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,GEMS"> 

Genotoxicity and Environmental Mutagen Society 

Dear GEMS Member: 

Thank you for participating in the Sixth Annual Meeting of the Genotoxicity 
and Environmental Mutagen Society . Each Officer and member of the Board of 
Directors expects that this meeting will be both informative and 
intellectually stimulating. We look at this meeting not only as an event 
to give presentations and to get an overview of some of the scientific 
research being performed in the Triangle, but al so as an opportunity to 
interact with fellow GEMS members, to renew acquaintances, and possibly to 
develop new collaborations or friendships. We al so encourage you to 
contact the Officers and members of the Board and give them suggestions, 
criticisms, or reco11111endations for future meetings and events . 

GEMS is pleased to have Dr. Don Coffey from Johns Hopkins Hospital as the 
Keytnote Speaker. He will talk on "The Nuclear Matrix." We also have four 
other Invited Talks. Dr. Tom Kunlcel (NIEHS) will discuss "Analysis of 
Fidelity Mechanisms with Eukaryotic DNA Polymerases." Dr. David DeMarini 
(EPA) will discuss "Mediation of Mutagenesis by DNA Topoisomerases." Dr. 
Heinriclc Malling (NIEHS) will talk about "Use of ~Xl74 as a Shuttle Vector 
for the Study of in vivo Mammalian Mutagenesis. " Dr. Carl Barrett (NIEHS) 
will talk on the "Role of Tumor Suppressor Genes in a Multistep Model of 
Carcinogenesis." In addition, scientists will be competing for the GEMS 
Travel Award to attend the International Environmental Mutagen Society 
Meeting in Cleveland, OH in July 1989. 

SUSTAINING MEMBERS provide many valuable services to GEMS, and we urge each 
member to visit their exhibits, talk to them about their services and 
products, and thank them for supporting the Society. Many of our 
activities, including a substantial part of this meeting, would not be 
possible without their financial support . 

I thank Dr. David DeMarini for organizing this Annual Meeting; I also thank 
Virginia Houk, Dr. Peter Working, and Dr. Robert Smart for the time and 
effort they put into the Society during the last year. I congratulate the 
new Members of the Board, Edilberto Bermudez, Dr. David Doolittle, and Dr. 
Wendell McKenzie. I look forward to the continued growth and vitality of 
the Society. Welcome to the Sixth Annual Meeting of GEMS. 

Sincerely, 

~~ 
Martha M. Moore 
President, GEMS 
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INTEGRATED LABORATORY SYSTEMS (T. K. Rao) is 
cosponsoring, with GEMS, the social hour at 5:00 pm. 
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cenetic Toxicology 
Testing service 

A complete genetic toxicology service for the detection of toxic, 
mutagenic , clastogenic, and carcinogenic activity in well
characterized test systems . An invaluable aid in product development 
and safety evaluations of new compound formulat ions and complex 
mixtures applicable to pharmaceuticals , medical devices , pesticides , 
cosmetics , industrial chemicals , petroleum products , personal-care 
products, and food additives . 

• Gene Mutations in Bacteria 
• Mutations in Mammalian 

Cells 
• In Vitro Teratology 

•DNA Damage and Repair 
• Cytogenetics In Vitro/In Vivo 
• In Vitro Cell Transformation 

Additional Laboratory Services 

Toxicology 
• Acute , Subchronic , 

Chronic Toxicology 
• Inhalation Toxicology 
• Teratology/Reproductive 

Toxicology 
• S-9 Microsome Preparations 

Diagnostics 
• Laboratory Animal 

Diagnostics 
• Biotechnology Materials 

Testing 
• Mycoplasma Testing 

For information , call Customer Service at (301) 738-1000 or 
write to: 

~·MIC ICAL 
~ASSOCIATES IMC. 

9900 Blackwell Road, Rockville, Maryland 20850 
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CHARTER SUSTAINING CORPORATIONS 
AND MEMBERS 

ATLANTIC COAST CONSULTANTS , 2450 Honeysuckle Road, Chapel 
Hill , NC 27514 . Representatives: Allen L. Miller 
and James Conley (919 -929-6212) . 

BOEHRINGER MANNHEIM BIOCHEMICALS, 7941 Castleway Drive , 
P . O. Box 50816, Indianapolis , IN 46250 . 
Representative : Carolyn Faucette, 8029 Rollinghills 
Drive, Cary, NC 27511 (919 - 772-6274). 

BURROUGHS WELL COME COMPANY, 3030 Cornwa 11 is Road, 
Research Tr i angle Park, NC 27709. Representatives : 
Donald Clive and Roberta Krehl (919-248-3000) . 

CORNING GLASS WORKS, 408 Oak Hollow Court, Raleigh, NC 
27612. Representatives : Patricia E. Kedski 
(919-787 - 1313) amd Veron i ca M. Traina (919-787-1313). 

COSTAR, 205 Broadway, Cambridge, MA 02139. 
Representatives: Ed Krehl, 145 Clancy Circle, Cary, 
NC 27511 (919-467-6827) and Josie Wingfield, 2834 
Clearbrook Dr., Marietta, GA 30067. 

FISHER SCIENTIFIC, 3315 Atlantic Avenue, P.O. Box 40339, 
Raleigh , NC 27629. Representatives: Russell 
Salisbury, 309 E. Cornwall Road, Cary, NC 27511 
(919-467-0058) and George Nowell (919-876-2351). 

FLOW LABORATORIES, INC., 7655 Old Springhouse Road, 
Mclean, VA 22102 (703-893-5925). Representatives : 
Ann Wi 11 i ams, 239 Flemington Road, Ch ape 1 Hi 11 , NC 
27514 (919-942-5230) and Steve Bartlett. 

GIBCO/BRL LIFE TECHNOLOGIES, INC., P .0. Box 6009, 8717 
Grovemont Circle, Gaithersburg, MD 20877 
(800-338-5772). Representative: Roger Thuotte, Rt. 
4, Box 1088, Hillsborough, NC 27278 (800-638-8992) .. 

MICROBIOLOGICAL ASSOCIATES, INC ., 9900 Blackwell Road, 
Rockville, MD 20850 . Representative: Li Yang 
(301 - 738-1000) . 

NSI ENVIRONMENTAL SCIENCES, P. O. Box 12313, Research 
Triangle Park, NC 27709. Representatives: Gail 
Wyatt and Gene Elmore (919 -549-0651). 
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SUSTAINING CORPORATIONS AND MEMBERS 

ADVANCED BIOTECHNOLOGY, INC., Rivers Park II, 9108 
Guilford Road, Colombia, MD 21046. Representative: 
Barbara Hobbs (800-426-0764). 

COULTER ELECTRONICS, INC., P.O. Box 2145, Hialeah, FL 
30012-0145. Represent ative: Robert D. Befus 
(800-458-7253, Ext. 8802). 

E.I. DuPONT COMPANY, 4280 North East Expressway, Atlanta, 
GA 30340 (404 -452-6411). Representatives: Nancy 
McGranahan, 18 Ki ngsmount Court, Durham, NC 27713 
(919-493 -0358) ; William Smith, 5805 Timber Ridge 
Drive, Raleigh, NC 27609 (919-878-0780). 

DYNA TECH LABS, 14340 Sullyfield Circle, Chantilly, VA 
22721. Representative: Ken Anderson (703-631-7800). 

EM SCIENCE, 111 Woodcrest Road, Cherry Hil l, NJ 
08034-0395 (800-222-0342) . Representat ive: Scott 
Asprey (800-648-4827, Ext. 16100). 

ENVIRONMENTAL HEALTH RESEARCH AND TESTING, INC., P.O. Box 
12199, Research Triangle Park, NC 27709. 
Representative s: Bruce Casto and Wi 11 i am 011 er 
(919- 544 -1792) . 

GLAXO, INC., 5 Moore Drive, Research Triangle Park, NC 
27709. Representative: Jane Allen (919-941-4036). 

HAZLETON BIOTECHNOLOGIES CORP., 5516 Nicholson Lane , 
Suite 400, Ken sington , MD 20895. Representatives : 
Brian C. Myhr and Sky Benson (301-230-0001). 

HYDRO SERVICE AND SUPPLIES, P .0. Box 12197, Research 
Triangle Park, NC 27709. Representatives: Ruth 
Choiniere and Jill Ruedy (919-544-3744). 

INNOVATIVE PROGRAMMING ASSOCIATES, INC., One Airport 
Pl ace, Princeton, NJ 08540. Representative: 
Vsevolod Onyshkevych (609-924-7272). 

INTEGRATED LABORATORY SYSTEMS, P .0 . Box 13501, Research 
Triangle Park, NC 27709. Representatives: Ray Tice 
and T. K. Rao (919-544-4589). 

KRACKELER SCIENTIFIC, INC., P .0. Box 11326, Durham, NC 
27703 (919-596-7373). Representative: Claude Wrenn 
III (800-222-6921). 
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SPECIALISTS IN ULTRAPURE WATER 

• POINT-OF-USE POLISHING FOR HIGHEST PURl7Y 

• DEIONIZA TION AND ORGANIC ADSORPTION 

•REVERSE OSMOSIS 

•ULTRAVIOLET AND ULTRAFILTRATION 

Ask about our bacteria and pyrogen-free water for tissue culture and other 
highly critical applications. 

Visit our booth or call our sales representative to set up an appointment. We 
would be happy to run a free test on your water for a variety of contaminants 

including use of the latest procedures for detecting organics. 

Please call Ruth Choiniere at (919)544-3744 
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INDEX OF AUTHORS 
(Letter/number designations refer to abstracts) 

Abu-Shakra, A. (PS) 
Albertini, R. (T9) 
Allen, J .W. (T3, P6, PIS) 
Applegate , H. (Pl4) 
Arnold , J. (Pl9) 
Backer , L.C. (T3, P6, PIS) 
Barnett , L.B. (P3 , P21) 
Barrett , J .C. (Invited Talk) 
Bartczak, A.W. (T6) 
Beeman, D.K. (TS) 
Bennett, C.B . (PS) 
Boreiko, C.J. (TS) 
Brock , K. (Pl4) 
Bryant , H.F. (P7) 
Burkhart , J.G. (Invited Talk) 
Caspary, W. (T4) 
Claxton, L.D. (Pl, P2, P9 , PIO) 
Cobb, R.R. (P21) 
Coffey, D. (Keynote Address) 
Crosby, R. (T9) 
Daston, D. (T4) 
Dearfield, K.L. (PlO) 
DeHarini, D.M . (T3, P4 , Invited Talk) 
de Serres, F.J. (Pll, Pl2, Pl3) 
Dhesi, J.S . (P20) 
Doerr, C. {Pl4) 
Dubins, J.S. (Pl3, P21) 
Early, G. (P2) 
Elmore, E. (Pl7 , Pl8) 
Erexson, G.L . (P7, Pl6) 
Finn, O.J. (Tl) 
Gallagher , J. (T7) 
George, M. (T7) 
Gibson, J.B . (P6, PlS) 
Gold, A. (T6) 
Goto, S. (P4) 
Gupta, R. {Pl6) 
Honore, G. (PIS) 
Houk, V.S. (Pl, P2, P9) 
Howard, D.R. (T3, PIS) 
Hozier, J.C. (P14) 
Hughes, T.J. (T2, P9) 
ln110n, J. (T7) 
Kligenaan, A.O . (P7 , Pl6) 
Koda.a, Y. (TS) 
Korytynski, E. (P21) 
Kunkel, T.A. (Invited Talk) 
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Kwanyuen, P. (P7) 
Lasley, J.A. (TS) 
lewis, S.E. (P3, P21) 
Lewtas, J . (T7 , P4) 
Halling, H.V . (Invited Talk) 
Hass, H.J . (TS) 
Matsushita, H. (P4) 
Hilman , H.A. (PIS) 
Monteith, L.G. (P9) 
Moore, H.H . (Pl4) 
Hoses, H.J . (P6, PIS) 
Murata , H. (P4) 
Hyers, L.E. (P9) 
Nesnow, S. {Pl6) 
Nilsson -Tillgren, T. (PS) 
Overton, L.K. (Pl3) 
Pardo, K. (T4) 
Perry, E. (PIO) 
Poorman, P.A. (P6) 
Popp, R.A. (P3) 
Recio, L. (TS, T9) 
Redel, G.P. (P20) 
Resnick, M.A. (PS) 
Rouse, P. (T7) 
Rudd, C. (T4) 
Sandhu, S.S. (P20) 
Sangaiah, R. (T6) 
Schalkowsky, S. (Pl) 
Schorschinsky, N.S. (TS) 
Scott, J . (T7) 
Shelby, M.D. (P3) 
Simpson, D. (T9) 
Skopek, T.R. (TS, T9) 
Stanford , W.L. (Tl) 
Steele, V. (Pl9) 
Strauss , G.H.S. (Tl) 
Takagi, Y. (P4) 
Toney, G. (T6) 
Wall , M.E. (T2) 
Walsh, D. (PIO) 
Warner, J.R . (T2) 
Westbrook-Collins, B. (P6) 
Wilkinson, B.P. (PlS, Pl9) 
Will ia111s , K. ( P4) 
Wyatt, G.P. (Pl7, PIS) 
Wyrick, S.D. (T6) 
Zeiger, E. (PS) 

MOLECULAR DEVICES CORP., 3180 Porter Avenue, Palo Alto, 
CA 94304 (800-635-5577). Representative: Tom Hill 
5925 Iron Frame Way, Colombia, MD 21044 
(301-854-0812). 

MOLECULAR TOXICOLOGY, INC., 335 Paint Branch Drive, 
College Park, MD 20742. Representative: John 
Rundell (301-454-5991). 

NAPCO, 20210 S.W. Teton, Tualatin, OR 97062 
(800-547-2555) . Representative: Richard Appelhans, 
247 Alberta Drive, N.E., Atlanta, GA 30305 
(404-262-1229). 

PERCEPTIVE SYSTEMS, INC., 2525 South Shore Blvd ., Suite 
100, League City, TX 77573. Representative: Tim 
Marshall ( 404-945-8745). 

SCHLEICHER l SCHUELL, INC., 10 Optical Avenue, Keene, NH 
03431. Representative: Karen Werhale 
(800-245-4024). 

SKATRON, INC., 108 Term i nal Drive, P.O. Box 530, 
Sterling, VA 22170. Representative: Kay Hallet. 

SYNTHETIC GENETICS, 10455 Roselle Street, Suite E, San 
Diego, CA 92121. Representatives: Ed Graham and 
Richard Tullis (619-587-0320). 

USA/SCIENTIFIC PLASTICS, INC., P.O. Box 3565, Ocala, FL 
32678. Representatives: Rob Blackman, 3133-D Aileen 
Dr., Raleigh, NC 27607 (919-851-1813); Hugh Prior, 
P.O. Box 3565, Ocala, FL 32678 (800-522-8477). 

VWR SCIENTIFIC, 613 Constitution Drive, Durham, NC 27705. 
Representative: Ken Kanoy (800-241-5450). 
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New Transparent 
Storage Box for 
Mlcrocentrlluge 

Tubes and Cryovlals 

CAT. NO. 
PBSO 

~~··.' ,.,.\.}' ), .... ~ '1! •• ~M. The new USA Scientific 
PB50 Cryo-Storage Box is 

transparent. allowing visual 
examination of box contents 

without removing the lid . These 50 
tube capacity boxes are constructed of durable propylene that 
will not become water saturated. 

These autoclavable, unbreakable boxes are designed to. 
store and inventory 0.5 and 1.5 ml microcentrifuge tubes. 112 
dram sample via ls, and standard 2.0 ml cryovials. The frosted 
writing surface on the lid permits easy labeling of each box. A 
removable acetate grid is also available for tube content 
identi fi cation. 

Please call for further information. , re . 
USA/SCIENTIFIC PLASTICS 

P.O. BOX 3565, OCALA, FL 32678 

TOLL FREE -1-800-LAB-TIPS •IN FL 904/ 351 -1133 

6 

P21 
DIRECT DNA SCREENING FOR SPONTANEOUS AND INDUCED MUTATIONS. _t; . Korytynski , J . 
Dubins, S.E. Lewis, L.B . Barnett, and R . R. Cobb. Center for Life Sciences and 
Toxicology, Research Triangle Institute, Research Triangle Park, NC 27711. 

Stud ies on mutation induction 1n vivo have been performed by detecting both 
morphological and biochemical specific - locus mutations . These studies rely on 
phenotypic changes or alterations in protein and enzyme electrophoretic properties . 
With the discovery of different cloned DNA sequences, the possibility to screen DNA 
directly for induced or spontaneous alterations is becoming a reality . Three 
cloned DNA probes are currently being used in our laboratory and are being 
integrated into the mouse germ-line screening program . One probe is a long 
terminal repeat (LTR) clone of an endogenous murine retrovirus . Using this as a 
probe against k.2.Rl ·digested DNA from a variety of mutants yields a complicated 
elec t rophoretic variant possessing an altered restriction fr a gment banding pa t tern 
when compared to normal progenitor strains . The other molecular probes are the 
human hypervariable "minisatellite" clones 33 . 15 and 33. 6 (Jeffreys et al . , 1985 ) 
that cross - hydridize to mouse DNA and det e c t mul ti p le v ariable loci . The 
restriction enzyme H.i.nfl is being used to investigate t he induct i on of un i que 
restric tion fragment banding patterns induced b y various mutagens . 
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Pl9 
INHIBITION OF BENZO(a)PYRENE I ND UC ED MA LIG NANT TRANSFORMATION IN CU LT URED 
TRACHEAL EPITHELIAL CELLS BY RETINOIC ACID. B. Wilkinson , J. Arnold and V. 
Stee l e, Cellular and Mol ecular Toxicology Prog ram, NSI Technology Services 
Corpo rati on, Research Triang le Par~ , NC 27709 

To unde rstand the mechanisms of cance r inhibition and to screen chem ica ls for 
chemoprevent ive potential a culture system was deve loped us ing respiratory 
epithelial ce lls. Tracheal ep ithe li al cell s were isolated from Fischer 344 
rats and plated onto collagen coated dishes. On Day 1 cultures were exposed 
to e ither 10 ug benzo(a) pyrene [B(a) P] pe r ml, 0. 1% dimethylsulfoxide (solvent 
cont rol) , or cul t ure med ia . Twenty-four hr later the cult ures were rinsed, 
and refed wi th eithe r 100 nM ret inoic acid (RAJ or media alone. Ne ither B(a )P 
nor RA were cytotoxic at t he concentrat ions tested . Fresh RA was added with 
each biweekl y med ia change. After 30 days the cultures were stained and 
sco red for the appearance of mo rphologica lly transformed cell colonies. Cul
tures exposed to B(a )P contained 10.4% transformed coloni es / surviving cell. 
Cul tures exposed to B(a )P f ollowed by RA contained 0.07% transformed 
coloni es/ survi ving cell. Cultures treated with RA alone , solvent cont rol, or 
media control contained no transformed colonies. These results suggest that 
this system will be usef ul to study the Inhibition of transformation In 
respiratory epithe lia l cells and to ident i f y chemopreventi ve agents. (Work 
suppo rted by NCI Contract #N01-CN55503). 

P20 
APPLICATION OF WHEAT SEEDLING ASSAY FOR DETECTING CHEMICALLY INDUCED ANEUPLOIDY. 
~hahbeg S. Sandhul, J.S . Dhesi2 and G.P . Redei3 . lu . s . EPA (MD-68), RTP, NC 27711; 
EHRT, P-:-o . ~12199, RTP, NC 27709; 3university of Missouri, Columbia, MO 65211 

We have developed a simple short-term assay using Chinese spring wheat (2n~6x:42) for 
de tecting environmentally induced clastogenicity and/or aneuploidy (Redei and Sandhu, 
1988) . This strain carries a pair of recessive alleles (.::_1 ) on the short a r m of 
chromosome 3B which in the homozygous condition and under low temperatu r e inte r feres 
with no r mal chlorophyll development resulti ng in seedli ngs with cream color . In 
single dose this allele is ineffective in inhibiting chlorophyll development. As a 
result of nondisj unction, deletion, or duplication, the cell lineage with functional 
monosomy gives rise to green strips on vi res cent leaves , whereas, t r isomy p·roduces 
white sectors . We have challe nged this assay system with two physical a nd seven 
chemica l agents that are known to induce aneuploi.dy and/or clastogenicity in mam
malian and some nonmammalian assays . The physical and chemical agents tested in 
the wheat seedling assay in parallel studies in two laboratories over 3 years 
yie lded a reproducible dose-related positive response . We consider this assay to 
have potential utility for evaluating genotoxicity of environmental agents and for 
in situ monitoring the genetic hazard f r om industrial waste sites . 

This is an abstract of a proposed presentation and does not necessarily reflect U. S. 
EPA policy . 
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PROGRAM 
GEMS SIXTH ANNUAL MEETING 

OCTOBER 6, 1988 

Sheraton Un i vers i ty Center 
Durham, Nort h Carolina 

8 :00 - 8:25 REGISTRATION 

8:25 - 8:30 Welcoming Remarks , H. M. Moore , 
President, GEMS . 

8:30 - 8:45 Tl DRUG- RESI STANT T CELLS MAY CONTRIBUTE 
IN HUMAN GRAFT REJE CT bON . W. L. 
Stanforda, G.H. S. Strauss , and O.J. 
Fi nne. aEHRT, RTP, NC 27709 ; bu . s. EPA, 
RTP , NC 27711 ; CDuke University Medical 
Center, Durham, NC 27710 . 

8:45 - 9: 00 T2 ANTIHUTAGENICITY STUDIES IN 
SALMONELLA . J. R. Warner , T.J. Hughes, 
and M. E. Wall . RTI, RTP, NC 27709 . 

9: 00 - 9: 15 T 3 TH E I ND UC T I 0 N 0 F CH R 0 H 0 S 0 HE 
ABERRATIONS IN HOUSE BONE HARROW CELLS 
BY THE DNA TOPOISOMERASE INHIBITORS 
CAMPTOTHEC IN AND AMSACRINE. ~ 
Howarda, L.C. Backera, D.H. DeMarini , 
and J.W. Allenb. aEHRT, RTP, NC 27709; 
bu . s. EPA, RTP, NC 27711. 

9:15 - 9:30 T4 MUTATION VS . MUTANT FREQUENCY IN THE 
MOUSE LYMPHOMA A~SAY. D. ~astona, W. 
Casparya , C. Rudd , K. Pardo . aNIEHS, 
RTP, NC 27709; bsRI, Menlo Park, CA 
94025. 

9:30 - 11:00 

11 : 00 - 11: 1 s 
Coffee, Posters, Exhibits 

TS ONCOGENE AMPLIFICATION, HETHYLATION , 
EXPRESSION, AND MUTATION IN CHEMICALLY 
TRANSFORMED RESPIRATORY EPITHELIAL 
CELLS. J.A . Lasle~a, N.S. 
Schorschinskya, D.K. Beeman , and H.J . 
Hassb. aEHRT, RTP, NC 27709 ; bu.s . EPA, 
RTP, NC 27711 . 
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11 : 15 - 11: 30 

11: 30 - 11: 45 

11: 45 - Noon 

Noon - 1:30 

1:30 - 1:45 

1:45 - 2:15 

2:1 5 - 2:30 

2: 30 - 3:00 

3:00 - 3:30 

T6 CHEMICAL SYNTHESIS AND 
CHARACTERIZATION OF A MODEL CYCLOPENTA
FUSED PAH PRODUCT OF ADENOSINE. A.W. 
Bartczaka , R. Sangaiaha, S.D. Wyricka, 
G. Toneyb , and A. Golda . auNC, Chapel 
Hill, NC 27599; bNIEHS, RTP, NC 27709. 

T7 DETECTION AND COMPARISON OF DNA 
ADDUCTS IN ANIMAL TISSUES/CELLS 
FOLLOWING IN VIVO EXPOSURE TO THREE 
ENVIRONMENTALLY IMPORTANT COMPLEX 
MIXTURES. M. Georgea , P. Rousea, J. 
Scottab J. Inmonb, J . Gallagherb, and J. 
Lewtas . aEHRT' RTP' NC 27709; bu. s. 
EPA, RTP, NC 27711 . 

TS MOLECULAR AND CYTOGENETIC ANALYSIS OF 
SPONTANEOUS AND CYANOETHYLENE OXIDE 
(CNETO)-INDUCED TK-/- MUTANTS IN HUMAN 
CELLS. L. Reci o, Y. Kodama, C.J. 
Boreiko, and T.R. Skopek. CI IT, RTP, NC 
27709 . 

Lunch, Business Meeting, Recognition of 
Exhibitors and Sponsors, and 
Installation of New Members of the Board 
of Di rectors 

T9 A METHOD FOR DETERMINING MUTATI ON 
SPECIFICITY IN HUMAN CELLS. D. 
Simps on a R. Crosbya, L. Recioa, R. 
Albertinib and T. Skopeka . ac11T, RTP, 
NC 27709; bu. of Vermont, Burlington, VT 
05405 . 

Invited Talk : 
MECHA NIS MS 
POLYMERASES. 
NC 27709. 

ANALYSIS OF FIDELITY 
WITH EU KARY OT IC DNA 

T .A. Kunkel. NIEHS, RTP, 

I nvited Talk: MEDIATION OF MUTAGENESIS 
BY DNA TdPOI SOMERASES . D. M. DeMarin i . 
U.S. EPA, RTP, NC 27711. 

Invited Talk: USE OF tX174 AS A SHUTTLE 
VECTOR FOR THE STUDY OF IN VIVO 
MAMMALIAN MUTAGENESIS . H. V. Malling and 
J.G. Burkhart. NIEHS, RTP , NC 27709 . 

Coffee and Exhibits 
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Pl7 
The Chinese Hamster V79 Metabolic Cooperat ion Assay: Applica
tions in Toxicology. G.P. Wyatt and E. Elmore, NSI Technology 
Services Corporation, P.O. Box 12313, Research Triang le Park, NC 
27709 

Elucidating the mechanisms of chemical induced a l terations of 
cellular regulation is critica l to our unde rstanding of chemical 
toxicology. Intercellular commun ication is known to have an im
portant role in regulating normal cellular differentiation and 
function. The response s of ove r 200 chemicals that have been 
characterized for their ab ility to inhibit metabolic cooperation, 
a major form of intercellular communication, have been compiled. 
We have incl uded both unpublished and published data from our 
laboratory and published data from other l aborator i es . We have 
compared the responses of these chemicals to their reported ac
tivity as teratogens/reproductive tox icants, carcinogens, 
mutagens , or neurotoxicants. The predictive accuracy of metabo-
1 ic cooperation for teratogen icity or reproductive toxicity, 76% 
for 103 chemicals; carcinogenicity, 65% for 85 chemicals; and 
mutagenicity, 56% for 100 chemicals. Due to t he lack o f known 
non-neurotoxic agents, only the sensitivity for predicting know n 
neurotoxic agents, 73% for 80 chemicals, could be determined. 
The data suggest that the Chinese hamster V79 met abolic coopera
tion assay be used to prescree ning chemicals for teratogenicity/ 
reproductive toxicity, carcinogenicity, and neurotoxicity. 

Pl8 
ACTIVITIES OF SELECTED CYCLIC HYDROCARBONS OF KNOWN CARCINOGENICITY IN THE V79 
METABOLIC COOPERATION ASSAY . E Elmorea, H.A . Milmanb, B.P. Wilkinson& , and G. P. 
Wyatta. aNSI Technology Services Corporation , Research Triangle Park , NC 27709 and 
bu.s . EPA, Washington, DC 20460 . 

Structural ly similar cyc l ic hydrocarbons were evaluated in the V79 metabolic 
cooperation assay and their responses correlated to their known carcinogenicity. 
The carcinogens evaluated were : 2, 4-diaminotoluene, 2, 5-diamino toluene ( suspect 
carc inogen ), 2,4-dinitrotoluene , o-phenylenediamine, 4-chloro- o -phenylenediamine , 
4-chl oro - m- phenylenediamine, 2-n itro - p-phenylenediamine, 2,6-dichloro-p
phenylenediamine , 4, 4' -methylenedianiline , 2-chlorobiphenyl (suspec t carcinogen) , 
and 2-phenoxyethanol (carcinogeni c ity unknown) . The noncarc inogens evaluated were: 
aniline ( human ), m-phenylenediamine, p-phenylenediamine, 2-chl o ro-p
phenylenediamine sulfate and 4-ni tro- o - phenylenedi am i ne . The V79 me t abolic 
cooperation assay is based on the recovery of 6TG-resistant mutants from mix ed 
cultures of wild-type and mutant cells . Inhibition of cell-cell communi cation 
results in the enhanced recovery of mutant cells. For a compound to be considered 
positive , it must significantly enhance the recovery of mutant cells ( p - 0.005, 
Dunnett's test ) at least for tvo concentrations in two separate experiments or at 
three consecutive concentrations in one experiment. The sensitivity of the V79 
metabolic cooperation assay to detect known carcinogens was 90% (the suspect 
carcinogens were included in this calculation). The specificity of the assay was 
80% , and the accuracy- -the ability to correctly identify both carcinogens and 
noncarcinogens- - was 86 . 6% . The responses of the s tructurally related cycl ic 
hydrocarbons in the V79 metabolic coopera tion assay show a high correlation with 
t he ir reported in vivo c a rcinogenic ity. 
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PIS 
SYNAPTONEMAL COMPLEX DAMAGE AND ITS REfiATIONSHIP TO GERM CELL C~OHOSOHE 
ABERRtTIONS . ~~a J . B. Gibson b D.R . Howarda, G. Honore , H.J . 
Hoses , and J.W. Allene . aEHRT, RTP, NC; Duke Univ. Med . Ctr., Durham , NC ; 
cU.S. EPA, NC . 

The synaptonemal complex (SC) comprises the proteinaceous axes of paired 
homologous chromosomes at meiotic prophase and is intimately involved in the 
events of homologous chromosome pairing , crossing over , and segregation . 
Using mice treated with alkylating agents and ionizing radiation, we have 
evaluated damage induced in prophase SCs in relation to chromosome 
aberrations evident at metaphase l and 2 . Light and electron microscopic 
analyses of SCs revealed structural aberrations and synapsis iri;;e&ularities 
in mice treated with 100 mg/kg cyclophosphamide(CP) or Co gamma 
irradiation (2 or 4 Gy). In the study using CP, mice were also injected 
with 200 uCi tritiated thynidine, and tritium-labeled cells were analyzed to 
better define the qualitative and quantitative relationships between 
respective SC and metaphase chromosome analyses . Correlation coefficients 
were calculated among SC and metaphase chromosome endpoints . Statistically 
significant correlations were found, for example, between SC breakage and 
both metaphase l isochromatid breakage and Ml chromosomal rearrangements 
following CP treatment. These correlations are interpreted in the context 
of theoretical relationships between chromosomes and component parts of the 
SC. 
This abstract does not necessarily relect U. S . EPA policy . 

Pl6 
SISTER CHROMATID EXCHANGE (SCE) INDUCTION AND DNA ADDUCT FORMATION I N RODENT 
PERIPHERAL BLOOD LYMPHOCYTES (PBLs), A. D. Kligermanl, S, Nesnow 1, G.L . Erexson2, 
and R. Gupta3. lu.s. EPA, Research Trian"Jle Park, NC 27711; 2EHRT, Inc., P.O. Box 
12199, Research Triangle Park, NC 27709; Baylor College of Medicine, Houston, TX 
77030 . 

Experiments were undertaken to investigate differences in interspecies sensitivity 
and the correlation between SCE induction and DNA adduct formation as measured by 
32 P postlabeling. Both mice and rats were injected i.p . with benzo(a)pyrene (BP) 
suspended in corn oil at doses ranging from 10 to 100 mg/kg. Controls received corn 
oil only. Twenty-four hours after injection, blood was removed by cardiac puncture 
from each animal. Ficoll-Hypaque-separated mononuclear leucocytes from each ~at or 
pooled for each group of mice were separated into two aliquots. One aliquot was 
used for DNA adduct determination and the other for SCE analysis after PBL culture 
according to published protocols. BP caused a dose-dependent increase in SCE 
frequency in PBLs of both rats and mice with little difference in magnitude of the 
response between the two species. However, the major DNA adduct (BPDEI-dGuo) found 
in the isolated cells was approximately tenfold greater (attomol/ .g DNA) in the 
mouse than in the rat. Thus, the shapes of the dose-response curves for SCE and DNA 
adduct formation were dissimilar, especially at the higher doses. 

This is an abstract of a proposed presentation and does not necessarily reflect U.S. 
EPA policy. 
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Pl3 
MOLECULAR ANO GENETIC CHARACTERIZATION OF X RAY-INDUCED SPECIFIC LOCUS MUTATIONS IN 
THE ad-3 REGION OF Neurospora ~- Frederick J. de Serres, Laurie K. Overton and 
Jeffrey S. Oubins. Center for Life Sciences and Toxico logy , Research Triangle 
Institute, P.O. Box 12194, Research Triangle Park, NC 27709 

Genetic analysis of X ray-induced specific locus mutations in the ad -3 region has 
shown that they result from gene / point mutations and functional multilocus deletions 
(de Serres, Genetics 58 : 79 - 83, 1968) . Genetic analysis of the single loc us (ad-3A 
or ad - 38) and multiple locus (ad-3A ad-38, ad -3A ad - 38 nl c-2, and ad-38 n~ 
mutants has shown that they 11ap as a serles--;;-fov;fl~ping deletions that also 
include other genetic markers in the immediately adjacent regions (de Serres, 
Environ. Mutagen . 11: 28, 1988) . So11e 11ultilocus deletions at the ad-3A locus show 
heterozygous effects in combination with a gene/ point mutation at the ad -38 locus, 
and even more pronounced heterozygous effects in co•bination with a multilocus dele 
tion covering the ad-38 locus (Overton and de Serres , Environ. Mutagen. 11: 80, 
1988). Heterozygous effects of multilocus deletions are expressed as reduced linear 
growth rates when compared with the wild-type control. Jn contrast. X ray- induced 
gene / point mutations at the ad-3A locus do not show heterozygous effects (they are 
completely recessive and grow at wild- type rate), In this study, no correlation was 
found between the level of the heterozygous effects shown by Individual ad - 3A 
mutants and either map position or radiation dose. With the use of a probe for 
his -3 (located 0.5 map units distal to the ad - 3 region), studies are being made to 
dete~mine the nature of the genetic damage in individual mutants classified as func 
tional 11ultilocus deletions. These molecular data 11ay provide some un derstanding of 
the fact that some ad- 3A IR mutants show heterozygous effects and others do not. 

Pl4 
ANALYSIS OF THE ABILITY OF THE L5178Y / TK+/ - MOUSE LYMPHOMA ASSAY TO DETECT AND 
QUANTITATE INDUCfD GENETIC EVENTS . MM . Mo pr e l, K. Brock2, C. Doerr 2, M. App l ega t e3 , 
J . C. Hozier 3• U. S. Environmental Protection Agency, Research Triangle Park, NC 
27711; 2Environmental Health Research and Testing, Inc., Research Triangle Pa r k, NC 
27709; 3Florida State Universi ty, Tallahassee, FL 32306. 

Research to date indicates that L5178Y/TK+/- -3.7.2C mouse lymphoma cells permit the 
measurement of forward mutation affecting the heterozygous tk locus . Furthercore, 
the quantitated TK-mutant frequency can be expressed by a $;a11-colony and la rge
colony cutant frequency. Small colonies appear to be associated with chromosomal 
events affecting the expression of multiple loci including tk and thus appear related 
to the clastogenicity of the test chemical. Large colonies appear to result from 
events affecting the tk locus. Southern blot analysis of DNA isolated froc mut ants 
indicates that the entire tk locus may be deleted. Densitometric scanning of the 
Southern blots as well as m-;;surement of TK-specific mRNA coded by the TK- allele of 
the mutant cell line indicate the amplification of the TK- allele in some mutants. 
These studies indicate that heterozygous loci may be particularly suited for the 
study of genetic events involving large deletions or for events requiring the 
pre sence of an homologous ch romosome. A growing number of reports cite loss of 
heterozygosity and mitotic recombination associated with the development of calig
nancy in humans. 

This is an abstract of a proposed presentation and does not necessarily reflect U.S. 
EPA policy . 
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Pll 
SPONTANEOUS ad - 3 MUTANTS RECOVERED FROM A TWO- COMPONENT HETEROKARYON (H - 12) OF 
NEUROSPORA CRASSA CONSIST OF GENE / POINT MUTATIONS AND MULTILOCUS DELETIONS. 
Frederick J . de Serres. Ce nter for Life Sciences and Toxi cology , Resear ch Triangle 
Insti tute. PO Box 12194. Resea r ch Tr iangle Park , NC 27709 

X ray - induced specific locus mutations in the ad - 3 region of two -component 
- heterokaryons consist of gene / point mutations and---;;;ltilocus deletions (MLDs) . 

(Webber and de Serres , Proc. Na ti. Acad. Sci . U.S.A . 53, 430 - 437, 1965) . Chemi cals 
can Induce predominantly or exclusively gene / point mutations or both classes, with 
t he frequency of MLDs being mutagen - dependent (de Serres. Banbury Report 28 : 
Mammalian Cell Mutagenesis 1987) . The frequency of spontaneous ad - 3 mutants 
recovered with the two -component heterokaryon 12 fro• experiments performed at the 
Oak Ridge National Laboratory ls 0 .39 X 10-6. A total of 172 spontaneous mutants 
were co llec ted and have been subj ected to geneti c analyses ; of these , 141 / 172 
(81 . 9%) were gene / point mutants , (ad-3 )R, 172 (14 . 5%) were MLDs (ad-3)1R and 6/ 172 
(3 . 5%) grew too rapidly on minlmal---;;;dlu• alone to enable us to characterize the• 
genetically (ad- 3)UNKN . A•ong t he gene / po i nt autants , 41 / 101 (23.8%) were (ad- 3A)R 
and 100 / 172 (58.1%) were (ad - 3B)R. A•ong the MLDs , 5/ 172 (2.9%) were ad - 3AIR, 
15/ 172 (8.7%) were ad - 3BIR , 4/ 172 (2 . 3%) were (ad- 3A ad- 3B)IR and 1/ 172 (O~was 
(ad-3AIR ad-3 BR ) . ~large MLDs of genotypes (ad- 3A ad- 38 nic - 2)IR or (ad- 38 
nic-2)IR were found in this sample . Studies of allelic co• plementation among the 
ad - 3BR •utants showed that 41 / 101 (40 . 6%) were nonpolarized complementi ng 
(J!.!!-1.!!)R- NP , 12 / 101 (11.9%) were polarized co•plementing (ad-3B)R-P and 47 / 101 
(46.5%) were nonco•plementlng (ad-3B)R- NC (Research sponsored by Dept . of Energy) . 

Pl2 
MOST X RAY - INDUCED ad-3 IRREPARABLE MUTANTS IN NEUROSPORA CRASSA MAP AS A SERIES OF 
OVERLAPPING MULTILOCUS DELETIONS BUT AN UNEXPECTEDLY HIG H NUMBER RESULT FROM CLOSELY 
LINKED INDEPENDENT SITES OF .GENETIC DAMAGE . Frederick J . de Serres, Center for Life 
Sciences and Toxi co logy , Research Triangle Institute , PO Box 12194 , Researc h 
Tri ang le Park . NC 27709 

Genetic ana lysis of the extent and type of functional inactivation i n X ray- i nduced 
ad - 3 irreparable (ad-31R) mutants (We bber and de Serres, Proc . Natl . Acad . Sci . 
~A. 53 , 430- 437-:-1965) has been performed using a series of markers in the 
lm•ediately adjacent genetic regions . Mutants analyzed were : 97 single locus 
mutants , 33 ad-3AIR , 64 ad- 3BIR , and 102 multil ocus •utants , 89 (ad- 3A ~)IR , 9 
(ad-3A ad-3B nic - 2)1R , and 4 (ad - 3B nlc - 2)1R. Because ad-3 IR autations increased as 
the square of--u;;-x- ray dose and did--;;;;-t"grow as hoaokaryons on adenine suppleaented 
mediu•. the assumption was •ade that they might result fro• •ultilocus deletions 
(MLDs) . In MLDs , other closely linked loci could show simultaneous i nactivation in 
mutants scored as ad - 31R . Ho•ology tests , with a series of strains carrying 
c losely- linked •arkers , were performed on individual ad - 31R mutants . Most single 
locus ad - 31R mutants map as series of overlapping MLDs that cover other known loc i 
(l ys - 4 , his-3. and nic - 2). However , 6/ 97 are actually point • utations with a 
separate and closely linked site of recessive lethal damage (ad-3R • RL / CL) . Most 
•ultilocus ad-3!R •utants also •ap as a seri es of overlapping MLDs , but 171102 ar e 
actually MLDs with a separate , closely-li nked point autati on (ad-3I R • ad-3R) 
involving the closely- linked loci lys- 4, hi s -3 . ad- 3A , ad- 38 , and nic-2. (Resear ch 
sponsored by Natl . Institute of Environ• ental Health Sciences and Dept . of Engery) . 
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Pl DEVELOPMENT AND VALIDATION OF THE SPIRAL SALMONELLA 
ASSAY: AN AUTOMATED APPROACH TO BACTERIAL MUTAGENICITY 
TESTI NG . V.S. Houka, S. Schalkowskyb , and L.D. Claxtona . 
au .s. EPA , RTP , NC 27711; bsp i ral System Instruments , 
I nc ., 4853 Cordell Ave ., Suite A- 10, Bethesda , MD 20814 . 

P2 THE USE OF THE AUTOMATED SPIRAL SALMONELLA ASSAY FOR 
THE DETECTION OF MUTAGENIC COMPLEX ENVIRONMENTA~ SAMPLES. 
G. Earlya , V. S. Houkb, and L.D . Claxton . ast . 
August i ne ' s College , Raleigh, NC 27611 ; bu .s. EPA , RTP , 
NC 27711. 

P3 THE MUTAGENIC IMPACT OF X- RAY TREATMENT ON 
ELECTROPHORETICALLY EXPRESSED LOCI IN THE MOUSE. i..L. 
Lewisa, L.B. Barnetta, R.A. Poppb, and M. D. Shelbyc. 
aRTI, RTP, NC 27709; bBiology Division, ORNL, Oak Ridge, 
TN 37831; CNIEHS , RTP, NC 27709. 

P4 DEVELOPMENT OF AN ULTRAMICROSUSPENSION MUTAGENICITY 
ASSAY AND APPLICATION TO AIRBORNE PARTICULATES COLLECTED 
BY PERSONAL SAMPLERS. S. Gotoa, H. Matsushitaa, Y. 
Takagib, M. Muratab, K. Williamsc, D.M. DeMarini c, and 
J . Lewtasc . ainstitute of Public Health, Tokyo , Japan; 
bAzabu University, Kanagawa, Japan; cu.s. EPA, RTP , NC 
27711 . 

PS THE CONSEQUENCES OF UNREPAIRED DOUBLE-STRAND BREAKS IN 
YEAST. C.B. Bennetta , T. Nilsson-Tillgrenb, and H.A. 
Re snicka. aNIEHS , RTP , NC 27709 ; bu . of Copenhagen, 
Denmar k. 

P6 PATTERNS OF CHEMICAL - INDUCED DAMAGE TO THE 
SYNAPTONEMAL COMPLEX . J. W. A 11 ena, L. C. Backerb, P.A. 
Poorm~nc, J. B. Gibsond, B. WestbroQk-Collinsa, and H.J. 
Mosesd . au.s. EPA, RTP , NC 27711; bEHRT RTP, NC 27709 ; 
CBurroughs Wellcome Co, RTP, NC 27709 ; douke University 
Medical Center, Durham, NC 27710 . 

P7 COMPARISON OF SISTER CHROMATID EXCHANGE (SCE) 
INDUCTION IN SUBSETS OF HOUSE LYMPHOCYTES EXPOSED IN 
VITRO TO 4-HYDROXYCYCLOPHOS PHAHIDE ( 4-0HCP) OR 
PHOSPHORAHIDE MUSTARD (PAH) . P. Kwgnvuena, G.L. 
Erexsona, ~ . F . Bryanta, and A.O. Kligerman . aEHRT, RTP, 
NC 27709; U.S. EPA, RTP, NC 27711. 

PS THE MUTAGENIC ACTIVITY OF HYDROGEN PEROXIDE IN 
SALMONELLA TYPHIMURIUM. A. Aby-Shakra and E. Zeiger, 
NIEHS , RTP, NC 27709. 
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pg INTRA- AND INTERLABORATORY VARIABILITY STUDIES IN THE 
AMES/SALMONELLA MUTAGENICITY ASSAY. T.J. Hyqhesa, L. 5. 
Myersa, L.G. Monteitha, V.S . Houkb , and L.D. Claxton . 
aRTI, RTP, NC 27709; bu.S. EPA, RTP, NC 27711. 

PIO A MULTIPLE SAR DATA BASE APPROACH TO PREDICTING 
SALMONELLA MUTAGENICITY. D. Walsha, K.L. Dearfieldb, E. 
Perrya, and L.D. Claxtonc. arnRT, RTP, NC 27709 ; bu . s. 
EPA, Washington, DC 20460; cu.S. EPA, RTP, NC 27711 . 

Pl 1 SPONTANEOUS .id_:1 MUTANTS RECOVERED FROM A TWO
COMPONENT HETEROKARYON (H-12) OF NEUROSPORA CRASSA 
CONSIST OF GENE/POINT MUTATIONS AND MULTILOCUS DELETIONS. 
E.J. de Serres. RTI, RTP, NC 27709 . 

Pl2 MOST X RAY- INDUCED i.d.:1 IRREPARABLE MUTAN TS IN 
NEUROSPO RA CRASSA MAP AS A SERIES OF OVERLAPPING 
MULTI LOCUS DELETIONS BUT AN UNEXPECTEDLY HIGH NUMBER 
RESULT FROM CLOSELY LINKED INDEPENDENT SITES OF GENETIC 
DAMAGE. F.J. de Serres. RTI, RTP, NC 27709 . 

Pl3 MOLECULAR AND GENETIC CHARACTERIZATION OF X RAY
INDUCED SPECIFIC-LOCUS MUTATIONS IN THE .id..:1 REGION OF 
NEUROSPORA CRASSA. F. J. de Serres, U... Overton, and 
J.S. Dubins. RTI , RTP, NC 27709. 

Pl4 ANALYSIS OF THE ABILITY OF THE L5178Y/TK+/- MOUSE 
LYMPHOMA ASSAY TO DETECT AND QUANTITATE INDUCED ~NET IC 
EVENTS. M.M. Moorea, K. Brockb, C. Doerr, M. 
Applegatec, and J.C. Hozierc . au.S . EPA, RTP, NC 27711; 
bEHRT, RTP, NC 27709; CFlorida State University, 
Tall ahassee , FL 32306 . 

PlS SYNAPTONEMAL COMPLEX DAMAGE AND ITS RELATIONSHIP TO 
GERM ~ELL CHROMOSOME ABERRATIO~S. L.C. Ba%kera, J.B. 
Gibson , D.R. Howarda, G. Honore , M.J. Moses , and J.W. 
Allene. aEHRT, RTP, NC 27709 ; bDuke University Medical 
Center Durham, NC 27710; cu.s. EPA, RTP, NC 27711. 

Pl6 SISTER CHROMATID EXCHANGE (SCE) INDUCTION AND DNA 
ADDUCT FORMATION IN RODENT PERIPHERAL BLOOD LYMPHOCYTES 
(PBLs). A.O. Kl1germaoa, S. Nesnowa , G.Lb Erexsonb, and 
R. GuptaC, au.s. EPA , RTP, NC 27711; EHRT, RTP, NC 
27709; csaylor College of Medicine, Houston, TX 77030. 

Pl7 THE CHINESE HAMSTER V79 METABOLIC COOPERATION ASSAY: 
APPLICATIONS IN TOXICOLOGY. G. p. Wyatt and E. Elmore. 
NSI Technology Services Corp., RTP, NC 27709. 
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P9 
iNTRA A~O lNTfRL AB ORATORf VARlA8!LlfY STuOIES IN ThE AMES/SALMONE LL A 
'11JTAG~N1Cl TY ASSAV i J hughesl, '- E '1y"rsl, G "1ontei tnl. V S Houk2, aM 
_ O Ci~x • on2 IRT! . RTP, NC 27709 dnd 2EPA. RTP . NC 27711 

Tne purp05~ r}f tn1s r·esedrch Wd S to determine if metnods cou ld be devel0o~d to 
evaluate and reduce the variability, and thereby accurately r ank mutaqen1 c 
act1v,ty. in tne Ames /Sa lmonell a mutagen1c1ty assay We c0mpared da~a on ten 
!101 d1rect-actinq mutaqens tested at RT! and EPA us1nq tne follow1nq assay 
conditions Salmonella typnimur1um TAlOO, ten pure direct -acting mutagens 
(tested wit hout S9). ten aose levels in the linea r portion of the dose response 
curve. duplic a te plates per dose. and three rounds of testing spaced at least 
one month apart The ten test chemicals were OMCC, EMS. EP. MMS . MNNG . NBP. 
NF, SA. SO and 4NQO Results sugges ted· 11 intralaooratory var iab ility d id not 
exceed 40% in either laborat ory: 21 int er laboratory var1ab1lity was 60% or less 
for seven of the cnemic a ls. 31 vari ab ility wa s significant ly lowe r t han in 
previous studies reported in t he literature : 4) variability cnanged with 
chem ical . Si r an~ings of the ten cnemicals based on slope values (revertants/ug) 
in the RT ! and EP A laboratories were si miliar: and 16) these data provide a 
basis for intralaboratory and interlaboratory evaluation of Ames mutagenicity 
data Slope values (revertants/ug) ranged from a low of 0.06 (E MS ) to a high of 
4464 0 (4NQO ). which provides a data base of five orders of magn itude for 
evaluation of mutaqenic act1v1ty . Concurrent testing (same day. same 
researcher. same bacteria and media) 1s the most acceptable method to control 
variability However. this 1s not always possible The ability to quantify and 
rank Salmonella mutaqen1c1ty data generated in different laoorator1es or data 
qenerated within the same laboratory on different days will greatly assist 1n 
comparative risk assessment evalua•1ons Researcn sponsored by EPA Contract No 
68-02-4186-052 

PlO 
A MULTIPLE SAR DATA BASE APPROACH TO PRED ICTING SAUIONELU\ MUTAGENIC!TY. 
K.L. Dearf1eld2, E. Pe rryl, and L.D. Clax ton3. lEHRT , RTP, NC 27709; 
Yashlngton, DC 20460; and 3u . s . EPA, RTP, NC 27711. 

¥. . l!'lW.h 1 . 
US . EPA , 

The relationship bet ween Salmonella mutagenicity and molecul ar structure of 
halogenated pyrldines was studied by evaluating separate data bases focusing on 
different structural criteria. The computerized SAR system (ADAPT) was used to 
classify the data bases involved in this study. A compound was considered a 
nonmutagen only if the re was a negative response in Salmonella tester strains TA98, 
TAlOO, TA1535, TA1537, and TA1538 with and without metabolic activation. A positive 
reponse in any of the Salmonella strai ns either with or without activation 
classified the compound a mutage n. A halogenated aromatic data base consisting of 
70 compounds (25 mutagens, 45 nonmutagens) was correctly classified using 9 
molecular descriptors . The correct internal predictability of these descriptors was 
determined to be 92•. A second data base with the focus on the nitrogenous function 
was constructed of 114 nitrogenous cyclic compounds (64 mutagens, 50 nonmutagens) . 
This data base was successfully classi fied using 19 molecular descriptors and had a 
correct internal predictability of 89\. A third approach blended the criter ia used 
in these t wo data bases. This data base contained aromatic nitrogenous compounds 
with 70\ being halogenated. The Salmonella mu tagenlclty of a group of pyridine 
compounds predicted in each of the data bases wil l be compared to the actual 
experimental results. [This ls an abstract of a proposed presentation and does not 
necessarily reflect EPA policy.] 
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P7 
COMPARISON OF SISTER CHROMATID EXCHANGE (SCE) INDUCTION IN SUBSETS OF 
MOUSE LYMPHOCYTES EXPOSED IN VITRO TO 4-HYDROXYCYCLOPHOSPHAMIDE <1-
0HCP) OR PH~SPHORAMIDE MUSTARD (P~). f..._ Kwanyuen1 , G.L. Erexso~, 
M.F. Bryant , and A.O. Kligerman . 1 EHRT,Inc.,RTP,NC 27709, US 
EPA,RTP,NC 27711. 

Experiments were designed to investigate the induction of SCEs in 
different subsets of mouse lymphocytes after exposure in vitro to 4-
0HCP or PAM. Whole blood was obtained from several C57BL/6 male mice 
and pooled. Mononuclear cells (MNLs) · were isolated using a Ficoll
Hypaque density gradient. Phytohemagglutinin (PHA; T-helper cells), 
concanavalin A (CON-A; T-suppressor cells), or lipopolysaccharide 
(LPS; B-cells) were used to stimulate the MNLs to divide. 
Bromodeoxyuridine (5 uM) and either PAM or 4-0HCP were added at 19 h 
and 21 h, respectively. Either 4-0HCP or PAM was added at equal 
concentrations (O~l, 0.3, and 1 ug/ml) to replicate 1 ml cultures 
containing 5 x 10 MNLs. Colcemid (0.5 ug/ml) was added at 46 h and 
the cultures were harvested at 50 h. Slides were prepared and stained 
using the fluorescence-plus-Giemsa technique. A total of fifty 
metaphases/concentration were scored for SCEs (25 cells/replicate 
culture). A significant concentration-dependent increase in SCE was 
observed with each chemical and mitogen. In general, for all 3 
mitogens, 4-0HCP induced more SCEs than PAM. There was no significant 
difference in the number of SCEs induced by PAM in the B-lymphocytes 
compared to the T-lymphocytes. However, a-lymphocytes were more 
sensitive to 4-0HCP than T-lymphocytes. A possible explanation for 
this is that a suppressor population of a-lymphocytes is select i vely 
sensitive to 4-0HCP. (This is an abstract of a proposed presentation 
and does not necessarily reflect US EPA policy]. 

PS 
THE MUTACENIC ACTIVITY OF HYDROGEN PEROXIDE IN SALt!ONELlA TYPHIHVRIUH . ti,. ~ 
~and E. Zeiger, Cellular and Genetic Toxicology Branch , National Institute of 
Environmental Health Sciences, Research Triangle Park, NC 27709 

Hydrogen peroxide causes oxidative damage to DNA, and this damage is manifested as 
a mutagenic response in the Salmonella test . In the present study, HzOz was tested 
for mutagenicity in a spectrum of Salmonella typhimurium tester strains . The aim 
was to select the strain and exposure conditions that produce the highest mutagenic 
response to HzOz for use in further investigations into DNA damage and mutagenicity 
by HzOz or HzOz-generating systems. The strongest mutagenic response was detected 
in TA104 (~, ill. l!Ytl. pKMlOl) . Strain TA102 , which carries the b.UQill 
gene on the multicopy plasmid pAQl and is excision repair proficient , was less 
sensitive. Of the strains carrying the frameshift mutations hisP3052 or hisp6610 , 
only TA97 (b.ll.P.til.Q, his01242 , ill. l!Ytl. pKMlOl ) was significantly reverted by 
HzOz. The presence of the ~ mutation also had an enhancing effect on the 
mutagenic response to HzOz in the hisC3108 strains SB1106 (hll.Q-) and SBllll 
(~+). In the hUill strains, the presence of the plasmid pKMlOl (TAlOO and 
TA92) helped to produce a modest but detectable response, i n contrast to the 
insensitive plasmid - free strains TA1535 and G46. The preincubation procedure was 
more effective than the standard plate procedure , yielding equivalent responses, 
but at approximately one-third of the dose . Based on these studies, TA104 was 
selected as the strain to use for studying HzOz- induced DNA damage and 
mutagenic i ty. 
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P18 ACTIVITIES OF SELECTED CYCLIC HYDROCARBONS OF KNOWN 
CARCINOGENICITY IN THE V79 METABOLIC COOPERATION ASSAY. 
E. Elmorea, H.A. Milmanb, B.P. Wilkinsona, and G.P. 
Wyatta. aNsI Technology Services Corp., RTP, NC 27709; 
bu.s. EPA, Washington, DC 20460. 

P19 INHIBITION OF BENZO(a)PYRENE-INDUCED MALIGNANT 
TRANS FORMAT ION 
RETINOIC ACID. 
NSI Technology 

IN CULTURED TRACHEAL EPITHELIAL CELLS BY 
B. Wilkinson, J. Arnold, and V. Steele. 

Services Corp., RTP, NC 27709. 

P20 APPLICATION OF WHEAT SEEDLING ASSAY FOR DETECTING 
CHEMICALLY INDUCED ANEUPLOIDY. S.S. Sandhu, J.S. Dhesib, 
and G.P. RedeiC. au.s. EPA, RTP, NC 27711; brnRT, RTP, 
NC 27709; cu. of Missouri, Columbia, MO 65211. 

P21 DIRECT DNA SCREENING FOR SPONTANEOUS AND INDUCED 
L.B. MUTATIONS. E. Korytynski, J. Dubins, S.E. Lewis, 

Barnett, and R.R. Cobb. RTI, RTP, NC 27709. 
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PS 
THE CONSEQUENCES OF UNREPAIRED DOUBLE-STRAND BREAKS IN YEAST . ~~l, T . 
Nilsson- Tillgr e n 2, and M.A . Resnickl; lNIEHS, RTP , NC 27709 and 2u. of Copenhagen, 
Denmark . 

Recombinational repair mechanisms for eukaryotes have been proposed that require 
direct participation of both double-strand breaks ( DSB), which produce invasive 
free duplex end(s ), and a homologous chromosome or sister chromatid that pairs with 
the damaged chromosome, supplying a template for the repa ir event. We are 
examining the biological effects of DSBs in y e ast systems where the possibility for 
recombinational repair is greatly reduced. For i nstance , gamma-ray-induced damage 
in homologous chromosomes is efficiently repaired. However, damage (presumably 
DSBs) induced in a pair of divergent chromosomes (~. car lsbergensis c hromosome 
III/S,. cerevisiae chromosome III) present in an o t herwise homologous chromosome 
background (i. e . , ~ . cerevis iae) leads to a high level of aneuploidy for the 
divergent chromosomes (Resnick, Skaanild, and Nilson-Tillgren, submitted). The 
presence of a DSB in a pair of chromosomes under conditions whe re recombinational 
repair is prevented because of lack of homology does not affect cell survival. In 
order to determine if DSBs function as transducing signals in the cell. we have 
developed a shuttle vector in yeast that contains a synthetic YZ junction (from 
!:!aI) flanked by nonyeast sequences ( SV40 and ~ - coli). In the presence of 
galactose, HO endonuclease (fused to the "1iJ, ) promoter) is induced fro m a second 
selectable plasmid (pSE271) and cuts the t arge t YZ junction resul ting in a DSB in a 
nonintegrating and nongenomic region (the genom ic YZ junctions are mutated). The 
YZ ta rget plasmid contains ~ and is stably main tained at low copy number; 
however, higher copy numbers can be obtained and stably maintained due to the 
presence of the Qlil gene on the plasmid. Thus , the indirect effects of a known 
DSB on recombination, repair, and various biological endpoints can be examined in a 
dose-dependent manner without the lethal effects a ssociated with genomic darnage . 

P6 
PATTERNS OF CHEMICAL - INDUCED DAlLb.GE TO THE SYNAPTOKEl\AL cmlPLEX . J . w. Allen l, 
L.C. Backer2, P.A. Poorman32' J . B. Gibson 4 , B. Westbrook-Collins!, M. J . '1oses 4 • 
lu . s . EPA, RTP, NC 27711; EHRT, Inc-, P . O. Box 12199, RTP, NC 27709; 3\iellcorae 
Research Lab., RTP, i\C 27709; 4 Duke cniv . Medical Cente r, Durham , NC 277 10 . 

Clastogeni c and anti - mitotic chemicals were evalua ted for induction of synaptonemal 
comp l ex (SC) aberra ti ons in mouse spermatocytes. Following an intraperitonea l (ip . ) 
o r intratesticular (i t. ) injection of mitomycin-C, cyclophosphamide, colchicine, 
vinblastine sulfate, amsacrine, or ;1eomycin, a spect rum of damag e was produced : all 
agents caused SC breakage, asynapsis, multi-axis configurations, and various forms of 
misp.:1iring . Howeve r, chemica l -specific pr opensities for indu cing certain types of 
damage at S-phase or prophase were also evident. As examples, the alkyla t ing agent , 
cyclophosphamide ( 10- 200 mg/kg, ip.) , was preme i o ti c S-phase dependent fo r maximal 
activities to i nduce SC breakage, rearrangements, and synap ti c ir re gularities . The 
anti-tubulin alkaloid , colchicine (0 . 0 2- 50 eg , it . ), was especially efficient at 
ea rly prophase for inducing synaptic aberrations . The radioraimetic, bleomycin 
(25-100 mg/kg, ip.), was exceptional in producing ex tensive SC breakage, rearrange 
ment , and mispairing events in mid -late prophase. These observat i ons suggest that 
pa tterns of SC aberrations induction can reflect different chemical mechanisms of 
interaction with germ cells. 

This is an abstract of a proposed presentation and does not ne cessaril y reflec t U. S . 

EPA policy. 
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P3 
THE HUTAGENIC IMPACT OF X-RAY TREATMENT ON ELECTROPHORETICALLY EXPRESSED LOCI IN 
THE MOUSE. Susan E Lewisl , Lois B. Barnettl, Raymond A. Popp2 , and Michael D. 
Shelby3 ; lRTI, RTP , NC 27709; 2Biology Division, Oak Ridge National Laboratory, Oak 
Ridge, TN 37831 ; 3NIEHS, RTP , NC 27709. 

The induction of mutations by various doses of x-rays has been studied in the 
Electrophoretic Specific Locus Test in the mouse . Both female and male germ cells 
were studied. Following x-ray t reatment , matings to produce ( C57BL/ 6J X 2J) F1 
hybrid mice for electrophoretic analysis were made at appropriate times in order to 
study effects on specific germ cell stages . The effects on electrophoretically 
expressed loci were considerably less than on loci in the visible specific-locus 
t est . Spermatogonia treated with a single dose of JOOR gave higher frequencies of 
mutations on a per locus basis than did the 600R dose. The i nternal comparison of 
visible and electrophoretic loci in treated C57Bl/6J females shows that the visible 
loci are more susceptible to mutation at this dose than are the electrophoretic 
loci . Mutation frequencies are currently being studied in progeny whose male 
parent was treated with a fractionated dose of x-rays. [Supported in part by-
Contract #NOl-ES -2- 5012 from NIEHS.) 

P4 
DEVELOPMENT OF AN ULTRAMICROSUSPENSION MUTAGENICITY ASSAY AND APPLICATION TO 
AIRBORNE PARTICULATES COLLECTED BY PERSONAL SAMPLERS . S. Gotol, H. Matsushital, Y. 
Takagi2 , M. Mura ta2, K. Williams3 , D.M. DeMarini3 , and J. Lewtas3. linstitute of 
Public Health, Tokyo, Japan; 2Azabu University, Kanagawa, Japan; 3u . S . Environmental 
Protection Agency, Research Triangle Park, NC 277 11 . 

A new r educed -volume microsuspension mutagenicity assay employing 100 -µl vials has 
been developed using a modif ication of two current mic ro suspension assays o f 
Salmonella typhimur ium. S . typhimurium strain TM6 77 used in the 8-AG- resistance 
forward-mutation assay and strain TA98 used in the histidine-reversion assay are 
currently being evaluated. The assays are conducted in 100-µl vials in a tota l 
volume o f only 10 µl . The suspension is incubated for 90 min by rotating the vials . 
Evaporation is eliminated by means of tight-fitting Teflon plugs. The 
ultramicrosuspension assay showed good reproducibil ity (coefficient of varia t ion : 
8.3% - 14 .3%) when 4NQO was tested. The forward-muta tion version of th i s assay 
required approximately one-tenth the sample size of the microsuspension forward
mutation assay that had been used previously for indoor air samples ( Lewtas et al . 
Atmos. Environ . 21: 443, 1987 ). Furthermore , samples of airborne parti culate 
extracts collected by personal samplers (2 liters/ min X 24 hr ) were found to be 
adequate for the measurement of mutagenicity. Samples collected from smokers showed 
higher mutagenic responses than those from nonsmokers . Current studies are in 
progress to evaluate the same ultramicrosuspension assay in S . typhimurium TA98 
using further modifications of a microsuspension assay dev eloped by Kado ec al. 
(Mutat. Res . 121:25 , 1983) and modified by DeMarini et al. ( Environ . Mol. Mutagen . 
11, Suppl . 11:27, 1988) . 
[This is an abstract of a proposed presentation and does not necessarily reflect EPA 
policy .) 
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ABSTRACTS 
TALKS 

DRUG RESISTANA T CELLS MAY CON~RIBUTE IN HUMAN G~FT REJECTION, 
W. L. stenford ' G.H.S . Strauss ' and O.J. ~innc, EHRT, RTP, NC, 
27709; U.S. EPA, GTD, RTP, NC 27711; and DUMC, Durham, NC 27710. 

The objective of our study was to determine whether drug res istance 
by transplant recipient T cells contribute to rejection of human 
organ transplants and to further characterize the mutant phenotype in 
the Strauss-Albertini Test. Following transplantation, the organ 
recipients (kidney or liver) received chemical immunosuppressive 
therapy, including the purine analog azathioprine (AZ), to prevent 
graft rejection. The T cell lines used in this series of experiments 
were originally established by obtaining (from biopsies) r ecipient T 
cells which have infiltrated transplanted grafts and initiated rejec
tions. These T cells, which are allo-specific for donor HLA anti
gens, were subsequently expanded into T cell lines using EBV
transformed donor B cell lines as antigen. The Strauss-Albertini 
Test uses 6-thioguanine, which is closely related to AZ, as the 
selective agent to measure the genotoxic effects of in vivo mutagen 
exposure by enumerating presumed HGPRT mutants in vitro. The 
Strauss-Albertini Test was modified to enumerate thioguanine-resitant 
(TGR) T cells from human graft recipients which arise in viyo in 
response to antigenic stimulation by the graft and selection, we be
lieve, by A~. Although the frequency of TGR variants in the ~gjority 
of T cell lines has closely resembled the frequency of 5 x 10 found 
in peripheral blood lymphocytes of controls, we have encountered four 
TGR T cell lines, including two lines with variant frequencies of 
0.663 and 0.690, respectively. We shall discuss the relationship 
between variant frequencies and graft rejection in the face of high 
doses of purine analog immunosuppressants. (This abstract does not 
necessarily reflect U.S. EPA policy.) 

T2 
ANTIMUTAGENIC ITY STUDIES IN SAL~ONELLA . j .R . Warner . T.J. Hughes and M.E. Wa l l . 
Research Tri ang le Institute (RT!) . RTP . NC 27709. 

The purpose of this research was to conduc t prelim i nary studies into the 
mechanisms of anti mutagenes is in S_a_lmqne 11 <'! .1:YP.h imur_i u_rll. Mutagens were 
aflatoxin 81 (AF8 1) and 2-anthramine (2AN) ; antimutagens were coumarin (C), 
psoralen (Pl . 8-methoxypsoralen (8MP) and 5-methoxypsoraien (5MP). Assay 
parameters were: TAlOO . Aroclor-induced rat li ver S9 (5% S9 mix) , plate 
incorporation technique (AFB1l or preincubation technique (2AN) . The 
antimutagens were neither toxic nor mutagenic under the test conditions . The 
endpoint of the antimutagenicity assay was a r eduction in the number of 
revertants on mutagen treated plates upon addition of the antimutagens . A"B1 
(0.05 ug / plate) produced 1200 revertants . and 2AN (2 . 5 ug / plate) produced 2400 
revertants . In i tial results suggest : 1) antimutagenicity aga inst AFB1 was in 
the order of 8MP >P>5MP >C: 2) antimutagenicity against 2AN was in the orde~ of 
P>8MP >5MP>C: and 3) equivalent doses of antimutagens inbibited AFB1 more 
significant ly than did 2AN (e .g .. 150 ug of 8MP inhibited AFB1 55% . but 
inhibited 2AN only 10%) . This differential inhibition may be due to the 
structural similarities between the antimutagens and AFB 1. In the second part 
of this research . the order in which the mutagens and antimutagens are added and 
the combinations that are used will be ad j usted to determ i ne if these antimuta
gens ar e act i ng as protective agents , interacting with the mutagens or S9 . or 
interacting with the metabolites of the mutagens . Resu its of these studies will 
be discussed . 
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T4 

T3 
THE INDUCTION OF CHROMOSOME ABERRATIONS IN MOUSE BONE MARROW CELLS BY THE 
DNA TOfOISOMERASE I.NH.If I TORS CAMPT~TH1_CIN AND AMSACRINE . D 'LR Howard1 , L . C. 
Backer , D.M . DeMar1n1 , J.W . Allen , EHRT, RTP , NC 27709; US EPA , RTP , NC 
27711 . 

Topoisomerases are enzymes that control supercoiling, breakage , and reunion 
of DNA strands. There is evidence to suggest that two anti tumor drugs , 
camptothecin and amsacrine (m-AMSA), inhibit topoisomerase activity by 
binding to the DNA-topoisomerase complex and preventing reunion of the 
broken DNA strands. m-AMSA is a known clastogen that binds to topoisomerase 
II to induce double-strand breaks in DNA. Camptothecin inhibits the 
activity of topoisomerase I, inducing single-strand DNA breaks. Although 
m-AMSA induces c hromosome aberrations, camptothecin has not been 
characterized for this effect. In this experiment, camptothecin and m-AMSA 
were compared for their capacity to induce chromosome- and chromatid-type 
aberrations in mouse bone marrow cells . Male mice were exposed by i . p . 
injection to 0, 0. 5, 1. 5, or 3. 0 mg/kg camptothec in or m-AMSA in DMSO. 
Animals were injected with colchicine at 15 h, and bone marrow was harvested 
at 18 h. BrdUrd tablets were implanted to assure identification of first 
division cells. Four animals/dose and 100 cells/animal were scored for 
chromosome aberrations. Both chemicals induced approximately 50 chromatid 
and 10 chromosome aberrations per animal at the highest dose . Despite the 
mechanistic differences between camptothecin (single- strand DNA breaker) 
and m-AMSA (double-strand DNA breaker) , there were no differences observed 
in either the capab ilities of these two chemicals to induce chromosome 
aberrations , or in the types of aberrations they induced . 

This abstract does not necessarily reflect U.S . EPA policy . 

MUTATION VS MUTANT FRE QU ENCY IN THE MOUSE LYMPHOMA ASSAY . 0. Dastona, W. Casparya, 
C. Ruddb, K. Pardob, aNIEHS / NIH, RTP, NC, bSRI Int, Men lo Park, CA 

Mutations in mammalian cells can be detected by measuring phenotypic changes 
which occur after products of the altered gene disappear or are synthesized . In 
the mouse lymphoma L5178Y cell, mutation at the thymidine kinase (tk) locus results 
in tk deficiency (TK +/- + TK -/-) i.e., loss of thymidine kinase enzyme activity. 
The time necessary to acquire the new phenotype is called the expression period. 
Ideally, the frequency of mutants present before expression is equa l to· t ha t 
detected at the end of the expression period. However, if the mutagen i c event is 
associated with a change in cell growth rate, changes in the ratio of mutant to 
wild-type cells can occur. We developed a method which segregates and i nmob ilizes 
cells in agar during expression. Because slow growing mutants are not diluted out 
and lost, this procedure more accurately determines the freque ncy of mutations at 
the tk locus in mouse lymphoma cells than procedures in whi ch ce lls are mixed dur ing 
expre ssion. Thus, the calculation of mutation frequency (proportion of new muta
t ions formed in a population of cells) is possib le, rather than the mutan t frequency 
(proportion of mutants in a population of cells) which is usuall y determined in mam
malian cell assays. The expression time of newly formed spontaneous mutations wa s 
calc ulated to be 30 hours, and t he mutation rate wa s approximately 50 per million 
cell divisions. Fa st and slow growing mutants were detected as l arge and small 
TFT-resistant colonies, respectively. The rate of formation of the small colonies 
was 3-4 ti mes that of the large colonies. The predominance of slower growing 
mutants in this procedure may partially account for the much higher spontaneous 
mutation rate s observed as compared with those r eported in earlier studies. 
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DEVELOPMENT AND VALIDATION OF THE SPIRAL SALMONELLA ASSAY: AN AUTOMATED APPROACH 
TO BACTERIAL MUTAGENICITY TESTING . V. S. Houka, S. Schalkowskyb, and L.D. Claxtona. 
aus EPA, RTP, NC 27711, and bspiral System Instruments, Inc., 4853 Corde ll Ave. , 
Suite A-10, Bethesda, MD 20814 . 

Since its development by Dr. Bruce Ames and his colle agues more than a decade ago , 
the Salmonella/ mammalian micrusoce mutagenicity assay has become a widely accepted 
tool for the identification of chemicals with mutagenic and carcinogenic potential. 
Several automated approaches to Salmonella testing have been proposed in recent 
years but have failed to gain acceptance in the scientific community due to poor 
performance or lack of demonstrated usefulness. In this paper we report on an 
automated system that successfully generates dose-response data and, moreover, 
reduces the labo r , mate r ials , and sample mass required to ob tain such information. 
In the standard plate-incorporation assay, dose-response relationships are defi ned 
by testing discrete doses of the test agent on a series of aga r plates . In con
trast, t he spiral Salmonella assay gene ra tes dose-response data from a continuous 
concentrati on gradient on a single agar plate. Upon analysis, each sp ira l plate 
yields a dose-response curve cons ist i ng of 13 data points that span a concentration 
range equivalent to about S two- fold serial dilutions. The pe rf or mance of the 
spi ral Salmonella assay was compared to that of the conventional plate-incorporation 
assay using 13 mutagens and 7 nonmutagens sele ct ed f r om a va riety of chemi ca l 
c lasses. Concordant qualitative responses we re obtained f o r all compound s tested, 
and comparable dose-response relationships were generated by all mutagens with the 
exception of sodium azide and cyclophosphamide, whi ch are highly water soluble a nd, 
thus, are unable to maintain a well-defined concentratio n gradie nt on a spiral plate 
due t o rapid diffusion. In general, t oxicity was expressed at a lower dose in the 
spiral assay, and the mutagenic potencies (s lopes of the dose-response curves) were 
greater in the spi ral assay relative to the plate-incorporation assay . These 
differences will be discussed, as will the applicability of the spiral plating 
technique to routine sc reening and its relevancy t o fut ure mutage ne sis testing. 

This is an abstract of a proposed presentation and does not necessar i ly reflect 
EPA policy . 

P2 
THE USE OF THE AUTO~TED SPIRAL SALMONELLA ASSAY FOR THE DETECTION OF MUTAGENIC 
COMPLEX ENVIRONMENTAL SAMPLES. _s__E3.!..!..z.l, V.S. Houk2, and L. D. Claxton2. 1st . 
Augustine's College, Raleigh, N. C. 27611 and 2us EPA, RTP, NC 277 11. 

An automated approach to Salmonella mutagenicity testing, which eliminates the 
serial dilutions and multiple plates required by the conventional plate
incorporation assay to genera~e dose-response data, was recently developed (see 
DEVELOPMENT AND VALIDATION OF THE SPIRAL SALMONELLA ASSAY: AN AUTOMATED APPROACH 
TO BACTERIAL MUTAGENICITY TESTING by V. S. Houk et al.), In the spiral Sa lmonella 
assay, the bacteria are exposed in the presence ur absence of S9 to a continuous 
concentration gradient of the compound deposited on a single agar plate. From 
each plate a dose-response curve comprised of 13 data points is generated , In 
this study, we have examined the effectiveness of the spiral assay fo r use on 
complex environmental samples. Four sets of combustion particle emissions were 
selected for testing: an automotive diesel exhaust sample, 2 wood combustion 
emissions, and a sample obtained from the controlled combustion of a bituminous
like coal from Chi na . Preliminary comparisons of mutagenes i s data generated 
by these complex mixtures in the spiral and standard Salmonella assays have 
de monstrated that a 40- t o 80-fold reduction in the sample mass required for 
dose responsi veness can be achieved by the spiral as say. Furthermore, due to 
differences in sample deposition pract i ces between the 2 te chniques, it was 
possible in the spiral assay to omit the solvent exchange st ep (to DMSO) and 
test the dichloromethane extract directly. 

This is an abstract of a proposed presentation and does not necessarily reflect 
EPA policy. 
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DNA 
GUARANTEED 

ANY CUSTOM DNA PRODUCT 
IS GUARANTEED TO BE FREE 
OF DEFECTS OR SYNTHETIC 

GENETICS WILL REPLACE 
IT WITHOUT CHARGE. 

Linkers, adapters , primers , and probes. Over 
100 DNA products in addit i on to homopolymers and 
fr agment s . Fl uorescent and enzyme labeled. 
Phosphorous modi f ied . AIDS vi rus PCR probes and 
pr imers. All are included in our new catalog . 

And , with over 7 years experience in custom DNA 
synthes is , we can provide for more specific 
needs suc h as custom DNA affinity resins, 
nonradioact i ve l abeled DNA probes, and bulk 
production . Guaranteed. 

Ou r new cat al og i s ready now . We will be 
pleased to send i t to you. Or , i f you need your 
order fil l ed in a hurry , cal l us . We will have 
your order t o you in three days. Sooner , at 
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Richard H. Tullis, Ph .D. 

SYNTHETIC 
GENETICS 

10455 Roselle Street, San Diego, CA 92121 
619 -587-0320 or 800-562-5544 

20 

TS 
ONCOGENE AMPLIFI CATION, METHYIATION, EXPRESSION, AND MUTATION IN CHEMICALLY
TRANSFORMED RES PI RATORY EPITHELIAL CELLS. J~sstca A I.as l evl, Nancy S . 
Schorschinsky1 , Diane K. Beeman2, and Marc J. Mass , ~nvironmental Health Research 
and Testing, Inc ., Research Triangle Park, NC 27709 and 2carcinogenesis and 
Metabolism Branch, MD-68, U.S.E.P.A., Research Triangle Park, NC 27711. 

Considerable evidence has accumulated linking alterations in oncogenes and the 
development of cancer. Most of these studies have utilized tumors, which are late 
stages in the neoplastic process. We utilized the rat tracheal epithelial (RTE ) 
cell transformation system to observe t he participation of oncogenes in 
comparatively early stages of cell transformation in vitro . Eigh t cell lines were 
studied for alterations in~. ~. and ~- These lines were transformed in 
culture with the carcinogens benzo(a)pyrene (BP) , 7,12-dimethylbenz(a)anthracene 
(DMBA), and/or the tumor promoter 12-0-tetradecanoylphorbol-13-acetate (TPA) . 
Southern blot hybridizations indicated no amplification of ~. ~. or £..:..!!U'.£ in 
the lines studied. However , restriction length polymorphisms (RFLPs) we re observed 
in 2 cell lines digested with Eco RI and probed with ~ . We did not find 
alterations in ~ codon 61 that have been found in DMBA-induced tumors ~

All cell lines had fewer restriction sites when digested with Hpa II and probed with 
H..:...r.i!a than did normal cells . One cell line had 2 types of ~ RFLPs when digested 
with Bam Hl or Hind Ill, and also exhibited methylation changes in CCGG sequences 
compared with normal cells . In contrast to changes in DNA restriction patterns , we 
did not observe elevations in expression levels in any oncogenes using RNA dot 
blots. We conclude that transformed RTE cells can demonstrate a number of oncogene 
alterations, however , the relationship of each to the transformed state requires 
further study . This is an abstract of a proposed presentation and does not 
constitute EPA policy. 

T6 
CHEMICAL SYNTHESIS AND CHARACTERIZATION OF A MODEL CYCLOPENTA-FUSED PAH PRODUCT 
OF ADENOSINE, A.W . Bartczaka, R. Sangaiaha, S.D. Wyricka, G. Toneyb , and 
Avram Golda. aUNC-CH, Chapel Hill, NC 27 599-7400 , bNIEHS, Research Triangle 
Park, NC 27709 

The covalent binding of carcinogenic polycyclic a romatic hydrocarbons (PAH) to 
DNA i n intact organisms has been shown t o correlate with carcinogenic po tency . 
Most of the carcinogenic PAH investigated contain a bay region diolepoxide . 
Several carcinogenic members of a unique family of PAH, the cyclopent a - fused PAH 
(cpPAH) , have been found in the environment and have been shown to be me t aboli
cally activa t ed via a cyclopenta ring epox ide. Despite the biological activity 
of several cpPAH, no adducts have ye t been characterized . Sufficient quantities 
of adducts could not be obtained by modification of DNA or deoxynucleosides with 
a cyclopenta PAH epoxide. Therefor e we have undertaken the chemical syn t hesis 
of cpPAH- modified nucleosides by alte r na t ive routes. We repor t syn t hesis of the 
nucleoside adducts pre dic t ed from t he in t eraction of adenosine and the cyclopenta 
oxide of acenaphthene. Milligr am quantities of produc t have allowed struc t ur al 
characterization of the four dias t ereoisomeric adducts by NMR and comput er
assisted molecular modeling studies . Comparison of the NMR spec t ra indicate two 
distinct groups, based on the chemical shifts of protons . Computer-assis t ed 
molecula r modeling ra t ionalizes the differences in the chemical shifts of ·the 
protons by pr oviding estimates of critical distances and angles from the minimum 
ener gy configura t ions of the four adducts . 
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T7 
DETECTION AND COHPARISION OF DNA ADDUCTS IN ANIMAL TISSUES/CELLS FOLLOWING 

1
IN 

VIVO E.XP~SURE TO TlflEE ENVIR2NHENTALLY IH20RTANT COHPL~1HIXTURES, H. George , 
P.Rouse, J.Scott, J.Inmon, J.Gallagher 

2
and J.Lewtas . Environmental Health 

Research and Testing Inc. RTP,NC 27709 and U.S. Environmental Protection 
Agency RTP ,NC 27711. 

Animal models need to be utilized to better study the relationship between 
genotoxic complex mixtures and adverse co~~equence as measured by DNA adduct 
formation. In these studies we have used P-postlabeling to detect and 
compare DNA adduct levels and profiles in various mouse/rat tissues and 
isolated cells following three separate routes of exposure with three 
environmentally important complex mixtures. Hice were skin painted and rats 
interperitoneally (IP) injected or intratracheally instilled with smoky coal, 
coke oven main or diesel extract. Persistence of the resulting DNA adducts 
was monitored over time in the IP treated animals . A zone of DNA adducts was 
observed for all three complex mixtures for the skin painted and IP i n jected 
animals, however, these adduct zones were not seen with the intratracheally 
instilled animals. Each complex mixture resulted in a characteristic DNA 
adduct profile. Adduct levels, when compared on a mg/kg basis, were higher in IP 
injected animals compared to skin painted animals. Moreover , lung DNA was 
shown to have higher adduct levels compared to liver DNA for all three complex 
mixtures examined. DNA adducts were also shown to persist 21 days following t he 
initial exposure for those animals interperitoneally injected with diesel or 
smoky coal extract . Studies of this type can provide important information 
regarding the genotoxic potential of environmentally important complex 
mixtures. [This abstract does not necessarily reflec t EPA policy.] 

TB 
MOLECULAR AND CYTOGENETIC ANALYSIS OF SPON TAN EOUS AND CY ANOETHYLENE OXIDE 
(CNE!O)-INDUC ED TK -/- MUTANTS IN HUMAN CELLS 
L. Recio, Y. Kodama, C.J. Boreiko, and T.R. Skopek Chemical Industry Institute of 
Toxicology, RTP, NC 

Two phenotypic class es of tk-/- mutants are obse rv ed in human TK6 lymphoblasts; 
one class of mutants (tkn)-"has a normal growth rat e relative to wild type wh ile 
th e se cond class (tk7} grows at a slower rate. Th e molecular nature of 
spontaneous and CNETO":induced (the proposed ultimate mutagenic metabbolite of the 
rat carcinogen acrylonitrile) tk-/- mutants from these two phenotypic classe6 was 
investigated by Southern blot--;nalysis. 7/9 tkn spontaneou s mutants an d 11/12 
CNETO-induced tkn had no detectable alteration;-in their tk restriction fragment 
pattern. In c;;;;trast, 25/26 tks mutants analyzed (spont an;;;'us and CN ETO-induced) 
had lost a 14.Skb polymorphic"'fragment of the +tk allele. The nature of the tks 
mutant phenotype was further investigated using'"'karyotype ana lysis. G-banding 
and/or Q-banding analysis of metaphase chromosomes was pe rformed on the parenta l 
TK6 cell line, 16 tks mutants (8 spontaneous and 8 CN ETO-induced) and 2 tkn 
mutants that had alSo lost the 14.Skb polymorphic band. Chromosome 17, the 
chromosome to which tk has been localized, was normal with respect to the parental 
c e ll line in 15/16 tks mutants. An apparent duplication was present in one tks 
mutant, with a breakpoint at or near the chro·mosome band to which tk has bUn 
localized . Although the tks mutant pheno type was strongly associated with loss of 
a 14 .Skb polymorphic frag;;;ent ( 96% of all tks mutant analyzed), there do es not 
appear to be chromo some 17 aberrations visible at the cytogenetic leve l in !!s 
mutants . These observations are different from thos e made in mouse lymphoma cells, 
where chromosome 11 in tks mutants has a h igh frequency of aberrations, and 
sugggests differences ~ the stability of the human and rodent chromosome 
complements. 
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T9 
A METHOD FOR DETERMINING MUTAIION SPECIFICITY IN HUMAN CELLS, D. Simpson, R. 
Crosby, L. Recio, R. Al bertini and T. Skopek, Chem ical Industry Institute of 
Toxicology Re search Tr i angle Park, NC 27709 and 

8
University of Vermont, 

Burlington, VT. 

A method has been developed for the spec ific amplification and cloning of human 
hprt cDNA. This genera l cloning/sequencing scheme can be used to analyze hprt 
mutation in human cells obtained both in vitro and in vivo. In this procedure 
messenger RNA is isolated from mutant ly;;;p~sts o~lymphocytes and is used to 
produce a cDNA copy of hprt mRNA us ing reverse transcriptase primed with a 
synthetic oligonucleotide which is specific for the 3' end of the gene. Second 
strand synthesis and subsequent specific amplifi cation of hprt sequences is 
accomplished using the ~ aquaticus DNA polymerase in the polymerase chain 
reaction (PCR). The resulting hprt fragments are cloned into Ml3mpl9 using 
restriction sites built into the 5' end of each primer. Dideoxy sequencing is 
carried out on the cloned products to reveal the nature of the mutation. Ongoing 
in vitro studies include the analysis of formaldehyde and cyanoethylene oxide 
~d~mutants. Six of seven formaldehyde-induced mutants displayed a base pair 
substitution at AT base pairs with 4 occuring at a single site in the gene. The 
majority of cyanoethylene oxide mutants sequenced thus far revealed exon loss in 
the hprt sequ ence. To demonstrate the feasibility of in vivo analysis, we have 
determined the hprt sequences in !-lymphocytes from a Le~h-Nyhan (hp rt- ) patient. 
We have detected a single AT to GC transition in the hprt coding region resulting 
in a methionine to threonine change in the hprt protein. 
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T7 
DETECTION AND COHPARISION OF DNA ADDUCTS IN ANIMAL TISSUES/CELLS FOLLOWING 

1
IN 

VIVO E.XP~SURE TO TlflEE ENVIR2NHENTALLY IH20RTANT COHPL~1HIXTURES, H. George , 
P.Rouse, J.Scott, J.Inmon, J.Gallagher 

2
and J.Lewtas . Environmental Health 

Research and Testing Inc. RTP,NC 27709 and U.S. Environmental Protection 
Agency RTP ,NC 27711. 

Animal models need to be utilized to better study the relationship between 
genotoxic complex mixtures and adverse co~~equence as measured by DNA adduct 
formation. In these studies we have used P-postlabeling to detect and 
compare DNA adduct levels and profiles in various mouse/rat tissues and 
isolated cells following three separate routes of exposure with three 
environmentally important complex mixtures. Hice were skin painted and rats 
interperitoneally (IP) injected or intratracheally instilled with smoky coal, 
coke oven main or diesel extract. Persistence of the resulting DNA adducts 
was monitored over time in the IP treated animals . A zone of DNA adducts was 
observed for all three complex mixtures for the skin painted and IP i n jected 
animals, however, these adduct zones were not seen with the intratracheally 
instilled animals. Each complex mixture resulted in a characteristic DNA 
adduct profile. Adduct levels, when compared on a mg/kg basis, were higher in IP 
injected animals compared to skin painted animals. Moreover , lung DNA was 
shown to have higher adduct levels compared to liver DNA for all three complex 
mixtures examined. DNA adducts were also shown to persist 21 days following t he 
initial exposure for those animals interperitoneally injected with diesel or 
smoky coal extract . Studies of this type can provide important information 
regarding the genotoxic potential of environmentally important complex 
mixtures. [This abstract does not necessarily reflec t EPA policy.] 
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MOLECULAR AND CYTOGENETIC ANALYSIS OF SPON TAN EOUS AND CY ANOETHYLENE OXIDE 
(CNE!O)-INDUC ED TK -/- MUTANTS IN HUMAN CELLS 
L. Recio, Y. Kodama, C.J. Boreiko, and T.R. Skopek Chemical Industry Institute of 
Toxicology, RTP, NC 

Two phenotypic class es of tk-/- mutants are obse rv ed in human TK6 lymphoblasts; 
one class of mutants (tkn)-"has a normal growth rat e relative to wild type wh ile 
th e se cond class (tk7} grows at a slower rate. Th e molecular nature of 
spontaneous and CNETO":induced (the proposed ultimate mutagenic metabbolite of the 
rat carcinogen acrylonitrile) tk-/- mutants from these two phenotypic classe6 was 
investigated by Southern blot--;nalysis. 7/9 tkn spontaneou s mutants an d 11/12 
CNETO-induced tkn had no detectable alteration;-in their tk restriction fragment 
pattern. In c;;;;trast, 25/26 tks mutants analyzed (spont an;;;'us and CN ETO-induced) 
had lost a 14.Skb polymorphic"'fragment of the +tk allele. The nature of the tks 
mutant phenotype was further investigated using'"'karyotype ana lysis. G-banding 
and/or Q-banding analysis of metaphase chromosomes was pe rformed on the parenta l 
TK6 cell line, 16 tks mutants (8 spontaneous and 8 CN ETO-induced) and 2 tkn 
mutants that had alSo lost the 14.Skb polymorphic band. Chromosome 17, the 
chromosome to which tk has been localized, was normal with respect to the parental 
c e ll line in 15/16 tks mutants. An apparent duplication was present in one tks 
mutant, with a breakpoint at or near the chro·mosome band to which tk has bUn 
localized . Although the tks mutant pheno type was strongly associated with loss of 
a 14 .Skb polymorphic frag;;;ent ( 96% of all tks mutant analyzed), there do es not 
appear to be chromo some 17 aberrations visible at the cytogenetic leve l in !!s 
mutants . These observations are different from thos e made in mouse lymphoma cells, 
where chromosome 11 in tks mutants has a h igh frequency of aberrations, and 
sugggests differences ~ the stability of the human and rodent chromosome 
complements. 
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T9 
A METHOD FOR DETERMINING MUTAIION SPECIFICITY IN HUMAN CELLS, D. Simpson, R. 
Crosby, L. Recio, R. Al bertini and T. Skopek, Chem ical Industry Institute of 
Toxicology Re search Tr i angle Park, NC 27709 and 

8
University of Vermont, 

Burlington, VT. 

A method has been developed for the spec ific amplification and cloning of human 
hprt cDNA. This genera l cloning/sequencing scheme can be used to analyze hprt 
mutation in human cells obtained both in vitro and in vivo. In this procedure 
messenger RNA is isolated from mutant ly;;;p~sts o~lymphocytes and is used to 
produce a cDNA copy of hprt mRNA us ing reverse transcriptase primed with a 
synthetic oligonucleotide which is specific for the 3' end of the gene. Second 
strand synthesis and subsequent specific amplifi cation of hprt sequences is 
accomplished using the ~ aquaticus DNA polymerase in the polymerase chain 
reaction (PCR). The resulting hprt fragments are cloned into Ml3mpl9 using 
restriction sites built into the 5' end of each primer. Dideoxy sequencing is 
carried out on the cloned products to reveal the nature of the mutation. Ongoing 
in vitro studies include the analysis of formaldehyde and cyanoethylene oxide 
~d~mutants. Six of seven formaldehyde-induced mutants displayed a base pair 
substitution at AT base pairs with 4 occuring at a single site in the gene. The 
majority of cyanoethylene oxide mutants sequenced thus far revealed exon loss in 
the hprt sequ ence. To demonstrate the feasibility of in vivo analysis, we have 
determined the hprt sequences in !-lymphocytes from a Le~h-Nyhan (hp rt- ) patient. 
We have detected a single AT to GC transition in the hprt coding region resulting 
in a methionine to threonine change in the hprt protein. 
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ONCOGENE AMPLIFI CATION, METHYIATION, EXPRESSION, AND MUTATION IN CHEMICALLY
TRANSFORMED RES PI RATORY EPITHELIAL CELLS. J~sstca A I.as l evl, Nancy S . 
Schorschinsky1 , Diane K. Beeman2, and Marc J. Mass , ~nvironmental Health Research 
and Testing, Inc ., Research Triangle Park, NC 27709 and 2carcinogenesis and 
Metabolism Branch, MD-68, U.S.E.P.A., Research Triangle Park, NC 27711. 

Considerable evidence has accumulated linking alterations in oncogenes and the 
development of cancer. Most of these studies have utilized tumors, which are late 
stages in the neoplastic process. We utilized the rat tracheal epithelial (RTE ) 
cell transformation system to observe t he participation of oncogenes in 
comparatively early stages of cell transformation in vitro . Eigh t cell lines were 
studied for alterations in~. ~. and ~- These lines were transformed in 
culture with the carcinogens benzo(a)pyrene (BP) , 7,12-dimethylbenz(a)anthracene 
(DMBA), and/or the tumor promoter 12-0-tetradecanoylphorbol-13-acetate (TPA) . 
Southern blot hybridizations indicated no amplification of ~. ~. or £..:..!!U'.£ in 
the lines studied. However , restriction length polymorphisms (RFLPs) we re observed 
in 2 cell lines digested with Eco RI and probed with ~ . We did not find 
alterations in ~ codon 61 that have been found in DMBA-induced tumors ~

All cell lines had fewer restriction sites when digested with Hpa II and probed with 
H..:...r.i!a than did normal cells . One cell line had 2 types of ~ RFLPs when digested 
with Bam Hl or Hind Ill, and also exhibited methylation changes in CCGG sequences 
compared with normal cells . In contrast to changes in DNA restriction patterns , we 
did not observe elevations in expression levels in any oncogenes using RNA dot 
blots. We conclude that transformed RTE cells can demonstrate a number of oncogene 
alterations, however , the relationship of each to the transformed state requires 
further study . This is an abstract of a proposed presentation and does not 
constitute EPA policy. 

T6 
CHEMICAL SYNTHESIS AND CHARACTERIZATION OF A MODEL CYCLOPENTA-FUSED PAH PRODUCT 
OF ADENOSINE, A.W . Bartczaka, R. Sangaiaha, S.D. Wyricka, G. Toneyb , and 
Avram Golda. aUNC-CH, Chapel Hill, NC 27 599-7400 , bNIEHS, Research Triangle 
Park, NC 27709 

The covalent binding of carcinogenic polycyclic a romatic hydrocarbons (PAH) to 
DNA i n intact organisms has been shown t o correlate with carcinogenic po tency . 
Most of the carcinogenic PAH investigated contain a bay region diolepoxide . 
Several carcinogenic members of a unique family of PAH, the cyclopent a - fused PAH 
(cpPAH) , have been found in the environment and have been shown to be me t aboli
cally activa t ed via a cyclopenta ring epox ide. Despite the biological activity 
of several cpPAH, no adducts have ye t been characterized . Sufficient quantities 
of adducts could not be obtained by modification of DNA or deoxynucleosides with 
a cyclopenta PAH epoxide. Therefor e we have undertaken the chemical syn t hesis 
of cpPAH- modified nucleosides by alte r na t ive routes. We repor t syn t hesis of the 
nucleoside adducts pre dic t ed from t he in t eraction of adenosine and the cyclopenta 
oxide of acenaphthene. Milligr am quantities of produc t have allowed struc t ur al 
characterization of the four dias t ereoisomeric adducts by NMR and comput er
assisted molecular modeling studies . Comparison of the NMR spec t ra indicate two 
distinct groups, based on the chemical shifts of protons . Computer-assis t ed 
molecula r modeling ra t ionalizes the differences in the chemical shifts of ·the 
protons by pr oviding estimates of critical distances and angles from the minimum 
ener gy configura t ions of the four adducts . 
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T4 

T3 
THE INDUCTION OF CHROMOSOME ABERRATIONS IN MOUSE BONE MARROW CELLS BY THE 
DNA TOfOISOMERASE I.NH.If I TORS CAMPT~TH1_CIN AND AMSACRINE . D 'LR Howard1 , L . C. 
Backer , D.M . DeMar1n1 , J.W . Allen , EHRT, RTP , NC 27709; US EPA , RTP , NC 
27711 . 

Topoisomerases are enzymes that control supercoiling, breakage , and reunion 
of DNA strands. There is evidence to suggest that two anti tumor drugs , 
camptothecin and amsacrine (m-AMSA), inhibit topoisomerase activity by 
binding to the DNA-topoisomerase complex and preventing reunion of the 
broken DNA strands. m-AMSA is a known clastogen that binds to topoisomerase 
II to induce double-strand breaks in DNA. Camptothecin inhibits the 
activity of topoisomerase I, inducing single-strand DNA breaks. Although 
m-AMSA induces c hromosome aberrations, camptothecin has not been 
characterized for this effect. In this experiment, camptothecin and m-AMSA 
were compared for their capacity to induce chromosome- and chromatid-type 
aberrations in mouse bone marrow cells . Male mice were exposed by i . p . 
injection to 0, 0. 5, 1. 5, or 3. 0 mg/kg camptothec in or m-AMSA in DMSO. 
Animals were injected with colchicine at 15 h, and bone marrow was harvested 
at 18 h. BrdUrd tablets were implanted to assure identification of first 
division cells. Four animals/dose and 100 cells/animal were scored for 
chromosome aberrations. Both chemicals induced approximately 50 chromatid 
and 10 chromosome aberrations per animal at the highest dose . Despite the 
mechanistic differences between camptothecin (single- strand DNA breaker) 
and m-AMSA (double-strand DNA breaker) , there were no differences observed 
in either the capab ilities of these two chemicals to induce chromosome 
aberrations , or in the types of aberrations they induced . 

This abstract does not necessarily reflect U.S . EPA policy . 

MUTATION VS MUTANT FRE QU ENCY IN THE MOUSE LYMPHOMA ASSAY . 0. Dastona, W. Casparya, 
C. Ruddb, K. Pardob, aNIEHS / NIH, RTP, NC, bSRI Int, Men lo Park, CA 

Mutations in mammalian cells can be detected by measuring phenotypic changes 
which occur after products of the altered gene disappear or are synthesized . In 
the mouse lymphoma L5178Y cell, mutation at the thymidine kinase (tk) locus results 
in tk deficiency (TK +/- + TK -/-) i.e., loss of thymidine kinase enzyme activity. 
The time necessary to acquire the new phenotype is called the expression period. 
Ideally, the frequency of mutants present before expression is equa l to· t ha t 
detected at the end of the expression period. However, if the mutagen i c event is 
associated with a change in cell growth rate, changes in the ratio of mutant to 
wild-type cells can occur. We developed a method which segregates and i nmob ilizes 
cells in agar during expression. Because slow growing mutants are not diluted out 
and lost, this procedure more accurately determines the freque ncy of mutations at 
the tk locus in mouse lymphoma cells than procedures in whi ch ce lls are mixed dur ing 
expre ssion. Thus, the calculation of mutation frequency (proportion of new muta
t ions formed in a population of cells) is possib le, rather than the mutan t frequency 
(proportion of mutants in a population of cells) which is usuall y determined in mam
malian cell assays. The expression time of newly formed spontaneous mutations wa s 
calc ulated to be 30 hours, and t he mutation rate wa s approximately 50 per million 
cell divisions. Fa st and slow growing mutants were detected as l arge and small 
TFT-resistant colonies, respectively. The rate of formation of the small colonies 
was 3-4 ti mes that of the large colonies. The predominance of slower growing 
mutants in this procedure may partially account for the much higher spontaneous 
mutation rate s observed as compared with those r eported in earlier studies. 
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DEVELOPMENT AND VALIDATION OF THE SPIRAL SALMONELLA ASSAY: AN AUTOMATED APPROACH 
TO BACTERIAL MUTAGENICITY TESTING . V. S. Houka, S. Schalkowskyb, and L.D. Claxtona. 
aus EPA, RTP, NC 27711, and bspiral System Instruments, Inc., 4853 Corde ll Ave. , 
Suite A-10, Bethesda, MD 20814 . 

Since its development by Dr. Bruce Ames and his colle agues more than a decade ago , 
the Salmonella/ mammalian micrusoce mutagenicity assay has become a widely accepted 
tool for the identification of chemicals with mutagenic and carcinogenic potential. 
Several automated approaches to Salmonella testing have been proposed in recent 
years but have failed to gain acceptance in the scientific community due to poor 
performance or lack of demonstrated usefulness. In this paper we report on an 
automated system that successfully generates dose-response data and, moreover, 
reduces the labo r , mate r ials , and sample mass required to ob tain such information. 
In the standard plate-incorporation assay, dose-response relationships are defi ned 
by testing discrete doses of the test agent on a series of aga r plates . In con
trast, t he spiral Salmonella assay gene ra tes dose-response data from a continuous 
concentrati on gradient on a single agar plate. Upon analysis, each sp ira l plate 
yields a dose-response curve cons ist i ng of 13 data points that span a concentration 
range equivalent to about S two- fold serial dilutions. The pe rf or mance of the 
spi ral Salmonella assay was compared to that of the conventional plate-incorporation 
assay using 13 mutagens and 7 nonmutagens sele ct ed f r om a va riety of chemi ca l 
c lasses. Concordant qualitative responses we re obtained f o r all compound s tested, 
and comparable dose-response relationships were generated by all mutagens with the 
exception of sodium azide and cyclophosphamide, whi ch are highly water soluble a nd, 
thus, are unable to maintain a well-defined concentratio n gradie nt on a spiral plate 
due t o rapid diffusion. In general, t oxicity was expressed at a lower dose in the 
spiral assay, and the mutagenic potencies (s lopes of the dose-response curves) were 
greater in the spi ral assay relative to the plate-incorporation assay . These 
differences will be discussed, as will the applicability of the spiral plating 
technique to routine sc reening and its relevancy t o fut ure mutage ne sis testing. 

This is an abstract of a proposed presentation and does not necessar i ly reflect 
EPA policy . 

P2 
THE USE OF THE AUTO~TED SPIRAL SALMONELLA ASSAY FOR THE DETECTION OF MUTAGENIC 
COMPLEX ENVIRONMENTAL SAMPLES. _s__E3.!..!..z.l, V.S. Houk2, and L. D. Claxton2. 1st . 
Augustine's College, Raleigh, N. C. 27611 and 2us EPA, RTP, NC 277 11. 

An automated approach to Salmonella mutagenicity testing, which eliminates the 
serial dilutions and multiple plates required by the conventional plate
incorporation assay to genera~e dose-response data, was recently developed (see 
DEVELOPMENT AND VALIDATION OF THE SPIRAL SALMONELLA ASSAY: AN AUTOMATED APPROACH 
TO BACTERIAL MUTAGENICITY TESTING by V. S. Houk et al.), In the spiral Sa lmonella 
assay, the bacteria are exposed in the presence ur absence of S9 to a continuous 
concentration gradient of the compound deposited on a single agar plate. From 
each plate a dose-response curve comprised of 13 data points is generated , In 
this study, we have examined the effectiveness of the spiral assay fo r use on 
complex environmental samples. Four sets of combustion particle emissions were 
selected for testing: an automotive diesel exhaust sample, 2 wood combustion 
emissions, and a sample obtained from the controlled combustion of a bituminous
like coal from Chi na . Preliminary comparisons of mutagenes i s data generated 
by these complex mixtures in the spiral and standard Salmonella assays have 
de monstrated that a 40- t o 80-fold reduction in the sample mass required for 
dose responsi veness can be achieved by the spiral as say. Furthermore, due to 
differences in sample deposition pract i ces between the 2 te chniques, it was 
possible in the spiral assay to omit the solvent exchange st ep (to DMSO) and 
test the dichloromethane extract directly. 

This is an abstract of a proposed presentation and does not necessarily reflect 
EPA policy. 
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P3 
THE HUTAGENIC IMPACT OF X-RAY TREATMENT ON ELECTROPHORETICALLY EXPRESSED LOCI IN 
THE MOUSE. Susan E Lewisl , Lois B. Barnettl, Raymond A. Popp2 , and Michael D. 
Shelby3 ; lRTI, RTP , NC 27709; 2Biology Division, Oak Ridge National Laboratory, Oak 
Ridge, TN 37831 ; 3NIEHS, RTP , NC 27709. 

The induction of mutations by various doses of x-rays has been studied in the 
Electrophoretic Specific Locus Test in the mouse . Both female and male germ cells 
were studied. Following x-ray t reatment , matings to produce ( C57BL/ 6J X 2J) F1 
hybrid mice for electrophoretic analysis were made at appropriate times in order to 
study effects on specific germ cell stages . The effects on electrophoretically 
expressed loci were considerably less than on loci in the visible specific-locus 
t est . Spermatogonia treated with a single dose of JOOR gave higher frequencies of 
mutations on a per locus basis than did the 600R dose. The i nternal comparison of 
visible and electrophoretic loci in treated C57Bl/6J females shows that the visible 
loci are more susceptible to mutation at this dose than are the electrophoretic 
loci . Mutation frequencies are currently being studied in progeny whose male 
parent was treated with a fractionated dose of x-rays. [Supported in part by-
Contract #NOl-ES -2- 5012 from NIEHS.) 

P4 
DEVELOPMENT OF AN ULTRAMICROSUSPENSION MUTAGENICITY ASSAY AND APPLICATION TO 
AIRBORNE PARTICULATES COLLECTED BY PERSONAL SAMPLERS . S. Gotol, H. Matsushital, Y. 
Takagi2 , M. Mura ta2, K. Williams3 , D.M. DeMarini3 , and J. Lewtas3. linstitute of 
Public Health, Tokyo, Japan; 2Azabu University, Kanagawa, Japan; 3u . S . Environmental 
Protection Agency, Research Triangle Park, NC 277 11 . 

A new r educed -volume microsuspension mutagenicity assay employing 100 -µl vials has 
been developed using a modif ication of two current mic ro suspension assays o f 
Salmonella typhimur ium. S . typhimurium strain TM6 77 used in the 8-AG- resistance 
forward-mutation assay and strain TA98 used in the histidine-reversion assay are 
currently being evaluated. The assays are conducted in 100-µl vials in a tota l 
volume o f only 10 µl . The suspension is incubated for 90 min by rotating the vials . 
Evaporation is eliminated by means of tight-fitting Teflon plugs. The 
ultramicrosuspension assay showed good reproducibil ity (coefficient of varia t ion : 
8.3% - 14 .3%) when 4NQO was tested. The forward-muta tion version of th i s assay 
required approximately one-tenth the sample size of the microsuspension forward
mutation assay that had been used previously for indoor air samples ( Lewtas et al . 
Atmos. Environ . 21: 443, 1987 ). Furthermore , samples of airborne parti culate 
extracts collected by personal samplers (2 liters/ min X 24 hr ) were found to be 
adequate for the measurement of mutagenicity. Samples collected from smokers showed 
higher mutagenic responses than those from nonsmokers . Current studies are in 
progress to evaluate the same ultramicrosuspension assay in S . typhimurium TA98 
using further modifications of a microsuspension assay dev eloped by Kado ec al. 
(Mutat. Res . 121:25 , 1983) and modified by DeMarini et al. ( Environ . Mol. Mutagen . 
11, Suppl . 11:27, 1988) . 
[This is an abstract of a proposed presentation and does not necessarily reflect EPA 
policy .) 
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DRUG RESISTANA T CELLS MAY CON~RIBUTE IN HUMAN G~FT REJECTION, 
W. L. stenford ' G.H.S . Strauss ' and O.J. ~innc, EHRT, RTP, NC, 
27709; U.S. EPA, GTD, RTP, NC 27711; and DUMC, Durham, NC 27710. 

The objective of our study was to determine whether drug res istance 
by transplant recipient T cells contribute to rejection of human 
organ transplants and to further characterize the mutant phenotype in 
the Strauss-Albertini Test. Following transplantation, the organ 
recipients (kidney or liver) received chemical immunosuppressive 
therapy, including the purine analog azathioprine (AZ), to prevent 
graft rejection. The T cell lines used in this series of experiments 
were originally established by obtaining (from biopsies) r ecipient T 
cells which have infiltrated transplanted grafts and initiated rejec
tions. These T cells, which are allo-specific for donor HLA anti
gens, were subsequently expanded into T cell lines using EBV
transformed donor B cell lines as antigen. The Strauss-Albertini 
Test uses 6-thioguanine, which is closely related to AZ, as the 
selective agent to measure the genotoxic effects of in vivo mutagen 
exposure by enumerating presumed HGPRT mutants in vitro. The 
Strauss-Albertini Test was modified to enumerate thioguanine-resitant 
(TGR) T cells from human graft recipients which arise in viyo in 
response to antigenic stimulation by the graft and selection, we be
lieve, by A~. Although the frequency of TGR variants in the ~gjority 
of T cell lines has closely resembled the frequency of 5 x 10 found 
in peripheral blood lymphocytes of controls, we have encountered four 
TGR T cell lines, including two lines with variant frequencies of 
0.663 and 0.690, respectively. We shall discuss the relationship 
between variant frequencies and graft rejection in the face of high 
doses of purine analog immunosuppressants. (This abstract does not 
necessarily reflect U.S. EPA policy.) 

T2 
ANTIMUTAGENIC ITY STUDIES IN SAL~ONELLA . j .R . Warner . T.J. Hughes and M.E. Wa l l . 
Research Tri ang le Institute (RT!) . RTP . NC 27709. 

The purpose of this research was to conduc t prelim i nary studies into the 
mechanisms of anti mutagenes is in S_a_lmqne 11 <'! .1:YP.h imur_i u_rll. Mutagens were 
aflatoxin 81 (AF8 1) and 2-anthramine (2AN) ; antimutagens were coumarin (C), 
psoralen (Pl . 8-methoxypsoralen (8MP) and 5-methoxypsoraien (5MP). Assay 
parameters were: TAlOO . Aroclor-induced rat li ver S9 (5% S9 mix) , plate 
incorporation technique (AFB1l or preincubation technique (2AN) . The 
antimutagens were neither toxic nor mutagenic under the test conditions . The 
endpoint of the antimutagenicity assay was a r eduction in the number of 
revertants on mutagen treated plates upon addition of the antimutagens . A"B1 
(0.05 ug / plate) produced 1200 revertants . and 2AN (2 . 5 ug / plate) produced 2400 
revertants . In i tial results suggest : 1) antimutagenicity aga inst AFB1 was in 
the order of 8MP >P>5MP >C: 2) antimutagenicity against 2AN was in the orde~ of 
P>8MP >5MP>C: and 3) equivalent doses of antimutagens inbibited AFB1 more 
significant ly than did 2AN (e .g .. 150 ug of 8MP inhibited AFB1 55% . but 
inhibited 2AN only 10%) . This differential inhibition may be due to the 
structural similarities between the antimutagens and AFB 1. In the second part 
of this research . the order in which the mutagens and antimutagens are added and 
the combinations that are used will be ad j usted to determ i ne if these antimuta
gens ar e act i ng as protective agents , interacting with the mutagens or S9 . or 
interacting with the metabolites of the mutagens . Resu its of these studies will 
be discussed . 
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PS 
THE CONSEQUENCES OF UNREPAIRED DOUBLE-STRAND BREAKS IN YEAST . ~~l, T . 
Nilsson- Tillgr e n 2, and M.A . Resnickl; lNIEHS, RTP , NC 27709 and 2u. of Copenhagen, 
Denmark . 

Recombinational repair mechanisms for eukaryotes have been proposed that require 
direct participation of both double-strand breaks ( DSB), which produce invasive 
free duplex end(s ), and a homologous chromosome or sister chromatid that pairs with 
the damaged chromosome, supplying a template for the repa ir event. We are 
examining the biological effects of DSBs in y e ast systems where the possibility for 
recombinational repair is greatly reduced. For i nstance , gamma-ray-induced damage 
in homologous chromosomes is efficiently repaired. However, damage (presumably 
DSBs) induced in a pair of divergent chromosomes (~. car lsbergensis c hromosome 
III/S,. cerevisiae chromosome III) present in an o t herwise homologous chromosome 
background (i. e . , ~ . cerevis iae) leads to a high level of aneuploidy for the 
divergent chromosomes (Resnick, Skaanild, and Nilson-Tillgren, submitted). The 
presence of a DSB in a pair of chromosomes under conditions whe re recombinational 
repair is prevented because of lack of homology does not affect cell survival. In 
order to determine if DSBs function as transducing signals in the cell. we have 
developed a shuttle vector in yeast that contains a synthetic YZ junction (from 
!:!aI) flanked by nonyeast sequences ( SV40 and ~ - coli). In the presence of 
galactose, HO endonuclease (fused to the "1iJ, ) promoter) is induced fro m a second 
selectable plasmid (pSE271) and cuts the t arge t YZ junction resul ting in a DSB in a 
nonintegrating and nongenomic region (the genom ic YZ junctions are mutated). The 
YZ ta rget plasmid contains ~ and is stably main tained at low copy number; 
however, higher copy numbers can be obtained and stably maintained due to the 
presence of the Qlil gene on the plasmid. Thus , the indirect effects of a known 
DSB on recombination, repair, and various biological endpoints can be examined in a 
dose-dependent manner without the lethal effects a ssociated with genomic darnage . 

P6 
PATTERNS OF CHEMICAL - INDUCED DAlLb.GE TO THE SYNAPTOKEl\AL cmlPLEX . J . w. Allen l, 
L.C. Backer2, P.A. Poorman32' J . B. Gibson 4 , B. Westbrook-Collins!, M. J . '1oses 4 • 
lu . s . EPA, RTP, NC 27711; EHRT, Inc-, P . O. Box 12199, RTP, NC 27709; 3\iellcorae 
Research Lab., RTP, i\C 27709; 4 Duke cniv . Medical Cente r, Durham , NC 277 10 . 

Clastogeni c and anti - mitotic chemicals were evalua ted for induction of synaptonemal 
comp l ex (SC) aberra ti ons in mouse spermatocytes. Following an intraperitonea l (ip . ) 
o r intratesticular (i t. ) injection of mitomycin-C, cyclophosphamide, colchicine, 
vinblastine sulfate, amsacrine, or ;1eomycin, a spect rum of damag e was produced : all 
agents caused SC breakage, asynapsis, multi-axis configurations, and various forms of 
misp.:1iring . Howeve r, chemica l -specific pr opensities for indu cing certain types of 
damage at S-phase or prophase were also evident. As examples, the alkyla t ing agent , 
cyclophosphamide ( 10- 200 mg/kg, ip.) , was preme i o ti c S-phase dependent fo r maximal 
activities to i nduce SC breakage, rearrangements, and synap ti c ir re gularities . The 
anti-tubulin alkaloid , colchicine (0 . 0 2- 50 eg , it . ), was especially efficient at 
ea rly prophase for inducing synaptic aberrations . The radioraimetic, bleomycin 
(25-100 mg/kg, ip.), was exceptional in producing ex tensive SC breakage, rearrange 
ment , and mispairing events in mid -late prophase. These observat i ons suggest that 
pa tterns of SC aberrations induction can reflect different chemical mechanisms of 
interaction with germ cells. 

This is an abstract of a proposed presentation and does not ne cessaril y reflec t U. S . 

EPA policy. 
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P7 
COMPARISON OF SISTER CHROMATID EXCHANGE (SCE) INDUCTION IN SUBSETS OF 
MOUSE LYMPHOCYTES EXPOSED IN VITRO TO 4-HYDROXYCYCLOPHOSPHAMIDE <1-
0HCP) OR PH~SPHORAMIDE MUSTARD (P~). f..._ Kwanyuen1 , G.L. Erexso~, 
M.F. Bryant , and A.O. Kligerman . 1 EHRT,Inc.,RTP,NC 27709, US 
EPA,RTP,NC 27711. 

Experiments were designed to investigate the induction of SCEs in 
different subsets of mouse lymphocytes after exposure in vitro to 4-
0HCP or PAM. Whole blood was obtained from several C57BL/6 male mice 
and pooled. Mononuclear cells (MNLs) · were isolated using a Ficoll
Hypaque density gradient. Phytohemagglutinin (PHA; T-helper cells), 
concanavalin A (CON-A; T-suppressor cells), or lipopolysaccharide 
(LPS; B-cells) were used to stimulate the MNLs to divide. 
Bromodeoxyuridine (5 uM) and either PAM or 4-0HCP were added at 19 h 
and 21 h, respectively. Either 4-0HCP or PAM was added at equal 
concentrations (O~l, 0.3, and 1 ug/ml) to replicate 1 ml cultures 
containing 5 x 10 MNLs. Colcemid (0.5 ug/ml) was added at 46 h and 
the cultures were harvested at 50 h. Slides were prepared and stained 
using the fluorescence-plus-Giemsa technique. A total of fifty 
metaphases/concentration were scored for SCEs (25 cells/replicate 
culture). A significant concentration-dependent increase in SCE was 
observed with each chemical and mitogen. In general, for all 3 
mitogens, 4-0HCP induced more SCEs than PAM. There was no significant 
difference in the number of SCEs induced by PAM in the B-lymphocytes 
compared to the T-lymphocytes. However, a-lymphocytes were more 
sensitive to 4-0HCP than T-lymphocytes. A possible explanation for 
this is that a suppressor population of a-lymphocytes is select i vely 
sensitive to 4-0HCP. (This is an abstract of a proposed presentation 
and does not necessarily reflect US EPA policy]. 

PS 
THE MUTACENIC ACTIVITY OF HYDROGEN PEROXIDE IN SALt!ONELlA TYPHIHVRIUH . ti,. ~ 
~and E. Zeiger, Cellular and Genetic Toxicology Branch , National Institute of 
Environmental Health Sciences, Research Triangle Park, NC 27709 

Hydrogen peroxide causes oxidative damage to DNA, and this damage is manifested as 
a mutagenic response in the Salmonella test . In the present study, HzOz was tested 
for mutagenicity in a spectrum of Salmonella typhimurium tester strains . The aim 
was to select the strain and exposure conditions that produce the highest mutagenic 
response to HzOz for use in further investigations into DNA damage and mutagenicity 
by HzOz or HzOz-generating systems. The strongest mutagenic response was detected 
in TA104 (~, ill. l!Ytl. pKMlOl) . Strain TA102 , which carries the b.UQill 
gene on the multicopy plasmid pAQl and is excision repair proficient , was less 
sensitive. Of the strains carrying the frameshift mutations hisP3052 or hisp6610 , 
only TA97 (b.ll.P.til.Q, his01242 , ill. l!Ytl. pKMlOl ) was significantly reverted by 
HzOz. The presence of the ~ mutation also had an enhancing effect on the 
mutagenic response to HzOz in the hisC3108 strains SB1106 (hll.Q-) and SBllll 
(~+). In the hUill strains, the presence of the plasmid pKMlOl (TAlOO and 
TA92) helped to produce a modest but detectable response, i n contrast to the 
insensitive plasmid - free strains TA1535 and G46. The preincubation procedure was 
more effective than the standard plate procedure , yielding equivalent responses, 
but at approximately one-third of the dose . Based on these studies, TA104 was 
selected as the strain to use for studying HzOz- induced DNA damage and 
mutagenic i ty. 

24 

P18 ACTIVITIES OF SELECTED CYCLIC HYDROCARBONS OF KNOWN 
CARCINOGENICITY IN THE V79 METABOLIC COOPERATION ASSAY. 
E. Elmorea, H.A. Milmanb, B.P. Wilkinsona, and G.P. 
Wyatta. aNsI Technology Services Corp., RTP, NC 27709; 
bu.s. EPA, Washington, DC 20460. 

P19 INHIBITION OF BENZO(a)PYRENE-INDUCED MALIGNANT 
TRANS FORMAT ION 
RETINOIC ACID. 
NSI Technology 

IN CULTURED TRACHEAL EPITHELIAL CELLS BY 
B. Wilkinson, J. Arnold, and V. Steele. 

Services Corp., RTP, NC 27709. 

P20 APPLICATION OF WHEAT SEEDLING ASSAY FOR DETECTING 
CHEMICALLY INDUCED ANEUPLOIDY. S.S. Sandhu, J.S. Dhesib, 
and G.P. RedeiC. au.s. EPA, RTP, NC 27711; brnRT, RTP, 
NC 27709; cu. of Missouri, Columbia, MO 65211. 

P21 DIRECT DNA SCREENING FOR SPONTANEOUS AND INDUCED 
L.B. MUTATIONS. E. Korytynski, J. Dubins, S.E. Lewis, 

Barnett, and R.R. Cobb. RTI, RTP, NC 27709. 
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pg INTRA- AND INTERLABORATORY VARIABILITY STUDIES IN THE 
AMES/SALMONELLA MUTAGENICITY ASSAY. T.J. Hyqhesa, L. 5. 
Myersa, L.G. Monteitha, V.S . Houkb , and L.D. Claxton . 
aRTI, RTP, NC 27709; bu.S. EPA, RTP, NC 27711. 

PIO A MULTIPLE SAR DATA BASE APPROACH TO PREDICTING 
SALMONELLA MUTAGENICITY. D. Walsha, K.L. Dearfieldb, E. 
Perrya, and L.D. Claxtonc. arnRT, RTP, NC 27709 ; bu . s. 
EPA, Washington, DC 20460; cu.S. EPA, RTP, NC 27711 . 

Pl 1 SPONTANEOUS .id_:1 MUTANTS RECOVERED FROM A TWO
COMPONENT HETEROKARYON (H-12) OF NEUROSPORA CRASSA 
CONSIST OF GENE/POINT MUTATIONS AND MULTILOCUS DELETIONS. 
E.J. de Serres. RTI, RTP, NC 27709 . 

Pl2 MOST X RAY- INDUCED i.d.:1 IRREPARABLE MUTAN TS IN 
NEUROSPO RA CRASSA MAP AS A SERIES OF OVERLAPPING 
MULTI LOCUS DELETIONS BUT AN UNEXPECTEDLY HIGH NUMBER 
RESULT FROM CLOSELY LINKED INDEPENDENT SITES OF GENETIC 
DAMAGE. F.J. de Serres. RTI, RTP, NC 27709 . 

Pl3 MOLECULAR AND GENETIC CHARACTERIZATION OF X RAY
INDUCED SPECIFIC-LOCUS MUTATIONS IN THE .id..:1 REGION OF 
NEUROSPORA CRASSA. F. J. de Serres, U... Overton, and 
J.S. Dubins. RTI , RTP, NC 27709. 

Pl4 ANALYSIS OF THE ABILITY OF THE L5178Y/TK+/- MOUSE 
LYMPHOMA ASSAY TO DETECT AND QUANTITATE INDUCED ~NET IC 
EVENTS. M.M. Moorea, K. Brockb, C. Doerr, M. 
Applegatec, and J.C. Hozierc . au.S . EPA, RTP, NC 27711; 
bEHRT, RTP, NC 27709; CFlorida State University, 
Tall ahassee , FL 32306 . 

PlS SYNAPTONEMAL COMPLEX DAMAGE AND ITS RELATIONSHIP TO 
GERM ~ELL CHROMOSOME ABERRATIO~S. L.C. Ba%kera, J.B. 
Gibson , D.R. Howarda, G. Honore , M.J. Moses , and J.W. 
Allene. aEHRT, RTP, NC 27709 ; bDuke University Medical 
Center Durham, NC 27710; cu.s. EPA, RTP, NC 27711. 

Pl6 SISTER CHROMATID EXCHANGE (SCE) INDUCTION AND DNA 
ADDUCT FORMATION IN RODENT PERIPHERAL BLOOD LYMPHOCYTES 
(PBLs). A.O. Kl1germaoa, S. Nesnowa , G.Lb Erexsonb, and 
R. GuptaC, au.s. EPA , RTP, NC 27711; EHRT, RTP, NC 
27709; csaylor College of Medicine, Houston, TX 77030. 

Pl7 THE CHINESE HAMSTER V79 METABOLIC COOPERATION ASSAY: 
APPLICATIONS IN TOXICOLOGY. G. p. Wyatt and E. Elmore. 
NSI Technology Services Corp., RTP, NC 27709. 
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P9 
iNTRA A~O lNTfRL AB ORATORf VARlA8!LlfY STuOIES IN ThE AMES/SALMONE LL A 
'11JTAG~N1Cl TY ASSAV i J hughesl, '- E '1y"rsl, G "1ontei tnl. V S Houk2, aM 
_ O Ci~x • on2 IRT! . RTP, NC 27709 dnd 2EPA. RTP . NC 27711 

Tne purp05~ r}f tn1s r·esedrch Wd S to determine if metnods cou ld be devel0o~d to 
evaluate and reduce the variability, and thereby accurately r ank mutaqen1 c 
act1v,ty. in tne Ames /Sa lmonell a mutagen1c1ty assay We c0mpared da~a on ten 
!101 d1rect-actinq mutaqens tested at RT! and EPA us1nq tne follow1nq assay 
conditions Salmonella typnimur1um TAlOO, ten pure direct -acting mutagens 
(tested wit hout S9). ten aose levels in the linea r portion of the dose response 
curve. duplic a te plates per dose. and three rounds of testing spaced at least 
one month apart The ten test chemicals were OMCC, EMS. EP. MMS . MNNG . NBP. 
NF, SA. SO and 4NQO Results sugges ted· 11 intralaooratory var iab ility d id not 
exceed 40% in either laborat ory: 21 int er laboratory var1ab1lity was 60% or less 
for seven of the cnemic a ls. 31 vari ab ility wa s significant ly lowe r t han in 
previous studies reported in t he literature : 4) variability cnanged with 
chem ical . Si r an~ings of the ten cnemicals based on slope values (revertants/ug) 
in the RT ! and EP A laboratories were si miliar: and 16) these data provide a 
basis for intralaboratory and interlaboratory evaluation of Ames mutagenicity 
data Slope values (revertants/ug) ranged from a low of 0.06 (E MS ) to a high of 
4464 0 (4NQO ). which provides a data base of five orders of magn itude for 
evaluation of mutaqenic act1v1ty . Concurrent testing (same day. same 
researcher. same bacteria and media) 1s the most acceptable method to control 
variability However. this 1s not always possible The ability to quantify and 
rank Salmonella mutaqen1c1ty data generated in different laoorator1es or data 
qenerated within the same laboratory on different days will greatly assist 1n 
comparative risk assessment evalua•1ons Researcn sponsored by EPA Contract No 
68-02-4186-052 

PlO 
A MULTIPLE SAR DATA BASE APPROACH TO PRED ICTING SAUIONELU\ MUTAGENIC!TY. 
K.L. Dearf1eld2, E. Pe rryl, and L.D. Clax ton3. lEHRT , RTP, NC 27709; 
Yashlngton, DC 20460; and 3u . s . EPA, RTP, NC 27711. 

¥. . l!'lW.h 1 . 
US . EPA , 

The relationship bet ween Salmonella mutagenicity and molecul ar structure of 
halogenated pyrldines was studied by evaluating separate data bases focusing on 
different structural criteria. The computerized SAR system (ADAPT) was used to 
classify the data bases involved in this study. A compound was considered a 
nonmutagen only if the re was a negative response in Salmonella tester strains TA98, 
TAlOO, TA1535, TA1537, and TA1538 with and without metabolic activation. A positive 
reponse in any of the Salmonella strai ns either with or without activation 
classified the compound a mutage n. A halogenated aromatic data base consisting of 
70 compounds (25 mutagens, 45 nonmutagens) was correctly classified using 9 
molecular descriptors . The correct internal predictability of these descriptors was 
determined to be 92•. A second data base with the focus on the nitrogenous function 
was constructed of 114 nitrogenous cyclic compounds (64 mutagens, 50 nonmutagens) . 
This data base was successfully classi fied using 19 molecular descriptors and had a 
correct internal predictability of 89\. A third approach blended the criter ia used 
in these t wo data bases. This data base contained aromatic nitrogenous compounds 
with 70\ being halogenated. The Salmonella mu tagenlclty of a group of pyridine 
compounds predicted in each of the data bases wil l be compared to the actual 
experimental results. [This ls an abstract of a proposed presentation and does not 
necessarily reflect EPA policy.] 
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Pll 
SPONTANEOUS ad - 3 MUTANTS RECOVERED FROM A TWO- COMPONENT HETEROKARYON (H - 12) OF 
NEUROSPORA CRASSA CONSIST OF GENE / POINT MUTATIONS AND MULTILOCUS DELETIONS. 
Frederick J . de Serres. Ce nter for Life Sciences and Toxi cology , Resear ch Triangle 
Insti tute. PO Box 12194. Resea r ch Tr iangle Park , NC 27709 

X ray - induced specific locus mutations in the ad - 3 region of two -component 
- heterokaryons consist of gene / point mutations and---;;;ltilocus deletions (MLDs) . 

(Webber and de Serres , Proc. Na ti. Acad. Sci . U.S.A . 53, 430 - 437, 1965) . Chemi cals 
can Induce predominantly or exclusively gene / point mutations or both classes, with 
t he frequency of MLDs being mutagen - dependent (de Serres. Banbury Report 28 : 
Mammalian Cell Mutagenesis 1987) . The frequency of spontaneous ad - 3 mutants 
recovered with the two -component heterokaryon 12 fro• experiments performed at the 
Oak Ridge National Laboratory ls 0 .39 X 10-6. A total of 172 spontaneous mutants 
were co llec ted and have been subj ected to geneti c analyses ; of these , 141 / 172 
(81 . 9%) were gene / point mutants , (ad-3 )R, 172 (14 . 5%) were MLDs (ad-3)1R and 6/ 172 
(3 . 5%) grew too rapidly on minlmal---;;;dlu• alone to enable us to characterize the• 
genetically (ad- 3)UNKN . A•ong t he gene / po i nt autants , 41 / 101 (23.8%) were (ad- 3A)R 
and 100 / 172 (58.1%) were (ad - 3B)R. A•ong the MLDs , 5/ 172 (2.9%) were ad - 3AIR, 
15/ 172 (8.7%) were ad - 3BIR , 4/ 172 (2 . 3%) were (ad- 3A ad- 3B)IR and 1/ 172 (O~was 
(ad-3AIR ad-3 BR ) . ~large MLDs of genotypes (ad- 3A ad- 38 nic - 2)IR or (ad- 38 
nic-2)IR were found in this sample . Studies of allelic co• plementation among the 
ad - 3BR •utants showed that 41 / 101 (40 . 6%) were nonpolarized complementi ng 
(J!.!!-1.!!)R- NP , 12 / 101 (11.9%) were polarized co•plementing (ad-3B)R-P and 47 / 101 
(46.5%) were nonco•plementlng (ad-3B)R- NC (Research sponsored by Dept . of Energy) . 

Pl2 
MOST X RAY - INDUCED ad-3 IRREPARABLE MUTANTS IN NEUROSPORA CRASSA MAP AS A SERIES OF 
OVERLAPPING MULTILOCUS DELETIONS BUT AN UNEXPECTEDLY HIG H NUMBER RESULT FROM CLOSELY 
LINKED INDEPENDENT SITES OF .GENETIC DAMAGE . Frederick J . de Serres, Center for Life 
Sciences and Toxi co logy , Research Triangle Institute , PO Box 12194 , Researc h 
Tri ang le Park . NC 27709 

Genetic ana lysis of the extent and type of functional inactivation i n X ray- i nduced 
ad - 3 irreparable (ad-31R) mutants (We bber and de Serres, Proc . Natl . Acad . Sci . 
~A. 53 , 430- 437-:-1965) has been performed using a series of markers in the 
lm•ediately adjacent genetic regions . Mutants analyzed were : 97 single locus 
mutants , 33 ad-3AIR , 64 ad- 3BIR , and 102 multil ocus •utants , 89 (ad- 3A ~)IR , 9 
(ad-3A ad-3B nic - 2)1R , and 4 (ad - 3B nlc - 2)1R. Because ad-3 IR autations increased as 
the square of--u;;-x- ray dose and did--;;;;-t"grow as hoaokaryons on adenine suppleaented 
mediu•. the assumption was •ade that they might result fro• •ultilocus deletions 
(MLDs) . In MLDs , other closely linked loci could show simultaneous i nactivation in 
mutants scored as ad - 31R . Ho•ology tests , with a series of strains carrying 
c losely- linked •arkers , were performed on individual ad - 31R mutants . Most single 
locus ad - 31R mutants map as series of overlapping MLDs that cover other known loc i 
(l ys - 4 , his-3. and nic - 2). However , 6/ 97 are actually point • utations with a 
separate and closely linked site of recessive lethal damage (ad-3R • RL / CL) . Most 
•ultilocus ad-3!R •utants also •ap as a seri es of overlapping MLDs , but 171102 ar e 
actually MLDs with a separate , closely-li nked point autati on (ad-3I R • ad-3R) 
involving the closely- linked loci lys- 4, hi s -3 . ad- 3A , ad- 38 , and nic-2. (Resear ch 
sponsored by Natl . Institute of Environ• ental Health Sciences and Dept . of Engery) . 
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Pl DEVELOPMENT AND VALIDATION OF THE SPIRAL SALMONELLA 
ASSAY: AN AUTOMATED APPROACH TO BACTERIAL MUTAGENICITY 
TESTI NG . V.S. Houka, S. Schalkowskyb , and L.D. Claxtona . 
au .s. EPA , RTP , NC 27711; bsp i ral System Instruments , 
I nc ., 4853 Cordell Ave ., Suite A- 10, Bethesda , MD 20814 . 

P2 THE USE OF THE AUTOMATED SPIRAL SALMONELLA ASSAY FOR 
THE DETECTION OF MUTAGENIC COMPLEX ENVIRONMENTA~ SAMPLES. 
G. Earlya , V. S. Houkb, and L.D . Claxton . ast . 
August i ne ' s College , Raleigh, NC 27611 ; bu .s. EPA , RTP , 
NC 27711. 

P3 THE MUTAGENIC IMPACT OF X- RAY TREATMENT ON 
ELECTROPHORETICALLY EXPRESSED LOCI IN THE MOUSE. i..L. 
Lewisa, L.B. Barnetta, R.A. Poppb, and M. D. Shelbyc. 
aRTI, RTP, NC 27709; bBiology Division, ORNL, Oak Ridge, 
TN 37831; CNIEHS , RTP, NC 27709. 

P4 DEVELOPMENT OF AN ULTRAMICROSUSPENSION MUTAGENICITY 
ASSAY AND APPLICATION TO AIRBORNE PARTICULATES COLLECTED 
BY PERSONAL SAMPLERS. S. Gotoa, H. Matsushitaa, Y. 
Takagib, M. Muratab, K. Williamsc, D.M. DeMarini c, and 
J . Lewtasc . ainstitute of Public Health, Tokyo , Japan; 
bAzabu University, Kanagawa, Japan; cu.s. EPA, RTP , NC 
27711 . 

PS THE CONSEQUENCES OF UNREPAIRED DOUBLE-STRAND BREAKS IN 
YEAST. C.B. Bennetta , T. Nilsson-Tillgrenb, and H.A. 
Re snicka. aNIEHS , RTP , NC 27709 ; bu . of Copenhagen, 
Denmar k. 

P6 PATTERNS OF CHEMICAL - INDUCED DAMAGE TO THE 
SYNAPTONEMAL COMPLEX . J. W. A 11 ena, L. C. Backerb, P.A. 
Poorm~nc, J. B. Gibsond, B. WestbroQk-Collinsa, and H.J. 
Mosesd . au.s. EPA, RTP , NC 27711; bEHRT RTP, NC 27709 ; 
CBurroughs Wellcome Co, RTP, NC 27709 ; douke University 
Medical Center, Durham, NC 27710 . 

P7 COMPARISON OF SISTER CHROMATID EXCHANGE (SCE) 
INDUCTION IN SUBSETS OF HOUSE LYMPHOCYTES EXPOSED IN 
VITRO TO 4-HYDROXYCYCLOPHOS PHAHIDE ( 4-0HCP) OR 
PHOSPHORAHIDE MUSTARD (PAH) . P. Kwgnvuena, G.L. 
Erexsona, ~ . F . Bryanta, and A.O. Kligerman . aEHRT, RTP, 
NC 27709; U.S. EPA, RTP, NC 27711. 

PS THE MUTAGENIC ACTIVITY OF HYDROGEN PEROXIDE IN 
SALMONELLA TYPHIMURIUM. A. Aby-Shakra and E. Zeiger, 
NIEHS , RTP, NC 27709. 
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Pl3 
MOLECULAR ANO GENETIC CHARACTERIZATION OF X RAY-INDUCED SPECIFIC LOCUS MUTATIONS IN 
THE ad-3 REGION OF Neurospora ~- Frederick J. de Serres, Laurie K. Overton and 
Jeffrey S. Oubins. Center for Life Sciences and Toxico logy , Research Triangle 
Institute, P.O. Box 12194, Research Triangle Park, NC 27709 

Genetic analysis of X ray-induced specific locus mutations in the ad -3 region has 
shown that they result from gene / point mutations and functional multilocus deletions 
(de Serres, Genetics 58 : 79 - 83, 1968) . Genetic analysis of the single loc us (ad-3A 
or ad - 38) and multiple locus (ad-3A ad-38, ad -3A ad - 38 nl c-2, and ad-38 n~ 
mutants has shown that they 11ap as a serles--;;-fov;fl~ping deletions that also 
include other genetic markers in the immediately adjacent regions (de Serres, 
Environ. Mutagen . 11: 28, 1988) . So11e 11ultilocus deletions at the ad-3A locus show 
heterozygous effects in combination with a gene/ point mutation at the ad -38 locus, 
and even more pronounced heterozygous effects in co•bination with a multilocus dele 
tion covering the ad-38 locus (Overton and de Serres , Environ. Mutagen. 11: 80, 
1988). Heterozygous effects of multilocus deletions are expressed as reduced linear 
growth rates when compared with the wild-type control. Jn contrast. X ray- induced 
gene / point mutations at the ad-3A locus do not show heterozygous effects (they are 
completely recessive and grow at wild- type rate), In this study, no correlation was 
found between the level of the heterozygous effects shown by Individual ad - 3A 
mutants and either map position or radiation dose. With the use of a probe for 
his -3 (located 0.5 map units distal to the ad - 3 region), studies are being made to 
dete~mine the nature of the genetic damage in individual mutants classified as func 
tional 11ultilocus deletions. These molecular data 11ay provide some un derstanding of 
the fact that some ad- 3A IR mutants show heterozygous effects and others do not. 

Pl4 
ANALYSIS OF THE ABILITY OF THE L5178Y / TK+/ - MOUSE LYMPHOMA ASSAY TO DETECT AND 
QUANTITATE INDUCfD GENETIC EVENTS . MM . Mo pr e l, K. Brock2, C. Doerr 2, M. App l ega t e3 , 
J . C. Hozier 3• U. S. Environmental Protection Agency, Research Triangle Park, NC 
27711; 2Environmental Health Research and Testing, Inc., Research Triangle Pa r k, NC 
27709; 3Florida State Universi ty, Tallahassee, FL 32306. 

Research to date indicates that L5178Y/TK+/- -3.7.2C mouse lymphoma cells permit the 
measurement of forward mutation affecting the heterozygous tk locus . Furthercore, 
the quantitated TK-mutant frequency can be expressed by a $;a11-colony and la rge
colony cutant frequency. Small colonies appear to be associated with chromosomal 
events affecting the expression of multiple loci including tk and thus appear related 
to the clastogenicity of the test chemical. Large colonies appear to result from 
events affecting the tk locus. Southern blot analysis of DNA isolated froc mut ants 
indicates that the entire tk locus may be deleted. Densitometric scanning of the 
Southern blots as well as m-;;surement of TK-specific mRNA coded by the TK- allele of 
the mutant cell line indicate the amplification of the TK- allele in some mutants. 
These studies indicate that heterozygous loci may be particularly suited for the 
study of genetic events involving large deletions or for events requiring the 
pre sence of an homologous ch romosome. A growing number of reports cite loss of 
heterozygosity and mitotic recombination associated with the development of calig
nancy in humans. 

This is an abstract of a proposed presentation and does not necessarily reflect U.S. 
EPA policy . 
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PIS 
SYNAPTONEMAL COMPLEX DAMAGE AND ITS REfiATIONSHIP TO GERM CELL C~OHOSOHE 
ABERRtTIONS . ~~a J . B. Gibson b D.R . Howarda, G. Honore , H.J . 
Hoses , and J.W. Allene . aEHRT, RTP, NC; Duke Univ. Med . Ctr., Durham , NC ; 
cU.S. EPA, NC . 

The synaptonemal complex (SC) comprises the proteinaceous axes of paired 
homologous chromosomes at meiotic prophase and is intimately involved in the 
events of homologous chromosome pairing , crossing over , and segregation . 
Using mice treated with alkylating agents and ionizing radiation, we have 
evaluated damage induced in prophase SCs in relation to chromosome 
aberrations evident at metaphase l and 2 . Light and electron microscopic 
analyses of SCs revealed structural aberrations and synapsis iri;;e&ularities 
in mice treated with 100 mg/kg cyclophosphamide(CP) or Co gamma 
irradiation (2 or 4 Gy). In the study using CP, mice were also injected 
with 200 uCi tritiated thynidine, and tritium-labeled cells were analyzed to 
better define the qualitative and quantitative relationships between 
respective SC and metaphase chromosome analyses . Correlation coefficients 
were calculated among SC and metaphase chromosome endpoints . Statistically 
significant correlations were found, for example, between SC breakage and 
both metaphase l isochromatid breakage and Ml chromosomal rearrangements 
following CP treatment. These correlations are interpreted in the context 
of theoretical relationships between chromosomes and component parts of the 
SC. 
This abstract does not necessarily relect U. S . EPA policy . 

Pl6 
SISTER CHROMATID EXCHANGE (SCE) INDUCTION AND DNA ADDUCT FORMATION I N RODENT 
PERIPHERAL BLOOD LYMPHOCYTES (PBLs), A. D. Kligermanl, S, Nesnow 1, G.L . Erexson2, 
and R. Gupta3. lu.s. EPA, Research Trian"Jle Park, NC 27711; 2EHRT, Inc., P.O. Box 
12199, Research Triangle Park, NC 27709; Baylor College of Medicine, Houston, TX 
77030 . 

Experiments were undertaken to investigate differences in interspecies sensitivity 
and the correlation between SCE induction and DNA adduct formation as measured by 
32 P postlabeling. Both mice and rats were injected i.p . with benzo(a)pyrene (BP) 
suspended in corn oil at doses ranging from 10 to 100 mg/kg. Controls received corn 
oil only. Twenty-four hours after injection, blood was removed by cardiac puncture 
from each animal. Ficoll-Hypaque-separated mononuclear leucocytes from each ~at or 
pooled for each group of mice were separated into two aliquots. One aliquot was 
used for DNA adduct determination and the other for SCE analysis after PBL culture 
according to published protocols. BP caused a dose-dependent increase in SCE 
frequency in PBLs of both rats and mice with little difference in magnitude of the 
response between the two species. However, the major DNA adduct (BPDEI-dGuo) found 
in the isolated cells was approximately tenfold greater (attomol/ .g DNA) in the 
mouse than in the rat. Thus, the shapes of the dose-response curves for SCE and DNA 
adduct formation were dissimilar, especially at the higher doses. 

This is an abstract of a proposed presentation and does not necessarily reflect U.S. 
EPA policy. 
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EPA, RTP, NC 27711 . 
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27709 . 
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Pl7 
The Chinese Hamster V79 Metabolic Cooperat ion Assay: Applica
tions in Toxicology. G.P. Wyatt and E. Elmore, NSI Technology 
Services Corporation, P.O. Box 12313, Research Triang le Park, NC 
27709 

Elucidating the mechanisms of chemical induced a l terations of 
cellular regulation is critica l to our unde rstanding of chemical 
toxicology. Intercellular commun ication is known to have an im
portant role in regulating normal cellular differentiation and 
function. The response s of ove r 200 chemicals that have been 
characterized for their ab ility to inhibit metabolic cooperation, 
a major form of intercellular communication, have been compiled. 
We have incl uded both unpublished and published data from our 
laboratory and published data from other l aborator i es . We have 
compared the responses of these chemicals to their reported ac
tivity as teratogens/reproductive tox icants, carcinogens, 
mutagens , or neurotoxicants. The predictive accuracy of metabo-
1 ic cooperation for teratogen icity or reproductive toxicity, 76% 
for 103 chemicals; carcinogenicity, 65% for 85 chemicals; and 
mutagenicity, 56% for 100 chemicals. Due to t he lack o f known 
non-neurotoxic agents, only the sensitivity for predicting know n 
neurotoxic agents, 73% for 80 chemicals, could be determined. 
The data suggest that the Chinese hamster V79 met abolic coopera
tion assay be used to prescree ning chemicals for teratogenicity/ 
reproductive toxicity, carcinogenicity, and neurotoxicity. 

Pl8 
ACTIVITIES OF SELECTED CYCLIC HYDROCARBONS OF KNOWN CARCINOGENICITY IN THE V79 
METABOLIC COOPERATION ASSAY . E Elmorea, H.A . Milmanb, B.P. Wilkinson& , and G. P. 
Wyatta. aNSI Technology Services Corporation , Research Triangle Park , NC 27709 and 
bu.s . EPA, Washington, DC 20460 . 

Structural ly similar cyc l ic hydrocarbons were evaluated in the V79 metabolic 
cooperation assay and their responses correlated to their known carcinogenicity. 
The carcinogens evaluated were : 2, 4-diaminotoluene, 2, 5-diamino toluene ( suspect 
carc inogen ), 2,4-dinitrotoluene , o-phenylenediamine, 4-chloro- o -phenylenediamine , 
4-chl oro - m- phenylenediamine, 2-n itro - p-phenylenediamine, 2,6-dichloro-p
phenylenediamine , 4, 4' -methylenedianiline , 2-chlorobiphenyl (suspec t carcinogen) , 
and 2-phenoxyethanol (carcinogeni c ity unknown) . The noncarc inogens evaluated were: 
aniline ( human ), m-phenylenediamine, p-phenylenediamine, 2-chl o ro-p
phenylenediamine sulfate and 4-ni tro- o - phenylenedi am i ne . The V79 me t abolic 
cooperation assay is based on the recovery of 6TG-resistant mutants from mix ed 
cultures of wild-type and mutant cells . Inhibition of cell-cell communi cation 
results in the enhanced recovery of mutant cells. For a compound to be considered 
positive , it must significantly enhance the recovery of mutant cells ( p - 0.005, 
Dunnett's test ) at least for tvo concentrations in two separate experiments or at 
three consecutive concentrations in one experiment. The sensitivity of the V79 
metabolic cooperation assay to detect known carcinogens was 90% (the suspect 
carcinogens were included in this calculation). The specificity of the assay was 
80% , and the accuracy- -the ability to correctly identify both carcinogens and 
noncarcinogens- - was 86 . 6% . The responses of the s tructurally related cycl ic 
hydrocarbons in the V79 metabolic coopera tion assay show a high correlation with 
t he ir reported in vivo c a rcinogenic ity. 
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Pl9 
INHIBITION OF BENZO(a)PYRENE I ND UC ED MA LIG NANT TRANSFORMATION IN CU LT URED 
TRACHEAL EPITHELIAL CELLS BY RETINOIC ACID. B. Wilkinson , J. Arnold and V. 
Stee l e, Cellular and Mol ecular Toxicology Prog ram, NSI Technology Services 
Corpo rati on, Research Triang le Par~ , NC 27709 

To unde rstand the mechanisms of cance r inhibition and to screen chem ica ls for 
chemoprevent ive potential a culture system was deve loped us ing respiratory 
epithelial ce lls. Tracheal ep ithe li al cell s were isolated from Fischer 344 
rats and plated onto collagen coated dishes. On Day 1 cultures were exposed 
to e ither 10 ug benzo(a) pyrene [B(a) P] pe r ml, 0. 1% dimethylsulfoxide (solvent 
cont rol) , or cul t ure med ia . Twenty-four hr later the cult ures were rinsed, 
and refed wi th eithe r 100 nM ret inoic acid (RAJ or media alone. Ne ither B(a )P 
nor RA were cytotoxic at t he concentrat ions tested . Fresh RA was added with 
each biweekl y med ia change. After 30 days the cultures were stained and 
sco red for the appearance of mo rphologica lly transformed cell colonies. Cul
tures exposed to B(a )P contained 10.4% transformed coloni es / surviving cell. 
Cul tures exposed to B(a )P f ollowed by RA contained 0.07% transformed 
coloni es/ survi ving cell. Cultures treated with RA alone , solvent cont rol, or 
media control contained no transformed colonies. These results suggest that 
this system will be usef ul to study the Inhibition of transformation In 
respiratory epithe lia l cells and to ident i f y chemopreventi ve agents. (Work 
suppo rted by NCI Contract #N01-CN55503). 

P20 
APPLICATION OF WHEAT SEEDLING ASSAY FOR DETECTING CHEMICALLY INDUCED ANEUPLOIDY. 
~hahbeg S. Sandhul, J.S . Dhesi2 and G.P . Redei3 . lu . s . EPA (MD-68), RTP, NC 27711; 
EHRT, P-:-o . ~12199, RTP, NC 27709; 3university of Missouri, Columbia, MO 65211 

We have developed a simple short-term assay using Chinese spring wheat (2n~6x:42) for 
de tecting environmentally induced clastogenicity and/or aneuploidy (Redei and Sandhu, 
1988) . This strain carries a pair of recessive alleles (.::_1 ) on the short a r m of 
chromosome 3B which in the homozygous condition and under low temperatu r e inte r feres 
with no r mal chlorophyll development resulti ng in seedli ngs with cream color . In 
single dose this allele is ineffective in inhibiting chlorophyll development. As a 
result of nondisj unction, deletion, or duplication, the cell lineage with functional 
monosomy gives rise to green strips on vi res cent leaves , whereas, t r isomy p·roduces 
white sectors . We have challe nged this assay system with two physical a nd seven 
chemica l agents that are known to induce aneuploi.dy and/or clastogenicity in mam
malian and some nonmammalian assays . The physical and chemical agents tested in 
the wheat seedling assay in parallel studies in two laboratories over 3 years 
yie lded a reproducible dose-related positive response . We consider this assay to 
have potential utility for evaluating genotoxicity of environmental agents and for 
in situ monitoring the genetic hazard f r om industrial waste sites . 

This is an abstract of a proposed presentation and does not necessarily reflect U. S. 
EPA policy . 
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8:25 - 8:30 Welcoming Remarks , H. M. Moore , 
President, GEMS . 

8:30 - 8:45 Tl DRUG- RESI STANT T CELLS MAY CONTRIBUTE 
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Fi nne. aEHRT, RTP, NC 27709 ; bu . s. EPA, 
RTP , NC 27711 ; CDuke University Medical 
Center, Durham, NC 27710 . 

8:45 - 9: 00 T2 ANTIHUTAGENICITY STUDIES IN 
SALMONELLA . J. R. Warner , T.J. Hughes, 
and M. E. Wall . RTI, RTP, NC 27709 . 

9: 00 - 9: 15 T 3 TH E I ND UC T I 0 N 0 F CH R 0 H 0 S 0 HE 
ABERRATIONS IN HOUSE BONE HARROW CELLS 
BY THE DNA TOPOISOMERASE INHIBITORS 
CAMPTOTHEC IN AND AMSACRINE. ~ 
Howarda, L.C. Backera, D.H. DeMarini , 
and J.W. Allenb. aEHRT, RTP, NC 27709; 
bu . s. EPA, RTP, NC 27711. 

9:15 - 9:30 T4 MUTATION VS . MUTANT FREQUENCY IN THE 
MOUSE LYMPHOMA A~SAY. D. ~astona, W. 
Casparya , C. Rudd , K. Pardo . aNIEHS, 
RTP, NC 27709; bsRI, Menlo Park, CA 
94025. 

9:30 - 11:00 

11 : 00 - 11: 1 s 
Coffee, Posters, Exhibits 

TS ONCOGENE AMPLIFICATION, HETHYLATION , 
EXPRESSION, AND MUTATION IN CHEMICALLY 
TRANSFORMED RESPIRATORY EPITHELIAL 
CELLS. J.A . Lasle~a, N.S. 
Schorschinskya, D.K. Beeman , and H.J . 
Hassb. aEHRT, RTP, NC 27709 ; bu.s . EPA, 
RTP, NC 27711 . 
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P21 
DIRECT DNA SCREENING FOR SPONTANEOUS AND INDUCED MUTATIONS. _t; . Korytynski , J . 
Dubins, S.E. Lewis, L.B . Barnett, and R . R. Cobb. Center for Life Sciences and 
Toxicology, Research Triangle Institute, Research Triangle Park, NC 27711. 

Stud ies on mutation induction 1n vivo have been performed by detecting both 
morphological and biochemical specific - locus mutations . These studies rely on 
phenotypic changes or alterations in protein and enzyme electrophoretic properties . 
With the discovery of different cloned DNA sequences, the possibility to screen DNA 
directly for induced or spontaneous alterations is becoming a reality . Three 
cloned DNA probes are currently being used in our laboratory and are being 
integrated into the mouse germ-line screening program . One probe is a long 
terminal repeat (LTR) clone of an endogenous murine retrovirus . Using this as a 
probe against k.2.Rl ·digested DNA from a variety of mutants yields a complicated 
elec t rophoretic variant possessing an altered restriction fr a gment banding pa t tern 
when compared to normal progenitor strains . The other molecular probes are the 
human hypervariable "minisatellite" clones 33 . 15 and 33. 6 (Jeffreys et al . , 1985 ) 
that cross - hydridize to mouse DNA and det e c t mul ti p le v ariable loci . The 
restriction enzyme H.i.nfl is being used to investigate t he induct i on of un i que 
restric tion fragment banding patterns induced b y various mutagens . 
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12199, Research Triangle Park, NC 27709. 
Representative s: Bruce Casto and Wi 11 i am 011 er 
(919- 544 -1792) . 

GLAXO, INC., 5 Moore Drive, Research Triangle Park, NC 
27709. Representative: Jane Allen (919-941-4036). 

HAZLETON BIOTECHNOLOGIES CORP., 5516 Nicholson Lane , 
Suite 400, Ken sington , MD 20895. Representatives : 
Brian C. Myhr and Sky Benson (301-230-0001). 

HYDRO SERVICE AND SUPPLIES, P .0. Box 12197, Research 
Triangle Park, NC 27709. Representatives: Ruth 
Choiniere and Jill Ruedy (919-544-3744). 

INNOVATIVE PROGRAMMING ASSOCIATES, INC., One Airport 
Pl ace, Princeton, NJ 08540. Representative: 
Vsevolod Onyshkevych (609-924-7272). 

INTEGRATED LABORATORY SYSTEMS, P .0 . Box 13501, Research 
Triangle Park, NC 27709. Representatives: Ray Tice 
and T. K. Rao (919-544-4589). 

KRACKELER SCIENTIFIC, INC., P .0. Box 11326, Durham, NC 
27703 (919-596-7373). Representative: Claude Wrenn 
III (800-222-6921). 
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::..:::: - -~---. - ···~'-.._ ~Service and SuppllH 

SPECIALISTS IN ULTRAPURE WATER 

• POINT-OF-USE POLISHING FOR HIGHEST PURl7Y 

• DEIONIZA TION AND ORGANIC ADSORPTION 

•REVERSE OSMOSIS 

•ULTRAVIOLET AND ULTRAFILTRATION 

Ask about our bacteria and pyrogen-free water for tissue culture and other 
highly critical applications. 

Visit our booth or call our sales representative to set up an appointment. We 
would be happy to run a free test on your water for a variety of contaminants 

including use of the latest procedures for detecting organics. 

Please call Ruth Choiniere at (919)544-3744 
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cenetic Toxicology 
Testing service 

A complete genetic toxicology service for the detection of toxic, 
mutagenic , clastogenic, and carcinogenic activity in well
characterized test systems . An invaluable aid in product development 
and safety evaluations of new compound formulat ions and complex 
mixtures applicable to pharmaceuticals , medical devices , pesticides , 
cosmetics , industrial chemicals , petroleum products , personal-care 
products, and food additives . 

• Gene Mutations in Bacteria 
• Mutations in Mammalian 

Cells 
• In Vitro Teratology 

•DNA Damage and Repair 
• Cytogenetics In Vitro/In Vivo 
• In Vitro Cell Transformation 

Additional Laboratory Services 

Toxicology 
• Acute , Subchronic , 

Chronic Toxicology 
• Inhalation Toxicology 
• Teratology/Reproductive 

Toxicology 
• S-9 Microsome Preparations 

Diagnostics 
• Laboratory Animal 

Diagnostics 
• Biotechnology Materials 

Testing 
• Mycoplasma Testing 

For information , call Customer Service at (301) 738-1000 or 
write to: 

~·MIC ICAL 
~ASSOCIATES IMC. 

9900 Blackwell Road, Rockville, Maryland 20850 
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CHARTER SUSTAINING CORPORATIONS 
AND MEMBERS 

ATLANTIC COAST CONSULTANTS , 2450 Honeysuckle Road, Chapel 
Hill , NC 27514 . Representatives: Allen L. Miller 
and James Conley (919 -929-6212) . 

BOEHRINGER MANNHEIM BIOCHEMICALS, 7941 Castleway Drive , 
P . O. Box 50816, Indianapolis , IN 46250 . 
Representative : Carolyn Faucette, 8029 Rollinghills 
Drive, Cary, NC 27511 (919 - 772-6274). 

BURROUGHS WELL COME COMPANY, 3030 Cornwa 11 is Road, 
Research Tr i angle Park, NC 27709. Representatives : 
Donald Clive and Roberta Krehl (919-248-3000) . 

CORNING GLASS WORKS, 408 Oak Hollow Court, Raleigh, NC 
27612. Representatives : Patricia E. Kedski 
(919-787 - 1313) amd Veron i ca M. Traina (919-787-1313). 

COSTAR, 205 Broadway, Cambridge, MA 02139. 
Representatives: Ed Krehl, 145 Clancy Circle, Cary, 
NC 27511 (919-467-6827) and Josie Wingfield, 2834 
Clearbrook Dr., Marietta, GA 30067. 

FISHER SCIENTIFIC, 3315 Atlantic Avenue, P.O. Box 40339, 
Raleigh , NC 27629. Representatives: Russell 
Salisbury, 309 E. Cornwall Road, Cary, NC 27511 
(919-467-0058) and George Nowell (919-876-2351). 

FLOW LABORATORIES, INC., 7655 Old Springhouse Road, 
Mclean, VA 22102 (703-893-5925). Representatives : 
Ann Wi 11 i ams, 239 Flemington Road, Ch ape 1 Hi 11 , NC 
27514 (919-942-5230) and Steve Bartlett. 

GIBCO/BRL LIFE TECHNOLOGIES, INC., P .0. Box 6009, 8717 
Grovemont Circle, Gaithersburg, MD 20877 
(800-338-5772). Representative: Roger Thuotte, Rt. 
4, Box 1088, Hillsborough, NC 27278 (800-638-8992) .. 

MICROBIOLOGICAL ASSOCIATES, INC ., 9900 Blackwell Road, 
Rockville, MD 20850 . Representative: Li Yang 
(301 - 738-1000) . 

NSI ENVIRONMENTAL SCIENCES, P. O. Box 12313, Research 
Triangle Park, NC 27709. Representatives: Gail 
Wyatt and Gene Elmore (919 -549-0651). 
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