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ABSTRACT 

The possibility of using a MWPC for the non-destructive identification of DNA repair de
ficient mammalian cells is discussed. 

The detection system relies on mapping the differential incorporation of a radioactive pre 
cursor of DNA biosynthesis by aggregates of cells. The resolving power, sensitivity and linea 
rity of t he developed system are shown together with ·preliminary analogically and digitally re=
constru cted maps of 14C or 3H labelled cells. 

1. - INTRODUCTION. 

Defects in DNA repair mechanisms are associated with and are probably the cause of some 

human diseases, but our knowledge of the repair mechanism in mammalian cell s is strongly li~ 

ited by the lack of a suitable method for identification of DNA r epair deficient mutant ce lls. Most 

of the known repair mechanisms in volve the unscheduled synthesis(1) of short DNA sequences 

which replace the damaged regions . As a consequence, repair deficient mutants may be recog

nized by their inability to incorporate a radioactive precursor in DNA chains in conditions under 

which repair should normally occur. DNA damage can be induced by ultraviolet light exposur e 

and a differential incorporation of the labelling agent can be produced with particular procedures, 

which include a bath of the damaged cells in 14C or 3H-thymidine. As a result, repair-comp~ 

tent cells will incorporate the radioactivity, whereas repai r-deficient mutants will stay poorly 
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labelled . We are then left with the problem of distinguishing rare, poorly labelled colonies in 

lerspersed with a great majority of labelled colonies. 

Conventional autoradiographic techniques do not meet the particular requirements of this 

type of study: a) low time consumption, b) high sensitivity. c) need for a non destructive tee!! 

nique to kct!p the identified bielog-icat mu tants alive for further biological studies. In previous 

fJapers(2, :3) we have shown that a MWPC was able to satisfy these requirements and could be 

used as an electnJnic autoradiography system. Here we present the results obtained with a 

"ad hoe I! designed MWPC with optim i zed mechanical characteristics for the reconstruction of 

low level p- activity ma.ps. Test perform ed with y and ~- sources are discussed together 

with cled r'onically reconstructed Clusorption and transmission images; finaliy, actual maps 

of 14C or 3(_, JabeUt:!d coloni es of living cells are pres ented. 

2. - TIm MWPC AND T il E ANALOG READ-OUT SYSTEM. 

1\ crucial problem in localizing and identifying small. individual spots of ~- activity 

with gaseous detectors is connected with the range of the ~- -rays inside the detector volume , 

The spread-out of an isotropical1y ~ - emitting source at a distance L from the detec

lion jJl atle a nd with (~xtended (track) ionization can be approximately modelled. assuming re~ 

111lne<Jr lracks amI exponential attenuation , and neglecting the self-absorption in the source , 

by 

[ 
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~ ~ ~ J L -,----e -"------,,Z). _ d + _I e - - V 1 + IJ 

2" ). 2 2 Z 2 2 
L _ La r + z 2 L (J + ~ ) 3/ 2 

L2 

(1) 

where No is the numhel' of emitted particles, ). the absorption coefficient . Lo the cathode

anod!:! disi.ance, LT lhe total absorption thickness (mylar. window + gas) and & = 2L - LT 

(rig". 1). This equation gives the bidimensional density distribution of the center of gravity 

of the ionization clouds as a ftll1ction of the distance from the source projected on th e dete~ 

tiOIl pl:-Hll'. 

z 

FIG . J - Schematic drawing of the MWPC and of the sour c e image spread-out. 
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The first part of eq. (I) accounts for r particles ('i' 300/. of total for J4 C ) anding their 

ionization path inside the active volume of the detector, while the second one accounts for 

particles ending outside. 
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FIG. 2 - The area of the source image as 
a function of: a) gap-width (Lo) at L- Lo: 
= 1 mm ; b) source-cathode distance 
(L - La) at La = 4 rum. 

The area of the source image, i. e. the 

area on which 500/0 of detected events are col 
lected, is shown in Fig. 2 as a function of 

the main MW"PC design parameters. 

For improving both resolving power and 

sensitivity of the detection system to 14C 

labelled cells we have designed a MWPCwith 

a very thin mylar window (9,urn).. small ano

de-cat hode gap (4 mm), and a minimized non 

-active volume (1 mm: the distance between 

the cathode plane and the mylar window). 

With this design one can obtain a transmi~ 

sion factor of about 700/0 for the p- spectrum 

from 14C, a significant reduction in the spa

tial extension of the source image and a rea

sonable compromise with the requirement of 

detector mechanical and electrostatic stabi-

lity , Separation between adiacent wires i s 2 mm and the total useful detection area is about 

600 cm 2, To keep the cost of the associated electronic circuitry reasonably low we have 

chosen a cathode - coupl ed delay line read -out system with the anode signal only used as an 

ENABLE. The delay lin e and its characteristics has been fully described elsewhere(2), The 

one - end start, t he other - end stop technique has definite advantages with respect to the ano

de-star t , one-end stop technique in improving the spatial resolution (doubling the relative 

del ay on the two signals and thu s doubling 

the specific delay per unit l ength), the li

nearity a nd the response uniformity (due 

to compensation effects along the delay ~ 

ne). The pick-up and processing of the siE. 

nal s a r e obtained by means of low-noise, 

charge sensitive pre-amplifiers which re~ 

lize the I1cold ll t ermination of the delay-~ 

ne , The differential and integral shaping 

constants of the subsequent Timing Filter 

Amplifiers (TFA ORTEC 454) a r e select-

ed to optimize the signal-to-noise ratio 

(Fig. 3). An accurate timing system based 

FIG. 3 - One-end deJay-line output signals (low 
er) triggered by the signal from the other end -
of the delay-line (upper). Horizontal scale is 
JOO nS/div. 
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011 Constant Fract ion Discrimination (CFD ORTEC 583) is used to measure the tim e of ar

rival of signal s at both e nds of the delay-lin e with accuracy better than 2 ns, 

The processed signals from the two ends of each delay-line are the start and stop of 

two Tim e to Amplitude Converters (TAC ORTE C 467) that drive the x and y deflection pl-,,

tes of an oscilloscope; the z axis of the oscilloscope is intensified by the AND of t he two 

TAC signals. A Polaroid c amera is used as a permanent s torage of the obtained analog in

formation (Fig. 4). 
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FIG. 4 - Schematic drawing of the electronics and of the read - out s ystem: analog (--) and 
diJ.,rital ( ----) read-out. DTG = dead time genera·tor, sI R = sample and hold unit. 

T he main limits of th is read-out schema are the narrow range of linearity o~ the Polaroid 

film and its poor grey level characteristics as well as th e impossibility of an off -line analysis . 

In the next two sections we will discuss the results obtained with this s imple and economical 

rea d-out syst em, while in the following sections we wil l discuss the digital read-out system, 

its relati ve ad vantages and the r esults obtained wit h that m ore complex read- out. 

3. - THE MWPC PERFORMANCE. 

W e have measur ed the e ne rgy resolution for a single anode wire (z 14% FWHM) using a 

55Fe source (5 .9 KeV X -ray s) (Fi g. Sa) . Th e energy resolution naturally gets worse (~30% 

FWHM) if a ll the anode wires are connected together, because of mechanical tolerances and 

increased system capacity (F i g . 5b). 

The intrinsic spatial resolution of th e system has been measured irradiating the cham

ber with an uncollimated 55Fe source and measuring only the coordinate orthogonal to the 

anode wires . In this configuration the source may be cons idered as localized within a narrow 

spot arou nd the sense wire so that the problems related to th e finite dimensions of the sour-
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FIG. 5 - Energy resolution spectrum with 55Fe X - rays at the voltage of 2.5 KV: 
a) single anod e wire, b) OR of all the anode wires . 



- 6 -

ce can be ne glected. Fig. 6 shows the arrival time distribution of the output signals at one 

end of the delay-line. when the start is given by the output signal from t h e other end. The aE. 

rival time distribution from a s ingle wire has a FWHM of 400 /-Lm, and the corresponding dJ:. 
stribution from all the anode wires "lighted" by the source has a FWHM of 10 mm, This is 

in very good agreement with the predicted value obtained integrating, along th e x direction, 

the density distribution Q(rL given by eq. (2), which corresponds to e q. (1) for the cases of 

low energy, uncollimated )I-source, with point-like ionieation 

N jL+Lo 
p(r) = _0_, ..::e'--___ """""_""""" _____ dz . 

4"'A 2 2 r + z 
L-Lo 

(2) 

The measured spatial resolution is quite constant over the whole detector as one can see 

from Fig. 7, showing: a) the individual and the mean spatial resolution as aftinction of the 

position. and b) its distribution around the mean value . 

The spatial resolution for 14C p- rays ~Fig. 8) is strongly dependent on the extension of 

~he ionization track associated with any individual electron emitted by the source (E MAX = 

:- 15G keV). Many wires can be hit by the multiple avalanches produced by a single track. 
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FIG. 6 - Intrinsic spatial resolution as measured with a 55Fe source: __ measured 
discreti?ed distribution. --- calculated continuous distribution (see also text). 
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FIG. 7 - a) individual and mean spatial resolution as a function of the distance along thp 
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In this case th e a r r i val time dis t ribut ion from a single wire spreads out (FWI-IM ':111. 5 m m ) i n 

comparison with the correspond ing value for the low energy X rays. On the other hand the 

measured distr ibution from all the wi res is now narrower (FWHM !:!! 8 mm). 

The linea rity of t h e system has been tested movin g the source al ong the y direction a nd 

recording the position of the peaks which correspond to diffe r e nt anode wires. Fig. 9 sh ows 

the delay time as a functio n of the position of the source. The dala can be fitted by a straight 

line whose slope is the specific delay (or) of the delay -line , while the accu racy in determining 

th e sl ope is a m easu re of the read - ou t system linearity (t' = 6.42-t O.Ol nsec/mm) , 

CIJ 

.s 600 
~ 
-1 
W o 

400 

200 L = 6 .42 ± O.01 ns/mm 

F TG. 9 - T he linearity of the read-out system, as measured by moving a 55Fe sou r ce 
Bcros!'> t he chamber. The s l ope is 6.42 !0.01 ns / mm. 

T h e intr ins ic imaging capability of the system has been studi ed by m eans of transmission 

and absorption pha ntoms of various dimensions and structures, i rradiated with a 55Fe source 

~iO centimeters above the detection plane (Fig. 10) . As it is clearly seen in the figures , the main 

structures of the phahtoms are well resolved. though the wire pattern of the MWPC is evident . 

T o measure the resolving power of the system, 1. e. the capability of identifying individual 

spots of radioactivity . we have reconstructed the positions of th ree individual 14C sources , 2 

rnm in diameter , 10 and 20 mm apart (Fig. lla). 

The optical densitogram of a section through the center of the sources (Fig. lIb) shows 

that even the two nearest sources a r e clearl y resolved. Taking into account the finite dime n

sion of the sources, we can set the resolving power of our system for] 4C sources at 4.5 mm 

(FWHM) (see also Fig. 1S). The area I on the detection plane "lighted"by a point like source can 

be estimated:: SO mm 2. The overall efficiency for a 14C source, i. e. the ratio k between 

the number of p- particles detected by the chamber and th e number of those emitted by the 
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source, has been m easured ~ 0.2, a nd can be rac 

tori zed as: 

(2) 

wher e fs takes into account the self -absorption of 

the source, fn is the solid angl e factor, fT is the 

transmission factor of the p- spectrum and "1MWPC 
is the detection efficiency of the chamber at the 

working threshold. If I = 0.5, IT is calculated 0.7 

and th e self-absorption i s negl ected (i. e, fs = 1), 

then we may d e rive from equation (2) the intrinsic 

e ffici ency of t h e MWPC '1J ~ 0.6. integrated overthe 

b) energy spectrum of the transmitted P- particles, 

rIG. J 1 - a) Anal o,L,rically reconstructed 
map of three 14C source displa ced 1 and 
2 cenlimetcrs; iJ) opU cal dcnsitogram 
of a section lhrou gh the center of th e 
SOlll'ces . The sources are cl early re
so]vc u, althou gh st r on gly mask ed by s a 
turation e ffects in photographic emul-
s ian (the polaroid film). 

The measured l evel of noise density is N ~ 

~ ] 0- 4 c, p. s . / mm 2 , If we define the sensit ivity 

S (pCi/ mm 2) of the detection system as the ac~ 

vity density of a source which gives a counting r! 

te density equal to the noise level, then we can 

s ay. taking into account the overall detection ef~ 

ciency and the source image spread-out. th at S!r 
R A +I+2 (A l)l / 2 

=: ~. k where R tv A is the ratio 

between the image and actual area A of the sour

ce. F o r a 1 mm 2 source, numerically R~ I and 

S '.::!. N· ~ ~ 1 pCi / mm 2 . This result. which is 

quite adequate for our purposes can be further 

improved if exlended sources are considered. In th is case. indeed, R tends toward one , i, e. 

almost all t he dete cted events are collected on a region not much wider than the actual source 

a rea. An ac tivity denSity mu c h lower ca n then be measured for extended source configuration. 

A sensit i vity or 0.] - 1 pCi/ mm 2 may be foresee n for biological exper iments with aggregates of 

mammalian cells . 

4 . - IM.~G1NG OF COLONIES OF 14C-LABEL LED LIVING CELLS (ANA LOG READ-OUT). 

The proposed biolol:,rl.cal experi ment procedure has bee n aiready described(2), In short , cells 

of human origin (He La) are seeded into "petri dishes II in the presence of a nu trient medium. At 

a certain time. hydroxyurea, a substance wh ich specifically inhibits DNA replication but not re

pai r synthesis , is added to t he cultured cells, wh ich a re then exposed to 2600 A UV light. A ra

dioactive precursor of DNA synthesis, such as 14C - thymidine, i s a dded to the culture and, after 

an appropriate labelling time (few hours), the residual 14C-thymidine is washed out. Since DNA 

• 
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FIG. 13 - Optical densitogram of a section through the 
cells on the right-hand side of the picture of Fig. 11. 
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replication is almost completely blocked by the inhibitor, the radioactive precursor will mai~ 

ly be utilized by the cel1~ engaged in the repair of the DNA damaged by the UV -,treatment. 

Fig. 12 is a map. as reconstructed wHh the MWPC , of four livin g cells aggregat es obtain

ed with lhis procedu r e . T heir relative distance is 2 em and the active area is 12 or 19 mm 2. 

The specific acti vity of each aggregate, as measured with a li quid scintillator tech nique, is 

~ 10 pCi/mm2. Fig. 13 is the optical densitogram of a section through t h e cells shown to the 

right of .F ig. 1] . In Fig. 14 a similar map is shown, but the specific activity is now 3 pCi/mm2. 

T he cells i n the right-hand COl'ner of the picture were not exposed to UV light and their image 

simulates the expected background activity in a non repairing colony , 

!i, - TilE Dl GITA L READ-OUT SYSTEM, 

The signal s from the x and y TAC's are digitized by means of two 12 bit ADCs' and stor 

ed ill lhe permanent storage (floppy-disk) of a DEC-MINe 11 minicomputer (Fig. 15). The data 

al'e first organized as a 64 x 64 (or 128 x 128) matrix and then analyzed an displ ayed with an im 

age processing specialized hardware and software . 
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F'rG. 15 - The digital read -out system: 
d£'tai\ec\ view. 

Computer controlled data acqu isition , ha~ 

dling and display have shown significant advan

ta.l!es over the analog one we previously used 

(oscilloscope coupled Polaroid camera), in 

terms of: 

1) grey {or coloul'} scaling independently of the 

film characteristics; 

2) possibility of correction for non linearity a nd 

non uniformity; 

3) processing of images with poor statistics, 1. 

e . improve m e nt of the SjN; 

4J image enhancement and pattern recogn ition; 

5) possibility of correcti on fo r I"esolu tion d egr~ 

dation; i. e. refocussing (deconvolution) technl 

ques; 

6) absolute parameters measureme nt. 

In Fig. 16 two 14C ind ividual sou rces , 2 mm 

in diameter, 20 mm apart are displayed wh ith 

out (left) and with (right) a comita nt level (bac~ 

ground) subtraction. The F WHM of the profiles 

trough the centel' of these sources ca n be esti 

mated ~ 4.5 mm and ~ 4 . 0 mm respectively . Typ.2:. 



FIG. 16 - Two digitally reconstructed 14C 
sources. 20 mm apart. 2 mm diameter 
original (upper left-hand side), background 
substraction (uppe r right-hand side) and 
their relative profiles . 

FIG. 18 - Processed maps of three 14C-label 
led cell aggregates of different areas (712-
-19 mm 2) and very low activity ('" 3pCurie! 
mm2): 1) original. 2) smoothing and back
ground subtraction, 3) ROI, 4) isocount lines. 
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FIG. 17 - Processed maps of four 14C_Iabel 
led cells aggregates of different areas (12 -T 9 
mm 2)and activity (7-IOpCurie!mm 2) : I) ori 
ginaI. 2) 8moothin g. 3) Region of interest (ROn 

FIG. 19 - Processed maps of six 3H-la bel
led cellular monolayers . The minimum di
stance between two layers is 2.5 mm; 1) ori 
ginaI, 2) smoothing + background subtraction, 
3) a profile trough the line shown in 2, 4) iso 
count lines. 

FIG. 20 - Processed maps of several clones 
of 3H -labelled cells. The mean density is 2 
clones/ cm 2 . 1) original, 2) smoothing+ back 
ground subtraction. 3) isocount lines. 4) rna 
re selective contouring showing the intern3J. 
structures in some contours. 

NOTE: The originals are colour pictures; 
The passage to black and white print great 
ly impairs the quality and information dep 
si t y. -
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cal digital autoradiographs of 14C labelled living cells as obtained with simple and standard 

computer processing are shown in Figs. 17 and 18. They can be favorable compared with the 

corresponding analog ones (Figs. 12 and 14), 

G. - IMAGING OF 3H-LABELLEO LIVING CELLS. 

The use of 3ft_thymidine labelling greatly increases the specific activity of the colonies 

and improves the resolv ing power of the system. The former is increased by more than a fa~ 

tor ten using a higher concentration of quite cheaper 3H-thymidine, while the latter is re

duced up to '" 1.5 mm (FWHM) because of the very short range of the 3H P- rays (few mill! 

meters in Argon S. T. P.). Figs, 19 and 20 show reconstructed and processed maps of 3H 

labelled cellular monolayers and of clones of living cells as obtained directly putting the sa~ 

pIes inside the gas volume of the detector. The main problem with 3H-labelling is the neces

sity of working with a windowless detector. The maximum range of 3H ~- rays (EMAX = 

= 18 keY) is in fact only ~ 5 mgt cm 2 , A suitable solution can however be realized with a l-!! 

tIe bit more complicated mechanics and gas tighting, A modified version of our detector al

~owing the routine use of 3H-labelled samples is now being assembled in our laboratory. 

7. - CONCLUSIONS. 

We have shown that a MWPC is a very useful detection system for the biological experi~ 

ment we proposed. Resolving power. linearity, sensitivity are good enough to reconstruct bi~ 

logical maps of 14C-Iabelled living celis that have a typical specific activity of some pCi/mm2 

and ~ 1 em separation. Fur ther improvements are obtained digitalizing the whole system. 

that allows for off-line analysis and data redu ction, and particularly using -labelling. 
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