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Abstract The yield of DNA double．strand breaks fDSBs1 is sure to be influenced by the 

environment around DNA molecule．Inverse pulsed．field gel electrophoresis(PIGE)has been 

applied to compare the sensitivity of Bl6 cells and their DNA in DSBs induced by 75 MeV／u 
o0+beam．R esults show that the percentages of DNA released from the plug(PR1 in both 

kinds of the samples increase with the dose an(1 approach a similar quasi．threshold of about 

81％．A simple new equation was presented to calculate the break level of DNA molecules． 

W ithin a certain dose．the relationship between the break level and the dose is linear． The 

yiehl of DSBs in deproteinizcd DNA was 1．11 DsBs／100 Mbp／Gy，while that in intact cells was 

0．60DSBs／100Mbp／Gy．It is testified that deproteinized DNA is nlore sensitive to oxygen ions 
irradiation titan intact cells． 

Keywords DNA double．strand breaks．75 MeV／u。 O beam．Melanomas cells 

1 Introduction 

Numerous experiments have prove(1 that 

DSBs are the most important initial damages 

induced by ionizing radiation L ．whosc forma- 

tion and repair can cause various kinds of bio- 

logical effects．In eukaryotic eell nucleus DNA 

is organized tightly with histone proteins in the 

form of chromatin．There are many other conl- 

ponents in the nucleus，Sllch as nonhistone I)ro- 

tein and RNA．The type and frequency of DNA 

damages induced by ionizing radiation are af- 

fected not only by the nature of the radiation， 

but also by the biomolecules surrounding the 

DNA fiber．Mee et a1．[2 J found that the DSBs 

yield in the DNA of chromatin relaxed with 

low．nlolarity salt was similar to that of intact 

mammalian cells． But．Ⅵ rters et a1． re． 

ported that relaxing nuclear chromatin by ex． 

posing nuclei to low concentrations of ihonova- 

lent salt increase(1 the yield of radiation．induced 

DSBs bv a factor of 4．However，the later re． 

port of them[4J belived that the DSBs yield of 

deproteinized DNA was 70 times greater than 

in intact cells．and it was 8．3 and 4．5 times to 

that of DNA in basic nucleosome repeat strut— 

ture and in condensed chromatin fiber．respec． 

tively．Kitayama et at J s d that a：eell wall 
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and RNA ft．ee’DNA sample was more sensitive 

than‘packaged’and‘naked’one． 

It seenls to be necessary to study flirther 

the molecular mechanism of the maimnalian eell 

radiosensitivity． This work compared oxygen 

ion irradiation．induced DSBs in deDroteinized 

DNA and intact cells of B16． 

2 M aterials and m ethod 

2．1 cell culture 

B16 cell line was routinely grown in RM PI一 

1640 medium supplemented with 20％ calf 

serum，100#g／lzfl penicillin，and 100units／ml 
streptomycin． Ttie medium was lleld at 37。C 

in lmmidified atmosphere with 5％ CO2 and was 

refreshed OIICC every two days． The cells were 

inoculated every three days． 

2．2 Preparation of DNA sam ples 

C：ells were harvested with 0．025％ trypsin 

and washe(1 three times with D．Hank’s sol,1． 

tion，after they were inoculated fbr two days． 

Thc cells were suspended in D．Hank’s and ad． 

justed to 1×10 cells／ml，then 1％low．melting 

point agarose(Sigma)of same volume was 
added． The mixture was Poured into plug． 

mould． W llcll the plugs were formed．they 

were incubated in lysis bufrer(0．5niol／L EDTA， 

1％sarkosy1)containing 1 mg／ml proteinase K 
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(Sigma)at 50。C for 48 h．Afterwards，plugs 
were washed twice in TE—buffer (10 inlnol／L 

Tris，l mino1／L EDTA；pH8．0)and each tilne 

was no less than 2 h． At last，the plugs were 

kept i11 0．5 me1／L EDTA(pH8．0)for irradiation． 

2．3 preparation of cell samples 

Cells were embedded into plugs as dc— 

scribed above and kept in D—Hank’s solution for 

irradiation． 

2．4 Irradiation 

The two kinds of samples for the same 

dose were hel(1 in a Petri-dish，at the bottom 

of which a piece of wet filter paper was placed 

t0 kecp humidity。75 MeV／u 00s+was accel- 
erated bv HIRFL fHeavy Ion Research Facility 

in Lanzhou1 and the samples were irradiated at 

room  tem perature． 

After irradiation，DNA samples were kept 

in 0．5 mo1／L EDTA (pH8．0)for e1cctrophoresis 
and tile eel1 samples were treated as the prepa- 

ration of DNA samples． 

2．5 Electrophoresis 

The plugs were inserted in 0．8％ agarose 

Dose／Gy 

Fig．1 Percentage of DNA released from plug 

(PR)as a function ofdose 
o DNA：△ cell 

PR value is the total content of’the 

radiation—induced DNA fragments eluted into 

ge1．and it does not show their distribution． 

Suppose the size of the tota1 DNA i11 one plug 

i8 S Mbp．then the size of。the tota1 DNA flag— 

ments released frOH1 the wel1 is S× PR Mbp．If 

the average size of DNA fragments is T M bp． 

the number of DNA fragments is 羔 and 

DSBs are —Sx PR — n
． Here n is the number of 

tota1 chromosome in the plug．The break 1eve1 

gel containing 0．5#g／ml ethidium bromide．and 
were sub ected to inversion pulsed-field gel 

c1ectroD11oresis with 1．8 V／cm in 0．5×TBE— 

buffer(45 nllBOl／L Tris．45 mmol／L boric acid， 

1．25 nllnO1／L EDTA；pH81 at about 12。C tbr 
72 l1．The tinm ratio of the electric field alter— 

nation in two directions is 5：1． 

After e1t ctrophoresis，the fluorescence of 

each lane in tile gel analyzed with CS··9 10 TCL·· 

scanner(Shimazu)． 

3 R esults 

The percentages of DNA releas ed from tile 

wel1(PR)increase and approach a threshold at 

about 40 Gy ms the dose increases(see Fig．1)． 

Because the controls of both of samples 

have many DNA fragments eluted into tile ge1． 

the backgroun(i was subtracted from each 1alle 

employing the function reported by Cederwdl et 

a／．[61 The calibrated results were shown in Fig．2． 

The quasi-threshold of DNA sample is equa1 to 

that of tile eel1 sample．which is about 81％． 

Dose／Gy 

Fig．2 Calibrated PR as a function of dose 

o DNA：△ cell 

( )is L= [￡ 一_几]／s．Tile total size of 
DNA ill a mammalian cell is about 6000 Mbp 

while the number of chromosome ii1 one eel1 is 

no more than 60．so that n／S≈0．Therefore 
—  

PR 

． 三 丁  (1) 

W hen the dose is less than 80 Gy，the break 

level gained with Eq．(1)has linear relationship 
with the dose． The yield of DSBs obtained 

in terms of‘this relationship in deproteinized 
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DNA is 1．11DSBs／f100Mbp·Gy)，and that in 

intact cell is 1)．60DSBs／(100Mbp·Gy)(Fig．3)． 
These results are consistent with the recent ac- 

ceptable ones that the DSBs yield in maill- 

lnalian cells induced with X．rays，is 0．32～0．80 

DSBs／f 100 Mbp·Gy1 and RBE()f DSBs induced 
by lleavy iOIlS iS about 1．【 Ijj The sensitivity of 

deproteinize(1 DNA to oxygen irradiation is 1．9 

times as high a．q that of intact cells．This re． 

sult located })etween those of Mee et a1． and 

Ⅵ rters et a1． 
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Dnsc／Gy 

Fig．3 Break level(L)as a function of dose 
⋯ △ 一．DNA：L=0．3601+0．0111D ，r=0．9810，P < 0．01 

⋯ o CcU：L=0．4980+0．0060D ．r=0．9722．P < 0．O1 

4 Discussion 

There are two temperature transients dur- 

ing the preparation of DNA sample frOII1 irradi． 

ated monolayer cells．The first lies in the mixing 

of eell suspension an d low．melting point agarose 

fabout 50。C)to form plugs，and the other is 
that the plugs are digested with proteinase K 

in lysis buffcr f50。C)．Both temperature tran- 

sients may pernfit DNA DSBs to be rejoined．【 Uj 

In order to avoid these influences and be suit- 

able to compare with deproteinized DNA．we 

irradiated cells in plugs． But，there are still 

some difiereIlee between these samples．such as 

that cells are embedded with D．Hank’s solution 

while deproteinized DNA fibers are surrounded 

bv EDTA．But another experiment shows that 

ED IIA does not badly affect the yield of DSBs 

induced by radiation． 

Ager et a1．[11]and Cedervallet a1．【6．found 

that PR increased with the increasing dose and 

approached a quasi．threshold of-v8 1％，when 

they studied DSBs in CHO strain induced })y 

X．rays．As dose increases frOY[1～1 50 Gv to 500． 

750 Gy．tile PR values approached 95～100％． 

Eveil if the dose is as high as 11)1)1)Gy．there are 

still about 2％ DNA retained i11 tlle wel1．The 

abnormality can be explained as that the over． 

1oaden dose causes the cross．1inking between 

DNA and DNA．or DNA and protein．PR va1． 

ues induced by 75 MeV／u l00s+aI)proached 
the threshold at the dose of about 40 Gv．This 

may be due to the more serious damages caused 

by high．LET irradiation than low．LET one[12J． 

or the character of this Callcer eell strain． 

Ⅵ rters et a1．【4J believe that the protec． 

tion of DNA．binding protein causes the depro． 

tcinized DNA more sensitive than the intact 

cells． And the tighter the protein associated 

with DNA．the more efficient the protection is． 

Soluble protein and nonprotein sulfhydryls play 

a role i11 the protection．too． However，as tlle 

dose increases．PR of eell sample and DNA sam- 

pie approaches a simi lar threshold． So．it can 

be believed that the protection of nuclear coln- 

ponents is limited and relative． This may be 

due to all enhanced accessibility of radiation． 

induced radicals to DNA an d a reduced local 

capacity of nuclear components to scavenge rad- 

icals．which will be completely lost at last． 

It was recently 

fragments induced by 

tributed nonran doully 

reported[ 。] that DNA 

high LET particles dis- 

The speci'M marker 

method based on the random suppose did not 

work well ii1 this experiment(see Fig．4)，too． 

AIthough PR value reached the threshold at 

about 40 Gy，DNA fragments maybe shrank and 

the break level rise with the increasing dos(；． 

while PR value kept stable．This could not un． 

dertake the non．random distribution，but dis． 

tinctly．it is necessary to develop a funotion 

to fit DSBs induced with high LET radiation． 

Eq．(1)is very simple in the form，but its princi- 
pie is reasonat)le because of its base on the per． 

centage and the size of DNA fragments． Ttie 

linear relation between the break level obtained 

with this cquation and the dose holds true in a 

certain dose range．As shown in Fig．3．there is a 

good lillear relation between the break level and 

the dose only when the dose is less than 8O GY． 

Probably，when the dose exceeds 80 GY，‘the 

cross．1inking happens and this equation does 
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Fig．4 Break level(工)obtained with the special 
marker method 

△ DNA：O Cell 
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