i l ied
H,O,  mix,  le t  s tand at37"C overn ight ,  and autoc lave.

Catr t ion:  DEPC (See Appendix  5 ior  Caut ion)
Alternat ive l r ' ,  n to lecr . t lar  b io logl 'eradc HlO can be obta ined commercia l ly  (e.g. ,  5302-33655() ,
5  P r ime+ l  P r i n r c ) .

2. Prepare fresh PB from stock solutions prepared in steri le purif ied H2O and cool
on ice.

Chromat in  s t r t t c tL l re  i s  espec ia l l l ' sen ' i t i ve  to  changes in  i t s  ion ic  en . , ' i ronment ,  and cho ice  o f
the  bu f fc r  to  use  rv i th  pernreab i l i zed  c : l l s  i s  par t i cuhr l l  i rnpor t rn t .  N Ianv  bu f fe rs  a re  in  com-
mon usc ,  bu t  the  fb l lo r .v ins  "ph t ' s io lo !ca l "  bu f te r  p rese  rves  cons iderab le  nuc lear  s t ruc tu re  and
f i rnc t ion :

Physiological Btffir (PB )
100 mn KCH.COOH
30 rruv KCI
10 mrv Na2POa
I rnr,r MgCl2
1 m:ur Na2ATP
1 rn--t DTT
100 mn KH2PO4 is added, if required, to give pH7.4.

Protease and nuclease inhibitors are added as required.

Cilution: KCI; NIgClr; DTT (See \opend|x _; rbr Caution)

5. \\ Iash cells on coversl ips, or cei ls encapsulated in agarose, trvice rvith pBS.

Cot'e rsl ips: Place in convenient container (e.g., 24-l 'el l  t lat-bottomed t issue cul-
ture piate; Falcon -10.{7), add I rnl of PBS to each rvel l ,  rvait fbr I  minutes and
aspirate; repeat once.

Microbetds: Transler I ml of cel ls in asarose beads and 9 ml of PBS into a i0-
mi plastic centri fuge tube, centri fuge at 1000 rpm in a benchtop centri fuge ior
30 seconds to pellet, aspirilte supernatant, replace lvith appropriate buffer, and
invert tube to mix.

{. Wash cells trvice u' i th ice-colc PB.

Transfer  to  ice-co ld PB conta in ing 0.01-0. lgo detergent  tor  l - l  minutes (cov-
ersl ips) or 2-3 tninutes (microbeads). To define condit ions, Lrse a trvofbld di lu-
t ion series oi deterqent in PB.

The fo l l t r r ' i ns  i . rn . . l  re l r ted)  c lc te rqents  c i rn  be  used;  gLr ide l ine  conccnt r l t ions , r re  inc l i ca ted :

().(,) l-(r.r  ) , ; , ' , ,  Triron ).- I  ()O I Picr;. '  l8- j  1 - l  r
( ) . { )  I -0 . t ) lo , r  r l iq i to r r in  (S i .9n ta  D i+07 )
l ) . ( l l -0 . i l r (1 , ,  l  vsL t lec i th in  (  S ignr . r  L  I  1  19  )
l ) . r j I - 0 . u 1 , ) , ,  s J l i r l l l i n  { s i g n t a  s  , 4 0 0 )

Assess the lei , 'c ' l  o i  pern-reabi l izat ion usine tnpan blr-re exclusion (the extent of
l vs is  i s  c r i t i ca l ) .

t
;

t
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a. Add 50 pl of 10/o tr)?an blue in PB to cel ls on a coversl ip or to 50 pr"l  of
packed microbeads; wait 2 minutes.

Inspect by l ight microscopy; score 0/o permeabil ized (dark-blue) cel ls.

Choose the detergent concentration that permeabil izes t95o/o ceils. I f  cel is
detach from coversl ips during washing, use a iower concentration of deter-
gent.

7. Wash detersent-treated cells three t imes with ice-cold PB. Cells are no\v readv
for  use in  the t ranscr ip t ion react ion.

NOTES
' It  is sometimes usefulto mark the backs of coversl ips to ensure the correct orien-

tation.
'  I f  the buffer composit ion is to be varied, the fol lorving tactors shor,r ld be consid-

ered:
(1)  Var ious combinat ions of  monovalent  an ion can be used.  Di f ferent  ch lo-

r ide/acetate/g lutamate (or  po lyg lutamate)  combinat ions suppor t  a lmost
identical rates of transcript ion or replication. However, acetate/glutamate is
preferred to the smalier Cl-, lvhich is more damaging to tert ian' protein
structure.

(2) The concentration of divalent cation must be careftrlly controlled. As iittle as
0.5 mlt free N,{g-o causes the visible (bv Etl) col lapse or aggregation of
chromatin. The equimolar Mg/ATP combination used here presen'es chro-
matin structure and supports the action of X,lg-dependent enzymes.

(3) DTT, protease inhibitors, and ribonuclease inhibitors protect the sample and
presen'e cell morphology.

Permeabil ization rvith Proteins

Streptolvsin O and a-toxin assemble mult imeric pore compiexes in cel l  mem-
branes, thereby permeabii izing them. Streptoly'sin generates 15-nm pores in choles-
terol-containing membranes, sufficient to allorv passage of large proteins like anti-
bodies. Because excess protein can be removed prior to lysis, internal membranes
should remain intact. a-Toxin pores are only 2 nm, al lowing passage of smiri l
molecules, such as nucleic acid precursors, but ferv proteins.

l .  Prepare PB, as t lescribed in steps 1-2 above.

2. \Vash cells on coversiips or cells encapsulated in agarose rvith ice-cold PBS three
times.

5. Lvse rvith streptolysin O or a-toxin:

L),se with streptolysin O

.r. Prepirre streptolvsin O (Gibco BRL 3.193SA; Signra S 5265) in PBS as in-
structed by supplier. Cool on ice.

b .

c .

l
I
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1 10 .6 Visualization of Organelles, Proteins, and Gene Expression

b. Bind streptolysin O to cel ls on coversl ips or in agarose beads.

Coversl ips: Immerse in streptolysin O/PBS for 30 minutes on ice.

Microbeads: Mix 1 ml of beads rvith 9 ml of streptolvsin O/PBS and incubate for
30 minutes on ice. Mix periodical ly,

c. Wash cells once in ice-cold PBS to remove unbound reagent.

d. \ \ 'ash cells once in ice-coid PB.

e. Transfer cel ls to PB at 33"C for 3 minutes to lyse membranes.

f. \ \ 'ash cells once in ice-cold PB,

Lyse x,ith a-toxin

a. Dissolve a-toxin (Gibco BRL 3463SA) as instructed by supplier.

b. Add 5-10 volumes of PB and rvarm to 33"C.

c. Treat cells rvith a-toxin.

Coverslips: Immerse cells on coverslips in ct-toxin/PB and incubate at 33"C ior
l0-30 minutes.

tlicrobeads: NILr I ml of cells in agarose beads ,,vith 9 ml of ct-toxin/PB and. in-
cubate at 33'C for l0-30 minutes. ivlix periodicalh'.

d. \ \-ash cells nvice in ice-cold PB.

Cells are norv readv for use in the transcription reaction.

\OTE5
' Because cholesterol inhibits permeabilization by streptolvsin O, it is important

that samples contain no serum (which usuallv contains cholesteroi) during bind-
rng.

'  Concentrations of streptolysin O and o-toxin shouid be t i trated to optimize per-
meabilization (monitored by tq.?an blue uptake, as described in precedine pro-
tocol ) .

'  Permeabil ization by cr-toxin is relativelv slow. Shorter lysis t imes are recom-
n-rended and incubation loneer than 30 minutes should be avoided.



Labeling and Processing

TRANSCRIPTION IN VITRO

Cel ls  permeabr l ized in  PB and incubated at  33oC resunre RNA svnthesis  once the
necessarv precursors are added. Unfortunatelv, the rate of RNA svnthesis in vivo is
not knorvn, so the relative eff iciencv in vitro ci lnnot be established. In the presence
of optintar conccntrations of tr iphosphates, ho\\,ever, permeabil izec-l cel l i  do svn-
thes ize DNA at  t l ie  in  v i ' r 'o  ra te,  and because (under  opt i r -na l  condi t ions)  theysyn-
thesize tenfold more RNA than DN.\, i t  is probable th.rt most RNA pol., 'merase
complexes engaged prior to l1'sis sr-rrvive penneabil ization. Uncler these condit ions,
the re  i s  I i t t l e  o r  no  i n i t i a t i on .

1. Prepare fresh PB supplemented rvith 0.5 nr.r i  Pl lSF.

Cnttt ion: PI{SF See App.-ndix 5 fbr Caution)

2.  Prepare 10X I - \ l

lO)/. IM

PB/PlvlSF
500 pr.t CTP
500 p"lr GTP
l0-500 pvt modified UTP
MgCl2
(molarit,v equal to molariry of added triphosphates)
Warm to 33"C.

Catftion: MgCt2 (See Appendix 5 for Caution)

5. Incubate permeabil ized ceils at . l . i"C for 5 minutes.

Cot'ersl ips: Place in rvel ls of 24-rvel l t issue culture plate \\ . i th 0.45 ml of PB.

)I icrobeads: \ l i -r 200 plof beads rvith 250 pl of PB in a 1.5-ml nricrofr-rqe tube.

+. Add 50 pl of p.rervarined 10X I l l  and mix.

5. Incubate cells at 33oC tbr 1--30 nrinutes, as required.

Ternt inir te transcr ipt ion bv n'asir ine the reirct ion rni-r ture t ive t inres r ' - i th ice-
colt- l  PB over i l  -10-mtur-Lte perior l .

Sartrpig5 c.rn no\\ 'be f l recl  lncl  staine. l .

\oTt5
'  A  range o ip recursc ' r rs  i s  ava i lab le ,  bu t  o f  those tes ted ,  on lv  one,  BrUTP iS igma 13

;166),  is r-rsec' l  ef t lc ient l i 'bv the en. logenous RNA poh'merase cornplgs rJackson

6 .
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I r0 .B Visualization of Organelles, Proteins, and Cene txpression

et  a l .  1993;  \ \ 'ans ink et  a l .  1993) .  B iot in-14-CTP is  a lso incorporated in to RNA,
but  less ef f ic ient ly  ( lborra et  a l .  19961.  Biot in-11-UTP, d igox igenin-11-UTP, f lu-
orescein-  1  2-UTP, coumar in-5-UTP, and l issamine-5-UTP are not  incorporated
(or incorporated very poorlv) bv prslm.abil ized Hela cel ls.
Great care must be taken to ensLlre that only transcript ion sites are labeled. The
concentration of rnodifred precursor can be adjusted to control the rate oielon-
gat ion.  At  33"C in  PB,  50 pr" r r  BrUTP suppor ts  i rn  e longat ion rate of  50 nu-
cleotides/nrinute, and then a l0-minute incubation probabiv ensures thart )90o,r,
of the incorporated iabel remains at the site of poly'merization (Jackson et al.
1993) .  I f  h igher  concentrat ions or  longer  t imes are used,  a greater  propor t ion o i
labeled RNA might mor.e awav from tr;rnscript ion sites.
The elongatron iate ctrn also be reduced using a lorver tcmperert l ire.
If  inhibitors are to be used, incubtrte them for 15 minutes at 0'C and 5 minutes ai
3-3"C prior to addit ior-r of 10x I\1.

FIXATION AND ANTIBODY BINDING

Paraformaldehvde-based fixatir.es preserve nuclear structure weli and are prelerred
fbr light microscopy, rvhereas glutaraldehvde-based fi-xatives provide more stabie
cross-i inkins and are therefore used ior electron microscopv.

l.  Prepare PB+ buffer by adding 0.5 mrr PMSF and 1.5 units/ml F{PRI (Amer-
sharn In ternat ional  E 2310Y) to  PB (see p.  110.4) .

Cout:on: P\,ISF (See Appendir 5 for Caution)

2. Prepare -10'6 formaldehyde.

Caut;, ln: Formaldehyde (See Appendix 5 tbr Caution)

a. Dissolr 'e 4 g of paraformaldehyde in 50 ml of dist i l ied H:O in a 50-ml tube,

b. Heirt at 60oC until dissoli'ed; add a t'erv drops oi I rr NaOH to help dissolve,
if necessarv.

c. Cool to room temperature and add an equal voiurne of LX concentrated
PB  + .

d. Fi l ter through nitroceliulose (0.22-pm pore size) and cool on ice.

i .  To rt 'ashed samples of cel ls lrom the preceding transcript ion protocol, add I ml
of ice-cold 4% tbrmaldehvde in PB- to coversl ips in 24-n'el l  t issue-cuitr-rre
plates or 100 pi microbeads in ir 1.5-ml microfugeiube. Incubate on ice for 15
rninutes.

-[. \\'ash fi-red cells tn.ice in ice-coid PB -.

5. Replace PB* u' i th ice-colc. l  PB-r- contrr ining0.25oo Triton X-100 irnd incub.rte
on ice for  l0  minutes.

6. Repeat step 3.

t
I
il
r
I
I

t
t
I
I
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7. Add priman'antibodl ' to f ixed celis:

Coversl ips: Cover samples with a ferv drops of Pl]+ containing 0.57o acetylated
BSA (SignaB25l8) ,0 .050/o Trveen 20,  and 1/50 to  1/250 d i lu t ion ant i -BrdU
antibod,v, and incubate 1-2 hours on ice.

)I icrobeads: Mix 50-i00 p"l of beads rvith an equal volume of PB*/acetylated
BSA/Tn'een containing anti-BrdU antibody and incubate 1-2 hours on ice; mix
periodical l l ' .

\ [an1 '  ; rn t ibod jcs  to  I ] rdU are  commerc ia l l v  ava i lab le .  Cross- reac t i r . i t ies  n ' i th  BrU\ lP  incorpo-
ra ted  in to  RN. i  a re  ind ica ted  be lo rv  ( reac t iv i t v :  poor  [ - .  to  good 1 '  -  +  ] ) :

Boehr inger  \ lannheim (  Bl lC
Sera -Lab  ( c l one  BUI /75  \ lAS
Becton Dick inson (c lone B.{4;
Amcrsh r rn  RP \  l 0 l t  -
S igma  t c l one  BU-33 ;  B  2531 )
Ca l t . r g  c l o r : c  BR-J t  - / -
Dlko ,  c lon< Bul0. r ;  \  l ,  l -1  I  -

9 3 1 8 ;  1 1 ; 0 3 7 6 ) + + -
250p)  ;  -
N o . 7 5 E 0 )  * l + '

+

Taese ant ibodies are al l  mouse monoclonals ( igGl t  e:rcept for the product i rom Sera-Lab,
rtnich is a rat monoclonal. Products fiom other sources should be tested fbr bindine.

B. \ \ -ash cel ls three t imes in ice-cold PB+/BSA/Tl 'een over a l5-minr-r te period.

9. Add secondarv ant ibod;:

Coversl ips: Cover samples with a ferv drops of PB+/BSA/Tu'een and i /500 di-
lut ion of f luorochrome-iabeled second ant ibodv (e.g.,  Texas Red-donkey ant i-
mouse;  Jackson Labora tor ies  715-075-137) .  Incubate  1- l  hours  on  ice .

J l i c robeads:  Mix  50-100 p l  ce l l s  in  agarose beads rv i th  400 p i  o f
PB+/BSA/Th'een and 1/500 di lut ion of second ant ibodr ' .  Incubate 1-2 hours
on ice .

10. \\ 'ash samples three t imes in ice-cold PB+/BSA/Tween, o\rer a 15-30 minute
period.

1 1 . \ \-ash samples three t imes in ice-coid PB +, fbr 5 minutes each t ime. To the sec-
ond rvash add 0.02 pgiml DAPI (Boehringer tr lannheim :36 276).

C'tut ion: DAPI (See Appendix 5 for Caution)

12. \ lount samples and seai r.vith naii  pol ish.
F(rr  rec ipe tor  nrount ing media,  see Chapter  98.

Specimens are no\\. readl ' for observation.

NOTES

' I t  is tmportant to protect the labeied RNA from nuclease digest ion. Ahvavs use
DEPC-treated or molecular biology grade H2O to prepare butters.  A r ibonuclease
inhibi tor shoulcl  also be adcled fol lorving transcr ipt ion; adding HPRI (or equiva-
lent)  at  2.5 units/ml should be suff ic ient dur ing most steps, but this can be i l t -
creased to 2-5 units/ml dur ine ant ibody bindins.
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'  BSA mustbe essential ly nuclease-free. The use of aceqvlated BSA in buffers is rec-
ommended; acetvlation inactivates nucleases.

'  Commerciai reirgents rvith cross-reactivity designated * * * or * * should be
used for routine staining. Antibodies with weaker binding wil l  give signals close
to the detection l imits of unenhanced l ight microscopy. \Veak cross-reactivit ies
erre sensi t ive to  DTT ( requi red by the r ibonuclease inh ib i tor ) .  Sta in ing under
nonreducing condit ions can be beneficial (the antibody from Sera-Lab, ior ex-
ample, can give much improved staining in the absence of DTT).

'  I f  antibodies x' i th moderate cross-reacti, , ' i ty are used, i t  may be necessan' to in-
crease sensit ivit l 'using a biotin-conjugated secondarv antibody fol iorved bv strep-
tavidin coupled to a f luorochrome (\Vansink et al. 1993). Texas Red-streptavidin
usuallv gives less background staining than FITC-streptavidin.

'  Standard techniques can be used to visualize transcript ion sites by Eiv{ iHozak et
a l .  199-1;  Iborra et  a l .  1996) .

LABELING IN VIVO

The distribution of transcription sites labeied in vitro can be conirrmed if cells are
t'irst iabeled in vivo. This can be achieved simply by growing cells in medium sup-
plemented rvith bromouridine: 50 pivr for l0 minutes for Elv{ analvsis (Hozak et al.
1994) or 100 p,rt for 15 minutes for f lorv cltometry'(see see Chapter l6; Jensen et al.
1993). Because bromouridine added directiv to cells rviil be incorporated into DNA
as well as RNA, short labeling periods, preferably outside S-phase, should be used.
Horvever, sites of transcript ion can be labeled during S-phase if  the DNA is not de-
natured.
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