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Different cell phases
→ G1 phase: cells synthesize RNA & proteins; preparation S-phase; 


→ G0 phase: terminal differentiation

→ S-phase: chromosomal synthesis & replication

→ G2 phase: preparation mitosis
→ M phase: chromosome condensation; nuclear envelop breaks down; chromosome segregation; nuclear envelop reforms & chromosomes decondense; physical cell division
Mitosis
· 4 phases:
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Prophase: nuclear envelop broken up, chromosomes condense.
· Metaphase: sister chromatides align.
· Anaphase: chromatids separate.
· Telophase: cell divides; two new nuclei form ed; chromosomes decondensate.

Biochemical studies Xenopus Laevis
→ large oocytes; progesterone → enter meiosis 1 → interphase → arrest second meiotic metaphase → fertilization → meiosis completed 

→ existence Maturation-Promoting Factor: (cytoplasm metaphase → maturation G2 → metaphase); initiates mitosis;
→ oscilates during cell cycle (induces next metaphase)
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MPF → maturation mitosis promoting factor

→ composed kinase: catalytic subunit & cyclin: regulatory subunit

→ protein analysis sea urchin → look oscilating protein: cyclin B ↔ mito
► MPF phoshporylates histone H1; 
→ denucleation not necessary → transcription necessary? → RNAase → transcription needed → WT cyclin B mRNA (added, one needed)
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→ cyclin B↓? [after onset anaphase] (stayed up) → destruction box: necessary & sufficient destruction.
→ ubiquitin: abundant 76aa protein eukaryotes; E1 -activating enzyme, E2 –conjugating enzyme en E3-ubiquitin ligase.
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→ E3 targets mitotic cyclins = anaphase-promoting complex 
→ Cdh1: specifity factor that directs APC → MPF; G1 cyclin CDK → phosphorylate Cdh1 → inactivate; cdc14 → removes phosphate

- Anaphase: polyubiquitination → telophase

- Cdh1↓ → mitosis

Yeast

→ Cultured n/2n; Cell division cycle mutants → don’t grow → find conditional alleles

→ no nuclear envelope breakdown

→ morphological effects: Cell division defects → longer; Defective proteins (that normally prevent division) → smaller

→ cdc2 key regulator: homologues protein kinase, homologues cdc13 [highly conserved]

= cyclin dependant kinases
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- Cdc25 (phosphatase) → ↑MPF |← wee1 (kinase)

→ modify Y15 cdc2 (inhibiting MPF)
- CDC activating kinase (T161; activating MPF)
→ mitotic cyclin (cdc13 here) contributes specifity (probably part substrate binding surface)
multiple mechanisms regulate MPF
Substrates cyclin dependant kinases

· Structural proteins: lamin nuclear envelope: phophorilates spec ser aa’s → depolymerization → small vesicles; condensing complex subunit; phophorylation microtubule associated proteins (formation mitotic spindle); phophorylation ER/Golgi assoc proteins (breakdown small vesicles)
· Positive regulators of mitosis

· Negative regulators of mitosis

· Proteins that are active in S-phase
*Slides 65/66 omitted*
Overexpression protein with destruction box → competition “normal” DB
→ Ubiquitin-dependent degradation of another protein is required for
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→ Early and late mitosis: cyclin-CDK complexes together with ubiquitin ligases control passage through the mitotic phase of the cell cycle

Degradation cohesion link
→ by separase; held back securing; → APC-cdc20 (specifity factor) ubiqituinizes securin → separase breaks scc link smc3.

Substrate specifity modulators

→ cdc20 [→ spindle checkpoint; see above]

→ cdh1 [→ MPF activation; see above]

S-phase entry: point of no return


→ S-phase promoting factor → Cdc2 and Cdc28 functionally analogous


→ heterodimer composed of Cdc28 and a cyclin (?)

► >1 cyclin: Each group of cyclins directs the S. cerevisiae CDK to specific functions associate with various cell-cycle phases
Sic1
→ S-phase inhibitor bound SPF → G1 cyclin phophorylates → SCF polyubiquitinizes → active → DNA replication

Summarizing:

Regulated proteasomal degradation


→ 2 ubiquitin ligase complexes: SCF, APC: control 3 major transitions cell cycle

· onset S-phase degradation sic1

· beginning anaphase degradation securing

· exit mitosis degradation B-type cyclins

· protein degradadation irreversible → one direction through cell cycle

Cell cycle progression regulated 4 strategies:


→ balancing contrary enzyme activities


→ signal cascades (complex→complex→complex); positive/negative feedback loops


→ irreversible changes through protein degradation (complemented inhibitors)

→ control checkpoints guarantee quality cell cycle before moving next phase
