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An, J. and A. W. Hsie (1993). "Polymerase chain reaction-based deletion screening of bleomycin induced 
6-thioguanine-resistant mutants in Chinese hamster ovary cells: The effects of an inhibitor and a mimic of 
superoxide dismutase." Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis 
289(2): 215. 
 http://www.sciencedirect.com/science/article/B6T2C-47PCN7M-

41/2/3157a48d39359d02b082784374179db8  

 Bleomycin-induced 6-thioguanine-resistant mutants pretreated with or without TRIEN (triethylene-
tetramine), a superoxide dismutase (SOD) inhibitor, or TEMPOL (4-hydroxy-2,2,6,6-
tetramethylpiperidine-1-oxyl), an SOD mimic, were analyzed by polymerase chain reaction 
(PCR)-based deletion screening in a Chinese hamster ovary (CHO) clone K1-BH4 and its 
derivative AS52 cells. As we proposed earlier, TRIEN would decrease and TEMPOL would 
increase the intracellular level of hydroxyl radical leading to a higher and lower recovery of 
deletion mutants. We found that the proportion of the deletion mutants induced by bleomycin at 
the hypoxanthine-guanine phosphoribosyltransferase (hprt) locus in K1-BH4 cells was 45.5%. 
The proportion of deletion HPRT- mutants induced by bleomycin pretreated with TRIEN was 
31.0%  and with TEMPOL was 50.0%. The proportion of deletion mutants induced by bleomycin 
on the xanthine-guanine phosphoribosyltransferase (gpt) gene in AS52 cells was 61.0%. The 
proportion of deletion GPT- mutants induced by bleomycin pretreated with TRIEN was 56.8%  
and with TEMPOL was 61.4%. The trend of the change of the proportion of bleomycin-induced 
deletion mutants as affected by TRIEN and by TEMPOL provides molecular evidence for the 
involvement of reactive oxygen species (ROS) in bleomycin mutagenesis in mammalian cells, in 
which deletion is a major type of induced mutation. 

 

Andreassen, A., L. Mollersen, et al. (2002). "One dose of 2-amino-1-methyl-6-phenylimidazo[4,5-
b]pyridine (PhIP) or 2-amino-3-methylimidazo[4,5-f]quinoline (IQ) induces tumours in Min/+ mice 
by truncation mutations or LOH in the Apc gene." Mutation Research/Genetic Toxicology and 
Environmental Mutagenesis 517(1-2): 157. 

 http://www.sciencedirect.com/science/article/B6T2D-45KT0KY-
3/2/8c513c577d359ce72d07305926844f43  

 The C57BL/6J-Min/+ (multiple intestinal neoplasia) mouse has a heterozygous nonsense ApcMin 
(adenomatous polyposis coli) mutation, and numerous adenomas spontaneously develop in the 
intestine. Neonatal exposure of Min/+ mice to the food carcinogens 2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine (PhIP) or 2-amino-3-methylimidazo[4,5-f]quinoline (IQ) (one 
injection of 50 mg/kg) increased the number of small intestinal tumours about three- and two-fold, 
respectively. The number of colonic tumours was only increased in males. We examined whether 
the wild-type Apc allele was affected in intestinal tumours induced by either PhIP or IQ. In 



spontaneously formed and in IQ-induced small intestinal and colonic tumours from these mice, 
the main mechanism for tumour induction was loss of wild-type Apc allele, i.e. loss of 
heterozygosity (LOH). In contrast to the IQ-induced (84% LOH) and spontaneously (88% LOH) 
formed tumours, only 55% of the PhIP-induced small intestinal tumours from males showed LOH. 
Tumours that apparently had retained the wild-type Apc allele were further analysed for the 
presence of truncated Apc proteins by the in vitro synthesised protein (IVSP) assay. Truncated 
Apc proteins, indicating truncation mutations in exon 15 of the Apc gene, were detected in two of 
the 12 PhIP-induced tumours in segment 2 (codons 686-1217), and two of five IQ-induced 
tumours, one in segment 2 and the other in segment 3 (codons 1099-1693). Three of these four 
mutations, all in segment 2 of the Apc gene, were confirmed by sequencing. The PhIP-induced 
mutations were detected at codon 1125 (C deletion) and 1130 (G-T transversion), and the IQ-
induced mutation was at codon 956 (C-T transition). Importantly, no truncated proteins were 
detected in tumours from unexposed mice with apparently retained wild-type Apc allele. These 
results show that one injection of either PhIP or IQ induces intestinal tumours in the Min/+ mice 
by inactivation of the wild-type Apc allele either by causing LOH or truncation mutations. 

 

Bell, D. A., J. G. Levine, et al. (1991). "DNA sequence analysis of revertants of the hisD3052 allele of 
Salmonella typhimurium TA98 using the polymerase chain reaction and direct sequencing: 
Application to 1-nitropyrene-induced revertants." Mutation Research/Environmental Mutagenesis 
and Related Subjects 252(1): 35. 

 http://www.sciencedirect.com/science/article/B73H5-47RNW7X-
4Y/2/b29592180fa2fd00c8e8df584ca00592  

 We have used the polymerase chain reaction (PCR) to speed the DNA sequence analysis of 
revertants of Salmonella typhimurium TA98. Briefly, a crude DNA extract from a single colony 
was prepared and used in an asymmetric PCR to amplify a 328-bp fragment containing the 
hisD3052 mutation approximately in the center. Following ultrafiltration, the ssDNA was 
sequenced using an end-labeled probe and dideoxy sequencing. The most frequent mutation 
among the revertants was a -2 deletion of GC or CG within the sequence CGCGCGCG, which is 
upstream of the hisD3052 mutation. This deletion occurred in 38% (6/16) of the spontaneous (-
S9) revertants and in 94% (15/16) of a set of 1-nitropyrene-induced revertants. Other mutations, 
mostly deletions but also some complex mutations (i.e., single mutational events involving a 
combination of insertions, deletions, and substitutions), occurred within quasipalindromic regions 
of DNA. Possible mutational mechanisms are discussed, and the results with 1-NP are compared 
to those obtained in other systems. 

 

Bellanne-Chantelot, C., S. Beaufils, et al. (1997). "Search for DNA sequence variations using a MutS-
based technology." Mutation Research/Mutation Research Genomics 382(1-2): 35. 

 http://www.sciencedirect.com/science/article/B6T2F-3SY9RHW-
5/2/e07fdfe956294f9c0abaa386b2beb8ac  

 The search for DNA sequence variations (DSV) is emphasized with genetic studies of a large 
number of multifactorial diseases. Saturation of regions of interest with diallelic polymorphisms 
will be an essential step to pinpoint, through association studies, predisposing genes. We have 
developed a solid-phase method based on the ability of mismatch binding protein MutS to 
recognize single nucleotide mismatches. This approach was applied to the study of 83 sequence-
tagged sites (STSs) extracted from an eight centimorgans (cM) chromosome 21 region. One-third 
of tested STSs were found to be polymorphic leading to a frequency of one DSV every 822 base 
pairs (bp). Sequencing of analyzed STSs showed the high reliability of the MutS-based 
technology for mismatches up to 2 bp in DNA fragments ranging in size from 200 bp to 1 kilobase 



(kb). The entire assay which is performed in a solid-phase format without the need of 
electrophoresis or sequencing, will provide an efficient tool for new polymorphism detection. 

 

Bigbee, W. L., J. C. Fuscoe, et al. (1998). "Human in vivo somatic mutation measured at two loci: 
individuals with stably elevated background erythrocyte glycophorin A (gpa) variant frequencies 
exhibit normal T-lymphocyte hprt mutant frequencies." Mutation Research/Fundamental and 
Molecular Mechanisms of Mutagenesis 397(2): 119. 

 http://www.sciencedirect.com/science/article/B6T2C-3SY8DSV-
1/2/dceccc39de58bdd5e7786012edb9cb14  

 A survey of glycophorin A (gpa) in vivo somatic cell mutation in a population of 394 healthy 
people from 8 to 77 years of age (mean age+/-SD 41+/-15 years) revealed a subset of 37 
individuals with stably elevated allele-loss and/or allele-loss with duplication variant erythrocyte 
frequencies (Vf) exceeding 30 x 10-6. These 37 individuals with gpa outlier Vf are significantly 
older (phprt mutant frequencies (Mf) in the peripheral blood T-lymphocytes of 27 of these 
individuals, together with 15 matched control individuals with unremarkable gpa Vf, was 
undertaken to determine if these subjects also displayed elevated mutation frequencies at this 
independent locus indicative of globally elevated somatic mutation. The hprt Mf in these 27 
subjects (geometric mean 11.5 x 10-6 (dispersion interval 5.8 x 10-6 to 22.8 x 10-6)) was not 
significantly different from that observed in the 15 controls (geometric mean 12.1 x 10-6 
(dispersion interval 5.7 x 10-6 to 25.5 x 10-6)). These Mf are higher than typically reported values 
reflecting the older age distribution of these individuals (arithmetic mean age+/-SD 53+/-12 and 
50+/-16 years for the subjects and controls, respectively). Taken together, these data suggest 
that several genetic mechanisms may be responsible for producing the gpa outlier Vf observed in 
these subjects. The observation that hprt Mf were not increased indicates that the majority did not 
arise by a genome-wide increased rate of somatic mutation detectable at both loci. The fixation 
and subsequent expansion of 'jackpot' mutations at the gpa locus occurring early in 
embryonic/fetal development also does not appear to be a predominant mechanism. Some cases 
may result from a stable over-representation of gpa variant cells, perhaps associated with a 
marked age-dependent decrease in the number of contributing erythroid stem cells in the bone 
marrow. The subset that displays elevated allele-loss with duplication Vf involving both gpa 
alleles may represent individuals with increased rates of somatic recombination. Elevations 
arising by this mechanism are not detected in the hprt assay, but could be confirmed using an 
autosomal locus in vivo somatic cell mutation endpoint such as the hla-a assay. Of primary 
biological significance, these results demonstrate that genetic/stochastic processes leading to the 
loss of heterozygosity of somatic cells occur ubiquitously in humans and in some individuals this 
level of somatic mosaicism can approach a frequency of 10-3 at the gpa locus in erythroid lineage 
cells. 

 

Boei, J. J. W. A., S. Vermeulen, et al. (1996). "Detection of chromosomal aberrations by fluorescence in 
situ hybridization in the first three postirradiation divisions of human lymphocytes." Mutation 
Research/Fundamental and Molecular Mechanisms of Mutagenesis 349(1): 127. 

 http://www.sciencedirect.com/science/article/B6T2C-40PRW3G-
F/2/cad6907bf4b24fae3fb31320e5a520c7  

 Chromosomal aberrations in human lymphocytes were analyzed by fluorescence in situ 
hybridization (FISH) in the first 3 postirradiation (0 and 2 Gy) divisions. Cells were grown in the 
presence of BrdU, collected at different sampling times (47, 70 and 91 h) and analyzed using an 
alphoid centromeric probe and PCR amplified DNA libraries for chromosomes 2 and 8. Following 
differential staining of sister chromatids, the analyzed cells were identified to be either in the first, 



second or third mitosis after irradiation. The frequencies of both dicentrics and fragments showed 
a reduction of about 50% after each cell generation, whereas translocations were more 
persistent. Cells within the same postirradiation division showed higher aberration frequencies 
when derived from later sampling times, indicating a delay in progression of aberrant cells. As a 
result, the frequencies for dicentrics and fragments remained rather constant at different sampling 
times if the cell cycle parameter was not taken into account. Thus, the average generation time of 
the lymphocytes had a clear effect on the obtained aberration frequencies. The described method 
allows the study of the persistence of chromosome damage using the FISH technique during 3 
subsequent cell divisions in vitro. 

 

Branda, R. F., A. R. Lafayette, et al. (1999). "The effect of folate deficiency on the hprt mutational 
spectrum in Chinese hamster ovary cells treated with monofunctional alkylating agents." Mutation 
Research/Fundamental and Molecular Mechanisms of Mutagenesis 427(2): 79. 

 http://www.sciencedirect.com/science/article/B6T2C-3WV9HMS-
2/2/d568691d665e64e6793932c04b52aaf2  

 Folic acid deficiency acts synergistically with alkylating agents to increase DNA strand breaks and 
mutant frequency at the hprt locus in Chinese hamster ovary (CHO) cells. To elucidate the 
mechanism of this synergy, molecular analyses of hprt mutants were performed. Recently, our 
laboratory showed that folate deficiency increased the percentage of clones with intragenic 
deletions after exposure to ethyl methanesulfonate (EMS) but not N-nitroso-N-ethylurea (ENU) 
compared to clones recovered from folate replete medium. This report describes molecular 
analyses of the 37 hprt mutant clones obtained that did not contain deletions. Folate deficient 
cells treated with EMS had a high frequency of G>A transitions at non-CpG sites on the non-
transcribed strand, particularly when these bases were flanked on both sides by G:C base pairs. 
Thirty-three percent of these mutations were in the run of six G's in exon 3. EMS-treated folate 
replete cells had a slightly (but not significantly) lower percentage of G>A transitions, and the 
same sequence specificity. Treatment of folate deficient CHO cells with ENU resulted in 
predominantly T>A transversions and C>T transitions relative to the non-transcribed strand. 
These findings suggest a model to explain the synergy between folate deficiency and alkylating 
agents: (1) folate deficiency causes extensive uracil incorporation into DNA; (2) greatly increased 
utilization of base excision repair to remove uracil and to correct alkylator damage leads to error-
prone DNA repair. In the case of EMS, this results in more intragenic deletions and G:C to A:T 
mutations due to impaired ligation of single-strand breaks generated during base excision repair 
and a decreased capacity to remove O6-ethylguanine. In the case of ENU additional T>A 
transversions and C>T transitions are seen, perhaps due to mis-pairing of O2-ethylpyrimidines. 
Correction of folate deficiency may reduce the frequency of these types of genetic damage during 
alkylator therapy. 

 

Branda, R. F., J. P. O'Neill, et al. (2001). "The effect of folate deficiency on the cytotoxic and mutagenic 
responses to ethyl methanesulfonate in human lymphoblastoid cell lines that differ in p53 status." 
Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis 473(1): 51. 

 http://www.sciencedirect.com/science/article/B6T2C-428FM50-
6/2/0413baa0368923fdb3f01c5926ccffcc  

 Folic acid deficiency acts synergistically with alkylating agents to increase genetic damage at the 
HPRT locus in Chinese hamster ovary cells in vitro and in rat splenocytes in vivo. The present 
studies extend these observations to human cells and, in addition, investigate the role of p53 
activity on mutation induction. The human lymphoblastoid cell lines TK6 and WTK1 are derived 
from the same parental cell line (WI-L2), but WTK1 expresses mutant p53. Treatment of folate-



replete or deficient WTK1 and TK6 cells with increasing concentrations (0-50 [mu]g/ml) of ethyl 
methanesulfonate (EMS) resulted in significantly different HPRT mutation dose-response 
relationships (PG>A transition on the non-transcribed strand. These transitions were mainly at 
non-CpG sites, particularly when these bases were flanked 3' by a purine or on both sides by G:C 
base pairs. A smaller number of G>A transitions occurred on the transcribed strand (C>T=14%), 
resulting in 79% total G:C>A:T transitions. There were more genomic deletions in folate-deficient 
(15%) as compared to replete cells (4%) of both cell types. Mutations that altered RNA splicing 
were common in both cell types and under both folate conditions, representing 33% of the total 
mutations. These studies indicate that cells expressing p53 activity exhibit a higher rate of 
mutation induction but are more sensitive to the toxic effects of alkylating agents than those 
lacking p53 activity. Folate deficiency tends to reduce toxicity but increase mutation induction 
after EMS treatment. The p53 gene product did not have a major influence on the molecular 
spectrum after treatment with EMS, while folate deficiency increased the frequency of deletions in 
both cell types. 

 

Brisebois, J. J. and M. S. DuBow (1993). "Selection for spontaneous null mutations in a chromosomally-
integrated HSV-1 thymidine kinase gene yields deletions and a mutation caused by intragenic 
illegitimate recombination." Mutation Research/Fundamental and Molecular Mechanisms of 
Mutagenesis 287(2): 191. 

 http://www.sciencedirect.com/science/article/B6T2C-47PCN50-
2R/2/557d85d561bc6f79e3c1ce737a92e2bb  

 Spontaneous null mutations represent low frequency events that irreversibly and completely 
inactivate a gene, and can often consist of major gene alterations. To study the molecular 
mechanisms leading to recessive spontaneous null mutations in the human genome, we 
designed and tested a selection procedure in cell culture to enrich for this rare class of 
spontaneous mutations. The KT cell line contains the herpes simplex virus type 1 (HSV-
1)_thymidine kinase (tk) gene and the neomycin-resistance gene (neo), from plasmid 
pSV2neoKT, integrated as a single-copy in the human tk- cell line 143B. The HSV-1 tk gene was 
the target for spontaneous gene inactivation, and antiviral drugs (acyclovir, trifluorothymidine and 
ganciclovir) were used, in combination, to provide a selective enrichment for null mutations over 
the background of more frequent and revertible point mutations. The tk- mutations obtained with 
this multiple drug selection assay appeared at a very low frequency, rarely reverted to wild-type 
(tk+), and the TK protein was observed only in 4.8% of these null mutants. Deletions of the entire 
tk gene, or its 3' region, constituted the major class of DNA rearrangements seen in the null 
mutations. Additionally, one of the null mutants contained an intragenic 106-bp duplication within 
a 43-bp deleted region of the tk gene. We propose this mutation to be the outcome of an 
intragenci gene conversion event which may have been facilitated by short regions of junctional 
homology. 

 

Brooks, E. M., R. F. Branda, et al. (2001). "Molecular description of three macro-deletions and an Alu-Alu 
recombination-mediated duplication in the HPRT gene in four patients with Lesch-Nyhan 
disease." Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis 476(1-2): 
43. 

 http://www.sciencedirect.com/science/article/B6T2C-42YW37B-
5/2/1486006039ca23f1f5b58112cd3868a3  

 Mutations in the HPRT gene cause a spectrum of diseases that ranges from hyperuricemia alone 
to hyperuricemia with profound neurological and behavioral dysfunction. The extreme phenotype 
is termed Lesch-Nyhan syndrome. In 271 cases in which the germinal HPRT mutation has been 



characterized, 218 different mutations have been found. Of these, 34 (13%) are large- (macro-) 
deletions of one exon or greater and four (2%) are partial gene duplications. The deletion 
breakpoint junctions have been defined for only three of the 34 macro-deletions. The molecular 
basis of two of the four duplications has been defined. We report here the breakpoint junctions for 
three new deletion mutations, encompassing exons 4-8 (20 033 bp), exons 4 and 5 (13 307 bp) 
and exons 5 and 6 (9454 bp), respectively. The deletion breakpoints were defined by a 
combination of long polymerase chain reaction (PCR) amplifications, and conventional PCR and 
DNA sequencing. All three deletions are the result of non-homologous recombinations. A fourth 
mutation, a duplication of exons 2 and 3, is the result of an Alu-mediated homologous 
recombination between identical 19 bp sequences in introns 3 and 1. In toto, two of three 
germinal HPRT duplication mutations appear to have been caused by Alu-mediated homologous 
recombination, while only one of six deletion mutations appears to have resulted from this type of 
recombination mechanism. The other five deletion mutations resulted from non-homologous 
recombination. With this admittedly limited number of characterized macro-mutations, Alu-
mediated unequal homologous recombinations account for at least 8% (3 of 38) of the macro-
alterations and 1% (3 of 271) of the total HPRT germinal mutations. 

 

Burvall, K., M. Ridanpaa, et al. (1993). "Separation of transforming N-ras mutations in codons 12, 13 and 
61 by denaturing gradient gel electrophoresis: investigation based on a set of phagemid 
constructs." Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis 285(2): 
287. 

 http://www.sciencedirect.com/science/article/B6T2C-47PCNK6-
8F/2/c0a5dc38c987023d4c455a109a7fce9c  

 In the present study we have introduced 19 activating base pair substitutions into N-ras cDNA by 
use of an in vitro site-directed mutagenesis system. Six mutants were constructed for N-ras 
codon 12 (exon 1), six for codon 13 (exon 1), and seven for codon 61 (exon 2). Fifteen out of 19 
PCR-amplified mutation sequences showed a clear separation from the wild type of denaturing 
gradient gel electrophoresis runs as homoduplex band, and the rest could be separated after 
heteroduplex formation with wild-type DNA. These constructs can be used as controls in many 
screening systems for analyzing activating point mutations of the N-ras gene. 

 

Cattaneo, M., M. Zollo, et al. (2001). "Allelic polymorphisms in the transcriptional regulatory region of 
human SEL1L." Mutation Research/Mutation Research Genomics 458(3-4): 71. 

 http://www.sciencedirect.com/science/article/B6T2F-453BS2D-
2/2/6a0ce9b51263125ba3168099e89b3fef  

 In this work, we explored the existence of genetic variants within the SEL1L transcriptional 
regulatory region by direct sequencing of the basal promoter. SEL1L is the human ortholog of the 
Caenorhabditis elegans gene sel-1, a negative regulator of LIN-12/NOTCH receptor proteins. To 
understand the relation in SEL1L transcription pattern observed in different epithelial cells, we 
analysed its promoter activity. We found it to be considerably higher only in pancreatic cells. We 
then looked for the presence of genetic variability within this region by sequencing the minimal 
promoter of 63 individuals (126 alleles); two new and associated polymorphic variants were found 
only in few lung carcinoma bearing patients. The functional effects of this polymorphism was 
analysed by transient transfection assay which resulted in a significant increase in the 
transcriptional activity of the gene. 

 



Chakravarti, D., P. C. Mailander, et al. (2000). "Evidence that error-prone DNA repair converts 
dibenzo[a,l]pyrene-induced depurinating lesions into mutations: formation, clonal proliferation and 
regression of initiated cells carrying H-ras oncogene mutations in early preneoplasia." Mutation 
Research/Fundamental and Molecular Mechanisms of Mutagenesis 456(1-2): 17. 

 http://www.sciencedirect.com/science/article/B6T2C-41P18S3-
2/2/f724e51e501aa29c3bd92e563fee9eeb  

 Initiation of skin tumors in mice is associated with the formation of oncogenic mutations in the H-
ras gene. Mice treated on the dorsal skin with the potent polycyclic aromatic hydrocarbon (PAH) 
carcinogen dibenzo[a,l]pyrene (DB[a,l]P) form papillomas carrying the H-ras codon 61 (CAA to 
CTA) mutations. These mutations are induced in early preneoplastic skin within 1 day after 
DB[a,l]P treatment (Oncogene 16 (1998) 3203-3210) and appear to be related to DB[a,l]P-Ade-
depurinating adducts (Proc. Natl. Acad. Sci. U. S. A. 92 (1995) 10422-10426). The rapid kinetics 
of mutation induction suggests that abasic sites generated from base depurination may undergo 
error-prone excision repair in pre-S-phase cells to induce these mutations. Analysis of mutations 
in the H-ras exon 1 and 2 region in DB[a,l]P-treated early preneoplastic skin indicated great 
changes in mutation spectra in the preneoplastic period. The initial spectra contained abundant 
A->G mutations, which frequently occurred 3' to a putative conserved sequence (TGN-doublet). 
These mutations appeared to be induced initially as mismatched (G.T) heteroduplexes and then 
converted into double-stranded mutations by one round of replication. Unlike the A->G mutations 
found in DB[a,l]P-treated skin (which forms 99% depurinating adducts), A->G mutations found in 
anti-DB[a,l]P-diol epoxide-treated skin (forms 97% stable adducts) did not appear to be G.T 
heteroduplexes. These results, therefore, suggest that under these conditions, the repair errors 
occurred only from abasic sites but not from stable adducts. Initiated cells carrying specific 
oncogenic mutations, formed presumably by misrepair, underwent rapid clonal expansion and 
regression (transient clonoplasia). The multiplication of initiated stem cells during transient 
clonoplasia may be a factor determining the tumor-initiating potential of some PAH carcinogens. 

 

Chen, J. B., V. N. Dobrovolsky, et al. (1999). "Development of a mouse cell line containing the [Phi]X174 
am3 allele as a target for detecting mutation." Mutation Research/Genetic Toxicology and 
Environmental Mutagenesis 444(2): 347. 

 http://www.sciencedirect.com/science/article/B6T2D-3XNJV81-
8/2/2d3846166dcb3891bb56e76c9d1be2db  

 Transgenic mice containing multiple copies of the [Phi]X174 am3 allele are being developed as a 
model for detecting tissue-specific in vivo mutation. In order to derive an analogous system for 
measuring am3 mutation in vitro, cells were cultured from 15-day-old C57Bl/6J mouse embryos 
that were homozygous for the transgene and these cells were transfected with a plasmid 
expressing the SV40 large T-antigen. Two G418-resistant colonies were isolated from this culture 
and expanded to continuously proliferating cell lines (PX-1 and PX-2). Line PX-2 was treated with 
up to 1.0 mg/ml of N-ethyl-N-nitrosourea (ENU), assayed for survival by cloning efficiency after 
overnight culture, and assayed for am3 mutations after 5 days of culture. Survival decreased to 
31% at the highest dose of ENU, while mutant frequency increased with dose from approximately 
2 x 10-7 in the untreated cells to 13 x 10-7 in cultures treated with 0.6 mg/ml of ENU. PX-2 cells 
also were treated with 0 and 0.6 mg/ml of ENU and mutant frequency assays were performed 
after 5, 24, 48 and 72 h of growth. The mutant frequency in the treated culture increased to 20 x 
10-7 at 48 h and remained approximately the same at 72 h. These results indicate that PX-2 cells 
should be a useful resource for developing the in vivo am3 mutant assay and for evaluating the 
sensitivity of the am3 allele to various classes of mutagens. 

 



Colussi, N., X. van Leeuwen, et al. (1998). "Similar mutational spectra in the HPRT gene of human and 
hamster cell lines after exposure to either low dose rate or high dose rate X-rays." Mutation 
Research/Fundamental and Molecular Mechanisms of Mutagenesis 401(1-2): 89. 

 http://www.sciencedirect.com/science/article/B6T2C-3SY9PXB-
N/2/e2534d8253f442c590663d195b58c787  

 The dose rate at which cells are exposed to X-rays may influence the nature of induced 
mutations. To investigate this, the molecular spectra were determined at the HPRT gene in a 
hamster (V79) and a human (WI-L2-NS) cell line after the same total dose of X-rays has been 
administered at either a low dose rate (LDR; 3.33 mGy/min) or a high dose rate (HDR; 1.24-1.4 
Gy/min) X-irradiation. Mutational spectra appeared similar, the fraction of mutants carrying 
deletions ranging between 59%-66% for the V79 strain and between 64%-75% for the WI-L2-NS 
strain, and independent of the irradiation conditions. The data indicate no effect of ongoing repair 
processes under LDR conditions on the kind of induced mutations in mammalian cells. 

 

Conforti-Froes, N., R. El-Zein, et al. (1997). "Predisposing genes and increased chromosome aberrations 
in lung cancer cigarette smokers." Mutation Research/Fundamental and Molecular Mechanisms 
of Mutagenesis 379(1): 53. 

 http://www.sciencedirect.com/science/article/B6T2C-3RC53GM-
6/2/75c4af4aeb5ad57d13ea56b696c100c4  

 Genotoxic effects linking cigarette smoking with lung cancer have not been consistently 
demonstrated, therefore claims for the cause-effect relationships are vigorously contested. Using 
matched populations of 22 lung cancer patients who have been cigarette smokers (LCP), 22 non-
cancerous cigarette smokers (SC) and 13 non-smokers (NSC), we have applied the fluorescence 
in situ hybridization (FISH) tandem probe assay to elucidate the frequency of chromosome 
breakage among the participants. Two probes were used, a classical satellite probe which 
hybridizes to the large heterochromatin region of chromosome 1, and an [alpha]-satellite probe 
which targets a small region adjacent to the heterochromatin probe. The highest frequency of 
structural aberrations was observed in LCP (1.4+/-0.1) followed by SC (1.25+/-0.1) and NSC 
(0.4+/-0.1). Aberration frequencies were not significantly different between LCP and SC (p>0.05), 
however, a statistically significant difference was detected between the smoker populations 
combined (LCP and SC) and the NSC (pr=0.5; p0.05). In addition, the aberration frequencies 
were influenced by the inheritance of polymorphic glutathione S-transferase (GST) genes. LCPs 
missing one or the other GST (GSTM1 or GSTT1) genes were found to have significantly higher 
chromosome breaks compared to LCPs with both genes present (p<0.05). Our data indicate that 
genetic predisposition and chromosome aberrations may be mechanistically related to the 
initiation of lung carcinogenesis; therefore, they may be useful biomarkers for lung cancer among 
cigarette smokers. 

 

Dabholkar, M., F. Bostick-Bruton, et al. (1993). "Expression of excision repair genes in non-malignant 
bone marrow from cancer patients." Mutation Research/DNA Repair 293(2): 151. 

 http://www.sciencedirect.com/science/article/B6T2B-47GGK7W-
1Y/2/11e50c161110bdb69633a06e19ba9be2  

 The patterns of expression of 3 human DNA-repair genes (ERCC1, ERCC2, ERCC6) were 
assessed in 52 bone-marrow specimens obtained from cancer patients prepared for autologous 
bone-marrow transplantation. Marrow was collected prior to the initiation of treatment in patients 



with sarcoma or testicular cancer; marrow was collected after initial cytoreductive therapy for 
patients with non-Hodgkin's lymphoma, Hodgkin's disease, and other tumors. Slot-blot analysis of 
marrow RNA showed a bimodal pattern of ERCC1, ERCC2 and ERCC6 gene expression with 
relative expression values ranging more than 200-fold. This pattern was seen in all patient groups 
and appeared to be independent of whether or not patients had received prior chemotherapy. In 
all patient groups, when expression was low for ERCC1, expression was also low for ERCC2 and 
ERCC6, suggesting that expression of these genes may be coordinated within an individual 
although they are located on two different chromosomes. Southern blot analyses of Pst I digest of 
DNA from 6 bone-marrow samples indicate no differences in ERCC1 gene copy number between 
high expressors and low expressors. There is absence of restriction fragment length 
polymorphism for ERCC1 suggesting that the different levels of expression in high and low 
expressors were not due to major deletions or rearrangements of the ERCC1 gene. We conclude 
that expression of these ERCC genes may vary widely between individuals, and that within an 
individual, their expression may be linked and coordinated by a common regulatory mechanism. 
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among human T-cell lymphocytes." Mutation Research/Fundamental and Molecular Mechanisms 
of Mutagenesis 288(1): 173. 
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 For the analysis of mutation in human T-cell lymphocytes, it is crucial to determine the clonal 
relationship between isolated mutants, particularly if they harbour identical mutations. Here we 
report an efficient method to determine the clonal relationships between these cells. The method 
is based on the analysis of restriction fragment length polymorphisms of a polymerase chain 
reaction amplified, rearranged T-cell receptor [gamma]-gene. As few as 600 cells are sufficient, 
regular agarose gels can be used for the separation of the restriction fragments, no radioactive 
label is required, and results can be obtained in 2 days. 
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 An experimental system has been developed to study in vivo autosomal mutations in murine 
splenic lymphocytes. Mutant lymphocytes were isolated by immunocytotoxicity using monoclonal 
antibodies directed against the k and d alleles of the K and D H-2 histocompatibility loci and were 
enumerated using limiting-dilution cloning. Genomic allele loss in mutant clones was detected 
using allele-specific primers in a polymerase chain reaction. Mutant clones were classified on the 
basis of phenotypic and genotypic criteria into "no change", deletion or recombination mutants. 
The geometric mean mutation frequency in 102 mice was 2.42 x 10-4. Detailed phenotypic and 
genotypic study of 87 mutant clones from 4 mice revealed "no change" mutants in 83%, mutants 
due to deletion in 7% and mutants due to recombination in 7%. Anomalous results were obtained 
in 3% of mutant clones.The development of an animal model for study of in vivo mutations at an 
autosomal locus will further advance study of mutations, particularly those involving chromosomal 
changes such as mitotic recombination. 
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 Aflatoxin B1 (AFB1) is a mutagenic and carcinogenic mycotoxin which may play a role in the 
etiology of human liver cancer. In vitro studies have shown that AFB1 adducts form primarily at 
the N7 position of guanine. Using quantitative PCR (QPCR) and ligation-mediated PCR 
(LMPCR), we have mapped total AFB1 adducts in genomic DNA treated with AFB1-8,9-epoxide 
and in hepatocytes exposed to AFB1 activated by rat liver microsomes or human liver and 
enterocyte microsomal preparations. The p53 gene-specific adduct frequencies in DNA, modified 
in cells with 40-400 [mu]M AFB1, were 0.07-0.74 adducts per kilobase (kb). In vitro modification 
with 0.1-4 ng AFB1-8,9-epoxide per microgram DNA produced 0.03-0.58 lesions per kb. The 
adduct patterns obtained with the epoxide and the different microsomal systems were virtually 
identical indicating that adducts form with a similar sequence-specificity in vitro and in vivo. The 
lesions were detected exclusively at guanines with a preference towards GpG and methylated 
CpG sequences. The methods utilizing QPCR and LMPCR thus provide means to assess gene-
specific and sequence-specific AFB1 damage. The results also prove that microsomally-mediated 
damage is a suitable method for avoiding manipulations with very unstable DNA-reactive 
metabolites and that this damage can be detected by QPCR and LMPCR. 
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 Effluents from pulp and paper mills that historically have used elemental chlorine in the bleaching 
process have been implicated in inhibiting reproduction in fish. Compounds with estrogenic and 
androgenic binding affinities have been found in these effluents, suggesting that the impairment 
of reproduction is through an endocrine-related mode of action. To date, a great deal of attention 
has been paid to phytoestrogens and resin acids that are present in mill process streams as a 
result of pulping trees. Estrogen and estrogen mimics interact directly with the estrogen receptor 
and have near immediate effects on gene transcription by turning on the expression of a unique 
set of genes. Using differential display (DD) RT-PCR, we examined changes in gene expression 
induced by exposure to paper mill effluents. Largemouth bass were exposed to 0, 10, 20, 40, and 
80% paper mill effluent concentrations in large flow-through tanks for varied periods of time 
including 7, 28 or 56 days. Plasma hormone levels in males and females and plasma vitellogenin 
(Vtg) in females decreased with dose and time. Measurements of changes in gene expression 
using DD RT-PCR suggest that the gene expression patterns of male fish do not change much 
with exposure, except for the induction of a few genes including CYP 1A, a protein that is induced 
through the action of the Ah receptor in response to dioxin and similar polyaromatic 
hydrocarbons. However, in the case of females, exposure to these effluents resulted in an up-
regulation of CYP 1A that was accompanied by a generalized down-regulation of genes normally 
expressed during the reproductive season. These antiestrogenic changes are in agreement with 
previous studies in bass exposed to these effluents, and could result in decreased reproductive 
success in affected populations. 
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 Sequence analysis of the tyrosinase (TYR) coding region from one albino rhesus monkey 
(Macaca mulatta) family revealed that the two monkeys with phenotype similar to human TYR-
negative oculocutaneous albinism (OCA) were homozygous for a missense mutation (S184TER) 
in exon 1 at codon 184. The offspring of one of the albino monkey ("Kangkang") are all 
heterozygous for the S184TER mutation, but the S184TER mutation was not observed in 93 
control individuals. We conclude that the point mutation is responsible and sufficient to generate 
the albino rhesus monkey phenotype. The rough age of the S184TER nonsense mutation may be 
about 0.8 million years using a rate of 0.16% per million years. 
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 Tissues from nine species of plants and fungi were treated separately with eight solutions, 
including seven cytological fixatives (3.7% formaldehyde at pH 3.0 and 7.0, FAA at pH 3.0 and 
7.0, 1% glutaraldehyde at pH 3.0 and 7.0, and Lavdowsky's fluid at pH 3.0) and one storage 
buffer (SED=NaCl-EDTA-DMSO, pH 7.0). DNA from untreated tissue and SED-treated tissue 
was of high molecular weight (>50 kb). DNA from glutaraldehyde-treated tissues averaged 20 kb 
in length, while DNA from all other treatments averaged less than 8 kb in length. Each DNA was 
subjected to amplification using the polymerase chain reaction, followed by sequencing of 250 bp 
near the 3' end of the nuclear rRNA small subunit gene. Glutaraldehyde treatments (at pH 3.0 
and 7.0) produced damaged bases at rates of 0.0% to less than 0.1%. Treatments with 
Lavdowsky's fluid (containing mercuric chloride), FAA at pH 7.0, and SED produced rates of 0.0% 
to 3.6%. FAA at pH 3.0 produced rates of 7.6% to 15.6%. Nearly 100 attempts to amplify from 
specimens treated with 3.7% formaldehyde (at pH 3.0 and 7.0) failed, indicating extreme damage 
to the DNA. 
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 A new approach to monitoring UV damage and repair in the human genome has been developed. 
The proposed approach is based on a combination of features unique to interspersed repetitive 
Alu elements, and the ability of certain DNA lesions to block Taq polymerase-mediated DNA 
synthesis: namely, the extraordinary abundance of Alu repeats throughout the human genome in 
conjunction with distinct sequence motifs comprising long runs of T residues which are likely 
targets for formation of UV lesions. Hence, Taq polymerase-mediated extension synthesis with 
Alu specific primers was employed to visualize formation of discrete predicted adducts within the 
element. Several variations of the Alu-primer driven amplification protocol were developed to 
monitor the following aspects of damage: (i) induction of UV-photoproducts at predicted sites 
within the Alu sequence, (ii) modification of extension synthesis profiles, (iii) UV dose dependent, 
quantitative inhibition of Alu-primer driven amplification. The assays reveal sites of predicted Taq 



polymerase blockage within the Alu sequence, a global decrease in the mean length of extension 
products, and a measurable reduction in the quantity of extension products that is inversely 
proportional to UV dose. Thus, the exceptional abundance of Alu repeats and their primary 
sequence features, in combination with the ability of UV lesions to block elongation by Taq 
polymerase, provide a novel and sensitive system for detecting UV damage in the human 
genome. The system detects UV damage at levels that are compatible with cellular DNA repair, 
and provides a unique amplification-based protocol for probing the overall integrity of human 
DNA. 
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 Human pancreatic malignancies originating from duct cells most frequently demonstrate 
activation of Ki-ras gene by G-to-A transition at codons 12 and 13. Rat pancreatic exocrine 
tumors more frequently and almost exclusively derive from acinar cells and thus differ 
morphologically from human pancreatic neoplasms. Male Wistar rats fed with 2% gabapentin (1-
(aminomethyl)cyclohexane acetic acid) in diet for 2 years developed pancreatic exocrine 
adenomas and adenocarcinomas. To study the mutations in Ki-ras gene, rat pancreatic 
proliferative lesions induced by gabapentin were retrospectively analyzed by PCR amplification of 
DNA isolated from paraffin sections of formalin-fixed rat pancreatic adenomas and 
adenocarcinomas, using specific primers for regions encoding exon 1 (codon 12/13) and exon 2 
(codon 61). The amplified 110-bp fragments of exon 1 and exon 2 were analyzed for mutations at 
codon 12/13 and 61. The results showed Ki-ras mutations at codon 12 in human pancreatic 
carcinomas. Novel mutations GGT-to-TGT and GGT-to-CGT were detected at codon 12 in 1/5 
and 2/5 human pancreatic tumors. Rat adenomas or carcinomas induced by gabapentin 
expressed wild type sequences at codons 12, 13 and 61. These findings were confirmed by 
allele-specific oligonucleotide hybridization, single-strand confirmation polymorphism of exon 1 
and direct sequencing of exon 1 and exon 2. The absence of mutations in these rat pancreatic 
tumors suggests that these tumors do not correspond to the human tumors, and that the 
pathogenesis of this rodent tumor formation may follow different molecular mechanisms. 
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 We performed a study on Belarusian "liquidators", exploring whether increase in the frequencies 
of germline mutations at microsatellite loci could be found in their progeny. The liquidators, mostly 
young males, were those involved (during 1986 and 1987) in clean-up operations in the 
radioactively contaminated area following the Chernobyl nuclear power plant accident in 1986. 
Many liquidators fathered children during the clean-up period and after the work had been 
terminated. The numbers of families studied were 64 (liquidators) and 66 (controls). A total of 72 
loci (31 autosomal, one X-linked and 40 Y-linked) were used. DNA was isolated from peripheral 
blood lymphocytes and the microsatellite loci were amplified by the polymerase chain reaction 
with fluorescence-labelled primers. Mutations were detected as variations in the length of the 
loci.At the Y-linked loci, the mutation rates (expressed as number of mutations among the total 



number of loci for the individuals included) are 2.9 X 10-3 (4/1392) and 2.1 X 10-3 (3/1458) in the 
children of exposed and control parents, respectively. This difference is not statistically 
significant. At the autosomal loci, the corresponding estimates are 5.9 X 10-3 (11/1862; exposed 
group) and 8.5 X 10-3 (18/2108; control). Again, the difference is not significant. The possibility 
that the Belarusian population might have been unexpectedly exposed to some chemical 
contaminants in the environment appears unlikely in view of the finding that the spontaneous 
mutation rates at the same set of loci in several non-Belarusian populations were similar to those 
in Belarus. The estimated mean radiation dose to the liquidators was small, being about 39 mSv, 
and this might be one reason why no increases in mutation rates due to radiation could be found. 
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 Etoposide is among the most widely used anti-cancer drugs. Its use, however, has been 
associated with increased risk of secondary acute myeloid leukemia (AML) which is characterized 
by chromosomal translocations suggesting involvement of recombination-associated motifs at the 
breakpoints. A PCR-based assay was developed to quantitate the frequency of two illegitimate 
V(D)J recombinase-mediated genomic rearrangements--a 20-kb deletion in the hprt gene and the 
bcl2/IgH translocation (t(14;18)) found in non-Hodgkin's lymphoma. We examined both 
lymphocyte and non-lymphocyte blood cell DNA of children with acute lymphoblastic leukemia 
(ALL) for changes in the frequencies of these biomarkers during etoposide therapy to determine 
the level of illegitimate V(D)J recombination changes during therapy. A low level of t(14;18) was 
found in the lymphocytes before etoposide treatment, which was significantly reduced during 
etoposide therapy. In before-etoposide samples, no t(14;18) were found among 7.72 x 107 non-
lymphocytes; during treatment none were found among 1.87 x 108 non-lymphocytes. Deletions 
were not found before etoposide treatment in either the lymphocytes (6.67 x 107) or non-
lymphocytes (5.43 x 107) and were non-significantly elevated during etoposide therapy (1 in 1.4 x 
108 lymphocytes and 1 in 1.39 x 108 non-lymphocytes). It is interesting to note the one patient 
with an hprt deletion mutation in non-lymphocytes; V(D)J recombination is not normally found in 
this cell type, but is the cell type from which AML derives. Several patients had clones of t(14;18)-
bearing cells as determined by DNA sequence analysis. These results suggest that this 
etoposide-based chemotherapy was ineffective in producing genomic rearrangements mediated 
by illegitimate V(D)J recombination in these patients. 
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 Molecular alterations were examined in the hypoxanthine guanine phosphoribosyltransferase 
(hprt) gene of 41 independent X-ray-induced thioguanine-resistant (TGR) Chinese hamster ovary 
(CHO) cell clones. Rapid screening of the clones by multiplex polymerase chain reaction (PCR) 
for the presence or absence of exons revealed that the causes of the mutant phenotype were 
total gene deletion (26/41), partial gene deletion (4/41), and an insertion (1/41). No alterations of 
exon number or sizes were apparent in 10 of the mutants. Southern blot analysis confirmed the 
deletion data and revealed an additional class of mutants that had a gene disruption but retained 



all hprt exons (2/41). Therefore, at least 80% of the ionizing radiation-induced mutations were due 
to mechanisms involving DNA breakage are rejoining. The distribution of deletion sizes that the 
two DNA breaks required for a deletion are not independent events. A possible mechanism is 
presented.In addition, the DNA sequence of the insertion mutation was determined. The insertion 
(229 bp) is coupled with a deletion (31 bp). An imperfect inverted repeat with flanking hprt DNA 
was identified and may be involved in the insertion event. 
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 The p16-cyclin D-Cdk4(6)-pRB-E2F and p73 pathways are involved in the control of cell-cycle 
progression, and genetic lesions in both pathways frequently occur in breast carcinomas and 
other human cancers. The p16INK4a gene is involved in regulation of the G1/S transition, and 
when overexpressed, the p73 gene activates transcription of p53-responsive genes and promotes 
apoptosis. These pathways are related, for instance, p73 is also downstream of E2F-1, since 
E2F-1 induces p73-mediated apoptosis in the absence of p53. We studied 93 breast cancer 
patients to identify alterations in the expression of p16INK4a and p73 by semiquantitative RT-
PCR analysis and possible interactions between them and correlations with clinicopathological 
parameters. p73 was overexpressed in 24 cases. Overexpression of p16INK4a was detected in 
17 cases and underexpression in 32 cases. A significant correlation was observed between the 
overexpression of both genes (P = 0.05). Concurrent overexpression of p73 and p16INK4a was 
significantly correlated with metastases in three or more lymph nodes (P = 0.0007), positive 
immunohistochemistry for p53 (P = 0.014), vascular invasion (P = 0.048) and negative 
progesterone receptors (P = 0.004). These results indicate that concomitant overexpression of 
p16INK4a and p73 may be involved in breast cancer and associated with poor tumor 
characteristics. 
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 The two distinct mucAB and samAB operons originally isolated from the plasmids of Salmonella 
typhimurium encode proteins engaged in induced mutagenesis. They represent two extreme 
cases among the so far characterized members of the enterobacterial umuDC family in respect to 
both the strength and the specificity of their effect. It is suggested that the MucA and SamA 
proteins are post-translationally processed to MucA' and SamA', respectively, which lack the N-
terminal 25 amino acids and are the active species in mutagenesis. For the purpose of 
characterizing the individual activities of these proteins, we developed a new system for their 
SOS-independent separate and controllable expression in enterobacteria. Besides the matured 
forms of MucA', SamA' as well as MucB and SamB proteins we also expressed hybrid HisTag-
MucA' and HisTag-SamA' proteins in which a synthetic 24 amino acid HisTag region replaces the 
natural 25 amino acid N-terminal leader present in the MucA and SamA precursors. In this study, 
we analyzed the effect of the mutagenesis proteins on the UV mutability of S. typhimurium 
YG5144. None of the proteins, if expressed alone, promoted UV mutagenesis. Different 



combinations of the proteins promoted mutagenesis to different extents in the order MucA' + 
MucB > SamA' + SamB >= HisTag-MucA' + MucB >= SamA' + MucB > MucA' + SamB > HisTag-
SamA' + SamB. The mutagenesis enhancing potential of the combinations with MucB protein 
decreased as the expression of the proteins increased while the mutagenesis enhancing potential 
of the combinations with SamB protein increased together with the increase in the expression. 
The artificially expressed MucA' + MucB proteins were as active as their MucAB counterparts 
expressed from the plasmid pKM101 in promoting UV mutagenesis, but they were remarkably 
more efficient than their pKM101-born counterparts in promoting spontaneous mutagenesis. We 
conclude that the MucA'B and SamA'B proteins are partly interchangeable and the functionality of 
the resulting A' + B complex is largely dependent on the appropriate B-protein. 
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 Potassium bromate (KBrO3) induces DNA damage and tumors in mice and rats, but is a relatively 
weak mutagen in microbial assays and the in vitro mammalian Hprt assay. Concern that there 
may be a human health risk associated with bromate, a disinfectant by-product of ozonation, has 
accompanied the increasing use of ozonation as an alternative to chlorination for treatment of 
drinking water. In this study, we have evaluated the mutagenicity of KBrO3 and sodium bromate 
(NaBrO3) in the Tk gene of mouse lymphoma cells. In contrast to the weak mutagenic activity 
seen in the previous studies, bromate induced a mutant frequency of over 100 x 10-6 at 0.6 mM 
with minimal cytotoxicity (70-80% survival) and over 1300 x 10-6 at 3 mM (~10% survival). The 
increase in the Tk mutant frequency was primarily due to the induction of small colony of Tk 
mutants. Loss of heterozygosity (LOH) analysis of 384 mutants from control and 2.7 mM KBrO3-
treated cells showed that almost all (99%) bromate-induced mutants resulted from LOH, whereas 
in the control cultures 77% of the Tk mutants were LOH. Our results suggest that bromate is a 
potent mutagen in the Tk gene of mouse lymphoma cells, and the mechanism of action primarily 
involves LOH. The ability of the mouse lymphoma assay to detect a wider array of mutational 
events than the microbial or V79 Hprt assays may account for the potent mutagenic response. 
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 Two immortal fibroblastic cell strains (substrains) were established by culturing healthy skin cells 
obtained from a high-dose atomic bomb survivor (female, age 76 years, 5.14 Gy) for more than 4 
years. Designated FM-U and FM-M, the two substrains share the same marker chromosome, 
t(5q-;6p+), but are karyotypically different, possessing hypodiploid chromosome numbers (39-43) 
in the former and hypertriploid (69-76) in the latter. Thus far, the two strains have passed through 
117 and 156 subcultures or more than 230 and 310 cumulative population doublings, 
respectively, each passage requiring 4-6 days in the former and 3-4 days in the latter. In the 
process of immortalization, sequential rearrangement among various chromosomes presumably 
due to telomeric and interstitial telomeric fusions took place following the telomere shortening, 
particularly in the senescence and postsenescence phase cells. Of particular interest is the fact 
that loss of heterozygosity (LOH) of the p53 gene was demonstrated in these immortalized cell 



populations. In addition, the allelic patterns of the LOH of p53 differed. Further evidence indicative 
of infinite proliferation was demonstrated in both strains, such as the telomere elongation and the 
significantly low frequency of cells possessing dicentric chromosomes. 
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 In this report we describe a simple and rapid protocol for reliable quantitation of mitochondrial 
DNA (mtDNA) mutations, which is basically a modification of the traditional polymerase chain 
reaction (PCR)/restriction fragment length polymorphism (RFLP) analysis technique. Up to now, 
the PCR/RFLP method has been of limited use for the accurate determination of ratios of mutant 
and wild type molecules, largely owing to the formation of heteroduplex molecules by PCR and 
incompleteness of restriction digestion. In order to overcome this problem, we have introduced a 
single-step primer extension reaction using VentR(R)(exo-) DNA polymerase and a fluorescence-
labeled primer to the standard assay. The labeled homoduplex molecules are then digested with 
a restriction endonuclease, and the nucleic acids fractionated on an automated DNA sequencer 
equipped with GENESCAN(TM) analysis software. The amount of mutant mtDNA is readily 
estimated from fluorescence intensities of the wild-type and mutant mtDNA fragments corrected 
for incomplete digestion as monitored by a homologous control fragment. The accuracy of the 
improved protocol was determined by constructing standard curves obtained from defined 
mixtures of genomic DNA containing homoplasmic wild-type and mutant mtDNA. The expected 
values were obtained, with an observed correlation coefficient of 0.997 and a typical variability of 
+/-5% between repeated measurements. Further validation of the protocol is provided by the 
screening of five patients and unaffected subjects carrying the guanine to adenine transition at 
the nucleotide 3460 of the mitochondrial genome responsible for the mitochondrial disorder of 
Leber's hereditary optic neuropathy. 
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 In this paper, the cloning and nucleotide sequence of the cDNA of the rat gene coding for 
hypoxanthine-guanine phosphoribosyltransferase (hprt) is reported. Knowledge of the cDNA 
sequence is needed, among other reasons, for the molecular analysis of hprt mutations occurring 
in rat cells, such as skin fibroblasts isolated according to the granuloma pouch assay. The rat hprt 
cDNA was synthesized and used as a template for in vitro amplification by PCR. For this purpose, 
oligonucleotide primers were used, the nucleotide sequences of which were based on mouse and 
hamster hprt cDNA sequences. Sequence analysis of 1146 bp of the amplified rat hprt cDNA 
showed a single open reading frame of 654 bp, encoding a protein of 218 amino acids. In the 
predicted rat hprt amino acid sequence, the proposed functional domains for 5'-phosphorirobsyl-
1-pyrosphosphate (PRPP) and nuceotide binding in phosphoribosylating enzymes as well as a 
region near the carboxyl terminal part were highly conserved when compared with amino acid 
sequences of other mammalian hprt proteins. Analysis of hprt amino acid sequences of 727 
independent hprt mutants from human, mouse, hamster and rat cells bearing single amino acid 



substitutions revealed that a large variety of amino acid changes were located in these highly 
conserved regions, suggesting that all 3 domains are important for proper catalytic activity. The 
suitability of the hprt gene as target for mutational analysis is demonstrated by the fact that amino 
acid changes in at least 151 of the 218 amino acid residues of the hprt protein result in a 6-
thioguanine-resistant phenotype. 
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 The Saccharomyces cerevisiae RAD52 gene was introduced into the human fibrosarcoma-
derived cell line HT1080. Transfected cell lines that expressed the yeast transgene catalyzed 
inter-plasmid homologous DNA recombination at frequencies approx. 12-fold higher than did 
control cells. Additional experiments revealed that yeast RAD52 gene expression increased the 
level of resistance to the DNA damaging agents diepoxybutane, and methyl methanesulfonate, 
but did not alter sensitivity to ultraviolet radiation. These results indicate that the S. cerevisiae 
Rad52 protein can function in a human somatic cell background and provide support for the idea 
that a homologous recombination-based DNA repair process functions in mammalian somatic 
cells. 
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 In our previous studies, we have shown the mutagenicity of bleomycin (BLM) at the nuclear hprt 
locus. In the present study we have analyzed mutagenic effects of BLM in mitochondrial DNA 
(mtDNA) using short extension-PCR (SE-PCR) method for detection of low-copy deletions. Fisher 
344 rats were treated with a single dose of BLM and total DNA preparations from splenic 
lymphocytes were processed in SE-PCR assay. Spontaneous deletions were typically flanked by 
direct repeats (78.5%), while the in BLM-treated group, direct repeats were found in only 46.6% 
of breakpoints. The ratio between deletions based on direct repeats and random sequence 
deletions changed from 3.67 in control group to 0.87 in BLM-treated animals, which corresponds 
to an approximate 1.7-fold increase in the deletion mutation frequency. Furthermore, 62.5% of 
deletions not flanked by direct repeats in the treated group contained cleavage sites for BLM. The 
localization of breakpoints was not entirely random. We have found four clusters containing 
deletions from both groups indicative of deletion hot spots. The results indicate that BLM 
exposure may be associated with the induction of mtDNA mutations, and suggest the utility of 
SE-PCR method for evaluating drug-induced genotoxicity. 

 

Kinashi, Y., H. Nagasawa, et al. (1995). "Molecular structural analysis of 417 HPRT mutations induced by 
restriction endonucleases in Chinese hamster ovary (CHO) cells." Mutation 
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 CHO cells were exposed to 11 different restriction endonucleases by electroporation and their 
mutagenicity was measured. Nine of them have one or more recognition sites within exons of the 
HPRT gene, whereas the remaining two cut in introns only. The mutagenic efficiency of the 
various enzymes varied markedly; mutagenicity of Sau3AI was considerably higher than that of 
the other enzymes. Neither cytotoxicity nor mutagenicity could be related to the number or 
location of recognition sites within the cDNA. A total of 417 independent restriction enzyme 
induced mutant clones were isolated from 20 separate experiments for molecular analysis; all 
nine exons of the HPRT gene were analyzed by a modified multiplex deletion screening method 
with polymerase chain reaction (PCR) amplification. Among spontaneously arising mutants, 
70.8% showed no change in PCR pattern, indicating a small scale change (point mutation), 
whereas partial deletions were observed in 24.7%, and total deletions in 4.5% of mutant clones. 
In contrast, approximately 70% of restriction enzyme induced mutants showed partial or total 
deletions. There was no obvious relationship between type of break (blunt versus staggered 
ends), and the DNA structure of the mutations induced. For partial deletions, the distribution of 
breakpoints within introns appeared to occur at random, and did not correlate with the 
mutagenicity of a given enzyme. Thus, though DNA double-strand breaks appear to be important 
mutagenic lesions that can induce a high frequency of deletion mutants, no specific relationship 
of mutagenic potential to the type of breaks, their sites within the HPRT gene or the molecular 
structure of the mutations induced could be identified. 
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clastogens." Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis 304(2): 
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 Several gpt+ transgenic cell lines were derived from hprt- V79 cells to study mutagenesis 
mechanisms in mammalian cells. The G12 cell line was previously shown to be hypermutable by 
X-rays and UV at the gpt locus compared to the endogenous hprt gene of the parental V79 cells 
(Klein and Rossman, 1990), and is now shown to be highly mutable by the clastogenic anti-tumor 
agent bleomycin sulfate. A second trasgenic cell line G10, which has a different gpt insertion site, 
was studied in comparison with G12. Both G12 and G10 cell lines carry the stable gpt locus at a 
single integration site in the Chinese hamster genome, and neither spontaneously deletes the 
integrated gpt sequence at a high frequency. Although spontaneous mutation to 6-thioguanine 
resistance in G10 cells is 3-4 times higher than in G12 cells, the cell lines differ to a much greater 
extent when mutated by clastogens. In comparison to G12 cells, the gpt locus in G10 cells is up 
to 13 times more sensitive to bleomycin mutagenesis and 5 times more responsive to X-ray 
mutagenesis. In contrast, there is much less difference in UV-induced mutagenesis and no 
differences in mutagenesis induced by alkylating agents such as N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG). The dose-dependent decrease in survival of the transgenic cells is the 
same for all mutagens tested, and does not differ from that of V79 cells. Neither transgenic cell 
line is generally hypermutable, since mutagenesis at an endogenous gene, Na+K+/ATPase, is 
similar to that of the parental V79 cell line. Although both cell lines can be induced to delete the 
transgene following clastogen exposure, deletions are not the only recovered mutations, and the 
cell lines can also be used to study mutations within the PCR recoverable gpt gene. The utility of 
these transgenic cells to investigate genome position effects related to mammalian mutagenesis 
mechanisms is discussed. 
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IncT plasmids, R394 and Rts-1." Mutation Research/Fundamental and Molecular Mechanisms of 
Mutagenesis 457(1-2): 1. 
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 Recent phylogenetic analysis of the superfamily of lesion-replicating DNA polymerases suggest 
that they can be broadly divided into four sub-groups comprised of UmuC-like, DinB-like, Rev1-
like and Rad30-like proteins. The UmuC-like sub-family is best characterized at the genetic level 
and sequence analysis of eleven umu orthologs, residing on bacterial chromosomes or on self-
transmissible R-plasmids allows further subdivision into five sub-groups (UmuDC, MucAB, 
ImpAB, RumAB and RulAB) based on amino acid sequence conservation. Some of these 
orthologs are apparently inactive in situ, but may promote increased mutagenesis and survival 
when subcloned and expressed from high-copy number plasmids. We were, therefore, interested 
in devising an assay that would identify umuC-like genes in situ in the absence of a functional 
assay. To this end, degenerate primers directed towards conserved amino acid regions within the 
UmuC-like sub-family of DNA polymerases were designed and used to identify mucAB-like 
operons on the IncT plasmids, R394 and Rts-1.Interestingly, DNA sequence analysis of an ~7 kb 
region of R394 identified two LexA-regulated genes immediately downstream of mucAB(R394) 
that are similar to the chromosomally-encoded Escherichia coli tus gene and the IncI plasmid-
encoded impC gene, respectively. Analysis of the R394 and Rts-1 mucB genes revealed that 
both contain insertions which result in the expression of a truncated inactive MucB protein. While 
R394 was unable to restore mutagenesis functions to a [Delta]umuDC E. coli strain, Rts-1 
surprisingly promoted significant levels of MMS-induced SOS mutagenesis, raising the possibility 
that Rts-1 encodes another, yet unidentified, umu-like homolog. 
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 Adaptation is a complex process by which populations of organisms respond to long-term 
environmental stresses by permanent genetic change. Here we present data from the natural 
"open-field" radiation adaptation experiment after the Chernobyl accident and provide the first 
evidence of the involvement of epigenetic changes in adaptation of a eukaryote-Scots pine (Pinus 
silvestris), to chronic radiation exposure.We have evaluated global genome methylation of control 
and radiation-exposed pine trees using a method based on cleavage by a methylation-sensitive 
HpaII restriction endonuclease that leaves a 5' guanine overhang and subsequent single 
nucleotide extension with labeled [3H] dCTP. We have found that genomic DNA of exposed pine 
trees was considerably hypermethylated. Moreover, hypermethylation appeared to be dependent 
upon the radiation dose absorbed by the trees. Such hypermethylation may be viewed as a 
defense strategy of plants that prevents genome instability and reshuffling of the hereditary 
material, allowing survival in an extreme environment. Further studies are clearly needed to 
analyze in detail the involvement of DNA methylation and other epigenetic mechanisms in the 
complex process of radiation stress and adaptive response. 
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 The biological and genetic effects of chronic low-dose radiation (LDR) exposure and its 
relationship to carcinogenesis have received a lot of attention in the recent years. For example, 
radiation-induced genome instability, which is thought to be a precursor of tumorogenesis, was 
shown to have a transgenerational nature. This indicates a possible involvement of epigenetic 
mechanisms in LDR-induced genome instability. Genomic DNA methylation is one of the most 
important epigenetic mechanisms. Existing data on radiation effects on DNA methylation patterns 
is limited, and no one has specifically studied the effects of the LDR. We report the first study of 
the effects of whole-body LDR exposure on global genome methylation in muscle and liver 
tissues of male and female mice. In parallel, we evaluated changes in promoter methylation and 
expression of the tumor suppressor gene p16INKa and DNA repair gene O6-methylguanine-DNA 
methyltransferase (MGMT).We observed different patterns of radiation-induced global genome 
DNA methylation in the liver and muscle of exposed males and females. We also found sex and 
tissue-specific differences in p16INKa promoter methylation upon LDR exposure. In male liver 
tissue, p16INKa promoter methylation was more pronounced than in female tissue. In contrast, 
no significant radiation-induced changes in p16INKa promoter methylation were noted in the 
muscle tissue of exposed males and females. Radiation also did not significantly affect 
methylation status of MGMT promoter. We also observed substantial sex differences in acute and 
chronic radiation-induced expression of p16INKa and MGMT genes. Another important outcome 
of our study was the fact that chronic low-dose radiation exposure proved to be a more potent 
inducer of epigenetic effects than the acute exposure. This supports previous findings that 
chronic exposure leads to greater genome destabilization than acute exposure. 
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 To date, eight closely related homologs of the Escherichia coli UmuC protein have been 
identified. All of these homologs appear to play critical roles in damage-inducible mutagenesis in 
enterobacteriaceae. Recently, a distantly related UmuC-homolog, DinB, has also been identified 
in E. coli. Using the polymerase chain reaction together with degenerate primers designed 
against conserved regions found in UmuC-like proteins, we have identified a new member of the 
UmuC-superfamily in the archeon Sulfolobus solfataricus. This new homolog shows high 
sequence similarity to DinB and a lower level of similarity to UmuC. As a consequence, we have 
called this new gene dbh(dinB homolog). Analysis of approximately 2.7 kb DNA encompassing 
the dbh region revealed several open reading frames (orfs). One, encoding a putative ribokinase, 
was located immediately upstream of dbh. This orf overlaps the dbh gene by 4 bp suggesting that 
both proteins might be coordinately expressed. Further upstream of the ribokinase-dbh locus was 
another orf encoding a potential ATPase homologous to two uncharacterized S. cerevisiae 
proteins (YD9346.02c and SC38KCXVI_20) and another E. coli DNA repair protein, RuvB. While 
this is the first report of a UmuC-like homolog in an archeon, we detected additional homologs 
using protein sequence comparisons in Gram-positive bacteria, cyanobacteria, and among 
potential human EST products, indicating that UmuC-related proteins comprise a ubiquitous 
superfamily of proteins probably involved in DNA repair and mutagenesis. 
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 In previously reported studies, we transfected repair-proficient murine fibroblasts with the denV 
gene of bacteriophage T4 and showed that expression of encoded endonuclease V markedly 
enhanced cyclobutane pyrimidine dimer (CPD) repair and reduced the frequency of ultraviolet 
radiation (UV)-induced mutations. In the present studies, we compared the spectra of UV-induced 
mutations at the hprt locus in denV-transfected and control cells. A significant difference in 
mutation types was observed. While multiple base deletions and single base insertions were 
found in denV-transfected but not control cells, multiple tandem and non-tandem point mutations 
identified in control cells were absent in denV-transfected cells. When we compared colony 
survival following UV exposure in the two cell lines, it appeared that endonuclease V expression 
did not enhance UV resistance, instead denV-transfected cells had increased susceptibility to low 
fluences of UV. The effects of endonuclease V expression on UV resistance and on UV 
mutational spectrum are likely to be due both to the removal of CPDs and to the novel enzymatic 
activity of endonuclease V. 
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E. coli B/r." Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis 246(1): 
139. 
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 A DNA fragment including most of the tyrA gene from E. coli B/r strain WU (Tyr-, Leu-) was 
amplified in vitro by polymerase chain reaction. The sequence was determined, first, for 
essentially all of the fragment to locate an ochre nonsense defect, and second, repeatedly for a 
region of the fragment from several independent isolates containing backmutations at the ochre 
codon (spontaneous and UV-induced). There were 20 single base differences in the tyrA gene 
region from the analogous wild-type E. coli K12 sequence: an ochre codon at amino acid position 
161, 18 silent changes (1 at the first codon base and 17 at the third) and one replacement of 
valine by alanine. Different backmutations at the ochre codon encoded lysine, glutamine, glutamic 
acid, leucine, cysteine, phenylalanine, serine or tyrosine. The diversities of base substitutions at 
the ochre codon after UV mutagenesis or after mutagenesis where targeting by dimers was 
reduced or eliminated (after photoreversal of irradiated cells treated with nalidixic acid to induce 
SOS functions or after UV mutagenesis of cells containing amplified DNA photolyase) were 
similar (with two notable exceptions). The overall differences between the gene sequences for E. 
coli K12 or B/r seemed consistent with the neutral theory of molecular evolution. 
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 In response to ionizing radiation and other agents that damage DNA, the p53 tumor suppressor 
protein activates multiple cellular processes including cell cycle checkpoints and programmed cell 
death. Although loss of p53 function is associated with radiation-induced genetic instability in cell 
lines, it is not clear if this relationship exists in vivo. To study the role of p53 in maintenance of 



genetic stability in normal tissues following irradiation, we have measured mutant frequencies at 
the adenine phosphoribosyltransferase (Aprt) and hypothanine-guanine 
phosphoribosyltransferase (Hprt) loci and examined mechanisms of loss of heterozygosity (LOH) 
in normal T cells of p53-deficient, Aprt heterozygous mice that were subjected to whole-body 
irradiation with a single dose of 4 Gy X-rays. The radiation-induced mutant frequency at both the 
Aprt and Hprt loci was elevated in cells from mice with different p53 genotypes. The radiation-
induced elevation of p53-/- mice was significantly greater than that of p53+/- or p53+/+ mice and 
was caused by several different kinds of mutational events at the both chromosomal and 
intragenic levels. Most significantly, interstitial deletion, which occurs rarely in unirradiated mice, 
became the most common mechanism leading to LOH in irradiated p53 null mice. These 
observations support the idea that absence or reduction of p53 expression enhances radiation-
induced tumorigenesis by increasing genetic instability at various loci, such as those for tumor 
suppressor genes. 

 

Lippert, M. J., Q. Chen, et al. (1998). "Increased transcription decreases the spontaneous mutation rate at 
the thymidine kinase locus in human cells." Mutation Research/Fundamental and Molecular 
Mechanisms of Mutagenesis 401(1-2): 1. 

 http://www.sciencedirect.com/science/article/B6T2C-3SY9PXB-
C/2/368f60f1c5931336047cce53ec9fcb89  

 Transcription increases DNA repair efficiency and modulates the distribution of certain types of 
DNA damage. Furthermore, increased transcription level stimulates spontaneous mutation rate in 
yeast. We explored whether transcription level affects spontaneous mutation rate in human cells. 
We first developed two thymidine kinase (tk) inducible human cell lines using the Gal4-Estrogen 
receptor system. In our TK6i-G3 and G9 tk heterozygous cell lines, the active tk allele is linked to 
an inducible promoter element. Tk mRNA is induced following treatment with estrogen. 
Spontaneous mutation rate was significantly decreased in human cell lines after induction in 
contrast to the report in yeast. Thus, humans may have evolved different or additional 
mechanisms to deal with transcription related spontaneous mutagenesis. 

 

Liu, P. K., J. M. Trujillo, et al. (1993). "Spectrum of spontaneous mutation in animal cells containing an 
aphidicolin-resistant DNA polymerase [alpha]." Mutation Research/Fundamental and Molecular 
Mechanisms of Mutagenesis 288(2): 229. 

 http://www.sciencedirect.com/science/article/B6T2C-47PCNN3-
8T/2/8b1d4fc54fdab5b5adfef3696b91ab34  

 We have used a polymerase chain reaction (PCR)-based exon screening assay to determine the 
spectrum of spontaneous hypoxanthine phosphoribosyltransferase (hprt) gene mutations 
occurring in an aphidicolin-resistant V79 Chinese hamster cell line (designated Aphr-4-2) that 
contains a mutant DNA polymerase-[alpha] and displays a spontaneous mutator phenotype. PCR 
analyses of 71 independent, 6-thioguanine (TG)-resistant sublines isolated from Aphr-4-2 or 
parental V79-743X cells using hprt exon 3- and exon 9-specific oligonucleotide primer pairs 
revealed the loss of exon 3 or 9 from 6 of 60 Aphr-4-2 derived-, and from 1 of 11 parental V79-
derived, TG-resistant mutants. Exons 3 and 9 were both lost from 5 of 60 Aphr-4-2-derived 
mutants, while none of the 11 V79-derived mutants had lost both exons. The results of these 
PCR-screening assays were further corroborated by Southern and Northern blot hybridization 
analyses of 28 mutants: 22 of 28 mutants contained an intact hprt gene by Southern analysis; of 
these 22 mutants 6 of 11 Aphr-4-2-derived mutants contained either reduced or undetectable 
steady state mRNA levels in contrast to all 11 V79-derived mutants that contained normal 
amounts of a normal-sized hprt mRNA. The results of our PCR and blot hybridization analyses 



indicate that the rates of base substitution and deletion mutagenesis are elevated in Aphr-4-2 
cells, and suggest that DNA polymerase-[alpha] may play a role in determining the rate of 
different molecular types of spontaneous mutations in vivo. 
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 Sequencing of a human DNA ligase I cDNA clone derived from HeLa cells revealed two 
unreported differences with the published sequence: a single base change and a three-base 
deletion. Both differences are in exon 6, and were analyzed by amplifying a segment containing 
exon 5, intron 6, and exon 6. The first finding was that intron 6 is approximately 2.6 kb in size, not 
the 1 kb reported in the literature. By sequence analysis of amplified segments, the single-base 
difference in exon 6 was shown to be polymorphic, with HeLa cells heterozygous for the A/C 
difference. Analysis of 60 unrelated individuals found a frequency of 0.5 for each allele. Primer 
extension reactions across the exon 5/exon 6 boundary were performed on cDNA obtained from 
HeLa cells and human thymus. The results show that the three-base deletion is due to a variation 
in splicing. For both HeLa and thymus, two-thirds of the transcripts are like the published cDNA 
sequence and one-third have the three-base deletion. Finally, sequencing of part of intron 6 
revealed the presence of a complex GT repeat consisting of a 48-50 nucleotide polypurine tract 
followed by a variable number of GT residues. This entire unit of polypurine tract plus GTs is 
repeated three times. Detection of the repeated sequences required the development of 
specialized cloning and PCR conditions. Analysis of a pedigree showed that this complex repeat 
is polymorphic. 
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 Apurinic/apyrimidinic endonuclease (here designated APE/REF) carries out repair incision at 
abasic or single-strand break damages in mammals. This multifunctional protein also has putative 
role(s) as a cysteine 'reducing factor' (REF) in cell-stress transcriptional responses. To assess the 
significance of APE/REF for embryonic teratogenesis we constructed a more precisely targeted 
Ape/Ref-deficient genotype in mice. Ape/Ref gene replacement in ES cells eliminated the 
potential of APE/REF protein synthesis while retaining the Ape/Ref bi-directional promoter that 
avoided potential inactivation of an upstream gene. Chimeric animals crossed into Tac:N:NIHS-
BC produced germline transmission. Homozygous null Ape/Ref-embryos exhibited successful 
implantation and nearly normal developmental progression until embryonic day 7.5 followed by 
morphogenetic failure and adsorption of embryos by day 9.5. We characterized the cellular 
events proceeding to embryonic lethality and examined ionizing radiation sensitivity of pre-
implantation Ape/Ref-null embryos. After intermating of heterozygotes, Mendelian numbers of 
putative Ape/Ref-null progeny embryos at day 6.5 displayed a several-fold elevation of pycnotic, 
fragmenting cell nuclei within the embryo proper--the epiblast. Increased cell-nucleus 
degeneration occurred within epiblast cells while mitosis continued and before obvious 
morphogenetic disruption. Mitogenic response to epiblast cell death, if any, was ineffective for 
replacement of lost cells. Extra-embryonic yolk sac, a trophectoderm derived lineage retained 
normal appearance to day 9. Explanted homozygous Ape/Ref-null blastocysts displayed 



increased sensitivity to [gamma]-irradiation, most likely a manifestation of APE/REF incision 
defect. Our study establishes that this new Ape/Ref deficiency genotype is definitely capable of 
post-implantation developmental progression to the onset of gastrulation. Function(s) of APE/REF 
in base damage incision and also conceivably in mitogenic responses towards epiblast cell death 
are critical for transit through the gastrulation stage of embryonic growth and development. 
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 UDP-glucuronosyltransferase proteins (UGT) catalyze the glucuronidation of both endogenous 
and xenobiotic compounds. In previous studies, UGT1A1 has been implicated in the 
detoxification of certain food-borne carcinogenic-heterocyclic amines. To determine the 
importance of UDP-glucuronosyltransferase 1A1 (UGT1A1) in the biotransformation of the 
cooked-food carcinogen 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP), genetically 
modified CHO cells that are nucleotide excision repair-deficient, and express cytochrome 
P4501A2 (UV5P3 cell line) were transfected with a cDNA plasmid of human UGT1A1 to establish 
the UDP-glucuronosyltransferase 1A1 expressing 5P3hUGT1A1 cell line. Expression of the 
UGT1A1 gene was verified by screening neo gene expressing clonal isolates (G-418 resistant) 
for their sensitivity to cell killing from PhIP exposure. Five of 11 clones were chosen for further 
analysis due to their resistance to cell killing. Western blot analysis was used to confirm the 
presence of the UGT1A1 and CYP1A2 proteins. All five clones displayed a 52-kDa protein band, 
which corresponded to a UGT1A1 control protein. Only four of the clones had a protein band that 
corresponded to the CYP1A2 control protein. Correct fragment size of the cDNAs in the 
remaining four clones was confirmed by RT-PCR and quantification of the mRNA product was 
accomplished by real-time RT-PCR. Expression of UGT1A1 in the transfected cells was 104-105-
fold higher relative to the UV5P3 parental cells. One clone (#14) had a 10-fold higher increase in 
expression at 1.47 X 105 over the other three clones. This clone was also the most active in 
converting N-hydroxy-PhIP to N-hydroxy-PhIP glucuronide conjugates in microsomal metabolism 
assays. Based on the D50 values, the cytotoxic effect of PhIP was decreased [not, vert, 
similar]350-fold in the 5P3hUGT1A1 cells compared to the UV5P3 control cells. In addition, no 
significant increase in mutation frequency was observed in the transfected cells. These results 
clearly indicate that UGT1A1 plays a critical role in PhIP biotransformation, providing protection 
against PhIP-mediated cytotoxicity and mutagenicity. 
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 Benzo[a]pyrenediol-epoxide (BPDE), a metabolite of the ubiquitous environmental carcinogen 
benzo[a]pyrene (B[a]P), has been implicated as a point mutagen. However, as mutational events 
other than point mutations are also often associated with cancer, we have investigated whether 
BPDE can induce other classes of mutation. This was done by analyzing mutation at the aprt and 
hprt loci, both in hemizygous (D422) and heterozygous (D423) Chinese hamster ovary (CHO) cell 
strains. Southern blotting analysis indicated that BPDE is not an effective producer of either 



delections or insertions in the hemizygous environment. The analysis of mutation in the aprt 
heterozygote was done to investigate the frequency of loss of heterozygosity (LOH) events 
following BPDE treatment. Using PCR to produce an artificial restriction fragment length 
polymorphism in the functional aprt allele, BPDE was found to induce LOH in about one-quarter 
of the mutants recovered. While the precise mechanism of this phenomenon remains obscure, it 
is likely to have important implications, since similar events involving homologous recombination 
in somatic cells may have an impact in tumorigenesis. 
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Mutagenesis 517(1-2): 209. 

 http://www.sciencedirect.com/science/article/B6T2D-45NGSX6-
1/2/72c28f66445465d05bc80de191c6bac6  

 Allele-specific competitive blocker PCR (ACB-PCR) is a sensitive allele-specific amplification 
method in which preferential amplification of the mutant allele occurs by using a primer that has 
more mismatches to the wild-type allele than to the mutant allele (mutant-specific primer, MSP). 
Additionally, a non-extendable primer with more mismatches to the mutant allele than to the wild-
type allele (blocker primer, BP) competes with the MSP for binding to the wild-type allele, thereby 
reducing background amplification from the wild-type allele. ACB-PCR primer design is largely 
dependent upon the basepair substitution being measured, making it unclear if this method is 
broadly applicable. In an earlier study, an H-ras codon 61 CAA->AAA mutation had been 
detected by ACB-PCR at a sensitivity of 10-5. In this study, ACB-PCR was applied to two human 
K-ras codon 12 mutations: GGT->GTT and GGT->GAT. The method was optimized by 
systematically altering the concentrations of Perfect Match PCR Enhancer, MSP, BP, and dNTPs. 
For each mutation, mutant fractions as low as 10-5 were detected, indicating that this assay can 
be used on a variety of base substitution mutations. In addition, the results suggest that the 3'-
terminal mismatches between the MSP and wild-type allele may be used to predict the ACB-PCR 
conditions that will be appropriate for the detection of other base substitution mutations. The 
range of concentrations for each of these components is narrow, making this method relatively 
easy to apply to additional mutational targets. 
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 The species specific response to 1,3-butadiene (BD), an important industrial chemical, was 
investigated by determining the influence of exposure duration and exposure concentration on the 
mutagenicity of BD in mice and rats and by defining the spectra of mutations in the Hprt gene T-
cell mutants from control and BD-exposed mice. Female B6C3F1 mice and F344 rats (4-5 weeks 
old) were exposed by inhalation to 0, 20, 62.5, or 625 ppm of BD for up to 4 weeks (6 h/day, 5 
days/week). Groups of control and exposed animals (n=4-12/group) were necropsied at multiple 
time points after exposure and the T-cell cloning assay was used to measure Hprt mutant 
frequencies in lymphocytes isolated from spleen. Mutant clones collected from control and BD-
exposed mice were propagated and analyzed by RT-PCR to produce Hprt cDNA for sequencing. 
In animals necropsied 4 weeks after 2 or 4 weeks of BD exposure (0 or 625 ppm), the rate of 
accumulation of mutations was greater in mice than in rats. Supra-linear dose-response curves 
were observed in BD-exposed mice, indicating a higher efficiency of mutant induction at lower 



concentrations of BD. The mutagenic potency estimates (represented by the differences in the 
areas under the mutant T-cell 'manifestation' curves of treated vs. control animals) in mice were 
11 and 61 following 4 weeks of exposures to 62.5 and 625 ppm of BD, respectively, while mutant 
frequencies (Mfs) in rats were significantly increased only at 625 ppm BD (mutagenic potency of 
7). Molecular analysis of Hprt cDNA from expanded T-cell clones from control and BD-exposed 
mice demonstrated an increased frequency of mutants in exposed animals that likely contain 
large deletions in the Hprt gene (P=0.016). These data indicate that both exposure duration and 
exposure concentration are important in determining the magnitude of mutagenic response to BD, 
and that mutagenic and carcinogenic properties of BD in mice may be related more to the ability 
of its metabolites to cause chromosomal deletions than to produce point mutations. 
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 The distribution of O6-meG in the rat H-ras gene sequence was studied using PCR by transition 
of O6-meG to adenine during the reaction. In order to study the transition mutations the PCR 
product was cloned in a replicative form of phage M13mp18 and sequenced. The use of PCR for 
detection of O6-meG was validated by using oligonucleotides (61 bases) containing one O6-meG 
residue at a defined site. After treatment of rat liver DNA by N-methyl-N-nitrosourea in vitro, a 
striking nonrandom sequence distribution of O6-meG was observed. Sixty-eight per cent of O6-
methylated Gs were found in the middle G of the sequences GGT and GGA in the H-ras gene 
whereas no methylation was found in the middle G of the sequences AGG, GGG, TGT, TGC, 
CGA and CGC. No O6-meG adduct was found in the 12th codon of H-ras (sequence GGA). The 
frequency of O6-meG formation as a function of two flanking nucleotides on each side of the 
target guanine was calculated as an approach to understanding more distant sequence effects. It 
was found that in the DNA sequence studied the formation of O6-meG was highest if the G was 
flanked by PyPu or PuPu on the 5' side (Py, pyrimidine and Pu, purine) whereas PuPu on the 3' 
side showed maximal inhibition of O6-meG formation. 
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 The heterocyclic amine 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) induces 
intestinal tumours in C57BL/6J-multiple intestinal neoplasia (Min)/+ mice. The main mechanism 
for PhIP-induced tumour induction in Min/+ mice is loss of the wild-type adenomatous polyposis 
coli (Apc) allele, i.e. loss of heterozygosity (LOH). In this study, single injections of either 10, 17.5 
or 25 mg/kg PhIP on days 3-6 after birth all increased the mean number of small intestinal 
tumours two to three-fold, from 37.7 in controls to 124.8 in the PhIP-treated Min/+ mice. In total, 
we analysed 292 small intestinal tumours and 253 of these had LOH. The frequency of LOH in 
the Apc gene was 88, 93, 83 and 84% in tumours of 0, 10, 17.5 and 25 mg/kg PhIP-treated mice, 
respectively. Therefore, these lower doses of PhIP did not reduce the frequency of LOH, as found 
in our previous study with a single injection of 50 mg/kg PhIP (Mutat. Res. 1-2 (2002) 157). In the 
second part of this study, we wanted to characterise Apc truncation mutations from tumour 



samples apparently retaining the Apc wild-type allele from this and two previous experiments with 
PhIP-exposed Min/+ mice. In the first half of exon 15 in Apc, we verified 25 mutations from 804 
tumour samples of PhIP-treated mice. Of these were 60% G->T transversions, and 16% G 
deletions, indicating that these are the predominant types of PhIP-induced truncation mutations in 
the Apc gene in Min/+ mice. Most of the mutations were located between codon 989 and 1156 
corresponding to the first part of the [beta]-catenin binding region. We also identified two Apc 
truncation mutations from 606 spontaneously formed intestinal tumours from untreated Min/+ 
mice, one C->T transition and one T insertion, which were different from those induced by PhIP. 
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 The lacI transgene used in the Big Blue(TM) (BB) mouse and rat mutation assays typically 
displays spontaneous mutation frequencies in the 5 x 10-5 range. Recently, the bone marrow and 
bladder of the Big Blue(TM) rat were reported to have, by an order of magnitude, the lowest 
spontaneous mutation frequencies ever observed for lacI in a transgenic animal, approaching the 
value for endogenous targets such as hprt (~10-6). Since spontaneous mutations in transgenes 
have been attributed in part to deamination of 5-methylcytosine in CpG sequences, we have 
investigated the methylation status of the lacI transgene in bone marrow of BB rats and compared 
it to that present in other tissues including liver, spleen, and breast. The first 400 bases of the lacI 
gene were investigated using bisulfite genomic sequencing since this region contains the majority 
of both spontaneous and induced mutations. Surprisingly, all the CpG cytosines in the lacI 
sequence were fully methylated in all the tissues examined from both 2- and 14-week-old rats. 
Thus, there is no correlation between 5-methylcytosine content at CpG sites in lacI and the 
frequency of spontaneous mutation at this marker. We also investigated the methylation status of 
another widely used transgenic mutation target, the cII gene. The CpG sites in cII in BB rats were 
fully methylated while those in BB mice were partially methylated (each site approximately 50% 
methylated). Since spontaneous mutation frequency at cII is comparable in rat and mouse, the 
methylation status of CpG sequences in this gene also does not correlate with spontaneous 
frequency. We conclude that other mechanisms besides spontaneous deamination of 5-
methylcytosine at CpG sites are driving spontaneous mutation at BB transgenic loci. 
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nascent liver of B6C3F1, C3H/He and C57BL/6 mice." Mutation Research/Fundamental and 
Molecular Mechanisms of Mutagenesis 311(1): 1. 

 http://www.sciencedirect.com/science/article/B6T2C-47PG5TS-
2/2/d84bc50795489e01e624363fe5355e08  

 DNA was isolated from the liver of young B6C3F1, C3H/He and C57BL/6 mice, 6-9 weeks old. A 
portion of exon 2 of Ha-ras was amplified by PCR allele-specific amplification. The PCR product 
was identified by (a) size, (b) presence of a diagnostic restriction site, and (c) direct sequencing. 
Our results indicate that nascent mouse liver bears a subpopulation of cells which contain a 
mutation in codon 61 of Ha-ras-, specifically an A to G transition at position 2. Therefore, the 
detection of this mutation in chemically induced mouse liver tumors does not demonstrate that the 
chemical in question acts as a mutagen. It might act by a nongenotoxic mechanisms, i.e., by 
facilitating a clonal expansion of cells bearing this spontaneous mutation. 
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107. 

 http://www.sciencedirect.com/science/article/B6T2B-3RWW7NX-
3/2/f3c154ae994d846d2624b5c912904ecd  

 A search for genetic alterations within the XPG gene has been conducted on skin and blood cells 
cultured from a newly characterized xeroderma pigmentosum (XP) patient (XP20BE). This patient 
is the ninth known case that falls into the extremely rare XP complementation group G. Four 
genetic markers within the XPG gene (including two polymorphisms) demonstrated the Mendelian 
distribution of this gene from the parents to the patient and to an unaffected sibling. The patient 
(XP20BE) inherited a G to T transversion from his father in exon 1 of the XPG gene that resulted 
in the conversion of a glutamic acid at codon 11 to a termination codon. The patient also inherited 
an XP-G allele from his mother that produces an unstable or poorly expressed message. The 
cause of the latter defect is still uncertain. In addition to these alterations, XP20BE cDNA 
contained an mRNA species with a large splicing defect that encompassed a deletion from exon 
1 to exon 14. This splicing defect, however, appears to be a naturally occurring low-frequency 
event that results from abnormal splicing that occurs between certain conserved non-consensus 
splicing signals within the human XPG gene. 
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 Microsatellite instability of DNA samples of 79 sporadic colon cancer patients were analyzed. 
These samples were also screened to search mutations in the repeat sequences in the gene for 
the type II receptor of transforming growth factor-[beta] (TGF-[beta] RII) using polymerase chain 
reaction (PCR), electrophoresis with urea gel, and PCR-single strand conformation polymorphism 
(PCR-SSCP) method. The incidence of microsatellite instability, defined as severe replication 
error phenotype (RER) with microsatellite alterations in more than three loci, was 6%. Deletion 
and insertion of an A residue in the (A)10 region, which cause frameshift mutation, were found in 
four samples and their incidence in the samples with microsatellite instability was 80%. A novel 
nucleotide substitution of T for G at 1918, which causes missense mutation of arginine to leucine 
at codon 528, was found in a sample with microsatellite instability. The mutation at 1918 was in 
highly conservative amino acid residue. 
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 We have studied mutagenic specificities of DNA lesions in vivo in yeast CYC1 oligonucleotide 
transformation assay. We introduced two lesions into oligonucleotides. One was a nucleoside 



analog, 3,4-dihydro-6H,8H-pyrimido[4,5-c][1,2]oxazin-7-one 2'-deoxyriboside (dP), which is highly 
mutagenic to bacteria. It is supposed to be a miscoding, but otherwise good template for DNA 
polymerases. The other lesion was the TT pyrimidine(6-4)pyrimidone photoproduct, one of the 
typical UV lesions, which blocks DNA replication. These oligonucleotides were used to transform 
yeast cyc1 mutants with ochre nonsense mutation to Cyc1+. As expected from its templating 
properties in vitro, the transforming activity of dP-containing oligonucleotides was similar to those 
of unmodified oligonucleotides. Results indicated that dP may direct incorporation of guanine and 
adenine at a ratio of 1:20 or more in vivo. An oligonucleotide containing the photoproduct showed 
the transforming activity of as low as 3-5% of that of the corresponding unmodified 
oligonucleotide. This bypass absolutely required REV1 gene. The sequence analysis of the 
transformants has shown that the lesion was read as TT and TC at a ratio of 3:7, indicating its 
high mutagenic potential. 
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 Chronic dietary insufficiency of the lipotropic nutrients choline and methionine is 
hepatocarcinogenic in male rats and certain mouse strains. Despite the fact that DNA 
hypomethylation is a hallmark of most cancer genomes, the tissue-specific consequences of this 
alternation with respect to tumorigenesis remain to be determined. In the present study, the 
folate/methyl deficient model of multistage hepatocarcinogenesis was used to evaluate in vivo 
alterations in DNA methylation in the liver, the carcinogenesis target tissue, and in non-target 
tissues, including pancreas, spleen, kidney, and thymus, of male F344 rats. By utilizing the 
HpaII/MspI-based cytosine extension assay, we demonstrated that the percent of CpG sites that 
lost methyl groups on both strands progressively increased in liver tissue after 9, 18, and 36 
weeks of folate/methyl deficiency. The endogenous activity of DNA methyltransferase in liver of 
rats fed with folate/methyl deficient diet for the 36-week period gradually increased with time. In 
contrast, non-target tissues displayed no changes in DNA methylation level or activity of DNA 
methyltransferase. The failure of DNA methyltransferase to restore and maintain DNA 
methylation patterns in preneoplastic liver tissue may lead to the establishment of tumor-specific 
DNA methylation and DNA methyltransferase profiles that are not expressed in normal liver. 
These results provide additional information about alterations in DNA methylation during early 
preneoplastic stages of carcinogenesis. They also demonstrate that DNA hypomethylation is 
localized to tissue that undergoes carcinogenesis, and is not altered in non-target tissues. 
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 In this study, we show that direct mutational analysis of genomic DNA can be performed on single 
somatic cells extracted from a frozen, immunohistochemically stained tissue section using laser-
assisted capture microscopy. Eighty-nine single tumor cells were separately dissected from one 
case of human basal cell cancer (BCC) and p53 mutations were analyzed by direct semi-
automated sequencing of PCR fragments. Amplification was obtained for at least one of the two 
analyzed exons from approximately 50% of the single tumor cells. Identical p53 mutations were 



found in widely spread areas of the tumor, suggesting a clonal proliferation originating from one 
cell. Interestingly, comparison between results of immunohistochemistry and genetic analysis of 
the single cells revealed the same p53 mutations irrespective of the p53 immunoreactivity. We 
propose that this approach has a great potential to allow investigation of genotypic differences in 
single cells and more specifically to resolve important and fundamental questions determining 
cancer heterogeneity. 
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 The Homo sapiens major histocompatibility complex (MHC) class 1 chain related gene A (MICA) 
was scanned for novel single nucleotide polymorphisms (SNPs) using a panel of DNA samples 
from African-, Japanese- and Mexican-Americans. Overlapping primer-pairs were used to amplify 
products in the size range of 300 to 400 bp that were sequenced and scanned for SNPs using 
Phred, Phrap, Polyphred and Consed sequence analysis programs. A total of 16 SNPs were 
detected, six of which represent new variant nucleotides in the Homo sapiens MICA gene. Three 
of the variants also represent amino acid changes in the MICA protein. Differences among the 
three ethnic panels in the frequency of the variant nucleotides observed were inconsistent, but 
significant for seven of the SNPs detected. Though a small sample size, this study represents the 
first multi-population based analysis of the frequency and distribution of SNPs in the MICA gene, 
a locus that may be essential in the antigenic recognition by [gamma][delta] T cells. 
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 We have cloned a 13 kb genomic DNA fragment from the Chinese hamster ovary cell line, CHO-
KI, and determined the nucleotide sequence of a 4 kb stretch of DNA which encompasses the 
complete sequence (2.277 kb) of the hamster apurinic/apyrimidinic endonuclease (chAPE1) 
gene. The intron/exon boundaries, identified by RT-PCR, follow GT/AG rule. The structure of the 
chAPE1 gene is similar to other mammalian apurinic/apyrimidinic (AP) endonuclease (hAPE1, 
BAP1, rAPEN and mAPE1) genes in that it has five exons and four introns with the first exon 
unexpressed. This structure, however, differs from one of the two structures that have been 
proposed for mAPE1 gene. Three transcription start sites (TSS) for the chAPE1 gene were 
identified by primer extension analysis at +1, +14 and +18 positions. The sequence also includes 
1.72 kb of the upstream region of the chAPE1 gene. In this region, a CCAAT box but no TATA 
box that could initiate the transcription at the initiation sites was identified. The upstream region 
also includes the binding sites for a variety of other transcription factors. A polyadenylation site, 
13 nucleotides downstream to the polyadenylation signal, was identified by 3'-RACE analysis. 
The observed 1.28 kb transcript of the chAPE1 gene is smaller than the 1.5 kb transcript of the 
human AP endonuclease gene. The translation of chAPE1 gene starts within the second exon 
with ATG and terminates in the fifth exon with UGA codons, 318 and 2121 nucleotides 
downstream to the first TSS, respectively. The encoded peptide of 317 amino acid residues is 
similar in size and is highly homologous in its amino acid sequence to mouse, rat, human, and 
bovine AP endonucleases. 
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 The role of poly(ADP-ribose) polymerase (PADPRP) in nuclear DNA repair and other nuclear 
processes has been intensely studied and debated for decades. Recent studies have begun to 
shed new light on these arguments with firm experimental data for its role, primarily, as a 
remodeler of chromatin structure. Those studies imply that PADPRP plays an indirect role in DNA 
repair, serving to expose DNA to repair enzymes through chromatin remodeling. Only DNA that is 
tightly packaged would require PADPRP activity for its repair; while DNA in an open conformation 
would be accessible to DNA repair enzymes and not require PADPRP activity. The purpose of 
the current studies was to address the above hypothesis directly. Using quantitative Southern blot 
analysis, we studied repair in transcribed and nontranscribed nuclear DNA sequences in ADPRT 
351 cells 95% deficient in PADPRP activity. Cells were exposed to methylnitrosourea (MNU) for 1 
h and allowed to repair for 8 or 24 h. Densitometric scans of autoradiographs revealed that, when 
compared to their parental V79 cell line, ADPRT 351 cells 95% deficient in PADPRP activity were 
equally as efficient in repair of N-methylpurines in the transcribed sequence containing the 
dihydrofolate reductase gene. However, the ADPRT 351 cells were deficient in the ability to repair 
these lesions in the nontranscribed sequence containing the IgE gene compared to repair of the 
same sequence in the parental V79 cells. Nucleoid sedimentation assays demonstrated that the 
ADPRT 351 cells are deficient in repair across the entire genome when compared to the parental 
V79 cells. These studies indicate that PADPRP activity is not required for repair of N-
methylpurines in transcribed nuclear DNA sequences but is necessary for the repair of these 
lesions in nontranscribed nuclear DNA sequences as well as across the entire genome since the 
DNA in a given cell is predominanly nontranscribed. 
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 In the yeast, Saccharomyes cerevisiae, the Rad52 gene is important for both mitotic and meiotic 
recombination. Homologs of the Rad52 gene have been identified in several eukaryotic 
organisms, ranging from yeast to man. As reported here, human Rad52 protein binds to both 
single- and double-stranded DNA; and acting on a pair of single-stranded and partially duplex 
substrates it promotes annealing of complementary strands of DNA, which is followed by branch 
migration. 
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 We have developed a rapid method to synthesize radioactively labeled single-stranded DNA 
probes suitable for strand-specific analysis of single copy genes on Southern blot. Linear PCR 
with 10 [mu]Ci [alpha]32P-aATP (3000 Ci/mmol) as the only dATP source enabled us to generate 
strand-specific DNA probes with high specific activity. The probes synthesized by this method 
have higher specific activities and the same strand specificity compared to the end-labeled single-
stranded DNA probes obtained from single-stranded M13mp18/19 vectors. Application of the 
method for strand-specific analysis of ultraviolet-induced DNA lesions in defined DNA sequences 
significantly improved the hybridization signal. 
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 This paper describes the spectrum of mutations induced by 4-nitroquinoline N-oxide (4-NQO) in 
the lacI target gene of the transgenic Big Blue(R) Rat2 cell line. There are only a few report for 
the mutational spectrum of 4-NQO in a mammalian system although its biological and genetic 
effects have been well studied. Big Blue(R) Rat2 cells were treated with 0.03125, 0.0625 or 0.125 
[mu]g/ml of 4-NQO, the highest concentration giving 85% survival. Our results indicated that the 
mutant frequency (MF) induced by 4-NQO was dose-dependent with increases from three- to 
seven-fold. The DNA sequence analysis of lacI mutants from the control and 4-NQO treatment 
groups revealed an obvious difference in the spectra of mutations. In spontaneous mutants, 
transition (60%) mutations, especially G:C->A:T transition (45%), were most frequent. However, 
the major type of base substitution after treatment of 4-NQO was transversions (68.8%), 
especially G:C->T:A (43.8%), while only 25% of mutants were transitions. These results are 
consistent with those produced by 4-NQO in other systems and the transgenic assay system will 
be a powerful tool to postulate more accurately the mechanism of chemical carcinogenesis 
involved. 
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 Molecular analysis of cDNA derived from a papillary thyroid carcinoma (PTC) (follicular variant of 
papillary thyroid carcinoma on histology) which developed in an externally irradiated patient 4 
years after exposure identified a portion of the 5' region, exons 1-3, of the rfp gene juxtaposed 
upstream of the fragment encoding the tyrosine kinase (TK) domain of the ret gene. The fusion 
gene, termed [Delta]rfp/ret, was the result of a balanced chromosomal translocation t(6;10) 
(p21.3;q11.2) confirmed by interphase FISH painting, with breakpoints occurring in introns 3 and 
11 of the rfp and ret genes, respectively. Both [Delta]rfp/ret and reciprocal ret/rfp chimeric introns 
had small deletions around breakpoints consistent with presumed misrepair of a radiation-
induced double-strand DNA break underlying the rearrangement. No extensive sequence 
homology was found between the fragments flanking the breakpoints. The fusion protein retained 
the propensity to form oligomers likely to be mediated by a coiled-coil of the RFP polypeptide as 
assessed by a yeast two-hybrid system. NIH 3T3 fibroblasts stably transfected with a mammalian 
expression vector encoding full-length [Delta]RFP/RET readily gave rise to the tumors in athymic 
mice suggestive of high transforming potential of the fusion protein. Thus, the [Delta]rfp/ret 



rearrangement may be causatively involved in cancerogenesis and provides additional evidence 
of the role of activated ret oncogene in the development of a subset of papillary thyroid 
carcinoma. 
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 Microsatellites are regions of DNA containing tandem repeats of a core 2-6 bp nucleotide 
sequence. To test the hypothesis that microsatellite mutation can be directed by exposure to 
specific external cues, control and treatment groups of resistant and susceptible wheat varieties 
were grown under controlled conditions and genotyped at a number of microsatellite loci that map 
to chromosomes known to contain Fusarium head blight (FHB) resistance/susceptibility loci. 
Genotyping was undertaken both prior to and following exposure to Fusarium graminearum, the 
FHB pathogen. Within a month of inoculation of inflorescences, 58% of experimental plants, and 
no control plants, had acquired a novel allele at the locus Xgwm112.1. This allele was detected 
only in head blight affected tissue. Uninoculated control plants, and leaf samples from inoculated 
plants, showed no mutation. Cloning and sequencing of PCR products indicates that the new 
allele was generated by contraction of the (CT)n repeat motif. Observation of the same deletion-
based mutation in all varieties, its absence in control plants not exposed to the head blight 
pathogen, and the detection of no similar mutational events in a control panel of loci not expected 
to show mutation, indicates that this example of microsatellite mutation is induced and/or caused 
by FHB infection. 
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 The radiosensitive mutant xrs-5, a derivative of the Chinese hamster ovary (CHO) K1 cell, is 
defective in DNA double-strand break rejoining ability and in V(D)J recombination. The 
radiosensitivity and defective repair phenotype are complemented by the 80-kDa subunit of the 
Ku protein. We determined the nature of the mutations that develop spontaneously at the hprt 
locus in this cell line using both multiplex PCR deletion screening and DNA sequencing. Ninety-
two independent spontaneous mutants were analyzed and the results were compared to the 
mutation spectrum of 64 previously analyzed hprt spontaneous mutants isolated from the parental 
CHO-K1 cell line. More than 50% of the spontaneous xrs-5 mutants had lost one or more exons 
while less than 25% of spontaneous CHO-K1 mutants had lost one or more exons. Most of the 
deletions in xrs-5 cells involved the loss of multiple exons while single exon deletions 
predominated in CHO-K1. There was also a nonrandom distribution of breakpoints in both CHO-
K1 and xrs-5. Most of the deletion breakpoints were 3' to exon 9, around exons 4-6, or near exon 
1. Although the frequency of base substitutions was lower in xrs-5, the spectrum of base 
substitutions was qualitatively similar to that of CHO-K1. There was no significant difference in 
the spontaneous mutant frequency in xrs-5 and CHO-K1. The results suggest that in certain 
regions of the hprt gene, base alterations can be converted to large deletions, and that alterations 
in the Ku protein complex can influence this process. 



 

Smith-Sorensen, B., E. Hovig, et al. (1992). "Screening for mutations in human HPRT cDNA using the 
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(CDGE)." Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis 269(1): 
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 Previously, we reported the modification of denaturing gradient gel electrophoresis called 
constant denaturant gel electrophoresis (CDGE). CDGE separates mutant fragments in specific 
melting domains. CDGE seems to be a useful tool in mutation detection. Since the hypoxanthine 
phosphoribosyltransferase (HPRT) gene is widely used as target locus for mutation studies in 
vitro and in vivo, we have examined the approach of analyzing human HPRT cDNA by 
polymerase chain reaction (PCR) and CDGE. All nine HPRT exons are included in a 716-bp c 
DNA fragment obtained by PCR using HPRT cDNA as template. When the full-length cDNA 
fragment was examined by CDGE, it was possible to detect mutations only in the last part of exon 
8 and exon 9. However, digestion of the cDNA fragment with the restriction enzyme Aval prior to 
CDGE enabled us to detect point mutations in most of exon 2, the beginning of exon 3, the last 
part of exon 8 and exon 9. With the use of two internal primer sets, including a GC-rich clamp on 
one of the primers in each pair, a region containing most of the exon 3 through exon 6 was 
amplified and we were able to resolve fragments with point mutations in this region from wild-type 
DNA. The approach described here allows for rapid screening of point mutations in about two 
thirds of the human HPRT cDNA sequence. In a test of this approach, we were able to resolve 12 
of 13 known mutants. The mutant panel included one single-base deletion, one two-base deletion 
and 11 single-base substitutions. 
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infection in Vietnamese patients." Mutation Research/Fundamental and Molecular Mechanisms of 
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 Mannose-binding lectin (MBL) is a constituent of the human innate immune system which may 
play an important role in combating a variety of infectious diseases. We investigated the 
distribution of MBL gene mutations in a Vietnamese population, using polymerase chain reaction 
and DNA sequence analysis, and sought associations with the outcome of hepatitis B virus (HBV) 
infection. For this purpose we used samples from a total of 123 patients with confirmed, well-
defined HBV infections, representing a full spectrum of clinical presentation from acute to chronic 
to malignant states, as well as from 112 healthy controls. The only MBL gene mutation found in 
this population, that at codon 54 of exon 1, was present at an overall frequency of 0.12, with a 
trend towards a higher frequency in the HBV-infected group compared with controls (0.15 versus 
0.08, P=0.079). Within the HBV-infected group there was a non-significant trend towards higher 
viral loads in those with this mutation, accompanied by significantly higher serum transaminase 
levels in the same individuals. Segregation according to clinical presentation showed that the 
mutation was present at a significantly higher frequency in the group with acute hepatitis B (AHB) 
compared with the healthy control group (0.25 versus 0.08, P=0.01), and was associated with 
higher serum transaminase levels. Our results indicate that a mutation of the MBL gene might 
influence the clinical outcome of HBV infection in Vietnamese patients. 
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deoxyuridine (CEDU), an antiviral pyrimidine nucleoside analogue, in the bone marrow of 
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 5-(2-Chloroethyl)-2'-deoxyuridine (CEDU) is a pyrimidine nucleoside analogue formerly in 
development for the treatment of herpes simplex virus infections. The compound proved clearly 
mutagenic in the mouse spot test and exhibited weak activity in the Salmonella reverse mutation 
test, which led to the termination of the compound's development.In another study, CEDU, 
administered orally to beta-galactosidase (lacZ) transgenic mice (Muta[trademark]Mouse) for five 
days, induced a clear increase in lacZ mutant frequencies in spleen, lung, and bone marrow [1]. 
In the present follow-up study, we analyzed 32 of those lacZ mutants isolated from the bone 
marrow of the Muta[trademark]Mouse animals of the experiments mentioned above, in order to 
obtain further information on the type of mutations induced by CEDU.CEDU induced a 
pronounced increase in A:T to G:C transitions. The distribution of A:T to G:C transitions was 
clearly non-random, showing a bias towards T to C substitutions in the coding DNA strand and a 
preference to occur in the sequence motif 5'-(G or C)-T-G-3'. Our data support the hypothesis 
that CEDU, after being phosphorylated, is incorporated into cellular DNA in place of thymidine, 
which leads to mispairing with guanosine during subsequent DNA replication. As a result, the 
compound is thought to exert its mutagenicity by inducing mismatches leading to T to C 
transitions. Our findings point towards a mode of mutagenic action of CEDU that differs 
fundamentally from that of other antiviral antinucleosides whose clastogenic and recombinogenic 
activities prevail. 
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 XP12BE is a commonly studied XP-A cell line that exhibits slightly increased resistance to UV 
compared with the majority of XP-A cell lines. The elevated UV survival is common to a subset of 
XP-A cell lines and correlates with delayed onset of the neurological disease in patients. We 
identified the XPA mutations in XP12BE by single strand conformation polymorphism (SSCP) 
analyses and nucleotide sequencing. XP12BE is a compound heterozygote and both mutations 
affect mRNA splicing. One mutation is a G to C transversion within the splice donor site of intron 
4 that is common to several cell lines from XP-A patients with delayed onset of neurological 
disease. The other mutation is a G to T transversion at the same position as a G to C 
transversion in the splice acceptor site of intron 3 that is common in Japanese XP-A patients. We 
also demonstrated the persistence of the XP12BE mutations in cell line 2-O-A2 which has been 
shown to express XPA protein. These results suggest that the intron 4 splice donor mutation 
likely produces some, at least partially functional, XPA protein that accounts for the increased UV 
survival of XP-A cell lines derived from patients with delayed onset of neurological disease. 
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with polymorphisms in genes GSTP1, GSTM1, GSTT1 and CYP1A1." Mutation 
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 http://www.sciencedirect.com/science/article/B6T2D-45JYJTV-
2/2/b66717cb9b7e22b72f08dbff71080293  

 The aim of this study was to use DNA adducts levels, detected by 32P-postlabelling, as a 
biomarker to assess human exposure to polycyclic aromatic hydrocarbons (PAHs) from a coke 
oven plant and explore the possible association between CYP1A1 MspI, GSTP1, GSTM1 and 
GSTT1 genotypes, and smoking status on bulky DNA adduct formation. A large amount of inter-
individual variation in adduct level was observed among workers with the same job and the same 
smoking habits. No significant differences were observed in DNA adduct levels between the coke 
oven workers and control group. Smokers in the control group had significantly higher DNA 
adducts than the non-smokers in the same group (35.13+/-21.11 versus 11.18+/-8.00, per 108 
nucleotides, P=0.003). In this group, the correlation between the level of DNA adducts and the 
cigarettes smoked was strongly significant (r=0.70, P8 nucleotides, P=0.03). These results 
suggests that tobacco smoke could behave as a confounding factor for evaluation of DNA 
adducts arising from occupational exposure. The levels of DNA adducts in smokers not 
occupationally exposed to PAHs is dependent on the polymorphisms CYP1A1 MspI in the 3' non-
coding region (49.04+/-22.18 versus 25.85+/-15.87, per 108 nucleotides, PGST genotypes 
studied. 
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 The lacI gene has been used as a target gene in various mutation assays. We modified single 
strand conformation polymorphism (SSCP) analysis by introducing restriction digestion to detect 
mutations in the gene rapidly, and determined the sensitivity of the method. The entire coding 
sequence and partial promoter region of the lacI gen were amplified by the polymerase chain 
reaction with [[alpha]-32P]dCTP in a 1247 base pair fragment, digested into eight restriction 
fragments, and analyzed by SSCP. The sensitivity of the method was assessed using 160 
phages with lacI mutations, which were selected by assay of expression of [beta]-galactosidase 
after their infection into E. coli. Of the 160 mutants, 146 (91.3%) showed shifted bands in the first 
condition of SSCP analysis (without glycerol, 20[deg]C). The remaining 14 mutants were 
analyzed in a second condition (with 5% glycerol, 20[deg]C), and eight of them showed shifted 
bands (cumulatively 96.3% of the 160 mutants). The remaining six mutants were analyzed in a 
third condition (with 5% glycerol, 10[deg]C), and all of them showed shifted bands (cumulatively 
100%). Sequencing of the restriction fragments with mobility shifts in the 160 mutants revealed 
108 kinds of mutations, 100 (92.6%) being detected in the first condition, seven (cumulatively 
99.1%) in the second condition, and one (cumulatively 100%) in the third condition. This method 
greatly reduced the time to identify lacI mutations, and allowed the detection of multiple mutations 
in one lacI mutant. The results also show that in general PCR-SSCP analysis is very sensitive 
when test fragments are shorter than about 250 base pairs and electrophoresis is performed 
under at least two conditions. 
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 Frequencies of spontaneously occurring and X-ray induced, stable and unstable types of 
chromosome aberrations in peripheral blood lymphocytes from two groups of radiosensitive 
patients, i.e., aplastic anemia (AA) and Diamond-Blackfan anemia (DBA), were determined. Two 
types of staining methods, i.e., chromosome painting with two cocktails of chromosome-specific 
DNA libraries (Nos. 1, 3, X and Nos. 2, 4 and 8), as well as conventional Giemsa staining, were 
employed. Chromosome painting was done with single and multicolor fluorescence in situ 
hybridization (FISH). The frequencies of spontaneously occurring chromosome aberrations in AA 
and DBA patients were not significantly different from healthy individuals. Hypersensitivity to X-
rays was seen both in G0 as well as in G2 phase of the cell cycle in lymphocytes from AA and 
DBA patients, confirming our earlier findings using micronucleus (DBA) and G2 radiosensitivity 
(AA) assays. 
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 The REV3 gene of Saccharomyces cerevisiae encodes the catalytic subunit of DNA polymerase 
[zeta] which is involved in translesion synthesis. The mouse homolog of this gene, Rev3l, was 
cloned and sequenced. The gene encodes a putative protein of 3122 amino acids. The sequence 
conservation to its yeast counterpart is restricted to several regions. In the carboxy-terminal part 
of the protein all six domains are present that are characteristic for [alpha]-type DNA 
polymerases. In the amino-terminal part of the protein two regions can be identified with 
considerable similarity to the NT boxes of mouse polymerase [delta]. In addition, a region of 60 
residues unique for the REV3 homologs can be found in the middle part of the protein. The 
mouse REV3L protein shows strong sequence conservation with the recently cloned human 
REV3L protein (86% identity overall). Northern blot analysis of various tissues of the mouse 
revealed that transcription of the Rev3l gene was highest in brain, ovaries and testis. The human 
REV3L gene was localised to the long arm of chromosome 6, region 21-22. The mouse 
equivalent maps to chromosome 10, distal to the c-myb gene, close to the Macs gene. 
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 In this review we describe the principles, protocols, and applications of two commercially 
available SNP genotyping platforms, the TaqMan[trademark] SNP Genotyping Assays and the 
SNPlex[trademark] Genotyping System. Combined, these two technologies meet the 
requirements of multiple SNP applications in genetics research and pharmacogenetics. We also 
describe a set of SNP selection tools and validated assay resources which we developed to 
accelerate the cycle of experimentation on these platforms. Criteria for selecting the more 
appropriate of these two genotyping technologies are presented: the genetic architecture of the 
trait of interest, the throughput required, and the number of SNPs and samples needed for a 
successful study. Overall, the TaqMan assay format is suitable for low- to mid-throughput 
applications in which a high assay conversion rate, simple assay workflow, and low cost of 
automation are desirable. The SNPlex Genotyping System, on the other hand, is well suited for 



SNP applications in which throughput and cost-efficiency are essential, e.g., applications 
requiring either the testing of large numbers of SNPs and samples, or the flexibility to select 
various SNP subsets. 
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 The 4977 bp deletion in mitochondrial DNA (mtDNA) is known to accumulate with age in various 
human tissues. Findings regarding its accumulation in blood, however, have so far been 
contradictory. We investigated the levels of the 4977 bp deletion in mtDNA from 100 intravital and 
postmortem blood samples. Applying an improved version of a PCR plus silver staining of 
polyacrylamide gels, we could detect the 4977 bp deletion in blood of healthy individuals over 20 
years of age. While the 4977 bp deletion in blood is subject to a certain age dependence, it 
appears to be influenced by additional factors. A Primer-Shift-Assay amplifying four different 
deletion-specific fragments showed that the smaller fragments were amplified with a higher 
amplification efficiency than the larger fragments. The deletion-specific 389 bp fragment was 
demonstrated in 73% of individuals over 80 years of age, but in only 46% of individuals between 
21 and 30 years old whereas the largest 802 bp deletion-specific fragment was detectable in 38% 
of subjects over 80 years of age, and in only 15% of individuals under 30 years of age. Deletion-
specific fragments were not detected in a single individual under 20 years old, nor in fetal blood. 
In this work, we demonstrate for the first time the detection of 4977 bp specific fragments in blood 
of healthy individuals without the necessity of using a nested PCR. The deletion is detectable in 
postmortal and intravital blood, so that the occurrence of the 4977 bp deletion seems to be a 
physiological and not only a postmortal process. 
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Molecular Mechanisms of Mutagenesis 288(1): 151. 
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 We have developed an approach for determining mutational spectra in exon 3 of the 
hypoxanthineguanine phosphoribosyl transferase (hprt) gene in splenic T-lymphocytes of 
B6C3F1 mice. Hprt- mutants from treated animals were isolated by culturing splenic T-cells in 
microtiter dishes containing medium supplemented with IL-2, concanavalin A, and 6-thioguanine. 
DNA was extracted from 6-thioguanine-resistant co colonies and amplified by the polymerase 
chain reaction (PCR) using primers flanking the exon 3 region of hprt. Identification of samples 
containing mutant exon 3 sequences and purification of mutant DNA from contaminating wild-type 
hprt DNA was accomplished using denaturing gradient gel electrophoresis. Purified mutant 
sequences were then sequenced. This approach is being used to study the sequence specificity 
of ethylene oxide (ETO). 12-day-old mice were given single i.p. injections of 100 mg ETO/kg 
every other day or 30, 60, 90 or 120 mg ETO/kg daily for 5 days to achieve different cumulative 
doses of this compound. In mice exposed every other day, cumulative doses of 200, 600 and 900 
mg ETO/kg produced average mutant frequencies of 15 +/- 12.8, 45 +/- 13.2, and 73 (70, 75) x 
10-6), respectively, 8 weeks after the first treatment. In mice exposed daily, cumulative doses of 
150, 300, 450 and 600 mg ETO/kg produced average mutation frequencies of 4.2 +/- 10.4, 8.2 +/- 
10.4, 11.1 +/- 1.0 and 15.5 +/- 10.7 x 10-6, respectively, 20 weeks after the first treatment. The 



mutant fraction in control mice was less than 3 x 10-6. 123 hprt- mutants from mice exposed to 
600 or 900 mg ETO/kg were isolated and analyzed for mutations in exon 3. 18 were located in 
exon 3 (14.6%). DNA sequencing revealed that 11/18 mutations were base-pair substitutions at 8 
different sites in exon 3. Four AT transversions, three AT transitions, two GC transversions, and 
two GC transitions were observed. Three of the substitutions (2 AT -> CG, 1 AT -> GC) occurred 
at one base (203) in a single animal. The remaining 7 mutations, isolated from 4 different 
animals, were the same + 1 frameshift mutation in a run of 6 consecutive guanine bases (207-
212) in exon 3. These results suggest the involvement of both modified guanine and adenine 
bases in ETO mutagenesis. The mouse T-cell cloning/sequencing assay for hprt described here 
represents a useful system for studying the molecular mechanism of chemically-induced mutation 
occurring in vivo at an endogenous gene. 
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 We report a sensitive, SINE (Short Interspersed DNA Element)-mediated, PCR-based, DNA 
damage detection assay. Here, the SINE assay is used for detection of UVB-induced DNA 
damage and repair in cultured mouse cells and in vivo, in mouse skin. The unique feature of the 
SINE assay is its ability to support simultaneous amplification of multiple, random segments of 
genomic DNA. This can be accomplished due to the remarkable abundance, dispersion and 
conservation of SINEs in mammalian genomes. The most abundant SINEs in the mouse genome 
are the B1 elements, at a copy number of 50,000-80,000. Due to their strong sequence 
conservation, primers complementary to the B1 consensus sequence anneal to the majority of 
their targets in the genome. Consequently, long segments of genomic DNA located between pairs 
of B1 elements are efficiently amplified by PCR. Thus, in conjunction with the fact that many 
types of DNA adducts form blocks for thermostable polymerase, the B1 element anchored PCR 
makes a sensitive and versatile tool for assessing the overall integrity of the transcribed regions 
in mouse genome. We measured UVB-dose (0.1-3 kJ m-2) dependent formation of 
photoproducts in DNA from cultured cells, and after 20 h observed a substantial removal of 
damage at doses lower or equal to 0.6 kJ m-2. The sensitivity of detection of UVB-photoproducts 
formation and repair was compared to that of the conventional, single locus-targeting QPCR. 
Using the SINE assay we also have shown the distribution of UVB and UVC induced DNA 
adducts at a single nucleotide resolution within the B1 elements in mouse DNA. Lastly, we 
demonstrated that the sensitivity of the SINE assay is adequate for measurement of UVB-dose 
(1-6 kJ m-2) dependent formation and subsequent removal of photoproducts in vivo, in mouse 
skin. 
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 Tth MutS, a mismatch repair protein from Thermus thermophilus, was reported to effectively 
recognize all eight possible types of base pair mismatches and insertions or deletions up to three 
base pairs at a wide temperature range up to 60 [deg]C. Here a procedure for directly fishing out 
subtle unknown mutations in bacterial genome with Tth MutS was described. Wild type genomic 



DNA and mutant one were mixed, digested with restriction enzymes, denatured and re-annealed. 
Hetero-duplex DNA carrying mispaired bases were bound to Tth MutS and recovered through Ni-
NTA His-Bind(R) Resin. The recovered DNA was cloned into plasmids, producing a mini-library 
with inserts of the mutated regions. Further DNA sequencing and genetic complementation 
demonstrated that the method was extremely efficient in fishing out the mutations from total 
genomic DNA. Using this method, the mutations existed in a Psedomonas aeruginosa mutant 
strain were screened, indicating that A/G transitions at nt 181 and nt 314 in chloramphenicol 
acetyltransferase (catB7) gene conferred this strain with a high chloramphenicol dosage resistant. 
Compared with those reported previously, this protocol can screen the mixed mutations more 
easily. 
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 Mitochondrial DNA (mtDNA) is the only extrachromosomal DNA in human cells. The 
mitochondrial genome encodes essential information for the synthesis of the mitochondrial 
respiratory chain. Inherited defects of this genome are an important cause of human disease. In 
addition, the mitochondrial genome seems to be particularly prone to DNA damage and acquired 
mutations may have a role in ageing, cancer and neurodegeneration. We wished to determine if 
radiotherapy and chemotherapy used in the treatment of cancer could induce changes in the 
mitochondrial genome. Such changes would be an important genetic marker of DNA damage and 
may explain some of the adverse effects of treatment. We studied samples from patients who had 
received radiotherapy and chemotherapy for point mutations within the mtDNA control region, 
and for large-scale deletions. In blood samples from patients, we found a significantly increased 
number of point mutations compared to the control subjects. In muscle biopsies from 7 of 8 
patients whom had received whole body irradiation as well as chemotherapy, the level of a 
specific mtDNA deletion was significantly greater than in control subjects. Our studies have 
shown that in patients who have been treated for cancer there is an increased level of mtDNA 
damage. 
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 We have implemented a technique combining allele-specific PCR (AS-PCR) and denaturing high-
performance liquid chromatography (DHPLC) to identify new polymorphic variants within an 
intergenic region in the [beta]-globin cluster. This technique is applicable to the detection of new 
variants in genomic regions where variation is apportioned into distinct classes of haplotype. 
Duplexes for DHPLC analysis were created by denaturation and re-annealing of a mixture of two 
AS-PCR products of known and unknown sequence from the same haplotypic class, permitting 
detection of new haplotypes in each class. A 454 bp fragment 3.5 kb 5' to the human [delta]-
globin gene, which may have a gene regulatory function, was analysed in 840 chromosomes from 
a global sampling of human populations using this method. Two divergent haplotypes were found 
to predominate in all populations studied, possibly as a result of balancing selection. 
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 This study is part of an ongoing project at the National Institute of Standards and Technology 
(NIST) that generates a panel of DNA clones containing the most common mutations found in the 
human p53 tumor suppressor gene. This panel will be made available as a reference source for 
evaluation and testing for p53 mutations. Single strand conformation polymorphism (SSCP) 
analysis has found widespread acceptance as a tool for simply and rapidly screening for 
mutations, albeit with a detection rate that can be below 100%. We have begun to analyze 
mutations found in exon 7 of the p53 gene by SSCP using laser induced fluorescence capillary 
electrophoresis (LIF-CE). PCR fragments, containing single point mutations, were amplified from 
genomic DNA isolated from cell lines using primers labeled with two different fluorophores. This 
dual labeling approach allowed better traceability of mobility shifts as a function of the 
experimental conditions. While analyzing the clones H596, Colo320, Namalwa and wild type 
(reference samples) at different temperatures, ranging from 25 to 45[deg]C, it was observed that 
each mutation responded in a unique way to changes in temperature both in magnitude and 
direction of shifts relative to the wild type sample. In a blinded study, ten p53 exon 7 samples 
were matched automatically, using ABI PRISM Genotyper(R) software, against the four reference 
samples. From these 10 samples, six were correctly identified as containing one of the reference 
mutations, two corresponded to wild type, and two were correctly identified as non-reference 
mutations. This approach should prove helpful in the rapid screening of target sequences that are 
known to bear a limited number of mutations. 

 

Wilson, V. L., K. R. Wade, et al. (2001). "Temporal delineation of sequential HPRT mutations arising in 
vivo in a T-cell clone with a mutator phenotype." Mutation Research/Fundamental and Molecular 
Mechanisms of Mutagenesis 473(2): 181. 

 http://www.sciencedirect.com/science/article/B6T2C-428FM7J-
J/2/86373ec45d17beab4a92f35965f510c7  

 Recurrent mutations in vivo in T-lymphocytes identify clonally restricted genomic instabilities in 
some individuals. Cell-based assays allow initial recognition of clones with mutator phenotypes, 
but genotypic selection is required to determine frequencies and temporal sequences of 
potentially independent mutational events isolated only as complex changes in the same allele. 
The present work illustrates how two single-base insertions in the HPRT gene recovered only as 
a double event in a cell-based assay were shown to arise as separate in vivo mutations, being 
individually present at frequencies of -4 and -5, respectively, in peripheral blood. Full 
characterizations of mutator clones will allow elucidation of the earliest events in the emergence 
of genomic instability in human somatic cells. 

 

Wilson, V. L., Q. Wei, et al. (1999). "Needle-in-a-haystack detection and identification of base substitution 
mutations in human tissues." Mutation Research/Mutation Research Genomics 406(2-4): 79. 

 http://www.sciencedirect.com/science/article/B6T2F-3X70SXM-
5/2/26840eedec4ff7ec2497ece3ac779e55  



 Background and induced germline mutagenesis and other genotoxicity studies have been 
hampered by the lack of a sufficiently sensitive technique for detecting mutations in a small 
cluster of cells or a single cell in a tissue sample composed of millions of cells. The most frequent 
type of genetic alteration is intragenic. The vast majority of oncogenic mutations in human and 
mammalian cancer involves only single base substitutions. We have developed universally 
applicable techniques that not only provide the necessary sensitivity and specificity for site 
specific mutagenesis studies, but also identify the point mutation. The exponential amplification 
procedures of polymerase chain reaction (PCR) and ligase chain reaction (LCR) have been 
combined with restriction endonuclease (RE) digestion to enable the selective enrichment and 
detection of single base substitution mutations in human oncogenic loci at a sensitivity of one 
mutant in more than 107 wild type alleles. These PCR/RE/LCR procedures have been 
successfully designed and used for codons 12 and 248 of the Ha-ras and p53 genes, 
respectively, both of which contain a natural MspI restriction endonuclease recognition sequence. 
These procedures have also been adapted for the detection and identification of mutations in 
oncogenic loci that do not contain a natural restriction endonuclease recognition sequence. Using 
PCR techniques, a HphI site was incorporated into the codons 12/13 region of the human N-ras 
gene, which was then used for the selective enrichment of mutants at this oncogenic locus. 
These PCR/RE/LCR procedures for base substitution mutations in codon 12 of the N-ras gene 
were found to have the sensitivity of detection of at least one mutant allele in the presence of the 
DNA equivalent of 106 wild type cells. Only one peripheral blood leukocyte DNA specimen out of 
nine normal individuals displayed an observable Ha-ras mutation that was present at frequency 
between 10-5 and 10-6. These PCR/RE/LCR techniques for detecting and identifying base 
substitution mutations are universally applicable to almost any locus or base site within the 
human or animal genome. With the added advantage of the adjustability of both the amount of 
DNA (number of genomes) to be tested and the sensitivity (10-2 to 10-7) of the assay selection or 
enrichment procedures, these PCR/RE/LCR techniques will be useful in addressing a broad 
range of important questions in mutagenesis and carcinogenesis. 
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 We report here the development of multiplex in vitro DNA amplification and solid-phase direct 
exon sequencing for the analysis of mutations at the hypoxanthine-guanine 
phosphoribosyltransferase (hprt) locus in Chinese hamster cells. 18 representative HPRT-
deficient mutants, derived either spontaneously, or after exposure to UV light or ionizing radiation, 
were analyzed. All 9 hprt exons were simultaneously amplified via the polymerase chain reaction 
(PCR) for rapid deletion detection. 5 mutants involve single or multiple-exon deletions. Altered 
multiplex PCR patterns were detected in mutants Bsp-040, Bsp-065 and BGR-606. Subsequent 
direct sequence analysis reveals that Bsp-040 and Bsp-065 carry a 52-bp and a 13-bp intragenic 
DNA deletion in exon 3, respectively. BGR-606 contains a 223-bp insertion accompanied by a 10-
bp deletion of intron sequence within exon 4 fragment. Other subtle DNA alterations identified by 
direct exon sequence analysis include single-base substitutions, small deletions and insertions, 
adn RNA splicing mutations. 
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 We have determined the mutational specificity of S9-activated benzo[a]pyrene (B[a]P) at the 
endogenous aprt locus in a hemizygous Chinese hamster ovary cell line. The aprt gene of 
recovered mutants was amplified using the polymerase chain reaction (PCR) and directly 
sequenced. This spectrum was then compared to mutations recovered following treatment with 
the B[a]P metabolite, benzo[a]pyrene diol-epoxide (BPDE). No significant difference between the 
two spectra in the types of mutations produced, or their distribution was observed. This 
observation supports the hypothesis that BPDE is the reactive metabolite of B[a]P, responsible 
for the significant biological effects caused by this ubiquitous polycyclic aromatic hydrocarbon. 
The major mutation recovered was the G:C=>T:A transversion, and mutations were primarily 
localized within runs of guanines. We also confirmed our previous finding that mutation by B[a]P 
is non-random, targeting events in runs of guanines flanked by adenine residues. This same 
target hotspot region is found in codon 61 of the human c-Ha-ras1 proto-oncogene. This may 
help explain the selective activation of this codon by BPDE. 
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 We studied the DNA sequence of the entire coding region of ERCC1 gene, in five cell lines 
established from human ovarian cancer (A2780, A2780/CP70, MCAS, OVCAR-3, SK-OV-3), 29 
human ovarian cancer tumor tissue specimens, one human T-lymphocyte cell line (H9), and non-
malignant human ovary tissue (NHO). Samples were assayed by PCR-SSCP and DNA sequence 
analyses. A silent mutation at codon 118 (site for restriction endonuclease MaeII) in exon 4 of the 
gene was detected in MCAS, OVCAR-3 and SK-OV-3 cells, and NHO. This mutation was a C->T 
transition, that codes for the same amino acid: asparagine. This transition converts a common 
codon usage (AAC) to an infrequent codon usage (AAT), whereas frequency of use is reduced 
two-fold. This base change was associated with a detectable band shift on SSCP analysis. For 
the 29 ovarian cancer specimens, the same base change was observed in 15 tumor samples and 
was associated with the same band shift in exon 4. Cells and tumor tissue specimens that did not 
contain the C->T transition, did not show the band shift in exon 4. Our data suggest that this 
alteration at codon 118 within the ERCC1 gene, may exist in platinum-sensitive and platinum-
resistant ovarian cancer tissues. 
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 1,3-Butadiene (BD) is an important industrial chemical and pollutant. Its ability to induce genetic 
damage and cause hematological malignancies in humans is controversial. We have examined 
chromosome damage by fluorescence in situ hybridization (FISH) and mutations in the HPRT 
gene in the blood of Chinese workers exposed to BD. Peripheral blood samples were collected 
and cultured from 39 workers exposed to BD (median level 2 ppm, 6 h time-weighted average) 
and 38 matched controls in Yanshan, China. No difference in the level of aneuploidy or structural 



changes in chromosomes 1, 7, 8, and 12 was detected in metaphase cells from exposed subjects 
in comparison with matched controls, nor was there an increase in the frequency of HPRT 
mutations in the BD-exposed workers. Because genetic polymorphisms in glutathione S-
transferase (GST) enzymes and microsomal epoxide hydrolase (EPHX1) may affect the 
genotoxic effects of BD and its metabolites, we also related chromosome alterations and gene 
mutations to GSTT1, GSTM1 and EPHX1 genotypes. Overall, there was no effect of variants in 
these genotypes on numerical or structural changes in chromosomes 1, 7, 8 and 12 or on HPRT 
mutant frequency in relation to BD exposure, but the GST genotypes did influence background 
levels of both hyperdiploidy and HPRT mutant frequency. In conclusion, our data show no 
increase in chromosomal aberrations or HPRT mutations among workers exposed to BD, even in 
potentially susceptible genetic subgroups. The study is, however, quite small and the levels of BD 
exposure are not extremely high, but our findings in China do support those from a similar study 
conducted in the Czech Republic. Together, these studies suggest that low levels of occupational 
BD exposure do not pose a significant risk of genetic damage. 
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 A method to measure the germline mutations induced by cancer treatment in humans is needed. 
To establish such a method we used a transgenic mouse model consisting of a human DNA 
repeat locus that has a high spontaneous mutation frequency as a biomarker. Alterations in 
repeat number were measured in individual sperm from mice hemizygous for an expanded 
(CTG)162 human myotonic dystrophy type 1 (DM1) microsatellite repeat using single genome-
equivalent (g.e.) PCR and detection by a DNA fragment analyzer. Mutation frequencies were 
measured in DNA from sperm from controls and sperm derived from stem spermatogonia, 
differentiating spermatogonia, and spermatocytes exposed to radiation and from spermatocytes 
of mice treated with cyclophosphamide. There was no increase above control levels in mutations, 
scored as >1 repeat changes, in any of the treated groups. However, moderately large deletion 
mutants (between 9 and 20 repeat changes) were observed at frequencies of 2.2% when 
spermatocytes were treated with cyclophosphamide and, 1.8 and 2.5% when spermatocytes and 
stem cells, respectively, were treated with radiation, which were significantly higher than the 
frequency of 0.3% in controls. Thus, radiation and cyclophosphamide induced deletions in the 
expanded DM1 trinucleotide repeat. PCR artifacts were characterized in sperm DNA from 
controls and from mice treated with radiation; all artifacts involved losses of more than 20 DM1 
repeats, and surprisingly the artifact frequency was higher in treated sperm than in control sperm. 
The radiation-induced increase in the frequency of PCR artifacts might reflect alterations in sperm 
DNA that destabilize the genome not only during PCR amplification but also during early 
embryonic development. 
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