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Summary

The mutagenicity of airborne particles (n=100), river waters (n=105) and surface soils (n=
111) which were collected from five geographically different areas of Japan, i.e. the Hokkaido,
Kanto, Chubu, Kinki and Kyushu areas, between October 1996 and March 1997, were examined
by the pre-incubation method using Salmonella typhimurium strains. All organic extracts of
airborne particles, which were collected by high volume air samplers, were mutagenic toward
TA98 and TAI100 strains both in the presence and absence of S9 mix. The extracts with the
greatest mutagenicity were from samples collected at sites in heavy traffic areas. Most of the blue
rayon-absorbed materials from river waters exerted strong mutagenicity toward YG1024 strain
with S9 mix, and the potencies varied widely with sampling site. No blue rayon-absorbed
materials showed strong mutagenicity in TA100 strain, regardless of whether S9 mix was added.
Nonagricultural surface soils were collected from roadsides, parks and so forth in each area. All
organic extracts of surface soils except for those from the Kinki area were mutagenic toward both
TA98 and TA100 strains with and without S9 mix. The mutagenic activities of surface soil extracts
ranged widely, and the effect of additional S9 mix on the activities depend on samples.
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Table1 Mutagenic activities of airbome paticulate samples

Sampling Mutagenic activity (revertants/m’, air)
1D Location Date TA100  -S9mix TA100 +S9mix TA98  —S9mix TA98  +S9mix
A001 Sapporo 1 970127 1.1 ( 11.5) 18.8 ( 22.1) 16.5 ( 17.5) 10.8 ( 14.6)
A002 Sapporo 1 970128 13.7 ( 14.2) 19.2 ( 22.6) 14.2 ( 15.1) 12.1 ( 16.4)
A003 Sapporo 1 970129 18.0 ( 18.6) 24.7 ( 29.0) 19.9 ( 21.1) 17.4 ( 23.6)
A004 Sapporo 1 970130 16.2 ( 16.7) 21.8 ( 25.6) 16.2 ( 17.2) 12.3 ( 16.7)
A005 Sapporo 2 970127 25.4 ( 26.2) 36.9 ( 43.4) 26.4 ( 28.0) 21.4 ( 29.0)
A006 Sapporo 2 970128 35.8 ( 37.0) 43.6 ( 51.2) 30.1 ( 32.0) 24.8 ( 33.6)
A007  Sapporo 2 970129 34.2 ( 35.3) 41.5 ( 48.8) 3.7 ( 33.7) 27.3 ( 37.0)
A008 Sapporo 2 970130 28.8 ( 29.8) 40.4 ( 47.5) 27.1 ( 28.8) 25.3 ( 34.3)
A009  Muroran 970127 22.0 ( 22.7) 89.5 ( 105.2) 1729 ( 19.0) 48.7 ( 66.0)
A010  Muroran 970128 15.3 ( 15.8) 43.7 ( 51.3) 17.0 ( 18.1) 16.8 ( 22.8)
A011  Muroran 970129 26.0 ( 26.9) 93.2 ( 109.5) 19.9 ( 21.1) 64.1 ( 86.8)
A012 Muroran 970130 25.3 ( 26.1) 82.2 ( 96.6) 19.6 ( 20.8) 49.1 ( 66.5)
A013 Asahikawa 970204 11.4 ( 11.8) 18.9 ( 22.2) 12.3 ( 13.1) 12.1 ( 16.4)
A014 Asahikawa 970205 31.0 ( 32.0) 38.0 ( 44.7) 24.1 ( 25.6) 22.4 ( 30.3)
A015 Asahikawa 970206 43.0 ( 44.4) 58.0 ( 68.2) 38.4 ( 40.8) 38.8 ( 52.6)
A016 Asahikawa 970207 45.6 ( 47.1) 47.5 ( 55.8) 46.6 ( 49.5) 38.4 ( 52.0)
A017 Kushiro 970204 9.2 ( 9.5) 1.1 ( 13.0) 7.9 ( 8.4) 6.4 ( 87)
A018  Kushiro 970205 25.2 ( 26.0) 36.7 ( 43.1) 24.0 ( 25.5) 20.0 ( 27.1)
A019  Kushiro 970206 20.0 ( 20.7) 32.3 ( 38.0) 18.9 ( 20.1) 19.9 ( 27.0)
A020  Kushiro 970207 20.1 ( 20.8) 33.7 ( 39.6) 19.7 ( 20.9) 20.2 ( 27.4)
A021  Tokyo 1 961126 13.4 ( 11.3) 13.6 ( 21.0) 20.6 ( 14.1) 7.5 ( 11.9)
A022  Tokyo 1 961127 37.0 ( 31.2) 25.6 ( 39.6) 37.7 ( 25.8) 18.2 ( 28.8)
A023  Tokyo 1 961128 45.3 ( 38.2) 33.1 ( 51.2) 33.7 (23.0) 25.0 ( 39.6)
A024  Tokyo 1 961129 15.5 ( 13.1) 10.9 ( 16.9) 16.1 ( 11.0) 7.1 11.2)
A025 Tokyo 2 961126 86.0 ( 72.5) 53.7 ( 83.1) 56.7 ( 38.8) 32.5 ( 51.5)
A026  Tokyo 2 961127 47.2 ( 39.8) 34.6 ( 53.5) 35.5 ( 24.3) 20.8 ( 32.9)
A027  Tokyo 2 961128 92.4 ( 77.9) 60.7 ( 93.9) 60.7 ( 41.5) 47.1 ( 74.6)
A028  Tokyo 2 961129 42.4 ( 35.7) 22.2 ( 34.3) 22.7 ( 15.5) 13.7 ( 21.7)
A029 Sagamihara 961129 28.3 ( 23.9) 16.9 ( 26.1) 22.7 ( 15.5) 9.6 ( 15.2)
A030 Sagamihara 961202 21.7 ( 18.3) 20.9 ( 32.3) 19.0 ( 13.0) 10.3 ( 16.3)
A031 Sagamihara 961204 40.3 ( 34.0) 19.6 ( 30.3) 3.7 ( 21.7) 19.5 ( 30.9)
A032 Sagamihara 961205 49.3 ( 41.6) 37.5 ( 58.0) 40.5 ( 27.7) 19.1 ( 30.2)
A033  Maebashi 961209 53.0 ( 44.7) 23.0 ( 35.6) 37.2 ( 25.4) 20.7 ( 32.8)
A034 Maebashi 961210 65.2 ( 55.0) 37.9 ( 58.6) 47.8 ( 32.7) 29.6 ( 46.9)
A035 Maebashi 961211 18.9 ( 15.9) 10.0 ( 15.5) 20.3 ( 13.9) 7.2 ( 11.4)
A036 Maebashi 961212 22.0 ( 18.5) 18.0 ( 27.8) 15.0 ( 10.3) 8.2 ( 13.0)
A037  Tsukuba 961209 49.7 ( 41.9) 35.6 ( 55.1) 51.0 ( 34.9) 23.4 ( 37.0)
A038  Tsukuba 961210 62.6 ( 52.8) 45.5 ( 70.4) 43.3 ( 29.6) 28.2 ( 44.6)
A039  Tsukuba 961211 55.5 ( 46.8) 37.4 ( 57.9) 37.7 ( 25.8) 25.3 ( 40.1)
A040  Tsukuba 961212 27.0 ( 22.8) 22.7 ( 85.1) 27.0 ( 18.5) 21.7 ( 34.4)
A041 Nagoya 1 961216 108.8 ( 57.8) 85.8 ( 54.8) 38.8 ( 19.2) 46.0 ( 39.8)
A042 Nagoya 1 961217 29.9 ( 15.9) 32.2 ( 20.6) 12.4 ( 6.1) 14.0 ( 12.1)
A043 Nagoya 1 961218 46.9 ( 24.9) 56.7 ( 36.2) 16.1 ( 8.0) 20.2 ( 17.5)
A044 Nagoya 1 961219 45.4 ( 24.1) 51.6 ( 32.9) 189 ( 9.3) 15.0 ( 13.0)
A045 Nagoya 2 961216 72.6 ( 38.6) 86.5 ( 55.2) 3.6 ( 15.6) 42.1 ( 36.4)
A046 Nagoya 2 961217 18.6 ( 9.9) 25.1 ( 16.0) 1.0 ( 5.4) 10.2 ( 8.8)
A047 Nagoya 2 961218 24.2 ( 12.9) 3.5 ( 20.1) 9.8 ( 4.8) 10.7 ( 9.3)
A048 Nagoya 2 961219 11.6 ( 6.2) 13.7 ( 8.7) 5.0 ( 2.5) 5.9 ( 5.1)
A049 Nagoya 3 961216 53.5 ( 28.4) 520 ( 33.2) 31.8 ( 15.7) 30.8 ( 26.7)
A050 Nagoya 3 961217 14.4 ( 7.7) 16.0 ( 10.2) 83 ( 41) 8.1 ( 17.0)
A051 Nagoya 3 961218 14.8 ( 7.9) 18.1 ( 11.6) 9.6 ( 4.7) 7.9 ( 6.8)
A052 Nagoya 3 961219 13.1 ( 7.0) 15.7 ( 10.0) 51 ( 2.5) 8.5 ( 17.4)
A053 Toyohashi 961216 28.6 ( 15.2) 28.6 ( 18.3) 1.0 ( 6.4) 17.8 ( 15.4)
A054 Toyohashi 961217 9.8 ( 5.2) 1.9 ( 8.9) 5.8 ( 2.9) 7.4 ( 6.4)
A055 Toyohashi 961218 11.8 ( 6.3) 14.9 ( 9.5) 6.2 ( 3.1) 10.1 ( 8.7)
A056 _ Toyohashi 961219 11.3 (_6.0) 5.1 (9.6) 5.8 (2.9) 7.3 (_6.3)
47



Table 1 continue

Sampling Mutagenic activity (revertants/m’, air)
1D Location Date TA100 -S9mix TA100 +S9mix TA98  —S9mix TA98  +S9mix
A057 Inasa—gun 961216 12.3 ( 6.5) 1.9 ( 8.9) 6.2 ( 3.1) 7.5 ( 6.5)
A058 Inasa—gun 961217 2.9 ( L5) 5.8 ( 3.7) 1.6 ( 0.8) 2.2 ( 1.9)
A059 Inasa—gun 961218 10.1 ( 5.4) 10.4 (  6.6) 5.3 ( 2.6) 4.9 ( 4.2)
A060 Inasa—gun 961219 4.7 ( 2.5) 7.5 ( 4.8) 3.2 ( 1.6) 4.1 ( 3.5)
A061 Kusatsu 961021 3.5 ( 4.0) 6.8 ( 57) 3.1 ( 4.3) 7.7 ( 8.5)
A062 Kusatsu 961022 9.8 ( 11.3) 33.8 ( 28.3) 11.5 ( 15.8) 32.9 ( 36.3)
A063 Kusatsu 961023 7.7 ( 8.8) 22.1 ( 18.5) 5.3 ( 7.3) 15.4 ( 17.0)
A064 Kusatsu 961024 9.8 ( 11.3) 24.2 ( 20.3) 52 ( 7.1) 21.0 ( 23.2)
A065 Kyoto 1 961111 6.4 ( 7.4) 2.1 ( 17.7) 6.2 ( 8.5) 18.0 ( 19.9)
A066 Kyoto 1 961112 .4 ( 1.6) 2.2 ( 18) L5 ( 2.1) 3.5 ( 3.9)
A067 Kyoto 1 961113 3.0 ( 3.4) 7.2 ( 6.0) 2.7 ( 3.7) 7.3 ( 81)
A068 Kyoto 1 961114 20.8 ( 23.9) 54.8 ( 46.0) 14.9 ( 20.5) 50.1 ( 55.3)
A069 Kyoto 2 961202 9.7 ( 13.0) 17.0 ( 16.1) 4.9 ( 6.7) 1.0 ( 13.6)
A070  Kyoto 2 961203 11.6 ( 15.5) 24.5 ( 23.1) 53 ( 7.2) 13.8 ( 17.1)
A071  Kyoto 2 961204 13.2 (17.7) 35.3 ( 33.3) 6.1 ( 8.3) 19.4 ( 24.0)
A072  Kyoto 2 961205 6.5 ( 8.7) 11.5 ( 10.9) 4.0 ( 5.5) 10.6 ( 13.1)
A073 Nara 961209 16.5 ( 20.6) 19.8 ( 18.2) 15.6 ( 20.9) 31.6 ( 41.2)
A074 Nara 961210 21.8 ( 21.3) 27.1 ( 24.9) 12.6 ( 16.9) 39.4 ( 51.3)
A075 Nara 961211 27.5 ( 34.4) 41.3 ( 37.9) 23.6 ( 31.7) 49.3 ( 64.2)
A076 Nara 961212 26.1 ( 32.6) 32.3 ( 29.6) 23.1 ( 3L.0) 37.6 ( 49.0)
A077  Osaka 961028 20.1 ( 25.1) 60.3 ( 55.3) 15.3 ( 20.5) 55.1 ( 71.8)
A078 Osaka 961029 32.4 ( 40.5) 73.6 ( 67.6) 21.3 ( 28.6) 52.2 ( 68.0)
A079  Osaka 961030 22.1 ( 27.6) 68.8 ( 63.1) 24.0 ( 32.2) 54.4 ( 70.8)
A080  Osaka 961031 8.4 ( 10.5) 52.2 ( 47.9) 12.9 ( 17.3) 42.0 ( 54.7)
A081 Kitakyushu 961209 32.6 ( 35.7) 34.6 ( 39.3) 33.2 ( 32.5) 29.7 ( 21.3)
A082 Kitakyushu 961210 3.7 ( 34.7) 34.8 ( 39.5) 29.4 ( 28.8) 30.1 ( 21.6)
A083 Kitakyushu 961211 32.3 ( 35.4) 31.5 ( 35.7) 25.8 ( 25.2) 28.3 ( 20.3)
A084 Kitakyushu 961212 33.4 ( 36.6) 33.4 ( 37.9) 27.6 ( 27.0) 30.4 ( 21.8)
A085 Kitakyushu 961213 32.8 ( 35.9) 3.9 ( 36.2) 29.3 ( 28.7) 28.2 ( 20.2)
A086 Fukuoka 1 961209 22.9 ( 25.1) 24.4 ( 27.7) 22.2 ( 21.7) 19.5 ( 14.0)
A087 Fukuoka 1 961210 20.7 ( 22.7) 22.8 ( 25.9) 18.6 ( 18.2) 22.3 ( 16.0)
A088 Fukuoka 1 961211 19.5 ( 21.4) 25.4 ( 28.8) 17.6  ( 17.2) 18.7 ( 13.4)
A089 Fukuoka 1 961212 20.4 ( 22.4) 23.5 ( 26.7) 18.8 ( 18.4) 20.3 ( 14.5)
A090 Fukuoka 1 961213 23.9 ( 26.2) 25.6 ( 29.0) 23.2 ( 22.7) 23.8 ( 17.0)
A091 Fukuoka 2 961209 19.5 ( 21.4) 21.8 ( 24.7) 18.6 ( 18.2) 20.4 ( 14.6)
A092 Fukuoka 2 961210 18.8 ( 20.6) 21.6 ( 24.5) 17.8 ( 17.4) 18.6 ( 13.3)
A093 Fukuoka 2 961211 20.3 ( 22.2) 22.6 ( 25.6) 17.2 ( 16.8) 19.8 ( 14.2)
A094 Fukuoka 2 961212 18.4 ( 20.2) 23.1 ( 26.2) 16.8 ( 16.4) 18.2 ( 13.0)
A095 Fukuoka 2 961213 19.6 ( 21.5) 24.4 ( 27.7) 18.2 ( 17.8) 19.3 ( 13.8)
A096  Kumamoto 961209 13.2 ( 14.5) 14.2 ( 16.1) 11.6 ( 11.4) 11.8 ( 8.4)
A097  Kumamoto 961210 12.5 ( 13.7) 15.6 ( 17.7) 12.8 ( 12.5) 1229 ( 9.2)
A098  Kumamoto 961211 4.2 ( 15.6) 253 ( 28.7) 13.3 ( 13.0) 13.5 ( 9.7)
A099  Kumamoto 961212 12.8 ( 14.0) 14.3 ( 16.2) 11.4 ( 11.2) 13.2 ( 9.5)
A100  Kumamoto 961213 12.9 (14.1) 14.2 ( 16.1) 12.2  (11.9) 12.8 (9.2)
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Numbers in parenthesis indicate the values which are normalized with standard airborne

particulate extract soln.
Sapporo 1: Kita—ku, Sapporo 2: Chuo-ku
Tokyo 1: Minato—ku, Tokyo 2: Shibuya—ku

Nagoya 1: Midori-ku, Nagoya 2: Minami-ku, Nagoya 3: Moriyama—ku

Kyoto 1: Higashiyama—ku, Kyoto 2: Yamashina—ku
Fukuoka 1: Center City, Fukuoka 2: Residential

r L CRAFER 0o DMSO iE ik = F w72
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Table 2 Mutagenic activities of river mater samples

Sample Mutagenic activity (revertants/g, blue rayon)

1D Location Date TA100  —S9mix TA100  +S9mix YG1024  —S9mix YG1024 +S9mi x
RO01 Kotoni 1 961209 ND ND 226 ( 219 ) ND

R002 Kotoni 1 961210 ND ND ND ND

R003 Kotoni 1 961211 ND ND 412 ( 400 ) 1732 ( 3038 )
R004 Kotoni 1 961212 ND ND ND ND

R005 Kotoni 2 961209 ND 1888 ( 2148) 1719 (1668 ) 43373 ( 76078 )
R006 Kotoni 2 961210 ND 1579 (1796 ) 1255 ( 1218) 35951 ( 63060 )
R007 Kotoni 2 961211 ND 1292 ( 1470) 876 ( 850 ) 56800 ( 99630 )
RO08 Kotoni 2 961212 ND 1845 (2099 ) 996 ( 967 ) 63745 (  111812)
R009  Sosei 961209 ND ND 627 ( 609 ) 3747 ( 6572 )
RO10 Sosei 961210 ND 494 ( 562) 435 ( 422) 2708 ( 4750 )
RO11  Sosei 961211 ND ND ND 2875 ( 5043 )
RO12 Sosei 961212 ND 374 (  425) ND 3167 ( 5555 )
RO13  Hassamu 961209 ND 629 ( 715) 366 ( 355 ) 1867 ( 3275 )
RO14 Hassamu 961210 ND ND 285 ( 277) 1870 ( 3280 )
RO15 Hassamu 961211 ND ND 317 ( 308 ) 2016 ( 3536 )
RO16 Hassamu 961212 ND 402 ( 457) 442 ( 429 ) 2728 4776 )
RO17 Fuseko 961209 ND ND ND 2352 ( 4126 )
RO18 Fuseko 961210 ND ND ND 1692  ( 2968 )
RO19  Fuseko 961211 ND ND 440 ( 427) 1909 ( 3348 )
R020  Fuseko 961212 ND ND 294 ( 285 ) 1939 ( 3401 )
R021 Arakawa 961205 ND ND 793 ( 504 ) 219 ( 145)
R022 Sumida 1 961204 334 ( 189) ND 1090 ( 693 ) 5950 ( 3940 )
R023  Sumida 2 961204 ND ND 2320 ( 1476) 5040 ( 3337)
R024 Onagi 961203 ND ND 788 ( 501 ) ND

R025 Edo 1 961211 ND ND 1970 ( 1253) 634 ( 420 )
R026 Edo 2 961218 ND ND 917 ( 583 ) 355 ( 235 )
R027 Edo 3 961221 ND ND 980 ( 623 ) ND

R028 Tama 1 961226 ND ND 2200 (  1399) 4630 ( 3066 )
R029 Tama 2 961226 ND 371 (  693) 1940 ( 1234) 4830 ( 3198 )
R0O30 Tama 3 961226 ND ND 1410 ( 897 ) 600 ( 397 )
RO31 Sagami 1 970109 ND ND 892 ( 567 ) 2100 ( 1391 )
RO32 Sagami 2 970109 ND ND 789 ( 502 ) 262 ( 173)
R033 Sagami 3 970109 ND ND 1300 ( 827) 1600 ( 1060 )
R034 Tsurumi 1 970116 ND ND 579 ( 368 ) 969 ( 642 )
RO35 Tsurumi 2 970116 ND ND 1190 ( 757 ) 3460 ( 2291 )
R036 Tsurumi 3 970116 ND ND 636 ( 405 ) 3960 ( 2622 )
RO37  Tone 1 970130 10500 ( 5951 ) 4150 ( 7751) 62600 (39820 ) 19700 ( 13045 )
R038 Tone 2 961216 ND ND 605 ( 385 ) 984 ( 652 )
RO39 Tone 3 961216 ND ND 868 ( 552 ) 2050 ( 1357 )
R040 Tone 4 961221 ND ND 801 ( 510 ) ND

R041 Nikko 1 970304 1506 (1660 ) 4672 (4691 ) 17100 (24155 ) 616000 ( 610106 )
R042 Nikko 1 970401 1636 ( 1803 ) 6119 ( 6143) 12100 ( 17092 ) 484000 ( 479369 )
R043 Nikko 2 970304 718 ( 791) 1240 ( 1245) 5420 (7656 ) 235000 ( 232751 )
R044 Gojo 970304 ND ND 929 (  1312) 31700 ( 31397 )
R045 Shinkawa 970304 ND ND 708 (1000 ) 18500 ( 18244 )
R046  Shonai 970304 ND ND 379 ( 535 ) 4050 ( 3994 )
R047 Yada 970304 ND ND 383 ( 541 ) 7930 ( 7820 )
R048 Aizuma 970114 ND ND 609 ( 860 ) 4800 ( 4734 )
R049  Sakai 970114 ND ND 562 ( 794 ) 4550 ( 4487 )
R050 Toyo 970304 ND ND 437 ( 617 ) 4400 ( 4339 )
RO51 Kiso 1 970304 ND ND ND 2490 ( 2456 )
R052 Kiso 2 970304 ND ND ND 1480 ( 1460 )
R053 Nagara 1 970304 ND ND ND 1840 ( 1815 )
R054 Nagara 2 970304 ND ND 326 ( 461 ) 2840 ( 2801 )
RO55 Ibi 1 970304 ND ND ND 827 ( 816 )
R056  Ibi 2 970304 ND ND 402 ( 568 ) 2010 ( 1982 )
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Table 2 continue

Sample Mutagenic activity (revertants/g, blue rayon)

1D Location Date TA100  —-S9mix TA100 +S9mix YG1024  -S9mix YG1024 +S9mi x
RO57 Yahagi 1 970114 ND ND ND 2180 ( 2150 )
R058 Yahagi 2 970114 ND ND 507 ( 716 ) 1540 ( 1519 )
R059 Yahagifuru 970114 ND ND 390 ( 551 ) 1150 ( 1134)
RO60 Oto 970114 ND ND 496 ( 701 ) 3690 ( 3639 )
RO61 Aburagafuchi 970114 ND ND 340 ( 480 ) 1630 ( 1607 )
R062 Katsura 1 970117 ND ND 794 ( 1101) 1680 ( 1394 )
R063 Katsura 2 970117 ND ND 6640 (9207 ) 295000 ( 330659 )
R064 Kamo 970117 ND ND 2560 (3550 ) 6240 ( 5176 )
R065 Nishitakase 970118 981 ( 1417) 2050 ( 1538) 22900 ( 31752 ) 976000 ( 1093977 )
RO66 Uji 1 961222 ND ND 3470 ( 4811) 6720 ( 5574 )
RO67 Uji 2 961222 ND ND 2190 (  3037) 5320 ( 4413 )
RO68 Uji 3 961222 ND ND 1380 ( 1913) 4480  ( 3716 )
RO69 Uji 4 961222 ND ND 4060 (5629 ) 23600 ( 19577 )
RO70 Uji 5 970304 ND ND 797 ( 761 ) 2460 ( 2899 )
RO71 Kidu 1 970304 ND ND 1040 ( 993 ) 814 ( 959 )
RO72 Kidu 2 970304 ND ND 695 ( 664 ) 1110 ( 1308 )
RO73  Yodo 1 970304 ND ND 2060 ( 1786) 11700 ( 14936 )
RO74 Yodo 2 970304 ND ND 6440 (  5584) 8780 ( 11208 )
RO75 Yodo 3 970304 ND ND 482 ( 418 ) 4820 ( 6153 )
RO76 Yodo 4 970304 ND ND 2370 ( 2055) 4630 ( 5910 )
RO77  Yasui 970304 ND 3950 ( 4976) 946 ( 820 ) 986 ( 1259 )
RO78 Kanzaki 1 970304 ND ND 2230 ( 2130) 4360 ( 5138 )
RO79 Kanzaki 2 970304 ND ND 1200 ( 1146) 7070 ( 8331 )
RO80 Kanzaki 3 970304 ND ND 1810 ( 1729) 11300 ( 13315 )
RO81 Dojima 970304 ND 2510 ( 3162) 1030 ( 893 ) 18200 ( 23233 )
RO82 Yamato 1 970104 ND ND 1380 ( 1141) 6030 ( 6759 )
RO83 Yamato 2 970104 ND ND 2010 ( 1661) 3660 ( 4102 )
R0O84 Yamato 3 970104 ND ND 4060 ( 3356 ) 6810 ( 7633 )
RO85 Yamato 4 970104 ND ND 1460 (1207 ) 8390 ( 9404 )
R086 Tatara 1 970313 ND ND ND ND

RO87 Tatara 2 970313 ND ND ND ND

RO88 Tatara 3 970313 ND ND 862 ( 1544) ND

RO89 Tatara 4 970313 ND ND 1068 ( 1913) ND

R0O90 Naka 1 970313 ND ND 543  ( 972 ) ND

R091 Naka 2 970313 ND ND ND ND

R092 Mikasa 1 970318 ND ND ND ND

R093 Mikasa 2 970318 ND ND ND 4265 ( 3657 )
R094 Mikasa 3 970318 ND ND ND 4876 ( 4181 )
R095 Mikasa 4 970318 ND ND ND 2764 ( 2370 )
R096 Mikasa 5 970318 ND ND ND 3053 ( 2618 )
R097 Mikasa 6 970318 ND ND ND ND

R098 Hae 1 970320 ND ND ND ND

R099 Hae 2 970320 ND ND ND ND

R100  Doumen 1 970320 ND ND ND ND

R101  Doumen 2 970320 ND ND ND ND

R102 Ohmuta 1 970320 ND ND ND ND

R103 Ohmuta 2 970320 5664 ( 6084 ) 2799 ( 3280) 2565 (4594 ) 6910 ( 5925 )
R104 Siragane 1 970320 ND ND ND ND

R105 Siragane 2 970320 ND ND ND ND

ND: negative data
Numbers in parenthesis indicates the values which are normalized with standard air extract sample
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Table 3 Mutagenic activities of soil samples Table 3 continue
Sample Mutagenic activity (revertants / g, soil) Sample Mutagenic activity (revertants / g, soil)

ID _ Location Date TA100 _ -S9mix TAL00 __ +S9mix TA98  -S9mix TA98  +S9mix D Location Date TA100  —S9mix TA100 _ +S9mix TA98  ~S9mix TA98  +S9mix
S001  Sapporo 1 961206 383 (  350) 2092 ( 2774) 360 (  428) 582 (  713) §057  Hekinan 1 970115 139 ( 90) 147 (. 150) 168 ( 209) 136 ( 145)
S002  Sapporo 2 961124 594 ( 542 ) 1793 (  2378) 606 ( 720 ) 825 ( 1011) S058 Hekinan 2 970305 4600 (  3709) 6720 (  6876) 26300 ( 24860 ) 10400 ( 11101)
S003  Sapporo 3 961207 414 ( 378 ) 1641 (  2176) 381 ( 453) 502 ( 615 ) S059 Ichinomiya 1 970115 389 ( 314) 539 ( 552 ) 477 ( 451 ) 805 ( 859 )
S004 Sapporo 4 961124 225 ( 205 ) 732 ( 971) 214 ( 254 ) 306 ( 375 ) S060 Ichinomiya 2 970305 408 ( 329) 424 ( 434) 373 ( 353 ) 665 ( 710 )
S005 Sapporo 5 961123 516 ( 471) 752 ( 997 ) 512 ( 608 ) 664 ( 814) S061 Nakatsugawa 1 970119 91 ( 59 ) 63 ( 64 ) 141 ( 175 ) 159 ( 170 )
S006  Sapporo 6 961124 320 ( 292 ) 357 ( 473) 214 ( 254 ) 582 ( 713) S062 Nakatsugawa 2 970119 248 ( 161 ) 224 ( 229 ) 147 ( 183 ) 408  ( 436 )
S007  Sapporo 7 961123 772 ( 705 ) 912 (  1209) 912 ( 1084) 1076 (  1318) S063  Shinshiro 1 970115 17 ( 76) 144 ( 147) 256 ( 318) 253 ( 270 )
S008  Sapporo 8 961207 508  ( 464 ) 448  ( 594 ) 472 ( 561 ) 615 ( 754) S064 Shinshiro 2 970330 239 ( 193 ) 299 ( 306 ) 440 ( 416 ) 597 ( 637 )
S009  Muroran 1 961205 424 ( 387) 700 (  928) 194 (  231) 428 (  524) S065  Toyohashi 1 970330 64 ( 52) 123 ( 126) 357 (  337) 325 (  347)
S010 Muroran 2 961205 876 (  800) 2420 ( 3209) 404 (  480) 1368 (  1676) $066  Toyohashi 2 970115 159 ( 103) 132 (. 135) 17 (. 145) 304 (  324)
S011  Muroran 3 961205 558 (  509) 5259 ( 6974) 366 (  435) 2135 (  2616) S067  Inasa 970115 147 ( 96) 467 ( 478) 220 (  273) 312 (  333)
S012  Muroran 4 961205 616 (  562) 2676 (  3549) 624 (  742) 2400 (  2941) 5068  Kariya 970115 232 (. 151) 320 ( 327) 379 ( 471) 45 ( 475)
S013  Muroran 5 961205 560 (  511) 6360 ( 8435) 372 (  442) 1952 (  2392) 5069 Kaizu 970305 385 ( 310) 301 ( 308) 339 (  32) 608 (  649)
S014 Muroran 6 961205 286 ( 261 ) 294 ( 390 ) 130 ( 154 ) 135 ( 165 ) 5070  Moriyama 961215 ND 47 44) 46 ( 63 ) 98 ( 121)
S015 Asahikawa 1 961102 265 ( 242 ) 741 ( 983 ) 206 ( 245 ) 336 ( 412) S071  Kusatsu 970207 ND ND  ( 0) 66 ( 94) 101 ( 88 )
S016 Asahikawa 2 961102 668 (  610) 968 (  1284) 488 ( 580) 704 (  863) S072  Otsu 1 961215 ND 120 ( 2) 256 ( 363) 629 (  546)
S017 Asahikawa 3 961212 790  ( 721) 2054 (  2724) 454 ( 540 ) 570 ( 698 ) S073  Otsu 2 961117 ND 69 ( 65 ) 52 ( 71) 92 ( 114 )
S018 Asahikawa 4 961212 177 ( 162 ) 726 ( 963 ) 129 ( 153 ) 132 ( 162 ) 5074 Kyoto 1 961117 ND ND ND 83 ( 103 )
S019 Asahikawa 5 961212 219 ( 200 ) 772 (1 1024) 191 ( 227) 186 ( 228) 5075 Kyoto 2 961216 ND 55 ( 52) 87 ( 119 ) 173 ( 214)
S020  Kushiro 1 961202 261 ( 238 ) 648  ( 859 ) 170 ( 202 ) 194 ( 238 ) S076  Gosho 961117 ND ND 98 ( 139) 260 ( 226 )
S021  Kushiro 2 961202 240 ( 219) 336 ( 446 ) 212 ( 252 ) 210 ( 257 ) S077  Nara 961215 ND ND ND 34 ( 32)
S022  Kushiro 3 961202 265  ( 242) 350 ( 464 ) 177 ( 210) 285 ( 349 ) S078  Minomo 970206 51 ( 83) ND 84 ( 172) 95 ( 89 )
S023 Kushiro 4 961202 239 ( 218 ) 414 ( 549 ) 114 ( 135) 254 ( 311) S079  Ibaraki 970130 92 ( 150 ) 132 ( 106 ) 64 ( 131) 138 ( 129 )
S024 Kushiro 5 961202 120 ( 110 ) 370 ( 491 ) 159 ( 189 ) 154 ( 189 ) S080 Takatsuki 970130 86 ( 157 ) 201 ( 311) 325 ( 365 ) 830 ( 611 )
S025 Tokyo 1 961226 937 ( 552 ) 735 ( 1154 ) 1240 ( 824 ) 885 (  1379) S081 Osaka 1 961216 585 ( 951 ) 2672 ( 2136) 6735 (13776 ) 6515 (  6071)
5026 Tokyo 2 961126 252 ( 148 ) 281 ( 441) 324 ( 215) 335 ( 522 ) S082 Osaka 2 970130 527 ( 962) 2397 ( 1916) 5963 ( 12197) 4255 (  3965)
S027  Tokyo 3 961210 242 ( 143 ) 501 ( 786 ) 596 ( 396 ) 648 (  1010) S083  Osaka 3 970130 ND 141 ( 218 ) 225 ( 253 ) 702 ( 517)
5028 Tokyo 4 970118 743 ( 438 ) 300 ( 471) 508 ( 338 ) 588 ( 916 ) S084  Takarazuka 961215 ND ND ND 32 ( 30)
S029  Tokyo 5 961227 279 ( 164 ) 581 ( 912) 425 ( 282) 528 ( 823 ) S085 Ashiya 970130 ND 153 ( 237) 103 ( 116 ) 272 ( 200 )
5030 Tokyo 6 961129 198 ( 117) 357 ( 560 ) 282 ( 187) 445 ( 694 ) S086 Nishinomiya 970130 144 ( 263 ) 745 (  1154) 1532 ( 1722) 3965 (  2919)
S031  Tokyo 7 970116 1800 ( 1061) 1390 ( 2182) 2310 ( 1535) 1300 (  2026) S087  Amagasaki 970130 ND 284 ( 440 ) 380 ( 427) 884 ( 651 )
S032  Tokyo 8 961225 372 ( 219 ) 227 ( 356 ) 303 ( 201) 435 ( 678 ) S089  Kobe 1 970130 720 ( 1314 ) 3275 ( 2618) 10167 ( 20797 ) 4302 (4009 )
S033  Higashikurume 961209 316 ( 186 ) 383 ( 601 ) 137 ( 91) 318 ( 496 ) S090  Kobe 2 970130 82 ( 150 ) 67 ( 104 ) 162 ( 182) 552 ( 406 )
S034 Kawasaki 961226 732 ( 431) 496 ( 778 ) 315 ( 209 ) 431 ( 672) S091  Kitakyushu 1 970217 155  ( 185 ) 470 ( 518 ) 370 ( 352 ) 419 ( 259 )
S035  Yokohama 1 961227 428 ( 252 ) 727 ( 1141) 345 ( 229 ) 203 ( 628 ) S092 Kitakyushu 2 970217 367 ( 439) 598  ( 659 ) 581 ( 553 ) 726 ( 449 )
S036  Yokohama 2 961203 539 (  318) 989 ( 1552) 1060 (  704) 1310 (  2042) 5093 Dazaifu 1 970217 127 (. 152) 509 (  561) 331 ( 315) 600 (  371)
S037 Yokohama 3 961215 141 ( 83 ) 477 ( 749 ) 204 ( 136 ) 252 ( 393 ) S094 Dazaifu 2 970217 TdE 133) 251 ( 277) 176 ( 168 ) 287 ( 177 )
S038 Ebina 970109 693 ( 408 ) 251 ( 394 ) 243 ( 161 ) 347 ( 541 ) S095 Hie 1 970217 308 ( 368 ) 457 ( 504 ) 381 ( 363 ) 571 ( 353 )
S039 Warabi 970105 511 ( 301 ) 568 ( 891 ) 440 ( 292) 755 ( 1177 ) S096 Hie 2 970217 153 ( 183 ) 486 ( 536 ) 330 ( 314) 388 ( 240 )
S040 Omiya 970116 587 ( 346 ) 1300 ( 2040 ) 934 ( 621 ) 995  ( 1551 ) S097  Shimonoharu 1 970217 111 ( 133) 480 ( 529 ) 224 ( 213) 458 ( 283 )
S041 Kumagaya 961208 389 ( 229 ) 598 ( 939 ) 395 ( 263 ) 383 ( 597 ) S098  Shimonoharu 2 970217 205 ( 245 ) 436 ( 481 ) 348 ( 331) 449 ( 277)
S042  Funabashi 961128 268 ( 158 ) 484 ( 760) 184 ( 122) 247 ( 385) $099  Kurume 1 970210 169 (  202) 519 ( 572) 349 (1 332) 598 ( 370)
S043  Tsukuba 961213 574 ( 338 ) 445 ( 698 ) 468 ( 311) 444 ( 692 ) S100  Kurume 2 970210 118 ( 141) 327 « 360 ) 284 ( 271) 308 ( 190 )
S044 Maebashi 970104 84 ( 49 ) 391 ( 614 ) 195 ( 130 ) 310 ( 483 ) S101  Kurume 3 970210 36 ( 43) 159 ( 175) 84 ( 80 ) 252 ( 156 )
S045 Nagoya 1 961209 29 ( 19) 80 ( 82) 139 ( 173) 261 ( 279) S102  Yame 1 970210 346 ( 413) 476 ( 525 ) 409  ( 390 ) 645 ( 399 )
S046 Nagoya 2 961209 151 ( 98) 154 ( 158 ) 61 ( 76 ) 363 ( 387 ) S103  Yame 2 970210 276 ( 330 ) 485 ( 535 ) 272 ( 259 ) 595 ( 368 )
S047  Nagoya 3 970305 285 ( 230) 226 ( 231) 213 ( 201) 237 ( 253) S104  Tosu 1 970217 198 (  237) 537 ( 592) 421 (. 401) 982 ( 607)
S048 Nagoya 4 970305 613  ( 494 ) 607 ( 621 ) 629 (  595) 949 (  1013) 5105 Tosu 2 970217 308 ( 368) 663 (  731) 393 ( 374) 621 ( 384)
S049 Nagoya 5 961209 240 ( 156 ) 339 ( 347 ) 168 ( 209 ) 493 ( 526 ) S106  Ohmuta 1 970210 302 ( 361 ) 517 ( 570 ) 417 ( 397 ) 661 ( 408 )
S050 Nagoya 6 970305 223 ( 180 ) 340 ( 348 ) 275 ( 260 ) 645 ( 688 ) S107 Ohmuta 2 970210 586 ( 700 ) 806 ( 888 ) 782 ( 745 ) 1405 ( 868 )
S051 Ogaki 1 970305 149 ( 120 ) 69 ( 71) 56 ( 53 ) 93 ( 99 ) S108 Ohmuta 3 970210 481 ( 575 ) 686 ( 756 ) 648 ( 617 ) 1491 ( 921 )
S052  Ogaki 2 970305 603 ( 486 ) 445 ( 455 ) 347 ( 328 ) 560 ( 598 ) S109 Ohmuta 4 970210 435 ( 520 ) 657 ( 724 ) 549 ( 523 ) 922 ( 570 )
S053  Ogaki 3 970305 861 ( 694 ) 875 ( 895 ) 341 ( 322) 1060 (  1131) S110  Ohmuta 5 970210 639 ( 764 ) 554 ( 611 ) 666 ( 634 ) 669 ( 413 )
S054  Okazaki 1 970115 181 ( 118) 148 ( 151 ) 461 ( 572) 316 ( 337) Si11 Ohmuta 6 970210 330 ( 394) 662 ( 730) 412 ( 392) 792 ( 489 )
S055 Okazaki 2 961209 587 ( 381) 635 ( 650 ) 180 ( 223 ) 648 ( 692 ) ND: negative data
S056  Okazaki 3 970308 319 ( 257 ) 619 (. 633 ) 376 ( 355 ) 587 ( 627 ) Numbers in parenthesis indicates the values which are normalized with standard air extract sample.

Tokyo 1: Minato-ku, Tokyo 2: Shibuya-ku, Tokyo 3: Bunkyo—ku, Tokyo 4: Taito—ku, Tokyo 5: Meguro-ku, Tokyo 6: Ota-ku, Tokyo 7: Kita—ku,
Tokyo 8: Edogawa—ku, Yokohama 1: Kohoku-ku, Yokohama 2: Minami-ku, Yokohama 3: Kanazawa—ku
Nagoya 1: Midori-ku, Nagoya 2: Moriyama-ku, Nagoya 3: Kita—ku 1, Nagoya 4: Kita-ku 2, Nagoya 5: Mizuho-ku, Nagoya 6: Naka—ku
Otsu 1: Konan, Otsu 2: Kosei, Kyoto 1: Kamigyo—ku, Kyoto 2: Yamashina-ku, Osaka 1: Sumiyoshi-ku, Osaka 2: Minato-ku, Osaka 3: Chuo-ku
Kobe 1: Higashinada—ku, Kobe 2: Chuo-ku
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BERBLIER, Y= oL v ErRIEENTW
(Watanabe et al. 1998, 1999). F/2HlfE, T HDE
RIGHEWE O TR HIRE & LR o Z RIFHERE 2 °F
i1 L THEE L Tv» 5 (Watanabe et al. 2000).
& £

ARIOFE TR LN ELERITKDOE) L7 > T
5.

1) KZGFERLIT (2, TA100 B L TA 98 Dl T
SImix BMOFEIZ Db 6T T XTOEREFEM %R
L72%%, BE#IH S LD, o) 5206
TWHEI DL E LBMRTKRELL L7, T, RiEE
7 2 Il D FORHC LER I W RIFME AR S e,

2) IR EEHE TA 100 BRTIEdH F 0 i3 & R G
T3/ ENL» o722, = ba T L—rHEHREEHFET 2
LA LRI E W2 2R T YG 1024 BT
EWERFEIEES S 2, RIS & ) BREE
P RL 570 L RN L 22E2KE L, Bl sl
(R065), HIJI(R 041, R 042) 7 ¥ Tifliv 48 R E AR
HHLNTz,

3) LA, ki ok 2 BT, S 9 mix
MoOFEIZ 253, TA100 3 LU TA 98 o i i #k
AL, ZDIFEALDRRIDERFEEEZR L2, &
BHC L > TERBEMDOHB IRy — LV I2ED B LN,
7z, B, EEH L TERIRL 2 Lo —EIciE WA R
JR AR S 7z,

AR DFEL 6, REHROFES L U2 oxEIziR
BHREABOZREHE=2) L 720 FEARE

HWEDOMREEZRAT L CERBL T ZEHFRETH S |

EEZ NI T, RREHICH W FEOR E
A, YG Bk 615 5 1727 — & DRkl 2R IEEWE
REBRHERERRAE L EITOWTE &Ik L TR %2
MZBUENHB LWL LT,

E | [

AWFRISERBUT RN ERIC L ) KRS e, BERE
fLicEHOBEERLET.
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FMTE 2T

AR R - RV OFE L & FE AR O 77 7Y%

KR
OB SR A7 A R 278

PR I1412H 1 H, 2525 AARREERFESLF
MEZERTTRBIERESHES CHEZ L, i) 2
Ewz L Ik, HAREEREE2THEINDGZ
K DENIHEH L, ~TadAL 7)) v 7T I vomEs
EKEELESIRE L2l L L BWET, EiIZo
W3R L L L I2H B L DT, 25 E IS KEAT
oA 7 )y 7T I URE, COMEEBHEILT,
RADEREL ELEDT, FRENELZ2EDTIH
LET.

Ames KERDFHIHICH W 72 TA1535 ) — XD
FIVER TR, HARTHG S Tw 2 &SR AF 2
DERGFEHEEZRETET, pKM101DOEAIC K 3
TA100 ) —XDBARZEM L F L7z, 512, Ames D
JFBHEIZ 7V A v Fax—va VFEOHBEMZ, LT
27T A MIBRERIERE LTHELINE L, 272,
RPAMEL DB L TH, bLOLUDIIERETH
200 DAL AW IC D W T X 72 A5 B, sensitivity,
specificity W N IEF ITH WL HOT L, kiT, Ames
EDHTY.

bULNDOIIEHIIZ, E FPADERWEZ Ao
W2 LTl BEDOHIED BB BALEIE % Xt
FiZL7zoizx L, WEOE O HFEAERICFDRK%E
RDIERDbNDLNDOFRDFR L W2 T3, UKy, E
{LEFE R TH 6 NHBERED, TEADOKEDAS
HARANDEAFRWEIZELOTHEN L RS TIZ X
W, LW FEZOTFIL, BROERFEEEZBIHFLEL
72, HoeHFEFR DL BRED A S 7 — Vil &
BL, ZOERFEHZHARDL L) ELOTHEL LD
Tlge,

BRIFYE (IBEA B L 08 % fa (Nagao et al., 1977 a,
b), ¥ 3 (Takahashi et al., 1979), = —t —(Nagao et
al., 1984), #ih(Ochiai et al., 1984) Zc X I/ 22 1),

ZAF 1200044 H 23 0 2B 200045 H 8 H
OHAREERIFES

ERT

T 156-8502 HUHUARHEH 4 X B 1-1-1

rnEn~TaHFA 2 Yy I Ty, 779K/ 4 F, X
FNT ) F XH =) EEEBIOKREOMEER, F7 3
RA v K= LEa WD = b v v (LHiEX & (Wakabaya-
shi et al., 1983), HFEXZARFL LTHLMITLFL
2. MBESPFONTOYA 27 ) v 7T IVRIIEDLD
TA%L, £, HHALAMTLHY, 2<DhrLD
6 B 58 THEE v E R U F L 72 (Sugimura et al.,
1977 ; Kasai et al., 1980), FZ~7aH%A4 7)) v 77
I Ui, BRFEME Table1 IR LET. wind,
SImix ZRFEE LFET. wIHELEFEEDHE W MelQ &
WmHFHVAaCOMTIL, WAITEEL ) DIEMEIC
3,300 f5nELBHNET, ~TaHA 27 )y I T I L
WO RO 2R b et s, BRBEMHICIH L) *E
B D5 DIFREBIKEC B F T,

ki, FxrORSEPEREREMEDORI; AL, 2D
KEHFREOH I EHFZ LT, 12328 Licd3NFE
L7, ZD%ER, RVEAMDES LR VERZHUR
DHFE~NTAFAL 7))y 7T I L, ThETIC
Tablel iIZ/RLZEFLA2I0FEDO~NTOH AL 7)) v 7T 3
CORPAMEPBRE I NZE L, REBERENC & (3,
INHELNUOLAPHFEERL TWwbd~TaH 4271 v 7
T 2 v DRPAREINES Y, U, Kb, B, BiSTIR,
IE, BEBE, HiE, MAME, M, &MmHExL 2Eich
2B ETY. Lad, ZOEMNESICHESE, R/,
MDA LN FE L7z, IMBA RSP ICHE D £\ PhIP 13
F 344 HEZ v MITKIGDSA, BISLIRDSA, ) v/ fE & FHH
LETH, 7 RATRRERIAICEZEDEH W CHT
BL/6J #H\WT L REAAIZFERSINT Y o3, M
MEE»FHRINIZDATT., SDBLUF3441EF » b
WA ZFERLE T2, IWRVABRZEOEHW
Balb/c >V RICIZFFERTE LW LY F L2
(Ochiai et al., in preparation). 7z, MelQ (3 CDF 1
27 ZI2IE, BIBPA LHESAZFER L T, C5H7
BL/6 N ICI3HIE 2°A 2B RET, KA, HOTA %255
¥ L £7 (Fujitaetal., 1999). ZH HFE3E, R ICE
b BRTFDOMIALS, RO ARERRAIC BT 2ER LT

AFGI3 H AR A R A2 E8E R ICB W TREIN1I99FE AN EZHHBHTH 5.
This paper is the lecture of the JEMS Award (1999) presented at the 28th JEMS annual meeting, 1999.
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Table 1 Mutagenicities of typical heterocyclic amines and their structures

2-amino-3,4-dimethylimidazo[4,5-flquinoline
MelQ

2-amino-3-methylimidazo[4,5-flquinoline
Q

Revertants/ug
TA98 TA100
NH,
N
xN=CH;,
| 661,000 30,000
CHs
NH,
N=(
X N=CHj 433,000 7,000

—<NH2
N=
2-amino-3,8-dimethylimidazo[4,5-flquinoxaline N~ 145,000 14,000
HaC N N~CHs
MelQx \fl
NS
N
CHg
3-amino-1-methyl-5H-pyrido[4,3-blindole 104,200 1,800
Z N
Trp-P-2 !
N7 N NH,
H
2-amino-6-methyldipyrido[1,2-a:3',2"-djimidazole  Z ~N /Nl ik 49,000 3,200
Glu-P-1
u S \N X
CHg
CHs
3-amino-1,4-dimethyl-5H-pyrido[4,3-blindole 39,000 1,700
/ L
Trp-P-1 |N
H\\ NH,
CHa
2-aminodipyrido[1,2-a:3',2'-dJimidazole N. _NH 1,900 1,200
Glu-P-2 ZIN— 2
X \N X
2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine CH, 1,800 120
PhIP el
« L NH
N N
2-amino-9H-pyrido[2,3-blindole Z
Pl 3 | 300 20
N7 N7 NH,
H
= CHs
2-amino-3-methyl-9H-pyrido[2,3-bJindole s | 200 120
MeAaC N N7 NH,

PO EBEbET,

FFHEPL LT, EIMAEDZIZ DNA Ak L~
WVDZE, in vivo RIRERFDETHHTELDNITON
THRETLE L PP-KRX b7~V 2&B L, 1D
fthtdz TLC ET1 202Ky b LTHELNS LY
12 L % L7z (Fukutome et al., 1994 ; Tada et al., 1994,
Ochiai et al., 1999). ZHtkRIZL Y, BHEEL 1071
CESALF L2 SEaicBTaMmkr~nig~7no
FA7) 07T o5 L THERNICIET 2
Z L &M 5212 L (Yamashita et al., 1990), F72, %
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D ARERINESH 33 L IR L R~V TRESI N TN S
DTIFZHWZ L #5212 L F L7z (Takayama et al.,
1989). PhIP (3MEMED Z v b DKRIEFFEEIZFE L L~ o
DNA &% 4 p L £ 3 (Ochiai et al., 1996). 73,
BIZEEE R T HEIAWE (X, DNA Rz 4EKT 3
CEDRDPABBDOE—NHTHH I LITIIMHERIHY)
A, PhIP ZAFIEICIZ & DD TR L ~v ok L
PMED FRADT, WRFALZRI L WEET# I
HbHEEZTHWET,

AT %, DNA BRICHEW Z s8R R X L

sooE Rat - 800

400

MF x 10-6

Male Female

Mouse

Zhang et al.,
Carcinogenesis, 1996

' Control
B PhIP

Male Female

Fig.1 Lacl Mutant Frequencies in the Colon of BBR and BBM Adminis-

tered with PhIP

Table 2 Mutational characteristics of MelQ and 1Q in the ras gene

MelQ
Mouse forestomach tumor Ha-ras
Rat Zymbal gland tumor

1Q
Rat Zymbal gland tumor Ha-ras

Ki-ras

codon 13 GGC—GTC 22 22/64

codon 12 GGA—GAA 1 11/14
GGA—-GTA 1

codon 13 GGC—GTC 9

codon 12 GGA—GAA 4 21/24
13 GGC—-CGC 4
GGC—GTA 2

61 CAA—AAA 4
CAA-CTA 1

codon 12 GGT—-TGT 3
GGT—GAT 2

13 GGC—-CGC i

Nagao et al., 1997

THEEIND ZEDPRPADOBBETELZ L HZ b ZE
¥, £ZTKIZ, BigBlue 7 2B X7 v b E2HWT
FIRAS ARBE & HHO AR & DR E N FE L
72. C57 BL/Big Blue 7 22 MelQ #4%5 L, #%&
FRIC BT 5 9EIR A B (fFh 300 ppm 60 Hi%5) & 5
AR UHE 92 O FERFE TR Z T 5) 2 g L
FTE, INHMEICIZHHENZAHREBERIZ WS &7
522127 ) £ L7 (Nagao et al., 1998 ; Nagao,
1999). In vivo |28\ 5 FREMERDAERIZIZ, iz
X AT 4 v 7 REHET HUEIH) FT. HI2IF
7 AD KBRS R ORIl 1042 U 7o 22 R A RS, 1
BT 200~300 f5lcmy 6 2 LB InEy. —
i, B TlE, REREDSAINTT A, WMiHlZE b
BTN THDEHMESNE T, HAMIL IR
DRARERICE>TETLEEZ LNFT T, RALR
R L il REOBMR (T AN, SHlfgc L) Ry
52 L, FIRARARE L BHARITHED L WD
I12iFEzonET. 361, EFHHBEENANLTZD
203, EBOVAREERTFORBELZLELL, ZDK
3N, MERICL - TRLEDZZEPH->THET., 2D
CENE20MBTTY. 2T, [H UhEAH TR L
RBAICHEYES L E V) AN FET. £ T,

PhIP % 45- Big Blue F 344 7 v b D MEHED KA IC B
THRRAERBLZIK L EF T EMLENEOP) A
(Okonogi et al., 1997 a) (Fig.1). RBPADBFEICIZZ
<D step 25H 1), Fliz K112 & 0 F5 A BFE L &R S
NTwdrw) oy, §308E T3 (Nagao and
Sugimura, 1998). Mom-1 H 7D 1 > TTH, DA
SRRV E DG PERFERICE D REIN T F
T, In vivo FRERZ I % AL WE O 22 SRR 2 F
WaiGhe, LR EZHFHETLILE»H) T,

KIZ, FRERZRT PVICHT bbbk %
WNELET. 777 x> Bl ps3 JEIHE ST
DaF 249 DE 3INIZG—> T ERD finger print #
By edEmaol Ty, ~NTuA4 7))y 7T I
DIFBRAERZPFRT L2 LI LT, IS
2B BMEEE T, BHEEE FERICOWTRET L F
L.72,

Hil ' <> Zymbal Ik Jw T B Ji T 1 Ha-ras OEMEAL
HLIFLIZALNET. MelQ THEHREI N> RHIH
LRI 35 5 Ha-ras DA ST 22/64 TR S L
F LA, 2Ta 1302402 G- T EEL;FHR
ENTwF L7, 7 b Zymbal WL HE T b [k
12 11/14 12 Ha-ras BtEpsieiti 34, 9L v @ T
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Table 3 Characteristic mutations in the Apc gene of the colon
tumors induced by PhIP and 1Q

Mutation
Tumor Allele loss
Codon Change
PhIP-2-1 635 GGGA—GGA +
PhIP-13 635 GGGA—GGA =
PhIP-17 1413 GGGA—GGA —
PhIP-18-4 869 GGGA—~GGA —
1413 GGGA—GGA —
1Q-3-1 523 T-C +
1Q-1-2-2 921 C-T +

Kakiuchi et al., 1995

FULEEIFRBEINTHET, —FH, IQTHHAEINL
Zymbal I b RJE 21/24 T ras DG A SN E LT
7%, Table2 IZRT &9 2, ez 47D, MelQ & (3
BRADZERPFEREINTHE LR UEnZ b,
Haras 2 F > 13D G— T (3 MelQ IZF RN TH B &
W2FET., CNFTHREIN TR DORI;FAYEIC
L2 rasERNI L, AF Va5 bL i MelQ &
LIATOEREFRTLILIHTWETH, 4
DEREOEWERTHLEW) I EHFTEET., Ly
L, ras D ASEIET 13, £ DWEHALDRERIC Z ZBECHNIZ
CIRHENTEY, BT LILAYREREIIARELES, X
RARFERWEOHE ITIIRAL»H 5 L Bb . %
HAyZE R, b signature mutation DFRFRIC T, BEAEHE
BEVLELXTINABMET LD, HERKEZET VA
PIESEEFOH A, B L 2 2EHIEHTH 1) @Y T
hbrrHFEZF LI,

~NFaHA 7))y 2T I VEREEICBITS, AN
FIEET p53 BEZMRF L Z L2, ZORREZ, BIEE
DEADARE> T LRI NT, FROLRIHET
2FEHr» Y 2B LN FERATLRZ(Nagao et al., 1997).
ZZTELIZPhIPFRAE»AICE TS Apc KR %
MEtLF L7z, Apc #5113 cDNA 2K 8 kb (2 fess
XYV 156 L5EETFTHY), bllbNUPERREL
PHADIHEITETT v b Apc BN ERE I N T H.V)
FHATLAE. ZXY 14 T3S~ bo oS 2k
B, HPEETZPCRTHEEBELZWEHJERLELL
P, TX¥V15136kb HY, =XV 1 primer 2 &
EXELEEFRATLRY, Fnkl L ITBELEIE T
MEINLILIIH) FRATLR, FEITHEHRETL
72, Lo L, BonERIIKRERKENLDOTL,
Table 3 127”3 & 9 1< PhIP #F R K9 4/8 12 Apc &
BymiEh, 209 b 1HITIE2 2OEEI RSN
FL72 Lad, 256nERITIGCGGA - GGA TLZ.
—%, 1Q THR L2 KBEE T3 2/13 ICE RIS
n, Ly 2RnRL pifftERMNELRTLL. LD
AL GGGA 7 5 D G DR % (3 PhIP @ signature
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mutation & L CHEZ 2Rtk Z e L £ L7,
Signature mutation D #3212 13 Big Blue %25
NTwa E#2 % L7, Heddle 15 2 Big Blue <7
Z KM kh B 12 xF ¢ 2 PhIP @ % £ J5 1% % Mutation
Research (2#k%5 L7z, Fak LRI EZ R LA, b
Nbh D> Twe MelQ FRERMK L & I, KFN
S — DN R SETIEE Z L2, 20218 100 i
BRI O VTN L 72HER, G — T Ol LE A A R
PELEHETHY, GGGA 2 5 G DKM E PhIP L
HHT 7 %124 51 F L7z (Okonogi et al., 1997 b). £
iz L, MelQ LBEEETIE 1 %12, AaCHEEIZIZ A
HHENFTFHATLR, 2512 Big Blue 7 v K
Bk, B L OFUIRIC D COBRNERIIZNZNE %
BXwe%iciio st L7z (Okonogi et al., 1997 a ,
Okochi et al., 1999). ZDZH(Z, EWNIDOHIRE HIC
I, b MR 2 BT WA WAL RTHERIND
Z L, FOBMER I T W Z 3 (Okochi et al., 1999 |
Nagao, 1999). —7F, "vVEVy, TFNLT /7
NELV Y, VXFL=taY T Iy, 777X Bl
TN L) LEBFRIIMLEINTVWERA.Z2T,
—Ji& PhIP o signature mutation THh 5 & L £ L T,
E FEHAITEIT S PhIP D% pb3 RNy —
HHHEELTAHAE L, b MEBICBIT 2 pd3 DR
ZEI|ITTIZ 9959 7] 12D\ T database L CHIH T &
% ¥ (Caron de Fromentel and Soussi, 1992). )
% 33 151(0.33 %) »* PhIP @ signature mutation & |7
LEIDERZ > TnwE LR, PhIP WA WSDOEKE
FHERL, 72, pb3 BHKEBEBRPRRLEVSLNWDLL
BRI ) AEEAS N ET. PhIPFRERDH L 3-
10 %75 GGGA % 5 G DRKRE51=2bFTT b, pd3
RN 3.311 % PhIPFRER W) FEREICL) &
3 (Nagao, 1999 ; Okochi et al., 1999). pb3 #EIZF(Z
E MEOHIS0 B TERLTWETAHT, PhIP i3k M3
MAICKE e RENZ R L TWEIEIZENET, L
L, & PhIP signature mutation %7z L T PhIP ®
AL -S> THERINLZOLHEIKRY £7. 80ohdG #»*

—

GGGHEANCHEL ZFT L GOREIHEZ 5 2 L Hitai )
S>T&F L7, BILWDNABEIZIAZI SICHELIR
I FRE s HEEEZTBY FT
(Kawanishi et al., 1999).

L ZAT, ROPADBIRZIEYT /) DAL ES S EE L
a2 R LT WD L. Loeb 2 X DB SN E
L72(1996 ; Loeb and Loeb, 2000), 3, ¥b4¥ Dl
T, mismatch repair BER DR, POERNLEEL Y
PEEINTWET, ps3 137/ L& REICHEODICH
BERREI R R LTWET, AT 7 ) v 7T
FREBICET 27 ARLERITONT, KBRS
»Y ET. PhIP FRKEPA, AADKERKICEWT
A 70T IABAPERLTHWEI LD L
72, UL, ZOBEIMESC &, 28h I BRI
i 2 3 PhIP ICIRINT Wb L 2% 2 3 &, PhiIP
oA a7 74 MESICHERA L THERINLE
BThoREMELFZ bNE T, 22T PhIP &R
AT BYEFMINR 2L L E L2, 7 u—= 7 L7244,
ez, ZOMICERPFERINDI D ZHFHNZ
F &, IEFFUR BRI 10 f5 0 3 T IEE B D 4
BEFRINTEY, L2IEEERLEL->TwEL
2. ~NTatA 7 )y 2T I VEKEETY, /AR
FEE S EE LR ERLLTWD I LA RBEINE L
72, T AAREGEARD G TAERE, B R UHEAEILE
AL BT B EZENCOWTIBABRDORETT. O
3L, ENLAA LS F —HPAWIE T &k &47h
nTwzxy.

Bt%IC, ik, ~7at%A4 7)) v 7T 3T B
ZENHRINCHZ TE I LB REHLCE>TET,

RPAMEDFRD &, BRI N DLIEHED S 1R Z
THRT IG5 2 5N LITESEH L TwFE
T oF, TRESHI NI sk, RfRE LD
AT > TS o 2 HOAMGEE D H 2 ICRHE L £ 7.
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Quantitative evaluation of mutagens in ambient air and soil
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Summary

More than 200 surface soil samples were collected from parks and roadsides in residential

areas in the Keihin, Chukyo-Tokai and Keihanshin districts in Japan and were examined by the
Ames/Salmonella assay. Most of the organic extracts of the soil samples showed mutagenicity
toward strains TA98 and TA100. High levels of mutagenicity were found in soil samples from sites
close to industrial areas in each district. By bioassay directed fractionation using normal-phase
and reversed-phase column chromatography, 1,3-dinitropyrene (DNP), 1,6-DNP and 1,8-DNP
were identified as major mutagenes in the organic extracts of soil from Osaka. An efficient
clean-up procedure and a sensitive quantification method of 1,3-, 1,6- and 1,8-DNP isomers in soil
were developed and applied to 30 soil samples from the three districts. DNP isomers were detected
in all soil samples examined. The highest contribution ratios of DNP isomers to the mutagenicity
of soil extracts were observed for the samples collected in Osaka, and the total of the contribution
ratios of three DNP isomers was about 50%. These results suggest that surface soil is largely
contaminated with mutagenic compounds and that DNP isomers are one class of major mutagenic
and carcinogenic compounds contaminating surface soil.

Keywords : surface soil, mutagenicity, dinitropyrene, quantification
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Fig.1 Sampling areas of surface soil in the Keihin, Chukyo-
Tokai and Keihanshin districts
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Fig.2 Mutagenic potencies of surface soil toward S
typhimurium TA98 and TA100. O : Keihanshin dis-
trict, [ : Chukyo-Tokai district, A : Keihin district
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Table 1 Yield and mutagenicity of Sohxlet extract and the fractions of soil from

Sumiyoshi-ku in Osaka City

Sample Yield YG1024—S9 mix Recovery of total
(mg) (rev./mg)® mutagenicity (%)
Soxhlet extract® 3403 120000 100
Silica gel column*
Fr.1 221 2300 0.1
Fr.2 263 1430000 92
Fr.3 305 259000 19
Fr.4 638 25000 4
Fr.5 1951 6300 3
Silica gel HPLPLC®
Fr.2-1 79 39000 0.8
Fr.2-2 38 426000 4
Fr.2-3 46 516000 6
Fr.2-4 21 9120000 47
Fr.2-5 17 5140000 21
Fr.2-6 11 60000 0.2

¢ The slope of dose-response (revertants/mg extract) was calculated by least-squares
linear regression from the first linear portion of the dose-response curve.
® Recovery represents the ratio of total mutagenicity of each fraction toward that of

Soxhlet extract

¢ The Soxhlet extract was obtained from 4.4 kg of soil (<850 #m) collected in April 1997.
“The Soxhlet extract (3.4 g) was applied to a silica gel column.
¢ Fr.2 (238.4 mg) was applied to a silica gel colum for HPLPLC.
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Fig.3 HPLC profile of mutagens in organic extracts of soil,
Fr.2-4, from Sumiyoshi-ku in Osaka. HPLC was per-
formed on an STR PREP-ODS II column eluting with
70% acetonitrile at a flow rate of 9 m//min. The
mutagenicity of each 2 min fraction (histogram bars)
was tested in strain YG1024 without S9 mix. The UV
absorbance of the eluate (upper line) was monitored
at 254 nm
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Fig.4 HPLC chromatograms of compound I (A) and com-
pound II (B) isolated from organic extracts of soil
from Sumiyoshi-ku in Osaka. HPLC was performed
on an STR ODS II column, eluting with 60%
acetonitrile at a flow rate of 0.7 m//min. The UV
absorbance of each eluate was monitored at 254 nm
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dinitropyrene (DNP) 3 L *1,6-DNP & [6l & & 11 72
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(Watanabe et al., 1998). F 7z, ¥##& 5 (X[ tklﬁﬁiﬁi
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NO,
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Fig.5 Structures and mutagenicities of 1,3-, 1,6- and
1,8-dinitropyrene (DNP) isomers and 3-
nitrobenzanthrone (NBA) in S.typhimurium TA98
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FHRT D LW & Tw % (Takayama et al., 1985 ;
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al., 1997). Fig.5 (2 3-NBA 8 X O* DNP ik 7% &
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KIZ DNP H{n &K@ TP IC BT 2040 L 2 RIF I
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Table 2 Amounts of 1,3-, 1,6- and 1,8-DNP in surface soil and contribution ratios of DNPs to the mutagenicity of soil in

S.typhimurium TA98 without S9 mix

Sampling site Sampling mutagenicity Concentration Contribution ratio (%)
data (rev./g soil)® (pg/g soil)”

1,3- 1,6- 1,8- 1,3- 1,6 1,8 Total
Tokyo Shinagawa-ku 98 Feb. 319 19 32 15 2 4 4 10
Higashimurayama 97 Dec. 438 17 14 17 2 iL 3 6
Hachioji 98 Apr. .380 21 22 30 2 2 6 10
Kawasaki 99 Jun. 2,340 130 280 370 6 12 16 RY|
Nagoya 99 Aug. 7,860 350 630 750 2 3 7 12
Yokkaichi 99 Aug. 1,270 140 310 310 4 10 19 33
Hekinan 97 Jan. 34,300 2,440 4,210 4,370 3 5 10 18
Handa 99 Sep. 1,960 210 480 760 1 2 7 10
Uji 98 May 3,300 320 630 860 4 20 31
Osaka Kita-ku 97 Apr. 4,230 910 1,200 1,400 8 11 25 44
Osaka Minato-ku 97 Jan. 5,960 1,530 1,770 2,090 10 12 27 49
Osaka Sumiyoshi-ku 97 Jan. 9,780 2,680 3,070 3,650 11 12 28 51
Kobe 97 Jan. 10,000 1,120 1,850 2,570 4 7 20 31

# The organic extracts were obtained from 15 g of soil (<250 mm) with an ultrasonic extractor.
® Values were corrected for recoveries during the purification process, including ultrasonic extraction, and represented at the
mean+SD (n=3). The recoveries of 1,3-, 1,6- and 1,8-DNP isomers were 95, 97 and 94%, respectively (Watanabe, et al., 1999).
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Rodent liver replicative DNA synthesis (RDS) test for detection
of nongenotoxic (Ames-negative) hepatocarcinogens

Yoshifumi Uno

Mitsubishi-Tokyo Pharmaceuticals, Inc., Yokohama Research Center,
Pharmacokinetics and Toxicology Laboratory
1000, Kamoshida-cho, Aoba-ku, Yokohama 227-0033, Japan

Summary

To better establish an iz vivo-in vitro rodent hepatocyte replicative DNA synthesis (RDS) test
for screening nongenotoxic (Ames-negative) rodent hepatocarcinogens, experimental conditions
and judgement criteria were assessed. After single-gavage of three model compounds, isolated
hepatocytes showed the highest labeling index (L.I., %) when plated at density of 2.5%10* cells/
cm®. Spontaneous RDS incidences showed constant values in hepatocytes from male F344 rats
aged 9 weeks or older and from male B6C3F1 mice aged 6 weeks or older, respectively. Based on
the distribution of spontaneous L.I., in 9-week-old rats, L.I. of 2% or more induced by a test
compound should be judged as positive and that of less than 1% as negative using the maximum
tolerated dose in the time-course experiment at 24, 39 and 48 hr. In the case of L.I. between 1 and
2%, the finding clear dose-dependence was considered to justify the conclusion of a positive effect.
In 8-week-old mice, 0.4% or more of L.I. was judged as a positive response.

Under the above experimental conditions, 18 of 22 rat hepatocarcinogens and 32 of 41 mouse
ones gave positive responses (positive sensitivity : 82% and 78%, respectively) and 20 of 25
noncarcinogens and 25 of 31 ones gave negative responses (negative specificity : 80% and 81%,
respectively) in the rat and mouse RDS test, respectively. These findings suggest that the RDS test
is a useful method for early detection of nongenotoxic hepatocarcinogens.

A collaborative study was conducted to evaluate whether an RDS test in rat livers using a
continuous 5-bromo-2’-deoxyuridine-labeling method can detect nongenotoxic hepatocarcinogens
with three daily administration at dose-levels effective in long-term bioassays. Six of seven
nongenotoxic hepatocarcinogens tested gave positive or equivocal results. It is considered that the
RDS test can detect many nongenotoxic rat hepatocarcinogens with short-term administration at
dose-levels used in long-term bioassays.

Keywords : replicative DNA synthesis, cell proliferation, RDS test,
nongenotoxic carcinogen, hepatocarcinogen
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&

SEIREWE D Z 7 ) —= > 7S, A REERER A
HhoFMLHEL LU EHEINTWS, LrLlh
P, ERFEHRBRTIIMETELWEREEYE L 28
HHENTED, IhsZ2EMMTHRIET 22 L2k
B LR TRICEbDTEELHEZ LNL, R
W2k LT, BIFEEWE Db Sl aiE- 2
HHLZ, z2oEEE, LEWEORERICLVFRIN
% MRasERE R A5, FERREETER) 70 ST e D — X
RTH?ZEDPMEINTWDHTHS (Loury et
al., 1987 a ; Marsman et al., 1988 ; Butterworth and
Goldsworthy, 1991). J@EEMWEC & 2 Milae s D
#HTIZ 13852 DNA A% (replicative DNA synthesis :
RDS) D HIE H—fx 24T 4L, RDS i3 A8 5T
DIZDITHNLARIE L 75 2 £ 5T 5 (Busser
and Lutz, 1987 ; Doolittle et al., 1987 ; Loury et al.,
1987 b ; Mirsalis et al., 1989 ; Eldridge et al., 1990 ;
Furihata et al., 1995 ; Yoshikawa, 1996). *7z, Jki
EHEEDBEEEME D £ < 250 > DA 2 B & L
T3 Z X (Gold et al., 1993) 2 5, AFliEic 31+ % RDS
FHIRME R IF RDS iRER) OFE. &, Z DMK DR
HETo7. ABAREICIBWT, EERE EREWE &
[FHEHER 7 FiR TEM S 115 Ames Bk TEEMED R
ZoRIRIEMEE S EMICEFRT . 21T, Ames il
BavgIEE T oIcHIHSNGARTH), 2
DRBRE D3y 7)) —TREEZ TS 52 & 2EML
172 TH 5,

1. Ff RDS SEROERBIRERR DG

BFRDS RERIE, S v ME =7 2 ICHERME = B
[] 5 RIS 1 4% 5 (e FH AL 0 LDso F 72 (33D EIE R D
1/2, EBiZ 2000 mg/kg) L, — &Rkl s 2 5
4 — R RER 1S T Ay EE, *H-thymidine D37 F T 4
BEfE g L CA— 2 9477 7 2{ER L, RDS LHD
4% G 2 WEBRIETH B (FH 5, 1994). ARWFFEIC
BT, B3BEEABRTUHINSF344 7 v b &
7213 B6C3F1~7 2o Mt % i L, RDS Lk H-(3 2000
18/E o BFila % # 7~ + L T labeling index (L.1.,
%) &S LEHE L 72, BF RDS O WIE ek 6, A
E# DNA A% (unsheduled DNA synthesis, UDS)
EICHBEL TEBEINTE R, 2nteo, i RDS HlEH
ICEBREMNEROE LT 208N H D LH L, LN
{7 et & FEhE L 72,

1) FHiERRDEERE

1% AR IR ORI (3, FFle ) B 2 %
PEREICEE T 5 2 L2 5T w5 (Nakamura, et
al., 1983). [FAAkIC, #BRME D in vivo IR D in vitro
TORHINED RDS %12 L il & 7R < B G- L
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J Gomn oil S
Carbon tetrachloride

B8 Clofibrate
[ Diethylstilbestrol

Labeling index (%+S.D.)

0.75 25 715 25
Hepatocyte density (% 10+ cells/cm?)

Fig.1 Effects on hepatocyte density on RDS induction in
rats after in wvivo treatments with three typical
nongenotoxic hepatocarcinogens. Each column rep-
resents mean+S.D.(n=4). Asterisks( *) show sta-
tistically significant increase compared with solvent
(corn oil) controls by the Student’s Z-test (p<0.05)

TWb I EDTHEN728, RDS 815212 feii 70 e
R IC O EMET L2, HFRDS 23573 5 2 L %BE
MOKEIEMEME O 9 5, RDS MR 27 5 L b
115 carbon tetrachloride, clofibrate 3 X Uf diethyl-
stilbestrol Z 7 v I (9 J#H) IT¥%5-1%, Nl o L
T4BRBORETEEL LLZAUELL, ZOHE,
2.5%10* #Hifie/cm® (5 10* #ig/mL 1Z#H%4) THREL 72
LEI, TRTCOHEBWEICE W THEMFICERE X
RDS 5254 6 172 (Fig. 1). 2728, I RDS Bk (3
2.5X10* fifg/cm® DG /EE TEB T H I LI L
(Uno et al., 1992 a). ZO#HkEI, 4.2 £72136.2X10*
HiE/cm® THEME X 115 UDS Bk (Butterworth et al.,
1984 ; Bermudez et al., 1989 ; Mirsalis et al., 1989) &
N RREEETH - 72,

2) BF RDS BAFHEE

BEHIC BT 5 HF RDS o AREHRE (2 > b o —)Lfl)
IBREHICL D e ) B 5 Tw7z (Butterworth et
al., 1984 ; Mirsalis et al., 1985 ; Loury et al., 1986 ,
Steinmetz et al., 1988 ; Bermudez et al., 1989 ;
Mirsalis et al., 1989). D EFEIIMEH X 28D
BEh D E— LI N T wnwieo t RS, KELR
D= R R Rk - P AL oY b 3T R /PRI, (INSORY EE
L7z, 87 5808 E HARF »— L2 1) 3= L DI
AL, iFRDS D HIRFERFEZRE L2, ZDOKEK, T
M3 BT, =7 236 HETAHRBRENILET 5
Z LA L 72 (Fig. 2). 26 0Bk LI i) % ffi
AT ERELa2y bo—lirsionbs %2, 5
v MR 9 BT, =7 Z ARSI S » LR
HEFRIAED N TH 2 2 & 2 FH 8 L TN 8 E i T
M3 52 &i2L72(Uno et al., 1992 a ; Miyagawa et
al., 1995).

[CJExperiment 1
[ Experiment 2
[ Experiment 3

Labeling index (%%S.D.)

Age of male F344 rats (weeks old)

[CJExperiment 1
M Experiment 2
[ Experiment 3

Labeling index (%*+S.D.)

Age of male BEC3F1 mice (weeks old)

Fig.2 Spontaneous RDS induction in hepatocytes from
different aged male F344 rats (upper) or B6C3F1 mice
(lower). The studies were repeated three times
(experiments 1, 2 and 3) and rats aged 9 weeks or
older and mice aged 6 weeks or older showed con-
stant results. Each column represents mean=+S.D.
(n=4)

2. it RDS DRAIEGZES LURERODYIERSE

i RDS iFH OGS, 0, KB IREE L bR e
H#O LL 2 #EHEm I R E L CHES S, Ly
LZehs s, mERRBRICBWTIE I, BB
HRT— S LOBEZHEET LI L HEMINT WS,
T, BRTFT— I PEHEIN T IUSHE 2 RE %
T2 iMiiT 52 & LaHET, & LT in vivo
FF UDS RER T3, ERZ VA > 85 L LAz
Pt & 5 ST v 5 (Butterworth et al., 1987). JF
RDS &ER 12O W T 5T — 2 123 CHE Kk & it
U722k (3407 <, BH OB Y Mirsalis & (1989) ¢
LLZ# g LHEREZERLTWS A, Zhicid
BOEARBLIC B 2 BIREZ S0 I3 20 v, EE S DFFEATIC
BWT L Y%, B RDS FROE WIIHEF 4B B3
BECL DVHESNCT W, L Lahs, RBR% £
T2 oONTEMENERT—s22LH2E, 10
DEBRD2) 4 72125 ICOFHH» &5 5 L7 HF RDS

e

HIRF R B O FEMEIL, I BEMOMMEF344 5 v b T
0.4+0.18 % (L.I.,, mean+S.E., n=105 %), 8 b
DHEMEB6C3F1I~™7 2 T0.15+0.08 % (L.I.,
mean+S.E.,, n=84 EER) TH ), ZD LRIFFNFh
1.0%BIU0.4%THEZ EHHHL 7 (Uno et al.,
1992 a ; Miyagawa et al, 1995). L7225 T, #ERWE
DG X ) ERELL o LI CEXE) 2345 6 L7z 8
By ZOWEME I RDS BRI 2 Lo L HET
Sz ke F 27,

C DHE HEDOKGE & I RDS #IE /i % fEr 3 5 H
T, AFEFOIEZELE - F¥EIREW'E (carbon tetrach-
loride, clofibrate, D,L-ethionine, sodium phenobar-
bital) & 3FEFDIEEEME  (butylated hydroxy-
toluene, lithocholic acid, 2, 6-toluenediamine) * # fifi
ML, 7y MZBWTHTF RDS B %17 - 72, MBI %
LD 50 ifio> 1/2 5 (Fekifit i @ MTD) T 3 [al i il % 1 4%
5-L, 15, 24, 39, 48 B LU 63 Brf2 ICE 2 B L T
FERERYIZHT RDS % $I7E L7z, #53 % Table1 I2/R7,
Carbon tetrachloride (3#%4-7% 24, 39, 48 35 L UF 63 I
#1112, butylated hydroxytoluene (34%5-7% 39 Wi 12,
PRI & IeE U TG RIS B ol Rt T— 2 &
WM LT OML 2 FRDSZ2F 3% L 72, 2,6-
Toluenediamine (3 FNOUERFRIZB W T L, Hiat
FNCHEEZLH RDS 27823, /42 LI1IE1.0%4k
{itiT& -7z, D,L-Ethionine # X 1F sodium phenobar-
bital (34%5-1% 39 KE I #ERHEICHEE 22 1.0 BLLE
D LIL%ZR L7, Z 72, clofibrate 8 X UF lithocholic
acid (ZFEME BRI IS L THEGRTH#IICH B 4 HF RDS 2
HFE L e o 7295, Rl (3% 5% 39 RIS, %8 134%5-
% 48 W12 1.0 %L Eod L. &2 7R L 72, DL #mer
EWZED, oL 3B RTIE VW EH L
572 4 BBV (clofibrate, D,L-ethionine, sodium
phenobarbital, lithocholic acid) i22» T, H&KEH:
PR L7, 4 8B E o 2 MTD, MTD, 1/2 MTD B
FU1/4 MTD %245 L, BEEOHIZEICB W THAD L.
[.2 7R L 72ERHICHF RDS # i€ L 72, Clofibrate 3 &
U* sodium phenobarbital TI3#5REAFHH I 228, D,
L-ethionine # & U lithocholic acid T8 X 117 »»
- 72 (Fig. 3).

I L DFRED 5 B, clofibrate D7 — Z (3, H EEM
E LD DERT— 712K CHEREEDRF L 2 L 2R
% L Tw7z, D,L-Ethionine # X ¥ lithocholic acid ®
=213, 1.0 %2 bTHITZ 2 LLAELNEA,
HRT AN B EEDO RIS b b T B ¥ 3
PEDSH 5 2 & 2R LT/, 72, iF RDS R8I
EDRER, HHLLETXTOWBRME IZH1T2 L1OK
KAEE, $&5% 24, 39 203 48 OWFNATH -
72, BERICB W T, HEHES512 X 28 RDS 3v$° 1 d
CNHDEEMICHER I N T W72 2 & (Butterworth et
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Table 1 Labeling index (%) in rat hepatocytes in time-course experiments of RDS test with nongenotoxic hepatocarcinogens

and noncarcinogens

Time after treatment

(T&S\tsdl‘llzrgwal I()I?lsge/kg) i 15 hr 24 hr 39 hr 48 hr 63 hr

%%Egg;““”hb“de 1400 0.4£0.3  0.1+0.1  13.6+4.8" 12.4+5.8" 14.9+2.2°  1.6+0.4*
%gﬁ%ﬁﬁ 470 0.840.2  0.1£0.1  0.1£0.1  1.1+1.0°  0.840.3  0.4+0.3
%ﬁ;ﬂgom“e 2000 0.3£0.1  0.1+0.1  0.1+0.0  1.240.2*  0.5£0.2  0.1+0.1
e 75 04402  0.8+05  0.1+£0.0  1.5+0.3°  0.6+0.1  0.6+0.2
Buvlatedbydrowytoluene gy | D7£02 07402 25641 9246.0° 08403 06202
e 2000 0.6+0.2  0.4+03  0.3+0.2  0.6+07  1.1£0.5  0.9+0.1
S 250 0.740.1  0.1+0.1  0.1+0.1  0.2+0.1  0.10.0  0.1=0.0

* . Significant increase of RDS compared with no treatment groups by the Student’s #-test or the Welch test (p<0.05) ;

# . Not significant but showing 1% or more labeling index.

al., 1984 ; Busser and Lutz, 1987 ; Mirsalis et al.,
1989) 2* 5, 7 v MHFRDS ORIZE XV LD 3 B THEIET
WERWEFZ 72, 5612, ARKISHORZEIZBWT
clofibrate Ti(Z MTD# 5 &£ ) 1/2 MTD #% 5 T & \»
L.I.Z/x L, #IZ clofibrate ¥ sodium phenobarbital
D 2MTD #45- (BFt&E) Tl LIRS iz, s
DEFE» 5, HFRDS IXT LI HEMHBEMICHERI N
5DTIF% L, Fo, BEIZLIRGETIIEM F 72 3l
A 6 DR A EEE b 7265 L TH RDS 3T L7)
MHISIND DD EHEING, LehH->T, v i
IT % iF RDS D #& e 2k o W £ 13 MTD 8 & O 1/2
MTD D5 TEBT 2L E» B 5.

Dbz t%HELT, 7 M RDS O#llEHiEB
JUBRT— 2D CHERELZ T L ) ITHREL
72(Uno et al., 1992 b). HH1IZ, #EWED MTD B &
U1/2MTD %245 L, 24, 398 X U~ 48 B[] #% 12
RDS ##&ZREICRIET 2. S b 3 HORERM D 5
b, 1EUETERT—2 LBRIED 215(2.0 %) LI Lo
LILDBSEINEA GBI HET S, wWIholT
LERT—F OFFN (1.0 %A OFA Tkt & fE
T 5, BFRFHIEDREF 1.0 %LLE 2.0 %A L.1A
BEmEINYA, AR E L THE 1.0 %L E
DLLPEONTLEDAZGEELHET S, kB, <
7 ZHF RDS ORIE 2D WTIZ, HIRFEHREKD FIRIE 0.4
% EWZI2HGA LT HEOHREGELNZ L (T
— 2 ERSIT)» 6, BEFENHED A2 FEKL THET
% Z Lz L7 (Miyagawa et al., 1995).

3. A RDS sEROARAtEDRET

(L YE DRI 2 R T TR 3 72D D RERR L
HRTH 20E0» &Ml $ 57200203, BIEEWE % B
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PEICRRH S 2 Bttt 6 & IR IR R R & Bt ot 3
LEtER R E 2HH L, MBI GEARIEE) 2
Kb p 2 La@EiTb s, FBEEWE IC X 51 RDS
#HFRIL, NFETHEREBOWRYEZHHE L THRE S
TVWRITHETY, TNLDMINFEREHL2LDIIRY
ool FRC, BEERICH W CIRRIEEWE 2 #iH

L2iti3EnTH -7 (Ashby et al., 1986 Ber-

mudez et al., 1989). % 2 T, BEEIOIEZER - FREEt:
Y L IEEIEEYE & 2 6 L T RDS Bk % %
L, ZDtEmitER s EEmitELy s o mihixs
F LT, ARBREOH 2B L7,

WEERWYE 12, K[E National Toxicology Program
(NTP) THEME S L 2BIEERBRICB W TRHMli S LT w
LALEEE 2 o ITRIR L 72, APE R (3, o
FETHEM S 1172 Ames RERIZ B W TSR 5 5
NTn 5 LD %EE L, IBEHEWE L, Ames RERTH;
HRERIVBESIN TR LDLEMZTAEL LY L,
FHEERE = X2, BEIS LT TN A Sk
247\ MTD %3 L, Hiak L72HE B L OHE HIET
FF RDS B # £ L7, ZORE, 5 v McBWTIZ 22
FERH D IEACE - FPRIEMEE 5 b 18 FEH % Pk i< (B
PR 82 %), 25 FEAHDIFRIZHEWE » 5 H 20 B
wRatE i (MR 80 %) Mt L, WAL 8
%TH-o12(Fig.4). F72, w7 RI2BWTIT 41 D
AR - FRREWE D5 b 32 FE 2 Bk Btk
$ 78 %), 31 FEFHOD IIRIFEME 5 B 25 FEFH % etk

I (PR D81 %)M L, MARINRIZITI%NTH
-72(Fig.5). TN LDEMEEHMN R 7 ) —= > 7Bk
DEMEE R L THaICEwEBbb I ers, 7y
FB L7 2% v B RDS B3, Ames i BkI&
HDIFER - FHREMWEOFHMA 7 ) —= 7I12& b

* (| clofibrate (39 hr)
MTD = 470 mg/kg

7

\

Labeling h:ndex (%)

_
_

/ !

0 118 235 470 940
Dose (mg/kg)

|| Sodium phenobarbital (39 hr)
MTD = 75 m/is

Labeling index (%)

Dose (mg/kg)
Fig.3 Results of dose-response experiments in RDS tests using rat hepatocytes. Each test compound was
examined at the time of maximum RDS induction obtained in the time-course experiment. Each

column represents mean+S.D. (n=4).
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Asterisks( *) show statistically significant increase

compared with solvent controls by the Student’s Z-test or the Welch test (p<0.05)

ODTHHTH 5 L4E#m L72(Uno et al., 1994 ; Miyag-

awa et al., 1995).

4. SBRED—MRIL

bl LT &728F RDS iRERICB VT, RDSHIED 72
(2 *H-thymidine # DNA ICH D A Z ¥ 2 0D H
D, BEHEWE % B0 /2 72 WS TR AR ER 2 52
BT 2 LnTEL G, 2D, REBEEO—HLIZIZ
IERIFEBRICTEZEHWEFZ L BbN, REFED
o7 ¥ T LLET 2 5, JE gt % B @ 5-bromo-2’-
deoxyuridine (BrdU) T DNA # {55k L, figslghil 7
ICRDS ZWET 2 FEAEHENTED, wTho
FEEMH L TY RDS DUERERICEL W S & HH
&H 3T\ % (Eldridge et al., 1990). LI E##&L,
BrdU # i L7: RDS #Br 2 Mat ¥ 5 2 L ic L7, %
72, WERPVE O i R G2 & B AT AR 2
720N, RIS A BR AV I AT RE 7 B R AR 51 &
DEBRZAT) ST LWEEZ, CHOLDNESR
FEBR - DA~ DX EIFFE S 12 B W TS
T—E L TREL, 2L OWRME L L LI TOMR
W& ERE L7

BERYIE o £ 5 B G o |l B 12, BrdU % it (150 mg/
mL) % {2&I£ K > 7 (Alzet model 1003 D % 7213 2001,

Alza#t) ICEAL T, HMEF344 7 v bR TFICUML
72, BRI D IEAR 5 - FERIE A 7 #6245 [carbon tetrach-
loride, clofibrate, diethylstilbestrol, D,L-ethionine,
methyl carbamate, urethane, sodium phenobarbital
(FAExT IR & U TRrad) | 2 st alBe & 72 (3 " B R 508
FERIZBWTREBELRIRE T o - 3 VEHOHEE
WH HILGHEST, 7 v M2 3 BRSO %S L7,
Z D%, AP L CHEE T 2E8 L, SeisHlakiber
FFZC L) BrdU a2 i L C L.L 251 L7, &4
SRV ICA L T2 7203 3B CRBR 2 =ML, 2
KBIL L THEMENICE B % LLO LR & s 4
ZEERIG, 1BV ETHER L ER»A LN AR
BEFSIEROS, WIFNOMETI AR L AR L h
S 7238 R B E & G-l L 72, Clofibrate (3 62.5 3
U250 mg/kg G HTENZN I EBICBWTDA
Bt nteeod, BRER B F 72134 & 53 L 72,
#ik & LT, carbon tetrachloride, clofibrate, diethyl-
stilbestrol, sodium phenobarbital, urethane (2F51,
methyl carbamate (35EF51%, D,L-ethionine (Zf&tED
FERTH 72 (Table2). T 6 DHERHRIT, SHREH
A% 5-12 & % KF RDS ikER TG FEEn#EH » 130T
—H L THY, BrdU ki 7 ~ iz & 2 i RDS B
&Y, RIS TRE L RIS B W TIER R - 1HE
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11-Aminoundecanoic acid
Chlorendic acid
1,4-Dioxane
D,L-Ethionine

Benzoin

Butylated hydroxytoluene
3-Chloro—p-toluidine
Geranyl acetate
D,L-Menthol

Fig. 4 Positive sensitivity (upper right column) and negative specificity (lower left column) in the RDS
test using rat hepatocytes. The total concordance was 81% in this study. “CAR” in the figure
means “carcinogenicity”

RDS -

CAR +
Chlorendic acid
Dicofol
Dipyrone

Ethenzamide
N-Methylolacrylamide
Phenylbutazone
2,4,6-Trichlorophenol
Tris(2-ethylhexyl)phosphate
Zearalenone

Butylated hydroxytoluene
3-Chloro—p-toluidine
Geranyl acetate
Lithocholic acid
D,L-Menthol

' 4-Nitro—o—phenylenediamine
; RDS)
CAR -

Fig.5 Positive sensitivity (upper right column) and negative specificity (lower left column) in the RDS
test using mouse hepatocytes. The total concordance was 79% in this study. “CAR” in the figure
means “carcinogenicity”
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Table2 Summary of collaborative study results of RDS testing in three daily administrations of nongenotoxic hepatocar-

cinogens

Test chemical Dose Tumor induction/ RDS test by  cf. RDS test by  References
(CAS No.) (mg/kg)  promotion in rat livers 3 days dosing single p.o.
Carbon tetrachloride 50 + + + (400 mg/kg)*  Weisburger, 1977 ;
(56-23-5) 100 + + Ito et al., 1988 ;

Mirsalis et al., 1989
Clofibrate 62.5 NT (—) + (235 mg/kg) Reddy and Qureshi,
(637-07-0) 125 NT + 1979 ; Uno et al., 1994

250 + (+)
Diethylstilbestrol 0.125 NT + + (500 mg/kg) Ito et al., 1988 ;
(56-53-1) 0.25 + + Uno et al., 1994
D,L-Ethionine 62.5 NT = — (2000 mg/kg)  Ito et al., 1988 ;
(67-21-0) 125 + = Uno et al., 1994
Methyl carbamate 100 - — + (1000 mg/kg)  Selkirk and Soward,
(598-55-0) 200 = o 1993 ; Uno et al., 1994
400 + o

Urethane 50 NT = + (500 mg/kg) Adenis et al., 1968 ;
(51-79-6) 100 + + Ito et al., 1988 ;

Uno et al., 1994
Sodium phenobarbital 25 + + + (38 mg/kg) Ito et al., 1988 ;
(57-30-7) Gold et al., 1991 ;
(positive control) Uno et al., 1994

+ . positive, = ! equivocal, — ! negative, (+) ! limited positive, (—) : limited negative, NT : not tested,

a . minimum dose reported positive or negative

JEPEME 2 M T RE 2 & X AR & U7z (Uno et al.,
1999). 72, WREE 23 RE 7 o — 3 “EH 2R
THE L RDSFRZ2/RTHEIMA KL T, H
HITERIERER TOBE Bt R L D —FED A % F
ZhuF, 27 —=r 73N G5-OHF RDS B TR
WEFEZ LML, WERE ORTER L FRIE S RE T
DE— 3 SMEHOMEN L RDSFR2FEL LTH
HRREE RMNICRHE T & 2 WJREMED D 2 T, Y-
DHF RDS BRICFI S h 5 H 2 615, L Lad
b, BN TR ELERT =204 TH), 4%
LI 2 ET 5.

5. Ff RDS S#ME EFERE EOREE

K RDS O HHEREII R E < 2212 &R, e
(BYiE AR GRS T E 2 B T AW (Y L P L R D)
FFHIRERERE T ), L 5 O & I3 REZe FERmNa 15 21 7
LIZ RDS #5115, bW 5 mitogenesis TH 5.
HIFIZD W T IIFHREED D VI NTE D, Bz
(¥ carbon tetrachloride (37 ¥ # VD %412 L 2 5
HMIC L o THMINE I 15 2 5 2 (Zimmerman,
1978), Z i) L T HGF 7 ¥ DWHEK F-25 53 & 11
T BRAEEL T 2N AT 2 2 LI b T w b
(4K, 1990 ; Lindroos et al., 1991). #%#2>WTid
RV LT — 2 h LIS L HES R, Hl21E Wy-
14,643 = L 2 RDS % % |3 peroxisome proliferator-
activated receptor @ 2t L72 b D ThHh 5 = L s &

.

LT\ % (Peters et al., 1997).
CALE DB FEBEE IS & 2RI aE & RS & 0B
HWIZOWTIUE, KD L L2 H 5. Butterworth &

(1995) 13, HF#mBLfE 4 5% & 2L T v 2 chloroform %

=7 21285 L, (B HlaRifii % ARy 2 s
ERFRIREZFR T IBREREY BT LI 05,
chloroform -5 (2 AR A I #E K L 72 2 K
ZRALT, FFIRAl %2 7 Lo W RER TRIFRED
VR 7ML W FHEL T3, 72, Marsman 5
(1988) (%, Wy-14,643 DRAEEH12 & ) Frfe iz 7 &
LB AT A DS R I R e e % (3723 2 & 23
HLTWE, INH0ME EAMEICBNTEHL N4
Rar &, ACEWE D b D RIS REEH 2 HF R0 o) %
TRERRCHENFLZ LML ERbNSE,. 20—KT,
Ff 12 mitogenesis Zc 7B IS X 2 KM i 58 5 |3 98 s 1
EDBEN LT BE L H ) (Ashby et al., 1986 ;
Schmezer et al., 1990 ; Columbano et al., 1990), #A<HF
722 BT H D,L-menthol & X 5 72 W & 7 JEFE I
YE K RDS %% L 72, %12, D,L-ethionine ® X 9
IZHF RDS 23578 L 7 WHFB IR E L e 5 5. 48R
D E7eh b, KHITERFEEH D A TR IE R
TR AR 2 T X 2 L 132 T, RoBs
6 DT (IR R E AR DB, i (s 1/ E S
B I UBEEAD R/, TR M- 208/ E
L E)DPABRLE LB b,
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Bio-chemoprevention
= New concept fOI' cancer prevention ———

Hoyoku Nishino, Yoshiko Satomi

Department of Biochemistry, Kyoto Prefectural University of Medicine
Kawaramachi-Hirokoji, Kamigyo-ku, Kyoto 602-8566, Japan

Summary

Our aim of the study on anti-carcinogenic agents is the development of “designer foods” or
“functional foods” for cancer prevention ; i.e., the creation of new type of foods, which are
fortified the cancer preventive function. Food-originated anti-carcinogenic agents seem to be

especially useful for this purpose.

As the prototype experiment to accomplish this project, we established mammalian cells
synthesizing phytoene, an anti-carcinogenic carotenoid, by introduction of the crtB gene,
phytoene synthase gene. Expression plasmid, pCAcrtB, was constructed to transfer the crtB gene
to mammalian cells, and transfected to NIH3T3 cells and HeLa cells by electroporation and/or

lipofection. Phytoene was detected in these cells.

Recently, we have also succeeded to express limonene synthase gene in mammalian cells. Since
limonene has been suggested to be a possible anti-carcinogenic phytochemical, we will continue
this study and lead it to future projects for the development of valuable functional foods.

Keywords : bio-chemoprevention, lactoferrin, carotenoids, terpenoids
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%.) crtB &£ 13 PCR TRLERZ K L2, 2D,
PCRICHW2 754 ~—2TRT B2 LiCE->TEW
Ml TR LT WDNAW 2457, T4bb,
Kozack nEi %=, #¥ic B 2852 F >~ ATG
BRVEI)ICEE LT F42—%2HWTPCR *#17 -
2. ZHEH T LTER L7 crtB #@EF 2 MARATE
T7IR3IF%E, v bukL—Yarbrnii) Ky
27V a3 2T, BRI EAL, 74 bZrD
EECERY Lz Thd, 74 P EARTEDL L)
& o724l Tld, BILR b L 2550 5 T LAl
BOBREALAHES ) 12K S BB 2 e ML et &
DRI, AL LI < W (7% b bR OMER- D T REZ) B

MRS ZHRTE D 2 LI2L D% 2 BT — 2 A%
B/BoNlbnw) I LEBKRLTEBY, BEETHL. 4B,
BRI, 74 P2 EETEL L) L -7
falz BT, SRR FIC L 2fMlan b7 27

F—A—=3arbEINICKK L2 LTHE, T
Sl Ty, BETHHREZRTHRFZEAL, FREC
BB LRSS L LT R R AT 5720
DAL AHTENT TE 2 X127 B, BifE, 74 bz
RHEETIIN I AV 2=y 7o AD(EMEHED T
LYIATHA, 12, BIRKEN LIZ, 24tk
D74 FZUABRBRBREFEARCEALT74 T
CEEATLIIEICRIILIZE W) HES, L AL R
Ay DILEIFSE 7 0V — 7 7 & 1 & 1172 (Burkhardt et
al.,, 1997). 245 =2 T, bNLONDIKEIN—T D
Fori7s bz EfEMICRHATAZ L EH
ML TWwadNTIE%HL, 74 b2 7vtEEsy I A
AEDOPREERELMIEMN T TWS, T4bb, FRAICIE
ARIZB-HaT 2l e, €2 30 ARZIER D
SELZEDICHHT LI L ZHEL LTWwA, HfENH
RxHlGA, KRERKFHE LOAZIEE AL
ELTED, IN6DRFMICERZHBICEDZ<D
ARICE-STIREY S VARZICE 2 EHZ EDMEDS
RELBRICHL>TW5b, LEH-T, ZOxEIIEE
THoY, ZDLILGEY IVAREDGHRDH 5 A~
I, B8 I vnBELHERCRWEMBLL) L LT,
H2EAECATELOTHETH S, 2D L5 kil
PHRELT, BARTHIBMII7TnEY I VAZE
AEEDLLEVWHIEEDNL T HNT, 2D, 74 T
CEAMIELERE, HEERDIZODE S L E
FIFENTWBEDTHSE, ST, ZOWFEIHEAT, i
HINCE S I VARZIEZWETEGA, LISk
IO EHLEERZWPLIE LI ENERTEDL I LICH
5%, EHIMET A LI, HPADTRICLO%H 5
WREEASH B LV ) HTH B, (EF I VARZITBEPA
DNZR7EHMITERFD—D2TH D EDHLNIT
ToTWwbdDTH5H,) WITIIILTY, ZOWMENAL ~
N7 MIKE N,

LIAT, FlLiZh > T, SR RIS SO
CHRBIUER 2852 LW 520124, EHIATW
2)3ELI74 b b3 5120 ) —EB(HDEN
3B OBERRL TR E NS, 22T, 74 bz v
EREAETE DL L) ICh-7cilgicd s 2 EVAlic
VELRIBETF) 2EATIUL, VL LEAET
55514 BIETTH), bLLNDOKRDOFHEELE LT
FtEMTH S, Thbb, bLbIOWERIN—TI12E
WTh, 74 P UEEDATIIEL, S6I22NLE
DAhaT /A FEOEAICOIFEZ B L Tw GHET
b5,

B, VaEv ICBELTRERTTETI> T WA S, F
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FEZFN)VRYYavrD—o20HE LTEHNMEZ 2 —
iy b LEIR S DRAD L INTWEDTHRAMLT
BE2w, BNHEERIA D D WIIHVATHICHES
52 2\EELKTDO—2oTH 52 LI3LIHIL» HIEHI N
Twb, 22T, BPMEICH LGRS TREEZNZ %
ZLICE o THATHIZARMZRIRZ DS DHZ ) L
IYTATTHREINS, 2LT, 20—RELT, W
PIRHEIC ) 2 B 2R SR 2 AT b Lz, T TIC,
)2y EEETIHENMESELNTEY, 202
YA 2 AN L 2R IS Y o & ) e shiRats S
NZDP xR DBI2ODEFERIFETHTH .
KIEMNI A VICEBEZEZNTWE 6-7)7 M X
HoF L TTH DA, U0 il A R Hs A HIHI &)
RE2EHoOraT /4 FO—MTH), A+ 7rET )X
Yia vOMFFEMRE LTHY) EFS5RTWS,
B-7V7 v XHrF U3, B-AuT o Fuxy
S—XiZkoTB-HurrrbAldnsg, L»L, &
BYLNEHIT, COBEBELTXVCFOLAKTE
L) ETHD, Thbb, ABEEZRBEIETD
HETBEB-720V7 XY F o TEL LIRS
NhnwewilMEr»5, 22T, B-2) 7 XV F
VEELFEETAREBNI AV L B-Au TN, PR
Xy I7—t¥E2a—-FJRBRIETHI/Iv—=r 73N,
(M AYHRD B-HaT o4 Faxe7—XTh
W, 77X F b -2 )T VX F R
SFEET AEEDIT ) E R rH 525 TH 5.)
FLC, o7 u—=v 73 NBETEHLPLD B~
AT EEATEL L) ICKELLKRBHICEALT
mINI A 2ATDB-AuTFnf Foxs5—X%
BRI, ZOME, fEPICB-7)V T PXH o Fon
HEAEINDE Z ENGEHEIN D TH S, 727750, -7
T XY F o DARDEEINIDTII L K FRFICET
XY rFUoLARING, Leh-T, ERICHMNIE
WENT2bITF T3 Zw, 2, BNET 2 &S5 TE»
VGRS, B-7 VT VX FUonEEINSEI LR
FACNTIZREM L 20 P AU e & 20 v, BUE, RHIRERET
RN ACHRD - T, FurFxL T —XH
fEF2EALTB- 72V XV F o 2EEIELT
oY z7 bR TH B,

3. TIARIAER

T/ TNARYTH D) AT, R AIEN I
FFEINTVBILAMTH S, X VHHICIId-) B4~
EREINTBY, YVYRETRI)ERCYDPEEINT
Wh, F)ERACAEREBER()EA YT T X)) DM
WELTE, YR EI DI Ticza—=r73n
TEY, "AFZXEZY)VRCY 3 »OMZERSR E L TH
D EFSLNTWS, B 1-) T4 AREBEREE 28
ATHIEICEH-T, SMMENT ) 4 v 2EAES
T RAZMB LTS, £ LT mRNA ORBIITT
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ICHERRINTBY, T BRI EELTWSE S
RT3 72002 D LEHETH 5.

4, xnft

b Ay —7z0r2EETEHESLEMOME
FREREG, BRI NA v 5 —7 20 HERR
W2 R & v e s LRI & S e hs, 8L 7
CBAED L ZAHRENTH S, LrL, BEREWIA
v —7zurREEIETROBIRLELA, b
EHEREICEEICEIN TV IERDENIA i
BrArs—7zar MM HEDFICE > TEN
DA TR E L NS RIS E L E e,

it,ﬁa@ﬂ4bﬁ4ymiﬁ,ﬁﬂﬁmbt%é
WHEMNTHBHAICE, SAF T ET )Ry Y a Y ORf
FRRELD ) D, ZOM, AT FHEOTaRs 7
7T YHOPICIEWEEEO S B LR BINLED
TRZWhLHFEINTHS

= =

AT ET )Ry 3 POAREEIZOWTRNTE
728, ERLEI N 2DITIIRRT X ERES I 2 W,

FORTROVEELZ LT, ezl iiclT
MR T 208V HETH 5.

KGR MY 'R T L7 Y DOBETHARZEDIZT T
I Eb>TwaY, ZRbnLethics L TR
LGrIE LTV RIHEAITZ ., £ 2 THEIFEMZ B e
DIEMAREINTE Y, ZoORTREMDOMER SIS
OWCL—ED P INsZ iz s, Pk
e SN EBRIEHER 7 ) T L TW B I At s
ESN)RY T 3 v DRHDRBEDPZITANLN S 72D
VHEDFEHTHHI LIZW) FTLhW, ToB, /"%
TETZNVXRC Y a yDROICHEINRNDOEA, 2
NETOH L) ICERRMR L Y 215 C 72D DBIETHAE
%ﬁatémTu&<,%%ﬁ%%m&#m:ﬁﬁ%ﬁ
TEL72LDTH b7, BREICHT 2EREIDLLWT
HbHH)LTHEN TS,

RKICKELBEE 2 D3 DA THROMERE 4T
CENELOTHETH D L W) EHTHD, ZHMEIZ
NAFTET )Ry a v DEDICHRENERDA
CRADOBRBE L V) BITFTIIE L, TXRTODPAET
it o5 i Z TWBETH b, ZD720, 2D
EIAE L L TR A DREROKR F2IHIEL T 5
DTII %L, ZORBLLTHWSZ LTS 35
EFREDBRPBEED 5N TWDBEZHTHDIN, %
NASHE. S ALK T SGE S L 5,

BB, BADNAFSET )XY 3 >DDICBld
L7cffhs, 2SAUSNDEGERRO THIZ 1D v
REMEDT W LIZEHICET 52 HTH S ). FrLES
AT 22 LIIRELEETH 5205 oo
e HEEF DA L D T H AUTH D) FH T (345512 &

5. NI RICE>THELNLDTH 5,

Ei 3
$%®¢T%nbtbnbnmmﬁ7w—7@?_y

2 E XM

1) Burkhardt, P.K. et al.(1997) The Plant J., 11, 1071.
2) Satomi, Y. et al. (1995) Proc. Japan Acad., 71 Ser. B, 236.
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YURY T LI

LR EFREBEADY 7 a—F
HESE MEZ', BN 2

AR Sy R R KR
2 PEEIRBER R A RE R 2T

72 bDH DA ) I3 2D IR R RIGWE AL
L, SHODEREIEERITIERT 52 &L TRAKARY
FERIND., COBBREZILITHLLAZLDODNAH
BOFRQIEM % 2T 7: DNA DIEHEOEHE % ki 724
BHEE L 7 > Tie 2 5 DNA OBORRERDFR
LW AODODAT v 7 I eNE LIS, AR
SYRVIATIE, THDL4ODRT v T D) HODNA
BEOFRLORREROFRICESRZHT, ZLEN
DEBEERNTT 2 L VWRAICOWT S ZDEE L D F
FEwlZwi, FRCERREROFRICE L TSI, KK,
BRPE & v o 22 MM AR Z ICHRT A L HEZ 6D
ERZPLOICHEEL TW2/2nwie,

W O RFEDFER R 613, SnlE, fRA, Ptafkk
DRI % FRATT 5 H7 L o TR R FEIT 2w T
THET W2 Wwi, FRRRBIESERIKEORLLE D
53, EAMRRSHC X DK S 115 DNA 85 % $iikic
BRIT 2€/ 7 0—F btk otk onwes

RAF 12000455 5 18 B 2B 1 2000 45 H 18 H
OH AR R 22

L

T 158-8501 HCmi#ittH4¥ X A # 1-18-1

T 807-8555 AL i AP X IR - e 1-1

W 2 W 727G T BHRIE AR SIS AT b A A
513, TR b s % v T DNA 2 a8 H TA
ZHEHITEFHLWRAEASI N, ZLTIERK
FOMHEED ST, RRERFICL > THAEINLIFE
FHRI AR 2 DOBREIC D W T T RER W72 w72, FT
EDREEL S, PSRV 2=y 77 XEHn
IIZRIRAR R L R ICTIRE B DRI 2 i B 5 5 HF
BREZBEAIE TN,

REAERE LRILAO» - T\ 55, oz
PN TRIBNE NG D> W PE R & L TR
INBIHCLEILrHEZ LML, KIS, Emokit
R Z 72T LS A ATy A HOBKESR, I
TEIIRL 2HED GERLEH 2T 5 FIEOMHAE
CED, FILWERERADITLNE I EATHENS,
Y E RO E E oM L ), #iL
WIRBE R RDHNDITELILEZHHT, DY
YRV ARAE LT,
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YUYRY T LI

oAV z=w 77X gpt delta 2\ 7z
RIGEORE R L REZEIREE DK

HESR

EIRVAESE S TR RO O 3 £

W, WA fE—

T 158-8501 HHUARHEFH4FX 1A% 1-18-1

Detection of the point mutations and deletions using gpt delta
transgenic mouse

Takehiko Nohmi and Ken-ichi Masumura

Div. of Genetics and Mutagenesis, National Institute of Health Sciences
1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

Summary

A novel transgenic mouse, named gp! delta, has been developed for the efficient detection of
mutations iz vivo. A feature of the assay system is the incorporation of two distinct positive
selections for the detection of two different types of mutations, i.e., point mutations and deletions.
The first selection is 6-thioguanine selection, which uses the gpt gene of E. coli as a reporter and
mainly detects point mutations such as base substitutions and frameshifts. Since the coding region
of the gpt gene is 456 base pairs (bp), it is convenient for the identification of mutations by DNA
sequencing. The second selection is Spi~ selection, which uses the red/gam genes of A phage as
a reporter and preferentially detects deletion mutations with the molecular sizes from 1 bp to
about 10,000 bp. The results of the mutation assay with ethylnitrosourea and gamma-ray irradia-

tion are presented.

Keywords : gpt delta mouse, 6-thioguanine selection, Spi~ selection, deletion mutation

&

BRFENE Mcx$ 2 27 25l 27200213, &)
Wt Z F 72 in vivo TORRERMERBOIEETH
5. L2, hprt % dib-1 % ¥ OWAENEEIE T 24018 &
L7z in vivo 2R RMHRIT, MEET X 2D R E
SNTLZE ) AR, HILEHI L~V ) 3EA 7o AT 2% A i
ThruXofE 2 Tnwa, EHE, KBEEHSL77—
CVOBIET RV K-y —#IETF L LTHARAL LS~
AV z=y rey 2 HWTEIETRRERZRI LS
FURNUVTHNTT 2 2 L 25WREIC e ) D0 5. Kl

Zft 12000455 5 18 |
OB AR R

ZBE 200045 H 22 H

FTRTIRVEKR—F —EEFDIE—2FHE->Tnd o,

AR 2 fifk % ot RSB RIFTEDOME 21T 9 Z L A [ RE
THb, DL, BRENDEEBEDAHL LT,

FIE DN B AGH, S 51Tk A pE N~
DL E e HE LR RIFNRHEZ WTREICT 2 TR
FTHARKE, WEHENICAFTELLDITITKEN
lacZ iz 1% Vv iK— % — X 3 % Muta™ Mouse (Gos-
sen et al., 1989), lacl #&fs{%VviR—%—% 3 % Big
Blue® mouse (Kohler et al., 1990 ; Kohler et al., 1991
aArbHb, LrL, BMEOIF VAV 2=y 7T RR
RERBBREVTLIELERLTnE EEFWA W, ]
LTI, BRAEDMBRLBERIMOREICE S 22
Z b ORES, BEHRETHER I N L RREROMIIC
SR LR WG EDEEH T oNDE, bbbz

‘*ﬁﬁﬂ$ﬁﬁﬁiﬁﬁéﬁwmk%>yﬁv7Anfﬁbw%ﬁﬁﬁmiﬂwTTD—+JT%ﬁ§ﬂt
This paper was presented to the symposiumII“The approach to novel detection systems for environmental mutagens” at the 28th JEMS annual meeting, 1999.

-

85



Mutagen *ET"
> Tissues = ——— e
N [ A in vitro packaging |
XEGEO- . it 48 kb Genomic DNA AEG10 phage
red, ga
loxP gpt CAT loxP |nfeCt|0n
_ (

Conversion to Plasmid

6-TG" mutant colonies

€ hiC
Ci
red/gam

Spi- mutant plaques

< gpt
®)
by Cre-lox Recombination

E. coli Cre*

(_©4

E. coli P2 lysogen

Fig.1 Summary of gp/ delta transgenic mouse mutagenisity assay.

I L7l Z2WET 5720, AEG 10 DNA ##lARAAZS b
FUAYz=w 727 R gpt delta % B3 L 72 (Nohmi
etal, 1996). CN=7 (3, 2 >OEICE > TR
LIA4ATDORRERENRISKRD T4 7RV IV a3
TEDFEEFF > T b, OKGH gpt BIZT %2 L K-
% — &3 % 6-thioguanine £V 7 ¥ 3 3, FIZ%e8k
ERERERERE 7V -2 7 N 2RET 2. @21
77—V D red/gam B&L T2V K—%—&73 5% Spi-
V7 ya i3, BRRREREZRET 5. AR T3 gpt
delta 77 2 & W2 RAERBERICOWTHHET
5.

1. NSYRITZWIVIADIER

biibiud, HERERBPADOENEEZFTHLEK
W5 gpt AR L RREBBIHOBENEZ T TH 5
A7 7—Yred/gam BEF 28O bF7 AV —
AEG10 2 # % L 72(Fig.1). 2AEG 10 (2, chloram-
phenicol fit 14 i 1% F(CAT), KW ¥ gpt i {5+,
pBR 322 1k o # BB &6 B4 (ord) & — *F D loxP BLA
ERo77 723 FeEidikic L, 22001 DNA @ Hin-
dIIT #AT i A L CTEB S 7z, AEG 10 DNA # < A4
704092733 iECE ) RZREINEAL,
7oAV 2=y 72 AEAF(CSHTBL/6I B L
BDF 1) 272, Thbn=72I2OWTPCRICEHT
gpt WIEFOBMAZRMER L2, MAZN2 AEG 10 D in
vitro 27X 7 — ¥ 702 X B INEhER 2 WE L, &b By
RDPFELNIRFEICOWTE S 7y MKIC
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SNBBABEMBFIE-BEBELLLIS, ~TaAfF
Hz)DBAIE—$IIBDF 1 HXkD#2] =7 X TH)
30 27—, C57BL/6J kD430 7 X TH)80 2 E—
LEmIn,

2. -TGELIYaVICLDIRRAER
DR

KI5 gpt #fEF 3, purine YL~ — Yk ICE b
% guanine phosphoribosyltransferase # 2 — F L T
Wb, COBEIIIT=rD7 5 A7 5 ) KRIVA L% fil
ML, 77 =29 DNA O AAABFEZIH-> T35,
— T2 DEEF T 6-thioguanin (6-TG) b 3E & T 5.
6-TG (I DNA ICHUD AFn 52 & TREMEEZRT 20,
¥R D gpt BIET 2 FF - 72 KB H (2 6-TG 2 & LR
LETHEBETLIENTEY, gpt BIEFITEEEZFF-72
KIGH D A556-TG 2 EUEREM ETHEFLan=—
ES., b gpt BIZTFEHWIEERY T4 7L 7Y
a YOIRETH L. KWk gpt BIZF13X7 7)) TR
FHINL DR T L RAEBRPORENEZ L LTHW S
NTETEY, 2—FHEEA46bp L/hEniHy —
7 L RAFENTIC L B ERDEE D KRINES TH 5.

FEER i 0OMERS 2 Fig. 1 IRT., BRI TP 72~
7 27 6 AfE DNA 23t L, in vitro Xy r—> > 7
EoT b7y 29—V AEGI0 2 77— VR T L
TS 5, MULL727 7 —2 % Cre a2 R % 5
BLTWw2KEE YG6020 #RiCERE2 2 &, AEG10
Fi2® B—FD loxP BLA IZHk F L 725818 H7 Cre LA 45

50 :
m | gpt (bone marrow)
7 lacZ (bone marrow) L
0| lacl (germeell) |

A

i

GC—AT AT—GC GC—TA GC—CG AT—TA AT—CG Deletion Insertion

Percent of all mutations

Fig.2 ENU-induced mutation spectra analyzed by several
transgenic mice systems. Bars represent the percent-
age of a particular type of mutation among total
mutations identified. The source of the data is as
follows : 60 gnt mutants from gpt delta mice in bone
marrow (Masumura et al., 1999a) ; 23 lacZ mutants
from the lacZ transgenic mouse strain 40.6 in bone
marrow (Mientjes et al., 1998) ; 15 lacI mutants
from lacl transgenic Big Blue™ mice in germ cells
(Kohler et al., 1991b).

ZABRCLI->TYN SN, 7723 FICiEHRT 5, &
e % D YG 6020 i & % 6-TG &£ chloramphenicol
(Cm)Z2&8T M9 EREHICE T 37C TH#T 3 &,
77 A3 F LD gpt AR ATELL T 2 ER{kD
AW6-TG 2 HLERM ETCan=—2F%KT 5. F
72, Cm 20 M9 EREHICE T ELLIo=—%
Mo, Bi7 7 —VHERNT T R I FIZ L ARG
BHIRDLEND, L72h->T, BRI 0=—KEHEIE
Hao=—HThHRLTRRERARFE 2T 2,
LT B L UF ethylnitrosourea (ENU) TRLEL L 72+
T RIZBT D gpt WA RIRE BAKBE 2 WE L7224
RERT. b2V —v AT OIHOH2] Rk~
Z (BDF 1) &t 4 1= ENU % Hi [u] J 22 % 5- (150 mg/
kg body weight) L, 7 H#%ICHH % HILL 72, ENU &
BIFIC BT 2 gpt XA RABIE 13 2.1—2.3X10—4
THY, WUIAREO B X Mol U TR RARHIE 138 4 —
TR ER L2, 512, BonnkRan=—hrsT
7 A3 F_ Lo gpt {5 1#t % PCR THYE L DNA >
=7 XYL kS TR L2 2%, ENU st
T GC— AT % #(17/60), AT — TA %5 (17/60) #*
%< & 6172 (Fig. 2) (Masumura et al., 1999 a). [alkE
DFBUL lacl, lacZ Bz TFr Vv E—9—2 L2k 5>
APz =y 72y ZRM TG ML hprt #5EF%
WO K7 — 5 765 L1851 C 3 (Jansen et al.,
1994 ; Kohler et al., 1991 b ; Mientjes et al., 1998).
=75, WAEBCB T GC > AT 21 L L HKE
BERBLU 7L — 237 VERDHLNI2D, KT
DHRRRER CEBE 2 A 5N D [S] DIF A IZBLE
=¥ (ol KEWICHBIT BRI M5 A LIIHLDIC
RZoTwr, Zozbit, Lik—% —&EFLORR

A

BRIy ZMHENTEREEINTWEZ 2R L TW
5.

3. Spi” selection [C&KDAREERER
DR

FNF7 oAV 2=y 7> Z gpt delta (2 Spi” L 7
VarEHWTRRERDOBEDIRETHSL., PF 2
Y= ?D AEG 10 1213 red/gam BALF B & U chi B4
PHET B, 77—V D red/gam #(ZT\3, 77—
WG L 72 KB O recBC #fs FHEREZIIBIL, A Y
7 DNA 25K 1# @ exonuclease 12 & ) 3RS 115 D
2R, ZOFERT 7 —DIIRRE L ERE FIZT 5 —
Z7EEL. L2 LP2ERETIE, A 77 —YVDEAICK
) recBC BIZ T AENLIND EP2 77— DD
Old ZEHICEVEERBREEZRTOT, ERMIZA 77
—VORFEIIINMEIN T Z =7 2L, COFER
A7 7—VDPLREIFE I 5 KA 2 Spit (sensi-
tive to P 2 interference) X "3z, —7J7, red/gam ik
EFREEDANEILL TV A EREK7 7 — VI3 P2 M
LT 77— %FERT 5 LH»TE 25 (Spi).
Spi~ 7 7 — VORREIC 316 ERIGE AT recAT TH D 2
L, 77— VBIET R chi BRAIDEAET 5 2 L i HE
TH 5. Spi- KHANUT red/gam WAL HEBED AiELL
&N b6 83Nb70, Spi” BREEIFEICREROE
REFOLFEZ LN, red, gam BIZT12Z (L2 HUAT
L7 R R RIREIZAE U B RERIZIEH ITME W L H 2
LNBOTHA. Spi- L7y a v BRETE 3R
BRHOKES I in vitro Sy 57—V 72 HELL W
HPH (¥ 10 kb) 25 LR & F 2 512755, AEG 10 A3~
AT LIS VT AICHAINTWEZ Enb, Mk
Da=y MIERH 57K E L RELEE D BIRNIC IR
HTRE L b5,

Spi~ vV 7 ¥ a Y OERGEOMMEE Fig. 1 1R L
72, Invitro 23w 57— > 72 5 > T AEG 10 Z [l$
LEREFETIZ6TG RV 7y 3y @ TH B, MUK
N7 7—0% P2IREEHE IR IEREAN) 7T 4
7 — RFERKEMIC F T 37C T—Miss# L, Spi- &R
K775 —7 %455, £72, FEFEH IR RIRI L L7 7
—VHERLTCT 77 2E5DT, 77—Vl
HRDO LML, LI ->T, BR75— 7% RIL7
7= VTR L TRAREREFIE ST I NS,

AlRE & U7 BELEE - 7 2 ) Spi~ S SR8 B FE
13#30~7 Z(C57BL6/J) D &#iT0.14x10°°% #21
~ 7 Z(BDF 1) D 1 T 0.11X10°° T & - 72 (Nohmi
et al., 1996). ZDffl3, gpt EIETF= lacl, lacZ &z
FEVR——CLbF 2V 2=y 7o RITBIT
5 ESRISIRA RARBASE L I L C—HriZ X kv, #21 R
MO~ 212 ¥y #£5, 10, 50 Gy # B4t L, 3 H% I
MEMULL7Z2E 25, MIEICH 1T 5 Spi- FE9R%8 B
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pt CAT
4&—6:—:—0—0—

redAB gam bio
o—40
> > > <«
5 1 3 4 2
red gam

0]5 Gy 86-sp1 (-28 bp)
5 Gy 35 (-989 bp)

= 15 Gy 4 (-9198 kbp)
10 Gy 37 (-76 bp)
10 Gy 14 (-266 bp)
10 Gy 39 (-2433 bp)
— — < =\ 10 Gy 42 (-~10 kbp)

10 Gy 11 (-3141 bp)
10 Gy 7 (-~4 kbp)

— 1 10 Gy 41 (-5884 bp)

50 Gy 95-sp3 (-43 bp)

50 Gy 25 (-197 bp)

50 Gy 54 (-208 bp)

50 Gy 50 (-247 bp)

50 Gy 95-sp2 (-285 bp)
50 Gy 131-sp8 (-288 bp)
50 Gy 131-sp7 (-297 bp)
50 Gy 95-sp5 (-297 bp)
50 Gy 95-sp6 (-489 bp)
50 Gy 131-sp9 (-489 bp)
50 Gy 56 (-504 bp)

50 Gy 55 (-1006+1 bp)
50 Gy 49 (-1388+1 bp)
50 Gy 95-sp4 (-3560 bp)
50 Gy 18 (-5054 bp)

[ —150 Gy 16 (-7137 bp)

Fig.3 A partial genetic map of the lambda EG10 transgene and the recovered Spi~
mutants from gamma-ray-irradiated mice. Gray columns represent the
gam/red region. Arrows represent the position of PCR primers for the

analysis of mutants.

REIZZF A4 0.7X107°% 1.2X107°% 2.0X107° TH 1,
B & A7 5558 & 4172 (Nohmi et al., 1999). HAgt
<7 2 13k Spi~ ZBREKIZ DO W TRKEALZ T L 72
Y22, BRKTHOIKb Tk FEFLREIDORE
ZHRHFE S 72 (Fig. 3). v #RFHc L 0 ET % Spi
TR % T RN 2 E S L7z DNA KR+
IR Z 12 E DR L TELRLDEHEZ LS.
JERRGT~ 7 R H1KD Spi~ ZRIKIE, WITILD gam &
£ 7N —HE A DR L T v % E (repetitive
sequence) T T1lbp D7V —4y 7 bEREILTWR
(x). 2 gpt, lacl, lacZ A5 175 ¥ DRIRAEFEZ N
JMNVERKELELS>TRE, INHNDTT RADEL
FHTBEINIERENZ L, CpGHMLTEZ % G
CoA:Tt+5vvyar®, G:CoTIAFZVA
NR—D a3 THY, 29 LIHEERIIS-AFLS MY
COBLT 3 /4t DNA OFBLIHEEIC L DI 2 5D
v # 7 51 5 (Bird, 1986 ; Moriya, 1993 ; Sagher and
Strauss, 1983). L#»L Spi- tv 73 3 »Tldgam &
red DWi S DEALFRERED AL L 70 B R 2 BRIRT S 72

%, 1bp DHiFkiENIT Spi” KRIKZFHFRT L2 LA T

X7\, Spit 2L 7Y 3 D ZOFRRMED, oty 7
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voa VICHRARERERFERGIEE L HZ 61
% . Big Blue mouse X Mutamouse x XD+ 7 ¥ A Y
2=y 2T RATRERKERIMB SIS Wbl
T\ 2% (Suzuki et al., 1993 ; Tao et al., 1993), ZP
R D— 2, HEERDO ARRRE BB &A1
CEWHET LR E L WRRERZRELIZCRWI L
ChbrHZ D, HLERERILZWSpi- V7 ¥
3 v RN, K HIRRIRE BB & RRERDH)
R BRIBDIRR L H 2 5115,

(%) gam OF&EHE A F > X red DB 2 F > DEIZS
bp LAEENTH 5T, WHEEFOIG(3EK L T 5
r#EzZ b5, gam Z1EEORKPELL L, 7V —
LAY T M- TER gam O F % red D3 —
REEIE I T ALAT:, S D72HBIER L ~L T3 Gam 72
3% < Red Y bASRERICATEIL T 2 £ H 2 b 5.
L72A°- T, Spi~ L 7 ¥ a v Tl red/gam M R+
ICE B REERICINZ, gam WTH 1ERREZE
D7V —Aay7 FERERI S L5 (Nohmi et al,
1999).

& =

FS YRV =y 7T ARG RRERBRERIZ
TR AR TSR L $ 5 in vivo RBRARTH Y, K
e SR ARHHE % ML L 7o R RIGHE D RSR & b & o]
BIC L2 TZOREIKRE W, HERIRYT 4 TRV
7y 3 DAL YT L) FEBRBIEDO RO EA T
5. A 77—=YDcll BIEFERHCIRLED, BfFD
Muta mouse, Big Blue mouse ICi#H T 2 52 —
k4B I 25K 300 bp & %L < ISR DFENT AR S 7 &
¥ HiEH ST 5 (Jakubezak et al., 1996). %5
HBOBWRIHRDBIZ 523 2 b OBIRITAR D 3
HTHH.

AmIBAFE X L7z gpt delta =77 2%, [Al—H > 70
52 ODMMIEIC L > THEBLREREHR L 71—
LAY T M) ERRERZZERNNCKR T4 7RV 73
v L, B6N7RREE RS L~V THRITTE 55
BAEFE->Twb, HFE gpt delta mouse (3 C57 BL 6/J
RO REAERTHREINTE Y, FISH fi#tric k ->T 17
Fgetafk 112 AEG 10 DNA O # AL FER I N T
(Masumura et al., 1999 a). 7/ A~DE A 2 E—#(
160 =% (70 FH720K80 2 E—). K
L3 1172 gpt delta mouse # HI\V T, INEEMICH F
Nad~7aHA270) 9 7T 300, EIMRECLVFER
SN D RIRAE RO RN A5 A T x4 (Horiguchi et al.,
1999 ; Masumura et al., 1999 b ; Okada et al., 1999).
72, /v 7T T REDEEIC & BEETHEBED
fEHTIC L v 54T % (Minowa et al., 2000).

PSRV 2=y 722 R EBHWI22RE BB R
(3, BREEDORIEZITINZ, FH°A S DNA B4 B L
AR RIS G R LR EE L2 LT, K
BT 5 HDAS DNAMEE X 7 = XL DfRIC E R 7%
wE 2R T IDEELZLND, 72, Spie kL7 3
CNIRRERZJRIRMICKRINT 22 =— 7 IR TH
D, BEHRZ (2D E L7z DNA OYIRr-cHlif 2 B4
T35 4 7OERIGEOMRNE L UMITICAER EHZ b
b, FERDIV AT LTIIABILDTEL DS H LW
RIVERE MO HE ST L0 LW SN2,
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Analysis of aberrations in chromosomes and genes by molecular
cytogenetic methods

Kohsuke Sasaki, M.D.

Department of Pathology, Yamaguchi University School of Medicine, 1-1-1 Minamikogushi,
Ube 755-8505, Japan

Summary

Many novel methods have been developed for research of molecular and genetic biology with
the advance of biotechnology, and technologies for molecular cytogenetics are so. In particular,
FISH (fluorescence in situ hybridization), SKY (spectral karyotyping) and CGH (comparative
genomic hybridization) are frequently used in experimental research fields. In this brief review
article, I showed the application of the molecular cytogenetic methods to clinical oncology. In
addition to these methods, recently developed DNA array technology, which is a powerful method

90

for biological research and medical practice, is also mentioned.

Keywords : FISH, SKY, CGH, cancer, DNA, hybridization
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WL D5y T fre o 3aE 3 #E L <, FISH (fluores-
cence in situ hybridization), & 5IZZZ DI LW
9 X & CGH (comparative genomic hybridization),
SKY (spectral karyotyping) & \» - 7287 L W il 47 5 123
13, EROBBSMTIIFRETELr>7hbniiEb
O TR 7 P o R B MR T2 2 I 6 212§ 2l
BIETHRFEL LTAEICERLTW5,

WAE T AT O H it T H % fluorescence in situ
hybridization (FISH) I3, tafk<eii(s - 2tk Mz
S oIk LB GRIEFOMERKE in situ
THBERRICIZ A LN TELZ LITKELRHFEDH

ZAF 1200044 H 3 H  ZHELI2000 44 A 10 H
OHABURZ I 2

5., TZbb, Hila—o—2l2BIT2ELEMS Z &
TE& 50T, B & 5 ICHEE N heterogeneity 2547
T RHADRIICL EbOTHRLHETH S, £ 12,
Qetafk EORERL % Jetafk 1T in situ ICTHLPICTE
% i {5 -f mapping I b FH S LT w5, ATl
FISH DHERE 25803 5 9%, 2 2 TOMNEIZYtakE E
%% =%y &35 DNA-DNANAT7) ¥4 ¥ -3 3
VICRBEZEEBIEDLY LTEL. %8B, FISH 0Ji#
RFHAEIEDLOTHMTH S L, EEOFIEIZOW
Thu 27 v ba—ErHRINTE), 21
LEBHICTIUL, #ICT DM R & &
S>TWwa3, UTNICHELNLOLNOBHRTHHL TS
HRIEZ B> THNT 5.

1. FISH
(a) B~ 2 ADNA K L CHRES2ET 5

ARG 0 AR ARG F2E8E KL RO AT [#HLOWEREMRBZE~NDT 7o —F]| TREI N,
This paper was presented to the symposiumII“The approach to novel detection systems for environmental mutagens” at the 28th JEMS annual meeting, 1999.
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Fig. 1 Analysis of chromosomal translocation by FISH. A
case of t(8:9) in a baby. Chromosomes 8 and 9
show red and green fluorescence, respectively. Two
kinds of fluorescence is seen one chromosome, re-
presenting t(8 : 9) (arrow)

NIRRT k\)

DNA (EIEEH Db > T b D -
m;, FISH 2#rL 15
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42 SKY i2®%52 b TH 5, FISH DMFHALZ &
n:z;, L 7 i ""i.., TZxFiuUs, oRPRAFEA
HW7Ze < T, WM T b Yeta R 8 fif /r)[/y IR

!.‘i( 5. T7 b b, interphase cytogenetics ([EHHHFLHH
N fz7) (2 FISH O MDA L - THIH THHE L
otz ZOKHEE, BIRMEL FRCETEED L S
H’af}*;f‘s“/y“lﬂiﬁf"r‘" KicBWwTid %b&)f‘(}h‘ THb., W
W27 > T, —2 DR 2R (D w;wurut”
zm 7'a— 7*“‘ﬂ7iiﬁféuhu$@f
Y2k o THEHESC WD NS B2 i35 2 L8
Intﬁ rainbow (barcord) FISH § #5211 Tw 5,
DRENGEB I & B 24 FEE0 RS

i"iji, Schrock % (1996) 12 & » THEEI NI HETH

5. EEOEKOTEOMAH b'ti'in‘) DNA 7’v—7
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Spectral Karyotyping of Endometrial Cancer Cell Line

U L

b." "'@“
L

Fig.2 SKY in a cell line of human endometrial cancer. It is
easy to detect chromosomal translocation with
multicolored chromosomes

émﬁb.n47u74ﬁ—>a>&m%WQWFom
THEZARZ P FLEBTTHILICE), —EITeR
RN 24T ik Th 5. T IUIHEMEL iR
BEDMNTICHHATH Y, f\f” DEERISHAEH ST
Wb, eta R RS o) SHE L R R o T I b A H
Thb. BME T MH0E R BR ZMAGDbYE 6 z
LT &N 31 S (25-1) F TRESIMIHE & 7c > T W 575,
BRI 24 R O G afk 2 a2 A2 THRRL TW D (F1g
2). 272U, SHEPMPEOEREASERTE 2541 [’i\
SN, B & (ICYAOREEAR D R A R 70 354
BHEEFBHTELWILIIHLATHSL, T tiﬁﬁl
L72FEICM-FISH w5 KD H B0, 374
NG —ZHWTEUEREHFINT 2 HETH LD, Bo6N

LHEST SKY LT H 5.

3. Rkt PO AT

DNA 7o —7 % L T airp R RKAERS (£ & L
T alphoid satellite DNA sequence) % F| /3 % e taff
trbhoAToYtE, FISHD) 5 THm b Th
é L, f‘i’éiff LETH L, Lird, ZohEFRAaEK
T12i3, EbDTAHH» OFEAMLTERTH
5. lquUln‘\H aizBnWT %) Gt RN S AIRE T H 5 2 L 13
2 b k728, H UM{ [ DFFNTREL (2 & b
&)TIJ\«\)'MK (Fig. 3). 4t ARDER P E T

70 <, #faREEEIC X 5 artifact HHERTZ 5. ‘Jéfﬁf’«?*

«/f VT4 v TDOEA L ARRIC R o RHEDEBR RIS
THE#HREIN-7To—72H\w52 H:J: 0, fU‘W) fﬁ
(R 2 RN T & 21300 T3k <, [—fiaT
DMHEDPMR LMD Z LN TE 5 Flg. 4). FEIRDERIR
B LT3, e YR T oA St ) detafk
BT, X HITHRILTIE, TR - o EHIS DL
HEDORIHEIZBWT, BHEMICHHINE L) IZh -
Twa, kAL L 1 HRRETHEREZ/LII LA TES S

Fig.3 FISH using DNA probe specific for X chromosome centomere.
Cells from femail have two spots (left), while cells from mail have

a single spots (right)

Fig. 4 Amplification of c-erbB-2 gene in a case of poorly
differentiated gastric adenocarcinoma. A cluster of
yvellow color spots indicates amplification of c-erbB-2,
and red spots represent centromere of chromosome 17

Y, BRMESY> S L CoHEOKE L EDO—DT
H5.

4. BEDEGETRE

WL T, INTEFRRIEEFORRY H ), Jetafkic
BT BEETHE D K2 ICHE S, ORRE L EET
R EPRBLERBRCERITONE L)L > T
5., AL D RIZEREE T L o T2l 7 AT X FISH o
SFORGEPH Tl 720 v As, RIPMWIE L v o 72\ T O R
T FISH 12X » THAMCHREWRET H 5. WD L 5
12, EIZFORIER R KA EBE ISR T 25541213,
FISH I2 & 2 82 FRFEOMILDEREIZL 4 5. FriC, T
? X 5 12 heterogeneity 730 & 2 IZAAAE T 2 HA 213,
ZHIE T O YRR AL F L~V TOMRHT D W HE &
5, BIZLRRZZEH 1T, INHTTHRIBHILICE

Fig.5 Comparative genomic hybridization (CGH) applied to
a case of meningioma. Green fluorescence represents
gains of DNA copy number, and the entire of chromo-
somes 20 is stained with green

WT LT TE S LWy L KEL KT 5% (Fig.
5).

%L Tl, DNA fiber |2 T FISH # 47y, gene
mapping O #¥#l 7 T % 47 9 B4l (fiber DNA FISH)
LbHELODOH B,

VU EBR~XTE/2FISH (3, 70—7¢ L TTHZFDF
HEEDPHM SN TS DNA 2FIH L2 TH 5. Atk
28D DNA 7m0 —7»HhRS L5 L & LIzt imb
2T M LMEE L LD THA .

(b) XKI2#49 5 FISH (2, 1E%# D YtaABEA % v

THRAHD DNADFFEEZRD L L) FHTH
5. $7%bb, @iFEHOFISHOMTHY), EEFD~y
Ey IS T 28N TH 5.
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2. Comparative Genomic Hybridization (CGH)

TN AR D MK T3, W% D FISH- 2 8 > ¥ —

Fig.6 CGH analysis. DNA extracted from a tumor speci-
men is labeled with SpectrumGreen and DNA from
normal cells is labeled with SpectrumOrange. The
DNA samples are hybridized to normal metaphase
chromosomes. The over-and underrepresented DNA
segments are depiced by computation of Spectrum-
Green/SpectrumOrange ratio

SpectrumGreen
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Fig.7 A CGH image is constructed by green, red and bule fluorescence images

9

5 (Fig. 6). W#HDERE I U TRA ISR Ytk
DNA &g 7)) 74 ZF DT, G TR - g
LT (R« Yetafhifior (Zfk st 2 L 1) 5k < %
5L, #IZREL T 5AIMHAIICIER DNA »*
ZAATNIAXT 5DOTHADTRS b, TTITH
R 2D B I 2B LN TWIUE, 20
BIEFOREDWREME R bEWC LT B, 25T
WA I L WIERERIE FOEEICO LN S, 2o
FiE TN HEZ DNA DK E L FRFEDFREEICY L 2
P, —HiIZi3 10 MB #2 VL E T4 ), point mutation
IR TEL VL WS RERH DD, TXTOYfak
DEERD D\ F—IORM R 2R T 2DICR N % %
9 5 (Fig. 7). Gene hunting ® H\JIZA 1) Tl37e <,

ARERIRINC—RILSFHINE LI I2% 2 THA .

2. DNAZ7LA

CITHEHIHH TR w2 L Lk vy, HETIZS
DEAT L ML AR AT ) AL Th
N, HTOHAZ2 IR TWREL, BMEEIBHD &
IICHTWBEDNT, ZhbEBHFIZINI2W,

DNA chip & %\~ (3 DNA microarray (3, —ic%

B DNA 2 CE 2 Kk LTEHEN TV S,
BT DIFHBAN DR EREIE T RIHE=5) > 7L v
22 3R E LT, FRICHENE B fE <> SNPs (single-
nucleotide polymorphisms) D #1213, B ) % 5365
55D LTEHEINTW S, BETIZ, FEix D chip »¢
e LTAFWRETH ), R ERY T3y
CEEICERLTEY, FRRERICI) ANLNS &
IRLZ->TwDE, AFTLEKELT, vF4 A1 FD
K 6T —F7 — 24 FoEFEZ HiF L 72 SNPs fi##r
BATHAEICIIRELTHEDIT T3,

ZEX M

Kallioniemi, A., P. Kallioniemi, D. Sudar, D. Rutovitz, J.W.
Gray, F.M. Waldman and D. Pinkel (1992) Comparative
genomic hybridization for molecular cytogenetic analysis of
solid tumors, Science, 258, 818-821.

Schrock, E., S. du Manoir, T. Veldman, B. Schoell, J.
Wienberg, M.A. Ferguson-Smith, D.H. Ledbetter, 1. Bar-
Am, D. Soenksen, Y. Garini and T. Ried (1996) Multicolor
spectral karyotyping of human chromosomes, Science, 273,
494-497.

95



Environ. Mutagen Res., 22 : 97 - 102(2000) YURY LI

HIMR T IS DNA B & 2 0EE %
t MR TIRRIIC A 5

R

REBLRFERSEZ AT A Y P =7 %8R T 634-8521 A3 K IRARIE i PUZRHT 840

Three-dimensional visualization of ultraviolet-induced DNA
damage and its repair in human cell nuclei

Toshio Mori, Ph.D.
Radioisotope Research Center, Nara Medical University, Kashihara, Nara 634-8521, Japan

Summary

Two major DNA damage produced by 254-nm UV light are cyclobutane pyrimidine dimer
(CPD) and (6-4) photoproduct (6-4PP). Both photolesions are repaired in normal human cells by
nucleotide excision repair (NER). However, little is known about where CPDs are repaired or
where 6-4PPs are repaired in relation to the various sub-nuclear structures. The present study was
performed to aim at three-dimensional demonstration of UV-induced DNA damage and its repair
in human cell nuclei. We first investigated the repair kinetics of CPD and 6-4PP using an
enzyme-linked immunosorbent assay (ELISA) with damage-specific monoclonal antibodies in
normal human and xeroderma pigmentosum complementation group C (XP-C) cells. We also
examined the kinetics of repair DNA synthesis (unscheduled DNA synthesis, UDS) using a
quantitative immunofluorescence method with anti-5-bromo-2’-deoxyuridine antibodies. We con-
firmed the normal repair in normal human cells and the impaired repair in XP-C cells. Then, using
laser scanning confocal microscopy, we succeeded in three-dimensional visualization of the
nuclear localization of CPDs, 6-4PPs and UDS in individual human cells. The typical three-
dimensional images of photolesions or UDS at various repair times reflected well the repair
kinetics obtained by ELISA or immunofluorescence. The important finding is that the punctate,
not diffusely spread, nuclear localization of unrepaired 6-4PPs was found at 2 h after irradiation.
Similarly, the focal nuclear localization of UDS was observed both during the first and the second
3h-repair periods. The present results suggest that both 6-4PPs and CPDs are non-randomly
repaired from nuclei in normal human cells.

Keywords : cyclobutane pyrimidine dimer, (6-4) photoproduct, xeroderma pigmentosum, uns-
cheduled DNA synthesis, immunofluorescence

42— (6-4PP) L\~ 72 DNA it 2FR L, KE»A

L %584 &4 % (Clingen 5, 1995). £ M2BWTIlE, 2

KB ICE 28RS, B THIz 5D DNA B IZ X 7 v A F FIRFASERRE (NER) (<

DNAWHicy 7 v 78 o]y 4 <—(CPD)X(6-4) % ¥ & o TIEE S 4, IEAEHRE (2 R Bin &2 £ 0 s ta ik i

{239, RV EAE (XP) BB TIZ KRB s < AL K

J& A% AR 1335 L < i < % 5 (Cleaver 5, 1995). 3

Z4F 1200043 H 31 0 ZFE 12000 4F 4 F 10 H iE, DNA (S8R RS METHEL, E 2B\ T
© HABREIZ BIF 2

I

ARG T H AR ERGFFLE8AIRE L YR AID [#HLWERBEREE~NOT 70 —F] THREINL,
This paper was presented to the symposium Il “The approach to novel detection systems for environmental mutagens” at the 28th JEMS annual meeting, 1999.
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8 FEFH DA ERE (A-G, variant) 2 5 7 5 XP D J5 Kk
BT RTHEI7u—=v 73 NBICE-T2, 72, MR
EEEA 2 H o TEERS 2 RSN THEE T2 &
AHRE L 7 D, NER (349 30 B E A LIET & < B
FTAIRITH DI LWL P E L - TE 7 (Sancar
1994, Aboussekhra -, 1995). Z 5 L7z, (EfE&EN
ND—2ThH 5 XPG IIMILZENT F v MRIZHMmL, 1&
BIZPEC T 5 2 & avid S 7z (Park &, 1996).
C OFERIT, B NISIEFER IS 2 T, DNA H#5*f&
HEER & EKBRDIEE IR T & 5 Ml N TBEET 5
CLDUEMERETLINDTH S, £ 2 TARERTII,
FE 7 2 MO SEIMRHEH DNA B0k B & Mg
22V, bilbA L LB RE / 270—F0
PRz Ll v — =PRI Ie T 5 2 L ic L D x
DML L~V T RIS ATHALT 5 2 L 2l A7,

KREMESLUHEE

1. #8 Ha

IE# B b RE Bk (MSU-1, MSU-2), 3 & O ERE
Cliclg¥ % XP AE B & H1IK (XP 1 CTA) O #RHEZ#iH e
ERBRICHW, fRIE I~y 243 MEM #5112
10 Q%2415 WL % hn 2 723538 vh Crgag L 72,

2. CPD & & U 6-4 PP OE1EENRED BRI

MR ISR (2L LT 254 nm) % MG L 2% B &
U EIEREEE% (2 DNA 240 L, REFrRE/ 70—
FNUHUR(CPD 12443 %5 TDM-2 $itfk, 6-4 PP i2xt§ %
64 M-2 $iL14) 2 FIH] L 72 ELISA i (B F ALk e 9% 15) 12
&0 &% 7V DNA h DA % & & L 72 (Mori 5,
1991).

3. #AkaA DNA #B{END=RTHIAIR{L

FHE IS SEAMER 2 BRGT L 72184 8 & OV & WS % (S Hl
faz[EE L, #ile DNA #2441 L72%, AflfiRe/ 7
o —FLHUA, Biotin A% 2 KUK, & 512 Streptavi-
din-FITC iz £ ) DNA 8§ Z 4ot deta L7z, [,
et DNA % propidium iodide (PI) THt s L 72,

R v — ¥ — B8 (InSIGH Tplus-1Q, Meridian

Instruments %) %2 f v THOEM§: & R L, &4 >~
TN 720 0.2 pm IR OK 25 F o 1 R %
J&L72v 7 b TR b L = ke {§ 2 #55 L 72 (Nakag-
awa %, 1998).

4, 118 DNA & (R E# DNA &) BhHE ) #g47

B LU D=RTHAIMR{E

SR IR G 1%, #iiE % fluorodeoxyuridine B X O
bromodeoxyuridine (BrdU) {7 4£ F Tl % o : [§ & 18
Fiag L7z, il % B L DNA 2 %1 & ¥ 721%, $ BrdU
€/ 7 v —F ik, Biotin #2552 XILA, X 52
Streptavidin-FITC (2 & 1) &4 DNA & B 4 2 4 f
et L7z, [RIMEIC, #latk DNA %2 Pl Tt L 72,
WSV - BT, 197 %7208
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Fig.1 The repair kinetics of CPD (A) and 6-4PP (B) from
genomic DNA in normal human and XP-C cells

100 fA@IZ > W T, Hfilfiias72 ) o FITC B L U PI
DR ZER L, 154 DNA A&k % FITC/PI & L
TR L7, e B, o 7 fic—EREA T 5 28 DNA
BRI E b Timh % FITCH# 2R L, 51
DNA S OFHE» 6 R L 72,

2, INHOHNEICBWT, 3 LRKEDHET= X
JCHOGHR & HESE L 72,

& xR

1. & MEBRIZE T3 CPD & £ U 6-4 PP DIE1EE)
RBOEE

Fig. 112, 30J/m? DM E MG S NZIEH B LU
XP-C #liz 1z 331+ %5 CPD 5 & U* 6-4 PP D& {E G HE D
ELISA %2 & 2 EROFEREZRT. ZODIEF M
IRk EETEEZ R L7z, 2F D, 6-4 PP @ 90 %L
b2 3WERILINICiEE L, 72, CPD ? 40 %3 L1850
%% ZF N F NS 10 3 X O° 24 BRIiEfE R L 72,
—7, XP-C $Hla (3 I g+1% 24 BRI LIRS 213 & A
CIEETE T

2, #BEEA DNA BIEO=RTHATRIL

Fig. 212, 30J/m* DS/MRIRGTE R B L OS85
o IE ¥ e (MSU-2) 12 8 13 5 6-4 PP 35 X U #H Ha #%
DNA & =&kyeaotff 2 m . B THia ko FHE
FDOHREFERLTEY, MIBEASOBEL /gL L7,
% 7>, HfEoE: 2 Kk E <R L, AT 2Hiz8 DNA %
£ FIC/NE CFoR Le, RIBETOMINZIZIZ 6-4 PP 2R
HOEERIZIZ L A A SN T » 572 (Fig. 2A). Lo L,
BA G4 18 1% 12 13 0 R 2555 6 1172 (Fig. 2B). 4815 &
DNA O = ke tEE A 'L DA S 5, 6-4 PP
DHIEREN—HICHERIN TS E5b 2 %, 6-4 PP
DA 3 R DIEAERER ISR L TREBICEE F -

MSU-2 6-4PP
A. No UV

Fig.2 Typical three-dimensional fluorescent images of 6-4PP (higher magnification) and
nuclear DNA (lower magnification) in normal human cells. (A) No UV ; (B) UV,
No repair ; (C) UV, 1 h repair ; (D) UV, 2 h repair ; (E) UV, 3 h repair ; (F) UV,

6 h repair. Scale bar, 10 xm

XP-C 6-4PP

Fig.3 Typical three-dimensional fluorescent images of 6-4PP (higher magnification) and
nuclear DNA (lower magnification) in XP-C cells. (A) No UV, (B) UV, No
repair ; (C) UV, 1 h repair ; (D) UV, 2 h repair ; (E) UV, 3 h repair ; (F) UV, 6h
repair. Scale bar, 10 #m

72 (Fig. 2C-F). Blkd 5 Z L2, 545 2 BERIT4 10184 &
N3k - 72 6-4 PP MR ISHIIBEN T F v MIkicA
L7z,

Fig. 312, 30J/m® ORI R B L S0
7 XP-C#ilzic 51+ 5 6-4 PP B X Ur#ilatk DNA o =
KOTHOEHR 2 7R3, MSU-2 a0 A L ki, KR
SO 6-4 PP OSBRI LA LA LT W
7% (Fig. 3A), Mg (2(3 DNA #ifg r £ D AW
WHDE R A% 5 72 (Fig. 3B). L2 L7 s, 6-4 PP

DI B EOE R (3RS 6 RERIEIE S 2 T L0 5 &1k
L %7 - 72 (Fig. 3C-F).

Fig. 412, 30J/m® DESRIAGHE 5 L O iE1E
7 IEH e (MSU-2) 2515 % CPD & & U#fifat% DNA
D=RKoCHECHER 2R, RIS ORI (3 CPD 9
FHEBRIZITEA YA LN WA(Fig. 4A), BEHE%ICIE
B 2 W HEDEE§ 2515 5 172 (Fig. 4B). B4 6 RefH % T
b, CPD D % WHEDLEIRICK & LR A LN LD -
72, THUIER20 % LaEEI LW E T 5 ELISA D
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MSU-2 CPD
A. No UV

E. UV 3h '& =

Fig.4 Typical three-dimensional fluorescent images of CPD (higher magnification) and
nuclear DNA (lower magnification) in normal human cells.(A) No UV ; (B) UV,
No repair ; (C) UV, 1 h repair ; (D) UV, 2 h repair ; (E) UV, 3 h repair ; (F) UV,

6 h repair. Scale bar, 10 xum

FITC/PI
N

1 - 1
o
——0—=0—05

0 T
02 4 6 8 10

Repair time (h)

Fig.5 The kinetics of UV-induced
UDS in normal human and
XP-C cells. Sympols are same
as those in Fig. 1

HERFig. ) EDL2FEHA.

3. 1818 DNA &5 (T"EH DNA &) BN EE

Fig. 512, 30J/m* DG MG HOIEF B L
XP-C #fifigiz 81+ 214518 DNA AKEIED E R OHEF %
RT. ZODIEFHINLIIZIZFEEEDIEE DNA A #hE
L7, WGHE SR E T3 E OO THRIRL 572
3, FNLIBEIZRAMET L2, — %, XP-C #ila (3 agt
% 9 WM DM 4 < 54 DNA Al 2 R & e - 72,

100

4, #HBAAEE DNA S8 O=RTHIAIRIL

Fig. 6 12, 30 J/m® DI EH% 1E F iz (MSU-
2) 12 BT 51542 DNA A B L OHilEl DNA & = XJC
HOEHE SR 2R T, BEIIEE 5 T WIBSHE IS (3 &
1% DNA A % /R a2 4 < A& 5 17 v 25 (Fig.
6A), ZDIHIEERR SRS L TREICHEIRIZH S < %
- 72(Fig. 6B-E). &8 3 WEf T, 15642 DNA ARt
RAFHIAALN T F v MR 2R T DHEBREE N,

Fig. 712, 30J/m* oG XP-C fifzic 517 %
1542 DNA AR B & UHiiask DNA o = kot i %
Y. BREH% 6 BRI £ T, 4 < {512 DNA &2 biT
W W2 b b,

% 72, Fig. 8 12, 30 J/m?* DEEIMRIBEHE R & 0 3
M, BLOIKEMHED S 6 K HIZHIT T 3KEICE
1 % 1 il (MSU-2) o 1542 DNA &8 & Ul
DNA o =R g 2 m3. £H6 6054 L5
DNA A Bt e R 2HilatEN T F v MRERLZ,

= =

254 nm 25705 (3 £ b #iE DNA #3212 CPD & 6-4
PP# L+ 2. &5, CPD X 64PP i34kl L T
NER TiEE I, HBEZETHIOX 7 VFF ke
DNA 7 s8R E I 2tk EL2X v v 7I3EE
DNA Akick > Tiodesns, 2wz, Fig.1 & Fig.
5DFERE RS 52 T, FNFNOEBOERES
R EHEETE B, GHHOER, 6-4 PP O CPD 233 2
ERREIAT 0.34 &7 o 72, F 72, BREHE 3 KEH £ Tofg
1% DNA Ai3, 75 %9 6-4 PP & 25 % CPD B 4.

MSU-2UDS
A. UV Oh

Fig. 6 Typical three-dimensional fluorescent images of UV-induced UDS (higher magnifi-
cation) and nuclear DNA (lower magnification) in normal human cells.(A) No
repair ; (B) 1 h repair ; (C) 2 h repair ; (D) 3 h repair ; (E) 6 h repair. Scale bar,

10 #m

XP-C UDS
A. UV Oh

Fig.7 Typical three-dimensional fluorescent images of UV-induced UDS (higher
magnification) and nuclear DNA (lower magnification) in XP-C cells.(A) No
repair ; (B) 1 h repair ; (C) 2 h repair ; (D) 3 h repair ; (E) 6 h repair. Scale
bar, 10 #m

T52 &, 2512, 3IREHLIEEOIEE DNA A4, (31T
100 % CPD 753232 Z L M b L e - 72,

SUMERGhE A B L MEEERO b MlllaicBw T,
72 B 3R T o T CPD, 6-4 PP 35 X U448 DNA
ARD ZRICMFE RIS Lz, 5o caemffi: &
R DNA AKICE DO THEHRINTH 5 2 & 3k
B3N, 51T, EEICE EfRELIE, ELISA &%
et L AE RIS RE RBICKM T 22 Ly by

o7z, S DREEIT 3 KoCHEDEER AT & b e TS EEME
DENLDTHLILE2RLTWD, ZOFEMOBR
L7256 L RDHAIL, 6-4 PP DIEEAHIILELN T
P)—TR3 W e 2RELIZETH S (Fig.2D). 2D
KL, 1542 DNA AR S 15 53407 L fla k%N T —T
1F7Zcv kw9 Fig.6D 12X ) ZF3 7z, S 512, 6-4 PP
PIEICPEG- T 2 BG4 3 el 848 DNA A b, CPD
PIEE WG 5 3 KEH H LEEO 1542 DNA A5
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MSU-2 UDS

B. UV 3-6h

Fig.8 Typical three-dimensional fluorescent images of UV-induced UDS (higher magnifi-
cation) and nuclear DNA (lower magnification) in normal human cells. (A) Cells
were labeled by BrdU during the first 3 h after irradiation ; (B) Cells were labeled
from 3 h to 6 h after irradiation. Scale bar, 10 xm

L LITHRBA TR~ S LMoo
72 (Fig. 8). U Eo#iR(Z, CPD % 6-4 PP & X & I2Hfl
BRATARE)—ITEHINEI LE2RTINDEL ST,

5 B

SEOMRIRGTE A B L IEEEREO B Mlilgic B W T,
CPD, 6-4 PP 1 L M&4E DNA A KD = RITHIFERITHK
L7z, £72,CPD 4 6-4 PP & & ICHIlEEE A TAY—
IIEEHI N D Z L 2RE L7,

it F
AHFFE ISR BIRSLERRER S B R TS & oo 3[R
RTHY, BMRTLIHEEECLLINVEHLET, F
72, AWRISBERAMHERMBEL L2 x4t o
¥ — R B RSB R DR B % Z 15 72,
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RS & 2 DNA #HoRiH
Wb IERL, W OWE, BAR LT, FHH

JRSHRREE S A AT FE b 5288 T 263-8555 THEHMEBX I 4-9-1

Atomic force microscopy of DNA damage

Masahiro Murakami, Akira Furukawa, Masako Minamihisamatsu and Isamu
Hayata

Division of Radiobiology and Biodosimetry, National Institute of Radiological Sciences
9-1, Anagawa-4-chome, Inage-ku, Chiba 263-8555, Japan

Summary

An atomic force microscope (AFM) has become a useful tool to visualize biological molecules
with nanometer level resolution. It is theoretically possible to visualize biological molecule in the
original form by AFM. Many types of biological molecules, such as DNA and protein, have been
observed in air or in water by AFM.

We used AFM for nanometer-level structural analysis of chromosome damage induced by
radiation. The AFM could image the structure of chromosomes on Giemsa stained or unstained
samples.

Atomic force microscopy to analyze DNA structure was also introduced to further explain of
formational changes in plasmid DNA after radiation exposure in comparison with agarose gel
electrophoretic analysis (Murakami, M., et al., 2000). Three forms of plasmid DNA, closed
circular (intact DNA), open circular (DNA with single strand break) and linear form (DNA with
double strand break) were visualized by dynamic force mode AFM after y-irradiation. The
torsional feature of the plasmid DNA was imaged better with AFM than with a transmission

YRV T LI

electron microscope (TEM).

Keywords : atomic force microscope, DNA damage
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HHEEGHEE, DNA ZFi2xh L CHigEiEE, DNA H
KUK, DNA ZHEHUIMrS ozl sk L, b
RO ANTEALD LR & F 2 51T % (Chadwick,
K.H. and Leenhouts, H.P., 1994). Z# & ®#ifE(3,
ERNOEEBEBIC L VEEI N, KEL%2
DNA 8BRS 2 1 5 12T 2 3513, BHE O Tk
FFCicH Azt 2HBIC 2 LS NS, fiE
K, EHERSTRRS H DNA 80T IS, 7V & k)

I

ZAF 1200044 H4H =ZFE 200044 H10H
O ARHE R 2

% (Roots, R., et al., 1985), 7YV 27 4 —)L F7ILVES
UkENiE (Murakami, M., et al., 1995b), & 7-BAMLERE
(Herskind, C., 1987) %0 v b LT &7z, JELEHRHS
7z 5 [ B 8% (AFM) (2 (Binning, G., et al.,
1986), Si®® SisN: L ¥ TCTELEIHGum DA v F
LAN—DRIZHCTWEHES Iy FEE Lg% 7
0—7 %R % S WEORKEITEMTKETEEL,

JE--h 2 R L TrE o miizk 2 5 Ly
LOTH D, B ZH —HMOREM IFHTH 5755,

JEHEICIE 2 DR T % 35T & BFED & W R % 15
O, HEESTFWED AFM 12 & 28I L T3, fit
KDOEFFMBEBEIIBWTRHELEINS L) ZRED
L E, SROBEEDHIEIAETH ), BSERM

AR H AR ARG F2E28M ALY v RO 7 A1 [#H LWEARFRME~OT 7 0 —F] TREI N,
This paper was presented to the symposium I “The approach to novel detection systems for environmental mutagens” at the 28th JEMS annual meeting, 1999.
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ZERH, HFERPE DL L TOBEEWRETH 5. AFM (3L
FHEEE T TR ORI EE L LTRH S I,
DNA, Yefafk, BERE, DNA-EHEEAR, PiET
FRIBGHZ £ 2 DNA B IC W THi MR £ {5
51T 5% (Hansma, H.G., et al., 1992 ; De Grooth,
B.G. and C. A. J. Putman, 1992 ; Hansma, H.G. and
Hoh, J.H., 1994 ; Pang, D., et al., 1998 ; Czajkowsky,
D. M. and Shao, Z., 1998 ; Hansma, H.G., 1999).

bbb, v I TEWHREIENFZ R T
HRLFARIC & BRI O 2 RS 2 RT3 5729
2, AFAF O LS RIREAAL V#5227 ZHk

O W eSS R e 2 M IR A4S e (SL 3-147,  Mura-

kami, M., et al., 1995 a) IZHR&F L 7214, Z0atalkiE
& & 0 OSSR (LM) 3 X O° AFM % v THET
L7z,

LI, BEDERFEERETICBWT, H®WEE, L
L DARTE T W MR THER S S TR 2 Tk 5 2
ENTE B L) AFM ORI Z4E» LT, 77X I F
DNA (Zx89 % v #agHC £ D 4 L 72 DNA S SHUIHT
DA E 2 T T 2R EBHF L, v BRGHRD T Z
Z 3 FDNADF/ A= L)L TORESE 2 a8/ T 5
BhrETE,

1, SN FREBHEOREBFIEE DR

AF HRD L IRFEA A S HRBE RO Yt RIEA %
XFLaFipaL 72825, LM 2 & - THllar Zhiigeta
Rz, RS EREIX v o 7, Yeta s R RIY) W Ao Bl
STz,

fie W CTlRl— Dtk fiA %2, AFM Tfr L7z, ¥ 44
et L 72 RGO FHEHZ B W T, AFM (T L 1) 2070 4
AR 2155 F5H T E L, Pefafh&Kim i3 b & » T
bHote, —7, WRaOREHIB W T, Yk
B L ->THBY, SO KETERLLELZ S, Y
R 30 nm MEHERE & IS L T 2 L B b 2 & % vl
L35 epc&G L, LAa-5H, 2000). HwT,
BEHE O 5 Zh IRtk > 7 0 2 AFM TR L 72
LA, LMBISEEIC L - TRBEREIHEREI N LD
T, LM Big L alfkic, AFM Tt AR X v o 7,
PO ARRIYIB S 2 BIEE S L, Zoficiy, [F—itak
IR R RIOINT, Yeta R ELX - o THBIEEI L
LordH -7z E, fb, 1999). YIWFREIE TIZEIHiD
3T, (TSR LSS F TR L -THY,
PR AHERETH - 72, PEDPER X v v TDHELT
W BT, A m S I DEm S TR
B A ->THELT, Ptk 2580 > T 5 BH R
T&72 WL, {LH-5%3, 2000). AFM T3, @ESfEE
TRARBEEOBER 2 BIFTE 2720 T% <, FERCE
S, HEENIREISE LN DT, LM X i
IR RE & T3 5 FA [ BETH - 72,
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2. v #REB5E D DNA BE0RT

KA y RS & 2 DNA BB O %475 72012,
7°7 23 F DNA % *Co-y ## CH4I L, 2 D%z
AFM IZENf#FT L7z, y #IC L 2Bt 22175 &, 775
Z 3 F DNA (3fEi% D% Z 1 2 Do IC L )
KD BT 2HEPH LN T WS, BESZIFThin
7723 FDNAIZ, 2{ohlh%H/22—r3—2
ANKDCH WD B HBCIK DNA TH 255, GHREIC L )
HgHUIMr 54 U 2 L A LA S 1T, BBk DNA
IZ7% 5, S 5612 DNA ZHEHUIB» AL 5 £ 0 L KoM
WKDNA &% 5, 7ha—X7 )VERKENETHRITT %
&, LD 3HREBICLEN 77 AT FDNADOT A u—2
TN ETORINDRL BREDP SESITHINT S5 LT
&5,

¥, v RSO 75 2 3 F DNA OBRS 1 %
T A\ — 2 VE KNS THAT L 72, RIBGtD > 7
VTUE, 12T TXT O DNA ZFARIKTH - 7277, v #5H1
FHzo k) 20EI A3 28D L2, HE5.6kGy T
13, BABRK DNA (3FHBREE L) FI2Ze ), BABRHk DNA #¢
KEKZE LD BKEICZ > 72, BB DNA (241 H W
PAREHICB LT, TRTOFRGTTREEZ LD
72, #PKk DNA (ZAREAARAAIICIZIZIERRI IS Z D E| A
BN 2 2 XA 5 2% - 72 (Murakami, M., et al.,
2000).

T, BAGKEREMITICHWZ D LRILY 7
# AFM 2w T2 kA7, RSO 7 7 2 3 F
DNA 2Bl 325 &, W o»rDhlhzZfF 72—,
— 34 VIKOMHERIKDNA 252 HE 1T E 2, B
1.9 kGy D&MTI3, BHERIK, BHERIKZ L THRkd 3 oo
BHKDT7 723 FDNA ZBET LI LN TEL, HE
5.6 kGy & 8.3 kGy D&MTIZ, PHBRIKIZIZE A K HER
ST, BHERIR SRk L o pBigE & 7z, 12, DNA
THEOIMT O KEHAE U 72 Fk DNA #1413, fREIicit
STHMT 5 & 0v ) Buff R BER»r#ZO 5
(Murakami, M., et al., 2000). XiZ, DNA 47Dk
SEWB 7oz, HIREES (Smal) T—E AT L 7243
K DNA #8i%L, RI2FUWLLE ISR
BE#1lum THo7. Z0fiil3, 3kbp DBE DNA &
LTRELZHE2LTHIINSGES 1um LRI L TH
S, a—=F )= FoA 7KL BEBRET-5H
s Bl%E (TEM, i RHERE (2, Takeda, Y., et al., 1992
IZhE-72) I &k - TH EDfir #6172, TEM & (3
870 AFM T3, £ROEFFEDOHRIEELIT-> T n
728, DNA {01 L otk 1255 IZBSE T 2 Hx T
&7, y OMEHIHRICB VT, AFM (2 X ) DNA o
REZFMLEE L 25, KBFORE L T,
WGt El, #:12 5.6 kGy & 8.3kGy T, DNA
B AR & 172 (Murakami, M., et al., 2000).

i

AFM (3, JEBICIIMEZ DET 235 T 28085
WMERE 285 H, F/F 7 /0y —12B1F 5 EE L KE
TH 5. EHFEDOMHRIZ B W TIE, AFM (3, filar ~
WS D L~V FE TUIAWFE TS > Tw
5., bivbiti, TOAFM #HwaZ iz k), fh
KL~ 5 DNA V0L F TORIP T, 68§
& 252 B I aTHAL, BTS2 BT E . A%,
WHERGHRIC & 2 DNA i 2 3 2720102, S 512
AR IE % F ¥ 72 AFM 2 v TR RE 12 3513 2 254
RS THALIT T 2 REZR T2 TETH 5.

o

Bt 32
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Molecular Mechanism of DNA end-joining :
two types of illegitimate recombination

Hideo Ikeda

Microbial Chemistry, Center for Basic Research, The Kitasato Institute
Shirokane 5-9-1, Minato-ku, Tokyo 108-8642, Japan

Summary

Based on study of illegitimate recombination in Escherichia coli, we have classified illegitimate
recombination into two types. One is a short homology-dependent illegitimate recombination
(SHDIR) and the other is a short homology-independent illegitimate recombination (SHIIR).
SHIIR is mediated by DNA gyrase, and it usually takes place at a low frequency, but enhanced
in the HU-defective mutant. Therefore this recombination is usually suppressed by HU protein.
SHIIR may also be induced by a modification of DNA substrate, because the recombination
induced by H.O: seems to be of short homology-independent type. SHDIR takes place spontane-
ously or induced by irradiation with UV light or gamma ray and is widely detected in various
genetic systems of E. coli. The 5’-3’ exonuclease, exoVIII, enhances SHDIR by producing DNA
ends with 3’-overhang, while the 3’-5’ exonuclease, exol, suppresses SHDIR by degrading the
3’-overhang from DNA ends. RecJ exonuclease also plays a role in UV-induced SHDIR. Models for

SHIIR and SHDIR have been discussed.

Keywords : short homology-dependent illegitimate recombination, short homology-independent
illegitimate recombination, DNA gyrase, DNA exonuclease, DNA helicase
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DNA (3, EEERGHRREIME L En»r LD X b L
22 L > TOARMOUIM 24 L 255, 2 DfaHE, R
M Z H 5\ Ii2 DNA RS KIC(DNA = > F 2 a
A=v 7)o THMEEZI N, . v FYaf =0T
T2, DNA OUIWric & - THRK X 1172 DNA Kigh %
DFER CAHTF & O%rudiEEIcZe 5. —7, DNA XK
B DNA K & D23, SRl & D <

I

ZAE 1200044 H 3 0 SZF 12000 44 H 10 H
OHARREIR R 2

RIAETZ Y OIFAHRIFIIRZ 522 5 2 L2 ), ¥
EREETRBDRK B EHZ bbb, 72, Hlft
ZREVHIBEPLZOBRREA D L, RN 2
(illegitimate recombination) & (3, DNA F %7 2 —
DDEALIZB T, HEMED 2 IR, & x Hdi
FRtDFEHHFEIMED & 5 HEILEH O THE 2 2 M2 D
CETHhB, —H, ROHMEED H 2 HILES oM TR
Z % AHEI#L$E 2. (homologous recombination) (3, JE
FHRIARAR 2 & (30 IR 2 BIOBEREIC & - Tirb T v
5.

ARGIZHAREERGEELE8HIKREL RV AT [#HLWERBEREE~NDOT 70 —F] TREI N,
This paper was presented to the symposium II“The approach to novel detection systems for environmental mutagens” at the 28th JEMS annual meeting, 1999.
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Fig. 1 In vivo assay system for illegitimate recombination.
Illegitimate recombination between A phage and E.
coli chromosome occurs during formation of Abio
transducing phages. Most of Abio phages have
defects in the red-gam region of A DNA, and these
phages can be preferentially detected by E. coli P2
lysogen as an indicator (Spi~ phenotype).

1. 2 ERODIFEREIRZ

AmllE, RO IEMFERMLR 2 ORISR 2 4 T
T, ZOMWEOMZMHT 5. R7ebi3, FHREEE
AT 7 — VORI 2 2 IEMHRIMRZ 2T 5
nvivo T vt A4 REMEN L, IR Y, thEREN R
MU ZAIEMEIMIRZ 2T e Rl
(Ikeda, et al., 1995). —7J7, LAijic DNA Y% 4 L —2
12 & o Tl X 2 IEFFEIMIR Z 2 it L Twed
T (Ikeda, et al., 1981), ZOFiLWREHWTINHD
O IEAARIHLIR 2 BeRE 2 BRE L7, 2 ORER, IR
R 2 (2, TR DNA PRA VY A F7—EI2L->T
it X 1, FoMEANC X > TRES LS, RS %
REX LEwIA 7L, SR EEDRENDRA P LRI
Lo THFEINZECHRRI 2V EETE54 7L
SHETEDLI DML -7, COMBMTIE, Wl
DI DEFE C SIS T 5 IO W THI
L, ZOBHEDOECEIHLPIZLZN,

2. FEENHERZO7 vEAR

%3, in vivo 123\ TIEMIRIMALIR 2 % %8 S I2ARH!
FT27 vt A4 RASpi T v A)ITOWTHMAT 5, 5
B, EEALLTWE A 77 =Y BC L > THFHEIN
2B IEFARIALR 2 12 & - TR S 115 Abio TRk
HUAT7 7 —VRBRRIGRIRL, 77— VEICHT
2 Abio ¥R YA 7 7 — P EROEIA %KD, M
MR 2 DBiE & L2 b nTH 5 (Fig. 1), Abio ¥k
A7 7 —Y ASpi 77— ) &3, ADNAD—#L
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Head Dimer
Interface

Primary Dimer
Interface

Fig.2 Location of the gyrA mutations that spontaneously
induce illegitimate recombination at high fre-
quencies. Arrows indicates location of the gyrA
mutations on the three-dimentional model of DNA
gyrase A subunit (Ashizawa et al., 1999)

FM I etk DNA 0 —{i (bio Wi % Mt~ — 74 —
YLCEO) LB 47 )y FDNA 27/ AL
277 —VEEWKRL, FDIFLALEIZ, ADNA D attL
Sz 7 E NS red WiE T L gam BIKS L DWW
RS LT B (Abio red gam™). 2D L) wKE7 7
-3, AR 77— VU»BRETEILNTELWP2
T —VIHERBICOBRETEENTESD, ZOH
W% - 72 IERSE M CRIRMIC7 7 — 7 B2 5 2
YHTES, T, TITHWTWSE A 77 =213, cl
)Ty by — AR E RIS > T b 728, HFIRE
PHHTIUIASICAL 77—V EFRIEDL LN
TELHEGER). Lih-T, BFRICLVERLLET
=R, P27 7 —YpiEEALL ThZe W KIGH
RIFREE LT 57— 7 2K EE, ZORERAT 2
LIkt 77 —VEERIBL, WHEDLERD,
ASpi~7 7 — YL & L 72 (Ikeda, et al., 1995).

3. DNA Y+ 41 L—2RICEDIHERLTHEIRZ

H7bid, cNETic, DNA Vv 4 L—XDHFAID
—FETHLA X)) VD in vivo B LU in vitro 125

S TIRIRINOHR 2 RS A E L ERVILTVL S

(Ikeda, et al., 1981 ; Shimizu, et al., 1995). # %)
CEEDRERIZDNA Yy 4 L—ADZODH T 2=y b
D—OTH25GrAEATHLIEPMOLNTVWED
T, DNA ¥+ 4 L — 2 Z AR R 2 S %2555
b rrismdnge.,

DNA Y54 L—2D ¥ D kI LHRED, MRz %255
MY 20 R FNL DI, MRZDOFEIEI N L <
7t 57DNA ¥ v £ L — ZADIBEEZ R Rk 2 Bk
L, DNA V%4 L —Z2DYXDFEMICEENMNLE T2
D AT, R ERKR S ) gyrA BT & Bk
UHigefes 2 g~ 25, a 10, a 18D a~Y) v 7 2

80

60 M
40
20

o oo nalo

0 1 2 10

Percent of Abio transducing phage found

Length of homologous sequences (bp)

Fig.3 Distribution of lengths of short homology in the
junctions of Abio transducing phages formed sponta-
neously in the wild type, and the gyrAhrI mutant.
Vertical line indicates percent of the transducing
phages detected. Horizontal line indicates nucleotide
length (bp) of short homologies found in the bacte-
rial and phage recombination sites. A solid bar repre-
sents the junctions of Abio transducing phages
produced spontaneously in the gyrAhrI mutant. An
open bar represents the junctions of 1bio transducing
phages produced spontaneously in the wild type.
Average lengths of short homology are 1.3 bp for the
recombination in the gyrAhrI mutant and 8.4 bp for
the recombination in the wild type, respectively
(Shimizu et al., 1997).

I ICERD D B = &b h - 72 (Fig. 2) (Ashizawa,
etal.,, 1999). ZKXF, GyrA EAD T A ~— 2R L
TV EZAHZRLTWED, al0, « 18 |2 DNA 4%
BT 574 Ml EEAT 2oOKEE R RO L E 2 L
NZHEHMTHY), CNLHPRIAT S & GyrA EAZED Y
A b BAPHBRREAT BRE I ), M2 I DR T b
EEZ LIS,

4. DNA I+ 4 L—RIC K DFHEENMHEIEZ
[CI3HEEA DNA B3I ES AL

DV x A Vv —AMERZHELRRE W X125
X5 IEMRIIHAR 212D THUR 2 FE O AT % L
72825, M2 IAICE W TBIE S N A5 IEES O
FPEE, P 1ERAEETH 72, LT, 2o
AR 2 T I3AHTE Zc DNA BCHIZ B &5 e nw L dEsR S e
(Fig. 3). —75, WAERICB W THRICHEN 2 iR kT
(3, CRRY R HHFIECS (%) 8 i AExt) M TR 2 Aok =
S Twiz, ZoORRIE, R 2 1213/ % DNA
FCH DBERYEICBY L T RO B 5 2 & 2R L
7z (Shimizu, et al., 1997). L 722> 7T, Z Db+
T, JEARRIRAR 2 DM % D7 < X b 002903
FTHIENTEDL L) 1T T,

5. DNA B&EEE HU [CX23HERMME
B Z DN

DNA Y% A4 L — Z{KAF DM 2 (358 3 T H 2 5
NTHY, XV VBOBMLY v 4 L —2DER)s
TWEMBRIZIZEA BRI N LW, LrL, 20E
IZIEDNA ¥ v 4 L —2KGFOMBMZ DR 5700w kD
7RG 7 I BBERE DS ) W T L B WTREME S 2 b s L
725613, HIRIC DNAMSAERE TH 5 HU »°DNA &
A V—ZIKGEDOMIRZ 22 2HEE32LTwB 2
EERMLPICLI, ZDESHITFEL S, %RTH
NRBEIMRED Z b L 212 & - THFHYE 5 4R 2 DIRNT
ZLTwick %2, HU QB D E R hupA-hupB- 1=
BOWTHRITEZ 22 DOBEA W Z L2850
RZETHBH HUEAZBRBZ oD I YU EET
(hupA X hupB) 12k ->Ta—FEN 5 _20EAED
BAMTH), 66 N ERER>Z L msnT
W5,

Z D hupA-hupB-% 2 ERI2 B W THRITKE = 2 #H
ZIZX > THERS NI Z B2 T T 5 &, 2 Dk
ZIFDNA ¥ v 4 L — 2{EAF DM Z DE 2 H5> 2 &
Bbhrot,. T4bb,Fig.3D Y x4 L —2ERBEDY
B EFERIC, Z oz 2 HERS O % v DNA OfT
HEZ>TWwie, 2o ey s, HUERZICRIEYH 5 &
DNA Y x4 L — 2 KA DMMBWZ T HARICHER I N D =
& AR 2 #1172 (Shanado, et al., 1998).

6. DNAYvAL—RCKLDMEIRZ (E
DNA DiIESICH > THERENDD

F7ebHl3, BILR bV ZDJEH & 7% 5@ bk FH 059k
MFEIRZ 2FEFT L2 L 2ADFTWEA, ok
&, L) —OHEAVHRKEBE L2, BEkEICE-
THBEI N3, 1ZHhDERMICIT, MG
D7e\x DNA D], & % W I3 I8 HIEIE S O & 2
DNADHITERI > T b D22 L Th 3 (Fig.
4a) (Onda, et al., 1999). FFiZ, mutM %R %O T
(2, DNA 19 8-0x0G 25 E1E X LI Wiz, #ofim
HUFEIT% B (Fig. 4b). 22 X1, @EftkFEI2E -
T DNA D 8-0x0G W & 1722 212 DNA ¥ % 4
V=22 X MR HEI N D e 2 R L Tw
5., UL, FLEMEELIHRIIELNTELT, 414,
S EEN L AL L PN TH B,

7. DNA I+ 4 L—2R(ICLBDIHEEMMEIEZ
DETIV

DNA ¥ x» £ v — 23, —F? DNA $}§ic " FH4 ) [k
ZHAL, Z0M#%, 19 —)? DNA $#{# @@ S, 1)
Wr L 72 DNA K% FiUMRA S 32 L 12k > T, DNA
DY) X ITREMBBIELEEZEOZ L, TF
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Fig. 4 Distribution of lengths of homologous sequences at
recombination sites in wild-type strain (a) and in
mutM strain (b). The y axes in (a) and (b) indicate
the ratios of Abio transducing phages examined and x
axes indicate numbers of nucleotide(s) homologous
between A and E. coli recombination sites (Onda et
al., 1999).

SHEIMr A A S 72 DNA S & DNA ¥+ 4 L — A%
A LHEED, wWb®b [Z7)— 377 Ly
7 2] ML T OMFE L, BEDHCISHL, fSAL
72t%, FUMREET 288, 7 2=y bk,

BRLTAENFNDY 72y PITHEALTW
DNA SN MAFEZ 5 Z L2k > THIIRZ H5EEZ % &
#2, COETFNLE[DNAYVrx AL —RH7T2=y kb

EREFN] LWEA 7 (Fig. 5) (Ikeda, et al., 1982). +

XV ) VBT, H DV ERLD gyrAd BEKTIT, —
FEHYINTH5E A S 1172 DNA S0 5 A O @D B H S
NaZLIZE), THDEI %7 ) =T a7 Ly
JAPEMMINDE I ENREINT WD, Leh-T,

DNA Vv A4 L —RICL BB ZBIZE T H2A XV )

CEER gyrA BEBROMBENNEL, D7) =T
W27V 7 ZADEERMEI LI LICLELDT

HELLUAMT LI LHTE D,
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Parent DNA

D

<= Oxolinic acid
= HU protein

(a) Cleavage

(b) Assembly

(c) Subunit exchange *

(d) Rejoining

Recombinant DNA

Fig.5 Model for DNA gyrase-mediated illegitimate recom-
bination : DNA gyrase subunit exchange model
(Ikeda et al., 1982). A DNA gyrase cleaves DNA (a),
and the gyrase-DNA complex, cleavable complex,
assembles with another complex, forming the
tetrameric structure (b). The dissociation of the
tetrameric form results in subunit exchange that
leads to the exchange of DNA strands (c-d).

8. EAROERRVELLDANLZ
[CK > THEEEINDIERMIMELEZ

K72 B3, in vivo IEFFINMIRZ T v £ 4 REFE T
ZMFRICBWT, LML Y OREDX L AL 723k
AR 2 3 2 = ¥ 2 %W L7 (Ikeda, et al.,
1995). SE/MRIC & - TIFHE S 15 IEFHIAEIR 2 D7 5
DORFEIL, LTl THA, ASpi T eAfIZBWT
3, A 77—V EMMIELODICBFREEHAL T
595, ZhUE, SSTHWTWE A 77— (cI87)D
)7y vy —REERZETH B72DTH S, ol
ZfHHEERTHE AL 77—V 2BEL77—2 L
THRHL, EMRBEHIC L > TA 77—V E2FEHRIE,
U EEA 7 7 —VORBEBEEZIELEZS, £
DBFET, BIPIZ L > T A 77—V 2FRIELT v
A4 RICL - THESINIFFHRBEEAT7 7 — PO
B I, EFICEHWEEZRT I EFbRY), Thds
B X 7 o TEHRIMEO M 2 12x T 2RRPH &2z %
72,

SR L > THRSNMRZE 7 7 — D D3R

Double strand break
A 4

:5 DNA

Y

"non-recombinogenic”

processing 1 5'-3' ds exonuclease VIII

(RecE)
lllegitimate
— ® §  recombination
| —— -
5 e (SHDIR)

“recombinogenic”

Anti—processing 3-5'ss exonuclease |
(SbeB)

i ——

“non-recombinogenic”

Fig. 6 Model for processing of DNA ends (Yamaguchi et al.,
2000). DNA ends with 3’-overhang produced by the
5-3" exonuclease, exoVIII, are proficient for short
homology-dependent illegitimate recombinantion
(SHDIR), while the 3’-5’ exonuclease, exol, suppres-
ses this illegitimate recombination by degrading the
3’-overhang from DNA ends.

BIDINTOFER, Z DI Z 1213 DO DER. - 755 s
HEIEHbrol:, —2IF, TOMEINELIL, »
COPDEKRy PAKRY PTITARTWBEZ ETHDL, #
DIH, Lol bBENFHLDIERY PRAKy FT &
MEINT W35, SNSRI E7 7 — 2D 57 %z
3 % (Yamaguchi, et al., 1995). & 95 —o D8k, 13
LA EDRMIRZ A%, #) 8 HEHEKF D MIR] 2 FL S [ TRE = -
TWbIETHDL, Lehr->T, ZOMMZIE, Bofl
[FIECH 2 L E L T 242 TH 2 #2514, short
homology-dependent illegitimate recombination
(SHDIR) & #4+1F & 4172 (Shimizu, et al., 1997). = #
LOFERIP 6, COMBZ D, DNA P+ 4 L—RI12 k>
T fil g3 S 40 % JEAH [A) 19 4L # 2 (short homology-
independent illegitimate recombination ; SHIIR) &
BRLIBBEICL > TITDN T VB Z LS I -
il

3. EARPEERVELLEDINLRIC
Ko THBEINDIFEEMNMBIRZ (C(E
&t DNA OELVEEEFIA HEH

KI5 sbeB #1511, Exol ¥Mp N 5 3—>5x%
VXIZVT—X¥%a—FL T3, ZOBETFICER
AL Z B L IEMFINIMIR Z DB D LR35 2 Lok b
NTwb, —4, recE 815113, ExoVIII £ME(FH 5 5
SPIXVX LT —EE2a—FLTWaBY, ZORE
2 Ml S KRS A S % & FERRI AR 2 D B Hs

ERI 2 Emen T3, fi2bid, KEICEESR
172 RecE RAVBICERIHEE 2 &, M2 25 TFh
52 &6, ExoVII #* DNA OXKERIZEIGT, #2102
SN — AL 5 2 £ > A8 DNA # ik S+, DNA
KR LOMAEREI NIRRT LTwWE EE 2 22
(Yamaguchi, et al., 1995). k2, ExoVIII A%kt iz4:
PESNZRIT, S 5ICShbeBEAK 2 AKRICHRB I
% &, RecE @B DRBLUC L - T EH-S =6
HMBZOBEPEL T T2 Mo Eh -7
(Yamaguchi, et al., 2000). Z»Z * (3, RecE HAH
2 & > TR SN 3o —A$ DNA #5, SbceB &
BIZE > THIGN THBEZ AHES N IS o722 T
HHrHEZLN, COBBRTRELMEXZ LT3
H2Z 605 3F—AHDNA (3, KEEATERIELZ LI
& > T DNA KRl L O#EA 228 T 2 %E 25> Tw
5EHEZ N, ZDRDICHRERINPUETH L L2
5115 (Fig. 6).

10. RIBOANLZRICL>THEEEND
FFMERIBHEIR Z D5 FHHE

ZNTIE, WENZ ML RIT L - THES N2 IEME
MR Z (I ED L ) L F THIETEZ 207559 »,
Spi” 7 v A4 BT S L2 IEHFEIR 2 (3,
-DNA DR % & K #detatk DNA DA TH 5. K%k
DI, ZODRLDLETFNVICE > THMENS, —
DR L 72 5 DNA O—E25inARIT SN THE S L
¥, IR DNASH» 5 Z DMk T 2 LIzt - Tie
2H5LDT, Ry R—YEFN(F 7213, slipped
mispairing model) £ "(¥11 % (Farabaugh, et al.,
1978 ; Albertini, et al., 1982).

L) —DODEFIVIE, ZOWAHFYIHENLZ LI
F-oTEIZLDTH S, ASpi"7 v 413, wbit
ADNADEELYN B LERETL230THY, Lizds
2T, ZITRISIRKEIUWIMLIZEIZIDTHS &
FEZoNb YNDHLICEZREDEMD BRI,
ADNA & KIGH# G tafk DNA & 12 % 12 1 AR E4Y) r
WHEAINL I LLnT, Fhlebid, SIMEREHC L -
THMZPTCEINE DI, FIMRCE-TZnEH %
ARSI MREI NS DL TR W e EZ TS,
LA L7Z%hn, EIMRT y A X LI38% ), DNA T
RN AN 2 AT 5 2 L30T, EGR
HZ & > TH L 72 DNA DEBGEHLTIRER 7 + — 27 0
HEATHAEE L, 58 L 72 572 DNA S5 — ARG L 70 2 72
B, YUMEZIFRIT b2 ehHEL LN L, EE,
dnaB EAE DU BT V2 AR T ISR MG RS % D JE
R Z DBE;R T T2 2 LBESA TV S
(Yamashita, et al., unpublished) (Fig. 7).

KIS, FHEEFSRZ B E-T 5 rec] EIE T OB
TIE, IR Z R L T OMMZ MEES N W LAt
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Fig.7 Model for UV-induced illegitimate recombination.
The progression of replication folk arrests at the
UV-induced lesion (b), and a single strand of the
template DNA is broken, then resulting in the forma-
tion of double-strand break (c). Next, the DNA ends
is processed (d), annealed (e) and ligated (f). DnaB
protein is involved in the step of the progression of
replication folks, and RecJ protein participates in
either the step of the formation of double-strand
breaks (c¢) or the processing of DNA ends (d). Annea-
ling of the single-stranded DNA takes place in regions
having short homology (e), and RecQ protein can
suppress this step by degrading the recombination
intermediates.

7k & 72 (Ukita and Ikeda, 1996). Recd &AIE, —A&
#§ DNA # 5Kt 6 3RO s34 5 DNA =
XV X7 VvT7—XiEEEFE DT (Lovett and Kolod-
ner, 1989), JEAHRIAAIR 2 1235 1F % Rec] EADEE] &
LT, /MRS X - TUIlF2 %1372 DNA $5o A i
ERTAILICEY), —AHDNA 2RI ELI L
»HEZ LA, —F, Recd EEADEEIMERGH%D DNA
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CHHYIKOBRRICH G T AR L E L 6L, ¥ B 6
PIELWHPIHFEICT 2 2 LU ETH 5 (Fig. 7).

—7J7, rec MR T & RBRICHREIMIER Z 2B 5§ %
recQ AL DUHERR T3, rect Bk & 133512, 267ME
MRgH%, #IR 2 EAERRLL EICTCET 5 2 LR3I e
(Hanada, et al., 1997). 7272L, ZOTIZ, ZE/ME
JEMRGIE T b IR 2 25 EE IS 2 5 D T, RecQ &H
13, SEIMERGIOFEIZ» 20 5T, JEMEIMEER 2 2
L T %, RecQ EHIZ, —A8{ DNA % 3'Kimh 65
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22 L72(Bae, et al., 1988)., ZonZ kif, ERIZBW
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