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Influence of DNA repair deficiencies on the UV sensitivity of yeast cells in different cell cycle stages. 

Siede W, Friedberg EC   Mutat Res 1990 Dec 245:4 287-92

Abstract

Synchronously dividing haploid yeast cells were UV-irradiated in various stages of the cell cycle after release from alpha-factor arrest. In confirmation of earlier results (Chanet et al., 1973), in wild-type strains G1/S phase cells were found to be the most sensitive and late S/G2 cells the most resistant. Stationary-phase (G0) cells were significantly more UV resistant than G1 cells. Strains defective in nucleotide excision repair lost enhanced resistance in the G2 phase and were most UV-sensitive in the G0 state. Reduced G2 resistance was also observed in rad6 mutants but not in rad9 mutants. After UV-irradiation in G1 phase rad9 mutant cells showed a reduced G1/S phase arrest.
Induction and repair of (6-4) photoproducts in normal human and xeroderma pigmentosum variant cells during the cell cycle.

Mitchell DL, Cleaver JE, Lowery MP, Hewitt RR Mutat Res 1995 Nov 337:3 161-7

Abstract

The reduced rate of (6-4) photoproduct repair observed in some cell lines may represent a more severe repair deficiency in some cohort of the cell cycle, such as S-phase. Radioimmunoassay was used to determine the kinetics of (6-4) photoproduct repair in normal human fibroblasts and xeroderma pigmentosum variant cells fractionated into different phases of the cell cycle by counterflow centrifugal elutriation. Ultraviolet fluence response curves indicated that the same amount of (6-4) photoproduct damage was induced at all phases of the cell cycle. The extent of (6-4) photoproduct repair in asynchronous XP variant cells was significantly reduced compared to normal human cells. However, the rate and extent of (6-4) photoproduct repair was constant throughout the cell cycle in both normal and XP variant cells. Hence, the UV hypersensitive and hypermutable phenotypes observed in XP variant cells are not attributable to cell cycle-dependent deficiencies in excision repair nor the yield of photodamage through the cell cycle.

Gene-specific and strand-specific DNA repair in the G1 and G2 phases of the cell cycle.

Petersen LN, Orren DK, Bohr VA  Mol Cell Biol 1995 Jul 15:7 3731-7

Abstract

We have analyzed the fine structure of DNA repair in Chinese hamster ovary (CHO) cells within the G1 and G2 phases of the cell cycle. Repair of inactive regions of the genome has been suggested to increase in the G2 phase of the cell cycle compared with other phases. However, detailed studies of DNA repair in the G2 phase of the cell cycle have been hampered by technical limitations. We have used a novel synchronization protocol (D. K. Orren, L. N. Petersen, and V. A. Bohr, Mol. Cell. Biol. 15:3722-3730, 1995) which permitted detailed studies of the fine structure of DNA repair in G2. CHO cells were synchronized and UV irradiated in G1 or early G2. The rate and extent of removal of cyclobutane pyrimidine dimers from an inactive region of the genome and from both strands of the actively transcribed dihydrofolate reductase (DHFR) gene were examined within each phase. The repair of the transcribed strand of the DHFR gene was efficient in both G1 and G2, with no major differences between the two cell cycle phases. Neither the nontranscribed strand of the DHFR gene nor an inactive region of the genome was repaired in G1 or G2. CHO cells irradiated early in G2 were more resistant to UV irradiation than cells irradiated in late G1. Since we found no major difference in repair rates in G1 and G2, we suggest that G2 resistance can be attributed to the increased time (G2 and G1) available for repair before cells commit to DNA synthesis.
G1 arrest and cell-cycle-dependent clastogenesis in UV-irradiated human fibroblasts.

Kaufmann WK, Wilson SJ Mutat Res 1994 Jan 314:1 67-76

Abstract

The demonstrations of frequent allelic deletions in lung and colon cancers have reemphasized the importance of clastogenesis in carcinogenesis. We have investigated the mechanisms of induction of chromosome aberrations in ultraviolet-irradiated diploid human fibroblasts. Cells were irradiated with UV at various times during a parasynchronous wave of cell proliferation and then harvested during the first mitosis that followed irradiation. Metaphase spreads were stained with Geimsa and the yields of chromosome aberrations were quantified. Ultraviolet irradiation induced primarily chromatid-type chromosome aberrations which included chromatid breaks and exchanges. Frequencies of aberrations displayed significant differences according to the phase of the cell cycle in which irradiation occurred and the time after irradiation when metaphases were harvested. Fibroblasts that were irradiated when in G0 and then immediately replated to stimulate cell division and cells that were at the S/G2 border when irradiated displayed the fewest numbers of aberrations. For G0-irradiated cells, the first entering mitosis carried a higher frequency of aberrations than those collected 2-4 h later. In contrast, for S/G2-irradiated cells the first into mitosis displayed fewer aberrations than subsequent fractions. Cells that were irradiated

when at the G1/S border displayed the greatest numbers of aberrations with the frequencies of chromatic exchanges being significantly increased over all other times of irradiation. These studies confirm that UV is an S-phase-dependent clastogen and point to the G1/S border as a time of maximal sensitivity to clastogenesis. Irradiation of G1 cells was shown to produce a fluence-dependent reduction in the rate of entry of cells into the S-phase. There appeared to be a point late in G1 beyond which cells were resistant to irradiation and experienced less delay in S phase entry. Ataxia telangiectasia fibroblasts failed to delay entry to S phase following UV-irradiation in G1 and displayed hypersensitivity to UV-induced chromosomal aberrations. The delay in entry of damaged cells into the S phase may have the beneficial effect of providing more time for repair of potentially clastogenic DNA damage before the onset of DNA replication.
RAD9 and DNA polymerase epsilon form parallel sensory branches for transducing the DNA damage checkpoint signal in Saccharomyces cerevisiae.

Navas TA, Sanchez Y, Elledge SJ Genes Dev 1996 Oct 15 10:20 2632-43

Abstract

In response to DNA damage and replication blocks, yeast cells arrest at distinct points in the cell cycle and induce the transcription of genes whose products facilitate DNA repair. Examination of the inducibility of RNR3 in response to UV damage has revealed that the various checkpoint genes can be arranged in a pathway consistent with their requirement to arrest cells at different stages of the cell cycle. While RAD9, RAD24, and MEC3 are required to activate the DNA damage checkpoint when cells are in G1 or G2, POL2 is required to sense UV damage and replication blocks when cells are in S phase. The phosphorylation of the essential central transducer, Rad53p, is dependent on POL2 and RAD9 in response to UV damage, indicating that RAD53 functions downstream of both these genes. Mutants defective for both pathways are severely deficient in Rad53p phosphorylation and RNR3 induction and are significantly more sensitive to

DNA damage and replication blocks than single mutants alone. These results show that POL2 and RAD9 function in parallel branches for sensing and transducing the UV DNA damage signal. Each of these pathways subsequently activates the central transducers Mec1p/Esr1p/Sad3p and Rad53p/Mec2p/Sad1p, which are required for both cell-cycle arrest and transcriptional responses.
Chk1 is a wee1 kinase in the G2 DNA damage checkpoint inhibiting cdc2 by Y15 phosphorylation.

O'Connell MJ, Raleigh JM, Verkade HM, Nurse P EMBO J 1997 Feb 3 16:3 545-54
Trescowthick Research Laboratories, Peter MacCallum Cancer Institute, Melbourne, Victoria, Australia
Abstract

The G2 DNA damage checkpoint ensures maintenance of cell viability by delaying progression into mitosis in cells which have suffered genomic damage. It is controlled by a number of proteins which are hypothesized to transduce signals through cell cycle regulators to delay activation of p34cdc2. Studies in mammalian cells have correlated induction of inhibitory tyrosine 15 (Y15) phosphorylation on p34cdc2 with the response to DNA damage. However, genetic studies in fission yeast have suggested that the major Y15 kinase, p107wee1, is not required for the cell cycle delay in response to DNA damage, although it is required for survival after irradiation. Thus, the target of the checkpoint, and hence the mechanism of cell cycle delay, remains unknown. We show here that Y15 phosphorylation is maintained in checkpoint-arrested fission yeast cells. Further, wee1 is required for cell cycle arrest induced by up-regulation of an essential component of this checkpoint, chk1. We observed that p107wee1 is hyperphosphorylated in cells delayed by chk1 overexpression or UV irradiation, and that p56chk1 can phosphorylate p107wee1 directly in vitro. These observations suggest that in response to DNA damage p107wee1 is phosphorylated by p56chk1 in vivo, and this results in maintenance of Y15 phosphorylation and hence G2 delay. In the absence of wee1, other Y15 kinases, such as p66mik1, may partially substitute for p107wee1 to induce cell cycle delay, but this wee1-independent delay is insufficient to maintain full viability. This study establishes a link between a G2 DNA damage checkpoint function and a core cell cycle regulator.
Inactivation of the cyclin-dependent kinase Cdc28 abrogates cell cycle arrest induced by DNA damage and disassembly of mitotic spindles in Saccharomyces cerevisiae.

Li X, Cai M Mol Cell Biol 1997 May 17:5 2723-34

Abstract

Eukaryotic cells may halt cell cycle progression following exposure to certain exogenous agents that damage cellular structures such as DNA or microtubules. This phenomenon has been attributed to functions of cellular control mechanisms termed checkpoints. Studies with the fission yeast Schizosaccharomyces pombe and mammalian cells have led to the conclusion that cell cycle arrest in response to inhibition of DNA replication or DNA damage is a result of down-regulation of the cyclin-dependent kinases (CDKs). Based on these studies, it has been proposed that inhibition of the CDK activity may constitute a general mechanism for checkpoint controls. Observations made with the budding yeast Saccharomyces cerevisiae, however, appear to disagree with this model. It has been shown that high levels of mitotic CDK activity are present in the budding yeast cells arrested in G2/mitosis as the result of DNA damage or replication inhibition. In this report, we show that a novel mutant allele of the CDC28 gene, encoding the budding yeast CDK, allowed cell cycle passage through mitosis and nuclear division in the presence of DNA damage and the microtubule toxin nocodazole at a restrictive temperature. Unlike the checkpoint-defective mutations in CDKs of fission yeast and mammalian cells, the cdc28 mutation that we identified was recessive and resulted in a loss of the CDK activity, including the Clb2-, Clb5-, and Clb6-associated, but not the Clb3-associated, CDK activities. Examination of several known alleles of cdc28 revealed that they were also, albeit partially, defective in cell cycle arrest in response to UV-generated DNA damage. These findings suggest that Cdc28 kinase in budding yeast may be required for cell cycle arrest resulting from DNA damage and disassembly of mitotic spindles.
A UV-responsive G2 checkpoint in rodent cells.

Orren DK, Petersen LN, Bohr VA Mol Cell Biol 1995 Jul 15:7 3722-30
Laboratory of Molecular Genetics, National Institute on Aging, Baltimore, Maryland 21224, USA
Abstract

We have studied the effect of UV irradiation on the cell cycle progression of synchronized Chinese hamster ovary cells. Synchronization of cells in S or G2 phase was accomplished by the development of a novel protocol using mimosine, which blocks cell cycle progression at the G1/S boundary. After removal of mimosine, cells proceed synchronously through the S and G2 phases, allowing manipulation of cells at specific points in either phase. Synchronization of cells in G1 was achieved by release of cells after a period of serum starvation. Cells synchronized by these methods were UV irradiated at defined points in G1, S, and G2, and their subsequent progression through the cell cycle was monitored. UV irradiation of G1-synchronized cells caused a dose-dependent delay in entry into S phase. Irradiation of S-phase-synchronized cells inhibited progression through S phase and then resulted in accumulation of cells for a prolonged interval in G2. Apoptosis of a subpopulation of cells during this extended period was noted. UV

irradiation of G2-synchronized cells caused a shorter G2 arrest. The arrest itself and its duration were dependent upon the timing (within G2 phase) of the irradiation and the UV dose, respectively. We have thus defined a previously undescribed (in mammalian cells) UV-responsive checkpoint in G2 phase. The implications of these findings with respect to DNA metabolism are discussed.
Heterologous expression of the human cyclin-dependent kinase inhibitor

p21Cip1 in the fission yeast, Schizosaccharomyces pombe reveals a role for PCNA in the chk1+ cell cycle checkpoint pathway.

Tournier S, Leroy D, Goubin F, Ducommun B, Hyams JS Mol Biol Cell 1996 Apr 7:4 651-62

Abstract

Fission yeast cells expressing the human gene encoding the cyclin-dependent kinase inhibitor protein p21Cip1 were severely compromised for cell cycle progress. The degree of cell cycle inhibition was related to the level of p21Cip1 expression. Inhibited cells had a 2C DNA content and were judged by cytology and pulsed field gel electrophoresis to be in the G2 phase of the cell cycle. p21Cip1 accumulated in the nucleus and was associated with p34cdc2 and PCNA. Thus, p21Cip1 interacts with the same targets in fission yeast as in mammalian cells. Elimination of p34cdc2 binding by mutation within the cyclin-dependent kinase binding domain of p21Cip1 exaggerated the cell cycle delay phenotype. By contrast, elimination of PCNA binding by mutation within the PCNA-binding domain completely abolished the cell cycle inhibitory effects. Yeast cells expressing wild-type p21Cip1 and the mutant form that is unable to bind p34cdc2 showed enhanced sensitivity to UV. Cell cycle inhibition by p21Cip1 was largely abolished by deletion of the chk1+ gene that monitors radiation damage and was considerably enhanced in cells deleted for the rad3+ gene that monitors both DNA damage and the completion of DNA synthesis. Overexpression

of PCNA also resulted in cell cycle arrest in G2 and this phenotype was also abolished by deletion of chk1+ and enhanced in cells deleted for rad3+. These results formally establish a link between PCNA and the products of the rad3+ and chk1+ checkpoint genes.
On the mechanism of UV and gamma-ray-induced intrachromosomal recombination in yeast cells synchronized in different stages of the cell cycle.

Galli A, Schiestl RH Mol Gen Genet 1995 Aug 21 248:3 301-10

Abstract

A genetic system selecting for deletion events (DEL recombination) due to intrachromosomal recombination has previously been constructed in the yeast Saccharomyces cerevisiae. Intrachromosomal recombination is inducible by chemical and physical carcinogens. We wanted to understand better the mechanism of induced DEL recombination and to attempt to determine in which phase of the cell cycle DEL recombination is inducible. Yeast cells were arrested at specific phases of the cell cycle, irradiated with UV or gamma-rays, and assayed for DEL recombination and interchromosomal recombination. In addition, the contribution of intrachromatid crossing-over to the number of radiation induced DEL recombination events was directly investigated at different phases of the cell cycle. UV irradiation induced DEL recombination preferentially in S phase, while gamma-rays induced DEL recombination in every phase of the cell cycle including G1. UV and gamma-radiation induced intrachromatid crossing over preferentially in G1, but it accounted at the most for only 14% of the induced DEL recombination events. The possibility is discussed that single-strand annealing or one-sided invasion events, which can occur in G1 and may be induced by a double-strand break intermediate, may be responsible for a large proportion of the induced DEL recombination events.
Cell cycle checkpoints and DNA repair preserve the stability of the human genome.

Kaufmann WK

Cancer Metastasis Rev 1995 Mar 14:1 31-41

Abstract

Chemical carcinogenesis in the regenerating rat liver is cell-cycle-dependent. Proliferating hepatocytes were maximally susceptible to initiation by a single dose of benzo[a]pyrene diolepoxide I when at the G1/S border. Hepatocytes in early G1 or late S/G2/M were less susceptible and non-proliferating G0 hepatocytes were resistant to initiation. 
Radiation clastogenesis in proliferating human fibroblasts also is cell-cycle-dependent. Ultravioletradiation (UV) induced maximal frequencies of chromosomal aberrations in synchronized cells that were at the G1/S border. Cells in early G1 or G2 were significantly less sensitive. For both initiation of chemical carcinogenesis and UV-clastogenesis, it appears that replication of damaged DNA is required and DNA repair before replication reduces cellular risk. If DNA repair is protective, cell cycle checkpoints which delay DNA replication and mitosis should augment this protective influence by providing more time for repair. The contribution of cell cycle checkpoint function to DNA repair during cell cycle-dependent clastogenesis was studied using ataxia telangiectasia (AT) fibroblasts. 
The AT cells displayed a defect in the coupling of DNA damage to checkpoints which control the G1/S and G2/M transitions and the rate of replicon initiation in S phase cells. UV-clastogenesis in AT cells was cell-cycle-dependent with irradiation at the G1/S boundary inducing 3-times more aberrations than treatment in G0 at the time of release into the cell cycle. Thus, DNA excision repair during the pre-replicative G1 phase was protective even in cells with defective checkpoint function. However, following irradiation at the G1/S border, AT cells displayed about 6-fold increased levels of UV-induced chromosome aberrations in comparison to normal human fibroblasts that were treated at this time. These observations indicate that secondary and tertiary DNA lesions that are produced during replication of UV-damaged DNA (replicative gaps and double-strand breaks) also depend on checkpoint function for repair. The replicon initiation and G2-delay checkpoints that operate after initiation of S phase appear to play a major role in protection against UV-clastogenesis.
Inhibition of erythroid differentiation in MEL cells by UV irradiation. Cell cycle and DNA repair activity.

Foresti M, Gaudio L, Paoletti I, Geraci G  Mutat Res 1993 Jun 294:1 69-75

Abstract

Irradiation with a 3-s pulse of 254 nm UV light has been used to study sensitivity to mutagenic agents of mouse erythroleukemia (MEL) cell cultures in correlation with the cell cycle. A dose of UV irradiation was chosen that had no consequences for cell viability and growth. For this reason phenotypic effects were monitored on the progeny of all cells of the irradiated cultures by scoring those unable to undergo erythroid differentiation upon induction with dimethyl sulfoxide. The very short period of irradiation made it possible to show that MEL cells, synchronized by two sequential blocks of deoxythymidine and one of hydroxyurea (HU), are sensitive to UV irradiation only in a very short period of time at about 60 min after release from HU block. Determinations of deoxythymidine incorporation into DNA show that this time period corresponds only marginally to the initial part of the S phase during which irradiation has no consequences for cell properties. Cells are not sensitive to UV irradiation in G1 and in G2/M unless, immediately after irradiation and for the following 2 h, cultures are treated with 1 mM HU to interfere with DNA repair. Alkaline sucrose gradient analyses show at all tested times that irradiation leads to fragmentation of cell DNA. The data suggest that an immediate increase of deoxythymidine incorporation into DNA following irradiation is not necessary for the efficient repair of damaged DNA. In fact, the percent of cells expressing the erythroid phenotype is normal in the progeny of cells irradiated in G2/M, when TdR incorporation is at a minimum. Repair activities appear then to be mechanistically divided into two phases, (1) recognition labeling of the altered sites and (2) reconstitution of the DNA sequences. The first activity appears to be operative at all phases of the cycle, the second activity is little or not operative in G2/M, possibly delayed to the following G1 period.
p53-null cells are more sensitive to ultraviolet light only in the presence of caffeine.

DeFrank JS, Tang W, Powell SN  Cancer Res 1996 Dec 1 56:23 5365-8

Abstract

  We have shown previously that p53(-/-) fibroblasts show greater sensitization by caffeine to the lethal effects of ionizing radiation compared with p53(+/+) cells. Recently published data have suggested a possible role of p53 in nucleotide excision repair: an association of p53 and xeroderma pigmentosum group B protein and a greater sensitivity to cisplatin of RKO cells transfected with the E6 protein of human papilloma virus (inactivating p53). 
We show that p53(+/+) and p53(-/-) cells have equal sensitivity to germicidal UV light (as with ionizing radiation). However, the introduction of 2 mM caffeine led to a sensitization enhancement ratio (at 10% survival) of 1.8 in p53(-/-) cells, but only 1.3 in wild-type (p53+/+) cells. Lower doses of caffeine had less effect, and 0.1 mM caffeine resulted in no detectable sensitization of either cell type to UV light in contrast to X-rays. 
The differential sensitivity of p53(-/-) cells to X-rays and caffeine was thought to be due to override of the G2-M block to cell cycle progression. In response to UV light, cells accumulate in S phase, and the magnitude of S-phase accumulation was observed to be greater in p53(-/-) cells. Caffeine had little effect on the cell cycle distribution in p53(+/+) cells. However, for p53(-/-) cells, a greater proportion were in S phase after treatment with caffeine, and a complete loss of S-phase delay was observed after UV irradiation. In conclusion, the role of p53 in nucleotide excision repair appears to be of little significance for cell survival. Greater sensitization of p53(-/-) cells to caffeine could be mediated via override of S-phase delay.
Ubiquitination of p53 and p21 is differentially affected by ionizing and UV radiation.

Maki CG, Howley PM Mol Cell Biol 1997 Jan 17:1 355-63

Abstract

Levels of the tumor suppressor protein p53 are normally quite low due in part to its short half-life. p53 levels increase in cells exposed to DNA-damaging agents, such as radiation, and this increase is thought to be responsible for the radiation-induced G1 cell cycle arrest or delay. The mechanisms by which radiation causes an increase in p53 are currently unknown. The purpose of this study was to compare the effects of gamma and UV radiation on the stability and ubiquitination of p53 in vivo. Ubiquitin-p53 conjugates could be detected in nonirradiated and gamma-irradiated cells but not in cells which were UV treated, despite the fact that both treatments resulted in the stabilization of the p53 protein. These results demonstrate that UV and gamma radiation have different effects on ubiquitinated p53 and suggest that the UV-induced stabilization of p53 results from a loss of p53 ubiquitination. Ubiquitinated forms of p21, an inhibitor of cyclin-dependent kinases, were detected in vivo, demonstrating that p21 is also a target for degradation by the ubiquitin-dependent proteolytic pathway. However, UV and gamma radiation had no effect on the stability or in vivo ubiquitination of p21, indicating that the radiation effects on p53 are specific.
Effects of ultraviolet irradiation on the cell cycle.

Bolognia JL, Sodi SA, Chakraborty AK, Fargnoli MC, Pawelek JM  Pigment Cell Res 1994 Oct 7:5 320-5

Abstract

Cultured mouse Cloudman melanoma cells, EMT6 breast carcinoma cells, and 3T3 fibroblasts all accumulated in the G2/M phase of the cell cycle when exposed to UVB radiation. The effects of UVB were maximal at 20-30 mJ/cm2 for all three cell lines, and could be observed by flow cytometry as early as 12 hr post irradiation. It has been known since the mid-1970s that MSH receptor binding activity is highest on Cloudman melanoma cells when they are in the G2/M phase of their cycle. Here we show that either UVB irradiation or synchronization of Cloudman cells with colchicine results in a stimulation of MSH binding within 24 hr following treatment, a time when both treatments have resulted in accumulation of cells in the G2/M phase of the cycle. Furthermore, the two treatments performed together on the melanoma cells stimulated MSH receptor activity to the same extent as either treatment performed separately, suggesting that each may be influencing MSH receptor activity solely through a G2/M accumulation of cells. Together, these results raise the possibility that an increase in the number of cells in the G2 phase of the cell cycle is a generalized cellular response to injury, such as UV irradiation. However, in the case of pigment cells this response includes a mechanism for increasing melanin formation, i.e., increased MSH receptor activity. Should this be the case, similar G2/M "injury responses" of other cell types might be expected, consistent with their differentiated phenotypes.
Laser scanning cytometer (LSC) analysis of fraction of labelled mitoses(FLM).

Gorczyca W, Melamed MR, Darzynkiewicz Z  Cell Prolif 1996 Oct 29:10 539-47

Abstract

In this report we describe the successful application of a novel microscope-based multiparameter laser scanning cytometer (LSC) to measure duration of different phases of cell cycle in HL-60 human leukaemic cell lines by the fraction of labelled mitoses (FLM) method. Exponentially growing cells were harvested after various time intervals following pulse-labelling with 5'-bromo-2'-deoxyuridine (BrdUrd), cytocentrifuged, fixed in ethanol, and then exposed to UV light to induce DNA strand breaks at the sites of incorporated BrdUrd. The 3' OH termini of the photolytically generated DNA strand breaks were labelled with BrdUTP in the reaction catalysed by exogenous terminal deoxynucleotidyl transferase (TdT), followed by FITC-labelled BrdUrd antibodies. DNA was counterstained with propidium iodide (PI). Due to differences in chromatin structure between the interphase and mitotic cells, the LSC identified the latter by virtue of their higher red (PI) fluorescence intensity values among all pixels over the measured cell. To confirm that the cells selected were indeed cells in mitosis, predominantly in metaphase, the recorded X-Y coordinates of selected cells were used to re-position the cell for their visual examination. From the time lapse analysis of percentage BrdUrd-labelled cells progressing through mitosis it was possible to calculate the duration of individual phases of the cell cycle. The duration of S (Ts) and G2 + M (TG2 + M) was 8 and 3 h, respectively, and the minimal duration of G2 (TG2) was 2 h. The cell cycle time (Tc) estimated for the cohort of the most rapidly progressing cells was 13 h. The ability to automatically and rapidly discriminate mitotic cells combined with the possibility of their subsequent identification by image analysis makes LSC the instrument of choice for the FLM analysis.
The G2/M DNA damage checkpoint inhibits mitosis through Tyr15 phosphorylation of p34cdc2 in Aspergillus nidulans.

Ye XS, Fincher RR, Tang A, Osmani SA EMBO J 1997 Jan 2 16:1 182-92

Abstract

It is possible to cause G2 arrest in Aspergillus nidulans by inactivating either p34cdc2 or NIMA. We therefore investigated the negative control of these two mitosis-promoting kinases after DNA damage. DNA damage caused rapid Tyr15 phosphorylation of p34cdc2 and transient cell cycle arrest but had little effect on the activity of NIMA. Dividing cells deficient in Tyr15 phosphorylation of p34cdc2 were sensitive to both MMS and UV irradiation and entered lethal premature mitosis with damaged DNA. However, non-dividing quiescent conidiospores of the Tyr15 mutant strain were not sensitive to DNA damage. The UV and MMS sensitivity of cells unable to tyrosine phosphorylate p34cdc2 is therefore caused by defects in DNA damage checkpoint regulation over mitosis. Both the nimA5 and nimT23 temperature-sensitive mutations cause an arrest in G2 at 42 degrees C. Addition of MMS to nimT23 G2-arrested cells caused a marked delay in their entry into mitosis upon downshift to 32 degrees C and this delay was correlated with a long delay in thedephosphorylation and activation of p34cdc2. Addition of MMS to nimA5 G2-arrested cells caused inactivation of the H1 kinase activity of p34cdc2 due to an increase in its Tyr15 phosphorylation level and delayed entry into mitosis upon return to 32 degrees C. However, if Tyr15 phosphorylation of p34cdc2 was prevented then its H1 kinase activity was not inactivated upon MMS addition to nimA5 G2-arrested cells and they rapidly progressed into a lethal mitosis upon release to 32 degrees C. Thus, Tyr15 phosphorylation of p34cdc2 in G2 arrests initiation of mitosis after DNA damage in A. nidulans.
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