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COKPARISON OF THE OXYGEK ENHANCEMENT RATIO FOR Y-RAY-IKDUCrj) 

SX&LE-STRAND BREAKS IS THE DSA OF BACTERIOPHAGE T7 AS 

DETERKIKED BY TWO DIFFERENT METHODS OF ANALYSIS 

G.P. var. der Schans and A.CM. van der Drift 

Motivering en Toelichting 

Er zi]n vele aanwijzingen dat de dood van een eel ten gevolge van 

bestråling r.et ioniserende stråling (bijvoorbeeld røntgenstråling) 

hoofdzakelijk wcrdt veroorzaakt door beschadigingen van net DNA van de eel, 

het materiaal waarin de erfeMjke tigenschappen van de eel zijn vastgelegd. 

Een van de beschadigingen die optreden is de zogenaaad* dubbelstrengbreuk, 

waarbij op cen bepaalde plaats in het DMA de beide strengen wsaruit hat 

D"A bestaat, zijn gebroken. Aar.genoc.en wordt dat in het overgrote deel 

der gevailen een dubbelstrengbreuk dodelijk is voor de cel. 

In een vorig onderzoek is gebleken dat bij bestråling van het 

bacterieie virus T7 de aanwezigheid van zuurstof een verhoging van het 

aantal ^ubbelstrengbreuken tot gevolg heeft. In een recente publicatie in 

de literatuur wordt dit tegengesproken en wordt het vermeer.de zuurstof* 

effect toegeschreven aan een onvolkonenheid van de door ons gebruikte 

techniek ter bepaling van de hoeveelheid dobbelstrengbreuken. 

De resultaten van het onderzoek dat in dit rapport is beschreven, 

tonen aan dat zuurstof wel degelijk een sensibiliserend effect heeft ten 

aanzien van de productie van dubbelstrengbreuken door bestråling. Dit kon 

sow«! mat de reeds eerder gebruikte techniek, al* net da door onze crlticus 

gebruikte method« worden aangstoond* De oorzaak van da gesignaleerde 

discrepantie mæt werden toegeschreven aan een onjuiste interpretatie van da 

«x?eri»ent*l« resultatet) door ganoaade criticua* 

http://Aar.genoc.en
http://vermeer.de


- i -

COMPARISON OF THE OXTGEX EMHASCEHEKT RATIO FOR Y-RM-IHDUCED 

DOUSL£-STRAXD BREAKS IX THE DNA OF BACTERIOPHAGE T7 AS 

DETERMINED BY TWO DIFFERENT METHODS OF ANALYSIS 

G.P. van der Schans and A.C.H. van der Drift 

Suisaary 

Bacteriophage 77 was irradiated in a protecting medium under nitrogen 

and oxygen with Co gaona rays. Double-strand breaks were measured by 

sucrose gradient sedimentation and by boundary sedimentation analysis* 

Both methods showed that the presence of oxygen during irradiation enhances 

the production of double-strand hreéka. This in contrast to a recent 

report which suggests that boundary sedimentation analysis does not show 

an effect of oxygen. The discrepancy oust be ascribtd to differences in 

interpretation of the sedimentation data* 



COKPAJUSGN OF THE OXYJEN EHHANCEHDTT RATIO FOR Y-RAY-XVDUCE9 

3CL'BL£-STRA2iD BREAKS IK THE DSA OF BACTERIOPHAGE T7 AS 

DETSRltlKES BY TWO DIFFEROfT KCTK09S OF ANALYSIS 

G.P. van der Schans and A.CM. van der Drift 

1. Introduction 

According to a recent paper (Morgan 197i*) the enhancement by oxygen 

of the induction of double-strand breaks in DNA by ionizing radiation 

depends on the aethod of break analysis used. Analysing the irradiated 

1>UI by sedimentation through a sucrose gradient according to the method 

of Van der Schans, Aten and Blok (1969), Horgan (197H) found a clear oxygen 

effect, whereas boundary sedimentation analysis did not show such an effect. 

A more close analysis of the problem, however, shows that this discrepancy 

is probably not a matter of technique but of interpretation of the 

sedimentation data. 

In this paper experiments will be presented which show that, at 

least in the case of irradiation of bacteriophage T7 in a protecting eediua, 

both methods of analysis give evidence for an oxygen effect on the 

production of double-strand breaks in DMA. 



2. Materials and Methods 

2.1. Preparation and irradiation of bacteriophage T? 

Bacteriophage T7 vas prepared according to tr.e sethod of Lunan and 

Sinsheiær (1956). The phage was purified by Beans of differential 

eentrifugation and a final centrifugation through a sucrose gradient (see 

below). The sucrose gradient fractions containing the phage were pooled 

and dialysed against J.SX NaCl • 1 sK XgClj. Before irradiation histidine 

was added to the bacteriophage suspension up to a concentration of 0.1 H 

to avoid release of DMA fro« the phage due to damage of the phage coat 

12 

by radiation-inducec" radicals. Samples of 2 al containing about 10 phage 

particles per al wer** irradiated at 0 °C in a Co source (Gaamaceli 200, 

Atoaic Energy of Ctnadi Ltd). During irradiation oxygen or nitrogen was 

led through the suspension. Absence of oxygen in the case of nitrogen 

bubbling was checked in the outlet gas by aaans of a Hersch cell (Hersch 

19S0). The dose rat« (18 krads/ain) was aeasured by FeSO dosimetry. To 

mlniaize influences of possible after effects samples of irradiated phage 

(•tOO krads) were processed iaaediately. 

2.2. Isolation of DNA 

DMA was isolated froa the irradiated phage by phenol (1 x) and ether 

extraction («t x), followed by gelfiltration through Sephadex 6*100 with 

1 H HaCl in 0.01 K tris buffer, pH 8, as eluent. The fractions containing 

the DNA ware pooled and, if not used iaaediately, stored at -20 °C. Frozen 

solutions were incubated at *»0 °C for S »in before use in order to avoid 

anoaelous sedimentation caused by aggregation of the DNA. 

Compared with unirradiated phage suspensions of the saae concentration 

the net amount of DNA obta'ned in this way fros irradiated phage suspensions 

was significantly smaller and amounted to 70 par cant and 95 par cant after 
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irradiation under nitrogen and oxygen respectively. Presumably the loss of 

DNA has to be attributed to DNA-protein cross-linking (Bremen 1972). 

2.3. Suercae gradient centrifugatian 

The techniques of sucrose gradient centrifugalion were essentially 

those described earlier (Van der Sohans *t al. 1969). Linear sucrose gradients 

(5 - 2C per cent w/v in 1 N NaCI • 0.02 H Na.citrate) were prepared in 

polyalloaer tubes. 0.5 ml of the DNA sample, containing about 8 ug of DNA, 

was layered on top of the gradierts. Centrifugation was performed at 5 C 

ar.d 22,000 r.p.m. for 15 hours in an SW 27 rotor of a Spinco L3 ultra-

centrifuge. After centrifugation the gradients were fractionated as 

described (Van der Schans «t at. 1969) using a more sensitive UV-detection 

system (0.5 ug of DNA could easily be detected). Typical sedimentation 

patterns arc shown in figure 1. The roughly symmetrical peak of the 

unirradiated DNA, at about H cm froa the top of the gradient (fraction 120 

i.i figure la) has a half-value width of about 2 - 3 am. Irradiated samples 

(figure lb and 1c) show clearly a slower sedimenting DNA component in 

addition to the leading peak. 

The principal problem in the analysis of such composite patterns is 

to estimate the relative contributions of intact and affected DNA to the 

leading peak. As pointed out earlier (Van der Schans et at. 1969), the form 

of the sedimentation pattern for DRA molecules broken at random, can be 

calculated . The calculated distribution (broken line in figure lb) is in 

fair agreement with the experimental distribution. The distribution if 

very broad and is not disturbed appreciably during sedimentation and 

fractionation. In other words, the absorbance of a particular fraction of 

the broken molecules In the distribution remains rather unaffected during 

tho experiment. Therefore it is reasonable to extrapolate the curve of the 

broken molecules to a vert leal lin« corresponding with the position of the 
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maximum of the unbroken molecules. This position is at the right of the 

peak in the distribution (see figure lb) because of the distortion of the 

profile of the unbroken molecules. In practice, it is difficult to assess 

exactly the position of the vertical line. However, it can be seen easily 

by constructing a hypothetical composite sedimentation profile from the 

separate profiles for broken and unbroken DNA (assuming symmetrical 

gaussian peaks for populations of broken and unbroken molecules of equal 

length) that this line has to be drawn to the left of the vertical line 

dividing the remaining area of the unbroken molecules into two equal parts. 

for the curve given i.* figure lb it can be calculated that if the 

maxinum of the peak is taken as the position of the vertical line, the 

average number of double-strand breaks per molecule, py amounts to 0.70. 

If the vertical line is drawn in such a way that it divides the remaining 

area of the unbroken molecules into two equal parts, p = 0.71. Evidently, 

the difference between these two values of p is very small and in practice 

smaller than the uncertainty in p due to the difficulty of drawing the 

base line to orrect for the absorbance of sucrose* 

In this paper the sedimentation patterns have been analysed by extra

polating the profiles of the broken molecules to a vertical line dividing 

the remaining surface in equal areas. 

2.H. Boundary tødimntation 

Boundary sedimentation velocity experiments (Svedberg and Pedersen 

19*0) were carried out In a Beckman Model E analytical ultracentrifuge, 

equipped with a temperacure regulator and an ultraviolet-absorption 

scanning system combined with mirror optica. All experiments were performed 

in a six place An-G Ti-rotor at 20 °C at either 16*200 or 37,020 r.p.m. 

At 16,200 r.p.m. scans were taken at 20 »in intervals, at 37,020 r.p.m. 

at 0.5 min intervals. In the latter case only two samplet were run 

simultaneously. 
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The DNA sanpies (about 16 ug/ml) were carefully brought into 12 mm 

double-sector cells by means of an injection syringe equipped with * 

narrow needle. The optical density was about C.U at 265 nm. It was checked 

with the sucrose gradient sedimentation technique that this way of handling 

the D!fA solution did not introduce additional breaks* neither in the 

irradiated nor in the unirradiated DNA samples. 

Representative boundary sedimentation patterns are shown in figure 2 

(drawn curves). According to Neary, Sistpson-Giideaeister and Peacocke (1970) 

and Horgan (1974) the fraction of unbroken DNA (e~p, where p is the 

average nuatber of double-strand breaks per molecule) is equal to the ratio 

of the height of the straight and nearly vertical part of the sedimentation 

boundary and the total height of the sedimentation profile, i.e. to 

kfitx • b • a) in figure 3 (In this paper this is called method I). These 

authors assume that a represents the material sedimenting faster than 

unaffected DNA, ascribed to cross-linked DNA, and that a represents broken 

molecules. In this procedure the following facts are neglected. Firstly, 

there are obvious concentration effects (molecular interactions) on the 

sedimentation profiles at the DNA concentrations employed in experiments 

of this type. This has been shown by Aten and Cohen (196S) and Coquerelle, 

Bohne, Hagen and Merkwits (1969). The same effects have been observed 

under our conditions of sedimentation (S2Q tf at 16 yg/nl s 30.1 S, where«« 

S20 w s 32'5 S)* T l M observation that the slope of the straight part of 

the boundary of irradiated samples decreases with radiation dose (compare in 

figure 2 profile b and c with a) provides additional evidence for concentration 

effects (Johnston and Ogston 19*6). It is difficult to predict the conse

quences of these concentration effects on the estimation of the relative 

proportion of b (figure 3), 
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Secondly, the nain pert of the fast sediaenting material (a la 

figure 3) consists of unbroken DMA molecules for the following reasons. 

Sounderies of unirradiated DKA show also »owe bending near the upper 

plateau (figure 2a) which cannot be attributed to cross-linked broken 

•olecules. Further, the distribution of the absorbar.ee of broken molecules 

is such broader than that of the unbroken molecules. This eeans that if 

cross-linking gives a shift of the whole distribution of DSA to higher 

sedimentation coefficients, it is still wary likely that* at not too high 

doses, the observed fast sediaenting material consists aalaly of unbroken 

•olecules. (It should be noted that phage particles were irradiated, so 

that interaolecular DNA - DMA cross-links could not be formed.) These 

considerations show that, provided the dose is not too high, a sore 

reliable estimate of the nuaber of double-strand breaks is obtained when 

the fraction of fast sediaenting material is also considered to consist 

of unbrckea molecules i.e. e"p * (a • b)/(a + b + e) (In this paper 

this is called sethod II). 

Thirdly, even if the boundary is not influenced by concentration 

effects, its straight part cannot be representative for the fraction of 

unbroken molecules since it is not exactly vertical, as is clearly shown 

in the profiles b and c of figure 2. This Beans that an overlap exists 

between unaffected OKA and the distributions of broken and fast sedieentlng 

DKA. A correction for the overlap with the broken solecules sediaenting 

with nearly the same velocity a* the unbroken aolecules is made is aethod III 

(see belowi. 

http://absorbar.ee
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2.5. Methods of (surtparison 

Tt*e corsrents above indicate that the discrepancy no^ed by Horgan 

(1971«) may be due either to the trethod ot analysis or to the interpretation 

cf the patterns or to both. In order to get an unambiguous analysis of the . 

probles, both the sucrose gradient sedimentation and the boundary 

sedimentation have been analysed according to the same methods. Therefore, 

the experinental boundary sedimentation patterns have been differentiated 

(broken lines in figure 2) and analysed exactly as the sucrose gradient 

sedimentation patte:.t& (This is called method III). On the other hand, the 

experimental sucrose gradient sedimentation patterns have been integrated 

(dotted lines in figure 1), giving patterns equivalent to those obtained 

in the boundary sedimentation experiments. All boundary sedimentation like 

pattern« have been analysed according to methods I and XI, whereas the 

sucrose gradient sedimentation like patterns have been analysed according 

to Miethod III. 

3. Results 

The results have been summarized in table 1. The yield of double-

strand breaks per DNA molecule per tOO krads as observed by sucrose gradient 

sedimentation was comparable with earlier experiments and the oxygen 

enhancement ratio was again about 2 (table 1, method III; Van der Schans 

and Blok 1970). 

If the trace of the boundary sedimentation and the integrated sucrose 

gradient profile is analysed according to method I, hardly any enhancement 

by oxygen is found. When a correction is made for the leading edge (assuming 

that this consists of unbroken molecules, method I D , then with both 

boundary sedimentation and sucrose gradient sedimentation an oxygen enhanca* 

ment ratio of about 1.7 was found (table 1. method II). 

The values for the number of double-strand breaks aa calculated 
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according to method III fro« differentiated boundary sedimentation traces, 

do not deviate significantly from those obtained by the sucrose gradient 

Mthod. The relatively large scattering in the values of the boundary 

sedimentation experiments is probably iue to the differentiation procedure. 

*». Discussion 

The results in table 1 show that both techniques give approximately 

the saw number of double-strand breaks and oxygen enhancement ratio when 

the data are analysed in a similar way. Evidently, finding an enhancement 

by oxygen depends on the interpretation of the data obtained by both methods;. 

This result may explain the finding by Neary at at. (1970) and Horgan (1974) 

that no oxygen effect is observed on the induction of double-strand breaks 

when moist DNA films are irradiated with gamma rays and analysed by 

boundary sedimentation, whereas Horgan (197*») observed a clear oxygen effect 

when the samples were analysed by sucrose gradient sedimentation. It 

should be noted here that under the experimental conditions used by these 

authors formation of DNA-DHA cross-links cannot be excluded. 

The occurrence of an oxygen enhancement on the production of double-

strand breaks depends on whether one considers the leading edge in the 

boundary sedimentation to consist of unbroken molecules or not. There are 

sound theoretical arguments (given in ?.**.) to support the former assumption* 

From the original boundary sedimentation patterns it is difficult to 

dweide whethai* fast sediment ing material is produced during irradiation 

under oxygen* since the else and shape of the leading edge of the irradiated 

samples are more or leas equal to those of the unirradiated samples, which 

certainly do not contain cross-linked DNA* However, the fixe and shape 

of the leading adge of HTA from phage irradiated under nitrogen are clearly 

different« i.e. larger, *ith a »or« pronounced curvature, indicating that 
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under nitrogen fast sedimenting material bas been produced. Fro« a 

comparison of the sucrose gradient patterns of DNA irradiated under nitrogen 

and of unirradiated DNA samples the amount of fast sedimenting material 

induced by radiation has been estimated to be about 10 per cent of the total 

amount of material, which Deans that it is produced with a smaller efficiency 

than double-strand breaks. At the moment nothing can be said about the 

composition of this radiation*induced fast sedimer.ting material, i.e. 

whether it consists of damaged but unbroken DMA molecules, intramolecularly 

cross-linked DN'A molecules or DNA-protein cross-linked material. However, 

double-strand breaks and lesions which increase the sedimentation velocity 

of a molecule (e.g. cross-links) may be assumed to be produced independently* 

Further, it is a reasonable assumption that the increase in distance 

sedimented by the broken molecules with such a lesion is not larger than 

that of the unbroken molecules containing such a lesion. As a consequence, at 

not too high doses, the contribution of broken molecules to the absorbance 

of the fast sedimenting material will be small, i.e. DNA molecules in the 

fast sedimenting fraction are mainly unbroken molecules. 

The loss of DNA by phenol-extraction, especially in Che case of the 

samples irradiated under nitrogen, may affect the composition of the DMA 

solutions used in the sedimentation experiments. If this loss is due to 

DSA-protein cross-linking it is very likely that a preferential loss occurs 

of unbroken DNA, since the part of a broken molecule that does not contain 

such a cross-link, will not be lost. This means that the observed oxygen 

enhancement ratio in the present experiments could be an underestimate* 

Although both techniques of determining double-strand breaks laad 

essentially to the same results, some remarks may be made here about their 

pros and cons. The sain advantages of the sucrose gradient method are t 
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DO concentration affects occur sine« low SNA concentrations can b* used and 

a distribution is obtained in which corrections for overlapping of unbroken 

end broken DNA can be vade in a reliable and easy way. A disadvantage is 

the uncertainty in drawing the base line needed to correct for the 

contribution of the sucrose to the extinction. The main disadvantage of the 

boundary sedimentation aethod is the requirement of relatively high 

concentrations of DMA (at least 10 ug/sl) which »ay cause distortion of the 

sedimentation profile by concentration effects (Johnston and Ogston 19*6; 

Tanford 1961). In view of these considerations the sucrose gradient method 

is to be preferred for the determination of double-strand breaks. 
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Method 

I 

II 

III 

Experiment 

1 

2 

3 

average 

1 

2 

3 

average 

1 

2 

3 

average 

sucrose gradient sedimentation 

0 krad 400 krads 

02 N2 O.E.R. 

0.29 1.06 0.99 1.10 

0.30 0.83 0.72 1.26 

0.25 0.73 0.72 1,02 

0.28 0.87 0.81 1.11 

0.06 0.72 0.39 2.00 

0.04 0.62 0.32 2.07 

0.03 0.49 0.33 1.53 

0.04 0.61 0.35 1.84 

0.00 0.85 0.46 1.85 

0.00 0.70 0.39 1.80 

0.00 0.66 0.38 1.74 

0.00 0.7* 0.41 1.8i 

boundary sedimentation 

0 krad 400 kradn 

02 K2 O.E.R. 

0.33 •_ 0.03 ( 8) 1.14 • 0.07 ( 6) 1.16 •_ 0,06 ( 6) 0.98 • 0.10 

0.27 +_ 0.03 ( 5> 1.12 ± 0.08 ( 5) 0.84 £ 0.16 ( 2) 1.37 • 0.41 

0.21 _• 0.03 ( 6) 1.16 *_ 0.09 ( 5) 1.09 ̂  0.08 ( 5) 1.07 ̂  0.15 

0,28 + 0.02 (19) 1.1U _t 0.0*4 (16) 1.08 • 0.05 (13) 1.08 t_ C. 07 

0.11 i 0.02 ( 8) 0.77 i 0.05 ( 6) 0.55 •_ 0.02 ( 6) 1,59 ± 0. 14 

0.13 ̂  0.02 ( 5) 0,76 ̂  0.10 ( 5) 0.45 + 0.07 ( 2) 2.03 +_ 0.55 

0.08 £ 0.01 ( 6) 0.85 • 0.03 ( 5) 0.55 • 0.04 ( 5) 1.65 •_ 0.15 

0.11 + 0.01 (19) 0.79 • 0.04 (16) 0.53 ̂  0.02 (13) 1.63 i_ 0.11 

0.01 1.20 0.70 1.73 

0.07 0,95 0.64 1.54 

0.01 0.55 0.27 2.08 

0,03 0.90 0.54 1.71 



Tab!« *• Average number of double-strand breaks (p) p«r T7 DMA molecule after irradiation of the phage with 

Co Y-raya under oxygen or nitrogen as determined by sucrose gradient and by boundary sedimentation analysis. 

In all came« the average number of double-strand breaks has been calculated from the ft c '.ion of unbroken 

molecules« which is equal to e *\ I arid II have been calculated from the integrated sucrose gradient sedimentation 

patterns and from the boundary sedimentation trace«. Ill has been calculated from the sucrose gradient sedimen

tation patterns and from the differentiated boundary sedimentation patterns. O.E.R. is the oxygen enhancement 

ratio. The values for the sucrose gradient method are averages of at least two sedimentation runs for each sample. 

The error« given for the boundary sedimentation data are standard errors of the mean; the number of runs is given 

between bracket«. Each value obtained from one boundary sedimentation run was an average of at least six boundary 

•segmentation traces. Since no significant difference was observed between boundary sedimentation runs at 16,200 

and 37,020 r.p.m., data from both types of runs were included. The values for the differentiated boundary sedimen

tation trace« are averages of two runs with the same sample, taking from each one representative sedimentation 

vrace. 



- If -

REFERENCES 

Atsn, J.B.Th., and Cohen, J.A., 1965, J. Hoi. Biol., ^i» 537. 

Breaan, H., 1972« Thesis, Free University, Amsterdam. 

Coquerelle, T., Bohne, L., Hagen, U., and Herkwitz, J., 1969, Z. Naturf. B., 

2»t, eas. 

Herscfa, P.A., I960, Aralyt. Chen., jl^, 1G3C. 

•'organ, W.J., 1974, Int. J. Rcdiat. Biol., 25, 619. 

Johnston, J.P., and Ogstcn, A.G., 19*6, Tranø. Faraday Soe., <*2, 789. 

Lunan, K.D., and Sinsheimer, R.L., 1956, Virology, 2^ *»55* 

Keary, G.J., Simpson-Gildemeister, V.F.tf., and Peacocke, A.R., 1970, 

Int. J. Radiat. Biol., JL8, 25. 

Schans, G.P. van der, Aten, J.B.Th., and Blok, Joh., 1969, Analyt. Bioehøm., 

32, 14. 

Schans, G.P. van der, and Blok, Joh., 1970, Int. J, Radiat. Biol,, j>7, 25. 

Svedberg, T., and Pedersen, K.O., 19*0, The ultraoentrifUge (Oxford 

University Press), 

'ianford, C , 1961, Physical Chmistry of Maoromolecule* (Mew York: John 

Wiley and Son). 



- 17 -

I« 

Figur« 1. „jcrose gradient sedimentation patterns of T7 DHA isolated 

60 
fro* phage which has been irradiated with Co gaswa rays* a: unirradiated; 

b: irradiated with 400 krads under oxygen; c: irradiated with 400 krads 

under nitrogen. The dotted lines under the peaks represent the absorbence 

due to sucrose alone. The broken line in b represents the calculated 

distribution assuming 0.74 breaks per molecule. The vertical broken line 

is drawn in such a way that it divides the remaining area of the unbroken 

molecules into two equal parts (sea text). The sigmoid dotted curves at 

the left represent the integrated form of the corresponding sucrose gradient 

sedimentation patterns (arbitrary units along vertical axis). Each dot in 

this curve was obtained by adding the absorbance of the ralevant fraction 

to the sua of the absorbances of the foregoing fractions of the normal 

sucroae gradient sediaentation pattern (going fro« left to right). 



NtMCU» tnwKX i*r*mrr <*>+» mflim 

Figur« 2. Boundary sedimentation patterns of T7 DNA isolated fro« phage 

60 
which has been irradiated with Co gamma rays, a: unirradiated; 

b: irradiated with H00 krads under oxygen; c: irradiated with fOO krads 

under nitrogen. The concentration of DMA differed somewhat in these 

experiments. Broken curves: the first derivatives of the corresponding 

boundary sedimentation traces (arbitrary units along vertical axis). Each dot 

of these curves was obtained by subtracting the height of the foregoing 

»fraction1 fro« the height of the ralevant 'fraction1 (the boundary 

sedimentation pattern was divided into arbitrary 'fractions'). Before 

calculation, the noise in the boundary sedimentation trace has bean removed 

by smoothing the curve by hand. 
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Figur« 3. Schematic diagras of a boundary s«dlMntatlon pattern. 


