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Tab 1, Inactivation cross section of T-1 and ¢x-174 phages
Cross section/104cm? Ratio
Energy/MeV Experiment Theory Theory/Expt.
(D7) (3.9/kGy) (3.5/kGy) 0.9)
T-115! Phage ,He¢ 42,0 440 440 1.00
C1? 124.0 3800 2800 0,74
2016 163,0 5300 4600 0.87
ap=10nm oF 1 182.0 5300 5600 1,06
16Ne?0 202,0 5400 6700 1.24
18Ar40 372,0 14000 17000 1.21
Averaged value=1,02+0,19
(D7) (3.9/kGy) (3.5/kGy) (0.9
T-1(¢1 Phage ,Het 13.5 1000 860 0.86
Het 46,5 380 390 1,03
+C12 29.5 5400 5200 0.96
2= 10 nm C12 113,0 3600 2900 0,81
4016 35.0 7900 8000 1.01
gO16 134.0 5900 5000 0.85
Averaged value=0,92+0.09
(D%9) (5.0/kGy) (6.0/kGy) (1.20)
0,~174151 JHet 42,0 350 270 0.77
Phage (C13 124.0 1600 1800 1.13
O 163,0 2300 2900 1,26
a,=10nm 1sAT40 372.0 10000 11000 1.10

Averaged value=1,07+0,21
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Tab 2, Inactivation cross section of trypsin
Cross section/101%cm? Ratio
Energy /MeV Experiment Theory Theory/Expt,
(D7) (360/kGy) (340/kGy) (0,94
Trypsin!4] D2 4.0 6.7 4,5 0.67
ag=1nm sC12 120,0 38.0 38.0 1.00
s01° 160,0 61.0 63.0 1,03
Averaged value=0,9010.20
(D37 (190/kGy)
Trypsin!3! H! 11.8 2,2 1.9 0,86
oHe* 13.2 22.0 20.0 0.91
a,=1nm ,He! 47,2 9.1 7.4 0.81
«C*? 115.0 67.0 66.0 0.99
016 148.,0 110,0 110.0 1,00
1oNe 123,0 210.0 210,0 1.00
10Ne20 184.,0 170,0 170.0 1.00
Averaged value=0,94+0,08
(D*s;) (260/kGy)
Trypsin!” 1D? 20.4 1.8 1.8 0.89
JHet 33.2 8.3 7.2 0.37
sB1t 91,3 39,0 39,0 1,00
(C12 99,6 57.0 54,0 0,95
ap=1nm 10N e3? 166,0 140,0 130,0 0,93
1gArd0 332.0 370,0 350,0 0,95
Averaged value=0,9310.15
Tab 3. Inactivation cross section of B-galactosidase, DNAase and lysozyme
Cross section/10%4cm? Ratio
Energy/MeV Experiment Theory Theory/Expt.
(D7) (31/kGy) (41/kGy) (1.32)
B-galactosidase!4! «C1 120,0 280,0 280.0 1.00
2018 160,0 450,0 460.0 1.02
a2, =3 nm 17 190,0 570,0 570,0 1,00
. Averaged value=1,01+0,01
(D7) (130/kGy) ‘
DNAase!3] 1H 11,8 3.4 2.8 0.82
,Het 13,2 26,0 27,0 1,04
2,=1 nm ,Het 47,2 130,0 110,0 0,85
oLl 148.,0 170,0 160,0 0,94
1oNe?® 184.0 230,0 240,0 1,04
Averaged value=0,94+0.10
(DT39) (270/kGy)
Lysozyme!3] 1H! 11,8 1.6 1.4 0.88
,Het 13.2 17,0 14,0 0.82
,Hes 47.2 6.3 5.3 0.84
¢C12 115,0 55,0 48,0 0,87
ag=1nm ;016 148.0 86,0 82,0 0,95
1eNe# 123,0 160,0 160,0 1.00
o Nez 184.0 120,0 120,0 1,00

Averaged value =0,9140.07
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Tab 4, Inactivation cross section of ribonuclease

Cross section/10cm? Ratio
Energy/MeV Experiment Theory Theory /Expt.
(D*3y) (230/kGy) (230/kGy) (1,00)
Ribonuclease!®! H! 3.69 5.9 41 0.69
a,=1nm D? 2,74 9.2 8.4 0.91
Averaged value=0.80%+0.16
(D%) (230/kGy)
Ribonucleasel?! D2 4,32 6.8 61 0.90
D2 2.64 9,0 8.6 0.96
D? 1.90 11.8 10.5 0.89
ag=1nm ,D? 1.58 13.4 11.7 0.87
1D? 1.14 15,0 13.7 0.91
1D? 0.88 15.4 15.1 0,98
JHet 7.60 21.4 23 0 1,07
 He? 6.60 24.4 25.0 1,02
 Het 5.70 27.2 26,9 0,99
JHet 4,36 29.8 31.0 1,04
JHet 3.88 31.8 32.6 1,03
Het 3.48 33.4 34.1 1.02

Averaged value=0,97+0,07

Tab 5, Inactivation cross section of invertase

Cross section/10'cm? Ratio
Energy/MeV Experiment Theory Theory/Expt.
(D7) (36/kGy)

Invertase(2) 1D? 4,32 41,0 . 38,0 0.93
D? 2,64 57.0 52,0 0.91
1D? 1,58 70,0 67 ,0 0.96
1D? 1,14 79,0 76,0 0.96
1D? 0 88 82,0 82,0 1.00
1D? 0.70 84.0 84,0 1,00
,He! 7.60 142.0 132,0 0,93
,Het 6,60 146,0 141,0 0,97
oHe! 5.76 149,0 . 151,0 1,01
Het 4.30 152.0 168.0 1.11
;Het 3.48 158,0 175.0 1.11

Averaged = 0,99+ 0,07
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CROSS-SECTIONS FOR THE INACTIVATION OF
ENZYMES AND VIRUSES BY ENERGETIC .
HEAVY IONS

Zhang Chunxiang
(Department of physics, Zhongshan (Sun Yat-Sen) University, Guangzhou 510275)

ABSTRACT The calculation of the cross-sections for the inactivation of enzy-
mes and viruses has been made, assuming these to be 1-hit detectors, The calcula-
tion makes use of a power-law empirical formula for the radial distribution of dose
about the path of an energetic heavy ion. The calculation is made by assuming
that the probability of inactivatinga molecular target by irradiation with a given
dose of delta rays is equal to the probability of inactivating it with the same dose
of gamma-rays. The cross—section is found by adjusting the assumed value of the
D,, dose of gamma-rays until an optimal fit of the calculation to the measured
cross-sections is obtained. Taking all 72 cross-section measurements into account,
the average ratio of experimental to calculated cross-sections is 0,96+0.11, while
the average ratio of the experimental to the fitted value of the gamma-ray D,, dose
is 1.07+0.18.

KEYWORDS Heavy ion, Dose distribution, Inactivation cross-section, Viruses,

Enzymes



