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ABSTRACT

Zymuogruphical methods (aclivity gel, vverlay gel, aclivity blot and actvity blotling) lor detecling DN A-modilying (repair) enzyines

are reviewed, Emphinis s pat on the oevel achivity blotting methoed in which DNA repalr ensymes alectrephoresed on a gel are blotted
and detected on a damaged DNMA-Bxed nylon membrane. Its practical procedures, ingluding a non-radivagtive detection procedure, and
representalive resulls are also described.
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LIST OF ABBREVIATIONNS

Standard saline citrate consisting of 0,13 M NaCl and 0.0135 Af sodiwn citrate (pH

BSA Bovine serum albumin
CRR Coomassie brilliant blue R-250
alNTPs Deoxynueleoside triphosphatcs
CDTA Lthylenediaminetetraacetate
kDa Kilodalton
SDS Sodium dodecy! sulphate
PAGE Polvacrylumide gel electrophoresis
SSC

0
TCA ‘I'mechloroacetic acid
Tris Tris(hydroxymethyl)yaminomethane
TEN bufter

Triton/butfer B

A bufter consisting of 10 mM Tris—HClipH 8.0}, 1 mM EDTA and 100 mA NaCl
A solution consisting of 0.0173%, Triton X-100, 0.25 M sucrose, 10 mAf Tris-HCI,

4 mif MgClz, | maf EDTA and 6 mA 2-mercaptoethanol (pH 8.0, adjusted at

25°C)

[ INTRODUCTLON

Contrary Lo the impression that cellulur DNA
is stable and penctic information is maintained
mvariably, a large amount of DNA damage can
occur in cellular DNA. The constituents, such as
hases, deoxyrihnse and phosphate, are constantly
renovated by cellular repair mechanisms [1-3].
Sonietimes these mechamsms fail, resulting in ge-
netic changes or cell death. The genelic changes
arc possible causes of cellular transformanon,
ageing, malecular diseases and genetic diversity
[1.4=7]. Various {several tens or more) tynes of
DNA damage are praduced in cells exposed to
physical, chemical and biological stresses [I 7).
The lesions are generally renaired hy cellular
DINA repair systems to their original state [1 3],
To understand the mechanisms of genetic main-
tenance and their relation to genetic changes,

knowledge of DNA repair syvstems 15 very impot-
tant,

A typical DNA repair is known to occur in the
following sequence: priming (recognition ol
DNA damage and incision—excision reaction);
repair DNA synthesis; repair patch ligalion; and
chromatin rvearganization. The complexity of
DNA repuir mechanisms is thought o be due
mainly to diversity in the priming step. Several
ten kinds of repair enzyme largely engaged in the
priming step are thought te be present in mam-
malian cells. although at present only several en-
zvines that catalysc the priming reaction for spe-
cific types of DNA damage have been purified
and characterized [1-7]. To clarify DNA metabo-
lism (including repair and mutation), further
studics on DINA-modifying {repair) enzymes are
NECESRSRUTY.

Zymagraphy (activity staining of enzymes sep-



S Sekieral 0 Cheomaiopr 618 71982 14785

arated by gel electrophoresis) of DNA-modilying
enzymes is very useful for their molecular-mass
cslimation, characlerization {or identification)
and purificaton. Yarious zvmopgraphic methods
for detecting DNA-modifying enzymes have
heen develeped., Lhe strategies for these methods
are divided roughly into two categories. In ane
type of strategy, fractionation ol proteins and de-
fection of DNA-modifying enzymes are conduct-
ed 1n the same gel. This procedure, {frequently re-
ferred to as “activity gei”, uses DNA-embedded
gels [or prolein separation and detection {re-
viewed 1n refs. 8 and 9). Lo the ather tvpe of strat-
egy, fractianation of proteins is performed first in
a standard gel. and then o substrute DNA-m-
pregnated pel. paper or membrane is overlaid on
the eiectrophoresed get [or detection of the target
DNA-modifying protein (reviewed in rel. 9).
Three dilferent procedures (overlay gel, activity
blot and activity blotting on damaged DNA-
lixed membranes) are included in this activity
transfer category.

Creneral and extensive reviews on staining for
cnzymnes (ineluding DNA-modifying enzvmes) in
gels have been published [9—11]. Activity g¢l anal-
ysls of DNA-moditying enzymes has also been
reviewed [8,9.12], In the present paper, descrip-
ticns of the procedures for activity gels, overlay
acls and activity blot are restricted to the eszen-
tials. Cmphasis is faid on the novel activity blot-
ting technigue (or detection of DNA repair en-
zymes [13 16], in which DNA repair cnzymes
clectrophoresed on a gel ure hiotted on damagad
DNA-fixed membranes and then the blotted
membrane is processed for detection of the target
DNA repair enzymes.

2 ACTIVITY GEL
2.4 Aetivity gel analysis of muclease

I activity gel analysis for DNA-modifying en-
zymes, the substrate DNA (pative, modified or
synthetic) is immobilized in the acrvlamide gel.
Proteins are electrophoretically separated using
the gel, and the activity of the target DNA-mod-
itying enzyme iz derected by un appropriate de-
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tection method on the gel. DNases electropho-
resed in native disc polyserylamide gels were first
demonsirated on the gels in bands of hydrolysed
DMNA that did not stain with a DNA-binding
dve, methyl green [17). A sensitive (uorometric
mcthod for the detection of DNases on DNA-
polyacrylamide gels was developed using closed
circular-dupicx DNA and cthidium bromide as a
DNA-hinding dye [18].

Protain separation in native gels containing
DINA is trequently disiurbed by charge interac-
tion between DNA and protein. Lo overcome
this difficulty, Rosenthal and Tacks [19.20] devel-
oped a system in which nucleases denatured by
sodium daodecyl sulphate (SDS) wers electropho-
rased in SDS-polyacrylamide gels containing nu-
cleic acid, and the nuclease activities were detect-
ed on the gels afler renaluration of the enzymes
by removal of SDS. as schematically shown
Fig. 1A, This system has many advanlages, when
the enzyme cun be renatured alter SDS poly-
acrylamide gel electrophoresis (PAGE) [19]. Be-
cause all proteins are rendered negatively
charged on denaturation with 58S, all nucleascs,
regardless of isoelectric point, can be separated
and detected. Molecular musses of proteins elec-
trophoresed on the pels can be estimated by using
appropriate protein-size markers, hecause pro-
tein separation by SDS-PAGE is based on molec-
ular mass. Hvdrophahic proteins as well as hy-
drophilic proleins can be analysed. Manv mod-
ifications of these methods [19,20] and applica-
tions for various enzymes [21-28] have heen re-
porred.

2.2, Aerivity gel andlysis of DNA polvmcrase and
primeisy

To detect DNA polymerase by activity gels, a
sample containing DNA polymerase is electro-
phorased in a gel with immeobilized, gapped (acti-
valed) calf thymus DINA. After the treatment of
protein renaluration, the gel 1s mcubated in a
subslrate mixture in which one of four deoxyri-
honucleoside triphosphates (ANTPs) is 3-*?P-la-
belled. Alter the gel has been washed with 5%
trichlorpacetic acid {TCA) to remove unincorpo-
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Fig. 1. Schemalfic representalion of the activity gel methads for detecting endndeoxyribonuclease (A) and DNA polvmerase (R).

rated radioactivity, and dried on a Whalman
IMM filter, the radioactivity incorporated into
the DMNA is detected at the vicinily of the poly-
merase band by autoradiography [29], as sche-
matically shown in Fig. 1B. The gel can subse-
quently be stained with Coomassie brilliant blue
(CHR) to determine the molecular muss of the
enzyme involved. The present system is also used

to detect exonuclease (5-3" and ¥'-37) by using
#2P-labelled gapped DNA in place of the unla-
bellad DNA [29]. Blank and co-workers [30.31]
reported a modifisd procedure for promoting the
renafuration of enzymes, in which librinogen was
embedded in pels, and deterpent was washed out
from gels with aqueous isopropyl alcohol after
electrophoresis. The method for detecting activ-



S, Sekiceral ! J. Chromutogr. 618 [1993) 147-166

iy of DINA polymerase after electrophoresis of
denatured proteins in DNA-SDS-polyvacrvlamide
gels was termed the “activity gel”” method [32]; at
present, this term is used generally to indicate the
method for detecting enzymes with nucleic acid-
madifying activities in nucleic acid-containing
gcls after gel clectrophoresis. Primase associated
with DNA polymerase-« is zlso detected using &
gel containing unprimed, single-stranded M13
DNA [33].

Modilications of these methods and applica-
tions for detecting DNA pelvmerases [31,34-40),
active subunits of DNA polvmerase-x [32,33,
4145}, DNA polymeruse-f [46,47], DNA poly-
merase-; [48] and DNA polymerase-d [49] have
been reported.

Longley and co-workers [50-52] have recently
reported simultaneous in sirne detection of [DNA
polymerase and associated exonuclease following
SDE-PAGT. Tn this method, purified DNA poly-
merases are separated by electrophoresis through
SNS polyacrylamide gels containing **P-labelled
synthelic oligodeoxyribhonuclentide primers an-
nealed to M13mp2 DNA templates. Following
electrophoresis and SDS removal. the enzymes
arc allowed to renature and express catalylic ac-
tivities. Oligodeaxyribenucleotides modified by
the catalytic activities are resolved from the gel
by a second dimension of electrophoresis
through a denaturing DNA sequencing gel, By
using modified [ *Plolizonucleotides anncaled Lo
MI3DNA. in sifu actuvilics of exonuclease, DINA
glveosylase, endonuclease and DNA ligase arc al-
so deteeted by this method [31,52].

2.3 Acrivity gel analysis of poely/ ADP-ribose)
polvimerase

Poly(ADP-ribose) polymerase catalytic activ-
ity is detected by activity gel techniques essential-
ly on the same principle as for nucleases and
DNA polymerases. Poly(ADP-ribose) polymer-
asc 18 electrophoresed on SDS polyacrylamide
gels containing activated DMNA, After renatura-
tion of the crnzyme, the gels are incubated with
[P*PINAD' for assay of pely(ADP-ribose) poly-
merase activity. Non-incorperated [2*P[NAD ' is
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removed by washing with 3% TCA solution. Au-
to-[**PJADP-ribosylated enzymes in polyacryla-
mide gels are detected by autoradiography
[47.53-35].

2.4, Activity gel analvsis of DN A ligase

DNA ligase activity is detected aflter electro-
phoresis on SDS-polyacrylamide gels containmg
a poly(dAy3-*2P-oligo(dT) substrate [56-59].
Alter elecirophoresis, the proteins within the gel
are renatured by washing, and the gel is incubat-
ed with 1 mM ATP and 5 mM MgCl; for in situ
DNA ligase reaction. The gel 13 then washed and
treated with calf intestinal alkaline phosphatase
lo remove 5-3*P-ends of the unligated cligo(dT).
DNA ligasc activity on the gel is demonstrated by
autoradiography [36-59].

2.5, Activity gel analysic of other DN A-modifyving
CAZYIEE

DNA methyltransferase is electrophoresed an
DNA-SDS-polvacrylamide gels and renatured.
Tts activity is assaved by incubating the gel with
[methyl-*H]S-adenosylmethionine and detected
by Muorography [60,61]. DNA 3 repair diester-
ase [62.63]. terminal deoxynucleolidyl transferase
[64], polyrucleotide phosphorylases [65-67], ri-
bonuclease H1 [68] und reverse transcriptases
[69-71] arc also analysed by Lhe aclivily gel meth-
od.

1L OVLERLAY GEL

Protcin separation in native gels containing
DNA 15 frequently disturbed by charge interac-
tion between DNA and protein. Overlay gel
methads have been developed to avoid the dis-
turbance and to detect activities of DNA-muodity-
ing enzymes after PAGE under non-denaturing
conditions [38,72 78], In the representative meth-
od, proteins are separated in a polyacrylamide
gel without DNA under non-denaturing condi-
tions, and then an overlayer. made [rom agarose
gel containing DNA and ethidium bromide, is
placed on top of the polyacrylumide gel [73].
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DNase activity is derected as a dark band on a
fluorescent background on the overlay gel, as
schemancally shown i Fig, 2A. Yasuda e af.
7] devised a thin agarese film containing DNA
and ethidium bromide for the overlayer and got
good results for the analysis of DNase isozymes.
Nesides TYNase. DNA polymerases separated in
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Fig. 3. Schematie representation of the activity bloi method Ler
detecting, poly{ADP-ribose) polvinerase.
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native polyacrylamide gels are also demonsirared
using overlay gels containing activated DNA and
four dNTPs. one of which is a **P-labelled nucle-
otide (Fig. 2B} [38,74 76]. Overlay gel methods
are thought Lo have several advantages: (1) oligo-
meric enzymes can be detected; (2) monomeric
enzymes, which are diflicult 1o renature, may be
detected; (3) protein separation based on their
wsoelectric points can be used 1o identify enzymes,
as reported previously [73,77].

4 ACLHIVITY BLG L

‘Fhe acuvity blot method was devised to detect
rolv(ADP-ribose) polymerase electrophoresed
on pelyacrylamide gels, as schematically shown
i Fig. 3 [79]. Calf thyvmus poly(ADP-ribosc)
polvmerase or a crude extract containing the en-
zyme is scparated on SDS-polyacrylamide gels.
Thez gels are incubated in the presence of 2-mer-
captocthanol. Separated proteins are blotted ona
nitrocellulose sheer. The blotted sheet is incubat-
ed 1n & renaluration buller contuinmg 0.3% (viv)
Tween 20, DNase [-activated DNA and divalent
cations (Zn® " and Mg® '} The blotied mem-
brane is incubated i the renaturation bufler sup-
plemented with [adenylate-**P]NAD, and then
washed with the renaturation bhuffer. The biots
are dried and analvsed by autoradiography |79).
‘The method 15 applied to achieve direct detection
of bacterial eolonics transformed with the human
polv{ADD-ribose) polvmerase expression plas-
mid [79].

Mclaren er al. [80] described a similar method
for isolating Chinese hamster ovary (CHO) cells
deficient in polv(ADP-ribose) polvmerase activ-
ity by direct screening of colonies replica-platad
anto nylon cloth,

5 ACTIVITY BLOTTING

The activity blotting method has been devised
to deteet DNA repair enzymes clectrophoresed
on acrvlamide gels [13-16]. The method consists
of the following six steps: (1) preparation of
crude, partially purified or purified enzymes; (2)
SD5- {(denatured) or native (non-denaturad)
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PAGE of the enzyme preparations; (3) renatura-
tion of proteins electrophoresed on STIS-PAGE;
{4} preparation of damaged DNA-fixed mem-
branes; {5) protein hlotting (activity blotting) on-
to a damaged DNA-fixed membrane, a process
during which incision and/or excision are mntro-
duced to the damaged DNA by a repair
enzyme(s); (6) detection of the activity-blotted
site(s) to localize the repair enzyme.

The incision and/or excision provide priming
sites for repair DNA synthesis. The blotted mem-
brane is incubated with DNA polymerase in the
presence of x-*?P-labelled or non-radicactively
{digoxvgenin-} labeled substrate, The site of sub-
strate incorporation on the membrane that re-
flects the molecular mass of the repair (priming)
enzyme is finally viswalized by auloradiography
or fluorescent staining of digoxygenin. Each step
can be modilied Tor aduptalion o the target en-
zvme. The activity blotting method for the detee-
tion of enzymes involved in the priming step of
DNA repair s schematically illustrated in Fig. 4.

Steps 1 3 descrihed above are common to the
methods of the activity gel, overlay gel, activity
hlot and activity hlotting. Among these steps, the
renaluration step is particularly important and
has been discussed extensively in previous papers
which we refer later. Steps 4 6 are unique to the
activity blotting method, and are also referred to
in the following sections.

5.1, Preparations of cefl extracts and partially pu-
rified DN repair ensymes

There is no special enzyme preparation proce-
dure for the zymography ol nucleic acid-modily-
ing enzymes. An appropriate preparation proce-
dure for the target enzyvme should be selected
from previously reported papers or newly de-
vised. We describe here preparation procedures
for mammalian and £ esli major apurinic/apyri-
midinic (Al) endonueleases used lor demeonstra-
tion of the activity blotting technigue.

Mammalian major AP endonuclease {(desig-
nated as APEX nuclease) was extracted from per-
meabihized mouse aseites sarcoma or Hela cells
with 0.2 M potassivm phosphate buffer (pH 7.3)

Fodvhi of al, D Chevimgtogr, GFRE 21093 ) (47160

[14.81,82]. After adjusiment of the potassium
phosphats concentration 1o 0.1 Af, the extract
(M fraction) was mixed with packed phospho-
cellulose equilibrated with 0.1 M potassiom
rhosphate buffer and rocked gently at 4°CC over-
night. The phosphocellulose was washed with 0.1
M potassium phosphate buffer and then trans-
ferred to a column. The enzymes were cluted with
0.3 M potassium phosphale bufler. The eluent
was diluted with detonzed water to 0.1 A polas-
sium phosphate or dialysed against 50 md Fris—
HCland 1 mAf EIXTA (pH 8.0) Lo reduce the salt
voncentration, because clectrophoresis of pro-
teins on SDS-polvacrylamide gels was disturbed
when the jonie strength of the sample buller was
high (the clectrophotesed lane becomes wide).
The phosphocellulose {raction ([Taction N2) con-
centrated by ultrafiltration was mixed with a one
tourth volume of the four-fold-concentrated gel
loading buffer for S128-PAGLE (see Scetion 3.7)
[81.83]. The mixture, in an Ippendori tube, was
mmersed in a bath of boiling water for 2 min
and, after chilling, an aliquot of the mixture was
appilied to SDS-PAGTL.

E. cali HB101 strain cclls were suspended in |
ml of the loading buffer for SDS-PAGTE [83]. The
cell suspension was boiled for 5 min and then
immediately centrifuged at 10 000 g for 10 min.
The supernatant was used as £ cofi whole cell
extracts for applving on SDS-polyacrylamide
gels.

3.2, 8BS~ {denatired) aned nalive (non-dera-
tured ) polyvacrylumide gel elecirophoresis

Generally, Lacmmli’s buller system [83] has
been used for SDS-PAGE of the activity gel and
activity blot methods. We also have used the
buffer system with minor modifications and an 8
® 8.5 % 0] em slab gel for the activity blotting
method. The electrode buffer conluined 0.025 Af
Tris base, 0,192 A2 glycine and 0.1% SDS (pH
8.3). The stacking gel conlained 3% acrylamide,
0.08% N,N-methylenebisacrvlamide, 1135 Af
Tris-HCI (pH 6.8), 0.1% SDS, 0.1% N.N.N"N'-
ectramethylethylenediamine  (TEMED)  and
0.03% ammonium persulphate. The separation
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DINA-feed membranes.
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ocl containgd 129% acrviamide, 0.33% N.IN'-
methylenebisacryvlamide, 0.373 M Tris—11C1 (pIl
BRI 0. 1% SDS, 0.05% TEMELD and 0.03% am-
monium persulphate. The samples in the gel
loading butler [0.0625 M T'ris—HCI (pH .83, 2%
SNS. 2.5% 2-mercaptoethanol, 0235 M sucrose
and 0.01% bromophenol blue| were incubated at
100°C for 2 min, and loaded onto the gel. Tlectro-
nhoresis was conducted 2t room temperature it a
constant current of 15-20 mA until the dye front
reached 2 mm over the botlom of the gel (ca. 2 3
).

Maolecular mass markers used for SDS pel elec-
trophorests are MW-SDS-70L (Sigrma, USA).
Boving scrum albwimin (BSA). which is added
sometimes 1o the sample at a final concentration
ul | myg/ ol and incloded i the gel al a concentra-
tion of 10 pg/ml to enhance the renaturation of
the target enzymes and o stabilize the rematured
cnzymes in activity gels [L2,13], is nor added in
the revised activity blotting technique, to prevent
the contamination of nuclease and some other
nrotein with BSA preparations [12].

Native (or non-denatured) PAGE. 1 which
prateins are separated according to hoth sive and
charge. can be used for the activity blotting anal-
vsis of ohgomeric enzymes and monomeric ¢n-
rymes, which cannot renature fully after SIS de-
naturation (Fig. 43 [10], although the reselution is
poor. Application of isoelectric locusing for the
aclivily biolting method may inereaze the resalu-
tien [73.77].

3.3, Renaturarion of enzvmies in SPS-polvaceyvi-
anide gel

Electrophoresis carried out under denaturing
and reducing conditions requires renaturalion of
the enzyraes for activity detection. Lacks and
Springhorn [84] showed that a number ol en-
zymes arc renaturable after SDS-PAGE. En-
zymes appeir to recover activily as sooen as lhe
DS diffused ourt of the gel. Most monomeric en-
zymes can be renalurcd even aller disruption of
their disulphide bonds [84]. Oiigomeric enzymces
composed of wWencal subumts ure poorly renat-
urable [84]. To remove SDS after SIDS-PAGL.

S Sekieral | Chreomatogr, 618 (1993) H7—inb

the gels are rinsed a few times in 50 mA7 Tris
HCI bulfer with or without [-2 mAf EDTA (pH
7.5) and, it required, in the presence of 3-5 mA/
2-mercaplocthanol [12.29], Prolonged incubalion
of pels in 35 mAM 2-mercaptoctharol is not rec-
ommended because softening of the gels 15 ob-
served [29].

It has been shown that the RNase and DNase
activitics detected after SDS-PAGE vary widcely,
depending on the particular SDS preparation
used lor zlectrophoresis |30,31.85]. Blank of of.
[31] suggested that lipephiiic contaminants in
some SIS preparations inhibited renaturation of
DINA polymerase {(also possibly other cnzvmes).
To avercome the SDS varability by promoting
cnzvme renaturation, they reported a modifica-
tion of the activity gel method in which fibrino-
gen was embedded in gels and, after eleclropho-
resis, the gels were washad to remove the deter-
genl with aqueous sopropyl alcohol [31]. In u
study of catalvtic peptides of mouse DINA poly-
merase using the activity gel method, Karawya
and co~workers [32,34] lound that the sensitivity
for detecting purified crnzvmes was markedly in-
creased by the addition of a heterogeneous mix-
ture of proteins (a heat-inactivated crude homaosg-
enate of mouse myeloma or heat-treated fetal calf
serum) 1o the enzvme sample prior to clectropho-
resis. and that it was essential to survey diflerent
lots of SDS to identity those that produce a high
enzyme activity signal after renaturation.

Tlager and Burgess |86] renalured the protwein
eluted from SDS-polyacrylamide gels as follows.
The protein eluted was concentrated. and S8
was removed by acetone precipitation of the sam-
ple. Renaturation of the protein occurred after
the precipitate was disselved in 6 3 guamdine
hydrochloride and then dilured. According ro the
procedure, treatment with 6 M guanidine hydro-
chloride (i denaturation agent) and buffer wash
of sels were used to renature calf rhymus terminal
deoxynucleotidy] transferase i site alter SDS-
PAGFE [64]. Fraser and co-workers [23.24]
showed that many SDS preparations could be
used for activity geb analysis when 0.1% Triton
X-100 was included n the washing steps to re-
mave SIS and the lipophilic contaminants. Si-
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monin ef ¢f. [79] used a renaturation buffer con-
taining 0.3% (v/v) Tween 20 in their activity blot
analysis.

MNecessary colactors for enzyme renaturaucn
and;or acrivity, such as divalent cations and/or
reducing agents, should be added during the re-
naturation and/or reaction processes.

In the present activily blotting technique, the
gel electrophoresed was rinsed briefly in a renat-
uration bhuffer consisting of 40 mA Tris—I1(I
(pH 8.0}, 2 mM MpCl,, 0.02% sodium azide and
0.1% (w/v) Tritan X-100, and shaken in the buff-
er at 4°C for 2-3 h with four changes of the buff-
or. The gel was left overnight at 4°C in fresh bufT
er with genltle shaking.

3.4. Preparation of damaged DNA-fixed mem-
Gravies

This 15 4 slep unigue to aclivily blotlng analvsis,
Highly polymerized (calf thymus) DNA or ¢losed
circular {plasmid) DNA should be uscd Tor the
preparation of native DINA-fixed membranes
minimize the background level or priming sites
for DNA polymerase of the ¢ontrol, undamaged
TINA. The stock solution of DINA (2.5 mg/ml in
deionized water) i1s diluted with two-told-concen-
trated standard saline citrate (S85C7) to a final con-
centration of 0,143 mg/ml. A nvlon membrane
(Amersham Hybond-N, Boehringer positively
charged nylon membrane or equivalent) (6 x 9
cm) nrewetted in two-fold-concentrated SSC, is
immersed in the DNA solution in a nlastic beaker
or 1in a scalable plastic bag, and incubated with
gentle movement of the solution aft room remper-
ature for | h. After the incubation. the membrane
15 rinsed three times in 1wo-fold-concentrated
SSC. blotted on Kimwipe or 4 coarse [ilter paper
1o remove excess fluld, and theo air-doed over-
night in the dark. The DNA lixed membranc is
stored in a dark box unlil use. Ta make a dam-
aged DNA-fixed membrane. the native DNA-
fixed membrane js either treated with a solution
of a DNA-damaging reagent, such as bleomvein,
neacarzinostatin (a  glycopeptide  antitumour
drug) or alkylating agents and DNase [, ar irra-
diated with X-ray or ultraviole: hght.
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For example, the hleomycin-damaged DNA-
lixed membruane is prepared by treating the native
DNA-fixed membrane at 37°C for 10 min with
Triton buflfer B (0.0173% Triwon X-100, 0.23 M
sucrose, 10 maf Tris—HCL 4 maf MaCly, | mAS
EDTA and 6 mM 2-mercaploethanol. pH 8.0)
supplemented with 5 gghual bleomycin Az and 30
uM ferrous ammonium sulphate [13,87]. The
neocarzinostatin-lreated membranc 15 prepared
by incubating the native DNA-fixed membrane
at 37°C far | hin the dark with Triton buffer B
supplemented with neocarzinostatin at 50 U/ml.
Ta prepare an acid-depurinated DN A-fixed
membrane, the native DNA-lixed membranc is
incubated in 37.5 mAM sodivm citrare (pH 3.3} at
60°C for 30 min [13,87]. The acid depurination of
DNA is conducted just before activity blotting to
avold spontaneous nicking. To prepare a DNase
-treated membrane, the native DNA-fixed
membrane s treated at 37°C for 60 min with a
solution consisung of 0.1 U of DNase 11, 50 mM
sodiwm acetate (pH 5.0) and 0.1% Tritoan X- 100
[28]. Aller the treatment with DMNA-damaging
agents, the membranes dare rinsed three times in
two-fold-concentrated S5C. rinsed three times in
a4 bloting buller (40 mM 1ns—HCI, oH €0, 2
mM MgCl,, 0.02% sodium azide and € mM 2-
mercaptocihanol), and used for prolein blotling.

If the DINA damage can be induced in a DINA
solution by a DMNA-damaging agent, and the
damaged structure is stable in a solution and dur-
ing the preparation process of DMNA-fixed mem-
brane, we can use the damaged DMNA Lo prepare
a damaged DNA-fixed membrane. For examnle,
the stock DNA solution is irradiated at ambient
temperature, using a Toshiba Model KXC-18 X-
ray unit at 100 Gy, and stored at —20°C unril use
[88]. The X-irradiated DNA is fixed on nvlon
membranes as described above, The same mod-
ification can be applied to prepare DNA-lxed
membranes treated with bleomyein, neocarzino-
statin, eisplatin, DNase I, DNasc 1T or ultraviolel
light.

The damaged DNA-lixed membranes can be
prepared in advance and stored at room temper-
aturc in the dark votil vse. when the damaged
DNA structure produced hy a DNA-damaging
agent is stable,
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3.5, Protein (acrivity ) blotting (v damaged DN A-
Fived membranes

The blatting of enzyme activity from gels on
damaged DNA-fixed membranes can be done by
the methods of capillary blotting, vacuum blot-
ting and electroblotting.

3501 Capiflary blotring and vacuusr blotiing

The gel lelt overnight ul 4°C i the (resh buller
(as described in the Section 3.3) s transferred to
the blotting buller described above (Section 5.4).
and shaken gently for 30 min and for an addi-
tigmal 30 min in the fresh buffer.

Capillary transler of enzyme aclivity from the
renatured or native polvacrylamide gel ta a dam-
aged DNA-fixed nylon membrane is perlormed
essentially as described for DNA transfer by
Southern [89,90] with the following modifica-
tions. The renatured gel i1s placed on a transfer
support covered with Wharman 3MM  paper.
The damaged DNA-lixed membrane s then
placed on the gel, and proteing (activilizs) are
translerred Lo the membrune with the blotling
buffer (described in Section 5.4) at 30°C for 24 48
h. Necessary cofactors (such as divalent cations)
[or aclivity of Lhe targel enzyme should be in-
cluded in the blotting buffer. because incision
and/or excision (or DNA modification) by the
enzymes occurs during the blotting process. After
the blotting, the membrane is washed for 20 min
with three changes of TUN butfer [10 mA Tris—
HC1 (pIT &0, 1 mAM EDTA and 100 mA NaCl|.

After the washing, the membrane can be pro-
ceeded directlv to the next sten (Section 5.6}, or
air-dried and stored [or a while. The air-dried
membrane is rinsed once in TEN buffer just be-
fore proceeding to the next step.

Fig. 5 shows an example of the results of radio-
active detection after the capillary blotting of ac-
tivities of human APFX nuclease, its 33-kDa (-
terminal peptide and E. ¢ofi exonuclease I11]13],
The bleomycin-damaged DNA-fixed membrane
is used for the detection of DNA 3" repair dies-
terase activity, which is involved in the conver-
sion of 3 -phosphoglycolate termini (3'-blocked
DNA damage) of bleomycin-damaged DIMNA 1nle

SO Saleieral [ F Chramaragr. 008 (F999 7 217106
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Fig. 5 Detecticn of promng aclivitics for DMA polyine:ase of
Hela cell 354-kl2a prozein {APEX noclease) and 15 35-kDa
peplide [Tagmanl on damaged DMA-Nxed membranes by the ac-
fivity blotting methed. The samplez were slectrophoresed on
SDS-polyacrylamice gels. Fractionaled proteins were slained
with CBR in lanes | and 2. Fractionated proteins were renasured
and blotted by the capillary procedure an i bleomycin-trented
DINA fixed membrane ilazcs 3 and 4y or an zod-depuninated
1M A-Nixed membrane (lane 5). The membranes were tneubs: led
wilh Klenow polynmicrase in (he presence ol a=Palabelled sub-
stiate, and then the sites of substrate incorporation {primed sites)
on the membranzs were visualized by autoradiography. Lanes |
and 2, the whole cell extract (! pg protein per lancl of £ cofi
HB 01 strain cclls: lanes 2, 4 and 5. 5 propararion (ruction W,
deseribed in Scetion 5015 20 g protein per lane) of APEX nucle-
ase purtully pudlied [tai Hebla cells, The wagor bened detected
it lane 3 and the upper and lower bands it Junz 4 cormespond Lo
DNA ¥ orepalr diesterase selivilies of exenuclease [11, APEX
nuclease (indicated by the right upper arrow) and i 33-kDa
peptide Tragment {indicated by the right lower arrow), respee-
tively, The upper and lower bands in lane 4 correspond te 8 AP
endon:ucleass activities of APEX nuclease and its 35 kDa pepride
fragment, ~espectively.

free 3" hydroxyl termini. The acid-depurinated
DNA-Txed membrane is used fer the detection of
53" AP endonuclease aclivity, which catalyses in-
cision of the 3 side of AP sitas to produce free
¥-hydroxyl termini. The resultant 2'-hyvdroayl
termini have priming activity for DINA polyme-
ruse which 1s meluded 1n the detection system of
the present activity blotting, The result shown in
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Fig. 5 suggesis that human APEX nuclease and
its 33-kDa peptide frapinent both show DNA 3'
repair diesterase and 5" AP endonuclease activ-
inics, as reporled previously [15]. The E. eofi ex-
tract, which contains exonuclease I1I with DNA
3 repair diesterase activity, is added to the detec-
Lo svslein s an eneyme-positive conlrol.

Yacuum transtfer of the enzvme activity on
damaged DNA-fixed membranes using vacuum
blotting devices is based on the same principle as
that for the capillary (ransfer |90

5.3.2. Flecrroblotting

Electrephoretic transler of proteins from S1S-
polvacryvlamide gels to a damaged DINA-fixed
membrane is performed by the western blotling
technique (90 92] with the following madifica-
tions. After electraphoresis, the gels are preincu-
bated at 37°C for 20 min in a reduction buffer
contaiming 7 mAf 2-mercaptoethanol, 192 mAf
glycine and 25 mA Tris—HCI (pH 8.3), with con-

A B

15¢

stant shaking. The incubation is repeated twice
with the fresh reduction buffer. Electrotransfer of
proteins ento o damaged DNA-fixed membrane
is performed al 0°C und 70V for 1 h. The electro-
blotted membrane is rinsed three times and
soaked with gentle shaking a1 4°C overnight in a
renaturation buller consisting of 40 mAf Iris-
HCl (pH 8.0 at 25°C), 2 mM MgCl,, 0.02% sodi-
um azide and (.1 % Lriton X-100. [he membranc
iz incubated at 37°C tor 30 min in the same buffer
1o prime for DNA synthesis (the blotted enzyme
incises and/or excises the damaged DNA fixed on
the membrane). The membrane is washed three
times, for 20 min each tume, with TEN butlcr.
After the washing, the membrane can be nsed di-
rectly [or the next step (Section 5.6). or stored
air-dried before the next step.

Fig. 6 shows an example of the result of non-
radicactive detection of exopucleasc T and
APEX nuclease after the eleciroblotting of the £.
vofi extract and partially punfied mouse APEX

c

Fig 6. Non-radioaclive detechinn of DNA Y repair diesterase and 3° AP endonuclease achivities by the electroblotting pracedurz of the

activity blotticg method. The £, cedt HBHOL sirain cell exiract (Janes 1 3) and the N, Taction (see Section 5.1 (anes 4-6) ol peemeable
mouse cell extract wers electrophoresed on SDS-polyacrylamide gels. Mative DNA was lixzd on Hybond N (Amersham) and damaged
as described in Sectien 5.4, [ractionated proteins were stained with CBB (A}, Fraciionated proteins were elsctroblotted or g bleomiycin-
damagad DN A-fixed membrane (B), or an acid-deputinated DN A-fixed membrane (C). The niembranes were washed and soaked in the
renaturation buffer, and then ineubated at 37°C for 3 min in the same buffer to prime for DNA synthesis. The mernbranes werg
incubaied for TNA synthesis by the ron-radinactive detection procedure (S8cction 5.6 21, and the sites of substrate incorporation
{pruned siles) oo the membrines were visualized by the digoxygenin Juminescenl detection, The amonnt of the £, aoff coll exrract loaded
was L pgrin fane |, 38 uein lume 2, and 7.5 pg in lane 3. The amount of the B, fraction wus 45 g o lane 4, 90 pg in lane 5, and 180 pg
In iane 6. Roughly dose-dependent positive signals arc detected at the posilions of 30 kDa {exonuclease 1L indicated by the nght lower
arrowl in lanes 1 2 and of 254 kDa (APEX nuclcase indicated by the right upper arrow) in lancs 4-6. Positive signals at the 33-kDy
mewdrion are dne to the 3-k1Da C-termingl pepride fragment of APEX nuclzase.
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nuclease electrophoresed on  SDS-polyacrvia-
mide gels. The bleomycin-damaged DNA-lixed
and acid-depurinated DNA-{ixed membrances are
used [or detection of DNA 37 repair diesterase
and 5" AP cndonuclease activitics, respeetively.
As reported previcusly [1,14,81], exonuclease 111
and APEX nuclease bolh have DNA 3° reparr
diesterase and 5" AP endonuclease activities, and
are deteeted semi-dose-dependently.

3.6, Lacalization of DNA-modifving (repair} en-
hmes

The procedures for demonstraling the target
enzyme on the activity-blotted membrane vary
with the enzyme [unction and the damaged DNA
fixed on the membrane. We have chosen DINA-
modilving enzymes such as DNase 1, . enli exo-
nuclease 11f and APEX nucleasc, a mamumalian
major AP endonuclease, to illustrate the activily
blotting. Thesc engymes have priming activity for
DNA polymerase on appropriate DNAs by gen-
erating Iree 3-hyvdroxyl Llermini.

The activity-blotted membrane is ncubated
with 3% BSA in TEN buffer at 37°C for | h to
saturate the remalmag protein binding sites, and
then washed three times for 5 min cach with g
buller [40 mAf T'ris—HCI (pH 3.0}, 3 mM Mg(l,
and 50 m A4 NaCl]. The sites primed by the activ-
ity blotting are demonstrated by DINA synthesis
in the presence of cither radioactive substrate or
non-radioactively Tahelled substrate.

5.6.1. Radioactive detection

To lubel the primed sires. the blotted, BSA-
treated membrane is placed in a sealable plastic
hag and incobated for DNA synthesis at 37°C for
30 min in 2.5 ml of a DNA polymerase substrate
solution containing 40 mAM Tris HCI (pH 8.0 ad-
Justed at 25°C), 5 mA MgCla, 50 mAf NaCl, 5
mA 2-mercantoethanol, 100 pAf each dATP.
dGTP and dTTP, | uM unlabelled dCTE, 10 1 Ci
of [#-**P)ACTP (3000 Ci/mmol, Amersham), and
1 L. of Klenow polvmerase {or 2 T of DNA poly-
merase-fi). A 2.5-ml voiume of the reaction mix-
ture is used for two sheets (attached back-to-
back) of ca. 30 em? each of the blotted mem-
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branes. Aller the incubaton for L)NA synthesis,
the membrane is washed five times, for 1} mn
each time, with 3% (w/v) TCA to remove unin-
corporated nucleotides, hlotted on paper towels
and air-dried. The membranoe is exposed at
—60°C for 12-48 1 to Fuji New RX X-ray film
and DuPont Cornex Lightening-plus sereens.

Many examples of activity blotting analysis us-
ing the radicactive detection procedurs have
been reported [13-16.82), and an cxample is
shown in Fig. 5. Radioactive detection i5 rather
more sensitive than non-radioactive, but the lat-
ter is more convenicent than the former.

Some commercial preparations of *P-labelled
nueleotides are comaminated with [**Plpaly-
phosphates. The contamination causcs nen-spe-
cific labelling of almost alf protein bands blotted
on damaged DNA-Axed membrane. We have
had no such problems with the [“*PCTP lrom
Amersiam,

5.6.2. Non-radioactive defection

The blotted, RSA-treated membrane is placed
in a sealable plastic bag and incubated for DNA
svnthesis at 37°C for 30 min in 2.5 mi ol a DNA
pelymerase substrate solution containing 40 mAf
Tris—HCI (pH £.0), 5 mAM MgCl;, 50 mM Na(l,
5 mM 2-mercaptoethanol, 100 M cach dA'IP,
dGTP and dCTP, 65 pM ATTP, 33 pM digoxyge-
nin-dUTP (Boehringer Mannheim) and 1 U of
Klenow polymerase. After the DNA synthesis,
the membrane is washed in 3% (w/v) TCA with
three changes for 10 min cach to remove unin-
corporaled nucieotides, in two-fold-concentrated
5SC with three changes for 10 min each, and in
the same solution avernight.

Detection of the digoxygenin-labelled DNA is
performed al room temperature using digoxyge-
nin-luminescent deleciion kit (Boehringer Mann-
heim) according o the company protocol. Brief-
Iv, the membrane is washed shortly in buffer |
(0.1 A maleic acid and 015 A7 NaCl, phH 7.5
adjusted with NaOH) supplemented with (.3%
{w/v) Tween 20, incehated for 30 min with 100 mi
of 1% blocking reagent in bufler 1. and then in-
cubated for 30 min in 20 ml ol diluted anpti-digox-
vgenin-alkaline phosphatase conjugaic solution.
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The membrana is washed twice. lor 15 min each
time, with buller 1 supplemented with 0.3%
Tween 20 to remaover unbound antibody conju-
gate, equilibrated for 2 min with 20 ml of buffer 3
(0.1 M Tris—HCI (pH %.5), 0.1 M NaCl and 50
mM MgCl;] and incubated at room tcmperature
for 5min in ca. 10 ml of a diluted AMPPD {3-(2'-
spiroadamantane)-4-methoxv-4-(3”-phosphoryl-
oxy)phenyl-1,2-dioxvethane] solution. After re-
maoval of the selution and air bubbles from the
sealable hag containing the membrane bv gentle
squeezing, and sealing of the bag, the membrane
in the bag is incubated at 37°C for 15 min, and
then exposed to an X-ray film at room lemper-
aturc for 20-120 min, as for auteradiography.
The blotted memhrane may he used for immun-
clogical deteetion of the cnzyme protein after the
zvmographic analysis.

Figs. 6 and 7 are both examples of the non-
radioactive detection of DINA 3 repair diesterase
aml 57 AP endonuclease activities, and Figs. 8
and 9 are examples of the non-radicactive detec-

A | B
kDa 1 2 3 4.5 6

7 5 %1011 12
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tion of DMNase 1. Figs, 7 and & are examples of
capillary blotting, whereas Figs. 6 und ¥ are ex-
amples of electrobletting. Capillary blotting re-
quires u longer processing time than electroblot-
ling, but the detection sensitivitics ol the former
are generally higher rthan those of the latter. The
deteetion of the eneyme aclivitics is dependent on
the enzyme dose in both procedures, although
the protein blotting is incomplete, especially in
casc of capillary blotting,

Other nomn-radioactive detection vrocedures,
such as ECL (Amersham), may be applicd to the
activity hlotting method.

3.7 DNA-modifviag {repair} enzymes detecred or
possibly detected by the acrivity biniting merhod

The activity blofting method has been shown
ta be applicable to the detection of activitics of
endonucleases, such as DNase 1, DNA 3 repair
diesterase, AP endonuclease, and DNA 37 phos-
phatase (Figs. 5 9) [13-16.82]. Active peptide

c
13 141516 17 18

Fig. 7. Mor-radioactive detection of DNA ¥ repair diesterase and 5 AP endonuclease activities by the capillary blotting procedure of
the activity blatting method. The sample and the method of the activity blotting wete the same as described in Fig, 6. except that a
positively charged nylon membrune (Roehringer Mannheim) wag used in place of Hybond N. and the capillary blotting procedure was
usey 10 place of the glectrobloting procedurs, The amount of the E. soff cell extract loadeil was 1.4 ppinlane 1,2 8 peir lanc 2 and 5.6
sagin lane 3. The amount of the N, fraction was 43 pg 1 lane /& 90 g in lane 5aud 130 g 1o lane & The posilions indicated by the right
upper and lower arreras are the bands of APEX nuclease and exonucleass 11T, respectively. Lhe capillary blatting procedutz gave almast

the same resulf as the electrablotting procedure, although the cnzvme-dose dependency of the signals is clazrer in tae former than in the

lulter,
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Fig. & Non-radivactive detection of DNase 1 by she capilliery blotting procedurc of the setivity blotting method. DNase {¢3.5 Ursg: 31
kDa) was obtained trem Takara Shuzo (Kyoto, Japan) After SDS-PAGE of DRase 1. the cnzvmie wus renatured and blotted on a
mitive DXNA-fixad membrane. The memhbrane was incubated for DNA synthesis by the non radioactive detection procedure (Scction

5.0.2). and the sites primed by EPNase T and DNA-svnlhesized were detecied by dipoxyeeniz luminescent detection (indicated by an

arrow) When a large amonot of the enzyvine was applicd oo dane, o luree posilive sipmal with a clear centre is aobserved (B, lanes 3-6).
The cleaz centre indicates a region in which DINA s largely digested. The amount (U of DNase | loudoed was: (A) 000 in fane |, 00025
inlane 2, 0.005 in lane 3, 001 ie lane 4, 0.023 m lane 5, 005 iz lane G and & Lin lane 7: (BY 0023 in lare - 0.05in lane 2. 001 in lane 1.
D22 i lane 4. (1.3 in lane § and 1.0 in Jang 6. Lxperiments (A and (B} were conducted sedurately.

Tig. 9 Mon-radioactive detection of DNasc T by the electroblot-
ting, procedure of the activity blotting method. The sample and
the method of the activity blotting were as described in Fig. 8,
cxcept that the clecrroblolting procedure was nsnd in place of The
capllary plolling procedure, and that the bloted membrane was
washed twice witih a selution containing 40 mAf Tris -HCl (pH
8.00. 2 mM MgCl, ard &6 mM 2-mercapinethanol. and incubared
At M far | hin the same huffer prior (o TYNA synthesis. The
amiount (U] ol DMase Tloaded was 0,07 1 laoe 1, 0025 0 lane 2,
0.051n lane 2, 0.1 inlane 4. .25 in lanz 5, 0.5 0 lane 6, and 1.0
Taoe /.

[ragments denved {rom APEX nuclease and an
active hybeid protein capressed in £. cofi are also
detected (Fig, 5) [13 16,82}

The method may be upplicd lor detecting var-
ous other DNA-modifving enzymes by contriv-
ing the damaged DNA [ixed on membranes and
the detection system. For example, DNA ligase
may be detected by blotting uctive DNA ligase in
a gel on a poly(dA): 5'-*?P-oligo(dT)-fixed mem-
hrane, basically as described previously |13,56—
59]. DNA polvmecrasc and reverse transcriptasc
may bhe detected by using gapped DMNA-fixed
membranes and RNA-fixed membranes, respec-
tively. Poly(ADP-ribose) polymerase and meth-
yltransterase may be detected by electroblotting
of protein on gapped DNA- and native DNA-
fixed membrancs, and incubating with
[**PINAD ™ and [methyl-*H[S-adenosyl methio-
nine, respectively, by applying the previous pro-
cedures |33,60,79], Various N-glycosvlases may
be detected by blotting N-glycosylase activity on
4 nylon-membranc-fixed DINA with appropriate
base damage. such as O -methyladenine for O7-
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methyvladenine DNA glycosylase and uracil for
uracil N-glveosylase. The resultant AP sites on
the membrane arc detected by incubating the
membrane with ¥-AP e¢ndonucicase {such as
APEX nuclease). DNA polymerase and radiola-
beiled or non-radiolabelled substrate mixture for
DNA synthesis. DNA binding protein for a mod-
ilicd 12 A may be delected immunolegically by
blotting on the modificd DNA-fixed membrane
after gel electrophoresis.

fo FLLTION OF ENZYMLES ROM GELS, RENATURA-
TION AND PARTIAL PROGTEIN SEQIIEMCING

The methods reviewed in this paper permit the
identification of the band of an active DNA-
modifying enzyme and its purification after gel
clectropharesis (Fig. 10). When an enzyvme is notl
characterized enough, further purification is nee-
essury Lo characterize it. Zymography, combined
with protain staining of the gel, provides valuable
information on the enzyme puritication. Tf chro-
matographic purification 1s nol easy bul zyvmo-
graphic analysis using SDS-PAGT: is possible, it
can be purilicd from the 8DS-polvacrylamide gel
of its partially purified preparations or from the
clectrophoresed gel of 1ts crude preparations by a
combination of isoclectric focusing and SDS-
PAGE. The target enzyme can be purified by cut-
ting out the enzyme band from the gel in which
the band is well resolved from its surroundings.
T'he cnzyme protein is eluted from the gel band,
renatured and characterized, basically according
to the method of aper and eo-workers [86,93]
and Tshii er al. [94].

Bricfly, the protein band is visualized in the gel
by light staining with CBB or KCL. cut out, and
sliced into ¢a. 1-mm® pieces. The pieces are sus-
pended in 2 A Tris—HC1 buffcr (pH 8.0) in an
Eppendor[iube. The tube is rotated at room tem-
perature for 1560 min, then the sample is cen-
trifuged. and the pellet is eollected by removing
the supernatant. The protein is eluted in an ex-
traction buller containing 30 mAf Tris—HCI (pH
B.0). 0.1% SIS, 0.1 mAM EDTA, 130 mAM NaCl,
5 mAf dithiothreite] (DTT) and 530 ug/ml BSA by
rotating the tube ar room temperature for 12-24
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Partially purifiad DNA-modifying (repair) enzyme

S08-PAGE
Activily blotiing CBB staining Praparalive
o=
- —= T - =
l Cutting out
Elution
— || Gel purification
PR | -
Cutling cut
Y
_—
Elution
Renaturation

m‘d ostian
N

Enzyme characterization 50S-PAGE Chromategraphy

r
Protein (peplide) sequencing
Guessmers, PCR primers

cENA cloning
Fig. 10, Stralegy [or studying a DNA-modilying (repair) en-
zyme.

h, and the sample is centrifuged to collect the
eluent. Protein i1n the eluent is precipitated at
—R0°C for 1 h or more with four volumes of cold
acetone. SD§ and CBB are removed in the ace-
tone extract. The precipitate is washed with 80%
ethanal-20% dilution buffer consisting of 50 mM
Tris-HCL (pH 8.0}, 0.1 mAf EDTA, 150 mM
NaCl, | mA dithiothreitol (DTT), 30 wz/ml BSA
and 20% (w/v) glvcerol. Ethanol and acelone are
evaporated by centrifuging for 2 5 min in Speed-
Vac concentrater (Sarvant). The precipitate is
dissolved thoroughly in 20 ul of & f puanidine—
HCI 1 the dilution buller, apd the solution is
allowed to stand at 37°C for | h. The solution is
then diluted 50-fold with the dilution bufter and
permitted to renature for 12-24 h at room (ein-
perature. The cnzyme uctivity of the sample is
assayed directly or after concentration by ullra-
filtration.
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Determination of partial amino acid sequences
of the target enzyme can be made possible by
using the gel-purilicd preparations directly, ot afl-
ter partial digestion with proteasc. The band cor-
responding to the target enzyme or its peptide
frapment on the CBB-stained polyacryvlamide gel
is excised, immersed and rotated in deionized wa-
ter with several changes for one day to remove
acetic acid. The ge! pieces are crushed, immersed
and rotated to extract the enzyme for one dav in
50 mAf ammonium bicarbenate solution (pH 10
adjusted with ammaonium hydroxide) containing
(3.1% SDS and dithiotheeitol at 1 me/ml, as de-
scribed previously [95]. The extract is concentrat-
ed by witrafiltration. The N-terminal amino acid
sequence of the gel-purified protein is determined
by a protein sequenalor. By using the sequence
mlormaiion, cDNA cloming [or the enevine may
become possible [14]. For further details on se-
quencing of the gel-purilicd protin, rel, 96
should be consulted.

TOCONCLUSION

Zvmographic methads (activity staining of ¢n-
zvmes separared by gel electrophoresis) for de-
tecting DNA-modilying {repair) enzymes have
several advantages [8,9,11.127: (D) enzymicallv ac-
tive proteins can he detected and characterized
even in crudc preparations; in particular, their
moleculur masses can be estimated; (2) active pre-
cursors and degradation products of enzymes can
be detected; (3) semiquantitative comparative as-
suy of enzymes is possible; (4) eneymes obtained
from cells in various stages, various tissue cells
and various organisms cun be compared; (5) iso-
cymes, expressed enzymes, mutant enzymes and
multifunetional enzymes can be identlied; (6) £y-
mography provides information for further puri-
fication of an enzvme, and a step in the determi-
nation of the primary structure of the enzyme.

Known zvmographic methods for DINA-mod-
iving engymes can be divided into the activity gel
and activity transfer methods. The Latter methods
melude overlay pel, activity Blot and aclivity
blolting on dumaged DNA-fixed membrancs.
Fach method has both merits and demerits, and a

5. 85ekict ab [ F. Chromgtage 638 (1997 17—isa

selection should be made to suit the purpose. In
the present review, cmphasis is pluced on 4 novet
method of the activity blotting on damaged
DN A-fixed membranes, because ihe other meth-
ods have been teviewed 1n detail previously
[8,9,12]. The activity blotwing method has wide
applicabhility by selecting or contriving the dum-
aged DNA-fixed membranes and detection meth-
ods. Tt is especially applicable to the detection of
various DMNA repair cnzymes. The blotted mem-
hranes can be handled easily (washing. incuba-
lion, activity delection and so on), and non-ra-
dioactive detection is possible. By improving the
methad, it may be used for zvmographic detec-
tion of many kinds of DNA-modifying enzyme,
for detection of TINA hinding proteins, for
screening ol bacterial colonies transformed with
expression plasmid, and for screening ol disor-
ders o TINA-modilving ensymes in climical spec-
imens.
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